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nmgdpbb�
VLQ

VLQ� � �

[

1 [ 1
���

Jbk�� �� [� beexkljbjm_l� ihy\e_gb_� ijb� �� �T G  �

gh\h]h� y\e_gby�� dhlhjh_� g_� gZ[ex^Z_lky� \� kbkl_f_�
>WN�� Z� bf_ggh�� ijhy\e_gb_� wnn_dlZ� bg\ZjbZglghklb�

iZjZf_ljbq_kdh]h� l_dms_]h� wg_j]_lbq_kdh]h� nmjv_�

ki_dljZ�kb]gZeZ��Ijb�wlhf��_keb�� � � ��T Gd  � �lh� ©wn�

n_dl� jZafu\Zgby� ki_dljZevguo� khklZ\eyxsboª� g_� gZ�
[ex^Z_lky�� Hlkmlkl\b_� ijhy\e_gby� ^Zggh]h� wnn_dlZ�

h[tykgy_lky�l_f��qlh�dhwnnbpb_glu�>IN�I�©ihiZ^Zxlª�

\� gmeb� ]�ij_h[jZah\Zgby� ]Zjfhgbq_kdhc� dhfihg_glu�

������ ©Wnn_dl� g_bg\ZjbZglghklbª� �ij_^eZ]Z_fuc� Zg]�
ebckdbc� l_jfbg� ©QRQ�LQYDULDQFHª��� gZijhlb\��ijhy\ey_l�

ky�lh]^Z��dh]^Z� � � ���� �T G z ��

AZdexq_gb_�

<�gZklhys__�\j_fy��[eZ]h^Zjy�p_ehfm�jy^m�ij_bfm�

s_kl\�PHK� �]ZjZglbjh\ZggZy� lhqghklv�� b^_ZevgZy� \hk�

ijhba\h^bfhklv� j_amevlZlh\�� \ukhdZy� ijhba\h^bl_ev�

ghklv�b�wdhghfbqghklv���pbnjh\hc�ki_dljZevguc�nmjv_��

ZgZeba�ihemqbe�kZfh_�rbjhdh_�jZkijhkljZg_gb_�\�jZa�

ebqguo�h[eZklyo�gZmdb�b�l_ogbdb��Bkoh^y�ba�ijbeh`_gbc�

ki_dljZevgh]h�nmjv_��ZgZebaZ��ijh\h^ylky�bgl_gkb\gu_�

gZmqgu_� bkke_^h\Zgby� ih� ihbkdm� b� ijbf_g_gbx� gh\uo�

[Zabkguo�kbkl_f��h[_ki_qb\Zxsbo�gZb[he__�wnn_dlb\�

gh_�j_r_gb_�dhgdj_lgh]h�djm]Z�ijZdlbq_kdbo�aZ^Zq��LZd�

\�jZ[hlZo�>����@�gZ�hkgh\_�h[h[s_gby�[Zabkghc�kbkl_f_�

>WN� \\_^_gh� b� bkke_^h\Zgh�>IN�I�� dhlhjh_� gZb[he__�

Z^_d\Zlgh� ki_dljZevghfm� ij_^klZ\e_gbx� kb]gZeh\� kh�

kdjulufb�i_jbh^bqghklyfb��

J_amevlZlu� ijh\_^_gguo� \� ^Zgghc� jZ[hl_� bkke_^h�

\Zgbc� \aZbfhk\yab�>IN�I� b�><IN� kb]gZeZ�� aZ^Zggh]h�

gZ� dhg_qghf� bgl_j\Ze_� k� >IN� kb]gZeZ�� ih^\_j]gmlh]h�

hi_jZpbb�^hiheg_gby�gmeyfb��wnn_dlZ�g_bg\ZjbZglgh�

klb� kdhevays_]h�iZjZf_ljbq_kdh]h� wg_j]_lbq_kdh]h�nm�

jv_�ki_dljZ� ^_ckl\bl_evgh]h� kb]gZeZ�� \uy\e_ggh]h� Z\�

lhjhf�jZ[hlu��iha\heyxl��

±�ih\ukblv� wnn_dlb\ghklv� ijbf_g_gby� � pbnjh\h]h�

ki_dljZevgh]h�ZgZebaZ�ijb�j_r_gbb�aZ^Zq�ih�h[gZjm`_�

gbx� b� \uy\e_gbx� kdjuluo� i_jbh^bqghkl_c� �lhgZevguo�

dhfihg_gl��\�lZdbo�ij_^f_lguo�h[eZklyo�dZd�jZ^bhehdZ�

pby�� \b[jhZdmklbq_kdZy� ^bZ]ghklbdZ�� iZkkb\gZy� ]b^jh�

ehdZpby��[bhf_^bpbgZ�b�l�^��

±�jZajZ[hlZlv� \� ^Zevg_cr_f� f_lh^heh]bx� hij_^_�

e_gby� ih]j_rghkl_c� ki_dljZevguo� baf_j_gbc� lhgZev�

guo� kb]gZeh\� gZ� dhg_qguo� bgl_j\ZeZo�� mqblu\Zxsmx�

^Zgguc�wnn_dl��

Ebl_jZlmjZ�

���K_j_[j_ggbdh\�F�=���I_j\ha\Zgkdbc�:�:��<uy\e_gb_�

kdjuluo�i_jbh^bqghkl_c��±�F��GZmdZ��������±�����k��

���Hii_g]_cf�W��Ijbf_g_gb_�pbnjh\hc�h[jZ[hldb�kb]�

gZeh\��I_j�k�Zg]e��F���Fbj������������k��

���EZchgk�J��Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\��<lhjh_�ba�

^Zgb_��I_j��k�Zg]e��±�F���HHH�©;bghf�Ij_kkª������������k��

���JZ[bg_j�E���=hme^�;��L_hjby�b�ijbf_g_gb_�pbnjh\hc�

h[jZ[hldb�kb]gZeh\��±�F���Fbj��������±�����k��
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���3HWURYVN\��$OH[H\��+\GULG�VLJQDO�GHFRPSRVLWLRQ�GDVHG�RQ�

LQVWDQWDQHRXV�KDUPRQLF�SDUDPHWHUV�DQG�SHUFHSWXDOO\�PRWLYDWHG�

ZDYHOHW�SDFNHWV� IRU�VFDODEOH�DXGLR�FRGLQJ� ��$OH[H\�3HWURYVN\��

(OLDV� $]DURY�� $OH[DQGHU� 3HWURYVN\� ��� (OVLYHU�� 6LJQIO� 3UR��

FHVVQJ�� 6SHFLDO� LVVXH� ©)RXULHU� 5HODWHG� 7UDQVIRUP� IRU��

1RQ�6WDWLRQDU\� 6LJQDOVª��� 9RO�� ����,VVXH� ���-XQH� ��������

3�������������

���IhghfZj_\Z� H�<�� JZa\blb_� l_hjbb� ki_dljZevgh]h�

ZgZebaZ� ^bkdj_lguo� kb]gZeh\� gZ� dhg_qguo� bgl_j\ZeZo� \�

[Zabk_� iZjZf_ljbq_kdbo� wdkihg_gpbZevguo� nmgdpbc� ���

Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\�������������K��������

���IhghfZj_\Z� H�<�� <_jhylghklgu_� k\hckl\Z� ki_d�

ljZevguo� hp_ghd�� ihemq_gguo�f_lh^hf� iZjZf_ljbq_kdh]h�

^bkdj_lgh]h� ij_h[jZah\Zgby� Nmjv_� ��Bgl_ee_dlmZevgu_�

kbkl_fu�\�ijhba\h^kl\_����������������K���������

���IhghfZj_\�<�:���IhghfZj_\Z�H�<�� L_hjby� b� ijbf_�

g_gb_� iZjZf_ljbq_kdh]h� ^bkdj_lgh]h� ij_h[jZah\Zgby�Nm�

jv_����Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\�������������K�������

���IhghfZj_\Z�H�<��;ukljh_�iZjZf_ljbq_kdh_�^bkdj_l�

gh_� ij_h[jZah\Zgb_� Nmjv_� ^_ckl\bl_evguo� ihke_^h\Z�

l_evghkl_c��� Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\�� ������ �� ����

K�������

����IhghfZj_\Z�H�<���IhghfZj_\�:�<���IhghfZj_\Z�G�<��

Kdhevays__�iZjZf_ljbq_kdh_�>IN�\�aZ^ZqZo�h[gZjm`_gby�

lhgZevguo� dhfihg_gl� ��� Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\��

�����������K������

����IhghfZj_\� <�:��� IhghfZj_\Z� H�<�� Fh^bnbdZpby�

^bkdj_lgh]h� ij_h[jZah\Zgby� Nmjv_� ^ey� j_r_gby� aZ^Zq�

bgl_jiheypbb� b� k\_jldb�nmgdpbc� ���JZ^bhl_ogbdZ� b� we_d�

ljhgbdZ��:G�KKKJ��������L���������K�������������

����3RQRPDUHY� 9�$��� 3RQRPDUHYD� 2�9�� *HQHUDOL]DWLRQ� RI�

GLVFUHWH� )RXULHU� WUDQVIRUP� IRU� LQWHUSRODWLRQ� LQ� WLPH� GRPHQ�� ���

(OHFWURQLF�DQG�(OHFWULFDO�(QJLQHHULQJ�������QR����SS���������

����IhghfZj_\� <�:��� IhghfZj_\Z�H�<�H[h[s_gb_� ^bk�

dj_lgh]h�ij_h[jZah\Zgby�Nmjv_�^ey�bgl_jiheypbb�\h�\j_�

f_gghc�h[eZklb���Ba\_klby�<mah\�KKKJ��JZ^bhwe_dljhgb�

dZ�������Lhf�;;9,�������K���������

����IhghfZj_\Z�H�<���IhghfZj_\�:�<���IhghfZj_\Z�G�<��

F_lh^�[ukljh]h� \uqbke_gby�^bkdj_lgh]h� ij_h[jZah\Zgby�

Nmjv_� ^_ckl\bl_evguo� ihke_^h\Zl_evghkl_c��� Pbnjh\Zy�

h[jZ[hldZ�kb]gZeh\�������������K���������

����:e_dk__\� <�:��� IhghfZj_\� <�:��� IhghfZj_\Z� H�<��

F_lh^heh]by�hij_^_e_gby�ih]j_rghkl_c�baf_j_gby�\_jh�

ylghklguo� oZjZdl_jbklbd� kemqZcguo� ijhp_kkh\�� j_Zebam_�

fuo� ijhp_kkhjgufb� baf_jbl_evgufb� kj_^kl\Zfb� ��� Bg�

l_ee_dlmZevgu_� kbkl_fu� \� ijhba\h^kl\_�� ��������� �������

K���������

����IhghfZj_\Z� H�<��� :e_dk__\� <�:��� IhghfZj_\� <�:��

Pbnjh\hc�i_jbh^h]jZffZgZeba�b�ijh[e_fu�_]h�ijZdlbq_�

kdh]h�ijbf_g_gby����<_klgbd�B`=LM�����������K�����������

����IhghfZj_\Z� H�<��� IhghfZj_\Z� G�<�� Fh^bnbdZpby�

nbevljZ�gZ�hkgh\_�qZklhlghc�\u[hjdb�^ey�j_r_gby�aZ^Zq�

pbnjh\hc��h[jZ[hldb��kemqZcguo��ijhp_kkh\��kh��kdjulufb�

i_jbh^bqghklyfb� ��Bgl_ee_dlmZevgu_� kbkl_fu� \� ijhba�

\h^kl\_�����������������K�����������

����IhghfZj_\Z�H�<���IhghfZj_\��:�<���IhghfZj_\�<�:��

H[h[s_gb_�Ze]hjblfZ�=_jp_ey�^ey�j_r_gby� aZ^Zq�\uy\�

e_gby� kdjuluo� i_jbh^bqghkl_c� ���Bgl_ee_dlmZevgu_� kbk�

l_fu�\�ijhba\h^kl\_������������K���������

����IhghfZj_\� <�:��� IhghfZj_\Z� H�<�� <b[jhZdmklbq_�

kdh_� ^bZ]ghklbjh\Zgb_� dhjh[hd� i_j_^Zq� klZgdh\� pbnjh�

\ufb�f_lh^Zfb���KlZgdb�b�bgkljmf_gl�����������K���������

����IhghfZj_\Z�H�<���IhghfZj_\Z�G�<��Ih\ur_gb_�lhq�

ghklb�b�jZkrbj_gb_�nmgdpbhgZevguo�\hafh`ghkl_c�pbn�

jh\uo�nbevljh\�gZ�hkgh\_�qZklhlghc�\u[hjdb����Ijb[hju�b�

f_lh^u�baf_j_gbc��±���������������±�&����������

����IhghfZj_\Z� H�<��� IhghfZj_\� �<�:�� Baf_j_gb_� l_�

dms_]h� wg_j]_lbq_kdh]h� nmjv_� ±� ki_dljZ� dhfie_dkguo� b�

^_ckl\bl_evguo� kb]gZeh\� gZ� dhg_qguo� bgl_j\ZeZo��� Bg�

l_ee_dlmZevgu_�kbkl_fu�\�ijhba\h^kl\_�����������������±�

K�����������

����IhghfZj_\Z�H�<���IhghfZj_\��<�:���IhghfZj_\��:�<��

B_jZjobq_kdZy� fhjnheh]bq_kdh� ±� bgnhjfZpbhggZy� fh�

^_ev� kbkl_fu�nmgdpbhgZevgh]h� ^bZ]ghklbjh\Zgby� h[t_d�

lh\� gZ� hkgh\_� pbnjh\hc� h[jZ[hldb� kb]gZeh\��� >Zlqbdb� b�

kbkl_fu�����������������±�K�������

����IhghfZj_\�<�:���IhghfZj_\Z�H�<���IhghfZj_\�:�<���

IhghfZj_\Z�G�<��H[h[s_gb_�Ze]hjblfh\�=_jp_ey�b�kdhev�

ays_]h� iZjZf_ljbq_kdh]h� ^bkdj_lgh]h� ij_h[jZah\Zgby�

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

K��������

����IhghfZj_\�<�:���IhghfZj_\Z�H�<��IhghfZj_\�:�<��

F_lh^� wnn_dlb\gh]h� baf_j_gby� kdhevays_]h� iZjZf_ljb�

q_kdh]h�ki_dljZ�Nmjv_���:\lhf_ljby��������L���������&����

����

����IhghfZj_\�<�:���IhghfZj_\Z�H�<��Bg\ZjbZglghklv�

l_dms_]h� wg_j]_lbq_kdh]h� nmjv_�ki_dljZ� ^_ckl\bl_evguo�

^bkdj_lguo�kb]gZeh\�gZ�dhg_qguo�bgl_j\ZeZo���L_ogheh]by�

b� dhgkljmbjh\Zgb_� \� we_dljhgghc� ZiiZjZlmj_�� ����������

K��������

7+(�,19$5,$1&(�2)�&855(17�
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3RQRPDUHYD�2�9��

0HWKRGV� DQG� DOJRULWKPV� RI� VOLGLQJ� � VSHFWUDO� PHDVXUH�

PHQWV� RQ� ILQLWH� LQWHUYDOV� ZHUH� LQYHVWLJDWHG�� 7KH� WKHRUHWLFDO�

SULQFLSOHV�RI�PHDVXUHPHQW�RI�VOLGLQJ�HQHUJ\�)RXULHU�VSHFWUD�

RI�GLVFUHWH�VLJQDOV�LQ�WKH�EDVHV�RI�GLVFUHWH�H[SRQHQWLDO�IXQF�

WLRQV� DQG� SDUDPHWULF� GLVFUHWH� H[SRQHQWLDO� IXQFWLRQV� ZHUH�

VXJJHVWHG�� 7KH� WKHRUHWLFDO� DQG� SUDFWLFDO� UHVXOWV� RI� WKH�

HYDOXDWLRQ�RI�QRQ�LQYDULDQFH�RI�VOLGLQJ�HQHUJ\�)RXULHU�VSHF�

WUD� RI� WRQDO� FRPSRQHQWV� RQ� ILQLWH� LQWHUYDOV� LQ� WKH� EDVLV� RI�

SDUDPHWULF�GLVFUHWH�H[SRQHQWLDO�IXQFWLRQV�ZHUH�VKRZQ��
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Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

:gZebabjm_lky� kbkl_fZ� k\yab�� bkihevamxsZy� ^bnn_j_gpb�

Zevgmx�^\hbqgmx�nZah\mx�fh^meypbx�b� dh^bjh\Zgb_�hjlh]hgZev�

guf� dh^hf��<u\h^blky� ZgZeblbq_kdh_� \ujZ`_gb_�^ey� hp_gdb� ih�

l_jv� \� hlghr_gbb� kb]gZe�rmf�� \ua\Zgguo� bkihevah\Zgb_f� ^bn�

n_j_gpbZevghc�fh^meypbb��IhdZaZgh��qlh�wlb�ihl_jb�fh]ml�^hk�

lb]Zlv�agZqbl_evguo�\_ebqbg��ihjy^dZ����^_pb[_e��:gZebabjmxl�

ky�g_kdhevdh�ijhkluo�f_lh^h\�fy]dhc�^bnn_j_gpbZevghc�^_fh^m�

eypbb�� [ebadbo� d� hilbfZevguf� ih� djbl_jbx�fZdkbfmfZ� hlghr_�

gby� ijZ\^hih^h[by��Ijb\h^ylky� j_amevlZlu�fh^_ebjh\Zgby� jZk�

kfZljb\Z_fh]h�dZgZeZ�k\yab��

M>D���������

IHL?JB�<�HLGHR?GBB�KB=G:E�RMF�<�KBKL?F?�K<YAB���
BKIHEVAMXS?C�><HBQGMX�>BNN?J?GPB:EVGMX��
N:AH<MX�FH>MEYPBX�B�HJLH=HG:EVGH?�DH>BJH<:GB?��

AZcp_\�=�<���^�l�g���H:H�=KD;�©:efZa�:gl_cª��H�PDLO��JHQQDG\�]D\WVHY#\DQGH[�UX�

�

Dexq_\u_� keh\Z�� ^bnn_j_gpbZevgZy�^\h�
bqgZy�nZah\Zy�fh^meypby��hjlh]hgZevguc�dh^��

fy]dZy� f_ljbdZ�� \_jhylghklv� hrb[db� gZ� [bl��

ihl_jb�\�hlghr_gbb�kb]gZe�rmf��

<\_^_gb_�

>bnn_j_gpbZevgZy� ^\hbqgZy� nZah\Zy� fh�

^meypby�rbjhdh�bkihevam_lky�\�kbkl_fZo�k\yab�

\� l_o� kemqZyo�� dh]^Z� g_\hafh`gh� k� g_h[oh�

^bfhc�lhqghklvx�\hkklZgh\blv�hihjguc�kb]gZe�

ih� nZa_� b�beb� ih� qZklhl_�� LZdh_� iheh`_gb_�

bf__l�f_klh�� \� qZklghklb��ijb� h[f_g_� dhjhldbfb� khh[�

s_gbyfb� f_`^m� ih^\b`gufb� h[t_dlZfb� ijb� g_ba\_kl�

ghc�^hie_jh\kdhc�qZklhl_��

Imklv�^ `� �������� �NF N 1 � �� ±�i_j_^Z\Z_fZy�[blh\Zy�

ihke_^h\Zl_evghklv�� Kbf\heZfb� ihke_^h\Zl_evghklb�

[m^_f� kqblZlv�qbkeZ�r���Lh]^Z�ijb� bkihevah\Zgbb�^\h�
bqghc� ^bnn_j_gpbZevghc� nZah\hc� fh^meypbb� wlZ� ih�
ke_^h\Zl_evghklv� ij_h[jZam_lky� i_j_^� i_j_^Zq_c� \�

ihke_^h\Zl_evghklv� ^ `� �������� �NE N 1 � �� ih� ke_^mx�

s_fm�ijZ\bem�>�@��

� � �������� �N N NE E F N 1� �  � ��� ����

ijb� ijhba\hevgh� aZ^Z\Z_fhc� aZjZg__� ba\_klghc� \_eb�

qbg_� �E� ��Bkoh^gZy�ihke_^h\Zl_evghklv�fh`_l�[ulv�\hk�

klZgh\e_gZ�ih�nhjfme_�

� � �������� �N N NF E E N 1� �  � �� �

Ijb� �NE  �nZaZ� i_j_^Z\Z_fhc� g_kms_c� gZ� hlj_ad_��

khhl\_lkl\mxs_f� N �lhfm�[blm��jZ\gZ�gmex��Z�ijb� �NE  �

jZ\gZ�S ��

<�^Zgghc� jZ[hl_� dZq_kl\h� i_j_^Zqb�[m^_f� oZjZdl_�

jbah\Zlv� k� ihfhsvx� ljZ^bpbhgghc� oZjZdl_jbklbdb� ±�

\_jhylghklb� E3 �hrb[db� gZ�[bl� i_j_^Z\Z_fhc� ihe_aghc�

bgnhjfZpbb��>bnn_j_gpbZevgZy� fh^meypby� \uau\Z_l�

g_dhlhjh_� m\_ebq_gb_� \_jhylghklb� E3 ��>ey� khojZg_gby�

\_jhylghklb�hrb[db� lj_[m_lky�g_kdhevdh�m\_ebqblv� aZ�

ljZlu� wg_j]bb� E( �gZ�i_j_^Zqm� h^gh]h�[blZ��Wlh� m\_eb�

q_gb_� [m^_f� jZkkfZljb\Zlv� dZd� dhfi_gkZpbx� ihl_jv� \�
hlghr_gbb� kb]gZe�rmf�� \ua\Zgguo� bkihevah\Zgb_f�

^bnn_j_gpbZevghc�fh^meypbb��
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kblmZpby� g_kdhevdh� mijhsZ_lky�� <uqbke_gb_� dhjj_ey�
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ihevah\ZeZ� h[uqgmx�� Z� \lhjZy� ±� ^bnn_j_gpbZevgmx�
nZah\mx�fh^meypbx�� K� ihfhsvx� wlbo� fh^_e_c� ijhba�
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=jZnbd� aZ\bkbfhklb� ihl_jv� ����� hl� hlghr_gby�

��E( 1 �^ey�Q�  � ���� ���� ����� ����� \� jZ[hq_f�^bZiZahg_�

iZjZf_ljZ� ��E( 1 �ijb\_^_g� gZ� jbk�� ��� Ihl_jb� [ukljh�

jZklml� k� jhklhf� ^ebgu� dh^Z� b� ^ey� Q� ������ ^hklb]Zxl�

\_ebqbgu�hdheh� ���^;�ijb� �� �E( 1  �^;��Wlh�h[tykgy�

_lky�l_f��qlh�\_ebqbgZ�ihl_jv�hij_^_ey_lky�hlghr_gb�

_f� ��E WUDQV( 1 �wg_j]bb� i_j_^Z\Z_fh]h� kbf\heZ� d� ki_d�

ljZevghc� iehlghklb�rmfZ� �kf�� ������� Z� k� jhklhf� ^ebgu�
dh^Z�wlZ�wg_j]by�iZ^Z_l�\�khhl\_lkl\bb�k�khhlghr_gb_f�

�E WUDQV E( N( Q ��

>h\hevgh� agZqbl_evgu_� ihl_jb�� ihdZaZggu_� gZ��
jbk�����kms_kl\_ggh�kgb`Zxl�wg_j]_lbq_kdbc�\ub]jur���

ihemqZ_fuc� aZ� kq_l� bkihevah\Zgby� dh^bjh\Zgby�� GZ�

jbk�� ��ijb\_^_gZ� aZ\bkbfhklv�ihemqZ_fh]h�wg_j]_lbq_�
kdh]h� \ub]jurZ� dh^bjh\Zgby�*� \� ^_pb[_eZo� \� aZ\bkb�

fhklb�hl�lj_[m_fhc�\_jhylghklb�hrb[db�gZ�[bl�^ey�g_�
kdhevdbo� ^ebg� dh^h\�� Ih^� wg_j]_lbq_kdbf� \ub]jur_f�

ihgbfZ_lky�\_ebqbgZ�kgb`_gby�hlghr_gby� ��E( 1 ��lj_�

[m_fh]h�^ey�^hklb`_gby� aZ^Zgghc� \_jhylghklb� hrb[db�

gZ�[bl�� ih� kjZ\g_gbx� k� hilbfZevguf� ijb_fhf� ijb� bk�
ihevah\Zgbb� ^bnn_j_gpbZevghc� ^\hbqghc� fh^meypbb�

[_a� bkihevah\Zgby� dh^bjh\Zgby�� DZd� \b^gh� ba� jbk�� ���
q_f� [hevr_� ^ebgZ� dh^Z�� l_f�f_gvr_� wlhl� \ub]jur� �\�

^bZiZahg_�
���E3
�! ��� Ijb� ^Zevg_cr_f� kgb`_gbb� E3 �

\ub]jur�m\_ebqb\Z_lky�� b� djb\u_�^ey� dh^Z� k�[hevr_c�

ba[ulhqghklvx�i_j_k_dZxl�djb\u_�^ey�dh^Z�k�f_gvr_c�
ba[ulhqghklb��H^gZdh� \� ZgZebabjm_fhf� ^bZiZahg_� \_�

jhylghkl_c� gZ[ex^Z_lky� i_j_k_q_gb_� lhevdh� djb\uo�

^ey�Q� ����b�Q� �����Ihwlhfm�^ey�jZkkfZljb\Z_fh]h�^bZ�

iZahgZ�g_p_e_khh[jZagh�m\_ebqb\Zlv�^ebgm� dh^Z�k\_jo�
����;he__�lh]h��^Z`_�ijb�\u[hj_�g_[hevrhc�^ebgu�dh^Z�

wg_j]_lbq_kdbc� \ub]jur� g_\_ebd� b� g_� ij_\hkoh^bl��
����^;��

AZdexq_gb_�

<� jZ[hl_� ihemq_gh� ZgZeblbq_kdh_� \ujZ`_gb_� ^ey�

hp_gdb�ihl_jv� \� hlghr_gbb� kb]gZe�rmf�� \ua\Zgguo� bk�

ihevah\Zgb_f�^bnn_j_gpbZevghc�fh^meypbb�ijb�hjlh�

]hgZevghf�dh^bjh\Zgbb��IhdZaZgh��qlh�wlb�ihl_jb�fh]ml�

[ulv� agZqbl_evgufb��Ba�ijb\_^_gguo�nhjfme� ����������

hq_\b^gh��qlh�wlh�iheh`_gb_�hlghkblky�lZd`_�b�d�^jm]bf�

jZagh\b^ghklyf� dh^h\�� bf_xsbf� [hevrmx� ba[ulhq�

ghklv��lZd�dZd�ihl_jb�\hagbdZxl�gZ�klZ^bb�^_fh^meypbb�

b�g_�aZ\bkyl�hl�\b^Z�bkihevam_fh]h�dh^Z��Ijb�bkihevah�

\Zgbb�ijb_fZ�\�p_ehf�^hihegbl_evgu_�ihl_jb�hlkmlkl�

\mxl�� b� mdZaZggu_�nhjfmeu� kijZ\_^eb\u� lZd`_� b� ^ey�

\uoh^Z� ^_dh^_jZ�� Ijb� ^jm]bo� f_lh^Zo� ^_dh^bjh\Zgby�

wg_j]_lbq_kdbc� \ub]jur� fh`_l� [ulv� _s_� f_gvr_�� h^�

gZdh�� jZkq_l� dhgdj_lgh]h� agZq_gby� ihl_jv� ZgZeblbq_�

kdbfb�f_lh^Zfb� aZljm^gbl_e_g�� lZd� dZd� jZkij_^_e_gb_�

rmfh\uo� khklZ\eyxsbo� ihke_� ^bnn_j_gpbZevghc� ^_�

fh^meypbb��\hh[s_�]h\hjy��g_�y\ey_lky�ghjfZevguf��

Ebl_jZlmjZ�

����Kdeyj�;��Pbnjh\Zy� k\yav��F���Ba^Zl_evkdbc�^hf�

©<bevyfkª�������������k��

���8VH�DQG�3HUIRUPDQFH�RI�WKH�$+$�����7XUER�3URGXFW�

&RGH�(QFRGHU�'HFRGHU�ZLWK�'LIIHUHQWLDO�3KDVH�6KLIW�.H\LQJ�

�'36.��� ��� $+$� $SSOLFDWLRQ� 1RWH� $173&��B������ 85/��

KWWS���ZZZ�DKD�FRP��

���� OZjfml� O�� L_hjby� k_d\_glgh]h� ZgZebaZ�� F��� ©Fbjª��

����������k��

���&KDQQHO� &RGLQJ� LQ� &RPPXQLFDWLRQ� 1HWZRUNV�� �� (G��

$ODLQ�*ODYLHX[���/RQGRQ��,67(�/WG������������k��

���=eZ^dbo� :�:��Hkgh\u� l_hjbb� fy]dh]h� ^_dh^bjh\Z�

gby�ba[ulhqguo�dh^h\�\�klbjZxs_f�dZgZe_�k\yab��Mevy�

gh\kd��Me=LM������������F��

���)XTLQ� ;LRQJ�� 'LJLWDO� 0RGXODWLRQ� 7HFKQLTXHV�� 1HZ�

<RUN��$UWHFK�+RXVH�������������S��



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

���E_\bg�;�J�� L_hj_lbq_kdb_� hkgh\u� klZlbklbq_kdhc�

jZ^bhl_ogbdb��dgb]Z����F���Kh\��JZ^bh������������k��

���$QJHU� )RJ�� ,QVWUXFWLRQV� IRU� WKH� UDQGRP� QXPEHU� JHQ�

HUDWRU�OLEUDULHV��������85/��KWWS���ZZZ�DJQHU�RUJ��

���0DWVXPRWR� 0��� 1LVKLPXUD� 7��� 0HUVHQQH� 7ZLVWHU�� $�

����GLPHQVLRQDOO\� HTXLGLVWULEXWHG� XQLIRUP� SVHXGR�UDQGRP�

QXPEHU� JHQHUDWRU�� ��� $&0� 7UDQVDFWLRQV� RQ� 0RGHOLQJ� DQG�

&RPSXWHU�6LPXODWLRQ�������������3���±����

����'HYUR\H� /�� 1RQ�XQLIRUP� UDQGRP� YDULDWH� JHQHUDWLRQ��

1HZ�<RUN��6SULQJHU��������

�����<_glp_ev�?�K��L_hjby�\_jhylghkl_c��F���<ukrZy�

rdheZ������������k��

/266�,1�6,*1$/�72�12,6(�5$7,2�)25�

&20081,&$7,21�6<67(0�:,7+�

%,1$5<�',))(5(17,$/�6+,)7�.(<,1*�

$1'�257+2*21$/�&2',1*�

=D\WVHY�*�9��

7KH� SDSHU� DQDO\]HV� GLJLWDO� FRPPXQLFDWLRQ� V\VWHP� ZKLFK�

XVHV�ELQDU\�GLIIHUHQWLDO�SKDVH�VKLIW�NH\LQJ�DQG�RUWKRJRQDO�FRGLQJ��

7KH� DQDO\WLFDO� H[SUHVVLRQ� LV� GHULYHG� IRU� HVWLPDWLRQ� RI� ORVVHV� LQ�

VLJQDO�WR�QRLVH�UDWLR�LQGXFHG�E\�GLIIHUHQWLDO�PRGXODWLRQ��,W�LV�VKRZQ�

WKDW�WKLV�ORVV�PD\�EH�XS�DV�KLJK�DV����G%��6HYHUDO�VLPSOH�QHDU�

RSWLPDO�PHWKRGV�RI�VRIW�GLIIHUHQWLDO�GHPRGXODWLRQ�DUH�FRQVLGHUHG��

5HVXOWV�RI�FRPSXWHU�VLPXODWLRQ�DUH�JLYHQ��

�

G:MQGH?�G:IJ:<E?GB?��

H[jZ[hldZ�b�i_j_^ZqZ�bgnhjfZpbb�\�kbkl_fZo�l_e_dhffmgbdZpbc�

K_dpby����L_hjby�kb]gZeh\�b�kbkl_f�

H^gbf�ba�hkgh\guo�h[t_dlh\�bkke_^h\Zgby�l_hjbb�kb]gZeh\�ljZ^bpbhggh�y\eyxlky�f_lh^u�ZgZebaZ�kbgl_aZ��

fh^meypbb�^_fh^meypbb��dh^bjh\Zgby�^_dh^bjh\Zgby�kb]gZeh\�k�p_evx�h[_ki_q_gby�\ukhdhc�ihf_ohmklhcqb\hklb�

b�kdhjhklb�i_j_^Zqb�bgnhjfZpbb�\�mkeh\byo�\ha^_ckl\by�bgl_gkb\guo�ihf_o�b�f_`kbf\hevghc�bgl_jn_j_gpbb��

<hafh`ghklb�kh\j_f_gguo�pbnjh\uo�l_ogheh]bc�iha\heyxl�j_rZlv�wlb�aZ^Zqb�hkh[_ggh�wnn_dlb\gh��ijb[_]Zy�d�

hilbfZevguf�f_lh^Zf�kbgl_aZ��ij_h[jZah\Zgby�b�dh^bjh\Zgby�kb]gZeh\���

GZ�k_dpbb�h[km`^Zebkv�ke_^mxsb_�ZdlmZevgu_�gZmqgu_�ijh[e_fu��

±�fgh]hihjh]h\h_�^_dh^bjh\Zgb_��
±�hp_gdZ�ijhimkdghc�kihkh[ghklb�dZgZeZ�k\yab��
±�hp_gdZ�nmgdpbb�Z\lhdhjj_eypbb��

±�\_c\e_l�ij_h[jZah\Zgb_�±�jy^u�OZZjZ��
±�kbgl_a�ihke_^h\Zl_evghkl_c�gZ�jZkrbj_gguo�iheyo�=ZemZ��
±�ihkljh_gb_�dhfie_f_glZjguo�iZj�ihke_^h\Zl_evghkl_c��
±�kbgl_a�fgh]hnZaguo�ihke_^h\Zl_evghkl_c��

±�ihbkd�[bgZjguo�hilbfZevguo�ihke_^h\Zl_evghkl_c��
±�i_j_^ZqZ�b�ijb_f�g_hjlh]hgZevguo�fgh]hqZklhlguo�kb]gZeh\��
±�ih\ur_gb_�wnn_dlb\ghklb�h^ghqZklhlguo�kb]gZeh\��

±�ijb_f�kb]gZeh\�k�j_r_lqZlhc�fh^meypb_c��
±�fgh]hihjh]h\u_�Ze]hjblfu�iZjZee_evgh]h�dZkdZ^bjh\Zgby��
±�Ze]hjblf�<bl_j[b�ijb_fZ�debiibjh\Zgguo�kb]gZeh\��
±�gbadhiehlghklgh_�^_dh^bjh\Zgb_��

K_dpby����H[jZ[hldZ�kb]gZeh\�\�kbkl_fZo�l_e_dhffmgbdZpbc�

JZ[hlZ�k_dpbb�ijh\h^beZkv�ih�lj_f�hkgh\guf�gZijZ\e_gbyf��khojZgyxsbf�ZdlmZevghklv�k�lhqdb�aj_gby�^Zev�

g_cr_]h�\g_^j_gby�kh\j_f_gguo�bgnhjfZpbhgguo�l_ogheh]bc�j_Zevgh]h�\j_f_gb�\�kbkl_fZo�l_e_dhffmgbdZpbc��

h[jZ[hldZ�b�i_j_^ZqZ�j_q_\uo�b�a\mdh\uo�kb]gZeh\��woh�dhfi_gkZpby��wd\ZeZcabg]�b�[hjv[Z�k�aZfbjZgbyfb��ijh�

[e_fZ�f_`kbf\hevghc�bgl_jn_j_gpbb� �FKB���j_ZebaZpby�kbkl_f�k\yab�k�ijbf_g_gb_f�PHK��lhf�qbke_�\hijhku�

h[jZ[hldb�kb]gZeh\�ijb�j_r_gbb�aZ^Zq�kbgojhgbaZpbb�b�fZjrjmlbaZpbb���

GZ�k_dpbb�h[km`^Zebkv�ke_^mxsb_�ZdlmZevgu_�gZmqgu_�ijh[e_fu��

±�dhfij_kkby�Zm^bhkb]gZeh\�gZ�hkgh\_�jZaj_`_gghc�Ziijhd�
kbfZpbb��
±�jZkihagZ\Zgb_�j_q_\uo�dhfZg^�gZ�nhg_�rmfZ��
±�^_dhfihabpby�j_q_\uo�kb]gZeh\�gZ�wfibjbq_kdb_�fh^u��
±�gbadhkdhjhklgh_�dh^bjh\Zgb_�j_qb��
±�g_wlZehggZy�hp_gdZ�jZa[hjqb\hklb�j_q_\uo�kb]gZeh\��
±�Z^Zilb\gZy�dhjj_dpby�kb]gZeh\�k�dhfi_gkZpb_c�rmfZ��
±�ZgZeba� \ebygby� f_`kbf\hevghc� aZ^_j`db� \� kbkl_fZo� k�

jZkrbj_gguf�ki_dljhf��
±�kjZ\gbl_evguc�ZgZeba�ihf_ohmklhcqb\hklb�dh^h\��

±�h[jZ[hldZ�kb]gZeh\�2)'0�\�dZgZe_�k�iZfylvx��
±�Z^Zilb\gZy�DZefZgh\kdZy�nbevljZpby�\�2)'0�kbkl_fZo��
±�hp_gb\Zgb_�iZjZf_ljh\�jZ^bhdZgZeZ�\�2)'0�ijb_fgbd_��
±�hp_gdZ�dZgZeZ�k\yab�gZ�hkgh\_�nhjfbjh\Zgby�fy]dbo�j_r_gbc��
±�qZklhlgh_�miehlg_gb_�gZ�hkgh\_�g_hjlh]hgZevguo�kb]gZeh\��
±�ke_iZy�kbgojhgbaZpby�qZklhlu�b�nZau�D:F�kb]gZeh\��
±�lZdlh\Zy� kbgojhgbaZpby� \� kbkl_fZo� k� ^\moihabpbhgghc�nZ�
ah\hc�fh^meypb_c��

±�hij_^_e_gb_�\b^Z�fh^meypbb��

����������� �
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Ki_dljZevgZy� wnn_dlb\ghklv� y\ey_lky� h^gbf� ba� dexq_\uo�

\hijhkh\� jZajZ[hldb� [_kijh\h^guo� kbkl_f� k\yab�� Ohjhrh� ba�

\_klghc� l_ogheh]b_c� wnn_dlb\ghc� i_j_^Zqb� ^Zgguo� y\ey_lky�

hjlh]hgZevgh_� qZklhlgh_� fmevlbie_dkbjh\Zgb_� �2)'0��� <� ih�

ke_^g__�\j_fy�ihy\beky�jy^�im[ebdZpbc��\�dhlhjuo�^ey�kbkl_f�k�

ih\ur_gghc� ki_dljZevghc� wnn_dlb\ghklvx� mkeh\b_� hjlh]h�

gZevghklb� kgbfZ_lky��H^gZdh�� ba�aZ� bgl_jn_j_gpbb�f_`^m� kbf�

\heZfb� b� ih^g_kmsbfb� ij_^eZ]Z_fu_� j_r_gby� bf_xl� \ukhdmx�

keh`ghklv� beb� ^Zxl� [hevrmx� \_jhylghklv� hrb[db�� <� ^Zgghc�

jZ[hl_�jZkkfZljb\Zxlky�kljmdlmju�i_j_^Zlqbdh\�b�ijb_fgbdh\�

kbkl_f� k� ih\ur_gghc� ki_dljZevghc� wnn_dlb\ghklvx�� hkgh\Zg�

gu_�gZ�kh\j_f_gguo�\ukhdhijhba\h^bl_evguo�l_ogheh]byo�hjlh�

]hgZevghc�i_j_^Zqb��ijb]h^gu_�^ey�bkihevah\Zgby�\�^_ckl\mxsbo�

kbkl_fZo� k\yab��Ij_^klZ\e_gu� j_amevlZlu� dhfivxl_jgh]h� fh�

^_ebjh\Zgby�kbkl_f�k�jZagufb�lbiZfb�kb]gZeh\��

M>D���������

IJH;E?FU�B�F?LH>U�IH<UR?GBY�KI?DLJ:EVGHC�WNN?DLB<GHKLB�
KBKL?F�K<YAB��HJLH=HG:EVG:Y�I?J?>:Q:���

;Zdmebg�F�=���d�l�g���gZqZevgbd�hl^_eZ�bgnhjfZpbhgguo�l_ogheh]bc�HHH�©JZ^Zjgu_�l_ogheh]bb�±��Lª���
H�PDLO��P�J�EDNXOLQ#JPDLO�FRP��

Dj_cg^_ebg�<�;���^�l�g���ijhn_kkhj�dZn_^ju�bgnhjfZpbhgghc��[_ahiZkghklb�b�Z\lhfZlbaZpbb��
Fhkdh\kdh]h�l_ogbq_kdh]h�mgb\_jkbl_lZ�k\yab�b�bgnhjfZlbdb��H�PDLO��YLWNUHQG#JPDLO�FRP��

Rmfh\�:�I���d�l�g���^hp_gl�dZn_^ju�l_e_dhffmgbdZpbc�b�hkgh\�jZ^bhl_ogbdb�JyaZgkdh]h�]hkm^Zjkl\_ggh]h�
jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ��H�PDLO��PDJQLW����#PDLO�UX��

�

Dexq_\u_� keh\Z�� ki_dljZevgZy� wnn_dlb\�
ghklv��hjlh]hgZevgZy�i_j_^ZqZ��kdhjhklv�GZcd�

\bklZ��2)'0��dhfivxl_jgh_�fh^_ebjh\Zgb_��

<\_^_gb_�

<� ij_^u^ms_c� klZlv_� >�@� jZkkfhlj_gu� \ha�

fh`ghklb� ih\ur_gby� qZklhlgh�\j_f_gghc� wn�

n_dlb\ghklb�kbkl_f�k\yab�^h�mjh\g_c��dhlhju_�

kms_kl\_ggh� ij_\hkoh^yl� ihdZaZl_eb� kh\j_�

f_gguo� kbkl_f� k\yab� �IDVWHU�WKDQ�1\TXLVW� VLJQD�

OLQJ��)71����H^gZdh��ihiuldb�j_ZebaZpbb�hldju�

\Z_fuo� ijbgpbibZevguo� \hafh`ghkl_c� ih\u�

r_gby� ki_dljZevghc� b� \j_f_gghc� wnn_dlb\�

ghklb� ijb\h^yl� d� g_h[oh^bfhklb� bkihevah\Z�

gby�\_kvfZ�keh`guo�dZd�\�l_hj_lbq_kdhf��lZd�b�

\� ijZdlbq_kdhf� ieZg_� mkljhckl\� h[jZ[hldb�

kb]gZeh\� gZ� ijb_fghc� klhjhg_� >�@�� D� lhfm� `_�

ijbf_ju� j_ZebaZpbb� kbkl_f� k� ih\ur_gghc� wnn_dlb\�

ghklvx� ]h\hjyl� h[� bo� jZ[hlhkihkh[ghklb� ihdZ� lhevdh� \�

dZgZeZo�k�[_euf�rmfhf��H�[ukljh�f_gyxsboky�dZgZeZo�k�

jZkk_ygb_f�\�ijZdlbq_kdhf�ieZg_�j_qb�ihdZ�g_�b^_l��

<�lh�`_�\j_fy��^hklb`_gby�kh\j_f_gguo�kbkl_f�k\y�

ab� [Zabjmxlky� gZ� ohjhrh� jZa\bluo� l_e_dhffmgbdZpb�

hgguo� l_ogheh]byo�� lZdbo� dZd� ))7�,))7�� gZijbf_j�� <�

wlhf� kfuke_� ij_^klZ\eyxl� bgl_j_k� bkke_^h\Zgby�� \�

dhlhjuo�^_eZxlky�ihiuldb� j_Zebah\Zlv� hldju\Zxsb_�

ky�ijbgpbibZevgu_�\hafh`ghklb�)71�gZ�hkgh\_�kh\j_�

f_gguo�\ukhdhwnn_dlb\guo�l_ogheh]bc��<�^Zgghc�klZ�

lv_� jZkkfZljb\Zxlky� ^\Z� ihemqb\rbo� hij_^_e_ggh_�

jZa\blb_� gZijZ\e_gby� j_ZebaZpbb� ijbgpbih\� )71� gZ�

hkgh\_�l_ogheh]bb�2)'0���

J_ZebaZpby�ijbgpbih\�)71��
ijb�hjlh]hgZevghc�i_j_^Zq_��

KqblZ_lky�� qlh� i_j_^ZxsZy� kbkl_fZ� jZ[hlZ_l� kh�

kdhjhklvx� \ur_� kdhjhklb� GZcd\bklZ�� _keb� bfimevku�

i_j_^Zxlky� gZ� kdhjhklb� \ur_�� q_f� jZaj_r_gh� mkeh�

\byfb� GZcd\bklZ� ^ey� i_j_^Zqb� [_a� f_`kbf\hevghc�

bgl_jn_j_gpbb� �FKB�� ,6,��� I_j\hgZqZevgh� )71� jZk�
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^_ggZy� ijb� ij_^klZ\e_gbb� ijyfhm]hevguf� [Zabkhf��

Hkgh\ghc�e_i_klhd�j_amevlZlZ�\hkklZgh\e_gby�ba� ,27$�
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klvx� klZg^ZjlZ� �*33� >��@�� J_Zevgh_� ^hihegbl_evgh_�
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f_lh^hf�[ue�f_lh^�fZdkbfZevgh]h�ijZ\^hih^h[by� �g_�

kfhljy�gZ�_]h�\uqbkebl_evgmx�keh`ghklv���Lj_lvbf�[ue�

f_lh^� kn_jbq_kdh]h� ^_dh^bjh\Zgby�� >ey� kjZ\g_gby�

hp_gb\Zebkv� ih]j_rghklb� i_j_^Zqb� kbkl_fu� 2)'0� k�

h[uqghc�ki_dljZevghc�wnn_dlb\ghklvx���
GZ�jbk�� ��� >��@�ijb\_^_gu� aZ\bkbfhklb�\_jhylghklb�

hrb[db� %(5� hl� hlghr_gby� kb]gZe�rmf� ��E( 1 ��G%��^ey�

kbkl_fu�2)'0�b�6()'0�kbkl_f�k�iZjZf_ljZfb�wnn_d�

lb\ghklb�.� �����b�.� ������

�

D��

�

[��

Jbk�����AZ\bkbfhklb�\_jhylghklb�hrb[db�%(5��

hl�hlghr_gbb�kb]gZe�rmf�^ey�kbkl_f��

k���4$0��.� ������Z��b�.� ������[��

Ba�jbk�����Z�\b^gh��qlh�ijb�g_[hevrhf�qbke_�ih^g_�

kmsbo� 0/�kn_jbq_kdbc� b�ihehkh\hc�^_l_dlhju� ijb�ih�

\ur_gghc� ki_dljZevghc� wnn_dlb\ghklb� �.�  � ����� h[_k�

i_qb\Zxl� \_jhylghklv�hrb[db��[ebadmx� d� %(5�kbkl_fu�

2)'0�� K� m\_ebq_gb_f� qbkeZ� ih^g_kmsbo� \_jhylghklv�

hrb[db�\hajZklZ_l��

>ey� kbkl_fu� kh� ki_dljZevghc� wnn_dlb\ghklvx� ����

�jbk�� ���[��0/�b�kn_jbq_kdbc�^_l_dlhj�ijh^he`Zxl�h[_k�

i_qb\Zlv� \_jhylghklv� hrb[db�� [ebadmx� d� \_jhylghklb�

hrb[db�kbkl_fu�2)'0��\�lh�\j_fy�dZd�^ey�ihehkh\h]h�^_�

l_dlhjZ�\_jhylghklv�hrb[db�kms_kl\_ggh�ih\urZ_lky��



�

�

�
���

Ba� ijb\_^_gguo� j_amevlZlh\�fh`gh� aZdexqblv�� qlh�

bkihevam_fu_� ijbgpbiu�iha\heyxl� kljhblv� kbkl_fu� k�

ih\ur_gghc� ki_dljZevghc� wnn_dlb\ghklvx�� h^gZdh�

\hafh`ghklb�bo�j_ZebaZpbb�kbevgh� aZ\bkyl�hl�bkihev�

am_fuo�ko_f�^_l_dlbjh\Zgby��

Ihemq_gb_�ohjhrbo�j_r_gbc�^ey�ijh[e_fu�^_dh^b�

jh\Zgby� y\ey_lky� keh`ghc� aZ^Zq_c��<� wlhf� gZijZ\e_�

gbb�[ueb�ij_^eh`_gu�jZaebqgu_�ih^oh^u��G_dhlhjufb�

ba� � � ba\_klguo� j_r_gbc�^ey�ijh[e_fu�^_dh^bjh\Zgby�

y\eyxlky�� ]HUR� IRUFLQJ� �=)�� >���� ��@�� PLQLPXP� PHDQ�

VTXDUHG�HUURU� �006(�� >��@�� WKH�VSKHUH� GHFRGHU� >���� ��@�b�

VHPL�GHILQLWH�UHOD[DWLRQ��6'5��>������@��0D[LPXP�OLNHOLKRRG�

PHWKRGV� bf_xl� hq_gv� [hevrmx� keh`ghklv� b� g_� fh]ml�

[ulv�bkihevah\Zgu�gZ�ijZdlbd_��aZ�bkdexq_gb_f�kemqZy�

g_[hevrbo�kbkl_f��F_lh^u��lZdb_�dZd�6'5��006(�b�=)��

bf_xl�f_gvrmx�keh`ghklv��gh�^Zxl�om^rb_�\_jhylgh�

klb� hrb[hd�� hkh[_ggh� dh]^Z� mjh\_gv� rmfZ� \ukhd� beb�

qbkeh� ih^g_kmsbo� \_ebdh� >��@�� Ihwlhfm� hgb� k� fZehc�

\_jhylghklvx�fh]ml�[ulv�ihe_agufb�\�kbkl_fZo�kh�fgh�

]bfb� g_kmsbfb� beb� ijZdlbq_kdbfb� mjh\gyfb� rmfZ�� <�

ijhlb\hiheh`ghklv�bf�� WKH�VSKHUH�GHFRGHU��6'��y\ey_l�

ky�f_lh^hf�^bgZfbq_kdh]h�ijh]jZffbjh\Zgby��dhlhjuc�

fh`_l�^hklbqv�hilbfZevgh]h�j_r_gby��6'�bkke_^h\Ze�

ky�\�jZ[hlZo� >������@��;ueb�ihemq_gu�h[gZ^_`b\Zxsb_�

j_amevlZlu�ih�bkihevah\Zgbx�6'�^ey�6()'0��<�jZ[hl_�

>��@� jZa\bl� d\ZabhilbfZevguc� ^_l_dlhj� gZ� hkgh\_� 6'��

bkihevamxsbc� VHPL�GHILQLWH� SURJUDPPLQJ� ^ey� kgb`_gby�

keh`ghklb�6'��<�jZ[hlZo�>��@�b�>��@�ij_^eh`_gh�bkihev�

ah\Zlv� IL[HG� FRPSOH[LW\� VSKHUH� GHFRGHUV� �)6'�� b� aZl_f�

dhf[bgZpbx�)6'�b�WUXQFDWHG�VLQJXODU�YDOXH�GHFRPSRVLWLRQ�

�69'�� ^ey� j_r_gby� ijh[e_fu� i_j_f_gghc� keh`ghklb�

6'�ijb�khojZg_gbb�ijb_fe_fhc�\_jhylghklb�hrb[hd���

6'� bf__l� ^\Z� hkgh\guo� g_^hklZldZ�� dhlhju_� [ueb�

ebrv� qZklbqgh� ij_h^he_gu�� Hg� lj_[m_l� h[jZs_gby�

iehoh� h[mkeh\e_gguo� fZljbp� �wlm� ijh[e_fm� ihfh]Z_l�

j_rblv�f_lh^�j_]meyjbaZpbb��hkgh\Zgguc�gZ�\\_^_gbb�

^hihegbl_evgh]h� rmfZ��� b� _]h� keh`ghklv� g_� y\ey_lky�

nbdkbjh\Zgghc� >������@��<j_fy�\uqbke_gbc�^ey�6'�fh�

`_l� agZqbl_evgh�mom^rblvky�ijb�[hevrhf�qbke_�g_km�

sbo�beb�fZehf�.���Ke_^h\Zl_evgh��ijZdlbq_kdZy�j_Zeb�

aZpby�fh`_l�[ulv�\hafh`gZ�lhevdh�ijb�hq_gv�ki_pbnb�

q_kdbo�mkeh\byo��^ey�hlghkbl_evgh�fZehc�jZaf_jghklb�

kb]gZeZ��1�������b�ijb�\ukhdhf�hlghr_gbb�kb]gZe�rmf���

K�mq_lhf�baeh`_ggh]h�fh`gh�hlf_lblv��qlh�\hijhku�

^_l_dlbjh\Zgby�kb]gZeh\�\�kbkl_fZo� 6()'0�ijZdlbq_�

kdb�hklZxlky�hldjulufb��Hldjulufb�y\eyxlky�b�^jm]b_�

\hijhku�� \hagbdZxsb_� ijb� ijZdlbq_kdhf� bkihevah\Z�

gbb� \ukhdhwnn_dlb\guo� kbkl_f� k\yab�� Wlh� dZkZ_lky�

\hijhkh\� kbgojhgbaZpbb�� ijb_fZ� kb]gZeh\� \� [ukljh�

f_gyxsboky�dZgZeZo�k�jZkk_ygb_f�b�^jm]bo���

AZdexq_gb_�

<�klZlv_�jZkkfhlj_gu�^\Z�gZijZ\e_gby�ih\ur_gby�

ki_dljZevghc�wnn_dlb\ghklb�kbkl_f�k\yab�kh�fgh]bfb�

g_kmsbfb�� IjhZgZebabjh\Zgu� ijbgpbiu� ihkljh_gby�

lZdbo�kbkl_f��ijb\_^_gu�j_amevlZlu�fh^_ebjh\Zgby��ba�

dhlhjuo� ke_^m_l�� qlh� jZkkfZljb\Z_fu_� kbkl_fu� ijb�

hij_^_e_gguo� mkeh\byo� fh]ml� h[_ki_qblv� kms_kl\_g�

gh_� ih\ur_gb_� wnn_dlb\ghklb� bkihevah\Zgby� \u^_�

ey_fuo� qZklhlguo� ^bZiZahgh\�� GZijZ\e_gby� Zdlb\gh�

jZa\b\Zxlky�� Hkh[h_� \gbfZgb_� m^_ey_lky� \hafh`gh�

klyf�ijZdlbq_kdhc�j_ZebaZpbb�ij_^eZ]Z_fuo�ijbgpbih\�

b�Ze]hjblfh\��ohly�fgh]b_�ijh[e_fu�_s_�g_�j_r_gu���

Ebl_jZlmjZ�

���;Zdmebg�F�=���Dj_cg^_ebg�<�;���Rmfh\�:�I��<hijh�

ku� ih\ur_gby� ki_dljZevghc� � wnn_dlb\ghklb� kbkl_f�

k\yab��g_hjlh]hgZevgZy�i_j_^ZqZ� ���Pbnjh\Zy�h[jZ[hl�

dZ�kb]gZeh\������������K���������

���)UHGULN� 5XVHN� DQG� -RKQ� %�� $QGHUVRQ�� ³0XOWLVWUHDP�

)DVWHU� WKDQ�1\TXLVW�6LJQDOLQJ�´� ,(((�7UDQV��&RPPXQ���YRO��

����QR�����0D\�������SS��������������

���-�(��0D]R�� ³)DVWHU�WKDQ�1\TXLVW�6LJQDOLQJ�´�%HOO�6\VW��

7HFK�-���YRO������SS������±������2FW��������

���5XVHN� )�� DQG� $QGHUVRQ� -�%�� ³7KH� 7ZR� 'LPHQVLRQDO�

0D]R� /LPLW�´� 3URF��� ����� ,(((� ,QW�� 6\PS�� ,QIRUPDWLRQ�

7KHRU\��$GHODLGH��SS�����±�����6HSW��������

���&KDQJ�5��:��+LJK�VSHHG�PXOWLFKDQQHO�GDWD� WUDQVPLV�

VLRQ� ZLWK� EDQGOLPLWHG� RUWKRJRQDO� VLJQDOV�� %HOO� 6\VWHP�

7HFKQLFDO�-RXUQDO���������±������'HF�������

���6DOW]EHUJ�%��3HUIRUPDQFH�RI�DQ�HIILFLHQW�SDUDOOHO�GDWD�

WUDQVPLVVLRQ� V\VWHP�� ,(((� 7UDQV�� RQ� &RPPXQLFDWLRQ�

7HFKQRORJ\�����������±�����'HF��������

���0�� %HOODQJHU� DQG� -�� 'DJXHW�� 7'0�)'0� 7UDQVPXO�

WLSOH[HU�� 'LJLWDO� 3RO\SKDVH� DQG� ))7�� ,(((� 7UDQV�� RQ�

&RPPXQLFDWLRQV������������±������6HS��������

���+�� %ROFVNHL�� 2UWKRJRQDO� )UHTXHQF\� 'LYLVLRQ� 0XO�

WLSOH[LQJ�EDVHG�RQ�RIIVHW�4$0��SDJHV����±�����%LUNKDXVHU��

������

���%�� /H� )ORFK�� 0�� $ODUG�� DQG� &�� %HUURX�� &RGHG� 2U�

WKRJRQDO� )UHTXHQF\� 'LYLVLRQ�PXOWLSOH[�� 3URFHHGLQJV� RI� WKH�

,(((�����������±�����-XQ��������

���� 3�.�� 5HPYLN� DQG� 1�� +ROWH�� &DUULHU� IUHTXHQF\� RIIVHW�

UREXVWQHVV� IRU�2)'0�V\VWHPV�ZLWK� GLIIHUHQW� SXOVH� VKDSLQJ�

ILOWHUV�� ,Q� ,(((� *OREDO� 7HOHFRPPXQLFDWLRQV� &RQIHUHQFH�

�*/2%(&20���YROXPH����SDJHV���±����1RY��������

����'�� 'DVDOXNXQWH�� 0XOWLFDUULHU� )DVWHU�WKDQ�1\TXLVW�

6LJQDOLQJ�7UDQVFHLYHUV��3K�'�� GLVVHUWDWLRQ�� /XQG�8QLYHUVLW\��

������

����3�� 6LRKDQ�� &�� 6LFOHW�� DQG� 1�� /DFDLOOH�� $QDO\VLV� DQG�

GHVLJQ�RI�2)'0�24$0�V\VWHPV�EDVHG�RQ�ILOWHUEDQN�WKHRU\��

,(((� 7UDQV�� RQ� 6LJQDO� 3URFHVVLQJ�� ����������±������0D\��

������

����0�� 0XFN� DQG� -�� 3�� -DYDXGLQ�� $GYDQFHG� 2)'0�

PRGXODWRUV� FRQVLGHUHG� LQ� WKH� ,67�:,11(5� IUDPHZRUN� IRU�

IXWXUH� ZLUHOHVV� V\VWHPV�� ,Q� ��WK� ,67� 0RELOH� DQG�:LUHOHVV�

&RPPXQLFDWLRQV�6XPPLW�FRQIHUHQFH��������

����-�� *�� 3URDNLV� DQG� '�� *�� 0DQRODNLV�� 'LJLWDO� 6LJQDO�

3URFHVVLQJ�� 3ULQFLSOHV�� $OJRULWKPV�� DQG� $SSOLFDWLRQV��

3UHQWLFH�+DOO��,QF�����HGLWLRQ��������

����-��3��-DYDXGLQ�DQG�'��/DFURL[��7HFKQLFDO�GHVFULSWLRQ�

RI�WKH�2)'0�,27$�PRGXODWLRQ��7HFKQLFDO�5HSRUW�5����������

)UDQFH�7HOHFRP�5	'��������

�����*33�� )HDVLELOLW\� 6WXG\� IRU� 2UWKRJRQDO� )UHTXHQF\�

'LYLVLRQ� 0XOWLSOH[LQJ� �2)'0�� IRU� 875$1� HQKDQFHPHQW��

7HFKQLFDO� 5HSRUW� 75� ������� 9������� �UG� *HQHUDWLRQ�

3DUWQHUVKLS�3URMHFW��-XQ��������

����6��9HUGX��0XOWLXVHU�'HWHFWLRQ��&DPEULGJH�8QLYHUVLW\�

3UHVV��������

����0�&��5HHG��&�%��6FKOHJHO��3�'��$OH[DQGHU��DQG�-�$��
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$VHQVWRUIHU�� ,WHUDWLYH� PXOWLXVHU� GHWHFWLRQ� IRU� &'0$� ZLWK�

)(&�� QHDU�VLQJOHXVHU� SHUIRUPDQFH�� ,(((� 7UDQV�� RQ�

&RPPXQLFDWLRQV���������±������'HF��������

����;�� :DQJ� DQG� +�� 9�� 3RRU�� ,WHUDWLYH� �WXUER�� VRIW�

LQWHUIHUHQFH� FDQFHOODWLRQ� DQG� GHFRGLQJ� IRU� FRGHG� &'0$��

,(((�7UDQV��RQ�&RPPXQLFDWLRQV���������±������-XO��������

����6�� /LQ� DQG� '�� -�� &RVWHOOR�� (UURU� &RQWURO� &RGLQJ��

3UHQWLFH�+DOO��,QF�����HGLWLRQ��������

����)�� 5XVHN�� 3DUWLDO� UHVSRQVH� DQG� IDVWHU�WKDQ�1\TXLVW�

VLJQDOLQJ�� 3K'� WKHVLV�� 'HSW�� RI� (OHFWULFDO� DQG� ,QIRUPDWLRQ�

7HFKQRORJ\��/XQG�8QLYHUVLW\��������

����,�� /HH�� 7KH� HIIHFW� RI� D� SUHFRGHU� RQ� VHULDOO\� FRQ�

FDWHQDWHG� FRGLQJ� V\VWHPV� ZLWK� DQ� ,6,� FKDQQHO�� ,(((�

7UDQVDFWLRQV� RQ� &RPPXQLFDWLRQV�� ����������±������ -XO��

������

����&OHJJ��5��*��� ,VDP��6���.DQDUDV�� ,��� 	�'DUZD]HK�� ,��

�������� $� SUDFWLFDO� V\VWHP� IRU� LPSURYHG� HIILFLHQF\� LQ�

IUHTXHQF\� GLYLVLRQ� PXOWLSOH[HG� ZLUHOHVV� QHWZRUNV�� ,(7�

&RPPXQLFDWLRQV�� �� ����� ��������� GRL���������LHW�

FRP�����������

����6�� ,�� $�� $KPHG� DQG� ,�� 'DUZD]HK�� ³,')7� %DVHG�

7UDQVPLWWHUV� IRU� 6SHFWUDOO\� (IILFLHQW� )'0�6\VWHP�´� LQ� /RQ�

GRQ�&RPPXQLFDWLRQ�6\PSRVLXP��6HS��������

����0�� 5�� 3HUUHWW� DQG� ,�� 'DUZD]HK�� ³)OH[LEOH� KDUGZDUH�

DUFKLWHFWXUH� RI� 6()'0� WUDQVPLWWHUV� ZLWK� UHDO�WLPH� QRQ�

RUWKRJRQDO� DGMXVWPHQW�´� 3URF�� RI� ,QW�� &RQIHUHQFH� RQ�

7HOHFRPPXQLFDWLRQV��������

����6��:HLQVWHLQ� DQG� 3�� (EHUW�� ³'DWD� 7UDQVPLVVLRQ� E\�

)UHTXHQF\�'LYLVLRQ�0XOWLSOH[LQJ�8VLQJ� WKH�'LVFUHWH�)RXULHU�

7UDQVIRUP�´� ,(((� 7UDQVDFWLRQV� RQ� &RPPXQLFDWLRQV��� YRO��

����QR�����SS�����±�����2FW�������

����9��3DPPHU��<��'HOLJQRQ�:��6DZD\D��DQG�'��%RXOLQ�

JXH]�� ³$� ORZ� FRPSOH[LW\� VXERSWLPDO0,02� UHFHLYHU�� 7KH�

FRPELQHG� =)�0/'� DOJRULWKP�´� ��WK� ,(((� 3URFHHGLQJV� RQ�

3HUVRQDO��,QGRRU�DQG�0RELOH�5DGLR�&RPPXQLFDWLRQV��������

3,05&�������YRO�����SS������±�����YRO���������6HSW��������

����,�� .DQDUDV�� $�� &KRUWL�� 0�� 5RGULJXHV�� DQG� ,�� 'DU�

ZD]HK�� ³$� FRPELQHG� 006(�0/� GHWHFWLRQ� IRU� D� VSHFWUDOO\�

HIILFLHQW�QRQ�RUWKRJRQDO�)'0�VLJQDO�´��WK�,QWHUQDWLRQDO�&RQ�

IHUHQFH�RQ�%URDGEDQG�&RPPXQLFDWLRQV��1HWZRUNV�DQG�6\V�

WHPV��������%52$'1(76��������SS�����±�����6HSW��������

����<��3��/LQ�DQG�6��0��3KRRQJ��³006(�2)'0�DQG�SUH�

IL[HG�VLQJOH�FDUULHU�V\VWHPV��%(5�DQDO\VLV�´� LQ�,QWHUQDWLRQDO�

&RQIHUHQFH�RQ�$FRXVWLFV��6SHHFK�� DQG�6LJQDO�3URFHVVLQJ��

������,&$663�¶����,(((��+RQJ�.RQJ��$SU��������SS�����±

�����

����(��9LWHUER� DQG� -��%RXWURV�� ³$� XQLYHUVDO� ODWWLFH� FRGH�

GHFRGHU� IRU� IDGLQJ� FKDQQHOV�´� ,(((� 7UDQVDFWLRQV� RQ� ,QIRU�

PDWLRQ�7KHRU\��YRO������QR�����SS������±������-XO�������

����,�� .DQDUDV�� $�� &KRUWL�� 0�� 5RGULJXHV�� DQG� ,�� 'DU�

ZD]HK�� ³6SHFWUDOO\� (IILFLHQW� )'0�6LJQDOV�� %DQGZLGWK�*DLQ�

DW�WKH�([SHQVH�RI�5HFHLYHU�&RPSOH[LW\�´�,(((�,QWHUQDWLRQDO�

&RQIHUHQFH� RQ� &RPPXQLFDWLRQV�� ,&&� ������ 3URFHHGLQJV��

-XQH�������

����:��.��0D��3��&���&KLQJ���DQG�=��'LQJ���³6HPLGHILQLWH�

UHOD[DWLRQ�EDVHG�PXOWLXVHU�GHWHFWLRQ�IRU�0�DU\�36.�PXOWLXVHU�

V\VWHPV�´�,(((�7UDQVDFWLRQV�RQ�6LJQDO�3URFHVVLQJ��YRO������

QR������SS������±������2FW��������

����,��.DQDUDV��$��&KRUWL��0��5RGULJXHV��DQG�,��'DUZD]HK��

³$Q�,QYHVWLJDWLRQ�RI�6HPLGHILQLWH�3URJUDPPLQJ�'HWHFWLRQ�IRU�

D� QRQ�RUWKRJRQDO�)'0�V\VWHP�´� ��WK�3HUVRQDO�� ,QGRRU� DQG�

0RELOH� 5DGLR� &RPPXQLFDWLRQV� 6\PSRVLXP� ������ ,(((�

3,05&¶����-DSDQ��7RN\R��6HSWHPEHU�������

����,��.DQDUDV��$��&KRUWL��0��5RGULJXHV��DQG�,��'DUZD]HK��

³$� 1HZ� 4XDVL�2SWLPDO� 'HWHFWLRQ� $OJRULWKP� IRU� D� 1RQ� 2U�

WKRJRQDO�6SHFWUDOO\�(IILFLHQW�)'0�´�LQ��WK�,QWHUQDWLRQDO�6\P�

SRVLXP� RQ� &RPPXQLFDWLRQV� DQG� ,QIRUPDWLRQ� 7HFKQRORJLHV�

������,(((�,6&,7�������,QFKHRQ��.RUHD��6HSWHPEHU�������

����,�� .DQDUDV�� $�� &KRUWL�� 0�� 5�� '�� 5RGULJXHV�� DQG� ,��

'DUZD]HK��³$�)DVW�&RQVWUDLQHG�6SKHUH�'HFRGHU�IRU�,OO�&RQ�

GLWLRQHG� &RPPXQLFDWLRQ� 6\VWHPV�´� ,(((� &RPPXQLFDWLRQV�

/HWWHUV��YRO������QR������SS�����±������������

����6�� ,VDP�DQG� ,��'DUZD]HK�� ³'HVLJQ�DQG�3HUIRUPDQFH�

$VVHVVPHQW� RI� )L[HG� &RPSOH[LW\� 6SHFWUDOO\� (IILFLHQW� )'0�

5HFHLYHUV�´� LQ� ,(((���UG�9HKLFXODU�7HFKQRORJ\�&RQIHUHQFH�

�,(((�97&¶�����������

����6�� ,VDP�� ,��.DQDUDV��DQG� ,��'DUZD]HK�� ³$�7UXQFDWHG�

69'� $SSURDFK� IRU� )L[HG� &RPSOH[LW\� 6SHFWUDOO\� (IILFLHQW�
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FRPPXQLFDWLRQ� V\VWHPV�� 2UWKRJRQDO� IUHTXHQF\� GLYLVLRQ�

PXOWLSOH[LQJ� �2)'0�� LV� D� YHU\� ZHOO�NQRZQ� WHFKQLTXH� IRU�

HIILFLHQW�GDWD�WUDQVPLVVLRQ�RYHU�PDQ\�FDUULHUV�RYHUODSSHG�LQ�

IUHTXHQF\�� 5HFHQWO\�� VHYHUDO� SDSHUV� KDYH� DSSHDUHG� ZKLFK�

GHVFULEH� VSHFWUDOO\� HIILFLHQW� WHFKQLTXHV� IRU� PXOWL�FDUULHU�

V\VWHPV�ZKHUH�WKH�FRQGLWLRQ�RI�RUWKRJRQDOLW\�LV�GURSSHG���

3URSRVHG�WHFKQLTXHV�VXIIHU�IURP�KLJK�FRPSOH[LW\�RU�KLJK�

HUURU� UDWHV� EHFDXVH� RI� WKH� LQWHU�FDUULHU� LQWHUIHUHQFH�� 7KLV�

ZRUN� DGGUHVVHV� WR� SUREOHPV� RI� WUDQVPLWWHU� DQG� UHFHLYHU�

DUFKLWHFWXUHV�ZKRVH�GHVLJQ� LV�EDVHG�RQ�XVLQJ�KLJK�HIILFLHQW�

2)'0� WHFKQRORJLHV�� 5HVXOWV� RI� GHWDLOHG� VLPXODWLRQ� RI�

V\VWHPV� ZLWK� GLIIHUHQW� VLJQDO� W\SHV� DQG� FDUULHU� GLPHQVLRQV�
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JZkkfZljb\Zxlky�^\_�Z^^blb\gu_�fh^_eb�fgh]hf_jgh]h�\j_�

f_ggh]h�jy^Z��fh^_ev��ihemq_ggZy�\�j_amevlZl_�\uiheg_gby�fgh�

]hf_jgh]h�kbg]meyjgh]h�ki_dljZevgh]h�ZgZebaZ��066$���b�fh^_ev��

ihkljh_ggZy�dZd�^_dhfihabpby�jy^Z�gZ�wfibjbq_kdb_�fh^u��(0'���

I_j\Zy�fh^_ev�ij_^iheZ]Z_l�lZd`_�wdkljZiheypbx�jy^h\�ih�eb�

g_cguf� j_dmjj_glguf�nhjfmeZf�� Z� \lhjZy�fh`_l�[ulv�bkihev�

ah\ZgZ�ebrv�dZd�we_f_gl�ij_^h[jZ[hldb�ijb�j_r_gbb�aZ^Zqb�ijh�

]ghaZ�� :\lhjZfb� ^_eZ_lky� ihiuldZ� kh\f_klgh]h� bkihevah\Zgby�

fh^_e_c�deZkkZ�(0'�b�066$�ijb�j_r_gbb�aZ^Zqb�djZldhkjhqgh]h�

ijh]ghaZ��qlh�y\ey_lky� gh\baghc�im[ebdZpbb�� Z�lZd`_� ij_^eZ]Z�

_lky� kjZ\gbl_evguc� ZgZeba� j_amevlZlh\� wdkljZiheypbb�fgh]h�

f_jguo� \j_f_gguo� jy^h\�� ij_^h[jZ[hlZgguo� \� khhl\_lkl\bb� k�

jZaebqgufb� fh^bnbdZpbyfb� (0'��P_e_\hc� oZjZdl_jbklbdhc� ^ey�

wdki_jbf_glh\� \u[jZgu� ZghfZebb� mjh\gy� fhjy�� bkke_^m_fZy� h[�

eZklv�±�g_dhlhjZy�Zd\Zlhjby�:jdlbdb��

M>D���������

>?DHFIHABPBY�G:�WFIBJBQ?KDB?�FH>U�<�A:>:Q?��
DJ:LDHKJHQGH=H�IJH=GHABJH<:GBY�FGH=HF?JGUO��
<J?F?GGUO�JY>H<�=?HNBABQ?KDHC�IJBJH>U�

AZihjh`p_\�B�N���ZkibjZgl�FmjfZgkdh]h�]hkm^Zjkl\_ggh]h�l_ogbq_kdh]h�mgb\_jkbl_lZ���
H�PDLO��]DSRUR]KWVHY�LI#JPDLO�FRP��

K_j_^Z�:��<�B���^�l�g���ijhn_kkhj�FmjfZgkdh]h�]hkm^Zjkl\_ggh]h�l_ogbq_kdh]h�mgb\_jkbl_lZ���
H�PDLO��VHUHGDYL#PVWX�HGX�UX�

�

Dexq_\u_� keh\Z�� djZldhkjhqguc� ijh]gha��
ijhkljZgkl\_ggh_� jZkij_^_e_gb_� nbabq_kdhc�

oZjZdl_jbklbdb��deZkl_jbaZpby��ZghfZebb�mjh\�

gy�fhjy��:jdlbdZ��

<\_^_gb_�

Fh^_ebjh\Zgb_� ijbjh^guo� ^bgZfbq_kdbo�

ijhp_kkh\� \� [hevrbgkl\_� kemqZ_\� ijb\h^bl� d�

ihkljh_gbx� fgh]hiZjZf_ljbq_kdbo� fZl_fZlb�

q_kdbo�fh^_e_c��gZijbf_j��\�\b^_� kbkl_f�^bn�

n_j_gpbZevguo�mjZ\g_gbc�>���@��AZqZklmx�iZjZ�

f_lju� lZdbo�fh^_e_c� g_� fh]ml� [ulv� baf_j_gu�

beb� hp_g_gu� k� ijb_fe_fhc� lhqghklvx�� qlh� km�

s_kl\_ggh� kgb`Z_l� ijZdlbq_kdmx� p_gghklv� lZ�

dbo�ihkljh_gbc�^ey�ijbdeZ^guo�bkke_^h\Zgbc��<�

dZq_kl\_�Zevl_jgZlb\u�bkihevam_lky�ih^oh^��hkgh\Zgguc�

gZ� nhjfbjh\Zgbb� b� ZgZeba_� fgh]hf_jguo� \j_f_gguo�

jy^h\� ih� j_]meyjgh� h[gh\ey_fuf� ^Zgguf� _kl_kl\_ggh�

gZmqghc� ijbjh^u�� gZdZieb\Z_fuf� \� aZ^Zgghc� ijhkl�

jZgkl\_gghc� h[eZklb� b� hljZ`Zxsbo� ijhkljZgkl\_ggh�

\j_f_ggmx� baf_gqb\hklv� lhc� beb� bghc� oZjZdl_jbklbdb�

bkke_^m_fh]h� ^bgZfbq_kdh]h� ijhp_kkZ�� LZdhc� ih^oh^�

hkh[_ggh� wnn_dlb\_g� \� kemqZyo�� dh]^Z� ijbjh^gZy�^bgZ�

fbq_kdZy�kbkl_fZ��h[eZklv�Zlfhkn_ju��Zd\Zlhjby�hd_ZgZ�

b� l�^��� bkiulu\Z_l� [hevrh_� dhebq_kl\h� ljm^gh� nbdkb�

jm_fuo�\�hl^_evghklb�\g_rgbo�\ha^_ckl\bc��Z�kj_^b�fgh�

]hqbke_gguo�oZjZdl_jbklbd�khklhygby�wlhc�kbkl_fu�ijZd�

lbq_kdbc�bgl_j_k�ij_^klZ\eyxl�ebrv�g_dhlhju_� ba�gbo��

Ba\_klgu_�f_lh^u�ZgZebaZ�fgh]hf_jguo� \j_f_gguo�jy�

^h\�� dZd� ijZ\beh�� ij_^klZ\eyxl� kh[hc� h[h[s_gby�f_lh�

^bd�klZlbklbq_kdh]h�ZgZebaZ�bo�h^ghf_jguo�ZgZeh]h\��<�

j_amevlZl_�� d� dZ`^hfm� jy^m� ijbf_gyxlky� h]jZgbq_gby��

k\yaZggu_��ij_`^_�\k_]h��k�lj_[h\Zgb_f�klZpbhgZjghklb��

lZd� dZd� dhjj_dlghklv�klZlbklbq_kdbo�fh^_e_c� �gZijbf_j��

$5,0$� >�@��� h[hkgh\ZgZ� bf_ggh�^ey� jy^h\� wlh]h� deZkkZ��

Hkgh\guf� bgkljmf_glhf� ijh]ghklbq_kdhc� ^_yl_evghklb�

y\eyxlky� gZ� ijZdlbd_� ebg_cgu_� j_]j_kkbhggu_� fh^_eb�

>�@��<�jZfdZo�fh^_e_c��hkgh\Zgguo�gZ�b^__�fZdkbfZevgh�

]h�ih^h[by� >�@��jy^u�jZkkfZljb\Zxlky�eb[h�\�agZqbl_ev�

ghc�f_j_�bahebjh\Zggh�^jm]�hl�^jm]Z��eb[h�\�kbkl_f_��gh�

[_a�bkihevah\Zgby�bgnhjfZpbb�h�ki_pbnbd_�ijhkljZgkl�

\_ggh]h� jZkij_^_e_gby� bkke_^m_fhc� oZjZdl_jbklbdb��

F_lh^bdb� ZgZebaZ� ijhkljZgkl\_ggh�\j_f_gghc� baf_gqb�

\hklb�k�ihfhsvx� ]_g_lbq_kdbo�Ze]hjblfh\� >�@� beb�wfib�

jbq_kdbo� hjlh]hgZevguo�nmgdpbc� �ih� kmlb��f_lh^Z� ]eZ\�

guo� dhfihg_gl�� >�@� lZd`_� g_� ij_^iheZ]Zxl� mqzlZ� ijh�

kljZgkl\_ggh]h� jZkiheh`_gby� imgdlh\�� ijh\h^bfu_� ba�

f_j_gby�\�dhlhjuo�b�h[jZamxl�wlb�jy^u��LZdbf�h[jZahf��

\Z`ghc�aZ^Zq_c�y\ey_lky�dhjj_dlgh_�nhjfbjh\Zgb_�fgh�

]hf_jgh]h�jy^Z��ij_^iheZ]Zxs__��dZd�fbgbfmf��qlh�h[t�

_^bgy_fu_� \� kbkl_fm� h^ghf_jgu_� \j_f_ggu_� jy^u�

^he`gu� m^h\e_l\hjylv� hij_^_ezgguf� dhebq_kl\_gguf�

djbl_jbyf�� Z� kZfZ� kbkl_fZ� ^he`gZ� [ulv�nbabq_kdb� bg�

l_jij_lbjm_fhc�� <� ^Zgghc� jZ[hl_� [m^_f� iheZ]Zlv�� qlh�

\j_f_ggu_� jy^u� \� ijhkljZgkl\_gghf� hlghr_gbb� khhl�

\_lkl\mxl� maeZf� g_dhlhjhc� j_]meyjghc� k_ldb�� hibkZgb_�

dhlhjhc�� Z� lZd`_� kihkh[� ihkljh_gby�fgh]hf_jgh]h� jy^Z�

ij_^klZ\e_gu�\�ke_^mxs_f�jZa^_e_��

Nhjfbjh\Zgb_�fgh]hf_jgh]h�\j_f_ggh]h�jy^Z�

<�ijyfhm]hevghc�ijhkljZgkl\_gghc�h[eZklb�:� �>D�E@�u�

u�>F�G@��5�
�aZ^ZgZ�j_]meyjgZy�k_ldZ�'� �'[�u�'\��]^_��

'[ ^[N�_�D� �[���«��[Q� �E��[N� �[N���K[��N ����«�Q`��

'\ ^\N�_�F� �\���«��\P� �G��\N� �\N���K\��N ����«�P`��

LZd�dZd�agZq_gby�ex[hc�oZjZdl_jbklbdb��baf_j_ggu_�\�

maeZo� wlhc� k_ldb� \� \u[jZgguc�fhf_gl� \j_f_gb�� m^h[gh�

ij_^klZ\eylv� \� \b^_� fZljbpu�� Z� ]_h]jZnbq_kdb_� dhhj�

^bgZlu�maeh\�g_� \Z`gu�^ey�^Zevg_crbo�jZkqzlh\�� j_]m�

eyjgZy�k_ldZ�fh`_l�[ulv�hij_^_e_gZ�dZd�fgh`_kl\h�iZj�

bg^_dkh\� �kljhqgh]h� b� klhe[ph\h]h�� khhl\_lkl\mxsbo�

maeh\���

*� �>��GU@�u�>��GF@�� �1�
���]^_�GU� �P�����b�GF�� �Q������

Hq_\b^gh��qlh�ijb�lZdhf�hij_^_e_gbb�k_ldb�*�_z�rZ]�

ih�h[_bf�hkyf�jZ\_g�_^bgbp_���
>ey� dZ`^h]h� maeZ� k_ldb�*� ba\_kl_g� \j_f_gghc� jy^��

hljZ`Zxsbc� \j_f_ggmx� baf_gqb\hklv� p_e_\hc� oZjZd�
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l_jbklbdb� bkke_^m_fh]h� ^bgZfbq_kdh]h� ijhp_kkZ�� ijb�

qzf�\j_f_ggu_�jy^u�^ey�dZ`^h]h�ba�maeh\�knhjfbjh\Z�
gu� _^bghh[jZagh�� kh\iZ^Zxl� klZjlh\uc� \j_f_gghc� hl�

kqzl�� rZ]� ih� \j_f_gb� f_`^m� baf_j_gbyfb� b� ZgZebab�
jm_fZy� ^ebgZ� \j_f_ggh]h� jy^Z� �\j_f_gghc� bgl_j\Ze�
beb� dhebq_kl\h� hlkq_lh\��� LZdhc� ih^oh^� d� nhjfb�

jh\Zgbx� \j_f_gguo� jy^h\� iha\hey_l� ]h\hjblv�� qlh� \�

h[eZklb� :� aZ^Zg� fgh]hf_jguc� \j_f_gghc� jy^�

� �� �
� �����

V
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) ) ) ) �^ebgu�7��]^_�V� �GUÂGF��Ihgylgh��qlh�\�

kbem�mihfygmluo�h]jZgbq_gbc��jy^�)7�fh`_l�[ulv�knhj�

fbjh\Zg�ih� baf_j_gguf�^Zgguf�� \_jhylgh��ebrv� \� j_�

amevlZl_�g_dhlhjhc�bo�ZiijhdkbfZpbb��

F_lh^bdZ�ijh]ghaZ�

Hkgh\guf�ijh]ghklbq_kdbf�kj_^kl\hf�\�^Zgghc�jZ[h�

l_�y\ey_lky�f_lh^�.�ijh^he`_gby�fgh]hf_jgh]h�\j_f_g�

gh]h� jy^Z�� ij_^iheZ]Zxsbc� ijh\_^_gb_� fgh]hf_jgh]h�

kbg]meyjgh]h�ki_dljZevgh]h�ZgZebaZ� �^Ze__�f_lh^�066$�

>�@���Ba\_klgh��qlh�f_lh^�066$�bf__l�ij_bfms_kl\h�i_�

j_^� k\hbf� h^ghf_jguf� ZgZeh]hf� ba� deZkkZ� 66$� lhevdh�

ijb� jZ[hl_� k� kbkl_fhc� kh]eZkh\Zgguo� h^ghf_jguo� \j_�

f_gguo� jy^h\��Ih^� kh]eZkh\Zgghklvx� ihgbfZ_lky� koh^�

kl\h� kh[kl\_gguo� ljh_d�kbg]meyjgh]h�jZaeh`_gby� ljZ_d�

lhjghc�fZljbpu� dZ`^h]h� ba� ZgZebabjm_fuo� jy^h\� \� hl�

^_evghklb�� ba� q_]h� ke_^m_l� kms_kl\_ggZy�[ebahklv� keZ�

]Z_fuo� Z^^blb\ghc� fh^_eb� dZ`^h]h� jy^Z�� Djhf_� lh]h��

`_eZl_evgh� h[_ki_qblv� klZpbhgZjghklv� bkke_^m_fuo�

\j_f_gguo�jy^h\��ohly�wlh� lj_[h\Zgb_�g_�y\ey_lky�h[y�

aZl_evguf��

<�wlhc�k\yab�ij_^eZ]Z_fZy�\gbfZgbx�f_lh^bdZ�nhj�

fbjh\Zgby�ijh]ghaZ�ij_^iheZ]Z_l�ij_^\Zjbl_evgmx�ih^�

]hlh\dm�fgh]hf_jgh]h� \j_f_ggh]h� jy^Z� d� bkihevah\Zgbx�

f_lh^Z�066$��WlZ�ih^]hlh\dZ�\dexqZ_l�\�k_[y�jZa[b_gb_�

�deZkl_jbaZpbx��bkke_^m_fh]h�fgh]hf_jgh]h�\j_f_ggh]h�

jy^Z�gZ� dhg_qgh_�qbkeh�ih^fgh`_kl\� \j_f_gguo� jy^h\��

m^h\e_l\hjyxsbo� aZ^Zgghfm� djbl_jbx� kh]eZkh\Zgghklb�

b�g_h[oh^bfmx�ij_^h[jZ[hldm�\j_f_gguo� jy^h\� �m^Ze_�

gb_� \u[jhkh\�� k]eZ`b\Zgb_�� \aylb_� jZaghkl_c�� jZaeh`_�

gb_� gZ� Z^^blb\gu_� khklZ\eyxsb_� b� l�^���� JZkkfhljbf�

mdZaZggu_�khklZ\eyxsb_�ih^]hlh\db�[he__�^_lZevgh��

DeZkl_jbaZpby�

DeZkl_jbaZpby� ij_^iheZ]Z_l� jZa[b_gb_� fgh`_kl\Z�

\j_f_gguo� jy^h\�� h[jZamxsbo� bkoh^guc� fgh]hf_jguc�
jy^��gZ�dhg_qgh_�qbkeh� ]jmii��khhl\_lkl\mxsbo� lZd�gZ�

au\Z_fuf� deZkl_jZf��Ih^�deZkl_jhf�ihgbfZ_lky� lZdZy�
h^ghk\yagZy� ijhkljZgkl\_ggZy� h[eZklv�� qlh� ^ey� \j_�

f_gguo� jy^h\�� khhl\_lkl\mxsbo� ijbgZ^e_`Zsbf� wlhc�

h[eZklb�maeZf�ijhkljZgkl\_gghc�k_ldb�*�� dhebq_kl\_g�

gh_� agZq_gb_� g_dhlhjh]h� djbl_jby� kh]eZkh\Zgghklb�
�koh^kl\Z��ij_\urZ_l�gZi_j_^�aZ^Zggh_�agZq_gb_��DZ`�

^hfm�\u^_e_gghfm�deZkl_jm�khhl\_lkl\m_l�fgh]hf_jguc�
�deZkl_jguc�� \j_f_gghc� jy^�� dhlhjuc� ba� khh[jZ��
`_gbc� m^h[kl\Z� lZd`_� [m^_l� bf_lv� h[hagZq_gb_�
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) ) ) ) �� ]^_� V� jZ\gh� qbkem� ijbgZ^e_`Zsbo�

deZkl_jm�maeh\�ijyfhm]hevghc�k_ldb�*���

<\_^_ggh_� ihgylb_� deZkl_jZ� iha\hey_l� ijb� g_h[oh�

^bfhklb� bkihevah\Zlv� wlhl� l_jfbg�� dZd� ^ey� fgh`_kl\Z�

ijbgZ^e_`Zsbo� _fm� maeh\�� lZd� b� ^ey� khhl\_lkl\mxs_]h�

_fm� fgh`_kl\Z� \j_f_gguo� jy^h\� ±� deZkl_jgh]h� fgh]h�

f_jgh]h�\j_f_ggh]h�jy^Z��DZ`^uc�ba�knhjfbjh\Zgguo�\�

j_amevlZl_� deZkl_jbaZpbb� deZkl_jguo�fgh]hf_jguo� \j_�

f_gguo� jy^h\�� h[t_^bgy_l� \� hij_^_e_gghf� kfuke_� [h�

e__� kh]eZkh\Zggu_� h^ghf_jgu_� jy^u�� q_f� khhl\_lkl�

\mxsbc� \k_c� h[eZklb� *� fgh]hf_jguc� \j_f_gghc� jy^��

Wlh�iha\hey_l�h`b^Zlv�[hevr_c�wnn_dlb\ghklb�bkihev�

ah\Zgby�^ey�bo�ihke_^mxs_c�h[jZ[hldb�f_lh^Z�066$���

Ijb� ]jmiibjh\d_� �deZkl_jbaZpbb�� h^ghf_jguo� \j_�

f_gguo� jy^h\� \� dZq_kl\_� djbl_jby� kl_i_gb� bo� kh]eZkh�

\Zgghklb� [m^_f� bkihevah\Zlv� agZq_gb_� dhwnnbpb_glh\�

djhkk�dhjj_eypbb� >���@�� Djhf_� lh]h�� [m^_f� jmdh\h^kl\h�

\Zlvky�ke_^mxsbfb�ijZ\beZfb��

���fh`gh�]jmiibjh\Zlv�maeu��gZoh^ysb_ky�\gmljb�ijy�

fhm]hevguo�h[eZkl_c��lZd�dZd�bkoh^gZy�j_]meyjgZy�k_ldZ�

y\ey_lky�ijyfhm]hevghc��

���dhwnnbpb_gl� djhkk�dhjj_eypbb�� \uqbke_gguc� ^ey�

ex[hc� iZju� maeh\� �lh� _klv� ^ey� khhl\_lkl\mxs_c� iZju�

\j_f_gguo� jy^h\�� h^gh]h� deZkl_jZ�� g_� ^he`_g� [ulv�

f_gvr_�gZi_jz^�aZ^Zggh]h�ihjh]h\h]h�agZq_gby��

���^ey�ex[hc�iZju�maeh\�h^gh]h�deZkl_jZ�gZb[hevr__�

agZq_gb_�dhwnnbpb_glZ�dhjj_eypbb�^ey�aZ^Zgguo�njZ]�

f_glh\� khhl\_lkl\mxsbo� bf� jy^h\� ^he`gh� ijboh^blvky�

gZ�gme_\hc�eZ]��

���deZkl_ju�fh`gh�mdjmigylv��h[t_^bgyy�ijyfhm]hev�

gu_� deZkl_ju� \� khhl\_lkl\bb� k� aZ^Zgguf� Ze]hjblfhf��

h[t_^bgyxlky� iZju� bf_xsbo� h[smx� ijhkljZgkl\_ggmx�

]jZgbpm�deZkl_jh\�k�gZb[hevrbf�agZq_gb_f�gZbf_gvr_]h�

dhwnnbpb_glZ� djhkk�dhjj_eypbb�� dhlhjuc� \uqbkey_lky�

^ey�iZj�maeh\��lh�_klv�^ey�khhl\_lkl\mxsbo�iZj�\j_f_g�

guo�jy^h\���\ayluo�ba�jZaguo�deZkl_jh\��

Ij_^h[jZ[hldZ�\j_f_gguo�jy^h\�

>ey�ih\ur_gby�dZq_kl\Z�j_r_gby�aZ^Zqb�ijh]ghabjh�

\Zgby� agZq_gbc� \j_f_ggh]h� jy^Z� gZ� aZ^Zgguc� ]hjbahgl�

p_e_khh[jZagh�� dZd� m`_� hlf_qZehkv�� hkms_kl\blv� ij_�

^h[jZ[hldm� jy^Z�� m^Ze_gb_� \u[jhkh\�� k]eZ`b\Zgb_�� \ay�

lb_� jZaghkl_c�� jZaeh`_gb_� gZ� Z^^blb\gu_� khklZ\eyx�

sb_�� Djhf_� lh]h�� ebg_cgu_� j_]j_kkbhggu_� fh^_eb� �\�

066$� bkihevam_lky�fh^_ev� wlh]h� deZkkZ�� gZb[he__� wn�

n_dlb\gu� ^ey� klZpbhgZjguo� \j_f_gguo� jy^h\�� <� wlhc�

k\yab�ij_^eZ]Z_fZy�\�jZ[hl_�ko_fZ�ij_^h[jZ[hldb�bf__l�

\�k\h_c�hkgh\_�bkihevah\Zgb_�f_lh^Z�wfibjbq_kdhc�fh�

^h\hc�^_dhfihabpbb��(0'�>��@���<Z`gh�hlf_lblv��qlh�wlhl�

f_lh^�jZaeh`_gby�gZ�Z^^blb\gu_�khklZ\eyxsb_�kZf�ih�

k_[_� g_� iha\hey_l� \uihegylv� ijh]gha�� h^gZdh� aZqZklmx�

ijbf_gy_lky�gZ�ih^]hlh\bl_evghf�wlZi_�\�lhf�qbke_�^ey�

ijh]ghaZ� debfZlbq_kdbo��f_l_hjheh]bq_kdbo� b� hd_Zgheh�

]bq_kdbo�oZjZdl_jbklbd� >��@��Kmlv�(0'�k\h^blky�d�kbkl_�

fZlbq_kdhfm� ihkljh_gbx� \_jog_c� b� gb`g_c� h]b[Zxsbo�

h^ghf_jgh]h�\j_f_ggh]h�jy^Z��djb\uo��ijhoh^ysbo�q_j_a�

ehdZevgu_� fbgbfmfu� b� fZdkbfmfu�� Ijb� wlhf� Z^^blb\�

gu_�dhfihg_glu�jy^Z��wfibjbq_kdb_�fh^u��nhjfbjmxlky�

\� j_amevlZl_� \uqblZgby� ihemkmff� h]b[Zxsbo� ba� jy^Z��

Ihkljh_gb_� h]b[Zxsbo� hkms_kl\ey_lky� ihkj_^kl\hf�

bgl_jiheypbb�� gZijbf_j�� _kl_kl\_ggufb� dm[bq_kdbfb�

kieZcgZfb���

H[sbf�g_^hklZldhf�\k_o�kms_kl\mxsbo�f_lh^h\��hk�

gh\Zgguo�gZ�bgl_jiheypbb��\�jZfdZo�(0'�y\ey_lky�djZ_�

\hc�wnn_dl�>��@��g_h[oh^bfh�eb[h�bkihevah\Zlv�i_j\uc�b�



�

�

�
���

ihke_^gbc� hlkq_lu� jy^Z� b� \dexqZlv� bo� dZd� ]jZgbqgu_�

lhqdb� gZ� bgl_jiheypbhgghc� djb\hc��eb[h�^hihegylv� jy^�

wdklj_fmfZfb�� \uoh^y� aZ� ij_^_eu� jy^Z�� <� ihke_^g_f�

kemqZ_� ijb^_lky� bkihevah\Zlv� \j_f_ggu_� hlkqzlu�� ^ey�

dhlhjuo�^Zgguo�g_l��qlh�g_�ijb_fe_fh�ijb�j_r_gbb�aZ�

^Zqb� ijh]ghabjh\Zgby�� <� wlhc� jZ[hl_� ij_^eZ]Z_lky� bk�

ihevah\Zlv�]jZgbqgu_�lhqdb�jy^Z�dZd�lhqdb�gZ�h]b[Zxsbo��

GZ�h[_bo�]jZgbpZo�ijb�kieZcg�bgl_jiheypbb�_kl_kl\_ggh�

lj_[h\Zlv� gZebqb_� gme_\hc� \lhjhc� ijhba\h^ghc�� Wlh�

lj_[h\Zgb_�fh`gh�ihklZ\blv�ih^�khfg_gb_�ba�khh[jZ`_�

gbc�dZq_kl\Z�ijh]ghaZ��^ey�kjZ\g_gby�j_amevlZlh\�fh`gh�

bkihevah\Zlv��gZijbf_j��mkeh\b_� gme_\hc�i_j\hc�ijhba�

\h^ghc���

(0'�gZijZ\e_g�gZ�\u^_e_gb_�bf_ggh�hjlh]hgZevguo�

dhfihg_gl� \� jZaeh`_gbb� jy^Z��Ijhp_kk� ihkljh_gby� lZdbo�

Z^^blb\guo�khklZ\eyxsbo�ihemqbe�gZa\Zgb_�ijhk_b\Zgby���

Ihke_^h\Zl_evgh� ]_g_jbjm_fu_� jZaghklb� jy^Z� b� ih�

emkmffu� _]h� h]b[Zxsbo� [m^ml� bf_lv� [hevrmx� kl_i_gv�

klZpbhgZjghklb��q_f�bkoh^guc�jy^��ihwlhfm�fh`gh�ij_^�

iheh`blv�� qlh� bkihevah\Zgb_� ebg_cghc� j_]j_kkbhgghc�

fh^_eb�066$�d�Z^^blb\guf�khklZ\eyxsbf��\u^_ey_fuf�

\� jZfdZo� b^_c�(0'��[m^_l�[he__� wnn_dlb\guf��Dhfih�

g_glu�dZ`^h]h�h^ghf_jgh]h�jy^Z�k�h^bgZdh\ufb�ghf_jZ�

fb�nhjfbjmxl� gh\u_� fgh]hf_jgu_� \j_f_ggu_� jy^u�� d�

dZ`^hfm� ba� dhlhjuo� ijbf_gy_lky� 066$�� Z� j_amevlZlu�

ijh]ghaZ�^ey�dZ`^h]h�ba�gbo�kmffbjmxlky�k�p_evx�ihem�

q_gby�blh]h\h]h�agZq_gby��

<Z`gh�hlf_lblv��qlh�f_lh^�(0'�[ue�jZajZ[hlZg�^ey�

h^ghf_jguo� \j_f_gguo� jy^h\�� <� ijhp_kk_� ijhk_b\Zgby�

hij_^_ey_lky�dhebq_kl\h�Z^^blb\guo�dhfihg_gl�dZ`^h]h�

jy^Z�\�hl^_evghklb��Hq_\b^gh��qlh�kbevgZy�iheh`bl_ev�

gZy�dhjj_eypbhggZy�k\yav�g_�fh`_l�[ulv�]ZjZglb_c�kh\�

iZ^_gby� Z^^blb\guo�fh^_e_c� \k_o� jy^h\� fgh]hf_jgh]h�

\j_f_ggh]h� jy^Z�ih�kljmdlmj_� �qbkem� dhfihg_gl���Kljmd�

lmjgZy� g_kh]eZkh\Zgghklv�fh^_e_c� ^ey� h^ghf_jguo� jy�

^h\�kbkl_fu�ijb\h^bl�eb[h�d�g_\hafh`ghklb�ijbf_g_gby�

066$�^ey�ZgZebaZ�fgh]hf_jgh]h�\j_f_ggh]h�jy^Z��eb[h�d�

g_h[oh^bfhklb� hl[jZku\Zgby� g_dhlhjuo� dhfihg_gl� jZa�

eh`_gby�^ey�qZklb�jy^h\��qlh�g_�fh`_l�[ulv�nbabq_kdb�

bgl_jij_lbjm_fh��

>ey�Z^ZilZpbb�(0'�d�aZ^Zq_�fgh]hf_jgh]h�ijh]ghaZ�

fh`gh�bkihevah\Zlv�ke_^mxsb_�fh^bnbdZpbb����

���hldZaZlvky�hl�ijhp_kkZ�ijhk_b\Zgby��b�hjlh]hgZev�

ghklb�dhfihg_gl��dZd�ke_^kl\b_���\\_^y�djbl_jbc�hklZgh�

\Z�� ]ZjZglbjmxsbc�h^gh�b� lh�`_�qbkeh�dhfihg_gl�\�jZa�

eh`_gbb�\k_o�jy^h\��

���kljhblv�h]b[Zxsb_�lZd��qlh[u�hgb�ijhoh^beb�q_j_a�

lhqdb�� m� dhlhjuo� ghf_jZ� \j_f_gguo� hlkqzlh\� [ueb� [u�

h^bgZdh\u�^ey�\k_o�jy^h\��

>Ze__� [m^ml� ij_^klZ\e_gu� wdki_jbf_glu� ^ey� ke_�

^mxsbo�fh^bnbdZpbc�i_j\h]h�lbiZ��

���jZaeh`_gb_� dZ`^h]h� \j_f_ggh]h� jy^Z�� \oh^ys_]h� \�

bkke_^m_fuc�fgh]hf_jguc�jy �̂�gZ���dhfihg_glu��ljb�ba�gbo�

y\eyxlky�ihemkmffZfb�h]b[Zxsbo��Z�q_l\zjlZy�±�hklZlhd��

���jZaeh`_gb_�dZ`^h]h�jy^Z�gZ���dhfihg_glu��i_j\u_�

ljb�nhjfbjmxlky�\�j_amevlZl_�kieZcg�bgl_jiheypbb�q_�

j_a�lhqdb��ihemq_ggu_�ijb�\uqbke_gbb�ihemkmffu�dmkhq�

gh�ebg_cguo�h]b[Zxsbo��Z�ihke_^gyy�±�hklZlhd��
<� gZklhys__� \j_fy� fh`gh� \u^_eblv� ^\_� hkgh\gu_�

jZ[hlu�>�����@�ih�Z^ZilZpbb�b^_c�(0'�^ey�fgh]hf_jgh�

]h�kemqZy� �\�h[s_f� \b^_���?keb� \� ijhp_kk_�^_dhfihab�

pbb�klj_fblvky�\u^_eylv�\�^hklZlhqghc�kl_i_gb�hjlh]h�
gZevgu_�b�klZpbhgZjgu_�dhfihg_glu��lh�fh`gh�ijbgylv�

ih^oh^�ba�klZlvb� >��@��JZkkfhljbf�\_dlhj�nmgdpbx�)�W���

dhlhjZy� \\h^blky� ^ey� bgl_jiheypbb� agZq_gbc� fgh]h�

f_jgh]h� \j_f_ggh]h� jy^Z� )7� b� y\ey_lky� g_ij_ju\gh�

^bnn_j_gpbjm_fhc��
�� �W &�) ��

LZd� dZd� ihgylb_� wdklj_fmfZ� ^ey� \_dlhj�nmgdpbc� \�
h[s_f� kemqZ_� g_� hij_^_e_gh�� Z\lhju� >��@� ij_^eZ]Zxl�
ihgylb_�wdklj_fmfh\�hkpbeeypbb��RVFLOODWLRQ�H[WUHPD��dZd�

fgh`_kl\Z� ehdZevguo� fbgbfmfh\� kdZeyjghc� nmgdpbb�

� �WE �
�

� �W G
GW

E  ) �� ]^_� � �bkihevam_lky� ^ey� h[hagZq_�

gby� _\deb^h\hc� ghjfu�� E_]dh� \b^_lv�� qlh� fgh`_kl\h�
wdklj_fmfh\� hkpbeeypbb� \� kemqZ_� kdZeyjghc� nmgdpbb�

)�W�� \dexqZ_l� \� k_[y� dZd� wdklj_fmfu� \� deZkkbq_kdhf�

kfuke_��lZd�b�k_^eh\u_�lhqdb�wlhc�nmgdpbb��>ey�dZ`^h�
]h� \j_f_ggh]h� jy^Z� \� hl^_evghklb� kljhblky� iZjZ� h]b�
[Zxsbo�� h^gZ� ba� dhlhjuo� ijhoh^bl� q_j_a� wdklj_fmfu�

hkpbeeypbb�k�qzlgufb�ghf_jZfb��Z�^jm]Zy�±�k�g_qzlgu�
fb��=jZgbqgu_� lhqdb� dZ`^h]h� jy^Z� lZd`_� bkihevamxlky�

^ey�\uqbke_gby�h]b[Zxsbo��<Z`gh��qlh�\k_�h]b[Zxsb_�
\�dZq_kl\_�maeh\uo�lhq_d�bkihevamxl�h^gb�b�l_�`_�\j_�

f_ggu_�hlkqzlu��

<uqbkebl_evguc�wdki_jbf_gl�

>ey� hp_gdb� ijZdlbq_kdhc� wnn_dlb\ghklb� ij_^eZ]Z_�

fhc�f_lh^bdb� ZgZebaZ� b� ijh]ghabjh\Zgby�fgh]hf_jgh]h�

\j_f_ggh]h�jy^Z�[ueZ�ijh\_^_gZ�k_jby�\uqbkebl_evguo�

wdki_jbf_glh\�^ey�jZaebqguo�khq_lZgbc�b�fh^bnbdZpbc�

dhgdj_lguo� j_ZebaZpbc� hkgh\guo� __� khklZ\eyxsbo��J_�

amevlbjmxsb_�f_lh^u�ij_^klZ\e_gu�\�lZ[ebp_��

H[hagZq_gb_� OZjZdl_jbklbdZ�

066$� Fgh]hf_jgh_�.�ijh^he`_gb_��bgkljmf_gl�fgh]hf_jgh]h�kbg]meyjgh]h�ki_dljZevgh]h�ZgZebaZ�

0(0'�G�
0(0'�G�

Fgh]hf_jguc�\ZjbZgl�^_dhfihabpbb�gZ�wfibjbq_kdb_�fh^u��bkihevamxsbc�fgh`_kl\h�wdklj_fmfh\�hk�
pbeeypbb�^ey�bgl_jiheypbb��h]b[Zxsb_�kljhylky�k�ihfhsvx�kieZcgh\��mkeh\b_�gZ�]jZgbp_��gb`gbc�bg�
^_dk�\�gZa\Zgbb��±�gme_\Zy�i_j\Zy�ijhba\h^gZy���G��beb�\lhjZy���G���ijh]gha�^ey�dZ`^hc�fgh]hf_jghc�wf�
ibjbq_kdhc�fh^u�ijh\h^blky�ih�066$��

(�G�

(�G�
:^^blb\gufb�dhfihg_glZfb�h[ty\eyxlky�ljb�ihke_^h\Zl_evgh�\aylu_�ihemkmffu�h]b[Zxsbo��ihkljh_g�
guo�imlzf� kieZcg�bgl_jiheypbb��Z� lZd`_�hklZlhd�jy^Z��ihemq_gguc� \�j_amevlZl_� k_jbb� \uqblZgbc��ijh�
]gha�dhfihg_gl�ih�066$��gb`gbc�bg^_dk�bgl_jij_lbjm_lky�ZgZeh]bqgh�ij_^u^ms_fm�imgdlm�

/(�G�
/(�G�

:^^blb\gufb�dhfihg_glZfb�h[ty\eyxlky�ljb�ihke_^h\Zl_evgh�\aylu_�ihemkmffu�h]b[Zxsbo�b�hklZlhd��\�
hlebqb_� hl� ij_^u^ms_]h� imgdlZ� h]b[Zxsb_� y\eyxlky� dmkhqgh�ebg_cgufb�nmgdpbyfb�� Z� bo� ihemkmffZ�
\uqbkey_lky�lhevdh�\�lhqdZo�ehdZevguo�wdklj_fmfh\��Z�aZl_f�bgl_jihebjm_lky�kieZcgZfb��ijh]gha�dhfih�
g_gl�ih�066$��gb`gbc�bg^_dk�bgl_jij_lbjm_lky�ZgZeh]bqgh�ij_^u^ms_fm�imgdlm�
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Ijh]gha� ^ey� dZ`^h]h� \j_f_ggh]h� hlkqzlZ� \� deZkl_j_�

\uihegy_lky� ih�njZ]f_glm� jy^Z�^ebghc�1� gZ� aZ^Zgguc�

]hjbahgl� K� k� ihfhsvx� j_dmjkb\gh]h� hi_jZlhjZ� 066$��

Ijh]ghagu_�agZq_gby�lZd`_�h[jZamxl�fgh]hf_jguc�jy^�k�

dhebq_kl\hf�hlkq_lh\��jZ\guf�K��

� � � �

� �

�

�

�

�

�

�

� � � ������ � � � ������ � ��

���

� �� � ������ � ��

� � ������� � ���

� � ������ � ����

V

K K K 1 1

K

K 1 1

K

1 1

1 1

) W ) W ) W 066$ ) W ) W

) W K 066$ ) W ) W

066$ ) W ) W

066$ ) W ) W

�

  �

� �  �  

������� � �

�

� � �

� � �

H� lhqghklb� ijh]ghaZ� ^ey� deZkl_jgh]h� fgh]hf_jgh]h�

\j_f_ggh]h� jy^Z�fh`gh� km^blv� ih� ghjfbjh\Zgghc� hlgh�

kbl_evghc�hrb[d_��Z[khexlghc�hrb[d_��^_ezgghc�gZ�jZa�

ghklv� '�7�� gZb[hevr_]h� b� gZbf_gvr_]h� agZq_gbc� \k_o�

\j_f_gguo� jy^h\� ^ebgu� 7��nhjfbjmxsbo� bkke_^m_fuc�

fgh]hf_jguc�\j_f_gghc�jy^���
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>ey� hp_gdb� lhqghklb� ijh]ghaZ� [m^_f� bkihevah\Zlv�

ke_^mxsmx�nhjfmem��\�hkgh\_� dhlhjhc�e_`bl�bkihevah�

\Zgb_� ghjfbjh\Zgghc� kj_^g_d\Z^jZlbqghc� hrb[d_�
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Bkoh^gu_�^Zggu_�^ey�wdki_jbf_glh\�

>ey� ijh\_^_gby� \uqbkebl_evguo� wdki_jbf_glh\� bk�

ihevah\Zebkv�^Zggu_�h�agZq_gbyo�ZghfZebc�mjh\gy�fhjy�

>�������@��Zevlbf_ljbq_kdb_�^Zggu_��^ey�\u[jZgghc�Zd\Z�

lhjbb� ;Zj_gp_\Z� fhjy� �jbk�� ���� ��� ]jZ^mkh\� \hklhqghc�

^he]hlu� ±� ����� ]jZ^mkh\� \hklhqghc� ^he]hlu� �hlkqzlu� \�

kbkl_f_� $YLVR� >��@�� ��������� ��� ]jZ^mk�k_\_jghc�rbjhlu��

�����]jZ^mkZ�k_\_jghc�rbjhlu��hlkqzlu�\�kbkl_f_�$YLVR��

���������� J_]meyjgZy� k_ldZ� ^ey� wlhc� Zd\Zlhjbb� bf__l�

jZaf_ju� ��î��� maeh\��?`_^g_\gu_� ^Zggu_� h� agZq_gbyo�

p_e_\hc� oZjZdl_jbklbdb� ij_^klZ\e_gu� aZ� ]h^h\hc� i_jb�

h^��hdZgqb\Zxsbcky����Z\]mklZ������]h^Z��

�

Jbk�����Bah[jZ`_gb_�maeh\�k_ldb�*��
gZ�pbebg^jbq_kdhc�ijh_dpbb�Fbee_jZ�

>Zggu_� ^ey� \j_f_gguo� hlkqzlh\�� g_� ij_\urZxsbo�

���� hlkq_lh\��[m^ml� bkihevah\Zlvky� ijb� \uqbke_gbyo�� Z�

ihke_^mxsb_� �lZd`_� ���� hlkq_lh\�� ±� ^ey� kjZ\g_gby� j_�

amevlZlh\�ijh]ghaZ��ihemq_gguo�jZaebqgufb�f_lh^Zfb��k�

nZdlbq_kdbfb�^Zggufb��LZdbf�h[jZahf��\�jZkqzlZo�[m^_f�

bkihevah\Zlv�^Zggu_�aZ�i_jbh^�ijh^he`bl_evghklvx�����

^g_c��

JZah[vzf� k_ldm� *� gZ� q_luj_� jZ\gu_� ih^h[eZklb��

�jbk�� ���� <uqbkebl_evgu_� wdki_jbf_glu� \uihegbf� ^ey�

deZkl_jh\�ba�jZaguo�ih^h[eZkl_c�±�ih�h^ghfm�ba�dZ`^hc�

ih^h[eZklb�

�

Jbk�����JZa[b_gb_�k_ldb�*�gZ�ih^h[eZklb�

Hq_\b^gh�� qlh� j_amevlZlu� deZkl_jbaZpbb� aZ\bkyl� hl�

^ebgu�njZ]f_glZ�\j_f_ggh]h�jy^Z��\u[jZggh]h�^ey�dZ`�

^h]h� maeZ�� <u[_j_f� l_� deZkl_ju�� kljmdlmjZ� dhlhjuo� g_�

f_gy_lky� ijb� bkihevah\Zgbb� ^Zgguo� aZ� jZaebqgu_� \j_�

f_ggu_� ijhf_`mldb� ihklhygghc� ^ebgu�� <uihegbf� deZ�

kl_jbaZpbx� hl^_evgh� ^ey� dZ`^h]h� ijhf_`mldZ� \j_f_gb��

dZd�mdZaZgh�gZ�jbk�����

�

Jbk�����Ijhf_`mldb�\j_f_gb��^ey�dhlhjuo�\uihegyeZkv��

deZkl_jbaZpby�maeh\�k_ldb�*�

Ijb� gZqZevghf� jZa[b_gbb� h[eZklb� :� gZ� ��� ijyfh�
m]hevgbdh\� b� ihjh]h\hf� agZq_gbb� dhwnnbpb_glZ� dhjj_�

eypbb�� jZ\ghf� ����� \uiheg_gu� q_luj_� \ZjbZglZ� deZkl_�

jbaZpbb��>ey�ijhf_`mldZ�7��ihemq_gh�����deZkl_jh\��^ey�

7��bf__f�����deZkl_jZ��\�kemqZ_�7��±�����deZkl_jh\��^ey�

7��±�����deZkl_jZ��DeZkl_ju�\�dZ`^hc�ba�q_lujzo�h[eZk�

l_c��khojZgyxsb_�k\hx�kljmdlmjm��Z�lZd`_�bf_xsb_�gZb�

[hevr__� dhebq_kl\h� maeh\�� hlf_lbf� p\_lhf� gZ� dZjl_��

�jbk�� ���� khklhys_c� ba� ����� ijyfhm]hevgbdh\� �ijyfh�

m]hevgbd�bkihevam_lky�^ey�bah[jZ`_gby�maeZ�k_ldb�*���

�

Jbk�����DeZkl_ju��khojZgyxsb_�k\hx�kljmdlmjm�k�l_q_gb_f�
\j_f_gb�b�bf_xsb_�gZb[hevr__�qbkeh�maeh\�

J_amevlZlu�wdki_jbf_glh\�

>ey�deZkl_jZ�ba�dZ`^hc�h[eZklb�j_Zebah\Zg�ke_^mx�

sbc�ieZg�\uqbkebl_evguo�wdki_jbf_glh\��

���Knhjfbjh\Zg� fgh]hf_jguc� \j_f_gghc� jy^� ba� jy�
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^h\�^ey�dZ`^h]h�maeZ�deZkl_jZ�^ebghc�7� �������

���>ey�dZ`^h]h�jy^Z�hl^_evgh�\uiheg_gh�k]eZ`b\Zgb_�

ihkj_^kl\hf�hkj_^g_gby�\�kdhevays_f�hdg_�^ebgu����

���GZagZqbf�]hjbahgl�ijh]ghaZ�K�jZ\guf����
���>ey� dZ`^h]h� \j_f_ggh]h� hlkqzlZ� W�� gZqbgZy� kh��

���� �\k_]h� lZd`_� ������ nhjfbjmxlky� ^\Z� njZ]f_glZ��

jy^Z� ^ebghc� ���� lhq_d� �iZjZf_lj� 1��� h[mqZxsbc�

� �� ������ � ��
1 7 7

* ) W 1 K ) W K � � � � �b� l_klh\uc�

� �� ������ � ��
1 7 7
) ) W 1 ) W � � ��

���>ey� dZ`^h]h� njZ]f_glZ� jy^Z� ^ebghc� 1� \u[_j_f�

^ebgm� hdgZ� 066$� �qbkeh� kljhd� ljZ_dlhjghc� fZljbpu���

/� �����

���>ey�njZ]f_glZ�*1�kljhblky�k_jby�ijh]ghah\�gZ�]h�

jbahgl�K��\�dhlhjuo�jZaf_jghklv�ebg_cghc�j_dmjj_glghc�

nhjfmeu�066$��dhebq_kl\h�agZqbfuo�kbg]meyjguo�qbk_e�

F��jZ\gZ�������«��/��Ih�j_amevlZlZf�wlhc�k_jbb�\u[bjZ_l�

ky�hilbfZevguc�\ZjbZgl�agZq_gby�kRSW��dhlhjuc�^hklZ\ey�

_l�fbgbfmf�1506(���
���>ey�njZ]f_glZ�)1�\uihegy_lky�_^bgkl\_gguc�wdk�

i_jbf_gl��k� �kRSW���AgZq_gb_�1506(�^ey�wlh]h�njZ]f_glZ�

[m^_f�kqblZlv�blh]h\uf�agZq_gb_f � � �
K

W 7 K
) )H � ��

Ih^h[gu_� \uqbkebl_evgu_� wdki_jbf_glu� hkms_kl\�
eyxlky�^ey�dZ`^h]h�ba�k_fb�mihfygmluo�f_lh^h\��mihjy�

^hq_gguo�ke_^mxsbf�h[jZahf��066$��0(0'�G��0(0'�G��

(�G��(�G��/(�G��/(�G��

>ey�\u[jZgguo�deZkl_jh\�ba�dZ`^hc�ih^h[eZklb�k_l�

db�*�hij_^_ey_lky��kdhevdh�jZa�dZ`^uc�ba�f_lh^h\�^Z�

\Ze�j_amevlZl�k�hrb[dhc� � � �
K

W 7 K
) )H � ��g_�ij_\hkoh^ys_c��

�����\�wlhf�kemqZ_�kqblZ_f��qlh�ijh]gha�hijZ\^Zeky���Z�

lZd`_�dhebq_kl\h�\j_f_gguo�hlkqzlh\��^ey�dhlhjuo�hgZ�

[ueZ�gZbf_gvr_c��Hij_^_ebf�lZd`_�h[smx�j_amevlZlb\�
ghklv� �hijZ\^u\Z_fhklv��bkke_^m_fuo�f_lh^h\� ±� dhebq_�
kl\h�hlkqzlh\��^ey�dhlhjuo�ohly�[u�h^bg�ba�f_lh^h\�h[_k�

i_qbe�ihiZ^Zgb_�hrb[db�\�mdZaZgguc�bgl_j\Ze��Ihemq_g�
gu_�agZq_gby�\ujZabf�\�ijhp_glZo�b�aZibr_f�\�lZ[e�����

Ih�^Zgguf�ba�ihke_^g_]h�klhe[pZ�lZ[e����^_eZ_f�\u�

\h^��qlh�m^Ze_gb_�ljzo�f_lh^h\�ihgbabeh�h[smx�j_amev�

lZlb\ghklv�g_�[he__�q_f�gZ�����Ke_^m_l�hlf_lblv��qlh�gZ�

ijZdlbd_�bkihevah\Zgb_�ZgkZf[ey�fh^_e_c��kbkl_fu�f_�

lh^h\�\�^Zgghf�kemqZ_�� aZljm^g_gh�g_h[oh^bfhklvx�wf�

ibjbq_kdh]h�ih^[hjZ�dhwnnbpb_glh\�^h\_jby�j_amevlZlm�

dZ`^hc� ba� gbo�� Q_f�f_gvr_� lZdbo�fh^_e_c� \� ZgkZf[e_�

�kemqZc� _^bgkl\_gghc�fh^_eb� g_� jZkkfZljb\Z_lky��� l_f�

ijhs_� ih^h[jZlv� dhwnnbpb_glu� ^h\_jby� \� ebg_cghc�

dhf[bgZpbb� bo�j_amevlZlh\��LZdbf�h[jZahf��bkdexq_gb_�

ljzo�f_lh^h\�bf__l�ijZdlbq_kdbc�kfuke��
LZ[ebpu� j_amevlZlh\� khklZ\e_gu�ih� bah[jZ`_gbyf��

ijb\_^zgguf� gZ� jbk�� ��� >ey� dZ`^h]h� deZkl_jZ�� ij_^�

klZ\eyxs_]h� h^gm� ba� ih^h[eZkl_c� h[eZklb� :�� [ueh�
knhjfbjh\Zgh� bah[jZ`_gb_� \� \b^_� lZ[ebpu� jZaf_jhf�

����î����Qbkeh�kljhd�wlhc�lZ[ebpu�jZ\gh�qbkem�\j_f_g�
guo�hlkqzlh\�^ey�l_klbjh\Zgby��Z�qbkeh�klhe[ph\�±�dh�
ebq_kl\m� f_lh^h\�� Ghf_j� kljhdb� bgl_jij_lbjm_lky� dZd��

ûW� hlghkbl_evgh� hlkqzlZ�k� ghf_jhf� ���� �ûW�  � ��«�������

F_lh^u�bg^_dkbjmxlky��gZqbgZx�k�gmey��\�khhl\_lkl\bb�
k� bo� ihjy^dhf� \� lZ[e�� ��� Yq_cdZ� lZ[ebpu� aZdjZr_gZ��

_keb� ijb� \u[jZgghf� ûW� b� f_lh^_� ijh]ghaZ� hrb[dZ�

� � �
K

W 7 K
) )H � �g_�ij_\urZ_l������l�_��ijh]gha�hijZ\^Zeky��

�
LZ[ebpZ����HijZ\^u\Z_fhklv�ijh]ghah\�^ey�k_fb�f_lh^h\�

:[[j_\bZlmjZ�f_lh^Z�ijh]ghaZ�
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LZ[ebpZ����HijZ\^u\Z_fhklv�ijh]ghah\�^ey�q_lujzo�f_lh^h\�

:[[j_\bZlmjZ�f_lh^Z�ijh]ghaZ�
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AZdexq_gb_�

<�jZ[hl_�ij_^eh`_gZ�dhgp_ilmZevgZy�ko_fZ�nhjfb�
jh\Zgby� ijh]ghaZ� ^ey� fgh]hf_jguo� \j_f_gguo� jy^h\�
^hklZlhqgh� h[s_]h� \b^Z�� GZ� hkgh\Zgbb� ijb\_^_gguo�

j_amevlZlh\� \uqbkebl_evguo� wdki_jbf_glh\� ihdZaZgh��

qlh�ih\ukblv�hijZ\^u\Z_fhklv�ijh]ghah\�ih�066$�fh`�

gh�ijb�bkihevah\Zgbb�f_lh^bdb��\�hkgh\_�dhlhjhc�e_`bl�
ijbgpbi�nhjfbjh\Zgby�blh]h\h]h�agZq_gby�ijh]ghaZ�ih�

j_amevlZlZf� ZgkZf[ey�fh^_e_c��Wlb�fh^_eb� ij_^klZ\�

eyxl�kh[hc�Z^^blb\gmx�kh\hdmighklv�\j_f_gguo�jy^h\��
dhlhju_�fh]ml�[ulv�ihemq_gu�ijb�j_ZebaZpbb�ih^oh^h\��

[Zabjmxsboky� gZ� b^_yo�(0'�� D� hij_^_e_gguf� g_^hk�

lZldZf� ij_^eZ]Z_fh]h�ih^oh^Z�\�ijZdlbq_kdhf�hlghr_�

gbb�fh`gh�hlg_klb�g_h[oh^bfhklv�wdki_jlgh]h�ih^[hjZ�
dhwnnbpb_glh\� ^h\_jby� ^ey� j_amevlZlh\�� ihemq_gguo�
jZaebqgufb� f_lh^Zfb�� Kh\_jr_gkl\h\Zgb_� jZkkfhl�

j_gghc�f_lh^bdb�ijh]ghabjh\Zgby�fh`_l�[ulv�^hklb]gm�
lh�� gZijbf_j�� \� j_amevlZl_� jZajZ[hldb� wnn_dlb\ghc�

ko_fu�dhjj_dpbb�ihemqZ_fuo�j_amevlZlh\��
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Jbk�����LZ[ebpu�hijZ\^u\Z_fhklb�ijh]ghah\��ihemq_gguo�^ey�dZ`^h]h�fhf_glZ�\j_f_gb�k�ihfhsvx�h^gh]h�ba�k_fb�f_lh^h\�

Ebl_jZlmjZ�

���:rbd� B�F�� Qbke_gguc� ]b^jh^bgZfbq_kdbc� f_lh^�

ijh]ghaZ� dhe_[Zgbc� mjh\gy� \� x]h�\hklhqghc� qZklb� ;Z�

j_gp_\Z� b� x]h�aZiZ^ghc� qZklb� DZjkdh]h� fhj_c� >We_d�

ljhgguc� j_kmjk@� �� J_`bf� ^hklmiZ�� KWWS���PHWKRG�K\GUR�

PHW�UX�SXEO�VE�VE���VE���KWPO��k\h[h^guc��±�������

���<_j[bpdZy�H�G��=b^jh^bgZfbq_kdbc�f_lh^�ijh]gh�

aZ� kbghilbq_kdbo� dhe_[Zgbc� mjh\gy� b� l_q_gbc� DZkibc�

kdh]h�fhjy��^bk�� dZg^��nba��fZl��gZmd� >We_dljhgguc� j_�

kmjk@����F=HMG;��>bkk_jlZpbb��±�������±�����k��

���Hjeh\�X�G��� Hkfbgbg� D�I�� G_klZpbhgZjgu_� \j_�
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f_ggu_� jy^u�� F_lh^u� ijh]ghabjh\Zgby� k� ijbf_jZfb�

ZgZebaZ�nbgZgkh\uo� b� kujv_\uo� jugdh\�� ±�F���Eb[jh�

dhf��������±�����k��

���Qmqm_\Z�B�:��Fh^_ev�ijh]ghabjh\Zgby�\j_f_gguo�

jy^h\� ih� \u[hjd_� fZdkbfZevgh]h� ih^h[by�� ^bk�� dZg^��

l_og�� gZmd� >We_dljhgguc� j_kmjk@� ���F=HMG;��>bkk_jlZ�

pbb��±�������±�����k��

���AZ]hjmcdh� G�=�� IjbdeZ^gu_� f_lh^u� ZgZebaZ� ^Zg�

guo�b�agZgbc��±�Gh\hkb[bjkd��Ba^�\h�Bg�lZ�fZl_fZlbdb��

������±�����k���

���G]hg]heh� O�D�� KlZlbklbq_kdh_� ijh]ghabjh\Zgb_�

hkZ^dh\�\�ljhibdZo�ih�^Zgguf�h�l_fi_jZlmj_�ih\_jogh�

klb� hd_ZgZ� b� d\Zab^\moe_lgbo� dhe_[Zgbyo� ahgZevgh]h�

ihlhdZ� gZ� ijbf_j_� \hklhqghc� Znjbdb�� ^bk�� dZg^��nba��

fZl�� gZmd� >We_dljhgguc� j_kmjk@� ��� F=HMG;�� >bkk_jlZ�

pbb��±�������±�����k��

���Kl_iZgh\� >�:�� <ZjbZglu� f_lh^Z� �=mk_gbpZ��66$�

^ey�ijh]ghaZ�fgh]hf_jguo�\j_f_gguo�jy^h\���>�:��Kl_�

iZgh\��G�W��=heyg^bgZ� ���Ljm^u� ,9�F_`^mgZjh^ghc� dhg�

n_j_gpbb� ©B^_glbnbdZpby� kbkl_f� b� aZ^Zqb� mijZ\e_�

gbyª�6,&352
����±�Fhkd\Z��������

���+|SSQHU� )��� .ODZRQQ� )�� &RPSHQVDWLRQ� RI� 7UDQVOD�

WLRQDO� 'LVSODFHPHQW� LQ� 7LPH� 6HULHV� &OXVWHULQJ� 8VLQJ� &URVV�

&RUUHODWLRQ����/HFWXUH�QRWHV�LQ�FRPSXWHU�6FLHQFH����$GYDQFHV�

LQ�,QWHOOLJHQW�'DWD�$QDO\VLV��YRO��������SS��������������

���/LDR�7�:��&OXVWHULQJ�RI�7LPH�6HULHV�'DWD���D�6XUYH\����

3DWWHUQ�5HFRJQLWLRQ��YRO������SS�������������������

����+XDQJ� 1�� (�� �7KH� (PSLULFDO� 0RGH� 'HFRPSRVLWLRQ�

DQG� WKH� +LOEHUW� 6SHFWUXP� IRU� 1RQOLQHDU� DQG� 1RQVWDWLRQDU\�

7LPH� 6HULHV� $QDO\VLV�� >We_dljhgguc� j_kmjk@� �� J_`bf�

^hklmiZ�� KWWS���NHFN�XFVI�HGX�aVFKHQN�+XDQJBHWDO���SGI��

k\h[h^guc��±�������

����<DQJ�3�� DW� DO�� 7KH�3UHGLFWLRQ� RI�1RQ�6WDWLRQDU\�&OL�

PDWH�7LPH�6HULHV�%DVHG�RQ�(PSLULFDO�0RGH�'HFRPSRVLWLRQ�

���$GYDQFHV�LQ�$WPRVSKHULF�6FLHQFHV��YRO������SS�����������

������

����>Z\u^h\�<�:���>Z\u^h\�:�<��Mf_gvr_gb_�djZ_\uo�

wnn_dlh\� ijb� \uiheg_gbb� wfibjbq_kdhc� fh^h\hc� ^_�

dhfihabpbb�kb]gZeh\�ij_h[jZah\Zgby�=bev[_jlZ�OmZg]Z�

>We_dljhgguc� j_kmjk@� �� J_`bf� ^hklmiZ�� ZZZ�DFWXDOUH�

VHDUFK�UX�QQ�����B��$UWLFOH�SK\VLFV����GDY\GRY������SGI���

k\h[h^guc��±�������

����)OHXUHDX� -�� DW� DO�� 0XOWLYDULDWH� (PSLULFDO� 0RGH� 'H�

FRPSRVLWLRQ�DQG�$SSOLFDWLRQ� WR�0XOWLFKDQQHO�)LOWHULQJ����6LJ�

QDO�3URFHVVLQJ��YRO������SS��������������������

����5HKPDQ�1���0DQGLF�'�3��0XOWLYDULDWH�(PSLULFDO�0RGH�

'HFRPSRVLWLRQ� ���3URFHHGLQJV� RI� WKH�5R\DO�6RFLHW\�$��� YRO��

�����QR��������SS��������������������

����$YLVR��6DWHOOLWH�$OWLPHWU\�'DWD�>We_dljhgguc�j_kmjk@�

�J_`bf�^hklmiZ��KWWS���ZZZ�DYLVR�DOWLPHWU\�IU�HQ�KRPH�KWPO���

k\h[h^guc��

(03,5,&$/�02'(�'(&20326,7,21�

,1�*(23+<6,&$/�08/7,9$5,$7(�

7,0(�6(5,(6�6+257�7(50�

)25(&$67,1*�

=DSRUR]KWVHY�,��)���6HUHGD�$��9�,��

7ZR�PXOWLYDULDWH�WLPH�VHULHV�DGGLWLYH�PRGHOV�DUH�FRQVLG�

HUHG�LQ�WKH�DUWLFOH��7KH�ILUVW�PRGHO�LV�REWDLQHG�DV�D�UHVXOW�RI�

PXOWLYDULDWH� VLQJXODU� VSHFWUXP� DQDO\VLV� �066$�� DQG� WKH�

VHFRQG�RQH�LV� WKH�GHFRPSRVLWLRQ�RI�WLPH�VHULHV� LQWR�HPSLUL�

FDO�PRGHV� �(0'���066$�PRGHO� DOVR� SURYLGHV� WKH� WLPH�VH�

ULHV� H[WUDSRODWLRQ�ZLWK� OLQHDU� UHFXUUHQW� IRUPXOD��(0'�PRGHO�

FDQ�RQO\�EH�XVHG�DV�SUHSURFHVVLQJ�WRRO�EHIRUH�IRUHFDVW��$X�

WKRUV�DWWHPSW�WR�XVH�(0'�DQG�066$�WRJHWKHU�IRU�VKRUW�WHUP�

IRUHFDVWLQJ�WDVN�WKDW�LV�D�QRYHOW\�HOHPHQW�RI�DUWLFOH�DQG�SUR�

SRVH� FRPSDUDWLYH� DQDO\VLV� RI� PXOWLYDULDWH� WLPH� VHULHV� H[�

WUDSRODWLRQ� UHVXOWV� SUHSURFHVVHG�ZLWK� GLIIHUHQW�PRGLILFDWLRQV�

RI� (0'�� 7DUJHW� FKDUDFWHULVWLF� RI� H[SHULPHQWV� LV� VHD� OHYHO�

DQRPDO\��6WXGLHG�DUHD�LV�ORFDWHG�LQ�WKH�$UFWLF��

G:MQGH?�G:IJ:<E?GB?��

L_hjby�b�f_lh^u�pbnjh\hc�h[jZ[hldb�kb]gZeh\��L_ogbq_kdZy�j_ZebaZpby�kbkl_f�h[jZ[hldb�kb]gZeh\�

K_dpby����L_hjby�b�f_lh^u�pbnjh\hc�h[jZ[hldb�kb]gZeh\�

<�jZ[hlZo��ijh\h^bfuo�ih�^Zgghfm�[Zah\hfm�gZijZ\e_gbx�l_hj_lbq_kdbo�bkke_^h\Zgbc��aZdeZ^u\Zxlky�nmg�

^Zf_glZevgu_�hkgh\u�ihkljh_gby�kbkl_f�PHK��Ihwlhfm�jZ[hlZ�k_dpbb�\uau\Z_l�ih\ur_gguc�bgl_j_k�\k_o�mqZ�

klgbdh\�dhgn_j_gpbb��DZd�ihdZau\Z_l�ZgZeba�ij_^klZ\e_gguo�^hdeZ^h\��bkke_^h\Zgby�jhkkbckdbo�mq_guo�\_^mlky�

ih�\k_f�hkgh\guf�gZijZ\e_gbyf�jZa\blby�fbjh\hc�gZmdb�\�h[eZklb�bgnhjfZpbhgguo�l_ogheh]bc�j_Zevgh]h�\j_�

f_gb��Z�bf_ggh��pbnjh\hc�nbevljZpbb��fgh]hkdhjhklghc�h[jZ[hldb�b�\_c\e_l�ij_h[jZah\Zgby��qZklhlgh�\j_f_g�

ghc�h[jZ[hldb�b�ki_dljZevgh]h�ZgZebaZ��l_hjbb�[ukljuo�Ze]hjblfh\�PHK��hilbfZevghc�b�Z^Zilb\ghc�h[jZ[hldb�

kb]gZeh\�b�g_ebg_cghc�nbevljZpbb��

GZ�k_dpbb�h[km`^Zebkv�ke_^mxsb_�ZdlmZevgu_�gZmqgu_�ijh[e_fu��

±�fgh]hkdhjhklgZy�Z^Zilb\gZy�nbevljZpby��

±�fh^_ebjh\Zgb_� \� 0$7/$%� Ze]hjblfh\� Z^Zilb\ghc�

nbevljZpbb��

±�Z^Zilb\gZy�nbevljZpby�ij_ju\bkluo�kb]gZeh\��
±�fbgbfZevgh�nZah\Zy�;BO�nbevljZpby��

±�ki_dljZevguc�ZgZeba�madhihehkgh]h�kb]gZeZ�k�ih\u�

r_gguf�jZaj_r_gb_f��

±�hp_gb\Zgb_�nhjfZglguo�qZklhl��

±�b^_glbnbdZpby�a\mdh\uo�kb]gZeh\��

±�ZgZeba� [bhf_^bpbgkdbo� kb]gZeh\� k� bkihevah\Zgb_f�

ij_h[jZah\Zgby�=bev[_jlZ��

±�ZgZeba� we_dljhwgp_nZeh]jZff� k� bkihevah\Zgb_f�
\_c\e_l�ij_h[jZah\Zgby��

±�hp_gb\Zgb_�fhsghklb�madhihehkgh]h�kb]gZeZ�gZ�nh�

g_�[ebadh�jZkiheh`_gguo�ihf_o��

�
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Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������
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Ij_^klZ\e_g� ijbgpbi� nmgdpbhgbjh\Zgby� ijhkljZgkl\_ggh�

dhjj_eypbhggh]h�ljZdlZ� h[jZ[hldb�kb]gZeh\��h[eZ^Zxs_]h� ih\u�

r_gghc�ihf_ohmklhcqb\hklvx��dhlhjZy�kbevgh�aZ\bkbl�hl�lhqgh�

klb�nZabjh\Zgby� Zgl_gghc� j_r_ldb�� >ey� kgb`_gby� \hagbdZxs_c�

ih]j_rghklb� ij_^eh`_gh� bkihevah\Zlv� pbnjh\hc� kihkh[� \u^_e_�

gby� h]b[Zxs_c� ghjfbjh\Zgghc� nmgdpbb� \aZbfghc� dhjj_eypbb�� k�

^hihegbl_evghc�dhfi_gkZpb_c�ih]j_rghklb�kZfh]h�kihkh[Z��\hagb�

dZxs_c� aZ� kq_l� g_lhqghklb� nZabjh\Zgby� \� ij_^r_kl\mxsbo�

ljZdlZo�h[jZ[hldb�kb]gZeh\�b�ijb�\u^_e_gbb�h]b[Zxs_c��

M>D�����������

F?LH>�KGB@?GBY�IH=J?RGHKLB�<U>?E?GBY��
H=B;:XS?C�KB=G:EH<�<�PBNJH<UO��
IJHKLJ:GKL<?GGH�DHJJ?EYPBHGGUO�LJ:DL:O�H;J:;HLDB�

Hjhsmd�B��F���^�l�g���ijhn_kkhj�dZn_^ju�we_dljhgbdb�b�kj_^kl\�k\yab�>Zevg_\hklhqgh]h��
n_^_jZevgh]h�mgb\_jkbl_lZ��H�PDLO��2URVKFKXN#\DQGH[�UX��

Kmqdh\�:�G���d�l�g���^hp_gl�dZn_^ju�jZ^bhwe_dljhggh]h�h[hjm^h\Zgby�NbebZeZ�\h_ggh]h�mq_[gh�gZmqgh]h�
p_gljZ�<FN�©<h_ggh�fhjkdZy�ZdZ^_fby�bf��G�=��Dmag_ph\Zª��H�PDLO��6XFKNRY�$QGUH\�����#\DQGH[�UX��

<Zkbe_gdh�:�F���d�l�g���gZmqguc�khljm^gbd�NbebZeZ�\h_ggh]h�mq_[gh�gZmqgh]h�p_gljZ�<FN��
©<h_ggh�fhjkdZy�ZdZ^_fby�bf��G�=��Dmag_ph\Zª��]��<eZ^b\hklhd���H�PDLO��NDKXQ\D#JPDLO�FRP�

�

Dexq_\u_� keh\Z�� ijhkljZgkl\_ggh�dhjj_�
eypbhggZy� h[jZ[hldZ�� nZabjh\Zgb_� Zgl_gghc�

j_r_ldb�� kgb`_gb_� ih]j_rghklb�� \u^_e_gb_�

h]b[Zxs_c��nmgdpby�\aZbfghc�dhjj_eypbb��

<\_^_gb_�

<�gZklhys__�\j_fy�[hevrhc�bgl_j_k�ij_^�

klZ\eyxl�jZ^bhl_ogbq_kdb_�kbkl_fu�^_dZf_l�

jh\h]h� ^bZiZahgZ�� kihkh[gu_� h[gZjm`b\Zlv�

keZ[uc� kb]gZe� gZ�nhg_�ihf_o��<� kbem�h]jZgb�

q_gguo� \hafh`ghkl_c� kms_kl\mxsbo� kj_^kl\� h[gZjm�

`_gby� \hagbdZxl� kblmZpbb�� dh]^Z� mjh\_gv� kb]gZeZ� gZ�

\oh^_�ijb_fgbdZ�jZ\_g�beb�f_gvr_�mjh\gy�ihf_o��Ijb�

bkihevah\Zgbb�kh\j_f_gguo�kihkh[h\�h[jZ[hldb�\u^_�

eblv� lZdhc�kb]gZe�\_kvfZ� aZljm^gbl_evgh��Kms_kl\mx�

sb_� l_ogheh]bb� h[jZ[hldb� kb]gZeh\�� hkgh\Zggu_� gZ�

jZkrbj_gbb�[Zau�kb]gZeh\��iha\heyxl�ih\ukblv�qm\kl�

\bl_evghklv�jZ^bhl_ogbq_kdhc�kbkl_fu��H^gZdh��\�kbem�

h]jZgbq_gghklb�rbjbgu�ki_dljZ�kb]gZeh\�\�^_dZf_ljh�

\hf�^bZiZahg_��ba�aZ�^bki_jkbhgguo�bkdZ`_gbc�b�gZeb�

qby� [hevrh]h� dhebq_kl\Z� kb]gZeh\� hl� ^jm]bo� bklhqgb�

dh\��bkihevah\Zgb_� lZdh]h�f_lh^Z�g_�\k_]^Z�p_e_khh[�

jZagh��J_rblv�^Zggmx�ijh[e_fm�fh`gh�aZ�kq_l�ijbf_�

g_gby�ijhkljZgkl\_ggh�dhjj_eypbhggh]h�kihkh[Z�h[jZ�

[hldb�kb]gZeh\�>���@��jbk������dhlhjuc�hkgh\Zg�gZ�ijbf_�

g_gbb� ^bkdj_lghc� ijb_fghc� kbkl_fu�� khklhys_c� ba�

Zgl_gghc� j_r_ldb� �:J�� k� ljZdlhf� h[jZ[hldb� \uoh^guo�

kb]gZeh\��\dexqZxsbf�[ehd�mkbe_gby��fgh]hdZgZevguc�

ZgZeh]h�pbnjh\hc� ij_h[jZah\Zl_ev� �:PI��� [ehd� \j_�

f_gguo� aZ^_j`_d�� ljZdl� dhjj_eypbhgghc� h[jZ[hldb� b�

mkljhckl\h�ijbgylby�j_r_gby��MIJ����

<� ^Zgghc� kbkl_f_� kb]gZe� bklhqgbdZ� baemq_gbc� ih�

klmiZ_l�gZ�ijhkljZgkl\_ggh�jZag_k_ggu_�we_f_glu�:J��

>Ze__� \uoh^gu_� kb]gZeu�ih^\_j]Zxlky�ij_^\Zjbl_ev�
ghc�nbevljZpbb��mkbeb\Zxlky�b�ij_h[jZamxlky�\�pbn�

jh\mx�nhjfm�� aZl_f� hgb� ihklmiZxl� \� [ehd� \j_f_gguo�
aZ^_j`_d��K� ihfhsvx�[ehdZ� \j_f_gguo� aZ^_j`_d� hkm�
s_kl\ey_lky� nhjfbjh\Zgb_� oZjZdl_jbklbdb� gZijZ\�

e_gghklb�b�kdZgbjh\Zgb_�ijhkljZgkl\Z�iml_f�\\_^_gby�
bkdmkkl\_gguo� dhfi_gkZpbhgguo� \j_f_gguo� aZ^_j`_d�

NW �\h� \oh^gu_� kb]gZeu��<\h^� \j_f_gguo� aZ^_j`_d� gZ�

dZ`^hf�wlZi_�kdZgbjh\Zgby�\bjlmZevgh�ihabpbhgbjm_l�
we_f_glu�:J�gZ�h^gm�ebgbx�hjlh]hgZevgh�gZijZ\e_gbx�
ijboh^Z�kb]gZeZ��kf��jbk������

Ihke_�ihabpbhgbjh\Zgby�we_f_glh\�:J�\�ljZdl_�dhj�

j_eypbhgghc� h[jZ[hldb� ijhba\h^blky� hp_gdZ� nmgdpbc�

\aZbfghc� dhjj_eypbb� �N<D�� kb]gZeh\� k� \uoh^h\� \k_o�

iZj�we_f_glh\�:J�k�ihke_^mxsbf�bo�kmffbjh\Zgb_f��
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]^_� � � � ��� �� �V L V M Q L Q MV V V V �±� kj_^g_d\Z^jZlbq_kdh_� hldehg_gb_�

gZijy`_gbc�kb]gZeh\�b�ihf_o�gZ�\uoh^Zo� L�� M�we_f_glh\�

:J�� � ���V LM Q LMU U �±�dhwnnbpb_glu�\aZbfghc�dhjj_eypbb��D<D��

gZijy`_gbc� kb]gZeh\� b� ihf_o� gZ� \uoh^Zo� L�� M� we_f_glh\�

:J�� � � �NW W �±� dhfi_gkZpbhggu_� b� _kl_kl\_ggu_� \j_f_g�

gu_� aZ^_j`db� kb]gZeh\�� h[mkeh\e_ggu_� jZaghklvx� \j_�

f_gb�jZkijhkljZg_gby�kb]gZeZ�^h�we_f_glh\�:J��,�Å�dheb�

q_kl\h�we_f_glh\�\�:J��

<uoh^gh_�gZijy`_gb_�kmffZlhjZ�ihklmiZ_l�gZ�\oh^�

MIJ��J_r_gb_�h�gZebqbb�beb�hlkmlkl\bb�ihe_agh]h�kb]�

gZeZ� ijbgbfZ_lky� ih� j_amevlZlZf� kjZ\g_gby� \oh^gh]h�

kb]gZeZ�k�ihjh]h\uf�mjh\g_f�\�MIJ��\_ebqbgZ�dhlhjh]h�

aZ\bkbl� hl� aZ^Zgguo� agZq_gbc� \_jhylghklguo� oZjZdl_�

jbklbd�h[gZjm`_gby�kb]gZeZ�>����@��

Hkh[_gghklvx� l_ogbq_kdhc� j_ZebaZpbb� ijhkljZgkl�

\_ggh�dhjj_eypbhggh]h� kihkh[Z� y\ey_lky� ih\ur_ggh_�

lj_[h\Zgb_� d�b^_glbqghklb�\k_o� ljZdlh\�h[jZ[hldb�kb]�

gZeh\�hl�dZ`^h]h�we_f_glZ�:J��Ijb�wlhf�\�[hevr_c�kl_�

i_gb�b^_glbqghklv�^he`gZ�[ulv�kh[ex^_gZ�ih�nZahqZ�

klhlguf�oZjZdl_jbklbdZf��<uiheg_gb_�wlbo�lj_[h\Zgbc�

e_]q_�h[_ki_qblv�\�ebg_cguo�ljZdlZo��nb^_jZo�b�ebg_c�

guo�mkbebl_eyo��Bkihevah\Zgb_�g_ebg_cguo�ij_h[jZah�

\Zl_e_c� qZklhlu�^ey� ]_l_jh^bggh]h�ijb_fZ� \� kbkl_fZo�

dhjj_eypbhgghc� h[jZ[hldb� kha^Z_l� ^hihegbl_evgu_�

ijh[e_fu��k\yaZggu_�k�g_h[oh^bfhklvx�i_j_kq_lZ�nZ�

ah\uo�k^\b]h\�^ey�hp_gdb�Zfieblm^gh��nZahqZklhlguo��
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Jbk�����NmgdpbhgZevgZy�ko_fZ�hkgh\guo�maeh\�ijhkljZgkl\_ggh�dhjj_eypbhggh]h�ljZdlZ�h[jZ[hldb�kb]gZeh\�

oZjZdl_jbklbd�h[gZjm`b\Z_fuo�kb]gZeh\��g_h[oh^bfuo�

^ey�b^_glbnbdZpbb�h[t_dlZ�b�hp_gdb�kdhjhklb�_]h�^\b�

`_gby�� Z� lZd`_� k� ljm^ghklvx� j_ZebaZpbb� b^_glbqguo�

ij_h[jZah\Zl_e_c� ^ey� [hevrh]h� qbkeZ� dZgZeh\� h[jZ�

[hldb�kb]gZeh\��Djhf_�lh]h��ij_h[jZah\Zl_eyf�qZklhlu�

k\hckl\_ggh�kms_kl\_ggh_�m\_ebq_gb_�mjh\g_c�rmfh\��

\� lhf�qbke_� aZ� kq_l� ihy\e_gby�^hihegbl_evguo�ihf_o�

ih� a_jdZevghfm� dZgZem�� qlh� \� p_ehf� kgb`Z_l� ihf_oh�

mklhcqb\hklv�b�^jm]b_�oZjZdl_jbklbdb�ijhkljZgkl\_ggh�

dhjj_eypbhggh]h�kihkh[Z�h[jZ[hldb�kb]gZeh\��

K� mq_lhf� i_j_qbke_gguo� h]jZgbq_gbc� b� \hafh`gh�

kl_c�kh\j_f_gghc�we_f_glghc�[Zau�aZ�hkgh\m�dhgkljmd�

pbb� ijhkljZgkl\_ggh�dhjj_eypbhggh]h� ljZdlZ� h[jZ[hl�

db�\aylZ�ko_fZ�ijb_fgbdZ�ijyfh]h�mkbe_gby��kf��jbk������

<uiheg_gb_� ijhkljZgkl\_gghc� k_e_dpbb� kb]gZeh\� b�

nhjfbjh\Zgb_� \uoh^ghc� k\_jldb� gZijy`_gby� \� ^Zgghc�
ko_f_� >kf��\ujZ`_gb_� ���@�hkms_kl\ey_lky�iml_f�\\_^_�
gby� bkdmkkl\_gguo� dhfi_gkZpbhgguo� \j_f_gguo� aZ^_j�

`_d� NW �\h� \oh^gu_� kb]gZeu��H^gZdh� ba�aZ� h]jZgbq_gghc�

lhqghklb�nZabjh\Zgby�\oh^guo�kb]gZeh\�:J��ijhba\h^b�
fuo�iml_f�\\_^_gby�dhfi_gkZpbhgghc�aZ^_j`db��Z�lZd`_�

ih]j_rghklb�� \ua\Zgghc� g_b^_glbqghklvx� �nZahqZklhl�
guo� oZjZdl_jbklbd�nb^_jh\� b� ljZdlh\� mkbe_gby��fh`_l�
agZqbl_evgh� kgbablvky� ihf_ohmklhcqb\hklv� jZkkfZljb�

\Z_fhc�kbkl_fu��
GZ�jbk����ijb\_^_g�ijbf_j�hp_gdb�f]gh\_ggh]h�agZ�

q_gby�D<D�\oh^guo�kb]gZeh\��\�aZ\bkbfhklb�hl�dhfi_g�

kZpbhgghc�\j_f_gghc�aZ^_j`db� NW ��

:gZeba� jbk�� �� ihdZau\Z_l�� qlh� ijb� g_agZqbl_evghc�
ih]j_rghklb� dhfi_gkZpbb� \j_f_gghc� aZ^_j`db� hp_gdZ�

D<D� fh`_l� kgbablvky� gZ� [hevrmx� \_ebqbgm�� LZd�� gZ�
ijbf_j�� ih]j_rghklv� \j_f_gghc� aZ^_j`db� \� ij_^_eZo�

NW' � �������fdk�fh`_l�\ua\Zlv�kgb`_gb_�D<D�^h�gmey�

��� ��f]gU'  ��kf��jbk�� ����qlh�kms_kl\_ggh�kgbabl�ihf_�

ohmklhcqb\hklv�ijhkljZgkl\_ggh�dhjj_eypbhggh]h�ljZd�

lZ�h[jZ[hldb�kb]gZeh\��

>ey�gZ]ey^ghklb�gZ�jbk����ijb\_^_gZ�aZ\bkbfhklv�\_�
jhylghklb�ijhimkdZ�p_eb�hl�agZq_gby�D<D�\oh^guo�kb]gZ�

eh\� >�@�� ba� ZgZebaZ� dhlhjh]h� ke_^m_l�� qlh� ^Z`_� ijb� ih�

]j_rghklb�hp_gdb�D<D�gZ������ ���U'  ��ihf_ohmklhcqb�

\hklv�ijb_fZ�fh`_l�kgbablvky�ijZdlbq_kdb�gZ�^\Z�ihjy^�

dZ� ij3' ��

�

Jbk�����D�\hijhkm�hp_gdb�ghjfbjh\Zgghc�N<D��

ijb�g_lhqghklb�nZabjh\Zgby�

Bkoh^y� ba� h]jZgbq_gghc� lhqghklb� nZabjh\Zgby�

\oh^guo� kb]gZeh\� :J�� ^ey� kgb`_gby� ZiiZjZlghc� ih�
]j_rghklb�mkljhckl\Z�j_ZebaZpbb�ljZdlZ�h[jZ[hldb�kb]�

gZeh\� ij_^eZ]Z_lky� \_klb� hp_gdm� D<D� ih� h]b[Zxs_c�
nmgdpbb�\aZbfghc�dhjj_eypbb� �kf��jbk������\�j_amevlZl_�
q_]h� kgb`_gb_� D<D� [m^_l� \� g_agZqbl_evguo� ij_^_eZo�

�� ������h]b[U'  �>ey�j_ZebaZpbb�lZdhc�\hafh`ghklb�ij_^�

eZ]Z_lky�bkihevah\Zlv�pbnjh\hc�kihkh[�\u^_e_gby�h]b�
[Zxs_c�gZ�hkgh\_�ij_h[jZah\Zgbc�=bev[_jlZ�>�@��

� ��

� LL h]b[ L
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LX �±� hlkq_lu�f]gh\_gguo� agZq_gbc� gZijy`_gby� h[�

jZ[Zlu\Z_fh]h� kb]gZeZ�� �
�

LX ±� hlkq_lu� d\Z^jZlmjguo� kh�
klZ\eyxsbo�gZijy`_gby�h[jZ[Zlu\Z_fh]h�kb]gZeZ��

NmgdpbhgZevgZy� ko_fZ� j_ZebaZpbb� pbnjh\h]h� kih�

kh[Z�\u^_e_gby�h]b[Zxs_c�ihdZaZgZ�gZ�jbk�����
<� ^Zgghc� ko_f_� ^ey� nhjfbjh\Zgby� d\Z^jZlmjghc� kh�

klZ\eyxs_c�� � LX ��\��\ujZ`_gbb�������bkihevamxlky��hlkq_��
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Jbk�����AZ\bkbfhklv�\_jhylghklb�ijhimkdZ�p_eb�hl�D<D�

�

Jbk�����NmgdpbhgZevgZy�ko_fZ�pbnjh\h]h�kihkh[Z��

\u^_e_gby�h]b[Zxs_c�

lu� \oh^gh]h� fZkkb\Z� gZijy`_gbc� LX �� k^\bgmlu_� gZ� N
�

hlkq_lh\��q_l\_jlv�i_jbh^Z�g_kms_]h�dhe_[Zgby� �7 ���
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�� ^I ±� qZklhlZ�^bkdj_lbaZpbb� bk�

ihevam_fh]h� ZgZeh]h�pbnjh\h]h� ij_h[jZah\Zl_ey��

^

^

�
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7
 �� ^7 �±�i_jbh^�^bkdj_lbaZpbb�:PI�� ��I ±�qZklhlZ�

g_kms_]h� dhe_[Zgby�� > @DUJ �±� hi_jZlhj� hdjm]e_gby� Zj�

]mf_glZ�^h�[eb`Zcr_]h�p_eh]h�agZq_gby���
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fb�^bnn_j_gpbZevgufb�mjZ\g_gbyfb��

>bZ]ghklbq_kdb_�kb]gZeu�g_�y\eyxlky�klZpbhgZjgufb�
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Hl�kb]gZeZ�khklZ\gh]h�bklhqgbdZ�wlm�fh^_ev�hlebqZ�

_l� hlkmlkl\b_� bgnhjfZpbb� h�fhf_glZo� \j_f_gb� kf_gu�
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lZfb� jZaguo� deZkkh\��� Djbl_jbc� bgnhjfZlb\ghklb� oZ�
jZdl_jbam_l�dhfiZdlghklv�jZkiheh`_gby�h[t_dlh\�h^gh�

]h� deZkkZ� b� m^Ze_gghklv� h[t_dlh\� jZaguo� deZkkh\�
\�ijbagZdh\hf�ijhkljZgkl\_��

:gZeba�\b[jhkb]gZeh\�ih^rbigbdh\��
ljZgkfbkkbb�]Zahlmj[bgguo�^\b]Zl_e_c�

Ijb�wdkiemZlZpbhgguo�bkiulZgbyo�Z\bZpbhgguo�^\b�
]Zl_e_c�>���DM�\�ahg_�maeZ�f_`\Zevgh]h�ih^rbigbdZ�gZ�
g_jZ[hlZxs_f�^\b]Zl_e_�k�ihfhsvx�rlZg]b�\gmljv�\Z�

eZ�lmj[bgu�gbadh]h�^Z\e_gby��+>��mklZgZ\eb\Z_lky�^Zl�
qbd��\�ijhp_kk_�k\h[h^gh]h�\jZs_gby�jhlhjZ�baf_jyxl�

ky�Zfieblm^u�\b[jZpbc��dZd�mdZau\Zehkv�\h�\\_^_gbb��k�
ihfhsvx� ijb[hjZ� B<M��F�� ij_^klZ\eyxs_]h� kh[hc�

ZgZeh]h\uc� baf_jbl_ev� wnn_dlb\ghc� Zfieblm^u� \b[�
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gh\Zgguo�kt_fh\�^\b]Zl_e_c��
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k�ihfhsvx�ijb[hjZ�B<M��F���b�1�±�g_h[hkgh\Zggh�kgy�
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gZfbdm� ih\_^_gby� klj_edb� B<M��F�� <j_fy� bkiulZgbc�
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ih^rbigbdh\� knhjfbjh\Zg� ih� j_ZebaZpbyf�� khhl\_lkl�

\mxsbf� gZqZem� bkiulZgbc� \k_o� ih^rbigbdh\� b� dhgpm�

bkiulZgbc�ih^rbigbdh\��\u^_j`Z\rbo�bkiulZgby��

DeZkk� %�g_bkijZ\guo�ih^rbigbdh\�knhjfbjh\Zg�ih�

j_ZebaZpbyf�dhgpZ�bkiulZgbc�hldZaZ\rbo�ih^rbigbdh\��

<� lZ[e�� �� ijb\_^_gu� agZq_gby� bgnhjfZlb\ghklb�

ijbagZdh\� ijb� jZaf_j_� [ehdZ� E� ���� b� ihjh]_� .� ������

jZaf_jghklb� fZljbpu� 0��o��� GZ� jbk�� �� ij_^klZ\e_gh�
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<� >��@� ij_^eh`_gZ� k_]f_glZpby� kb]gZeZ� gZ� hkgh\_�

g_iZjZf_ljbq_kdh]h� ih^oh^Z� d� ijh[e_f_� h[gZjm`_gby�

fhf_glh\�baf_g_gby�\_jhylghklguo�oZjZdl_jbklbd�kem�

qZcguo� ijhp_kkh\��IhdZaZgh�� qlh� h[gZjm`_gb_� baf_g_�

gbc�ex[hc�nmgdpbb�jZkij_^_e_gby�beb�dZdhc�eb[h�bghc�

\_jhylghklghc� oZjZdl_jbklbdb� fh`_l� [ulv� k\_^_gh� d�

h[gZjm`_gbx� baf_g_gby� fZl_fZlbq_kdh]h� h`b^Zgby� \�

g_dhlhjhc� gh\hc�kemqZcghc� ihke_^h\Zl_evghklb�� knhj�

fbjh\Zgghc� ba� bkoh^ghc� �^bZ]ghklbq_kdZy� ihke_^h\Z�

l_evghklv���<�gZklhys_c�jZ[hl_�ij_^eZ]Z_lky�\�dZq_kl�

\_� ^bZ]ghklbq_kdbo� ihke_^h\Zl_evghkl_c� jZkkfZljb�

\Zlv�ihke_^h\Zl_evghklb�ehdZevguo�f_j�keh`ghklb��

<� hlkmlkl\bb� iZjZf_ljbq_kdbo� fh^_e_c�� ih^h[gh�

njZdlZevghc� jZaf_jghklb�� hp_gb\Zxlky� f_ju� keh`gh�

klb� [ehdh\� kb]gZeZ�� <� ij_^iheh`_gbb�� qlh� \� ij_^_eZo�
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kb]gZeZ��jZajZ[hlZgu�Ze]hjblfu�]jm[hc�klZlbklbq_kdhc�
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kb]gZeh\�fha]Z��±�:\lhfZlbdZ�b�l_e_f_oZgbdZ��±�������±

������±�K���������

'(7(&7,1*�&+$1*(6�2)�67$7(�2)�

7+(�&203/(;�6285&(�,1�7+(�

$%6(1&(�2)�3$5$0(75,&�02'(/6�

&KXYLOLQD�(�9���*U\]ORYD�7�3��

'LJLWDO� VLJQDO� SURFHVVLQJ� DOJRULWKPV� IRU� GLDJQRVWLFV� RI�

WHFKQLFDO� FRQGLWLRQ� RI� EHDULQJV� LV� SURSRVHG�� 7ZR� SUREOHPV�

DUH� FRQVLGHUHG� �UHOLDELOLW\� WHVWV� DQG� RSHUDWLRQDO� WHVWV� RI�

WUDQVPLVVLRQ
V� EHDULQJV� *7(�� 6LJQDOV� ZLWK� VXFK� FRPSOH[�

VRXUFHV� DUH� QRQOLQHDU� DQG� QRQ�VWDWLRQDU\� VLJQDOV� RI� PDQ\�

HOHPHQWDU\�VLJQDOV�� WKH� LQFOXVLRQ�RI�ZKLFK�LV�GHWHUPLQHG�E\�
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WKH� XQNQRZQ� DQG� UDQGRP� VZLWFKLQJ� IXQFWLRQV�� $OJRULWKPV�

DUH� EDVHG�RQ� WKH� GHWHFWLRQ� RI� ORFDO� LQKRPRJHQHLWLHV� LQ� WKH�

VHTXHQFH� RI� EORFNV� RI� VLJQDOV�� 0HDVXUHV� RI� FRPSOH[LW\� RI�

VLJQDO
V� EORFNV� �OLNH� WKH� IUDFWDO� GLPHQVLRQ�� DUH� HVWLPDWHG� LI�

SDUDPHWULF� PRGHOV� DUH� DEVHQW�� 8QGHU� WKH� DVVXPSWLRQ� WKDW�

ZLWKLQ�D�EORFN�D�OLQHDU�PRGHO�RI�WKH�VLJQDO�FDQ�EH�WDNHQ��WKH�

DOJRULWKPV� RI� URXJK� VWDWLVWLFDO� HVWLPDWLRQ� RI� LWV� SDUDPHWHUV�

DUH�GHYHORSHG��7KH�FKDQJH�RI�FRQGLWLRQDO�DQG�XQFRQGLWLRQDO�

VWDWLVWLFV�RI�LQFUHPHQWV�RI�VLJQDO�LV�PRUH�LQIRUPDWLYH�WKDQ�WKH�

NQRZQ�VROXWLRQV� RI� WKLV� SUREOHP�� ,W� LV� VKRZQ�� WKDW� WKH� FRP�

SOH[�SURFHVVLQJ�RI�GLDJQRVWLF�VLJQDOV�EDVHG�RQ�WKH�SURSRVHG�

DOJRULWKPV� LV� HIIHFWLYH�� $OJRULWKPV� FDQ� EH� DGDSWHG� IRU� WKH�

DQDO\VLV� RI�VLJQDOV� LQ� D�ZLGH� FODVV�RI� DSSOLFDWLRQV�� VXFK�DV�

PHGLFDO�VLJQDOV��

G:MQGH?�G:IJ:<E?GB?��

H[jZ[hldZ�kb]gZeh\�\�jZ^bhl_ogbq_kdbo�b�bgnhjfZpbhggh�baf_jbl_evguo�kbkl_fZo�

K_dpby����H[jZ[hldZ�kb]gZeh\�\�jZ^bhl_ogbq_kdbo�kbkl_fZo�

H[km`^_gb_�ijh[e_f�b�aZ^Zq�h[jZ[hldb�jZ^bhl_ogbq_kdbo�kb]gZeh\�\_ehkv�ih�lj_f�hkgh\guf�gZijZ\e_gbyf��

h[gZjm`_gb_� kb]gZeh\� b� hp_gb\Zgb_� bo� iZjZf_ljh\�� jZ^bhehdZpby�� i_e_g]Zpby� b� gZ\b]Zpby�� ijhkljZgkl\_ggh�

\j_f_ggZy�h[jZ[hldZ�kb]gZeh\��

�

GZ�k_dpbb�h[km`^Zebkv�ke_^mxsb_�ZdlmZevgu_�gZmqgu_�ijh[e_fu��

±�ijhkljZgkl\_ggh�dhjj_eypbhgguc� f_lh^� h[jZ[hldb�

kb]gZeh\��

±�lhfh]jZnbq_kdb_�f_lh^u� hij_^_e_gby�f_klhiheh`_�

gby�b�fhsghkl_c�bklhqgbdh\�baemq_gby��

±�k\_jojwe__\kdh_�jZaj_r_gb_�kb]gZeh\��

±�d_ikljZevguc� kihkh[� hij_^_e_gby� \aZbfgh]h� jZkih�

eh`_gby�jZ^bhbfimevkh\��

±�nZahdh^bjh\ZggZy�ihke_^h\Zl_evghklv�k�gme_\uf�mjh\�

g_f�[hdh\uo�e_i_kldh\�Z\lhdhjj_eypbhgghc�nmgdpbb��
±�^_l_dlbjh\Zgb_� kb]gZeh\� \� hilhwe_dljhgghf� ki_d�

ljhf_lj_��

±�hp_gb\Zgb_�m]eh\uo�dhhj^bgZl�\ha^mrguo�p_e_c��

±�kbgl_a� pbnjh\h]h� ^\moqZklhlgh]h� deZkkbnbdZlhjZ�

ihf_o��

±�ijhkljZgkl\_ggZy�dhfi_gkZpby�Zdlb\guo�ihf_o��

±�j_ZebaZpby� k\_jorbjhdhihehkgh]h� oZhlbq_kdh]h� kb]�

gZeZ�\�Zdlb\ghf�ehdZlhj_��

±�bfblZpby�jZ^bhehdZpbhgguo�kb]gZeh\��

±�pbnjh\Zy� i_e_g]Zpby� k� dhgbq_kdbf� kdZgbjh\Zgb_f�

^bZ]jZffu�gZijZ\e_gghklb��

±�Z^Zilb\guc�Ze]hjblf�kh]eZkh\Zggh]h�ij_ke_^h\Zgby��

±�Z^Zilb\gZy�nbevljZpby�keh`guo�kb]gZeh\��
±�fgh]hdZgZevgZy�^hie_jh\kdZy�nbevljZpby��

±�Z^Zilb\gZy�k_e_dpby�^\b`msboky�p_e_c��

±�klhoZklbq_kdZy�jZ^bhehdZpby��h[gZjm`_gb_��hp_gb\Z�

gb_�b�nbevljZpby�����

K_dpby�����H[jZ[hldZ�b�i_j_^ZqZ�baf_jbl_evghc�bgnhjfZpbb�

JZ[hlZ� k_dpbb� ho\Zlu\Z_l�rbjhdbc� ki_dlj� pbnjh\hc� h[jZ[hldb� baf_jbl_evghc� bgnhjfZpbb�� \� lhf� qbke_�

ki_dljZevguc�ZgZeba�b�h[jZ[hldm�[bhwe_dljbq_kdbo�kb]gZeh\��h[jZ[hldm�]_hnbabq_kdbo�^Zgguo�b�k_ckfbq_kdbo�

kb]gZeh\��pbnjh\h_�fh^_ebjh\Zgb_�baf_jbl_evguo�ijhp_kkh\��

GZ�k_dpbb�h[km`^Zebkv�ke_^mxsb_�ZdlmZevgu_�gZmqgu_�ijh[e_fu��

±�ZiijhdkbfZpby�b�ZgZeba�iZjZf_ljh\�bhghkn_ju��

±�ZgZeba�]_hfZ]gblguo�^Zgguo��

±�klZlbklbq_kdb_� f_lh^u� qZklhlgh�pbnjh\uo� kj_^kl\�
baf_j_gbc��

±�fh^_ebjh\Zgb_�:PI�\�kj_^_�/$%9,(:��

±�hp_gdZ�\ebygby�nZah\uo�rmfh\�gZ�rmfu�:PI��

±�h[gZjm`_gb_� baf_g_gby� khklhygby� keh`gh]h� bklhq�

gbdZ��
±�kl_j_hdZeb[jh\dZ�k�bkihevah\Zgb_f�g_cjhgghc�k_lb��

±�Ze]hjblfu�gZ\b]Zpbb�fh[bevguo�jh[hlh\��
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<������]h^m�eZ[hjZlhjb_c�Zdmklbq_kdbo�bkke_^h\Zgbc�\i_j\u_�

^ey� [he__� lhqgh]h� ZgZebaZ� \gmlj_gg_c� kljmdlmju� kb]gZeh\� [ue�

ij_^eh`_g�f_lh^� jZaj_`_gghc� ZiijhdkbfZpbb��<�oh^_� wdki_jbf_g�

lh\� \uykgbehkv�� qlh� gZb[he__� ih^oh^ysbf� ba� Ze]hjblfh\� jZaj_�

`_gghc�ZiijhdkbfZpbb�^ey�ZgZebaZ�kb]gZeh\�]_hZdmklbq_kdhc�wfbk�

kbb� �=:W�� y\ey_lky� Ze]hjblf� kh]eZkh\Zggh]h� ij_ke_^h\Zgby�

�0DWFKLQJ�3XUVXLW���H^gbf� ba�ij_bfms_kl\�ih^oh^Z� jZaj_`_gghc�Zi�

ijhdkbfZpbb�y\ey_lky�\hafh`ghklv�bkihevah\Zgby�kf_rZgguo�keh�

\Zj_c�� hibkZgguo� jZaebqgufb� fZl_fZlbq_kdbfb� nmgdpbyfb�� <�

ij_^klZ\e_gghc�klZlv_�hibkZgh� ijbf_g_gb_�kf_rZggh]h�keh\Zjy��

khklZ\e_ggh]h� ba�nmgdpbc� =Z[hjZ� b� ;_jeZ]_�� b� ij_^eh`_g� mkh\_j�

r_gkl\h\Zgguc�Ze]hjblf�k�^h[Z\e_gb_f�mlhqg_gby�\�ijhkljZgkl�

\_� iZjZf_ljh\� keh\Zjy�� gZa\Zgguc� Z^Zilb\guf� kh]eZkh\Zgguf�

ij_ke_^h\Zgb_f� k� mlhqg_gb_f�� Gh\uc� Ze]hjblf� fh^bnbpbjh\Zg�

^ey�ijbf_g_gby�gZ�kf_rZgguo�keh\Zjyo�b�ijhl_klbjh\Zg�gZ�j_Zev�

guo�kb]gZeZo�=:W��

M>D����������������

:>:ILB<GUC�:E=HJBLF�KH=E:KH<:GGH=H�IJ?KE?>H<:GBY��
K�MLHQG?GB?F�G:�KF?R:GGUO�KEH<:JYO�<�:G:EBA?�KB=G:EH<�
=?H:DMKLBQ?KDHC�WFBKKBB�

Emdh\_gdh\Z�H�H���ZkibjZgldZ�BgklblmlZ�dhkfhnbabq_kdbo�bkke_^h\Zgbc�b�jZkijhkljZg_gby�jZ^bh\heg��
><H�J:G��BDBJ�><H�J:G���H�PDLO��R�R�OXNRYHQNRYD#\DQGH[�UX���

LjbklZgh\�:�;���d�l�g���klZjrbc�gZmqguc�khljm^gbd�BgklblmlZ�dhkfhnbabq_kdbo�bkke_^h\Zgbc��
b�jZkijhkljZg_gby�jZ^bh\heg�><H�J:G��BDBJ�><H�J:G����^hp_gl�DZebgbg]jZ^kdh]h�]hkm^Zjkl\_ggh]h�

l_ogbq_kdh]h�mgb\_jkbl_lZ��H�PDLO��DOH[WULVWDQRY#PDLO�UX�

�

Dexq_\u_�keh\Z��]_hZdmklbq_kdZy�wfbkkby��
kh]eZkh\Zggh_� ij_ke_^h\Zgb_�� Z^Zilb\guc�

Ze]hjblf�� kf_rZgguc� keh\Zjv�� jZaj_`_ggZy�

ZiijhdkbfZpby��

Ih^� ]_hZdmklbq_kdhc�wfbkkb_c�ihgbfZxlky�

mijm]b_� dhe_[Zgby�� \hagbdZxsb_� \� l\_j^uo�

ijbjh^guo� kj_^Zo� ih^� \ebygby� ^bkehdZpbhg�

guo� baf_g_gbc� �jbk�� ����K� ����� ]h^Z� gZ�ihem�

hkljh\_� DZfqZldZ� \_^_lky� Zdlb\gh_� bamq_gb_�

kb]gZeh\� =:W� gZ� jZaebqguo� klZ^byo� k_ckfb�

q_kdhc� Zdlb\ghklb��<� jZ[hl_� >�@� hibkZgu� hkh�

[_gghklb��f_lh^u�j_]bkljZpbb��ij_^\Zjbl_ev�

ghc�h[jZ[hldb�b�ZgZebaZ�kb]gZeh\�=:W��

�

Jbk�����Ijbf_j�kb]gZeZ�=:W�

LjZ^bpbhggh�^ey�ZgZebaZ�kb]gZeh\�bfimevkghc�ijb�

jh^u� bkihevamxlky� deZkkbq_kdb_� f_lh^u� qZklhlgh�

\j_f_ggh]h� ZgZebaZ�� ij_h[jZah\Zgb_� Nmjv_�� hdhggh_�

ij_h[jZah\Zgb_� Nmjv_�� \_c\e_l�ZgZeba� >��� ��� ���� ��@��

H^gZdh��\�k\yab�k�fZehc�^ebl_evghklvx��\j_f_gghc�eh�

dZebah\Zgghklvx�ZghfZebc�b�kbevghc�aZrmfe_gghklvx��

deZkkbq_kdbc�qZklhlgh�\j_f_gghc�ZgZeba�kb]gZeh\�=:W�

g_� ^Z_l�`_eZ_fuo� j_amevlZlh\��<� ����� ]h^m�eZ[hjZlh�

jb_c� Zdmklbq_kdbo� bkke_^h\Zgbc�BDBJ�><H�J:G� \i_j�

\u_� ^ey� ZgZebaZ� \gmlj_gg_c� kljmdlmju� kb]gZeh\� =:W�

[ueh�ij_^eh`_gh�bkihevah\Zlv�f_lh^�jZaj_`_gghc�Zi�

ijhdkbfZpbb� >�@��<� oh^_� wdki_jbf_glh\� Z\lhjZfb� ihdZ�

aZgh�� qlh� gZb[he__� ih^oh^ysbf� ba� Ze]hjblfh\� jZaj_�

`_gghc�ZiijhdkbfZpbb�^ey�ZgZebaZ�kb]gZeh\�=:W�y\ey�

_lky� Ze]hjblf� kh]eZkh\Zggh]h� ij_ke_^h\Zgby� �0DWF�

KLQJ3XUVXLW���ij_^eh`_gguc�0DOODW�6��b�=KDQJ�=��>�@��

Ih^jh[gh� h� ih^oh^_� jZaj_`_gghc� ZiijhdkbfZpbb� b�

f_lh^_�kh]eZkh\Zggh]h�ij_ke_^h\Zgby�baeh`_gh�\� >������

��� �@��JZ[hlu� Z\lhjh\� >��� ��� �@� ihk\ys_gu� ijbf_g_gbx�

Ze]hjblfZ� kh]eZkh\Zggh]h� ij_ke_^h\Zgby� ^ey� ZgZebaZ�

kb]gZeh\�=:W��

<� hlebqb_� hl� f_lh^h\� deZkkbq_kdh]h� qZklhlgh�\j_�

f_ggh]h� ZgZebaZ�� ihjh`^Zxsbo� ba[ulhqgu_� jZaeh`_�

gby� kb]gZeh\�� \dexqZxsb_� \k_� Zlhfu� keh\Zjy�� jZaj_�

`_ggZy�ZiijhdkbfZpby��g_�l_jyy�\�lhqghklb��kljhbl�dhf�

iZdlgu_� ij_^klZ\e_gby�� khklhysb_� ebrv� ba� gZb[he__�

agZqbfuo� we_f_glh\� keh\Zjy��?s_� h^gbf�ij_bfms_kl�

\hf�ih^oh^Z�jZaj_`_gghc�ZiijhdkbfZpbb�y\ey_lky�\ha�

fh`ghklv� jZaeh`_gby� kb]gZeh\� ih� g_hjlh]hgZevguf� \�

h[s_f� kemqZ_� keh\Zjyf�� hibku\Z_fuf� jZaebqgufb�

fZl_fZlbq_kdbfb� nmgdpbyfb�� qlh� h[_ki_qb\Z_l� [he__�

rbjhdb_� \hafh`ghklb�^ey� bgl_jij_lZpbb�fh^_e_c� kb]�

gZeZ�b� h[tykg_gby�nbabdb�ijhp_kkh\� ]_g_jZpbb� kb]gZ�

eh\��Hl� \u[hjZ� keh\Zjy�'� aZ\bkbl� dZq_kl\h� Ziijhdkb�

fZpbb��^Zevg_crbc�ZgZeba�b�bgl_jij_lZpby���

<�i_j\hf�ijb[eb`_gbb�we_f_glu�kb]gZeZ�=:W�fh]ml�

[ulv� hibkZgu� ehdZebah\Zggufb� fh^mebjh\Zggufb�

nmgdpbyfb�� GZ� hkgh\_� ^Zggh]h� aZdexq_gby� \� jZggbo�

jZ[hlZo�\�dZq_kl\_�keh\Zjy�'�[ue�\u[jZg�keh\Zjv�=Z�

[hjZ�� \dexqZxsbc� fZkrlZ[bjh\Zggu_�� fh^mebjh\Zg�

gu_�b�k^\bgmlu_�ih�\j_f_gb�nmgdpbb�=ZmkkZ�>�@��

� �
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<�jZ[hl_� >�@�ihdZaZgh��qlh�keh\Zjv��khklZ\e_gguc�ba�

fZkrlZ[bjh\Zgguo�� fh^mebjh\Zgguo� b� k^\bgmluo�
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nmgdpbc�;_jeZ]_��y\ey_lky�[he__�Z^_d\Zlguf�ih�kjZ\�

g_gbx�kh�keh\Zj_f�=Z[hjZ�� l�d��nmgdpbb�;_jeZ]_�h[eZ�

^Zxl� koh`_c� kljmdlmjhc� k� we_f_glZjgufb� bfimevkZfb�

=:W�� ihwlhfm� emqr_� Ziijhdkbfbjmxl� mqZkldb� kb]gZeZ��

kh^_j`Zsb_�bfimevk�
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Nmgdpbb�=ZmkkZ�ih^oh^yl�^ey�ZiijhdkbfZpbb�aZrmf�

e_gguo� mqZkldh\� kb]gZeZ��GZ� jbk�� �� ij_^klZ\e_gu� ]jZ�

nbdb� aZ\bkbfhkl_c� kj_^g_c� �ih� ���� kb]gZeZf�� hrb[db�

ZiijhdkbfZpbb� hl� qbkeZ� bl_jZpbc� Ze]hjblfZ� kh]eZkh�

\Zggh]h�ij_ke_^h\Zgby�^ey�keh\Zj_c�;_jeZ]_�b�=Z[hjZ��

�

Jbk������KjZ\g_gb_�kiZ^Z�hrb[hd�ZiijhdkbfZpbb��

^ey�mqZkldh\�kb]gZeZ��kh^_j`Zsbo�b�g_�kh^_j`Zsbo��
h^bghqgu_�bfimevku�=:W�

>ey� memqr_gby� dZq_kl\Z� ZiijhdkbfZpbb� kb]gZeh\�

=:W� [ueh� j_r_gh� bkihevah\Zlv� kf_rZgguc� keh\Zjv��

\dexqZxsbc�dZd�nmgdpbb�;_jeZ]_�� lZd�b�nmgdpbb�=Zmk�

kZ�� >Ze__� ih^� fhghkeh\Zj_f� ihgbfZ_lky� gZ[hj� h^gh�

lbiguo�nmgdpbc��ihemq_gguo�\ZjbZpb_c�agZq_gbc�g_aZ�

\bkbfuo� iZjZf_ljh\� fZl_jbgkdhc� nmgdpbb� �keh\Zjb�

=Z[hjZ� b�;_jeZ]_��� ih^� kf_rZgguf� ±� keh\Zjv�� khklZ\�

e_gguc�ba�Zlhfh\��hibku\Z_fuo�jZaebqgufb�fZl_fZlb�

q_kdbfb�nmgdpbyfb��

Nhjfbjh\Zgb_� keh\Zjy�� \� i_j\mx� hq_j_^v�� lj_[m_l�

hij_^_e_gby�^bZiZahgh\�g_aZ\bkbfuo�iZjZf_ljh\��agZ�

q_gby�dhlhjuo�mgbdZevguf�h[jZahf�oZjZdl_jbamxl�dZ`�

^uc�qZklhlgh�\j_f_gghc�Zlhf��>ey�nmgdpbb�=ZmkkZ�[u�

eb� \u^_e_gu� ke_^mxsb_� iZjZf_lju�� qZklhlZ� aZihe�

gyxs_c�]Zjfhgbdb�I�>=p@��^ebgZ�ZlhfZ�7HQG� >F@��ijbjZs_�

gb_� iZjZf_ljZ�� hl\_qZxs_]h� aZ� nhjfm� h]b[Zxs_c��

ZlhfZ�û�
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]^_�%OLP� ±� djblbq_kdh_� agZq_gb_� iZjZf_ljZ�%�� hl\_qZx�

s_]h�aZ�nhjfm�h]b[Zxs_c��ijb�dhlhjhf�Zfieblm^Z�Zlh�

fZ�gZ��]jZgbp_�h[eZklb��hij_^_e_gby�khklZ\ey_l����hl��

fZdkbfZevgh]h�agZq_gby��

>ey�nmgdpbb�;_jeZ]_�±�qZklhlZ�aZihegyxs_c�]Zjfh�

gbdb� I� >=p@��^ebgZ� ZlhfZ� 7HQG� >F@�� iheh`_gb_�fZdkbfmfZ�

WPD[� >F@��ijbjZs_gb_� iZjZf_ljZ�� hl\_qZxs_]h� aZ�nhjfm�

h]b[Zxs_c�ZlhfZ�û�
OLP PD[

OLP PD[ PD[
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]^_�QOLP�±�djblbq_kdh_�agZq_gb_�iZjZf_ljZ�Q�ijb�dhlhjhf�

Zfieblm^Z� ZlhfZ� gZ� ]jZgbp_� h[eZklb� hij_^_e_gby� kh�

klZ\ey_l����hl�fZdkbfZevgh]h�agZq_gby��

<� oh^_� k_jbb� wdki_jbf_glh\� [ueb� ijhZgZebabjh\Zgu�

jZkij_^_e_gby� iZjZf_ljh\�� gZb[he__� qZklh� \klj_qZ_�

fuo�\�jZaeh`_gbyo�Zlhfh\��b�ih^h[jZgu�h[_ki_qb\Zx�

sb_� ih^oh^ys__� dZq_kl\h� ZiijhdkbfZpbb� ^bZiZahgu�

iZjZf_ljh\��lZ[e������

Knhjfbjh\Zgguc�kf_rZgguc�keh\Zjv��khklhysbc�ba�

����nmgdpbc�;_jeZ]_�b�����nmgdpbc�=ZmkkZ��l_klbjh\Zeky�

gZ� ���� kb]gZeZo� =:W� ^ebghc� �� fk�� i_j\Zy� iheh\bgZ� ba�

dhlhjuo�kh^_j`ZeZ�y\gu_�h^bghqgu_�bfimevku�k�Zfieb�

lm^hc������±������IZ�b�aZihegyxs_c�qZklhlhc���±����d=p��Z�

\lhjZy� ±�Zdmklbq_kdbc�rmf��Ij_^\Zjbl_evgZy�h[jZ[hldZ�

kb]gZeh\�\dexqZeZ�nbevljZpbx�ih�qZklhlghfm�^bZiZahgm�

��±����d=p�b�ghjfbjh\Zgb_�ih�Zfieblm^_��>ey�dZ`^h]h�ba�

bkke_^m_fuo�kb]gZeh\�ih�aZ^Zgghfm�kf_rZgghfm�keh\Z�

jx�Ze]hjblfhf�kh]eZkh\Zggh]h�ij_ke_^h\Zgby�kljhbeZkv�

jZaj_`_ggZy� ZiijhdkbfZpby� ih� ��� ZlhfZf��Hrb[dZ� Zi�

ijhdkbfZpbb�\uqbkey_lky�ih�nhjfme_��

�����

1

1

5 V

V
H  u �

]^_�51V±hklZlhd� gZ� Q�c� bl_jZpbb�� V� ±� bkke_^m_fuc� kb]�

gZe��Bkihevah\Zgb_�kf_rZggh]h�keh\Zjy�kgbabeh�hrb[�

dm�gZ� �������ih� kjZ\g_gbx� k� hrb[dhc� gZ�fhghkeh\Zj_�

;_jeZ]_��jbk������

JZkrbj_gb_� keh\Zjy�� \dexq_gb_� \� g_]h� gh\uo� Zlh�

fh\�k�iZjZf_ljZfb�ba�\u[jZgguo�^bZiZahgh\�lZd`_�km�

s_kl\_ggh�memqrZ_l�dZq_kl\h�ZiijhdkbfZpbb�kb]gZeh\��

h^gZdh� m\_ebq_gb_� jZaf_jghklb� keh\Zjy� khijy`_gh� kh�

agZqbl_evgufb� aZljZlZfb� \j_f_gguo� b� ijhkljZgkl\_g�

guo�\uqbkebl_evguo�j_kmjkh\��
KZfhc� aZljZlghc� qZklvx� Ze]hjblfZ� kh]eZkh\Zggh]h�

ij_ke_^h\Zgby� y\ey_lky� \uqbke_gb_� gZ� dZ`^hc� bl_jZ�
pbb� kdZeyjguo� ijhba\_^_gbc� Zlhfh\� keh\Zjy� k� kb]gZ�

ehf�� Imklv� bf__lky� keh\Zjv�� khklhysbc� ba�0� Zlhfh\�

^ebghc� /DWRP� hlkq_lh\�� b� kb]gZe� ^ebghc� /VLJ� hlkq_lh\��

lh]^Z� \uqbke_gb_� \k_o� kdZeyjguo� ijhba\_^_gbc� ihlj_�

[m_l� \uiheg_gby� �� ��DWRP VLJ0 / /u � u keh`_gbc� b� mfgh�

`_gbc�� khhl\_lkl\_ggh� h[t_f� \uqbkebl_evguo� j_kmj�

kh\�� lj_[m_fuo�^ey�\uiheg_gby�Ze]hjblfZ��ijyfh�ijh�

ihjpbhgZe_g�jZaf_jm�keh\Zjy�0��

LZ[ebpZ����IZjZf_lju�^ey�nhjfbjh\Zgby�kf_rZggh]h�keh\Zjy�

IZjZf_lj�

�
�
Keh\Zjv�

I �

>ebgZ�Zlhfh\�\���hlghkbl_evgh�

^ebgu�kb]gZeZ�� ����HQG

DWRP

7

7
u � ' �

Iheh`_gb_�fZdkbfmfZ�h]b[Zxs_c�\���

hlghkbl_evgh�^ebgu�ZlhfZ�� PD[ ����
HQG

W

7
u �

;_jeZ]_� ��±���� ���±�����

=Z[hjZ�
����±������� ���±������

����±����� ±�
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Jbk�����=jZnbdb�kiZ^Z�kj_^gbo�hrb[hd�ZiijhdkbfZpbb��ih�����kb]gZeZf��^ey�mqZkldh\�kb]gZeZ���

kh^_j`Zsbo�h^bghqgu_�bfimevku�b�Zdmklbq_kdbc�rmf�

H^gbf� ba� kihkh[h\� ih\ur_gby� dZq_kl\Z� Ziijhdkb�

fZpbb�\�mkeh\byo�h]jZgbq_gguo�\uqbkebl_evguo�j_kmj�

kh\�� g_� lj_[mxsbf� jZkrbj_gby� keh\Zjy�� y\ey_lky� ^h�

[Z\e_gb_�mlhqg_gby�\�ijhkljZgkl\_�iZjZf_ljh\� d�Ze]h�

jblfm� �jbk�� ����Ih^� ijhkljZgkl\hf� iZjZf_ljh\�fhgh�

keh\Zjy�[m^_f�ihgbfZlv�Q �f_jgh_�ijhkljZgkl\h��h[jZ�

ah\Zggh_�\k_fb�^himklbfufb�agZq_gbyfb�Q �iZjZf_ljh\�

Zlhfh\�aZ^Zggh]h�keh\Zjy��DZ`^uc�Zlhf�\�ijhkljZgkl\_�

iZjZf_ljh\� ij_^klZ\ey_lky� Q �f_jghc� lhqdhc�� Kmlv�

Z^Zilb\gh]h�Ze]hjblfZ�kh]eZkh\Zggh]h�ij_ke_^h\Zgby�k�

mlhqg_gb_f� aZdexqZ_lky� \� ihbkd_� gh\h]h��[he__� agZqb�

fh]h� we_f_glZ� jZaeh`_gby� gZ� dZ`^hc� bl_jZpbb� Ze]h�

jblfZ� \� hdj_klghklb� \u^_e_ggh]h� ZlhfZ�� GZc^_gguc�

mlhqg_gguc� Zlhf� b� \k_� _]h� k^\b]b� ^h[Z\eyxlky� \� keh�

\Zjv��Z^Zilbjmy�_]h�d�dhgdj_lguf�hkh[_gghklyf�kb]gZeZ��

;ehd�ko_fZ� ijhp_kkZ� mlhqg_gby� gZ� ijbf_j_� keh\Zjy�

=Z[hjZ�ij_^klZ\e_gZ�gZ�jbk������

�

Jbk�����KjZ\g_gb_�kh]eZkh\Zggh]h�ij_ke_^h\Zgby��
k�mlhqg_gb_f�gZ�keh\Zj_�;_jeZ]_�ba����Zlhfh\��

k�deZkkbq_kdbf�kh]eZkh\Zgguf�ij_ke_^h\Zgb_f��
gZ�keh\Zj_�;_jeZ]_�ba�����Zlhfh\�

Ijbf_g_gb_�mlhqg_gby�iha\hey_l�kgbablv�h[t_f�aZ�

ljZqb\Z_fuo� \uqbkebl_evguo� j_kmjkh\�� Ij_h[eZ^Zx�

sZy� qZklv� \j_f_gb� \uiheg_gby� h^ghc� bl_jZpbb� Z^Zi�

lb\gh]h� Ze]hjblfZ� k� mlhqg_gb_f� gZ� keh\Zj_� k� 1S�

f_jguf� ijhkljZgkl\hf� iZjZf_ljh\� kdeZ^u\Z_lky� ba�

\j_f_gb� \uiheg_gby� � � � �� ��S1

DWRP VLJ
0 N / /� � u � u �keh�

`_gbc�b� mfgh`_gbc� b�nbdkbjh\Zggh]h� \j_f_gb�nhjfb�

jh\Zgby� mlhqgyxs_]h� keh\Zjy� ba� � S1 Zlhfh\�� mfgh`_g�

gh]h�gZ�dhebq_kl\h�bl_jZpbc�h[mq_gby�N��LZdbf�h[jZahf��

h[t_f�\uqbkebl_evguo�j_kmjkh\��lj_[m_fuo�^ey�kh]eZ�

kh\Zggh]h� ij_ke_^h\Zgby� k� mlhqg_gb_f�� ijhihjpbh�

gZevgh�aZ\bkbl�hl�jZaf_jZ�keh\Zjy�0�b�dhebq_kl\Z�bl_�

jZpbc�h[mq_gby�N��>ey�keh\Zjy�hij_^_e_ggh]h�jZaf_jZ�

0�fh`gh�ih^h[jZlv�agZq_gb_�N��h[_ki_qb\Zxs__�\ukh�

dmx�lhqghklv�ijb�aZ^Zgguo�\uqbkebl_evguo�j_kmjkZo��

�

Jbk�����Mlhqg_gb_�gZ�ijbf_j_�keh\Zjy�=Z[hjZ�

:^Zilb\gh_� kh]eZkh\Zggh_�ij_ke_^h\Zgb_� k� mlhqg_�

gb_f�l_klbjh\Zehkv�gZ�keh\Zjyo�=Z[hjZ�b�;_jeZ]_��hib�

kZgguo� \� lZ[e�� ���>ey�^Zggh]h� jZaf_jZ�keh\Zj_c� hilb�

fZevgh� ijh\h^blv� hdheh� ����� bl_jZpbc� mlhqg_gby��

>Zevg_cr__� m\_ebq_gb_� N �\uau\Z_l� g_agZqbl_evgu_�

baf_g_gby���������hrb[db�ZiijhdkbfZpbb��jbk������

<\b^m�jZaebqby�ijbagZdh\uo�ijhkljZgkl\�Zlhfh\�gZ�

kf_rZgguo� keh\Zjyo� ke_^m_l� ijbf_gylv� fh^bnbpbjh�

\Zggh_� kh]eZkh\Zggh_� ij_ke_^h\Zgb_� k� mlhqg_gb_f�� gZ�

dZ`^hc� bl_jZpbb� hl^_evgh� mlhqgyxlky� Zlhfu�� ijbgZ^�

e_`Zsb_� d� jZaebqguf� k_f_ckl\Zf� nmgdpbc�� aZl_f� ba�

m`_� mlhqg_gguo� \u[bjZ_lky� Zlhf�� h[eZ^Zxsbc� gZb�

[hevrbf� ih� Z[khexlghc� \_ebqbg_� kdZeyjguf� ijhba\_�

^_gb_f� k� kb]gZehf�� >Zggu_� baf_g_gby� \\h^ylky� ^ey�

ihkljh_gby� lhqguo� ih� lbiZf�nmgdpbc� jZaeh`_gbc� kb]�

gZeZ��Ih� ]jZnbdZf� kiZ^Z� kj_^gbo� hrb[hd� ZiijhdkbfZ�

pbb��ih�����kb]gZeZf�=:W��deZkkbq_kdh]h�kh]eZkh\Zggh�

]h� ij_ke_^h\Zgby� b� kh]eZkh\Zggh]h� ij_ke_^h\Zgby� k�

mlhqg_gb_f�gZ�kf_rZgghf�keh\Zj_��ij_^klZ\e_gguf�gZ�

jbk�����fh`gh�k^_eZlv�\u\h^��qlh�Ze]hjblf�k�mlhqg_gb_f�

kljhbl�[he__�dZq_kl\_ggu_�ZiijhdkbfZpbb���



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

�

Jbk�����KiZ^u�hrb[hd�ZiijhdkbfZpbb�ijb�jZaebqghf�dhebq_kl\_�bl_jZpbc�mlhqg_gby�

�

Jbk�����KiZ^�hrb[hd�ZiijhdkbfZpbb�f_lh^Z�kh]eZkh\Zggh]h�ij_ke_^h\Zgby�k�mlhqg_gb_f�b�[_a�mlhqg_gby�

<� aZdexq_gbb� ke_^m_l� hlf_lblv�� qlh� fh^bnbdZpby�

deZkkbq_kdh]h� kh]eZkh\Zggh]h�ij_ke_^h\Zgby� k� bkihev�

ah\Zgb_f�kf_rZgguo�keh\Zj_c�b�k�ijb\e_q_gb_f�Ze]h�

jblfh\� mlhqg_gby� \� ijhkljZgkl\_� iZjZf_ljh\� kms_kl�

\_ggh�ih\urZ_l�dZq_kl\h�ZiijhdkbfZpbb�kb]gZeh\�=:W��

Ij_^eh`_gguc�Ze]hjblf�p_e_khh[jZagh�bkihevah\Zlv�\�

kbkl_fZo�h[jZ[hldb�b�ZgZebaZ�kb]gZeh\�=:W��

Ebl_jZlmjZ�

���FZjZime_p�X�<���R_\ph\�;�F��F_ahfZkrlZ[gZy�Zdmklbq_kdZy�

wfbkkby��±�<eZ^b\hklhd��>Zev�gZmdZ��������±�����k��

���FZeeZK�<wc\e_lu�\�h[jZ[hld_�kb]gZeh\��±�F���Fbj��������±�����k��

���&KDNUDERUW\�$���2ND\D� '�� )UHTXHQF\�WLPH� GHFRPSRVLWLRQ� RI�

VHLVPLF�GDWD�XVLQJ�ZDYHOHW�EDVHG�PHWKRGV���*HRSK\VLFV��YRO��������

3������������

���FZjZime_p� X�<��� LjbklZgh\� :�;�� Ijbf_g_gb_� f_lh^Z�

jZaj_`_gghc� ZiijhdkbfZpbb� \� aZ^ZqZo� ZgZebaZ� kb]gZeh\�

]_hZdmklbq_kdhc� wfbkkbb� ��� Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\��

�����������K��������

���0DOODW�6���=KDQJ�=��0DWFKLQJ�SXUVXLWV�ZLWK�WLPH�IUHTXHQF\�GLFWLRQDU�

LHV��,(((�7UDQVDFWLRQV�RQ�6LJQDO�3URFHVVLQJ����������3������������

���FZjZime_p�X�<���LjbklZgh\�:�;��JZaj_`_ggZy� Ziijhdkb�

fZpby� Zdmklbq_kdbo� \j_f_gguo� jy^h\� k� bkihevah\Zgb_f� qZk�

lhlgh�\j_f_ggh]h�keh\Zjy�;_jeZ]_���Ljm^u�Jhkkbckdh]h�gZmqgh�

l_ogbq_kdh]h� h[s_kl\Z� jZ^bhl_ogbdb��we_dljhgbdb� b�k\yab�bf��

:�K��Ihih\Z��K_jby��Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\�b�_z�ijbf_�

g_gb_��������<uimkd��;,9��Lhf����K���������

���:nZgZkv_\Z�:�:���Emdh\_gdh\Z�H�H���FZjZime_p�X�<���Ljb�

klZgh\� :�;��Ijbf_g_gb_� jZaj_`_gghc� ZiijhdkbfZpbb� b�f_lh�

^h\� deZkl_jbaZpbb� ^ey� hibkZgby� kljmdlmju� \j_f_gguo� jy^h\�

Zdmklbq_kdhc� wfbkkbb� ��� Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\�� ������

����K���������

���&KHQ�6�6���'RQRKR�'�/���6DXQGHUV�0��$WRPLF�'HFRPSRVLWLRQ�E\�

%DVLV�3XUVXLW����6,$0�-��6FL��&RPSXW��������9RO�����������3������

���'RQRKR� '�/��� (ODG� 0�� 2SWLPDOO\� VSDUVH� UHSUHVHQWDWLRQ� LQ�

JHQHUDO��QRQRUWKRJRQDO��GLFWLRQDULHV�YLD�O�PLQLPL]DWLRQ�����3URF��1DWO��

$FDG��6FL��8��6��$��1DWLRQDO�$FDGHP\�RI�6FLHQFHV��������9RO�������

�����3������±������

����.KHOODGL��0���6HGGLNL�2���%HQGLPHUDG�)�7��7LPHIUH�TXHQF\� GH�

FRPSRVLWLRQ� RI� DQ� XOWUDVKRUW� SXOVH��ZDYHOHW� GHFRPSRVLWLRQ��5DGLRHQJL�

QHHULQJ�MRXUQDO�������9RO����������3���������

����$O\�2��$�� 0���2PDU�$��6��'HWHFWLRQ� DQG� ORFDOL]DWLRQ� RI�5)�

UDGDU�SXOVHV� LQ�QRLVH�HQYLURQPHQWV�XVLQJ�ZDYHOHW�SDFNHW�WUDQVIRUP�

DQG�KLJKHU�RUGHU�VWDWLVWLFV��3URJUHVV�,Q�(OHFWURPDJQHWLFV�5HVHDUFK��

3,(5�����������3�����±�����

$'$37,9(�5(),1,1*�0$7&+,1*�

38568,7�$/*25,7+0�)25�&20%,1('�

',&7,21$5,(6�,1�7+(�$1$/<6,6��

2)�7+(�*(2$&2867,&�(0,66,21�

6,*1$/6�

/XNRYHQNRYD�2���7ULVWDQRY�$��

)URP� ����� WR� VWXG\� VHLVPLF� SURFHVVHV� WKH� JHRDFRXVWLF� HPLVVLRQ�

�*$(��VLJQDOV�KDYH�EHHQ�PHDVXUHG�FRQWLQXRXVO\�LQ�.DPFKDWND��7\SLFDO�

*$(� VLJQDO� LV� RI� SXOVH� QDWXUH�� 7UDGLWLRQDOO\�� WKH� FODVVLFDO� PHWKRGV� RI�

WLPH�IUHTXHQF\� DQDO\VLV� VXFK� DV� )RXULHU� WUDQVIRUP�� VKRUW�WLPH� )RXULHU�

WUDQVIRUP��ZDYHOHW�WUDQVIRUP�DQG�RWKHUV�DUH�XVHG�IRU�WKHVH�VLJQDOV��,Q�

�����DFRXVWLF�UHVHDUFKHV�ODERUDWRU\�ILUVW�SURSRVHG�WKH�VSDUVH�DSSUR[L�

PDWLRQ�PHWKRG�IRU�PRUH�GHWDLOHG�DQDO\VLV�RI�WKH�*$(�VLJQDO�LQQHU�VWUXF�

WXUH�� 5HVHDUFKHUV� KDYH� GLVFRYHUHG� WKDW� PDWFKLQJ� SXUVXLW� LV� WKH� PRVW�

SURSHU�DOJRULWKP�IRU�VSDUVH�DSSUR[LPDWLQJ�RI� WKH�*$(�VLJQDOV��2QH�RI�

WKH�PDLQ�DGYDQWDJHV�RI�VSDUVH�DSSUR[LPDWLRQ�LV�WKH�DELOLW\�WR�XVH�FRP�

ELQHG� GLFWLRQDULHV� GHVFULEHG� E\� GLIIHUHQW� PDWKHPDWLFDO� IXQFWLRQV�� 7KLV�

SDSHU�FRQVLGHUV� WKH� XVH� RI�FRPELQHG�GLFWLRQDULHV�FRQVLVWLQJ� RI�*DERU�

DQG� %HUODJH� IXQFWLRQV�� 7KH� LPSURYHG� DOJRULWKP� RI� UHILQHPHQW� LQ� WKH�

SDUDPHWHU�VSDFH�QDPHG�E\�DGDSWLYH�UHILQLQJ�PDWFKLQJ�SXUVXLW�KDV�EHHQ�

SURSRVHG��7KH�QHZ�DOJRULWKP�KDV� EHHQ�FKDQJHG� WR� EH�XVHG� IRU�FRP�

ELQHG�GLFWLRQDULHV�DQG�WHVWHG�RQ�UHDO�*$(�VLJQDOV��
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Ijhba\_^zg� kjZ\gbl_evguc� ZgZeba� ^\mo� Ze]hjblfh\� Z^Zilb\�

ghc�nbevljZpbb�f_rZxsbo�hljZ`_gbc�gZ�hkgh\_�Z\lhj_]j_kkbhg�

gh]h�ih^oh^Z��IhdZaZgu�ij_bfms_kl\Z�Z^Zilb\ghc�kbkl_fu�k_e_d�

pbb�^\b`msboky�p_e_c�ih�kjZ\g_gbx�k�g_Z^Zilb\ghc�kbkl_fhc��

M>D������������

KJ:<GBL?EVGUC�:G:EBA�><MO�KIHKH;H<�NHJFBJH<:GBY�<?KH<UO�
DHWNNBPB?GLH<�<�:>:ILB<GHC�KBKL?F?�K?E?DPBB�><B@MSBOKY�P?E?C�

Dml_ih\�<�?���ZkibjZgl�H:H�©<GBBJLª��

;Zjl_g_\�<�=���ijhn_kkhj�dZn_^ju�l_hj_lbq_kdhc�jZ^bhl_ogbdb�b�jZ^bhnbabdb�FBJW:��^�l�g����
H�PDLO��V\QWDOWHFKQR#PDLO�UX�

�

Dexq_\u_� keh\Z�� Z^Zilb\gZy� ^hie_jh\k�
dZy�nbevljZpby��Z\lhj_]j_kkby��k_e_dpby�^\b�

`msboky�p_e_c��

<\_^_gb_�

H^gbf�ba�kZfuo�\Z`guo�wlZih\�ijh_dlbjh\Zgby�JEK�

y\ey_lky� jZajZ[hldZ� kbkl_fu� k_e_dpbb� ^\b`msboky�

p_e_c� �KK>P��� DeZkkbq_kdbf� j_r_gb_f� aZ^Zqb� KK>P�

y\ey_lky� q_j_ki_jbh^gh_� \uqblZgb_� �QI<��� <� QI<�

ijbf_gyxlky�� dZd� ijZ\beh�� ihklhyggu_� [bghfbZevgu_�

\_kh\u_�dhwnnbpb_glu�b�h[jZ[Zlu\Z_lky�iZqdZ�ba�g_�

[hevrh]h�qbkeZ�bfimevkh\��:evl_jgZlb\guf�\ZjbZglhf�

QI<� fh`gh� kqblZlv� fgh]hdZgZevgmx� ^hie_jh\kdmx�

nbevljZpbx� �F>N�� gZ� hkgh\_� Ze]hjblfZ� ^bkdj_lgh]h�

ij_h[jZah\Zgby�Nmjv_�k�^hihegbl_evguf�\a\_rb\Zgb�

_f�h[jZ[Zlu\Z_fhc�iZqdb�bfimevkh\��gZijbf_j��nmgd�

pb_c�Owffbg]Z�>�@��

G_^hklZldhf�QI<�b�F>N��bf_xsbo�nbdkbjh\Zggu_�

\_kh\u_� dhwnnbpb_glu�� y\ey_lky� g_^hklZlhqgZy� wn�

n_dlb\ghklv�ih^Z\e_gby�woh�kb]gZeh\�iZkkb\ghc�ihf_�

ob��II��kh�keh`guf�fgh]hfh^h\uf�ki_dljhf��d�lhfm�`_�

bf_xsbf� ^hie_jh\kdh_� kf_s_gb_�� J_rblv� ijh[e_fm�

ih^Z\e_gby� ih^h[guo� kb]gZeh\� iha\hey_l� \\_^_gb_� \�

KK>P�Ze]hjblfh\�Z^Zilb\ghc�nbevljZpbb��lh�_klv�Ze�

]hjblfh\�nbevljZpbb�kb]gZeZ�k�\_kh\ufb�dhwnnbpb_g�

lZfb��jZkkqblZggufb�\�j_Zevghf�fZkrlZ[_�\j_f_gb�gZ�

hkgh\_� hp_gb\Z_fuo� iZjZf_ljh\� f_rZxsbo� hljZ`_�

gbc�� :e]hjblfu� Z^Zilb\ghc� nbevljZpbb� jZajZ[hlZgu�

^hklZlhqgh�^Z\gh��h^gZdh�\�gbo�_^bgkl\_ggufb�hp_gb�

\Z_fufb�iZjZf_ljZfb� ijb�nhjfbjh\Zgbb� \_kh\uo� dh�

wnnbpb_glh\�[ueb�fh^mev� b� Zj]mf_gl�f_`i_jbh^gh]h�

dhwnnbpb_glZ�dhjj_eypbb�>�@��<�gZklhys__�\j_fy�ijh�

]j_kk� \� h[eZklb�f_lh^h\� iZjZf_ljbq_kdh]h� ki_dljZev�

gh]h�ZgZebaZ�k�\ukhdbf�jZaj_r_gb_f�b�\ukhdhijhba\h�

^bl_evguo�kj_^kl\�pbnjh\hc�h[jZ[hldb�kb]gZeh\�^Zeb�

\hafh`ghklv�ih^hclb�d�j_ZebaZpbb�[he__�kh\_jr_gguo�

Ze]hjblfh\��

P_evx�^Zgghc�klZlvb�y\ey_lky�kjZ\gbl_evguc�ZgZ�

eba�^\mo�f_lh^h\� j_ZebaZpbb� Z^Zilb\ghc�kbkl_fu� k_�

e_dpbb�^\b`msboky�p_e_c�gZ�hkgh\_�Z\lhj_]j_kkbhggh�

]h�ih^oh^Z��;ueh�jZkkfhlj_gh�^\Z�f_lh^Z��f_`i_jbh^�

gZy� Z^Zilb\gZy�nbevljZpby� k� \_kh\ufb� dhwnnbpb_g�

lZfb� \b^_� dhwnnbpb_glh\� Z\lhj_]j_kkbb�� hp_gb\Z_�

fufb�k�bkihevah\Zgb_f�f_lh^Z�XeZ�Mhd_jZ� >�@�b�f_`�

i_jbh^gZy� Z^Zilb\gZy� nbevljZpby� k� \_kh\ufb� dhwn�

nbpb_glZfb��hp_gb\Z_fufb� k� bkihevah\Zgb_f�f_lh^Z�

;_j]Z�>�@��

<� dZq_kl\_� \oh^guo� ^Zgguo� [ueb� \u[jZgu� ^\_�fh�

^_eb�ihf_ob��Z��bkihevah\ZeZkv�Z^^blb\gZy�kf_kv�^\mo�

g_nexdlmbjmxsbo� hljZ`_gguo� kb]gZeh\� f_rZxsbo�

hljZ`_gbc�gZ�qZklhl_��=p��woh�kb]gZe�f_klgh]h�ij_^f_�

lZ���gZ�qZklhl_���=p� �woh�kb]gZe�^\b`ms_cky�iZkkb\ghc�

ihf_ob��� ki_dlj� g_nexdlmbjmxsbo� kb]gZeh\� gZ� \oh^_�

KK>P� ihdZaZg� gZ� jbk�� ���� JZkkfZljb\ZeZkv� nexdlmb�

jmxsZy� dhjj_ebjh\ZggZy� ihf_oZ� k� ]Zmkkh\hc� nhjfhc�

ki_dljZ�jZaghc�rbjbgu��dhjj_eypbhggu_�nmgdpbb�dhlh�

jhc�ij_^klZ\e_gu�gZ�jbk�����

�

Jbk�����Ki_dlj�kb]gZeh\�gZ�\oh^_�KK>P��

g_nexdlmbjmxs_c�^\mofh^h\hc�ihf_ob�

�

Jbk�����Dhjj_eypbhggu_�nmgdpbb�nexdlmbjmxs_c�ihf_ob�
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:^Zilb\gZy�f_`i_jbh^gZy�nbevljZpby�
ih�Ze]hjblfm�XeZ�Mhd_jZ�

Bkihevah\Zgb_�f_lh^h\� ki_dljZevgh]h� ZgZebaZ� \u�

khdh]h� jZaj_r_gby� iha\hey_l� hkms_kl\eylv� Z^Zilb\�

gmx� nbevljZpbx� \� KK>P� dZ`^hc� ki_dljZevghc� khk�

lZ\eyxs_c� fgh]hfh^h\h]h� f_rZxs_]h� hljZ`_gby�� GZ��

jbk����ihdZaZg�ki_dlj�kb]gZeh\�gZ�\uoh^_�nbevljZ��ih�

emq_ggh]h� ijb� h[jZ[hld_� \oh^gh]h� kb]gZeZ� f_lh^hf�

XeZ�Mhd_jZ��

F_lh^� hp_gdb� iZjZf_ljh\� Z\lhj_]j_kkbb� XeZ�

Mhd_jZ�aZdexqZ_lky�\�j_r_gbb�kbkl_fu�mjZ\g_gbc��
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]^_�� [[U �±� dhwnnbpb_glu� Z\lhdhjj_eypbb� \oh^gh]h��

kb]gZeZ��D� ±�bkdhfuc�\_dlhj�nbevljZ� �iZjZf_lju�:J���

ZU �±�^bki_jkby�rmfZ��

>ey� jZkqzlZ� nbevljZ� bkihevah\ZeZkv� nmgdpby�

DU\XOH�kbkl_fu�0$7/$%��

D� �DU\XOH�[��1����

]^_�� o� ±� \oh^ghc� kb]gZe�� D� ±� \_dlhj� dhwnnbpb_glh\�

nbevljZ��1�±�ihjy^hd�nbevljZ��

�

Jbk�����:fieblm^gh�qZklhlgZy�oZjZdl_jbklbdZ�nbevljZ��

jZkkqblZggh]h�ih�Ze]hjblfm�XeZ�Mhd_jZ�

GZ�ijb\_^zgghf�jbkmgd_�aZf_lgh��qlh�jZkiheh`_gb_�

fbgbfmfh\�ki_dljZ�khhl\_lkl\m_l�ki_dljZevguf�fh^Zf�

�=p�b���=p��

LZd`_� ba� jbkmgdZ� \b^gh�� qlh� \� ahg_� ih^Z\e_gby� m�

Z^Zilb\gh]h�nbevljZ�dhwnnbpb_gl�ih^Z\e_gby�khklZ\�

ey_l� ���^;��qlh�y\gh�g_^hklZlhqgh�^ey�KK>P� �h[uqgh�

lj_[m_lky�gZ�mjh\g_������^;���Wlh�h[klhyl_evkl\h�fh`�

gh�ijbqbkeblv�d�g_^hklZldZf�f_lh^Z�XeZ�Mhd_jZ��

:^Zilb\gZy�f_`i_jbh^gZy�nbevljZpby��
ih�Ze]hjblfm�;_j]Z�

F_lh^� ;_j]Z� hkgh\Zg� gZ� fbgbfbaZpbb� hrb[hd� eb�

g_cgh]h� ij_^kdZaZgby� \i_j_^� b� gZaZ^�� hij_^_ey_fuc�

ih�f_lh^m�gZbf_gvrbo�d\Z^jZlh\��
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]^_�� o� ±� \oh^ghc� kb]gZe�� D� ±� bkdhfuc� \_dlhj� nbevljZ�

�iZjZf_lju�:J���

Ijb� dZ`^hf� agZq_gbb�ihjy^dZ�S� \�g_f�fbgbfbabjm�

_lky�kj_^g__�Zjbnf_lbq_kdh_�fhsghklb�hrb[hd�ebg_c�

gh]h�ij_^kdZaZgby�\i_j_^�b�gZaZ^��\u[hjhqgZy�^bki_j�

kby�hrb[db�ij_^kdZaZgby���
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GZ�jbk����ihdZaZg�ki_dlj�kb]gZeh\�gZ�\uoh^_�nbevl�

jZ�� ihemq_ggh]h� ijb� h[jZ[hld_� \oh^gh]h� kb]gZeZ�f_lh�

^hf�;_j]Z��>ey�jZkqzlZ�bkihevah\ZeZkv�nmgdpby�DUEXUJ�

kbkl_fu�0$7/$%��

D� �DUEXUJ�[��1����

]^_� o� ±� \oh^ghc� kb]gZe�� D� ±� \_dlhj� dhwnnbpb_glh\�

nbevljZ��1�±�ihjy^hd�nbevljZ��

�

Jbk�����:fieblm^gh�qZklhlgZy�oZjZdl_jbklbdZ�nbevljZ��

jZkkqblZggh]h�ih�Ze]hjblfm�;_j]Z�

Ba� jbk�� �� \b^gh�� qlh�f_lh^� jZkq_lZ� dhwnnbpb_glh\�

Z\lhj_]j_kkbb� ih� Ze]hjblfm� ;_j]Z� ebrzg� g_^hklZldh\��

hlf_q_gguo� m�f_lh^Z�XeZ�Mhd_jZ��GZ� jbk�� �� ijbkmlkl�

\mxl�fbgbfmfu� \� jZchg_�h[hbo�fh^� kb]gZeZ� ���� ��=p���

Dhwnnbpb_gl� ih^Z\e_gby� ^hklb]Z_l� ����^;�� qlh� agZqb�

l_evgh�[hevr_��q_f�\�ij_^u^ms_f�kemqZ_��ijb�lhf��qlh�

ahgZ�ih^Z\e_gby�]hjZa^h�m`_��

Ih^Z\e_gb_�dhjj_ebjh\Zgghc�ihf_ob��
k�jZaghc�rbjbghc�ki_dljZ�nexdlmZpbc�

<� ij_^u^msbo� jZa^_eZo� jZkkfZljb\ZeZkv� ihf_oZ� \�

\b^_� ^\mo� kbgmkhb^� k� g_[hevrbf� jZaghkhf� qZklhl��GZ�

ijZdlbd_� fh`_l� \klj_lblvky� iZkkb\gZy� ihf_oZ�� nexd�

lmbjmxsZy� hl� i_jbh^Z� d� i_jbh^m�� Bf_ggh� ih^Z\e_gb_�

Z\lhj_]j_kkbhggufb� nbevljZfb� lZdh]h� lbiZ� ihf_ob�

jZkkfhlj_gh� \� ^Zgghf� jZa^_e_�� NhjfZ� ki_dljZ� nexd�

lmZpbc� ihf_ob� [ueZ� aZ^ZgZ� ]Zmkkh\hc�nhjfu�� Z� ^\mo�

klhjhggyy�rbjbgZ�ki_dljZ�ih�mjh\gx�����^;�baf_gyeZkv�

hl����^h�����=p��

Dhwnnbpb_glu�memqr_gby�m�Z^Zilb\guo�Z\lhj_]j_k�

kbhgguo� nbevljh\� k� Ze]hjblfhf� ;_j]Z� �djm`hqdb�� b� k�

Ze]hjblfhf�XeZ�Mhd_jZ� �d\Z^jZlbdb�� ij_^klZ\e_gu� gZ�

jbk�����Ba�jbk����\b^gh��qlh�f_lh^�jZkq_lZ�dhwnnbpb_g�

lh\�Z\lhj_]j_kkbb�;_j]Z�b�^ey�nexdlmbjmxs_c�ihf_ob�

^Z_l� kms_kl\_gguc� \ub]jur� ih� kjZ\g_gbx� k�f_lh^hf�
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XeZ±Mhd_jZ��;he__� lh]h� wlhl� \ub]jur� khojZgy_lky� b�

^ey�^\b`ms_cky�nexdlmbjmxs_c�ihf_ob��Wlh�ke_^m_l�

ba�dhwnnbpb_glh\�memqr_gby�^ey�^\mo�Z\lhj_]j_kkbhg�

guo�nbevljh\�gZ�jbk�����FZdkbfmf�ki_dljZ�nexdlmZpbc�\�

wlhf�kemqZ_�bf_e�^hie_jh\kdh_�kf_s_gb_�gZ����=p��

�

Jbk�����Dhwnnbpb_gl�memqr_gby�Z\lhj_]j_kkbhgguo��

nbevljh\�\�aZ\bkbfhklb�hl�rbjbgu�ki_dljZ�nexdlmZpbc�

g_ih^\b`ghc�dhjj_ebjh\Zgghc�ihf_ob�

�

Jbk�����Dhwnnbpb_gl�memqr_gby�Z\lhj_]j_kkbhgguo��

nbevljh\�\�aZ\bkbfhklb�hl�rbjbgu�ki_dljZ�nexdlmZpbc�

^\b`ms_cky�dhjj_ebjh\Zgghc�ihf_ob�

AZdexq_gb_�

FZl_fZlbq_kdh_� fh^_ebjh\Zgb_�� ijh\_^zggh_� \�

kbkl_f_��0$7/$%��^Zeh��\hafh`ghklv��kjZ\gblv�^\Z�\Z��

jbZglZ�j_ZebaZpbb� Z^Zilb\ghc� kbkl_fu�K>P�� hkgh\Zg�

guo�gZ�Z\lhj_]j_kkbhgghf�ih^oh^_��

J_amevlZlu�fh^_ebjh\Zgby� ihdZau\Zxl��qlh� \� dZq_�

kl\_�\_kh\uo�dhwnnbpb_glh\�nbevljh\�Z^Zilb\ghc�kbk�

l_fu�k_e_dpbb�^\b`msboky�p_e_c�gZb[he__�ij_^ihqlb�

l_evgh� bkihevah\Zgb_� dhwnnbpb_glh\� Z\lhj_]j_kkbb�

jZkkqblZgguo�f_lh^hf�;_j]Z��

>Zggu_�j_amevlZlu�ijb�bkihevah\Zgbb�^\mo�f_lh^h\�

hp_gdb�dhwnnbpb_glh\�Z\lhj_]j_kkbb�k�mkj_^g_gb_f�ih�

h[jZ[Zlu\Z_fhc� iZqd_� bfimevkh\� fh`gh� jZkkfZljb�

\Zlv�� dZd�ij_^_evgh� \hafh`gu_�^ey� g_nexdlmbjmxsbo�

khklZ\eyxsbo� Z^^blb\ghc� kf_kb� hljZ`_gguo� kb]gZeh\�

f_rZxsbo� hljZ`_gbc�� lZd� b� j_Zevgh� ^hklb`bfu_� ^ey�

dhjj_ebjh\Zgghc� ihf_ob� k� jZaghc� rbjbghc� ki_dljZ�

nexdlmZpbc� \� lhf� qbke_� bf_xs_c� ^hie_jh\kdh_� kf_�

s_gb_�ki_dljZ��

Ebl_jZlmjZ�

���;Zjl_g_\�<�=���LZgu]bg�:�:��JZ^bhkbkl_fu�mijZ\�

e_gby�JEK��F���FBJW:������]��

���K_j]b_gdh� :�;�� ©Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\ª��

Mq_[gbd�^ey�<MAh\�KI[���Ibl_j������]��

���%DVVHP�5��0DKDI]D� 	� $WHI� =�� (OVKHUEHQL� ©0$7/$%�

VLPXODWLRQV�IRU�UDGDU�V\VWHPV�GHVLJQª�&KDSPDQ�	�+DOO�&5&�

3UHVV�//&�������1�:��&RUSRUDWH�%OYG���%RFD�5DWRQ��)ORULGD�

������������

���*DVSDUH� *DODWL�� ©$GYDQFHG� UDGDU� WHFKQLTXHV� DQG�

V\VWHPVª� 3HWHU� 3HUHJULQXV� /WG��� RQ� EHKDOI� RI� ,QVWLWXWLRQ� RI�

(OHFWULFDO�(QJLQHHUV��/RQGRQ��8.��������

���9\DFKHVODY�7X]OXNRY�©6LJQDO�SURFHVVLQJ�LQ�UDGDU�V\V�

WHPVª� 7DORU� 	� )UDQFLV� *URXS� //&�&5&� 3UHVV� //&�� �����

1�:��&RUSRUDWH�%OYG���%RFD�5DWRQ��)ORULGD��������������

&203$5$7,9(�$1$/<6,6��

2)�7+(�7:2�$8725(*5(66,9(�

0(7+2'6�,1�&20387,1*�

:(,*+7,1*�&2()),&,(176��

)25�7+(�$'$37,9(�07,�

%DUWHQHY�9�*���.XWHSRY�9�(��

7KH� UHSRUW� GHYRWHG� WR� WKH� FRPSDUDWLYH� DQDO\VLV� RI� WKH�

WZR� DXWRUHJUHVVLYH�PHWKRGV� LQ� FRPSXWLQJ� ZHLJKWLQJ� FRHIIL�

FLHQWV� IRU� WKH� DGDSWLYH� 07,�� ,W� ZDV� VKRZQ�� XVLQJ� 0$7/$%�

DOJRULWKPV��WKDW�%XUJ¶V�DXWRUHJUHVVLYH�DSSURDFK�PRUH�HIIHF�

WLYH�WKDQ�<XOH�:RUNHU�PHWKRG��,Q�DGGLWLRQ��DGDSWLYH�07,�ZDV�

FRPSDUHG� ZLWK� QRQ�DGDSWLYH� 07,�� $GYDQWDJHV� RI� DGDSWLYH�

07,�DSSURDFK�ZDV�GHPRQVWUDWHG��
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Ij_^eZ]Z_lky�iZjZee_evguc�Ze]hjblf�f_lh^Z�kh]eZkh\Zggh]h�

ij_ke_^h\Zgby�� JZkkfZljb\Z_lky� _]h� j_ZebaZpby� gZ� ijh]jZffgh�

ZiiZjZlghc� ieZlnhjf_� &8'$�� IhdZaZgh�� qlh� bkihevah\Zgb_� iZ�

jZee_evgh]h�Ze]hjblfZ�^Z_l�\ub]jur�\h�\j_f_gb�\uqbke_gbc�[h�

e__�q_f�\����jZa�ih�kjZ\g_gbx�kh�klZg^Zjlguf�f_lh^hf��Wlh�ih^�

l\_j`^Z_l� p_e_khh[jZaghklv� _]h� ijbf_g_gby� ijb� qZklhlgh�

\j_f_gghf�ZgZeba_�kb]gZeh\�bfimevkghc�ijbjh^u��\�lhf�qbke_�kb]�

gZeh\�Zdmklbq_kdhc�wfbkkbb��

M>D����������������

I:J:EE?EVGUC�:E=HJBLF�KH=E:KH<:GGH=H�IJ?KE?>H<:GBY��
B�?=H�IJBF?G?GB?�IJB�:G:EBA?�KB=G:EH<�:DMKLBQ?KDHC�WFBKKBB�

FZjZime_p�X�<���d�l�g���aZf_klbl_ev�^bj_dlhjZ�ih�gZmqghc�jZ[hl_�BgklblmlZ�dhkfhnbabq_kdbo�
bkke_^h\Zgbc�b�jZkijhkljZg_gby�jZ^bh\heg�><H�J:G��H�PDLO��PDUSO#LNLU�UX��

Dbf�:�:���ZkibjZgldZ�BgklblmlZ�dhkfhnbabq_kdbo�bkke_^h\Zgbc�b�jZkijhkljZg_gby�jZ^bh\heg�><H�J:G��
Zkkbkl_gl��DZfqZlkdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ�bf_gb�<blmkZ�;_jbg]Z��H�PDLO��D�D�DIDQDVHYD#\DQGH[�UX�

�

Dexq_\u_� keh\Z�� Zdmklbq_kdZy� wfbkkby��
qZklhlgh�\j_f_gghc�ZgZeba��jZaj_`_ggZy�Zii�

jhdkbfZpby�� iZjZee_evguc� Ze]hjblf� kh]eZkh�

\Zggh]h�ij_ke_^h\Zgby��

<\_^_gb_�

<�ihke_^gb_�]h^u�^ey�qZklhlgh�\j_f_ggh]h�

ZgZebaZ� kb]gZeh\� gZqZeb� Zdlb\gh� bkihev�

ah\Zlvky� f_lh^u� jZaj_`_gghc� ZiijhdkbfZpbb�� Hgb�

gZoh^yl�rbjhdh_�ijbf_g_gb_�\�bkke_^h\Zgbb�keh`guo�

ijhp_kkh\�jZaebqghc�ijbjh^u��\�qZklghklb�ijb�ZgZeba_�

k_ckfbq_kdbo�kb]gZeh\� >�@��\� ]b^jhZdmklbd_� >�@��aZ^ZqZo�

g_jZajmrZxs_]h�dhgljhey�>����@��Ihemq_gu�j_amevlZlu��

ihdZau\Zxsb_� wnn_dlb\ghklv� bkihevah\Zgby� jZaj_�

`_gghc�ZiijhdkbfZpbb�ijb�ZgZeba_�kb]gZeh\�Zdmklbq_�

kdhc� wfbkkbb� �:W�� \� a\mdh\hf�^bZiZahg_� qZklhl� >��� �@��

Bkke_^h\Zgby�wfbkkbb�\�wlhf�^bZiZahg_�ZdlmZevgu�^ey�

hp_gdb� mklhcqb\hklb� eZg^rZnlh\�� ]hjguo� kdehgh\��

e_^gbdh\�� kg_`guo� ihdjh\h\� b� djmiguo� l_ogbq_kdbo�

khhjm`_gbc��<Z`gmx�jhev�hgb�b]jZxl�^ey�bamq_gby�nb�

abdb� ij_^\_klgbdh\� a_fe_ljyk_gbc� >�@�� Kb]gZe� Zdmklb�

q_kdhc�wfbkkbb�khklhbl�ba�k_jbb�j_eZdkZpbhgguo�dhe_�

[Zgbc� �]_hZdmklbq_kdbo� bfimevkh\�� k� m^Zjguf� \ha[m`�

^_gb_f��Zfieblm^hc�����±���IZ��^ebl_evghklvx��g_�ij_�

\urZxs_c�����fk��qZklhlguf� aZiheg_gb_f�\�_^bgbpu�

b�i_j\u_�^_kyldb�dbeh]_jp� >�@��QZklhlZ�ke_^h\Zgby�bf�

imevkh\� hij_^_ey_lky� ^_nhjfZpbyfb� ihjh^� b� fh`_l�

f_gylvky�\�rbjhdbo�ij_^_eZo�±�hl�h^bghqguo�kb]gZeh\�

gZ�\j_f_gghf�bgl_j\Ze_�g_kdhevdh�k_dmg^�\�kihdhcguc�

i_jbh^�^h�^_kyldh\�b�^Z`_�khl_g�\�k_dmg^m�\�fhf_glu�

ZghfZebc�i_j_^� a_fe_ljyk_gbyfb� >�@��H^ghc�ba�hkgh\�

guo� aZ^Zq� h[jZ[hldb� kb]gZeh\�:W� y\ey_lky� Z\lhfZlb�

q_kdh_�\u^_e_gb_�b�qZklhlgh�\j_f_gghc�ZgZeba�]_hZdm�

klbq_kdbo� bfimevkh\�� qZklhlu� aZiheg_gby� dhlhjuo� kh�

^_j`Zl� bgnhjfZpbx� h� jZaf_jZo� b�^bgZfbd_� bo� bklhq�

gbdh\��>ey�wlbo�p_e_c�bkihevah\Zgu�f_lh^u�jZaj_`_g�

ghc�ZiijhdkbfZpbb� k�[Zabkgufb�keh\Zjyfb�� ihkljh_g�

gufb�gZ�nmgdpbyo�=Z[hjZ�>�@�b�;_jeZ]_� >����@��>ey�j_Z�

ebaZpbb� jZaj_`_gghc� ZiijhdkbfZpbb� ijbf_g_g� f_lh^�

kh]eZkh\Zggh]h� ij_ke_^h\Zgby�� ij_^eh`_gguc� 0DOODW� 6��

b�=KDQJ�=��>�����@��ih^jh[gh�jZkkfhlj_gguc�gZfb�\�>����@��

IZjZee_evguc�Ze]hjblf��
kh]eZkh\Zggh]h�ij_ke_^h\Zgby�

Kms_kl\_gguf� g_^hklZldhf�f_lh^Z� kh]eZkh\Zggh]h�

ij_ke_^h\Zgby� y\ey_lky� _]h� \uqbkebl_evgZy� aZljZl�

ghklv��\j_fy�ZgZebaZ�kb]gZeh\�\�^_kyldb�jZa�ij_\urZ�

_l� bo� ^ebl_evghklv�� Hij_^_eblv� kZfu_� aZljZlgu_� ih�

\j_f_gb�ijhp_^mju�f_lh^Z�fh`gh�ijb�ZgZeba_�_]h�ko_�

fu��jbk�������

�

Jbk�����Ko_fZ�\uqbke_gby�f_lh^Z��

kh]eZkh\Zggh]h�ij_ke_^h\Zgby�

GZ� \oh^� ih^Z_lky� bkoh^guc� kb]gZe� 6,*1$/� �6LJQDO��

^ebghc� /� hlkq_lh\� b� [Zabkguc� keh\Zjv� ',&721$5<�

�'LFW���khklhysbc�ba�1�Zlhfh\�^ebghc�0�hlkq_lh\��F_`�

^m� \_dlhjhf� 6LJQDO� b� dZ`^hc� kljhdhc�'LFW� \uqbkey_lky�

dh\ZjbZpby�ih�nhjfme_��

PLQ� ���

� �
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b� aZibku\Z_lky� \� fZljbpm� &� jZaf_jghklb�

� ��1 / 0u � � ��Ijhba\_^_gb_�fZdkbfZevgh]h� ih�fh^m�

ex� we_f_glZ�fZljbpu� dh\ZjbZpbc� gZ� khhl\_lkl\mxsbc�

_fm�Zlhf�keh\Zjy�hij_^_ey_l�gZbemqrmx�ba�\hafh`guo�

ZiijhdkbfZpbc�5�jZkkfZljb\Z_fh]h�kb]gZeZ�gZ�l_dms_f�

rZ]_� Ze]hjblfZ�� ?keb� hrb[dZ� ZiijhdkbfZpbb� (UU� g_�



�

�

�
���

^hklb]eZ� aZ^Zggh]h� mjh\gy� /HYHO�� lh� ba� bkke_^m_fh]h�

kb]gZeZ�\uqblZ_lky�ihemq_ggh_�ijb[eb`_gb_�5�b�Ze]h�

jblf�ih\lhjy_lky��

KZfhc� aZljZlghc� ijhp_^mjhc� f_lh^Z� y\ey_lky� gZ�

oh`^_gb_�dh\ZjbZpbb�kb]gZeZ�k�ZlhfZfb�keh\Zjy��\j_�

fy� \uqbke_gby� fZljbpu� &� khklZ\ey_l� [he__� ���� hl�

h[s_]h�\j_f_gb�\uiheg_gby���bl_jZpbb��lZ[e������

LZ[ebpZ����<j_fy�\uqbke_gby���bl_jZpbb��

\�p_ehf�b�jZkq_lZ�fZljbpu�dh\ZjbZpbc�

>ebgZ�kb]�
gZeZ�/��hlkq��

<j_fy�\uiheg_gby��
��bl_jZpbb��fk�

<j_fy�\uqbke_�
gby�fZljbpu��
dh\ZjbZpbc��fk�

����� ���� ����

����� ���� ����

����� ����� �����

������ ����� �����

>ey� m\_ebq_gby� kdhjhklb� jZkq_lZ� p_e_khh[jZagh�

bkihevah\Zlv� f_lh^u� iZjZee_evguo� \uqbke_gbc�� <�

^Zgghf�kemqZ_��ih^�iZjZee_evgufb�\uqbke_gbyfb�ih�

gbfZ_lky�jZajZ[hldZ�Ze]hjblfZ�dZd�gZ[hjZ�\aZbfh^_c�

kl\mxsbo� \uqbkebl_evguo� ijhp_kkh\�� jZ[hlZxsbo�

Zkbgojhggh� b� ijb� wlhf� h^gh\j_f_ggh��Ihkljh_gb_� iZ�

jZee_evgh]h� Ze]hjblfZ� ih^jZamf_\Z_l� \uiheg_gb_�

g_kdhevdbo�wlZih\�>��@��

±�^_dhfihabpby��

±�\u^_e_gb_�bgnhjfZpbhgguo�aZ\bkbfhkl_c��

±�fZkrlZ[bjh\Zgb_� b� jZkij_^_e_gb_� ih^aZ^Zq� f_�

`^m�ijhp_kkhjZfb��
>_dhfihabpby� ij_^iheZ]Z_l� jZa[b_gb_� Ze]hjblfZ�

beb� _]h� qZklb� gZ� kh\hdmighklv� g_aZ\bkbfuo� ih^aZ^Zq��
DZd� m`_� ]h\hjbehkv� \ur_�� gZb[he__� aZljZlghc� hi_jZ�

pb_c�gZ�dZ`^hc�bl_jZpbb�f_lh^Z�y\ey_lky�gZoh`^_gb_�
fZljbpu� dh\ZjbZpbc� kb]gZeZ� �hklZldZ� kb]gZeZ�� k� Zlh�

fZfb� keh\Zjy�� DZ`^uc� we_f_gl� fZljbpu� dh\ZjbZpbc�
\uqbkey_lky� g_aZ\bkbfh� hl� hklZevguo�ih� h^ghc� b� lhc�
`_� nhjfme_� ����� <uiheg_gb_� h^ghlbighc� h[jZ[hldb�

[hevrh]h� h[t_fZ� bgnhjfZpbb� iha\hey_l� ijbf_gblv� d�
^Zgghc�ijhp_^mj_�iZjZee_ebaf�ih�^Zgguf��qlh�k\h^bl�

^_dhfihabpbx� d�ijhklhfm�jZa^_e_gbx�^Zgguo��DZ`^Zy�
ih^aZ^ZqZ� \uqbkey_l� h^bg� we_f_gl� fZljbpu� dh\ZjbZ�

pbc�\�aZ\bkbfhklb�hl�\oh^guo�iZjZf_ljh\�L�b�M��Ke_^h�

\Zl_evgh��dhebq_kl\h�ih^aZ^Zq�N�jZ\gh�dhebq_kl\m�we_�

f_glh\� \�fZljbp_�&�� � ��N 1 / 0 u � � ��<k_� \u^_e_g�

gu_� ih^aZ^Zqb� aZ\bkyl� lhevdh� hl�gZqZevguo�^Zgguo� b�

g_� aZ\bkyl�^jm]� hl�^jm]Z��qlh� k\b^_l_evkl\m_l� h� gZeb�
qbb� \gmlj_gg_]h� iZjZee_ebafZ� \� jZkkfZljb\Z_fhc�

ijhp_^mj_�b�h�iheghc�bgnhjfZpbhgghc�g_aZ\bkbfhklb�
ih^aZ^Zq���

Ij_^eh`_ggZy� ^_dhfihabpby� Ze]hjblfZ� ih^oh^bl�

^ey�wnn_dlb\gh]h�bkiheg_gby�\�nhjfZl_�Zjobl_dlmju�
6,0'��6LQJOH� ,QVWUXFWLRQ�VWUHDP�0XOWLSOH�'DWD� VWUHDP���ih�

a\heyxs_c�\uihegylv�h^gm�Zjbnf_lbq_kdmx�hi_jZpbx�
kjZam� gZ^� fgh]bfb� ^Zggufb� >��@�� H^ghc� ba� gZb[he__�

ihimeyjguo� l_ogheh]bc�� hkgh\Zgghc� gZ� dhgp_ipbb�
6,0'�� y\ey_lky� ijh]jZffgh�ZiiZjZlgZy� ieZlnhjfZ�
&8'$�� bkihevam_fZy� ^ey� hj]ZgbaZpbb� iZjZee_evguo�

\uqbke_gbc� gZ� ]jZnbq_kdbo� ijhp_kkhjZo� �*38�� >��@��
;Zah\uf�ihgylb_f�ijh]jZffghc�fh^_eb�&8'$�y\ey_l�

ky�gblv��7KUHDG���Gblb�h[t_^bgyxlky�\�[ehdb��Z�[ehdb�\�
k\hx�hq_j_^v�±�\�k_lv��K_lv�b�[ehdb�fh]ml�[ulv�h^gh���

^\mo��b�lj_of_jgufb��Dhebq_kl\h�b�jZaf_jghklv�dhfih�

g_glh\�k_lb�hij_^_ey_lky�k_f_ckl\hf�b�\_jkb_c�\b^_h�
dZjlu��Bkihevah\Zgb_� ih^h[ghc� ]jmiibjh\db�iha\hey_l�

aZimkdZlv�fbeebhgu�gbl_c��Z� lZd`_�ba[Z\ey_l�ijh]jZf�
fbklZ� hl� g_h[oh^bfhklb� fZkrlZ[bjh\Zgby� \uqbkeb�
l_evguo�[ehdh\��?keb�m�*38�g_^hklZlhqgh�j_kmjkh\��lh�

[ehdb�[m^ml�\uihegylvky�ihke_^h\Zl_evgh��G_h[oh^bfh�
ebrv�hij_^_eblvky�k�jZaf_jhf�aZimkdZ_fhc�k_lb��Imklv�

dhebq_kl\h� gbl_c� WQ �� aZimkdZ_fuo� \� dZ`^hf� [ehd_�� [m�

^_l� jZ\gh� ����� Wlh� qbkeh� h[_ki_qb\Z_l� hilbfZevgh_�
khhlghr_gb_� bkihevam_fhc� iZfylb� b� aZ^_j`_d� >��@��

Ke_^h\Zl_evgh�� dhebq_kl\h� [ehdh\� EQ �� g_h[oh^bfh_�

^ey� \uqbke_gby� fZljbpu� dh\ZjbZpbc�� [m^_l� hij_^_�

eylvky�dZd� � ���EQ N ��

>ey� j_ZebaZpbb� iZjZee_evgh]h� Ze]hjblfZ� f_lh^Z�

kh]eZkh\Zggh]h� ij_ke_^h\Zgby� bkihevah\ZeZkv� kj_^Z�
ijh]jZffbjh\Zgby�06�9LVXDO�6WXGLR������b�iZd_l�&8'$�

�����Ke_^m_l� hlf_lblv�� qlh� hkgh\gZy� qZklv�f_lh^Z� \u�
ihegy_lky� gZ� p_gljZevghf� ijhp_kkhj_� �&38��� gh� ijb�

wlhf� kZfuc� aZljZlguc� ijhp_kk� \uqbke_gby� fZljbpu�
dh\ZjbZpbc�hlijZ\ey_lky�gZ�\b^_hdZjlm� �*38�� �jbk�� ����
Bkke_^m_fuc� kb]gZe� b� keh\Zjv� Zlhfh\� dhibjmxlky� \�

]eh[Zevgmx�iZfylv�*38� �*OREDO�0HPRU\���>Ze__� gZ� bk�

iheg_gb_� aZimkdZ_lky� k_lv�� khklhysZy� ba� EQ �[ehdh\�

�%ORFNV��ih� WQ �gbl_c� �7KUHDG��dZ`^uc��H^gZ�gblv�\uqbk�

ey_l�h^bg�we_f_gl�fZljbpu�dh\ZjbZpbc�b�ihf_sZ_l�_]h�
\� jZa^_ey_fmx� iZfylv� [ehdZ� �6KDUHG� 0HPRU\��� Ihke_�

\uiheg_gby� \k_o� gbl_c� [ehdZ� jZa^_ey_fZy� iZfylv� kh�
^_j`bl�fZkkb\� agZq_gbc�� dhlhjuc�dhibjm_lky�\�j_amev�

lbjmxsmx�fZljbpm�&��gZoh^ysmxky�\�]eh[Zevghc�iZfy�

lb�� LZdbf� h[jZahf�� dZ`^uc� [ehd� aZihegy_l� fZljbpm�&�

WQ �we_f_glZfb��Ih�aZ\_jr_gbb�jZ[hlu�\k_o�[ehdh\�ih�

emq_ggZy� fZljbpZ� dh\ZjbZpbc� \u]jm`Z_lky� \� iZfylv�
&38��b�bkiheg_gb_�Ze]hjblfZ�kgh\Z�i_j_oh^bl�gZ�p_g�

ljZevguc�ijhp_kkhj��

�

Jbk�����IZjZee_evguc�Ze]hjblf�f_lh^Z��

kh]eZkh\Zggh]h�ij_ke_^h\Zgby�

IZjZee_evguc�Ze]hjblf��
ijb�ZgZeba_�]_hZdmklbq_kdbo�bfimevkh\��

Ijh\_jdZ�jZ[hlhkihkh[ghklb�jZajZ[hlZggh]h�iZjZe�

e_evgh]h� Ze]hjblfZ� ijh\h^beZkv� gZ� j_Zevghf� ]_hZdm�
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klbq_kdhf� kb]gZe_�� NjZ]f_gl� aZibkb� ^ebl_evghklvx�

���� hlkq_lh\� ih^Z\Zeky� gZ� \oh^� klZg^Zjlgh]h� f_lh^Z�

kh]eZkh\Zggh]h� ij_ke_^h\Zgby� �ihke_^h\Zl_evguc� Ze�

]hjblf�� jbk�� ��� b� jZajZ[hlZggh]h� iZjZee_evgh]h� Ze]h�

jblfZ� �jbk�� ���� Ko_fZ� l_klbjh\Zgby� ij_^klZ\e_gZ� gZ�

jbk�� ��� <� wdki_jbf_gl_� bkihevah\Zeky� ghml[md� k� p_g�

ljZevguf� ijhp_kkhjhf� ,QWHO� &RUH� L������0�� ���� *+]� b�

\b^_hdZjlhc�19,',$�*H)RUFH����0�����y^_j�&8'$��ijh�

ba\h^bl_evghklv����*IORSV���<�j_amevlZl_�l_klbjh\Zgby�

[ueh� mklZgh\e_gh�� qlh� \j_fy� \uqbke_gby� ijb� bkihev�

ah\Zgbb�iZjZee_evgh]h� Ze]hjblfZ� mf_gvrbehkv�[he__�

q_f�\����jZa��ijb�wlhf�j_amevlZlu�qZklhlgh�\j_f_ggh]h�

ZgZebaZ� hdZaZebkv� b^_glbqgufb��<� lZ[e�� ��ijb\_^_gu�

j_amevlZlu� \uiheg_gby� klZg^Zjlgh]h� f_lh^Z� kh]eZkh�

\Zggh]h�ij_ke_^h\Zgby�b�jZajZ[hlZggh]h�iZjZee_evgh�

]h� Ze]hjblfZ� ^ey� njZ]f_glh\� aZibkb� jZaghc� ^ebgu��

�����������b�������hlkq_lh\�gZ�������b����bl_jZpbyo��

GZ� jbk�� ���ihdZaZg�ijbf_j� bkihevah\Zgby�ihke_^h�

\Zl_evgh]h�b�iZjZee_evgh]h�Ze]hjblfh\�kh]eZkh\Zggh�

]h� ij_ke_^h\Zgby� ijb� ZgZeba_�njZ]f_glZ� aZibkb� Zdm�

klbq_kdhc� wfbkkbb�� \dexqZxs_c� ljb� bfimevkZ�� >eb�

l_evghklv�njZ]f_glZ� ����hlkq_lh\�ijb�qZklhl_�^bkdj_�

lbaZpbb����d=p�jZ\gZ�a������fk��Ihemqb\rb_ky�\�j_amev�

lZl_� jZaeh`_gby� qZklhlgh�\j_f_ggu_� kljmdlmju� bf�

imevkh\�\�h[hbo�kemqZyo� �jbk����[��\��kh\_jr_ggh�b^_g�

lbqgu��<j_fy� jZkq_lZ� ijb� bkihevah\Zgbb� klZg^Zjlgh]h�

f_lh^Z� kh]eZkh\Zggh]h� ij_ke_^h\Zgby� khklZ\beh� �����

fk�� iZjZee_evgh]h� Ze]hjblfZ� ±� ���� fk�� \ub]jur� \h�

\j_f_gb� \uqbke_gbc� ±� ����� jZaZ�� LZdbf� h[jZahf�� bk�

ihevah\Zgb_� iZjZee_evgh]h� Ze]hjblfZ� h[_ki_qb\Z_l�

\ub]jur�\h�\j_f_gb�\uqbke_gbc�[_a�mom^r_gby�dZq_kl�

\Z� jZaeh`_gby�� Ke_^m_l� hlf_lblv�� qlh�� g_kfhljy� gZ�

ih^^_j`dm�ieZlnhjfu� &8'$� bkihevam_fZy� \b^_hdZjlZ�

bf__l� ^hklZlhqgh� gbadmx� ijhba\h^bl_evghklv�� Ijbf_�

g_gb_�[he__�ijhba\h^bl_evghc�dZjlu��gZijbf_j�19,',$�

*H)RUFH�*7;�����������y^jZ�&8'$��ijhba\h^bl_evghklv�

����� *IORSV�� iha\hebl� _s_� [he__� kms_kl\_ggh� mf_gv�

rblv� \j_fy� \uqbke_gbc� b� kbgl_abjh\Zlv� kbkl_fm� qZk�

lhlgh�\j_f_ggh]h� ZgZebaZ� Zdmklbq_kdhc� wfbkkbb�� jZ[h�

lZxsmx�\�j_`bf_�j_Zevgh]h�\j_f_gb��

�

Jbk�����Ko_fZ�l_klbjh\Zgby�Ze]hjblfh\�gZ�j_Zevghf�kb]gZe_�

LZ[ebpZ����<ub]jur�hl�bkihevah\Zgby�iZjZee_evgh]h�Ze]hjblfZ�ijb�\uqbke_gbyo�

Dhe�\h�bl_jZpbc� KlZg^Zjlguc�f_lh^��fk� IZjZee_evguc�Ze]hjblf��fk� <ub]jur��jZa�

>ebgZ�kb]gZeZ� ������hlkq��

�� ���� ��� �����

��� ����� ���� ������

��� ����� ���� ������

>ebgZ�kb]gZeZ� ������hlkq��

�� ����� ���� ������

��� ������ ���� ������

��� ������ ����� ������

>ebgZ�kb]gZeZ� �������hlkq��

�� ����� ���� ������

��� ������ ����� ������

��� ������ ����� ������

�
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Jbk�����=_hZdmklbq_kdb_�bfimevku��Z��b�bo�jZaeh`_gb_��

f_lh^hf�kh]eZkh\Zggh]h�ij_ke_^h\Zgby�k�bkihevah\Zgb_f�

ihke_^h\Zl_evgh]h��[���iZjZee_evgh]h��k��Ze]hjblfh\�

AZdexq_gb_�

Ij_^eh`_g� iZjZee_evguc� Ze]hjblf� f_lh^Z� kh]eZ�

kh\Zggh]h� ij_ke_^h\Zgby�� h[_ki_qb\Zxsbc� \ub]jur�

\h� \j_f_gb� \uqbke_gbc�ih�kjZ\g_gbx� k� h[uqguf� �ih�

ke_^h\Zl_evguf��Ze]hjblfhf�wlh]h�f_lh^Z�[he__�q_f�\�

���jZa��J_ZebaZpby�^Zggh]h�Ze]hjblfZ�gZ�kh\j_f_gguo�

\b^_hdZjlZo��ih^^_j`b\Zxsbo�ijh]jZffgh�ZiiZjZlgmx�

ieZlnhjfm� &8'$�� iha\hey_l� kbgl_abjh\Zlv� kbkl_fm�

qZklhlgh�\j_f_ggh]h� ZgZebaZ� Zdmklbq_kdhc� wfbkkbb��

jZ[hlZxsmx�\�j_`bf_�j_Zevgh]h�\j_f_gb��

Ebl_jZlmjZ�

���&KDNUDERUW\�$���2ND\D�'��)UHTXHQF\�WLPH�GHFRPSR�

VLWLRQ�RI�VHLVPLF�GDWD�XVLQJ�ZDYHOHW�EDVHG�PHWKRGV���*HR�

SK\VLFV��9RO��������3������������

���-RVVR� 1�)��� =KDQJ� -�-��� 3DSDQGUHRX�6XSSDSSROD� $��

HW� DO�� 2Q� WKH� &KDUDFWHUL]DWLRQ� RI� WLPH�VFDOH� XQGHUZDWHU�

DFRXVWLF� VLJQDO� XVLQJ� PDWFKLQJ� SXUVXLW� GHFRPSRVLWLRQ� ���

3URFHHGLQJV� RI� WKH� ,(((� RI� 2&($16� &RQIHUHQFH�� 3�� ���

%LOR[L��0LVV��86$��������

���(EHQH]HU�6�3���3DSDQGUHRX�6XSSDSSROD�$���6XSSDS�

SROD� 6�%�� &ODVVLILFDWLRQ� RI� DFRXVWLF� HPLVVLRQV� XVLQJ�PRGL�

ILHG�PDWFKLQJ�SXUVXLW����(85$6,3�-RXUQDO�RQ�$SSOLHG�6LJQDO�

3URFHVVLQJ��1����3�����±�����

���.RYYDOL�1���'DV�6���&KDNUDERUW\�'���&RFKUDQ�'���3D�

SDQGUHRX�6XSSDSSROD� $��� &KDWWRSDGK\D\� $�� 7LPHIUHTX�

HQF\�EDVHG�FODVVLILFDWLRQ�RI�VWUXFWXUDO�GDPDJH��$,$$�$60(�

�$6&(�$+6�$6&�6WUXFWXUHV��6WUXFWXUDO�'\QDPLFV��DQG�0D�

WHULDOV� &RQIHUHQFH�� ��� �� ��� $SULO� ������ +RQROXOX�� +DZDLL���

3�������������

���FZjZime_p�X�<��� LjbklZgh\�:�;��Ijbf_g_gb_�f_�

lh^Z� jZaj_`_gghc� ZiijhdkbfZpbb� \� aZ^ZqZo� ZgZebaZ�

kb]gZeh\� ]_hZdmklbq_kdhc� wfbkkbb� ��� Pbnjh\Zy� h[jZ�

[hldZ�kb]gZeh\������������K�������

���:nZgZkv_\Z�:�:���Emdh\_gdh\Z�H�H���FZjZime_p�X�<���

LjbklZgh\� :�;�� Ijbf_g_gb_� jZaj_`_gghc� ZiijhdkbfZ�

pbb� b� f_lh^h\� deZkl_jbaZpbb� ^ey� hibkZgby� kljmdlmju�

\j_f_gguo� jy^h\� Zdmklbq_kdhc� wfbkkbb� ��� Pbnjh\Zy�

h[jZ[hldZ�kb]gZeh\������������K��������

���FZjZime_p� X�<��� R_\ph\� ;�F�� F_ahfZkrlZ[gZy�

Zdmklbq_kdZy� wfbkkby�� <eZ^b\hklhd�� >ZevgZmdZ�� ������

����k��

���:nZgZkv_\Z� :�:��� Emdh\_gdh\Z� H�H�� Ijbf_g_gb_�

f_lh^Z�kh]eZkh\Zggh]h�ij_ke_^h\Zgby�^ey�h[gZjm`_gby�

bfimevkh\�Zdmklbq_kdhc�wfbkkbb�a\mdh\h]h�^bZiZahgZ� ���

Ljm^u� Jhkkbckdh]h� gZmqgh�l_ogbq_kdh]h� h[s_kl\Z� jZ�

^bhl_ogbdb��we_dljhgbdb�b�k\yab�bf��:�K��Ihih\Z��K_jby��

©Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\� b� _z� ijbf_g_gb_ª��<u�

imkd��;9��L�����F����������K���������

���0DOODW� 6��� =KDQJ� =�� 0DWFKLQJ� SXUVXLWV� ZLWK� WLPH�

IUHTXHQF\� GLFWLRQDULHV�� ,(((� 7UDQVDFWLRQV� RQ� 6LJQDO� 3URF�

HVVLQJ��1����������3������������

����FZeeZ� K�� <wc\e_lu� \� h[jZ[hld_� kb]gZeh\�� F���

Fbj������������k��

����<h_\h^bg� <�<��� <h_\h^bg� <e�<�� IZjZee_evgu_�

\uqbke_gby��KI[���;<O�I_l_j[mj]�����������k��

����;hj_kdh\� :�<��� OZjeZfh\� :�:��Hkgh\u� jZ[hlu� k�

l_ogheh]b_c�&8'$��F��>FD�Ij_kk������������k��

����KZg^_jk�>��� Dwg^jhl�W�� L_ogheh]by� &XGD� \� ijb�

f_jZo��<\_^_gb_�\�ijh]jZffbjh\Zgb_�]jZnbq_kdbo�ijh�

p_kkhjh\��F���>FD�Ij_kk�����������k��

7+(�0$7&+,1*�38568,7�3$5$//(/�

$/*25,7+0�$1'�,76�$33/,&$7,21�

)25�$1$/<6,6�2)�$&2867,&�

(0,66,21�6,*1$/6�

0DUDSXOHWV�<X�9���.LP�$�$��

7KH� SDUDOOHO� PDWFKLQJ� SXUVXLW� DOJRULWKP� KDV� EHHQ�

SURSRVHG��,WV�UHDOL]DWLRQ�RQ�KDUGZDUH�DQG�VRIWZDUH�SODWIRUP�

&8'$� KDV� EHHQ� FRQVLGHUHG� LQ� WKLV� DUWLFOH�� �,W� KDV� EHHQ�

VKRZQ� WKDW� XVLQJ� RI� SDUDOOHO� DOJRULWKP� JLYHV� D� FRPSXWLQJ�

WLPH�DGYDQWDJH�LQ����WLPHV�LQ�FRPSDULVRQ�ZLWK�WKH�VWDQGDUG�

PHWKRG�� ,W� SURYHV� WKDW� DSSOLFDWLRQ� RI� WKLV� DOJRULWKP� LV� H[�

SHGLHQW�LQ�WKH�WLPH�IUHTXHQF\�SXOVH�VLJQDO�DQDO\VLV�LQFOXGLQJ�

WKH�DFRXVWLF�HPLVVLRQ�VLJQDOV��
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Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

