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<�G� Dhjqm]Zgh\� X�=� FZl\__\� >�:� R\_^h\

Bgklblml y^_jghc nbabdb bf� =�B�;m^d_jZ KH J:G� Gh\hkb[bjkd� Jhkkby

�� Lbiu ]_g_jZlhjh\

< jZ[hl_ jZkkfhlj_gu \ukhdh\hevlgu_ gZghk_dmg^gu_ ]_g_jZlhju �^Ze__ <G=� ijyfhm]hevguo

bfimevkh\� jZajZ[hlZggu_ \ BYN KH J:G ^ey iblZgby [ukljuo dbd_jh\ bg`_dpbb b wdkljZdpbb
mkdhjbl_evgh�gZdhibl_evguo dhfie_dkh\� < wlbo ]_g_jZlhjZo \ dZq_kl\_ dhffmlZlhjh\ bkihevamxlky

bfimevkgu_ \h^hjh^gu_ lbjZljhgu b ]ZahgZiheg_ggu_ jZajy^gbdb� Ijb g_h[oh^bfhklb njhglu bfimevkh\

<G= fh]ml mdhjZqb\Zlvky ^h �±� gk_d \ dhZdkbZevguo ebgbyo� aZiheg_gguo n_jjblh\ufb dhevpZfb�

F_oZgbaf mdhjhq_gby njhglh\ bfimevkh\ jZkkfhlj_g \ >�� �@� < lZ[e� � ijb\_^_gu hkgh\gu_ iZjZf_lju

jZaguo lbih\ <G=�

LZ[ebpZ �� Hkgh\gu_ iZjZf_lju bfimevkh\ <G= gZ jZajy^gbdZo b gZ lbjZljhgZo�

JZ[hqb_

iZjZf_lju <G= <G= gZ jZajy^gbdZo

<G= gZ

lbjZljhgZo

k h^bgZjgufb
nhjf�

ebgbyfb

�HNE��

�GZdhibl_ev

GZghoZgZ�

Yihgby�

<G= gZ

lbjZljhgZo

F ^\hcgufb
nhjf� ebgbyfb

�>NE��

�Bg`_dpby

\ [mkl_j

GZghoZgu�

<G= gZ

lbjZljhgZo

F >NE b
n_jjblh\ufb

ebgbyfb�

h[hkljbl_eyfb�

�<uimkd

ba [mkl_jZ

GZghoZgu b
;��F �<WII�

������

:fieblm^Z

\uoh^guo

bfimevkh\

gZijy`_gby� d<

d ��� �<WI��� >�@�

d �� �<WII�� b
Kb[bjv� >�� �� ���@�

d ��� �<WII��� >�@�

���� �� ��

Njhgl bfimevkZ�
gk_d � ± � t �� t �� � ±�

G_klZ[bevghklv

kbgojhgbaZpbb�

gk_d

r � >�@

� �U�P�V� >���@

r �� >�@

d ��� �U�P�V� d ��� �U�P�V� d ��� �U�P�V�

:fieblm^Z lhdZ

dbd_jZ� d: � � � �

Ijbf_qZgb_� \ lZ[ebp_ \ d\Z^jZlguo kdh[dZo >@ mdZaZgu kkuedb gZ ebl_jZlmjm�

�� =_g_jZlhju k dhffmlZlhjZfb � jZajy^gbdZfb

< BYN KH J:G \ k\yab k jZajZ[hldhc f_lh^Z \klj_qguo aZjy`_gguo imqdh\ \hagbdeb aZ^Zqb

h^ghh[hjhlghc bg`_dpbb b wdkljZdpbb \ mkdhjbl_eyo b gZdhibl_eyo� BagZqZevgh mkdhjbl_eb bf_eb fZeu_

jZaf_ju b khhl\_lkl\_ggh fZeu_ \j_f_gZ h[jZs_gby qZklbp� Wlb h[klhyl_evkl\Z ihlj_[h\Zeb kha^Zgby

]_g_jZlhjh\ k dhjhldbfb ijyfhm]hevgufb bfimevkZfb� bf_xsbfb djmlu_ njhglu b kj_au�

>ey mklZgh\db <WI�� [ue kha^Zg <G= h^ghiheyjguo bfimevkh\ >�@ gZ � ]ZahgZiheg_gguo jZajy^gbdZo
k ih^\b`gufb we_dljh^Zfb� :fieblm^Z \uoh^guo bfimevkh\ ^hklb]ZeZ ��� d< ijb ^ebl_evghklb �� gk_d b



��

k njhglZfb � gk_d� Ijb wlhf bkihevah\Zebkv jZajy^gbdb jZaguo lbih\ �ljb]Zljhg� h[hkljbl_ev b jZajy^gbd�
aZdhjZqb\Zxsbc ©o\hklu bfimevkZª��

Hkgh\gufb g_^hklZldZfb wlh]h ]_g_jZlhjZ y\eyebkv g_klZ[bevghklv kbgojhgbaZpbb �^h r�� gk_d� b
gbadZy wnn_dlb\ghklv mkljZg_gby ihke_bfimevkh\� ihwlhfm dbd_ju iblZebkv hl h^gh]h ]_g_jZlhjZ�

>ey gZdhibl_evgh]h dhfie_dkZ <WII�� [ueb kha^Zgu [he__ kh\_jr_ggu_ <G= gZ h^ghlbiguo

]ZahgZiheg_gguo lj_owe_dljh^guo jZajy^gbdZo >�� �@ k ih^\b`gufb we_dljh^Zfb� G_klZ[bevghklv kbgojh�

gbaZpbb [ueZ mf_gvr_gZ ^h g_kdhevdbo gZghk_dmg^� WdkiemZlZpby ]_g_jZlhjh\ hkeh`gyeZkv

g_h[oh^bfhklvx i_jbh^bq_kdhc ijhdZqdb fZkehaZiheg_gguo \ukhdh\hevlguo \\h^h\ b dZ[_e_c�
>ey dhfie_dkZ <WII�� [ue kha^Zg ]_g_jZlhj k fZdkbfZevghc Zfieblm^hc bfimevkh\ ^h ��� d< b

qZklhlhc ke_^h\Zgby bfimevkh\ ^h �� =p ^ey jZ[hlu gZ g_kh]eZkh\Zggmx gZ]jmadm� <j_f_gZ njhglh\

gZjZklZgby b kiZ^Z |� gk_d >�@�

>ey dhfie_dkZ bklhqgbdZ KB ©Kb[bjv��ª �JGP bf� DmjqZlh\Z� ]� Fhkd\Z� kha^Zgu gh\u_ <G= gZ

]ZahgZiheg_gguo jZajy^gbdZo >�� �@ kh ke_^mxsbfb hkh[_gghklyfb�

� \uoh^u ]_g_jZlhjZ bf_xl jZaghiheyjgu_ bfimevku�

� jZajZ[hlZgZ hq_gv ijhklZy ko_fZ k h^gbf bfimevkguf bklhqgbdhf iblZgby�
� nhjfbjmxsb_ ebgbb \uiheg_gu ^\moklmi_gqZlufb �>NE�� qlh mf_gvrbeh lj_[h\Zgby d

baheypbb %%�ljZgknhjfZlhjZ� nhjfbjmxsbo ebgbc b jZajy^gbdh\�

� jZajy^gbdb \uiheg_gu k g_ih^\b`gufb we_dljh^Zfb�

� i_j_oh^ gZ bkihevah\Zgb_ ]Zah\hc baheypbb \f_klh fZkeyghc� qlh j_adh mijhklbeh

wdkiemZlZpbx b m^_r_\beh ijhba\h^kl\h ]_g_jZlhjh\�

Kj_^g_d\Z^jZlbqgh_ agZq_gb_ ^`bll_jZ m^Z_lky ih^^_j`b\Zlv gZ mjh\g_ � gk_d�
IjbgpbibZevgZy ko_fZ gh\h]h [biheyjgh]h ]_g_jZlhjZ� jZajZ[hlZggh]h gZ [Za_ <G= ^ey Kb[bjb���

ihdZaZgZ gZ jbk� �� >\hcgu_ nhjfbjmxsb_ ebgbb aZjy`Zxlky iZjZee_evgh hl gbadh\hevlgh]h bfimevkgh]h

bklhqgbdZ iblZgby ©=BFGª q_j_a ih\urZxsbc ljZgknhjfZlhj 75� b aZjy^gu_ khijhlb\e_gby �� dHf�

Ihke_ ijboh^Z ih^`b]h\h]h bfimevkZ gZ kj_^gbc we_dljh^ �±we_dljh^gh]h jZajy^gbdZ nhjfbjmxsb_ ebgbb

ihke_^h\Zl_evgh jZajy`Zxlky \ gZ]jmadm �ieZklbgu dbd_jZ�� Iheyjghklv \uoh^gh]h bfimevkZ hij_^_ey_lky

kihkh[hf \dexq_gby jZajy^gbdZ \ p_iv jZajy^Z nhjfbjmxs_c ebgbb� Wlhl ]_g_jZlhj bf__l ^\Z ���hfguo
jZaghiheyjguo \uoh^Z� :fieblm^Z \uoh^guo bfimevkh\ ^h �� d<� ^ebl_evghklv gZ ihem\ukhl_ �� gk_d�

njhgl ���±� gk_d b kj_a |� gk_d� >ey memqr_gby klZ[bevghklb kbgojhgbaZpbb \ p_ib ih^`b]Z ijbf_g_gu
^\_ kibjZevgu_ ebgbb ih ��� Hf� Ihwlhfm g_klZ[bevghklv kbgojhgbaZpbb �kj_^g_d\Z^jZlbqgh_ hldehg_gb_�

g_ ij_\urZ_l � gk_d�
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Jbk� �� IjbgpbibZevgZy ko_fZ [biheyjgh]h ]_g_jZlhjZ k dhffmlZlhjZfb gZ ��we_dlhjh^guo jZajy^gbdZo k ^\hcgufb

nhjfbjmxsbfb ebgbyfb k jZkij_^_e_ggufb iZjZf_ljZfb� <uoh^gh_ khijhlb\e_gb_ ]_g_jZlhjZ �� Hf�



��

KibjZevgu_ ebgbb �K� b K�� m\_ebqb\Zxl Zfieblm^m bfimevkh\ ih^`b]Z� qlh g_kdhevdh mf_gvrZ_l
^`bll_j b m\_ebqb\Z_l ^bgZfbq_kdbc ^bZiZahg i_j_kljhcdb jZajy^gbdh\� We_dljbq_kdZy ^ebgZ

nhjfbjmxsbo ebgbb |�� gk_d� J_kmjk jZ[hlu jZajy^gbdh\ �[_a j_]mebjh\db aZahjh\ beb kf_gu we_dljh^h\�
khklZ\ey_l ^_kyldb fbeebhgh\ bfimevkh\�

�� =_g_jZlhju k lbjZljhggufb dhffmlZlhjZfb

< ^hklZlhqgh [hevrbo mklZgh\dZo k [hevrbfb i_jbh^Zfb h[jZs_gby qZklbp �!�� gk_d� lj_[h\Zgby d
djmlbag_ njhglh\ bfimevkh\ <G= kgb`Zxlky� < k\yab k wlbf klZeh ZdlmZevguf bkihevah\Zgb_ ^ey aZ^Zq

bg`_dpbb�wdkljZdpbb ]_g_jZlhjh\ k lbjZljhggufb dhffmlZlhjZfb�lbjZljhgZfb �k \h^hjh^guf

aZiheg_gb_f�� wdkiemZlZpby dhlhjuo ijhs_ b ^_r_\e_�

JZajZ[hlZggu_ lbjZljhggu_ ]_g_jZlhju jZaebqZxlky�

�� Ih lbim bkihevam_fuo nhjfbjmxsbo ebgbc�

D� ebgbb h^bgZjgu_ b ^\hcgu_�
[� k jZkij_^_e_ggufb b k khkj_^hlhq_ggufb iZjZf_ljZfb�

\� ]ZahgZiheg_ggu_ b [_a ]Zah\h]h aZiheg_gby�

�� Ih gZebqbx beb hlkmlkl\bx ^hihegbl_evgh]h h[hklj_gby i_j_iZ^h\ �njhglh\ b kj_ah\��

ihemqZ_fuo k ihfhsvx n_jjblh\uo ebgbc�

�� Ih \_ebqbg_ \uoh^gh]h khijhlb\e_gby�

>ey \k_o jZagh\b^ghkl_c hibkZgguo \ wlhc jZ[hl_ ]_g_jZlhjh\ gZ lbjZljhgZo h[sbfb y\eyxlky�

Z� bkihevah\Zgb_ gZdZeZ lbjZljhgh\� klZ[bebabjh\Zggh]h ^h r�
�

��
��
�

[� fZdkbfZevgh_ aZjy^gh_ gZijy`_gb_ nhjfbjmxsbo ebgbc g_ ij_\urZ_l �� d<�

\� gZebqb_ wdjZgbjmxs_]h dh`moZ� h[s_]h ^ey lbjZljhgZ b nhjfbjmxs_c ebgbb�

]� gZebqb_ rdZnZ k ijb[hjZfb aZsblu hl ihiZ^Zgby ih^ gZijy`_gb_ �aZa_febl_ev� [ehdbjh\db��

KlZ[bebaZpby gZdZeZ lbjZljhgh\ ^h r�
�

��
��
g_h[oh^bfZ ^ey gZ^_`gh]h h]jZgbq_gby g_klZ[bevghklb

bo aZimkdZ f_gvr_ � gk_d�

LbjZljhgguc ]_g_jZlhj gZ ^\hcghc nhjfbjmxs_c ebgbb k khkj_^hlhq_ggufb iZjZf_ljZfb� k
ihke_^mxsbf h[hklj_gb_f k ihfhsvx n_jjblh\hc ebgbb ieZgbjm_lky ihklZ\blv gZ dhfie_dk_ <WII�����

\ Bgklblml_ y^_jghc nbabdb KH J:G \f_klh ]_g_jZlhjZ gZ ��we_dljh^ghf jZajy^gbd_ k ihke_^h\Zl_evguf

mijZ\e_gb_f lbiZ >�@� Djhf_ lh]h� ih^h[guf ]_g_jZlhjhf ij_^iheZ]Z_lky hkgZklblv dbd_ju wdkljZdpbb

[mkl_jZ ± kbgojhljhgZ dhfie_dkZ GZghoZgZ� Yihgby >�@�

GZ jbk� � bah[jZ`_gZ ijbgpbibZevgZy ko_fZ ]_g_jZlhjZ� Hkgh\gufb we_f_glZfb ko_fu y\eyxlky�
� =BFG���� ± bfimevkguc klZ[bevguc �^h �

�
��

��
� bklhqgbd iblZgby k gZijy`_gb_f ������� <�

� 75�± \ukhdh\hevlguc bfimevkguc ih\urZxsbc ljZgknhjfZlhj�

� 5� ± j_abklhj� aZ^Zxsbc aZjy^guc lhd nhjfbjmxs_c ebgbb�

� 5� ± dhgljhev lhdZ ljZgknhjfZlhjZ�

� 5r ± j_abklhj dhgljhey lhdZ lbjZljhgZ�

� 5�� 5� ± j_abklhju� h[jZamxsb_ ^_ebl_ev \ p_ib ih^`b]Z lbjZljhgZ�
� LE��LE� ± ljZgkihjlgu_ ebgbb ����hfgu_ dZ[_eb��

� dhZdkbZevgu_ n_jjblh\u_ ebgbb k ^ebghc ��� ff� aZiheg_ggu_ dhevpZfb F��u��u� ����GG ff�
� 5g ± hdhg_qgu_ kh]eZkmxsb_ gZ]jmadb k baf_jbl_evgufb ^_ebl_eyfb ^ey dhgljhey Zfieblm^u

bfimevkh\ lhdZ b gZijy`_gby� ijhoh^ysbo q_j_a n_jjblh\u_ ebgbb�

>\hcgZy nhjfbjmxsZy ebgby khklhbl ba ^\mo klmi_g_c� dhlhju_ aZjy`Zxlky iZjZee_evgh� Z

jZajy`Zxlky ihke_^h\Zl_evgh� DZ`^Zy klmi_gv khklhbl ba ^\mo k_dpbc� lZd `_ \dexq_gguo iZjZee_evgh�
DZ`^Zy k_dpby khklhbl ba � yq__d� DZ`^Zy yq_cdZ h[jZam_lky ^\mfy ihke_^h\Zl_evgh \dexq_ggufb

dhg^_gkZlhjZfb k _fdhklvx ��� iN b bg^mdlb\ghklvx �� g=g� DZ`^Zy k_dpby bf__l \hegh\h_

khijhlb\e_gb_ �� Hf� Z dZ`^Zy klmi_gv ���� Hf� LZd dZd ijb kjZ[Zlu\Zgbb lbjZljhgZ klmi_gb jZajy`Zxlky

ihke_^h\Zl_evgh� lh \uoh^gh_ khijhlb\e_gb_ ]_g_jZlhjZ jZ\gh �� Hf�

AZimkd lbjZljhgZ ijhba\h^blky gZ \_jrbg_ aZjy^gh]h gZijy`_gby� J_abklhj 5�� klhysbc \ i_j\bqghc

h[fhld_ ljZgknhjfZlhjZ� \ghkbl [hevrh_ aZlmoZgb_ \ dhe_[Zl_evguc dhglmj� mf_gvrZy Zfieblm^m
aZjy^gh]h gZijy`_gby \h \lhjhf b lj_lv_f ihemi_jbh^Zo ^h ��� hl gZijy`_gby \ i_j\hf ihemi_jbh^_ \h

ba[_`Zgb_ ih\lhjguo kjZ[Zlu\Zgbc lbjZljhgZ� J_abklhj 5� h[_ki_qb\Z_l jZa\yadm nhjfbjmxs_c ebgbb

ijb __ jZajy^_ hl aZjy^ghc p_ib� GZdZe lbjZljhgZ iblZ_lky klZ[bebabjh\Zgguf bklhqgbdhf gZijy`_gby gZ

��� <� qlh h[_ki_qb\Z_l fZeuc ^`bll_j \uoh^guo bfimevkh\�
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Jbk� �� IjbgpbibZevgZy ko_fZ ]_g_jZlhjZ gZ ^\hcghc nhjfbjmxs_c ebgbb kh khkj_^hlhq_ggufb iZjZf_ljZfb

k h[hklj_gb_f gZ n_jjblh\uo ebgbyo�

>ey [_ahiZkgh]h h[kem`b\Zgby bf__lky jZafudZl_ev JF;� Hg jZaju\Z_l iblZxsmx k_lv� kgbfZ_l

\ukhdh_ gZijy`_gb_ ijb hldju\Zgbb ^\_j_c f_lZeebq_kdh]h rdZnZ� \ dhlhjhf jZkiheZ]Z_lky ]_g_jZlhj�

Bklhqgbd iblZgby =BFG q_j_a ih\urZxsbc \ukhdh\hevlguc ljZgknhjfZlhj 75� aZjy`Z_l ^\hcgmx

nhjfbjmxsmx ebgbx gZ khkj_^hlhq_gguo iZjZf_ljZo ^h jZ[hq_]h gZijy`_gby �g_ [he__ �� d<�� < wlhl

fhf_gl lbjZljhg� aZims_gguc ljb]]_jhf hl ko_fu mijZ\e_gby� jZajy`Z_l nhjfbjmxsmx ebgbx gZ
gZ]jmadm q_j_a ljZgkihjlgu_ ebgbb b ^\_ iZjZee_evgh \dexq_ggu_ dhZdkbZevgu_ n_jjblh\u_ ebgbb� GZ

