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:gghlZpby

=jbrd_\bq Y�<�� Dbj__\ <�B�� Ie_kdZq :�<� Kbkl_fZ l_jfhklZlbjh\Zgby ij_pbabhggh]h \_jrbggh]h

^_l_dlhjZ mklZgh\db K<>� Ij_ijbgl BN<W ������� Ijhl\bgh� ����� ± � k�� � jbk�� � lZ[e�� [b[ebh]j�� ��

Kha^ZgZ ijhlhqgZy kbkl_fZ l_jfhklZlbjh\Zgby fbdjhkljbih\h]h \_jrbggh]h ^_l_dlhjZ� bkihevamx�

sZy \ dZq_kl\_ oeZ^Z]_glZ bkiZjyxsbcky ]Zahh[jZaguc Zahl� JZajZ[hlZggZy kbkl_fZ iha\hey_l baf_gylv
l_fi_jZlmjm \gmljb ^_l_dlhjZ \ ^bZiZahg_ �� · ���

�
K b ih^^_j`b\Zlv _z gZ aZ^Zgghf mjh\g_ k lhqgh�

klvx ^h �
�
K� Ijb wlhf kh^_j`Zgb_ \eZ]b \gmljb ^_l_dlhjZ g_ ij_\urZ_l �Â��

��
SSP�

$EVWUDFW

*ULVKNHYLFK <D�9�� .LUHHY 9�,�� 3OHVNDFK $�9� 7KHUPRVWDWLQJ 6\VWHP RI 3UHFLVLRQ 9HUWH[ 'HWHFWRU 69'� ,+(3

3UHSULQW ������� 3URWYLQR� ����� ± S� �� ILJV� �� WDEOHV �� UHIV�� ��

7KHUPRVWDWLQJ IORZ V\VWHP RI PLFURVWULS VLOLFRQ YHUWH[ GHWHFWRU KDV EHHQ EXLOW� ,W XVHV YDSRXULQJ QLWURJHQ DV

UHIULJHUDQW� 7KH V\VWHP DOORZV WR FKDQJH WKH WHPSHUDWXUH LQVLGH WKH GHWHFWRU LQ WKH LQWHUYDO RI �� · ���
�
K DQG WR

PDLQWDLQ LWV ZLWK SUHFLVLRQ RI DERXW �
�
K� 7KH TXDQWLW\ RI ZDWHU LQVLGH WKH GHWHFWRU XQGHU WKHVH FRQGLWLRQV GRQ¶W

H[HHG �Â��
��
SSP�

 =hkm^Zjkl\_gguc gZmqguc p_glj
Jhkkbckdhc N_^_jZpbb

Bgklblml nbabdb \ukhdbo wg_j]bc� ����
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< gZklhys_c jZ[hl_ hibku\Z_lky kbkl_fZ l_jfhklZlbjh\Zgby ij_pbabhggh]h \_jrbggh]h

^_l_dlhjZ �I<>� gZ hkgh\_ fbdjhkljbih\uo dj_fgb_\uo ^_l_dlhjh\� kha^Zggh]h ^ey ��c hq_�

j_^b K<> >�@�

>ey mf_gvr_gby l_fgh\uo lhdh\ \ fbdjhkljbih\uo dj_fgb_\uo ^_l_dlhjZo lj_[m_lky kha�

^Zgb_ \gmljb dh`moZ ^_l_dlhjZ kmohc kj_^u k ihklhygghc l_fi_jZlmjhc b ih^^_j`Zgb_ wlhc

l_fi_jZlmju ih \hafh`ghklb [he__ gbadhc�

Kha^ZggZy kbkl_fZ l_jfhklZlbjh\Zgby I<> mki_rgh hljZ[hlZeZ \ � k_ZgkZo K<> ih gZ[hjm

klZlbklbdb�

���������������������������� ��!�"�"#�$%�

����Ij_pbabhgguc \_jrbgguc ^_l_dlhj khklhbl ba � [ehdh\� h^gh]h dhf[bgbjh\Zggh]h �D;� b

^\mo h^bgZjguo �H;�� dZ`^uc ba dhlhjuo jZaf_szg \ kh[kl\_gghf dh`mo_� Wlb ljb [ehdZ y\�

eyxlky h[t_dlhf l_jfhklZlbjh\Zgby�

GZ jbk� � ij_^klZ\e_gZ ko_fZ kbkl_fu l_jfhklZlbjh\Zgby I<>� dhlhjZy \dexqZ_l \ k_[y

kbkl_fm iblZgby oeZ^Z]_glhf� kbkl_fm Z\lhfZlbq_kdh]h j_]mebjh\Zgby b kbkl_fm l_iehktzfZ k

dZ`^h]h ba dh`moh\ I<>�

Kbkl_fZ l_jfhklZlbjh\Zgby hkgh\ZgZ gZ bkihevah\Zgbb bkiZj_ggh]h ]Zahh[jZagh]h ZahlZ \

dZq_kl\_ l_iehghkbl_ey �oeZ^Z]_glZ� b j_ZebaZpbb l_iehh[f_gZ imlzf kf_r_gby ± g_ihkj_^kl�

\_ggh]h dhglZdlZ l_iehghkbl_ey b kj_^u� qlh \ujZ`Z_lky \ hj]ZgbaZpbb ihklhyggh]h ijhlhdZ

ZahlZ q_j_a dh`mo ^_l_dlhjZ b nhjfbjh\Zgbb ki_pbZevgh jZkkqblZgghc b kijh_dlbjh\Zgghc

ahgu kf_r_gby i_j_^ Zdlb\ghc qZklvx ^_l_dlhjZ�

����������"#�$ ���# ��!�&' � (��#�$�

�����Kbkl_fZ ih^Zqb oeZ^Z]_glZ �]Zahh[jZagh]h bkiZj_ggh]h ZahlZ� khklhbl ba Zahlgh]h lZgdZ

zfdhklvx � f�
� l_iehh[f_ggbdZ�ih^h]j_\Zl_ey� dhgljhevgh�j_]mebjmxs_c b aZihjghc ZjfZlm�

ju�

>Z\e_gb_ ZahlZ \ lZgd_ ih^^_j`b\Z_lky Z\lhfZlbq_kdb k ihfhsvx j_]meylhjZ ijyfh]h ^_c�

kl\by b dhgljhebjm_lky khhl\_lkl\mxsbf fZghf_ljhf�

Dhg^_gkZpbhgguc l_jfhf_lj dhgljhebjm_l l_fi_jZlmjm ihke_ l_iehh[f_ggbdZ�

ih^h]j_\Zl_ey� Hg aZihegy_lky m]e_dbkehlhc b iha\hey_l baf_jylv l_fi_jZlmjm hl ���
�K ^h ±

���
�K� Ebgbb ljZgkihjlbjh\db ih^h]j_lh]h ]Zahh[jZagh]h ZahlZ hl lZgdZ d dZ`^hfm ba � dh`m�

oh\ \uiheg_gu ba ieZklbdh\uo ljm[hd jZaf_jhf ��î� ff b�bahebjh\Zgu k ihfhsvx kehz\

nbevljZ I_ljygh\Z� gZfhlZgguo ^h gZjm`gh]h ^bZf_ljZ� jZ\gh]h �� ff�

JZkoh^ ]Zahh[jZagh]h ZahlZ dhgljhebjm_lky jZkoh^hf_jZfb� mklZgh\e_ggufb gZ \uoh^_ dZ�

`^h]h ba dh`moh\�



�

Jbk� �� Ko_fZ kbkl_fu l_jfhklZlbjh\Zgby ij_pbabhggh]h \_jrbggh]h ^_l_dlhjZ� � ± dhf[bgbjh\Zgguc
[ehd I<>� �� � ± h^bgZjgu_ [ehdb I<>� � ± l_iehh[f_ggbd kf_r_gby� � ± ljZgkfbll_j ^bn�

n_j_gpbZevguc� � ± ig_\fhj_]meylhj� � ± bkihegbl_evguc f_oZgbaf� � ± l_iehh[f_ggbd�

ih^h]j_\Zl_ev� � ± Zahlguc lZgd�

�
������"#�$ � �#�$ #�)�"��(����(�'���� ��!�

Kbkl_fZ Z\lhfZlbq_kdh]h j_]mebjh\Zgby I<> khklhbl ba � g_aZ\bkbfuo dhglmjh\ j_]meb�

jh\Zgby� DZ`^uc ba dhglmjh\ khklhbl ba ig_\fhj_]meylhjZ kh klZgpb_c dhfZg^�

^bnn_j_gpbZevgh]h ljZgkfbll_jZ k nbdkbjh\Zgguf hihjguf� ^Z\e_gb_f� bkihegbl_evgh]h
f_oZgbafZ� jZkiheh`_ggh]h� \[ebab dh`moZ� dhg^_gkZpbhggh]h l_jfhf_ljZ� qm\kl\bl_evguc

we_f_gl �[mev[Z� dhlhjh]h jZkiheh`_g \gmljb dh`moZ� Z lZd`_ kbkl_fu dhgljhey b aZiheg_gby

dhg^_gkZpbhggh]h l_jfhf_ljZ� AZiheg_gb_ hkms_kl\ey_lky nj_hghf��� b h[_ki_qb\Z_l

baf_j_gb_ l_fi_jZlmju \ bgl_j\Ze_ ��� · �
�K� Nj_hg��� [ue \u[jZg ba mkeh\by h[_ki_q_gby

emqr_c qm\kl\bl_evghklb \ jZ[hq_f ^bZiZahg_�

>bnn_j_gpbZevguc ljZgkfbll_j ij_^gZagZq_g ^ey ij_h[jZah\Zgby kb]gZeZ jZkkh]eZkh\Zgby

f_`^m aZ^Zgghc l_fi_jZlmjhc \ dh`mo_ b baf_jy_fhc \ klZg^Zjlguc ig_\fZlbq_kdbc kb]gZe

��� · � Zlb b ih^Zqb _]h gZ \oh^ j_]meylhjZ \ dZq_kl\_ i_j_f_gghc \_ebqbgu�

LZdZy ko_fZ baf_j_gby ^Z\e_gby \ [mev[_ l_jfhf_ljZ k ihfhsvx ^bnn_j_gpbZevgh]h

ljZgkfbll_jZ k nbdkbjh\Zgguf hihjguf ^Z\e_gb_f >�@ iha\hey_l ih\ukblv lhqghklv baf_j_�

gby ^Z\e_gby \ [mev[_ b� ke_^h\Zl_evgh� l_fi_jZlmju \gmljb dh`moZ� < blh]_� ^bnn_j_gpbZev�

guc ljZgkfbll_j k hihjguf ^Z\e_gb_f iha\hey_l mkbeblv kb]gZe jZkkh]eZkh\Zgby \ � jZa�

< dZq_kl\_ j_]meylhjZ bkihevam_lky ijhihjpbhgZevgh�bgl_]jZevguc j_]meylhj k f_klguf

aZ^Zlqbdhf IJA���� dhlhjuc \oh^bl \ kbkl_fm ijb[hjh\ ©KlZjlª aZ\h^Z Lbaijb[hj� Hg ij_^gZ�

agZq_g ^ey ihemq_gby g_ij_ju\gh]h j_]mebjmxs_]h \ha^_ckl\by \ \b^_ ^Z\e_gby k`Zlh]h \ha�

^moZ� ih^Z\Z_fh]h gZ bkihegbl_evguc f_oZgbaf ^ey ih^^_j`Zgby j_]mebjm_fhc l_fi_jZlmju

gZ aZ^Zgghf mjh\g_�



�

Bkihegbl_evguc f_oZgbaf khklhbl ba ^\mo ^bklZgpbhggh mijZ\ey_fuo k`Zluf \ha^mohf

\_glbe_c� \dexq_gguo iZjZee_evgh� H^bg \_glbev y\ey_lky ghjfZevgh hldjuluf� ^jm]hc ±

ghjfZevgh aZdjuluf� I_j\uc \_glbev ih^dexqzg d dh`mom� \lhjhc k\yaZg k Zlfhkn_jhc b

kem`bl ^ey ih^^_j`Zgby ^ebgghc iblZxs_c ebgbb �O a ��� f� \ hoeZ`^zgghf khklhygbb \ kem�

qZ_ agZqbl_evgh]h mf_gvr_gby jZkoh^Z oheh^gh]h ZahlZ q_j_a dh`mo �gZijbf_j� ijb j_adhf

baf_g_gbb l_fi_jZlmju \ ihf_s_gbb��

���������"#�$ �#��'�"*+$ �
Ihkdhevdm l_fi_jZlmjZ \gmljb dh`moZ ^he`gZ ih^^_j`b\Zlvky ihgb`_gghc� lh \gmlj_ggyy

ih\_joghklv dh`moZ ihdjulZ keh_f ihjbklhc j_abgu lhesbghc � ff b gZ \oh^_ ebgbb ]Zahh[�

jZagh]h ZahlZ \ dh`mo k^_eZgZ l_ieh\Zy jZa\yadZ�

<Z`guf we_f_glhf kbkl_fu l_iehktzfZ ba dh`moZ� h[_ki_qb\Zxsbf jZ\ghf_jgh_ jZkij_�

^_e_gb_ l_fi_jZlmju ih h[tzfm ^_l_dlhjZ� y\ey_lky l_iehh[f_ggbd kf_kbl_evgh]h lbiZ� Hg

ij_^klZ\ey_l kh[hc iheh_ dhevph kh kj_^gbf ^bZf_ljhf ��� ff b \gmlj_ggbf ^bZf_ljhf ih�

ehklb � ff� Dhevph aZdj_ie_gh q_j_a bahebjmxsb_ ijhklZ\db gZ \oh^ghc djurd_ dh`moZ� GZ

[hdh\hc klhjhg_ dhevpZ� h[jZszgghc \ klhjhgm ^_l_dlhjZ� k^_eZgZ i_jnhjZpby \ \b^_ hl\_j�

klbc ¡ ��� ff k rZ]hf �� ff�

Ih^\h^ ]Zahh[jZagh]h ZahlZ hkms_kl\ey_lky \ gb`g_c qZklb dhevp_\h]h jZkij_^_ebl_ey�

Hl\h^ l_ieZ hkms_kl\ey_lky imlzf kf_r_gby \ul_dZxs_]h ba hl\_jklbc dhevpZ ]Zahh[jZa�

gh]h ZahlZ� bf_xs_]h [he__ gbadmx l_fi_jZlmjm� q_f l_fi_jZlmjZ \ jZ[hq_f h[tzf_ ^_l_dlhjZ

�\gmljb dh`moZ�� WlZ jZagbpZ l_fi_jZlmj b jZkoh^ ZahlZ hij_^_eyxl dhebq_kl\h l_ieZ� hl\h�

^bfh]h kbkl_fhc�

����	S�
������

]^_ 4 ± l_ieh\Zy gZ]jmadZ� hij_^_ey_fZy \gmlj_ggbf l_ieh\u^_e_gb_f ^_l_dlhjZ b \g_rgbf

l_iehijblhdhf� û7� ± jZagbpZ f_`^m l_fi_jZlmjhc ZahlZ� \oh^ys_]h \ jZkij_^_ebl_ev� b l_f�

i_jZlmjhc \gmljb ^_l_dlhjZ� Kj ± l_iehzfdhklv ZahlZ� * ± jZkoh^ ]Zahh[jZagh]h ZahlZ�

;hevrh_ agZq_gb_ ^ey kha^Zgby h^ghjh^ghklb l_fi_jZlmju \gmljb ^_l_dlhjZ bf_xl h[_k�

i_q_gb_ ijZdlbq_kdb ihklhyggh]h jZkoh^Z ba \k_o hl\_jklbc i_jnhjZpbb dhevpZ� fbgbfbaZpby

ijhly`zgghklb ahgu kf_r_gby oheh^gh]h ZahlZ b kha^Zgb_ mkeh\bc ^ey ij_bfms_kl\_ggh]h

ktzfZ l_ieZ imlzf kf_r_gby �l�_� bkdexq_gb_ ih\_joghklgh]h l_iehh[f_gZ� ijb ^himklbfhf

i_j_iZ^_ ^Z\e_gby f_`^m ihehklyfb dhevpZ b ^_l_dlhjZ�

Kl_i_gv g_jZ\ghf_jghklb jZkij_^_e_gby jZkoh^Z ih ^ebg_ dhevpZ hij_^_ey_lky ba ke_^mx�

s_]h \ujZ`_gby� ihemq_ggh]h ba mkeh\by� qlh ihl_jb gZ lj_gb_� ijb ^\b`_gbb ih ihehklb

dhevpZ agZqbl_evgh f_gvr_� q_f jZagbpZ ^Z\e_gbc \gmljb jZkij_^_ebl_ey b \g_�_]h���
�
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]^_
�

�∆=β ± kl_i_gv g_jZ\ghf_jghklb jZkoh^Z ih dhevpm� G� ± ^bZf_lj hl\_jklby i_jnhjZ�

pbb dhevpZ� ' ± ^bZf_lj ihehklb dhevpZ� / ± ^ebgZ ihemdhevpZ� � ± dhwnnbpb_gl lj_gby� hij_�

^_ezgguc ih mkeh\byf \oh^Z \ dhevph� Q ± qbkeh hl\_jklbc i_jnhjZpbb dhevpZ� Ijb jZajZ[hl�

d_ kqblZehkv� qlh � � ���� y\ey_lky ^himklbfuf� Ijh_dlgh_ dhebq_kl\h hl\_jklbc ¡ ��� ff�

jZ\gh_ �� �rZ] a�� ff�� \uau\Z_l g_jZ\ghf_jghklv jZkoh^Z �  ���� � ��� qlh ^himklbfh�

JZkqzl ahgu kf_r_gby hkms_kl\eyeky gZ hkgh\_ l_hjbb ^\b`_gby aZlhie_gguo kljmc >�@�

hldm^Z wnn_dlb\gZy ^ebgZ ahgu kf_r_gby �oP� [ueZ ihemq_gZ \ \b^_ ke_^mxs_]h \ujZ`_gby�
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]^_ Lj ± l_fi_jZlmjZ \ jZ[hq_f h[tzf_ ^_l_dlhjZ� [ ]
P�∆ ± ^himklbfZy jZagbpZ f_`^m l_fi_jZ�

lmjZfb jZ[hq_]h h[tzfZ dh`moZ b kj_^g_c \ k_q_gbb kljmb �gZ jZkklhygbb [P hl jZkij_^_ebl_�

ey�� dhlhjZy ijbgbfZeZkv jZ\ghc ��� D� hklZevgu_ h[hagZq_gby \\_^_gu \ur_�

Ijb ûL�  ��D ^ebgZ ahgu kf_r_gby ^ey G�  ��� ff khklZ\ey_l ���� ff� qlh kms_kl\_ggh

f_gvr_ jZkklhygby ^h iehkdhklb i_j\hc fbdjhkljbih\hc ieZklbgu ��� ff�� Hq_\b^gh� qlh ^ey

mf_gvr_gby ^ebgu ahgu kf_r_gby g_h[oh^bfh mf_gvrZlv jZaf_j hl\_jklbc i_jnhjZpbb�

I_j_iZ^ ^Z\e_gby f_`^m ihehklvx dhevpZ b jZ[hqbf h[tzfhf hij_^_ey_lky ih aZ\bkbfh�

klb� ihemq_gghc ba ^hims_gby fZehklb k`bfZ_fhklb ZahlZ� qlh hijZ\^Zgh ijb fZeuo i_j_iZ�

^Zo ^Z\e_gby� dhlhju_ \ gZr_f kemqZ_ bf_xl f_klh�
�
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�
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]^_ ! ± iehlghklv ]Zahh[jZagh]h ZahlZ� J ± mkdhj_gb_ k\h[h^gh]h iZ^_gby� hklZevgu_ h[hagZq_�

gby \\_^_gu \ur_�

I_jnhjbjh\Zggh_ dhevph� \uiheg_ggh_ ba g_j`Z\_xs_c ljm[db ��î� ff� \ qZklb� k\h[h^�

ghc hl i_jnhjZpbb� ^he`gh [ulv bahebjh\Zgh� qlh[u bkdexqblv i_j_^Zqm l_ieZ q_j_a g_]h

dhg\_dlb\guf kihkh[hf� qlh fh`_l \ua\Zlv l_fi_jZlmjguc i_j_dhk b ijb\_^zl d m\_ebq_gbx

g_h^ghjh^ghklb l_fi_jZlmju \ jZ[hq_f h[tzf_� Baheypby dhevpZ \uihegy_lky ba kZfhde_x�

s_cky �gZ ih^eh`d_ ba kdhlqZ� ihjbklhc j_abgu lhesbghc � ff�

Ihemq_ggu_ b ijb\_^zggu_ \ur_ aZ\bkbfhklb iha\heyxl kijh_dlbjh\Zlv l_iehh[f_ggbd

kf_r_gby� m^h\e_l\hjyxsbc lj_[h\Zgbyf kh klhjhgu h[t_dlZ� ^ey dhlhjh]h hg ^he`_g bk�

ihevah\Zlvky�

GZ jbk� � ij_^klZ\e_gu j_amevlZlu jZkqzlZ hkgh\guo iZjZf_ljh\ l_iehh[f_ggbdZ kf_r_�

gby� g_jZ\ghf_jghklb jZkoh^Z ���� i_j_iZ^Z ^Z\e_gby �ûJ�� gZ dhevp_� ^ebgu ahgu kf_r_gby

�oP� \ aZ\bkbfhklb hl ^bZf_ljZ hl\_jklby i_jnhjZpbb �G��� \gmlj_gg_]h ^bZf_ljZ �'� ihehklb

dhevpZ b l_fi_jZlmjgh]h gZihjZ �ûL�� gZ dhevp_\hc ljm[d_ ijb ihklhygghf dhebq_kl\_ hl\_j�

�
Jbk� �� AZ\bkbfhklv hkgh\guo iZ�

jZf_ljh\ l_iehh[f_ggbdZ kf_r_gby�

�  û*�*� [
P
b ûJ� hl jZaf_jZ hl\_j�

klby i_jnhjZpbb �G��� ^bZf_ljZ ih�
ehklb dhevpZ �'� b l_fi_jZlmjgh]h

gZihjZ gZ dhevp_ �ûL�� ijb h[s_f

dhebq_kl\_ hl\_jklbc Q  �� b jZkqzl�

ghf jZkoh^_ *  ���Ü��
��
d]�k�



�

klbc� jZ\ghf Q  ��� b jZkqzlghf jZkoh^_ ZahlZ� jZ\ghf *  ���Ü���� d]�k� Ba ijb\_^zgguo aZ\b�

kbfhkl_c ke_^m_l� qlh mkeh\b_ h^ghjh^ghklb bkl_q_gby ba hl\_jklbc i_jnhjZpbb
*

*∆=β � ��

^ey \u[jZggh]h jZaf_jZ hl\_jklby G�  ��� ff j_Zebam_lky ijb ^bZf_lj_ ihehklb dhevpZ

'  � ff� Ijb wlhf i_j_iZ^ ^Z\e_gby gZ hl\_jklbb dhevpZ ûJ�  �� d]�f�� \ lh \j_fy dZd

jZagbpZ ^Z\e_gbc gZ ihem^ebg_ dhevpZ khklZ\ey_l \k_]h ��� d]�f�� < kemqZ_� _keb g_h[oh^bfh

m\_ebqblv ^bZf_lj hl\_jklby i_jnhjZpbb� gZijbf_j ^h G�  ��� ff� gm`gh lZd`_ m\_ebqblv

ijhoh^ghc ^bZf_lj dhevpZ ^h '  �� ff� gh ijb wlhf ke_^m_l bf_lv \ \b^m� qlh m\_ebqblky

ijhly`zgghklv ahgu kf_r_gby�

���������,"�-��������.�'/# #���� ,�#%�"�"#�$%�#��$�"# #���� ��!��	��

<h \j_fy jZ[hlu kbkl_fu \ ^\mo k_ZgkZo ih gZ[hjm klZlbklbdb [ue aZnbdkbjh\Zg jZkoh^

`b^dh]h ZahlZ *�  ��� e�kmldb �����Ü���� d]�k�� L_fi_jZlmjZ gZ \uoh^_ ba ih^h]j_\Zl_ey b gZ

\oh^_ \ ih^\h^ysb_ ebgbb khklZ\beZ Lo ���
�K ���� D��

< dZ`^hf ba dhjimkh\ I<> l_fi_jZlmjZ ih^^_j`b\ZeZkv gZ mjh\g_ ����K ���� D� ijb kj_^�

g_c l_fi_jZlmj_ hdjm`Zxs_c kj_^u ����K ���� D�� HoeZ`^_gb_ ^_l_dlhjZ hl l_fi_jZlmju

hdjm`Zxs_c kj_^u ^h ����K h[uqgh khklZ\eyeh �� fbg�

< kbem g_^hklZlhqghc ]_jf_lbqghklb dh`moh\ [ehdh\ I<> jZkoh^hf_ju g_ jZ[hlZeb b ih�

wlhfm ijb h[jZ[hld_ ihemq_gguo ^Zgguo ih jZ[hl_ kbkl_fu l_jfhklZlbjh\Zgby ijbgbfZehkv

khhlghr_gb_ gZ]jmahd 4D;�4H;  ���� ihemq_ggh_ jZkqzlguf imlzf�

L_ieh\Zy gZ]jmadZ dZ`^h]h ba dh`moh\ kdeZ^u\Z_lky ba l_iehijblhdh\ q_j_a bahebjh\Zggu_

kl_gdb b ih jZatzfZf� b]jZxsbf jhev jZ^bZlhjZ� Z lZd`_ \gmlj_gg_]h l_ieh\u^_e_gby Zdlb\�

ghc fbr_gb� Kms_kl\_ggmx jhev gZ l_iehijblhd hdZau\Zxl fgh]hrlujvdh\u_ jZatzfu lbiZ

HGi�DK������ dhebq_kl\h dhlhjuo \ D; ± ��� \ lh \j_fy dZd \ H; ± gZ ihjy^hd f_gvr_�

H[jZ[hldZ ihemq_gguo wdki_jbf_glZevguo ^Zgguo ijh\h^beZkv gZ hkgh\Zgbb mjZ\g_gby

^ey hij_^_e_gby dhebq_kl\Z l_ieZ� hl\h^bfh]h hl dZ`^h]h ba dh`moh\� ihemq_ggh]h ba lhqgh]h

j_r_gby mjZ\g_gby l_iehh[f_gZ >�@�

����	S
����2& ���[���
�N)��&S*�

����2& ���S�����

]^_ * ± jZkoh^ ]Zahh[jZagh]h ZahlZ q_j_a l_iehh[f_ggbd kf_r_gby h^gh]h ba�dh`moh\� LHK ±
l_fi_jZlmjZ hdjm`Zxs_c kj_^u� Lo ± l_fi_jZlmjZ \oh^Z \ ih^\h^ysb_ ebgbb� Lj ± jZ[hqZy

l_fi_jZlmjZ \gmljb dh`moZ� N ± dhwnnbpb_gl l_iehi_j_^Zqb q_j_a baheypbx ih^\h^ysbo eb�

gbc� hlg_kzgguc d _z \gmlj_gg_c ih\_joghklb� ) ± \gmlj_ggyy ih\_joghklv baheypbb �baheb�

jm_fZy ih\_joghklv��

J_r_gb_ wlh]h mjZ\g_gby \\b^m _]h ljZgkp_g^_glgh]h oZjZdl_jZ gZoh^behkv ]jZnhZgZeblb�

q_kdbf kihkh[hf� hij_^_eb\ ba ihkljh_ggh]h ]jZnbdZ 4  I�*� ^ey jZkqzlgh]h khhlghr_�

gby 4
D;�4H;  ��� nmgdpbx 





= ∑

�

�

L
�
� � ba dhlhjhc ih mkeh\bx �*L  *� gZoh^blky bkdh�

fh_ 4� aZl_f \ h[jZlghf ihjy^d_ gZoh^bebkv bgl_j_kmxsb_ gZk iZjZf_lju jZ[hlu kbkl_fu�

< blh]_ lZdhc h[jZ[hldb ^Zgguo l_ieh\Zy gZ]jmadZ D; I<> khklZ\beZ ���� %l ijb jZkoh^_

ZahlZ ���Ü��
�� d]�k b l_fi_jZlmj_ \oh^Z \ l_iehh[f_ggbd kf_r_gby ±���K� \ lh \j_fy dZd l_i�

eh\Zy gZ]jmadZ H; I<> khklZ\beZ ��� %l ijb jZkoh^_ ZahlZ ���Ü���� d]�k b l_fi_jZlmj_ _]h \oh^Z

\ l_iehh[f_ggbd kf_r_gby ±��K�

KjZ\g_gb_ ihemq_gguo j_amevlZlh\ k j_amevlZlZfb ijb[eb`zggh]h jZkqzlZ� ijh\_^zggh]h gZ

hkgh\Zgbb ^hims_gby ebg_cghklb oZjZdl_jZ jZkij_^_e_gby l_fi_jZlmju ih ^ebg_ ih^\h^ys_c

ebgbb� ihdZaZeh� qlh kj_^gyy hrb[dZ ih kh\hdmighklb iZjZf_ljh\ 4� * b ûL� ^ey D; b H; g_

ij_\urZ_l ����� J_amevlZlu h[jZ[hldb wdki_jbf_glZevguo ^Zgguo ih lhqghc b ijb[eb`zgghc

f_lh^bdZf ijb\_^_gu \ lZ[e� ���



�

LZ[ebpZ ��

D; H;<b^

jZkqzlZ 4� %l *� d]�k ûL��
�K 4�%l *� d]�k ûL��

�K

Lhqguc ���� ���Ü���� ���� ���� ���Ü���� ����

Ijb[eb`zgguc ���� �Ü���� ���� ���� ���Ü���� ����

Hrb[dZ ����� ������ ����� ����� ����� ������

�
Ihemq_gguc j_amevlZl iha\hey_l bkihevah\Zlv ijb[eb`zgguc f_lh^� dZd bf_xsbc ZgZeb�

lbq_kdh_ j_r_gb_ hlghkbl_evgh 4 b *� ^ey ZgZebaZ jZ[hlu kbkl_fu \ kemqZ_ _z fh^_jgbaZpbb�

Kh]eZkgh ijb[eb`zgghfm j_r_gbx� kmffZjguc jZkoh^ ZahlZ hij_^_ey_lky \ ke_^mxs_f \b^_�

( )
��

����

[SS

D;

���

���
�

−
++=Σ ���

]^_ 4D; ± l_ieh\Zy gZ]jmadZ dhf[bgbjh\Zggh]h [ehdZ� U  4D;�4H; ± khhlghr_gb_ f_`^m l_i�

eh\ufb gZ]jmadZfb D; b H;� T ± ih]hgguc l_iehijblhd d ih^\h^ys_c ebgbb� O ± ^ebgZ ih^\h�

^ys_c ebgbb� hklZevgu_ h[hagZq_gby ijb\_^_gu \ur_�

Ba ijb\_^zgghc nhjfmeu ke_^m_l� qlh h[sbc jZkoh^ ZahlZ aZ\bkbl hl dZq_kl\Z baheypbb b

hl l_fi_jZlmju ZahlZ gZ \oh^_� Ih^\h^ysb_ ebgbb \uiheg_gu ba ieZklbdh\uo ljm[hd k \gml�

j_ggbf ^bZf_ljhf � ff b ^ebghc ��� f� Baheypby bo k^_eZgZ ba iehlgh gZfhlZgguo kehz\

nbevljZ I_ljygh\Z b aZnbdkbjh\ZgZ�kgZjm`b k ihfhsvx bahe_glu� Bahebjh\ZggZy lZdbf h[�

jZahf�ih^\h^ysZy ebgby bf__l gZjm`guc ^bZf_lj �� ff� L_iehijblhd �ih]hgguc� ^ey dZ`^hc
ba ebgbc khklZ\ey_l T  ��� <l�f�

:gZeba ihdZau\Z_l� qlh kZfb ih^\h^ysb_ ebgbb y\eyxlky ^hklZlhqgh wnn_dlb\gufb ih�

^h]j_\Zl_eyfb� Ihwlhfm p_e_khh[jZagh bkdexqblv ba ko_fu ih^h]j_\Zl_ev b ih^Z\Zlv oheh^�

guc Zahl ba lZgdZ g_ihkj_^kl\_ggh \ ih^\h^ysb_ ebgbb� Wlh iha\hebl kgbablv jZkoh^ `b^dh�

]h ZahlZ ^h ��� e�kmldb� Ijb wlhf l_fi_jZlmjZ gZ \oh^_ \ D; khklZ\bl ±��
�K� b jZkoh^ ZahlZ

klZg_l jZ\guf ���Ü���� d]�k� LZdh_ kgb`_gb_ l_fi_jZlmju \oh^Z ZahlZ \ D; I<> y\ey_lky ^h�

imklbfuf� lZd dZd m\_ebqb\rZyky ^h �� ff ahgZ kf_r_gby ih�ij_`g_fm hklZzlky f_gvr_ jZk�

klhygby ^h ��c fbdjhkljbih\hc ieZklbgu ± �� ff� Djhf_ lh]h� g_h[oh^bfh hkms_kl\eylv dhg�

ljhev l_fi_jZlmju ZahlZ� \oh^ys_]h \ dZ`^uc ba [ehdh\ I<>� imlzf mklZgh\db khhl\_lkl�

\mxsbo ^Zlqbdh\� qlh iha\hebl [he__ wnn_dlb\gh hilbfbabjh\Zlv jZ[hlm kbkl_fu�

������	%���%�

�� Kha^ZggZy kbkl_fZ l_jfhklZlbjh\Zgby I<> iha\hey_l h[_ki_qblv ijZdlbq_kdb kmomx

kj_^m \ h[tzf_ ^_l_dlhjZ b ih^^_j`b\Zlv l_fi_jZlmjm \ gzf k lhqghklvx ��K�

�� JZajZ[hlZgZ f_lh^bdZ jZkqzlZ� dhlhjZy iha\hey_l kha^Zlv l_iehh[f_ggbd kf_r_gby�

h[_ki_qb\Zxsbc lj_[m_fmx lhqghklv ih^^_j`Zgby l_fi_jZlmju�

< aZdexq_gb_ Z\lhju kqblZxl k\hbf ijbylguf ^he]hf \ujZablv [eZ]h^Zjghklv ijhn_kkhjm

?jfheh\m I�N� aZ ihklZgh\dm aZ^Zqb b ihklhyggh_ \gbfZgb_ d jZ[hl_�

�
��������"���'�#�� #��%�

�� ;ZkbeZ^a_ K�=�� <hjh[vz\ :�I�� ?jfheh\ I�N� b ^j� ± Ij_ijbgl GBBYN F=M ���

�������F�� �����

�� LhefZqz\ <�L�� Oj_gh\ X�<� ± Ij_ijbgl HBYB �������� >m[gZ� �����

�� :[jZfh\bq =�G�� =bjrh\bq L�:�� DjZr_gbggbdh\ K�X� b ^j� L_hjby lmj[me_glguo

kljmc� ±F�� GZmdZ� �����

�� BkZq_gdh <�I�� Hkbih\Z <�:�� Kmdhf_e :�K� L_iehi_j_^ZqZ� ±F�� Wg_j]by� �����

Jmdhibkv ihklmibeZ �� n_\jZey ���� ]��
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Y�<� =jbrd_\bq� <�B� Dbj__\� :�<� Ie_kdZq�

Kbkl_fZ l_jfhklZlbjh\Zgby ij_pbabhggh]h \_jrbggh]h ^_l_dlhjZ mklZgh\db K<>�

Hjb]bgZe�fZd_l ih^]hlh\e_g k ihfhsvx kbkl_fu:RUG�

J_^Zdlhj �G�<� ?`_eZ�

Ih^ibkZgh d i_qZlb ����������� NhjfZl �� × ����� Hnk_lgZy i_qZlv�

I_q�e� �� ��� Mq�− ba^�e� ���� LbjZ` ���� AZdZa ��� Bg^_dk �����

EJ ������� hl ���������

=GP JN Bgklblml nbabdb \ukhdbo wg_j]bc�

������� Ijhl\bgh Fhkdh\kdhc h[e�
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