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\ZeZ�dhjj_eypbb�
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Jbk�����AZ\bkbfhklv�ghjfbjh\Zggh]h�dhjj_eypbhggh]h��

fhf_glZ�ki_dljZevguo�dhwnnbpb_glh\�jy^Z��

ih�nmgdpbyf�E_`Zg^jZ��Z��^ey�q_lguo�fh^���

[��^ey�g_q_lguo�fh^�

AZdexq_gb_�

<� jZ[hl_� ihemq_gu� ZgZeblbq_kdb_� \ujZ`_gby� ^ey�

dhjj_eypbhgguo� fhf_glh\� ki_dljZevguo� dhwnnbpb_g�

lh\�h[h[s_gguo�jy^h\�Nmjv_�k�g_ij_ju\guf�Zj]mf_g�

lhf��Wlb�\ujZ`_gby�fh]ml�[ulv�bkihevah\Zgu�^ey�jZk�

q_lZ�fhf_glh\�ki_dljZevguo�dhwnnbpb_glh\�dZd�h^gh�

]h�[ehdZ��lZd�b�^ey�khk_^gbo�[ehdh\�kb]gZeZ��>ey�rbjh�

dh]h� deZkkZ�[Zabkguo�nmgdpbc� ihdZaZgh�� qlh� q_lgu_� b�

g_q_lgu_� fh^u� \aZbfgh� g_� dhjj_ebjh\Zggu�� Qbke_g�

gu_�jZkq_lu�^ey�jy^Z�hjlh]hgZevguo�[Zabkh\�ihdZaZeb��

qlh�aZf_lghc�dhjj_eypb_c�h[eZ^Zxl�lhevdh�[eb`Zcrb_��

q_lgu_�beb�g_q_lgu_�fh^u��Ij_^eh`_gguc�\�klZlv_�ih^�

oh^� d�hp_gd_� dhjj_eypbhgguo�fhf_glh\�ki_dljh\�fh`_l�

[ulv� jZa\bl� ijbf_gbl_evgh� d�^bkdj_lguf� ij_h[jZah\Z�

gbyf�� bkdhevam_fuf� \�kh\j_f_gguo� dh^_dZo� � bah[jZ`_�

gby� b� \b^_h��>DI�� ik_\^h�>DI�� *'&7��Ihemq_ggu_� j_�

amevlZlu�ih^\h^yl�l_hj_lbq_kdmx�[Zam�ih^�\hafh`ghklv�

ijbf_g_gby� ijh]ghaZ� ki_dljh\� \� ]jmii_� [ehdh\�� iha\h�

eyxl�ijhba\_klb�dhjj_dlgmx�hp_gdm�wgljhibb�bah[jZ`_�

gby� b� \b^_h��qlh�[ueh� bkihevah\Zgh� Z\lhjZfb�ijb�jZa�

jZ[hld_�gh\uo�\b^_hdh^_dh\��

Ebl_jZlmjZ�

���Ijwll�M��Pbnjh\Zy� h[jZ[hldZ� bah[jZ`_gbc� dg�� ���

I_j��k�Zg]e��±�F��Fbj��������±����k��

���IlZq_d�F��Pbnjh\h_�l_e_\b^_gb_��L_hjby�b�l_ogb�

dZ��I_j�� k� q_r�� ih^� j_^��E�K��<be_gqbdZ�� ±�F��JZ^bh� b�

k\yav��������±�����k��

���Pbnjh\Zy�h[jZ[hldZ� l_e_\babhgguo�b� dhfivxl_j�

guo�bah[jZ`_gbc� ��Ih^�j_^��X�;��Am[Zj_\Z�b�<�I��>\hj�

dh\bqZ��±�F��FPGLB��������±�����k��

���Mfgyrdbg�K�<��:gZeba�wnn_dlb\ghklb�ijbf_g_gby�

hjlh]hgZevguo� ij_h[jZah\Zgbc� ^ey� dh^bjh\Zgby� ^bk�

dj_lguo� kb]gZeh\� k� dhjj_ebjh\Zggufb� hlkq_lZfb� ���

Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\��±�������±�����±�&���������

���IjbdeZ^gZy�l_hjby�kemqZcguo�ijhp_kkh\�b�ihe_c� ��

Ih^�j_^��D�D��<Zkbev_\Z�b�<�:��Hf_evq_gdh��±�Mevygh\kd��

Me=LM��������±�����k��

���Hilbq_kdb_� Z^Zilb\gu_� kbkl_fu� ��>�I�� Emdvygh\��

:�:��Dhjgb_gdh��;�?��Jm^gbpdbc�Ih^�j_^��>�I��Emdvygh\Z��

±�F���JZ^bh�b�k\yav��������±����k��

��� JZ^q_gdh�X�K��HilbfZevgu_� [uklju_� Ze]hjblfu�

ij_^klZ\e_gby� bah[jZ`_gbc� \� [Zabk_� hjlh]hgZevguo�

ihebghfh\��X�K��JZ^q_gdh��F�X��JZ^q_gdh���Ljm^u� ,�f_�

`^mgZjh^ghc�dhgn_j_gpbb� ©Pbnjh\Zy�h[jZ[hldZ�kb]gZ�

eh\�b�__�ijbf_g_gby�±�'63$
��ª��±�Fhkd\Z��������±�L�,,,��

±�&�����������

��� JZ^q_gdh�X�K�� :e]hjblf� k`Zlby� bah[jZ`_gbc� gZ�

hkgh\_� ihebghfbZevguo� ij_h[jZah\Zgbc� �� X�K�� JZ^�

q_gdh��Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\�±������ ±� ���� ±��

&�������

��� Km_lbg� I�D�� DeZkkbq_kdb_� hjlh]hgZevgu_� fgh]h�

qe_gu��±���ba^���i_j_jZ[��b�^hi��±�F���NBAF:LEBL��������

±�����k��
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,Q�WKLV�SDSHU�FRUUHODWLRQ�FRHIILFLHQW�RI�)RXULHU�VHULHV�FRHI�

ILFLHQWV� LQ� FRQWLQXRXV� VSDFH� LQ� LPDJH� VLQJOH� EORFN� DQG� EH�

WZHHQ� QHLJKERU� EORFNV� LV� HVWLPDWHG�� )XQFWLRQDO� UHODWLRQ� RI�

VSHFWUDO� FRHIILFLHQWV� QRUPDOL]HG� LQWUD�EORFN� DQG� LQWHU�EORFN�

FRUUHODWLRQ� FRHIILFLHQW� IURP�FRUUHODWLRQ� GLVWDQFH� LV� DQDO\]HG��

(VWLPDWHG� JHQHUDO� UHODWLRQV� DUH� FRQFUHWL]HG� IRU� VLJQDO� GH�

FRPSRVLWLRQ� RQ�+HUPLWH� IXQFWLRQV� EDVLV� DQG�/HJHQGUH� SRO\�

QRPLDOV�EDVLV��
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JZkkfZljb\Z_lky� jy^� jZajZ[hlZgguo� Z\lhjZfb� Ze]hjblfh\�

baf_j_gby�dhhj^bgZl�h[t_dlZ�\�ihke_^h\Zl_evghklb�fmevlbki_d�

ljZevguo� bah[jZ`_gbc��<� oh^_� wdki_jbf_glh\�� \uiheg_gguo� k� bk�

ihevah\Zgb_f�gZlmjguo� \b^_hkx`_lh\��ihdZaZgh�� qlh�kh\f_klgh_�

bkihevah\Zgb_� bgnhjfZpbb� L<� b� BD� ^bZiZahgh\� iha\hey_l� ih\u�

kblv�wnn_dlb\ghklv�ke_`_gby�aZ�h[t_dlhf��IhdZaZgh��qlh�^hihe�

gbl_evgh]h� memqr_gby�fh`gh� ^h[blvky�� _keb� gZ� wlZi_� baf_j_gby�

dhhj^bgZl� mqblu\Zlv� g_h^ghjh^ghklv� nhgh\h]h� bah[jZ`_gby� b�

gZebqb_�ihklhjhggbo�f_rZxsbo�h[t_dlh\��

M>D���������

BAF?J?GB?�DHHJ>BG:L�H;T?DL:�<�IHKE?>H<:L?EVGHKLB�
FMEVLBKI?DLJ:EVGUO�BAH;J:@?GBC�

:eiZlh\�;�:���^�l�g���ijhn���aZ\��dZn��:\lhfZlbdb�b�bgnhjfZpbhgguo�l_ogheh]bc�\�mijZ\e_gbb�JyaZgkdh]h�
]hkm^Zjkl\_ggh]h�jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ��J=JLM���H�PDLO��DLWX#UVUHX�UX��

;Z[Zyg�I�<���d�l�g���^hp_gl��gZqZevgbd�eZ[hjZlhjbb�J=JLM��H�PDLO��DLWX#UVUHX�UX��

Kfbjgh\�K�:���ZkibjZgl�J=JLM��H�PDLO��DLWX#UVUHX�UX��
N_ev^fZg�:�;���ZkibjZgl�J=JLM��H�PDLO��DLWX#UVUHX�UX��

�
Dexq_\u_� keh\Z� ihke_^h\Zl_evghklv� bah[�

jZ`_gbc�� fmevlbki_dljZevgh_� gZ[ex^_gb_�� ba�

f_j_gb_� dhhj^bgZl�� hilbdh�we_dljhggu_� kbk�

l_fu��

<\_^_gb_��

H^gbf� ba� \Z`guo� ijZdlbq_kdbo� ijbeh`_gbc�

pbnjh\hc� h[jZ[hldb� bah[jZ`_gbc� y\ey_lky�

jZajZ[hldZ� [hjlh\uo� hilbdh�we_dljhgguo� kbk�

l_f�� Hkgh\guf� deZkkhf� aZ^Zq�� j_rZ_fuo� \�

lZdbo� kbkl_fZo�� y\ey_lky� h[gZjm`_gby� b� baf_�

j_gb_� dhhj^bgZl� h[t_dlh\� bgl_j_kZ�� <ukhdZy� kl_i_gv�

Zijbhjghc� g_hij_^_e_gghklb� hlghkbl_evgh� mkeh\bc�

gZ[ex^_gby�b�g_h[oh^bfhklv�jZ[hlu�\�j_Zevghf�fZk�

rlZ[_� \j_f_gb� gZdeZ^u\Zxl� `_kldb_� h]jZgbq_gby� gZ�

bkihevam_fu_�Ze]hjblfu�ZgZebaZ�bah[jZ`_gbc����

;hjlh\u_�hilbdh�we_dljhggu_�kbkl_fu��dZd�ijZ\beh��

^he`gu�nmgdpbhgbjh\Zlv� \� keh`guo�ih]h^guo�mkeh\b�

yo�� lZdbo� dZd�^h`^v�� lmfZg� beb� h[eZqghklv��b� \�ex[h_�

\j_fy� kmlhd�� \� lhf� qbke_� ghqvx�� H^gbf� ba� kihkh[h\�

ih\ur_gby� wnn_dlb\ghklb� ijbf_g_gby� [hjlh\uo� kbk�

l_f� y\ey_lky� bkihevah\Zgb_� fmevlbki_dljZevguo� ^Zl�

qbdh\�bah[jZ`_gbc��Dhgkljmdlb\gh�lZdhc�^Zlqbd�h[uqgh��

ij_^klZ\ey_l� kh[hc� iZjm� hilbq_kdb� ktxklbjh\Zgguo�

^Zlqbdh\� l_e_\babhggh]h� �L<�� b� bgnjZdjZkgh]h� �BD��

^bZiZahgh\��Ijb�wlhf�\hagbdZ_l�ijh[e_fZ�kh\f_klgh]h�

bkihevah\Zgby� bgnhjfZpbb�� ihemqZ_fhc� hl� ^Zlqbdh\��

qlh� ij_^iheZ]Z_l� kha^Zgb_� Ze]hjblfh\� ZgZebaZ� fmev�

lbki_dljZevguo� bah[jZ`_gbc�� >ZggZy� ijh[e_fZ� l_kgh�

k\yaZgZ�k�aZ^ZqZfb�dhfie_dkbjh\Zgby�bah[jZ`_gbc��

GZ�ijZdlbd_�ijbgylh�\u^_eylv� ljb�mjh\gy�dhfie_d�

kbjh\Zgby� >�@��I_j\uc� mjh\_gv� ij_^iheZ]Z_l�� qlh� bah�

[jZ`_gby�^\mo�dZgZeh\�h[t_^bgyxlky�k�p_evx�ihemq_�

gby� gh\h]h� memqr_ggh]h� bah[jZ`_gby� >�@�� J_amevlb�

jmxs__� bah[jZ`_gb_� \�^Zevg_cr_f� bkihevam_lky� ^ey�

j_r_gby�dhgdj_lguo�ijbdeZ^guo�aZ^Zq��<lhjhc�mjh\_gv�

k\yaZg� k� h[t_^bg_gb_f� ijbagZdh\��Ijb� wlhf� ijbagZdb�

\u^_eyxlky�hl^_evgh�gZ�dZ`^hf�bah[jZ`_gbb�b� aZl_f�

h[t_^bgyxlky� ih� aZ^Zgghfm� ijZ\bem�� ihke_� q_]h� j_�

rZxlky� aZ^Zqb� h[gZjm`_gby� b� baf_j_gby� dhhj^bgZl�

h[t_dlZ�bgl_j_kZ� >����@��GZdhg_p��lj_lbc�mjh\_gv�ij_^�

iheZ]Z_l�h[t_^bg_gb_�dhg_qguo�j_amevlZlh\�g_aZ\bkb�

fhc�h[jZ[hldb�bah[jZ`_gbc� dZ`^h]h�ki_dljZevgh]h� dZ�

gZeZ�� Ih^� wlbf� fh`_l� ih^jZamf_\Zlvky�� gZijbf_j��

ijbgylb_� j_r_gby� h[� h[gZjm`_gbb� h[t_dlZ� gZ� hkgh\_�

j_r_gbc��ijbgyluo�ih�dZ`^hfm�bah[jZ`_gbx�\�hl^_ev�

ghklb�� beb� mlhqg_gb_� dhhj^bgZl� h[t_dlZ� gZ� hkgh\_� kh�

\f_klghc� h[jZ[hldb� g_aZ\bkbfuo� baf_j_gbc� \� dZ`^hf�

dZgZe_�>���@��

GZ^h� aZf_lblv�� qlh� Ze]hjblfu� i_j\h]h� mjh\gy� dhf�

ie_dkbjh\Zgby� bah[jZ`_gbc� ijbf_gyxlky�� dZd� ijZ\beh��

^ey�memqr_gby� \hkijbylby�q_eh\_dhf�nhghp_e_\hc� h[�

klZgh\db� >�@� b��ebrv�\� agZqbl_evgh�f_gvr_c� kl_i_gb�� \�

aZ^ZqZo� Z\lhfZlbq_kdh]h� ZgZebaZ� bah[jZ`_gbc��Ijbf_j�

bkihevah\Zgby�\lhjh]h�mjh\gy�dhfie_dkbjh\Zgby�ijb\_�

^_g��gZijbf_j��\�klZlv_�>�@��<�dZ`^hf�dZgZe_�g_aZ\bkbfh�

\uihegy_lky� \u^_e_gb_� ^\b`ms_]hky� h[t_dlZ�� ihke_�

q_]h� ihemq_ggu_�[bgZjgu_� bah[jZ`_gby� h[t_^bgyxlky��

h[jZamy� j_amevlbjmxs__�fgh`_kl\h� lhq_d� h[t_dlZ��Bk�

ihevah\Zgb_�lj_lv_]h�mjh\gy�dhfie_dkbjh\Zgby�\hafh`�

gh��_keb� aZ^ZgZ�beb�fh`_l�[ulv�hp_g_gZ�kl_i_gv�^h\_�

jby�d�j_amevlZlZf��ihemq_gguf�\�dZ`^hf�hl^_evghf� dZ�

gZe_�>�@��

<�^Zgghc�jZ[hl_�jZkkfZljb\Z_lky� ljb�Ze]hjblfZ�ba�

f_j_gby�dhhj^bgZl��I_j\uc�kh]eZkgh�ijb\_^_gghc�\ur_�

deZkkbnbdZpbb�hlghkblky�d�lj_lv_fm�mjh\gx�dhfie_dkb�

jh\Zgby��>\Z�^jm]bo�Ze]hjblfZ�fh`gh�hlg_klb�dh�\lhjh�

fm� mjh\gx� dhfie_dkbjh\Zgby�� <k_� ljb� Ze]hjblfZ� hkgh�

\u\Zxlky� gZ� ijbgpbi_� khihklZ\e_gby� l_dms_]h� bah[jZ�

`_gby�k�wlZehgguf�bah[jZ`_gb_f�h[t_dlZ��ihemqb\rbf�

gZ�ijZdlbd_�kZfh_�rbjhdh_� jZkijhkljZg_gb_�[eZ]h^Zjy�

k\h_c�gZ^_`ghklb�b�ihf_ohmklhcqb\hklb���

Koh^kl\h� njZ]f_glZ� gZ[ex^Z_fh]h� bah[jZ`_gby� k�

wlZehghf�qZklh�hij_^_eyxl�ijb�ihfhsb�djbl_jby�>�@�
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]^_� � � �D E �±� dhhj^bgZlu� ZgZebabjm_fh]h�njZ]f_glZ� l_�

dms_]h� bah[jZ`_gby� � � � �O L M Q ��Q �±� ghf_j� dZ^jZ�� � � � �K L M Q �

±�wlZehggh_�bah[jZ`_gb_��aZ^Zggh_�gZ�fgh`_kl\_� � �+ Q ��

>ey� hij_^_e_gby� dhhj^bgZl�h[t_dlZ� djbl_jbc� ����g_h[�
oh^bfh�fbgbfbabjh\Zlv��
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K� p_evx� mq_lZ� wnn_dlh\�� k\yaZgguo� k� baf_gqb\h�

klvx� h[t_dlZ�� \\h^blky� ^hihegbl_evguc�rZ]�� dhlhjuc�

aZdexqZ_lky�\�j_dmjkb\ghc�nbevljZpbb�wlZehgZ�>�@��
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]^_� > @�����J �±� dhwnnbpb_gl�� hij_^_eyxsbc� wnn_d�

lb\gmx�iZfylv�nbevljZ��GZah\_f� ��������[Zah\uf�Ze]h�
jblfhf��

JZkkfhlj_ggu_� \� klZlv_� Ze]hjblfu� fh`gh� djZldh�

hoZjZdl_jbah\Zlv� ke_^mxsbf� h[jZahf�� <�Ze]hjblf_�

��� hi_jZpbb� ���� b� ���� \uihegyxlky�^ey� dZ`^h]h� ki_d�

ljZevgh]h� dZgZeZ�� ihke_� q_]h� hkms_kl\ey_lky� \u[hj�

gZb[he__� ih^oh^ys_]h� ba� gbo� \�khhl\_lkl\bb� k�ih^oh�

^hf��hibkZgguf�\�jZ[hl_�>�@��:e]hjblf����ij_^klZ\ey�

_l�kh[hc�fh^bnbdZpbx�[Zah\h]h�Ze]hjblfZ��iha\heyx�

smx�i_j_clb� d� h[jZ[hld_�fmevlbki_dljZevguo�bah[jZ�

`_gbc�� :e]hjblf���� iha\hey_l� ^hihegbl_evgh� mq_klv�

ijbkmlkl\b_�\�dZ^j_�ihoh`bo�gZ�h[t_dl�bgl_j_kZ�nhgh�

\uo� h[jZah\Zgbc� b� gZebqb_� ihklhjhggbo� f_rZxsbo�

h[t_dlh\�� Ijb\_^_f� djZldh_� hibkZgb_� i_j_qbke_gguo�

Ze]hjblfh\��

:e]hjblf����� >Zgguc� Ze]hjblf� hkgh\u\Z_lky� gZ�
lhf�nZdl_��qlh�\�hl^_evgu_�fhf_glu�\j_f_gb�h^bg�ba�

ki_dljZevguo� dZgZeh\� ih� hlghr_gbx� d� ^jm]hfm�fh`_l�

bf_lv�emqrb_�oZjZdl_jbklbdb�gZ[ex^_gby�h[t_dlZ�bg�

l_j_kZ�� Djbl_jbc�� ih� dhlhjhfm� ke_^m_l� \u[bjZlv� gZb�

[he__� ih^oh^ysbc� dZgZe�� hq_\b^gh��^he`_g�[ulv�k\y�

aZg�k�bkihevam_fuf�Ze]hjblfhf�baf_j_gby� dhhj^bgZl��

ijbq_f� hp_gdZ� qbke_ggh]h� agZq_gby� djbl_jby� ^he`gZ�

\uihegylvky�Zihkl_jbhjb��l�_��ihke_�lh]h��dZd�knhjfb�

jh\Zgu�ij_^\Zjbl_evgu_�baf_j_gby�\�dZ`^hf�ba�dZgZ�

eh\���

<�gZklhys_c�jZ[hl_�^ey�baf_j_gby�dhhj^bgZl�h[t�

_dlZ� \� dZ`^hf� dZgZe_� [m^_f� bkihevah\Zlv� Ze]hjblf��

hibku\Z_fuc� \ujZ`_gbyfb� ��������� Ihke_�nhjfbjh\Z�

gby� ij_^\Zjbl_evguo� baf_j_gbc� \� dZ`^hf� dZgZe_�

� � � �� �QQ NN ED Ö�Ö ��]^_� ��� N �±�ghf_j�ki_dljZevgh]h�dZgZeZ��

^ey�dZ`^h]h�ba�gbo�ke_^m_l�\uqbkeblv�ihdZaZl_ev�jZ[h�

lhkihkh[ghklb�>�@��

� �
� �

� �
� �Q)

Q)
Q'

N
��PLQ

���PLQ
��

�

�

ED

ED

ED

ED
�

 *� �� ��� N �� �����

]^_�
� �

� �Q) ��PLQ
�

ED
ED

�ke_^m_l�bgl_jij_lbjh\Zlv��dZd�hp_g�

dm� kl_i_gb� \j_f_gghc� baf_gqb\hklb� bah[jZ`_gby� h[t�

_dlZ��
� �

� ����PLQ
�

�
*�

Q) ED
ED

�� \� k\hx� hq_j_^v��^Z_l� hp_gdm�

hlebqby�bah[jZ`_gby�h[t_dlZ�hl�hdjm`Zxs_]h�nhgZ��* �
±�fgh`_kl\h�]jZgbqguo�lhq_d�ahgu�ihbkdZ���

IhdZaZl_ev� ����iha\hey_l� \u[jZlv� gZb[he__� ih^oh�

^ysbc�dZgZe�b�ihemq_ggu_�\�g_f�baf_j_gby�dhhj^bgZl�

h[t_dlZ��

� � � �� � � � � �� � � � � �
� � � �� �°̄

°
®
­ t

 
bgZq_��Ö�Ö

��Ö�Ö
�

��

����



QQ

Q'Q'QQ
QQ

ED

ED
ED � �����

<u[jZggh_� lZdbf� h[jZahf� baf_j_gb_� bkihevam_lky�

^ey� dhjj_dpbb� l_dmsbo� iZjZf_ljh\� ke_`_gby� \� dZgZe_��

bf_xs_f� f_gvrbc� ihdZaZl_ev� jZ[hlhkihkh[ghklb�� Ijb�

wlhf�h[gh\e_gb_�bah[jZ`_gbc�h[t_dlZ�\�dZ`^hf�dZgZe_�

\uihegy_lky�kh]eZkgh�\ujZ`_gbx�����k�mq_lhf�������

:e]hjblf� ���� AZibr_f� fh^_ev� nhjfbjh\Zgby�
fmevlbki_dljZevgh]h�bah[jZ`_gby�ijb�hlkmlkl\bb�nhgZ�

� � � � � � � �QMLQMLQMLUQML �������� �KO � ��

� � � �> @7N QMLOQML ����  O �� � � � �> @7N QMLKQML ����  K ���

� � � �> @7N QMLQML ���� [ � �� ��� N �� ����

Nmgdpbb� � �QMLON �� �� � �QMLKN �� �� � �QMLN ��[ �aZ^Zxl� khhl�

\_lkl\_ggh� gZ[ex^Z_fh_� bah[jZ`_gb_�� wlZehggh_� bah�

[jZ`_gb_� h[t_dlZ� b�rmfh\hc�ijhp_kk� \� N �f�ki_dljZev�

ghf� dZgZe_�� � �QMLU �� �±� bg^bdZlhjgZy�nmgdpby�� agZq_gby�

dhlhjhc�jZ\gu���\�lhqdZo��ijbgZ^e_`Zsbo�h[t_dlm��b���\�

ijhlb\ghf� kemqZ_�� AgZq_gby� � �QMLN ��[ �g_dhjj_eebjh\Z�

gu� ih� QML �� �b� N �� bf_xl� ghjfZevgh_� jZkij_^_e_gb_� k�

gme_\uf�kj_^gbf�b�^bki_jkb_c� � �QN

�V ��

>ey� fh^_eb� ���� hilbfZevguc� ih� djbl_jbx� fZdkb�

fZevgh]h�ijZ\^hih^h[by�Ze]hjblf�baf_j_gby�dhhj^bgZl�

h[t_dlZ�k\yaZg�fbgbfbaZpb_c�nmgdpbb�

� �

� �
� � � �� �

� � � �

�

�
�

�
� �

� �

�
� � � � �N N

N L M + QN

) Q

O L M Q K L M Q
Q

D E

D E
V �

 

 � � �¦ ¦
� �����

Wdki_jbf_glu� ihdZau\Zxl�� qlh� dhjj_eypby� yjdhkl_c�

lhq_d� h[t_dlZ� f_`^m� dZgZeZfb� hdZau\Z_lky� g_agZqb�

l_evghc�� ihwlhfm� hp_gdb� � �QMLKN ��Ö �baf_gyxsboky� bah�

[jZ`_gbc� h[t_dlZ� [m^_f� nhjfbjh\Zlv� g_aZ\bkbfh� \�

dZ`^hf�dZgZe_�\�khhl\_lkl\bb�k�\ujZ`_gb_f������

GZ�ijZdlbd_� bgl_gkb\ghklv�rmfZ�\�^ZlqbdZo� bah[jZ�

`_gbc� ^hklZlhqgh� fZeZ�� h^gZdh� keZ]Z_fh_� � �QML ��� �\�

fh^_eb� ���� iha\hey_l� mq_klv� g_dhlhju_� wnn_dlu�� dhlh�

ju_� kZfb� ih� k_[_� ^h\hevgh� ljm^gh� hibkZlv� ZgZeblbq_�

kdhc� fh^_evx�� GZijbf_j�� ^ey� hp_gdb� yjdhkl_c� lhq_d�

h[t_dlZ� lj_[m_lky� g_dhlhjh_� \j_fy��F_`^m� l_f� h[t_dl�

ihklhyggh� f_gy_lky� \ke_^kl\b_� baf_g_gby� jZdmjkZ� b�

mkeh\bc�gZ[ex^_gby��LZdbf�h[jZahf��rmfh\u_�ijhp_kku�

� �� � � ���N L M Q N[  �\� fh^_eb� ���� hibku\Zxl� nZdlbq_kdb�

bf_xs__� f_klh� hlebqb_� gZ[ex^Z_fh]h� bah[jZ`_gby�

h[t_dlZ�hl�_]h�wlZehgZ��K�wlhc�lhqdb�aj_gby�ij_^ihqlb�

l_evguf� y\ey_lky� lhl� dZgZe�� ]^_� wlh� hlebqb_� f_gvr_��

Ihwlhfm��bkoh^y�ba�ij_^iheh`_gby��qlh� d�ij_^r_kl\mx�

s_fm� dZ^jm� ihemq_gZ� ^hklZlhqgh� ohjhrZy� hp_gdZ� wlZ�

ehggh]h� bah[jZ`_gby�� dhhj^bgZlu� h[t_dlZ� � ��
 �QD ��

� ��
 �QE �[ueb�baf_j_gu� \_jgh� b� baf_gqb\hklv�bah[jZ�

`_gbc�aZ�i_jbh^�nhjfbjh\Zgby�hq_j_^gh]h�dZ^jZ�g_agZ�

qbl_evgZ�� hp_gdm� ^bki_jkbb�rmfZ� [m^_f� \uqbkeylv� kh�

]eZkgh�\ujZ`_gbx�

� �

� �
� � � �� � � �� �

� � � �

�

�

 


�

Ö �

�
� � � � �

���

N

N N

L M + Q+

Q

O L Q M Q Q K L M Q
. Q

N

V

D E
�

�  

 � � �

 

¦
�����

]^_� � �Q.+
�±�fhsghklv�fgh`_kl\Z� � �Q+ ��



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

Kh]eZkgh�����djbl_jbc�koh^kl\Z�bah[jZ`_gbc�\uqbk�

ey_lky�g_aZ\bkbfh�\�dZ`^hf�dZgZe_��ihke_�q_]h��ihke_�

q_]h�j_amevlZlu�kmffbjmxlky�k�\_kZfb��aZ\bkysbfb�hl�

^bki_jkbc�rmfZ�� LZdbf� h[jZahf�� Ze]hjblf���� fh`_l�

[ulv�hlg_k_g�dh�\lhjhfm�mjh\gx�dhfie_dkbjh\Zgby���

:e]hjblf�����Fh^_ev�����ij_^iheZ]Z_l�hlkmlkl\b_�
nhgZ�b�ihklhjhggbo�h[t_dlh\��F_`^m�l_f�bf_ggh�gZeb�

qb_�ihoh`bo�gZ�h[t_dl�bgl_j_kZ�nhgh\uo�h[jZah\Zgbc�

b� f_rZxsbo� h[t_dlh\� y\ey_lky� h^ghc� ba� hkgh\guo�

ijbqbg� \hagbdgh\_gby� ZghfZevguo� hrb[hd� baf_j_gby�

dhhj^bgZl�� ;hjhlvky� k� wlbf�fh`gh� iml_f� mf_gvr_gby�

jZaf_jZ�ahgu�ihbkdZ��qlh�iha\hey_l��djhf_�lh]h��khdjZ�

lblv�\uqbkebl_evgu_� aZljZlu��H^gZdh� kbevgh_� mf_gv�

r_gb_�ahgu�ihbkdZ�ij_iylkl\m_l�wnn_dlb\ghfm�hlke_�

`b\Zgbx� fZg_\jh\� h[t_dlZ�� ih\urZ_l� \_jhylghklv�

kju\Z� ke_`_gby� ba�aZ� g_dhgljhebjm_fh]h� ^\b`_gby�

ghkbl_ey� b� kgb`Z_l� \_jhylghklv� ih\lhjgh]h� aZo\ZlZ�

ijb� \hagbdgh\_gbb� ZghfZevguo� hrb[hd� baf_j_gby� dh�

hj^bgZl���

Qlh[u�ba[_`Zlv�ihy\e_gby�ZghfZevguo�hrb[hd��g_�

ijb[_]Zy� d� kms_kl\_gghfm� mf_gvr_gbx� ahgu� ihbkdZ��

ij_^eZ]Z_lky�mqblu\Zlv�g_h^ghjh^ghklv�nhgZ� b� gZeb�

qb_� ihklhjhggbo�^\b`msboky� h[t_dlh\� g_ihkj_^kl\_g�

gh� gZ� wlZi_� baf_j_gby� dhhj^bgZl� h[t_dlZ� bgl_j_kZ�

>��@��JZkkfhljbf�fh^_ev�gZ[ex^_gby��

� � � � � �
� �� � � � � �

� � � � � �

� � � � � � � �

L M Q U L M Q L M Q

U L M Q L M Q L M Q

 �

� � �

O K

T �
� �����

]^_� � � � �> @7N QMLTQML ����  T �� ��� N �±� bah[jZ`_gb_�� ij_^�

klZ\eyxs__� kh[hc� bah[jZ`_gb_� nhgZ� � �� �L M Q  J �

� �� �
7

N
J L M Q ª º¬ ¼ �k� gZeh`_ggufb� bah[jZ`_gbyfb� ihklh�

jhggbo�h[t_dlh\��kqblZ_f��dZd�b�jZg__��qlh�bah[jZ`_gby�
\�jZaguo�dZgZeZo�g_�dhjj_ebjh\Zggu�f_`^m�kh[hc��>ey�
ijhklhlu�^Zevg_cr_]h� baeh`_gby�[m^_f� iheZ]Zlv��qlh�
nhg� g_ih^\b`_g�� l�_��f_`^m� ke_^mxsbfb� ih^jy^� dZ^�
jZfb� hlkmlkl\mxl� ]_hf_ljbq_kdb_� ij_h[jZah\Zgby�� <�
ijhlb\ghf� kemqZ_� ]_hf_ljbq_kdb_� ij_h[jZah\Zgby�fh�
]ml� [ulv� kdhfi_gkbjh\Zgu� gZ� hkgh\Zgbb� ba\_klguo�
ih^oh^h\�>��@���

?keb�rmfh\u_�ijhp_kku� � �QMLN ��[ �� ��� N �y\eyxlky�

]Zmkkh\ufb�k�gme_\uf�kj_^gbf�b�^bki_jkb_c� � �QMLN ���V �

\� dZ`^hc� lhqd_�� lh� \� khhl\_lkl\bb� k� djbl_jb_f�fZdkb�

fZevgh]h� ijZ\^hih^h[by� g_h[oh^bfh� fbgbfbabjh\Zlv�

djbl_jbc�

� �� � �) QD E  � �����

� � � �� � � � � �� �
� �� � � �

� �
�

�
� �

� � � � � � � �

� �

N N N N

N L M + Q N

O L M Q K L M Q O L M Q T L M Q

L M Q

D E D E

V �

� � � � � � �
 ¦ ¦

�

Ijb�gZebqbb�ihoh`bo�gZ�h[t_dl�bgl_j_kZ�ihklhjhg�

gbo� h[t_dlh\� beb� mqZkldh\� nhgZ� \lhjh_� keZ]Z_fh_� \�

qbkebl_e_� iha\hebl� ba[_`Zlv� \hagbdgh\_gby� ^hihegb�

l_evguo�ehdZevguo�fbgbfmfh\��

<� \ujZ`_gbb� ����� g_ba\_klgufb� y\eyxlky� bah[jZ�

`_gby� � �QMLTN �� �b� � �� � �NK L M Q �Z� lZd`_� ^bki_jkbb�

� �QMLN ���V �� Bah[jZ`_gby� � �QMLTN �� �� ��� N �ijb� wlhf�

ij_^klZ\eyxl� kh[hc� dhfihabpbx� bah[jZ`_gbc� nhgZ�

� �QMLJN �� �b� g_ba\_klguo� Zijbhjb� bah[jZ`_gbc� ihklh�

jhggbo�^\b`msboky�h[t_dlh\���

Hp_gdb� bah[jZ`_gbc� h[t_dlZ� bgl_j_kZ� b�nhgZ� gZc�

^_f�ihkj_^kl\hf�j_dmjkb\ghc�nbevljZpbb��

� � � �

� � � �� � � � � � � �
 


Ö Ö� � � � �

� � � � �

N N

N

K L M Q K L M Q

O L Q M Q Q L M + Q

J

D E J

 � �

ª º� � � � �¬ ¼

��

� �
� � � �� � � � � �
� �

Ö � �

Ö � � � � � � � � �

Ö � � � � bgZq_�

N

N N

N

J X Y Q

J X Y Q O X Y Q X Y * Q

J X Y Q

J J

 

� � � �­°
 ®

�°̄

�����

A^_kv� � �Q* �±�fgh`_kl\h� lhq_d�nhgZ�� g_� aZdjuluo� \�

h[t_dlZfb�\�Q �f�dZ^j_��

Hp_gb\Zlv�^bki_jkbx�rmfZ�\�^Zgghf�kemqZ_�p_e_kh�

h[jZagh� kh\f_klgh�k� hp_gb\Zgb_f�nhgZ��GZ� gZqZevghf�

wlZi_��ihdZ�g_� ihemq_gh�^hklh\_jguo� hp_ghd�nhgZ��ijb�

ihfhsb�nbevljZ�k�jZklms_c�iZfylvx�\uqbkey_lky�\lh�

jhc�gZqZevguc�fhf_gl�

� � � �

� � � � � �

� �

�

�

�
Ö Ö� � � � �

�
� � � � � � �� ��

N N

N

Q
X Y Q X Y Q

Q

O X Y Q X Y * Q Q 1 N
Q

P P
�

 � �

� � �  

� �����

Ijb� ^hklb`_gbb� fhf_glZ� \j_f_gb�
�

1Q  �� fh`gh�

i_j_clb�d�hp_gd_�^bki_jkbb��

� � � � � ���

�

�

�

� ����Ö��Ö 1YXJ1YX1YX NNN � PV �� ��� N �� ������

>Zevg_crZy� hp_gdZ� \uihegy_lky� \� khhl\_lkl\bb� k�

\ujZ`_gb_f�

� � � �

� � � � � �� �

� �

�

Ö Ö� � � � �

� � � � � �

N N

N N

X Y Q X Y Q

O X Y Q J X Y Q

V JV

J

 � �

� � �
� �����

� � � � ��� 1QQ*YX !� �� ��� N �� ��

>ey� nhjfbjh\Zgby� hp_gdb� � �QMLTN ��Ö �[m^_f� \f_klh�

g_ba\_klguo� bah[jZ`_gbc� ihklhjhggbo� h[t_dlh\� [jZlv�

khhl\_lkl\mxsb_� bf�njZ]f_glu� gZ[ex^Z_fh]h� bah[jZ�

`_gby�� aZ^Z\Z_fu_� bg^bdZlhjghc� nmgdpb_c� � �QMLE �� ��

Nmgdpby� � �QMLE �� �nhjfbjm_lky�ih�ke_^mxs_fm�ijZ\bem��

� �
� � � � � ��

� �

Ö Ö�� � � � � � � � �� ��

�� bgZq_�

N N N

E L M Q

O L M Q J L M Q W L M Q NV

 

­ � !  °
 ®
°̄

������

Hi_jZpby� ����� iha\hey_l� \u^_eblv� baf_gyxsb_ky�

njZ]f_glu� gZ[ex^Z_fh]h� bah[jZ`_gby�� dhlhju_�� h[uq�

gh�� khhl\_lkl\mxl� ^\b`msbfky� h[t_dlZf�� ijb� wlhf� dh�

wnnbpb_gl� W �hij_^_ey_l� ^himklbfuc� mjh\_gv� eh`guo�
lj_\h]���

?keb� h[t_dl� bgl_j_kZ� ^\b`_lky�� lh� g_h[oh^bfZ� ^h�

ihegbl_evgZy� h[jZ[hldZ� bg^bdZlhjghc� nmgdpbb�

� �QMLE �� ��>ey�wlh]h�\gZqZe_�\uihegyxlky�fhjnheh]bq_�

kdb_� hi_jZpbb� >��@�� ihke_� q_]h�ihemq_ggu_� k\yagu_� h[�

eZklb�ZgZebabjmxlky�gZ�ij_^f_l�bo�[ebahklb�d�iheh`_�

gbx�h[t_dlZ�bgl_j_kZ�gZ�ij_^u^ms_f�dZ^j_��Ij_^iheZ�



�

�

�
���

]Z_lky��qlh�[eb`Zcrbc�k_]f_gl�ijbgZ^e_`bl�h[t_dlm��b�

khhl\_lkl\mxsb_�_fm�lhqdb� � �QMLE �� �mklZgZ\eb\Zxlky�\�

gme_\h_� agZq_gb_�� J_amevlZlhf� wlbo� hi_jZpbc� [m^_l�

fh^bnbpbjh\ZggZy� bg^bdZlhjgZy� nmgdpby�� dhlhjmx�

h[hagZqbf� � �QMLE ��
a

�� Ijb� wlhf� hdhgqZl_evgh_� \ujZ`_�

gb_� ^ey� nhjfbjh\Zgby� hp_gdb� � �QMLTN ��Ö �ijbgbfZ_l�

\b^��

� � � � � �
� �� � � �

Ö � � � � � �

Ö� � � � � � �� ��

N N

N

T L M Q E L M Q O L M Q

E L M Q J L M Q N

 �

� �  

�

�
� �����

NhjfmeZ������ihdZau\Z_l��qlh�\uqbke_gby�fh`gh�hj�

]Zgbah\Zlv� iZjZee_evgh� \� dZ`^hf� ki_dljZevghf� dZgZ�

e_��ihke_�q_]h�ke_^m_l�h[t_^bgblv�ihemq_ggu_�j_amev�

lZlu��dhlhju_�\�^Zevg_cr_f�bkihevamxlky�^ey�hp_gdb�

iheh`_gby�h[t_dlZ� \� dZ^j_��LZdbf� h[jZahf�� hj]ZgbaZ�

pby�Ze]hjblfZ����khhl\_lkl\m_l�\lhjhfm�mjh\gx�dhf�

ie_dkbjh\Zgby���

Wdki_jbf_glZevgu_�bkke_^h\Zgby�

Bkke_^h\Zgby�ijh\h^bebkv�gZ�[Za_�ba� ���gZlmjguo�

fmevlbki_dljZevguo� \b^_hkx`_lh\�� >ebl_evghklv� kx�

`_lh\� \Zjvbjh\ZeZkv� hl� ���� ^h� ���� dZ^jh\�� kj_^gyy�

^ebl_evghklv� ±� ���� dZ^jh\��H[t_dlu� bgl_j_kZ� ±� ^\b�

`msb_ky�ih� ljZkk_�Z\lhfh[beb�� gZ[ex^Z_fu_� gZ� m^Z�

e_gbb�hl������^h������f��JZaf_j�bah[jZ`_gbc�h[t_dlh\�

bgl_j_kZ� \Zjvbjh\Zeky� hl� ��[��� ^h� ��[��� ibdk_e_c��

kj_^gbc�jZaf_j���[���ibdk_e_c��GZ�\b^_hkx`_lZo�ijb�

kmlkl\h\Zeb� ihoh`b_� gZ� h[t_dl� bgl_j_kZ� ^\b`msb_ky�

h[t_dlu� �^jm]b_� Z\lhfh[beb��� bf_eh� f_klh� qZklbqgh_�

aZkehg_gb_� h[t_dlh\� bgl_j_kZ� we_f_glZfb�nhgZ� �dmk�

lZjgbd�� kljh_gby��� Q_eh\_dhf�wdki_jlhf� mdZau\Zehkv�

wlZehggh_� �bklbggh_�� iheh`_gb_� h[t_dlZ� bgl_j_kZ� \�

dZ^j_�� Ijb� \hagbdgh\_gbb� ZghfZevguo� hrb[hd� ih� bk�

lbgguf�dhhj^bgZlZf�nhjfbjh\Zehkv�gh\h_�p_e_mdZaZ�

gb_�� gZ� hkgh\_� dhlhjh]h� \uihegyehkv� h[gh\e_gb_� wlZ�

ehgguo� bah[jZ`_gbc�� Ijbf_ju� dZ^jh\� bkihevam_fuo�

\b^_hkx`_lh\�ij_^klZ\e_gu�gZ�jbk������

>ey� hibkZgby� j_amevlZlh\� wdki_jbf_glh\� \\_^_f�

jy^�hij_^_e_gbc��

��� :ghfZevgZy� hrb[dZ� ±� g_ihiZ^Zgb_� baf_j_gguo�

dhhj^bgZl�� \� ijyfhm]hevgbd�� h]jZgbqb\Zxsbc� bah[jZ�

`_gb_�h[t_dlZ�\�dZ^j_��

��� Ke_`_gb_� ±� baf_j_gb_� dhhj^bgZl� h[t_dlZ� [_a�

ZghfZevguo� hrb[hd� gZ� ijhly`_gbb� g_� f_g__� �� ke_�

^mxsbo�ih^jy^�dZ^jh\��

���Kju\�±�ij_ju\Zgb_�ke_`_gby����

:e]hjblfu� baf_j_gby� dhhj^bgZl�� k� lhqdb� aj_gby�

^hklb]Z_fhc� ijb� bo� bkihevah\Zgbb� wnn_dlb\ghklb�

ke_`_gby�aZ�h[t_dlhf�oZjZdl_jbamxl�ke_^mxsb_�ihdZ�

aZl_eb��

���<_jhylghklv� ijZ\bevgh]h� khihklZ\e_gby� �
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±� hlghr_gb_� qbkeZ� dZ^jh\� [_a� ZghfZevguo� hrb[hd� d�

h[s_c�^ebl_evghklb�\b^_hkx`_lZ���

���Kj_^gyy�ijh^he`bl_evghklv�ke_`_gby��
kj1 �����

��� Hlghr_gb_� ^ebl_evghklb� i_jbh^h\� ke_`_gby�

kj1 �d�^ebg_�\b^_hkx`_lZ��
kjI ���

���<_jhylghklv�kju\Z��
$3 ���
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Jbk�����Ijbf_ju�dZ^jh\�ba�l_klh\uo�\b^_hkx`_lh\��

Z��±�L<�dZgZe��[��±�BD�dZgZe��h[t_dl�ihdZaZg�\�jZfd_��

<�oh^_�bkke_^h\Zgbc�bah[jZ`_gby�^hihegbl_evgh�bk�

dZ`Zebkv� Z^^blb\guf� ]Zmkkh\kdbf� rmfhf� kh� kj_^g_�

d\Z^jZlbq_kdbf� hldehg_gb_f�V  ���JZaf_j� ahgu�ihbkdZ�

±� ��[��� ibdk_e_c��IhdZaZl_eb� wnn_dlb\ghklb� \uqbkey�

ebkv� gZ� hkgh\_� h[jZ[hldb� dZ`^h]h� \b^_hkx`_lZ�� aZl_f�

mkj_^gyebkv�gZ�\k_c�\u[hjd_�\b^_hkx`_lh\�k�mq_lhf�bo�

^ebl_evghklb���

KjZ\gbl_evgu_�^Zggu_�ih�wnn_dlb\ghklb�bkke_^m_�

fuo�Ze]hjblfh\�ijb\_^_gu�\�lZ[e����

LZ[ebpZ����KjZ\g_gb_�wnn_dlb\ghklb��

bkke_^m_fuo�Ze]hjblfh\��Z^^blb\guc�rmf�V  ����

ahgZ�ihbkdZ�±���[���ibdk_e_c��

�
;Zah\uc�
Ze]hjblf�
�L<��

;Zah\uc�
Ze]hjblf�
�BD��

:e]��
���

:e]��
���

:e]��
���

'3 � ������ ������ ������ ������ ������

kj1 � ������� ������ ������� ������� �������

kjI
� ������ ������ ������ ������ ������

$3 �� ������ ������ ������ ������ ������

GZ�jbk����bah[jZ`_gu� ]jZnbdb�aZ\bkbfhkl_c�\_jhyl�

ghklb�ijZ\bevgh]h�khihklZ\e_gby�hl�jZaf_jZ�ahgu�ihbk�

dZ� ^ey� \b^_hkx`_lh\�� ihdZaZgguo� gZ� jbk�� ��� =jZnbdb�

ihdZau\Zxl�� qlh� lhevdh� ^ey� Ze]hjblfZ���� m\_ebq_gb_�

ahgu�ihbkdZ�h[t_dlZ�bgl_j_kZ�g_�ijb\h^bl�d�jhklm�qbkeZ�

ZghfZevguo�hrb[hd��

AZdexq_gb_�

Kh\f_klgh_� bkihevah\Zgb_� ^Zlqbdh\� bah[jZ`_gbc�

jZagh]h� ki_dljZevgh]h� ^bZiZahgZ� iha\hey_l� mf_gvrblv�

qbkeh� kju\h\� b� m\_ebqblv� ^ebl_evghklv� ke_`_gby� aZ�

h[t_dlhf��<� klZlv_� hibkZgu� \hafh`gu_� ih^oh^u� d� ZgZ�

ebam�fmevlbki_dljZevguo�\b^_hihke_^h\Zl_evghkl_c���

Wnn_dlb\ghklv�wlbo�ih^oh^h\�\�kjZ\g_gbb�k�g_aZ\b�

kbfhc� h[jZ[hldhc� bah[jZ`_gbc� \�hl^_evguo� ki_dljZev�

guo� dZgZeZo� ijh^_fhgkljbjh\ZgZ� \� oh^_� wdki_jbf_g�

lZevguo� bkke_^h\Zgbc�� \uiheg_gguo� gZ� [hevrhc� [Za_�

gZlmjguo�\b^_hkx`_lh\��
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Jbk�����=jZnbdb�aZ\bkbfhkl_c�\_jhylghklb�ijZ\bevgh]h��

khihklZ\e_gby�hl�jZaf_jZ�ahgu�ihbkdZ�:�^ey�kx`_lh\���

ihdZaZgguo�gZ�jbk�����KDH�Z^^blb\gh]h�rmfZ� � V ��

J_amevlZlu�bkke_^h\Zgbc�ihdZau\Zxl��qlh�[hevr_�

]h� ih\ur_gby� wnn_dlb\ghklb� fh`gh� ^h[blvky�� _keb�

^hihegbl_evgh� iZjbjh\Zlv� g_]Zlb\gu_� wnn_dlu�� k\y�

aZggu_� k� ijbkmlkl\b_f� ihoh`bo� gZ� h[t_dl� bgl_j_kZ�

nhgh\uo�h[jZah\Zgbc�b�ihklhjhggbo�^\b`msboky�h[t�

_dlh\��Nhg�b�f_rZxsb_�h[t_dlu�g_ihkj_^kl\_ggh�mqb�

lu\Zxlky�gZ�wlZi_�baf_j_gby�dhhj^bgZl��qlh�iha\hey_l�

kgbablv�\_jhylghklv�ihy\e_gby�ZghfZevguo�hrb[hd�[_a�

kms_kl\_ggh]h�mf_gvr_gby�ahgu�ihbkdZ�h[t_dlZ���

Bkke_^h\Zgby�\uiheg_gu�ijb�ih^^_j`d_�Fbgbkl_j�

kl\Z� h[jZah\Zgby� b� gZmdb� JN� �]hkm^Zjkl\_gguc� dhg�

ljZdl�������������������

Ebl_jZlmjZ�

���-��'RQJ��'��=KXDQJ��<��+XDQJ�DQG�-��)X��$GYDQFHV�LQ�

0XOWL�6HQVRU� 'DWD� )XVLRQ�� $OJRULWKPV� DQG� $SSOLFDWLRQV� ���

6HQVRUV��±������±���������S��������������

���/DQLU�-��0DOW]�0���5RWPDQ�6�5��&RPSDULQJ�PXOWLVSHF�

WUDO�LPDJH�IXVLRQ�PHWKRGV�IRU�D�WDUJHW�GHWHFWLRQ�WDVN����2SWL�

FDO� (QJLQHHULQJ�� ±� ������ ±� 9RO�� ������� ±� 3�� ��������±

���������

���:eiZlh\�;�:���;Z[Zyg�I�<��<u^_e_gb_�^\b`msboky�

h[t_dlh\� \� ihke_^h\Zl_evghklb� fmevlbki_dljZevguo�

bah[jZ`_gbc�ijb�gZebqbb�]_hf_ljbq_kdbo�bkdZ`_gbc�����

<_klgbd�JyaZgkdh]h� ]hkm^Zjkl\_ggh]h�jZ^bhl_ogbq_kdh]h�

mgb\_jkbl_lZ��±�JyaZgv��������±������±�K���������

��� 3DWULFN� -�� %RQQLQ� 3DUDOOHO� FRRSHUDWLYH� VHJPHQWDWLRQ�

PHWKRG� IRU�PXOWLVSHFWUDO� LPDJHV� ��� 9LVXDO� ,QIRUPDWLRQ� 3URF�

HVVLQJ�,9�3URF��63,(��9RO�������������������

���9LG\D�0DQLDQ��/XLV�2��-LPHQH]��/DQG�FRYHU�DQG�EHQ�

WKLF� KDELWDW� FODVVLILFDWLRQ� XVLQJ� WH[WXUH� IHDWXUHV� IURP�K\SHU�

VSHFWUDO� DQG� PXOWLVSHFWUDO� LPDJHV� ��� -RXUQDO� RI� (OHFWURQLF�

,PDJLQJ����������������$SU±-XQ��������SS��������

��� /DXUHQW� 1ROLEH�� -XOLHQ� %RUJQLQR�� 0DUF� 'XFRXORPELHU��

0LFKHO�$UWDXG��$GDSWLYH�PXOWLVSHFWUDO� GHWHFWLRQ� RI�VPDOO� WDU�

JHWV�XVLQJ�VSDWLDO�DQG�VSHFWUDO�FRQYHUJHQFH�IDFWRU����3URF��RI�

63,(��9RO�� ������6LJQDO� DQG�'DWD�3URFHVVLQJ� RI�6PDOO� 7DU�

JHWV�������SS�����������

���;Z[Zyg�I�<���Kfbjgh\�K�:��Ke_`_gb_� aZ�h[t_dlhf�

gZ�hkgh\_�Ze]hjblfZ�khihklZ\e_gby�k�wlZehghf�ijb�h^�

gh\j_f_gghf� � gZ[ex^_gbb� \� \b^bfhf� b� bgnjZdjZkghf�

^bZiZahgZo� ��� Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\�±� ���±�

�����±&��������

���:eiZlh\�;�:���;Z[Zyg�I�<���;ZeZrh\�H�?���Kl_iZr�

dbg�:�B��F_lh^u�Z\lhfZlbq_kdh]h�h[gZjm`_gby�b�khijh�

\h`^_gby� h[t_dlh\��H[jZ[hldZ� bah[jZ`_gbc� b� mijZ\e_�

gb_��±�F���JZ^bhl_ogbdZ��������±�����k��

���:eiZlh\�;��:���K_ey_\�:��:��:e]hjblf� hp_gdb�f_k�

lhiheh`_gby�h[t_dlZ�gZ�^\mf_jghf�bah[jZ`_gbb����Ba\��

\mah\��K_j��Ijb[hjhkljh_gb_��±�������±�����±�K�������

����;Z[Zyg�I�<���N_ev^fZg�:�;��Hij_^_e_gb_�f_klh�

iheh`_gby�h[t_dlZ�gZ�bah[jZ`_gbb�\�kbkl_fZo�l_ogbq_�

kdh]h�aj_gby�fh[bevguo�jh[hlhl_ogbq_kdbo�dhfie_dkh\����

<_klgbd�JyaZgkdh]h� ]hkm^Zjkl\_ggh]h�jZ^bhl_ogbq_kdh]h�

mgb\_jkbl_lZ��±�JyaZgv��������±�����±�K��������

����:eiZlh\�;�:���Kljhlh\�<�<��:e]hjblf�hp_gdb�iZjZ�

f_ljh\� ]_hf_ljbq_kdbo� ij_h[jZah\Zgbc� bah[jZ`_gbc�

ijb�fmevlbki_dljZevghf�gZ[ex^_gbb� ���Pbnjh\Zy�h[jZ�

[hldZ�kb]gZeh\��±�������±�����±�K������

���� =hgkZe_k� J��� <m^k� J�� Pbnjh\Zy� h[jZ[hldZ� bah�

[jZ`_gbc��±�F���L_oghkn_jZ�������]��±������k��

7+(�2%-(&7�326,7,21�0($685(0(17��

21�08/7,63(&75$/�,0$*(6�

$OSDWRY�%�$���%DED\DQ�3�9����

6PLUQRY�6�$���)HOGPDQ�$�%��

,Q� WKLV� SDSHU� VHYHUDO� DOJRULWKPV� RI� WKH� REMHFW� SRVLWLRQ�

PHDVXUHPHQW� RQ� PXOWLVSHFWUDO� LPDJHV� LV� FRQVLGHUHG�� 7KH�

H[SHULPHQWV�VKRZ�WKDW�FRPELQHG�XVH�RI�LPDJHV�IURP�79�DQG�

,5�EDQGV�LPSURYHV�WKH�HIILFLHQF\�RI�REMHFW�WUDFNLQJ��)RU�SUH�

YHQWLQJ�SUREOHPV�ZKLFK�PD\�DSSHDU�EHFDXVH�RI�SUHVHQFH�RI�

QRQ�XQLIRUP�EDFNJURXQG�DQG�RWKHU�PRYLQJ�REMHFWV�� LW� LV�SUR�

SRVHG�WR�WDNH�LQWR�DFFRXQW�WKHVH�HIIHFWV�GLUHFWO\�RQ�WKH�VWDJH�

RI�WKH�PHDVXUHPHQW�RI�WKH�REMHFW�SRVLWLRQ��
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H[hkgh\Zgu� nZah\uc� b� Zfieblm^guc� Z\lhj_]j_kkbhggu_� f_�

lh^u�ebg_cgh]h�ij_^kdZaZgby�^ey�ki_dljZevgh]h�ZgZebaZ� k�ijhj_�

`b\Zgb_f� ^Zgguo� aZ� kq_l� ij_^\Zjbl_evghc� h[jZ[hldb� kb]gZeh\� \�

ihehkh\uo� nbevljZo�� gZkljh_gguo� gZ� qZklhlm� wg_j]_lbq_kdh]h�

p_gljZ� qZklhl� kb]gZeh\�� AZ� kq_l� ij_^\Zjbl_evghc�nbevljZpbb�

kb]gZeh\� i_j_^� \uiheg_gb_f� ijhp_^mj� ki_dljZevgh]h� hp_gb\Zgby�

^hklb]Z_lky�dh]_j_glgh_�gZdhie_gb_f�bo�wg_j]bb��qlh�ih�kjZ\g_�

gbx� k� ba\_klgufb� Z\lhj_]j_kkbhggufb�f_lh^Zfb� ki_dljZevgh]h�

ZgZebaZ�m\_ebqb\Z_l�wnn_dlb\ghklv�k\_jojZaj_r_gby�[ebadbo�ih�

qZklhl_�bklhqgbdh\� \� ij_^_eZo� ^bnjZdpbhggh]h�we_f_glZ� jZaj_�

r_gby���

M>D���������

F?LH>U�IJHJ?@B<:GBY�HLKQ?LH<�KB=G:E:�K�DH=?J?GLGUF�
G:DHIE?GB?F�<�A:>:Q:O�PBNJH<H=H�KI?DLJ:EVGH=H�:G:EBA:��
KH�K<?JOJ:AJ?R?GB?F�

=jb]hjyg�>�K���d�l�g���^hdlhjZgl�<h_gghc�ZdZ^_fbb�\hckdh\hc�I<H�<hhjm`_gguo�Kbe�JN��]��Kfhe_gkd���
H�PDLO��GDQ�JULJRU\DQ#\DQGH[�UX�

�
Dexq_\u_� keh\Z� ki_dljZevguc� ZgZeba��

pbnjh\hc�� k\_jojZaj_r_gb_�� ijhj_`b\Zgb_��

dh]_j_glgh_� gZdhie_gb_�� ebg_cgh_� ij_^kdZaZ�

gb_��nZah\uc�f_lh^��Z\lhj_]j_kkby��

<\_^_gb_�

<h� fgh]bo� ijbdeZ^guo� aZ^ZqZo� jZ^bhehdZ�

pbb��]b^jhehdZpbb��k_ckfheh]bb�b�^jm]bo�hljZk�

e_c�gZmdb�b� l_ogbdb�bkke_^h\Zl_eb�qZklh�klZe�

db\Zxlky� k� ijh[e_fZfb� h]jZgbq_gghc� jZaj_�

rZxs_c� kihkh[ghklb� baf_jbl_evguo� ijb[hjh\�

b�Ze]hjblfh\�ih�jZaebqguf�iZjZf_ljZf��

Ba\_klgh�� qlh� jZaj_rZxsZy� kihkh[ghklv�

baf_jbl_evgh]h�ijb[hjZ�ih�iZjZf_ljm� \ ��]^_� \ �±�qZk�

lhlZ��m]eh\Zy�dhhj^bgZlZ��\j_fy� aZ^_j`db�kb]gZeZ�beb�

^j���� [m^v� lh� jZ^bhehdZpbhggZy� klZgpby� beb� ijhklhc�

ZgZebaZlhj�ki_dljZ�� h[jZlgh�ijhihjpbhgZevgZ�h]jZgb�

q_gghfm�gZ�ijZdlbd_�bgl_j\Zem�gZ[ex^_gby�kb]gZeZ�ih�

\_ebqbg_ [ ��]^_� [ �� \� ijhlb\hiheh`ghklv� \ �� y\ey_lky�

\j_f_g_f�� ebg_cghc� \_ebqbghc� beb� qZklhlhc��� l�_��

[\ ' ' � �� ]^_� [ �b� \ k\yaZgu� k� kb]gZehf� ijyfuf� b�

h[jZlguf�ij_h[jZah\Zgb_f�Nmjv_���
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GZijbf_j��\�h[eZklb�pbnjh\hc�h[jZ[hldb�kb]gZeh\�

�PHK�� \� jZ^bhehdZpbhgguo� �\� ^hie_jh\kdbo�� bfimevk�

gh�^hie_jh\kdbo�b�\�dh]_j_glgh�bfimevkguo��kbkl_fZo��

_keb� [ �wlh�\j_fy� � W ��� lh� \ �wlh�qZklhlZ� � I ���Z�_keb� [ �

qZklhlZ�lh� \ �±�\j_fy��<�h[eZklb�h[jZ[hldb�kb]gZeh\�\�

pbnjh\uo�Zgl_gguo�j_r_ldZo�ih�ijhkljZgkl\m��_keb� [ �

wlh� ebg_cgZy� dhhj^bgZlZ�� lh� OT VLQ[\ �wlh� ijh�

kljZgkl\_ggZy�qZklhlZ��O �±�jZ[hqZy�^ebgZ�\hegu��Ij_�
h[jZah\Zgby� ���� b� ���� mklZgZ\eb\Zxl� ij_^_e� jZaj_r_�

gby��gZau\Z_fuc�qZklh�j_e__\kdbf��ihkdhevdm�\i_j\u_�

[ue� \\_^_g� ehj^hf�J_e__f� \� ����� ]h^m� ijb� bamq_gbb�

^bnjZdpbhgguo�y\e_gbc�\�hilbd_�>�@��

<�l_o�kemqZyo��dh]^Z�h[uqgZy�h[jZ[hldZ�kb]gZeZ�ba�

aZ� h]jZgbq_ggh]h� bgl_j\ZeZ�gZ[ex^_gby� g_�iha\hey_l�

jZa^_eblv�[ebadh�jZkiheh`_ggu_�p_eb��fh`gh�ijb[_]��

gmlv� d� ba\_klguf� iZjZf_ljbq_kdbf�f_lh^Zf� ki_dljZev�

gh]h�hp_gb\Zgby��h[_ki_qb\Zxsbf�k\_jojZaj_r_gb_��

IZjZf_ljbq_kdb_� f_lh^u� pbnjh\h]h� ki_dljZevgh]h�

hp_gb\Zgby��jZa\blu_�\�k\h_�\j_fy�aZ�jm[_`hf�^ey�jZa�

ebqguo�ijbeh`_gbc�\�jZ[hlZo�D_y�>�@��OZcdbgZ� >�@��=_c[�

jb_eZ� >�@��D_cihgZ� >�@��;_j]Z� >�@��LZnlkZ��DmfZj_kZgZ�>�@��

Jhy��DZceZloZ�b�IhejZ^`Z�>�@�b�^j���^hklZlhqgh�ih^jh[gh�

h[h[s_gu�\�fhgh]jZnbyo�FZjieZ�>�@�b�Klhbpu�>��@��Kj_�

^b�hlq_kl\_gguo�jZ[hl�\�h[eZklb�k\_jojZaj_r_gby�ki_d�

ljZevgufb�f_lh^Zfb� ba\_klgu� jZ[hlu�JZlugkdh]h� >��@��

?jfheZ_\Z��Jh^u]bgZ��NeZdkfZgZ� >��@��Q_j_fbkbgZ� >��@��

>jh]ZebgZ�>��@��E_oh\bpdh]h�>��@��KexkZjZ�>��@��:[jZf_g�

dh\Z�>�����@��KZ\bgh\Z� >��@��G_qZ_\Z� >��@��:^`_fh\Z�>��@��

>h[ujgZ� >��@�� =Zgdh\Z�>��@�� b� fgh]b_� ^jm]b_� jZ[hlu� \�

wlhc�h[eZklb��h^gh�i_j_qbke_gb_� dhlhjuo�fh`_l� aZgylv�

g_kdhevdh�kljZgbp��JZkkfhljbf�h[smx�kmlv�Z\lhj_]j_k�

kbhggh]h� ki_dljZevgh]h� ZgZebaZ� gZ� ijbf_j_� h[jZ[hldb�
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>ey� wnn_dlb\gh]h� ijbf_g_gby� gZ� ijZdlbd_�f_lh^h\�

ki_dljZevgh]h�hp_gb\Zgby�kh�k\_jojZaj_r_gb_f�\h�fgh�

]bo� aZ^ZqZo�PHK� j_Zevgh]h� \j_f_gb� hklZxlky� ijh[e_�

fu��k\yaZggu_�k�mom^r_gb_f�k\_jojZaj_r_gby�ba�aZ�g_�

hq_gv� \ukhdbo� hlghr_gbc� kb]gZe�rmf� �HKR�� \h�fgh]bo�

kbkl_fZo�k\yab�b�ehdZpbb��J_amevlZlu�fgh]bo�jZ[hl��lZ�

dbo� dZd� >��� �@��ihdZau\Zxl��qlh�^ey�k\_jojZaj_r_gby�bk�

lhqgbdh\�� m^Ze_gguo� ^jm]� hl� ^jm]Z� ih� aZ^Zgghfm� iZjZ�

f_ljm� hl� iylhc� ^heb� rbjbgu� we_f_glZ� jZaj_r_gby� b�

f_g__��g_h[oh^bfh�bf_lv�^hklZlhqgh�\ukhdh_�bkoh^gh_�

HKR��ihjy^dZ����^;�b�\ur_��Wlh�k\yaZgh�k�\hafms_gby�

fb�\_dlhjZ�\_kh\uo�dhwnnbpb_glh\��<<D��Z\lhj_]j_kbb��

h[mkeh\e_gguo� \hafms_gbyfb�nhjfbjmxsbo� bo� kbkl_f�

ebg_cguo�mjZ\g_gbc�ba�aZ�rmfh\�ijb_fgbdZ�ehdZlhjZ��

Djhf_� \hafms_gbc�<<D� _klv� _s_� ijh[e_fZ� ihjy^dZ�

fh^_eb�� DZd� mdZau\Z_l�FZjie� >�@�� kkueZykv� gZ� jZ[hlu�

:dZbd_� >��@��IZja_gZ� >��@�� MevjboZ�� De_clhgZ� >��@� b� ^j���

gZb[he__� wnn_dlb\gh� \u[bjZlv� ihjy^hd� fh^_eb� Z\lh�

j_]j_kkbb��jZ\guc�hl�lj_lb�^h�iheh\bgu�h[t_fZ�gZ[ex�

^Z_fhc� \u[hjdb�^Zgguo��Bkke_^h\Zgby�� ijh\_^_ggu_� \�

>��@��ihdZau\Zxl��qlh�q_f�\ur_�ihjy^hd�fh^_eb�Z\lhj_]�

j_kbb�� l_f� wnn_dlb\g__� hp_gdb�� lh� _klv� \ur_� \_jhyl�

ghklv� h^gh\j_f_ggh]h� h[gZjm`_gby� �0 �bklhqgbdh\� ba�

khklZ\Z�0 �bklhqgbdh\��b�gb`_�^bki_jkbb�hp_ghd�qZklhl��

DZd� ijZ\beh�� ehdZlhju� b� jZaebqgu_� mkljhckl\Z� kbkl_f�

k\yab�b�gZ\b]Zpbb��\uihegyxsb_�klZg^Zjlgu_�hi_jZpbb�

[ukljh]h� beb� ^bkdj_lgh]h� ij_h[jZah\Zgby�Nmjv_� �;IN�

beb�>IN���jZ[hlZxl�k�h[t_fZfb�\u[hjdb������������������

b�[he__�hlkq_lh\��^ey�;IN�b�g_�djZlgh_�^\mf�dhebq_kl\h�

hlkq_lh\�^ey�>IN���Bkoh^y�ba� >�����±��@��^ey�wnn_dlb\�

gh]h� k\_jojZaj_r_gby� gZijZrb\Z_lky� ihjy^hd� fh^_eb�

hl�^_kylb�b�[he__��qlh�ijb\h^bl�d�g_�kh\k_f�jZpbhgZev�

ghc� g_h[oh^bfhklb� hp_gb\Zgby� b� ©h[hjZqb\Zgbyª� dhj�

j_eypbhgguo�fZljbp� jZaf_jghklvx�[he__� q_f� ��î����D�

ijbf_jm�� _keb� h[t_f� \u[hjdb� jZ\_g� ���� hlkq_lh\�� lh�

ihjy^hd�fh^_eb�^he`_g�khklZ\eylv�ijbf_jgh�^\_� lj_lb�

\u[hjdb� �wlh� ijbf_jgh� ���� hlkq_lh\�� ^ey�fZdkbfZevgh�

wnn_dlb\gh]h�k\_jojZaj_r_gby��qlh�ijb\h^bl�d�g_h[oh�

^bfhklb� hp_gb\Zlv� dhjj_eypbhggmx� fZljbpm� jZaf_jhf�

���î�����Wlh�keh`gh�^Z`_�k�lhqdb�aj_gby�dhfivxl_jghc�

h[jZ[hldb� g_� \� j_Zevghf�fZkrlZ[_� \j_f_gb��Ijb� wlhf�

bklhqgbdh\�fh`_l�[ulv�\�we_f_gl_�jZaj_r_gby�^\Z�beb�

ljb�� Mf_gvr_gb_� `_� ihjy^dZ� fh^_eb� ^h� lj_o�� q_luj_o�

ijb� ijbf_g_gbb� deZkkbq_kdbo� ijhp_^mj� ki_dljZevgh]h�

hp_gb\Zgby�ijb\h^bl� d�g_h[oh^bfhklb�mkj_^g_gby�<<D��

ihemq_gguo�ih�mdhjhq_gguf�\u[hjdZf��qlh�Z[khexlgh�g_�

wnn_dlb\gh� k� lhqdb� aj_gby� k\_jojZaj_r_gby�� lZd� dZd�

fh^_ev�Z\lhj_]j_kbb�g_�ho\Zlu\Z_l�[hevrmx�qZklv�kb]�

gZeZ�� ba�aZ� q_]h� ZiijhdkbfZpby� kh\hdmighklb� ]Zjfhgbd�

kb]gZeZ�[m^_l� ^Ze_dZ� hl� bklbgghc��<h�\lhjuo�� mkj_^g_�

gb_�g_�wnn_dlb\gh�k�lhqdb�aj_gby�h[mkeh\e_gghklb�dhj�

j_eypbhgguo�fZljbp�b�bkihevah\Zgby�\k_c�wg_j]bb�kb]�

gZeZ�ijb�hp_gb\Zgbb��ihkdhevdm�hlkq_lu�\�deZkkbq_kdhf�

ki_dljZevghf� ZgZeba_� ijb� nhjfbjh\Zgbb� fZljbp� ^Zg�

guo�mklZgZ\eb\Zxlky�^jm]�aZ�^jm]hf��qlh�ijb\h^bl�d�eb�

g_cghc�aZ\bkbfhklb�kljhd�fZljbpu�^Zgguo��

Ijbf_gbl_evgh� d� h^ghf_jghfm� ZgZebam� \j_f_gguo��

ijhkljZgkl\_gguo�beb�qZklhlguo�jy^h\�h[t_fhf�\u[hj�

db�1 �� dhebq_kl\h�hi_jZpbc� �mfgh`_gby�b�keh`_gby�gZ�

j_ZebaZpbx� ijhp_^mj� hp_gb\Zgby� b� h[jZs_gby� dhjj_�
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<�dZq_kl\_�Zevl_jgZlb\u�deZkkbq_kdbf�f_lh^Zf�h[�

jZ[hldb� ^Zgguo� \� pbnjh\hf� ki_dljZevghf� ZgZeba_�� \�

k\h_�\j_fy�<Zjxobguf�>��@�b�_]h�ihke_^h\Zl_eyfb�>���

��@�� [ueb� jZa\blu� lZd� gZau\Z_fu_� f_lh^u� fgh]hdZ��

gZevgh]h�ZgZebaZ��ij_^klZ\eyxsb_�kh[hc�ih�kmlb�l_�`_�

f_lh^u� Z\lhj_]j_kkbhggh]h� pbnjh\h]h� ki_dljZevgh]h�

ZgZebaZ�� lhevdh� bkihevamxsb_� ^Zggu_� ih� \uoh^m� g_�

kdhevdbo�dZgZeh\�i_j\bqghc�h[jZ[hldb��I_j\hgZqZevgh�

Z\lhj_]j_kkbhgguc� ih^oh^� <ZjxobgZ� >��@� ij_^gZagZ��

qZeky� ^ey� j_r_gby� aZ^Zq� pbnjh\hc� h[jZ[hldb� ijh��

kljZgkl\_gguo� kb]gZeh\� k� \uoh^h\� ijhkljZgkl\_gguo�

dZgZeh\�pbnjh\hc�Zgl_gghc�j_r_ldb��Ij_^\Zjbl_evgZy�

h[jZ[hldZ� kb]gZeh\� k� nhjfbjh\Zgb_f� g_kdhevdbo� Zf�

ieblm^guo� beb�nZah\uo� ijhkljZgkl\_gguo� dZgZeh\� i_�

j_^�ijbf_g_gb_f� deZkkbq_kdbo�ijhp_^mj�ki_dljZevgh]h�

hp_gb\Zgby�� iha\heyeZ� kms_kl\_ggh� ihgbablv� ihjy^hd�

fh^_eb�k�h^gh\j_f_gghc�\hafh`ghklvx�khojZgblv�wg_j�

]bx�kb]gZeZ�aZ�kq_l�dh]_j_glgh]h�gZdhie_gby��Wlh�iha\h�

ey_l�^h[blvky�[he__�wnn_dlb\gh]h�k\_jojZaj_r_gby�aZ�

kq_l� dh]_j_glgh]h�gZdhie_gby� b�memqr_gby�h[mkeh\e_g�

ghklb�\u[hjhqguo�dhjj_eypbhgguo�fZljbp�ih^ijhkljZg�

kl\Z� kb]gZeh\� ih� kjZ\g_gbx� k� bkoh^gufb� f_lh^Zfb�

ki_dljZevgh]h�ZgZebaZ�[_a�ijhj_`b\Zgby���

JZa\blb_�ih^oh^h\�<ZjxobgZ�d�k\_jojZaj_r_gbx�ih�

qZklhl_� >���� ���� ���� ��@�� ih�^Zevghklb� >���� ��@��Z� lZd`_�

^ey� jZaebqguo� fgh]hf_jguo� \ZjbZglh\� ijhkl�

jZgkl\_ggh�\j_f_gghc�� ijhkljZgkl\_ggh�qZklhlghc� b�

qZklhlgh�\j_f_gghc� h[jZ[hldb� kb]gZeh\� >��@� gZlhedgm�

eh� gZ� fukev� h� lhf�� qlh� ij_^\Zjbl_evgZy� h[jZ[hldZ�

^Zgguo� bkihevam_l� ijhklu_� kihkh[u� fgh]hkdhjhklghc�

h[jZ[hl�db� kb]gZeh\�� mki_rgh� ijbf_gy_fu_� ^ey� dhf�

ij_kkbb� b� mf_gvr_gby� \uqbkebl_evguo� aZljZl� \� jZa�

ebqguo� ijbeh`_gbyo� k\yab� b� jZ^bh\_sZgby� >�����@���

l�_�� \� j_r_gbb� aZ^Zq� g_� k\yaZgguo� kh� k\_jojZaj_r_�

gb_f���

Ih� kmlb�� gbq_]h� gh\h]h�� \� lhf�� qlh� ijhj_`b\Zgb_� k�

dh]_j_glguf� gZdhie_gb_f� ^Z_l� mf_gvr_gb_� \uqbkeb�

l_evguo�aZljZl�b�khojZg_gb_�wg_j]bb�kb]gZeZ�g_l��Wlb�

y\e_gby�bamq_gu�\�[hevrhf�dhebq_kl\_�jZ[hl�ih�pbn�

jh\hc�h[jZ[hld_�kb]gZeh\�aZ�jm[_`hf�\�jZ[hlZo�JZ[b�

g_jZ��Djhrv_jZ��;_eeZg`_�b�^j��>������@�b�m�gZk�\�kljZ�

g_�\�jZ[hlZo�<blya_\Z��AZcp_\Z�>�����@�b�^j��ki_pbZeb�

klh\�ih�fgh]hkdhjhklghc� h[jZ[hld_� kb]gZeh\��GZmqgmx�

gh\bagm�ij_^klZ\ey_l�\g_^j_gb_�fZl_fZlbq_kdh]h�Zi��

iZjZlZ�fgh]hkdhjhklghc�h[jZ[hldb�kb]gZeh\��imklv�^Z`_�

\� __� ijhkl_cr_c� bgl_jij_lZpbb�� \� fZl_fZlbq_kdbc� Zi�

iZjZl� Z\lhj_]j_kkbhggh]h� ki_dljZevgh]h� ZgZebaZ�� dZd�

ijhkljZgkl\_gguo� qZklhl�� lZd� b� qZklhl� kb]gZeh\� b� bo�

\j_f_g� aZiZa^u\Zgby�� :� wnn_dlu� ih\ur_gby� dZq_kl\Z�

k\_jojZaj_r_gby�� ^hklb]Z_fu_� ijb� wlhf�� aZ\bkyl�� dZd�

ihdZau\Zxl�g_dhlhju_�ZgZeblbq_kdb_�bkke_^h\Zgby� >����

���� ��@�� \�[hevr_c� kl_i_gb�� g_� lhevdh� hl� dh]_j_glghklb�

gZdhie_gby� wg_j]bb�� ;hevrmx� jhev� a^_kv� b]jZ_l� h[m�

keh\e_gghklv� dhjj_eypbhgguo� fZljbp� ih^ijhkljZgkl\Z�

kb]gZeh\��hij_^_ey_fuo�kbkl_fhc�dhfie_dkguo�oZjZdl_�

jbklbd�dZgZeh\�i_j\bqghc�h[jZ[hldb� �^bZ]jZff�gZijZ\�

e_gghklb� dZgZeh\� pbnjh\hc� Zgl_gghc� j_r_ldb�� Zfieb�

lm^gh�qZklhlguo� oZjZdl_jbklbd� nbevljh\�� beb� \j_f_g�

guo� oZjZdl_jbklbd� kljh[h\� ^Zevghklb�� b� hl� hlghr_gby�

bgl_j\ZeZ� ZgZebaZ�^Zgguo�� hij_^_ey_fuo�fh^_evx�Z\�

lhj_]j_kbb� d� h[s_fm� bgl_j\Zem� gZ[ex^_gby� kb]gZeZ��

G_dhlhju_� j_amevlZlu� wlbo� bkke_^h\Zgbc� ih� k\_jojZa�
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<hijhk� h� lhf�� dZd� gZb[he__� wnn_dlb\gh� ijbf_gylv�

ijhj_`b\Zgb_�ijb�j_r_gbb�aZ^Zq�pbnjh\h]h�ki_dljZev��

gh]h�ZgZebaZ�kh�k\_jojZaj_r_gb_f�hklZ_lky�ihdZ�hldju�

luf�� Fh`gh�� gZijbf_j�� \uihegylv� \ukhdhqZklhlgmx�

nbevljZpbx� m`_� hpbnjh\Zgguo� gZ�ijhf_`mlhqghc� qZk�

lhl_�hlkq_lh\��ihke_�q_]h�ijb[_]Zy�d�^_pbfZpbb��h[jZ[Z�
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jZlgh�ijhihjpbhgZevghc�^ebl_evghklb�\u[hjdb�b�jZ\ghc�

����=p�� Q_l\_jlZy� ]ZjfhgbdZ� [ueZ� aZ^ZgZ� gZ� qZklhl_�

�����d=p�b�\uklmiZeZ�\�dZq_kl\_�f_rZxs_c�ihf_ob���
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KgZqZeZ�ZgZebabjh\Zeky�bkoh^guc�ih^oh^�ebg_cgh�

]h� ij_^kdZaZgby� ©\i_j_^�gZaZ^ª� k� ihjy^dhf� fh^_eb�

3 ���� aZl_f� [ueZ� \uiheg_gZ� dh]_j_glgZy� h[jZ[hldZ�

^Zgguo�^\mfy� ijb\_^_ggufb� \ur_�nZah\ufb�f_lh^Z�

fb� k� ijhj_`b\Zgb_f��J_ahgZgkgZy� qZklhlZ�NIH�[ueZ�

\u[jZgZ� ����d=p�� Ijb� bkihevah\Zgbb�nZah\h]h� f_lh^Z�

^ebgZ� bfimevkghc� oZjZdl_jbklbdb� khklZ\eyeZ� �1 � � ���

<uihegyehkv� ijhj_`b\Zgb_� \u[hjdb� ih� �� we_f_glh\��

Bkoh^gh_�hlghr_gb_� ]Zjfhgbd�d�rmfm�[ueh� aZ^Zgh� ���

^;��h^gZdh�mqblu\Zy�^ebgm�\u[hjdb����hlkq_lZ��fh`gh�

kqblZlv�� qlh� dh]_j_glgh_� gZdhie_gb_� wg_j]bb� \� ibd_�

>IN�ijb[Z\ey_l�_s_����^;��LZdbf�h[jZahf��gZ�fhf_gl�

ihkljh_gby� ki_dljZevghc� nmgdpbb� HKR� ke_^m_l� kqb�

lZlv�jZ\guf����^;��

GZ� jbk�� �� ihdZaZgu� ���� j_ZebaZpbc� ki_dljZevguo�

nmgdpbc�� ihkljh_gguo� bkoh^guf� �deZkkbq_kdbf�� f_lh�

^hf�ebg_cgh]h�ij_^kdZaZgby�©\i_j_^�gZaZ^ª�^ey�h^ghc�

b� lhc�`_� kb]gZevghc� kblmZpbb� ijb� jZaguo� ]Zmkkh\kdbo�

rmfZo��Ba�jbk����\b^gh��qlh�bklhqgbdb�gZ�qZklhlZo���b���

������d=p�� ����� d=p�� g_� jZaj_rZxlky�� Z� \f_klh� gbo�

knhjfbjh\Zg� ibd� gZ� qZklhl_� dZ`ms_]hky� p_gljZ�� GZ�

jbk����b���ij_^klZ\e_gu�ki_dljZevgu_�nmgdpbb�nZah\h�

]h� b� Zfieblm^gh]h� dh]_j_glguo� f_lh^h\� ebg_cgh]h�

ij_^kdZaZgby�©\i_j_^�gZaZ^ª�k�ijhj_`b\Zgb_f�b�k�ijh�

j_`b\Zgb_f�^\b`msbfky�hdghf���

�

Jbk����Ki_dljZevgu_�nmgdpbb�bkoh^gh]h�f_lh^Z�ebg_cgh]h�

ij_^kdZaZgby��>IN�\u[hjdb�±�������j_ZebaZpbc�ki_dljZev�

guo�nmgdpbc�±����hp_gdb�Zfieblm^��khhl\_lkl\mxsbo�dhj�

gyf�oZjZdl_jbklbq_kdh]h�ihebghfZ��ihemq_gguo��

ih�����j_ZebaZpbyf�±����]bklh]jZffu�jZkij_^_e_gby�hp_ghd�

qZklhl�dhjg_c�oZjZdl_jbklbq_kdh]h�ihebghfZ�±��

Bkke_^h\Zgb_� ihdZaZeh�� qlh� ba� ���� j_ZebaZpbc�

ki_dljZevguo� nmgdpbc� nZah\uo� dh]_j_glguo� f_lh^h\�

����j_ZebaZpbc�kh^_j`Zeb�ibdb�\�hdj_klghklyo�qZklhl�

��b����Z�\_jhylghklv�kh\f_klgh]h�h[gZjm`_gby���c�b���c�

]Zjfhgbd�khklZ\beZ� ������\� lh�\j_fy�dZd�gZ�ki_dljZev�

guo�nmgdpbyo�bkoh^gh]h�f_lh^Z�\_jhylghklv�ihy\e_gby�

qZklhl� ��b� ��khklZ\beZ�ghev��JZaghklv�qZklhl�\� ����=p�

f_`^m� i_j\hc� b� \lhjhc� ]ZjfhgbdZfb� gZ� qZklhlZo� �����

d=p�b������d=p�khklZ\eyeZ�ihqlb�k_^vfmx�^hex�rbjbgu�

]eZ\gh]h� e_i_kldZ� :QO� nbevljZ� >IN�� Ijbkmlkl\b_�

lj_lv_c�]Zjfhgbdb�gZ�qZklhl_������d=p�aZf_lgh�mom^rZ�

eh� h[mkeh\e_gghklv� kbkl_fu� mjZ\g_gbc� ebg_cgh]h�

ij_^kdZaZgby��qlh�ihlj_[h\Zeh�^ey�jZaj_r_gby� ]Zjfh�

gbd� hdheh� ��� ^;� bkoh^gh]h�HKR��>ey� jZaj_r_gby� bk�

lhqgbdh\� k�qZklhlZfb�� jZaghklv� dhlhjuo� khklZ\ey_l� hl�

iheh\bgu� ^h� lj_lb� � rbjbgu� e_i_kldZ� :QO� nbevljZ�

>IN��lj_[m_lky�HKR�]hjZa^h�f_gvr_�hl����^h����^;�

�

Jbk����Ki_dljZevgu_�nmgdpbb�nZah\h]h�dh]_j_glgh]h�f_lh^Z�

k�ijhj_`b\Zgb_f��>IN�\k_c�\u[hjdb�±���h^gZ�ba�j_ZebaZpbc�

ki_dljZevghc�nmgdpbb�±���]jZnbd�ijbih^gyl�gZ����^;����

fZl_fZlbq_kdh_�h`b^Zgb_�ki_dljZevguo�nmgdpbc����]jZnbd�

ijbih^gyl�gZ����^;�������ki_dljZevguo�nmgdpbc±�����

hp_gdb�Zfieblm^��khhl\_lkl\mxsb_�dhjgyf�oZjZdl_jbklb�

q_kdh]h�ihebghfZ±���]bklh]jZffu�jZkij_^_e_gby�hp_ghd��

qZklhl�dhjg_c�oZjZdl_jbklbq_kdh]h�ihebghfZ�±���

�

Jbk�����Ki_dljZevgu_�nmgdpbb�dh]_j_glgh]h�f_lh^Z��

k�ijhj_`b\Zgb_f�^\b`msbfky�hdghf��>IN�\u[hjdb�±����

����j_ZebaZpbc�ki_dljZevghc�nmgdpbb�±���]bklh]jZffu��

jZkij_^_e_gby�hp_ghd�qZklhl��hij_^_ey_fuo��

ih�ibdZf�ki_dljZevghc�nmgdpbb��±��

Hkgh\guf�^hklhbgkl\hf�jZkkfhlj_gguo�f_lh^h\�y\�

ey_lky�kms_kl\_ggh�fZeu_�\uqbkebl_evgu_� aZljZlu�ih�

kjZ\g_gbx�k�bkoh^gufb�f_lh^Zfb�ki_dljZevgh]h�ZgZeb�

aZ�� lZd� dZd� jZaf_jghklv� dhjj_eypbhgghc�fZljbpu� hij_�

^_ey_lky�ihjy^dhf�fh^_eb�khbaf_jbfuf�k�dhebq_kl\hf�

bklhqgbdh\��l�_�� ���������� 3 ��ba�aZ�q_]h�dhebq_kl\h�hi_�

jZpbc�mfgh`_gby�b�keh`_gby�ijb�[hevrbo�h[t_fZo�\u�

[hjhd�gZ�g_kdhevdh�ihjy^dh\�gb`_�q_f�\�bkoh^guo�f_lh�

^Zo��Hkgh\guf�g_^hklZldhf�nZah\uo�dh]_j_glguo�f_lh�

^h\�k�ijhj_`b\Zgb_f�y\ey_lky�ih\lhj_gb_�ki_dljZevguo�

ebgbc�� \hagbdZxs__� ba�aZ� ijhj_`b\Zgby� ^Zgguo�� dh]^Z�

qZklhlZ� ke_^h\Zgby� hlkq_lh\� ihke_� ijhj_`b\Zgby� klZ�

gh\blky�f_gvr_�qZklhl�kZfbo� ]Zjfhgbd�� l�_��ijhbkoh^bl�

gZjmr_gb_� mkeh\bc� l_hj_fu� Dhl_evgbdh\Z±R_gghgZ��

H^gZdh��gZijbf_j��^ey�jZ^bhehdZpbhgguo�aZ^Zq�ij_^\Z�

jbl_evgZy� nbevljZpby� kb]gZeh\� k� ihfhsvx� hi_jZpbc�

ijyfh]h�b�h[jZlgh]h�>IN�mkljZgy_l�iZjZablgh_�\ebygb_�

kb]gZeh\� ihf_o�� qZklhlu� dhlhjuo� e_`Zl� ^Ze_dh� aZ� ij_�

^_eZfb� jZkkfZljb\Z_fh]h� kljh[Z� qZklhlu�� hij_^_ey_�

fh]h�rbjbghc�nbevljZ�>IN��
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AZdexq_gb_�

Ba� ijb\_^_gguo�^\mo� dh]_j_glguo�f_lh^h\� gZbemq�

r_c� lhqghklvx� baf_j_gby� qZklhl� h[eZ^Z_l� fh^b�

nbpbjh\Zgguc� f_lh^� ghjfbjh\Zgby� :[jZf_gdh\Z�

�jbk����� Km^y� ih� q_ldh� jZa^_eyxsbfky� ki_dljZevguf�

ebgbyf�ki_dljZevghc�nmgdpbb��wlhl�f_lh^�h[_ki_qb\Z�

_l� gZbf_gvrb_� ^bki_jkbb� hp_ghd� qZklhl�� H^gZdh� wlh�

ijhbkoh^bl�\�kemqZ_��dh]^Z�ihjy^hd�fh^_eb�jZ\_g�dheb�

q_kl\m�bklhqgbdh\�kb]gZeZ��<�ijhlb\ghf�kemqZ_�h^bg�ba�

ibdh\�\�ij_^_eZo� ]eZ\gh]h�e_i_kldZ�>IN�[m^_l�\k_]^Z�

eh`guf� b� h[mkeh\e_gguf�rmfh\ufb� khklZ\eyxsbfb��

Djhf_� wlh]h� _klv� ijh[e_fZ� \ukhdh]h� mjh\gy� eh`guo�

lj_\h]�� ijbkmsbo� ^Zgghfm� f_lh^m� h[jZ[hldb�� Eh`gu_�

lj_\h]b�h[mkeh\e_gu�l_f��qlh�kh[kl\_ggu_�rmfu��ijh�

oh^y� madhihehkguc� nbevlj� ij_^\Zjbl_evghc� h[jZ[hl�

db�� ij_\jZsZxlky� \� madhihehkguc� kemqZcguc� ijhp_kk��

aZqZklmx� e_]dh� Ziijhdkbfbjm_fuc� \_kh\hc� kmffhc�

^\mo�lj_o�]Zjfhgbd�\�\b^_�fh^_eb�Z\lhj_]j_kbb�gbadh]h�

ihjy^dZ��Wlh� hkgh\gZy�ijbqbgZ�ihy\e_gby�eh`guo� ib�

dh\� ijb� hlkmlkl\bb� kb]gZeZ� ijb� h[jZ[hld_� f_lh^hf�

ghjfbjh\Zgby�� K� wlhc� lhqdb� aj_gby� nZah\uc� f_lh^��

bkihevamxsbc� [he__� rbjhdhihehkgu_� nbevlju� ij_^�

\Zjbl_evghc� h[jZ[hldb�� aZgbfZ_l� ijhf_`mlhqgh_� ih�

eh`_gb_� f_`^m� f_lh^hf� ghjfbjh\Zgby� b� bkoh^guf�

f_lh^hf�� m� dhlhjh]h� mjh\_gv� eh`guo� lj_\h]� gZbf_gv�

rbc�ba�aZ�hlkmlkl\by�nbevljh\��km`Zxsbo�ki_dlj�rmfZ��

<k_� ijb\_^_ggu_� ijhp_^mju� ijhj_`b\Zgby� kb]�

gZeh\�k�dh]_j_glguf�gZdhie_gb_f�fh]ml�[ulv�ijbf_g_�

gu�\�jZfdZo�ba\_klguo�f_lh^h\�ki_dljZevgh]h�ZgZebaZ��

lZdbo� dZd� 086,&�� (9�� 0DWUL[� 3HQFLO�� (635,7� b� ijhqbo�

Z\lhj_]j_kkbhgguo� f_lh^h\�� iha\heyxsbo� ^hklb]Zlv�

k\_jojZaj_r_gby�ih�qZklhl_��ih�ijhkljZgkl\m�b�ih�^jm�

]bf� iZjZf_ljZf�� qlh� iha\hey_l�� \� dhg_qghf� kq_l_�� j_�

r_gb_f�kbkl_f�h[jZlguo�mjZ\g_gbc�>��@�ijb�ba\_klguo�

DQO�b�hp_gdZo�iZjZf_ljh\�jZa^_eylv�g_�jZaj_rZxsb_�

ky�h[uqgufb�kihkh[Zfb�h[jZ[hldb�kb]gZeu���

Ebl_jZl_jZ�

��� Klj_ll� >`hg� <bevyf� �ehj^� J_e_c��� <hegh\Zy� l_hjby�

k\_lZ��I_j��k�Zg]e��Ih^�j_^��F��:��>b\bevdh\kdh]h��±�F���?^blh�

jbZe�MJKK��������±����k��

���6��0��.D\��©0RGHUQ�VSHFWUDO�HVWLPDWLRQ���WKHRU\�DQG�DSSOLFD�

WLRQª��(QJOHZRRG�&OLIIV��1�-����3UHQWLFH�+DOO���������

���6��+D\NLQ��©$GYDQFHV� LQ�VSHFWUXP�DQDO\VLV�DQG�DUUD\�SURF�

HVVLQJª��(QJOHZRRG��&OLIIV��1�-���3UHQWLFH�+DOO�������

��� =_c[jbwe� M��N��Ki_dljZevguc� ZgZeba� b�f_lh^u� k\_jo�

jZaj_r_gby�k�bkihevah\Zgb_f� Z^Zilb\guo� Zgl_gguo� j_r_lhd�

���LBBWJ��������L�����������

��� D_cihg� >`�� IjhkljZgkl\_ggh�\j_f_gghc� ki_dljZevguc�

ZgZeba� k� \ukhdbf� jZaj_r_gb_f� ��� LBBWJ�� ������ l�� ��������

K���±���

��� -��3�� %XUJ�� 0D[LPXP� HQWURS\� VSHFWUDO� DQDO\VLV��3URF�� ��WK�

0HHW�� 6RF�� ([SORUDWLRQ� *HRSK\VLFLVWV�� ������ UHSULQWHG� LQ� 0RGHUQ�

6SHFWUXP� $QDO\VLV� �'�� *�� &KLOGHUV�� HG���� ,(((� 3UHVV�� 1HZ� <RUN��

������SS���������

���LZnlk�>��M���DmfZj_kZg�J��Hp_gb\Zgb_�qZklhl�kmffu�g_�

kdhevdbo�kbgmkhb^��Fh^bnbdZpby�f_lh^Z�ebg_cgh]h�ij_^kdZ��

aZgby� kjZ\gbfZy� ih� wnn_dlb\ghklb� k�f_lh^hf�fZdkbfZevgh]h�

ijZ\^hih^h[by����LBBWJ��������L�����������K����±���

���IhejZ^`�:���Jhc�J��� DZceZlo�L��Hp_gb\Zgb_� iZjZf_ljh\�

kb]gZeZ�f_lh^hf� ih\hjhlZ� ih^ijhkljZgkl\� ��� LBBWJ�� ������ L��

���������K�����±����

��� FZjie�fe�� K�E�� Pbnjh\hc� ki_dljZevguc� ZgZeba� b� _]h�

ijbeh`_gby���I_j��k�Zg]e��F���Fbj��������

����6WRLFD�3��0RVHV�5��/��,QWURGXFWLRQ�WR�6SHFWUDO�$QDO\VLV��1HZ�

-HUVH\��3UHQWLFH�+DOO��,QF������������S��

����+��$NDLNH��©3RZHU�VSHFWUXP�HVWLPDWLRQ�WKURXJK�DXWRUHJUHV�

VLYH�PRGHO�ILWWLQJª��$QQDOV�RIWKH� ,QVWLWXWH�RI�6WDWLVWLFDO�0DWKHPDWLFV��

Y������S����������������

����(��3DU]HQ��6RPH�UHFHQW�DGYDQWDJHV�LQ�WLPH�VHULHV�PRGHOLQJ��

,(((� 7UDQVDFWLRQV� RQ� $XWRPDWLRQ� &RQWURO�� Y�� $&����� SS�� ���������

'HF��������

���� 8OULFK� 7�-��� &OD\WRQ�� 5�� :��� ©7LPH� VHULHV� PRGHOLQJ� DQG�

PD[LPXP�HQWURS\ª�3K\V��(DUWK�3ODQHW��,QWHU���YRO������SS������±������

�����

����JZlugkdbc�F�<��:^ZilZpby�b�k\_jojZaj_r_gb_� Z� Zgl_g�

guo�j_r_ldZo�±�F���JZ^bh�b�k\yav��������±�����k���

����?jfheZ_\�<�L���Jh^u]bg�X�E���NeZdkfZg�:�=��F_lh^u�hi�

j_^_e_gby�\_dlhjZ�ijhkljZgkl\_gghc�Z^Zilb\ghc�h[jZ[hldb�ijb�

dhjhldhc�\u[hjd_�ihf_ob����Ba\��<mah\��JZ^bhnbabdZ��������L�����

�����K�����������

���� Q_j_fbkbg� H�I�� Wnn_dlb\ghklv� Z^Zilb\guo� f_lh^h\�

i_e_g]Zpbb� ihf_o� ��� JZ^bhl_ogbdZ� b� we_dljhgbdZ�� ������ L�� �����

�����K������±������

����>jh]Zebg�<�<��:e]hjblfu�hp_gb\Zgby�m]eh\uo�dhhj^bgZl�

bklhqgbdh\� baemq_gbc�� hkgh\Zggu_� gZ� f_lh^Zo� ki_dljZevgh]h�

ZgZebaZ���<�<��>jh]Zebg�b�^j�����Mki_ob�kh\j_f_gghc�jZ^bhwe_d�

ljhgbdb�������������K��±���

����E_oh\bpdbc�>�B���Ne_dk_j�I�F���:lZfZgkdbc�>�<���Dbjbe�

eh\� B�=�� KlZlbklbq_kdbc� ZgZeba� g_dhlhjuo� ©k\_jojZaj_rZx�

sboª� f_lh^h\� i_e_g]Zpbb� bklhqgbdh\� rmfh\uo� baemq_gbc� \�

Zgl_gguo� j_r_ldZo� ijb� dhg_qghf� h[t_f_� h[mqZxs_c� \u[hj�

db��:gl_ggu������������k������

����KexkZj�<�B��Bgl_jij_lZpby�f_lh^Z�Ijhgb�^ey�j_r_gby�

^Zevghf_jguo� aZ^Zq� ��� JZ^bhwe_dljhgbdZ�� Ba\�� <mah\�� �������

�����K����±���

����:[jZf_gdh\�<�<��GZdhie_gb_�kb]gZeZ�ijb�bkihevah\Zgbb�

kh\j_f_gguo�f_lh^h\� ki_dljZevgh]h� ZgZebaZ� ��� JZ^bhl_ogbdZ��

������������K����±����

����:[jZf_gdh\�<�<���@b[mjlh\bq�G�X���Debfh\�K�:���KZ\b�

gh\�X�B���Qb`h\�:�:��Hp_gdZ�\ebygby�bkdZ`_gbc�oZjZdl_jbklbd�

gZijZ\e_gghklb� we_f_glh\� Zgl_gguo� j_r_lhd� gZ� wnn_dlb\�

ghklv� baf_j_gby� m]eh\uo� dhhj^bgZl�f_lh^hf�Ijhgb� ���Bgnhj�

fZpbhggh�baf_jbl_evgu_� b� mijZ\eyxsb_� kbkl_fu�� ������ L����

����K���������

���� :[jZf_gdh\� <�� <��Baf_j_gb_� m]eh\uo� dhhj^bgZl�F� bk�

lhqgbdh\�baemq_gby�f_lh^hf�ghjfbjh\Zgby�kb]gZeZ� d�Zfieblm�

^Zf�h[jZah\Z\rbo�_]h�bklhqgbdh\����K[��klZl_c��:\bhgbdZ������±�

������F���JZ^bhl_ogbdZ��������K������±������

���� KZ\bgh\�X�� B�� Dh]_j_glguc� f_lh^� Ijhgb� k� d\Zabijh�

j_`b\Zgb_f� ��� <hijhku� jZ^bhwe_dljhgbdb��K_jby�JEL��<ui�� ���

������K�����������

����G_qZ_\�X�;��F_lh^�hp_gdb� dhebq_kl\Z�kb]gZeh\�\�aZ^Z�

qZo�jZ^bhi_e_g]Zpbb��ijb��g_[hevrhf��\j_f_gb��gZ[ex^_gby��

�����������������
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:��Ahlh\��X�;��G_qZ_\� ���Ba\�� \mah\��JZ^bhwe_dljhgbdZ�� ������

�����K��±���

����:^`_fh\�K��Bkke_^h\Zgb_� Ze]hjblfh\� k\_jojZaj_r_�

gby�\�Z^Zilb\guo�Zgl_gguo�j_r_ldZo� ��K��:^`_fh\��=�H��;hdd��

:�=��AZcp_\�b�^j�����JZ^bhl_ogbdZ�������������K����±����

���� >h[ujg� <�<��Wnn_dlb\ghklv� ijbf_g_gby� k\_jojZaj_�

rZxsbo� ki_dljZevguo� hp_ghd� \� [hjlh\uo� m]ehf_jguo�nZab�

jh\Zgguo� Zgl_gguo� j_r_ldZo� �<�<��>h[ujg��:�<��G_fh\� ���JZ�

^bhl_ogbdZ������������K���±����

���� =Zgdh\� B�<�� Ij_^_evgu_� oZjZdl_jbklbdb� k\_jojZa�

j_r_gby�dh]_j_glguo�bklhqgbdh\�ijb�ij_^\Zjbl_evghc�^_dhj�

j_eypbb�\u[hjdb��JZ^bhl_ogbdZ�������������K����±���

����<Zjxobg�<��:��Hkgh\u�l_hjbb�fgh]hdZgZevgh]h�ZgZeb�

aZ��±�Db_\��<:�I<H�K<�bf��:��F��<Zkbe_\kdh]h��������

���� &URFKLHUH� 5�(�� DQG� 5DELQHU� /�5�� 0XOWLUDWH� 'LJLWDO� 6LJQDO�

3URFHVVLQJ��(QJOHZRRG�&OLIIV�1-��3UHQWLFH�+DOO��������

���� %HOODQJHU� 0�� 7UDLWHPHQW� QXPHULTXH� GX� VLJQDO�� WKHRULH� HW�

SUDFWLTXH��3DULV��0DVRQ��������������S��

����<blya_\�<�<���AZcp_\� :�:��Fgh]hkdhjhklgZy� h[jZ[hldZ�

kb]gZeh\�� j_ljhki_dlb\Z� b� kh\j_f_ggh_� khklhygb_�� qZklv�

���Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\������������k���±���

����<blya_\�<�<���AZcp_\� :�:��Fgh]hkdhjhklgZy� h[jZ[hldZ�

kb]gZeh\�� j_ljhki_dlb\Z� b� kh\j_f_ggh_� khklhygb_�� qZklv� �� ���

Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\������������k��±��

����<blya_\�<�<��Pbnjh\Zy�qZklhlgZy�k_e_dpby�kb]gZeh\��±�

F���JZ^bh�b�k\yav������������k��

����=jb]hjyg�>�K��MkljZg_gb_�g_h^ghagZqghklb�baf_j_gby�

m]eh\uo� dhhj^bgZl� bklhqgbdh\� baemq_gby� k� bkihevah\Zgb_f�

Z^Zilb\ghc�Zgl_gghc�j_r_ldb��JZ^bhl_ogbdZ������������K������

����=jb]hjyg�>�K��Hij_^_e_gb_� h[eZklb�k\_jojZaj_r_gby�

bklhqgbdh\�baemq_gby�ih�ijhkljZgkl\m�ijb�kh[kl\_gguo�rmfZo�

b� g_b^_glbqghklyo� ijb_fguo� ljZdlh\� ��� JZ^bhl_ogbdZ�� �������

�����K����±����

����=jb]hjyg�>�K��K\_jojZaj_r_gb_�keZ[uo�]Zjfhgbq_kdbo�

kb]gZeh\� \� ki_dljZevguo� hp_gdZo� ebg_cgh]h� ij_^kdZaZgby�

f_lh^hf�j_]meyjbaZpbb�Lbohgh\Z����JZ^bhl_ogbdZ��������������

K����±����

����=jb]hjyg�>�K��K\_jojZaj_r_gb_�ih� qZklhl_�ijb� h[jZ�

[hld_� jZ^bhehdZpbhgguo� kb]gZeh\� dh]_j_glgufb� f_lh�^Zfb�

ebg_cgh]h� ij_^kdZaZgby� \i_j_^�gZaZ^� k� ijhj_`b\Zgb_f� ^Zg�

guo� ��@mjgZe� jZ^bhwe_dljhgbdb� �we_dljhgguc� `mjgZe��� ������

�����

����=jb]hjyg�>��K��Ij_^\Zjbl_evgZy�dh]_j_glgZy�h[jZ[hldZ�

^Zgguo�\�aZ^ZqZo�pbnjh\h]h�ki_dljZevgh]h�ZgZebaZ�jZ^bhkb]��

gZeh\�kh�k\_jojZaj_r_gb_f���JZ^bhl_ogbdZ�������������K������

����=jb]hjyg�>��K���K_fq_gdh\�K��F��K\_jojZaj_r_gb_�ih�

^Zevghklb� ijb� h[jZ[hld_� jZ^bhehdZpbhgguo� kb]gZeh\� dh]_�

j_glgufb� f_lh^Zfb� ebg_cgh]h� ij_^kdZaZgby� \i_j_^�gZaZ^� k�

ijhj_`b\Zgb_f� ^Zgguo� ��� @mjgZe� jZ^bhwe_dljhgbdb� �we_d�

ljhgguc�`mjgZe��������������

����=jb]hjyg�>�K���Debfh\�K�:���FbljhnZgh\�>�=���Ijhohj�

dbg�:�=��H[jZ[hldZ�wohkb]gZeh\� ]jmiih\h]h�h[t_dlZ�f_lh^Zfb�

k\_jojwe__\kdh]h� jZaj_r_gby� ih� ^Zevghklb� b� kdhjhklb� gZ�

hkgh\_�wdki_jbf_glZevguo�^Zgguo� ���@mjgZe�jZ^bhwe_dljhgb�

db��we_dljhgguc�`mjgZe���������������

����=jb]hjyg�>��K��Dh]_j_glgZy�h[jZ[hldZ�^Zgguo�\�aZ^ZqZo�

ki_dljZevgh]h� ZgZebaZ� jZ^bhehdZpbhgguo�kb]gZeh\�kh�k\_jo�

jZaj_r_gb_f����@mjgZe�jZ^bhwe_dljhgbdb���������������

���� D_cihg� >`�� IjhkljZgkl\_ggh�\j_f_gghc� ki_dljZevguc�

ZgZeba�k�\ukhdbf�jZaj_r_gb_f��LBBWJ��������L���������K������

����%XUJ�-��3��0D[LPXP�(QWURS\�6SHFWUDO�$QDO\VLV��$�GLVVHUWD�

WLRQ�VXEPLWWHG� WR� WKH�'HSDUWPHQW� RI�*HRSK\VLFV� DQG� WKH�FRPPLWWHH�

RQ�JUDGXDWH�VWXGLHV�RI�6WDQGIRUG�8QLYHUVLW\�,Q�SDUWLDO�IXOILOOPHQW�RI�WKH�

UHTXLUHPHQWV�IRU�WKH�GHJUHH�RI�GRFWRU�RI�SKLORVRSK\�������±����S��

����Fxgv_�@��� >_ebev�@�X�� IjhkljZgkl\_gguc� � ZgZeba� \�

iZkkb\guo�ehdZpbhgguo�kbkl_fZo�k�ihfhsvx�Z^Zilb\guo�f_lh�

^h\���LBBWJ��������l������1�����k��������

���� /DJXQDV�0�� $���*DVXOO� $�� 0HDVXULQJ�7UXH� 6SHFWUDO�'HQVLW\�

IURP�0/�)LOWHUV��3URFHHGLQJV�RI�WKH������ ,(((�,QHUQDWLRQDO�&RQIHU�

HQFH� RQ� $FRXVWLFV�� 6SHHFK�� DQG� 6LJQDO� 3URFHVVLQJ�� 6DQ� 'LHJR��

&DOLI��SS���������±��������0DUFK��������

����6FKPLGW�5�2��$�6LJQDO�6XEVSDFH�$SSURDFK�WR�0XOWLSOH�(PLW��

WHU�/RFDWLRQ�DQG�6SHFWUDO�(VWLPDWLRQ��3K��'��GLVVHUWDWLRQ��'HSDUWPHQW�

RI� (OHFWULFDO� (QJLQHHULQJ�� 6WDQGIRUG� 8QLYHUVLW\�� 6WDQGIRUG�� &DOLI���

1RYHPEHU�������

���� >`hgkhg� >�� O��Ijbf_g_gb_� f_lh^h\ki_dljZevgh]h� hp_��

gb\Zgby� d� aZ^ZqZf� hp_gb\Zgby� m]eh\uo� dhhj^bgZl� bklhqgbdh\�

baemq_gby��LBBWJ��������l�����������k�����������
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,Q�PDQ\�JRDOV� RI� VLJQDO� VSHFWUDO� DQDO\VLV�PRUH� FXUUHQF\�

KDYH� D� TXHVWLRQV� RI� WDUJHWV� 'RSSOHU�� GLVWDQFH� DQG� DQJXODU�

VXSHUUHVROXWLRQ��ZKLFK�FRPLQJ�LQ�FRPSDFW�JURXS��([FHSW�RI��

H[LVWV� WKH� WDVN� RI� VLJQDO� IURP� QRLVH� FRXQWHUPHDVXUH� VHOHF�

WLRQ�� ZKLFK� VRXUFH� RSHUDWHV� IURP� UDGDU� DQWHQQD�PDQH� OREH�

GLUHFWLRQ��7KH�UHVXOWV�RI�GLJLWDO�VSHFWUDO�DQDO\VLV�H[DPLQDWLRQV�

VKRZ��WKDW�IURP�WKLUG�WR�WHQV�SDUFHO�RI�)RXULHU�WUDQVIRUPDWLRQ�

PDQH�OREH�VXSHUUHVROXWLRQ�IURP����G%�VLJQDO�WR�QRLVH�UDWLR�LV�

QHHGHG��7KHUHIRUH� UDGDU�VXSHUUHVROXWLRQ�GHPDQGV�RI�SURFH�

GXUHV�� LQFUHDVLQJ� WKH� UHVROXWLRQ� SRVVLELOLWLHV� RI� VSHFWUDO�

DQDO\VLV�PHWKRGV�LQ�W\SLFDO�IRU�UDGDU�PLVVLRQV�SULPDU\�VLJQDO�

WR�QRLVH�UDWLRV�ORZ�WKDQ����G%���

7KH�SXUSRVH�RI�DUWLFOH�LV�WUHH�FRKHUHQW�VSHFWUDO�HVWLPDWLRQ�

PHWKRGV�H[SODQDWLRQ��ZKLFK�LQFUHDVLQJ�WKH�VXSHUUHVROXWLRQ�LQ�

FRPSDULVRQ�ZLWK�FODVVLFDO�DXWRUHJUHVVLYH�VSHFWUDO�PHWKRGV�LQ�

UDGDU� ZRUN� FRQGLWLRQV�� 7KH� VXSHUUHVROXWLRQ� ULVLQJ� DFKLHYHV�

RXW� RI� SURFHHGV�EHWWHU� FRQGLWLRQDOLW\� RI�GDWD� FRUUHODWLRQ�PD�

WUL[HV��GHILQHG�E\�SULPDU\�GDWD�SURFHVVLQJ�PHWKRGV�ZLWK�GDWD�

DFFXPXODWLRQ��

7KH� FRQVLGHUHG� FRKHUHQW� HVWLPDWLRQ� PHWKRGV� PD\� EH�

XVHG� DOVR� LQ� VSDWLDO� VLJQDO� SURFHVVLQJ� DQG� LQ� VZHHSLQJ� IUH�

TXHQF\�VLJQDOV�SURFHVVLQJ��ZKLFK�DOORZV� WR�JHW�GLVWDQFH� LP�

DJHV�� $GYDQWDJH� RI� FRQVLGHUHG�PHWKRGV� FRQVLVW� RI� SULPDU\�

VLJQDO�SURFHVVLQJ�E\�ILOWHUV��ZKLFK�KDYH�JDLQ�GLIIHUHQFHV��GH�

ILQLQJ� WKH� VLJQDOV� VXEVSDFH� FRUUHODWLRQ� PDWUL[� FRQGLWLRQDOLW\�

GHFUHDVLQJ��,W�JLYHV�WKH�ZHLJKW�YHFWRU�GLVWXUEDQFHV�GHFUHDV�

LQJ�� 7KLV� WKHVLV�FRQILUPHG�E\� H[SHULPHQWDO� GDWD� SURFHVVLQJ��

UHIOHFWHG� IURP� WZR� DLUFUDIWV�� ZKLFK� ZHUH� XQGHU� WUDFLQJ� E\�

�&��0�� FRPEDW� UDGDU�� 7KRVH� FRKHUHQW� PHWKRGV� PD\� EH�

XVHG� E\� PDWUL[HV�� FRQVWUXFWHG� E\� <XOH±:DONHU� HTXDWLRQV��

086,&��(9��(635,7�DQG�RWKHU�PHWKRGV��
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Ij_^eh`_g�f_lh^�pbnjh\h]h�kbgojhggh]h�^_l_dlbjh\Zgby�^ey�

hp_gdb�Z[khexlguo�Zfieblm^�b�nZa�kms_kl\_ggh�g_ebg_cguo�kj_^�

k�ijhba\hevguf�dhebq_kl\hf�]Zjfhgbq_kdbo�khklZ\eyxsbo��HibkZ�

gZ� \hafh`ghklv� ijbf_g_gby� wlh]h� f_lh^Z� ^ey� bkihevah\Zgby� \�

kbkl_fZo�j_Zevgh]h�\j_f_gb�gZ�[Za_�pbnjh\uo�kb]gZevguo�ijhp_k�

khjh\� beb� fbdjhdhgljhee_jZo�� Ijb\_^_gu� j_amevlZlu� wdki_jb�

f_glZevghc� ijh\_jdb� f_lh^Z� ^ey� kb]gZeZ�lbiZ� f_Zg^j�� Z�lZd`_�

j_amevlZlu�qbke_ggh]h�fh^_ebjh\Zgby�gZ�l_klh\uo�fhgh]Zjfhgb�

q_kdhf� b� iheb]Zjfhgbq_kdhf� kb]gZeZo� k� Z^^blb\guf� ]Zmkkh\uf�

rmfhf��

M>D�����������

IJBF?G?GB?�F?LH>:�KBGOJHGGH=H�>?L?DLBJH<:GBY��
>EY�HP?GDB�KI?DLJ:�IHEB=:JFHGBQ?KDH=H�KB=G:E:�

=emoh\�:�X���ZkibjZgl�dZn_^ju�jZ^bhnbabdb�<he]h]jZ^kdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ���
H�PDLO��*DXI5)#JPDLO�FRP�

G_]bgkdbc�B�<���^hp_gl�dZn_^ju�jZ^bhnbabdb�<he]h]jZ^kdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ���
H�PDLO��1,%#YROVX�UX�

�
Dexq_\u_� keh\Z� kbgojhggh_� ^_l_dlbjh�

\Zgb_��g_ebg_cgZy�kj_^Z��ahg^bjh\Zgb_��hp_gdZ�

ki_dljZ��iheb]Zjfhgbq_kdbc�kb]gZe��

<\_^_gb_�

DeZkkbq_kdbf� f_lh^hf� bamq_gby� k\hckl\�

fZl_jbZevguo�kj_^�y\ey_lky�ahg^bjh\Zgb_�kj_�

^u�fhgh]Zjfhgbq_kdbf�kb]gZehf��<�h[s_f�kem�

qZ_�j_Zdpby�kj_^u�ij_^klZ\ey_l�kh[hc�iheb]Zj�

fhgbq_kdbc� kb]gZe� k�rbjhdbf� ki_dljhf�� K\yav�

hldebdZ�kj_^u�k�_z�iZjZf_ljZfb�hij_^_ey_lky�

\�jZfdZo�dhgdj_lghc�n_ghf_gheh]bq_kdhc�fh^_�

eb��H^gZdh�bkoh^ghc�bgnhjfZpb_c�^ey�j_r_gby�h[jZl�

ghc�aZ^Zqb�y\eyxlky�qZklhlgu_�b�Zfieblm^gu_�aZ\bkb�

fhklb�hldebdZ���

>ey�ebg_cguo�kj_^��b��\�g_dhlhjuo�qZklguo�kemqZyo��

^ey� g_ebg_cguo�� fh`gh� \hkihevah\Zlvky� ijhfure_g�

gufb� baf_jbl_eyfb� :QO� b� NQO�� H^gZdh� ijbf_g_gb_�

^Zgguo� mkljhckl\� ^ey� bkke_^h\Zgby�� gZijbf_j�� d_jZ�

fbq_kdbo� \ukhdhl_fi_jZlmjguo� k\_joijh\h^gbdh\� k�

kms_kl\_ggh� g_ebg_cgufb� k\hckl\Zf� b� kh� agZqbl_ev�

ghc� ijhkljZgkl\_gghc� b� \j_f_gghc� ^bki_jkb_c�� g_�

ij_^klZ\ey_lky�\hafh`guf�>�@��<�wlhf�kemqZ_��\�hkgh\�

ghf�� bkihevamxlky� hjb]bgZevgu_� ijh]jZffgh�ZiiZjZl�

gu_�dhfie_dku��Z^Zilbjh\Zggu_�ih^�dhgdj_lgmx�aZ^Zqm�

>����@���

Ijb�h[jZ[hld_�i_j\bqguo�j_amevlZlh\� lZdbo�bkke_�

^h\Zgbc�Zdlb\gh�bkihevamxlky�jZaebqgu_�f_lh^u�pbn�

jh\hc� h[jZ[hldb� kb]gZeh\�� >ey� hp_gdb� ki_dljZevghc�

iehlghklb� fhsghklb� b� qZklhl� bkke_^m_fuo� kb]gZeh\�

gZb[he__� jZkijhkljZg_ggufb� y\eyxlky� g_iZjZf_ljb�

q_kdb_� f_lh^u�� lZdb_� dZd� i_jbh^h]jZffguc� f_lh^� b�

i_jbh^h]jZffZ�MweqZ��LZd`_�rbjhdh_�jZkijhkljZg_gb_�

ihemqbeb� iZjZf_ljbq_kdb_� f_lh^u� ±� Z\lhj_]j_kkbhg�

gZy� fh^_ev�� f_lh^� 086,&�� f_lh^� (9�� f_lh^� Ijhgb� b�

^jm]b_� >�@�� ;hevrbgkl\h� f_lh^h\� ohjhrh� hp_gb\Zxl�

ki_dljZevguc�khklZ\�bamqZ_fh]h�kb]gZeZ��ohly�b�\�hlgh�

kbl_evguo� \_ebqbgZo�� Kms_kl\_gguf� g_^hklZldhf� y\�

ey_lky� keh`ghklv� hij_^_e_gby� nZah\h]h� k^\b]Z� \uk�

rbo� ]Zjfhgbd� ki_dljZ� hlghkbl_evgh� i_j\hc� ]Zjfhgbdb�

kb]gZeZ���

Ijb� ijbf_g_gbb� ^ey�nhjfbjh\Zgby� ahg^bjmxs_]h�

kb]gZeZ� pbnjh\uo� ]_g_jZlhjh\� ''6� ohjhrmx� Zevl_j�

gZlb\m� ij_^eZ]Z_l� f_lh^� pbnjh\h]h� kbgojhggh]h� ^_�

l_dlbjh\Zgby� >�@��>Zgguc�f_lh^�qZklh�ijbf_gy_lky�^ey�

hp_gdb� Zfieblm^� b� nZa� ebg_cguo� kj_^�� gZijbf_j�� \�

bgl_jn_jhf_ljbb� >�@�� >hjZ[hldZ� f_lh^Z� ^ey� ZgZebaZ�

g_ebg_cguo��kj_^��iha\hey_l��bkke_^h\Zlv��kbkl_fu��k��

ijhba\hevguf� dhebq_kl\hf� ]Zjfhgbq_kdbo� khklZ\eyx�

sbo��Kms_kl\_gguf�ij_bfms_kl\hf�wlh]h�f_lh^Z�y\ey�

_lky� \hafh`ghklv� _]h� bkihevah\Zgby� \� kbkl_fZo� j_Zev�

gh]h�\j_f_gb�gZ�[Za_�pbnjh\uo�kb]gZevguo�ijhp_kkhjh\�

>�@�beb�^Z`_�\�h[uqguo�fbdjhdhgljhee_jZo��

Kh]eZkgh� Ze]hjblfm� h[jZ[hldb� kb]gZeh\� f_lh^hf�

kbgojhggh]h�^_l_dlbjh\Zgby� >�@� hlkq_lu� hihjguo� kb]gZ�

eh\� VLQ�P&WL�� b� FRV�P&WL�� i_j_fgh`Zxlky� k� wdki_jbf_g�

lZevgh� ihemq_ggufb� hlkq_lZfb� kb]gZeZ� 6�WL���Kmffbjmy�

wlb� ijhba\_^_gby�ih�1� \u[hjdZf�� \uqbkeyxlky� d\Z^jZ�

lmjgu_� dhfihg_glu�SP�� TP��<�jZfdZo�f_lh^Z�ZgZebabjm�
xlky� ^\Z� kb]gZeZ�� fhgh]Zjfhgbq_kdbc� l_klh\uc�

�VLQ��� ��� MZ � W$W6 �b� iheb]Zjfhgbq_kdbc� kb]gZe� hl�

debdZ� ¦ � 
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PP WP$W6 �VLQ��� ��� MZ �� Bkihevamy� d\Z^jZ�
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Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������
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]^_�P�±�ghf_j�]Zjfhgbdb�kb]gZeZ��Q�±�ghf_j�hlkqzlZ�ih�

\j_f_gb��6�Q�b�6�Q�±�hlkqzlu�khhl\_lkl\mxsbo�kb]gZeh\��

'W� ±� bgl_j\Ze� ^bkdj_lbaZpbb�� 1� ±� dhebq_kl\h� hlk��
qzlh\�kb]gZeZ��
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±�ibdh\h_� agZq_gb_� Zfieblm^u� bfimevkZ�� <� k_ckfh�

Zdmklbd_�±�fZdkbfZevgh_�agZq_gb_�fh^mey�\ZjbZpbc�a\m�

dh\h]h� ^Z\e_gby� \� bfimevk_�� ��PD[ WS3
LPS

SHDN  ^IZ`� beb�

� ���PD[ORJ�� WS63/
LPS

SHDN  ��a^_kv� ��WS �\� fdIZ� b��

khhl\_lkl\_ggh�� LPS

SHDN63/ �bf__l� jZaf_jghklv� ^;� hlg�� ��

fdIZ���

F_lh^bdZ�k_e_dpbb�b�hp_gdb�bfimevkh\��
Fh^_ev�bfimevkZ�

Lbibqguc� k_ckfhZdmklbq_kdbc� bfimevk� kh^_j`bl� dh�

e_[Zgby� k� qZklhlZfb� hl� �� ^h� ���� =p� b� oZjZdl_jbam_lky�

agZqbl_evgufb� baf_g_gbyfb� Zfieblm^u� kb]gZeZ� � �S W �b�

_]h� h]b[Zxs_c�� Bfimevku�� dZd� ehdZebah\Zggu_� iZd_lu�

\heg� jZaebqguo� qZklhl� b� \b^h\� �ijh^hevgu_�� ihi_j_q�

gu_�b�ij��fh^u���bf_xl�kljmdlmjguc�rZ[ehg� ±�iZll_jg��

dhlhjuc�fh`_l�[ulv�^_lZebabjh\Zg�\u^_e_gb_f�hl^_ev�

guo�\hegh\uo�khklZ\eyxsbo��

Ijb�gZebqbb�bfimevkZ�gZ[ex^Z_lky�kbevgh_�baf_g_�

gb_� Zfieblm^u� h]b[Zxs_c� \j_f_ggh]h� jy^Z�� h[jbkh\u�

\Zxsb_�dhglmj�bfimevkZ��jbk������Ijb�[he__�\gbfZl_ev�

ghf�jZkkfhlj_gbb�nhjfu�bfimevkgh]h�iZd_lZ�b�ih\_^_�

gby� h]b[Zxs_c� fh`gh� \u^_eblv� khklZ\gu_� qZklb� iZl�

l_jgZ��©\klmie_gb_ª��hkgh\gmx�qZklv��j_\_j[_jZpbhgguc�

©o\hklª��;_a�bfimevkZ�h]b[ZxsZy�\j_f_ggh]h�jy^Z�nh��

gh\uo� dhe_[Zgbc� baf_gy_lky� keZ[h�� Ih� kmlb�� bfimevk�

h[_ki_qb\Z_l� gbadhqZklhlgmx� Zfieblm^gmx� fh^meypbx�

g_kmsbo�k_ckfhZdmklbq_kdbo�dhe_[Zgbc���
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Jbk���Lbibqguc�k_ckfhZdmklbq_kdbc�bfimevk�

Ihbkd�bfimevkh\��
gZ�nhg_�k_ckfhZdmklbq_kdh]h�rmfZ�

JZkihagZ\Zgb_� ijbkmlkl\by� \� kb]gZe_� ��WS �bfimev�

kh\� hkgh\Zgh� gZ� dhebq_kl\_gghc� d\ZebnbdZpbb� jZk�

kfhlj_gguo�\ur_�ijbagZdh\��GZ�i_j\hf�rZ]_�\uihegy�

_lky� ki_pbZevgZy� h[jZ[hldZ� \oh^gh]h� kb]gZeZ�� ^Ze__�

hij_^_eyxlky� ]jZgbpu� bfimevkZ� b� aZl_f� hp_gb\Zxlky�

_]h�oZjZdl_jbklbdb��

>ey� \u^_e_gby� Zfieblm^u� b� nZau� ijhba\hevguc�

\j_f_gghc� kb]gZe� S�W�� ij_^klZ\ey_lky� dZd� \_s_kl\_g�

gZy�qZklv�dhfie_dkgh]h�kb]gZeZ�]�W���Ihbkd�fgbfhc�qZk�

lb��khijy`_ggh]h�kb]gZeZ��Y�W��ijhba\h^blky�k�ihfhsvx�

ij_h[jZah\Zgby� =bev[_jlZ�� jy^m� S�W�� khihklZ\ey_lky�

khijy`_gguc�jy^�k�lZdhc�`_�h]b[Zxs_c�>�@��

� �� � � � � � �S W Y W S W WSo  
 ���
���k\_jldZ�nmgdpbc���

Bkdhfuc�dhfie_dkguc�ZgZeblbq_kdbc�kb]gZe�fh`gh�

aZibkZlv�\�\b^_��

� � � � � � � � L W] W S W L Y W 3 W H Z � �  � ��

k�Zfieblm^ghc�h]b[Zxs_c��

� �� � � � � � � �3 W ] W S W Y W  � ��

>ey� [ukljh]h� \uqbke_gby� � ij_h[jZah\Zgby� =bev�

[_jlZ�m^h[gh�bkihevah\Zlv�Ze]hjblf�;IN��

WlZiu�jZ[hlu�k�j_Zevgufb�^Zggufb�khklhyl�\�ke_�

^mxs_c�ihke_^h\Zl_evghklb�hi_jZpbc�h[jZ[hldb��

���<u[bjZ_lky�^ebgZ�ZgZebabjm_fh]h�[ehdZ�^Zgguo��

>ebgZ�[ehdZ� hij_^_ey_lky� ih�h]jZgbq_gbx� hlghr_gby�

fZdkbfZevghc� b�fbgbfZevghc� Zfieblm^� bfimevkh\� gZ�

k_]f_gl_� dZd� �����qlh[u� ba[_`Zlv�ijhimkdZ� kZfuo� keZ�

[uo� bfimevkh\��Hlghr_gb_� fh`_l�f_gylvky� \� aZ\bkb�

fhklb�hl�mjh\gy�rmfZ�\�kb]gZe_��

���;ehd�^Zgguo�^m[ebjm_lky��<uihegy_lky�m^Ze_gb_�

k[h_\�� ih^Z\e_gb_� rmfh\� b� p_gljbjh\Zgb_� ^m[ebjh�

\Zggh]h�njZ]f_glZ�±�bkihevam_lky�h]jZgbq_gb_�ih�fZd�

kbfZevgh�^himklbfhc�Zfieblm^_�b�pbnjh\Zy�nbevljZ�

pby�ihehkh\uf�nbevljhf�\�ihehk_��������=p�>�@��

��� <uqbkey_lky� h]b[ZxsZy� nbevljh\Zggh]h� \j_�

f_ggh]h�jy^Z��pbnjh\h_�ij_h[jZah\Zgb_�=bev[_jlZ�gZ�

hkgh\_� ;IN� k� \uqbke_gb_f� fh^mey� knhjfbjh\Zggh]h�

dhfie_dkgh]h�kb]gZeZ���

���Ijh\h^blky�f_^bZggh_�k]eZ`b\Zgb_�h]b[Zxs_c�k�

aZ^Zgguf� hdghf� ^ey� mkljZg_gby� \ukhdhqZklhlguo� dh�

e_[Zgbc��

���<uihegy_lky�hp_gdZ�fbgbfmfZ�b�fZdkbfmfZ�h]b�

[Zxs_c� ±� ihbkd� mjh\g_c�nhgZ� b�fZdkbfZevgh]h� ibdZ��

JZaghklv� mjh\g_c� khhl\_lkl\m_l� \u^_ey_fhc� Zfieblm�

^_�dhe_[Zgbc�bfimevkZ��

��� AZ^Zxlky� djbl_jbb� hlghkbl_evgh]h� ij_\ur_gby�

mjh\gy�Zfieblm^u�h]b[Zxs_c�gZ^�nhghf�^ey�i_j_^g_]h�

b� aZ^g_]h�njhglh\�bfimevkZ��Lbibqgu_� agZq_gby� djbl_�

jb_\� ±� ���� b� �����<uihegy_lky� ijhoh^� \^hev� h]b[Zx�

s_c�jy^Z�^ey�ihbkdZ�]jm[uo�]jZgbp�bfimevkh\��

��� <u^_e_gguc� \j_f_gghc� bgl_j\Ze� bfimevkZ� jZk�

rbjy_lky�\�����jZaZ��qlh[u�\dexqblv�keZ[u_� ]jZgbqgu_�

dhe_[Zgby� ±� wlbf� ^hklb]Z_lky� aZo\Zl� ����� \j_f_ggh]h�

bgl_j\ZeZ� bfimevkguo� dhe_[Zgbc� �7LPS� ���������BgnhjfZ�

pby�h�]jZgbpZo�khojZgy_lky�^ey�hp_gb\Zgby�iZjZf_ljh\�

bfimevkh\��

Hkh[_gghklb�gZkljhcdb�k_e_dpby�bfimevkh\�

Ijb�ih^kljhcd_�d�hkh[_gghklyf�j_]bkljbjm_fuo�\j_�

f_gguo�jy^h\�±�©h[mq_gbxª�\uqbkebl_evghc�kbkl_fu�±�

iZjZf_lju� k]eZ`b\Zgby�� jZkrbj_gby� b� ij�� fh]ml� f_�

gylvky��

��� >ebgZ� [ehdZ� ZgZebabjm_fuo� ^Zgguo� \u[bjZ_lky�

bkoh^y� ba� baf_gqb\hklb� Zfieblm^�ihklmib\rbo� bfimev�

kh\��<gmljb�[ehdZ�g_�^he`gh�[ulv�bfimevkh\��hlebqZx�

sboky�[he__� q_f� gZ�ihjy^hd� ih� Zfieblm^Zf�� l�d�� djbl_�

jbb� k_e_dpbb� gZp_e_gu� gZ� hlghkbl_evgh_� ij_\u�r_gb_�

h]b[Zxs_c�gZ^�nhghf��

��� <u[hj� ihehk� pbnjh\h]h� nbevljZ� ijb� h[jZ[hld_�

bkoh^gh]h� \j_f_ggh]h� jy^Z� iha\hey_l� dhgp_gljbjh\Zlv�

\gbfZgb_�gZ�gm`ghf�qZklhlghf�bgl_j\Ze_�kb]gZeZ�b�ih�

^Z\blv�rmfu�\�ijhp_kk_�j_]bkljZpbb��

���RbjbgZ� hdgZ� f_^bZggh]h� k]eZ`b\Zgby� b� aZ^Zgb_�

hlghkbl_evguo� mjh\g_c� ij_\ur_gby� fZdkbfmfZ� h]b�

[Zxs_c�gZ^�nhghf�hij_^_ey_l�mjh\_gv� ]jm[hklb�\u^_�

e_gby� baf_gqb\hklb� jy^Z��Ihkdhevdm� bfimevkguc� iZd_l�

©^bki_j]bjm_lª� \�ijhp_kk_� jZkijhkljZg_gby�� lh� wlb� iZ�

jZf_lju� iha\heyxl� jZkkfZljb\Zlv� bfimevk� eb[h� dZd�

h^gh�p_eh_��eb[h�jZa^_eblv�bfimevk�gZ�dhf[bgZpbx�kb]�

gZeh\�hl�khklZ\eyxsbo�\hegh\h]h�iZd_lZ�k�jZaguf�\j_�

f_g_f�ijb[ulby�\�lhqdm�j_]bkljZpbb��

GZijbf_j�� \� mkeh\byo� ]b^jhZdmklbdb� gZ�r_evn_� ih�

ehkh\Zy� qZklhlgZy� nbevljZpby� iha\hey_l� \u^_eblv� \�

bfimevk_� \h^gmx� khklZ\eyxsmx� kh� kdhjhklvx� jZkijh�

kljZg_gby� hdheh� ����� f�k� b� gbadhqZklhlgu_� ]jmglh\u_�

]jmiiu� \heg�� AgZy� ^bklZgpbx� hl� bklhqgbdZ� ^h� lhqdb�

ijb_fZ��e_]dh�hp_gblv�kdhjhklb�jZkijhkljZg_gby�]jmglh�

\uo�\heg���

Hp_gdZ�oZjZdl_jbklbd�bfimevkZ��

Kh]eZkgh� gZc^_gguf� \� bkke_^m_fhf� [ehd_� ^Zgguo�

]jZgbpZf�bfimevkh\��ijh\h^blky�^Zevg_crZy�h[jZ[hldZ�

hjb]bgZevguo�^Zgguo�ih�ke_^mxs_fm�Ze]hjblfm��

��� Hp_gdZ� \_ebqbgu� ijhihjpbhgZevghc� wg_j]bb� bf�

imevkZ� gZ� hij_^_e_gghf� ]jm[hf� ����� bgl_j\Ze_� ijb��
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���Hij_^_e_gb_� \j_f_ggh]h� bgl_j\ZeZ� ���� dmfmey�

lb\ghc�wg_j]bb�bfimevkZ��7�����ij_^iheZ]Z_l��

����� Hij_^_e_gb_� fhf_glZ� W��� ba� mkeh\by�
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����� Hp_gdZ� ��� ��� ��7 W W � �� ±� bgl_j\ZeZ�

^ebl_evghklb�bfimevkZ�^ey�baf_g_gby�wg_j]bb�kb]gZeZ�

hl����^h������

���Hp_gdZ�\_ebqbg�6(/�b�63/�gZ�bgl_j\Ze_�7������

>hihegbl_evgZy� nbevljZpby� j_Zevguo� bfimevkh\�

hl� k[h_\� b� bfimevkhih^h[guo� rmfh\� ijhba\h^blky�

kjZ\g_gb_f� \j_f_gb� 7���� b� mjh\g_c� 6(/� k�fbgbfZev�

gufb�b�fZdkbfZevgufb�mjh\gyfb�lbibqguo�kb]gZeh\��<�

qZklghklb��gZlmjgu_�nhgh\u_�Zdmklbq_kdb_�©\kie_kdbª�

bf_xl�agZq_gby�6(/�gZ�ihjy^db�f_gvrb_��q_f�kb]gZeu�

k_ckfhbklhqgbdh\��

Ijbf_ju�ijbf_g_gby�h[jZ[hldb�bfimevkh\��
\�k_ckfhZdmklbq_kdbo�gZ[ex^_gbyo�

JZkkfhljbf� j_Zevgu_� ijbf_ju� ijbf_g_gby� baeh�

`_gghc�f_lh^bdb�ba�ijZdlbdb�h[jZ[hldb�^Zgguo�\�oh^_�

k_ckfhZdmklbq_kdh]h�fhgblhjbg]Z�>�@���

GZ� jbk�� �� beexkljbjm_lky� jZ[hlZ� j_Zebah\Zgghc�

dhfivxl_jghc� ijh]jZffu� Z\lhfZlbq_kdh]h� h[gZjm`_�

gby� ^ey� kblmZpbb� ihy\e_gby� bfimevkh\�fZehc� Zfieb�

lm^u�\�mkeh\byo�aZrmfe_ggh]h�jy^Z�^Zgguo��HljZ`_gu�

njZ]f_gl� bkoh^gh]h� kb]gZeZ�� j_amevlZl� ihehkh\hc�

nbevljZpbb� ^Zgguo�� jZkkqblZggZy� h]b[ZxsZy�� k_e_d�

lbjh\Zggu_� bfimevku�� \u^_e_ggu_� \j_f_ggu_� bgl_j�

\Zeu�7�����b�7������

GZ� jbk�� �� ij_^klZ\e_g� j_amevlZl� Z\lhfZlbq_kdhc�

mlhqgyxs_c� k_e_dpbb� ohjhrh� ijhjZ[hlZggh]h� ]b^jh�

Zdmklbq_kdh]h�bfimevkZ�\�ijhp_kk_�hij_^_e_gby�lbibq�

gh]h�iZll_jgZ�\hegh\uo�iZd_lh\��Hkgh\gZy�qZklv�wg_j�

]bb�iZd_lZ�jZkijhkljZgy_lky�\�\h^ghc�kj_^_�kh�kdhjh�

klvx� hdheh� ����� f�k�� gh� qZklv� wg_j]bb� i_j_^Z_lky� \�

]jmgl�� ]^_�\ha[m`^Zxlky�jZaebqgu_�lbiu�\heg��jZkijh�

kljZgyxsb_ky�k�^jm]bfb�kdhjhklyfb��<�qZklghklb��^ey�

ijh^hevguo�b�ihi_j_qguo�mijm]bo�\heg�kdhjhklb�\�]jmg�

l_� ±� ���������� f�k��H[uqgh� gZ[ex^_gb_� ih^oh^Z� bf�

imevkZ� d� lhqd_� j_]bkljZpbb� gZqbgZ_lky� kh� \klmie_gby�

gbadhqZklhlguo� ]jmglh\uo� \heg�� GZ� jbk�� �� hlq_leb\h�

\b^gh�� qlh� ih� f_j_� jZkijhkljZg_gby� bfimevkZ� ijh�

bahreh�kms_kl\_ggh_�kdhjhklgh_�jZa^_e_gb_�\hegh\uo�

khklZ\eyxsbo� iZd_lZ�� MklZgh\dZ� ih^oh^ysbo� djbl_jb�

_\� \u^_e_gby�njhglh\� bfimevkZ� gZ^� mjh\g_f�rmfZ� b�

keZ[h]h� k]eZ`b\Zgby� h]b[Zxs_c� iha\hebeb� jZa^_eblv�

]heh\gu_��\h^gmx�b�j_\_j[_jZpbhggmx�qZklb�[hevrh]h�

\hegh\h]h�iZd_lZ�\�\b^_�hl^_evguo�bfimevkh\�ijb�kh�

hlghr_gbyo�Zfieblm^�[he__�q_f�������

AZdexq_gb_�

JZajZ[hlZgguc� f_lh^� jZkihagZ\Zgby� b� k_e_dpbb�

bfimevkh\� mki_rgh� jZ[hlZ_l� \� rbjhdhf� hlghr_gbb�

©kb]gZe�rmfª�� [eZ]h^Zjy� bkihevah\Zgbx� fh^_eb� bf�

imevkh\� dZd� gbadhqZklhlghc� fh^meypbb� k_ckfhZdmklb�

q_kdbo� nhgh\uo� dhe_[Zgbc�� GZ[hj� ijbf_gy_fuo� ijh�

p_^mj� h[jZ[hldb� j_Zebam_lky� gZ� hkgh\_� wnn_dlb\guo�

pbnjh\uo� Ze]hjblfh\� b� \� ijhp_kk_� ZgZebaZ� ^Zgguo�

mijZ\ey_lky� h]jZgbq_gguf� qbkehf�iZjZf_ljh\��Wnn_d�

lb\ghklv� f_lh^bdb� gZ� ijZdlbd_� [ueZ� ih^l\_j`^_gZ� \�

oh^_� k_ahggh]h� fhgblhjbg]Z� rmfh\� k_ckfhjZa\_^db��

h[_ki_qb\� mki_rgmx� Z\lhfZlbq_kdmx� h[jZ[hldm� fgh]h�

l_jZ[Zclgh]h�h[t_fZ�ihe_\uo�^Zgguo��Qbkeh�ijhims_g�

guo�bfimevkh\�[ueh�klZlbklbq_kdb�g_�agZqbfuf� �f_g__�

�������Ke_^m_l�hlf_lblv��qlh�bkihevah\Zgb_�baeh`_gghc�

h[jZ[hldb� ijbf_gbfh� d� jZaghh[jZaguf� kb]gZeZf�� kh�

^_j`Zsbf� bfimevkhih^h[gu_� iZll_jgu� ±� gZijbf_j�� d�

ZgZebam�j_qb��\�k_ckfheh]bb��\�kbkl_fZo�k\yab�b�^j��

�

Jbk����<u^_e_gb_�keZ[uo�bfimevkh\�gZ�nhg_�ihf_o���

Z��aZj_]bkljbjh\Zgguc�kb]gZe���

[��j_amevlZl�h[jZ[hldb�kb]gZeZ�b�k_e_dpbb�bfimevkh\

�

Jbk���K_e_dpby�khklZ\eyxsbo��

©^bki_j]bjh\Z\r_]hª�bfimevkgh]h�iZd_lZ�

Ebl_jZlmjZ�

��� K_j]b_gdh� :�;�� Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\�� ±�

KI[���Ibl_j���������

���O_ffbg]�J��Pbnjh\u_�nbevlju��±�F���G_^jZ���������

���Jml_gdh�:�G���=Z\jbe_\kdbc�:�<���Dhjhlq_gdh�J�:��b�

^j��Fhgblhjbg]�k_ckfhZdmklbq_kdbo�kb]gZeh\�b�Zgljhih�

]_gguo� rmfh\� gZ� r_evn_� R�� KZoZebg� ��� :dmklbq_kdbc�

`mjgZe��������l�����������K�����������
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Ijb\_^_gu�f_lh^u�dh^bjh\Zgby�b�^_dh^bjh\Zgby�bgnhjfZpbb�k�

ijbf_g_gb_f�iZj�h^ghdZgZevguo�dmfmeylb\guo�dh^h\��:�b�<��k�gme_�

\ufb� [hdh\ufb� kb]gZeZfb� Z\lhdhjj_eypbhgghc� nmgdpbb� �:DN�� \�

qzlguo� lZdlZo�� hij_^_ey_fuo� h[sbf� ^ey� \k_o� Z[hg_glh\� k\yab�

©ihezl�kb]gZehfª�� Ijb\_^_gu� dh^u�� g_� bf_xsb_� j_]meyjghc�

kljmdlmju� k� qzlghc� jZajy^ghklvx� hl� �� ^h� ��� k� \hafh`ghklvx�

fgh]hdjZlgh]h� m^\h_gby� jZajy^ghklb� ih� h[s_c� j_dmjj_glghc�

nhjfme_�� >hklhbgkl\hf� jZkkfZljb\Z_fuo� dmfmeylb\guo� dh^h\�

y\ey_lky�jZkrbj_gb_�\hafh`ghklb�\u[hjZ�^ebgu�dh^Z�\�aZ\bkbfh�

klb�hl�dhgdj_lguo�mkeh\bc�_]h�ijbf_g_gby�\�dZq_kl\_�dh^Z�ih\u�

rZxs_]h� ^hklh\_jghklv� ijbgbfZ_fhc� bgnhjfZpbb�� Z� lZd`_� ih�

\ur_gb_�\^\h_�wnn_dlb\ghklb�dh^bjh\Zgby���

I?J<U?�R:=B�<�G:MD?�

M>D���������

J:KRBJ?GB?�DE:KK:�DMFMEYLB<GUO�DH>H<�

Am_\�:�=���ZkibjZgl�BgklblmlZ�we_dljhgguo�mijZ\eyxsbo�fZrbg�bf_gb�B�K��;jmdZ��]��Fhkd\Z���
H�PDLO��9LNVHW#\DQGH[�UX��

M\Zjh\�<�:���bg`_g_j�BgklblmlZ�we_dljhgguo�mijZ\eyxsbo�fZrbg�bf_gb�B�K��;jmdZ��

GZmqguc�jmdh\h^bl_ev���=heh\dh\�<�F���d�l�g���\_^msbc�gZmqguc�khljm^gbd�BgklblmlZ�we_dljhgguo�
mijZ\eyxsbo�fZrbg�bf_gb�B�K��;jmdZ��

�
Dexq_\u_� keh\Z�� dh^bjh\Zgb_�� dh^� =he_y��

dmfmeylb\guc�� Z\lhdhjj_eypbhggZy� nmgdpby��

Ze]hjblf�\uqbke_gby��

<\_^_gb_�
Ij_^eZ]Z_fu_� dh^u� bf_xl� k\hbfb� ij_^�

r_kl\_ggbdZfb� dh^u�=he_y� >���@� bkihevamxsb_�

khijy`zggu_� iZju� dh^h\� k� gme_\hc� kmffhc�

[hdh\uo�kb]gZeh\�^\mo�:DN��Ijb�wlhf�nmgdpby�

Z\lhdhjj_eypbb� Q�jZajy^gh]h� dh^Z� L

Q6 �bf__l�

\ujZ`_gb_�\�\b^_�kmffu�ijhba\_^_gbc��

� � � �

�

^ `
L

L
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M
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]^_�
MD �b�

ME �±� we_f_glu� ^\mo� ijh\_jhqguo� fZljbp� k�

jZajy^ghklvx�Q��Z�bo�fgh`bl_eb�±�wlh�jZkiheZ]Z_fu_�\�

^Zgguc�fhf_gl� \j_f_gb� kh� k^\b]hf� gZ� L �jZajy^h\� kh�
hl\_lkl\mxsb_�jZajy^u�ihklmib\r_]h�dh^Z��

JZajy^u� ijh\_jyxs_]h� dh^Z� ijbgbfZxl� agZq_gby�

��� beb� ±��� Z�^\hbqgu_� jZajy^u� bkiulm_fh]h� \oh^gh]h�

dh^Z�aZ^Zxlky�iheh`bl_evgufb�b�hljbpZl_evgufb�kb]�

gZeZfb�jZ\ghc�Zfieblm^u�
�X ��Ijb�iheghf�kh\iZ^_gbb�

iheyjghkl_c�we_f_glh\�ijh\_jhqghc�fZljbpu�k�iheyj�

ghklyfb� khhl\_lkl\mxsbo� jZajy^h\� ijbgbfZ_fh]h� ^_�

dh^bjm_fh]h� dh^Z� agZq_gb_� Z\lhdhjj_eypbhgghc�nmgd�

pbb�\�^Zgghc�\j_f_gghc�lhqd_�klZgh\blky�jZ\guf�

��
Q

Q6 Q X u � ����

]^_�
�X �Z[khexlgZy�\_ebqbgZ�kb]gZeh\�gmey�beb�_^bgb�

pu� ihklmib\r_]h� dh^Z�� Ijb� wlhf� ihegh_� kh\iZ^_gb_�
iheyjghkl_c� fh`_l� [ulv� ijbgylh� aZ� ijbzf� ^\hbqghc�
_^bgbpu�� Z� ihegh_� g_kh\iZ^_gb_� agZdh\� ijh\_jhqghc�

fZljbpu� b� ihklmib\rbo� dh^h\�� dh]^Z� L

Q6 �klZgh\blky�

jZ\ghc��

�±�
Q

Q6 Q X u �� �����

ijbgbfZ_lky�aZ�^\hbqguc�gmev���

Dh^u� =he_y� y\eyxlky� b^_Zevgufb� \� lhf� kfuke_��

qlh� kmffZ� [hdh\uo� kb]gZeh\� ^\mo� :DN� \k_]^Z� jZ\gZ�

gmex��qlh�h[_ki_qb\Z_l�fZdkbfZevgh�\hafh`guc�aZiZk�

^hklh\_jghklb� bo� hij_^_e_gby� ijb� \ebygbb� rmfh\��

Ohly�^Zggu_�dh^u�gZoh^yl�k\hc�ijbf_g_gb_� >�@��gh�\kz�

`_� ieZlZ� \� \b^_� ^hihegbl_evgh]h� dZgZeZ� k\yab��

�beb� jZkrbj_gb_� ki_dljZ� kb]gZeZ�� kqblZ_lky� ^h\hevgh�

\ukhdhc��

>ey� hibku\Z_fuo� iZj� h^ghdZgZevguo� dmfmeylb\guo�

dh^h\� i_j_^ZqZ� ^\hbqghc� bgnhjfZpbb� ijhbkoh^bl� l_f�

beb� bguf� dh^hf�iZju�ihklhyggh]h� agZdZ� k� h^gh\j_f_g�

guf�ijbzfhf�gZ�^\Z�\uqbkebl_ey�jZaguo�:DN��h^bg�ba�

dhlhjuo�\uqbkey_l�kh[kl\_ggh�:DN��Z�\lhjhc�mklZgZ\eb�

\Z_l� j_amevlZl� \aZbfghc� dhjj_eypbb� bkihevam_fuo� dh�

^h\��Ijb�wlhf�j_amevlZlu�\uqbke_gby�Z\lhdhjj_eypbhg�

ghc� b� \aZbfhdhjj_eypbhgguo�nmgdpbc� ijbgbfZxlky� \h�

\gbfZgb_�lhevdh�\�qzlguo�lZdlZo�ijbzfZ�dh^Z�>�@��Qzlgu_�

lZdlu� k^\b]Z� aZ^Zxlky� ©ihezl�kb]gZehfª� \� \b^_� kbgm�

khb^u� iheh\bgghc� qZklhlu� beb� ^jm]bf� kb]gZehf�� k� ih�

fhsvx� dhlhjh]h� \hafh`gh� \u^_e_gb_� qzlguo� lZdlh\�

ijbzfZ�dh^h\�\k_f�Z[hg_glZf�^Zggh]h�maeZ�k\yab��

Ijbf_g_gb_� ij_^eZ]Z_fh]h� kihkh[Z� agZqbl_evgh�

kgb`Z_l� �\� kjZ\g_gbb� k� ba\_klgufb� kihkh[Zfb�� lj_[m_�

fh_�h[hjm^h\Zgb_��g_h[oh^bfh_�^ey�i_j_^Zqb�b�ijbzfZ�

dh^bjm_fhc� bgnhjfZpbb�� Z� lZd`_� iha\hey_l� ijbf_gylv�

dh^u�jZaghh[jZaghc�^ebgu�b��khhl\_lkl\_ggh��hkms_kl\�

eylv� i_j_^Zqm� bgnhjfZpbb� hilbfZevguf� h[jZahf� ^ey�

kms_kl\mxs_]h�mjh\gy�rmfh\���

>Zgguc� kihkh[� i_j_^Zqb� b� ijbzfZ� bgnhjfZpbb� aZ�

gbfZ_l�ijhf_`mlhqgh_�iheh`_gb_�f_`^m�kihkh[Zfb�i_�

j_^Zqb� b� ijbzfZ� h^ghdZgZevguo� dh^h\� ;Zjd_jZ� ���� b�

^\modZgZevguo� dh^h\� =he_y� ����� <� hlebqb_� hl� kihkh[Z�

ijbzfZ� ^\modZgZevguo� dh^h\� =he_y�� i_j_^ZqZ� b� ijbzf�

ihke_^h\Zl_evguo� dmfmeylb\guo� dh^h\� hkms_kl\ey_lky�

ih� h^ghfm� dZgZem�� Z� \� hlebqb_� hl� h^ghdZgZevguo� dh^h\�
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;Zjd_jZ� \�gzf� bkihevam_lky�^hihegbl_evguc� hihjguc�

rbjhdh\_sZl_evguc�dZgZe�k�kbgmkhb^Zevguf�beb�^jm�

]bf� i_jbh^bq_kdbf� kb]gZehf�� qZklhlZ� dhlhjh]h� \^\h_�

f_gvr_� hkgh\ghc� lZdlh\hc� qZklhlu� i_j_^Z\Z_fuo� dh�

^h\��>Zgguc� kbgmkhb^Zevguc� ©ihezl�kb]gZeª�y\ey_lky�

g_ij_ju\guf�b�h[sbf�^ey�\k_o�Z[hg_glh\� dhgdj_lghc�

maeh\hc�klZgpbb�b�g_�g_kzl�bgnhjfZpbb��

Ba\_klguc� kihkh[� bkihevah\Zgby� ©ihezl�kb]gZeh\ª�

hkgh\Zg�gZ�^\mo�iZjZo�q_lujzojZajy^guo�dh^h\�>�@�

�����  $ �� �����  % � ������

b���

�����  $ �� �����  % �� ������

Dh^u� dZ`^hc� iZju� bf_xl� \� qzlguo� lZdlZo� gme_\u_�

agZq_gby� [hdh\uo� kb]gZeh\� Z\lhdhjj_eypbb� b� \aZbfh�

dhjj_eypbb�� qlh� iha\hey_l� dZ`^uf� dh^hf� dh^bjh\Zlv�

^\hbqgmx� bgnhjfZpbx�� khhl\_lkl\_ggh� iZjhc� dh^h\�

dh^bjh\Zlv�^\Z�^\hbqguo�jZajy^Z��DZd�b�^ey�dh^h\�=h�

e_y�� � ^ey� dZ`^hc� iZju� dh^h\�
Q$ �b�

Q% �k� mdZaZggufb�

k\hckl\Zfb�ijbf_gbfu�j_dmjj_glgu_�nhjfmeu�

�Q Q Q$ $ % �b�
� �Q Q% $ % �� ����

Z�lZd`_��

� � � � ����Q Q Q$ D E D E D E �b�
� � � � �� � � ���� � �Q Q Q% D E D E D E � � � �� ����

^Zxsb_� \hafh`ghklv� kljhblv� dh^u� k� ZgZeh]bqgufb�

oZjZdl_jbklbdZfb� k� jZajy^ghklvx�� hij_^_ey_fhc� kl_�

i_gvx����

Ba� bkoh^ghc� iZju� dh^h\� ����fh`gh� ihemqblv� ��jZa�

jy^gu_� iZju� dh^h\� ��������� b� ���������� ���jZajy^�

gu_������������������b������������������b�l�^��

G_^hklZldhf� mdZaZgguo� dh^h\� y\ey_lky� ihklhyggZy�

khklZ\eyxsZy�� kha^ZxsZy� ijh[e_fu� ijb� i_j_^Zqb�

bgnhjfZpbb� ih� klZg^Zjlguf� ebgbyf� k\yab�� Hl� wlh]h�

g_^hklZldZ� ba[Z\e_gu� dh^u� k� ijbf_g_gb_f� ©ihezl�

kb]gZeh\ª��ihkljh_ggu_�ba�ke_^mxsbo�q_lujzojZajy^�

guo�©dbjibqbdh\ª�

�
�����&  �

�
�����'  � ����

qlh� iha\hebeh� \� >�@� j_rblv� [he__� keh`gmx� aZ^Zqm� ±�

ihkljhblv�kbkl_fm� dh^h\�k�jZajy^ghklvx� Q� �[_a�ihklh�

ygghc� khklZ\eyxs_c�� h[_ki_qb\Zxsmx� bkihevah\Zgb_�

^ey�bo�i_j_^Zqb�ebgbb�k\yab�+'%���Z�bf_ggh��k�gZdhi�

e_gb_f�g_�[he__�^\mo�lZdlh\��IeZlhc�aZ�ih^h[gmx�\ha�

fh`ghklv� y\ey_lky� ihgb`_ggZy� \� kjZ\g_gbb� k� i_j\hc�

]jmiihc� ijhimkdgZy� kihkh[ghklv�� ijb� dhlhjhc� dZ`^uc�

dh^�fh`_l�i_j_^Z\Zlv� lhevdh� h^gm�hij_^_ezggmx�^\h�

bqgmx� _^bgbpm�� qlh� h[mkeh\e_gh� ihy\e_gb_f� hljbpZ�

l_evguo�[hdh\uo�kb]gZeh\�\�_^bgkl\_gghf�qzlghf�lZdl_�

bo�:DN�� \�kbem� q_]h� dh^u� ���� b� ���� ijb� iheh`bl_evguo�

hkgh\guo� e_i_kldZo� fh]ml� bf_lv� lhevdh� h^gm� iheyj�

ghklv�� dh^bjmxsmx� ©�ª� h^gbf� dh^hf� b� ©�ª� �� ^jm]bf��

:gZeh]bqgh� ����b������j_dmjj_glgh_�khhlghr_gb_�iha\h�

ey_l� kljhblv� ih^h[gu_� dh^u� k� m\_ebq_gghc� jZajy^gh�

klvx��ih^qbgyxs_cky� kl_i_gb� ���Ijbf_jZfb� lZdbo� dh�

^h\� y\eyxlky� ��jZajy^gu_� iZju� ���������� ����������

���jZajy^gu_� ������������������ ����������������� b�

l�^��

<�ijbgpbi_��klZg^Zjlgh_�iheh`_gb_�hljbpZl_evgh]h�

[hdh\h]h� kb]gZeZ�� jZkiheh`_ggh]h� \� khk_^g_f� qzlghf�

lZdl_�k� lZdlhf�hkgh\gh]h�e_i_kldZ��g_�kha^Zzl�hkh[_g�

guo� ijh[e_f� b�^ey�i_j_^Zqb� lZdbfb� dh^Zfb�^\mo� jZa�

jy^ghc�^\hbqghc� bgnhjfZpbb��Ijb� mdZaZgguo� dh^Zo� dh�

^bjh\Zgby�\hagbdZ_l�h]jZgbq_gb_�\�jZajy^ghklb�dh^h\��\�

hkh[_gghklb�hgh�hsmsZ_lky��gZijbf_j��ijb�jZajy^ghklb�

djZlghc���
 Q� ��qlh�h[_ki_qb\Zxl�dh^u�=he_y���

<�^Zgghc�jZ[hl_�ijh\_^zg�ihbkd�^hihegbl_evguo�h^�

ghdZgZevguo�dh^h\�k�©ihezl�kb]gZehfª�b�k�jZajy^ghkly�

fb� \g_� Q� �� ho\Zlu\Zxsbfb� q_lgu_� agZq_gby� jZajy^gh�

klb�hl���^h�����dhlhju_�fh]ml�[ulv�bkihevah\Zgu�\�dhg�

dj_lguo�kemqZyo��^Zxsbo�hilbfZevgu_�aZljZlu�ijb�ij_�

h^he_gbb� dhgdj_lguo� rmfh\uo� mkeh\bc� i_j_^Zqb� b�

ijbzfZ�dh^h\��

K� kZfh]h� gZqZeZ�ihklZ\e_ggZy� aZ^ZqZ� j_rZeZkv� lZ�

dbf�h[jZahf��qlh�gZc^_ggu_�dh^u�g_�^he`gu�hklZ\Zlvky�

mgbdZevgufb�� gh�[ueb�kihkh[gu� ljZgknhjfbjh\Zlvky� \�

[hevrmx� jZajy^ghklv� ih� h[sbf� ^ey� gbo� j_dmjj_glguf�

khhlghr_gbyf�� dhlhju_�nZdlbq_kdb� b� h[t_^bgyeb� ^Zg�

gu_�dh^u�\�h[smx�ih�k\hckl\Zf�]jmiim��Ijb�qzlghf�qbk�

e_�jZajy^h\�lZdbo�dh^h\�_kl_kl\_ggh� �^ey�jZajy^ghkl_c�

k�g_qzlguf�qZklguf�ijb�^_e_gbb�gZ����g_�kms_kl\m_l��b�

ihwlhfm� bo� ihbkd� gZqbgZeky� k�fbgbfZevghc� \hafh`ghc�

jZajy^ghklb� b� ih� kmlb� ^_eZ� [ue� bg^b\b^mZevguf� ^ey�

dZ`^hc� fbgbfZevghc� jZajy^ghklb�� L_f� g_� f_g__�� m`_�

ihke_� gZoh`^_gby� g_kdhevdbo� m^h\e_l\hjyxsbo� ijb\_�

^zgguf�\ur_�mkeh\byf�iZj�dh^h\��fh`gh�]h\hjblv�h�g_�

dhlhjuo�h[sbo�bo�k\hckl\Zo��dhlhju_�h[t_^bgyxl�gh\mx�

]jmiim� dh^h\�kh�\lhjhc�ijb\_^zgghc�\ur_� ]jmiihc��Wlb�

h[sb_� k\hckl\Z� aZdexqZxlky� \�jZ\_gkl\_� gmex� beb� hl�

jbpZl_evguf�agZq_gbyf�[hdh\uo�kb]gZeh\�qzlguo�lZdlh\�

:DN�b�jZ\_gkl\m�gmex�\k_o�qzlguo� lZdlh\�\aZbfhdhjj_�

eypbhgghc�nmgdpbb� iZju� dh^h\�� dh^bjmxsbo� ^\hbqgmx�

bgnhjfZpbx�� Bf_ggh� \lhjh_� k\hckl\h� h[_ki_qb\Z_l�

j_dmjj_glgh_�ij_h[jZah\Zgb_�iZju�dh^h\�k�m\_ebq_gb_f�

bo� jZajy^ghklb�� kh]eZkgh� ���� beb� ����� b� ihwlhfm� ih^[hj�

iZju� dh^h\� gZqbgZeky� k� ijh\_jdb� bo� dhjj_eypbhgguo�

k\hckl\�b�aZdZgqb\Zeky�ihbkdhf�hilbfZevguo�j_r_gbc�k�

lhqdb� aj_gby� hlghkbl_evghc� \_ebqbgu� ihklhygghc� kh�

klZ\eyxs_c�dZ`^h]h�dh^Z��DZd�ijZ\beh��\k_]^Z�ba�dZ`^hc�

iZju� dh^h\� m^Z\Zehkv� gZclb� h^bg� dh^� [_a� ihklhygghc�

khklZ\eyxs_c��ijb�wlhf�\lhjhc� dh^�bf_e�fbgbfZevgmx�

_z� \_ebqbgm� ^ey� ijbgylhc� jZajy^ghklb�� GZqbgZy� ihbkd�

iZj�dmfmeylb\guo�dh^h\�k�fbgbfZevghc��ihke_�q_lujzo��

jZajy^ghklvx�� knhjfmebjm_f� ke_^mxsb_� lj_[h\Zgby� d�

oZjZdl_jbklbdZf� dh^h\�� h[_ki_qb\Zxsbo� hij_^_e_gb_�

agZq_gby� bo�:DN� \uqbke_gb_f� ihke_^g_c� lhevdh� \�qzl�

guo� lZdlZo� k� ihfhsvx� ^hihegbl_evgh]h� ©ihezl�kb]gZ�

eZª�� ihkueZ_fh]h� h^gh\j_f_ggh� \k_f� Z[hg_glZf� k_lb�

k\yab��

±�qzlgh_�qbkeh�jZajy^h\��g_�djZlgh_��
Q
��

±�gZebqb_�eb[h�\k_o�gme_\uo�kb]gZeh\�:DN�\�qzlguo�

lZdlZo��eb[h�gZjy^m�k�gme_\ufb�g_dhlhjh]h�qbkeZ�hljb�

pZl_evguo�[hdh\uo�kb]gZeh\�:DN�dh^h\�\�qzlguo�lZdlZo��

±� jZ\_gkl\h� gmex� \h� \k_o� qzlguo� lZdlZo� kb]gZeh\�

\aZbfhdhjj_eypbb�iZju�dh^h\��

±�fbgbfbaZpby�gZdhie_gby�ihklhyggh]h�mjh\gy���

>Zggu_�lj_[h\Zgby�h[tykgyxlky��\h�i_j\uo��l_f��qlh�

jZ\_gkl\h�gmex�[hdh\uo�kb]gZeh\�\h�\k_o�qzlguo�lZdlZo�

y\ey_lky�b^_Zevguf�^ey�iZj�dh^h\��\h�\lhjuo��gZebqb_�

^\mo� dh^h\�ij_^iheZ]Z_l�h^gh\j_f_ggh_�bkihevah\Zgb_�

^\mo� \uqbkebl_e_c� jZaguo� :DN� b� dZ`^uc� \uqbkebl_ev�

^he`_g�j_Z]bjh\Zlv�gZ�©k\hcª�dh^��g_�aZf_qZy�©qm`h]hª��



�

�

�
���

dZd� b� \k_� hljbpZl_evgu_� kb]gZeu� :DN� b� rmfh\�� \�

lj_lvbo��iheh`bl_evgu_�hkgh\gu_�kb]gZeu�:DN�iha\h�

eyxl� e_]dh� b]ghjbjh\Zlv� [hdh\u_� kb]gZeu� ijhlb\hih�

eh`ghc�iheyjghklb��kihkh[kl\mxsb_� d� lhfm�`_�kgb`_�

gbx�mjh\gy�dhjj_ebjh\Zggh]h�iheh`bl_evgh]h�rmfZ���

Ihbkdb�iZj�dh^h\�k�mdZaZggufb�k\hckl\Zfb�b�\�mdZ�

aZgguo� ]jZgbpZo�ihdZaZeb�� qlh� qbkeh� lZdbo�iZj� m\_eb�

qb\Z_lky�k�jhklhf�jZajy^ghklb��Ihwlhfm�\�^Zevg_cr_f�

[m^ml�ijb\h^blvky�lhevdh�hl^_evgu_�ijbf_ju�^ey�dZ`�

^hc� jZajy^ghklb� b� hlf_qZlvky� ki_pbnbq_kdb_� hkh[_g�

ghklb�dh^h\�b�bo�:DN���

GZebqb_� hljbpZl_evgh� [hdh\h]h� kb]gZeZ� g_� ^Zzl�

\hafh`ghklb�ijbf_g_gby�bg\_jkguo� agZq_gbc� dh^h\��\�

kbem� q_]h� dZ`^uc� ba�gbo� i_j_^Zzl� lhevdh�h^gm�^\hbq�

gmx� bgnhjfZpbx� b� fh`gh� mkeh\blvky�� qlh� i_j_^ZqZ�

dh^Z�
�$ �khhl\_lkl\m_l�i_j_^Zq_�^\hbqgh]h�©�ª��Z�dh^Z�

�% �±�^\hbqghc� ©�ª��G_h`b^Zgghklvx�y\bebkv�r_klgZ�

^pZlv�iZj����jZajy^guo�dh^h\�k�h]jZgbq_gb_f�ihklhyg�

ghc� khklZ\eyxs_c� gZ� mjh\g_� �r �b� �r ��lZ[e�� ����

bf_xsb_�\��qzlguo� �lZdlZo�k\hbo�:DN�lhevdh��gme_\u_�

agZq_��

gby�b��ke_^h\Zl_evgh��g_�gm`^Zxsb_ky�\�kf_`guo�dh^Zo��

lZd� dZd� ^himkdZxl� bkihevah\Zgb_� k\hbo� bg\_jkguo� agZ�

q_gbc�^ey�dh^bjh\Zgby�^\hbqghc�bgnhjfZpbb��<k_�dh^u�

$ �^Zgghc�lZ[e��bf_xl�gZdhie_gby�����Z�dh^u�% k�gZdhi�
e_gbyfb������

MdZaZggu_�dh^u�h[t_^bg_gu�\�iZju�ih�_^bgkl\_ggh�

fm� djbl_jbx� ±� bo� \aZbfgZy� dhjj_eypby� bf__l� \�qzlguo�

lZdlZo�gme_\u_�agZq_gby��q_fm�khhl\_lkl\mxl�^Ze_dh�g_�

\k_� dh^u�=he_y��d�qbkem�dhlhjuo�fh`gh�hlg_klb�b�iZju�

lZ[e�����Ohly�mdZaZggu_�dh^u�ihemq_gu�k�ihfhsvx�ijh�

]jZffu� ihbkdZ�� gh� hgb� \g_� khfg_gby� \ul_dZxl� ba� ���

jZajy^guo�dh^h\�k�ijbf_g_gb_f�j_dmjj_glghc�nhjfmeu�

����� ijbf_g_gb_� dhlhjhc� gZ^_ey_l� j_amevlbjmxsb_� ���

jZajy^gu_� dh^u� k\hckl\Zfb� hlebqgufb� hl� k\hckl\� bk�

oh^guo����jZajy^guo�iZj�=he_y��

Gme_\u_�agZq_gby�:DN�qzlguo�lZdlh\�dh^h\��lZ[e�����

m`_� iha\heyxl� dh^bjh\Zlv� bfb� ^\hbqgmx� bgnhjfZpbx�

ijyfufb� b� bg\_jkgufb� dh^Zfb� [_a� bkihevah\Zgby� kh�

ijy`zggh]h�dh^Z��Ihkdhevdm�i_j\h_�k\hckl\h�mgbdZevgh�b�

g_�ijbkms_�hklZevguf�dh^Zf�qzlghc�jZajy^ghklb��djhf_�

�
Q
���mgbdZevgu_����jZajy^gu_�dh^u�k\_^_gu�\�lZ[e����b�

bkke_^h\ZgZ�bo�ihf_ohmklhcqb\hklv���

�

LZ[ebpZ���

� ���� ���� :\lhdhjj_eypby�:Q
�:Q��%Q
%Q�

:�� ������� ������� ���������������

<�� ������� ������� ���������������

:��� ������������� ������������� ������������������������

:��� ������������� ������������� ��������������������������

:��� ���������������� ��������������� �������������������������������

<��� ��������������� ��������������� �������������������������������

:��� ����������������� ����������������� �����������������������������������

<��� ����������������� ����������������� �����������������������������������

:��� ������������������������ ��������������������� ����������������������������������������������

<��� ���������������������� ��������������������� ���������������������������������������������

LZ[ebpZ���

IZju� Ljhbqgu_�dh^u�:��� Ljhbqgu_�dh^u�%��� >\hbqgu_�dh^u�:�� �%�� �

�� � ���������������������������� ��������������������������� ���������������������

�� � ���������������������������� ��������������������������� ���������������������

�� � ���������������������������� ��������������������������� ���������������������

�� � ���������������������������� ��������������������������� ���������������������

�� � ���������������������������� ��������������������������� ���������������������

�� � ���������������������������� ��������������������������� ���������������������

�� � ���������������������������� ��������������������������� ���������������������

�� � ���������������������������� ��������������������������� ���������������������

�� � ���������������������������� ��������������������������� ���������������������

��� � ���������������������������� ��������������������������� ���������������������

��� � ���������������������������� ��������������������������� ���������������������

��� � ���������������������������� ��������������������������� ���������������������

��� � ���������������������������� ��������������������������� ���������������������

��� � ���������������������������� ������������������������� ���������������������

��� � ���������������������������� ��������������������������� ���������������������

��� � ���������������������������� ��������������������������� ���������������������



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

GZ�jbk����ijb\_^_gZ�:DN�dh^Z�
��$ ����b�lZ`_�:DN�k�

aZij_lhf� j_amevlZlh\� g_qzlguo� lZdlh\�f_lh^hf� mfgh�

`_gby�gZ�ghev�:DN�g_qzlguo�lZdlh\�b�gZ�_^bgbpm�±�qzl�

guo� lZdlh\� :DN�� >ey� kjZ\g_gby� ijb\_^_gu� ZgZeh]bq�

gu_� j_amevlZlu�:DN� dh^Z� Q$��
��� h^ghc� ba� \hkvfb� ���

jZajy^guo� iZj� dh^h\� [_a� ihklhygghc� khklZ\eyxs_c� k�

dhf[bgZpb_c�kb]gZeh\�:DN�qzlguo� lZdlh\� ������ ���������

����������������

��$ � �������������������������

��% � ������������������������

�

Jbk����

Ko_fZ�j_ZebaZpbb�Ze]hjblfZ�\uqbke_gby�:DN�ijb�

\_^_gZ� gZ� jbk�� ���Kh� \oh^gh]h� j_]bkljZ�^Zggu_�� khhl�

\_lkl\mxsb_� jZkiheh`_gbx� \� ihke_^h\Zl_evghklb�

��$ ��% �� ihklmiZxl� gZ� mfgh`bl_eb� �gZ� ����� AZl_f� kh�

k_^gb_� j_amevlZlu� kdeZ^u\Zxlky� ih� ibjZfb^_�� Ihem�

qZ_f� \aZbfhdhjj_eypbx� \oh^gh]h� kb]gZeZ� k�
��$ �b� k�

��% ��>Ze__�\�q_lguo� lZdlZo�\uqbkeyxlky�kmffZ�b�jZa�

ghklv�
��$ �b�

��% �� <� aZ\bkbfhklb� hl� \uoh^Z� b� mjh\gy� ±�

^_dh^bjm_f�q_luj_�khklhygby�

�

Jbk����

Ijh\_^zggu_�kjZ\gbl_evgu_�bkke_^h\Zgby�dh^bjh�

\Zgby�h^gbf�dh^hf�b�iZjZfb�dh^h\�ihdZaZeb�[he__�\u�

khdmx� mklhcqb\hklv� d�rmfZf� \h� \lhjhf� kemqZ_�� qlh� \�

hkgh\ghf��ij_^hij_^_e_gh��kgb`_gb_f�mjh\gy�dhjj_eb��

jh\Zgguo�rmfh\�aZ�kqzl�hljbpZl_evgh]h�nhgZ�[hdh\uo�

kb]gZeh\�� <� lZ[e�� �� ijb\_^_gu� j_amevlZlu� fh^_ebjh�

\Zgby�� \� ijhp_glZo� mdZaZgu� kblmZpbb�� dh]^Z� hkgh\ghc�

kb]gZe�ij_\urZ_l�[hdh\u_� \� ���� jZaZ��<Z`guf�ij_bfm�

s_kl\hf�dh^h\�lZ[e���y\ey_lky�\hafh`ghklv�dh^bjh\Zlv�

k�ihfhsvx�bo�iZj�^\mojZajy^gu_�^\hbqgu_�dh^u�imlzf�

bkihevah\Zgby�bo�ijyfuo�b�bg\_jkguo�agZq_gbc��

LZ[ebpZ���

Rmf���>;� ��$ ��
% ����

�� ����

��� ����

��� �����

��� �����

Kj_^b� fgh`_kl\Z� ���jZajy^guo� iZj� dmfmeylb\guo�

dh^h\�fh`gh� \u^_eblv�^\_� ba� gbo�� bf_xsbo�fbgbfZev�

gu_�gZdhie_gby�ihklhygghc�khklZ\eyxs_c�

����

:�������������������������������

<������������������������������

����

:�����������������������������

<�����������������������������

J_amevlZlu� qzlguo� lZdlh\� :DN� ^Zgguo� dh^h\� \u�

kljZb\Zxl�ke_^mxsbc�jy^�pbnjh\uo�agZq_gbc������������

��������������� ���� <� ^Zgghf� kemqZ_� hlghr_gb_� hkgh\gh]h�

kb]gZeZ�d�[hdh\hfm�m`_�kjZ\gbfh�k�ZgZeh]bqguf�qbkehf�

���jZajy^gh]h� dh^Z� ;Zjd_jZ�� qlh� mdZau\Z_l� gZ� \iheg_�

^himklbfh_� bkihevah\Zgb_� bg\_jkguo� agZq_gbc� dh^h\� b�

m\_ebq_gb_� l_f� kZfuf� \^\h_� ijhimkdghc� kihkh[ghklb�

dZgZeZ� k\yab�� Ijb� bg\_jkghf� agZq_gbb� ijbgbfZ_fh]h�

dh^Z�\k_�kb]gZeu�:DN�bg\_jlbjmxlky��gh�^Z`_�\�g_ij_�

ju\ghf�j_`bf_�i_j_^Zqb�bgnhjfZpbb�[hdh\u_�kb]gZeu�

g_� [m^ml� m^\h_gu�� ihkdhevdm� ij_^u^msbc� dh^� bf__l�

^\hcdb�\�[hdh\uo�kb]gZeZo�\� aZ\_jrZxsbo�iylb�qzlguo�

lZdlZo�� khhl\_lkl\mxsbo� \h� \j_f_gb� iylb� gZqZevguf�

lZdlZf�ke_^mxs_]h�aZ�gbf�dh^Z�k�gme_\ufb�agZq_gbyfb�

\�^Zgguo�qzlguo�lZdlZo���

���jZajy^gmx� iZjm� dmfmeylb\guo� dh^h\� fh`gh� ih�

kljhblv�ba�ex[hc�iZju����jZajy^guo�dh^h\�ijb\_^zgguo�

\ur_��ih�j_dmjj_glghfm�khhlghr_gbx������

:��������������������������������

<�������������������������������

<k_]h�gZc^_gh� ���iZj�k�ZgZeh]bqgufb�k\hckl\Zfb��\�

qzlguo� lZdlZo� k\hbo� :DN� hgb� nhjfbjmxl� ke_^mxsbc�

jy^���������������������������������Wlb�dh^u�b�bo�j_dmjj_gl�

gu_� fh^bnbdZpbb� g_� kh^_j`Zl� ihklhygghc� khklZ\eyx�

s_c��JZajy^ghklv� ^Zgghc� iZju� dh^h\�� y\eyykv� kj_^g_c�

f_`^m����b�����fh`_l�hdZaZlvky�hilbfZevghc�\�l_o�kem�

qZyo�� dh]^Z� g_h[oh^bfu� ^he`gZy� aZsblZ� hl� rmfh\� b�

ki_pbnbq_kdbc�ki_dlj�dh^h\��<ukhdb_�agZq_gby�[hdh\uo�

kb]gZeh\�Z\lhdhjj_eypbb�y\eyxlky�ieZlhc�aZ�hlkmlkl\b_�

ihklhygguo�khklZ\eyxsbo�\�^Zgguo�dh^Zo��

Kj_^b� ���jZajy^guo� dh^h\� gZc^_gu� ��� iZju� dh^h\��

h^bg�ba�^\mo�\�dhlhjuo�g_�bf__l�ihklhygghc�khklZ\eyx�

s_c�b�h[Z�bf_xl�Z\lhdhjj_eypbhgguc�jy^�agZq_gbc��

������������������������������� ���� ijb� gme_\hc� \aZbfh�

dhjj_eypbb��qlh�iha\hey_l�bkihevah\Zlv�^Zggu_� dh^u�\�

^\mo�iheyjghklyo�b�\�g_ij_ju\ghf�j_`bf_�k�khhlghr_�

gb_f�hkgh\gh]h�kb]gZeZ�d�[hdh\hfm�������dZd�\�dh^_�;Zj�

d_jZ� k�fZdkbfZevghc� jZajy^ghklvx��Lbih\ufb�ij_^klZ�



�

�

�
���

\bl_eyfb����jZajy^guo�iZj�y\eyxlky���

����

:���������������������������������

<���������������������������������

����

:���������������������������������

<���������������������������������

Ijh[_e� f_`^m� iheh\bgZfb� dh^h\� ih^qzjdb\Z_l� bo�

m^h[gh_�^ey�^_dh^bjh\Zgby�k\hckl\h��dhlhjh_�iha\hey�

_l�nhjfbjh\Zlv�^\_�:DN� kmffbjh\Zgb_f�ijhf_`mlhq�

guo�:DN�ijZ\hc�ibjZfb^u�k�ijyfuf�b�h^gh\j_f_ggh�k�

bg\_jlbjh\Zgguf� j_amevlZlhf� e_\hc� ibjZfb^u� ^ey�

h[jZah\Zgby�^\mo�kmff��h^gZ�ba�dhlhjuo�\�qzlguo� lZd�

lZo�[m^_l� jZ\gZ� gmex�� Z�^jm]Zy� khklZ\bl� \_ebqbgm� hk�

gh\gh]h�kb]gZeZ�ijbgylh]h�dh^Z��LZdbf�h[jZahf��^hklb�

]Z_lky� ^\hcgZy� wdhghfby� h[hjm^h\Zgby� \uqbkebl_ey�

^\mo�dh^h\��dhlhjZy�^hklb`bfZ�\�l_o�kemqZyo��dh]^Z�g_l�

qzldh]h�jZa^_e_gby�gZ�iheh\bgu�ihegh]h�dh^Z��gh�h^gZ�

iheh\bgZ�jZajy^h\�bf__l�kh\iZ^Zxsb_�dh^u��Z�\lhjZy�

±� bg\_jkgu_�� B� \� wlhf� kemqZ_� ^himklbfh� jZa^_e_gb_�

\uqbkebl_ey�:DN�gZ�^\_�©ibjZfb^uª�k�ijhkluf�h[t_�

^bg_gb_f�bo�kmff��

Ihbkd� ke_^mxsbo� iZj� ���jZajy^guo� dmfmeylb\guo�

dh^h\�ijh\h^beky�ih�mkeh\bx�jZ\_gkl\Z�gmex�bo�ihklh�

ygghc� khklZ\eyxs_c� b� h]jZgbq_gbb� [hdh\uo� kb]gZeh\�

gZ�mjh\g_� ����GZc^_gu�q_luj_�iZju��hl\_qZxsb_�wlbf�

mkeh\byf��^\Z�ijbf_jZ�lZdbo�iZj�dh^h\�ijb\_^zgu�gb�

`_��

����

:�����������������������������������

<�����������������������������������

����

:�����������������������������������

<������������������������������������

Kb]gZeu� qzlguo� lZdlh\� mdZaZgguo� :DN� h[jZamxl�

ke_^mxsmx�ihke_^h\Zl_evghklv���

�������������������������� ��������� ����Kb]gZeu� \aZbfh�

dhjj_eypbb�\h�\k_o�qzlguo�lZdlZo�jZ\gu�gmeyf�dZd�b�\�

ij_^u^msbo� iZjZo� dmfmeylb\guo� dh^h\�� Kms_kl\m_l�

fgh`_kl\h� ^jm]bo� iZj� ���jZajy^guo� dmfmeylb\guo� dh�

^h\�[_a�ihklhygghc�khklZ\eyxs_c�k�gZ[hjZfb�hljbpZ�

l_evguo�[hdh\uo�kb]gZeh\�ba�dhf[bgZpbc���b����k�\dex�

q_gb_f� ���� b� l�^��� h^gZdh� bo� f]gh\_ggu_� gZdhie_gby�

\ur_��q_f�\�i_j\hc�]jmii_��

Ba� fgh`_kl\Z� dmfmeylb\guo� ���jZajy^guo� iZj� dh�

^h\��k�oZjZdl_jbklbdZfb�ZgZeh]bqgufb�dh^Zf�k�jZajy^�

ghklvx�g_�djZlghc�q_lujzf��ijb\h^ylky�gb`_�^\_�iZju�

dmfmeylb\guo� dh^h\� ba� q_lujzo� k� gZ[hjhf� kb]gZeh\�

:DN����������������������������������������

�

����

:�������������������������������������

<��������������������������������������

����

:��������������������������������������

<���������������������������������������

Ihbkd� b� bkke_^h\Zgby� k\hckl\� khijy`zgguo� iZj� dm�

fmeylb\guo�dh^h\�k�gme_\ufb�[hdh\ufb�kb]gZeZfb�:DN�

\�qzlguo� lZdlZo�ihdZaZe�bo�\ukhdmx�mklhcqb\hklv� d�rm�

fZf� b� \hafh`ghklv� m\_ebq_gby� bgnhjfZpbhgghc� zfdh�

klb�aZ�kqzl�ijbf_g_gby�bg\_jkguo�agZq_gbc�dh^h\���

Ebl_jZlmjZ�

���<�F�� =heh\dh\�� ©J_]meyjgu_� dmfmeylb\gu_� dh^uª��

^hdeZ^�gZ�F_`^mgZjh^ghc�dhgn_j_gpbb�©Pbnjh\Zy�h[�

jZ[hldZ�kb]gZeh\ª��Fhkd\Z��fZjl�����]��

���=heh\dh\�<�F��H^ghdZgZevgu_�dmfmeylb\gu_� dh^u�

[_a� ihklhygghc� khklZ\eyxs_c�� <hijhku� jZ^bhwe_dljh�

gbdb��K_jby��W<L���\uimkd����Fhkd\Z�������]h^��

��� %RE� 3HDUVRQ�� &RPSOHPHQWDU\� &RGH� .H\LQJ� 0DGH�

6LPSOH��,QWHUVLO��$1���������PD\�������

��� <DVXR� 7DNL�� ©(YHQ�6KLIW� 2UWKRJRQDO� 6HTXHQFHVª��

,(((�75$16$&7,216�21�,1)250$7,21�7+(25<��92/��

,7�����12�����0$5&+������SS����������

��� ;_jgZj^� Kdeyj�� ©Pbnjh\Zy� k\yavª�� Fhkd\Z� ±�

KZgdl�I_l_j[mj]���Db_\��������

���0�-�(��*ROH\��©&RPSOHPHQWDU\�VHULHVª��,5(�7UDQV��,Q�

IRUP��1KHRU\��YRO�,7���SS��������������
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3DLUV� RI� VLQJOH�FKDQDOV� FXPXODWLYH� FRGHV�$� DQG� %�� ZLWK�

]HUR� VLGH�OREHV� VLJQDOV� DXWRFRUUHODWLRQ� �$&)�� LQ� WKH� HYHQ�

F\FOHV��GHILQHG�E\�FRPPRQ�IRU�DOO�VXEVFULEHUV�RI�IOLJKW�VLJQDO��

,I� WKH� NQRZQ� VLPLODU� FXPXODWLYH� VLQJOH�FKDQQHO� FRGHV� >/�@�

ZLWK� D� UHJXODU� VWUXFWXUH� DQG� ZLWKRXW� D� FRQVWDQW� FRPSRQHQW�

SURYLGHV�WKH�GXUDWLRQ�RI�WKH�FRGHV�FRUUHVSRQGLQJ�WR����WKHQ�LQ�

WKLV�DUWLFOH�DUH�FRGHV�WKDW�GR�QRW�KDYH�D�UHJXODU�VWUXFWXUH�ZLWK�

DQ� HYHQ� GLJLW� IURP� �� WR� ��� ZLWK� WKH� SRVVLELOLW\� RI� PXOWLSOH�

GRXEOH�GLJLW�LQ�WKH�JHQHUDO�UHFXUVLYH�IRUPXOD���

7KH�DGYDQWDJH�RI�WKH�FRQVLGHUHG�FRGHV�LV�WKH�FXPXODWLYH�

H[SDQVLRQ� RI� FKRLFH� RI� FRGH� OHQJWK�� GHSHQGLQJ� RQ� WKH�

VSHFLILF�FRQGLWLRQV�RI� LWV�XVH�DV�D�FRGH�LPSURYHV�WKH�YDOLGLW\�

RI�WKH�UHFHLYHG�LQIRUPDWLRQ��DV�ZHOO�DV�LQFUHDVH�WKH�HIILFLHQF\�

RI�GRXEOH�FRGLQJ��
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Ijhba\h^blky�kjZ\gbl_evguc�ZgZeba�fZeh�hibkZgguo�\�jmkkdhy�

auqghc� ebl_jZlmj_� f_lh^h\� hp_gdb� aZrmfe_gghklb� kb]gZeh\� b�

ij_^eZ]Z_lky�hlghkbl_evgh�ijhklZy�f_lh^bdZ�ke_ihc�hp_gdb�hl�

ghr_gby�kb]gZe�rmf�^ey�kb]gZeh\�k�d\Z^jZlmjgufb�\b^Zfb�fh^mey�

pbb��gZ�ijbf_j_�4$0���Ij_^eZ]Z_lky�fh^bnbdZpby�wlhc�f_lh^bdb��

iha\heyxsZy� hij_^_eblv� \_jhylghklv� [blh\hc� �kbf\hevghc��

hrb[db�k�^hklZlhqgh�\ukhdhc�lhqghklvx�ih�g_[hevrhc�\u[hjd_�b�

[_a�g_h[oh^bfhklb�gZebqby� dZdbo�eb[h� wlZehgguo�ihke_^h\Zl_ev�

ghkl_c�\�kb]gZe_��

M>D���������

F?LH>BD:�G?WL:EHGGHC�HP?GDB�HLGHR?GBY�KB=G:E�RMF��
B�<?JHYLGHKLB�;BLH<HC�HRB;DB�>EY�KB=G:EH<��
K�D<:>J:LMJGHC�FH>MEYPB?C�

>m[h\�F�:���ZkibjZgl�YjhkeZ\kdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ�bf��I�=��>_fb^h\Z��

GZmqguc�jmdh\h^bl_ev���Ijbhjh\�:�E���^�l�g���^hp_gl�YjhkeZ\kdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ�
bf��I�=��>_fb^h\Z��

�
Dexq_\u_� keh\Z�� hlghr_gb_� kb]gZe�rmf��

\_jhylghklv� [blh\hc� hrb[db�� f_lh^bdZ� baf_�

j_gby��g_wlZehggZy�hp_gdZ��

<\_^_gb_�
Kh\j_f_ggu_� kbkl_fu� k\yab�� dZd� ijZ\beh��

bkihevamxl� ki_dljZevgh� wnn_dlb\gu_�f_lh^u�

fh^meypbb� lbiZ�4$0� beb�0�36.��H^gZdh�� dZd�

ba\_klgh� >�@��q_f�\ur_�ihjy^hd�kha\_a^by��l_f�

[he__� \ukhdb_� lj_[h\Zgby� ij_^ty\eyxlky� d�

dZgZem� i_j_^Zqb��Ihwlhfm�fgh]b_� kbkl_fu� �gZijbf_j��

*356�� bkihevamxl� Z^Zilb\guc� ih^oh^� d� jZ[hl_� kbkl_�

fu� k\yab� \�p_ehf��<b^�fh^meypbb� \u[bjZ_lky� dZd� j_�

amevlZl�dhfijhfbkkZ�f_`^m�`_eZ_fhc�kdhjhklvx�i_j_�

^Zqb� ^Zgguo� b� dZq_kl\hf� dZgZeZ� k\yab�� Djhf_� lh]h��

\k_f�pbnjh\uf�kbkl_fZf�k\yab�k\hckl\_g_g�ihjh]h\uc�

wnn_dl��dh]^Z�kbkl_fZ�jZ[hlZ_l�gZ�]jZgb�dhjj_dlbjmx�

s_c� kihkh[ghklb� dZgZevgh]h� ^_dh^_jZ� b�fbgbfZevgh_�

mom^r_gb_� dZq_kl\Z� kb]gZeZ�fh`_l� ijb\_klb� d� h[ju\m�

k\yab��Ihwlhfm�hp_gdZ�[ebahklb�kbkl_fu�d�lZdhfm�ihjh�

]m�kju\Z�iha\hebl�ba[_`Zlv�g_h`b^Zgguo�wnn_dlh\���

Blh]h\uf� djbl_jb_f� dZq_kl\Z� jZ[hlu� pbnjh\hc�

kbkl_fu�k\yab�qZklh�\uklmiZ_l�l_dmsZy�\_ebqbgZ�[blh�

\hc��%(5��beb�kbf\hevghc�hrb[db��6(5��>�@��Bo�baf_j_�

gb_� ijhba\h^blky� eb[h� gZ� hkgh\Zgbb� ZgZebaZ� wlZehg�

guo�ihke_^h\Zl_evghkl_c��dhlhju_�i_j_^Zxlky�\f_kl_�

k�kb]gZehf��eb[h�gZ�hkgh\Zgbb�^Zgguo�h�ijhbkoh^ysbo�

hrb[dZo�� ihemqZ_fuo� hl� ^_dh^_jZ� >�@�� LZdhc� ih^oh^�

ih^jZamf_\Z_l� gZebqb_� wlZehgguo� ihke_^h\Zl_evgh�

kl_c�b�lj_[m_l�^hklZlhqgh�[hevrh]h�dhebq_kl\Z�kbf\h�

eh\�^ey�ihemq_gby�j_amevlZlZ�k�ijb_fe_fhc�ih]j_rgh�

klvx� �jbk���Z��� Djhf_� lh]h�� gZ[ex^Z_lky� agZqbl_evgZy�

aZ\bkbfhklv�\j_f_gb�b�ih]j_rghklb�hij_^_e_gby�%(5�

hl� dhebq_kl\Z� h[jZ[hlZgguo� kbf\heh\��GZijbf_j��^ey�

ih^kq_lZ� %(5� ����� lj_[m_lky� h[jZ[hldZ� g_� f_g__� ����

[blh\��Z�^ey�%(5������±�g_�f_g__�����[blh\��G_dhlhju_�

kbkl_fu� \u^Zxl� j_amevlZl� baf_j_gby�%(5� lhevdh� ih�

ke_�nbdkbjh\Zgby�����hrb[hd�>�@��

Ihoh`Zy� ijh[e_fZ� \hagbdZ_l� b� ijb� l_klbjh\Zgbb�

pbnjh\uo�kbkl_f�k\yab�� l�d��^ey�ih^kq_lZ�\_jhylghklb�

[blh\hc�hrb[db� lj_[m_lky� gZebqb_� bkoh^ghc� ihke_^h�

\Zl_evghklb�[blh\��jbk���[���

K�ijZdlbq_kdhc�lhqdb�aj_gby�[ueh�[u�m^h[gh�bf_lv�

kihkh[�hp_gdb�\_jhylghklb�[blh\hc�hrb[db�ih�kZfhfm�

kb]gZem�[_a� ijb\e_q_gby� dZdbo�eb[h� wlZehgguo�ihke_�

^h\Zl_evghkl_c��GZijyfmx�ijhba\_klb�hp_gdm�%(5��g_�

agZy� i_j_^Zgghc� ihke_^h\Zl_evghklb�� g_\hafh`gh��

h^gZdh�^ey� dZ`^h]h� \b^Z�fh^meypbb� ba\_klgZ�nmgdpbh�

gZevgZy� aZ\bkbfhklv� %(5� hl� hlghr_gby� kb]gZe�rmf�

�HKR��\�dZgZe_��ih�dhlhjhc�_]h�fh`gh�\uqbkeblv��LZdbf�

h[jZahf��_keb�kms_kl\m_l�kihkh[�baf_j_gby�HKR�\� dZ�

gZe_�� lh� agZq_gb_� [blh\hc� hrb[db� [m^_l� ihemq_gh��G_�

^hklZldhf� lZdh]h� ih^oh^Z� y\ey_lky� lh�� qlh� ih^� rmfhf�

ih^jZamf_\Z_lky� lhevdh� Z^^blb\guc�[_euc� ]Zmkkh\kdbc�

rmf� �:;=R���^jm]b_�bkdZ`_gby�kb]gZeZ��\� l�q��ijbkmsb_�

jZ^bhdZgZeZf�aZfbjZgby��g_�mqblu\Zxlky�

�

Jbk�����LjZ^bpbhggu_�f_lh^u��

baf_j_gby�\_jhylghklb�[blh\hc�hrb[db�

<� ebl_jZlmj_� ih� klZlbklbq_kdhc� l_hjbb� jZ^bhl_ogb�

q_kdbo�kbkl_f� >�@�^hklZlhqgh�ih^jh[gh�hibkZgu�f_lh^u�

hp_gdb� jZaebqguo� iZjZf_ljh\� kb]gZeh\�� h^gZdh� hp_gdZ�

^bki_jkbb� rmfZ� y\ey_lky� ^hklZlhqgh� keh`ghc� b� fZeh�

hibkZgghc� aZ^Zq_c�� Ijb� g_ba\_klghc� ^bki_jkbb� rmfZ�

ijbf_gyxl�� dZd� ijZ\beh�� Z^Zilb\gu_� f_lh^u�� dhlhju_�

^hklZlhqgh�mki_rgh�jZ[hlZxl��gh�g_�j_rZxl�aZ^Zqb�g_�

ihkj_^kl\_gghc�hp_gdb�wlhc�\_ebqbgu��>hklZlhqgh�ihe�

gZy� l_hjby� kbgl_aZ� mkljhckl\� hp_gdb� hlghr_gby� kb]�

gZe�rmf��\� l�q��hilbfZevguo��hibkZgZ�\�fhgh]jZnbb� >�@��

Dhebq_kl\h�iZl_glh\� gZ�ih^h[gu_� mkljhckl\Z�g_� khdjZ�

sZ_lky�b�\�gZklhys__�\j_fy��<�hkgh\ghf�hgb�hkgh\Zgu�

gZ�f_lh^Zo�ijyfh]h�baf_j_gby�fhsghklb�kb]gZeZ�b�rm�

fZ�k�ihfhsvx�gZdZieb\Zxsbo�baf_jbl_e_c�f]gh\_gghc�

fhsghklb� >�@�� \u^_e_gby�nZah\uo�nemdlmZpbc� kb]gZeZ��

h[mkeh\e_gguo�\ebygb_f�ihf_o��b�bo�ZgZebaZ�gZ�hkgh\_�

ihemq_gghc�aZ\bkbfhklb�^bki_jkbb�nZah\uo�nemdlmZpbc�
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hl�HKR� >�@�� kljh[hkdhibq_kdh]h� wnn_dlZ� �baf_jbl_ev�

BKR��� ©GBB� l_e_\b^_gbyª��� wlZehgguo�kb]gZeh\� >�@� b�

^j��Hlebqbl_evghc�hkh[_gghklvx�ijb\_^_gguo�f_lh^h\�

y\ey_lky� lh�� qlh� ijZdlbq_kdb� \k_� hgb� ZgZeh]h\u_� ih�

k\h_c�kmlb�b�g_�mqblu\Zxl�hkh[_gghkl_c�h[jZ[Zlu\Z_�

fuo�kb]gZeh\��

<�^Zgghc�jZ[hl_�ijhba\h^blky�ZgZeba�fZeh�hibkZg�

guo� \� jmkkdhyauqghc� ebl_jZlmj_� f_lh^h\� hp_gdb� aZ�

rmfe_gghklb� kb]gZeh\� b� ij_^eZ]Z_lky� hlghkbl_evgh�

ijhklZy�f_lh^bdZ�ke_ihc�hp_gdb�hlghr_gby�kb]gZe�rmf�

^ey� kb]gZeh\� k� d\Z^jZlmjgufb� \b^Zfb� fh^meypbb� �gZ�

ijbf_j_�4$0���Ij_^eZ]Z_lky�fh^bnbdZpby�wlhc�f_lh�

^bdb�� iha\heyxsZy� hij_^_eblv� \_jhylghklv� [blh\hc�

�kbf\hevghc�� hrb[db� k� ^hklZlhqgh� \ukhdhc� lhqghklvx�

ih� g_[hevrhc� \u[hjd_� b� [_a� g_h[oh^bfhklb� gZebqby�

dZdbo�eb[h�wlZehgguo�ihke_^h\Zl_evghkl_c�\�kb]gZe_��

F_ljbdb�^ey�hp_gdb�bkdZ`_gbc�kb]gZeh\�

>ey�h[sghklb�jZkkm`^_gby�kgZqZeZ�hij_^_ebfky�kh�

agZq_gb_f�deZkkbq_kdbo�f_ljbd��hlghr_gb_�kb]gZe�rmf�

�615���hlghr_gb_�g_kmsZy�rmf��&15���hlghr_gb_�wg_j�

]bb� [blZ� d� ki_dljZevghc� iehlghklb� fhsghklb� rmfZ�

�(E�1��� b� hlghr_gb_� wg_j]bb� kbf\heZ� d� ki_dljZevghc�

iehlghklb�fhsghklb�rmfZ��(V�1����

F_ljbdZ� 615� ±� wlh� hlghr_gb_� kj_^g_c� fhsghklb�

kb]gZeZ� d� kj_^g_c� fhsghklb� rmfZ� \� ihehk_� kb]gZeZ��

Ih^� kb]gZehf� ih^jZamf_\Z_lky� \b^_hkb]gZe�� khkj_�

^hlhq_gguc� \� gbadhqZklhlghc� qZklb� ki_dljZ� �^h�fh^m�

eylhjZ� \� i_j_^Zlqbd_� beb� ihke_� ^_fh^meylhjZ� \� ijb�

_fgbd_���F_ljbdZ�&15� ±� wlh�hlghr_gb_� kj_^g_c�fhs�

ghklb�g_kms_c��beb�jZ^bhkb]gZeZ��d�kj_^g_c�fhsghklb�

rmfZ�\�rmfh\hc�ihehk_� �ihke_�fh^meylhjZ�\�i_j_^Zl�

qbd_�beb�^h�^_fh^meylhjZ�\�ijb_fgbd_���Hkgh\guf�g_�

^hklZldhf� wlbo�f_ljbd� y\ey_lky� lh�� qlh�hgb� g_� mqblu�

\Zxl� \gmljbihehkgu_� bkdZ`_gby� kb]gZeZ��Ihwlhfm� ^Z�

`_�ijb�\ukhdbo� agZq_gbyo�&15�kb]gZe�fh`_l�[ulv�bk�

dZ`_gguf� >�@�� Wlb� f_ljbdb� y\eyxlky� _kl_kl\_ggufb�

^ey�hp_gdb�bkdZ`_gbc�ZgZeh]h\uo�kb]gZeh\��

>ey�pbnjh\uo�kb]gZeh\�_kl_kl\_ggufb�f_jZfb� dZ�

q_kl\Z�y\eyxlky�hlghr_gby�(E�1��beb�(V�1���ihdZau\Zx�

sb_� khhl\_lkl\_ggh� hlghr_gby� wg_j]bb� [blZ� (E� beb�

kbf\heZ�(V� d� ki_dljZevghc� iehlghklb� fhsghklb�rmfZ�

1�� >�@�� H^gZdh� hgb� ihqlb� gbdZd� g_� oZjZdl_jbamxl� hl�

^_ev�gu_� \b^u� kb]gZeh\�� \� qZklghklb� d\Z^jZlmjgu_��

ohly�nhjfZevgh�ijbf_gbfu�b�bkihevamxlky�gZ�ijZdlb�

d_��

?kl_kl\_gghc�f_jhc�bkdZ`_gby�d\Z^jZlmjguo�kb]gZ�

eh\�y\ey_lky�f_jZ�hldehg_gby�lhq_d�kha\_a^by�hl�k\hbo�

hjb]bgZevguo� iheh`_gbc� >��@�� Gb`_� ijb\_^_gu� ljb�

f_ljbdb�� dhlhju_� ihemqbeb� gZb[hevr__� jZkijhkljZ�

g_gb_��<k_�hgb�g_�bf_xl�mklhy\rboky�gZa\Zgbc�gZ�jmk�

kdhf�yaud_��ihwlhfm�[m^_f�bkihevah\Zlv�k\hc�\ZjbZgl�

i_j_\h^Z��

0RGXODWLRQ�(UURU�5DWLR� �0(5��±�dhwnnbpb_gl�fh^m�

eypbhgguo�hrb[hd�±�wlh�hlghr_gb_�kj_^g_c�fhsghklb�

kbf\heZ�d�kj_^g_c�fhsghklb�hrb[db��\ujZ`_ggh_�\�^;�

>��� �����@�� <� lZdhc� nhjfmebjh\d_� _]h� e_]dh� kimlZlv� k�

deZkkbq_kdhc� f_jhc� hlghr_gby� kb]gZe�rmf� �615��� Gh�

615�hij_^_e_gh�^ey�h[uqguo�\b^_hkb]gZeh\��Z�0(5�±�

bf_ggh�^ey�d\Z^jZlmjguo��Lh�_klv��fh`gh�kdZaZlv��qlh�

0(5�±�wlh�pbnjh\hc�ZgZeh]�615�^ey�d\Z^jZlmjguo�kb]�

gZeh\��
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Jbk������=jZnbq_kdh_�ij_^klZ\e_gb_�\_dlhjZ�hrb[db�

Ijb�hij_^_e_gbb�kj_^g_c�fhsghklb�hrb[db�bkihev�
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LZdbf� h[jZahf�� 0(5� ±� wlh� ijyfZy� b� _kl_kl\_ggZy�

f_jZ� bkdZ`_gby� d\Z^jZlmjguo� kb]gZeh\�� Ijbq_f� lZdmx�

f_ljbdm�fh`gh� hlg_klb� d� deZkkm� wlZehgguo�� l�d�� ^ey� __�

jZkq_lZ� lj_[m_lky� agZgb_� dZd�i_j_^Zggh]h�� lZd�b�ijbgy�

lh]h�kb]gZeh\��

<f_klh�hjb]bgZevguo��i_j_^Zgguo��agZq_gbc�dhhj^b�

gZl� lhqdb� kha\_a^by�
N,
� �b�

N
4� �fh`gh� bkihevah\Zlv� dhhj�

^bgZlu�� \hkklZgh\e_ggu_� \� ijb_fgbd_�� <� lZdhf� kemqZ_�

fu�ijboh^bf�d�g_wlZehgghc�fh^bnbdZpbb�f_ljbdb�0(5��

LZdh_� \hafh`gh� lhevdh� ^ey� ^bkdj_lguo� kb]gZeh\�� b� \�

wlhf� aZdexqZ_lky� ijbgpbibZevgh_� hlebqb_� ^Zgghc� b�

ihke_^mxsbo� f_ljbd� hl� ljZ^bpbhgguo�� hij_^_e_gguo�

^ey� ZgZeh]h\uo� kb]gZeh\��Gb`_� [m^_f� ^h[Z\eylv�[md\m�

©5ª��hl�keh\Z�©UHFHLYHª��d�gZa\Zgbx�lZdbo�f_ljbd�>�@��LZ�

dbf� h[jZahf�� g_wlZehggZy� f_ljbdZ�� lj_[mxsZy� agZgby�

lhevdh�ijbgylh]h�kb]gZeZ��[m^_l�gZau\Zlvky�50(5����

<�g_dhlhjuo�bklhqgbdZo��gZijbf_j�>��@��^hihegbl_ev�

gh�\\h^blky�nhjfmeZ�jZkq_lZ�0(5�^ey�dZ`^h]h�hl^_ev�

gh]h�kbf\heZ��N�]h��\gmljb�nj_cfZ��

� �� �

�

�

�

��OJ �

1

N NN

N

N

, 4
10(5

H
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� ����

<� kemqZ_�� _keb� \� kbkl_f_� ^_ckl\m_l� bkdexqbl_evgh�

:;=R�b�ihehkZ�kb]gZeZ�jZ\gZ�kbf\hevghc�kdhjhklb��djb�

l_jbc� GZcd\bklZ��� lh� wlZehggh_� 0(5� qbke_ggh� jZ\gh�

hlghr_gbx�kb]gZe�rmf�>��@��
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kdh]h�hldehg_gby�\_dlhjZ�hrb[db�d�kj_^g_c�Zfieblm^_�

d\Z^jZlmjgh]h�kb]gZeZ��\ujZ`_ggh_�\�ijhp_glZo��
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>ZggZy� \_ebqbgZ� h[jZlgh� ijhihjpbhgZevgZ� 0(5��

Ih�ZgZeh]bb�k�0(5�^ey�dZ`^h]h�kbf\heZ�fh`gh�\\_klb�

b�nhjfmem�jZkq_lZ�(90��

� �

�

� �

�

���� �����
�

NN
N
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F

N NN

HH
(90
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� ����

Ijb\_^_ggu_� \ur_� f_ljbdb� h^ghagZqgh� k\yaZgu�

^jm]�k�^jm]hf��ihwlhfm�^hklZlhqgh�agZlv�lhevdh�h^gm�ba�

gbo��qlh[u�ihemqblv�agZq_gb_�^jm]hc��

> @ > @ > @�

�
��OJ ��OJ �0(5 ^; (90 jZa

(90 jZa
  � � ����

:DYHIRUP�4XDOLW\� )DFWRU� �:4)�� ±� dhwnnbpb_gl� dZ�

q_kl\Z� kb]gZeZ� ±� lj_lvy� jZkijhkljZg_ggZy� f_ljbdZ��

dhlhjmx�hij_^_ebf��kh]eZkgh�>��@��dZd�hlghr_gb_�kj_^�

g_c�ih�nj_cfm�fhsghklb�hjb]bgZevgh]h�kb]gZeZ�
hjb]3 �d�

kj_^g_c�fhsghklb�ijbgylh]h�
ijbgyl3 ��

�
�

hjb] hjb]

ijbgyl hjb] dhj hr

3 3
:4)

3 3 3 3
  

� �
� ����

]^_�
dhj3 �±�dhjj_eypbhgguc�fhf_gl�kb]gZeZ�b�hrb[db��<�

kemqZ_�� _keb� dhjj_eypbb� g_l�� \_ebqbgZ� � dhj3 �h[jZsZ�

_lky�\�ghev��b�klZgh\blky�\hafh`guf�\ujZablv�hlghr_�
gb_�kb]gZe�rmf�q_j_a�\_ebqbgm�:4) ��

��OJ �
�

hjb]

hr

3 :4)
615

3 :4)

§ ·
 | ¨ ¸�© ¹

� �����

Ba� lZdhc� nhjfmebjh\db� \b^gh�� qlh� \_dlhj� hrb[db�

hl^_evgh� jZkkqblu\Zlv� g_� lj_[m_lky�� ^hklZlhqgh� mk�

j_^gblv�ih�nj_cfm�fhsghklv�ijbgyluo�b�hjb]bgZevguo�

�beb�\hkklZgh\e_gguo�\�ijb_fgbd_��kbf\heh\��

BagZqZevgh� hibkZggu_� \ur_� wlZehggu_� f_ljbdb�

[ueb�ij_^gZagZq_gu�ebrv�^ey� bkihevah\Zgby� \�i_j_�

^ZlqbdZo��l�d��hgb�ih^jZamf_\Zxl��qlh�bkoh^guc�kb]gZe�

ba\_kl_g��0(5� b�(90� h[yaZgu� k\h_fm� ihy\e_gbx� dZ�

[_evghfm�l_e_\b^_gbx�>�@��Z�:4)�±�kbkl_f_�k�rmfhih�

^h[gufb� kb]gZeZfb�� \� qZklghklb� &'0$� >��@�� H^gZdh�

k_cqZk�wlb�f_ljbdb�bkihevamxlky�lZd`_�ijb�l_klbjh\Z�

gbb� dZgZeh\�b�ijb_fgbdh\��IjZdlbq_kdb�\k_�kh\j_f_g�

gu_�ijb[hju��ij_^gZagZq_ggu_�^ey�ZgZebaZ�fh^mebjh�

\Zgguo� kb]gZeh\�� bf_xl�nmgdpbb� ih^kq_lZ�%(5��0(5�

beb�(90�>�����@��?kl_kl\_ggh��gZb[he__�bgl_j_k_g�kem�

qZc�� dh]^Z� hjb]bgZevgh_� kb]gZevgh_� kha\_a^b_� g_ba�

\_klgh��b�jZkq_l�\_^_lky�ih�\hkklZgh\e_gghfm�kha\_a�

^bx��h^gZdh�g_wlZehggu_�f_ljbdb�bf_xl�k\hb�hkh[_g�

ghklb�b�gZ�^Zgguc�fhf_gl�bkke_^h\Zgu�fZeh�>������@��

Bkke_^h\Zgb_�g_wlZehgguo�f_ljbd�

=eZ\gZy� ijh[e_fZ� bkihevah\Zgby� g_wlZehgguo� f_l�

jbd� aZdexqZ_lky� \� lhf�� qlh�\� kemqZ_� hrb[db� \� kbf\he_�

\_ebqbgZ�fh^mey�\_dlhjZ�hrb[db�hdZ`_lky�f_gvr_��q_f�

gZ�kZfhf�^_e_�� l�d��^_l_dlhj�k�`_kldbf�j_r_gb_f� ©ijb�

lyg_lª� kbf\he� d� [eb`Zcr_c� lhqd_� kha\_a^by� �jbk�� ����

GZijbf_j�� agZq_gb_� 50(5� hdZ`_lky� aZ\ur_gguf� ih�

kjZ\g_gbx� k� wlZehgguf�0(5��<�f_ljheh]bq_kdbo� j_dh�

f_g^Zpbyo� >�@�wlhl�fhf_gl�hlf_qZ_lky��gh�imlb�_]h�ij_�

h^he_gby�g_�ijb\h^blky��Ij_^eZ]Z_lky�kqblZlv�agZq_gb_�

50(5�g_dhjj_dlguf��_keb�\_ebqbgZ�kbf\hevghc�hrb[db�

ij_\urZ_l����

�

Jbk�����NjZ]f_gl�kha\_a^by�\�kemqZ_�fZeh]h��ke_\Z���

b�[hevrh]h��kijZ\Z��rmfZ�

<�k\yab�k�wlbf�ij_^_e�baf_j_gby�ijb[hjh\�h]jZgbq_g�

kgbam� agZq_gb_f� 50(5�� khhl\_lkl\mxs_f� kbf\hevghc�

hrb[d_�ihjy^dZ� ��
��
�·���

���
b� gZau\Z_lky

�
ihjh]hf� hldZaZ��

?kl_kl\_ggh��wlh�agZq_gb_�aZ\bkbl�hl�lbiZ�fh^meypbb�b�

khklZ\ey_l�� gZijbf_j�� ^ey� 436.� ��·���� ^;�� ���4$0�

���·���� ^;�� ���4$0� ��� ·� ��� ^;�� ����4$0� ��� ·� ��� ^;��

<_jogbc� ij_^_e� [hevrbgkl\Z� ijb[hjh\� h]jZgbq_g� ���

·���� ^;� ^Z`_� ^ey� b^_Zevgh]h� g_aZrmfe_ggh]h� kb]gZeZ��

Wlh� k\yaZgh�k�gZebqb_f�rmfZ�� \ghkbfuf� kZfbf�ijb[h�

jhf� >�@��Hlf_lbf� lhl�nZdl��qlh�ijb[hju�^hihegbl_evgh�

baf_jyxl�%(5� beb�6(5� hibkZggufb� \h� \\_^_gbb�f_lh�

^Zfb��qlh�iha\hey_l�ijbgylv�j_r_gb_�hlghkbl_evgh�dhj�

j_dlghklb� 50(5�� Z� lbibqgZy� aZy\e_ggZy� ih]j_rghklv�

hij_^_e_gby�50(5�����^;�>��@��

>ey� lh]h� qlh[u� ijhZgZebabjh\Zlv� ih\_^_gb_� g_wlZ�

ehgguo� f_ljbd� ijb� HKR� f_gvr_� ihjh]Z� hldZaZ�� [ueh�

ijh\_^_gh�fh^_ebjh\Zgb_�kbkl_fu�k\yab�b�jZkq_l�f_l�

jbd�ih�\ur_mdZaZgguf�nhjfmeZf�\�kj_^_�0DW/DE�\_jkbb�

����E��GZ� jbk�� ��ijb\_^_gZ� kljmdlmjgZy� ko_fZ� wdki_jb�

f_glZevghc�fh^_eb�gZ�ijbf_j_�f_ljbdb�0(5��<h�\j_fy�

wdki_jbf_glh\�\k_]^Z�ih^^_j`b\ZeZkv�ihklhyggZy�kj_^�

gyy�fhsghklv�kha\_a^by�

�

Jbk�����KljmdlmjgZy�ko_fZ�wdki_jbf_glZevghc�fh^_eb�

GZ�jbk����ijb\_^_gu�wdki_jbf_glZevgu_�aZ\bkbfhklb�

mkj_^g_gguo�ih�.� �����nj_cfZf��dZ`^uc�nj_cf�khklh�

bl�ba�1� ������kbf\heh\���agZq_gbc�0(5���ihemq_gguo�ih�

hjb]bgZevghfm�b�\hkklZgh\e_gghfm�kha\_a^bx�^ey�4$0�

jZaebqguo�ihjy^dh\��
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�

�
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�

Jbk�����&jZ\g_gb_�wlZehgghc�b�g_wlZehgghc�f_ljbd�0(5�

Ih� ]jZnbdZf�\b^gh��qlh�gb`_�hij_^_e_ggh]h�agZq_�

gby�(6�1���\k_�g_wlZehggu_�djb\u_�b^ml�\\_jo�ih�kjZ\�

g_gbx� k� wlZehggufb�� l�_�� agZq_gb_� 50(5� ^_ckl\b�

l_evgh� hdZau\Z_lky� aZ\ur_gguf�� qlh� ^Z_l� f_lh^bq_�

kdmx�hrb[dm�^h���·���^;��GZqZeh�jZkoh`^_gby�]jZnbdh\�

khhl\_lkl\m_l� mdZaZgguf� \ur_� ij_^_eZf� �ihdZaZgh�

imgdlbjhf���Hlf_lbf�� qlh� kblmZpbb�� dh]^Z� h^ghfm� agZ�

q_gbx�50(5�khhl\_lkl\m_l�^\Z�jZaguo�agZq_gby�(6�1���

g_�gZ[ex^Z_lky��nmgdpby�fhghlhggh�m[u\Z_l�k�mf_gv�

r_gb_f�HKR��Wlh� hq_gv� \Z`gZy� hkh[_gghklv�� dhlhjZy�

iha\hey_l� ih� baf_j_gghfm� 50(5� h^ghagZqgh� \hkklZ�

gh\blv�bklbggh_�agZq_gb_�HKR�b�l_f�kZfuf�jZkrbjblv�

^bZiZahg�baf_jbl_evguo�ijb[hjh\���

KjZ\gbf� l_i_jv� wlZehggmx� b� g_wlZehggmx�f_ljbdb�

(90��Ko_fZ�wdki_jbf_glZ�ZgZeh]bqgZ�bah[jZ`_gghc�gZ�

jbk�� ��� aZ� bkdexq_gb_f� baf_jbl_ey�� J_amevlZlu� ^ey�

^\mo�\b^h\�fh^meypbb�ij_^klZ\e_gu�gZ�jbk�����

DZd�b�ke_^h\Zeh�h`b^Zlv��g_wlZehggZy�f_ljbdZ�lZd�

`_�^Z_l�j_amevlZl��emqr_�j_Zevgh]h�ijb�gbadbo�agZq_gb�

yo�HKR��Ihkdhevdm�hgZ�h^ghagZqgh�k\yaZgZ�k�0(5�b�615�

nhjfmehc������lh�k�ijZdlbq_kdhc�lhqdb�aj_gby�^ey�aZ^Zqb�

hij_^_e_gby�HKR�m^h[g__�bkihevah\Zlv�0(5��

GZdhg_p�� jZkkfhljbf� g_wlZehggmx� f_ljbdm� :4)��

HgZ�ijbgpbibZevgh�hlebqZ_lky�hl�hibkZgguo�\ur_�l_f��

qlh�hl^_evguc�jZkq_l�\_dlhjZ�hrb[db�g_�lj_[m_lky��DZd�

wlh� hljZ`Z_lky� gZ� j_amevlZl_�� ihdZaZgh� gZ� jbk�� ��� Ih�

]jZnbdZf� \b^gh�� qlh� hrb[dZ�f_ljbdb� ^hklZlhqgh�fZeZ��

gh� \uqbke_gb_�HKR� ih�nhjfme_� ����� aZljm^g_gh�� hkh�

[_ggh�ijb�[hevrbo�agZq_gbyo�(V�1���l�d��lj_[m_lky�hq_gv�

\ukhdZy� lhqghklv�ihemq_gby� agZq_gby�:4)�b�\hagbdZ_l�

hiZkghklv�^_e_gby�gZ�ghev���

DZd�blh]��fh`gh�hlf_lblv�h[smx�hkh[_gghklv�g_wlZ�

ehgguo�f_ljbd��hgb�\k_�bf_xl�kdehgghklv�d�\u^Zq_�[h�

e__� ohjhr_]h� j_amevlZlZ�� q_f� wlZehggu_�� K� ijZdlbq_�

kdhc� lhqdb� aj_gby� gZb[he__� m^h[gZ� ^ey� bkihevah\Zgby�

f_ljbdZ�0(5�

�

Jbk�����KjZ\g_gb_�wlZehgghc�b�g_wlZehgghc�f_ljbd�(90�
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Jbk�����&jZ\g_gb_�wlZehgghc�b�g_wlZehgghc�f_ljbd�:4)�

F_lh^bdZ�hp_gdb�hlghr_gby�kb]gZe�rmf�

IhklZ\bf�ke_^mxsmx�aZ^Zqm��Lbi�fh^meypbb�kb]gZ�

eZ�ba\_kl_g����4$0��436.������4$0�����4$0�beb�����

4$0���_^bgkl\_gguc�bkdZ`Zxsbc�nZdlhj�±�:;=R��rm�

fu� d\Zglh\Zgby�g_�mqblu\Zxlky��i_j_^Z\Z_fZy�ihke_�

^h\Zl_evghklv� [blh\� g_� ba\_klgZ�� Ij_^eZ]Z_lky� hp_�

gblv� hlghr_gb_� kb]gZe�rmf� \� ijb_fgbd_� k� ©`_kldbfª�

^_l_dlhjhf��

>ey�hp_gdb�hlghr_gby�kb]gZe�rmf�[m^_f�bkihevah�

\Zlv� g_wlZehggmx�f_ljbdm�50(5��GZ� jbk�� �� ihdZaZgh��

qlh�hgZ�^Z_l�g_kf_s_ggmx�hp_gdm�HKR�lhevdh�\�kemqZ_�

6(5� �� ������ qlh� jZ\ghkbevgh� hij_^_e_gghfm� ihjh]m��

dhlhjuc� h^ghagZqgh� hij_^_ey_lky� ^ey� dZ`^h]h� lbiZ�

fh^meypbb�� <� kemqZ_� gZoh`^_gby� gb`_� ihjh]Z� hldZaZ�

\hagbdZ_l� f_lh^bq_kdZy� hrb[dZ�� aZ\bkysZy� hl� j_Zev�

gh]h� HKR� \� dZgZe_�� AgZq_gb_� 50(5� \� lZdhf� kemqZ_�

^he`gh�[ulv�kdhjj_dlbjh\Zgh��

<�aZ\bkbfhklb�hl�ZiiZjZlghc�j_ZebaZpbb�baf_jbl_�

ey� ih]j_rghklv� fh`_l� [ulv� kdhjj_dlbjh\ZgZ� ^\mfy�

kihkh[Zfb���

��� kha^Zgb_f� dZeb[jh\hqghc� lZ[ebpu� k�rZ]hf�� hi�

j_^_eyxsbf� lhqghklv� f_lh^Z� �fgh]h� iZfylb� ±� fZeh�

\uqbke_gbc���

���ZiijhdkbfZpb_c�djb\hc�gb`_�ihjh]Z�hldZaZ�dZdhc�

eb[h�nmgdpb_c��fZeh�iZfylb�±�fgh]h�\uqbke_gbc���

<� dZq_kl\_� Ziijhdkbfbjmxsbc� nmgdpbb� \u[_j_f�

ihebghf��dhwnnbpb_glu�dhlhjh]h�fh]ml�[ulv�gZc^_gu�k�

ihfhsvx�f_lh^Z�gZbf_gvrbo�d\Z^jZlh\��FGD���

� � � � � �� �

� � � �

�

���V( D D 50(5 D 50(5 D 50(5
1

 � � � � � �����

J_amevlZl� \uqbke_gby� dhwnnbpb_glh\� ijb\_^_g� \�

lZ[e�����ijb�mkeh\bb��qlh�50(5�b�(6�1��\ujZ`_gu�\�^;��<�

lZ[ebp_� lZd`_� mdZaZgZ� kj_^g_d\Z^jZlbq_kdZy� hrb[dZ�

�KDH��1� gZ� aZ^Zgghf�^bZiZahg_� baf_j_gbc�'��Hlf_lbf�

ke_^mxsmx� aZdhghf_jghklv�� �� k� m\_ebq_gb_f� ihjy^dZ�

kha\_a^by� mf_gvrZ_lky� lhqghklv� ZiijhdkbfZpbb�� Z� ih�

jy^hd�ihebghfZ�jZkl_l��

Hl^_evgh�ke_^m_l�hlf_lblv��qlh�djb\Zy�gZ�jbk�����kh�

hl\_lkl\mxsZy�g_wlZehgghc�f_ljbd_��ihemq_gZ�gZ�hq_gv�

[hevrhc� \u[hjd_� kbf\heh\�� J_Zevgh� wdki_jbf_glZev�

gu_�lhqdb�g_kdhevdh�jZkk_ygu�hdheh�g__��qlh�h[mkeZ\eb�

\Z_l� kemqZcgmx� ih]j_rghklv� f_lh^Z�� GZ� jbk�� �� ij_^�

klZ\e_gu� ]jZnbdb� aZ\bkbfhklb� KDH� hl� hlghr_gby� kb]�

gZe�rmf� ^ey� jZaebqguo�fh^meypbc��<b^gh�� qlh� ^ey� g_�

wlZehgghc� f_ljbdb� \_ebqbgZ� ih]j_rghklb� aZ\bkbl� hl�

Z[khexlgh]h�agZq_gby�(6�1��ijb�gZoh`^_gbb�gb`_�ihjh]Z�

hldZaZ��

F_lh^bdZ�hp_gdb�\_jhylghklb�[blh\hc�hrb[db�

Ij_^eh`_ggZy�\ur_�f_lh^bdZ�fh`_l�[ulv�bkihevah�

\ZgZ�g_� lhevdh�^ey�hij_^_e_gby�HKR��gh�b�^ey�\uqbk�

e_gby� ih� g_fm� \_jhylghklb� [blh\hc� �beb� kbf\hevghc��

hrb[db�� ;m^_f� jZkkfZljb\Zlv� ih�ij_`g_fm� fh^meypbb�

lbiZ�4$0��ijb�mkeh\bb��qlh�kha\_a^b_�g_�bkdZ`_gh�gbdZ�

dbfb�^jm]bfb�nZdlhjZfb�djhf_�:;=R�b�wnn_dl� d\Zglh�

\Zgby�g_�mqblu\Z_lky��Lh]^Z�hij_^_eblv�agZq_gb_�[blh�

\hc�hrb[db�\�ijb_fgbd_�fh`gh�ke_^mxsbf�h[jZahf��

���baf_jblv�50(5�ih�\hkklZgh\e_gghfm�ihke_�hilb�

fZevgh]h�^_l_dlbjh\Zgby�kha\_a^bx��

LZ[ebpZ����Dhwnnbpb_glu�Ziijhdkbfbjmxs_]h�ihebghfZ�

Fh^meypby� D�� D�� D�� D�� D�� D�� 1��^;� '��^;�

��4$0� ������� ������ ������� �� �� �� ����� �����

���4$0� ������ ������� ������ ������� o� �� ���� ������

���4$0� ������� ������� ������� ������� ������� �� ����� ������
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���_keb�50(5�ij_\urZ_l�djblbq_kdh_�agZq_gb_�^ey�

^Zggh]h� lbiZ�fh^meypbb�� lh�(V�1�� �50(5��_keb�\_eb�

qbgZ� 50(5� ihiZ^Z_l� gZ� g_ebg_cgmx� qZklv� ]jZnbdZ�

�jbk������ agZq_gb_�(V�1��jZkkqblu\Z_lky�k�mq_lhf�f_lh�

^bq_kdhc�hrb[db�ih�ijb\_^_gghc�\ur_�nhjfme_�������

��� jZkkqblZlv� agZq_gb_�%(5�ih�fh^bnbpbjh\Zgghc�

nhjfme_�ba�>�����@��
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]^_�N�±�qbkeh�[bl�kbf\he��0�±�ihjy^hd�kha\_a^by��4�[��±�

nmgdpby�hrb[hd��hij_^_e_ggZy��gZijbf_j��\�>�@��

Ij_^eh`_ggZy� f_lh^bdZ� hldju\Z_l� ijbgpbibZevgh�

^jm]hc�ih^oh^�d�hij_^_e_gbx�%(5�\�ijb_fgbd_�ih�kjZ\�

g_gbx� k� deZkkbq_kdbfb� ih^oh^Zfb�� hibkZggufb� \� >�@��

=eZ\gu_� hlebqby�� g_l� dZdbo�eb[h� wlZehgguo� ihke_^h\Z�

l_evghkl_c� b� kb]gZeh\�� %(5� hij_^_ey_lky� g_� ijyfuf�

ih^kq_lhf� hrb[hqguo� [blh\�� Z� \uqbkey_lky� gZ� hkgh\Z�

gbb�baf_j_ggh]h�HKR���

LZdhc�ih^oh^�^Z_l�agZqbl_evguc�\ub]jur�ih�\j_f_�

gb�hij_^_e_gby�%(5��jbk�����ijb�[hevrbo�HKR�b�g_�mk�

lmiZ_l�deZkkbq_kdbf�ijb�fZeuo�

�

Jbk�����Ij_bfms_kl\h�ij_^eZ]Z_fhc�f_lh^bdb�ijb�[hevrbo�(6�1��
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AZdexq_gb_�

Ij_^eh`_gZ� f_lh^bdZ� hp_gdb� hlghr_gby� kb]�

gZe�rmf� ^ey� kb]gZeh\� k� d\Z^jZlmjgufb� \b^Zfb�fh^m�

eypbb�gZ�hkgh\Zgbb�g_wlZehgghc�f_ljbdb�50(5��MklZ�

gh\e_gh��qlh�aZ\bkbfhklv�\_ebqbgu�50(5�hl�bklbggh]h�

agZq_gby� HKR� hibku\Z_lky� \aZbfgh�h^ghagZqghc�

nmgdpb_c� g_aZ\bkbfh� hl� lbiZ� fh^meypbb�� ihwlhfm� __�

fh`gh� Ziijhdkbfbjh\Zlv� k� aZ^Zgghc� lhqghklvx� iheb�

ghfhf��eb[h�ij_^klZ\blv�\�lZ[ebqghc�nhjf_�b�kdhjj_d�

lbjh\Zlv�f_lh^bq_kdmx�hrb[dm�hp_gdb�HKR��

Ij_^eh`_ggZy� f_lh^bdZ� iha\hey_l� kms_kl\_ggh�

jZkrbjblv�^bZiZahg�baf_j_gby�hlghr_gby�kb]gZe�rmf�

ki_pbZebabjh\Zgguo� baf_jbl_evguo� ijb[hjh\��HibkZ�

gZ� fh^bnbdZpby� f_lh^bdb�� iha\heyxsZy� agZqbl_evgh�

[uklj__� b� k� f_gvr_c� ih]j_rghklvx� ih� kjZ\g_gbx� k�

ljZ^bpbhggufb� f_lh^Zfb� hij_^_eblv� l_dms__� agZq_�

gb_� [blh\hc� hrb[db� \� ijb_fgbd_� [_a� g_h[oh^bfhklb�

bkihevah\Zgby�dZdbo�eb[h�wlZehgguo�ihke_^h\Zl_evgh�

kl_c��

J_amevlZlu�ihemq_gu�ijb�mkeh\bb�hlkmlkl\by�ex[uo�

^jm]bo� bkdZ`Zxsbo� kb]gZe� nZdlhjh\�� djhf_� :;=R��

>Zevg_crZy�jZ[hlZ�fh`_l�[ulv�gZijZ\e_gZ�\�klhjhgm�

^hjZ[hldb� f_lh^bdb� k� mq_lhf� ijhqbo� g_]Zlb\guo�nZd�

lhjh\��

Ebl_jZlmjZ�

���Kdeyj�;��Pbnjh\Zy�k\yav��±�F���Ba^Zl_evkdbc�^hf�

©<bevyfkª��������

���DZgZdh\�<�:��Gh\u_�l_ogheh]bb�baf_j_gby�\�pbn�

jh\uo�dZgZeZo�i_j_^Zqb�bgnhjfZpbb��mq_[��f_lh^��fZ�

l_j�� ih� ijh]j�� ih\ur_gby� d\ZebnbdZpbb� ©Kh\j_f_g�

gu_� kbkl_fu� fh[bevghc� pbnjh\hc� k\yab�� ijh[e_fu�

ihf_ohaZsbs_gghklb� b� aZsblu� bgnhjfZpbbª��Gb`gbc�

Gh\]hjh^��������

���0HDVXUHPHQW� JXLGHOLQHV� IRU�'9%�V\VWHPV��(76,�75�

���������������

���Ihih\�>�B��KlZlbklbq_kdZy�l_hjby�jZ^bhl_ogbq_�

kdbo�kbkl_f��mq_[��ihkh[����JyaZg��]hk��jZ^bhl_og��mg�l��±�

JyaZgv��������

���Jh`dh\�B�L��Kbgl_a� baf_jbl_e_c� hlghr_gby� kb]�

gZe�ihf_oZ� ijbgbfZ_fuo� jZ^bhkb]gZeh\�� ±� KZjZlh\��

Ba^�\h�KZjZl��mg�lZ��������±�����k��

���Irbohih\�<�O���>hjmo�B�=����>hjmo�:�I���<_j_\dbgZ�

E�K��Mkljhckl\h�^ey�baf_j_gby� hlghr_gby� kb]gZe�rmf�

���IZl_gl�JN����������������������������

���E_]e_j�<�<���IZlxdh\�<�=���IZlxdh\�?�<��Mkljhckl\h�

baf_j_gby� hlghr_gby� kb]gZe�rmf� ��� IZl_gl� JN�

���������������������������

���<hedh^Z_\�;�<���=ZgbgZ�@�F���Hjeh\�:�<���I_j_klh�

jhgbg� ?�<�� Kihkh[� mkdhj_ggh]h� hij_^_e_gby� dZq_kl\Z�

pbnjh\h]h� dZgZeZ� �ljZdlZ�� i_j_^Zqb� ��� IZl_gl� JN�

���������������������������

���'LJLWDO�7UDQVPLVVLRQ��&DUULHU�WR�1RLVH�5DWLR��6LJQDO�WR�

1RLVH�5DWLR��DQG�0RGXODWLRQ�(UURU�5DWLR��:KLWH�3DSHU��&LVFR��

������

����>m[h\�F�:���Iheygbg�X�<���Klhygh\�>�>���;jxoZ�

gh\�X�:�� Hp_gdZ� \_jhylghklb� [blh\hc� hrb[db� ijb_fZ�

kb]gZeh\�k� d\Z^jZlmjghc�fh^meypb_c�g_wlZehggufb�f_�

lh^Zfb� ���>hde�� ���c�f_`^mgZj�� dhgn�� ©Pbnjh\Zy� h[jZ�

[hldZ�kb]gZeh\�b�__�ijbf_g_gb_�±�'63$�����ª��F���������

L�����K�����������

���� 7RQ\� -�� 5RXSKDHO� 5)� DQG�'LJLWDO� 6LJQDO� 3URFHVVLQJ�

IRU�6RIWZDUH�'HILQHG�5DGLR��±�1HZQHV��������

���� 4L]KHQJ� *X� 5)� 6\VWHP� 'HVLJQ� RI� 7UDQVFHLYHUV� IRU�

:LUHOHVV�&RPPXQLFDWLRQV��±�6SULQJHU��������

����+UDQDF�5��%URDGEDQG��,V�0(5�2YHUUDWHG"����&RPPX�

QLFDWLRQV� 7HFKQRORJ\�� 85/�� ZZZ�FDEOH����QHW�FW� �� VHF�

WLRQV�FROXPQV� �EURDGEDQG�������KWPO� �^ZlZ� h[jZs_gby�

�������������

����$UVODQ�+���0DKPRXG�+�$��(UURU�9HFWRU�0DJQLWXGH� WR�

615� &RQYHUVLRQ� IRU� 1RQGDWD�$LGHG� 5HFHLYHUV� ��� ,(((�

7UDQVDFWLRQV� RQ�:LUHOHVV�&RPPXQLFDWLRQV�� ±�0D\�������9��

����1R�����3�������������

���� Pbnjh\hc� ZgZebaZlhj� kb]gZeZ� k� l_klbjh\Zgb_f�

h[jZlgh]h� dZgZeZ�&5����5��85/��KWWS���ZZZ�V\UXV�UX� �^Z�

lZ�h[jZs_gby��������������

121�'$7$�$,'('�(67,0$7,21�0(7+2'��

2)�6,*1$/�72�12,6(�5$7,2��

$1'�%,7�(5525�5$7(�)25�4$0�

02'8/$7('�6,*1$/6�

'XERY�0�$���3ULRURY�$�/��

7KH�FRPSDUDWLYH�DQDO\VLV�RI�IHZ�GHVFULEHG�LQ�5XVVLDQ�OLW�

HUDWXUH�PHWKRGV�RI�PHDVXULQJ�WKH�VLJQDO�WR�QRLVH�UDWLR��615��

DQG�ELW�HUURU�UDWH��%(5��IRU�4$0�PRGXODWHG�VLJQDOV�DUH�FRQ�

VLGHUHG�� 7KH� QRQ�PHDVXUHPHQW� EDVHG� �FDOFXODWLRQ� EDVHG��

PHWKRG� VLPXODWLRQ� UHVXOWV� DUH� VKRZQ� WRR�� ,W� LV� SURSRVHG�

©EOLQGª�PRGLILFDWLRQ�RI�WKLV�PHWKRG�WR�GHWHUPLQH�WKH�%(5�E\�

VLJQDO�WR�QRLVH�PHDVXUHPHQW� ZLWK� KLJK� DFFXUDF\� E\� D� VPDOO�
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Ij_^eh`_g�f_lh^�ihkljh_gby�[bnZaguo�mgbfh^meyjguo�ihke_�

^h\Zl_evghkl_c� gZ� hkgh\_� i_jbh^bq_kdbo� hilbfZevguo� [bgZjguo�

ihke_^h\Zl_evghkl_c� k� ^\momjh\g_\hc� Z\lhdhjj_eypbhgghc�nmgd�

pb_c�� IhdZaZgZ� aZ\bkbfhklv� mjh\gy� [hdh\uo� e_i_kldh\� hl� ^ebgu�

ihke_^h\Zl_evghklb��Ij_^eh`_g� f_lh^� ihkljh_gby� q_luj_onZa�

guo� ihke_^h\Zl_evghkl_c� k� b^_Zevghc� I:DN� gZ� hkgh\_� q_l\_j�

lbqguo�hilbfZevguo�ihke_^h\Zl_evghkl_c��

M>D���������

F?LH>U�IHKLJH?GBY�;BN:AGUO�B�Q?LUJ?ON:AGUO�MGBFH>MEYJGUO�
I?JBH>BQ?KDBO�IHKE?>H<:L?EVGHKL?C�K�BJJ:PBHG:EVGUFB�N:A:FB�

Ihl_obg�?�G���ZkibjZgl�Ih\he`kdh]h�]hkm^Zjkl\_ggh]h�l_ogheh]bq_kdh]h�mgb\_jkbl_lZ���
H�PDLO��SRWHJRU#\DQGH[�UX��

GZmqguc�jmdh\h^bl_ev���E_mobg�:�G���^�n��f�g���aZ\��dZn_^jhc�bgnhjfZpbhgghc�[_ahiZkghklb�Ih\he`kdh]h�
]hkm^Zjkl\_ggh]h�l_ogheh]bq_kdh]h�mgb\_jkbl_lZ��H�PDLO��FRGH#PDUVWX�QHW��

�
Dexq_\u_� keh\Z�� mgbfh^meyjgZy� ihke_�

^h\Zl_evghklv�� [bnZagZy�� q_luj_onZagZy�� bj�

jZpbhgZevgZy� nZaZ�� dhjj_eypby�� [hdh\u_�

e_i_kldb��

<\_^_gb_�

Djhf_� mgbfh^meyjguo� i_jbh^bq_kdbo� ihk�

e_^h\Zl_evghkl_c� k� h^ghmjh\g_\hc� dhjj_ey�pb_c��fh`�

gh�ihkljhblv�i_jbh^bq_kdb_� ihke_^h\Zl_evghklb�� dhlh�

ju_� bf_xl� ^\momjh\�g_\mx� i_jbh^bq_kdmx� Z\lhdhjj_�

eypbhggmx� nmgdpbx�� � �U DW
�^ey� \k_o�W �� m^h\e_l\hjyx�

sbo� mkeh\bx� � �1W� d � �� ]^_� 1� ±� ^ebgZ� ihke_^h\Z�

l_evghklb�� LZdb_� ihke_^h\Zl_evghklb� gZau\Zxl� ihqlb�

b^_Zevgufb��>Zgguc�l_jfbg�[ue�bkihevah\Zg�\�jZaguo�

agZq_gbyo�\�jZ[hlZo�>�@�b�>�@�b�bkke_^h\Zg�\�jZ[hlZo�>�@�b�

>�@��

Djbl_jbb� hilbfZevghklb�^ey� mgbfh^meyjguo�pbdeb�

q_kdbo� ihke_^h\Zl_evghkl_c� k� ^\momjh\g_\hc� Z\lhdhj�

j_eypbhgghc�nmgdpb_c� [ueb� ihdZaZgu�:jZkm� \� jZ[hl_�

>�@�^ey�\k_o� �PRG 1W z ��

� � ����� ��� ��� ��U beb _keb QW J � �  �

� � ��� ��� �PRG��U _keb QW J � �  �

� � ��� ��� � PRG ��U _keb QW J � �  � ����

� � � ����� � PRG ��U _keb QW J � �  �

G_jZaju\guf� ihgylb_f� ihke_^h\Zl_evghkl_c� k�

^\momjh\g_\hc� Z\lhdhjj_eypbhgghc�nmgdpb_c� y\ey_lky�

ihgylb_�ihqlb�jZaghklgh]h�fgh`_kl\Z��

L_hj_fZ� ��� Imklv� *� ±� Z^^blb\gZy� Z[_e_\Z� ]jmiiZ�
ihjy^dZ�Y��Lh]^Z��ih^fgh`_kl\h�'�]jmiiu�*�gZau\Z_lky�

�Y��N�����V��±�ihqlb�jZaghklguf�fgh`_kl\hf� ]jmiiu�*��

_keb�G'�2��ijbgbfZ_l�agZq_gb_���jh\gh�V�jZa�b�agZq_gb_�

�����±�jh\gh�Y���V�jZa��

>ey�[bgZjguo�ihke_^h\Zl_evghkl_c�k�^\momjh\g_\hc�

Z\lhdhjj_eypb_c�\�jZ[hl_� >�@�^hdZaZgZ�l_hj_fZ�h�khhl�

\_lkl\mxsbo�bf�ihqlb�jZaghklguo�fgh`_kl\Zo��

L_hj_fZ� ���Imklv�D�±�[bgZjgZy�ihke_^h\Zl_evghklv�
i_jbh^Z�1�b�imklv�^hklmigh� �� �� � ��L' L 1 D d d �  �
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;bgZjgu_� ihke_^h\Zl_evghklb� k� mjh\g_f� [hdh\uo�

e_i_kldh\� � � ��� ��U DW � � �[ueb� hibkZgu� \� jZ[hlZo� ke_�

^mxsbo� Z\lhjh\�� Kb^_evgbdh\Z��E_fi_eZ�� DhgZ� b� Wkl�

fwgZ� >��� �@��:jZkm��>bg]Z��O_ee_k_lZ��DmfZjZ�b�FZjlbg�

k_gZ�>�@��X�b�=hg]Z�>�@��LZg]Z�b�=hg]Z�>��@��

;bgZjgu_� ihke_^h\Zl_evghklb� k� mjh\g_f� [hdh\uo�

e_i_kldh\� � � ��� ��U DW � � �[ueb� hibkZgu� \� jZ[hlZo� ke_�

^mxsbo�Z\lhjh\��E_`Zg^jZ�>��@��>bg]Z��O_ee_k_lZ�b�EZ�

fZ� >��@�� >bg]Z� �ihke_^h\Zl_evghklb� ^\mo� ijhkluo�� >����

��@��

;bgZjgu_� ihke_^h\Zl_evghklb� k� mjh\g_f� [hdh\uo�

e_i_kldh\� � � ��� ��U DW � � �[ueb� hibkZgu� \� jZ[hlZo� ke_�

^mxsbo�Z\lhjh\��Kb^_evgbdh\Z��E_fieZ��DhgZ�b�Wklfw�

gZ�>����@��>bg]Z��O_ee_k_lZ�b�FZjlbgk_gZ�>��@��Gh��Qmg]Z��

Khg]Z��Yg]Z��Eb�b�O_ee_k_lZ�>��@��
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;bgZjgu_� ihke_^h\Zl_evghklb� k� mjh\g_f� [hdh\uo�

e_i_kldh\� � � ��� ��U DW � � �[ueb� hibkZgu� \� jZ[hlZo� ke_�

^mxsbo�Z\lhjh\��LZg]Z��=hg]Z�>��@��

Djhf_� wlh]h�� kms_kl\m_l� ^hklZlhqgh� [hevrh_� dheb�

q_kl\h� ihke_^h\Zl_evghkl_c�� dhlhju_� [ueb� kbgl_abjh�

\Zgu�f_lh^Zfb�i_j_[hjZ�ijb�ihfhsb�kj_^kl\�\uqbkeb�

l_evghc� l_ogbdb��gh�j_]meyjgu_�Ze]hjblfu�bo�ihkljh_�

gby�hklZxlky�g_�ba\_klgufb��
<i_j\u_�\������]h^m��\�dgb]_�:fbZglh\Z� >��@�[ueh�ihdZ�
aZgh�� qlh� _keb�\�[bgZjghc�ihke_^h\Zl_evghklb� k� h^gh�
mjh\g_\hc� i_jbh^bq_kdhc� :DN� �k� mjh\g_f� [hdh\uo� e_�

i_kldh\� D� �±��� ijhba\_klb� aZf_gm� kbf\heh\� �QJ  � �gZ�

kbf\heu��

�
H[S� �� FRV� �

�
Q

1
L

1
J M M

�
  

�
� ����

lh�fh`gh�ihemqblv�[bnZagmx� ihke_^h\Zl_evghklv� �nZ�
ah\uc� ZenZ\bl� kh^_j`bl� ebrv� �� kbf\heZ�

�
�D� �� DUFFRV

�

1
$

1
S

­ � ½§ · r® ¾¨ ¸�© ¹¯ ¿
�� k� b^_Zevghc� i_jbh^bq_�

kdhc�:DN��LZdb_�ihke_^h\Zl_evghklb�[ueb�gZa\Zgu�ih�
ke_^h\Zl_evghklyfb� k� g_ijhlb\hiheh`gufb� kbf\heZ�
fb�� Iha^g__� \� ����� ]h^m� \� jZ[hl_� >��@� wlb� ihke_^h\Z�
l_evghklb� [ueb� aZgh\h� i_j_hldjulu�� Z� \� ����� ]h^m� \�
jZ[hl_� >��@� [ueZ� \u\_^_gZ� nhjfmeZ� ij_h[jZah\Zgby�
^ey�ex[h]h�aZ^Zggh]h�mjh\gy�[hdh\uo�e_i_kldh\��

;bgZjgmx� i_jbh^bq_kdmx� ihke_^h\Zl_evghklv� k�

^\momjh\g_\hc� Z\lhdhjj_eypbhgghc� nmgdpb_c�� ]^_�

� � ��� ���UW J � � � � �1W� d � ��fh`gh� ij_h[jZah\Zlv� \�[b�

nZagmx�ihke_^h\Zl_evghklv� k� h^ghmjh\g_\hc� ih�fh^m�

ex� Z\lhdhjj_eypbhgghc� nmgdpb_c�� lh� _klv�

� � � � ��U 36/ 36/W J � � � � � �1W� d � �� >ey� wlh]h� g_h[oh�

^bfh� \hkihevah\Zlvky�nhjfmehc� aZf_ghc� \lhjh]h� kbf�

\heZ� ZenZ\blZ�� ZgZeh]bqgh� aZf_g_�� ijbf_gy_fhc� ^ey�

mgbfh^meyjguo�[bgZjguo�ihke_^h\Zl_evghkl_c�k�h^gh�

mjh\g_\hc�:DN��

�
DUFFRV

�

1

1
M S

�§ · r ¨ ¸�© ¹
�� ����

Hlebqb_� khklhbl� \� lhf�� qlh� ihemqZ_fuc� ijb� wlhf�

mjh\_gv�dhjj_eypbb�jZ\_g�g_�gmex��dZd�^ey�i_jbh^bq_�

kdbo� [bgZjguo� ihke_^h\Zl_evghkl_c� k� h^ghmjh\g_\hc�

Z\lhdhjj_eypbhgghc�nmgdpb_c� � ��36/  � ��Z�ijbgbfZ_l�

agZq_gb_�

�

�

1
36/

1
 

�
�� ����

]^_�1� ±�eb[h�^ebgZ�ihke_^h\Zl_evghklb� k�^\momjh\g_�

\hc� Z\lhdhjj_eypbhgghc�nmgdpb_c�� eb[h� ^ebgZ� ihke_�

^h\Zl_evghklb��e_`Zs_c�\�__�hkgh\_��

Ijbf_j� ���Imklv�D� ±�ihke_^h\Zl_evghklv�E_`Zg^jZ�
^ebgu� � � � ��1  � �  ��Lh]^Z�d\Z^jZlbqgufb�\uq_lZfb�

[m^ml�we_f_glu�gZ�ihabpbyo����������������b�����Z�d\Z^jZ�

lbqgufb�g_\uq_lZfb�we_f_glu�gZ�ihabpbyo���������������

b�����Lh]^Z�ihke_^h\Zl_evghklv�E_`Zg^jZ�[m^_l�jZ\gZ�

D� ���������������������������������������������

Z�__�i_jbh^bq_kdZy�Z\lhdhjj_eypbhggZy�nmgdpby��

U�D�� ����������������������������������������������

AZf_gbf�nZam����\u[jZgghc�ihke_^h\Zl_evghklb�gZ�

bjjZpbhgZevgmx� nZam�
�

DUFFRV �
�

1

1
M S

�§ · r ¨ ¸�© ¹
�]^_�

��1  �� Lh]^Z� ���
DUFFRV ������� �

��
M S

§ · r  ¨ ¸
© ¹

�Mqblu\Zy��

qlh� ������� ����� ����� �L LH H LM �  � � �ihemqbf� mgbfh^m�

eyjgmx�[bnZagmx�ihke_^h\Zl_evghklv�

E� ������������������L�����������������L������������L��

������������L�������������L�����������������L���

k� h^ghmjh\g_\hc� ih�fh^mex� i_jbh^bq_kdhc� Z\lhdhjj_�
eypbhgghc�nmgdpb_c�� [hdh\hc� e_i_klhd� dhlhjhc� ih�fh�

^mex�jZ\_g�
� ��

������
�� �

36/
�

�  
�

�

U�E�� ������������������������������

��������������������������������������������������

BgZq_� h[klhbl�^_eh� k�[bgZjgufb� ihke_^h\Zl_evgh�

klyfb�� bf_xsbfb� i_jbh^bq_kdmx� Z\lhdhjj_eypbhggmx�

nmgdpbx� � � ��� ��U DW � � ��>ey�bo�ij_h[jZah\Zgby�g_h[oh�

^bfh�aZf_gblv�h^gm�ba�nZa�����gZ�agZq_gb_�

�
DUFFRV

�

1

1
M S

�§ · r ¨ ¸�© ¹
�� ����

<�wlhf�kemqZ_�fh^mev�agZq_gby�mjh\g_c�[hdh\uo�e_�

i_kldh\�[m^_l�jZ\_g�

�

�

1
36/

1
 

�
�� ����

Ijbf_j� ���Imklv�D�±�ihke_^h\Zl_evghklv�Kb^_evgb�
dh\Z�E_fi_eZ�DhgZ�WklfwgZ�^ebgu�1� �����

D� ���������������������������������������������

Z�__�i_jbh^bq_kdZy�Z\lhdhjj_eypbhggZy�nmgdpby��

U�D�� ����������������������������������������������������
�������������������������

AZf_gbf�nZam� ���\u[jZgghc�ihke_^h\Zl_evghklb�gZ�

bjjZpbhgZevgmx� nZam�
�

DUFFRV �
�

1

1
M S

�§ · r ¨ ¸�© ¹
�]^_�

1� ����� Lh]^Z� ���
DUFFRV ������� �

��
M S

§ · r  ¨ ¸
© ¹

��Mqblu\Zy��

qlh� ������� ����� ����� �L LH H LM �  � � �ihemqbf� mgbfh^m�

eyjgmx�[bnZagmx�ihke_^h\Zl_evghklv�

���� ����� ����� � ����� ����� ��� ����� ����� �

����� ����� � ����� ����� � �����

����� ��������� ����� ����� �����

����� � ����� ����� ����� ����� ����� ���

����� ����� ������� ����� ����� �

E L L L

L L

L L

L L L

L L

 � � � � � � �

� � � � � �

� � � � �

� � � � � �

� � � � ������ �����L�
k� h^ghmjh\g_\hc� ih�fh^mex� i_jbh^bq_kdhc� Z\lhdhjj_�
eypbhgghc�nmgdpb_c�� [hdh\hc� e_i_klhd� dhlhjhc� ih�fh�

^mex�jZ\_g�
� ��

�����
�� �

36/
�

  
�

��

� � ��������� ����������� ������������������������������������

������������������������ ������������������������ ������

������������������������������ ������������ ������������

U E  � �

� � �

� �

�

Klhbl� hlf_lblv� ^\Z�fhf_glZ��<h�i_j\uo�� gh\u_� ih�

ke_^h\Zl_evghklb� bf_xl� h^bgZdh\uc� ih� fh^mex�� gh�

ijhlb\hiheh`_gguc��ih��agZdm��mjh\_gv�[hdh\uo�e_i_kl��



�

�

�
���

dh\��<ke_^kl\b_�wlh]h�g_l�kfukeZ�ijhba\h^blv�baf_g_�

gb_�nZa�\ur_ijb\_^_gguf�kihkh[hf�^ey�[bgZjguo�ih�

ke_^h\Zl_evghkl_c� k� mjh\g_f� [hdh\uo� e_i_kldh\�

� � ��� ��U DW � � �� <h�\lhjuo�� ih^h[gh_� ij_h[jZah\Zgb_�

klj_fblky� d� mjh\gx� [hdh\uo� e_i_kldh\� � � ��� ��U DW � � ��

ihkdhevdm
� �

OLP OLP �
� �

1 1

1 1

1 1
of of  

� �
���Gh�wlh�kijZ�

\_^eb\h�ebrv�^ey�k[ZeZgkbjh\Zgguo�ihke_^h\Zl_evgh�

kl_c��\�ijhlb\ghf�kemqZ_�fh^mev�mjh\gy�[hdh\uo�e_i_�

kldh\� jZkl_l�� Ihke_^h\Zl_evghklb� k� mjh\g_f� [hdh\uo�

e_i_kldh\� � � ��� ��U DW � � �hdZaZebkv� g_k[ZeZgkbjh\Zggu�

fb��ihwlhfm�gZc^_ggu_�nhjfmeu�g_�^Zxl�^ey�gbo�mjh\�

gy��[ebadh]h�d� � � ��� ��U DW � � ��

K�jhklhf�^ebgu�ihke_^h\Zl_evghklb�1�fh^mev�[hdh�

\uo�e_i_kldh\�\k_�[hevr_�ijb[eb`Z_lky�d�qbkem����Ih�

wlhfm� ihke_^h\Zl_evghklb�fZeuo� i_jbh^h\� ij_^ihqlb�

l_evg__�k�lhqdb�aj_gby�djbl_jby�fZdkbfZevgh]h�[hdh\h�

]h�e_i_kldZ��GZ�jbk����ij_^klZ\e_gu�aZ\bkbfhklb�Z[kh�

exlgh]h�agZq_gby�[hdh\uo�e_i_kldh\�hl�i_jbh^Z�ihke_�

^h\Zl_evghklb�

�

Jbk�����AZ\bkbfhklv�Z[khexlgh]h�agZq_gby�[hdh\uo��

e_i_kldh\�hl�i_jbh^Z�ihke_^h\Zl_evghklb�

Djhf_� [bgZjguo� mgbfh^meyjguo� ihke_^h\Zl_evgh�

kl_c� k� ^\momjh\g_\hc� Z\lhdhjj_eypbhgghc� nmgdpb_c�

kms_kl\m_l� p_euc� deZkk� q_l\_jlbqguo� hilbfZevguo�

ihke_^h\Zl_evghkl_c� k� ^\momjh\g_\hc� Z\lhdhjj_eypb�

_c�� dhlhju_� fh`gh� ij_h[jZah\Zlv� \� b^_Zevgu_� q_lu�

j_onZagu_�ihke_^h\Zl_evghklb��Ihkljh_gb_�q_l\_jlbq�

guo� ihke_^h\Zl_evghkl_c� k� hilbfZevgufb� oZjZdl_jb�

klbdZfb� � � ��� ��UW J � � �hibkZgh� \� jZ[hlZo� ke_^mxsbo�

Z\lhjh\��>`Zg]��Dbf��Dbf��Gh� >��@��Dbf��>`Zg]��Dbf��Gh�

>�����@��Ebf��Gh� >��@��<� jZ[hl_�Yg]Z� b� D_� hibku\Zxlky�

q_l\_jlbqgu_� ihke_^h\Zl_evghklb� k� mjh\g_f� [hdh\uo�

e_i_kldh\� � � �UW J d ��

>ey� lh]h�qlh[u�q_l\_jlbqgu_�ihke_^h\Zl_evghklb�k�

hilbfZevgufb� dhjj_eypbhggufb� oZjZdl_jbklbdZfb�

ij_\jZlblv� \� q_luj_onZagu_� ihke_^h\Zl_evghklb� k�

b^_Zevgufb� dhjj_eypbhggufb� oZjZdl_jbklbdZfb�� bo�

gm`gh� g_dhlhjuf� h[jZahf� fh^bnbpbjh\Zlv�� baf_gb\�

agZq_gby��ih�djZcg_c�f_j_��^\mo�nZa��

JZkkfhljbf� ih^h[gmx� fh^bnbdZpbx� gZ� ijbf_j_�

q_l\_jlbqguo� ihke_^h\Zl_evghkl_c��ijb\_^_gguo� \�jZ�

[hl_� >��@�� Imklv�
� � �E W �b�

�� �E W �±� [bgZjgu_� ihke_^h\Z�

l_evghklb� i_jbh^Z� ��PRG���S  �hij_^_e_ggu_� ke_�

^mxsbf�h[jZahf��

�

�� ��

� � �� �

�� �

^ey W

E W ^ey W 45

^ey W 415

 ­
°

 �®
° �¯

�� ����

�

�� ��

� � �� �

�� �

^ey W

E W ^ey W 45

^ey W 415

 ­
°

 �®
° �¯

� ����

]^_� 45� b� 415� ±� fgh`_kl\Z� d\Z^jZlbqguo� \uq_lh\� b�
d\Z^jZlbqguo�g_\uq_lh\�gZ�fgh`_kl\_�qbk_e�ih�fh^mex�

S ��Lh]^Z�
� � �E W �bf__l�[hevr_�gme_c��q_f�_^bgbp�b�

�� �E W �

±� [hevr_� _^bgbp�� q_f� gme_c�� Imklv�
� � �V W �b�

�� �V W �±� ^\_�

[bgZjgu_� ihke_^h\Zl_evghklb� i_jbh^Z� � S �� hij_^_�

ey_fu_�dZd�

�

�

�

� �� � �PRG ��
� �

� �� ��PRG ��

E W ^ey W
V W

E W ^ey W

{­
 ®

{¯
�� ����

�

�

�

� �� � �PRG ��
� �

� � �� ��PRG ��

E W ^ey W
V W

E W ^ey W

{­
 ®

� {¯
�� �����

]^_�� �hagZqZ_l� keh`_gb_� ih�fh^mex� ��� Lh]^Z� q_l\_j�

lbqgZy� ihke_^h\Zl_evghklv� i_jbh^Z� � S �hij_^_ey_lky�

dZd�

� �� � � � �� � ��T W V W V WI � �����

]^_�
� �� � �� � ��V W V WI �±� h[jZlgh_� ij_h[jZah\Zgb_� =jwy�� hi�

j_^_ey_fh_�dZd�

�� � � � �����

�� � � � �����
> � @

�� � � � �����

�� � � � ��� ��

_keb D E

_keb D E
D E

_keb D E

_keb D E

I

 ­
°  ° ®

 °
°  ¯

�� �����

Ih^klZ\eyy�\f_klh������������nZau� � �M  �� �
�

S
M  ��

�M S �b� �

�

�

S
M  �ihemqZ_f�q_l\_jlbqgmx�ihke_^h\Z�

l_evghklv� k� mjh\g_f� [hdh\uo� e_i_kldh\� � � ��� ��UW J � � ��

J_rZy�kbkl_fm�mjZ\g_gbc��dhlhjZy�kljhblky�gZ�hkgh\Z�
gbb� i_jbh^bq_kdhc� Z\lhdhjj_eypbhgghc�nmgdpbb��fh`�
gh� ihemqblv� ke_^mxsb_� fh^bnbpbjh\Zggu_� agZq_gby�

nZa� �M �b� �M ��

�

�
�FRV

�
�

1

D
1

M
§ ·�
¨ ¸ 
¨ ¸�© ¹

�� �����

�

�� �FRV
� �

�

1

D
1

S
M

§ ·�
¨ ¸ 
¨ ¸�© ¹

�� �����

Ijbf_j����Imklv� � � � ��S  � �  �� � ��1 S  ��Lh]^Z�

� � �E W �b�
�� �E W �\�khhl\_lkl\bb�k�����b�����[m^ml�jZ\gu��

� �������������������������E  �

� �������������������������E  �

������������

���������



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

GZ� hkgh\Zgbb�
� � �E W �b�

�� �E W �ihkljhbf�
� � �V W �b�

�� �V W �\�

khhl\_lkl\bb�k�����b�������

�
���������������������������������������������������V  �

�
���������������������������������������������������V  �

L_i_jv�ihkljhbf�kZfm�q_l\_jlbqgmx�ihke_^h\Zl_ev�

ghklv� � �T W ih�nhjfme_�������

���������������������� ������������

���������������������� �������� ��������

�������������������� ������������

�������������������������

T  � �

� � � �

� � �

�

�

Dhjj_eypby� ihkljh_gghc� ihke_^h\Zl_evghklb�
T
�

jZ\gZ��

� � ����� ���� ���� ���� ���� ����

���� ���� ���� ���� ���� ���� ���

U T  � � � � � �

� � � � � � �
�

>Ze__�ih�\u\_^_gguf�nhjfmeZf������b� �����hij_^_�

ebf�gh\u_�agZq_gby�nZa� �M �b� �M ��

�

�� �
�FRV ��������������jZ^�

�� �
�

DM
§ ·�
¨ ¸  
¨ ¸�© ¹

�

�

�� �� �FRV ���������������jZ^�
��� �
�

D
S

M
§ ·�
¨ ¸ �  
¨ ¸�© ¹

�

Lh]^Z�gh\Zy�q_luj_onZagZy�ihke_^h\Zl_evghklv�[m�

^_l�bf_lv�\b^��

������������������������������������������

�����������������������������������������

������������������������������������������

�����������������������������

E  

�

AgZq_gby�dhjj_eypbhgghc�nmgdpbb�lZdhc�ihke_^h\Z�

l_evghklb�[m^ml�jZ\gu��

� � ���������������������������

���������������������������

U E  
�

Baf_g_gbx�fh`gh�ih^\_j]Zlv�g_�h[yaZl_evgh�l_�nZ�

au��qlh�ijb\_^_gu�\�ijbf_j_��kms_kl\mxl�b�^jm]b_�dhf�

[bgZpbb� fh^bnbpbjm_fuo�nZa�� Wlh� dZkZ_lky� b� ^jm]bo�

q_l\_jlbqguo� ihke_^h\Zl_evghkl_c� k� \hafh`gufb�

mjh\gyfb�[hdh\uo�e_i_kldh\� � � ��� ��UW J � � ���

MihfbgZ_fu_�[bgZjgu_� b�q_l\_jlbqgu_� ihke_^h\Z�

l_evghklb� ^hklmigu� \� hgeZcg�dhgkljmdlhj_� ihke_^h\Z�

l_evghkl_c�>��@��

LZdbf� h[jZahf�� \� klZlv_�ij_^eh`_g�f_lh^� ihkljh_�

gby�[bnZaguo�ihke_^h\Zl_evghkl_c�k�bjjZpbhgZevgufb�

nZaZfb� k� jZ\guf�ih�fh^mex�mjh\g_f�[hdh\uo�e_i_kl�

dh\�ba�[bgZjguo�ihke_^h\Zl_evghkl_c�k�^\momjh\g_\hc�

Z\lhdhjj_eypbhgghc� nmgdpb_c�� Z� lZd`_� i_jbh^bq_kdbo�

q_luj_onZaguo� ihke_^h\Zl_evghkl_c� k� b^_Zevgufb�

i_jbh^bq_kdbfb� Z\lhdhjj_eypbhggufb� oZjZdl_jbklbdZ�

fb� gZ� hkgh\_� i_jbh^bq_kdbo� q_l\_jlbqguo� ihke_^h\Z�

l_evghkl_c� k� hilbfZevguf� mjh\g_f�[hdh\uo�e_i_kldh\�

� � ��� ��UW J � � ��

JZ[hlZ� \uiheg_gZ� ijb� ih^^_j`d_� ]jZglh\� JNNB�

��������������� =D� ����������������� =D� �I����� GBJ�

�����������

Ebl_jZlmjZ�

��� -XQJQLFNHO�� '��� 3RWW�� $��� 3HUIHFW� DQG� DOPRVW� SHUIHFW�

VHTXHQFHV��'LVFUHWH�$SSO��0DWK���9������������SS����������

���0D��6�/���1J��:�6���2Q�QRQ�H[LVWHQFH�RI�SHUIHFW�DQG�

QHDUO\� SHUIHFW� VHTXHQFHV�� ,QW�� -�� ,QIRUPDWLRQ� DQG� &RGLQJ�

WKHRU\��9RO�����1R�����������SS��������

���$UDVX��.�7���0D��6�/���9RVV��1�-���2Q�D�FODVV�RI�DOPRVW�

SHUIHFW� VHTXHQFHV�� -�� $OJHEUD�� 9RO�� ����� 1R�� ��� ������

SS����������

��� /HXQJ�� .D� +LQ�� /LQJ�� 6DQ�� 0D�� 6LX� /XQ�� 7D\�� .LDQ�

%RRQ�� $OPRVW� SHUIHFW� VHTXHQFHV� ZLWK� �� ���� $UFK�� 0DWK��

�%DVHO������QR�����������SS�����������

���$UDVX��.�7���'LQJ��&���+HOOHVHWK��7���.XPDU��3�9���0DU�

WLQVHQ� +��� $OPRVW� GLIIHUHQFH� VHWV� DQG� WKHLU� VHTXHQFHV� ZLWK�

RSWLPDO� DXWRFRUUHODWLRQ�� ,(((� 7UDQV�� ,QIRUP�� 7KHRU\�� 9�����

������SS������������

��� 6LGHOQLNRY�� 9�0��� 6RPH� �YDOXHG� SVHXGR�UDQGRP� VH�

TXHQFHV�DQG�QHDUO\� HTXLGLVVWDQW� FRGHV��3UREO�� ,QI�� 7UDQVP��

���������SS��������

���/HPSHO��$���&RKQ��0���(DVWPDQ��:�/��$�FODVV�RI�ELQDU\�

VHTXHQFHV� ZLWK� RSWLPDO� DXWRFRUUHODWLRQ� SURSHUWLHV�� ,(((�

7UDQV��,QIRUP��7KHRU\��9�����������SS��������

���$UDVX��.�7���'LQJ��&���+HOOHVHWK�7���.XPDU��3�9���0DU�

WLQVHQ��+���$OPRVW�GLIIHUHQFH�VHWV�DQG� WKHLU�VHTXHQFHV�ZLWK�

RSWLPDO� DXWRDFFHOHUDWLRQ�� ,(((� 7UDQV�� ,QIRUP�� 7KHRU\�� 9RO��

����������SS��������������

���<X���1�<���*RQJ��*���1HZ�%LQDU\�6HTXHQFHV�ZLWK�2S�

WLPDO�$XWRFRUUHODWLRQ�0DJQLWXGH��,(((�7UDQV��,QIRUP��7KHRU\�

�VXEPLWWHG�WR���$XJXVW��������

����7DQJ��;���*RQJ��*���1HZ�FRQVWUXFWLRQV�RI�ELQDU\�VH�

TXHQFHV�ZLWK�RSWLPDO�DXWRFRUUHODWLRQ�YDOXH�PDJQLWXGH��,(((�

7UDQV��,QIRUP��7KHRU\��9RO������,VVXH����0DUFK�������

���� /HJDQGUH�� $�0��� (VVDL� VXU� OD� WKHRULH� GHV� QRPEHUV��

3DULV��������S������

����'LQJ��&���+HOOHVHWK��7���/DP��.�<��6HYHUDO�FODVVHV�RI�

VHTXHQFHV� ZLWK� WKUHH�OHYHO� DXWRFRUUHODWLRQ�� ,(((� 7UDQV��

,QIRUP��7KHRU\��9�����������SS����������

���� 'LQJ�� &��� $XWRFRUUHODWLRQ� YDOXHV� RI� WKH� JHQHUDOL]HG�

F\FOR\RPLF�VHTXHQFHV�RI�RUGHU����,(((�7UDQV��,QIRUP��7KH�

RU\��9RO������������SS������������

����'LQJ��&���/HFWXUH�VOLGHV�RQ�ELQDU\�VHTXHQFHV�ZLWK�RS�

WLPDO�DXWRFRUUHODWLRQ��������

���� 'LQJ�&��� +HOOHVHWK�7��� 0DUWLQVHQ�+�0��� 1HZ� IDPLOLHV�

RI�ELQDU\�VHTXHQFHV�ZLWK�RSWLPDO�WKUHH�OHYHO�DXWRFRUUHODWLRQ��

,(((�7UDQV��,QIRUP��7KHRU\��9RO������������SS�����������

����1R��-�6���&KXQJ��+���6RQJ��+�<���<DQJ��.���/HH��-�'���
+HOOHVHWK�� 7��� 1HZ� FRQVWUXFWLRQ� IRU� ELQDU\� VHTXHQFHV��

RI� SHULRG� �PS � �ZLWK� RSWLPDO� DXWRFRUUHODWLRQ� XVLQJ�

� ��G G] D] E� � � �� ,(((� 7UDQV�� ,QIRUP�� 7KHRU\�� 9RO�� ����

������SS�������������

����7DQJ��;���*RQJ��*���1HZ�FRQVWUXFWLRQV�RI�ELQDU\�VH�

TXHQFHV�ZLWK�RSWLPDO�DXWRFRUUHODWLRQ�YDOXH�PDJQLWXGH��,(((�

7UDQV��,QIRUP��7KHRU\��9RO������,VVXH����0DUFK�������
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�
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���� :fbZglh\� B�G�� Ba[jZggu_� \hijhku� klZlbklbq_�

kdhc�l_hjbb�k\yab��±�F���Kh\��jZ^bh������������k��

���� *RORPE� 6�� :�� 7ZR�YDOXHG� VHTXHQFHV� ZLWK� SHUIHFW�

SHULRGLF� DXWRFRUUHODWLRQ��� ,(((� 7UDQVDFWLRQV� RQ� $HURVSDFH�

DQG�(OHFWURQLF�6\VWHPV��0DUFK�������9�����������SS�����±

�����

����E_mobg�:�G���LxdZ_\�:�X���;Zolbg�K�:��Kbgl_a�b�

ZgZeba� keh`guo� nZahdh^bjh\Zgguo� ihke_^h\Zl_evgh�

kl_c���We_dljhfZ]gblgu_�\hegu�b�we_dljhggu_�kbkl_fu��

������L����������k���������

����-��:��-DQJ��<��6��.LP��6��+��.LP��DQG�-��6��1R��1HZ�

TXDWHUQDU\�VHTXHQFHV�ZLWK�LGHDO�DXWRFRUUHODWLRQ�FRQVWUXFWHG�

IURP� ELQDU\� VHTXHQFHV� ZLWK� LGHDO� DXWRFRUUHODWLRQ�� LQ� ,6,7�

������6HRXO��.RUHD��������SS�����������

����<��6��.LP��-��:��-DQJ��6��+��.LP��DQG�-��6��1R��1HZ�

FRQVWUXFWLRQ�RI�TXDWHUQDU\�VHTXHQFHV�ZLWK�LGHDO�DXWRFRUUHOD�

WLRQ�IURP�/HJHQGUH�VHTXHQFHV�� LQ� ,6,7�������6HRXO��.RUHD��

������SS�����������

����<��6��.LP��-��:��-DQJ��6��+��.LP��DQG�-��6��1R��1HZ�

TXDWHUQDU\��VHTXHQFHV��ZLWK��RSWLPDO�DXWRFRUUHODWLRQ��LQ�,6,7�

�������6HRXO��.RUHD��������SS�����������

���� 7�� /LP�� -�6�� 1R�� 1HZ� &RQVWUXFWLRQ� RI� 4XDWHUQDU\�

6HTXHQFHV�:LWK�,GHDO�$XWRFRUUHODWLRQ�DQG�%DODQFH�3URSHUW\��

,&7&�������������9RO�����SS�����������

����L_fZlbq_kdbc� kZcl��ihk\ys_gguc� kbgl_am� kb]gZ�

eh\� b� bo� ijbf_g_gbx� >We_dljhgguc� j_kmjk@�� >ZlZ� h[�

gh\e_gby�� ������������ ±� 85/�� KWWS���VLJQDOVODE�PDUVWX�QHW�

�^ZlZ�h[jZs_gby���������������

0(7+2'6�2)�&216758&7,216�%,3+$6(�

$1'�)285�3+$6(�81,02'8/$5�3(5,2',&�

6(48(1&(6�:,7+�,55$7,21$/�3+$6(6�

3RWHNKLQ�(�1���6XSHUYLVRU��/HXNKLQ�$�1��

*LYHV�PHWKRG� RI� D� ELSKDVHXQLPRGXODU� VHTXHQFHV� FRQ�

VWUXFWLRQ�EDVHG�RQ�SHULRGLFDO�ELQDU\�VHTXHQFHV�ZLWK�RSWLPDO�

WZR�OHYHO� DXWRFRUUHODWLRQ� IXQFWLRQ�� 7KH� GHSHQGHQFH� RI�

VLGHOREHVOHYHO� RQ� WKH� OHQJWK� RI� WKH� VHTXHQFH� LV� VKRZQ��

*LYHV�PHWKRG�RI� D� IRXU�SKDVH� VHTXHQFHV� FRQVWUXFWLRQ�ZLWK�

LGHDO�3$&)�EDVHG�RQ�TXDWHUQDU\�RSWLPDO�VHTXHQFHV�

�

6$0681*�(/(&7521,&6�ýþöñùî�îó��ûî�þîïü���
ýþüñþîúúöÿ�üð��úî�óúî�öøüð��öûôóûóþüð�
�
6DPVXQJ�(OHFWURQLFV�&R���/WG��±�fbjh\hc�eb^_j�\�jZajZ[hld_�pbnjh\h]h��l_e_dhffmgbdZpbhggh]h�b�ih�
emijh\h^gbdh\h]h�h[hjm^h\Zgby�±�ijb]eZrZ_l�gZ�jZ[hlm�jZajZ[hlqbdh\��ijh]jZffbklh\�b�bg`_g_jh\�\�
bkke_^h\Zl_evkdb_�p_glju�dhfiZgbb�\�J_kim[ebd_�Dhj_y��X`gZy�Dhj_y���
�
Hkh[uc�bgl_j_k�ij_^klZ\eyxl�ki_pbZebklu�ke_^mxsbo�gZijZ\e_gbc��

x� JZajZ[hldZ�ijh]jZffgh]h�h[_ki_q_gby��bgnhjfZpbhggZy�[_ahiZkghklv��djbilh]jZnby�
�&�&����/LQX[��(PEHGGHG�/LQX[��$QGURLG��-DYD��5726��8,��5726��6HFXULW\��

x� JZajZ[hldZ�fh[bevguo�mkljhckl\��fmevlbf_^bcguo�kbkl_f��pbnjh\Zy�h[jZ[hldZ�kb]�
gZeh\��6PDUWSKRQH��0HVVDJLQJ��0XOWLPHGLD��6WUHDPLQJ��5,/��'63��

x� JZajZ[hldZ� kbkl_f�pbnjh\h]h� l_e_\b^_gby� �'LJLWDO�79��6HW�7RS�%R[�� )3*$��9HULORJ�+'/��
6R&���'�'LVSOD\��0HWDPDWHULDOV��

x� JZajZ[hldZ�Zgl_gguo�mkljhckl\��jZ^bhwe_dljhgguo�kbkl_f��mkljhckl\�^ey�l_e_dhffm�
gbdZpbb�b�k_l_\uo�l_ogheh]bc��$QWHQQD�'HVLJQ��$6,&�'HVLJQ��,QWHJUDWHG�&LUFXLWV��)3*$��+:���
6:�&R�'HVLJQ��6\VWHP�/6,��7&3���,3�3URWRFRO��9R,3��2)'0�0,02��

�
Lj_[h\Zgby�d�dZg^b^ZlZf��

x� H[jZah\Zgb_��\ukr__���mq_gZy�kl_i_gv�dZg^b^ZlZ�l_ogbq_kdbo���nbabdh�fZl_fZlbq_kdbo�gZmd�
\�h[eZklb�ijh]jZffbjh\Zgby��db[_jg_lbdb��ijbdeZ^ghc�fZl_fZlbdb��l_e_dhffmgbdZpbc��jZ�
^bhwe_dljhgbdb��ihemijh\h^gbdh\hc�nbabdb��gZmd�h�fZl_jbZeZo��obfbb��

x� Hiul�jZ[hlu��gZmqgZy� ��bkke_^h\Zl_evkdZy�jZ[hlZ� ��ijbdeZ^gu_�jZajZ[hldb� �IH�H>GHFM�BA�
<UR?I?J?QBKE?GGUO�G:IJ:<E?GBC��G?�F?G??��a��E?L��

x� :g]ebckdbc�yaud��ohjhr__�\eZ^_gb_�Zg]ebckdbf�yaudhf��mklguf�b�ibkvf_gguf���
�
>hihegbl_evgZy�bgnhjfZpby��KWWS���-2%�VDPVXQJ�UX�
We_dljhggZy�ihqlZ��-RE)DLU#VDPVXQJ�FRP�

�

�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������
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�
���

Ij_^eZ]Z_lky� kihkh[� hp_gdb� f]gh\_gghc� qZklhlu� hkgh\gh]h�

lhgZ� gZ� hkgh\_� mklhcqb\h]h� d� hrb[dZf� Ze]hjblfZ� ke_`_gby� aZ�

hkgh\guf�lhghf�5$37��UREXVW�DOJRULWKP� IRU�SLWFK�WUDFNLQJ���<�hlebqb_�

hl� 5$37�� dhlhjuc� \uihegy_l� hp_gdm� qZklhlu�� hlghkysmxky� d�

nj_cfm�ZgZebaZ��ij_^eZ]Z_fuc�f_lh^�\uihegy_l�hp_gdm�� hlghky�

smxky� d� aZ^Zgghfm� fhf_glm� \j_f_gb�� >jm]Zy� hkh[_gghklv� f_lh�

^Z� ��gbadZy�qm\kl\bl_evghklv�lhqghklb�hp_gdb�d�fh^meypbyf�qZk�

lhlu� hkgh\gh]h�lhgZ��I_j_qbke_ggu_� k\hckl\Z� ^hklb]Zxlky� aZ�

kq_l� bkihevah\Zgby� ki_pbZevghc� nmgdpbb� hp_gdb� i_jbh^bqghklb��

dhlhjZy�ZgZeh]bqgZ�ghjfbjh\Zgghc�djhkk�dhjj_eypbhgghc�nmgdpbb��

bkihevam_fhc� \� 5$37�� h^gZdh� \uqbkey_lky� gZ� hkgh\_� f]gh\_gguo�

]Zjfhgbq_kdbo� iZjZf_ljh\� kbgmkhb^Zevghc� fh^_eb� kb]gZeZ�� Ij_^�

eh`_gguc� Ze]hjblf� kjZ\gb\Z_lky� k� ^jm]bfb� kh\j_f_ggufb� Ze]h�

jblfZfb�ijb�ihfhsb�bkdmkkl\_gguo�b�gZlmjZevguo�j_q_\uo�kb]gZ�

eh\��<�kemqZ_�agZqbl_evguo�qZklhlguo�fh^meypbc�hkgh\gh]h�lhgZ�

ij_^eh`_gguc�f_lh^�h[_ki_qb\Z_l�hrb[dm�hp_gdb�\�g_kdhevdh�jZa�

f_gvrmx� ih� kjZ\g_gbx� k� [eb`Zcrbf� dhgdmj_glhf�� h� q_f� k\b^_�

l_evkl\mxl� j_amevlZlu� ZgZebaZ� kbgl_lbq_kdbo� kb]gZeh\� k� ba�

\_klgufb�agZq_gbyfb�f]gh\_gghc�qZklhlu�hkgh\gh]h�lhgZ��

M>D���������

:E=HJBLF�HP?GDB�F=GH<?GGHC�Q:KLHLU��
HKGH<GH=H�LHG:�J?Q?<H=H�KB=G:E:�

:aZjh\�B�K���d�l�g���;_ehjmkkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l�bgnhjfZlbdb�b�jZ^bhwe_dljhgbdb���
H�PDLO��D]DURY#EVXLU�E\�

<Zrd_\bq�F�B���ZkibjZgl�dZn_^ju�we_dljhgguo�\uqbkebl_evguo�kj_^kl\�;_ehjmkkdh]h�]hkm^Zjkl\_ggh]h�
mgb\_jkbl_lZ�bgnhjfZlbdb�b�jZ^bhwe_dljhgbdb��H�PDLO��YDVKNHYLFK#EVXLU�E\�

I_ljh\kdbc�:�:���^�l�g���ijhn_kkhj��aZ\��dZn_^jhc�we_dljhgguo�\uqbkebl_evguo�kj_^kl\�;_ehjmkkdh]h�
]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ�bgnhjfZlbdb�b�jZ^bhwe_dljhgbdb��H�PDLO��SDOH[#EVXLU�E\�

�
Dexq_\u_� keh\Z�� hp_gdZ� hkgh\gh]h� lhgZ��

f]gh\_ggZy� qZklhlZ�� kbgmkhb^ZevgZy� fh^_ev��

Ze]hjblf� ke_`_gby�� djhkk�dhjj_eypbhggZy�

nmgdpby��

<\_^_gb_�

IZjZf_ljbq_kdh_�ij_^klZ\e_gb_�j_qb�qZklh�

ih^jZamf_\Z_l� bkihevah\Zgb_� qZklhlu� hkgh\�

gh]h� lhgZ� �QHL�� \� dZq_kl\_� iZjZf_ljZ�fh^_eb�

>�@��<u[hj�hij_^_e_ggh]h�Ze]hjblfZ�^ey�hp_g�

db�qZklhlu�hkgh\gh]h�lhgZ�aZ\bkbl�hl�p_e_\h]h�

ijbeh`_gby�b�\k_]^Z�ij_^klZ\ey_l�kh[hc�g_dh�

lhjuc� dhfijhfbkk�f_`^m� qZklhlgh�\j_f_gguf�

jZaj_r_gb_f�� mklhcqb\hklvx� d� hrb[dZf��Ze]h�

jblfbq_kdhc� aZ^_j`dhc� b� \uqbkebl_evghc�

keh`ghklvx��GZklhysZy�jZ[hlZ�gZijZ\e_gZ�gZ�

ihbkd� Ze]hjblfZ� hp_gdb� hkgh\gh]h� lhgZ� ^ey�

ijbeh`_gbc�� ]^_� g_h[oh^bfZ� fZdkbfZevgZy�

lhqghklv�hp_gdb��b�qZklhlZ�hkgh\gh]h�lhgZ�jZk�

kfZljb\Z_lky� dZd� g_ij_ju\gZy� nmgdpby� hl�

\j_f_gb�� D� lZdbf� ijbeh`_gbyf� hlghkblvky� rbjhdbc�

deZkk� kbkl_f� h[jZ[hldb� j_qb�� bkihevamxsbo� ^_l_jfb�

gbklbq_kdmx�klhoZklbq_kdmx� ^_dhfihabpbx� kb]gZeZ��

Lhqghklvx� hp_gdb� hkgh\gh]h� lhgZ� hij_^_ey_lky� gZ�

kdhevdh�ohjhrh�fh`gh�jZa^_eblv�kb]gZe�gZ�^_l_jfbgb�

klbq_kdmx� b� klhoZklbq_kdmx� khklZ\eyxsb_�� hl� g__� aZ�

\bkbl� lZd`_� qbkeh� jZa^_ey_fuo� ]Zjfhgbd�� dhlhju_�

fh`gh�hibkZlv�hl^_evgufb�gZ[hjZfb�iZjZf_ljh\��Lhq�

ghklv� hp_gdb� qZklhlu� hkgh\gh]h� lhgZ� hij_^_ey_lky�

^\mfy� hkgh\gufb� oZjZdl_jbklbdZfb�� ��±�\j_f_ggh_�

jZaj_r_gb_�l�_��dZd�[ukljh�Ze]hjblf�hp_gdb�j_Z]bjm_l�

gZ� baf_g_gby� qZklhlu�� ��±�qZklhlgh_� jZaj_r_gb_� l�_��

gZkdhevdh� fZeu_� baf_g_gby� qZklhlu� Ze]hjblf� fh`_l�

hij_^_eblv��H[_�oZjZdl_jbklbdb�qm\kl\bl_evgu�d�fh^m�

eypbyf� hkgh\gh]h� lhgZ� b� kl_i_gb� aZrmfe_gghklb� kb]�

gZeZ��bgl_gkb\ghklb�rmfZ�dZd�nhgh\h]h�lZd�b�h[mkeh\�

e_ggh]h�kf_rZgguf�\ha[m`^_gb_f�j_q_\h]h�ljZdlZ���

<�gZklhys__�\j_fy�ij_^eh`_gh�[hevrh_�qbkeh�jZa�

ghh[jZaguo� Ze]hjblfh\� hp_gdb� hkgh\gh]h� lhgZ��hkgh\�

gu_�ba�gbo�hibkZgu�\�jZ[hlZo� >���@��K_]h^gy�gZb[he__�

ihimeyjgufb�Ze]hjblfZfb�hp_gdb�QHL�y\eyxlky�5$37�

>�@��<,1� >�@�b�6:,3(¶�>�@��Ihimeyjghklv�^Zgguo�Ze]hjbl�

fh\�h[mkeh\e_gZ�ohjhr_c�nmgdpbhgZevghklvx��gbadbf�

ijhp_glhf� ]jm[uo� hrb[hd� b� gZebqb_f� k\h[h^gh� jZk�

ijhkljZgy_fuo� \_jkbc� bo� j_ZebaZpbc�� L_f� g_� f_g__��

dZd� [m^_l� ihdZaZgh� gb`_�� \hafh`ghklv� wlbo� Ze]hjblfh\�

hp_gb\Zlv�f]gh\_ggmx�qZklhlm�kms_kl\_ggh�h]jZgbq_gZ��

H]jZgbq_gb_� h[mkeh\e_gh� i_jbh^bq_kdhc� �klZpbhgZj�

ghc�� fh^_evx� kb]gZeZ�� e_`Zs_c� \� bo� hkgh\_�� dhlhjZy�

ih^jZamf_\Z_l� lhqgh_� ih\lhj_gb_� i_jbh^Z� hkgh\gh]h�

lhgZ�b�g_�^himkdZ_l�_]h�baf_g_gby�gZ�ijhly`_gbb�ZgZeb�

abjm_fh]h�nj_cfZ�� Ijb� ihy\e_gbb�fh^meypbc� �baf_g_�

gbc�qZklhlu�hkgh\gh]h�lhgZ��lhqghklv�hp_ghd�kms_kl\_g�

gh�kgb`Z_lky��

>ey�hp_gdb�f]gh\_gghc�qZklhlu�hkgh\gh]h�lhgZ�\�ih�

ke_^g__� \j_fy� [ueh� ij_^eh`_gh� g_kdhevdh� hjb]bgZev�

guo�f_lh^h\�>�����@��dhlhju_�bf_xl�ohjhr__�l_hj_lbq_�

kdh_� hkgh\Zgb_�� h^gZdh� g_� bf_xl� k\h[h^guo� ijh]jZff�

guo� j_ZebaZpbc��^hklmiguo�^ey� bkihevah\Zgby� b� l_klb�

jh\Zgby�� Ihlhfm� keh`gh� h[t_dlb\gh� hp_gblv� ^Zggu_�

f_lh^u�b�gZ�ijZdlbd_�m[_^blvky�\�bo�ijbf_gbfhklb�d�l_f�

beb�bguf�ijbeh`_gbyf��

:\lhju�gZklhys_c�jZ[hlu�\b^yl�k\h_c�p_evx�kha^Z�

gb_� Ze]hjblfZ�� dhlhjuc�� ��� h[_ki_qb\Z_l� hp_gdm� f]gh�

\_gghc�QHL��qlh�iha\hebl�ih\ukblv�dZq_kl\h�iZjZf_ljb�

q_kdh]h� kbgl_aZ� j_qb� �\� qZklghklb� \� aZ^Zq_� dhg\_jkbb�

]hehkZ� >��@������mklhcqb\�d�qZklhlguf�fh^meypbyf�hkgh\�

gh]h� lhgZ�� ��� bf__l�^hklZlhqgh� gbadmx� \uqbkebl_evgmx�

keh`ghklv� ^ey� jZ[hlu� \� j_Zevghf� \j_f_gb�� ��� bf__l�

Ze]hjblfbq_kdmx�aZ^_j`dm�g_�[he__����fk�����ijbf_gbf�



�

�

�
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\�ijZdlbq_kdbo� aZ^ZqZo�h[jZ[hldb�j_qb� �h[eZ^Z_l�^hk�

lZlhqgh� \ukhdhc� jh[Zklghklvx��� ��� bf__l� k\h[h^gmx�

ijh]jZffgmx�j_ZebaZpbx
�
��

Ij_^eh`_gguc� \� gZklhys_c� jZ[hl_� Ze]hjblf� hkgh�

\u\Z_lky� gZ� 5$37� >�@�� Ba� 5$37� aZbfkl\h\Zg� h[sbc�

©dZjdZkª�Ze]hjblfZ�b�hl^_evgu_�we_f_glu��\�qZklghklb�

bkihevam_lky�nmgdpby�hp_gdb�i_jbh^bqghklb�koh^gZy�k�

ghjfbjh\Zgghc� djhkk�dhjj_eypbhgghc� nmgdpb_c�

�GDDN���AZ�hkgh\m�fh`gh�[ueh�[u�\aylv�ex[hc�^jm]hc�

Ze]hjblf�� bkihevamxsbc� dhjj_eypbhggu_� nmgdpbb� \�

dZq_kl\_� ]_g_jZlhjZ� dZg^b^Zlh\� i_jbh^Z� hkgh\gh]h�

lhgZ��l_f�g_�f_g__�\�ihevam�5$37�fh`gh�ijb\_klb�ke_�

^mxsb_�Zj]mf_glu��

±�5$37�rbjhdh�jZkijhkljZg_gguc�Ze]hjblf�k�ohjh�

rh�bamq_ggufb�ij_bfms_kl\Zfb�b�g_^hklZldZfb��

±�5$37� bf__l� hlghkbl_evgh� gbadmx� Ze]hjblfbq_�

kdmx� aZ^_j`dm�� gbadmx� \uqbkebl_evgmx� keh`ghklv� b�

h[_ki_qb\Z_l�ohjhrmx�mklhcqb\hklv�d�hrb[dZf�\�mkeh�

\byo�aZrmfe_gghklb��

±�ijZdlbq_kdb_�wdki_jbf_glu�ihdZau\Zxl��qlh�5$37�

\�[hevrbgkl\_�kemqZ_\�[he__�^jm]bo�Ze]hjblfh\�mklhc�

qb\�d�\ebygbx�qZklhlguo�fh^meypbc�hkgh\gh]h�lhgZ��

±�5$37�rbjhdh�bkihevam_lky�\�j_q_\uo�ijbeh`_gb�

yo�b�bf__l�g_kdhevdh�^hklmiguo�j_ZebaZpbc�k�hldjuluf�

bkoh^guf�dh^hf��

B^_y� Ze]hjblfZ�� ij_^eh`_ggh]h� \� ^Zgghc� jZ[hl_��

aZdexqZ_lky� \� lhf�� qlh� fh`gh� kms_kl\_ggh� memqrblv�

oZjZdl_jbklbdb� 5$37�� bkihevamy� nmgdpbx� hp_gdb� i_�

jbh^bqghklb� gZ� hkgh\_� f]gh\_gguo� ]Zjfhgbq_kdbo� iZ�

jZf_ljh\� kbgmkhb^Zevghc� fh^_eb� \f_klh� GDDN�� >h�

ihegbl_evgh_� memqr_gb_� lhqghklb� fh`gh� ^hklbqv� gZ�

wlZi_�ihklh[jZ[hldb�iml_f�hp_gdb�iZjZf_ljh\�kb]gZeZ��

fZkrlZ[bjh\Zggh]h�\h�\j_f_gb���

<�jZ[hl_�djZldh�baeZ]Zxlky�hkgh\u�5$37�� l_hj_lb�

q_kdb�h[hkgh\u\Z_lky�ij_bfms_kl\Z�hkgh\guo�ij_^eZ�

]Z_fuo�fh^bnbdZpbc�� ijb\h^blky�hibkZgb_� gh\h]h� Ze�

]hjblfZ�b�_]h�wdki_jbf_glZevgh_�kjZ\g_gb_�k�kms_kl�

\mxsbfb�Ze]hjblfZfb��

Hp_gdZ�hkgh\gh]h�lhgZ�j_q_\h]h�kb]gZeZ�

?keb�^himklblv��qlh�ZgZebabjm_fuc�kb]gZe�y\ey_lky�

kljh]h� i_jbh^bqguf�� lh� qZklhlZ� hkgh\gh]h� lhgZ� �
�) ��

fh`_l� [ulv� hij_^_e_gZ� dZd� \_ebqbgZ� h[jZlgZy� ^ebg_�

_]h�i_jbh^Z��I_jbh^�\�k\hx�hq_j_^v�hij_^_ey_lky�dZd�

fbgbfZevguc�\j_f_gghc�k^\b]��khojZgyxsbc�bkoh^guc�

kb]gZe�� Ihqlb� \k_� kb]gZeu�� k� h[jZ[hldhc� dhlhjuo�

\klj_qZxlky�\�ijZdlbq_kdbo�ijbeh`_gbyo��g_�y\eyxlky�

kljh]h�i_jbh^bqgufb��

Hij_^_e_gb_�QHL�\�jZaebqguo�ijbeh`_gbyo�bf__l�

jZaebqguc�kfuke��GZijbf_j��\�h[jZ[hld_�\hdZebah\Zg�

ghc�j_qb�h[uqgh�kqblZxl��qlh�QHL�khhl\_lkl\m_l�qZklh�

l_� dhe_[Zgbc� ]hehkh\uo� k\yahd�� Ij_^iheZ]Z_lky�� qlh�

ohly�bo�dhe_[Zgby�b�g_�y\eyxlky�kljh]h�i_jbh^bqgufb��

���������������������������������������������������
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�

�
�
�0$7/$%� j_ZebaZpby� ij_^eh`_ggh]h� Ze]hjblfZ� ^hklmigZ��

ih�Z^j_km�KWWS���GVS�WXW�VX�LUDSW�KWPO�

lh��\h�\kydhf�kemqZ_��gZ�g_dhlhjhf�g_ijh^he`bl_evghf�

\j_f_gghf� bgl_j\Ze_� fh`gh� gZ[ex^Zlv� ihqlb� ih\lh�

jyxsb_ky� njZ]f_glu�� Ijhp_kk� j_q_h[jZah\Zgby� y\ey�

_lky� keh`guf� b� g_klZpbhgZjguf�� Baf_g_gb_� iZjZf_l�

jh\�]hehkh\uo�k\yahd��]hehkh\h]h�ljZdlZ��bglhgZpbb�ijh�

baghr_gby�� mqZklb_� \� ijhp_kk_� g_kdhevdbo� bklhqgbdh\�

\ha[m`^_gby� ^_eZ_l� hp_gdm� QHL� ^hklZlhqgh� keh`ghc�

aZ^Zq_c��G_kfhljy� gZ� jZaghh[jZab_� m`_� ij_^eh`_gguo�

f_lh^h\� j_r_gby�� wlZ� aZ^ZqZ� ijh^he`Z_l� ijb\e_dZlv�

ijbklZevgh_� \gbfZgb_� b�fgh`_kl\h� mkbebc� kh� klhjhgu�

kh\j_f_gguo� bkke_^h\Zl_e_c�� Kj_^b� him[ebdh\Zgguo�

ih^oh^h\� fh`gh� \u^_eblv� bkihevah\Zgb_� Zm^blhjguo�

fh^_e_c� >��@�� g_cjhgguo� k_l_c� >�����@� b�ki_pbnbq_kdbo�

fh^_e_c� kb]gZeZ� >����@��Hl^_evgh� fh`gh� \u^_eblv� gZ�

ijZ\e_gb_��ihk\ys_ggh_�hp_gd_�f]gh\_gghc�QHL�>�����@��

>Zggh_� gZijZ\e_gb_� ij_^klZ\ey_l� hkh[uc� bgl_j_k�� ih�

kdhevdm�jZkkfZljb\Z_l�kb]gZe�dZd�g_ij_ju\guc�ijhp_kk�

b� iha\hey_l� _]h� bgl_jij_lbjh\Zlv� \� \b^_� g_ij_ju\guo�

iZjZf_ljbq_kdbo� fh^_e_c�� <� wlhf� kemqZ_� d� h[uqguf�

oZjZdl_jbklbdZf�� \Z`guf� ^ey� \k_o� hp_gsbdh\� [_a� bk�

dexq_gby� �gZijbf_j� mklhcqb\hklv� d� ]jm[uf� hrb[dZf��

mklhcqb\hklv� d�rmfm��\uqbkebl_evgZy�keh`ghklv�b� l�^����

^h[Z\eyxlky� b� b]jZxl� dexq_\mx� jhev� lZdb_� oZjZdl_jb�

klbdb� dZd� qZklhlgh�\j_f_ggh_� jZaj_r_gb_� b� mklhcqb�

\hklv�d�fh^meypbyf�hkgh\gh]h�lhgZ��Wlb�lj_[h\Zgby�ih�

\urZxl� keh`ghklv� aZ^Zqb�� h^gZdh� iha\heyxl� ihemqblv�

gh\mx��[he__�^_lZevgmx� bgnhjfZpbx� h� kb]gZe_��Hp_g�

sbdb�f]gh\_gghc�QHL�ijbf_gbfu� g_� lhevdh� \� ljZ^bpb�

hgguo�ijbeh`_gbyo�h[jZ[hldb�j_qb��gh�b�\�ki_pbZevguo�

aZ^ZqZo�� kj_^b� dhlhjuo� ^bZ]ghklbdZ� aZ[he_\Zgbc� j_q_�

\h]h� ljZdlZ�� hp_gdZ� wfhpbhgZevgh]h� khklhygby�^bdlhjZ��

baf_j_gb_�h[hjhlghc�qZklhlu�\jZsZxsboky�f_oZgbafh\�

ih� a\mdh\hfm� kb]gZem�� ^bZ]ghklbdZ� khklhygby� lmj[bg��

r_kl_j_g�b�l�^��

DjZldh_�hibkZgb_�5$37�

Hkgh\ghc� aZ^Zq_c� ijb� jZajZ[hld_� 5$37� y\eyehkv�

^hklb`_gb_� fZdkbfZevghc� lhqghklb� hp_gdb� b� mklhcqb�

\hklb�d�hrb[dZf��GZkljhcdb�Ze]hjblfZ�iha\heyxl�Z^Zi�

lbjh\Zlv�_]h�d�jZaebqguf�lj_[h\Zgbyf�dhg_qgh]h�ijbeh�

`_gby�� hkh[_gghklyf� ]hehkZ� ^bdlhjZ� beb� mkeh\byf� aZ�

ibkb��

;hevrbgkl\h� hp_gsbdh\� hkgh\gh]h� lhgZ� �b� 5$37� \�

lhf� qbke_�� khklhyl� ba� lj_o� hkgh\guo� dhfihg_glh\�� ��±

�ij_^h[jZ[hldZ� beb� ijb\_^_gb_� kb]gZeZ� d� lj_[m_fuf�

oZjZdl_jbklbdZf����±�]_g_jZlhj�dZg^b^Zlh\�^_ckl\bl_ev�

gh]h�bkdhfh]h�i_jbh^Z�hkgh\gh]h�lhgZ����±�ihklh[jZ[hldZ�

beb� \u[hj� gZbemqr_]h� dZg^b^ZlZ� k� ihke_^mxsbf� mlhq�

g_gb_f�agZq_gby�qZklhlu��

<b^� ij_^h[jZ[hldb� hij_^_ey_lky� \b^hf� ihke_^mx�

s_c�nmgdpbb� ]_g_jZlhjZ�dZg^b^Zlh\�i_jbh^Z�hkgh\gh]h�

lhgZ��Hkgh\ghc� p_evx� ij_^h[jZ[hldb� y\ey_lky� hqbkldZ�

kb]gZeZ� hl� _]h� khklZ\eyxsbo�� dhlhju_�fh]ml� g_]Zlb\gh�

ih\ebylv� gZ� lhqghklv� hp_gdb� �gZijbf_j�� Zdmklbq_kdb_�

rmfu��khklhygb_�j_q_\h]h�ljZdlZ��ihklhyggh_�kf_s_gb_�

b� l�^����<�Ze]hjblf_� 5$37� g_�ijbf_gy_lky� ki_pbZevghc�

ij_^h[jZ[hldb� lZdh]h� jh^Z�� H^gZdh�� ^ey� mf_gvr_gby�

\uqbkebl_evguo�aZljZl�bkihevam_lky�ihgb`_gb_�qZklhlu�

^bkdj_lbaZpbb��

<� dZq_kl\_� nmgdpbb�� hij_^_eyxsbc� dZg^b^Zlh\� i_�
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jbh^Z�hkgh\gh]h�lhgZ�bkihevam_lky�GDDN��__�nhjfZev�

gh_�hij_^_e_gb_�[m^_l�^Zgh�gb`_���dhlhjZy�iha\hey_l�

hp_gblv�kl_i_gv�i_jbh^bqghklb�kb]gZeZ�\�aZ\bkbfhklb�

hl�aZ^_j`db�kb]gZeZ�\�hlkq_lZo��

Ih^jZamf_\Z_lky�� qlh� ZgZebabjm_fuc� kb]gZe� h[eZ�

^Z_l�ke_^mxsbfb�k\hckl\Zfb��oZjZdl_jgufb�^ey�j_qb�

>�@��

��ehdZevguc�fZdkbfmf�GDDN��khhl\_lkl\mxsbc�^_c�

kl\bl_evghfm� i_jbh^m� hkgh\gh]h� lhgZ� \hdZebah\Zgghc�

j_qb� �bkdexqZy� gme_\mx� aZ^_j`dm��� h[uqgh� y\ey_lky�

gZb[hevrbf�b�[ebadbf�d�_^bgbp_��

��\�kemqZ_��dh]^Z�bf__lky�g_kdhevdh�ehdZevguo�fZd�

kbfmfh\�GDDN�[ebadbo�d�_^bgbp_��lh�ijZ\bevguf�[m^_l�

\u[jZlv� lhl�� dhlhjuc� khhl\_lkl\m_l� gZbf_gvr_fm� i_�

jbh^m��

��fZdkbfmfu�GDDN�kf_`guo�nj_cfh\�jZkiheh`_gu�

[ebadh�^jm]� d�^jm]m��ihkdhevdm�qZklhlZ�hkgh\gh]h� lhgZ�

baf_gy_lky�f_^e_ggh��

��^_ckl\bl_evgZy� qZklhlZ� hkgh\gh]h� lhgZ� bgh]^Z�

fh`_l�j_adh�m\_ebqblvky�beb�mf_gvrblvky�\�^\Z�jZaZ��

��baf_g_gb_� khklhygby� \hdZebah\Zgghklb� ijhbkoh�

^bl�j_^dh��

��^ey� g_\hdZebah\Zgghc� j_qb� agZq_gby� GDDN� �aZ��

bkdexq_gb_f� gme_\hc� aZ^_j`db�� agZqbl_evgh� gb`_�

_^bgbpu��

��djZldh\j_f_gguc�ki_dlj�\hdZebah\Zgguo�b�g_\hdZ�

ebah\Zgguo�nj_cfh\�kb]gZeZ�h[uqgh�kms_kl\_ggh�jZa�

ebqgu��

��ijb� i_j_oh^_� hl� g_\hdZebah\Zggh]h�nj_cfZ� d� \h�

dZebah\Zgghfm� Zfieblm^Z� kb]gZeZ� h[uqgh� m\_ebqb�

\Z_lky��b��gZh[hjhl��ijb�i_j_oh^_�hl�\hdZebah\Zggh]h�d�

g_\hdZebah\Zgghfm�±�mf_gvrZ_lky�

�

Jbk������Ko_fZ�5$37�

GZ� klZ^bb�ihklh[jZ[hldb� \uihegy_lky� ihbkd� dhglm�

jZ� hkgh\gh]h� lhgZ�� h[t_^bgyxs_]h� ehdZevgu_� fZdkb�

fmfu�GDDN��ijb�wlhf�gZdeZ^u\Z_lky�h]jZgbq_gb_��qlh�

qZklhlZ� hkgh\gh]h� lhgZ� baf_gy_lky�f_^e_ggh� b�� lZdbf�

h[jZahf�� agZq_gby�QHL� kf_`guo�nj_cfh\� g_� ^he`gu�

kbevgh�hlebqZlvky��

Hkgh\gu_�rZ]b�5$37�i_j_qbke_gu�gb`_�>�@��jbk������

��kha^Zxlky�^\_�\_jkbb�ZgZebabjm_fh]h�kb]gZeZ��h^gZ�

k�bkoh^ghc�qZklhlhc�^bkdj_lbaZpbb��^jm]Zy�k�kms_kl\_g�

gh�ihgb`_gghc��

��\uqbkey_lky�GDDN�^ey�\k_o�nj_cfh\�kb]gZeZ�k�ih�

gb`_gghc� qZklhlhc� ^bkdj_lbaZpbb� b� \k_o� aZ^_j`_d� ba�

^himklbfh]h�^bZiZahgZ� i_jbh^Z� hkgh\gh]h� lhgZ�� \uihe�

gy_lky�ihbkd�b�khojZg_gb_�ehdZevguo�fZdkbfmfh\�ihem�

q_gguo�agZq_gbc�GDDN��

��\uqbkey_lky�GDDN�^ey�\k_o�nj_cfh\�kb]gZeZ�k�bk�

oh^ghc� qZklhlhc� ^bkdj_lbaZpbb� \� hdj_klghklyo� ehdZev�

guo� fZdkbfmfh\�� gZc^_gguo� gZ� ij_^u^ms_f�rZ]_�� \u�

ihegy_lky� ihbkd� b� khojZgyxlky� ehdZevgu_� fZdkbfmfu�

ihemq_gguo�agZq_gbc�GDDN�k�\ukhdbf�jZaj_r_gb_f��

��dZ`^uc� ba� gZc^_gguo� fZdkbfmfh\� y\ey_lky� dZg^b�

^Zlhf� i_jbh^Z� hkgh\gh]h� lhgZ� ^ey� khhl\_lkl\mxs_]h�

nj_cfZ��

��ijb� ihfhsb� ^bgZfbq_kdh]h� ijh]jZffbjh\Zgby� \u�

ihegy_lky�ihbkd�dhglmjZ�qZklhlu�hkgh\gh]h�lhgZ��kh_^b�

gyxs_]h�gZc^_ggu_�dZg^b^Zlu�i_jbh^Z��

DjZldh_�hibkZgb_�ij_^eZ]Z_fh]h�Ze]hjblfZ�

<�ij_^eZ]Z_fhf�Ze]hjblf_�hp_gdb�qZklhlu�hkgh\gh]h�

lhgZ� lZd�`_� bkihevam_lky� ihgb`_gb_� qZklhlu�^bkdj_lb�

aZpbb��^h��d=p���Ijb�wlhf�ij_^iheZ]Z_lky��qlh�hkgh\gZy�

^hey� wg_j]bb� \hdZebah\Zggh]h� j_q_\h]h� kb]gZeZ� ijboh�

^blvky�gZ�gb`gxx�qZklv�ki_dljZ��^h��d=p���b�lZdbf�h[jZ�

ahf� hp_gdb� f]gh\_gghc� qZklhlu� dZ`^hc� ]Zjfhgbdb� ba�

wlh]h�^bZiZahgZ�^hklZlhqgh�^ey�ihemq_gby� lhqgh]h� agZ�

q_gby�hkgh\gh]h�lhgZ��Ijb�ZgZeba_�^jm]bo�kb]gZeh\��hl�

ebqguo�hl�j_q_\uo��gZijbf_j�a\mdZ�jZ[hlZxs_]h�^\b]Z�

l_ey�� ^ey� ihemq_gby� [he__� lhqguo� hp_ghd� qZklhlZ� ^bk�

dj_lbaZpbb�fh`_l� g_� ihgb`Zlvky��>ey� hp_gdb�GDDN� bk�

ihevamxlky�f]gh\_ggu_� ]Zjfhgbq_kdb_�iZjZf_lju�kbgm�

khb^Zevghc� fh^_eb�� oZjZdl_jbamxsb_� i_jbh^bqghklv�

kb]gZeZ�\�dZ`^uc�fhf_gl�\j_f_gb�

�

Jbk������Ko_fZ�ij_^eZ]Z_fh]h�Ze]hjblfZ�hp_gdb�

����������������������������������
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Hkgh\gu_�rZ]b� ij_^eZ]Z_fh]h� Ze]hjblfZ� i_j_qbk�

e_gu�gb`_�>��@��jbk������

��ihgb`_gb_� qZklhlu� ^bkdj_lbaZpbb� �dZd� b� \� 5$37�

wlh� \uihegy_lky� ^ey� mf_gvr_gby� qbkeZ� lj_[m_fuo�
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ijbf_gbl_evgh� d� hl^_evghfm�fhf_glm�\j_f_gb�� Z� g_� d�

p_ehfm�nj_cfm�kb]gZeZ�����nmgdpby�]_g_jZlhjZ�dZg^b�

^Zlh\�g_qm\kl\bl_evgZ�d�qZklhlguf�fh^meypbyf�hkgh\�

gh]h� lhgZ�� ��� gZ� klZ^bb� ihklh[jZ[hldb� \uihegy_lky�

mlhqg_gb_�hkgh\gh]h�lhgZ�iml_f�\j_f_ggh]h�fZkrlZ[b�

jh\Zgby� kb]gZeZ� b� [he__� lhqghc� hp_gdb� iZjZf_ljh\�

fh^_eb��L_klbjh\Zgb_� Ze]hjblfZ� \uiheg_gh�k� bkihev�

ah\Zgb_f�kbgl_lbq_kdbo�kb]gZeh\�k�ba\_klghc�f]gh\_g�

ghc�qZklhlhc�hkgh\gh]h�lhgZ�b�jZaebqguf�khhlghr_gb�

_f� ]Zjfhgbdb�rmf�� IhdZaZgh�� qlh� lhqghklv� hp_ghd�

ij_^eh`_ggh]h� Ze]hjblfZ�kgb`Z_lky�f_^e_gg__� q_f� m�

5$37�� <,1� b� 6:,3(¶� ijb� ih\ur_gbb� kdhjhklb� baf_g_�

gby�qZklhlu�hkgh\gh]h� lhgZ��:e]hjblf�y\ey_lky�mklhc�

qb\uf�d�Z^^blb\ghfm�rmfm��Wdki_jbf_glu�k�gZlmjZev�

ghc� j_qvx�ihdZaZeb��qlh�ij_^eh`_gguc� Ze]hjblf�ijb�

f_gbf�d�ijbeh`_gbyf�h[jZ[hldb�j_qb��:e]hjblf�fh`_l�

[ulv� bkihevah\Zg� \� j_Zevghf� fZkrlZ[_� \j_f_gb� \�

ijbeh`_gbyo��]^_�^himkdZ_lky�ihklhyggZy�Ze]hjblfbq_�

kdZy�aZ^_j`dZ�\������fk��

Ebl_jZlmjZ�

����+HVV��:��-��©3LWFK�DQG�YRLFLQJ�GHWHUPLQDWLRQª��LQ�$GYDQFHV�

LQ�6SHHFK�6LJQDO�3URFHVVLQJ��HGLWHG�E\�6��)XUXL�DQG�0��0��6RKQGL�

�

0DUFHO�'HNNHU��1HZ�<RUN���������SS���±����

���+HUPHV��'��-��©3LWFK�DQDO\VLV�ª�LQ�9LVXDO�5HSUHVHQWDWLRQV�RI�

6SHHFK� 6LJQDOV�� HGLWHG� E\� 0�� &RRNH�� 6�� %HHW�� DQG� 0�� &UDZIRUG�

:LOH\��

�1HZ�<RUN��������SS���±����

��� '�� *HUKDUG�� 3LWFK� ([WUDFWLRQ� DQG� )XQGDPHQWDO� )UHTXHQF\��

+LVWRU\� DQG� &XUUHQW� 7HFKQLTXHV�� WHFKQLFDO� UHSRUW�� 'HSW�� RI� &RP�

SXWHU�6FLHQFH��8QLYHUVLW\�RI�5HJLQD��������

���9��6HUFRY��$��3HWURYVN\�©7KH�PHWKRG�RI�SLWFK�IUHTXHQF\�GH�

WHFWLRQ� RQ� WKH� EDVH� RI� WXUQLQJ� WR� LWV� KDUPRQLFVª� ��6HUFRY� 9���3HW�

URYVN\� $�� ��3URF�� RI� WKH� (XURSHDQ� 6LJQDO� 3URFHVVLQJ� &RQIHUHQFH�

�(86,3&2������ SS�� ����������� ,VODQG� RI� 5KRGHV�� *UHHFH�� �����

6HSWHPEHU��������

���$��3DYORYHWV�DQG�$��3HWURYVN\��©5REXVW�+15�EDVHG�FORVHG�

ORRS� SLWFK� DQG� KDUPRQLF� SDUDPHWHUV� HVWLPDWLRQª� �� 3DYORYHWV� $���

3HWURYVN\� $�� ��� 3URF�� WKH� ��WK� $QQXDO� &RQIHUHQFH� RI� WKH� ,QWHUQD�

WLRQDO� 6SHHFK� &RPPXQLFDWLRQ� $VVRFLDWLRQ� �,QWHUVSHHFK��������

,WDO\��)ORUHQFH��������$XJXVW�������

���3��=XEU\FNL�DQG�$��3HWURYVN\��©4XDVL�SHULRGLF�VLJQDO�DQDO\�

VLV� XVLQJ� KDUPRQLF� WUDQVIRUP� ZLWK� DSSOLFDWLRQ� WR� YRLFHG� VSHHFK�

SURFHVVLQJª��=XEU\FNL�3��� DQG�3HWURYVN\�$�� ��� ,6&$6������������

������

���'��7DONLQ��©$�5REXVW�$OJRULWKP�IRU�3LWFK�7UDFNLQJ��5$37�ª�LQ��

©6SHHFK�&RGLQJ�	�6\QWKHVLVª��:�%�.OHLMQ��.�.�3DOLZDO�HGV��(OVHYLHU�

,6%1�������������������

���$��&KHYHLJQp� DQG� +��.DZDKDUD� ©<,1�� D� IXQGDPHQWDO� IUH�

TXHQF\�HVWLPDWRU�IRU�VSHHFK�DQG�PXVLFª��-RXUQDO�$FRXVW��6RF��$P���

YRO�������QR�����SS������������$SU��������

���$��&DPDFKR�DQG�-��*��+DUULV��©$�VDZWRRWK�ZDYHIRUP�LQVSLUHG�

SLWFK� HVWLPDWRU� IRU� VSHHFK� DQG� PXVLFª�� -RXUQDO� $FRXVW�� 6RF�� $P���

YRO�������QR�����SS������������6HS��������

���� -�2��+RQJ� DQG� 3�-��:ROIH�� ©0RGHO�EDVHG� HVWLPDWLRQ� RI� LQ�

VWDQWDQHRXV� SLWFK� LQ� QRLV\� VSHHFKª� LQ� 3URFHHGLQJV� RI�

,17(563((&+��������

����%��5HVFK��0��1LOVVRQ��$��(NPDQ�DQG�:��%��.OHMLQ�©(VWLPDWLRQ�

RI� WKH� ,QVWDQWDQHRXV� 3LWFK� RI� 6SHHFKª�� ,(((� 7UDQV�� RQ� $XGLR��

6SHHFK��DQG�/DQJ��3URFHVV���������YRO������QR�����SS�����������

����.RED\DVKL�� 7�� )XQGDPHQWDO� IUHTXHQF\� HVWLPDWLRQ� EDVHG� RQ�

LQVWDQWDQHRXV� IUHTXHQF\� DPSOLWXGH� VSHFWUXP� �� 7��.RED\DVKL��

'��$ULILDQWR��7��0DVXNR� ���3URF�RI�WKH�,(((�,QWHUQDWLRQDO�&RQIHUHQFH�

RQ�$FRXVWLFV��6SHHFK�� DQG�6LJQDO�3URFHVVLQJ� �,&$663��� ±� ������ ±�

3��,�����,������

����.DZDKDUD�� +��� 0DVXGD�.DWVXVH�� ,��� DQG� GH� &KHYHLJ�QH��� $��

©5HVWUXFWXULQJ� VSHHFK� UHSUHVHQWDWLRQV� XVLQJ� D� SLWFK�DGDSWLYH� WLPH�

IUHTXHQF\� VPRRWKLQJ� DQG� DQ� LQVWDQWDQHRXV�IUHTXHQF\�EDVHG� )��

H[WUDFWLRQ��3RVVLEOH�UROH�RI�D�UHSHWLWLYH�VWUXFWXUH�LQ�VRXQGV�ª�6SHHFK�

&RPPXQ������������3�����±�����

����(�� $]DURY�� DQG� $�� 3HWURYVN\�� ©5HDO�WLPH� YRLFH� FRQYHUVLRQ�

EDVHG� RQ� LQVWDQWDQHRXV� KDUPRQLF� SDUDPHWHUVª��� (��$]DURY�� DQG� $��

3HWURYVN\� ��� 3URF�� RI� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $FRXVWLFV��

6SHHFK�� DQG� 6LJQDO� 3URFHVVLQJ� �,&$663�������� SS�� ����� �� ������

3UDJXH��&]HFK�5HSXEOLF��0D\��������������

����+DMLPH�6DQR�DQG�%��.HLWK�-HQNLQV��$�QHXUDO�QHWZRUN�PRGHO�

IRU� SLWFK� SHUFHSWLRQ�� &RPSXWHU� 0XVLF� -RXUQDO�� ��������±���� )DOO�

������

����%DUQDUG��(���&ROH��5��$���9HD��0��3���DQG�$OOHYD��)��$��©3LWFK�

GHWHFWLRQ�ZLWK� D� QHXUDO�QHW�FODVVLILHUª�� ,(((�7UDQV��6LJQDO�3URFHVV��

����������SS�����±�����

���� 6KDKQD]�� &��� =KX� :�3��� $KPDG� 0�� 2�� ©3LWFK� HVWLPDWLRQ�

EDVHG� RQ� D� KDUPRQLF� VLQXVRLGDO� DXWRFRUUHODWLRQ�PRGHO� DQG� D� WLPH�

GRPDLQ� PDWFKLQJ� VFKHPHª�� ,(((� 7UDQVDFWLRQV� RQ� $XGLR�� 6SHHFK��

DQG� /DQJXDJH� 3URFHVVLQJ�� YRO�� ���� QR�� ��� SS�� ��������� -DQXDU\�

������

����$]DURY��(�� ,QVWDQWDQHRXV�3LWFK�(VWLPDWLRQ�%DVHG� RQ�5$37�

)UDPHZRUN���(��$]DURY��0��9DVKNHYLFK�DQG�$��3HWURYVN\����3URF��RI�

WKH���
WK
�(XURSHDQ�6LJQDO�3URFHVV��&RQI���(86,3&2��������±�������±�

3������±������

����$EH��7�� DQG�+RQGD��0��©6LQXVRLGDO�PRGHO�EDVHG� RQ� LQVWDQ�

WDQHRXV�IUHTXHQF\�DWWUDFWRUVª��,(((�7UDQVDFWLRQV�RQ�$XGLR��6SHHFK��

DQG� /DQJXDJH�3URFHVVLQJ�� 9ROXPH�� ���� ,VVXH� ��� SS�� ����� ±� ������

-XO\�������

����$O��3HWURYVN\�� (��$]DURY� DQG� $��3HWURYVN\�� ©+\EULG� VLJQDO�

GHFRPSRVLWLRQ� EDVHG� RQ� LQVWDQWDQHRXV� KDUPRQLF� SDUDPHWHUV� DQG�

SHUFHSWXDOO\� PRWLYDWHG� ZDYHOHW� SDFNHWV� IRU� VFDODEOH� DXGLR� FRGLQJª��

6LJQDO�3URFHVVLQJ�� YRO������ ,VVXH����)RXULHU�5HODWHG�7UDQVIRUPV� IRU�

1RQ�6WDWLRQDU\�6LJQDOV��SS�������������-XQH�������

����*��3LUNHU��0��:RKOPD\U��6��3HWULN� DQG�)��3HUQNRSI�� ©$�3LWFK�

7UDFNLQJ�&RUSXV�ZLWK�(YDOXDWLRQ�RQ�0XOWLSLWFK�7UDFNLQJ�6FHQDULRª��LQ�

3URFHHGLQJV�RI�,17(563((&+��������S�������������

�
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Iml_f�bfblZpbhggh]h�fh^_ebjh\Zgby�gZ�W<F�b�ZgZeblbq_kdb�

fb�f_lh^Zfb�ihdZaZgh��qlh�ZgZeba�g_ebg_cguo�bkdZ`_gbc�\�mkbeb�

l_eyo�fhsghklb�[Zah\uo�b�fh[bevguo�klZgpbc�kbkl_f�^hklmiZ�k�

l_ogheh]b_c�2)'0�fh`_l�[ulv�\uiheg_g�gZ�hkgh\_�ZgZebaZ�bkdZ�

`_gbc� dZd� h]b[Zxs_c� l_klh\h]h� kb]gZeZ�� lZd� b� _]h� f]gh\_gguo�

agZq_gbc�� Dhgljhebjm_fufb� iZjZf_ljZfb� mkbebl_ey� fhsghklb�

y\eyxlky� fhsghklv� g_bkdZ`_ggh]h� kb]gZeZ� b� hlghr_gb_� Kb]�

gZe�Ihf_oZ�gZ�\uoh^_�mkbebl_ey��

M>D�������������

IBDN:DLHJ�KB=G:EH<�2)'0�B�G?EBG?CGU?�BKD:@?GBY��
<�J:>BHH;HJM>H<:GBB�KBKL?F�;?KIJH<H>GH=H�>HKLMI:�

RbgZdh\�X�K���^�l�g���ijhn_kkhj��aZ\��dZn_^jhc�Fhkdh\kdh]h�l_ogbq_kdh]h�mgb\_jkbl_lZ�k\yab��
b�bgnhjfZlbdb��H�PDLO��VKLQDURY�#PWXFL�UX��

�
Dexq_\u_� keh\Z�� [_kijh\h^ghc� ^hklmi��

ibdnZdlhj�� l_ogheh]by� 2)'0�� g_ebg_cgu_�

bkdZ`_gby��bfblZpbhggh_�fh^_ebjh\Zgb_��

<\_^_gb_�

;_kijh\h^gu_� kbkl_fu� ^hklmiZ� h[eZ^Zxl�

jy^hf� hq_\b^guo� ij_bfms_kl\�� lZdbo� dZd�

hlghkbl_evgh�gbadZy�klhbfhklv�ihkljh_gby�k_lb�

b� ^hklmighklv� ^ey� fh[bevguo� Z[hg_glh\�� K�

^jm]hc� klhjhgu� nmg^Zf_glZevguf� nZdlhjhf�� h]jZgb�

qb\Zxsbf� rbjhdh_� jZkijhkljZg_gb_� [_kijh\h^guo�

kbkl_f�� y\ey_lky� h]jZgbq_gghklv� ihehku� jZ^bhqZklhl��

<�k\yab�k�wlbf�[ueb�ijh\_^_gu�Zdlb\gu_�bkke_^h\Zgby�

k�p_evx�jZajZ[hldb�gh\uo� l_e_dhffmgbdZpbhgguo� l_o�

gheh]bc��hl\_qZxsbo�kh\j_f_gguf�lj_[h\Zgbyf�d�kdh�

jhklb� i_j_^Zqb� bgnhjfZpbb� b� \ukhdhc� ki_dljZevghc�

wnn_dlb\ghklb��H^ghc�ba�gZb[he__�ih^oh^ysbo�l_ogh�

eh]bc�[_kijh\h^ghc�k\yab�\�gZklhys__�\j_fy�kqblZ_l�

ky� hjlh]hgZevgh_� qZklhlgh_� jZa^_e_gb_� k�fmevlbie_d�

kbjh\Zgb_f��2UWKRJRQDO�)UHTXHQF\�'LYLVLRQ�0XOWLSOH[LQJ���

2)'0��� ;eZ]h^Zjy� g_dhlhjuf� hkh[_gghklyf� ^Zgghc�

l_ogheh]bb�khhl\_lkl\mxsb_�kbkl_fu�^hklmiZ�h[eZ^Z�

xl� hlghkbl_evgh� \ukhdhc� ki_dljZevghc� wnn_dlb\gh�

klvx�b�^hklZlhqgh�\ukhdhc�mklhcqb\hklvx� d�hkh[_ggh�

klyf�kb]gZeZ�b�d�ihf_oZf��\hagbdZxsbf�\�dZgZeZo�fh�

[bevghc� k\yab�� Rbjhdh� ba\_klgu_� f_lh^u� pbnjh\hc�

h[jZ[hldb�kb]gZeh\��lZdb_�dZd�^bkdj_lgh_�ij_h[jZah\Z�

gb_� Nmjv_� b� [uklju_� Ze]hjblfu� ij_h[jZah\Zgby� Nm�

jv_��e_`Zsb_� \� hkgh\_� l_ogheh]bb� 2)'0�� h[_ki_qbeb�

kms_kl\_ggh_�kgb`_gb_�keh`ghklb�jZ^bhh[hjm^h\Zgby��

qlh�� \� k\hx� hq_j_^v�� ijb\_eh� d� kgb`_gbx� klhbfhklb�

wlh]h�h[hjm^h\Zgby���

H[s_ijbagZggufb� ij_bfms_kl\Zfb� l_ogheh]bb�

2)'0� y\eyxlky��\ukhdZy� ihl_gpbZevgZy�ihf_ohmklhc�

qb\hklv�� wnn_dlb\ghklv� bkihevah\Zgby�ihehku� jZ^bh�

qZklhl�� ijhklhlZ� hkgh\guo� l_ogbq_kdbo� j_r_gbc�f_lh�

^Zfb�pbnjh\hc�h[jZ[hldb�kb]gZeh\��<�gZklhys__�\j_�

fy�2)'0�rbjhdh�bkihevam_lky�\�_\jhi_ckdbo�kbkl_fZo�

pbnjh\h]h�l_e_jZ^bh\_sZgby��<�Jhkkbb��\�jZfdZo�ijh�

bkoh^ys_]h�i_j_oh^Z�hl�ZgZeh]h\h]h�\_sZgby�d�pbnjh�

\hfm��bkihevah\Zgb_�2)'0�l_ogheh]bb��^ey�miehlg_gby�

dZgZeh\�ZgZeh]h\h]h�\_sZgby�iha\hey_l�\�iheghc�f_j_�

\hkihevah\Zlvky� \k_fb� ij_bfms_kl\Zfb� pbnjh\h]h�

fmevlbf_^bcgh]h�jZ^bh��b� l_e_\_sZgby�b�bgnhjfZpb�

hggh]h� h[kem`b\Zgby�� L_ogheh]by� 2)'0� \u[jZgZ� \�

dZq_kl\_�hkgh\u�klZg^Zjlh\�[_kijh\h^guo��k_l_c�gh\h�

]h�lbiZ��,(((��������:L�)L���,(((���������:L0$;����*33�

/RQJ7HUP(YROXWLRQ��/7(����

H^gZdh� kms_kl\_gguf� g_^hklZldhf� wlhc� l_ogheh]bb�

y\ey_lky� \ukhdh_� agZq_gb_� ibdnZdlhjZ� jZ^bhkb]gZeh\��

dhlhju_�^he`gu�baemqZlv�Z[hg_glkdb_� l_jfbgZeu�b�[Z�

ah\u_� klZgpbb��LZdh_� agZq_gb_� ibdnZdlhjZ� jZ^bhkb]gZ�

eZ� ±� hlghr_gb_� fZdkbfZevgh]h� f]gh\_ggh]h� agZq_gby�

fhsghklb�dhe_[Zgby�d�__�kj_^g_fm�agZq_gbx�±�h[tykgy_l�

ky� l_f�� qlh� jZ^bhkb]gZe� ijb� l_ogheh]bb� 2)'0� y\ey_lky�

kmffhc� [hevrh]h� dhebq_kl\Z� ih^g_kmsbo� dhe_[Zgbc� �dZd�

ijZ\beh� [he__� ����� kh� kemqZcgufb� � Zfieblm^Zfb� b� gZ�

qZevgufb�nZaZfb��\ke_^kl\b_�q_]h�\�khhl\_lkl\bb�k�p_g�

ljZevghc� ij_^_evghc� l_hj_fhc� l_hjbb� \_jhylghkl_c� � ba�

emqZ_fh_� dhe_[Zgb_� � �; W �fh`gh�jZkkfZljb\Zlv� dZd�madh�

ihehkguc� ]Zmkkh\kdbc� kemqZcguc� ijhp_kk��Kj_^gyy�fhs�

ghklv�
kj3 �lZdh]h� ijhp_kkZ� jZ\gZ� _]h� ^bki_jkbb�

�V �� Z�

f]gh\_ggh_�agZq_gb_�ijhp_kkZ�fh`_l�ij_\ukblv�agZq_gb_�

�V �k� \_jhylghklvx� ������ lZd� qlh� f]gh\_ggZy� fhsghklv�

� �3 W �fh`_l� ij_\ukblv�
kj3 �ijbf_jgh� \� �� jZa� k� dhg_qghc�

\_jhylghklvx��<� j_amevlZl_� klj_fe_gb_� h[_ki_qblv�eb�

g_cguc� j_`bf� ^ey� mkbebl_evguo� we_f_glh\� jZ^bhh[h�

jm^h\Zgby� ijb\h^bl� d� gbadhfm� agZq_gbx� dhwnnbpb_glZ�

ihe_agh]h� ^_ckl\by� i_j_^Zlqbdh\� b� g_� wnn_dlb\ghfm�

bkihevah\Zgbx� [ZlZj_c� fh[bevguo� l_jfbgZeh\�� Ih\u�

kblv� wg_j]_lbq_kdmx� wnn_dlb\ghklv� h[hjm^h\Zgby� �ijb�

l_ogheh]bb�2)'0�fh`gh�ebrv�^himklb\�dhgljhebjm_fuc�

mjh\_gv�g_ebg_cguo�bkdZ`_gbc�jZ^bhkb]gZeZ��

Ihwlhfm�ij_^klZ\eyxlky�ZdlmZevgufb� aZ^Zqb�bkke_�

^h\Zgby�k\hckl\�ihf_o��\hagbdZxsbo�\�jZ^bhh[hjm^h\Z�

gbb�k� l_ogheh]b_c� 2)'0� ba�aZ� gZebqby� g_ebg_cguo� bk�

dZ`_gbc� �dhfij_kkbb�� jZ^bhkb]gZeZ�� b� ihke_^mxs_c�

hp_gdb� bo� \ebygby� gZ� ihf_ohmklhcqb\hklv� khhl\_lkl�

\mxsbo�kbkl_f�jZ^bh^hklmiZ��DZd�ijZ\beh��mkljhckl\hf��

h[mkeZ\eb\Zxsbf� dhfij_kkbx� jZ^bhkb]gZeZ�� y\ey_lky�

mkbebl_ev�fhsghklb�fh[bevghc�beb�[Zah\hc�klZgpbb���

<� gZklhys__� \j_fy� bf__lky� fgh]h� him[ebdh\Zgguo�

jZ[hl��\�dhlhjuo�j_rZxlky�aZ^Zqb�\�lhc�beb�bghc�kl_i_�

gb� [ebadb_� d� gZa\Zgguf� \ur_�� A^_kv� mdZ`_f� ebrv� gZ�

g_dhlhju_�ba�gbo��<�i_j\mx�hq_j_^v�ke_^m_l�mihfygmlv�

fhgh]jZnbb� >��� ��� �@��\�dhlhjuo�baeh`_gu�h[sb_�ZgZeb�

lbq_kdb_� f_lh^u� ZgZebaZ� g_ebg_cguo� mkljhckl\� ijb�

kemqZcguo�\ha^_ckl\byo��<�klZlv_�>�@�ijb\_^_gu�j_amev�
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lZlu�klZlbklbq_kdh]h�fh^_ebjh\Zgby�ijb�hp_gd_�\eby�

gby� g_ebg_cghklb� Zfieblm^ghc� oZjZdl_jbklbdb� �:O��
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qbke_ggh]h�bgl_]jbjh\Zgby�\ujZ`_gby
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pby�
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LZdbf� h[jZahf�� dh\ZjbZpbhggZy�nmgdpby� kb]gZeZ� gZ�

\uoh^_�MF�\�jZkkfZljb\Z_fhf�kemqZ_�bf__l�\b^��
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DZd�b�jZg__��i_j\h_�keZ]Z_fh_�\�nhjfme_� �����ij_^�

klZ\ey_l�kh[hc�dh\ZjbZpbhggmx�nmgdpbx�g_bkdZ`_ggh]h�

kb]gZeZ� � �.[ W �gZ� \uoh^_�MF�� Z� \lhjh_� keZ]Z_fh_� ijb�

f_f� \� dZq_kl\_� dh\ZjbZpbhgghc� nmgdpbb� ihf_ob�

� � � � � �] W \ W .[ W � ��

Ijb� �W  �ba������ihemqZ_f�fhsghklv�g_bkdZ`_ggh]h�

kb]gZeZ�gZ�\uoh^_�MF�

�
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b� fhsghklv� ihf_ob�� \hagbdr_c� ba�aZ� g_ebg_cghklb� ^b�

gZfbq_kdhc�oZjZdl_jbklbdb�MF�
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Hq_\b^gh�� qlh� wlb� fhsghklb� aZ\bkyl� hl� ^bki_jkbb�

�fhsghklb�� l_klh\h]h� kb]gZeZ� gZ� \oh^_� MF�� Khhl\_lkl�

\mxsb_�]jZnbdb�bah[jZ`_gu�gZ�jbk����b�jbk�����>O�����

AZdexq_gb_�

<�klZlv_�aZ^ZqZ�ZgZebaZ�bkdZ`_gbc�madhihehkgh]h�]Z�

mkkh\kdh]h� l_klh\h]h� kb]gZeZ� \� mkbebl_e_� fhsghklb� k�

g_ebg_cgufb� Zfieblm^ghc� b� ^bgZfbq_kdhc� oZjZdl_jb�

klbdZfb� j_r_gZ� ^\mfy� jZagufb� kihkh[Zfb�� i_j\uc� ba�

dhlhjuo�fh`gh�gZa\Zlv�bfblZpbhgguf�f_lh^hf�h]b[Zx�

sbo��ZgZeba�gZ�hkgh\_�Zfieblm^ghc�oZjZdl_jbklbdb�mkb�

ebl_ey� fhsghklb��� Z� \lhjhc� ±� ZgZeblbq_kdbf� f_lh^hf�

^ey�f]gh\_gguo� agZq_gbc� �ZgZeba� gZ� hkgh\_� ^bgZfbq_�

kdhc�oZjZdl_jbklbdb�mkbebl_ey�fhsghklb���

<� dZq_kl\_� nmgdpbc�� hibku\Zxsbo� g_ebg_cgu_� oZ�

jZdl_jbklbdb� MF�� \u[jZgu� fZl_fZlbq_kdb_� \ujZ`_gby��

^ey�dhlhjuo�ba\_klgu_�ZgZeblbq_kdb_�f_lh^u�^Zxl�lhq�

gh_� j_r_gb_� jZkkfZljb\Z_fhc� aZ^Zqb�� bfblZpbhgguc�

kihkh[� ZgZebaZ� gZ� hkgh\_� h]b[Zxsbo�� dhlhjuc� fh`_l�

[ulv�ijbf_g_g�^ey�ex[uo�fh^_e_c�g_ebg_cguo�nmgdpbc�

MF��^Z_l�qbke_ggh_�j_r_gb_�aZ^Zqb�ZgZebaZ�bkdZ`_gbc�

kb]gZeZ�\�MF���

<� dZq_kl\_� bkke_^m_fuo� oZjZdl_jbklbd� dZq_kl\Z�MF�

\u[jZgu��Z��^hey�\�fhsghklb�g_bkdZ`_ggh]h�kb]gZeZ�gZ�

\uoh^_� mkbebl_ey� \�fhsghklb� kmffZjgh]h� ijhp_kkZ� gZ�

\uoh^_�mkbebl_ey��ghjfbjh\ZggZy�hlghkbl_evgh�fhsgh�

klb�gZkus_gby���[��hlghr_gb_�fhsghklb�ihf_ob�d�fhs�

ghklb�g_bkdZ`_ggh]h�kb]gZeZ�gZ�\uoh^_�mkbebl_ey��

Hkgh\gZy� p_ev� klZlvb� ±� kjZ\g_gb_� j_amevlZlh\� j_�

r_gby�h^ghc�b�lhc�`_�aZ^Zqb�^\mfy�jZagufb�f_lh^Zfb�±�

fh`_l� [ulv� ^hklb]gmlZ� iml_f� \bamZevgh]h� kjZ\g_gby�

]jZnbdh\��ijb\_^_gguo�gZ�jbk����b��� �f_lh^�bfblZpbhg�

gh]h� ZgZebaZ� h]b[Zxsbo��� k� ]jZnbdZfb� gZ� jbk�� �� b� ��



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

�ZgZeblbq_kdbc�f_lh^�ZgZebaZ�f]gh\_gguo�agZq_gbc���<�

j_amevlZl_� kjZ\g_gby� wlbo� ]jZnbdh\� hkgh\ghc� \u\h^�

klZlvb� fh`_l� [ulv� knhjfmebjh\Zg� ke_^mxsbf� h[jZ�

ahf�� ^ey� jZkkfZljb\Z_fuo� g_ebg_cguo� oZjZdl_jbklbd�

MF�h[Z�kihkh[Z�^Zxl�ijZdlbq_kdb�h^bg�b�lhl�`_�j_amev�

lZl� k� lhqghklvx�� ^hklZlhqghc� ^ey� bg`_g_jguo� ijbeh�

`_gbc���

LZdbf�h[jZahf��kihkh[�bfblZpbhggh]h�ZgZebaZ�h]b�

[Zxsbo� \oh^gh]h� b� \uoh^gh]h� l_klh\uo� kb]gZeh\� MF�

fh`_l�h[_ki_qblv�j_r_gb_� aZ^Zq�ZgZebaZ�g_ebg_cguo�

bkdZ`_gbc�\�MF�k�oZjZdl_jbklbdZfb�g_ebg_cghklb��^ey�

dhlhjuo� ZgZeblbq_kdh_� j_r_gb_� lZdbo� aZ^Zq� ihemqblv�

g_� m^Z_lky�� Djhf_� lh]h�� wlhl� kihkh[� g_� ij_^iheZ]Z_l�

]Zmkkh\hklb�\oh^gh]h�kb]gZeZ��qlh�y\ey_lky�kms_kl\_g�

guf�h]jZgbq_gb_f�^ey�\k_o�ZgZeblbq_kdbo�f_lh^h\��<�

j_amevlZl_� �ZgZeba�g_ebg_cguo�bkdZ`_gbc�fh`_l�[ulv�

\uiheg_g� bf� ^ey� g_]Zmkkh\kdbo� kemqZcguo� ijhp_kkh\��

dZdh\ufb� y\eyxlky� [hevrbgkl\h� jZ^bhkb]gZeh\� k� kh�

\j_f_ggufb�f_lh^Zfb�fh^meypbb� �fh^meypby� k�fbgb�

fZevguf�k^\b]hf�� ]Zmkkh\kdZy�fh^meypby�k�fbgbfZev�

guf� k^\b]hf�� d\Z^jZlmjgZy� Zfieblm^gZy� fh^meypby��

fgh]hihabpbhggZy�nZah\Zy�fh^meypby�b�l�^����

<� klZlv_� baeh`_gh� ^\Z� wd\b\Ze_glguo� kihkh[Z� j_�

r_gby� aZ^Zqb� ZgZebaZ� g_ebg_cguo� bkdZ`_gbc� b� hij_�

^_e_gby� aZ\bkbfhklb� hlghr_gby� Kb]gZe�Ihf_oZ� gZ�

\uoh^_�mkbebl_ey�fhsghklb�k�g_ebg_cgufb�oZjZdl_jb�

klbdZfb��dhlhju_�iha\heyxl�j_Zebah\Zlv�j_`bf�k�fZd�

kbfZevgh�^himklbfhc� wg_j]_lbq_kdhc� wnn_dlb\ghklvx�

i_j_^Zlqbdh\� fh[bevguo� b� [Zah\uo� klZgpbc� ijb� dhg�

ljhebjm_fhf�fbgbfZevgh�^himklbfhf� hlghr_gbb�Kb]�

gZe�Ihf_oZ�gZ�\uoh^_�mkbebl_ey���

<�^Zgghc�jZ[hl_�fhsghklv�ihf_ob�gZ�\uoh^_�hij_�

^_e_gZ�[_a�mq_lZ�__�jZkij_^_e_gby�ih�hkb�qZklhl��ih�

kdhevdm� ki_dljZevgZy� iehlghklv� fhsghklb� ihf_ob� g_�

\uqbkeyeZkv�� ?keb� gZ]jmadhc� g_ebg_cgh]h� mkbebl_ey�

y\ey_lky� ihehkh\hc�nbevlj�� lh�fhsghklv� ihf_ob� fh�

`_l� [ulv� mf_gvr_gZ�� Ihwlhfm� ijb\_^_ggu_� \ur_�

hp_gdb�fhsghklb� ihf_ob� gZ� \uoh^_� ke_^m_l� jZkkfZl�

jb\Zlv�dZd�hp_gdb�k\_jom��Ba\_klgh��h^gZdh��qlh�\�kmf�

fZjghc�fhsghklb�ihf_ob�hij_^_eyxsbfb�keZ]Z_fufb�

y\eyxlky�dhfihg_glu� lj_lv_]h�ihjy^dZ��dhlhju_�ihiZ�

^Zxl� \� ihehkm� qZklhl� g_bkdZ`_ggh]h� jZ^bhkb]gZeZ� b��

ke_^h\Zl_evgh��g_�fh]ml�[ulv�mkljZg_gu�iml_f�ebg_c�

ghc�nbevljZpbb��Ihwlhfm� ij_^klZ\ey_lky�� qlh� mdZaZg�

gZy�hp_gdZ�k\_jom�g_�[m^_l�kebrdhf�]jm[hc���

Ebl_jZlmjZ�

��� E_\bg� ;�J�� L_hj_lbq_kdb_� hkgh\u� klZlbklbq_kdhc�

jZ^bhl_ogbdb��±�F��Kh\_lkdh_�jZ^bh��������Dgb]Z�i_j\Zy��

±����k��

���?\kbdh\�X�:���QZimjkdbc�<�<��Ij_h[jZah\Zgby�kem�

qZcguo�ijhp_kkh\�\�jZ^bhl_ogbq_kdbo�mkljhckl\Zo��±�F���

<ukrZy�rdheZ��������±�����k����be��

���Lbohgh\�<�B���OZjbkh\�<�G��KlZlbklbq_kdbc�ZgZeba�

b�kbgl_a�jZ^bhl_ogbq_kdbo�kbkl_f�b�mkljhckl\�� ±F���JZ�

^bh�b�k\yav��=hjyqZy�ebgby�±�l_e_dhf��������±�����k��

��� G_fbjh\kdbc� F�K�� <ebygb_� g_ebg_cghklb� Zfieb�

lm^ghc� oZjZdl_jbklbdb� i_j_^ZlqbdZ� gZ� hkgh\gu_� iZjZ�

f_lju�jZ^bhebgbc��±�JZ^bhl_ogbdZ��������������k���������

���<hedh\�E�G���G_fbjh\kdbc�F�K���RbgZdh\�X�K��Kbk�

l_fu� pbnjh\hc� jZ^bhk\yab�� ;Zah\u_� f_lh^u� b� oZjZd�

l_jklbdb��±�F���WdhLj_g^a��������±����k��

���4�� /LX��6�� -LDQJWDR�� -X6KX��.��+RULH��1�� ,WRK�� 7��<RVKL�

PDVX��$�KLJK�HIILFLHQF\�DQG�KLJK�OLQHDULW\�SRZHU�DPSOLILHU�XWLOL]�

LQJ�SRVW�OLQHDUL]DWLRQ�WHFKQLTXH�IRU�����*+]�'65&�DSSOLFDWLRQV��

�� ,(((� 7RSLF� &RQIHUHQFH� RQ� 3RZHU� $PSOLILHUV� IRU� ZLUHOHVV�

DQG�5DGLR�$SSOLFDWLRQV��������S�����±�����

���<RXQJ�+RRQ�.LP��*ZHRQ�'R�-R��-XQJ�+RRQ�2K�DW�DO���

$Q� (I¿FLHQW� 6LPSOL¿HG� %HKDYLRUDO� 0RGHO� IRU� 5)� 3RZHU�� ��

,(((�7RSLF�&RQIHUHQFH�RQ�3RZHU�$PSOLILHUV�IRU�ZLUHOHVV�DQG�

5DGLR�$SSOLFDWLRQV��������S�����±�����

��� -DH� +R� -XQJ�� $�� /RZ�&RPSOH[LW\� )3*$� ,PSOHPHQWD�

WLRQ� RI� 9ROWHUUD3UHGLVWRWHUV� IRU� 3RZHU� $PSOLILHUV�� �� ,(((�

7RSLF�&RQIHUHQFH�RQ�3RZHU�$PSOLILHUV� IRU�ZLUHOHVV� DQG�5D�

GLR�$SSOLFDWLRQV��������S�����±�����

3$35�,1�2)'0�6,*1$/6�$1'�121/,1($5�

',67257,21�,1�75$160,77(56�)25�

:,5(/(66�6<67(06�

6KLQDNRY�<X��6��

,Q� WKLV� SDSHU� E\�3&� VLPXODWLRQ�VWXG\� DQG�DQDO\WLF�PHWK�

RGV�LW�LV�VKRZHG��WKDW�D�QRQOLQHDU�GLVWRUWLRQV�DQDO\VLV� LQ�PR�

ELOH�DQG�EDVH�VWDWLRQV�SRZHU�DPSOLILHUV�RI�2)'0�DFFHVV�V\V�

WHPV� LW� FDQ� EH� UHDOL]HG� IRU� D� WHVW� VLJQDO� HQYHORSH� RU� IRU� LQ�

VWDQWDQHRXV� YDOXHV� RI� WKLV� VLJQDO�� 7KH� LQYHVWLJDWHG�SDUDPH�

WHUV�RI�WKH�DPSOLILHU�DUH�KHUHZLWK�DQ�XQGLVWRUWHG�VLJQDO�SRZHU�

DQG�VLJQDO�WR�LQWHUIHUHQFH�UDWLR�RQ�WKH�DPSOLILHU�RXWSXW��
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HibkZg�kihkh[�h[gZjm`_gby� ©i_j_]jmadbª�`_em^hqdh\�gZ�hkgh\_�

ZgZebaZ� we_dljhdZj^bhkb]gZeZ�k�ihfhsvx�g_ebg_cguo�bgl_]jZev�

guo� ij_h[jZah\Zgbc�� Ij_^eh`_gh� bkihevah\Zlv� g_aZ\bkbfh_� hl�

456�dhfie_dkZ� \u^_e_gb_� ^_ij_kkbb� k_]f_glh\� 56�7� b� hljbpZ�

l_evguo�am[ph\�L��

M>D��������

H;G:JM@?GB?�I?J?G:IJY@?GBY�@?EM>HQDH<�K?J>P:�

<ZjgZ\kdbc�:�G���d�l�g���klZjrbc�gZmqguc�khljm^gbdZ�dZn_^ju�Z\lhfZlbaZpbb�bgnhjfZpbhgguo��
b�l_ogheh]bq_kdbo�ijhp_kkh\�JyaZgkdh]h�]hkm^Zjkl\_ggh]h�jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ���

H�PDLO��YDUQDYVN\BDOH[#UDPEOHU�UX�

�
Dexq_\u_� keh\Z�� i_j_]jmadZ� `_em^hqdh\��

]bi_jlhgbq_kdbc� djba�� we_dljhdZj^bhkb]gZe��

g_ebg_cgu_� bgl_]jZevgu_� ij_h[jZah\Zgby��

dhwnnbpb_gl�\ZjbZpbb��

<\_^_gb_�

<� ijZdlbq_kdhc� we_dljhdZj^bheh]bb� bgh]^Z� bkihev�

am_lky� l_jfbg� ©i_j_]jmadZª� �©i_j_gZijy`_gb_ª��`_em�

^hqdh\�� dhlhjuf� h[hagZqZxl�^bgZfbq_kdb_�� dZd� ijZ\b�

eh�� h[jZlbfu_� baf_g_gby� we_dljhdZj^bhkb]gZeZ� �WDK��

\� \b^_�^_ij_kkbb� k_]f_glZ�56±L� b� bg\_jkbb� am[pZ�L��

h[mkeh\e_ggu_� \g_aZiguf� m\_ebq_gb_f� ]_fh^bgZfb�

q_kdhc�gZ]jmadb�gZ�ijZ\uc�beb�e_\uc�`_em^hq_d��

LZdb_�baf_g_gby�k_]f_glZ�50±L�b�am[pZ�L�g_kdhev�

dh� qZs_� gZ[ex^Zxlky� ijb� hkljhc�kbklhebq_kdhc� i_j_�

]jmad_�`_em^hqdh\��dh]^Z�\hagbdZ_l�ij_iylkl\b_�gZ�imlb�

ba]gZgby� djh\b� \� \b^_� km`_gby� \uoh^gh]h� hl\_jklby�

beb� ih\ur_gby�^Z\e_gby� \�[hevrhf� beb�fZehf� djm]_�

djh\hh[jZs_gby�� GZijbf_j�� i_j_]jmadZ� e_\h]h� `_em�

^hqdZ�fh`_l� jZa\blvky�\ke_^kl\b_� j_adh]h�ih\ur_gby�

Zjl_jbZevgh]h� ^Z\e_gby� �:>��� ]bi_jlhgbq_kdh]h� djbaZ��

ijb�nbabq_kdhf�i_j_gZijy`_gbb�b� l�^��<�wlbo�kemqZyo�

gZ� WDK� fh`_l� ihy\blvky� ^_ij_kkby� k_]f_glZ� 50±L� \�

e_\uo� ]jm^guo� hl\_^_gbyo� �9������Ih�f_j_� ghjfZebaZ�

pbb�khklhygby�[hevgh]h�wlb�baf_g_gby�WDK�[ukljh�bk�

q_aZxl���

GZ�WD&��aZj_]bkljbjh\Zgghf�\h�\j_fy�]bi_jlhgbq_�

kdh]h�djbaZ�k�ih^t_fhf�:>�^h���������ff�jl��kl���fh]ml�

hlf_qZlvky�\ujZ`_ggZy�^_ij_kkby�56±7�b�hljbpZl_ev�

gu_� Zkbff_ljbqgu_� am[pu�L� \�e_\uo� ]jm^guo� hl\_^_�

gbyo�� qlh� jZkp_gb\Z_lky� dZd� ijbagZdb� kbklhebq_kdhc�

©i_j_]jmadbª� e_\h]h�`_em^hqdZ� gZ�nhg_� _]h� ]bi_jljh�

nbb�� Ihke_� ghjfZebaZpbb� :>� hibkZggu_� gZjmr_gby�

ijhp_kkZ�j_iheyjbaZpbb�`_em^hqdh\�m`_�g_�hij_^_ey�

xlky��b�WDK�\ha\jZsZ_lky�d�bkoh^ghfm��

©I_j_]jmadZª� ijZ\h]h� `_em^hqdZ� fh`_l� jZa\blvky�

ijb�hkljhf�ih\ur_gbb�^Z\e_gby�\�fZehf� djm]_� djh\h�

h[jZs_gby�� gZijbf_j�� m� [hevguo� k� ljhf[hwf[heb_c�

e_]hqghc� Zjl_jbb�� hl_dhf� e_]dbo�� ijb� ZklfZlbq_kdhf�

klZlmk_� m� [hevguo� [jhgobZevghc� Zklfhc� b� l�^��<� wlbo�

kemqZyo� gZ� WD=� \� ijZ\uo� ]jm^guo� hl\_^_gbyo� �9�����

fh`gh� h[gZjm`blv� ij_oh^ys__� kf_s_gb_� k_]f_glZ�

50±L� b� k]eZ`_gghklv� beb� bg\_jkbx� 7�� [ukljh� bkq_�

aZxsb_�ihke_�ghjfZebaZpbb�khklhygby�[hevgh]h�>�@��

LZdbf� h[jZahf�� ^ey� ^bZ]ghklbdb� jy^Z� khklhygbc� b�

aZ[he_\Zgbc�� \� qZklghklb� ]bi_jlhgbq_kdh]h� djbaZ�� g_�

h[oh^bfh� hij_^_eylv� gZebqb_� ©i_j_]jmadbª� `_em^hq�

dh\��

Ex[hc�WDK�khklhbl�ba�g_kdhevdbo�am[ph\��k_]f_glh\�

b� bgl_j\Zeh\�� hljZ`Zxsbo� keh`guc� ijhp_kk� jZkijh�

kljZg_gby�\hegu�\ha[m`^_gby�ih�k_j^pm��Am[phf�y\ey�

_lky�kb]gZe��agZqbl_evgh�hlebqZxsbcky�hl�bahebgbb��Z�

k_]f_gl� ±�f_^e_ggh�f_gyxsZyky�qZklv�kb]gZeZ��jZkih�
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©i_j_gZijy`_gbyª� `_em^hqdh\� \� j_`bf_� j_Zevgh]h�

\j_f_gb�� Ij_^klZ\e_gguc� kihkh[� iha\hey_l� hkms_kl�

\blv� g_aZ\bkbfh_� hl� \u^_e_gby� 456�dhfie_dkZ� we_�

f_glh\�WDK�b�©i_j_gZijy`_gbyª�`_em^hqdh\��\�k\yab�k�

q_f� ih\urZ_lky� gZ^_`ghklv� bo� \u^_e_gby� \� j_`bf_�

j_Zevgh]h��\j_f_gb���\�lhf��qbke_��ijb�ZgZeba_�WDK��kh��

^_j`Zsbo� jZks_ie_ggu_� beb� gbadhZfieblm^gu_� 456�

dhfie_dku��

Ebl_jZlmjZ�

��� FmjZrdh� <�<�� Kljmlugkdbc� :�<�� We_dljhdZj^bh�

]jZnby�� mq_[�� ihkh[b_�� F��� HHH� ©F?>ij_kkª�� �������

����k��

��� DZj^bhfhgblhju�� :iiZjZlmjZ� g_ij_ju\gh]h� dhg�

ljhey�WD=� �:��E��;ZjZgh\kdbc��:��G��DZebgbq_gdh��E��:��

FZgbeh�b�^j���ih^�j_^��:��E��;ZjZgh\kdh]h�b�:��I��G_fbj�

dh��F���JZ^bh�b�k\yav������������k��

���<ZjgZ\kdbc�:�G���Fmkhebg�:�D��G_cjhk_l_\hc�fh�

^mev� dhgljhey� khklhygby� hi_jZlhjZ�^ey� kgb`_gby� jbk�

dh\�jZ[hlu�Z\lhfZlbabjh\Zgguo�ijhba\h^kl\� ���<_klgbd�

J=JLM�������������K���������

��� <ZjgZ\kdbc� :�G�� Ijbf_g_gb_� g_ebg_cguo� ij_h[�

jZah\Zgbc� we_dljhdZj^bhkb]gZeZ� ^ey� \uy\e_gby� gZjm�

r_gbc�jblfZ�k_j^pZ�\�j_`bf_�j_Zevgh]h�\j_f_gb����FZ�

l_jbZeu� \k_jhkkbckdhc� dhgn_j_gpbb� ©;bhf_^kbkl_fu�

±�����ª��JyaZgv��������K�������

���<ZjgZ\kdbc�:�G��Hij_^_e_gb_� iZjZf_ljh\�ikboh�

wfhpbhgZevghc�gZijy`_gghklb�hi_jZlhjZ�\h�\j_f_gghc�

h[eZklb����<_klgbd�J=JLM������������K���������

���<ZjgZ\kdbc�:�G���F_evgbd�H�<��Fbo__\�:�:��F_lh^�

\u^_e_gby�hihjghc�lhqdb�\�dZ`^hf�dZj^bhpbde_� ���;bh�

f_^bpbgkdb_� l_ogheh]bb� b� jZ^bhwe_dljhgbdZ�� �������

������K���������

��� GZ]bg� <�:��� K_ebs_\� K�<��Hkh[_gghklb� j_ZebaZ�

pbb� Ze]hjblfh\� \u^_e_gby� 456�dhfie_dkh\� ^ey� WD=�

kbkl_f� j_Zevgh]h� \j_f_gb� ��� F_^bpbgkdZy� l_ogbdZ��

����������K�����±�����

'(7(&7,21�2)�7+(�+($57��

9(175,&/(�685*(�

9DUQDYVN\�$�1��

$�PHWKRG�IRU�GHWHFWLRQ�RI�WKH�KHDUW�YHQWULFOH�VXUJH�EDVHG�

RQ� HOHFWURFDUGLRVLJQDO� DQDO\VLV� E\� QRQOLQHDU� LQWHJUDO� WUDQV�

IRUPV� LV� GHVFULEHG�� 8VLQJ� LQGHSHQGHQW� IURP�456�FRPSOH[�

VHOHFWLRQ� WKH� 56�7� VHJPHQW� GHSUHVVLRQ� DQG� QHJDWLYH� 7�

ZDYH�LV�SURSRVHG��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



�

�

�
���

JZkkfZljb\Zxlky� \hijhku� fh^_ebjh\Zgby� g_cjhijhp_kkhjZ�

k_f_ckl\Z�10���[�� jZajZ[Zlu\Z_fuo�GLP� ©Fh^mevª�� Z�lZd`_�\h�

ijhku� fh^_ebjh\Zgby� keh`guo� \uqbkebl_evguo� kbkl_f� gZ� [Za_�

g_cjhijhp_kkhjh\��Ij_^eh`_gu� ]jZnbq_kdb_� ij_^klZ\e_gby� fh^_�

e_c�kdZeyjgh]h�b�\_dlhjgh]h�[ehdZ�g_cjhijhp_kkhjZ��ij_^klZ\e_g�

gh]h�\�\b^_�\ukhdhiZjZee_evghc�kbkl_fu��Ij_^eh`_gZ�fh^_ev�\u�

qbkebl_evghc�kbkl_fu� gZ�[Za_�g_cjhijhp_kkhjZ� \� \b^_� dhg_qgh]h�

Z\lhfZlZ��ihdZaZgu�ZgZeblbq_kdb_�\ujZ`_gby�j_amevlZlh\�fh^_�

ebjh\Zgby��Ij_^klZ\e_gu�j_amevlZlu�ijZdlbq_kdbo�bkke_^h\Zgbc���

M>D�����������

J:AJ:;HLD:�FH>?EB�KEH@GHC�G?CJHIJHP?KKHJGHC�KBKL?FU�

JhfZgqmd�<�:���d�l�g���kl��ij_i��JyaZgkdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ�bf_gb�K�:�?k_gbgZ���
H�PDLO��YLURP��#\DQGH[�UX��

Jmqdbg�<�G���^�l�g���ijhn_kkhj�JyaZgkdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ�bf_gb�K�:��?k_gbgZ��

Nmebg�<�:���kl��ij_i��JyaZgkdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ�bf_gb�K�:��?k_gbgZ��

�
Dexq_\u_� keh\Z�� g_cjhijhp_kkhj��

fh^_ebjh\Zgb_��\uqbkebl_evgZy�kbkl_fZ��

<\_^_gb_�
<� gZklhys__� \j_fy� ^ey� ijhp_kkhjh\�

gZklmibe� lZd� gZau\Z_fuc� ©l_ogheh]bq_kdbc�

ij_^_eª�� hagZqZxsbc� qlh� hgb� ^hklb]eb� fZdkb�

fZevgh]h� mjh\gy� ih\ur_gby� [ukljh^_ckl\by��

<k_�jZajZ[hldb�\�^Zggh_�\j_fy�gZijZ\e_gu�gZ�

ih\ur_gb_� qbkeZ� ijhp_kkhjh\� gZ� djbklZee_��

H^gbf� ba� \uoh^h\� ba� ^Zgghc� kblmZpbb� y\ey_lky� gh\Zy�

we_f_glgZy� [ZaZ�� gZijbf_j�� bkihevah\Zgb_� g_cjh�

dhfivxl_jh\�>�@��

Gh� ^ey� ^Zevg_cr_]h� jZa\blby� \� h[eZklb�

g_cjhijhp_kkhjguo� l_ogheh]bc� kms_kl\m_l� jy^� ijh[�

e_f��hkgh\gufb�ba�dhlhjuo�y\eyxlky��g_[hevrZy�qZklh�

lZ� g_cjhqbih\� ��������F=p�� b� hlkmlkl\b_� ijh]jZffgh]h�

h[_ki_q_gby�^ey�g_cjhijhp_kkhjh\��

H^gbf�ba�kihkh[h\�j_r_gby�i_j_qbke_gguo�ijh[e_f�

y\ey_lky� hj]ZgbaZpby� fgh]hijhp_kkhjguo� kbkl_f�� <�

gZklhys__� \j_fy� \� h[eZklb� g_cjhijhp_kkhjguo� l_ogh�

eh]bc� \_^mlky� bkke_^h\Zgby� \� qZklb� fgh]hijhp_kkhj�

ghklb��m`_�jZajZ[hlZgu�fh^meb��\dexqZxsb_�g_kdhevdh�

ijhp_kkhjh\� k� jZaebqgufb� k\yayfb�� ieZlZ� FP�����

�f_ahgbg��� FP������ jZajZ[hlZggu_� \� GLP� ©Fh^mevª��

\uqbkebl_evgu_� fh^meb� 607����� 607����� 607�����

607����� 607���� gZ� [Za_� ���� b� �� fh^me_c� k_f_ckl\Z�

706���&�[��

Gh�� bf_xlky� ijh[e_fu�� f_rZxsb_� kha^Zgbx�

wnn_dlb\guo� fbdjhijhp_kkhjguo� kljmdlmj� gZ� [Za_�

g_cjhijhp_kkhjh\���

��� G_cjhijhp_kkhju� y\eyxlky� ihdZ� ^hjh]bf� b�

rlmqguf� lh\Zjhf�� b� g_� dZ`^Zy� hj]ZgbaZpby� fh`_l� bo�

ijbh[j_klb� \� gm`ghf� dhebq_kl\_�� Djhf_� lh]h� g_h[oh�

^bfh� hlf_lblv�� qlh� ^ey� j_ZebaZpbb� dZdhc� eb[h� aZ^Zqb�

g_h[oh^bfu� wdki_jbf_glu� k� jZaebqguf� dhebq_kl\hf�

ijhp_kkhjguo�fh^me_c��qlh�lZd`_�fh`_l�iha\heblv�k_[_�

ebrv�djmigZy�hj]ZgbaZpby��

��� Ijh_dlbjh\Zgb_� b� ZgZeba� ki_pbZebabjh\Zgguo�

fgh]hijhp_kkhjguo� kbkl_f� gZ� [Za_� g_cjhijhp_kkhjh\�

y\ey_lky� hq_gv� ljm^h_fdbf� b� keh`guf� ijhp_kkhf�� lZd�

dZd�� \� hlebqb_� hl� h[uqguo�ijhp_kkhjh\��^ey�g_cjhijh�

p_kkhjh\� g_l� g_h[oh^bfhc� l_hjbb��f_lh^h\� b� Ze]hjbl�

fh\�b�ijh]jZffguo�kj_^kl\�fh^_ebjh\Zgby�b�ZgZebaZ��

P_ev� jZ[hlu�� <� ^Zgghc� jZ[hl_�� \uihegy_fhc� \�
jZfdZo� ]jZglZ�JNNB��������������j�p_glj�Z�©Fh^_eb�

jh\Zgb_� \uqbkebl_evguo� kbkl_f� gZ�[Za_� g_cjhijhp_k�

khjh\ª�� [ueZ� ihklZ\e_gZ� aZ^ZqZ� jZajZ[hldb� fh^_e_c�

g_cjhijhp_kkhjh\� b� \uqbkebl_evguo� kbkl_f� gZ� [Za_�

g_cjhijhp_kkhjZ���g_cjhijhp_kkhjguo�kbkl_f��GIK���

L_hj_lbq_kdb_�bkke_^h\Zgby�
JZajZ[hldZ�fh^_eb�g_cjhijhp_kkhjZ�
k_f_ckl\Z�10���[�

KhklZ\bf� kibkhd� \_ebqbg�� hl� dhlhjuo� aZ\bkbl� ih\_�

^_gb_� h[t_dlZ� beb� oh^� ijhp_kkZ�� Z� lZd`_� l_o� \_ebqbg��

dhlhju_�`_eZl_evgh�ihemqblv�\�j_amevlZl_�fh^_ebjh\Z�

gby�� H[hagZqbf� \oh^gu_� kb]gZeu� q_j_a�

`������^ �� Q[[[;  �� \uoh^gu_� q_j_a� `������^ �� Q\\\<  ��

Ih\_^_gb_� h[t_dlZ� beb� ijhp_kkZ� fh`gh� ij_^klZ\blv� \�

\b^_�� �������� �� Q[[[)<  �� ]^_� ) �±� l_� ^_ckl\by�� dhlhju_�

ke_^m_l� ijhba\_klb� gZ^� \oh^gufb� iZjZf_ljZfb�� qlh[u�

ihemqblv�j_amevlZlu���

H[t_dl� fh^_ebjh\Zgby� fh`gh� ij_^klZ\blv� \� \b^_�

©q_jgh]h� ysbdZª�� ij_h[jZamxs_]h� \oh^gu_� kb]gZeu� \�

\uoh^gu_�� <� ^Zgghf� kemqZ_� jZaf_jghklb� \_dlhjZ� ; �b�

\_dlhjZ�< �kh\iZ^Zxl��

<oh^gufb�^Zggufb�[m^ml�y\eylvky�gZqZevgu_�agZq_�

gby�j_]bkljh\��iZfylb��kl_dZ�b�^jm]bo�we_f_glh\�ijhp_k�

khjZ� `������^ �� GQGGG [[[;  
�
��dhfZg^Z�ijhp_kkhjZ�

F; �

<uoh^gufb� ^Zggufb� [m^ml� agZq_gby� j_]bkljh\�� iZ�

fylb� b� ^jm]bo� we_f_glh\� ihke_� \uiheg_gby� hi_jZpbb�

b�beb�hrb[db�ijhp_kkhjZ� `������^ �� GQGGG \\\<  
�
�

JZajZ[Zlu\Z_lky�klZlbq_kdZy�fh^_ev��lZd�dZd�\uoh^�

gu_� ^Zggu_� ihy\eyxlky� gZ� \uoh^_� fh^_eb� \k_]^Z� aZ�

hij_^_e_ggh_�dhebq_kl\h�\j_f_gb��aZ\bkys__�hl�dhfZg�

^u��>Zggu_�h�lhf��dZdb_�khklhygby�bf__l�kbkl_fZ�\�lhl�

beb�bghc�fhf_gl�\j_f_gb�y\eyxlky�ba[ulhqgufb��

Ijh\_^_f�ZgZeba�ijhp_kkhjZ�^ey�\u^_e_gby�[ehdh\�

fh^_eb� b� [he__� lhqgh]h� fh^_ebjh\Zgby�� <� ijhp_kkhj_�

k_f_ckl\Z� 10���[� \hafh`gh�^\Z� \ZjbZglZ� dhfZg^�� kdZ�

eyjgu_�dhfZg^u�±�bkihevamxlky�^ey�ih^]hlh\db�^Zgguo�

d�\uiheg_gbx�hi_jZpbb�gZ�\_dlhjghf�ijhp_kkhj_�b�\_d�

lhjgu_� dhfZg^u� ±� hkgh\gu_� hi_jZpbb� ijhp_kkhjZ��

�jbk�����>�@��



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������
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Jbk������DhfZg^u�g_cjhijhp_kkhjZ�k_f_ckl\Z�10���[�

DZ`^Zy� ba� dhfZg^� fh`_l� \uihegylv� g_kdhevdh� hi_�

jZpbc� iZjZee_evgh�� Lh]^Z� dZ`^uc� ijhp_kkhjguc� fh�

^mev� �IF�� fh`gh� ij_^klZ\blv� \� \b^_� kbkl_fu� iZjZe�

e_evghc�h[jZ[hldb�^Zgguo��

KdZeyjgZy� dhfZg^Z� g_cjhijhp_kkhjZ� k_f_ckl\Z�

10���[�bf__l�e_\mx�b�ijZ\mx�qZklv��hi_jZpbb� dZ`^hc�

qZklb�\uihegyxlky�iZjZee_evgh��<hafh`gZ�imklZy��QXO��

dhfZg^Z�\�e_\hc�beb�ijZ\hc�qZklb���

>_lZebabjh\ZggZy� ko_fZ� \uiheg_gby� kdZeyjghc�

hi_jZpbb�ij_^klZ\e_gZ�gZ�jbk����

�

Jbk������>_lZebabjh\ZggZy�ko_fZ�\uiheg_gby��

kdZeyjghc�hi_jZpbb�

DhfZg^u�^ey�j_ZebaZpbb�[ehdh\�aZ]jmadb�b�fh^bnb�

dZpbb�gZoh^ylky�\�e_\hc�qZklb�dhfZg^u��;ehdb�aZ]jmadb�

b� fh^bnbdZpbb� ^ey� jZaebqguo� j_]bkljh\� fh`gh� h[t_�

^bgblv� \�h^bg� beb� �� hl^_evguo�fh^mey�� aZ]jmadb� b�fh�

^bnbdZpbb��l�d��hi_jZpby�\uihegy_lky�lhevdh�^ey�dZdh]h�

eb[h�h^gh]h�j_]bkljZ� �iZju�j_]bkljh\���;ehdb�\uqbke_�

gby� gZoh^ylky� \� ijZ\hc� qZklb� dhfZg^u� b� lZd`_� fh]ml�

[ulv�h[t_^bg_gu�\�h^bg�fh^mev��Lh]^Z��bkoh^y�ba�ijb�

\_^_gguo�\ur_�ko_f��fh`gh�ij_^klZ\blv�ijhp_kkhj�ijb�

\uiheg_gbb� kdZeyjghc� hi_jZpbb� \� \b^_� iZjZee_evghc�

kbkl_fu��jbk������

<_dlhjgZy� dhfZg^Z� g_cjhijhp_kkhjZ� k_f_ckl\Z�

10���[� lZd`_� bf__l� e_\mx� b� ijZ\mx� qZklv�� \hafh`gZ�

imklZy�dhfZg^Z�\�e_\hc�beb�ijZ\hc�qZklb��jbk������

E_\Zy� qZklv� kh^_j`bl� dhfZg^u�� dhfZg^u� aZ]jmadb�

^Zgguo� \� \_dlhjguc� ijhp_kkhj�� dhfZg^u�\u]jmadb�^Zg�

guo� ba� \_dlhjgh]h� ijhp_kkhjZ��ki_pbZevgu_� \_dlhjgu_�

dhfZg^u���

IjZ\Zy�qZklv�kh^_j`bl�dhfZg^u��\a\_r_ggh_�kmffb�

jh\Zgb_� �fZljbqgh_� mfgh`_gb_��� fZkdbjh\Zgb_�� Zjbn�

f_lbq_kdb_� hi_jZpbb�� eh]bq_kdb_� hi_jZpbb�� hi_jZpby�

pbdebq_kdh]h� k^\b]Z�� hi_jZpbb� Zdlb\Zpbb� hi_jZg^h\��

\u]jmadZ�mijZ\eyxsbo�\_dlhjguo�j_]bkljh\�

�

Jbk������<uiheg_gb_��

kdZeyjghc�dhfZg^u�ijhp_kkhjZ��ij_^klZ\e_ggh_��

\�\b^_�iZjZee_evghc�kbkl_fu�

Djhf_� wlh]h��g_cjhijhp_kkhj� k_f_ckl\Z� 10���[� jZ�

[hlZ_l�k�©miZdh\Zggufbª�^Zggufb�±�[ehdZfb�ih����[blZ�

dZ`^uc��LZdbf�h[jZahf��\�ijZ\hc�qZklb�aZ���lZdl�fh`_l�

\uihegylvky���hi_jZpbb�ih����[blZ����hi_jZpbc�ih���[bl�

b� l�^��FZdkbfZevgh_� dhebq_kl\h� \uihegy_fuo� aZ� h^bg�

lZdl� hi_jZpbc� \� \_dlhjghf� ijhp_kkhj_� \� ijZ\hc� qZklb�

dhfZg^u�khklZ\ey_l����h^gh[blguo�hi_jZpbb�>�@���

Keh`ghklv� khklhbl� \� lhf�� qlh� ljm^gh� hp_gblv� qbkeh�

hi_jZpbc�\�lhc�beb�bghc�dhfZg^_��ke_^h\Zl_evgh��g_h[�

oh^bfh�jZkkfZljb\Zlv�dZ`^mx�hi_jZpbx�hl^_evgh��Djh�

f_�lh]h��hi_jZpbb�bf_xl�jZagh_�\j_fy�\uiheg_gby��

>_lZebabjm_f� \uiheg_gb_� e_\hc� qZklb� dhfZg^u��

�jbk����

�

Jbk������>_lZebabjh\ZggZy�ko_fZ�\uiheg_gby��

e_\hc�qZklb�\_dlhjghc�dhfZg^u�

b�ijZ\hc�qZklb�dhfZg^u��jbk�����

�

Jbk������>_lZebabjh\ZggZy�ko_fZ�\uiheg_gby��

ijZ\hc�qZklb�\_dlhjghc�dhfZg^u�

Bkoh^y� ba� ijb\_^_gguo� ko_f�� IF� ijb� \uiheg_gbb�

\_dlhjghc� dhfZg^u�� fh`gh� ij_^klZ\blv� \� \b^_� iZjZe�

e_evghc�kbkl_fu��jbk������
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Jbk������<uiheg_gb_�\_dlhjghc�dhfZg^u�ijhp_kkhjZ��

ij_^klZ\e_ggh]h�\�\b^_�iZjZee_evghc�kbkl_fu�

JZajZ[hldZ�fh^_eb�g_cjhijhp_kkhjghc�kbkl_fu�

<�jZ[hl_�jZkkfZljb\Zehkv�g_kdhevdh�\b^h\�kljmdlmj�

g_cjhijhp_kkhjguo� kbkl_f�� dhg\_c_jgh]h� lbiZ�� \_dlhj�

gh]h� lbiZ�� dhg\_c_jgh�\_dlhjgh]h� lbiZ� b� \_dlhjgh�

dhg\_c_jgh]h�lbiZ��ijhba\hevgZy�kljmdlmjZ���

>ey�ihkljh_gby�fh^_eb�nmgdpbhgbjh\Zgby�GIK�[m�

^_f� bkihevah\Zlv� fZljbpm� aZ]jm`_gghklb� ijhp_kkhjZ��

> @LM0=0=  �� ]^_� L �� ghf_j� lZdlZ�� M �� ghf_j� ijhp_kkh�

jZ�� LM0= ��ihjy^dh\uc�ghf_j�h[jZ[Zlu\Z_fh]h�ihlhdZ���

Bkihevamy� ^Zggmx�fZljbpm�� ^ey� ex[h]h� lZdlZ� b� i_�

jbh^Z�\j_f_gb�fh`gh�hij_^_eblv�dZdb_�IF�ijhklZb\Z�

xl��ghf_j�h[jZ[Zlu\Z_fh]h�ihlhdZ�jZ\_g����b�dZdb_�IF�

h[jZ[Zlu\Zxl�^Zggu_���

GZ�ijZdlbd_�\hafh`gu�kblmZpbb��k\yaZggu_�k�hrb[�

dZfb� kbgojhgbaZpbb� dh^Z�� LZdb_� hrb[db� fh`gh� hlke_�

^blv�ih�fZljbp_�aZ]jm`_gghklb��

��� ��� LMLM 0=0= ��>ZggZy�kblmZpby�hagZqZ_l��qlh�IF�

� L �_s_�g_�aZdhgqbe�h[jZ[Zlu\Zlv�ihlhd�^Zgguo��Z�IF�

� ��L �m`_� aZdhgqbe� h[jZ[Zlu\Zlv� ij_^u^msbc� ihlhd�

^Zgguo��<�lZdhf�kemqZ_��_keb�g_�ij_^mkfhlj_gh�bkijZ\�

e_gb_� hrb[db� kbgojhgbaZpbb�� IF� � ��L �\uc^_l� ba�

kbkl_fu�ba�aZ�g_ihemq_gby�^Zgguo�^ey�h[jZ[hldb���

��� �� t� �LMLM 0=0= ��>ZggZy�kblmZpby�hagZqZ_l��qlh�

l_dmsbc� IF�� L �g_� ^h`^Zeky� ihdZ�IF�� ��L �ijbf_l�
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Imklv� dhjl_`� ! � N7777 ������ ������ �kh^_j`bl� qbkeh�
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>ey�ihemq_gby�fZljbpu�0= �[ueb� jZajZ[hlZgu� ki_�
pbZevgu_�Ze]hjblfu�k�bkihevah\Zgb_f�fZl_fZlbq_kdh]h�

ZiiZjZlZ� dhg_qguo� Z\lhfZlh\�� Dhg_qguc� Z\lhfZl�

������� �6:=6.136 OG �nmgdpbhgbjh\Zgby� GIK� ihdZ�

aZg�gZ�jbk������
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Jbk������Dhg_qguc�Z\lhfZl�.136 ��

fh^_eb�nmgdpbhgbjh\Zgby�GIK�

Imklv�06RVW �±� dhjl_`�khklhygbc��ojZgysbc�^Zggu_�
h� l_dmsbo� gZ� fhf_gl� \j_f_gb�

LW �khklhygbyo� \k_o� IF�

kbkl_fu��Z�dhjl_`�03RWRN �ojZgbl�l_dmsb_�^ey�dZ`^h]h�
IF� gZ� fhf_gl� \j_f_gb�

LW �ihjy^dh\u_� ghf_jZ� h[jZ[Z�

lu\Z_fuo�ihlhdh\�^Zgguo��

JZkkfhljbf� fgh`_kl\h� khklhygbc� 6 �Z\lhfZlZ�

.136 ��

�6 ��� khklhygb_�� \� dhlhjhf� IF� h`b^Z_l� ^Zggu_�

� > @06RVW L  ����

�6 ��� khklhygb_�� \� dhlhjhf� IF� h`b^Z_l� ^Zggu_�

� > @ ��� �
L

06RVW L 72� ���

�6 ��� khklhygb_�� \� dhlhjhf�IF� h[jZ[hlZe�^Zggu_� b�

`^_l�i_j_^Zqb�^Zgguo�ke_^mxs_fm�IF�� > @06RVW L  �����

JZkkfhljbf�\oh^ghc�ZenZ\bl�= �Z\lhfZlZ�.136 ��

�= ���g_l�^Zgguo�^ey�h[jZ[hldb��

�= ���_klv�^Zggu_�� > @06RVW L  ���khklhygby�\k_o�aZ\b�

kbfuo�IF� > @06RVW N  ��� � N ��� bg^_dku� we_f_glh\� L �hc�

kljhdb��dhlhju_�jZ\gu����� LW �PRG� F7 �jZ\_g����

�
= ��� _klv� ^Zggu_�� > @06RVW L  �� b� ^Zggu_� l_dms_]h�

IF� g_�gm`gu� hklZevguf�IF� �ih� L �fm� klhe[pm� g_l� agZ�
q_gbc�����

�= ��� _klv� ^Zggu_�� > @06RVW L  �� b� ^Zggu_� l_dms_]h�

IF� gm`gu� ohly� [u� h^ghfm� IF� �ih� L �fm� klhe[pm� _klv�
ohly�[u�h^gh�agZq_gb_�����

�
= ���_klv�^Zggu_�� > @06RVW L  ����

�
= ���hklZevgu_�kemqZb��

I_j_oh^� �� 66 o �\hafh`_g� lhevdh� lh]^Z��dh]^Z�kh�

klhygby�\k_o�IF��^Zggu_�hl�dhlhjuo�ijbgbfZ_l�l_dmsbc�

IF��jZ\gu�����Lh�_klv�^Zggu_�[ueb�h[jZ[hlZgu�b�`^ml�

i_j_^Zqb� gZ� l_dmsbc� IF�� I_j_oh^� hkms_kl\ey_lky� \�

lhf� kemqZ_�� _keb� hklZlhd� hl� ^_e_gby� l_dms_]h� lZdlZ� b�

\j_f_gb� pbdeZ� dhg\_c_jZ� F7 �jZ\_g� ���GZ� ijZdlbd_� wlh�

hagZqZ_l��qlh�dhgljhee_j�kbkl_fu�ih^Ze�hq_j_^ghc�lZd�

lh\uc� bfimevk�� <� wlhf� kemqZ_� > @06RVW L �klZgh\blky�

jZ\guf� @>L72 ��

I_j_oh^�
�� 66 o �b�

�� 66 o �\hafh`_g�lhevdh�lh]^Z��

dh]^Z�khklhygb_� L �]h�IF�\�dhjl_`_� > @06RVW L  ���l�_�� L �c�

IF�aZdhgqbe�h[jZ[hldm�^Zgguo�b�fh`_l�__�i_j_^Zlv�^jm�

]hfm�IF��?keb�^Zggu_� L �]h�IF�gm`gu�dZdhfm�eb[h�_s_�

IF�� lh� ijhbkoh^bl� i_j_oh^�
�� 66 o ��\� wlhf� kemqZ_�

> @06RVW L �klZgh\blky� jZ\guf� ����� \� ijhlb\ghf� kemqZ_�

�� 66 o ��\� wlhf� kemqZ_� > @06RVW L �klZgh\blky� jZ\guf�

����

I_j_oh^�
�� 66 o �\hafh`_g� lh]^Z�� dh]^Z� ^Zggu_� IF�

[ueb�ijbgylu�^ey�h[jZ[hldb�^jm]bf�IF��<�wlhf�kemqZ_�

> @06RVW L �klZgh\blky�jZ\guf�µ�¶��

JZkkfhljbf�\uoh^ghc�ZenZ\bl�: �Z\lhfZlZ�.136 ��

�� �� 6: O ���IF�gZoh^blky�\�h`b^Zgbb�^Zgguo��

�� �� 6: O ���IF� \� l_dmsbc�fhf_gl� \j_f_gb� LW �h[�

jZ[Zlu\Z_l�^Zggu_��

�� �� 6: O ���IF� aZdhgqbe� h[jZ[hldm� ^Zgguo� b�`^_l�

i_j_^Zqb�^Zgguo��

IjZdlbq_kdb_�bkke_^h\Zgby�

J_amevlZlhf� jZ[hlu� fh`gh� kqblZlv� ^hjZ[hldm� ijh�

]jZffgh]h� dhfie_dkZ� ©G_cjhDKª� iml_f� ^h[Z\e_gby� gh�

\uo� ih^kbkl_f� ©Fh^_ebjh\Zgb_� g_cjhijhp_kkhjZª� b�

©Fh^_ebjh\Zgb_�\uqbkebl_evguo�kbkl_f�gZ�[Za_�g_cjh�

ijhp_kkhjh\ª��

NmgdpbhgZevgufb� \hafh`ghklyfb� fh^mey� ©Fh^_eb�

jh\Zgb_�g_cjhijhp_kkhjZª�y\eyxlky��klZg^Zjlgu_�nmgd�

pbb��khojZg_gb_��aZ]jmadZ�nZceZ���\u[hj�dhfZg^u�iml_f�

Zdlb\bjh\Zgby� we_f_glh\� bgl_jn_ckZ�� fh^_ebjh\Zgb_�

\uiheg_gby� dhfZg^u� b�fgh`_kl\Z� dhfZg^� gZ� ijhp_kkh�

j_�� ij_^klZ\e_gb_� kijZ\hqghc� bgnhjfZpbb� h� dhfZg^_��

]_g_jZpby�rZ[ehgZ�dh^Z�gZ�hkgh\_�dhfZg^u��ZgZeblbq_�

kdbc� b� ]jZnbq_kdbc� \b^� ij_^klZ\e_gby� ^Zgguo�� ZgZeba�

dhfZg^u�ijhp_kkhjZ��

JZkkfhljbf� nmgdpbhgZevgu_� \hafh`ghklb� fh^mey�

©Fh^_ebjh\Zgb_�g_cjhijhp_kkhjguo�kbkl_fª��Bkoh^gu�

fb�^Zggufb�y\eyxlky��bkoh^guc�dh^�ijh]jZffu��^hihe�

gbl_evguc�&���dh^� �g_h[yaZl_e_g��b�Zjobl_dlmjZ�kbkl_�

fu�� Ihke_� aZ]jmadb� bkoh^guo� dh^h\�� fh`gh� ihemqblv�

ljZkkm�ex[hc�ih^ijh]jZffu�gZ�\deZ^d_�©Ijh]jZffZª��

NmgdpbhgZevgufb� \hafh`ghklyfb� fh^mey� y\eyxlky��

klZg^Zjlgu_�nmgdpbb� �khojZg_gb_��aZ]jmadZ�nZceZ���fh�

^_ebjh\Zgb_� nmgdpbhgbjh\Zgby� IF� ijb� \uiheg_gbb�

ijh]jZffu�� ZgZeba� \uiheg_gby� ih^ijh]jZffu� gZ� ijh�

p_kkhj_� b� gZ�GIK�� ZgZeblbq_kdh_� b� ]jZnbq_kdh_� ij_^�

klZ\e_gb_�j_amevlZlh\��

J_amevlZlZfb�jZ[hlu�fh^mey�y\eyxlky��

^ey�dZ`^hc�ih^ijh]jZffu���

±�h[sb_�hp_gdb��qbkeh�dhfZg^�\�ih^ijh]jZff_��qbkeh�

imkluo�dhfZg^��

±� j_amevlZlu� fh^_ebjh\Zgby� b� ZgZebaZ�� \j_fy� \u�

iheg_gby� ih^ijh]jZffu�� \j_fy�ijhb]jurZ�ijhp_kkhjZ��

\j_fy�ijhklh_\�ijhp_kkhjZ��\j_fy�h[jZ[hldb�ijhp_kkh�

jZ�� \j_fy� h[jZ[hldb� ijhp_kkhjZ� dZd� qZklb�GIK�� \j_fy�

ijhklh_\� ijhp_kkhjZ� dZd� qZklb� GIK�� \j_fy� i_j_^Zqb�

^Zgguo���

±�\uqbkey_fu_�\kihfh]Zl_evgu_�hp_gdb�� dhwnnbpb�

_gl�aZ]jm`_gghklb��kj_^g__�qbkeh�lZdlh\�gZ�dhfZg^m���
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>ey�GIK��
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qe_gZ�dhjj_kihg^_glZ�J:G�X�;��Am[Zj_\Z��ijhn��<�<��AhehlZjz\Z��^�l�g��=�<��H\_qdbgZ�

©Fgh]hihjh]h\u_�^_dh^_ju��

b�hilbfbaZpbhggZy�l_hjby�dh^bjh\Zgbyª�

:\lhjZfb�ij_^klZ\e_gZ�gh\Zy�hilbfbaZpbhggZy�l_hjby�ihf_ohmklhcqb\h]h�dh^bjh\Zgby��dhlh�
jZy� y\ey_lky� hkgh\hc� ^ey� jZajZ[hldb� e_]dh� j_Zebam_fuo� \ukhdhwnn_dlb\guo� [ukljh^_ckl\mxsbo�

Ze]hjblfh\�fgh]hihjh]h\h]h�^_dh^bjh\Zgby��FI>���Wlb�f_lh^u�^_dh^bjh\Zgby�bkdexqbl_evgh�\Z`�

gu�^ey� kimlgbdh\uo��dhkfbq_kdbo�b�fgh]bo�^jm]bo�hq_gv�^hjh]bo�dZgZeh\� k\yab� k�hq_gv�[hevrbf�

mjh\g_f�rmfZ��Ijbf_g_gb_�ihf_ohmklhcqb\h]h�dh^bjh\Zgby�^ey�lZdbo�dZgZeh\�kms_kl\_ggh��bgh]^Z�
fgh]hdjZlgh� bo� wnn_dlb\ghklv�� qlh�ih� kms_kl\m� b� hij_^_ey_l� lm� ]jZg^bhagmx� wdhghfbq_kdmx� wn�

n_dlb\ghklv�ijbf_g_gby�dh^bjh\Zgby�b�kh[kl\_ggh�jZajZ[hlhd�^_dh^_jh\�^ey�lZdbo�dZgZeh\���

:\lhju�ih^]hlh\beb� k\hx�fhgh]jZnbx�d� ���e_lbx�\uoh^Z�\� k\_l�deZkkbq_kdhc�dgb]b�F_kkb�
©Ihjh]h\h_� ^_dh^bjh\Zgb_ª��Bf_ggh� _z� b^_b� g_ljb\bZevguf� h[jZahf� Z\lhjZf� m^Zehkv� jZa\blv� ^h�

mjh\gy��ijb�dhlhjhf�keh`ghklv�gh\h]h�FI>�Ze]hjblfZ�hklZeZkv�ih�kms_kl\m�[ebadhc�ih�ihjy^dm�\_�

ebqbgu�d�keh`ghklb�ijhlhlbiZ��gh�oZjZdl_jbklbdb�^Z`_�ijb�\_kvfZ�\ukhdhf�mjh\g_�rmfZ�hdZau\Z�

xlky�ijZdlbq_kdb�lZdbfb�`_��dZd�m�i_j_[hjguo�hilbfZevguo�Ze]hjblfh\���
<Z`gh��qlh�FI>�^ey�fgh]bo�lbibqguo�iZjZf_ljh\�dh^bjh\Zgby�hdZau\Zxlky�ih�qbkem�hi_jZ�

pbc�gZ�����^_kylbqguo�ihjy^dZ�ijhs_�^jm]bo�dhgdmjbjmxsbo�k�gbfb�Ze]hjblfh\�k�[ebadbfb�mjh\�

gyfb� wnn_dlb\ghklb��Wlb�FI>�f_lh^u�j_Zebah\Zgu�^ey�p_eh]h�jy^Z� lbibqguo�fh^_e_c�dZgZeh\�b�
^_ckl\bl_evgh� ^_fhgkljbjmxl� \ukhdbc� mjh\_gv� [ukljh^_ckl\by� dZd� \� ZiiZjZlguo� \ZjbZglZo� gZ�

IEBK�$OWHUD�b�;LOLQ[��lZd�b�ijb�ijh]jZffghc�j_ZebaZpbb��\�qZklghklb��^ey�ki_pbZevguo�kbkl_f�pbn�

jh\h]h�l_e_\b^_gby��
Ij_^klZ\e_ggu_�\�dgb]_�oZjZdl_jbklbdb�kbf\hevguo�Ze]hjblfh\�deZkkZ�FI>�k\b^_l_evkl\mxl�

h� gZqZe_� kh\_jr_ggh� gh\h]h� i_jbh^Z� \� l_hjbb� dh^bjh\Zgby�� dh]^Z� gZ� [Za_� wlbo� Ze]hjblfh\�fh`gh�

kljhblv� kbkl_fu� i_j_^Zqb� k� hq_gv� \ukhdbf� mjh\g_f� ^hklh\_jghklb�� gZijbf_j�� k\_jo[hevrb_� [Zau�

^Zgguo��IjhklhlZ�j_ZebaZpbb�g_^\hbqguo�FI>�b�mjh\_gv�h[_ki_qb\Z_fhc�bfb�^hklh\_jghklb�gZ�g_�
kdhevdh�ihjy^dh\�\ur_�lh]h��qlh�fh`gh�ihemqblv�ijb�bkihevah\Zgbb�dh^h\�Jb^Z�KhehfhgZ��dhlhju_�

^hklmigu�k_]h^gyrgbf�l_e_��b�f_^bZl_ogheh]byf��GZ\_jgh_��fgh]b_�ijh[e_fu�\�wlhc�h[eZklb�[ueb�

[u�j_r_gu�[uklj__�b�emqr_��_keb�[u�ijbf_g_gb_�g_^\hbqguo�kbf\hevguo�FI>�gZqZehkv����e_l�gZ�
aZ^��dh]^Z�ihy\bebkv�i_j\u_�m`_�^hklZlhqgh�kh^_j`Zl_evgu_�j_amevlZlu�ih�lZdbf�kbf\hevguf�^_dh�

^_jZf��

<�fhgh]jZnbb�ij_^eh`_g�p_euc�jy^�f_lh^h\�ijhklhc�j_ZebaZpbb�ihf_ohmklhcqb\h]h�dh^bjh�
\Zgby�gZ�hkgh\_�FI>�Ze]hjblfh\�^ey�jZaguo�kbkl_f�b�dZgZeh\��dZkdZ^bjh\Zgb_�iZjZee_evgh_�b�k�dh�

^Zfb�dhgljhey�ih�qzlghklb��dZgZeu�k�g_jZ\ghf_jghc�wg_j]_lbdhc��dh^u�k�\u^_e_ggufb�\_l\yfb��Ih�

e_agZ�lZd`_�^hdZaZggZy�l_hj_fZ�h[�FI>���

<Z`gh� hlf_lblv�� qlh� kkuedb� gZ� ki_pbZebabjh\Zggu_� ^\myauqgu_� \_[�kZclu� BDB� J:G�
ZZZ�PWGEHVW�LNL�UVVL�UX�b�J=JLM�ZZZ�PWGEHVW�UX�iha\heyxl�ij_^eh`blv�qblZl_eyf�dgb]b�[hevrhc�^h�

ihegbl_evguc�h[tzf�^Zgguo�k�bo�j_kmjkh\��GZ�gbo�ij_^klZ\e_g�[hevrhc�h[tzf�hi_jZlb\gh�h[gh\�

ey_fuo�fZl_jbZeh\�^ey�bamq_gby��h[mq_gby�b�kijZ\hd�ih�Ze]hjblfZf�FI>��?keb�wlh�klZg_l�ljZ^bpb�
_c�^ey�gZrbo�k_jvzaguo�ba^Zl_evkl\��p_gghklv�b�wnn_dlb\ghklv�im[ebdZpbc�gh\uo�j_amevlZlh\�\�gZ�

mqgh�l_ogbq_kdbo�ba^Zl_evkl\Zo�fgh]hdjZlgh�\hajZklzl��

Ke_^m_l�ih^q_jdgmlv��qlh�j_ZebaZpby�bl_jZlb\guo�f_lh^h\�^_dh^bjh\Zgby�\�Ze]hjblf_�FI>�

hdZaZeZkv�\hafh`ghc�[eZ]h^Zjy�gh\uf�f_lh^Zf�ihkljh_gby�dh^h\��^ey�dhlhjuo�ijbf_g_gb_�FI>�^_�
dh^_jh\� hkh[_ggh� wnn_dlb\gh�� LZdb_� dh^u� hl[bjZxlky� ih� ki_pbZevguf� djbl_jbyf� fbgbfbaZpbb�

jZafgh`_gby�hrb[hd�^_dh^bjh\Zgby��Khhl\_lkl\mxsb_�j_amevlZlu�ihemq_gu�\�lj_lv_c�]eZ\_�dgb]b�b�

fh]ml�ijb�i_j\hf�ijhql_gbb�ihdZaZlvky�g_kdhevdh�mkeh`gzggufb��H^gZdh�fh`gh�gZ^_ylvky��qlh�q_�
j_a�g_dhlhjh_�\j_fy�wlZ�l_fZlbdZ�m`_�g_�[m^_l�dZaZlvky�baebrg_�ljm^ghc�^ey�ihgbfZgby���

Ijbf_g_gb_�gh\uo�f_lh^h\�dh^bjh\Zgby�b�ijh_dlbjh\Zgby�Ze]hjblfh\� k�bkihevah\Zgb_f�hi�

lbfbaZpbhgguo�ih^oh^h\��baeh`_gguo�\�dgb]_�� kha^Zkl�[eZ]hijbylgu_�mkeh\by�^ey�\g_^j_gby�ijh�
kluo�b�h^gh\j_f_ggh�wnn_dlb\guo�FI>�^_dh^_jh\�\�kh\j_f_ggu_�k_lb�k\yab��

�

AZ\��dZn_^jhc� �

jZ^bhl_ogbq_kdbo�kbkl_f�FLMKB��
^�l�g���ijhn_kkhj� X�K��RbgZdh\��



�

�

�
���

�

7KH���
WK
�,QWHUQDWLRQDO�&RQIHUHQFH�',*,7$/�6,*1$/�352&(66,1*�$1'�,76�

$33/,&$7,216�
Fhkd\Z����fZjlZ�������fZjlZ������]h^Z�

M\Z`Z_fu_�dhee_]b��

IJB=E:R:?F�<:K�IJBGYLV�MQ:KLB?�<�J:;HL?�DHGN?J?GPBB�
�

HJ=:GBA:LHJU� �
x� Jhkkbckdh_�gZmqgh�l_ogbq_kdh_�h[s_kl\h�jZ^bh�
l_ogbdb��we_dljhgbdb�b�k\yab�bf��:�K��Ihih\Z�

x� ,(((�6LJQDO�3URFHVVLQJ�6RFLHW\�

x� Bgklblml�jZ^bhl_ogbdb�b�we_dljhgbdb�J:G� x� Bgklblml�ijh[e_f�mijZ\e_gby�J:G�

x� DhfiZgby�$87(;�/WG���A:H�©:<LWDKª�� x� Bgklblml�ijh[e_f�i_j_^Zqb�bgnhjfZpbb�J:G�

x� JhkkbckdZy�k_dpby�,(((�
x� Fhkdh\kdbc�gZmqgh�bkke_^h\Zl_evkdbc�l_e_\bab�

hgguc�bgklblml��A:H�FGBLB��

H;T?>BG,GGUC �HJ=:GBA:PBHGGUC �DHFBL?L �DHGN?J?GPBB � �
Ij_^k_^Zl_ev�F_`^mgZjh^gh]h�dhfbl_lZ��ZdZ^_fbd�=mey_\�Xjbc�<Zkbev_\bq�
Khij_^k_^Zl_eb��ZdZ^_fbd�<Zkbev_\�K�G���qe_g�dhjj��Am[Zj_\�X�;���ZdZ^_fbd�Dmag_ph\�G�:����
ZdZ^_fbd�N_^hjh\�B�;���
Qe_gu�hj]dhfbl_lZ��ijhn��:^`_fh\�:�K���Jhkkby���ijhn��;Zq_\kdbc�K�<���Jhkkby���ijhn��;h_\�K�<���Jhkkby���

qe_g�dhjj��;hjbkh\�<�B�� �Jhkkby���^�l�g��;hjbkh\�X�B�� �Jhkkby���ZdZ^_fbd�;m]Z_\�:�K�� �Jhkkby���ijhn��<bedh\Z�G�G��

�Jhkkby���ijhn��DZqhj_d�L�� �IhevrZ���ijhn��Emdbg�<�<�� �MdjZbgZ���ijhn��FbljZ�F�� �KR:���ijhn��I_ljh\kdbc�:�:��
�;_ehjmkkby��� ZdZ^_fbd� KZ\bg� :�B�� �Jhkkby��� ijhn�� KZjZfZdb� L�� �Nbgeyg^by��� ZdZ^_fbd� Khdheh\� B�:�� �Jhkkby����

qe_g�dhjj��QZieu]bg�X�:���Jhkkby���
Ij_^k_^Zl_ev�GZpbhgZevgh]h�dhfbl_lZ��qe_g�dhjj��Am[Zj_\�Xjbc�;hjbkh\bq�
Khij_^k_^Zl_eb��ijhn��<blya_\�<��<����Dbjibqgbdh\�:�I���^hp��KZfkhgh\�=�:��
Qe_gu�hj]dhfbl_lZ��ijhn��:eiZlh\�;�:���ijhn��;Zjl_g_\�<�=���ijhn��;_jgxdh\�:�D���ijhn��;jxoZgh\�X�:���

ijhn�� <Zkbev_\� D�D��� ijhn�� =Zemrdbg� :�B��� ijhn�� >\hjdh\bq� <�I��� ^�l�g�� >\hjdh\bq� :�<��� ^�l�g�� >`b]Zg� <�B����
Am[Zj_\� J�<��� ijhn�� G_fbjh\kdbc� F�K��� ijhn�� He_cgbdh\� :�Y��� ijhn�� Ih`b^Z_\� <�G��� ^�l�g�� Ijbhjh\� :�E����

ijhn�� Ijhohjh\�X�G��� ijhn�� KZggbdh\� <�=��� ijhn�� KdZqdh�X�<��� ijhn�� Kfhevkdbc� K�F��� ijhn�� KhehgbgZ� :�B����
ijhn�� Khdheh\� B�:��� ijhn�� Ki_jZgkdbc� <�K��� ^hp�� Kl_r_gdh� <�;��� ijhn�� KmoZj_\� ?�F��� ijhn�� Qh[Zgm� F�D����

ijhn��RbgZdh\�X�K��ijhn��Yfimjbg�G�I��
Hj]ZgbaZpby�jZ[hlu�\�nhjf_�ie_gZjguo�b�ijh[e_fgh�l_fZlbq_kdbo�aZk_^Zgbc�b�aZk_^Zgbc�©djm]eh]h�klheZª��

Ie_gZjgu_�^hdeZ^u�[m^ml�ij_^klZ\e_gu�ih�hkgh\guf�gZijZ\e_gbyf�jZ[hlu�Dhgn_j_gpbb��
JZ[hqb_�yaudb�dhgn_j_gpbb���jmkkdbc�b�Zg]ebckdbc��>hdeZ^u��\dexq_ggu_�\�Ijh]jZffm�dhgn_j_gpbb��[m^ml�
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