JZkkfhlj_gu� hkh[_gghklb� ]jZnbq_kdh]h� hnhjfe_gby� j_amev�

lZlh\�� ihemq_gguo� \� kj_^_� 0$7/$%�� gZ� ijbf_j_� ihkljh_gby� ]jZ�

nbdZ� g_kdhevdbo�nmgdpbc��Hl^_evgh_� \gbfZgb_� m^_e_gh� \hijhkZf�

gZ]ey^ghklb� ihkljh_gby� b� khhl\_lkl\by� lj_[h\Zgbyf� _^bghc�

kbkl_fu�dhgkljmdlhjkdhc�^hdmf_glZpbb��

M>D�������

HKH;?GGHKLB�=J:NBQ?KDH=H�HNHJFE?GBY�J?AMEVL:LH<��
<�KJ?>?�L?OGBQ?KDBO�J:KQ?LH<�0$7/$%�

Ju[heh\e_\�:�:���d�l�g���^hp_gl�:dZ^_fbb�NKH�Jhkkbb��]��Hj_e��H�PDLO��U\ERORYOHY#UDPEOHU�UX��

Ju[heh\e_\�>�:���d�l�g���gZmqguc�khljm^gbd�:dZ^_fbb�NKH�Jhkkbb��]��Hj_e��H�PDLO��GPLWULM�U\ERORYOHY#\DQGH[�UX�

�

Dexq_\u_� keh\Z�� h[jZ[hldZ� j_amevlZlh\��
]jZnbd�� ^bZ]jZffZ�� 0$7/$%�� _^bgZy� kbkl_fZ�

dhgkljmdlhjkdhc�^hdmf_glZpbb��

<\_^_gb_�

GZ� aZ\_jrZxs_f� wlZi_� ex[hc� bkke_^h\Zl_evkdhc�

jZ[hlu�hl^_evgh_�\gbfZgb_�m^_ey_lky�ij_^klZ\e_gbx�

ihemq_gguo�j_amevlZlh\�\� lhc�beb�bghc�nhjf_��Kms_�

kl\mxl� jZaebqgu_� kihkh[u� ij_^klZ\e_gby� bgnhjfZ�

pbb�� \_j[ZevgZy� nhjfZ� �l_dkl�� j_qv��� kbf\hebq_kdZy�

�agZdb�� nhjfmeu��� ]jZnbq_kdZy� �ko_fu�� ^bZ]jZffu��

]jZnbdb��� ij_^f_lgh�h[jZagZy� �fZd_lu��fh^_eb��nbev�

fu�b�^j����

GZklhysZy�jZ[hlZ�ihk\ys_gZ�jZkkfhlj_gbx�\hijh�

kh\�]jZnbq_kdh]h�hnhjfe_gby�j_amevlZlh\��ihemq_gguo�

\� kj_^_� l_ogbq_kdbo� jZkq_lh\� 0$7/$%�� :\lhju� m[_`�

^_gu��qlh�gZ]ey^ghklv��Z�agZqbl�b�ykghklv��ihgylghklv��

m[_^bl_evghklv� >�@�� ij_^klZ\ey_fuo� ]jZnbdh\� b� ^bZ�

]jZff
�
�hij_^_ey_lky� g_� lhevdh� \eZ^_gb_f� we_f_glZj�

gufb�kihkh[Zfb�h[jZ[hldb�]jZnbq_kdh]h�fZl_jbZeZ��gh�

b� mf_gb_f� bkke_^h\Zl_ey� ]jZfhlgh� bkihevah\Zlv� \ha�

fh`ghklb�kj_^u�0$7/$%��

Hl^_evgh_� \gbfZgb_� \� klZlv_� m^_ey_lky� \hijhkm�

kh[ex^_gby� ijZ\be� \uiheg_gby� ]jZnbdh\�� dhlhju_�

hij_^_e_gu� \� j_dhf_g^Zpbyo� _^bghc� kbkl_fu� dhgkl�

jmdlhjkdhc� ^hdmf_glZpbb� �?KD>�� J� ��������� >�@�� Ih�

kdhevdm�\�^jm]bo�kbkl_fZo�ih^h[gu_�k\_^_gby�g_�h[gZ�

jm`_gu��\�h[s_f�kemqZ_�ijb�ihkljh_gbb� ]jZnbdh\�p_�

e_khh[jZagh�jmdh\h^kl\h\Zlvky�ijZ\beZfb�?KD>��Ke_�

^m_l�ih^q_jdgmlv��qlh�ijb�hnhjfe_gbb�hlq_lh\�h�gZmq�

gh�bkke_^h\Zl_evkdbo� jZ[hlZo� �kh]eZkgh� =HKL� �����

����� >�@�b�=HKL���������� >�@���^bkk_jlZpbc�b�Z\lhj_n_�

jZlh\�^bkk_jlZpbc� �kh]eZkgh�=HKL������������� >�@��]jZ�

nbdb�\uihegyxlky�lZd`_�\�khhl\_lkl\bb�k�lj_[h\Zgby�

fb�klZg^Zjlh\�?KD>��

Ijb�jZkkfhlj_gbb�mdZaZgguo�\hijhkh\�ijZdlbq_kdbc�

bgl_j_k�ij_^klZ\eyxl�aZf_qZl_evgZy�dgb]Z�>`��Kd\ZcjkZ�

>�@�b�ihkh[b_�>�@��dhlhju_�lZd`_�ihfh]ml�bkke_^h\Zl_ex�

\�hnhjfe_gbb�beexkljZlb\gh]h�fZl_jbZeZ��

Bkoh^gu_�^Zggu_�

<k_�ijbf_ju�ih^]hlh\e_gu�\�kj_^_�l_ogbq_kdbo�jZk�

q_lh\� 0$7/$%� 5����D�� JZkkfZljb\Z_lky� ihkljh_gb_�

���������������������������������������������������

�

�
��>Ze__� l_jfbgu� ©]jZnbdª� b� ©^bZ]jZffZª� bkihevamxlky� dZd�
kbghgbfu� b� h[hagZqZxl� ]_hf_ljbq_kdh_� bah[jZ`_gb_� nmgd�

pbhgZevghc�aZ\bkbfhklb�ijb�ihfhsb�ebgbb�gZ�iehkdhklb�>�@��

]jZnbdh\� \� ijyfhm]hevghc� kbkl_f_� ^\mo� dhhj^bgZl�

�hkh[_gghklb� \uiheg_gby� ^bZ]jZff� \� ^jm]bo� kbkl_fZo�

dhhj^bgZl�ih^jh[gh�hibkZgu�\�?KD>���

<�dZq_kl\_�bkoh^guo�^Zgguo�^ey�ihkljh_gby�djb\uo�

bkihevamxlky� hlkq_lu�[Zabkguo�nmgdpbc� �;N�� g_kmsbo�

dhe_[Zgbc�� kbkl_fu� k\yab�� hkgh\Zgghc� gZ� ijbf_g_gbb�

l_ogheh]bb�9'6/��9HU\�KLJK�VSHHG�'LJLWDO�6XEVFULEHU�/LQH��

k\_jokdhjhklgZy� pbnjh\Zy� Z[hg_glkdZy� ebgby�� >�@�� Bk�

oh^guc�dh^�kdjbilZ��j_Zebamxs_]h�ihkljh_gb_�]jZnbdZ��

k�ih^jh[gufb�dhff_glZjbyfb�ijb\h^blky�gb`_��
�
IXQFWLRQ�UHVXOW� �ILJXUHBGHI���
����Q� ������dhebq_kl\h�djb\uo�����
����QBVDPSOHV� ��������dhebq_kl\h�hihjguo�
lhq_d�djb\hc�
����QRUPBW� ���QBVDPSOHV����ghjfbjh\Zggh_�
\j_fy�
�����
������<�dZq_kl\_�ijbf_jZ�djb\uo�bkihevamxlky�
[Zabkgu_�nmgdpbb��g_kmsb_�dhe_[Zgby��
������kbkl_fu�k\yab�ih�pbnjh\uf�Z[hg_glkdbf�
ebgbyf��l_ogheh]by�9'6/���
����7� ����H������i_jbh^�\kihfh]Zl_evgh]h�
dhe_[Zgby�\�k_dmg^Zo��
����GW'6/� �����H������^ebl_evghklv�lZdlh\h�
]h�bgl_j\ZeZ�\�k_dmg^Zo�
����G7� �7�QBVDPSOHV��
����GDWD� �]HURV�Q�QBVDPSOHV�����bgbpbZebaZ�
pby�fZljbpu�^Zgguo��aZiheg_gb_�gmeyfb�
����
������Pbde�aZiheg_gby�fZljbpu�^Zgguo�
����IRU�L� ���Q�
��������IUHT� �������L����baf_g_gb_�qZklhlu�
hq_j_^gh]h�g_kms_]h�dhe_[Zgby�
��������GDWD�L���� �
FRV��SLIUHTG7QRUPBW��VTUW���7�����VTUW
�7���VLQF�QRUPBW�G7��7���
��������GDWD�L���� �GDWD�L�������
QRUP�GDWD�L��������ghjfbjh\dZ�agZq_gbc�
����HQG�
��
����IRU�L� ���Q�
��������SORW�GDWD�L��������ihkljh_gb_�hq_�
j_^ghc�djb\hc�
��������LI�L�  ���KROG�RQ��HQG����j_`bf��gZ�
eh`_gby��gZ�h^ghf�]jZnbd_�
����HQG��
����KROG�RII��
HQG�



�

�

�
���

Ihkljh_gb_� ]jZnbdZ�nmgdpb_c� SORW��� ih� mfheqZgbx�

ijb\h^bl�d�j_amevlZlm��ij_^klZ\e_gghfm�gZ�jbk�����

�

Jbk�����Ihkljh_gb_�]jZnbdZ�nmgdpb_c�SORW���ih�mfheqZgbx�

GZkljhcdZ�iZjZf_ljh\�hnhjfe_gby�]jZnbdh\��

Hq_\b^gh��qlh�\�kemqZyo��dh]^Z�\�h^ghc�h[s_c�^bZ�

]jZff_� bah[jZ`Zxl� ^\_� beb� [he__� nmgdpbhgZevgu_�

aZ\bkbfhklb�� bo� g_h[oh^bfh� dZdbf�eb[h� h[jZahf� jZa�

ebqZlv��>ey�wlh]h�^hklZlhqgh�i_j_^Zlv�\�nmgdpbx�SORW���

^hihegbl_evgu_� iZjZf_lju�� hij_^_eyxsb_� lhesbgm��

lbi� b�p\_l�ebgbb�� Z� lZd`_� lbi�b� jZaf_j�fZjd_jh\� �oZ�

jZdl_jguo�lhq_d�djb\hc���
�
����PDUNHU6W\OH� �^
�
`����lbi�fZjd_jZ�
����PDUNHU6L]H� �^�`����jZaf_j�fZjd_jZ�����
����OLQH&RORU� �^
N
`����p\_l�ebgbb��N�±�
q_jguc��
����OLQH6W\OH� �^
�
��
��
��
�
��
��
`����
lbi�ebgbb�
����OLQH:LGWK� �^�������`����lhesbgZ�ebgbb�
�����
����IRU�L� ���Q�
��������SORW���QBVDPSOHV����GDWD�L���������
������������PDUNHU6W\OH^PRG�L�
��OHQJWK�PDUNHU6W\OH����`������
������������
0DUNHU6L]H
��PDUNHU6L]H^PRG�L�
��OHQJWK�PDUNHU6L]H����`������
������������
&RORU
��OLQH&RORU^PRG�L�
��OHQJWK�OLQH&RORU����`������������������
������������
/LQH6W\OH
��OLQH6W\OH^PRG�L�
��OHQJWK�OLQH6W\OH����`������
������������
/LQH:LGWK
��OLQH:LGWK^PRG�L�
��OHQJWK�OLQH:LGWK����`���
��������LI�L�  ���KROG�RQ��HQG��
����HQG��
����KROG�RII��
�

<�ijb\_^_gghf�bkoh^ghf�dh^_�h[jZs_gb_�d�we_f_g�

lZf�kljmdlmj�^Zgguo�FHOO�DUUD\�ijhba\h^blky�k�ihfhsvx�

©pbdebq_kdhcª�bg^_dkZpbb�±�k�bkihevah\Zgb_f�nmgdpbb�

PRG����j_Zebamxs_c�hi_jZpbx�\aylby�hklZldZ�hl�^_e_�

gby��LZdbf�h[jZahf�� dhebq_kl\h� \u\h^bfuo� gZ� ]jZnbd�

djb\uo�g_�h]jZgbqb\Z_lky�jZaf_jghklvx�kljmdlmj�PDUN�

HU6W\OH��PDUNHU6L]H��OLQH&RORU��OLQH6W\OH�b�OLQH:LGWK��

>ey� ih\ur_gby� gZ]ey^ghklb� lZd`_� p_e_khh[jZagh�

^h[Z\blv�ebgbb� dhhj^bgZlghc�k_ldb�b�\u\_klb�ihykgb�

l_evgmx�qZklv�^bZ]jZffu��
�
����JULG�JFD�����^h[Z\e_gb_�dhhj^bgZlghc�
k_ldb�
��
������Y\gh_�mdZaZgb_�rjbnlZ�iha\hey_l�ba[_�
`Zlv�ijh[e_f�k�dbjbeebq_kdbfb��
������kbf\heZfb�\�gZ^ibkyo�

����VHW�JFD��
)RQW1DPH
��
7LPHV�1HZ�5RPDQ�
&\U
���
����VHW�JFD��
)RQW6L]H
��������jZaf_j�rjbnlZ�
����ODEHOV� �^`��
����IRU�L� ���Q�
��������ODEHOV� �FDW���ODEHOV�>
;N�
�
QXP�VWU�L�@�����;N���[ZabkgZy�nmgdpby�
����HQG�����
����OHJHQG�ODEHOV������
�

<g_k_ggu_� \� dh^� baf_g_gby� ijb\h^yl� d� j_amevlZlm��

ij_^klZ\e_gghfm� gZ� jbk�� ��� Kh]eZkgh� lj_[h\Zgbyf�

?KD>�^himkdZ_lky�bah[jZ`Zlv�^\_�beb�[he__�nmgdpbh�

gZevgu_� aZ\bkbfhklb� \� h^ghc�^bZ]jZff_�ebgbyfb� jZa�

ebqghc� lhesbgu�b�jZaebqguo� lbih\��_keb�wlbf�h[_ki_�

qb\Z_lky� m^h[kl\h� ihevah\Zgby� ^bZ]jZffhc� �imgdl� �����

a^_kv�b�^Ze__�mdZaZgb_�imgdlZ�hlghkblky�d�j_dhf_g^Z�

pbyf�J���������� >�@���H^gZdh�ihemq_gguc� ]jZnbd�g_�ih�

a\hey_l�q_ldh�jZaebqblv�djb\u_�ba�aZ�hkh[_gghkl_c�wdk�

ihjlZ�nb]mj�kj_^u�0$7/$%�\�\ukhdhf�jZaj_r_gbb������

lhq_d� gZ� ^xcf� b� \ur_�� dZd� wlh� lj_[m_lky� h[uqgh� ijb�

ih^]hlh\d_� d�i_qZlb��� hlebqby� imgdlbjghc��rljboh\hc� b�

rljboimgdlbjghc� ebgbc� ijhkfZljb\Zxlky� lhevdh� ijb�

m\_ebq_gghf�fZkrlZ[_��

�

Jbk�����Ihkljh_gb_�]jZnbdZ�nmgdpb_c�SORW����
k�^hihegbl_evgufb�iZjZf_ljZfb�ebgbc�

Ihkdhevdm� p\_lh\h_� dh^bjh\Zgb_� djb\uo� g_� \k_]^Z�

ih^oh^bl�ba�aZ�h]jZgbq_gbc�p\_lghklb�i_qZlZxsbo�mkl�

jhckl\�� gZb[he__� ijhkluf� \uoh^hf� ba� wlhc� kblmZpbb�

fh`_l�kem`blv�bkihevah\Zgb_�jZaebqguo�fZjd_jh\�^ey�

h[hagZq_gby� maeh\uo� lhq_d� djb\uo�� Kh]eZkgh� imgdlm�

�����j_dhf_g^Zpbc�?KD>�lhqdb�^bZ]jZffu��ihemq_ggu_�

iml_f� jZkq_lh\�� ^himkdZ_lky� h[hagZqZlv� ]jZnbq_kdb��

gZijbf_j��djm`dhf��dj_klbdhf�b�l�i��H[hagZq_gby�lhq_d�

ijb� wlhf� ^he`gu� [ulv� jZatykg_gu� \� ihykgbl_evghc�

qZklb�^bZ]jZffu���

>ey�bkihevah\Zgby�jZaebqguo�fZjd_jh\�g_h[oh^bfh�

\g_klb�ke_^mxsb_�baf_g_gby�\�bkoh^guc�dh^��
�
����PDUNHU6W\OH� �^
�
��
�
��
R
��
A
��
V
��


`����lbi�fZjd_jZ�
����PDUNHU6L]H� �^�����������`����jZaf_j�
fZjd_jZ��
����OLQH&RORU� �^
N
`����p\_l�ebgbb��N���
q_jguc��
����OLQH6W\OH� �^
�
`����lbi�ebgbb�
����OLQH:LGWK� �^���`����lhesbgZ�ebgbb�
�

Khhl\_lkl\mxsbc�]jZnbd�ij_^klZ\e_g�gZ�jbk�����

LZd`_� g_h[oh^bfh� h[hagZqblv� gZ� ]jZnbd_�i_j_f_g�

gu_� \_ebqbgu� b� _^bgbpu� bo� baf_j_gby�� Lj_[h\Zgby�
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?KD>�ij_^ibku\Zxl�h[hagZqZlv�i_j_f_ggu_�\_ebqbgu�

h^gbf�ba�ke_^mxsbo�kihkh[h\��imgdl���������

±�kbf\hehf��

±�gZbf_gh\Zgb_f��

±�gZbf_gh\Zgb_f�b�kbf\hehf��

±�fZl_fZlbq_kdbf�\ujZ`_gb_f�nmgdpbhgZevghc� aZ�

\bkbfhklb��

�

Jbk�����Ihkljh_gb_�]jZnbdZ�nmgdpb_c�SORW����
k�^hihegbl_evgufb�iZjZf_ljZfb�fZjd_jh\�hihjguo�lhq_d�

?^bgbpu�baf_j_gby�ke_^m_l�gZghkblv�h^gbf�ba�ke_�

^mxsbo�kihkh[h\��imgdl��������

±�\�dhgp_�rdZeu�f_`^m�ihke_^gbf�b�ij_^ihke_^gb�

fb� qbkeZfb�rdZeu� �ijb� g_^hklZld_�f_klZ�^himkdZ_lky�

g_�gZghkblv�ij_^ihke_^g__�qbkeh���

±�\f_kl_� k� gZbf_gh\Zgb_f� i_j_f_gghc� \_ebqbgu�

ihke_�aZiylhc��

±�\� dhgp_�rdZeu� ihke_� ihke_^g_]h� qbkeZ� \f_kl_� k�

h[hagZq_gb_f� i_j_f_gghc� \_ebqbgu� \� \b^_� ^jh[b�� \�

qbkebl_e_� dhlhjhc� ±� h[hagZq_gb_� i_j_f_gghc� \_ebqb�

gu��Z�\�agZf_gZl_e_�±�h[hagZq_gb_�_^bgbpu�baf_j_gby��

>ey� h[hagZq_gby� i_j_f_gghc� \_ebqbgu� \� ijbf_j_�

bkihevamxlky� kihkh[� ©kbf\hehfª� b� ©gZbf_gh\Zgb_fª��

Z� _^bgbpu� baf_j_gby� gZghkylky� \f_kl_� k� gZbf_gh\Z�

gb_f�i_j_f_gghc�\_ebqbgu�ihke_�aZiylhc��

Djhf_� lh]h�� ihkdhevdm� imgdl� ���� j_dhf_g^Zpbc� lj_�

[m_l�� qlh[u� \� ^bZ]jZffZo� kh� rdZeZfb� hkb� dhhj^bgZl�

aZdZgqb\Zebkv�klj_edZfb� aZ�ij_^_eZfb�rdZe� beb� h[h�

agZqZebkv�kZfhklhyl_evgufb�klj_edZfb�ihke_�h[hagZ�

q_gby�\_ebqbgu�iZjZee_evgh�hkb�dhhj^bgZl��ihke_�mdZ�

aZgby� _^bgbpu� baf_j_gby� ke_^m_l� ^h[Z\blv� klj_edm��

NhjfZ�klj_edb�b�ijbf_jgh_�khhlghr_gb_�_z�we_f_glh\�

ijb\_^_gu�\�=HKL������������ >��@��mdZaZggu_�lj_[h\Z�

gby� ghkyl� j_dhf_g^Zl_evguc� oZjZdl_j�� \� k\yab� k� q_f�

^himkdZ_lky� ^ey� hlh[jZ`_gby� klj_ehd� bkihevah\Zlv�

ij_^hij_^_e_gguc�kbf\he��?ULJKWDUURZ��kj_^u�0$7/$%��

Khhl\_lkl\mxsb_� baf_g_gby� \� bkoh^ghf� dh^_� ijb�

\_^_gu� gb`_�� Z� j_amevlZlu� ihkljh_gby� ]jZnbdZ� ij_^�

klZ\e_gu�gZ�jbk�����
�
������Ih^ibkb�d�hkyf��gZa\Zgb_�]jZnbdZ�
����[ODEHO�
W��?PXF�?ULJKWDUURZ
���
����\ODEHO�
Ghjfbjh\Zggh_�agZq_gb_��
?ULJKWDUURZ
���
����WLWOH�
<j_f_ggh_�ij_^klZ\e_gb_�[Zabkguo�
nmgdpbc�kbkl_fu�k\yab�9'6/
�������
�����
����[7LFN6WHS� ����H������rZ]�dhhj^bgZlghc�
k_ldb�ih�]hjbahglZeb� �����fdk�
����OHQ� �OHQJWK�GDWD�L��������dhebq_kl\h�

hldeZ^u\Z_fuo�hlkq_lh\�ih�hkb�Z[kpbkk���
����[7LFN/DEHOV� �^
�
`����ih^ibkb�d�^_eb�
l_evguf�rljboZf�
����IRU�L� ����GW'6/�[7LFN6WHS���
��������[7LFN/DEHOV� �
FDW���[7LFN/DEHOV�>QXP�VWU�L[7LFN6WHS�H���
��

@���
����HQG�
����[7LFN/DEHOV� �
FDW���[7LFN/DEHOV�>QXP�VWU�GW'6/�H����@�����
ih^ibkv�ihke_^g_]h�rljboZ�
����VHW�JFD��
;7LFN
��
>��URXQG�[7LFN6WHSOHQ�GW'6/��OHQ�OHQ��@��

;7LFN/DEHO
��[7LFN/DEHOV��
;OLP
��>��OHQ�
�@�����baf_g_gb_�iZjZf_ljh\�
�

Ijb\_^_gguc�bkoh^guc�dh^�lZd`_�hkms_kl\ey_l�\u�

\h^�ih^ibk_c�^_ebl_evguo�rljboh\�]hjbahglZevghc�hkb�

dhhj^bgZl�\�fbdjhk_dmg^Zo��Z�g_�\�ghf_jZo�hlkq_lh\�ih�

mfheqZgbx�� ±�\�_^bgbpZo�baf_j_gby�i_j_f_gghc�\_eb�

qbgu�\j_f_gb��

�

Jbk�����Ihkljh_gb_�]jZnbdZ�k�h[hagZq_gb_f�\_ebqbg��
b�_^bgbp�baf_j_gby�

=jZnbd�� ij_^klZ\e_gguc� gZ� jbk�� ��� khhl\_lkl\m_l�

lj_[h\Zgbyf� ?KD>�� aZ� bkdexq_gb_f� jZkoh`^_gby� k�

imgdlhf�����j_dhf_g^Zpbc��ij_^ibku\Zxsbf�\uihegylv�

ebgbb� dhhj^bgZlghc� k_ldb� b� ^_ebl_evgu_� rljbob�

kiehrghc� lhgdhc� ebgb_c�� Ijb� ihkljh_gbb� ]jZnbdZ� ih�

mfheqZgbx� \� kj_^_�0$7/$%�ebgbb� dhhj^bgZlghc�k_ldb�

\uihegyxlky� imgdlbjghc� ebgb_c�� ^ey� baf_g_gby� lbiZ�

ebgbb�^hklZlhqgh�baf_gblv�k\hckl\h�*ULG/LQH6W\OH�dhhj�

^bgZlguo�hk_c��j_amevlZl�ij_^klZ\e_g�gZ�jbk������
�
����VHW�JFD��
*ULG/LQH6W\OH
��
�
�����JFD���
^_k�djbilhj�dhhj^bgZlguo�hk_c�l_dms_]h�]jZnbdZ�
����JULG�JFD�����^h[Z\e_gb_�dhhj^bgZlghc�
k_ldb�

�

Jbk�����Ihkljh_gb_�]jZnbdZ�\�khhl\_lkl\bb��

k�lj_[h\Zgbyfb�?KD>�
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�

�
���

HdhgqZl_evguc� dh^� kdjbilZ�� \uihegyxs_]h� ih�

kljh_gb_�]jZnbdZ��ijb\_^_g�gb`_��
�
IXQFWLRQ�UHVXOW� �ILJXUHBHVNG���
����Q� ������dhebq_kl\h�djb\uo�����
����QBVDPSOHV� ��������dhebq_kl\h�hihjguo�
lhq_d�djb\hc�
����QRUPBW� ���QBVDPSOHV����ghjfbjh\Zggh_�
\j_fy�
�����
������<�dZq_kl\_�ijbf_jZ�djb\uo�bkihevamxlky�
[Zabkgu_�nmgdpbb��g_kmsb_�dhe_[Zgby��
������kbkl_fu�k\yab�ih�pbnjh\uf�Z[hg_glkdbf�
ebgbyf��l_ogheh]by�9'6/���
����7� ����H������i_jbh^�\kihfh]Zl_evgh]h�
dhe_[Zgby�\�k_dmg^Zo��
����GW'6/� �����H������^ebl_evghklv�lZdlh\h�
]h�bgl_j\ZeZ�\�k_dmg^Zo�
����G7� �7�QBVDPSOHV��
����GDWD� �]HURV�Q�QBVDPSOHV�����bgbpbZebaZ�
pby�fZljbpu�^Zgguo��aZiheg_gb_�gmeyfb�
����
������Pbde�aZiheg_gby�fZljbpu�^Zgguo�
����IRU�L� ���Q�
��������IUHT� �������L����baf_g_gb_�qZklhlu�
hq_j_^gh]h�g_kms_]h�dhe_[Zgby�
��������GDWD�L���� �
FRV��SLIUHTG7QRUPBW��VTUW���7�����VTUW
�7���VLQF�QRUPBW�G7��7���
��������GDWD�L���� �GDWD�L�������
QRUP�GDWD�L��������ghjfbjh\dZ�agZq_gbc�
����HQG�
��
����PDUNHU6W\OH� �^
�
��
�
��
R
��
A
��
V
��


`����lbi�fZjd_jZ�
����PDUNHU6L]H� �^�����������`����jZaf_j�
fZjd_jZ��
����OLQH&RORU� �^
N
`����p\_l�ebgbb��N���
q_jguc��
����OLQH6W\OH� �^
�
`����lbi�ebgbb�
����OLQH:LGWK� �^���`����lhesbgZ�ebgbb�
�����
����IRU�L� ���Q�
��������SORW���QBVDPSOHV����GDWD�L���������
������������PDUNHU6W\OH^PRG�L�
��OHQJWK�PDUNHU6W\OH����`������
������������
0DUNHU6L]H
��PDUNHU6L]H^PRG�L�
��OHQJWK�PDUNHU6L]H����`������
������������
&RORU
��OLQH&RORU^PRG�L�
��OHQJWK�OLQH&RORU����`������������������
������������
/LQH6W\OH
��OLQH6W\OH^PRG�L�
��OHQJWK�OLQH6W\OH����`������
������������
/LQH:LGWK
��OLQH:LGWK^PRG�L�
��OHQJWK�OLQH:LGWK����`���
��������LI�L�  ���KROG�RQ��HQG��
����HQG��
����KROG�RII��
��
����VHW�JFD��
*ULG/LQH6W\OH
��
�
�����JFD���
^_kdjbilhj�dhhj^bgZlguo�hk_c�l_dms_]h�]jZnb�
dZ�
����JULG�JFD�����^h[Z\e_gb_�dhhj^bgZlghc�
k_ldb�
��
������Y\gh_�mdZaZgb_�rjbnlZ�iha\hey_l�ba[_�
`Zlv�ijh[e_f�k�dbjbeebq_kdbfb��
������kbf\heZfb�\�gZ^ibkyo�
����VHW�JFD��
)RQW1DPH
��
7LPHV�1HZ�5RPDQ�
&\U
���
����VHW�JFD��
)RQW6L]H
��������jZaf_j�rjbnlZ�

�
����ODEHOV� �^`��
����IRU�L� ���Q�
��������ODEHOV� �FDW���ODEHOV�>
;N�
�
QXP�VWU�L�@�����;N���[ZabkgZy�nmgdpby�
����HQG�����
����OHJHQG�ODEHOV������
�����
������Ih^ibkb�d�hkyf��gZa\Zgb_�]jZnbdZ�
����[ODEHO�
W��?PXF�?ULJKWDUURZ
���
����\ODEHO�
Ghjfbjh\Zggh_�agZq_gb_��
?ULJKWDUURZ
���
����WLWOH�
<j_f_ggh_�ij_^klZ\e_gb_�[Zabkguo�
nmgdpbc�kbkl_fu�k\yab�9'6/
�������
�����
����[7LFN6WHS� ����H������rZ]�dhhj^bgZlghc�
k_ldb�ih�]hjbahglZeb� �����fdk�
����OHQ� �OHQJWK�GDWD�L��������dhebq_kl\h�
hldeZ^u\Z_fuo�hlkq_lh\�ih�hkb�Z[kpbkk���
����[7LFN/DEHOV� �^
�
`����ih^ibkb�d�^_eb�
l_evguf�rljboZf�
����IRU�L� ����GW'6/�[7LFN6WHS���
��������[7LFN/DEHOV� �
FDW���[7LFN/DEHOV�>QXP�VWU�L[7LFN6WHS�H���
��

@���
����HQG�
����[7LFN/DEHOV� �
FDW���[7LFN/DEHOV�>QXP�VWU�GW'6/�H����@�����
ih^ibkv�ihke_^g_]h�rljboZ�
����VHW�JFD��
;7LFN
��
>��URXQG�[7LFN6WHSOHQ�GW'6/��OHQ�OHQ��@��

;7LFN/DEHO
��[7LFN/DEHOV��
;OLP
��>��OHQ�
�@�����baf_g_gb_�iZjZf_ljh\�
HQG�
�

MdZaZgguc� bkoh^guc� dh^� \uihegy_l� ihkljh_gb_� q_�

luj_o�djb\uo�gZ�h^ghf� ]jZnbd_��<�kemqZ_��dh]^Z�lj_[m�

_lky� h^gh\j_f_ggh� bah[jZ`Zlv� [hevr__� dhebq_kl\h�

nmgdpbhgZevguo�aZ\bkbfhkl_c�\�h^ghc�^bZ]jZff_��ke_�

^m_l�ih^h[jZlv�gZ[hj�we_f_glh\�kljmdlmj�^Zgguo�PDUN�

HU6W\OH��PDUNHU6L]H�� OLQH&RORU�� OLQH6W\OH� b� OLQH:LGWK� lZdbf�

h[jZahf�� qlh[u� h[_ki_qblv� fZdkbfZevgh_� m^h[kl\h�

ihevah\Zgby�^bZ]jZffhc��

:gZeba� kihkh[h\� \uiheg_gby� ]jZnbdh\� \� hl_q_kl�

\_gguo� ZdZ^_fbq_kdbo� ba^Zgbyo� ihdZaZe��qlh�[hevrbg�

kl\h�lj_[h\Zgbc�?KD>�\uihegy_lky��h^gZdh�^himkdZxl�

ky� g_agZqbl_evgu_� jZkoh`^_gby�� g_� \ebyxsb_� gZ� gZ�

]ey^ghklv� b� m^h[kl\h� ihevah\Zgby� ^bZ]jZffZfb�� LZd��

ebgbb� dhhj^bgZlghc� k_ldb� qZklh� \uihegyxlky� imgdlbj�

ghc�ebgb_c�� Z�klj_edb�� mdZau\Zxsb_� gZijZ\e_gby� \ha�

jZklZgby� agZq_gbc� \_ebqbg�� hlkmlkl\mxl�� Mqblu\Zy� j_�

dhf_g^Zl_evguc�klZlmk�^hdmf_glZ�J� ��������� >�@�� lZdb_�

jZkoh`^_gby�^himklbfu���

AZdexq_gb_�

=jZnbdb�ij_^klZ\eyxl�j_amevlZlu�baf_j_gbc�\�gZb�

[he__� gZ]ey^ghc�nhjf_�� \u^Z\Zy�fZdkbfmf� bgnhjfZ�

pbb� gZ�fbgbfZevghf� ijhkljZgkl\_� >�@��IjZ\bevgh_� ih�

kljh_gb_� ]jZnbdZ�iha\hey_l� \uy\blv� oZjZdl_jgu_� hkh�

[_gghklb�bamqZ_fuo�aZ\bkbfhkl_c��h[eZklb�\hajZklZgby�

b�m[u\Zgby��fZdkbfmfu�b�fbgbfmfu��h[eZklb�gZb[hev�

r_c�b�gZbf_gvr_c�kdhjhklb�baf_g_gby��i_jbh^bqghklv�

b�l�^��Djhf_�lh]h��]jZnbdb�iha\heyxl�[ukljh�ijh\_jblv�

khhl\_lkl\b_�l_hjbb�b�wdki_jbf_glZevguo�^Zgguo��

<� jZ[hl_� ih^jh[gh� jZkkfhlj_g� ijbf_j� ihkljh_gby�
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]jZnbdZ�g_kdhevdbo�nmgdpbc�\�kj_^_�0$7/$%��Hl^_ev�

gh_� \gbfZgb_� m^_e_gh� \hijhkZf� gZ]ey^ghklb� ihkljh_�

gby�b�khhl\_lkl\by�lj_[h\Zgbyf�?KD>��

G_� jZkkfZljb\Zxlky� \hijhku� \u[hjZ� bgl_j\Zeh\�

baf_g_gby� i_j_f_gguo�� \u[hjZ� fZkrlZ[h\� b� ^jm]b_��

qlh� h[mkeh\e_gh� g_kdhevdbfb� ijbqbgZfb�� <h�i_j\uo��

ijb\_^_gguc� bkoh^guc� dh^� iha\hey_l� j_rblv� mdZaZg�

gu_� \hijhku� gZkljhcdhc� iZjZf_ljh\� �\u[hj� bgl_j\Z�

eh\� baf_g_gby� i_j_f_gguo� hij_^_ey_lky� i_j\ufb�

^\mfy� iZjZf_ljZfb�nmgdpbb� SORW����fZkrlZ[� aZ^Z_lky�

iZjZf_ljZfb�©;OLPª�b�©<OLPª�b�l�^���ke_^h\Zl_evgh��g_�

lj_[m_lky� \g_k_gb_� ^hihegbl_evguo� bgkljmdpbc�� <h�

\lhjuo��ih^h[gu_�Zki_dlu�\�^_lZeyo�baeh`_gu�\�ihkh�

[bb�>�@��k�dhlhjuf�[m^_l�ihe_agh�hagZdhfblvky�dZ`^hfm�

bkke_^h\Zl_ex��

G_� klhbl� aZ[u\Zlv�� qlh� ]jZnbq_kdbc�f_lh^� wnn_d�

lb\_g� ebrv� ijb� _]h� ]jZfhlghf� ijbf_g_gbb��Hk\h_gb_�

jZkkfZljb\Z_fh]h�f_lh^Z�ihfh`_l� bkke_^h\Zl_ex�ih�

\ukblv� gZ]ey^ghklv� b� m^h[kl\h� \hkijbylby� ij_^klZ\�

ey_fuo� ]jZnbdh\� b� ^bZ]jZff�� b�� dZd� h`b^Z_fuc� j_�

amevlZl��ihemqblv�h[smx�iheh`bl_evgmx�hp_gdm�jZ[hlu�

kh�klhjhgu�ki_pbZebklh\��

Ebl_jZlmjZ�

���<eZkh\�� <�=�� Gh\uc� wgpbdehi_^bq_kdbc� keh\Zjv�

bah[jZabl_evgh]h�bkdmkkl\Z���\����l���l��9,���<�=��<eZkh\��±�

KI[���:a[mdZ�deZkkbdZ��������±�����k��

���;hevrZy� kh\_lkdZy� wgpbdehi_^by� �� \� ��� l�� ±�F���

Kh\_lkdZy�wgpbdehi_^by������±������

���J_dhf_g^Zpbb�J� ����������?^bgZy�kbkl_fZ�dhgkl�

jmdlhjkdhc� ^hdmf_glZpbb�� IjZ\beZ� \uiheg_gby� ^bZ]�

jZff��±�<aZf_g�=HKL������±�����\\_^��������������±�F����

Ba^�\h�klZg^Zjlh\��������±���k���

���=HKL������������Kbkl_fZ�klZg^Zjlh\�ih�bgnhjfZ�

pbb�� [b[ebhl_qghfm� b� ba^Zl_evkdhfm� ^_em�� Hlq_l� h�

gZmqgh�bkke_^h\Zl_evkdhc�jZ[hl_��KljmdlmjZ�b�ijZ\beZ��

hnhjfe_gby��±�<\_^��������������±�F�� ��Ba^�\h�klZg^Zj�

lh\��������±����k��±��F_`]hkm^Zjkl\_gguc�klZg^Zjl���

���=HKL� ���������� ?^bgZy� kbkl_fZ� dhgkljmdlhjkdhc�

^hdmf_glZpbb�� H[sb_� lj_[h\Zgby� d� l_dklh\uf� ^hdm�

f_glZf�� ±� <\_^�� ������������ ±�F�� ��Ba^�\h� klZg^Zjlh\��

������±����k��±��F_`]hkm^Zjkl\_gguc�klZg^Zjl���

���=HKL� �������������Kbkl_fZ� klZg^Zjlh\�ih� bgnhj�

fZpbb�� [b[ebhl_qghfm� b� ba^Zl_evkdhfm� ^_em�� >bkk_j�

lZpby�b�Z\lhj_n_jZl�^bkk_jlZpbb��KljmdlmjZ�b�ijZ\beZ�

hnhjfe_gby�� ±� <\_^�� ������������ ±� F�� �� KlZg^Zjlbg�

nhjf��������±����k��±��GZpbhgZevguc�klZg^Zjl�Jhkkbck�

dhc�N_^_jZpbb���

���Kd\Zcjk��>`��IjZdlbq_kdZy�nbabdZ���>i_j��k�Zg]e�@� ��

>`��Kd\Zcjk���ih^�j_^��?��F��E_cdbgZ��±�F����Fbj��������±�

����k��

��� K\_lhaZjh\�� <�<�� We_f_glZjgZy� h[jZ[hldZ� j_�

amevlZlh\�baf_j_gbc��mq_[��ihkh[b_���<�<��K\_lhaZjh\��±�

F����Ba^��FBNB��������±����k��

���*������� ,78�7� 5HFRPPHQGDWLRQ�� 9HU\� KLJK� VSHHG�

GLJLWDO� VXEVFULEHU� OLQH� WUDQVFHLYHUV� �9'6/�� >We_dljhgguc�

j_kmjk@��±�We_dljhg��^Zg��±�J_`bf�^hklmiZ��KWWS���ZZZ�LWX��

LQW�UHF�7�5(&�*�������HQ���

����=HKL� ������������ ?^bgZy� kbkl_fZ� dhgkljmdlhjk�

dhc� ^hdmf_glZpbb�� GZg_k_gb_� jZaf_jh\� b� ij_^_evguo�

hldehg_gbc�� ±�<\_^�� ������������ ±�F���KlZg^Zjlbgnhjf��

������±����k��±��F_`]hkm^Zjkl\_gguc�klZg^Zjl���

7+(�)($785(6�2)�'$7$�3/277,1*��

,1�0$7/$%�

5\ERORYOHY�$�$���5\ERORYOHY�'�$��

7KH�VSHFLILFV�RI�SORWWLQJ�LQ�0$7/$%�HQYLURQPHQW� LV�GLV�

FXVVHG�� 7KH� H[DPSOH� RI� GUDZLQJ�PXOWLSOH� IXQFWLRQV� RQ� WKH�

VDPH� JUDSK� LV� JLYHQ�� 6SHFLDO� DWWHQWLRQ� LVSDLG� WRSORW� FODU�

LW\DQG�FRPSOLDQFH�ZLWK�WKH�UHTXLUHPHQWV�RI�5XVVLDQ�QDWLRQDO�

WHFKQLFDO�VWDQGDUGV��

M�\�Z�`�Z�_�f�u�_����Z�\�l�h�j�u��

J_^Zdpby� gZmqgh�l_ogbq_kdh]h� `mjgZeZ� ©Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\ª� ijhkbl� <Zk� kh[ex^Zlv�

ke_^mxsb_�lj_[h\Zgby�d�fZl_jbZeZf��gZijZ\ey_fuf�gZ�im[ebdZpbx��

Lj_[h\Zgby�d�l_dklh\uf�fZl_jbZeZf�b�khijh\h^bl_evguf�^hdmf_glZf��
��� L_dkl���l_dklh\uc�j_^Zdlhj�0LFURVRIW�:RUG��
��� LZ[ebpu� b� jbkmgdb� ^he`gu� [ulv� ijhgmf_jh\Zgu��GZ� \k_� jbkmgdb��lZ[ebpu� b� [b[ebh]jZnbq_kdb_�

^Zggu_�mdZau\Zxlky�kkuedb�\�l_dkl_�klZlvb��

��� H[t_f�klZlvb�^h����klj���rjbnl������>ey�aZdZaguo�h[ahjguo�jZ[hl�h[t_f�fh`_l�[ulv�m\_ebq_g�
^h����klj��

��� GZa\Zgb_�klZlvb�gZ�jmkkdhf�b�Zg]ebckdhf�yaudZo��
��� Jmdhibkv�klZlvb�khijh\h`^Z_lky��

x� djZldhc�ZgghlZpb_c�gZ�jmkkdhf�b�Zg]ebckdhf�yaudZo��

x� ghf_jhf�M>D��

x� k\_^_gbyfb� h[� Z\lhjZo� �N�B�H��� hj]ZgbaZpby�� ^he`ghklv�� mq_gZy� kl_i_gv�� l_e_nhgu��

we_dljhggZy�ihqlZ���

x� dexq_\ufb�keh\Zfb��

x� Zdlhf�wdki_jlbau��ijb�gZebqbb�\�\Zr_c�hj]ZgbaZpbb�wdki_jlghc�dhfbkkbb����

Lj_[h\Zgby�d�beexkljZpbyf��
x� <_dlhjgu_��ko_fu��]jZnbdb����`_eZl_evgh�bkihevah\Zgb_�]jZnbq_kdbo�j_^Zdlhjh\�$GREH�,OOXVWUDWRU�

beb�&RUHO�'5$:��

x� JZkljh\u_��nhlh]jZnbb��jbkmgdb�����F������jZaj_r_gb_�g_�f_g__����GSL��nhjfZl�WLII��MSJ��
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�
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JZajZ[hlZgZ�f_lh^bdZ�mq_lZ�hkh[_gghkl_c�ljZkkbjh\db�ijb�

ZgZeba_� \j_f_gguo� khhlghr_gbc� ^ey� kb]gZeh\�� jZkijhkljZgyx�

sboky� \� [ukljh^_ckl\mxsbo� pbnjh\uo� fh^meyo� ijb� kbgojhgghf�

h[f_g_� ^Zggufb�� Ij_^eh`_gh� fZljbqgh_� hibkZgb_� ljZkkbjh\db�

kbkl_fghc�fZ]bkljZeb� b� kbkl_fghc� kbgojhgbaZpbb�� JZkkfhlj_g�

ijbf_j� ijbf_g_gby� jZajZ[hlZgghc� f_lh^bdb� ^ey� ZgZebaZ� fmev�

lbijhp_kkhjgh]h� deZkl_jZ�� ijh_dlbjm_fh]h�k�p_evx� _]h�bkihev�

ah\Zgby� ^ey� \ukhdhijhba\h^bl_evghc� h[jZ[hldb� [hevrbo� h[t_�

fh\�bgnhjfZpbb��

M>D����������

:G:EBA�<J?F?GGUO�KHHLGHR?GBC�>EY�KB=G:EH<��
<�IJH?DLBJM?FUO�PBNJH<UO�FH>MEYO�B�HP?GD:�J:;HLHKIHKH;GHKLB��

Dmabg�:�:���^hp_gl�dZn_^ju�bgnhjfZpbhgguo�jZ^bhkbkl_f�Gb`_]hjh^kdh]h�]hkm^Zjkl\_ggh]h�l_ogbq_kdh]h�
mgb\_jkbl_lZ�bf��J�?��:e_dk__\Z��H�PDLO��NX]LQBDOH[#QQWX�QQRY�UX��

Iem`gbdh\�:�>���^�l�g��ijhn_kkhj�dZn_^ju�bgnhjfZpbhgguo�jZ^bhkbkl_f�Gb`_]hjh^kdh]h�]hkm^Zjkl\_ggh]h�
l_ogbq_kdh]h�mgb\_jkbl_lZ�bf��J�?��:e_dk__\Z��H�PDLO��SOX]KQLNRY#QQWX�QQRY�UX��

Ijb[em^h\Z�?�G���d�l�g���^hp_gl�dZn_^ju�bgnhjfZpbhgguo�jZ^bhkbkl_f�Gb`_]hjh^kdh]h�]hkm^Zjkl\_ggh]h�
l_ogbq_kdh]h�mgb\_jkbl_lZ�bf��J�?��:e_dk__\Z��H�PDLO��SULEOXGRYD#QQWX�QQRY�UX��

Kb^hjh\�K�;���d�l�g���^hp_gl�dZn_^ju�bgnhjfZpbhgguo�jZ^bhkbkl_f�Gb`_]hjh^kdh]h�]hkm^Zjkl\_ggh]h�
l_ogbq_kdh]h�mgb\_jkbl_lZ�bf��J�?��:e_dk__\Z��H�PDLO��VLGRURY#QQWX�QQRY�UX�

�

Dexq_\u_�keh\Z��fmevlbijhp_kkhjgu_�kbk�
l_fu�� \aZbfgu_� aZ^_j`db�� [ukljh^_ckl\b_��

ljZkkbjh\dZ��kbgojhgguc�h[f_g���

<\_^_gb_�

<�ijhp_kk_�ijh_dlbjh\Zgby�kh\j_f_gguo�fbd�

jhijhp_kkhjguo� kbkl_f� h[uqgh� lj_[m_lky� j_Z�

ebah\Zlv� h^gh\j_f_ggh_� \uiheg_gb_� \ukhdbo�

lj_[h\Zgbc� d�[ukljh^_ckl\bx��gZ^_`ghklb�nmgd�

pbhgbjh\Zgby�b�]Z[Zjblguf�ihdZaZl_eyf�kbkl_�

fu�\�fh^mevghf�bkiheg_gbb��MdZaZggu_�lj_[h\Zgby�aZ�

qZklmx�y\eyxlky�ijhlb\hj_qb\ufb��<�qZklghklb��mf_gv�

r_gb_�]Z[Zjblh\�ZiiZjZlguo�kj_^kl\��fh^mey��mkeh`gy�

_l� ljZkkbjh\dm� kbkl_fghc�fZ]bkljZeb�� hdZau\Z_lky� g_�

\hafh`guf�iZjZee_evgh_�jZaf_s_gb_�\k_o�__�ebgbc�gZ�

fgh]hkehcghc�i_qZlghc�ieZl_�k�j_Zevghc�lhiheh]b_c��<�

j_amevlZl_� g_� kh\iZ^Zxl� aZ^_j`db� kb]gZeh\�� jZkijh�

kljZgyxsboky� ih� jZaebqguf� ebgbyf� hl� h^gh]h� dhfih�

g_glZ�kbkl_fu�d�^jm]hfm��Ijbq_f�hlkmlkl\b_�lZdh]h�kh\�

iZ^_gby�ijhy\ey_lky�l_f�[he__�kms_kl\_ggh��\�kfuke_�

ihgb`_gby�gZ^_`ghklb�ba�aZ�kemqZcguo�k[h_\���q_f�\u�

r_� lj_[h\Zgby� d�[ukljh^_ckl\bx�� ijb\h^ysb_� d� ih\u�

r_gbx� qZklhlu� kbgojhgbaZpbb� kbkl_fu�� Djhf_� lh]h�� \�

fgh]hijhp_kkhjguo� kbkl_fZo� kf_gZ� \_^ms_]h� dhfih�

g_glZ� \_^_l� d� lZdhfm� baf_g_gbx� aZ^_j`_d� kb]gZeh\��

jZkijhkljZgyxsboky� hl� wlh]h� dhfihg_glZ� d� \_^hfuf�

dhfihg_glZf� b� \� h[jZlghf� gZijZ\e_gbb�� dhlhjh_� lh`_�

\_kvfZ�kms_kl\_ggh�ijb�\ukhdhf�[ukljh^_ckl\bb��

IhklZgh\dZ�aZ^Zqb�

Ih� mdZaZgguf� \ur_� ijbqbgZf� \hagbdZ_l� g_h[oh^b�

fhklv�^_lZevgh]h�ZgZebaZ�ijh_dlbjm_fuo�kbkl_f��\�qZ�

klghklb�� ^_lZevgh]h� ZgZebaZ� \j_f_gguo� khhlghr_gbc�

�\aZbfguo� aZ^_j`_d�� ^ey� jZkijhkljZgyxsboky� \� gbo�

kb]gZeh\��

�

BBBBBBBBBBBBBBBBBBBBBBBBB�

�

�
��JZ[hlZ�\uiheg_gZ�ijb�ih^^_j`d_�Fbgbkl_jkl\Z�h[jZah\Z�

gby� b� gZmdb� JN� \� jZfdZo� ^h]h\hjZ� �� ���*����������� hl��

©��ª�n_\jZey������]h^Z��\�khhl\_lkl\bb�k�IhklZgh\e_gb_f�IjZ�

\bl_evkl\Z�Jhkkbckdhc�N_^_jZpbb�hl���Zij_ey������]����������

Ih^h[guc� ZgZeba�ijh\h^blky�� gZijbf_j�� \� >�@��Ijb�

q_f�ZgZeba��ijh\h^bfuc�\�>�@��hkms_kl\ey_lky�^ey�kem�

qZy� kbgojhggh]h� �k� ijb\yadhc� d� kbkl_fghc� kbgojhgbaZ�

pbb��h[f_gZ�^Zggufb�ih�kbkl_fguf�rbgZf��Wlh�h[tyk�

gy_lky� l_f�� qlh� kbgojhgguc� h[f_g� iha\hey_l� ^hklbqv�

gZb[he__�\ukhdh]h�[ukljh^_ckl\by�kbkl_fu��

H^gZdh� ZgZeba�� ijh\h^bfuc� \� >�@�� g_� mqblu\Z_l�

\ebygb_� mihfygmluo� \ur_� hkh[_gghkl_c� ljZkkbjh\db�

kbkl_fghc�fZ]bkljZeb�gZ�fgh]hkehcghc�i_qZlghc�ieZl_��

G_�mqblu\Z_l�hg�b�j_ZebaZpbx� ljZkkbjh\db�ebgbc�kbk�

l_fghc�kbgojhgbaZpbb��

GZr_c�aZ^Zq_c�y\ey_lky�ijhjZ[hldZ�f_lh^bdb�mq_lZ�

hkh[_gghkl_c� ljZkkbjh\db� ijb� ZgZeba_� \j_f_gguo� kh�

hlghr_gbc� ^ey� kb]gZeh\�� jZkijhkljZgyxsboky� \�[ukl�

jh^_ckl\mxsbo�pbnjh\uo�fh^meyo�ijb�kbgojhgghf�h[�

f_g_�^Zggufb��

MdZaZgguc� ZgZeba� \j_f_gguo� khhlghr_gbc�� ijh\h^b�

fuc� ^ey� khihklZ\ey_fuo� \ZjbZglh\� ijh_dlZ�� iha\hebl�

ba[_`Zlv�]jm[uo�hrb[hd�\�ijhp_kk_�ijh_dlbjh\Zgby��

Dhgdj_lbaZpby�h[t_dlZ�ZgZebaZ��
dZd�ih^oh^�d�j_r_gbx�ihklZ\e_gghc�aZ^Zqb�

<�^Zgghc�jZ[hl_�f_lh^bdZ�hp_gdb�\aZbfguo�aZ^_j`_d��

\hagbdZxsbo� ijb� jZkijhkljZg_gbb� kb]gZeh\� \� ijh_dlb�

jm_fuo� pbnjh\uo� fh^meyo�� Z� lZd`_� jZ[hlhkihkh[ghklb�

wlbo� fh^me_c� jZkkfZljb\Z_lky� gZ� dhgdj_lghf� ijbf_j_��

Ijbq_f�\�dZq_kl\_�ijbf_jZ�\u[jZg�lZd�gZau\Z_fuc�fmev�

lbijhp_kkhjguc� deZkl_j�� ijh_dlbjm_fuc� k�p_evx� _]h� bk�

ihevah\Zgby� ^ey� \ukhdhijhba\h^bl_evghc� h[jZ[hldb�

[hevrbo� h[t_fh\� bgnhjfZpbb� \� kbkl_fZo�� ihkljh_gguo�

dZd�kh\hdmighklv�g_kdhevdbo�ih^h[guo�deZkl_jh\��

Ijb� jZkkfhlj_gbb� \u[jZggh]h� ijbf_jZ� bf__lky� \�

\b^m�lZdhc�\ZjbZgl��dh]^Z�deZkl_j�kh^_j`bl�q_luj_�\u�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������
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���

khdhijhba\h^bl_evguo�ijhp_kkhjZ�pbnjh\hc�h[jZ[hldb�

kb]gZeh\�±�<IPHK��'63����'63����'63����'63�����q_lu�

j_� fbdjhko_fu� kbgojhgghc� ^bgZfbq_kdhc� iZfylb�

�6'5$0����6'5$0����6'5$0����6'5$0����b�fbdjhko_fm�

newr�iZfylb��)/$6+���I_j_qbke_ggu_�dhfihg_glu�deZ�

kl_jZ� k\yaZgu� f_`^m� kh[hc� kbkl_fghc� fZ]bkljZevx��

dhlhjZy� kh^_j`bl� ljb� ^\mklhjhggbo� �fmevlbie_dkbjh�

\Zgguo�� kbkl_fguo� rbgu�� rbgm� Z^j_kZ� b� mijZ\e_gby�

�R:M���rbgm� h[f_gZ� klZjrbfb� jZajy^Zfb� �hl� ���]h� ^h�

���]h�� ^Zgguo� �R>K�� b�rbgm� h[f_gZ�feZ^rbfb� jZajy�

^Zfb� �hl� ���]h� ^h� ��]h�� ^Zgguo� �R>F���Ijbq_f� q_luj_�

<IPHK� �'63� ��� '63� ��� '63� ��� '63� ��� ih^dexq_gu� dh�

\k_f� lj_f� kbkl_fguf� rbgZf�� Z� dZ`^uc� ba� hklZevguo�

iylb�dhfihg_glh\�ih^dexq_g�lhevdh�d�^\mf�ba�lj_o�kbk�

l_fguo�rbg��:�bf_ggh��\k_�iylv�dhfihg_glh\�ih^dexq_�

gu�d�R:M��dhfihg_glu�6'5$0���b�6'5$0���ih^dexq_�

gu� d� R>K� b� g_� ih^dexq_gu� d� R>F�� Z� dhfihg_glu�

6'5$0����6'5$0���b� )/$6+�ih^dexq_gu� d�R>F�b�g_�

ih^dexq_gu�d�R>K��

Ihkdhevdm� j_rZ_fZy� aZ^ZqZ� ihklZ\e_gZ� lZd�� qlh�

^he`_g�ZgZebabjh\Zlvky�kbgojhgguc�h[f_g�^Zggufb��\�

dhlhjhf�)/$6+�g_�mqZkl\m_l��lh�\�^Zevg_cr_f�wlhl�dhf�

ihg_gl� g_� mihfbgZ_lky�� >ey� j_ZebaZpbb� kbgojhggh]h�

h[f_gZ� kem`bl� [mn_j� &/.� %8)�� kh^_j`Zsbcky� \� deZ�

kl_j_�b�k\yaZgguc�k�dhfihg_glZfb�'63����'63����'63����

'63� ��� 6'5$0� ��� 6'5$0� ��� 6'5$0� �� b� 6'5$0� ��eb�

gbyfb� h^ghklhjhgg_c� i_j_^Zqb� kbgojhbfimevkh\� hl�

&/.�%8)�d�i_j_qbke_gguf�\hkvfb�dhfihg_glZf��

Hkh[_gghklvx� jZkkfZljb\Z_fh]h� fmevlbijhp_kkhj�

gh]h�deZkl_jZ�y\ey_lky�\hafh`ghklv�f_`ijhp_kkhjgh]h�

h[f_gZ�^Zggufb�� dh]^Z�ex[hc� ba� q_luj_o� ijhp_kkhjh\�

�\_^msbc�� 0DVWHU�� bf__l�^hklmi� d� \gmlj_gg_c� iZfylb� b�

j_]bkljZf�^jm]h]h��\_^hfh]h��6ODYH��beb�\k_o�hklZevguo�

�\�j_`bf_�rbjhdh\_sZl_evgh]h�h[f_gZ��%URDGFDVW���J_�

Zevgh_� ijh_dlbjh\Zgb_� deZkl_jZ� hjb_glbjh\Zgh� gZ� bk�

ihevah\Zgb_� �\� dZq_kl\_� <IPHK�� ijhp_kkhjh\� 7LJHU�

6+$5&�b�bo�hl_q_kl\_gguo�ZgZeh]h\��jZajZ[Zlu\Z_fuo�

\�gZklhys__�\j_fy��

FZljbqgh_�hibkZgb_�ljZkkbjh\db�

Kh]eZkgh�ihklZ\e_gghc�aZ^Zq_�g_h[oh^bfh�ijh\_klb�

ZgZeba� \j_f_gguo� khhlghr_gbc� \� jZkkfZljb\Z_fhc�

kbkl_f_� k� mq_lhf�hkh[_gghkl_c� ljZkkbjh\db� kbkl_fghc�

fZ]bkljZeb�b�ebgbc�kbkl_fghc�kbgojhgbaZpbb��>ey�wlh]h�

lj_[m_lky� lZdZy�nhjfZ� kljmdlmjgh]h� hibkZgby� \aZbfh�

k\ya_c� dhfihg_glh\� '63� ��� '63� ��� '63� ��� '63� ���

6'5$0� ��� 6'5$0� ��� 6'5$0� ��� 6'5$0� �� b� &/.� %8)��

dhlhjZy�hljZ`ZeZ�[u�g_�lhevdh�kms_kl\h\Zgb_�ZiiZjZl�

guo�k\ya_c��gh�b�\hagbdZxsb_�\�gbo�aZ^_j`db�kb]gZeh\��

Wlh�aZ^_j`db�\�j_Zevguo�ebgbyo�k\yab�±�\�mqZkldZo�eb�

gbc� kbkl_fghc� fZ]bkljZeb� b� \� ebgbyo� kbkl_fghc� kbg�

ojhgbaZpbb�gZ�i_qZlghc�ieZl_��

Fh`gh�ij_^eh`blv�fZljbqgh_�hibkZgb_�ljZkkbjh\db��

:� bf_ggh�� \hkvfb� dhfihg_glZf� '63� ��� '63� ��� '63� ���

'63����6'5$0����6'5$0����6'5$0���b�6'5$0���ihklZ�
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±�hp_gdZ�dZq_kl\Z�kh\f_s_gby�bah[jZ`_gbc��

±�h[gZjm`_gb_�^\b`msboky�h[t_dlh\�b�hij_^_e_gb_�bo�

iZjZf_ljh\��

±�h[gZjm`_gb_�ijyfhebg_cguo�]jZgbp��

±�kbkl_fZ�\b^_hihabpbhgbjh\Zgby��

±�dhfi_gkZpby�^\b`_gby��

±�k`Zlb_�bah[jZ`_gby�ijb�gZebqbb�ihf_o��

±�njZdlZevgh_�dh^bjh\Zgb_��

±�k_]f_glZpby�kbf\heh\�ghf_jgh]h�agZdZ��
±�lj_of_jguc�kl_j_hZgZeba��

±�kbgl_a�]jZnZ�lj_of_jghc�kp_gu��

�

�
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GH<:Y�JHEV�FBDJHIJHP?KKHJGUO�KBKL?F���
H;?KI?Q?GB?�;?AHI:KGHKLB�I?J?>�EBPHF�D:L:KLJHN�

Dbjibqgbdh\�:�I���N_^_jZevgh_�]hkm^Zjkl\_ggh_�[x^`_lgh_�mqj_`^_gb_�gZmdb��Bgklblml�ijh[e_f�
mijZ\e_gby�bf��<�:��LjZi_agbdh\Z�J:G��BIM�J:G��

Kms_kl\m_l�ljb�\b^Z�e`b��eh`v���

gZ]eZy�eh`v�b�klZlbklbdZ��

FZjd�L\_g�

�

Ijh_dlbjmy�kh\j_f_ggh_�we_dljhggh_�mkljhckl\h�ba�

jy^Z� \Z`guo� b� hl\_lkl\_gguo�� jZajZ[hlqbd� bgh]^Z� aZ�

^mfu\Z_lky�h�_]h�ih\_^_gbb�\�djblbq_kdbc�fhf_gl�b�h�

lhf�� qlh� [m^_l� lZdbf� djblbq_kdbf� fhf_glhf�� B�� ohly�

gZr_�\hh[jZ`_gb_�ih^iblu\Z_lky�nZglZklbq_kdhc�ijh�

^mdpb_c�dbghbg^mkljbb��^Z\gh�kfZdmxs_c�:jfZ]_^^hg��

ljm^gh�ij_^klZ\blv�k_[y�mqZklgbdZfb�©=b[_eb�Ihfi_bª�

beb�©����ª��Djhf_�lh]h��\k_�\ha^_ckl\by�gZ�ZiiZjZlmjm�

ijb�jZaebqguo�bkiulZgbyo�klZg^Zjlbah\Zgu�b�g_�ij_^�

klZ\eyxl�kh[hc�gbq_]h�h[s_]h�k� l_f��qlh�baj_^dZ�kem�

qZ_lky� \�`bagb�� L_f� g_� f_g__�� klhbl� jZkkfhlj_lv� j_�

Zevgmx�\_jhylghklv�ihiZ^Zgby�bgl_j_kmxs_]h�gZk�ijb�

[hjZ�\� ahgm�dZlZkljhnu�b�ihke_^kl\by��k�wlbf�k\yaZg�

gu_�� <� dZq_kl\_� ijbf_jZ� fh`gh� \aylv� hl\_lkl\_ggh_�

mkljhckl\h�Z\lhfZlbdb�k�lbjZ`hf����luk��rlmd�b�kjhdhf�

kem`[u�������e_l��dZdh\Z�\_jhylghklv�^ey�g_]h�\�l_q_�

gb_�`bag_ggh]h� pbdeZ� \klj_lblvky� k� dZlZkljhnhc� beb��

qlh� om`_�� ihmqZkl\h\Zlv� \� g_c"� HdZau\Z_lky�� dm^Z�

[hevrZy��q_f�gZf�wlh�ij_^klZ\ey_lky���

�

Jbk�����Dhebq_kl\h�aZj_]bkljbjh\Zgguo��

l_ogh]_gguo�dZlZkljhn�������±�����]]��

GZqg_f�jZkkfhlj_gb_�k�l_ogh]_gguo�dZlZkljhn��Qlh�bo�

dhebq_kl\h�m\_ebqb\Z_lky� ±�hq_\b^gh� �jbk�� ����ihkdhevdm�

hgh�ijhihjpbhgZevgh��k�h^ghc�klhjhgu��h[s_fm�dhebq_kl�

\m�_^bgbp�bkihevam_fhc�l_ogbdb��Z�k�^jm]hc�±�m\_ebq_gbx�

kl_i_gb�__�\ebygby�gZ�djblbq_kdb_�kh[ulby���

Ihke_^g__�ijhy\ey_lky�dZd�\�qZklb�jZaghh[jZaby�\g_�

^j_gbc��ijbf_g_gbc�gZ�h[t_dlZo���lZd�b�\�\ZjbZpbyo�fZk�

rlZ[ghc� rdZeu� ihke_^kl\bc�� dZd� j_amevlZl� ±� ihemqZ_f�

g_ebg_cgmx� �kl_i_ggmx�� aZ\bkbfhklv��G_kfhljy� gZ� h]jZ�

gbq_gghklv�fZkrlZ[Z� kh[ulbc�� \ebygb_� bo� \_ebdh� b� ki_�

pbnbdZ� hq_\b^gZ�� l_ogbdZ�� hkh[_ggh� wg_j]hgZkus_ggZy��

ijb�gZjmr_gbb�dhgljhey� �hlkmlkl\bb�gZ^_`gh�nmgdpbhgb�

jmxsbo� kbkl_f� [_ahiZkghklb�� ±� wlh� klboby��Ihke_^kl\by�

hl� l_ogh]_gguo� dZlZkljhn� \k_]^Z� ehdZevgh� [he__� jZajm�

rbl_evgu� �b� [he_ag_ggu��� ohly� [u� ih� lhc� ijbqbg_�� qlh�

jZkiheh`_gZ�l_ogbdZ�ihqlb�\k_]^Z�\[ebab�í�kj_^b�ex^_c��

Wlhl�dhglZdl�[u\Z_l�qj_a\uqZcgh�hiZk_g��dh]^Z�fZkrlZ[u�

kh[ulby� m`_� \uoh^yl� aZ� jZfdb� hi_jZlhjkdbo� hrb[hd� beb�

iheh`_gbc�h[�hojZg_�ljm^Z��b�\�mkeh\byo�hlkmlkl\by�dhg�

ljhey�wlh�\k_]^Z�j_Zebam_lky�ly`_eufb�ihke_^kl\byfb��

<lhjuf�fhf_glhf�� lj_[mxsbf� hkfuke_gby�� y\ey_lky�

lh��qlh�fgh`_kl\h�l_ogh]_gguo�dZlZkljhn��g_�]h\hjy�h�[_k�

qbke_gguo� bgpb^_glZo�f_gvr_]h� jZg]Z�� khimlkl\mxl�ijb�

jh^guf�bgpb^_glZf��dhlhju_�y\eyxlky�^ey�gbo�ebrv�kimk�

dh\uf�f_oZgbafhf�b�kZfb�ih�k_[_�lZdbo�jZajmrbl_evguo�

ihke_^kl\bc�qZklh�g_�bf_xl��Lh]^Z�dZd�kijh\hpbjh\Zggu_�

bfb���l_ogh]_ggu_����dZlZkljhnbq_kdb_����kh[ulby�����bf_xl�

�

Jbk�����Dhebq_kl\h�aZj_]bkljbjh\Zgguo��

ijbjh^guo�dZlZkljhn�������±�����]]��

^_ckl\b_� ihbklbg_� himklhrbl_evgh_� �mihfyg_f�ebrv�ih�

`Zju�b��gZijbf_j��\aju\�]Zahijh\h^Z��\ua\Zggu_�g_[hev�

rbf� a_fe_ljyk_gb_f� beb� hiheag_f�� k� aZfudZgb_f� we_d�

ljbq_kdbo�dZ[_e_c�b�ij����

L_i_jv�h[jZlbfky�d�pbnjZf�±�j_qv�b^_l�h�klZlbklbd_�

l_ogh]_gguo� b� ijbjh^guo� dZlZkljhn� b� bo� ihke_^kl\bc�

aZ� ihke_^gb_� ���� e_l� �hkgh\u\Zykv� gZ� fZl_jbZeZo�

&5('�í�&HQWUH�IRU�5HVHDUFK�RQ�WKH�(SLGHPLRORJ\�RI�'LVDV��



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������
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WHUV��>�@��LZd��aZ����e_l�k�����]�ih�����]��ijb�gZk_e_gbb�

A_feb�hd����fej^�q_e���dhebq_kl\h�aZj_]bkljbjh\Zgguo�

l_ogh]_gguo� dZlZkljhn� khklZ\beh� ebrv� ���� ijb� ih�
kljZ^Z\rbo�b�`_jl\Zo�a���luk��q_e��k�h[sbf�ms_j[hf�

a�������feg��Ijb�wlhf�qbkeh�ijbjh^guo�dZlZkljhn�aZ�
wlhl� i_jbh^� aZj_]bkljbjh\Zgh� ���� k�ihkljZ^Z\rbfb� b�

`_jl\Zfb�a���feg��q_e�b�h[sbf�ms_j[hf�a���fej^���

�

Jbk�����Ms_j[�hl�l_ogh]_gguo�dZlZkljhn��

������±������]]��

Gh�aZ�lZdhc�`_�i_jbh^�k����]�ih�����]� �ijb�gZk_e_�

gbb�A_feb���fej^��q_e��wlb�pbnju�khklZ\beb��^ey�l_o�
gh]_gguo� dZlZkljhn� a���� luk�� k� ihkljZ^Z\rbfb� b�
`_jl\Zfb� �� feg�� q_e�� b� ms_j[hf� a������ fej^��� Z� ^ey�

ijbjh^guo� dZlZkljhn� a��� luk��k�ihkljZ^Z\rbfb�a����
fej^��q_e�k�h[sbf�ms_j[hf�a������fej^��Lh�_klv�jhkl�

ih�qbkem�dZlZkljhn�khklZ\be����jZa��Z�ih�gZg_k_gghfm�
bfb�ms_j[m�í�����jZa���

�

Jbk�����Dhebq_kl\h�l_ogh]_gguo�b�ijbjh^guo�dZlZkljhn�

������±������]]��

>Z`_� ij_^iheZ]Zy� g_kh\_jr_gkl\h� ijhp_^mj� j_]b�

kljZpbb� gZ� i_j\hf� bgl_j\Ze_� b� \ZdoZgZebx� nhjk�

fZ`hjguo�b�kljZoh\uo�f_oZgbafh\�\h�\lhjhf��Z� lZd`_�

h[smx� bgneypbx� ihjy^hqghklb�� q_klghklb� b� jZamfgh�

klb� gZ� ieZg_l_� �]^_� `_� gZiZklbkv� gZ� lZdh_� jZklms__�

gZk_e_gb_� -��� ijb^_f� d� hlj_a\eyxs_fm� \u\h^m�� qlh�

qZklhlZ� dZlZkljhnbq_kdbo� kh[ulbc� b� bo� jZajmrbl_ev�

gu_�^_ckl\by�gZ�ieZg_l_�\hajhkeb�dZd�fbgbfmf�\�������

jZa� gZ� ijhly`_gbb� \k_]h� h^ghc� q_eh\_q_kdhc� `bagb��

Ijb\_^_ggu_�gZ�jbk����±���]jZnbdb�]h\hjyl�kZfb�aZ�k_[y�

�^ey� m^h[kl\Z� ijb� h[jZ[hld_� ^Zgguo� bkihevah\Zgu� bg�

l_j\Zeu�ih����e_l��qlh�[ebadh��k�h^ghc�klhjhgu��d�pbdeZf�

kheg_qghc�Zdlb\ghklb�� Z�k�^jm]hc� ±� d� lbih\hfm�\j_f_gb�

`bagb� dZiblZeh_fdh]h�h[hjm^h\Zgby��Ijb� wlhf� koh`_klv�

^bgZfbdb��^ey��ijbjh^guo��b��l_ogh]_gguo��dZlZkljhn��oh��

�

Jbk�����Ms_j[�hl�ijbjh^guo�dZlZkljhn��

������±������]]��

jhrh�ijhke_`b\Z_lky�gZ�kh\f_klghf� ]jZnbd_� �jbk������Z�

jhkl�\h\e_q_gghklb�gZk_e_gby�ieZg_lu�±�gZ�jbk������

Bgufb�keh\Zfb��_keb�\�ijhrehf�\_d_�^h�gZqZeZ����o�

]h^h\�ijbjh^gu_�dZlZkljhnu�gZ�h[blZ_fhc�qZklb�A_feb�

ijhbkoh^beb�g_�qZs_��í��jZa�\�f_kyp��lh�k�dhgpZ����o�í�

m`_� dZ`^uc� ^_gv�� :� ijbgbfZy� \h� \gbfZgb_� kj_^gxx�

^ebl_evghklv�ibdZ�dZlZkljhnbq_kdbo�kh[ulbc�^\Z�^gy�b�

[he__��ihemqZ_f�i_jfZg_glgh_�gZebqb_�\�Hcdmf_g_�ih��

�

Jbk�����IhkljZ^Z\rb_�hl�ijbjh^guo�dZlZkljhn��

������±������]]��

djZcg_c�f_j_�g_kdhevdbo� ahg�dZlZkljhn�h^gh\j_f_ggh��

q_]h�jZgvr_�g_�gZ[ex^Zehkv��Ijb�wlhf�\�l_q_gb_�^_ky�

lbe_lby� \h\e_q_gguf� l_f� beb� bguf� h[jZahf� \� dZlZkl�

jhnbq_kdb_�kh[ulby�hdZau\Z_lky��dZd�fbgbfmf��dZ`^uc�

lj_lbc�`bl_ev�ieZg_lu������

HibjZykv�gZ�^Zggmx�klZlbklbdm��Z�lZd`_�oZjZdl_jgmx�

iehlghklv�jZkij_^_e_gby�bgl_j_kmxs_]h�h[hjm^h\Zgby�

�ba��h[eZklb��Z\lhfZlbdb��b��dhgljhey��[_ahiZkghklb���ih�
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�
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hljZkeyf�b�l_jjblhjbyf��b�ke_^m_l�bkdZlv�hl\_l�gZ�aZ�

^Zgguc�\gZqZe_�\hijhk�h�\_jhylghklb��B�ohly�hl\_lu�\�

dZ`^hf� dhgdj_lghf� kemqZ_� ihemqbf� jZagu_�� gh� hq_gv�

\i_qZleyxsb_��Ihke_�^Zggh]h� jZkkfhlj_gby� klhbl� aZ�

^mfZlvky�gZ^�ijZ\hf_jghklvx�h[e_]q_gguo�lj_[h\Zgbc�

b�klZg^Zjlh\�ijb�bkiulZgbyo��Z�lZd`_�h�km^v[_�j_amev�

lZlh\�k\h_]h�l_ogbq_kdh]h�l\hjq_kl\Z�b�ex^_c��hdZaZ\�

rboky�\[ebab�g_]h�g_�ih�k\h_c�\he_�b�g_�\� lhl�^_gv«�

LZdbf�h[jZahf��kh�\k_c�hq_\b^ghklvx�ijhkfZljb\Z_lky�

m`_klhq_gb_� lj_[h\Zgbc� d� \ebyxsbf� gZ� [_ahiZkghklv�

l_ogbq_kdbf�mkljhckl\Zf��h[t_dlZf�b�bo�h[_ki_q_gbx��

^hihegbl_evgZy� klhcdhklv� d� nZdlhjZf� ijbjh^guo� b�

l_ogh]_gguo�dZlZkljhn�í�qlh[u�\�khq_lZgbb�k�gbfb�g_�

kha^Z\Zlv�dm^Z�[hevrb_�ih�fZkrlZ[m�kh[ulby���

<�;;,�\_d_�kblmZpby�lhevdh�mom^rbeZkv��b�fu�`b\_f�

\�wihom�g_ij_ju\guo�ijbjh^guo�dZlZkljhn��d�dhlhjuf�

^h[Z\ey_f��gh\u_��l_ogh]_ggu_���\ujZsb\Zy�ba�gbo�wdh��

eh]bq_kdb_��<k_fm� wlhfm�^he`gu�[ulv� k_jv_agu_� ijb�

qbgu��gh�jZkkm`^_gby�h�gbo�\uoh^yl�aZ�ij_^_eu�^Zgghc�

�

Jbk�����Hp_gdZ�mklhcqb\hklb�kbkl_f�Z\lhfZlbdb�

�d�WFB�������±������]]��

jZ[hlu�� Mihfyg_f� ebrv� gZf_lb\rmxky� kf_gm� fZ]gbl�

guo�ihexkh\�A_feb�b�gZ[ex^Z_fh_�k_cqZk�mkdhj_ggh_�

bo�k[eb`_gb_��Wlh�ij_^iheZ]Z_l�k_jv_agmx�we_dljbq_�

kdmx�b�khimlkl\mxsmx�_c�fZ]gblgmx�Zdlb\ghklv�ieZg_�

lu� b� g_� kmebl� gbq_]h� ohjhr_]h� gb� [bheh]bq_kdbf�� gb�

we_dljhgguf�kbkl_fZf��__�gZk_eyxsbf���

Q_eh\_q_kdhfm�fure_gbx�\�ihimeypbb�k\hckl\_ggZ�

bg_jpbhgghklv� �aZ^_j`dZ� j_Zdpbb� gZ� ihdhe_gb_� b� [h�

e__�� k� h^ghc� klhjhgu�� b� \ukhdhqZklhlgZy�nbevljZpby�

�dh]^Z� f_edb_� lZdlbq_kdb_� kh[ulby� aZl_gyxl� ]eh[Zev�

gu_� l_g^_gpbb�� hkh[_ggh� l_� ba� gbo�� ]^_� ihklhyggZy�

\j_f_gb� í�[he__� g_kdhevdbo�^_kylbe_lbc� b�ihdhe_gb_�

ijb\udZ_l�� ±� k� ^jm]hc�� qlh� ij_^iheZ]Z_l� Z^_d\Zlgmx�

j_Zdpbx� gZ� ijhbkoh^ys__� \� emqr_f� kemqZ_�� ebrv� kh�

klhjhgu�g_kdhevdbo�ijhn_kkbhgZevguo�khh[s_kl\��ijb�

b]ghjbjh\Zgbb�h[s_kl\hf�\�p_ehf��Gh�m`_�ihjZ�i_j_�

^_eu\Zlv� klZg^Zjlu� b� h[km`^Zlv� ^hihegbl_evgu_�� g_�

jughqgu_�� f_oZgbafu� ih\ur_gby� ijhqghklb� hl\_lkl�

\_gguo� kbkl_f� b� h[t_dlh\�� <� mkeh\byo� gZjZklZxs_]h�

\ZeZ� dZlZkljhnbq_kdbo�kh[ulbc�ij_p_^_glgh_�fure_�

gb_� k� aZiha^Zehc� j_Zdpb_c� fh]ml� g_� kjZ[hlZlv�DZd� b�

q_f� [m^_l� iulZlvky� j_Z]bjh\Zlv� kh\j_f_ggh_� q_eh\_�

q_kl\h�gZ�wlhl�\uah\�k\hc�[_ahiZkghklb"�GZb[he__�\_�

jhylgh� ±� \k_� l_fb�`_�fbdjhijhp_kkhjgufb� kbkl_fZfb�

k[hjZ�� h[jZ[hldb� b� mijZ\e_gby�� GZk� \� lZdhc� kblmZpbb�

^he`gu� \hegh\Zlv� ih� djZcg_� f_j_� qbklh� ijhn_kkbh�

gZevgu_�\hijhku�h[_ki_q_gby�nmgdpbhgZeZ�[_ahiZkgh�

klb�� l�_�� l_ogbdZ�� jZ[hlhkihkh[gZy� \�`_kldbo� mkeh\byo��

dh]^Z� \_jhylghklv� ZghfZevguo� ih� \_ebqbg_� \ha^_ckl�

\mxsbo� nZdlhjh\� \hajZklZ_l� fgh]hdjZlgh�� LZd� dZdh\Z�

`_�lbibqgZy�klhcdhklv�Z\lhfZlbdb�d�jZaebqguf�\ha^_c�

kl\byf��\eZ`ghklv��m^Zju��we_dljhfZ]gblgu_�ihey�b�ij���

b� dZd� hgZ� f_gyeZkv� gZ� ijhly`_gbb� klhe_lby"� ?keb� \�

qZklb�f_oZgbq_kdhc�ijhqghklb�b� lsZl_evghklb�ba]hlh\�

e_gby� hl\_l� hq_\b^_g�� lh� \� hlghr_gbb� we_dljhfZ]gbl�

ghc�klhcdhklb�g_h[oh^bfh�k^_eZlv�g_dhlhju_�hp_gdb��<�

dZq_kl\_� djbl_jby� \havf_f�mkeh\guc� iZjZf_lj�ihjh]h�

\h]h� \ha^_ckl\by�� \uau\Zxs_]h� k[hc� lZdhc�kbkl_fu� b��

ih� ZgZeh]bb� kh� ki_dljZevghc� iehlghklvx�rmfZ�� [m^_f�

baf_jylv�_]h�\�_^bgbpZo �% F=p ��

�

Jbk�����IhdZaZl_ev�g_mklhcqb\hklb�kbkl_f�Z\lhfZlbdb�

d�WFB�������±������]]��

JZkkfhljbf�k�wlhc�lhqdb�aj_gby�\k_�wlZiu��dhlhju_�

ijhreb�we_dljbq_kdb_�b�we_dljhggu_�mkljhckl\Z�hl\_l�

kl\_ggh]h� gZagZq_gby� b� khhl\_lkl\mxsb_� bf� mjh\gb�

kb]gZeh\�mijZ\e_gby��gZqbgZy�k�we_dljhf_oZgbq_kdbo�b�

j_e_cguo�kbkl_f�Z\lhfZlbdb��q_j_a�eZfih\u_�í�d�fh^m�

eyf� gZ�[biheyjguo� ljZgabklhjZo�� b� aZl_f�� d�fbdjhko_�

fZf� [biheyjguf� b�FHI�� k� ^Zevg_crbf� g_ij_ju\guf�

mf_gvr_gb_f� l_ogheh]bq_kdbo� jZaf_jh\� b� kgb`_gb_f�

ihjh]h\uo� gZijy`_gbc� ihke_^gbo�� Bklhqgbdb� gZijy`_�

gby�� \� k\hx� hq_j_^v�� ijhreb� imlv� hl� \ukhdh\hevlguo�

Zgh^guo�[ZlZj_c�� q_j_a� klZg^Zjlu� ��� b� ���<� d� ���<� b��

aZ^_j`Z\rbkv�ihlhf�q_l\_jlv�\_dZ�gZ�klZg^Zjlguo���<��

klj_fbl_evgh� jmogmeb� q_j_a� ���� b� ����<� \� hdj_klghklv��

��<��Ijb�wlhf�qZklhlZ�i_j_dexq_gbc��Z�ke_^h\Zl_evgh�b�

ihehkZ�aZo\ZlZ�ihf_o��g_ij_ju\gh�jhkeb�í�hl�dbeh]_jp�

we_dljhf_oZgbdb��q_j_a�^_kyldb�f_]Z]_jp�^ey�eZfih\uo�

kbkl_f� b� ljZgabklhjguo� fh^me_c�� d� khlgyf� f_]Z]_jp�

eh]bq_kdbo�fbdjhko_f� b� ]b]Z]_jpZf� [hevrbo� ijhp_kkh�

jh\�� J_amevlZlu� hp_gdb� iZjZf_ljZ� ij_^klZ\e_gu� gZ�

jbk�� ���pbnju�^ey�gZqZeZ�\_dZ�khklZ\eyxl�khlgb�b�\u�

oh^yl�aZ�ij_^_eu�ebg_cgh]h�]jZnbdZ��Z�^ey�gZr_]h�\j_�
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f_gb�gZh[hjhl�í�g_jZaebqbfu�m�gmey��>ey�emqr_]h�hk�

fuke_gby�l_g^_gpbb�gZ�jbk����ijb\_^_g� ]jZnbd�h[jZl�

guo� agZq_gbc� iZjZf_ljZ� í� a^_kv� \k_� \klZ_l� gZ� k\hb�

f_klZ� b� \b^gZ� jh^kl\_gghklv� kh�klZlbklbdhc� l_ogh]_g�

guo� dZlZkljhn� k� mq_lhf� m\_ebq_gby� jZkijhkljZg_ggh�

klb� l_ogbdb� �kf�� gZijbf_j��jbk�� ����LZd� qlh� bg`_g_jZf�

_klv�gZ^�q_f�aZ^mfZlvky��nZdlbq_kdb�bf__f�kblmZpbx��

dh]^Z� l_ogbdZ� � ±� we_dljhgbdZ�� kbkl_fu� mijZ\e_gby� ±�

klZgh\blky� \k_� lhgvr_� b� bahsj_gg__�� ^_fhgkljbjmy�

ijb� hldZaZo� b� k[hyo� g_ij_^kdZam_fhklv� ©[hevrbo�kbk�

l_fª� >����@��Z�\ha^_ckl\mxsb_�nZdlhju�±�\k_� ]jm[__� �b�

©gZklhcqb\_cª���

Hl^_evgh�klhbl�h[km^blv�]jZnbd�wnn_dlb\ghklb�kh�

\j_f_gguo�q_eh\_q_kdbo�h[s_kl\�ihlj_[e_gby�\�qZklb�

wdhghfgh]h�h[_ki_q_gby�`bagb�b�__�aZsblu��b�baf_g_�

gby�wlbo�ihdZaZl_e_c�aZ�ihke_^gb_�^_kylbe_lby��b�fuk�

e_ggh�gZeh`blv�gZ�i_j\mx�k_jbx�]jZnbdh\���<�dZq_kl\_�

oZjZdl_jgh]h� ijbf_jZ� ijhZgZebabjm_f� ^_yl_evghklv�

\jZq_c�h[s_]h�ijhnbey������o�b������o� ]]�� �ih�ijhihj�

pbb�\jZq_c�gZ�dhebq_kl\h�gZk_e_gby��b�ijhihjpbb�\j_�

f_gb�h[s_gby�k�[hevguf�b�e_q_gby�d�[mfZ`ghc�b�dhf�

ivxl_jghc�hlq_lghklb���Lh�`_�\�hlghr_gbb�fgh]bo�^jm�

]bo� kem`[�� gZijbf_j�� r_jbnh\� b� ihebpbb� \hh[s_«�

>h[Z\bf� d� wlhfm� \k_\hafh`gu_� Zglbl_jjhjbklbq_kdb_�

f_jhijbylby� b� ij_^hojZgbl_evgmx� ijZdlbdm� dhgljhey�

ijhoh^h\�\h�\k_o�h]jZ`^_gbyo�hl�Zwjhihjlh\�^h�mqj_`�

^_gbc� �k�jZa^_\Zgb_f�b�[_a���Z� lZd`_�kZfb�[_kqbke_g�

gu_�aZ[hju��\�dhlhjuo�k^_eZgu�wlb�ijhoh^u��Z�\_^v�\k_�

wlb�]hkm^Zjkl\_ggu_�b�qZklgu_�h]jZ`^_gby�ba�f_lZeeZ�

b�p_f_glZ� gm`gh�ihkljhblv� b� kh^_j`Zlv����Hp_gb\� wn�

n_dlb\ghklv� \k_]h� wlh]h�� ihemqbf� dZjlbgm� ihbklbg_�

m`ZkZxsmx�� :\lhj� ba[_]Z_l� lZdbo� ]jZnbdh\�� gh� ijb�

wlhf� kdehgy_lky� d�fukeb�� qlh� a^_kv�^_ckl\mxl� aZdhgu�

ihbklbg_� mgb\_jkZevgu_�� b� jZkq_lgZy� ^hey� aZ]hjh^hd�

ba� \k_]h� ihe_agh]h� kljhbl_evkl\Z� ^he`gZ� kh\iZklv� k�

ijhihjpb_c��g_ijhba\h^bl_evgh]h��\j_f_gb�\jZqZ��hl\��

e_q_ggh]h�hl�^bZ]ghklbdb�b�e_q_gby��<�khq_lZgbb�k�l_g�

^_gpb_c��hljZ`_gghc�gZ�]jZnbdZo�jbk����b����wlh�gbq_]h�

ohjhr_]h� q_eh\_q_kl\m� g_� kmebl�� >jm]hc� kh\j_f_gghc�

dZlZkljhnhc�ke_^m_l�gZa\Zlv�ih\k_f_klgmx�^_]jZ^Zpbx�

d\ZebnbdZpbb�\h�\k_o�h[eZklyo�l_ogbdb� >�@��Ijhbkoh^y�

sZy� kf_gZ�ihdhe_gbc� aZklZ\ey_l� aZ^mfZlvky� h�pbdebq�

ghklb�ijhy\e_gby� l_ogbq_kdh]h� bgl_ee_dlZ� �^Z`_� \� l_o�

]_h]jZnbq_kdbo� ahgZo�� dhlhjuf� hg� bagZqZevgh� k\hckl�

\_g_g���qlh�g_�ijb\ghkbl�hilbfbafZ�\�k\_l_�\ur_baeh�

`_gguo�nZdlh\��LZdbf�h[jZahf��ijhj_`b\Zgb_�l_ogheh�

]bc��hldZa�hl�gZb[he__�keh`guo�b�jbkdh\Zgguo�ba�gbo��\�

y^_jghc�wg_j]_lbd_��obfbb��\hhjm`_gbyo�b� l�i����h[km`�

^Z_fu_� \� g_dhlhjuo� \iheg_� jZa\bluo� kljZgZo�� ij_^�

klZ\eyxlky� Z\lhjm� �dZd� gb� i_qZevgh� ijb^lb� d� lZdhfm�

\u\h^m��� [he__� kms_kl\_ggufb� b� ihablb\gufb� nZdlh�

jZfb� ^ey� [m^ms_]h� \u`b\Zgby�� g_`_eb� ij_^u^msb_�

kljZl_]bb� ihegh]h� h\eZ^_gby� ijbjh^hc��H[s_kl\h�� ]^_�

b^_heh]b_c� klZeh� ihlj_[e_gb_�� Z� ljm^ghklb� khab^Zgby�

g_�\�ihq_l_��\ugm`^_gh�[m^_l�kfbjblvky�k�mijhs_gb_f�

bgkljmf_glZjby�k\h_c�pb\bebaZpbb�±�_keb�mki__l�i_j_�

kljhblvky�^h�gZ^\b]Zxs_cky�dZlZkljhnu���

Ebl_jZlmjZ�

���&HQWUH�IRU�5HVHDUFK�RQ�WKH�(SLGHPLRORJ\�RI�'LVDVWHUV�

�&5('��ZZZ�HPGDW�EH��

���DZlZkljhnu�dhgpZ�;;�\_dZ��Ih^�j_^��^�l�g��<eZ^b�

fbjh\Z�<�:��±�F���=_hiheblbdZ������������k��

���DZklZ�>��;hevrb_�kbkl_fu��k\yaghklv��keh`ghklv�b�

dZlZkljhnu��±�F���GZmdZ�������

���Lhfikhg�>`��F�L��G_mklhcqb\hklb�b�dZlZkljhnu�\�

gZmd_�b�l_ogbd_�±�F��FBJ������������k��

���I_ljh\�X�I���I_ljh\�E�X��G_h`b^Zggh_�\�fZl_fZ�

lbd_� b� _]h� k\yav� k� Z\Zjbyfb� b� dZlZkljhnZfb�� ±� KI[���

<GM��������±�����k��

���:e_dk__\� <�<�� DZlZkljhnZ� e_lghc� ih^]hlh\db� \�

Jhkkbb�±�Fhkd\Z���JZ^bk�JJE��������������k��

GH<U?�DGB=B�

KhehgbgZ�:�B���Debgkdbc�>�F���F_jdmq_\Z�L�<���I_jh\�K�G��

PBNJH<:Y�H;J:;HLD:�KB=G:EH<�B�0$7/$%�

KI[���;O<�I_l_j[mj]��������±�����k���

�Mq_[gZy�ebl_jZlmjZ�^ey�\mah\��

Hibku\Zxlky�[Zah\u_�f_lh^u�b�Ze]hjblfu�pbnjh\hc�h[jZ[hldb�kb]gZeh\�

b�kj_^kl\�bo�dhfivxl_jgh]h�fh^_ebjh\Zgby�\�kbkl_f_�0$7/$%��>Zgu�hkgh\u�

Ze]hjblfbq_kdh]h�yaudZ�0$7/$%��JZkkfZljb\Zxlky�^bkdj_lgu_�kb]gZeu��eb�
g_cgu_�^bkdj_lgu_�kbkl_fu��^bkdj_lgh_�ij_h[jZah\Zgb_�Nmjv_�k�bkihevah\Z�

gb_f�Ze]hjblfh\�;IN��kbgl_a�b�ZgZeba�DBO��b�;BO�nbevljh\��\�lhf�qbke_�k�

nbdkbjh\Zgghc�lhqdhc��ki_dljZevguc�ZgZeba�kb]gZeh\��fgh]hkdhjhklgZy�h[jZ�

[hldZ�kb]gZeh\�b�Z^Zilb\gZy�pbnjh\Zy�nbevljZpby���

L_ogheh]by�h[mq_gby�\�ijhp_kk_�dhfivxl_jgh]h�fh^_ebjh\Zgby�gZ�hkgh\_�

kha^Zgguo� Z\lhjZfb� ijh]jZff� beb� ]jZnbq_kdh]h� bgl_jn_ckZ� ihevah\Zl_ey�

0$7/$%�jZkrbjy_l�l_hj_lbq_kdb_�agZgby�b�iha\hey_l�ihgylv�fgh]b_�\Z`gu_�

ijh[e_fu�b�Zki_dlu�ijZdlbq_kdh]h�ijbf_g_gby�f_lh^h\�b�Ze]hjblfh\�PHK��GZ�

ijbeZ]Z_fhf�d�dgb]_�&'�ojZgylky�h[mqZxsb_�ijh]jZffu�b�lZ[ebpu�bkoh^guo�

^Zgguo��

Ij_^gZagZq_gZ�^ey�klm^_glh\��ZkibjZglh\�b�ij_ih^Z\Zl_e_c�\mah\��Z�lZd`_�

ki_pbZebklh\�\�h[eZklb�pbnjh\hc�h[jZ[hldb�kb]gZeh\��
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KlZlvy�ihk\ys_gZ�j_ZebaZpbb�ijhp_^mj�ki_dljZevgh]h�ZgZeb�

aZ�kb]gZeh\�gZ�fgh]hy^_jguo�ijhp_kkhjZo�,QWHO�&RUH�L���L���>ey�ZgZeb�

aZ�ihemqZ_fh]h�mkdhj_gby�\aylh�g_kdhevdh�[Zabkguo�kbkl_f�Nmjv_�

ij_h[jZah\Zgby�� ;IN�� ^bkdj_lgh_� dhkbgmkgh_� ij_h[jZah\Zgb_� b�

ij_h[jZah\Zgb_� MherZ�:^ZfZjZ�� JZkkfhlj_gu� iZjZf_lju� mkdhj_�

gby� iZjZee_evguo� Ze]hjblfh\�� \uihegy_fuo� ijb� jZaebqghf� qbke_�

ihlhdh\�� <� dZq_kl\_� bgkljmf_glZjby� ^ey� j_ZebaZpbb� kha^Zgguo�

iZjZee_evguo� \_jkbc� Ze]hjblfh\� ki_dljZevgh]h� ZgZebaZ� bkihev�

amxlky�[b[ebhl_db�2SHQ�03�� ,QWHO� 7%%�b�ijbdeZ^ghc�ijh]jZffguc�

bgl_jn_ck�2&�:LQGRZV�:LQ���1DWLYH�7KUHDGV��

M>D���������

KI?DLJ:EVGUC�:G:EBA�KB=G:EH<�G:�FGH=HY>?JGUO�IJHP?KKHJ:O�

FmkZ_\�F�F���^�l�g���ijhn_kkhj�dZn_^ju�©Dhfivxl_jgu_�kbkl_fuª�LZrd_glkdh]h�Mgb\_jkbl_lZ�
BgnhjfZpbhgguo�L_ogheh]bc��H�PDLO��PP�PXVDHY#UDPEOHU�UX�

DZj^Zr_\�F�K��Zkkbkl_gl�dZn_^ju�©Dhfivxl_jgu_�kbkl_fuª�LZrd_glkdh]h�Mgb\_jkbl_lZ��
BgnhjfZpbhgguo�L_ogheh]bc��H�PDLO��PLKDLO�NDUGDVKHY#JPDLO�FRP�

�

Dexq_\u_� keh\Z�� ki_dljZevguc� ZgZeba��
kb]gZevguc� ijhp_kkhj�� fgh]hy^_jguc�� [Zabk�

gu_� kbkl_fu�� Ze]hjblfu�� ZiiZjZlgu_� kj_^kl�

\Z��iZjZee_evgZy�h[jZ[hldZ���

<\_^_gb_�

Mkdhj_gb_� Ze]hjblfh\� PHK� ^he]h_� \j_fy�

aZdexqZehkv�\�mf_gvr_gbb�h[s_]h�dhebq_kl\Z�

\uqbkebl_evguo� hi_jZpbc� aZ� kqzl� hilbfbaZ�

pbb�kms_kl\mxsbo�Ze]hjblfh\�beb�mijhs_gby�

qbke_gguo�f_lh^h\��Ijbf_jZfb�fh]ml�kem`blv�

j_dmjkb\gu_� \uqbke_gby� \� [ukljhf� ij_h[jZah\Zgbb�

Nmjv_� beb� ijbf_g_gb_� ^\hbqgh�jZpbhgZevguo� [Zabk�

guo� kbkl_f�� H^gZdh� l_ogheh]bq_kdb_� ^hklb`_gby� ih�

ke_^gbo� e_l� \� h[eZklb� ijhba\h^kl\Z� ijhp_kkhjh\� ih�

a\heyxl�jZa^_eblv�gZ]jmadm�f_`^m�g_kdhevdbfb�\uqbk�

ebl_evgufb�maeZfb�±�y^jZfb�ijhp_kkhjZ��Ijbf_g_gb_�

fgh]hy^_jguo� ijhp_kkhjh\� ^Z_l� kms_kl\_ggh_� m\_eb�

q_gb_�kdhjhklb�h[jZ[hldb��h^gZdh�_s_�hq_gv�fZeh�kha�

^Zgh� Ze]hjblfh\� b� ijbdeZ^guo� ijh]jZff�� kihkh[guo�

wnn_dlb\gh� jZ[hlZlv� gZ�fgh]hy^_jguo� ijhp_kkhjZo� \�

j_`bf_�ihlhdh\hc�h[jZ[hldb�>�@��G_h[oh^bfZ�jZajZ[hl�

dZ�ijbdeZ^guo�ijh]jZff�PHK��j_Zebam_fuo�k�\ukhdhc�

kdhjhklvx�gZ�gh\uo�iZjZee_evguo�kbkl_fZo��

Ihlhdh\Zy� h[jZ[hldZ� \� aZ^ZqZo� PHK� ^he`gZ� jZk�

kfZljb\Zlvky� dZd� gh\Zy� l_ogheh]by�� \dexqZxsZy� ke_�

^mxsb_�we_f_glu�ih^]hlh\db�b�bkiheg_gby�ijh]jZff��

±�ZgZeba�qbke_ggh]h�f_lh^Z�b�khhl\_lkl\mxs_]h�Ze�

]hjblfZ� gZ� ij_^f_l� kha^Zgby� ih� \hafh`ghklb� g_aZ\b�

kbfuo�\uqbkebl_evguo�ihlhdh\��

±�\u[hj� wnn_dlb\guo�yaudh\uo� kj_^kl\� gZibkZgby�

ijh]jZff��

±�hk\h_gb_� l_ogheh]bc�nhjfbjh\Zgby�ihlhdh\�k�ih�

fhsvx�kh\j_f_gguo�bgkljmf_glZevguo�kj_^kl\��

±�hp_gdZ�wnn_dlb\ghklb�jZajZ[hlZggh]h�iZjZee_ev�

gh]h�j_r_gby�k�ihfhsvx�khhl\_lkl\mxs_]h�bgkljmf_g�

lZjby��

:e]hjblfu�b�ZiiZjZlgu_�kj_^kl\Z�

Ij_\jZs_gb_� ihke_^h\Zl_evgh]h� Ze]hjblfZ� \� iZ�

jZee_evguc�fh`_l�ij_^klZ\eylv�kh[hc�dZd�gZoh`^_gb_�

[hevrh]h� qbkeZ� ih\lhjyxsboky� hi_jZpbc� gZ^� g_aZ\b�

kbfufb� ^Zggufb�� lZd� b� baf_g_gby� \� Ze]hjblfbq_kdhc�

kljmdlmj_�� ihbkd� ^jm]bo� ih^oh^h\� d� j_r_gbx� aZ^Zqb��

Ijbzfu��bkihevamxsb_ky�^ey�hj]ZgbaZpbb�iZjZee_ev�

guo�\uqbke_gbc��\dexqZxl�\�k_[y��

±�iZjZee_evgu_�pbdeu�� bl_jZpbhggh_� ijhkljZgkl\h�

dhlhjuo�^_eblky�gZ�qbkeh�\uqbkebl_evguo�ihlhdh\��

±�Ze]hjblfu� j_^mdpbb�� l�_�� \uiheg_gb_� fgh`_kl\Z�

h^ghlbiguo� hi_jZpbc� k� gZdhie_gb_f� blh]h\hc� kmffu��

ijhba\_^_gby�beb�bghc�nmgdpbb��

±�\u^_e_gb_� ijhp_kkh\� �aZ^Zq��� dhlhju_� fh`gh� bk�

ihegylv�h^gh\j_f_ggh��

±�j_dmjkb\gu_�\uah\u�h^gh]h�f_lh^Z�\gmljb�kZfh]h�

k_[y�k�gZagZq_gb_f�jZaguo�\uqbkebl_evguo�ihlhdh\�gZ�

bo�\uiheg_gb_��

±�bkihevah\Zgb_�iZjZee_evguo�rZ[ehgh\�fZljbqgh�

\_dlhjguo�hi_jZpbc��

<�blh]_�h^bg�b�lhl�`_�ihke_^h\Zl_evguc�Ze]hjblf�\�

iZjZee_evghc� \_jkbb� fh`_l� [ulv� hilbfbabjh\Zg� jZa�

gufb� qbke_ggufb� f_lh^Zfb�� Wnn_dlb\ghklv� jZajZ[h�

lZggh]h�iZjZee_evgh]h�Ze]hjblfZ�gZijyfmx� aZ\bkbl�hl�

kj_^u� ijh]jZffghc� j_ZebaZpbb�� iZjZf_ljh\� ijhp_kkh�

jZ�� f_oZgbafh\� kha^Zgby� \uqbkebl_evguo� ihlhdh\� \�

hi_jZpbhgghc�kbkl_f_��qbkeZ�ihlhdh\��

FZdkbfZevgh_� mkdhj_gb_� iZjZee_evguo� Ze]hjblfh\�

\k_]^Z� ^hklb]Z_lky� ijb� \uiheg_gbb� \� \uqbkebl_evguo�

ihlhdZo��qbkeh�dhlhjuo�h[_ki_qb\Z_lky�ki_pbnbdZpb_c�

ijhp_kkhjZ�� <� lZ[e�� �� ijb\_^_gu� l_ogbq_kdb_� ^Zggu_�

ijhp_kkhjh\� ,QWHO� &RUH� L������� b� ,QWHO� &RUH� L�������� gZ�

dhlhjuo� ijh\_jyeZkv� kl_i_gv� mkdhj_gby� jZkkfZljb\Z_�

fuo�Ze]hjblfh\��

LZ[ebpZ����Ki_pbnbdZpby�ijhp_kkhjh\��

,QWHO�&RUH�L��b�&RUH�L��

GZa\Zgb_�
Qbkeh�
y^_j�

Qbkeh�
ihlh�
dh\�

QZklhlZ�
y^jZ��
==p�

=bi_j�
ihlhq�
ghklv�

,QWHO�&RUH�L������� �� �� ����� >Z�

,QWHO�&RUH�L������� �� �� ����� G_l�

<�dZq_kl\_�i_j\h]h�ijbf_jZ�jZkkfhljbf�iZjZee_ev�

gu_�\_jkbb�j_ZebaZpbb�Ze]hjblfZ�[ukljh]h�ij_h[jZah�

\Zgby� Nmjv_� �;IN��� ij_^eh`_ggh]h� Dmeb� b� Lvxdb�

�&RROH\±7XNH\�� >�@�� Hi_jZpby� ©[Z[hqdbª� �jbk�� ��� ij_^�

klZ\ey_l�kh[hc�nmgdpbx��gZ�\oh^_�dhlhjhc�^\Z�qbkeZ��$�
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]^_�1� ±� jZaf_jghklv�;IN�� O�N�� ±�p_eh_� qbkeh�� aZ\bky�

s__�hl�ghf_jZ�N�hi_jZpbb�©[Z[hqdZª�Ze]hjblfZ�;IN��

�

Jbk�����IZjZee_evgZy�j_ZebaZpby�Ze]hjblfZ�;IN��

\���o�ihlhdZo�

JZkkfhljbf�^\Z�Ze]hjblfZ��h^bg�ba�dhlhjuo�j_Zeb�

am_l�iZjZee_evgu_�\uqbke_gby�[Zah\hc�hi_jZpbb�©[Z�

[hqdbª� \� iZjZee_evghf� pbde_�� Z� ^jm]hc� ±� k� ihfhsvx�

j_dmjkb\guo�\uah\h\�^Zgghc�nmgdpbb��\uihegyxsboky�

iZjZee_evgh��

Kmlv� j_dmjkb\gh]h� \uqbke_gby� ;IN� aZdexqZ_lky� \�

lhf��qlh�\uqbke_gb_�;IN�hl�\oh^gh]h�kb]gZeZ�_klv�\u�

qbke_gb_�;IN�hl�dZ`^hc�ba�_]h�iheh\bg�b�lZd�^Ze__��GZ�

\oh^�nmgdpbb�ihklmiZxl�fZkkb\�hlkqzlh\�b�_]h�jZaf_j�

1��>Zgguc�fZkkb\�^_eblky�gZ�^\_�qZklb��dZ`^Zy�ba�dh�

lhjuo�� jZaf_jhf� 1���� \gh\v� hlijZ\ey_lky� \� ^Zggmx�

nmgdpbx��]^_�ihemq_gguc�fZkkb\�\gh\v�[m^_l�jZa^_e_g�

gZ� ^\_� iheh\bgu� ^ey� g_aZ\bkbfh]h� \uqbke_gby� ;IN�

dZ`^hc�ba�gbo��Mkeh\b_f�\uoh^Z�ba�j_dmjkbb�y\ey_lky�

agZq_gb_�jZaf_jZ�fZkkb\Z�1� ����<�kZfhf�l_e_�nmgdpbb�

\uihegy_lky�\uqbke_gb_�hi_jZpbb�©[Z[hqdZª�Ze]hjbl�

fZ�;IN� k� dhwnnbpb_glhf� ih\hjhlZ�:�� aZ\bkysbf� hl�

jZaf_jZ�hlijZ\e_ggh]h�fZkkb\Z��

<� iZjZee_evghc� \_jkbb� j_dmjkb\gh]h� Ze]hjblfZ� \f_�

klh�j_dmjkb\gh]h�\uah\Z�kha^Zxlky�^\_�ih^aZ^Zqb�\uqbk�

e_gby�;IN��dhlhju_�\uihegyxlky�iZjZee_evgh��

>ey� kjZ\g_gby� wnn_dlb\ghklb� ^Zgguo� Ze]hjblfh\�

jZkkfhljbf� ]jZnbdb�mkdhj_gby�dZ`^h]h�iZjZee_evgh]h�

Ze]hjblfZ�hlghkbl_evgh�ihke_^h\Zl_evghc�\_jkbb�lh]h�

`_�Ze]hjblfZ��Z�lZd`_�h^gh]h�iZjZee_evgh]h�Ze]hjblfZ�

hlghkbl_evgh�^jm]h]h��jbk������Ih�]hjbahglZeb�hleh`_gu�

agZq_gby�Q��ijb�qbke_�hlkqzlh\�kb]gZeZ��jZ\ghf��
Q
���

=jZnbdb� mkdhj_gbc� gZ]ey^gh� ^_fhgkljbjmxl� wn�

n_dlb\ghklv�j_dmjkb\gh]h�Ze]hjblfZ��Z�lZd`_�agZq_gb_�

iZjZf_ljZ�a_jgbklhklb�^Zggh]h�Ze]hjblfZ��fbgbfZev�
gh_� qbkeh� hlkqzlh\� kb]gZeZ�� ijb� dhlhjhf� kha^Zxlky�

j_dmjkb\gu_�ih^aZ^Zqb��khklZ\ey_l� �
��
�� l�d��ijb�kha^Z�

gbb� [he__� f_edbo� ih^aZ^Zq� ijh]jZffZ� [m^_l� \uihe�

gylvky� f_^e_gg__� ihke_^h\Zl_evghc� \_jkbb�� Ihke_^h�

\Zl_evgh_�\uiheg_gb_�g_^hklZlhqgh�djmiguo� aZ^Zq�ih�

a\hey_l�g_� l_jylv�ijhba\h^bl_evghklv�ba�aZ�\g_^j_gby�

iZjZee_ebafZ� gZ� g_[hevrhf� dhebq_kl\_� hlkq_lh\� kb]�

gZeZ��

�

Jbk�����Mkdhj_gb_�bl_jZpbhggh]h�b�j_dmjkb\gh]h��

iZjZee_evguo�Ze]hjblfh\�;IN��\uihegyxsboky��

\���\uqbkebl_evguo�ihlhdZo�gZ�ijhp_kkhj_�,QWHO�&RUH�L���

�±�mkdhj_gb_�j_dmjkb\gh]h�Ze]hjblfZ�hlghkbl_evgh�

ihke_^h\Zl_evgh]h�j_dmjkb\gh]h���

�±�mkdhj_gb_�bl_jZpbhggh]h�Ze]hjblfZ�hlghkbl_ev�

gh�ihke_^h\Zl_evgh]h�bl_jZpbhggh]h��

�±�mkdhj_gb_�j_dmjkb\gh]h�Ze]hjblfZ�hlghkbl_evgh�

ihke_^h\Zl_evgh]h�bl_jZpbhggh]h��

>bkdj_lgh_� dhkbgmkgh_� ij_h[jZah\Zgb_� �>DI�� y\ey�

_lky� h^gbf� ba� hjlh]hgZevguo� ij_h[jZah\Zgbc�� dhlhjh_�

ijbf_gy_lky� \� Ze]hjblfZo� k`Zlby� bgnhjfZpbb� k� ihl_�

jyfb��lZdbo�dZd�03(*�b�-3(*��Ijyfh_�>DI�hibku\Z_lky�

\�\b^_�ijhba\_^_gby�fZljbpu�dhwnnbpb_glh\�+�gZ�\_d�

lhj�bkoh^guo�hlkqzlh\�kb]gZeZ�I���

Ö&  + I�
GG
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;ZabkgZy�nmgdpby�ij_h[jZah\Zgby�ghkbl�i_jbh^bq_�

kdbc� oZjZdl_j�� Z� we_f_glu� fZljbpu� dhwnnbpb_glh\�

aZ^Zxlky�l_dmsbfb�agZq_gbyfb�nmgdpbb�©dhkbgmkª��H[�

jZlgh_�ij_h[jZah\Zgb_�hibku\Z_lky�\�\b^_�ijhba\_^_�

gby� ljZgkihgbjh\Zgghc� fZljbpu� dhwnnbpb_glh\� gZ�

\_dlhj�hlkqzlh\�ij_h[jZah\Zggh]h�kb]gZeZ���

Ö 7I  + &�
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� �

IZjZee_evgh_� \uiheg_gb_� ij_h[jZah\Zgby� hkms_�

kl\ey_lky�ihkljhqguf�jZa[b_gb_f�fZljbpu�ij_h[jZah�

\Zgby� >�@�� Ijb� \oh^_� \� iZjZee_evguc� pbde� kha^Zzlky�

hij_^_ezggh_� qbkeh� \uqbkebl_evguo� ihlhdh\� �h[uqgh�

jZ\gh_� qbkem� y^_j� ijhp_kkhjZ��� <_dlhj� bkoh^gh]h� kb]�

gZeZ� b�fZljbpZ�ij_h[jZah\Zgby�y\eyxlky� h[sbfb�^ey�

\k_o� ihlhdh\�� \� lh� \j_fy� dZd� i_j_f_ggu_�� hl\_qZxsb_�

aZ�bg^_dkZpbx��dhibjmxlky�\�ehdZevguc�ime�iZfylb�dZ�

`^h]h� ihlhdZ�� hdZau\Zykv� l_f� kZfuf� aZsbszggufb� hl�

baf_g_gby� ^jm]bfb� ihlhdZfb�� Bl_jZpbhggh_� ijhkljZg�

kl\h� iZjZee_evgh]h� pbdeZ� jZ\ghf_jgh� jZkij_^_ey_lky�

f_`^m�\k_fb�ihlhdZfb��gZqZevgh_�b�dhg_qgh_�agZq_gby�

^ey�i_j_f_gghc�L��hagZqZxs_c�ghf_jZ�kljhd�fZljbpu�b�

we_f_glh\� blh]h\h]h� kb]gZeZ�� hij_^_eyxlky� ghf_jhf�

ihlhdZ��

IZjZee_evgh_� \uqbke_gb_� kZfhc�fZljbpu� ^bkdj_l�

gh]h� dhkbgmkgh]h� ij_h[jZah\Zgby� ij_^klZ\ey_l� kh[hc�

\uqbke_gb_� we_f_glh\� ih�j_dmjj_glghc�nhjfme_� \�iZ�

jZee_evghf� pbde_� k� jZa[b_gb_f� fZljbpu� ih� kljhdZf��

LZdhc�Ze]hjblf�y\ey_lky�_sz�h^gbf�ijbf_jhf�b^_Zev�
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gh� jZkiZjZee_eb\Z_fuo� \uqbke_gbc� b� l_hj_lbq_kdb�

^he`_g� bf_lv� fZdkbfZevgu_� ihdZaZl_eb� mkdhj_gby� b�

wnn_dlb\ghklb��

<� wnn_dlb\ghklb� iZjZee_evgh]h� Ze]hjblfZ� ^h� lh]h��

dZd�hg�[m^_l�j_Zebah\Zg�k�ihfhsvx�lhc�beb�bghc�ki_pbZ�

ebabjh\Zgghc�[b[ebhl_db�ijh]jZffbjh\Zgby��fh`gh�m[_�

^blvky�k�ihfhsvx�ijh]jZffu�,QWHO�$GYLVRU�>�@��

JZajZ[hlZgguc� Ze]hjblf� h[eZ^Z_l� ohjhr_c� fZk�

rlZ[bjm_fhklvx�� Ijh]ghabjm_fh_� mkdhj_gb_� ijb� bk�

ihevah\Zgbb�[b[ebhl_db�,QWHO�7%%��,QWHO�7KUHDGLQJ�%XLOG�

LQJ� %ORNV�� >�@�fh`_l� [ulv� jZkkqblZgh� ijb� kh[ex^_gbb�

ke_^mxsbo�mkeh\bc��

±�aZieZgbjh\Zggu_� iZjZee_evgu_� aZ^Zqb� ^he`gu�

bkihegylvky� \� h^gbo� b� l_o� `_� iZjZee_evguo� ihlhdZo��

kha^Z\Z_fuo� _^bgkl\_gguc� jZa� aZ� \j_fy� jZ[hlu� ijh�

]jZffu��

±�g_h[oh^bfh� h[_ki_qblv� hilbfZevguc� iZjZf_lj�

©a_jgbklhklbª� b� g_� kha^Z\Zlv� kebrdhf� fgh]h� f_edbo�

iZjZee_evguo�aZ^Zq�^ey�\uiheg_gby�bl_jZpbc�pbdeh\��

:e]hjblf� >DI� ijh^_fhgkljbjh\Ze� emqr__� mkdhj_�

gb_�ih�kjZ\g_gbx�k�Ze]hjblfhf�;IN��J_amevlZlu�j_Z�

ebaZpbb�>DI� k�ihfhsvx�[b[ebhl_db� 7%%�^ey� \u[jZg�

guo�ijhp_kkhjh\�ijb\_^_gu�gZ�jbk�����>Zgguc�Ze]hjblf�

\uy\ey_l�[he__�kms_kl\_ggu_�jZaebqby�\�kdhjhklb�jZ�

[hlu� \u[jZgguo� ijhp_kkhjh\�� Q_lujzoty^_jguc� ,QWHO�

&RUH�L��ihdZau\Z_l�[hevr__�mkdhj_gb_�dZd�gZ����lZd�b�gZ�

��ihlhdZo��

�

Z��

�

[��

Jbk�����=jZnbdb�mkdhj_gby�>DI�ijb�\uiheg_gbb��

gZ�ijhp_kkhjZo�,QWHO�&RUH�L��b�,QWHO�&RUH�L���Z��\�^\mo�ihlhdZo���

[��\�q_luj_o�ihlhdZo�

Hjlh]hgZevgZy� kbkl_fZ� nmgdpbc� MherZ� aZgbfZ_l�

hkh[h_�f_klh�kj_^b�ebg_cguo�hjlh]hgZevguo�ij_h[jZ�

ah\Zgbc��iha\heyxsbo�wnn_dlb\gh�khdjZlblv�ba[ulhq�

ghklv�\uqbkebl_evguo�hi_jZpbc��Ij_h[jZah\Zgb_�Mhe�

rZ�:^ZfZjZ� hlebqZ_lky� hlghkbl_evghc�ijhklhlhc�j_Z�

ebaZpbb� ^ey� ij_h[jZah\Zgby� \� j_Zevghf� fZkrlZ[_�

\j_f_gb� b� oZjZdl_jbam_lky� \hafh`ghklvx� ijbf_g_gby�

[ukljuo� Ze]hjblfh\� \uqbke_gbc�� j_Zebah\Zgguo� gZ�

fgh]hy^_jghf�ijhp_kkhj_��

Nmgdpbyfb� MherZ� gZau\Z_lky� k_f_ckl\h� nmgdpbc��

h[jZamxsbo� hjlh]hgZevgmx� kbkl_fm�� ijbgbfZxsbo�

agZq_gby� lhevdh� �� b� í��gZ� \k_c� h[eZklb� hij_^_e_gby��

=jmiiZ�ba�nmgdpbc�MherZ�h[jZam_l�fZljbpm��

Ijyfh_�ij_h[jZah\Zgb_�MherZ�±�ijhba\_^_gb_�\_d�

lhjZ�bkoh^gh]h�kb]gZeZ�gZ�fZljbpm�dhwnnbpb_glh\�+:��

�
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�
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H[jZlgh_� ij_h[jZah\Zgb_� MherZ� ±� wlh� ijhba\_^_�

gb_� ljZgkihgbjh\Zgghc� fZljbpu� dhwnnbpb_glh\� +:7�

gZ�\_dlhj�ki_dljZevguo�dhwnnbpb_glh\���

Ö 7
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:e]hjblf� \uqbke_gby�fZljbpu� +:� ghkbl� j_dmjkb\�

guc�oZjZdl_j��Dhebq_kl\h�hlkqzlh\�1�bkoh^gh]h�kb]gZeZ�

^he`gh�[ulv�p_euf�qbkehf��Q��]^_�Q±gZ�lmjZevgh_�qbk�

eh�� FZljbpZ� dhwnnbpb_glh\� khklZ\ey_lky� ba� q_lujzo�

d\Z^jZlh\�ih�ke_^mxs_fm�ijbgpbim��
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Ö � �
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: :

:
: :

+ 1 + 1
+ 1

+ 1 + 1
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LZdbf�h[jZahf��qlh[u�khklZ\blv�fZljbpm�dhwnnbpb�

_glh\�^ey�qbkeZ�hlkqzlh\�1��ke_^m_l�\uqbkeblv�fZljbpm�

^ey�qbkeZ�hlkqzlh\�1����ijbk\hblv�wlb�agZq_gby�we_f_g�

lZf� dZ`^hc� ba� ljzo� q_l\_jl_c�� Z� ^ey� q_l\zjlhc� qZklb�

fZljbpu� \aylv� wlb� we_f_glu� k� ijhlb\hiheh`guf� agZ�

dhf��

Qlh[u�h[_ki_qblv�iZjZee_evgh_�\uiheg_gb_�^Zggh�

]h� Ze]hjblfZ��g_h[oh^bfh� ij_\jZlblv� j_dmjkb\guc� \u�

ah\� ijhp_^mju� \� aZ^Zqm�� dhlhjZy� kfh`_l� \uihegylvky�

iZjZee_evgh� k� ^jm]bfb� ih^h[gufb� aZ^ZqZfb��H^gZdh��

gZ�^Zgghf�wlZi_�ijhba\h^blky�lhevdh�h^bg�\uah\�j_dmj�

kb\ghc� ijhp_^mju� ©FZljbpZ� MherZª�� Z� ^Zevg_crb_�

hi_jZpbb� aZ\bkyl� ih� ^Zgguf� hl� j_amevlZlh\� \uiheg_�

gby�^Zgghc�ijhp_^mju��D� lhfm�`_�hi_jZpbb��\uihegy_�

fu_� \� pbde_�� g_kml� \� k_[_� hkgh\gmx� \uqbkebl_evgmx�

gZ]jmadm�b�bo�ihke_^h\Zl_evgh_�\uiheg_gb_�g_�h[_ki_�

qbl�^he`ghc�fZkrlZ[bjm_fhklb��J_r_gb_�wlhc�ijh[e_�

fu� ±� \�i_j_ghk_� hi_jZpbc� ba�pbdeZ� \�^hihegbl_evgu_�

j_dmjkb\gu_� \uah\u�� dhlhju_� fh]ml� \uihegylvky� iZ�

jZee_evgh��

>\_�ba� ljzo�hi_jZpbc�\�pbde_�� dhlhju_�iha\heyeb� aZ�

ihegblv� \lhjmx� b� lj_lvx� q_l\_jlb� fZljbpu� jZaf_jZ� 1�

agZq_gbyfb�fZljbpu� jZaf_jZ�1���� \� ij_^klZ\e_gghf� iZ�

jZee_evghf� Ze]hjblf_� ij_\jZs_gu� \� \uah\u� ijhp_^mju�

©FZljbpZ�MherZª�k�mdZaZgb_f�khhl\_lkl\mxsbo�jZaf_jh\�

fZljbpu�b�Z^j_kh\�we_f_glh\��d�dhlhjuf�gm`gh�h[jZsZlv�

ky��Djhf_�lh]h��bkoh^gZy�fZljbpZ�ij_^klZ\e_gZ�a^_kv�h^�

ghf_jguf�fZkkb\hf� ^ey� m^h[kl\Z� _z� jZa[b_gby� ijb� j_�

dmjkb\guo�\uah\Zo�mdZaZgghc�ijhp_^mju��

>jm]hc� ih^oh^� d� jZkiZjZee_eb\Zgbx� Ze]hjblfZ� kh�

klhbl�\�ba[Z\e_gbb�hl�j_dmjkb\guo�\uah\h\�b�\uiheg_�

gbb� ^Zgguo� hi_jZpbc� \� pbdeZo�� hl^_evgu_� bl_jZpbb�

dhlhjuo�g_�bf_xl�aZ\bkbfhkl_c�ih�^Zgguf�b�fh]ml�\u�
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ihegylvky� h^gh\j_f_ggh�� >Zgguc� Ze]hjblf� kgZqZeZ�

aZihegy_l� fZljbpm� k� gZbf_gvrbf� \hafh`guf� jZaf_�

jhf� �1 ���� Z� aZl_f��ihklhyggh� m^\Zb\Zy� h[eZklv� dhib�

jh\Zgby��aZiheg_ggmx�qZklv�dhibjm_l�©\ijZ\hª��©\gbaª�

b� ©ih� ^bZ]hgZebª� k� h[jZlguf� agZdhf�� LZdbf� h[jZahf��

aZjZg__� ba\_klgh� dhebq_kl\h� bl_jZpbc�� b� \h� \j_fy� bo�

\uiheg_gby�g_l�bgnhjfZpbhgguo�aZ\bkbfhkl_c��

JZkkfhlj_gguc� ijbf_j� gZ]ey^gh� ihdZau\Z_l�� dZd�

^ey� kha^Zgby� iZjZee_evghc� \_jkbb� Ze]hjblfZ� bgh]^Z�

ijboh^blky�f_gylv�kZfm�kljmdlmjm�Ze]hjblfZ��<�lh�\j_�

fy�dZd�j_dmjkb\guc�ih^oh^�y\ey_lky�kZfuf�hq_\b^guf�

j_r_gb_f� bkoh^ghc� aZ^Zqb�� iZjZee_evgZy� j_ZebaZpby�

pbdeZfb� ijhs_� \� hkms_kl\e_gbb� b�� \� aZ\bkbfhklb� hl�

dhg_qghc�l_ogheh]bb��fh`_l�jZ[hlZlv�wnn_dlb\g_c��

Ijyfh_� b� h[jZlgh_� ij_h[jZah\Zgby� MherZ� hkms_�

kl\eyxlky�i_j_fgh`_gb_f�ihemq_gghc�fZljbpu��ljZgk�

ihgbjh\Zgghc� \� kemqZ_� h[jZlgh]h� ij_h[jZah\Zgby�� gZ�

\_dlhj�bkoh^gh]h�kb]gZeZ��Bkihevam_lky�Ze]hjblf�e_g�

lhqgh]h�jZa[b_gby�fZljbpu�ih�kljhdZf�>�@��

Yaudh\u_�kj_^kl\Z�b�[b[ebhl_db�

GZ� klZ^bb� ijh]jZffghc� j_ZebaZpbb� iZjZee_evgh]h�

Ze]hjblfZ�i_j_^�jZajZ[hlqbdhf�klhbl�\u[hj��kha^Z\Zlv�

\uqbkebl_evgu_�ihlhdb�\jmqgmx��gZijyfmx�h[jZsZykv�

d� kj_^kl\Zf� hi_jZpbhgghc� kbkl_fu�� beb� \hkihevah�

\Zlvky� ki_pbZevghc� [b[ebhl_dhc� ijh]jZffbjh\Zgby��

jZkrbj_gb_f� yaudZ�� ijbdeZ^guf� ijh]jZffguf� bgl_j�

n_ckhf� beb� bguf� kj_^kl\hf�� Z\lhfZlbabjmxsbf� kha�

^Zgb_�gbadhmjh\g_\h]h�dh^Z�b�iha\heyxsbf�ijh_dlbjh�

\Zlv�iZjZee_evgu_�h[eZklb�ijh]jZffu�gZ�[he__�Z[kl�

jZdlghf� mjh\g_� >�@�� Ijh]jZffu� gZ� yaud_� &��� k_]h^gy�

fh]ml�bkihevah\Zlv� lZdb_�klZg^Zjlu�b�[b[ebhl_db��dZd�

2SHQ03��,QWHO�7KUHDGLQJ�%XLOGLQJ�%ORFNV��7%%���,QWHO�0DWK�

.HUQHO� /LEUDU\� �0./��� ,QWHO� ,QWHJUDWHG� 3HUIRUPDQFH� 3ULPL�

WLYHV� �,33��� 2SHQ&/�� ,QWHO� &LON� 3OXV� >�@�� <� lh� \j_fy� dZd�

[b[ebhl_db�0./�b�,33�kh^_j`Zl�gZ[hj�]hlh\uo�nmgdpbc�

\�jZaguo�h[eZklyo�\uqbke_gbc��\�lhf�qbke_�Ze]hjblfu�

pbnjh\hc� h[jZ[hldb� kb]gZeh\��� ^jm]b_� [b[ebhl_db� b�

yaudh\u_� jZkrbj_gby� kh^_j`Zl� hij_^_e_gby� ^ey� lb�

ih\��nmgdpbc�b�hi_jZlhjh\�yaudZ��iha\heyxsbo�kljhblv�

kh[kl\_ggu_�iZjZee_evgu_�Ze]hjblfu��

GZ�jbk�� ��ij_^klZ\e_gh�kjZ\g_gb_�jhklZ�mkdhj_gby�

Ze]hjblfZ�>DI�� J_ZebaZpby� iZjZee_evguo� \_jkbc� bk�

ihevam_l� lZdb_� ihimeyjgu_� kj_^kl\Z�� dZd� ^bj_dlb\u�

dhfibeylhjZ� 2SHQ03�� [b[ebhl_dZ� ,QWHO� 7%%�� Z� lZd`_�

jmqgh_�kha^Zgb_�ihlhdh\�k�ihfhsvx�klZg^Zjlgh]h�ijb�

deZ^gh]h�ijh]jZffgh]h�bgl_jn_ckZ�HK�:LQGRZV��:LQ���

1DWLYH�7KUHDGV���

�

Jbk�����KjZ\g_gb_�mkdhj_gby�Ze]hjblfZ�>DI���

j_Zebah\Zggh]h�k�ihfhsvx�[b[ebhl_d�7%%��2SHQ03��:LQ���

J_amevlZlu�ijh\_^zgguo�wdki_jbf_glh\�ih�ZgZebam�

iZjZee_evguo� Ze]hjblfh\� ki_dljZevguo� ij_h[jZah\Z�

gbc� \�[Zabkguo� kbkl_fZo�;IN��>DI� b� kbkl_fu�MherZ�

:^ZfZjZ� hljZ`Z_l� k\h^gZy� lZ[ebpZ� �lZ[e�� ��� agZq_gbc�

hlkqzlh\�kb]gZeZ��ijb�dhlhjuo�\�j_Zebah\Zgguo�iZjZe�

e_evguo�j_r_gbyo�ihy\ey_lky�mkdhj_gb_��l�_��bkihevah�

\Zgb_�iZjZee_evgh]h�Ze]hjblfZ�bf__l�kfuke��

LZ[ebpZ����Wnn_dlb\gu_�agZq_gby�qbkeZ�hlkqzlh\��

^ey�jZaebqguo�fgh]hihlhqguo�bgkljmf_glh\�

Bgkljmf_glZjbc� ;IN� >DI� :^ZfZjZ�

2SHQ03� ��� ��� ���

7%%� ����� ��� ����

:LQ��� ����� ���� �����

LZdbf� h[jZahf�� ^ey� wnn_dlb\gh]h� \uiheg_gby� iZ�

jZee_evguo� Ze]hjblfh\� g_h[oh^bfh�h[_ki_qblv� h[t_f�

\uqbke_gbc�� ij_\urZxsbc� aZ^Zggmx� ]jZgbpm� wnn_d�

lb\ghklb��

<u\h^u�

���Hkgh\ghc� iZjZf_lj�� \ebyxsbc� gZ� fZkrlZ[bjm_�

fhklv� Ze]hjblfh\� ki_dljZevguo� ij_h[jZah\Zgbc� b� dh�

g_qgh_� mkdhj_gb_� jZ[hlu�ijbeh`_gby�ijb�i_j_ghk_� gZ�

fgh]hy^_jgmx�ieZlnhjfm� ±� wlh�qbkeh� bkoh^guo� hlkqz�

lh\� kb]gZeZ�� dhlhjh_� b� khklZ\ey_l� \uqbkebl_evgmx�

keh`ghklv� ij_^klZ\e_gguo� Ze]hjblfh\�� AZ\bkbfhklv�

mkdhj_gby� hl� qbkeZ� hlkqzlh\� h[uqgh� ghkbl� oZjZdl_j�

kl_i_gghc� nmgdpbb� k� ]hjbahglZevghc� hkvx�� mkdhj_gb_�

i_j_klZzl� jZklb�� ^hklb]gm\� ihjh]h\hc� \_ebqbgu� �ijb�

qbke_� hlkqzlh\� �
�
��

��
� b�[he__�^ey�jZaguo� Ze]hjblfh\���

Ijb�hilbfZevghf�j_r_gbb�^ZggZy�fZdkbfZevgZy�\_eb�

qbgZ�mkdhj_gby�klj_fblky�d�qbkem�ijhp_kkhjh\�\�kbkl_�

f_��

���>jm]hc� \Z`guc� iZjZf_lj� ijb� j_ZebaZpbb� iZjZe�

e_evguo� \uqbke_gbc� ki_dljZevguo� ij_h[jZah\Zgbc� ±�

fbgbfZevguc� h[tzf�^Zgguo� �beb� dhebq_kl\h� bl_jZpbc�

jZa^_ey_fh]h� pbdeZ��� dhlhjuc� _s_� fh`_l� h[jZ[Zlu�

\Zlvky� iZjZee_evgh� [_a� ihl_jb� ijhba\h^bl_evghklb��

Ijb� jZkiZjZee_eb\Zgbb� bl_jZpbhggh]h� ijhkljZgkl\Z� \�

[hevrbgkl\_� kemqZ_\� hilbfZevguf� agZq_gb_f� wlh]h�

iZjZf_ljZ�y\ey_lky�qZklgh_�hl�^_e_gby�h[s_]h�dhebq_�

kl\Z�bl_jZpbc�gZ�dhebq_kl\h�\uqbkebl_evguo�ihlhdh\��

���HilbfZevgh_�qbkeh�ihlhdh\�ijb�iZjZee_evghc�h[�

jZ[hld_�^he`gh�jZ\gylvky�qbkem�\uqbkebl_evguo�ihlh�

dh\�� h[_ki_qb\Z_fuo� ki_pbnbdZpb_c� ijhp_kkhjZ�� Ijb�

wlhf�^\Z�nbabq_kdbo�y^jZ�fh]ml�ij_^klZ\eylv�kh[hc�q_lu�

j_� eh]bq_kdbo� b� h[_ki_qb\Zlv� jZ[hlm� q_lujzo� \uqbkeb�

l_evguo�ihlhdh\�gZ�mjh\g_��[ebadhf�d�ihdZaZl_eyf�j_Zev�

gh]h�q_lujzoty^_jgh]h�ijhp_kkhjZ��

���KjZ\g_gb_�[b[ebhl_d�ijh]jZffbjh\Zgby�^ey�j_Z�

ebaZpbb� ihlhqgh]h� iZjZee_ebafZ� ihdZau\Z_l� jZaguc�

oZjZdl_j�jhklZ�mkdhj_gby�k�m\_ebq_gb_f�qbkeZ�hlkqzlh\�

1��Ijb�fZehf�qbke_�hlkqzlh\�kb]gZeZ�[he__�wnn_dlb\�

guf� ij_^klZ\ey_lky� bkihevah\Zgb_� ^bj_dlb\� dhfibey�

lhjZ�2SHQ03��mkdhj_gb_�ihy\ey_lky�ijb�qbke_�hlkqzlh\�

hl����^h������Ijb�qbke_�hlkqzlh\�[hevr_�����Ze]hjblfu�

7%%�\_^ml�k_[y�klZ[bevg__��

���Fh`gh� jZa^_eblv� h[eZklb� ijbf_g_gby� jZajZ[h�

lZgguo� iZjZee_evguo� Ze]hjblfh\� ki_dljZevghc� h[jZ�

[hldb�gZ�^\_�]jmiiu��

±�\uah\�iZjZee_evguo�Ze]hjblfh\�k�i_j_^Zq_c�qbk�



�

�

�
���

eZ� hlkqzlh\�� ij_\urZxsbf� ]jZgbpu� wnn_dlb\ghklb�

^ey� ^Zggh]h� Ze]hjblfZ� �kf�� lZ[e�� ����:e]hjblf� ijbf_�

gbf� \� [hevrbgkl\_� kemqZ_\� h[jZ[hldb� klZg^Zjlgh]h�

a\mdh\h]h� kb]gZeZ� ijb� jZ[hl_� k� ^hklZlhqgh� [hevrbfb�

mqZkldZfb� �ihkljh_gb_� :QO� kb]gZeZ�� ki_dljh]jZffu��

nbevlju��wd\ZebaZpby���

±�iZjZee_evgh_�ijbf_g_gb_�ihke_^h\Zl_evgh]h�Ze�

]hjblfZ� d� jZaguf� mqZkldZf� kb]gZeZ� �Ze]hjblfu� h[jZ�

[hldb�j_qb��ihkljh_gb_�ki_dljh\�hq_gv�fZeuo�mqZkldh\�

kb]gZeZ�� ki_dljh]jZffZ� k� hq_gv� fZeuf� bgl_j\Zehf�

h[gh\e_gby���

Ebl_jZlmjZ�

���Wol_j�R���Jh[_jlk�>`��Fgh]hy^_jgh_�ijh]jZffb�

jh\Zgb_��±�KI[���©Ibl_jª��������±�����k��

���-RKQVRQ�6��*���)ULJR�0��,PSOHPHQWLQJ�))7V� LQ�SUDF�

WLFH�� FK�� ���� ±� 5LFH� 8QLYHUVLW\�� +RXVWRQ� 7;�� &RQQH[LRQV��

������

���%ODLU�&KDSSHOO� 6��� 6WRNHV� $�� 3DUDOOHO� 3URJUDPPLQJ�

ZLWK�,QWHO�3DUDOOHO�6WXGLR�;(��±�,QGLDQDSROLV��,QGLDQD��©-RKQ�

:LOH\�	�6RQV��,QF�ª��������±�����S��

���5HLQGHUV�-��,QWHO�7KUHDGLQJ�%XLOGLQJ�%ORFNV��2XWILWWLQJ��

&��� IRU� 0XOWL�&RUH� 3URFHVVRU� 3DUDOOHOLVP�� ±� 6HEDVWRSRO��

&DOLIRUQLD��©2¶5HLOO\�0HGLD��,QF�ª��������±�����S��

���RiZdh\kdbc� =�B�� J_ZebaZpby� iZjZee_evguo� \u�

qbke_gbc�� 03,��2SHQ03�� deZkl_ju�� ]jb^��fgh]hy^_jgu_�

ijhp_kkhju�� ]jZnbq_kdb_� ijhp_kkhju�� d\Zglh\u_� dhf�

ivxl_ju�� ±�Fbgkd�� ;_ehjmkkdbc� =hkm^Zjkl\_gguc� Mgb�

\_jkbl_l��������±�����k��

63(&7580�$1$/<6,6�2)�6,*1$/6�21�

08/7,&25(�352&(66256�

0XVD\HY�0�0���.DUGDFKHY�0�&��

7KLV�DUWLFOH� LV�GHYRWHG� WR� WKH� LPSOHPHQWDWLRQ�RI�VSHFWUDO�

DQDO\VLV�RI�VLJQDOV�RQ�,QWHO�&RUH�L���L��PXOWLFRUH�SURFHVVRUV��

6HYHUDO�EDVLF�)RXULHU�WUDQVIRUP�V\VWHPV�ZHUH�WDNHQ�WR�DQD�

O\]H� WKH� UHFHLYHG� DFFHOHUDWLRQ�� ))7�� '&7� DQG� :DOVK�

+DGDPDUG� WUDQVIRUP�� $FFHOHUDWLRQ� SDUDPHWHUV� RI� SDUDOOHO�

DOJRULWKPV� WKDW� DUH� SHUIRUPHG� LQ� D� GLIIHUHQW� QXPEHU� RI�

WKUHDGV� ZHUH� FRQVLGHUHG�� 7KH� OLEUDULHV� RI� 2SHQ� 03�� ,QWHO�

7%%� DQG� 06� :LQGRZV� $3,� :LQ��� 1DWLYH� 7KUHDGV� ZHUH�

XVHG�DV�D�WRRO� IRU�WKH�LPSOHPHQWDWLRQ�RI�FUHDWHG�SDUDOOHO�DO�

JRULWKPV�RI�VSHFWUDO�DQDO\VLV��

M�\�Z�`�Z�_�f�u�_����d�h�e�e�_�]�b��

Ijb]eZrZ_f�<Zk�ijbgylv�mqZklb_�\�nhjfbjh\Zgbb�l_fZlbq_kdbo�\uimkdh\�`mjgZeZ�©Pbnjh\Zy�h[jZ�

[hldZ�kb]gZeh\ª�b� jZaf_s_gbx� j_deZfu�ijh^mdpbb� �mkem]��<Zr_c� hj]ZgbaZpbb�gZ� _]h�kljZgbpZo��<�kemqZ_�
iheh`bl_evgh]h�j_r_gby�ijhkbf� �ij_^klZ\blv�\�j_^Zdpbx�`mjgZeZ�<Zrb�ij_^eh`_gby�ih�ieZgh\hfm�jZa�

f_s_gbx�bgnhjfZpbhgguo�fZl_jbZeh\�b�fZd_l� �j_deZfu�ijh^mdpbb� �mkem]��k�mdZaZgb_f�`_eZ_fh]h�_z�f_�

klhjZkiheh`_gby��h[eh`dZ����y����y�beb���y�klj����p\_lgZy�\gmlj_ggyy�ihehkZ��h[t_f�ihehku����
@mjgZe� ©Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\ª�ba^Z_lky�k� ����� ]h^Z��<uoh^bl�_`_d\ZjlZevgh��lbjZ`hf� ±����� wda���

JZkijhkljZgy_lky�ih�ih^ibkd_�q_j_a�Z]_glkl\h�©Jhki_qZlvª�\�Jhkkbb� �bg^_dk���������KG=�b�kljZgZo�;Zelbb� �bg�

^_dk� ��������Z� lZd`_�gZ�Dhgn_j_gpbb�� ©Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\�b� __�ijbf_g_gb_� ±�'63$¶ª�b�<uklZ\dZo��

©([SR(OHFWURQLFDª��©K\yavWdkihdhffª��©WE?DLJHGBD:��dhfihg_glu��h[hjm^h\Zgb_��l_ogheh]bbª��]��Fhkd\Z��b�^j��

GZmqgh�l_ogbq_kdbc� `mjgZe� ©Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\ª� \dexq_g� \� Kibkhd� ba^Zgbc�� j_dhf_g^m_fuc�

<:D�JN�^ey�im[ebdZpbb�j_amevlZlh\�gZmqguo�bkke_^h\Zgbc�khbkdZl_eyfb� mq_ghc�kl_i_gb�^hdlhjZ�b�dZg^b^ZlZ�

l_ogbq_kdbo� gZmd� \� h[eZklb� jZ^bhl_ogbdb�� k\yab�� \uqbkebl_evghc� l_ogbdb�� we_dljhgbdb�� bgnhjfZpbhggh�

baf_jbl_evguo�b�mijZ\eyxsbo�kbkl_f��

IeZgbjm_fu_�kjhdb�ba^Zgby�hl^_evguo�ghf_jh\�`mjgZeZ��

����±�bxgv������]��L_fZlbq_kdbc�\uimkd��©L_hjby�b�f_lh^u�pbnjh\hc�h[jZ[hldb�kb]gZeh\ª��ih�fZl_jbZeZf�f_`�

^mgZjh^ghc�gZmqgh�l_ogbq_kdhc�dhgn_j_gpbb�©Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\�b�__�ijbf_g_gb_�±�'63$¶�����ª��

����±�k_gly[jv������]��L_fZlbq_kdbc�\uimkd��©Pbnjh\Zy�h[jZ[hldZ�bah[jZ`_gbcª��

����±�^_dZ[jv������]��L_fZlbq_kdbc�\uimkd��©PHK�\�jZ^bhl_ogbd_�b�kbkl_fZo�l_e_dhffmgbdZpbcª��

Hjb_glbjh\hqgZy�klhbfhklv�j_deZfguo�mkem]��

��y��\g_rgyy��kljZgbpZ�p\_lghc�h[eh`db�±����lukyq�jm[e_c��

��y�b���y��\gmlj_ggb_��kljZgbpu�p\_lghc�h[eh`db�±����lukyq�jm[e_c��

�?��p\_lghc�\gmlj_gg_c�ihehku�±���lukyq�jm[e_c��

@^_f�<Zrbo�ij_^eh`_gbc���

K�gZbemqrbfb�ih`_eZgbyfb��aZf��]eZ\gh]h�j_^ZdlhjZ��
^�l�g���ijhn_kkhj�<blya_\�<eZ^bfbj�<bdlhjh\bq��l_e_nhg������������������

Ij_^eh`_gby�ijhrm�gZijZ\eylv�ih�Z^j_km��(�PDLO��YLW\D]HY�Y�Y#UVUHX�UX�beb�LQIR#GVSD�UX��

M�\�Z�`�Z�_�f�u�_����d�h�e�e�_�]�b��

>ey�l_o��dlh�g_�mki_e�hnhjfblv�ih^ibkdm�gZ�\lhjh_�ihem]h^b_������]h^Z�q_j_a�H:H�©Jhki_qZlvª��khojZgy_lky�

\hafh`ghklv�ijbh[j_l_gby�`mjgZeh\�g_ihkj_^kl\_ggh�\�j_^Zdpbb�ih�Z^j_km��]��Fhkd\Z��me��:\bZfhlhjgZy��^hf����

GZmqguc� P_glj� FLMKB�� Jhkkbckdh_� gZmqgh�l_ogbq_kdh_� h[s_kl\h� jZ^bhl_ogbdb�� we_dljhgbdb� b� k\yab��

bf��:�K��Ihih\Z��f_ljh�©:\bZfhlhjgZyª�beb�hnhjfblv�AZdZa�\�khhl\_lkl\bb�k�lj_[h\Zgbyfb��\uklZ\e_ggufb�gZ�

kZcl_�`mjgZeZ��ZZZ�GVSD�UX��

L_e�����������������������:e_dk__\Z�Ex[h\v�BevbgbqgZ��beb��������������������KZfkhgh\�=_ggZ^bc�:g^j__\bq����

�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������
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IHK<YS:?LKY�IJHK<?LBL?EVKDHFM�LJM>M�:<LHJKDH=H�DHEE?DLB<:��

IH>�JMDH<H>KL<HF�:�B��KHEHGBGHC�

�:evl_jgZlb\gh_�gZa\Zgb_��©Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\�b�0$7/$%�gZ�Wev[jmk_ª�

Kh\j_f_ggh_� khklhygb_� b� ^Zevg_crbc� ijh]j_kk� \�

h[eZklb� bgnhdhffmgbdZpbhgguo� k_j\bkh\� l_kgh� k\y�

aZgu� k�pbnjh\ufb� l_ogheh]byfb� h[jZ[hldb�bgnhjfZ�

pbb��LZdZy�kblmZpby�ihlj_[h\ZeZ�\g_k_gby�dhjj_dlb\h\�

\�ijhp_kk�ih^]hlh\db�^hklZlhqgh�rbjhdh]h�djm]Z�ki_�

pbZebklh\��\�lhf�qbke_�±�\\_^_gby�mq_[ghc�^bkpbieb�

gu� ©Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\ª� \� [Zah\mx� �h[s_�

ijhn_kkbhgZevgmx�� qZklv� ijhn_kkbhgZevgh]h� pbdeZ�

hkgh\guo� h[jZah\Zl_evguo� ijh]jZff� ih� jZaebqguf�

gZijZ\e_gbyf�ih^]hlh\db��

GZ�gZr�\a]ey^��ljb�j_]meyjguo�y\e_gby�\�h[jZah\Z�

l_evghc� b� gZmqghc� `bagb� kljZgu� hdZau\Zxl� k_]h^gy�

hij_^_eyxs__� \ebygb_� gZ� kh^_j`Zl_evgmx� qZklv� b�

f_lh^bq_kdh_�h[_ki_q_gb_�mdZaZgghc�mq_[ghc�^bkpbi�

ebgu���

±�_`_]h^gZy�F_`^mgZjh^gZy� gZmqgZy� dhgn_j_gpby�

©Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\� b� _z� ijbf_g_gb_ª�� \�

qbke_� hj]ZgbaZlhjh\� dhlhjhc� ±� Jhkkbckdh_� gZmqgh�

l_ogbq_kdh_� h[s_kl\h� jZ^bhl_ogbdb�� we_dljhgbdb� b�

k\yab� bf��:�K�Ihih\Z��Bgklblml� ijh[e_f� mijZ\e_gby�

bf��<�:��LjZi_agbdh\Z�b�^jm]b_�Z\lhjbl_lgu_�gZmqgu_�

hj]ZgbaZpbb��

±�_`_d\ZjlZevgu_� \uimkdb� gZmqgh�l_ogbq_kdh]h�

`mjgZeZ�©Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\ª��\�khklZ\�j_^�

dhee_]bb�dhlhjh]h�\oh^yl�\_^msb_�jhkkbckdb_�mqzgu_�

b�ki_pbZebklu�\�h[eZklb�l_ogbdb�b�l_ogheh]bc�pbnjh�

\hc�h[jZ[hldb�kb]gZeh\��

±�m`_� ijb\uqgh_� ^ey� khh[s_kl\Z� i_^Z]h]h\�pbn�

jh\bdh\� kbkl_fZlbq_kdh_� h[h]Zs_gb_� [b[ebhl_db�

mq_[gh�f_lh^bq_kdhc� ebl_jZlmju�� ih^]hlh\e_gghc�

hl_q_kl\_ggufb�ki_pbZebklZfb��

<� ihke_^g_f� ba� mdZaZgguo� y\e_gbc� agZqbl_evgZy�

jhev� ijbgZ^e_`bl� Z\lhjkdhfm� dhee_dlb\m� ij_ih^Z\Z�

l_e_c�KZgdl�I_l_j[mj]kdh]h�]hkm^Zjkl\_ggh]h�mgb\_j�

kbl_lZ� l_e_dhffmgbdZpbc� bf�� ijhn�� F�:�� ;hgq�
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