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�� DJBILH=J:NBQ?KDB? KBKL?FU

���� Bklhjby djbilh]jZnbb

Ijh[e_fZ aZsblu bgnhjfZpbb iml_f __ ij_h[jZah\Zgby� bk�
dexqZxs_]h __ ijhql_gb_ ihklhjhggbf ebphf� \hegh\ZeZ q_�
eh\_q_kdbc mf k ^Z\gbo \j_f_g� Bklhjby djbilh]jZnbb � jh\_k�
gbpZ bklhjbb q_eh\_q_kdh]h yaudZ� ;he__ lh]h� i_j\hgZqZevgh
ibkvf_gghklv kZfZ ih k_[_ [ueZ k\h_h[jZaghc djbilh]jZnbq_�
kdhc kbkl_fhc� lZd dZd \ ^j_\gbo h[s_kl\Zo _x \eZ^_eb lhevdh
ba[jZggu_� K\ys_ggu_ dgb]b ^j_\g_]h ?]bilZ� ^j_\g_c Bg^bb
lhfm ijbf_ju�

Bklhjby djbilh]jZnbb mkeh\gh fh`gh jZa^_eblv gZ � wlZiZ�
�� GZb\gZy djbilh]jZnby�
�� NhjfZevgZy djbilh]jZnby�
�� GZmqgZy djbilh]jZnby�
�� Dhfivxl_jgZy djbilh]jZnby�
>ey gZb\ghc djbilh]jZnbb �^h gZq� ;9, \_dZ� oZjZdl_jgh

bkihevah\Zgb_ ex[uo �h[uqgh ijbfblb\guo� kihkh[h\ aZimlu�
\Zgby ijhlb\gbdZ hlghkbl_evgh kh^_j`Zgby rbnjm_fuo l_d�
klh\� GZ gZqZevghf wlZi_ ^ey aZsblu bgnhjfZpbb bkihevah\Z�
ebkv f_lh^u dh^bjh\Zgby b kl_]Zgh]jZnbb� dhlhju_ jh^kl\_g�
gu� gh g_ lh`^_kl\_ggu djbilh]jZnbb�

;hevrbgkl\h ba bkihevam_fuo rbnjh\ k\h^bebkv d i_j_�

klZgh\d_ beb fhghZenZ\blghc ih^klZgh\d_� H^gbf ba i_j\uo
aZnbdkbjh\Zgguo ijbf_jh\ y\ey_lky rbnj P_aZjy� khklhysbc
\ aZf_g_ dZ`^hc [md\u bkoh^gh]h l_dklZ gZ ^jm]mx� hlklhysmx
hl g__ \ ZenZ\bl_ gZ hij_^_e_ggh_ qbkeh ihabpbc� >jm]hc
rbnj� iheb[bZgkdbc d\Z^jZl� Z\lhjkl\h dhlhjh]h ijbibku\Z_l�
ky ]j_q_kdhfm ibkZl_ex Iheb[bx� y\ey_lky h[s_c fhghZenZ�
\blghc ih^klZgh\dhc� dhlhjZy ijh\h^blky k ihfhsvx kemqZcgh
aZiheg_gghc ZenZ\blhf d\Z^jZlghc lZ[ebp_c �^ey ]j_q_kdh]h
ZenZ\blZ jZaf_j khklZ\ey_l �o��� DZ`^Zy [md\Z bkoh^gh]h l_d�
klZ aZf_gy_lky gZ [md\m� klhysmx \ d\Z^jZl_ kgbam hl g__�

WlZi nhjfZevghc djbilh]jZnbb �dhg� ;9 \_dZ ± gZq� ;;
\_dZ� k\yaZg k ihy\e_gb_f nhjfZebah\Zgguo b hlghkbl_evgh
klhcdbo d jmqghfm djbilhZgZebam rbnjh\� < _\jhi_ckdbo
kljZgZo wlh ijhbahreh \ wihom <hajh`^_gby� dh]^Z jZa\blb_
gZmdb b lhj]h\eb \ua\Zeh kijhk gZ gZ^_`gu_ kihkh[u aZsblu
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bgnhjfZpbb� <Z`gZy jhev gZ wlhf wlZi_ ijbgZ^e_`bl E_hgm
;Zlbkl_ :ev[_jlb� blZevygkdhfm Zjobl_dlhjm� dhlhjuc h^gbf
ba i_j\uo ij_^eh`be fgh]hZenZ\blgmx ih^klZgh\dm� >Zgguc
rbnj� ihemqb\rbc bfy ^biehfZlZ ;9, \_dZ ;e_aZ <b`bg_jZ�
khklhye \ ihke_^h\Zl_evghf ©keh`_gbbª [md\ bkoh^gh]h l_dklZ
k dexqhf �ijhp_^mjm fh`gh h[e_]qblv k ihfhsvx ki_pbZevghc
lZ[ebpu�� ?]h jZ[hlZ ©LjZdlZl h rbnj_ª ������ kqblZ_lky i_j�
\hc gZmqghc jZ[hlhc ih djbilheh]bb�

H^ghc ba i_j\uo i_qZlguo jZ[hl� \ dhlhjhc h[h[s_gu b
knhjfmebjh\Zgu ba\_klgu_ gZ lhl fhf_gl Ze]hjblfu rbnjh�
\Zgby y\ey_lky ljm^ ©Iheb]jZnbyª ����� ]�� g_f_pdh]h Z[[ZlZ
Bh]ZggZ Ljbk_fmkZ� ?fm ijbgZ^e_`Zl ^\Z g_[hevrbo� gh \Z`�
guo hldjulby� kihkh[ aZiheg_gby iheb[bZgkdh]h d\Z^jZlZ
�i_j\u_ ihabpbb aZihegyxlky k ihfhsvx e_]dh aZihfbgZ_fh]h
dexq_\h]h keh\Z� hklZevgu_ ± hklZ\rbfbky [md\Zfb ZenZ\blZ�
b rbnjh\Zgb_ iZj [md\ �[b]jZff��

Ijhkluf gh klhcdbf kihkh[hf fgh]hZenZ\blghc aZf_gu
�ih^klZgh\db [b]jZff� y\ey_lky rbnj Ie_cn_jZ� dhlhjuc [ue
hldjul \ gZqZe_ ;,; \_dZ QZjevahf Mblklhghf�� Mblklhgm ijb�
gZ^e_`bl b \Z`gh_ mkh\_jr_gkl\h\Zgb_ � rbnjh\Zgb_ ©^\hc�
guf d\Z^jZlhfª� Rbnju Ie_cn_jZ b MblklhgZ bkihevah\Zebkv
\iehlv ^h i_j\hc fbjh\hc \hcgu� lZd dZd k ljm^hf ih^^Z\Zebkv
jmqghfm djbilhZgZebam�

< ;,; \_d_ ]heeZg^_p D_jdohnn knhjfmebjh\Ze ]eZ\gh_
lj_[h\Zgb_ d djbilh]jZnbq_kdbf kbkl_fZf� dhlhjh_ hklZ_lky
ZdlmZevguf b ihgug_� k_dj_lghklv rbnjh\ ^he`gZ [ulv hkgh�
\ZgZ gZ k_dj_lghklb dexqZ� gh g_ Ze]hjblfZ�

GZdhg_p� ihke_^gbf keh\hf \ ^hgZmqghc djbilh]jZnbb� dh�
lhjh_ h[_ki_qbeb _s_ [he__ \ukhdmx djbilhklhcdhkblv� Z lZd�
`_ iha\hebeh Z\lhfZlbabjh\Zlv �\ kfuke_ f_oZgbabjh\Zlv�
ijhp_kk rbnjh\Zgby klZeb jhlhjgu_ djbilhkbkl_fu�

H^ghc ba i_j\uo ih^h[guo kbkl_f klZeZ bah[j_l_ggZy \
���� ]h^m LhfZkhf >`_nn_jkhghf� [m^msbf ij_ab^_glhf
KR: f_oZgbq_kdZy fZrbgZ� Fgh]hZenZ\blgZy ih^klZgh\dZ k
ihfhsvx jhlhjghc fZrbgu j_Zebam_lky \ZjbZpb_c \aZbfgh]h

� KZf rbnj gZa\Zg \ q_klv EbhgZ Iewcn_jZ� dhlhjuc k^_eZe _]h

bkihevah\Zgb_ h[yaZl_evguf \ fbgbkl_jkl\_ bghkljZgguo ^_e <_�

ebdh[jblZgbb�

�

iheh`_gby \jZsZxsboky jhlhjh\� dZ`^uc ba dhlhjuo hkms_�
kl\ey_l ©ijhrblmxª \ g_f ih^klZgh\dm�

IjZdlbq_kdh_ jZkijhkljZg_gb_ jhlhjgu_ fZrbgu ihemqbeb
lhevdh \ gZqZe_ ;; \_dZ� H^ghc ba i_j\uo ijZdlbq_kdb bkihev�
am_fuo fZrbg� klZeZ g_f_pdZy (QLJPD� jZajZ[hlZggZy \ ����

]h^m W^\Zj^hf O_[_jghf b mkh\_jr_gkl\h\ZggZy :jlmjhf
Dbjohf� Jhlhjgu_ fZrbgu Zdlb\gh bkihevah\Zebkv \h \j_fy
\lhjhc fbjh\hc \hcgu� Ihfbfh g_f_pdhc fZrbgu (QLJPD bk�
ihevah\Zebkv lZd`_ mkljhckl\Z 6LJDED �KR:�� 7\SH[ �<_ebdh�
[jblZgby�� 5HG� 2UDQJH b 3XUSOH� �Yihgby�� Jhlhjgu_ kbkl_fu ±

\_jrbgZ nhjfZevghc djbilh]jZnbb lZd dZd hlghkbl_evgh ijh�
klh j_Zebah\u\Zeb hq_gv klhcdb_ rbnju� Mki_rgu_ djbilhZ�
lZdb gZ jhlhjgu_ kbkl_fu klZeb \hafh`gu lhevdh k ihy\e_gb�
_f W<F \ gZqZe_ ���o ]h^h\�

=eZ\gZy hlebqbl_evgZy q_jlZ gZmqghc djbilh]jZnbb ����_
± ���_ ]h^u ;; \_dZ� ± ihy\e_gb_ djbilhkbkl_f kh kljh]bf fZ�
l_fZlbq_kdbf h[hkgh\Zgb_f djbilhklhcdhklb� D gZqZem ���o
]h^h\ hdhgqZl_evgh knhjfbjh\Zebkv jZa^_eu fZl_fZlbdb� y\�
eyxsb_ky gZmqghc hkgh\hc djbilheh]bb� l_hjby \_jhylghkl_c
b fZl_fZlbq_kdZy klZlbklbdZ� h[sZy Ze]_[jZ� l_hjby qbk_e� gZ�
qZeb Zdlb\gh jZa\b\Zlvky l_hjby Ze]hjblfh\� l_hjby bgnhjfZ�
pbb� db[_jg_lbdZ� K\h_h[jZaguf \h^hjZa^_ehf klZeZ jZ[hlZ
Deh^Z R_gghgZ ©L_hjby k\yab \ k_dj_lguo kbkl_fZoª �������
]^_ knhjfmebjh\Zgu l_hj_lbq_kdb_ ijbgpbiu djbilh]jZnbq_�
kdhc aZsblu bgnhjfZpbb�R_gghg \\_e ihgylby ©jZkk_b\Zgb_ª
b ©i_j_f_rb\Zgb_ª� h[hkgh\Ze \hafh`ghklv kha^Zgby kdhev
m]h^gh klhcdbo djbilhkbkl_f�

< ���o ]h^Zo \_^msb_ djbilh]jZnbq_kdb_ rdheu ih^hreb d
kha^Zgbx [ehqguo rbnjh\� _s_ [he__ klhcdbo ih kjZ\g_gbx k
jhlhjgufb djbilhkbkl_fZfb� h^gZdh ^himkdZxsb_ ijZdlbq_�
kdmx j_ZebaZpbx lhevdh \ \b^_ pbnjh\uo we_dljhgguo mkl�
jhckl\�
Dhfivxl_jgZy djbilh]jZnby �k ���o ]h^h\ ;; \_dZ� h[y�

aZgZ k\hbf ihy\e_gb_f \uqbkebl_evguf kj_^kl\Zf k ijhba\h�
^bl_evghklvx� ^hklZlhqghc ^ey j_ZebaZpbb djblhkbkl_f� h[_k�
i_qb\Zxsbo ijb [hevrhc kdhjhklb rbnjh\Zgby gZ g_kdhevdh

� GZa\Zgby ^Zgu Zf_jbdZgkdbfb djbilhZgZeblbdZfb�
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ihjy^dh\ [he__ \ukhdmx djbilhklhcdhklv� q_f ©jmqgu_ª b
©f_oZgbq_kdb_ª rbnju�

I_j\uf deZkkhf djbilhkbkl_f� ijZdlbq_kdh_ ijbf_g_gb_
dhlhjuo klZeh \hafh`gh k ihy\e_gb_f fhsguo b dhfiZdlguo
\uqbkebl_evguo kj_^kl\� klZeb [ehqgu_ rbnju� < ���_ ]h^u
[ue jZajZ[hlZg Zf_jbdZgkdbc klZg^Zjl rbnjh\Zgby '(6

�ijbgyl \ ���� ]h^m�� H^bg ba _]h Z\lhjh\� Ohjkl N_ckl_e �kh�
ljm^gbd ,%0�� hibkZe fh^_ev [ehqguo rbnjh\� gZ hkgh\_ dhlh�
jhc [ueb ihkljh_gu ^jm]b_� [he__ klhcdb_ kbff_ljbqgu_
djbilhkbkl_fu� \ lhf qbke_ hl_q_kl\_gguc klZg^Zjl rbnjh�

\Zgby =HKL ���������
K ihy\e_gb_f '(6 h[h]Zlbeky b djbilhZgZeba� ^ey ZlZd gZ

Zf_jbdZgkdbc Ze]hjblf [ue kha^Zgh g_kdhevdh gh\uo \b^h\
djbilhZgZebaZ �ebg_cguc� ^bnn_j_gpbZevguc b l�^��� ijZdlb�
q_kdZy j_ZebaZpby dhlhjuo hiylv `_ [ueZ \hafh`gZ lhevdh k
ihy\e_gb_f fhsguo \uqbkebl_evguo kbkl_f�

< k_j_^bg_ ���o ]h^h\ ijhbahr_e gZklhysbc ijhju\ \ kh�
\j_f_gghc djbilh]jZnbb ± ihy\e_gb_ Zkbff_ljbqguo djbilh�
kbkl_f� dhlhju_ g_ lj_[h\Zeb i_j_^Zqb k_dj_lgh]h dexqZ f_ �̀
^m klhjhgZfb� A^_kv hlijZ\ghc lhqdhc ijbgylh kqblZlv jZ[hlm�
him[ebdh\Zggmx Mblnbe^hf >bnnb b FZjlbghf O_eefZghf \
���� ]h^m ih^ gZa\Zgb_f ©Gh\u_ gZijZ\e_gby \ kh\j_f_gghc
djbilh]jZnbbª� < g_c \i_j\u_ knhjfmebjh\Zgu ijbgpbiu h[�
f_gZ rbnjh\Zgghc bgnhjfZpb_c [_a h[f_gZ k_dj_lguf dex�
qhf� G_aZ\bkbfh d b^__ Zkbff_ljbqguo djbilhkbkl_f ih^hr_e
JZevn F_jdeb� G_kdhevdbfb ]h^Zfb iha`_ Jhg Jb\_kl� :^b
RZfbj b E_hgZj^ :^e_fZg hldjueb kbkl_fm 56$� i_j\mx
ijZdlbq_kdmx Zkbff_ljbqgmx djbilhkbkl_fm� klhcdhklv dhlh�
jhc [ueZ hkgh\ZgZ gZ ijh[e_f_ nZdlhjbaZpbb [hevrbo ijhkluo
qbk_e� :kbff_ljbqgZy djbilh]jZnby hldjueZ kjZam g_kdhevdh
gh\uo ijbdeZ^guo gZijZ\e_gbc� \ qZklghklb kbkl_fu we_d�
ljhgghc pbnjh\hc ih^ibkb �WPI� b we_dljhgguo ^_g_]�

< ������_ ]h^u ihy\bebkv kh\_jr_ggh gh\u_ gZijZ\e_gby
djbilh]jZnbb� \_jhylghklgh_ rbnjh\Zgb_� d\Zglh\Zy djbilh�
]jZnby b ^jm]b_� HkhagZgb_ bo ijZdlbq_kdhc p_gghklb _s_ \i_�
j_^b� :dlmZevghc hklZ_lky b aZ^ZqZ kh\_jr_gkl\h\Zgby kbf�
f_ljbqguo djbilhkbkl_f� < ������o ]h^Zo [ueb jZajZ[hlZgu
g_n_ckl_eh\kdb_ rbnju �6$)(5� 5&� b ^j��� Z \ ���� ]h^m ih�

�

ke_ hldjulh]h f_`^mgZjh^gh]h dhgdmjkZ [ue ijbgyl gh\uc
gZpbhgZevguc klZg^Zjl rbnjh\Zgby KR: ± $(6�

;he__ ih^jh[gh h[ m\e_dZl_evghc bklhjbb djbilh]jZnbb
fh`gh ijhqblZlv \ dgb]_ >��@�

���� Hkgh\gu_ ihgylby b hij_^_e_gby

GZmdhc� bamqZxs_c fZl_fZlbq_kdb_ f_lh^u aZsblu bgnhj�
fZpbb iml_f __ ij_h[jZah\Zgby� y\ey_lky djbilheh]by

�κρυπτος � lZcguc� λογος � gZmdZ �keh\h� �]j_q���� Djbilheh]by
jZa^_ey_lky gZ ^\Z gZijZ\e_gby ± djbilh]jZnbx b djbilhZgZ�
eba�

Djbilh]jZnby bamqZ_l f_lh^u ij_h[jZah\Zgby bgnhjfZpbb�
h[_ki_qb\Zxsb_ __ dhgnb^_gpbZevghklv b Zml_glbqghklv�

Ih^ dhgnb^_gpbZevghklvx ihgbfZxl g_\hafh`ghklv ihem�
q_gby bgnhjfZpbb ba ij_h[jZah\Zggh]h fZkkb\Z [_a agZgby ^h�
ihegbl_evghc bgnhjfZpbb �dexqZ�� :ml_glbqghklv bgnhjfZ�
pbb khklhbl \ ih^ebgghklb Z\lhjkl\Z b p_ehklghklb�

DjbilhZgZeba h[t_^bgy_l fZl_fZlbq_kdb_ f_lh^u gZjmr_�
gby dhgnb^_gpbZevghklb b Zml_glbqghklb bgnhjfZpbb [_a agZ�
gby dexq_c�

Kms_kl\m_l jy^ kf_`guo� gh g_ \oh^ysbo \ djbilheh]bx
hljZke_c agZgby� LZd h[_ki_q_gb_f kdjulghklb bgnhjfZpbb \
bgnhjfZpbhgguo fZkkb\Zo aZgbfZ_lky kl_]Zgh]jZnby� H[_k�
i_q_gb_ p_ehklghklb bgnhjfZpbb \ mkeh\byo kemqZcgh]h \ha�
^_ckl\by gZoh^blky \ \_^_gbb l_hjbb ihf_ohmklhcqb\h]h dh�
^bjh\Zgby� GZdhg_p� kf_`ghc h[eZklvx ih hlghr_gbx d djbi�
lheh]bb y\eyxlky fZl_fZlbq_kdb_ f_lh^u k`Zlby bgnhjfZ�
pbb�

< wlhc dgb]_ [m^ml jZkkfZljb\Zlvky lhevdh hkgh\u djbilh�
]jZnbb� Kh\j_f_ggZy djbilh]jZnby \dexqZ_l \ k_[y q_luj_
djmiguo jZa^_eZ�

Kbff_ljbqgu_ djbilhkbkl_fu�
Djbilhkbkl_fu k hldjuluf dexqhf�
Kbkl_fu we_dljhgghc ih^ibkb�
MijZ\e_gb_ dexqZfb�
Hkgh\gu_ gZijZ\e_gby bkihevah\Zgby djbilh]jZnbq_kdbo

f_lh^h\ ± i_j_^ZqZ dhgnb^_gpbZevghc bgnhjfZpbb ih dZgZeZf
k\yab �gZijbf_j� we_dljhggZy ihqlZ�� mklZgh\e_gb_ ih^ebggh�



�

klb i_j_^Z\Z_fuo khh[s_gbc� ojZg_gb_ bgnhjfZpbb �^hdmf_g�
lh\� [Za ^Zgguo� gZ ghkbl_eyo \ aZrbnjh\Zgghf \b^_�

< dZq_kl\_ bgnhjfZpbb� ih^e_`Zs_c rbnjh\Zgbx b jZk�
rbnjh\Zgbx� Z lZd`_ we_dljhgghc ih^ibkb [m^ml jZkkfZljb�
\Zlvky l_dklu �khh[s_gby�� ihkljh_ggu_ gZ g_dhlhjhf ZenZ�

\bl_� Ih^ wlbfb l_jfbgZfb ihgbfZ_lky ke_^mxs__�
:enZ\bl � dhg_qgh_ fgh`_kl\h bkihevam_fuo ^ey dh^bjh\Z�

gby bgnhjfZpbb agZdh\�
L_dkl �khh[s_gb_� � mihjy^hq_gguc gZ[hj ba we_f_glh\ Ze�

nZ\blZ�
< dZq_kl\_ ijbf_jh\ ZenZ\blh\� bkihevam_fuo \ kh\j_f_g�

guo BK fh`gh ijb\_klb ke_^mxsb_�
ZenZ\bl =�� ± �� [md\u jmkkdh]h ZenZ\blZ �bkdexqZy �z�� b

ijh[_e�
ZenZ\bl =��� ± kbf\heu� \oh^ysb_ \ klZg^Zjlgu_ dh^u

$6&,, b DHB���
^\hbqguc ZenZ\bl � =�  ^���`�

\hkvf_jbqguc beb r_klgZ^pZl_jbqguc ZenZ\bl�
AZrbnjh\Zgb_ ± ijhp_kk ij_h[jZah\Zgby hldjuluo ^Zgguo \

aZrbnjh\Zggu_ ijb ihfhsb rbnjZ�
<f_klh l_jfbgZ �hldjulu_ ^Zggu_� qZklh mihlj_[eyxlky

l_jfbgu hldjuluc l_dkl b bkoh^guc l_dkl� Z \f_klh �aZ�
rbnjh\Zggu_ ^Zggu_� ± rbnjh\Zgguc l_dkl�

JZkrbnjh\Zgb_ ± ijhp_kk� h[jZlguc aZrbnjh\Zgbx� l�_
ijhp_kk ij_h[jZah\Zgby aZrbnjh\Zgguo ^Zgguo \ hldjulu_
ijb ihfhsb dexqZ� < g_dhlhjuo bklhqgbdZo hl^_evgh \u^_ey�
xl l_jfbg ^_rbnjh\Zgb_� ih^jZamf_\Zy ih^ wlbf \hkklZgh\e_�
gb_ bkoh^gh]h l_dklZ gZ hkgh\_ rbnjh\Zggh]h [_a agZgby dex�
qZ� lh _klv f_lh^Zfb djbilhZgZebaZ� Fu \ ^Zevg_cr_f [m^_f
kqblZlv jZkrbnjh\Zgb_ b ^_rbnjh\Zgb_ kbghgbfZfb�

Ih^ rbnjh\Zgb_f ihgbfZ_lky ijhp_kk aZrbnjh\Zgby beb
jZkrbnjh\Zgby� LZd`_ l_jfbg rbnjh\Zgb_ �\ madhf kfuke_�
bkihevam_lky dZd kbghgbf aZrbnjh\Zgby� H^gZdh g_\_jgh \
dZq_kl\_ kbghgbfZ rbnjh\Zgby bkihevah\Zlv l_jfbg ©dh^bjh�
\Zgb_ª �Z \f_klh ©rbnjZª ± ©dh^ª�� lZd dZd ih^ dh^bjh\Zgb_f
h[uqgh ihgbfZxl ij_^klZ\e_gb_ bgnhjfZpbb \ \b^_ agZdh\
�[md\ ZenZ\blZ��

Djbilh]jZnbq_kdZy kbkl_fZ� beb rbnj ij_^klZ\ey_l kh[hc
k_f_ckl\h 7 h[jZlbfuo ij_h[jZah\Zgbc hldjulh]h l_dklZ \

��

rbnjh\Zgguc� Qe_gZf wlh]h k_f_ckl\Z fh`gh \aZbfgh h^gh�
agZqgh khihklZ\blv qbkeh N� gZau\Z_fh_ dexqhf� Ij_h[jZah\Z�
gb_ 7N hij_^_ey_lky khhl\_lkl\mxsbf Ze]hjblfhf b agZq_gb_f

dexqZ N�
Dexq ± dhgdj_lgh_ agZq_gb_ g_dhlhjuo iZjZf_ljh\ Ze]h�

jblfZ djbilh]jZnbq_kdh]h ij_h[jZah\Zgby� h[_ki_qb\Zxs__
\u[hj h^gh]h ij_h[jZah\Zgby ba k_f_ckl\Z� K_dj_lghklv dexqZ
^he`gZ h[_ki_qb\Zlv g_\hafh`ghklv \hkklZgh\e_gb_ bkoh^gh]h

l_dklZ ih rbnjh\Zgghfm�
IjhkljZgkl\h dexq_c . ± wlh gZ[hj \hafh`guo agZq_gbc

dexqZ� H[uqgh dexq ij_^klZ\ey_l kh[hc ihke_^h\Zl_evguc jy^
[md\ ZenZ\blZ� Ke_^m_l hlebqZlv ihgylby dexq b iZjhev� IZ�
jhev lZd`_ y\ey_lky k_dj_lghc ihke_^h\Zl_evghklvx [md\ ZenZ�

\blZ� h^gZdh bkihevam_lky g_ ^ey rbnjh\Zgby �dZd dexq�� Z ^ey
Zml_glbnbdZpbb km[t_dlh\�

Djbilhkbkl_fu ih^jZa^_eyxlky gZ kbff_ljbqgu_ b Zkbf�
f_ljbqgu_ �beb k hldjuluf �im[ebqguf� dexqhf��

< kbff_ljbqguo djbilhkbkl_fZo ^ey aZrbnjh\Zgby b ^ey
jZkrbnjh\Zgby bkihevam_lky h^bg b lhl `_ dexq�

< kbkl_fZo k hldjuluf dexqhf bkihevamxlky ^\Z dexqZ ±

hldjuluc �im[ebqguc� b aZdjuluc �k_dj_lguc�� dhlhju_ fZ�
l_fZlbq_kdb k\yaZgu ^jm] k ^jm]hf� BgnhjfZpby aZrbnjh\u�

\Z_lky k ihfhsvx hldjulh]h dexqZ� dhlhjuc ^hklmi_g \k_f
`_eZxsbf� Z jZkrbnjh\u\Z_lky k ihfhsvx aZdjulh]h dexqZ�
ba\_klgh]h lhevdh ihemqZl_ex khh[s_gby�

L_jfbgu jZkij_^_e_gb_ dexq_c b mijZ\e_gb_ dexqZfb hlgh�
kylky d ijhp_kkZf kbkl_fu h[jZ[hldb bgnhjfZpbb� kh^_j`Zgb�

_f dhlhjuo y\ey_lky \ujZ[hldZ b jZkij_^_e_gb_ dexq_c f_`^m
ihevah\Zl_eyfb�

We_dljhgghc �pbnjh\hc� ih^ibkvx gZau\Z_lky ijbkh_^b�

gy_fh_ d l_dklm _]h djbilh]jZnbq_kdh_ ij_h[jZah\Zgb_� dhlh�
jh_ iha\hey_l ijb ihemq_gbb l_dklZ ^jm]bf ihevah\Zl_e_f ijh�

\_jblv Z\lhjkl\h b p_ehklghklv khh[s_gby�

���� Lj_[h\Zgby d djbilh]jZnbq_kdbf kbkl_fZf

Ijhp_kk djbilh]jZnbq_kdh]h aZdjulby ^Zgguo fh`_l hkm�

s_kl\eylvky dZd ijh]jZffgh� lZd b ZiiZjZlgh� :iiZjZlgZy j_Z�
ebaZpby hlebqZ_lky kms_kl\_ggh [hevr_c klhbfhklvx� h^gZdh

_c ijbkmsb b ij_bfms_kl\Z� \ukhdZy ijhba\h^bl_evghklv� ijh�



��

klhlZ� aZsbs_gghklv b l�^� Ijh]jZffgZy j_ZebaZpby [he__
ijZdlbqgZ� ^himkdZ_l ba\_klgmx ]b[dhklv \ bkihevah\Zgbb�

G_aZ\bkbfh hl kihkh[Z j_ZebaZpbb ^ey kh\j_f_gguo djbilh�

]jZnbq_kdbo kbkl_f aZsblu bgnhjfZpbb knhjfmebjh\Zgu ke_�
^mxsb_ h[s_ijbgylu_ lj_[h\Zgby�

�� AgZgb_ Ze]hjblfZ rbnjh\Zgby g_ ^he`gh kbg`Zlv
djbilhklhckdhklb rbnjZ� Wlh nmg^Zf_glZevgh_ lj_[h\Zgb_
[ueh knhjfmebjh\Zgh \ ;,; \_d_ D_jdohnnhf b jZa^_ey_l

djbilhkbkl_fu h[s_]h bkihevah\Zgby �Ze]hjblf ^hklmi_g ih�
l_gpbZevghfm gZjmrbl_ex� b h]jZgbq_ggh]h bkihevah\Zgby

�Ze]hjblf ^_j`blky \ k_dj_l_�� ;_amkeh\gh \k_ fZkkh\h bkihev�
am_fu_ djbilhkbkl_fu ^he`gu hl\_qZlv wlhfm lj_[h\Zgbx�
<aehf rbnjh\ \ kbkl_f_ khlh\hc k\yab *60 beb aZsbl_ ^bkdh\

'9' hl g_aZdhggh]h \hkijhba\_^_gby ± gZ]ey^gu_ ijbf_ju
ihke_^kl\bc� d dhlhjuf fh`_l ijb\_klb g_kh[ex^_gb_ wlh]h

lj_[h\Zgby�
�� AZrbnjh\Zggh_ khh[s_gb_ ^he`gh ih^^Z\Zlvky ql_gbx

lhevdh ijb gZebqbb dexqZ� Bkihevam_fh_ \ ijh]jZff_06 :RUG
������ ©rbnjh\Zgb_ª ^hdmf_glZ gZ kZfhf ^_e_ lhevdh aZij_sZ�
eh _]h hldjulb_ \ ^Zgghc ijh]jZff_� KZf `_ l_dkl g_ rbnjh�

\Zeky b [ue ^hklmi_g ^ey ql_gby \ ex[hf l_dklh\hf j_^Zdlhj_�
�� Rbnj ^he`_g [ulv klhcdbf ^Z`_ \ kemqZ_ _keb gZjm�

sbl_ex ba\_klgh ^hklZlhqgh [hevrh_ dhebq_kl\h bkoh^guo
^Zgguo b khhl\_lkl\mxsbo bf aZrbnjh\Zgguo ^Zgguo�

�� Qbkeh hi_jZpbc� g_h[oh^bfuo ^ey jZkrbnjh\u\Zgby bg�

nhjfZpbb iml_f i_j_[hjZ \k_\hafh`guo dexq_c ^he`gh
bf_lv kljh]mx gb`gxx hp_gdm b ^he`gh eb[h \uoh^blv aZ

ij_^_eu \hafh`ghkl_c kh\j_f_gguo dhfivxl_jh\ �k mq_lhf
\hafh`ghklb hj]ZgbaZpbb k_l_\uo \uqbke_gbc� beb lj_[h\Zlv
kha^Zgby bkihevah\Zgby ^hjh]bo \uqbkebl_evguo kbkl_f�

�� G_agZqbl_evgh_ baf_g_gb_ dexqZ beb bkoh^gh]h l_dklZ
^he`gh ijb\h^blv d kms_kl\_gghfm baf_g_gbx \b^Z aZrbnjh�

\Zggh]h l_dklZ� Wlhfm lj_[h\Zgbx g_ khhl\_lkl\mxl ijZdlb�
q_kdb \k_ rbnju ^hgZmqghc djbilh]jZnbb�

�� Kljmdlmjgu_ we_f_glu Ze]hjblfZ rbnjh\Zgby ^he`gu

[ulv g_baf_ggufb�
�� >ebgZ rbnjh\Zggh]h l_dklZ ^he`gZ [ulv jZ\ghc ^ebg_

bkoh^gh]h l_dklZ�

��

�� >hihegbl_evgu_ [blu� \\h^bfu_ \ khh[s_gb_ \ ijhp_kk_
rbnjh\Zgby� ^he`_g [ulv iheghklvx b gZ^_`gh kdjulu \
rbnjh\Zgghf l_dkl_�

�� G_ ^he`gh [ulv ijhkluo b e_]dh mklZgZ\eb\Z_fuo aZ\b�
kbfhkl_c f_`^m dexqZfb� ihke_^h\Zl_evgh bkihevam_fufb \

ijhp_kk_ rbnjh\Zgby�
��� Ex[hc dexq ba fgh`_kl\Z \hafh`guo ^he`_g h[_ki_�

qb\Zlv jZ\gmx djbilhklhcdhklv� < wlhf kemqZ_ ijbgylh ]h\h�

jblv h ebg_cghf �h^ghjh^ghf� ijhkljZgkl\_ dexq_c�

���� DjZldb_ k\_^_gby h djbilhZgZeba_

DjbilhZgZeba dZd gZmdZ \uoh^bl aZ jZfdb ^Zgghc dgb]b� h^�
gZdh agZgb_ g_dhlhjuo _]h iheh`_gbc g_h[oh^bfh ^ey ]em[h�
dh]h ihgbfZgby djbilh]jZnbb�

=eZ\guf ^_ckl\mxsbf ebphf \ djbilhZgZeba_ \uklmiZ_l
gZjmrbl_ev �beb djbilhZgZeblbd�� Ih^ gbf ihgbfZxl ebph

�]jmiim ebp�� p_evx dhlhjuo y\ey_lky ijhql_gb_ beb ih^^_edZ
aZsbs_gguo djbilh]jZnbq_kdbfb f_lh^Zfb khh[s_gbc�

< hlghr_gbb gZjmrbl_ey ijbgbfZ_lky jy^ ^hims_gbc� dh�
lhju_ dZd ijZ\beh deZ^mlky \ hkgh\m fZl_fZlbq_kdbo beb bguo
fh^_e_c�

�� GZjmrbl_ev agZ_l Ze]hjblf rbnjh\Zgby �beb \ujZ[hldb
WPI� b hkh[_gghklb _]h j_ZebaZpbb \ dhgdj_lghf kemqZ_� gh g_

agZ_l k_dj_lgh]h dexqZ�
�� GZjmrbl_ex ^hklmigu \k_ aZrbnjh\Zggu_ l_dklu� GZjm�

rbl_ev fh`_l bf_lv ^hklmi d g_dhlhjuf bkoh^guf l_dklZf�

^ey dhlhjuo ba\_klgu khhl\_lkl\mxsb_ bf aZrbnjh\Zggu_
l_dklu�

�� GZjmrbl_ev bf__l \ k\h_f jZkihjy`_gbb \uqbkebl_ev�
gu_� ex^kdb_� \j_f_ggu_ b bgu_ j_kmjku� h[t_f dhlhjuo hi�
jZ\^ZgZ ihl_gpbZevghc p_gghklvx bgnhjfZpbb� dhlhjZy [m^_l

^h[ulZ \ j_amevlZl_ djbilhZgZebaZ�
Ihiuldm ijhql_gby beb ih^^_edb aZrbnjh\Zggh]h khh[s_�

gby� \uqbke_gby dexqZ f_lh^Zfb djbilhZgZebaZ gZau\Zxl
djbilhZlZdhc beb ZlZdhc gZ rbnj� M^Zqgmx djbilhZlZdm gZ�
au\Zxl \aehfhf�

DSbilhklhcdhklvx gZau\Z_lky oZjZdl_jbklbdZ rbnjZ� hi�
j_^_eyxsZy _]h klhcdhklv d jZkrbnjh\Zgbx [_a agZgby dexqZ

�l�_� djbilhZlZd_�� IhdZaZl_ev djbilhklhcdhklb ± ]eZ\guc iZ�



��

jZf_lj ex[hc djbilhkbkl_fu� < dZq_kl\_ ihdZaZl_ey djbilh�
klhcdhklb fh`gh \u[jZlv�

dhebq_kl\h \k_o \hafh`guo dexq_c beb \_jhylghklv ih^[h�

jZ dexqZ aZ aZ^Zggh_ \j_fy k aZ^Zggufb j_kmjkZfb�
dhebq_kl\h hi_jZpbc beb \j_fy �k aZ^Zggufb j_kmjkZfb��

g_h[oh^bfh_ ^ey \aehfZ rbnjZ k aZ^Zgghc \_jhylghklvx�
klhbfhklv \uqbke_gby dexq_\hc bgnhjfZpbb beb bkoh^gh]h

l_dklZ�

<k_ wlb ihdZaZl_eb ^he`gu mqblu\Zlv lZd`_ mjh\_gv \ha�
fh`ghc djbilhZlZdb�

H^gZdh ke_^m_l ihgbfZlv� qlh wnn_dlb\ghklv aZsblu bg�
nhjfZpbb djbilh]jZnbq_kdbfb f_lh^Zfb aZ\bkbl g_ lhevdh hl
dSbilhklhcdhklb rbnjZ� gh b hl fgh`_kl\Z ^jm]bo nZdlhjh\�

\dexqZy \hijhku j_ZebaZpbb djbilhkbkl_f \ \b^_ mkljhckl\
beb ijh]jZff� Ijb ZgZeba_ djbilhklhcdhklb rbnjZ g_h[oh^b�

fh mqblu\Zlv b q_eh\_q_kdbc nZdlhj� GZijbf_j� ih^dmi dhg�
dj_lgh]h q_eh\_dZ� \ jmdZo dhlhjh]h khkj_^hlhq_gZ g_h[oh^b�

fZy bgnhjfZpby� fh`_l klhblv gZ g_kdhevdh ihjy^dh\ ^_r_\e_�
q_f kha^Zgb_ kmi_jdhfivxl_jZ ^ey \aehfZ rbnjZ�

Kh\j_f_gguc djbilhZgZeba hibjZ_lky gZ lZdb_ fZl_fZlbq_�

kdb_ gZmdb dZd l_hjby \_jhylghkl_c b fZl_fZlbq_kdZy klZlbklb�
dZ� Ze]_[jZ� l_hjby qbk_e� l_hjby Ze]hjblfh\ b jy^ ^jm]bo� <k_

f_lh^u djbilhZgZebaZ \ p_ehf mdeZ^u\Zxlky \ q_luj_ gZijZ\�
e_gby�

�� KlZlbklbq_kdbc djbilhZgZeba� Bkke_^m_l \hafh`ghklb

\aehfZ djbilhkbkl_f gZ hkgh\_ bamq_gby klZlbklbq_kdbo aZdh�
ghf_jghkl_c bkoh^guo b aZrbnjh\Zgguo khh[s_gbc� ?]h ijb�

f_g_gb_ hkeh`g_gh l_f� qlh \ j_Zevguo djbilhkbkl_fZo bg�
nhjfZpby i_j_^ rbnjh\Zgb_f ih^\_j]Z_lky k`Zlbx �ij_\jZ�
sZy bkoh^guc l_dkl \ kemqZcgmx ihke_^h\Zl_evghklv kbf\h�

eh\�� beb \ kemqZ_ ]Zffbjh\Zgby bkihevamxlky ik_\^hkemqZc�
gu_ ihke_^h\Zl_evghklb [hevrhc ^ebgu�

�� :e]_[jZbq_kdbc djbilhZgZeba� Hg aZgbfZ_lky ihbkdhf
fZl_fZlbq_kdb keZ[uo a\_gv_\ djbilhZe]hjblfh\� D ijbf_jm \
���� ]h^m \ weebilbq_kdbo kbkl_fZo [ue \uy\e_g deZkk dexq_c�

dhlhju_ kms_kl\_ggh mijhsZeb djbilhZgZeba�
�� >bnn_j_gpbZevguc �beb jZaghklguc� djbilhZgZeba�

Hkgh\Zg gZ ZgZeba_ aZ\bkbfhklb baf_g_gby rbnjh\Zggh]h l_d�
klZ hl baf_g_gby bkoh^gh]h l_dklZ� <i_j\u_ bkihevah\Zg F_j�

��

nb� memqr_g ;bowfhf b RZfbjhf ^ey ZlZdb gZ'(6�
�� Ebg_cguc djbilhZgZeba� F_lh^� hkgh\Zgguc gZ ihbkd_

ebg_cghc ZiijhdkbfZpbb f_`^m bkoh^guf b rbnjh\Zgguf

l_dklhf� Ij_^eh`_gguc FZpmb� lZd`_ \i_j\u_ [ue ijbf_g_g
ijb \aehf_ '(6� DZd b ^bnn_j_gpbZevguc ZgZeba \ j_Zevguo

djbilhkbkl_fZo fh`_l [ulv ijbf_g_g lhevdh ^ey ZgZebaZ hl�
^_evguo [ehdh\ djbilhij_h[jZah\Zgbc�

Hiul \aehfh\ djbilhkbkl_f �\ qZklghklb� dhgdmjkh\� dhlh�

ju_ j_]meyjgh mkljZb\Z_l 56$ 'DWD 6HFXULW\� ihdZau\Z_l� qlh
]eZ\guf f_lh^hf hklZ_lky ³eh[h\Zy´ ZlZdZ ± ijh[Z gZ dexq�

LZd`_ dZd ihdZau\Z_l hiul djbilhkbkl_fu [hevr_ kljZ^Zxl hl
g_[j_`ghklb \ j_ZebaZpbb�

Ijbgylh jZaebqZlv g_kdhevdh mjh\g_c djbilhZlZdb \ aZ\b�

kbfhklb hl h[t_f bgnhjfZpbb� ^hklmighc djbilhZgZeblbdm�
=jm[h fh`gh \u^_eblv ljb mjh\gy djbilhZlZdb ih gZjZklZgbx

keh`ghklb�
:lZdZ ih rbnjh\Zgghfm l_dklm �Mjh\_gv D:��� GZjmrb�

l_ex ^hklmigu \k_ beb g_dhlhju_ aZrbnjh\Zggu_ khh[s_gby�

:lZdZ ih iZj_ ©bkoh^guc l_dkl ± rbnjh\Zgguc l_dklª�
�Mjh\_gv D:��� GZjmrbl_ex ^hklmigu \k_ beb g_dhlhju_ aZ�

rbnjh\Zggu_ khh[s_gby b khhl\_lkl\mxsb_ bf bkoh^gu_ kh�
h[s_gby�

:lZdZ ih \u[jZgghc iZj_ ©bkoh^guc l_dkl ± rbnjh\Zg�
guc l_dklª� �Mjh\_gv D:��� GZjmrbl_ev bf__l \hafh`ghklv
\u[bjZlv bkoh^guc l_dkl� ihemqZlv ^ey g_]h rbnjh\Zgguc

l_dkl b gZ hkgh\_ ZgZebaZ aZ\bkbfhkl_c f_`^m gbfb \uqbkeylv
dexq�

<k_ kh\j_f_ggu_ djbilhkbkl_fu h[eZ^Zxl ^hklZlhqghc
klhcdhklvx ^Z`_ d ZlZdZf mjh\gy D:�� lh _klv dh]^Z gZjmrbl_�
ex ^hklmigh ih kmlb rbnjmxs__ mkljhckl\h�



��

�� KBFF?LJBQGU? DJBILHKBKL?FU

���� Hkgh\gu_ deZkku kbff_ljbqguo djbilhkbkl_f

Ih^ kbff_ljbqgufb djbilh]jZnbq_kdbfb kbkl_fZfb ihgb�

fZxlky lZdb_ djbilhkbkl_fu� \ dhlhjuo ^ey rbnjh\Zgby b
jZkrbnjh\Zgby bkihevam_lky h^bg b lhl `_ dexq�

Bkoh^gh_

khh[s_gb_

�O�

HlijZ\bl_ev

�:�
AZrbnj�

khh[s_gb_

< (N�N�;�

RbnjZlhRbnjZlhj >_rbnjZlh>_rbnjZlhj ; (N

��
�N� (N �N�;��

IhemqZl_ev

�<�

Dexq �N�Dexq �N�

Jbk ���� Ko_fZ kbff_ljbqghc djbilhkbkl_fu�

>ey ihevah\Zl_e_c wlh hagZqZ_l� qlh ij_`^_� q_f gZqZlv bk�
ihevah\Zlv kbkl_fm� g_h[oh^bfh ihemqblv h[sbc k_dj_lguc
dexq lZd� qlh[u bkdexqblv d g_fm ^hklmi ihl_gpbZevgh]h aeh�

mfure_ggbdZ� <k_ fgh]hh[jZab_ kbff_ljbqguo djbilhkbkl_f
hkgh\u\Z_lky gZ ke_^mxsbo [Zah\uo deZkkZo�

Fhgh� b fgh]hZenZ\blgu_ ih^klZgh\db�
FhghZenZ\blgu_ ih^klZgh\db ± wlh gZb[he__ ijhklhc \b^

ij_h[jZah\Zgbc� aZdexqZxsbcky \ aZf_g_ kbf\heh\ bkoh^gh]h

l_dklZ gZ ^jm]b_ �lh]h `_ ZenZ\blZ� ih [he__ beb f_g__ keh`�
ghfm ijZ\bem� < kemqZ_ fhghZenZ\blguo ih^klZgh\hd dZ`^uc

kbf\he bkoh^gh]h l_dklZ ij_h[jZam_lky \ kbf\he rbnjh\Zggh�
]h l_dklZ ih h^ghfm b lhfm `_ aZdhgm� Ijb fgh]hZenZ\blghc
ih^klZgh\d_ aZdhg ij_h[jZah\Zgby f_gy_lky hl kbf\heZ d kbf�

\hem� H^bg b lhl `_ rbnj fh`_l jZkkfZljb\Zlvky b dZd fhgh� b
dZd fgh]hZenZ\blguc \ aZ\bkbfhklb hl hij_^_ey_fh]h ZenZ\b�

lZ� GZijbf_j� rbnj Ie_cn_jZ �ih^klZgh\dZ [b]jZff� k lhqdb
aj_gby h[uqgh]h ZenZ\blZ y\ey_lky fhghZenZ\blguf� Z k lhqdb

aj_gby ZenZ\blZ [b]jZff ± fgh]hZenZ\blguf�
I_j_klZgh\db�
LZd`_ g_keh`guc f_lh^ djbilh]jZnbq_kdh]h ij_h[jZah\Z�

gby� aZdexqZxsbcky \ i_j_klZgh\d_ f_klZfb kbf\heh\ bkoh �̂

��

gh]h l_dklZ ih g_dhlhjhfm ijZ\bem� Rbnju i_j_klZgh\hd \ gZ�
klhys__ \j_fy g_ bkihevamxlky \ qbklhf \b^_� lZd dZd bo djbi�
lhklhcdhklv g_^hklZlhqgZ�

;ehqgu_ rbnju�
Ij_^klZ\eyxl kh[hc k_f_ckl\h h[jZlbfuo ij_h[jZah\Zgbc

[ehdh\ �qZkl_c nbdkbjh\Zgghc ^ebgu� bkoh^gh]h l_dklZ� NZd�
lbq_kdb [ehqguc rbnj ± wlh kbkl_fZ ih^klZgh\db gZ ZenZ\bl_
[ehdh\ �hgZ fh`_l [ulv fhgh� beb fgh]hZenZ\blghc \ aZ\bkb�

fhklb hl j_`bfZ [ehqgh]h rbnjZ�� < gZklhys__ \j_fy [ehq�
gu_ rbnju gZb[he__ jZkijhkljZg_gu gZ ijZdlbd_� Jhkkbckdbc

b Zf_jbdZgkdbc klZg^Zjlu rbnjh\Zgby hlghkylky bf_ggh d
wlhfm deZkkm rbnjh\�

=Zffbjh\Zgb_�

Ij_^klZ\ey_l kh[hc ij_h[jZah\Zgb_ bkoh^gh]h l_dklZ� ijb
dhlhjhf kbf\heu bkoh^gh]h l_dklZ kdeZ^u\Zxlky �ih fh^mex�

jZ\ghfm fhsghklb ZenZ\blZ� k kbf\heZfb ik_\^hkemqZcghc
ihke_^h\Zl_evghklb� \ujZ[Zlu\Z_fhc ih g_dhlhjhfm ijZ\bem�

Kh[kl\_ggh ]h\hjy� ]Zffbjh\Zgb_ g_evay p_ebdhf \u^_eblv \
hl^_evguc deZkk djbilh]jZnbq_kdbo ij_h[jZah\Zgbc� lZd dZd
wlZ ik_\^hkemqZcgZy ihke_^h\Zl_evghklv fh`_l \ujZ[Zlu\Zlv�

ky� gZijbf_j� k ihfhsvx [ehqgh]h rbnjZ� < kemqZ_� _keb ih�
ke_^h\Zl_evghklv y\ey_lky bklbggh kemqZcghc �gZijbf_j� kgy�

lhc k nbabq_kdh]h ^ZlqbdZ� b dZ`^uc __ njZ]f_gl bkihevam_lky
lhevdh h^bg jZa� lh bf__l f_klh djbilhkbkl_fZ k h^ghjZah\uf
dexqhf�

���� H[sb_ k\_^_gby h [ehqguo rbnjZo�

Ih^ 1�jZajy^guf [ehdhf [m^_f ihgbfZlv ihke_^h\Zl_ev�

ghklv ba gme_c b _^bgbp ^ebgu 1
��

[  �[� � [� � ���� [1��� ∈ =��1�

[ \ =��1 fh`gh bgl_jij_lbjh\Zlv dZd \_dlhj b dZd ^\hbqgh_

ij_^klZ\e_gb_ p_eh]h qbkeZ

__[__  ∑
−

=

−−
�

�

��
1

L

L1

L[ �

� L_hjby [ehqguo rbnjh\ \ p_ehf baeh`_gZ ih jZ[hl_ >�@�



��

GZijbf_j� _keb 1 �� lh

���������→� ���������→� ���������→� ���������→�

���������→� ���������→� ���������→� ���������→�

���������→� ���������→� ���������→�� ���������→��

���������→�� ���������→�� ���������→�� ���������→���

;ehqguf rbnjhf [m^_f gZau\Zlv we_f_gl π ∈ 6<0�=��1��

π� [→\  π�[�� ]^_ [  �[�� [�� ���� [1���� \  �\�� \�� ���� \1���� Ohly

[ehqgu_ rbnju y\eyxlky qZklgufb kemqZyfb ih^klZgh\hd
�lhevdh gZ ZenZ\blZo hq_gv [hevrhc fhsghklb�� bo ke_^m_l

jZkkfZljb\Zlv hkh[h� ihkdhevdm� \h�i_j\uo� [hevrbgkl\h kbf�
f_ljbqguo rbnjh\� bkihevam_fuo \ kbkl_fZo i_j_^Zqb bgnhj�
fZpbb� y\eyxlky [ehqgufb b� \h�\lhjuo� [ehqgu_ rbnju

m^h[g__ \k_]h hibku\Zlv \ Ze]hjblfbq_kdhf \b^_� Z g_ dZd
h[uqgu_ ih^klZgh\db�

Ij_^iheh`bf� qlh

π�[L�  \L � � ≤ L � P�

^ey g_dhlhjh]h π ∈ 6<0�=��1�� bkoh^gh]h l_dklZ ;  ^[L� [L

∈=��1` b rbnjh\Zggh]h l_dklZ <  ^\L`� Qlh fh`gh kdZaZlv h

π�[�� _keb [∉^[L`" Ihkdhevdm π y\ey_lky i_j_klZgh\dhc gZ =��1 �

lh ^\L` jZaebqgu b π�[�∉^\L` ijb [∉^[L`� Qlh `_ _s_ fh`gh kdZ�

aZlv h π"
��1 � P�� ba ��1�� i_j_klZgh\hd \ 6<0�=��1� m^h\e_l\hjy_l

mjZ\g_gbx

π�[L�  \L � � ≤ L � P�

>Zevg_crZy ki_pbnbdZpby π�[� ijb hlkmlkl\bb ^hihegbl_evghc
bgnhjfZpbb g_ ij_^klZ\ey_lky \hafh`ghc� Wlh hij_^_ey_lky \

hkgh\ghf l_f h[klhyl_evkl\hf� qlh π y\ey_lky we_f_glhf� ijb�

gZ^e_`Zsbf 6<0�=��1�� ?keb ba\_klgh� qlh π ijbgZ^e_`bl g_�
[hevrhfm ih^fgh`_kl\m I ba 6<0�=��1�� lh fh`gh k^_eZlv [h�

e__ hij_^_e_gguc \u\h �̂ GZijbf_j� _keb

I  ^πM � �≤ M ��1`� πM�L�  �L�M� �PRG �
1 �� � ≤ L �� �

lh agZq_gb_ π�[� ijb aZ^Zgghf agZq_gbb [ h^ghagZqgh hij_^_�

ey_l π� < wlhf kemqZ_ ; y\ey_lky ih^fgh`_kl\hf ih^klZgh\hd
P_aZjy gZ =��1�

��

Djbilh]jZnbq_kdh_ agZq_gb_ wlh]h k\hckl\Z ^he`gh [ulv

hq_\b^gh� _keb bkoh^guc l_dkl rbnjm_lky ih^klZgh\dhc π� \u�
[jZgghc ba iheghc kbff_ljbq_kdhc ]jmiiu� lh aeh�

mfure_ggbd� bamqZxsbc khhl\_lkl\b_ f_`^m ih^fgh`_kl\Zfb
bkoh^gh]h b rbnjh\Zggh]h l_dklh\

[L ↔ \L � � ≤ L � P�

g_ \ khklhygbb gZ hkgh\_ wlhc bgnhjfZpbb hij_^_eblv bkoh �̂

guc l_dkl� khhl\_lkl\mxsbc \∉^\L`�
?keb ^ey rbnjh\Zgby bkoh^gh]h l_dklZ bkihevam_lky ih �̂

kbkl_fZ π ba I∈6<0�=��1�� lh ihemqZxsmxky \ j_amevlZl_ kbk�
l_fm ih^klZgh\hd I [m^_f gZau\Zlv kbkl_fhc [ehqguo rbnjh\

beb kbkl_fhc [ehqguo ih^klZgh\hd� ;ehqguc rbnj ij_^klZ\�
ey_l kh[hc qZklguc kemqZc fhghZenZ\blghc ih^klZgh\db k Ze�

nZ\blhf =�1  =��1 � ?keb bgnhjfZpby bkoh^gh]h l_dklZ g_ fh�
`_l [ulv ij_^klZ\e_gZ 1�jZajy^gufb [ehdZfb� dZd \ kemqZ_

klZg^Zjlgh]h ZenZ\blgh�pbnjh\h]h l_dklZ� lh i_j\h_� qlh gm`�
gh k^_eZlv� wlh i_j_dh^bjh\Zlv bkoh^guc l_dkl bf_ggh \ wlhl

nhjfZl� I_j_dh^bjh\Zgb_ fh`gh hkms_kl\blv g_kdhevdbfb
kihkh[Zfb b k ijZdlbq_kdhc lhqdb aj_gby g_\Z`gh� dZdhc ba

kihkh[h\ [ue \u[jZg�
< mklZgh\dZo h[jZ[hldb bgnhjfZpbb [ehqgu_ rbnju [m^ml

bkihevah\Zlvky fgh]bfb ihevah\Zl_eyfb� Dexq_\hc kbkl_fhc

[ehqguo rbnjh\ y\ey_lky ih^fgh`_kl\h I>.@ kbff_ljbq_kdhc
]jmiiu 6<0�=��1�

I>.@  ^π^N`� N∈.`�

bg^_dkbjm_fh_ ih iZjZf_ljm N ∈ .� N y\ey_lky dexqhf� Z . �
ijhkljZgkl\hf dexq_c� Ijb wlhf g_ lj_[m_lky� qlh[u jZaebq�

gu_ dexqb khhl\_lkl\h\Zeb jZaebqguf ih^klZgh\dZf =��1�
Dexq_\Zy kbkl_fZ [ehqguo rbnjh\ I>.@ bkihevam_lky ke_�

^mxsbf h[jZahf� Ihevah\Zl_ev L b ihevah\Zl_ev M g_dhlhjuf

h[jZahf aZdexqZxl kh]eZr_gb_ hlghkbl_evgh dexqZ N ba .�
\u[bjZy� lZdbf h[jZahf� we_f_gl ba I>.@ b i_j_^Z\Zy l_dkl�

aZrbnjh\Zgguc k bkihevah\Zgb_f \u[jZgghc ih^klZgh\db� AZ�
ibkv

\  π^N� [`



��

[m^_f bkihevah\Zlv ^ey h[hagZq_gby 1�jZajy^gh]h [ehdZ rbn�
jh\Zggh]h l_dklZ� dhlhjuc ihemq_g \ j_amevlZl_ rbnjh\Zgby
1�jZajy^gh]h [ehdZ bkoh^gh]h l_dklZ [ k bkihevah\Zgb_f ih^�

klZgh\db π^N`� khhl\_lkl\mxs_c dexqm N� Iheh`bf� qlh aeh�
mfure_ggbdm

ba\_klgh ijhkljZgkl\h dexq_c.�

ba\_kl_g Ze]hjblf hij_^_e_gby ih^klZgh\db π^N` ih
agZq_gbx dexqZ N�

g_ba\_klgh� dZdhc bf_ggh dexq N \u[jZe ihevah\Zl_ev�
DZdbfb \hafh`ghklyfb jZkiheZ]Z_l aehmfure_ggbd" Hg

fh`_l�

ihemqblv dexq \ke_^kl\b_ g_[j_`ghklb ihevah\Zl_ey L
beb ihevah\Zl_ey M�

i_j_o\Zlblv �iml_f i_j_o\ZlZ l_e_nhgguo b dhfivxl_j�
guo khh[s_gbc� rbnjh\Zgguc l_dkl \� i_j_^Z\Z_�
fuc ihevah\Zl_e_f L ihevah\Zl_ex M� b ijhba\h^blv

ijh[u gZ \k_ \hafh`gu_ dexqb ba . ^h ihemq_gby
qblZ_fh]h khh[s_gby bkoh^gh]h l_dklZ�

ihemqblv khhl\_lkl\mxsb_ bkoh^guc b rbnjh\Zgguc

l_dklu �[→\� b \hkihevah\Zlvky f_lh^hf ijh[u gZ
dexq�

ihemqblv khhl\_lkl\mxsb_ bkoh^guc b rbnjh\Zgguc
l_dklu b bkke_^h\Zlv khhlghr_gb_ bkoh^gh]h l_dklZ

[ b rbnjh\Zggh]h l_dklZ \ ^ey hij_^_e_gby dexqZ N�
hj]Zgbah\Zlv dZlZeh] 1�jZajy^guo [ehdh\ k aZibkvx qZk�

lhl bo ihy\e_gby \ bkoh^ghf beb rbnjh\Zgghf l_d�

kl_� DZlZeh] ^Z_l \hafh`ghklv ijhba\h^blv ihbkd
gZb[he__ \_jhylguo keh\� bkihevamy� gZijbf_j� ke_�

^mxsmx bgnhjfZpbx�
ebklbg] gZ yaud_ Zkk_f[e_jZ oZjZdl_jbam_lky kbevgh \u�

jZ`_gguf kljmdlmjbjh\Zgguf nhjfZlhf�

pbnjh\h_ ij_^klZ\e_gb_ ]jZnbq_kdhc b a\mdh\hc bg�
nhjfZpbb bf__l h]jZgbq_gguc gZ[hj agZdh\�

Ij_^iheh`bf� qlh 1  �� b dZ`^uc we_f_gl 6<0�=��1� fh�
`_l [ulv bkihevah\Zg dZd ih^klZgh\dZ� lZd qlh . 6<0�=��1��

Lh]^Z�
kms_kl\m_l ��� ���jZajy^guo [ehdh\� aehmfure_ggbd g_

fh`_l ih^^_j`b\Zlv dZlZeh] k ��� ≈���⋅���� kljhdZfb�

��

ijh[Z gZ dexq ijb qbke_ dexq_c� jZ\ghf ������� ijZdlb�
q_kdb g_\hafh`gZ� khhl\_lkl\b_ bkoh^gh]h b rbnjh�
\Zggh]h l_dklh\ ^ey g_dhlhjuo 1�jZajy^guo [ehdh\

π^N�[L`  \L � � ≤ L � P� g_ ^Z_l aehmfure_ggbdm bg�

nhjfZpbb hlghkbl_evgh agZq_gby π^N� [` ^ey [∉^[L`�
Kbkl_fu rbnjh\Zgby k [ehqgufb rbnjZfb� ZenZ\blhf =����

b ijhkljZgkl\hf dexq_c . 6<0�=����� y\eyxlky g_^_ebfufb \
lhf kfuke_� qlh ih^^_j`Zgb_ dZlZeh]Z qZklhl ihy\e_gby [md\