n_jjblh\uo ebgbyo njhgl bfimevkZ mdhjZqb\Z_lky ^h ��� gk_d b ^Ze__ ihklmiZ_l gZ kh]eZkmxsmx Zdlb\gmx

gZ]jmadm k baf_jbl_evguf ^_ebl_e_f gZ dhgp_ beb g_ihkj_^kl\_ggh gZ dbd_j�

GZ Sbk� � ijb\_^_gu hkpbeeh]jZffu \uoh^guo bfimevkh\ wlh]h ]_g_jZlhjZ� kgylu_ hkpbeeh]jZnhf

7'6������

Jbk� �� Hkpbeeh]jZffu bfimevkh\ k \uoh^Z n_jjblh\uo ebgbc gZ gZ]jmad_ �� Hf� <j_fy gZjZklZgby gZ mjh\g_ �������

Wn � gk_d ihemq_gh aZ kq_l h[hklj_gby n_jjblh\ufb ebgbyfb� <j_f_gghc fZkrlZ[ ih ]hjbahglZevghc hkb �� gk�kf b

� gk�kf�
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>�@ ;�=� ?jhahebfkdbc�X�=�FZl\__\ b ^j� =_g_jZlhj h^bghqguo gZghk_dmg^guo bfimevkh\ \ukhdh]h

gZijy`_gby� ILW���� ����� k� ������

>�@ :�<� Dbk_e_\� >hdeZ^u <k_khxagh]h kh\_sZgby ih mkdhjbl_eyf kh \klj_qgufb imqdZfb b nbabd_ qZklbp

k\_jo\ukhdbo wg_j]bc� q��� ����� Gh\hkb[bjkd� k� ��������

>�@ :�<� Dbk_e_\� >bkk_jlZpby� � Gh\hkb[bjkd� �����

>�@ :�:� :\^b_gdh�X�=�FZl\__\ b ^j� ©Fhsguc \ukhdh\hevlguc gZghk_dmg^guc ]_g_jZlhjª� ILW� ���
����� k� ��������

>�@ $� .DGQLNRY� <� 0DWYHHY� ([SHULPHQWDO LQYHVWLJDWLRQ RI KLJK YROWDJH QDQRVHFRQG JHQHUDWRUV RI LQMHFWLRQ V\VWHP

IRU ©6LEHULD��ª VWRUDJH ULQJ� 3URFHHGLQJV RI WKH ���� 3DUWLFOH $FFHOHUDWRU &RQIHUHQFH� Y� �� S������

>�@ 9� .RUFKXJDQRY� <� 0DWYHHY� '� 6KYHGRY� +LJK 9ROWDJH QDQRVHFRQG JHQHUDWRUV IRU ©6LEHULD��ª� 3 3URFHHGLQJV

RI WKH ���� 3DUWLFOH $FFHOHUDWRU &RQIHUHQFH DQG ,QWHUQDWLRQDO &RQIHUHQFH RQ +LJK (QHUJ\ $FFHOHUDWRUV� Y���
S� ����� :$$���

>�@ X�=�FZl\__\� >�:�R\_^h\� DhZdkbZevgu_ ebgbb k n_jjblh\uf aZiheg_gb_f ^ey h[hklj_gby i_j_iZ^h\

fhsghklb� � Gh\hkb[bjkd� Bgklblml y^_jghc nbabdb KH J:G� ���� �\ i_qZlb��

>�@ B�=� DZlZ_\� M^Zjgu_ we_dljhfZ]gblgu_ \hegu� ©Kh\_lkdh_ jZ^bhª�Fhkd\Z� �����

>�@ 9� .RUFKXJDQRY� (� /HYLFKHY � 1� 0H]HQWVHY� 9� 6DMDHY� .� 7DNDKDVKL� .� $L]DZD� 6� .DPLD� <� 2NX�

.� 2KZDNL� 7KH 1DQRKDQD � *H9 6\QFKURWURQ OLJKW VRXUFH� 1,0 $��� ������ ������


