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Ijb�agZq_gbb�iZjZf_ljZ���jZ\ghf�gmex��khhlghr_�
gby�����b�����aZ^Zxl�klZg^Zjlgh_�>IN��

>IN�b�[uklju_�Ze]hjblfu�_]h�\uqbke_gby�ij_^ih�

eZ]Zxl�� qlh� \oh^gZy� ihke_^h\Zl_evghklv� [�Q�� Q� ����
1�±���y\ey_lky�dhfie_dkghc��<�ijbdeZ^guo�`_�aZ^ZqZo�
pbnjh\hc� h[jZ[hldb� kb]gZeh\� \� [hevrbgkl\_� kemqZ_\�

bf_xl�^_eh�k�^_ckl\bl_evgufb�ihke_^h\Zl_evghklyfb��

,P^[�Q�`� ����Q� ����1�±����DZd�ba\_klgh��>IN�lZdbo�kb]�
gZeh\� ijb� q_lghf�1� h[eZ^Z_l� k\hckl\hf� dhfie_dkgh� ±�
khijy`_gghc�kbff_ljbb���
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]^_��±�kbf\he�dhfie_dkgh]h�khijy`_gby��

Ke_^h\Zl_evgh�� ijbf_g_gb_� klZg^Zjlgh]h� dhfie_dk�

gh]h�;IN� d� ^_ckl\bl_evguf� ihke_^h\Zl_evghklyf� ijb�

\h^bl�� k� h^ghc� klhjhgu�� d� \uqbke_gbx� 1���±��� lhq_d�
ki_dljZ� gZ� hljbpZl_evguo� qZklhlZo�� dhlhju_� g_� g_kml�

^hihegbl_evghc�bgnhjfZpbb�h�ki_dlj_�kb]gZeZ�[�Q���ba�
[ulhqgu_�\uqbkebl_evgu_� aZljZlu���k�^jm]hc� ±� lj_[m_�

fuc�h[t_f�iZfylb�\�^\Z�jZaZ�[hevr_�g_h[oh^bfh]h��ba�

[ulhqgu_� aZljZlu� iZfylb��� >ey� mkljZg_gby� mdZaZgguo�

g_^hklZldh\�[ue�ij_^eh`_g�Ze]hjblf�;IN�^_ckl\bl_ev�

guo� ihke_^h\Zl_evghkl_c�� mkljZgyxsbc� ba[ulhqgu_�

aZljZlu��dZd�\�iZfylb��lZd�b�\�h[t_f_�\uqbke_gbc� >����@��

b^_y�dhlhjh]h�^h\hevgh�ijhklZ��gh�lhevdh�ihke_�lh]h��dZd�

gZ�g__�mdZaZeb��

<� wlbo� Ze]hjblfZo� ;IN� ^_ckl\bl_evgZy� ihke_^h\Z�

l_evghklv�[�Q��\�1�hlkq_lh\�jZa[b\Z_lky�gZ�^\_�^_ckl\b�
l_evgu_� ihke_^h\Zl_evghklb� \� 1��� hlkq_lh\� kh]eZkgh�
ke_^mxs_fm�\ujZ`_gbx��[��Q�� �[��Q���[��Q�� �[��Q����
l�_��gZ�ihke_^h\Zl_evghklb�q_lguo�b�g_q_lguo�hlkq_lh\��

>Ze__�h[jZam_lky�dhfie_dkgZy�ihke_^h\Zl_evghklv��

������� ��� QM[Q[Q[ � � ���� � 1Q �� ����

AZl_f� \uqbkeyxl� ;IN� dhfie_dkghc� ihke_^h\Zl_ev�

ghklb�[��Q��Ze]hjblfhf�;IN��
B^_y� Ze]hjblfZ� >IN� ^_ckl\bl_evguo� ihke_^h\Z�

l_evghkl_c� aZdexqZ_lky� \� ke_^mxs_f�� Ba\_klgh�� >IN�

ex[hc� ^_ckl\bl_evghc� ihke_^h\Zl_evghklb� bf__l� q_l�
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gmx� ^_ckl\bl_evgmx� qZklv� b� g_q_lgmx� fgbfmx� qZklv���

B�gZh[hjhl��>IN�ex[hc�qbklh�fgbfhc�ihke_^h\Zl_ev�

ghklb� bf__l� g_q_lgmx� ^_ckl\bl_evgmx� b� q_lgmx� fgb�

fmx�qZklb�� >�@��>IN�kmffu�lZdbo�ihke_^h\Zl_evghkl_c�

[��Q�� �[��Q����M[��Q��� bf__l� Zkbff_ljbqgu_� ^_ckl\b�
l_evgmx�b�fgbfmx�qZklb��H^gZdh��>IN�[��Q�� �[��Q���b�
>IN�[��Q�� �[��Q�����fh]ml�[ulv�e_]dh�\hkklZgh\e_gu��
lZd�dZd�ex[mx�nmgdpbx�fh`gh�ij_^klZ\blv�\�\b^_�kmf�

fu�q_lghc�b�g_q_lghc�qZkl_c��AZl_f��bkihevamy�nmg^Z�

f_glZevgh_� k\hckl\h� ;IN� �\hafh`ghklv� ihemq_gby�

ki_dljZ�bkoh^ghc�ihke_^h\Zl_evghklb�ba�ki_dljh\�^\mo�

__�qZkl_c���gZoh^yl�ki_dlj�bkoh^ghc�ihke_^h\Zl_evgh�

klb�[��Q���\uihegyy�^hihegbl_evguc�kehc�;IN�>����@��
Ijb� \gbfZl_evghf� bamq_gbb� khhlghr_gbc� ����� ���� b�

����fh`gh�k^_eZlv�g_kdhevdh�\Z`guo�\u\h^h\��

��� >IN� ^_ckl\bl_evghc� ihke_^h\Zl_evghklb� 61�N���
N� ����1������kljh]h�]h\hjy��hij_^_ey_lky�g_�1���hlkq_�
lZfb��dZd�g_j_^dh�ml\_j`^Z_lky�\�jZ[hlZo�ih�pbnjh\hc�

h[jZ[hld_� kb]gZeh\� �kf�� gZijbf_j� >�@��� Z� �1�������� hl�
kq_lZfb��

���Dhfie_dkgh���khijy`_ggZy�kbff_ljby�dhwnnbpb�

_glh\� >IN� ^_ckl\bl_evghc� ihke_^h\Zl_evghklb� ijb�

q_lghf�1�bf__l�f_klh�g_�^ey�\k_o�hlkq_lh\�>IN��>\Z�
hlkq_lZ� ki_dljZ� 61���� b� 61�1���� g_� h[eZ^Zxl� wlbf�
k\hckl\hf� �ijb� g_q_lghf� 1� �� h^bg� hlkq_l� ki_dljZ�
61������Djhf_�lh]h��wlb�hlkq_lu��beb�wlhl�hlkq_l��y\ey�
xlky�qbklh�^_ckl\bl_evgufb�\_ebqbgZfb��

���Ijb�agZq_gbb�iZjZf_ljZ��� �����\k_�dhwnnbpb_g�
lu�>IN�I�h[eZ^Zxl�k\hckl\hf�dhfie_dkgh���khijy`_g�

ghc�kbff_ljbb��
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:e]hjblf� ;IN�I� ijb� �� ����� ^ey� ^_ckl\bl_evguo�
ihke_^h\Zl_evghkl_c� �^Ze__� Ze]hjblf� ��� fh`_l� [ulv�

ihkljh_g�\�jZfdZo�ih^oh^Z�jZkkfhlj_ggh]h�\�>����@��kmlv�

lZdh]h�ih^oh^Z�baeh`_gZ�\ur_���IhdZ`_f��qlh�� lZd�dZd�

\k_� dhwnnbpb_glu�>IN�I� ijb� �� ����� h[eZ^Zxl�nmg�
^Zf_glZevguf� k\hckl\hf� dhfie_dkgh�khijy`_gghc�

kbff_ljbb������^Zgguc�ih^oh^�^himklbf�b�ijZ\hf_j_g��

�

Jbk����Ki_dlj�kb]gZeZ�[��Q���
ihemq_gguc�f_lh^hf�>IN�I�ijb��� �����

GZ�jbk��Z�ijb\_^_gZ�g_dhlhjZy�^_ckl\bl_evgZy�ih�

ke_^h\Zl_evghklv� [�Q�� \� ��� hlkq_lZ�� Z� gZ� jbk�� �E� b�
jbk��k�khhl\_lkl\_ggh�^_ckl\bl_evgZy�b�fgbfZy�qZklb�

_z��ki_dljZ��>IN�I��ijb���� �ò���rljbo�imgdlbjghc��eb��

gb_c� h[hagZq_gZ� hkv� kbff_ljbb��� <� Ze]hjblf_� ;IN�I�

ijb��� �����^_ckl\bl_evghc�ihke_^h\Zl_evghklb��dZd�b�\�
Ze]hjblf_� ;IN� ^_ckl\bl_evghc� ihke_^h\Zl_evghklb��

[�Q�� \�1� hlkq_lh\� jZa[b\Z_lky� gZ� ^\_� ^_ckl\bl_evgu_�
ihke_^h\Zl_evghklb� \�1��� hlkq_lh\�� l�_�� gZ� ihke_^h\Z�
l_evghklb�q_lguo�[��Q��b�g_q_lguo�hlkq_lh\�[��Q���

������� Q[Q[  � �������� � Q[Q[ ��

>Ze__�h[jZam_lky�dhfie_dkgZy�ihke_^h\Zl_evghklv��

������� ��� QM[Q[Q[ � � ���� � 1Q ��

^_ckl\bl_evgZy�b�fgbfZy�qZklb�ki_dljZ��dhlhjhc�ijb\_�

^_gu� khhl\_lkl\_ggh� gZ� jbk�� �J� b� jbk�� �K��Qlh[u� ihem�

qblv� ki_dlju� ^_ckl\bl_evguo� ihke_^h\Zl_evghkl_c�

[��Q�� �[��Q��b�[��Q�� �[��Q�����ijb\_^_ggu_�gZ�jbk���F��
jbk���H��jbk���G��jbk���I��khhl\_lkl\_ggh��g_h[oh^bfh�\hk�

ihevah\Zlvky�ke_^mxsbfb�\ujZ`_gbyfb��

^ ` ����@����5H>������5H>�@�����5H> ��� ��� N16N6N6
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^ ` ����@�����5H>���5H>�@�����,P> ��� N6NN6N6 ��� �

������ � 1N

�

Jbk����KljmdlmjZ�kbff_ljbc�ki_dljh\�>IN�I��

^_ckl\bl_evguo�kb]gZeh\�[��Q��b�M[��Q��ijb��� �����

AZl_f� g_h[oh^bfh�^hihegbl_evgh� \uihegblv� \uqbk�

e_gby�kh]eZkgh�ke_^mxsbf�\ujZ`_gbyf��
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<�j_amevlZl_�fu�ihemqbf�ki_dlj�bkoh^gh]h�^_ckl\b�

l_evgh]h� kb]gZeZ� [��Q�� gZ� iheh`bl_evguo� qZklhlZo�
�jbk�����
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Jbk����Ki_dlj�^_ckl\bl_evgh]h�kb]gZeZ�[�Q���

gZ�iheh`bl_evguo�qZklhlZo��ihemq_gguc��

k�ihfhsvx�Ze]hjblfZ����

JZkkfhljbf� Zevl_jgZlb\guc� ih^oh^� \uqbke_gby�

>IN�I� ^_ckl\bl_evguo� ihke_^h\Zl_evghkl_c�� bkihev�

amxsbc� dhfie_dkgh�khijy`_ggmx� kbff_ljbx� ijb�
�� ������

Imklv�aZ^ZgZ�^_ckl\bl_evgZy�ihke_^h\Zl_evghklv��

[�Q�� ��� � 1Q ��

klZg^Zjlgh_� >IN�I�� dhlhjhc� ijb� �� ����� hibku\Z_lky�
ke_^mxsbf�\ujZ`_gb_f��
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:gZeh]bqgh� gZc^_f� g_q_lgu_� hlkq_lu� dhwnnbpb�

_glh\� >IN�I� ijb� �� ������ himkdZy� ijhf_`mlhqgu_��
\udeZ^db���
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Hlf_lbf��qlh�ijb�\u\h^_�nhjfmeu� ����bkihevah\Zgh�

khhlghr_gb_��

�����������

�� M: N1

1 � �
�

Hq_\b^gh��qlh�\uqbke_gb_�>IN�I�ijb��� �����kh]eZk�
gh�khhlghr_gbx�����[he__�ij_^ihqlbl_evgh��q_f�\uqbk�

e_gb_�>IN�I�ijb��� �����kh]eZkgh�khhlghr_gbx� �����lZd�
dZd� ijb� wlhf� g_l� g_h[oh^bfhklb�f_gylv� agZd� m�fgbfhc�

qZklb� nhjfbjm_fhc� dhfie_dkghc� ihke_^h\Zl_evghklb��

LZdbf� h[jZahf�� [eZ]h^Zjy� khhlghr_gbx� ���� k� mq_lhf�

k\hckl\Z� ����� fu� gZoh^bf� \k_� 1��� agZq_gbc� bkdhfh]h�
ki_dljZ��^Ze__�Ze]hjblf�����

Ijhba\_^_f� hp_gdm� \uqbkebl_evghc� wnn_dlb\ghklb�

ij_^klZ\e_gguo� Ze]hjblfh\�� <� dZq_kl\_� djbl_jby� wn�

n_dlb\ghklb�� ZgZeh]bqgh� jZ[hl_� >�@�� \u[_j_f� hlghkb�

l_evgmx�wdhghfbx�\uqbke_gbc�ijb�ijbf_g_gbb�kjZ\gb�

\Z_fuo�Ze]hjblfh\�

�
$Ze]hjblf_\hi_jZpbcqbkeh

%Ze]hjblf_\hi_jZpbcqbkeh$Ze]hjblf_\hi_jZpbcqbkeh �
 J

�����

]^_��Ze]hjblfu�:�b�<�±�kjZ\gb\Z_fu_�Ze]hjblfu��

Ih^�qbkehf�hi_jZpbc�\�nhjfme_� �����\� aZ\bkbfhklb�

hl�ijbf_gy_fuo��^ey�j_ZebaZpbb�Ze]hjblfZ��ZiiZjZlguo�

j_r_gbc�� fh]ml� ihgbfZlvky�� dZd� lhevdh� \uihegy_fu_�

mfgh`_gby��lZd�b�kmffZ�\uihegy_fuo�mfgh`_gbc�b�keh�

`_gbc��Ihke_^gbc� kemqZc� bf__l�f_klh� \� kemqZ_� ijbf_�

g_gby� \ukhdhkdhjhklguo� ki_pbZebabjh\Zgguo� mfgh`b�

l_e_c�� dhlhju_� iha\heyxl� hi_jZpbx� mfgh`_gby� \uihe�

gylv�ijZdlbq_kdb�aZ�lh�`_�\j_fy��qlh�b�keh`_gby��Mqblu�

\Zy��qlh�^ey�ihemq_gby�>IN�I�ijb��� �����^_ckl\bl_ev�
ghc�ihke_^h\Zl_evghklb�^ebghc�\�1�hlkq_lh\�fu�\uihe�
gy_f�h^gh�1���±�dhfie_dkgh_�>IN�I�ijb��� ������gZ�jbk��
��b�jbk���ihdZaZgZ��\�khhl\_lkl\bb�k�khhlghr_gb_f�������

hlghkbl_evgZy� wdhghfby� \uqbke_gbc� \� Ze]hjblf_� ���

\�kjZ\g_gbb�k�h[uqguf�dhfie_dkguf�;IN�b�Ze]hjblfZ����

\�kjZ\g_gb_�k�Ze]hjblfhf����khhl\_lkl\_ggh�

�

>ebgZ�^_ckl\bl_evghc�ihke_^h\Zl_evghklb�1� ��U���

U� �������«�����

Jbk����Hlghkbl_evgZy�wdhghfby�\uqbke_gbc�\�����

KjZ\g_gb_�Ze]hjblfZ���k�dhfie_dkguf�;IN�I�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
��

�

>ebgZ�^_ckl\bl_evghc�ihke_^h\Zl_evghklb�1� ��U���

U� �������«�����

Jbk����Hlghkbl_evgZy�wdhghfby�\uqbke_gbc�\�����

KjZ\g_gb_�Ze]hjblfZ���k�Ze]hjblfhf����

GZ�jbk����\�kbem�bkihevah\Zgby�\�kjZ\gb\Z_fuo�Ze�

]hjblfZo� dhfie_dkguo� Ze]hjblfh\�;IN� b�;IN�I� �jZa�

gbpZ�f_`^m�dhlhjufb�\�kfuke_�qbkeZ�hi_jZpbc�lhevdh�

\�jZaf_jghklb���djb\u_�ih�qbkem�lhevdh�©mfgh`_gbcª�b�

©mfgh`_gbc�b�keh`_gbcª�kh\iZ^Zxl��

<� aZdexq_gb_� hklZgh\bfky� djZldh� gZ� \uqbke_gbb�

dhwnnbpb_glh\� >IN�I� ^_ckl\bl_evguo� ihke_^h\Z�

l_evghkl_c� ijb� agZq_gbb� iZjZf_ljZ� ����������� Bkke_�
^h\Zgby��ijh\_^_ggu_� Z\lhjhf� gZklhys_c� klZlvb�� \u�

y\beb�_s_�h^gh�nmg^Zf_glZevgh_�k\hckl\h�>IN�I��

Ki_dlj� kb]gZeZ�� ihemq_gguc� f_lh^hf� >IN�I�� ijb�

agZq_gbb� iZjZf_ljZ� ���������� g_� h[eZ^Z_l� k\hckl\hf�
dhfie_dkgh�khijy`_gghc�kbff_ljbb��>jm]bfb�keh\Zfb��

khhlghr_gb_�����\�wlhf�kemqZ_�g_�kh[ex^Z_lky��H^gZdh�

>IN�I� ^_ckl\bl_evguo� ihke_^h\Zl_evghkl_c� ijb�

���������� h[eZ^Z_l� h^gbf� hq_gv� \Z`guf� k\hckl\hf��
dhlhjh_� Z\lhj� gZa\Ze� ©i_j_dj_klghcª� dhfie_dkgh�

khijy`_gghc�kbff_ljb_c��

��������  TT ��� N16N6 11
�� �����zT ���

���� � 1N � �����

��������  TT N16N6 11 �� � �� �����zT ���

���� � 1N � �����

GZ�jbk�� ��^ey�g_dhlhjhc�kemqZcghc�ihke_^h\Zl_ev�

ghklb�\� ��hlkq_lh\�ijhbeexkljbjh\Zgh�wlh�nmg^Zf_g�

lZevgh_�k\hckl\h�>IN�I�

�

Jbk����©I_j_dj_klgZyª�dhfie_dkgh�khijy`_ggZy��

kbff_ljby�>IN�I�

<hkihevah\Z\rbkv� khhlghr_gbyfb� ����� b� ������ g_�

keh`gh�mklZgh\blv��qlh�\uiheg_gb_�>IN�I�^_ckl\bl_ev�

ghc�ijb�����������iha\hey_l�kjZam�ihemqblv�^\Z�ki_dljZ��
ijb� agZq_gbyo� iZjZf_ljZ� �� b� ���������Ijb� wlhf� hlghkb�
l_evgZy�wdhghfby�\�\uqbke_gbyo�\�jZfdZo�^Zggh]h�ih^�

oh^Z�[m^_l�iheghklvx�kh\iZ^Zlv�k�djb\hc��ijb\_^_gghc�

gZ�jbk�����

AZdexq_gb_�

Ij_^eh`_ggu_� \� klZlv_� Ze]hjblfu� [ukljh]h� iZjZ�

f_ljbq_kdh]h�^bkdj_lgh]h�ij_h[jZah\Zgby�Nmjv_�iha\h�

eyxl�� k� h^ghc� klhjhgu�� kms_kl\_ggh� khdjZlblv� \j_fy�

\uqbke_gbc� b� lj_[m_fuc� h[t_f� iZfylb� ijb� ki_dljZev�

ghf� ZgZeba_� dZd� ^_l_jfbgbjh\Zgguo�� lZd� b� kemqZcguo�

^_ckl\bl_evguo�kb]gZeh\��k�^jm]hc�±�jZkrbjblv�\hafh`�

ghklb�j_r_gby�ijZdlbq_kdbo� aZ^Zq�pbnjh\hc�h[jZ[hldb�

kb]gZeh\� \� jZaebqguo� h[eZklyo� gZmqguo� bkke_^h\Zgbc��

GZijbf_j��ehdZebaZpbb�ki_dljZevguo�ibdh\��\uy\e_gby�

kdjuluo�i_jbh^bqghkl_c��\b[jhZdmklbq_kdhc�^bZ]ghklbd_�

fZrbg�b�f_oZgbafh\��

Ebl_jZlmjZ�

���JZ[bg_j�E���=he^�;��L_hjby�b�ijbf_g_gb_�pbnjh�

\hc�h[jZ[hldb�kb]gZeh\��F��Fbj������]��

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

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

����k��

���;h]g_j�J��� DhgklZglbgb^bk�:��<\_^_gb_� \� pbnjh�

\mx�nbevljZpbx��I_j��k�Zg]e���F��Fbj������]�����k��

���IhghfZj_\�<�:��KlhoZklbq_kdb_�k\hckl\Z�iZjZf_l�

jbq_kdh]h� ^bkdj_lgh]h� ij_h[jZah\Zgby�Nmjv_� ��� JZ^bh�

l_ogbdZ� b� we_dljhgbdZ��� :G� KKKJ�������L����� �� �� ����

Klj�����������

��� 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���������Klj�������������

��� 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� ^bkdj_lguo� wdkihg_gpbZevguo�

nmgdpbc��F���Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\������]��������

�����k��

3$5$0(75,&�)$67�',6&5(7(�

)285,(5�75$16)250�5($/�

6(48(1&(�

3RQRPDUHYD�2�9��

7KH�XVH�RI�VWDQGDUG�FRPSOH[�))7�3�LQ�WKH��� �����WR�WKH�

UHDO�VHTXHQFHV� ������ � 1QQ[ �OHDGV��RQ�WKH�RQH�KDQG��WR�

WKH�FDOFXODWLRQ�RI�1���SRLQWV�RI�WKH�VSHFWUXP�RQ�WKH�QHJDWLYH�
IUHTXHQFLHV��ZKLFK�GR�QRW�FDUU\�DGGLWLRQDO� LQIRUPDWLRQ�DERXW�

WKH� VSHFWUXP� RI� WKH� VLJQDO� ��Q[ � �H[FHVVLYH� FRPSXWDWLRQDO�

FRVW���RQ� WKH�RWKHU�VLGH� �� WKH� UHTXLUHG�DPRXQW�RI�PHPRU\�LV�
WZLFH� PRUH� WKDQ� QHFHVVDU\� �H[FHVV� FRVW� RI� PHPRU\��� 7R�
HOLPLQDWH� WKHVH� GUDZEDFNV� SURSRVHG� ))7� DOJRULWKPV�,,� UHDO�
VHTXHQFHV��HOLPLQDWLQJ�UHGXQGDQW�FRVWV��ERWK�LQ�PHPRU\�DQG�
LQ� WKH� DPRXQW� RI� FRPSXWDWLRQ��:H�DOVR� FRQVLGHU� WKH�3�))7�

DOJRULWKP�IRU�UHDO�VHTXHQFHV����������
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KlZlvy� ihk\ys_gZ� bkihevah\Zgbx� ]Zjfhgbq_kdbo� \_c\e_lh\�

ijbf_gbl_evgh� d�rbjhdhfm� deZkkm� hkpbeebjmxsbo� kb]gZeh\��Be�

exkljbjmxlky�gh\u_�ih^oh^u�d�j_r_gbx�aZ^Zq�\u^_e_gby�]jZgbp�

oZjZdl_jguo� ijhp_kkh\� \�kb]gZe_� b� hqbkldb�kb]gZeh\�hl�rmfZ�k�

ihfhsvx� ]Zjfhgbq_kdbo� \_c\e_lh\� gZ� hkgh\_�fh^bnbpbjh\Zgghc�

ihjh]h\hc�ijhp_^mju��<u\h^blky�h[sbc�\b^�fZljbpu�]Zjfhgbq_�

kdh]h� \_c\e_l�ij_h[jZah\Zgby� b� \\h^blky� djbl_jbc� wnn_dlb\�

ghklb�bkihevah\Zgby�^Zgguo�\_c\e_lh\��

M>D���������

IJBF?G?GB?�=:JFHGBQ?KDBO�<?C<E?LH<��
<�A:>:Q:O�H;J:;HLDB�HKPBEEBJMXSBO�KB=G:EH<�

Hj_rdh�G�B���d�l�g���KZgdl�I_l_j[mj]kdbc�]hkm^Zjkl\_gguc�we_dljhl_ogbq_kdbc�mgb\_jkbl_l�©EWLBª��
H�PDLO��RUHVKNR#QLFHWX�VSE�UX�

=_ii_g_j�<�<���^�l�g���ijhn_kkhj�KZgdl�I_l_j[mj]kdh]h��]hkm^Zjkl\_ggh]h�we_dljhl_ogbq_kdh]h�mgb\_jkbl_lZ�
©EWLBª��H�PDLO��JHSSHQHU#PDLO�UX�

Debhgkdbc�>�F���ZkibjZgl�KZgdl�I_l_j[mj]kdh]h��]hkm^Zjkl\_ggh]h�we_dljhl_ogbq_kdh]h�mgb\_jkbl_lZ�
©EWLBª��H�PDLO��NOLR����#OLVW�UX�

�

Dexq_\u_� keh\Z�� ]Zjfhgbq_kdb_� \_c\e_lu��
hkpbeebjmxsb_� kb]gZeu�� hqbkldZ� hl� rmfZ�� ih�

jh]h\Zy�ijhp_^mjZ��\u^_e_gb_�]jZgbp�ijhp_kkh\��

<\_^_gb_�

>ZggZy� klZlvy� ihk\ys_gZ� \hijhkZf� bkihevah�

\Zgby�ki_pbnbq_kdbo�nmgdpbc��gZau\Z_fuo�]Zjfh�

gbq_kdbfb� \_c\e_lZfb� b� ij_^gZagZq_gguo� ^ey�

h[jZ[hldb� rbjhdh]h� deZkkZ� hkpbeebjmxsbo� kb]gZeh\�

�ijhp_kkh\���\�qZklghklb�fmevlb]Zjfhgbq_kdbo�b�i_j_�

oh^guo� ijhp_kkh\��BaeZ]Zxlky� hkgh\u� ]Zjfhgbq_kdh]h�

\_c\e_l�ij_h[jZah\Zgby� b� ijb\h^blky� ^\mowlZiguc�

Ze]hjblf�\uqbke_gby�\_c\e_l�dhwnnbpb_glh\�gZ�hkgh�

\_�>IN��<\h^blky� ki_pbZevguc� ihdZaZl_ev� wnn_dlb\�

ghklb�ijbf_g_gby�^Zgguo�\_c\e_lh\�d�hkpbeebjmxsbf�

kb]gZeZf�� Bkihevah\Zgb_� ]Zjfhgbq_kdbo� \_c\e_lh\�

hkh[_ggh� wnn_dlb\gh� ^ey� h[jZ[hldb� hkpbeebjmxsbo�

kb]gZeh\��ihkdhevdm� ]Zjfhgbq_kdb_� \_c\e_lu� ih� k\h_c�

nhjf_� ih^h[gu� ^Zgguf� kb]gZeZf��<h�fgh]bo� kemqZyo�

gZb[he__�wnn_dlb\guf�^ey�h[jZ[hldb�y\ey_lky� lZdhc�

[Zabk�� dhlhjuc� bf__l� \ukhdmx� kl_i_gv� dhjj_eypbb� k�

bkke_^m_fuf� lbihf� kb]gZeh\�� l�d�� ij_^klZ\e_gb_� kb]�

gZeZ�\�lZdhf�[Zabk_�[m^_l�lj_[h\Zlv�fZeh]h�dhebq_kl\Z�

keZ]Z_fuo��

AgZqbl_evgh_� \gbfZgb_� \� klZlv_� m^_ey_lky� \Z`�

g_cr_c�ijZdlbq_kdhc�aZ^Zq_���hqbkld_�hkpbeebjmxsbo�

kb]gZeh\�hl�rmfZ�k�bkihevah\Zgb_f�ki_pbZevguo�klZ�

lbklbq_kdbo�djbl_jb_\�b�ihjh]h\hc�h[jZ[hldb�\_c\e_l�

dhwnnbpb_glh\��

Kh^_j`Zgb_�klZlvb�fh`gh�ij_^klZ\blv�ke_^mxsbf�
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� OQ
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I

M 1
T M

V
U  ��� �����

]^_� � �T M � �� ghjfbjmxsbc� dhwnnbpb_gl�� aZ\bkysbc� hl�

ghf_jZ�mjh\gy�jZaeh`_gby��Ihke_^mxs_c� aZ^Zq_c�y\�

ey_lky�hij_^_e_gb_�^Zggh]h�ghjfbjmxs_]h�dhwnnbpb�

_glZ��Hg�fh`_l�[ulv�gZc^_g�ba�hq_\b^guo�nbabq_kdbo�

khh[jZ`_gbc� �b� wlh� fh`_l� [ulv� ^hdZaZgh� ZgZeblbq_�

kdb���Ijb�h[jZ[hld_�kb]gZeh\�\�kf_kb�k�[_euf�]Zmkkh\�

kdbf� rmfhf� �k� aZ^Zgguf� KDH�� gZ[hjhf� hdlZ\guo�

nbevljh\�k�_^bgbqgufb�:QO�\�ihehk_�ijhimkdZgby�KDH�

rmfZ�[m^_l�^ey� dZ`^h]h� ihke_^mxs_]h� mjh\gy� mf_gv�

rZlvky�ijbf_jgh�\���jZaZ�ih�kjZ\g_gbx�k�ij_^u^msbf��

:gZeblbq_kdb�wlh�aZibkZlv�\�\b^_�ke_^mxs_]h�khhlgh�

r_gby��
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�

I

M M

V
V  � �����

Ke_^m_l�hlf_lblv��qlh�\�hlebqb_�hl�klZg^Zjlghc�ih�

jh]h\hc� h[jZ[hldb� �^ey� \_s_kl\_ggh]h� kemqZy�� \� ^Zg�

ghf�kemqZ_�ihjh]h\Zy�h[jZ[hldZ�\uihegy_lky�hl^_evgh�

^ey�\_s_kl\_gghc�b�fgbfhc�qZkl_c��ihke_�q_]h�\uqbk�

ey_lky� h[jZlgh_� ]Zjfhgbq_kdh_� \_c\e_l�ij_h[jZah\Z�

gb_�hl�fh^bnbpbjh\Zgguo�\_c\e_l�dhwnnbpb_glh\�^ey�

i_j_oh^Z�\h�\j_f_ggmx�h[eZklv��Ba\_klgh��qlh�^ey�ex�

[hc� dhfie_dkghagZqghc�ihke_^h\Zl_evghklb� [ �\uihe�
gy_lky�ke_^mxs__�khhlghr_gb_��

� � �

� � � � �[ UHDO [ LPDJ [V V V � � �����

]^_� �

� �UHDO [
V ���^bki_jkby�\_s_kl\_gghc�qZklb�ihke_^h\Z�

l_evghklb� [ �� Z� �

� �LPDJ [
V � ��^bki_jkby�fgbfhc�qZklb�ih�

ke_^h\Zl_evghklb� [ ��<� jZkkfZljb\Z_fhf� kemqZ_�^bk�
i_jkby� dhfie_dkguo� \_c\e_l�dhwnnbpb_glh\� hij_^_�

ey_lky�gZ�hkgh\_�^bki_jkbc�bo�\_s_kl\_gghc�b�fgbfhc�

qZkl_c��KqblZy� � �

� � � �|UHDO [ LPDJ [V V � �ihkdhevdm� \_s_kl\_g�

gmx� b� fgbfmx� qZklb� y^jZ� ]Zjfhgbq_kdh]h� \_c\e_l�

ij_h[jZah\Zgby�fh`gh�kqblZlv�ijb[eb`_ggh�jZ\gufb�b�

klZlbklbq_kdb� g_aZ\bkbfufb�� qlh� ih^l\_j`^Z_lky�

wdki_jbf_glZfb���ihemqZ_f�

�OQ
� �

I
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1
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]^_�
MU ���ihjh]��ijbf_gy_fuc�d�\_s_kl\_gghc�b�fgbfhc�

qZklyf� \_c\e_l�dhwnnbpb_glh\��
IV � hp_gb\Z_lky� ih�

dhfie_dkguf�\_c\e_l�dhwnnbpb_glZf��

JZkkfhljbf�jZ[hlm�ijhp_^mju�ihjh]h\hc�h[jZ[hldb�

gZ� ijbf_j_� aZrmfe_ggh]h� kb]gZeZ�� ihdZaZggh]h� gZ��

jbk�����Ijbf_gbf�fy]dmx�ihjh]h\mx�h[jZ[hldm��ihkdhev�

dm�bkoh^guc�kb]gZe�g_�bf__l�bahebjh\Zgguo�hkh[_ggh�

kl_c��ehdZevguo�\u[jhkh\�b�ij����DZd�[ueh�mklZgh\e_gh�

jZg__� �lZ[e�� ���� ihjh]h\mx� h[jZ[hldm� g_h[oh^bfh� ijb�

f_gylv� d� ��f� gZqZevguf� mjh\gyf� jZaeh`_gby�� =jZnbd�

hqbs_ggh]h�hl�rmfZ�kb]gZeZ�ihdZaZgZ�gZ�jbk�����

Kms_kl\m_l� g_kdhevdh� ih^oh^h\�� iha\heyxsbo� hp_�

gblv� dZq_kl\h� ijhp_^mju� hqbkldb�hl�rmfZ��Kj_^b� gZb�

[he__�rbjhdh� bkihevam_fuo� fh`gh� \u^_eblv� ke_^mx�

sb_��

���Hp_gdZ�KDH�\u^_e_ggh]h�rmfZ�\�j_amevlZl_�ijh�

\_^_gghc� ijhp_^mju� rmfhhqbkldb� b� kjZ\g_gb_� wlhc�

hp_gdb�k�bkoh^guf�bklbgguf�agZq_gb_f��

��� KlZlbklbq_kdb_� djbl_jbb� ijh\_jdb� ba\e_q_ggh]h�

rmfZ� gZ� ©[_ehklvª� �rmf� Zijbhjgh� kqblZ_lky� [_euf��

lZdb_�� dZd��gZijbf_j��djbl_jbc�gZ�hkgh\_�:DN��hibkZg�

guc�jZg__�\�^Zgghc�klZlv_�

�

Jbk�����Kb]gZe��hqbs_gguc�hl�rmfZ��

gZ�hkgh\_�fy]dhc�ihjh]h\hc�h[jZ[hldb�

LZ[ebpZ�����

Hp_gb\Zgb_�dZq_kl\Z�jZ[hlu�ijhp_^mju�

hqbkldb�hl�rmfZ�kb]gZeZ��ihdZaZggh]h�gZ�jbk����

Bklbggh_�agZq_gb_�
KDH�rmfZ�

Hp_gdZ�KDH��
\u^_e_ggh]h�rmfZ�

���MJ �

���� ������� �����

J_amevlZlu��ijb\_^_ggu_�\�lZ[e�����k\b^_l_evkl\mxl�

h�\ukhdhf�dZq_kl\_�ijhp_^mju�hqbkldb�hl�rmfZ��

AZdexq_gb_��

<�klZlv_�[ue�jZkkfhlj_g�ki_pbnbq_kdbc�deZkk�\_c\�

e_lh\� �� ]Zjfhgbq_kdb_� \_c\e_lu�� hibkZgh� bo� ijbf_g_�

gb_�\�aZ^ZqZo�ZgZebaZ�hkpbeebjmxsbo�kb]gZeh\�b�ijb�

\_^_g�[ukljuc�Ze]hjblf�jZkq_lZ�\_c\e_l�dhwnnbpb_g�

lh\��;ueh�ihdZaZgh��qlh�nhjfZ�hibkZgguo�\_c\e_lh\�b�

hl^_evguo� lbih\� hkpbeebjmxsbo� kb]gZeh\� �fmevlb]Zj�

fhgbq_kdbo��koh`Z��qlh�hldju\Z_l�rbjhdb_�\hafh`ghklb�

ih� bo� h[jZ[hld_�� Djhf_� lh]h�� [ueZ� \\_^_gZ� dhebq_kl�

\_ggZy�f_jZ�wnn_dlb\ghklb�b�ihemq_gh�lhqgh_�\ujZ`_�

gb_�^ey�fZljbpu� ]Zjfhgbq_kdh]h�\_c\e_l�ij_h[jZah\Z�

gby�� GZdhg_p�� [ueZ� ijh^_fhgkljbjh\ZgZ� ijhp_^mjZ�
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hqbkldb�hl�rmfZ�gZ�hkgh\_�klZlbklbq_kdbo�djbl_jb_\�b�

ki_pbZebabjh\Zgghc�ihjh]h\hc�ijhp_^mju��^ey�dhlhjhc�

lj_[m_lky�fh^bnbdZpby�ZgZeblbq_kdbo�\ujZ`_gbc�^ey�

ihjh]h\�� Ihemq_gu� ohjhrb_� j_amevlZlu� ih� h[jZ[hld_�

aZrmfe_ggh]h�fmevlb]Zjfhgbq_kdh]h�kb]gZeZ�k�q_j_^h�

\Zgb_f� ]Zjfhgbd�� qlh� ih^l\_j`^Z_lky� ^Zggufb�� ihdZ�

aZggufb�\�lZ[e�����

>ZggZy� klZlvy� b� ijh\_^_ggZy� gZmqgZy� jZ[hlZ� ih^�

^_j`Zgu� \� jZfdZo� N_^_jZevghc� p_e_\hc� ijh]jZffu�

©GZmqgu_� b� gZmqgh�i_^Z]h]bq_kdb_� dZ^ju� bggh\Zpbhg�

ghc�Jhkkbbª�gZ����������� ]h^u��Z�lZd`_�Fbgbkl_jkl\Z�

h[jZah\Zgby�b�gZmdb�JN��dhgljZdl����*�������������

Ebl_jZlmjZ�

��� 1HZODQG� '�(�� ©+DUPRQLF� ZDYHOHW� DQDO\VLVª�� 3UR�

FHHGLQJV�RI�WKH�5R\DO�6RFLHW\�RI�/RQGRQ��6HULHV�$��0DWKH�

PDWLFDO� DQG� 3K\VLFDO� 6FLHQFHV��� YRO�� ����� QR�� ������ SS��

���±�����

���2FW���������

���1HZODQG�'�(��5DQGRP�YLEUDWLRQV��VSHFWUDO�DQG�ZDYH�

OHW� DQDO\VLV�� �UG� HGQ�� +DUORZ�� /RQJPDQ�� DQG� 1HZ� <RUN��

-RKQ�:LOH\��������

��� K_j]b_gdh� :�;�� Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\��

KI[���Ibl_j������������k��

���FZeeZ�K��<_c\e_lu�\�h[jZ[hld_�kb]gZeh\���i_j��k�

Zg]e��ih^�j_^��Y��F��@be_cdbgZ��F���Fbj������������k��

��� Debhgkdbc� >�F��� Hj_rdh� G�B��� =_ii_g_j� <�<����

WdZeh�:�<��:^Zilb\gu_�f_lh^u� \�pbnjh\hc� h[jZ[hld_�

kb]gZeh\��ba^��KI[=WLM�©EWLBª������������k��

��� ;Zjk_]yg� :�:��� Dmijbygh\�F�K��� Kl_iZg_gdh� <�<���

Oheh^� B�B�� L_ogheh]bb� ZgZebaZ� ^Zgguo�� 'DWD� 0LQLQJ��

9LVXDO� 0LQLQJ�� 7H[W� 0LQLQJ�� 2/$3� ;O<�I_l_j[mj]�� ������

����k��

���'RQRKR�'�/���-RKQVWRQH�-�0��,GHDO�VSDWLDO�DGDSWDWLRQ�

E\�ZDYHOHW�VKULQNDJH�%LRPHWULND����������������SS�����������

��� ;hdk� >`��� >`_gdbgk� =�� :gZeba� \j_f_gguo� jy^h\��

ijh]gha�b�mijZ\e_gb_��i_j��k�Zg]e��F���Fbj������������k��

��� Ovx[_j� >`�� I�� Jh[Zklghklv� \� klZlbklbd_� ������

Fbj������������k��

7+(�$33/,&$7,21�2)�+$5021,&�

:$9(/(76�72�$�:,'(�*5283��

2)�26&,//$7,1*�6,*1$/6�

2UHVKNR�1�,���*HSSHQHU�9�9���.OLRQVNL�'�0��

7KH�SDSHU�LV�FRQFHUQHG�ZLWK�WKH�DSSOLFDWLRQ�RI�KDUPRQLF�

ZDYHOHWV� WR� D� ZLGH� JURXS� RI� RVFLOODWLQJ� VLJQDOV�� 1HZ�

DSSURDFKHV� WR� WKH� SUREOHPV� RI� GLVFRYHULQJ� ERXQGDULHV� RI�

W\SLFDO�SURFHVVHV�LQ�WKH�RULJLQDO�VLJQDO�DQG�VLJQDO�GHQRLVLQJ�

DUH� LOOXVWUDWHG�� 'HQRLVLQJ� LV� FDUULHG� RXW� RQ� WKH� EDVLV� RI�

PRGLILHG� WKUHVKROGLQJ�� 7KH�PDWUL[� RI� WKH� KDUPRQLF� ZDYHOHW�

WUDQVIRUP� LV� GHGXFHG�DQG�D� VSHFLDO� FULWHULRQ� IRU� HVWLPDWLQJ�

WKH�HIIHFWLYHQHVV�RI�XVLQJ�KDUPRQLF�ZDYHOHWV� LV� LQWURGXFHG�

���y�F_`^mgZjh^gZy�gZmqgh�l_ogbq_kdZy�dhgn_j_gpby�b�\uklZ\dZ�

©Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\�b�_z�ijbf_g_gb_��'63$
����ª�

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

K_dpby� ��� L_hjby� kb]gZeh\� b� kbkl_f� �Jmdh\h^bl_eb� ±� ^�l�g���

ijhn_kkhj�X�K��RbgZdh\��^�l�g���ijhn_kkhj�F�K��G_fbjh\kdbc��

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[_k�

i_q_gby� \ukhdhc� ihf_ohmklhcqb\hklb� b� kdhjhklb� i_j_^Zqb� bg�

nhjfZpbb�\�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\���

GZb[he__�ZdlmZevgufb�aZ^ZqZfb�\�wlhc�h[eZklb�bkke_^h\Zgbc�

y\eyxlky� f_lh^u� b� Ze]hjblfu� kbgl_aZ� b� hilbfZevgh]h� ijb_fZ�

keh`guo� b� k\_jorbjhdhihehkguo� kb]gZeh\�� gh\uo� f_lh^h\�

fh^meypbb� b� dh^bjh\Zgby�� hl\_qZxsbo� \k_� \hajZklZxsbf�

lj_[h\Zgbyf�d�kdhjhklb�b�gZ^_`ghklb�pbnjh\uo�kbkl_f�i_j_^Zqb�

^Zgguo�

�

Ih�blh]Zf�ijhr_^r_c�dhgn_j_gpbb�[ueb�ij_^klZ\e_gu�d�gZ�

]jZ`^_gbx�>biehfZfb�eZmj_Zlh\�dhgdmjkZ�fheh^uo�mq_guo� ke_�

^mxsb_�jZ[hlu��

���JZkrbj_gb_�deZkkZ�dmfmeylb\guo�dh^h\��:\lhj�±�Am_\�:�=���

ZkibjZgl�H:H�©BGWMFª�bf��B�K��;jmdZ��

��� DZkdZ^gu_� f_lh^u� memqr_gby� wnn_dlb\ghklb�

fgh]hihjh]h\uo� ^_dh^_jh\� kbf\hevguo� dh^h\��:\lhj� ±�H\_qdbg�

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

mgb\_jkbl_lZ��

��� Gh\u_� [bnZagu_� mgbfh^meyjgu_� ihke_^h\Zl_evghklb� gZ�

hkgh\_�pbdebq_kdbo�hilbfZevguo�[bgZjguo�ihke_^h\Zl_evghkl_c�

k�^\momjh\g_\hc�Z\lhdhjj_eypbhgghc�nmgdpb_c��:\lhju��Ihl_obg�

?�G��� OZjblhgh\� :�<��� ZkibjZglu� FZjbckdh]h� ]hkm^Zjkl\_ggh]h�

l_ogbq_kdh]h�mgb\_jkbl_lZ���

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

�Jmdh\h^bl_ev��^�l�g���ijhn_kkhj�±�X�G��Ijhohjh\���

JZ[hlZ�k_dpbb�ijh\h^beZkv�ih� lj_f�hkgh\guf�gZijZ\e_gbyf��

khojZgyxsbf� ZdlmZevghklv� k� lhqdb� aj_gby� ^Zevg_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� 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���

Ih�blh]Zf�ijhr_^r_c�dhgn_j_gpbb�[ueb�ij_^klZ\e_gu�d�gZ�

]jZ`^_gbx�>biehfZfb�eZmj_Zlh\�dhgdmjkZ�fheh^uo�mq_guo� ke_�

^mxsb_�jZ[hlu��

��� Hp_gdZ� \_jhylghklb� [blh\hc� hrb[db� ijb_fZ� kb]gZeh\� k�

d\Z^jZlmjghc� fh^meypb_c� g_wlZehggufb� f_lh^Zfb�� :\lhju��

>m[h\� F�:��� Iheygbg� X�<��� Klhygh\� >�>�� �� ZkibjZglu�

YjhkeZ\kdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ�bf��I�=�>_fb^h\Z���

���:e]hjblf� hl[hjZ� lhgZevguo� qZklhlguo� dhfihg_gl� Zm^bh�

kb]gZeh\� fbdrbjm_s_f� ljZgkdh^_j_�� :\lhj� ±� DZ\Zevqmd� :�G���

ZkibjZgl� ;_ehjmkkdh]h� ]hkm^Zjkl\_ggh]h� mgb\_jkbl_lZ�

bgnhjfZlbdb�b�jZ^bhwe_dljhgbdb��

���H^ghf_jguc�f_lh^�g_ehdZevgh]h�mkj_^g_gby�^ey�ih^Z\e_�

gby� rmfZ� \� kbkl_fZo� Z\lhfZlbq_kdh]h� jZkihagZ\Zgby� j_q_\uo�

dhfZg^�� :\lhju�� Lhigbdh\� :�B���Gh\hk_eh\� K�:��� <_k_eh\�B�:���

ZkibjZglu� YjhkeZ\kdh]h� ]hkm^Zjkl\_ggh]h� mgb\_jkbl_lZ��

bf��I�=�>_fb^h\Z���



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

Ij_^eZ]Z_lky� kihkh[� dhg\_jkbb� ]hehkZ� gZ� hkgh\_� ]b[jb^ghc�

fh^_eb� iZjZf_ljbq_kdh]h� hibkZgby� j_q_\h]h� kb]gZeZ�� Ihbkd�

nmgdpbb� dhg\_jkbb� \uihegy_lky�k� bkihevah\Zgb_f� h[jZaph\�j_qb�

bkoh^gh]h� b� p_e_\h]h� ^bdlhjh\� k� ijhba\hevguf� l_dklh\uf� kh�

^_j`Zgb_f��Wnn_dlb\ghklv�ij_^eh`_ggh]h�kihkh[Z�hp_gb\Z_lky�

iml_f�wdki_jbf_glZevghc�j_ZebaZpbb�kbkl_fu�dhg\_jkbb��

M>D���������

KBKL?F:�DHG<?JKBB�=HEHK:�<�J?:EVGHF�F:KRL:;?�<J?F?GB��
K�L?DKLHG?A:<BKBFUF�H;MQ?GB?F�G:�HKGH<?�=B;JB>GH=H�
I:J:F?LJBQ?KDH=H�HIBK:GBY�J?Q?<UO�KB=G:EH<�

:aZjh\�B�K���d�l�g���^hp_gl�dZn_^ju�we_dljhgguo�\uqbkebl_evguo�kj_^kl\�;=MBJ��H�PDLO��D]DURY#EVXLU�E\�

I_ljh\kdbc�:�:���^�l�g���ijhn_kkhj��aZ\��dZn_^jhc�we_dljhgguo�\uqbkebl_evguo�kj_^kl\�;=MBJ���
H�PDLO��SDOH[#EVXLU�E\�

�

Dexq_\u_�keh\Z��dhg\_jkby� ]hehkZ��iZjZf_l�
jbq_kdh_�hibkZgb_�j_q_\h]h�kb]gZeZ��

<\_^_gb_�

AZ^ZqZ� dhg\_jkbb� ]hehkZ� ijb\e_dZ_l� \k_�

[hevr_� \gbfZgby� kh� klhjhgu� ihevah\Zl_e_c� b�

jZajZ[hlqbdh\� kh\j_f_gguo� kbkl_f�fmevlbf_^bZ��

Ih^�dhg\_jkb_c�]hehkZ�ihgbfZ_lky�lZdh_�ij_h[jZah\Z�

gb_�\oh^gh]h�j_q_\h]h�kb]gZeZ��dhlhjh_�©i_j_ha\mqb\Z�

_lª�_]h� ]hehkhf�^jm]h]h� �p_e_\h]h��^bdlhjZ��Dhg\_jkby�

]hehkZ�fh`_l�kem`blv�g_aZf_gbfuf�bgkljmf_glhf�^ey�

fgh]bo�ijbeh`_gbc�\�h[eZklb�j_q_\uo�l_ogheh]bc��GZ�

ijbf_j�� bkihevamy� kbkl_fm� dhg\_jkbb�� fgh]h]hehkh_�

ha\mqb\Zgb_�nbevfh\�b�jZ^bhi_j_^Zq�fh`_l�hkms_kl�

\eylvky�\k_]h�ebrv�g_kdhevdbfb�Zdl_jZfb��Ijbq_f� ]h�

ehkZ� i_jkhgZ`_c� fh]ml� [ulv� kbgl_abjh\Zgu� [_a� mqZ�

klby� kZfbo� p_e_\uo� ^bdlhjh\�� ihkdhevdm� \� dZq_kl\_�

wlZehgh\�fh]ml�[ulv� bkihevah\Zgu� aZibkb� bo� ]hehkh\��

LZdbf�`_� kihkh[hf�fh`_l�[ulv� hkms_kl\e_gZ� j_klZ\�

jZpby� klZjuo� a\mdhaZibk_c� b� a\mdh\uo� ^hjh`_d� dbgh�

dZjlbg��<�lZdbo�aZ^ZqZo��dZd�kbgl_a�j_qb�ih�l_dklm��dhg�

\_jkby�]hehkZ�lZd`_�fh`_l�[ulv�ihe_aghc��lZd�dZd�k�__�

ihfhsvx�\hafh`gh�ih\ur_gb_�gZlmjZevghklb�a\mqZgby�

b�mkljZg_gb_�©dhfivxl_jgh]hª�Zdp_glZ� >�@��Ijb�ijbf_�

g_gbb� wnn_dlb\guo� Ze]hjblfh\� dhg\_jkbb� \hafh`gh�

kha^Zgb_�fgh]h]hehkh]h�kbgl_aZlhjZ��bkihevamy�Zdmklb�

q_kdmx�[Zam�h^gh]h�^bdlhjZ��

G_kfhljy�gZ� lh��qlh�ij_^eZ]Z_fu_�j_r_gby�klZgh�

\ylky� \k_� [he__� b� [he__� keh`gufb�� bkke_^h\Zgby� \�

^Zgghc� h[eZklb� gZoh^ylky� gZ� gZqZevghc� klZ^bb�� ih�

kdhevdm�\�gZklhys__�\j_fy�g_�kms_kl\m_l�kbkl_fu�dhg�

\_jkbb�� h[_ki_qb\Zxs_c� Z[khexlgmx� magZ\Z_fhklv� b�

jZa[hjqb\hklv� \uoh^ghc� j_qb�� Gb`_� i_j_qbke_gu� hk�

gh\gu_� nZdlhju�� kms_kl\_ggh� aZljm^gyxsb_� bkihev�

ah\Zgb_�kbkl_f�dhg\_jkbb�]hehkZ��

±� keh`ghklb�� k\yaZggu_� k� iZjZf_ljbq_kdbf� hibkZ�

gb_f�j_q_\h]h�kb]gZeZ��

±�ih^]hlh\dZ�h[mqZxsbo�ihke_^h\Zl_evghkl_c�b�ih�

bkd�khhl\_lkl\by��

±� baf_gqb\hklv� ]hehkh\uo� iZjZf_ljh\� \� aZ\bkbfh�

klb�hl�[hevrh]h�qbkeZ�nZdlhjh\��wdkij_kkby��khklhygb_�

]hehkh\h]h�ljZdlZ�b�l�^����

Q_eh\_q_kdZy� j_qv� y\ey_lky� ijh^mdlhf� jZaebqguo�

ikbobq_kdbo�b�nbabheh]bq_kdbo�ijhp_kkh\��dhlhju_�gZ�

k_]h^gyrgbc� ^_gv� g_� bf_xl� lhqgh]h� fZl_fZlbq_kdh]h�

hibkZgby��J_q_\hc�kb]gZe�bf__l�baf_gqb\mx�kljmdlmjm��

dhf[bgbjmy� i_jbh^bq_kdb_� b� klhoZklbq_kdb_� khklZ\�

eyxsb_��qlh�lj_[m_l�ki_pbnbq_kdbo�kj_^kl\�ZgZebaZ�b�

kbgl_aZ�� Wlh� \ugm`^Z_l� bkke_^h\Zl_e_c� bkihevah\Zlv�

ki_pbZevgu_�kj_^kl\Z�\u^_e_gby�dhfihg_gl�jZaebqghc�

ijbjh^u�b�\uihegylv�bo�jZa^_evgmx�h[jZ[hldm��

Ij_h[jZah\Zgb_� iZjZf_ljh\� j_qb� \uihegy_lky� ijb�

ihfhsb�nmgdpbb�dhg\_jkbb��dhlhjZy�y\ey_lky�mgbdZev�

ghc�^ey�aZ^Zgghc�iZju�bkoh^gh]h�b�p_e_\h]h�^bdlhjh\��

<� [hevrbgkl\_� kms_kl\mxsbo� gZ� k_]h^gyrgbc� ^_gv�

kbkl_f�ijbf_gy_lky�l_dklhaZ\bkbfuc�kihkh[�h[mq_gby��

l�_�� ^ey� ihbkdZ� nmgdpbb� dhg\_jkbb� bkihevamxlky� ijh�

^he`bl_evgu_�� nhg_lbq_kdb� k[ZeZgkbjh\Zggu_� h[m�

qZxsb_� ihke_^h\Zl_evghklb�� kljh]h� kbgojhgbabjh\Zg�

gu_� ih� \j_f_gb� >���@��LZdhc� ih^oh^� h[_ki_qb\Z_l�fZd�

kbfZevgh� ^hklb`bfh_� gZ� k_]h^gyrgbc� ^_gv� dZq_kl\h�

dhg\_jkbb�� h^gZdh� lj_[m_l� hl� ihevah\Zl_ey� agZqbl_ev�

guo�mkbebc��ihkdhevdm�^ey�dZ`^h]h�p_e_\h]h�b�bkoh^gh]h�

^bdlhjZ� g_h[oh^bfh� aZgh\h� ijh\h^blv� \_kv� ijhp_kk�

h[mq_gby�� DZq_kl\h� dhg\_jkbb� kbevgh� kljZ^Z_l�� _keb�

lj_gbjh\hqgu_� ihke_^h\Zl_evghklb� kbgojhgbabjh\Zgu�

g_^hklZlhqgh�ohjhrh��GZoh`^_gb_�\aZbfgh�h^ghagZqgh�

]h� khhl\_lkl\by� f_`^m�njZ]f_glZfb� j_qb� bkoh^gh]h� b�

p_e_\h]h� ^bdlhjh\� ijZdlbq_kdb� g_\hafh`gh�� ihkdhevdm�

h^gZ�b�lZ�`_�njZaZ�ijhbaghkblky�ih�jZaghfm��\�aZ\bkb�

fhklb�hl�wdkij_kkbb��gZkljh_gby�b�bglhgZpbb��

:evl_jgZlb\hc�baeh`_gghfm�\ur_�ih^oh^m�y\ey_lky�

l_dklhg_aZ\bkbfh_� h[mq_gb_�� ij_^iheZ]Zxs__� bkihev�

ah\Zgb_� h^ghc� �p_e_\hc�� h[mqZxs_c� ihke_^h\Zl_evgh�

klb��ijbq_f�hgZ�g_�h[yaZl_evgh�^he`gZ�[ulv�nhg_lbq_�

kdb�k[ZeZgkbjh\ZgZ��G_kfhljy�gZ�lh��qlh�\�^Zgghf�kem�

qZ_�qZklh�g_�fh`_l�[ulv�h[_ki_q_gh�g_h[oh^bfh_�dZq_�

kl\h� >���@�� l_dklhg_aZ\bkbfuc� ih^oh^� y\ey_lky� gZb[h�

e__� i_jki_dlb\guf� ba�aZ� ijhklhlu� \� bkihevah\Zgbb� b�

rbjhdhc�h[eZklb�\hafh`gh]h�ijbf_g_gby��

AZ^ZqZ� l_dklhg_aZ\bkbfhc� dhg\_jkbb� ]hehkZ� gZ� k_�

]h^gyrgbc� ^_gv� g_� bf__l� deZkkbq_kdbo� j_r_gbc�� ih�

kdhevdm� hlghkblky� d� keh`ghc� h[eZklb� bkke_^h\Zgby� b�

lj_[m_l�ijbf_g_gby�gh\uo��hjb]bgZevguo�kihkh[h\�h[�

jZ[hldb� j_q_\hc� bgnhjfZpbb�� L_f� g_� f_g__�� fh`gh�

h[hagZqblv� g_kdhevdh� \hafh`guo� gZijZ\e_gbc�� \� dhlh�
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juo� ke_^m_l� \_klb� bkke_^h\Zgby�� deZkkbnbdZpby� �deZ�

kl_jbaZpby��j_q_\hc�[Zau�ih�Zdmklbq_kdbf�b�nhg_lbq_�

kdbf�ijbagZdZf��ihbkd�b�bkihevah\Zgb_�mgbnbpbjh\Zg�

guo�j_q_\uo�iZjZf_ljh\��kha^Zgb_� dh^h\hc� dgb]b� dhg�

\_jkbb�k�fmevlb]hehkh\uf�[Zabkhf��

<�^Zgghc�jZ[hl_�ij_^eZ]Z_lky�f_lh^� dhg\_jkbb� ]h�

ehkZ��bkihevamxsbc�l_dklhg_aZ\bkbfh_�h[mq_gb_�nmgd�

pbb� dhg\_jkbb�� Ijb\h^ylky� ihemq_ggu_� ijZdlbq_kdb_�

j_amevlZlu��

Kbkl_fZ�dhg\_jkbb�]hehkZ��
k�l_dklhg_aZ\bkbfuf�h[mq_gb_f�

:gZeba� kh\j_f_gghc� ebl_jZlmju�� dZkZxs_cky� \h�

ijhkZ� dhg\_jkbb� ]hehkZ� >�@��>���@�� ihdZau\Z_l�� qlh� ih�

^Z\eyxs__�[hevrbgkl\h�kbkl_f�dhg\_jkbb�k�l_dklhg_�

aZ\bkbfuf�h[mq_gb_f�bkihevamxl�kdjulu_�fZjdh\kdb_�

fh^_eb��KFF��^ey�ihbkdZ�khhl\_lkl\by�f_`^m�nhg_lb�

q_kdbfb� _^bgbpZfb� bkoh^gh]h� b� p_e_\h]h� ^bdlhjh\��

H[sZy� kljmdlmjZ� kbkl_fu� dhg\_jkbb�fh`_l� [ulv� bah�

[jZ`_gZ�ke_^mxsbf�h[jZahf��kf��jbk����

�

Jbk������H[sZy�kljmdlmjZ�kbkl_fu�dhg\_jkbb��

k�l_dklhg_aZ\bkbfuf�h[mq_gb_f�

>\_�jZaebqgu_�kdjulu_�fZjdh\kdb_�fh^_eb�hl^_ev�

gh� lj_gbjmxlky� gZ� bkoh^ghc� b� p_e_\hc� Zdmklbq_kdhc�

[ZaZo�� Fh^_eb� hibku\Zxl� hkgh\gu_� klZlbklbq_kdb_�

oZjZdl_jbklbdb�]hehkh\�^bdlhjh\��Ij_h[jZah\Zgb_�^Zg�

guo� oZjZdl_jbklbd� \uihegy_lky� iml_f� gZoh`^_gby� kh�

hl\_lkl\by�f_`^m�bkoh^ghc�b�p_e_\hc�fh^_eyfb��LjZ�

^bpbhggh�nmgdpby�dhg\_jkbb�bs_lky�\�\b^_�ebg_cgh]h�

ij_h[jZah\Zgby��h^gZdh�wlh�ijb\h^bl�d�ijh[e_f_�qj_a�

f_jgh]h�k]eZ`b\Zgby��>ey�j_r_gby�^Zgghc�ijh[e_fu�\�

>�@� ij_^eZ]Z_lky� f_lh^� ih^klZgh\db�� Ijb� bkihevah\Z�

gbb�^Zggh]h�f_lh^Z�fgh`_kl\h�khklhygbc�dZ`^hc�KFF�

bkihevam_lky�\�dZq_kl\_�h^ghc�aZf_gy_fhc�kljmdlmjghc�

_^bgbpu��Ihke_� lj_gbjh\db�KFF�^ey� bkoh^gh]h� b�p_�

e_\h]h�^bdlhjh\��\uihegy_lky�ihbkd�khhl\_lkl\by�f_`�

^m� kljmdlmjZfb� �iZll_jgZfb�� khklhygbc�� dhlhju_� hib�

ku\Zxlky�ijb�ihfhsb�jZkij_^_e_gby�=ZmkkZ��

Ijb�\uiheg_gbb�dhg\_jkbb�dZ`^uc�nj_cf�aZ^Zgghc�

\oh^ghc� ihke_^h\Zl_evghklb� ihf_qZ_lky� bg^_dkhf� kh�

klhygby� gZ� hkgh\Zgbb� jZkij_^_e_gbc� \_jhylghklb� kh�

klhygbc� bkoh^ghc� KFF�� LZdbf� h[jZahf��nhjfbjm_lky�

ihke_^h\Zl_evghklv� \oh^guo� bg^_dkh\�� dhlhjZy� hljZ�

`Z_l�ihke_^h\Zl_evghklv�oZjZdl_jbklbq_kdbo�\_dlhjh\��

mqblu\Zxsmx� klZlbklbq_kdb_� iZjZf_lju� fh^_eb�� Ih�

ke_� q_]h� \uihegy_lky� ih^klZgh\dZ�� \� j_amevlZl_� dhlh�

jhc�dZ`^uc�bkoh^guc�bg^_dk�aZf_gy_lky�gZ�khhl\_lkl�

\mxsbc�_fm�p_e_\hc�\�khhl\_lkl\bb�k�dh^h\hc� dgb]hc��

>ey� lh]h�� qlh[u� \uoh^gZy� ihke_^h\Zl_evghklv� \_dlh�

jh\� [ueZ�[he__� _kl_kl\_gghc� bkihevam_lky� ki_pbZev�

guc�kbgl_a�gZ�hkgh\_�KFF��<Z`ghc�hkh[_gghklvx� l_d�

klhg_aZ\bkbfh]h� ih^oh^Z� dhg\_jkbb� y\ey_lky� [hevrZy�

�ih� kjZ\g_gbx� k� l_dlhaZ\bkbfuf� ih^oh^hf�� j_q_\Zy�

[ZaZ��g_h[oh^bfZy�^ey�h[mq_gby��<�qZklhlghklb��\�jZ[h�

l_� >�@� ^ey� h[mq_gby� bkihevah\Zehkv� ���� ij_^eh`_gbc�

^ey� dZ`^h]h� ba� ^bdlhjh\�� DZd� ijZ\beh�� dhg\_jkby� \u�

ihegy_lky� g_� \� j_Zevghf� fZkrlZ[_� \j_f_gb�� iha\h�

eyxs_f�ijbf_gylv�nhg_lbq_kdbc�ZgZeba�j_qb�g_�lhevdh�

^ey�h[mqZxsbo�j_q_\uo�[Za��gh�b�^ey�kZfh]h�dhg\_jlb�

jm_fh]h�j_q_\h]h�kb]gZeZ�>�@��>���@��

Ij_^iheh`bf��qlh�\uihegy_lky�Z\lhfZlbq_kdZy�k_]�

f_glZpby� h[mqZxsbo� j_q_\uo� [Za� gZ� nhg_lbq_kdb_�

_^bgbpu��nhg_fu�b�beb�Zeehnhgu��k�ihke_^mxsbf�ih�

bkdhf� khhl\_lkl\bc� \� bkoh^ghc� b� p_e_\hc� ihke_^h\Z�

l_evghklyo�� b�qlh�fh`gh� ihklZ\blv� oZjZdl_jbklbq_kdb_�

\_dlhju�p_e_\h]h�b�bkoh^gh]h�^bdlhjh\�\h�\aZbfhh^gh�

agZqgh_�khhl\_lkl\b_�ijb�ihfhsb� dh^h\hc� dgb]b��<� lZ�

dhf�kemqZ_��klZgh\blky�\hafh`ghc�g_aZ\bkbfZy�dhg\_j�

kby� hl^_evguo�nj_cfh\� j_q_\h]h� kb]gZeZ� b�� ke_^h\Z�

l_evgh��h[jZ[hldZ�j_qb�\�j_Zevghf�fZkrlZ[_�\j_f_gb���

>ey�j_ZebaZpbb�\ur_baeh`_gghc�b^_b�\�gZklhys_c�

jZ[hl_� ij_^eZ]Z_lky� l_dklhg_aZ\bkbfZy� kbkl_fZ� dhg�

\_jkbb� ]hehkZ�� kljmdlmjZ� dhlhjhc� ij_^klZ\e_gZ� gZ��

jbk�� ���Kbkl_fZ� \dexqZ_l� ke_^mxsb_�nmgdpbhgZevgu_�

[ehdb��[ehd�iZjZf_ljbq_kdh]h�hibkZgby�j_q_\h]h�kb]gZ�

eZ� �]Zjfhgbq_kdbc� beb� kbgmkhb^Zevguc� ZgZebaZlhj��

kj_^kl\h�iZjZf_ljbq_kdh]h�fh^_ebjh\Zgby�rmfZ���[ehd�

k_]f_glZpbb� j_q_\uo� [Za� gZ� nhg_lbq_kdb_� _^bgbpu��

[ehd� deZkl_jbaZpbb� b� ihkljh_gby� dh^h\uo� dgb]�� [ehd�

dhg\_jkbb� iZjZf_ljh\� b�[ehd� kbgl_aZ� \uoh^gh]h� j_q_�

\h]h�kb]gZeZ�

�

Jbk�����H[sZy�kljmdlmjZ�ij_^eZ]Z_fhc�kbkl_fu�dhg\_jkbb��

k�l_dklhg_aZ\bkbfuf�h[mq_gb_f�

K_]f_glZpby�j_q_\uo�[Za�b�\ky�ihke_^mxsZy�h[jZ�

[hldZ� �\� lhf�qbke_� b� kZfZ� dhg\_jkby� ]hehkZ�� \uihegy�

xlky�k�bkihevah\Zgb_f�iZjZf_ljbq_kdh]h�hibkZgby�kb]�

gZeZ��GZb[he__�ih^oh^ys_c�fh^_evx�ij_^klZ\e_gby�\�

aZ^ZqZo�kbgl_aZ�b�dhg\_jkbb�]hehkZ�ljZ^bpbhggh�kqblZ�

_lky� ]b[jb^gZy� fh^_ev�� h[_ki_qb\ZxsZy� jZa^_evgh_�

hibkZgb_�i_jbh^bq_kdhc��d\ZabklZpbhgZjghc�beb�^_l_j�

fbgbklkdhc�� b� g_i_jbh^bq_kdhc� �g_klZpbhgZjghc� beb�

klhoZklbq_kdhc�� khklZ\eyxsbo� >���@�� IZjZf_ljbq_kdh_�

hibkZgb_� \uihegy_lky� iml_f� hp_gdb� d_ikljZevguo� dh�

wnnbpb_glh\�eb[h�hp_gdb�ebg_cguo�ki_dljZevguo�qZk�

lhl� /6)� �OLQH� VSHFWUDO� IUHTXHQFLHV���ijbq_f��\�kbem�k\hbo�

k\hckl\�� ihke_^gbc� kihkh[� ij_^klZ\e_gby� ij_^ihqlb�

l_evg__�ijb�bkihevah\Zgbb�\�ijhp_kk_�dhg\_jkbb�l_ogb�

db� \_dlhjgh]h� d\Zglh\Zgby��AgZq_gby� /6)� \uqbkeyxlky�

ba� dhwnnbpb_glh\� ebg_cgh]h� ij_^kdZaZgby�� dhlhju_��

dZd�ijZ\beh��hp_gb\Zxlky�gZ�nj_cf_�ZgZebaZ�Z\lhdhj�
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j_eypbhgguf� f_lh^hf�� >Zgguc� kihkh[� hp_gdb� bf__l�

kms_kl\_ggu_�h]jZgbq_gby��h[mkeh\e_ggu_�k\hckl\Zfb�

ebg_cgh]h� ij_^kdZaZgby�� K� h^ghc� klhjhgu�� ^ey� lh]h�

qlh[u� ba[_`Zlv� agZqbl_evgh]h� mkj_^g_gby� �k]eZ`b\Z�

gby�� ki_dljZevghc� h]b[Zxs_c� ke_^m_l� bkihevah\Zlv�

[hevrh_�qbkeh�dhwnnbpb_glh\�ij_^kdZaZgby��k�^jm]hc�

klhjhgu� m\_ebq_gb_� qbkeZ� dhwnnbpb_glh\� ijb\h^bl��

d� ihl_j_� __� nhjfu� b� fh^_ebjh\Zgbx� hl^_evguo��

]Zjfhgbd���

>ey� ih\ur_gby� lhqghklb� iZjZf_ljbq_kdh]h� hibkZ�

gby�\hdZebah\Zgghc�j_qb�\�jZ[hl_�bkihevam_lky�hjb]b�

gZevguc�kihkh[�hp_gdb�dhwnnbpb_glh\�ij_^kdZaZl_ey��

hkgh\Zgguc�gZ�ij_h[jZah\Zgbb�f]gh\_gguo�]Zjfhgbq_�

kdbo�iZjZf_ljh\��Wlh�iha\hey_l�ihemqZlv�ehdZebah\Zg�

gu_�ih�\j_f_gb�hp_gdb�ki_dljZevguo�h]b[Zxsbo�b�bk�

ihevah\Zlv� ^ey� wlhc� p_eb� ij_^kdZaZl_eb� \ukhdbo� ih�

jy^dh\��

IZjZf_ljbaZpby�j_q_\h]h�kb]gZeZ�

<�kbkl_fZo�dhg\_jkbb�]hehkZ�^ey�iZjZf_ljbq_kdh]h�

hibkZgby�j_qb�kms_kl\m_l�^\_�hkgh\gu_�Zevl_jgZlb\u��

ebg_cgh_�ij_^kdZaZgb_�b�kbgmkhb^Zevgh_�fh^_ebjh\Z�

gb_� �dZd� hkgh\ghc� kihkh[�� eb[h� dZd� qZklv� ]b[jb^gh]h�

hibkZgby��� =b[jb^gu_� fh^_eb� �lZdb_� dZd� ]Zjfhgb�

db�rmf� eb[h� kbgmkhb^u�rmf�� y\eyxlky� [he__� kh\j_�

f_ggufb�� b�[hevrbgkl\h� bkke_^h\Zl_e_c� koh^ylky� \h�

fg_gbb��qlh�hgb�lZd�`_�bf_xl�jy^�ij_bfms_kl\�i_j_^�

fh^_eyfb�gZ�hkgh\_�ebg_cgh]h�ij_^kdZaZgby��K�^jm]hc�

klhjhgu�� qbklh_� kbgmkhb^Zevgh_� ij_^klZ\e_gb_� j_q_�

\h]h�kb]gZeZ�ebr_gh�nbabq_kdhc�bgl_jij_lZpbb�\� lhf�

kfuke_�� qlh� hgh� gZijyfmx� g_� k\yaZgh� k� iZjZf_ljZfb�

j_q_\h]h�ljZdlZ��\�hlebqb_�hl�ebg_cgh]h�ij_^kdZaZgby��

Ihkdhevdm�^ey�ij_h[jZah\Zgby�]hehkZ�g_h[oh^bfh�jZk�

kfZljb\Zlv� ki_dljZevgu_� h]b[Zxsb_� dZd� hl^_evgu_�

kZfhklhyl_evgu_� _^bgbpu� b� \� lh�`_� \j_fy� khojZgblv�

\hafh`ghklv�iZjZf_ljbq_kdh]h�kbgl_aZ�hl^_evguo� ]Zj�

fhgbd�� \� jZ[hl_� ij_^eZ]Z_lky� bkihevah\Zlv� kbgmkhb�

^Zevgh_�hibkZgb_�kh\f_klgh�k�ebg_cguf�ij_^kdZaZgb�

_f��JZa^_e_gb_� j_q_\h]h� kb]gZeZ� gZ�i_jbh^bq_kdmx� b�

g_i_jbh^bq_kdmx� khklZ\eyxsb_� \uihegy_lky� ijb� ih�

fhsb� ]Zjfhgbq_kdh]h� ZgZebaZ� b� kbgl_aZ�� ihke_� q_]h�

dZ`^Zy�ba�khklZ\eyxsbo�hibku\Z_lky�ijb�ihfhsb�/6)��

Ijbq_f��^ey�hp_gdb�/6)�i_jbh^bq_kdhc�khklZ\eyxs_c�

bkihevamxlky�f]gh\_ggu_�]Zjfhgbq_kdb_�iZjZf_lju��Z�

^ey�hp_gdb�/6)�rmfh\hc�±�ljZ^bpbhgguc�Z\lhdhjj_ey�

pbhgguc�f_lh^��

LZd�dZd�kbgmkhb^Zevgh_�fh^_ebjh\Zgb_�\�[hevrbg�

kl\_�kemqZ_\�fh`gh�ijbf_gblv�g_ihkj_^kl\_ggh�d�\oh�

^m�kbkl_fu��\oh^ghc�kb]gZe�m^h[gh�jZkkfZljb\Zlv�dZd�

dhf[bgZpbx� i_jbh^bq_kdhc� b� hklZlhqghc� dhfihg_gl��

LZdbf� h[jZahf�� kb]gZe� � �V Q � fh`gh� aZibkZlv� \� \b^_�

khhlghr_gby��
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� ±�f]gh\_ggZy�Zfieblm^Z�N�c�kbgmkhb^u���

D�±�qbkeh�kbgmkhb^�� ��QNM �±�f]gh\_ggZy�nZaZ�N�c�kb�

gmkhb^u�� ��QU �±�kb]gZe�hklZlhd���

F]gh\_ggZy� nZaZ� ��QNM � b� f]gh\_ggZy� qZklhlZ�

��QIN �khhlghkylky�ke_^mxsbf�h[jZahf��
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]^_�
V) �±�qZklhlZ�^bkdj_lbaZpbb�� ���NM �±�gZqZevgZy�nZ�

aZ�N�c�kbgmkhb^u���
GZjy^m�k�kbgmkhb^Zevghc�fh^_evx�rbjhdh�ijbf_gy�

_lky� �hkh[_ggh� \� \hdh^_jguo� kbkl_fZo�� ]Zjfhgbq_kdZy�
fh^_ev��dhlhjZy�ij_^iheZ]Z_l��qlh�agZq_gby�f]gh\_gguo�

qZklhl� ��QIN �y\eyxlky�djZlgufb�qZklhl_�hkgh\gh]h�lhgZ�

��� QI �b�fh]ml�[ulv�\uqbke_gu�ih�ke_^mxs_c�nhjfme_��

���� � QNIQIN  � ����

=Zjfhgbq_kdZy� fh^_ev� bkihevam_lky� ^ey� dh^bjh\Z�

gby� j_q_\uo� kb]gZeh\� k� \ukhdbf� dhwnnbpb_glhf� k`Z�

lby�� lZd� dZd� h[_ki_qb\Z_l� qj_a\uqZcgh� wnn_dlb\gh_�

hibkZgb_�\hdZebah\Zgguo�njZ]f_glh\�j_qb��

KqblZ_lky�� qlh� Zfieblm^Z� b� nZaZ� kbgmkhb^Zevguo�

dhfihg_gl� baf_gyxlky� f_^e_ggh�� ihwlhfm� fh`gh� k^_�

eZlv�ke_^mxsb_�ij_^iheh`_gby��

��dZ`^Zy�kbgmkhb^Z�fh`_l�[ulv�h]jZgbq_gZ�\�qZklhl�

ghc�h[eZklb�madhc�qZklhlghc�ihehkhc��

�� kbgmkhb^Zevgu_� dhfihg_glu� jZa^_e_gu� \� qZklhl�

ghc� h[eZklb� �bo� fh`gh� \u^_eblv� gZ� \k_f� ijhly`_gbb�

ZgZebabjm_fh]h� nj_cfZ� nbevljZfb� k� g_i_j_dju\Zx�

sbfbky�ihehkZfb�ijhimkdZgby���\�ijhlb\ghf�kemqZ_�hgb�

kha^Zxl�i_j_oh^gmx��ljZgab_glgmx��dhfihg_glm��

��kbgmkhb^Zevgu_�dhfihg_glu�^hklZlhqgh�ijh^he`b�

l_evgu��\�ijhlb\ghf�kemqZ_�hgb�nhjfbjmxl�eb[h�i_j_�

oh^gmx�dhfihg_glm��eb[h�rmf��
LZdbf�h[jZahf��bkdhfu_�iZjZf_lju�kbgmkhb^Zevghc�

fh^_eb� ��0$* QN
� b� ��QIN � y\eyxlky� ]eZ^dbfb�� g_ij_�

ju\gufb�nmgdpbyfb�k�h]jZgbq_gguf�qZklhlguf�^bZiZ�

ahghf�� JZa^_e_gb_� kb]gZeZ� gZ� i_jbh^bq_kdmx� b� hklZ�

lhqgmx� qZklb�� dZd� b� hp_gdZ� ]Zjfhgbq_kdbo� iZjZf_ljh\��

y\ey_lky� nmg^Zf_glZevghc� aZ^Zq_c� kbgmkhb^Zevgh]h�

fh^_ebjh\Zgby��Lhqghklv�hp_ghd��dZd�ijZ\beh��hdZau\Z�

_l� kms_kl\_ggh_� \ebygb_� gZ� dZq_kl\h� jZ[hlu� kbkl_f��

qlh�k\b^_l_evkl\m_l�h�g_h[oh^bfhklb�kh\_jr_gkl\h\Z�

gby�f_lh^h\� ]Zjfhgbq_kdh]h� ZgZebaZ��G_lhqgh_� jZa^_�

e_gb_�\ghkbl�\�h[jZ[Zlu\Z_fuc�kb]gZe�keurbfu_�Zj�

l_nZdlu��dhlhju_�aZl_f��gZ�ihke_^mxsbo�klZ^byo�h[jZ�

[hldb��g_�fh]ml�[ulv�bkdexq_gu��>ey�jZa^_e_gby�kb]gZ�

eZ� gZ�i_jbh^bq_kdmx� b�rmfh\mx�khklZ\eyxsb_� \�^Zg�

ghc� jZ[hl_� bkihevam_lky� f_lh^�� \uihegyxsbc� hp_gdm�

f]gh\_gguo�]Zjfhgbq_kdbo�iZjZf_ljh\�>�@��

Nbevlj�ZgZebaZ�

>ey�hp_gdb� ]Zjfhgbq_kdbo�iZjZf_ljh\�j_qb�bkihev�

am_lky�qZklhlgh�fh^mebjh\Zgguc�nbevlj�ZgZebaZ��Madh�

ihehkgZy�nbevljZpby�� k� h^ghc� klhjhgu�� h[_ki_qb\Z_l�

jZa^_e_gb_� ZgZebabjm_fh]h� kb]gZeZ� gZ� i_jbh^bq_kdb_�

dhfihg_glu� b� ihemq_gb_� f]gh\_gguo� ]Zjfhgbq_kdbo�

iZjZf_ljh\��k�^jm]hc�±�iha\hey_l�ijZ\bevgh�h[jZ[Zlu�

\Zlv�dhfihg_glu�k�qZklhlghc�fh^meypb_c��>Zgguc�ih^�

oh^� h[t_^bgy_l� \� k_[_� we_f_glu� ij_h[jZah\Zgbc� kh�

\kljh_gguf� \j_f_gguf� fZkrlZ[bjh\Zgb_f� >�����@� b�

f_lh^h\�hp_gdb�gZ�hkgh\_�ZgZeblbq_kdbo�kb]gZeh\��

JZkkfZljb\Zy� p_gljZevgmx� qZklhlm� ihehku� ijhimk�

dZgby�� dZd�nmgdpbx�hl�^bkdj_lgh]h�\j_f_gb� ��Q)k ��\u�
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jZ`_gb_� bfimevkghc� oZjZdl_jbklbdb�nbevljZ� ZgZebaZ�

fh`_l�[ulv�ij_^klZ\e_gh�\�ke_^mxs_f�\b^_�>��@��
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<uoh^ghc� kb]gZe�nbevljZ�
'))F

6 �� dhlhjuc�y\ey_lky�

k\_jldhc�\oh^gh]h�kb]gZeZ�k�bfimevkghc�oZjZdl_jbklb�

dhc�� ij_^klZ\ey_l� kh[hc� i_jbh^bq_kdbc� kb]gZe�� iZjZ�

f_lju�dhlhjh]h��f]gh\_ggZy�Zfieblm^Z� ��0$* Q ��nZaZ�

��QM � b� qZklhlZ� ��QI �fh]ml� [ulv� \uqbke_gu� ijb� ih�

fhsb� ke_^mxsbo�nhjfme� �bg^_dk�Q� khhl\_lkl\m_l� gh�

f_jm� hlkq_lZ� \oh^gh]h� kb]gZeZ�� Z� L�±�ghf_jm� hlkq_lZ�
bfimevkghc�oZjZdl_jbklbdb���
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QZklhlgh�fh^mebjh\Zgguc� �QF��nbevlj� bf__l�fZk�

rlZ[bjh\Zggmx� \� qZklhlghc� h[eZklb� ihehkm� ijhimkdZ�

gby��aZ^Z\Z_fmx�qZklhlguf�dhglmjhf� ��Q)k ��qlh�h[_k�

i_qb\Z_l� ZgZeba� i_jbh^bq_kdbo� dhfihg_gl� k� [ukljuf�

baf_g_gb_f�qZklhlu�\�madhc�ihehk_�±�jbk����

�

Jbk����DjZldh\j_f_gguc�]Zjfhgbq_kdbc�ZgZeba��

k�bkihevah\Zgb_f�qZklhlgh�fh^mebjh\Zggh]h�nbevljZ�

Km`_gb_� ihehku� ^_eZ_l� hp_gdb� iZjZf_ljh\� [he__�

lhqgufb� b� iha\hey_l� ijbf_gylv�f]gh\_gguc� ]Zjfhgb�

q_kdbc� ZgZeba� d� ]ZjfhgbdZf� \ukhdh]h� ihjy^dZ� �� q_f�

\ur_�ghf_j� ]Zjfhgbdb�� l_f�[hevr_�baf_g_gb_� __�qZk�

lhlu�� b� bfimevkgZy� oZjZdl_jbklbdZ�QF�nbevljZ� baf_�

gy_lky�khhl\_lkl\mxsbf�h[jZahf��

Hp_gdZ�f]gh\_gguo�]Zjfhgbq_kdbo�iZjZf_ljh\�j_qb�

Mqblu\Zy� ki_pbnbdm� aZ^Zqb� dhg\_jkbb� ]hehkZ�� lj_�

[m_lky�dhfiZdlgh_�hibkZgb_�j_q_\h]h�kb]gZeZ��gZb[he__�

m^Zqgh� dhf[bgbjmxs__� \hafh`ghklb� hibkZgby� a\mdh\�

jZaebqghc�ijbjh^u��\hdZebah\Zgguo��\aju\guo�b�g_\h�

dZebah\Zgguo���>ey� dh^bjh\Zgby� b� h[jZ[hldb� a\mdh\uo�

kb]gZeh\��dZd�[ueh�kdZaZgh�\ur_��bkihevamxlky�]b[jb^�

gu_� fh^_eb�� jZa^_eyxsb_� kb]gZe� gZ� i_jbh^bq_kdmx��

ljZgab_glgmx� b� rmfh\mx� dhfihg_glu�� I_j\bqgh_� jZa�

^_e_gb_�kbgmkhb^Zevghc��i_jbh^bq_kdhc��qZklb�b�hklZl�

dZ�fh`_l�\uihegylvky�iml_f�]Zjfhgbq_kdh]h�ZgZebaZ�gZ�

hkgh\_�nbevljh\��

<gZqZe_� kbgmkhb^Zevguc� ZgZebaZlhj� \uihegy_l�

hp_gdm� iZjZf_ljh\� k� ihklh[jZ[hldhc� ^ey� \u^_e_gby�

ijh^he`bl_evguo�i_jbh^bq_kdbo�dhfihg_gl�\�gbadhqZk�

lhlghc� ihehk_� kb]gZeZ�� EhdZebaZpby� i_jbh^bq_kdbo�

dhfihg_gl�\�qZklhlghc�h[eZklb�\uihegy_lky�iml_f�bl_�

jZlb\gh]h�i_j_jZkq_lZ��GZ�dZ`^hf�rZ]_�ihehkZ�ijhimk�

dZgby�nbevljZ�i_j_f_sZ_lky�\�khhl\_lkl\bb�k�ihemq_g�

gufb� hp_gdZfb� ^ey� lh]h�� qlh[u� ihf_klblv� ehdZevguc�

fZdkbfmf� wg_j]bb� hp_gb\Z_fhc� dhfihg_glu� \� p_glj_�

ihehku�>�@��Dhjhldb_�b�g_klZ[bevgu_�ki_dljZevgu_�dhf�

ihg_glu�hl[jZku\Zxlky�iml_f�ke_`_gby�aZ�ihemq_ggu�

fb� kbgmkhb^Zevgufb� iZjZf_ljZfb�� >ey� \u^_e_gby��
^hklZlhqgh� ijh^he`bl_evguo� b� klZ[bevguo� agZq_gbc�

kjZ\gb\Zxlky�qZklhlu�b�Zfieblm^u�dhfihg_gl�khk_^gbo�

nj_cfh\��

Ba�\u^_e_gguo�ki_dljZevguo�dhfihg_gl�\u[bjZ_lky�

h^gZ�� dhlhjZy�khhl\_lkl\m_l�hkgh\ghfm� lhgm�j_qb��QZk�

lhlguc� dhglmj�hkgh\gh]h� lhgZ�hij_^_ey_lky� lZd��qlh[u�

gZclb�ijb[ebabl_evgu_�qZklhlgu_�ljZ_dlhjbb�]Zjfhgbd��

g_h[oh^bfu_�^ey�lh]h��qlh[u�kbgl_abjh\Zlv�QF�nbevl�

ju�ZgZebaZ��

G_h[oh^bfu_�ljZ_dlhjbb�p_gljZevguo�qZklhl�ihehk�

ijhimkdZgby�nbevljh\� ��Q)k �\uqbkeyxlky�dZd�f]gh\_g�

gZy� qZklhlZ� hkgh\gh]h� lhgZ�� mfgh`_ggZy� gZ� ghf_j� N�

khhl\_lkl\mxs_c� ]Zjfhgbdb� ���� � QNIQ)
N

k  ��Ijhp_^mjZ�

hp_gdb�ijh\h^blky�ihke_^h\Zl_evgh��gZqbgZy�k�i_j\hc�

]Zjfhgbdb� b� aZdZgqb\Zy� ihke_^g_c��Ihke_� hp_gdb� dZ`�

^hc� ke_^mxs_c� ]Zjfhgbdb� dhglmj� qZklhlu� hkgh\gh]h�

lhgZ� mlhqgy_lky� k� mq_lhf� ihemq_gguo� iZjZf_ljh\� ih�

ke_^mxs_c�nhjfme_�i_j_jZkq_lZ��
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LZdbf�h[jZahf��ijb�hp_gd_�]Zjfhgbd�\ukhdh]h�ihjy^�

dZ� agZq_gby� qZklhlu� hkgh\gh]h� lhgZ� klZgh\ylky� [he__�

lhqgufb�� qlh� iha\hey_l� ijZ\bevgh� kbgl_abjh\Zlv� qZk�

lhlgh�fh^mebjh\Zgguc�nbevlj�ZgZebaZ��

Hp_gdZ�ebg_cguo�ki_dljZevguo�qZklhl��
ba�f]gh\_gguo�]Zjfhgbq_kdbo�iZjZf_ljh\�j_qb�

Kms_kl\m_l� [hevrh_� dhebq_kl\h� jZ[hl�� ihk\ys_g�

guo� kihkh[Zf� \uqbke_gby� iZjZf_ljh\� ij_^kdZaZgby��

ihemq_gby� k� bo� ihfhsvx� ki_dljZevguo� hp_ghd� b� hij_�

^_e_gby� nhjfZglguo� ljZ_dlhjbc� >�����@�� IZjZf_lju�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������
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fh^_eb�ebg_cgh]h�ij_^kdZaZgby��^Ze__�dhwnnbpb_glu�

ij_^kdZaZgby��fh]ml�[ulv�hibkZgu�q_j_a� dhwnnbpb_g�

lu� hljZ`_gby� k_dpbc� Zdmklbq_kdhc� ljm[u�� qlh� h[_ki_�

qb\Z_l�\hafh`ghklv�hij_^_e_gby�iZjZf_ljh\�]hehkh\h�

]h�ljZdlZ�^bdlhjZ��Wlh�k\hckl\h�fh`_l�ijbf_gylvky�^ey�

^bZ]ghklbdb�jZaebqguo�aZ[he_\Zgbc��

Fh^_ev� ebg_cgh]h� ij_^kdZaZgby� hkgh\u\Z_lky� gZ�

ij_^iheh`_gbb�� qlh� ex[hc� hlkq_l� j_q_\h]h� kb]gZeZ�

� �V Q � fh`gh� ijb[eb`_ggh� hp_gblv� ebg_cghc� dhf[bgZ�

pb_c� g_dhlhjh]h� qbkeZ� S� ij_^r_kl\mxsbo� _fm� hlkq_�
lh\��qlh�ijb\h^bl�d�ke_^mxs_fm�khhlghr_gbx��
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SD � ±� dhwnnbpb_glu� ij_^kdZaZgby���

� �X Q � ±� ghjfZebah\ZggZy� ihke_^h\Zl_evghklv� \ha[m`�

^_gby� �hrb[dZ� ij_^kdZaZgby��� * � ±� dhwnnbpb_gl� mkb�

e_gby�>��@��

<� ]�h[eZklb� dhwnnbpb_glu� ij_^kdZaZgby� aZ^Zxl�
i_j_^Zlhqgmx�nmgdpbx�
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Hrb[dZ� ij_^kdZaZgby� ��QH � hij_^_ey_lky� dZd� jZa�

ghklv�f_`^m�bkoh^gufb�b�ijb[eb`_ggh�\uqbke_ggufb�

�ij_^kdZaZggufb��hlkq_lZfb��
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Hkgh\gZy� aZ^ZqZ� EI� ±� hij_^_e_gb_� gZ[hjZ� dhwn�

nbpb_glh\�ij_^kdZaZgby��dhlhju_�fbgbfbabjmxl� ��QH ��

Kms_kl\mxl�^\Z� hkgh\guo�f_lh^Z� hij_^_e_gby� dh�
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<� aZ^ZqZo� dhg\_jkbb� ]hehkZ� l_ogbdZ� \_dlhjgh]h�

d\Zglh\Zgby�hij_^_ey_lky�ki_pbnbq_kdbfb�djbl_jbyfb�

�hlebqgufb� hl� l_o�� dhlhju_� ijbf_gyxlky� ijb� dh^bjh�

\Zgbb�j_qb��b�\u[bjZ_lky�bkoh^y�ba�aZ^Zgguo�mkeh\bc��

<Z`guf� \hijhkhf� lZd�`_� y\ey_lky� \u[hj� iZjZf_ljh\�

^ey�d\Zglh\Zgby�b�\u[hj�qbkeZ�mjh\g_c��

Bkoh^y�ba�aZ^Zqb�dhg\_jkbb�]hehkZ�\�j_`bf_�j_Zev�

gh]h� \j_f_gb�� g_h[oh^bfuf� k\hckl\hf� y\ey_lky� \ha�

fh`ghklv� hij_^_e_gby� bg^_dkZ� \_dlhjZ� dh^h\hc� dgb]b�

p_e_\h]h� ^bdlhjZ�� khhl\_lkl\mxs_]h� hij_^_e_gghfm�

\_dlhjm�dh^h\hc�dgb]b�bkoh^gh]h�^bdlhjZ��Mqblu\Zy��qlh�

\�ijhp_kk_�h[mq_gby�\uihegy_lky�k_]f_glZpby�j_q_\hc�

[Zau� gZ�nhg_lbq_kdb_� _^bgbpu�� gZb[he__� hq_\b^guf�

j_r_gb_f� y\ey_lky� ihkljh_gb_� dh^h\hc� dgb]b� lZdbf�

h[jZahf��qlh[u�__�deZkl_ju�[ueb�nhg_lbq_kdb�fhlb\b�

jh\Zgu��l�_��h[_ki_qb\Zeb�gZbf_gvr__�jZkklhygb_�f_�

`^m�p_gljhb^hf�deZkl_jZ�b�\_dlhjZfb��ijbgZ^e_`Zsb�
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Mqblu\Zy��qlh�^hklmigZy�h[mqZxsZy�\u[hjdZ�h]jZgbq_�

gZ�b�g_�kh^_j`bl�[hevrh]h�qbkeZ�ih\lhj_gbc�h^ghc�b�

lhc� `_� nhg_fu�� ^Zgguc� kihkh[� ihkljh_gby� dh^h\hc�

dgb]b�fh`_l�hdZaZlvky�^hklZlhqgh�wnn_dlb\guf��
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gZ�ih^deZkl_ju��bkihevamy�dZdmx�eb[h�^hihegbl_evgmx�
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gZ��aZ^Zgghc��h[mqZxs_c��\u[hjd_������njZa���gZb[he__�
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\ukhdh_�dZq_kl\h�j_dhgkljmbjh\Zggh]h�kb]gZeZ��H^gZdh�
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kdmx�b�hklZlhqgmx�qZklb��<k_�fh^bnbdZpbb� ]hehkZ�\u�
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gbc�]Zjfhgbq_kdbo�Zfieblm^�b�qZklhlu�hkgh\gh]h�lhgZ��
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kl\_ggh� fh^bnbdZpby� hkgh\gh]h� lhgZ� \uihegy_lky�

lhevdh� ^ey� ]Zjfhgbq_kdhc� qZklb� kb]gZeZ�� <� aZ^ZqZo�
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iheg_gh�gZ�hkgh\_�hi_jZpbb� ����k�bkihevah\Zgb_f�Ze�

]hjblfZ� ��� :gZeba� jbk��� ihdZau\Z_l�� qlh� \� i_jbh^u�

fZ]gblguo�[mjv�gZ[ex^Z_lky�agZqbl_evgh_�m\_ebq_gb_�
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jZ`_gb_� \� ihemq_gguo� dhfihg_glZo� ij_h[jZah\Zgby�

^Zgguo��
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[ulv�\uiheg_gZ�hi_jZpby�\_c\e_l�\hkklZgh\e_gby�ih�
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wnnbpb_glh\��^Zxsbo�ij_^klZ\e_gb_�h�khklZ\eyxsbo�

jZagh]h�fZkrlZ[Z� b� bo� baf_g_gbb� \h� \j_f_gb��Ba� g_�
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���>ey�dZ`^hc�\ZjbZpbb� ]_hfZ]gblgh]h�ihey�kihdhc�

gh]h�b�keZ[h\hafms_ggh]h�^gy�\uihegbf�hlh[jZ`_gb_�

\� \_c\e_l�ijhkljZgkl\h�
M: �� KeZ[h\hafms_gguf� ^g_f�

[m^_f�kqblZlv�^_gv��\�dhlhjuc�kmlhqguc�bg^_dk�]_hfZ]�

gblghc� Zdlb\ghklb� . � gZoh^blky� \� bgl_j\Ze_�
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J_amevlZlu�wdki_jbf_glh\�

Ijb� ijh\_^_gbb� ZgZebaZ� bkihevah\Zebkv� hjlhghj�

fbjh\Zggu_� \_c\e_lu� deZkkZ�>h[_rb��Iml_f�fbgbfb�

aZpbb� ih]j_rghklb� ZiijhdkbfZpbb� �kf�� jZ\_gkl\h� �����

[ueh� hij_^_e_gh�� qlh� gZbemqrbfb� Ziijhdkbfbjmxsb�

fb� nmgdpbyfb� ^ey� ]_hfZ]gblguo� kb]gZeh\� y\eyxlky�

\_c\e_lu�>h[_rb�ihjy^dZ� ���JZaeh`_gb_� hkms_kl\ey�

ehkv�^h�iylh]h�mjh\gy�ihegh]h�\_c\e_l�^_j_\Z��GZ�hk�

gh\_� Ze]hjblfZ� ��� \� ]_hfZ]gblguo� kb]gZeZo�[ueb� \u�

^_e_gu� qZklhlgh�\j_f_ggu_� bgl_j\Zeu�� kh^_j`Zsb_�

\hafms_gby�� b� ihemq_gu� \hafms_ggu_� dhfihg_glu�

\_c\e_l�^_j_\Z�� :gZeba� ihemq_gguo� dhfihg_gl� ihdZ�

aZe��qlh�\u^_e_ggu_�ehdZevgu_�hkh[_gghklb�\hagbdZxl�

\�kb]gZe_�\�i_jbh^u�fZ]gblguo�[mjv��>ey�ZgZebaZ�fZ]�

gblguo� [mjv� [ueZ� \uiheg_gZ� hi_jZpby� \_c\e_l�

\hkklZgh\e_gby� ^Zgguo� dhfihg_gl� b� ihemq_gu� \hafm�

s_ggu_�khklZ\eyxsb_�kb]gZeZ��jbk�������[���Bkihevamy�

^Zggu_� khklZ\eyxsb_� iml_f� h[jZ[hldb� keZ[h\hafm�

s_gguo� ^g_c� �kmffZjgu_� kmlhqgu_� agZq_gby� . �

bg^_dkZ�dhlhjuo�g_�ij_\urZxl�agZq_gby������[ueh�hi�

j_^_e_gh��ihjh]h\h_�agZq_gb_� �M7  ��kiehrgZy�ebgby��

gZ�jbk�� ����[���iha\heyxs__�\u^_eblv�kbevgu_� ]_hfZ]�

gblgu_�\hafms_gby��Wlh�^Z_l�\hafh`ghklv�\�Z\lhfZlb�

q_kdhf� j_`bf_� nbdkbjh\Zlv� fhf_gl� nhjfbjh\Zgby�

ij_^klhys_c�[mjb�b�\u^_eblv�hl^_evgu_�nZau�__�ijh�

l_dZgby��K�p_evx�ijh\_^_gby�[he__�^_lZevgh]h�ZgZebaZ�

[ueh�\uiheg_gh�\_c\e_l�ij_h[jZah\Zgb_�bkoh^guo�kb]�

gZeh\�gZ�hkgh\_�hi_jZpbb�����b��bkihevamy�Ze]hjblf����

b^_glbnbpbjh\Zgu� qZklhlgh�\j_f_ggu_� bgl_j\Zeu��

kh^_j`Zsb_�keZ[u_�b�kbevgu_� ]_hfZ]gblgu_�\hafms_�

gby��Ihemq_ggu_�j_amevlZlu�ij_^klZ\e_gu�gZ�jbk�����\��

]���\u^_e_ggu_�bgl_j\Zeu�ihdZaZgu�q_jguf�p\_lhf���<�

\_jog_c�qZklb�jbk������hlh[jZ`_gu�lj_oqZkh\u_�agZq_�

gby� .�bg^_dkZ�� J_amevlZlu� ZgZebaZ� ihdZau\Zxl�� qlh� \�

i_jbh^u� fZ]gblguo� [mjv� bgl_gkb\ghklv� \hafms_gbc�

\hajZklZ_l�� b� \� kb]gZeZo� \hagbdZxl�ehdZevgu_� hkh[_g�

ghklb� jZaebqghc� ^ebl_evghklb� b� kljmdlmju�� GZdZgmg_�

[mjv� \� ^Zgguo� gZ[ex^Zxlky� keZ[u_� \hafms_gby�� bg�

l_gkb\ghklv�dhlhjuo�gZ�dZ`^hf�fZkrlZ[_� M �g_�ij_\u�

rZ_l�agZq_gbc�
��M7 ��<h�\j_fy�ijhl_dZgby�[mjv�bgl_gkb\�
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Z��^Zggu_�j_]bkljZpbb��[��\hafms_ggu_�khklZ\eyxsb_��\��j_amevlZl�h[jZ[hldb�^Zgguo�gZ�hkgh\_�Ze]hjblfZ����ihjh]h\h_�

agZq_gb_�
��M

7 ���]��j_amevlZl�h[jZ[hldb�^Zgguo�gZ�hkgh\_�Ze]hjblfZ����ihjh]h\h_�agZq_gb_�
��M

7 ���



�

�

�
���

�
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7 ���]��j_amevlZl�h[jZ[hldb�^Zgguo�gZ�hkgh\_�Ze]hjblfZ����ihjh]h\h_�agZq_gb_�
��M

7 ���

AZdexq_gb_�

<� jZ[hl_� ij_^eh`_gu� Ze]hjblfu� h[jZ[hldb�b� ZgZ�

ebaZ� ]_hfZ]gblguo� ^Zgguo�� hkgh\Zggu_� gZ� \_c\e_l�

ij_h[jZah\Zgbb�� iha\heyxsb_� \� Z\lhfZlbq_kdhf� j_�

`bf_� \u^_eblv� i_jbh^u� ih\ur_gghc� ]_hfZ]gblghc�

Zdlb\ghklb� b� hij_^_eblv� bgl_gkb\ghklv� \hafms_gbc��

J_amevlZlu� h[jZ[hldb� klZlbklbq_kdbo� ^Zgguo�� ihem�

q_gguo� gZ� h[k_j\Zlhjbb� ©IZjZlmgdZª� �DZfqZlkdbc�

djZc��� ihdZaZeb�� qlh� \� i_jbh^u�[mjv� \� \ZjbZpbyo�fZ]�

gblgh]h� ihey� \hagbdZxl� ehdZevgu_� jZaghfZkrlZ[gu_�

i_jbh^bqghklb�� bf_xsb_� g_jZ\ghf_jgh_� jZkij_^_e_�

gb_�b�ih�\j_f_gb��b�ih�fZkrlZ[Zf��<h�\j_fy�jZa\blby�

[mjb� bgl_gkb\ghklv� ]_hfZ]gblguo� \hafms_gbc� agZqb�

l_evgh�m\_ebqb\Z_lky�� qlh� iha\hey_l�nbdkbjh\Zlv�fh�

f_gl�ij_^klhys_c�[mjb���

JZ[hlZ�ih^^_j`ZgZ�]jZglhf�Ij_ab^_glZ�Jhkkbckdhc�

N_^_jZpbb�F>�������������

Ebl_jZlmjZ�

��� ;m^vdh� G��� AZcp_\� :��� DZjiZq_\� :��� Dhaeh\� :����

Nbebiih\� ;�� Dhkfbq_kdZy� kj_^Z� \hdjm]� gZk�� Ljhbpd��

LJH<:GL��������������k��

��� %DUWHOV�� -��� ������ 3RWVGDPHU� HUGPDJQHWLVFKH� .HQQ�

]LIIHUQ�� �� 0LWWHLOXQJ�� =HLWVFKULIW� I�U� *HRSK\VLN�� �����±����

���±������

���0HQYLHOOH�0���3DSLWDVKYLOL�1���+DNNLQHQ�/���6XFNVGRUII�

&��&RPSXWHU�SURGXFWLRQ�RI�.�LQGLFHV�� UHYLHZ�DQG�FRPSDUL�

VRQ�RI�PHWKRGV��*HRSK\V��-��,QW���9�������S����������������

��� FZg^jbdh\Z� H�<��� Kheh\v_\� B�K�� <_c\e_l�

l_ogheh]by� h[jZ[hldb� b� ZgZebaZ� \ZjbZpbc� fZ]gblgh]h�

ihey� A_feb�� ±� Fhkd\Z�� BgnhjfZpbhggu_� l_ogheh]bb��

����������K�����±�����

���0DQGULNRYD��2�9��6RORY\HY�,�6��$XWRPDWLF�PHWKRG�RI�

WKH�*HRPDJQHWLF�$FWLYLW\�,QGH[�.�FDOFXODWLRQ�RQ�WKH�EDVLV�RI�

ZDYHOHW�SDFNHWV±� �� ,QWHUQDWLRQDO� &RQIHUHQFH� ,QWHOOLJHQW� LQ�

IRUPDWLRQ�SURFHVVLQJ�,,3������5HSXEOLF�RI�&\SUXV��3DSKRV�

2FWREHU��������F���������

���FZjie��fe��K�E��Pbnjh\hc� ki_dljZevguc� ZgZeba��

b�_]h�ijbeh`_gby��I_j��k�Zg]e���F���Fbj������������k��

��� &KDUOHV� .�� &KXL�� $Q� ,QWURGXFWLRQ� WR�:DYHOHWV�� I_j���

k�Zg]ebckdh]h�±�F���Fbj�����������k��

���'DXEHFKLHV�,��7HQ�/HFWXUHV�RQ�:DYHOHWV��I_j��k�Zg]�

ebckdh]h�±�B`_\kd��GBP�©J_]meyjgZy�b�oZhlbq_kdZy�^b�

gZfbdZª�±�������

���6WHSKDQH�0DOODW��$�:DYHOHW�WRXU�RI�VLJQDO�SURFHVVLQJ��

I_j��k�Zg]ebckdh]h��±�F���Fbj�����������k��

����FZg^jbdh\Z�H�<��Fh^_ebjh\Zgb_� ]_hobfbq_kdbo�

kb]gZeh\� gZ� hkgh\_� \_c\e_l�ij_h[jZah\Zgby�� ±� <eZ^b�

\hklhd��>ZevgZmdZ��������±����k��

���� ;h]^Zgh\� <�<��� =_ii_g_j� <�<���FZg^jbdh\Z�H�<��

Fh^_ebjh\Zgb_� g_klZpbhgZjguo� \j_f_gguo� jy^h\� ]_h�

nbabq_kdbo� iZjZf_ljh\� kh� keh`ghc� kljmdlmjhc�� ±� K��

I_l_j[mj]��©EWLBª��������±����k���

����FZg^jbdh\Z�H�<��� =hj_\Z�L�K��F_lh^� b^_glbnb�

dZpbb� kljmdlmjguo� dhfihg_glh\� keh`gh]h� ijbjh^gh]h�

kb]gZeZ�gZ�hkgh\_�\_c\e_l�iZd_lh\��±�Fhkd\Z��Pbnjh\Zy�

h[jZ[hldZ�kb]gZeh\�������]�������k��������
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7KH�SUHVHQW�SDSHU�LV�GLUHFWHG�DW�FUHDWLQJ�DXWRPDWHG�V\V�

WHPV� IRU� WKH� DQDO\VLV� RI� JHRPDJQHWLF� GDWD�� 'XH� WR� VWURQJ�

YDULDELOLW\��LUUHJXODULW\�DQG�FRPSOH[�VWUXFWXUH�RI�WKH�JHRPDJ�

QHWLF�GDWD� LQ�TXHVWLRQ� WKH�SUREOHP�RI�DXWRPDWLF�SURFHVVLQJ�

�LQ� DQ� DXWRPDWLF� PRGH�� LV� UDWKHU� FRPSOLFDWHG� DQG� QHHGV�

IXUWKHU� LQYHVWLJDWLRQ� WR� SURGXFH� EHWWHU� VROXWLRQV� WKDQ� WKRVH�

H[LVWLQJ�DW�SUHVHQW�� ,Q�WKLV�SDSHU�ZH�KDYH�VXJJHVWHG�D�QHZ�

ZDYHOHW�EDVHG�DSSURDFK��ZKLFK�DOORZV�RQH�WR�H[WUDFW�VXEWOH�

VWUXFWXUDO�IHDWXUHV�IURP�D�JHRPDJQHWLF�GDWD�LQ�DQ�DXWRPDWLF�

PRGH��$IWHU� WKDW� LW� EHFRPHV�SRVVLEOH� WR� LGHQWLI\� WKHVH� IHD�

WXUHV�DQG�DQDO\]H�WKHP��2XU�PHWKRGV�DQG�DSSURDFKHV�KDYH�

EHHQ�VXFFHVVIXOO\�WHVWHG�RQ�WKH�(DUWK¶V�PDJQHWLF�ILHOG�GDWD�

REWDLQHG� LQ� WKH� 3DUDWXQND� REVHUYDWRU\� �YLOODJH� 3DUDWXQND��

.DPFKDWND�UHJLRQ��)DU�(DVW�RI�5XVVLD���
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Ij_^eh`_g� f_lh^� Z\lhfZlbq_kdh]h� \u^_e_gby� ZghfZevguo�

hkh[_gghkl_c�� \hagbdZxsbo� \� j_]bkljbjm_fhf� \j_f_gghf� jy^_�

djblbq_kdhc� qZklhlu� bhghkn_ju� I2)�� \� i_jbh^u� ih\ur_gghc�

k_ckfbq_kdhc� beb� kheg_qghc� Zdlb\ghklb��F_lh^� hkgh\Zg� gZ� kh�

\f_klghf� ijbf_g_gbb� \_c\e_l�ij_h[jZah\Zgby� b� g_cjhgguo�

k_l_c�� GZ� hkgh\_� \_c\e_l�ij_h[jZah\Zgby� jZajZ[hlZgu� Ze]h�

jblfu� ih� h[gZjm`_gbx� hkh[_gghkl_c� b� hp_gd_� bo� iZjZf_ljh\��

<u^_e_gb_�b�ZgZeba�oZjZdl_jguo�khklZ\eyxsbo�\j_f_ggh]h�jy^Z�

\uihegy_lky� gZ� hkgh\_� kh\f_klgh]h� ijbf_g_gby� \_c\e_l�

ij_h[jZah\Z�gby�k�g_cjhggufb�k_lyfb��:ijh[Zpby�f_lh^Z�\uihe�

g_gZ� gZ� ^Zgguo� I2)��� ihemq_gguo� gZ� h[k_j\Zlhjbb� ©IZjZlmgdZª�

�k��IZjZlmgdZ��DZfqZlkdbc�djZc���

M>D��������

F?LH>�<U>?E?GBY�:GHF:EVGUO�HKH;?GGHKL?C�<�>:GGUO�DJBLBQ?KDHC�
Q:KLHLU�BHGHKN?JU�G:�HKGH<?�KH<F?S?GBY�<?C<E?L�IJ?H;J:AH<:GBY�
B�G?CJHGGUO�K?L?C�

FZg^jbdh\Z�H�<���^�l�g���\_^msbc�gZmqguc�khljm^gbd�BgklblmlZ�dhkfhnbabq_kdbo�bkke_^h\Zgbc��
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rlZ[Zf��

JZ[hlZ�ih^^_j`ZgZ� ]jZglhf�Ij_ab^_glZ�Jhkkbckdhc�

N_^_jZpbb�F>�������������� ]jZglhf�JNNB� ±�><H�J:G�
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�
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M\Z`Z_fu_�dhee_]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��Jh`^_kl\_gdZ���?�?����klj������

Jhkkbckdh_�gZmqgh�l_ogbq_kdh_�h[s_kl\h�jZ^bhl_ogbdb��we_dljhgbdb�b�k\yab�bf��

:�K��Ihih\Z��beb�hnhjfblv�aZdZa�\�khhl\_lkl\bb�k�lj_[h\Zgbyfb���

\uklZ\e_ggufb�gZ�kZcl_�`mjgZeZ��ZZZ�GVSD�UX��

KijZ\db�ih�l_e_nhgZf������������������������������

NZdk��������������������(�PDLO��UQWRUHV#PDLO�UX�

�������������jB\hklhdBZ� b� ]jZglhf� ©M�F�G�B�D�ª� ��

�����j�������hl������������]��

>Zggu_� k_ckfbq_kdh]h� dZlZeh]Z� ex[_agh� ij_^hk�

lZ\e_gu�DZfqZlkdbf�nbebZehf� ]_hnbabq_kdhc�kem`[u�

J:G��]��I_ljhiZ\eh\kd�DZfqZlkdbc���

Ebl_jZlmjZ�

���>zfbg�F�=��Bhghkn_jZ�A_feb��IeZaf_ggZy�]_ebh�

]_hnbabdZ��±�F���NbafZlebl���������L�,,���K���������

���FZg^jbdh\Z�H�<���Ihehah\�X�:���I_j_`h]bg�:�K���

<_c\e_l�l_ogheh]by� ZgZebaZ� bhghkn_jguo� ^Zgguo� ���

GZmqgu_� \_^hfhklb� ;_e]hjh^kdh]h� ]hkm^Zjkl\_ggh]h�

mgb\_jkbl_lZ��K_jby�©Bklhjby��Iheblheh]by��Wdhghfb�

dZ��BgnhjfZlbdZª��;_e]hjh^����������������K�����������

���FZg^jbdh\Z�H��<���Ihehah\�X�:��Djbl_jbb�\u[hjZ�

\_c\e_l�nmgdpbb� \� aZ^ZqZo� ZiijhdkbfZpbb� ijbjh^guo�

\S_f_gguo� Sy^h\� keh`ghc� kljmdlmju� ���BgnhjfZpbhg�

gu_�l_ogheh]bb����Fhkd\Z�������]��������K�����±�����

���FZg^jbdh\Z�H�<��Fgh]hdhfihg_glgZy�fh^_ev�kb]�

gZeZ�kh�keh`ghc�kljmdlmjhc� ���Ijh[e_fu�w\hexpbb�hl�

djuluo�kbkl_f���������<ui�������L�������K����������

���Ihehah\�X�:��F_lh^�nhjfbjh\Zgby� h[mqZxs_]h�

fgh`_kl\Z� ^ey� g_cjhgghc� k_lb� gZ� hkgh\_� \_c\e_l�

nbevljZpbb����Ba\_klby�\mah\��K_\_jh�DZ\dZakdbc�j_]b�

hg��±�Jhklh\�gZ�>hgm��K_jby�_kl_kl\_ggu_�gZmdb��������

��������K���������

���DjZldhkjhqguc�ijh]gha� dZlZkljhnbq_kdbo� a_fe_�

ljyk_gbc� k� ihfhsvx� jZ^bhnbabq_kdbo� gZa_fgh�

dhkfbq_kdbo� f_lh^h\�� ^hde�� dhgn�� �� F��� HBNA� J:G��

�����������k���

��� Ebi_jh\kdZy� ?�<��� Ebi_jh\kdbc� <�:��� Ihohl_eh\�

H�:��H�\hafms_gbyo�\�)�h[eZklb�bhghkn_ju�i_j_^�a_f�

e_ljyk_gbyfb� ���=_hnbabq_kdb_�bkke_^h\Zgby������������

������K���������

���GZf]ZeZ^a_�:��:��Nbabq_kdbc�f_oZgbaf�b�fZl_fZ�

lbq_kdh_� fh^_ebjh\Zgb_� bhghkn_jguo� ij_^\_klgbdh\�

a_fe_ljyk_gbc��j_]bkljbjm_fuo�\�iheghf�we_dljhgghf�

kh^_j`Zgbb����=_hfZ]g_lbaf�b�Zwjhghfby�����������L������

�������K�����������

���FZg^jbdh\Z�H�<��=hj_\Z�L�K��F_lh^�b^_glbnbdZ�

pbb�kljmdlmjguo�dhfihg_glh\�keh`gh]h�ijbjh^gh]h�kb]�

gZeZ� gZ� hkgh\_� \_c\e_l�iZd_lh\�� ±�Fhkd\Z��Pbnjh\Zy�

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

����FZg^jbdh\Z�H�<�� �HilbfbaZpby�ijhp_kkZ�h[mq_�

gby�g_cjhgghc�k_lb�gZ�hkgh\_�ijbf_g_gby�dhgkljmdpbb��

\_c\e_l�ij_h[jZah\Zgby��gZ�ijbf_j_�fh^_evgh]h�ij_^�

klZ\e_gby�bhghkn_jgh]h�kb]gZeZ���±�Fhkd\Z��:\lhfZlb�

aZpby�b�kh\j_f_ggu_�l_ogheh]bb��������������K��������

����6��0DOODW�$�:DYHOHW�WRXU�RI�VLJQDO�SURFHVVLQJ�>i_j��k�

Zg]�@��F���Fbj�������������k��

����>h[_rb�B��>_kylv� e_dpbc� ih� \_c\e_lZf� >i_j�� k�

Zg]�@� ��B`_\kd�GBP� ©J_]meyjgZy�b�oZhlbq_kdZy�^bgZfb�

dZª��������������k��

����G_cjhfZl_fZlbdZ��mq_[��ihkh[b_�^ey�\mah\���:]_�

_\�:�>���>b�^j�@��h[sZy�j_^�:�B��=ZemrdbgZ��±�F��BIJ@J��

�����������k���

���� ;ZjoZlh\� +�$��� J_\mgh\� &�(�� Ijh]ghabjh\Zgb_�

djblbq_kdhc� qZklhlu� bhghkn_jgh]h� kehy� )�� f_lh^hf�

bkdmkkl\_gguo� g_cjhgguo� k_l_c�� 9,,,� Gb`_]hjh^kdZy�

k_kkby� fheh^uo� mq_guo�� ?kl_kl\_gghgZmqgu_� ^bkpbi�

ebgu�� ������ Zij_ey� ����� ]��� >a_j`bgkd�� L_abku� ^hdeZ�

^h\��G��Gh\]hjh^���������K��������

����;ZjoZlh\�+�$���J_\mgh\�&�(���Mjy^h\�<�I��L_ogh�

eh]by� bkdmkkl\_gguo� g_cjhgguo� k_l_c� ^ey� ijh]ghabjh�

\Zgby� djblbq_kdhc� qZklhlu� bhghkn_jgh]h� kehy� )��� ���

Ba\_klby�<MAh\�©JZ^bhnbabdZª���������7������K�������

0(7+2'�2)�$//2&$7,21�2)�

$%1250$/�)($785(6�,1�'$7$��

2)�&5,7,&$/�)5(48(1&<��

2)�7+(�,21263+(5(�21�7+(�%$6,6�

2)�&20%,1$7,21�:$9(/(7��

75$16)250$7,21�$1'�1(85$/�

1(7:25.6�

0DQGULNRYD�2�9���3ROR]RY�<X�$��

,Q�ZRUN�WKH�PHWKRG�RI�DXWRPDWLF�DOORFDWLRQ�RI�WKH�DEQRU�

PDO� IHDWXUHV� DULVLQJ� LQ� D� UHJLVWHUHG� WLPH� QXPEHU� RI� FULWLFDO�

IUHTXHQF\�RI�DQ�LRQRVSKHUH�I2)��GXULQJ�WKH�SHULRGV�RI�UDLVHG�

VHLVPLF�RU�VRODU�DFWLYLW\� LV�RIIHUHG��7KH�PHWKRG�LV�EDVHG�RQ�

MRLQW� DSSOLFDWLRQ� RI� ZDYHOHW�WUDQVIRUPDWLRQ� DQG� QHXUDO� QHW�

ZRUNV��2Q�WKH�EDVLV�RI�ZDYHOHW�WUDQVIRUPDWLRQ�DOJRULWKPV�RQ�

GHWHFWLRQ�RI�IHDWXUHV�DQG�HVWLPDWLRQ�RI�WKHLU�SDUDPHWHUV�DUH�

GHYHORSHG��$OORFDWLRQDQG�WKH�DQDO\VLV�RI�FKDUDFWHULVWLF�FRP�

SRQHQWV�RI�D�WLPH�QXPEHU�LV�FDUULHG�RXW�RQ�WKH�EDVLV�RI�MRLQW�

DSSOLFDWLRQ� RI� ZDYHOHW�WUDQVIRUPDWLRQ� ZLWK� QHXUDO� QHWZRUNV��

0HWKRG�DSSUREDWLRQ�LV�H[HFXWHG�RQ�WKH�GDWD�I2)���UHFHLYHG�

RQ�DQ�REVHUYDWRU\�©3DUDWXQNDª��3DUDWXQND��WKH�.DPFKDWND�

HGJH���
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JZkkfZljb\Z_lky�h^gh�ba�wnn_dlb\guo�j_r_gbc�mkljZg_gby�

Z^^blb\guo� ihf_o� \� we_dljhdZj^bhkb]gZe_�� Ij_^eZ]Z_lky� bk�

ihevah\Zlv� fgh]hkdhjhklgmx� h[jZ[hldm� we_dljhdZj^bhkb]gZeZ��

Ij_^klZ\e_gu� \ZjbZglu� ^_pbfZpbb� qZklhlu� ^bkdj_lbaZpbb�

we_dljhdZj^bhkb]gZeZ�b�bfimevkghc�oZjZdl_jbklbdb�nbevljZ��

M>D�����������

FGH=HKDHJHKLG:Y�H;J:;HLD:�<�A:>:Q:O�NBEVLJ:PBB�
WE?DLJHD:J>BHKB=G:E:�

Fbo__\�:�:���^�l�g���ijhn_kkhj�dZn_^ju�[bhf_^bpbgkdhc�b�ihemijh\h^gbdh\hc�we_dljhgbdb�JyaZgkdh]h�
]hkm^Zjkl\_ggh]h�jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ��J=JLM��

;ebgh\�I�:���bg`_g_j�dZn_^ju�[bhf_^bpbgkdhc�b�ihemijh\h^gbdh\hc�we_dljhgbdb�JyaZgkdh]h��
]hkm^Zjkl\_ggh]h�jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ�J=JLM�

LhqbebgZ�G�K���ZkibjZgl�dZn_^ju�[bhf_^bpbgkdhc�b�ihemijh\h^gbdh\hc�we_dljhgbdb�JyaZgkdh]h��
]hkm^Zjkl\_ggh]h�jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ�J=JLM��H�PDLO��PH#UVUHX�UX��

�

Dexq_\u_� keh\Z� we_dljhdZj^bhkb]gZe��

fgh]hkdhjhklgZy� h[jZ[hldZ�� dhfij_kkby�� ^_pb�

fZpby��]j_[_gqZlZy�nbevljZpby���

<\_^_gb_�

<�gZklhys__�\j_fy�bgl_gkb\gh�jZa\b\Zxlky�

kbkl_fu� Z\lhfZlbq_kdhc� h[jZ[hldb� we_dljhdZj^bhkb]�

gZeZ� �WDK���>hklh\_jghklv� ihklZgh\db� ^bZ]ghaZ� k� ih�

fhsvx� wlbo� kbkl_f� aZ\bkbl� hl� lhqghklb� ihemqZ_fuo�

bkoh^guo� dZj^bheh]bq_kdbo� ^Zgguo�� G_ba[_`gh_� ^_c�

kl\b_� gZ� WDK� ihf_o�� gZb[he__� jZkijhkljZg_ggu_� ba�

dhlhjuo� ^j_cn� bahebgbb� b� gZ\h^dZ� hl� k_lb� ijhfur�

e_gghc� qZklhlu�� bkdZ`Z_l� wlb�^Zggu_��<� k\yab� k� wlbf�

ijb�jZajZ[hld_�b�\g_^j_gbb�\ukhdhwnn_dlb\guo�f_^b�

pbgkdbo� ^bZ]ghklbq_kdbo� kbkl_f� g_h[oh^bfh� ij_^m�

kfZljb\Zlv� b� jZajZ[hldm� kj_^kl\� mkljZg_gby� ihf_o��

Kha^Zgb_� kihkh[h\� b�kj_^kl\�� gZijZ\e_gguo� gZ� ih\u�

r_gb_�dZq_kl\Z�Z\lhfZlbq_kdh]h�ZgZebaZ�WDK�b�^hklh�

\_jghklb�^bZ]ghklbdb�khklhygby�fbhdZj^Z��kihkh[kl\m_l�

hilbfbaZpbb�e_q_gby� aZ[he_\Zgbc� k_j^_qgh�khkm^bklhc�

kbkl_fu��

MkljZg_gb_� ihf_o�� ijbkmlkl\mxsbo� \� WDK�� fh`gh�

hkms_kl\blv�beb�iml_f�g_ihkj_^kl\_gghc�nbevljZpbb��

beb�ij_^\Zjbl_evguf�\u^_e_gb_f�Z^^blb\ghc�ihf_ob�

b�^Zevg_cr_f�\uqblZgb_f� __�ba�kf_kb�WDK�b�ihf_ob�

�jbk�����

�

Jbk�����Madhihehkguc�DBO�nbevlj�mkljZg_gby�ihf_o�WDK�

A^_kv�� 0= � �� aZ^_j`dZ� gZ� 0 � hlkq_lh\�� � �+ = �� i_�

j_^ZlhqgZy�nmgdpby�ihehkh\h]h�nbevljZ��

<�kemqZ_�mkljZg_gby�^j_cnZ�bahebgbb�WDK�bkihev�

amxl�nbevlju�\_jogbo�beb�gb`gbo�qZklhl��Z�^ey�mkljZ�

g_gby� gZ\h^db� ijhfure_gghc� k_lb� �� j_`_dlhjgu_�

nbevlju�>�@��Ijb�wlhf�\hafh`gu�kms_kl\_ggu_�ihl_jb�

bgnhjfZpbhgghc�qZklb�ki_dljZ�WDK��Djhf_� lh]h�� d�g_�

^hklZldZf� ih^h[guo� f_lh^h\� fh`gh� hlg_klb� \ukhdbc�

ihjy^hd� nbevljh\� ijb� mkljZg_gbb� gbadhqZklhlgh]h�

^j_cnZ�bahebgbb�WDK��qlh�h[tykgy_lky�kms_kl\_gguf�

ij_\ur_gb_f� �gZ� ^\Z� b� [he__� ihjy^dh\�� qZklhlu� ^bk�

dj_lbaZpbb�gZ^�\_jog_c�qZklhlhc�\u^_ey_fhc�ihf_ob��

>ey� kgb`_gby� ihl_jv� bgnhjfZpbhgguo� khklZ\eyx�

sbo�ki_dljZ�WDK�p_e_khh[jZagh�ijb�\u^_e_gbb�kb]gZ�

eh\� Z^^blb\guo� ihf_o� h[jZ[Zlu\Zlv� _]h� hlkq_lu�� \ay�

lu_�gZ�LJ�k_]f_gl_� >����@��>ey�mf_gvr_gby�h[t_fZ�\u�

qbkebl_evguo�hi_jZpbc�\�aZ^ZqZo�nbevljZpbb�WDK�p_�

e_khh[jZagh�ijb[_]gmlv�d�ijhj_`b\Zgbx�_]h�hlkq_lh\�k�

p_evx�mf_gvr_gby�qZklhlu�^bkdj_lbaZpbb��Ijhj_`b\Z�

gb_�hlkq_lh\�WDK�fh`gh�hlg_klb�d�ih^oh^Zf�fgh]hkdh�

jhklghc�h[jZ[hldb�kb]gZeh\�>�@��

Fgh]hkdhjhklgZy�h[jZ[hldZ�WDK�ij_^iheZ]Z_l��qlh�\�

ijhp_kk_�ij_h[jZah\Zgby�pbnjh\uo�kb]gZeh\�\hafh`gh�

bkihevah\Zgb_�wnn_dlh\�ijhj_`b\Zgby�ih�\j_f_gb�b�ih�

qZklhl_� >�@��qlh�iha\hey_l�kgbablv�h[t_f�\uqbkebl_ev�

guo� hi_jZpbc� gZ� h[jZ[hldm� h^gh]h� hlkq_lZ� WDK�� Wlh�

ijb\h^bl�d�[he__�wnn_dlb\ghc�h[jZ[hld_�WDK�\�p_ehf��

lZd� dZd�hldju\Z_lky�\hafh`ghklv� agZqbl_evgh]h�mf_gv�

r_gby�\j_f_gb�h[jZ[hldb��

JZkkfhljbf� ^\Z� \hafh`guo� \ZjbZglZ� j_ZebaZpbb�

fgh]hkdhjhklghc�h[jZ[hldb�WDK��

��dhfij_kkby��mf_gvr_gb_��qZklhlu�^bkdj_lbaZpbb��

��^_pbfZpby�bfimevkghc�oZjZdl_jbklbdb�nbevljZ��

Dhfij_kkby�qZklhlu�^bkdj_lbaZpbb�WDK�

<�wlhf�kemqZ_�ijhp_kkm�ijhj_`b\Zgby�ih^\_j]Z_lky�

ihke_^h\Zl_evghklv�pbnjh\uo�hlkq_lh\�bkoh^gh]h�WDK�

>����@��Ijb�wlhf�qZklhlZ�^bkdj_lbaZpbb�gh\hc�ihke_^h\Z�

l_evghklb�hlkq_lh\�hij_^_ey_lky�\ujZ`_gb_f�>�@�

> @ > @G[ Q [ Q0 �� ����

]^_� > @G
[ Q � �� ^bkdj_lgh_� ij_^klZ\e_gb_� WDK�� > @[ Q0 � ��

ihke_^h\Zl_evghklv� hlkq_lh\�� ihemq_ggZy� aZ� kq_l�

mf_gvr_gby�qZklhlu�^bkdj_lbaZpbb�� 0 �� dhwnnbpb_gl�

ijhj_`b\Zgby��



�

�

�
���

<ujZ`_gb_� ���� hibku\Z_l� dhfij_kkhj�qZklhlu�^bk�

dj_lbaZpbb�>�@��bah[jZ`_gguc�gZ�jbk����

�

Jbk�����;ehd�ko_fZ�nbevljZ�^_pbfZlhjZ�

A^_kv��PN� ±�pbnjh\hc�nbevlj�� > @
[ Q �b� > @[ Q � ±�ih�

ke_^h\Zl_evghklb� ^bkdj_lguo� hlkq_lh\� k� rZ]hf� ^bk�

dj_lbaZpbb�L�gZ�\oh^_�b�\uoh^_�PN��

Ba�mjZ\g_gby� ����\b^gh��qlh� > @G
[ Q �kh\iZ^Z_l�k�ih�

ke_^h\Zl_evghklvx��dhlhjZy�fh`_l�[ulv�ihemq_gZ�^bk�

dj_lbaZpb_c� g_ij_ju\gh]h� kb]gZeZ� � �F[ W � k� rZ]hf�
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GZ� jbk�� ��ij_^klZ\e_gZ�[ehd�ko_fZ� mkljZg_gby� ih�

f_o�ba�WDK�k�bkihevah\Zgb_f� dhfij_kkhjZ�b�bgl_jih�

eylhjZ�qZklhlu�^bkdj_lbaZpbb�>�@�

�

Jbk�����;ehd�ko_fZ�mkljZg_gby�ihf_o�k�bkihevah\Zgb_f��

dhfij_kkhjZ�b�bgl_jiheylhjZ�qZklhlu�^bkdj_lbaZpbb�WDK�

A^_kv��
1= �
� �� h[sZy� aZ^_j`dZ� ko_fu��

�� �+ = � ��i_�

j_^ZlhqgZy� nmgdpby� nbevljZ�^_pbfZlhjZ��
� � �+ = � ��

i_j_^ZlhqgZy� nmgdpby� ijh_dlbjm_fh]h� nbevljZ��

�
� �+ = � �� i_j_^ZlhqgZy� nmgdpby� nbevljZ�bgl_jih�

eylhjZ��

K�p_evx�agZqbl_evgh]h�mf_gvr_gby�h[s_]h�h[t_fZ�

\uqbkebl_evguo�hi_jZpbc�\�ko_f_�gZ�jbk����bkihevam�

_lky� nbevlj�^_pbfZlhj� k� i_j_^Zlhqghc� nmgdpb_c�

�� �+ = ��ihgb`Zxsbc�qZklhlm�^bkdj_lbaZpbb�\�0 �jZa��

Nhjfbjh\Zgb_� `_eZl_evghc� qZklhlghc� oZjZdl_jb�

klbdb�ijh_dlbjm_fh]h�nbevljZ�j_Zebam_l�nbevlj�k�i_�

j_^Zlhqghc� nmgdpb_c�
�
� �+ = �� jZ[hlZxsbc� gZ� ihgb�

`_gghc�\�0 �jZa�qZklhl_�^bkdj_lbaZpbb��<hkklZgh\e_�

gb_� bkoh^ghc� qZklhlu� ^bkdj_lbaZpbb� \uihegy_l�

nbevlj�bgl_jiheylhj� k� i_j_^Zlhqghc� nmgdpb_c�

�
� �+ = �� dZd� ijZ\beh�� kh\iZ^Zxs_c� k� i_j_^Zlhqghc�

nmgdpb_c�
�
� �+ = �nbevljZ�^_pbfZlhjZ��

>jm]bf� ba\_klguf� kihkh[hf� kgb`_gby� \j_f_gb� h[�

jZ[hldb� kb]gZeh\� y\ey_lky� ^_pbfZpby� bfimevkghc� oZ�

jZdl_jbklbdb�nbevljZ�>����@��mqZkl\mxs_]h�\�ijhp_^mj_�

\u^_e_gby�^j_cnZ�bahebgbb�WDK��

>_pbfZpby�bfimevkghc�oZjZdl_jbklbdb�nbevljZ�

IjbgbfZy�\h�\gbfZgb_�nZdl��qlh�wnn_dlm�ijhj_`b�

\Zgby� ih� \j_f_gb� \k_]^Z� khimlkl\m_l� h^bg� h[sbc� g_�

^hklZlhd�±�gZebqb_�rmfZ�\lhjbqghc�^bkdj_lbaZpbb��^_�

pbfZpbb��� \� gZqZe_� ���o� ]h^h\� [ueZ� \u^\bgmlZ� b^_y�

bkihevah\Zgby�Zevl_jgZlb\gh]h�ih^oh^Z�±�ijhj_`b\Z��

gby�bfimevkghc�oZjZdl_jbklbdb�nbevljZ�\f_klh�\oh^gh�

]h�kb]gZeZ�>�@��LZdZy�ijhp_^mjZ�Z\lhfZlbq_kdb�ijb\h^bl�

d� i_jbh^bqghklb� qZklhlghc� oZjZdl_jbklbdb� nbevljZ� k�

ihdZaZl_e_f� i_jbh^bqghklb�� hij_^_ey_fuf� dhwnnbpb�

_glhf�^_pbfZpbb�bfimevkghc�oZjZdl_jbklbdb� Y ��Z�kZf�
ijhp_kk� ij_h[jZah\Zgby� kb]gZeZ� ijb� _]h� ijhoh`^_gbb�

q_j_a� ]j_[_gqZluc�nbevlj� ij_^klZ\eye� kh[hc� wnn_dl�

ijhj_`b\Zgby�ih�qZklhl_�>�����@��

<�kemqZ_�^_pbfZpbb�bfimevkghc�oZjZdl_jbklbdb�ih�

ke_^h\Zl_evgh_� kh_^bg_gb_� pbnjh\h]h� ]j_[_gqZlh]h�

nbevljZ� �P=N��b�ihke_^mxs_]h�k]eZ`b\Zxs_]h�nbevl�

jZ� �fZkdbjmxs_]h��nbevljh\� �jbk�� ���fh`gh� bkihevah�

\Zlv�^ey�wnn_dlb\ghc�j_ZebaZpbb�h^bghqgh]h�^\moklm�

i_gqZlh]h�madhihehkgh]h�DBO�nbevljZ�>��@�

�

Jbk������Mfgh`_gb_�Zfieblm^gh�qZklhlguo�

�oZjZdl_jbklbd�nbevljh\�

A^_kv�� � �$ I � �� j_amevlbjmxsZy� :QO� nbevljZ��

�
� �$ I �� :QO� nbevljZ� k� ^_pbfbjh\Zgghc� bfimevkghc�

oZjZdl_jbklbdhc��
�
� �$ I ��:QO�nbevljZ�fZkdb��

Ijhimklb\�WDK� k� Z^^blb\ghc� ihf_ohc� q_j_a� dZkdZ^�

nbevljh\��jbk������ihemqbf�\u^_e_gguc�ki_dlj�ihf_ob��

gh�k�f_gvrbf�\j_f_g_f�h[jZ[hldb�\�hlebqb_�hl�bkihev�

ah\Zgby�deZkkbq_kdh]h�h^ghihehkgh]h�nbevljZ�

�

Jbk������Ihkljh_gb_�pbnjh\h]h�madhihehkgh]h��

^\modZkdZ^gh]h�nbevljZ��

KhdjZs_gb_�\j_f_gb�h[jZ[hldb�k\yaZgh�k�mf_gvr_�

gb_f�dhebq_kl\Z�\uqbkebl_evguo�hi_jZpbc�aZ�kq_l�ijh�

j_`b\Zgby� bfimevkghc� oZjZdl_jbklbdb� ]j_[_gqZlh]h�

nbevljZ��
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NJ ��\_kh\u_�dhwnnbpb_glu�bfimevkghc�oZjZdl_jb�

klbdb� [Zah\h]h� gbadhqZklhlgh]h� nbevljZ� >��@�� hij_^_�

eyxsb_�ihke_^h\Zl_evghklv�hlebqguo�hl�gmey�\_kh\uo�

dhwnnbpb_glh\�]j_[_gqZlh]h�nbevljZ��

Ih^oh^�d�h[jZ[hld_�WDK��hkgh\Zgguc�gZ�^_pbfZpbb�

bfimevkghc� oZjZdl_jbklbdb�� fh`gh� bkihevah\Zlv� ^ey�

h^gh\j_f_ggh]h� mkljZg_gby� � ^j_cnZ� bahebgbb� WDK� b�

gZ\h^db�hl�k_lb�ijhfure_gghc�qZklhlu����=p��Beexkl�

jZpby�lZdh]h�ih^oh^Z�ij_^klZ\e_gZ�gZ�jbk�����
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Jbk�����NbevljZpby�Z^^blb\guo�ihf_o�WDK�NGQ��

k�^_pbfbjh\Zgghc�bfimevkghc�oZjZdl_jbklbdhc�

A^_kv�� � �1$ I ��bkoh^guc�ki_dlj�Z^^blb\ghc�ihf_ob��

Ihke_� ijhoh`^_gby� bkoh^gh]h� WDK� k� Z^^blb\ghc�

ihf_ohc� q_j_a� madhihehkguc� ^\modZkdZ^guc� nbevlj��

�jbk�����\u^_ey_lky�Z^^blb\gZy�gbadhqZklhlgZy�ihf_oZ��

dhlhjZy�aZl_f�\uqblZ_lky�ba�bkoh^gh]h�WDK��\�j_amev�

lZl_� q_]h� �nhjfbjm_lky� WDK� [_a� Z^^blb\ghc� ihf_ob��

Ijb� wlhf� h[_ki_qb\Z_lky� f_gvrbc� h[t_f� \uqbkeb�

l_evguo�hi_jZpbc�gZ�mkljZg_gb_�Z^^blb\ghc�ihf_ob�ih�

kjZ\g_gbx� k� deZkkbq_kdbfb� ih^oh^Zfb� aZ� kq_l� ijhj_�

`b\Zgby� bfimevkghc� oZjZdl_jbklbdb� lZdbf� h[jZahf��

qlh[u� ]j_[gb� Zfieblm^gh�qZklhlghc� oZjZdl_jbklbdb�

ijboh^beb�gZ�qZklhlu�mkljZgy_fhc�ihf_ob��

GZ� jbk�� �� ij_^klZ\e_g� ijbf_j� h[jZ[hldb�WDK� ]j_�

[_gqZluf�nbevljhf�

�

Jbk�����MkljZg_gb_�Z^^blb\guo�ihf_o��^j_cn�bahebgbb�

b�gZ\h^db�ijhfure_gghc�k_lb��

GZ�hkgh\_�jZkkfhlj_ggh]h�ih^oh^Z�k�bkihevah\Zgb�

_f� fgh]hkdhjhklghc� h[jZ[hldb� we_dljhdZj^bhkb]gZeZ�

fh`gh� jZajZ[hlZlv� wnn_dlb\guc�Ze]hjblf� \u^_e_gby�

lbih\uo�Z^^blb\guo�ihf_o�ba�WDK��k�p_evx�bo�ihke_�

^ms_c� dhfi_gkZpbb�� ijb� kms_kl\_gghf� mf_gvr_gbb�

\uqbkebl_evguo�aZljZl��

AZdexq_gb_�

Bkihevah\Zgb_� fgh]hkdhjhklghc� h[jZ[hldb� \� aZ^Z�

qZo�nbevljZpbb� we_dljhdZj^bhkb]gZeZ� iha\hey_l� kbg�

l_abjh\Zlv� ijhklu_�fgh]hdZkdZ^gu_� kljmdlmju�nbevl�

jh\��h[_ki_qb\Zxsbo�\u^_e_gb_�^_ckl\mxsbo�gZ�WDK�

Z^^blb\guo� ihf_o� k� f_gvrbf� h[t_fhf� \uqbkebl_ev�

guo�hi_jZpbc��

Ebl_jZlmjZ�

���JZg]Zcyg�J�F��:gZeba�[bhf_^bpbgkdbo�kb]gZeh\��

IjZdlbq_kdbc� ih^oh^�� mq_[�� ihkh[b_� ^ey� \mah\�� i_j�� k�

Zg]e����J�F��JZg]Zcyg��ih^�j_^��:�I��G_fbjdh����F���Nba�

fZlebl��F_^��Dgb]Z��������������k��

��� IZl_gl� JN� �� JN� ��������� FDB�� :��� <� ������

<������� Kihkh[� mkljZg_gby� ^j_cnZ� bahwe_d�ljbq_kdhc�

ebgbb� we_dljhdZj^bhkb]gZeZ� b� mkljhckl\h�^ey� _]h� hkm�

s_kl\e_gby��H�<��F_evgbd��:�:��Fbo__\��G�K��Rljmgh\Z���

Bah[j_l_gby�� Ihe_agu_� fh^_eb�� ������ ����� Him[e��

������������

��� IZl_gl� JN� ��������� FDB�� :��� <� ������ <�������

Kihkh[� ih^Z\e_gby� \ebygby� Z^^blb\ghc� ihf_ob� gZ�

we_dljhdZj^bhkb]gZe�b�mkljhckl\h�^ey�_]h�hkms_kl\e_�

gby��H�<��F_evgbd�� :�:��Fbo__\�� G�K��Rljmgh\Z��� Bah�

[j_l_gby�� Ihe_agu_� fh^_eb�� ������ ����� Him[e��

������������

���<blya_\�<�<��Pbnjh\Zy�qZklhlgZy�k_e_dpby�kb]gZ�

eh\����F���JZ^bh�b�k\yav��������������k��

���;ebgh\�I�:��F_lh^�\u^_e_gby�Z^^blb\ghc�ihf_ob�

gZ� hkgh\_� ^_pbfZpbb� qZklhlu� ^bkdj_lbaZpbb� ��� FZl_�

jbZeu� ,9�F_`^mgZjh^ghc� gZmqghc� dhgn_j_gpbb� fheh�

^uo�mq_guo�f_^bdh\��������n_\jZey������ ]h^Z��Lhf� ,�� ��

Ih^�j_^��<�:��EZaZj_gdh���Dmjkd��=HM�<IH�D=FM�Jhka^�

jZ\Z����������K����������

���;ebgh\�I�:��Fgh]hkdhjhklgZy� h[jZ[hldZ� we_dljh�

dZj^bhkb]gZeZ� k�p_evx� \u^_e_gby�^j_cnZ� bahebgbb� ���

;bhl_ogbq_kdb_��f_^bpbgkdb_�b�wdheh]bq_kdb_�kbkl_fu�

b� dhfie_dku� ������ L_a�� ^hde�� gZmq��l_og�� dhgn�� >L_dkl@��

k[hjgbd�fZl_jbZeh\�f_`^mgZj��gZmq��l_og�� dhgn�� ��Jya��

]hk��jZ^bhl_o��mg�l����JyaZgv����������K����������

��� Hii_g]_cf� :���RZnn_j� J�� Pbnjh\Zy� h[jZ[hldZ�

kb]gZeh\��Ba^Zgb_���_��bkijZ\e_ggh_��I_j��k�Zg]e�� ��F���

©L_oghkn_jZª��������������k��

��� &URFKLHUH� 5�(��� 5DELQHU� /�5�� 0XOWLUDWH� GLJLWDO� VLJQDO�

SURFHVVLQJ�� 3UHQWLFH� +DOO�� (QJOHZRRG� &OLIIV�� 1-�� ����� ���
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���<blya_\�<�<���<blya_\�K�<���AZcp_\�:�:��Fgh]hkdh�

jhklgZy�h[jZ[hldZ�kb]gZeh\��j_ljhki_dlb\Z�b�kh\j_f_g�

gh_�khklhygb_��qZklv�������Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\��

�����������K���������

���� <blya_\� <�<��� <blya_\� K�<��� AZcp_\� :�:��Fgh]h�

kdhjhklgZy�h[jZ[hldZ�kb]gZeh\��j_ljhki_dlb\Z�b�kh\j_�

f_ggh_�khklhygb_� �qZklv� ��� ���Pbnjh\Zy�h[jZ[hldZ�kb]�

gZeh\�������������K���������

���� ;ebgh\� I�:�� Wnn_dlb\guc� ^\modZkdZ^guc�

nbevlj�^ey�\u^_e_gby�^j_cnZ�we_dljhdZj�^bhkb]gZeZ����

Ijbhjbl_lgu_� gZijZ\e_gby� jZa\blby� gZmdb� b� l_ogheh�

]bc�� fZl_jbZeu� 9,,� <k_jhkkbckdhc� gZmqgh�l_ogbq_kdhc�

dhgn_j_gpbb�� LHHHOH� bf�� >�B�� F_g^_e__\Z�� �� LmeZ��

��������K����������
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2QH�RI�WKH�PRVW�HIIHFWLYH�PHWKRGV�IRU�HOLPLQDWLRQ�RI�DG�
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Ijb\_^_gu� ki_dljZevgu_� oZjZdl_jbklbdb� kb]gZeh\� &436.��

hibkZgu� kihkh[u� bo� nhjfbjh\Zgby� b� ^_fh^meypbb�� Ij_^eh`_g�

\ZjbZgl� pbnjh\hc� j_ZebaZpby� g_dh]_j_glgh]h� ^_fh^meylhjZ�

kb]gZeh\�&436.��bkihevamxs_]h�qZklhlguc�^_l_dlhj��F_lh^hf�

dhfivxl_jgh]h� fh^_ebjh\Zgby� ^ey� wlh]h� ^_fh^meylhjZ� hij_^_�

e_gu� aZ\bkbfhklb� \_jhylghklb� hrb[db� hl� hlghr_gby� kb]�

gZe�rmf��

M>D�����������

IJB?F�KB=G:EH<�&436.�G:�Q:KLHLGUC�>?L?DLHJ�

IZjZfhgh\�:�F���d�l�g���H�PDLO��SDUGLPDOH[#PDLO�UX�

�

<\_^_gb_�� <� gZklhys__� \j_fy� \� kbkl_fZo�
pbnjh\hc� jZ^bhk\yab� ^hklZlhqgh� qZklh�

bkihevamxlky� kb]gZeu� &436.� �FRQVWDQW�

HQYHORSH� TXDGUDWXUH� SKDVH� VKLIW� NH\LQJ��� >jm]h_�

gZa\Zgb_� wlbo� kb]gZeh\� �� kb]gZeu� 7)0� �WDPHG�

IUHTXHQF\�PRGXODWLRQ���Bgl_j_k� d�wlbf�kb]gZeZf�

h[mkeh\e_g� bo� ^hklZlhqgh� \ukhdhc� ki_dljZev�

ghc� wnn_dlb\ghklvx� ijb� ihklhygghc� h]b[Zx�

s_c�� IhklhyggZy� h]b[ZxsZy� wlbo� kb]gZeh\� iha\hey_l�

bkihevah\Zlv� \� i_j_^ZlqbdZo� g_ebg_cgu_� mkbebl_eb�

fhsghklb�� jZ[hlZxsb_� \� j_`bf_� gZkus_gby�� qlh� ih�

\urZ_l�wnn_dlb\ghklv�b�wdhghfbqghklv�kbkl_fu�pbn�

jh\hc�jZ^bhk\yab��

F_lh^u�ijb_fZ�kb]gZeh\�&436.�hljZ`_gu�\�l_ogb�

q_kdhc�ebl_jZlmj_�kebrdhf�ih\_joghklgh��>ZggZy�klZ�

lvy�qZklbqgh�mkljZgy_l�mdZaZgguc�ijh[_e��<�klZlv_�hib�

ku\Zxlky��

��fh^_ev�kb]gZeh\�&436.���

��ki_dljZevgu_�oZjZdl_jbklbdb�kb]gZeh\�&436.��

��kihkh[u�nhjfbjh\Zgby�kb]gZeh\�&436.��

��ijb_f�kb]gZeh\�&436.�gZ�qZklhlguc�^_l_dlhj����

�� hp_gdZ� ihf_ohmklhcqb\hklb� ijb_fZ� kb]gZeh\�

&436.� gZ� qZklhlguc� ^_l_dlhj�� ihemq_ggZy� f_lh^hf�

dhfivxl_jgh]h�fh^_ebjh\Zgby��

Fh^_ev��ki_dljZevgu_�oZjZdl_jbklbdb��
nhjfbjh\Zl_eb�kb]gZeh\�&436.�

Kb]gZe�&436.�fh`_l�[ulv�aZibkZg�dZd�>���@��
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%b^� bfimevkghc� oZjZdl_jbklbdb� nhjfbjmxs_]h�

nbevljZ�J��W��ijb\_^_g�gZ�jbk�����Z�gZ�jbk����ij_^klZ\�
e_gZ� ]eZadh\Zy� ^bZ]jZffZ� kb]gZeZ� gZ� \uoh^_�nhjfb�

jmxs_]h�nbevljZ��

:fieblm^gu_�ki_dlju�kb]gZeh\�&436.��Z�lZd`_�^ey�

kjZ\g_gby� Zfieblm^gu_� ki_dlju� kb]gZeh\� 436.��

k� dhwnnbpb_glhf� kdjm]e_gby� ki_dljZ�D�  � ���� b� *06.��
k�hlghkbl_evghc�rbjbghc�ihehku�%�7� ������ijb\_^_gu�
gZ�jbk����Ki_dljZevgZy�wnn_dlb\ghklv�kb]gZeh\�&436.�

jZ\gZ� ����� b� khhl\_lkl\m_l� ki_dljZevghc� wnn_d�

lb\ghklb� kb]gZeh\� 436.� k� dhwnnbpb_glhf� kdjm]e_gby��
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Jbk�����BfimevkgZy�oZjZdl_jbklbdZ��

nhjfbjmxs_]h�nbevljZ

�

Jbk�����=eZadh\Zy�^bZ]jZffZ�kb]gZeZ�gZ�\uoh^_�nhjfbjmxs_�

]h�nbevljZ
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Jbk�����Ki_dlju�kb]gZeh\�436.��*06.�b�&436.�

Fh`gh� ihdZaZlv�� qlh� jZaghklv�nZa� kb]gZeZ� &436.��
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b�ijbgbfZ_l�\�aZ\bkbfhklb�hl�agZq_gbc�bgnhjfZpbhg�

guo� kbf\heh\� gZ� lj_o� khk_^gbo� lZdlh\uo� bgl_j\ZeZo�

h^gh� ba� iylb� agZq_gbc�� ��� r�S��� b� r�S��� �kf�� lZ[e�� �����

<�lZ[ebp_�FQ��� �EQ�������EQ���EQ����
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Nhjfbjh\Zgb_� kb]gZeh\� &436.� fh`_l� hkms_kl\�

eylvky�k�ihfhsvx� ]_g_jZlhjZ��mijZ\ey_fh]h�gZijy`_�

gb_f� �jbk�� ���� A^_kv� >D� ±� ^bnn_j_gpbZevguc� dh^_j��

bkihevam_fuc�^ey�[hjv[u�k�jZafgh`_gb_f�hrb[hd�ijb�

ijb_f_��DQH�±�dh^_j�qZklbqgh]h�hldebdZ��NN���nhjfb�

jmxsbc� nbevlj� k� bfimevkghc� oZjZdl_jbklbdhc� J��W���

=MG���]_g_jZlhj��mijZ\ey_fuc�gZijy`_gb_f�

�

Jbk�����Fh^meylhj�kb]gZeh\�&436.�

Bkihevamxl� ^\Z� \ZjbZglZ� ^bnn_j_gpbZevgh]h� dh�

^bjh\Zgby�>�@��

�Q Q QE D E � u �beb� �Q Q QE D E � u � ����

A^_kv�bgnhjfZpbhggu_�ihke_^h\Zl_evghklb�gZ�\oh�

^_�b�\uoh^_�^bnn_j_gpbZevgh]h�dh^_jZ�DQ�b�EQ�ijbgb�
fZxl�agZq_gby���beb������

KljmdlmjgZy�ko_fZ�DQH�ijb\_^_gZ�gZ�jbk����

�

Jbk�����Dh^_j�QH

�

Jbk�����D\Z^jZlmjguc�fh^meylhj�kb]gZeh\�&436.�

Nhjfbjh\Zgb_� kb]gZeh\� &436.� fh`_l� hkms_kl\�

eylvky� lZd`_� k� ihfhsvx� d\Z^jZlmjgh]h� fh^meylhjZ�

�jbk������A^_kv�Bgl�±�bgl_]jZlhj��FRV�b�VLQ���g_ebg_cgu_�

ij_h[jZah\Zl_eb��=�±�]_g_jZlhj�kb]gZeh\�g_kms_c�qZk�

lhlu� Z��� N<� ±� nZah\jZsZl_ev� gZ� ��q�� Hlf_lbf�� qlh�
\oh^gZy�qZklv�fh^meylhjZ� �hl�>D�^h�i_j_fgh`bl_e_c��

fh`_l� [ulv� j_Zebah\ZgZ� \�pbnjh\hf� \b^_��<� qZklgh�

klb��NN�fh`_l�[ulv� j_Zebah\Zg� gZ� hkgh\_�pbnjh\h]h�

nbevljZ�k�dhg_qghc�bfimevkghc�oZjZdl_jbklbdhc� �DBO�

nbevljZ���Z�g_ebg_cgu_�ij_h[jZah\Zl_eb� FRV�b� VLQ�gZ�

hkgh\_�IAM��\�dhlhjhf�aZibkZgu�hlkq_lu�kbgmkZ�b�dhkb�

gmkZ��

Ijb_f�kb]gZeh\�&436.�

<� ijbgpbi_� kb]gZeu� &436.�fh`gh� ijbgbfZlv� dh]_�

j_glgh��KljmdlmjgZy�ko_fZ� dh]_j_glgh]h�^_fh^meylhjZ��

ijb\_^_ggZy� gZ� jbk�� �� >�@�� ZgZeh]bqgZ� lhc�� dhhjZy� bk�

ihevam_lky� ^ey� dh]_j_glgh]h� ijb_fZ� kb]gZeh\� 06.� b�

*06.�� A^_kv� M<G� ±� mkljhckl\h� \hkklZgh\e_gby� g_km�

s_c��NGQ� ±�nbevlj� gb`gbo� qZklhl�� MLK� ±� mkljhckl\h�

lZdlh\hc� kbgojhgbaZpbb��JM� ±� j_rZxs__� mkljhckl\h� h�

agZd_�kb]gZeZ� �gZ�\uoh^_�nhjfbjm_lky�ihke_^h\Zl_ev�

ghkl_c���b� ����� ÖQD � ��hp_gdZ�bgnhjfZpbhggh]h�kbf\heZ��

>\_�ebgbb�aZ^_j`db�gZ�\j_fy��7�b�^\Z�i_j_fgh`bl_ey�

bkihevamxlky� ^ey� ^bnn_j_gpbZevgh]h� ^_dh^bjh\Zgby�

ijb�^bnn_j_gpbZevghf� dh^bjh\Zgbb� ih� i_j\hfm� Ze]h�

jblfm��kf��nhjfmem�������

Dh]_j_glguc� ijb_f� kb]gZeh\� &436.� ij_^iheZ]Z_l�

bkihevah\Zgb_�M<G�� dhlhjh_� jZ[hlZ_l� ih�Z^Zilbjh\Zg�

ghfm�Ze]hjblfm�DhklZkZ�>�@��DZd�ihdZau\Zxl�bkke_^h\Z�

gby�� oZjZdl_jbklbdb� ihf_ohmklhcqb\hklb� dh]_j_glgh]h�

^_fh^meylhjZ� j_adh� mom^rZxlky� ijb�gZebqbb� \� jZ^bh�

dZgZe_�aZfbjZgbc��\�qZklghklb��ba�aZ�kju\h\�ke_`_gby�\�

M<G�� Ihwlhfm� gZ� ijZdlbd_� ijbf_gyxl� g_dh]_j_glguc�

^_fh^meylhj� kb]gZeh\� &436.� gZ� hkgh\_� qZklhlgh]h�

^_l_dlhjZ�� KljmdlmjgZy� ko_fZ� g_dh]_j_glgh]h� ^_fh^m�

eylhjZ�ijb\_^_gZ�gZ�jbk�� ���A^_kv�Q>� ±�qZklhlguc�^_�

l_dlhj��<�dZq_kl\_�JM�fh`gh�bkihevah\Zlv�ih[blgh_�JM�

beb�^_dh^_j�<bl_j[b�

�
Jbk�����Dh]_j_glguc�^_fh^meylhj�kb]gZeh\�&436.

�

Jbk�����G_dh]_j_glguc�^_fh^meylhj�kb]gZeh\�&436.��

gZ�hkgh\_�qZklhlgh]h�^_l_dlhjZ�

KljmdlmjgZy� ko_fZ� ih[blgh]h� JM� ijb\_^_gZ� gZ��

jbk����>�@�

�

Jbk�����Ih[blgh_�JM�

KljmdlmjgZy� ko_fZ�pbnjh\h]h� \ZjbZglZ�g_dh]_j_gl�

gh]h�^_fh^meylhjZ�ijb\_^_gZ�gZ�jbk�� ����A^_kv�:PI� ±�

ZgZeh]h�pbnjh\hc�ij_h[jZah\Zl_ev��NHK�±�nbevlj�hk�

gh\ghc� k_e_dpbb�� >>� ±� ^bnn_j_gpbZevguc� ^_dh^_j��

QZklhlZ� ^bkdj_lbaZpbb� d\Z^jZlmjguo� kb]gZeh\� \� :PI�
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jZ\gZ� m^\h_gghc� lZdlh\hc� qZklhl_� I^� ��Il� � ��7��Hl�
kq_lu�gZ�\uoh^_�NHK�jZa^_eyxlky�gZ�q_lgu_�b�g_q_l�

gu_��Q_lgu_� hlkq_lu� ihklmiZxl� gZ� i_j\uc� qZklhlguc�

^_l_dlhj�Q>���g_q_lgu_�±�gZ�\lhjhc�qZklhlguc�^_l_dlhj�

Q>���:e]hjblf�jZ[hlu�qZklhlgh]h�^_l_dlhjZ�fh`gh� aZ�

ibkZlv�\�\b^_��
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]^_� ,�W���4�W��±�d\Z^jZlmjgu_�khklZ\eyxsb_�kb]gZeZ�gZ�
\uoh^Zo�NHK��

AZf_gyy�hi_jZpbx�^bnn_j_gpbjh\Zgby�ih�qZklhl_�

hi_jZpb_c�\uqbke_gby�dhg_qghc�jZaghklb��fh`gh�ihem�

qblv� jZaebqgu_� Ze]hjblfu� jZ[hlu�ijZdlbq_kdb� j_Zeb�

am_fuo�ko_f�qZklhlguo�^_l_dlhjh\��H^bg�ba�gbo�bf__l�

\b^��

�

�
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]^_�,Q��4Q�±�l_dmsb_�hlkq_lu�d\Z^jZlmjguo�khklZ\eyx�

sbo�kb]gZeZ�gZ�\uoh^Zo�NHK��,Q����4Q���±�ij_^u^msb_�
hlkq_lu�d\Z^jZlmjguo�khklZ\eyxsbo�kb]gZeZ���

Hp_gdZ�ihf_ohmklhcqb\hklb�

Ihf_ohmklhcqb\hklv� pbnjh\h]h� g_dh]_j_glgh]h� ^_�

fh^meylhjZ�ijb�ijb_f_�kb]gZeh\��

&436.�gZ�nhg_�[_eh]h� ]Zmkkh\kdh]h�rmfZ��hij_^_�

e_gZ� k� ihfhsvx� dhfivxl_jgh]h�fh^_ebjh\Zgby��<� dZ�

q_kl\_�NHK� bkihevah\Zg� ���lb� hl\h^guc� DBO�nbevlj�

lbiZ� ijbih^gyluc� dhkbgmk� k� hlghkbl_evghc� ihehkhc�

ijhimkdZgby� gZ�mjh\g_�fbgmk� ��^;�'INHK�7� � ����b� dh�
wnnbpb_glhf� kdjm]e_gby�D�  � �����<� MLK� bkihevah\Zg�

kbgnZagh�kj_^g_nZaguc� \j_f_gghc� ^bkdjbfbgZlhj� b�

NGQ� k� ijhihjpbhgZevghc� b� bgl_]jbjmxs_c� \_l\yfb��

jZ[hlZxsbc�\�khhl\_lkl\bb�kh�ke_^mxsbf�Ze]hjblfhf��

�

Jbk������Pbnjh\hc�g_dh]_j_glguc�^_fh^meylhj��

kb]gZeh\�&436.�gZ�hkgh\_�Q>�

� �

�
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Hlghkbl_evgZy�rmfh\Zy� ihehkZ� MLK� \u[jZgZ� jZ\�

ghc�'IMLK�7� ��������dhwnnbpb_gl�^_finbjh\Zgby�[� ����

<�dZq_kl\_�NGQ��klhys_]h�gZ�\uoh^_�Q>���bkihevah\Zg�

ebg_cguc�Z^Zilb\guc�dhjj_dlhj�gZ����lbhl\h^ghf�DBO�

nbevlj_�� jZ[hlZxsbc� ih� djbl_jbx�fbgbfmfZ� kj_^g_�

d\Z^jZlbq_kdhc� hrb[db�� dhwnnbpb_gl� Z^ZilZpbb��

E� ��������Kb]gZe�hrb[db�jZ\_g�hldehg_gbx�kb]gZeZ�gZ�

\uoh^_�Q>��hl�ghfbgZevguo�agZq_gbc����r�S���beb�r�S����
Bkke_^h\Zgu�^\Z�\ZjbZglZ�JM��ih[blgh_�b�^_dh^_j�<b�

l_j[b�k�fy]dbf�j_r_gb_f��J_amevlZlu�fh^_ebjh\Zgby�

ijb\_^_gu� gZ� jbk�� ���� A^_kv� ijb\_^_gu� aZ\bkbfhklb�

\_jhylghklb� hrb[db� \� [bl_� hl� hlghr_gby� kb]gZe�rmf�

�wg_j]by�[blZ�ki_dljZevgZy�iehlghklv�fhsghklb�rmfZ��

^ey�ke_^mxsbo�kemqZ_\��

���dh]_j_glguc�ijb_f�kb]gZeh\�436.��jZkq_l�ih�ba�

\_klghc�nhjfme_��b^_ZevgZy�kbgojhgbaZpby���

��� dh]_j_glguc� ijb_f� kb]gZeh\� &436.� �fh^_ebjh�

\Zgb_�>�@��b^_ZevgZy�kbgojhgbaZpby�ih�g_kms_c�b�lZdlh�

\hc�qZklhlZf���

��� dh]_j_glguc� ijb_f� kb]gZeh\� &436.� �fh^_ebjh�

\Zgb_�>�@��b^_ZevgZy�kbgojhgbaZpby�ih�g_kms_c�b�lZdlh�

\hc�qZklhlZf���

��� ijb_f� kb]gZeh\� &436.� gZ� qZklhlguc� ^_l_dlhj�

�fh^_ebjh\Zgb_��ih[blgh_�j_r_gb_��lZdlh\Zy�kbgojhgb�

aZpby���

��� ijb_f� kb]gZeh\� &436.� gZ� qZklhlguc� ^_l_dlhj�

�fh^_ebjh\Zgb_��^_dh^_j�<bl_j[b� k�fy]dbf� j_r_gb_f��

lZdlh\Zy�kbgojhgbaZpby��

�

Jbk������<_jhylghklv�hrb[db�\�[bl_�

Hlebqb_�djb\uo���b���^jm]�hl�^jm]Z�h[mkeh\e_gh�jZa�

gufb�nbevljZfb� gb`gbo� qZklhl� �kf�� jbk�� ����Wg_j]_lb�

q_kdbc�ijhb]jur�dh]_j_glgh]h�ijb_fZ�kb]gZeh\�&436.�

ih� kjZ\g_gbx� k� dh]_j_glguf� ijb_fhf� kb]gZeh\� 436.�

khklZ\ey_l�hl�����^h�����^;�ijb�\_jhylghklb�hrb[db���
��
��

b�_s_�[hevr_�ijb�f_gvrbo�\_jhylghklyo�hrb[db��Wg_j�

]_lbq_kdbc� ijhb]jur� ijb_fZ� kb]gZeh\� &436.� gZ� qZk�

lhlguc�^_l_dlhj�k�ih[blguf�j_r_gb_f�ih�kjZ\g_gbx�k�

dh]_j_glguf�ijb_fhf�kb]gZeh\�436.�khklZ\ey_l�����^;�

ijb� \_jhylghklb� hrb[db� ��
��
��Bkihevah\Zgb_� ^_dh^_jZ�

<bl_j[b�k�fy]dbf�j_r_gb_f�\�dZq_kl\_�j_rZxs_]h�mkl�

jhckl\Z� iha\hey_l� kgbablv� wlhl� wg_j]_lbq_kdbc� ijhb]�

jur�^h� ����^;�� l�_�� \� wlhf� kemqZ_� ihf_ohmklhcqb\hklv�

^_fh^meylhjZ� kjZ\gbfZ� �Z� ijb� [hevrbo� hlghr_gbyo�

kb]gZe�rmf� ij_\urZ_l�� k� ihf_ohmklhcqb\hklvx� dh]_�

j_glgh]h� ijb_fZ�� Bkke_^h\Zgb_� \ebygby� jZajy^ghklb�

kb]gZeZ�� ihklmiZxs_]h� gZ� \oh^� ^_dh^_jZ� <bl_j[b�� gZ�

ihf_ohmklhcqb\hklv� ^_fh^meylhjZ� ihdZaZeh�� qlh� ijb�

r_klbjZajy^ghf� \oh^ghf� kb]gZe_� h[_ki_qb\Z_lky� ih�

f_ohmklhcqb\hklv�^_fh^meylhjZ��[ebadZy�d�lhc��dhlhjZy�

hibku\Z_lky�djb\hc����

AZdexq_gb_�

Ki_dljZevgZy� wnn_dlb\ghklv� kb]gZeh\� &436.�

kjZ\gbfZ� kh� ki_dljZevghc� wnn_dlb\ghklvx� kb]gZeh\�

436.�k�dhwnnbpb_glhf�kdjm]e_gby�D� ������H^gZdh�kb]�

gZeu� &436.�g_� lj_[mxl� �ebg_cgh]h�mkbe_gby�� qlh�ih�

a\hey_l� mf_gvrblv� klhbfhklv� b� ihlj_[ey_fmx� fhs�

ghklv�i_j_^Zxs_]h�mkljhckl\Z��

Ijb\_^_gu�kljmdlmjgu_�ko_fu�fh^meylhjh\�b�^_fh�

^meylhjh\�kb]gZeh\�&436.��

Dhfivxl_jgh_� fh^_ebjh\Zgb_� pbnjh\h]h� g_dh]_�

j_glgh]h�^_fh^meylhjZ�ijb�ijb_f_�kb]gZeh\�&436.�gZ�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

nhg_�[_eh]h� ]Zmkkh\kdh]h�rmfZ��ihdZaZeh�� qlh� ijb� bk�

ihevah\Zgbb�^_dh^_jZ�<bl_j[b�_]h�ihf_ohmklhcqb\hklv�

g_� mklmiZ_l� ihf_ohmklhcqb\hklb� dh]_j_glgh]h� ^_fh^m�

eylhjZ��

Ebl_jZlmjZ�

��� /LQGK� /�� &436.� SUHVHQWDWLRQ� IRU� ��������� 3+<�� ±�

'RFXPHQW� ���������SS������D�� SUHVHQWHG� DW� �������

VHVVLRQ�����5LFKDUGVRQ��7;��-DQ�����������

���-DFREVHQ�(��$�EULHI�([DPLQDWLRQ�RI�&436.�IRU�&3(�

3+<� PRGXODWLRQ�� ±� 'RFXPHQW� ���������SF�������� SUH�

VHQWHG�DW��������VHVVLRQ�����)HE�����������

��� :g^j__\� :�F��� ;Zmr_\� K�<��� AZcp_\� B�?��� Ydh\��

e_\� :�:�� Khklhygb_� l_hjbb� b� ijZdlbdb� bkihevah\Zgby�

kb]gZeh\� k� qZklbqguf� hldebdhf�� ±� AZjm[_`gZy� jZ^bh�

we_dljhgbdZ�������������k�����±�����

���&KXQJ�.��6���*HQHUDOL]HG��WDPHG��IUHTXHQF\��PRGXOD��

WLRQ� DQG� LWV� DSSOLFDWLRQ� IRU� PRELOH� UDGLR� FRPPXQLFDWLRQV��

,(((�7UDQVDFWLRQV�RQ�9HKLFXODU�WHFKQRORJ\��YRO��97�����QR��

���DXJXVW�������S����������

&436.�5(&(37,21�(03/2<,1*�

)5(48(1&<�',6&5,0,1$725�

3DUDPRQRY�$�0��

&436.� PRGXODWLRQ� LV� XVHIXO� LQ� YDULRXV� DSSOLFDWLRQV�

ZKHUH�D�KLJK�VSHFWUXP�XWLOL]DWLRQ�DV�ZHOO�DV�HFRQRPLFDO�UH�

DOL]DWLRQ� RI� WUDQVPLWWHU� �SRZHU� DPSOLILHU� ZRUNLQJ� LQ� VDWXUD�

WLRQ��LV�UHTXLUHG��,Q�WKLV�SDSHU�VSHFWUDO�SURSHUW\��VFKHPHV�IRU�

JHQHUDWLRQ� DQG� IRU� GHPRGXODWLRQ� &436.� VLJQDO� DUH� SUH�

VHQWHG��'LJLWDO� UHDOL]DWLRQ� RI� QRQFRKHUHQW� GHPRGXODWRU� HP�

SOR\LQJ� IUHTXHQF\� GLVFULPLQDWRU� DUH� SURSRVHG�� &RPSXWHU�

VLPXODWHG� UHVXOWV� RI� %(5� SHUIRUPDQFH� RI� WKLV� VFKHPH� DUH�

JLYHQ���

���y�F_`^mgZjh^gZy�gZmqgh�l_ogbq_kdZy�dhgn_j_gpby�b�\uklZ\dZ�

©Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\�b�_z�ijbf_g_gb_���'63$
����ª�

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\��

�Jmdh\h^bl_eb�±�^�l�g���ijhn_kkhj�X�:��;jxoZgh\��^�l�g���<�B��>`b]Zg��

<� jZ[hlZo�� ijh\h^bfuo� ih� ^Zgghfm� [Zah\hfm� gZ�

ijZ\e_gbx�l_hj_lbq_kdbo�bkke_^h\Zgbc��aZdeZ^u\Zxl�

ky�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� mqZklgbdh\� 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_o�

gheh]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_gghc� 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�

�

Ih�blh]Zf�ijhr_^r_c�dhgn_j_gpbb�[ueb�ij_^klZ\�
e_gu� d� gZ]jZ`^_gbx� >biehfZfb� eZmj_Zlh\� dhgdmjkZ�

fheh^uo�mq_guo�ke_^mxsb_�jZ[hlu��

���Dhfij_kkhj�j_q_\uo�kb]gZeh\�^ey�kemoh\uo�ZiiZ�

jZlh\� gZ� hkgh\_� [ZgdZ� dhoe_Zjguo�nbevljh\��:\lhj� ±�

<Zrd_\bq�F�B��� ZkibjZgl� ;_ehjmkkdh]h� ]hkm^Zjkl\_g�

gh]h�mgb\_jkbl_lZ�bgnhjfZlbdb�b�jZ^bhwe_dljhgbdb��

��� :e]hjblfu� Z\lhnhdmkbjh\db� jZ^bhbah[jZ`_gbc��

\� mkeh\byo�^bgZfbqguo�ljZ_dlhjguo�g_klZ[bevghkl_c��

:\lhj� ±� <blya_\� K�<��� gZmqguc� khljm^gbd� JyaZgkdh]h�

]hkm^Zjkl\_ggh]h�jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ��

��� H[jZ[hldZ� g_hjlh]hgZevguo� kb]gZeh\�� :\lhj� ±��

<eZkh\Z� D�<��� ^hp_gl� ;Zelbckdh]h� n_^_jZevgh]h� mgb�
\_jkbl_lZ�bf��B��DZglZ�

�

�
�
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Ijb\_^_gZ� h^gZ� ba� \hafh`guo� kljmdlmjguo� ko_f� ^\modZgZev�

gh]h�pbnjh\h]h� ih^Z\bl_ey� djhkkiheyjbaZpbhghc� ihf_ob� �IDII���

HibkZgZ�fZl_fZlbq_kdZy�fh^_ev�jZ^bhkbkl_fu�k�jZag_k_gb_f�ih�

iheyjbaZpbb�b�k�^\modZgZevguf�ijb_fhf��K�ihfhsvx�dhfivxl_j�

gh]h� fh^_ebjh\Zgby� hij_^_e_gZ� wnn_dlb\ghklv� ih^Z\e_gby�

djhkkiheyjbaZpbhgghc�ihf_ob�ijb�ijb_f_�kb]gZeh\�k�D:F��

M>D�������������

><MOD:G:EVGUC�IH>:<BL?EV�DJHKKIHEYJBA:PBHGGHC�IHF?OB�

IZjZfhgh\�:�F���d�l�g���H�PDLO��SDUGLPDOH[#PDLO�UX�

�

Dexq_\u_� keh\Z�� djhkkiheyjbaZpbhggZy�

ihf_oZ�� jZ^bhj_e_cgZy� k\yav�� jZag_k_gb_� ih�

iheyjbaZpbb��^_fh^meylhj���

<\_^_gb_�

<h�fgh]bo�pbnjh\uo�jZ^bhj_e_cguo�ebgbyo�

k\yab� bkihevam_lky� i_j_^ZqZ� kb]gZeh\� ^\mo�

dZgZeh\� gZ� h^ghc� b� lh� `_� g_kms_c� qZklhl_� k�

jZag_k_gb_f�ih�iheyjbaZpbb��qlh�iha\hey_l�m\_ebqblv�

ijhimkdgmx� kihkh[ghklv� ebgbb� k\yab�� LZdh_� bkihevah�

\Zgb_�qZklhl�\hafh`gh�lhevdh�ijb�mkeh\bb�^hklZlhqghc�

jZa\yadb�f_`^m�kb]gZeZfb�k�hjlh]hgZevgufb�iheyjbaZ�

pbyfb��H^gZdh� gZ� ljZkk_� jZkijhkljZg_gby�fh`_l� \ha�

gbdgmlv�^_iheyjbaZpby� kb]gZeh\�� \ua\ZggZy�^h`^_f� b�

^jm]bfb� ]b^jhf_l_hjZfb� beb� fgh]hemq_\uf� jZkijh�

kljZg_gb_f� kb]gZeZ�� <� j_amevlZl_� mf_gvrZ_lky� hlgh�

r_gb_� kb]gZe�ihf_oZ� gZ� \oh^_� j_rZxs_]h� mkljhckl\Z�

^_fh^meylhjZ��b��ke_^h\Zl_evgh��mf_gvrZ_lky�ihf_oh�

mklhcqb\hklv�^_fh^meylhjZ��

H^gbf�ba�\hafh`guo�j_r_gbc�^Zgghc�ijh[e_fu�y\�

ey_lky� bkihevah\Zgb_� ^\modZgZevgh]h� ijb_fgh]h� mkl�

jhckl\Z�k�Z\lhfZlbq_kdbf�ih^Z\bl_e_f�djhkkiheyjbaZ�

pbhghc�ihf_ob� �IDII���Ijbgpbi�jZ[hlu�^\modZgZevgh�

]h�ih^Z\bl_ey�ihf_ob� aZdexqZ_lky�\�\u^_e_gbb�ihf_�

ob��ihklmiZxs_c�ih�\lhjhfm�dZgZem�ijb_fZ��b��\�Z^Zi�

lb\ghf� mijZ\e_gbb� nZahc� b� Zfieblm^hc� \u^_e_gghc�

ihf_ob� ^ey� ih^Z\e_gby� ihf_ob�� kdjulhc� \� ihe_aghf�

kb]gZe_�i_j\h]h�dZgZeZ�ijb_fZ��

DZd�ijZ\beh��kb]gZeu�lZdlh\hc�kbgojhgbaZpbb�\�dZ�

gZeZo�� jZag_k_gguo� ih� iheyjbaZpbb�� g_aZ\bkbfu� b� g_�

kbgojhgbabjh\Zgu��<�k\yab�k�wlbf��\hafh`gu�^\_� dhg�

nb]mjZpbb�IDII��<�i_j\hf�kemqZ_�kb]gZeu�hkgh\ghc�b�

hjlh]hgZevghc� iheyjbaZpbb� k� \uoh^h\� :PI� kgZqZeZ�

aZibku\Zxlky�\�iZfylv��dZ`^uc�k\hbf�kb]gZehf�lZdlh�

\hc�qZklhlu��Z�aZl_f�kqblu\Zxlky�ba�g__�h[sbf�kb]gZ�

ehf� lZdlh\hc� qZklhlu�� dhlhjuc� nhjfbjm_lky� ba� ^\mo�

qZklguo� kb]gZeh\� lZdlh\hc�qZklhlu��<h� \lhjhf�kemqZ_�

kb]gZe� hjlh]hgZevghc� iheyjbaZpbb�� ih^Z\Z_fuc� gZ�

\oh^�IDII��ih^\_j]Z_lky�ZgZeh]h�pbnjh\hfm�ij_h[jZ�

ah\Zgbx� k� ihfhsvx� lZdlh\h]h� kb]gZeZ� ^ey� kb]gZeZ� k�

hkgh\ghc� iheyjbaZpb_c�� >hklhbgkl\h� \lhjhc� dhgnb]m�

jZpbb�aZdexqZ_lky�\�lhf��qlh�hgZ�iha\hey_l�ih^Z\eylv�

ihf_ob��hlebqgu_�hl�ihe_agh]h�kb]gZeZ��gZijbf_j��ma�

dhihehkgu_�� <� ^Zgghc� klZlv_� ijb\h^ylky� j_amevlZlu�

dhfivxl_jgh]h�fh^_ebjh\Zgby�jZ^bhkbkl_fu�k�^\modZ�

gZevguf�IDII�\lhjhc�dhgnb]mjZpbb��

KljmdlmjgZy�ko_fZ�^\modZgZevgh]h��
ijb_fgh]h�mkljhckl\Z�

KljmdlmjgZy� ko_fZ� ^\modZgZevgh]h� ijb_fgh]h� mkl�

jhckl\Z�ijb\_^_gZ�gZ�jbk�����A^_kv�bkihevamxlky�ke_�

^mxsb_�h[hagZq_gby��JIM���jZ^bhijb_fgh_�mkljhckl\h��

gZ�\uoh^_�dhlhjh]h�nhjfbjm_lky�kb]gZe�ijhf_`mlhqghc�

qZklhlu�lj_[m_fh]h�mjh\gy��:Q>���ZgZeh]h\Zy�qZklv�^_�

fh^meylhjZ��PQ>�±�pbnjh\Zy��qZklv�^_fh^meylhjZ��NDK�

��nhjfbjh\Zl_ev� d\Z^jZlmjguo� kb]gZeh\��KIQ� �� kbgl_�

aZlhj�ijhf_`mlhqghc�qZklhlu��:PI���ZgZeh]h�pbnjh\hc�

ij_h[jZah\Zl_ev�� DI� �� dhfie_dkguc� i_j_fgh`bl_ev��

NHK���nbevlj�hkgh\ghc�k_e_dpbb��>����^_pbfZlhj�gZ����

:D� �� Z^Zilb\guc� dhjj_dlhj�f_`kbf\hevguo� bkdZ`_gbc��

:N� �� Z^Zilb\guc�nbevlj�� :>� �� Zfieblm^guc� ^_l_dlhj�

mkljhckl\Z� Z\lhfZlbq_kdhc� j_]mebjh\db� mkbe_gby���

D� ��dhfiZjZlhj��NGQ���nbevlj�gb`gbo�qZklhl��<>� ��\j_�

f_gghc�^bkdjbfbgZlhj�mkljhckl\Z�lZdlh\hc�kbgojhgbaZ�

pbb��KQ>� ��kbgl_aZlhj�qZklhlu�^bkdj_lbaZpbb��>Q� ��^_�

ebl_ev�qZklhlu��JM���j_rZxs__�mkljhckl\h��N>���nZah�

\uc�^_l_dlhj� mkljhckl\Z� \hkklZgh\e_gby�g_kms_c� qZk�

lhlu��=KD���]_g_jZlhj�kbgmkZ�b�dhkbgmkZ��BK���bg^bdZlhj�

kbgojhgbafZ��MM���mkljhckl\h�mijZ\e_gby�

�
Jbk�����KljmdlmjgZy�ko_fZ�^\modZgZevgh]h��

ijb_fgh]h�mkljhckl\Z�

Kihkh[u�nhjfbjh\Zgby�d\Z^jZlmjguo�kb]gZeh\�jZk�

kfhlj_gu�� gZijbf_j�� \� >�@��:e]hjblfu� jZ[hlu� b� \u[hj�

iZjZf_ljh\�mkljhckl\�Z\lhfZlbq_kdhc�j_]mebjh\db�mkb�

e_gby�� lZdlh\hc� kbgojhgbaZpbb�� \hkklZgh\e_gby� g_km�

s_c�qZklhlu�hibkZgu��gZijbf_j��\�klZlv_� >�@��<�^Zgghc�

klZlv_�\�dZq_kl\_�Z^Zilb\gh]h�dhjj_dlhjZ�f_`kbf\hev�

guo� bkdZ`_gbc� jZkkfZljb\Z_lky� 7�bgl_j\Zevguc� :D��

j_Zebah\Zgguc�\�\b^_�nbevljZ�k�dhg_qghc�bfimevkghc�

oZjZdl_jbklbdhc� �DBO�nbevljZ���dhwnnbpb_glu�dhlhjh�

]h�nhjfbjmxlky� ih� Ze]hjblfm�� khhl\_lkl\mxs_fm� djb�

l_jbx� fbgbfmfZ� kj_^g_d\Z^jZlbq_kdhc� hrb[db� >�@��



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������
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���

KljmdlmjZ� b� Ze]hjblf� nhjfbjh\Zgby� dhwnnbpb_glh\�

Z^Zilb\gh]h�nbevljZ�ZgZeh]bqgu�l_f��dhlhju_�bkihev�

amxlky�\�:D��?^bgkl\_ggh_�hlebqb_�aZdexqZ_lky�\�lhf��

qlh� gZqZevgu_� agZq_gby� \k_o� dhwnnbpb_glh\� jZ\gu�

gmex��>ey�nhjfbjh\Zgby� dhwnnbpb_glh\�:D�b�:N�bk�

ihevam_lky� h^bg� b� lhl� `_� kb]gZe� hrb[db�� GZ� \uoh^_�

Z^Zilb\gh]h�nbevljZ� ba� ihf_ob�� ihklmiZxs_c� ih� \lh�

jhfm� dZgZem� ijb_fZ�� nhjfbjm_lky� hp_gdZ� ihf_ob��

kdjulhc�\�ihe_aghf�kb]gZe_�i_j\h]h�dZgZeZ�ijb_fZ��<�

kmffZlhj_�hkms_kl\ey_lky�ih^Z\e_gb_�ihf_ob��

Fh^_ev�jZ^bhkbkl_fu�

KljmdlmjgZy� ko_fZ� fh^_eb� jZ^bhkbkl_fu� k� jZk�

kfhlj_gguf�\ur_�^\modZgZevguf�ijb_fguf�mkljhckl�

\hf�ijb�fh^_ebjh\Zgbb�f_lh^hf�h]b[Zxs_c�ijb\_^_gZ�

gZ� jbk�� ���A^_kv�=DK� ±� ]_g_jZlhj� d\Z^jZlmjguo� kb]gZ�

eh\��=KI�±�]_g_jZlhj�kbgmkhb^Zevghc�ihf_ob��D�±�dhf�

fmlZlhj��ND�±�nbevlj�dZgZeZ��=R�±�]_g_jZlhj�rmfZ��>>�

±�^\modZgZevguc�^_fh^meylhj��HHKR�±�hp_gsbd�hlgh�

r_gby�kb]gZe�rmf��INI� ±�ihkljhbl_ev�nZah\h]h�ihjl�

j_lZ��

�

Jbk�����KljmdlmjgZy�ko_fZ�fh^_eb�^\modZgZevgh]h�ijb_fZ�

=DK�nhjfbjm_l�^\_�kemqZcgu_�fgh]hmjh\g_\u_�ih�

ke_^h\Zl_evghklb� �dhebq_kl\h� mjh\g_c� hij_^_ey_lky�

\b^hf�fh^meypbb�NF���D:F����D:F����D:F����D:F����

beb� D:F����� k� ��� hlkq_lZfb� gZ� lZdl_� �^ebl_evghklb�

kbf\heZ��� dhlhju_� aZl_f� ijhimkdZxlky� q_j_a� nhjfb�

jmxsbc�nbevlj�� lbiZ�dhj_gv� d\Z^jZlguc�ba�ijbih^gy�

lh]h�dhkbgmkZ��Kj_^gyy�fhsghklv�dhfie_dkgh]h�kbf\h�

eZ� jZ\gZ� ��� =KI� nhjfbjm_l� ^\_� fgh]hmjh\g_\u_� ih�

ke_^h\Zl_evghklb�hlkq_lh\�kbgmkZ�b�dhkbgmkZ�k�aZ^Zg�

ghc�qZklhlhc�b�Zfieblm^hc�

�

Jbk�����Fh^_ev�khdZgZevghc�i_j_^Zqb�

JZ^bhdZgZe� hibku\Z_lky� q_lujvfy� i_j_^Zlhqgufb�

nmgdpbyfb�+99�I���+9+�I���++9�I���+++�I���kf��jbk������I_�

j_^Zlhqgu_�nmgdpbb�+99�I�� b�+++�I�� hlh[jZ`Zxl� imlv�

ijyfhc�i_j_^Zqb�kb]gZeh\��i_j_^Z\Z_fuo�k�\_jlbdZev�

ghc� b� ]hjbahglZevghc� iheyjbaZpbyfb� khhl\_lkl\_ggh��

i_j_^Zlhqgu_�nmgdpbb�++9�I�� b� +9+�I�� �� i_j_dj_klgmx�

k\yav�f_`^m�^\mfy�iheyjbaZpbyfb��<�ijbgpbi_�\�wlhc�

fh^_eb�jZ^bhdZgZeZ�fh`gh�bkihevah\Zlv�ex[mx�i_j_�

^Zlhqgmx�nmgdpbx��H[uqgh��ih� ijbqbg_� ijhklhlu�� bk�

ihevamxl� ^\moemq_\mx�fh^_ev�JZffe_jZ�� Djhf_� lh]h��

\h� fgh]bo� kemqZyo�� b� wlh� h[hkgh\Zgh�� ^hklZlhqgh� bk�

ihevah\Zlv�^\moemq_\mx�fh^_ev�lhevdh�^ey�i_j_^Zlhq�

guo�nmgdpbc�+99�I��b�+++�I���Z�i_j_dj_klgu_�k\yab�hlh�

[jZablv� ihke_^h\Zl_evguf� kh_^bg_gb_� Zll_gxZlhjZ� b�

ebgbb� aZ^_j`db�� l�_�� i_j_^Zlhqgu_� nmgdpbb� ++9�I�� b�

+9+�I��ij_^klZ\blv�\�\b^_��

� � H[S� � ��

� � H[S� � ��

9+ 9+ 9+

+9 +9 +9
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Ijb� wlhf� kljmdlmjgmx� ko_fm� jZ^bhdZgZeZ� fh`gh�

ij_^klZ\blv�\�\b^_��ijb\_^_gghf�gZ�jbk����Z���]^_�BQKA�

�� ^\moemq_\hc� bfblZlhj� qZklhlgh�k_e_dlb\guo� aZfbjZ�

gbc��EA� �� ebgby� aZ^_j`db��:ll� �� Zll_gxZlhj��K� mq_lhf�

lh]h��qlh�kb]gZeu�\�dZgZeZo�fh]ml�bf_lv�jZagmx�aZ^_j`�

dm�kljmdlmjgZy�ko_fZ�^hiheg_gZ�^\mfy�ebgbyfb�aZ^_j`�

db��Mijhs_gguc�\ZjbZgl�ND�ijb\_^_g�gZ�jbk�� ��[��� ]^_�

N<�±�nZah\jZsZl_ev� >�@��Hlebqb_�aZdexqZ_lky�\�hlkml�

kl\bb� BQKA�� Z� ebgbb� aZ^_j`db� \� i_j_dj_klguo� k\yayo�

aZf_g_gu�gZ�nZah\jZsZl_eb��

Ijb� fh^_ebjh\Zgbb� iZjZf_lju� qZklhlgh�k_e_dlb\�

guo� aZfbjZgbc� b� hlghr_gb_� kb]gZe�rmf� \� h[hbo� dZgZ�

eZo��^ey�ijhklhlu��mklZgZ\eb\Zebkv�h^bgZdh\ufb�

�

� D��h[sZy� [��mijhs_ggZy�

Jbk�����Kljmdlmjgu_�ko_fu��

^\modZgZevghc�fh^_eb�jZ^bhdZgZeZ�

KljmdlmjgZy� ko_fZ� fh^_eb� ^\modZgZevgh]h� ^_fh^m�

eylhjZ�ijb\_^_gZ�gZ�jbk�� ���A^_kv�NGQ�±�nbevlj�gb`�

gbo�qZklhl��N<�±�nZah\jZsZl_ev��=KD�±�]_g_jZlhj�kbgm�

kZ� b� dhkbgmkZ�� Bgl� ±� bgl_jiheylhj�� KQ>� ±� kbgl_aZlhj�

qZklhlu� ^bkdj_lbaZpbb�� :PI� ±� ZgZeh]h�pbnjh\hc� ij_�

h[jZah\Zl_ev��NHK� ±�nbevlj� hkgh\ghc� k_e_dpbb��>�� ±�

^_pbfZlhj�gZ�^\Z��:>�±�Zfieblm^guc�^_l_dlhj��D�±�dhf�

iZjZlhj��<>�±�\j_f_gghc�^bkdjbfbgZlhj��N>�±�nZah\uc�

^_l_dlhj��:D�±�Z^Zilb\guc�dhjj_dlhj��:N�±�Z^Zilb\guc�

nbevlj�� JM� ±� j_rZxs__� mkljhckl\h�� BK� ±� bg^bdZlhj�

kbgojhgbafZ�

�

Jbk�����KljmdlmjgZy�ko_fZ�fh^_eb��

^\modZgZevgh]h�^_fh^meylhjZ�

<� baf_jbl_e_� hkms_kl\ey_lky� hp_gdZ� hlghr_gbc�

kb]gZe�rmf� �HHKR�� b� ihkljh_gb_� nZah\uo� ihjlj_lh\�

�INI��kb]gZeh\�gZ�\oh^_�b�\uoh^_�kmffZlhjZ�kb]gZeh\�

^\mo�dZgZeh\��

J_amevlZlu�fh^_ebjh\Zgby�

GZ� i_j\hf� wlZi_� wdki_jbf_glZevgh]h� bkke_^h\Zgby�

[ueb� kgylu� aZ\bkbfhklb� hlghr_gby� kb]gZe�ihf_oZ� gZ�

\uoh^_�kmffZlhjZ�hl�\oh^guo�hlghr_gbc�kb]gZe�rmf�b�
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kb]gZe�ihf_oZ�ijb�hlkmlkl\bb�b�gZebqbb�IDII�^ey�jZa�

guo�\b^h\�fh^meypbb��nZaZ�kb]gZeZ�\h�\lhjhf�dZgZe_�

k^\bgmlZ� gZ� ��q�� aZ^_j`dZ� kb]gZeZ� \h� \lhjhf� dZgZe_�
hlkmlkl\m_l�� qZklhlgh�k_e_dlb\gu_� aZfbjZgby� hlkmlkl�

\mxl���GZ�hkgh\_�ihemq_gguo�aZ\bkbfhkl_c�hij_^_e_gu�

aZ\bkbfhklb� wg_j]_lbq_kdbo� ihl_jv� hl� \oh^gh]h� hlgh�

r_gby� kb]gZe�ihf_oZ� ijb� hlkmlkl\bb� b� gZebqbb�IDII�

^ey�jZaguo�\b^h\�fh^meypbb�ijb�\_jhylghklb�hrb[db�\�

[bl_���
���
�jbk������

�

Jbk�����AZ\bkbfhklv�wg_j]_lbq_kdbo�ihl_jv��

hl�hlghr_gby�kb]gZe�ihf_oZ�

Ba�jbkmgdZ�ke_^m_l��qlh�

�� ijb� hlkmlkl\bb� IDII� ihemq_ggu_� aZ\bkbfhklb�

wg_j]_lbq_kdbo�ihl_jv�ohjhrh�kh]eZkmxlky�k�j_amevlZ�

lZfb��ijb\_^_ggufb�\� >�@��<�qZklghklb��wg_j]_lbq_kdb_�

ihl_jb�\���^;�ijb�\_jhylghklb�hrb[db�\�[bl_���
��
�\ha�

gbdZxl�ijb�hlghr_gbb�kb]gZe�ihf_oZ� �����^;�^ey�kb]�

gZeh\�D:F���� �����^;� ��^ey� kb]gZeh\�D:F���� ���^;� ±�

^ey�kb]gZeh\�D:F���b������^;���^ey�kb]gZeh\�D:F������

��ijb�gZebqbb�IDII�wg_j]_lbq_kdb_�ihl_jb�ijZdlb�

q_kdb�g_�aZ\bkyl�hl�\b^Z�fh^meypbb���

�� wg_j]_lbq_kdbc� \ub]jur� \� hlghr_gbb� kb]�

gZe�ihf_oZ�ijb�wg_j]_lbq_kdbo�ihl_jyo�\���^;�ijb�\_�

jhylghklb� hrb[db� \� [bl_� ��
��
� khklZ\ey_l� ����� ^;� ^ey�

kb]gZeh\�D:F���������^;���^ey�kb]gZeh\�D:F���������^;�

±�^ey�kb]gZeh\�D:F���b������^;���^ey�kb]gZeh\�D:F�����

Wlb�j_amevlZlu�lZd`_�ohjhrh�kh]eZkmxlky�k�l_hj_lbq_�

kdbfb� b� wdki_jbf_glZevgufb�^Zggufb�� ijb\_^_ggufb�

\�ebl_jZlmj_��

GZ�\lhjhf�wlZi_�[ueh�hij_^_e_gh��qlh�dZq_kl\h�jZ�

[hlu�IDII�g_�aZ\bkbl�hl�k^\b]Z�nZau�kb]gZeZ�\h�\lh�

jhf�dZgZe_��

GZ� lj_lv_f� wlZi_� ijh\h^behkv� bkke_^h\Zgb_� aZ\b�

kbfhklb�dZq_kl\Z�jZ[hlu�IDII�hl�aZ^_j`db�kb]gZeZ�\h�

\lhjhf� dZgZe_�� Wdki_jbf_gl� ihdZaZe�� qlh� gZbemqrb_�

j_amevlZlu�ihemqZxlky�ijb�gme_\hc�aZ^_j`d_��gZbom^�

rb_�±�ijb�aZ^_j`d_��jZ\ghc�iheh\bg_�lZdlh\h]h�bgl_j�

\ZeZ�� AZ\bkbfhklb� wg_j]_lbq_kdbo� ihl_jv� hl� \oh^gh]h�

hlghr_gby� kb]gZe�ihf_oZ� ^ey� kb]gZeh\� D:F���� ijb�

\_jhylghklb� hrb[db� \�[bl_� ��
���
^ey� lj_o� agZq_gbc� aZ�

^_j`db�����ó�b�ò�lZdlZ��ijb\_^_gu�gZ�jbk������

Ba�jbkmgdZ�ke_^m_l��qlh�ijb�wg_j]_lbq_kdbo�ihl_jyo�

��^;� wg_j]_lbq_kdbc� ijhb]jur� \� hlghr_gbb� kb]�

gZe�ihf_oZ�hlghkbl_evgh�kemqZy�gme_\hc�aZ^_j`db�kh�

klZ\ey_l�����^;�ijb�aZ^_j`d_��jZ\ghc�ó�lZdlZ��b������^;�

ijb�aZ^_j`d_��jZ\ghc�ò�lZdlZ��L�_��wg_j]_lbq_kdbc�ijh�

b]jur�\�hlghr_gbb�kb]gZe�ihf_oZ�fh`_l�[ulv�g_^himk�

lbfh� [hevrbf�� Ihwlhfm� \� ^_fh^meylhj_� g_h[oh^bfh�

ij_^mkfhlj_lv�f_oZgbaf� ih^[hjZ� aZ^_j`db�kb]gZeZ� \h�

\lhjhf�dZgZe_�i_j_^�ih^Zq_c�_]h�gZ�:N��<�ijhkl_cr_f�

kemqZ_�fh`gh�dhffmlbjh\Zlv�q_lgu_�b�g_q_lgu_�hlkq_�

lu� gZ� \uoh^_�^_pbfZlhjZ� gZ�^\Z��ih� djbl_jbx�� gZijb�

f_j��fbgbfmfZ�kb]gZeZ�gZ�\uoh^_�NGQ�M:JM��beb�fb�

gbfmfZ�kj_^g_d\Z^jZlbqghc�hrb[db�gZ�\uoh^_�j_rZx�

s_]h�mkljhckl\Z�^_fh^meylhjZ�

�

Jbk�����AZ\bkbfhklv�wg_j]_lbq_kdbo�ihl_jv��

hl�hlghr_gby�kb]gZe�ihf_oZ�

GZ� q_l\_jlhf� wlZi_� ijh\h^behkv� bkke_^h\Zgb_� aZ�

\bkbfhklb� dZq_kl\Z� jZ[hlu� IDII� hl� iZjZf_ljh\� qZk�

lhlgh�k_e_dlb\guo� aZfbjZgbc�� Ijbf_ju� aZ\bkbfhkl_c�

hlghr_gby�kb]gZe�ihf_oZ�gZ�\uoh^_�IDII�hl�iZjZf_l�

jh\�QKA� ^ey� kb]gZeZ� D:F���� ijb� \oh^ghf� hlghr_gbb�

kb]gZe�rmf� ��� ^;� b� hlghr_gbb� kb]gZe�ihf_oZ� ��� ^;�

ijb\_^_gu� gZ� jbk�� �� �hlghkbl_evgZy� jZkkljhcdZ� ibdZ�

:QO�QKA�hlghkbl_evgh�g_kms_c�jZ\gZ� �����b�gZ�jbk�� ��

�]em[bgZ�ibdZ�:QO�QKA�jZ\gZ���^;��

�

Jbk�����AZ\bkbfhklv�hlghr_gby�K�I��

hl�]em[bgu�ibdZ�:QO�jZ^bhdZgZeZ

�

Jbk�����AZ\bkbfhklv�hlghr_gby�K�I��

hl�jZkkljhcdb�ibdZ�:QO�dZgZeZ�

>\modZgZevgh_�ijb_fgh_� mkljhckl\h�k�IDII��kljmd�

lmjgZy� ko_fZ� dhlhjh]h� ijb\_^_gZ� gZ� jbk�� ��� iha\hey_l�

wnn_dlb\gh� ih^Z\eylv� g_� lhevdh� djhkkiheyjbaZpbhg�

gu_��l�_��ih^h[gu_�ihe_aghfm�kb]gZem���gh�b�madhihehk�
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f_`^mgZjh^gZy�gZmqgh�l_ogbq_kdZy�dhgn_j_pby��

©KH<J?F?GGU?�L?E?<BABHGGU?�L?OGHEH=BB���

KHKLHYGB?�B�G:IJ:<E?GBY�J:A<BLBYª�

A:H� ©FGBLBª� ������ hdly[jy� ����� ]h^Z� ijh\h^bl� ��x� f_`^mgZjh^gmx� gZmqgh�l_ogbq_kdmx�

dhgn_j_gpbx�©Kh\j_f_ggu_�l_e_\babhggu_�l_ogheh]bb��Khklhygb_�b�gZijZ\e_gby�jZa\blbyª���

<� dhgn_j_gpbb� ijbfml� mqZklb_� \_^msb_� jhkkbckdb_� gZmqgu_� hj]ZgbaZpbb�� aZ\h^u±

ba]hlh\bl_eb��\_sZl_evgu_�dhfiZgbb��Z�lZd`_�hl_q_kl\_ggu_�b�aZjm[_`gu_�ba]hlh\bl_eb�dhfihg_gl�

ghc�[Zau��

Ijh]jZffZ� dhgn_j_gpbb� \dexqZ_l� \� k_[y� jZ[hlm� ie_gZjgh]h� aZk_^Zgby� b� ^\mo� k_dpbc�

©L?E?<BABHGGU?�L?OGHEH=BB�;;,�<?D:ª�b�©IJBDE:>GH?�L?E?<B>?GB?ª��

<�jZfdZo�dhgn_j_gpbb�[m^_l�hj]Zgbah\ZgZ�jZ[hlZ�djm]eh]h�klheZ�©<g_^j_gb_�pbnjh\h]h�l_e_�

\b^_gby�\�Jhkkbbª��

Hj]dhfbl_l�ijb]eZrZ_l�ijbgylv�mqZklb_�\�jZ[hl_�gZmqgh�l_ogbq_kdhc�dhgn_j_gpbb�b�\uklmiblv�
k�^hdeZ^hf�beb�khh[s_gb_f��

>hihegbl_evgZy�bgnhjfZpby�gZ�kZcl_�A:H�©FGBLBª�ZZZ�PQLWL�UX��

b�ih�l_e������������������

gu_�ihf_ob��GZ�jbk������\�dZq_kl\_�ijbf_jZ��ijb\_^_gu�

nZah\u_� ihjlj_lu� kb]gZeh\� ^h� b� ihke_� ih^Z\e_gby�

kbgmkhb^Zevghc� ihf_ob� b� qZklhlgu_� oZjZdl_jbklbdb�

Z^Zilb\gh]h� nbevljZ� ijb� ke_^mxsbo� iZjZf_ljZo� fh�

^_ebjh\Zgby���

��\b^�fh^meypbb�±�D:F����

��lZdlh\Zy�qZklhlZ�±����F=p��

��hlghr_gb_�kb]gZe�rmf�±����^;��

��ihf_oZ�±�kbgmkhb^ZevgZy��

��hlghr_gb_�kb]gZe�ihf_oZ�±����^;��

��qZklhlZ�ihf_ob�±����F=p��

Ba�jbkmgdZ�ke_^m_l��qlh�Z^Zilb\guc�nbevlj�\�^Zg�

ghf� kemqZ_� ij_^klZ\ey_l� kh[hc� ihehkh\hc� nbevlj� k�

p_gljZevghc�qZklhlhc��jZ\ghc�qZklhl_�ihf_ob�

�

Jbk������NZah\u_�ihjlj_lu��

b�qZklhlgu_�oZjZdl_jbklbdb�Z^Zilb\gh]h�nbevljZ��

ijb�ih^Z\e_gbb�kbgmkhb^Zevghc�ihf_ob�

Ebl_jZlmjZ�

���IZjZfhgh\�:���DmjhiZldbg�H��Pbnjh\Zy�h[jZ[hldZ�

ijb� dh]_j_glghc� ^_fh^meypbb� kb]gZeh\�� ±� &KLS� 1HZV� ��

Bg`_g_jgZy�fbdjhwe_dljhgbdZ�������������k������

���IZjZfhgh\�:��� DmjhiZldbg�H���Khk_gdh�B��<u[hj�

iZjZf_ljh\�nbevljh\� mkljhckl\� Z\lhfZlbq_kdh]h� j_]m�

ebjh\Zgby�^_fh^meylhjh\�NF�kb]gZeh\�ijb�bo�j_ZebaZ�

pbb�gZ�fbdjhko_fZo�nbjfu�,QWHUVLO��±�&KLS�1HZV���Bg`_�

g_jgZy�fbdjhwe_dljhgbdZ�������������k��������

��� LZjZkh\Z�<���IZjZfhgh\�:���DmjhiZldbg�H��:^Zi�

lb\gZy� dhjj_dpby� f_`kbf\hevguo� bkdZ`_gbc�� ±� &KLS�

1HZV� �� Bg`_g_jgZy� fbdjhwe_dljhgbdZ�� ������ �� ����

k�����������

��� +DQGERRN�� 'LJLWDO� UDGLR�UHOD\� V\VWHPV�� �� *HQHYD��

5DGLRFRPPXQLFDWLRQ�%XUHDX�������������S��

��� %RUJQH� 0�� &RPSDULVRQ� RI� KLJK�OHYHO� PRGXODWLRQ�

VFKHPHV� IRU� KLJK�FDSDFLW\� GLJLWDO� UDGLR� V\VWHPV�� �� ,(((�

7UDQV���������YRO�&20�����QR����S����������

7:2�&+$11(/�&5266�

32/$5,=$7,21�,17(5)(5(1&(�

&$1&(//(5��

3DUDPRQRY�$�0��

,Q�WKH�KLJK�VSHHG�GLJLWDO�UDGLR�V\VWHP�RUWKRJRQDO�SRODUL�

]DWLRQ� LQ� WKH� VDPH� URXWH� DUH� XVHG�� 5HFHLYHU� VXFK� V\VWHP�

KDV� WZR�FKDQQHO� FURVV�SRODUL]DWLRQ� LQWHUIHUHQFH� FDQFHOOHUV�

�;3,&���,Q�WKLV�SDSHU�EORFN�GLDJUDP�RI�IXOO\�GLJLWDO�;3,&�DUH�

SUHVHQWHG��7KH�PDWKHPDWLFDO�PRGHO�GLJLWDO�UDGLR�V\VWHP�ZLWK�

RUWKRJRQDO� SRODUL]DWLRQ� DQG� WZR�FKDQQHO� UHFHSWLRQ� LV� GH�

VFULEHG��&RPSXWHU�VLPXODWHG� UHVXOWV�RI�FDQFHOODWLRQ�FKDUDF�

WHULVWLFV�RI�WKLV�;3,&�IRU�4$0�VLJQDOV�DUH�JLYHQ��

�
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Ij_^eh`_g�Ze]hjblf��ij_^gZagZq_gguc�^ey�j_r_gby�aZ^Zq�h[�

gZjm`_gby�� baf_j_gby� b� deZkkbnbdZpbb� lj_g^h\� kb]gZeh\�� :e]h�

jblf� hkgh\Zg�gZ� \uqbke_gbb� hlghkbl_evgh]h� jZkklhygby�f_`^m�

\u[hjhqghc� j_ZebaZpb_c� bkke_^m_fh]h� kb]gZeZ� b� ^\mfy� wlZehg�

gufb�ihke_^h\Zl_evghklyfb��h[jZah\Zggufb�ba�bkoh^gh]h�kb]gZ�

eZ�iml_f�_]h�ijyfhc�b�h[jZlghc�khjlbjh\db��MdZaZggu_�wlZehg�

gu_�ihke_^h\Zl_evghklb�aZ^Zxl�e_\mx�b�ijZ\mx�]jZgbpu��^bZiZ�

ahgZ�baf_j_gby�lj_g^Z�bkke_^m_fh]h�kb]gZeZ��

M>D����������������������������������

:E=HJBLF�H;G:JM@?GBY��BAF?J?GBY�B�DE:KKBNBD:PBB��
LJ?G>H<�KB=G:EH<��

=hjr_gdh\�:�:���d�l�g���^hp_gl�dZn_^ju�LW:�Hfkdh]h�]hkm^Zjkl\_ggh]h�l_ogbq_kdh]h�mgb\_jkbl_lZ��Hf=LM��

Debdmrbg�X�G���^�l�g���ijhn_kkhj�dZn_^ju�LW:�Hf=LM��H�PDLO��NREUDBYDG#UDPEOHU�UX�

Dh[_gdh�<�X���d�l�g���^hp_gl�dZn_^ju�BBL�Hf=LM��H�PDLO��LLW#RPJWX�UX�

�

Dexq_\u_� keh\Z�� Ze]hjblf�� baf_j_gb_��
deZkkbnbdZpby��h[gZjm`_gb_��kb]gZe��khjlbjh\�

dZ��lj_g^��wlZehggu_�ihke_^h\Zl_evghklb��

<\_^_gb_�

<� aZ^ZqZo� pbnjh\hc� h[jZ[hldb� kb]gZeh\�

�PHK�� qZklh� \hagbdZ_l� ijh[e_fZ� \uy\e_gby�

gZebqby� b� dhebq_kl\_gghc� hp_gdb� \j_f_gguo�

lj_g^h\� \� bkke_^m_fuo� ijhp_kkZo�� <h� fgh]bo�

kemqZyo� wlb� lj_g^u� hij_^_eyxl� jZa\blb_� eb[h� g_]Z�

lb\guo��eb[h�ihablb\guo�l_g^_gpbc�y\e_gbc��K\h_\j_�

f_ggh_�b�gZ^_`gh_�h[gZjm`_gb_�gZebqby�lj_g^h\�kb]�

gZeh\� iha\hey_l� hi_jZlb\gh� ijbgbfZlv� Z^_d\Zlgu_�

j_r_gby��qlh�hkh[_ggh�\Z`gh�^ey�aZ^Zq�l_ogbq_kdhc�b�

f_^bpbgkdhc�^bZ]ghklbdb��;hevrh_� agZq_gb_� bkke_^h�

\Zgbx� lj_g^h\�ijb^Z_lky�\� l_ogbq_kdhf�ZgZeba_�jug�

dh\�\Zexlu�b�p_gguo�[mfZ]�>�@���

Ba\_klgu_�f_lh^u�\u^_e_gby�lj_g^h\�kb]gZeh\�bk�

ihevamxl�\�hkgh\ghf�^\Z�ih^oh^Z��nbevljZpbx�b�klZ�

lbklbq_kdmx� h[jZ[hldm� >�@��Ijb� bkihevah\Zgbb�f_lh^Z�

nbevljZpbb� g_h[oh^bfh� agZlv� b� aZ^Z\Zlv� iZjZf_lju�

�gZijbf_j�� dhwnnbpb_glu� i_j_^Zqb� b� qZklhlu� kj_aZ��

nbevljh\�� Bkihevah\Zgb_� `_� klZlbklbq_kdbo� f_lh^h\�

ij_^iheZ]Z_l�gZebqb_�ij_^\Zjbl_evgh]h�g_nhjfZevgh�

]h� wlZiZ� hij_^_e_gby� lbiZ� l_g^_gpbb� b� \u^\b`_gby�

]bihl_a� hlghkbl_evgh�fh^_e_c� lj_g^Z��Ijb� wlhf� Ze]h�

jblfu� klZlbklbq_kdh]h� mkj_^g_gby� �gZijbf_j�� kdhev�

ays_]h� kj_^g_]h�� ij_^iheZ]Zxl� agZgb_� klZlbklbq_kdbo�

iZjZf_ljh\� kb]gZeZ� ^ey� ijZ\bevgh]h� \u[hjZ�rbjbgu�

hdgZ��kdZgbjh\Zgby���<�ex[hf��kemqZ_��mkeh\b_f�wnn_d��

lb\gh]h� bkihevah\Zgby� mdZaZgguo� f_lh^h\� y\ey_lky�

gZebqb_� Zijbhjguo� ^Zgguo� h[� bkke_^m_fhf� kb]gZe_��

qlh�^Ze_dh�g_�\k_]^Z�\hafh`gh���

<� ^Zgghc� jZ[hl_� hibkZg� Ze]hjblf�� dhlhjuc�� \h�

i_j\uo��g_�lj_[m_l�ij_^\Zjbl_evguo�agZgbc�oZjZdl_jb�

klbd�ijhp_kkZ��<h�\lhjuo��iha\hey_l�g_� lhevdh�h[gZjm�

`b\Zlv�lj_g^��gh�lZd`_�baf_jylv�_]h�©kbemª�b�ijh\h^blv�

deZkkbnbdZpbx��

HibkZgb_�Ze]hjblfZ�

B^_y� ij_^eZ]Z_fh]h� Ze]hjblfZ� hkgh\ZgZ� gZ� \uqbk�

e_gbb� hlghkbl_evgh]h� jZkklhygby�f_`^m� lj_fy�kibkdZ�

fb��gZa\Zggufb�Z\lhjZfb�ijyfuf��'LUHFW�/LVW���h[jZlguf�

�5HYHUVH�/LVW��b�baf_jbl_evguf��0HDVXUHPHQW�/LVW��b�h[�

jZah\Zggufb� ba� bkoh^ghc� \u[hjhqghc� j_ZebaZpbb� kb]�

gZeZ�;�W���h[t_fZ�1��I_j\uc�kibkhd��'LUHFW�/LVW��ihemqZ�

_lky�iml_f�khjlbjh\db�agZq_gbc��;L��\u[hjhqghc�j_Zeb�

aZpbb�kb]gZeZ�ih�\hajZklZgbx��Z�h[jZlguc��5HYHUVH�/LVW��

±� ih� m[u\Zgbx�� Baf_jbl_evguc� kibkhd� �0HDVXUHPHQW�

/LVW�� ij_^klZ\ey_lky� kZfhc� \u[hjhqghc� j_ZebaZpb_c�

kb]gZeZ�

�
Jbk�����BeexkljZpby�b^_b�baf_j_gby�lj_g^Z�kb]gZeh\�
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GZ� jbk�� �� ^ZggZy� b^_y� ihykgy_lky� bah[jZ`_gb_f�

dhfihg_gl�Ze]hjblfZ�b�_]h�ijh]jZffguf�dh^hf��\uihe�

g_gguf�\�kj_^_�/DE9,(:��Mihjy^hq_ggu_�kibkdb��'LUHFW�

/LVW� b� 5HYHUVH� /LVW�� h[jZamxl��khhl\_lkl\_ggh��e_\uc� b�

ijZ\uc� ]jZgbqgu_� ihke_^h\Zl_evghklb�� f_`^m�

dhlhjufb� jZkiheZ]Z_lky� \u[hjdZ� ZgZebabjm_fh]h�

kb]gZeZ��GZ�gb`g_f�^bkie__�bah[jZ`_gh�bo�kh\f_klgh_�

ij_^klZ\e_gb_�� Dhebq_kl\_ggh� lj_g^� hp_gb\Z_lky�

\_ebqbghc� �0V��� jZ\ghc� hlghkbl_evghfm� jZkklhygbx�

f_`^m�ZgZebabjm_fuf�kb]gZehf�b�_]h�mihjy^hq_ggufb�

]jZgbqgufb� wlZehgZfb�� :e]hjblf� \uqbke_gby� wlh]h�

jZkklhygby� ij_^klZ\e_g� gZ� jbk�� ��� ]^_� G��� G��� G� ±�

jZkklhygby�f_`^m�mdZaZggufb�kibkdZfb��hij_^_ey_fu_�

q_j_a�kmffm�Z[khexlguo�jZaghkl_c�agZq_gbc�hlkq_lh\��

gZoh^ysboky�\�h^bgZdh\uo�yq_cdZo��Nbabq_kdbc�kfuke�

f_ju�hlghkbl_evgh]h�jZkklhygby�FV�aZdexqZ_lky�\�lhf��

qlh� hgh� oZjZdl_jbam_l� kl_i_gv� g_mihjy^hq_gghklb�

�oZhlbqghklb�� baf_jbl_evgh]h� kibkdZ� ih� hlghr_gbx� d�

mihjy^hq_gguf�ijyfuf�b�h[jZlguf�kibkdZf��rdZeZf���

Ih^h[guc� ih^oh^� d� aZ^ZqZf� baf_j_gby� [ue� hibkZg��

gZijbf_j��\�jZ[hlZo�>����@��

�
Jbk�����:e]hjblf�hp_gdb�©kbeuª�

�lj_g^h\hc�dhfihg_glu�kb]gZeZ�

Bkke_^h\Zgb_� ^Zggh]h� Ze]hjblfZ� \� hlghr_gbb�

jZaghh[jZaguo� kb]gZeh\� iha\hebeh� ihklmebjh\Zlv�

g_kdhevdh�ijZ\be���

I_j\h_� deZkkbnbdZpbhggh_� ijZ\beh� ^ey� lj_g^h\�

nhjfmebjm_lky� ke_^mxsbf� h[jZahf�� ©?keb� 0V� §� ���

lj_g^� hlkmlkl\m_l�� ?keb� 0V� §� ���� bf__l� f_klh�

fhghlhggh� \hajZklZxsbc� lj_g^� k� aZdhghf_jghklvx�

e_\hc� ]jZgbpu�� ?keb�0V� §� ��� bf__l� f_klh� fhghlhggh�

m[u\Zxsbc�lj_g^�k�aZdhghf_jghklvx�ijZ\hc�]jZgbpuª���

<lhjh_�deZkkbnbdZpbhggh_�ijZ\beh�hij_^_ey_l�\b^�

aZdhghf_jghklb� \hajZklZgby� beb� m[u\Zgby� lj_g^Z� b�

\ujZ`Z_lky� bf_g_f� jZkij_^_e_gby� f]gh\_gguo�

agZq_gbc�ZgZebabjm_fh]h�kb]gZeZ��>Z`_�ijb�hlkmlkl\bb�

lj_g^Z� �0V� §� ��� bfy� jZkij_^_e_gby� kms_kl\m_l� b� hi�

j_^_ey_lky� iml_f� b^_glbnbdZpbhgguo� baf_j_gbc�� <�

qZklghklb�� gZ� jbk�� �� ihdZaZg� kb]gZe�� bf_xsbc�

ghjfZevgh_� �bfy� ©JDXVª�� jZkij_^_e_gb_� f]gh\_gguo�

agZq_gbc���

<�khhl\_lkl\b_�k�^Zggufb�jZ[hlu� >�@��fh`gh�jZaeb�

qblv� �� hkgh\guo� lbih\� lj_g^h\��^\mfh^Zevguc� ��PRG���

Zjdkbgmkguc� �DVLQ���jZ\ghf_jguc� �HYHQ��� ljZi_p_b^Zev�

guc� �WUDS��� lj_m]hevguc� �VLPS���ghjfZevguc� �JDXV���^\m�

klhjhggbc�wdkihg_gpbZevguc��ODSO��b�Dhrb��NRVK����

Lj_lv_� ijZ\beh� hlghkblky� d� mkeh\bx� kjZ\g_gby�

kb]gZeh\��Hgh�fh`_l� [ulv� aZibkZgh� ke_^mxsbf� h[jZ�

ahf��©?keb�^\Z�kb]gZeZ�bf_xl�h^bgZdh\mx�kbem�lj_g^Z�

�0V��§�0V����gh�jZagu_�\b^u� aZdhghf_jghklb� �bfy� �� ��

bfy� ���� lh� kb]gZeu� ±� jZagu_�� BgZq_� �bfy� ��  � bfy� ����

0V�� ��0V���� kb]gZeu� ±� ihoh`bª��Hlkx^Z� ke_^m_l�� qlh�

kjZ\gb\Zlv��\�i_j\mx�hq_j_^v��gZ^h�kb]gZeu�h^gh]h�lb�

iZ�� l�_�� k� h^bgZdh\ufb� jZkij_^_e_gbyfb� f]gh\_gguo�

agZq_gbc����

GZ�jbk����ihdZaZg�ijbf_j�kjZ\g_gby�lj_o�njZdlZev�

guo� kb]gZeh\� k� h^bgZdh\uf� ihdZaZl_e_f� O_jklZ�� jZ\�

guf� G�  � ��� KjZ\gb\Z_fu_� kb]gZeu� �kj_^gbc� klhe[_p�

^bkie__\��ih^h[jZgu�lZd��qlh[u�bo�lj_g^u�ho\Zlu\Zeb�

iheguc�^bZiZahg� baf_j_gby� �� hl�e_\hc�^h� ijZ\hc� ]jZ�

gbp��hlh[jZ`_gguo�\�e_\hf�b�ijZ\hf�klhe[pZo��khhl\_l�

kl\_ggh��<k_�kb]gZeu�bf_xl�h^bgZdh\h_�jZkij_^_e_gb_�

f]gh\_gguo�agZq_gbc��gh�jZagu_�dhebq_kl\_ggu_�hp_g�

db�©kbeuª�lj_g^Z��GZijbf_j��\_jogbc�kb]gZe�bf__l�y\�

guc� m[u\Zxsbc� lj_g^�� ijZdlbq_kdb� iheghklvx��

�0V�§������beb�gZ������kh\iZ^Zxsbc�k�ijZ\hc�]jZgbp_c��

Gb`gbc� kb]gZe�� gZh[hjhl�� h[eZ^Z_l� l_g^_gpb_c� d� \ha�

jZklZgbx��0V�§����������b�ihlhfm�ihqlb�gZ�����kh\iZ^Z�

_l�k�e_\hc�]jZgbp_c�lj_g^h\h]h�^bZiZahgZ�

�
Jbk�����Ijbf_j�kjZ\g_gby�lj_g^h\�njZdlZevguo�kb]gZeh\�

Qlh�dZkZ_lky�kj_^g_]h�kb]gZeZ��bf_xs_]h�\ujZ`_g�

gmx� i_j_f_ggmx� dhfihg_glm� �©dhe_[Zl_evghklvª��� lh�

ihdZaZl_ev� ©kbeuª� lj_g^Z� wlh]h� kb]gZeZ� hdZau\Z_lky�

[ebadbf�d�gmex��0V�§�����������H^gZdh��wlh�g_�hagZqZ_l��

qlh�lj_g^�\hh[s_�hlkmlkl\m_l�±�aZ�\j_fy�gZ[ex^_gby��1�

 � ������ dhg_qgh_� agZq_gb_� kb]gZeZ� m\_ebqbehkv� ih�

kjZ\g_gbx� k� gZqZevguf� �k� ���� ^h� ������ qlh�� \hafh`gh��

]h\hjbl�h�gZebqbb�g_dhlhjhc�\hajZklZxs_c�l_g^_gpbb���

>ey�iheghlu�bkke_^h\Zgby�[ueh�bamq_gh�ih\_^_gb_�
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�

�
���

Ze]hjblfZ� ijb� ZgZeba_� i_jbh^bq_kdbo� kb]gZeh\�� <��

lZ[e�� ��ij_^klZ\e_gu�g_dhlhju_� oZjZdl_jgu_�^Zggu_��

mdZau\Zxsb_� gZ� ijbkmlkl\b_� ^\mo� aZdhghf_jghkl_c��

aZ\bkbfhklb�ihdZaZl_ey�©kbeuª��0V��hl�gZqZevghc�nZ�

au�b�qZklhlu�i_jbh^bq_kdbo�kb]gZeh\��
LZ[ebpZ����

J_amevlZlu�ZgZebaZ�lj_g^Z�i_jbh^bq_kdbo�kb]gZeh\�

J�±�dhebq_kl\h�i_jbh^h\��
aZ�\j_fy�gZ[ex^_gby�

1� ������
��
i�i�

Kb]gZe�

�� ��� ����

�� 6LQ� ����� ����� ������

�� &RV� ������� ������� ��

�� 7UL� ����� ����� ������

�� 6TX� �� ������ ��

�� 6DZ� ���� ������ ������

<�dZq_kl\_�ijbf_jZ�gZ�jbk����ihdZaZgu�aZ\bkbfhklb�

ihdZaZl_ey�lj_g^Z��0V��hl�k^\b]Z��6KLIW��kbgmkhb^Zevgh�

]h� b� dhkbgmkhb^Zevgh]h� kb]gZeh\� \� ^bZiZahg_� hl� �� ^h�

���1��]^_�1�±�h[t_f�\u[hjdb��qZklhlZ� �����Ihemq_ggu_�

^Zggu_� iha\heyxl� \\_klb� ZgZeblbq_kdh_� hibkZgb_� aZ�

\bkbfhklb�ihdZaZl_ey�lj_g^Z�hl�k^\b]Z�nZa�^ey�kb]gZ�

eh\�VLQ�±�FRV�

�
Jbk�����AZ\bkbfhklb�lj_g^h\h]h�ihdZaZl_ey��

hl�k^\b]Z�nZa�^ey�iZju�kb]gZeh\�VLQ���FRV�

AZdexq_gb_�

Ih� j_amevlZlZf� ijh\_^_gguo� bkke_^h\Zgbc� fh`gh�

k^_eZlv�ke_^mxsb_�\u\h^u��

Ij_^eh`_gguc� Ze]hjblf� y\ey_lky� mgb\_jkZevguf�

Ze]hjblfhf�baf_j_gby��ihkdhevdm��\h�i_j\uo��g_�lj_[m�

_l� Zijbhjguo� agZgbc� h[� bkke_^m_fhf� ijhp_kk_�� <h�

\lhjuo��Ze]hjblf�bkihevam_l�fh^_ev�baf_j_gby�g_mih�

jy^hq_gghklb� �oZhkZ��� dZd� \k_h[s_c� f_ju� khklhygby�

keh`guo� h[t_dlh\� b� ijhp_kkh\��<�lj_lvbo�� ^ey� j_Zeb�

aZpbb�ijhp_^mj�baf_j_gby�g_�lj_[m_lky�gbdZdbo�ki_pb�

Zevguo�rdZe�±�wlb�rdZeu� �kibkdb��nhjfbjmxlky�g_ih�

kj_^kl\_ggh�ba�hlkq_lh\�bkke_^m_fh]h�ijhp_kkZ��

Ij_^eh`_ggZy�f_jZ� ©kbeuª� lj_g^Z�gZ�kZfhf�^_e_�

y\ey_lky� dhfie_dkguf� ihdZaZl_e_f� khhlghr_gby� � dh�

e_[Zl_evghklb�b�lj_g^Z�bkke_^m_fh]h�kb]gZeZ��dhe_[Z�

l_evghklv�fZdkbfZevgZ�� dh]^Z� lj_g^� jZ\_g� gmex� b� gZ�

h[hjhl��Bf_ggh�ihwlhfm�klZpbhgZjgu_�kemqZcgu_�kb]�

gZeu�fh`gh�deZkkbnbpbjh\Zlv�dZd�©dhe_[Zl_evgu_ª��Z�

njZdlZevgu_�±�dZd�©lj_g^h\u_ª��<�i_jbh^bq_kdbo�kb]��

gZeZo� bf__lky� \hafh`ghklv� mijZ\eylv� ]jZgbp_c� i_j_�

oh^Z�ba�deZkkZ�©lj_g^h\uoª��gZ�gbadbo�qZklhlZo��\�deZkk�

©dhe_[Zl_evguoª� �gZ� \ukhdbo� qZklhlZo�� k�ihfhsvx� aZ�

^Zgby�qZklhlu�dhe_[Zgbc��

:e]hjblf� bkihevam_l� Z\lhfZlbq_kdmx� deZkkbnbdZ�

pbx� lbih\� lj_g^Z�� mklZgZ\eb\Zy� ijZ\beZ� kjZ\g_gby�

kb]gZeh\�f_`^m�kh[hc��

Ij_^klZ\e_ggu_� \� ^Zgghc� jZ[hl_� fZl_jbZeu� ihem�

q_gu�ijb�\uiheg_gbb�gZmqgh�bkke_^h\Zl_evkdhc�jZ[hlu�

©Ijh\_^_gb_�ihbkdh\uo�gZmqgh�bkke_^h\Zl_evkdbo��

jZ[hl� \� h[eZklb� jZajZ[hldb� b� kha^Zgby� h[hjm^h\Zgby�

^ey�^bZ]ghklbdb�b�wdkiemZlZpbb�wg_j]_lbq_kdh]h�h[hjm�

^h\Zgbyª� ih� ]hkm^Zjkl\_gghfm� dhgljZdlm�

�����������������

Ebl_jZlmjZ�

���Lj_g^h\uc�ZgZeba� ��KZcl��Nhj_dk��;eh]�g_aZ\bkb�

fuo� ZgZeblbdh\� FHNL�� KWWS���SURILDQDOLWLFV�FRP�"S ������

>ZlZ�h[jZs_gby�������������

���?ebk__\Z�B�B���Xa[Zr_\�F�F��H[sZy�l_hjby�klZ�

lbklbdb��Mq_[gbd� ��Ih^�j_^��qe��dhjj��J:G�B�B��?ebk__�

\hc������_�ba^���i_j_jZ[��b�^hi�±�F���NbgZgku�b�klZlbklb�

dZ��������������k���

��� =hjr_gdh\� :�:�� Kbkl_fguc� ih^oh^� d� hibkZgbx�

k\hckl\� FLR���� �� :�:�� =hjr_gdh\�� <�:�� AZoZj_gdh���

X�G��Debdmrbg��K�:��Hjeh\�� ±�Baf_jbl_evgZy� l_ogbdZ��

�����������k���������

��� Debdmrbg�X�G�� Ebg]\bklbq_kdZy� fh^_ev� baf_j_�

gbc� ��� Bgl_jg_l� im[ebdZpby�� ±� IjZ]Z�� GLD� >gb� GZmdb��

������������������ l�� ��� ������ KWWS���ZZZ�UXVQDXND�FRP�

���B'1B�����7HFQLF��B�������GRF�KWP�

��� =hjr_gdh\� :�:��� Debdmrbg� X�G�� Ij_^klZ\e_gb_�

fh^_e_c�kb]gZeh\�\�kbkl_f_�b^_glbnbdZpbhgguo�iZjZ�

f_ljh\� ��� Bgl_jg_l� im[ebdZpby�� ±� F��� @mjgZe� JZ^bh�

we_dljhgbdb�� BJW� J:G�� �� �� �k_gly[jv��� ������ ±�

KWWS���MUH�FSOLUH�UX��

$/*25,7+0�2)�'(7(&7,21��

0($685(0(17�$1'�&/$66,),&$7,21�

2)�6,*1$/6�75(1'6�

*RUVKHQNRY�$�$���.OLNXVKLQ�-�1����

.REHQNR�9�<��

7KH�DOJRULWKP�LV�GHVLJQHG�WR�PHHW�WKH�FKDOOHQJHV�RI�GH�

WHFWLRQ��PHDVXUHPHQW�DQG�FODVVLILFDWLRQ�RI�WUHQG�VLJQDOV��7KH�

DOJRULWKP�LV�EDVHG�RQ�WKH�FDOFXODWLRQ�RI�WKH�UHODWLYH�GLVWDQFH�

EHWZHHQ�D�VDPSOH�LPSOHPHQWDWLRQ�RI�WKH�VLJQDO�DQG�WKH�WZR�

UHIHUHQFH� VHTXHQFHV�� IRUPHG� IURP� WKH� RULJLQDO� VLJQDO�

WKURXJK� LWV� IRUZDUG� DQG� UHYHUVH� VRUWLQJ�� 7KHVH� UHIHUHQFH�

VHTXHQFHV� GHILQH� WKH� OHIW� DQG� ULJKW� ERXQGDULHV� RI� WKH�

PHDVXUHPHQW�UDQJH�RI�WKH�VLJQDO�WUHQG��
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Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������
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�
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Kbgl_abjh\Zg� b� ijhZgZebabjh\Zg� Ze]hjblf� h[gZjm`_gby�

jZ^bhehdZpbhggh]h� kb]gZeZ� k� mkljZg_gb_f� g_h^ghagZqghklb�

ih�^Zevghklb��hkgh\Zgguc�gZ�_]h�f_`iZq_qghf�gZdhie_gbb�b�Z^Zi�

lb\ghc�hp_gd_�Zfieblm^u��Hij_^_e_gu�lj_[h\Zgby�d�we_f_glghc�

[Za_�^ey�_]h�j_ZebaZpbb��

M>D�����������

KBGL?A�B�:G:EBA�:>:ILB<GH=H�F?@I:Q?QGH=H�:E=HJBLF:�
H;G:JM@?GBY�F:EHJ:AF?JGHC�P?EB�

Dhr_e_\�<�B���^�l�g���ijhn_kkhj��aZ\��dZn_^jhc�jZ^bhl_ogbq_kdbo�kbkl_f�JyaZgkdh]h�]hkm^Zjkl\_ggh]h�
jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ��J=JLM���H�PDLO��NRVKHOHY�Y�L#UVUHX�UX�

;_ehdmjh\�<�:���d�l�g���^hp_gl�dZn_^ju�jZ^bhl_ogbq_kdbo�kbkl_f�JyaZgkdh]h�]hkm^Zjkl\_ggh]h�
jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ�J=JLM��H�PDLO��EHORNXURY�Y�D#UVUHX�UX�

�

Dexq_\u_� keh\Z�� f_`h[ahjgh_� h[gZjm`_�
gb_�� fZehjZaf_jgZy� p_ev�� g_h^ghagZqghklv� ih�

^Zevghklb��

<\_^_gb_�

H^gbf� ba� j_`bfh\� jZ[hlu� kh\j_f_gguo�

fgh]hnmgdpbhgZevguo� [hjlh\uo� jZ^bhehdZpbhgguo�

kbkl_f�h[gZjm`_gby�b�baf_j_gby�iZjZf_ljh\�kb]gZeh\��

y\ey_lky� j_`bf� \ukhdhc� qZklhlu� ih\lhj_gby� bfimev�

kh\�>�@��<�^Zgghf�j_`bf_�h[_ki_qb\Z_lky�wnn_dlb\gh_�

h[gZjm`_gb_� p_e_c�� ^\b`msboky� gZ� \klj_qguo� b�

\klj_qgh� i_j_k_dZxsboky� dmjkZo� \� ahg_� k\h[h^ghc� hl�

ihf_o�hl�ih^klbeZxs_c�ih\_joghklb��<ukhdZy�qZklhlZ�

ih\lhj_gby� ahg^bjmxsbo�jZ^bhbfimevkh\�h[_ki_qb\Z�

_l�lZd`_�h^ghagZqgh_�baf_j_gb_�kdhjhklb�p_eb��H^gZdh�

\�^Zgghf�j_`bf_�^Zevghklv�^h�p_eb�h^ghagZqgh�baf_�

jy_lky�ebrv�\�madhf�^bZiZahg_�agZqbl_evgh�f_gvr_f��

q_f�wg_j]_lbq_kdZy�^Zevghklv�^_ckl\by�jZ^bhehdZlhjZ��

H^gbf� ba� ba\_klguo� f_lh^h\� mkljZg_gby� g_h^ghagZq�

ghklb� baf_j_gby� ^Zevghklb� y\ey_lky� f_lh^� f_`bf�

imevkghc� ebg_cghc� qZklhlghc� fh^meypby� �EQF�� g_km�

s_]h�dhe_[Zgby�>�@��<�^Zgghf�f_lh^_�\�dZ`^hf�m]eh\hf�

iheh`_gbb� ihke_^h\Zl_evgh� \h� \j_f_gb� baemqZxlky�

g_kdhevdh�iZq_d�bfimevkh\��GZ�i_j\hf�wlZi_�baemqZ_l�

ky�iZqdZ�jZ^bhbfimevkh\�g_�fh^mebjh\ZggZy�ih�qZklh�

l_�� gZ� \lhjhf� �� iZqdZ� k�EQF�� gZ� ihke_^mxsbo� wlZiZo�

djmlbagZ�EQF�fh^meypbb�fh`_l� m\_ebqb\Zlvky��J_r_�

gb_�h[�h[gZjm`_gbb�p_eb�ijbgbfZ_lky�gZ�dZ`^hf�wlZ�

i_�� Z� baf_j_gb_� ^Zevghklb� ^h� p_eb� \hafh`gh� lhevdh�

ijb�mkeh\bb�h[gZjm`_gby�kb]gZeZ�gZ�\k_o�[_a�bkdexq_�

gby�wlZiZo��H^gZdh�gZ�ij_^_evgh�[hevrbo�^Zevghklyo�

hlghr_gb_�kb]gZe�rmf��dZd�ijZ\beh��fZeh��b�h[gZjm`_�

gb_�gZ�\k_o�wlZiZo�h[jZ[hldb�ijh[e_fZlbqgh��<hafh`�

ghklv�f_`iZq_qgh]h� gZdhie_gby� \�^Zgghf�f_lh^_� mkl�

jZg_gby� g_h^ghagZqghklb� ih� ^Zevghklb� \� ba\_klghc�

ebl_jZlmj_�g_�jZkkfZljb\ZeZkv��

P_ev� jZ[hlu�� ihdZaZlv� p_e_khh[jZaghklv� f_`iZ�
q_qgh]h� gZdhie_gby� kb]gZeZ� ijb� mkljZg_gbb� g_h^gh�

agZqghklb� ih� ^Zevghklb� f_lh^hf� ebg_cgh�qZklhlghc�

fh^meypbb� g_kms_]h� dhe_[Zgby�� kbgl_abjh\Zlv� gZ� hk�

gh\_�wlh]h�f_lh^Z�wnn_dlb\guc�Z^Zilb\guc�Ze]hjblf�

h[gZjm`_gby�k�hp_gdhc�Zfieblm^u�hljZ`zggh]h�kb]gZ�

eZ� b� ijh^_fhgkljbjh\Zlv� \hafh`ghklv� j_ZebaZpbb�

^Zggh]h� Ze]hjblfZ� gZ� kms_kl\mxs_c�fbdjhijhp_kkhj�

ghc�we_f_glghc�[Za_��

Ahg^bjmxsbc�kb]gZe� �\�dZ`^hc�iZqd_��y\ey_lky� dh�

]_j_glghc� ihke_^h\Zl_evghklvx� jZ^bhbfimevkh\�� Ijb�

f_f�fh^_ev� ghjfZevgh]h� jZkij_^_e_gby� kb]gZeZ�p_eb�

gZ�\oh^_�mkljhckl\Z�h[jZ[hldb�k�g_ba\_klghc�Zijbhjgh�

^hie_jh\kdhc�nZahc�3k��<oh^ghc� ijhp_kk� y\ey_lky� Z^�

^blb\ghc� kf_kvx� nexdlmbjmxsbo� ih� Zfieblm^_� hljZ�

`_gguo�hl�p_eb�bfimevkh\�b�\gmlj_gg_]h�rmfZ�ijbzf�

gbdZ��Ijb�wlhf�kh\f_klgZy�nmgdpby�ijZ\^hih^h[by�ijb�

]bihl_a_�+���kb]gZe�_klv��bf__l�\b^��
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±�fZljbpZ�� h[jZlgZy� dhjj_eypbhgghc�fZljbp_�

5
kr
�� dhlhjZy� khklhbl� ba� ke_^mxsbo� we_f_glh\��

F

� � F �H[S� �� �� ���M N M N M N5 T L M NU M G � � �� T� ±� hlghr_gb_� kb]�

gZe�rmf�ih�fhsghklb��
F

�NMU �±�dhwnnbpb_gl�f_`i_jbh^�

ghc�dhjj_eypbb�kb]gZeZ��3k�±�^hie_jh\kdh_�f_`i_jbh^�

gh_�baf_g_gb_�nZau�kb]gZeZ�gZ�i_j\hf�wlZi_��Z�gZ�ih�
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^me_f�:PI��:^j_kZ�ijh]jZffguo�[mn_jh\� aZ^Zxlky�\�

kljmdlmj_�DV\QF%XI��

������DV\QF%XI�DGU�� ��8���SWU��

������DV\QF%XI�DGU�� �

�8����SWU�JBH[DP3DUDP�D%8)6,=(���

������DV\QF%XI�PDUV� �

JBH[DP3DUDP�D%8)6,=(VL]HRI�8�����

]^_� SWU� ±� mdZaZl_ev� gZ� mqZklhd� iZfylb��

JBH[DP3DUDP�D%8)6,=(� ±� jZaf_j� \oh^gh]h� [mn_jZ��

I_j_f_ggZy�J�H[DP3DUDP�D%8)6,=(�hij_^_ey_lky�ke_�

^mxsbf�h[jZahf��

EXI G
1 7) ��

]^_�7�±�i_jbh^�ih\lhj_gby�ahg^bjmxsbo�bfimevkh\��)G�

±�qZklhlZ�^bkdj_lbaZpbb�km[fh^mey�:PI��

>jm]hc� hkh[_gghklvx� km[fh^mey�:PI� y\ey_lky� g_�

ij_ju\guc� j_`bf� jZ[hlu�� ihwlhfm� ijb� h[jZ[hld_� g_�

h[oh^bfh�mqblu\Zlv�hpbnjh\Zggu_�\oh^gu_�hlkqzlu�\�

fhf_glu� ijhoh`^_gby� bfimevkh\� [eZgdbjh\Zgby� ijb�

zfgbdZ��Ihwlhfm�^ey� aZimkdZ�\\h^Z�^Zgguo�k�:PI�g_�

h[oh^bfh�bkihevah\Zlv�ijh]jZffguc�klZjl��;he__�ih^�

jh[gh� ijhp_kk� hj]ZgbaZpbb� h[jZ[hldb� jZ^bhehdZpbhg�

ghc� bgnhjfZpbb� gZ� hkgh\_� $'3���F3�� ihdZaZg� \� >�@��

Hkgh\ghc� hkh[_gghklvx� h[jZ[hldb� jZ^bhehdZpbhgghc�

bgnhjfZpbb�gZ�hkgh\_�$'3���F3��y\ey_lky�hklZgh\dZ�

jZ[hlu� Zkbgojhggh]h� \\h^Z� ^Zgguo� dhfZg^hc�

'59BFWUO�JBK'UYB$'&�� '''FPGB,2$6<1&6723�� 18//��

ihke_�gZdhie_gby�
G7) 1 �hlkqzlh\�b�h[jZ[hldZ�^Zgguo��

DZd� [ueh� ihdZaZgh� \ur_�� \� kbgl_abjh\Zgghf� Ze]h�

jblf_� g_h[oh^bfh� ojZgblv� \� ©kdhevays_fª� hdg_� \k_�

©]bihl_auª��\�qZklghklb��ijb�1IIW� �������1G� ����15� �����

g_h[oh^bfh�ojZgblv� ����������o�jZajy^guo�keh\�b�ih�

ke_� baemq_gby� dZ`^hc� iZqdb� ahg^bjmxsbo� bfimevkh\�

g_h[oh^bfh�\uqbkeylv�:IJ<�^ey�dZ`^hc�ba�wlbo�©]bih�

l_aª��>hklmi�d�©]bihl_aZfª�hkms_kl\ey_lky�ijb�ihfhsb�

dhk\_gghc� Z^j_kZpbb�� �H[W3WU�L��� ]^_� H[W3WU� ±� Z^j_k�[m�

n_jZ�\g_rgbc�iZfylb��ojZgys_]h�:IJ<�©]bihl_aª��G_�

h[oh^bfhklv� ql_gby�aZibkb� [hevrh]h� h[tzfZ� ^Zgguo��

ojZgysboky� \h� \g_rg_c� iZfylb��y\ey_lky� g_^hklZldhf�

kbgl_abjh\Zggh]h�Ze]hjblfZ��

Ba�jbk����ke_^m_l��qlh�\�kbgl_abjh\Zgghf�Ze]hjblf_�

\uqbke_gb_� ©]bihl_aª�hkms_kl\ey_lky�hl^_evgh�\� dZ`�

^hf�kljh[_�ih�^Zevghklb��Wlh�iha\hey_l�ijbf_gblv�^ey�

h[jZ[hldb� ^Zgguo� fgh]hijhp_kkhjgmx� kbkl_fm�� JZk�

kfhljbf�^ey�ijbf_jZ�[Zah\mx�ieZlm�$'3���F3���\� dh�

lhjhc�^\Z� ijhp_kkhjZ� �3�� b� 3��� jZ[hlZxl� k� bgl_jn_c�

khf� $'0� b� h[_ki_qb\Zxl� \\h^� ^Zgguo�� kmffbjh\Zgb_�

hlkq_lh\�:PI�\�ij_^_eZo�kljh[Z�ih�^Zevghklb�b�i_j_�

kuedm�^Zgguo�\h�\g_rgxx�6'5$0��<�ijhp_kkhjZo� �3���

3��� hj]Zgbam_lky� \uqbke_gb_� :IJ<� ©]bihl_aª�� Ql_gb_�

^Zgguo�hkms_kl\ey_lky�ba�6'5$0�ijhp_kkhjh\�3��b�3��

q_j_a�/,1.�ihjlu��bkihevamy�dZgZeu�'0$��Hp_gbf�\j_�

fy�i_j_kuedb�^Zgguo�:IJ<�©]bihl_aª�q_j_a�/,1.�ihjl��

Kdhjhklv�i_j_^Zqb�q_j_a�/,1.�ihjl�ijb�lZdlh\hc�qZklh�

l_�y^jZ�����F=p�±�����F[Zcl�k��<j_fy�i_j_kuedb�©]bih�

l_aª� ^ey� jZkkfZljb\Z_fh]h� ijbf_jZ� khklZ\bl� �����fk��

Wlh� \j_fy� g_h[oh^bfh� khihklZ\blv� k� ^ebl_evghklvx�

iZqdb�ahg^bjmxsbo�bfimevkh\�^ey�h[_ki_q_gby�\uqbk�

e_gbc� \� j_Zevghf�fZkrlZ[_� \j_f_gb��Ijb� qZklhl_� ih�

\lhj_gby�bfimevkh\�����d=p�b�qbke_�bfimevkh\�\�iZqd_�

������ ^ebl_evghklv� iZqdb� ������ fk�� qlh� [hevr_�� q_f�

\j_fy�i_j_kuedb�^Zgguo�q_j_a�/,1.�ihjl��Wlh�iha\hey�

_l� j_Zebah\Zlv� jZajZ[hlZgguc� Ze]hjblf� \� j_Zevghf�

fZkrlZ[_�\j_f_gb��

AZdexq_gb_�

LZdbf�h[jZahf��\�^Zgghc�jZ[hl_�kbgl_abjh\Zg�Ze]h�

jblf� f_`iZq_qgh]h� gZdhie_gby� kb]gZeZ� k� Z^Zilb\ghc�

hp_gdhc� Zfieblm^u� hljZ`zggh]h� kb]gZeZ��<� hkgh\_� Ze�

]hjblfZ�e_`bl�nhjfbjh\Zgb_�©]bihl_aª�^ey�Zijbhjguo�

^Zevghkl_c�^h�p_eb�b�\uqbke_gb_�:IJ<�wlbo�©]bihl_aª��

GZ�aZdexqbl_evghf�wlZi_�\uihegy_lky�©mk_q_gb_ª�©]b�

ihl_aª�� bf_xsbo� f_gvrb_� agZq_gby� :IJ<�� H^gh\j_�

f_ggh� ih� dZ`^hc� ©]bihl_a_ª� \uqbkey_lky� ^hklZlhqgZy�

klZlbklbdZ� ����� dhlhjZy�y\ey_lky�j_amevlZlhf�kmffbjh�

\Zgby� hlkqzlh\� Zfieblm^gh]h� ki_dljZ�� \oh^ysbo� \� ©]b�

ihl_amª�� Wlh� hlebqZ_l� kbgl_abjh\Zgguc� Ze]hjblf� hl�

ba\_klgh]h�� \� dhlhjhf� k� ihjh]hf� h[gZjm`_gby� kjZ\gb�

\Zxlky�^hklZlhqgu_�klZlbklbdb��ihemq_ggu_�gZ�dZ`^hf�

wlZi_��ih�dZ`^hc�iZqd_�bfimevkh\���Ij_\ur_gb_�ihjh]Z�

h[gZjm`_gby� \� ihemq_gghf� Ze]hjblf_� lZd`_� ^he`gh�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

ijhbkoh^blv� gZ� dZ`^hf� wlZi_��F_`iZq_qgh_� gZdhie_�

gb_� kb]gZeZ� \� kbgl_abjh\Zgghf� Ze]hjblf_� h[tykgy_l�

\ub]jur�\�ihjh]h\hf�hlghr_gbb�kb]gZe�rmf��^h�����^;�

ijb�0 ���1 ������Ijbf_g_gb_� kbgl_abjh\Zggh]h� Ze]h�

jblfZ� iha\hey_l� ih\ukblv� wg_j]_lbq_kdmx� ^Zevghklv�

^_ckl\by�JEK�[_a�m\_ebq_gby�fhsghklb�i_j_^ZlqbdZ�b�

^Zzl�\hafh`ghklv�jZkdjulby�g_h^ghagZqghklb�ih�^Zev�

ghklb��Kbgl_abjh\Zgguc�Ze]hjblf�^himkdZ_l�jZkiZjZe�

e_eb\Zgb_� \uqbke_gbc�� qlh� iha\hey_l� bkihevah\Zlv�

^ey�h[jZ[hldb�^Zgguo�ijhba\h^bl_evgu_�fgh]hijhp_k�

khjgu_� kbkl_fu�� \� qZklghklb�� [Zah\uc� fh^mev�

$'3���F3���

Ebl_jZlmjZ�

���Hp_gb\Zgb_�^Zevghklb�b�kdhjhklb�\�jZ^bhehdZpb�

hgguo� kbkl_fZo�� Q��� �� Ih^� j_^�� :�B�� DZgZs_gdh\Z� b�

<�B��F_jdmeh\Z�±�F���©JZ^bhl_ogbdZª�������������k��

���;Zdme_\�I�:���Kl_ibg�<�F��F_lh^u� b� mkljhckl\Z�

k_e_dpbb�^\b`msboky�p_e_c��±�F���JZ^bh�b�k\yav��������

�����k��

���>m^gbd�I�B��Fgh]hnmgdpbhgZevgu_�jZ^bhehdZpb�

hggu_�kbkl_fu��mq_[��Ihkh[b_�^ey�<MAh\��±�F���>jhnZ��

������������k��

���Khkmebg�X�=�� L_hj_lbq_kdb_� hkgh\u� jZ^bhehdZ�

pbb� b� jZ^bhgZ\b]Zpbb��Mq_[gh_� ihkh[b_�^ey�<MAh\�� ±�

F��JZ^bh�b�k\yav������������k��

���Nbgd_evrl_cg�F�B��Hkgh\u� jZ^bhehdZpbb�� Mq_[�

gbd�^ey�<MAh\��±�F���JZ^bh�b�k\yav��������±�����k��

��� &DUOR� )�� 0�� &DUREEL� 7KH� $EVROXWH� 0D[LPXP� RI� WKH�

/LNHOLKRRG�)XQFWLRQ� RI� WKH�5LFH�'LVWULEXWLRQ��([LVWHQFH� DQG�

8QLTXHQHVV� ,(((�75$16$&7,216�21�,167580(17$7,�

21�$1'�0($685(0(17��92/������12�����$35,/�������

���Dhr_e_\�<�B���;_ehdmjh\�<�:���Eh]bgh\�K�G��J_Z�

ebaZpby�Ze]hjblfh\�^hie_jh\kdhc�nbevljZpbb�kb]gZeh\�

gZ� [Za_� kh\j_f_gguo� kb]gZevguo� ijhp_kkhjh\� nbjfu�

$QDORJ� 'HYLFH� �� <hijhku� jZ^bhwe_dljhgbdb�� K_jby� jZ�

^bhehdZpbhggZy�l_ogbdZ��������<ui�����k��������

6<17+(6,6�$1'�$1$/<6,6��

2)�$'$37,9(�08/7,)5$0(�

$/*25,7+0�2)�$�60$//�7$5*(7�

'(7(&7,21�

.RVKHOHY�9�,���%HORNXURY�9�$��

7KLV�DUWLFOH�SUHVHQWV� WKH�DQDO\VLV�DQG�V\QWKHVLV�RI�D� UD�

GDU� VLJQDO� GHWHFWLRQ� DOJRULWKP� WKDW� DOORZV� HOLPLQDWLRQ� RI�

UDQJH�DPELJXLW\� E\�PHDQV�RI�PXOWLIUDPH�DFFXPXODWLRQ� DQG�

DGDSWLYH�DPSOLWXGH�HVWLPDWLRQ��:H�KDYH�DOVR�GHWHUPLQHG�WKH�

KDUGZDUH�UHTXLUHPHQWV�RI�WKLV�DOJRULWKP���

���y�F_`^mgZjh^gZy�gZmqgh�l_ogbq_kdZy�dhgn_j_gpby�b�\uklZ\dZ�

©Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\�b�_z�ijbf_g_gb_���'63$
����ª�

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

K_dpby� ��� H[jZ[hldZ� b� i_j_^ZqZ� bah[jZ`_gbc��
�Jmdh\h^bl_eb�k_dpbb���^�l�g���ijhn_kkhj�<�I��>\hjdh�

\bq��^�l�g��:�<��>\hjdh\bq��

H[km`^_gb_� ZdlmZevguo� ijh[e_f� h[jZ[hldb� bah�

[jZ`_gbc� \_ehkv� ih� lj_f� hkgh\guf� gZijZ\e_gbyf��

k`Zlb_�b� dh^bjh\Zgb_�bah[jZ`_gbc��nbevljZpby�� ZgZ�

eba�b�fh^_ebjh\Zgb_�bah[jZ`_gbc�� jZkihagZ\Zgb_� h[�

jZah\�\�h[jZ[hld_�bah[jZ`_gbc�

�

Ih� blh]Zf� ijhr_^r_c� dhgn_j_gpbb� [ueb� ij_^�

klZ\e_gu� d� gZ]jZ`^_gbx� >biehfZfb� eZmj_Zlh\� dhg�

dmjkZ�fheh^uo�mq_guo�ke_^mxsb_�jZ[hlu��

��� F_lh^� l_dklmjghc� k_]f_glZpbb� bah[jZ`_gbc��

gZ� hkgh\_� ^\mf_jguo� p_i_c� FZjdh\Z�� :\lhj���

Dmj[Zlh\Z� ?�?��� ZkibjZgl� <ylkdh]h� ]hkm^Zjkl\_ggh]h�

mgb\_jkbl_lZ���

��� JZajZ[hldZ� f_lh^bdb� ZgZebaZ� wnn_dlZ� eh`gh]h�

hdhglmjb\Zgby�gZ�bah[jZ`_gbyo��:\lhj��GZkhgh\�:�<���

f�g�k��F=M�bf��F�<�Ehfhghkh\Z�

�

��� Ijbf_g_gb_� ijh_dpbhggh]h� f_lh^Z� EZ]_jjZ��
^ey� ZgZebaZ� lhfh]jZnbq_kdbo� bah[jZ`_gbc� fha]Z���

:\lhj�� Fbahlbg� F�F��� ij_ih^Z\Zl_ev� F=M� bf���

F�<��Ehfhghkh\Z��
�



�

�

�
���

JZkkfZljb\Zxlky�g_dhlhju_�\hijhku�ijZdlbq_kdhc�j_ZebaZ�

pbb� rbjhdhihehkghc� l_ogheh]bb� \� hl_q_kl\_gghc� ]b^jhehdZpbb�

gZ� ijbf_j_� kh\f_klgh� ijh\h^bfuo� \� BJW� bf�� <�:�Dhl_evgbdh\Z�

J:G�b�\�H:H�©GBBIª�jZ[hl��

M>D���������

:DLB<GUC�=B>JHEHD:LHJ�KH�K<?JORBJHDHIHEHKGUFB��
AHG>BJMXSBFB�KB=G:E:FB�

>_fb^h\�:�B���bg`_g_j�H:H�©GBBIª�

AZeh]bg�G�G���d�l�g���\�g�k��BJW�J:G�bf��<�:��Dhl_evgbdh\Z�

Dhfhqdh\�J�R���bg`_g_j�H:H�©GBBIª�

Fhkheh\�K�K���gZqZevgbd�k_dlhjZ�H:H�©GBBIª�

KdgZjy�:�<���d�l�g���k�g�k��BJW�J:G�bf��<�:��Dhl_evgbdh\Z�

Lhsh\�K�:���bg`_g_j�H:H�©GBBIª�

Lmlugbg�?�<���gZqZevgbd�eZ[hjZlhjbb�H:H�©GBBIª�

�

Dexq_\u_�keh\Z�� ]b^jhehdZlhj�� ahg^bjh\Z�
gb_��k\_jorbjhdhihehkguc��Zdmklbq_kdZy�k\yav��

ebg_cgZy�qZklhlgZy�fh^meypby��^bkdj_lgh�dh^b�

jh\Zgguc�ih�qZklhl_�kb]gZe��

<\_^_gb_�

H^ghc� ba� \Z`g_crbo� l_g^_gpbc� kh\j_f_gghklb� y\�

ey_lky� \g_^j_gb_� rbjhdhihehkguo� l_ogheh]bc� \� jy^�

hljZke_c�l_ogbdb��d�dhlhjuf�\�i_j\mx�hq_j_^v�ke_^m_l�

hlg_klb�l_e_dhffmgbdZpbhggu_�kbkl_fu�b�jZ^bhk\yav��

Ijb� wlhf� bkihevah\Zgb_� rbjhdhihehkguo� l_ogheh]bc�

iha\hey_l�h[_ki_qblv�kms_kl\_ggh�[he__�\ukhdb_�l_o�

gbq_kdb_�oZjZdl_jbklbdb�wlbo�kbkl_f��\�lhf�qbke_��lj_�

[m_fu_�kdhjhklb�i_j_^Zqb�bgnhjfZpbb��\ukhdmx�ihf_�

ohmklhcqb\hklv�bgnhjfZpbhggh]h� dZgZeZ��Z� lZd`_�\ha�

fh`ghklv�jZ[hlu�kbkl_f�\�qZklhlguo�^bZiZahgZo��i_j_�

]jm`_gguo�jZ^bhkj_^kl\Zfb��

<� wlhc� k\yab� ohl_ehkv� [u� hlf_lblv�� qlh� \hklj_[h�

\Zgghklv�\g_^j_gby�rbjhdhihehkguo�l_ogheh]bc�\�]b^�

jhehdZpbx�lZd`_�klZgh\blky�\k_�[he__�b�[he__�hq_\b^�

ghc��<� i_j\mx� hq_j_^v� wlh�k\yaZgh� k� g_\hafh`ghklvx�

^hklb`_gby� lj_[m_fuo� gZ� k_]h^gy� l_ogbq_kdbo� oZjZd�

l_jbklbd� jZaebqguo� ]b^jhZdmklbq_kdbo� kbkl_f� �=:K���

qlh�\h�fgh]hf�k\yaZgh�k�bkihevah\Zgb_f�\�gbo�madhih�

ehkguo� ahg^bjmxsbo� kb]gZeh\�� Wlh� \� jZ\ghc� kl_i_gb�

hlghkblky�dZd�d�]b^jhehdZlhjZf�[hdh\h]h�h[ahjZ��=;H���

lZd�b� d�=:K��j_rZxsbf�jZaebqgu_� aZ^Zqb�ijb�h[ahj_�

lhesb�\h^u��Ijb�wlhf�ohl_ehkv�[u�hl^_evgh�\u^_eblv�

=:K�� aZ^Zq_c� dhlhjuo�y\ey_lky�h[_ki_q_gb_�Zdmklbq_�

kdhc�k\yab�f_`^m�jZaebqgufb�Z[hg_glZfb��dhbfb�fh]ml�

[ulv�� gZijbf_j�� Z\lhghfgu_� g_h[blZ_fu_� ZiiZjZlu�

�:GI:���^hggu_�klZgpbb�b�l�^���

DZd� ihdZaZeb� kh\f_klgh� ijh\h^bfu_� khljm^gbdZfb�

BJW� bf�� <�:�Dhl_evgbdh\Z� J:G� �]�� Fhkd\Z�� b� H:H�

©GBBIª� bkke_^h\Zgby�� ijbf_g_gb_� \� ]b^jhehdZpbb�

k\_jorbjhdhihehkguo� kb]gZeh\� iha\hey_l� j_rblv��

hlf_q_ggu_� \ur_� ijh[e_fu� b� \u\_klb� ]b^jhehdZpbx�

gZ� kh\_jr_ggh� bghc�� gh\uc�� [he__� \ukhdbc�� mjh��

\_gv�>�@��>�@���

<� jZfdZo� j_ZebaZpbb� ihemq_gguo� j_amevlZlh\� bk�

ke_^h\Zgbc�\������]h^m�ijb�g_ihkj_^kl\_gghf�mqZklbb�

khljm^gbdh\� BJW� bf�� <�:�� Dhl_evgbdh\Z� J:G� \� H:H�

©GBBIª��]��@mdh\kdbc��[ue�jZajZ[hlZg�b�kha^Zg�]b^jh�

ehdZlhj�� \� dhlhjhf� \� dZq_kl\_� ahg^bjmxs_]h� kb]gZeZ�

bkihevah\Zebkv� jZaebqgu_� lbiu� k\_jorbjhdhihehkguo�

kb]gZeh\��

>Zgguc� ]b^jhehdZlhj� y\ey_lky� eh]bq_kdbf� we_f_g�

lhf� \� p_ib� \gmlj_ggbo� jZ[hl�� ijh\h^bfuo� \� H:H�

©GBBIª�kh\f_klgh�k�BJW�bf�<�:��Dhl_evgbdh\Z�J:G�b�

GII� ©G_eZdkª��\�jZfdZo�jZajZ[hldb�b�kha^Zgby�gh\h]h�

ihdhe_gby�hl_q_kl\_gguo�]b^jhehdZlhjh\��

JZg__��\������]h^m��\�ijhp_kk_�hljZ[hldb�ZiiZjZlghc�

qZklb� ]b^jhehdZlhjZ�� Ze]hjblfh\� nhjfbjh\Zgby� b� h[�

jZ[hldb� k\_jorbjhdhihehkguo� kb]gZeh\�� [ue� jZajZ[h�

lZg� fZd_l� ]b^jhehdZlhjZ�� dhlhjuc� ijhr_e� mki_rgu_�

bkiulZgby� gZ� iheb]hg_� H:H� ©GBBIª� gZ� Fhkd\_�j_d_�

hk_gvx������]h^Z�>�@��<�dZq_kl\_�ahg^bjmxsbo�kb]gZeh\�

\�fZd_l_�]b^jhehdZlhjZ�ijb�ijh\_^_gbb�gZlmjguo�bkiu�

lZgbc�bkihevah\Zebkv�^\Z�kb]gZeZ�±�kb]gZe�k�ebg_cghc�

qZklhlghc�fh^meypb_c��EQF���Z�lZd`_�^bkdj_lgh�dh^bjh�

\Zgguc�ih�qZklhl_�kb]gZe��>DQK���Ijb�wlhf�ihehkZ�kb]�

gZeh\�g_�ij_\urZeZ�ihehdlZ\u�b�khklZ\eyeZ����d=p��

HljZ[hlZggu_�\�oh^_�ijh\_^_gby�wlbo�gZlmjguo�bk�

iulZgbc� ko_fZ� ihkljh_gby� ]b^jhehdZlhjZ�� ko_fhl_ogb�

q_kdb_� j_r_gby�� Z� lZd`_� Ze]hjblfu� nhjfbjh\Zgby� b�

h[jZ[hldb�kb]gZeh\�[ueb�iheh`_gu� aZ�hkgh\m�ijb�jZa�

jZ[hld_�b�kha^Zgbb�^Zggh]h�Zdlb\gh]h�]b^jhehdZlhjZ��

<� ^Zgghf� ]b^jhehdZlhj_� \� dZq_kl\_� ijb_fh�

i_j_^Zxs_c� Zgl_ggu� bkihevah\ZeZkv� Zgl_ggZ� kh� ke_�

^mxsbfb�hkgh\gufb�iZjZf_ljZfb��jZkdju\�^bZ]jZffu�

gZijZ\e_gghklb�\�]hjbahglZevghc�b�\_jlbdZevghc�iehk�

dhklyo�khklZ\eye��khhl\_lkl\_ggh������]jZ^mkZ�b���� ]jZ�

^mkh\���ihehkZ��ijhimkdZgby�ih�mjh\gx���^;������d=p��

Ahg^bjmxsbc� kb]gZe� \� ]b^jhehdZlhj_�nhjfbjm_lky�

mgb\_jkZevguf� nhjfbjh\Zl_e_f�� qlh� iha\hey_l� bk�

ihevah\Zlv�\�g_f�\�ijbgpbi_�ex[hc�k\_jorbjhdhihehk�

guc� kb]gZe�� Ijb_fguc� ljZdl� ]b^jhehdZlhjZ� y\ey_lky�

rbjhdhihehkguf�Z^Zilb\guf�ijb_fguf�ljZdlhf��iheh�

kZ�dhlhjh]h�fh`_l�[ulv�i_j_kljh_gZ�\�ijhp_kk_�jZ[hlu�

\�rbjhdbo�ij_^_eZo��

<�ijhp_kk_�ijh\_^_gby�gZlmjguo�wdki_jbf_glh\�bk�
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ihevah\Zebkv� ijZdlbq_kdb� \k_� ba\_klgu_� gZ� k_]h^gy�

kb]gZeu�� dZd� lh� kb]gZeu� k� qZklhlghc� fh^meypb_c� �eb�

g_cghc�� d\Z^jZlbqghc�� ]bi_j[hebq_kdhc��� ^bkdj_lgh�

dh^bjh\Zggu_�ih�qZklhl_�kb]gZeu��\�dhlhjuo�dh^bjh\Z�

gb_�ijh\h^behkv�ih�jZaguf�Ze]hjblfZf��

BkiulZgby� \dexqZeb� \� k_[y� ^\Z� wlZiZ��GZ� i_j\hf�

wlZi_�k�ihfhsvx�]b^jhehdZlhjZ�ijh\h^beky�h[ahj�lhe�

sb� \h^u�� Wdki_jbf_gl� [ue� jZa^_e_g� gZ� ^\_� qZklb�� \�

i_j\hc�qZklb�wdki_jbf_glZ�\�dZq_kl\_�p_eb�^ey�]b^jh�

ehdZlhjZ�bkihevah\Zeky� ]b^jhnhg��[mdkbjm_fuc�\�lhe�

s_�\h^u�gZ�eh^d_��k�ihfhsvx�dhlhjh]h�[ueZ�k^_eZgZ�

hp_gdZ�ijZ\bevghklb�nhjfbjh\Zgby�kb]gZeZ� b� _]h� h[�

jZ[hldb��<h�\lhjhc�qZklb�\�dZq_kl\_�p_eb�bkihevah\Ze�

ky� m`_� hlj_ahd� lheklhkl_gghc� f_lZeebq_kdhc� ljm[u�

^bZf_ljhf�����ff�b�^ebghc�����ff��dhlhjZy�lZd`_�[md�

kbjh\ZeZkv�\�lhes_�\h^u�k�ihfhsvx�eh^db��

GZ� \lhjhf� wlZi_� k�ihfhsvx� k\_jorbjhdhihehkguo�

kb]gZeh\� ijh\h^beky� h[ahj� ih\_joghklb� ^gZ�� lh� _klv�

[ue� j_Zebah\Zg� =;H� kh� k\_jorbjhdhihehkguf� ahg^b�

jmxsbf�kb]gZehf��

Gb`_�ijb\h^ylky�j_amevlZlu�bkiulZgbc� ]b^jhehdZ�

lhjZ�� hlghkysb_ky� d�bkihevah\Zgbx� \� g_f� k\_jorbjh�

dhihehkgh]h� ahg^bjmxs_]h� kb]gZeZ� kh� ke_^mxsbfb�

iZjZf_ljZfb��

±�gb`gyy�qZklhlZ��������d=p��

±�^_\bZpby�qZklhlu�±����d=p��

±�^ebl_evghklv�kb]gZeZ������fk��

<� i_j\hc� qZklb� ijb� ijh\_^_gbb� wlbo� bkiulZgbc��

baemqZeky�� \� qZklghklb�� ahg^bjmxsbc� k\_jorbjhdhih�

ehkguc�EQF�kb]gZe��dhlhjuc�ijbgbfZeky�gZ�]b^jhnhg��

k� \uoh^Z� dhlhjh]h� ^Ze__� ih� dZ[_ex� i_j_^Z\Zeky� gZ�

[ehd� ijb_fZ�i_j_^Zqb� ]b^jhehdZlhjZ�� ]^_� h[jZ[Zlu�

\Zeky�\�j_Zevghf�\j_f_gb��<h�\lhjhc�qZklb�wlh]h�wdk�

i_jbf_glZ�\�dZq_kl\_�p_eb�bkihevah\Zeky�hlj_ahd�lhe�

klhkl_gghc� f_lZeebq_kdhc� ljm[u� ^bZf_ljhf� ���� ff��

b�^ebghc�����ff��dhlhjZy�[mdkbjh\ZeZkv�\�lhes_�\h^u�

k�ihfhsvx�eh^db��

GZ�jbk�� ��ijb\_^_gu� l_hj_lbq_kdb�b�j_Zevgh�ihem�

q_gu_�k�\uoh^Z�]b^jhnhgZ�ki_dlju�k\_jorbjhdhihehk�

gh]h�EQF�kb]gZeZ��Z�gZ�jbk����±�_]h�wdki_jbf_glZevgh�

ihemq_ggZy�dhjj_eypbhggZy�nmgdpby�

�
Jbk�����L_hj_lbq_kdbc�b�j_Zevguc�ki_dlj��

k\_jorbjhdhihehkgh]h�EQF�kb]gZeZ��

ijb�jZ[hl_�gZ�]b^jhnhg

�
Jbk�����Dhjj_eypbhggZy�nmgdpby�k\_jorbjhdhihehkgh]h�EQF�

kb]gZeZ�ijb�jZ[hl_�gZ�]b^jhnhg�

GZ�jbk����b�jbk����ijb\_^_gu�bah[jZ`_gb_�lhesb�\h�

^u� k� ^\b`ms_cky� p_evx� b� dhjj_eypbhggZy� nmgdpby�

k\_jorbjhdhihehkgh]h� EQF� kb]gZeZ�� ihemq_ggZy� ijb�

hljZ`_gbb�kb]gZeZ�hl�f_lZeebq_kdhc�ljm[u�

�
Jbk�����:dmklbq_kdb_�bah[jZ`_gb_�lhesb�\h^u��

k�^\b`ms_cky�p_evx��ihemq_ggh_�k�ihfhsvx��

k\_jorbjhdhihehkgh]h�EQF�kb]gZeZ

�
Jbk�����Dhjj_eypbhggZy�nmgdpby��

k\_jorbjhdhihehkgh]h�EQF�kb]gZeZ���

ihemq_ggZy�ijb�jZ[hl_�ih�p_eb�
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GZ� \lhjhf� wlZi_� ]b^jhehdZlhj� [ue� mklZgh\e_g� \�

eh^d_�lbiZ�©Ah^bZdª��d�[hjlm�dhlhjhc�k�ihfhsvx�rlZg�

]b� dj_ibeZkv� �ijb_fh�i_j_^ZxsZy� Zgl_ggZ� ]b^jhehdZ�

lhjZ��

GZ�jbk����b�jbk����ihdZaZgu�g_dhlhju_�Zdmklbq_kdb_�

bah[jZ`_gby� ih\_joghklb� mqZkldZ� ^gZ� b� hkpbeeh]jZf�

fu��jbk�����jbk�����h^ghc�kljhdb�ahg^bjh\Zgby��ihemq_g�

gu_� \� oh^_� wlbo� bkiulZgbc� �eh^dZ� k� ]b^jhehdZlhjhf�

^\b]ZeZkv�ke_\Z�gZijZ\h��gZ�\_jlbdZevghc�hkb�ke_\Z�hl�

Zdmklbq_kdh]h�bah[jZ`_gby�ihdZaZgZ�rdZeZ�k�gZdehgghc�

^Zevghklvx�\�f_ljZo��

�
Jbk�����:dmklbq_kdh_�bah[jZ`_gb_�mqZkldZ�^gZ��

k�baf_gyxsbfky�j_ev_nhf���

ihemq_ggh_�k�ihfhsvx�=;H��

kh�k\_jorbjhdhihehkguf�EQF�kb]gZehf

�
Jbk�����Hkpbeeh]jZffZ�h^ghc�kljhdb�mqZkldZ�^gZ��

k�baf_gyxsbfky�j_ev_nhf

�
Jbk�����:dmklbq_kdh_�bah[jZ`_gb_��

ijb[j_`gh]h�mqZkldZ�^gZ�k�ibjkZfb��

b�[_lhgghc�kl_gdhc��ihemq_ggh_��

k�ihfhsvx�=;H�kh�k\_jorbjhdhihehkguf�EQF�kb]gZehf

�
Jbk�����Hkpbeeh]jZffZ�h^ghc�kljhdb��

ijb[j_`gh]h�mqZkldZ�^gZ��

k�ibjkZfb�b�[_lhgghc�kl_gdhc�

Ba� ZgZebaZ� Zdmklbq_kdbo� bah[jZ`_gbc� b� hkpbeeh�

]jZff� lhesb�\h^u�b�ih\_joghklb�^gZ��ij_^klZ\e_gguo�

\ur_��fh`gh�dhgklZlbjh\Zlv��qlh�bkihevah\Zgb_�k\_jo�

rbjhdhihehkguo� ahg^bjmxsbo�kb]gZeh\�\�=:K�\hafh`�

gh��:iiZjZlgZy�qZklv� ]b^jhehdZlhjZ��\dexqZxsZy�nhj�

fbjh\Zgb_�ahg^bjmxs_]h�kb]gZeZ��_]h�baemq_gb_�b�ijb�

_f��Z�lZd`_�Ze]hjblfu�h[jZ[hldb�wohkb]gZeh\��jZ[hlZxl�

dhjj_dlgh��

Qlh� dZkZ_lky� ihemqZ_fuo� ijb� wlhf� l_ogbq_kdbo� oZ�

jZdl_jbklbd� ]b^jhehdZlhjZ�� lZdbo� dZd� jZaj_r_gb_� ih�

^Zevghklb��^Zevghklv�^_ckl\by��ihf_ohmklhcqb\hklv��lh�

hgb� [m^ml� hij_^_e_gu� dhebq_kl\_ggh� \� ����� ]h^m�� ih�

kdhevdm� \j_f_ggu_� jZfdb� b� \hafh`ghklb�iheb]hgZ�^ey�

bkiulZgbc�g_�iha\hebeb�k^_eZlv�wlh�\������]h^m��

<�aZdexq_gbb�ohl_ehkv�[u�hlf_lblv��qlh�kms_kl\m_l�

_s_�fgh]h� \hijhkh\�� dZkZxsboky� hkh[_gghkl_c� ijbf_�

g_gby�k\_jorbjhdhihehkguo�kb]gZeh\�\�]b^jhehdZpbb�b�

^Zevg_crb_� gZlmjgu_� bkiulZgby�^Zggh]h� ]b^jhehdZlh�

jZ�g_khfg_ggh�ihfh]ml�gZclb�gZ�gbo�hl\_lu��

AZdexq_gb_�

Mki_rgh�ijh\_^_ggu_�bkiulZgby�]b^jhehdZlhjZ��bk�

ihevamxs_]h� \� dZq_kl\_� ahg^bjmxs_]h� kb]gZeZ� k\_jo�

rbjhdhihehkgu_� ahg^bjmxsb_� kb]gZeu�� iha\heyxl� ]h�

\hjblv� h� gZebqbb� \k_o� dhfihg_gl�� g_h[oh^bfuo� ^ey�

jZajZ[hldb� jZaebqguo� lbih\� hl_q_kl\_gguo� =:K� k�

k\_jorbjhdhihehkgufb�ahg^bjmxsbfb�kb]gZeZfb���

Ebl_jZlmjZ�

��� AZeh]bg� G�G��� KdgZjy� :�<�� <u[hj� ahg^bjmxs_]h�

kb]gZeZ�^ey�]b^jhehdZlhjZª��O����F_`^mgZjh^gZy�dhg�

n_j_gpby� ©JZ^bhehdZpby��gZ\b]Zpby��k\yavª��<hjhg_`��

����������]�]���klj�����������

���AZeh]bg�G�G���Dhe_kh\�<�<���KdgZjy�:�<��=b^jheh�

dZpby� k� \ukhdbf� jZaj_r_gb_f�� >hdeZ^u� <uimkd� O�����

���Zy�F_`^mgZjh^gZy� dhgn_j_gpby�b�\uklZ\dZ�Pbnjh�

\Zy� h[jZ[hldZ� kb]gZeh\� b� __� ijbf_g_gb_�� ������fZjlZ�

�����]���Fhkd\Z��lhf����klj����������

���>_fb^h\�:�B��b�^j��G_dhlhju_�\hijhku�ijZdlbq_�

kdhc�j_ZebaZpbb�rbjhdhihehkguo�l_ogheh]bc�\�hl_q_kl�

\_gghc� ]b^jhehdZpbb��O9���F_`^mgZjh^gZy� dhgn_j_g�

pby�©JZ^bhehdZpby��gZ\b]Zpby��k\yavª��<hjhg_`�������]���

lhf����klj�����������

$&7,9(�621$5�:,7+�8/75$��

:,'(�%$1'�352%(�6,*1$/6��

'HPLGRY�$���=DORJLQ�1���.RPRFKNRY�5���

0RVRORY�6���6NQDU\D�$���7RVKRY�6����

7XW\QLQ�(���

$W� SUHVHQW� WKH� QHFHVVLW\� RI� LQWURGXFWLRQ� RI� EURDGEDQG�

WHFKQRORJLHV�LQ�VRQDU�LV�EHFRPLQJ�LQFUHDVLQJO\�DSSDUHQW��%XW�

IRU� DGYDQFHPHQW� LQ� WKLV� GLUHFWLRQ� LW� LV� QHFHVVDU\� WR� VROYH�

VHYHUDO� SUREOHPV�� 7KLV� UHSRUW� UHYLHZHG� WKH� UHVXOWV� RI� WKH�

SUDFWLFDO�UHDOL]DWLRQ�RI�EURDGEDQG�WHFKQRORJ\�LQ�WKH�GRPHVWLF�

VRQDU� RQ� WKH� H[DPSOH� RI� WKH� ZRUNV� WR� FUHDWH� D� QHZ�

JHQHUDWLRQ� RI� GRPHVWLF� VRQDU�� FRQGXFWHG� MRLQWO\� E\� ,5(� E\�

9�$�� .RWHOQLNRY� 5$6� DQG� LQ� WKH� -RLQW� 6WRFN� &RPSDQ\�

©1,,3ª��
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JZkkfZljb\Zxlky� ijh[e_fu� bgl_]jbjh\Zgby� pbnjh\uo� kb]�

gZeh\� \� [ukljh^_ckl\mxsbo� fbdjhijhp_kkhjguo� kbkl_fZo�

mijZ\e_gby� j_Zevgh]h� \j_f_gb�� Ijb\h^ylky� Ze]hjblfu� b� ijh�

]jZffgZy�j_ZebaZpby�gZ�yaud_�Zkk_f[e_jZ��>Zxlky�ijbf_ju�j_Z�

ebaZpbb�jZaebqguo�f_lh^h\�bgl_]jbjh\Zgby�\�fbdjhijhp_kkhjguo�

dhfie_dkZo�� mki_rgh� wdkiemZlbjm_fuo� gZ� wg_j]_lbq_kdbo� h[t_d�

lZo�gZr_c�kljZgu��

M>D���������

D�<HIJHKM�IJH=J:FFGH=H�P?EHQBKE?GGH=H�BGL?=JBJH<:GBY��
KB=G:EH<�:PI�

F_kl_j]Zab�<�:���k�g�k��hl^_eZ�kbkl_f�Z\lhfZlbq_kdh]h�mijZ\e_gby�N=MI�<WB�bf��<��B��E_gbgZ���
H�PDLO��PHVWHUKD]\��#PDLO�UX��PVW#YHL�UX�

�

Dexq_\u_�keh\Z��:PI�� bgl_]jZlhj��^bkdj_�
lZ�ij_h[jZah\Zgby��fZkrlZ[bjh\Zgb_��

<\_^_gb_��hkgh\gu_�Zki_dlu�\hijhkZ�

Hkgh\gu_� Zki_dlu� ijh]jZffgh]h� p_eh�

qbke_ggh]h� bgl_]jbjh\Zgby� kb]gZeh\� :PI�

khklhyl�\�ke_^mxs_f��

�ba\_klgh�� qlh� fbgbfZevghc� \_ebqbghc�

ij_^klZ\e_gby� ZgZeh]h\uo� kb]gZeh\� \� ijhp_kkhj_� ih�

ke_� bo� hpbnjh\db�y\ey_lky� _^bgbpZ�:PI� �wlh� ij_^_e�

qm\kl\bl_evghklb�kbkl_fu�d�fbgbfZevghfm�baf_g_gbx�

\oh^gh]h�kb]gZeZ���

��ij_^iheZ]Z_lky��qlh�^ey�ih\ur_gby�[ukljh^_ckl�

\by�kbkl_f�mijZ\e_gby�j_Zevgh]h�\j_f_gb�gZ�[Za_�fbd�

jhijhp_kkhjh\� kj_^g_c� ijhba\h^bl_evghklb�ijb� h[jZ�

[hld_�kb]gZeh\�bkihevam_lky�p_ehqbke_gguc�fZl_fZlb�

q_kdbc� ZiiZjZl� gZ� hkgh\_� ijhkluo� Zkk_f[e_jguo� hi_�

jZpbc�keh`_gby��mfgh`_gby�b�k^\b]Z�\�dZq_kl\_�hi_jZ�

pbb�^_e_gby��l�_��[_a�ijbf_g_gby�khijhp_kkhjZ�b�hi_�

jZpbc�k�ieZ\Zxs_c�aZiylhc��

�� j_ZebaZpby� fZl_fZlbq_kdbo� nhjfme� h[jZ[hldb�

kb]gZeh\�k�^jh[gufb�dhwnnbpb_glZfb�ijb�wlhf�^he`�

gZ�j_rZlvky�ki_pbZevgufb�f_lh^Zfb�k�mq_lhf�lj_[m_�

fhc�qm\kl\bl_evghklb�kbkl_f�b�bo�Ze]hjblfh\� d�fbgb�

fZevguf�hldehg_gbyf�\oh^guo�kb]gZeh\��

<�^Zgghc� klZlv_� jZkkfZljb\Zxlky�f_lh^u� bgl_]jb�

jh\Zgby� kb]gZeh\�� bkoh^y� ba� mdZaZgguo� Zki_dlh\�� b�

\ebygb_� dZq_kl\Z� \oh^guo� kb]gZeh\� dZd� gZ� j_amevlZl�

bgl_]jbjh\Zgby�� lZd� b� dhg_qgh_� ih\_^_gb_� kbkl_fu� \�

p_ehf��

Hp_gdZ�dZq_kl\Z�pbnjh\uo�kb]gZeh\��
ijb�bgl_]jbjh\Zgbb�

Ijb�i_j_oh^_�hl�ZgZeh]h\h]h�bgl_]jbjh\Zgby�d�pbn�

jh\hfm�\hagbdZ_l�jy^�ijh[e_f��k\yaZgguo�k�ij_^klZ\�

e_gb_f�kb]gZeh\�gZ�\uoh^_�:PI�\�ahg_�fZeh]h�kb]gZeZ��

<� i_j\mx� hq_j_^v� gZ� agZq_gb_� bgl_]jZeZ� \eby_l�

kf_s_gb_� gZ� \uoh^_� :PI�� \ua\Zggh_� l_fi_jZlmjguf�

^j_cnhf�dhfihg_glh\�:PI��qlh��\�dhg_qghf�kq_l_��fh�

`_l� ijb\_klb� d� \uoh^m� bgl_]jZlhjZ� gZ� h]jZgbq_gb_��

<lhjuf�nZdlhjhf�y\ey_lky�gZebqb_�\�ihe_aghf�kb]gZ�

e_�rmfZ�gZ�\oh^_�:PI�b�kh[kl\_ggh�\�ko_f_�:PI��dh�

g_qgZy�qZklhlZ�^bkdj_lbaZpbb�b�kemqZcgZy�dhjj_eypby�

lhq_d�^bkdj_lbaZpbb�k�djb\hc�kb]gZeZ�rmfZ��Q_f�f_gv�

r_�qZklhlZ�^bkdj_lbaZpbb��l_f�\_jhylg__�g_jZ\ghf_j�

gh_�kqblu\Zgb_�iheh`bl_evguo�b�hljbpZl_evguo�lhq_d�

\�kb]gZe_�rmfZ��\�j_amevlZl_�q_]h�gZ�\uoh^_�:PI�ih�

y\ey_lky� iZjZablguc� kb]gZe� kf_s_gby�� Wlhl� kb]gZe�

fh`_l� ^Z\Zlv� ijb� g_ij_ju\ghf� bgl_]jbjh\Zgbb� beb�

h^ghiheyjgh_� ijbjZs_gb_� \iehlv�^h�ij_\ur_gby� jZa�

jy^ghklb� ij_^klZ\e_gby� bgl_]jZeZ� beb� jZkdZqb\Zlv�

bgl_]jZlhj�k�gbadhc�qZklhlhc�\ke_^� aZ�baf_g_gb_f�ih�

eyjghklb� mdZaZggh]h� kf_s_gby�� l_f� kZfuf�� \\h^y� agZ�

qbl_evgh_�\hafms_gb_�\�bgl_]jbjh\Zgb_�ihe_agh]h�kb]�

gZeZ��

GZ�jbk�� ��ihdZaZg�pbnjh\hc�kb]gZe�gZ�\uoh^_�:PI�

ijb�gme_\hf�ihe_aghf�kb]gZe_�gZ�\oh^_��\�dhlhjhf�ijb�

kmlkl\m_l�ZiiZjZlgh_�kf_s_gb_�b�g_jZ\ghf_jghklv�kqb�

lu\Zgby�iheh`bl_evguo�b�hljbpZl_evguo�agZq_gbc�kb]�

gZeZ�rmfZ�

�
Jbk�����>bkdj_lgh_�ij_^klZ\e_gb_�gZ�\uoh^_�:PI��

\oh^gh]h�gme_\h]h�kb]gZeZ�

Kihkh[u�ihemq_gby�©ijZ\bevgh]hª��
j_amevlZlZ�bgl_]jbjh\Zgby�

>ey�mkljZg_gby�\ebygby�dZq_kl\Z�kb]gZeZ�gZ�j_amev�

lZl� bgl_]jbjh\Zgby� ijbf_gyxlky� jZaebqgu_� f_lh^u�

hlkljhcdb� hl� iZjZablguo� kb]gZeh\� �� wlh� ijbf_g_gb_�

nbevljh\��beb�f_lh^u�klZlbklbq_kdhc�h[jZ[hldb�kb]gZ�

eh\� �_keb�iha\hey_l�[ukljh^_ckl\b_�kbkl_fu���beb�f_�

lh^u�ki_pbZevgh]h�bgl_]jbjh\Zgby��<k_�aZ\bkbl�hl�dhg�

dj_lghc�aZ^Zqb��]^_�lj_[m_lky�bgl_]jbjh\Zgb_�pbnjh\h�

]h�kb]gZeZ��

JZkkfhljbf�g_dhlhju_�ba�wlbo�aZ^Zq��dhlhju_�beex�

kljbjmxl�jZaguc�ih^oh^�d�aZ^Zq_�bgl_]jbjh\Zgby��

:�� Bkihevah\Zgb_� bgl_]jZevgh]h� a\_gZ� \� kbkl_fZo�



�

�

�
���

nZah�bfimevkgh]h� mijZ\e_gby� b� j_]mebjh\Zgby� ^ey�

j_ZebaZpbb�ijhihjpbhgZevgh���bgl_]jZevgh]h�beb�qbklh�

bgl_]jZevgh]h�aZdhgZ�j_]mebjh\Zgby��

;�� Bkihevah\Zgb_� bgl_]jZevgh]h� a\_gZ� \� baf_jb�

l_evguo�kbkl_fZo��

<�i_j\hf�kemqZ_�hkgh\ghc�p_evx�y\ey_lky�^hklb`_�

gb_� mklhcqb\h]h� ijhp_kkZ� j_]mebjh\Zgby�� \h� \lhjhf�

kemqZ_�� dZd� ijZ\beh�� klZ\blky� aZ^ZqZ� \hkklZgh\e_gby�

bkoh^gh]h�baf_jy_fh]h�kb]gZeZ��_keb�i_j\bqguc�^Zlqbd�

nhjfbjm_l� kb]gZe� ijhba\h^ghc� hl� bkoh^gh]h� kb]gZeZ�

�gZijbf_j��dZlmrdZ�Jh]h\kdh]h��bkihevam_fZy�\�dZq_kl�

\_�^ZlqbdZ�lhdZ���

<�pbnjh\uo�kbkl_fZo�nZah�bfimevkgh]h�mijZ\e_gby�

lbjbklhjgufb� ij_h[jZah\Zl_evgufb� [ehdZfb�� \� qZkl�

ghklb�fhsgufb�\uijyfbl_evgh�bg\_jlhjgufb�[ehdZfb�

^ey�i_j_^Zqb�wg_j]bb�ih�ihklhygghfm�lhdm��ijbf_gy_l�

ky�ijhihjpbhgZevgh�bgl_]jZevguc�aZdhg�j_]mebjh\Zgby�

ihklhyggh]h�lhdZ��

A^_kv�nmgdpbx�qm\kl\bl_evgh]h�we_f_glZ�\uihegy�

_l� ijhihjpbhgZevgh_� a\_gh�� Z� \� aZ^Zqm� bgl_]jZlhjZ�

\oh^bl� bg_jpbhggh_� nhjfbjh\Zgb_� ZklZlbq_kdhc� kh�

klZ\eyxs_c� kb]gZeZ�nZah�bfimevkgh]h� mijZ\e_gby� gZ�

klhjhg_�\uijyfbl_ey��ijhihjpbhgZevgh]h�m]em�aZ`b]Z�

gby�\_glbe_c�\uijyfbl_ey��m]he�.���dhlhjuc�kh\f_klgh�

k� m]ehf� hi_j_`_gby� �� gZ� klhjhg_� bg\_jlhjZ� b� aZ^Z_l�

mklhcqb\uc�j_`bf�jZ[hlu�ij_h[jZah\Zl_evgh]h�[ehdZ���

WlZ� aZ^ZqZ�^himkdZ_l� ©]jm[h_ª�bgl_]jbjh\Zgb_�� dh�

]^Z� bgl_]jZlhj� j_Z]bjm_l� gZ� hlghkbl_evgh� [hevrb_�

ijbjZs_gby� \hafmsZxsbo� nZdlhjh\�� <� wlhf� kemqZ_�

\hafh`gh� ijbf_g_gb_� f_lh^Z� fZkrlZ[bjh\Zgby� k� i_�

j_oh^hf� d� p_ehqbke_gghfm� bgl_]jbjh\Zgbx�� l�_�� [_a�

hi_jZpbc�^_e_gby�b�mfgh`_gby�k�ieZ\Zxs_c� aZiylhc��

qlh� iha\hey_l� j_Zebah\Zlv� kbkl_fm� pbnjh\h]h� mijZ\�

e_gby�j_Zevgh]h�\j_f_gb�gZ�ijhp_kkhjZo�kj_^g_]h�[u�

kljh^_ckl\by��K�^jm]hc�klhjhgu��fZkrlZ[bjh\Zgb_�kgb�

`Z_l�qm\kl\bl_evghklv�kbkl_fu�j_]mebjh\Zgby�d�fZeuf�

hldehg_gbyf�� \dexqZxsbf� hibkZggu_� \ur_� iZjZabl�

gu_�kf_s_gby�b�nemdlmZpbb��qlh�\�^Zgghf�kemqZ_�y\�

ey_lky�iheh`bl_evguf�nZdlhjhf��

<� pbnjh\uo� kbkl_fZo� j_]mebjh\Zgby� fh`_l� [ulv�

ihklZ\e_gZ� aZ^ZqZ�ij_pbabhggh]h�bgl_]jbjh\Zgby�� l�_��

dh]^Z� bgl_]jZlhj�^he`_g� j_Z]bjh\Zlv� gZ�fbgbfZevgh_�

baf_g_gb_�\oh^gh]h�kb]gZeZ��\iehlv�^h�_^bgbpu�:PI��

Wlh� oZjZdl_jgh� ^ey� j_]meylhjh\� k� ijbf_g_gb_f� bgl_�

]jZevgh]h� aZdhgZ� j_]mebjh\Zgby�� dZd� gZijbf_j�� \� kbk�

l_fZo�mijZ\e_gby�klZlbq_kdbf� lbjbklhjguf� dhfi_gkZ�

lhjhf� j_Zdlb\ghc�fhsghklb� �KLD��� ]^_� lj_[m_lky� ihe�

gZy� � dhfi_gkZpby� j_Zdlb\ghc� khklZ\eyxs_c� lhdZ��

A^_kv� aZ^ZqZ� bgl_]jbjh\Zgby� agZqbl_evgh� keh`g__� b�

lj_[m_l�ki_pbZevguo�f_lh^h\�bgl_]jbjh\Zgby���

Hl� bgl_]jZevguo� a\_gv_\�� ijbf_gy_fuo� \� baf_jb�

l_evguo� kbkl_fZo� wg_j]_lbdb�� gZijbf_j��^ey�ij_h[jZ�

ah\Zgby�kb]gZeh\�hl�dZlmrdb�Jh]h\kdh]h��lj_[m_lky�^hk�

lZlhqgh� lhqgh_�\hkijhba\_^_gb_�i_j\hh[jZaghc�hl�bk�

oh^gh]h� ^bnn_j_gpbZevgh]h� kb]gZeZ�� A^_kv� ^ey� hl�

kljhcdb� hl� iZjZablguo� kb]gZeh\� kf_s_gby� beb� gbadh�

qZklhlguo� nemdlmZpbc� gZ� \uoh^_� :PI�� \uau\Zxsbo�

gZkus_gb_�beb�jZkdZqdm�bgl_]jZlhjZ��fh`gh�ijbf_gylv�

Ze]hjblf�g_�qbklh]h�bgl_]jbjh\Zgby��Z�Ze]hjblf�bg_j�

pbhggh]h� a\_gZ� k� qZklhlhc� baehfZ� E:QO� ihjy^dZ��

���«�� =p� b� k� qZklhlhc� kj_aZ�� jZ\ghc� ijhfure_gghc�

qZklhl_� k_lb�� <� wlhf� kemqZ_� bkdexqZ_lky� gZdhie_gb_�

ihklhygghc�khklZ\eyxs_c�beb�mkbe_gb_�gbadhqZklhlguo�

nemdlmZpbc��LZdZy�j_ZebaZpby�iheghklvx�khhl\_lkl\m_l�

ZiiZjZlghc� j_ZebaZpbb� bgl_]jZlhjZ� ih� deZkkbq_kdhc�

ko_f_� gZ� hi_jZpbhgguo� mkbebl_eyo�� >jm]bf� f_lh^hf�

fh`_l�[ulv�ijbf_g_gb_�^\mo�ihke_^h\Zl_evguo� a\_gv�

_\��nbevljZ�N<Q�b�qbklh]h�bgl_]jZlhjZ���

<� h[hbo� kemqZyo� gZ� jZ[hq_c� qZklhl_� bgl_]jZlhjZ��

jZ\ghc� ijhfure_gghc� qZklhl_� k_lb�� nZah\Zy� ih]j_r�

ghklv� bgl_]jZlhjZ� [m^_l� hij_^_eylvky� hldehg_gb_f�

N:QO�bg_jpbhggh]h�a\_gZ�beb�a\_gZ�N<Q�hl�b^_Zevghc�

oZjZdl_jbklbdb�bgl_]jZlhjZ��l�_��\�jZ[hq_c�lhqd_�l_hj_�

lbq_kdb�g_evay�ihemqblv�b^_Zevgmx�N:QO�bgl_]jZlhjZ��

jZ\gmx�����]jZ^��

<� ^Zgghc� klZlv_� wlZ� ijh[e_fZ� j_rZ_lky� iml_f� g_�

klZg^Zjlgh]h�bkihevah\Zgby�Ze]hjblfZ�bgl_]jbjh\Zgby�

©\�hdg_ª��dhlhjuc�Z\lhfZlbq_kdb�bkdexqZ_l�gZdhie_gb_�

ZiiZjZlgh]h� kf_s_gby� gZ� \uoh^_�:PI� b� h[_ki_qb\Z_l�

Z[khexlgmx�lhqghklv�nZah\hc�oZjZdl_jbklbdb��

JZkkfhljbf�[he__�ih^jh[gh�ijbf_ju�jZaebqguo�f_�

lh^h\� bgl_]jbjh\Zgby� ^bkdj_lguo� kb]gZeh\� gZ� hkgh\_�

ZiiZjZlZ�ijh]jZffgh]h�p_ehqbke_ggh]h�\uqbke_gby��

Bgl_]jbjh\Zgb_�k�ijbf_g_gb_f�fZkrlZ[bjh\Zgby�

<� h[s_f� \b^_� pbnjh\h_� bgl_]jbjh\Zgb_� ijhba\h�

^blky�\�khhl\_lkl\bb�k�\ujZ`_gb_f��

�
GW

Q Q Q7
< < . ;� �   � ����

]^_�� D� ±� dhwnnbpb_gl� ij_h[jZah\Zgby�� GW� ±� ^bkdj_lZ�

kqblu\Zgby� b� bgl_]jbjh\Zgby� \oh^gh]h� kb]gZeZ���

7� ±�ihklhyggZy�\j_f_gb�bgl_]jbjh\Zgby��;Q� ±�^bkdj_l�

gh_� agZq_gb_� \oh^gh]h� kb]gZeZ� gZ� lZdl_� Q���

<Q����<Q� �±�agZq_gby�bgl_]jZeZ�gZ�ij_^u^ms_f�b�^Zgghf�

lZdl_�kqblu\Zgby�b�bgl_]jbjh\Zgby�\oh^gh]h�kb]gZeZ��

MdZaZggu_�iZjZf_lju�bgl_]jbjh\Zgby�h[uqgh�\�l_o�

gbq_kdbo� lj_[h\Zgbyo� aZf_gyxl� h[sbf� iZjZf_ljhf��

dhlhjuc� gZau\Zxl� dhwnnbpb_glhf� ij_h[jZah\Zgby��

fZkrlZ[bjh\Zgby� beb� bgl_]jbjh\Zgby�� Lh]^Z� \ujZ`_�

gb_�����ijbgbfZ_l�\b^��

�Q Q Q< < Fb ;� �  � ����

JZkkfhljbf� j_ZebaZpbx� ^Zggh]h� bgl_]jZeZ� gZ� ijb�

f_j_� j_]meylhjZ� lhdZ� fhsgh]h� ij_h[jZah\Zl_evgh]h�

[ehdZ� \uijyfbl_evgh�bg\_jlhjghc� ih^klZgpbb� i_j_^Z�

qb�ihklhyggh]h�lhdZ�Jhkkby�Nbgeyg^by�>�@��Wlhl�j_]mey�

lhj�j_Zebah\Zg�\�dhfie_dk_�mijZ\e_gby��j_]mebjh\Zgby�

b� aZsbl� fhsguf� ij_h[jZah\Zl_evguf� [ehdhf� lbiZ�

DMJ;f� �jZajZ[hlqbd� dhfie_dkZ� �� \_^msbc� ki_pbZebkl�

hl^_eZ� kbkl_f� Z\lhfZlbq_kdh]h� mijZ\e_gby�N=MI�<WB�

:e_dkZg^j�DhgklZglbgh\bq�FZamj_gdh��l_ogbq_kdb_�lj_�

[h\Zgby� d� j_]mebjh\Zgbx� [ehdhf� jZajZ[hlZgu� b� ij_^�

klZ\e_gu�^ey�j_ZebaZpbb�H:H�GBBIL���

<� khhl\_lkl\bb� k� l_ogbq_kdbf� aZ^Zgb_f� j_]meylhj�

lhdZ� [ehdZ� �JL;�� ^he`_g� mijZ\eylv� nZahc� \dexq_gby�

\_glbe_c�\uijyfbl_ey�^ey�ih^^_j`Zgby�kj_^g_]h� agZ�

q_gby� \uijyfe_ggh]h� lhdZ�\� klZlbq_kdhf� j_`bf_� k� aZ�

^Zgghc� lhqghklvx��>ey�wlhc�p_eb�\�j_]meylhj_�bkihev�

ah\Zg� ijhihjpbhgZevgh�bgl_]jZevguc� aZdhg� j_]mebjh�

\Zgby��IjhihjpbhgZevguc�dZgZe�hljZ[Zlu\Z_l�^bgZfb�

q_kdb_� hldehg_gby� lhdZ� hl� jZkq_lghc� mklZ\db�� Z� bgl_�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������
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]jZevguc� dZgZe� kem`bl� ^ey� nhjfbjh\Zgby� ZklZlbq_�

kdhc� khklZ\eyxs_c� \uoh^gh]h� \ha^_ckl\by� gZ� m]eu�

aZ`b]Zgby� \_glbe_c� \uijyfbl_ey�� JZkq_l� m]eZ� mijZ\�

e_gby� �m]he�.��ijhba\h^blky�\�khhl\_lkl\bb�k�\ujZ`_�

gb_f���

> @ > @ > @$/)$Sl Q $/)$ij Q $/)$b Q � �� ����

]^_� > @ > @$/)$ij Q � �$OI$b Q ���ijhihjpbhgZevgZy�b�bgl_�

]jZevgZy�khklZ\eyxsb_�\uoh^gh]h�kb]gZeZ�JL;���

A^_kv�gZk�bgl_j_km_l�j_ZebaZpby�bgl_]jZevghc�kh�

klZ\eyxs_c� mijZ\eyxs_]h� \ha^_ckl\by� JL;�� dhlhjZy�

kh]eZkgh�LA�^he`gZ�\uqbkeylvky�\�khhl\_lkl\bb�k�\u�

jZ`_gb_f���

> @ > @ > @ > @$/)$b Q $/)$b Q � Fb�la� �,[e Q ± ,mkl�bki� Q � � � � �

Fb�la� �� ��]jZ^�: k } � � ����

]^_�� > @,[e Q � ±� l_dms__� agZq_gb_� lhdZ� [ehdZ��

,mkl�bki�>Q@ � ±� l_dms__� agZq_gb_� bkihegbl_evghc� mk�

lZ\db�lhdZ�[ehdZ���

Fb�la� � ±� dhwnnbpb_gl�ij_h[jZah\Zgby�mijZ\eyx�

s_]h�\ha^_ckl\by�\�_^bgbpu�ij_^klZ\e_gby�m]eZ�aZ`b�

]Zgby��

Ijb�pbnjh\hf�ij_^klZ\e_gbb�kb]gZeh\�lhdZ�b�m]eh\�

mijZ\e_gby� g_h[oh^bfh� aZ^Zlv� fZkrlZ[u� pbnjh\h]h�

ij_^klZ\e_gby��<�dhfie_dk_�DMJ;f�^ey�m]eh\�mijZ\e_�

gby� ijbgyl� fZkrlZ[� 0�DOID� �  � ���� _^bg��]jZ^��� fZk�

rlZ[�^ey�lhdZ�[ehdZ� ,[e±F�,[e� � ������_^bg�:���

Ijb�\u[hj_� F�,[e� �mqblu\Zeky�jZaj_r_gguc�^bZ�

iZahg� :PI�� jZ\guc� \� ^Zgghf� kemqZ_� ^bZiZahgm��

�����)))K��beb�\�^_kylbqguo�_^bgbpZo���������_^bg���b�

lj_[m_fh_�fZdkbfZevgh_�agZq_gb_�lhdZ��Hlkx^Z�\b^gh��

qlh� fZdkbfZevgh_� agZq_gb_� lhdZ� ^h� gZkus_gby� :PI�

khklZ\ey_l�hdheh�����:��
Wlb� ^Zggu_� ijb\h^ylky� a^_kv� k� p_evx� jZkq_lZ��

dhgdj_lguo� agZq_gbc� dhwnnbpb_glZ� bgl_]jbjh\Zgby��

bkoh^y� ba� aZ^Zggh]h� dhwnnbpb_glZ� ij_h[jZah\Zgby�

Fb�la� ��b�^ey�ihke_^mxs_c�hp_gdb�qm\kl\bl_evghklb�

bgl_]jZevgh]h�dZgZeZ�d�\ha^_ckl\bx�fZeuo�hldehg_gbc�

lhdZ��

I_j_oh^bf�d�ijh]jZffghc�j_ZebaZpbb�bgl_]jZevgh�

]h�dZgZeZ��

<�gZqZe_�gm`gh�ihemqblv�ijh]jZffgh_�agZq_gb_�dh�

wnnbpb_glZ� ij_h[jZah\Zgby� �gZah\_f� _]h� 0, ��� bk�

ihevamy�aZ^Zggu_�\�LA�agZq_gby�Fb��ijbgylu_�fZkrlZ�

[u�b�\_ebqbgm�^bkdj_lbaZpbb�GW ����������k����we�]jZ^��

qZklhlu�k_lb����=p���Ijb�wlhf�gZr_c�aZ^Zq_c�y\ey_lky�

ihemq_gb_� p_ehqbke_ggh]h� agZq_gby�� <ujZ`_gb_� ^ey�

\uqbke_gby� ijh]jZffgh]h� dhwnnbpb_glZ� 0, � fh`gh�

ij_^klZ\blv�\�ke_^mxs_f�\b^_��

� �^ `0, P Fb la îD�fZkr� � ����

]^_�� P^`� ±� hi_jZpby� ihemq_gby� p_ehqbke_ggh]h��

agZq_gby��Fb�la� � ��«��]jZ^��:k�� DfZkr �±�dhwnnb�

pb_gl� fZkrlZ[bjh\Zgby�� jZ\guc�

DfZkr� �GW 0�DOID� � 0�,[e�� ��������� ��� ������

������>F :�]jZ^�@�

 �  �  

 �
�

Ihke_� ih^klZgh\db� mdZaZgguo� agZq_gbc� \� ���� ihem�

qZ_f��

> @ > @^ `
^ `

0, P �«� ]jZ^��:îk î����� Fî:�]jZ^�  

 P ������«����

 
� ����

>ey� lh]h�� qlh[u� i_j_clb� d� p_ehqbke_gghfm� ij_^�

klZ\e_gbx� dhwnnbpb_glZ� hklZehkv� \uihegblv� hi_jZ�

pbx� P^`��?keb�mfgh`blv�^bZiZahg�agZq_gbc�0, �gZ��
�
��

lh�ihemqbf�±� �0,K 0,�  ���� ����� } ��?keb�wlb�agZ�

q_gby�hdjm]eblv����«������lh�fh`gh�i_j_clb�d�p_ehqbk�

e_gguf� hi_jZpbyf��?kl_kl\_ggh�� qlh� hdjm]e_ggu_� agZ�

q_gby� [m^ml� khhl\_lkl\h\Zlv� bkoh^guf� \� ijhihjpbb�

��������l�_��agZq_gb_�0, ��K  �khhl\_lkl\m_l�bkoh^ghfm�

agZq_gbx� Fb�la�� ������]jZ^��: k� �� Khhl\_lkl\_ggh���

agZq_gb_� 0,K ��� � khhl\_lkl\m_l� agZq_gbx�

Fb�la�� ������]jZ^��: k� ��
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jblf� hdZaZeky� ^hklZlhqguf�^ey� hlkljhcdb� hl� gZdhie_�
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GZ�dZ`^hf�lZdl_�Q�\�hdg_�ba�1�kqblu\Zgbc�\uqbkey�

_lky� l_dms__�bgl_]jZevgh_� agZq_gb_�iZjZf_ljZ�\�\b^_�

kmffu� fh^me_c� 1� f]gh\_gguo� agZq_gbc� ±�

9�Q 1� 9�Q�� } �� ba� dhlhjuo� fh^mev� 9�Q� � ±� l_dms__�

agZq_gb_� \oh^gh]h� kb]gZeZ�� Z� hklZevgu_� khklZ\eyxl�

kmffm� \k_o� klZjuo� agZq_gbc� kqblu\Zgbc�fbgmk� klZjh_�

agZq_gb_�gZ�lZdl_�Q��

>ey�ijh]jZffghc�j_ZebaZpbb�wlh]h�f_lh^Z�lj_[m_l�

ky� [mn_j� ^ey� ojZg_gby� pbdebq_kdhc� ihke_^h\Zl_evgh�

klb�\k_o�agZq_gbc�iZjZf_ljZ�^ey�1�kqblu\Zgbc�b�mdZaZ�

l_ev� lZdlZ� kqblu\Zgby��Ih� mdZaZl_ex� Q� ba�[mn_jZ� [_�

j_lky� klZjh_� agZq_gb_� iZjZf_ljZ�� hgh� \uqblZ_lky� ba�

l_dms_]h�bgl_]jZeZ��Gh\h_�agZq_gb_�iZjZf_ljZ�gZ�lZdl_�

Q�ijb[Z\ey_lky� d�bgl_]jZem�b�h^gh\j_f_ggh� aZibku\Z�

_lky�\�[mn_j��LZdbf�h[jZahf��gZ�dZ`^hf�lZdl_�bgl_]jZe�

hlke_`b\Z_l� l_dms__� baf_g_gb_� \oh^gh]h� iZjZf_ljZ��

Bgl_]jbjmy�\�hdg_�lhdb�b�gZijy`_gby�k_lb�gZ�bgl_j\Ze_��

jZ\ghf�i_jbh^m�qZklhlu�k_lb��fh`gh�ijhkluf�kihkh[hf�

ihemqblv� bgl_]jZevgu_� b� kj_^gb_� agZq_gby� wlbo� \_eb�

qbg�\aZf_g�\uqbke_gby�kj_^g_d\Z^jZlbqguo�^_ckl\mx�

sbo�agZq_gbc��lj_[mxsbo�[hevrbo�fZkkb\h\�agZq_gbc�b�

keh`guo�fZl_fZlbq_kdbo�hi_jZpbc��
MdZaZgguc�f_lh^�fh`gh�bkihevah\Zlv�\�baf_jbl_ev�

ghc� l_ogbd_� ^ey� ij_h[jZah\Zgby� ^bnn_j_gpbZevgh]h�

kb]gZeZ�\�bgl_]jZevguc��WlZ�aZ^ZqZ�klhbl�ijb�ijbf_g_�

gbb�\�dZq_kl\_�^ZlqbdZ�lhdZ�dZlmrdb�Jh]h\kdh]h��gZ�\u�

oh^_� dhlhjhc�nhjfbjm_lky�kb]gZe�gZijy`_gby��ijhihj�

pbhgZevguc� ijhba\h^ghc� hl� baf_jy_fh]h� lhdZ��

8 G, � GWj] j] ��

F_lh^�bgl_]jbjh\Zgby�\�hdg_�k�p_evx�ij_h[jZah\Z�

gby� kb]gZeh\� gZ� \uoh^_� dZlmrdb�Jh]h\kdh]h�[ue�ij_^�

eh`_g��ijh]jZffgh�j_Zebah\Zg�b�bkke_^h\Zg�khljm^gb�

dhf�N=MI�<WB�LZjZkhf�<eZ^bfbjh\bq_f�Kh[ZdZj_f���

JZkkfhljbf�ijh[e_fu��k�dhlhjufb�ijboh^blky�klZe�

db\Zlvky� ijb� ij_h[jZah\Zgbb� kb]gZeh\� gZ� \uoh^_� dZ�



�

�

�
���

lmrdb�Jh]h\kdh]h��b�hkgh\gh_�hlebqb_�ijbf_g_gby�f_�

lh^Z�bgl_]jbjh\Zgby�\�hdg_�\�^Zgghf�kemqZ_���

>_eh� \� lhf�� qlh� d� bgl_]jZevghfm� ij_h[jZah\Zgbx��

ijbf_gy_fhfm�\�baf_jbl_evguo�kbkl_fZo�gZ�h[t_dlZo�

wg_j]_lbdb��ij_^ty\eyxlky�^h\hevgh�\ukhdb_�lj_[h\Z�

gby�d�nZah\hc�ih]j_rghklb�ij_h[jZah\Zgby��Ijb�ZiiZ�

jZlghc�b�ijh]jZffghc�j_ZebaZpbb�bgl_]jZlhjh\�ijboh�

^blky�mqblu\Zlv�gZebqb_�iZjZablguo�kb]gZeh\�kf_s_�

gby� beb� gbadhqZklhlguo� nemdlmZpbc�� \hagbdZxsbo� gZ�

\uoh^_�:PI�� dhlhju_�ijb\h^yl�beb�d�gZkus_gbx��beb�

jZkdZqd_�bgl_]jZlhjZ��>ey�j_r_gby�wlhc�ijh[e_fu�ijb�

oh^blky�hldZaZlvky�hl�qbklh]h�bgl_]jbjh\Zgby�b�ijbf_�

gylv� Ze]hjblf� bg_jpbhggh]h� a\_gZ� k� qZklhlhc� baehfZ�

E:QO�ihjy^dZ����«��=p�b�k�qZklhlhc�kj_aZ��jZ\ghc�ijh�

fure_gghc�qZklhl_�k_lb��>jm]bf�f_lh^hf�fh`_l�[ulv�

ijbf_g_gb_� ^\mo� ihke_^h\Zl_evguo� a\_gv_\��nbevljZ�

N<Q�b�qbklh]h�bgl_]jZlhjZ���

<� h[hbo� kemqZyo� gZ� jZ[hq_c� qZklhl_� bgl_]jZlhjZ��

jZ\ghc� ijhfure_gghc� qZklhl_� k_lb��nZah\Zy� ih]j_r�

ghklv� bgl_]jZlhjZ� [m^_l� hij_^_eylvky� hldehg_gb_f�

N:QO�bg_jpbhggh]h� a\_gZ�beb� a\_gZ�N<Q�� l�_��\�jZ[h�

q_c� lhqd_� l_hj_lbq_kdb� g_evay� ihemqblv� b^_Zevgmx�

N:QO�bgl_]jZlhjZ��jZ\gmx�±����]j���

�J_ZebaZpby�ijh]jZffgh]h�bgl_]jZlhjZ�f_lh^hf�bg�

l_]jbjh\Zgby�\�hdg_�j_rbeZ�h[_�ijh[e_fu� ±�wlhl�f_�

lh^� bkdexqZ_l� [_kdhg_qgh_� gZdhie_gb_� iZjZablgh]h�

kf_s_gby��ihkdhevdm�bgl_]jbjh\Zgb_�\_^_lky�gZ�dhg_q�

ghf� \j_f_gghf� bgl_j\Ze_�� b� mkljZgy_l� nZah\mx� ih�

]j_rghklv�� lZd� dZd�f_lh^� khojZgy_l�nZah\mx� oZjZdl_�

jbklbdm�b^_Zevgh]h�bgl_]jZlhjZ��jZ\gmx�±����]jZ^���

<� q_f� hkh[_gghklb� ijbf_g_gby� bgl_]jbjh\Zgby� \�

hdg_� ^ey� dZlmrdb� Jh]h\kdh]h� ih� kjZ\g_gbx� k� i_j\uf�

kemqZ_f�ijbf_g_gby�wlh]h�f_lh^Z"�

Hkgh\gh_� hlebqb_� �� bgl_]jbjh\Zgb_� ijh\h^blky� gZ�

ihemi_jbh^_� jZ[hq_c� qZklhlu�� bgl_]jbjm_lky� g_ih�

kj_^kl\_ggh�kb]gZe��Z�g_�_]h�fh^mev��

Ihkdhevdm� i_j\bqgh_� bgl_]jbjh\Zgb_� gZdZieb\Z_l�

kf_s_gb_�gZ�\uoh^_�:PI�lhevdh�\�l_q_gb_�ihemi_jbh�

^Z��lh�kf_s_gb_�gZ�\uoh^_�bgl_]jZlhjZ�g_�ij_\urZ_l�

kmffm�kf_s_gbc�\�lhqdZo�^bkdj_lbaZpbb�gZ�ihemi_jbh�

^_��GZ�hklZevguo�bgl_j\ZeZo�bgl_]jbjh\Zgby��dZd�[ueh�

ihdZaZgh� \ur_�� ijhba\h^blky� aZf_gZ� \� dZ`^hc� lhqd_�

bgl_]jbjh\Zgby� klZjh]h� agZq_gby� gZ� gh\h_�� ihwlhfm�

kmffZjgh_�kf_s_gb_�g_�m\_ebqb\Z_lky��<_ebqbgZ�kf_�

s_gby�� gZdhie_ggZy� aZ� ihemi_jbh^� ijZdlbq_kdb� g_�

\eby_l� gZ� Zfieblm^gmx� ih]j_rghklv� ij_h[jZah\Zgby��

Djhf_�lh]h��wlh�kf_s_gb_�fh`gh�\uqbkeblv�b�ijhba\h�

^blv� dhjj_dlbjh\dm� agZq_gby� bgl_]jZlhjZ� \� ijhp_kk_�

jZ[hlu���

Wlhl�f_lh^�^Z_l�fZdkbfZevgmx� lhqghklv�ih�Zfieb�

lm^_� ij_h[jZah\Zgby�� dh]^Z� lhqdb� ^bkdj_lbaZpbb� kbg�

ojhgbabjh\Zgu�k�qZklhlhc�k_lb��l�_��gZ�dZ`^hf�ihemi_�

jbh^_�fu�bf__f�h^bgZdh\h_�b�ihklhyggh_�qbkeh�lhq_d�

bgl_]jbjh\Zgby�ijb�ex[hf�moh^_�qZklhlu�hl� agZq_gby�

���=p��H^gZdh�bkke_^h\Zgby�ihdZaZeb��qlh�\�ij_^_eZo��

^himklbfh]h�moh^Z�qZklhlu�k_lb���«���=p�ih]j_rghklv�

bgl_]jbjh\Zgby�kb]gZeZ�Jh]h\kdh]h�g_�ij_\urZ_l��������

Ijb� kbff_ljbqghf� ^\moiheyjghf� \oh^ghf� kb]gZe_�

bgl_]jbjh\Zgb_� \� hdg_� b^_Zevgh� \hkijhba\h^bl�nhjfm�

i_j\hh[jZaghc� hl� ^bnn_j_gpbZevgh]h� kb]gZeZ� gZ� \u�

oh^_� dZlmrdb� Jh]h\kdh]h�� Ijb� Zi_jbh^bq_kdbo� \kie_�

kdZo�� dhlhju_� oZjZdl_jgu� ^ey� Z\Zjbcguo� ijhp_kkh\� \�

k_lyo��bgl_]jbjh\Zgb_�\�hdg_��jZ\ghf�ihemi_jbh^m�qZk�

lhl_�k_lb��l_hj_lbq_kdb�fh`_l�bkdZablv�nhjfm�\uoh^gh�

]h�kb]gZeZ��h^gZdh�wlh�bkdZ`_gb_�ijZdlbq_kdb�g_�\eby_l�

gZ�Zfieblm^m�b�kdhjhklv�gZjZklZgby�k\_jolhdh\��Z��ke_�

^h\Zl_evgh�� gZ� \j_f_ggu_� oZjZdl_jbklbdb� kjZ[Zlu\Z�

gby�mkljhckl\�aZsbl��

Hq_\b^gh��qlh�ijb�bkihevah\Zgbb�^Zlqbdh\�Jh]h\kdh�

]h� b� ^Zggh]h�f_lh^Z� ij_h[jZah\Zgby� \� baf_jbl_evguo�

kbkl_fZo� g_h[oh^bfh� pbnjh\h_� ij_h[jZah\Zgb_� kbg�

ojhgbabjh\Zlv�k�qZklhlhc�k_lb���

HibkZggh_� ij_h[jZah\Zgb_� kb]gZeZ� gZ� \uoh^_� dZ�

lmrdb�Jh]h\kdh]h� k� ihfhsvx�f_lh^Z� bgl_]jbjh\Zgby� \�

hdg_�gZreh�k\h_�ijbf_g_gb_�ijb�jZajZ[hld_�pbnjh\h]h�

baf_jbl_ey�lhdh\�b�gZijy`_gby�\�khhl\_lkl\bb�k�lj_[h�

\Zgbyfb� ihkljh_gby� pbnjh\hc� ih^klZgpbb� klZg^ZjlZ�

FWD�������>�@��

AZdexq_gb_�

FZl_jbZe��baeh`_gguc�\�klZlv_��bf__l�ijZdlbq_kdmx�

p_gghklv�^ey�ki_pbZebklh\�� aZgbfZxsboky�ijh]jZffb�

jh\Zgb_f� [ukljh^_ckl\mxsbo� fbdjhkbkl_f� mi�

jZ\e_gby�j_Zevgh]h�\j_f_gb��b��\�qZklghklb��^ey�fheh�

^uo�ki_pbZebklh\��dhlhju_�^hklZlhqgh�k\h[h^gh�hjb_g�

lbjmxlky�\�yaudZo�ijh]jZffbjh\Zgby�\ukhdh]h�mjh\gy��

gh�ihqlb�g_� agZdhfu�k�f_lh^Zfb�ijh]jZffbjh\Zgby�gZ�

yaud_�Zkk_f[e_jZ��

Ebl_jZlmjZ�

��� Hiul� \g_^j_gby� fbdjhijhp_kkhjghc� kbkl_fu�

mijZ\e_gby�ij_h[jZah\Zl_eyfb�[ehdZfb�gZ�<u[hj]kdhc�

ih^klZgpbb�� =mkZdh\kdbc�D�;��� AfZagh\�?�X��� DZlZg�

p_\�K�<��� FZamj_gdh�:�D��� F_kl_j]Zab�<�:��� IjhqZg�=�=���

Nmglbdh\Z�K�N���We_dljbq_kdb_�klZgpbb��������������

���B\Zgh\�:�K���F_kl_j]Zab�<�:���Ghkbd�E�I���IZjn_�

gh\�>�?���Kh[ZdZjv� L�<���Q_f_jbk�<�K��Baf_jbl_ev� gZ�

ijy`_gby�\�DJMW�gZ�ih^klZgpbyo�k�pbnjh\hc�l_ogbdhc��

>hdeZ^� gZ� ;,�c� F_`^mgZjh^ghc� gZmqgh�l_ogbq_kdhc�

dhgn_j_gpbb� ©Bgl_ee_dlmZevgZy� we_dljhwg_j]_lbdZ��

Z\lhfZlbdZ�b�\ukhdh\hevlgh_�dhffmlZpbhggh_�h[hjm^h�

\Zgb_ª��

7+(�63(&,$/�0(7+2'6��

2)�352*5$0�,17(*5$7,21��

2)�$'&�,17(*(5�6,*1$/6�

0DVWHUJD]L�9�,��

7KHUH�DUH�WKLV�DUWLFOH�FRQVLGHUHG�SUREOHPV�RI�GLJLWDO�VLJ�

QDOV� LQWHJUDWLRQ� LQ� IDVW�DFWLQJ�UHDO�WLPH�PLFURSURFHVVRU�FRQ�

WURO�V\VWHPV�� ,W�VLWHV�DOJRULWKPV�DQG�SURJUDP�UHDOL]D�WLRQ�LQ�

DVVHPEOHU� ODQJXDJH� RI� LQWHJUDWLRQ� ZLWKRXW� FRSURFHVVRU� E\�

VFDOH�PHWKRG�DQG�PHDQV�RI�GRXEOH�LQWHJU��

�

�
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JZkkfhlj_gu� kihkh[u� Z^Zilb\ghc� nbevljZpbb� g_deZkkbnb�

pbjh\Zgguo� \u[hjhd� gZ[ex^_gby�gZ� hkgh\_� i_j_dj_klgh]h�mijZ\�

e_gby� \_kh\ufb� dhwnnbpb_glZfb� ijb�nhjfbjh\Zgbb� wlbo� dhwn�

nbpb_glh\� ih� f_lh^Zf� Ijhgb� b� Rl_c]ebpZ�FZd;jZc^Z�� Ijb\h�

^ylky� j_amevlZlu� h[jZ[hldb� g_deZkkbnbpbjh\Zgguo� \u[hjhd�

gZ[ex^_gby�� kh^_j`Zsbo� ihe_aguc� kb]gZe� b� ^\modhfihg_glgmx�

dhjj_ebjh\Zggmx� ihf_om�� ijb� bkihevah\Zgbb� mdZaZgguo� ih^oh^h\�

d�nhjfbjh\Zgbx� \_kh\uo� dhwnnbpb_glh\�nbevljZ�� Ijb\h^ylky�

j_amevlZlu� h[jZ[hldb� l_o� `_� g_deZkkbnbpbjh\Zgguo� \u[hjhd�

gZ[ex^_gby�� gh� k� bkihevah\Zgb_f� ^ey� nhjfbjh\Zgby� \_kh\uo�

dhwnnbpb_glh\�Z\lhj_]j_kkbhggh]h�ih^oh^Z��

M>D������������

GH<UC�KIHKH;�NHJFBJH<:GBY�<?KH<UO�DHWNNBPB?GLH<��
IJB�:>:ILB<GHC�NBEVLJ:PBB�G?DE:KKBNBPBJH<:GGUO��
<U;HJHD�G:;EX>?GBC�

;Zjl_g_\�<�=���^�l�g���ijhn_kkhj�dZn_^ju�l_hj_lbq_kdhc�jZ^bhl_ogbdb�b�jZ^bhnbabdb�FBJW:���
H�PDLO�V\QWDOWHFKQR#PDLO�UX�

=hj^__\�:�X���ZkibjZgl�dZn_^ju�l_hj_lbq_kdhc�jZ^bhl_ogbdb�b�jZ^bhnbabdb�FBJW:��
H�PDLO�DOH[XUJRU����#JPDLO�FRP�

�

Dexq_\u_� keh\Z�� Z^Zilb\gZy� nbevljZpby��
g_deZkkbnbpbjh\ZggZy� \u[hjdZ� gZ[ex^_gbc��

^bkdj_lgZy� dhjj_ebjh\ZggZy� ihf_oZ�� ^hie_�

jh\kdb_� nbevlju�� j_`_dlhjgu_� nbevlju��

hp_gdZ��iZqdZ�bfimevkh\��Z\lhj_]j_kkby��Ijhgb��

Rl_c]ebpZ�FZd;jZc^Z�� i_j_dj_klgh_� mijZ\e_�

gb_��^hie_jh\kdZy�qZklhlZ��fgh]hdhfihg_glgZy��

<\_^_gb_��

;hjv[Z� k� ^bkdj_lgufb� dhjj_ebjh\Zggufb�

ihf_oZfb� ijb� h[jZ[hld_� g_deZkkbnbpbjh\Zg�

guo� \u[hjhd� gZ[ex^_gbc� y\ey_lky� h^ghc� ba�

]eZ\g_crbo�aZ^Zq��j_rZ_fuo�\�kh\j_f_gguo�kbkl_fZo�

K>P��>ey�ih^Z\e_gby� lZdbo�ihf_o�\�wlbo�kbkl_fZo�g_�

fh]ml� ijbf_gylvky� ljZ^bpbhggu_� Z^Zilb\gu_� ^hie_�

jh\kdb_� b� j_`_dlhjgu_�nbevlju�� dhwnnbpb_glu� dhlh�

juo�ih^kljZb\Zxlky�\�aZ\bkbfhklb�hl�dhjj_eypbhgguo�

k\hckl\� \oh^ghc� \u[hjdb� gZ[ex^_gbc�� LZd� dZd� ijb�

nhjfbjh\Zgbb� hp_ghd� k� mkj_^g_gb_f� ih� iZqd_� ijbgb�

fZ_fuo� bfimevkh\� nhjfbjmxlky� \_kh\u_� dhwnnbpb�

_glu��mqblu\Zxsb_�b�k\hckl\Z�ihf_ob�b�ihe_agh]h�kb]�

gZeZ��wlh�ijb\h^bl�d�nbevljZpbb�dZd�ihf_ob��lZd�b�ih�

e_agh]h�kb]gZeZ��Ihwlhfm�\�jZ[hlZo� >�±�@�[ue�ij_^eh�

`_g�b�hibkZg�kihkh[��kmlv�dhlhjh]h�aZdexqZ_lky�\�lhf��

qlh� ^ey� bkdexq_gby� \ebygby� ihe_agh]h� kb]gZeZ� gZ�

hp_gdb�dhwnnbpb_glh\�nbevljZ�ijb�mkj_^g_gbb�hp_ghd�

lhevdh�ih�hljZ[Zlu\Z_fhc�iZqd_�bfimevkh\��ij_^eZ]Z�

_lky� ijhba\h^blv� nhjfbjh\Zgb_� hp_ghd� \_kh\uo� dh�

wnnbpb_glh\� nbevljZ� ih� g_deZkkbnbpbjh\Zgghc� \u�

[hjd_��ihemq_gghc�gZ�^jm]hc�g_kms_c�qZklhl_�beb�^jm�

]hc�qZklhl_�ih\lhj_gby��Hkh[_gghklyfb�^Zggh]h�kihkh�

[Z� y\eyxlky� lZd`_� bkihevah\Zgb_� dhwnnbpb_glh\� Z\�

lhj_]j_kkbb� \oh^ghc� \u[hjdb� gZ[ex^_gbc� \� dZq_kl\_�

\_kh\uo� dhwnnbpb_glh\� nbevljZ� b� \u[hj� jZaghklb�

qZklhl� ih\lhj_gby� beb� g_kmsbo� qZklhl� ^\mo� \u[hjhd�

lZdbf� h[jZahf�� qlh[u� jZaghklv� khhl\_lkl\mxsbo� bf�

^hie_jh\kdbo�kf_s_gbc�qZklhlu�[ueZ�[u�agZqbl_evgh�

f_gvr_�^hie_jh\kdbo�kf_s_gbc�qZklhlu�^ey�dZ`^hc�ba�

\u[hjhd� gZ[ex^_gbc�� :\lhj_]j_kkbhgguc� ih^oh^� ijb�

nhjfbjh\Zgbb�\_kh\uo� dhwnnbpb_glh\�iha\hey_l�wn�

n_dlb\gh� nbevljh\Zlv� fgh]hdhfihg_glgu_� ihf_ob��

H^gZdh�fh`gh�bkihevah\Zlv�b�^jm]b_�ba\_klgu_�kihkh�

[u�nhjfbjh\Zgby� \_kh\uo� dhwnnbpb_glh\� ijbf_gy_�

fu_�ijb�iZjZf_ljbq_kdhf�ki_dljZevghf�ZgZeba_�\ukh�

dh]h� jZaj_r_gby��<�qZklghklb�^ey� h[jZ[hldb�kb]gZeh\�

\_kvfZ� mki_rgh� >�@� ijbf_gy_lky�f_lh^�Ijhgb�� hi_jb�

jmxsbc� k�fh^_evx� kb]gZeZ� \� \b^_� \a\_r_gghc� kmffu�

aZlmoZxsbo�beb�g_aZlmoZxsbo�wdkihg_gl��\�h[s_f�kem�

qZ_� dhfie_dkguo�� <� gZklhys_c� jZ[hl_� ijb\h^ylky� j_�

amevlZlu� ijbf_g_gby� kihkh[Z�nbevljZpbb� ^bkdj_lguo�

ihf_o� ijb� bkihevah\Zgbb� \� dZq_kl\_� \_kh\uo� dhwnnb�

pb_glh\�Z^Zilb\gh]h�nbevljZ�iZjZf_ljh\�fh^_eb�Ijh�

gb�� ihkljh_gghc� gZ� hkgh\_� \oh^ghc� \u[hjdb� gZ[ex^_�

gbc�� Z� lZd`_� iZjZf_ljh\�� ihemqZ_fuo� ih� Ze]hjblfm�

Rl_c]ebpZ�FZd;jZc^Z�� Ijb� wlhf� ^ey� nbevljZpbb� g_�

deZkkbnbpbjh\Zgguo�\u[hjhd�gZ[ex^_gby��dZd�b�\�kih�

kh[_�>�@��bkihevam_lky�i_j_dj_klguc�\\h^�nhjfbjm_fuo�

\_kh\uo� dhwnnbpb_glh\�� :gZeba� wnn_dlb\ghklb� ij_^�

eh`_ggh]h� kihkh[Z� nhjfbjh\Zgby� \_kh\uo� dhwnnbpb�

_glh\� Z^Zilb\gh]h� nbevljZ� ijhba\h^beky� \� \uqbkeb�

l_evghc� kj_^_� 0$7/$%� kh� ke_^mxsbfb� iZjZf_ljZfb�

\oh^ghc�\u[hjdb�gZ[ex^_gbc��

DV �����Zfieblm^Z�ihe_agh]h�kb]gZeZ�
IV� �������^hie_j�ihe_agh]h�kb]gZeZ��=p�^ey�
i_j\hc�\u[hjdb�gZ[ex^_gbc�
DP �����Zfieblm^Z���dhfihg_glu�ihf_ob�
IP� ������^hie_j���dhfihg_glu�ihf_ob��=p�^ey�
i_j\hc�\u[hjdb�gZ[ex^_gbc�
O� �����������^ebgZ�\hegu�^ey�i_j\hc�\u[hjdb�
gZ[ex^_gbc�k�g_kms_c�����F=p�
O� �����������^ebgZ�\hegu�^ey�\lhjhc�\u[hjdb�
gZ[ex^_gbc�k�g_kms_c�����F=p�
IF� ������^hie_j���dhfihg_glu�ihf_ob��=p�^ey�
i_j\hc�\u[hjdb�gZ[ex^_gbc�
DF �����Zfieblm^Z���dhfihg_glu�ihf_ob�
YP IP�O�����IP� �YP�O�����^hie_j���dhfihg_glu�
ihf_ob��=p�^ey�\lhjhc�\u[hjdb��
�gZ[ex^_gbc�
YF IF�O�����IF� �YF�O�����^hie_j���dhfihg_glu�
ihf_ob��=p�^ey�\lhjhc�\u[hjdb��
�gZ[ex^_gbc�
YV IV�O�����IV� �YV�O�����^hie_j�ihe_agh]h�
kb]gZeZ��=p�^ey�\lhjhc�\u[hjdb��
�gZ[ex^_gbc�
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J_amevlZlu� nbevljZpbb� g_deZkkbnbpbjh\Zgguo�

\u[hjhd� gZ[ex^_gbc� k� jZagufb� g_kmsbfb� qZklhlZfb�

ijb\_^_gu�gZ�jbk�������GZ�jbk����ijb\_^_gh�ki_dljZev�

gh_� ij_^klZ\e_gb_� kb]gZeh\� ^bkdj_lghc� ^\modhfih�

g_glghc�ihf_ob�k�^hie_jh\kdbfb�qZklhlZfb�dhfihg_gl�

��=p�b���=p�b�ihe_agh]h�kb]gZeZ�k�^hie_jh\kdhc�qZklh�

lhc� ���=p� ihke_� nbevljZpbb� ih� kihkh[m�� khhl\_lkl�

\mxs_]h�ijhlhlbim��ijb�bkihevah\Zgbb�^ey�nbevljZpbb�

dhwnnbpb_glh\� Z\lhj_]j_kkbb� b� i_j_dj_klguo� k\ya_c��

Imgdlbjhf�ihdZaZg� ki_dlj�kb]gZeZ� gZ� \oh^_��GZ� jbk����

ijb\_^_gh� ki_dljZevgh_� ij_^klZ\e_gb_� kb]gZeh\� ^bk�

dj_lghc� ^\modhfihg_glghc� ihf_ob� k� ^hie_jh\kdbfb�

qZklhlZfb�dhfihg_gl���=p�b���=p�b�ihe_agh]h�kb]gZeZ�k�

^hie_jh\kdhc� qZklhlhc� ���=p�ihke_�nbevljZpbb� k� bk�

ihevah\Zgb_f� i_j_dj_klgh]h� mijZ\e_gby� dhwnnbpb_g�

lZfb�nbevljZpbb�gh�k�ijbf_g_gb_f�f_lh^Z�Ijhgb�^ey�

nhjfbjh\Zgby� \_kh\uo� dhwnnbpb_glh\� nbevljZ�� Ih�

jy^hd�Z\lhj_]j_kkbb�\�kemqZ_��bah[jZ`_gghf�gZ�jbk�����

khklZ\eye� ����Wlh�khhl\_lkl\m_l��\h�i_j\uo��qbkem�bk�

dhfuo�iZjZf_ljh\�\�fh^_eb�Ijhgb��kf��ijh]jZffm�\u�

r_���Z�\h�\lhjuo��qlh�kZfh_�]eZ\gh_��iha\hey_l�ijb�bk�

ihevah\Zgbb� Z\lhj_]j_kkbhggh]h� ih^oh^Z� d� nhjfbjh�

\Zgbx�dhwnnbpb_glh\�nbevljZ�fZdkbfZevgh�ih^Z\blv�

fgh]hdhfihg_glgmx�ihf_om�[_a�kms_kl\_ggh]h�m\_ebq_�

gby�\uqbkebl_evghc�keh`ghklb�\k_]h�Ze]hjblfZ�

�
Jbk����Ki_dlju�\oh^gh]h�b�\uoh^gh]h�kb]gZeh\�ihke_��

nbevljZpbb�ih�f_lh^m�ijhlhlbiZ

�
Jbk����Ki_dlju�\oh^gh]h�b�\uoh^gh]h�kb]gZeh\�ihke_��

nbevljZpbb�ih�f_lh^m�Ijhgb�

Ba�jbk����b�jbk����\b^gh��qlh�\�kemqZ_�bkihevah\Zgby�

\f_klh� Z\lhj_]j_kkbhggh]h�ih^oh^Z�f_lh^Z�Ijhgb�^ey�

nhjfbjh\Zgby� dhwnnbpb_glh\� Z^Zilb\gh]h� nbevljZ�

ijhbkoh^bl�mf_gvr_gb_�mjh\gy�dhjj_ebjh\Zgghc�ihf_�

ob��h[_bo�dhfihg_gl��ih�hlghr_gbx�d�mjh\gx�ihe_agh]h�

kb]gZeZ�ijbf_jgh�gZ���^;���

AgZqbl_evgh� emqrbo� j_amevlZlh\� \� ieZg_� ih^Z\e_�

gby�fgh]hdhfihg_glghc�dhjj_ebjh\Zgghc�ihf_ob�fh`gh�

^h[blvky� aZ� kq_l� ijbf_g_gby� \f_klh�f_lh^h\�Ijhgb� b�

Z\lhj_]j_kkbb� bl_jZpbhggh]h� Ze]hjblfZ� Rl_c]ebpZ�

FZd;jZc^Z�� bkihevamy� \h� \k_f� hklZevghf� \k_� lhl� `_�

aZiZl_glh\Zgguc� f_lh^� i_j_dj_klgh]h� mijZ\e_gby� dh�

wnnbpb_glZfb�nbevljZpbb��<�wlhf�kemqZ_�\�ijb\_^_g�

ghc� \ur_� ijh]jZff_� kljhdm�� ]^_� ijhbkoh^bl�nhjfbjh�

\Zgb_� dhwnnbpb_glh\� nbevljZ� ih� f_lh^m� Ijhgb�

>33���DD�@� �SURQ\�]��������� b� >33���DD�@� �SURQ\�]��� ��� ����

ke_^m_l� aZf_gblv� gZ� \ujZ`_gby�

>33���DD�@� �VWPFE�]��������� b� >33���DD�@� �VWPFE�]��� ��� ���

khhl\_lkl\_ggh��QbkeZ� ��b� ���h[hagZqZxsb_�khhl\_lkl�

\_ggh�qbkeh�bkdhfuo�iZjZf_ljh\�qbkebl_ey�b�agZf_gZ�

l_ey�\�\ujZ`_gbb��hibku\Zxs_f�\�h[s_f�kemqZ_�i_j_�

^Zlhqgmx�nmgdpbx�g_dhlhjhc�kbkl_fu�
�
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Z� \� gZr_f� kemqZ_� ±� kZfm� \u[hjdm� gZ[ex^_gbc�� [ueb�

\u[jZgu�wdki_jbf_glZevgh�ba� djbl_jby�fZdkbfZevgh]h�

ih^Z\e_gby� fgh]hfh^h\hc� dhjj_ebjh\Zgghc� ihf_ob��

J_amevlZlu�jZ[hlu�ijh]jZffu�k�bkihevah\Zgb_f�Ze]h�

jblfZ�Rl_c]ebpZ�FZd;jZc^Z�ijb\_^_gu�gZ�jbk�����Imgd�

lbjhf��dZd�b�jZg__��h[hagZqZ_lky�ki_dlj�bkoh^gh]h�kb]�

gZeZ�gZ�g_kms_c�qZklhl_����F=p��

DZd�\b^gh�ba�jbk�����mjh\_gv�h^ghc�ba�fh^�^\mofh^h�

\hc�ihf_ob�kgb`_g�^h��^;��Z�\lhjhc�±�^h�fbgbfZevgh]h�

agZq_gby��qlh�ihdZau\Z_l�y\gh_�ij_bfms_kl\h�ij_^eZ�

]Z_fh]h�Ze]hjblfZ�gZ^�Ze]hjblfZfb�nhjfbjh\Zgby�\_�

kh\uo� dhwnnbpb_glh\� Z^Zilb\gh]h� nbevljZ�� ij_^eh�

`_ggufb�\�jZ[hlZo�>�±�@��



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�
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�
Jbk�����Ki_dlju�\oh^gh]h�b�\uoh^gh]h�kb]gZeh\��

ijb�i_j_dj_klghf�mijZ\e_gbb�dhwnnbpb_glZfb�nbevljZ�

pbb��\uqbkey_fufb�ih�Ze]hjblfm�Rl_c]ebpZ�FZd;jZc^Z�

Wlh� hq_\b^gh�� ihkdhevdm� ijb� nhjfbjh\Zgbb� dhwn�

nbpb_glh\�Z�b�E�\�\ujZ`_gbb�����g_�klZ\blky�p_ev�lhq�

gh]h� kh\iZ^_gby� kh� agZq_gbyfb� h]jZgbq_ggh]h� gZ[hjZ�

hlkq_lh\�bfimevkghc�oZjZdl_jbklbdb��Z�\�gZr_f�kemqZ_�

±� kZfhc� \u[hjdb� gZ[ex^_gbc�� dZd� gZijbf_j�� ijb� bk�

ihevah\Zgbb�nmgdpbb� SURQ\�� Z� ijhbkoh^bl� \uqbke_gb_�

\_ebqbg��[ebadbo�d�hihjguf�agZq_gbyf�\�kj_^g_d\Z^jZ�

lbqghf�kfuke_��Ihfbfh�wlh]h��nmgdpby�SURQ\�g_�^_eZ_l�

gbdZdbo�ij_^iheh`_gbc�h�agZq_gbyo�bfimevkghc�oZjZd�

l_jbklbdb� �\u[hjdb��aZ�ij_^_eZfb�aZ^Zggh]h�njZ]f_g�

lZ��\�lh�\j_fy�dZd�nmgdpby�VWPFE�fbgbfbabjm_l�d\Z^jZ�

lbqgmx�hrb[dm�\hkijhba\_^_gby�aZ^Zgghc�[_kdhg_qghc�

bfimevkghc� oZjZdl_jbklbdb� �\u[hjdb��� ijb� wlhf� ih�

hdhgqZgbb� y\gh� aZ^Zggh]h� njZ]f_glZ� hgZ� kqblZ_lky�

jZ\ghc�gmex��<�j_amevlZl_��lhqgh]h�khhl\_lkl\by�hlkq_�

lh\� aZ^Zgghc� b� ihemq_gghc� bfimevkguo� oZjZdl_jbklbd�

�\u[hjhd�� g_� gZ[ex^Z_lky� �aZ� bkdexq_gb_f� i_j\h]h���

aZlh� hrb[dZ� \hkijhba\_^_gby� oZjZdl_jbklbdb� ©jZafZ�

aZgZª� ih� hlkq_lZf� [he__� jZ\ghf_jgh� >�@�� IjZ\^Z�� g_�

kdhevdh�ih\urZ_lky�mjh\_gv�g_dhjj_ebjh\Zggh]h�rmfZ�

\�h[eZklb�aZ�^hie_jh\kdhc�qZklhlhc�ihe_agh]h�kb]gZeZ��

dZd�b�\�kemqZ_�bkihevah\Zgby�f_lh^Z��gh�^ey�j_rZ_fhc�

a^_kv�aZ^Zqb�wlh�g_kms_kl\_ggh��

:gZeh]bqguo� j_amevlZlh\� ijb� bkihevah\Zgbb� \k_o�

\ur_mdZaZgguo� l_ogheh]bc� nhjfbjh\Zgby� dhwnnbpb�

_glh\�Z^Zilb\gh]h�nbevljZ�b�ijb�ijbf_g_gbb�kihkh[Z�

i_j_dj_klgh]h�mijZ\e_gby�wlbfb�dhwnnbpb_glZfb�fh`�

gh�^h[blvky�b�^ey�kemqZy�^\mo�\u[hjhd�gZ[ex^_gbc�k�

h^bgZdh\hc�g_kms_c�qZklhlhc��gh�bf_xsbo�jZagu_�qZk�

lhlu� ih\lhj_gby�� Ihemq_ggu_� j_amevlZlu� ijb\_^_gu�

gZ�jbk������

�
Jbk�����Ki_dlju�\oh^gh]h�b�\uoh^gh]h�kb]gZeh\��

ijb�i_j_dj_klghf�mijZ\e_gbb�dhwnnbpb_glZfb�nbevljZ�

pbb��\uqbkey_fufb�Z\lhj_]j_kkbhgguf�f_lh^hf���

^ey�\u[hjhd�k�jZagufb�qZklhlZfb�ih\lhj_gby�

Bkoh^y�\k_o�ihemq_gguo�\� oh^_�^Zgghc�jZ[hlu�j_�

amevlZlh\��fh`gh�k^_eZlv�\u\h^��qlh�ijbf_g_gb_�bl_�

jZpbhggh]h�Ze]hjblfZ�Rl_c]ebpZ�FZd;jZc^Z�^ey�nhj�

fbjh\Zgby�dhwnnbpb_glh\�Z^Zilb\gh]h�nbevljZ�y\ey�

_lky�gZb[he__�wnn_dlb\guf�f_lh^hf�ih^kljhcdb�wlbo�

dhwnnbpb_glh\� ^ey� ih^Z\e_gby� fgh]hdhfihg_glguo�

dhjj_ebjh\Zgguo� ihf_o� ijb� nbevljZpbb� g_deZkkbnb�

pbjh\Zgguo�\u[hjhd�gZ[ex^_gby��

�
Jbk�����Ki_dlju�\oh^gh]h�b�\uoh^gh]h�kb]gZeh\��

ijb�i_j_dj_klghf�mijZ\e_gbb�dhwnnbpb_glZfb�nbevljZpbb��

\uqbkey_fufb�ih�f_lh^m�Ijhgb��^ey�\u[hjhd��

k�jZagufb�qZklhlZfb�ih\lhj_gby

�
Jbk�����Ki_dlju�\oh^gh]h�b�\uoh^gh]h�kb]gZeh\��

ijb�i_j_dj_klghf�mijZ\e_gbb�dhwnnbpb_glZfb�nbevljZpbb��

\uqbkey_fufb�ih�Ze]hjblfm�Rl_c]ebpZ�FZd;jZc^Z���

^ey�\u[hjhd�k�jZagufb�qZklhlZfb�ih\lhj_gby�

Ebl_jZlmjZ�

��� ;Zjl_g_\� <�=��Kihkh[� Z^Zilb\ghc� nbevljZpbb�

^bkdj_lguo� ihf_o��IZl_gl� ih� aZy\d_� �� ������������

hl�����������Im[ebdZpby�NFIK�\�;xe������hl�����������

��� ;Zjl_g_\� <�=��:^Zilb\gZy� nbevljZpby� g_deZkkb�

nbpbjh\Zgguo� \u[hjhd� gZ[ex^_gby������ Kh\j_f_ggZy�

we_dljhgbdZ������������&���������

��� ;Zjl_g_\� <�=�� :^Zilb\guc� j_r_lqZluc� nbevlj�

^ey� ih^Z\e_gby� ^bkdj_lguo� dhjj_ebjh\Zgguo� ihf_o��

>hdeZ^� gZ� ���c� F_`^mgZjh^ghc� dhgn�� '63$��������

Fhkd\Z��������fZjlZ��������

���Gbdblbg�:�<��Ki_dljZevgh_� hp_gb\Zgb_� i_jbh^b�

q_kdbo�kb]gZeh\�gZ�hkgh\_�Ze]hjblfZ�Ijhgb� ���K[hjgbd�

ljm^h\�fheh^uo�mq_guo�b�klm^_glh\�<he�=M��<he]h]jZ^��

Ba^Zl_evkl\h�<he=M��������K�����������

���KWWS���PDWODE�H[SRQHQWD�UX�VLJQDOSURFHVV�ERRN��

�LQGH[�SKS����

7+(�1(:�0(7+2'�2)�7+(�:(,*+76�

)250,1*�)25�$'$37,9(�),/7(5,1*�

2)�81&/$66,),('�2%6(59$7,21�

6$03/(6��

%DUWHQHY�9�*���*RUGHHY�$�<��

7KH�XQFODVVLILHG�VDPSOHV�RI�REVHUYDWLRQV¶�DGDSWLYH�ILOWHU�

LQJ� WHFKQLTXHV� EDVHG� RQ� ZHLJKWV� FURVV� PDQDJHPHQW� DUH�

FRQVLGHUHG�ZKHQ� WKHVH�ZHLJKWV�DUH� IRUPHG�ZLWK�3URQ\�DQG�

6WHLJOLW]�0F%ULGH�XVLQJ�PHWKRGV��7KH�UHVXOWV�RI�XQFODVVLILHG�

VDPSOHV� RI� REVHUYDWLRQV�� FRQWDLQLQJ� XVHIXO� VLJQDO� DQG� WZR�

FRPSRQHQW� FRUUHODWHG� LQWHUIHUHQFH�� SURFHVVLQJ� ZKHQ� XVLQJ�

WKH�DERYHPHQWLRQHG� ILOWHU�ZHLJKWV� IRUPDWLRQ�WHFKQLTXHV�DUH�

SURYLGHG�LQ�WKH�DUWLFOH��)RU�WKH�ILOWHULQJ�HIILFLHQF\�FRPSDULVRQ�

WKH�UHVXOWV�RI�WKH�VDPH�XQFODVVLILHG�VDPSOHV�RI�REVHUYDWLRQV¶�

SURFHVVLQJ� ZLWK� DXWRUHJUHVVLRQ� DSSURDFK� XVDJH� IRU� WKH�

ILOWHULQJ�ZHLJKWV�IRUPLQJ�DUH�DOVR�SURYLGHG��
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BGNHJF:PBY�

���y�F_`^mgZjh^gZy�gZmqgh�l_ogbq_kdZy�dhgn_j_gpby�b�\uklZ\dZ�

©PBNJH<:Y�H;J:;HLD:�KB=G:EH<�B�?,�IJBF?G?GB?��'63$
����ª�

�
Hl\_qZy�p_eyf�b�aZ^ZqZf�dhgkheb^Zpbb�b�ih^^_j`db�hl_�

q_kl\_gguo� mq_guo� b� ki_pbZebklh\�� jZ[hlZxsbo� \� h[eZklb�

i_j_^h\uo�bgnhjfZpbhgguo�l_ogheh]bc�j_Zevgh]h�\j_f_gb��
jZkrbj_gby� f_`^mgZjh^guo� gZmqguo� k\ya_c� b� kh^_ckl\by�
\g_^j_gbx� \ukhdbo� gZmdh_fdbo� l_ogheh]bc� ;;,� \_dZ�� Jhk�
kbckdh_� gZmqgh�l_ogbq_kdh_� h[s_kl\h� jZ^bhl_ogbdb�� we_d�
ljhgbdb�b�k\yab�bf_gb�:�K��Ihih\Z�kh\f_klgh� k�dhfiZgb_c�
©$87(;�/WGª� ijb� ih^^_j`d_� JNNB� b� ijb� mqZklbb� N_^_�
jZevgh]h� Z]_glkl\Z� ih� ijhfure_gghklb� JN��Fbgbkl_jkl\Z�
h[jZah\Zgby� b� gZmdb� JN�� Jhkkbckdhc� k_dpbb� ,(((� 6LJQDO�

3URFHVVLQJ� 6RFLHW\�� BgklblmlZ� jZ^bhl_ogbdb� b� we_dljhgbdb�
J:G��BgklblmlZ�ijh[e_f�mijZ\e_gby�J:G��A:H� ©FGBLBª��
F=LM�bf��G�W��;ZmfZgZ��FLMKB��F:B��FWB�b�^jm]bo�\_�
^msbo�jhkkbckdbo�\mah\�b�hj]ZgbaZpbc��ijh\_eb����±����fZj�
lZ� ����� ]�� \� BIM� J:G� ���x� F_`^mgZjh^gmx� gZmqgh�
l_ogbq_kdmx�dhgn_j_gpbx�b�\uklZ\dm��©Pbnjh\Zy�h[jZ[hldZ�
kb]gZeh\�b�_z�ijbf_g_gb_��'63$¶����ª��<�jZ[hl_�dhgn_j_g�
pbb�b� \uklZ\db�ijbgyeb�mqZklb_� k\ur_� �����q_eh\_d�ba� ���

]hjh^h\� Jhkkbb� b� kljZg� KG=�� Z� lZd`_� ij_^klZ\bl_eb� jy^Z�
kljZg�^Zevg_]h�aZjm[_`vy�

�

JZ[hlZ� dhgn_j_gpbb� ijhoh^beZ� ih� k_fb� k_dpbyf�� ©L_h�
jby�kb]gZeh\�b�kbkl_fª� ����^hdeZ^h\��jmdh\h^bl_eb� ±�^�l�g���
ijhn_kkhj�X�K��RbgZdh\�� ^�l�g��� ijhn_kkhj�F�K��G_fbjh\�
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