^ey ���jZajy^guo [ehdh\ beb ijh[Z gZ dexq ijb qbke_ dexq_c
��� \uoh^bl aZ ij_^_eu \hafh`ghkl_c aehmfure_ggbdZ� Ke_^m�
_l kjZ\gblv wlm ijh[e_fm k lhc aZ^Zq_c� k dhlhjhc klZedb\Z_lky

aehmfure_ggbd \ ijhp_kk_ djbilhZgZebaZ l_dklZ� aZrbnjh\Zg�
gh]h ih^klZgh\dhc P_aZjy k ZenZ\blhf ^$����� Y� B`� ^ey hij_^_�

e_gby dexqZ ih^klZgh\db P_aZjy lj_[m_lky ebrv ORJ���  � [bl�
\ lh \j_fy dZd ^ey ijhkljZgkl\Z dexq_c . 6<0�=����� lj_[m_l�
ky ��� [blh\�

D kh`Ze_gbx� jZajZ[hlqbd b aehmfure_ggbd gZoh^ylky \
h^bgZdh\hf iheh`_gbb� jZajZ[hlqbd g_ fh`_l kha^Zlv kbkl_fm�

\ dhlhjhc [ueb [u j_Zebah\Zgu \k_ ���� ih^klZgh\hd
6<0�=������ Z aehmfure_ggbd g_ fh`_l bkiulZlv lZdh_ qbkeh

dexq_c� HklZ_lky kh]eZkblvky k l_f� qlh g_ dZ`^uc we_f_gl ba
6<0�=����� [m^_l bkihevah\Zg \ dZq_kl\_ ih^klZgh\db�

LZdbf h[jZahf� lj_[h\Zgby d ohjhr_fm [ehqghfm rbnjm

nhjfmebjmxlky ke_^mxsbf h[jZahf� G_h[oh^bfu�
^hklZlhqgh [hevrh_ 1 ��� beb [he__� ^ey lh]h� qlh[u aZ�

ljm^gblv khklZ\e_gb_ b ih^^_j`Zgb_ dZlZeh]Z� < gh�
\hf klZg^Zjl_ rbnjh\Zgby KR: 1 g_ f_gvr_ ����

^hklZlhqgh [hevrh_ ijhkljZgkl\h dexq_c ^ey lh]h� qlh�

[u bkdexqblv \hafh`ghklv ih^[hjZ dexqZ�

keh`gu_ khhlghr_gby π^N�[` � [ → \ π^N�[` f_`^m bk�
oh^guf b rbnjh\Zgguf l_dklZfb k l_f� qlh[u ZgZ�

eblbq_kdb_ b �beb� klZlbklbq_kdb_ f_lh^u hij_^_e_�
gby bkoh^gh]h l_dklZ b �beb� dexqZ gZ hkgh\_ khhl�

\_lkl\by bkoh^gh]h b rbnjh\Zggh]h l_dklh\ [ueb [u
ih \hafh`ghklb g_j_Zebam_fu�

���� =_g_jbjh\Zgb_ [ehqguo rbnjh\

H^gbf ba gZb[he__ jZkijhkljZg_gguo kihkh[h\ aZ^Zgby
[ehqguo rbnjh\ y\ey_lky bkihevah\Zgb_ lZd gZau\Z_fuo k_l_c



��

N_ckl_eZ� K_lv N_ckl_eZ ij_^klZ\ey_l kh[hc h[sbc f_lh^ ij_�
h[jZah\Zgby ijhba\hevghc nmgdpbb �h[uqgh gZau\Z_fhc )�
nmgdpb_c� \ i_j_klZgh\dm gZ fgh`_kl\_ [ehdh\� WlZ dhgkljmd�

pby [ueZ bah[j_l_gZ Ohjklhf N_ckl_ehf b [ueZ bkihevah\ZgZ
\ [hevrhf dhebq_kl\_ rbnjh\� \dexqZy '(6 b =HKL ���������

)�nmgdpby� ij_^klZ\eyxsZy kh[hc hkgh\ghc kljhbl_evguc
[ehd k_lb N_ckl_eZ� \k_]^Z \u[bjZ_lky g_ebg_cghc b ijZdlbq_�
kdb \h \k_o kemqZyo g_h[jZlbfhc�

NhjfZevgh )�nmgdpbx fh`gh ij_^klZ\blv \ \b^_ hlh[jZ`_�
gby

)� =��1�� × =�� N → =��1���

]^_ 1 ± ^ebgZ ij_h[jZam_fh]h [ehdZ l_dklZ �^he`gZ [ulv q_l�
ghc�� N ± ^ebgZ bkihevam_fh]h [ehdZ dexq_\hc bgnhjfZpbb�

Imklv l_i_jv ; ± [ehd l_dklZ� ij_^klZ\bf _]h \ \b^_ ^\mo
ih^[ehdh\ h^bgZdh\hc ^ebgu ;  ^$� %`� Lh]^Z h^gZ bl_jZpby

�beb jZmg^� k_lb N_ckl_eZ hij_^_ey_lky dZd

;L��  %L__�)�%L� NL� ⊕ $L�

]^_ ;L  ^$L� %L`� __ hi_jZpby dhgdZl_gZpbb� Z ⊕ ± ih[blh\h_ bk�

dexqZxs__ BEB� KljmdlmjZ bl_jZpbb k_lb N_ckl_eZ ij_^klZ\�
e_gZ gZ jbk ���� K_lv N_ckl_eZ khklhbl ba g_dhlhjh]h nbdkbjh�
\Zggh]h qbkeZ bl_jZpbc� hij_^_ey_fh]h khh[jZ`_gbyfb klhc�

dhklb jZajZ[Zlu\Z_fh]h rbnjZ� ijb wlhf gZ ihke_^g_c bl_jZ�
pbb i_j_klZgh\dZ f_klZfb iheh\bg [ehdZ l_dklZ g_ ijhba\h^bl�

ky� l�d� wlh g_ \eby_l gZ klhcdhklv rbnjZ�
>ZggZy kljmdlmjZ rbnjh\ h[eZ^Z_l jy^hf ^hklhbgkl\� Z

bf_ggh�

ijhp_^mju rbnjh\Zgby b jZkrbnjh\Zgby kh\iZ^Zxl� k
l_f bkdexq_gb_f� qlh dexq_\Zy bgnhjfZpby ijb

jZkrbnjh\Zgbb bkihevam_lky \ h[jZlghf ihjy^d_�
^ey ihkljh_gby mkljhckl\ rbnjh\Zgby fh`gh bkihev�

ah\Zlv l_ `_ [ehdb \ p_iyo rbnjh\Zgby b jZkrbn�

jh\Zgby�
G_^hklZldhf y\ey_lky lh� qlh gZ dZ`^hc bl_jZpbb baf_gy_l�

ky lhevdh iheh\bgZ [ehdZ h[jZ[Zlu\Z_fh]h l_dklZ� qlh ijb\h�
^bl d g_h[oh^bfhklb m\_ebqb\Zlv qbkeh bl_jZpbc ^ey ^hklb`_�

gby lj_[m_fhc klhcdhklb�

��

< hlghr_gbb \u[hjZ )�nmgdpbb dZdbo�lh q_ldbo klZg^Zjlh\
g_ kms_kl\m_l� h^gZdh� dZd ijZ\beh� wlZ nmgdpby ij_^klZ\ey_l
kh[hc ihke_^h\Zl_evghklv aZ\bkysbo hl dexqZ g_ebg_cguo aZ�

f_g� i_j_f_rb\Zxsbo i_j_klZgh\hd b k^\b]h\�
>jm]bf ih^oh^hf d ihkljh_gbx [ehqguo rbnjh\ y\ey_lky

bkihevah\Zgb_ h[jZlbfuo aZ\bkysbo hl dexqZ ij_h[jZah\Zgbc�
< wlhf kemqZ_ gZ dZ`^hc bl_jZpbb baf_gy_lky \_kv [ehd b� kh�
hl\_lkl\_ggh� h[s__ dhebq_kl\h bl_jZpbc fh`_l [ulv khdjZ�

s_gh� DZ`^Zy bl_jZpby ij_^klZ\ey_l kh[hc ihke_^h\Zl_evghklv
ij_h[jZah\Zgbc �lZd gZau\Z_fuo �keh_\��� dZ`^h_ ba dhlhjuo

\uihegy_l k\hx nmgdpbx� H[uqgh bkihevamxlky kehc g_eb�
g_cghc h[jZlbfhc aZf_gu� kehc ebg_cgh]h i_j_f_rb\Zgby b
h^bg beb ^\Z kehy ih^f_rb\Zgby dexqZ� D g_^hklZldZf ^Zggh]h

ih^oh^Z fh`gh hlg_klb lh� qlh ^ey ijhp_^mj rbnjh\Zgby b
jZkrbnjh\Zgby \ h[s_f kemqZ_ g_evay bkihevah\Zlv h^gb b l_

`_ [ehdb� qlh m\_ebqb\Z_l ZiiZjZlgu_ b�beb ijh]jZffgu_ aZ�
ljZlu gZ j_ZebaZpbx�

�

Jbk� ���� KljmdlmjZ bl_jZpbb k_lb N_ckl_eZ�

%

% $⊕)�%�

$

)

N�

���� :e]hjblfu [ehqgh]h rbnjh\Zgby

������ :e]hjblf '(6 b _]h fh^bnbdZpbb

:f_jbdZgkdbc klZg^Zjl djbilh]jZnbq_kdh]h aZdjulby ^Zg�

guo '(6 �'DWD (QFU\SWLRQ 6WDQGDUG�� ijbgyluc \ ���� ]�� y\ey_l�
ky lbibqguf ij_^klZ\bl_e_f k_f_ckl\Z [ehqguo rbnjh\� Wlhl



��

rbnj ^himkdZ_l wnn_dlb\gmx ZiiZjZlgmx b ijh]jZffgmx j_Z�
ebaZpbx� ijbq_f \hafh`gh ^hklb`_gb_ kdhjhkl_c rbnjh\Zgby
^h g_kdhevdbo f_]Z[Zcl \ k_dmg^m� Rbnj '(6 ij_^klZ\ey_l

kh[hc j_amevlZl �� hlh[jZ`_gbc�

'(6  ,3��×
���
77 π×θ××θ×π . × ,3� �����

]^_ ,3 �,QLWLDO 3HUPXWDWLRQ ± bkoh^gZy i_j_klZgh\dZ� ij_^klZ\ey_l
kh[hc ijh\hehqgmx dhffmlZpbx k bg\_jkb_c ,3��

�

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

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

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

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

dhfihabpby
L
7π×θ � ]^_ θ ± i_j_klZgh\dZ f_klZfb ijZ\hc b e_�

\hc iheh\bg [ehdZ ^Zgguo� ij_^klZ\ey_l kh[hc h^gm bl_jZpbx
N_ckl_eZ� Hlf_lbf� qlh \ ihke_^g_f pbde_ rbnjh\Zgby ih Ze�
]hjblfm '(6 i_j_klZgh\dZ f_klZfb iheh\bg [ehdZ g_ ijhba\h�

^blky�

Ih^klZgh\db
L
7π � �≤ L ≤ ��� hibku\Zxlky ke_^mxsbf h[jZahf�

RZ] �� GZ L�f pbde_ \oh^ghc [ehd [L ^ebghc �� kbf\heZ

[
L
 �[L��� [L�� ���� [L����

^_eblky gZ ^\Z [ehdZ ih �� kbf\heZ ;  �[L��� [L�� ���� [L���� b

;
  �[
L��� [
L�� ���� [
L�����

IjZ\uc [ehd ;
 jZa[b\Z_lky gZ \hk_fv [ehdh\ ih q_luj_

kbf\heZ�

[
L�� [
L�� [
L�� [
L��

[
L�� [
L�� [
L�� [
L��

[
L�� [
L�� [
L��� [
L���

[
L��� [
L��� [
L��� [
L���

[
L��� [
L��� [
L��� [
L���

[
L��� [
L��� [
L��� [
L���

[
L��� [
L��� [
L��� [
L���

[
L��� [
L��� [
L��� [
L���

Wlb \hk_fv [ehdh\ iml_f dhibjh\Zgby djZcgbo we_f_glh\ ij_�
h[jZamxlky \ \hk_fv [ehdh\ ba r_klb kbf\heh\�

[L��� [L�� [L�� [L�� [L�� [L��

��

[L�� [L�� [L�� [L�� [L�� [L��

[L�� [L�� [L�� [L��� [L��� [L���

[L��� [L��� [L��� [L��� [L��� [L���

[L��� [L��� [L��� [L��� [L��� [L���

[L��� [L��� [L��� [L��� [L��� [L���

[L��� [L��� [L��� [L��� [L��� [L���

[L��� [L��� [L��� [L��� [L��� [L��
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Dhg_qgZy i_j_klZgh\dZ ,3 ��

<uoh^gZy ihke_^h\Zl_evghklv [blh\ �rbnjl_dkl�
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Jbk ���� Ko_fZ Ze]hjblfZ rbnjh\Zgby'(6

RZ] �� GZ L�pbdebq_kdhc bl_jZpbb �� jZajy^h\ dexqZ

�NL��� NL��� ��� � NL�����

��

ihjZajy^gh kmffbjmxlky �ih fh^mex �� k ihemq_ggufb \ur_
�� jZajy^Zfb ^Zgguo�

RZ] �� M�c [ehd ba r_klb kbf\heh\ ��≤ M ��� ih^Z_lky gZ \oh^
[ehdZ ih^klZgh\db �6�[hdk� 6>M@ bf__l r_klbjZajy^guc \oh^ b
q_luj_ojZajy^guc \uoh^ b ij_^klZ\ey_l kh[hc q_luj_ ij_h[jZ�

ah\Zgby ba =��� \ =���� ^\Z djZcgbo jZajy^Z \oh^gh]h [ehdZ kem�
`Zl ^ey \u[hjdb h^gh]h ba wlbo ij_h[jZah\Zgbc� DZ`^Zy ba
\hkvfb ih^klZgh\hd 6>�@� 6>�@����� 6>�@ hkms_kl\ey_lky k bkihev�

ah\Zgb_f q_luj_o kljhd b �� klhe[ph\ fZljbpu k we_f_glZfb

^����������`� DZ`^uc ba fZkkb\h\ jZaf_jghklvx �×�� hij_^_ey_l
ih^klZgh\dm gZ fgh`_kl\_ =��� ke_^mxsbf h[jZahf� ?keb \oh�

^hf y\ey_lky [ehd ba r_klb kbf\heh\ �]�� ]�� ]�� ]�� ]�� ]��� lh ^\_
djZcgb_ ihabpbb �]�� ]�� bgl_jij_lbjmxlky dZd ^\hbqgh_ ij_^�

klZ\e_gb_ p_euo qbk_e ba gZ[hjZ ^�������`�
Wlb p_eu_ hij_^_eyxl ghf_j kljhdb �hl � ^h ��� HklZ\rb_ky

q_luj_ kbf\heZ �]�� ]�� ]�� ]�� bgl_jij_lbjmxlky dZd ^\hbqgh_

ij_^klZ\e_gb_ p_euo qbk_e ba gZ[hjZ ^����������` b kem`Zl ^ey
hij_^_e_gby klhe[pZ \ fZkkb\_ �hl � ^h ���� LZdbf h[jZahf�

\oh^ghc [ehd ������������� khhl\_lkl\m_l kljhd_ � b klhe[pm ��
RZ] �� �� jZajy^Z� khklZ\eyxsb_ \uoh^ 6�[hdkZ� ih^Zxlky

gZ \oh^ [ehdZ ijh\hehqghc dhffmlZpbb �3�[hdkZ��
��� �� ��� ��� ��� ��� ��� ��� �� ��� ��� ��� �� ��� ��� ���
�� �� ��� ��� ��� ��� �� �� ��� ��� ��� �� ��� ��� �� ��

RZ] �� Dhfihg_glu ijZ\h]h \oh^gh]h ���jZajy^gh]h [ehdZ
;
� ij_h[jZah\Zggh]h \ 7�;
�� ihjZajy^gh kmffbjmxlky ih fh�

^mex � k dhfihg_glZfb e_\h]h \oh^gh]h ���jZajy^gh]h [ehdZ ;�
GZ dZ`^hc bl_jZpbb bkihevam_lky ���jZajy^guc ih^dexq

�NL��� NL�� ���� NL����� Ihkdhevdm \oh^guf dexqhf '(6 y\ey_lky ���

jZajy^guc [ehd N   �NL��� NL�� ���� NL����� lh dZ`^uc _]h jZajy^ bk�
ihevam_lky fgh]hdjZlgh�

DZdb_ bf_ggh jZajy^u dexqZ bkihevamxlky gZ L�
pbdebq_kdhc bl_jZpbb� hij_^_ey_lky ih ke_^mxs_fm Ze]hjbl�
fm�

ij_`^_ \k_]h �� jZajy^Z dexqZ ij_h[jZamxlky \ �� iml_f
\u[jZku\Zgby dZ`^h]h \hkvfh]h [blZ �dhlhjuc fh`_l bkihev�

ah\Zlvky ^ey dhgljhey p_ehklghklb dexqZ��
ijhba\h^blky gZqZevgZy i_j_klZgh\dZ .3�� ���jZajy^gh]h

dexqZ ihevah\Zl_ey N  �NL��� NL�� ���� NL�����

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



��

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

IhemqZ_fuc \ j_amevlZl_ ���jZajy^guc [ehd jZkkfZljb\Z_l�
ky dZd ^\Z ���jZajy^guo [ehdZ� e_\uc ± &� b ijZ\uc ± '��

ijhba\h^blky e_\uc pbdebq_kdbc k^\b] [ehdh\ &� b '� V>�@
jZa ^ey ihemq_gby [ehdh\ &� b '��

ba kp_ie_gby [ehdh\ �&�� '�� \u[bjZxlky �� jZajy^h\ k ih�

fhsvx i_j_klZgh\db .3��� Wlb jZajy^u bkihevamxlky gZ i_j�
\hc bl_jZpbb�

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

��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��
bkihevam_fu_ gZ L�c pbdebq_kdhc bl_jZpbb jZajy^u dexqZ hi�

j_^_eyxlky f_lh^hf bg^mdpbb� >ey ihemq_gby [ehdh\ &L b 'L

ijhba\h^bf e_\uc pbdebq_kdbc k^\b] [ehdh\ &L±� b 'L±� gZ V>L@

ihabpbc�

L � � � � � � � � � �� �� �� �� �� �� ��

V � � � � � � � � � � � � � � � �

b \gh\v ijbf_gy_f .3�� ^ey ihemq_gby hq_j_^ghc ihjpbb dex�

qZ�
Bg\_jkb_c '(6 �h[_ki_qb\Zxs_c jZkrbnjh\Zgb_ aZrbnjh�

\Zgguo ihkj_^kl\hf '(6 ^Zgguo� y\ey_lky

'(6  ,3��×
���
77 π×θ××θ×π . × ,3� �����

JZkrbnjh\Zgb_ aZrbnjh\Zggh]h ihkj_^kl\hf '(6 l_dklZ

hkms_kl\ey_lky k bkihevah\Zgb_f l_o `_ [ehdh\ [eZ]h^Zjy h[�
jZlbfhklb ij_h[jZah\Zgby�

LZdh\ h[sbc Ze]hjblf '(6� Ihijh[m_f ijhZgZebabjh\Zlv
_]h wnn_dlb\ghklv�

Ihkdhevdm ^ebgZ [ehdh\ bkoh^gh]h l_dklZ jZ\gZ ��� ih^�

^_j`dZ dZlZeh]h\ qZklhl bkihevah\Zgby [ehdh\ y\ey_lky ^ey
aehmfure_ggbdZ aZ^Zq_c� \uoh^ys_c aZ ij_^_eu kh\j_f_gguo

l_ogbq_kdbo \hafh`ghkl_c�
H^gZdh� ^Zgguc Ze]hjblf� y\eyykv i_j\uf hiulhf klZg^ZjlZ

rbnjh\Zgby bf__l jy^ g_^hklZldh\� AZ \j_fy� ijhr_^r__ ihke_

��

kha^Zgby '(6� dhfivxl_jgZy l_ogbdZ jZa\beZkv gZklhevdh [u�
kljh� qlh hdZaZehkv \hafh`guf hkms_kl\eylv bkq_jiu\Zxsbc
i_j_[hj dexq_c b l_f kZfuf jZkdju\Zlv rbnj� Klhbfhklv wlhc

ZlZdb ihklhyggh kgb`Z_lky� < ���� ]� [ueZ ihkljh_gZ fZrbgZ
klhbfhklvx hdheh ������ ^heeZjh\� kihkh[gZy ih ^Zgghc iZj_

�bkoh^guc l_dkl� rbnjh\Zgguc l_dkl! \hkklZgh\blv dexq aZ
kj_^g__ \j_fy \ � kmlhd� LZdbf h[jZahf� '(6� ijb _]h bkihev�
ah\Zgbb klZg^Zjlguf h[jZahf� m`_ klZe ^Ze_dh g_ hilbfZevguf

\u[hjhf ^ey m^h\e_l\hj_gby lj_[h\Zgbyf kdjulghklb ^Zgguo�
;ueh \u^\bgmlh [hevrh_ dhebq_kl\h ij_^eh`_gbc ih mkh�

\_jr_gkl\h\Zgbx '(6� dhlhju_ hlqZklb dhfi_gkbjmxl mdZaZg�
gu_ g_^hklZldb�Fu jZkkfhljbf ^\Z ba gbo�

GZb[he__ rbjhdh ba\_klguf ij_^eh`_gb_f ih mkbe_gbx

'(6 y\ey_lky lZd gZau\Z_fuc ©ljhcghc '(6ª� h^gZ ba \_jkbc
dhlhjh]h hij_^_ey_lky nhjfmehc

����'(6�'(6�'(6���('(
������

��
[[ NNNNNN = �

Lh _klv� dexq ^ey ('(� bf__l ^ebgm �� × �  ��� [bl� b
rbnjh\Zgb_ ���[blh\h]h [ehdZ hkms_kl\ey_lky rbnjh\Zgb_f k

h^gbf ih^dexqhf� jZkrbnjh\Zgb_f k ^jm]bf b aZl_f rbnjh�
\Zgb_f k lj_lvbf� �IjbqbgZ� ih dhlhjhc \lhjuf rZ]hf y\ey_lky

�

�

'(6−
N
� Z g_

�

'(6
N
� y\ey_lky kh\f_klbfhklv k '(6� _keb \u�

[jZlv . N�N�N� lh ('(�.  '(6N� IjbqbgZ bkihevah\Zgby '(6
ljb jZaZ \f_klh ^\mo aZdexqZ_lky \ kms_kl\h\Zgbb ZlZdb

©\klj_qZ \ k_j_^bg_ª gZ ^\hcghc '(6��
Ijh[e_fZ k ljhcguf '(6 khklhbl \ lhf� qlh hg ]hjZa^h f_^�

e_gg__� q_f kZf '(6 ± _]h kdhjhklv khklZ\ey_l jh\gh h^gm lj_lv
bkoh^ghc� Ijb bkihevah\Zgbb ('(� \ j_`bf_ kp_ie_gby [eh�
dh\ wlh aZf_^e_gb_ kdZ`_lky dZd gZ ZiiZjZlghf� lZd b gZ ijh�

]jZffghf �^Z`_ _keb ihiulZlvky dhfi_gkbjh\Zlv _]h ^hihegb�
l_evghc ZiiZjZlghc qZklvx� mjh\gyo� <h fgh]bo kemqZyo lZdh_

iZ^_gb_ ijhba\h^bl_evghklb g_ijb_fe_fh�
< ���� ]� Jhg Jb\_kl ij_^eh`be jZkrbj_gb_ '(6� gZau\Z_�

fh_ '(6; �'(6 H;WHQGHG�� k\h[h^gh_ hl g_^hklZldh\ ljhcgh]h

'(6�
'(6; hij_^_ey_lky dZd



��

��
��'(6 NNN  N� ⊕ '(6N�N� ⊕ [�

Lh _klv� dexq '(6; .  N�N��N� khklhbl ba �������� ��� [bl b
\dexqZ_l ljb jZaebqguo ih^dexqZ� dexq ³'(6´ N� ij_^\Zjb�

l_evguc ©aZrmfeyxsbcª dexq N� b aZ\_jrZxsbc ©aZrmfeyx�
sbcª dexq N��

>ey rbnjh\Zgby [ehdZ khh[s_gby fu kdeZ^u\Z_f _]h ih�
jZajy^gh ih fh^mex � k N�� rbnjm_f _]h Ze]hjblfhf '(6 k
dexqhf N b \gh\v ihjZajy^gh kdeZ^u\Z_f _]h ih fh^mex � k N��

LZdbf h[jZahf� aZljZlu '(6; gZ rbnjh\Zgb_ [ehdZ \k_]h gZ
^\_ hi_jZpbb keh`_gby ih fh^mex � [hevr_� q_f aZljZlu bk�

oh^gh]h Ze]hjblfZ�
< hlghr_gbb '(6; aZf_qZl_evgh lh� qlh wlb ^\_ hi_jZpbb

©bkdexqZxs__ BEBª ^_eZxl rbnj ]hjZa^h f_g__ mya\bfuf ih
hlghr_gbx d i_j_[hjm dexq_c� MdZ`_f� qlh '(6; aZljm^gy_l
ihemq_gb_ ^Z`_ h^ghc iZju �[L� '(6;.�[L�! \ lhf kemqZ_� dh]^Z

aehmfure_ggbd hj]Zgbam_l ZlZdm gZ rbnj ih \u[jZgghfm bk�
oh^ghfm l_dklm� ihemqZy fgh`_kl\h iZj �3M� '(6.�3M�!�

'(6; ij_^gZagZqZeky ^ey m\_ebq_gby aZsbs_gghklb '(6
ijhlb\ i_j_[hjZ dexq_c b khojZg_gby _]h klhcdhklb ijhlb\
^jm]bo \hafh`guo ZlZd� Gh '(6; \ ^_ckl\bl_evghklb lZd`_

m\_ebqb\Z_l klhcdhklv ijhlb\ ^bnn_j_gpbZevgh]h b ebg_cgh]h
djbilhZgZebaZ� m\_ebqb\Zy lj_[m_fh_ dhebq_kl\h ijh[ k \u�

[jZgguf bkoh^guf l_dklhf ^h \_ebqbgu� ij_\urZxs_c ����
>Zevg_cr__ m\_ebq_gb_ klhcdhklb ijhlb\ wlbo ZlZd fh`_l [ulv
^hklb]gmlh aZf_ghc \ '(6; hi_jZpbb ©bkdexqZxs__ BEBª gZ

keh`_gb_� dZd wlh [ueh k^_eZgh \

����
3(3�'(6 NNN  N� � '(6N�N� � [�

]^_ keh`_gb_ hij_^_ey_lky ke_^mxsbf h[jZahf� /�5 � /
�5
  

�/ ◊ /
���5 ◊ 5
�� _/_ _5_ _/
_ _5
_ ��� Z ◊ h[hagZqZ_l keh`_gb_ ih
fh^mex ����

KdZaZggh_ g_ hagZqZ_l� qlh g_\hafh`gh ihkljhblv fZrbgm�

jZkdju\Zxsmx '(6; aZ ijb_fe_fh_ \j_fy� Gh hgh ih^jZamf_�
\Z_l� qlh lZdZy fZrbgZ ^he`gZ bkihevah\Zlv dZdmx�eb[h jZ^b�

dZevgh gh\mx b^_x� Wlh g_ fh`_l [ulv fZrbgZ� j_ZebamxsZy
i_j_[hj dexq_c \ h[s_ijbgylhf kfuke_�

��

LZdbf h[jZahf� ijZdlbq_kdb \h \k_o hlghr_gbyo '(6; hdZ�
au\Z_lky emqr_ '(6� Wlhl Ze]hjblf ijhkl� kh\f_klbf k '(6�
wnn_dlb\gh j_Zebam_f ZiiZjZlgh� fh`_l bkihevah\Zlv kms_kl�

\mxs__ ZiiZjZlgh_ h[_ki_q_gb_ '(6 b \ _]h hlghr_gbb [ueh
^hdZaZgh� qlh hg m\_ebqb\Z_l klhcdhklv d ZlZdZf� hkgh\Zgguf

gZ i_j_[hj_ dexq_c�

������ KlZg^Zjl $(6� :e]hjblf 5LMQGDHO

< dhgp_ ���� ]� GZpbhgZevguf bgklblmlhf klZg^Zjlh\ KR:
�1,67� [ue h[ty\e_g dhgdmjk gZ kha^Zgb_ gh\h]h h[s_gZpbh�
gZevgh]h klZg^ZjlZ rbnjh\Zgby� dhlhjuc ^he`_g ijbclb gZ
aZf_gm '(6� JZajZ[Zlu\Z_fhfm klZg^Zjlm [ueh ijbk\h_gh jZ�
[hq__ gZbf_gh\Zgb_ $(6 �$GYDQFHG (QFU\SWLRQ 6WDQGDUG�� Hl[hj
ijhoh^be \ ^\Z wlZiZ� ihke_ i_j\h]h kj_^b ij_l_g^_glh\ hklZ�
ehkv �� dZg^b^Zlh\� ihke_ \lhjh]h ± ��

� hdly[jy ���� ]h^Z [ueh ijbgylh hdhgqZl_evgh_ j_r_gb_� <
dZq_kl\_ ij_^eZ]Z_fh]h klZg^ZjlZ [ue \u[jZg Ze]hjblf
5LMQGDHO �ijhbaghkblky �J_cg�^Ze��� Wlhl Ze]hjblf [ue jZajZ[h�
lZg <bgk_glhf JZcfZghf �9LQFHQW 5LMPDQ� b ChZg >Zf_g �-RDQ
'DHPHQ� b ij_^klZ\ey_l kh[hc Ze]hjblf� g_ bkihevamxsbc k_lb
N_ckl_eZ�

Ijb hibkZgbb Ze]hjblfZ bkihevam_lky ihe_ =ZemZ *)�����
ihkljh_ggh_ dZd jZkrbj_gb_ ihey *)��� ih dhjgyf g_ijb\h^b�
fh]h fgh]hqe_gZ P�[�  [� � [� � [� � [ � �� >Zgguc fgh]hqe_g
\u[jZg ba khh[jZ`_gbc wnn_dlb\ghklb ij_^klZ\e_gby we_f_g�
lh\ ihey� We_f_glZjgu_ hi_jZpbb� bkihevamxsb_ky \ Ze]hjbl�
f_� \uihegyxlky \ mdZaZgghf ihe_�

:e]hjblf 5LMQGDHO ij_^klZ\ey_l kh[hc [ehqguc rbnj k i_�
j_f_gghc ^ebghc [ehdZ b i_j_f_gghc ^ebghc dexqZ� >ebgu
[ehdZ b dexqZ fh]ml [ulv \u[jZgu g_aZ\bkbfh jZ\gufb ����
��� beb ��� [bl� Rbnj y\ey_lky ihke_^h\Zl_evghklvx bl_jZ�
pbc� \uihegy_fuo gZ^ g_dhlhjhc ijhf_`mlhqghc kljmdlmjhc�
gZau\Z_fhc khklhygb_f� �WlZ l_jfbgheh]by aZbfkl\h\ZgZ ba
l_hjbb dhg_qguo Z\lhfZlh\�� Khklhygb_ fh`_l [ulv ij_^klZ\�
e_gh \ \b^_ ijyfhm]hevgh]h fZkkb\Z [Zclh\� < fZkkb\_ � kljh�
db� Z qbkeh klhe[ph\� h[hagZqZ_fh_ dZd 1E� jZ\gh ^ebg_ [ehdZ�
^_e_gghc gZ ��� Dexq rbnjh\Zgby ZgZeh]bqguf h[jZahf ij_ �̂
klZ\ey_lky \ \b^_ ijyfhm]hevgh]h [Zclh\h]h fZkkb\Z k � kljh�
dZfb� Dhebq_kl\h klhe[ph\� h[hagZqZ_fh_ 1N� jZ\gh ^ebg_



��

dexqZ� ^_e_gghc gZ ��� <oh^gu_ b \uoh^gu_ agZq_gby Ze]hjbl�
fZ ij_^klZ\eyxlky \ \b^_ h^ghf_jguo [Zclh\uo fZkkb\h\ kh�
hl\_lkl\mxs_c ^ebgu� Khklhygb_ b dexq_\hc fZkkb\ aZihegy�
xlky ba wlbo fZkkb\h\ \gZqZe_ ih klhe[pZf� Z aZl_f ih kljhdZf�
Dhebq_kl\h bl_jZpbc h[hagZqZ_lky 1U aZ\bkbl hl 1E b 1N \ kh�
hl\_lkl\bb kh ke_^mxs_c lZ[ebp_c�

1U 1E  � 1E  � 1E  �

1N  � �� �� ��

1N  � �� �� ��

1N  � �� �� ��

Bl_jZpbhggh_ ij_h[jZah\Zgb_ khklhbl ba q_luj_o jZaebq�
guo ij_h[jZah\Zgbc� GZ &�ih^h[ghf ik_\^hdh^_ wlh \u]ey^bl
lZd�

5RXQG �6WDWH� 5RXQG.H\� ^
%\WH6XE�6WDWH��

6KLIW5RZ�6WDWH��
0L[&ROXPQ�6WDWH��
$GG5RXQG.H\�6WDWH� 5RXQG.H\��

`

Ihke_^gyy bl_jZpby g_kdhevdh hlebqZ_lky hl \k_o hklZevguo�

)LQDO5RXQG �6WDWH� 5RXQG.H\� ^
%\WH6XE�6WDWH��
6KLIW5RZ�6WDWH��

$GG5RXQG.H\�6WDWH� 5RXQG.H\��
`

Hl^_evgu_ ij_h[jZah\Zgby hibku\Zxlky gb`_�

%\WH6XE

Wlh [ehd g_ebg_cghc h[jZlbfhc [Zclh\hc aZf_gu �6�[hdk��
khklhysbc ba ^\mo hi_jZpbc�

DZ`^uc [Zcl aZf_gy_lky gZ fmevlbiebdZlb\guc h[jZlguc d
g_fm \ ihe_ *)����� ;Zcl kh agZq_gb_f 
��
K hlh[jZ`Z�
_lky \ k_[y�

GZ^ dZ`^uf [Zclhf \uihegy_lky Znnbggh_ ij_h[jZah\Zgb_
\ ihe_ *)���� aZ^Z\Z_fh_ ke_^mxsbf mjZ\g_gb_f�
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Wlh Znnbggh_ ij_h[jZah\Zgb_ fh`_l [ulv hibkZgh \ ihebgh�
fbZevghf \b^_ dZd E�[�  �[� � [� � [� � [� � D�[�� [� � [� � [� � [�

��� PRG�[� ���� Ihebghf� gZ dhlhjuc ijhba\h^blky mfgh`_gb_�
\u[jZg \aZbfgh ijhkluf k fh^me_f� lZd qlh mfgh`_gb_ y\ey_l�
ky h[jZlbfuf�

H[jZlguf d %\WH6XE [m^_l ij_h[jZah\Zgb_� khklhys__ ba
h[jZlgh]h Znnbggh]h ij_h[jZah\Zgby b \aylby fmevlbiebdZ�
lb\gh]h h[jZlgh]h \ *)�����

6KLIW5RZ

Wlh ij_h[jZah\Zgb_ y\ey_lky pbdebq_kdbf k^\b]hf \e_\h
kljhd fZkkb\Z khklhygby gZ jZaebqgmx \_ebqbgm� KljhdZ � g_
k^\b]Z_lky� kljhdZ � k^\b]Z_lky gZ K� ihabpbc� kljhdZ � ± gZ K�
b kljhdZ � ± gZ K� ihabpbc� <_ebqbgu k^\b]Z ijb\_^_gu \ lZ[�
ebp_�

1E K� K� K�
� � � �

� � � �

� � � �

H[jZlguf ij_h[jZah\Zgb_f [m^_l pbdebq_kdbc k^\b] kljhd
fZkkb\Z \ijZ\h gZ lh `_ dhebq_kl\h ihabpbc�

0L[&ROXPQ

< wlhf ij_h[jZah\Zgbb klhe[pu fZkkb\Z khklhygby jZkkfZl�
jb\Zxlky dZd ihebghfu gZ^ ihe_f *)����� Ij_h[jZah\Zgb_ aZ�
dexqZ_lky \ mfgh`_gbb klhe[pZ ih fh^mex [� �� gZ nbdkbjh�
\Zgguc ihebghf

F�[�  
��K
[� � 
��K
[� � 
��K
[ � 
��K
�



��

Wlhl ihebghf y\ey_lky \aZbfgh ijhkluf k [� �� b ihwlhfm mf�
gh`_gb_ h[jZlbfh� < fZljbqghc nhjf_ ^Zggh_ ij_h[jZah\Zgb_
fh`gh ij_^klZ\blv dZd
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D

D

D

D

E

E

E

E

H[jZlgh_ ij_h[jZah\Zgb_ ij_^klZ\ey_l kh[hc mfgh`_gb_ gZ
ihebghf� fmevlbiebdZlb\gh h[jZlguc d k�[� ih fh^mex [� ���

G�[�  
�%K
[� � 
�'K
[� � 
��K
[ � 
�(K
�

$GG5RXQG.H\

>h[Z\e_gb_ dexqZ bl_jZpbb hkms_kl\ey_lky ijhkluf ih[b�
lh\uf keh`_gb_f ih fh^mex � dZ`^h]h [ZclZ fZkkb\Z khklhy�
gby k khhl\_lkl\mxsbf [Zclhf fZkkb\Z dexqZ� Wlh ij_h[jZah�
\Zgb_ y\ey_lky h[jZlguf kZfhfm k_[_�

:e]hjblf h[jZ[hldb dexqZ�
Dexqb bl_jZpbb ihemqZxlky ba dexqZ rbnjh\Zgby k ihfh�

svx :e]hjblfZ h[jZ[hldb dexqZ� khklhys_]h ba ^\mo dhfih�
g_glh\ ± jZkrbj_gby dexqZ b \u[hjZ dexqZ bl_jZpbb� Hkgh\�
gu_ ijbgpbiu _]h ihkljh_gby ke_^mxsb_�

H[s__ qbkeh [bl dexq_c bl_jZpbb jZ\gh ^ebg_ [ehdZ� mf�
gh`_gghc gZ dhebq_kl\h bl_jZpbc iexk h^bg� �GZijbf_j�
^ey [ehdZ ��� [bl b �� bl_jZpbc ihlj_[m_lky ���� [bl
dexq_c bl_jZpbb��

Dexq rbnjh\Zgby jZkrbjy_lky ^h jZkrbj_ggh]h dexqZ�
Dexqb bl_jZpbb [_jmlky ba jZkrbj_ggh]h dexqZ ke_^mx�

sbf h[jZahf� i_j\uc dexq bl_jZpbb khklhbl ba i_j\uo
1E keh\� \lhjhc ± ba ke_^mxsbo 1E keh\ b l�^�

:e]hjblf jZkrbj_gby dexqZ
JZkrbj_gguc dexq ij_^klZ\ey_l kh[hc ebg_cguc fZkkb\ ��

[Zclh\uo keh\ b h[hagZqZ_lky dZd :>1E 
 �1U � ��@� Nmgdpby
jZkrbj_gby dexqZ aZ\bkbl hl 1N� Kms_kl\m_l ^\_ \_jkbb ± ^ey
1N ≤ � b ^ey 1N ! ��
.H\([SDQVLRQ�E\WH .H\>�
1N@� ZRUG :>1E
�1U���@� ^

IRU�L  �� L � 1N� L���
:>L@  �.H\>�
L@�.H\>�
L��@�.H\>�
L��@�.H\>�
L��@��

��

IRU�L  1N� L � 1E 
 �1U � ��� L��� ^
WHPS  :>L � �@�
LI �L � 1N   ��

WHPS  6XE%\WH�5RW%\WH�WHPS�� A 5FRQ>L � 1N@�
:>L@  :>L � 1N@ A WHPS�

`
`
A^_kv 6XE%\WH�:� ± nmgdpby� \ha\jZsZxsZy keh\h� \ dhlh�

jhf dZ`^uc [Zcl y\ey_lky j_amevlZlhf ijbf_g_gby [ehdZ aZf_�
gu rbnjZ d [Zclm� gZoh^ys_fmky gZ khhl\_lkl\mxs_c ihabpbb
\h \oh^ghf keh\_� Nmgdpby 5RW%\WH�:� ± pbdebq_kdbc k^\b]
[Zclh\ \ keh\_� lZd qlh \oh^gh_ keh\h �D� E� F� G� ij_h[jZam_lky \
keh\h �E� F� G� D��

>ey 1N ! � Ze]hjblf \u]ey^bl lZd�
.H\([SDQVLRQ�E\WH .H\>�
1N@ ZRUG :>1E
�1U���@� ^

IRU�L  �� L � 1N� L���
:>L@  �NH\>�
L@�NH\>�
L��@�NH\>�
L��@�NH\>�
L��@��

IRU�L  1N� L � 1E 
 �1U � ��� L��� ^
WHPS  :>L � �@�
LI �L � 1N   ��

WHPS  6XE%\WH�5RW%\WH�WHPS�� A 5FRQ>L � 1N@�
HOVH LI �L � 1N   ��

WHPS  6XE%\WH�WHPS��
:>L@  :>L � 1N@ A WHPS�

`

`
DhgklZglu bl_jZpbb 5FRQ g_ aZ\bkyl hl 1N b hij_^_eyxlky

dZd

5FRQ>L@  �5&>L@� 
��
� 
��
� 
��
��

]^_ 5&>L@ y\eyxlky ij_^klZ\e_gbyfb we_f_glh\ ihey *)���� kh
agZq_gbyfb [L ± �� l�_� 5&>�@  � �l�_� 
��
�� b 5&>L@  [ �l�_�

��
�⋅5&>L ± �@�

<u[hj dexqZ bl_jZpbb
Dexq bl_jZpbb k ghf_jhf L aZ^Z_lky keh\Zfb ba [mn_jZ jZk�

rbj_ggh]h dexqZ� gZqbgZy k:>1E 
 L@ b ^h:>1E 
 �L � ��@�

BlZd� ijhp_kk rbnjh\Zgby khklhbl ba lj_o wlZih\�
gZqZevgh]h ^h[Z\e_gby ih^dexqZ�
1U ± � bl_jZpbc�



��

dhg_qghc bl_jZpbb�
GZ ik_\^hdh^_ wlh \u]ey^bl ke_^mxsbf h[jZahf�
5LMQGDHO�6WDWH�&LSKHU.H\� ^

.H\([SDQVLRQ�&LSKHU.H\�([SDQGHG.H\� �
$GG5RXQG.H\�6WDWH�([SDQGHG.H\��

)RU� L � � L�1U � L�� � 5RXQG�6WDWH�([SDQGHG.H\ � 1E
L� �
)LQDO5RXQG�6WDWH�([SDQGHG.H\ � 1E
1U��

`�

������ :e]hjblf 5&�

< dZq_kl\_ h^gh]h ba dZg^b^Zlh\ nbjfhc 56$ 'DWD 6HFXULW\�

,QF� [ue ij_^klZ\e_g Ze]hjblf 5&� ijhr_^rbc \lhjhc lmj hl�
[hjZ� < g_f ij_^mkfZljb\Z_lky bkihevah\Zgb_ q_luj_o jZ[hqbo
j_]bkljh\� Z lZd`_ \\_^_gZ hi_jZpby p_ehqbke_ggh]h mfgh`_�
gby� iha\heyxsZy kms_kl\_ggh m\_ebqblv \hafms_gby� \ghkb�
fu_ dZ`^uf pbdehf rbnjh\Zgby� qlh ijb\h^bl d m\_ebq_gbx
klhcdhklb b�beb \hafh`ghklb khdjZlblv qbkeh pbdeh\�

5&� y\ey_lky iheghklvx iZjZf_ljbah\Zgguf Ze]hjblfhf
rbnjh\Zgby� Dhgdj_lgZy \_jkby 5&� h[hagZqZ_lky dZd 5&�±
Z�U�E� ]^_ Z h[hagZqZ_l ^ebgm keh\Z \ [blZo� U ± g_gme_\h_ dh�
ebq_kl\h bl_jZpbhgguo pbdeh\ rbnjh\Zgby� Z E ± ^ebgm dexqZ
\ [ZclZo� <h \k_o \ZjbZglZo 5&��Z�U�E jZ[hlZ_l k q_lujvfy Z�
[blh\ufb keh\Zfb� bkihevamy r_klv [Zah\uo hi_jZpbc� h[hagZ�
qZ_fuo ke_^mxsbf h[jZahf�

D � E ± p_ehqbke_ggh_ keh`_gb_ ih fh^mex �Z�
D ± E ± p_ehqbke_ggh_ \uqblZgb_ ih fh^mex �Z�

D ⊕ E ± ih[blh\h_ �bkdexqZxs__ BEB� Z�[blh\uo keh\�
D × E ± p_ehqbke_ggh_ mfgh`_gb_ ih fh^mex �Z�
D �� E ± pbdebq_kdbc k^\b] Z�[blh\h]h keh\Z \e_\h gZ \_eb�

qbgm� aZ^Zggmx ORJ�Z feZ^rbfb [blZfb E�
D !! E ± pbdebq_kdbc k^\b] Z�[blh\h]h keh\Z \ijZ\h gZ \_�

ebqbgm� aZ^Zggmx ORJ�Z feZ^rbfb [blZfb E�
Rbnjh\Zgb_ ijb ihfhsb 5&��Z�U�E hibku\Z_lky ke_^mx�

sbf h[jZahf�

<oh^� Bkoh^guc l_dkl� aZibkZgguc \ � Z�[blh\uo \oh^gu
j_]bkljZo $� %� &� '�
Qbkeh pbdeh\ rbnjh\Zgby U�
Dexq_\Zy lZ[ebpZ 6>�� « �U � �@ Z�[blh\uo keh\�

��

<uoh^� Rbnjh\Zgguc l_dkl \ j_]bkljZo $� %� &� '�

Ijhp_^mjZ� %  % � 6>�@
'  ' � 6>�@

IRU L  � WR U GR ^

W  �% × ��% � ��� �� ORJ� Z

X  �' × ��' � ��� �� ORJ� Z

$  ��$ ⊕ W� �� X� � 6>�L@

&  ��& ⊕ X� �� W� � 6>�L � �@
�$� %� &� '�  �%� &� '� $�

`
$  $ � 6>�U � �@

&  & � 6>�U � �@
JZkrbnjh\Zgb_ \ wlbo h[hagZq_gbyo \u]ey^bl hq_gv ihoh�

`_�

<oh^� Rbnjh\Zgguc l_dkl� aZibkZgguc \ � Z�[blh\uo \oh^
guo j_]bkljZo $� %� &� '�
Qbkeh pbdeh\ rbnjh\Zgby U�
Dexq_\Zy lZ[ebpZ 6>�� « �U � �@ Z�[blh\uo keh\�

<uoh^� Bkoh^guc l_dkl \ j_]bkljZo $� %� &� '�

Ijhp_^mjZ� &  & ± 6>�U � �@
$  $ ± 6>�U � �@

IRU L  U GRZQWR � GR ^
�$� %� &� '�  �'� $� %� &�

X  �' × ��' � ��� �� ORJ� Z

W  �% × ��% � ��� �� ORJ� Z

&  ��& ± 6>�L � �@� !! W� ⊕ X

$  ��$ ± 6>�L@� !! X� ⊕ W

`
'  ' ± 6>�@
%  % ± 6>�@

:e]hjblf \uqbke_gby dexq_c ^ey 5&��Z�U�E \u]ey^bl ke_�
^mxsbf h[jZahf�

Ihevah\Zl_ev aZ^Z_l dexq ^ebghc E [Zclh\� >hklZlhqgh_
qbkeh g_gme_\uo [Zclh\ ^hibku\Zxlky \ dhg_p� qlh[u ihemqb�
ehkv p_eh_ qbkeh keh\� AZl_f wlb [Zclu aZibku\Zxlky gZqbgZy k
feZ^r_]h \ fZkkb\ ba k keh\� l�_� i_j\uc [Zcl dexqZ aZibku\Z�
_lky \ />�@� b l�^�� Z />F ± �@ ijb g_h[oh^bfhklb ^hihegy_lky kh



��

klhjhgu klZjrbo jZajy^h\ gme_\ufb [ZclZfb� < j_amevlZl_ jZ�
[hlu Ze]hjblfZ ]_g_jZpbb dexq_c [m^_l \uqbke_gh �U � � keh\�
dhlhju_ [m^ml aZibkZgu \ fZkkb\_ 6>�� «� �U � �@�

DhgklZglu 3��  %�(�����K DQG 4��  �(����%�K ± wlh dhg�
klZglu� ihemqZ_fu_ ba ^\hbqgh]h ij_^klZ\e_gby H ±�� ]^_ H ±

hkgh\Zgb_ gZlmjZevguo eh]Zjbnfh\� b φ ± �� ]^_ φ ± ahehlh_ k_�
q_gb_� khhl\_lkl\_ggh� Ih^h[gu_ `_ dhgklZglu fh]ml [ulv
ZgZeh]bqguf h[jZahf ihemq_gu b ^ey 5&� k ^jm]bf jZaf_jhf
keh\Z� <u[hj dhgklZgl y\ey_lky \ g_dhlhjhf jh^_ ijhba\hev�
guf� b ihwlhfm fh`gh bkihevah\Zlv b ^jm]b_ dhgklZglu� ihem�
qZy ijb wlhf �qZklgu_� \_jkbb Ze]hjblfZ�
<oh^� Hij_^_e_gguc ihevah\Zl_e_f E�[Zclh\uc dexq� ij_^

\Zjbl_evgh aZ]jm`_gguc \ fZkkb\ />��«F ± �@�

Qbkeh pbdeh\ rbnjh\Zgby U�

<uoh^� Dexq_\Zy lZ[ebpZ 6>��«�U ��@ ba Z�[blh\uo keh\�

Ijhp_^mjZ� 6>�@  3Z

IRU L  � WR �U � � GR
6>L@  6>L ± �@ � 4Z

$  %  L  M  �

Y  � × PD[^F� �U � �`
IRU V  � WR Y GR ^

$  6>L@  �6>L@ � $ � %� �� �
%  />M@  �/>M@ � $ � %� �� �$ � %�

L  �L � �� PRG ��U � ��
M  �M � �� PRG F

`
KljmdlmjZ rbnjZ 5&� y\ey_lky h[h[s_gb_f k_lb N_ckl_eZ�

;ehd l_dklZ jZa[b\Z_lky g_ gZ �� Z gZ � ih^[ehdZ� b gZ dZ`^hc
bl_jZpbb baf_gyxlky � ih^[ehdZ ba q_luj_o� Ijb wlhf \ dhgp_
bl_jZpbb rbnjh\Zgby ijhba\h^blky pbdebq_kdbc k^\b] ih �̂

[ehdh\ \e_\h �ijb jZkrbnjh\Zgbb� khhl\_lkl\_ggh� \ijZ\h��
H^gZdh� lZdh_ h[h[s_gb_ ijb\_eh d lhfm� qlh [ueh ml_jygh
k\hckl\h bg\ZjbZglghklb [ehdh\ rbnjh\Zgby b jZkrbnjh\Z�
gby� ohly wlh b g_ y\ey_lky hij_^_eyxsbf \ hp_gd_ ^Zggh]h
Ze]hjblfZ�

��

������ Jhkkbckdbc klZg^Zjl rbnjh\Zgby =HKL ��������

< Jhkkbckdhc N_^_jZpbb mklZgh\e_g _^bguc klZg^Zjl djbi�
lh]jZnbq_kdh]h ij_h[jZah\Zgby l_dklZ ^ey bgnhjfZpbhgguo
kbkl_f� Hg ghkbl h[yaZl_evguc oZjZdl_j ^ey ]hkm^Zjkl\_gguo
hj]Zgh\� hj]ZgbaZpbc� ij_^ijbylbc� [Zgdh\kdbo b bguo mqj_`�
^_gbc� qvy ^_yl_evghklv k\yaZgZ k h[_ki_q_gb_f bgnhjfZpbhg�
ghc [_ahiZkghklb ]hkm^Zjkl\Z� >ey ^jm]bo hj]ZgbaZpby b qZkl�
guo ebp� =HKL bf__l j_dhf_g^Zl_evguc oZjZdl_j�

>Zgguc klZg^Zjl nhjfbjh\Zeky k mq_lhf fbjh\h]h hiulZ b�
\ qZklghklb� [ueb ijbgylu \h \gbfZgb_ g_^hklZldb b g_j_Zeb�
ah\Zggu_ \hafh`ghklb Ze]hjblfZ '(6� ihwlhfm bkihevah\Zgb_
klZg^ZjlZ =HKL ij_^ihqlbl_evg__� :e]hjblf rbnjh\Zgby ih�
kljh_g k bkihevah\Zgb_f k_lb N_ckl_eZ�
7� 1 � 1 � 7r

��« «�

��« «�

��« «�

��« «� ��« «�

;��. ��

;��. ��

;��. ��

;��. ��

;��. ��

;��. ��

;��. ��

;��. ��

6� 6� 6� 6� 6� 6� 6� 6�

�

6

&0 �

&0 �

5

DAM

Jbk ���� :e]hjblf rbnjh\Zgby =HKL ���������

J_`bf ijhklhc aZf_gu �

<\_^_f ZkkhpbZlb\gmx hi_jZpbx dhgdZl_gZpbb� bkihevamy
^ey g__ fmevlbiebdZlb\gmx aZibkv� Djhf_ lh]h [m^_f bkihev�

ah\Zlv ke_^mxsb_ hi_jZpbb keh`_gby�

$ ⊕ % ± ih[blh\h_ keh`_gb_ ih fh^mex ��

$ >�@ % ± keh`_gb_ ih fh^mex �
��
�



��

$ ^�` % ± keh`_gb_ ih fh^mex �
��
±���

:e]hjblf djbilh]jZnbq_kdh]h ij_h[jZah\Zgby ij_^mkfZl�
jb\Z_l g_kdhevdh j_`bfh\ jZ[hlu� <h \k_o j_`bfZo bkihevam�

_lky dexq: ^ebghc ��� [bl� ij_^klZ\ey_fuc \ \b^_ \hkvfb ���
jZajy^guo qbk_e ;�L��

:  ;�;�;�;�;�;�;�;�

>ey jZkrbnjh\Zgby bkihevam_lky lhl `_ dexq� gh ijhp_kk
jZkrbnjh\Zgby y\ey_lky bg\_jkguf ih hlghr_gbx d bkoh^gh�

fm�
;Zah\uf j_`bfhf jZ[hlu Ze]hjblfZ y\ey_lky j_`bf ijh�

klhc aZf_gu�

Imklv hldjulu_ [ehdb jZa[blu gZ [ehdb ih �� [bl \ dZ`^hf�
dhlhju_ h[hagZqbf dZd 7H�

Hq_j_^gZy ihke_^h\Zl_evghklv [bl 7H jZa^_ey_lky gZ ^\_ ih�
ke_^h\Zl_evghklb %��� b $��� ih �� [blZ �e_\uc b ijZ\uc [eh�

db�� >Ze__ \uihegy_lky bl_jZlb\guc ijhp_kk rbnjh\Zgby� hib�
ku\Z_fuc ke_^mxsbfb nhjfmeZfb�

^ey L  �÷��





−=
−⊕+−= −

�����

����@>������ ����PRG��

L$L%

L%;L$5.L$ L �

^ey L  ��÷��





−=
−⊕+−= −

�����

����@>������ ����

L$L%

L%;L$5.L$ L �

b ^ey L  ��





⊕+=
=
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$$

A^_kv L h[hagZqZ_l ghf_j bl_jZpbb� AZf_lbf� qlh ih^h[gh

'(6� gZ ihke_^g_f pbde_ i_j_klZgh\dZ iheh\bg [ehdZ g_ ijh�
ba\h^blky�

Nmgdpby rbnjh\Zgby \dexqZ_l ^\_ hi_jZpbb gZ^ ���

jZajy^guf Zj]mf_glhf ± .�⋅� b 5�⋅��
I_j\Zy hi_jZpby y\ey_lky ih^klZgh\dhc� ;ehd ih^klZgh\db

. khklhbl ba � maeh\ aZf_gu .������.��� k iZfylvx ih �� [blZ

dZ`^uc� IhklmiZxsbc gZ [ehd ih^klZgh\db ���jZajy^guc \_d�
lhj jZa[b\Z_lky gZ � ihke_^h\Zl_evgh b^msbo ��jZajy^guo \_d�

lhjZ� dZ`^uc ba dhlhjuc ij_h[jZam_lky \ ��jZajy^guc \_dlhj

��

khhl\_lkl\mxsbf maehf aZf_gu� ij_^klZ\eyxsbf ba k_[y lZ[�
ebpm ba �� p_euo qbk_e \ ^bZiZahg_ ������� <oh^ghc \_dlhj hi�
j_^_ey_l Z^j_k kljhdb \ lZ[ebp_� qbkeh ba dhlhjhc y\ey_lky \u�

oh^guf \_dlhjhf� AZl_f ihemq_ggu_ ��jZajy^gu_ \_dlhju
\gh\v ihke_^h\Zl_evgh h[t_^bgyxlky \ ���jZajy^guc \uoh^�

ghc� =HKL �������� \ y\ghf \b^_ g_ mdZau\Z_l lZ[ebpu ih^�
klZgh\hd�

<lhjZy hi_jZpby ± pbdebq_kdbc k^\b] ���jZajy^gh]h \_dlh�

jZ� ihemq_ggh]h \ j_amevlZl_ ih^klZgh\db . gZ �� rZ]h\ \e_\h�
���jZajy^guc [ehd aZrbnjh\Zgguo ^Zgguo Lr ij_^klZ\ey_l�

ky \ \b^_

Lr  :����<�����

HklZevgu_ [ehdb hldjuluo ^Zgguo \ j_`bf_ ijhklhc aZf_�

gu aZrbnjh\u\Zxlky ZgZeh]bqgh�
Ke_^m_l mqblu\Zlv� qlh ^Zgguc j_`bf rbnjh\Zgby j_dh�

f_g^m_lky bkihevah\Zlv lhevdh ^ey rbnjh\Zgby dexq_\hc bg�
nhjfZpbb� >ey rbnjh\Zgby ^Zgguo ke_^m_l bkihevah\Zlv ^\Z

^jm]bo j_`bfZ�
<lhjhc j_`bf rbnjh\Zgby gZau\Z_lky j_`bfhf ]Zffbjh�

\Zgby�

Hldjulu_ ^Zggu_� jZa[blu_ gZ ���jZajy^gu_ [ehdb ��
2
L

7

�L ��������P�� ]^_ P hij_^_ey_lky h[t_fhf rbnjm_fuo ^Zgguo��
aZrbnjh\u\Zxlky \ j_`bf_ ]Zffbjh\Zgby iml_f ihjZajy^gh]h

keh`_gby ih fh^mex � k ]Zffhc rbnjZ ΓR� dhlhjZy \ujZ[Zlu�
\Z_lky [ehdZfb ih �� [blZ� l�_�

����
��

R

���
RR

PΓΓ=Γ . �

MjZ\g_gb_ rbnjh\Zgby ^Zgguo \ j_`bf_ ]Zffbjh\Zgby fh�
`_l [ulv ij_^klZ\e_gh \ ke_^mxs_f \b^_�

��

H����
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2

��

R

��

R
�`^�@>� L

LL.

LLL
7&=&<(7=7 ⊕++=⊕= −− �

< wlhf mjZ\g_gbb ��
R

L
7 h[hagZqZ_l ���jZajy^guc [ehd aZ�

rbnjh\Zggh]h l_dklZ� (. ± nmgdpbx rbnjh\Zgby \ j_`bf_

ijhklhc aZf_gu �Zj]mf_glZfb wlhc nmgdpbb y\eyxlky ^\Z ���
jZajy^guo qbkeZ�� K�  ��������K b K�  ��������K ± dhgklZg�

lu� aZ^Zggu_ \ =HKL ��������� <_ebqbgu <L b =L hij_^_eyxlky



��

bl_jZpbhggh ih f_j_ nhjfbjh\Zgby ]Zffu ke_^mxsbf h[jZ�
ahf�

�<�� =��  (. �6�� ]^_ 6 ± ���jZajy^gZy ^\hbqgZy ihke_^h\Z�

l_evghklv�
�<L� =L�  �<L±� >�@ &�� =L±� ^�` &��� L  �� �� ���� P�

���jZajy^gZy ihke_^h\Zl_evghklv 6� gZau\Z_fZy kbgojhih�
kuedhc� g_ y\ey_lky k_dj_lguf we_f_glhf rbnjZ� gh __ gZeb�
qb_ g_h[oh^bfh dZd gZ i_j_^Zxs_c klhjhg_� lZd b gZ ijb_fghc�

J_`bf ]Zffbjh\Zgby k h[jZlghc k\yavx hq_gv ihoh` gZ
j_`bf ]Zffbjh\Zgby� DZd b \ ihke_^g_f� jZa[blu_ gZ ���

jZajy^gu_ [ehdb ��
2
L

7 hldjulu_ ^Zggu_ aZrbnjh\u\Zxlky im�

l_f ihjZajy^gh]h keh`_gby ih fh^mex � k ]Zffhc rbnjZ ΓR�
dhlhjZy \ujZ[Zlu\Z_lky [ehdZfb ih �� [blZ�

����
��

R

���
RR

PΓΓ=Γ . �

MjZ\g_gby rbnjh\Zgby ^Zgguo \ j_`bf_ ]Zffbjh\Zgby k
h[jZlghc k\yavx \u]ey^yl ke_^mxsbf h[jZahf�
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R
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AZf_lbf� qlh \ hlebqb_ hl j_`bf_ j_`bfZ ]Zffbjh\Zgby k
h[jZlghc k\yavx� \ j_`bf_ ]Zffbjh\Zgby ]ZffZ rbnjZ g_ aZ�
\bkbl hl bkoh^gh]h l_dklZ�

������ :e]hjblfu 6$)(5�� 6$)(5��

:e]hjblf 6$)(5� [ue ij_^eh`_g dZebnhjgbckdhc dhjih�

jZpb_c &\OLQN kh\f_klgh k :jfygkdhc ZdZ^_fb_c gZmd dZd h^bg
ba dZg^b^Zlh\ gZ ijbgylb_ \ dZq_kl\_ gh\h]h klZg^ZjlZ rbnjh�
\Zgby $(6 b ijhr_e i_j\uc lmj hl[hjZ� Hg y\ey_lky _s_ h^gbf

ijbf_jhf rbnjZ� g_ bkihevamxs_]h kljmdlmjm k_lb N_ckl_eZ�
Rbnj jZ[hlZ_l k [ehdZfb ^ebghc ��� [bl b k dexqZfb ^ebghc

���� ��� beb ��� [bl� \ khhl\_lkl\bb k lj_[h\Zgbyfb 1,67 d
gh\hfm klZg^Zjlm� Ijhp_^mju rbnjh\Zgby b jZkrbnjh\Zgby
ij_^klZ\eyxl kh[hc ihke_^h\Zl_evghklv bl_jZpbc� qbkeh dhlh�

juo aZ\bkbl hl ^ebgu dexqZ b jZ\gh �� �� b �� khhl\_lkl\_ggh�
Ijb rbnjh\Zgbb ihke_ �Z ijb jZkrbnjh\Zgbb ± i_j_^� \k_o

bl_jZpbc ijhba\h^blky _s_ h^gh ih^f_rb\Zgb_ ih^dexqZ�

��

DZ`^Zy bl_jZpby khklhbl ba q_luj_o keh_\ ± ih^f_rb\Zgby
i_j\h]h ih^dexqZ� g_ebg_cghc h[jZlbfhc aZf_gu� ih^f_rb\Z�
gby \lhjh]h ih^dexqZ b ebg_cgh]h i_j_f_rb\Zgby� Ijb wlhf

bkihevamxlky lhevdh [Zclh\u_ hi_jZpbb� qlh ^_eZ_l wlhl rbnj
hkh[_ggh ijb\e_dZl_evguf ^ey j_ZebaZpbb gZ fbdjhijhp_kkh�

jZo fZehc jZajy^ghklb�
Kehb ih^f_rb\Zgby i_j\h]h b \lhjh]h ih^dexqZ bf_xl

koh^gmx kljmdlmjm� GZ L�c bl_jZpbb bkihevamxlky ^\Z ih^dex�

qZ .�L�� b .�L ^ebghc ih ��� [bl� Ijb ^h[Z\e_gbb i_j\h]h ih^�
dexqZ [Zclu �� �� �� �� �� ��� �� b �� l_dklh\h]h [ehdZ kdeZ^u�

\Zxlky k khhl\_lkl\mxsbfb [ZclZfb ih^dexqZ ihjZajy^gh ih
fh^mex �� Z [Zclu �� �� �� �� ��� ��� �� b �� kdeZ^u\Zxlky k [Zc�
lZfb ih^dexqZ ih fh^mex ���� <lhjhc ih^dexq \ dhgp_ bl_jZ�

pbb ^h[Z\ey_lky ZgZeh]bqgh� lhevdh l_ [Zclu� dhlhju_ kdeZ^u�
\Zebkv ihjZajy^gh� l_i_jv kdeZ^u\Zxlky ih fh^mex ���� b gZ�

h[hjhl�
Kehc g_ebg_cghc aZf_gu mkljh_g ke_^mxsbf h[jZahf� AgZ�

q_gb_ [ [ZclZ M ij_h[jZam_lky \ ��[ �PRG ���� ^ey [Zclh\ k gh�
f_jZfb M  �� �� �� �� �� ��� �� b ��� Ijb wlhf _keb [  ���� lh
����� �PRG ����  ��� ij_^klZ\ey_lky gme_f� AgZq_gby [Zclh\ k

ghf_jZfb M  �� �� �� �� ��� ��� �� b �� ij_h[jZamxlky \ ORJ���[��
ijb wlhf _keb [  �� lh ORJ����� ij_^klZ\ey_lky qbkehf ���� G_�

ljm^gh aZf_lblv� qlh wlb hi_jZpbb y\eyxlky h[jZlbfufb �\
^_ckl\bl_evghklb� hgb h[jZlgu ^jm] ^jm]m�� Ijhba\h^blv \u�
qbke_gby wdkihg_gl b eh]Zjbnfh\ ijb rbnjh\Zgbb b jZkrbn�

jh\Zgbb g_ h[yaZl_evgh ± fh`gh aZjZg__ \uqbkeblv lZ[ebpu
aZf_gu �\k_]h ^ey bo ojZg_gby ihlj_[m_lky ��� [Zclh\� b bk�

ihevah\Zlv bo ijb jZ[hl_�
Ebg_cgh_ i_j_f_rb\Zgb_ ij_^klZ\ey_l kh[hc mfgh`_gb_

l_dklh\h]h [ehdZ kijZ\Z gZ ki_pbZevgmx g_\ujh`^_ggmx fZl�

jbpm 0� Ijb wlhf \k_ hi_jZpbb \uihegyxlky ih[Zclgh ih fh�
^mex ����

Ih^f_rb\Zgb_ ih^dexqZ .�U�� ijhba\h^blky lZd `_� dZd b
ih^f_rb\Zgb_ i_j\h]h ih^dexqZ \ dZ`^hc bl_jZpbb�

Ijb jZkrbnjh\Zgbb \gZqZe_ ih^f_rb\Z_lky ih^dexq .�U���

ijb wlhf hi_jZpby keh`_gby ih fh^mex ��� aZf_gy_lky gZ \u�
qblZgb_� AZl_f \uihegyxlky bl_jZpbb jZkrbnjh\Zgby�

L�y bl_jZpby jZkrbnjh\Zgby \uihegy_l ij_h[jZah\Zgb_� h[�
jZlgh_ d U�L���c bl_jZpbb rbnjh\Zgby �U ± qbkeh bl_jZpbc� b



��

lZd`_ kh^_j`bl � kehy� <gZqZe_ l_dklh\uc [ehd mfgh`Z_lky gZ
fZljbpm0 ± � � h[jZlgmx d fZljbp_ rbnjh\Zgby�

AZl_f ih^f_rb\Z_lky ih^dexq .�U��L��� lZd `_� dZd b \lhjhc

ih^dexq \ bl_jZpbb rbnjh\Zgby� lhevdh keh`_gb_ k dexqhf ih
fh^mex ��� aZf_gy_lky \uqblZgb_f�

Ihke_ wlh]h ijhba\h^blky h[jZlgZy g_ebg_cgZy aZf_gZ� l�_�
l_ [Zclu� dhlhju_ ijb rbnjh\Zgbb \ha\h^bebkv \ kl_i_gv� eh�
]Zjbnfbjmxlky� b gZh[hjhl�

B� gZdhg_p� ih^f_rb\Z_lky ih^dexq .�U��L�� �k mq_lhf l_o `_
aZf_qZgbc� qlh hlghkbebkv d ih^f_rb\Zgbx ih^dexqZ.�U��L����

>ey aZ\_jr_gby hibkZgby Ze]hjblfZ hklZehkv mdZaZlv� dZd ba
dexqZ ihevah\Zl_ey ihemqZxlky ih^dexqb ^ey bl_jZpbc�
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Ijb h[jZ[hld_ dexqZ ihevah\Zl_ey ijbf_gyxlky lZd gZau�

\Z_fu_ keh\Z kf_s_gby %�� %�� ���� %�� ^ebghc ih �� [Zcl� dhlh�
ju_ \uqbkeyxlky ih nhjfmeZf�
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]^_ %L�M ± M�c [Zcl L�]h keh\Z kf_s_gby �M  �«���� Ijb wlhf agZ�
q_gb_ %L�M ��� ij_^klZ\ey_lky gme_f� Keh\Z kf_s_gby y\eyxlky
dhgklZglZfb b fh]ml [ulv \uqbke_gu aZjZg__� >ey ^ebgu dex�

qZ \ ��� [bl bkihevamxlky lhevdh keh\Z %�� « %��� ^ey dexqZ \
��� [blZ bkihevamxlky keh\Z kf_s_gby %��«�%��� Z ^ey dexqZ \

��� [bl bkihevamxlky \k_ keh\Z�
=_g_jZpby ih^dexq_c hkms_kl\ey_lky ih ke_^mxs_fm Ze]h�

jblfm�

< dZq_kl\_ i_j\h]h ih^dexqZ bkihevamxlky i_j\u_ r_klgZ�
^pZlv [Zclh\ ihevah\Zl_evkdh]h dexqZ� >Ze__ ihevah\Zl_evkdbc

dexq aZibku\Z_lky \ dexq_\hc j_]bklj jZaf_jhf gZ h^bg [Zcl
[hevr_ ^ebgu dexqZ� Ihke_ wlh]h \k_ [Zclu dexqZ kmffbjm�
xlky ihjZajy^gh ih fh^mex � b j_amevlZl aZibku\Z_lky \ ^h�

ihegbl_evguc [Zcl j_]bkljZ� Ihke_ q_]h ^ey ihemq_gby lj_�
[m_fuo ih^dexq_c ih\lhjy_lky bl_jZlb\gZy ijhp_^mjZ� aZdex�

qZxsZyky \ ke_^mxs_f�

























































−−−−−−−−
−−−−−−−−

−−−−−−−−
−−−−−−−−

−−−−−−−−
−−−−−−−−

−−−−−−−−
−−−−−−−−

−−−−−−−−
−−−−−−−−

−−−−−−−−
−−−−−−−−

−−−−−−−−
−−−−−−−−

−−−−−−−−
−−−−−−−−

=−

�����������������

����������������

�����������������

����������������

�����������������

����������������

�����������������

����������������

�����������������

����������������

�����������������

����������������

�����������������

����������������

�����������������

����������������

�
0

Kh^_j`bfh_ dZ`^h]h [ZclZ \ j_]bklj_ pbdebq_kdb k^\b]Z_l�

ky \e_\h gZ � ihabpbb�
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Ijhba\h^blky \u[hjdZ �� [Zcl ba j_]bkljZ� Ijb wlhf ^ey
ihemq_gby ih^dexqZ .L \u[bjZxlky b^msb_ ih^jy^
[Zclu j_]bkljZ� gZqbgZy k L�]h b ^Ze__ ih pbdem�

<u[jZggu_ [Zclu kdeZ^u\Zxlky k khhl\_lkl\mxsbfb [Zc�
lZfb keh\Z kf_s_gby %L ih fh^mex ���� J_amevlZl

keh`_gby b y\ey_lky ih^dexqhf.L�
:e]hjblf 6$)(5�� y\ey_lky ^Zevg_crbf jZa\blb_f Ze]h�

jblfZ 6$)(5� b [ue ij_^klZ\e_g gZ _\jhi_ckdbc dhgdmjk Ze�

]hjblfh\ 1(66,(� Wlhl Ze]hjblf jZ[hlZ_l k [ehdZfb ^ebghc
��� [bl� gh ij_^mkfhlj_g j_`bf �h[jZlghc kh\f_klbfhklb� ^ey

[ehdh\ �� [blZ� >ebgZ dexqZ fh`_l [ulv ��� beb ��� [bl�
Hkgh\gZy kljmdlmjZ Ze]hjblfZ hklZeZkv [_a baf_g_gbc� Dh�

ebq_kl\h bl_jZpbc jZ\gh � beb �� \ aZ\bkbfhklb hl ^ebgu dex�

qZ� KljmdlmjZ bl_jZpbc \ p_ehf lh`_ hklZeZkv ij_`g_c� Bl_jZ�
pby aZrbnjh\Zgby khklhbl ba kehy ih^f_rb\Zgby ih^dexqZ�

kehy g_ebg_cghc aZf_gu� _s_ h^gh]h kehy ih^f_rb\Zgby ih^�
dexqZ b ebg_cgh]h h[jZlbfh]h ij_h[jZah\Zgby� Hkgh\gh_ hl�

ebqb_ Ze]hjblfZ aZdexqZ_lky \ kljmdlmj_ ebg_cgh]h ij_h[jZ�
ah\Zgby� dhlhjh_ k^_eZgh [he__ wnn_dlb\guf k \uqbkebl_evghc
lhqdb aj_gby� JZkkfhljbf _]h [he__ ih^jh[gh�

<gZqZe_ ijhba\h^blky ij_^\Zjbl_evgZy i_j_klZgh\dZ [Zclh\
\ khhl\_lkl\bb k i_j_klZgh\dhc >�� �� �� ��� �� ��� ��� �� �� �� ���

��� ��� ��� �� �@� AZl_f [Zclu ]jmiibjmxlky ih � b d dZ`^hc q_l�
\_jd_ ijbf_gy_lky ��lhq_qgh_ ik_\^hij_h[jZah\Zgb_ :^ZfZjZ�
Ihke_ wlh]h ijhba\h^blky _s_ h^gZ lZdZy `_ i_j_klZgh\dZ� b

_s_ jZa ijbf_gy_lky ik_\^hij_h[jZah\Zgb_ :^ZfZjZ�
��lhq_qgh_ ik_\^hij_h[jZah\Zgb_ :^ZfZjZ aZ^Z_lky g_\u�

jh`^_gghc fZljbp_c� bf_xs_c h[jZlgmx�
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AZf_qZl_evgZy hkh[_gghklv wlh]h ij_h[jZah\Zgby aZdexqZ�
_lky \ lhf� qlh mfgh`_gb_ gZ fZljbpu fh`_l [ulv j_Zebah\Zgh

iml_f \k_]h ebrv r_klb hi_jZpbc keh`_gby �\uqblZgby�� ?keb
\oh^gu_ [Zclu h[hagZqblv dZd D� E� F� G� Z \uoh^gu_ dZd $� %� &�

'� lh \uqbke_gby [m^ml ijh\h^blvky ih nhjfmeZf�

��

'  D � E � F � G �� keh`_gby��
$  ' � D �� keh`_gb_��
%  ' � E �� keh`_gb_��

&  ' � F �� keh`_gb_��

b h[jZlgh�

D  $ ± G �� \uqblZgb_��
E  % ± G �� \uqblZgb_��
F  & ± G �� \uqblZgb_��

G  ' ± D ± E ± F �� \uqblZgby��

:e]hjblf jZkrbj_gby dexqZ ij_l_ji_e g_agZqbl_evgu_ ba�

f_g_gby� Keh\Z kf_s_gby %�� «� %�U�� \uqbkeyxlky ih ke_^mx�
sbf nhjfmeZf �keh\h %�� dZd b \ Ze]hjblf_ 6$)(5�� g_ bk�
ihevam_lky� fh`gh kqblZlv _]h jZ\guf ���
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Ijhp_^mjZ ]_g_jZpbb ih^dexq_c bl_jZpbc ijh\h^blky hl�
^_evgh ^ey ih^dexq_c k q_lgufb b g_q_lgufb ghf_jZfb� >ey
]_g_jZpbb ih^dexq_c k g_q_lgufb ghf_jZfb [_jmlky i_j\u_ ��

[Zcl ihevah\Zl_evkdh]h dexqZ� >ey ]_g_jZpbb ih^dexq_c k
q_lgufb ghf_jZfb [_jmlky \gh\v i_j\u_ �� [Zcl ihevah\Zl_ev�

kdh]h dexqZ� _keb bkihevam_lky dexq ��� [bl� eb[h hklZ\rb_ky
�� [Zcl� _keb bkihevam_lky dexq ��� [bl� >Ze__ \uqbkey_lky
[Zclh\Zy dhgljhevgZy kmffZ \u[jZgguo �� [Zcl� dhlhjZy ^h�

[Z\ey_lky d gbf kijZ\Z� AZl_f ba ihemq_ggh]h jZkrbj_ggh]h
dexqZ ijhbkoh^bl \u[hjdZ �� [Zcl ih^dexqZ bl_jZpbb k aZ^Zg�

guf ghf_jhf� <u[hjdZ ijhbkoh^bl ke_^mxsbf h[jZahf� >ey
ihemq_gby ih^dexqZ .� [_jmlky �� [Zcl� gZqbgZy k �� ^ey ih^�
dexqZ .� ± �� [Zcl� gZqbgZy k �� b l�^� ih pbdem� <u[jZggu_

[Zclu kdeZ^u\Zxlky k [ZclZfb khhl\_lkl\mxs_]h keh\Z kf_�
s_gby� Ihke_ q_]h dZ`^uc [Zcl jZkrbj_ggh]h dexqZ pbdebq_�

kdb k^\b]Z_lky gZ � [bl \e_\h ^ey g_q_lguo ih^dexq_c b gZ �
[blZ ^ey q_lguo ih^dexq_c� Ijhp_^mjZ ih\lhjy_lky ^h ihemq_�
gby \k_o lj_[m_fuo ih^dexq_c bl_jZpbb�



��

���� J_`bfu ijbf_g_gby [ehqguo rbnjh\

>ey rbnjh\Zgby bkoh^gh]h l_dklZ ijhba\hevghc ^ebgu
[ehqgu_ rbnju fh]ml [ulv bkihevah\Zgu \ g_kdhevdbo j_`b�

fZo� Fu jZkkfhljbf q_luj_ j_`bfZ ijbf_g_gby [ehqguo
rbnjh\� gZb[he__ qZklh \klj_qZxsb_ky \ kbkl_fZo djbilh]jZ�

nbq_kdhc aZsblu bgnhjfZpbb� Z bf_ggh j_`bfu we_dljhgghc
dh^bjh\hqghc dgb]b �(&% ± (OHFWURQLF &RGH %RRN�� kp_ie_gby
[ehdh\ rbnjh\Zggh]h l_dklZ �&%& ± &LSKHU %ORFN &KDLQLQJ��

h[jZlghc k\yab ih rbnjh\Zgghfm l_dklm �&)% ± &LSKHU )HHG�
EDFN� b h[jZlghc k\yab ih \uoh^m �2)% ± 2XWSXW )HHGEDFN��

< j_`bf_ we_dljhgghc dh^bjh\hqghc dgb]b dZ`^uc [ehd bk�
oh^gh]h l_dklZ rbnjm_lky [ehqguf rbnjhf g_aZ\bkbfh hl
^jm]bo �kf� Jbk� �����

Klhcdhklv j_`bfZ (&% jZ\gZ klhcdhklb kZfh]h rbnjZ� H^�
gZdh� kljmdlmjZ bkoh^gh]h l_dklZ ijb wlhf g_ kdju\Z_lky� DZ`�

^uc h^bgZdh\uc [ehd bkoh^gh]h l_dklZ ijb\h^bl d ihy\e_gbx
h^bgZdh\h]h [ehdZ rbnjh\Zggh]h l_dklZ� Bkoh^guf l_dklhf

fh`gh e_]dh fZgbimebjh\Zlv iml_f m^Ze_gby� ih\lhj_gby beb
i_j_klZgh\db [ehdh\� Kdhjhklv rbnjh\Zgby jZ\gZ kdhjhklb
[ehqgh]h rbnjZ�

J_`bf (&% ^himkdZ_l ijhklh_ jZkiZjZee_eb\Zgb_ ^ey m\_�
ebq_gby kdhjhklb rbnjh\Zgby� D g_kqZklvx� gbdZdZy h[jZ[hldZ

g_\hafh`gZ ^h ihklmie_gby [ehdZ �aZ bkdexq_gb_f ]_g_jZpbb
dexq_c�� AZf_lbf� qlh j_`bf (&% khhl\_lkl\m_l j_`bfm ijh�
klhc aZf_gu =HKL�

< j_`bf_ kp_ie_gby [ehdh\ rbnjh\Zggh]h l_dklZ �&%&�
dZ`^uc [ehd bkoh^gh]h l_dklZ kdeZ^u\Z_lky ihjZajy^gh ih fh�

^mex � k ij_^u^msbf [ehdhf rbnjh\Zggh]h l_dklZ� Z aZl_f
rbnjm_lky �kf� Jbk ����� >ey gZqZeZ ijhp_kkZ rbnjh\Zgby bk�
ihevam_lky kbgojhihkuedZ �beb gZqZevguc \_dlhj�� dhlhjZy i_�

j_^Z_lky \ dZgZe k\yab \ hldjulhf \b^_�
Klhcdhklv j_`bfZ &%& jZ\gZ klhcdhklb [ehqgh]h rbnjZ�

e_`Zs_]h \ _]h hkgh\_� Djhf_ lh]h� kljmdlmjZ bkoh^gh]h l_dklZ
kdju\Z_lky aZ kq_l keh`_gby ij_^u^ms_]h [ehdZ rbnjh\Zggh]h
l_dklZ k hq_j_^guf [ehdhf hldjulh]h l_dklZ� Klhcdhklv rbn�

jh\Zggh]h l_dklZ m\_ebqb\Z_lky� ihkdhevdm klZgh\blky g_\ha�
fh`ghc ijyfZy fZgbimeypby bkoh^guf l_dklhf� djhf_ dZd im�

l_f m^Ze_gby [ehdh\ ba gZqZeZ beb dhgpZ rbnjh\Zggh]h l_dklZ�

��

�

Jbk� ���� J_`bf we_dljhgghc dh^bjh\hqghc dgb]b�

PL±� PL

(N

FL  (N�PL�� PL  'N�FL�

FL±�
FL

(N

Kdhjhklv rbnjh\Zgby jZ\gZ kdhjhklb jZ[hlu [ehqgh]h
rbnjZ� gh ijhklh]h kihkh[Z jZkiZjZee_eb\Zgby ijhp_kkZ rbn�
jh\Zgby g_ kms_kl\m_l� ohly jZkrbnjh\Zgb_ fh`_l ijh\h^blv�

ky iZjZee_evgh�

�

Jbk� ���� J_`bf kp_ie_gby [ehdh\ rbnjh\Zggh]h l_dklZ �

PL±� PL

(N

FL  (N�PL ⊕ kL±��� PL  'N�FL� ⊕ kL±�

FL±� FL

(N

H^ghc ba ihl_gpbZevguo ijh[e_f j_`bfZ &%& y\ey_lky

\hafh`ghklv \g_k_gby dhgljhebjm_fuo baf_g_gbc \ ihke_�
^mxsbc jZkrbnjh\Zgguc [ehd bkoh^gh]h l_dklZ� GZijbf_j�
_keb aehmfure_ggbd baf_gbl h^bg [bl \ [ehd_� lh \_kv [ehd

[m^_l jZkrbnjh\Zg g_\_jgh� gh \ ke_^mxs_f [ehd_ ihy\blky
hrb[dZ \ khhl\_lkl\mxs_c ihabpbb� ?klv kblmZpbb� dh]^Z lZdh_

g_`_eZl_evgh� >ey [hjv[u k wlhc m]jhahc bkoh^guc l_dkl ^he�
`_g kh^_j`Zlv hij_^_e_ggmx ba[ulhqghklv�

Ba\_klgu fh^bnbdZpbb j_`bfZ &%&� JZkkfhljbf g_dhlhju_

ba gbo� J_`bf kp_ie_gby [ehdh\ rbnjh\Zggh]h l_dklZ k jZk�
ijhkljZg_gb_f �3&%& ± 3URSDJDWLQJ &%&� hlebqZ_lky l_f� qlh



��

ih fh^mex � kdeZ^u\Z_lky dZd ij_^u^msbc [ehd rbnjh\Zggh�
]h� lZd b bkoh^gh]h l_dklZ�

FL  (N�PL ⊕ FL ± � ⊕ PL ± ���

PL  FL ± � ⊕ PL ± � ⊕ 'N�FL��

J_`bf kp_ie_gby [ehdh\ rbnjh\Zggh]h l_dklZ k dhgljhev�
ghc kmffhc �&%&& ±&%& ZLWK &KHFNVXP� hlebqZ_lky l_f� qlh d

ihke_^g_fm [ehdm bkoh^gh]h l_dklZ i_j_^ rbnjh\Zgb_f ijb�
[Z\ey_lky kmffZ ih fh^mex ^\Z \k_o ij_^u^msbo [ehdh\ bk�

oh^gh]h l_dklZ� Wlh ^Z_l \hafh`ghklv ijhdhgljhebjh\Zlv p_eh�
klghklv i_j_^Z\Z_fh]h l_dklZ k g_[hevrbfb ^hihegbl_evgufb
gZdeZ^gufb jZkoh^Zfb�

< j_`bf_ h[jZlghc k\yab ih rbnjh\Zgghfm l_dklm �&)%�
ij_^u^msbc [ehd rbnjh\Zggh]h l_dklZ rbnjm_lky _s_ jZa� b

^ey ihemq_gby hq_j_^gh]h [ehdZ rbnjh\Zggh]h l_dklZ j_amev�
lZl kdeZ^u\Z_lky ihjZajy^gh ih fh^mex � k [ehdhf bkoh^gh]h
l_dklZ� >ey gZqZeZ ijhp_kkZ rbnjh\Zgby lZd`_ bkihevam_lky

gZqZevguc \_dlhj �kf� Jbk �����

�

Jbk� ���� J_`bf h[jZlghc k\yab ih rbnjh\Zgghfm l_dklm�

PL±� PL

(N

FL  PL ⊕ (N�kL±��� PL  (N�FL±�� ⊕ PL

FL±� FL

Klhcdhklv j_`bfZ &)% jZ\gZ klhcdhklb [ehqgh]h rbnjZ�

e_`Zs_]h \ _]h hkgh\_ b kljmdlmjZ bkoh^gh]h l_dklZ kdju\Z_lky
aZ kq_l bkihevah\Zgby hi_jZpbb keh`_gby ih fh^mex �� FZgb�

imebjh\Zgb_ bkoh^guf l_dklhf iml_f m^Ze_gby [ehdh\ ba gZ�
qZeZ beb dhgpZ rbnjh\Zggh]h l_dklZ klZgh\blky g_\hafh`guf�
< j_`bf_ &)% _keb ^\Z [ehdZ rbnjh\Zggh]h l_dklZ b^_glbqgu�

lh j_amevlZlu bo rbnjh\Zgby gZ ke_^mxs_f rZ]_ lZd`_ [m^ml
b^_glbqgu� qlh kha^Z_l \hafh`ghklv ml_qdb bgnhjfZpbb h[

bkoh^ghf l_dkl_�

��

Kdhjhklv rbnjh\Zgby jZ\gZ kdhjhklb jZ[hlu [ehqgh]h
rbnjZ b ijhklh]h kihkh[Z jZkiZjZee_eb\Zgby ijhp_kkZ rbnjh�
\Zgby lZd`_ g_ kms_kl\m_l� Wlhl j_`bf \ lhqghklb khhl\_lkl�

\m_l j_`bfm ]Zffbjh\Zgby k h[jZlghc k\yavx Ze]hjblfZ =HKL
������

J_`bf h[jZlghc k\yab ih \uoh^m �2)%� ih^h[_g j_`bfm
&)% aZ bkdexq_gb_f lh]h� qlh \_ebqbgu� kdeZ^u\Z_fu_ ih fh�
^mex � k [ehdZfb bkoh^gh]h l_dklZ� ]_g_jbjmxlky g_aZ\bkbfh

hl bkoh^gh]h beb rbnjh\Zggh]h l_dklZ� >ey gZqZeZ ijhp_kkZ
rbnjh\Zgby lZd`_ bkihevam_lky gZqZevguc \_dlhj� J_`bf 2)%

h[eZ^Z_l ij_bfms_kl\hf i_j_^ j_`bfhf &)% \ lhf kfuke_�
qlh ex[u_ [blh\u_ hrb[db� \hagbdrb_ \ ijhp_kk_ i_j_^Zqb� g_
\ebyxl gZ jZkrbnjh\Zgb_ ihke_^mxsbo [ehdh\� H^gZdh� \ha�

fh`gZ ijhklZy fZgbimeypby bkoh^guf l_dklhf iml_f baf_g_�
gby rbnjh\Zggh]h l_dklZ� Kms_kl\m_l fh^bnbdZpby wlh]h j_�

`bfZ ih^ gZa\Zgb_f j_`bf h[jZlghc k\yab ih \uoh^m k g_eb�
g_cghc nmgdpb_c �2)%1/) ± 2)% ZLWK D 1RQ/LQHDU )XQFWLRQ�� <

wlhf kemqZ_ gZ dZ`^hf rZ]_ f_gy_lky lZd`_ b dexq rbnjh\Z�
gby�
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Ohly \ wlhf kemqZ_ ijhklh]h kihkh[Z jZkiZjZee_eb\Zgby
ijhp_kkZ rbnjh\Zgby lZd`_ g_ kms_kl\m_l� \j_fy fh`gh kwdh�

ghfblv� \ujZ[hlZ\ dexq_\mx ihke_^h\Zl_evghklv aZjZg__�



��

< g_dhlhjuo jZkkfhlj_gguo \ur_ j_`bfZo rbnjh\Zgb_
[ehdZ aZ\bkbl hl rbnjh\Zgby ij_^u^ms_]h [ehdZ� GZijbf_j�
ij_^klZ\bf ZiiZjZlgh_ mkljhckl\h rbnjh\Zgby� jZ[hlZxs__ \

j_`bf_ &%&� >Z`_ _keb lZf [m^ml ljb fbdjhko_fu� hkms_kl\�
eyxsb_ rbnjh\Zgb_� lhevdh h^gZ kfh`_l jZ[hlZlv \ ^Zgguc

fhf_gl \j_f_gb� Ke_^mxs_c fbdjhko_f_ ihgZ^h[blky j_amev�
lZl jZ[hlu ij_^u^ms_c� J_r_gb_ aZdexqZ_lky \ i_j_f_`_gbb
g_kdhevdbo ihlhdh\ rbnjh\Zgby� <f_klh h^gh]h ihlhdZ \ j_�

`bf_ &%& fh`gh bkihevah\Zlv q_luj_� I_j\uc� iyluc b ^Ze__
dZ`^uc q_l\_jluc [ehdb [m^ml rbnjh\Zlvky gZ h^ghc fbdjh�

ko_f_ k h^ghc kbgojhihkuedhc� <lhjhc� r_klhc b ^Ze__ dZ`^uc
q_l\_jluc [ehd [m^ml h[jZ[Zlu\Zlvky \lhjhc fbdjhko_fhc kh
\lhjhc kbgojhihkuedhc b l� ^� LZdbf h[jZahf� gZijbf_j� bf_y

ljb fbdjhko_fu� hkms_kl\eyxsb_ rbnjh\Zgb_ kh kdhjhklvx
�� F[bl�k� fh`gh rbnjh\Zlv ljZnbd \ dZgZe_ kh kdhjhklvx ���

F[bl�k�

���� Ihlhdh\u_ rbnju

������H[sb_ k\_^_gby h ihlhdh\uo rbnjZo�

Ihlhdh\u_ rbnju ij_^klZ\eyxl kh[hc jZagh\b^ghklv ]Zf�
fbjh\Zgby b ij_h[jZamxl hldjuluc l_dkl \ rbnjh\Zgguc ih�

ke_^h\Zl_evgh ih � [blm� =_g_jZlhj dexq_\hc ihke_^h\Zl_ev�
ghklb� bgh]^Z gZau\Z_fuc ]_g_jZlhjhf [_]ms_]h dexqZ� \u^Z�

_l ihke_^h\Zl_evghklv [bl N�� N�� «� NL� « WlZ dexq_\Zy ihke_�
^h\Zl_evghklv kdeZ^u\Z_lky ih fh^mex � k ihke_^h\Zl_evgh�
klvx [bl bkoh^gh]h l_dklZ S�� S�� ���� SL� « ^ey ihemq_gby rbn�

jh\Zggh]h l_dklZ EDU�

FL  SL ⊕ NL�

GZ ijb_fghc klhjhg_ rbnjh\Zgguc l_dkl kdeZ^u\Z_lky ih fh�

^mex � k b^_glbqghc dexq_\hc ihke_^h\Zl_evghklvx ^ey ihem�
q_gby bkoh^gh]h l_dklZ�

FL ⊕ NL  SL ⊕ NL ⊕ NL  SL�

Klhcdhklv kbkl_fu p_ebdhf aZ\bkbl hl \gmlj_gg_c kljmdlm�
ju ]_g_jZlhjZ dexq_\hc ihke_^h\Zl_evghklb� ?keb ]_g_jZlhj

\u^Z_l ihke_^h\Zl_evghklv k g_[hevrbf i_jbh^hf� lh klhc�
dhklv kbkl_fu [m^_l g_\_ebdZ� GZijhlb\� _keb ]_g_jZlhj [m^_l

\u^Z\Zlv [_kdhg_qgmx ihke_^h\Zl_evghklv bklbggh kemqZcguo

��

�g_ ik_\^hkemqZcguo�� [bl� lh fu ihemqbf h^ghjZah\uc [ehd�
ghl k b^_Zevghc klhcdhklvx�

J_ZevgZy klhcdhklv ihlhdh\uo rbnjh\ e_`bl ]^_�lh ihkj_�

^bg_ f_`^m klhcdhklvx ijhklhc fhghZenZ\blghc ih^klZgh\db
b h^ghjZah\h]h [ehdghlZ� =_g_jZlhj dexq_\hc ihke_^h\Zl_ev�

ghklb \u^Z_l ihlhd [blh\� dhlhjuc \u]ey^bl kemqZcguf� gh \
^_ckl\bl_evghklb y\ey_lky ^_l_jfbgbjh\Zgguf b fh`_l [ulv \
lhqghklb \hkijhba\_^_g gZ ijb_fghc klhjhg_� Q_f [hevr_ ]_�

g_jbjm_fuc ihlhd ihoh` gZ kemqZcguc� l_f [hevr_ mkbebc
ihlj_[m_lky hl djbilhZgZeblbdZ ^ey \aehfZ rbnjZ�

H^gZdh� _keb dZ`^uc jZa ijb \dexq_gbb ]_g_jZlhj [m^_l
\u^Z\Zlv h^gm b lm `_ ihke_^h\Zl_evghklv� lh \aehf djbilhkb�
kl_fu [m^_l ljb\bZevghc aZ^Zq_c� I_j_o\Zlb\ ^\Z rbnjh\Zg�

guo l_dklZ� aehmfure_ggbd fh`_l keh`blv bo ih fh^mex � b
ihemqblv ^\Z bkoh^guo l_dklZ� keh`_gguo lZd`_ ih fh^mex ��

LZdmx kbkl_fm jZkdjulv hq_gv ijhklh� ?keb `_ \ jmdZo ijhlb\�
gbdZ hdZ`_lky iZjZ bkoh^guc l_dkl � rbnjh\Zgguc l_dkl� aZ^Z�

qZ \hh[s_ klZgh\blky ljb\bZevghc�
Ih wlhc ijbqbg_ \k_ ihlhdh\u_ rbnju ij_^mkfZljb\Zxl

bkihevah\Zgb_ dexqZ� <uoh^ ]_g_jZlhjZ dexq_\hc ihke_^h\Z�

l_evghklb aZ\bkbl hl wlh]h dexqZ� < wlhf kemqZ_ ijhklhc djbi�
lhZgZeba [m^_l g_\hafh`_g�

Ihlhdh\u_ rbnju gZb[he__ ijb]h^gu ^ey rbnjh\Zgby g_�
ij_ju\guo ihlhdh\ ^Zgguo� gZijbf_j� \ k_lyo i_j_^Zqb ^Zg�
guo�

Kljmdlmjm ]_g_jZlhjZ dexq_\hc ihke_^h\Zl_evghklb fh`gh
ij_^klZ\blv \ \b^_ dhg_qgh]h Z\lhfZlZ k iZfylvx� khklhys_]h

ba lj_o [ehdh\� [ehdZ iZfylb� ojZgys_]h bgnhjfZpbx h kh�
klhygbb ]_g_jZlhjZ� \uoh^ghc nmgdpbb� ]_g_jbjmxs_c [bl
dexq_\hc ihke_^h\Zl_evghklb \ aZ\bkbfhklb hl khklhygby� b

nmgdpbb i_j_oh^h\� aZ^Zxs_c gh\h_ khklhygb_� \ dhlhjh_ i_�
j_c^_l ]_g_jZlhj gZ ke_^mxs_f rZ]_�

������ KZfhkbgojhgbabjmxsb_ky rbnju

< ���� ]h^m \ KR: [ueZ aZiZl_glh\ZgZ [Zah\Zy b^_y lZd gZ�
au\Z_fuo kZfhkbgojhgbabjmxsboky ihlhdh\uo rbnjh\ �beb

rbnjh\Zgby k Z\lhdexqhf ± &LSKHU7H[W $XWR .H\ �&7$.��� HgZ
aZdexqZ_lky \ lhf� qlh \gmlj_gg__ khklhygb_ ]_g_jZlhjZ y\ey�

_lky nmgdpb_c nbdkbjh\Zggh]h qbkeZ ij_^r_kl\mxsbo [blh\



��

rbnjh\Zggh]h l_dklZ� Ihkdhevdm \gmlj_gg__ khklhygb_ aZ\bkbl
lhevdh hl Q [bl rbnjh\Zggh]h l_dklZ� ]_g_jZlhj gZ ijb_fghc
klhjhg_ \hc^_l \ kbgojhgbaf k i_j_^Zxs_c klhjhghc ihke_ ih�

emq_gby Q [bl�
J_ZebaZpby wlh]h ih^oh^Z \u]ey^bl ke_^mxsbf h[jZahf�

DZ`^h_ khh[s_gb_ ij_^\Zjy_lky kemqZcguf aZ]heh\dhf ^ebghc
Q [bl� Wlhl aZ]heh\hd rbnjm_lky b i_j_^Z_lky \ ebgbx� GZ ijb�
_fghc klhjhg_ aZ]heh\hd jZkrbnjh\u\Z_lky� J_amevlZl jZk�

rbnjh\Zgby [m^_l g_\_jguf� gh ihke_ h[jZ[hldb Q [bl aZ]h�
eh\dZ h[Z ]_g_jZlhjZ [m^ml kbgojhgbabjh\Zgu�

G_^hklZldhf kbkl_fu y\ey_lky jZkijhkljZg_gb_ hrb[hd�
Ijb bkdZ`_gbb h^gh]h [blZ ]_g_jZlhj gZ ijb_fghc klhjhg_
\u^Zkl Q g_\_jguo [bl dexq_\hc ihke_^h\Zl_evghklb� ihdZ

hrb[hqguc [bl g_ [m^_l \ulhedgml ba iZfylb� qlh ijb\_^_l d
hrb[hqghfm jZkrbnjh\Zgbx Q [bl bkoh^gh]h l_dklZ�

Djhf_ lh]h� kZfhkbgojhgbabjmxsb_ky rbnju mya\bfu ^ey
ZlZd lbiZ �\hkijhba\_^_gb_�� Aehmfure_ggbd aZibku\Z_l g_dh�

lhjh_ dhebq_kl\h [bl rbnjh\Zggh]h l_dklZ� AZl_f� iha^g__� hg
ih^f_gy_l [blu ljZnbdZ aZibkZggufb ± �\hkijhba\h^bl� bo�
Ihke_ g_dhlhjh]h dhebq_kl\Z �fmkhjZ�� ihdZ ijb_fgZy klhjhgZ

g_ kbgojhgbabjm_lky� klZjuc rbnjh\Zgguc l_dkl [m^_l jZk�
rbnjh\u\Zlvky ghjfZevgh� M ijb_fghc klhjhgu g_l gbdZdbo

kj_^kl\ hij_^_e_gby lh]h� qlh ijbgbfZ_fu_ ^Zggu_ g_ y\eyxl�
ky ZdlmZevgufb�

KZfhkbgojhgbabjmxsb_ky ihlhdh\u_ rbnju fh]ml [ulv

j_Zebah\Zgu \ \b^_ [ehqguo rbnjh\� bkihevam_fuo \ j_`bf_
h[jZlghc k\yab ih rbnjh\Zgghfm l_dklm �kf� ����� Ijb wlhf aZ

h^bg jZa fh`_l rbnjh\Zlvky ijhba\hevgh_ qbkeh [bl� f_gvr__
eb[h jZ\gh_ ^ebg_ [ehdZ� Ijhbeexkljbjm_f wlh gZ ijbf_j_
rbnjh\Zgby ih h^ghfm [Zclm aZ pbde�

;ehqguc rbnj jZ[hlZ_l gZ^ hq_j_^vx jZaf_jhf� jZ\guf
^ebg_ [ehdZ� I_j\hgZqZevgh hq_j_^v aZihegy_lky kbgojhihkue�

dhc� AZl_f hq_j_^v rbnjm_lky b e_\u_ � [bl kdeZ^u\Zxlky k
i_j\ufb � [blZfb bkoh^gh]h l_dklZ� Ihemq_ggu_ � [bl rbnjh�
\Zggh]h l_dklZ i_j_^Zxlky \ ebgbx� hq_j_^v k^\b]Z_lky \e_\h

gZ � [bl� e_\u_ [blu hl[jZku\Zxlky� Z ijZ\u_ aZihegyxlky �
[blZfb rbnjh\Zggh]h l_dklZ� i_j_^Zggufb \ ebgbx� >Ze__

ijhp_^mjZ ih\lhjy_lky� Qbkeh � \aylh lhevdh ^ey ijbf_jZ� AZ
h^bg pbde jZ[hlu [ehqgh]h Ze]hjblfZ fh`_l rbnjh\Zlvky b �

��

[bl� ohly wlh [m^_l g_ kebrdhf wnn_dlb\gh k lhqdb aj_gby kdh�
jhklb jZ[hlu ko_fu� < j_`bf_ &)% kbgojhihkuedZ ^he`gZ
[ulv mgbdZevgZ ^ey dZ`^h]h khh[s_gby \ l_q_gb_ kjhdZ ^_ckl�

\by dexqZ� ?keb wlh [m^_l g_ lZd� aehmfure_ggbd kfh`_l \hk�
klZgh\blv bkoh^guc l_dkl�

< kemqZ_ \hagbdgh\_gby hrb[db \ rbnjh\Zgghf l_dkl_ gZ
ijb_fghc klhjhg_ \ h[s_f kemqZ_ \hagbdgml hrb[db ijb jZk�

rbnjh\Zgbb l_dms_]h b ihke_^mxsbo P�Q [ehdh\� ]^_ P ±

jZaf_j [ehdZ� Q ± qbkeh [bl� rbnjm_fuo aZ � pbde� l�_� ihdZ
hrb[hqguc [bl rbnjh\Zggh]h l_dklZ g_ [m^_l \ul_kg_g ba iZ�

fylb�

������ Kbgojhggu_ rbnju

< wlhf kemqZ_ \uoh^gu_ agZq_gby ]_g_jZlhjZ g_ aZ\bkyl hl

bkoh^gh]h beb rbnjh\Zggh]h l_dklh\� LZdb_ ihlhdh\u_ rbnju
ghkyl gZa\Zgb_ kbgojhgguo�

Hkgh\gZy keh`ghklv \ ^Zgghf ih^oh^_ aZdexqZ_lky \ g_h[�
oh^bfhklb kbgojhgbaZpbb ]_g_jZlhjh\ dexqZ gZ i_j_^Zxs_c b
ijb_fghc klhjhgZo� ?keb \ ijhp_kk_ i_j_^Zqb ijhbahreh \u�

iZ^_gb_ beb \klZ\dZ ohly [u h^gh]h [blZ� lh \ky ihke_^h\Zl_ev�
ghklv [blh\ rbnjh\Zggh]h l_dklZ ihke_ hrb[hqgh]h [blZ g_

kfh`_l [ulv jZkrbnjh\ZgZ� ?keb lZdh_ ijhbahc^_l� klhjhgu
^he`gu ijh\_klb ih\lhjgmx kbgojhgbaZpbx� Ijb wlhf kbg�
ojhgbaZpby ^he`gZ [ulv ijh\_^_gZ lZd� qlh[u gbdZdhc hlj_ahd

dexq_\hc ihke_^h\Zl_evghklb g_ ih\lhjbeky� lZd qlh hq_\b^gh_
j_r_gb_ \ha\jZlblvky d g_dhlhjhfm ij_^u^ms_fm khklhygbx

]_g_jZlhjZ g_ ih^oh^bl�
Iheh`bl_evguf k\hckl\hf kbgojhgguo ihlhdh\uo rbnjh\

y\ey_lky hlkmlkl\b_ wnn_dlZ jZkijhkljZg_gby hrb[hd� H^bg

bkdZ`_gguc [bl ijb i_j_^Zq_ ijb\_^_l d bkdZ`_gbx lhevdh
h^gh]h [blZ l_dklZ ijb jZkrbnjh\Zgbb�

Kbgojhggu_ rbnju lZd`_ aZsbsZxl hl \klZ\hd b \u[jZku�
\Zgbc hlj_adh\ rbnjh\Zggh]h l_dklZ ba ihlhdZ� LZdb_ hi_jZpbb

ijb\_^ml d gZjmr_gbx kbgojhgbaZpbb� qlh [m^_l kjZam `_ h[�
gZjm`_gh gZ ijb_fghc klhjhg_�

H^gZdh� lZdb_ rbnju mya\bfu d baf_g_gbx hl^_evguo [bl�

?keb aehmfure_ggbd agZ_l bkoh^guc l_dkl� lh hg kfh`_l ba�
f_gylv [blu \ ihlhd_ rbnjh\Zggh]h l_dklZ lZdbf h[jZahf� qlh



��

hg [m^_l jZkrbnjh\u\Zlvky lZd� dZd g_h[oh^bfh aehmfure_g�
gbdm�

Kbgojhgguc ihlhdh\uc rbnj fh`_l [ulv j_Zebah\Zg \ \b^_

[ehqgh]h rbnjZ� jZ[hlZxs_]h \ j_`bf_ h[jZlghc k\yab ih \u�
oh^m �kf� ����� Ih^h[gh hibkZgghfm \ i� ����� ijbf_jm� j_`bf

2)% fh`_l [ulv j_Zebah\Zg k ex[uf jZaf_jhf h[jZlghc k\yab�
f_gvrbf jZaf_jZ [ehdZ� H^gZdh� ^Zgguc kihkh[ g_ j_dhf_g^m�
_lky� lZd dZd ijb wlhf kgb`Z_lky i_jbh^ ]_g_jZlhjZ ^h ijbf_j�

gh �P��� Ijb ^ebg_ [ehdZ �� wlh [m^_l hdheh ���� q_]h y\gh g_�
^hklZlhqgh�

< wlhf kemqZ_ \uoh^gZy nmgdpby hq_gv qZklh \u[bjZ_lky
ijhklhc� gZijbf_j� kmffhc ih fh^mex � g_kdhevdbo [bl kh�
klhygby beb \hh[s_ h^gbf [blhf khklhygby� Djbilh]jZnbq_�

kdZy klhcdhklv h[_ki_qb\Z_lky nmgdpb_c i_j_oh^Z d ke_^mx�
s_fm khklhygbx� dhlhjZy aZ\bkbl hl dexqZ� Bgh]^Z ^Zgguc j_�

`bf gZau\Zxl j_`bfhf k \gmlj_gg_c h[jZlghc k\yavx� ih�
kdhevdm h[jZlgZy k\yav y\ey_lky \gmlj_gg_c ih hlghr_gbx d

Ze]hjblfm ]_g_jZpbb dexq_\hc ihke_^h\Zl_evghklb�
<ZjbZglhf wlh]h j_`bfZ y\ey_lky ko_fZ� dh]^Z dexq aZ^Z_l

gZqZevgh_ khklhygb_ ]_g_jZlhjZ� ihke_ q_]h ihke_^gbc jZ[hlZ_l

[_a ^Zevg_cr_]h \f_rZl_evkl\Z�
?s_ h^gbf kihkh[hf ihkljh_gby ihlhdh\h]h rbnjZ y\ey_lky

bkihevah\Zgb_ kq_lqbdZ \ dZq_kl\_ \oh^gh]h agZq_gby ^ey
[ehqgh]h rbnjZ� Ihke_ dZ`^h]h pbdeZ rbnjh\Zgby [ehdZ agZ�
q_gb_ kq_lqbdZ m\_ebqb\Z_lky� qZs_ \k_]h gZ _^bgbpm� K\hckl\Z

^Zggh]h j_`bfZ \ hlghr_gbb jZkijhkljZg_gby hrb[hd b kbg�
ojhgbaZpbb [m^ml lZdbfb `_� dZd b ^ey j_`bfZ 2)%� < dZq_kl\_

kq_lqbdZ fh`_l [ulv bkihevah\Zg ex[hc ]_g_jZlhj ik_\^hkem�
qZcguo qbk_e� \g_ aZ\bkbfhklb hl _]h djbilh]jZnbq_kdhc klhc�
dhklb�

Ijb bkihevah\Zgbb ihlhdh\h]h rbnjZ \ j_`bf_ kq_lqbdZ
\u[bjZ_lky ijhklZy nmgdpby i_j_oh^Z b keh`gZy� aZ\bkysZy hl

dexqZ nmgdpby \uoh^Z�Nmgdpby i_j_oh^Z fh`_l [ulv ijhkluf
kq_lqbdhf� m\_ebqb\Zxsbfky gZ _^bgbpm gZ dZ`^hf lZdl_�

��

������Ijbf_ju ihlhdh\uo rbnjh\

:e]hjblf 5&�

5&� ij_^klZ\ey_l kh[hc ihlhdh\uc rbnj k i_j_f_gghc ^eb�

ghc dexqZ� jZajZ[hlZgguc \ ���� ]� Jhghf Jb\_klhf ^ey dhfiZ�
gbb 56$ 'DWD 6HFXULW\� ,QF� < l_q_gb_ � e_l wlhl rbnj ebp_gab�

jh\Zeky dhfiZgb_c lhevdh gZ mkeh\byo g_jZa]eZr_gby� H^gZdh�
\ ���� ]� hg [ue Zghgbfgh him[ebdh\Zg \ Bgl_jg_l_ b k l_o ihj
klZe ^hklmi_g ^ey g_aZ\bkbfh]h ZgZebaZ�

Hibku\Z_lky rbnj hq_gv ijhklh� :e]hjblf jZ[hlZ_l \ j_�
`bf_ 2)%� Dexq_\Zy ihke_^h\Zl_evghklv g_ aZ\bkbl hl bkoh �̂

gh]h l_dklZ� KljmdlmjZ Ze]hjblfZ \dexqZ_l [ehd aZf_gu jZa�

f_jghklvx � × �� 6�� «� 6���� ;ehd aZf_gu ij_^klZ\ey_l kh[hc
aZ\bkbfmx hl dexqZ i_j_f_gghc ^ebgu i_j_klZgh\dm qbk_e ��

���� ���� Bf__lky ^\Z kq_lqbdZ L b M� i_j\hgZqZevgh jZ\gu_ �� >ey
]_g_jbjh\Zgby ik_\^hkemqZcgh]h [ZclZ \uihegyxlky ke_^mx�

sb_ ^_ckl\by�
L  �L � �� PRG ���
M  �M � 6L� PRG ���

i_j_klZ\blv 6L b 6M

W  �6L � 6M� PRG ���

N  6W�
AZl_f [Zcl N kdeZ^u\Z_lky ih fh^mex � k [Zclhf bkoh^gh]h
l_dklZ ^ey ihemq_gby rbnjh\Zggh]h�

BgbpbZebaZpby [ehdZ aZf_gu lZd`_ ijhklZ� <gZqZe_ hg aZ�
ihegy_lky ebg_cgh� 6�  �� 6�  �� ���� 6���  ���� AZl_f aZihegy_l�

ky _s_ h^bg ����[Zclguc fZkkb\ dexqhf� ijb wlhf dexq fh`_l
ih\lhjylvky g_h[oh^bfh_ qbkeh jZa ^ey aZiheg_gby \k_]h fZk�
kb\Z� N�� ���� N���� Kq_lqbd M mklZgZ\eb\Z_lky \ �� Ihke_ q_]h ijh�

ba\h^ylky ke_^mxsb_ ^_ckl\by�
IRU L  � WR ���

M  �M � NL � 6L� PRG ���
i_j_klZ\blv 6L b 6M�

Rbnjh\Zgb_ ih wlhfm Ze]hjblfm ijbf_jgh \ �� jZa [uklj__�
q_f rbnjh\Zgb_ '(6 ijb ijh]jZffghc j_ZebaZpbb�

<hafh`gh h[h[s_gb_ Ze]hjblfZ gZ [hevrb_ ^ebgm keh\Z b

jZaf_j [ehdZ aZf_gu� LZd� fh`gh ihkljhblv rbnj k [hdhf aZ�

f_gu jZaf_jghklvx �� × �� �ihlj_[m_lky ��� .[Zcl iZfylb� b



��

^ebghc keh\Z �� [bl� WlZi bgbpbZebaZpbb [m^_l agZqbl_evgh
f_^e_gg__� g_h[oh^bf pbde ^h ������ _keb fu ohlbf \ lhqghklb
ke_^h\Zlv dhgkljmdpbb� gh ihemqb\rbcky \ j_amevlZl_ Ze]h�

jblf [m^_l [he__ [ukljuf�

:e]hjblf 6($/

6($/ �6RIWZDUH (QFU\SWLRQ $/JRULWKP� ij_^klZ\ey_l kh[hc
ijbkihkh[e_gguc ^ey ijh]jZffghc j_ZebaZpbb ihlhdh\uc
rbnj� jZajZ[hlZgguc Nbehf Jh]w\w_f b >hghf Dhii_jkfblhf

ba dhfiZgbb ,%0� :e]hjblf hilbfbabjh\Zg ^ey ���jZajy^guo
ijhp_kkhjh\� >ey wnn_dlb\ghc jZ[hlu _fm lj_[mxlky � ���

jZajy^guo j_]bkljh\ b dwr h[t_fhf g_kdhevdh dbeh[Zcl�
H^gbf ba aZf_qZl_evguo k\hckl\ wlh]h rbnjZ y\ey_lky lh�

qlh hg g_ y\ey_lky ihlhdh\uf rbnjhf \ ljZ^bpbhgghf kfuke_�

Z ij_^klZ\ey_l kh[hc k_f_ckl\h ik_\^hkemqZcguo nmgdpbc�
����[blh\uc dexq N b ���[blh\h_ agZq_gb_ Q �bg^_dk� rbnj

ij_h[jZam_l \ /�[blh\mx kljhdm N�Q�� / fh`_l ijbgbfZlv ex[h_
agZq_gb_� f_gvr__ �� dbeh[Zcl� LZdhc rbnj fu [m^_f h[hagZ�

qZlv 6($/�N� Q� /�� Ij_^iheZ]Z_lky� qlh _keb N \u[bjZ_lky kem�
qZcgh� lh N�Q� [m^_l \uqbkebl_evgh g_hlebqbfZ hl kemqZcghc /�
[blh\hc nmgdpbb hl Q�

GZ ijZdlbd_ wlh ^Z_l _s_ h^gh ij_bfms_kl\h� ;hevrbgkl\h
rbnjh\ ]_g_jbjm_l [blh\u_ ihke_^h\Zl_evghklb \ h^ghf gZ�

ijZ\e_gbb� AgZy dexq N b ihabpbx L� hij_^_eblv agZq_gb_ L�]h
[blZ dexq_\hc ihke_^h\Zl_evghklb fh`gh lhevdh \uqbkeb\ \k_
[blu ^h L�]h h^bg aZ ^jm]bf� < kemqZ_ k_f_ckl\Z ik_\^hkemqZc�

guo nmgdpbc fu ihemqZ_f ijhklhc ^hklmi d ex[hfm we_f_glm
dexq_\hc ihke_^h\Zl_evghklb� Wlh hdZau\Z_lky \_kvfZ ihe_a�

guf�
Ij_^iheh`bf� qlh g_h[oh^bfh aZrbnjh\Zlv kh^_j`bfh_

`_kldh]h ^bkdZ dhfivxl_jZ ih ����[Zclguf k_dlhjZf� Lh]^Z

k_dlhj k ghf_jhf Q [m^_l rbnjh\Zlvky k ihfhsvx dexq_\hc
ihke_^h\Zl_evghklb N�Q�� Ijb wlhf e_]dh fh`_l [ulv h[_ki_q_g

^hklmi d ijhba\hevghfm k_dlhjm ^bkdZ�
>Zgguc rbnj lZd`_ h[e_]qZ_l ijh[e_fm kbgojhgbaZpbb�

k\hckl\_ggmx ljZ^bpbhgguf ihlhdh\uf rbnjZf� Khh[s_gb_ k

ghf_jhf Q [m^_l rbnjh\Zlvky k dexq_\hc ihke_^h\Zl_evgh�
klvx N�Q�� b Q [m^_l i_j_^Z\Zlvky \f_kl_ k khh[s_gb_f� IhemqZ�

��

l_ex g_ gm`gh [m^_l ojZgblv khklhygb_ ]_g_jZlhjZ dexq_\hc
ihke_^h\Zl_evghklb b [_kihdhblvky h ihl_jygguo khh[s_gbyo
b bo \ebygbb gZ ijhp_kk jZkrbnjh\Zgby�

:e]hjblf 6($/ ij_^mkfZljb\Z_l bkihevah\Zgb_ lj_o aZ\b�
kysbo hl dexqZ lZ[ebp� 5� 6� b 7� Wlb lZ[ebpu aZihegyxlky gZ

ij_^\Zjbl_evghf wlZi_ ijb ihfhsb Ze]hjblfZ� hkgh\Zggh]h gZ
6+$ �kf� ������� b aZ\bkyl lhevdh hl dexqZ�

AZiheg_gb_ lZ[ebp fh`gh hibkZlv k ihfhsvx nmgdpbb

*D�L�� dhlhjZy ij_^klZ\ey_l kh[hc nmgdpbx k`Zlby ba Ze]hjbl�
fZ 6+$� D ± ����[blgh_ agZq_gb_� L ± ���[blguc bg^_dk� AgZq_�

gb_ D bkihevam_lky ^ey bgbpbZebaZpbb \gmlj_ggbo j_]bkljh\$�
%� &� '� b ( \ Ze]hjblf_ 6+$� Z ����[blguc [ehd ^ey h[jZ[hldb
ij_^klZ\ey_l kh[hc kljhdm L__����� <uoh^gh_ agZq_gb_ nmgdpbb

* lZd`_ bf__l ^ebgm ��� [bl�
Ihkljhbf l_i_jv nmgdpbx = k \uoh^guf agZq_gb_f ^ebghc

�� [blZ� i_j_bg^_dkbjh\Z\ nmgdpbx *� =D�L�  
L

L
+ �PRG � ]^_ ^ey M

 L�� ���________ ��

�
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�

��

�

��

�

�

� M*+++++ D

MMMMM =++++
L_i_jv

hij_^_ebf�

7>L@  =D�L�� � ≤ L � ����

6>M@  =D��[���� � M�� � ≤ M � ����

5>N@  =D��[���� � N�� � ≤ N � ����
Kh[kl\_ggh Ze]hjblf ]_g_jZpbb dexq_\hc ihke_^h\Zl_evgh�

klb fh`_l [ulv hibkZg gZ ik_\^hdh^_ ke_^mxsbf h[jZahf�
IXQFWLRQ 6($/�D� Q� /�

\  ∅�

IRU O  � WR ∞ GR
,QLWLDOL]H�Q� O� $� %� &� '� Q�� Q�� Q�� Q���

IRU L  � WR �� GR

� 3  $ 	 �[�IF� %  % � 7>3��@� $  $ !!! �� %  % ⊕ $�

� 4  % 	 �[�IF� &  & ⊕ 7>4��@� %  % !!! �� &  & � %�

� 3  �3 � &� 	 �[�IF� '  ' � 7>3��@� &  & !!! �� '  '

⊕ &�

� 4  �4 � '� 	 �[�IF� $  $ ⊕ 7>4��@� ' '!!!�� $ $�'�

� 3  �3 � $� 	 �[�IF� %  % ⊕ 7>3��@� $  $ !!! ��
� 4  �4 � %� 	 �[�IF� &  & � 7>4��@� %  % !!! ��

� 3  �3 � &� 	 �[�IF� '  ' ⊕ 7>3��@� &  & !!! ��
� 4  �4 � '� 	 �[�IF� $  $ � 7>4��@� '  ' !!! ��



��

� \  \ __ % � 6>�L ± �@ __ & � 6>�L ± �@ __ ' � 6>�L ± �@ __ $ � 6>�L
± �@�

�� LI _\_ ≥ / WKHQ UHWXUQ �\�\� « \/ ± ���

�� LI RGG�L� WKHQ �$� %� &� '�  �$ � Q�� % � Q�� & ⊕ Q�� ' ⊕ Q��

HOVH �$� %� &� '�  �$ � Q�� % � Q�� & ⊕ Q�� ' ⊕ Q���
HQG�

HQG�
HQG�

:e]hjblf bkihevam_l ih^ijh]jZffm bgbpbZebaZpbb� dhlh�

jZy� bkihevamy lZ[ebpu 5 b 7� mklZgZ\eb\Z_l gZqZevgu_ agZq_�
gby \gmlj_ggbo i_j_f_gguo b j_]bkljh\�

SURFHGXUH ,QLWLDOL]H�Q� O� $� %� &� '� Q�� Q�� Q�� Q��

$  Q ⊕ 5>�O@�

%  �Q !!! �� ⊕ 5>�O � �@�

&  �Q !!! ��� ⊕ 5>�O � �@�

'  �Q !!! ��� ⊕ 5>�O � �@�
IRU M  � WR � GR

3  $ 	 �[�IF� %  % � 7>3��@� $  $ !!! ��
3  % 	 �[�IF� &  & � 7>3��@� %  % !!! ��

3  & 	 �[�IF� '  ' � 7>3��@� &  & !!! ��
3  ' 	 �[�IF� $  $ � 7>3��@� '  ' !!! ��

HQG�

�Q�� Q�� Q�� Q��  �'� %� $� &��
3  $ 	 �[�IF� %  % � 7>3��@� $  $ !!! ��

3  % 	 �[�IF� &  & � 7>3��@� %  % !!! ��
3  & 	 �[�IF� '  ' � 7>3��@� &  & !!! ��
3  ' 	 �[�IF� $  $ � 7>3��@� '  ' !!! ��

HQG�
LZ[ebpZ 7 ij_^klZ\ey_l kh[hc [ehd aZf_gu jZaf_jghklvx �

× ��� GZ dZ`^hf rZ]_ � [bl h^gh]h j_]bkljZ �$� %� & beb '� bk�
ihevamxlky dZd mdZaZl_ev \ lZ[ebp_ 7� AgZq_gb_� ba\e_q_ggh_ ba
7� kdeZ^u\Z_lky �Zjbnf_lbq_kdb beb ihjyajy^gh ih fh^mex ��

kh ke_^mxsbf j_]bkljhf �\gh\v $� %� & beb '�� AZl_f i_j\uc
j_]bklj pbdebq_kdb k^\b]Z_lky gZ � ihabpbc� GZ g_dhlhjuo rZ�

]Zo \lhjhc j_]bklj ^hihegbl_evgh fh^bnbpbjm_lky iml_f keh�
`_gby ih fh^mex � kh k^\bgmluf i_j\uf j_]bkljhf� Ihke_ �
rZ]h\ dZ`^uc j_]bklj fZkdbjm_lky keh`_gb_f ih fh^mex � k

��

g_dhlhjuf agZq_gb_f ba 6 b \u^Z_lky \ dexq_\mx ihke_^h\Z�
l_evghklv� Bl_jZpby aZ\_jrZ_lky keh`_gb_f j_]bkljh\ $ b & k
aZ\bkbfufb hl Q agZq_gbyfb Q�� Q�� Q�� Q�� DZdh_ dhgdj_lgh agZ�

q_gb_ \u[bjZ_lky� aZ\bkbl hl q_lghklb ghf_jZ bl_jZpbb� LZdbf
h[jZahf� hkgh\gu_ b^_b� e_`Zsb_ \ hkgh\_ wlh]h Ze]hjblfZ�

fh`gh knhjfmebjh\Zlv ke_^mxsbf h[jZahf�
�� Bkihevah\Zgb_ [hevrh]h k_dj_lgh]h aZ\bkys_]h hl

dexqZ [ehdZ aZf_gu 7�

�� I_j_f_`_gb_ hi_jZpbc� g_ dhffmlbjmxsbo ^jm] k
^jm]hf �keh`_gb_ b bkdexqZxs__ BEB��

�� Bkihevah\Zgb_ \gmlj_gg_]h khklhygby� y\gh g_ ijh�
y\eyxs_]hky \ ihlhd_ ^Zgguo �agZq_gby QL� bkihev�
am_fu_ \ dhgp_ bl_jZpbb ^ey fh^bnbdZpbb j_]bkl�

jh\ $ b &��
�� Baf_g_gb_ rZ]h\hc nmgdpbb \ aZ\bkbfhklb hl ghf_�

jZ rZ]Z b baf_g_gb_ bl_jZpbhgghc nmgdpbb \ aZ\b�
kbfhklb hl ghf_jZ bl_jZpbb�

�� Bkihevah\Zgb_ ba\_klguo b hljZ[hlZgguo Ze]hjbl�
fh\ ^ey aZiheg_gby lZ[ebp�

Rbnj 6($/ lj_[m_l iylv we_f_glZjguo fZrbgguo hi_jZ�

pbb \ i_j_kq_l_ gZ h^bg [Zcl l_dklZ ijb rbnjh\Zgbb b jZk�
rbnjh\Zgbb� LZdbf h[jZahf� hg y\ey_lky h^gbf ba kZfuo [u�

kljuo ijh]jZffgh j_Zebam_fuo Ze]hjblfh\�

:e]hjblf:$.(

:e]hjblf:$.( �hl Zg]e� :RUG $XWR .H\ (QFU\SWLRQ ± rbn�

jh\Zgb_ keh\ k Z\lhdexqhf� [ue ij_^eh`_g >w\b^hf Mbe_jhf�
GZ \uoh^_ fu ihemqZ_f ihke_^h\Zl_evghklv ���[blh\uo keh\�

dhlhju_ fh]ml kem`blv \ dZq_kl\_ ]Zffu rbnjZ� :$.( jZ[h�
lZ_l \ j_`bf_ &)% ± ij_^u^ms__ keh\h rbnjh\Zggh]h l_dklZ
bkihevam_lky ^ey ]_g_jZpbb ke_^mxs_]h keh\Z dexq_\hc ih�

ke_^h\Zl_evghklb�
< Ze]hjblf_ bkihevam_lky ki_pbZevguc [ehd aZf_gu 6 ba

��� ���[blguo keh\� Ijb wlhf klZjrb_ [Zclu wlbo keh\ y\eyxl�
ky i_j_klZgh\dhc qbk_e hl � ^h ���� Z hklZevgu_ ljb feZ^rbo
[ZclZ \u[bjZxlky kemqZcgufb� JZ[hlZ Ze]hjblfZ hibku\Z_lky

ke_^mxsbf h[jZahf�



��

<gZqZe_ bgbpbZebabjm_lky [ehd aZf_gu gZ hkgh\_ dexqZ�
AZl_f bgbpbZebabjmxlky q_luj_ j_]bkljZ $� %� & b ' gZqZev�
gufb agZq_gbyfb� lZd`_ aZ\bkysbfb hl dexqZ �\hafh`gh ^jm�

]h]h�� D�� E�� F�� G�� Hq_j_^gh_ keh\h dexq_\hc ihke_^h�
\Zl_evghklb ihemqZ_lky ih nhjfme_�

NL  GL�

Ihke_ wlh]h baf_gy_lky agZq_gb_ j_]bkljh\�

DL��  0�DL� GL��

EL��  0�EL� DL����
FL��  0�FL� EL����

GL��  0�GL� FL����

]^_

0�[� \�  �[ � \� !! � ⊕ 6�[ � \� 	 ����

a^_kv � feZ^rbo [bl kmffu [ � \ bkihevamxlky ^ey \oh^Z \ lZ[�
ebpm aZf_gu�

Ohly Mbe_j ij_^eh`be kihkh[ ]_g_jZpbb [ehdZ aZf_gu� fh�
`_l [ulv bkihevah\Zg b ^jm]hc Ze]hjblf \u[hjZ i_j_klZgh\db
b kemqZcgh]h aZiheg_gby� >Zgguc rbnj y\ey_lky ^hklZlhqgh

[ukljuf� ohly b g_klhcdbf d ZlZdZf ih \u[jZgghfm bkoh^ghfm
l_dklm�

��

�� :KBFF?LJBQGU? DJBILHKBKL?FU

���� H[sb_ iheh`_gby

?s_ h^gbf h[rbjguf deZkkhf djbilh]jZnbq_kdbo kbkl_f

y\eyxlky lZd gZau\Z_fu_ Zkbff_ljbqgu_ beb ^\modexq_\u_
kbkl_fu� Wlb kbkl_fu oZjZdl_jbamxlky l_f� qlh ^ey rbnjh\Z�

gby b ^ey jZkrbnjh\Zgby bkihevamxlky jZagu_ dexqb� k\yaZg�
gu_ f_`^m kh[hc g_dhlhjhc aZ\bkbfhklvx� Ijb wlhf ^ZggZy
aZ\bkbfhklv lZdh\Z� qlh mklZgh\blv h^bg dexq� agZy ^jm]hc� k

\uqbkebl_evghc lhqdb aj_gby hq_gv ljm^gh� H^bg ba dexq_c
�gZijbf_j� dexq rbnjh\Zgby� fh`_l [ulv k^_eZg h[s_^hklmi�

guf� b \ wlhf kemqZ_ ijh[e_fZ ihemq_gby h[s_]h k_dj_lgh]h
dexqZ ^ey k\yab hliZ^Z_l� ?keb k^_eZlv h[s_^hklmiguf dexq
jZkrbnjh\Zgby� lh gZ [Za_ ihemq_gghc kbkl_fu fh`gh ihkljh�

blv kbkl_fm Zml_glbnbdZpbb i_j_^Z\Z_fuo khh[s_gbc� Ih�
kdhevdm \ [hevrbgkl\_ kemqZ_\ h^bg dexq ba iZju ^_eZ_lky

h[s_^hklmiguf� lZdb_ kbkl_fu ihemqbeb lZd`_ gZa\Zgb_ djbi�
lhkbkl_f k hldjuluf dexqhf�

Bkoh^gh_

khh[s_gb_

�O�

HlijZ\bl_ev

�:�
AZrbnj�

khh[s_gb_

< (.��;�

RbnjZlhRbnjZlhj >_rbnjZlh>_rbnjZlhj ; '.��(.��;��

IhemqZl_ev

�<�

AZdjuluc

dexq �D��

Hldjulucd

dexq �D��

Jbk ���� Ko_fZ Zkbff_ljbqghc djbilhkbkl_fu�

Djbilhkbkl_fZ k hldjuluf dexqhf hij_^_ey_lky lj_fy Ze�

]hjblfZfb� ]_g_jZpbb dexq_c� rbnjh\Zgby b jZkrbnjh\Zgby�
:e]hjblf ]_g_jZpbb dexq_c hldjul� \kydbc fh`_l ih^Zlv _fm
gZ \oh^ kemqZcgmx kljhdm U gZ^e_`Zs_c ^ebgu b ihemqblv iZ�

jm dexq_c �N�� N��� H^bg ba dexq_c �gZijbf_j� N�� im[ebdm_lky�
hg gZau\Z_lky hldjuluf� Z \lhjhc� gZau\Z_fuc k_dj_lguf�

ojZgblky \ lZcg_� :e]hjblfu rbnjh\Zgby
�
N( b jZkrbnjh\Z�



��

gby
�N

' lZdh\u� qlh ^ey ex[h]h hldjulh]h l_dklZ P

PP(' NN =����
��

�

JZkkfhljbf l_i_jv ]bihl_lbq_kdmx ZlZdm aehmfure_ggbdZ

gZ wlm kbkl_fm� Ijhlb\gbdm ba\_kl_g hldjuluc dexq N�� gh g_�
ba\_kl_g khhl\_lkl\mxsbc k_dj_lguc dexq N�� Ijhlb\gbd i_�

j_o\Zlbe djbilh]jZffm G b iulZ_lky gZclb khh[s_gb_ P� ]^_

��
�
P(G N= � Ihkdhevdm Ze]hjblf rbnjh\Zgby hldjul� ijhlb\�

gbd fh`_l ijhklh ihke_^h\Zl_evgh i_j_[jZlv \k_ \hafh`gu_
khh[s_gby ^ebgu Q� \uqbkeblv ^ey dZ`^h]h lZdh]h khh[s_gby

PL djbilh]jZffm ��
�

LNL P(G = b kjZ\gblv GL k G� Lh khh[s_gb_�

^ey dhlhjh]h GL  G b [m^_l bkdhfuf hldjuluf l_dklhf� ?keb
ih\_a_l� lh hldjuluc l_dkl [m^_l gZc^_g ^hklZlhqgh [ukljh� <
om^r_f `_ kemqZ_ i_j_[hj [m^_l \uiheg_g aZ \j_fy ihjy^dZ

�
Q
7�Q�� ]^_ 7�Q� ± \j_fy� lj_[m_fh_ ^ey rbnjh\Zgby khh[s_gby

^ebgu i� ?keb khh[s_gby bf_xl ^ebgm ihjy^dZ ���� [blh\� lh

lZdhc i_j_[hj g_hkms_kl\bf gZ ijZdlbd_ gb gZ dZdbo kZfuo
fhsguo dhfivxl_jZo�

Fu jZkkfhlj_eb ebrv h^bg ba \hafh`guo kihkh[h\ ZlZdb
gZ djbilhkbkl_fm b ijhkl_crbc Ze]hjblf ihbkdZ hldjulh]h
l_dklZ� gZau\Z_fuc h[uqgh Ze]hjblfhf ihegh]h i_j_[hjZ� Bk�

ihevam_lky lZd`_ b ^jm]h_ gZa\Zgb_� ©f_lh^ ]jm[hc kbeuª� >jm�
]hc ijhkl_crbc Ze]hjblf ihbkdZ hldjulh]h l_dklZ ± m]Z^u\Z�

gb_� Wlhl hq_\b^guc Ze]hjblf lj_[m_l g_[hevrbo \uqbke_gbc�
gh kjZ[Zlu\Z_l k ij_g_[j_`bfh fZehc \_jhylghklvx �ijb
[hevrbo ^ebgZo l_dklh\�� GZ kZfhf ^_e_ ijhlb\gbd fh`_l iu�

lZlvky ZlZdh\Zlv djbilhkbkl_fm jZaebqgufb kihkh[Zfb b bk�
ihevah\Zlv jZaebqgu_� [he__ bahsj_ggu_ Ze]hjblfu ihbkdZ

hldjulh]h l_dklZ�
Djhf_ lh]h� aehmfure_ggbd fh`_l ihiulZlvky \hkklZgh�

\blv k_dj_lguc dexq� bkihevamy agZgby �\ h[s_f kemqZ_ g_k_d�

j_lgu_� h fZl_fZlbq_kdhc aZ\bkbfhklb f_`^m hldjuluf b k_d�
j_lguf dexqZfb� ?kl_kl\_ggh kqblZlv djbilhkbkl_fm klhcdhc�

_keb ex[hc lZdhc Ze]hjblf lj_[m_l ijZdlbq_kdb g_hkms_kl\b�
fh]h h[t_fZ \uqbke_gbc beb kjZ[Zlu\Z_l k ij_g_[j_`bfh fZ�
ehc \_jhylghklvx� �Ijb wlhf ijhlb\gbd fh`_l bkihevah\Zlv g_

lhevdh ^_l_jfbgbjh\Zggu_� gh b \_jhylghklgu_ Ze]hjblfu��
Wlh b _klv l_hj_lbdh�keh`ghklguc ih^oh^ d hij_^_e_gbx klhc�

��

dhklb� >ey _]h j_ZebaZpbb \ hlghr_gbb lh]h beb bgh]h lbiZ
djbilh]jZnbq_kdbo kbkl_f g_h[oh^bfh \uihegblv ke_^mxs__�

�� ^Zlv nhjfZevgh_ hij_^_e_gb_ kbkl_fu ^Zggh]h lbiZ�

�� ^Zlv nhjfZevgh_ hij_^_e_gb_ klhcdhklb kbkl_fu�

�� ^hdZaZlv klhcdhklv dhgdj_lghc dhgkljmdpbb kbkl_fu ^Zg�
gh]h lbiZ�

A^_kv kjZam `_ \hagbdZ_l jy^ ijh[e_f�

<h�i_j\uo� ^ey ijbf_g_gby l_hj_lbdh�keh`ghklgh]h ih^oh�

^Z g_h[oh^bfh� ihkljhblv fZl_fZlbq_kdmx fh^_ev djbilh]jZ�
nbq_kdhc kbkl_fu� aZ\bkysmx hl g_dhlhjh]h iZjZf_ljZ� gZau�
\Z_fh]h iZjZf_ljhf [_ahiZkghklb� dhlhjuc fh`_l ijbgbfZlv

kdhev m]h^gh [hevrb_ agZq_gby �h[uqgh ^ey ijhklhlu ij_^ih�
eZ]Z_lky� qlh iZjZf_lj [_ahiZkghklb fh`_l ijh[_]Zlv \_kv gZ�

lmjZevguc jy^��
<h�\lhjuo� hij_^_e_gb_ klhcdhklb djbilh]jZnbq_kdhc kbk�

l_fu aZ\bkbl hl lhc aZ^Zqb� dhlhjZy klhbl i_j_^ ijhlb\gbdhf�

b hl lh]h� dZdZy bgnhjfZpby h ko_f_ _fm ^hklmigZ� Ihwlhfm
klhcdhklv kbkl_f ijboh^blky hij_^_eylv b bkke_^h\Zlv hl^_ev�

gh ^ey dZ`^h]h ij_^iheh`_gby h ijhlb\gbd_�
<�lj_lvbo� g_h[oh^bfh mlhqgblv� dZdhc h[t_f \uqbke_gbc

fh`gh kqblZlv ©ijZdlbq_kdb g_hkms_kl\bfufª� Ba kdZaZggh]h

\ur_ ke_^m_l� qlh wlZ \_ebqbgZ g_ fh`_l [ulv ijhklh dhgklZg�
lhc� hgZ ^he`gZ [ulv ij_^klZ\e_gZ nmgdpb_c hl jZklms_]h iZ�

jZf_ljZ [_ahiZkghklb� < khhl\_lkl\bb k l_abkhf W^fhg^kZ Ze�
]hjblf kqblZ_lky wnn_dlb\guf� _keb \j_fy _]h \uiheg_gby
h]jZgbq_gh g_dhlhjuf ihebghfhf hl ^ebgu \oh^gh]h keh\Z �\

gZr_f kemqZ_ ± hl iZjZf_ljZ [_ahiZkghklb�� < ijhlb\ghf kem�
qZ_ ]h\hjyl� qlh \uqbke_gby ih ^Zgghfm Ze]hjblfm ijZdlbq_�

kdb g_hkms_kl\bfu� AZf_lbf lZd`_� qlh kZfb djbilh]jZnb�
q_kdb_ kbkl_fu ^he`gu [ulv wnn_dlb\gufb� l� _� \k_ \uqbke_�
gby� ij_^ibkZggu_ lhc beb bghc ko_fhc� ^he`gu \uihegylvky

aZ ihebghfbZevgh_ \j_fy�
<�q_l\_jluo� g_h[oh^bfh hij_^_eblv� dZdmx \_jhylghklv

fh`gh kqblZlv ij_g_[j_`bfh fZehc� < djbilh]jZnbb ijbgylh
kqblZlv lZdh\hc ex[mx \_jhylghklv� dhlhjZy ^ey ex[h]h iheb�

ghfZ j b ^ey \k_o ^hklZlhqgh [hevrbo Q g_ ij_\hkoh^bl ��j�Q��
]^_ i ± iZjZf_lj [_ahiZkghklb�

BlZd� ijb gZebqbb \k_o mdZaZgguo \ur_ hij_^_e_gbc� ijh�

[e_fZ h[hkgh\Zgby klhcdhklb djbilh]jZnbq_kdhc kbkl_fu k\_�



��

eZkv d ^hdZaZl_evkl\m hlkmlkl\by ihebghfbZevgh]h Ze]hjblfZ�
dhlhjuc j_rZ_l aZ^Zqm� klhysmx i_j_^ ijhlb\gbdhf� Gh a^_kv
\hagbdZ_l _s_ h^gh b \_kvfZ k_jv_agh_ ij_iylkl\b_� kh\j_f_g�

gh_ khklhygb_ l_hjbb keh`ghklb \uqbke_gbc g_ iha\hey_l ^h�
dZau\Zlv k\_joihebghfbZevgu_ gb`gb_ hp_gdb keh`ghklb ^ey

dhgdj_lguo aZ^Zq jZkkfZljb\Z_fh]h deZkkZ� Ba wlh]h ke_^m_l�
qlh gZ ^Zgguc fhf_gl klhcdhklv djbilh]jZnbq_kdbo kbkl_f fh�
`_l [ulv mklZgh\e_gZ ebrv k ijb\e_q_gb_f dZdbo�eb[h g_^hdZ�

aZgguo ij_^iheh`_gbc� Ihwlhfm hkgh\gh_ gZijZ\e_gb_ bkke_�
^h\Zgbc khklhbl \ ihbkd_ gZb[he__ keZ[uo ^hklZlhqguo mkeh�

\bc �\ b^_Ze_ ± g_h[oh^bfuo b ^hklZlhqguo� ^ey kms_kl\h\Z�
gby klhcdbo kbkl_f dZ`^h]h ba lbih\�

< hkgh\ghf� jZkkfZljb\Zxlky ij_^iheh`_gby ^\mo lbih\ ±

h[sb_ �beb l_hj_lbdh�keh`ghklgu_� b l_hj_lbdh�qbkeh\u_� l� _�
ij_^iheh`_gby h keh`ghklb dhgdj_lguo l_hj_lbdh�qbkeh\uo

aZ^Zq� <k_ wlb ij_^iheh`_gby \ ebl_jZlmj_ h[uqgh gZau\Zxlky
djbilh]jZnbq_kdbfb�

JZkkfhljbf h^gh ba lZdbo ij_^iheh`_gbc�

H[hagZqbf q_j_a Σ fgh`_kl\h \k_o dhg_qguo ^\hbqguo

keh\� Z q_j_a ΣQ ± fgh`_kl\h \k_o ^\hbqguo keh\ ^ebgu Q� Ih^�

fgh`_kl\Z / ∈ Σ \ l_hjbb keh`ghklb ijbgylh gZau\Zlv yaudZ�
fb� =h\hjyl� qlh fZrbgZ Lvxjbg]Z F jZ[hlZ_l aZ ihebghfb�
Zevgh_ \j_fy �beb ijhklh� qlh hgZ ihebghfbZevgZ�� _keb kms_�

kl\m_l ihebghf j lZdhc� qlh gZ ex[hf \oh^ghf keh\_ ^ebgu i
fZrbgZF hklZgZ\eb\Z_lky ihke_ \uiheg_gby g_ [he__� q_f j�i�
hi_jZpbc� FZrbgZ Lvxjbg]Z F jZkihagZ_l �^jm]hc l_jfbg ±

ijbgbfZ_l� yaud /� _keb gZ \kydhf \oh^ghf keh\_ [ ∈ / fZrbgZ
F hklZgZ\eb\Z_lky \ ijbgbfZxs_f khklhygbb� Z gZ \kydhf keh�

\_ o ∉ / ± \ hl\_j]Zxs_f� DeZkk J ± wlh deZkk \k_o yaudh\� jZk�
ihagZ\Z_fuo fZrbgZfb Lvxjbg]Z� jZ[hlZxsbfb aZ ihebgh�

fbZevgh_ \j_fy� Nmgdpby I� Σ → Σ \uqbkebfZ aZ ihebghfbZev�

gh_ \j_fy� _keb kms_kl\m_l ihebghfbZevgZy fZrbgZ Lvxjbg]Z

lZdZy� qlh _keb gZ \oh^ _c ih^Zgh keh\h [ ∈ Σ� lh \ fhf_gl hklZ�
gh\Z gZ e_gl_ [m^_l aZibkZgh agZq_gb_ I�[�� Yaud / ijbgZ^e_`bl

deZkkm 13� _keb kms_kl\mxl ij_^bdZl J�o�m�� Σ×Σ → ^���`� \u�
qbkebfuc aZ ihebghfbZevgh_ \j_fy� b ihebghf j lZdb_� qlh /  

^[_ ∃ \ 3�[�\�	 _\_ ≤ j�_[_�`� Lh _klv yaud / ijbgZ^e_`bl 13� _keb

^ey \kydh]h keh\Z ba / ^ebgu i fh`gh m]Z^Zlv g_dhlhjmx kljh�

��

dm ihebghfbZevghc hl i ^ebgu b aZl_f k ihfhsvx ij_^bdZlZ J

m[_^blvky \ ijZ\bevghklb ^h]Z^db� Ykgh� qlh J ⊆ 13� Y\ey_lky
eb wlh \dexq_gb_ kljh]bf ± h^gZ ba kZfuo ba\_klguo g_�

j_r_gguo aZ^Zq fZl_fZlbdb� ;hevrbgkl\h ki_pbZebklh\ kqb�

lZxl� qlh hgh kljh]h_ �lZd gZau\Z_fZy ]bihl_aZ 3 ≠ 13�� < deZk�
k_ 13 \u^_e_g ih^deZkk fZdkbfZevgh keh`guo yaudh\� gZau�

\Z_fuo 13�ihegufb� ex[hc 13�iheguc yaud jZkihagZ\Z_f aZ
ihebghfbZevgh_ \j_fy lh]^Z b lhevdh lh]^Z� dh]^Z 3  13�

GZf _s_ ihlj_[m_lky ihgylb_ \_jhylghklghc fZrbgu Lvx�
jbg]Z� < h[uqguo fZrbgZo Lvxjbg]Z �bo gZau\Zxl ^_l_jfbgb�
jh\Zggufb� gh\h_ khklhygb_� \ dhlhjh_ fZrbgZ i_j_oh^bl gZ

hq_j_^ghf rZ]_� iheghklvx hij_^_ey_lky l_dmsbf khklhygb_f
b l_f kbf\hehf� dhlhjuc h[haj_\Z_l ]heh\dZ gZ e_gl_� < \_jh�

ylghklguo fZrbgZo gh\h_ khklhygb_ fh`_l aZ\bk_lv _s_ b hl
kemqZcghc \_ebqbgu� dhlhjZy ijbgbfZ_l agZq_gby � b � k \_jh�
ylghklvx ��� dZ`^h_� Fh`gh kqblZlv� qlh \_jhylghklgZy fZrb�

gZ Lvxjbg]Z bf__l ^hihegbl_evgmx kemqZcgmx e_glm� gZ dhlh�
jhc aZibkZgZ [_kdhg_qgZy ^\hbqgZy kemqZcgZy kljhdZ� KemqZc�

gZy e_glZ fh`_l qblZlvky lhevdh \ h^ghf gZijZ\e_gbb b i_�
j_oh^ \ gh\h_ khklhygb_ fh`_l aZ\bk_lv hl kbf\heZ� h[haj_\Z_�

fh]h gZ wlhc e_gl_�

JZkkfhljbf l_i_jv ke_^mxsbc _kl_kl\_gguc \hijhk� g_ y\�

ey_lky eb ]bihl_aZ 3 ≠ 13 g_h[oh^bfuf b ^hklZlhqguf mkeh�
\b_f ^ey kms_kl\h\Zgby klhcdbo djbilh]jZnbq_kdbo ko_f"

< kZfhf ^_e_� g_h[oh^bfhklv \h fgh]bo kemqZyo ihqlb hq_�
\b^gZ� <_jg_fky d jZkkfhlj_gghfm \ur_ ijbf_jm� Hij_^_ebf
ke_^mxsbc yaud�

/  ^�N��G�L�_ ∃ khh[s_gb_ l� ��
�
P(G N= b PL  �`�

Ykgh� qlh / ∈ 13� fh`gh ijhklh m]Z^Zlv hldjuluc l_dkl l b

ijh\_jblv aZ ihebghfbZevgh_ \j_fy� qlh ��
�
P(G N= b L�c [bl l

jZ\_g �� ?keb ^Z� lh \oh^gh_ keh\h �N��G�L� ijbgbfZ_lky� \ ijh�
lb\ghf kemqZ_ ± hl\_j]Z_lky�

< ij_^iheh`_gbb 3  13 kms_kl\m_l ^_l_jfbgbjh\Zgguc

ihebghfbZevguc Ze]hjblf� jZkihagZxsbc yaud /� AgZy N� b G� k
ihfhsvx wlh]h Ze]hjblfZ fh`gh ihke_^h\Zl_evgh� ih [blm�

\uqbkeblv hldjuluc l_dkl l� L_f kZfuf ^hdZaZgh� qlh djbilh�
kbkl_fZ g_klhcdZy�



��

Qlh `_ dZkZ_lky \hijhkZ h ^hklZlhqghklb ij_^iheh`_gby3 ≠
13� lh a^_kv gZijZrb\Z_lky ke_^mxsbc ih^oh �̂ \u[jZlv dZ�
dmx�eb[h 13�ihegmx aZ^Zqm b ihkljhblv gZ __ hkgh\_ djbilh�

]jZnbq_kdmx ko_fm� aZ^ZqZ \aehfZ dhlhjhc �l� _� aZ^ZqZ� klhy�
sZy i_j_^ ijhlb\gbdhf� [ueZ [u 13�iheghc� LZdb_ ihiuldb

ij_^ijbgbfZebkv \ gZqZe_ ���o ]h^h\� \ hkh[_gghklb \ hlghr_�
gbb djbilhkbkl_f k hldjuluf dexqhf� gh d mki_om g_ ijb\_eb�
J_amevlZlhf \k_o wlbo ihiulhd klZeh hkhagZgb_ ke_^mxs_]h

nZdlZ� ^Z`_ _keb 3 ≠ 13� lh ex[Zy 13�ihegZy aZ^ZqZ fh`_l
hdZaZlvky ljm^ghc ebrv gZ g_dhlhjhc [_kdhg_qghc ihke_^h\Z�
l_evghklb \oh^guo keh\� Bgufb keh\Zfb� \ hij_^_e_gb_ deZkkZ

13 aZeh`_gZ f_jZ keh`ghklb ©\ om^r_f kemqZ_ª� >ey klhcdh�
klb `_ djbilh]jZnbq_kdhc ko_fu g_h[oh^bfh� qlh[u aZ^ZqZ

ijhlb\gbdZ [ueZ keh`ghc ©ihqlb \kx^mª� LZdbf h[jZahf� klZ�
eh ykgh� qlh ^ey djbilh]jZnbq_kdhc klhcdhklb g_h[oh^bfh km�

s_kl\_ggh [he__ kbevgh_ ij_^iheh`_gb_� q_f 3 ≠ 13� : bf_g�

gh� ij_^iheh`_gb_ h kms_kl\h\Zgbb h^ghklhjhggbo nmgdpbc�

���� H^ghklhjhggb_ nmgdpbb b nmgdpbb�eh\mrdb

P_gljZevguf ihgylb_f \ l_hjbb Zkbff_ljbqguo djbilh]jZ�
nbq_kdbo kbkl_f y\ey_lky ihgylb_ h^ghklhjhgg_c nmgdpbb�

G_nhjfZevgh ih^ h^ghklhjhgg_c nmgdpb_c ihgbfZ_lky wn�

n_dlb\gh \uqbkebfZy nmgdpby� ^ey h[jZs_gby dhlhjhc �l�_�
^ey ihbkdZ ohly [u h^gh]h agZq_gby Zj]mf_glZ ih aZ^Zgghfm

agZq_gbx nmgdpbb� g_ kms_kl\m_l wnn_dlb\guo Ze]hjblfh\�
AZf_lbf� qlh h[jZlgZy nmgdpby fh`_l b g_ kms_kl\h\Zlv�

Ih^ nmgdpb_c fu [m^_f ihgbfZlv k_f_ckl\h hlh[jZ`_gbc

^IQ`� ]^_ IQ� ΣQ → ΣP� P  P�Q�� >ey ijhklhlu ij_^iheh`bf� qlh Q
ijh[_]Z_l gZlmjZevguc jy^� Z hlh[jZ`_gby IQ hij_^_e_gu \kx�

^m� Nmgdpby I gZau\Z_lky q_klghc� _keb ∃ ihebghf T�[�� lZdhc

qlh ∀ Q T�P�Q�� ≥ Q�
NhjfZevgh ihgylb_ h^ghklhjhgg_c nmgdpbb hibku\Z_lky

ke_^mxsbf h[jZahf�
Hij_^_e_gb_ ���� Q_klgZy nmgdpby I gZau\Z_lky h^ghklhjhg�

g_c� _keb

�� Kms_kl\m_l ihebghfbZevguc Ze]hjblf� dhlhjuc ^ey
\kydh]h [ \uqbkey_l I�[��

�� >ey ex[hc ihebghfbZevghc \_jhylghklghc fZrbgu
Lvxjbg]Z $ \uiheg_gh ke_^mxs__� Imklv kljhdZ [

��

\u[jZgZ kemqZcguf h[jZahf ba fgh`_kl\Z ΣQ� Lh]^Z
^ey ex[h]h ihebghfZ S b \k_o ^hklZlhqgh [hevrbo Q

3^I�$�I�[���  I�[�` � ��S�Q��

<lhjh_ mkeh\b_ dZq_kl\_ggh hagZqZ_l ke_^mxs__� Ex[Zy ih�
ebghfbZevgZy \_jhylghklgZy fZrbgZ Lvxjbg]Z $ fh`_l ih

^Zgghfm \ gZclb [ ba mjZ\g_gby I�[�  \ ebrv k ij_g_[j_`bfh
fZehc \_jhylghklvx�

AZf_lbf� qlh lj_[h\Zgb_ q_klghklb himklblv g_evay� Ih�

kdhevdm ^ebgZ \oh^gh]h keh\Z I�[� fZrbgu $ jZ\gZ P� _c fh`_l
g_ o\Zlblv ihebghfbZevgh]h hl P \j_f_gb ijhklh gZ \uibku�

\Zgb_ kljhdb [�
Kms_kl\h\Zgb_ h^ghklhjhggbo nmgdpbc y\ey_lky g_h[oh^b�

fuf mkeh\b_f klhcdhklb fgh]bo djbilhkbkl_f� <_jg_fky d

ijbf_jm� ijb\_^_gghfm \ i� ���� JZkkfhljbf nmgdpbx I� lZdmx�
qlh I�U�  N�� HgZ \uqbkebfZ k ihfhsvx Ze]hjblfZ * aZ iheb�

ghfbZevgh_ \j_fy� IhdZ`_f� qlh _keb I ± g_ h^ghklhjhggyy
nmgdpby� lh djbilhkbkl_fZ g_klhcdZy� Ij_^iheh`bf� qlh kms_�
kl\m_l ihebghfbZevguc \_jhylghklguc Ze]hjblf $� h[jZsZx�

sbc I k \_jhylghklvx ih djZcg_c f_j_ ��S�Q� ^ey g_dhlhjh]h
ihebghfZ S� Aehmfure_ggbd fh`_l ih^Zlv gZ \oh^ Ze]hjblfZ

agZq_gb_ dexqZ N� b ihemqblv k mdZaZgghc \_jhylghklvx g_dh�
lhjh_ agZq_gb_ U
 ba ijhh[jZaZ� >Ze__ aehmfure_ggbd ih^Z_l U

gZ \oh^ Ze]hjblfZ * b ihemqZ_l iZjm dexq_c �N�� N�
�� Ohly N�
 g_

h[yaZl_evgh kh\iZ^Z_l k N�� ih hij_^_e_gbx djbilhkbkl_fu

PP(' NN
=����

�



�

^ey ex[h]h hldjulh]h l_dklZ P� Ihkdhevdm N�


gZc^_g k \_jhylghklvx ih djZcg_c f_j_ ��S�Q�� ko_fZ g_klhcdZy�
Nmgdpb_c�eh\mrdhc gZau\Z_lky h^ghklhjhggyy nmgdpby� ^ey

dhlhjhc h[jZlgmx nmgdpbx \uqbkeblv ijhklh� _keb bf__lky
g_dhlhjZy ^hihegbl_evgZy bgnhjfZpby� b keh`gh� _keb lZdZy
bgnhjfZpby hlkmlkl\m_l�

< dZq_kl\_ aZ^Zq� ijb\h^ysbo d h^ghklhjhggbf nmgdpbyf�
fh`gh ijb\_klb ke_^mxsb_�

�� JZaeh`_gb_ qbkeZ gZ ijhklu_ khfgh`bl_eb�
<uqbkeblv ijhba\_^_gb_ ^\mo ijhkluo qbk_e hq_gv ijhklh�

H^gZdh� ^ey j_r_gby h[jZlghc aZ^Zqb ± jZaeh`_gby aZ^Zggh]h
qbkeZ gZ ijhklu_ khfgh`bl_eb� wnn_dlb\gh]h Ze]hjblfZ \ gZ�
klhys__ \j_fy g_ kms_kl\m_l�



��

�� >bkdj_lgh_ eh]Zjbnfbjh\Zgb_ \ dhg_qghf ijhklhf ihe_
�ijh[e_fZ >bnnb�O_eefZgZ��

>himklbf� aZ^Zgh [hevrh_ ijhklh_ qbkeh S b imklv J ± ijb�

fblb\guc we_f_gl ihey *)�S�� Lh]^Z ^ey ex[h]h D \uqbkeblv
JD�PRG S� ijhklh� Z \uqbkeblv D ih aZ^Zgguf N  JD�PRG S� b S

hdZau\Z_lky aZljm^gbl_evguf�
Djbilhkbkl_fu k hldjuluf dexqhf hkgh\u\Zxlky gZ h^gh�

klhjhggbo nmgdpbyo�eh\mrdZo� Ijb wlhf hldjuluc dexq hij_�

^_ey_l dhgdj_lgmx j_ZebaZpbx nmgdpbb� Z k_dj_lguc dexq ^Z�
_l bgnhjfZpbx h eh\mrd_� Ex[hc� agZxsbc eh\mrdm� fh`_l

e_]dh \uqbkeylv nmgdpbx \ h[hbo gZijZ\e_gbyo� gh lhl� m dh]h
lZdZy bgnhjfZpby hlkmlkl\m_l� fh`_l ijhba\h^blv \uqbke_gby
lhevdh \ h^ghf gZijZ\e_gbb� Ijyfh_ gZijZ\e_gb_ bkihevam_lky

^ey rbnjh\Zgby b ^ey \_jbnbdZpbb pbnjh\uo ih^ibk_c� Z h[�
jZlgh_ ± ^ey jZkrbnjh\Zgby b \ujZ[hldb pbnjh\hc ih^ibkb�

<h \k_o djbilhkbkl_fZo k hldjuluf dexqhf q_f [hevr_
^ebgZ dexqZ� l_f \ur_ jZaebqb_ f_`^m mkbebyfb� g_h[oh^b�

fufb ^ey \uqbke_gby nmgdpbb \ ijyfhf b h[jZlghf gZijZ\e_�
gbyo �^ey lh]h� dlh g_ h[eZ^Z_l bgnhjfZpb_c h eh\mrd_��

<k_ ijZdlbq_kdb_ djbilhkbkl_fu k hldjuluf dexqhf hkgh�

\u\Zxlky gZ nmgdpbyo� kqblZxsboky h^ghklhjhggbfb� gh wlh
k\hckl\h g_ [ueh ^hdZaZgh \ hlghr_gbb gb h^ghc ba gbo� Wlh

hagZqZ_l� qlh l_hj_lbq_kdb \hafh`gh kha^Zgb_ Ze]hjblfZ� ih�
a\heyxs_]h e_]dh \uqbkeylv h[jZlgmx nmgdpbx [_a agZgby
bgnhjfZpbb h eh\mrd_� < wlhf kemqZ_� djbilhkbkl_fZ� hkgh�

\ZggZy gZ wlhc nmgdpbb� klZg_l [_kihe_aghc� K ^jm]hc klhjhgu�
l_hj_lbq_kdb_ bkke_^h\Zgby fh]ml ijb\_klb d ^hdZaZl_evkl\m

kms_kl\h\Zgby dhgdj_lghc gb`g_c ]jZgbpu keh`ghklb h[jZ�
s_gby g_dhlhjhc nmgdpbb� b wlh ^hdZaZl_evkl\h [m^_l kms_kl�
\_gguf kh[ulb_f� dhlhjh_ hdZ`_l agZqbl_evgh_ ihablb\gh_

\ebygb_ gZ jZa\blb_ djbilh]jZnbb�

���� :kbff_ljbqgu_ kbkl_fu rbnjh\Zgby

������ Djbilhkbkl_fZ Wev�=ZfZey

Kbkl_fZ Wev�=ZfZey ± wlh djbilhkbkl_fZ k hldjuluf dex�
qhf� hkgh\ZggZy gZ ijh[e_f_ eh]ZjbnfZ� Kbkl_fZ \dexqZ_l dZd

Ze]hjblf rbnjh\Zgby� lZd b Ze]hjblf pbnjh\hc ih^ibkb�
Fgh`_kl\h iZjZf_ljh\ kbkl_fu \dexqZ_l ijhklh_ qbkeh S b

p_eh_ qbkeh J� kl_i_gb dhlhjh]h ih fh^mex S ihjh`^Zxl [hev�

��

rh_ qbkeh we_f_glh\ =S� M ihevah\Zl_ey $ _klv k_dj_lguc dexq
D b hldjuluc dexq \� ]^_ \  JD �PRG S�� Ij_^iheh`bf� qlh
ihevah\Zl_ev % `_eZ_l ihkeZlv khh[s_gb_ P ihevah\Zl_ex $�

KgZqZeZ % \u[bjZ_l kemqZcgh_ qbkeh N� f_gvr__ S� AZl_f hg
\uqbkey_l

\�  J
N �PRG S� b \� P ⊕ �\N �PRG S���

]^_ ⊕ h[hagZqZ_l ih[blh\h_ �bkdexqZxs__ BEB�� % ihkueZ_l
$ iZjm �\�� \���

Ihke_ ihemq_gby rbnjh\Zggh]h l_dklZ ihevah\Zl_ev $ \u�
qbkey_l

P  �\�
D PRG S� ⊕ \��

Ba\_kl_g \ZjbZgl wlhc ko_fu� dh]^Z hi_jZpby ⊕ aZf_gy_lky
gZ mfgh`_gb_ ih fh^mex S� Wlh m^h[g__ \ lhf kfuke_� qlh \
i_j\hf kemqZ_ l_dkl �beb agZq_gb_ owr�nmgdpbb� g_h[oh^bfh

jZa[b\Zlv gZ [ehdb lhc `_ ^ebgu� qlh b qbkeh \N �PRG S�� <h
\lhjhf kemqZ_ wlh]h g_ lj_[m_lky b fh`gh h[jZ[Zlu\Zlv [ehdb

l_dklZ aZjZg__ aZ^Zgghc nbdkbjh\Zgghc ^ebgu �f_gvr_c� q_f
^ebgZ qbkeZ S�� MjZ\g_gb_ jZkrbnjh\Zgby \ wlhf kemqZ_ [m^_l
lZdbf�

P  m��m�
N PRG S�

H^gZdh� ko_fZ Wev�=ZfZey g_ ebr_gZ hij_^_e_gguo g_^hk�

lZldh\� Kj_^b gbo fh`gh mdZaZlv ke_^mxsb_�
�� Hlkmlkl\b_ k_fZglbq_kdhc klhcdhklb� ?keb J ± ijbfblb\�

guc we_f_gl =S� lh aZ ihebghfbZevgh_ \j_fy fh`gh hij_^_�

eblv� y\ey_lky eb g_dhlhjh_ qbkeh [ d\Z^jZlbqguf \uq_lhf�
beb g_l� Wlh ^_eZ_lky \ha\_^_gb_f \ kl_i_gv [�S ± ���� PRG S� ?keb

j_amevlZl jZ\_g �� lh [ ± d\Z^jZlbqguc \uq_l ih fh^mex S� _keb
±�� lh [ ± d\Z^jZlbqguc g_\uq_l� >Ze__ iZkkb\guc ijhlb\gbd

ijh\_jy_l� y\eyxlky eb JN b JY d\Z^jZlbqgufb \uq_lZfb� JNY [m�
^_l d\Z^jZlbqguf \uq_lhf lh]^Z b lhevdh lh]^Z� dh]^Z b JN� b JY

[m^ml d\Z^jZlbqgufb \uq_lZfb� ?keb wlh lZd� lh \�  P⋅\N PRG S
[m^_l d\Z^jZlbqguf \uq_lhf� lh]^Z b lhevdh lh]^Z� dh]^Z kZfh
khh[s_gb_ P [m^_l d\Z^jZlbqguf \uq_lhf� Lh _klv iZkkb\guc
ijhlb\gbd ihemqZ_l g_dhlhjmx bgnhjfZpbx h[ bkoh^ghf l_d�

kl_� bf_y ebrv rbnjh\Zgguc l_dkl b hldjuluc dexq ihemqZl_�
ey�



��

�� >_ebfhklv rbnjZ� ?keb ^Zg rbnjh\Zgguc l_dkl �\�� \��� lh
fu fh`_f ihemqblv ^jm]hc rbnjh\Zgguc l_dkl� baf_gb\ lhev�

dh \lhjmx qZklv khh[s_gby� < kZfhf ^_e_� mfgh`b\ \� gZ J
X �X ≠

��� fu ihemqbf rbnjl_dkl ^ey ^jm]h]h khh[s_gbyP
  P⋅JX�
>ey aZsblu hl ih^h[guo ZlZd Rghjjhf b Ydh[kkhghf [ueh

ij_^eh`_gh h[t_^bgblv ko_fm rbnjh\Zgby Wev�=ZfZey k pbn�

jh\hc ih^ibkvx RghjjZ� qlh iha\hey_l g_ lhevdh rbnjh\Zlv
khh[s_gb_� gh b Zml_glbnbpbjh\Zlv _]h�

AZrbnjh\Zgb_ hkms_kl\ey_lky ke_^mxsbf h[jZahf� :\lhj

khh[s_gby \u[bjZ_l kemqZcgu_ N� V ∈ =T� ^Ze__ hl \uqbkey_l J
N

PRG S� P\N PRG S� F  K�JV� JN� P\N� b ]  V � FN PRG T�Rbnjh\Zg�

guc l_dkl ij_^klZ\ey_l kh[hc q_l\_jdm �JN� P\N� F� ]��

Ihemqb\ khh[s_gb_ ����� ]FIK � ijb_fgZy klhjhgZ \gZqZe_ \_�

jbnbpbjm_l _]h� ijh\_jyy \uiheg_gb_ jZ\_gkl\Z

FIKKJK F] =− ���� � < kemqZ_ mki_rghc \_jbnbdZpbb hldjuluc

l_dkl ihemqZ_lky ih nhjfme_ �PRG� SKIP [= JZkrbnjh\Zgb_

dhjj_dlgh� ihkdhevdm SP\IJK NN PRG� == � lZd qlh

�PRG� PSJPJKI N[N[[ == −

AZf_lbf� qlh \lhjZy iheh\bgZ rbnjh\Zggh]h l_dklZ �F� ]� aZ�

\bkbl hl bkoh^gh]h khh[s_gby lhevdh q_j_a owr�nmgdpbx K�
dhlhjZy klZlbklbq_kdb g_aZ\bkbfZ hl P� b� ke_^h\Zl_evgh� g_
kh^_j`bl gbdZdhc bgnhjfZpbb h[P�

MdZaZggufb Z\lhjZfb [ueh ij_^eh`_gh h[h[s_gb_ ^Zgghc
ko_fu gZ kemqZc� dh]^Z ijhkljZgkl\h khh[s_gbc0 ij_^klZ\ey�

_l kh[hc ijhba\hevgmx Z^^blb\gmx ]jmiim� gZijbf_j 0  =T
Q�

Bkihevamxlky ^\_ klZlbklbq_kdb g_aZ\bkbfu_ owr�nmgdpbb + �

*�×0 → =T b +0 � * → 0� < [Zah\hc ko_f_ rbnjh\Zgby P\N

PRG S aZf_gy_lky gZ P � +0�\
N� ∈ 0� <_jbnbdZpby rbnjh\Zg�

gh]h l_dklZ ����� ]FIK hklZ_lky [_a baf_g_gbc� Z jZkrbnjh\Zgb_

[m^_l ijh\h^blvky ih nhjfme_ ��� [
0 K+I −

������ Djbilhkbkl_fZ� hkgh\ZggZy gZ ijh[e_f_ >bnnb�

O_eefZgZ

>ZggZy kbkl_fZ rbnjh\Zgby [ueZ ij_^klZ\e_gZ Fbr_e_f
:[^Zeehc� Fbobjhf ;_eewjhf b Nbeebihf Jh]w\w_f \ jZfdZo

��

_\jhi_ckdh]h ijh_dlZ 1(66,( �1HZ (XURSHDQ 6FKHPHV IRU
6LJQDWXUHV� ,QWHJULW\ DQG (QFU\SWLRQ�� WlZ kbkl_fZ klhev `_ wn�
n_dlb\gZ� qlh b kbkl_fZ Wev�=ZfZey� gh h[eZ^Z_l ^hihegbl_ev�

gufb k\hckl\Zfb [_ahiZkghklb� ;he__ lh]h� klhcdhklv kbkl_fu
fh`_l [ulv ^hdZaZgZ \ ij_^iheh`_gbb h klhcdhklb e_`Zsbo \

__ hkgh\_ djbilh]jZnbq_kdbo ijbfblb\h\�
>ZggZy djbilhkbkl_fZ j_Zebam_fZ gZ hkgh\_ ex[hc pbdeb�

q_kdhc ]jmiiu� ^ey dhlhjhc fh`_l [ulv knhjfmebjh\ZgZ ijh�

[e_fZ >bnnb�O_eefZgZ� gZijbf_j� \ ^=S

` beb \ ]jmii_ lhq_d

gZ weebilbq_kdhc djb\hc �kf� �������

Kbkl_fZ kljhblky ba djbilh]jZnbq_kdbo ijbfblb\h\ gbadh�
]h mjh\gy� ]jmiih\hc hi_jZpbb� kbff_ljbqgh]h rbnjZ� nmgd�
pbb owrbjh\Zgby �kf� ���� b Ze]hjblfZ \uqbke_gby dh^Z Zml_g�

lbnbdZpbb khh[s_gby±bfblh\klZ\db �0$&�� Klhcdhklv ^hdZ�
au\Z_lky gZ hkgh\_ ij_^iheh`_gby h keh`ghklb j_r_gby khhl�

\_lkl\mxs_c ijh[e_fu >bnnb�O_eefZgZ b ij_^iheh`_gby h
klhcdhklb \oh^ysbo \ ko_fm kbff_ljbqguo ijbfblb\h\�

Hibr_f djbilh]jZnbq_kdb_ ijbfblb\u� \oh^ysb_ \ ko_fm�
Pbdebq_kdZy ]jmiiZ *  ^J`� Fu [m^_f bkihevah\Zlv fmev�

lbiebdZlb\gmx aZibkv ]jmiih\hc hi_jZpbb� :e]hjblfu� j_Zeb�

amxsb_ wlm hi_jZpbx� [m^ml jZ[hlZlv k ij_^klZ\e_gbyfb we_�
f_glh\ ]jmiiu \ \b^_ [blh\uo kljhd nbdkbjh\Zgghc ^ebgu

J/HQ ∈ 1� Kihkh[ dh^bjh\Zgby * → ^�� �`J/HQ g_ nbdkbjm_lky b
fh`_l \u[bjZlvky� gZijbf_j� ba khh[jZ`_gbc wnn_dlb\ghklb�

Dh^ Zml_glbnbdZpbb khh[s_gby iha\hey_l ihevah\Zl_eyf�

h[eZ^Zxsbf h[sbf k_dj_lguf dexqhf� \ujZ[hlZlv [blh\mx
kljhdm ^ey Zml_glbnbdZpbb b ijh\_jdb p_ehklghklb ^Zgguo�
Imklv 0VJ  ^�� �`
 � ijhkljZgkl\h khh[s_gbc�

P.H\  ^�� �`P/HQ ± ijhkljZgkl\h dexq_c ^ey \uqbke_gby 0$&

^ey g_dhlhjh]h P/HQ ∈ 1� 7DJ  ^�� �`W/HQ ± \dexqZxs__ fgh`_�

kl\h \k_o \hafh`guo agZq_gbc 0$& ^ey g_dhlhjh]h W/HQ ∈ 1�
< wlbo h[hagZq_gbyo dh^ Zml_glbnbdZpbb khh[s_gbc ij_^klZ\�
ey_l kh[hc iZjm Ze]hjblfh\ 0$&  ^0$&�JHQ� 0$&�YHU`� :e�

]hjblf ]_g_jZpbb0$& hij_^_ey_lky dZd hlh[jZ`_gb_

0$&�JHQ�N� [�� P.H\ × 0VJ → 7DJ

b fh`_l [ulv \_jhylghklguf�

:e]hjblf \_jbnbdZpbb0$& y\ey_lky hlh[jZ`_gb_f



��

0$&�YHU�N� [� τ�� P.H\ × 0VJ × 7DJ → ^�� �`

kh k\hckl\hf0$&�YHU�N� [� 0$&�JHQ�N� [��  ��
< dZq_kl\_ 0$& fh`gh bkihevah\Zlv� gZijbf_j� [ehqguc

rbnj k ^hklZlhqghc ^ebghc [ehdZ b dexqZ \ j_`bf_ kp_ie_gby
[ehdh\ rbnjh\Zggh]h l_dklZ�

Kbff_ljbqguc rbnj iha\hey_l ihevah\Zl_eyf� h[eZ^Zx�
sbf h[sbf k_dj_lguf dexqhf� h[_ki_qblv k_dj_lghklv� Imklv
0VJ� dZd b jZg__� ijhkljZgkl\h khh[s_gbc� H.H\  ^�� �`H/HQ ±

ijhkljZgkl\h dexq_c ^ey g_dhlhjh]h H/HQ ∈ 1� &WH[W  ^�� �`
 ±
\dexqZxs__ fgh`_kl\h \k_o \hafh`guo agZq_gbc rbnjh\Zg�

gh]h l_dklZ b &RLQV  ^�� �`∞ � fgh`_kl\h kljhd [_kdhg_qghc

^ebgu� < wlbo h[hagZq_gbyo rbnj ij_^klZ\ey_l kh[hc iZjm Ze�
]hjblfh\ 6<0  ^6<0�HQF� 6<0�GHF`� :e]hjblf aZrbnjh\Z�

gby hij_^_ey_lky dZd hlh[jZ`_gb_

6<0�HQF�N� [� U�� H.H\ × 0VJ × &RLQV → &WH[W

:e]hjblf jZkrbnjh\Zgby y\ey_lky hlh[jZ`_gb_f

6<0�GHF�N� \�� H.H\ × &WH[W → 0VJ ∪ ^%$'`�

]^_ agZq_gb_ %$' \u^Z_lky� _keb rbnjl_dkl \ g_ y\ey_lky j_�
amevlZlhf aZrbnjh\Zgby gbdZdh]h hldjulh]h l_dklZ�

:kbff_ljbqguc rbnj� Imklv 0VJ� &WH[W� &RLQV hij_^_e_gu

dZd b jZg__� 3. ⊆ ^�� �`
� 6. ⊆ ^�� �`
 � fgh`_kl\Z hldjuluo b
k_dj_lguo dexq_c� :kbff_ljbqguc rbnj hij_^_ey_lky dZd

ljhcdZ Ze]hjblfh\ $6<0  ^$6<0�HQF� $6<0�GHF�
$6<0�NH\`� :e]hjblf aZrbnjh\Zgby y\ey_lky hlh[jZ`_gb_f

$6<0�HQF�SN� [� U�� 3. × 0VJ × &RLQV → &WH[W

Z jZkrbnjh\Zgby�

$6<0�HQF�VN� \�� 6. × &WH[W → 0VJ ∪ ^%$'`

:e]hjblf \ujZ[hldb dexqZ \ dZq_kl\_ Zj]mf_glZ [_j_l kljh�

dm U ∈&RLQV b \u^Z_l iZjm dexq_c �SN� VN� ∈ 3. × 6.� Ijb wlhf
^he`gh \uihegylvky ke_^mxs__ k\hckl\h�

∀ �SN� VN�� ∃ U
 ∈ &RLQV� �SN� VN�  $6<0�NH\�U
�� ∀ U ∈ &RLQV ∀ [

∈ 0VJ $6<0�GHF�VN� $6<0�HQF�SN� [� U��  [�
Nmgdpby owrbjh\Zgby y\ey_lky hlh[jZ`_gb_f ke_^mxs_]h

\b^Z�

��

+� ^�� ���J/HQ → ^�� ��P/HQ � H/HQ�

L_i_jv fu fh`_f hibkZlv djbilh]jZnbq_kdb_ ijbfblb\u�
g_ihkj_^kl\_ggh khklZ\eyxsb_ jZkkfZljb\Z_fmx djbilh]jZ�

nbq_kdmx kbkl_fm� =jZnbq_kdb ijhp_kk aZrbnjh\Zgby ij_^�
klZ\e_g gZ jbk� ����

<k_ dexq_\u_ iZju \ ^Zgghf Ze]hjblf_ \u[bjZxlky lZd `_�

dZd b \ djbilhkbkl_f_ Wev�=ZfZey� l�_� iZjZ �SN� VN� ≡ �JY� Y� ^ey
g_dhlhjh]h kemqZcgh]h Y� Ijb hlkued_ khh[s_gby \u[bjZ_lky

g_dhlhjh_ kemqZcgh_ agZq_gb_ X b ihemqZl_ex hlkueZ_lky JX�
qlh h[_ki_qb\Z_l g_y\guc h[f_g dexqZfb ih k_f_ >bnnb�
O_eefZgZ� LZdbf h[jZahf� aZrbnjh\Zggh_ khh[s_gb_ khklhbl

ba h^ghjZah\h]h hldjulh]h dexqZ� l_dklZ� aZrbnjh\Zggh]h
kbff_ljbqguf rbnjhf� b dh^Z Zml_glbnbdZpbb khh[s_gby�

\ujZ[hlZggh]h k ihfhsvx Ze]hjblfZ0$&�JHQ�
Ijhp_kk jZkrbnjh\Zgby b Zml_glbnbdZpbb ]jZnbq_kdb

ij_^klZ\e_g gZ jbk� ���� We_f_glu ijbgylh]h khh[s_gby lZd`_

\u^_e_gu ^\hcghc jZfdhc�

�

<uqbke_gb_

k_dj_lgh]h

agZq_gby

J
Y

JX

$6<0�NH\

J
XY

+X

PDF.H\ HQF.H\

6<0�HQF

0$&�JHQ

WDJ rbnjl_dkl

hldjuluc l_dkl

Hldjuluc dexq

ihemqZl_ey

H[s__ k_dj_lgh_

agZq_gb_

H^ghjZah\uc

hldjuluc dexq

Jbk� ���� Ijhp_kk aZrbnjh\Zgby� >\hcghc jZfdhc \u^_e_gu
we_f_glu aZrbnjh\Zggh]h khh[s_gby�



��

JZkkfhlj_ggZy djbilhkbkl_fZ y\ey_lky k_fZglbq_kdb klhc�
dhc b g_^_ebfhc� < qZklghklb� g_^_ebfhklv h[_ki_qb\Z_lky l_f�
qlh agZq_gb_ JX ih^Z_lky gZ \oh^ nmgdpbb owrbjh\Zgby� ?keb

wlh]h g_ k^_eZlv� lh \hafh`gZ ZlZdZ� ih^h[gZy hibkZgghc \ i�
����� gZ rbnj Wev�=ZfZey� >_eh \ lhf� qlh \ g_dhlhjuo ]jmiiZo

�\dexqZy =S

� agZq_gby JXY b JY g_h^ghagZqgh hij_^_eyxl agZq_�

gb_ JX� L�_� fh]ml kms_kl\h\Zlv X ≠ X
� lZdb_ qlh JXY  JX
Y� Imklv
O  �S ± ����� Lh]^Z JO  ��� ?keb gZf ^Zgh aZrbnjh\Zggh_ khh[�

s_gb_ (0  JX __ HQF0 __ WDJ� lh fu kfh`_f \uqbkeblv gh\uc
rbnjl_dkl� (0
  JX
 __ HQF0 __WDJ� dhlhjuc k [hevrhc \_jhylgh�

klvx [m^_l khhl\_lkl\h\Zlv lhfm `_ kZfhfm hldjulhfm l_dklm�

Imklv JX
  JX⋅JO� < wlhf kemqZ_ JX
Y  JXY⋅JOY  JXY⋅�JO�Y  JXY⋅����Y� b
wlh jZ\gh JXY lh]^Z b lhevdh lh]^Z� dh]^Z Y ± q_lgh_� l�_� \ iheh�

\bg_ \k_o kemqZ_\� LZdbf h[jZahf� k \_jhylghklvx ��� \uqbk�
e_gguc rbnjl_dkl [m^_l y\eylvky j_amevlZlhf aZrbnjh\Zgby
lh]h `_ kZfh]h bkoh^gh]h l_dklZ�

�

<uqbke_gb_

k_dj_lgh]h

agZq_gby

Y

J
X

J
XY

+

PDF.H\ HQF.H\

6<0�GHF

0$&�YHUWDJ

rbnjl_dkl

hldjuluc l_dkl

K_dj_lguc dexq

ihemqZl_ey

H[s__ k_dj_lgh_

agZq_gb_

� ± 2.

