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lhlghc�h[eZklyo��ihbkd�j_ahgZgkguo�qZklhl��^\b]Zl_e_c��

lmj[bg��f_oZgbq_kdbo�dhgkljmdpbc�b�ij���

±�]b^jhZdmklbdZ� �fhgblhjbg]� fhjkdhc� h[klZgh\db��
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Zevghc� dZd� \� ]jZ`^Zgkdbo�� lZd� b� ki_pbZevguo�ijbeh`_�

gbyo��JZ^bhfhgblhjbg]�^h\hevgh�qZklh�hkms_kl\ey_lky�

\�RQ>� >���@� \_ebqbghc� ^h� g_kdhevdbo�F=p� beb� ==p�� <�

lZdhf� qZklhlghf� ^bZiZahg_� fh`_l� jZ[hlZlv� g_kdhevdh�

^_kyldh\�beb�khl_g�g_aZ\bkbfuo�bklhqgbdh\�jZ^bhbaem�

q_gby�� JZ^bhfhgblhjbg]� \� RQ>� \dexqZ_l� \� k_[y� jy^�

ijhp_^mj��ijhbeexkljbjh\Zgguo�gZ�jbk�����

>ey�j_r_gby� aZ^Zq�jZ^bhfhgblhjbg]Z��dZd�ijZ\beh��

bkihevamxlky� ki_pbZebabjh\Zggu_� ZiiZjZlgh�ijh]jZff�

gu_�dhfie_dku��khklhysb_�ba�ZiiZjZlmju�ijbzfZ�b�h[�

jZ[hldb� kb]gZeh\��LZdb_� dhfie_dku�^he`gu� bf_lv� \ha�

fh`ghklv� jZ[hlZlv� \� jZaebqguo� j_`bfZo�� \� lhf� qbke_�

Z\lhfZlbq_kdbo��b�h^gh\j_f_ggh�j_rZlv�p_euc�jy^�aZ�

^Zq�� k\yaZgguo� k� gZ[ex^_gb_f� b� dhgljhe_f� aZ� jZ^bh�

wnbjhf�\�j_Zevghf�fZkrlZ[_�\j_f_gb��Hlkx^Z�\hagb�

dZ_l� g_h[oh^bfhklv� gZebqby� l_ogbq_kdbo� kj_^kl\� ^ey�

iZjZee_evghc� h[jZ[hldb�� qlh� ih^jZamf_\Z_l� ijbf_g_�

gb_�Ze]hjblfh\�h[jZ[hldb�\_dlhjguo�kb]gZeh\��

<� jZfdZo� ^Zgghc� klZlvb� jZkkfZljb\Zxlky� fgh]hdZ�

gZevgu_�kbkl_fu�� \� hkgh\m� dhlhjuo�iheh`_gZ� hi_jZpby�

pbnjh\hc�nbevljZpbb� kb]gZeh\�� iha\heyxsZy� hij_^_�

eylv� b� ZgZebabjh\Zlv� dhfihg_glu� kb]gZeZ� \� qZklhlguo�

ihehkZo��Hi_jZpby�pbnjh\hc�nbevljZpbb�^ey�\u^_e_gby�

kb]gZeh\� \� dhgdj_lguo� qZklhlguo� ihehkZo� fh`_l� [ulv�

j_Zebah\ZgZ�iml_f�ijbf_g_gby�[ZgdZ��ZgkZf[ey��pbnjh�

\uo�nbevljh\� >��� �@��:dlmZevghklv�jZkkfhlj_gby�fgh]h�

dZgZevguo� kbkl_f� h[mkeh\e_gZ� gZebqb_f� \� jZ^bhwnbj_�

fgh]hqbke_gguo���bklhqgbdh\���baemq_gby���k��jZaebqgufb��
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\_dlhjguo� kb]gZeh\� b� ijh_dlbjh\Zgby� fgh]hdZgZevguo�

[Zgdh\�nbevljh\��>Zggu_�kbkl_fu�Zdlb\gh�bkihevamxl�

ky� \� ZiiZjZlmj_� jZ^bhfhgblhjbg]Z� ^ey� j_r_gby� aZ^Zq�

jZ^bhi_e_g]Zpbb� b� h[gZjm`_gby� kb]gZeh\� k� ihke_^mx�

s_c�bo�deZkkbnbdZpb_c�b�hp_gb\Zgb_f�iZjZf_ljh\��

<� kh\j_f_gguo� kbkl_fZo� k\yab� gZoh^yl� \k_� [he__�

rbjhdh_� ijbf_g_gb_� rbjhdhihehkgu_� kb]gZeu� b� kb]�

gZevgh�dh^h\u_�dhgkljmdpbb��iha\heyxsb_�hj]Zgbah\u�

\Zlv� gZ^_`gu_� dZgZeu� jZ^bhk\yab� ijb� fbgbfZevguo�

fhsghklyo� baemq_gby��Ih� wlhc� ijbqbg_� hkh[_ggh� Zdlm�

Zevgufb�klZgh\ylky�aZ^Zqb�h[gZjm`_gby��i_e_g]h\Zgby�

b� i_j_o\ZlZ� kb]gZeh\� ijb� jZaebqguo� hlghr_gbyo� kb]�

gZe�rmf��D�fgh]hdZgZevguf�[ZgdZf�nbevljh\��jZajZ[Z�

lu\Z_fuf�^ey�aZ^Zq�jZ^bhfhgblhjbg]Z��ij_^ty\ey_lky�

jy^�lj_[h\Zgbc��h[mkeh\e_gguo�g_h[oh^bfhc�lhqghklvx�

\u^_e_gby� dZgZevguo� kb]gZeh\�� Z� lZd`_� ijh]jZffgh�

ZiiZjZlgufb�aZljZlZfb��

Ijb� kbgl_a_� NGQ�ijhlhlbiZ�� iZjZf_lju� dhlhjh]h��

[m^ml� hij_^_eylv� iZjZf_lju� dZgZeZ� [ZgdZ� nbevljh\��

g_h[oh^bfh� h[_ki_qblv� fZemx� �g_� [he__� �� ^;�� g_jZ\�

ghf_jghklv� :QO� \� ihehk_� ijhimkdZgby�� [hevrh_� �g_�

f_g__� ���^;��ih^Z\e_gb_�\�ihehk_� aZ^_j`b\Zgby� �^jm�

]bfb�keh\Zfb��nbevlj�ijhlhlbi�^he`_g� bf_lv� \ukhdmx�

ba[bjZl_evghklv�� b� \ukhdbc� dhwnnbpb_gl� ijyfhm]hev�

ghklb�:QO��

Ihkdhevdm�RQ>�fh`_l�^hklb]Zlv�g_kdhevdbo�F=p�beb�

==p�� ^ey� hj]ZgbaZpbb� h^gh\j_f_gghc� h[jZ[hldb� \k_]h�

bkke_^m_fh]h� qZklhlgh]h� ^bZiZahgZ� g_h[oh^bfh� bf_lv�

jZ^bhijbzfgu_� mkljhckl\Z� k� khhl\_lkl\mxsbfb� iheh�

kZfb�� <hafh`ghklb� kh\j_f_gguo� jZ^bhijbzfguo� mkl�

jhckl\�h]jZgbq_gu�ijbf_gy_fhc�ZiiZjZlghc�[Zahc��ih�

wlhfm�^ey�j_r_gby�aZ^Zq�jZ^bhfhgblhjbg]Z�bkihevamxl�

dhfie_dku�� khklhysb_� ba� g_kdhevdbo� rbjhdhihehkguo�

jZ^bhijbzfguo� mkljhckl\�� gZ� \uoh^_� dhlhjuo� nhjfb�

jmxlky�pbnjh\u_�ihlhdb�k� \ukhdhc� qZklhlhc�^bkdj_lb�

aZpbb� ^ey� ihke_^mxs_c� h[jZ[hldb�� G_ihkj_^kl\_ggZy�

h[jZ[hldZ� lZdbo�ihlhdh\�djZcg_� aZljm^g_gZ�\�kbem� agZ�

qbl_evguo�ZiiZjZlguo�aZljZl��ihwlhfm�lZdb_�ihlhdb��dZd�

ijZ\beh�� ijhoh^yl� q_j_a� g_kdhevdh� dZkdZ^h\� nbevljh\�

^_pbfZlhjh\�^ey�ihgb`_gby�qZklhlu� �^h� ��������d=p���Z�

aZl_f� ijb� ihfhsb� [ZgdZ�nbevljh\� jZa[b\Zxlky� gZ� iZ�

jZee_evgu_�dZgZeu��rbjbgZ�dhlhjuo�aZ\bkbl�hl�dhgdj_l�

ghc� aZ^Zqb��<� qZklghklb�� ijb� jZ^bhfhgblhjbg]_�^ey� dh�

g_qghc�h[jZ[hldb�bkihevamxl�dZgZe�k�rbjbghc�ijb[ebab�

l_evgh�����d=p�� l�d��wlh�rbjbgZ�ki_dljZ�klZg^Zjlgh]h� l_�

e_nhggh]h� dZgZeZ� b� [hevrbgkl\h� kb]gZeh\�� ijbkmlkl�

\mxsbo�\�wnbj_��m^h\e_l\hjyxl�wlhfm�lj_[h\Zgbx��

LZdbf�h[jZahf��fh`gh�knhjfmebjh\Zlv�lj_[h\Zgby�d�

kbgl_abjm_fhfm� fgh]hdZgZevghfm� [Zgdm� nbevljh\� b�

NGQ�ijhlhlbim� ^ey� ijbf_g_gby� \� kbkl_f_� jZ^bhfhgb�

lhjbg]Z���

±�]jZgbpu�jZkkfZljb\Z_fh]h�RQ>�� >������@�d=p�±�^ey�

h[gZjm`_gby��deZkkbnbdZpbb�b�hp_gb\Zgby�iZjZf_ljh\�

rbjhdhihehkguo�kb]gZeh\�\�jZ^bhwnbj_��

±�qbkeh� dZgZeh\�[ZgdZ�nbevljh\� ^ey� dZ`^h]h� h^gh�

f_jgh]h��h^ghdZgZevgh]h��kb]gZeZ�� ��.  ��

±�rbjbgZ�ihehku�dZgZeZ�� ����I'  =p��

±�ih^Z\e_gb_� kb]gZeZ� gZ� ]jZgbp_� ihehku� ijhimkdZ�

gby�NGQ�ijhlhlbiZ����^;��

±�ih^Z\e_gb_�kb]gZeZ�gZ�]jZgbp_�ihehku�aZ^_j`b\Z�

gby�NGQ�ijhlhlbiZ������^;��

±�g_jZ\ghf_jghklv� :QO� NGQ�ijhlhlbiZ� \� ihehk_�

ijhimkdZgby�������^;��

±�dhwnnbpb_gl� ijyfhm]hevghklb� :QO� NGQ�ijhlhlb�

iZ��������

<� kbem� ijh\_^_gby� h[jZ[hldb� \� j_`bf_� j_Zevgh]h�

\j_f_gb�� g_h[oh^bfh� \uihegylv� j_ZebaZpbx� Ze]hjbl�

fh\� gZ� \ukhdhijhba\h^bl_evghc� ZiiZjZlgh�ijh]jZff�

ghc�[Za_��Z�^ey�ih\ur_gby�wnn_dlb\ghklb�j_ZebaZpbb�

bkihevah\Zlv� \uqbkebl_eb� k� iZjZee_evghc� kljmdlmjhc��

LZdb_� \uqbkebl_eb� fh]ml� [ulv� j_Zebah\Zgu� gZ� ijh�

]jZffbjm_fuo�eh]bq_kdbo�bgl_]jZevguo�ko_fZo��IEBK���

Z� lZd`_� mkljhckl\Zo� h[jZ[hldb� k� l_ogheh]b_c� &8'$�

�ijh]jZffgh�ZiiZjZlgZy� Zjobl_dlmjZ� ^ey� \uiheg_gby�

iZjZee_evguo� \uqbke_gbc� k� bkihevah\Zgb_f� ]jZnbq_�

kdbo�ijhp_kkhjh\���

Ijb�\uqbke_gbb�kb]gZeh\�gZ�\uoh^Zo�dZgZeh\�^himk�

lbfh� bkihevah\Zgb_� jZaebqguo� j_ZebaZpbc� >IN�

fh^mebjh\Zggh]h�[ZgdZ�nbevljh\��\dexqZy�j_ZebaZpbx�

k�iheghc�fh^meypb_c��ihebnZagmx�j_ZebaZpbx��Z�lZd`_�

j_ZebaZpbx� gZ� hkgh\_� [ehqghc� h[jZ[hldb� kb]gZeZ�� kh�

klZ\eyxs_c�kmlv�Ze]hjblfZ�:2/$��

Fgh]hdZgZevguc�>IN�fh^mebjh\Zgguc�[Zgd�
nbevljh\�b�Ze]hjblf�:2/$��
^ey�h[jZ[hldb�\_dlhjguo�kb]gZeh\�

L_hjby�ihkljh_gby�[Zgdh\�pbnjh\uo�nbevljh\�jZa�

\b\Z_lky�gZ�ijhly`_gbb�[he__����e_l��b�aZ�wlh�\j_fy�\�

^Zgghc� h[eZklb� ihemq_gu� \Z`gu_� gZmqgh�ijZdlbq_kdb_�

j_amevlZlu�� Iheguc� b� kbkl_fZlbabjh\Zgguc� h[ahj� b�

ZgZeba� hkgh\guo� wlZih\� jZa\blby�f_lh^h\�fgh]hkdhjh�
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klghc�h[jZ[hldb�kb]gZeh\��FHK��b�f_lh^h\�kbgl_aZ�[Zg�

dh\�pbnjh\uo�nbevljh\�ij_^klZ\e_g� \� >���@�� ]^_� lZd`_�

ijb\h^blky� bgnhjfZpby� h� i_j\uo� jZ[hlZo� \� h[eZklb�

f_lh^h\�FHK� b�f_lh^h\� ihkljh_gby�[Zgdh\� pbnjh\uo�

nbevljh\�� \� qZklghklb�� >����@�� <� jZ[hl_� >��@� \i_j\u_�

ij_^eh`_gh� ihebnZagh_� ij_^klZ\e_gb_� pbnjh\uo�

nbevljh\��bkihevam_fh_�\�jZfdZo�^Zgghc�klZlvb��Djhf_�

lh]h�� lZd`_� m^_eyehkv� \gbfZgb_� \hijhkZf� ZiiZjZlgh�

ijh]jZffgh]h� ijh_dlbjh\Zgby�fgh]hkdhjhklguo� kbkl_f��

\� qZklghklb�� k� bkihevah\Zgb_f� pbnjh\uo� kb]gZevguo�

ijhp_kkhjh\�>�@��

<hijhkZf� fgh]hdZgZevghc� �\_dlhjghc�� nbevljZpbb�

kb]gZeh\� lZd`_� m^_eyehkv� \gbfZgb_� \� jy^_� jZ[hl��

>�����@�� <� qZklghklb�� jZajZ[hlZgu� fh^_eb� \_dlhjguo�

pbnjh\uo�nbevljh\�\h�\j_f_gghc�h[eZklb��\�lhf�qbke_�

k�mq_lhf�wnn_dlh\�dhg_qghc�jZajy^ghklb��f_lh^u�jZk�

q_lZ� jZajy^ghklb� dhwnnbpb_glh\� b� hi_jZpbhgguo� mkl�

jhckl\� \_s_kl\_gguo� \_dlhjguo� pbnjh\uo� nbevljh\��

Ze]hjblfu�fh^_ebjh\Zgby�\_dlhjguo�pbnjh\uo�nbevl�

jh\�dZkdZ^ghc�kljmdlmju�b�l�^��

:e]hjblf�:2/$� ^ey� h[jZ[hldb� \_dlhjguo� kb]gZeh\�

fh`_l�jZkkfZljb\Zlvky�dZd�h[h[s_gb_�khhl\_lkl\mxs_�

]h� Ze]hjblfZ� ^ey� h[jZ[hldb� h^ghf_jguo� kb]gZeh\� >�@��

ijb�wlhf�ij_^eh`_ggZy�\�klZlv_�fh^bnbdZpby�iha\hebl�

\uqbkebl_evgh�wnn_dlb\gh�h[jZ[hlZlv�\_dlhjguc�\oh^�

ghc� kb]gZe�� Z� lZd`_� hkms_kl\blv� ijh]jZffgh�ZiiZjZl�

gmx� j_ZebaZpbx� gZ� hkgh\_� \ukhdhijhba\h^bl_evghc�

ZiiZjZlgh�ijh]jZffghc�[Zau��

Ih�j_amevlZlZf�\uqbke_gby�kb]gZeh\�gZ�\uoh^Zo�dZ�

gZeh\�hkms_kl\ey_lky�bo�km[ihehkgZy�h[jZ[hldZ� �dZ`�

^hfm�dZgZevghfm�kb]gZem�khhl\_lkl\m_l�k\hy�qZklhlgZy�

ihehkZ��� \dexqZxsZy� ki_dljZevguc� ZgZeba�� qZklhlgh�

\j_f_gghc�ZgZeba��klZlbklbq_kdbc�ZgZeba�\h�\j_f_gghc�

h[eZklb��^_fh^meypbx�b�ij��

Hij_^_ebf� \oh^ghc� \_dlhjguc� kb]gZe�
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kl\h�h^ghf_jguo�kb]gZeh\��

KljmdlmjgZy� ko_fZ� fgh]hdZgZevgh]h� >IN�fh^m�

ebjh\Zggh]h�[ZgdZ�nbevljh\
�
��^Ze__�±�fgh]hdZgZevgh]h�

[ZgdZ�nbevljh\��gZ�hkgh\_�ihebnZagh]h�ij_^klZ\e_gby�

ihdZaZgZ�gZ�jbk�����

<�^Zgghc�ko_f_�bkihevah\Zgu�ke_^mxsb_�h[hagZq_gby��

±� 6 ±�jZaf_jghklv�\_dlhjgh]h�kb]gZeZ� � �[ Q �gZ�\oh^_�

[ZgdZ�nbevljh\��qbkeh�h^ghf_jguo�kb]gZeh\���

±�0 ±� dhwnnbpb_gl� ^_pbfZpbb� �0 . ! �� ]^_� . ±�

qbkeh�dZgZeh\�[ZgdZ�nbevljh\��^ey�dZ`^hc�ihebnZaghc�

j_ZebaZpbb�� khhl\_lkl\mxs_c� dZ`^hfm� h^ghf_jghfm�

kb]gZem� � �L[ Q ���
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L �]h�ihebnZagh]h�nbevljZ�\�ijyfhc�b�h[jZlghc�\_l\yo�

khhl\_lkl\_ggh��

<�kemqZ_�djblbq_kdhc�^_pbfZpbb��dh]^Z�0 . ��\u�

qbke_gb_� \uoh^guo� kb]gZeh\�ihebnZagh]h�[ZgdZ�nbevl�

jh\� wd\b\Ze_glgh� ijbf_g_gbx� Ze]hjblfZ�:2/$�� gh� ijb�

wlhf�Ze]hjblf�:2/$�hjb_glbjh\Zg�gZ�ih[ehqguc�ZgZeba��

GZ�\oh^�Ze]hjblfZ�:2/$�ih^Z_lky�\_dlhjguc�kb]gZe�
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f_g_gby� wnn_dlb\guo� \uqbkebl_evguo� Ze]hjblfh\� gZ�

hkgh\_� ;IN� g_h[oh^bfh�� qlh[u� ^ebgZ� 1 �[ueZ� p_ehc�
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<a\_rb\Zgb_� \_dlhjgh]h� kb]gZeZ � �[ Q �hdghf� fh`_l�

[ulv�aZibkZgh�dZd�
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hlkq_lh\�kb]gZeZ�
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Ihke_� kmffbjh\Zgby� \k_o�[ehdh\� dZ`^h]h�h^ghf_j�

gh]h�kb]gZeZ�g_h[oh^bfh�ijbf_gblv�>IN�d�fZljbp_� = ��

>ZggZy� hi_jZpby� fh`_l� [ulv� j_Zebah\ZgZ� gZ� hkgh\_�

Ze]hjblfh\�\_dlhjgh]h�>IN�

^ `< 9')7 = �� ����
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eZ��9')7 ��hi_jZlhj�\_dlhjgh]h�>IN��

<� gZklhys__� \j_fy� \� hkgh\ghf� ijbf_gyxlky� ^\Z�

ih^oh^Z� d� \uqbke_gbx� \_dlhjgh]h� >IN� >��@�� I_j\uc��

ljb\bZevguc�� ij_^iheZ]Z_l� ijbf_g_gb_� h^ghf_jgh]h�

>IN� d� dZ`^hc� kljhd_�fZljbpu� = ��\� h[s_c� keh`ghklb��

ihlj_[m_lky� \uqbkeblv� � �3 6� h^ghf_jguo� >IN� jZa�

f_jghklb� . ���<lhjhc�ih^oh^�[Zabjm_lky�gZ�\uqbke_gbb�
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_lkyª�b�aZibku\Z_lky�\�\b^_�ihke_^h\Zl_evghklb�k\hbo�

kljhd� �ihke_� ^Zggh]h� ij_h[jZah\Zgby� fZljbpZ� = �ij_�

\jZsZ_lky�\�\_dlhj�kljhdm���
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_l�gZ�kmffZjguc�h[t_f�b�hj]ZgbaZpbx�\uqbkebl_evghc�

iZfylb��Z� lZd`_�h[s__�qbkeh�dhffmlZlhjh\�iZjZee_ev�

gh�ihlhqgh]h� ;IN�ijhp_kkhjZ�� K\_^_gb_� \_dlhjgh]h�

>IN� d� h^ghf_jghfm� iha\hey_l�fbgbfbabjh\Zlv� h[sbc�

h[t_f� \uqbkebl_evghc�iZfylb� b�� ke_^h\Zl_evgh�� hilb�

fbabjh\Zlv�kljmdlmjm�II;IN�ijhp_kkhjZ��

±�\uqbke_gb_� h^ghf_jgh]h� >IN� jZaf_jghklb�
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KjZ\gbf� k� lhqdb� aj_gby� \uqbkebl_evghc� keh`ghklb�
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`_gby�� j_ZebaZpby� dhlhjuo� y\ey_lky� [he__� keh`ghc��
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Ze]hjblfZ�:2/$�jZkkfhljbf�\gZqZe_�qbkeh�hi_jZpbc�

^ey�h^gh]h�[ehdZ�^ebgu� K1 ��<a\_rb\Zgb_�hdghf�lj_[m�

_l� K1 �hi_jZpbc� mfgh`_gby��Ijb�\uiheg_gbb�>IN� jZa�

f_jghklb� . �^ey�[ehdZ�^ebgu� . �keh`ghklv�khklZ\ey_l�

� ORJ �2 . . �� LZdbf� h[jZahf�� h[s__� qbkeh� hi_jZpbc�
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gy_lky�\_dlhjgh_�>IN�d�©\uijyfe_gghfmª�kb]gZem�^ebgu�
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\h^� h� lhf�� qlh� fgh]hdZgZevguc� ihebnZaguc� [Zgd�

nbevljh\� b� Ze]hjblf� :2/$� ^ey� h[jZ[hldb� \_dlhjguo�

kb]gZeh\�y\eyxlky�wd\b\Ze_glgufb�ih�\uqbkebl_evghc�

keh`ghklb�ijb�djblbq_kdhc�^_pbfZpbb��0 . ���

<f_kl_� k� l_f�� g_h[oh^bfh� hlf_lblv�� qlh�:2/$�fh�

`_l�ijbf_gylvky�ijb�ijhba\hevghf�khhlghr_gbb�f_`�

^m�0 �b� . ��qlh�y\ey_lky�g_khfg_gguf�ij_bfms_kl\hf�

^Zggh]h�Ze]hjblfZ�gZ�ijZdlbd_��\�lh�\j_fy�dZd�ihebnZa�

gu_�[Zgdb�nbevljh\�bkihevamxlky�\�hkgh\ghf�ijb� djb�

lbq_kdhc� ^_pbfZpbb� 0 . �� LZdbf� h[jZahf�� h[eZklv�

ijbf_g_gby�Ze]hjblfZ�:2/$�rbj_�ih�kjZ\g_gbx�k�ih�

ebnZagufb�[ZgdZfb�nbevljh\��

Ijh]jZffgh�ZiiZjZlgZy�j_ZebaZpby�Ze]hjblfZ�
:2/$�^ey�h[jZ[hldb�\_dlhjguo�kb]gZeh\�

Hij_^_eyxsbf� nZdlhjhf� \uqbkebl_evghc� keh`gh�

klb� ijb� ijh]jZffgh�ZiiZjZlghc� j_ZebaZpbb� fgh]hdZ�

gZevgh]h�[ZgdZ�nbevljh\�y\ey_lky�NGQ�ijhlhlbi���DBO�

nbevlj���nhjfbjmxsbc�:QO�`_eZ_fhc�nhjfu�^ey� h^�

gh]h� dZgZeZ� [ZgdZ� nbevljh\�� Ihjy^hd� NGQ�ijhlhlbiZ�

hij_^_ey_lky� bkoh^y� ba� iZjZf_ljh\�� aZ^Z\Z_fuo� ijb�

jZajZ[hld_�kbkl_fu�jZ^bhfhgblhjbg]Z�\�RQ>��

<�wdki_jbf_gl_�kbgl_a�NGQ�ijhlhlbiZ�hkms_kl\eye�

ky� k� iZjZf_ljZfb�� ijb\_^_ggufb� \� gZqZe_� klZlvb��

Nbevlj�[ue�kbgl_abjh\Zg�f_lh^hf�hdhg��hdgh�DZca_jZ���

;Zgd� nbevljh\� ij_^gZagZq_g� ^ey� h[jZ[hldb� ^\modZ�

gZevguo�kb]gZeh\��Ih�j_amevlZlZf�kbgl_aZ�[ue�ihemq_g�

NGQ�ijhlhlbi�ihjy^dZ��������

>ey� ih\ur_gby� wnn_dlb\ghklb� ijh]jZffgh�ZiiZ�

jZlghc�j_ZebaZpbb�\�klZlv_�bkihevah\Zebkv�\uqbkebl_�

eb� k� iZjZee_evghc� kljmdlmjhc� gZ� hkgh\_� l_ogheh]bb�

&8'$>��@�� Kmlv� ^Zgghc� l_ogheh]bb� aZdexqZ_lky� \� bk�

ihevah\Zgbb�gZ[hjZ�iZjZee_evgh�jZ[hlZxsbo�]jZnbq_�

kdbo� ijhp_kkhjh\� �*UDSKLFV3URFHVVLQJ8QLW� ±� *38�� ^ey�

j_r_gby� g_]jZnbq_kdbo� aZ^Zq�� *38� ±� ki_pbZebabjh�

\Zggh_�\uqbkebl_evgh_�mkljhckl\h��dhlhjh_��

±�y\ey_lky� khijhp_kkhjhf� d� p_gljZevghfm� ijhp_k�

khjm��&38���

±�h[eZ^Z_l�kh[kl\_gghc�iZfylvx��

±�^Z_l� \hafh`ghklv� iZjZee_evgh� \uihegylv� [hev�

rh_� dhebq_kl\h� hl^_evguo�ihlhdh\�^Zgguo� �ih^� ©ihlh�

dhfª�ihgbfZxlky� iZjZee_evgh� \uihegy_fu_� qZklb� h^�

ghc�ijh]jZffu���

D� ij_bfms_kl\Zf� l_ogheh]bb� &8'$� hlghkylky� djhkk�

ieZlnhjf_gghklv�� gZebqb_� gZ[hjZ� ]hlh\uo� [b[ebhl_d��

bkihevah\Zgb_�jZkrbj_gghc�\_jkbb�yaudZ�©Kbª��Zg]e����K��

k� ^hihegbl_evgufb� kj_^kl\Zfb� ^ey� iZjZee_evgh]h� ijh�

]jZffbjh\Zgby�b�kha^Zgby�fgh]hihlhqguo�ijbeh`_gbc�gZ�

&8'$�^ey�gZibkZgby�ijh]jZff��Djhf_�lh]h��g_�ijbf_gy_l�

ky�]jZnbq_kdbc�bgl_jn_ck�ijh]jZffbjh\Zgby�ijbeh`_gbc�

�$3,���bf_xsbc�jy �̂h]jZgbq_gbc�^ey�wnn_dlb\ghc�hj]Zgb�

aZpbb�fgh]hihlhqguo�\uqbke_gbc��

Wdki_jbf_gl�[ue�ijh\_^_g�gZ�i_jkhgZevghf�dhfiv�

xl_j_� kh� ke_^mxsbfb� oZjZdl_jbklbdZfb�� ijhp_kkhj�

,QWHO&RUHL������40� �,Y\%ULGJH�� ���� ==p�� hi_jZlb\gZy� iZ�

fylv� ''5�� ��� =[�� hi_jZpbhggZy� kbkl_fZ� :LQGRZV� ���

��� [bl�� \b^_hdZjlZ� 19LGLD� *H)RUFH� *7���0� ����� y^jZ�

*38��qZklhlZ�y^jZ�����F=p��iZfylv�\b^_hdZjlu���=[���

<�lZ[e����ijb\_^_gu�hp_gdb�\j_f_gb�\uiheg_gby�Ze�

]hjblfZ� :2/$� k� bkihevah\Zgb_f� l_ogheh]bb� &8'$�� Z�

lZd`_� &38��Ijb� bkihevah\Zgbb� l_ogheh]bb� &8'$lZd`_�

mqblu\Zehkv�\j_fy�gZ�i_j_kuedm�^Zgguo�f_`^m�hi_jZ�

lb\ghc� iZfylvx� i_jkhgZevgh]h� dhfivxl_jZ� b� iZfylvx�

\b^_hdZjlu��

:gZeba� j_amevlZlh\�� ijb\_^_gguo� \� lZ[e�� ��� iha\h�

ey_l�k^_eZlv�ke_^mxsb_�\u\h^u��

±�ijbf_g_gb_� l_ogheh]bb�&8'$�iha\hey_l�^h[blvky�

kms_kl\_ggh]h� khdjZs_gby� \j_f_gb� \uqbke_gbc�� ih�

kjZ\g_gbx�k�bkihevah\Zgb_f�&38��

±�m\_ebq_gb_�h[t_fZ�^Zgguo�ijb\h^bl�d�jhklm�\ub]�

jurZ� \h� \j_f_gguo� aZljZlZo� b�� ke_^h\Zl_evgh�� q_f�

[hevr_� jZaf_j� kb]gZevghc� \u[hjdb�� l_f� p_e_khh[jZa�

g__�ijbf_g_gb_�l_ogheh]bb�&8'$��

LZ[ebpZ����<j_f_ggu_�aZljZlu�gZ�h[jZ[hldm�kb]gZeh\��

jZaebqghc�^ebgu�k�bkihevah\Zgb_f�&38b�&8'$�
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fh`_l� \� jy^_� kemqZ_\� ^hklb]Zlv� iheh\bgu� hl� h[s_]h�

\j_f_gb�h[jZ[hldb��qlh�y\ey_lky�hij_^_e_gguf�g_^hk�

lZldhf�l_ogheh]bb�&8'$��

AZdexq_gb_�

<� klZlv_� ij_^klZ\e_g� jZajZ[hlZgguc� Ze]hjblf�

:2/$�^ey�h[jZ[hldb�\_dlhjguo�kb]gZeh\�\�j_`bf_�j_�

Zevgh]h� \j_f_gb� k� bkihevah\Zgb_f� \_dlhjgh]h� >IN��

>Zgguc�Ze]hjblf�fh`_l�[ulv�ijbf_g_g�^ey�i_e_g]Zpbb��
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fZe��nhjfZ� ebgbc� ki_dljh\� hibku\Z_lky� ehj_gp_\kdbf�

dhglmjhf�>����@�k�jZkij_^_e_gb_f�bgl_gkb\ghklb�

� �

�

�
� �

� � � � �
/

=
J

=
Z

S Z Z
 

� �' �
�� �����

a^_kv� = ±� iZjZf_lj� rbjbgu� ki_dljZevghc� ebgbb�� ' �±�

khijh\h`^Zxsbc�mrbj_gb_�k^\b]�ebgbb��

Ijb�^hie_jh\kdhf�mrbj_gbb�\hagbdZ_l�]Zmkkh\�dhglmj��
�

��
� � H[S*

''

J
Z Z

Z
ZZ S

§ ·§ ·�
¨ ¸ �¨ ¸¨ ¸'' © ¹© ¹

�� �����

]^_� �
�'

Y

F
Z Z'  �±� ihemrbjbgZ� ki_dljZevghc� ebgbb��

�

�N7
Y

0
 ±� gZb[he__� \_jhylgZy� kdhjhklv� Zlhfh\�� F �±�

kdhjhklv� k\_lZ�� 0 �±� fZkkZ� ZlhfZ�� N �±� ihklhyggZy�
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Wlhl� jy^� k�ihfhsvx�nhjfmeu�kmffbjh\Zgby�ImZk�

khgZ� \uqbkey_lky� ZgZeblbq_kdb�� Z�^ey� dhwnnbpb_glh\�

NG �ihemqZ_lky�ke_^mxs__�\ujZ`_gb_��
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;he__� ih^jh[gh� ihemq_gb_�nhjfmeu� �����k�iheguf�

h[hkgh\Zgb_f� \k_o� fZl_fZlbq_kdbo� ij_h[jZah\Zgbc�

ij_^klZ\e_gh�\�klZlv_�>�@��Z�\�^Zgghc�jZ[hl_�fu�hklZgh�

\bfky�gZ�\uqbkebl_evguo�hkh[_gghklyo�bgl_jiheypbb��

J_amevlZlu�

<�lZ[e����ijb\_^_gu�agZq_gby�g_kdhevdbo�jZkkqblZg�

guo�gZfb�dhwnnbpb_glh\� NG �ijb�jZaebqguo�iZjZf_ljZo�

V ��fu� mdZau\Z_f� ljb� agZqZsb_� pbnju� ^ey� m^h[kl\Z�

\hkijbylby��� GZoh`^_gb_� bgl_]jZeZ� \� \ujZ`_gbb� �����

hkms_kl\eyehkv� qbke_ggh� k� ihfhsvx� d\Z^jZlmjguo�

nhjfme�� KemqZc� �N � �hl^_evgh� g_� jZkkfZljb\Zeky��

ihkdhevdm�ba�nhjfmeu������hq_\b^gh��qlh� N NG G�  ��

LZ[ebpZ����AgZq_gby�dhwnnbpb_glh\�maeh\hc�nmgdpbb��

ijb�jZaguo�iZjZf_ljZo�V �

IZjZf_lj�V �
�G � �G �

��G �

���� ����� ±������ ±����������

���� ����� ±������ ±����������

���� ����� ±����� ±����������

���� ����� ±����� ����������

���� ����� ±����� ������

���� ���� ±����� �����

���� ��������� ±��������� ���������

���� ��������� ±��������� ���������

DZd� \b^gh� ba� lZ[e�� ��� k� jhklhf�V �\hajZklZxl� b� dh�

wnnbpb_glu�maeh\hc�nmgdpbb��AgZq_gby� NG �klZgh\ylky�

[hevrbfb� ih� Z[khexlghc� \_ebqbg_� b� f_^e_gg__� m[u�

\Zxl�ijb�m\_ebq_gbb�ihjy^dh\h]h�ghf_jZ� N �ih�kjZ\g_�

gbx�kh�kemqZ_f��dh]^Z� �V  ��Ih�wlhc�ijbqbg_�jy^u�^ey�

� �[I� �b� � �I [� �koh^ylky� f_^e_ggh� b� ^ey� mklhcqb\uo� \u�

qbke_gbc�iZjZf_ljh\� MS �nhjfmeu� ���� lj_[m_lky�[hev�

r_� dhwnnbpb_glh\� NG �� q_f� ijb� �V  �� DZd� j_amevlZl��

ijhbkoh^bl� ihl_jy� lhqghklb� bgl_jiheypbhgghc�nhjfm�

eu������dhebq_kl\_ggmx�hp_gdm�dhlhjhc�fu�^Z^bf�gb`_��

Ba�j_amevlZlh\�klZlvb�>�@�b�lZ[e����ke_^m_l��qlh�fZd�

kbfZevgh�^himklbfuf� agZq_gb_f� iZjZf_ljZ�V �k� lhqdb�

aj_gby�mklhcqb\hklb�bgl_jiheypbb�y\ey_lky� �V  ��Ih�

ykgbf��qlh� wlh� agZqbl� gZ�ijZdlbd_��>_eh� \� lhf��qlh�ih�

kljhblv� k� ohjhr_c� lhqghklvx� bgl_jiheypbhggmx� nhj�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

fmem� ���� hagZqZ_l�� qlh� fu� [m^_f� kihkh[gu� jZa^_eblv�

^\_� ehj_gp_\kdb_� ki_dljZevgu_� ebgbb� k� lhqghklvx� ^h�

h^gh]h� rZ]Z� k_ldb� hlkq_lh\�� K� jhklhf� rbjbgu� ebgbc��

f_jhc� dhlhjhc� y\ey_lky� iZjZf_lj� V �� hgb� klZgh\ylky�

ijZdlbq_kdb� g_hlebqbfufb� ^jm]� hl� ^jm]Z�� Z� bo� h[sbc�

dhglmj�\u]ey^bl� dZd�h^gZ�ki_dljZevgZy�ebgby��Ihwlhfm�

agZq_gb_�V �� jZ\gh_� ����� y\ey_lky� _kl_kl\_gghc� ]jZgb�

p_c�jZaj_rZxs_c�kihkh[ghklb��ijbkms_c�kZfhc�aZ^Zq_�

jZa^_e_gby�ki_dljZevguo�ebgbc��

GZ� jbk�� �� b� �� bah[jZ`_gu� ^\_� ehj_gp_\kdb_� ki_d�

ljZevgu_�ebgbb�h^bgZdh\hc�Zfieblm^u� $ ��gZoh^ysb_�

ky� gZ� jZkklhygbb� h^gh]h�rZ]Z� k_ldb� ^jm]� hl�^jm]Z� ijb�

agZq_gbb� �V  ��jbk�����b�ijb� �V  ��jbk������

�
Jbk�����Dhglmju�ki_dljZevguo�ebgbc��gZoh^ysboky��

gZ�jZkklhygbb�h^gh]h�rZ]Z�k_ldb�^jm]�hl�^jm]Z���

b�bo�h]b[ZxsZy��imgdlbjgZy�ebgby��ijb� �V  ���

$ �±�Zfieblm^Z�ibdh\���

�[ Z Z ' �±�[_ajZaf_jgZy�i_j_f_ggZy���

� � �I [ $ �±�hlghkbl_evgZy�ki_dljZevgZy�iehlghklv�kb]gZeZ�

Ijb� mdZaZgghf� agZq_gbb� �V  �^ey� h[_ki_q_gby�

ijb_fe_fhc� lhqghklb�bgl_jiheypbb�g_h[oh^bfh�mq_klv�

\�nhjfme_�����ihjy^dZ�����dhwnnbpb_glh\� NG ��ihwlhfm�

lj_[m_lky� gZebqb_� ���� agZqZsbo� pbnj� \� wdki_jbf_g�

lZevguo�^Zgguo��DZd�ijZ\beh�� wdki_jbf_glu� h[_ki_qb�

\Zxl�lhqghklv�g_�[he__�����agZqZsbo�pbnj��\ke_^kl\b_�

q_]h� ijZdlbq_kdhc� ]jZgbp_c� jZaj_rZxs_c� kihkh[ghklb�

y\ey_lky�agZq_gb_�V �ihjy^dZ������

�
Jbk�����Dhglmju�ki_dljZevguo�ebgbc��gZoh^ysboky��

gZ�jZkklhygbb�h^gh]h�rZ]Z�k_ldb��b�bo�h]b[ZxsZy��

�imgdlbjgZy�ebgby��ijb� �V  �� $ �±�Zfieblm^Z�ibdh\��

�[ Z Z ' �±�[_ajZaf_jgZy�i_j_f_ggZy���

� � �I [ $ �±�hlghkbl_evgZy�ki_dljZevgZy�iehlghklv�kb]gZeZ�

Hp_gbf��gZkdhevdh� wnn_dlb\gZ� ijhp_^mjZ� bgl_jih�

eypbb� ijb� jZa^_e_gbb� ki_dljZevguo� ebgbc� \� h[eZklb�

fZl_fZlbq_kdhc�mklhcqb\hklb�� �V d ���L_klh\uc�kb]gZe�

� �I [ �aZ^Z_lky� \� \b^_� kmi_jihabpbb� 1 �ki_dljZevguo�

ebgbc�k�iheh`_gbyfb� NP ��Zfieblm^Zfb� N$ ��Z�lZd`_�kem�

qZcgh]h�rmfZ� � �[H ��
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K�ihfhsvx�nhjfme����������b� �����kljhblky�bgl_jih�

ebjmxsZy� nmgdpby� � �I [� �� Djbl_jbyfb� wnn_dlb\ghklb�

jZ[hlu� Ze]hjblfZ� y\eyxlky�� \h�i_j\uo�� dZq_kl\h� \hk�

klZgh\e_gby� kb]gZeZ� � �I [ �k� ihfhsvx� � �I [� �� ihdZaZl_�

eyfb�dhlhjh]h�y\eyxlky�\bamZevgu_�hlebqby�bkoh^gh]h�

b�\hkklZgh\e_ggh]h�kb]gZeZ�gZ� ]jZnbd_�b�khhlghr_gb_�

fZdkbfZevghc�ih�fh^mex� \_ebqbgu� ih]j_rghklb� b� Zf�

ieblm^u�ihe_agh]h�kb]gZeZ��<h�\lhjuo��djbl_jb_f�dZq_�

kl\Z� \hkklZgh\e_gby� kb]gZeZ�[m^_l� y\eylvky� \_ebqbgZ�

khhl\_lkl\by� dhwnnbpb_glh\� bgl_jiheypbb� MS �Zfieb�

lm^Zf� N$ ��

Ijh\_^_ggu_� gZfb� jZkq_lu� ihdZaZeb� ke_^mxsb_� j_�

amevlZlu��Ijb� �V d �Ze]hjblf�^Z_l�ohjhr__�dZq_kl\h�\hk�

klZgh\e_gby� kb]gZeZ�� ih]j_rghklv� khklZ\ey_l� \_ebqbgm�

ihjy^dZ� ������ hl� Zfieblm^u� kb]gZeZ�� GZ� jbk�� �� ihdZaZg�

ijbf_j� \hkklZgh\e_gby� l_klh\h]h� kb]gZeZ� ijb� �V  ��

=jZnbdb�bkoh^gh]h�b�\hkklZgh\e_ggh]h�kb]gZeZ�bah[jZ`_�

gu�\f_kl_��gZeh`_gu�^jm]�gZ�^jm]Z���Ihkdhevdm�wlb�]jZnb�

db� \bamZevgh� ijZdlbq_kdb� g_� jZaebqZxlky�� lh� \� gb`g_c�

qZklb� jbkmgdZ� ^ey� gZ]ey^ghklb� bah[jZ`_gZ� ih]j_rghklv�

\hkklZgh\e_gby�kb]gZeZ��m\_ebq_ggZy�\������jZa��

�

Jbk�����Bkoh^guc�kb]gZe� � �I [ ��

�bgl_jihebjmxsZy�nmgdpby� � �I [� �b�bo�jZaghklv�ijb� �V  ��

$ �±�fZdkbfZevgZy�Zfieblm^Z�hl^_evgh]h�ibdZ�

\�khklZ\_�kb]gZeZ�

LZdbf� h[jZahf�� ijb� hlkmlkl\bb� rmfZ� f_lh^� ^hklZ�

lhqgh� gZ^_`gh� \hkklZgZ\eb\Z_l� bkoh^guc�kb]gZe� b�ih�

a\hey_l�gZoh^blv�Zfieblm^u�_]h�dhfihg_gl�k�lhqghklvx�

�����\iehlv�^h�agZq_gbc� �V  ��
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BgZq_�^_eh�h[klhbl�k�aZrmfe_ggufb�kb]gZeZfb��Ih�

kdhevdm� ijb� [hevrbo� agZq_gbyo� V �dhwnnbpb_glu� NG �

m[u\Zxl�f_^e_ggh��Ze]hjblf�\u^_e_gby�ibdh\�\�kb]gZ�

e_�klZgh\blky�qm\kl\bl_evguf�d�rmfm�dZd�[m^_l�ihdZaZ�

gh�^Ze__��

<�lZ[e����ijb\_^_gu�agZq_gby�bkoh^guo�b�gZc^_gguo�

k�ihfhsvx�bgl_jiheypbb� Zfieblm^� N$ �^ey�^\mo� kemqZ�

_\�� Z��ijb� �V  �\� hlkmlkl\b_�rmfZ��[�� ijb� �V  �b� gZ�

ebqbb����]h�hlghkbl_evgh�Zfieblm^u�ihe_agh]h�kb]gZeZ�

kemqZcgh]h�rmfZ��GZebqb_�\h�\lhjhf�kemqZ_�rmfZ�ijb�

\h^bl� d�ihgb`_gbx� ]jZgbpu�jZaj_rZxs_c�kihkh[ghklb�

^h� agZq_gbc�V a���Bgl_j_kgh� hlf_lblv�� qlh� kZf�kb]gZe�

\hkklZgZ\eb\Z_lky�k�ohjhr_c�lhqghklvx�ijb� a � �V � �b�

\�wlhf�kemqZ_��ohly�gZc^_ggu_�Zfieblm^u�g_�khhl\_lkl�

\mxl� bkoh^guf� �hlebqZxlky� gZ� g_kdhevdh� ihjy^dh\���

Hlkx^Z�ke_^m_l��qlh�bgl_jiheypby�iehoh�ih^oh^bl�^ey�

ZgZebaZ�aZrmfe_gguo�kb]gZeh\��ihkdhevdm�hgZ�hibjZ_l�

ky�bkdexqbl_evgh�gZ�agZq_gby�nmgdpbb�\�maeZo��dhlhju_�

h[uqgh�gZ�ijZdlbd_�bkdZ`_gu�rmfhf��Ihwlhfm�bgl_jih�

eypby�\hkijhba\h^bl�b�ihe_aguc�kb]gZe��b�rmf��g_�ih�

a\heyy�l_f�kZfuf�ihemqblv�bgnhjfZpbx�h�dhfihg_glZo�

ihe_agh]h�kb]gZeZ��

LZ[ebpZ����AgZq_gby�bkoh^guo�Zfieblm^�$N�b�\uqbke_gguo��

k�ihfhsvx�bgl_jiheypbb��Z��ijb� �V  �\�hlkmlkl\b_�rmfZ��

[��ijb� �V  �b�gZebqbb����]h�kemqZcgh]h�rmfZ�

Iheh`_gb_�

ki_dl�

jZevghc�

ebgbb�� NP �

Bkoh^gZy�

Zfieblm^Z��

N$ ��

JZkq_lgZy�

�Zfieblm^Z��

\�hlkmlkl\b_�

rmfZ��1 ��
�

JZkq_lgZy�

�Zfieb�

lm^Z�ijb�

gZebqbb�

rmfZ�

�1 ���

±��� �� ±���������� ������

±��� �� ����� �����

±��� �� ±���������� ±������

±�� �� ±���������� ±����������

�� �� ����� �����

�� �� ����� �����

�� �� ±���������� ±������

�� �� ±���������� ������

�� �� ±���������� ±������

�� �� ����� �����

�� �� ±���������� ±����������

��� �� ±���������� ±������

��� �� ����� �����

��� �� ±���������� ±�����������

LZdbf�h[jZahf��i_j_^�ijbf_g_gb_f�bgl_jiheypbhggh�

]h� Ze]hjblfZ� g_h[oh^bfu� ^hihegbl_evgu_� f_ju� ^ey�

h[_ki_q_gby� mklhcqb\hklb� \uqbke_gbc��GZijbf_j��fh`_l�

ijbf_gylvky� hqbkldZ� kb]gZeZ� hl� rmfZ�� beb� ijh\_^_gb_�

ki_pbZevghc� j_]meyjbaZpbb� aZ^Zqb� h� \u^_e_gbb� ibdh\��

H^gbf� ba� kihkh[h\� ij_^\Zjbl_evghc� h[jZ[hldb� kb]gZeZ�

fh`_l�[ulv��gZijbf_j��_]h�k]eZ`b\Zgb_�k�ihfhsvx�\kie_�

kdh\� k� dhfiZdlguf� ghkbl_e_f�� hibkZggh_� \� jZ[hl_� >�@��<�

klZlv_� >�@� [ueh� ihdZaZgh�� qlh� bkihevah\Zgb_� \kie_kdh\�

>h[_rb�^ey�p_e_c�k]eZ`b\Zgby�h[_ki_qb\Z_l�^hklZlhqgh�

\ukhdmx�kl_i_gv�hqbkldb�kb]gZeZ�hl�rmfZ��Z�ibdb�\�kb]gZe_�

iheghklvx�khojZgyxl�k\h_�iheh`_gb_�b�Zfieblm^m��

AZdexq_gb_�

<� gZklhys_c� jZ[hl_� ij_^eh`_g� f_lh^� \u^_e_gby�

ibdh\�ehj_gp_\kdhc�nhjfu� \� bkke_^m_fhf�kb]gZe_� im�

l_f� _]h� bgl_jiheypbb� p_ehqbke_ggufb� k^\b]Zfb�� JZk�

kqblZgu� dhwnnbpb_glu� maeh\hc�nmgdpbb�� b� k� bo� ihfh�

svx� ijh\_^_gu� \uqbke_gby� Zfieblm^� khklZ\eyxsbo�

dhfihg_gl�^ey�l_klh\uo�kb]gZeh\��IhdZaZgh��qlh�bgl_j�

iheypbhgguc� f_lh^� \� hlkmlkl\b_� rmfZ� ^Z_l� ohjhr__�

dZq_kl\h� \hkklZgh\e_gby� bkoh^gh]h� kb]gZeZ� �ih]j_r�

ghklv�ihjy^dZ�������ijb�agZq_gbyo�iZjZf_ljZ�1����Ijb�

gZebqbb����]h�kemqZcgh]h�rmfZ��oZjZdl_jgh]h�^ey�ijb�

deZ^guo� aZ^Zq�� ]jZgbp_c� ijbf_gbfhklb� f_lh^Z� klZgh�

\ylky� agZq_gby�1����Hlkx^Z� ke_^m_l�� qlh�ijb� jZ[hl_� k�

aZrmfe_ggufb�kb]gZeZfb�g_h[oh^bfu�^hihegbl_evgu_�

f_ju�ih�h[_ki_q_gbx�mklhcqb\hklb�\uqbke_gbc��H^gbf�

ba�i_jki_dlb\guo�gZijZ\e_gbc�bkke_^h\Zgbc��ih�gZr_�

fm�fg_gbx�� y\ey_lky� kh\f_klgh_� ijbf_g_gb_� bgl_jih�

eypbhggh]h�f_lh^Z�b�Ze]hjblfZ�hqbkldb�kb]gZeZ�hl�rm�

fZ�k�ihfhsvx�\kie_kdh\�>h[_rb�>�@��

Ebl_jZlmjZ�

���;hjg�F��Ijbgpbiu�hilbdb���F��;hjg��W��<hevn��±�F����

GZmdZ��������±�����k��

���=jbf�=��Mrbj_gb_�ki_dljZevguo�ebgbc�\�ieZaf_��±�

F���Fbj��������±�����k���

���>jh[ur_\� :�B�� Hkgh\u� Zlhfgh]h� ki_dljZevgh]h�

ZgZebaZ�� ±� KI[�� KZgdl�I_l_j[mj]kdbc� mgb\_jkbl_l���

������±�����k��

���0D]¶\D� 9�� $SSUR[LPDWH� DSSUR[LPDWLRQV� �� 9��0D]¶\D�� *��

6FKPLGW� ��� $06� 0DWKHPDWLFDO� 6XUYH\V� DQG� 0RQRJUDSKV�� ±�

������±�9�������±�����S��

���Gh\bdh\�B�Y��L_hjby�\kie_kdh\� ��B�Y��Gh\bdh\��<�X��

IjhlZkh\��F��:��KdhibgZ��±�F����NbafZlebl��������±�����k��

���.LVHOHY�(��$���0LQLQ�/��$���1RYLNRY�,��<D���6LWQLN�6��0��2Q�

(YDOXDWLRQ� RI� 5LHV]� &RQVWDQWV� IRU� 6\VWHPV� RI� 6KLIWHG� *DXV�

VLDQV��DU;LY������������������

���KjZ\gbl_evguc�ZgZeba�wnn_dlb\ghklb�k`Zlby�kb]�

gZeZ�WD=� k� ihfhsvx� \kie_kdh\�>h[_rb� b� ^bkdj_lgh]h�

dhkbgmkgh]h� ij_h[jZah\Zgby� �� K�>�� Dmj]Zebg�� E�:�� Fb�

gbg��?�:��Dbk_e_\��GboZ^�GZk_j����Kbkl_fu�mijZ\e_gby�b�

bgnhjfZpbhggu_� l_ogheh]bb�� ±� ������ ±� �� ��������� ±��

K�����������

0(7+2'�2)�(;75$&7,21��

2)�63(&75$/�&20321(176��

,1�6,*1$/6�%<�,17(532/$7,21�9,$�

6<67(06�2)�,17(*(5�6+,)76�

0LQLQ�/�$���1LKDG�1DVLU���

.LVHOHY�(�$���.XUJDOLQ�6�'��

7KH�DOJRULWKP�RI�H[WUDFWLRQ�RI� LQGLYLGXDO�FRPSRQHQWV� LQ�D�

FRPSOH[� VSHFWUXPV� XVLQJ� LQWHUSRODWLRQ� E\� LQWHJHU� VKLIWV� RI�

/RUHQW]� OLQH�VKDSH�WKDW� LV�RIWHQ�XVHG�LQ�PRGHOLQJ�RI�GLIIHUHQW�

SURFHVVHV� DQG� SKHQRPHQD� LV� GHYHORSHG�� (VWLPDWLRQ� RI� WKH�

PHWKRG¶V�SUHFLVLRQ�DQG�LWV�OLPLWV�RI�DSSOLFDWLRQ�DUH�FDUULHG�RXW��

�
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Ijb\_^_gh�hibkZgb_�f_lh^Z�wdklj_fZevghc�nbevljZpbb��F_�

lh^� hkgh\Zg� gZ� ihke_^h\Zl_evghf� \u^_e_gbb� \ukhdhqZklhlguo�

khklZ\eyxsbo�� ehdZevgh� hij_^_e_gguo� wdklj_fmfZfb� kb]gZeZ��

IhdZaZgh� koh^kl\h� k� jZaeh`_gb_f� gZ� wfibjbq_kdb_� fh^u� b� ij_�

bfms_kl\Z� ih� kjZ\g_gbx�k� gbf��Ijb\_^_gh�l_hj_lbq_kdh_� h[hk�

gh\Zgb_�f_lh^Z�wdklj_fZevghc�nbevljZpbb��

M>D��������

J$AEH@?GB?�G:�WFIBJBQ?KDB?�FH>U��
G:�HKGH<?�WDKLJ?F:EVGHC�NBEVLJ:PBB�

Fykgbdh\Z�G�<���^�l�g���ijhn_kkhj��ijhn_kkhj�dZn_^ju�©:\lhfZlbdZ�b�l_e_f_oZgbdZª��
N=HM�<IH�©I_ga_gkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_lª��H�PDLO��DYLWHO#SQ]JX�UX��JHQRN���#PDLO�UX����

;_j_kl_gv�F�I���d�l�g���^hp_gl�dZn_^ju�©:\lhfZlbdZ�b�l_e_f_oZgbdZª��
N=HM�<IH�©I_ga_gkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_lª��H�PDLO��DYLWHO#SQ]JX�UX��EHUHVWHQ#VXUD�UX����

�

Dexq_\u_� keh\Z�� wdklj_fZevgZy�nbevljZ�
pby�� agZdhi_j_f_ggu_� khklZ\eyxsb_��

jZaeh`_gb_�gZ�wfibjbq_kdb_�fh^u��

<\_^_gb_�

F_lh^�^_dhfihabpbb�gZ�wfibjbq_kdb_�fh^u�

�(0'�� y\ey_lky� h^gbf� ba� gh\uo� \� h[eZklb�

pbnjh\hc� h[jZ[hldb� kb]gZeh\�� Wlhl� ih^oh^� h[eZ^Z_l�

\ukhdhc� kl_i_gvx� Z^ZilZpbb� d� bkke_^m_fuf� kb]gZeZf��

qlh� iha\hey_l� ijh\h^blv� lhqgh_� hp_gb\Zgb_� j_Zevguo�

k\hckl\�ijhp_kkh\��\�lhf�qbke_�b�g_klZpbhgZjguo��Dex�

q_\uf� fhf_glhf� y\ey_lky� bkihevah\Zgb_� ©^_dhfihab�

pbb�gZ�wfibjbq_kdb_�fh^uª��k�ihfhsvx�dhlhjhc�ex[hc�

keh`guc� kb]gZe� fh`_l� [ulv� jZaeh`_g� gZ� dhg_qgh_� b�

qZklh�^h\hevgh�fZeh_�qbkeh� ©wfibjbq_kdbo�fh^ª��dZ`�

^Zy�ba�dhlhjuo�kh^_j`bl�hij_^_e_ggmx�bgnhjfZpbx�h[�

bkke_^m_fhf�ijhp_kk_��

<�gZklhys__�\j_fy�(0'�jZaeh`_gb_�g_�bf__l�lZdhc�

kljhcghc�b�]em[hdh�bamq_gghc�l_hj_lbq_kdhc�[Zau��dhlh�

jhc� gZ^_e_g� deZkkbq_kdbc� ZgZeba�Nmjv_� beb� \_c\e_l�

ZgZeba��:e]hjblf�bf__l�wfibjbq_kdmx�ijbjh^m�>���@���

:\lhju� m`_� g_h^ghdjZlgh� mdZau\Zeb� gZ� koh^kl\h�

(0'�jZaeh`_gby� b� wdklj_fZevghc� nbevljZpbb�� iha\h�

eyxs_c� jZaeh`blv�fgh]hwdklj_fZevguc�kb]gZe�gZ� agZ�

dhi_j_f_ggu_�khklZ\eyxsb_� >���@��Ijbq_f�\�ihke_^gbo�

klZlvyo� Ze]hjblf� wdklj_fZevghc� nbevljZpbb� baeZ]Zeb�

lZdbf� h[jZahf�� qlh[u� ih^q_jdgmlv� koh^kl\h� k� (0'�

jZaeh`_gb_f�>�@��Z�aZl_f�b�ij_h[jZah\Zgb_f�=bev[_jlZ�

OmZg]Z� �++7�� >�@��Fu� ohlbf�ij_^klZ\blv� l_hj_lbq_kdh_�

h[hkgh\Zgb_� f_lh^Z� wdklj_fZevghc� nbevljZpbb�� j_�

amevlZlhf� dhlhjhc� y\ey_lky� jZaeh`_gb_� gZ� agZdhi_j_�

f_ggu_�khklZ\eyxsb_���

I_j\hgZqZevgh�f_lh^�wdklj_fZevghc�nbevljZpbb��WN��

lh`_�ihabpbhgbjh\Zeky�dZd�wfibjbq_kdbc��l�_��g_�bf_xsbc�

l_hj_lbq_kdh]h�h[hkgh\Zgby��L_hj_lbq_kdh]h�h[hkgh\Zgby�

kljmdlmju�nbevljh\� b� bo� dhwnnbpb_glh\� g_�[ueh��:\lh�

jZfb�ij_^ijbgbfZebkv�ihiuldb�gZclb�hilbfZevgu_�kljmd�

lmju�nbevljh\�b�agZq_gbc�bo�dhwnnbpb_glh\��

<�^Zevg_cr_f� Z\lhjZf� m^Zehkv� l_hj_lbq_kdb� h[hk�

gh\Zlv� f_lh^� jZaeh`_gby� gZ� agZdhi_j_f_ggu_� khklZ\�

eyxsb_� b� ^hdZaZlv�� qlh� wlh� _^bgkl\_ggh� \hafh`gu_�

dhwnnbpb_glu��Ijb\_^_f�wlh�^hdZaZl_evkl\h��

BBBBBBBBBBBBBBBBBBBBBBBBBBBB�

�

�

Bkke_^h\Zgby� ijh\h^ylky� ijb� ih^^_j`d_� ]jZglZ� JNNB�

������������

L_hj_lbq_kdh_�h[hkgh\Zgb_��
wdklj_fZevghc�nbevljZpbb�

Wdklj_fZevgZy�nbevljZpby�hkgh\ZgZ�gZ�iZjZee_ev�

ghf� \uiheg_gbb�^\mo�ijhp_^mj�±�gbadhqZklhlghc� b� \u�

khdhqZklhlghc�nbevljZpbb��

±�ih� wdklj_fZevguf� agZq_gbyf� wL\ �\� fhf_glu�

� ���wLW L . �ijhba\h^blky�k]eZ`b\Zgb_�hi_jZlhjhf�\b^Z�

� ����� ��� �� ��FL wL wL wL\ \ \ \� � � � �� ����

±�\u^_ey_lky�agZdhi_j_f_ggZy�khklZ\eyxsZy�

� ��� �� ��� �� ��jL wL wL wL\ \ \ \� � � � � �� ����

GZ� ihke_^mxsbo� bl_jZpbyo� m`_� ba� k]eZ`_gghc� kh�

klZ\eyxs_c� FL\ �� ihemq_gghc� gZ� ij_^u^ms_f�rZ]_�� ba�

\e_dZ_lky�ke_^mxsZy�\ukhdhqZklhlgZy�khklZ\eyxsZy�b�

ijhba\h^blky�__�k]eZ`b\Zgb_��

<�hkgh\_�f_lh^Z�e_`bl�bl_jZpbhggZy�ijhp_^mjZ�\u�

^_e_gby�ba�kb]gZeZ�khklZ\eyxs_c�k�ba\_klghc�qZklhlhc��

ehdZevgh�hij_^_ey_fhc�\j_f_ggufb�bgl_j\ZeZfb�f_`�

^m�wdklj_fmfZfb��qlh�khhl\_lkl\m_l�ijhimkdZgbx�kb]gZ�

eZ�q_j_a�Z^Zilb\guc�nbevlj�\ukhdbo�qZklhl������iZjZe�

e_evgh�ijhbkoh^bl�b�Z^Zilb\gZy�gbadhqZklhlgZy�nbevl�

jZpby��k]eZ`b\Zgb_������

M^Ze_gb_�ba\_klguo�khklZ\eyxsbo�ba�kb]gZeZ� �\j_�

f_ggh]h� jy^Z�� hibkZgh� \� >�@��?keb� bf__lky� ihke_^h\Z�

l_evghklv� � ������L\ L 1 ��lh�gh\Zy�ihke_^h\Zl_evghklv�

k L\ �� m`_� g_� kh^_j`ZsZy� dhe_[Zl_evghc� khklZ\eyxs_c�

qZklhlu� �Z ��fh`_l�[ulv�ihemq_gZ�k�ihfhsvx�hi_jZpbb�

k\_jldb�� hkms_kl\eyxs_c� madhihehkgmx� nbevljZpbx�

bkoh^ghc�ihke_^h\Zl_evghklb�
�

�

k L N L N

N

\ F \ �
 

 �¦ ��

]^_� � ��F  � � �� H[S� � FRV� ��F W WD Z � � � �' � �' �

� H[S� � �F WD � �' �� D �±� dhwnnbpb_gl� aZlmoZgby�� W' �±�

rZ]�^bkdj_lbaZpbb��

BgnhjfZpbx� h� \ukhdhqZklhlghc� khklZ\eyxs_c� g_kml�

wdklj_fmfu�ijhp_kkZ��;m^_f�bkoh^blv�ba� ]bihl_au��qlh�\�

kb]gZe_� keh`ghc� nhjfu� kh^_j`blky� dhe_[Zl_evgZy� kh�



�

�

�
���

klZ\eyxsZy� k� qZklhlhc� �

�

�
I  

�'
�� ]^_� ' �±� fbgbfZevgh_�

jZkklhygb_�f_`^m� wdklj_fmfZfb� kb]gZeZ��K� mq_lhf� lh]h��

qlh�fu�\u[jZeb�lhevdh�wdklj_fmfu��ihemqbf�dhwnnbpb_g�

lu� � ��F  � � � H[S� ��F D � � �' � � H[S� � �F D � �' �� Fh`gh�

\u[jZlv�g_[hevrhc�mqZklhd�ijhp_kkZ��gZ�dhlhjhf�aZlmoZ�

gb_� ijhp_kkZ� keZ[h� \ujZ`_gh�� Lh]^Z� ihemqbf� � �F  ��

� �F  �� � ��F  �b� ^ey� m^Ze_gby� \ukhdhqZklhlghc� khklZ\�

eyxs_c�g_h[oh^bfh�\uihegblv�^_ckl\b_�

� ��wL wL wLFL\ \ \ \� � � � ��

K�mq_lhf�ghjfbjh\Zgby�ihemqbf�k]eZ`_ggmx�ihke_�

^h\Zl_evghklv�

� �

� � �

� � �
k L wL wL wL\ \ \ \� � � � ��

:� kZfZy� \ukhdhqZklhlgZy� agZdhi_j_f_ggZy� khklZ\�

eyxsZy�fh`_l�[ulv�\u^_e_gZ�ke_^mxsbf�h[jZahf�

� � �

� � �

� � �
j L L k L wL wL wL\ \ \ \ \ \� � � �  � � � ��

M^h[g_c� ljZdlh\Zlv� ^_ckl\by� dZd� hkj_^g_gb_� L�hc�

lhqdb�ih�khk_^gbf��ihwlhfm�©kf_klbfª�hlkq_lu�gZ�_^b�

gbpm�b�[m^_f�ihevah\Zlvky�nhjfmeZfb�����b������

Ijbf_g_gb_� ij_h[jZah\Zgby� ���� khhl\_lkl\m_l� ijh�

imkdZgbx�^Zgguo�q_j_a�pbnjh\hc�nbevlj�gb`gbo�qZklhl�
k� i_j_^Zlhqghc� nmgdpb_c�� hij_^_ey_fhc� hlghr_gb_f�

ki_dljh\�\oh^gh]h�b�\uoh^gh]h�kb]gZeh\�nbevljZ�

� �� � � � � �� �
� � �� ��� � �

� �
wL wL wL wLM I W W M I W WF

w

< I
* I H H

< I

S S� �� �  � � ��

Wlhl�nbevlj�bkdexqZ_l�ba�kb]gZeZ�kZfmx�\ukhdhqZk�

lhlgmx�khklZ\eyxsmx��Iheh`bf�^ey�ijhklhlu��qlh�wdk�

lj_fmfu�jZ\ghm^Ze_gu�^jm]�hl�^jm]Z��lh]^Z�i_j_^Zlhq�

gZy�nmgdpby�ijbf_l�\b^�
� �

� � ����� � � ����� FRV�� ��
M I M I

* I H H I
S S S� ' ' � �  � ' ��

Ij_h[jZah\Zgb_�����j_Zebam_l�pbnjh\hc�nbevlj�\u�

khdbo�qZklhl�k�i_j_^Zlhqghc�nmgdpb_c�

� �� � � � � �
� �

� � �� ��� � �
� �

wL wL wL wL
S M I W W M I W W

w

< I
* I H H

< I

S S� �� �  � � � ������

Ijb�l_o�`_�^hims_gbyo��qlh�[ueb�k^_eZgu�^ey�i_j�

\h]h� nbevljZ�� ihemqbf� \ujZ`_gb_� ^ey� i_j_^Zlhqghc�

nmgdpbb�
� �� � ����� � �

����� FRV�� ��

M I M I* I H H

I

S S

S

� ' ' � � �  

 � '
�� ����

Hlf_lbf�� qlh� nhjfmeu� ����� ���� hibku\Zxl� i_j_^Z�

lhqgmx� nmgdpbx� nbevljZ� \ukhdbo� qZklhl�� H^gZdh� wlh�

\_jgh� ebrv� ih� hlghr_gbx� d� qZklhlghfm� ^bZiZahgm�

�
��
ª º
« »'¬ ¼

�� � �PLQ� � �wL wL wL wLW W W W� �'  � � �� ]^_� wLW �±� Z[kpbkkZ��

L�]h� wdklj_fmfZ��� Z� l�d�� ijb� \u^_e_gbb� wdklj_fmfh\� ba�

\j_f_ggh]h�jy^Z�ijhbkoh^bl�bo�ijhj_`b\Zgb_��Z�agZqbl�±�

b�km`_gb_�qZklhlgh]h�^bZiZahgZ�ihke_^h\Zl_evghklb��lh�

ih� hlghr_gbx� d� qZklhlghfm� ^bZiZahgm�
�

��
W

ª º
« »'¬ ¼

�hibku�

\Z_fuc�nbevlj�±�Z^Zilb\guc�ihehkh\hc�k�p_gljZevghc�

qZklhlhc�
�

�
pI  

�'
��

:^Zilb\ghklv�nbevljZ� h[_ki_qb\Z_lky� l_f�� qlh�fb�

gbfZevgh_� jZkklhygb_� f_`^m� wdklj_fmfZfb� hij_^_ey�

_lky�ebrv�qZklhlguf�khklZ\hf�kb]gZeZ��gZ�i_j\hc�bl_�

jZpbb� \_ebqbgZ� ' �hij_^_ey_lky� kZfhc� \ukhdhqZklhl�

ghc� khklZ\eyxs_c�� gZ� ke_^mxsbo� bl_jZpbyo� ±� [he__�

gbadhqZklhlgufb�khklZ\eyxsbfb��l�_��' �m\_ebqb\Z_lky�

hl�bl_jZpbb�d�bl_jZpbb��Z�dhebq_kl\h�bl_jZpbc�hij_^_�

ey_lky�dhebq_kl\hf�fh^��

Hq_\b^gh�koh^kl\h�ijhp_^mj�(0'�b�WN���

±�ijhba\h^blky�\u^_e_gb_�wdklj_fmfh\��

±�ijb� \uqbke_gbb� ih� nhjfme_� ���� ih� wdklj_fmfZf�

hp_gb\Z_lky�kj_^g__�f_`^m�h]b[Zxsbfb��ij_^klZ\e_g�

gufb�wdklj_fmfZfb�±�khk_^gb_�wdklj_fmfu�\k_]^Z�jZa�

ghbf_ggu_� �fbgbfmfu� b� fZdkbfmfu�� ijbgZ^e_`Zsb_��

khhl\_lkl\_ggh��gb`g_c�b�\_jog_c�h]b[Zxs_c����

±�\uqbke_gb_� ih� nhjfme_� ���� khhl\_lkl\m_l� ba\e_�

q_gbx�^_lZe_c� �ijb�wlhf�\�Ze]hjblf_�g_�bkihevamxlky�

keh`gu_� Ze]hjblfu�ihkljh_gby� h]b[Zxsbo� k� ihfhsvx�

kieZcg�bgl_jiheypbb���
±�Ze]hjblf� ihke_^h\Zl_evgh� ijbf_gyxl� d� k]eZ`_g�

ghc�ihke_^h\Zl_evghklb�wdklj_fmfh\� FL\ ��

>hdZaZl_evkl\h�agZdhi_j_f_gghklb�khklZ\eyxsbo�

D�fh^Zf�ij_^ty\ey_lky�^\Z�lj_[h\Zgby��

±�h[s__�qbkeh�wdklj_fmfh\�jZ\gy_lky�h[s_fm�qbkem�

gme_c�k�lhqghklvx�^h����

±�ihemkmffZ� agZq_gbc�\_jog_c�h]b[Zxs_c��bgl_jih�

ebjmxs_c�ehdZevgu_�fZdkbfmfu��b�gb`g_c�h]b[Zxs_c��

bgl_jihebjmxs_c�ehdZevgu_�fbgbfmfu��[ebadZ�d�gmex��
Ijb�nbevljZpbb� ih� wdklj_fZevguf� agZq_gbyf� i_j�

\h_� lj_[h\Zgb_� \ujh`^Z_lky� \� lj_[h\Zgb_� agZdhi_j_�

f_gghklb�khk_^gbo�wdklj_fmfh\�ihemq_gguo�ihke_^h\Z�

l_evghkl_c�
� �M

j L\ ��M�� ghf_j� khklZ\eyxs_c��� Lh� _klv�� kh�

k_^gb_� we_f_glu� ihke_^h\Zl_evghklb� \k_]^Z� bf_xl�

jZagu_�agZdb��ihwlhfm�khklZ\eyxsmx�fh`gh�e_]dh�hlg_�

klb�d�hij_^_e_gghc�ihehk_�qZklhl��>hdZ`_f�wlh�iheh`_�

gb_��

>ey�^hdZaZl_evkl\Z� jZkkfhljbf� khklZ\eyxsmx� kb]�

gZeZ�� ij_^klZ\e_ggmx�ihke_^h\Zl_evghklvx� k\hbo� wdk�

lj_fmfh\�� IjbagZdhf� agZdhi_j_f_gghklb� y\ey_lky� \u�

iheg_gb_�mkeh\by�
� � � �

� �
M M

j L j L\ \ �� � � ����

^ey�\k_o�agZq_gbc�L��

G_�gZjmrZy�h[sghklb�^hdZaZl_evkl\Z��ij_^iheh`bf��

qlh�
� �M

wL\ �±� fZdkbfmf�� Lh]^Z�
� �

�

M

wL\ � ��
� �

�

M

wL\ � ��
� �

�

M

wL\ � �fh`gh�

ij_^klZ\blv�\�\b^_�khhlghr_gbc��

� � � �

� �

� � � �

� �

� � � �

� � �

�

�

�

M M

wL wL

M M

wL w L

M M

wL wL

\ \ V

\ \ V

\ \ V

�

�

� �

 �

 �

 �

� �����

ijbq_f� \_ebqbgu� � � �� �V V V �\k_]^Z� iheh`bl_evgu�� Ih^�

klZ\b\� ����\� ����b�ijh\_^y�khhl\_lkl\mxsb_�ij_h[jZah�

\Zgby��ihemqbf�

� �

� �

� �

� � �

� �
�

� �

� �
�

� �

M

j L

M

j L

\ V V

\ V V�

 �

 � �
�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

LZd� dZd� agZq_gby � � �� �V V V �\k_]^Z� iheh`bl_evgu�� lh�

� �
�

M

j L\ ! �� Z�
� �

� �
M

j L\ � � �� Ke_^h\Zl_evgh�� g_jZ\_gkl\h� ����

kijZ\_^eb\h�� :gZeh]bqgh� fh`gh� ijh\_klb� ^hdZaZl_ev�

kl\h�ba�ij_^iheh`_gby��qlh�
� �M

wL\ �±�fbgbfmf��

Ke_^h\Zl_evgh��\�hlebqb_�hl�(0'�jZaeh`_gby��\�dh�

lhjhf� \u^_eyxl� ©dZg^b^ZlZ�\�fh^uª� \�f_lh^_� wdklj_�

fZevghc�nbevljZpbb�\k_]^Z�\u^_ey_lky�©fh^Zª���

<lhjh_�lj_[h\Zgb_�d�fh^Zf�h[_ki_qb\Z_lky�l_f�nZd�

lhf��qlh�agZdhi_j_f_ggZy�ihke_^h\Zl_evghklv�y\ey_lky�

j_amevlZlhf�\uqblZgby�kdhevays_]h�kj_^g_]h�ba�kb]gZ�

eZ�gZ�i_j\hf�wlZi_�beb�ba�k]eZ`_gghc�khklZ\eyxs_c�gZ�

ihke_^mxsbo�wlZiZo��

LZd� dZd� hkgh\guf� Z\lhjkdbf� ijbf_g_gb_f� wdklj_�

fZevghc�nbevljZpbb�[ueb� aZ^Zqb�^bZ]ghklbdb� b� b^_g�

lbnbdZpbb�� lh�^hihegbl_evgh_�p_gljbjh\Zgb_� agZdhi_�

j_f_gguo�khklZ\eyxsbo��dZd�\�Ze]hjblf_�(0'��g_�ijb�

f_gyehkv��H^gZdh� jZkrbj_gb_� kn_ju� ijbf_g_gby� wdk�

lj_fZevghc� nbevljZpbb� ijb\_eh� d� g_h[oh^bfhklb� kh�

\_jr_gkl\h\Zgby� Ze]hjblfZ� wdklj_fZevghc� nbevljZ�

pbb��G_h[oh^bfhklv� p_gljbjh\Zgby� h[mkeh\e_gZ�f_lh�

^bq_kdhc� ih]j_rghklvx� ijb� \u^_e_gbb� agZdhi_j_f_g�

guo�khklZ\eyxsbo�±�aZlmoZgb_�ijb�h[hkgh\Zgbb�agZq_�

gbc�dhwnnbpb_glh\�iheZ]Zehkv�jZ\guf�gmex��

>ey�dZ`^hc�\u^_e_gghc�khklZ\eyxs_c�\uqbkey_lky�

kdhevays__�kj_^g__�ih�nhjfme_������Wlh�kj_^g__�aZl_f�

\uqblZ_lky� ba� khklZ\eyxs_c�
� �M

j L\ �� \uqbke_gghc� ih�

nhjfme_� �����J_amevlZl�kh\_jr_gkl\h\Zgby�±�mf_gvr_�

gb_�^bki_jkbb� wdklj_fmfh\� ©qbklh]hª� lhgZ��[he__� lhq�

gh_�\u^_e_gb_�gbadhqZklhlguo�khklZ\eyxsbo��

Hq_\b^gh� qlh�� \u[bjZy� beb�� gZh[hjhl�� hl[jZku\Zy�

\u^_e_ggu_� khklZ\eyxsb_�� fh`gh� e_]dh� j_Zebah\Zlv�

ljZ^bpbhggu_� \b^u�nbevljh\� �gb`gbo� qZklhl�� \_jogbo�

qZklhl��ihehkh\hc��aZ]jZ`^Zxsbc����

Ih^q_jdg_f�� qlh� ij_^eZ]Z_fZy� nbevljZpby� dZd�

g_evay�emqr_�ih^oh^bl�d�wdkij_kk�ZgZebam��l�d��dhwnnb�

pb_glu�nbevljZ� ±� ��� �
��
� b� ���� �

��
�^himkdZxl� bkihev�

ah\Zgb_� \f_klh� mfgh`_gby� k^\b]Z� \ijZ\h� gZ� �� beb� ��

jZajy^Z��khhl\_lkl\_ggh��qlh�[he__�wdhghfbqgh�k�lhqdb�

aj_gby� \uqbke_gbc��Wlhl�`_�nZdl�fh`_l� klZlv�j_rZx�

sbf�ijb�bkihevah\Zgbb�\uqbkebl_evguo�kj_^kl\�fZehc�

fhsghklb�k�h]jZgbq_gguf�gZ[hjhf�dhfZg^��

Ij_^klZ\e_gb_�j_amevlZlh\�nbevljZpbb�

NhjfZ� ij_^klZ\e_gby� j_amevlZlh\� fgh]hdjZlghc�

Z^Zilb\ghc�nbevljZpbb� aZ\bkbl�hl�j_rZ_fhc� aZ^Zqb�b�

hij_^_ey_lky�ke_^mxsbfb�nZdlhjZfb��

±�g_h[oh^bfhklvx� \hkklZgh\e_gby� bkoh^gh]h� kb]gZ�

eZ�b�lhqghklvx�wlh]h�\hkklZgh\e_gby��

±�g_h[oh^bfhklvx� h[_ki_qblv� aZ^Zggmx� kl_i_gv�

k`Zlby�bkoh^gh]h�kb]gZeZ��

±�g_h[oh^bfhklvx� h[_ki_qblv� aZ^Zggu_� lj_[h\Zgby�

ih� lhqghklb� b� [ukljh^_ckl\bx� \uqbke_gby� oZjZdl_jb�

klbd�bkoh^gh]h�kb]gZeZ��

<� aZ\bkbfhklb� hl� wlh]h� fh`gh� ij_^eh`blv� ^\_� ij_�

^_evgu_�nhjfu�ij_^klZ\e_gby�j_amevlZlh\�jZaeh`_gby�

kb]gZeZ�k�ihfhsvx�Z^Zilb\ghc�nbevljZpbb��k`ZlZy��nbd�

kbjmxlky�lhevdh�wdklj_fmfu�khklZ\eyxsbo��Z�bo�ijb\ya�

dZ�dh�\j_f_gb�b]ghjbjm_lky��b�ihegZy��nbdkbjmxlky�Z[k�

pbkku�b�hj^bgZlu�wdklj_fmfh\�\k_o�khklZ\eyxsbo���

JZkij_^_e_gb_�ih�rdZe_�\j_f_gb�wdklj_fmfh\�\�jZa�

guo� khklZ\eyxsbo�bf__l�\Z`gh_�k\hckl\h��kZfZy�\ukh�

dhqZklhlgZy� khklZ\eyxsZy� kh^_j`bl� wdklj_fmfu�� Z[k�

pbkku�dhlhjuo�hij_^_eyxl�iheh`_gb_�wdklj_fmfh\�\k_o�

[he__� gbadhqZklhlguo� khklZ\eyxsbo�� Wlhl� nZdl� fh`_l�

[ulv� bkihevah\Zg� ^ey� ^hihegbl_evgh]h� k`Zlby� ^Zgguo�

[_a�ihl_jv�bgnhjfZpbb�h[�Z[kpbkkZo�wdklj_fmfh\��

IhegZy� nhjfZ� ij_^klZ\e_gby� j_amevlZlh\� wdklj_�

fZevghc�nbevljZpbb�[m^_l�bf_lv�\b^��
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<� ����b� ����ij_^klZ\e_gu�\j_f_ggu_�b�Zfieblm^gu_�

iZjZf_lju� khklZ\eyxsbo�� DZ`^Zy� kljhdZ� fZljbpu� kh�

hl\_lkl\m_l� hij_^_e_gghc� khklZ\eyxs_c�� Ih^q_jdg_f��

qlh� \� fZljbp_� ���� \k_� agZqbfu_� we_f_glu� \� dZ`^hf�

klhe[p_�h^bgZdh\u��

FZljbpu����������kem`Zl�hkgh\hc�k`Zlby�\hkklZgh\e_�

gby�kb]gZeh\��Z�fZljbpZ�����k�ijb\yadhc�ih�\j_f_gb�����±�

wlh� nZdlbq_kdb� \j_fy�qZklhlgZy� oZjZdl_jbklbdZ�� l�d��

dZ`^Zy�kljhdZ�khhl\_lkl\m_l�hij_^_e_gghc�qZklhl_��

FZljbpZ�����kh^_j`bl�^Zggu_�^ey�hp_gb\Zgby�qZklhl�

�

O
O

.
I

7
 �khklZ\eyxsbo� �7� ±� ^ebl_evghklv� bgl_j\ZeZ�

ZgZebaZ���Z�fZljbpZ�����±�^ey�hp_gb\Zgby�bo�Zfieblm^�$�

beb�^bki_jkbc�
�V ��IZjZf_lju�

�^ � `O OI V ��O� ����«��S�hib�

ku\Zxl� fh^_ev� [ukljhi_j_f_ggh]h� ijhp_kkZ� �;II��

kmffhc� madhihehkguo� khklZ\eyxsbo�� Fh^_ev� ;II� hl�

jZ`Z_l� k\hckl\Z� h[t_dlZ�� ih� baf_g_gbx� iZjZf_ljh\�

khklZ\eyxsbo� fh`gh� km^blv� h[� baf_g_gbb� khklhygby�

h[t_dlZ��l�_��jZaeh`_gb_�±�hkgh\Z�^ey�wdkij_kk�b^_glb�

nbdZpbb� beb� wdkij_kk�^bZ]ghklbdb� �wdkij_kk�jZkihagZ�

\Zgby���

Ijbf_g_gb_� ij_^eh`_gghc� fh^_eb� ;II� hijZ\^Zgh�

l_f�nZdlhf��qlh�\�baf_jbl_evguo�kbkl_fZo�dhgljhebjm�

xlky�keh`gu_�l_ogbq_kdb_�h[t_dlu��<�gbo��dZd�ijZ\beh��

gZ[ex^Zxlky� \b[jZpbb�� Zdmklbq_kdb_�rmfu�� imevkZpbb�

^Z\e_gby� b� l�^�� Djhf_� lh]h� \� kbkl_fZo� ^_ckl\mxl� bf�

imevkgu_� ihf_ob�� \ha[m`^Zxsb_� kh[kl\_ggu_� dhe_[Z�

gby�� LZdb_� h[t_dlu� hibku\Zxlky� mgb\_jkZevghc�fh^_�

evx�±�kmffZ�madhihehkguo�khklZ\eyxsbo�kf_rZgguo�k�

rmfhf�� IZjZf_lju� fh^_eb� hlh[jZ`Zxl� k\hckl\Z� bk�

ke_^m_fh]h� h[t_dlZ�� qlh� iha\hey_l� bkihevah\Zlv� wlb�

^Zggu_��\�kbkl_fZo�^bZ]ghklbdb��dhgljhey�b�fhgblhjbg�

]Z�iZjZf_ljh\�h[t_dlZ��

IZjZf_lju� jZaeh`_gby� qZklhlZ� b� Zfieblm^Z� �fhs�

ghklv��dZ`^hc�khklZ\eyxs_c�kb]gZeZ�fh]ml�[ulv�bgl_j�

ij_lbjh\Zgu� dZd� l_dmsbc� ki_dlj�� Baf_g_gb_� wlbo� `_�

iZjZf_ljh\�\�kdhevays_f�hdg_�fh`_l�bgl_jij_lbjh\Zgh�



�

�

�
���

dZd� <QJ�� bf_xs__� koh^kl\h� k� ij_h[jZah\Zgb_f� =bev�

[_jlZ�OmZg]Z�>�@��

K\hckl\Z�jZaeh`_gby��
gZ�hkgh\_�wdklj_fZevghc�nbevljZpbb�

BlZd�� fu� ihemqZ_f� jZaeh`_gb_�� \� dhlhjhf� fh^u�

ij_^klZ\e_gu�k\hbfb�wdklj_fmfZfb��?keb�_klv�g_h[oh�

^bfhklv� \hkklZgh\blv� agZq_gby� \� ^bkdj_lgu_�fhf_glu�

\j_f_gb��lh�fh`gh�\hkihevah\Zlvky�ijhp_^mjhc�Ziijhd�

kbfZpbb�dhehdhevgufb�khklZ\eyxsbfb�>�@�beb�bgl_jih�

ebjh\Zlv�©ihemdhkbgmkZfbª��

:^Zilb\guc� [Zabk�� hkgh\Zgguc� gZ� \u^_e_gbb� ba�

^Zgguo� wfibjbq_kdbo� fh^�� m^h\e_l\hjy_l� ljZ^bpbhg�

guf� lj_[h\Zgbyf� ^ey� [ZabkZ��Hg� y\ey_lky�nbgblguf��

koh^ysbfky��hjlh]hgZevguf�b�_^bgkl\_gguf���

JZaeh`_gb_�gZ�agZdhi_j_f_ggu_�khklZ\eyxsb_�ijb�

bkihevah\Zgbb� wdklj_fZevghc� nbevljZpbb� h[eZ^Z_l�

ke_^mxsbfb�k\hckl\Zfb��

±�\k_]^Z�^Z_l�_^bgkl\_ggh_�jZaeh`_gb_��\ke_^kl\b_�

`_kldh]h�^_l_jfbgbjh\Zggh]h�Ze]hjblfZ��

±�y\ey_lky�koh^ysbfky��lZd�dZd�Ze]hjblf�hkgh\Zg�gZ�

\u^_e_gbb� kZfhc� \ukhdhqZklhlghc� khklZ\eyxs_c� kgZ�

qZeZ� ba� kb]gZeZ� �ijhp_kkZ��� Z�ihlhf� ba� k]eZ`_gghc� kh�

klZ\eyxs_c�� Z� dhebq_kl\h� agZqbfuo� khklZ\eyxsbo� \�

kb]gZe_��ijhp_kk_��\k_]^Z�dhg_qgh��

±�lZd�dZd�fh^u�hij_^_e_gu�ebrv�\�lhqdZo�wdklj_fm�

fh\�b�hjlh]hgZevghklv�fh`gh�ijh\_jblv�ebrv�gZ�bgl_j�

ihebjh\Zgguo� ^Zgguo�� lh� ke_^m_l� ]h\hjblv� h[� 0�

hjlh]hgZevghklb��

:\lhjZfb� ij_^eh`_g� f_lh^� jZaeh`_gby� gZ� agZdhi_�

j_f_ggu_�khklZ\eyxsb_��bf_xsbc�koh^kl\h�k�jZaeh`_�

gb_f� gZ� wfibjbq_kdb_� fh^u�� ijb� wlhf� ij_bfms_kl\hf�

f_lh^Z�y\ey_lky�gbadZy� ljm^h_fdhklv��qlh�iha\hey_l�bk�

ihevah\Zlv�_]h�\�kbkl_fZo�j_Zevgh]h�\j_f_gb�beb�\�\u�

qbkebl_eyo�fZehc�fhsghklb��Fh`gh�bkihevah\Zlv�k`Zlh_�

ij_^klZ\e_gb_�^Zgguo�±�wdklj_fmfZfb�ijhp_kkZ��

Ijbf_g_gb_�j_amevlZlh\��
wdklj_fZevghc�nbevljZpbb�

I_j_qbkebf� hkgh\gu_� ijbf_g_gby� j_amevlZlh\�

nbevljZpbb��

���Wdkij_kk�b^_glbnbdZpby�±�hij_^_e_gb_�dhebq_kl�

\Z� khklZ\eyxsbo�� bo� lbiZ� �dhe_[Zl_evgu_�� bg_jpbhg�

gu_���b�iZjZf_ljh\�wlbo�khklZ\eyxsbo�>��@���

���Wdkij_kk�hp_gdZ�ki_dljZ�>���@��

���Bgl_jij_lZpby� ihemq_gguo� j_amevlZlh\�nbevljZ�

pbb�dZd�\j_fy�qZklhlgh]h�jZkij_^_e_gby�>�@��

���:^Zilb\gZy�nbevljZpby��GQ��<Q�b�l�^���>�@��

���Bkihevah\Zgb_� iZjZf_ljh\� dZd� ^bZ]ghklbq_kdbo�

ijbagZdh\�>������@��
���Mijhs_gb_� hij_^_e_gby� iZjZf_ljh\� kb]gZeZ�

keh`ghc� nhjfu�
�
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aZ�kq_l�ij_^\Zjbl_evgh]h�jZaeh`_gby�gZ�fh^u�>�@��

Ijb\_^_f� ijbf_j� jZaeh`_gby� kb]gZeZ� keh`ghc�

nhjfu� rbjhdh� ba\_klguf� f_lh^hf� ^_dhfihabpbb� gZ�

wfibjbq_kdb_� fh^u� �jbk�� ��� b� k� ijbf_g_gb_f� wdklj_�

fZevghc�nbevljZpbb� �jbk������Kljh]h�]h\hjy��gZ�\lhjhf�

jbkmgd_�fu� ihemqZ_f� jZaeh`_gb_� lhevdh� \� lhqdZo� wdk�

lj_fmfh\�� l�_�� dZ`^Zy� ba� agZdhi_j_f_gguo� khklZ\eyx�

sbo�hij_^_e_gZ�\�lhqdZo�k\hbo�wdklj_fmfh\��G_ij_ju\�

gu_�djb\u_�±�j_amevlZl�bgl_jiheypbb��

�

Jbk�����JZaeh`_gb_�kb]gZeZ�gZ�wfibjbq_kdb_�fh^u�

�

Jbk�����JZaeh`_gb_��gZ�khklZ\eyxsb_�

�wdklj_fZevguf�nbevljhf�

Ba�wlbo�jbkmgdh\�\b^gh��qlh�j_amevlZlu�ijZdlbq_kdb�

h^bgZdh\u��Z�Ze]hjblf�jZaeh`_gby�agZqbl_evgh�ijhs_�b�

_]h�\uqbkebl_evgZy�ljm^h_fdhklv�kms_kl\_ggh�f_gvr_��

Ihke_^gb_�^\Z�nZdlhjZ�^_eZxl�_]h�wnn_dlb\guf�bgkl�

jmf_glhf� wdkij_kk�ZgZebaZ� \� l_ogbq_kdbo� b� bgnhjfZ�

pbhgguo�kbkl_fZo��

AZdexq_gb_�

Wdklj_fZevgZy� nbevljZpby� ±� g_� fh^bnbdZpby� ba�

\_klgh]h�Ze]hjblfZ�jZaeh`_gby�gZ�wfibjbq_kdb_�fh^u��

Z� g_aZ\bkbfh_� gZijZ\e_gb_�� jZa\b\Z_fh_� gZ� ijhly`_�

gbb� jy^Z� e_l�� Ij_^eZ]Z_fuc� Ze]hjblf� hkms_kl\ey_l�

jZaeh`_gb_� gZ� agZdhi_j_f_ggu_� khklZ\eyxsb_� gZ� hk�

gh\_� Z^Zilb\ghc� nbevljZpbb� kb]gZeZ� ih� _]h� wdklj_�

fZevguf� agZq_gbyf�� LZdZy� nbevljZpby� ^ey� djZldhklb�

[ueZ�gZa\ZgZ�wdklj_fZevghc�nbevljZpb_c��

Ebl_jZlmjZ�

���Debhgkdbc�� >�F�� >_dhfihabpby� gZ� wfibjbq_kdb_�

fh^u� \� kh\j_f_gghc� pbnjh\hc� h[jZ[hld_� kb]gZeh\� ��



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������
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>�F�� Debhgkdbc� ��� ���y� F_`^mgZj�� dhgn�� b� \uklZ\dZ�

©Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\� b� __� ijbf_g_gb_ª��

Fhkd\Z�� ������fZjlZ� ������ Ljm^u�Jhkk�� gZmq�� l_og�� h[�

s_kl\Z�jZ^bhl_ogbdb��we_dljhgbdb�b�k\yab�bf��:�K��Ih�

ih\Z��K_j��Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\�b�__�ijbf_g_�

gb_��<ui��;����±�F���������±�K�����������

���Debhgkdbc�� >�F�� >_dhfihabpby� gZ� wfibjbq_kdb_�

fh^u� b� __� bkihevah\Zgb_� ijb� ZgZeba_� ^jh[gh]h� [jh�

mgh\kdh]h� ^\b`_gby�� >�F�� Debhgkdbc�� G�B�� Hj_rdh���

<�<�� =_ii_g_j� ��� Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\�� ������

�����K���������

���Debhgkdbc�� >�F�� >_dhfihabpby� gZ� wfibjbq_kdb_�

fh^u� k� iZjZ[hebq_kdhc� bgl_jiheypb_c� h]b[Zxsbo� \�

aZ^ZqZo� hqbkldb� kb]gZeh\� hl� rmfZ�� >�F�� Debhgkdbc���

G�B��Hj_rdh��<�<��=_ii_g_j� ���Pbnjh\Zy�h[jZ[hldZ�kb]�

gZeh\�������������K���������

���Fykgbdh\Z��G��<��Wdklj_fZevgZy�nbevljZpby�b�__�

ijbeh`_gby� ��G��<��Fykgbdh\Z��F��I��;_j_kl_gv����>Zlqb�

db�b�kbkl_fu��±�������±������±�K���±����

���Fykgbdh\Z��G�<��F_lh^u� jZaeh`_gby� kb]gZeh\� gZ�

hkgh\_� wdklj_fZevghc� nbevljZpbb� �� G�<�� Fykgbdh\Z��

F�I�� ;_j_kl_gv�� E�:�� >he]bo� ��� >Zlqbdb� b� kbkl_fu�� ±�

������±������±�K���±����

���Fykgbdh\Z��G�<��Ijbf_g_gb_�jZaeh`_gby�ih�wfib�

jbq_kdbf�fh^Zf� \� aZ^ZqZo� pbnjh\hc� h[jZ[hldb� kb]gZ�

eh\���G�<��Fykgbdh\Z��E�:��>he]bo��F�=��Fykgbdh\Z����>Zl�

qbdb�b�kbkl_fu��±�������±������±�K��������

���Fykgbdh\Z�� G<�� <j_fy�qZklhlgh_� jZkij_^_e_gb_�

gZ�hkgh\_�wdklj_fZevghc�nbevljZpbb�\�pbnjh\hc�h[jZ��

[hld_� kb]gZeh\��G�<��Fykgbdh\Z��F�I��;_j_kl_gv� ���>Zl�

qbdb�b�kbkl_fu��±�������±�������±�K��������

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

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

���Fykgbdh\Z��G�<��:iijhdkbfZpby�fgh]hwdklj_fZev�

guo�nmgdpbc� b� __� ijbeh`_gby� \� l_ogbq_kdbo� kbkl_fZo��

G�<�� Fykgbdh\Z�� F�I�� ;_j_kl_gv�� F�I�� Kljh]Zgh\��� Ba�

\_klby�\ukrbo�mq_[guo�aZ\_^_gbc��Ih\he`kdbc�j_]bhg��

L_ogbq_kdb_�gZmdb��±�������±������±�K�����������

����Fykgbdh\Z��G�<��Wdkij_kk�ZgZeba�\�l_ogbq_kdbo�b�

bgnhjfZpbhgguo� kbkl_fZo� �� G��<��Fykgbdh\Z��F�I�� ;_�

j_kl_gv� ���Bggh\Zpbhggu_�bgnhjfZpbhggu_�l_ogheh]bb��±�

������±�L�����±������±�K�����������

����A_gh\�� :�X�� Dhgp_ipby� hj]ZgbaZpbb� h[jZ[hldb�

bgnhjfZpbb� \� kbkl_fZo�^bZ]ghklbdb� b� jZkihagZ\Zgby� ��

:�X��A_gh\��F�I��;_j_kl_gv� ���Bg`_g_jguc�\_klgbd�>h�

gZ�� ±� ������ ±��� ��� ±� 85/�� KWWS���LYGRQ�UX�PDJD]LQH�� DUF�

KLYH�Q�\�����������^ZlZ�h[jZs_gby���������������

7+(25(7,&$/�)81'$0(17$/6��

2)�(;75(0(�),/7(5,1*�

0\DVQLNRYD�1�9���%HUHVWHQ�0�3��

([WUHPDO� ILOWUDWLRQ�PHWKRGV�DUH� FRQVLGHUHG�� 7KH�PHWKRG�

SURSRVHG� LV� EDVHG� RQ� VXFFHVVLYH� VHOHFWLRQ� RI� WKH� KLJK�

IUHTXHQF\� FRPSRQHQWV� ZKLFK� DUH� ORFDOO\� GHWHUPLQH� E\�

VLJQDO
V� H[WUHPD�� ,W� LV� VKRZQ� WKDW� WKLV�PHWKRG� LV� VLPLODU� WR�

(PSLULFDO�0RGH�'HFRPSRVLWLRQ�DQG�KDV�VRPH�LPSURYHPHQWV�

FRPSDUHG�ZLWK� LW�� 7KHRUHWLFDO� EDVLV� RI� DQ� H[WUHPDO� ILOWUDWLRQ�

PHWKRG�DUH�JLYHQ��

M�\�Z�`�Z�_�f�u�_����d�h�e�e�_�]�b��

Ijb]eZrZ_f�<Zk�ijbgylv�mqZklb_� \�nhjfbjh\Zgbb�l_fZlbq_kdbo� \uimkdh\�`mjgZeZ� ©Pbnjh\Zy� h[jZ�

[hldZ�kb]gZeh\ª�b�jZaf_s_gbx�j_deZfu�ijh^mdpbb��mkem]��<Zr_c�hj]ZgbaZpbb�gZ�_]h�kljZgbpZo��<�kemqZ_�ih�

eh`bl_evgh]h�j_r_gby�ijhkbf� �ij_^klZ\blv�\�j_^Zdpbx�`mjgZeZ�<Zrb�ij_^eh`_gby�ih�ieZgh\hfm�jZaf_�

s_gbx�bgnhjfZpbhgguo�fZl_jbZeh\�b�fZd_l� �j_deZfu�ijh^mdpbb� �mkem]��k�mdZaZgb_f�`_eZ_fh]h�_z�f_klh�

jZkiheh`_gby��h[eh`dZ����y����y�beb���y�klj����p\_lgZy�\gmlj_ggyy�ihehkZ��h[t_f�ihehku����
@mjgZe� ©Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\ª�ba^Z_lky� k� ����� ]h^Z��<uoh^bl� _`_d\ZjlZevgh�� lbjZ`hf� ±� ���� wda���

JZkijhkljZgy_lky�ih�ih^ibkd_�q_j_a�Z]_glkl\h�©Jhki_qZlvª�\�Jhkkbb��bg^_dk���������KG=�b�kljZgZo�;Zelbb��bg^_dk�

�������� Z� lZd`_� gZ� Dhgn_j_gpbb�� ©Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\� b� __� ijbf_g_gb_� ±� '63$¶ª� b� <uklZ\dZo��

©([SR(OHFWURQLFDª��©K\yavWdkihdhffª��©WE?DLJHGBD:��dhfihg_glu��h[hjm^h\Zgb_��l_ogheh]bbª��]��Fhkd\Z��b�^j��

GZmqgh�l_ogbq_kdbc� `mjgZe� ©Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\ª� \dexq_g� \� Kibkhd� ba^Zgbc�� j_dhf_g^m_fuc�

<:D�JN� ^ey�im[ebdZpbb� j_amevlZlh\�gZmqguo�bkke_^h\Zgbc� khbkdZl_eyfb� mq_ghc� kl_i_gb� ^hdlhjZ�b� dZg^b^ZlZ�

l_ogbq_kdbo� gZmd� \� h[eZklb� jZ^bhl_ogbdb�� k\yab�� \uqbkebl_evghc� l_ogbdb�� we_dljhgbdb�� bgnhjfZpbhggh�

baf_jbl_evguo�b�mijZ\eyxsbo�kbkl_f��

IeZgbjm_fu_�kjhdb�ba^Zgby�hl^_evguo�ghf_jh\�`mjgZeZ��

����±�fZjl������]��L_fZlbq_kdbc�\uimkd��©PHK�\�bgnhjfZpbhggh�baf_jbl_evguo�kbkl_fZoª�

����±�bxgv������]��L_fZlbq_kdbc�\uimkd��©L_hjby�b�f_lh^u�pbnjh\hc�h[jZ[hldb�kb]gZeh\ª��ih�fZl_jbZeZf�f_̀ �

^mgZjh^ghc�gZmqgh�l_ogbq_kdhc��dhgn_j_gpbb�©Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\�b�__�ijbf_g_gb_�±�'63$¶�����ª��
����±�k_gly[jv������]��L_fZlbq_kdbc�\uimkd��©Pbnjh\Zy�h[jZ[hldZ�bah[jZ`_gbcª��

����±�^_dZ[jv������]��L_fZlbq_kdbc�\uimkd��©PHK�\�jZ^bhl_ogbd_�b�kbkl_fZo�l_e_dhffmgbdZpbcª��

Hjb_glbjh\hqgZy�klhbfhklv�j_deZfguo�mkem]��

��y��\g_rgyy��kljZgbpZ�p\_lghc�h[eh`db�±����lukyq�jm[e_c��

��y�b���y��\gmlj_ggb_��kljZgbpu�p\_lghc�h[eh`db�±����lukyq�jm[e_c��

�?��p\_lghc�\gmlj_gg_c�ihehku�±���lukyq�jm[e_c��

@^_f�<Zrbo�ij_^eh`_gbc���

K�gZbemqrbfb�ih`_eZgbyfb��aZf��]eZ\gh]h�j_^ZdlhjZ��

^�l�g���ijhn_kkhj�<blya_\�<eZ^bfbj�<bdlhjh\bq��l_e_nhg������������������

Ij_^eh`_gby�ijhrm�gZijZ\eylv�ih�Z^j_km��(�PDLO��YLW\D]HY�Y�Y#UVUHX�UX�beb�LQIR#GVSD�UX��
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�
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Ij_^klZ\e_g� bl_jZlb\guc� Ze]hjblf� k� gbadhc� \uqbkebl_ev�

ghc�gZ]jmadhc�^ey�hp_gdb�qZklhlghc�oZjZdl_jbklbdb�dZgZeZ�^ey�

2)'0�kb]gZeh\� \� qZklhlghf� ^hf_g_�� :e]hjblf� bkihevam_l� gZ�

qZevgmx� hp_gdm� dZgZeZ�� \uqbkey_fmx� gZ� hkgh\_� ibehlguo� g_km�

sbo�� h^ghf_jgmx� Z^Zilb\gmx� <bg_jh\kdmx�nbevljZpbx� ih� \j_�

f_gghc� hkb� b� hp_gdm�FZdkbfZevghc�:ihkl_jbhjghc�<_jhylghklb�

�0D[LPXP� $�SRVWHULRUL� 3UREDELOLW\�� 0$3��� bkihevamxsmx� dZd� ibehl�

gu_� g_kmsb_��lZd� b� g_kmsb_�k� ^Zggufb��GZ� aZ\_jrZxs_f� wlZi_�

hp_gdb� bkihevam_lky� mijhszgguc� \ZjbZgl� bl_jZlb\gh]h� Ze]h�

jblfZ� FZdkbfZevgh]h� IjZ\^hih^h[by� �([SHFWDWLRQ�0D[LPL]DWLRQ��

(0���ijb�wlhf�ijhba\h^blky�lhevdh�h^gZ�bl_jZpby�^ey�mf_gvr_�

gby�h[s_c�\uqbkebl_evghc�keh`ghklb��

M>D���������

HP?GD:�Q:KLHLGHC�O:J:DL?JBKLBDB�J:>BHD:G:E:��
<�KI?DLJ:EVGHF�>HF?G?�K�MQ,LHF�>:GGUO�>EY�2)'0�KB=G:EH<�

Bjlx]Z�<�:���d�l�g���gZqZevgbd�hl^_eZ�jZajZ[hldb�kbkl_f�pbnjh\hc�i_j_^Zqb�^Zgguo�HHH�GIN�©K:>�DHFª��
Fhkd\Z��H�PDLO���YLUWXJD#PDLO�UX�

KZjZgZ�>�<���\_^msbc�bg`_g_j�HHH�GIN�©K:>�DHFª��Fhkd\Z��H�PDLO��VDUDQD#QLLUFRP�UX�

�

Dexq_\u_� keh\Z�� 2)'0�� hp_gdZ� dZgZeZ��
GDWD�DLGHG� HVWLPDWLRQ�� 0$3�� (0�� <bg_jh\kdZy�

nbevljZpby��

<\_^_gb_�

<� klZlv_� jZkkfZljb\Z_lky� Ze]hjblf� hp_gdb�

dhfie_dkghc� qZklhlghc� oZjZdl_jbklbdb� �QO��

dZgZeZ� k� k_e_dlb\guf� qZklhlguf� aZfbjZgb_f�

dZgZeZ�^ey�2)'0�kb]gZeZ��Hp_gdZ�^hiie_jh\k�

dh]h� kf_s_gby� \uoh^bl� aZ� jZfdb� wlhc� klZlvb��

GZ� ijbzfghc� klhjhg_� jZkiheh`_gb_� ibehlguo�

g_kmsbo� b� lbi� fh^meypbb� kqblZxlky� ba\_kl�

gufb��

Fh^_ev�dZgZeZ�

DZgZe� iheZ]Z_lky� fgh]hemq_\uf� k� k_e_dlb\guf�

qZklhlguf� aZfbjZgb_f� b� ijhba\hevghc� \j_f_gghc�

^bgZfbdhc�� <gmljb� ihehku� ijhimkdZgby� QO� dZgZeZ�

baf_gy_lky� ieZ\gh� �^bgZfbdZ� h]jZgbq_gZ� dhebq_kl\hf�

emq_c��� GZ� ijhly`_gbb� h^gh]h� kbf\heZ� QO� dZgZeZ�

kqblZ_lky�ihklhygghc��Hl�kbf\heZ�d�kbf\hem�^bgZfbdZ�

baf_g_gby�QO�aZ\bkbl�hl�kdhjhklb�^\b`_gby�ijbzfgbdZ�

b�kqblZ_lky�aZjZg__�g_ba\_klghc��

Fh^_ev� dZgZeZ� iheZ]Z_lky� ebg_cghc�� Rmf� gZ�

ijbzfghc� klhjhg_� ±� dhfie_dkguf� �\� ki_dljZevghf�

^hf_g_�� Z^^blb\guf� [_euf� ]Zmkkh\uf� k� ihklhygghc�

fhsghklvx� ^ey� \k_o� ih^g_kmsbo� b� \gmljb� bgl_j\ZeZ�

ZgZebaZ��kmi_jdZ^jZ����

Kb]gZe�\�ki_dljZevghf�^hf_g_�

JZkkfZljb\Z_lky� h[jZ[hldZ� ^Zgguo� gZ� ijbzfghc�

klhjhg_�ihke_�wlZih\�kbgojhgbaZpbb��m^Ze_gby� aZsbl�

gh]h� bgl_j\ZeZ� b�i_j_oh^Z� \� ki_dljZevguc�^hf_g�^ey�

dZ`^h]h� kbf\heZ�� :e]hjblf� lj_[m_l� g_dhlhjh]h� gZdhi�

e_ggh]h� dhebq_kl\Z� kbf\heh\� 16�� kh^_j`Zsbo� ih� 1&�

g_kmsbo�� ba� dhlhjuo�13� y\eyxlky� ibehlgufb�� l�_�� Zi�

jbhjb� ba\_klgufb� gZ� ijbzfghc� klhjhg_�� >ey� dZ`^h]h�

kbf\heZ�N� �>���16@�kb]gZe�gZ�ijbzfghc�klhjhg_�jZ\_g�

GLDJ� �N N N N �< 6 + 9 �� ����

]^_� N< ±�baf_jy_fuc�kb]gZe�\�qZklhlghc�h[eZklb� �\_d�

lhj�klhe[_p�jZaf_jZ�1&�[���^ey�N�]h�kbf\heZ����

N6 ±�kb]gZe�gZ�klhjhg_�i_j_^ZlqbdZ��\_dlhj�klhe[_p�

jZaf_jZ� 1&�[��� ^ey� N�]h� kbf\heZ��� qZklv� ba� we_f_glh\�

dhlhjh]h� y\eyxlky� ba\_klgufb� ibehlgufb� agZq_gbyfb��

qZklv�±�^Zggufb��ih^e_`Zsbfb�hij_^_e_gbx��Dhebq_kl�

\h�^himklbfuo�agZq_gbc�^Zgguo�aZ\bkbl�hl�lbiZ�fh^mey�

pbb�� L�_�� ^ey� ���4$0�� wlh� ��� \hafh`guo� agZq_gbc� ^ey�

dZ`^h]h� N6 �L���L� ����1&��g_�kqblZy�ibehlguo�g_kmsbo���

N+ ±� g_ba\_klgZy� dhfie_dkgZy� qZklhlgZy� oZjZdl_�

jbklbdZ�dZgZeZ��\_dlhj�klhe[_p�jZaf_jZ�1&�[���^ey�N�]h�

kbf\heZ���<j_f_ggZy�klZpbhgZjghklv�b�]eZ^dhklv�\�qZk�

lhlghc�h[eZklb�aZ\bkyl�hl�kdhjhklb�^\b`_gby�ijbzfgbdZ�

b� dhebq_kl\Z� hljZ`_gbc� jZ^bhkb]gZeZ� \� kemqZ_�fgh]h�

emq_\h]h�ijbzfZ��

N9 ±� g_ba\_klguc� dhfie_dkguc� Z^^blb\guc� [_euc�

=Zmkkh\� rmf� �\_dlhj�klhe[_p� jZaf_jZ� 1&�[��� ^ey� N�]h�

kbf\heZ�� k� gme_\uf� kj_^gbf� b� ^bZ]hgZevghc�

dh\ZjbZpbhgghc�fZljbp_c�� DZd� ijZ\beh�� agZq_gby� we_�

f_glh\� ]eZ\ghc�^bZ]hgZeb�jZ\gu�� l�_��wg_j]by�rmfZ�g_�

aZ\bkbl�hl�bg^_dkZ�g_kms_c��

AZ^Zq_c� bkke_^h\Zgby� y\ey_lky� lj_[h\Zgb_� fZdkb�

fZevgh� lhqgh�hp_gblv� dhfie_dkgmx�qZklhlgmx� oZjZdl_�

jbklbdm� jZ^bhdZgZeZ� + > @V1���++ �� bkihevamy� ^hklmi�

gu_�^Zggu_�h�jZkiheh`_gbb�ibehlh\��agZq_gby�kb]gZeZ�

< > @� 1V
��< < �� baf_j_ggu_� gZ� ijbzfgbd_�� Z� lZd`_� ^him�

s_gby�h�]eZ^dhklb�+�ih�\j_f_gb�b�qZklhl_��

Ij_^eZ]Z_fuc�Ze]hjblf�
Ij_^\Zjbl_evgZy�hp_gdZ�ih�ibehlguf�g_kmsbf�

=jm[Zy� hp_gdZ�+� ^hklmigZ� \� ibehlguo� lhqdZo� �^ey��

N�]h�kbf\heZ�b�O�c�ih^g_kms_c���

NS�OS

NS�OS

NS�OS

<
+  

6
� � ����

Ihkdhevdm� gZ� hp_gdm� \� dZ`^hc� ba� ibehlguo� lhq_d�

\eby_l� g_ba\_klguc� Z^^blb\guc� rmf� 9NS�OS�� fh`gh� g_�

kdhevdh� kgbablv� _]h� \ebygb_�� ijhba\_^y� mkj_^g_gb_� \�

dZ`^hc�ba�ibehlguo�lhq_d�ih�g_kdhevdbf�khk_^gbf�agZq_�

gbyf� OSNS�+
a

��Hdgh�^ey�mkj_^g_gby��ih�\j_f_gb�b�qZklhl_��
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lj_[m_l� agZgby� h�^bgZfbd_�+� ih� \j_f_gghfm� b� qZklhl�

ghfm� gZijZ\e_gbyf��Ihke_� mkj_^g_gby�fh`gh� ijhba\_�

klb�^\mf_jgmx�bgl_jiheypbx�f_`^m�ibehlgufb�lhqdZfb��

;he__� keh`gu_� Z^Zilb\gu_� ih^oh^u� d� hp_gd_� ^\m�

f_jghc� qZklhlghc� oZjZdl_jbklbdb� jZ^bhdZgZeZ� klZedb�

\Zxlky� k� ijh[e_fhc� \ukhdbo� \uqbkebl_evguo� aZljZl��

DZd�ihdZaZgh�\�>�@��>�@�b�>�@��^\mf_jgu_�nbevlju�mki_r�

gh�fh`gh� aZf_gblv� gZ�iZjm� dZkdZ^gh� kh_^bgzgguo� h^�

ghf_jguo� nbevljh\� [_a� kdhevdh�gb[m^v� aZf_lgh]h�

kgb`_gby� lhqghklb� hp_gdb�� ijb� wlhf�ihkljh_gb_� Z^Zi��

lb\gh]h� h^ghf_jgh]h� nbevljZ� lj_[m_l� agZqbl_evgh�

f_gvrbo�\uqbkebl_evguo�j_kmjkh\��Fh`gh�ijhba\_klb�

hp_gdm�kgZqZeZ�ih�qZklhl_��l�_��g_aZ\bkbfh�\gmljb�dZ`��

^h]h�kbf\heZ��Z�ihlhf�ihemq_ggu_�j_amevlZlu�k]eZ^blv�

ih� \j_f_gb� h^ghf_jguf� Z^Zilb\guf� nbevljhf�� Ijb�

wlhf�i_j\uc�dZkdZ^�fh`gh�k^_eZlv�[he__� ]b[dbf��jZk�

kfZljb\Zy�g_�qZklv�ibehlh\�\�hdj_klghklb�bkke_^m_fhc��

lhqdb�� Z� \k_� agZq_gby� ibehlh\� \� kbf\he_� kh\f_klgh��

Ihkdhevdm� ij_^iheZ]Z_lky�� qlh� oZjZdl_jbklbdZ� dZgZeZ��

f_gy_lky�\^hev�g_kmsbo�\�kbf\he_� ]eZ^dh��dhebq_kl\h��

fbgbfmfh\�:QO� dZgZeZ� g_�fh`_l� ij_\urZlv� dhebq_kl�

\Z� emq_c� \�fh^_eb�fgh]hemq_\h]h� dZgZeZ��� lh� ^ey� hib�

kZgby� dZgZeZ� ^hklZlhqgh� g_[hevrh]h� gZ[hjZ� iZjZf_l�

jh\��gZijbf_j��^ey���emq_\hc�fh^_eb�dZgZeZ������iZjZ�

f_ljh\�[m^_l�^hklZlhqgh���Imklv���±�\_dlhj� lZdbo�iZjZ��
f_ljh\� jZaf_jhf�1�� [� ��� Lh]^Z� h[h[szggmx� ebg_cgmx��

fh^_ev�dZgZeZ�^ey�N�]h�kbf\heZ�fh`gh�aZibkZlv�dZd�

N N
 + $� � ����

]^_�:�±�nbdkbjh\ZggZy�fZljbpZ�ij_h[jZah\Zgby�\_dlh�
jZ� iZjZf_ljh\� �N� \� \_dlhj� qZklhlghc� oZjZdl_jbklbdb�
dZgZeZ�+N��JZaf_j�fZljbpu�1K�[�1���

Bgl_jij_lZpby� nbabq_kdh]h� kfukeZ� fZljbpu� :� b�
\_dlhjZ��N�fh`_l�[ulv�jZaghc��GZijbf_j��\�dZq_kl\_�$�
fh`gh� bkihevah\Zlv� i_j\u_� 1�� klhe[ph\� h[jZlgh]h�

^bkdj_lgh]h� ij_h[jZah\Zgby�Nmjv_� jZaf_jhf�1K�o�1K��

Lh]^Z� we_f_glu� �N� [m^ml� ij_^klZ\eylv� kh[hc� i_j\u_�
�gbadhqZklhlgu_�� dhfihg_glu� ki_dljZ� +N�� l�_�� ki_dlj�

ki_dljZ��<ukhdhqZklhlgu_�dhfihg_glu�iheZ]Zxlky�jZ\�

gufb�gmex�b�khhl\_lkl\mxsb_�klhe[pu�fZljbpu�:�hl�
kmlkl\mxl� >�@��<� wlhf�kemqZ_� ijb�ex[uo� dhg_qguo� agZ�

q_gbyo�iZjZf_ljh\��N�qZklhlgZy�oZjZdl_jbklbdZ�fh^_eb�
dZgZeZ NN  $�+ Z\lhfZlbq_kdb�[m^_l�kh^_j`Zlv�lhev�

dh�gbadhqZklhlgu_�dhfihg_glu��qlh�iheghklvx�khhl\_l�

kl\m_l�^hims_gbx�h�]eZ^dhklb�+N��<�ij_^eh`_gghf�Ze�

]hjblf_�fZljbpZ�:�khklZ\ey_lky�ba�i_j\uo�1��ihebgh�
fh\�E_`Zg^jZ��Z� dhfie_dkgu_� dhwnnbpb_glu� �N� ±� dh�
wnnbpb_glu� ihebghfbZevghc� ZiijhdkbfZpbb�� Ijb�

wlhf� lZd`_�ex[u_�h]jZgbq_ggu_� agZq_gby�iZjZf_ljh\�

fh^_eb��N�ijb\h^yl�d� ]eZ^dhc�qZklhlghc�oZjZdl_jbklb�
d_��jZkkqblZgghc�ih�wlbf�iZjZf_ljZf�\�khhl\_lkl\bb�k�

nhjfmehc������
IjhZgZebabjm_f�lhevdh�h^bg�kbf\he��>ey�ijhklhlu�

\� ^Zevg_cr_f� himklbf� bg^_dk� kbf\heZ� N�� Imklv� <� ±�

agZq_gby��baf_j_ggu_�gZ�ijbzfghc�klhjhg_��6�±�^bZ]h�

gZevgZy�fZljbpZ��k� ]eZ\ghc�^bZ]hgZevx��khklZ\e_gghc�

ba� \_dlhjZ� i_j_^Zggh]h�kb]gZeZ� �ba\_klgu� lhevdh� agZ�

q_gby�\�ibehlguo�lhqdZo�6OS�OS���  + $�� ±�bkdhfZy�hp_g�

dZ�qZklhlghc�oZjZdl_jbklbdb�dZgZeZ��H`b^Z_fuc�kb]gZe�

<
a
��bkoh^y�ba�hp_gdb�dZgZeZ�+

a
��fh`gh�aZibkZlv�dZd��

  < 6+ 6$�� � � ����

>ey� =Zmkkh\h]h� rmfZ� hp_gdZ� ih� f_lh^m� FZdkb�

fZevgh]h� IjZ\^hih^h[by� �0D[LPXP� /LNHKRRG�� 0/�� ijb�

\h^bl�d�fbgbfbaZpbb�kj_^g_d\Z^jZlbqghc�ghjfu�hrb[�

db�hp_gdb�kb]gZeZ��

�
� �(  �: 6$� < �� ����

]^_�:�±�^bZ]hgZevgZy�fZljbpZ�jZaf_jZ�1&�[�1&�k�^bZ�

]hgZevx� \_kh\� k� dhwnnbpb_glZfb�� jZ\gufb� �� ^ey� ib�

ehlguo�g_kmsbo�b� ��^ey�hklZevguo��IhemqZ_f�bkdhfuc�

\_dlhj�iZjZf_ljh\�fh^_eb�dZgZeZ��
�
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Ihke_� gZoh`^_gby���� hilbfZevgh]h�\� kfuke_�fbgb�
fbaZpbb� kj_^g_d\Z^jZlbqghc� hrb[db� (�� \uqbkey_lky�

hp_gdZ� dZgZeZ�  + $�� �^ey� dZ`^h]h� kbf\heZ�� b� ihke_�

gbadhqZklhlghc�nbevljZpbb�ih�\j_f_gb�±�hp_gdZ�+
a
�^ey�

\k_]h�[ehdZ�^Zgguo�

Bkihevah\Zgb_�f_`kbf\hevghc�dhjj_eypbb�

Ihke_�hp_gdb�QO�dZgZeZ�gZ�dZ`^hf�kbf\he_�g_aZ\b�

kbfh� jZkkfhljbf� h^gm� g_kmsmx� g_aZ\bkbfh� gZ� ihke_�

^h\Zl_evghklb�ba�g_kdhevdbo�kbf\heh\��H[hagZqbf�hp_�

g_ggmx�QO�dZd�X��bklbggmx�QO�dZd�V��hrb[dm�hp_gdb�QO�

dZd�Q��Lh]^Z�

X V Q � �� ����

F_`kbf\hevgZy�dhjj_eypby�hrb[db�Q�[m^_l�hlkmlkl�

\h\Zlv�� ihkdhevdm� hp_gdZ� ijhba\h^beZkv� ^ey� dZ`^h]h�

kbf\heZ�g_aZ\bkbfh��Dhjj_eypby�hrb[db�Q�k�bklbgguf�

agZq_gb_f� V� [m^_l� ij_g_[j_`bfh� fZeZ�� ihkdhevdm� ^ey�

hp_gdb� bkihevah\Zebkv� \k_� g_kmsb_�� Ihwlhfm� fh`gh�

kqblZlv�V�b�Q�g_dhjj_ebjh\Zggufb��>ey�hp_gdb�V�fh`gh�

bkihevah\Zlv�Z^Zilb\gmx�<bg_jh\kdmx�nbevljZpbx�>�@��

Hp_gbf�V�k�ihfhsvx�\a\_r_gghc�kmffu��/���agZq_gbc�

X�� l�_�� \_dlhjZ�
7�@������>�� /WX/WXW �� X �� k\_jgmlh]h� k�

\_kh\uf�\_dlhjhf�Z��
+

� � � �V W W Z X� �� ����

HilbfZevgu_�\�kfuke_�fbgbfZevghc�kj_^g_d\Z^jZ�

lbqghc� hrb[db� hp_gdb� V� \_kZ�Z� gZoh^ylky� k� ihfhsvx�

j_r_gby�mjZ\g_gby�<bg_jZ�OhinZ��

�
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Dhjj_eypbhggZy�fZljbpZ�5� hp_gb\Z_lky� ih�^hklmi�

guf�gZ[hjZf�\_dlhjh\�X��<_dlhj�dhjj_eypbb�UXV�fh`gh�

hp_gblv��mqly�g_dhjj_ebjh\Zgghklv�V�b�Q��

� �V X Q X Q X Q� �  �  �
X X X �V Q� X Q
U U U U U U �� �����

]^_� \_dlhjZ� V� b� Q� kljhylky� ZgZeh]bqgh� \_dlhjm� X��
7

� � > � ���� � �@W W / W / � �V V V �b�
7

� � > � ���� � �@W W / W / � �Q Q Q �� <�

kbem� hlkmlkl\by� f_`kbf\hevghc� dhjj_eypbb� Q�� fh`gh�

kqblZlv�� qlh� g_ba\_klgZy� UQQ� kh^_j`bl� lhevdh� h^gh� g_�

gme_\h_� agZq_gb_�� Z� bf_ggh� ±� p_gljZevgh_�� l�_�� fhs�

ghklv� kb]gZeZ� hrb[db�� Z�� ke_^h\Zl_evgh�� b� \� UXV� g_ba�

\_klgh� lhevdh� h^gh� p_gljZevgh_� agZq_gb_�� ?]h� fh`gh�

hp_gblv�� ijh\_^y� kieZcgh\mx� bgl_jiheypbx�p_gljZev�

gh]h�agZq_gby�UXX��Ihke_�wlh]h�hilbfZevgu_�\_kZ�Z�gZ�
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oh^ylky�ba�nhjfmeu������]^_�\�dZq_kl\_�UXV�\uklmiZ_l�UXX�

k� bgl_jihebjh\Zgguf� p_gljZevguf� agZq_gb_f�� >ey�

ijyfh]h�j_r_gby�mjZ\g_gby�<bg_jZ�fZljbpZ�5XX�y\ey�

_lky� iehoh� h[mkeh\e_gghc�� h^gZdh� ijb� bkihevah\Zgbb�

^hklZlhqgh]h� h[tzfZ�^Zgguo�^ey� gZ[hjZ� klZlbklbdb� b�

\ukhdbo� mjh\gyo� rmfh\� �Z�� ke_^h\Zl_evgh�� b� hrb[db�

hp_gdb�V��j_r_gb_�y\ey_lky�klZ[bevguf��

GZ[bjZeZkv�h[sZy�klZlbklbdZ�^ey�\k_o�ih^g_kmsbo�

gZ� bgl_j\Ze_� 16� kbf\heh\�� >hihegbl_evgh�� ^Zggu_�

\a\_rb\Zebkv�hdghf�O_ffbg]Z��^ebghc�16���Fh^_ebjh�

\Zgb_�^ey� ��emq_\h]h� dZgZeZ� >��� �@� kh� kdhjhklyfb�^\b�

`_gby� ijbzfgbdZ� ��� ��� b� ����df�q� ihdZaZeh� mklhcqb�

\hklv�j_r_gby�\�rbjhdhf�^bZiZahg_�khhlghr_gby�kb]�

gZe�rmf�hl���^h����^;��Ijb�[he__�\ukhdbo�khhlghr_gb�

yo�kb]gZe�rmf�^ey�gZ^z`gh]h�^_dh^bjh\Zgby�^hklZlhq�

gh�i_j\h]h�wlZiZ�hp_gdb�dZgZeZ��

Mqzl�g_kmsbo�k�^Zggufb�

>ey�mlhqg_gby�hp_gdb�dZgZeZ�_klv�\hafh`ghklv�bk�

ihevah\Zlv� bgnhjfZpbx� g_kmsbo� k�^Zggufb�� mqly� lhl�

nZdl�� qlh� agZq_gby� \� lhqdZo� ^Zgguo� gZ� i_j_^Zxs_c�

klhjhg_�fh]ml�ijbgbfZlv�h]jZgbq_ggh_�dhebq_kl\h�agZ�

q_gbc�����agZq_gbc�^ey����4$0���

Imklv� OK
a
�±�hp_gdZ�dZgZeZ��ihemq_ggZy�ihke_�nbevl�

jZ� <bg_jZ� ^ey� ih^g_kms_c� O� �a^_kv� jZkkfZljb\Z_lky�

h^bg�kbf\he�N��bg^_dk�dhlhjh]h�hims_g���Mqblu\Zy��qlh�

rmf�jZkij_^_ezg�]Zmkkh\h�k�iZjZf_ljZfb�jZkij_^_e_�

gby����
�
1 ���fh`gh�ihemqblv�\a\_r_ggmx�hp_gdm�kb]gZeZ�

gZ� i_j_^Zxs_c� klhjhg_� ^ey� O�c� ih^g_kms_c� ke_^mx�

sbf�h[jZahf��
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]^_�M�±�bg^_dk�kmffbjh\Zgby�ih�\k_f�\hafh`guf�agZq_�

gbyf� kb]gZeZ� VM� gZ� i_j_^Zxs_c� klhjhg_� �M ������ ^ey��

���4$0��� Z� �
a
_� OOM \�KV3 �±� ]Zmkkh\Z�nmgdpby� iehlghklb�

\_jhylghklb�k�iZjZf_ljZfb�� O\ ��
�
1 ���\uqbke_ggZy�^ey�

lhqdb� OMKV
a
�� ]^_� O\ �±� baf_j_gguc� kb]gZe� gZ� ijbzfghc�

klhjhg_�\�O�c�ih^g_kms_c��
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L_i_jv�fh`gh�\dexqblv�\�ijhp_^mjm�hp_gdb�dZgZeZ�

ihfbfh� ibehlguo� lhq_d�� lhqdb� k� ^Zggufb�� kqblZy� ba�

\_klgufb�hp_g_ggu_�agZq_gby� OV� ��

� � þ �
� � �(  V �� � ��: 6$� < � � � �� �����

A^_kv��\�hlebqb_�hl������]eZ\gZy�^bZ]hgZev�fZljbpu�

6�\f_klh�gme_c��khhl\_lkl\mxsbo�g_kmsbf�k�^Zggufb��

kh^_j`bl� agZq_gby� OV
a �� Z�fZljbpZ� \_kh\�:� klZgh\blky�

_^bgbqghc��>hihegbl_evgh��\f_klh�0/�hp_gdb�\�����b�����

bkihevam_lky�hp_gdZ�ih�f_lh^m�FZdkbfZevghc�:ihkl_�

jbhjghc� <_jhylghklb� �0D[LPXP� $SRVWHULRUL� 3UREDELOLW\��

0$3��� mqblu\ZxsZy� klZlbklbdm� iZjZf_ljh\� fh^_eb�

��� ��dhlhjZy�fh`_l�[ulv�ihemq_gZ�gZ�ij_^u^msbo�^Zg�

guo�� IZjZf_lj� jZkij_^_e_gby�
�V e_]dh� fh`_l� [ulv�

hp_g_g� ih�ibehlguf� lhqdZf� ihke_� hp_gdb� dZgZeZ� k�ih�

fhsvx�nbevljZ�<bg_jZ��

Fbgbfbabjmy� (�� ihemqbf� mlhqgzggmx� hp_gdm� iZjZ�

f_ljh\�fh^_eb�dZgZeZ��
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Ihke_� wlh]h� ijhba\_^zf� i_j_hp_gdm� QO� dZgZeZ� ih�

nhjfme_� ����� Bl_jZlb\gh_� \uqbke_gb_� ������ ����� b� ����

_klv� gb� qlh� bgh_�� dZd� (0� Ze]hjblf� hp_gdb� iZjZf_ljh\�

fh^_eb�kh�kdjulufb�i_j_f_ggufb� OV
a ��

:e]hjblf�lj_[m_l�agZqbl_evguo�\uqbkebl_evguo�aZ�

ljZl� b� gZ� ijZdlbd_�fZehj_Zebam_f� \� lZdhc�nhjf_��Ih�

wlhfm� [ueZ� k^_eZgZ� ihiuldZ� agZqbl_evgh� mf_gvrblv�

\uqbkebl_evgu_� aZljZlu� Ze]hjblfZ�� khojZgb\� ijb_f�

e_fmx�lhqghklv�hp_gdb�dZgZeZ��<h�i_j\uo��\f_klh�hp_g�

db� h`b^Z_fh]h� agZq_gby� OV
a �dZd�\a\_r_gghc� kmffu�\ha�

fh`guo�agZq_gbc��\u[bjZ_lky�gZb[he__�\_jhylgh_�
�
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<h�\lhjuo�� \_kZ� gZ� ]eZ\ghc�^bZ]hgZeb�fZljbpu� \_�

kh\�:� \uqbkeyxlky� dZd� ijhba\_^_gb_�f_ju� ^hklh\_j�

ghklb�hp_gdb� OV
a �b�f_ju�^h\_jby�d�hp_gd_� OK

a
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<�lj_lvbo��wdki_jbf_gl�ihdZaZe��qlh�^ey�ijb_fe_fhc�

lhqghklb�hp_gdb�dZgZeZ�^hklZlhqgh�h^ghc�bl_jZpbb��Ijb�

m\_ebq_gbb� dhebq_kl\Z� bl_jZpbc� f_jZ� ^hklh\_jghklb�

]ZjZglbjh\Zggh� jZklzl� �dZd� b� iheh`_gh� ^ey� (0�

Ze]hjblfZ��� Z� jhkl� lhqghklb� hp_gdb� QO� dZgZeZ� ihke_�

i_j\hc� bl_jZpbb� g_� ]ZjZglbjm_lky��Wlh� \ua\Zgh� ba[u�

lhqghklvx� kl_i_g_c� k\h[h^u� fh^_eb� dZgZeZ� gZ�

g_dhlhjuo� kbf\heZo�� b�� khhl\_lkl\_ggh�� \dexq_gb_f� \�

iZjZf_lju�fh^_eb�rmfh\uo�dhfihg_gl��

Ihke_�i_j_hp_gdb�dZgZeZ�hibkZgguf�\ur_�kihkh[hf�

^ey� dZ`^h]h� kbf\heZ� g_aZ\bkbfh� kgh\Z� ijh\h^beZkv�

Z^Zilb\gZy� \bg_jh\kdZy� nbevljZpby� ih� \j_f_gghfm�

gZijZ\e_gbx�k�iZjZf_ljhf�/ ���

J_amevlZlu�

>ey�wdki_jbf_glZ�bkihevah\ZeZkv�fgh]hemq_\Zy�fh�

^_ev�dZgZeZ�k���emqZfb�\�]hjh^_�k�^\b`_gb_f�ijbzfgb�

dZ� ��� df�q� �dZgZe� ���� >�@�� :^^blb\guc� rmf� aZ^Z\Zeky�

hl^_evgh��L�h��©b^_ZevgZyª�oZjZdl_jbklbdZ�jZ^bhdZgZeZ�

[ueZ�ba\_klgZ��qlh�iha\hebeh�\uqbkeblv�lhqghklv�hp_g�

db�dZgZeZ�^ey�jZaebqguo�khhlghr_gbc�kb]gZe�rmf��Lhq�

ghklv�\uqbkeyeZkv�\�^_pb[_eZo�ih�nhjfme_��
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IZjZf_lju�kb]gZeZ��kh]eZkgh�klZg^Zjlm�J:<BK�>�@��>�@��

±�^ebgZ�kbf\heZ� \h� \j_f_gghc� h[eZklb� ����� hlkqz�
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lh\�� ^ebgZ� aZsblgh]h� bgl_j\ZeZ� ����� rbjbgZ� ihehku�

ijhimkdZgby�������d=p��

±�qbkeh�g_kmsbo�1F �����ba�gbo����ibehlguo��k�jZk�

k_ygguf�jZkiheh`_gb_f�ibehlguo�g_kmsbo��

±�^ebgZ� kmi_jdZ^jZ�� bkihevam_fh]h� ^ey� ZgZebaZ�

16 �����

±�lbi�fh^meypbb�±�436.��

J_amevlZlu� lhqghklb� hp_gdb� dZgZeZ� \� aZ\bkbfhklb�

hl� khhlghr_gby� kb]gZe�rmf� ^ey� jZaguo� f_lh^h\�� hib�

kZgguo�\ur_��ij_^klZ\e_gu�\�lZ[e�����I_j\uc�klhe[_p�±�

j_amevlZl� hp_gdb� dZgZeZ� ihke_^h\Zl_evghc� 0/� bgl_j�

iheypb_c� �,,D�� ih� qZklhlghfm� gZijZ\e_gbx� b� Z^Zilb\�

ghc� \bg_jh\kdhc�nbevljZpb_c� �,,E�� ih� \j_f_gghfm� gZ�

ijZ\e_gbx��<lhjhc�klhe[_p�±�mlhqg_gb_�hp_gdb�dZgZeZ�

k� bkihevah\Zgb_f� lhq_d� k� ^Zggufb� �,,F�� \� qZklhlghf�

gZijZ\e_gbb� b� Z^Zilb\ghc� \bg_jh\kdhc� nbevljZpb_c�

�,,E�� \h� \j_f_gghf� gZijZ\e_gbb�� Lj_lbc� klhe[_p� ±�

l_hj_lbq_kdbc� ij_^_e� hp_gdb� QO� \� rmfZo� �ijb�

iheghklvx�ba\_klguo�^Zgguo�gZ�ijbzfghc�klhjhg_���

LZ[ebpZ����

6(5��G%�

615��

G%�
Lhevdh�

ibehlgu_�

g_kmsb_�

Ij_^eZ]Z_fuc�

Ze]hjblf�

L_hj_lbq_k�

dbc�ij_^_e�
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AZdexq_gb_�

JZkkfhlj_gguc� Ze]hjblf� j_Zebam_l� agZqbl_evguc�

�^h�����^;��\ub]jur�\�lhqghklb�hp_gdb�dZgZeZ�ih�kjZ\�

g_gbx� k� hp_gdhc� lhevdh� gZ� hkgh\_� ibehlguo� lhq_d� �\�

jZ[hqbo�^ey����4$0�^bZiZahgZo�615��ijb�ijb_fe_fuo�

\uqbkebl_evguo�j_kmjkZo��

Ebl_jZlmjZ�

���+RHOHU� 3���.DLVHU� 6��� DQG� 5REHUWVRQ� 3��� ©7ZR�

GLPHQVLRQDO� SLORW�V\PERO�DLGHG� FKDQQHO� HVWLPDWLRQ� E\�:LH�

QHU��ILOWHULQJª��LQ��3URF���,(((��,QWHUQDWLRQDO��&RQIHUHQFH�RQ�

$FRXVWLFV�� 6SHHFK�� DQG� 6LJQDO� 3URFHVVLQJ� �,&$663���

0XQLFK��*HUPDQ\��$SU��������SS������±������

���1HFNHU�0���6DQ]L�)���6SHLGHO�-���©$Q�$GDSWLYH�:LHQHU�

)LOWHU� IRU� ,PSURYHG� &KDQQHO� (VWLPDWLRQ� LQ� PRELOH� 2)'0�

6\VWHPVª�� ,QWHUQDWLRQDO� 6\PSRVLXP� RI� 6LJQDO� 3URFHVVLQJ�

DQG�,QIRUPDWLRQ�7HFKQRORJ\��,(((����±����'HFHPEHU�������

SS�����±�����

���6WHSKDQ�6DQG��$UPLQ�'DPPDQQ��*XQWHU�$XHU��©$GDS�

WLYH�3LORW�6\PERO�$LGHG�&KDQQHO�(VWLPDWLRQ� IRU�2)'0�6\V�

WHPVª�� ,6%1�� �������������� ,Q�ERRN��0XOWL�&DUULHU�6SUHDG�

6SHFWUXP��)RU�)XWXUH�*HQHUDWLRQV�:LUHOHVV�6\VWHPV��3XE�

OLVKHU�� .OXZHU� $FDGHPLF� 3XEOLVKHUV�� (GLWRUV�� QXOO� )D]HO�� .��

.DLVHU��6W�6RXUFH��'/5�

���$XHU��*��� 'R&R0R� (XUR�/DEV�� 0XQLFK�� *HUPDQ\��

.DULSLGLV��(���©3LORW�$LGHG�&KDQQHO�(VWLPDWLRQ�IRU�2)'0��D�

6HSDUDWHG� $SSURDFK� IRU� 6PRRWKLQJ� DQG� ,QWHUSRODWLRQª��

&RPPXQLFDWLRQV�� ������ ,&&������� ����� ,(((� ,QWHUQDWLRQDO�

&RQIHUHQFH��9ROXPH���

���+XDQJ�0�� &KHQ�;��� ;LDR�/��� =KRX�6��� DQG� DXWKRUV��

©.DOPDQ�ILOWHU�EDVHG� FKDQQHO� HVWLPDWLRQ� IRU� RUWKRJRQDO� IUH�

TXHQF\�GLYLVLRQ�PXOWLSOH[LQJ� V\VWHPV� LQ� WLPH�YDU\LQJ� FKDQ�

QHOVª��&RPPXQLFDWLRQV��,(7��9ROXPH����,VVXH����

���(76,� (6� ���� ���� 9������ ����������� 'LJLWDO� 5DGLR�

0RQGLDOH��'50���6\VWHP�6SHFLILFDWLRQ���$QQH[�%����

���5HSRUW�,78�5�%7�������� ����������� 'LJLWDO� WHUUHVWULDO�

EURDGFDVWLQJ�V\VWHPV��

���*267�5������±������ 5HDOWLPH� DXGLRYLVXDO� LQIRUPD�

WLRQ�V\VWHP��5$9,6���)UDPLQJ�VWUXFWXUH��FKDQQHO�FRGLQJ�DQG�

PRGXODWLRQ� IRU� GLJLWDO� WHUUHVWULDO� QDUURZEDQG� EURDGFDVWLQJ�

V\VWHP�IRU�9+)�EDQG��7HFKQLFDO�VSHFLILFDWLRQ��

)5(48(1&<�'20$,1�'$7$�$,'('�

&+$11(/�(67,0$7,21��

)25�2)'0�6,*1$/6�

,UWXJD�9�$���6DUDQD�'�9��

$Q�LWHUDWLYH� ORZ�FRPSOH[LW\�FKDQQHO�HVWLPDWLRQ�DOJRULWKP�

IRU� 2)'0� VLJQDOV� LQ� IUHTXHQF\� GRPDLQ� LV� SUHVHQWHG��

$OJRULWKP�XVHV�LQLWLDO�FKDQQHO�HVWLPDWLRQ�EDVHG�RQ�SLORW�VXE�

FDUULHUV�� ��'� DGDSWLYH�:LHQHU� ILOWHULQJ� LQ� WKH� WLPH� GLUHFWLRQ�

DQG�0D[LPXP�$�SRVWHULRUL�3UREDELOLW\��0$3��HVWLPDWLRQ�WKDW�

XVHV�ERWK�SLORW�DQG�ZHLJKWHG�GDWD�VXEFDUULHUV��7KH�ILQDO�VWHS�

LV� WKH� VLPSOLILHG� YHUVLRQ� RI� DQ� LWHUDWLYH� ([SHFWDWLRQ�

0D[LPL]DWLRQ� �(0�� DOJRULWKP� WKDW� XVHV� RQO\� VLQJOH� LWHUDWLRQ�

WR�UHGXFH�WRWDO�FRPSXWDWLRQDO�FRPSOH[LW\��

�

M�\�Z�`�Z�_�f�u�_���d�h�e�e�_�]�b��

>ey�l_o��dlh�g_�mki_e�hnhjfblv�ih^ibkdm�gZ�\lhjh_�ihem]h^b_������]h^Z�q_j_a�H:H�©Jhki_qZlvª��

khojZgy_lky� \hafh`ghklv� ijbh[j_l_gby�`mjgZeh\� g_ihkj_^kl\_ggh� \� j_^Zdpbb� ih� Z^j_km�� ]��Fhkd\Z���
me��:\bZfhlhjgZy��^hf����GZmqguc�P_glj�FLMKB��dhf�������Jhkkbckdh_�gZmqgh�l_ogbq_kdh_�h[s_kl\h�

jZ^bhl_ogbdb�� we_dljhgbdb� b� k\yab� bf�� :�K��Ihih\Z�� f_ljh� ©:\bZfhlhjgZyª�� beb� hnhjfblv� aZdZa��

\�khhl\_lkl\bb�k�lj_[h\Zgbyfb��\uklZ\e_ggufb�gZ�kZcl_�`mjgZeZ��ZZZ�GVSD�UX��

KijZ\db�ih�l_e_nhgZf�����������������������������������������:e_dk__\Z�Ex[h\v�BevbgbqgZ����

(�PDLO��UQWRUHV#PDLO�UX�
�

�
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JZkkfZljb\Z_lky� aZ^ZqZ� ihkljh_gby� wnn_dlb\guo� k� lhqdb�

aj_gby�wg_j]_lbq_kdh]h�\ub]jurZ�^_dh^bjh\Zgby�Ze]_[jZbq_kdbo�

dh^h\uo� dhgkljmdpbc� gbadhiehlghklguo� dh^h\� ^ey� \ukhdhkdhjh�

klguo�kbkl_f�i_j_^Zqb�bgnhjfZpbb�k�fZehc�ba[ulhqghklvx��?z�

j_r_gb_�hkgh\Zgh�gZ�l_hjbb�dhf[bgZlhjbdb�b�kf_`guo�ih^jZa^_�

eh\��Wnn_dlb\ghklv� ihemq_gguo� dh^h\� hp_gb\Z_lky� k� ihfhsvx�

bfblZpbhggh]h�fh^_ebjh\Zgby�ih�f_lh^m�Fhgl_�DZjeh��Z�lZd`_�

imlzf� \uqbke_gby� jy^Z� ijbgpbibZevguo� iZjZf_ljh\�� ijbkmsbo�

/'3&�dh^Zf��

M>D���������

KBGL?A�GBADHIEHLGHKLGUO�DH>H<��
G:�HKGH<?�MJ:<GH<?R?GGUO�G?IHEGUO�;EHD�KO?F�

H\bggbdh\�:�:���gZmqguc�khljm^gbd�dZn_^ju�l_e_dhffmgbdZpbc�b�hkgh\�jZ^bhl_ogbdb��
JyaZgkdh]h�]hkm^Zjkl\_ggh]h�jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ��H�PDLO��RYLQQLNRYDOH[H\#JPDLO�FRP��

�

Dexq_\u_� keh\Z�� ihf_ohmklhcqb\h_� dh^b�
jh\Zgb_�� bl_jZlb\gh_� ^_dh^bjh\Zgb_�� gbadh�

iehlghklgu_� dh^u�� mjZ\gh\_r_ggu_� g_ihegu_�

[ehd�ko_fu��kbkl_fu�Rl_cg_jZ���

<\_^_gb_�

<� gZklhys__� \j_fy� hkh[h_� agZq_gb_�

ijbh[j_lZxl� aZ^Zqb� ih\ur_gby� gZ^z`ghklb� b�

^hklh\_jghklb�i_j_^Z\Z_fhc�bgnhjfZpbb��Wn�

n_dlb\guf� kj_^kl\hf� j_r_gby� lZdhc� aZ^Zqb� y\ey_lky�

bkihevah\Zgb_� l_hjbb� b�ijZdlbdb�ihf_ohmklhcqb\h]h� dh�

^bjh\Zgby��

GZ�k_]h^gyrgbc�^_gv�kms_kl\m_l�h]jhfgh_�fgh`_kl\h�

jZaebqguo�f_lh^h\�b�Ze]hjblfh\�dZgZevgh]h�dh^bjh\Zgby�

b� ^_dh^bjh\Zgby�� dhlhju_� hlebqZxlky� ^jm]� hl� ^jm]Z� ih�

keh`ghklb� j_ZebaZpbb�� wg_j]_lbq_kdhfm� \ub]jurm�� Z�

lZd`_�^jm]bf�ihdZaZl_eyf��H^gZdh��^hfbgbjmxs__�iheh�

`_gb_�k�ihabpbb�wg_j]_lbq_kdhc�wnn_dlb\ghklb��rbjhlu�

\g_^j_gby�� Z� lZd`_� i_jki_dlb\u� ^Zevg_cr_]h� jZa\blby�

l_hjbb�b�ijZdlbdb�ihf_ohmklhcqb\h]h�dh^bjh\Zgby�aZgb�

fZxl� bl_jZlb\gh�^_dh^bjm_fu_� dhgkljmdpbb�� d� dhlhjuf�

hlghkylky�lmj[h�b�gbadhiehlghklgu_��/'3&��dh^u��Kj_^b�

wlbo�^\mo�ZgkZf[e_c�/'3&�dh^u��\i_j\u_�jZkkfhlj_ggu_�

J�� =ZeeZ]_jhf� >�@�� h[eZ^Zxl� wnn_dlb\guf� Ze]hjblfhf�

^_dh^bjh\Zgby��keh`ghklv�dhlhjh]h�k�jhklhf�^ebgu�dh^h�

\h]h� keh\Z� �1�� ijhihjpbhgZevgZ� 2�1��� Djhf_� lh]h�� hgb�

fh]ml�ijbf_gylvky�^ey�bkijZ\e_gby�dZd�h^bghqguo��lZd�b�

iZd_lguo� hrb[hd�[_a�g_h[oh^bfhklb�ijbf_g_gby�ijhp_�

^mju�i_j_f_`_gby��qlh� kms_kl\_ggh�kdZau\Z_lky�gZ� aZ�

^_j`d_��ijbkmlkl\mxs_c�ijb�h[jZ[hld_�bgnhjfZpbb���

Kms_kl\_gghc� ijh[e_fhc� l_hjbb� gbadhiehlghklguo�

dh^h\�y\ey_lky�hlkmlkl\b_�^hklZlhqgh]h�dhebq_kl\Z�Ze]h�

jblfh\�kbgl_aZ��iha\heyxsbo�ihemqZlv�dh^u�\�[hevrhf�

^bZiZahg_�dh^h\uo�^ebg�b�kdhjhkl_c��h[eZ^Zxsbo�Ze]_[�

jZbq_kdb�kljhcghc�kljmdlmjhc��dhlhjZy�k�ez]dhklvx�fh`_l�

[ulv�i_j_g_k_gZ�gZ�kh\j_f_ggmx�we_f_glgmx�[Zam��

<�^Zgghc�jZ[hl_�jZkkfZljb\Z_lky�aZ^ZqZ�ihkljh_gby�

wnn_dlb\guo� k� lhqdb� aj_gby� wg_j]_lbq_kdh]h� \ub]jurZ�

^_dh^bjh\Zgby�Ze]_[jZbq_kdbo� dh^h\uo� dhgkljmdpbc�^ey�

\ukhdhkdhjhklguo�kbkl_f�i_j_^Zqb�bgnhjfZpbb�k�fZehc�

ba[ulhqghklvx��?z� j_r_gb_� hkgh\Zgh� gZ� l_hjbb� dhf[b�

gZlhjbdb�b� kf_`guo�ih^jZa^_eZo��Wnn_dlb\ghklv�ihem�

q_gguo� dh^h\� hp_gb\Z_lky� k� ihfhsvx� bfblZpbhggh]h�

fh^_ebjh\Zgby� ih� f_lh^m�Fhgl_� DZjeh�� Z� lZd`_� imlzf�

\uqbke_gby�jy^Z�ijbgpbibZevguo�iZjZf_ljh\��ijbkmsbo�

/'3&�dh^Zf��

DeZkkbnbdZpby�dh^h\��ihemq_gguo�gZ�hkgh\_�MG;K�

Dhgkljmdlb\gu_� f_lh^u� ihkljh_gby� /'3&� dh^h\� >�@�

\k_]^Z� ijb\yaZgu� d� g_dhlhjuf� kljh]h� hij_^_ezgguf�

fZl_fZlbq_kdbf� h[t_dlZf�� <� qZklghklb�� \� gZklhys_c�

jZ[hl_�jZkkfZljb\Zxlky�dh^u��kbgl_abjh\Zggu_�gZ�hk�

gh\_� lZd� gZau\Z_fuo� mjZ\gh\_r_gguo� g_iheguo� [ehd�

ko_f� �MG;K��%,%'�±�EDODQFH�LQFRPSOHWH�EORFN�GHVLJQ��>�@��

MjZ\gh\_r_gghc� g_iheghc�[ehd�ko_fhc� gZau\Z_lky� lZ�

dh_� jZaf_s_gb_� #� jZaebqguo� we_f_glh\� ih� E� [ehdZf��

qlh� dZ`^uc� [ehd� kh^_j`bl� jh\gh� N� jZaebqguo� we_f_g�

lh\�� dZ`^uc� we_f_gl� ihy\ey_lky� lhqgh� \� U� jZaebqguo�

[ehdZo�b�dZ`^Zy�iZjZ�jZaebqguo�we_f_glh\�DL�b�DM�ihy\�

ey_lky� lhqgh� \� �� [ehdZo�� LZdbf� h[jZahf�� ex[Zy� MG;K�

fh`_l�[ulv� aZ^ZgZ� \_dlhjhf� ba� iylb� k\yaZgguo�^jm]� k�

^jm]hf� qbk_e� ±� � � � � � �E U NX O �� dhlhju_� \� k\hx� hq_j_^v�

bf_xl�f_`^m�kh[hc�^_l_jfbgbjh\Zggmx�k\yav�\b^Z��
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Kms_kl\h\Zgb_�aZ\bkbfhkl_c�����iha\hey_l�bkihevah�

\Zlv�khdjZszgguc�kihkh[� aZibkb�MG;K� k� lj_fy�g_aZ\b�

kbfufb�iZjZf_ljZfb���#��N������]^_�#�±�dhebq_kl\h�we_f_g�

lh\�� N� ±� qbkeh� [ehdh\� \� MG;K� b� �� ±� dhebq_kl\h� ihwe_�

f_glguo� khq_lZgbc� f_`^m� [ehdZfb�� =jZnbq_kdb� ex[mx�

[ehd�ko_fm�fh`gh�ij_^klZ\blv�\�\b^_�gZ[hjZ�[ehdh\�beb�

fZljbp_c�bgpb^_glghklb��\�qZklghklb��^ey�# E ���U N ���

� ��kms_kl\m_l�_^bgkl\_ggZy�MG;K�\b^Z��
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db� MG;K� khhl\_lkl\_ggh�� ?keb� \gbfZl_evgh� ijbkfhl�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������
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���

j_lvky�d�ij_^eZ]Z_fhfm�ijbf_jm�� lh�g_� ljm^gh�h[gZjm�

`blv�� qlh� mdhjhq_ggZy� gZ� �� ihke_^gbo� kljhdb� fZljbpZ�

bgpb^_glghklb� $� ij_^klZ\ey_l� kh[hc� g_� qlh� bgh_�� dZd�

ijh\_jhqgmx�fZljbpm� kZfh]h� dhjhldh]h� dh^Z�Owffbg]Z��

:gZeh]bqguf� h[jZahf� gZ� hkgh\_� \u[jZgghc�fZl_fZlb�

q_kdhc�Z[kljZdpbb�^ey�[hevrbo�agZq_gbc�iZjZf_ljh\��#��

N�����fh`gh�ihemqZlv�b�^jm]b_�deZkku�dZgZevguo�dh^h\��\�

lhf�qbke_�b�gbadhiehlghklgu_�F�ijh\_jhqghc�fZljbp_c�

�+��� Ex[Zy� fZljbpZ� bgpb^_glghklb� khhl\_lkl\mxsZy�

[ehd�ko_f_�k�iZjZf_ljZfb��#��N�����h[eZ^Z_l�ke_^mxsb�

fb�k\hckl\Zfb��

±�ex[Zy� kljhdZ� beb� klhe[_p�kh^_j`bl� U� b� N�g_gme_�

\uo�we_f_glh\�khhl\_lkl\_ggh��

±�ex[Zy�iZjZ�kljhd�beb�klhe[ph\�bf__l�fZdkbfmf���

h[sbo�g_gme_\uo�ihabpbc��

Bkoh^y� ba� k\hckl\� MG;K�� ]ZjZglbjh\Zlv� hlkmlkl\b_�

pbdeh\�^ebgu� ��\� ]jZnZo�LZgg_jZ� /'3&� >�@� dh^h\� \ha�

fh`gh�ebrv�ijb�� ���LZdbf�h[jZahf��ihy\ey_lky�i_j\h_�

kms_kl\_ggh_� h]jZgbq_gb_�� gZdeZ^u\Z_fh_� gZ� MG;K��

dhlhjh_� ijb\h^bl� d� km`_gbx� fgh`_kl\Z� [ehd�ko_f� ^h�

ih^fgh`_kl\Z�lZd�gZau\Z_fuo�kbkl_f�Rl_cg_jZ��#��N�����

>�@��Kj_^b�\k_o�kbkl_f�Rl_cg_jZ�hkh[uc�bgl_j_k�ij_^�

klZ\ey_l� ih^fgh`_kl\h� pbdebq_kdbo� [ehd�ko_f� k� jZa�

ebqguf� dhebq_kl\h�we_f_glh\�# �������«���<�p_ehf�bk�

ihevam_fmx�\�jZ[hl_� deZkkbnbdZpbx�MG;K�fh`gh�bah�

[jZablv� \� nhjf_� \eh`_gguo� ih^fgh`_kl\�� ij_^klZ\�

e_gguo� gZ� jbk�� ���PbnjZfb� hlf_q_gh� dhebq_kl\h� we_�

f_glh\�#�\�dZ`^hc�ba�[ehd�ko_f�ih^fgh`_kl\Z��

�

Jbk�����Ij_^klZ\e_gb_�MG;K��

\�\b^_�\eh`_gguo�fgh`_kl\�

H[h[szgguc�Ze]hjblf�kbgl_aZ�/'3&�dh^h\�

Mqblu\Zy�k\hckl\Z�[ehd�ko_f��Z�lZd`_�kljmdlmjm�jZk�

kfhlj_gguo� \ur_� fZljbp� bgpb^_glghklb�� g_� ljm^gh�

knhjfmebjh\Zlv� h[h[szgguc� Ze]hjblf� kbgl_aZ� /'3&�

dh^h\�gZ�[Za_�bkihevam_fuo�\�^Zgghc�jZ[hl_�fZl_fZlb�

q_kdbo� Z[kljZdpbc�� Ijhp_^mjZ� ihemq_gby� ijh\_jhqghc�

fZljbpu�gbadhiehlghklgh]h�dh^Z�gZ�[Za_�MG;K�bah[jZ�

`_gZ� \� nhjf_� ihke_^h\Zl_evgh]h� gZ[hjZ� hi_jZpbc��

ij_^klZ\e_gguo�[ehdZfb�gZ�jbk�����I_j\uc�b�ihke_^gbc�

[ehd� \� ij_^klZ\e_gghf� Ze]hjblf_� y\eyxlky� gZb[he__�

ljm^hzfdbfb�b�\ZjbZlb\gufb��GZ�i_j\hf�wlZi_�\uihe�

g_gby� ijhp_^mju� �jbk�� ���� klZ\blky� aZ^ZqZ� ihemqblv�

MG;K� k� aZ^Zggufb� iZjZf_ljZfb�� Ijb� wlhf� fh]ml� bk�

ihevah\Zlvky� jZaebqgu_� dhf[bgZlhjgu_� h[t_dlu� b�

kljmdlmju�>�@��

Klhbl�hlf_lblv��qlh�^Ze_dh�g_�\k_�\hafh`gu_�[ehd�

ko_fu�ih^oh^yl�^ey�kbgl_aZ� /'3&�dh^h\��D�\u[hjm�iZ�

jZf_ljh\� ke_^m_l� ih^oh^blv� k� hkh[hc� lsZl_evghklvx��

JZkkfZljb\Z_fZy� gZ� jbk�� ��� ijhp_^mjZ� nhjfbjh\Zgby�

dh^h\� h[eZ^Z_l� ^hklZlhqgh� [hevrhc� \ZjbZlb\ghklvx��

dhlhjZy� iha\hey_l� kha^Z\Zlv� ijh\_jhqgu_� fZljbpu� +�

����\�rbjhdhf�^bZiZahg_�dh^h\uo�^ebg�b�kdhjhkl_c��Ijb�

wlhf�^ey� h^gh]h� b� lh]h�`_� gZ[hjZ�iZjZf_ljh\� �#�� N�� ���

fh`_l�[ulv�ihemq_gh�fgh`_kl\h�jZaebqguo�/'3&�dh^h\��

:e]hjblf�kha^Zgby�MG;K�fh`_l�kms_kl\_ggh�hlebqZlv�

ky� \� aZ\bkbfhklb� hl� \u[hjZ� \_ebqbgu� ��� h^gZdh�� qZs_�

\k_]h� _z� ijbgbfZxl� jZ\ghc� _^bgbp_�� qlh� kms_kl\_ggh�

mijhsZ_l���x�aZ^Zqm�Ze]hjblfZ�±�^_dhfihabpbx��

�

Jbk�����H[h[szgguc�Ze]hjblf�kbgl_aZ�/'3&�dh^h\��

gZ�hkgh\_�dhf[bgZlhjguo�[ehd�ko_f�

Kbkl_fu�Rl_cg_jZ��dZd�fZl_fZlbq_kdZy�hkgh\Z�
ihkljh_gby�/'3&�dh^h\��b�bo�k\hckl\Z�

JZkkfhljbf� h[sb_� k\hckl\Z�� ijbkmsb_� ZgkZf[ex�

/'3&� dh^h\�� dhlhju_� ihemq_gu� ba� kbkl_f� Rl_cg_jZ��

Ba\_klgh� >�@��qlh�fZljbpu�bgpb^_glghklb�wlh]h�fZl_fZ�

lbq_kdh]h� fgh`_kl\Z� bf_xl� fZdkbfZevgh� \hafh`gh_�

qbkeh�[ehdh\�E�^ey�\k_o�MG;K��Wlh�ijb\h^bl�d�lhfm��qlh�

/'3&�dh^��knhjfbjh\Zgguc�gZ�[Za_�lZdhc�kbkl_fu��h[�

eZ^Z_l� fZdkbfZevgh� \hafh`ghc� kdhjhklvx� kj_^b� \k_o�

dh^h\� k� h[o\Zlhf� ]jZnZ� LZgg_jZ� J� ��� \_khf� klhe[pZ�

GV N�b�qbkehf�ijh\_jhqguo�mjZ\g_gbc�0 E��JZg]�ijh\_�

jhqghc�fZljbpu�+�fh`_l� hdZaZlvky� g_iheguf�� qlh� ^h�

ihegbl_evgh� m\_ebqb\Z_l� dh^h\mx� kdhjhklv�� dhlhjZy�

h]jZgbq_gZ�kgbam�\_ebqbghc�>�@��
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�
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Djhf_� lh]h��qbkeh�g_aZ\bkbfuo�kljhd�\�fZljbp_�bg�

pb^_glghklb� kbkl_f� Rl_cg_jZ� oZjZdl_jbam_lky� ke_�

^mxs_c�gb`g_c�]jZgbp_c�>�@��

� � � � �� � ��5DQN + N U U Nt � � �� ����

lh]^Z�dh^h\Zy�kdhjhklv�h]jZgbq_gZ�k\_jom��dZd��

� �� � ��� �
�

� ��

N N N N
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X X
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=jZnbq_kdb�aZ\bkbfhklv�dh^h\hc�^ebgu�hl�kdhjhklb�

^ey� j_Zevgh� kms_kl\mxsbo� d\Zabpbdebq_kdbo� dh^h\� gZ�

hkgh\_�kbkl_f�Rl_cg_jZ�ij_^klZ\e_gZ�gZ�jbk�����IZjZ�

f_lj�N�^ey�dZ`^hc�MG;K�\Zjvbjm_lky�hl���o�^h���lb��h^�

gZdh� fh`_l� [ulv� b� [hevrbf�� G_ljm^gh� aZf_lblv�� qlh�

kdhjhklv� dh^bjh\Zgby� djZcg_� [ukljh� klj_fblky� d� �� k�

jhklhf�^ebgu�dh^Z��
<Z`guf� ih^deZkkhf�kbkl_f�Rl_cg_jZ� y\eyxlky� lZd�

gZau\Z_fu_� pbdebq_kdb�jZaj_rbfu_� kbkl_fu�� ^ey� dh�

lhjuo� oZjZdl_jgh� lh�� qlh� h[s__� dhebq_kl\h� [ehdh\� E�

fh`gh�jZa^_eblv�gZ�U�ih^]jmii��^m[ebdZlh\��lZdbf�h[jZ�

ahf��qlh�bkdexq_gb_�h^ghc�ba�gbo�mf_gvrZ_l�\_ebqbgm�U�

^ey�\k_o�X �we_f_glh\�h^bgZdh\h��<�kbem�lh]h��qlh�Zkbf�

ilhlbq_kdbc�ZgZeba�ZgkZf[e_c�j_]meyjguo� /'3&�dh^h\�

>�@�ihdZau\Z_l��qlh�^ey�\k_o�kdhjhkl_c�dh^bjh\Zgby�gZb�

[hevrbf�wg_j]_lbq_kdbf�\ub]jur_f�\�HKR�\�dZgZe_�k�

[_euf� rmfhf� ihdZau\Zxl� dh^u� k� GV �� ^Ze__� [m^_l�

ij_^eh`_g� h[h[szgguc� Ze]hjblf� bo�nhjfbjh\Zgby� gZ�

hkgh\_�khhl\_lkl\mxsbo�kbkl_f�Rl_cg_jZ��
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�

Jbk�����AZ\bkbfhklv�dh^h\hc�^ebgu�hl�kdhjhklb��

^ey�/'3&�dh^h\�ihkljh_gguo��

gZ�[Za_�jZaebqguo�kbkl_f�Rl_cg_jZ�

;ehd�ko_fZ�k�N ��b�� ��\iheg_�_kl_kl\_ggh�gZau\Z_lky�

kbkl_fhc�ljh_d�Rl_cg_jZ��IZjZf_lju�wlhc�MG;K�m^h\e_�

l\hjyxl�ke_^mxsbf�jZ\_gkl\Zf��ihemq_gguf�ba������

� ��
� � �� � �

�
E U

X X
X

�
  � �� ����

G_h[oh^bfuf�b�^hklZlhqguf�mkeh\b_f�kms_kl\h\Z�

gby� ljh_d� Rl_cg_jZ� y\ey_lky� \uiheg_gb_� lh`^_kl\Z�

\b^Z�

�� ��PRG��X { �� ����

LZdbf� h[jZahf� >�@�� _keb� � �WX  � �beb� � �WX  � �� ijb�

p_ehf�agZq_gbb�qbkeZ�W��kms_kl\m_l�kbkl_fZ�ljh_d�Rl_c�

g_jZ� ihjy^dZ� X �� G_dhlhju_� MG;K� jZkkfZljb\Z_fh]h�

ih^fgh`_kl\Z� ij_^klZ\e_gu� \� lZ[e�� �� b� ��� JZa^_e_gb_�

ljh_d�Rl_cg_jZ�gZ���]jmiiu�g_�kemqZcgh��l�d��Ze]hjblfu�

bo�ihemq_gby�\� lhf�kemqZ_�� dh]^Z�[Zah\u_�[ehdb�E�nhj�

fbjmxl�pbdebq_kdb_�]jmiiu��hdZau\Zxlky�jZaebqgufb��

H[h[szgguc�Ze]hjblf�kbgl_aZ�/'3&�dh^h\��
gZ�hkgh\_�kbkl_f�Rl_cg_jZ�

AZ^ZqZ� nhjfbjh\Zgby� ih^fgh`_kl\Z� pbdebq_kdbo� b�

h^gh\j_f_ggh� jZaj_rbfuo� ljh_d�Rl_cg_jZ� hdZau\Z_lky�

^Ze_dh�g_�ljb\bZevghc��H^gZdh�\�jZ[hlZo�>�@�[ueh�ihdZaZ�

gh�� qlh� gZ� hkgh\_� jZaebqguo� dhf[bgZlhjguo� ihke_^h\Z�

l_evghkl_c�fh`gh�knhjfbjh\Zlv�Z[khexlgh�\k_�ljhcdb�ba�

ZgkZf[ey��#���������IjbgbfZy�\h�\gbfZgb_�wlhl�nZdl��fh`gh�

ij_^eh`blv� h[h[szgguc� Ze]hjblf�nhjfbjh\Zgby� ijh\_�

jhqguo�fZljbp�/'3&�dh^h\�gZ�[Za_�hibkZgguo�\ur_�[ehd�

ko_f��jbk������NZdlbq_kdb�Ze]hjblf�iha\hey_l�ih�aZ^Zgguf�

iZjZf_ljZf� ih^kbkl_fu� dZgZevgh]h� dh^bjh\Zgby� �.�� 1��

ihemqblv�ijh\_jhqgmx�fZljbpm�+� j_]meyjgh]h� gbadhiehl�

ghklgh]h� dh^Z� k� d\Zabpbdebq_kdhc� kljmdlmjhc��Ij_^eZ]Z_�

fZy�gZ�jbk�����ijhp_^mjZ�khklhbl�ba���o�wlZih\��i_j\uc�ba�

dhlhjuo� aZdexqZ_lky�\�ihemq_gbb�g_dhlhjuo� dhf[bgZlhj�

guo�ihke_^h\Zl_evghkl_c�b�bo�fh^bnbdZpbc��ihemqb\rbo�

k\hz�gZa\Zgb_�\�q_klv�Z\lhjh\� ±�7��6NROHP�b� $��5RVD� >�@��

>ebgZ� ihemqZ_fhc� ihke_^h\Zl_evghklb� 6� ZgZeblbq_kdb�

k\yaZgZ�k�\oh^gufb�iZjZf_ljZfb�dh^bjh\Zgby�ke_^mxsbf�

h[jZahf��

Q �.������� ������

Q �.������� ������

� �
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ijbqzf� dhgdj_lgh_� agZq_gb_� \_ebqbgu� Q� hij_^_ey_lky�

\uqbke_gb_f� dZ`^h]h� ba� ij_^klZ\e_gguo� \ujZ`_gbc�� k�

ijbhjbl_lhf�\u[hjZ�hl�����d������=eZ\gh_�mkeh\b_��qlh[u�Q�

y\eyehkv� p_euf� qbkehf�� LZdbf� h[jZahf�� \� kemqZ_� _keb�

i_j\h_�b�\lhjh_�\ujZ`_gby�^Z^ml�^jh[gu_� agZq_gby��bk�

dhfZy� \_ebqbgZ� jZaf_jghklb� dhf[bgZlhjghc� ihke_^h\Z�

l_evghklb�[m^_l�gZc^_gZ�ih�nhjfme_��������dZd�fZdkbfZev�

gh_�p_eh_�agZq_gb_�\�^bZiZahg_�mdZaZgghf�\�kdh[dZo��GZ�

\lhjhf�wlZi_�Ze]hjblfZ�gZ[hj�qbk_e�6�[m^_l�bkihevah\Zg�

^ey� kbgl_aZ� pbdebq_kdb� jZaj_rbfuo� ljh_d� Rl_cg_jZ� k�

ihfhsvx�ba\_klguo�\�fZl_fZlbd_�>����@�ijhp_^mj��

<�blh]_�ihemqZ_lky�kbkl_fZ�Rl_cg_jZ�k�ba\_klghc�fZl�

jbp_c� bgpb^_glghklb�� j_amevlZlhf�^_dhfihabpbb� dhlhjhc�

y\ey_lky�bkdhfuc� /'3&� dh �̂�Fh`_l�ihemqblvky� lZdZy�kb�

lmZpby�� dh]^Z� iZjZf_lju� dh^Z�� ihemq_ggh]h� gZ� \uoh^_�

h[h[szggh]h�Ze]hjblfZ�kbgl_aZ��jbk�����������g_�kh\iZ^Zxl�

k�\oh^gufb��<�wlhf�kemqZ_�\���_f�[ehd_�ko_fu�ij_^mkfhl�

j_gZ�ijhp_^mjZ�mdhjhq_gby�ijh\_jhqghc�fZljbpu�+��

�

Jbk�����H[h[szgguc�Ze]hjblf�kbgl_aZ��

ijh\_jhqguo�fZljbp�/'3&�dh^h\��

gZ�[Za_�pbdebq_kdbo�jZaj_rbfuo�ljh_d�Rl_cg_jZ�

J_amevlZlu�bfblZpbhggh]h��
fh^_ebjh\Zgby�/'3&�dh^h\��

Hp_gbf� wg_j]_lbq_kdmx� wnn_dlb\ghklv� ihf_ohmklhc�

qb\uo� /'3&� dh^h\�� ihemq_gguo� k� ihfhsvx� h[h[szggh]h�

Ze]hjblfZ��ij_^klZ\e_ggh]h�gZ�jbk�����<�kbem�lh]h��qlh�dh�

^h\Zy�kdhjhklv�5�^ey�\u[jZggh]h�ZgkZf[ey�[ukljh�klj_�

fblky� d� _^bgbp_� k� jhklhf�iZjZf_ljZ�1� �jbk�� ���� \u[jZlv�

ihoh^ysb_� ^ey� kjZ\g_gby� dhgkljmdpbb� LZgg_jZ� g_� ij_^�

klZ\ey_lky� \hafh`guf�� Ihwlhfm� \� dZq_kl\_� dhgdmjbjmx�

sbo� j_r_gbc� [ueb� \aylu� gZb[he__� jZkijhkljZgzggu_�

Ze]hjblfu�kbgl_aZ�ik_\^hkemqZcguo�dh^h\� �0DF��3(*�� >���

�@�� DZ`^uc� ba� gbo� kihkh[_g� ]_g_jbjh\Zlv� ijh\_jhqgu_�

fZljbpu� ijhba\hevghc� ^ebgu� b� kdhjhklb�� j_]meyjghc� b�

g_j_]meyjghc�kljmdlmju�k�aZ^Zggufb�\_kh\ufb�nmgdpbyfb�

��[��b�!�[���Hlebqby�f_`^m�\u[jZggufb�Ze]hjblfZfb�djh�

xlky� ebrv� \� lhf�� qlh� \lhjhc� ±� 3(*�� fZdkbfbabjm_l� eh�

dZevguc�h[o\Zl�]jZnZ�LZgg_jZ��Z�i_j\uc�±�0DF��iulZ_lky�

dZd� fh`gh� lhqg__� \hkijhba\_klb� aZ^Zggh_� \_kh\h_� jZk�

ij_^_e_gb_� k� mqzlhf� J� ��� Ijhp_^mjZ� hp_gdb� ihf_oh�

mklhcqb\hklb�dh^h\�\uihegyeZkv�ih�f_lh^m�Fhgl_�DZjeh�\�

dZgZe_�k�Z^^blb\guf�[_euf� ]Zmkkh\kdbf�rmfhf�b�^\hbq�

ghc�nZah\hc�fh^meypb_c��>_dh^bjh\Zgb_�hkms_kl\eyehkv�

ih�Ze]hjblfm�%3�>�@��ijbqzf�fZdkbfZevgh_�dhebq_kl\h�bl_�

jZpbc�nbdkbjh\Zehkv� agZq_gbyfb� ��� b� ����P_e_khh[jZa�

ghklv� lZdh]h� h]jZgbq_gby� aZdexqZ_lky� \� g_h[oh^bfhklb�

hp_gblv�\hafh`guc�^hihegbl_evguc�wg_j]_lbq_kdbc�\ub]�

jur� ^_dh^_jZ� ijb� djZlghf� m\_ebq_gbb� \uqbkebl_evguo�

aZljZl�� Djhf_� lh]h�� ^ey� hp_gdb� ihl_gpbZevghc� [ebahklb�

\u[jZgguo�dhgkljmdpbc�d�ij_^_em�R_gghgZ� >�@�dZ`^hc�dh�

^h\hc�^ebg_� b� kdhjhklb�[ueh�ihklZ\e_gh� \� khhl\_lkl\b_�

fbgbfZevgh_� agZq_gb_� hlghr_gby� kb]gZe�rmf� �1PLQ��� ^ey�

dhlhjh]h�\hafh`_g�[_ahrb[hqguc�ijbzf��>ey�qbke_ggh]h�

fh^_ebjh\Zgby� [ueb� \u[jZgu� r_klv� jZaebqguo� dh^h\��

iZjZf_lju�dhlhjuo�ij_^klZ\e_gu�\�lZ[e������



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

BfblZpbhggh_� fh^_ebjh\Zgb_� \uihegyehkv� k� rZ]hf�

jZ\guf� ����^;��ijbqzf�^ey�ihemq_gby�^hklh\_jghc� lhqdb�

g_h[oh^bfh�[ueh�gZdhiblv�[he__������hrb[hd�gZ�dZ`^hf�

rZ]_�HKR��J_amevlZlu�wdki_jbf_glZ�ij_^klZ\e_gu�aZ\b�

kbfhklyfb� \_jhylghklb� hrb[db� gZ�[bl� �SE�� hl� hlghr_gby�

kb]gZe�rmf��(E�1���gZ�jbk��������JZagbpZ�\�wg_j]_lbq_kdhc�

wnn_dlb\ghklb�hp_gb\Z_lky�ih�mjh\gx�SE ��
��
��>ey�dZ`^h�

]h� dh^Z�ijb� aZ^Zgghf�qbke_�bl_jZpbc�^_dh^bjh\Zgby�\u�

qbke_gh� agZq_gb_� ij_\ur_gby� ij_^_evgh]h� mjh\gy�HKR�

1PLQ�\ujZ`_ggh_�\�^_pb[_eZo�b�hljZ`_gh�\�lZ[e�����¨6���

Djhf_� lh]h�� ^ey� dZ`^hc� iZju� dh^h\� gZc^_gu��

agZq_gby� hlghkbl_evguo� wg_j]_lbq_kdbo� \ub]jur_c��

¨D�L�±D�M� (E�1��D�L��� ±� (E�1��D�M��� ^ey� ��� b� ��� bl_jZpbc�

^_dh^bjh\Zgby��]^_�D�L��b�D�M��±�gZbf_gh\Zgb_�khhl\_lkl�

\mxs_]h� Ze]hjblfZ� kbgl_aZ� gbadhiehlghklgh]h� dh^Z��

IZjZf_lj�¨6�D�L� �1PLQ�±�(E�1��D�L���ihdZau\Z_l�gZ�kdhev�

dh� wg_j]_lbq_kdZy� wnn_dlb\ghklv� \u[jZggh]h� dh^Z� hl�

ebqZ_lky�hl�ij_^_evgh�\hafh`ghc��

LZ[ebpZ����I_j\u_�^_kylv�ljh_d�Rl_cg_jZ�ihjy^dZ� � �WX  � �

W� �� �� �� �� �� �� �� �� �� ���
X � �� ��� ��� ��� ��� ��� ��� ��� ��� ���

U� �� �� �� �� ��� ��� ��� ��� ��� ���

E� �� ��� ��� ���� ���� ���� ���� ���� ���� ����

LZ[ebpZ����I_j\u_�^_kylv�ljh_d�Rl_cg_jZ�ihjy^dZ� � �WX  � �

W� �� �� �� �� �� �� �� �� �� ���
X � �� ��� ��� ��� ��� ��� ��� ��� ��� ���

U� �� �� ��� ��� ��� ��� ��� ��� ��� ���

E� ��� ��� ��� ���� ���� ���� ���� ���� ���� ����

LZ[ebpZ����IZjZf_lju�/'3&�dh^h\��bkihevam_fuo�\�bfblZpbhgghf�fh^_ebjh\Zgbb�

�� 5� 0� 1� 1PLQ�

�� ���� ��� ��� ������

�� ���� ��� ��� ������

�� ������ ��� ���� ������

�� ������ ��� ���� ������

�� ���� ��� ���� ������

�� ������ ��� ���� ������

LZ[ebpZ����J_amevlZlu�bfblZpbhggh]h�fh^_ebjh\Zgby�/'3&�dh^h\�

0�
¨0DF�3(*��

������bl���^;�

¨0DF�676�
������bl���^;�

¨3(*�676�
������bl���^;�

¨6B0DF��^;� ¨6B3(*��^;� ¨6B676��^;�

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

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

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

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

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

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

���� �

Jbk�����Wg_j]_lbq_kdZy�wnn_dlb\ghklv�gbadhiehlghklguo�dh^h\�k�iZjZf_ljZfb�0 ����1 ����

ijb�jZaebqghf�qbke_�bl_jZpbc�^_dh^bjh\Zgby�
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Jbk�����Wg_j]_lbq_kdZy�wnn_dlb\ghklv�gbadhiehlghklguo�dh^h\�k�iZjZf_ljZfb�0 ����1 ����

ijb�jZaebqghf�qbke_�bl_jZpbc�^_dh^bjh\Zgby�

���� �
Jbk�����Wg_j]_lbq_kdZy�wnn_dlb\ghklv�gbadhiehlghklguo�dh^h\�k�iZjZf_ljZfb�0 ����1 �����

ijb�jZaebqghf�qbke_�bl_jZpbc�^_dh^bjh\Zgby�

����� �
Jbk�����Wg_j]_lbq_kdZy�wnn_dlb\ghklv�gbadhiehlghklguo�dh^h\�k�iZjZf_ljZfb�0 ����1 �����

ijb�jZaebqghf�qbke_�bl_jZpbc�^_dh^bjh\Zgby�

LZdbf�h[jZahf��km^y�ih�j_amevlZlZf��ij_^klZ\e_gguf�

gZ�jbk��������Z�lZd`_�\�lZ[e�����dh^u��kbgl_abjh\Zggu_�gZ�

hkgh\_�dhf[bgZlhjguo�ihke_^h\Zl_evghkl_c��ihdZau\Zxl�

agZqbl_evgh�emqrb_�j_amevlZlu�ih�kjZ\g_gbx�k�ik_\^h�

kemqZcgufb� dh^Zfb� FZddZy� �0DF��� Qbke_ggh_� agZq_gb_�

\ub]jurZ� \�HKR�^ey� ij_^eZ]Z_fuo� dhgkljmdpbc� \Zjvb�

jm_lky�\�^bZiZahg_�hl�����^h������^;�b�aZ\bkbl�bkdexqb�

l_evgh� hl� ^ebgu� dh^Z� b� qbkeZ� bl_jZpbc� ^_dh^bjh\Zgby��

LZdh_� ij_bfms_kl\h� ihemq_gh� g_� kemqZcgh�� Z� k\yaZgh� k�

l_f��qlh�^ey�\ukhdbo�kdhjhkl_c�dh^bjh\Zgby��Z�lZd`_�fZ�

euo�^ebg�1����� jZkkfZljb\Z_fu_� ik_\^hkemqZcgu_� Ze�

]hjblfu�kbgl_aZ�g_�fh]ml�kha^Zlv�]jZn�LZgg_jZ��g_�bf_x�

sbc� pbdeh\� fbgbfZevghc� ^ebgu�� ke_^h\Zl_evgh�� J� ���

Wlh��\�k\hx�hq_j_^v��ijb\h^bl�d�agZqbl_evghc�^_]jZ^Zpbb�

ihf_ohmklhcqb\hklb�b�^_eZ_l�g_hkihjbfuf�ij_bfms_kl\h�

ij_^eZ]Z_fuo�d\Zabpbdebq_kdbo�/'3&�dh^h\�ih�kjZ\g_gbx�

k�0DF�dhgkljmdpb_c��H^gZdh��ijb�kjZ\g_gbb�k�dh^Zfb�3(*��

ij_bfms_kl\h�\�wg_j]_lbq_kdhc�wnn_dlb\ghklb�hdZau\Z_l�

ky�g_�klhev�hq_\b^guf��\Zjvbjm_lky�\�ij_^_eZo����������^;��

b�\�h^ghf�wdki_jbf_gl_��jbk�����^Z`_�gZ[ex^Z_lky�g_agZqb�

l_evguc� ijhb]jur��^h� ����^;��Gh�^Z`_� ijb� klhev�fZehc�

jZagbp_�\�ihf_ohmklhcqb\hklb�kbgl_abjh\Zgguc�ih�h[h[�

szgghfm�Ze]hjblfm�ZgkZf[ev�/'3&�dh^h\�h[eZ^Z_l�h^gbf�

g_hkihjbfuf�ij_bfms_kl\hf�±�d\Zabpbdebq_kdhc�kljmdlm�

jhc�� dhlhjZy� djZcg_� m^h[gZ� ijb� j_ZebaZpbb� ih^kbkl_fu�

dh^bjh\Zgby�gZ�ZiiZjZlghf�mjh\g_��
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Jbk�����Wg_j]_lbq_kdZy�wnn_dlb\ghklv�gbadhiehlghklguo�dh^h\�k�iZjZf_ljZfb�0 ����1 �����

ijb�jZaebqghf�qbke_�bl_jZpbc�^_dh^bjh\Zgby�

�

Jbk������Wg_j]_lbq_kdZy�wnn_dlb\ghklv�gbadhiehlghklguo�dh^h\�k�iZjZf_ljZfb�0 ����1 �����

ijb�jZaebqghf�qbke_�bl_jZpbc�^_dh^bjh\Zgby�

AZdexq_gb_�

<� jZ[hl_� ijh\_^_gh� bfblZpbhggh_� fh^_ebjh\Zgb_� gbadh�

iehlghklguo�dh^h\��kbgl_abjh\Zgguo�gZ�hkgh\_�mjZ\gh\_r_gguo�

g_iheguo�[ehd�ko_f��dhlhju_�\�k\hx�hq_j_^v�[Zabjmxlky�gZ�dhf�

[bgZlhjguo� ihke_^h\Zl_evghklyo� Kdhe_fZ� b� JhkZ�� Knhjfbjh�

\Zggu_�dh^u�ihdZaZeb�ohjhrb_�j_amevlZlu�ih�ihf_ohmklhcqb\h�

klb�\�kjZ\g_gbb�k�ih^deZkkhf�ik_\^hkemqZcguo� dh^h\� �0DF���ih�

emq_gguc�wg_j]_lbq_kdbc�\ub]jur�^_dh^bjh\Zgby�e_`bl�\�^bZiZ�

ahg_� hl� ���� ^h� ����� ^;��H[h[szgguc� Ze]hjblf� kbgl_aZ� �jbk�� ����

ij_^eZ]Z_fuc� \� ^Zgghc� jZ[hl_�� iha\hey_l� ihemqZlv� ZgkZf[eb�

d\Zabpbdebq_kdbo�/'3&�dh^h\�k�jZaebqgufb�dh^h\ufb�^ebgZfb�b�

kdhjhklyfb�� qlh� ihl_gpbZevgh� jZkrbjy_l� ]jZgbpu� ijbf_g_gby�

ih^h[guo� dhgkljmdpbc�� H^gbf� ba� gZijZ\e_gbc� ^Zevg_crbo� bk�

ke_^h\Zgbc�y\ey_lky�ihbkd�gZb[he__�wnn_dlb\guo�dh^h\�\�jZf�

dZo�kbgl_abjh\Zggh]h�ZgkZf[ey��

Bkke_^h\Zgb_�\uiheg_gh�aZ�kq_l�]jZglZ�Jhkkbckdh]h�gZmqgh]h�

nhg^Z� �ijh_dl��������������\�JyaZgkdhf� ]hkm^Zjkl\_gghf�jZ^bh�

l_ogbq_kdhf�mgb\_jkbl_l_��

Ebl_jZlmjZ�

���*DOODJHU�5�*��/RZ�'HQVLW\�3DULW\�&KHFN�&RGHV��&DPEULGJH�

0$�0,7�3UHVV��������

���5\DQ�:�(��DQG�/LQ�6��©&KDQQHO�&RGHV��&ODVVLFDO�DQG�0RG�

HUQª��&DPEULGJH�8QLYHUVLW\�3UHVV��������

���Ohee�F��Dhf[bgZlhjbdZ��Ba^Zl_evkl\h�©FBJª��F��������

���-RKQVRQ� 6�-�� DQG� :HOOHU� 6�5�� 5HJXODU� ORZ�GHQVLW\� SDULW\�

FKHFN�FRGHV�IURP�FRPELQDWRULDO�GHVLJQV��,Q�3URF��,(((�,QIRUPDWLRQ��

7KHRU\� :RUNVKRS� �,7:������� S�� ������� &DLUQV�� $XVWUDOLD��

6HSWHPEHU�������

���5LFKDUGVRQ�7�-���6KRNUROODKL�0�$��DQG�8UEDQNH�5�/��'HVLJQ�

RI� FDSDFLW\� DSSURDFKLQJ� LUUHJXODU� ORZ�GHQVLW\� SDULW\�FKHFN� FRGHV��

,(((�7UDQV��,QIRUP��7KHRU\�����������±�����)HEUXDU\�������

���&ROERXUQ�&�-��DQG�5RVD�$��7ULSOH�6\VWHPV��2[IRUG�8QLYHUVLW\�

3UHVV��������

���0DF.D\� '�-�&��*RRG� HUURU�FRUUHFWLQJ� FRGHV� EDVHG� RQ� YHU\�

VSDUVH� PDWULFHV�� ,(((� 7UDQV�� ,QIRUP�� 7KHRU\�� ���������±�����

0DUFK�������

���$UQROG� '�0��� (OHIWKHULRX� (��� DQG� +X� ;�<��� ©3URJUHVVLYH�

HGJHJURZWK� 7DQQHU� JUDSKVª�� LQ� 3URF�� ,(((�*OREDO� 7HOHFRPPXQ��

&RQI���6DQ�$QWRQLR��7;��1RY��������YRO�����SS�����±������

���6KDQQRQ� &�(�� $� PDWKHPDWLFDO� WKHRU\� RI� FRPPXQLFDWLRQ�� %HOO�

6\V��7HFK��-��������±��������±�����-XO\±2FW��������

%$/$1&(�,1&203/(7(�%/2&.�

'(6,*16�%$6('�/'3&�&2'(6�

2YLQQLNRY�$�$��

,Q� WKLV� SDSHU� WKH� SUREOHP� RI� FRQVWUXFWLQJ� HIILFLHQW� DOJHEUDLF�

/RZ�'HQVLW\� 3DULW\� &KHFN� FRGHV� IRU� KLJK� GDWD� WUDQVPLVVLRQ� ZLWK�

ORZ�UHGXQGDQF\�LV�FRQVLGHUHG��&RGH�GHVLJQ�DOJRULWKP�LV�EDVHG�RQ�

WKH�WKHRU\�RI�FRPELQDWRULFV�DQG�UHODWHG�VXEVHFWLRQV��7KH�HIIHFWLYH�

QHVV� RI�FRGHV��ZKLFK� DUH� XVHG� LQ� WKH� UHVHDFK�� LV� HYDOXDWHG� XVLQJ�

0RQWH�&DUOR� VLPXODWLRQV�� DV� ZHOO� DV� E\� FDOFXODWLQJ� WKH� QXPEHU� RI�

IXQGDPHQWDO�SDUDPHWHUV�LQKHUHQW�WR�/'3&�FRGHV��

�
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JZkkfhlj_gu�kms_kl\mxsb_�l_ogheh]bb�0,02�k�ijhkljZgkl�

\_gguf� b� iheyjbaZpbhgguf� jZag_k_gb_f�� IjhZgZebabjh\Zgu� ^hk�

lb]gmlu_� j_amevlZlu��Knhjfmebjh\Zgu� hkgh\gu_� aZ^Zqb�b�imlb�

kha^Zgby� dhfie_dkh\�>DF<� jZ^bhk\yab� k� bkihevah\Zgb_f�l_ogheh�

]bb�0,02��

M>D������������

I?JKI?DLB<U�KHA>:GBY�DHFIE?DKH<�>DF<�J:>BHK<YAB���
BKIHEVAMXSBO�L?OGHEH=BB�0,02�K�IJHKLJ:GKL<?GGUF��
B�IHEYJBA:PBHGGUF�J:AG?K?GB?F�

;mdZrdbg�K�:���^�l�g����]_g_jZevguc�^bj_dlhj�H:H�©Dhgp_jg�©:\lhfZlbdZª��H�PDLO��IJXS#QLLD�UX��

H]eh[ebg�:�<���aZf_klbl_ev�dhfZg^bjZ�\hckdh\hc�qZklb��H�PDLO��KRPHDOHNV#PDLO�UX��

�

Dexq_\u_� keh\Z�� >DF<� jZ^bhk\yav�� l_o�
gheh]bb� 0,02�� fgh]hemq_\h_� jZkijhkljZg_�

gb_�� ijhkljZgkl\_ggh_�� iheyjbaZpbhggh_� jZa�

g_k_gb_�� Zgl_ggu_� kbkl_fu�� ijh]jZffguc�

dhfie_dk��

<\_^_gb_�

Jhev�jZ^bhk\yab�\�^bZiZahg_�>DF<�m`_�gb�m�dh]h�g_�

\uau\Z_l�khfg_gbc��ihwlhfm�\�gZklhys__�\j_fy�gZf_�

lbeZkv�l_g^_gpby�ih�bgl_gkb\ghfm�kh\_jr_gkl\h\Zgbx�

b�jZa\blbx�wlh]h�\b^Z�jZ^bhk\yab��D�g_khfg_gguf�^hk�

lhbgkl\Zf� >DF<� jZ^bhk\yab� hlghkylky� \ukhdZy� ]b[�

dhklv�b�fh[bevghklv��hlghkbl_evgh�keZ[Zy�aZ\bkbfhklv�

hl� bgnjZkljmdlmju�� \hafh`ghklv� hj]ZgbaZpbb� k\yab� \�

djZlqZcrb_� kjhdb� b�ijb�fbgbfZevguo� aZljZlZo�� \� lhf�

qbke_� ba� g_ih^]hlh\e_gguo� jZchgh\�� \ukhdZy� `b\m�

q_klv�� kihkh[ghklv� nmgdpbhgbjh\Zlv� \� mkeh\byo� qZk�

lbqguo� hldZah\�� \dexqZy� mkeh\by� [h_\uo� ^_ckl\bc� b�

qj_a\uqZcgu_�kblmZpbb�>����@��

G_^hklZldb�>DF<�jZ^bhk\yab�lZd`_�h[s_ba\_klgu�>���

�@��Wlh�� ij_`^_� \k_]h�� hlghkbl_evgZy� madhihehkghklv� �Z�

ke_^h\Zl_evgh�gbadZy�ijhimkdgZy�kihkh[ghklv��b�hlghkb�

l_evgh� g_\ukhdh_� dZq_kl\h� hl^_evgh]h� >DF<� jZ^bhdZ�

gZeZ�� k\yaZggh_� k� g_klZ[bevghklvx� nbabq_kdbo� iZjZ�

f_ljh\� bhghkn_ju� b� keh`ghc� ihf_oh\hc� h[klZgh\dhc��

hkh[_ggh�\�mkeh\byo�ihklZgh\db�ij_^gZf_j_gguo�ihf_o��

Ijh[e_fZ�ih\ur_gby�ijhimkdghc�kihkh[ghklb�b�ih�

f_ohaZsbs_gghklb�>DF<�jZ^bhk\yab�ijb�h]jZgbq_ggh�

klb� qZklhlgh]h� j_kmjkZ� \� gZklhys__� \j_fy� y\ey_lky�

h^ghc�ba�kZfuo�hkljuo�b�ZdlmZevguo��Ijbf_g_gb_�pbn�

jh\hc�h[jZ[hldb�kb]gZeh\�iha\hey_l�i_j_clb�d�i_j_^Z�

q_�bgnhjfZpbb�\�^bkdj_lghc�nhjf_�\�khq_lZgbb�k�bk�

ihevah\Zgb_f� ihf_ohaZsbs_gguo� kb]gZevgh�dh^h\uo�

dhgkljmdpbc��\�k\yab�k�q_f�klZgh\blky�\hafh`guf�\g_�

^j_gb_� l_ogheh]bb� Z\lhfZlbabjh\Zgghc� hi_jZlb\ghc�

Z^ZilZpbb�jZ^bhebgbc�d�baf_g_gbx�iZjZf_ljh\�kj_^u�

jZkijhkljZg_gby�>�@��

>ZggZy�klZlvy�ihk\ys_gZ�h[km`^_gbx�iml_c�jZajZ�

[hldb�f_lh^bdb�kha^Zgby�kh\j_f_gguo�[ukljh�jZa\hjZ�

qb\Z_fuo�ihe_\uo�dhfie_dkh\�>DF<�jZ^bhk\yab�k�ijb�

f_g_gb_f�gh\uo�l_ogheh]bc��h[_ki_qb\Zxsbo�ih\ur_�

gb_�gZ^_`ghklb�b�mklhcqb\hklb�jZ^bhk\yab��

H^gbf�ba�i_jki_dlb\guo�iml_c�ih\ur_gby�ijhimkd�

ghc� kihkh[ghklb� b� ihf_ohaZsbs_gghklb�>DF<� jZ^bh�

k\yab�y\ey_lky�bkihevah\Zgb_�l_ogheh]bb�fgh`_kl\_g�

ghc�i_j_^Zqb�b�ijb_fZ��0XOWL�,QSXW�0XOWL�2XWSXW�±�0,02���

Bkke_^h\Zgby�jZaebqguo�\ZjbZglh\�j_ZebaZpbb�l_ogh�

eh]bb�\_^mlky�^hklZlhqgh�^Z\gh�b�hibkZgu�\�ebl_jZlm�

j_��<� qZklghklb�� jZkkfhlj_gu� \hafh`ghklb� j_ZebaZpbb�

[ukljh� jZa\hjZqb\Z_fuo� dhfie_dkh\�� bkihevamxsbo�

ko_fm� :eZfhmlb� b� ijhkljZgkl\_ggh_� jZag_k_gb_� i_j_�

^Zlqbdh\�>����@���

>Zevg_cr__�jZa\blb_�wlh]h�gZijZ\e_gby�fh`_l�[ulv�

k\yaZgh� k� bkihevah\Zgb_f� m\_ebq_ggh]h� �[he__� ^\mo��

qbkeZ�i_j_^Zlqbdh\�b�ijb_fgbdh\�\�khq_lZgbb�k�jZaebq�

gufb� \b^Zfb�jZag_k_gby� �ijhkljZgkl\_ggh_��iheyjbaZ�

pbhggh_�� dhf[bgbjh\Zggh_���J_ZebaZpby� wlh]h� ih^oh^Z�

k\yaZgZ�k�j_r_gb_f�jy^Z�qZklguo� aZ^Zq��\�qbke_� dhlh�

juo� ke_^m_l� \u^_eblv� jZajZ[hldm�fZl_fZlbq_kdbo� fh�

^_e_c� dZgZeZ� 0,02�^ey� jZaebqguo� lbih\� ljZkk�� \b^h\�

jZag_k_gby��lbih\�Zgl_gguo�kbkl_f��\u[hj��jZajZ[hldm��

Zgl_gguo� kbkl_f� ^ey� jZaebqguo� \ZjbZglh\� ihkljh_gby�

dhfie_dkh\�h[hjm^h\Zgby�0,02��jZajZ[hldm�j_r_gbc�ih�

ihkljh_gbx� dhfie_dkh\� jZaebqgh]h� gZagZq_gby�� \dex�

qZy�[ukljhjZa\hjZqb\Z_fu_��k� mq_lhf�hkgh\guo� lZdlb�

dh�l_ogbq_kdbo� b� l_ogbdh�wdhghfbq_kdbo�nZdlhjh\� �lj_�

[h\Zgbc����

L_ogheh]by� 0,02� y\ey_lky� f_lh^hf� dh^bjh\Zgby�

kb]gZeZ�� iha\heyxsbf� ih\ukblv� kdhjhklv� i_j_^Zqb�

^Zgguo�imlzf�bkihevah\Zgby�g_kdhevdbo�ijb_fguo�beb�

i_j_^Zxsbo� kbkl_f�� LZdbf� h[jZahf�� l_ogheh]by� 0,02�

ij_^iheZ]Z_l� bagZqZevgh� fgh]hemq_\h_� jZkijhkljZg_�

gb_�kb]gZeZ��Ijb�wlhf�g_h[oh^bfuf�mkeh\b_f�y\ey_lky�

gbadbc�mjh\_gv� dhjj_eypbb�f_`^m� bgnhjfZpb_c��i_j_�

^Z\Z_fhc�ih�jZaguf�dZgZeZf���

:gZeba�ebl_jZlmju�\uy\be��qlh�bkke_^h\Zgby�l_ogh�

eh]bb�0,02�\�gZklhys__�\j_fy�khkj_^hlhq_gu�\�h[eZk�

lb�K<Q��<�i_j\mx�hq_j_^v�wlZ� l_ogheh]by�ijbf_gy_lky�

gZ�qZklhlZo�fh[bevghc�jZ^bhk\yab�\�khklZ\_�l_ogheh]bc�

:L)L�b�/7(�>����@��

Ke_^m_l� hlf_lblv�� qlh� gZb[he__� qZklh� \ur_mihfy�

gmlu_� l_ogheh]bb� ijbf_gyxlky� \� ]hjh^kdbo� mkeh\byo��

]^_�fgh`_kl\_ggu_�i_j_hljZ`_gby�ijb\h^yl�d�fgh]hem�

q_\hfm� jZkijhkljZg_gbx� kb]gZeZ� _kl_kl\_gguf� h[jZ�

ahf��<�wlbo�mkeh\byo��k�p_evx�ih\ur_gby�^_dhjj_eypbb�

kb]gZeZ�� p_e_khh[jZaguf� hdZau\Z_lky� ijbf_g_gb_� g_�

kdhevdbo� Zgl_gguo� kbkl_f�� KjZ\gbl_evgh� fZeZy� jZ[h�
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qZy� ^ebgZ� \hegu� ^_eZ_l� hkh[_ggh� m^h[guf� bkihevah�

\Zgb_� ijhkljZgkl\_ggh]h� jZag_k_gby� dZgZeh\�� Ijbf_�

g_gb_�`_�iheyjbaZpbhggh]h�jZag_k_gby�h]jZgbq_gh��

<f_kl_�k�l_f��gZ�l_ogheh]bx�0,02�g_�gZdeZ^u\Zxl�

ky�g_ihkj_^kl\_ggh�h]jZgbq_gby�ih�qZklhlghfm�^bZiZ�

ahgm�� H^gZdh�� hp_gb\Zy� \hafh`ghklb� b� i_jki_dlb\u�

ijbf_g_gby� 0,02� \�>DF<� ^bZiZahg_�� ke_^m_l� mqblu�

\Zlv� hkh[_gghklb� ljZkk� jZkijhkljZg_gby� jZ^bh\heg�

^Zgguo�qZklhl���

DZd�ba\_klgh� >��� �@��>DF<�jZ^bhk\yav�gZ� agZqbl_ev�

gu_� jZkklhygby� hkms_kl\ey_lky� ih� h^gh�� beb� fgh]h�

kdZqdh\uf� bhghkn_jguf� ljZkkZf�� Z� gZ� hlghkbl_evgh�

g_[hevrb_� jZkklhygby� ±� ih� bhghkn_jguf� ljZkkZf� a_�

gblgh]h� baemq_gby� beb� a_fghc� \heghc�� <� ihke_^g_f�

kemqZ_�^Zevghklv�k\yab�g_\_ebdZ��h^gZdh��ijb�^_kljmd�

pbb�bhghkn_ju�\�j_amevlZl_�[h_\uo�^_ckl\bc�wlhl�\Z�

jbZgl�fh`_l�hdZaZlvky�_^bgkl\_ggh�^hklmiguf��Ke_^m�

_l�hlf_lblv��qlh�\�j_Zevguo�mkeh\byo�jZ[hlu�\hafh`_g�

b� qZklh� gZ[ex^Z_lky� ijb_f� ©iZjZablgh]hª� a_gblgh]h�

eb[h�ijba_fgh]h�baemq_gby��

K� mq_lhf� hkgh\guo� h[klhyl_evkl\�� ljZkku� jZkijh�

kljZg_gby�oZjZdl_jbamxlky�>�@�g_klZpbhgZjghklvx��\\b�

^m� g_klZpbhgZjgh]h� oZjZdl_jZ� we_dljhnbabq_kdbo� oZ�

jZdl_jbklbd�bhghkn_ju���\hagbdgh\_gb_f�fgh]hemq_\h�

klb� �\\b^m�gZebqby� hljZ`_gbc� hl� jZaebqguo�keh_\� bh�

ghkn_ju�beb�gZeh`_gbb�\heg�jZaebqguo�ljZkk��b�kms_�

kl\_gguf� baf_g_gb_f� \b^Z� b� oZjZdl_jbklbd�iheyjbaZ�

pbb� �aZ�kq_l� \jZs_gby�iehkdhklb� iheyjbaZpbb�ijb� hl�

jZ`_gbb�hl�kehz\�bhghkn_ju��kmi_jihabpbb�jZaebqguo��

ghjfZevguo� b� ZghfZevguo� hljZ`_gguo� \heg� b� l�i����

ijbq_f� jZaebqgu_� emqb� oZjZdl_jbamxlky� kms_kl\_ggh�

jZaebqgufb� agZq_gbyfb� \j_f_gb� aZ^_j`db� b� oZjZdl_�

jbklbdZfb�^_iheyjbaZpbb��

K� mq_lhf� ihke_^g_]h�� Z� lZd`_� him[ebdh\Zgguo� j_�

amevlZlh\�wdki_jbf_glZevguo�bkke_^h\Zgbc� >�@��^_dhj�

j_eypby� ijb� bkihevah\Zgbb� jZaebqguo� \b^h\� iheyjb�

aZpbb� ^ey� jZaebqguo� iZjpbZevguo� dZgZeh\� jZkijh�

kljZg_gby� ij_^klZ\ey_lky� ^hklZlhqgh� kms_kl\_gghc��

qlh� \� k\hx� hq_j_^v� h[mkeh\eb\Z_l� i_jki_dlb\ghklv�

bkihevah\Zgby�\�^Zgghf�kemqZ_�0,02�k�iheyjbaZpbhg�

guf� b� dhf[bgbjh\Zgguf� �ijhkljZgkl\_ggh�iheyjbaZ�

pbhgguf��jZag_k_gb_f��

Ijb� wlhf�fh`_l� [ulv� h[_ki_q_gZ� ]b[dhklv� kbkl_f�

guo� j_r_gbc�� \� dZq_kl\_� i_j_^Zxsbo� b� ijb_fguo� Zg�

l_gguo�kbkl_f�fh]ml�bkihevah\Zlvky�\�jZaebqguo�khq_�

lZgbyo� h^bghqgu_� \b[jZlhju�� [b�� b� ljbhjlh]hgZevgu_�

baemqZl_eb� >�����@��kbkl_fu�ba�g_kdhevdbo�jZag_k_gguo�

\� ijhkljZgkl\_� ih^h[guo� baemqZl_e_c�� dhevp_\u_� j_�

r_ldb�b�l�i��<�aZ\bkbfhklb�hl�gZagZq_gby�b�lZdlbq_kdbo�

hkh[_gghkl_c� dhgdj_lgh]h� dhfie_dkZ�� klZpbhgZjguc�

^ey� jZ^bhp_gljZ�� klZpbhgZjguc� ^ey� h]jZgbq_gghc�

iehsZ^db��[hjlh\hc��[ukljh� jZa\hjZqb\Z_fuc� b� l�i�� ±�

fh`_l�[ulv�\u[jZg�gZb[he__�ijb_fe_fuc�\ZjbZgl��

Mdjmig_ggZy�ko_fZ�njZ]f_glZ�jZ^bhebgbb��bkihev�

amxs_c�l_ogheh]bx�0,02��ijb\_^_gZ�gZ�jbk������

JZ[hqbc� kb]gZe� hl� i_j_^Zxs_c� qZklb� hdhg_qgh]h�

fh^_fgh]h� h[hjm^h\Zgby�ihklmiZ_l� gZ� \oh^�pbnjh\hc�

i_j_^Zxs_c� dZgZehh[jZamxs_c� kbkl_fu� �DHK� IJ>���

dhlhjZy� ih� khhl\_lkl\mxs_fm� Ze]hjblfm� dh^bjm_l� bg�

nhjfZpbx� ^ey� i_j_^Zqb� b�nhjfbjm_l� ZgkZf[ev� ba�P�

�ih�qbkem�i_j_^Zlqbdh\��iZjpbZevguo�kb]gZeh\�0,02���

�

Jbk������Mdjmig_ggZy�ko_fZ�njZ]f_glZ�jZ^bhebgbb�k�0,02�

K� \uoh^h\� DHK� IJ>� kb]gZeu� ihklmiZxl� gZ� \oh^u�

i_j_^Zlqbdh\� �IJ>��� Z� k� bo� \uoh^h\� ±� gZ� \oh^u��

P�\oh^h\hc�i_j_^Zxs_c�Zgl_gghc�kbkl_fu� �:K�IJ>��b�

baemqZxlky���

Ijbgylu_� Q�\oh^h\hc� ijb_fghc� Zgl_gghc� kbkl_fhc�

�:K� IJF�� kb]gZeu� ihklmiZxl� gZ� \oh^u� ijb_fgbdh\�

�IJF���Z� k� bo� \uoh^h\� ±�gZ� \oh^u�pbnjh\hc�ijb_fghc�

dZgZehh[jZamxs_c�kbkl_fu� �DHK�IJF���dhlhjZy�ih�kh�

hl\_lkl\mxs_fm� Ze]hjblfm� ^_dh^bjm_l� bgnhjfZpbx� b�

\hkklZgZ\eb\Z_l�jZ[hqbc�kb]gZe��

<u[hj�kihkh[Z�dh^bjh\Zgby�^_dh^bjh\Zgby�kb]gZeh\�

^he`_g�[ulv�l_fhc�hl^_evgh]h�jZkkfhlj_gby��

:gl_ggu_�kbkl_fu�:K�IJ>�b�:K�IJF�� dZd�[ueh�hl�

f_q_gh�\ur_��fh]ml�ij_^klZ\eylv�kh[hc�dhfie_dku�jZa�

ebqguo� Zgl_gguo� mkljhckl\�� j_Zebamxsb_� ijhkljZgkl�

\_ggh_�� iheyjbaZpbhggh_� beb� dhf[bgbjh\Zggh_� jZag_�

k_gb_��

Kh\hdmighklv�:K�IJ>��:K�IJF� b� ZgkZf[ey� iZjpb�

Zevguo� dZgZeh\� jZkijhkljZg_gby� \� ^Zevg_cr_f� bf__l�

kfuke�jZkkfZljb\Zlv�dZd�g_dbc�_^bguc�dZgZe�0,02���

>_ckl\bl_evgh��iheZ]Zy��qlh�f_`^m�dZ`^hc�iZjhc�Zg�

l_gg� kms_kl\m_l� iZjpbZevguc� ^\moemq_\hc� dZgZe��

�jbk������fh`_f�jZkkfZljb\Zlv�dZgZe�0,02�gZ�jbk����dZd�

fgh]hihexkgbd��

�

Jbk������IZjpbZevgu_�dZgZeu�\�khklZ\_�dZgZeZ�0,02�

Emqb� \� khklZ\_� dZgZeZ�� \hh[s_� ]h\hjy�� hlebqZxlky�

\_ebqbghc� aZ^_j`db� b� \b^hf� iheyjbaZpbb� [eZ]h^Zjy�

wnn_dlZf� \jZs_gby� iehkdhklb� iheyjbaZpbb� ijb� hljZ�

`_gbb� kehyfb� bhghkn_ju�� kmi_jihabpbb� jZaebqguo��

ghjfZevguo�b�ZghfZevguo�hljZ`_gguo� �\heg��kmi_jih�

abpbb� \heg�� ijbr_^rbo� ih� jZaebqguf� ljZkkZf� �gZijb�

f_j�� dhf[bgbjh\Zgguc� lbi� dZgZeZ�� \� dhlhjhf� jZkijh�

kljZgy_lky�a_fgZy�b�ijhkljZgkl\_ggZy�\hegZ��b�l�i��

<�dhg_qghf�blh]_��\�j_amevlZl_�lZdh]h�ih^oh^Z�dZgZe�

0,02� fh`_l� [ulv� hibkZg� ijyfhm]hevghc� dZgZevghc�
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fZljbp_c� + �jZaf_jhf� P Qu �� \� dhlhjhc� dZ`^uc� we_�

f_gl� �P QK �ij_^klZ\ey_l� kh[hc� dhfie_dkguc� dhwnnbpb�

_gl�i_j_^Zqb�\�iZjpbZevghf�dZgZe_��

<�kemqZ_�dZgZeZ�0,02��o��k�iheyjbaZpbhgguf�jZa�

g_k_gb_f� dZgZevgmx�fZljbpm�fh`gh�ij_^klZ\blv�\�\b�
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]^_� � �[[ \\ ]]K K K �±�dhfie_dkgu_�dhwnnbpb_glu�i_j_^Zqb�\�

dZgZeZo� k� h^bgZdh\hc�iheyjbaZpb_c�� Z�ijhqb_� ij_^klZ\�

eyxl� kh[hc� dhwnnbpb_glu� i_j_^Zqb� \� djhkk�iheyjbaZ�

pbhgguo�dZgZeZo��H[uqgh�ihke_^gbc�lbi�jZkijhkljZg_gby�

kqblZ_lky� iZjZablguf� b� g_`_eZl_evguf�� <� b^_Zevghf�

kemqZ_�dZgZevgZy�fZljbpZ�^he`gZ�[ulv�_^bgbqghc��

Ihke_� hij_^_e_gby� dZgZevghc�fZljbpu�klZgh\blky�

\hafh`ghc� ke_^mxsZy� hp_gdZ� dZq_kl\Z� dZgZeZ� �kdhjh�

klb�i_j_^Zqb��0,02�>��@��
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5; 7; 7; 5;
, = += 5= + = �� �����

]^_� 1' �±�fhsghklv�rmfZ��
5; 7;
= �= �±� \aZbfguc� bfi_�

^Zgk� ijb_fghc� b� i_j_^Zxs_c� Zgl_gg� khhl\_lkl\_ggh��

+ �±� fZljbpZ� dZgZevguo� dhwnnbpb_glh\�� 5 �±� dhjj_�

eypbhggZy� fZljbpZ� \oh^gh]h� kb]gZeZ�� kbf\hehf� �+��

h[hagZq_gZ�hi_jZpby�wjfblh\h]h�khijy`_gby��

Kdhjhklv� i_j_^Zqb� \� dZgZe_� h]jZgbqb\Z_lky� g_�

lhevdh� dZgZevghc�fZljbp_c�b�hlghr_gb_f�kb]gZe�rmf��

gh� b� \aZbfguf� bfi_^Zgkhf� ijb_fguo� b� i_j_^Zxsbo�

Zgl_gg��DZd�b�\�kemqZ_�k�dZgZevghc�fZljbp_c��b^_Zev�

guf� [ueh� [u� hlkmlkl\b_� \aZbfh\ebygby� \� Zgl_gguo�

kbkl_fZo��Ijb� ijhkljZgkl\_gghf� \b^_� jZag_k_gby� kb]�

gZeh\� wlh�^hklb]Z_lky� m\_ebq_gb_f� jZkklhygby�f_`^m�

we_f_glZfb� kbkl_fu�� \� kemqZ_� `_� iheyjbaZpbhggh]h�

jZag_k_gby� g_h[oh^bf� mqzl� \ebygby� hihj� b� ih^klb�

eZxs_c� ih\_joghklb�� ihkdhevdm� ihke_^gb_� kihkh[gu�

agZqbl_evgh� bkdZablv� \aZbfguc� bfi_^Zgk� b�� dZd� ke_^�

kl\b_��mom^rblv�djhkk�iheyjbaZpbhggmx�jZa\yadm��

<�ebl_jZlmj_�hp_gdZ�\ebygby�\aZbfgh]h�bfi_^ZgkZ�

Zgl_gg�gZ�kdhjhklv�i_j_^Zqb�ijh\_^_gZ�ebrv�^ey�kem�

qZ_\�k�ijhkljZgkl\_gguf�jZa^_e_gb_f�kb]gZeZ��<�dhg�

l_dkl_� ^Zgghc� jZ[hlu� _z� ke_^m_l� ^hihegblv� hp_gdhc�

^ey�iheyjbaZpbhggh]h�b�kf_rZggh]h�lbiZ�jZag_k_gby��

K� ijZdlbq_kdhc� lhqdb� aj_gby� bgl_j_kgZ� g_� lhevdh�

fZdkbfZevgZy� kdhjhklv� i_j_^Zqb� bgnhjfZpbb�� gh� b�

\_jhylghklv�� k� dhlhjhc� dZgZe� kfh`_l� _z� h[_ki_qblv��

H[uqgh�ij_^iheZ]Z_lky��qlh�dhwnnbpb_glu�i_j_^Zqb�\�

dZgZe_�fh]ml�[ulv� hibkZgu�kemqZcgufb� \_ebqbgZfb� k�

]Zmkkh\uf� jZkij_^_e_gb_f��Lh]^Z�� \�ij_^iheh`_gbb� h�

g_aZ\bkbfhklb� dhwnnbpb_glh\� i_j_^Zqb� b� jZ\_gkl\_�

dhwnnbpb_glh\�i_j_^Zqb�\�djhkk�iheyjbaZpbhgguo� dZ�

gZeZo� g_dhlhjhfm� agZq_gbx� ; �� fh`gh� ihemqblv� ke_�

^mxsmx�nmgdpbx�jZkij_^_e_gby�>��@��

� �� � �� � �� �\ \;) \ H H� � � � �� �����

<_jhylghklv� kgb`_gby� j_Zebam_fhc� kdhjhklb� i_j_�

^Zqb�gb`_�mklZgh\e_ggh]h�ihjh]h\h]h�agZq_gby� 6 �fh`�

gh�hp_gblv�ke_^mxsbf�h[jZahf��

�

� � � �3 & 6 : \ G\

K

�  ³ �� �����

]^_� � �: \ �±�iehlghklv�\_jhylghklb�kemqZcghc�\_ebqbgu��

ihkljh_gghc� gZ^� fZljbp_c� dZgZevguo� dhwnnbpb_glh\��

K �±� agZq_gb_� dhwnnbpb_glZ� i_j_^Zqb�� ijb� dhlhjhf�

^hklb]Z_lky� 6 �\������

<�khklZ\_�:K�IJ>�b�:K�IJF��\� aZ\bkbfhklb�hl�gZ�

agZq_gby� h[hjm^h\Zgby� b� dhgdj_lguo� lj_[h\Zgbc� d� g_�

fm��fh]ml�ijbf_gylvky�kZfu_�jZaebqgu_�Zgl_ggu�b�Zg�

l_ggu_� j_r_ldb�� H^gZdh�� ijbf_gbl_evgh� d� Zgl_ggZf�

>DF<� ^bZiZahgZ�� ke_^m_l� hlf_lblv� ^\Z� kms_kl\_gguo�

fhf_glZ��<h�i_j\uo�� dhgkljmdpbb� baemqZl_e_c� b� Zgl_g�

guo� kbkl_f� gZ� bo� hkgh\_� lZdh\u�� qlh�� dZd� ijZ\beh�� Zg�

l_ggu� fh]ml� k� \ukhdhc� kl_i_gvx� lhqghklb� fh^_ebjh�

\Zlvky� dZd� ijh\hehqgu_� kljmdlmju� >��@�� <h�\lhjuo�� \�

h[yaZl_evghf� ihjy^d_� ^he`gh� [ulv� mql_gh� \ebygb_�

a_feb�� ijbq_f� dZd� gZ� oZjZdl_jbklbdb� gZijZ\e_gghklb�

Zgl_gguo�kbkl_f��lZd�b�gZ�bfi_^Zgk�Zgl_gg��Ihke_^g__�

khh[jZ`_gb_�hkh[_ggh�kms_kl\_ggh�ijb�bkihevah\Zgbb�

[b�� b� ljbhjlh]hgZevguo� baemqZl_e_c� >��� ��@�� ihkdhevdm�

\ebygb_�a_feb�gZ�djhkkiheyjbaZpbhggu_�oZjZdl_jbklb�

db� \_kvfZ� agZqbl_evgh� b� _]h� b]ghjbjh\Zgb_� g_ba[_`gh�

ijb\_^_l� d� ]jm[uf� hrb[dZf� ijb� jZkq_l_�
5; 7;
= �= �\�

nhjfme_������

Mqzl� ijh\h^gbdh\� \� khklZ\_� baemqZxsbo� kbkl_f��

ih^klbeZxs_c� ih\_joghklb� b� hihj� Zgl_gguo� kbkl_f�

^he`_g� \uihegylvky� imlzf� we_dljh^bgZfbq_kdh]h� ZgZ�

ebaZ��Ihkdhevdm��dZd�m`_�[ueh�hlf_q_gh�\ur_��Zgl_ggu�

\� ^Zgghf� kemqZ_� � hibku\Zxlky� ijh\hehqgufb�fh^_ey�

fb��\�dZq_kl\_�f_lh^Z�we_dljh^bgZfbq_kdh]h�fh^_ebjh�

\Zgby�ij_^iheZ]Z_lky�bkihevah\Zlv�f_lh^��hkgh\Zgguc�

gZ�bgl_]jZevghf�mjZ\g_gbb�Nj_^]hevfZ���]h�jh^Z��bf_�

xs_f�\b^�>��@��

� � �

�
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]^_�
�� � �. O O �±� y^jh� bgl_]jZevgh]h� mjZ\g_gby��

�� � �, O O �±�

lhd��Z� � � �( O �±�gZijy`zgghklv�we_dljhfZ]gblgh]h�ihey��

<�dZq_kl\_�dhglmjZ��gZ�dhlhjhf�ehdZebah\Zgu�ebg_c�

gu_� lhdb�� \� ����nb]mjbjm_l� \ky� kh\hdmighklv� ijh\h^gb�

dh\�ZgZebabjm_fhc�kbkl_fu�� l�_��\�gZr_f�kemqZ_� ±�\k_�

ijh\h^gbdb��\oh^ysb_�\�:K�IJF�beb�:K�IJ>��

MjZ\g_gb_�����h[uqgh�j_rZ_lky�\�lhgdhijh\hehqghf�

ijb[eb`_gbb� f_lh^hf� ;m[gh\Z�=Ze_jdbgZ� \� dmkhqgh�

kbgmkhb^Zevghf�[Zabk_�>��@��
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J_r_gb_f�^Zggh]h�mjZ\g_gby�y\ey_lky�jZkij_^_e_�

gb_� gZijy`zgghklb� we_dljbq_kdh]h� ihey� �(��� dhlhjh_�

k\yaZgh� k� lhdZfb� \�\b[jZlhjZo� �,�� kbkl_fhc� mjZ\g_gbc�

Dbjo]hnZ��

 ( =, �� �����

Ihemq_gguc� lZdbf� h[jZahf� \aZbfguc� bfi_^Zgk� =�

fh`_l�[ulv�bkihevah\Zg�^ey�hp_gdb�dZq_kl\Z�dZgZeZ������

>ey� j_ZebaZpbb� f_lh^bdb� kha^Zgby� kh\j_f_gguo�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

dhfie_dkh\�>DF<�jZ^bhk\yab�k�ijbf_g_gb_f� l_ogheh�

]bb� 0,02� Z� lZd`_� ^ey� hp_gdb� ^hklb`bfuo� oZjZdl_jb�

klbd� 0,02� dZgZeZ� ij_^iheZ]Z_lky� bkihevah\Zlv� ijh�

]jZffguc� dhfie_dk� 6$0$17�� jZajZ[hlZgguc� \� H:H�

©Dhgp_jg� ©:\lhfZlbdZª� >��@��H^gZdh�� _]h� \hafh`ghklb�

^he`gu� [ulv� jZkrbj_gu� k� p_evx� mq_lZ� \ebygby� ih^�

klbeZxs_c� ih\_joghklb� gZ� oZjZdl_jbklbdb� bfi_^ZgkZ�

Zgl_gguo� kbkl_f�� Kms_kl\m_l� g_kdhevdh� \hafh`guo�

iml_c� j_r_gby� mdZaZgghc� ijh[e_fu�� I_j\uc� ba� gbo�

aZdexqZ_lky�\�kh\_jr_gkl\h\Zgbb�f_lh^Z�\dexq_gb_f�

g_dh_]h� ^hihegbl_evgh]h� �wd\b\Ze_glgh]h�� bklhqgbdZ��

hibku\Zxs_]h� \ebygb_� a_feb� k� dhg_qghc� we_dljhijh�

\h^ghklvx��<lhjhc� imlv� khklhbl� \� mqzl_� we_dljhnbab�

q_kdbo� k\hckl\� ih^klbeZxs_c� ih\_joghklb� \� \b^_� k_�

lhqghc� kljmdlmju� \� jZfdZo� ij_`g_c� we_dljh^bgZfbq_�

kdhc�fh^_eb��

<�blh]_�j_r_gby�we_dljh^bgZfbq_kdhc� aZ^Zqb�fh`�

gh� hij_^_eblv�fZljbpu�
5; 7;
= � = b�+ �� k� mq_lhf� dhlh�

juo� fh]ml� [ulv� \uiheg_gu� g_h[oh^bfu_� jZkq_lu� ih�

nhjfmeZf� ���� ±� �����b�ih�bo�j_amevlZlZf� �hkms_kl\e_g�

\u[hj� \ZjbZglh\� ^ey� jZaebqguo� dhfie_dkh\� ih� djbl_�

jbx�keh`ghklv�wnn_dl��

Ijbf_g_gb_� hibkZgguo� ih^oh^h\� b�f_lh^bd� hldju�

\Z_l�\hafh`ghklb�kha^Zgby�gh\uo��[he__�kh\_jr_gguo�

dhfie_dkh\�>DF<�jZ^bhk\yab��dhlhju_�[m^ml�bkihevah�

\Zlv� l_ogheh]bb� 0,02�� qlh� iha\hebl� m\_ebqblv� kdh�

jhklv� i_j_^Zqb� bgnhjfZpbb�� gZ^_`ghklv�� klhcdhklv� b�

ihf_ohaZsbs_gghklv�>DF<�jZ^bhk\yab��

Ebl_jZlmjZ�

���=heh\bg�H�<���Ijhklh\�K�I��Kbkl_fu�b�mkljhckl\Z�

dhjhldh\hegh\hc� jZ^bhk\yab� �� Ih^� j_^�� ijhn_kkhjZ�

H�<��=heh\bgZ��±�F���=hjyqZy�ebgby�±�L_e_dhf��������

���Fbgdbg�F�:�� Ijh[e_fu� b� i_jki_dlb\u� fh^_jgb�

aZpbb� b� jZa\blby� kbkl_f� >DF<� jZ^bhk\yab���� <_klgbd�

KHGBBJ����������������K��������

���;mah\� :�E��� KmoZj_\� :�K�� <hijhku� kha^Zgby� mgb�

\_jkZevguo� [ukljhjZa\hjZqb\Z_fuo� dhfie_dkh\� l_ogb�

q_kdbo�kj_^kl\�>DF<�jZ^bhk\yab� ���<_klgbd�KHGBBJ��±�

������±���������±�K�����

���KmoZj_\�:�K��Hp_gdZ�wnn_dlb\ghklb�ijbf_g_gby�

ijhkljZgkl\_ggh�\j_f_ggh]h� dh^bjh\Zgby� 2)'0� ^ey�
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gby�b�wnn_dlb\ghklb�Z^Zilb\gh]h�ih^Z\e_gby�iZkkb\ghc�ihf_�

ob�k� bkihevah\Zgb_f� hilbfZevguo� b� d\ZabhilbfZevguo� hp_ghd�

dhwnnbpb_glh\�dhjj_eypbb�ihf_ob��

M>D���������������������

:>:ILB<GH?�IH>:<E?GB?�I:KKB<GUO�IHF?O�

Ihih\�>�B���^�l�g���ijhn_kkhj�dZn_^ju�jZ^bhl_ogbq_kdbo�kbkl_f�JyaZgkdh]h�]hkm^Zjkl\_ggh]h�
jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ��H�PDLO��DGRS#PDLO�UX��

�

Dexq_\u_� keh\Z�� Z\lhdhfi_gkZpby�� Z^ZilZ�
pby�� Z^Zilb\gu_� j_`_dlhjgu_� nbevlju�� Ze]h�

jblfu�hp_gb\Zgby��h[mqZxsZy�\u[hjdZ��iZkkb\�

gu_�ihf_ob��lhqghklv�hp_gb\Zgby��

<\_^_gb_�

Ijb� \u^_e_gbb� jZ^bhehdZpbhgguo� kb]gZeh\�

\ukhdhc� kd\Z`ghklb� gZ� nhg_� iZkkb\guo� ihf_o�

h^ghc� ba� hkgh\guo� hi_jZpbc� y\ey_lky� ih^Z\�

e_gb_��j_`_dlbjh\Zgb_��ihf_ob��Wnn_dlb\gZy�j_ZebaZ�

pby� ^Zgghc� hi_jZpbb� aZljm^gy_lky� \� mkeh\byo� Zijbhj�

ghc� g_hij_^_e_gghklb� ki_dljZevgh�dhjj_eypbhgguo�

oZjZdl_jbklbd�ihf_ob��Z�lZd`_�bo�g_h^ghjh^ghklb�\�ah�

g_�h[ahjZ�b�g_klZpbhgZjghklb�\h�\j_f_gb��Ij_h^he_gb_�

Zijbhjghc� g_hij_^_e_gghklb� gZ� hkgh\_�f_lh^h\� Z^Zi�

lZpbb�ijb\h^bl� d�ihkljh_gbx� Z^Zilb\guo� j_`_dlhjguo�

nbevljh\� �:JN�� k� dhfie_dkgufb� \_kh\ufb� dhwnnbpb�

_glZfb� >����@��qlh�ijb�j_ZebaZpbb�^Zgguo�:JN�\�pbnjh�

\hf�\b^_�ij_^iheZ]Z_l�bkihevah\Zgb_�dhfie_dkguo�i_�

j_fgh`bl_e_c��pbnjh\uo�^\mf_jguo�nZah\jZsZl_e_c���

qbkeh� dhlhjuo� ijhihjpbhgZevgh�ihjy^dm�nbevljZ��Ijb�

wlhf� kms_kl\_ggh� mkeh`gy_lky� kljmdlmjZ�:JN�� hkh[_g�

gh�\ukhdbo�ihjy^dh\��b�ih\urZxlky�lj_[h\Zgby�d�[ukl�

jh^_ckl\bx�Zjbnf_lbq_kdbo�hi_jZpbc�^ey�\uiheg_gby�

h[jZ[hldb� \� j_Zevghf� fZkrlZ[_� \j_f_gb�� Ba[_`Zlv�

mdZaZgguo� ljm^ghkl_c� fh`gh� iml_f� ij_^\Zjbl_evghc�

dhfi_gkZpbb� ^hie_jh\kdh]h� k^\b]Z� nZau� ihf_ob�� h[m�

keh\e_ggh]h� \aZbfguf� i_j_f_s_gb_f� bklhqgbdZ� f_�

rZxsbo�hljZ`_gbc�b�ghkbl_ey�jZ^bhehdZlhjZ��<�jZ[hl_�

>�@�kbgl_abjh\Zgu�Ze]hjblfu�hp_gb\Zgby�b�ij_^eh`_gu�

ijbgpbiu�ihkljh_gby�b�kljmdlmjgu_�ko_fu�Z\lhdhfi_g�

kZlhjh\�^hie_jh\kdhc�nZau�iZkkb\guo�ihf_o��J_`_dlb�

jh\Zgb_� ©hklZgh\e_gghcª� ihf_ob� l_i_jv� fh`_l� [ulv�

hkms_kl\e_gh�nbevljhf� k� ^_ckl\bl_evgufb� \_kh\ufb�

dhwnnbpb_glZfb�� Z^Zilbjmxsbfbky� d� dhjj_eypbhgguf�

k\hckl\Zf� ihf_ob� gZ� \uoh^_� Z\lhdhfi_gkZlhjZ� >���@��

Ij_^klZ\eyxl� bgl_j_k� kbgl_a� hilbfZevgh]h� b�ihkljh_�

gb_� gZ� _]h� hkgh\_� d\ZabhilbfZevgh]h� �mijhs_ggh]h��

Ze]hjblfh\� hp_gb\Zgby� b� baf_jbl_e_c� dhwnnbpb_glh\�

f_`i_jbh^ghc� dhjj_eypbb� ihf_ob� gZ� \uoh^_� Z\lhdhf�

i_gkZlhjZ��Z� lZd`_�ZgZeba�wnn_dlb\ghklb�:JN�\� aZ\b�

kbfhklb�hl�\u[hjZ�Ze]hjblfZ�hp_gb\Zgby�b�baf_jbl_ey�

dhwnnbpb_glh\�dhjj_eypbb�ihf_ob��h[t_fZ�h[mqZxs_c�

\u[hjdb�b�dhjj_eypbhgguo�k\hckl\�ihf_ob��

Nmgdpby�ijZ\^hih^h[by�

<� Z\lhdhfi_gkZlhj_� ^hie_jh\kdhc� nZau� iZkkb\ghc�

ihf_ob� bkoh^gu_� pbnjh\u_� hlkq_lu� LMO MO MO8 [ \ �  �

�L� �
H

M

MO
X

M M� ��]^_� M� b� O� ±� ghf_jZ� i_jbh^Z� ih\lhj_gby� b�

we_f_glZ�jZaj_r_gby�ih�^Zevghklb�khhl\_lkl\_ggh��M �±�

^hie_jh\kdbc� k^\b]�nZau� ihf_ob� aZ� i_jbh^� ih\lhj_gby�

7�� �M �±� gZqZevgZy�nZaZ�� dhfie_dkghc� h]b[Zxs_c� \oh^�

guo�^Zgguo�ih^\_j]Zxlky�^\mf_jghfm�ih\hjhlm�gZ�m]he�

ÖMM� �>�@��Ijb� wlhf� gZ� \uoh^_� Z\lhdhfi_gkZlhjZ� h[jZam�

xlky� hlkq_lu�
Ö ÖL L � �

H H
M M

MO MO MO
8 8 X

M M M� �  � �� g_� kh^_j`Zsb_�

k� lhqghklvx� ^h� ih]j_rghklb� Z\lhdhfi_gkZpbb�

ÖM M M'  � �^hie_jh\kdbo�k^\b]h\�nZau�ihf_ob��AZl_f�\�

:JN�k�^_ckl\bl_evgufb�\_kh\ufb�dhwnnbpb_glZfb�P�]h�

ihjy^dZ�ijhba\h^blky�f_`i_jbh^gZy�h[jZ[hldZ�ihke_^h�

\Zl_evghklb� �P � �pbnjh\uo� hlkq_lh\�
MO

8� �� �� �M P � ��

ke_^mxsbo� q_j_a� i_jbh^� ih\lhj_gby�7� b� h[jZamxsbo� \��

O�f� we_f_gl_� jZaj_r_gby� ih� ^Zevghklb� \_dlhj�klhe[_p�
l l

� ���
^ ` ^ ����� � `

O MO O P O
8 8 8 �  8� � � � �� �� �O Q � ��

IZkkb\gZy� ihf_oZ�� kha^Z\Z_fZy� hljZ`_gbyfb� hl�

ijhly`_gguo� h[t_dlh\�� jZkiheZ]Z_lky� \h� \j_f_gghf�

kljh[_� b� h[jZam_l� \� ij_^_eZo� Q��� kf_`guo� we_f_glh\�

jZaj_r_gby� ih� ^Zevghklb� h[mqZxsmx� \u[hjdm� \� \b^_�

kh\hdmighklb�
� �

^ ` ^ ����� � `
O Q�  8 8 8 8� � � � �� LZd� dZd� Z^Zilb\�

gZy�h[jZ[hldZ�gZ�hkgh\_�ihklmiZxsbo�hp_ghd�hkms_kl�

\ey_lky� ihke_� ij_^\Zjbl_evghc� aZ^_j`db� bkoh^guo�

^Zgguo�^ey�kj_^g_]h�we_f_glZ�jZaj_r_gby�\�kljh[_�>��

�@�� lh�p_e_khh[jZagh� khhl\_lkl\mxsbc� wlhfm� we_f_glm�

\_dlhj�
O
8� �� � � �O Q � ��bkdexqblv�ba�h[mqZxs_c�\u[hj�

db��Lh]^Z�\�kemqZ_�kb]gZeZ��khbaf_jbfh]h�ih�\_ebqbg_�k�

ihf_ohc��beb�jZaju\ghc�ihf_ob�ijb�h[jZ[hld_�we_f_g�

lZ� jZaj_r_gby�� kh^_j`Zs_]h� kb]gZe�� bkdexqZ_lky� \ha�

fh`ghklv� hkeZ[e_gby� beb� ih^Z\e_gby� kb]gZeZ� aZ� kq_l�

_]h�\ebygby�gZ�bkihevam_fu_�hp_gdb��

IZkkb\gZy�ihf_oZ�� dZd�ijZ\beh��kha^Z_lky�fgh`_kl�

\_ggufb� hljZ`Zl_eyfb� b�ihwlhfm� y\ey_lky� kemqZcguf�

madhihehkguf� ijhp_kkhf� ]Zmkkh\kdh]h� lbiZ�� Ihf_oZ� \�

jZaebqguo� we_f_glZo� jZaj_r_gby� ih� ^Zevghklb� \\b^m�

iheghc�kf_gu�we_f_glZjguo�hljZ`Zl_e_c�y\ey_lky�klZ�

lbklbq_kdb� g_aZ\bkbfhc�� AZf_lbf�� qlh� klZlbklbq_kdb_�

k\hckl\Z� iZkkb\ghc� ihf_ob� khojZgyxlky� b� ihke_� Z\lh�

dhfi_gkZpbb�__�^hie_jh\kdbo�k^\b]h\�nZau��
IheZ]Z_f� ihf_om� \� ij_^_eZo� jZkkfZljb\Z_fh]h� \j_�

f_ggh]h�kljh[Z�h^ghjh^ghc��Ijb�wlhf�\�dZ`^hf�we_f_gl_�

jZaj_r_gby� ih� ^Zevghklb� ^Zggh]h� kljh[Z� ihf_oZ� hibku�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

\Z_lky�dhjj_eypbhgghc�fZljbp_c�
l � �

O O O


  5 8 8 5� � ��IZ�

jZf_lju� dhjj_eypbhgghc� fZljbpu� 5 �Zijbhjb� g_ba�

\_klgu� b� y\eyxlky� ij_^f_lhf� hp_gb\Zgby� \� aZ^ZqZo�

Z^Zilb\gh]h� j_`_dlbjh\Zgby�iZkkb\guo�ihf_o��AZ\bkb�

fhklv� \uoh^guo� hlkq_lh\� Z\lhdhfi_gkZlhjZ� \� \b^_� kh�

\hdmighklb�
� �

^ ` ^ ����� `
O Q�  8 8 8 8� � � � �hl� fZljbpu� 5 �hib�

ku\Z_lky�nmgdpb_c�ijZ\^hih^h[by��NI��

�
� �� l �

�

�
�

�
� � � �� � GHW 5H[S

�

Q
P Q Q

O O
O

Q
O

3 S
�

� � � 
 �

 

z �

§ ·
¨ ¸
¨ ¸ �
¨ ¸
¨ ¸¨ ¸
© ¹

¦8 5 8 5 8� � � ��� ����

]^_�
��

5 �±�fZljbpZ��h[jZlgZy�5 ��we_f_glu�dhlhjhc�ijb�

kbff_ljbqghf� ki_dlj_� ihf_ob�
L� �
H

M N

MN M N MN
5

MV V U � ' � �
�

r MN
V G� ��

� �

iL LV V ��
�

rV �±�^bki_jkbb� iZkkb\ghc� ihf_ob� b�

kh[kl\_ggh]h� rmfZ� ijb_fgh]h� mkljhckl\Z�� MNU �±� dhwn�

nbpb_glu�f_`i_jbh^ghc�dhjj_eypbb�ihf_ob�� MNG �±�kbf�

\he�Djhg_d_jZ��

KlZpbhgZjghklv�kljmdlmju�fZljbpu�5 ��y\eyxs_cky�

wjfblh\hc� b� l_iebp_\hc�� iha\hey_l� h]jZgbqblvky� hp_�

gb\Zgb_f� dhwnnbpb_glh\� dhjj_eypbb� �NU �� ��N P ���

khhl\_lkl\mxsbo� i_j\hc� kljhd_� fZljbpu� 5 �� qlh� ijb�

�P t �khhl\_lkl\m_l� qbkem� hp_gb\Z_fuo� dhwnnbpb_g�

lh\� dhjj_eypbb�� g_h[oh^bfuo� ^ey� Z^ZilZpbb� \_kh\uo�

dhwnnbpb_glh\� :JN�� jZ\ghfm� �P � �>��� �@�� >ey� hp_�

gb\Zgby� dZ`^h]h� dhwnnbpb_glZ� �NU �g_h[oh^bfu� ^Zg�

gu_�^\mo�khhl\_lkl\mxsbo�i_jbh^h\�ih\lhj_gby��Lh]^Z��

h[jZamxsb_� kh\hdmighklv� ^ `
O

 8 8� � �\_dlhju�

l

���
^ � `

O MO M N O
8 8 � � 8� � � �� �� �M P N � � �� �� �O Q � ��Ijb�wlhf�

[_a� mq_lZ� kh[kl\_ggh]h� rmfZ� ijb_fgh]h� mkljhckl\Z�

\\b^m� _]h�fZehklb� ih� kjZ\g_gbx� k� iZkkb\ghc� ihf_ohc�

�
� �

r LV V�� ��� qlh� khhl\_lkl\m_l� j_Zevghc� kblmZpbb��NI�

����ijbgbfZ_l�\b^�

� �

� �
� � � � �� � �� �

Q Q

M M N N
3 \ SV V U� �

� � � u8 .� �

L L

� � � �

� � �

�� �

� H H ��
H[S

��� �

N N N N

M M NN M M N

9 9 DD
\ \U

V VU V V

� 


� � � �

­ ½§ ·�° °
u � �¨ ¸® ¾¨ ¸�° °© ¹¯ ¿

��

]^_�
� �

� �
^ � � `

N M M N
U V V � � . �±� \_dlhj� bkdhfuo� iZjZf_ljh\�

ihf_ob�� � ��N\ I � ' ��

� ���
�

�
�

Q

N MO M N O
O

Q
O

9 8 8



� �
 

z �

 ¦ � � ���

�

�
�

�
�

_ _
Q

MO
O

Q
O

D 8
 

z �

 ¦ � ��
�

���
�

�
�

_ _
Q

N M N O
O

Q
O

D 8 � �
 

z �

 ¦ � ��

NZah\uc�k^\b]�\ �\�^Zgghf�kemqZ_�y\ey_lky�g_bgnhj�

fZpbhgguf� �f_rZxsbf�� iZjZf_ljhf�� dhlhjuc� ih^e_`bl�

bkdexq_gbx�ba�NI��DeZkkbq_kdh_�j_r_gb_�wlhc�ijh[e_fu�

khklhbl�\�mkj_^g_gbb�NI�ih�\ ��>jm]h_�j_r_gb_�hkgh\u�

\Z_lky�gZ�fZdkbfbaZpbb�NI�ih�\ ��Mqblu\Zy��qlh�

L L

� � � �H H � _ _FRV� DUJ �N N N N9 9 9 9\ \ \� 
�  � �� �

lh� ijb� ex[hf� . �fZdkbfmfm� NI� ih�\ �khhl\_lkl\m_l�

�FRV� DUJ � �N9\ �  �� Ijb� wlhf� mkeh\bb� iZjZf_lj�\ �bk�

dexqZ_lky�ba�NI��

� �

� �
� � � �� � �� �

Q Q

M M N N
3 SV V U� �

� � � u8 .� �

� � �

� � �

�� �

_ _�
H[S

� � �

N N N

M M NN M M N

9 DDU

V VU V V� � � �

­ ½§ ·° °
u � �¨ ¸® ¾¨ ¸�° °© ¹¯ ¿

��

AZf_lbf��qlh�ijb�mkj_^g_gbb�NI�ih�\ ��ijb\h^ys_f�

d�fh^bnbpbjh\Zgghc�nmgdpbb�;_kk_ey�gme_\h]h�ihjy^�

dZ��k�mq_lhf�k\hckl\� wlhc�nmgdpbb� ijb�[hevrbo� agZq_�

gbyo�Zj]mf_glZ�^hklb]Z_lky�ZgZeh]bqguc�j_amevlZl��

Kbgl_a�Ze]hjblfh\�hp_gb\Zgby�

Ijb� hp_gb\Zgbb� \_dlhjgh]h�iZjZf_ljZ�. �mjZ\g_gb_�

ijZ\^hih^h[by�bf__l�\b^�

Ö
OQ � � � �3

 
�  
.

. .

8 .� ��

]^_�
� �

� �

� �
� � � �

N M M N
U V V � �

­ ½w w w° °
�  �® ¾

w w w° °¯ ¿
.

�hi_jZlhj� ]jZ^b_g�

lZ��khhl\_lkl\mxsbc�\uqbke_gbx�qZklguo�ijhba\h^guo�

ih�dhfihg_glZf�\_dlhjZ�. ��

<�j_amevlZl_�eh]Zjbnfbjh\Zgby��^bnn_j_gpbjh\Zgby�

b�g_keh`guo�Ze]_[jZbq_kdbo�ij_h[jZah\Zgbc�ihemqbf�

� �

�

� � � �
� � �

� � � �

� � � �

�� �

�

� � �
�� �

�� �

�� � _ _OQ
� �� � ��

_ _OQ
� �� � ��

� �

_ _OQ
� �� � ��

� �

N N N
N

N N M M N M M N

N N

N

M M NM M

MO

N N N
N

M M NM N M N

9 DD3
Q

9 D3
Q

9 D3
Q

U
U

U U V V V V

U
U

V VV V

U
U

V VV V

� � � �

� �

� �� � � �

½�w ° � � � �  
w °

°
w °

 � � �  ¾
w °

°
w ° � � �  

°w ¿

�

>ZggZy�kbkl_fZ�mjZ\g_gbc�iha\hey_l�gZclb�bkdhfu_�

hp_gdb�fZdkbfZevgh]h�ijZ\^hih^h[by��HFI���Ba�kh\f_�

klgh]h�j_r_gby�mjZ\g_gbc�kbkl_fu�gZoh^bf�

� � �
Ö _ _ ��N N M M N9 QU V V � � �� ��N P ��

J_r_gb_� \lhjh]h� b� lj_lv_]h� mjZ\g_gbc� kbkl_fu� k�

mq_lhf� ihemq_ggh]h� \ujZ`_gby�^ey� �
Ö
NU �ijb\h^bl� khhl�

\_lkl\_ggh�d�hp_gdZf�

�

�
Ö � �
M

D QV  ��
�

�
Ö � �
M N N

D QV � �  ��

HdhgqZl_evgh�^ey�HFI� dhwnnbpb_glh\� dhjj_eypbb�

bf__f�

� �

� � �
Ö _ _ � �N N N9 D DU  �� ��N P � ����

:e]hjblf� hp_gb\Zgby� ���� y\ey_lky� hilbfZevguf��

Khhl\_lkl\mxsZy� kljmdlmjgZy� ko_fZ� hilbfZevgh]h� ba�

f_jbl_ey�hp_gdb� ��
ÖU �ijb\_^_gZ�gZ�jbk�����<�[ehd_�dhf�

ie_dkgh]h� khijy`_gby� � 
 �� bg\_jlbjm_lky� agZd�fgbfuo�
ijh_dpbc�aZ^_j`Zgguo�\�aZihfbgZxs_f�mkljhckl\_�AM7�

gZ�i_jbh^� ih\lhj_gby�7� dhfie_dkguo� hlkq_lh\�
MO

8� �� dh�

lhju_� aZl_f� i_j_fgh`Zxlky� k� bkoh^gufb� hlkq_lZfb�

���M O
8 �
� �\� dhfie_dkghf� i_j_fgh`bl_e_� � u� ��� <� i_j\hf� b�

\lhjhf� gZdhibl_eyo� �G�� b�G���hkms_kl\ey_lky� kdhevay�



�

�

�
���

s__�kmffbjh\Zgb_��gZdhie_gb_��ihklmiZxsbo�^Zgguo�k�

Q��� kf_`guo� we_f_glh\� jZaj_r_gby� ih� ^Zevghklb� aZ�

bkdexq_gb_f�kj_^g_]h�we_f_glZ�k�ghf_jhf� � � �O Q � ��

GZdhibl_ev�G��khklhbl�ba�^\mo� d\Z^jZlmjguo�gZdhibl_�

e_c��dZ`^uc�ba�dhlhjuo�\uiheg_g�ZgZeh]bqgh�gZdhibl_�

ex�G���<�[ehdZo�h[t_^bg_gby��;H��ijhba\h^blky�kmffb�

jh\Zgb_� d\Z^jZlh\�ijh_dpbc�� Z�ihke_^mxsb_� hi_jZpbb�

\�khhl\_lkl\bb�k�Ze]hjblfhf�����ijb\h^yl�d�\uqbke_gbx�

gZ�\uoh^_�^_ebl_ey��>��hp_gdb� ��
ÖU ��

�

Jbk�����KljmdlmjgZy�ko_fZ�hilbfZevgh]h�baf_jbl_ey��

dhwnnbpb_glZ�dhjj_eypbb�ihf_ob�

Ij_^klZ\bf� \_ebqbgm� �N9 �k� mq_lhf� ih]j_rghklb� Z\�

lhdhfi_gkZpbb� ÖM M M'  � �\�\b^_�

L � ��

� � � �

� �

_ _ H 5H L ,P

_ _ FRV>� �� @ L _ _ VLQ>� �� @

N

N N N N

N N

9 9 9 9

9 N 9 N

I

I M

� '  �  

 � ' � � '
�� �

Ijb� fZehc� \_ebqbg_� ih]j_rghklb� ÖM M M'  � �fh`gh�

mijhklblv� Ze]hjblf� ����� h]jZgbqb\Zykv� \uqbke_gb_f� ^_c�

kl\bl_evghc� ijh_dpbb� �5H N9 �b� ij_g_[j_]Zy� fgbfhc� ijh�

_dpb_c� �,P �N9 # �� iheZ]Zy�
� �

� � �
_ _ �5H � �,P �

N N N
9 9 9 � # �

�5H N9# �� D\ZabhilbfZevguc� �mijhs_gguc�� Ze]hjblf�

hp_gb\Zgby�ijbgbfZ_l�\b^�

� �

� � �
Ö 5H � �N N NU 9 D D � ��N P �� ����

]^_�
� ��� �� �

�

�
�

5H � �
Q

N MO M N O MO M N O
O

Q
O

9 [ [ \ \� � � �
 

z �

 �¦ �� KljmdlmjgZy� ko_�

fZ�d\ZabhilbfZevgh]h�baf_jbl_ey�hp_gdb� ��
ÖU �\�khhl\_l�

kl\bb�k�Ze]hjblfhf�����bah[jZ`_gZ�gZ�jbk������

�

Jbk�����KljmdlmjgZy�ko_fZ�d\ZabhilbfZevgh]h�baf_jbl_ey�

dhwnnbpb_glZ�dhjj_eypbb�ihf_ob�

DZd� \b^bf�� ih� kjZ\g_gbx� k� hilbfZevguf� baf_jbl_�

e_f�gZ�jbk����khdjZlbehkv�qbkeh�kdZeyjguo�i_j_fgh`b�

l_e_c��ih�h^ghfm�[ehdm�h[t_^bg_gby�b�[ehdm�ba\e_q_gby�

d\Z^jZlgh]h� dhjgy�� Z� lZd`_� mijhklbehkv� \uiheg_gb_�

^\modZgZevgh]h� gZdhibl_ey�� Baf_jbl_eb� hp_ghd� �
Ö
NU �b�

�
Ö
NU �hlebqZxlky� hl� jZkkfhlj_gguo� baf_jbl_e_c� \_ebqb�

ghc�aZ^_j`db�\�AM��jZ\ghc� � ��N 7� ��

:gZeba�Ze]hjblfh\�hp_gb\Zgby�

Lhqghklv� hp_gb\Zgby� aZ\bkbl� hl� dhjj_eypbhgguo�

k\hckl\� \uoh^guo� hlkq_lh\�
M

8� �Z\lhdhfi_gkZlhjZ�� hibku�

\Z_fuo�ijb�
� � �

i i iM N
V V V  �dhwnnbpb_glZfb�dhjj_eypbb�

� �

i i
Ö� H[S> L� �� �@ �

MN M N M N
8 8 8 8 M NU V M M V
 
  � � �� �� �� �

LZd�dZd�\�Z\lhdhfi_gkZlhj_�ijb�hij_^_e_gbb�hp_gdb� ÖM �

hkms_kl\ey_lky� kmffbjh\Zgb_� g_aZ\bkbfuo� ^Zgguo� k� Q�

we_f_glh\� jZaj_r_gby� ih�^Zevghklb�� lh� \aZbfgZy� dhjj_�

eypby� hp_gdb� ÖM �b� hlkq_lh\� M8 �ijZdlbq_kdb� hlkmlkl\m_l��

Lh]^Z��mqblu\Zy�ghjfZevguc� aZdhg�^\mf_jgh]h�jZkij_^_�

e_gby� hlkq_lh\� M8 �� N8 �b� Zkbfilhlbq_kdmx� ghjfZevghklv�

jZkij_^_e_gby�hp_gdb� ÖM �kh�kj_^gbf�M �b�^bki_jkb_c�
�

ÖMV ��

^ey�dhwnnbpb_glh\�dhjj_eypbb�hlkq_lh\�gZ�\uoh^_�Z\lh�

dhfi_gkZlhjZ�ihemqZ_f�

� �

Ö

ÖH[S> L� �� �@

H[S> � � � �@ �

MN MN MN

MN MN

M N

M N
I

U U M M OG

U V OG

 � � � �  

 � � �

�
�

]^_�
� �

r i�O V V �±�hlghr_gb_�rmf�ihf_oZ��
�

ÖMV �±�^bki_jkby�

hp_gdb� ÖM ��hij_^_ey_fZy�\� aZ\bkbfhklb�hl� lbiZ�Z\lhdhf�

i_gkZlhjZ�khhl\_lkl\mxsbf�\ujZ`_gb_f�jZ[hlu�>�@��

GZc^_f� oZjZdl_jbamxsmx� lhqghklv� hp_gb\Zgby� ^bk�

i_jkbx�
�

ÖUV �hilbfZevghc� hp_gdb� ��
Ö ÖU U �� <\b^m� Zkbfilh�

lbq_kdhc�wnn_dlb\ghklb�HFI� dhwnnbpb_glZ� dhjj_eypbb�

ÖU �^ey�wlhc�p_eb�bkihevam_f�\ujZ`_gb_�DjZf_jZ±JZh��\�

khhl\_lkl\bb�k�dhlhjuf��

�
� � �

Ö � �OQ �̂ � `� �O O3 8 8UV U U
�

ª º � w w
¬ ¼

� � � � �� ����

]^_�

� �

�
�

� � �

�̂ � `� �

�
�� � GHW __ __ H[S

�

O O

Q
Q Q

MN MN MO NO

O M N

3 8 8

Z 8 8

U

S U� � 


  

 

­ ½
 �® ¾

¯ ¿
¦¦

� � �

� ��
� ����

nmgdpby�ijZ\^hih^h[by�� ��U U � � �� MNZ ±�we_f_glu�fZljbpu�

__ __MNZ ��h[jZlghc�fZljbp_� __ __MNU� ��

Ihke_�khhl\_lkl\mxsbo�\uqbke_gbc�\�����ihemqbf�

� � � �� � �
Ö�

Ö � � � � �

Ö

>�� � H[S� �@>�� � @

� >�� � @ � >�� � H[S� �@Q Q

M

U

M

O U VO U
V

O U O U V

� � �� �
  

� � � � �

�

�
�� ����

DZd�\b^bf��^bki_jkby�
�

ÖUV �aZ\bkbl�hl� lhqghklb� dhfi_g�

kZpbb� ^hie_jh\kdh]h� k^\b]Z�nZau� ihf_ob�� oZjZdl_jbam_�

fhc� \_ebqbghc�
�

ÖMV �� qlh� ijb\h^bl� d� kgb`_gbx� lhqghklb�

hp_gb\Zgby�dhwnnbpb_glZ�dhjj_eypbb� U� ��

JZkkfhljbf� ih]j_rghklb� d\ZabhilbfZevghc� hp_gdb�

��
Ö ÖU U ��dhlhjZy�y\ey_lky�^_ckl\bl_evghc�ijh_dpb_c�hilb�

fZevghc�hp_gdb� dhfie_dkgh]h� dhwnnbpb_glZ� dhjj_eypbb��

l��_�� ÖÖ FRVU U M ' ��Hp_gdZ� ÖU �b�m]he� M' �y\eyxlky�kemqZc�

gufb� Zkbfilhlbq_kdb� ghjfZevgufb� kemqZcgufb� \_ebqb�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

gZfb� kh� kj_^gbfb� agZq_gbyfb� khhl\_lkl\_ggh� UU  � �b� ���

Mqblu\Zy�\ul_dZxsmx�ba�k\hckl\�h]b[Zxs_c�b�nZau�madh�

ihehkgh]h� kemqZcgh]h�ijhp_kkZ� klZlbklbq_kdmx� g_aZ\bkb�

fhklv� \_ebqbg� ÖU �b� M' �� gZc^_f�fZl_fZlbq_kdh_� h`b^Z�

gb_�hp_gdb� ÖU ��

�Ö ÖÖ FRV FRV H[S� � ��U U MU M U M V' '  � '  � ��

LZd� dZd� m]he� ÖM M M'  � �ebg_cgh� k\yaZg� k� hp_gdhc� ÖM ��

hij_^_ey_fhc� ih� kh\hdmighklb� hlkq_lh\�
���

^ � `
MO M O

8 8 �
� � ��

�� �O Q � ��lh�_]h�^bki_jkby�fh`_l�[ulv�gZc^_gZ�ih�khhl�

\_lkl\mxs_c�nmgdpbb�ijZ\^hih^h[by�k�ihfhsvx�\ujZ`_�

gby�DjZf_jZ±JZh�\�ZgZeh]bqghf�jZ[hl_�>�@�\b^_�

� �
�

�

�� �

�

U

QU
M

O
V '

� �
 �� �

LZdbf� h[jZahf�� d\ZabhilbfZevgZy� ih� Ze]hjblfm� ����

hp_gdZ�bf__l�kj_^g__�kf_s_gb_�

�

� �

�

Ö Ö H[S �
�

�� �
H[S �

�

U U U U U U

U
U

QU

MV

O

'
ª º§ ·

'  �  �  � �  « »¨ ¸¨ ¸« »© ¹¬ ¼

ª º§ ·� �
 � �« »¨ ¸

© ¹¬ ¼

�� �����

Ba� \ujZ`_gby� ���� ke_^m_l�� qlh� ijb� Qof � �U' o �b��

ke_^h\Zl_evgh�� hp_gdZ� ÖU �y\ey_lky� Zkbfilhlbq_kdb� g_�

kf_s_gghc�� h^gZdh� ijb� dhg_qghc� \_ebqbg_� Q �kf_s_gb_�

U' �hlebqgh�hl�gmey��

>bki_jkbx�
�

ÖUV �d\ZabhilbfZevghc� hp_gdb� ÖU �gZc^_f� k�

ihfhsvx�\ujZ`_gby�DjZf_jZ±JZh�^ey�kf_s_gghc�hp_gdb�

�
� � � �

Ö � ��� � � OQ �̂ � `� �U O OU U 3 8 8 U UV
�

ª º � � w' w w w
¬ ¼

� � �� �����

]^_�
� �

�̂ � `� �
O O

3 8 8 U� � �±� nmgdpby� ijZ\^hih^h[by�� ZgZeh]bq�

gZy�����ijb� UU  � ��

<�j_amevlZl_�khhl\_lkl\mxsbo�\uqbke_gbc�\� ����ih�

emqbf�

�
� � �

� �

ÖÖ � �

�� � �� �
H[S �

� �
U

U

QU QU
U

O O
V V

§ ·§ ·� � �
 � �¨ ¸¨ ¸

© ¹© ¹
��

]^_�
�

ÖUV �±� ^bki_jkby� hilbfZevghc� hp_gdb� ÖU �� hij_^_ey_�

fZy�\�khhl\_lkl\bb�k�\ujZ`_gb_f������

KmffZjgh_�jZkk_ygb_�hp_gdb� ÖU �hlghkbl_evgh�bklbggh�
]h�agZq_gby� U �oZjZdl_jbam_lky�\_ebqbghc�

� � �

Ö Ö � �U UG UV � ' �� ����

KjZ\gbf� lhqghklv� hp_gb\Zgby� ih� hilbfZevghfm� ���� b�

d\ZabhilbfZevghfm� ���� Ze]hjblfZf��GZ� jbk�� �� ijb\_^_gu�

aZ\bkbfhklb� ÖUV ��djb\u_����b� ÖUG ��djb\u_����hl�h[t_fZ�h[m�

qZxs_c� \u[hjdb� Q� ^ey� ]Zmkkh\kdhc�nmgdpbb� dhjj_eypbb�

ihf_ob�

�

i
H[S^ > � �@ � ���`

MN
M NU SE � � � �

ijb� i ���E  �b�
�

��O �d �� ]^_� i iI 7E  ' �±� ghjfbjh\ZggZy�

rbjbgZ�ki_dljZ�ihf_ob��

Kiehrgu_�djb\u_�khhl\_lkl\mxl�l_hj_lbq_kdbf�jZkq_�

lZf�gZ�hkgh\_�\ujZ`_gbc�����b������rljboh\u_�±�j_amevlZ�

lZf� fh^_ebjh\Zgby� Ze]hjblfh\� hp_gb\Zgby� ���� b� ���� gZ�

W<F�� Ba� djb\uo� ke_^m_l�� qlh� mijhs_gb_� hilbfZevgh]h�

Ze]hjblfZ�hp_gb\Zgby�����b�khhl\_lkl\mxs_]h�_fm�baf_jb�

l_ey�ijb\h^bl�d�g_agZqbl_evguf�b�m[u\Zxsbf�k�jhklhf�Q�

ihl_jyf�\� lhqghklb�hp_gb\Zgby��>hklZlhqgh�[ebadh_�kh\�

iZ^_gb_�jZkq_lguo�djb\uo�k�j_amevlZlZfb�fh^_ebjh\Zgby�

ijb� �Q ! �ih^l\_j`^Z_l� ijZ\hf_jghklv� l_hj_lbq_kdbo�

j_amevlZlh\� b� k\b^_l_evkl\m_l� h[� Zkbfilhlbq_kdhc� wn�

n_dlb\ghklb�ihemqZ_fuo�hp_ghd��

�

Jbk�����AZ\bkbfhklb�lhqghklb�hp_gb\Zgby��

hl�h[t_fZ�h[mqZxs_c�\u[hjdb�

:gZeba�wnn_dlb\ghklb�:JN�

J_`_dlbjh\Zgb_�©hklZgh\e_gghcª�ihf_ob�hkms_kl\ey�

_lky�nbevljhf� k� ^_ckl\bl_evgufb� \_kh\ufb� dhwnnbpb�

_glZfb� ÖNJ �� Z^Zilbjmxsbfbky� d� hp_gdZf� dhwnnbpb_glh\�

f_`i_jbh^ghc� dhjj_eypbb� \� khhl\_lkl\bb� k� Ze]hjblfZfb�

jZ[hlu�>�@��Ijb�bkihevah\Zgbb�hilbfZevghc�hp_gdb� ÖU �^ey�

JN���]h�ihjy^dZ�� �P  ��bf__f�

� � � �
Ö Ö �J J J J    �� �

ÖÖ �J U � ��

>ey�JN���]h�ihjy^dZ�g_h[oh^bfh�bkihevah\Zlv�Zijb�

hjgmx� bgnhjfZpbx� h�nhjf_� h]b[Zxs_c�nmgdpbb� dhj�

j_eypbb� ihf_ob�� GZijbf_j�� ^ey� ]Zmkkh\kdhc� nmgdpbb�

�
�� ��

�
Ö Ö N

N
U U � ��ijb� �P  �ihemqZ_f�

� � � �
Ö Ö �J J J J �   �  ��

� �

� �
Ö Ö ÖÖ Ö � �J J U U U �  � � � ��

<uqbke_gb_�hp_ghd�dhwnnbpb_glh\�dhjj_eypbb�gZ�hk�

gh\_�mkj_^g_gby�g_aZ\bkbfuo�^Zgguo�k�Q�we_f_glh\�jZa�

j_r_gby�ijb\h^bl� d�hlkmlkl\bx�\aZbfghc� dhjj_eypbb�hl�

kq_lh\�
M

8� �b�ihemqZ_fuo�hp_ghd�b��ke_^h\Zl_evgh��hlkq_�

lh\�
M

8� �b� \_kh\uo� dhwnnbpb_glh\� ÖNJ �� qlh� mijhsZ_l� ih�

ke_^mxsbc�ZgZeba�:JN��

Ij_^klZ\eyy� \uoh^gmx� \_ebqbgm� g_j_dmjkb\gh]h�

:JN�P�]h�ihjy^dZ�\�\b^_�

�

�

Ö
P

N P N

N

= J 8 � �
 

 ¦ � ��

^ey�ih^Z\e_gby�ihf_ob�\�:JN�gZc^_f�

�

n

� �
� �i

i

Ö Ö
�

P

M N MN

M N

==
J J

V
U

V V




 

§ ·
   ¨ ¸¨ ¸

© ¹
¦ � �



�

�

�
���

� � �

Ö

� � �

Ö Ö ÖH[S> � � � �@
P P

M N MN M

M N M

J J M N J
I

U V O
  

 � � �¦ ¦ �� ������

Ijb� ba\_klghc�nhjf_� h]b[Zxs_c�nmgdpbb� dhjj_ey�

pbb� ihf_ob� ^hklZlhqgh� hp_gb\Zlv� \_ebqbgm� ��U U � � ��

<_kh\u_� dhwnnbpb_glu�:JN� \� wlhf� kemqZ_� hij_^_ey�

xlky� \� j_amevlZl_� nmgdpbhgZevguo� ij_h[jZah\Zgbc�

ÖÖ � �N NJ I U �� �� �N P � �� Bkihevamy� Zkbfilhlbq_kdb_�

k\hckl\Z�HFI� dhwnnbpb_glZ� dhjj_eypbb� ÖU �� ijhba\_�

^_f�khhl\_lkl\mxsb_�mkj_^g_gby�\�������>ey�wlh]h�jZk�

kfhljbf� ebg_cgmx� ZiijhdkbfZpbx� aZ\bkbfhkl_c�

ÖÖ � �N NJ I U �\�hdj_klghklb� ÖU U � �\�\b^_�

ÖÖ Ö� �N N NJ J JU U c � � � ��

]^_� � �N NJ I U � �� � � � � �N N NJ I IU U Uc c  w w� � � ��

<� qZklghklb�� ijb� �P  �bf__f� � � �J J  �� � �J U � � �

b� � ��Jc  � �Z� ijb� �P  �±� � � ��J J �  � � �J J �  �
� �� �U U U � � �� � � �b�

�

� � �� � � �J J U Uc c �  � � �� � ��

Mqblu\Zy� Zkbfilhlbq_kdmx� ghjfZevghklv� jZkij_^_�

e_gby� HFI� dhwnnbpb_glZ� dhjj_eypbb� ÖU �kh� kj_^gbf�

U� �b�^bki_jkb_c� �

ÖUV ��gZc^_f�

�

Ö

Ö ÖÖ Ö Ö Ö> � � @> � � @

�

M N M M N N

M N M N

J J J J J J

J J J JU

U U U U

V

 � � � �  

c c �

� �
� ������

<ujZ`_gb_� ����� k� mq_lhf� khhlghr_gby� ����� l_i_jv�

ijbgbfZ_l�\b^�

�

n � � �

Ö�
� � �

i

H[S> � � � �@
P P

M N MN M

M N M

J J M N J
I

V
U V O

V   

§ ·
 � � � �¨ ¸¨ ¸

© ¹
¦ ¦ �

� �
� � � �

Ö Ö

� � �

H[S> � � � �@
P P

M N MN M

M N M

J J M N JU MV U V O
� �

  

­ ½
c c c� � � �® ¾

¯ ¿
¦ ¦ �� �����

<ujZ`_gb_� ����� hij_^_ey_l� wnn_dlb\ghklv� ih^Z\e_�

gby�iZkkb\ghc�ihf_ob�\�:JN�\�aZ\bkbfhklb�hl�__�dhjj_ey�
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kl_c� Z\lhdhfi_gkZpbb� ^hie_jh\kdhc�nZau� ihf_ob�
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\oh^_�:JN��
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i_jv�h[mkeh\e_ggu_�ih]j_rghklyfb�hp_gb\Zgby�g_ba\_kl�

guo� iZjZf_ljh\� ihf_ob� ihl_jb� P' �ih� hlghr_gbx� d� ij_�

^_evghc� wnn_dlb\ghklb�:JN��GZ� jbk�� ��ijb\_^_gu� aZ\b�

kbfhklb�ihl_jv�hl�h[t_fZ�h[mqZxs_c�\u[hjdb�Q�^ey�:JN�

��]h�b���]h�ihjy^dh\�� �P  �b�����]Zmkkh\kdhc�nmgdpbb�dhj�

j_eypbb�ihf_ob�� i ���E  �b�
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��O �d ��Djb\u_���khhl\_lkl�

\mxl� :JN� k� hilbfZevgufb� baf_jbl_eyfb�� Z� djb\u_� �� ±�

:JN� k� d\ZabhilbfZevgufb� baf_jbl_eyfb��DZd� \b^bf�� bk�

ihevah\Zgb_� d\ZabhilbfZevguo� baf_jbl_e_c� ijb\h^bl� d�

^hihegbl_evghfm�m\_ebq_gbx�h[sbo�ihl_jv��h[mkeh\e_g�

guo�hrb[dZfb�Z^ZilZpbb��H^gZdh�\_ebqbgZ�^hihegbl_ev�

guo�ihl_jv�^hklZlhqgh�fZeZ�b�g_�ij_\hkoh^bl�����^;�ijb�

�Q ! ��FZehklv�^hihegbl_evguo�ihl_jv�\�khq_lZgbb�k�Zi�

iZjZlmjguf�mijhs_gb_f�baf_jbl_e_c��qbkeh�dhlhjuo�ijb�

g_ba\_klghc�nhjf_�dhjj_eypbhgghc�nmgdpbb�^he`gh�[ulv�

jZ\gh� �P � �>�@�� iha\heyxl� k^_eZlv� \u\h^� h� l_ogbdh�

wdhghfbq_kdhc� p_e_khh[jZaghklb� bkihevah\Zgby� \� Z^Zi�

lb\guo� j_`_dlhjguo�nbevljZo� jZkkfZljb\Z_fuo� deZkkh\�

d\ZabhilbfZevguo� baf_jbl_e_c� dhwnnbpb_glh\� dhjj_ey�
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Jbk�����AZ\bkbfhklb�ihl_jv�\�wnn_dlb\ghklb�:JN��

hl�h[t_fZ�h[mqZxs_c�\u[hjdb�
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s_]h�_fm�baf_jbl_ey��
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gu_�dhg_qguf�h[t_fhf�h[mqZxs_c�\u[hjdb��

:gZeba� ihl_jv� \� wnn_dlb\ghklb� :JN�� h[mkeh\e_g�

guo� hrb[dZfb� Z\lhdhfi_gkZpbb� b� Z^ZilZpbb�� ihdZaZe�

l_ogbdh�wdhghfbq_kdmx� p_e_khh[jZaghklv� bkihevah\Z�

gby� \� :JN� d\ZabhilbfZevguo� baf_jbl_e_c� dhwnnbpb�

_glh\�dhjj_eypbb�ihf_ob��

Ebl_jZlmjZ�
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������� J_`_dlhjguc� nbevlj� �� >�B�� Ihih\�� him[e��

������������;xe��������±����k��

���Ihih\�>�B��:^ZilZpby�g_j_dmjkb\guo�j_`_dlhjguo�

nbevljh\����Ba\_klby�\mah\��JZ^bhwe_dljhgbdZ��±�������±�

L�����������±�K���������

���Ihih\� >�B�� :\lhdhfi_gkZpby� ^hie_jh\kdhc�nZau�

iZkkb\guo� ihf_o� ��� Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\�� ±�
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���:�� k�� ������� KKKJ�� FID�� *� ��� 6� ������ *� ��� 6�

������� Mkljhckl\h� ^ey� ih^Z\e_gby� iZkkb\guo� ihf_o� ��

>�B��Ihih\��him[e��������������;xe��������±����k��
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7KH� RSWLPXP� HVWLPDWLRQ� DOJRULWKP� DQG�PHWHU� RI� FOXWWHU�

LQWHUSHULRG� FRUUHODWLRQ� FRHIILFLHQWV� RQ� RXWSXW� DXWR�

FRPSHQVDWRU�RI�FOXWWHU�GRSOHU�SKDVH�DUH�V\QWKHVL]HG�DQG�RQ�

WKHLU� EDVLV� TXDVL�RSWLPXP� HVWLPDWLRQ� DOJRULWKPV� DQG�PHWHU�

DUH� FRQVWUXFWHG�� 7KH� FRPSDUDWLYH� DQDO\VLV� RI� WKH� JLYHQ�

HVWLPDWLRQ�DOJRULWKPV�DFFXUDF\�DQG�RI�DGDSWLYH�VXSSUHVVLRQ�
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gZ� ih^klbeZxs_c� ih\_joghklb�� khhl\_lkl\mxs_c� ahg_� h[ahjZ�

[hjlh\hc� jZ^bhehdZpbhgghc�klZgpbb�� jZ[hlZxs_c�\�i_j_^g_c� ih�

emkn_j_��Ijb\_^_gu�j_amevlZlu�bkke_^h\Zgby�fh^_eb�^ey�jZaebq�

guo�\ZjbZglh\�hrb[hd�^Zlqbdh\�gZ\b]Zpbhgguo�iZjZf_ljh\��IhdZ�

aZgh�� qlh� ^ey� aZ^Zq� kh\f_s_gby� dZjlh]jZnbq_kdhc� bgnhjfZpbb� k�

nhjfbjm_fuf�jZ^bhehdZpbhgguf�bah[jZ`_gb_f�g_h[oh^bfh�jZkrb�

jylv�ahgm�ihbkdZ�k�mq_lhf� ahgu�g_hij_^_e_gghklb�\� aZ\bkbfhklb�

hl� jZdmjkZ� h[ahjZ�� ijb\h^ys_]h� d� g_kbff_ljbqguf� bkdZ`_gbyf�

�jZkrbj_gbyf�ij_^iheZ]Z_fhc� ahgu�h[ahjZ��hlghkbl_evgh�p_gljZ�

k_dlhjZ�kdZgbjh\Zgby��
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Gh\bdh\�:�B���d�w�g���^hp_gl�JyaZgkdh]h�]hkm^Zjkl\_ggh]h�jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ���
H�PDLO��QRYLNRYDQDWRO\#\DQGH[�UX��

Xdbg�K�:���d�l�g��^hp_gl�JyaZgkdh]h�]hkm^Zjkl\_ggh]h�jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ���
H�PDLO��\XNLQ�V#\DQGH[�UX��
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Dexq_\u_�keh\Z��kh\f_s_gb_��jZ^bhehdZ�
pbhggu_� bah[jZ`_gby� ih^klbeZxs_c� ih\_jo�

ghklb��ahgZ�g_hij_^_e_gghklb��

<\_^_gb_�

Kh\j_f_ggu_� e_lZl_evgu_� ZiiZjZlu� �E:��

hkgZs_gu� jZaghh[jZagufb� [hjlh\ufb� kbkl_�

fZfb� l_ogbq_kdh]h� aj_gby� �KLA��� jZ[hlZx�

sbfb� g_� lhevdh� \� jZaebqguo� ki_dljZevguo�

^bZiZahgZo��l_ieh��b�l_e_dZf_ju���gh�b�gZ�jZa�

ebqguo�ijbgpbiZo� �eb^Zj�� l_e_dZf_jZ��jZ^bh�

ehdZlhj��� <� k\yab� k� fgh]hh[jZab_f� k_gkhjh\�

klhbl�aZ^ZqZ�h[t_^bg_gby�nhjfbjm_fhc�bgnhjfZpbb�±�

ijb\_^_gb_�__�d�kjZ\gbfhfm�\b^m�^ey�^Zevg_cr_]h�kh�

\f_s_gby�� Ih^h[gu_� aZ^Zqb� kh\f_s_gby� \hagbdZxl� \�
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`bf_�kljh[bjh\Zgby�ih�^Zevghklb�[m^ml�lZdbfb��
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Jbk������Ahgu�h[ahjZ�\�iehkdhklb�A_feb��

\�j_`bf_�kljh[bjh\Zgby�ih�^Zevghklb�\�mkeh\byo�hrb[hd��

����\ T J'  '  '  D� � � �� �� � �� � ��[ f \ f K f'  � '  '  �

JZkklhygby�f_`^m�khhl\_lkl\mxsbfb�m]eh\ufb� lhq�

dZfb�ahg�h[ahjZ�[_a�mq_lZ�hrb[hd�b�k�mq_lhf�hrb[hd�\�

j_`bf_� kljh[bjh\Zgby� ih� ^Zevghklb� baf_gylky� ke_�

^mxsbf�h[jZahf��

� � � �� � � �
� ����� � � ���� �$ $ f $ $ fU Ucc c  �

� � � �� � � �
� ���� � � ����� �% % f % % fU Ucc cc  �

AZdexq_gb_�

Ijb� g_[eZ]hijbylghf� khq_lZgbb� hrb[hd� gZ\b]Zpbhg�

guo� iZjZf_ljh\� ih� iheh`_gbx� E:� \� ijhkljZgkl\_� ±�

hrb[db� � �[ \ K' ' ' �±�b�ih�hjb_glZpbb�E:�\�ijhkljZgkl\_�±�

hrb[db� � �\ T J' ' ' �±� bkdZ`_gby� ahgu� h[ahjZ� JEB� \�

iehkdhklb� A_feb�� baf_j_ggu_� \� hldehg_gbyo� m]eh\uo�

lhq_d� hlghkbl_evgh� g_bkdZ`_ggh]h� bah[jZ`_gby�� fh]ml�

^hklb]Zlv�����±�����f�ijb�aZ^Zgguo�iZjZf_ljZo�ghkbl_�

ey� JEK� b� gZ\b]Zpbhgghc� kbkl_fu�� Wlh� khhl\_lkl\m_l�

ijb[ebabl_evgh� ���� hl� fZdkbfZevghc� ]hjbahglZevghc�

^Zevghklb��jZkklhygb_�^h�i_j_^g_]h�njhglZ�ahgu�h[ah�

jZ�� b� hdheh� ���� hl�fbgbfZevghc� ]hjbahglZevghc� ^Zev�

ghklb��jZkklhygb_�^h�aZ^g_]h�njhglZ�ahgu�h[ahjZ���

GZb[hevrb_� bkdZ`_gby� ahgu� h[ahjZ� \� iehkdhklb�

A_feb�� dZd� \� h[eZklb� i_j_^g_]h�njhglZ�� lZd� b� aZ^g_]h�

njhglZ� h[mkeh\e_gu� hrb[dZfb� � �[ \ K' ' ' �\� hij_^_e_�

gbb� dhhj^bgZl� E:� \� ijhkljZgkl\_�� M]eh\u_� hrb[db�

� �\ T J' ' ' �\�gZb[hevr_c�kl_i_gb�\ebyxl�gZ�lhqdb�bah�

[jZ`_gby�\�h[eZklb�i_j_^g_]h�njhglZ��

Ij_^eh`_ggZy�fh^_ev��jZamf__lky��hlghkblky�d�ijh�

kl_crbf� �g_�mqblu\Zxsbf�aZdhgu�jZkij_^_e_gby�hrb�

[hd� b� bo� baf_g_gby� ijb�khq_lZgbb� hrb[hd���gh� \� lh�`_�

\j_fy� y\ey_lky� ^hklZlhqghc� ^ey� hp_gdb� ahgu� g_hij_�

^_e_gghklb� jZ^bhhljZ`_gbc� hl� ih^klbeZxs_c� ih\_jo�

ghklb�^ey�JEK��jZ[hlZxs_c�\�j_`bf_�j_Zevgh]h�emqZ��b�

fh`_l�bkihevah\Zlvky�\�aZ^ZqZo��k\yaZgguo�k�Z\lhfZlb�

q_kdbf�kh\f_s_gb_f�jZ^bhehdZpbhgguo�bah[jZ`_gbc�k�

dZjlh]jZnbq_kdhc�bgnhjfZpb_c��

Ebl_jZlmjZ�

���:dk_gh\�H�X��Kh\f_s_gb_�bah[jZ`_gbc����Pbnjh�

\Zy�h[jZ[hldZ�kb]gZeh\������������

���5�*��:KLWH� &KDQJH� GHWHFWLRQ� LQ� 6$5� LPDJHU\� ���

,QWHUQDWLRQDO� -RXUQDO� RI� 5HPRWH� 6HQVLQJ�� YRO����� ,VVXH� ���

)HE��������

���Jmdh\h^kl\h�J����� ©Ih�fbgbfZevguf� klZg^ZjlZf�

oZjZdl_jbklbd�Z\bZpbhgguo�kbkl_f��0$636��^ey�kbkl_f�

memqr_ggh]h� \b^_gby�� kbkl_f� bkdmkkl\_ggh]h� \b^_gby��

dhf[bgbjh\Zgguo�kbkl_f�bkdmkkl\_ggh]h�\b^_gby�b�[hj�

lh\uo� kbkl_f� m\_ebq_gby� ^Zevghklb� \b^_gbyª�:\bZpb�

hggh]h� J_]bkljZ� F_`]hkm^Zjkl\_ggh]h� :\bZpbhggh]h�

Dhfbl_lZ��:J�F:D������������k���

���=_jfZg�?�<���FmjZlh\�?�J���Gh\bdh\�:�B��FZl_fZ�

lbq_kdZy�fh^_ev�nhjfbjh\Zgby�ahgu�g_hij_^_e_gghklb�

\�aZ^Zq_�kh\f_s_gby�bah[jZ`_gbc����<_klgbd�JLJLM����

�\uimkd�����qZklv����������]��±�F���������

(9$/8$7,21�2)�81&(57$,17<��

2)�5$',2�5()/(&7,216��

,1�&20%,1,1*�,0$*(6�:,7+�

',*,7$/�7(55$,1�0$36�

1RYLNRY�$�,���8NLQ�6�$��

$�PDWKHPDWLFDO�PRGHO� RI� WKH� ]RQH�RI� XQFHUWDLQW\� LQ� WKH�

XQGHUO\LQJ� VXUIDFH�� FRUUHVSRQGLQJ� WR� RQERDUG� UDGDU� VWDWLRQ�

ILHOG� RI� YLHZ� RSHUDWLQJ� LQ� WKH� IRUZDUG� KHPLVSKHUH�� LV� SUR�

SRVHG��7KH�UHVHDUFK�UHVXOWV�RI�WKH�PRGHO�IRU�GLIIHUHQW�VHQVRU�

HUURU� RI� QDYLJDWLRQ� SDUDPHWHUV� DUH� SUHVHQWHG�� ,W� LV� VKRZQ�

WKDW� IRU� WKH�SUREOHPV�RI�FRPELQLQJ�FDUWRJUDSKLF� LQIRUPDWLRQ�

ZLWK�IRUPHG�E\�WKH�UDGDU�LPDJH�LW�LV�QHFHVVDU\�WR�H[SDQG�WKH�

VHDUFK� DUHD�� WDNLQJ� LQWR� DFFRXQW� DUHDV� RI� XQFHUWDLQW\� GH�

SHQGLQJ� RQ� WKH� DQJOH� RI� YLHZ�� UHVXOWLQJ� LQ� DQ� DV\PPHWULF�

GLVWRUWLRQ� �H[WHQVLRQV� RI� SUHVXPHG� ILHOG� RI� YLHZ�� UHODWLYH� WR�

WKH�FHQWHU�RI�VFDQQLQJ�VHFWRU��

�

�

�

�

�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

�

�

�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

<�gZklhys_c�klZlv_�jZkkfhlj_gu�ih^oh^u�d�j_r_gbx�aZ^Zqb�h[�

jZ[hldb�pbnjh\uo�bah[jZ`_gbc�k�ij_^\Zjbl_evguf�ij_h[jZah\Zgb_f�

b�ihke_^mxs_f�\hkklZgh\e_gb_f�bah[jZ`_gby�k�bkihevah\Zgb_f�gh\h�

]h�deZkkZ�p_ehqbke_gguo�hjlh]hgZevguo�ij_h[jZamxsbo�fZljbp��

M>D�����������

H;J:;HLD:�BAH;J:@?GBC�K�IHFHSVX�P?EHQBKE?GGUO��
HJLH=HG:EVGUO�IJ?H;J:AMXSBO�F:LJBP�

R_j_f_l�B�:���^�l�g���ijhn_kkhj��H�PDLO��VKHUHPHWBLD#DSU�JRY�UX��

Jmdbg�:�I���klZjrbc�ij_ih^Z\Zl_ev�BgklblmlZ�bghkljZgguo�yaudh\�bf��F��Lhj_aZ��H�PDLO��QWR#PQLWL�UX��

E_[_^_\�<�>���d�l�g���\_^msbc�bg`_g_j�A:H�©FGBLBª��H�PDLO��#PQLWL�UX��

�

Dexq_\u_� keh\Z��h[jZ[hldZ�bah[jZ`_gbc��
hjlh]hgZevgu_� ij_h[jZamxsb_� fZljbpu�� p_�

ehqbke_ggu_�� fZljbpu� MherZ�:^ZfZjZ�� ij_�

h[jZah\Zgb_�OZZjZ���

<\_^_gb_�

<� A:H� ©FGBLBª� [ueb� jZajZ[hlZgu� f_lh^u� b� Ze]h�

jblfu� mkljZg_gby� ijhkljZgkl\_gghc� dhjj_eypbhgghc� ba�

[ulhqghklb�pbnjh\uo�bah[jZ`_gbc��bkihevamxsb_�p_eh�

qbke_ggu_�ij_h[jZah\Zgby��dhlhju_�\hafh`gh�ijbf_gylv�

d�bah[jZ`_gbyf�ijhba\hevgh]h�nhjfZlZ��Wlb�ij_h[jZah�

\Zgby� bf_xl� _^bghh[jZagmx�nhjfm� ]_g_jZpbb� ij_h[jZ�

amxsbo� fZljbp�� ij_^iheZ]Zxsmx� bo� fgh]h\ZjbZglghklv�

ijb�khojZg_gbb�^_dhjj_ebjmxsbo�k\hckl\��b� dZd�ke_^kl�

\b_��wnn_dlb\gh_�bkihevah\Zgb_�iZjZee_evghc�h[jZ[hl�

db�ijb�ZiiZjZlghc�j_ZebaZpbb��>Zggu_�k_f_ckl\Z�fZljbp�

y\eyxlky�gh\ufb�b��ke_^h\Zl_evgh��lj_[mxsbfb�Zijh[Z�

pbb�ih�kZfuf�jZaguf�gZijZ\e_gbyf�>���@��

Mihfygmlu_� fZljbqgu_� f_lh^u� Zijh[bjh\Zgu�� \�

qZklghklb��ih� djbl_jbx� kl_i_gb� k`Zlby�[_a� ihke_^mx�

s_]h�d\Zglh\Zgby�gZ�pbnjh\uo�fhghojhfguo�l_klh\uo�

bah[jZ`_gbyo�� jZaebqZxsboky� ih� jZaf_jm� b� kljmdlmj�

ghc�keh`ghklb��Jy^�gh\uo�fZljbqguo�f_lh^h\��ih�kl_�

i_gb� k`Zlby� ihke_� ij_h[jZah\Zgby� [_a� ihke_^mxs_]h�

d\Zglh\Zgby��ihdZaZe�j_amevlZlu�g_�om`_��Z�ih�hl^_ev�

guf�iZjZf_ljZf�b�emqr_��q_f�m�deZkkbq_kdbo�f_lh^h\�

�>DI��ij_h[jZah\Zgby�ba�klZg^ZjlZ�+�����b�l�i���>�@��

<� gZklhys_c� klZlv_� jZkkfZljb\Z_lky� \hafh`ghklv�

ijbf_g_gby� gh\uo�f_lh^h\� h[jZ[hldb� �memqr_gby�� pbn�

jh\uo�bah[jZ`_gbc�imlzf�i_j_ghkZ�bo�\�h[eZklv�ij_h[jZ�

ah\Zgby��Z�ihke_�ijh\_^_gby�h[jZ[hldb�±�\hkklZgh\e_gb_�

k�ijbf_g_gb_f�hi_jZpbb�h[jZlgh]h�ij_h[jZah\Zgby���

<�jZ[hl_� >�@�[ueh�ihdZaZgh��qlh� ]_g_jZpby�[hevrbo�

�ih�jZaf_jm��p_ehqbke_gguo�hjlh]hgZevguo�^_dhjj_eb�

jmxsbo�fZljbp��PH>F��ba�fZeuo�fh`_l�ijhba\h^blvky�

^\mfy�kihkh[Zfb��dhlhju_�jZaebqZxlky�h[t_^bgyxs_c�

fZljbqghc�hi_jZpb_c���

?keb� lZdhc� h[t_^bgbl_evghc� hi_jZpb_c� y\ey_lky�

l_gahjgh_� ijhba\_^_gb_�� lh]^Z� bf__f� p_ehqbke_ggu_�

hjlh]hgZevgu_�^_dhjj_ebjmxsb_�fZljbpu��y\eyxsb_�

ky� h[h[s_gb_f� fZljbp� MherZ�:^ZfZjZ�� H[h[s_gb_�

dZkZ_lky� jZaf_jghklb� ^_dhjj_ebjmxs_c� fZljbpu�� dh�

lhjZy�[m^_l� y\eylvky�ijhba\hevghc�� Z� g_� gZlmjZevghc�

kl_i_gvx�qbkeZ�^\Z��dZd�^ey�fZljbp�:^ZfZjZ���

?keb� `_� h[t_^bgyxs_c� y\ey_lky� djZlgh�fZkrlZ[�

gZy�hi_jZpby��lh�\�dZq_kl\_�j_amevlZlZ�ihemqZ_f�h[h[�

s_gb_�fZljbp�ij_h[jZah\Zgbc�OZZjZ�^ey�kemqZy��dh]^Z�

jZaf_jghklv�^_dhjj_ebjmxs_c�fZljbpu�ijhba\hevgZ�b�

g_� jZ\gZ� bkdexqbl_evgh� gZlmjZevghc� kl_i_gb� qbkeZ�

^\Z��qlh�oZjZdl_jgh�^ey�fZljbp�OZZjZ�>����@���

?sz� g_^Z\gh�ihimeyjgu_�f_lh^u�:^ZfZjZ� b�OZZjZ�

i_j_klZxl�bkihevah\Zlvky�ba�aZ�bo�gbadhc�wnn_dlb\gh�

klb��Ba�kha^Zgguo�gZ�bo�kljmdlmjZo�^_\ylb�fZljbp�ijb�

f_gy_lky� ebrv� h^gZ� >�@�� Wnn_dlb\ghklv� ij_h[jZah\Z�

gby� h[uqgh� kjZ\gb\Zxl� k�ij_h[jZah\Zgb_f�DZjomg_gZ�

Ehw\Z� >�@�� dhlhjuf� ^hklZlhqgh� lhqgh� Ziijhdkbfbjmxl�

kh[kl\_ggu_�\_dlhju�fZljbpu�LziebpZ��qlh�b�ijb\h^bl�

d� bkihevah\Zgbx� qzlgh]h� dhkbgmkgh]h� ij_h[jZah\Zgby�

ijb�h[jZ[hld_�nhlh]jZnbq_kdbo�bah[jZ`_gbc���

Wlh�^_ckl\bl_evgh�lZd��Gh��k�^jm]hc�klhjhgu��f_lh^�

b� _]h� h[h[s_gby� ±� g_� lh`^_kl\_ggu� b� ihke_^gb_�� dZd�

jZa�b�kha^Zxlky��qlh[u�bkijZ\blv�g_^hklZldb�bo�ijhlh�

lbiZ�� khojZgb\� ih� \hafh`ghklb� _]h� iheh`bl_evgu_�
k\hckl\Z��Hkgh\gufb� iheh`bl_evgufb� k\hckl\Zfb�f_�

lh^h\� :^ZfZjZ� b� OZZjZ� y\eyxlky� bo� p_ehqbke_ggh_�

ij_^klZ\e_gb_� b� \hafh`ghklv� ]_g_jZpbb� [hevrbo� ih�

jZaf_jm�fZljbp�ba�f_gvrbo���

Hp_gdZ�ex[h]h�f_lh^Z�fh`_l�[ulv� lhevdh�fgh]hiZ�

jZf_ljbq_kdhc��;ebadbc�d�b^_Zevghfm�f_lh^�mkljZg_gby�

ijhkljZgkl\_gghc� dhjj_eypbb� DZjomg_gZ�Ehw\Z� ijZdlb�

q_kdb�g_�j_Zebam_f��[eZ]h^Zjy�_]h�k\_jo\ukhdhc�\uqbk�

ebl_evghc� keh`ghklb�� dhlhjZy� k\h^bl� gZ� g_l� \k_� _]h�

^hklhbgkl\Z�>�@��Lj_[m_lky�dhfijhfbkk���

H^gbf� ba� lZdbo� dhfijhfbkkh\� y\eyxlky�f_lh^u� gZ�

hkgh\_�>DI�>�@��Wlb�f_lh^u��\�hkgh\ghf��\_s_kl\_ggu_��

jZ[hlZxsb_�\�ieZ\Zxs_c�Zjbnf_lbd_��F_lh^u�^_dhj_�

eypbb��hkgh\Zggu_�gZ�PH>F��y\eyxlky�^jm]bf�\ZjbZg�

lhf�dhfijhfbkkZ��

>bkdmkkbb�h�ij_bfms_kl\Zo�p_ehqbke_gghc�Zjbnf_�

lbdb� i_j_^� \_s_kl\_gghc�� y\eyxlky� [_kij_^f_lgufb��

_keb� g_� h]h\Zjb\Z_lky� \hijhk� ZiiZjZlghc� j_ZebaZpbb�

Ze]hjblfZ��?sz� g_^Z\gh�ij_bfms_kl\Z�p_ehqbke_gghc�

Zjbnf_lbdb�dZaZebkv�hq_\b^gufb��KqblZehkv��qlh�h^gZ�

we_f_glZjgZy� hi_jZpby� �keh`_gb_� beb� mfgh`_gb_�� \�

ieZ\Zxs_c� Zjbnf_lbd_� jZ\ghagZqgZ�� ijbf_jgh�� ���lb�

lZdbf� `_� hi_jZpbyf� \� Zjbnf_lbd_� p_ehqbke_gghc�� B�

^ey�p_ehqbke_gguo�ijhp_kkhjh\��\�dhlhjuo�\_s_kl\_g�

gu_�hi_jZpbb�j_Zebah\Zgu�ijh]jZffgh�\�dZq_kl\_�wfm�
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�
���

eypbb��wlh�^_ckl\bl_evgh�lZd�� >�@�Gh�k_]h^gy�fu�bf__f�

j_adbc� jhkl� fhsghklb� kh\j_f_gguo� ijhp_kkhjh\�� qlh�

ihkl_i_ggh� k]eZ`b\Z_l� ZglZ]hgbaf� Zjbnf_lbd� ±� p_eh�

qbke_gghc�b�ieZ\Zxs_c�>�@���

Ijh[e_fZ� i_j_jZklZ_l� \� bgmx� iehkdhklv�� fhsgu_��

mgb\_jkZevgu_��ihqlb�g_�aZ\bkysb_�hl�keh`ghklb�Ze]h�

jblfZ��b��ke_^h\Zl_evgh��^hjh]b_��b�ijhklu_�ijhp_kkh�

ju��^_rz\u_��g_�mgb\_jkZevgu_��gZijZ\e_ggu_�gZ�j_�

r_gb_� dZdhc�lh� h^ghc� dhgdj_lghc� aZ^Zqb� �gZijbf_j��

fh[bevguc�fhgblhjbg]� dZdhc�eb[h�f_klghklb� beb� h[t�

_dlZ�� b� lj_[mxsb_�fZdkbfZevgh]h� mijhs_gby� Ze]hjbl�

fZ�� qlh� ijb\h^bl� d� bkihevah\Zgbx� p_ehqbke_gghc�

Zjbnf_lbdb��LZdh\Z�p_gZ�\hijhkZ��<�jZfdZo�mdZaZgghc�

kblmZpbb�fh`gh�ij_^iheZ]Zlv��qlh�p_ehqbke_ggu_�fZl�

jbqgu_� Ze]hjblfu� ^_dhjj_eypbb�pbnjh\uo� bah[jZ`_�

gbc�gZc^ml�k\hx�gbrm�b�h[j_lml�ijZ\h�gZ�`bagv�>��@��

<kz� \ur_� kdZaZggh_� dZkZehkv� \� [hevr_c� kl_i_gb�

fZljbqguo� ij_h[jZah\Zgbc� ^_dhjj_eypbb� pbnjh\h]h�

bah[jZ`_gby�k�p_evx�_]h�ihke_^mxs_]h�d\Zglh\Zgby�b�

wgljhibcgh]h�k`Zlby���

H[jZ[hldZ� bah[jZ`_gby� k� p_evx� _]h� memqr_gby� ±�

wlh�^jm]Zy� aZ^ZqZ��HgZ�fh`_l�j_rZlvky��dZd�[_a�i_j_�

ghkZ�bah[jZ`_gby�\�^jm]mx�h[eZklv�ij_^klZ\e_gby��lZd�

b� k� i_j_ghkhf� b� ihke_^mxsbf� \hkklZgh\e_gb_f�� Ijb�

wlhf� ^ey� lZdh]h� i_j_ghkZ� bgh]^Z� ^hklZlhqgu� kZfu_�

ijhklu_�f_lh^u�ij_h[jZah\Zgby���

DZd� ihdZaZgh� \� jZ[hlZo� ?�B�� LjZ\bghc� �A:H�

©FGBLBª��>��@��bkihevah\Zgb_�^ey�^_dhfihabpbb�bkoh^�

gh]h� bah[jZ`_gby� g_kdhevdbo� fh^bnbpbjh\Zgguo� ij_�

h[jZah\Zgbc� OZZjZ� k� ihke_^mxs_c� j_dhgkljmdpb_c� ih�

ke_�h[jZ[hldb��memqr_gby��ij_h[jZah\Zggh]h�bah[jZ`_�

gby��^Zzl�agZqbl_evguc�iheh`bl_evguc�j_amevlZl��

<hagbdZ_l�bgl_j_k�k�lhqdb�aj_gby�hij_^_e_gby�\ha�

fh`ghklb�h[jZ[hldb� �memqr_gby��pbnjh\h]h�bah[jZ`_�
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I_j\hgZqZevguc� j_amevlZl� h^ghf_jgh]h�ij_h[jZah�

\Zgby��ih�kljhd_�beb�klhe[pm��ij_^klZ\ey_l�kh[hc�kh\h�

dmighklv�ih^fgh`_kl\� dhwnnbpb_glh\�ij_h[jZah\Zgby��

dhebq_kl\h�dhlhjuo�\�ih^fgh`_kl\_�jZ\gh�jZaf_jghklb�

^_dhjj_ebjmxs_c� fZljbpu�� I_j\uc� we_f_gl� ih^fgh�

`_kl\Z�±�dhwnnbpb_gl�gme_\hc�qZklhlghklb��_]h�yjdhkl�
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gZy� \_ebqbgZ� ijbf_jgh� khhl\_lkl\m_l� ibdk_ex� \� ijh�

kljZgkl\_gghf�ij_^klZ\e_gbb��hklZevgu_�dhwnnbpb_g�

lu�±�wlh�[he__�\ukhdb_�]Zjfhgbdb�qZklhlgh]h�ij_h[jZ�

ah\Zgby���

Ihke_� fZljbqgh]h� ij_h[jZah\Zgby� ]Zjfhgbdb� h^b�

gZdh\uo� qZklhl� ]jmiibjmxlky� \� hl^_evgu_� qZklhlgu_�

ih^[ehdb�� Qbkeh� lZdbo� ih^[ehdh\� [m^_l�� hq_\b^gh��

jZ\gh� dhebq_kl\m� kljhd� ^_dhjj_ebjmxs_c� fZljbpu��

Ijhp_kk� i_j_]jmiibjh\db� dhwnnbpb_glh\�

ij_h[jZah\Zgby�ihdZaZg�gZ�jbk�����

�

Jbk�����I_j_]jmiibjh\dZ�dhwnnbpb_glh\�ij_h[jZah\Zgby��

ih�qZklhlguf�ih^[ehdZf�

<ke_^� aZ� ij_h[jZah\Zgbyfb� ih� kljhdZf� ijhba\h�

^blky� ij_h[jZah\Zgb_� ih� klhe[pZf�� dhlhjh_� ihegh�

klvx� ZgZeh]bqgh��?^bgkl\_ggh_� \hafh`gh_� hlebqb_� ±�

^_dhjj_ebjmxsZy�fZljbpZ�fh`_l�[ulv�^jm]bo�jZaf_�

jh\� \� aZ\bkbfhklb� hl� \ukhlu� klhe[pZ� bah[jZ`_gby� \�

ibdk_eyo��<� qZklghf� kemqZ_� ij_h[jZamxsb_�fZljbpu�

^ey� ^_dhjj_eypbb� ih� kljhdZf� b� ih� klhe[pZf� fh]ml�

kh\iZ^Zlv��

J_amevlZl� ihegh]h� �^\mf_jgh]h�� ij_h[jZah\Zgby�

ij_^klZ\ey_l�kh[hc�gZ[hj�[ehdh\��dhebq_kl\h� dhlhjuo�

ih� kljhdZf� jZ\gh� jZaf_jghklb� ^_dhjj_ebjmxs_c�fZl�

jbpu�ih�kljhdZf��Z�dhebq_kl\h�ih�klhe[pZf�jZ\gh�jZa�

f_jghklb�^_dhjj_ebjmxs_c�fZljbpu�ih�klhe[pZf��?k�

eb�h[_�fZljbpu�kh\iZ^Zxl�� lh� dhebq_kl\h�[ehdh\�h^b�

gZdh\h�dZd�ih�kljhdZf��lZd�b�ih�klhe[pZf��b�jZ\gh�jZa�

f_jghklb� ^_dhjj_ebjmxs_c� fZljbpu�� >Zggu_� [ehdb�

jZkiheZ]Zxlky�\�^\mf_jghc�qZklhlghc�kbkl_f_�dhhj^b�

gZl��^\mf_jguc�ki_dlj���Z�dhwnnbpb_glu�ij_h[jZah\Z�

gby�\gmljb�dZ`^h]h�[ehdZ�jZkiheZ]Zxlky�\�ijhkljZgkl�

\_gghc� ^\mf_jghc� kbkl_f_� dhhj^bgZl��Ih^jh[gh� Ze]h�

jblf� ^\mf_jgh]h� fZljbqgh]h� ij_h[jZah\Zgby� bah[jZ�

`_gby�baeh`_g�\�>����@��

J_amevlZl� ^_ckl\by� fZljbqgh]h� ij_h[jZah\Zgby�

ijb\_^zg�gZ�jbk�����Bkoh^gh_�bah[jZ`_gb_�±�pbnjh\h_�

fhghojhfgh_� jZaf_jZfb� ���o���� ibdk_e_c�� <gbam� hl�

g_]h� gZ� jbkmgd_� ij_^klZ\e_gh� ij_h[jZah\Zggh_� bah�

[jZ`_gb_��<�e_\hf�gb`g_f�m]em�hlqzleb\h�jZaebqZ_lky�

[ehd� gme_\hc� qZklhlghklb�� y\eyxsbcky� mf_gvr_gghc�

dhib_c�bkoh^gh]h�bah[jZ`_gby���

Gb`_�\�\b^_�fZljbpu�jZaf_jhf��o��ihdZaZgZ�kbkl_�

fZ� ^\mf_jguo� qZklhlguo� dhhj^bgZl�� kh]eZkgh� dhlhjhc�

jZkiheZ]Zxlky�qZklhlgu_�[ehdb�bah[jZ`_gby�gZ�jbk�����

jZaf_jhf� ��o��� ibdk_e_c� ���o� ������ ihemq_ggu_� \�

j_amevlZl_� ij_h[jZah\Zgby� bkoh^gh]h� bah[jZ`_gby� k�

ihfhsvx�PH>F�+G�����

�

�

Bkoh^gh_�bah[jZ`_gb_�

�

J_amevlZl�ij_h[jZah\Zgby�

Jbk����Ij_h[jZah\Zgb_�k�ihfhsvx�PH>F�+G���
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I_j\Zy� dhhj^bgZlZ� ±�ghf_j� kljhdb�� \lhjZy� ±�ghf_j�

klhe[pZ�wlhc�fZljbpu��

H[jZ[hldZ� bah[jZ`_gby� aZdexqZ_lky� \� mfgh`_gbb�

\k_o�dhwnnbpb_glh\�ij_h[jZah\Zgby�dZ`^h]h�qZklhlgh�

]h�[ehdZ�gZ�khhl\_lkl\mxsbc�dZ`^hc�^\mf_jghc�qZklhl�

ghc�h[eZklb�fgh`bl_ev��Ijb�wlhf��fgh`bl_ev�ijb�gme_�

\hc�qZklhlghc�h[eZklb��k�dhhj^bgZlZfb������hl\_qZ_l�aZ�

m\_ebq_gb_�beb�kgb`_gb_�yjdhklb��Z�fgh`bl_eb�ijb�\u�

khdhqZklhlguo�h[eZklyo�hl\_qZxl�aZ�^_lZevghklv�b�rmf��

ijbqzf��q_f�\ur_�qZklhlZ�� l_f�[he__�f_edb_�^_lZeb�b�

we_f_glu� rmfZ� fh`_l� mkbeb\Zlv� beb� ih^Z\eylv� khhl�

\_lkl\mxsbc�fgh`bl_ev��<kx� kbkl_fm�fgh`bl_e_c��g_�

h[oh^bfuo�^ey�h[jZ[hldb�bah[jZ`_gbc��fh`gh�ij_^klZ�

\blv�\�\b^_�fZljbpu�jZaf_jhf��o���?keb�ijhkljZgkl\h��

\� dhlhjhf� jZkiheh`_gh� bah[jZ`_gb_�� Zgbahljhigh�� lh�

_klv� gZijZ\e_gby� ih� hkyf� 2;� b� 2<� g_jZ\ghijZ\gu��

fgh`bl_eb� mdZaZgghc�fZljbpu�[m^ml� Zkkbf_ljbqgu� hl�

ghkbl_evgh� ^bZ]hgZeb� ������������� \� ijhlb\ghf� kemqZ_�

hgb�[m^ml�kbff_ljbqgu���
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Ihfbfh�wlh]h�ke_^m_l�bf_lv�\�\b^m��qlh�ibdk_evgZy�

kbkl_fZ�kZfZ�ih�k_[_�ZgbahljhigZ��Ijyfu_�beb�hlj_a�

db��g_�y\eyxsb_ky�iZjZee_evgufb�hkyf�2;�b�beb�2<��

Z�lZd`_�ijyfuf��jZkiheh`_gguf�ih^�����d�ihke_^gbf��

ij_^klZ\e_gu� ehfZgufb� ebgbyfb�� qlh� ijb� h[jZ[hld_�

bah[jZ`_gby� qZklh� ijb\h^bl� d� g_`_eZl_evguf� Zjl_�

nZdlZf� �©klmi_gqZlhklbª��� Ijbjh^Z� wlbo� Zjl_nZdlh\�

aZdexqZ_lky�dZd�jZa�\�Zgbahljhighklb�ibdk_evghc�kbk�

l_fu� ±� \� _z� ijb\yaZgghklb� d� ijyfhm]hevghc� �^_dZjlh�

\hc��k_ld_�dhhj^bgZl���

H[jZ[hldZ�\�qZklhlghc�h[eZklb��hkh[_ggh��dh]^Z�hgZ�

aZljZ]b\Z_l� \ukhdhqZklhlgu_� ]Zjfhgbdb�� k\yaZgZ� ij_�

`^_�\k_]h�k�^_lZevghklvx��JZaf_ju�^_lZe_c�� dZq_kl\h�

\b^bfhklb�dhlhjuo�j_]mebjm_lky�mkbe_gb_f�beb�ih^Z\�

e_gb_f� dhwnnbpb_glh\� khhl\_lkl\mxs_c� ]Zjfhgbdb��

h[jZlgh�ijhihjpbhgZevgu�qZklhl_� ]Zjfhgbdb��Q_f� \u�

r_�qZklhlZ��dhlhjZy��jZamf__lky��g_�^he`gZ�ij_\urZlv�

qZklhlu� GZcd\bklZ��� l_f� [he__� f_edb_� ^_lZeb� fh]ml�

klZlv� jZaebqbfufb� ijb� jZ[hl_� k� ^Zgghc� ]Zjfhgbdhc��

Wlh� ^ey� h^ghf_jgh]h� kemqZy��>\mf_jgZy� kbkl_fZ� qZk�

lhlguo� dhhj^bgZl�hlqZklb�iha\hey_l�[hjhlvky�k�Zgbah�

ljhighklvx� ^_lZe_c�� QZklhlZ� ih� ]hjbahglZeb� h[jZlgh�

ijhihjpbhgZevgZ�^ebg_��Z�qZklhlZ�ih�\_jlbdZeb�\ukhl_�

^_lZeb��Ih^[bjZy� gm`gu_� ^\mf_jgu_� qZklhlgu_� dhhj�

^bgZlu�b�mkbeb\Zy�khhl\_lkl\mxsb_�bf� ]Zjfhgbdb��fu�

ih\urZ_f� jZaebqbfhklv�^_lZe_c� k� aZ^Zgghc� hjb_glZ�

pb_c�\�ijhkljZgkl\_��ba[_]Zy��ijb�ijZ\bevghf�ih^[hj_�

dhwnnbpb_glh\� mkbe_gby�� g_`_eZl_evguo� ]_hf_ljbq_�

kdbo�bkdZ`_gbc���

<uqbkebl_evgZy� keh`ghklv� h[jZ[hldb� ij_h[jZah�

\Zggh]h� bah[jZ`_gby� ^h[Z\ey_l� \k_]h� h^gm� p_ehqbk�

e_ggmx�hi_jZpbx��Lh�_klv��_keb�fu�bf__f�^_eh�k�mkb�

e_gb_f��yjdhklb��^_lZevghklb���wlZ�p_ehqbke_ggZy�hi_�

jZpby� ±� mfgh`_gb_�� dhlhjmx�fh`gh� hlg_klb� d� we_f_g�

lZjguf�� ^hihegbl_evgu_� aZljZlu� \uqbke_gbc� [m^ml�

fbgbfZevgufb��?keb�j_qv�b^zl�h�ih^Z\e_gbb�dhwnnb�

pb_glh\�ij_h[jZah\Zgby��jZkiheh`_gguo�\�ih^[ehd_�k�

h^gbfb� b� l_fb�`_� ^\mf_jgufb� qZklhlgufb� dhhj^bgZ�

lZfb�� lh�wlZ�hi_jZpby�[m^_l�^_e_gb_f�gZp_eh�k�hdjm]��

e_gb_f��Ohly�hgZ�b�g_�we_f_glZjgZ��gh�_z�qZklh�fh`gh�

k\_klb� d� kh\hdmighklb� we_f_glZjguo� hi_jZpbc� �mfgh��

`_gb_��ih[blh\uc�k^\b]���Ihke_�mkbe_gby�beb�ih^Z\e_�

gby� dhwnnbpb_glh\� ij_h[jZah\Zgby� khhl\_lkl\mxsbo�

^\mf_jguo� qZklhlguo� h[eZkl_c� �[ehdh\�� ijhba\h^blky�

hi_jZpby� h[jZlgh]h� ij_h[jZah\Zgby� �\hkklZgh\e_gby��

j_dhgkljmdpbb��� \� j_amevlZl_� q_]h� nhjfbjm_lky� h[jZ�

[hlZggh_� bkoh^gh_� bah[jZ`_gb_�� yjdhklv� b� jZaebqgu_�

mjh\gb�^_lZevghklb�dhlhjh]h�baf_g_gu�kh]eZkgh�p_eyf�

ihklZ\e_gghc�aZ^Zqb��

Bgh]^Z� hi_jZpbx� dhgljZklbjh\Zgby� [he__� p_e_kh�

h[jZagh� hkms_kl\eylv� ihke_� \hkklZgh\e_gby� bah[jZ�

`_gby� k� baf_gzggufb� yjdhklvx� b� ^_lZevghklvx� jZa�

ebqguo�qZklhlguo�mjh\g_c��Ijb�wlhf�agZq_gb_�dZ`^h]h�

ibdk_ey�\uqbkey_lky�ih�ba\_klghc�g_keh`ghc�nhjfme_��

�¶ �� �LM LM\ N \ PLG PLG � � � ������

]^_� \LM� ±� agZq_gb_� yjdhklb� bkoh^gh]h� ibdk_ey�� PLG� ±�

kj_^g__�agZq_gb_�yjdhkl_c�\k_o�ibdk_e_c�bah[jZ`_gby��

N� ±�dhwnnbpb_gl� dhgljZklbjh\Zgby��\LM¶� ±� agZq_gb_�yj�

dhklb�ibdk_ey�ihke_�dhgljZklbjh\Zgby��Ijb�wlhf�g_h[�

oh^bfh� ke_^blv�� qlh[u� ihemq_ggu_� agZq_gby� ibdk_e_c�

h[jZ[hlZggh]h� bah[jZ`_gby� g_� \uoh^beb� aZ� ]jZgbpu�

rdZeu�yjdhkl_c�����������

Gb`_�gZ�jbk����ihdZaZg�ijbf_j�h[jZ[hldb�bah[jZ`_�

gby�mdZaZgghc�fZljbp_c�PH>F�+G�����

�

Bkoh^gh_�bah[jZ`_gb_�

�

H[jZ[hlZggh_�bah[jZ`_gb_�

Jbk����H[jZ[hldZ�bah[jZ`_gby���

ij_h[jZah\Zggh]h�fZljbp_c�PH>F�+���

FZljbpZ� fgh`bl_e_c� ijb� qZklhlguo� [ehdZo� �kf���

jbk�� ��� ^ey� h[jZ[hldb� bah[jZ`_gby�� ihdZaZgghc� gZ��

jbk�����bf__l�ke_^mxsbc�\b^��
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Dhwnnbpb_gl� dhgljZklbjh\Zgby� jZ\_g� ^\mf�� GZ��

jbk������\gbam��ihdZaZgh�h[jZ[hlZggh_�bah[jZ`_gb_��bk�

oh^gh_�jZkiheh`_gh�\\_jom���Y\gh�\bamZevgh�gZ[ex^Z�

_lky� ih\ur_gb_� dhgljZklghklb� b�^_lZevghklb� �ih�\k_f�

\ukhdhqZklhlguf�[ehdZf����

Djhf_�lh]h�gZ[ex^Zxlky�g_dhlhju_�ke_]dZ�aZf_lgu_�Zj�

l_nZdlu�� ©klmi_gqZlhklvª� gZ� ebgbyo�� g_� y\eyxsboky� iZ�

jZee_evgufb�hkyf�2;�b�beb�2<��Z�lZd`_�ijyfuf��jZkiheh�

`_gguf�d�gbf�ih^������Ijbjh^Z�wlbo�Zjl_nZdlh\�aZdexqZ_l�

ky�\�Zgbahljhighklb�ibdk_evghc�kbkl_fu�±�\�_z�ijb\yaZggh�

klb�d�ijyfhm]hevghc��^_dZjlh\hc��k_ld_�dhhj^bgZl���

>ey�mkljZg_gby�wlbo�Zjl_nZdlh\�ke_^m_l�mf_gvrZlv�
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\_ebqbgu� jy^Z� \ukhdhqZklhlguo� we_f_glh\� fZljbpu�

fgh`bl_e_c� b� h^gh\j_f_ggh� qZklbqgh�`_jl\h\Zlv� ih�

emq_gguf�mkbe_gb_f�^_lZevghklb���

Ijbf_j� h[jZ[hldb� lh]h�`_� bkoh^gh]h� bah[jZ`_gby��

gh� ijb� ^jm]hc� fZljbp_� fgh`bl_e_c� ihdZaZg� gZ� jbk����

Gh\Zy� fZljbpZ� fgh`bl_e_c� ijb� qZklhlguo� [ehdZo��

�jbk�� ����ihdZaZgghc� gZ� jbk�� ��h[jZ[hldb� bah[jZ`_gby��

ke_^m_l�kjZam�`_�aZ�jbkmgdhf��

�

Bkoh^gh_�bah[jZ`_gb_�

�

H[jZ[hlZggh_�bah[jZ`_gb_�

Jbk�����H[jZ[hldZ�bah[jZ`_gby�

ijb�^jm]hc�fZljbp_�fgh`bl_e_c��
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Dhwnnbpb_gl� dhgljZklbjh\Zgby� hklZzlky� ij_`gbf�

jZ\guf�^\mf��GZ�jbk������\gbam��ihdZaZgh�h[jZ[hlZggh_�

bah[jZ`_gb_�� Z� \\_jom�� dZd� b� \� ij_^u^ms_f� kemqZ_��

bkoh^gh_�� GZ[ex^Z_lky� ih\ur_gb_� dhgljZklghklb� b�

^_lZevghklb��ih�\k_f�\ukhdhqZklhlguf�[ehdZf���ohly�b�

g_kdhevdh�f_gvr_��q_f�gZ�jbk�����gh�Zjl_nZdlu�ijZdlb�

q_kdb� hlkmlkl\mxl�� Ke_^h\Zl_evgh�� fZljbpZ� fgh`bl_�

e_c�ih^h[jZgZ�ijZ\bevgh���

GZ� ijZdlbd_� h[jZ[hldZ� bah[jZ`_gbc� g_h[oh^bfZ�

ij_`^_�\k_]h�\�l_o�kemqZyo��dh]^Z�bkoh^gh_�bah[jZ`_gb_�

\bamZevgh� ljm^gh� \hkijbgbfZ_lky��GZijbf_j�� i_caZ`� \�

lmfZg_�beb�kebrdhf�aZl_fgzggu_�bah[jZ`_gby�b�l�i���

Ijbf_j�lZdh]h�bah[jZ`_gby�ij_^klZ\e_g�gZ�jbk������

�

Bkoh^gh_�bah[jZ`_gb_�

�

Ij_h[jZah\Zggh_�bah[jZ`_gb_�

Jbk������Ij_h[jZah\Zgb_�keZ[h�jZaebqbfh]h�bah[jZ`_gby��

k�ihfhsvx�PH>F�+G���

GZ�jbk����ihdZaZgh�h[jZ[hlZggh_�\�qZklhlghc�h[eZk�

lb� k� ihfhsvx�PH>F�+G��� bah[jZ`_gb_�� ij_^klZ\e_g�

gh_� gZ� jbk�� ���FZljbpZ�fgh`bl_e_c� ^ey� mkbe_gby� �ih�

^Z\e_gby�� dhwnnbpb_glh\� ij_h[jZah\Zgby� gZ� jbk�� ��

bf__l�\b^���
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Bkoh^gh_�bah[jZ`_gb_�
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H[jZ[hlZggh_�bah[jZ`_gb_�

Jbk������H[jZ[hldZ�bah[jZ`_gby�k�iehohc�\b^bfhklvx�

G_h[oh^bfh� hlf_lblv�� lh�� qlh� g_� \iheg_� ih^oh^bl�

^ey� h[jZ[hldb� bah[jZ`_gbc� h^gh]h� lbiZ�� \iheg_� ijb�
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Ih^[hj� hkgh\guo� iZjZf_ljh\� h[jZ[hldb� ±�fZljbpu�fgh�

`bl_e_c�� dhwnnbpb_glZ� dhgljZklbjh\Zgby� b� yjdhklghc� kh�

klZ\eyxs_c�ijhba\h^blky�wfibjbq_kdb��

<u[hj� ij_h[jZamxs_c� fZljbpu� ±� ©ihemwfibjbq_kdbcª��

Ijh\_^_gh� ]jZnbq_kdh_� khihklZ\e_gb_� ^bkdj_lguo� dhg_qguo�

nmgdpbc� jZaeh`_gby� ih� hjlh]hgZevghfm� [Zabkm�� dhlhjufb�

y\eyxlky�kljhdb�fZljbpu�PH>F��k�^jm]bfb�ba\_klgufb�f_lh�

^Zfb��gZ�hkgh\Zgbb�q_]h��k^_eZg�\u[hj�\�ihevam�fZljbpu�+G�����

;hevrhc�ki_dlj�ihemq_gguo�ihke_�ij_h[jZah\Zgby�]Zjfh�

gbd� hldju\Z_l�rbjhdb_� \hafh`ghklb� ^ey� ^Zevg_crbo� bkke_�

^h\Zgbc�� dhlhju_� \_jhylgh� ihfh]ml� mklZgh\blv� lhqgu_� \aZb�

fhk\yab� f_`^m� kljmdlmjhc� bah[jZ`_gby� b� iZjZf_ljZfb� _]h�

fZljbqghc�h[jZ[hldb��

Ebl_jZlmjZ�

���?\klb]g__\� <�=��� ;hg^Zj_gdh�:�<��� DhrZjgh\kdbc� :�G���E_�

[_^_\�<�>����©>bohlhfbq_kdb_�b��g_^bohlhfbq_kdb_�f_lh^u�^_��

dhjj_eypbb� pbnjh\uo� bah[jZ`_gbcª�� ©Kbkl_fu� b� kj_^kl\Z�

k\yab��l_e_\b^_gby�b�jZ^bh\_sZgbyª��F���������\uimkd���������k���

���<bedh\Z�G�G���?\klb]g__\�<�=���E_[_^_\�<�>���Mkljhckl\h�

^ey� ^_dhjj_eypbb� pbnjh\uo� bah[jZ`_gbc� k� bkihevah\Zgb_f�

p_ehqbke_gguo� hjlh]hgZevguo� ^_dhjj_ebjmxsbo� fZljbp� \�

kbkl_fZo�dhfij_kkbb�\b^_hbah[jZ`_gbc��IZl_gl�JN�gZ�bah[j_�

l_gb_������������Ijbhjbl_l����bxgy������]��;xe�����������k��

���;hg^Zj_gdh�:�:���?\klb]g__\Z�H�<��� DhrZjgh\kdbc�:�G���E_[_�

^_\� <�>��� Kihkh[� nhjfbjh\Zgby� p_ehqbke_gguo� hjlh]hgZevguo�

^_dhjj_ebjmxsbo� fZljbp� b� mkljhckl\h� ^ey� _]h� hkms_kl\e_gby��

IZl_gl�JN�gZ�bah[j_l_gb_������������Ijbhjbl_l����fZy������]���

;xe��������±���F��

���?\klb]g__\� <�=��� E_[_^_\� <�>��� Dmebdh\Z� ?�B��� GBJ�

©D_^jª�� ©Bkke_^h\Zgb_�b�jZajZ[hldZ�gh\uo�ijbgpbih\�b�Ze]h�

jblfh\�^_dhjj_eypbb�b�\hkklZgh\e_gby�pbnjh\uo�l_e_\babhg�

guo� bah[jZ`_gbc� ijhba\hevguo� nhjfZlh\� gZ� hkgh\_� gh\h]h�

deZkkZ� p_ehqbke_gguo� hjlh]hgZevguo� ^_dhjj_ebjmxsbo� fZl�

jbp� ijhba\hevguo� jZaf_jh\�� gh\uo�f_lh^h\� b� Ze]hjblfh\� bo�

]_g_jZpbbª��F��A:H�©FGBLBª�������]���±����k��

���>Z]fZg�W�?���DmoZj_\�=�:�� ©;uklju_�^bkdj_lgu_� hjlh]h�

gZevgu_� ij_h[jZah\Zgbyª�� ba^Zl_evkl\h� ©GZmdZª�� Gh\hkb�

[bjkd�������]���±�����F��

���>\hjdh\bq� <�I��� >\hjdh\bq� :�<��� ©Pbnjh\u_� \b^_hbg�

nhjfZpbhggu_� kbkl_fu� �L_hjby� b� ijZdlbdZ�ª�� L_oghkn_jZ��

������±������k��

���Kwehfhg� >�� ©K`Zlb_� ^Zgguo�� bah[jZ`_gbc� b� a\m�dZª��

L?OGHKN?J:��Fhkd\Z�������]���±�����k��

���Ihki_eh\�>�:��©:jbnf_lbq_kdb_�hkgh\u�\uqbkebl_evguo�

fZrbg�^bkdj_lgh]h�^_ckl\byª��©<ukrZy�RdheZª��F���±�������

���IZi_jgh\� :�:�� ©Eh]bq_kdb_� hkgh\u� pbnjh\uo� fZrbg� b�

ijh]jZffbjh\Zgbyª��©G:MD:ª��F����������±�����k��

����<bedh\Z�G�G���?\klb]g__\�<�=���KmoZq_\�:�;���RZibjh�;�E���

E_[_^_\� <�>��� ©G_dhlhju_� \hijhku� ih\ur_gby� wnn_dlb\ghklb�

i_j_^Zqb� \b^h\hc� bgnhjfZpbb� \� dhfie_dkZo� mijZ\e_gby� [_kib�

ehlgufb�e_lZl_evgufb�ZiiZjZlZfbª��F��©<?=:ª�������]��±����k���

����LjZ\bgZ� ?�B�� ©Mqr_gb_� kblmZpbhgghc� hk\_^hfezggh�

klb� hi_jZlhjZ� \� [hjlh\uo�kbkl_fZo� gZ[ex^_gbyª��F���NGIP�

H:H�©Dhgp_jg�jZ^bhkljh_gby�©<_]Zªª��������±�&�����

����E_[_^_\� <�>�� H� g_hjlh]hgZevguo� ij_h[jZah\Zgbyo�

pbnjh\h]h�bah[jZ`_gby��L_ogbdZ�kj_^kl\�k\yab��K_jby�L_ogbdZ�

l_e_\b^_gby��F���������±�K����������

����OZjfml� O�N�� ©I_j_^ZqZ� bgnhjfZpbb� hjlh]hgZevgufb�

nmgdpbyfbª��F���ba^Zl_evkl\h�©K\yavª���������±�����F��

����Dhjg�=���Dhjg�L��KijZ\hqgbd�ih�fZl_fZlbd_��±�F���GZmdZ��

�������±�����k��

����=heh\bgZ�E�B��Ebg_cgZy�Ze]_[jZ�b�g_dhlhju_�_z�ijbeh�

`_gbyª��F���©GZmdZª���������±�����F���

,0$*(6�,03529(0(17�:,7+�

,17(*(5�257+2*21$/�

75$16)250,1*�0$75,&(6�

6KHUHPHW�,�$���)XOO�'����

5\NLQ�$�3���/HEHGHY�9�'��

,Q� WKLV� SDSHU� DUH� GHVFULEHG� DSSURDFKHV� IRU� VROYLQJ� WKH�

WDVN� RI� LPSURYHPHQW� RI� GLJLWDO� LPDJHV� E\� WUDQVIRUPLQJ� DQG�

UHFRQVWUXFWLRQ� WKHP� ZLWK� QHZ� FODVV� RI� LQWHJHU� RUWKRJRQDO�

WUDQVIRUPLQJ�PDWULFHV��

�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

JZkkfZljb\Z_lky�]b[jb^guc�^_l_dlhj�j_qb��dhlhjuc�ihkljh�
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dZq_kl\_� iZjZf_ljh\� bkihevamxlky� dh\ZjbZpbhggZy�

fZljbpZ�b�\_dlhj�fZl_fZlbq_kdbo�h`b^Zgbc�� LD �±�Zijb�

hjgZy� \_jhylghklv� ghjfZevghc� IJ<�� Q� ±� dhebq_kl\h�

we_f_glh\�kf_kb��

Ke_^mxsbc� rZ]�� wlh� \uqbke_gb_� iZjZf_ljh\�

^ _ `L T) �]Zmkkh\hc�kf_kb��>ey�wlh]h�g_h[oh^bfh�kha^Zlv�

^\Z�fgh`_kl\Z� aZibk_c� ±�h^gh�fgh`_kl\h�[m^_l�kh^_j�

`Zlv� h[jZapu� j_qb� jZaebqguo� ^bdlhjh\�� Z� ^jm]h_�fgh�

`_kl\h�h[jZapu�jZaebqguo�lbih\�rmfh\��Z�aZl_f�gZ�hk�

gh\_� kh[jZggh]h� fZl_jbZeZ�� bkihevamy� ba\_klguc� (0�

Ze]hjblf�>�@��gZclb�g_ba\_klgu_�iZjZf_lju��

Keh`ghklv�hibkZggh]h�Ze]hjblfZ�khklhbl�\� lhf��qlh�

g_l� ijZdlbq_kdhc� \hafh`ghklb� kh[jZlv� h[jZapu� \k_o�

\hafh`guo�lbih\�g_j_q_\uo�kb]gZeh\��qlh[u�ihkljhblv�

bo� klZlbklbq_kdb_� fh^_eb� �iehlghklb� jZkij_^_e_gby�

\_jhylghkl_c��� <� k\hx� hq_j_^v� wlh� ijb\h^bl� d� jhklm�

qbkeZ�hrb[hd�\�jZ[hl_�^_l_dlhjZ�j_qb��dZd� lhevdh� lj_�

[m_lky� \u^_eblv� j_qv� gZ� nhg_� ih^h[guo� g_j_q_\uo�

kb]gZeh\��
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agZd_�j_qb��hlebqZxsbf�__�hl�\k_o�ijhqbo�rmfh\"�

<� gZklhys_c� jZ[hl_� \� dZq_kl\_� lZdh]h� mklhcqb\h]h�

ijbagZdZ� bkihevam_f� lh�� qlh� j_qv� h[eZ^Z_l� \hdZebah�

\Zggufb� bgl_j\ZeZfb�� l�_�� ijb� ijhbag_k_gbb� dZ`^h]h�

keh]Z�ijhbaghkblky� ]eZkguc�a\md��ki_dlj�dhlhjh]h�h[eZ�

^Z_l� ijbagZdZfb� ebg_cqZlhklb� >�@�� Ij_^iheh`bl_evgh��
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dh]h� deZkkZ� rmfh\� h[eZ^Zxsbo� kiehrguf� ki_dljhf��
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kh^_j`ZsZy�j_qv�gZ�nhg_�rmfh\�D<�dZgZeZ�jZ^bhijb�

_fgbdZ�� ijhfure_gguo� rmfh\� �jZ[hlZ� hl[hcgh]h� fh�

ehldZ�� wdkdZ\ZlhjZ�� rmf� ijh_a`Zxsbo� fZrbg�� rmf� \�

\Z]hg_� f_ljh� b� l�^���� [ulh\uo� b� _kl_kl\_gguo� rmfh\�

�rZ]b�� jZ[hlZ� \_glbeylhjZ�� rmf� ebkl\u� ^_j_\v_\� b�

l�^����;ZaZ�[ueZ�jZaf_q_gZ��l�_��[ueb�mklZgh\e_gu� ]jZ�

gbpu�bgl_j\Zeh\��\dexqZxsbo�\�k_[y�j_qv���
J_q_\Zy�[ZaZ�[ueZ�jZa^_e_gZ�gZ�^\_�qZklb��h^gZ�ba�

dhlhjuo� bkihevah\ZeZkv� ^ey� hilbfbaZpbb� iZjZf_ljh\�

fh^_eb��Z�^jm]Zy�^ey�l_klbjh\Zgby��>ebl_evghklv�[Zau��

dhlhjZy� bkihevah\ZeZkv� ^ey� hilbfbaZpbb� iZjZf_ljh\��

khklZ\eyeZ� ��qZk��hgZ�\dexqZeZ�\�k_[y� ���fbgml�j_qb��

Djbl_jb_f� hilbfbaZpbb� [ueh� fbgbfZevgh_� agZq_gb_�

kmffu�hrb[hd�ijhimkdZ�p_eb�b�eh`gh]h�kjZ[Zlu\Zgby��

Ijb\_^_f� agZq_gby�iZjZf_ljh\��ihemq_gguo� \�j_amev�

lZl_� hilbfbaZpbb�� 1�^himklbfh_� baf_g_gb_� qZklhlu�

hkgh\gh]h�lhgZ�hl�nj_cfZ�d�nj_cfm�� ����=p��4� �ihjh]�

f_ju����� �������
L4 ��hlghr_gb_�^ebl_evghklb�\hdZebah�

\Zgghc�qZklb�keh]Z�d�^ebl_evghklb�keh]Z�� �������

>ey� l_klbjh\Zgby� bkihevah\ZeZkv�[ZaZ� ^ebl_evgh�

klvx�hdheh���qZkh\��dhlhjZy�\dexqZeZ�\�k_[y�hdheh���o�

qZkh\� j_qb��<u^_e_ggZy� ^_l_jfbgbjh\Zgguf�^_l_dlh�

jhf�ba�wlhc�[Zau�j_qv�bkihevah\ZeZkv�^ey�kha^Zgby�__�

fh^_eb��dhlhjZy�bkihevam_lky�klZlbklbq_kdbf�^_l_dlh�

jhf��>ey�h[mq_gby�klZlbklbq_kdhc�fh^_eb�fmaudb�[ue�

kha^Zg�fmaudZevguc�dhjimk��\dexqZxsbc�\�k_[y�hdheh�

��b�qZkh\�njZ]f_glh\�fmaudZevguo� ijhba\_^_gbc� jZa�

ebqguo�l_fih\�b�klbe_c��>ey�l_klbjh\Zgby�klZlbklbq_�

kdhc�qZklb�^_l_dlhjZ�bkihevah\Zebkv�jZaf_q_ggu_� aZ�

ibkb��kh^_j`Zsb_�j_q_\u_�b�fmaudZevgu_�njZ]f_glu��

dZ`^uc� ba� lZdbo�njZ]f_glh\� b^_glbnbpbjh\Zeky��H[�

sZy�^ebl_evghklv� aZibk_c� khklZ\eyeZ�hdheh�ihemlhjZ�

qZkh\��ba�gbo�hdheh� ���fbgml�fmaudb�b�hdheh� ���fbgml�

j_qb��

<h� \lhjhf�klhe[p_� lZ[e�� �� ihdZaZgu� agZq_gby� jZ\�

gh\_jhylghc� hrb[db� h[gZjm`_gby� j_qb� \� aZ\bkbfhklb�

hl�khhlghr_gby�kb]gZe�rmf�\�ih^Zgguo�gZ�\oh^�g_h[m�

qZ_fh]h�^_l_dlhjZ� aZibkyo��<� lj_lv_f�klhe[p_� lZ[e�� ��

ihdZaZgu� agZq_gby� jZ\gh\_jhylghc� hrb[db� deZkkbnb�

dZpbb�j_q_\uo�b�fmaudZevguo�njZ]f_glh\�\�aZ\bkbfh�

klb� hl� khhlghr_gby� kb]gZe�rmf� \� ih^Zgguo� gZ� \oh^�

klZlbklbq_kdh]h�^_l_dlhjZ�aZibkyo���

AZdexq_gb_��

Ih� kmlb�� kha^Zgguc� ]b[jb^guc�^_l_dlhj�� wlh� kf_kv�

^_l_jfbgbjh\Zggh]h� ^_l_dlhjZ� b� kbkl_fu� jZkihagZ\Z�

gby��<�gZklhys_c�jZ[hl_�[ueb�bkihevah\Zgu�lhevdh�^\Z�

deZkkZ�jZkihagZ\Zgby��j_qv�b�fmaudZ��gh�\�h[s_f�kem�

qZ_� dhebq_kl\h� deZkkh\�fh`_l�[ulv�m\_ebq_gh��<�dZq_�

kl\_�deZkkh\�fh]ml�[ulv��gZijbf_j��bkihevah\Zgu�]heh�

kZ�^bdlhjh\��dhlhju_�gZk�g_�bgl_j_kmxl��beb�`_�yaudb��

dhlhju_�gZk�g_�bgl_j_kmxl�b�l�^��

Lhqghklv�� ihemq_ggZy� ijb� \ukhdbo� khhlghr_gbyo�

kb]gZe�rmf��kjZ\gbfZ�k� lhqghklvx��k�dhlhjhc�h^gm�b� lm�

`_� aZibkv� k_]f_glbjmxl� ^\Z� wdki_jlZ�� Ihkdhevdm� dZ`�

^uc�nZce��bkihevah\Zgghc�^ey�l_klbjh\Zgby�[Zau��[ue�

h[jZ[hlZg� h^gbf� wdki_jlhf�� lh� fu� g_� fh]eb� kh[jZlv�

^hklh\_jgmx� klZlbklbdm� \� ihiuld_� hl\_lblv� gZ� \hijhk��

gZkdhevdh�gZr�^_l_dlhj�hlebqZ_lky�hl�kj_^g_c�wdki_jl�

ghc� jZaf_ldb��:gZeba� jZagbpu�f_`^m� wdki_jlghc� b�^_�

l_dlbjh\Zgghc� jZaf_ldZfb� \� hkgh\ghf� khklhbl� ba� jZa�

gbpu�\�hij_^_e_gbb�]jZgbp�keh\�b�njZa��Z�lZd`_�\�jZk�

klZgh\d_�iZma�f_`^m�keh\Zfb��Wdki_jl�bf_e�kdehgghklv�

\u^_eylv�keblgmx�njZam�p_ebdhf�\�hlebqb_�hl�Z\lhfZ�

lZ��dhlhjuc�ZddmjZlgh�jZkklZ\eye�iZmau�f_`^m�keh\Zfb��

Ijb�jZajZ[hld_�^_l_jfbgbjh\Zggh]h�^_l_dlhjZ�[ueh�

k^_eZgh� ^hims_gb_�� dhlhjh_� kms_kl\_gguf� h[jZahf�

ih\ebyeh�gZ�_]h�jZ[hlm��<�nhjfme_� ����y\guf�h[jZahf�

ij_^iheZ]Z_lky�� qlh�qZklhlZ� hkgh\gh]h� lhgZ� g_�^he`gZ�

baf_gylvky�hl�nj_cfZ�d�nj_cfm��bf_ggh�lZdZy�kblmZpby�

ijb\_^_l� d� fZdkbfmfm� nmgdpbhgZe� ����� ohly� ijZdlbdZ�

ihdZau\Z_l�� qlh� qZklhlZ� hkgh\gh]h� lhgZ� g_� y\ey_lky�

mklhcqb\hc�� Wlh� \� k\hx� hq_j_^v� ]h\hjbl� h� lhf�� qlh�

^he`gZ�[ulv� jZajZ[hlZgZ�[he__� kh\_jr_ggZy�fh^_ev��

dhlhjZy�mqblu\Z_l�_kl_kl\_ggmx�g_mklhcqb\hklv�qZklh�

lu�hkgh\gh]h�lhgZ��

Ebl_jZlmjZ�

���;hevrZdh\� B�:�� KlZlbklbq_kdb_� ijh[e_fu� \u^_�

e_gby� ihlhdZ� kb]gZeh\� ba� rmfZ� ��� Ba^�\h� ©Kh\_lkdh_�

jZ^bhª��������

���OZjd_\bq�:�:��;hjv[Z�k�ihf_oZfb��Ba^��<lhjh_��Ba��

©GZmdZª��F��������

���-HII� $�� %LOPHV$� *HQWOH� 7XWRULDO� RI� WKH� (0� DOJRULWKP�

DQG� LWV� $SSOLFDWLRQ� WR� 3DUDPHWHU� (VWLPDWLRQ� IRU� *DXVVLDQ�

0L[WXUH�DQG�+LGGHQ�0DUNRY�0RGHOV���,&6,�7HFKQLFDO�5HSRUW�

�����$SULO�������

���:]jZgh\kdbc�:�<���E_^gh\�>�:��J_iZeh\�K�:��F_lh^�

l_dklhg_aZ\bkbfhc� b^_glbnbdZpbb� ^bdlhjZ� gZ� hkgh\_�

bg^b\b^mZevghklb� ijhbaghr_gby� ]eZkguo� a\mdh\� ����

:dmklbdZ� b� ijbdeZ^gZy� ebg]\bklbdZ�� ?`_]h^gbd� J:H��

<uimkd����F���������klj����������

���Dhlh\�F�:���E_^gh\�>�:��b�^j��Kihkh[�hij_^_e_gby�

iZjZf_ljh\�ebg_cqZluo�ki_dljh\�\hdZebah\Zgguo�a\mdh\�

b� kbkl_fZ� ^ey� _]h� j_ZebaZpbb��� �����������������������

hl������������



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

���%DENLQ�$�$��/3&�6SHHFK�&RGHU�$7�����������%36����

,Q�3URFHHGLQJV�RI�'63$�������

���Fhllev� <�<��� Fmqgbd� B�;�� Kdjulu_� FZjdh\kdb_�

fh^_eb�\�kljmdlmjghf�ZgZeba_�kb]gZeh\��±�F���NBAF:L�

EBL�������

���6WHYHQ�*UHHQEHUJ��+DQQDK�&DUYH\��/HDK�+LWFKFRFN��

6KDZQ�&KDQJ7HPSRUDO�SURSHUWLHV�RI�VSRQWDQHRXV�VSHHFK±

D�V\OODEOH�FHQWULF�SHUVSHFWLYH� ���-RXUQDO�RI�3KRQHWLFV�������

����SS����������

���0HUPHOVWHLQ�3����������'LVWDQFH�PHDVXUHV�IRU�VSHHFK�

UHFRJQLWLRQ�� SV\FKRORJLFDO� DQG� LQVWUXPHQWDO� LQ� 3DWWHUQ��

5HFRJQLWLRQ� DQG� $UWLILFLDO� ,QWHOOLJHQFH�� &�+�� &KHQ�� (G����

SS�����±�����$FDGHPLF��1HZ�<RUN���

����'DYLV�6�%���DQG�0HUPHOVWHLQ�3����������&RPSDULVRQ�

RI�3DUDPHWULF�5HSUHVHQWDWLRQV�IRU�0RQRV\OODELF�:RUG�5HF�

RJQLWLRQ�LQ�&RQWLQXRXVO\�6SRNHQ�6HQWHQFHV��LQ�,(((�7UDQV�

DFWLRQV� RQ� $FRXVWLFV�� 6SHHFK�� DQG� 6LJQDO� 3URFHVVLQJ��

�������SS�����±�����

+<%5,'�92,&(�$&7,9,7<�'(7(&725�

9R]QHVHQVN\D�7�9���.RWRY�0�$���/HGQRY�'�$��

7KLV� SDSHU� IRFXVHV� RQ� D� K\EULG� YRLFH� DFWLYLW\� GHWHFWRU�

�9$'�� ZKLFK� LV� EXLOW� IURP� WZR� GHWHFWRUV� FRQQHFWHG�

VHTXHQWLDOO\� ZLWK� GLIIHUHQW� RSHUDWLQJ� SULQFLSOHV�� 7KH� ILUVW�

GHWHFWRU��GHYHORSHG�E\�WKH�DXWKRUV��LV�EDVHG�SLWFK�GHWHFWLRQ��

7KLV� GHWHFWRU� XVHV� ZDYHOHW� DQDO\VLV� DSSOLHG� LQ� WKH� VSHFWUDO�

GRPDLQ�� ,W� LV� VKRZQ� WKDW� WKLV� GHWHFWRU� LV� FDSDEOH� WR�

VHSDUDWHVSHHFKIURP� WKH� QRQ�VWDWLRQDU\� EDFNJURXQG� QRLVH��

ZKLFK�KDV�D�FRQWLQXRXV�VSHFWUXP��DW� ORZ�VLJQDO�QRLVH� UDWLR��

7KH� H[SHULPHQWDO� UHVXOWV� RI� GHWHFWRU� LQYHVWLJDWLRQ� DUH�

VKRZQ��+RZHYHU�� VXFK�D�GHWHFWRU� LV� QRW� DEOH� WR� GLVWLQJXLVK�

VSHHFK� IURP� WKH� VSHHFK�OLNH� VLJQDOV� WKDW� KDYH� D� OLQH�

VSHFWUXP�H�J���PXVLF��)RU� WKLV�SXUSRVH�D�ZHOO�NQRZQ�GHWHF�

WRU� LV�XVHG��EDVHG�RQ�WKH�OLNHOLKRRG�UDWLR�RI�VWDWLVWLF�PRGHOV�

RI� PXVLF� DQG� VSHHFK�� 7KH� H[SHULPHQWDO� UHVXOWV� RI� K\EULG�

9$'�LQYHVWLJDWLRQ�DUH�VKRZQ��

�

GH<U?�DGB=B�

KhehgbgZ�:�B��

PBNJH<:Y�H;J:;HLD:�KB=G:EH<�B�0$7/$%��
mq_[��ihkh[b_���:�B��KhehgbgZ��>�F��Debgkdbc��L�<��F_jdmq_\Z��K�G��I_jh\��±�

KI[���;O<�I_l_j[mj]��������±�����k���Mq_[gZy�ebl_jZlmjZ�^ey�\mah\��

Fhkd\Z��L_oghkn_jZ��������±�����k��

Hibku\Zxlky� [Zah\u_�f_lh^u� b� Ze]hjblfu� pbnjh\hc� h[jZ[hldb� kb]gZeh\� b�
kj_^kl\�bo�dhfivxl_jgh]h�fh^_ebjh\Zgby�\�kbkl_f_�0$7/$%��>Zgu�hkgh\u�Ze�

]hjblfbq_kdh]h�yaudZ�0$7/$%��JZkkfZljb\Zxlky�^bkdj_lgu_�kb]gZeu��ebg_cgu_�

^bkdj_lgu_� kbkl_fu�� ^bkdj_lgh_� ij_h[jZah\Zgb_�Nmjv_� k� bkihevah\Zgb_f� Ze]h�

jblfh\�;IN��kbgl_a�b�ZgZeba�DBO��b�;BO�nbevljh\��\�lhf�qbke_�k�nbdkbjh\Zgghc�

lhqdhc�� ki_dljZevguc� ZgZeba� kb]gZeh\�� fgh]hkdhjhklgZy� h[jZ[hldZ� kb]gZeh\� b�

Z^Zilb\gZy�pbnjh\Zy�nbevljZpby���

L_ogheh]by�h[mq_gby�\�ijhp_kk_�dhfivxl_jgh]h�fh^_ebjh\Zgby�gZ�hkgh\_�kha�

^Zgguo�Z\lhjZfb�ijh]jZff�beb�]jZnbq_kdh]h�bgl_jn_ckZ�ihevah\Zl_ey�0$7/$%�

jZkrbjy_l� l_hj_lbq_kdb_� agZgby�b�iha\hey_l�ihgylv�fgh]b_� \Z`gu_�ijh[e_fu�b�
Zki_dlu�ijZdlbq_kdh]h�ijbf_g_gby�f_lh^h\�b�Ze]hjblfh\�PHK��GZ�ijbeZ]Z_fhf�d�

dgb]_�&'�ojZgylky�h[mqZxsb_�ijh]jZffu�b�lZ[ebpu�bkoh^guo�^Zgguo��

Ij_^gZagZq_gZ�^ey�klm^_glh\��ZkibjZglh\�b�ij_ih^Z\Zl_e_c�\mah\��Z�lZd`_�ki_pbZebklh\�\�h[eZklb�pbnjh\hc�

h[jZ[hldb�kb]gZeh\��

M�\�Z�`�Z�_�f�u�_����Z�\�l�h�j�u��

J_^Zdpby�gZmqgh�l_ogbq_kdh]h�`mjgZeZ�©Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\ª�ijhkbl�<Zk�kh[ex^Zlv�ke_^mxsb_�
lj_[h\Zgby�d�fZl_jbZeZf��gZijZ\ey_fuf�gZ�im[ebdZpbx��

���Lj_[h\Zgby�d�l_dklh\uf�fZl_jbZeZf�b�khijh\h^bl_evguf�^hdmf_glZf��

��� L_dkl���l_dklh\uc�j_^Zdlhj�0LFURVRIW�:RUG��
��� LZ[ebpu� b� jbkmgdb� ^he`gu� [ulv� ijhgmf_jh\Zgu��GZ� \k_� jbkmgdb��lZ[ebpu� b� [b[ebh]jZnbq_kdb_� ^Zggu_�
mdZau\Zxlky�kkuedb�\�l_dkl_�klZlvb��

��� H[t_f�klZlvb�^h����klj���rjbnl������>ey�aZdZaguo�h[ahjguo�jZ[hl�h[t_f�fh`_l�[ulv�m\_ebq_g�^h����klj��
��� GZa\Zgb_�klZlvb�gZ�jmkkdhf�b�Zg]ebckdhf�yaudZo��
��� Jmdhibkv�klZlvb�khijh\h`^Z_lky��

x� djZldhc�ZgghlZpb_c�gZ�jmkkdhf�b�Zg]ebckdhf�yaudZo��

x� ghf_jhf�M>D��

x� k\_^_gbyfb�h[�Z\lhjZo��N�B�H���hj]ZgbaZpby��^he`ghklv��mq_gZy�kl_i_gv��l_e_nhgu��we_dljhggZy�ihqlZ���

x� dexq_\ufb�keh\Zfb��

x� Zdlhf�wdki_jlbau��ijb�gZebqbb�\�\Zr_c�hj]ZgbaZpbb�wdki_jlghc�dhfbkkbb����

���Lj_[h\Zgby�d�beexkljZpbyf��

x� <_dlhjgu_��ko_fu��]jZnbdb����`_eZl_evgh�bkihevah\Zgb_�]jZnbq_kdbo�j_^Zdlhjh\�$GREH�,OOXVWUDWRU�beb�&RUHO�

'5$:��

x� JZkljh\u_��nhlh]jZnbb��jbkmgdb�����F������jZaj_r_gb_�g_�f_g__����GSL��nhjfZl�WLII��MSJ��
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JZajZ[hlZgZ� dhfivxl_jgZy� ijh]jZffZ�� j_ZebamxsZy� ]_g_lb�

q_kdbc�Ze]hjblf�^ey� dhgkljmbjh\Zgby�pbnjh\uo�nbevljh\� k�ijb�

f_g_gb_f� l_ogheh]bb� &8'$�� Ijh\_^_gu� k_jbb� \uqbkebl_evguo�

wdki_jbf_glh\� ^ey� wdki_jbf_glZevgh]h� hij_^_e_gby� ijhba\h^b�

l_evghklb�kha^Zgghc�ijh]jZffu�� dhlhjZy�y\ey_lky�nmgdpb_c� g_�

kdhevdbo� Zj]mf_glh\��Ijb\_^_gu� wdki_jbf_glZevgu_� j_amevlZlu�

aZf_jZ�ijhba\h^bl_evghklb�^\mo�\_jkbc� ijh]jZff�� dhlhju_�ihdZ�

au\Z_l�ij_bfms_kl\h�\_jkbb��bkihevamxs_c�l_ogheh]bx�&8'$��^h�

���� jZa�ih�kjZ\g_gbx�k�ijh]jZffhc��g_�bkihevamxs_c�^Zggmx�l_o�

gheh]bx��Ih^�ijhba\h^bl_evghklvx�\�gZklhys_c�klZlv_�ihgbfZ�

_lky� dhebq_kl\h� ihimeypbc� pbnjh\uo� nbevljh\�� ]_g_jbjm_fuo�

ijh]jZffhc�aZ���qZk�jZ[hlu��

M>D�����������������������

IH<UR?GB?�IJHBA<H>BL?EVGHKLB�=?G?LBQ?KDH=H�:E=HJBLF:��
DHGKLJMBJMXS?=H�PBNJH<U?�NBEVLJU��
K�BKIHEVAH<:GB?F�L?OGHEH=BB�&8'$�

;_eh[jh^kdbc�<�:���ZkibjZgl�nZdmevl_lZ�dhfivxl_jguo�gZmd�<hjhg_`kdh]h�]hkm^Zjkl\_ggh]h�
mgb\_jkbl_lZ��H�PDLO��EHOREURGVN\#\DQGH[�UX�

�

Dexq_\u_� keh\Z�� iZjZee_evgu_� \uqbke_�
gby�� l_ogheh]by� &8'$�� fZl_fZlbq_kdh_� fh^_�

ebjh\Zgb_�� Ze]hjblfu� h[jZ[hldb�^Zgguo��[bh�

f_^bpbgkdb_�kb]gZeu��

<\_^_gb_�

G_kfhljy� gZ� \i_qZleyxsbc� jhkl� \uqbk�

ebl_evguo�fhsghkl_c�i_jkhgZevguo�dhfivxl_�

jh\��h^ghihlhqgu_�ijh]jZffu�fh]ml�lj_[h\Zlv�

agZqbl_evgh]h� \j_f_gb�� hkh[_ggh� _keb� lj_[m�

_lky� h[jZ[hlZlv�[hevrhc� h[t_f� \oh^guo�^Zg�

guo�� dhlhjuc� k\hckl\_g_g� fgh]bf� aZj_]bkl�

jbjh\Zgguf� [bhf_^bpbgkdbf� kb]gZeZf�� Hq_�

\b^gh��qlh�bkihevah\Zgb_�lZdh]h�dhebq_kl\Z�\j_f_gb�gZ�

h`b^Zgb_�j_amevlZlZ�jZ[hlu�g_ijb_fe_fh��b�wlhl�nZdl�

^_eZ_l�ZdlmZevghc�ijh[e_fm�ihbkdZ�gZb[he__�©madboª�b�

j_kmjkh_fdbo� f_kl� Ze]hjblfZ�� k� ijh\_^_gb_f� ^Zev�
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dhlhjZy�k\yaZgZ�k�l_f��qlh�\�^Zgghc�j_ZebaZpbb�]_g_lb�

q_kdh]h� Ze]hjblfZ�� ijh\h^ylky� ^hihegbl_evgu_� ij_h[�

jZah\Zgby� lbih\�� g_h[oh^bfu_� ^ey� aZimkdZ� ijhp_^mju�

\uqbke_gby�k\_jlhd��lZdb_��dZd�ij_h[jZah\Zgb_�ba�lbiZ�

dhee_dpbb� /LVW�IORDW!� \� fZkkb\� IORDW>@� b� h[jZlgh� ihke_�

\uqbke_gbc�b� l�i��Hq_\b^gh��qlh�wlb�g_hij_^_e_gghklb�

ijyfh� ijhihjpbhgZevgu� ^ebg_� kb]gZeZ� b� dhebq_kl\m�

kb]gZeh\��b�m\_ebqb\Zxl�\j_fy�\uiheg_gby�ijh]jZffu�

bkihevamxs_c� &8'$�� gh� g_kfhljy� gZ� wlh�� ba� jbk�� ����

\b^gh�_z�ij_bfms_kl\h�^h� ��jZa�ih�\_ebqbg_�ijhba\h�

^bl_evghklb��LZd�`_�jbk������ih^l\_j^beb��qlh�gZb[he__�

j_kmjkh_fdh_� f_klh� ijh]jZffu� [ueh� hij_^_e_gh� \_j�

gh�� lZd� dZd� ^hklb]Z_lky� ��djZlgh_� m\_ebq_gb_� ijhba\h�

^bl_evghklv�&8'$�\_jkbb��

AZdexq_gb_�

:gZeba� ijhba\h^bl_evghklb� ^\mo� j_ZebaZpbc� ]_g_�

lbq_kdh]h� Ze]hjblfZ�� ij_^gZagZq_ggh]h� ^ey� ]_g_jZpbb�

agZq_gbc�pbnjh\uo�nbevljh\��gZ]ey^gh�ijh^_fhgkljb�

jh\Ze� ijZdlbq_kdh_� ij_bfms_kl\h� \g_^j_gby� l_ogheh�

]bb�&8'$��

Klhbl� hlf_lblv�� qlh� ihemq_ggh_� m\_ebq_gb_� ijhba�

\h^bl_evghklb� jZ[hlu� Ze]hjblfZ�khhl\_lkl\m_l� ijbf_�

g_gbx� l_ogheh]bb� &8'$� lhevdh� \� h^ghf�� kZfhf� j_kmj�

kh_fdhf�f_kl_� dh^Z� ±�hkms_kl\e_gbb�ijhp_^mju�fZl_�

fZlbq_kdhc� k\_jldb�� dhlhjZy� ijb� hij_^_e_gguo� agZq_�

gbyo�\oh^guo�iZjZf_ljh\��Z�bf_ggh������±�h[s__�qbkeh�

nZceh\������±�qbkeh�nbevljh\�\�dZ`^hc�ihimeypbb��\u�

ihegy_lky�^h��
��
��
jZa�\�dZ`^hc�©ihimeypbbª��

K�^jm]hc�klhjhgu��ih�k\h_c�kmlb� ]_g_lbq_kdbc�Ze]h�

jblf�e_]dh�fh`_l�[ulv�ih^\_j`_g�^Zevg_cr_fm�jZkiZ�

jZee_eb\Zgbx�� gZijbf_j�� ba�aZ� g_aZ\bkbfhklb� iZjZ�

f_ljh\� hilbfbaZpbb� h^gbo� nbevljh\� hl� ^jm]bo� fh`gh�

ijhba\h^blv�g_aZ\bkbfu_�\uqbke_gby�wlbo�ihdZaZl_e_c�

^jm]� hl� ^jm]Z�� LZdbf� h[jZahf�� \� i_jki_dlb\_� hklZ_lky�

ihl_gpbZe� ^ey� ^Zevg_cr_]h� m\_ebq_gby� ijhba\h^b�

l_evghklb� aZ� kq_l� i_j_ghkZ� ^jm]bo� jZkq_lguo�fh^me_c�
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]_g_lbq_kdh]h� Ze]hjblfZ� k� &38� gZ� *38� \uqbke_gby��

lZdbo��dZd�©kdj_sb\Zgb_ª��]_g_jZpby�©fmlZpbcª�b�l�i��

:\lhj�\ujZ`Z_l�hkh[mx�[eZ]h^Zjghklv�Dmj]Zebgm�K�>���

Lmjh\kdhfm�Y�:���<Zolbgm�:�:��

Ebl_jZlmjZ�

���<Zolbg�:�:���Lmjh\kdbc�Y�:��J_ZebaZpby�qbke_ggh]h�

\_c\e_lgh]h� ij_h[jZah\Zgby� gZ� ]jZnbq_kdbo� Z^Zil_jZo�

Zjobl_dlmju�19,',$�&8'$����<_klgbd�<hjhg_`kdh]h�=hkm�

^Zjkl\_ggh]h�M�gb\_jkbl_lZ��K_jby��Kbkl_fguc�ZgZeba�b�

bgnhjfZpbhggu_�l_ogheh]bb��±�������±�����±�K���������

���Lmjh\kdbc� :�Y�� Kha^Zgb_� nbevljh\� ^ey� ZgZebaZ�

WW=�khklhygbc� gZ� hkgh\_� ]_g_lbq_kdbo� Ze]hjblfh\� ���

Ijh]jZffgZy�bg`_g_jby��±�������±�����±�K���������

���;hj_kdh\�:�<���OZjeZfh\�:�:��Hkgh\u�jZ[hlu�k�l_o�

gheh]b_c�&8'$��0���>FD�Ij_kk��������±����k���be��

���We_dljhgguc� j_kmjk�� KWWS���ZZZ�QYLGLD�UX�REMHFW�FXGD��

SDUDOOHO�FRPSXWLQJ�UX�KWPO�

���+ROODQG� -�+�� $GDSWDWLRQ� LQ� 1DWXUDO� DQG� $UWLILFLDO� 6\V�

WHP��±�0,7�3UHVV��������±�����k���

���6QHOO�0���3RZHUV�/��0LFURVRIW�9LVXDO�6WXGLRV�K����

���DZazggh\�:�F��Hkgh\u�l_ogheh]bb�&8'$��

���;_jbeeh�:�� 19,',$� &8'$� ±� g_]jZnbq_kdb_� \uqbk�

e_gby� gZ� ]jZnbq_kdbo� ijhp_kkhjZo� �KWWS���ZZZ�L[EW�FRP��

YLGHR��FXGD���VKWPO��

���KZg^_jk�>`���Dwg^jhl�W�� L_ogheh]by� &8'$� \� ijb�

f_jZo�� \\_^_gb_� \� ijh]jZffbjh\Zgb_� ]jZnbq_kdbo� ijh�

p_kkhjh\��±�F���>FD�Ij_kk��������±�����k��

,03529,1*�3(5)250$1&(�2)�*(1(7,&�

$/*25,7+0�7+$7�&216758&76�',*,7$/�

),/7(56�%<�86,1*�2)�&8'$�7(&+12/2*<�

%HOREURGVNL\�9�$��

7KLV� DUWLFOH� GHVFULEHV� D� FRPSXWHU� SURJUDP� WKDW� LPSOH�

PHQWV� D� JHQHWLF� DOJRULWKP� IRU� GHVLJQLQJ� GLJLWDO� ILOWHUV� XVLQJ�

WKH� WHFKQRORJ\� RI� &8'$�� $� VHULHV� RI� FRPSXWDWLRQDO�

H[SHULPHQWV� WR� GHWHUPLQH� WKH� SHUIRUPDQFH�RI� WKH� VRIWZDUH��

ZKLFK�LV�D�IXQFWLRQ�RI�VHYHUDO�DUJXPHQWV��LV�SHUIRUPHG���

7KH�DUWLFOH�VKRZV�WKH�H[SHULPHQWDO�UHVXOWV�RI�PHDVXULQJ�

WKH�SHUIRUPDQFH�RI�WZR�YHUVLRQ�RI�VRIWZDUH��ZKLFK�VKRZ�WKDW�

WKH� YHUVLRQ� ZKLFK� XVHV� WKH� &8'$� WHFKQRORJ\� LV� ���� WLPHV�

PRUH� SURGXFWLYH�� %\� SHUIRUPDQFH� WKH� DXWKRU� XQGHUVWDQGV�

WKH� QXPEHU� RI� GLJLWDO� ILOWHUV� SRSXODWLRQV� JHQHUDWHG� E\� WKH�

SURJUDP�DQ�KRXU��

�

�

���y�F_`^mgZjh^gZy�Dhgn_j_gpby�

PBNJH<:Y�H;J:;HLD:�KB=G:EH<�B�??�IJBF?G?GB?�

7KH���
WK
�,QWHUQDWLRQDO�&RQIHUHQFH�',*,7$/�6,*1$/�352&(66,1*�$1'�,76�$33/,&$7,216�

Fhkd\Z�����fZjlZ�±����fZjlZ������]h^Z�

M\Z`Z_fu_�dhee_]b��

IJB=E:R:?F�<:K�IJBGYLV�MQ:KLB?�<�J:;HL?�DHGN?J?GPBB�
�

HJ=:GBA:LHJU� �

x� Jhkkbckdh_�gZmqgh�l_ogbq_kdh_�h[s_kl\h�jZ^bh�

l_ogbdb��we_dljhgbdb�b�k\yab�bf��:�K��Ihih\Z�
x� ,(((�6LJQDO�3URFHVVLQJ�6RFLHW\�

x� Bgklblml�jZ^bhl_ogbdb�b�we_dljhgbdb�J:G� x� Bgklblml�ijh[e_f�mijZ\e_gby�J:G�

x� DhfiZgby�$87(;�/WG���A:H�©:<LWDKª�� x� Bgklblml�ijh[e_f�i_j_^Zqb�bgnhjfZpbb�J:G�

x� JhkkbckdZy�k_dpby�,(((�
x� Fhkdh\kdbc�gZmqgh�bkke_^h\Zl_evkdbc�l_e_\bab�

hgguc�bgklblml��A:H�FGBLB��

J:;HL:�DHGN?J?GPBB�IE:GBJM?LKY�IH����K?DPBYF��
�mdZ`bl_�khhl\_lkl\mxs_c���k_dpbb�\�aZy\d_�d�^hdeZ^m��

���L_hjby�kb]gZeh\�b�kbkl_f� ���H[jZ[hldZ�b�i_j_^ZqZ�baf_jbl_evghc�bgnhjfZpbb�

���L_hjby�b�f_lh^u�PHK� ���Ijh_dlbjh\Zgb_�b�l_ogbq_kdZy�j_ZebaZpby�kbkl_f�PHK�

���H[jZ[hldZ�kb]gZeh\�\�kbkl_fZo�l_e_dhffmgbdZpbc� ���Pbnjh\h_�l_e_jZ^bh\_sZgb_�

���H[jZ[hldZ�kb]gZeh\�\�jZ^bhl_ogbq_kdbo�kbkl_fZo� ���Pbnjh\Zy�h[jZ[hldZ�fgh]hf_jguo�kb]gZeh\�

���H[jZ[hldZ�b�i_j_^ZqZ�bah[jZ`_gbc� ����G_cjhdhfivxl_jgZy�h[jZ[hldZ�kb]gZeh\�b�bah[jZ`gbc�

KJHDB �IJ?>KL:<E?GBY�>HDE:>H< � �
�bgnhjfZpby�h�j_]bkljZpbb�h[gh\ey_lky�gZ�kZcl_��KWWS���ZZZ�UQWRUHV�UX��

J_d\bablu�^ey�i_j_qbke_gby�\aghkh\���JGLHJWK�bf_gb�:�K��Ihih\Z����BGG���������������DII�������������
;BD���������������J�kq������������������������Fhkdh\kdbc�[Zgd�K[_j[ZgdZ�Jhkkbb�H:H��]��Fhkd\Z��
Dhj�kq_l����������������������
GZagZq_gb_�ieZl_`Z��©P_e_\hc�\aghk�gZ�dhgn_j_gpbx�>KI:�����ª��G>K�g_�h[eZ]Z_lky��
�
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JZa\bl� f_lh^� qbke_ggh]h� bkke_^h\Zgby� hlghr_gby� kb]�

gZe�rmf�\�g_ebg_cghf�Zdlb\ghf�nbevlj_�i_j\h]h�ihjy^dZ��IhdZ�

aZgh��qlh�ijb�^_ckl\bb�]Zjfhgbq_kdh]h�kb]gZeZ�b�rmfZ�gZ�\oh^_�

nbevljZ� \uoh^gh_� hlghr_gb_� kb]gZe�rmf� ij_\hkoh^bl� \oh^gh_�

ijb� hij_^_ezgguo� iZjZf_ljZo� dZd� \� nbevlj_� gbadhc�� lZd� b� \�

nbevlj_� \ukhdhc� qZklhlu�� J_amevlZlu� ZgZebaZ� m^h\e_l\hjb�

l_evgh�kh]eZkmxlky�k�wdki_jbf_glZevgufb�^Zggufb��

M>D����������������

BKKE?>H<:GB?�PBNJH<HC�FH>?EB��
G?EBG?CGH=H�:DLB<GH=H�NBEVLJ:�I?J<H=H�IHJY>D:�

:[h_eZaf�F�:���ZkibjZgl�Fhkdh\kdh]h�]hkm^Zjkl\_ggh]h�l_ogbq_kdh]h�mgb\_jkbl_l�jZ^bhl_ogbdb��
we_dljhgbdb�b�Z\lhfZlbdb��F=LM�FBJW:���

F_evqZdh\�<�G���klZjrbc�ij_ih^Z\Zl_ev�F=LM�FBJW:��

J_r_lgyd�K�:���^�n��f�g���ijhn_kkhj�F=LM�FBJW:��H�PDLO��UHVKHWV#EN�UX��

Lj_lvydh\�=�G���d�l�g���^hp_gl�F=LM�FBJW:��H�PDLO��JHQQDG\�WUHW\DNRY#UDPEOHU�UX��

�

Dexq_\u_� keh\Z�� hlghr_gb_� kb]gZe�rmf��
g_ebg_cgu_�nbevlju�gbadbo�b�\ukhdbo�qZklhl���

<\_^_gb_�

<�ihke_^g__�\j_fy�ih\ur_gguc�bgl_j_k�\uau�\Zxl�

ijhp_kku� ijhoh`^_gby�keZ[uo�kb]gZeh\� b�rmfZ� q_j_a�

g_ebg_cgu_� kbkl_fu�� Hg� \ua\Zg� Zgh�fZevguf�

ih\_^_gb_f�\uoh^gh]h�hlghr_gby�kb]gZe�rmf��6�1��b��\�qZklghklb��

hldjulb_f�y\e_gbc�klhoZklbq_kdh]h�j_ahgZgkZ�>���@�b�klhoZklbq_�

kdhc� nbevljZpbb� kb]gZeh\� >��� �@�� K� ijZdlbq_kdhc� lhqdb� aj_gby�

gZb[he__� bgl_j_k_g� wnn_dl� klhoZklbq_kdhc�nbevljZpbb� kb]gZ�

eh\��iha\heyxsbc�^hklbqv�\� jZ^bhl_ogbq_kdbo�kbkl_fZo� \uoh^�

gu_�hlghr_gby�6�1��ij_\urZxsb_�\oh^gu_�agZq_gby�>����@��

<� hkgh\_� bkke_^h\Zgbc� mdZaZgguo� ijhp_kkh\� e_`Zl� klh�

oZklbq_kdb_�^bnn_j_gpbZevgu_�mjZ\g_gby��gZau\Z_fu_�eZg�

`_\_gh\kdbfb�� K� p_evx� ihemq_gby� ZgZeblbq_kdh]h� j_r_gby�

bkihevamxl� ih^oh^�� \� dhlhjhf� ZgZebabjmxlky� wd\b\Ze_glgu_�

bf� mjZ\g_gby�Nhdd_jZ�IeZgdZ� ^ey� iehlghklb� \_jhylghklb� >���

�@��H^gZdh�mjZ\g_gby�\�qZklguo�ijhba\h^guo�g_�\k_]^Z�ih^^Z�

xlky�j_r_gbx��ihwlhfm�^Zgguc�ih^oh^�bf__l�\_kvfZ�h]jZgb�

q_ggmx�h[eZklv�ijbf_g_gby��<�ki_dljZevghf�f_lh^_� >��@�hkm�

s_kl\ey_lky� i_j_oh^� hl� eZg`_\_gh\kdbo� mjZ\g_gbc� d� g_eb�

g_cghc� kbkl_f_� Ze]_[jZbq_kdbo� mjZ\g_gbc� ^ey� ki_dljZevguo�

dhfihg_gl�\uoh^gh]h�kb]gZeZ��j_r_gb_�dhlhjhc�m^Zzlky�ihem�

qblv�lhevdh�\�i_j\hf�ihjy^d_�f_lh^Z�bl_jZpbc��

<� h[s_f�kemqZ_� ijhoh`^_gb_�kb]gZeZ� b�rmfZ� q_j_a� g_�

ebg_cgu_� kbkl_fu�fh`gh� ijhZgZebabjh\Zlv� gZ� hkgh\_� qbk�

e_ggh]h� j_r_gby� klhoZklbq_kdbo� ^bnn_j_gpbZevguo� mjZ\�

g_gbc��Ih�kms_kl\m�^_eZ��qbke_gguc�ZgZeba�fh`gh�h[t_^b�

gblv�k� ijh\_^_gb_f� ijyfuo� wdki_jbf_glh\� \� jZ^bhl_ogbq_�

kdbo� mkljhckl\Zo��<� hlebqb_� hl�kms_kl\mxsbo� \� ebl_jZlmj_�

jZ[hl�ih�^Zgghc�ijh[e_f_�a^_kv�qbke_gguc�ZgZeba�ijbf_gy�

_lky�^ey�bkke_^h\Zgby�wnn_dlZ�klhoZklbq_kdhc�nbevljZpbb�

\� g_ebg_cguo� Zdlb\guo�nbevljZo� dZd� gbadbo�� lZd� b� \ukhdbo�

qZklhl��Ihemq_ggu_�\uoh^gu_�hlghr_gby�6�1�kjZ\gb\Zxlky�k�

ZgZeh]bqgufb�hlghr_gbyfb�gZ�\oh^_�nbevljh\�b�mdZau\Zxl�

gZ� gZebqb_� wnn_dlZ� klhoZklbq_kdhc�nbevljZpbb� \� hij_^_�

ezgghc�h[eZklb�iZjZf_ljh\�nbevljZ��kb]gZeZ�b�rmfZ��

<�jZ[hl_�bkke_^h\Zebkv�g_ebg_cgu_�nbevlju�gbadbo�b�\ukh�

dbo�qZklhl��NGQ�b�N<Q���ko_fu�dhlhjuo�bah[jZ`_gu�gZ�jbk�����

Ijb� mkljZg_gbb� g_ebg_cgh]h� we_f_glZ� hgb� ij_^klZ\eyxl�

kh[hc� h[uqgu_�ebg_cgu_� jZ^bhl_ogbq_kdb_�nbevlju� mdZaZg�

guo� qZklhl�� G_ebg_cguc� we_f_gl� kh^_j`bl� ^\Z� h^bgZdh\uo�

lmgg_evguo� ^bh^Z� k� bklhqgbdZfb� gZijy`_gby� kf_s_gby� ( ��

kh_^bg_ggu_� iZjZee_evgh�� E_\u_� ihexkZ� wlbo� nbevljh\� ±�

\oh^gu_��Z�ijZ\u_�±�\uoh^gu_��GZ�\oh^�nbevljh\�ih^Z\ZeZkv�

kf_kv�]Zjfhgbq_kdh]h�kb]gZeZ�b�rmfZ��Z�gZ�bo�\uoh^_�ZgZebab�

jh\Zehkv�gZijy`_gb_�f_`^m�ihexkZfb���

�

Jbk�����Ko_fu�NGQ�b�N<Q�ij_^klZ\e_gu�khhl\_lkl\_ggh��

gZ�Z��b�E���<b^�g_ebg_cgh]h�Zdlb\gh]h�we_f_glZ�k�^\mfy��

h^bgZdh\ufb�lmgg_evgufb�^bh^Zfb��L>��b�ihklhyggufb��

bklhqgbdZfb�gZijy`_gby�?�kf_s_gby�ij_^klZ\e_g�gZ�k��

?keb� q_j_a� X �h[hagZqblv� gZijy`_gb_� gZ� zfdhklb�� lh� ^ey�

NGQ�b�N<Q�kijZ\_^eb\h�mjZ\g_gb_�
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D �±� m]eh\Zy� qZklhlZ� b� Zfieblm^Z� ]Zjfhgbq_kdh]h�

kb]gZeZ�� � �W[ �±�klZpbhgZjguc� ]Zmkkh\uc�kemqZcguc�ijhp_kk�k�

dhg_qguf�\j_f_g_f�dhjj_eypbb�� � �, X �±�lhd�q_j_a�g_ebg_cguc�

we_f_gl�beb�_]h�\hevl�Zfi_jgZy�oZjZdl_jbklbdZ��

Ijhklhc�ZgZeba�ihdZau\Z_l��qlh�
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<u[bjZ_f�kf_s_gb_� ( �lZdbf��qlh[u�hdZaZlvky�\�h[eZklb�hl�

jbpZl_evguo� khijhlb\e_gbc� lmgg_evgh]h� ^bh^Z��Ijb� wlhf� dhwn�

nbpb_gl� : �lZd`_� ijbgbfZ_l� hljbpZl_evgu_� agZq_gby�� Ijyfu_�
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baf_j_gby� � �, X �ihdZau\Zxl� >��@�� qlh� \� ^hklZlhqgh�rbjhdhc� h[�

eZklb� gZijy`_gbc� \hevl�Zfi_jgZy� oZjZdl_jbklbdZ� g_ebg_cgh]h�

we_f_glZ�hibku\Z_lky�^\mfy�i_j\ufb�qe_gZfb�jy^Z������
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