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>Zggh_� bkke_^h\Zgb_� kh^_j`bl� baeh`_gb_� gh\uo� j_amevlZlh\� Z\lhjh\��
ihk\ys_gguo� ijh[e_f_� ^bgZfbq_kdhc� w\hexpbb� Kheg_qghc� Kbkl_fu� gZ� [hevrbo�
ijhf_`mldZo� \j_f_gb� ihjy^dZ� khlgb�fbeebhgh\� e_l��Wlb� j_amevlZlu�ihemq_gu�gZfb�
qbke_gguf� bgl_]jbjh\Zgb_f� g_mijhs_gguo� mjZ\g_gbc� ^\b`_gby� l_e� Kheg_qghc�
kbkl_fu�� ijbq_f� f_lh^� b mjZ\g_gby� hlebqgu� hl� l_o�� dhlhju_� bkihevah\Zeb� ^jm]b_�
bkke_^h\Zl_eb�� J_amevlZlu� j_r_gby� ih^\_j]Zebkv� fgh]hklhjhggbf� l_klbjh\Zgbyf� b
[ueb� khihklZ\e_gu� k h[h[s_gb_f� ^Zgguo� gZ[ex^_gby� b jZkq_lZfb� ^jm]bo Z\lhjh\��
Wlh� iha\hebeh� h[hkgh\Zlv� \u\h^u� h i_jbh^Zo� b Zfieblm^Zo� dhe_[Zgby� iZjZf_ljh\�
hj[blu� FZjkZ� b ihdZaZlv�� qlh� gZ� bkke_^h\Zgghf� bgl_j\Ze_� \j_f_gb� ^\b`_gby� \
Kheg_qghc� kbkl_f_� klZ[bevgu� b g_� ijhy\ey_lky� dZdZy�eb[h� l_g^_gpby� d
dZlZkljhnbq_kdbf�baf_g_gbyf \ __ ]_hf_ljbb�b ^bgZfbd_�
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���<\_^_gb_
����� Nhjfmebjh\dZ� ijh[e_fu� >bgZfbdZ� l_e� Kheg_qghc� Kbkl_fu� gZ� [hevrbo��
dhkfh]hgbq_kdbo� bgl_j\ZeZo� \j_f_gb� ij_^klZ\ey_l� [hevrhc� bgl_j_k� ih� fgh]bf�
ijbqbgZf�� Wlhl� bgl_j_k� h[mkeh\e_g�� ij_`^_� \k_]h�� bkke_^h\Zgb_f� keh`g_cr_c�
gZmqgh�nbehkhnkdhc�ijh[e_fu�± ijh[e_fu�ijhbkoh`^_gby��w\hexpbb�b mklhcqb\hklb�
Kheg_qghc�Kbkl_fu��b k\yaZgghc�k g_c��g_�f_g__�\Z`ghc ijh[e_fhc h[jZah\Zgby�b
nhjfbjh\Zgby� [hevrbo� ieZg_l�� Zkl_jhb^h\� b kimlgbdh\�� Z lZd`_ ]_heh]bq_kdhc�
bklhjb_c� A_feb�� Wlhl� bgl_j_k� ^bdlm_lky� lZd`_� bkke_^h\Zgbyfb� debfZlZ� gZ� gZr_c�
ieZg_l_� h[blZgby� b \ebygb_f� gZ� g_]h� w\hexpbb� hj[blZevgh]h� b \jZsZl_evgh]h�
^\b`_gbc� A_feb� \ jZfdZo� lZd� gZau\Z_fhc� :kljhghfbq_kdhc l_hjbb� e_^gbdh\uo�
i_jbh^h\�

Khre_fky� a^_kv�� gZijbf_j�� gZ� bkke_^h\Zgby� w\hexpbb� j_r_gbc� mjZ\g_gbc�
^\b`_gby� [hevrbo� ieZg_l� Kheg_qghc� Kbkl_fu� gZ� \_kvfZ� [hevrbo� bgl_j\ZeZo�
\j_f_gb�� \uiheg_ggu_ @�EykdZjhf�� � L�Dmbgghf� b ^jm]bfb� ba\_klgufb�
ki_pbZebklZfb >���@�� �< wlbo�jZ[hlZo�ihdZaZgh��qlh�gZ�ijhf_`mldZo�\j_f_gb�ihjy^dZ�
����feg�� e_l�� ����feg��e_l�b lZd�^Ze__��^h� ���fej^��e_l�� we_f_glu�hj[bl�hl^_evguo�
ieZg_l �F_jdmjby��FZjkZ��<_g_ju��IemlhgZ� b ^j��� ^hklb]Zeb� agZq_gbc�� kms_kl\_ggh�
[hevrbo� q_f� bo ©gZqZevgu_ª� agZq_gby��Wlh� iha\hebeh� mihfygmluf bkke_^h\Zl_eyf�
k^_eZlv� \u\h^� h \hafh`ghc� g_mklhcqb\hklb� Kheg_qghc� Kbkl_fu� b h oZhlbqghf�
oZjZdl_j_�^\b`_gbc�\ g_c� �g_dhlhju_�\u^_j`db�ba�jZ[hl�@ EykdZjZ�fu�ijb\h^bf�\
Ijbeh`_gbb� ���� WlZ� ijh[e_fZ� bkke_^h\ZeZkv� bfb gZ� hkgh\_ ijbf_g_gby�
ZgZeblbq_kdbo� f_lh^h\� l_hjbb� \_dh\uo� \hafms_gbc b f_lh^h\� qbke_ggh]h�
bgl_]jbjh\Zgby� hkj_^g_gguo ih� m]eh\uf� i_j_f_gguf� mjZ\g_gbc� ^\b`_gby� ieZg_l��
Djhf_�lh]h��L�Dmbgg�b _]h dhee_]b�>�@��j_rZeb�wlm�aZ^Zqm�k ihfhsvx�ijyfuo�f_lh^h\�
qbke_ggh]h� bgl_]jbjh\Zgby� i_j\hgZqZevguo� mjZ\g_gbc� ^\b`_gby� gZ� fhsguo�
kmi_jdhfivxl_jZo�
�����MjZ\g_gby�^\b`_gby� :kljhghfbq_kdZy� l_hjby�e_^gbdh\uo�i_jbh^h\�iha\hey_l�
hij_^_eblv� khklZ\eyxsmx� w\hexpbb� debfZlZ� ieZg_lu�� dhlhjZy� h[mkeh\e_gZ�
baf_g_gb_f� __ hj[blZevgh]h� b \jZsZl_evgh]h� ^\b`_gbc�� >ey� __ bkke_^h\Zgby� fu�
qbke_ggh j_rZeb� aZ^Zqm� h \aZbfh^_ckl\bb� h^bggZ^pZlb� l_e� Kheg_qghc� Kbkl_fu�
�^_\ylv�[hevrbo�ieZg_l��Khegp_�b EmgZ� ��gZ�bgl_j\Ze_�\j_f_gb�\ ����feg��e_l >���@� ��
l�_��bkke_^h\Zeb�deZkkbq_kdmx�gvxlhgh\m�ijh[e_fm����lb�l_e�
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Kh]eZkgh�aZdhgm�\k_fbjgh]h�ly]hl_gby��l_eh�k ghf_jhf�L�ijbly]b\Z_lky�l_ehf�k
ghf_jhf�N kbehc

LN
LN

NL
LN UU

PP*) &&

�� ��������������������������������������������������������������

]^_�*�± ]jZ\blZpbhggZy�ihklhyggZy�
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b�� \ khhl\_lkl\bb� k deZkkbq_kdbfb� aZdhgZfb ^bgZfbdb >�@� �� ^\b`_gb_� l_e� \
bg_jpbZevghc� kbkl_f_� hlkq_lZ� hij_^_ey_lky� kbkl_fhc� ^bnn_j_gpbZevguo� mjZ\g_gbc�
ihjy^dZ��Q
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]^_� LU& � jZ^bmk�\_dlhj l_eZ� LP hlghkbl_evgh� p_gljZ� fZkk� �gZijbf_j�� hlghkbl_evgh�
[Zjbp_gljZ�Kheg_qghc�Kbkl_fu��

>ey Q ����^_\ylv�[hevrbo�ieZg_l���Khegp_�b EmgZ���mjZ\g_gby�����ij_^klZ\eyxl�
kh[hc�kbkl_fm�^bnn_j_gpbZevguo�mjZ\g_gbc��hibku\Zxsbo�\k_\hafh`gu_�^\b`_gby�
\ \u[jZgghc� fh^_eb� Kheg_qghc� Kbkl_fu��>ey� gZoh`^_gby� dZdh]h�eb[h� __ qZklgh]h
j_r_gby�fu��hq_\b^gh��^he`gu�aZ^Zlv��Q agZq_gbc�dhhj^bgZl�b �Q agZq_gbc�dhfihg_gl�
kdhjhkl_c� gZ� hij_^_e_ggmx� ^Zlm�� dhlhjmx� \ ^Zevg_cr_f� [m^_f� gZau\Zlv� gZqZevghc�
wihohc� k 7�  � ��� � Fu� bkihevah\Zeb� jZaebqgu_� \ZjbZglu f_lh^h\� qbke_ggh]h�
bgl_]jbjh\Zgby�� ijb� wlhf� \ dZq_kl\_� kbkl_fu� dhhj^bgZl� fu� \u[jZeb�
[Zjbp_gljbq_kdmx� wd\ZlhjbZevgmx� kbkl_fm� dhhj^bgZl�� hkv� [ dhlhjhc� gZijZ\e_gZ� gZ�
lhqdm�\_k_gg_]h�jZ\gh^_gkl\by�Jh gZ�wihom ������ ]��k ghf_jhf�xebZgkdh]h�^gy�-'6  �
�������������

Ijb� jZkkfhlj_gbb� \aZbfh^_ckl\bc� l_e� Kheg_qghc� Kbkl_fu� qZklh�� djhf_�
]jZ\blZpbhgguo� kbe� ^ey� fZl_jbZevguo� lhq_d�� mqblu\Z_lky� fgh`_kl\h� ©keZ[uoª�
^hihegbl_evguo� nbabq_kdbo� b ^bgZfbq_kdbo� nZdlhjh\� �gZijbf_j�� \ha^_ckl\b_�
Zkl_jhb^h\� b kimlgbdh\� ieZg_l�� hlebqb_� nhjfu� ieZg_l� hl� h^ghjh^guo� rZjh\��
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hq_\b^gh� jZ\ghagZqguo� fZl_jbZevguf� lhqdZf�� ijbeb\gu_� kbeu�� j_eylb\bklkdb_�
wnn_dlu�� baf_g_gb_� fZkku� l_e� kh� \j_f_g_f� b l�i���� D ijbf_jm�� \ jZ[hlZo� >��� �@�
ihemq_gZ� hp_gdZ� \ebygby g_dhlhjuo� ba� mdZaZgguo� nZdlhjh\� b ihdZaZgh�� qlh� bfb� \
ijbgpbi_� fh`gh� ij_g_[j_qv�� DhgklZglu� \aZbfh^_ckl\by� fgh]bo� ^hihegbl_evguo�
nZdlhjh\� hij_^_eyxlky�� dZd� ijZ\beh�� ih� \_ebqbg_� g_\yadb� f_`^m� j_amevlZlZfb��
h[mkeh\e_ggufb�gvxlhgh\uf�\aZbfh^_ckl\b_f�b gZ[ex^_gbyfb��Ba�wlh]h��hq_\b^gh��
\ul_dZ_l��qlh�\ gZqZe_�fu�^he`gu bamqblv��dZd�fh`gh�lhqg__��w\hexpbx�hj[bl�ieZg_l�
\ j_amevlZl_� bo� ]jZ\blZpbhggh]h� \aZbfh^_ckl\by� ���� b lhevdh� ihke_� wlh]h� ke_^m_l�
mq_klv�\ha^_ckl\b_�ex[h]h�ba�i_j_qbke_gguo�\ur_�[he__�keZ[uo�nZdlhjh\��
�����GZqZevgu_� mkeh\by� Qlh[u� ijhs_ j_Zebah\Zlv� kjZ\gbl_evguc� ZgZeba� gZrbo�
j_amevlZlh\�k j_amevlZlZfb�^jm]bo�bkke_^h\Zl_e_c��fu�\u[jZeb�\ dZq_kl\_�gZqZevgh]h�
fhf_glZ�^Zlm������������]��k ghf_jhf�xebZgkdh]h�^gy�-'�  ������������
Ijb�wlhf�fu�k^_eZeb�\uqbkebl_evguc�wdki_jbf_gl�k bkihevah\Zgb_f�^\mo�\ZjbZglh\�
gZqZevguo� mkeh\bc�� < hkgh\m� i_j\h]h� \ZjbZglZ� gZqZevguo� mkeh\bc� [ueb� iheh`_gu�
wn_f_jb^u� '( ��� EZ[hjZlhjbb� j_Zdlb\gh]h� ^\b`_gby� KR:� �khdjZs_ggh� ± EJ>�� \
Zg]ebckdhc� ljZgkdjbipbb� �-3/��� \aylu_� ba KijZ\hqgh]h� jmdh\h^kl\Z >�@� >ey�
hij_^_e_gby�fZkk�l_e�fu�\uihegbeb�hl^_evgh_�bkke_^h\Zgb_�bf_xsboky�kh\j_f_gguo�
k\_^_gbc� h fZkkZo� ieZg_l�� D kh`Ze_gbx�� qbke_ggu_� ^Zggu_� h fZkkZo� ieZg_l� \
ki_pbZevghc�ebl_jZlmj_�kbevgh�hlebqZxlky�f_`^m�kh[hc��GZijbf_j��^ey�IemlhgZ�wlZ�
jZagbpZ� ^hklb]Z_l� ihjy^dZ� \_ebqbgu� b [he__�� < j_amevlZl_� lZdh]h� ZgZebaZ� fu�
hij_^_ebeb�agZq_gby�fZkk�ieZg_l�b gZqZevgu_�agZq_gby�bo�dhhj^bgZl��hgb�ijb\_^_gu�
\ LZ[ebp_���Ijbeh`_gby�����< klZlv_�L�DmbggZ�b ^j��>�@�[ueb�bkihevah\Zgu�agZq_gby�
fZkk� b gZqZevgu_� mkeh\by gZ� lm� `_� wihom�� gh� hij_^_e_ggu_� ih� wn_f_jb^_� '(����
KjZ\gb\Zy�gZrb�b wlb�gZqZevgu_�mkeh\by��fu�mklZgh\beb��qlh�gZb[hevr__�hlebqb_�\
fZkkZo� bf__lky� ^ey� fZkku� IemlhgZ�� dhlhjh_� khklZ\ey_l� ihqlb ����� \ lh� \j_fy� dZd�
fZkku�F_jdmjby�� MjZgZ� b G_ilmgZ� hlebqZxlky� gZ� ^_kylu_� ^heb� ijhp_glZ�� Z fZkkZ�
KhegpZ� _s_� f_gvr_� ± gZ� ������� Hlghkbl_evgZy� jZagbpZ� \ dhhj^bgZlZo� iheh`_gbc�
ieZg_l� b bo� kdhjhkl_c� khklZ\ey_l� \_ebqbgm�� f_gvrmx �Â������ qlh� ^Z_l� gZf� ijZ\h�
kqblZlv�� qlh� kjZ\g_gb_� ihemq_gguo� gZfb� j_amevlZlh\� k j_amevlZlZfb� ^jm]bo� Z\lhjh\
[he__�beb�f_g__�dhjj_dlgh�

>ey� ihemq_gby� qbke_gguo� j_amevlZlh\�� oZjZdl_jbamxsbo� ^bgZfbq_kdmx�
w\hexpbx� Kheg_qghc� Kbkl_fu� gZ� ijhf_`mld_� \j_f_gb� \ ���� feg�� e_l�� kgZqZeZ� fu�
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bkihevah\Zeb� i_j\uc� \ZjbZgl� gZqZevguo� mkeh\bc b ^ey� ijh\_jdb f_lh^Z�� kjZ\gbeb�
ihemq_ggu_�qbke_ggu_�j_amevlZlu k kh\j_f_ggufb�^Zggufb�gZ[ex^_gbc��>ey�lh]h��
qlh[u� m[_^blvky� \ ^hklh\_jghklb� gZrbo� j_amevlZlh\�� fu� khqeb� g_h[oh^bfuf�
bkihevah\Zlv� lZd`_� \lhjhc� \ZjbZgl� gZqZevguo� mkeh\bc�� ijb� dhlhjhf� dhhj^bgZlu� b
kdhjhklb�l_e�[ueb�hij_^_e_gu�gZ�lm�`_�gZqZevgmx�wihom���������������]���gh�\ ^jm]hc�
kbkl_f_�hlkq_lZ��Z bf_ggh���������]��F -'6  ���������b gZqZevgu_�mkeh\by�^ey�\lhjh]h�
\ZjbZglZ�[ueb�hij_^_e_gu�ih�ba\_klghc�-3/�l_hjbb�'( ����/(�����k\_^_gby�h dhlhjhc�
b ijh]jZffu� ^ey jZkq_lZ� ij_^klZ\e_gu� gZ� kZcl_ -3/ 6RODU 6\VWHP '\QDPLFV��
KWWS���VVG�MSO�QDVD�JRY����Hlghkbl_evgu_� agZq_gby�fZkk� [ueb� \aylu� ba� kbkl_fu� '(�����
ijb\_^_ggu_� \ jZ[hl_� &lwg^brZ� ?�F� >�@�� Ihke_� wlh]h� fu� fh^bnbpbjh\Zeb� bo
agZq_gby� k mq_lhf� \_ebqbgu�*�0( b k bkihevah\Zgb_f� dhgklZgl� ba\_klghc� kbkl_fu�
,(56 �kf��klj������Ljm^u�BI:�J:G >��@���Wlb�bkoh^gu_�^Zggu_�b gZqZevgu_�mkeh\by�
ij_^klZ\e_gu�\ lZ[e����Ijbeh`_gby���
�����F_lh^� j_r_gby� G_kfhljy� gZ� lh�� qlh� \ fZl_fZlbq_kdhc� ebl_jZlmj_� kms_kl\m_l�
[hevrh_� jZaghh[jZab_� qbke_gguo� f_lh^h\� bgl_]jbjh\Zgby� ^bnn_j_gpbZevguo�
mjZ\g_gbc��kf���gZijbf_j��fhgh]jZnbx�L�<�;hj^h\bpughc >��@���fu�ijbreb�d \u\h^m��
qlh� dhg_qgh�jZaghklgu_� f_lh^u� bgl_]jbjh\Zgby� ^ey� gZr_]h� bkke_^h\Zgby� g_�
h[_ki_qb\Zxl� g_h[oh^bfmx� lhqghklv�� Wlh� h[mkeh\beh� g_h[oh^bfhklv� jZajZ[hldb�
ki_pbZevgh]h� Ze]hjblfZ�b ki_pbZevghc�ijh]jZffu��gZa\Zgghc�gZfb ©*DODFWLFDª�� kmlv�
dhlhjh]h� khklhbl� \ lhf�� qlh� agZq_gb_� \uqbkey_fhc�nmgdpbb� \ ©ke_^mxsbcª�fhf_gl�
\j_f_gb� W W� �� 'W \uqbkey_lky� [he__ lhqgh� q_f� \ ©h[uqguoª� ko_fZo� qbke_ggh]h�
bgl_]jbjh\Zgby�� Z bf_ggh�� fu� hij_^_eyeb� agZq_gb_� dhhj^bgZlu� [ k ihfhsvx� jy^Z�
L_cehjZ
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]^_�[��N� ± ijhba\h^gZy�ihjy^dZ�N \ fhf_gl�W���Z p_eh_�qbkeh
. y\ey_lky�©ihjy^dhfª�gZb\ukr_c�ijhba\h^ghc�
AgZq_gb_�kdhjhklb� [c �l�_��i_j\Zy�ijhba\h^gZy�dhhj^bgZlu�[� hij_^_ey_lky�ih�

ZgZeh]bqghc�nhjfme_��Z mkdhj_gb_� �[ cc ± ih�nhjfme_������Ijhba\h^gu_�[he__�\ukhdh]h�
ihjy^dZ� [��N� fu� hij_^_eyeb� iml_f� g_ihkj_^kl\_ggh]h� ^bnn_j_gpbjh\Zgby� ijZ\uo�
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qZkl_c�mjZ\g_gbc�����\ ZgZeblbq_kdhf�\b^_��Hlf_lbf��qlh�\ g_[_kghc�f_oZgbd_�f_lh^u��
hkgh\Zggu_�gZ�jZaeh`_gbb�L_cehjZ��ijbf_gyebkv�b jZg__��kf���gZijbf_j��>������@��

< jZkq_lZo� fu� bkihevah\Zeb� qbkeZ� k ^\hcghc� lhqghklvx�� ijb� dhlhjhc� hgb�
\ujZ`Zxlky� ���x ^_kylbqgufb� agZdZfb��<uqbke_gby� ihdZaZeb�� qlh� \ \ujZ`_gbb� ����
fh`gh�h]jZgbqblvky�ijhba\h^gufb�r_klh]h�ihjy^dZ��l�_��fu�[jZeb�. ���<uqbke_gby�
gZ� [hevrb_� ijhf_`mldb� \j_f_gb [ueb� j_Zebah\Zgu�gZ� kmi_jdhfivxl_jZo 50�����b
F<K������ \ Gh\hkb[bjkdhf�<P�KH� J:G��< ijh]jZff_� ij_^mkfhlj_gZ� \hafh`ghklv�
aZibkb� j_amevlZlh\� ©\ nZceª� q_j_a� hij_^_e_ggh_� dhebq_kl\h�rZ]h\�� gZijbf_j�� q_j_a�
dZ`^u_����lukyq�e_l��>ey�ZgZebaZ�iZjZf_ljh\�hj[blu��ih wlbf�^Zgguf�ijhkqblu\Zeky�
h^bg�h[hjhl�ieZg_lu�\hdjm]�KhegpZ��kf��>��@��b ih�j_amevlZlZf�jZkq_lh\�hij_^_eyebkv�
m]he� gZdehgZ� hj[blu� L�� ^he]hlZ� \hkoh^ys_]h� maeZ� 3
�� wdkp_gljbkbl_l� H b ^he]hlZ�
i_jb]_eby�3j� �kf��jbk������Djhf_�lh]h��\uqbkeyebkv�b ^jm]b_�iZjZf_lju��\ lhf�qbke_��
jZ^bmku�� ^he]hlu� b fhf_glu ijhoh`^_gby� q_j_a i_jb]_ebc� b Zn_ebc�� kj_^gbc� aZ
h^bg h[hjhl�fhf_gl�dhebq_kl\Z�^\b`_gby�b gZb[hevr__�hldehg_gb_�lhq_d�hj[blu�hl�
_z kj_^g_c�iehkdhklb�

<j_fy�kq_lZ�iheh`_gbc�g_[_kguo�l_e�gZ�bgl_j\Ze_�\j_f_gb \ ������e_l�k rZ]hf�
GW  ��Â���� ]h^Z�gZ�kmi_jdhfivxl_j_�F<K������k ijhp_kkhjZfb�'(& $OSKD b qZklhlhc�
����F=p�khklZ\ey_l����fbgml��l�_��\j_fy�kq_lZ�h^gh]h�rZ]Z�bgl_]jbjh\Zgby�jZ\gh�W�VW  �
���Â���� k_d�� Z j_r_gb_� aZ^Zqb� gZ� bgl_j\Ze_� \j_f_gb�� jZ\ghf� ����feg�� e_l�� aZgyeh� ��
]h^Z�� >ey� kjZ\g_gby� ijb\_^_f� \j_fy� kq_lZ� h^gh]h� rZ]Z� bgl_]jbjh\Zgby� \ jZ[hl_�
@�EykdZjZ� >�@� gZ� kmi_jdhfivxl_j_ KRPSDT DOSKD ZRUNVWDWLRQ k oZjZdl_jbklbdZfb�
�qZklhlZ� ����F=p� b W�VW  � ����Â���� k_d�� b \ jZ[hl_� L�� DmbggZ� k khZ\lhjZfb� >�@� gZ�
kmi_jdhfivxl_j_�6LOLFRQ *UDSKLFV �'����ZRUNVWDWLRQ �W�VW  �����Â���� k_d��
����� G_dhlhju_� khh[jZ`_gby� h ^hklh\_jghklb� j_amevlZlh\�� Ihkdhevdm
mgb\_jkZevgu_� wnn_dlb\gu_ djbl_jbb hp_gdb lhqghklb� qbke_gguo f_lh^h\
bgl_]jbjh\Zgby� g_ba\_klgu�� fu� bkihevah\Zeb� ^ey� wlh]h jZaghh[jZagu_� nhjfu�
dhgljhey� �\ Ijbeh`_gbb� �� ijb\_^_gu� g_dhlhju_� bkke_^h\Zgby� ^hklh\_jghklb�
j_amevlZlh\�� dZkZxsboky�� ij_`^_� \k_]h�� kibkdZ� hkgh\guo� bkihevah\Zgguo� f_lh^h\�
dhgljhey� ^hklh\_jghklb� j_r_gbc�� ©kf_s_gbyª� l_e� ©ihª� hj[bl_� b ©gZª� hj[bl_�
kjZ\g_gby�qbke_gguo�j_amevlZlh\�k wn_f_jb^Zfb��

Wnn_dlb\guf�f_lh^hf�l_klbjh\Zgby�fh`gh�kqblZlv�qbke_ggh_�bgl_]jbjh\Zgb_�
^bnn_j_gpbZevguo� mjZ\g_gbc� hk_kbff_ljbqghc� aZ^Zqb� Q�l_e�� lhqgh_� ZgZeblbq_kdh_�



�

j_r_gb_� dhlhjhc� baeh`_gh� \ jZ[hlZo� >��� ���� ��@�� G_dhlhju_� j_amevlZlu� b
^hdZaZl_evkl\Z�^hklh\_jghklb�ijbf_g_ggh]h�gZfb�f_lh^Z�hibkZgu�\ gZrbo�jZ[hlZo�>���
��@��Ijb�rZ]_� bgl_]jbjh\Zgby� GW  � �Ü���� ]h^Z� hlghkbl_evgZy� ih]j_rghklv� fhf_glZ�
dhebq_kl\Z�^\b`_gby�Kheg_qghc�Kbkl_fu�aZ�����feg��e_l�khklZ\beZ�G0  ��Â�������qlh�
gZ� fgh]h� f_gvr_� ih]j_rghklb� fhf_glZ� dhebq_kl\Z� ^\b`_gby� Kheg_qghc� Kbkl_fu��
ijb\_^_gghc��ijb\_^_gghc�\ jZ[hl_�>�@�b khklZ\b\r_c�\ dhlhjhc�gZ�bgl_j\Ze_�\j_f_gb�
bgl_]jbjh\Zgby�\ ������feg��e_l�\_ebqbgm�/0  �����Â����� AZ�wlhl�`_�bgl_j\Ze�\j_f_gb�
ih]j_rghklv� gZrbo� jZkq_lh\� ^ey� fhf_glZ� dhebq_kl\Z� ^\b`_gby� khklZ\beZ� _s_�
f_gvrmx� \_ebqbgm�� jZ\gmx� /0  � ����Â������ Gb`_ fu� ihdZ`_f�� qlh� \_ebqbgm�
ih]j_rghklb�fhf_glZ�dhebq_kl\Z�^\b`_gby�fh`gh�mf_gvrblv�^Z`_�^h�\_ebqbgu�/0  �
����Â����� aZ�����feg��e_l�
Jbk�����IZjZf_lju�hj[blu FZjkZ�
\ g_ih^\b`ghc� wd\ZlhjbZevghc �
[�\] b ih^\b`ghc� wdebilbq_kdhc�
[H\H]H ]_ebhp_gljbq_kdbo �
kbkl_fZo�dhhj^bgZl�
� ± g_[_kgZy�kn_jZ��� ± iehkdhklv�
wd\ZlhjZ� A_feb� gZ� ����� ]��� � ±
iehkdhklv�hj[blu�A_feb�gZ������
]�� �iehkdhklv� wdebilbdb��� � ±
iehkdhklv� hj[blu� FZjkZ� \ \
[m^msmx�wihom�L��� ± iehkdhklv�
wd\ZlhjZ� A_feb� \ wihom� L� �� ±
iehkdhklv�hj[blu�A_feb�\ wihom�
L �gZdehg� ^ey� gZ]ey^ghklb�
m\_ebq_g�� ��1 ± k_\_jguc�ihexk�
fbjZ�� 3 ± k_\_jguc� ihexk�
ih^\b`ghc�wdebilbdb��J� ± lhqdZ�
\_k_gg_]h�jZ\gh^_gkl\by������]���
J ± lhqdZ� gZ� ebgbb� i_j_k_q_gby�
ih^\b`gh]h�wd\ZlhjZ�\ wihom�L k
ih^\b`ghc� wdebilbdhc� �lhqdZ�
\_k_gg_]h�jZ\gh^_gkl\by�\ wihom�
L��� J�* ± ^m]Z� [hevrh]h� djm]Z�� i_ji_g^bdmeyjgh]h � iehkdhklb� hj[blu� FZjkZ�� %� ±
]_ebhp_gljbq_kdZy �ijh_dpby�i_jb]_eby�FZjkZ�gZ�g_[_kghc�kn_j_��: ± \hkoh^ysbc�ma_e�hj[blu�
FZjkZ�gZ�ih^\b`ghc�wdebilbd_��' ± \hkoh^ysbc�ma_e�hj[blu�FZjkZ�gZ�g_ih^\b`ghf�wd\Zlhj_�
�����]���iZjZf_lju�hj[blu�FZjkZ�\ bg_jpbZevghc�kbkl_f_��M:  �J�'��Mj� '%�� L  ��J�'*��b \
ih^\b`ghc�wdebilbq_kdhc�kbkl_f_��
D  �J$��&D  $%���D  �J$ ��$%  �
D ��&D��L_Z  �L_  ��J$*��
bg^_dk�©Dª ± ih�^Zgguf�gZ[ex^_gbc�

���KjZ\g_gb_�j_amevlZlh\�\uqbke_gbc�k ZiijhdkbfZpb_c�^Zgguo�
gZ[ex^_gbc�ih�Gvxdhf[m



�

�����Ijb\_^_gb_�\uqbke_gghc ^he]hlu�i_jb]_eby�d g_ih^\b`ghc�lhqd_�gZ�hj[bl_��
Ijb�kjZ\g_gbb�j_amevlZlh\�bgl_]jbjh\Zgby�mjZ\g_gbc� ����k gZ[ex^_gbyfb�\hagbdZ_l�
jy^� ljm^ghkl_c�� � hkh[_ggh� _keb� fu� m\_ebqb\Z_f lhqghklv� kjZ\g_gby�� Fh`gh��
gZijbf_j�� kjZ\gb\Zlv� dhhj^bgZlu� l_e�� i_jbh^u� bo� h[jZs_gby� \hdjm]� KhegpZ��
\_ebqbgu� \_dh\uo� \hafms_gbc��KjZ\g_gb_� iheh`_gbc� l_e�� ihemq_gguo� \ j_amevlZl_�
bgl_]jbjh\Zgby� \ bgl_j\Ze_� \j_f_gb�� jZ\ghf� ���lb� ]h^Zf�� k wn_f_jb^Zfb�
'(����/(����� mdZau\Z_l� gZ� bo� ohjhr__� kh\iZ^_gb_� �kf�� lZ[e�� �� ba�Ijbeh`_gby� �<���
Ih^�\_dh\ufb�\hafms_gbyfb�fu�ihgbfZ_f�aZdhgu�baf_g_gby��ij_`^_�\k_]h��m]eh\uo�
iZjZf_ljh\�hj[bl�gZ�bgl_j\Ze_�\j_f_gb�ihjy^dZ�h^gh]h�lukyq_e_lby��LZd�dZd�\_dh\u_�
\hafms_gby K��Gvxdhf[Z�� ij_^klZ\e_ggu_� bf \ \b^_� ©aZdhgh\� baf_g_gbyª� kj_^gbo�
we_f_glh\�weebilbq_kdhc�hj[blu��hij_^_e_gu�gZ�hkgh\Zgbb�ZiijhdkbfZpbb�ba\_klguo�
\ Zkljhghfbb� gZ[ex^_gbc�� lh� kjZ\g_gb_� j_r_gbc� mjZ\g_gbc� ���� k ihke_^gbfb��
iha\hey_l�m[_^blvky�\ lhf��qlh�hgb��\hh[s_�]h\hjy��ijb]h^gu�b gZ�[hevr_f�bgl_j\Ze_�
\j_f_gb�

J_amevlZlu� gZ[ex^_gbc� khhlghkylky� d ih^\b`ghc� lhqd_� jZ\gh^_gkl\by�� l�_��
^Zgu� \ ih^\b`ghc� kbkl_f_� dhhj^bgZl� ihwlhfm�� ^ey� dhjj_dlghklb�� iZjZf_lju�
gZ[ex^_gbc� ke_^m_l� ijb\_klb� d g_ih^\b`ghc� kbkl_f_� dhhj^bgZl�� lZd� dZd� m]eh\u_�
iZjZf_lju� hj[blu�� ihemqZ_fu_� ba� j_r_gby� mjZ\g_gbc� ����� hij_^_eyxlky� \
g_ih^\b`ghc� kbkl_f_� dhhj^bgZl�� ?keb� mq_klv�� qlh� iheh`_gb_� i_jb]_eby� aZ\bkbl� hl�
w\hexpbb�iehkdhklb�hj[blu��_]h�^he]hlm�ke_^m_l�lZd�`_�agZlv�\ g_ih^\b`ghc�kbkl_f_�
hlkq_lZ�

GZ� jbk�� �� ihdZaZgu� hkgh\gu_� iZjZf_lju� hj[blu�FZjkZ� �L�� Mj b M:��� dhlhju_�
hij_^_eyxlky� \ j_amevlZl_�bgl_]jbjh\Zgby�mjZ\g_gbc� �����LZd�dZd�^he]hlZ�i_jb]_eby�
Mj  �'% hlkqblu\Z_lky�hl�ih^\b`gh]h�maeZ�'��lh�ijb�baf_g_gbb�m]eh\��hij_^_eyxsbo�
iheh`_gb_� iehkdhklb� hj[blu� �lh� _klv� \_ebqbg� L b M:��� lhqdZ ' [m^_l� i_j_f_sZlvky�
\^hev� ebgbb�'$% b l_f� kZfuf� [m^_l� ©\ghkblv� \deZ^ª� \ \_ebqbgm�Mj��D kh`Ze_gbx��
g_\hafh`gh� aZnbdkbjh\Zlv� g_dhlhjmx� g_ih^\b`gmx� lhqdm� gZ� hj[bl_�� hlkq_l� hl�
dhlhjhc� iha\hebe� [u� hij_^_eblv� qbklh_� i_j_f_s_gb_� i_jb]_eby�� g_� bkdZ`_ggh_
dhe_[Zgbyfb�kZfhc�hj[blu��Lhevdh�ijb�kh\_jr_gbb�i_jb]_eb_f�g_kdhevdbo�h[hjhlh\
fh`gh�hij_^_eblv��[he__�beb�f_g__�lhqgh��kj_^gxx�kdhjhklv�_]h�i_j_f_s_gby��Qlh[u�
lhqg__� ©aZnbdkbjh\Zlvª� f]gh\_ggh_� i_j_f_s_gb_� i_jb]_eby�� fh`gh�� gZijbf_j��



��

\u[jZlv�©mkeh\gh�g_ih^\b`gmxª�lhqdm�gZ�hj[bl_�b i_j_kqblZlv�iheh`_gb_�i_jb]_eby�
ih� hlghr_gbx� d g_c�� K wlhc� p_evx�� q_j_a� \hkoh^ysbc� ma_e� hj[blu� A_feb� J� gZ�
g_ih^\b`ghf� wd\Zlhj_� �kf�� jbk�� ���� ijh\_^_f� [hevrhc� djm]�� i_ji_g^bdmeyjguc� d
hj[bl_�FZjkZ��H[hagZqbf�lhqdm�bo�i_j_k_q_gby�[md\hc�*��?keb�iheh`_gb_�iehkdhklb�
hj[blu� ieZg_lu� hlghkbl_evgh� \_dlhjZ� 0& �fhf_glZ� dhebq_kl\Z� ^\b`_gby� \k_c�
Kheg_qghc�Kbkl_fu��hij_^_eylv�k ihfhsvx�m]eh\�Wce_jZ� �m]he�ij_p_kkbb� �\ b m]he�
gmlZpbb� T�� lh]^Z� w\hexpby� iehkdhklb� hj[blu� ieZg_lu� [m^_l� hij_^_eylvky�
ij_p_kkbhgguf� ^\b`_gb_f� kh� kdhjhklvx�\� \hdjm]� \_dlhjZ� 0& b dhe_[Zgbyfb� m]eZ�
gmlZpbb� T >���� ��@� LZd� dZd� \_dlhj� 0& [ebahd� d i_ji_g^bdmeyjm�� ijh\_^_gghfm� d
iehkdhklb� hj[blu�FZjkZ�� lh�� ijb� dhe_[Zgbyo� hj[blu� *'$%� lhqdZ� * [m^_l� bf_lv�
ij_g_[j_`bfh�fZeu_�kf_s_gby�ih�hj[bl_��qlh�^Z_l ijZ\h�hlkqblu\Zlv�hl�g__�m]eh\h_�
jZkklhygb_�i_jb]_eby�Mj���<_ebqbgZ�Mj� khklhbl�ba�^\mo�^m]

MS�  �*'���'%� �*'���Mj����������������������������������������������������������
GZc^_f ba� ijyfhm]hevgh]h� lj_m]hevgbdZ� 'J�*' ^m]m *'�� � _keb� mq_klv�� qlh

^m]Z� J�'  M:�� m]he�� �J *'  �S���� Z m]he��'  � L��Ba� kn_jbq_kdhc� Zkljhghfbb� �kf���
gZijbf_j��KijZ\hqgh_�jmdh\h^kl\h� >�@��bf__f��qlh

VLQJ�*� �VLQJ�'ÂVLQL�����������������������������������������������������������������
FRV*'� �FRVJ�'�FRVJ�*� ���

Ba� wlbo� jZ\_gkl\� fh`gh� ihemqblv�� qlh� m]eh\h_� jZkklhygb_� i_jb]_eby�
hlghkbl_evgh�g_ih^\b`ghc�lhqdb�* jZ\gh
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�����Ijb\_^_gb_�^Zgguo�gZ[ex^_gbc�d g_ih^\b`ghc�kbkl_f_�dhhj^bgZl�
������ IZjZf_lju� hj[blu� FZjkZ� \ ih^\b`ghc� kbkl_f_� dhhj^bgZl� ih� ^Zgguf�
gZ[ex^_gbc��

LjZ^bpbhggh� gZ[ex^_gby� ieZg_l� hlghkyl� d kbkl_f_� dhhj^bgZl�� k\yaZgghc� k
lhqdhc� \_k_gg_]h� jZ\gh^_gkl\by�� l�_� k lhqdhc� i_j_k_q_gby� gZ� g_[_kghc� kn_j_�
iehkdhkl_c�wdebilbdb�b wd\ZlhjZ��LZd�dZd bo�iheh`_gb_�\ Z[khexlghf�ijhkljZgkl\_�
baf_gy_lky� kh� \j_f_g_f�� lh� b kbkl_fu� dhhj^bgZl� y\eyxlky� ih^\b`gufb�� K ^jm]hc�
klhjhgu�� ^bnn_j_gpbZevgu_� mjZ\g_gby� ^\b`_gby� l_e� gZibkZgu� \ g_ih^\b`ghc�



��

�bg_jpbZevghc�� kbkl_f_� dhhj^bgZl�� ihwlhfm� bo� j_r_gby� lZd`_� ©ijb\yaZguª� d
g_ih^\b`ghc� kbkl_f_� dhhj^bgZl�� >ey� dhjj_dlgh]h� kjZ\g_gby� j_r_gbc� mjZ\g_gbc� k
gZ[ex^_gbyfb�� hq_\b^gh��g_h[oh^bfh�hij_^_eblv�ihke_^gb_� \ g_ih^\b`ghc� kbkl_f_�
dhhj^bgZl�

< jZ[hlZo� Gvxdhf[Z� >��@�� him[ebdh\Zgguo \ ���������� ]h^Zo�� ijb\_^_gu�
ijb[eb`_ggu_�nhjfmeu�^ey�hkj_^g_gguo�iZjZf_ljh\�hj[blu�FZjkZ��wdkp_gljbkbl_lZ��
^he]hlu� i_jb]_eby�� ^he]hlu� maeZ� b gZdehgZ�� \ ih^\b`ghc� wdebilbq_kdhc kbkl_f_�
dhhj^bgZl��dhlhju_�hg�ihemqbe�gZ�hkgh\_�ZgZebaZ�b ZiijhdkbfZpbb��bf_xsboky�\ _]h�
jZkihjy`_gbb��gZ[ex^_gbc�

HD  �������������������������Â7M ± �����������Â7M ��������������������������������������
�D  ����|��c��s����������s���Â7M ���s�����Â7M � ± �s�����Â7M �� ����

D  ���|��c��s����������s���Â7M ± �s����Â7M �� ± �s����Â7M �� ����

L_Z  ��|��c��s����± �s����Â7M ���s�����Â7M ������������������������������������������
]^_�7M ±\j_fy��hlkqblu\Z_fh_�\ xebZgkdbo�klhe_lbyo�ih�������©wn_f_jb^guoª�kmlhd�hl�
nmg^Zf_glZevghc� wihob� ������ yg\Zjv�� ��K� 87 k ghf_jhf� xebZgkdh]h� ^gy� -'E  �
�������������� Bg^_dk� D hagZqZ_l�� qlh� dhwnnbpb_glu� \ nhjfmeZo� ihemq_gu� \
j_amevlZl_�h[jZ[hldb�gZ[ex^_gbc�

Jbk�� ��� =_hf_ljbq_kdb_ � ko_fu�� Z ± bah[jZ`_gb_� \ iehkdhklb� ih^\b`ghc� wdebilbdb�� [ ± gZ�
g_[_kghc� kn_j_�� >jm]b_� h[hagZq_gby� ^Zgu� gZ� jbk�� ��� Kbf\he� $0U$0U
 ± iehkdhklv� wd\ZlhjZ�
FZjkZ�\ l_dmsmx�wihom�Nhjfmeu� �����± �����aZbfkl\h\Zgu�ba�KijZ\hqgh]h�jmdh\h^kl\Z� >�@� \ dhlhjuo�
mql_gu� g_dhlhjuo� g_agZqbl_evguo� mlhqg_gbc� JhkkZ�� >he]hlZ� 
D �kf�� jbk�� ��� lZd`_�
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hlkqblu\Z_lky� \ iehkdhklb�ih^\b`ghc� hj[blu� A_feb� hl� __ ih^\b`gh]h� \hkoh^ys_]h�
maeZ����Hlf_lbf��qlh��D  �
D ��&D y\ey_lky�g_dhlhjhc�©mkeh\ghcª�^he]hlhc�i_jb]_eby��
lZd�dZd�\_ebqbgu :��Z hij_^_eyxlky�\ jZaguo�iehkdhklyo� �&D ± m]eh\h_�jZkklhygb_�
lhqdb�i_jb]_eby�% \ iehkdhklb�hj[blu�FZjkZ�hl�_]h�\hkoh^ys_]h�maeZ�$��Z \_ebqbgZ�
D

\uqbkey_lky�\ ^jm]hc�iehkdhklb�
�������IZjZf_lju�hj[blu�A_feb�\ g_ih^\b`ghc�kbkl_f_�dhhj^bgZl��LZd�dZd�

we_f_glu� hj[blu� FZjkZ� hlg_k_gu� d ih^\b`ghc� hj[bl_� A_feb�� kgZqZeZ� gZc^_f� bo�
agZq_gby� \ g_ih^\b`ghc� kbkl_f_� dhhj^bgZl��Ba\_klgh� >�@�� qlh� iehkdhklv� wdebilbdb�
©ih\hjZqb\Z_lkyª� \ k\h_c� iehkdhklb� �kf�� jbk�� �� D�� hlghkbl_evgh� f]gh\_gghc� hkb�
\jZs_gby��jZkiheh`_gghc�ih^�m]ehf�I d hkb�[H����

I  ����q��c��s ������sÂ7W ���s��Â7W�����������������������������������������������
k ]h^bqghc�kdhjhklvx�

GW
G HS  ��s�������� �s������Â7W�������������������������������������������������������

]^_� 7W � \j_fy� \ ljhibq_kdbo� klhe_lbyo� ih� ��������� ©wn_f_jb^guoª� kmlhd� hl�
nmg^Zf_glZevghc�wihob�k ghf_jhf�xebZgkdh]h�^gy�-'E�

?keb�fu�nbdkbjm_f�hkv�[H g_ih^\b`ghc�kbkl_fu�dhhj^bgZl�\ wihom�k ghf_jhf�
xebZgkdh]h�^gy�-'6��lh�ijh_dpby�m]eh\hc�kdhjhklb� GW

G HS ÂFRVI gZ�wlm�hkv�[m^_l�hagZqZlv�
m]eh\mx� kdhjhklv� ih\hjhlZ� wdebilbdb� \ g_ih^\b`ghc� kbkl_f_� dhhj^bgZl��LZd� dZd� \
g_ih^\b`ghc� kbkl_f_� dhhj^bgZl� iheh`_gb_� wd\ZlhjZ�:�:�c �kf�� jbk�� �[��� d dhlhjhfm�
ih^\b`gZy�wdebilbdZ�gZdehg_gZ�ih^�m]ehf�L(D��ba\_klgh��hlkx^Z�\ul_dZ_l��qlh�kdhjhklv�
baf_g_gby�wlh]h�m]eZ�[m^_l�jZ\gZ

GW
G

GW
GL(D HS ÂFRV 3�������������������������������������������������������������

H[hagZqbf�m]he�f_`^m wdebilbdhc�b g_ih^\b`guf�wd\Zlhjhf�\ g_ih^\b`ghc�kbkl_f_�
dhhj^bgZl�\ wihom�-' q_j_a� 6H  �0D�76��� WlZ�\_ebqbgZ�y\ey_lky gZqZevguf�mkeh\b_f�
ijb� bgl_]jbjh\Zgbb� mjZ\g_gby� ������ �Mql_f� ijb� wlhf�� qlh� m]he� gZdehgZ� ih^\b`ghc�
wdebilbdb�d ih^\b`ghfm�wd\Zlhjm�A_feb�hij_^_ey_lky�\ujZ`_gb_f

0D�7M�  ���|��c��s����± ��s����Â7M ± �s�����Â7M�����s������Â7M��



��

Z \_ebqbgZ�76  ��-'6 � -'E��������ij_^klZ\ey_l�kh[hc�ijhf_`mlhd�\j_f_gb�\ xebZgkdbo�
klhe_lbyo�hl�nmg^Zf_glZevghc�wihob -'E ^h�wihob�-'6�

LZd� dZd� jZ\_gkl\Z� ����� b ����� kh^_j`Zl� \j_fy� 7�� lh� hgh� \oh^bl� \ h[Z�
khfgh`bl_ey� khhlghr_gby� ������ Bkihevamy� kj_^g__� agZq_gb_� m]eZ� I ^ey� kj_^g_]h�
fhf_glZ �76 � 7M�����ijhbgl_]jbjm_f�mjZ\g_gb_�������\ j_amevlZl_�q_]h�ihemqbf�

L(D  �H6 �����>�s������Â�7W � 76W� ± �s������Â�7W � 76W��@�
�FRV>���q��c��s ������sÂ���Â�76W � 7W����s��Â����Â�76W � 7W��@�����������������������������

]^_�H6 � gZdehg�wdebilbdb�d wd\Zlhjm�\ wihom�76���Z \_ebqbgu
76W  �76ÂNM���NM  ����������������

NhjfmeZ� ����� hij_^_ey_l� ©aZdhgª� baf_g_gby� gZdehgZ� wdebilbdb� ih� hlghr_gbx� d
g_ih^\b`ghc�� ©nbdkbjh\Zgghcª�gZ� wihom�76��iehkdhklb� wd\ZlhjZ�iehkdhklb� wd\ZlhjZ��
kh]eZkgh�^Zgguf�gZ[ex^_gby�

< j_amevlZl_� j_r_gby� mjZ\g_gbc ���� fu� ihemqZ_f� i_j_f_ggu_� agZq_gby�
iZjZf_ljh\�hj[blu�A_feb�b��\ qZklghklb��aZdhg�baf_g_gby�m]eZ�gZdehgZ�L( iehkdhklb�_z
hj[blu�d g_ih^\b`ghfm�wd\Zlhjm�b ^\b`_gb_�\hkoh^ys_]h�maeZ�M:( ih�g_ih^\b`ghfm�
wd\Zlhjm��AZdhgu�baf_g_gby�gZdehgh\�L( b L(D k \ukhdhc�lhqghklvx�kh\iZ^Zxl��lZd�dZd�
bo�hlghkbl_evgZy�jZaghklv�gZ�bgl_j\Ze_�\j_f_gb� r �����e_l�g_�ij_\urZ_l�\_ebqbgu�

������� ���� (D(D( LLL �
<u\h^� aZ\bkbfhklb� \hkoh^ys_]h� maeZ� wdebilbdb� hl� \_dh\uo� \hafms_gbc�

Gvxdhf[Z� hlghkbl_evgh� g_ih^\b`guo� dhhj^bgZl� aZljm^gbl_evgh�� ihwlhfm�
p_e_khh[jZagh� bkihevah\Zlv� ihemq_ggh_� jZg__� \ j_amevlZl_� j_r_gby� mjZ\g_gbc� ����
\ujZ`_gb_� ^ey� i_j_f_s_gby� \hkoh^ys_]h� maeZ� hj[blu� A_feb� ih� g_ih^\b`ghfm�
wd\Zlhjm�JhJ� �kf��jbk����[��\ \b^_�kj_^g_d\Z^jZlbqghc�ZiijhdkbfZpbb�ih�iZjZ[he_�

JhJ�  �DJ7Q� � EJ 7Q � FJ ijb ����d 7Q d �����������������������������������������������
A^_kv�7Q ± bkihevam_fh_�ijb�qbke_gghf�bgl_]jbjh\Zgbb�\j_fy�\ xebZgkdbo�klhe_lbyo
hl�gZqZevghc�wihob�-'��
DJ  ������������������Â������EJ  ������������������Â������FJ  �������������������Â�����
Ijb\_^_ggu_ \ur_� qbke_ggu_� agZq_gby� dhwnnbpb_glh\� ihemq_gu� gZ� hkgh\_�
bkihevah\Zgby� i_j\h]h� \ZjbZglZ� gZqZevguo� mkeh\bc� \ kbkl_f_� dhhj^bgZl� ������� ]�
?keb�`_�bkihevah\Zlv�\lhjhc�\ZjbZgl�gZqZevguo�mkeh\bc��lZ[e������hlg_k_gguc�d wiho_�
�������]���lh]^Z�ihemqbf�ke_^mxsb_�agZq_gby�



��

DJ  ������������������Â������EJ  ������������������Â������FJ  �������������������Â�����
Ke_^m_l�hlf_lblv��qlh�i_j_f_s_gb_ \hkoh^ys_]h�maeZ�hj[blu�A_feb�ih�g_ih^\b`ghfm�
wd\Zlhjm� JhJ�D fu� lZd`_� ihemqbeb�� bkihevamy� kj_^gb_� we_f_glu� hj[blu� A_feb��
ijb\_^_ggu_�d kbkl_f_��������]���\ l_hjbb�^\b`_gby�ieZg_l��jZajZ[hlZgghc�\h�NjZgpbb�
Kbfhghf�>`�E��b ^j��>��@��Hlf_lbf�ijb�wlhf��qlh�\_ebqbgu�^m]�JhJ� b JhJ�D kh\iZ^Zxl�
k \ukhdhc�lhqghklvx�\ ex[hc�ba�fhf_glh\�jZkkfhlj_ggh]h�^bZiZahgZ�\j_f_gb� ���� d
7Q d ���

< j_amevlZl_� ij_p_kkbb� a_fghc� hkb� \hkoh^ysbc� ma_e� J �kf�� jbk�� �� [��
i_j_f_sZ_lky� ijhlb\� ^\b`_gby� A_feb�� ih� ih^\b`ghc� wdebilbd_� ((
�� k m]eh\hc�
kdhjhklvx��hlg_k_gghc�d h^ghfm�]h^m��kf��gZijbf_j���nhjfmem ba�>���@��

S  ���s����������s�������7W���������������������������������������������������������
Lh]^Z� \ ex[hc� fhf_gl� \j_f_gb� L kf_s_gb_� lhqdb� \_k_gg_]h� jZ\gh^_gkl\by� ih�
ih^\b`ghc�wdebilbd_�hlghkbl_evgh�fhf_glZ�L6 [m^_l�hij_^_eylvky�^m]hc�JJ���kf��jbk����
[���ihemq_gghc�\ j_amevlZl_�bgl_]jbjh\Zgby jZ\_gkl\Z�������\ ke_^mxs_f�\b^_�

JJ�  �����s����Â�7W � 76W� ���s����Â�7W � 76W��������������������� ����
>ey� kjZ\g_gby� k j_amevlZlZfb� bgl_]jbjh\Zgby� mjZ\g_gbc� ���� g_h[oh^bfh�

©\j_fyª�\ ljhibq_kdbo�klhe_lbyo�7W \ aZ\bkbfhklyo������b �����aZf_gblv�nhjfmehc��7W  �
NMÂ>7Q �� �-'� � -'E�������@�� LZdbf� h[jZahf�� gZdehg� ih^\b`ghc� wdebilbdb� d
g_ih^\b`ghfm� wd\Zlhjm�hij_^_ey_lky�\ujZ`_gb_f� ������i_j_f_s_gb_�__ \hkoh^ys_]h�
maeZ�± nhjfmehc�������Z iheh`_gb_�ih^\b`gh]h�wd\ZlhjZ�± jZ\_gkl\hf������
�������IZjZf_lju�hj[blu�FZjkZ�\ g_ih^\b`ghc�kbkl_f_�dhhj^bgZl��>he]hlu�:Z b
SZ \hkoh^ys_]h�maeZ��lhqdb�' gZ jbk����[��b i_jb]_eby��lhqdZ�%��FZjkZ��khhl\_lkl\_ggh��
hlkqblu\Zxlky�hl�lhqdb�J� ihwlhfm�gZ�bo�\_ebqbgu�\eby_l�ij_p_kkby�JJ��\hkoh^ys_]h�
maeZ� A_feb�� :gZeh]bqgh�� m]he� gZdehgZ� iehkdhklb� hj[blu� FZjkZ� L_Z aZ\bkbl� hl�
baf_g_gby�m]eZ�gZdehgZ�hj[blu�A_feb� L(D��ihwlhfm�p_e_khh[jZagh�\uqbkeblv�\_dh\u_�
\hafms_gby� hj[blu�FZjkZ� hlghkbl_evgh� g_ih^\b`ghc� iehkdhklb� wd\ZlhjZ� ������� ]��
$�$�
 �kf�� jbk�� �� [�� dZd� nmgdpbb� hl� ke_^mxsbo� iZjZf_ljh\�� ��� m]eh\h]h� jZkklhygby�
\hkoh^ys_]h� maeZ� M:D ��'�� hlkqblu\Z_fh]h� \ iehkdhklb� wd\ZlhjZ� ����� ]�� hl�
\hkoh^ys_]h� maeZ� A_feb� J��� ��� MS�D  � *% � m]eh\h]h� iheh`_gby� i_jb]_eby��
hlkqblu\Z_fh]h�\ iehkdhklb�hj[blu�FZjkZ�hl�g_ih^\b`ghc�lhqdb�*�����m]eZ�gZdehgZ�LD
 �� �J '* iehkdhklb�hj[blu�d g_ih^\b`ghc�iehkdhklb�wd\ZlhjZ�



��

Ba� jbk�� �� [ \b^gh�� qlh� \ g_ih^\b`guo� dhhj^bgZlZo� m]eh\h_� iheh`_gb_�
i_jb]_eby�\ iehkdhklb�_]h�hj[blu�hij_^_ey_lky�^m]Zfb�*'��'$ b $%�

Mj�D  �*' �'$��$%���������������������������������������������������������������
>ey� hij_^_e_gby� wlbo� ^m]� jZkkfhljbf� kn_jbq_kdbc� lj_m]hevgbd� 'J�':�� \

dhlhjhf�ba\_klgu�^\Z�m]eZ��J�� � L(D��:  �L_Z��b klhjhgZ�J�:  �:Z � JJ���e_`ZsZy�ijhlb\�
g_ba\_klgh]h�m]eZ�'��?]h�fh`gh�hij_^_eblv�ih�©l_hj_f_�dhkbgmkh\ª��nhjfmeZ�����������
ba�>�@��

FRV'� ��FRV L(DÂFRVLHZ ��VLQ L(DÂVLQLHZÂFRV�:Z � JJ���� ����
LZd�dZd�m]he�gZdehgZ�hj[blu�d iehkdhklb�g_ih^\b`gh]h�wd\ZlhjZ�LZ  �S � '��lh�

lh]^Z�ba������ihemqZ_f�_]h�agZq_gb_�\ \b^_�
LD  �S � DUFFRV��FRV L(DÂFRVL_Z ��VLQ L(DÂVLQLHZÂFRV�:Z � JJ������������������������������������

>Ze__��ba�lj_m]hevgbdZ�'J�':��ih�l_hj_f_�kbgmkh\��kf��nhjfmem�����������
>�@��gZoh^bf�\_ebqbgm�^m]b�J�' b iheh`_gb_�\hkoh^ys_]h�maeZ�\ \b^_�nhjfme�

M:D �J�'� J�J����J�'� J�J� ��DUFVLQ>VLQ�:Z � JJ�� VLQ L(D �VLQLD@� ����
>ey� hij_^_e_gby� iheh`_gby� i_jb]_eby� gZ� hj[bl_� hlghkbl_evgh� g_ih^\b`ghc�

lhqdb�* �kf��jbk����[���kh]eZkgh�������gZc^zf�ZgZeh]bqgh ^m]m�'$ ba�'J�'$ �
VLQ�L(D ��VLQ�'$  �VLQ��S � LZ� ��VLQ�J�$�

Ba�wlh]h�\ul_dZ_l��qlh�^m]Z
'$  �DUFVLQ>VLQ L(DÂVLQ�:Z � JJ�� ��VLQLZ@� ����

>m]Z�$%��nb]mjbjmxsZy�\ \ujZ`_gbb�������hij_^_ey_lky�ih�nhjfme_�
$%  �&  �SZ � :Z� ����

Ba�ijyfhm]hevgh]h�kn_jbq_kdh]h�lj_m]hevgbdZ�'J�*'��\ dhlhjhf�ba\_klgu�^m]Z�
J�'  �M:D b m]he��'  LZ��hij_^_ey_f�^m]m�J�* kh]eZkgh�nhjfme_�

VLQ�Jh*� �VLQ�Jh'�VLQ�LD��FRV�*'  �FRV�Jh'� FRV�Jh*�
b ^Ze__��hij_^_ey_f�^m]m�

*'  �DUFRV^FRV M:D�>��± �VLQ M:D ÂVLQ LD��@���`� ����
Ihke_� ih^klZgh\db� agZq_gbc� ^m]�'$�� $%� b *' \ khhlghr_gb_� ������ihemqZ_f�

m]eh\h_� jZkklhygb_� i_jb]_eby� FZjkZ� \ g_ih^\b`guo� dhhj^bgZlZo�� dhlhjh_�
hlkqblu\Z_lky�hl�g_ih^\b`ghc�lhqdb�* gZ�_]h�hj[bl_��\ ke_^mxs_f�\b^_�
MS�D  �SD � :Z ��DUFVLQ>VLQL(D VLQ�:Z � JJ���VLQ LZ@���DUFFRV>FRV M:D����� �VLQ M: VLQ LZ������@�



��

����
LZdbf� h[jZahf�� bkihevamy� gZ[ex^_gby�� fh`gh� \uqbkeblv� gZdehg� hj[blu� FZjkZ� d
g_ih^\b`ghc� iehkdhklb� wd\ZlhjZ� LZ�� ^he]hlm� \hkoh^ys_]h� maeZ� M:D k ihfhsvx�
khhlghr_gbc� ����� b ������ khhl\_lkl\_ggh�� b m]eh\h_� jZkklhygb_� i_jb]_eby� MS�D hl�
g_ih^\b`ghc�lhqdb�* gZ�hj[bl_�FZjkZ�k ihfhsvx�khhlghr_gby������
�����KjZ\g_gb_� \uqbke_gguo� \_dh\uo� \hafms_gbc� we_f_glh\� hj[blu�FZjkZ� kh�
agZq_gbyfb�� ihemq_ggufb� ba� gZ[ex^_gbc�� >ey� wlh]h� fu� ijhbgl_]jbjh\Zeb�
^bnn_j_gpbZevgu_� mjZ\g_gby� ���� k bkihevah\Zgb_f�� ijb\_^_gguo� \ur_�� ^\mo�
\ZjbZglh\�gZqZevguo�mkeh\bc�gZ�bgl_j\ZeZo�\j_f_gb�� �����luk��e_l� d 7 d ��luk��e_l
^ey�i_j\h]h�\ZjbZglZ�b �����luk��e_l�d 7 d ����luk��e_l�� ^ey�\lhjh]h���Fu�j_rZeb�wlb�
aZ^Zqb k rZ]hf�bgl_]jbjh\Zgby�GW  ��Ü���� ]h^Z�b k ©jZkrbj_gghc�^ebghcª�qbk_e� ��k
q_luj_o� djZlghc� lhqghklvx��� ijb� dhlhjhc� \uqbkey_fu_� dhhj^bgZlu� ij_^klZ\eyxlky�
qbkeZfb�k ���x ^_kylbqgufb�agZdZfb��<uqbke_gby�ihdZaZeb��qlh ih]j_rghklv�\ wlhf�
kemqZ_� ijhihjpbhgZevgZ� >�@� bgl_j\Zem� \j_f_gb� bgl_]jbjh\Zgby� b baf_gy_lky� kh�
kdhjhklvx��ijbf_jgh�jZ\ghc�GG0�GW  �����Â����� \ klhe_lb_��<uqbke_gby�k aZ^Zggufb�
gZqZevgufb�mkeh\byfb�b iZjZf_ljZfb�gZ�bgl_j\Ze_�\j_f_gb�\ ����feg��e_l��ijb\_eb�
[u�d hlghkbl_evghc�ih]j_rghklb��ijbf_jgh�jZ\ghc��G0  �����Â�������qlh�agZqbl_evgh�
f_gvr_�� ijb\_^_gghc� gZfb� jZg__�� \_ebqbgu� G0  � �� ������� G_� kfhljy� gZ� lh�� qlh�
ih]j_rghklv� mf_gvrbeZkv� \ ������ jZa�� j_amevlZlu� \uqbke_gbc�� ih� kjZ\g_gbx� k
j_amevlZlZfb�bgl_]jbjh\Zgby� ©k ^\hcghc� lhqghklvxª�b k rZ]hf�bgl_]jbjh\Zgby�GW  �
�Ü���� ]h^Z�� ijZdlbq_kdb� kh\iZeb�� Wlh� khh[jZ`_gb_� ]h\hjbl� \ ihevam� ^hklh\_jghklb�
ijh\_^_gguo�\uqbke_gbc�

GZ� jbk�� �� lhqdZfb� ij_^klZ\e_gZ� ^bgZfbdZ� iZjZf_ljh\� hj[blu� FZjkZ��
wdkp_gljbkbl_lZ�H��^he]hlu \hkoh^ys_]h�maeZ�M:��m]eZ�gZdehgZ�iehkdhklb�hj[blu� L b
m]eZ�iheh`_gby�i_jb]_eby�Mj� \ kbkl_f_�g_ih^\b`gh]h�wd\ZlhjZ��\uqbke_ggZy�f_lh^Zf�
qbke_ggh]h� bgl_]jbjh\Zgby� kbkl_fu� ����� hibku\Zxs_c� \aZbfh^_ckl\by� h^bggZ^pZlb�
l_e�Kheg_qghc�Kbkl_fu��G_ij_ju\gu_�ebgbb ij_^klZ\eyxl�l_�`_�\_ebqbgu��HD��LZ��M:Z

b Mj�Z��� ihemq_ggu_� ba� gZ[ex^_gbc� \ ijhf_`mld_� \j_f_gb�� ihjy^dZ� ����� e_l�� ihke_�
g_dhlhjhc�fZl_fZlbq_kdhc�h[jZ[hldb��Ih�wlhc�ijbqbg_�bo�^hklh\_jghklv�h]jZgbq_gZ�
wlbf� i_jbh^hf� \j_f_gb�� Ba� ]jZnbdh\� \b^gh�� qlh� j_amevlZlu� gZ[ex^_gbc� ohjhrh�
kh]eZkmxlky�k \uqbke_ggufb�ba�^bnn_j_gpbZevguo�mjZ\g_gbc�agZq_gbyfb�we_f_glh\�



��

H��L��M: b Mj \ ij_^_eZo g_kdhevdbo�lukyq�e_l�©\ ijhreh_ª�b ©\ [m^ms__ª�hl�bkoh^ghc�
wihob��GZb[hevr__�hldehg_gb_�bf__l�gZdehg�L ijb�L  ������luk��e_l k hlghkbl_evghc
ih]j_rghklvx �L��LZ�� LZ  ����Â�����

Jbk�� ��� KhihklZ\e_gb_ � jZkkqblZgghc� ���� w\hexpbb� hj[blu�FZjkZ� aZ� ±���� ·� ��� luk�� e_l� k
ZiijhdkbfZpb_c �K��Gvxdhf[Z�^Zgguo�gZ[ex^_gbc������H ± wdkp_gljbkbl_l� L ±gZdehg�iehkdhklb�
hj[blu�d iehkdhklb�wd\ZlhjZ��������]��\ jZ^bZgZo� M: ± m]eh\h_�iheh`_gb_�\hkoh^ys_]h�maeZ�
hj[blu� hl� hkb� [ gZ� wihom� ������� ]�� \ jZ^bZgZo� m]eh\h_� iheh`_gb_� i_jb]_eby� \ iehkdhklb�
hj[blu��MS� ± hl�g_ih^\b`ghc�lhqdb�* gZ�hj[bl_��������b MS ± hl�\hkoh^ys_]h�maeZ�\ jZ^bZgZo�
�����L ± \j_fy�\ lukyqZo�xebZgkdbo�e_l�hl������������]���bgl_j\Ze�f_`^m�lhqdZfb�± ����e_l�;ebahklv� j_amevlZlh\� ©l_hj_lbq_kdboª� \uqbke_gbc� k ^Zggufb� gZ[ex^_gbc��
ij_^klZ\e_gguo� ©wfibjbq_kdbfbª� khhlghr_gbyfb�� k\b^_l_evkl\m_l� \ ihevam�
^hklh\_jghklb�gZrbo�jZkq_lh\��:gZeba�lZd`_�ihdZau\Z_l��qlh�ijb�bamq_gbb�w\hexpbb�
hj[blu� FZjkZ \ l_q_gb_� ���� g_ij_ju\guo� h[hjhlh\�� ihy\eyxlky� g_[hevrb_�
dhjhldhi_jbh^bq_kdb_� dhe_[Zgby� \ we_f_glZo� hj[blu� b�� ij_`^_� \k_]h�� \
wdkp_gljbkbl_l_� hj[blu� FZjkZ�� i_jbh^� dhlhjuo� jZ\_g� ^\_gZ^pZlb� ]h^Zf�� Wlb�
dhe_[Zgby�ihdZaZgu�gZ�jbk����

GZ� jbk�� �� ij_^klZ\e_gu� j_amevlZlu� \uqbke_gbc� k bkihevah\Zgb_f� i_j\h]h�
\ZjbZglZ�gZqZevguo�mkeh\bc��kh]eZkgh�lZ[e�����hlg_k_gguo�d wiho_��������]��LZdb_�`_�
\uqbke_gby� [ueb� gZfb� \uiheg_gu� b kh� \lhjuf� \ZjbZglhf� gZqZevguo� mkeh\bc�
�kh]eZkgh� lZ[e����� gh� hlg_k_gguo� d wiho_� ������� ]�� Bo� j_amevlZlu� _s_� [eb`_� d



��

©wfibjbq_kdbfª khhlghr_gbyf� Wlb� kjZ\g_gby� m[_`^Zxl� gZk� \ kijZ\_^eb\hklb��
ijb\_^_gguo�\ur_��dhebq_kl\_gguo�b dZq_kl\_gguo�\u\h^h\�

���W\hexpby�hj[blu�FZjkZ�\ bgl_j\Ze_�\j_f_gb���feg��e_l
W\hexpby� \uqbke_gguo� we_f_glh\� hj[blu�FZjkZ� aZ� �� feg�� e_l� ©\ ijhreh_ª�

ij_^klZ\e_gZ� gZ� jbk�� ��� HgZ� ihdZau\Z_l�� qlh� wdkp_gljbkbl_l� hj[blu� _ bkiulu\Z_l
dhjhldhi_jbh^bq_kdb_�baf_g_gby�k Zfieblm^hc��������k ©]eZ\gufª�i_jbh^hf��jZ\guf�
L_�  � ����� luk�� e_l ijb� kj_^g_f� �aZ� ��� feg�� e_l�� agZq_gbb� _P  � ������� >he]hlZ�
\hkoh^ys_]h� maeZ� 3
 f_gy_lky� k ©kj_^gbfª� i_jbh^hf� L
  � ����� luk�� e_l� \hdjm]�
kj_^g_]h� agZq_gby�3
l  �������jZ^bZg��M]he�gZdehgZ�iehkdhklb�hj[blu� � d iehkdhklb�
wd\ZlhjZ��wihoZ������]���bkiulu\Z_l�dhe_[Zgby�k lZdbf�`_�i_jbh^hf�L�  ������luk��e_l�
\hdjm]�kj_^g_]h�agZq_gby��P� �������jZ^bZg��>he]hlZ�i_jb]_eby�3j ijZdlbq_kdb�ebg_cgh�
m\_ebqb\Z_lky� kh� \j_f_g_f�� l�_�� i_jb]_ebc� i_j_f_sZ_lky� \ gZijZ\e_gbb� h[jZs_gby�
FZjkZ�\hdjm]�KhegpZ��kh\_jrZy�\ kj_^g_f�h^bg�h[hjhl�aZ�7S  ������luk��e_l� M]eh\Zy�
kdhjhklv�ZS \jZs_gby�i_jb]_eby�dhe_[e_lky�\hdjm]�kj_^g_]h�agZq_gby�ZSP  ����� ��aZ�
klhe_lb_��ijb�wlhf�\ fhf_gl�\j_f_gb�W  �������feg��e_l hgZ�ijbgbfZ_l�hljbpZl_evgh_�
agZq_gb_�



��

Jbk�����W\hexpby�hj[blu�FZjkZ aZ���feg��e_l��h[hagZq_gby�l_�`_��qlh�b gZ�jbk�����L ± \j_fy�\
fbeebhgZo�e_l��bgl_j\Ze�f_`^m�khk_^gbfb�lhqdZfb�jZ\_g����luk��e_l��ZS ± m]eh\Zy�kdhjhklv�
\jZs_gby�i_jb]_eby�\ ��klhe_lb_�gZ�bgl_j\Ze_�\j_f_gb�\ ���luk��e_l��kj_^gyy�aZ����feg��e_l�
m]eh\Zy�kdhjhklv�\jZs_gby�i_jb]_eby�ZSP  ��������klhe_lb_�± kj_^gyy�aZ��� feg��e_l�

���W\hexpby�hj[blu�FZjkZ�aZ ����feg��e_l�
GZ�jbk���Z ij_^klZ\e_gh�baf_g_gb_�iZjZf_ljh\�hj[blu�FZjkZ�aZ����feg��e_l��GZ�

g_f�hlq_leb\h�\b^_g�\lhjhc�i_jbh^�baf_g_gby�wdkp_gljbkbl_lZ��jZ\guc�L_�  ������feg��
e_l�



��

Jbk���� W\hexpby hj[blu FZjkZ aZ ����feg��e_l �h[hagZq_gby l_ `_��qlh b gZ jbk����± ���



Ijb wlbo�dhe_[Zgbyo�^hklb]Zxlky ©djZcgb_ª�agZq_gby�wdkp_gljbkbl_lZ�_  ��������b _
 ��������Dhe_[Zgby�m]eZ�gZdehgZ�L ijhbkoh^yl�\ ij_^_eZo�hl ������^h�������jZ^bZg��bo�
^bZiZahg� khklZ\ey_l �������� >he]hi_jbh^bq_kdb_� dhe_[Zgby� \hkoh^ys_]h� maeZ� 3
 b
gZdehgZ�hj[blu� L h[mkeh\e_gu�dhe_[Zgbyfb�__ m]eZ�gmlZpbb�T kh�kj_^gbf�i_jbh^hf��
jZ\guf� LT  � �����feg�� e_l��Ke_^m_l� hlf_lblv�� qlh� i_jbh^� LT \ ^\Z� jZaZ�f_gvr_� L_���
I_jb]_ebc� kh� kj_^gbf� aZ� ��� feg�� e_l� i_jbh^hf� 7S i_j_f_sZ_lky� \ gZijZ\e_gbb�
h[jZs_gby�FZjkZ�\hdjm]�KhegpZ� M]eh\Zy�kdhjhklv�ZS \jZs_gby�i_jb]_eby�dhe_[e_lky�
\hdjm]� kj_^g_]h� agZq_gby� ZSP� Ijb� khihklZ\e_gbb� k ]jZnbdhf� ^ey� H \b^gh�� qlh�
\ha\jZlgu_� ^\b`_gby� i_jb]_eby� ijhbkoh^yl�� dh]^Z� wdkp_gljbkbl_l� hj[blu�
ijb[eb`Z_lky�d gmex��Ba�ij_^klZ\e_gguo�]jZnbdh\�ke_^m_l��qlh�Zfieblm^u�dhe_[Zgbc�
b i_jbh^u�klZ[bevgu��l�_��hj[blZ�FZjkZ�kh\_jrZ_l�©klZpbhgZjgu_ª ^\b`_gby�

GZ�jbk���[ ihdZaZgh�baf_g_gb_�iZjZf_ljh\�hj[blu�FZjkZ \ ^bZiZahg_�\j_f_gb��
���feg��e_l� d 7 d �����feg��e_l��Ba�kjZ\g_gby�]jZnbdh\��gZ�jbkmgdZo��Z b �[� \b^gh��
qlh�oZjZdl_j� w\hexpbb�iZjZf_ljh\�hj[blu�\ l_q_gb_�^\mo�i_jbh^h\�\j_f_gb�ih� ���
fbeebhgh\� e_l� dZ`^uc� khojZgy_lky�� I_jbh^u� dhe_[Zgbc� wdkp_gljbkbl_lZ� _��
\hkoh^ys_]h�maeZ�hj[blu�M: b m]eZ�gZdehgZ�_z iehkdhklb L d iehkdhklb�g_ih^\b`gh]h�
wd\ZlhjZ��Z lZd`_ bo�Zfieblm^u�b i_jbh^�LS h[jZs_gby�i_jb]_eby�hklZxlky�l_fb�`_��
:gZeh]bqgu_� j_amevlZlu� ihemq_gu� ^ey� hj[bl� ^jm]bo� ieZg_l� gZ� lhf�`_� ijhf_`mld_�
\j_f_gb� \ ���� feg�� e_l�� Wlh� k\b^_l_evkl\m_l� h[� mklhcqb\hf� oZjZdl_j_� ieZg_lguo�
^\b`_gbc�\ Kheg_qghc�Kbkl_f_�

���KjZ\g_gb_�gZrbo�j_amevlZlh\�k j_amevlZlZfb�^jm]bo�bkke_^h\Zl_e_c�
< ����� ]��>��;jZmwj�b :��<mjdhf� him[ebdh\Zeb�gh\mx�ZgZeblbq_kdmx�l_hjbx�

\_dh\uo�\hafms_gbc�we_f_glh\�hj[bl�ieZg_l�Kheg_qghc�Kbkl_fu >��@��GZ�__ hkgh\_�D��
Hkl_j\bgl_j� b ^j�� >��@� \uqbkebeb� baf_g_gby� we_f_glh\� hj[bl� [hevrbo� ieZg_l�� hl�
F_jdmjby�^h�G_ilmgZ��aZ�i_jbh^�\j_f_gb����feg��e_l�d 7 d ��feg��e_l� < wlhc�jZ[hl_�
ijb\_^_gu�� \ qZklghklb�� m]eu� gZdehgZ� iehkdhklb� hj[blu� d g_ih^\b`ghc� wdebilbd_�
J�Jh:� �kf�� jbk�� �[��� >ey� kjZ\g_gby� k gbfb� fu� hij_^_ebeb� agZq_gby� gZdehgh\�
ieZg_lguo� hj[bl� d iehkdhklb� g_ih^\b`ghc� wdebilbdb ih� agZq_gbyf� jZkkqblZgguo�
gZfb� gZdehgh\� d iehkdhklb� g_ih^\b`gh]h� wd\ZlhjZ�� K wlhc� p_evx� fu� jZkkfhlj_eb�
lj_m]hevgbd�'J�'$���\ dhlhjhf�ba\_klgu�^\Z�m]eZ�� �J  �H� b � �J '$�  �S � ����klhjhgZ�
f_`^m�gbfb�J�'  �M:� B gZ hkgh\_�kn_jbq_kdhc�ljb]hghf_ljbb�\uqbkebeb�^jm]b_�_]h�



��

iZjZf_lju M]he�gZdehgZ�hj[blu��_�� �� �J $�' d g_ih^\b`ghc�wdebilbd_�fh`_l�[ulv�
\uqbke_g�ih�©l_hj_f_�dhkbgmkh\ª�>�@�b [m^_l�jZ\_g

�_�� �DUFFRV>�FRVH� FRV�S � �� ��VLQH� VLQ�S � �� FRVM:�@��������������������������������

Jbk�� ��� KjZ\g_gb_� qbke_gguo� j_r_gbc� ���� wdkp_gljbkbl_lZ� b gZdehgZ� hj[blu� FZjkZ� \
ijhf_`mld_�\j_f_gb��jZ\ghf���lb�fbeebhgZf�e_l��hl����feg��e_l�^h�©k_]h^gyrg_]h�^gyª��L ���k
jZkq_lZfb� ����D��Hkl_j\bgl_jZ� b ^j�� >��@�� ihemq_gguo� bfb� gZ� hkgh\Zgbb� l_hjbb� ;jZmwjZ� b
<mjdhfZ�>��@�

Ba�wlh]h�kjZ\g_gby�\b^gh��qlh�agZq_gby�wdkp_gljbkbl_lh\�_ \ gZqZe_��ijb�7  ����
kh\iZ^Zxl� dhebq_kl\_ggh�� aZl_f� �©ihke_ª� ��� feg�� e_l�� gZqbgZxl� jZaebqZlvky�
dZq_kl\_ggh�ba�aZ�lh]h��qlh�\lhjhc�i_jbh^�baf_g_gby�wdkp_gljbkbl_lZ�L_�  ���feg��e_l
f_gvr_�gZc^_ggh]h�gZfb�i_jbh^Z��L_�  ������feg��e_l���dhlhjuc��dZd�[m^_l�ihdZaZgh�gZ�
jbk�����kh\iZ^Z_l�k i_jbh^hf�dhe_[Zgbc @�EykdZjZ�b ^j� >�@� Wlh�]h\hjbl�h lhf� qlh�\
jZ[hl_�>��@�^he]hi_jbh^bq_kdb_�baf_g_gby�wdkp_gljbkbl_lZ�\uqbke_gu��ih�\b^bfhfm��
k [hevrhc�ih]j_rghklvx��Qlh�dZkZ_lky�m]eh\�gZdehgZ��gZrb�j_amevlZlu�b j_amevlZlu��
ijb\_^_ggu_� \ jZ[hl_� >��@�� nZdlbq_kdb� kh\iZ^Zxl�� < klZlv_� >��@ i_jbh^� [hevrbo�
dhe_[Zgbc� gZdehgZ� LH� jZ\_g�� LLH�  � ������ feg�� e_l�� l�_�� [ebahd� d ©gZr_fm� i_jbh^m�
dhe_[Zgbcª�� LT  � ����� feg�� e_l�� ^ey� m]eZ� gmlZpbb� T� H^gZdh� i_jbh^u� dhjhldbo�
dhe_[Zgbc��ijb\_^_ggu_�\ klZlv_�>��@��\ ^\Z�k ebrgbf�jZaZ�[hevr_�\uqbke_gguo�gZfb�
i_jbh^h\� dhe_[Zgbc� b i_jbh^h\� dhe_[Zgbc�� ijb\_^_gguo� \ jZ[hl_� >�@� �kf�� jbk�� ����



��

Dhjhldhi_jbh^bq_kdb_� dhe_[Zgby� m]eh\� gZdehgZ�� ijb\_^_ggu_� \ jZ[hl_� >��@�� ih�
\b^bfhfm�� \uqbke_gu� k [hevr_c� ih]j_rghklvx�� H^gZdh�� \ hlebqb_� hl� jZ[hlu� >�@��
w\hexpby�dhe_[Zgbc�iehkdhklb�hj[blu�FZjkZ��hibkZggZy�\ klZlv_�>��@�lZd�`_��dZd�b m
gZk��bf__l�mklhcqb\uc�oZjZdl_j�

< jZ[hl_ >�@ ^he]hlZ� i_jb]_eby�S/ hlkqblu\Z_lky� hl� ih^\b`gh]h� \hkoh^ys_]h�
maeZ� �PRYLQJ HTXLQR[��� Z m]he� gZdehgZ� ,0U iehkdhklb� hj[blu� �REOLTXLW\�� hlg_k_g� d
ih^\b`ghc� iehkdhklb� wd\ZlhjZ� FZjkZ�� >ey� ^Zevg_cr_]h� g_h[oh^bfh� ijb\_klb� wlb�
j_amevlZlu� d g_ih^\b`ghfm� a_fghfm� wd\Zlhjm� b k wlhc� p_evx� \uihegbf� g_dhlhju_�
]_hf_ljbq_kdb_�ihkljh_gby�

<hkoh^ysbc� ma_e� gZoh^blky� gZ� i_j_k_q_gbb� djm]h\� h[blu�FZjkZ� ':< b _]h�
wd\ZlhjZ� :0U :�0U �kf�� jbk�� �[��� <hkoh^ysbc� ma_e� J0UD jZkiheh`_g� gZ� ^jm]hf� dhgp_�
^bZf_ljZ hl� gbkoh^ys_]h� maeZ� J0UG�� ihdZaZggh]h� gZ� wlhf� jbkmgd_�� Ihwlhfm� ^he]hlZ�
i_jb]_eby� S/ hij_^_ey_lky� ^m]hc� J0UD'J0UG%�� dhlhjmx�fh`gh� aZibkZlv� \ \b^_� kmffu�
^m]�

S/  �J0UD'J0UG�J0UG%� �S�J0UG%� �S�MS/ �'J0UG������������� ����
]^_� 3S/  � '% ± ^he]hlZ� i_jb]_eby� hl� ©hihjgh]hª� a_fgh]h� wd\ZlhjZ� :�:���� ihwlhfm�
^he]hlZ�i_jb]_eby�hl�g_ih^\b`gh]h�a_fgh]h�wd\ZlhjZ�aZibr_lky�\ \b^_�>�@�

3S/  �S/ ��'J0UG � S ���S����������������������������������������������������������������
]^_�\_ebqbgZ��S ^h[Z\e_gZ�^ey�ij_h[jZah\Zgby�hljbpZl_evgh]h�m]eZ�^he]hlu�i_jb]_eby�
\ gZqZevgmx�wihom��lZd�dZd�S/���� �������'J0UG���� �������\ iheh`bl_evguc�m]he�

>m]Z� 'J0UG baf_gy_lky� aZ� kq_l� ij_p_kkbb� fZjkbZgkdh]h� wd\ZlhjZ�� ijbgylhc� \
klZlv_� >�@� jZ\ghc� S0U  � �������]h^�� Ij_p_kkby ijhbkoh^bl� ©aZ� klj_edhc� qZkh\ª�� l�_��
lhqdZ� J0UG ijb[eb`Z_lky� d lhqd_� ' kh� kdhjhklvx� S0U�� ?keb� h[hagZqblv� iheh`_gb_�
gbkoh^ys_]h�maeZ�\ gZqZevgmx�wihom�q_j_a�J�0UG��lh]^Z�kf_s_gb_�J0UG ih�hj[bl_�FZjkZ�
\ jZ^bZgZo�aZibr_lky�\ ke_^mxs_f�\b^_�

J�0UGJ0UG  �����Â�ÂSÂS0UÂ7M������Â���������������������������������������������������������
]^_�7M ± \j_fy�\ xebZgkdbo�klhe_lbyo�hl�gZqZevghc�wihob��Lh]^Z�^m]Z 'J0UG \ ex[hc�
fhf_gl�\j_f_gb�\ujZ`Z_lky�\ \b^_�kmffu�^\mo�^m]�

'J0UG  �'J�0UG ��J�0UGJ0UG� ����
]^_�'J�0UG ± \_ebqbgZ�wlhc�^m]b�\ gZqZevgmx�wihom�



��

>ey� hij_^_e_gby� ^m]b� 'J�0UG \hkihevam_fky� kj_^gbfb� wd\ZlhjbZevgufb�
�a_fgufb�� dhhj^bgZlZfb� k_\_jgh]h� ihexkZ�10U FZjkZ�� \aylufb� ba�KijZ\hqgbdZ� >�@��
klj����@�

.10U  ���������� �������7W������G10U  ��������� �������7W ����
b m]he�gZdehgZ�wd\ZlhjZ�FZjkZ�d iehkdhklb�_]h�hj[blu

,0UD  ���������������������7M ����������7M�� ����
]^_�7W b 7M \j_fy�\ ljhibq_kdbo�b xebZgkdbo�klhe_lbyo�hl�gZqZevghc�wihob�������

< lj_m]hevgbd_�'.J0UG k ihfhsvx� iZjZf_ljh\� ����� ± �����fu� hij_^_ey_f�^\Z�
m]eZ��.  �/10U ��S�� b �J0UG  ,0UD��Z lZd`_�\_ebqbgm

'.  �.10U ��S���± 3:Z� ����
]^_�\_ebqbgZ�3:Z hij_^_ey_lky�ba�\ujZ`_gby������

Bkihevamy�hkgh\gu_�l_hj_fu�kn_jbq_kdhc�Zkljhghfbb��gZijbf_j��khhlghr_gb_�
VLQ'J0UGD ��VLQ.  �VLQ'. �VLQJ0UG���gZoh^bf�\_ebqbgm�^m]b�

'J0UG D  �DUFVLQ>VLQ�S���� /10U�ÂVLQ�.10U�3
D ��S������VLQ�,0U�@�� ����
Bg^_dk�©Zª�hagZqZ_l��qlh�^m]Z�hij_^_e_gZ�ih�^Zgguf�gZ[ex^_gbc��Ihke_�ih^klZgh\db�
�����\ �����m]eh\h_�jZkklhygb_�i_jb]_eby�FZjkZ�hl�g_ih^\b`gh]h� a_fgh]h� wd\ZlhjZ�\
jZ[hl_�>�@�aZibr_lky�\ \b^_�

Mj/  �S/ ��'J�0UG ��J�0UG J0UG � S� ����
]^_�^m]Z�'J�0UG hij_^_ey_lky�ba�\ujZ`_gby������\ gZqZevgmx�wihom��l�_��ijb�7W  �7M  ����

K ihfhsvx� m]eZ� ,0U  ��'J0UG. ba� jZ[hlu� >�@�� hij_^_ebf� \_ebqbgm� m]eZ� L/  �
�J0UG'. �m]he� f_`^m� hj[blhc�FZjkZ� b g_ih^\b`ghc� iehkdhklvx� a_fgh]h� wd\ZlhjZ�
:�:�� �kf��jbk���[����< lj_m]hevgbd_ '.J0UG ba\_klgu�^\Z�m]eZ��m]he ,0U b ba�gZ[ex^_gbc�
m]he� �.  S�S���/10U�� Ba� gZ[ex^_gbc� ba\_klgu� lZd`_� ^\_� klhjhgu�� 'J0UG b '.�
khhl\_lkl\_ggh� �kf�� khhlghr_gby� �����b ������ G_ba\_klguc�m]he� L/ gZoh^blky�ijhlb\�
g_ba\_klghc� klhjhgu�.J0UG��Ijbf_gyy� ©l_hj_fm� dhkbgmkh\ª� >�@� d \_ebqbg_� m]eZ� L/ b
klhjhgu .J0UG��ihke_�©bkdexq_gby�klhjhguª�ba�^\mo�jZ\_gkl\�ihemqZ_f�nhjfmem�
L/  �DUFRV^>VLQ,0UÂFRV�/10U�ÂFRV�'.�ÂFRV�'J0UGD��FRV,0UÂVLQ�/10U�@�>��VLQ,0UÂFRV�/10U�Â

ÂVLQ�'.�ÂVLQ�'J0UGD�@`������������������������������������������������������������������������
<oh^ysb_� \ \ujZ`_gb_� ����� ijb[eb`_ggu_� ij_^klZ\e_gby� ^ey� gZ[ex^_gbc

�khhlghr_gby� ������ ������ ������ ������ ����� b ^j��� kijZ\_^eb\u� gZ� bgl_j\Ze_� \j_f_gb�
ihjy^dZ������e_l��ihwlhfm�nhjfmeZ������ijb]h^gZ�lh`_�gZ�lZdhf�bgl_j\Ze_�



��

J_amevlZlu�� ihemq_ggu_� gZfb� b hlghkysb_ky� d w\hexpbb� hj[blu� FZjkZ� gZ�
ijhf_`mld_� \j_f_gb� \ �� feg�� e_l�� fu� kjZ\gbeb� �kf�� jbk�� ��� k j_amevlZlZfb��
ijb\_^_ggufb� \ jZ[hl_� >�@�� <_ebqbgu wdkp_gljbkbl_lh\� _ kh\iZ^Zxl� k \ukhdhc�
lhqghklvx�ijZdlbq_kdb�gZ�\k_f wlhf�bgl_j\Ze_�\j_f_gb��ihwlhfm�fh`gh��k [hevrhc�
\_jhylghklvx��^himklblv��qlh�\ \uqbke_gbyo��ijb\_^_gguo \ jZ[hl_�>��@�b dZkZxsboky�
hij_^_e_gby�wdkp_gljbkbl_lZ��ih�\b^bfhfm��bf_xlky�ih]j_rghklb�

Jbk�����KjZ\g_gb_�qbke_gguo�j_r_gbc� ����w\hexpbb�hj[blu�FZjkZ�gZ�bgl_j\Ze_�\j_f_gb� ����
feg��e_l� ± ��� k jZkq_lZfb� ����ba�jZ[hlu� >�@�^ey� wdkp_gljbkbl_lZ� �H���m]eZ�gZdehgZ�iehkdhklb�
hj[blu� �L�� d iehkdhklb� wd\ZlhjZ� �wihoZ� ����� ]��� b m]eh\h]h� jZkklhygby� i_jb]_eby hl�
g_ih^\b`gh]h� wd\ZlhjZ� �3j��� ,0U b S/ ± gZdehg� hj[blu� b ^he]hlZ� i_jb]_eby� \ ih^\b`guo�
fZjkbZgkdbo�dhhj^bgZlZo���,0UD \uqbkeyeZkv�ih�^Zgguf�gZ[ex^_gbc�k ihfhsvx ������\_ebqbgZ�
L/ ± ih�^Zgguf @�EykdZjZ�>�@���\uqbke_gguf�ih�nhjfme_������

GZ�jbk����fu�kjZ\gbeb�agZq_gby�m]eZ�gZdehgZ�\ ^\mo�bgl_j\ZeZo�\j_f_gb��hl���
^h� ± ����luk��e_l�b hl���^h�±��feg��e_l� Ba�\_jog_]h�]jZnbdZ�gZ�jbk����\b^gh��qlh�gZ�
ijhly`_gbb�lj_o�lukyq�e_l�m]eu�gZdehgZ�hj[blu�FZjkZ�d ih^\b`ghfm�wd\Zlhjm�FZjkZ�



��

kh\iZ^Zxl� k ©gZ[ex^Z_fufbª� m]eZfb ,0UZ��Wlh� ih^l\_j`^Z_l� kijZ\_^eb\hklv� \u[hjZ�
Z\lhjZfb�klZlvb�>�@�gZqZevguo�mkeh\bc�b dhjj_dlghklv�i_j\uo�rZ]h\�bgl_]jbjh\Zgby��
Ij_h[jZah\Zgguc� m]he� L/ d iehkdhklb� g_ih^\b`gh]h� a_fgh]h� wd\ZlhjZ� lZd`_� gZ�
ijhly`_gbb� ��o lukyq� e_l� kh\iZ^Z_l� k \uqbke_gguf� gZfb� m]ehf� L�� LZd� dZd� gZrb�
j_amevlZlu�kh\iZ^Zxl�k ©gZ[ex^_gbyfbª��kf��jbk������wlh�ih^l\_j`^Z_l�ijZ\bevghklv�
ij_h[jZah\Zgby� ������ <ujZ`_gb_� ����� \g_� bgl_j\ZeZ� ZiijhdkbfZpbb� g_� fh`_l� [ulv�
bkihevah\Zgh��ihwlhfm�gZ�\lhjhf�bgl_j\Ze_�\j_f_gb�fu�kjZ\gb\Zeb�m]eu�gZdehgZ� L b
,0U�

<uqbke_ggu_�gZfb�m]eu�gZdehgZ�iehkdhklb�hj[blu�L d g_ih^\b`ghc�iehkdhklb�
wd\ZlhjZ� dZq_kl\_ggh� kh\iZ^Zxl� k m]eZfb��ijb\_^_ggufb� \ klZlv_� >�@� \ ©gZqZevghfª�
bgl_j\Ze_�\j_f_gb��hl���^h����luk��e_l���AZl_f�Zfieblm^u�m]eh\�,0U���ijb\_^_ggu_�\ >�@��
ihke_� ���� luk�� e_l� j_adh� \hajZklZxl�� LZd� dZd� Zfieblm^u� dhe_[Zgbc� gZrbo� m]eh\�
gZdehgZ� d iehkdhklb� hj[blu� LH kh]eZkmxlky� k Zfieblm^Zfb� m]eh\� ba� jZ[hlu� D��
Hkl_j\bgl_jZ� b ^j�� >��@�� �kf�� jbk�� ���� hlkx^Z� ke_^m_l�� qlh� m\_ebq_gb_� m]eh\� ,0U��
ijb\_^_ggh_� \ jZ[hl_� >�@�� h[mkeh\e_gh� baf_g_gb_f� m]eZ� gZdehgZ� iehkdhklb� wd\ZlhjZ�
FZjkZ��Fu�hlf_qZeb��qlh�\uqbke_gguc�gZfb�i_jbh^�dhe_[Zgbc�LT  ������feg��e_l�m]eZ�
gmlZpbb�T iehkdhklb� hj[blu�FZjkZ�[ebahd� d i_jbh^Zf��ijb\_^_gguf� \ klZlv_� >�@�b��
fh`gh�kdZaZlv��qlh�nZdlbq_kdb�kh\iZ^Z_l��kf��jbk�����k i_jbh^Zfb�fh^meypbb�Zfieblm^�
m]eh\� ,0U ba�jZ[hlu� >�@��Ba�wlh]h fh`gh� aZdexqblv��qlh�i_jbh^u�baf_g_gby�gZdehgZ�
hj[blu�FZjkZ��ijb\_^_ggu_�\ jZ[hl_�>�@��\uqbke_gu�dhjj_dlgh�

GZ�jbk����khihklZ\e_gZ�^bgZfbdZ�\uqbke_gguo�gZfb�m]eZ�i_jb]_eby�3S b m]eh\�
3S/ ba� jZ[hlu� >�@� ih� nhjfme_� ������ LZd� dZd� m gZa\Zgguo� Z\lhjh\�� g_aZ\bkbfh� hl�
dhebq_kl\Z� h[hjhlh\� i_jb]_eby� m]eu� �/ baf_gyxlky� hl� �� ^h� ���� fu� bo� ijb\_eb d
g_dhlhjhfm� g_ij_ju\ghfm� m]em�� <b^gh�� qlh� wlb� m]eu� ijZdlbq_kdb� kh\iZ^Zxl� gZ�
jZkkfZljb\Z_fhf� bgl_j\Ze_� \j_f_gb� \ �� feg�� e_l�� Kh\iZ^Zxl� lZd`_� ©\ha\jZlgu_ª�
^\b`_gby�i_jb]_eby��dhlhju_�bf_xl�f_klh�ijb�7  �������feg��e_l��GZ�]jZnbdZo�lZd`_�
ijb\_^_gu� agZq_gby ^he]hlu� i_jb]_eby� �/ hlghkbl_evgh� ih^\b`gh]h� fZjkbZgkdh]h�
wd\ZlhjZ�

KjZ\g_gb_� ihemq_gguo� gZfb� j_amevlZlh\� k j_amevlZlZfb� ba� jZ[hlu� >�@��
hlghkysb_ky�d w\hexpbb�hj[blu�FZjkZ�aZ����feg��e_l� ijb\_^_gh�gZ�jbk���� AgZq_gby�
wdkp_gljbkbl_lh\� _ dZq_kl\_ggh� kh\iZ^Zxl� gZ� \k_f� wlhf� bgl_j\Ze_�� l�_�� kh\iZ^Zxl�
i_jbh^u� b Zfieblm^u� dZd� dhjhldhi_jbh^bq_kdbo�� lZd� b ^he]hi_jbh^bq_kdbo�
dhe_[Zgbc� �kf��jbk������ �Ba�wlh]h�\ul_dZ_l��qlh�l_hjby��baeh`_ggZy�\ klZlvyo� >�������@��



��

iha\hey_l�k ohjhr_c�lhqghklvx�\uqbkeblv�wdkp_gljbkbl_l hj[blu�FZjkZ��:fieblm^Z�
m]eZ� gZdehgZ� ,0U iehkdhklb� hj[blu�FZjkZ� d iehkdhklb� ih^\b`gh]h� wd\ZlhjZ�FZjkZ��
gZqbgZy� k ��� feg�� e_l�� agZqbl_evgh� \hajhkeZ�� l�_�� ijhbahreh� dZq_kl\_ggh� gh\h_�
baf_g_gb_� iheh`_gby� hj[blu� FZjkZ� hlghkbl_evgh� _]h� ih^\b`gh]h� wd\ZlhjZ�� Ba
]jZnbdh\� w\hexpbb� i_jb]_eb_\� FZjkZ� aZ� i_jbh^� \ ��� feg�� e_l� �kf�� jbk�� ��� ]^_�
ij_^klZ\e_gu� m]eh\u_� iheh`_gby� i_jb]_eby� 3j b 3S/�� fh`gh� aZdexqblv�� qlh� gZrb�
qbke_ggu_� bkke_^h\Zgby ijZdlbq_kdb� kh\iZ^Zxl k j_amevlZlZfb�@�EykdZjZ� b _]h�
khZ\lhjh\�>������@�

Jbk�����KjZ\g_gb_�qbke_gguo�j_r_gbc�����k \uqbke_gbyfb ��� ba�jZ[hlu�>�@��ihdZau\Zxsbfb�
w\hexpbx�hj[blu�FZjkZ�aZ����feg��e_l������·���feg��e_l���H[hagZq_gby�ijb\_^_gu�gZ�jbk����

���Ijh[e_fZ�mklhcqb\hklb�Kheg_qghc�Kbkl_fu�
GZ� ijhly`_gbb� ihke_^gbo� lj_o� klhe_lbc� jZaebqgufb� Zki_dlZfb� ijh[e_fu�

mklhcqb\hklb� Kheg_qghc� Kbkl_fu� aZgbfZebkv \u^Zxsb_ky� mq_gu_� �B�Gvxlhg��
E�Wce_j�� @�EZ]jZg`�� I�EZieZk�� D�=Zmkk�� :�ImZgdZj_�� :�F�Eyimgh\�� H�X�Rfb^l��
:�G�Dhefh]hjh\��G�>�Fhbk__\��=�G�>m[hrbg�b ^jm]b_����gh��g_kfhljy�gZ�bo�h]jhfgu_�



��

^hklb`_gby�� wlZ� nmg^Zf_glZevgZy� ijh[e_fZ� _kl_kl\hagZgby� ^h� dhgpZ� ^h� kbo� ihj� g_�
j_r_gZ���

@��EykdZj�� gZ� hkgh\_� mlhqg_gghc� bf� l_hjbb� \_dh\uo� \hafms_gbc� ieZg_lguo�
^\b`_gbc�� \uihegbe� jy^� bkke_^h\Zgbc� ih� mklhcqb\hklb� Kheg_qghc� Kbkl_fu� gZ�
[hevrb_�i_jbh^u�\j_f_gb��khihklZ\bfu_�kh�\j_f_g_f�__ kms_kl\h\Zgby�± ��fej^��e_l��
KjZ\gb\Zy�gZrb�qbke_ggu_�j_amevlZlu�k _]h�j_amevlZlZfb��fh`gh� aZdexqblv��qlh�gZ�
bgl_j\ZeZo� \j_f_gb� \ ^_kyldb� fbeebhgh\� e_l� bf__lky ^hklZlhqgh� ohjhrZy�
kh]eZkh\Zgghklv�� h^gZdh� ijb� i_j_oh^_� gZ bgl_j\Zeu� \j_f_gb� \ fbeebZj^u� e_l�
ihy\eyxlky�� ij_`^_� \k_]h�� [hevrb_� l_ogbq_kdb_� ljm^ghklb�� ihwlhfm� @�� EykdZjm�
ijbrehkv�mijhklblv�k\hx�l_hjbx�\_dh\uo�\hafms_gbc��b i_j_clb�gZ�klZlbklbq_kdb_�
f_lh^u��Ihke_^gb_�\ ijbgpbi_�^Zxl�\hafh`gmx��gh�_kl_kl\_ggh��g_�^_ckl\bl_evgmx�
dZjlbgm�wlh]h�kms_kl\_ggh�g_ebg_cgh]h�y\e_gby�

GZijbf_j�� ^ey� bgl_j\ZeZ� \j_f_gb� \ ���� feg�� e_l� @�EykdZj� b _]h� dhee_]b�
ihdZaZeb� >�@�� qlh� m]he� gZdehgZ� hj[blu� d ih^\b`ghc� iehkdhklb� wd\ZlhjZ ,0U fh`_l�
baf_gylvky�ih�jZaghfm��\ aZ\bkbfhklb�hl�ijbgylhc gZqZevghc�kdhjhklb�ij_p_kkbb�S0U b
fh`_l�^hklbqv�ijb� wlhf�[hevrbo�\_ebqbg��AgZqbl_evgh_�baf_g_gb_�m]eZ�gZdehgZ� ,0U
iehkdhklb�hj[blu�FZjkZ�d iehkdhklb�ih^\b`gh]h�wd\ZlhjZ�FZjkZ� �kf��jbk�����Z\lhju�
bgl_jij_lbjmxl� dZd� hlkmlkl\b_� mklhcqb\hklb� _]h� hj[blu� b gZ wlhc� hkgh\_� ^_eZ_lky�
\u\h^�h g_mklhcqb\hklb�Kheg_qghc�Kbkl_fu�b h oZhlbqghklb�^\b`_gbc�\ g_c�

H^gZdh� bkke_^h\Zgby� ^ey� f_gvrbo� i_jbh^h\� \j_f_gb� g_� ih^l\_j`^Zxl� wlhl�
\u\h^�� GZijbf_j�� w\hexpby� gZdehgZ� L_/ hj[blu� FZjkZ� d wdebilbd_� ������� ]�� �kf��
\_jogb_�q_luj_ ]jZnbdZ�gZ�jbk������\ bgl_j\Ze_�\j_f_gb�\ ���fbeebhgh\�e_l��mdZau\Zxl�
gZ� ©mklhcqb\hklvª� _]h� hj[blu�� GZ� wlbo� ]jZnbdZo j_amevlZlu� qbke_ggh]h�
bgl_]jbjh\Zgby �kiehrgZy� ebgby�� [ueb� kjZ\g_gu� k bo� j_r_gb_f� ih� \_dh\uf�
mjZ\g_gbyf� �rljboh\Zy� ebgby��� Hgb� hlf_qZxl�� qlh� aZf_lgh_� jZkoh`^_gb_� ^\mo�
j_r_gbc� gZ[ex^Z_lky� ihke_� bgl_j\ZeZ� \j_f_gb� \ ��� feg�� e_l�� Gb`_�� \ lZdhf� `_�
fZkrlZ[_�� \uiheg_gh� kjZ\g_gb_� m]eZ� gZdehgZ� hj[blu� L_� d g_ih^\b`ghc� wdebilbd_�
����]��� \uqbke_ggh]h� gZfb� ih� nhjfme_� ����� ih� gZrbf� j_r_gbyf� mjZ\g_gbc� ����� k
w\hexpb_c� m]eZ� L_/�� hibkZgghc� \ jZ[hl_� >�@�� Bo� ih\_^_gb_� \_kvfZ� ihoh`_�� Ijb�
gZeh`_gbb�]jZnbdh\� L_� b L_/��h^bg�gZ�^jm]hc��hgb�iheghklvx�kh\iZ^Zxl�gZ�bgl_j\Ze_�
\j_f_gb�\ ��fbeebhgZ�e_l��Z kms_kl\_ggu_�jZkoh`^_gby�gZqbgZxlky�©ihke_ª�����feg��
e_l���Wlh ^Z_l�gZf�ijZ\h�k^_eZlv��ih�f_gvr_c�f_j_��^\Z�\u\h^Z�



��

<h�i_j\uo�� kh\iZ^_gb_� m]eh\� L_� b L_/ ih^l\_j`^Z_l� gZrb� khh[jZ`_gby� \
hlghr_gbb�j_r_gbc�D��Hkl_j\bgl_jZ�k khZ\lhjZfb�>��@��ij_^klZ\e_gguo�gZ�jbk�����<h�
\lhjuo��ih^l\_j`^Z_lky�gZr�\u\h^�h lhf��qlh� agZqbl_evgu_�baf_g_gby�m]eZ�gZdehgZ�
,0U iehkdhklb� hj[blu�FZjkZ� d ih^\b`ghc� iehkdhklb� _]h� wd\ZlhjZ� �kf�� jZ[hlm� >�@��
\ua\Zgu�^\b`_gbyfb�iehkdhklb�wd\ZlhjZ�

Jbk�����KjZ\g_gb_�w\hexpbb�m]eZ�gZdehgZ��LH/��iehkdhklb�hj[blu�FZjkZ�d iehkdhklb�wdebilbdb�
������� ]�� ih jZkq_lZf�@�� EykdZjZ�� b ^j� >�@�� �q_luj_� \_jogbo� ]jZnbdZ��� k w\hexpb_c� m]eZ�
gZdehgZ� �LH��� iehkdhklb� hj[blu�FZjkZ� d iehkdhklb� wdebilbdb� ������� ]�� ih� gZrbf� jZkq_lZf�
�q_luj_�gb`gbo�]jZnbdZ��gZ�bgl_j\Ze_�\j_f_gb�\ ���feg��e_l�



��

Fu� bkke_^h\Zeb� hj[blu� ieZg_l� \ g_ih^\b`guo� dhhj^bgZlZo��Ba� jbk��� \b^gh��
qlh�w\hexpby�\uqbke_ggh]h�gZfb�m]eZ�gZdehgZ�L iehkdhklb�hj[blu�FZjkZ�g_baf_ggZ�\
l_q_gb_� ���feg�� e_l��G_baf_ggZ� w\hexpby�gZdehgZ� L b ^jm]bo�iZjZf_ljh\�hj[blu�gZ�
ijhly`_gbb� ���feg��e_l� ��jbk����Z���Z lZd`_�\ l_q_gb_�ijhkqblZggh]h�gZfb�i_jbh^Z�\
����feg��e_l���jbk���[���Ih^h[gZy�w\hexpby�iZjZf_ljh\�hj[blu�FZjkZ�\ g_ih^\b`guo�
dhhj^bgZlZo�hibkZgZ�b \ jZ[hl_�D��Hkl_j\bgl_jZ�b ^j��>��@��kf��jbk������Z lZd`_�\ jZ[hl_�
>�@��kf��jbk�����

Ba�wlh]h�fh`gh�aZdexqblv��qlh�[hevrb_�baf_g_gby�m]eZ�gZdehgZ�,0U iehkdhklb�
hj[blu�� ijb\_^_ggu_� \ jZ[hl_� >�@�� \ua\Zgu�� ij_`^_� \k_]h�� ^\b`_gb_f� iehkdhklb�
wd\ZlhjZ��

Ba� ijh\_^_gguo� gZfb� qbke_gguo� bkke_^h\Zgbc� \ul_dZ_l�� qlh� gZ� ijhly`_gbb�
���� feg�� e_l� Kheg_qgZy� Kbkl_fZ� mklhcqb\Z�� ihgbfZy� ih^� l_jfbghf� ©mklhcqb\hklvª�
^bgZfbq_kdh_� ih^h[b_� __ dhgnb]mjZpbc� gZ� [hevrbo� ijhf_`mldZo� \j_f_gb�� gh� \
h]jZgbq_gghf�ih�jZaf_jZf�ijhkljZgkl\_��

L�Dmbgg� b _]h� dhee_]b�� \ jZ[hl_� >�@� � kijZ\_^eb\h hlf_qZxl�� qlh� qbke_ggh_�
bgl_]jbjh\Zgb_� mjZ\g_gbc� ^\b`_gby� ieZg_l� [m^_l� kihkh[kl\h\Zlv� jZa\blbx� gh\uo�
ZgZeblbq_kdbo� l_hjbc�� ki_pbZevgh� jZajZ[Zlu\Z_fuo� ^ey� bkke_^h\Zgby� ^bgZfbdb�
Kheg_qghc�Kbkl_fu�gZ�[hevrbo�bgl_j\ZeZo�\j_f_gb��

<uiheg_gguc ZgZeba�b kjZ\g_gb_�k j_amevlZlZfb�^jm]bo�bkke_^h\Zl_e_c��^Zxl�
hkgh\Zgb_� kqblZlv�� qlh�� ihemq_ggu_� gZfb� j_r_gby�� bf_xl� ^hklZlhqgh� \ukhdmx�
lhqghklv�� Fu� kjZ\gbeb� gZrb� j_amevlZlu�� hlghkysb_ky� d ieZg_l_ A_fey�� k
j_amevlZlZfb�F��FbeZgdh\bqZ�>��@��R�=�RZjZn�b G�:�;m^gbdh\hc�>��@��:�;_j`_�b F��
Emlj_� >��@��KjZ\g_gb_�ihdZau\Z_l�� qlh�[he__�iha^gb_�ih�\j_f_gb j_amevlZlu�emqr_�
khh]eZkmxlky�k gZrbfb�j_amevlZlZfb�

KqblZ_f� p_e_khh[jZaguf� lZd`_� hlf_lblv� b g_dhlhju_� khh[jZ`_gby��
dZkZxsb_ky j_amevlZlh\� ^jm]bo� bkke_^h\Zl_e_c�� Ba� gZr_]h� ZgZebaZ� ^hklh\_jgh�
ke_^m_l�� qlh� l_hjby� >�;jZmw_jZ� b :�� <mjdhfZ� :� >��@� ^hklZlhqgh ohjhrh� hibku\Z_l�
dhjhldhi_jbh^bq_kdb_� baf_g_gby� wdkp_gljbkbl_lZ� b ^he]hi_jbh^bq_kdb_� dhe_[Zgby�
gZdehgZ� iehkdhklb� hj[blu�� h^gZdh� hgZ� f_g__� lhqgh� hibku\Z_l� ^he]hi_jbh^bq_kdb_�
dhe_[Zgby� wdkp_gljbkbl_lZ�� Z dhjhldhi_jbh^bq_kdb_� ^\b`_gby� iehkdhklb� hj[blu�
ij_^klZ\e_gh� lZdbfb� dhe_[Zgbyfb�� dhlhju_�� ih�\b^bfhfm�� \ ^_ckl\bl_evghklb��
hlkmlkl\mxl�� � & ^jm]hc� klhjhgu�� l_hjby� @�� EykdZjZ� b _]h dhee_]� >�@� ohjhrh�



��

ij_^klZ\ey_l� w\hexpbx� wdkp_gljbkbl_lZ�� i_jb]_eby� b m]eZ� gZdehgZ� hj[blu� \
g_ih^\b`ghf�ijhkljZgkl\_�gZ�bgl_j\Ze_�\j_f_gb�\ g_kdhevdh�^_kyldh\�fbeebhgh\�e_l�

���<u\h^u
���Fu� \uqbkebeb� \_dh\u_� baf_g_gby� iZjZf_ljh\� hj[blu�FZjkZ� gZ� ijhf_`mld_�
\j_f_gb� \ g_kdhevdh� lukyq� e_l� ������ luk�� e_l� d 7 d ����� b kjZ\gbeb� bo� k
ZiijhdkbfZpb_c�� ihkljh_gghc� k ihfhsvx� gZ[ex^Zl_evguo� ^Zgguo�� J_amevlZlu�
kh\iZ^Zxl� k ^hklZlhqgh� \ukhdhc� lhqghklvx�� KjZ\g_gb_� qbke_ggh]h� j_r_gby�
mjZ\g_gbc� ����gZ�bgl_j\Ze_� \j_f_gb� \ ��� e_l� �k ����������� ]��ih� ����������� ]��� k
iheh`_gbyfb� ieZg_l�� \aylufb� ba�Wn_f_jb^� '(����/(���� >�@��ihdZau\Z_l�� qlh� \
ij_^_eZo� lhqghklb�� k dhlhjhc� hij_^_e_gu� fZkku� ieZg_l�� iheh`_gby� ieZg_l�
kh\iZ^Zxl�
���;ueb�qbke_ggh�ijhbgl_]jbjh\Zgu�mjZ\g_gby�^\b`_gby�^_\ylb�ieZg_l��Emgu�b
KhegpZ� gZ� ijhf_`mld_� \j_f_gb� \ ���� feg�� e_l� ©\ ijhreh_ª� b bkke_^h\ZgZ�
w\hexpby� hj[blu� FZjkZ�� GZ� hkgh\Zgbb wlh]h�� fh`gh� k^_eZlv� ke_^mxsb_�
\u\h^u�

����� Wdkp_gljbkbl_l� _]h� hj[blu� bkiulu\Z_l� dhjhldhi_jbh^bq_kdb_� �k
i_jbh^hf�L_�  ����� luk��e_l��b ^he]hi_jbh^bq_kdb_� �k i_jbh^hf�L_�  ������feg��
e_l��dhe_[Zgby�

�����GZdehg�iehkdhklb hj[blu�FZjkZ�d g_ih^\b`ghc�iehkdhklb�wd\ZlhjZ�b
_z \hkoh^ysbc�ma_e�kh\_jrZxl�dhe_[Zgby k i_jbh^hf�\ �����luk��e_l�

�����I_jb]_ebc�^\b`_lky�\ iehkdhklb�hj[blu�\ gZijZ\e_gbb�hj[blZevgh]h�
^\b`_gby��kh\_jrZy�h^bg�h[hjhl�\ kj_^g_f�aZ����luk��e_l�

�����GZ�\kzf bgl_j\Ze_�\j_f_gb�\ ����feg��e_l�hj[blZ�FZjkZ�ij_l_ji_\Z_l�
fZeu_�baf_g_gby��l�_��h[eZ^Z_l�hij_^_e_gghc�mklhcqb\hklvx��
��� KjZ\g_gb_� gZrbo� j_amevlZlh\� k ijb[eb`zggufb� l_hjbyfb� ^jm]bo� Z\lhjh\�
iha\hey_l�dZq_kl\_ggh�hp_gblv�h[eZklb�ijbf_g_gby�wlbo�l_hjbc�
��� >\b`_gby� \ jZkkfhlj_gghc fh^_eb� Kheg_qghc� Kbkl_fu� gZ bgl_j\Ze_�
\j_f_gb� \ ���� feg�� e_l� bf_xl� ©klZ[bevgucª� oZjZdl_j� b g_� ijhy\ey_lky� dZdZy�
eb[h� l_g^_gpby� d dZlZkljhnbq_kdbf� baf_g_gbyf� \ ]_hf_ljbb� b ^bgZfbd_�
Kheg_qghc�Kbkl_fu�

Hkgh\gu_� \uqbke_gby� [ueb \uiheg_gu� gZ� kmi_jdhfivxl_jZo�F<K������
Kb[bjkdh]h� Kmi_jdhfivxl_jgh]h� P_gljZ� KH� J:G� �]�� Gh\hkb[bjkd��� BgklblmlZ�
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IjbdeZ^ghc� FZl_fZlbdb� bf�� F�<�D_e^urZ� b <uqbkebl_evgh]h� P_gljZ� bf��
:�:�>hjh^gbpugZ J:G��]��Fhkd\Z��

:\lhju� kqblZxl� g_h[oh^bfuf� ih[eZ]h^Zjblv� ^hdlhjZ gZmd� F��
Dj_keZ\kdh]h� aZ� ihfhsv� \ ihemq_gbb�� ij_`^_� \k_]h��fZl_jbZeh\�� baeh`_gguo� \
jZ[hlZo� K�� Dh]_gZ�� ?�� Ovx[[Zj^Z� b K�� Hkl_j\bgl_jZ��@�� EykdZjZ k khZ\lhjZfb b
^jm]bo� bkke_^h\Zl_e_c�� <uiheg_ggh_� dhebq_kl\_ggh_� kjZ\g_gb_� gZrbo� jZkq_lh\� k
jZkq_lZfb�@��EykdZjZ� k khZ\lhjZfb� hdZaZehkv� \hafh`guf� [eZ]h^Zjy� lhfm�� qlh� k\hb�
j_amevlZlu� gZa\Zggu_� mq_gu_� jZaf_klbeb� gZ� kZcl_�
KWWS���ZZZ�LPFFH�IU�(TXLSHV�$6'�LQVROD�PDUV�/D���������� K\h[h^guc� ^hklmi� d
j_amevlZlZf� EZ[hjZlhjbb� j_Zdlb\gh]h� ^\b`_gby� 1$&$ gZ� kZcl_�
KWWS���VVG�MSO�QDVD�JRY� �-3/ 6RODU 6\VWHP '\QDPLFV�� iha\hebe� gZf� mlhqgblv� gZqZevgu_�
mkeh\by�b kjZ\gblv�k\hb�jZkq_lu�k kh\j_f_ggufb�wn_f_jb^Zfb�

< aZdexq_gb_� hlf_lbf�� qlh� ^ZggZy� jZ[hlZ� \uiheg_gZ� ijb� ih^^_j`d_�
]jZglh\� ]m[_jgZlhjZ� Lxf_gkdhc� h[eZklb� aZ� �����c b �����c ]h^u��
bgl_]jZpbhgghc�ijh]jZffu�Ij_ab^bmfZ�J:G�� ���aZ�����]��b ]jZglZ�JNNB����
���������

http://ssd.jpl.nasa.gov/
http://www.imcce.fr/Equipes/ASD/insola/mars/La2003-04/
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���Ijbeh`_gby
Ijbeh`_gb_ ���PblZlu ba jZ[hl @��EykdZjZ k khZ\lhjZfb�

���©/DUJH�VFDOH�FKDRV�LQ�WKH�VRODU�V\VWHPª
$EVWUDFW��1XPHURXV�LQWHJUDWLRQV�RI�WKH�VRODU�V\VWHP�KDYH�EHHQ�FRQGXFWHG��ZLWK�YHU\�FORVH�
LQLWLDO�FRQGLWLRQV��WRWDOLQJ�DQ�LQWHJUDWLRQ�WLPH�H[FHHGLQJ�����*\U��7KH�PRWLRQ�RI�WKH�ODUJH�
SODQHWV�LV�DOZD\V�YHU\�UHJXODU��7KH�FKDRWLF�]RQH�H[SORUHG�E\�9HQXV�DQG�WKH�(DUWK�LV�PRGHUDWH�
LQ� VL]H��7KH� FKDRWLF� ]RQH� DFFHVVLEOH� OR�0DUV� LV� ODUJH� DQG� FDQ� OHDG� WR� HFFHQWULFLWLHV� JUHDWHU�
WKDQ� ����� 7KH� FKDRWLF� GLIIXVLRQ� RI� 0HUFXU\� LV� VR� ODUJH� WKDW� LWV� HFFHQWULFLW\� FDQ� SRWHQWLDOO\�
UHDFK�YDOXHV�YHU\�FORVH�WR����DQG�HMHFWLRQ�RI�WKLV�SODQHW�RXW�RI�WKH�VRODU�V\VWHP�UHVXOWLQJ�IURP�
FORVH�HQFRXQWHU�ZLWK�9HQXV�LV�SRVVLEOH�LQ�OHVV�WKDQ�����*\U�

��� ³/RQJ� WHUP� HYROXWLRQ� DQG� FKDRWLF� GLIIXVLRQ� RI� WKH� LQVRODWLRQ� TXDQWLWLHV� RI�
0DUV�´

$V�WKH�RUELWDO�PRWLRQ� LV�FKDRWLF��HYHQ�ZLWK�D�SUHFLVH�G\QDPLFDO�PRGHO�� WKH�FRPSXWHU�
URXQGRII�QXPHULFDO�HUURU�DORQH�ZLOO�SUHYHQW�REWDLQLQJ�D�SUHFLVH�RUELWDO�VROXWLRQ�IRU�0DUV�RYHU�
PRUH�WKDQ����0\U��VHH�)LJ���D���0RUHRYHU��WKH�REOLTXLW\�RI�0DUV�LWVHOI�LV�FKDRWLF��HYHQ�PRUH�
FKDRWLF� WKDQ� LWV� RUELWDO�PRWLRQ� �/DVNDU� DQG�5REXWHO� ������7RXPD�DQG�:LVGRP��������7KLV�
ZLOO� SUHYHQW� HYHQ�PRUH� GUDVWLFDOO\� REWDLQLQJ� D� SUHFLVH� VROXWLRQ� IRU� WKH� REOLTXLW\� RYHU�PRUH�
WKDQ����WR����0\U��ZLWK�WKH�SUHVHQW�NQRZOHGJH�RI�WKH�LQLWLDO�SDUDPHWHUV��VHFWLRQ��������

2XU�JRDO�LQ�WKLV�VHFWLRQ�ZLOO�WKXV�EH�WR�REWDLQ�D�VROXWLRQ�IRU�WKH�LQVRODWLRQ�SDUDPHWHUV�
RI�0DUV�DV�SUHFLVH�DV�SRVVLEOH�RYHU����WR����0\U��IRU�XVH�LQ�0DUV�SDOHRFOLPDWH�VWXGLHV��7KHQ��
ZLWK�WKH�VDPH�PRGHO�� WR�H[SORUH�WKH�EHKDYLRU�RI� WKH�VROXWLRQV�RYHU�����0\U�DQG�WR�GHULYH�D�
VWDWLVWLFDO�YLVLRQ�RI� WKLV�FKDRWLF�V\VWHP��$OWKRXJK�QR�SUHFLVH�SUHGLFWLRQ� LV�SRVVLEOH�RYHU� WKLV�
WLPH�LQWHUYDO��ZH�ZLOO�EH�DEOH�WR�GHULYH�D�SUHFLVH�HVWLPDWH�RI�WKH�GHQVLW\�SUREDELOLW\�IXQFWLRQ�
IRU�WKH�HYROXWLRQ�RI�WKH�HFFHQWULFLW\�RI�0DUV�DQG�LWV�REOLTXLW\��,W�LV�LQ�IDFW�SDUDGR[LFDO��VHH�IRU�
H[DPSOH�/DVRWD�DQG�0DFNH\�������WKDW� LW� LV�DFWXDOO\� WKH�FKDRWLF�EHKDYLRU�RI�WKH�V\VWHP�WKDW�
ZLOO� DOORZ�XV� WR�PDNH�D�SUHFLVH�SUHGLFWLRQ�RI� WKH�HYROXWLRQ�RI� WKH�GHQVLW\� IXQFWLRQ�RI�0DUV
�
RUELWDO�DQG�URWDWLRQDO�SDUDPHWHUV�

���³$�ORQJ�WHUP�QXPHULFDO�VROXWLRQ�IRU�WKH�LQVRODWLRQ�TXDQWLWLHV�RI�WKH�(DUWK«´
���7KH�RUELWDO�VROXWLRQ�/D����7KH�RUELWDO�VROXWLRQ�/D���LV�REWDLQHG�E\�WKH�QXPHULFDO�

LQWHJUDWLRQ�RI�HQ�H[WHQGHG�DYHUDJHG�V\VWHP��ZKLFK�UHSUHVHQWV�WKH�PHDQ�HYROXWLRQ�RI�WKH�RUELWV�
RI�WKH�SODQHWV��$OO�WKH���PDLQ�SODQHWV�RI�WKH�VRODU�V\VWHP�DUH�WDNHQ�LQWR�DFFRXQW��DV�ZHOO�DV�WKH�
PHDQ�OXQDU�DQG�UHODWLYLVWLF�SHUWXUEDWLRQV��7KH�XVH�RI�QXPHULFDO�LQWHJUDWLRQ�IRU�FRPSHWLQJ�WKH�
VROXWLRQ� RI� WKH� VHFXODU� V\VWHP� LV� RQH� RI� WKH� UHDVRQV� IRU� WKH� JRRG� TXDOLW\� RI� WKLV� VROXWLRQ��
ZKLFK�ZDV�FKHFNHG�E\�FRPSDULQJ�ZLWK�WKH�DYDLODEOH�HSKHPHULV�RYHU�D�VKRUW�WLPH�VFDOH��/DVNDU�
�������������,Q��/DVNDU��������WKH�VROXWLRQ�/D���ZDV�UHSUHVHQWHG�LQ�TXDVL�SHULRGLF�IRUP�RYHU�
���0\U��EXW�WKHVH�UHSUHVHQWDWLRQV�DUH�VORZO\�FRQYHUJHQW��ZKLFK�SUHYHQWV�JRRG�DFFXUDF\�RI�WKH�
VROXWLRQ�

/DWHU� RQ�� WKH� UHDVRQ� IRU� WKLV� VORZ� FRQYHUJHQFH� ZDV� XQGHUVWRRG� WR� EH� GXH� WR� WKH�
SUHVHQFH� RI� PXOWLSOH� UHVRQDQFHV� LQ� WKH� VHFXODU� V\VWHP� RI� WKH� LQQHU� VRODU� V\VWHP� �/DVNDU�
�������%HFDXVH� RI� WKHVH� UHVRQDQFHV�� WKH�PRWLRQ� RI� WKH� VRODU� V\VWHP� LV� FKDRWLF� DQG� QRW�
TXDVL�SHULRGLF�� DV� ZDV� ILUVW� GHPRQVWUDWHG� E\� WKH� FRPSXWDWLRQ� RI� LWV� /mDSXQRY� H[SRQHQWV��
ZKLFK�UHDFKHV�O���0\U��/DVNDU��������7KLV�LPSOLHV�WKDW�LW�LV�QRW�SRVVLEOH�WR�JLYH�DQ\�SUHFLVH�
VROXWLRQ�IRU�WKH�PRWLRQ�RI�WKH�(DUWK�RYHU�PRUH�WKDQ�DERXW�����0\U��DQG�PRVW�SUREDEO\��
HSKHPHULGHV�FDQ�RQO\�EH�JLYHQ�ZLWK�JRRG�SUHFLVLRQ�IRU�DERXW����0\U�WR����0\U�
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Ijbeh`_gb_ ���Bkke_^h\Zgb_�^hklh\_jghklb� j_amevlZlh\�bgl_]jbjh\Zgby mjZ\g_gbc ����

< ijhp_kk_�j_r_gby��kjZ\g_gby�k gZ[ex^_gbyfb�b ZgZebaZ�kljmdlmju�ih]j_rghkl_c�fu�
bkihevah\Zeb�jZaebqgu_ f_lh^u�dhgljhey�lhqghklb�j_r_gbc��Ijb\_^_f�g_dhlhju_�ba�gbo�

��� Dhgljhev� khojZg_gby� h[s_]h� fhf_glZ� dhebq_kl\Z� ^\b`_gby 0� Kheg_qghc�
Kbkl_fu�� < kbem� kms_kl\h\Zgby� ^_kylb� i_j\uo� bgl_]jZeh\� kbkl_fu� ^bnn_j_gpbZevguo�
mjZ\g_gbc ����>���@��gZijbf_j��ijh_dpby�fhf_glZ�F] gZ�hkv�] bf__l�\b^
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]^_�Q ± dhebq_kl\h�l_e��\ gZr_c�fh^_eb Q �����
?keb�gZ[ex^Z_lky�baf_g_gb_�F��wlh�k\b^_l_evkl\m_l�h ih]j_rghklb \uqbke_gbc��Ijb�rZ]_�

bgl_]jbjh\Zgby�'W �Â���� ]h^Z��hlghkbl_evgh_�baf_g_gb_�ijh_dpbb�fhf_glZ�gZ�hkv�] ihke_����
luk��e_l�khklZ\ey_l�/0]  ����Â�������Z ihke_��������feg��e_l�± /0]  ����Â�������Fu�mklZgh\beb��
dZdbfb� fh]ml� [ulv� ih]j_rghklb� \ ^\b`_gbb� l_e� ijb� \ur_mihfygmlhf� baf_g_gbb�fhf_glZ��
GZijbf_j��ijb�rZ]_�kq_lZ�'W� ��Â���� ]h^Z�b /0  �����Â����� kf_s_gb_�l_eZ�ih�hj[bl_�aZ����luk��
e_l�baf_gy_lky�\ jZ^bZgZo��kf��lZ[e�����hl�agZq_gby������Â����� ^ey�IemlhgZ�^h�agZq_gby�����Â����
^ey� Emgu�� ?keb� baf_g_gb_� iZjZf_ljh\� hj[blu� aZ� wlhl� i_jbh^� agZqbl_evgh� ij_\urZxl� wlb�
ih]j_rghklb��lh�lZdb_�j_amevlZlu�g_evay�kqblZlv ^hklh\_jgufb�

���Dhgljhev�dhebq_kl\Z�^\b`_gby�Kheg_qghc�Kbkl_fu�J��:gZeh]bqgh� _]h�ijh_dpby� ��
gZijbf_j��gZ�hkv�o bf__l�\b^�

�
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L
[LL[ Y�P3 ��������������������������������������������������� ����

Hlebqb_� \_ebqbgu� J hl� gmey� lZd`_� k\b^_l_evkl\m_l� h gZdhie_gbb� ih]j_rghkl_c�
\uqbke_gbc��< gZqZevguc�fhf_gl��ba�aZ�hdjm]e_gby�ijb�i_j_oh^_�d ^\hbqguf�dh^Zf��\_ebqbgZ�
J hlebqZ_lky�hl�gmey�b jZ\gZ��Â������ Ihke_�j_ZebaZpbb�kq_lZ�gZ����luk��e_l�J ���Â�������Z ihke_�
�������feg��e_l�± J ����Â�������A^_kv�b \ ^Zevg_cr_f�ijb\_^_gu�[_ajZaf_jgu_�\_ebqbgu�

��� Mq_l� \ebygby� jZaguo� lhqghkl_c� kq_lZ�� ?keb� ijb� ih\ur_gbb� lhqghklb� kq_lZ�
j_amevlZlu�ih\lhjyxlky��lh�bo�fh`gh�kqblZlv�^hklh\_jgufb�

���<uqbke_gb_�iZjZf_ljh\�^\b`_gby�l_e�\ ©�ijhreh_ª�b \ ©�[m^ms__ª��KjZ\gb\Zy�^\Z�
j_r_gby��\ ©ijhreh_ª�b \ ©[m^ms__ª��ijb�©[_ahrb[hqguoª�\uqbke_gbyo�g_�^he`gu�ihy\blvky�
dZdb_�eb[h�kdZqdb�\ baf_g_gbyo�iZjZf_ljh\�\ gZqZevguc�fhf_gl�\j_f_gb�

���JZkq_lu� \ hl^Ze_ggmx�ih� \j_f_gb� wihom�b \ha\jZs_gb_� \ bkoh^gmx��Wlh iha\hey_l�
\uy\blv� \k_� ih]j_rghklb� \uqbke_gbc�� bo� \_ebqbgm� b kljmdlmjm�� ;ueh� mklZgh\e_gh�� qlh�
hkgh\gZy� ih]j_rghklv� aZdexqZ_lky� \ kf_s_gbb� l_eZ� gZ� hj[bl_� �gZijbf_j�� hl ����� ^ey�
F_jdmjby� ^h� ����Â���� ^ey� IemlhgZ ijb� kq_l_� gZ� ��� luk�� e_l� k rZ]hf� 'W �Â���� ]h^Z� [_a�
kms_kl\_ggh]h�baf_g_gby�hj[blu��GZb[hevr__�kf_s_gb_�\ wlhf�kemqZ_�gZ[ex^Z_lky�m Emgu��b
hgh�^hklb]Z_l������hlghkbl_evgh�A_feb��Ijb�rZ]_�kq_lZ�'W� ��Â���� ]h^Z�kf_s_gb_�Emgu�ih�__
hj[bl_� jZ\gy_lky� �
�� Ke_^m_l� hlf_lblv� qlh� wlhl� l_kl� ^Z_l� aZ\ur_ggu_� ih]j_rghklb� ba�aZ�
jZaju\Z�gZqZevguo�ijhba\h^guo�ijb�h[jZlghf�kq_l_�

��� Bkihevah\Zgb_� l_klh\uo� aZ^Zq�� bf_xsbo� lhqgh_� ZgZeblbq_kdh_� j_r_gb_�� LZdhc�
aZ^Zq_c� y\ey_lky�� gZijbf_j�� hk_kbff_ljbqgh_� \aZbfh^_ckl\b_� Q�l_e�� gZoh^ysboky� \ h^ghc�
iehkdhklb� >��@��Wlhl�f_lh^�iha\hey_l�\uy\blv�\uqbkebl_evgu_�ih]j_rghklb��ij_`^_�\k_]h��\
kZfhc� l_klh\hc� aZ^Zq_� b [ueh� mklZgh\e_gh�� qlh� ih]j_rghklv� m\_ebqb\Z_lky� k m\_ebq_gb_f�
wdkp_gljbkbl_lZ�hj[blu��Ijb�wdkp_gljbkbl_l_��jZ\ghf�wdkp_gljbkbl_lm�F_jdmjby��\ aZ^Zq_����
lb�l_e�kf_s_gb_�bo�ih�hj[bl_�aZ����luk��e_l�jZ\gy_lky ������ijb�rZ]_�'W �Â���� ]h^Z�

���KjZ\g_gb_�k ^Zggufb�gZ[ex^_gbc�
����� KjZ\g_gb_� dhhj^bgZl� b kdhjhkl_c� l_e� gZ� bgl_j\Ze_� \ g_kdhevdh� ^_kyldh\� e_l��

GZijbf_j�� fu� \uqbkebeb� iheh`_gb_� l_e� gZ� ^Zlm� ������������� ] ih� gZqZevguf� ^Zgguf��
ba\_klguf� gZ� ������������� ]�� b ihemqbeb�� qlh� kj_^gyy� ©ih� \k_f� l_eZfª� hlghkbl_evgZy�
ih]j_rghklv�\ iheh`_gbyo�g_[_kguo�l_e�aZ����e_l�khklZ\beZ�GU6�  �����Â�����

LZdh_� khihklZ\e_gb_� iha\hey_l� \uy\blv� ih]j_rghklv� \ gZqZevguo� mkeh\byo�� \ bkoh^guo�
^Zgguo��gZijbf_j��\ fZkkZo�l_e���Z ijb�\ukhdhc�lhqghklb�kq_lZ�b ih]j_rghklv�\ gZ[ex^_gbyo�



��
�����KjZ\g_gb_�jZkq_lghc�ljZ_dlhjbb�KhegpZ� k ljZ_dlhjb_c�� hij_^_e_gghc� ih wn_f_jb^Zf�
ieZg_l�aZ ���e_l���Fu�ihemqbeb�ijZdlbq_kdb kh\iZ^_gb_ jZkq_lh\�>�@�k ^Zggufb�wn_f_jb^�

;�� Kf_s_gb_� ih� hj[bl_� Kms_kl\m_l� ^hklZlhqgh� [h]Zlh_� jZaghh[jZab_� kihkh[h\�
ijh\_jdb�j_amevlZlh\�bgl_]jbjh\Zgby�mjZ\g_gbc��GZrb�bkke_^h\Zgby�b bkke_^h\Zgby�^jm]bo�
Z\lhjh\��ihdZaZeb��qlh�gZb[hevrZy�ih]j_rghklv�\ j_r_gbyo�ijhy\ey_lky�\ kf_s_gbb�l_eZ�ih�
_]h�hj[bl_��< lZ[e����ij_^klZ\e_gu�j_amevlZlu�gZrbo�bkke_^h\Zgbc�h aZ\bkbfhklb�kf_s_gbc�
l_e� ih� hj[bl_� û3L �lhqg__�� ijh_dpby� kf_s_gby� gZ� iehkdhklv� wd\ZlhjZ�� hl� hlghkbl_evghc�
ih]j_rghklb� \ fhf_gl_� dhebq_kl\Z� ^\b`_gby� Kheg_qghc� Kbkl_fu� /0�� <_ebqbgu� ¨ML
hij_^_eyxlky�ih�nhjfme_�

û3L  DUFWJ�\L�[L� � DUFWJ�\�L�[�L�� ����
]^_�\�L��[�L��\L��[L ± dhhj^bgZlu�l_e�\ [Zjbp_gljbq_kdhc�wd\ZlhjbZevghc�kbkl_f_�dhhj^bgZl�

\�L�� [�L ± dhhj^bgZlu� l_e�\ j_r_gbb�k gZbf_gvrbf� agZq_gb_f�/0  �����Ü����� ijb�ûW  �
�Ü���� ]h^Z�b k m^\h_gghc�lhqghklvx�

û3L ± ijh_dpby�kf_s_gby�L�lh]h�l_eZ�ih�hj[bl_�gZ�iehkdhklv�wd\ZlhjZ�
< ihke_^g_c�kljhd_�lZ[ebpu���^Zgh�kf_s_gb_�Emgu�hlghkbl_evgh�A_feb��0R(���dhlhjh_�

hij_^_ey_lky�ih�nhjfme_�
û30R(  DUFWJ>�\��� \����[��� [��@�± DUFWJ>�\���� \�����[���� [���@� ����

]^_�bg^_dk����hlghkblky d Emg_��Z bg^_dk���� d A_fe_�
< jZkq_lZo�� ij_^klZ\e_gguo� \ klhe[pZo� �� ± ��� ihke_^h\Zl_evgh� m\_ebqb\Zeky�rZ]� GW��

\ke_^kl\b_� q_]h� ih]j_rghklv� fhf_glZ� G0 m\_ebqb\ZeZkv��Ijb� m\_ebq_gbb�rZ]Z� gZ� ihjy^hd�
ih]j_rghklv� fhf_glZ� \hajhkeZ� gZ� �� ihjy^dh\�� Ih]j_rghklv� iheh`_gby� 'ML�� dZd� \b^gh� ba�
lZ[ebpu� ��� ^ey� jZaguo� l_e� baf_gy_lky� ih�jZaghfm��>ey� \g_rgbo� ieZg_l� hgZ� ijZdlbq_kdb� g_�
baf_gy_lky��Z ^ey�\gmlj_ggbo�ieZg_l�b��hkh[_ggh�^ey�Emgu��ih]j_rghklv�iheh`_gby�jZkl_l�k
m\_ebq_gb_f�hlghkbl_evghc�ih]j_rghklb�fhf_glZ�/0��GZijbf_j��^ey�F_jdmjby�'ML \hajZklZ_l�
gZ���ihjy^dh\��ihwlhfm \_ebqbgm�/0 fh`gh�kqblZlv�bgl_]jZevghc�oZjZdl_jbklbdhc�lhqghklb
\uqbke_gbc�� �GZ�wlhf�hkgh\Zgbb�fu�khklZ\beb lZ[ebpm�kf_s_gbc�ih�hj[blZf�\ aZ\bkbfhklb�
hl� \_ebqbgu� baf_g_gby�fhf_glZ� G0 ^ey� h^bggZ^pZlb� l_e� iexk� kf_s_gb_ Emgu� hlghkbl_evgh�
A_feb�

LZ[e�����Kf_s_gb_�l_e�ih�bo�hj[blZf�'ML aZ�����luk��e_l�\ j_r_gbyo k jZaguf�baf_g_gb_f�fhf_glZ�G0
ih�hlghr_gbx�d j_r_gbx�k jZkrbj_gghc�^ebghc�qbkeZ�����^_kylbqguo�agZdZ��ijb�GW  �Ü���� ]h^Z�b G0 �
����Ü�������jZkq_l�\ ijhreh_�hl�wihob�������^_d�������(7��-'�  ����������� 'M, ± \ jZ^bZgZo�
ieZg_lu�hl�F_jdmjby��0H��^h�IemlhgZ��3O���0R ± EmgZ��6X ± Khegp_�
0R( ± kf_s_gb_ Emgu�hlghkbl_evgh�A_feb�

� � � � �
L_eh L G0  ����Ü�����

GW� ���Ü����
G0  ����Ü�����
GW� �����Ü����

G0  ����Ü�����
GW� � ���Ü����

G0  ����Ü�����
GW� ��Ü����

G0  ����Ü����
GW� ��Ü����

0H � ��������(�� ����������� ���������� �������� ��������
9H� � ��������(�� �������(�� �������(�� ����������� ����������
(D � ��������(�� ��������(�� ��������(�� ��������(�� ������������
0D � ��������(�� �������(�� �������(��� ������(�� �������(��
-S � ��������(�� �������(��� ��������(�� ��������(��� �������(���
6D � �������(��� �������(�� �������(�� ��������(�� �������(���
8U � �������(��� ��������(��� �������(��� ��������(��� ��������(���
1H � ��������(��� �������(��� ��������(��� ��������(��� ��������(���
3O � ��������(��� �������(��� ��������(��� ��������(��� ��������(���
0R �� ��������(�� ����������� ���������� ���������� ����������
6X �� ��������(�� �������(�� �������(��� ������(�� �������(��
0R( �� ����������� �������� ������� ������� �������ÜNÜS

<��KjZ\g_gb_�j_amevlZlh\�bgl_]jbjh\Zgby�mjZ\g_gbc�����k wn_f_jb^Zfb��MjZ\g_gby
�����[ueb�ijhbgl_]jbjh\Zgu�k rZ]hf�k GW  ��Â���� ]h^Z�kh�\lhjuf�\ZjbZglhf�gZqZevguo�mkeh\bc�



��
ih� '(����/(���� �kf�� lZ[e�� ��� \ wihom� -'��  � ����������aZ����e_l�^h����K (7 �����������]��k
-'I  �����������b khihklZ\e_gu�k ^Zggufb�'(����/(����gZ�lm�`_�^Zlm��< lZ[e����ijb\_^_gu�
j_amevlZlu�kjZ\g_gby�^_dZjlh\uo�dhhj^bgZl�b kdhjhkl_c�l_e��Z lZd`_�m]eh\uo�kf_s_gbc�'3L��
jZkkqblZgguo� gZfb� iheh`_gbc� l_e� hlghkbl_evgh� iheh`_gbc� l_e�� ^Zgguo� \ ©wn_f_jb^_ª��
'(����/(�����<_ebqbgZ�'3L [ueZ�\uqbke_gZ�ih�nhjfme_������ijb�\�L  �\ML b [�L  �[ML ± dhhj^bgZlu�
l_e� ih� ^Zgguf� ba� © '(����/(���ª \ [Zjbp_gljbq_kdhc� wd\ZlhjbZevghc� kbkl_f_� dhhj^bgZl��
>ey�A_feb�wlh�kf_s_gb_�'3�  ������ïï��Kj_^g__�hlghkbl_evgh_�hldehg_gb_�iheh`_gbc�l_e�GU6�  �
����Â���� �ih����g_[_kguf�l_eZf���]^_

GU6� ��
�

ML
Q

L
MLL UUU¦

 
� &&

LU& � [Zjbp_gljbq_kdbc�jZ^bmk�\_dlhj�jZkkqblZggh]h�iheh`_gby�L�lh]h�l_eZ�
MLU& � lZdhc�`_�\_dlhj�L�lh]h�l_eZ��ihemq_gguc�ba�wn_f_jb^� '(����/(����

<j_fy�kq_lZ�\ xebZgkdbo�klhe_lbyo�hij_^_eyehkv ih�nhjfme_
7� �-'I ± -'����N7�Â�������

]^_ N7  � ������������������ ± dhwnnbpb_gl� ijb\_^_gby� jZkq_lgh]h� \j_f_gb� d wn_f_jb^ghfm�
\j_f_gb��Hlebqb_� N7 hl� �� h[tykgy_lky� jZaebqbyfb� ijbgyluo� ijb� bgl_]jbjh\Zgbb� bkoh^guo�
^Zgguo�hl�^_ckl\bl_evguo�

:gZeh]bqgh�fu�ijhbgl_]jbjh\Zeb�mjZ\g_gby�gZ�ijhf_`mld_�\j_f_gb�\ ���e_l�kh�\lhjuf�
\ZjbZglhf� gZqZevguo� mkeh\bc�� k rZ]hf� bgl_]jbjh\Zgby� GW  � �Â���� ]h^Z� b k jZkrbj_gghc�
^ebghc� qbkeZ��Ih]j_rghklv�fhf_glZ� \ wlhf� kemqZ_ ihemqbeZkv� jZ\ghc� G0]  � ����Â����� b ih�
kjZ\g_gbx�k ih]j_rghklvx�\ ij_^u^ms_f�j_r_gbb��G0]  �����Â�������LZdbf�h[jZahf��lhqghklv�
memqrbeZkv�gZ�\hk_fv�ihjy^dh\��b ijb�wlhf�j_amevlZlu�hldehg_gbc�g_�baf_gbebkv�

Hlf_lbf�lZd`_��qlh�kjZ\g_gb_�j_amevlZlh\�bgl_]jbjh\Zgby�mjZ\g_gbc������\uiheg_ggh_�
k i_j\uf� \ZjbZglhf� ^Zgguo� ih� dZlZeh]m� '(���� k ^Zggufb gZ� ^Zlm� ���������� ]�� ih�
:kljhghfbq_kdhfm� _`_]h^gbdm�� ^Zeh� kj_^g__� hldehg_gb_� iheh`_gby� GU6  � ����Â���� b N7  �
�����������LZdbf� h[jZahf�� \lhjhc� \ZjbZgl� bkoh^guo� ^Zgguo� b gZqZevguo� mkeh\bc� ijb\_e� d
mf_gvr_gbx�hldehg_gby�iheh`_gby�gZ�^\Z�ihjy^dZ�b mf_gvr_gbx�hlebqby�dhwnnbpb_glZ�N7
hl���gZ�ihjy^hd��Hlkx^Z�fh`gh�aZdexqblv��qlh�\lhjhc�\ZjbZgl�gZqZevguo�mkeh\bc�b ^Zggu_��
\aylu_�ba�wn_f_jb^�'(����/(�����y\eyxlky�[he__�lhqgufb�

DZd� [ueh� hlf_q_gh� jZg__�� hlebqb_� f_`^m� fZkkZfb� ieZg_l� agZqbl_evgh� [hevr_�
^hklb]gmlhc� \_ebqbgu� kj_^g_]h� agZq_gby� �ih� \k_f� l_eZf�� hlghkbl_evgh]h� hldehg_gby�
iheh`_gbc� l_e� GU6�  � ����Â����� GZijbf_j�� g_hij_^_e_gghklv� ]jZ\blZpbhgghc� ihklhygghc� *
kh]eZkgh�Dhg\_gpbb� ,(56����� �kf�� kZcl ,(56 &RQYHQWLRQV &HQWHU�� ,(56� &RQYHQWLRQV� ������ �
KWWS���WDL�ELSP�RUJ�LHUV�FRQY�����FRQY�����KWPO� khklZ\ey_l� G*  � ���Â������ Ihwlhfm� fh`gh�
kqblZlv��qlh�\ ij_^_eZo�lhqghklb�aZ^Zgby�fZkk�j_amevlZlu�jZkq_lh\�kh\iZ^Zxl�k wn_f_jb^Zfb
'(����/(����

G_kfhljy� gZ� lh�� qlh� jZkq_lu�� hkgh\Zggu_� gZ� \lhjhf� \ZjbZgl_� gZqZevguo� mkeh\bc�
y\eyxlky�[he__�lhqgufb��kjZ\g_gb_�\_dh\uo�\hafms_gbc ihdZau\Z_l��qlh�hgb�ijZdlbq_kdb�g_�
hlebqZxlky� hl� jZkq_lh\�� hkgh\Zgguo� gZ� i_j\hf� \ZjbZgl_� gZqZevguo� mkeh\bc� �kf�� jbk�� ����
Ihwlhfm�ij_^klZ\e_ggu_�\ klZlv_�j_amevlZlu�bgl_]jbjh\Zgby�\ ijhf_`mld_�\j_f_gb��jZ\ghf�
����feg��e_l�b hkgh\Zggu_�gZ�i_j\hf�\ZjbZgl_�gZqZevguo�mkeh\bc��kms_kl\_ggh�g_�baf_gylky
ijb�i_j_oh^_�d [he__�lhqguf�gZqZevguf�mkeh\byf�
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��� /DVNDU� -��� &RUUHLD� $�� &�� 0��� *DVWLQHDX� 0��� -RXWHO� )��� /HYUDUG� %�� DQG� 5REXWHO� 3�� /RQJ� WHUP�
HYROXWLRQ�DQG�FKDRWLF�GLIIXVLRQ�RI�WKH�LQVRODWLRQ�TXDQWLWLHV�RI�0DUV����,FDUXV�± �����± 9RO�������,VV����±
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���� Yjh\�Yjh\hc� F�K� H ijbf_g_gbb� mlhqg_gguo� f_lh^h\� qbke_ggh]h� bgl_]jbjh\Zgby� \
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