� ± %$'

Jbk� ���� Ijhp_kk jZkrbnjh\Zgby b Zml_glbnbdZpbb�

Wnn_dlb\ghklv ij_^eh`_gghc ko_fu ih kms_kl\m lZ `_� qlh
b m rbnjZ Wev�=ZfZey� l�_� ^ey aZrbnjh\Zgby lj_[mxlky ^\_

hi_jZpbb \ha\_^_gby \ kl_i_gv� Z ^ey jZkrbnjh\Zgby ± h^gZ�

��

L_f kZfuf ^ey [hevrbo khh[s_gbc kdhjhklv rbnjh\Zgby [m�
^_l hij_^_eylvky kdhjhklvx jZ[hlu kbff_ljbqgh]h rbnjZ b
Ze]hjblfZ \uqbke_gby dh^Z Zml_glbnbdZpbb khh[s_gby�

������ Djbilhkbkl_fZ Jb\_klZ�RZfbjZ�:^e_fZgZ

Kbkl_fZ Jb\_klZ�RZfbjZ�:^e_fZgZ �5LYHVW� 6KDPLU� $GO_PDQ

± 56$� ij_^klZ\ey_l kh[hc djbilhkbkl_fm� klhcdhklv dhlhjhc
hkgh\ZgZ gZ keh`ghklb j_r_gby aZ^Zqb jZaeh`_gby qbkeZ gZ
ijhklu_ khfgh`bl_eb� DjZldh Ze]hjblf fh`gh hibkZlv ke_�

^mxsbf h[jZahf�
Ihevah\Zl_ev $ \u[bjZ_l iZjm jZaebqguo ijhkluo qbk_e S$

b T$ � \uqbkey_l Q$  S$T$ b \u[bjZ_l qbkeh G$� lZdh_ qlh

GH>�G$� ϕ�Q$��  �� ]^_ ϕ�Q� ± nmgdpby Wce_jZ �dhebq_kl\h qb�
k_e� f_gvrbo Q b \aZbfgh ijhkluo k Q� ?keb Q  ST� ]^_ S b T ±

ijhklu_ qbkeZ� lh ϕ�Q�  �S � ���T � ���� AZl_f hg \uqbkey_l \_�

ebqbgm H$� lZdmx� qlh G$⋅H$  � �PRG ϕ�Q$��� b jZaf_sZ_l \ h[�
s_^hklmighc kijZ\hqghc lZ[ebp_ iZjm �H$� Q$�� y\eyxsmxky

hldjuluf dexqhf ihevah\Zl_ey$�
L_i_jv ihevah\Zl_ev %� `_eZy i_j_^Zlv khh[s_gb_ ihevah\Z�

l_ex $� ij_^klZ\ey_l bkoh^guc l_dkl

[  �[�� [�� ���� [Q±��� [ ∈ =Q � � ≤ L � Q�

ih hkgh\Zgbx Q$�

1  F��F� Q$�����

Ihevah\Zl_ev < aZrbnjh\u\Z_l l_dkl ijb i_j_^Zq_ _]h ihev�

ah\Zl_ex :� ijbf_gyy d dhwnnbpb_glZf kL hlh[jZ`_gb_
$$ �

( QH �

��PRG�( $�
$

$$
QFF

H
QH → �

ihemqZy aZrbnjh\Zggh_ khh[s_gb_ 1
� < kbem \u[hjZ qbk_e G$
b H$� hlh[jZ`_gb_

$$ �
( QH y\ey_lky \aZbfgh h^ghagZqguf� b h[�

jZlguf d g_fm [m^_l hlh[jZ`_gb_

��PRG�( $�
$

$$
QFF

G
QG →

Ihevah\Zl_ev : ijhba\h^bl jZkrbnjh\Zgb_ ihemq_ggh]h kh�

h[s_gby 1
� ijbf_gyy
$$ �

( QG �



��

>ey lh]h qlh[u gZclb hlh[jZ`_gb_
$$ �

( QG � h[jZlgh_ ih hl�

ghr_gbx d
$$ �

( QH � lj_[m_lky agZgb_ fgh`bl_e_c Q$  S$T$�

<j_fy \uiheg_gby gZbemqrbo ba ba\_klguo Ze]hjblfh\ jZaeh�

`_gby ijb Q ! ��
��� gZ k_]h^gyrgbc ^_gv \uoh^bl aZ ij_^_eu

kh\j_f_gguo l_ogheh]bq_kdbo \hafh`ghkl_c�

Kms_kl\m_l \ZjbZgl djbilhkbkl_fu 56$� \ dhlhjhc \f_klh

nmgdpbb Wce_jZ bkihevam_lky nmgdpby DZjfZcdeZ λ� ]^_ λ�Q� ±
gZbf_gvr__ p_eh_ W� lZdh_ qlh ^ey ex[h]h p_eh]h [� \aZbfgh

ijhklh]h k Q� \uihegy_lky [W
 � PRG Q� ?keb Q \u[bjZ_lky lZd�

dZd hibkZgh \ur_� lh λ�Q�  GHD�S ± �� T ± ��

������ Djbilhkbkl_fu F_jdey�O_eefZgZ b OhjZ�Jb\_klZ

Djbilhkbkl_fu F_jdey�O_eefZgZ b OhjZ�Jb\_klZ hkgh\Zgu
gZ bkihevah\Zgbb h^ghklhjhgg_c nmgdpbb� ba\_klghc ih^ gZ�

a\Zgb_f �aZ^ZqZ mdeZ^db jxdaZdZ�
Imklv bf__lky Q h[t_dlh\� lZd qlh fh`gh khklZ\blv Q�

dhfihg_glguc \_dlhj I� lZd qlh L�c dhfihg_gl I ij_^klZ\ey_l

kh[hc f_klh� aZgbfZ_fh_ L�f h[t_dlhf� Bf__lky jxdaZd h[sbf
h[t_fhf .�

L_i_jv aZ^Zqm mdeZ^db jxdaZdZ fh`_l [ulv knhjfmebjh\ZgZ
ke_^mxsbf h[jZahf� gZf ^Zgu I b .� b lj_[m_lky gZclb [blh�

\uc \_dlhj [� lZdhc qlh I[ .� >hdZaZgh� qlh g_ kms_kl\m_l wn�
n_dlb\gh]h Ze]hjblfZ \uqbke_gby [ ih I b . \ h[s_f kemqZ_�
LZdbf h[jZahf� fu fh`_f bkihevah\Zlv \_dlhj I ^ey rbnjh\Z�

gby Q�[blh\h]h khh[s_gby [ iml_f \uqbke_gby ijhba\_^_gby
. I[�

<Z`gh hlf_lblv� qlh \u[hj I y\ey_lky djblbq_kdbf� GZijb�
f_j� ij_^iheh`bf� qlh I \u[bjZ_lky \ \b^_ kmi_j\hajZklZxs_c
ihke_^h\Zl_evghklb� < wlhc kblmZpbb ^ey ex[h]h L

∑
−

=
>

�

�

L

M

ML II �

< wlhf kemqZ_ ijb ^Zgguo I b D \uqbkeblv [ hq_gv ijhklh�
Fu ijh\_jbf� y\ey_lky eb . [hevrbf� q_f ihke_^gbc we_f_gl

I� b _keb ^Z� lh fu ^_eZ_f ihke_^gbc we_f_gl [ jZ\guf �� \uqb�
lZ_f wlh agZq_gb_ ba . b j_dmjkb\gh j_rZ_f f_gvrmx ijh[e_�
fm� Wlhl f_lh^ jZ[hlZ_l� ihkdhevdm dh]^Z . [hevr_ ihke_^g_]h

��

we_f_glZ I� ^Z`_ _keb fu \u[_j_f [ �� � � « � ��� lh ijhba\_�
^_gb_ I[ \k_ jZ\gh [m^_l kebrdhf fZe_gvdbf� [eZ]h^Zjy lhfm�
qlh ihke_^h\Zl_evghklv kmi_j\hajZklZxsZy� LZdbf h[jZahf�

fu ^he`gu \u[bjZlv � \ ihke_^g_c ihabpbb [�
Ykgh� qlh \u[hj I hq_gv \Z`_g ± \ aZ\bkbfhklb hl I fu fh�

`_f ihemqblv� Z fh`_f b g_ ihemqblv h^ghklhjhggxx nmgd�
pbx� H^gZdh� bf_ggh kms_kl\h\Zgb_ wlh]h ijhklh]h kemqZy ih�
a\hey_l gZf kha^Zlv nmgdpbx�eh\mrdm� dhlhjmx fu fh`_f bk�

ihevah\Zlv ^ey ihkljh_gby djbilhkbkl_fu k hldjuluf dexqhf�
Ihevah\Zl_ev $ ihemqZ_l k\hc hldjuluc dexq ke_^mxsbf

h[jZahf�
�� <u[bjZ_l kmi_j\hajZklZxsmx ihke_^h\Zl_evghklv I


ijbf_jgh ba ��� we_f_glh\�

�� <u[bjZ_l kemqZcgh_ p_eh_ P� [hevr__ kmffu we_�
f_glh\ I
�

�� <u[bjZ_l ^jm]h_ kemqZcgh_ p_eh_ Z� \aZbfgh ijhklh_
k P�

�� L_i_jv \uqbkey_lky I

 mfgh`_gb_f dZ`^h]h dhfih�
g_glZ I
 gZ Z ih fh^mex P�

I

  I
Z �PRG P�

�� B gZdhg_p� ijh\h^blky kemqZcgZy i_j_klZgh\dZ 3 we_�
f_glh\ I

 ^ey ihemq_gby hldjulh]h dexqZ I�

L_i_jv : jZkdju\Z_l dexq I b ^_j`bl \ k_dj_l_ I
� P� Z b 3�
Dh]^Z ihevah\Zl_ev % ohq_l ihkeZlv : khh[s_gb_ �[blh\uc

\_dlhj� [� hg \uqbkey_l 6  I[ b ihkueZ_l wlh \uqbke_ggh_ 6�

?keb ^ZggZy kbkl_fZ y\ey_lky klhcdhc� lh]^Z ^ey \g_rg_]h gZ�
[ex^Zl_ey K \uqbke_gb_ [ ih 6 b im[ebqghfm dexqm I [m^_l

wd\b\Ze_glgh j_r_gbx aZ^Zqb jxdaZdZ \ h[s_f kemqZ_� >himk�
lbf� qlh ij_^iheh`_gb_ h klhcdhklb \_jgh� < wlhf kemqZ_� ohly
K g_ fh`_l jZkrbnjh\Zlv khh[s_gb_� : fh`_l wlh k^_eZlv�

ijbf_gyy k_dj_lgu_ agZq_gby� dhlhju_ hgZ bkihevah\ZeZ ijb
\uqbke_gbb I�

Ihevah\Zl_ev : fh`_l \uqbkeblv 6¶ I
[� lZd qlh hgZ kfh`_l
j_rblv aZ^Zqm jxdaZdZ \ kemqZ_ kmi_j\hajZklZxs_c ihke_^h\Z�
l_evghklb� <uqbke_gb_ 6¶ ijhba\h^blky ke_^mxsbf h[jZahf�
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LZdbf h[jZahf� $ ijhklh mfgh`Z_l 6 gZ fmevlbiebdZlb\gh_
h[jZlgh_ Z ih fh^mex P� Z aZl_f j_rZ_l aZ^Zqm jxdaZdZ \ kem�

qZ_ kmi_j\hajZklZxs_c ihke_^h\Zl_evghklb I¶� b l_i_jv hgZ
kfh`_l ijhqblZlv khh[s_gb_�

Ijb ihemq_gbb dexqZ fu gZqbgZ_f k kmi_j\hajZklZxs_c
ihke_^h\Zl_evghklb b aZl_f kdju\Z_f bf_xsmxky \ g_c kljmd�
lmjm� >jm]bfb keh\Zfb� ihkljh_ggZy ihke_^h\Zl_evghklv \u�

]ey^bl lZd� qlh \ g_c g_l gbdZdhc kljmdlmju� Gh kbkl_fZ fh`_l
[ulv k^_eZgZ _s_ [he__ klhcdhc �beb� ih djZcg_c f_j_� lZd [m�

^_l dZaZlvky� iml_f ih\lhj_gby wlh]h ijhp_kkZ kdjulby kljmd�
lmju� ?keb fu \u[_j_f ^jm]b_ P b Z� lh]^Z fu kfh`_f ihkljh�
blv gh\uc hldjuluc dexq� dhlhjuc g_ fh`_l [ulv ihkljh_g k

bkihevah\Zgb_f _^bgkl\_gghc iZju �P� Z�� Fu fh`_f ih\lh�
jylv wlh kgh\Z b kgh\Z� b kbkl_fZ \u]ey^bl \k_ [he__ b [he__

klhcdhc k dZ`^hc bl_jZpb_c�
< ���� ] W^b RZfbj hldjue ZlZdm gZ djbilhkbkl_fm� bk�

ihevamxsmx h^gm bl_jZpbx� Wlh hdZaZehkv gZqZehf iZ^_gby

kbkl_f� hkgh\Zgguo gZ aZ^Zq_ jxdaZdZ�
>himklbf� qlh i_j_klZgh\dZ g_ ijbf_gy_lky� lZd qlh I

  I�

Lh]^Z ^ey ex[h]h L

IL ≡ I
LZ PRG P

Ih hij_^_e_gbx fh^mevghc dhg]jmwglghklb ^he`_g kms_kl�

\h\Zlv \_dlhj N� lZdhc qlh ^ey ex[h]h L

XIL ± PNL  I
L

]^_ X ± wlh fmevlbiebdZlb\gh_ h[jZlgh_ d Z ih fh^mex P
�gZihfgbf� qlh fu \u[bjZeb P b Z \aZbfgh ijhklufb� lZd qlh
wlh h[jZlgh_ kms_kl\m_l�� Ihke_ wlh]h \ j_amevlZl_ ^_e_gby ih�

emqZ_f�

PP

X

L

L

L

L

I

I


I

N =−

��

Ihkdhevdm P hq_gv \_ebdh� \ujZ`_gb_ kijZ\Z [m^_l hq_gv
fZe_gvdbf� ihwlhfm ihdhfihg_glgh_ qZklgh_ N b I [ebadh d
X�P� Ih^klZ\eyy \f_klh L � b \uqblZy ba i_j\hgZqZevgh]h mjZ\�

g_gby� ihemqbf�

�

�

�

�

I

I


I

I


I

N

I

N

PP L

L

L

L −=−

Ihkdhevdm h[_ \_ebqbgu kijZ\Z iheh`bl_evgu b \uqblZ_�

fh_ hq_gv fZeh� fu fh`_f aZibkZlv�

L

L

L

L

PI

I


I

N

I

N <−
�

�

LZd`_ aZf_lbf� qlh ihkdhevdm I
 kmi_j\hajZklZxsZy� dZ`�
^uc we_f_gl ^he`_g [ulv f_gvr_ iheh\bgu ke_^mxs_]h� ih�

wlhfm ^ey ex[h]h L bf__f�

I
L � P ⋅ �L±Q

>Ze__ fu fh`_f aZibkZlv�

L

QL

L

L

II

N

I

N
−

<− �

�

�

Ihke_ g_keh`guo ij_h[jZah\Zgbc ihemqZ_f�

_NL ⋅ I� ± N� ⋅ IL_ � I� ⋅ �L±Q

HdZau\Z_lky� qlh ihkdhevdm I hldjul� \k_]h ebrv g_kdhevdh
wlbo g_jZ\_gkl\ �ljb beb q_luj_� h^ghagZqgh hij_^_eyxl N�
Wlb g_jZ\_gkl\Z hlghkylky d h[eZklb p_ehqbke_ggh]h ijh]jZf�

fbjh\Zgby� ihwlhfm N fh`gh [ukljh gZclb� gZijbf_j� k ihfh�
svx Ze]hjblfZ E_gklju� : _keb fu agZ_f N� lh fu fh`_f e_]�

dh jZkdjulv kbkl_fm�
>himklbf� qlh fu \uihegbf i_j_klZgh\dm I ^h him[ebdh\Z�

gby� l�_� 3 g_ y\ey_lky b^_glbqghc� Ihkdhevdm gZf gm`gu lhev�
dh i_j\u_ � beb � we_f_glZ N� fu fh`_f ijhklh i_j_[jZlv \k_
\ZjbZglu� dhebq_kl\h dhlhjuo hij_^_ey_lky lj_lv_c beb q_l�

\_jlhc kl_i_gvx jZaf_jghklb N�
< ^Zevg_cr_f [ueb jZajZ[hlZgu f_lh^u \kdjulby kbkl_f�

bkihevamxsbo g_kdhevdh bl_jZpbc� b \ gZklhys__ \j_fy ex[Zy
kbkl_fZ� bkihevamxsZy fh^mevgh_ mfgh`_gb_ ^ey kdjulby e_]�



��

dh jZaj_rbfhc aZ^Zqb jxdaZdZ� fh`_l [ulv wnn_dlb\gh jZk�
djulZ� H^gZdh� jZkkfhlj_gguc f_lh^ g_ y\ey_lky _^bgkl\_g�
guf kihkh[hf ijbf_g_gby aZ^Zqb jxdaZdZ \ djbilh]jZnbb�

< ���� ]� ;_g�Pbhg Ohj ij_^eh`be djbilhkbkl_fm� gZ k_]h�
^gyrgbc ^_gv _^bgkl\_ggmx� g_ bkihevamxsmx fh^mevgh_ mf�

gh`_gb_ ^ey kdjulby ijhklhc aZ^Zqb mdeZ^db jxdaZdZ� Wlh
lZd`_ _^bgkl\_ggZy kbkl_fZ� hkgh\ZggZy gZ aZ^Zq_ mdeZ^db
jxdaZdZ� dhlhjZy g_ jZkdjulZ�

<h�i_j\uo� hlf_lbf� qlh ex[Zy kmi_j\hajZklZxsZy ihke_^h�
\Zl_evghklv ^he`gZ jZklb wdkihg_gpbZevgh� ihkdhevdm fbgb�

fZevgZy kmi_j\hajZklZxsZy ihke_^h\Zl_evghklv ± wlh kl_i_gb
^\hcdb� <h�\lhjuo� hlf_lbf� qlh ijbqbgZ� ih dhlhjhc bkihev�
amxlky kmi_j\hajZklZxsb_ ihke_^h\Zl_evghklb aZdexqZ_lky \

lhf� qlh ex[Zy K�we_f_glgZy kmffZ ba g__ mgbdZevgZ� >jm]bfb
keh\Zfb� _keb fu ij_^klZ\bf gZrm ihke_^h\Zl_evghklv \ \b^_

\_dlhjZ I� nmgdpby kdZeyjgh]h ijhba\_^_gby I gZ [blh\uc \_d�
lhj [ [m^_l h^ghagZqgZ b ihwlhfm fh`_l [ulv h[jZs_gZ� Gh

hdZau\Z_lky \hafh`guf ihkljhblv ihke_^h\Zl_evghklv� jZklm�
smx lhevdh ihebghfbZevgh� gh khojZgyxsmx k\hckl\h _^bg�
kl\_gghklb K�we_f_glguo kmff� Dhgkljmdpby lZdhc ihke_^h\Z�

l_evghklb [ueZ him[ebdh\ZgZ \ ���� ]�
Imklv *)�S� ± ihe_ p_euo qbk_e ih fh^mex ijhklh]h qbkeZ

S� b *)�SK� ± jZkrbj_gb_ kl_i_gb K hkgh\gh]h ihey� LZd`_
imklv � ± \_dlhj� \k_ we_f_glu dhlhjh]h jZ\gu ��

K nhjfZevghc lhqdb aj_gby fu kljhbf ihke_^h\Zl_evghklv

^ebgu S� lZdmx qlh ^ey ex[h]h L hl � ^h S ± �

� ≤ DL ≤ SK ± �

b ^ey dZ`^uo jZaebqguo [� \� lZdbo qlh [
�  \
�  K� [
D b \
D

lZd`_ ^he`gu [ulv jZaebqgu�Fu fh`_f ij_^klZ\eylv \_dlhju
[ b \ dZd [blh\u_ �l�_� kh^_j`Zsb_ lhevdh � b ���

>Ze__ ihkljh_gb_ ijh\h^blky ^h\hevgh ijhklh� <h�i_j\uo�
\u[_j_f W ± Ze]_[jZbq_kdbc we_f_gl kl_i_gb K gZ^ *)�S�� l�_�

fbgbfZevguc fgh]hqe_g k dhwnnbpb_glZfb ba *)�S�� dhjg_f
dhlhjh]h y\ey_lky W� bf__l kl_i_gv K� >Ze__ \u[_j_f J ± fmev�
lbiebdZlb\guc ]_g_jZlhj �ijbfblb\guc we_f_gl� ihey *)�SK��

l�_� ^ey dZ`^h]h we_f_glZ [ ba *)�SK� �djhf_ gmey� kms_kl\m_l
g_dhlhjh_ L� lZdh_� qlh J \ kl_i_gb L [m^_l jZ\gh [�

L_i_jv jZkkfhljbf Z^^blb\guc k^\b]*)�S�� l�_� fgh`_kl\h

��

W � *)�S�  ^W � L _ � ≤ L ≤ S ± � ` ⊂ *)�SK�

Imklv dZ`^uc we_f_gl \_dlhjZ D [m^_l eh]Zjbnfhf ih hkgh�
\Zgbx J khhl\_lkl\mxs_]h we_f_glZ ba W�*)�S��

DL  ORJJ�W�L�
Fu ^he`gu ijh\_jblv� qlh D� hij_^_e_ggZy ih^h[guf h[jZ�

ahf� m^h\e_l\hjy_l aZ^Zgguf k\hckl\Zf� Hij_^_e_ggh� dZ`^uc
we_f_gl \ D [m^_l e_`Zlv \ aZ^Zgghf ^bZiZahg_� ihkdhevdm J
ihjh`^Z_l *)�S�K�� L_i_jv imklv m gZk _klv jZaebqgu_ [ b \�

lZdb_ qlh [
�  \
�  K� gh [
D  \
D� Lh]^Z� \ha\h^y J \ kl_i_gv
[
D b \
D� ihemqbf�
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L_i_jv aZf_lbf� qlh ijhba\_^_gb_ \ h[_bo qZklyo g_jZ\_gkl�

\Z ij_^klZ\ey_l kh[hc ijb\_^_gguc fgh]hqe_g hl W kl_i_gb K�
Bgufb keh\Zfb� _keb [u fu \uqbkebeb h[Z wlbo ijhba\_^_gby

b aZf_gbeb agZq_gb_ W nhjfZevguf iZjZf_ljhf� gZijbf_j� ]�
lh]^Z klZjrbf qe_ghf gZ dZ`^hc klhjhg_ [ue [u [ \ kl_i_gb K
k dhwnnbpb_glhf ��Fu agZ_f� qlh _keb fu ih^klZ\bf agZq_gb_

W \f_klh ]� lh agZq_gby wlbo ^\mo ihebghfh\ [m^ml jZ\gu� Ih�
wlhfm \uql_f h^bg ba ^jm]h]h� klZjrb_ qe_gu khdjZlylky� b

_keb fu ih^klZ\bf W� lh ihemqbf �� Fu ihemqbeb ihebghf kl_�
i_gb K±�� dhjg_f dhlhjh]h y\ey_lky W� Gh wlh ijhlb\hj_qbl lh�
fm� qlh fu \u[jZeb W Ze]_[jZbq_kdbf we_f_glhf kl_i_gb K� LZ�

dbf h[jZahf� ^hdZaZl_evkl\h aZdhgq_gh b ihkljh_gb_ dhjj_dl�
gh�

Ohj jZajZ[hlZe f_lh^ bkihevah\Zgby ^Zggh]h ihkljh_gby \
dZq_kl\_ hkgh\u djbilhkbkl_fu� DjZldh hg aZdexqZ_lky \ ke_�
^mxs_f�Fu \u[bjZ_f S b K ^hklZlhqgh fZe_gvdbfb� qlh[u fu

fh]eb \uqbkeylv ^bkdj_lgu_ eh]Zjbnfu \ *)�SK�� Ohj j_dh�
f_g^m_l S hdheh ���� Z K hdheh ��� AZl_f fu \u[bjZ_f W b J dZd



��

mdZaZgh \ur_� >ey dZ`^h]h ba gbo [m^_l fgh]h \ZjbZglh\� b fu
fh`_f ijhklh ijhba\_klb kemqZcguc \u[hj �< ^_ckl\bl_evgh�
klb� [m^_l lZd fgh]h iZj �W�J!� qlh hq_gv [hevrh_ dhebq_kl\h

ihevah\Zl_e_c fh]ml bkihevah\Zlv h^bgZdh\u_ S b K� b \_jhyl�
ghklv lh]h� qlh ^\Z ihevah\Zl_ey \u[_jml h^bgZdh\u_ dexqb�

[m^_l ij_g_[j_`bfh fZeZ��� AZl_f fu ke_^m_f dhgkljmdpbb ;h�
maZ�QhmeZ�Fu \uqbkey_f eh]Zjbnfu ih hkgh\Zgbx J hl W�L ^ey
dZ`^h]h L� wlh ^Zkl gZf D� GZdhg_p� fu \u[bjZ_f kemqZcgmx

i_j_klZgh\dm D� dhlhjZy b [m^_l gZrbf dexqhf� Fu im[ebdm_f
j_amevlZl i_j_klZgh\db D \f_kl_ k S b K� <_ebqbgu W� J b bk�

ihevah\ZggZy i_j_klZgh\dZ hklZxlky \ k_dj_l_�
Qlh[u ihkeZlv khh[s_gb_ $� % ijhklh [_j_l k\h_ khh[s_gb_

b \uqbkey_l 6  [
D� < ^_ckl\bl_evghklb� wlh g_ lZd m` b ijh�

klh� ihkdhevdm khh[s_gb_ ^he`gh [ulv ^ebghc S [bl b ^he`gh
[ulv [
�  K� gh Ohj ij_^klZ\be ^h\hevgh ijyfhebg_cguc f_�

lh^ ij_h[jZah\Zgby g_h]jZgbq_gghc [blh\hc kljhdb \ g_kdhev�
dh [ehdh\� dZ`^uc ba dhlhjuo bf__l lj_[m_fmx nhjfm� : ih�

emqZ_l 6� Hg \ha\h^bl J \ kl_i_gv 6 b \ujZ`Z_l j_amevlZl \ \b^_
ihebghfZ hl W kl_i_gb K k dhwnnbpb_glZfb ba *)�S�� >Ze__ hg
\uqbkey_l K dhjg_c wlh]h ihebghfZ� aZl_f ijbf_gy_l h[jZlgmx

ih^klZgh\dm b ihemqZ_l bg^_dku we_f_glh\ \ [� kh^_j`Zsbo
_^bgbpu�

Bgl_j_kgh hlf_lblv� qlh _keb dlh�eb[h hldjh_l wnn_dlb\�
guc f_lh^ \uqbke_gby ^bkdj_lguo eh]Zjbnfh\� lh lZdhc Ze]h�
jblf g_ lhevdh g_ ihfh`_l \kdjulv wlm kbkl_fm� gh b h[e_]qbl

]_g_jZpbx dexq_c� lZd dZd ijb wlhf fu ^he`gu \uqbkeylv
^bkdj_lgu_ eh]Zjbnfu�

>h gZklhys_]h \j_f_gb g_ [ueh him[ebdh\Zgh gb h^gh]h
wnn_dlb\gh]h f_lh^Z \kdjulby wlhc kbkl_fu ijb agZgbb lhevdh
hldjulh]h dexqZ�

������ Djbilhkbkl_fu� hkgh\Zggu_ gZ weebilbq_kdbo djb�

\uo

JZkkfhlj_ggZy \ur_ djbilhkbkl_fZ Wev�=ZfZey hkgh\ZgZ gZ
lhf� qlh ijh[e_fZ eh]Zjbnfbjh\Zgby \ dhg_qghf ijhklhf ihe_
y\ey_lky keh`ghc k \uqbkebl_evghc lhqdb aj_gby� H^gZdh� dh�

g_qgu_ ihey y\eyxlky g_ _^bgkl\_ggufb Ze]_[jZbq_kdbfb
kljmdlmjZfb� \ dhlhjuo fh`_l [ulv ihklZ\e_gZ aZ^ZqZ \uqbk�

e_gby ^bkdj_lgh]h eh]ZjbnfZ� < ���� ]h^m Dh[ebp b Fbee_j

��

g_aZ\bkbfh ^jm] hl ^jm]Z ij_^eh`beb bkihevah\Zlv ^ey ih�
kljh_gby djbilhkbkl_f Ze]_[jZbq_kdb_ kljmdlmju� hij_^_e_g�
gu_ gZ fgh`_kl\_ lhq_d gZ weebilbq_kdbo djb\uo� Fu jZk�

kfhljbf kemqZb hij_^_e_gby weebilbq_kdbo djb\uo gZ^ ijh�
klufb iheyfb =ZemZ ijhba\hevghc oZjZdl_jbklbdb b gZ^ ihey�

fb =ZemZ oZjZdl_jbklbdb ��

Hij_^_e_gb_ ���� Imklv S ! � ± ijhklh_ qbkeh� Imklv D� E ∈
*)�S� lZdb_� qlh �D� � ��E� ≠ �� Weebilbq_kdhc djb\hc ( gZ^

ihe_f *)�S� gZau\Z_lky fgh`_kl\h j_r_gbc �[� \� mjZ\g_gby

\�  [� � D[ � E �����

gZ^ ihe_f *)�S� \f_kl_ k ^hihegbl_evghc lhqdhc ∞� gZau\Z_�
fhc lhqdhc \ [_kdhg_qghklb beb gme_\hc lhqdhc H �ihkdhevdm
wlZ lhqdZ \uihegy_l jhev g_cljZevgh]h we_f_glZ \ ]jmii_ lh�

q_d��
Ij_^klZ\e_gb_ weebilbq_kdhc djb\hc \ \b^_ mjZ\g_gby �����

ghkbl gZa\Zgb_ weebilbq_kdhc djb\hc \ nhjf_ <_c_jrljZkkZ�

H[hagZqbf dhebq_kl\h lhq_d gZ weebilbq_kdhc djb\hc ( q_�
j_a �(� L_hj_fZ OZkk_ ]eZkbl� qlh �(  S � � ± W� ]^_

TW �≤ �

�( gZau\Z_lky ihjy^dhf djb\hc (� Z W ± ke_^hf djb\hc (�
AZ^Z^bf [bgZjgmx hi_jZpbx gZ ( �\ Z^^blb\ghc aZibkb�

ke_^mxsbfb ijZ\beZfb�

�L� ∞ � ∞  ∞�
�LL� ∀ �[� \� ∈ (� �[� \� � ∞  �[� \��

�LLL� ∀ �[� \� ∈ (� �[� \� � �[� ±\�  ∞�
�LY� ∀ �[�� \�� ∈ (� �[�� \�� ∈ (� [� ≠ [�� �[�� \�� � �[�� \��  

�[�� \��� ]^_

[�  λ� ± [� ± [��

\�  λ�[� ± [�� ± \�� b

��

��
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−

=λ �

�Y� ∀ �[�� \�� ∈ (� \� ≠ �� �[�� \�� � �[�� \��  �[�� \��� ]^_

[�  λ� ± �[��

\�  λ�[� ± [�� ± \� b
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=λ �

Fgh`_kl\h lhq_d weebilbq_kdhc djb\hc ( k aZ^Zgghc lZdbf
h[jZahf hi_jZpb_c h[jZam_l Z[_e_\m ]jmiim�

?keb �(  S � �� lh djb\Zy ( gZau\Z_lky kmi_jkbg]meyjghc�

Weebilbq_kdZy g_ y\eyxsZyky kmi_jkbg]meyjghc djb\Zy (
gZ^ ihe_f *)��P� oZjZdl_jbklbdb � aZ^Z_lky ke_^mxsbf h[jZ�

ahf�

Hij_^_e_gb_ ���� Imklv P ! � ± p_eh_ qbkeh� Imklv D� E ∈
*)��P�� E ≠ �� Weebilbq_kdhc djb\hc ( gZ^ ihe_f *)��P� gZau�

\Z_lky fgh`_kl\h j_r_gbc �[� \� mjZ\g_gby

\� � [\  [� � D[� � E �����

gZ^ ihe_f *)��P� \f_kl_ k ^hihegbl_evghc lhqdhc ∞� gZau\Z_�
fhc lhqdhc \ [_kdhg_qghklb�

Dhebq_kl\h lhq_d gZ djb\hc ( lZd`_ hij_^_ey_lky l_hj_fhc

OZkk_�

TT(TT ����� ++≤≤−+ �

]^_ T  �P� ;he__ lh]h� �( q_lgh�

Hi_jZpby keh`_gby gZ ( \ wlhf kemqZ_ aZ^Z_lky ke_^mxsbfb
ijZ\beZfb�

�L� ∞ � ∞  ∞�
�LL� ∀ �[� \� ∈ (� �[� \� � ∞  �[� \��

�LLL� ∀ �[� \� ∈ (� �[� \� � �[� [ � \�  ∞�
�LY� ∀ �[�� \�� ∈ (� �[�� \�� ∈ (� [� ≠ [�� �[�� \�� � �[�� \��  

�[�� \��� ]^_

[�  λ� � λ � [� � [� � D�

\�  λ�[� � [�� � [� � \�� b
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< wlhf kemqZ_ fgh`_kl\h lhq_d weebilbq_kdhc djb\hc ( k
aZ^Zgghc lZdbf h[jZahf hi_jZpb_c lZd`_ h[jZam_l Z[_e_\m
]jmiim�

=jmiiZ lhq_d gZ djb\hc bf__l ijhklmx kljmdlmjm� Z bf_ggh
hgZ y\ey_lky Z[_e_\hc ]jmiihc jZg]Z � beb �� l�_� bahfhjngZ

ijyfhfm ijhba\_^_gbx ^\mo pbdebq_kdbo ]jmii
��

QQ == × � ]^_

Q� b Q� ± p_eu_ qbkeZ� Q� ^_ebl Q� b Q� ^_ebl T ± �� ]^_ T ± ihjy�
^hd ihey dhwnnbpb_glh\� ijb wlhf Q� fh`_l [ulv jZ\gh �� Bg�

^_dk ih^]jmiiu
�Q

= \ ]jmii_ lhq_d gZau\Zxl dhnZdlhjhf we�

ebilbq_kdhc djb\hc�

Ihevamykv hi_jZpb_c keh`_gby lhq_d gZ djb\hc� fh`gh _k�
l_kl\_gguf h[jZahf hij_^_eblv hi_jZpbx mfgh`_gby lhqdb 3

∈ ( gZ ijhba\hevgh_ p_eh_ qbkeh Q�

Q3  3 � 3 � « � 3�

]^_ hi_jZpby keh`_gby \uihegy_lky Q jZa�

L_i_jv ihkljhbf h^ghklhjhggxx nmgdpbx� gZ hkgh\_ dhlh�
jhc fh`gh [m^_l kha^Zlv djbilh]jZnbq_kdmx kbkl_fm�

Imklv ( ± weebilbq_kdZy djb\Zy� 3 ∈ ( ± lhqdZ gZ wlhc djb�

\hc� <u[_j_f p_eh_ qbkeh Q � �(� Lh]^Z \ dZq_kl\_ ijyfhc
nmgdpbb \u[_j_f ijhba\_^_gb_ Q3� >ey _]h \uqbke_gby ih hi�

lbfZevghfm Ze]hjblfm ihlj_[m_lky g_ [he__ �⋅ORJ�Q hi_jZpbc
keh`_gby� H[jZlgmx aZ^Zqm knhjfmebjm_f ke_^mxsbf h[jZ�

ahf� ih aZ^Zgguf weebilbq_kdhc djb\hc (� lhqd_ 3 ∈ ( b ijh�

ba\_^_gbx Q3 gZclb Q� < gZklhys__ \j_fy \k_ ba\_klgu_ Ze]h�
jblfu j_r_gby wlhc aZ^Zqb lj_[mxl wdkihg_gpbZevgh]h \j_f_�
gb�

L_i_jv fu fh`_f hibkZlv djbilh]jZnbq_kdbc ijhlhdhe�
ZgZeh]bqguc ba\_klghfm ijhlhdhem >bnnb�O_eefZgZ� >ey mk�

lZgh\e_gby aZsbs_gghc k\yab ^\Z ihevah\Zl_ey $ b % kh\f_kl�
gh \u[bjZxl weebilbq_kdmx djb\mx ( b lhqdm 3 gZ g_c� AZl_f
dZ`^uc ba ihevah\Zl_e_c \u[bjZ_l k\h_ k_dj_lgh_ p_eh_ qbkeh�

khhl\_lkl\_ggh D b E� Ihevah\Zl_ev $ \uqbkey_l ijhba\_^_gb_
D3� Z ihevah\Zl_ev % ± E3� >Ze__ hgb h[f_gb\Zxlky \uqbke_g�



��

gufb agZq_gbyfb� Ijb wlhf iZjZf_lju kZfhc djb\hc� dhhj^b�
gZlu lhqdb gZ g_c b agZq_gby ijhba\_^_gbc y\eyxlky hldjulu�
fb b fh]ml i_j_^Z\Zlvky ih g_aZsbs_gguf dZgZeZf k\yab� AZ�

l_f ihevah\Zl_ev $ mfgh`Z_l ihemq_ggh_ agZq_gb_ gZ D� Z ihev�
ah\Zl_ev % mfgh`Z_l ihemq_ggh_ bf agZq_gb_ gZ E� < kbem

k\hckl\ hi_jZpbb mfgh`_gby gZ qbkeh D⋅E3   E⋅D3� LZdbf h[�
jZahf� h[Z ihevah\Zl_ey ihemqZl h[s__ k_dj_lgh_ agZq_gb_ �dh�
hj^bgZlu lhqdb DE3�� dhlhjh_ hgb fh]ml bkihevah\Zlv ^ey ih�

emq_gby dexqZ rbnjh\Zgby� Hlf_lbf� qlh aehmfure_ggbdm
^ey \hkklZgh\e_gby dexqZ ihlj_[m_lky j_rblv keh`gmx k \u�

qbkebl_evghc lhqdb aj_gby aZ^Zqm hij_^_e_gby D b E ih ba\_kl�
guf (� 3� D3 b E3�

��

�� WE?DLJHGGU? PBNJH<U? IH>IBKB

���� IhklZgh\dZ aZ^Zqb

I_j_^ZqZ khh[s_gby hlijZ\bl_e_f �ihevah\Zl_ev $� ihem�

qZl_ex �ihevah\Zl_ev %� ij_^iheZ]Z_l i_j_^Zqm ^Zgguo� ih[m�
`^Zxsmx ihevah\Zl_e_c d hij_^_e_gguf ^_ckl\byf� I_j_^ZqZ

^Zgguo fh`_l ij_^klZ\eylv kh[hc i_j_^Zqm nhg^h\ f_`^m [Zg�
dZfb� ijh^Z`m Zdpbc beb h[eb]Zpbc gZ Z\lhfZlbabjh\Zgguf
jugd_� Z lZd`_ i_j_^Zqm ijbdZah\ �kb]gZeh\� ih dZgZeZf we_d�

ljhk\yab� MqZklgbdb gm`^Zxlky \ aZsbl_ hl fgh`_kl\Z aehgZ�
f_j_gguo ^_ckl\bc� d dhlhjuf hlghkylky�

� hldZa �j_g_]Zlkl\h� ± hlijZ\bl_ev \ihke_^kl\bb hldZ�
au\Z_lky hl i_j_^Zggh]h khh[s_gby�

� nZevkbnbdZpby ± ihemqZl_ev ih^^_eu\Z_l khh[s_gb_�

� baf_g_gb_ ± ihemqZl_ev \ghkbl baf_g_gby \ khh[s_gb_�
� fZkdbjh\dZ ± gZjmrbl_ev fZkdbjm_lky ih^ ^jm]h]h

ihevah\Zl_ey�
>ey \_jbnbdZpbb �ih^l\_j`^_gby� khh[s_gby 0 �ihevah\Z�

l_ev $ ± ihevah\Zl_ex %� g_h[oh^bfh ke_^mxs__�
�� HlijZ\bl_ev �ihevah\Zl_ev $� ^he`_g \g_klb \ 0 ih^�

ibkv� kh^_j`Zsmx ^hihegbl_evgmx bgnhjfZpbx� aZ\bkysmx

hl 0 b� \ h[s_f kemqZ_� hl ihemqZl_ey khh[s_gby b ba\_klghc
lhevdh hlijZ\bl_ex aZdjulhc bgnhjfZpbb N:�

�� G_h[oh^bfh� qlh[u ijZ\bevgmx ih^ibkv 0� 6,*^N:� 0�
b^_glbnbdZlhj % ` \ khh[s_gbb ^ey ihevah\Zl_ey % g_evay [u�
eh khklZ\blv [_a N:�

�� >ey ij_^mij_`^_gby ih\lhjgh]h bkihevah\Zgby mklZj_\�
rbo khh[s_gbc ijhp_^mjZ khklZ\e_gby ih^ibkb ^he`gi aZ\b�

k_lv hl \j_f_gb�
�� Ihevah\Zl_ev % ^he`_g bf_lv \hafh`ghklv m^hklh\_jblv�

ky� qlh 6,*^N:� 0� b^_glbnbdZlhj %` ± _klv ijZ\bevgZy ih^�

ibkv0 ihevah\Zl_e_f $�
JZkkfhljb wlb imgdlu ih^jh[g__�

�� Ih^ibkv khh[s_gby ± hij_^_e_gguc kihkh[ rbnjh\Zgby
0 iml_f djbilh]jZnbq_kdh]h ij_h[jZah\Zgby� AZdju\Z_fuf
we_f_glhf N: \ ij_h[jZah\Zgbb

�B^_glbnbdZlhj %� 0!→ 6,*^N:� 0� b^_glbnbdZlhj %`



��

y\ey_lky dexq djbilhij_h[jZah\Zgby�
<h \k_o ijZdlbq_kdbo djbilh]jZnbq_kdbo kbkl_fZo N: ijb�

gZ^e_`bl dhg_qghfm fgh`_kl\m dexq_c .� Bkq_jiu\ZxsZy

ijh\_jdZ \k_o dexq_c� aZ^Z\Z_fuo khhl\_lkl\mxsbfb iZjZfb

�0� b^_glbnbdZlhj %! ↔ 6,*^N:� 0� b^_glbnbdZlhj %`�

\ h[s_f ^he`gZ ijb\_klb d hij_^_e_gbx dexqZ N: aehmfur�
e_ggbdhf� ?keb fgh`_kl\h . ^hklZlhqgh \_ebdh b dexq N hij_�
^_e_g f_lh^hf kemqZcgh]h \u[hjZ� lh ihegZy ijh\_jdZ dexq_c

g_\hafh`gZ� =h\hjy� qlh khklZ\blv ijZ\bevgmx ih^ibkv [_a
dexqZ g_\hafh`gh� fu bf__f \ \b^m� qlh hij_^_e_gb_ 6,*^N:�

0� b^_glbnbdZlhj %` [_a N: k \uqbkebl_evghc lhqdb aj_gby
wd\b\Ze_glgh ihbkdm dexqZ�

�� >hklmi d ZiiZjZlmj_� ijh]jZffZf b nZceZf kbkl_fu h[jZ�

[hldb bgnhjfZpbb h[uqgh dhgljhebjm_lky iZjheyfb� Ih^ibkv
± wlh \b^ iZjhey� aZ\bkysbc hl hlijZ\bl_ey� ihemqZl_ey bg�

nhjfZpbb b kh^_j`Zgby i_j_^Z\Z_fh]h khh[s_gby�
�� Ih^ibkv ^he`gZ f_gylvky hl khh[s_gby d khh[s_gbx ^ey

ij_^mij_`^_gby __ ih\lhjgh]h bkihevah\Zgby k p_evx ijh\_j�

db gh\h]h khh[s_gby� Pbnjh\Zy ih^ibkv hlebqZ_lky hl jmdh�
ibkghc� dhlhjZy h[uqgh g_ aZ\bkbl hl \j_f_gb khklZ\e_gby b

^Zgguo� Pbnjh\Zy b jmdhibkgZy ih^ibkb b^_glbqgu \ lhf
kfuke_� qlh hgb oZjZdl_jgu lhevdh ^ey ^Zggh]h \eZ^_evpZ�

�� Ohly ihemqZl_ev bgnhjfZpbb g_ fh`_l khklZ\blv ijZ�

\bevgmx ih^ibkv� hg ^he`_g mf_lv m^hklh\_jylv __ ih^ebg�
ghklv� < h[uqguo dhff_jq_kdbo k^_edZo� lZdbo� gZijbf_j� dZd

ijh^Z`Z g_^\b`bfhc kh[kl\_gghklb� wlm nmgdpbx aZqZklmx
\uihegy_l lj_lv_� g_aZ\bkbfh_ ^h\_j_ggh_ ebph �ghlZjbmk��

MklZgh\e_gb_ ih^ebgghklb ih^ibkb ± wlh ijhp_kk� ihkj_^�

kl\hf dhlhjh]h dZ`^Zy klhjhgZ mklZgZ\eb\Z_l ih^ebgghklv
^jm]hc� H[yaZl_evguf mkeh\b_f wlh]h ijhp_kkZ y\ey_lky khojZ�

g_gb_ lZcgu� <h fgh]bo kemqZyo gZf ijboh^blky m^hklh\_jylv
k\hx ebqghklv� gZijbf_j� ih^ibkvx beb \h^bl_evkdbfb ijZ\Z�

fb ijb ihemq_gbb ^_g_] ih q_dm eb[h nhlh]jZnb_c \ iZkihjl_
ijb i_j_k_q_gbb ]jZgbpu� >ey lh]h qlh[u \ kbkl_f_ h[jZ[hldb
^Zgguo ihemqZl_ev fh] mklZgh\blv ih^ebgghklv hlijZ\bl_ey�

g_h[oh^bfh \uiheg_gb_ ke_^mxsbo mkeh\bc�
�� HlijZ\bl_ev �ihevah\Zl_ev $� ^he`_g h[_ki_qblv

ihemqZl_ey �ihevah\Zl_ey %� m^hklh\_jyxs_c bgnhj�

��

fZpb_c $87+^N:� 0� b^_glbnbdZlhj %`� aZ\bkys_c hl
k_dj_lghc bgnhjfZpbb N:� ba\_klghc lhevdh ihevah\Z�
l_ex $�

�� G_h[oh^bfh� qlh[u m^hklh\_jyxsmx bgnhjfZpbx
$87+^N:� b^_glbnbdZlhj %` hl ihevah\Zl_ey $ ihev�

ah\Zl_ex % fh`gh [ueh ^Zlv lhevdh ijb gZebqbb dex�
qZ N:�

�� Ihevah\Zl_ev % ^he`_g jZkiheZ]Zlv ijhp_^mjhc

ijh\_jdb lh]h� qlh $87+^N:� b^_glbnbdZlhj %` ^_ckl�
\bl_evgh ih^l\_j`^Z_l ebqghklv ihevah\Zl_ey$�

�� >ey ij_^mij_`^_gby bkihevah\Zgby ij_^u^ms_c
ijh\_j_gghc gZ ^hklh\_jghklv bgnhjfZpbb ijhp_kk mk�
lZgh\e_gby ih^ebgghklb ^he`_g bf_lv g_dhlhjmx aZ�

\bkbfhklv hl \j_f_gb�
Hlf_lbf� qlh mklZgh\e_gb_ ih^ebgghklb b \_jbnbdZpby i_�

j_^Z\Z_fh]h khh[s_gby bf_xl koh^gu_ we_f_glu� pbnjh\Zy
ih^ibkv y\ey_lky m^hklh\_j_gb_f ih^ebgghklb bgnhjfZpbb k

^h[Z\e_gb_f lj_[h\Zgby h __ aZ\bkbfhklb hl kh^_j`Zgby i_j_�
^Z\Z_fh]h khh[s_gby�

���� :e]hjblfu we_dljhgghc pbnjh\hc ih^ibkb

������Pbnjh\u_ ih^ibkb� hkgh\Zggu_ gZ Zkbff_ljbqguo

djbilhkbkl_fZo

>ey nhjfbjh\Zgby kbkl_fu WPI fh`gh bkihevah\Zlv djbi�
lh]jZnbq_kdmx kbkl_fm Jb\_klZ�RZfbjZ�:^e_fZgZ�

Ihevah\Zl_ev $ \ujZ[Zlu\Z_l pbnjh\mx ih^ibkv ij_^gZ�

agZq_ggh]h ^ey ihevah\Zl_ey % khh[s_gby 0 k ihfhsvx ke_�
^mxs_]h ij_h[jZah\Zgby

6,*�0�  
%�

( QH%
�

$$ �

( QG �0���

Ijb wlhf hg bkihevam_l�

� k\h_ k_dj_lgh_ ij_h[jZah\Zgb_
$$ �

( QG �

� hldjulh_ ij_h[jZah\Zgb_
%�

( QH%
ihevah\Zl_ey %�

AZl_f hg i_j_^Z_l ihevah\Zl_ex % iZjm �0� 6,*�0�!�
Ihevah\Zl_ev % fh`_l \_jbnbpbjh\Zlv wlh ih^ibkZggh_ kh�

h[s_gb_ kgZqZeZ ijb ihfhsb k\h_]h k_dj_lgh]h ij_h[jZah\Z�

gby
%�

( QG%
k p_evx ihemq_gby



��

$$ �

( QG �0�  
%�

( QG%
�6,*�0��  

%�

( QG%
�

%�

( QH%
�

$$ �

( QG �0����

b aZl_f hldjulh]h
$$ �

( QH ihevah\Zl_ey $ ^ey ihemq_gby khh[�

s_gby0�

0  
$$ �

( QH �
$$ �

( QG �0���

AZl_f ihevah\Zl_ev % ijhba\h^bl kjZ\g_gb_ ihemq_ggh]h kh�
h[s_gby 0 k l_f� dhlhjh_ hg ihemqbe \ j_amevlZl_ ijh\_jdb

pbnjh\hc ih^ibkb� b ijbgbfZ_l j_r_gb_ h ih^ebggh�
klb�ih^eh`ghklb ihemq_ggh]h khh[s_gby�

< jZkkfhlj_gghf ijbf_j_ ijh\_jblv ih^ebgghklv WPI fh�

`_l lhevdh ihevah\Zl_ev %� ?keb `_ lj_[m_lky h[_ki_q_gb_
\hafh`ghklb \_jbnbdZpbb WPI ijhba\hevguf ihevah\Zl_e_f

�gZijbf_j� ijb pbjdmeyjghc jZkkued_ ^hdmf_glZ�� lh Ze]hjblf
\ujZ[hldb WPI mijhsZ_lky� b ih^ibkv \ujZ[Zlu\Z_lky ih
nhjfme_

6,*�0�  
$$ �

( QG �0��

Z ihevah\Zl_eb hkms_kl\eyxl \_jbnbdZpbx k bkihevah\Zgb_f
hldjulh]h ij_h[jZah\Zgby hlijZ\bl_ey �ihevah\Zl_ey $��

0  
$$ �

( QH �6,*�0��  
$$ �

( QH �
$$ �

( QG �0���

<f_klh djbilhkbkl_fu 56$ ^ey ih^ibkb khh[s_gbc fh`gh

bkihevah\Zlv b ex[mx ^jm]mx Zkbff_ljbqgmx djbilhkbkl_fm�
G_^hklZldhf ih^h[gh]h ih^oh^Z y\ey_lky lh� qlh ijhba\h^b�

l_evghklv Zkbff_ljbqghc djbilhkbkl_fu fh`_l hdZaZlvky g_�
^hklZlhqghc ^ey m^h\e_l\hj_gby ij_^ty\ey_fuf lj_[h\Zgbyf�
<hafh`guf j_r_gb_f y\ey_lky ijbf_g_gb_ ki_pbZevghc wn�

n_dlb\gh \uqbkebfhc nmgdpbb� gZau\Z_fhc owr�nmgdpb_c beb
nmgdpb_c owrbjh\Zgby� <oh^hf wlhc nmgdpbb y\ey_lky khh[�

s_gb_� Z \uoh^hf ± keh\h nbdkbjh\Zgghc ^ebgu� fgh]h f_gv�
r_c� q_f ^ebgZ bkoh^gh]h khh[s_gby� WPI \ujZ[Zlu\Z_lky ih

lhc `_ ko_f_� gh ijb wlhf bkihevam_lky g_ kZfh khh[s_gb_� Z
agZq_gb_ owr�nmgdpbb hl g_]h� Wlh kms_kl\_gguf h[jZahf mk�
dhjbl \ujZ[hldm b \_jbnbdZpbx WPI� Lj_[h\Zgby� ij_^ty\�

ey_fu_ d nmgdpbyf owrbjh\Zgby� Z lZd`_ ijbf_ju owr�
nmgdpbc jZkkfhlj_gu \ i� ����

��

Hq_gv qZklh [u\Z_l `_eZl_evgh� qlh[u we_dljhggZy pbnjh�
\Zy ih^ibkv [ueZ jZaghc� ^Z`_ _keb ^\Z`^u ih^ibku\Z_lky h^�
gh b lh `_ khh[s_gb_� >ey wlh]h \ ijhp_kk \ujZ[hldb WPI g_�

h[oh^bfh \g_klb we_f_gl �kemqZcghklb�� Kihkh[ k^_eZlv wlh
[ue ij_^eh`_g Wev�=ZfZe_f� ZgZeh]bqgh lhfm� dZd wlh ^_eZ_lky

\ kbkl_f_ rbnjh\Zgby� ghkys_c _]h bfy�
<u[bjZ_lky [hevrh_ ijhklh_ qbkeh S b p_eh_ qbkeh J� y\�

eyxs__ky ijbfblb\guf we_f_glhf \ =S� Wlb qbkeZ im[ebdmxl�

ky� AZl_f \u[bjZ_lky k_dj_lgh_ qbkeh [ b \uqbkey_lky hldju�
luc dexq ^ey ijh\_jdb ih^ibkb \  J[ �PRG S��

>Ze__ ^ey ih^ibkb khh[s_gby 0 \uqbkey_lky _]h owr�
nmgdpby P  K�0�� <u[bjZ_lky kemqZcgh_ p_eh_ N� � � N � �S ±
��� \aZbfgh ijhklh_ k S ± �� b \uqbkey_lky U  JN �PRG S�� Ihke_

wlh]h k ihfhsvx jZkrbj_ggh]h Ze]hjblfZ ?\deb^Z j_rZ_lky
hlghkbl_evgh V mjZ\g_gb_ P  [U � NV �PRG S ± ��� Ih^ibkv h[jZ�

am_l iZjZ qbk_e �U� V�� Ihke_ \ujZ[hldb ih^ibkb agZq_gb_ N
mgbqlh`Z_lky�

IhemqZl_ev ih^ibkZggh]h khh[s_gby \uqbkey_l owr�
nmgdpbx khh[s_gby P  K�0� b ijh\_jy_l \uiheg_gb_ jZ\_g�
kl\Z \UUV �PRG S�   JP� Dhjj_dlghklv wlh]h mjZ\g_gby hq_\b^�

gZ�

\UUV  J[⋅UJN⋅V  J[⋅U � N⋅V  JP �PRG S��

?s_ h^gZ ih^h[gZy ko_fZ [ueZ ij_^eh`_gZ Rghjjhf� DZd

h[uqgh� S ± [hevrh_ ijhklh_ qbkeh� T ± ijhklhc ^_ebl_ev �S ±
��� J ± we_f_gl ihjy^dZ T \ =S� N ± kemqZcgh_ qbkeh� [ b \  J[

�PRG S� ± k_dj_lguc b hldjuluc dexqb khhl\_lkl\_ggh� MjZ\�
g_gby \ujZ[hldb ih^ibkb \u]ey^yl ke_^mxsbf h[jZahf�

U  JN �PRG S�� H  K�P� U�� V  N � [H �PRG T��

Ih^ibkvx y\ey_lky iZjZ �U� V�� GZ ijb_fghc klhjhg_ \uqbk�
ey_lky agZq_gb_ owr�nmgdpbb H  K�P� U� b ijh\_jy_lky \uihe�

g_gb_ jZ\_gkl\Z U  JV\�H�PRG S�� ijb wlhf ^_ckl\by k ihdZaZl_�
eyfb kl_i_gb ijhba\h^ylky ih fh^mex T�

>jm]hc \ZjbZgl ih^ibkb RghjjZ \u]ey^bl lZd� >ey ih^ibkb

khh[s_gby P Z\lhj \u[bjZ_l kemqZcgh_ N ∈ =T� \uqbkey_l JN

PRG S� H  K�JN� P� b ]  N � [H PRG T� Ih^ibkvx y\ey_lky ljhcdZ

�P� H� ]�� Ijh\_jdZ ih^ibkb aZdexqZ_lky \ ijh\_jd_ jZ\_gkl\Z
K�J]\ ±H� P�  H� < kZfhf ^_e_� J]\ ±H  JN � [HJ ±[H  JN�



��

������ KlZg^Zjl pbnjh\hc ih^ibkb'66

Gh\Zy j_^Zdpby klZg^ZjlZ gZ \ujZ[hldm b \_jbnbdZpbx
pbnjh\hc ih^ibkb '66 �'LJLWDO 6LJQDWXUH 6WDQGDUG� ijbgylZ \

KR: � yg\Zjy ���� ]� �),36 38% ������� Kh]eZkgh wlhfm klZg�
^Zjlm� we_dljhggZy pbnjh\Zy ih^ibkv fh`_l \ujZ[Zlu\Z_lky ih

h^ghfm ba lj_o Ze]hjblfh\� '6$ �'LJLWDO 6LJQDWXUH $OJRULWKP��
hkgh\Zgghfm gZ ijh[e_f_ eh]ZjbnfZ \ dhg_qghf ihe_� $16,
;���� �56$ '6$� beb $16, ;���� �(& '6$ ± Ze]hjblf \ujZ�

[hldb ih^ibkb� hkgh\Zgghc gZ ijh[e_f_ eh]ZjbnfZ \ ]jmii_
lhq_d weebilbq_kdhc djb\hc gZ^ dhg_qguf ihe_f��

Hibr_f Ze]hjblf '6$�

�� Ij_^\Zjbl_evguc wlZi ± \u[hj iZjZf_ljh\�
<u[bjZxlky qbkeZ S� T b J� lZdb_� qlh S ± ijhklh_ qbkeh� �O ± �

� S � �O� ]^_ O djZlgh �� b ��� ≤ O ≤ ����� T ± ijhklhc ^_ebl_ev
qbkeZ S ± � ^ebghc ��� [bl ����� � T � ������ J ± we_f_gl ihjy^dZ

T \ =S� J \u[bjZ_lky \ \b^_ J  K�S ± ���T� ]^_ � � K � S ± � b K�S ± ���T

! �� Wlb ljb qbkeZ y\eyxlky hldjulufb ^Zggufb b fh]ml [ulv
h[sbfb ^ey ]jmiiu ihevah\Zl_e_c�

<u[bjZ_lky k_dj_lguc dexq [� � � [ � T� b \uqbkey_lky hl�
djuluc dexq ^ey ijh\_jdb ih^ibkb \  J[ �PRG S��

�� <ujZ[hldZ we_dljhgghc pbnjh\hc ih^ibkb�
<uqbkey_lky agZq_gb_ owr�nmgdpbb hl khh[s_gby K�P�� Ijb

wlhf bkihevam_lky Ze]hjblf [_ahiZkgh]h owrbjh\Zgby 6+$��

�6HFXUH +DVKLQJ $OJRULWKP�� gZ dhlhjuc kkueZ_lky klZg^Zjl
�),36 38% ������� AgZq_gb_ owr�nmgdpbb K�P� bf__l ^ebgm ���

[bl�
>Ze__ ih^ibku\Zxsbc \u[bjZ_l kemqZcgh_ beb ik_\^hkem�

qZcgh_ agZq_gb_ N� � � N � T� \uqbkey_l N�� �PRG T�� b \ujZ[Zlu�

\Z_l iZjm agZq_gbc�

U  JN �PRG S��PRG T��

V  N�� �K�P� � [U� �PRG T�

WlZ iZjZ agZq_gbc �U� V� b y\ey_lky we_dljhgghc ih^ibkvx ih^

khh[s_gb_f0� Ihke_ \ujZ[hldb pbnjh\hc ih^ibkb agZq_gb_ N
mgbqlh`Z_lky�

�� <_jbnbdZpby we_dljhgghc pbnjh\hc ih^ibkb�
Imklv [ueh ijbgylh khh[s_gb_ P�� Lh]^Z mjZ\g_gb_ ijh\_j�

db \u]ey^bl ke_^mxsbf h[jZahf�

��
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:e]hjblf \ujZ[hldb WPI� hkgh\Zgguc gZ weebilbq_kdbo
djb\uo� fh`_l [ulv hibkZg ke_^mxsbf h[jZahf�

�� <u[hj iZjZf_ljh\�
KlZg^Zjl hij_^_ey_l ihey� gZ^ dhlhjufb aZ^Zxlky weebilb�

q_kdb_ djb\u_� Wlh ijhklu_ ihey =ZemZ b ihey =ZemZ oZjZdl_�
jbklbdb �� <u[hj ihe_c \ klZg^Zjl_ k^_eZg bkoh^y ba lj_[h\Z�
gby ih\ur_gby \uqbkebl_evghc wnn_dlb\ghklb fZrbgguo

hi_jZpbc mfgh`_gby \ ihe_� >ey wlh]h \ dZq_kl\_ ijhkluo fh�
^me_c \u[jZgu lZd gZau\Z_fu_ h[h[s_ggu_ qbkeZ F_jk_ggZ

�LZ[e� �����
KlZg^Zjl nbdkbjm_l djb\u_� dhlhju_ ^he`gu bkihevah\Zlv�

ky \ Ze]hjblfZo� b ijbf_jgu_ [Zah\u_ lhqdb gZ wlbo djb\uo�

Ihevah\Zl_ev fh`_l eb[h \hkihevah\Zlvky ijb\_^_ggufb \
klZg^Zjl_ [Zah\ufb lhqdZfb� eb[h k]_g_jbjh\Zlv k\hb� _keb�

gZijbf_j� _fm ihgZ^h[blky h[_ki_qblv djbilh]jZnbq_kdh_ jZa�
^_e_gb_ k_l_c W<F� < qZklghklb� djb\u_ 3���� « 3���� ij_^�

klZ\eyxl kh[hc weebilbq_kdb_ djb\u_ ijhklh]h ihjy^dZ U \b^Z
\�  [� ± �[ � E gZ^ ihe_f *)�S��

LZ[ebpZ ����

Djb\Zy S

3���� ���� ± ��� ± �

3���� ���� ± ��� � �

3���� ���� ± ���� � ���� � ��� ± �

3���� ���� ± ���� ± ��� � ��� ± �

3���� ���� ± �

>ey aZ^Zgby djb\uo gZ^ iheyfb oZjZdl_jbklbdb � \u[jZgu

ihjh`^Zxsb_ fgh]hqe_gu� mdZaZggu_ \ lZ[e� ���� Ijb wlhf
\hafh`gh bkihevah\Zlv ij_^klZ\e_gb_ ihe_c dZd \ ihebghfb�

Zevghf� lZd b \ ghjfZevghf [ZabkZo�
LZ[ebpZ ����



��

Djb\Zy Ihjh`^Zxsbc fgh]hqe_g
S�W�

Lbi ghjfZevgh]h
[ZabkZ

.����� %���� W��� � W� � W� � W� � � �

.����� %���� W��� � W�� � � �

.����� %���� W��� � W�� �W� �W� �� �

.����� %���� W��� � W�� � � �

.����� %���� W��� � W�� � W� � W� � � ��

Dhwnnbpb_glu E aZ^Zgu ^ey dZ`^h]h jZaf_jZ ihey� GZijb�
f_j� djb\Zy 3���� aZ^Z_lky dhwnnbpb_glhf E  ��� ���HE���
�H�F�D�I ���D��D� E�����HH D�GD���E ��E���I� E�E�����

�HI���H� �������� HF�H���E ����F�EG �EE�EI�� ����GI��
�G�F��I� HI���IG� �E���I�� �\ r_klgZ^pZl_jbqghf \b^_�

b bf__l ihjy^hd
U  ��������������������������������������������

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

�������������������������������������������������������
��� �\ ^_kylbqghc aZibkb��

Ihkdhevdm hij_^_e_ggu_ \ klZg^Zjl_ djb\u_ bf_xl ijhklhc
ihjy^hd� ]jmiiu lhq_d gZ gbo y\eyxlky pbdebq_kdbfb �dhnZd�
lhj wlbo djb\uo jZ\_g �� b ihjy^hd [Zah\hc lhqdb Q \ lhqghklb

jZ\_g U�
>ey dZ`^h]h ba ihe_c *)��P� \ klZg^Zjl_ mdZaZgu ih � djb�

\uo� ik_\^hkemqZcgZy \b^Z \� � [\  [� � [� � E� bf_xsZy dhnZd�
lhj �� b ki_pbZevgZy djb\Zy Dh[ebpZ� beb ZghfZevgZy ^\hbqgZy

djb\Zy \b^Z \� � [\  [� � D[� � �� ]^_ D  � beb �� DhnZdlhj djb�
\hc Dh[ebpZ jZ\_g �� _keb D  � b �� _keb D  �� GZijbf_j� ^ey
ihey *)������ ik_\^hkemqZcgZy djb\Zy aZ^Z_lky dhwnnbpb_glhf

E  � �D������ E�F���FD ����HE�� ���I���� �D����IG� Z djb\Zy
Dh[ebpZ dhwnnbpb_glhf D  ��

=_g_jZpby dexq_\hc iZju� Ihevah\Zl_ev \u[bjZ_l \ dZq_kl�
\_ k_dj_lgh]h dexqZ p_eh_ qbkeh G� � � G � Q� ]^_ Q ± ihjy^hd
[Zah\hc lhqdb * gZ weebilbq_kdhc djb\hc� >Ze__ hg \uqbkey_l

4  G* b im[ebdm_l 4 \ dZq_kl\_ hldjulh]h dexqZ�

�� <ujZ[hldZ WPI�

>ey lh]h� qlh[u ih^ibkZlv khh[s_gb_ P� ihevah\Zl_ev�
�� \u[bjZ_l kemqZcgh_ qbkeh N� � � N � Q ± ��
�� \uqbkey_l N*  �[�� \��� U  [� PRG Q� ?keb U  �� lh

i_j_clb d rZ]m ��

��

�� \uqbkey_l N±� PRG Q�
�� \uqbkey_l H  6+$�P�� <u[hj \ZjbZglZ nmgdpbb

owrbjh\Zgby hkms_kl\ey_lky \ aZ\bkbfhklb hl bk�

ihevam_fh]h ihey�
�� \uqbkey_l V  N±� �H � GU� PRG Q� ?keb V  �� lh i_j_c�

lb d rZ]m ��
�� Ih^ibkvx khh[s_gby P y\ey_lky iZjZ �U� V��

�� <_jbnbdZpby WPI�

>ey ijh\_jdb ih^ibkb ihemqZl_ev khh[s_gby \uihegy_l
ke_^mxsb_ ^_ckl\by�

�� ijh\_jy_l� qlh U b V e_`Zl gZ bgl_j\Ze_ ��� Q��
�� \uqbkey_l H  6+$�P��
�� \uqbkey_l Z  V±� PRG Q�

�� \uqbkey_l X�  HZ PRG Q b X�  UZ PRG Q�

�� \uqbkey_l ;  X�* � X�4� ?keb ;  ∞� lh ih^ibkv hl�
\_j]Z_lky� bgZq_� \uqbkeblv Y  [� PRG Q� ]^_ ;  �[��
\���

�� Ijbgylv ih^ibkv� _keb b lhevdh _keb Y  U�

Dhjj_dlghklv ko_fu ^hdZau\Z_lky g_keh`gh� ?keb khh[s_�
gb_ P ^_ckl\bl_evgh ih^ibkZgh hlijZ\bl_e_f� lh V  N±� �H � GU�

PRG Q� Hldm^Z

N ≡ V±��H � GU� ≡ V±�H � V±�UG ≡ ZH � ZUG ≡ X� � X�G �PRG Q��

LZdbf h[jZahf� X�* � X�4  �X� � X�G�*  N*� b ihwlhfm Y  U�

dZd b lj_[m_lky�

������ KlZg^Zjl pbnjh\hc ih^ibkb =HKL J ��������

Jhkkbckdbc klZg^Zjl WPI jZajZ[Zlu\Zeky iha`_ i_j\hgZ�
qZevgh]h \ZjbZglZ Zf_jbdZgkdh]h� ihwlhfm iZjZf_lju wlh]h
Ze]hjblfZ \u[jZgu k mq_lhf \hajhkrbo \hafh`ghkl_c ihl_g�

pbZevgh]h ijhlb\gbdZ ih \kdjulbx djbilhkbkl_f� < qZklghklb�
m\_ebq_gZ ^ebgZ agZq_gby owr�nmgdpbb� qlh kgb`Z_l \_jhyl�

ghklv klhedgh\_gbc� b� khhl\_lkl\_ggh� ihjy^hd we_f_glZ�
]_g_jZlhjZ� qlh ^_eZ_l [he__ keh`guf j_r_gb_ aZ^Zqb ^bkdj_l�
gh]h eh]ZjbnfZ ^ey \hkklZgh\e_gby k_dj_lgh]h dexqZ� Ijb

hibkZgbb Ze]hjblfZ [m^ml bkihevah\Zlvky ke_^mxsb_ h[hagZ�
q_gby�

%
 ± fgh`_kl\h \k_o dhg_qguo keh\ \ ZenZ\bl_ %  ^���`�



��

_$_ ± ^ebgZ keh\Z :
9N��� ± fgh`_kl\h \k_o ^\hbqguo keh\ ^ebgu N�
$__% ± dhgdZl_gZpby keh\ : b %� lZd`_ h[hagZqZ_lky dZd :<�

:N ± dhgdZl_gZpby N wda_fieyjh\ keh\Z :�
�1!N ± keh\h ^ebgu N� kh^_j`Zs__ aZibkv 1�PRG �N�� ]^_ 1 ±

g_hljbpZl_evgh_ p_eh_�

⊕ ± ih[blh\h_ keh`_gb_ keh\ ih fh^mex ��
>�@ ± keh`_gb_ ih ijZ\bem $ >�@ %  �$�%!N �N  _$_  _%_��

P ± i_j_^Z\Z_fh_ khh[s_gb_�
P� ± ihemq_ggh_ khh[s_gb_

K ± owr�nmgdpby� hlh[jZ`ZxsZy ihke_^h\Zl_evghklv P \

keh\h K�P� ∈ 9�������
S ± ijhklh_ qbkeh� ���� � S � ����� eb[h ����� � S � ������

T ± ijhklh_ qbkeh� ���� � T � ���� b T y\ey_lky ^_ebl_e_f ^ey
�S ± ���

D ± p_eh_ qbkeh� � � D � S ± �� ijb wlhf DT�PRG S�  ��

N ± p_eh_ qbkeh� � � N � T�
[ ± k_dj_lguc dexq ihevah\Zl_ey ^ey nhjfbjh\Zgby ih^ib�

kb� � � [ � T�
\ ± hldjuluc dexq ^ey ijh\_jdb ih^ibkb� \  D[�PRG S��

Kbkl_fZ WPI \dexqZ_l \ k_[y ijhp_^mju \ujZ[hldb b ijh�
\_jdb ih^ibkb ih^ ^Zgguf khh[s_gb_f�

Pbnjh\Zy ih^ibkv� khklhysZy ba ^\mo p_euo qbk_e� \uqbk�

ey_lky k ihfhsvx hij_^_e_ggh]h gZ[hjZ ijZ\be� baeh`_gguo \
klZg^Zjl_�

QbkeZ S� T b D� y\eyxsb_ky iZjZf_ljZfb kbkl_fu� g_ y\ey�
xlky k_dj_lgufb� Dhgdj_lguc gZ[hj bo agZq_gbc fh`_l [ulv
h[sbf ^ey ]jmiiu ihevah\Zl_e_c� P_eh_ qbkeh N� dhlhjh_ ]_g_�

jbjm_lky \ ijhp_^mj_ ih^ibkb khh[s_gby� ^he`gh [ulv k_dj_l�
guf b ^he`gh [ulv mgbqlh`_gh kjZam ihke_ \ujZ[hldb ih^ib�

kb� Qbkeh N kgbfZ_lky k nbabq_kdh]h ^ZlqbdZ kemqZcguo qbk_e
beb \ujZ[Zlu\Z_lky ik_\^hkemqZcguf f_lh^hf k bkihevah\Z�
gb_f k_dj_lguo iZjZf_ljh\�

Ijhp_^mjZ \ujZ[hldb ih^ibkb \dexqZ_l \ k_[y ke_^mxsb_
rZ]b�

�� <uqbkeblv K�P� ± agZq_gb_ owr�nmgdpbb K hl khh[s_�
gby P� ?keb K�P��PRG T�  �� lh ijbk\hblv K�P� agZq_�
gb_ ������

�� <ujZ[hlZlv p_eh_ qbkeh N� � � N � T�

��

�� <uqbkeblv ^\Z agZq_gby� U
  DN�PRG S� b U  U
 �PRG T��
?keb U  �� lh i_j_clb d rZ]m � b \ujZ[hlZlv ^jm]h_
agZq_gb_ qbkeZ N�

�� K bkihevah\Zgb_f k_dj_lgh]h dexqZ [ ihevah\Zl_ey
\uqbkeblv agZq_gb_ V  �[U � NK�P���PRG T�� ?keb V  ��

lh i_j_clb d rZ]m �� \ ijhlb\ghf kemqZ_ aZdhgqblv jZ�
[hlm Ze]hjblfZ�

AZf_lbf� qlh khh[s_gb_� ^Zxs__ gme_\h_ agZq_gb_ owr�

nmgdpbb� g_ ih^ibku\Z_lky� < ijhlb\ghf kemqZ_ mjZ\g_gb_
ih^ibkb mijhklbehkv [u ^h V  [U �PRG T� b aehmfure_ggbd

e_]dh fh] [u \uqbkeblv k_dj_lguc dexq [�
Ijh\_jdZ pbnjh\hc ih^ibkb \hafh`gZ ijb gZebqbb m ihem�

qZl_ey hldjulh]h dexqZ hlijZ\bl_ey� ihkeZ\r_]h khh[s_gb_�

MjZ\g_gb_ ijh\_jdb [m^_l ke_^mxsbf�
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�
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<uqbke_gby ih mjZ\g_gbx ijh\_jdb j_Zebamxlky ke_^mx�
sbf h[jZahf�

�� Ijh\_jblv mkeh\by� � � V � T b � � U � T� ?keb ohly [u
h^gh ba wlbo mkeh\bc g_ \uiheg_gh� lh ih^ibkv kqblZ�
_lky g_^_ckl\bl_evghc�

�� <uqbkeblv K�P�� ± agZq_gb_ owr�nmgdpbb K hl ihem�
q_ggh]h khh[s_gby P��

?keb K�P���PRG T�  �� ijbk\hblv K�P�� agZq_gb_ �
�����

�� <uqbkeblv agZq_gb_ Y  �K�P���
T±��PRG T�� qlh y\ey_lky

g_ q_f bguf� dZd fmevlbiebdZlb\guf h[jZlguf d

K�P�� �PRG T�� <hh[s_ ]h\hjy� Ze]hjblf ijh\_jdb
fh`gh g_kdhevdh mkdhjblv� _keb \uqbkeylv

K�P��
���PRG T� k ihfhsvx jZkrbj_ggh]h Ze]hjblfZ

?\deb^Z� Z g_ iml_f \ha\_^_gby \ kl_i_gv�
�� <uqbkeblv agZq_gby�

]�  VY�PRG T� b



��

]�  �T ± U�Y�PRG T�
�� <uqbkeblv agZq_gb_

X  ����PRG�PRG� �� TS\D ]]

�� Ijh\_jblv mkeh\b_

U  X
Ijb kh\iZ^_gbb agZq_gbc U b X ihemqZl_ev ijbgbfZ_l j_r_�

gb_ h lhf� qlh ihemq_ggh_ khh[s_gb_ ih^ibkZgh ^Zgguf hlijZ�
\bl_e_f b \ ijhp_kk_ i_j_^Zqb g_ gZjmr_gZ p_ehklghklv khh[�
s_gby� l�_� P�  P� < ijhlb\ghf kemqZ_ ih^ibkv kqblZ_lky g_�

^_ckl\bl_evghc�

������ KlZg^Zjl pbnjh\hc ih^ibkb =HKL J ����������

K ih\ur_gb_f ijhba\h^bl_evghklb \uqbkebl_evguo
kj_^kl\ b mkh\_jr_gkl\h\Zgb_f Ze]hjblfh\ \uqbke_gby eh]Z�
jbnfh\ \ dhg_qghf ihe_ ihy\beZkv ihlj_[ghklv \ ih\ur_gbb

klhcdhklb WPI d jZaebqgh]h jh^Z ZlZdZf� < k\yab k wlbf [ue
jZajZ[hlZg klZg^Zjl =HKL J ���������� �BgnhjfZpbhggZy l_o�

gheh]by� Djbilh]jZnbq_kdZy aZsblZ bgnhjfZpbb� Ijhp_kku
nhjfbjh\Zgby b ijh\_jdb we_dljhgghc pbnjh\hc ih^ibkb��

\\h^bfuc k � bxey ���� ]� \f_klh jZg__ ^_ckl\h\Z\r_]h klZg�
^ZjlZ =HKL J ���������

< ^Zgghf klZg^Zjl_ bkihevamxlky hi_jZpbb ]jmiiu lhq_d

weebilbq_kdhc djb\hc gZ^ dhg_qguf ihe_f� Ijbf_gy_lky we�
ebilbq_kdZy djb\Zy ( \ nhjf_ <_c_jrljZkkZ gZ^ ijhkluf ih�

e_f� aZ^Z\Z_fZy dhwnnbpb_glZfb D b E beb \_ebqbghc -�(�� gZ�
au\Z_fhc bg\ZjbZglhf weebilbq_kdhc djb\hc�

��PRG
���

�
������

��

�

S
ED

D
(-

+
≡ �

Dhwnnbpb_glu D b E djb\hc ( hij_^_eyxlky ih ba\_klghfm
bg\ZjbZglm ke_^mxsbf h[jZahf�
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Lhqdm 4 [m^_f gZau\Zlv lhqdhc djZlghklb N� N ∈ =� _keb ^ey
g_dhlhjhc lhqdb 3 \uiheg_gh jZ\_gkl\h 4  N3�

IZjZf_ljZfb ko_fu WPI y\eyxlky ke_^mxsb_ agZq_gby�

���

S ± fh^mev weebilbq_kdhc djb\hc� ijhklh_ qbkeh� S ! �����
weebilbq_kdZy djb\Zy� aZ^Z\Z_fZy bg\ZjbZglhf -�(� beb dh�

wnnbpb_glZfb D b E�

p_eh_ qbkeh P � ihjy^hd ]jmiiu lhq_d weebilbq_kdhc djb\hc
(�

ijhklh_ qbkeh T � ihjy^hd pbdebq_kdhc ih^]jmiiu ]jmiiu

lhq_d weebilbq_kdhc djb\hc (� ^ey dhlhjh]h \uiheg_gu ke_�
^mxsb_ mkeh\by�


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Q=QQTP
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[Zah\Zy lhqdZ 3 ≠ H gZ djb\hc� bf_xsZy ihjy^hd T� l� _�
m^h\e_l\hjyxsZy jZ\_gkl\m T3  H� Dhhj^bgZlu wlhc lhqdb
h[hagZqbf q_j_a �[S� \S��

owr�nmgdpby� hlh[jZ`ZxsZy khh[s_gby ijhba\hevghc ^eb�
gu \ fgh`_kl\h ^\hbqguo \_dlhjh\ ^ebgu ���� Owr�nmgdpby

hij_^_e_gZ klZg^Zjlhf J ���������
DZ`^uc ihevah\Zl_ev ko_fu WPI ^he`_g h[eZ^Zlv ebqghc

dexq_\hc iZjhc�

k_dj_lguc dexq ihevah\Zl_ey ± p_eh_ qbkeh G� � � G � T�
hldjuluc dexq ihevah\Zl_ey ± lhqdZ 4 k dhhj^bgZlZfb �[T�

\T�� m^h\e_l\hjyxsZy jZ\_gkl\m G3  4�
IZjZf_lju WPI ^he`gu m^h\e_l\hjylv ke_^mxsbf mkeh\b�

yf�

��PRG� TS W ≠ � ^ey \k_o p_euo W ���� « %� ]^_ % m^h\e_l\hjy�

_l g_jZ\_gkl\m % ≥ ���

P ≠ S�

-�(� ≠ � beb �����

>\hbqghfm \_dlhjm ������� ���� αα=K klZ\blky \ khhl\_lkl\b_

qbkeh

∑
=

=
���

�

�

L

L

Lαα �

WPI ih^ khh[s_gb_f0 \ujZ[Zlu\Z_lky ih ke_^mxs_fm Ze�

]hjblfm�

�� <uqbkeblv owr�nmgdpbx khh[s_gby ( )0KK0 =� �



���

�� <uqbkeblv p_eh_ qbkeh α� ^\hbqguf ij_^klZ\e_gb_f dh�

lhjh]h y\ey_lky \_dlhj K � b hij_^_eblv

��PRG TH α≡ �

?keb H  �� lh hij_^_eblv H  ��

�� K]_g_jbjh\Zlv �ik_\^h�kemqZcgh_ p_eh_ qbkeh N� m^h\e_�
l\hjyxs__ g_jZ\_gkl\Zf

� � N � T�

�� <uqbkeblv lhqdm weebilbq_kdhc djb\hc & N3 b iheh`blv

���PRG T[U F≡

]^_ [F ± [�dhhj^bgZlZ lhqdb K� ?keb U  �� lh \_jgmlvky gZ rZ] ��

�� <uqbkeblv agZq_gb_

���PRG�� TNHUGV +≡

?keb V  �� lh \_jgmlvky gZ rZ] ��
�� <uqbkeblv ^\hbqgu_ \_dlhju� khhl\_lkl\mxsb_ qbkeZf U

b V� Hij_^_eblv pbnjh\mx ih^ibkv ( )VU __=ζ dZd dhgdZl_gZpbx

^\mo ^\hbqguo \_dlhjh\�

>ey ijh\_jdb ih^ibkb ζ ih^ ihemq_gguf khh[s_gb_f F g_�
h[oh^bfh \uihegblv ke_^mxsb_ ^_ckl\by� bkihevamy dexq

ijh\_jdb ih^ibkb 4�

�� Ih ihemq_gghc ih^ibkb ζ \uqbkeblv p_eu_ qbkeZ U b V�
?keb \uiheg_gu g_jZ\_gkl\Z � � U � T� � � V � T� lh i_j_clb d

ke_^mxs_fm rZ]m� < ijhlb\ghf kemqZ_ ih^ibkv g_\_jgZ�
�� <uqbkeblv owr�nmgdpbx ihemq_ggh]h khh[s_gby

( )0KK0 =� �

�� <uqbkeblv p_eh_ qbkeh α� ^\hbqguf ij_^klZ\e_gb_f dh�

lhjh]h y\ey_lky \_dlhj K b hij_^_eblv ��PRG TH α≡ � ?keb H  

�� lh hij_^_eblv H  ��

�� <uqbkeblv agZq_gb_ ��PRG� THY −≡ �

�� <uqbkeblv agZq_gby

���PRG���PRG �� TUY]TVY] −≡≡

�� <uqbkeblv lhqdm weebilbq_kdhc djb\hc 4]3]& �� += b

hij_^_eblv

���

��PRG T[5 F≡ �

]^_ [F ± o�dhhj^bgZlZ lhqdb K�
�� ?keb \uiheg_gh jZ\_gkl\h 5  U� lh ih^ibkv ijbgbfZ_lky�

\ ijhlb\ghf kemqZ_ ih^ibkv g_\_jgZ�

������Pbnjh\u_ ih^ibkb� hkgh\Zggu_ gZ kbff_ljbqguo

djbilhkbkl_fZo

GZ i_j\uc \a]ey^� kZfZ wlZ b^_y fh`_l ihdZaZlvky Z[kmj^hf�
>_ckl\bl_evgh� h[s_ba\_klgh� qlh lZd gZau\Z_fZy ©kh\j_f_g�

gZyª� hgZ `_ ^\modexq_\Zy djbilh]jZnby \hagbdeZ b klZeZ [u�
kljh jZa\b\Zlvky \ ihke_^gb_ ^_kylbe_lby bf_ggh ihlhfm� qlh
jy^ gh\uo djbilh]jZnbq_kdbo ijhlhdheh\ lbiZ ijhlhdheZ pbn�

jh\hc ih^ibkb g_ m^Zehkv wnn_dlb\gh j_Zebah\Zlv gZ [Za_ ljZ�
^bpbhgguo djbilh]jZnbq_kdbo Ze]hjblfh\� rbjhdh ba\_klguo

b ohjhrh bamq_gguo d lhfm \j_f_gb� L_f g_ f_g__� wlh \ha�
fh`gh� B i_j\ufb� dlh h[jZlbe gZ wlh \gbfZgb_� [ueb jh^hgZ�

qZevgbdb djbilh]jZnbb k hldjuluf dexqhf M� >bnnb b F�
O_eefZg� him[ebdh\Z\rb_ hibkZgb_ ih^oh^Z� iha\heyxs_]h
\uihegylv ijhp_^mjm pbnjh\hc ih^ibkb h^gh]h [blZ k ihfh�

svx [ehqgh]h rbnjZ� Ij_`^_ q_f baeh`blv wlm b^_x� k^_eZ_f
g_kdhevdh aZf_qZgbc h kmlb b j_ZebaZpbyo pbnjh\hc ih^ibkb�

Klhcdhklv dZdhc�eb[h ko_fu ih^ibkb �l�_� \uiheg_gb_ lj_�
[h\Zgbc� hibkZgguo \ i� ����� ^hdZau\Z_lky h[uqgh mklZgh\e_�
gb_f jZ\ghkbevghklb khhl\_lkl\mxs_c aZ^Zqb \kdjulby ko_fu

dZdhc�eb[h ^jm]hc� h dhlhjhc ba\_klgh� qlh hgZ \uqbkebl_evgh
g_jZaj_rbfZ� IjZdlbq_kdb \k_ kh\j_f_ggu_ Ze]hjblfu WPI

hkgh\Zgu gZ lZd gZau\Z_fuo ©keh`guo fZl_fZlbq_kdbo aZ^Z�
qZoª lbiZ nZdlhjbaZpbb [hevrbo qbk_e beb eh]Zjbnfbjh\Zgby
\ ^bkdj_lguo iheyo� H^gZdh� ^hdZaZl_evkl\h g_\hafh`ghklb

wnn_dlb\gh]h \uqbkebl_evgh]h j_r_gby wlbo aZ^Zq hlkmlkl\m�
_l� b g_l gbdZdbo ]ZjZglbc� qlh hgb g_ [m^ml j_r_gu \ [eb�

`Zcr_f [m^ms_f� Z khhl\_lkl\mxsb_ ko_fu \aehfZgu ± dZd
wlh ijhbahreh k ©jZgp_\hcª ko_fhc pbnjh\hc ih^ibkb� ;he__
lh]h� k [mjguf ijh]j_kkhf kj_^kl\ \uqbkebl_evguo l_ogbdb

©]jZgbpu gZ^_`ghklbª f_lh^h\ hlh^\b]Zxlky \ h[eZklv \k_
[hevrbo jZaf_jh\ [ehdZ� <k_]h iZjm ^_kylbe_lbc gZaZ^� gZ aZj_

djbilh]jZnbb k hldjuluf dexqhf kqblZehkv� qlh ^ey j_ZebaZ�
pbb ko_fu ih^ibkb 56$ ^hklZlhqgh ^Z`_ ����[blh\uo qbk_e�



���

K_cqZk wlZ ]jZgbpZ hlh^\bgmlZ ^h �����[blh\uo qbk_e ± ijZd�
lbq_kdb gZ ihjy^hd� ± b wlh ^Ze_dh _s_ g_ ij_^_e� Wlh ijb\h^bl
d g_h[oh^bfhklb i_j_ibku\Zlv j_Zebamxsb_ ko_fm ijh]jZffu�

b aZqZklmx i_j_ijh_dlbjh\Zlv ZiiZjZlmjm� Gbq_]h ih^h[gh]h
g_ gZ[ex^Z_lky \ h[eZklb deZkkbq_kdbo [ehqguo rbnjh\� _keb

g_ kqblZlv bagZqZevgh ms_j[gh]h b g_ihgylgh]h j_r_gby dh�
fbl_lZ ih klZg^ZjlZf KR: h]jZgbqblv jZaf_j dexqZ Ze]hjbl�
fZ '(6 ���x [blZfb� lh]^Z dZd _s_ \h \j_fy h[km`^_gby Ze]h�

jblfZ ij_^eZ]Zehkv bkihevah\Zlv dexq [hevr_]h jZaf_jZ� Ko_�
fu ih^ibkb� hkgh\Zggu_ gZ deZkkbq_kdbo [ehqguo rbnjZo�

k\h[h^gu hl mdZaZgguo g_^hklZldh\�
�� \h�i_j\uo� bo klhcdhklv d ihiuldZf \aehfZ \ul_dZ_l

ba klhcdhklb bkihevah\Zggh]h [ehqgh]h rbnjZ� ih�

kdhevdm deZkkbq_kdb_ f_lh^u rbnjh\Zgby bamq_gu ]h�
jZa^h [hevr_� Z bo gZ^_`ghklv h[hkgh\ZgZ gZfgh]h

emqr_� q_f gZ^_`ghklv Zkbff_ljbqguo djbilh]jZnb�
q_kdbo kbkl_f�

�� \h�\lhjuo� ^Z`_ _keb klhcdhklv bkihevah\Zggh]h \
ko_f_ ih^ibkb rbnjZ hdZ`_lky g_^hklZlhqghc \ k\_l_
ijh]j_kkZ \uqbkebl_evghc l_ogbdb� _]h e_]dh fh`gh

[m^_l aZf_gblv gZ ^jm]hc� [he__ mklhcqb\uc� k l_f `_
jZaf_jhf [ehdZ ^Zgguo b dexqZ� [_a g_h[oh^bfhklb

f_gylv hkgh\gu_ oZjZdl_jbklbdb \k_c ko_fu ± wlh ih�
lj_[m_l lhevdh fbgbfZevghc fh^bnbdZpbb ijh]jZff�
gh]h h[_ki_q_gby�

BlZd� \_jg_fky d ko_f_ >bnnb b O_eefZgZ ih^ibkb h^gh]h
[blZ khh[s_gby k ihfhsvx Ze]hjblfZ� [Zabjmxs_]hky gZ ex�

[hf deZkkbq_kdhf [ehqghf rbnj_� Ij_^iheh`bf� \ gZr_f jZk�
ihjy`_gbb _klv Ze]hjblf aZrbnjh\Zgby (.� hi_jbjmxsbc [eh�
dZfb ^Zgguo ; jZaf_jZ Q b bkihevamxsbc dexq jZaf_jhf Q.�

_; _  Q� _. _  Q.� KljmdlmjZ dexq_\hc bgnhjfZpbb \ ko_f_ ke_�
^mxsZy� k_dj_lguc dexq ih^ibkb N6 \u[bjZ_lky dZd ijhba�

\hevgZy �kemqZcgZy� iZjZ dexq_c N�� N� bkihevam_fh]h [ehqgh]h
rbnjZ�

N6  �N��N���

LZdbf h[jZahf� jZaf_j dexqZ ih^ibkb jZ\_g m^\h_gghfm jZa�
f_jm dexqZ bkihevah\Zggh]h [ehqgh]h rbnjZ�

���

_N6_  �_. _  �Q.�

Dexq ijh\_jdb ij_^klZ\ey_l kh[hc j_amevlZl rbnjh\Zgby ^\mo
[ehdh\ l_dklZ ;� b ;� k dexqZfb N� b N� khhl\_lkl\_ggh�

N9  �&�� &��  ������� ��
��
;(;( NN

]^_ y\eyxsb_ky iZjZf_ljhf ko_fu [ehdb ^Zgguo g_k_dj_lgu b
ba\_klgu ijh\_jyxs_c ih^ibkv klhjhg_� LZdbf h[jZahf� jZa�

f_j dexqZ ijh\_jdb ih^ibkb jZ\_g m^\h_gghfm jZaf_jm [ehdZ
bkihevah\Zggh]h [ehqgh]h rbnjZ�

_N9_  �_; _  �Q�

:e]hjblf 6LJ \ujZ[hldb pbnjh\hc ih^ibkb ^ey [blZ W �W

∈ ^���`� aZdexqZ_lky ijhklh \ \u[hj_ khhl\_lkl\mxs_c iheh�
\bgu ba iZju� khklZ\eyxs_c k_dj_lguc dexq ih^ibkb�

V  6�W�  NW�

:e]hjblf 9HU ijh\_jdb ih^ibkb khklhbl \ ijh\_jd_ mjZ\g_�

gby (NW
�;W�  &W� dhlhjh_� hq_\b^gh� ^he`gh \uihegylvky ^ey

gZr_]h W� IhemqZl_ex ba\_klgu \k_ bkihevam_fu_ ijb wlhf \_�
ebqbgu�

LZdbf h[jZahf� nmgdpby ijh\_jdb ih^ibkb [m^_l ke_^mx�
s_c�
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IhdZ`_f� qlh ^ZggZy ko_fZ jZ[hlhkihkh[gZ� ^ey q_]h ijh\_�

jbf \uiheg_gb_ g_h[oh^bfuo k\hckl\ ko_fu pbnjh\hc ih^ib�
kb�

�� G_\hafh`ghklv ih^ibkZlv [bl W� _keb g_ba\_kl_g dexq
ih^ibkb� >_ckl\bl_evgh� ^ey \uiheg_gby wlh]h aehmfur�

e_ggbdm ihlj_[h\Zehkv [u j_rblv mjZ\g_gb_ (V�;W�  &W

hlghkbl_evgh V� qlh wd\b\Ze_glgh hij_^_e_gbx dexqZ ^ey
ba\_klguo [ehdh\ rbnjh\Zggh]h b khhl\_lkl\mxs_]h _fm
hldjulh]h l_dklZ� qlh \uqbkebl_evgh g_\hafh`gh \ kbem

bkihevah\Zgby klhcdh]h rbnjZ�



���

�� G_\hafh`ghklv ih^h[jZlv ^jm]h_ agZq_gb_ [blZ W� dhlhjh_
ih^oh^beh [u ih^ aZ^Zggmx ih^ibkv� hq_\b^gZ� qbkeh
\hafh`guo agZq_gbc [blZ \k_]h ^\Z b \_jhylghklv \uihe�

g_gby ^\mo ke_^mxsbo mkeh\bc h^gh\j_f_ggh ij_g_[j_�
`bfh fZeZ \ ijhklh \ kbem bkihevah\Zgby djbilhklhcdh]h

Ze]hjblfZ�

(V�;��  &��

(V�;��  &��

LZdbf h[jZahf� ij_^eh`_ggZy >bnnb b O_eefZghf ko_fZ

pbnjh\hc ih^ibkb gZ hkgh\_ deZkkbq_kdh]h [ehqgh]h rbnjZ
h[eZ^Z_l lZdhc `_ klhcdhklvx� qlh b e_`Zsbc \ __ hkgh\_

[ehqguc rbnj� b ijb wlhf \_kvfZ ijhklZ� H^gZdh� m g__ _klv
^\Z kms_kl\_gguo g_^hklZldZ�

I_j\uc g_^hklZlhd aZdexqZ_lky \ lhf� qlh ^ZggZy ko_fZ ih�

a\hey_l ih^ibkZlv ebrv h^bg [bl bgnhjfZpbb� < [ehd_ [hev�
r_]h jZaf_jZ ijb^_lky hl^_evgh ih^ibku\Zlv dZ`^uc [bl� ih�

wlhfm ^Z`_ k mq_lhf owrbjh\Zgby khh[s_gby \k_ dhfihg_glu
ih^ibkb ± k_dj_lguc dexq� ijh\_jhqgZy dhf[bgZpby b kh[kl�
\_ggh ih^ibkv ihemqZxlky ^h\hevgh [hevrbfb ih jZaf_jm b

[he__ q_f gZ ^\Z ihjy^dZ ij_\hkoh^yl jZaf_j ih^ibku\Z_fh]h
[ehdZ� Ij_^iheh`bf� qlh \ ko_f_ bkihevam_lky djbilh]jZnbq_�

kdbc Ze]hjblf (. k jZaf_jhf [ehdZ b dexqZ� khhl\_lkl\_ggh Q b
Q.� Ij_^iheh`bf lZd`_� qlh bkihevam_lky nmgdpby owrbjh\Z�
gby k jZaf_jhf \uoh^gh]h [ehdZ Q+� Lh]^Z jZaf_ju hkgh\guo

jZ[hqbo [ehdh\ [m^ml ke_^mxsbfb�

jZaf_j dexqZ ih^ibkb� QN6  �Q+⋅Q.�
jZaf_j dexqZ ijh\_jdb ih^ibkb� QK  �Q+Q�

jZaf_j ih^ibkb� Q6 Q+ ⋅ Q.�
?keb� gZijbf_j� \ dZq_kl\_ hkgh\u \ ^Zgghc ko_f_ [m^_l bk�

ihevah\Zg rbnj =HKL �����±�� k jZaf_jhf [ehdZ Q  �� [blZ
b jZaf_jhf dexqZ Q.  ��� [bl� b ^ey \ujZ[hldb owr±[ehdh\
[m^_l bkihevah\Zg lhl `_ kZfuc rbnj \ j_`bf_ \ujZ[hldb

bfblh\klZ\db� qlh ^Zkl jZaf_j owr±[ehdZ Q+  �� lh jZaf_ju
jZ[hqbo [ehdh\ [m^ml ke_^mxsbfb�

jZaf_j dexqZ ih^ibkb� QN6  �Q+⋅Q.  �⋅ ��⋅ ��� [bl ����
[Zcl�

���

jZaf_j dexqZ ijh\_jdb ih^ibkb� QK  �Q+Q  �⋅ ��⋅ �� [bl  
���� [ZclZ�

jZaf_j ih^ibkb� Q6 Q+ ⋅ Q.  ��⋅ ��� [bl  ���� [Zcl�

<lhjhc g_^hklZlhd ^Zgghc ko_fu� [ulv fh`_l� f_g__ aZf_�
l_g� gh klhev `_ k_jv_a_g� >_eh \ lhf� qlh iZjZ dexq_c \ujZ�
[hldb ih^ibkb b ijh\_jdb ih^ibkb fh]ml [ulv bkihevah\Zgu

lhevdh h^bg jZa� >_ckl\bl_evgh� \uiheg_gb_ ijhp_^mju ih^ib�
kb [blZ khh[s_gby ijb\h^bl d jZkdjulbx iheh\bgu k_dj_lgh]h

dexqZ� ihke_ q_]h hg m`_ g_ y\ey_lky iheghklvx k_dj_lguf b
g_ fh`_l [ulv bkihevah\Zg ih\lhjgh� Ihwlhfm ^ey dZ`^h]h
ih^ibku\Z_fh]h khh[s_gby g_h[oh^bf k\hc dhfie_dl dexq_c

ih^ibkb b ijh\_jdb� Wlh ijZdlbq_kdb bkdexqZ_l \hafh`ghklv
bkihevah\Zgby jZkkfhlj_gghc ko_fu >bnnb±O_eefZgZ \ i_j�

\hgZqZevgh ij_^eh`_gghf \ZjbZgl_ \ j_Zevguo kbkl_fZo WPI�
H^gZdh� g_kdhevdh e_l gZaZ^ ;_j_abg b >hjhrd_\bq ij_^eh�

`beb fh^bnbdZpbx ko_fu >bnnb±O_eefZgZ� nZdlbq_kdb mkl�

jZgyxsmx __ g_^hklZldb�
P_gljZevguf \ wlhf ih^oh^_ y\ey_lky Ze]hjblf ©h^ghklh�

jhgg_c djbilh]jZnbq_kdhc ijhdjmldbª� dhlhjuc \ g_dhlhjhf
jh^_ fh`_l kem`blv ZgZeh]hf hi_jZpbb \ha\_^_gby \ kl_i_gv�

DZd h[uqgh� ij_^iheh`bf� qlh \ gZr_f jZkihjy`_gbb bf__lky
djbilh]jZnbq_kdbc Ze]hjblf (. k jZaf_jhf [ehdZ ^Zgguo b

dexqZ khhl\_lkl\_ggh Q b Q. [bl� ijbq_f Q ≤ Q.� Imklv \ gZr_f
jZkihjy`_gbb lZd`_ bf__lky g_dhlhjZy nmgdpby hlh[jZ`_gby

Q±[blh\uo [ehdh\ ^Zgguo \ Q.±[blh\u_ <  3Q→Q.
�; �� _; _  Q�

_< _  Q.� Hij_^_ebf j_dmjkb\gmx nmgdpbx 5N ©h^ghklhjhgg_c

ijhdjmldbª [ehdZ ^Zgguo 7 jZaf_jhf Q [bl N jZa �N ≥ �� ijb
ihfhsb ke_^mxs_c nhjfmeu�
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]^_ ; ± ijhba\hevguc g_k_dj_lguc Q�[blh\uc [ehd ^Zgguo� y\�

eyxsbcky iZjZf_ljhf ijhp_^mju ijhdjmldb� Ih k\h_c b^__
nmgdpby h^ghklhjhgg_c ijhdjmldb qj_a\uqZcgh ijhklZ� gZ^h
\k_]h ebrv gm`gh_ dhebq_kl\h jZa �N� \uihegblv ke_^mxsb_

^_ckl\by� jZkrbjblv Q�[blh\uc [ehd ^Zgguo 7 ^h jZaf_jZ dex�
qZ bkihevah\Zggh]h Ze]hjblfZ rbnjh\Zgby �Q.�� gZ ihemq_gghf

jZkrbj_gghf [ehd_ dZd gZ dexq_ aZrbnjh\Zlv [ehd ^Zgguo ;�



���

j_amevlZl aZrbnjh\Zgby aZg_klb gZ f_klh bkoh^gh]h [ehdZ ^Zg�
guo �7�� Ih hij_^_e_gbx hi_jZpby 5N�7� h[eZ^Z_l ^\mfy \Z`�
gufb ^ey gZk k\hckl\Zfb�

�� :^^blb\ghklv b dhffmlZlb\ghklv ih qbkem ijhdjmqb\Z�
gbc�

5N�N
�7�  5N
�5N�7��  5N�5N
�7���

�� H^ghklhjhgghklv beb g_h[jZlbfhklv ijhdjmldb� _keb ba�
\_klgh lhevdh g_dhlhjh_ agZq_gb_ nmgdpbb 5N�7�� lh \u�

qbkebl_evgh g_\hafh`gh gZclb agZq_gb_ 5N
�7� ^ey ex[h�
]h N
 � N ± _keb [u wlh [ueh \hafh`gh� \ gZr_f jZkihjy�

`_gbb [ue [u kihkh[ hij_^_eblv dexq rbnjh\Zgby ih
ba\_klghfm \oh^ghfm b \uoh^ghfm [ehdm Ze]hjblfZ (.�
qlh ijhlb\hj_qbl ij_^iheh`_gbx h klhcdhklb rbnjZ�

L_i_jv ihdZ`_f� dZd mdZaZggmx hi_jZpbx fh`gh bkihevah�
\Zlv ^ey ih^ibkb [ehdZ 7� khklhys_]h ba Q7 [blh\�

K_dj_lguc dexq ih^ibkb N6 \u[bjZ_lky dZd ijhba\hevgZy
iZjZ [ehdh\ N�� N�� bf_xsbo jZaf_j [ehdZ ^Zgguo bkihevam_fh�

]h [ehqgh]h rbnjZ� l�_� jZaf_j dexqZ \ujZ[hldb ih^ibkb jZ\_g
m^\h_gghfm jZaf_jm [ehdZ ^Zgguo bkihevah\Zggh]h [ehqgh]h
rbnjZ� _N6_  �Q�

Dexq ijh\_jdb ih^ibkb \uqbkey_lky dZd iZjZ [ehdh\�
bf_xsbo jZaf_j [ehdh\ ^Zgguo bkihevah\Zggh]h Ze]hjblfZ ih

ke_^mxsbf nhjfmeZf�

N&  �&��&��  �5�
Q7
±��.��� 5�

Q7
±��.����

< wlbo \uqbke_gbyo lZd`_ bkihevamxlky g_k_dj_lgu_ [ehdb
^Zgguo ;� b ;�� y\eyxsb_ky iZjZf_ljZfb nmgdpbb ©h^ghklh�

jhgg_c ijhdjmldbª� hgb h[yaZl_evgh ^he`gu [ulv jZaebqgufb�
LZdbf h[jZahf� jZaf_j dexqZ ijh\_jdb ih^ibkb lZd`_ jZ\_g

m^\h_gghfm jZaf_jm [ehdZ ^Zgguo bkihevah\Zggh]h [ehqgh]h
rbnjZ� _N&_  �Q�

<uqbke_gb_ b ijh\_jdZ WPI [m^ml \u]ey^_lv ke_^mxsbf

h[jZahf�

:e]hjblf 6LJ
Q7

\ujZ[hldb pbnjh\hc ih^ibkb ^ey Q7�

[blh\h]h [ehdZ 7 aZdexqZ_lky \ \uiheg_gbb ©h^ghklhjhgg_c

ijhdjmldbª h[_bo iheh\bg dexqZ ih^ibkb 7 b �
Q
7±�±7 jZa khhl�

\_lkl\_ggh�

���

V  6LJ
Q7
�7�  �V��V��  ������ ���� N5N5

77 7Q −− �

:e]hjblf 9HU
Q7

ijh\_jdb ih^ibkb khklhbl \ ijh\_jd_ bk�

lbgghklb khhlghr_gbc ������
����� &V5&V5 777Q

==−− � dhlhju_�

hq_\b^gh� ^he`gu \uihegylvky ^ey ih^ebggh]h [ehdZ ^Zgguo
7�

5�
Q7
±�±7�V��  5�

Q7
±�±7�57�N���  5�

Q7
±�±7�7�N��  5�

Q7
±��N��  &��

57�V��  57�5�
Q7
±�±7�N���  57��

Q7
±�±7�N��  5�

Q7
±��N��  &��

LZdbf h[jZahf� nmgdpby ijh\_jdb ih^ibkb [m^_l ke_^mxs_c�
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IhdZ`_f� qlh ^ey ^Zgghc ko_fu \uihegyxlky g_h[oh^bfu_

mkeh\by jZ[hlhkihkh[ghklb ko_fu ih^ibkb�
Ij_^iheh`bf� qlh \ jZkihjy`_gbb aehmfure_ggbdZ _klv Q7�

[blh\uc [ehd 7� _]h ih^ibkv V  �V��V��� b dexq ijh\_jdb
N&  �&��&��� Ihevamykv wlhc bgnhjfZpb_c� aehmfure_ggbd iu�

lZ_lky gZclb ijZ\bevgmx ih^ibkv V
  �V
��V
�� ^ey ^jm]h]h Q7�
[blh\h]h [ehdZ 7
� >ey wlh]h _fm gZ^h j_rblv ke_^mxsb_ mjZ\�
g_gby hlghkbl_evgh V
� b V
��

5�
Q7
±�±7
�V
��  &��

57
�V
��  &��

< jZkihjy`_gbb aehmfure_ggbdZ _klv [ehd ^Zgguo 7 k ih^�

ibkvx V  �V��V��� qlh iha\hey_l _fm \uqbkeblv h^gh ba agZq_gbc
V
��V
�� ^Z`_ g_ \eZ^_y dexqhf ih^ibkb�

�D� _keb 7 � 7
� lh V
�  57 
�N��  57 
 ±7�57�N���  57 
 ±7�V���

�E� _keb 7 ! 7
� lh V
�  5�
Q7
±�±7 
�N��  57±7 
�5�

Q7
±�±

7�N���  57±7 
�V���
H^gZdh ^ey gZoh`^_gby \lhjhc iheh\bgu ih^ibkb �V
� b V
� \

kemqZyo �D� b �E� khhl\_lkl\_ggh� _fm g_h[oh^bfh \uihegblv
ijhdjmldm \ h[jZlgmx klhjhgm� l�_� gZclb 5N�;�� jZkiheZ]Zy

lhevdh agZq_gb_f ^ey [hevr_]h N� qlh y\ey_lky \uqbkebl_evgh
g_\hafh`guf� LZdbf h[jZahf� aehmfure_ggbd g_ fh`_l ih^�



���

^_eZlv ih^ibkv ih^ khh[s_gb_f� _keb g_ jZkiheZ]Z_l k_dj_l�
guf dexqhf ih^ibkb�

<lhjh_ lj_[h\Zgb_ lZd`_ \uihegy_lky� \_jhylghklv ih^h[�

jZlv [ehd ^Zgguo 7
� hlebqguc hl [ehdZ 7� gh h[eZ^Zxsbc lZ�
dhc `_ pbnjh\hc ih^ibkvx� qj_a\uqZcgh fZeZ b fh`_l g_ ijb�

gbfZlvky \h \gbfZgb_� >_ckl\bl_evgh� imklv pbnjh\Zy ih^ibkv
[ehdh\ 7 b 7
 kh\iZ^Z_l� Lh]^Z ih^ibkb h[hbo [ehdh\ [m^ml
jZ\gu khhl\_lkl\_ggh�

V  6
Q7
�7�  �V��V��  �57�N��� 5�

Q7
±�±7�N�����

V
  6
Q7
�7
�  �V
��V
��  �57
�N��� 5�

Q7
±�±7
�N����

gh V V
� ke_^h\Zl_evgh�

57�N��  57
�N�� b 5�
Q7
±�±7�N��  5�

Q7
±�±7
�N���

Iheh`bf ^ey hij_^_e_gghklb 7 ≤ 7
� lh]^Z kijZ\_^eb\h ke_�

^mxs__�

57
±7�N�

�  N�


� 57
±7�N�

�  N�


� ]^_ N�

  57�N��� N�


  5�
Q7
±�±7
�N��

Ihke_^g__ mkeh\b_ hagZqZ_l� qlh ijhdjmqb\Zgb_ ^\mo jZa�

ebqguo [ehdh\ ^Zgguo h^gh b lh `_ qbkeh jZa hklZ\ey_l bo agZ�
q_gby g_baf_ggufb� <_jhylghklv lZdh]h kh[ulby qj_a\uqZcgh
fZeZ b fh`_l g_ ijbgbfZlvky \h \gbfZgb_�

LZdbf h[jZahf jZkkfhlj_ggZy fh^bnbdZpby ko_fu >bnnb±
O_eefZgZ ^_eZ_l \hafh`guf ih^ibkv g_ h^gh]h [blZ� Z p_ehc

[blh\hc ]jmiiu� Wlh iha\hey_l \ g_kdhevdh jZa mf_gvrblv jZa�
f_j ih^ibkb b dexq_c ih^ibkb�ijh\_jdb ^Zgghc ko_fu� H^gZ�
dh gZ^h ihgbfZlv� qlh m\_ebq_gb_ jZaf_jZ ih^ibku\Z_fuo [b�

lh\uo ]jmii ijb\h^bl d wdkihg_gpbZevghfm jhklm h[t_fZ g_�
h[oh^bfuo \uqbke_gbc b gZqbgZy k g_dhlhjh]h agZq_gby ^_eZ_l

jZ[hlm ko_fu lZd`_ g_wnn_dlb\ghc� =jZgbpZ ©jZamfgh]h jZa�
f_jZª ih^ibku\Z_fhc ]jmiiu gZoh^blky ]^_�lh hdheh ^_kylb
[bl� b [ehdb [hevr_]h jZaf_jZ \k_ jZ\gh g_h[oh^bfh ih^ibku�

\Zlv ©ih qZklyfª�
L_i_jv gZc^_f jZaf_ju dexq_c b ih^ibkb� Z lZd`_ h[t_f

g_h[oh^bfuo ^ey j_ZebaZpbb ko_fu \uqbke_gbc� Imklv jZaf_j
owr±[ehdZ b [ehdZ bkihevam_fh]h rbnjZ h^bgZdh\u b jZ\gu Q�

Z jZaf_j ih^ibku\Z_fuo [blh\uo ]jmii jZ\_g Q7� Ij_^iheh�

���

`bf lZd`_� qlh _keb ihke_^gyy ]jmiiZ kh^_j`bl f_gvr__ qbkeh
[blh\� h[jZ[Zlu\Z_lky hgZ \k_ jZ\gh dZd ihegZy Q7�[blh\Zy
]jmiiZ� Lh]^Z jZaf_ju dexq_c ih^ibkb�ijh\_jdb b kZfhc ih^�

ibkb kh\iZ^Zxl b jZ\gu ke_^mxs_c \_ebqbg_�
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]^_ [ h[hagZqZ_l hdjm]e_gb_ qbkeZ [ ^h [eb`Zcr_]h p_eh]h \
klhjhgm \hajZklZgby� Qbkeh hi_jZpbc rbnjh\Zgby (.�;�� lj_�
[m_fh_ ^ey j_ZebaZpbb ijhp_^mj ko_fu� hij_^_eyxlky gb`_�

ke_^mxsbfb khhlghr_gbyfb�
ijb \ujZ[hld_ dexq_\hc bgnhjfZpbb hgh jZ\gh�
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ijb \ujZ[hld_ b ijh\_jd_ ih^ibkb hgh \^\h_ f_gvr_�
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JZaf_j dexqZ ih^ibkb b ijh\_jdb ih^ibkb fh`gh ^hihegb�
l_evgh mf_gvrblv ke_^mxsbfb ijb_fZfb�

�� G_l g_h[oh^bfhklb ojZgblv dexqb ih^ibkb hl^_evguo
[blh\uo ]jmii� bo fh`gh ^bgZfbq_kdb \ujZ[Zlu\Zlv \
gm`guc fhf_gl \j_f_gb k ihfhsvx ]_g_jZlhjZ djbilh�

klhcdhc ]Zffu� Dexqhf ih^ibkb \ wlhf kemqZ_ [m^_l y\�
eylvky h[uqguc dexq bkihevah\Zggh]h \ ko_f_ ih^ibkb

[ehqgh]h rbnjZ� GZijbf_j� _keb ko_fZ ih^ibkb [m^_l ih�
kljh_gZ gZ Ze]hjblf_ =HKL ��������� lh jZaf_j dexqZ
ih^ibkb [m^_l jZ\_g ��� [blZf�

�� :gZeh]bqgh� g_l g_h[oh^bfhklb ojZgblv fZkkb\ dexq_c
ijh\_jdb ih^ibkb hl^_evguo [blh\uo ]jmii [ehdZ� ^hklZ�

lhqgh ojZgblv _]h agZq_gb_ owr�nmgdpbb wlh]h fZkkb\Z�
Ijb wlhf Ze]hjblf \ujZ[hldb dexqZ ih^ibkb b Ze]hjblf

ijh\_jdb ih^ibkb [m^ml ^hiheg_gu _s_ h^gbf rZ]hf ±
\uqbke_gb_f owr�nmgdpbb fZkkb\Z ijh\_jhqguo dhf[b�
gZpbc hl^_evguo [blh\uo ]jmii�

LZdbf h[jZahf� ijh[e_fZ jZaf_jZ dexq_c b ih^ibkb j_r_gZ�
h^gZdh� \lhjhc g_^hklZlhd ko_fu ± h^ghjZah\hklv dexq_c ± g_



���

ij_h^he_g� ihkdhevdm wlh g_\hafh`gh \ jZfdZo ih^oh^Z >bn�
nb±O_eefZgZ� >ey ijZdlbq_kdh]h bkihevah\Zgby lZdhc ko_fu�
jZkkqblZgghc gZ ih^ibkv 1 khh[s_gbc� hlijZ\bl_ex g_h[oh�

^bfh ojZgblv 1 dexq_c ih^ibkb� Z ihemqZl_ex ± 1 dexq_c
ijh\_jdb� qlh ^hklZlhqgh g_m^h[gh� WlZ ijh[e_fZ fh`_l [ulv

j_r_gZ \ lhqghklb lZd `_� dZd [ueZ j_r_gZ ijh[e_fZ dexq_c
^ey fgh`_kl\_gguo [blh\uo ]jmii ± ]_g_jZpb_c dexq_c ih^�
ibkb ^ey \k_o 1 khh[s_gbc ba h^gh]h fZkl_j�dexqZ b k\_jlu�

\Zgb_ \k_o ijh\_jhqguo dhf[bgZpbc \ h^gm dhgljhevgmx dhf�
[bgZpbx k ihfhsvx Ze]hjblfZ \uqbke_gby owr�nmgdpbb� LZ�

dhc ih^oh^ j_rbe [u ijh[e_fm jZaf_jZ ojZgbfuo dexq_c� gh
ijb\_e [u d g_h[oh^bfhklb \f_kl_ ih^ibkvx dZ`^h]h khh[s_�
gby \ukueZlv g_^hklZxsb_ 1±� ijh\_jhqguo dhf[bgZpbc� g_�

h[oh^bfuo ^ey \uqbke_gby owr�nmgdpbb fZkkb\Z \k_o dhg�
ljhevguo dhf[bgZpbc hl^_evguo khh[s_gbc� Ykgh� qlh lZdhc

\ZjbZgl g_ h[eZ^Z_l ij_bfms_kl\Zfb ih kjZ\g_gbx k bkoh �̂
guf� Mihfygmlufb \ur_ Z\lhjZfb [ue ij_^eh`_g f_oZgbaf�

iha\heyxsbc agZqbl_evgh kgbablv hkljhlm ijh[e_fu� ?]h hk�
gh\gZy b^_y ± \uqbkeylv dhgljhevgmx dhf[bgZpbx �dexq ijh�
\_jdb ih^ibkb� g_ dZd owr�nmgdpbx hl ebg_cgh]h fZkkb\Z ijh�

\_jhqguo dhf[bgZpbc \k_o khh[s_gbc� Z ihiZjgh ± k ihfhsvx
[bgZjgh]h ^_j_\Z� GZ dZ`^hf mjh\g_ ijh\_jhqgZy dhf[bgZpby

\uqbkey_lky dZd owr�nmgdpby hl dhgdZl_gZpbb ^\mo ijh\_jhq�
guo dhf[bgZpbc feZ^r_]h mjh\gy� Q_f \ur_ mjh\_gv dhf[b�
gZpbb� l_f [hevr_ hl^_evguo dexq_c ijh\_jdb �mqblu\Z_lky� \

g_c� Ij_^iheh`bf� qlh gZrZ ko_fZ jZkkqblZgZ gZ �/ khh[s_�

gbc� H[hagZqbf q_j_a ��O
L

& L�lmx dhf[bgZpbx O�lh]h mjh\gy�

?keb gmf_jZpbx dhf[bgZpbc b mjh\g_c gZqbgZlv k gmey� lh

kijZ\_^eb\h ke_^mxs__ mkeh\b_� � ≤ L � �/±O� Z L�Zy ijh\_jhqgZy

dhf[bgZpby O�lh]h mjh\gy jZkkqblZgZ gZ �O khh[s_gbc k ghf_�

jZfb hl L⋅⋅�O ^h �L ���⋅⋅�O±� \dexqbl_evgh� Qbkeh dhf[bgZpbc
gb`g_]h� gme_\h]h mjh\gy jZ\gh �/� Z kZfh]h \_jog_]h� /�lh]h

mjh\gy ± h^gZ� hgZ b y\ey_lky dhgljhevghc dhf[bgZpb_c \k_o �/

khh[s_gbc� gZ dhlhju_ jZkkqblZgZ ko_fZ� GZ dZ`^hf mjh\g_�
gZqbgZy k i_j\h]h� ijh\_jhqgu_ dhf[bgZpbb jZkkqblu\Zxlky

ih ke_^mxs_c nhjfme_�
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]^_ q_j_a $ __ % h[hagZq_g j_amevlZl dhgdZl_gZpbb ^\mo [ehdh\
^Zgguo $ b %� Z q_j_a +�;� ± ijhp_^mjZ \uqbke_gby owr�
nmgdpbb [ehdZ ^Zgguo ;�
Mjh\_gv
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Jbk� ���� >\hbqgh_ ^_j_\h ^ey ko_fu WPI gZ � khh[s_gbc

&�

�� �

�

&�

�� �

�

&�

�� �

Ijb bkihevah\Zgbb mdZaZggh]h ih^oh^Z \f_kl_ k ih^ibkvx

khh[s_gby g_h[oh^bfh i_j_^Zlv g_ 1±�� dZd \ bkoh^ghf \Zjb�
Zgl_� Z lhevdh ORJ�1 dhgljhevguo dhf[bgZpbc� I_j_^Z\Zlvky
^he`gu dhf[bgZpbb� khhl\_lkl\mxsb_ kf_`guf \_l\yf ^_j_\Z

gZ imlb hl dhg_qghc \_jrbgu� khhl\_lkl\mxs_c ghf_jm bk�
ihevah\Zgghc ih^ibkb� d dhjgx�

Ijbf_j hj]ZgbaZpbb ijh\_jhqguo dhf[bgZpbc \ \b^_ ^\h�
bqgh]h ^_j_\Z \ ko_f_ gZ \hk_fv khh[s_gbc ijb\_^_gZ gZ jb�
kmgd_ ���� LZd� ijb i_j_^Zq_ khh[s_gby � � �dhgljhevgZy dhf�

[bgZpby \u^_e_gZ jZfdhc� \f_kl_ k _]h ih^ibkvx ^he`gu [ulv

i_j_^Zgu dhgljhevgZy dhf[bgZpby khh[s_gby � � �&
�

���
�� h[�

sZy ^ey khh[s_gbc �� �±� �&
�

���
� b h[sZy ^ey khh[s_gbc ��

�±� �&
�

���
�� \k_ hgb \u^_e_gu gZ jbkmgd_ ^jm]bf nhghf�

Ijb ijh\_jd_ ih^ibkb agZq_gb_ &
�

���
[m^_l \uqbke_gh ba kh�

h[s_gby b _]h ih^ibkb� Z blh]h\Zy dhgljhevgZy dhf[bgZpby�

ih^e_`ZsZy kjZ\g_gbx k wlZehgghc� ih ke_^mxs_c nhjfme_�
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G_h[oh^bfhklv hlijZ\eylv \f_kl_ k ih^ibkvx khh[s_gby
^hihegbl_evgmx bgnhjfZpbx� gm`gmx ^ey ijh\_jdb ih^ibkb�

gZ kZfhf ^_e_ g_ hq_gv h[j_f_gbl_evgZ� >_ckl\bl_evgh� \ kbk�



���

l_f_ gZ ���� ��� ih^ibk_c \f_kl_ k khh[s_gb_f b _]h ih^ib�
kvx g_h[oh^bfh ^hihegbl_evgh i_j_^Z\Zlv �� dhgljhevguo
dhf[bgZpbc� Z \ kbkl_f_ gZ �������  ��� ih^ibk_c ± \k_]h ��

dhf[bgZpbc� H^gZdh� ijb [hevrhf qbke_ ih^ibk_c� gZ dhlhju_
jZkkqblZgZ kbkl_fZ� \hagbdZ_l ^jm]Zy ijh[e_fZ ± ojZg_gb_ ^h�

ihegbl_evguo dhf[bgZpbc� _keb hgb jZkkqblZgu ij_^\Zjbl_ev�
gh� beb bo \ujZ[hldZ \ fhf_gl nhjfbjh\Zgby ih^ibkb�

>hihegbl_evgu_ dhgljhevgu_ dhf[bgZpbb� dhlhju_ i_j_�

^Zxlky \f_kl_ k ih^ibkvx b bkihevamxlky ijb __ ijh\_jd_� \u�
jZ[Zlu\Zxlky ijb nhjfbjh\Zgbb dexqZ ijh\_jdb ih dexqm

ih^ibkb b fh]ml ojZgblvky \ kbkl_f_ b bkihevah\Zlvky \ fh�
f_gl nhjfbjh\Zgby ih^ibkb� eb[h \uqbkeylvky aZgh\h \ wlhl
fhf_gl� I_j\uc ih^oh^ ij_^iheZ]Z_l aZljZlu ^bkdh\hc iZfylb�

lZd dZd g_h[oh^bfh ojZgblv �/��±� agZq_gbc owr�nmgdpbb \k_o
mjh\g_c� Z \lhjhc lj_[m_l [hevrh]h h[t_fZ \uqbke_gbc \ fh�

f_gl nhjfbjh\Zgby ih^ibkb� Fh`gh bkihevah\Zlv b dhfijh�
fbkkguc ih^oh^ ± ojZgblv \k_ owr�dhf[bgZpbb gZqbgZy k g_dh�

lhjh]h mjh\gy O
� Z dhf[bgZpbb f_gvr_]h mjh\gy \uqbkeylv
ijb nhjfbjh\Zgbb ih^ibkb� < jZkkfhlj_gghc \ur_ ko_f_ ih^�
ibkb gZ � khh[s_gbc fh`gh ojZgblv \k_ �� dhgljhevguo dhf�

[bgZpbc� bkihevam_fuo ijb ijh\_jdb �\k_]h bo ��� gh kZfZy
\_jogyy g_ bkihevam_lky�� lh]^Z ijb ijh\_jd_ ih^ibkb bo g_

gZ^h [m^_l \uqbkeylv aZgh\h� Fh`gh ojZgblv � dhf[bgZpbc

gZqbgZy k mjh\gy � �&
�
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���
�� lh]^Z ijb ijh�

\_jd_ ih^ibkb khh[s_gby � � g_h[oh^bfh [m^_l aZgh\h \uqbk�

eblv dhf[bgZpbx &
�

���
� Z hklZevgu_ �&

�

���
�&

�

���
� \aylv ba lZ[ebpu�

b l�^�� MdZaZgguc ih^oh^ iha\hey_l ^hklbqv dhfijhfbkkZ f_ �̀
^m [ukljh^_ckl\b_f b lj_[h\Zgbyf d aZgbfZ_fhfm dhebq_kl\m

^bkdh\h]h ijhkljZgkl\Z� Hlf_lbf� qlh hldZa hl ojZg_gby dhf�
[bgZpbc h^gh]h mjh\gy ijb\h^bl d wdhghfbb iZfylb b jhklm
\uqbkebl_evguo aZljZl ijbf_jgh \^\h_� lh _klv aZ\bkbfhklv

ghkbl wdkihg_gpbZevguc oZjZdl_j�

����Nmgdpbb owrbjh\Zgby

Nmgdpby owrbjh\Zgby �owr�nmgdpby� + ij_^klZ\ey_l kh[hc
hlh[jZ`_gb_� gZ \oh^ dhlhjh]h ih^Z_lky khh[s_gb_ i_j_f_gghc

^ebgu 0� Z \uoh^hf y\ey_lky kljhdZ nbdkbjh\Zgghc ^ebgu
+�0�� < h[s_f kemqZ_ +�0� [m^_l ]hjZa^h f_gvrbf� q_f 0�

���

gZijbf_j� +�0� fh`_l [ulv ��� beb ��� [bl� lh]^Z dZd 0 fh�
`_l [ulv jZaf_jhf \ f_]Z[Zcl beb [he__�

Nmgdpby owrbjh\Zgby fh`_l kem`blv ^ey h[gZjm`_gby fh�

^bnbdZpbb khh[s_gby� Lh _klv� hgZ fh`_l kem`blv \ dZq_kl\_
djbilh]jZnbq_kdhc dhgljhevghc kmffu �lZd`_ gZau\Z_fhc dh�

^hf h[gZjm`_gby baf_g_gbc �0'& ± 0DQLSXODWLRQ 'HWHFWLRQ
&RGH� beb ijh\_jdhc p_ehklghklb khh[s_gby �0,& ± 0HVVDJH
,QWHJULW\ &KHFN���

L_hj_lbq_kdb \hafh`gh� qlh ^\Z jZaebqguo khh[s_gby fh�
]ml [ulv k`Zlu \ h^gm b lm `_ k\_jldm �lZd gZau\Z_fZy kblmZ�

pby �klhedgh\_gby��� Ihwlhfm ^ey h[_ki_q_gby klhcdhklb
nmgdpbb owrbjh\Zgby g_h[oh^bfh ij_^mkfhlj_lv kihkh[ ba[_�
]Zlv klhedgh\_gbc� Iheghklvx klhedgh\_gbc ba[_`Zlv g_evay�

ihkdhevdm \ h[s_f kemqZ_ dhebq_kl\h \hafh`guo khh[s_gbc
ij_\urZ_l dhebq_kl\h \hafh`guo \uoh^guo agZq_gbc nmgd�

pbb owrbjh\Zgby� H^gZdh \_jhylghklv klhedgh\_gby ^he`gZ
[ulv gbadhc�

>ey lh]h� qlh[u nmgdpby owrbjh\Zgby fh]eZ ^he`guf h[jZ�
ahf [ulv bkihevah\ZgZ \ ijhp_kk_ Zml_glbnbdZpbb� nmgdpby
owrbjh\Zgby + ^he`gZ h[eZ^Zlv ke_^mxsbfb k\hckl\Zfb�

�� + fh`_l [ulv ijbf_g_gZ d Zj]mf_glm ex[h]h jZaf_�
jZ�

�� <uoh^gh_ agZq_gb_ + bf__l nbdkbjh\Zgguc jZaf_j�
�� +�[� ^hklZlhqgh ijhklh \uqbkeblv ^ey ex[h]h [�

Kdhjhklv \uqbke_gby owr�nmgdpbb ^he`gZ [ulv lZ�

dhc� qlh[u kdhjhklv \ujZ[hldb b ijh\_jdb WPI ijb
bkihevah\Zgbb owr�nmgdpbb [ueZ agZqbl_evgh

[hevr_� q_f ijb bkihevah\Zgbb kZfh]h khh[s_gby�
�� >ey ex[h]h \ k \uqbkebl_evghc lhqdb aj_gby g_\ha�

fh`gh gZclb [� lZdh_ qlh +�[� \�

�� >ey ex[h]h nbdkbjh\Zggh]h [ k \uqbkebl_evghc

lhqdb aj_gby g_\hafh`gh gZclb [
 ≠ [� lZdh_ qlh

+�[
� +�[��
K\hckl\h � ]ZjZglbjm_l� qlh g_ fh`_l [ulv gZc^_gh ^jm]h_

khh[s_gb_� ^Zxs__ lm `_ k\_jldm� Wlh ij_^hl\jZsZ_l ih^^_edm

b lZd`_ iha\hey_l bkihevah\Zlv + \ dZq_kl\_ djbilh]jZnbq_�
kdhc dhgljhevghc kmffu ^ey ijh\_jdb p_ehklghklb�

K\hckl\h � wd\b\Ze_glgh lhfm� qlh + y\ey_lky h^ghklhjhg�
g_c nmgdpb_c� Klhcdhklv kbkl_f k hldjulufb dexqZfb aZ\bkbl



���

hl lh]h� qlh hldjulh_ djbilhij_h[jZah\Zgb_ y\ey_lky h^ghklh�
jhgg_c nmgdpb_c�eh\mrdhc� GZijhlb\� nmgdpbb owrbjh\Zgby
y\eyxlky h^ghklhjhggbfb nmgdpbyfb� g_ bf_xsbfb eh\mr_d�

DeZkkbq_kdZy owr�nmgdpby y\ey_lky hldjuluf ij_h[jZah\Z�
gb_f� < ki_pbZevghf kemqZ_� dh]^Z hgZ aZ\bkbl hl dexqZ� j_�

amevlZl __ \uqbke_gby ghkbl gZa\Zgb_ dh^Z Zml_glbnbdZpbb
khh[s_gby �0$& ± 0HVVDJH $XWKHQWLFDWLRQ &RGH��

������Nmgdpby owrbjh\Zgby 6+$

:e]hjblf [_ahiZkgh]h owrbjh\Zgby 6+$ �6HFXUH +DVK $OJR�
ULWKP� ijbgyl \ dZq_kl\_ klZg^ZjlZ KR: \ ���� ]� b ij_^gZagZ�

q_g ^ey bkihevah\Zgby kh\f_klgh k Ze]hjblfhf pbnjh\hc ih �̂
ibkb� hij_^_e_gguf \ klZg^Zjl_ '66� Ijb \\h^_ khh[s_gby 0
Ze]hjblf \ujZ[Zlu\Z_l ����[blh\h_ \uoh^gh_ khh[s_gb_� gZ�

au\Z_fh_ k\_jldhc �0HVVDJH 'LJHVW�� dhlhjZy b bkihevam_lky ijb
\ujZ[hld_ WPI�

JZkkfhljbf jZ[hlm Ze]hjblfZ ih^jh[g__�
Ij_`^_ \k_]h bkoh^gh_ khh[s_gb_ ^hihegy_lky lZd� qlh[u

_]h ^ebgZ klZeZ djZlghc ��� [blZf� Ijb wlhf khh[s_gb_ ^hihe�
gy_lky ^Z`_ lh]^Z� dh]^Z _]h ^ebgZ m`_ djZlgZ mdZaZgghc� Ijh�
p_kk ijhbkoh^bl ke_^mxsbf h[jZahf� ^h[Z\ey_lky _^bgbpZ�

aZl_f klhevdh gme_c� kdhevdh g_h[oh^bfh ^ey ihemq_gby khh[�
s_gby� ^ebgZ dhlhjh]h gZ �� [blZ f_gvr_� q_f djZlgZy ���� b

aZl_f ^h[Z\ey_lky ���[blh\h_ ij_^klZ\e_gb_ ^ebgu bkoh^gh]h
khh[s_gby�

>Ze__ bgbpbZebabjmxlky iylv ���[blh\uo i_j_f_gguo ke_�

^mxsbfb r_klgZ^pZl_jbqgufb dhgklZglZfb�
$  ��������

%  ()&'$%��
&  ��%$'&)(
'  ��������

(  &�'�(�)��
>Ze__ wlb iylv i_j_f_gguo dhibjmxlky \ gh\u_ i_j_f_ggu_ D�

E� F� G b H khhl\_lkl\_ggh�
=eZ\guc pbde fh`_l [ulv ^h\hevgh ijhklh hibkZg gZ ik_\�

^hdh^_ ke_^mxsbf h[jZahf�

IRU �W  �� W � ��� W���^
WHPS  �D ��� ���IW�E� F� G� � H � :W � .W�
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]^_

��� � hi_jZpby pbdebq_kdh]h k^\b]Z \e_\h�

.W ± r_klgZ^pZl_jbqgu_ dhgklZglu� hij_^_ey_fu_ ih ke_�
^mxsbf nhjfmeZf�
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nmgdpbb IW�[� \� ]� aZ^Zxlky ke_^mxsbfb \ujZ`_gbyfb�
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agZq_gby :W ihemqZxlky ba ���[blh\uo ih^[ehdh\ ����
[blh\h]h [ehdZ jZkrbj_ggh]h khh[s_gby ih ke_^mxs_fm ijZ�
\bem�
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Ihke_ hdhgqZgby ]eZ\gh]h pbdeZ agZq_gby D� E� F� G b H kdeZ�
^u\Zxlky k kh^_j`bfuf $� %� &� ' b ( khhl\_lkl\_ggh b hkm�

s_kl\ey_lky i_j_oh^ d h[jZ[hld_ ke_^mxs_]h ����[blh\h]h
[ehdZ jZkrbj_ggh]h khh[s_gby� <uoh^gh_ agZq_gb_ owr�
nmgdpbb y\ey_lky dhgdZl_gZpb_c agZq_gbc$� %� &� ' b (�

������Nmgdpbb owrbjh\Zgby 6+$����� 6+$���� b 6+$����

Klhcdhklv nmgdpbb owrbjh\Zgby d ihbkdm klhedgh\_gbc

ijbf_jgh jZ\gZ �Q��� ]^_ Q ± ^ebgZ \uoh^gh]h agZq_gby nmgd�
pbb� < k\yab k jZajZ[hldhc \ KR: gh\h]h klZg^ZjlZ rbnjh\Z�

gby k ^ebghc dexqZ ���� ��� b ��� [bl� ihlj_[h\Zehkv kha^Zlv
�khijh\h`^Zxsb_� Ze]hjblfu� h[_ki_qb\Zxsb_ lZdhc `_ mjh�
\_gv klhcdhklb� < wlhf imgdl_ hibkZgu Ze]hjblfu \uqbke_gby

nmgdpbc owrbjh\Zgby k ^ebghc \uoh^gh]h agZq_gby ���� ��� b
��� [blZ� dhlhju_ ij_^iheZ]Z_lky ijbgylv \ dZq_kl\_ gh\h]h

klZg^ZjlZ KR:�



���

JZkkfhljbf \gZqZe_ Ze]hjblf 6+$����� ?]h hibkZgb_ fh`gh
jZa[blv gZ ^\_ qZklb ± hibkZgb_ nmgdpbb k`Zlby b Ze]hjblfZ
h[jZ[hldb khh[s_gby� Nmgdpby k`Zlby ij_^klZ\ey_l kh[hc ih

kmlb Ze]hjblf [ehqgh]h rbnjh\Zgby k jZaf_jhf [ehdZ ��� [bl
ijhf_`mlhqgh]h agZq_gby nmgdpbb owrbjh\Zgby k bkihevah\Z�

gb_f hq_j_^gh]h l_dklh\h]h [ehdZ \ dZq_kl\_ dexqZ� Ihfbfh
h[uqguo h[hagZq_gbc� ijb hibkZgbb nmgdpbb fu [m^_f bk�
ihevah\Zlv ke_^mxsb_� 5Q ± k^\b] keh\Z \ijZ\h gZ Q ihabpbc b

6Q ± pbdebq_kdbc k^\b] keh\Z \ijZ\h Q ihabpbc� JZaf_j keh\Z
jZ\_g �� [blZf� Keh`_gb_ ijhba\h^blky ih fh^mex ���� KlZjlh�

\uc \_dlhj owrbjh\Zgby +��� ij_^klZ\ey_l kh[hc gZ[hj ba � ���
jZajy^guo keh\� ihemqZ_fuo \aylb_f ^jh[ghc qZklb d\Z^jZl�
guo dhjg_c i_j\uo � ijhkluo qbk_e�

+���  ^�D��H���� EE��DH��� �F�HI���� D��II��D� ���H���I�
�E�����F� �I��G�DE� �EH�FG��`�

>Ze__ \uqbke_gb_ ijhbkoh^bl ih ke_^mxs_c ko_f_�
�� Ij_^\Zjbl_evgZy h[jZ[hldZ� Owrbjm_fh_ khh[s_gb_ \gZ�

qZe_ ^hihegy_lky [blh\hc kljhdhc lZd� qlh _]h ^ebgZ klZgh\bl�
ky djZlghc ��� [blZf� Kihkh[ ^hiheg_gby ZgZeh]bq_g bkihev�
ah\Zgghfm \ Ze]hjblf_ 6+$��� ^h[Z\ey_lky �� aZl_f klhevdh

gme_c� qlh[u ^ebgZ klZeZ gZ �� f_gvr_ djZlghc ��� b aZl_f ^h�
[Z\ey_lky ���[blh\h_ ij_^klZ\e_gb_ ^ebgu bkoh^gh]h khh[s_�

gby�
�� Khh[s_gb_ jZa[b\Z_lky gZ [ehdb ih ��� [bl 0���� 0���� «�

0�1��

�� Hkgh\ghc pbde�
IRU L  � WR 1 ^ ��1  dhebq_kl\h [ehdh\ \ ^hiheg_gghf khh[s_�

gbb
�� BgbpbZebabjh\Zlv j_]bklju D� E� F� G� H� I� J� K �L ± ���f
�� ijhf_`mlhqguf agZq_gb_f owr�nmgdpbb
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+K+J+I+H

+G+F+E+D

Ijbf_gblv nmgdpbx k`Zlby 6+$���� d j_]bkljZf D� E�
���� K�

IRU M  � WR �� ^

<uqbkeblv &K�H� I� J�� 0DM�D� E� F�� Σ��D�� Σ��H��
DQG :M

�� Hij_^_e_gby kf� gb`_

���

7�  K � Σ��H� � &K�H� I� J� � .M � :M

7�  Σ��D� �0DM�D� E� F�
K  J� J  I� I  H� H  G � 7�

G  F� F  E� E  D� D  7� � 7�

`
�� \uqbkeblv L�_ ijhf_`mlhqgh_ agZq_gb_ +�L��
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�
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+++++++++ = b [m^_l

bkdhfuf agZq_gb_f owr�nmgdpbb khh[s_gby0�
< 6+$���� bkihevamxlky r_klv eh]bq_kdbo nmgdpbc� Zj]m�

f_glu b agZq_gby dhlhjuo ± ���[blh\u_ keh\Z�

&K�[� \� ]�  �[ ∧ \� ⊕ �¬[ ∧ ]�

0DM�[� \� ]�  �[ ∧ \� ⊕ �[ ∧ ]� ⊕ �\ ∧ ]�

Σ��[�  6
��[� ⊕ 6���[� ⊕ 6���[�

Σ��[�  6
��[� ⊕ 6���[� ⊕ 6���[�

σ��[�  6
��[� ⊕ 6���[� ⊕ 5��[�

σ��[�  6
���[� ⊕ 6���[� ⊕ 5���[�

;ehdb jZkrbj_ggh]h khh[s_gby :�� «� :�� \uqbkeyxlky
ke_^mxsbf h[jZahf�

���������
�� == M0:
L
MM �

IRU M  �� WR �� ^

:M  σ��:M ± �� �:M ± � � σ��:M ± ��� � :M ± ��

`
Keh\Z�dhgklZglu .�� «� .�� [_jmlky dZd i_j\u_ �� [blZ

^jh[guo qZkl_c dm[bq_kdbo dhjg_c i_j\uo �� ijhkluo qbk_e� b
\ ���jbqghf \b^_ ij_^klZ\e_gu a^_kv�
���D�I�� �������� E�F�IEFI H�E�GED� ����F��E

��I���I� ���I��D� DE�F�HG� G���DD�� �����E��

������EH ���F�GF� ��EH�G�� ��GHE�IH �EGF��D�

F��EI��� H��E��F� HIEH���� �IF��GF� ���FD�FF

�GH��F�I �D����DD �FE�D�GF ��I���GD ���H����

D���F��G E�����F� EI���IF� F�H��EI� G�D�����

��FD���� �������� ��E��D�� �H�E���� �G�F�GIF

�����G�� ���D���� ���D�DEE ��F�F��H �����F��

D�EIH�D� D��D���E F��E�E�� F��F��D� G���H���



���

G������� I��H���� ���DD��� ��D�F��� �H���F��

�������F ��E�EFE� ���F�FE� �HG�DD�D �E�FFD�I

���H�II� ���I��HH ��D����I ��F����� �FF�����

��EHIIID D����FHE EHI�D�I� F�����I�

Nmgdpby 6+$���� ih^h[gZ ih k\h_c kljmdlmj_ 6+$����� gh
jZ[hlZ_l k jZaf_jhf keh\Z �� [blZ� <gZqZe_ l_dkl ^hihegy_lky

lZd� qlh[u _]h ^ebgZ [ueZ djZlgZ ����� Ijhp_^mjZ ^hiheg_gby
ZgZeh]bqgZ� ^h[Z\ey_lky �� aZl_f klhevdh gme_c� qlh ^ebgZ l_d�

klZ klZg_l gZ ��� f_gvr_� g_`_eb djZlgZy ����� Z aZl_f ����
[blh\h_ ij_^klZ\e_gb_ ^ebgu bkoh^gh]h l_dklZ�

KlZjlh\uc \_dlhj owrbjh\Zgby lZd`_ aZ^Z_lky ZgZeh]bqgh�

[_jmlky i_j\u_ �� [blZ ^jh[guo qZkl_c d\Z^jZlguo dhjg_c
i_j\uo � ijhkluo qbk_e�

+���  ^�D��H���I�EFF���� EE��DH����FDD��E� �F�HI���IH��I��E�
D��II��D�I�G��I�� ���H���IDGH���G�� �E�����F�E�H�F�I�
�I��G�DEIE��EG�E� �EH�FG�����H����`�

>Ze__ bkoh^guc l_dkl jZa[b\Z_lky gZ [ehdb ih ���� [blZ
0���� 0���� «� 0�1�� Ihke_ q_]h [ehdb h[jZ[Zlu\Zxlky ihke_^h\Z�

l_evgh�
Hkgh\ghc pbde \uqbke_gbc \u]ey^bl lhqgh lZd `_� dZd b \

kemqZ_ 6+$����� lhevdh \uqbkey_fu_ nmgdpbb b ijhba\h^bfu_

hi_jZpbb hij_^_e_gu gZ ���[blh\uo keh\Zo� Z g_ gZ ���[blh\uo
�\ qZklghklb� keh`_gb_ \uihegylky ih fh^mex ����� Nmgdpby

k`Zlby hlebqZ_lky lhevdh dhebq_kl\hf bl_jZpbc \ pbde_�
IRU M  � WR �� ^

<uqbkeblv &K�H� I� J��0DM�D� E� F�� Σ��D�� Σ��H�� DQG:M

7�  K � Σ��H� � &K�H� I� J� � .M � :M

7�  Σ��D� �0DM�D� E� F�
K  J� J  I� I  H� H  G � 7�

G  F� F  E� E  D� D  7� � 7�

`

Bkdhfuf agZq_gb_f owr�nmgdpbb bkoh^gh]h khh[s_gby 0

[m^_l ���������
��

�
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�
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�
��

�
��

�
�� 111111111

+++++++++ = �

Hlebqby _klv lhevdh \ hij_^_e_gbb g_dhlhjuo bkihevam_�
fuo eh]bq_kdbo nmgdpbc� Z bf_ggh�

Σ��[�  6
���[� ⊕ 6���[� ⊕ 6���[�

Σ��[�  6
���[� ⊕ 6���[� ⊕ 6���[�

σ��[�  6
��[� ⊕ 6��[� ⊕ 5��[�

���

σ��[�  6
���[� ⊕ 6���[� ⊕ 5��[�

;ehdb jZkrbj_ggh]h khh[s_gby :�� «� :�� \uqbkeyxlky
ZgZeh]bqgh 6+$�����

���������
�� == M0:
L
MM �

IRU M  �� WR �� ^

:M  σ��:M ± �� �:M ± � � σ��:M ± ��� � :M ± ��

`

Keh\Z�dhgklZglu .�� «� .�� [_jmlky dZd i_j\u_ �� [blZ
^jh[guo qZkl_c dm[bq_kdbo dhjg_c i_j\uo �� ijhkluo qbk_e� b

\ ���jbqghf \b^_ ij_^klZ\e_gu a^_kv�
���D�I��G���DH�� ����������HI��FG E�F�IEFIHF�G�E�I

H�E�GED�����GEEF ����F��EI���E��� ��I���I�E���G���

���I��D�DI���I�E DE�F�HG�GD�G���� G���DD��D�������

�����E�������IEH ������EH�HH�E��F ���F�GF�G�IIE�H�

��EH�G��I��E���I ��GHE�IH�E����E� �EGF��D���F�����

F��EI���FI������ H��E��F��HI��DG� HIEH�������I��H�

�IF��GF��E�FG�E� ���FD�FF��DF�F�� �GH��F�I���E����

�D����DD�HD�H��� �FE�D�GFEG��IEG� ��I���GD������E�

���H����HH��GIDE D���F��G�GE����� E�����F���IE���I

EI���IF�EHHI�HH� F�H��EI��GD��IF� G�D��������DD���

��FD����H������I ���������D�H�H�� ��E��D����G��IIF

�H�E�����F��F��� �G�F�GIF�DF��DHG �����G���G��E�GI

���D�����EDI��GH ���D�DEE�F��E�D� ��F�F��H��HGDHH�

�����F���������E D�EIH�D��FI����� D��D���EEF������

F��E�E��G�I����� F��F��D�����EH�� G���H���G�HI����

G�����������D��� I��H�����������D ���DD�����EEG�E�

��D�F���E�G�G�F� �H���F������DE�� �������FGI�HHE��

��E�EFE�H��E��D� ���F�FE�F�F��D�� �HG�DD�DH����DFE

�E�FFD�I����H��� ���H�II�G�E�E�D� ���I��HH�GHIE�IF

��D����I�����I�� ��F�����D�I�DE�� �FF������D����HF

��EHIIID�����H�� D����FHEGH��EGH� EHI�D�I�E�F�����

F�����I�H������E FD���HFHHD�����F G���E�F���F�F���

HDGD�GG�FGH�HE�H I��G�I�IHH�HG��� ��I���DD�����IED

�D���GF�D�F���D� ���I����EHI��GDH �E���E�����F���E

��GE��I������G�� ��FDDE�E��F����� �F�HEH�D��F�EHEF

���G��F��F���G�F �FF�G�EHFE�H��E� ��I���FIF���H�D

�IFE�IDE�DG�IDHF �F�����F�D�������

Nmgdpby 6+$���� hij_^_ey_lky lhqgh lZd `_� dZd b nmgdpby
6+$���� k l_f bkdexq_gb_f� qlh \ dZq_kl\_ klZjlh\h]h \_dlhjZ

owrbjh\Zgby [_jmlky i_j\u_ �� [blZ d\Z^jZlguo dhjg_c ijh�
kluo qbk_e k ^_\ylh]h ih r_klgZ^pZlh_�



���

+���  ^FEEE�G�GF����HG�� ���D���D���FG����
�������D����GG��� ���IHFG�I��H����� ��������IIF��E���
�HE��D����������� GE�F�H�G��I��ID�� ��E����GEHID�ID�`�

>Ze__ \uoh^ nmgdpbb h[j_aZ_lky ^h ��� e_\uo [bl b wlb [b�
lu [_jmlky \ dZq_kl\_ agZq_gby nmgdpbb owrbjh\Zgby 6+$�����

������Nmgdpby owrbjh\Zgby =HKL J ��������

Ijb hibkZgbb nmgdpbb owrbjh\Zgby [m^ml bkihevah\Zlvky
l_ `_ h[hagZq_gby� qlh bkihevah\Zebkv ijb hibkZgbb Ze]hjblfZ

\ujZ[hldb pbnjh\hc ih^ibkb kh]eZkgh =HKL J ������ b� djhf_
lh]h� imklv

0 ± ihke_^h\Zl_evghklv ^\hbqguo kbf\heh\� ih^e_`Zsbo
owrbjh\Zgbx�

K ± owr�nmgdpby� hlh[jZ`ZxsZy ihke_^h\Zl_evghklv 0 \

keh\h K�0� ∈ 9�������
(.�$� ± j_amevlZl rbnjh\Zgby keh\Z : gZ dexq_. k bkihev�

ah\Zgb_f Ze]hjblfZ rbnjh\Zgby ih =HKL ����� \ j_`bf_ ijh�
klhc aZf_gu�

+ ± klZjlh\uc \_dlhj owrbjh\Zgby�

H[sb_ iheh`_gby
Ih^ owr�nmgdpb_c K ihgbfZ_lky hlh[jZ`_gb_

K� %
 → 9�������

>ey hij_^_e_gby owr�nmgdpbb g_h[oh^bfu�
� Ze]hjblf \uqbke_gby rZ]h\hc nmgdpbb owrbjh\Z�

gby κ� ]^_

κ� 9������×9������ → 9�������

� hibkZgb_ bl_jZlb\ghc ijhp_^mju \uqbke_gby agZq_�

gby owr�nmgdpbb K�
:e]hjblf \uqbke_gby rZ]h\hc nmgdpbb owrbjh\Zgby kh�

klhbl ba lj_o qZkl_c�
� ]_g_jZpbb q_luj_o ����[blguo dexq_c�
� rbnjmxs_]h ij_h[jZah\Zgby ± rbnjh\Zgby ���

[blguo ih^keh\ keh\Z + gZ dexqZo .L �L  �� �� �� �� k
bkihevah\Zgb_f Ze]hjblfZ =HKL ����� \ j_`bf_

ijhklhc aZf_gu�

���

� i_j_f_rb\Zxs_]h ij_h[jZah\Zgby j_amevlZlZ
rbnjh\Zgby�

=_g_jZpby dexq_c�
JZkkfhljbf ;  �E���� E���� «� E�� ∈ 9�������

Imklv ;  [�__[�__[�__[�  η��__η��__«__η�  ξ��__ξ��__«__ξ��

]^_ [L∈9������ L  ����� ηM∈9������ M  ������ ξN∈9����� N  ������

H[hagZqbf $�;�  �[� ⊕ [��__[�__[�__[��

AZ^Z_lky ij_h[jZah\Zgb_ 3� 9������→9������ keh\Z ξ��__«__ξ� \

keh\h ξϕ����__ξϕ����__«__ξϕ���� ]^_ ϕ�L�����N����  �L � N� L  ����� N  

�����
>ey ]_g_jZpbb dexq_c g_h[oh^bfh bkihevah\Zlv ke_^mxsb_

bkoh^gu_ ^Zggu_�

� keh\Z +� 0 ∈ 9�������
� dhgklZglu� keh\Z KL �L  ������� bf_xsb_ agZq_gby

K� K� �
��� b &� �

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

Ijb \uqbke_gbb dexq_c j_Zebam_lky ke_^mxsbc Ze]hjblf�
�� Ijbk\hblv agZq_gby

L  �� 8  +� 9  0�
�� <uihegblv \uqbke_gb_

:  8 ⊕ 9� .� 3�:��
�� Ijbk\hblv L  L � ��
�� Ijh\_jblv mkeh\b_ L  �� Ijb iheh`bl_evghf bkoh^_

i_j_clb d rZ]m �� Ijb hljbpZl_evghf ± i_j_clb d rZ�
]m ��

�� <uihegblv \uqbke_gb_

8  $�8� ⊕ &L� 9  $�$�9��� :  8 ⊕ 9� .L  3�:��
�� I_j_clb d rZ]m �

�� Dhg_p jZ[hlu Ze]hjblfZ�

Rbnjmxs__ ij_h[jZah\Zgb_
GZ ^Zgghf wlZi_ hkms_kl\ey_lky rbnjh\Zgb_ ���[blguo

ih^keh\ keh\Z + gZ dexqZo .L �L  �� �� �� ���
>ey rbnjmxs_]h ij_h[jZah\Zgby g_h[oh^bfh bkihevah\Zlv

ke_^mxsb_ bkoh^gu_ ^Zggu_�

+ K�__K�__K�__K�� KL∈9������ L  ���� b gZ[hj dexq_c .�� .�� .��
.��

Ihke_ \uiheg_gby rbnjh\Zgby ihemqZxl keh\Z

VL  (.L
�KL�� ]^_ L  �� �� �� ��



���

l�_� \ j_amevlZl_ ihemqZ_lky \_dlhj

6  V�__V�__V�__V��

I_j_f_rb\Zxs__ ij_h[jZah\Zgb_
GZ ^Zgghf wlZi_ hkms_kl\ey_lky i_j_f_rb\Zgb_ ihemq_g�

ghc ihke_^h\Zl_evghklb k ijbf_g_gb_f j_]bkljZ k^\b]Z�

Bkoh^gufb ^Zggufb y\eyxlky keh\Z +� 0 ∈ 9������ b keh\h

6 ∈ 9�������
Imklv hlh[jZ`_gb_

ψ� 9������ → 9������

ij_h[jZam_l keh\h

η��__«__η�� ηL∈9������ L  �����

\ keh\h

η�⊕η�⊕η�⊕η�⊕η��⊕η��__η��__«__η��

Lh]^Z \ dZq_kl\_ agZq_gby rZ]h\hc nmgdpbb owrbjh\Zgby ijb�

gbfZ_lky keh\h

κ�0�+�  ψ���+ ⊕ ψ�0 ⊕ ψ���6����

]^_ ψL ± L�y kl_i_gv ij_h[jZah\Zgby ψ�
Ijhp_^mjZ \uqbke_gby owr�nmgdpbb
Bkoh^gufb ^Zggufb ^ey ijhp_^mju \uqbke_gby agZq_gby

nmgdpbb K y\ey_lky ih^e_`ZsZy owrbjh\Zgbx ihke_^h\Zl_ev�

ghklv 0 ∈ %
� IZjZf_ljhf y\ey_lky klZjlh\uc \_dlhj owrbjh�
\Zgby + ± ijhba\hevgh_ nbdkbjh\Zggh_ keh\h ba9�������

Ijhp_^mjZ \uqbke_gby nmgdpbb K gZ dZ`^hc bl_jZpbb bk�
ihevam_l ke_^mxsb_ \_ebqbgu�

0 ∈ %
 ± qZklv ihke_^h\Zl_evghklb0� g_ ijhr_^rZy ijhp_�

^mju owrbjh\Zgby gZ ij_^u^msbo bl_jZpbyo�

+ ∈ 9������ ± l_dms__ agZq_gb_ owr�nmgdpbb�

Σ ∈ 9������ ± l_dms__ agZq_gb_ dhgljhevghc kmffu�

/ ∈ 9������ ± l_dms__ agZq_gb_ ^ebgu h[jZ[hlZgghc gZ ij_�
^u^msbo bl_jZpbyo qZklb ihke_^h\Zl_evghklb0�

:e]hjblf \uqbke_gby nmgdpbb K \dexqZ_l \ k_[y ke_^mx�

sb_ ljb wlZiZ�
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Ij_^iheh`bf� qlh gZf ^Zgh khh[s_gb_ ^ebghc E [bl� ]^_ E ±
ijhba\hevgh_ g_hljbpZl_evgh_ p_eh_ qbkeh� b imklv [blu kh�
h[s_gby aZibkZgu \ ke_^mxs_f ihjy^d_�

P� P� ��� P�E±���

>ey \uqbke_gby k\_jldb khh[s_gby \uihegyxlky ke_^mx�

sb_ iylv rZ]h\�

RZ] �� >h[Z\e_gb_ [blh\ aZiheg_gby�
Khh[s_gb_ ^hihegy_lky �jZkrbjy_lky� lZd� qlh _]h ^ebgZ �\

[blZo� klZgh\blky kjZ\gbfhc k ��� ih fh^mex ���� JZkrbj_gb_
\uihegy_lky \k_]^Z� ^Z`_ _keb ^ebgZ khh[s_gby m`_ kjZ\gbfZ

k ��� ih fh^mex ���
JZkrbj_gb_ \uihegy_lky ke_^mxsbf h[jZahf� d khh[s_gbx

^h[Z\ey_lky h^bg [bl� jZ\guc �� Z hklZ\rb_ky [blu aZihegyxl�

ky gme_\ufb agZq_gbyfb� LZdbf h[jZahf� dhebq_kl\h ^h[Z\e_g�
guo [blh\ fh`_l e_`Zlv \ ^bZiZahg_ hl � ^h ��� \dexqbl_evgh�

RZ] �� >h[Z\e_gb_ ^ebgu�
���[blgh_ ij_^klZ\e_gb_ ^ebgu khh[s_gby E �^h ^h[Z\e_gby

[blh\ jZkrbj_gby� ^hibku\Z_lky d j_amevlZlm ij_^u^ms_]h

rZ]Z� < lhf fZeh\_jhylghf kemqZ_� dh]^Z ^ebgZ khh[s_gby
ij_\ukbl ���� bkihevamxlky lhevdh feZ^rb_ �� [blZ ij_^klZ\�
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e_gby� Wlb [blu ^h[Z\eyxlky \ \b^_ ^\mo ���jZajy^guo keh\�
ijb wlhf feZ^r__ keh\h ^hibku\Z_lky i_j\uf� Ihke_ wlhc hi_�
jZpbb ^ebgZ khh[s_gby \ lhqghklb djZlgZ ��� [blZf b� ZgZeh�

]bqgh� djZlgZ �� ����jZajy^guf� keh\Zf� H[hagZqbf 0>���1��@
keh\Z ihemq_ggh]h khh[s_gby�

RZ] �� BgbpbZebaZpby [mn_jZ k\_jldb�
;mn_j ba q_luj_o keh\ �$� %� &� '� bkihevam_lky ^ey \uqbk�
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RZ] �� <uoh^�
K\_jldZ khh[s_gby kh^_j`blky \ j_]bkljZo $� %� &� '� L�_��

fu gZqbgZ_f k feZ^r_]h [ZclZ $ b aZdZgqb\Z_f klZjrbf [Zc�

lhf '�
Wlbf aZ\_jrZ_lky hibkZgb_ Ze]hjblfZ0'��

���

�� MIJ:<E?GB? DJBILH=J:NBQ?KDBFB DEXQ:�
FB

Ihfbfh \u[hjZ ih^oh^ys_c ^ey dhgdj_lghc bgnhjfZpbhg�

ghc kbkl_fu kj_^kl\ djbilh]jZnbq_kdhc aZsblu bgnhjfZpbb�
\Z`ghc ijh[e_fhc y\ey_lky mijZ\e_gb_ dexqZfb� DZd [u gb

[ueZ keh`gZ b gZ^_`gZ kZfZ djbilhkbkl_fZ� hgZ hkgh\ZgZ gZ
bkihevah\Zgbb dexq_c� ?keb ^ey h[_ki_q_gby dhgnb^_gpbZev�
gh]h h[f_gZ bgnhjfZpb_c f_`^m ^\mfy ihevah\Zl_eyfb ijh�

p_kk h[f_gZ dexqZfb ljb\bZe_g� lh \ bgnhjfZpbhgghc kbkl_f_�
]^_ dhebq_kl\h ihevah\Zl_e_c khklZ\ey_l khlgb b lukyqb�

mijZ\e_gb_ dexqZfb � k_jv_agZy ijh[e_fZ�
Ih^ dexq_\hc bgnhjfZpb_c ihgbfZ_lky kh\hdmighklv \k_o

^_ckl\mxsbo \ BK dexq_c� ?keb g_ h[_ki_q_gh ^hklZlhqgh

gZ^_`gh_ mijZ\e_gb_ dexq_\hc bgnhjfZpb_c� lh� aZ\eZ^_\ _x�
aehmfure_ggbd ihemqZ_l g_h]jZgbq_gguc ^hklmi dh \k_c bg�

nhjfZpbb�
MijZ\e_gb_ dexqZfb � bgnhjfZpbhgguc ijhp_kk� \dexqZx�

sbc \ k_[y ljb we_f_glZ�

− ]_g_jZpbx dexq_c�

− gZdhie_gb_ dexq_c�

− jZkij_^_e_gb_ dexq_c�

Ba\_klgh� qlh g_ klhbl bkihevah\Zlv g_kemqZcgu_ dexqb k
p_evx e_]dhklb bo aZihfbgZgby� < k_jv_aguo bgnhjfZpbhgguo

kbkl_fZo bkihevamxlky ki_pbZevgu_ ZiiZjZlgu_ b ijh]jZff�
gu_ f_lh^u ]_g_jZpbb kemqZcguo dexq_c� DZd ijZ\beh bkihev�

amxl ^Zlqbdb IKQ� H^gZdh kl_i_gv kemqZcghklb bo ]_g_jZpbb
^he`gZ [ulv ^hklZlhqgh \ukhdbf� B^_Zevguf ]_g_jZlhjZfb
y\eyxlky mkljhckl\Z gZ hkgh\_ ©gZlmjZevguoª kemqZcguo ijh�

p_kkh\� GZijbf_j� ihy\bebkv k_jbcgu_ h[jZapu ]_g_jZpbb
dexq_c gZ hkgh\_ [_eh]h jZ^bhrmfZ� Nbabq_kdbc ^Zlqbd kem�

qZcguo qbk_e \kljh_g \ y^jh ijhp_kkhjZ 3HQWLXP�,,,� >jm]bf
kemqZcguf fZl_fZlbq_kdbf h[t_dlhf y\eyxlky ^_kylbqgu_

agZdb ljZgkp_g^_glguo qbk_e� gZijbf_j π beb _� dhlhju_ \u�

qbkeyxlky k ihfhsvx klZg^Zjlguo fZl_fZlbq_kdbo f_lh^h\�
< BK kh kj_^gbfb lj_[h\Zgbyfb aZsbs_gghklb \iheg_ ijb�

_fe_fu ijh]jZffgu_ ]_g_jZlhju dexq_c� dhlhju_ \uqbkeyxl



���

IKQ dZd keh`gmx nmgdpbx hl l_dms_]h \j_f_gb b �beb� qbkeZ�
\\_^_ggh]h ihevah\Zl_e_f�

Ih^ gZdhie_gb_f dexq_c ihgbfZ_lky hj]ZgbaZpby bo ojZg_�

gby� mq_lZ b m^Ze_gby�
Ihkdhevdm dexq y\ey_lky kZfuf ijb\e_dZl_evguf ^ey aeh�

mfure_ggbdZ h[t_dlhf� hldju\Zxsbf _fm imlv d dhgnb^_g�
pbZevghc bgnhjfZpbb� lh \hijhkZf gZdhie_gby dexq_c ke_^m_l
m^_eylv hkh[h_ \gbfZgb_�

K_dj_lgu_ dexqb gbdh]^Z g_ ^he`gu aZibku\Zlvky \ y\ghf
\b^_ gZ ghkbl_e_� dhlhjuc fh`_l [ulv kqblZg beb kdhibjh�

\Zg�
< ^hklZlhqgh keh`ghc BK h^bg ihevah\Zl_ev fh`_l jZ[h�

lZlv k [hevrbf h[t_fhf dexq_\hc bgnhjfZpbb� b bgh]^Z ^Z`_

\hagbdZ_l g_h[oh^bfhklv hj]ZgbaZpbb fbgb�[Za ^Zgguo ih
dexq_\hc bgnhjfZpbb� LZdb_ [Zau ^Zgguo hl\_qZxl aZ ijbgy�

lb_� ojZg_gb_� mq_l b m^Ze_gb_ bkihevam_fuo dexq_c�
BlZd� \ky bgnhjfZpby h[ bkihevam_fuo dexqZo ^he`gZ ojZ�

gblvky \ aZrbnjh\Zgghf \b^_� Dexqb� aZrbnjh\u\Zxsb_
dexq_\mx bgnhjfZpbx gZau\Zxlky fZkl_j�dexqZfb� @_eZ�
l_evgh� qlh[u fZkl_j�dexqb dZ`^uc ihevah\Zl_ev agZe gZb�

amklv� b g_ ojZgbe bo \hh[s_ gZ dZdbo�eb[h fZl_jbZevguo gh�
kbl_eyo�

Hq_gv \Z`guf mkeh\b_f [_ahiZkghklb bgnhjfZpbb y\ey_lky
i_jbh^bq_kdh_ h[gh\e_gb_ dexq_\hc bgnhjfZpbb \ BK� Ijb
wlhf i_j_gZagZqZlvky ^he`gu dZd h[uqgu_ dexqb� lZd b fZk�

l_j�dexqb� < hkh[h hl\_lkl\_gguo BK h[gh\e_gb_ dexq_\hc
bgnhjfZpbb `_eZl_evgh ^_eZlv _`_^g_\gh�

<hijhk h[gh\e_gby dexq_\hc bgnhjfZpbb k\yaZg b k lj_lv�
bf we_f_glhf mijZ\e_gby dexqZfb � jZkij_^_e_gb_f dexq_c�
dhlhjuc [m^_l ih^jh[gh jZkkfhlj_g gb`_�

>ey hibkZgby Ze]hjblfh\ b f_lh^h\ \ wlhf imgdl_ gZf ih�
lj_[mxlky ke_^mxsb_ h[hagZq_gby�

,$ � b^_glbnbdZlhj klhjhgu :�
'$ � k_dj_lgh_ djbilhij_h[jZah\Zgb_ klhjhgu : �k bk�

ihevah\Zgb_f k_dj_lgh]h dexqZ Zkbff_ljbqghc djbi�

lhkbkl_fu��
($ � hldjulh_ djbilhij_h[jZah\Zgb_ klhjhgu : �k bk�

ihevah\Zgb_f hldjulh]h dexqZ Zkbff_ljbqghc djbi�
lhkbkl_fu��

���

7$ � \j_f_gghc rlZfi klhjhgu :�
5$ � kemqZcgh_ qbkeh� \u[jZggh_ klhjhghc :�

���� H[uqgZy kbkl_fZ mijZ\e_gby dexqZfb

JZkij_^_e_gb_ dexq_c ± kZfuc hl\_lkl\_gguc ijhp_kk \
mijZ\e_gbb dexqZfb� D g_fm ij_^ty\eyxlky ^\Z lj_[h\Zgby�

�� Hi_jZlb\ghklv b lhqghklv jZkij_^_e_gby�
�� Kdjulghklv jZkij_^_ey_fuo dexq_c�
< jZfdZo kbff_ljbqghc �h^ghdexq_\hc� kbkl_fu rbnjh\Z�

gby ^\mf ihevah\Zl_eyf� `_eZxsbf mklZgh\blv [_ahiZkgh_
\aZbfh^_ckl\b_� g_h[oh^bfh kgZqZeZ mklZgh\blv [_ahiZkguc

h[sbc dexq� H^ghc ba \hafh`ghkl_c y\ey_lky bkihevah\Zgb_
lj_lv_c klhjhgu� lZdhc dZd dmjv_jZ� GZ ijZdlbd_ ih khh[jZ`_�
gbyf [_ahiZkghklb g_h[oh^bfh \j_fy hl \j_f_gb f_gylv dexq�

Wlh fh`_l k^_eZlv bkihevah\Zgb_ dmjv_jZ beb ^jm]hc ih^h[ghc
ko_fu ^hjh]hklhysbf b g_wnn_dlb\guf�

:evl_jgZlb\hc y\ey_lky ihemq_gb_ ^\mfy ihevah\Zl_eyfb
h[s_]h dexqZ hl p_gljZevgh]h hj]ZgZ ± p_gljZ jZkij_^_e_gby

dexq_c �PJD�� k ihfhsvx dhlhjh]h hgb fh]ml [_ahiZkgh \aZb�
fh^_ckl\h\Zlv� >ey hj]ZgbaZpbb h[f_gZ ^Zggufb f_`^m PJD b
ihevah\Zl_e_f ihke_^g_fm ijb j_]bkljZpbb \u^_ey_lky ki_pb�

Zevguc dexq� dhlhjuf rbnjmxlky khh[s_gby� i_j_^Z\Z_fu_
f_`^m gbfb� Ihkdhevdm dZ`^hfm ihevah\Zl_ex \u^_ey_lky hl�

^_evguc dexq� _]h dhfijhf_lZpby g_ ijb\_^_l d hkh[h g_ijb�
ylguf ihke_^kl\byf� KeZ[h_ f_klh wlh]h ih^oh^Z aZdexqZ_lky
\ ke_^mxs_f� \ PJD� h[eZ^Zxsbc ^hklmihf d dexqZf� \ha�

fh`gh ijhgbdgh\_gb_ aehmfure_ggbdZ� <ke_^kl\b_ dhgp_g�
ljZpbb ^h\_jby h^gh gZjmr_gb_ [_ahiZkghklb kdhfijhf_lbjm_l

\kx kbkl_fm� Djhf_ lh]h� PJD fh`_l� gZijbf_j� ^he]h_ \j_fy
mqZkl\h\Zlv \ iZkkb\ghf ih^kemrb\Zgbb� ij_`^_ q_f wlh [m^_l
h[gZjm`_gh� ohly ^hdZaZlv wlh fh`_l hdZaZlvky ljm^gh�

< [hevrbo k_lyo wlZ ijhp_^mjZ fh`_l klZlv madbf f_klhf�
ihkdhevdm dZ`^hc iZj_ ihevah\Zl_e_c� gm`^Zxs_cky \ dexq_�

g_h[oh^bfh ohly [u h^bg jZa h[jZlblvky d p_gljZevghfm maem�
Djhf_ lh]h� k[hc p_gljZevgh]h hj]ZgZ fh`_l jZajmrblv kbkl_�
fm jZkij_^_e_gby dexq_c� B_jZjobq_kdZy �^j_\h\b^gZy� kbkl_�

fZ k ihevah\Zl_eyfb� gZoh^ysbfbky gZ ebklvyo� b p_gljZfb
jZkij_^_e_gby dexq_c \ ijhf_`mlhqguo maeZo y\ey_lky h^gbf

ba kihkh[h\ kfy]q_gby wlhc ijh[e_fu� H^gZdh� wlh kha^Z_l gh�



���

\mx ijh[e_fm [_ahiZkghklb� ihkdhevdm kha^Z_lky fgh`_kl\h
lhq_d \oh^Z ^ey aehmfure_ggbdZ� ;he__ lh]h� ^ZggZy kbkl_fZ
[m^_l g_wnn_dlb\ghc� _keb iZjZ qZklh \aZbfh^_ckl\mxsbo

ihevah\Zl_e_c g_ [m^_l gZoh^blvky \ h^ghf ih^^_j_\_� ih�
kdhevdm \ wlhf kemqZ_ dhj_gv ^_j_\Z \gh\v hdZ`_lky madbf f_�

klhf�
G_dhlhju_ ba wlbo g_^hklZldh\ fh`gh mkljZgblv� ijbf_gb\

ih^oh^ d jZkij_^_e_gbx dexq_c� hkgh\Zgguc gZ kbkl_fZo k hl�

djuluf dexqhf�

���� MijZ\e_gb_ dexqZfb� hkgh\Zggh_ gZ kbkl_fZo k hldju�
luf dexqhf

>h bkihevah\Zgby djbilhkbkl_fu k hldjuluf dexqhf ^ey
h[f_gZ h[uqgufb k_dj_lgufb dexqZfb ihevah\Zl_eb $ b %

^he`gu h[f_gylvky k\hbfb hldjulufb dexqZfb� WlZ ijh[e_fZ
ijhs_� q_f h[f_g k_dj_lgufb dexqZfb� ihkdhevdm hldjulu_

dexqb g_ lj_[mxl k_dj_lghklb ijb ojZg_gbb b i_j_^Zq_�
MijZ\e_gb_ hldjulufb dexqZfb fh`_l [ulv hj]Zgbah\Zgh k

ihfhsvx hi_jZlb\ghc beb Z\lhghfghc kem`[u dZlZeh]h\�
ihevah\Zl_eb fh]ml lZd`_ h[f_gb\Zlvky dexqZfb g_ihkj_^kl�
\_ggh� H^gZdh� ijh[e_fhc a^_kv y\ey_lky Zml_glbqghklv� ?keb

$ ^mfZ_l� qlh (& \ ^_ckl\bl_evghklb y\ey_lky (%� lh : fh`_l
aZrbnjh\Zlv khh[s_gb_ k ihfhsvx (& b g_gZf_j_ggh ^Zlv

\hafh`ghklv & jZkrbnjh\Zlv khh[s_gb_� bkihevamy '&� <lhjhc
ijh[e_fhc y\ey_lky p_ehklghklv� ex[Zy hrb[dZ \ i_j_^Zq_ hl�
djulh]h dexqZ k^_eZ_l _]h [_kihe_aguf� Ihwlhfm `_eZl_evgh

gZebqb_ dZdhc�eb[h nhjfu h[gZjm`_gby hrb[hd� <g_ aZ\bkb�
fhklb hl ko_fu� \u[jZgghc ^ey jZkij_^_e_gby hldjuluo dex�

q_c� kdhj__ \k_]h gZ dZdhf�eb[h wlZi_ [m^_l mqZkl\h\Zlv p_g�
ljZevguc hj]Zg� H^gZdh� h[f_g hldjulufb dexqZfb f_`^m
ihevah\Zl_eyfb g_ lj_[m_l mqZklby p_gljZevgh]h hj]ZgZ� ih�

kdhevdm hkgh\ghc ijh[e_fhc y\ey_lky Zml_glbqghklv� Ke_^h\Z�
l_evgh� ihke_^kl\by dhfijhf_lZpbb p_gljZevgh]h hj]ZgZ [m^ml

g_ klhev ly`_eufb� dZd \ kemqZ_ h[uqghc dexq_\hc kbkl_fu�
?s_ h^gbf Zki_dlhf ijh[e_fu y\ey_lky ^hklh\_jghklv� hl�

djuluc dexq ihevah\Zl_ey fh`_l hdZaZlvky g_^hklh\_jguf

\ke_^kl\b_ dhfijhf_lZpbb khhl\_lkl\mxs_]h k_dj_lgh]h dex�
qZ beb ih dZdhc�eb[h bghc ijbqbg_� gZijbf_j� ba�aZ bkl_q_gby

kjhdZ ^_ckl\by� Wlh kha^Z_l ijh[e_fm mklZj_\rbo ^Zgguo \

���

kemqZ_� _keb hldjulu_ dexqb ojZgylky beb ^hklmi d gbf hkm�
s_kl\ey_lky q_j_a dZlZeh]�

< dZq_kl\_ ijbf_jZ fh`gh ijb\_klb ijhlhdhe h[f_gZ dex�

qhf >bnnb�O_eefZgZ� Kbkl_fgufb iZjZf_ljZfb wlh]h ijhlh�
dheZ y\eyxlky [hevrh_ ijhklh_ qbkeh S b qbkeh J� y\eyxs__ky

ijbfblb\guf we_f_glhf*)�S��
Imklv l_i_jv ihevah\Zl_eb $ b % `_eZxl ihemqblv h[sbc

k_dj_lguc dexq� KgZqZeZ $ ]_g_jbjm_l kemqZcgh_ qbkeh D� dh�

lhjh_ hg ^_j`bl \ k_dj_l_� Z % ]_g_jbjm_l kemqZcgh_ qbkeh E�
dhlhjh_ hg lZd`_ ^_j`bl \ k_dj_l_� AZl_f hgb \uqbkeyxl

JD PRG S b JE PRG S khhl\_lkl\_ggh b i_j_^Zxl \uqbke_ggu_
agZq_gby ^jm] ^jm]m� ijbq_f wlh fh`gh k^_eZlv ih hldjuluf
dZgZeZf k\yab� Ihke_ wlh]h $ \uqbkey_l NDE  �J

E PRG S�D PRG S�

Z % \uqbkey_l NED  �J
D PRG S�EPRG S� Ihkdhevdm NDE  NED  N� m $

b % l_i_jv _klv h[sbc k_dj_lguc dexq N�

Ijhlhdhe >bnnb�O_eefZgZ� h^gZdh� y\ey_lky mya\bfuf ^ey
ZlZdb� gZau\Z_fhc �q_eh\_d \ k_j_^bg_�� Aehmfure_ggbd K

fh`_l i_j_o\Zlblv hldjulh_ agZq_gb_� ihkueZ_fh_ hl $ d %� b
ihkeZlv \f_klh g_]h k\h_ hldjulh_ agZq_gb_� AZl_f hg fh`_l
i_j_o\Zlblv hldjulh_ agZq_gb_� ihkueZ_fh_ hl % d $� b lZd`_

ihkeZlv \f_klh g_]h k\h_ hldjulh_ agZq_gb_� L_f kZfuf K ih�
emqbl h[sb_ k_dj_lgu_ dexqb k : b < b kfh`_l qblZlv b�beb

fh^bnbpbjh\Zlv khh[s_gby� i_j_^Z\Z_fu_ hl h^ghc klhjhgu d
^jm]hc�

���� Ijhlhdhe h[f_gZ k_dj_lguf dexqhf

>ey aZsblu hl ZlZdb� hibkZgghc \ ij_^u^ms_f imgdl_�
fh`gh bkihevah\Zlv ke_^mxsbc ijhlhdhe� Ijb wlhf ij_^iheZ�

]Z_lky� qlh $ b % h[eZ^Zxl \hafh`ghklvx ijh\_jblv Zml_glbq�
ghklv hldjuluo dexq_c ^jm] ^jm]Z�

Ij_^iheh`bf� qlh $ b % `_eZxl hij_^_eblv h[sbc k_dj_l�

guc dexq �.�� Ij_^iheh`bf ^Ze__� qlh hgb ihemqbeb hldjulu_
dexqb ^jm] ^jm]Z� L_i_jv fh`gh bkihevah\Zlv lj_owlZiguc

ijhlhdhe jmdhih`Zlby�
$ fh`_l ihkeZlv % khh[s_gb_ & (%�5$�,$�� ]^_ (% ± ijhp_�

^mjZ rbnjh\Zgby k hldjuluf dexqhf %� ,$ ± b^_glbnbdZlhj :

b 5$ ± kemqZcgh_ qbkeh� L_i_jv % fh`_l jZkrbnjh\Zlv & b ih�
emqblv ,$� L_i_jv % \u[bjZ_l kemqZcgh_ qbkeh 5% b ihkueZ_l

&
 ($�5$�5%� :� Ihke_ jZkrbnjh\Zgby &
 : fh`_l \ j_Zevghf



���

\j_f_gb ijh\_jblv� qlh % ihemqbe 5$� ihkdhevdm lhevdh % fh�
`_l jZkrbnjh\Zlv &� GZdhg_p� $ ihkueZ_l % &

 (%�5%�� b dh]^Z
< jZkrbnjm_l &

 hg kfh`_l ijh\_jblv \ j_Zevghf \j_f_gb� qlh

$ ihemqbe 5%� ihkdhevdm lhevdh $ fh`_l jZkrbnjh\Zlv &
� L_f
kZfuf $ b % Zml_glbnbpbjh\Zeb ^jm] ^jm]Z� l�_� dZ`^uc ba gbo

agZ_l� qlh hgb h[sZxlky bf_ggh ^jm] k ^jm]hf�
L_i_jv : ihkueZ_l % (%�'$�.��� % jZkrbnjh\u\Z_l khh[s_�

gb_ b ihemqZ_l .� >ZggZy ijhp_^mjZ h[_ki_qb\Z_l dZd k_dj_l�

ghklv� lZd b Zml_glbqghklv ijb h[f_g_ dexqhf.�
JZkkfhlj_ggZy \ur_ ijhp_^mjZ y\ey_lky \ZjbZglhf lZd gZ�

au\Z_fh]h f_oZgbafZ �aZijhk�hl\_l�� dhlhjuc aZdexqZ_lky \
lhf� qlh ^ey Zml_glbnbdZpbb dhgljZ]_glZ ihevah\Zl_ev gZijZ\�
ey_l _fm g_dhlhjh_ g_ij_^kdZam_fh_ aZjZg__ khh[s_gb_� gZ dh�

lhjh_ lhl ^he`_g ^Zlv hl\_l� \uihegb\ g_dhlhjmx aZjZg__ h[m�
keh\e_ggmx hi_jZpbx gZ^ khh[s_gb_f�aZijhkhf� Ihke_ ihem�

q_gby hl\_lZ ihevah\Zl_ev fh`_l [ulv m\_j_g \ ih^ebgghklb
k_ZgkZ k\yab� G_^hklZldhf wlh]h f_lh^Z y\ey_lky \hafh`ghklv

mklZgh\e_gby� ohly b keh`ghc� aZdhghf_jghklb f_`^m aZijhkhf
b hl\_lhf

���� Bkihevah\Zgb_ k_jlbnbdZlh\

F_lh^ ^hklb`_gby h^gh\j_f_ggh Zml_glbqghklb b p_ehklgh�
klb ijb jZkij_^_e_gbb hldjuluo dexq_c aZdexqZ_lky \ bkihev�

ah\Zgbb k_jlbnbdZlh\� Kbkl_fZ� hkgh\ZggZy gZ k_jlbnbdZlZo�
ij_^iheZ]Z_l� qlh bf__lky p_gljZevguc hj]Zg �PH�� dZd b \
kemqZ_ jZkij_^_e_gby k_dj_lguo dexq_c� >Ze__ ij_^iheZ]Z_lky�

qlh dZ`^uc ihevah\Zl_ev fh`_l hkms_kl\eylv [_ahiZkgh_
\aZbfh^_ckl\b_ k PH� Wlh hlghkbl_evgh ijhklh k^_eZlv� ih�

kdhevdm ^ey wlh]h lj_[m_lky lhevdh� qlh[u m dZ`^h]h ihevah\Z�
l_ey [ue hldjuluc dexq PH ± (PH� Lh]^Z dZ`^uc ihevah\Zl_ev
$ fh`_l aZj_]bkljbjh\Zlv \ PH k\hc hldjuluc dexq ($� Ih�

kdhevdm ($ y\ey_lky hldjuluf� wlh fh`gh k^_eZlv ih ihql_� ih
hldjulhfm dZgZem we_dljhk\yab b l�i�

H[uqgh ijb j_]bkljZpbb \ PH : [m^_l ke_^h\Zlv hij_^_�
e_gghc Zml_glbnbdZpbhgghc ijhp_^mj_� :evl_jgZlb\guf \Zjb�
Zglhf fh`_l [ulv h[jZ[hldZ j_]bkljZpbb kbkl_fhc� bf_xs_c

^j_\h\b^gmx kljmdlmjm� PH \u^Z_l k_jlbnbdZlu f_klguf
ij_^klZ\bl_eyf� dhlhju_ \ ^Zevg_cr_f ^_ckl\mxl \ dZq_kl\_

���

ihkj_^gbdh\ \ ijhp_kk_ j_]bkljZpbb ihevah\Zl_ey gZ [he__
gbadbo mjh\gyo b_jZjobb�

< ex[hf kemqZ_� \ hl\_l $ ihemqZ_l k_jlbnbdZl� ih^ibkZg�

guc PH b kh^_j`Zsbc ($� L�_�� PH nhjfbjm_l khh[s_gb_ 0�
kh^_j`Zs__ ($� b^_glbnbdZpbhggmx bgnhjfZpbx ^ey $ �,$��

i_jbh^ ^_ckl\by k_jlbnbdZlZ b l�i� AZl_f PH \uqbkey_l
&(57$ 'PH�0�� dhlhjuc b klZgh\blky k_jlbnbdZlhf :� &(57$

^_eZ_lky h[s_^hklmiguf ^hdmf_glhf� dhlhjuc kh^_j`bl ($ b

h^gh\j_f_ggh Zml_glbnbpbjm_l _]h� ihkdhevdm k_jlbnbdZl
ih^ibkZg PH� K_jlbnbdZlu fh]ml jZkijhkljZgylvky PH� ihev�

ah\Zl_eyfb beb bkihevah\Zlvky \ b_jZjobq_kdhc kbkl_f_�
<dexq_gb_ kjhdZ ^_ckl\by y\ey_lky h[h[s_gb_f \j_f_ggh]h
rlZfiZ� <Z`ghklv \j_f_ggh]h rlZfiZ aZdexqZ_lky \ aZsbl_ hl

bkihevah\Zgby kdhfijhf_lbjh\Zgguo dexq_c�
H^gZdh� ijh[e_fZ mklZj_\rbo ^Zgguo g_ fh`_l [ulv j_r_gZ

lhevdh k ihfhsvx \j_f_gguo rlZfih\� ihkdhevdm k_jlbnbdZl
fh`_l klZlv g_^_ckl\bl_evguf ^h bkl_q_gby kjhdZ _]h ^_ckl\by

\ke_^kl\b_ dhfijhf_lZpbb beb ih Z^fbgbkljZlb\guf ijbqb�
gZf� Ihwlhfm� _keb k_jlbnbdZlu ojZgylky m ihevah\Zl_e_c �Z g_
\u^Zxlky dZ`^uc jZa PH ijb bo bkihevah\Zgbb�� PH ^he`_g

\j_fy hl \j_f_gb im[ebdh\Zlv kibkdb Zggmebjh\Zgguo k_jlb�
nbdZlh\�

G_dhlhju_ k\hckl\Z jZkkfhlj_gguo ko_f fh]ml [ulv h[t_�
^bg_gu \ ih^oh^� ba\_klguc ih^ gZa\Zgb_f ©l_e_nhgguc kijZ�
\hqgbdª� k bkihevah\Zgb_f we_dljhggh]h wd\b\Ze_glZ� lZdh]h

dZd ]b[dbc ^bkd� kh^_j`Zsbc k_jlbnbdZlu� Wlh h[e_]qbl bk�
ihevah\Zgb_� ihkdhevdm ihevah\Zl_ev kfh`_l [ukljh k\yaZlvky

k ^jm]bf� hq_gv [ukljh ihemqZy ^hklmi d k_jlbnbdZlm ihke_ �̂
g_]h� H^gZdh� b \ wlhf kemqZ_ PH ^he`_g \uimkdZlv ©]hjyqb_
kibkdbª� I_jbh^bq_kdh_ jZkijhkljZg_gb_ kibkdh\ k_jlbnbdZ�

lh\ [m^_l ij_^klZ\eylv kh[hc hl^_evguc mijZ\e_gq_kdbc ijh�
p_kk� Djhf_ lh]h� [_ahiZkghklv ih^h[ghc ko_fu hij_^_e_ggh

gZoh^blky ih^ \hijhkhf� ihkdhevdm we_f_glu l_e_nhggh]h
kijZ\hqgbdZ fh]ml kh^_j`Zlv hrb[db beb [ulv gZf_j_ggh ba�
f_g_gu�

���� Ijhlhdheu Zml_glbnbdZpbb

Ij_^iheh`bf� qlh : `_eZ_l mklZgh\blv k\yav k %� Ij_^ih�

eh`bf ^Ze__� qlh : ihemqbe k_jlbnbdZpbhgguc imlv hl : ^h %�



���

gZijbf_j� h[jZlb\rbkv d dZlZeh]m� b bkihevah\Ze wlhl imlv ^ey
ihemq_gby hldjulh]h dexqZ %�

Imklv

,$ � b^_glbnbdZlhj klhjhgu :�
'$ � k_dj_lgh_ djbilhij_h[jZah\Zgb_ klhjhgu :

�k_dj_lguc dexq��
($ � hldjulh_ djbilhij_h[jZah\Zgb_ klhjhgu :

�hldjuluc dexq��

7$ � \j_f_gghc rlZfi klhjhgu :�
5$ � kemqZcgh_ qbkeh� \u[jZggh_ klhjhghc :�

K$ � k_jlbnbdZl klhjhgu :
,% � b^_glbnbdZlhj klhjhgu %�
'% � k_dj_lgh_ djbilhij_h[jZah\Zgb_ klhjhgu %

�k_dj_lguc dexq��
(% � hldjulh_ djbilhij_h[jZah\Zgb_ klhjhgu %

�hldjuluc dexq��
7% � \j_f_gghc rlZfi klhjhgu %�

5% � kemqZcgh_ qbkeh� \u[jZggh_ klhjhghc %�
B^_glbnbdZlhju ± wlh mgbdZevgu_ bf_gZ : b %� <j_f_gghc

rlZfi� \dexqZ_fuc \ khh[s_gb_0� kh^_j`bl lZd`_ ^Zlm bkl_�

q_gby kjhdZ ^_ckl\by 0� >hihegbl_evgh hg lZd`_ fh`_l \dex�
qZlv \j_fy kha^Zgby 0� KemqZcgu_ qbkeZ fh]ml [ulv aZf_g_gu

ihke_^h\Zl_evgufb qbkeZfb� dhlhju_ g_ ^he`gu ih\lhjylvky \
l_q_gb_ kjhdZ ^_ckl\by� mdZaZggh]h \h \j_f_gghf rlZfi_ \ lhf
`_ k_Zgk_ k\yab�

Lh]^Z h^ghklhjhggbc ijhlhdhe Zml_glbnbdZpbb [m^_l \u�
]ey^_lv ke_^mxsbf h[jZahf�

Ihevah\Zl_ev $�
�� <u[bjZ_l 5$�
�� Nhjfbjm_l khh[s_gb_ 0  �7$� 5$� ,%� �^Zggu_!��

]^_ �^Zggu_! ijhba\hevgu� >Zggu_ fh]ml [ulv aZ�
rbnjh\Zgu k ihfhsvx (% ^ey k_dj_lghklb� gZijb�

f_j� dh]^Z : i_j_^Z_l % dexq rbnjh\Zgby ^Zgguo�
�� IhkueZ_l �&$� '$�0�� ihevah\Zl_ex %�

Ihevah\Zl_ev %�

�� JZkrbnjh\u\Z_l &$ b ihemqZ_l ($� Ijh\_jy_l ^Zlm
hdhgqZgby kjhdZ ^_ckl\by k_jlbnbdZlZ�

���

�� Bkihevam_l ($ ^ey jZkrbnjh\Zgby '$�0�� ijh\_jyy
dZd ih^ebgghklv ih^ibkb :� lZd b p_ehklghklv ih^�
ibkZgghc bgnhjfZpbb�

�� Ijh\_jy_l ,%� kh^_j`Zs__ky \0� gZ lhqghklv�
�� Ijh\_jy_l 7$ \0�

�� >hihegbl_evgh ijh\_jy_l 5$� kh^_j`Zs__ky \0�
Rbjhdh_ jZkijhkljZg_gb_ hkgh\Zgguo gZ bgl_ee_dlmZevguo

dZjlZo kbkl_f ^hklmiZ ^ey jZaebqgh]h jh^Z ijbeh`_gbc �dZd

]jZ`^Zgkdh]h� lZd b \h_ggh]h gZagZq_gby� ihlj_[h\Zeh kha^Zlv
ko_fm h[_ki_q_gby [_ahiZkghc Zml_glbnbdZpbb km[t_dlZ� Ijb

wlhf k_dj_lguc dexq \eZ^_evpZ dZjlu klZgh\blky g_hlt_fe_�
fuf ijbagZdhf _]h ebqghklb� b ^ey h[_ki_q_gby aZsblu hl
\hafh`ghc dhfijhf_lZpbb wlh]h dexqZ [ue ij_^eh`_g jy^

ko_f� gZau\Z_fuo ijhlhdheZfb ^hdZaZl_evkl\Z k gme_\uf jZa�
]eZr_gb_f beb k gme_\uf agZgb_f �]HUR�NQRZOHGJH SURRIV�� \

jZfdZo dhlhjh]h km[t_dl fh`_l ih^l\_j^blv k\hb iheghfhqby�
g_ jZkdju\Zy agZq_gby k\h_]h k_dj_lgh]h dexqZ�

I_j\Zy ko_fZ ih^h[gh]h jh^Z [ueZ ij_^eh`_gZ \ ���� ]�
N_c]_� NbZlhf b RZfbjhf� Kmlv __ khklhbl \ ke_^mxs_f�

>ey ]jmiiu ihevah\Zl_e_c� dhlhjuf ijb^_lky ^hdZau\Zlv

k\hx ih^ebgghklv� \u[bjZ_lky [hevrh_ �^ebghc [he__ ��� [bl�
kemqZcgh_ p_eh_ qbkeh Q� y\eyxs__ky ijhba\_^_gb_f ^\mo ijh�

kluo qbk_e� < ijhp_kk_ Zml_glbnbdZpbb mqZkl\mxl ^\_ klhjh�
gu� klhjhgZ $� ^hdZau\ZxsZy k\hx ih^ebgghklv� b klhjhgZ % ±
ijh\_jyxsbc�

>h\_j_gguc Zj[blj �p_glj jZkij_^_e_gby dexq_c� \u[bjZ_l
g_dhlhjh_ p_eh_ qbkeh Y� y\eyxs__ky d\Z^jZlbqguf \uq_lhf

ih fh^mex Q� l�_� ∃ [� [�  Y �PRG Q�� b \aZbfgh ijhklh_ k Q� Wlh
agZq_gb_ Y i_j_^Z_lky $ \ dZq_kl\_ hldjulh]h dexqZ� AZl_f \u�
qbkey_lky gZbf_gvr__ agZq_gb_ V� lZdh_ qlh V  �Y������ �PRG Q��

Wlh agZq_gb_ [m^_l k_dj_lguf dexqhf klhjhgu$�
Ihke_ wlh]h ijhlhdhe Zml_glbnbdZpbb \u]ey^bl ke_^mxsbf

h[jZahf�
�� KlhjhgZ $ \u[bjZ_l kemqZcgh_ qbkeh U� � � U � Q� AZl_f

hgZ \uqbkey_l [  U� PRG Q b hlijZ\ey_l _]h klhjhg_ %�

�� KlhjhgZ % ihkueZ_l $ kemqZcguc [bl E�
�� ?keb E  �� lh $ hlijZ\ey_l % qbkeh U� ?keb E  �� lh $

hlijZ\ey_l % \  U ⋅V �PRG Q��



���

�� ?keb E  �� lh % ijh\_jy_l� qlh [  U� �PRG Q�� qlh[u
m[_^blvky� qlh $ agZ_l d\Z^jZlguc dhj_gv ba [� ?keb E

 �� lh klhjhgZ % ijh\_jy_l� qlh [  \�⋅Y �PRG Q�� qlh[u

m[_^blvky� qlh $ agZ_l d\Z^jZlguc dhj_gv ba Y���
RZ]b � ± � h[jZamxl h^bg pbde ijhlhdheZ� Klhjhgu ih\lh�

jyxl wlhl pbde W jZa ijb jZaguo kemqZcguo agZq_gbyo U b E� ?k�
eb klhjhgZ $ g_ agZ_l agZq_gby V� hgZ fh`_l \u[jZlv lZdh_ U�
dhlhjh_ iha\hebl _c h[fZgmlv % \ kemqZ_ E  � beb E  �� gh g_ \

h[hbo kemqZyo h^gh\j_f_ggh� <_jhylghklv h[fZgZ \ h^ghf pbd�
e_ khklZ\ey_l ���� <_jhylghklv h[fZgZ \ W pbdeZo jZ\gZ ��W�

G_^hklZldhf ^Zgghc ko_fu y\ey_lky [hevrh_ qbkeh pbdeh\
ijhlhdheZ� g_h[oh^bfh_ ^ey ^hdZaZl_evkl\Z k lj_[m_fhc \_jh�
ylghklvx� _keb wlZ \_jhylghklv ^hklZlhqgh fZeZ� Kihkh[� lj_�

[mxsbc lhevdh h^gh]h jZmg^Z h[f_gZ� gh lj_[mxsbc [hevr_]h
h[t_fZ \uqbke_gbc� [ue ij_^eh`_g =beehm b DbkdZl_jhf

�*XLOORX� 4XLVTXDWHU��
Imklv , ± b^_glbnbdZpbhggZy bgnhjfZpby klhjhgu $ �beb

agZq_gb_ __ owr�nmgdpbb�� Q ± hldjulh_ ijhba\_^_gb_ ^\mo

k_dj_lguo ijhkluo qbk_e� Y ± hldjulh_ agZq_gb_ �ihdZaZl_ev
kl_i_gb��

K_dj_lguc dexq J klhjhgu $ \u[bjZ_lky lZd� qlh ,⋅JY  �
�PRG Q��

KlhjhgZ $ hlijZ\ey_l % k\hb b^_glbnbdZpbhggu_ ^Zggu_ ,�

Ijhlhdhe ^hdZaZl_evkl\Z \u]ey^bl ke_^mxsbf h[jZahf�
�� : \u[bjZ_l kemqZcgh_ p_eh_ U� lZdh_� qlh � � U � Q ± � b

\uqbkey_l 7  UY �PRG Q� b hlijZ\ey_l wlh agZq_gb_ klh�
jhg_ %�

�� % \u[bjZ_l kemqZcgh_ p_eh_ G� � � G � Q ± � b hlijZ\ey�

_l wlh qbkeh klhjhg_ $�

�� $ \uqbkey_l '  U⋅JG �PRG Q� b hlijZ\ey_l wlh agZq_gb_
%�

�� % \uqbkey_l 7
  'Y⋅,G �PRG Q� b ijh\_jy_l \uiheg_gb_
jZ\_gkl\Z 7
  7� ?keb hgh \uihegy_lky� lh ijh\_jdZ

kqblZ_lky aZ\_jr_gghc mki_rgh�

< kZfhf ^_e_� 7
  'Y,G  �UJG�Y⋅,G  UYJGY,G  UY �,JY�G  UY ≡ 7
�PRG Q��

���

���� :ghgbfgh_ jZkij_^_e_gb_ dexq_c

?keb fu iheZ]Z_f� qlh ihevah\Zl_eb kZfb g_ fh]ml \u[bjZlv
kh[kl\_ggu_ dexqb� lh hgb ^he`gu ihevah\Zlvky mkem]Zfb p_g�

ljZ jZkij_^_e_gby dexq_c� Ijh[e_fZ aZdexqZ_lky \ lhf� qlh
dexqb ^he`gu jZkij_^_eylvky lZd� qlh[u gbdlh g_ fh] hij_^_�

eblv� dlh ihemqbe dZdhc dexq� Ijhp_^mjZ jZkij_^_e_gby dex�
q_c \ wlhf kemqZ_ fh`_l \u]ey^_lv lZd�

�� : \u[bjZ_l iZjm �hldjuluc dexq� k_dj_lguc dexq!

�^ey wlh]h ijhlhdheZ hg ^_j`bl h[Z dexqZ \ k_dj_l_��
�� PJD ]_g_jbjm_l g_ij_ju\guc ihlhd dexq_c�

�� PJD rbnjm_l dexqb� h^bg aZ h^gbf� k\hbf hldju�
luf dexqhf�

�� PJD i_j_^Z_l aZrbnjh\Zggu_ dexqb� h^bg aZ h^gbf�

\ k_lv
�� : \u[bjZ_l dexq kemqZcguf h[jZahf�

�� : rbnjm_l \u[jZgguc dexq k\hbf hldjuluf dex�
qhf�

�� : h`b^Z_l g_dhlhjh_ \j_fy b ihkueZ_l ^\Z`^u aZ�
rbnjh\Zgguc dexq h[jZlgh \ PJD�

�� PJD jZkrbnjh\u\Z_l ^\Z`^u aZrbnjh\Zgguc dexq

k\hbf k_dj_lguf dexqhf� hklZ\eyy dexq aZrbnjh�
\Zgguf h^bg jZa hldjuluf dexqhf :�

�� PJD ihkueZ_l aZrbnjh\Zgguc dexq gZaZ^ ihevah\Z�
l_ex :�

��� : jZkrbnjh\u\Z_l dexq k\hbf k_dj_lguf dexqhf�



���

EBL?J:LMJ:
;Zjbq_\ K�=�� =hgqZjh\ <�<�� K_jh\ J�?� Hkgh\u kh\j_f_g�

ghc djbilh]jZnbb�F�� �=hjyqZy ebgby ± L_e_dhf�� �����

<Zjnhehf__\ :�:�� @mdh\ :�?�� Im^h\dbgZ F�:� Ihlhqgu_
djbilhkbkl_fu� Hkgh\gu_ k\hckl\Z b f_lh^u ZgZebaZ klhcdh�

klb�F�� I:BFK� �����
<\_^_gb_ \ djbilh]jZnbx� Ih^ h[s� j_^� Ys_gdh <�<� F��

FPGFH�Q_Jh� �����

=_jZkbf_gdh <�:� AZsblZ bgnhjfZpbb \ Z\lhfZlbabjh\Zg�
guo kbkl_fZo h[jZ[hldb ^Zgguo�� dg� �� ��F�� Wg_j]hZlhfba^Zl�

�����
=HKL ��������� Kbkl_fu h[jZ[hldb bgnhjfZpbb� AZsblZ

djbilh]jZnbq_kdZy� :e]hjblf djbilh]jZnbq_kdh]h ij_h[jZah�

\Zgby�F�� =D KKKJ ih klZg^ZjlZf� �����
=HKL J ���������BgnhjfZpbhggZy l_ogheh]by� Djbilh]jZ�

nbq_kdZy aZsblZ bgnhjfZpbb� Ijhp_^mju \ujZ[hldb b ijh\_j�
db we_dljhgghc pbnjh\hc ih^ibkb gZ [Za_ Zkbf_ljbqgh]h djbi�

lh]jZnbq_kdh]h Ze]hjblfZ�F�� �����
=HKL J ��������� BgnhjfZpbhggZy l_ogheh]by� Djbilh]jZ�

nbq_kdZy aZsblZ bgnhjfZpbb� Nmgdpby owrbjh\Zgby�F�� �����

=HKL J ���������� BgnhjfZpbhggZy l_ogheh]by� Djbilh�
]jZnbq_kdZy aZsblZ bgnhjfZpbb� Ijhp_kku nhjfbjh\Zgby b

ijh\_jdb we_dljhgghc pbnjh\hc ih^ibkb�F�� �����
Dhgo_cf :� =� Hkgh\u djbilh]jZnbb� F�� JZ^bh b k\yav�

�����

FZnlbd K�F_oZgbafu aZsblu \ k_lyo W<F�F��Fbj� �����
F_evgbdh\ <�<� AZsblZ bgnhjfZpbb \ dhfivxl_jguo kbk�

l_fZo�F��NbgZgku b klZlbklbdZ� �����
Fhe^h\yg :�:�� Fhe^h\yg G�:�� Kh\_lh\ ;�Y� Djbilh]jZnby�

KI[�� �EZgv�� �����

Fhe^h\yg G�:� Kdhjhklgu_ [ehqgu_ rbnju� KI[�� Ba^Z�
l_evkl\h KI[=M� �����

G_qZ_\ <�B� We_f_glu djbilh]jZnbb �Hkgh\u l_hjbb aZsb�
lu bgnhjfZpbb��F�� <ukrZy rdheZ� �����

Hkgh\u djbilhaZsblu :KM� Ih^ j_^� ;�I� Dhaeh\Z� F�� FH�

�����
JhfZg_p X�<�� Lbfhn__\ I�:�� RZgv]bg <�N� AZsblZ bg�

nhjfZpbb \ dhfivxl_jguo kbkl_fZo b k_lyo� F�� JZ^bh b k\yav�
�����

���

Moebgh\ :�F� MijZ\e_gb_ [_ahiZkghklvx bgnhjfZpbb \ Z\�
lhfZlbabjh\Zgguo kbkl_fZo�F��FBNB� �����

@_evgbdh\ <� Djbilh]jZnby hl iZibjmkZ ^h dhfivxl_jZ�F��

$%)������



���

=EHKK:JBC

:
DEHOLDQ JURXS :[_e_\Z � dhffmlZlb\gZy� ]jmiiZ� =jmiiZ� h[eZ�

^ZxsZy k\hckl\hf dhffmlZlb\ghklb hi_jZpbb�
DGDSWLYH FKRVHQ FLSKHUWH[W DWWDFN JZagh\b^ghklv ZlZdb ih \u�

[jZgghfm rbnjh\Zgghfm l_dklm� ijb dhlhjhc djbilhZgZeblbd
bf__l \hafh`ghklv ^bgZfbq_kdb \u[bjZlv hlj_adb rbnjh\Zg�

gh]h l_dklZ \ aZ\bkbfhklb hl j_amevlZlh\ ij_^u^ms_]h jZk�
rbnjh\Zgby�

DGDSWLYH�FKRVHQ�SODLQWH[W DWWDFN JZagh\b^ghklv ZlZdb ih \u�

[jZgghfm bkoh^ghfm l_dklm� ijb dhlhjhc djbilhZgZeblbd bf__l
\hafh`ghklv ^bgZfbq_kdb \u[bjZlv hlj_adb bkoh^gh]h l_dklZ \

aZ\bkbfhklb hl j_amevlZlh\ ij_^u^ms_]h aZrbnjh\Zgby�
DGYHUVDU\ Ijhlb\gbd� gZjmrbl_ev�
$(6 �7KH $GYDQFHG (QFU\SWLRQ 6WDQGDUG�� Gh\uc gZpbhgZev�

guc klZg^Zjl rbnjh\Zgby KR:� Ijbgyl \ ���� ]h^m� Hkgh\Zg gZ
Ze]hjblf_ 5LMQGDHO�

DOJHEUDLF DWWDFN :e]_[jZbq_kdZy ZlZdZ� F_lh^ djbilhZgZebaZ�
hkgh\Zgguc gZ fZl_fZlbq_kdbo k\hckl\Zo Ze]hjblfZ rbnjh\Z�
gby�

$OLFH :ebkZ� Bfy� bkihevam_fh_ ^ey h[hagZq_gby i_j\hc klhjh�
gu \ djbilh]jZnbq_kdhc kbkl_f_� Ih^jm]Z ;h[Z�

$16, �$PHULFDQ 1DWLRQDO 6WDQGDUGV ,QVWLWXWH�� :f_jbdZgkdbc gZ�
pbhgZevguc bgklblml klZg^ZjlbaZpbb� Ml\_j`^Z_l \ lhf qbke_

klZg^Zjlu gZ Ze]hjblfu rbnjh\Zgby�
DWWDFN :lZdZ� djbilhZlZdZ� IhiuldZ ij_h^he_gby djbilh]jZ�

nbq_kdhc aZsblu�

DXWKHQWLFDWLRQ :ml_glbnbdZpby� MklZgh\e_gb_ ih^ebgghklb
khh[s_gbc b h[t_dlh\ �Z\lhjkl\Z b p_ehklghklb��

%
ELRPHWULFV ;bhf_ljby� GZmdZ h[ bkihevah\Zgbb [bheh]bq_kdbo

ijbagZdh\ �]hehk� hli_qZldb iZevp_\� jbkmghd jZ^m`ghc h[hehqdb

]eZaZ� ]_hf_ljby jmdb� ^ey b^_glbnbdZpbb ihevah\Zl_e_c�
ELUWKGD\ DWWDFN :lZdZ ³^_gv jh`^_gby´� JZagh\b^ghklv eh[h\hc

ZlZdb� iha\heyxsZy khdjZlblv dhebq_kl\h i_j_[bjZ_fuo dexq_c

���

�dhlhju_ ^he`gu h[jZah\u\Zlv ihem]jmiim�� Hkgh\ZgZ gZ iZjZ�
^hdk_ ³^gy jh`^_gby´� \_jhylghklv lh]h� qlh \ ]jmii_ ba �� q_�

eh\_d ^\h_ jh^bebkv \ h^bg ^_gv ]h^Z ij_\urZ_l ����
EOLQG VLJQDWXUH VFKHPH Ko_fZ ke_ihc ih^ibkb�
EORFN FLSKHU ;ehqguc rbnj� Hkgh\ghc deZkk kbff_ljbqguo

djbilhkbkl_f� j_Zebamxsbo ih^klZgh\dm [hevrbo ^\hbqguo \_d�
lhjh\ �[ehdh\� h[uqgh ^ebghx �� [bl b [he__�

EORFN ;ehd� Ihke_^h\Zl_evghklv ^\hbqguo kbf\heh\ nbdkbjh�
\Zgghc ^ebgu�

%RE ;h[� Bfy� bkihevam_fh_ ^ey h[hagZq_gby \lhjhc klhjhgu \

djbilh]jZnbq_kdhc kbkl_f_� >jm] :ebku�
ERROHDQ H[SUHVVLRQ ;me_\h \ujZ`_gb_�

EUXWH IRUFH DWWDFN Eh[h\Zy ZlZdZ� DjbilhZlZdZ� hkgh\ZggZy gZ
iheghf i_j_[hj_ \k_o dexq_c beb bguo iZjZf_ljh\� g_h[oh^bfuo
^ey ^bkdj_^blZpbb djbilhkbkl_fu�

&
&$ kf� FHUWLI\LQJ DXWKRULW\

&$3, Djbilh]jZnbq_kdbc ijh]jZffguc bgl_jn_ck ijbdeZ �̂
guo ijh]jZff� Bgl_jn_ck� hibku\Zxsbc bkihevah\Zgb_ ijbdeZ �̂
gufb ijh]jZffZfb djbilh]jZnbq_kdbo nmgdpbc� \oh^ysbo \ hi_�

jZpbhggmx kbkl_fm�
&DSVWRQH Ijh_dl ijZ\bl_evkl\Z KR: ih kha^Zgbx k_f_ckl\Z

klZg^Zjlh\ gZ im[ebqgmx djbilh]jZnbx� hij_^_e_gguc aZdhghf
&RPSXWHU 6HFXULW\ $FW ���� ]h^Z� Kf� &OLSSHU� '6$� '66 b 6NLSMDFN�

&%& �&LSKHU %ORFN &KDLQLQJ� J_`bf kp_ie_gby [ehdh\ rbnjh�
\Zggh]h l_dklZ >[ehqgh]h rbnjZ@�

FHUWLILFDWH UHYRFDWLRQ OLVW Kibkhd hlha\Zgguo >^h bkl_q_gby

kjhdZ ]h^ghklb@ k_jlbnbdZlh\�
FHUWLILFDWH K_jlbnbdZl� We_dljhgguc ^hdmf_gl� k\yau\Zxsbc

b^_glbnbdZlhju ihevah\Zl_e_c k bo hldjulufb dexqZfb�
&HUWLI\LQJ $XWKRULW\ �&$� P_glj k_jlbnbdZpbb �m^hklh\_jyx�

sbc p_glj�� Ebph beb hj]ZgbaZpby� miheghfhq_ggZy \u^Z\Zlv k_j�

lbnbdZlu�
&)% �&LSKHU )HHGEDFN� J_`bf h[jZlghc k\yab ih rbnjh\Zg�

ghfm l_dklm >[ehqgh]h rbnjZ@�
FKHFNVXP DhgljhevgZy kmffZ�



���

FKRVHQ FLSKHUWH[W DWWDFN :lZdZ ih \u[jZgghfm >djbilhZgZeblb�
dhf@ rbnjh\Zgghfm l_dklm� DjbilhZgZeblbd bf__l \hafh`�

ghklv ih^Z\Zlv gZ \oh^ mkljhckl\Z jZkrbnjh\Zgby \u[jZgguc
bf rbnjh\Zgguc l_dkl�

FKRVHQ SODLQWH[W DWWDFN :lZdZ ih \u[jZgghfm >djbilhZgZeblb�

dhf@ bkoh^ghfm l_dklm�
FLSKHURbnj� Ze]hjblf rbnjh\Zgby�

FLSKHUWH[WRbnjh\Zgguc l_dkl�
FLSKHUWH[W�RQO\ DWWDFN :lZdZ ih rbnjh\Zgghfm l_dklm� Djbi�

lhZgZeblbdm ba\_kl_g lhevdh g_dhlhjuc rbnjh\Zgguc l_dkl

[_a khhl\_lkl\mxs_]h _fm bkoh^gh]h l_dklZ�
&OLSSHU Ijh_dl kha^Zgby fbdjhijhp_kkhjZ \ KR:� j_Zebamx�

s_]h _^bguc im[ebqguc klZg^Zjl rbnjh\Zgby� k \hafh`ghklvx
\hkklZgh\e_gby rbnjh\Zgguo ^Zgguo dhfi_l_glgufb hj]ZgZfb�

FROOLVLRQ Klhedgh\_gb_� dheebaby� IZjZ l_dklh\� bf_xsbo h^b�

gZdh\h_ agZq_gb_ owr�nmgdpbb�
FRPPXWDWLYLW\ DhffmlZlb\ghklv� G_aZ\bkbfhklv j_amevlZlZ

hi_jZpbb hl ihjy^dZ hi_jZg^h\�
FRPSUHVVLRQ IXQFWLRQNmgdpby k`Zlby�
FRPSURPLVH Dhfijhf_lZpby� G_`_eZl_evgh_ jZkdjulb_

djbilh]jZnbq_kdh]h dexqZ beb bghc k_dj_lghc bgnhjfZpbb�
FRPSXWDWLRQDO FRPSOH[LW\ <uqbkebl_evgZy keh`ghklv�

FRQFDWHQDWLRQ DhgdZl_gZpby� Kh_^bg_gb_ ihke_^h\Zl_evghkl_c
kbf\heh\�

FRYHUW FKDQQHO K_dj_lguc dZgZe�
&5/ kf� kHUWLILFDWH UHYRFDWLRQ OLVW�
FU\SWDQDO\VLV DjbilhZgZeba� HljZkev agZgbc� bamqZxsZy fZ�

l_fZlbq_kdb_ f_lh^u \aehfZ rbnjh\ b kbkl_f WPI�
FU\SWRJUDSK\ Djbilh]jZnby� HljZkev agZgbc� bamqZxsZy fZ�

l_fZlbq_kdb_ f_lh^u ij_h[jZah\Zgby bgnhjfZpbb� bkdexqZx�
sb_ __ ijhql_gb_ [_a agZgby dexqZ� Z lZd`_ f_lh^u h[_ki_q_gby
ih^ebgghklb b p_ehklghklb bgnhjfZpbb�

FU\SWRORJ\ Djbilheh]by� GZmdZ� \dexqZxsZy djbilh]jZnbx b
djbilhZgZeba�

FU\SWRV\VWHP Djbilhkbkl_fZ� K_f_ckl\h h[jZlbfuo ij_h[jZ�
ah\Zgbc bkoh^gh]h l_dklZ \ rbnjh\Zgguc� dZ`^hfm ba dhlhjuo

���

khihklZ\e_g dexq�

'
'DWD (QFU\SWLRQ 6WDQGDUG Kf� '(6�
GHFU\SWLRQ Ijhp_^mjZ� h[jZlgZy rbnjh\Zgbx�
'(6 �'DWD (QFU\SWLRQ 6WDQGDUG�� GZpbhgZevguc klZg^Zjl rbn�

jh\Zgby KR:� ;ehqguc rbnj� jZajZ[hlZgguc \ ���o ]h^Zo kh\f_�
klgh nbjfhc ,%0 b ijZ\bl_evkl\hf KR:� >ebgZ [ehdZ � �� [bl�

dexqZ � �� [bl� < gZklhys__ \j_fy aZf_g_g klZg^Zjlhf $(6�
GLFWLRQDU\ DWWDFN :lZdZ ih keh\Zjx� JZagh\b^ghklv f_lh^Z i_�

j_[hjZ� \ dhlhjhf agZq_gby dexqZ \u[bjZxlky ba keh\Zjy�

GLIIHUHQWLDO FU\SWDQDO\VLV >bnn_j_gpbZevguc �beb jZaghklguc�
djbilhZgZeba� Hkgh\Zg gZ ZgZeba_ aZ\bkbfhklb baf_g_gby rbnjh�

\Zggh]h l_dklZ hl baf_g_gby bkoh^gh]h l_dklZ� <i_j\u_ bkihev�
ah\Zg F_jnb� memqr_g ;bowfhf b RZfbjhf ^ey ZlZdb gZ'(6�

'LIILH�+HOOPDQ NH\ H[FKDQJH :e]hjblf >h[f_gZ dexqhf@ >bn�

nb�O_efZgZ�
GLJHVW K\_jldZ� ^Zc^`_kl >l_dklZ� khh[s_gby� ihke_^h\Zl_evgh�

klb@� Qbkeh\Zy oZjZdl_jbklbdZ l_dklZ� h[uqgh \uqbkey_fZy k
ihfhsvx owr�nmgdpbb b bkihevam_fZy ^ey ihke_^mxs_c we_dljhg�
ghc ih^ibkb�

GLJLWDO FDVK Kf� we_dljhggu_ ^_gv]b
GLJLWDO HQYHORSH Pbnjh\hc dhg\_jl� Ijhlhdhe Zkbff_ljbqgh]h

rbnjh\Zgby dexqZ� dhlhjuc bkihevam_lky aZl_f ^ey kbff_ljbq�
gh]h rbnjh\Zgby�

GLJLWDO ILQJHUSULQW Kf� GLJLWDO VLJQDWXUH�
GLJLWDO VLJQDWXUH We_dljhggZy pbnjh\Zy ih^ibkv� Djbilh]jZ�

nbq_kdh_ ij_h[jZah\Zgb_ l_dklZ� bkdexqZxs__ g_kZgdpbhgbjh�

\Zggh_ baf_g_gb_ l_dklZ [_a agZgby dexqZ�
GLJLWDO WLPHVWDPS Bfblh\klZ\dZ� >Zggu_� mdZau\Zxsb_ gZ \j_�

fy kha^Zgby �hlijZ\db b l�^�� khh[s_gby�
GLVFUHWH ORJDULWKP >bkdj_lguc eh]Zjbnf� P_eh_ qbkeh� \ kl_�

i_gv dhlhjh]h gm`gh \ha\_klb h^bg we_f_gl dhg_qgh]h ihey� qlh�

[u ihemqblv ^jm]hc�
GLVFUHWH ORJDULWKP SUREOHP Ijh[e_fZ ^bkdj_lgh]h eh]ZjbnfZ�

FZl_fZlbq_kdZy aZ^ZqZ ihbkdZ eh]ZjbnfZ \ [hevrbo dhg_qguo
iheyo� gZ keh`ghklb dhlhjhc hkgh\Zgu djbilhkbkl_fu >bnnb�



���

O_eefZgZ b Wev�=ZfZey�
GLVWULEXWHG NH\ JZa^_e_gguc dexq� Dexq_\Zy bgnhjfZpby� kh�

klZ\gu_ qZklb dhlhjhc jZkij_^_e_gu f_`^m mqZklgbdZfb�
'2' �'HSDUWPHQW RI 'HIHQVH��Fbgbkl_jkl\h h[hjhgu KR:�
'6$ �'LJLWDO 6LJQDWXUH $OJRULWKP�� :e]hjblf pbnjh\hc ih^ibkb�

hkgh\Zgguc gZ ijh[e_f_ ^bkdj_lgh]h eh]ZjbnfZ� J_Zebah\Zg \
klZg^Zjl_ '66�

'66 GZpbhgZevguc klZg^Zjl WPI KR:� Hkgh\Zg gZ Ze]hjbl�
f_ '6$�

(
(&% �(OHFWURQLF &RGH %RRN� J_`bf we_dljhgghc dh^bjh\hqghc

dgb]b >[ehqgh]h rbnjZ@�

(&& �(OOLSWLF &XUYH &U\SWRV\VWHP�� >:kbff_ljbqgZy@ Djbilhkb�
kl_fZ gZ weebilbq_kdbo djb\uo�

(&'/ Kf� HOOLSWLF FXUYH GLVFUHWH ORJDULWKP�

HOHFWURQLF PRQH\ We_dljhggu_ ^_gv]b� Kbkl_fZ aZsbs_ggh]h
h[f_gZ [Zgdh\kdhc bgnhjfZpb_c�

HOOLSWLF FXUYH FU\SWRV\VWHP Kf� (&&�
HOOLSWLF FXUYH GLVFUHWH ORJDULWKP �(&'/� SUREOHP Ijh[e_fZ

^bkdj_lgh]h eh]ZjbnfZ gZ webilbq_kdhc djb\hc� Ihbkd qbkeZ P�

P3  4� ]^_ 3 b 4 � lhqdb gZ weebilbq_kdhc djb\hc�
HOOLSWLF FXUYH Weebilbq_kdZy djb\Zy� < djbilh]jZnbb � fgh`_�

kl\h lhq_d �[�\�� m^h\e_l\hjyxsbo mjZ\g_gbx \� [�� D[ � E \ dh�
g_qghf ijhklhf ihe_�

HQFU\SWLRQ AZrbnjh\Zgb_ �rbnjh\Zgb_ \ madhf kfuke_�� Ij_�
h[jZah\Zgb_ bkoh^gh]h l_dklZ \ rbnjh\Zgguc k ihfhsvx djbi�
lhkbkl_fu b \u[jZggh]h dexqZ�

H[FOXVLYH�25 &f� ;25�
H[KDXVWLYH VHDUFK Iheguc i_j_[hj�

H[SLUDWLRQ GDWH Kjhd ]h^ghklb� Fhf_gl \j_f_gb� ihke_ dhlhjh�
]h k_jlbnbdZlu kqblZxlky g_^_ckl\bl_evgufb�

H[SRQHQWLDO IXQFWLRQ IhdZaZl_evgZy nmgdpby�

H[SRQHQWLDO UXQQLQJ WLPH ³Wdkihg_gpbZevgh_ \j_fy´� Keh`�
ghklv Ze]hjblfZ� dhlhjZy wdkihg_gpbZevgh aZ\bkbl hl ^ebgu

iZjZf_ljZ >[_ahiZkghklb@ �gZijbf_j� ^ebgu dexqZ��

)
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IDFWRU >_ebl_ev�
IDFWRULQJ NZdlhjbaZpby� JZaeh`_gb_ p_eh]h qbkeZ gZ ijhklu_

fgh`bl_eb�
)%, �)HGHUDO %XUHDX RI ,QYHVWLJDWLRQ� N_^_jZevgh_ [xjh jZkke_�

^h\Zgbc KR:�

)HLVWHO FLSKHU N_ckl_eh\kdbc rbnj� Djbilhkbkl_fZ� hkgh\Zg�
gZy gZ k_lb N_ckl_eZ�

ILHOG Ihe_� Fgh`_kl\h we_f_glh\ k ^\mfy hi_jZpbyfb� Z^^b�
lb\ghc b fmevlbiebdZlb\ghc�

IXQFWLRQNmgdpby�

*
*DORLV ILHOG Ihe_ =ZemZ � dhg_qgh_ ihe_�� Ihe_� khklhys__ ba

dhg_qgh]h fgh`_kl\Z we_f_glh\�
JUDSK FRORULQJ SUREOHP AZ^ZqZ jZkdjZkdb j_[_j ]jZnZ� Ihbkd

kihkh[Z aZ^Zgby p\_lh\ j_[jZf ]jZnZ lZdbf h[jZahf� qlh[u kh�

k_^gbf j_[jZf �bf_xsb_ h[smx \_jrbgm� khhl\_lkl\h\Zeb jZa�
gu_ p\_lZ�

JUDSK =jZn� Fgh`_kl\h \_jrbg� ihiZjgh kh_^bg_gguo j_[jZ�
fb�

JURXS =jmiiZ� Fgh`_kl\h we_f_glh\� gZ dhlhjhf \\_^_gZ

hi_jZpby� h[eZ^ZxsZy k\hckl\hf aZfdgmlhklb ZkkhpbZlb\ghklb�
gZebqby g_cljZevgh]h we_f_glZ b h[jZlgh]h ^ey dZ`^h]h we_�

f_glZ ]jmiiu�

+
+DPLOWRQLDQ SDWK SUREOHP Ijh[e_fZ =Zfbevlhgh\Z imlb \ ]jZ�

n_� =Zfbevlhgh\ imlv � imlv� kh^_j`Zsbc dZ`^mx \_jrbgm ]jZ�
nZ lhevdh h^bg jZa�

KDQGVKDNH Jmdhih`Zlb_� Ijhlhdhe bgbpbbjh\Zgby k\yab f_`^m
^\mfy Z[hg_glZfb�

KDVK IXQFWLRQ Nmgdpby owrbjh\Zgby� owr�nmgdpby� Nmgdpby
ij_h[jZah\Zgb_ l_dklZ ijhba\hevghc ^ebgu \ qbkeh nbdkbjh\Zg�
gh]h nhjfZlZ�

,
LGHQWLILFDWLRQ B^_glbnbdZpby� Ijhp_kk ij_^ty\e_gby km[t_dlhf

b^_glbnbdZlhjZ ^ey ihke_^mxs_c Zml_glbnbdZpbb�
,((( �,QVWLWXWH RI (OHFWULFDO DQG (OHFWURQLFV (QJLQHHUV�� Bgklblml
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bg`_g_jh\ we_dljhl_ogbdb b we_dljhgbdb� Hj]ZgbaZpby� jZajZ[Z�
lu\ZxsZy klZg^Zjlu� \ lhf qbke_ b gZ djbilh]jZnbq_kdb_ Ze�

]hjblfu�
,(7) �,QWHUQHW (QJLQHHULQJ 7DVN )RUFH�� JZ[hqZy ]jmiiZ jZajZ[h�

lhd bgl_jg_l�l_ogheh]bc�

LPSHUVRQDWLRQFZkdZjZ^� <u^ZqZ k_[y h^gbf km[t_dlhf aZ ^jm�
]h]h�

LQWHJHU SURJUDPPLQJ SUREOHP Ijh[e_fZ p_ehqbke_ggh]h ijh�
]jZffbjh\Zgby� J_r_gb_ aZ^Zqb ebg_cgh]h ijh]jZffbjh\Zgby gZ^
fgh`_kl\hf p_euo qbk_e�

LQWHJULW\ P_ehklghklv >bgnhjfZpbb@
LQWUDFWDEOH <uqbkebl_evgh g_jZaj_rbfuc�

,62 �,QWHUQDWLRQDO 6WDQGDUGV 2UJDQL]DWLRQ�� F_`^mgZjh^gZy hj]Z�
gbaZpby ih klZg^ZjlZf �FHK�

,78 �,QWHUQDWLRQDO 7HOHFRPPXQLFDWLRQV 8QLRQ�� F_`^mgZjh^guc

l_e_dhffmgbdZpbhgguc khxa� <k_fbjguc khxa we_dljhk\yab�

.

.HUEHURV Kbkl_fZ Zml_glbnbdZpbb� jZajZ[hlZggZy dhfZg^hc
3URMHFW $WKHQD�

NH\ Dexq� Ihke_^h\Zl_evghklv kbf\heh\� bkihevam_fZy \

djbilhkbkl_fZo b kbkl_fZo WPI� K_dj_lghklv dexqZ h[_ki_qb�
\Z_l djbilhklhcdhklv \k_c kbkl_fu�

NQDSVDFN SUREOHP AZ^ZqZ mdeZ^db jxdaZdZ�

/
/)65 �OLQHDU IHHGEDFN VKLIW UHJLVWHU�� K^\b]h\uc j_]bklj k ebg_c�

ghc h[jZlghc k\yavx� Bkihevam_lky ^ey ]_g_jZpbb ik_\^hkemqZc�
guo ihke_^h\Zl_evghkl_c�

OLQHDU FRPSOH[LW\ Ebg_cgZy keh`ghklv� JZaf_j fbgbfZevgh]h
j_]bkljZ k^\b]Z k h[jZlghc k\yavx� dhlhjuc g_h[oh^bf ^ey \hk�

ijhba\_^_gby aZ^Zgghc ihke_^h\Zl_evghklb�
OLQHDU FU\SWDQDO\VLV Ebg_cguc djbilhZgZeba� F_lh^� hkgh\Zg�

guc gZ ihbkd_ ebg_cghc ZiijhdkbfZpbb f_`^m bkoh^guf b rbn�

jh\Zgguf l_dklhf�
OLQHDU NH\ VSDFH Ebg_cgh_ dexq_\h_ ijhkljZgkl\h� Fgh`_kl\h

dexq_c� dZ`^uc ba dhlhjuo h[_ki_qb\Z_l jZ\gmx djbilhklhc�
dhklv�
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0$& kf� PHVVDJH DXWKHQWLFDWLRQ FRGH�

PHHW�LQ�WKH�PLGGOH DWWDFN :lZdZ ³\klj_qZ ihk_j_^bg_´� Kf�
ZlZdZ ³^_gv jh`^_gby´�

0HVVDJH $XWKHQWLFDWLRQ &RGH �0$&� Dh^ Zml_glbnbdZpbb kh�

h[s_gby� AgZq_gb_ nbdkbjh\Zgghc ^ebgu� \uqbkey_fh_ dZd nmgd�
pby hl l_dklZ i_j_f_gghc ^ebgu b dexqZ�

PLGGOHSHUVRQ DWWDFN :lZdZ ihkj_^gbdZ� Hkgh\ZgZ gZ i_j_o\Zl_
dexq_c� dhlhjufb h[f_gb\Zxlky Z[hg_glu�

0,0( �0XOWLSXUSRVH ,QWHUQHW 0DLO ([WHQVLRQV�� KlZg^Zjl we_d�

ljhgghc ihqlu0,0(�
0,36 �0LOOLRQV RI ,QVWUXFWLRQV 3HU 6HFRQG�� Fbeebhg hi_jZpbc \

k_dmg^m� ?^bgbpZ baf_j_gby ijhba\h^bl_evghklb \uqbkebl_evghc
kbkl_fu�

PRGXODU DULWKPHWLF :jbnf_lbdZ ih fh^mex p_eh]h qbkeZ�

PRGXOXVFh^mev�
PRQRDOSKDEHWLF VXEVWLWXWLRQFhghZenZ\blgZy ih^klZgh\dZ�

PXOWLSOH SRO\QRPLDO TXDGUDWLF VLHYH �0346� JZagh\b^ghklv
f_lh^Z d\Z^jZlbqgh]h j_r_lZ \ ihebghfbZevghc h[eZklb ^ey ih�
bkdZ khhlghr_gbc f_`^m ihebghfZfb� Bkihevam_lky ^ey nZdlh�

jbaZpbb qbk_e�

1
1,67 �1DWLRQDO ,QVWLWXWH RI 6WDQGDUGV DQG 7HFKQRORJ\�� GZpbh�

gZevguc bgklblml klZg^Zjlh\ b l_ogheh]bc >KR:@�

QRQOLQHDU NH\ VSDFH G_ebg_cgh_ dexq_\h_ ijhkljZgkl\h� Fgh�
`_kl\h� \ dhlhjhf dexqb h[_ki_qb\Zxl g_jZ\gmx djbilhklhc�
dhklv�

QRQUHSXGLDWLRQ G_hljbpZgb_ Z\lhjkl\Z� G_\hafh`ghklv km[t�
_dlZ hljbpZlv Z\lhjkl\h khh[s_gby� aZ\_j_ggh]h _]h we_dljhg�

ghc ih^ibkvx�
13 G_^_l_jfbgbjh\Zggh_ ihebghfbZevgh_ \j_fy >\uqbke_gby@�
16$ :]_glkl\h gZpbhgZevghc [_ahiZkghklb >KR:@� IjZ\b�

l_evkl\_ggh_ Z]_glkl\h� hl\_qZxs__ aZ h[_ki_q_gb_ dhgnb^_g�
pbZevghc k\yavx ijZ\bl_evkl\_ggu_ kljmdlmju�

QXPEHU ILHOG VLHYH F_lh^ j_r_lZ \ qbkeh\hf ihe_� GZb[he__
wnn_dlb\guc h[sbc Ze]hjblf nZdlhjbaZpbb qbk_e�
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QXPEHU WKHRU\ L_hjby qbk_e�

2
2)% �2XWSXW )HHGEDFN� ± j_`bf h[jZlghc k\yab ih \uoh^m

>[ehqgh]h rbnjZ@�
RQH�WLPH SDG H^ghjZah\uc [ehdghl� Djbilhkbkl_fZ� \ dhlh�

jhc dexq rbnjh\Zgby g_ dhjhq_ khh[s_gby b bkihevam_lky h^gh�
djZlgh�

RQH�ZD\ IXQFWLRQ H^ghklhjhggy nmgdpby� Nmgdpby� ^ey \uqbk�
e_gby dhlhjhc kms_kl\m_l wnn_dlb\guc Ze]hjblf� Z ^ey \uqbk�
e_gby Zj]mf_glZ ih agZq_gbx wnn_dlb\gh]h Ze]hjblfZ g_ kms_�

kl\m_l�

3
SDGGLQJ >hiheg_gb_ >[blZfb dexq_c beb bkoh^guo l_dklh\ ^h

g_h[oh^bfhc ^ebgu�
SDVVZRUG IZjhev� Ihke_^h\Zl_evghklv kbf\heh\� bkihevam_fuo

^ey Zml_glbnbdZpbb km[t_dlh\� G_ y\ey_lky kbghgbfhf keh\Z
³dexq´�

3.&6 �3XEOLF�.H\ &U\SWRJUDSK\ 6WDQGDUGV�� K_jby klZg^Zjlh\
gZ djbilh]jZnbq_kdb_ Ze]hjblfu� him[ebdh\ZggZy 56$
/DERUDWRULHV�

3., �3XEOLF�.H\ ,QIUDVWUXFWXUH�� BgnjZkljmdlmjZ hldjuluo dex�
q_c� Kbkl_fZ h[f_gZ hldjulufb dexqZfb ^ey Zkbff_ljbqguo

djbilhkbkl_f�
SODLQWH[W Bkoh^guc �hldjuluc� l_dkl� L_dkl� ih^e_`Zsbc aZ�

rbnjh\Zgbx�
SODQH Iehkdhklv�
3ROODUG PHWKRG F_lh^ IheeZj^Z� :e]hjblf ihbkdZ ijhklh]h

^_ebl_ey S p_eh]h qbkeZ Q� hkgh\Zgguc gZ ZgZeba_ k\hckl\ qbk_e j�
� b j���

3ROODUG 5KR PHWKRG F_lh^ IheZj^Z�Jh� :e]hjblf j_r_gby aZ�
^Zqb ^bkdj_lgh]h eh]Zjbnfbjh\Zgby� \ lhf qbke_ gZ weebilbq_�
kdhc djb\hc�

SRO\DOSKDEHWLF VXEVWLWXWLRQ�Fgh]hZenZ\blgZy ih^klZgh\dZ�
SULPDOLW\ WHVWLQJ Ijh\_jdZ qbkeZ gZ ijhklhlm�

SULPH Ijhklhc >qbkeh@� a IDFWRU Ijhklhc ^_ebl_ev�
SULYDWH H[SRQHQW K_dj_lgZy wdkihg_glZ� K_dj_lguc dexq \ kbk�
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l_f_ 56$�
SULYDWH NH\ K_dj_lguc dexq >\ Zkbff_ljbqghc djbilhkbkl_f_@�

SUREDELOLVWLF VLJQDWXUH VFKHPH �366� :e]hjblf 366� <_jhylgh�
klgZy ko_fZ WPI� hkgh\ZggZy gZ Ze]hjblf_ 56$�

SURWRFRO Ijhlhdhe� NhjfZebah\ZggZy ihke_^h\Zl_evghklv

\aZbfh^_ckl\by km[t_dlh\�
SVHXGR�UDQGRP Ik_\^hkemqZcguc�

SXEOLF H[SRQHQW HldjulZy wdkihg_glZ� Hldjuluc dexq \ kbk�
l_f_ 56$�

SXEOLF NH\ Hldjuluc dexq�

4
TXDGUDWLF VLHYH F_lh^ d\Z^jZlbqgh]h j_r_lZ� JZajZ[hlZg DZj�

ehf Ihf_jZgp_f�
TXDQWXP FRPSXWHU D\Zglh\uc dhfivxl_j� <uqbkebl_evgh_

mkljhckl\h� hkgh\Zggh_ gZ d\Zglh\hc nbabd_� dhlhjh_ kihkh[gh

j_Zebah\u\Zlv g_^_l_jfbgbjh\Zggu_ Ze]hjblfu�

5
UDQGRP KemqZcguc
UHODWLYHO\ SULPH QXPEHUV� <aZbfgh ijhklu_ qbkeZ� P_eu_ qbkeZ

g_ bf_xsb_ h[s_]h ^_ebl_ey� hlebqgh]h hl ��

UHSXGLDWLRQ ± j_g_]Zlkl\h� HldZa km[t_dlZ hl Z\lhjkl\Z kh�
h[s_gby�

UHVWULFWHG DOJRULWKP� :e]hjblf h]jZgbq_ggh]h bkihevah\Zgby�
Djbilhkbkl_fZ� klhcdhklv dhlhjhc hkgh\ZgZ gZ k_dj_lghklb

Ze]hjblfZ�
URWRU PDFKLQH� JhlhjgZy fZrbgZ� F_oZgbq_kdh_ mkljhckl\h

rbnjh\Zgby� hkgh\Zggh_ gZ fgh]hZenZ\blghc ih^klZgh\d_� dhlh�

jZy \Zjvbjm_lky \aZbfguf iheh`_gb_f jhlhjh\�
URXQG Pbde �bl_jZpby� >rbnjh\Zgby@

56$ DOJRULWKP :e]]hjblf 56$� :kbff_ljbqgZy djbilhkbkl_�
fZ� jZajZ[hlZggZy Jb\_klhf� RZfbjhf� :^e_fZghf� hkgh\ZggZy
gZ ijh[e_f_ nZdlhjbaZpbb [hevrbo qbk_e�

6
6�0,0( �6HFXUH 0XOWLSXUSRVH ,QWHUQHW 0DLO ([WHQVLRQV�� AZsb�

s_gguc ijhlhdhe0,0(� Hkgh\Zg gZ Ze]hjblf_ 56$�
VDOW �Ih^kZeb\Zgb_�� >h[Z\e_gb_ kemqZcguo [blh\ \ dexq ^ey
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bkdexq_gby ZlZdb ih keh\Zjx�
VHFUHW NH\ K_dj_lguc dexq�

VHFUHW VKDULQJ JZa^_e_gb_ k_dj_lZ�
VHHG GZqZevgh_ qbkeh �kbgojhihkuedZ�� KemqZcgh_ qbkeh� bk�

ihevam_fh_ ^ey ]_g_jZpbb ik_\^hkemqZcghc ihke_^h\Zl_evghklb

�]Zffu rbnjZ��
VHOI�V\QFKURQRXV kZfhkbgojhgbabjmxsbcky�

VHVVLRQ NH\ K_Zgkh\uc dexq�
6(7 �6HFXUH (OHFWURQLF 7UDQVDFWLRQ�� KlZg^Zjl 6(7� JZajZ[hlZg

0DVWHU&DUG b 9LVD ^ey aZsbs_gguo nbgZgkh\uo ljZgaZdpbc \ Bg�

l_jg_l_ k ijbf_g_gb_f [Zgdh\kdbo dZjl�
VKDUHG NH\ JZa^_ey_fuc >k_dj_lguc@ dexq�

6�+773 �6HFXUH +\SHU7H[W 7UDQVIHU 3URWRFRO�� Ijhlhdhe 6�+773�
H[_ki_qb\Z_l dhgnb^_gpbZevguc h[f_g ^Zggufb f_`^m ihevah�
\Zl_e_f b k_j\_jhf \ kem`[_:::�

6NLSMDFN ;ehqguc rbnj� jZajZ[hlZgguc ^ey bkihevah\Zgby \
ijh_dl_ &OLSSHU�

6073 �6LPSOH 0DLO 7UDQVIHU 3URWRFRO�� Ijhlhdhe� bkihevam_fuc
^ey hlijZ\db we_dljhgghc ihqlu�

66/ �6HFXUH 6RFNHW /D\HU�� Ijhlhdhe k_dj_lguo kh_^bg_gbc \

Bgl_jg_l_�
VWDWLVWLFDO FU\SWRDQDO\VLV KlZlbklbq_kdbc djbilhZgZeba� <b^

djbilhZgZebaZ� hkgh\Zgguc gZ klZlbklbq_kdbo aZdhghf_jghkl_c
bkoh^gh]h l_dklZ�

VWHJDQRJUDSK\ Kl_]Zgh]jZnby� HljZkev gZmdb� bamqZxsZy fZ�
l_fZlbq_kdb_ f_lh^u khdjulby dhgnb^_gpbZevghc bgnhjfZpbb
\ hldjuluo bgnhjfZpbhgguo fZkkb\Zo�

VWUHDP FLSKHU Ihlhdh\uc rbnj� :e]hjblf� hkms_kl\eyxsbc
ih[blh\h_ rbnjh\Zgb_ ^Zgguo�

VXE�H[SRQHQWLDO UXQQLQJ WLPH Km[wdkihg_gpbZevgh_ \j_fy >\u�
iheg_gby Ze]hjblfZ@�

VXENH\ Ih^dexq�

VXEVHW VXP SUREOHP Ijh[e_fZ kmffbjh\Zgby ih^fgh`_kl\Z�
Khklhbl \ ihbkd_ ih^fgh`_kl\Z qbk_e� dhlhju_ \ kmff_ jZ\gu

aZ^Zgghfm�
6:,)7 �6RFLHW\ IRU :RUOGZLGH ,QWHUEDQN )LQDQFLDO 7HOHFRPPXQL�
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FDWLRQV�� Hj]ZgbaZpby \k_fbjguo f_`[Zgdh\kdbo nbgZgkh\uo l_�
e_dhffmgbdZpbc�

V\PPHWULF FLSKHU Kbff_ljbqguc rbnj� Rbnj� \ dhlhjhf ^ey
aZrbnjh\Zgby b jZkrbnjh\Zgby bkihevam_lky h^bg b lhl `_
dexq�

7
WLPHVWDPS <j_f_gghc rl_fi_ev� BgnhjfZpby� \g_^jy_fZy \

khh[s_gb_ ^ey h[_ki_q_gby bfblhaZsbs_gghklb�
WUDQVSRVLWLRQ� I_j_klZgh\dZ�
WUDSGRRU RQH�ZD\ IXQFWLRQ Nmgdpby�eh\mrdZ� H^ghklhjhggyy

nmgdpby� wnn_dlb\gh_ \uqbke_gb_ h[jZlgh]h agZq_gby dhlhjhc
\hafh`gh ijb agZgbb ^hihegbl_evghc bgnhjfZpbb�

WUDYHOLQJ VDOHVPDQ SUREOHP AZ^ZqZ dhffb\hy`_jZ� Ihbkd fbgb�
fZevgh]h imlb \ ]jZn_�

WUXVWHHV >h\_j_ggu_ ebpZ�

7XULQJ PDFKLQH FZrbgZ Lvxjbg]Z� Fh^_ev ]bihl_lbq_kdh]h
\uqbkebl_evgh]h mkljhckl\Z� bkihevam_fZy \ l_hjbb Ze]hjblfh\�

9
9HUQDP FLSKHURbnj <_jgZfZ� kf� RQH�WLPH SDG

;
;25 �H;FOXVLYH�25�� BkdexqZxs__ ³BEB´ �keh`_gb_ ih fh^m�

ex ���

=
]HUR NQRZOHGJH SURRI >hdZaZl_evkl\h k gme_\uf jZkdjulb_f

bgnhjfZpbb� Ki_pbZevgu_ Ze]hjblfu� dhlhju_ iha\heyxl h^ghc
klhjhg_ ^hdZaZlv ^jm]hc� qlh _c ba\_kl_g dZdhc�lh nZdl [_a _]h
khh[s_gby ijh\_jyxs_c klhjhg_�


