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KljmdlmjZ#hl^_evguo#wibah^h\
G_kdhevdh#e_l#gZaZ^#f_gy#ijb]eZkbeb#\# ]hklb#^jmavy1#Y#ihqm\kl\h\Ze# k_[y# dZd#^hfZ/#dh]^Z#bo

^hqv/# dhlhjhc# g_# [ueh# b# r_klb# e_l/# gZqZeZ# ihdZau\Zlv# fg_# k\hb# b]jmrdb1# H^gZ# ba# gbo
^_ckl\bl_evgh#ijb\e_deZ#fh_#\gbfZgb_#²#[hevrZy#dZjlbgdZ0]heh\hehfdZ#ba#iylb#qZkl_c1#Keh`bl_
qZklb# h^gbf# kihkh[hf/# b# ihemqblky# q_eh\_d># keh`bl_# ih0^jm]hfm# ²# ihy\blky# mldZ># lj_lvbf
kihkh[hf#²#^_j_\h1#KZfb#qZklb#hklZ\Zebkv#h^bgZdh\ufb/#gh#hgb#nhjfbjh\Zeb#jZagu_#dZjlbgdb/
dh]^Z#fZe_gvdZy#^_\hqdZ#f_gyeZ#bo#jZkiheh`_gb_1
<_lohaZ\_lgu_# ibkZl_eb# jZkiheh`beb# qZklb# k\hbo# bklhjbc# ih0jZaghfm/# ih^jh[gh

hklZgZ\eb\Zykv# gZ# h^gbo# we_f_glZo# b# ijhimkdZy# ^jm]b_1# Hgb# i_j_dexqZebkv# k# h^gh]h
ih\_kl\h\Zl_evgh]h# klbey# gZ# ^jm]hc1#Ih# k\h_fm#`_eZgbx/# hgb# i_j_oh^beb# d# ihke_^h\Zl_evguf/
h^gh\j_f_gguf#beb#ij_^r_kl\mxsbf#kh[ulbyf1#LZdb_#i_j_klZgh\db#g_#\ebyeb#gZ#bklhjbq_kdmx
^hklh\_jghklv#bo#e_lhibk_c/#gh/#\#h]jhfghc#kl_i_gb/#hij_^_eyeb#ebl_jZlmjguc#ihjlj_l#bo#bklhjbc1
:jbklhl_ev# gZau\Ze# ©jZkiheh`_gb_# ijhbkr_kl\bcª# aZfukehf# jZkkdZaZ1#Fu# ihke_^m_f# wlhfm

hij_^_e_gbx/# b# [m^_f# ]h\hjblv# h# aZfuke_# beb# h# ^jZfZlbq_kdhf# oh^_/# dZd# h# ijb_f_/# dhlhjuc
m\_ebqb\Z_l#beb#mf_gvrZ_l#gZijy`_gb_#\#ihke_^h\Zl_evghklb#kp_g1
D# ^jZfZlbq_kdhfm# oh^m# fh`gh# ih^hclb# ih0jZaghfm1# <# wlhc# ]eZ\_# fu# jZkkfhljbf# \b^u

^jZfZlbq_kdh]h# oh^Z/# kbff_ljbx# ^jZfZlbq_kdh]h# j_r_gby# b# lbibqgu_# h[jZapu# ^jZfZlbq_kdh]h
j_r_gby1#K# dZdbfb# aZfukeZfb#fu# klZedb\Z_fky# \#<_lohf# AZ\_l_"#DZdb_# hkgh\gu_# khhl\_lkl\by
ijhkfZljb\Zxlky#\#wlbo#l_dklZo"#DZdbf#h[jZapZf#ke_^h\Zeb#\_lohaZ\_lgu_#ibkZl_eb"

<b^u#^jZfZlbq_kdh]h#oh^Z
>jZfZlbq_kdbc#oh^#\#\_lohaZ\_lguo#bklhjbyo#fh`gh#ZgZebabjh\Zlv#gZ#jZaguo#mjh\gyo1#P_eu_

dgb]b#b#[hevrb_#jZa^_eu#<_loh]h#AZ\_lZ#kh^_j`Zl#fgh`_kl\h#kfukeh\uo#kljmdlmj1#<#ke_^mxsbo
]eZ\Zo#fu# jZa[_j_f# wlb# [hevrb_# kljmdlmju1#:# k_cqZk# fu# ijhklh# gZqg_f# k\h_# bamq_gb_# h[s_]h
^jZfZlbq_kdh]h#oh^Z#k#hl^_evguo#wibah^h\1
Ih^#wibah^hf#fu#ih^jZamf_\Z_f#ijhkl_crmx#khklZ\gmx#qZklv#ih\_kl\h\Zl_evgh]h#fZl_jbZeZ/#\

agZqbl_evghc# kl_i_gb# aZ\bkysmx# hl# dhgl_dklZ1#GZijbf_j/# ©Bklhjby#:\jZZfZª# +;ul144=5:±58=44,
kh^_j`bl# jy^# wibah^h\=# ©Ijba\Zgb_# :\jZfZª# +;ul145=4±<,/# ©Bkoh^# :\jZfZª# +;ul145=43±53,/
©JZa^_e_gb_#:\jZfZ#b#EhlZª#+;ul146=4±4;,#b#lZd#^Ze__1#Lhqgh#lZd#`_#©Bklhjby#BhkbnZª#+;ul16:=5±
83=59,# khklhbl# ba# ©Kgh\# BhkbnZª# +;ul16:=4±44,/# ©Ijh^Z`b# BhkbnZ# \# jZ[kl\hª# +;ul16:=45±69,/
©Bm^Z#b#NZfZjvª#+;ul16;=4±63,#b#^jm]bo#wibah^h\1#Wlb#wibah^u#hlebqZxlky#ih#ijh^he`bl_evghklb
b#kh^_j`Zl_evghklb/#gh#hgb#h[jZamxl#qZklb/#kh^_j`Zsb_#\#k_[_#hij_^_e_gguc#aZfuk_e1
Iheghp_gguc# wibah^# ^he`_g# bf_lv/#ih# djZcg_c#f_j_/# h^gh#ij_^eh`_gb_# k# ^\mfy# ^_ckl\byfb

beb#iheh`_gb_f#^_e/#k\yaZgguo#ih#\j_f_gb1#<#<_lohf#AZ\_l_#fZeh#wibah^h\/#dhlhju_#bf_xl#\k_]h
h^gh# ij_^eh`_gb_/# gh# lZdh_# h]jZgbqb\Zxs__# hij_^_e_gb_# iha\hebl# gZf# h[jZlblv# \gbfZgb_# gZ
\b^u#^jZfZlbq_kdh]h#oh^Z#\#\_lohaZ\_lguo#bklhjbyo1#Ihkfhljbl_#gZ#ke_^mxsb_#ij_^eh`_gby=

©Y#m\b^_e#dgb]m>#hgZ#e_`ZeZ#gZ#klhe_ª1
©Fg_#ihgZ^h[beZkv#dgb]Z>#hgZ#e_`ZeZ#gZ#kZfhc#\_jog_c#ihed_ª1
©Fg_#gm`gZ#[ueZ#dgb]Z>#y#dmibe#__ª1

DZ`^uc# ba# wlbo# kp_gZjb_\# kh^_j`bl# ^\Z# k\yaZgguo# \j_f_g_f# we_f_glZ/# dhlhju_# nhjfbjmxl
ijhklmx#bklhjbx/#b#dZ`^uc#ba#gbo#hljZ`Z_l#k\h_h[jZaguc#^jZfZlbq_kdbc#oh^1#H#i_j\hf#wibah^_
fu#[m^_f#]h\hjblv#dZd#h[#hlq_l_/#h#\lhjhf#²#dZd#h#g_j_r_gghf#gZijy`_gbb/#b#h#lj_lv_f#²#dZd#h[
wibah^_# j_r_gby1# Wlb# \b^u# ^jZfZlbq_kdh]h# oh^Z# jZaebqZxlky# g_# \h# \k_f># hgb# \iheg_# fh]ml
gZdeZ^u\Zlvky# h^bg# gZ# ^jm]hc1# H^gZdh# hgb# ij_^klZ\eyxl# gZf# fh^_eb/# ihfh]Zxsb_# m\b^_lv
kljmdlmjm/#dhlhjmx#\_lohaZ\_lgu_#Z\lhju#ijbk\Zb\Zeb#hl^_evguf#wibah^Zf1



Hlq_l
©Y# m\b^_e# dgb]m># hgZ# e_`ZeZ# gZ# klhe_ª1# Wlhl# hlq_l# kh^_j`bl# ^\Z# ijhkluo# ij_^eh`_gby=

4,jZkkdZaqbd#m\b^_e#dgb]m>#5,#dgb]Z#e_`ZeZ1#<g_#dhgl_dklZ/#h^gZdh/#wlhl#wibah^#g_#kha^Z_l#hkh[h]h
gZijy`_gby1#G_#ijhbkoh^bl#gbdZdh]h#dhgnebdlZ>#g_l#lZd#`_#gbdZdh]h#j_r_gby1#Wlhl#wibah^#ijhklh
khh[sZ_l/#qlh#ijhbahreh1
LZdb_#hlq_lu#ijhklh#hibku\Zxl#kblmZpbb1#<j_f_ggh_#jZkiheh`_gb_#we_f_glh\#\#hlq_l_#klZ\bl

_]h# ebrv# g_fgh]bf# \ur_# ijhklh]h# i_j_qgy# nZdlh\1# Bgh]^Z# hlq_lu# ^_eZxl# \deZ^# \# kljmdlmjm
[hevrh]h#dhgl_dklZ/#gh#kZfb#ih#k_[_#wlb#wibah^u#g_#kh^_j`Zl#^jZfZlbq_kdh]h#gZijy`_gby1#M#gZk
g_#\hagbdZ_l#\hijhkZ=#©DZdbf#`_#[m^_l#j_r_gb_#ijh[e_fu"ª1#GbdZdhc#ijh[e_fu/#ihijhklm/#g_l1
Wibah^u/# ij_^klZ\eyxsb_# kh[hc# ijhklhc# hlq_l/# \klj_qZxlky# qZklh# \# <_lohf# AZ\_l_1# Ih

[hevr_c# qZklb/# hgb# hq_gv# djZldb1# GZijbf_j/# hlq_lu# h# ^_lyo# O_llmju# +;ul158=4±7,# b
f_`^mgZjh^ghc#lhj]h\e_#KhehfhgZ#+6PZj1<=59±5;,#g_#kh^_j`Zl#[he__#iylb#klboh\1#<#wlbo#hlju\dZo
hibku\Z_lky# k_jby# kh[ulbc/# gh# \# gbo# g_l# gbdZdbo# ijh[e_f# beb# j_r_gbc1# <# emqr_f# kemqZ_/
gZijy`_gb_#_^\Z#aZf_lgh1
Bgh]^Z# hlq_lu# fh]ml# [ulv# h[rbjgufb1# Km^14=5:±69#²# wlh# k_jby# hlq_lh\/# \# dhlhjuo# Z\lhj

jZkkdZau\Z_l#h# lhf/#qlh# dhe_gZ#BajZbe_\u#g_#ba]gZeb#OZgZg__\# ba# k\hbo# a_f_ev1#Jh^hkeh\gu_#b
^jm]b_# kibkdb#bf_g# lh`_#nhjfbjmxl# ijh^he`bl_evgu_# hlq_lu1#<# [hevrhf# dhgl_dkl_# dgb]b# wlb
wibah^u# ^_eZxl# k\hc# \deZ^# \# ^jZfZlbq_kdh_# gZijy`_gb_/# gh# kZfb# ih# k_[_# hgb# g_# kh^_j`Zl
agZqbl_evguo#ijh[e_f#beb#bo#j_r_gbc1

G_j_r_ggh_#gZijy`_gb_
©Fg_#ihgZ^h[beZkv#dgb]Z>#hgZ#e_`ZeZ#gZ#kZfhc#\_jog_c#ihed_ª1#<#wlhf#wibah^_#fu#\b^bf#g_

ijhklh# hlq_l1# Keh\Z# ©fg_# ihgZ^h[beZkvª# \uau\Zxl# qm\kl\h# h`b^Zgby1# >hklZg_l# eb# jZkkdZaqbd
dgb]m"#Ihf_rZ_l#eb#_fm#qlh0gb[m^v"#Ihke_^gyy#qZklv#wlh]h#ij_^eh`_gby#g_#aZ\_jrZ_l#^jZfm>#fu
g_#agZ_f/#^hklZe#eb#jZkkdZaqbd#dgb]m1#BlZd/#fu#bf__f#g_#ijhklh#hlq_l/#Z#dhgnebdl/#h^gZdh#g_#\b^bf
_]h#ihegh]h#j_r_gby1
Ih^h[gu_#ihkljh_gby#ij_^eh`_gbc#\klj_qZxlky#ih#\k_fm#<_lohfm#AZ\_lm1#<havf_f/#d#ijbf_jm/

djZldh_#ih\_kl\h\Zgb_#h#[_agjZ\kl\_gghklb#Jm\bfZ=#©B#hlijZ\beky#BajZbev/#b#jZkdbgme#rZl_j#k\hc
aZ#[Zrg_x#=Z^_j1#<h#\j_fy#ij_[u\Zgby#BajZbey#\#lhc#kljZg_/#Jm\bf#ihr_e/#b#i_j_kiZe#k#<Zeehx/
gZeh`gbp_x#hlpZ#k\h_]h1#B#mkeurZe#BajZbevª#+;ul168=54±55,1#<#wlhf#djZldhf#wibah^_#ihy\ey_lky
gZijy`_gb_1# Jm\bf# kh]j_rZ_l# ijhlb\# k\h_]h# hlpZ/# b# hl_p# magZ_l# h[# wlhf1#Gh# qlh# ijhbahc^_l# k
Jm\bfhf"# Qlh# k^_eZ_l# _]h# hl_p"# Wibah^# g_# ]h\hjbl# gZf# h[# wlhf# gbq_]h># dhgnebdl# hklZ_lky
g_j_r_gguf1
?s_#h^bg#ijbf_j#g_j_r_ggh]h#gZijy`_gby#\b^_g#\#bklhjbb#h#\kieu\r_f#lhihj_1

B# kdZaZeb# kugu#ijhjhdh\#?ebk_x=# \hl/#f_klh/# ]^_#fu#`b\_f# ijb# l_[_/# l_kgh# ^ey# gZk># ihc^_f# d
Bhj^Zgm/#b#\havf_f#hllm^Z#dZ`^uc#ih#h^ghfm#[j_\gm/#b#k^_eZ_f#k_[_#lZf#f_klh#^ey#`bl_evkl\Z1
Hg# kdZaZe=# ihc^bl_1#B# kdZaZe# h^bg=# k^_eZc#fbehklv/# ihc^b# b# lu# k# jZ[Zfb# l\hbfb1#B# kdZaZe# hg=
ihc^m1#B#ihr_e#k#gbfb/#b#ijbreb#d#Bhj^Zgm/#b#klZeb#jm[blv#^_j_\vy1#B#dh]^Z#h^bg#\Zebe#[j_\gh/
lhihj#_]h#miZe#\#\h^m1#B#aZdjbqZe#hg/#b#kdZaZe=#Zo/#]hkih^bg#fhc$#²#Z#hg#\ayl#[ue#gZ#ih^_j`Zgb_1
B#kdZaZe#q_eh\_d#;h`bc=#]^_#hg#miZe"#Hg#mdZaZe#_fm#f_klh1#B#hljm[be#hg#dmkhd#^_j_\Z/#b#[jhkbe
lm^Z/#b#\kieue#lhihj1#B#kdZaZe#hg=#\havfb#k_[_1#Hg#ijhlygme#jmdm#k\hx#b#\aye#_]h#+7PZj19=4±:,#+kf1
jbk1#4;,1

WlZ#bklhjby#gZqbgZ_lky#k#lh]h/#qlh#?ebk_c#kh]eZrZ_lky#ihclb#kh#k\hbfb#mq_gbdZfb#d#Bhj^Zgm/
qlh[u# ihkljhblv# `bebs_# +kl1# 4±7Z,1# Wlb# klbob# gZlZedb\Zxl# gZ# \hijhk=# ©Ihemqblky# eb# m# gbo"
Ihkljhyl# eb# hgb# gh\h_#`bebs_"ª#Hgb# ijbreb# d#Bhj^Zgm# b# gZqZeb# jm[blv# ^_j_\vy# +kl1# 7[,1#Gh
ihy\behkv# ij_iylkl\b_/# dh]^Z# h^bg# ba# mq_gbdh\# mjhgbe# h^he`_gguc# lhihj# \# \h^m# +kl1# 8Z,1# Hg
aZdjbqZe/#b#?ebk_c#qm^_kguf#h[jZahf#ba\e_d#lhihj#ba#\h^u# +kl1# 8±:,1#L_i_jv#fu#fh`_f#h`b^Zlv
^Zevg_cr_]h# hibkZgby# mki_rgh]h# aZ\_jr_gby# kljhbl_evkl\Z1# Wlh# m^Zebeh# [u# gZijy`_gb_/
\hagbdr__# \# i_j\uo# q_luj_o# klboZo1# Gh# wibah^# \g_aZigh# aZdZgqb\Z_lky# ba\e_q_gb_f# lhihjZ# ba
\h^u1#GZf# hklZ_lky# lhevdh# ^h]Z^u\Zlvky/# ^hkljhbeb# mq_gbdb# k\h_#gh\h_#`bebs_# beb#g_l1#:\lhj
dgb]b#PZjkl\#g_#ij_^hklZ\be#qblZl_eyf#aZ\_jr_gby#wlh]h#wibah^Z1#Ihq_fm"#Hq_\b^gh/#Z\lhjZ#fZeh



bgl_j_kh\Zeh# kZfh# kljhbl_evkl\h># hg# ijhklh# mihfygme# h# g_f/# qlh[u# kha^Zlv# nhg# ^ey# qm^_kgh]h
kh[ulby1#Khh[sb\#h#qm^_/#hg#aZdhgqbe#wibah^/#hklZ\b\#\hijhk#kljhbl_evkl\Z#g_j_r_gguf1

J_r_gb_
>jZfZlbq_kdbc#oh^#jZkdju\Z_lky#iheg__#\#lj_lv_c#kp_g_=#©Fg_#gm`gZ#[ueZ#dgb]Z>#y#dmibe#__ª1

<#hlebqb_#hl#ijhklh]h#hlq_lZ#beb#g_j_r_ggh]h#gZijy`_gby/#^jZfZ#a^_kv#\hagbdZ_l#b#bkq_aZ_l1#Fu
gZoh^bf# b# ijh[e_fm/# b# __# j_r_gb_1# JZkkdZaqbdm# gm`gZ# [ueZ# dgb]Z1#Qlh# ijhbahc^_l"#Mki_o# beb
g_m^ZqZ"# <lhjZy# qZklv# ihdZau\Z_l/# qlh# `_eZgb_# jZkkdZaqbdZ# bkihegbehkv1# <# wlhf# djZldhf
ih\_kl\h\Zgbb#gZijy`_gb_#g_#ih^gbfZ_lky#^h#[hevrbo#\ukhl/#gh#[ukljh#klZ\bl#ijh[e_fm#b#j_rZ_l
__1
DjZldbc# jZkkdZa# k# j_r_gb_f# \b^_g# \# dgb]_# BbkmkZ# GZ\bgZ# +48=49±4:,1# Khklhbl# hg# ba# lj_o

dhjhldbo#kp_g=

Kp_gZ#4
B#kdZaZe#OZe_\=#dlh#ihjZabl#DbjbZn0K_n_j#b#\havf_l#_]h/#lhfm#hl^Zf#:okm/#^hqv#fhx/#\#`_gm# +kl1
16).

Kp_gZ#5
B#\aye#_]h#=hnhgbbe/#kug#D_gZaZ/#[jZlZ#OZe_\h\Z#+kl1#4:,1

Kp_gZ#6
B#hl^Ze#hg#\#`_gm#_fm#:okm/#^hqv#k\hx#+kf1#jbk1#4<,1

G_kfhljy# gZ# k\hx# djZldhklv/# wlhl# wibah^# kh^_j`bl# hij_^_e_ggmx# ijh[e_fm# b# __# j_r_gb_1
>jZfZlbq_kdh_#gZijy`_gb_#ihy\ey_lky/#dh]^Z#OZe_\#ij_^eZ]Z_l#k\hx#^hqv#\#`_gm#ih[_^bl_ex#+kl1
49,1#Hl\_lbl# eb# dlh0gb[m^v# gZ# _]h# ij_^eh`_gb_"#Hl^Zkl# eb# hg# k\hx# ^hqv# dhfm0gb[m^v# \#`_gm"
Ke_^mxsZy# kp_gZ# +kl1# 4:Z,# khh[sZ_l# gZf# h# j_rZxs_f# kh[ulbb/# dhlhjuf# aZdZgqb\Z_lky# jZkkdZa1
=hnhgbbe#\aye#]hjh^/#\uihegb\#\k_#mkeh\by1#AZl_f#OZe_\#hl^Ze#k\hx#^hqv#=hnhgbbem#+kl1#4:[,/#l_f
kZfuf/#meZ^b\#ijh[e_fm1
JZkkdZau/# kh^_j`Zsb_# j_r_gb_# ijh[e_fu/# bf_xl# hij_^_e_ggmx# ba[bjZl_evghklv/# dhlhjhc# \

ih\_kl\h\Zl_evguo# hlq_lZo#g_l1#Bo# agZq_gb_#fu#fh`_f# hp_gb\Zlv# gZ# hkgh\Zgbb# bo# kh[kl\_gghc
\gmlj_gg_c# kljmdlmju1# HibkZgb_# ijh[e_fu# b# ij_^klZ\e_gb_# __# j_r_gby# nhjfbjmxl# Zj_gm
^_ckl\bc/# lj_[mxsbo# khkj_^hlhq_ggh]h#\gbfZgby1#LZdbf#h[jZahf/# \gmlj_ggyy# kljmdlmjZ# wibah^Z
kh^_j`bl#_]h#agZq_gb_1
BlZd/#fu# jZkkfhlj_eb# ljb# dZl_]hjbb# ^jZfZlbq_kdh]h# oh^Z/# k# dhlhjufb#fu# klZedb\Z_fky# ijb

bamq_gbb# hl^_evguo# wibah^h\# <_loh]h# AZ\_lZ1# <# wlhc# ]eZ\_# fu# khkj_^hlhqbfky# gZ# bklhjbyo/
kh^_j`Zsbo#j_r_gb_1#Bo#bamq_gb_#k\yaZgh#k#jy^hf#ljm^ghkl_c/#dhlhju_#g_h[oh^bfh#jZkkfhlj_lv
ih^jh[gh1# JZah[jZ\rbkv# lsZl_evgh# \# bo# kljmdlmj_/# fu# kfh`_f# wnn_dlb\g__# bamqZlv# wibah^u/
kh^_j`Zsb_#hlq_lu#b#hklZ\r__ky#gZijy`_gb_1

Kbff_ljby#^jZfZlbq_kdh]h#j_r_gby
IjbklmiZy# d# bamq_gbx# wibah^h\# k# j_r_gb_f/# fu# h[gZjm`bf/# qlh# \_lohaZ\_lgu_# ibkZl_eb

jZkiheh`beb#wlb#hlju\db#kbff_ljbqgh1#H^gb#bklhjbb#[he__#^ebggu_/#q_f#^jm]b_/#gh#kbff_ljby
y\ey_lky#nmg^Zf_glZevghc#kfukeh\hc#q_jlhc#\#wibah^Zo/#ij_^klZ\eyxsbo#j_r_gb_1
Qlh[u#ihgylv#kfuke#wlhc#kljmdlmju/#fu#^he`gu#jZkkfhlj_lv#ljb#hkgh\guo#\hijhkZ=#gZqZeh#b

hdhgqZgb_/# ljhckl\_gguc# ^baZcg# b# nZau1# Dh]^Z# fu# q_ldh# m\b^bf# wlb# ]jZgb/# fu# kfh`_f
jZkkfZljb\Zlv#[he__#]em[hdb_#ih^jh[ghklb#^jZfZlbq_kdh]h#j_r_gby1

GZqZeh#b#hdhgqZgb_
DZd#nmgdpbhgbjm_l#hkgh\gZy#kljmdlmjgZy#kbff_ljby#\#wibah^Zo/#kh^_j`Zsbo#j_r_gb_"#=h\hjy

djZldh/#kbff_ljby#kha^Z_l#kfukeh\hc#[ZeZgk#f_`^m#gZqZehf#b#dhgphf#bklhjbb1#Wlh#g_#agZqbl/#qlh



gZqZeh# b# dhg_p# bklhjbb# ^he`gu# [ulv# h^bgZdh\hc# ^ebgu# beb# \Z`ghklb1# Hgb# ijhklh
mjZ\gh\_rb\Zxl# ^jm]# ^jm]Z# \# kfukeh\hf# hlghr_gbb1# DZ`^Zy# qZklv# kh^_j`bl# b^_b/# dhlhju_
jZa\b\Zxlky#\#^jm]hc1#<#\_lohaZ\_lguo#bklhjbyo#q_ldh#\b^gu#ljb#\b^Z#kfukeh\h]h#[ZeZgkZ1#GZqZeh
b# hdhgqZgb_# bklhjbc# fh]ml# kljhblvky# ih# pbjdmebjmxs_fm/# dhgljZklghfm# beb# jZa\b\Zxs_fmky
ijbgpbim1

Pbjdmebjmxsbc1# Bklhjbb/# kh^_j`Zsb_# ijh[e_fm# b# __# j_r_gb_/# qZs_# \k_]h# bf_xl
pbjdmebjmxsbc# ijbgpbi># \# ihke_^gbc# fhf_gl# fu# \ha\jZsZ_fky# d# kblmZpbb/# k# dhlhjhc# wibah^
gZqZeky1# <gmlj_ggyy# qZklv# bklhjbb# kh^_j`bl# hij_^_e_ggu_# ijhlb\hj_qby1# Hsms_gb_
^jZfZlbq_kdh]h# j_r_gby# ijboh^bl# ebrv# lh]^Z/# dh]^Z# dhg_qgZy# kp_gZ# kh\_jrZ_l# iheguc# djm]
kh[ulbc1
Fgh]b_# jZkkdZau# bf_xl/# \# hkgh\ghf/# djm]h\mx# kbff_ljbx1# GZijbf_j/# ih\_kl\h\Zgb_# h[

bkiulZgbb# :\jZZfZ# +;ul155=4±4<,# gZqbgZ_lky# k# hibkZgby# _]h# `bagb# \# <bjkZ\bb# +;ul154=66,# b
aZdZgqb\Z_lky# _]h# \ha\jZs_gb_f# \# wlh# `_# f_klh1# LZd`_# \# ;ulb_# +48=:±54,# ;h]# h[_sZ_l# :\jZfm
a_fex#\#gZqZe_# +kl1#:,#b#\uihegy_l#K\h_#h[_sZgb_#\#dhgp_# +kl1# 4;±54,1#M#gZk#ihy\ey_lky#qm\kl\h
aZ\_jr_gghklb# wlbo# bklhjbc/# ihlhfm# qlh#fu# \ha\jZsZ_fky# \# kblmZpbx/# ihoh`mx# gZ# lm/# dhlhjZy
[ueZ#\#gZqZe_1

DhgljZklguc1# <klmibl_evgu_# b# aZ\_jrZxsb_# kp_gu# lZd`_# dhgljZklgu1# HdhgqZgb_# ^Z`_
y\ey_lky#ijhlb\hiheh`ghklvx#gZqZem1#?keb#i_j\Zy#qZklv#iheh`bl_evgZ/#ihke_^gyy#hljbpZl_evgZ1
?keb# \# gZqZe_# iheh`_gb_# iehoh_/# hgh# klZgh\blky# ohjhrbf# \# dhgp_1# :dp_gl# gZ# Zglbl_lbq_kdhf
[ZeZgk_#f_`^m#gZqZehf#b#dhgphf#bklhjbb1
LZdmx# nhjfm# bf_xl# fgh]b_# \_lohaZ\_lgu_# bklhjbb1# GZijbf_j/# bklhjby# h[# bkp_e_gbb# \h^u

?ebk__f# +7PZj15=4<±55,# gZqbgZ_lky# k# lh]h/# qlh# ex^b# B_jbohgZ# ]h\hjyl# ?ebk_x/# qlh# ©\h^Z
g_ohjhrZª#+7PZj15=4<,1#?ebk_c#©bkp_ey_lª#\h^m#b#wibah^#aZ\_jrZ_lky=#©B#\h^Z#klZeZ#a^hjh\hx#^h
k_]h# ^gyª# +7PZj15=55,1#HdhgqZgb_# ij_\jZsZ_l# kblmZpbx# \# ijhlb\hiheh`ghklv1#Ih\_kl\h\Zgb_# h[
m[bckl\_# ?]ehgZ# +Km^16=45±63,# lZd`_# kh^_j`bl# dhgljZkl1# Dgb]Z# Km^_c# +6=45,# ]eZkbl=# ©Mdj_ibe
=hkih^v# ?]ehgZ/# pZjy# FhZ\blkdh]h/# ijhlb\# BajZbevlygª/# gh# bklhjby# aZ\_jrZ_lky# lZd=# ©LZd
kfbjbebkv#\#lhl#^_gv#FhZ\blyg_#ij_^#BajZbe_fª1

JZa\b\Zxsbcky1#B/#gZdhg_p/#f_`^m#gZqZevghc#b#dhg_qghc#qZklyfb#wibah^Z#fh`_l#ijhbkoh^blv
dZdh_0lh# jZa\blb_1# <# lZdbo# kemqZyo# bklhjby# aZdZgqb\Z_lky# hibkZgb_f# ^jm]h]h/# ohly# b# g_
ijhlb\hiheh`gh]h/# iheh`_gby# ^_e1# =eZ\guc# ]_jhc# fh`_l# klhedgmlvky# k# ijh[e_fhc# beb
dhgnebdlhf#\#gZqZe_/#gh# aZl_f#dhgnebdl#j_rZ_lky/#\#j_amevlZl_#q_]h# ]_jhc#hdZau\Z_lky# \#gh\uo
h[klhyl_evkl\Zo1#LZdh_#jZa\blb_#fh`_l#ijbh[j_lZlv#hll_gdb#dhgljZklZ/#gh#^jZfZ#[hevr_c#qZklvx
jZa\b\Z_lky#\#gZijZ\e_gbb#q_]h0lh#gh\h]h1
GZijbf_j/#;ul145=4±<#gZqbgZ_lky#k#lh]h/#qlh#;h]#ijbau\Z_l#:\jZfZ#b^lb#\#h[_lh\Zggmx#a_fex1

Ihke_^gyy#kp_gZ#khh[sZ_l#h[#bkiheg_gbb#wlh]h#ijba\Zgby#iZljbZjohf/#dh]^Z#hg#ijh^he`Z_l#b^lb#d
x]m1#Fu#hsmsZ_f#e_]dbc#dhgljZkl#f_`^m#gZqZehf#b#dhgphf/#ihkdhevdm#\#gZqZe_#:\jZf#[ue#©\g_
a_febª/# Z# \# dhgp_# ©ijbr_e# \# a_fexª/#gh# hkgh\guf# we_f_glhf# \# wlhf# wibah^_# y\ey_lky# jZa\blb_
kh[ulbc#hl#ihjmq_gby#^h#bkiheg_gby1#Wibah^#jZa^_e_gby#:\jZfZ#b#EhlZ#+;ul146=4±4;,#gZqbgZ_lky#k
lh]h/#qlh#iZljbZjo#©ih^gyeky#gZ#x]ª#b# aZdZgqb\Z_lky#_]h#hklZgh\dhc#\#O_\jhg_1#H[Z#wlb#wibah^Z
aZ\_jrZxlky#ijh^\b`_gb_f#]eZ\gh]h#^_ckl\mxs_]h#ebpZ#d#gh\uf#h[klhyl_evkl\Zf1
BamqZy# ^jZfZlbq_kdbc# oh^/# gZf# ihe_agh# aZf_qZlv# kfukeh\hc# [ZeZgk/# k\yau\Zxsbc# gZqZeh# b

dhg_p#jZkkdZaZ1#DZdh\Z#gZqZevgZy#^jZfZlbq_kdZy#ijh[e_fZ"#DZdbf#h[jZahf#hgZ#j_rZ_lky#\#dhgp_"
DZdb_#pbjdmebjmxsb_/#dhgljZklgu_#b#jZa\b\Zxsb_ky#h[jZapu#q_ldh#\b^gu"

Ljhckl\_ggZy#kljmdlmjZ
KljmdlmjZ#[hevrbgkl\Z# wibah^h\/# kh^_j`Zsbo#ijh[e_fm#b# __#j_r_gb_/#bf__l# ljb#qZklb/# ohly

g_dhlhju_# bklhjbb# khklhyl# lhevdh# ba# ^\mo# qZkl_c1# DZd# hlf_lbe# :jbklhl_ev/# [hevrbgkl\h
^jZfZlbq_kdbo#ih\_kl\h\Zgbc#khklhyl#ba#gZqZeZ/#k_j_^bgu#b#dhgpZ1
H[jZlbl_#\gbfZgb_#gZ#ke_^mxsbc#jZkkdZa#ba#lj_o#ijhkluo#kp_g=

>Kp_gZ#4@#Nb^h#hq_gv#`_eZe#^h[jZlvky#^h#dhklhqdb/#e_`Zs_c#gZ#^jm]hc#klhjhg_#^\hjZ/#gh#_]h#p_iv
[ueZ# kebrdhf# dhjhldZ/# qlh[u# ^hklZlv# __1# >Kp_gZ# 5@# Ihwlhfm# hg# eZye# b# eZye/# ihdZ# g_# ijbr_e
ohaybg/#g_#hlp_ibe#_]h1#>Kp_gZ#6@#Lml#Nb^h#ihfqZeky#d#dhklhqd_#b#]jua#__#k#lZdbf#m^h\hevkl\b_f/
keh\gh#ihiZe#\#kh[Zqbc#jZc1



I_j\Zy#b#ihke_^gyy#kp_gu#mjZ\gh\_rb\Zxlky1#I_j\Zy#kp_gZ#ij_^klZ\ey_l#ijh[e_fm=#Nb^h#ohq_l
dhklv/# gh# g_# fh`_l# ^hklZlv# __1# Lj_lvy# kp_gZ# j_rZ_l# ijh[e_fm=# Nb^h# ^h[bjZ_lky# ^h# dhklb# b
m^h\e_l\hjy_l#k\h_#`_eZgb_1#Wlb#kp_gu#dhgljZklgu/#ihkdhevdm#kljZklgh_#`_eZgb_#m^h\e_l\hjy_lky1
<# q_f# `_# aZdexqZ_lky# nmgdpby# kj_^g_c# qZklb"# WlZ# qZklv# kem`bl# fhklhf# f_`^m# gZqZehf# b

dhgphf/# khh[sZy# qblZl_ex/# dZdb_# ^_ckl\by# k^_eZeb# khhl\_lkl\b_# \hafh`guf1#Nb^h# ^h[jZeky# ^h
dhklhqdb/#ihlhfm#qlh#hg#eZye/#b#ohaybg#hlp_ibe#_]h1
Ih^h[gu_# ljhckl\_ggu_# kljmdlmju#\klj_qZxlky#\#[hevrbgkl\_# wibah^h\#<_loh]h#AZ\_lZ1#Hgb

gZqbgZxlky# k#ijh[e_fu/# aZdZgqb\Zxlky#j_r_gb_f# b# kh^_j`Zl# \# k_j_^bg_# hij_^_e_ggh_# jZa\blb_
kh[ulbc1
?s_#jZa#ihkfhljbf#gZ#;h`bc#aZ\_l#k#:\jZfhf# +;ul148=:±54,1#DZd#fu#hlf_lbeb#\#ij_^u^ms_c

]eZ\_/#wlZ#bklhjby#^_eblky#gZ#r_klv#kp_g#+kf1#jbk1#53,1
I_j\Zy# kp_gZ# gZqbgZ_lky# k# ;h`v_]h# h[_lh\Zgby/# ijhkv[u# :\jZfZ# h# _]h# ih^l\_j`^_gbb/# b

;h`v_]h#ih\_e_gby#ih^]hlh\blv# p_j_fhgbx# ^ey# aZdexq_gby# aZ\_lZ1#WlZ# aZ^ZqZ# hkms_kl\ey_lky# \
ihke_^g_c#kp_g_/# ]^_#;h]#deyg_lky#^Zlv#:\jZfm# a_fex1#<# kj_^g_c#qZklb#h[tykgy_lky/#ihq_fm#;h]
gZqZe# ]h\hjblv# hiylv/# dZd# jZa\_yebkv# khfg_gby# :\jZfZ/# b# dZd# h[_lh\Zgb_# [ueh# ij_h[jZ`_gh# \
deyl\m#aZ\_lZ1#Bklhjby#ijbreZ#d#lZdhfm#dhgpm#[eZ]h^Zjy#p_j_fhgbb#aZ\_lZ/#dhlhjZy#hibku\Z_lky#kh
\lhjhc#ih#iylmx#kp_gu1
Ih^h[gZy# kblmZpby# \b^gZ# b# \# ih\_kl\h\Zgbb# h# \lhj`_gbb# KmkZdbfZ# +5IZj145=4±45,1# DZd# fu

m\b^_eb#\#ij_^u^ms_c#]eZ\_/#wlhl#hlju\hd#bf__l#^_kylv#kp_g#+kf1#jbk1#54,1
I_j\Zy#kp_gZ#khh[sZ_l#h[#mklZgh\e_gbb#pZjkl\h\Zgby#Jh\hZfZ#b#ijh[e_f_#\_jhhlklmigbq_kl\Z1

Ihke_^gyy# kp_gZ# \ha\jZsZ_lky# d# pZjkl\h\Zgbx# Jh\hZfZ# b# aZf_gy_l# hlklmigbq_kl\h# ihdZygb_f
Jh\hZfZ1#DZdbf#h[jZahf# wlh#ijhbahreh"#Kp_gu# 5±<# ]h\hjyl#gZf#h[#m]jha_# \lhj`_gby#KmkZdbfZ/
ihdZygbb#dgya_c#b#qZklbqghf#ba[Z\e_gbb#pZjkl\Z1
BamqZy# kljmdlmjm# ^jZfZlbq_kdbo# wibah^h\/# gZf# ke_^m_l# ijbgbfZlv# \h# \gbfZgb_# bo

ljhckl\_gguc# khklZ\1# Ihke_# mklZgh\e_gby# kfukeh\h]h# [ZeZgkZ# f_`^m# gZqZehf# b# dhgphf/# fu
^he`gu#\gbfZl_evgh#jZkkfhlj_lv#jZa\blb_#kh[ulbc/#baeh`_gguo#\#kj_^g_c#qZklb1

NZau
Qlh[u# m\b^_lv# hkgh\gmx# kbff_ljbx# bklhjbb# q_lq_/# bgh]^Z# ihe_agh# jZa[blv# l_dkl# gZ# qZklb/

g_fgh]h#ij_\urZxsb_#jZaf_ju#kp_g1#Dh]^Z#fu#jZkkfZljb\Z_f#h[smx#^bgZfbdm#bklhjbb/#^\_/#ljb
beb#q_luj_#kp_gu#fh]ml#h[t_^bgylvky#\#nZau1#H[s_c#gblvx#\#lZdbo#kp_gZo#fh]ml#[ulv#h^gb#b#l_
`_#]_jhb/#h[klhyl_evkl\Z/#^_ckl\by#beb#l_fZ1#<#ex[hf#kemqZ_/#h[t_^bg_gb_#kp_g#\#nZau#ihfh]Z_l
gZf#iheg__#m\b^_lv#kljmdlmjm#wibah^Z1
Bklhjby#h#<Z\behgkdhc#[Zrg_#+;ul144=4±<,#beexkljbjm_l#p_gghklv#h[t_^bg_gby#kp_g#\#nZau1

Kp_gZ#4
GZ#\k_c#a_fe_#[ue#h^bg#yaud#b#h^gh#gZj_qb_#+kl1#4,1

Kp_gZ#5
>\bgm\rbkv#k#<hklhdZ/#hgb#gZreb#\#a_fe_#K_ggZZj#jZ\gbgm#b#ihk_ebebkv#lZf#+kl1#5,1

Kp_gZ#6
B#kdZaZeb#^jm]#^jm]m=#gZ^_eZ_f#dbjibq_c#b#h[h``_f#h]g_f#+kl1#6Z,1

Kp_gZ#7
B#klZeb#m#gbo#dbjibqb#\f_klh#dZfg_c/#Z#a_feygZy#kfheZ#\f_klh#ba\_klb#+kl1#6[,1

Kp_gZ#8
B# kdZaZeb# hgb=# ihkljhbf# k_[_# ]hjh^# b# [Zrgx/# \ukhlhx# ^h# g_[_k># b# k^_eZ_f# k_[_# bfy/# ij_`^_
g_`_eb#jZkk__fky#ih#ebpm#\k_c#a_feb#+kl1#7,1

Kp_gZ#9
B#khr_e#=hkih^v#ihkfhlj_lv#]hjh^#b#[Zrgx/#dhlhju_#kljhbeb#kugu#q_eh\_q_kdb_#+kl1#8,1



Kp_gZ#:
B#kdZaZe#=hkih^v=#\hl/#h^bg#gZjh^/#b#h^bg#m#\k_o#yaud>#b#\hl#qlh#gZqZeb#hgb#^_eZlv/#b#g_#hlklZgml
hgb#hl#lh]h/#qlh#aZ^mfZeb#^_eZlv1#Khc^_f#`_/#b#kf_rZ_f#lZf#yaud#bo/#lZd#qlh[u#h^bg#g_#ihgbfZe
j_qb#^jm]h]h#+kl1#9±:,1

Kp_gZ#;
B#jZkk_ye#bo#=hkih^v#hllm^Z#ih#\k_c#a_fe_>#b#hgb#i_j_klZeb#kljhblv#]hjh^#+kl1#;,1

Kp_gZ#<
Ihk_fm# ^Zgh# _fm# bfy=#<Z\behg># b[h# lZf# kf_rZe# =hkih^v# yaud# \k_c# a_feb/# b# hllm^Z# jZkk_ye# bo
=hkih^v#ih#\k_c#a_fe_#+kl1#<,1

Ohly# wlb# kp_gu# ij_^klZ\eyxl# hkgh\gu_# khklZ\gu_# qZklb# bklhjbb/# g_dhlhju_# ba# gbo# bf_xl
koh^kl\h# f_`^m# kh[hc1# ?keb# fu# h[t_^bgbf# lZdb_# kp_gu# \# nZau/# lh# fu# m\b^bf# ke_^mxsmx
kljmdlmjm#+kf1#jbk1#55,1
DZd#ihdZau\Z_l#wlZ#^bZ]jZffZ/#i_j\u_#^\_#kp_gu#kha^Zxl#mkeh\by#^ey#kljhbl_evgh]h#ijh_dlZ1

Lj_lvy/#q_l\_jlZy#b#iylZy#kp_gu#hibku\Zxl#\ha\_^_gb_#[Zrgb1#<hkvfZy#b#^_\ylZy#kp_gu#dZkZxlky
;h`v_]h#\f_rZl_evkl\Z=#kf_r_gby#yaudh\#b#jZkk_ygby#gZjh^Z1#Lhevdh#r_klZy#b#k_^vfZy#kp_gu#kZfb
ih#k_[_#y\eyxlky#nZaZfb1#LZdbf#h[jZahf/#^_\ylv#kp_g#wlh]h#wibah^Z#h[t_^bg_gu#\#iylv#nZa1
BlZd/#fu#m\b^_eb#g_kdhevdh#hkgh\guo# kljmdlmjguo# dZq_kl\# l_dklZ1#<k_# wibah^u/# kh^_j`Zsb_

dhgnebdl#b#_]h#j_r_gb_/#bf_xl#kfukeh\hc#[ZeZgk#f_`^m#gZqZehf#b#hdhgqZgb_f1#;hevrbgkl\h#ba
gbo# bf_xl# ljhckl\_gguc# khklZ\1# ?keb#fu# h[t_^bgbf# l_kgh# k\yaZggu_# kp_gu# \#nZau/# k# l_dklhf
e_]q_# jZ[hlZlv1# Ihevamykv# wlbf/# ^Z\Zcl_# [he__# ih^jh[gh# jZkkfhljbf# lbibqgu_# h[jZapu
\klj_qZxsboky#wibah^h\1

Lbibqgu_#h[jZapu#^jZfZlbq_kdh]h
j_r_gby

<#\_lohaZ\_lguo#bklhjbyo#\klj_qZ_lky#lZd#fgh]h#jZaebqguo#khhl\_lkl\bc/#qlh#fu#g_#fh`_f#bo
\k_# ho\Zlblv1# Ihwlhfm# fu# ih]h\hjbf# h# q_luj_o# gZb[he__# jZkijhkljZg_gguo# h[jZapZo1# Hgb/
g_khfg_ggh/#g_#bkq_jiu\Zxl#\k_o#\ZjbZglh\/#h^gZdh#hljZ`Zxl#lbibqgu_#kljmdlmju/#ihy\eyxsb_ky
\#<_lohf#AZ\_l_1

>\Z#rZ]Z
KZfZy#ijhklZy#kbff_ljby#\#jZaj_r_gbb#dhgnebdlZ#khklhbl#ba#^\mo#rZ]h\1#LZdb_#bklhjbb#qZklh

khklhyl#ba#fgh`_kl\Z#kp_g#b#nZa/#gh#_keb#bo#h[t_^bgblv/#klZgh\ylky#q_ldh#\b^gu#^\_#qZklb1#I_j\uc
rZ]# ij_^klZ\ey_l# ^jZfZlbq_kdmx# ijh[e_fm># \lhjhc#rZ]# ij_^hklZ\ey_l# __# j_r_gb_1# DZd# fu# m`_
m\b^_eb/# wlb# rZ]b# mjZ\gh\_rb\Zxl# ^jm]# ^jm]Z# pbjdmebjmxs_c/# dhgljZklghc# b# jZa\b\Zxs_cky
kbff_ljb_c1# H^bg# ba# ijbf_jh\# lZdh]h# j_r_gby# kh^_j`blky# \# e_lhibkb# h# pZjkl\h\Zgbb# :ku
+5IZj149=:±43,1

Kp_gZ#4
<# lh# \j_fy# ijbr_e# :gZgbc# ijhahjeb\_p# d# :k_/# pZjx# Bm^_ckdhfm/# b# kdZaZe# _fm=# lZd# dZd# lu
ihgZ^_yeky#gZ#pZjy#Kbjbckdh]h#b#g_#mih\Ze#gZ#=hkih^Z/#;h]Z# l\h_]h/# ihlhfm# b# kiZkehkv# \hckdh
pZjy# Kbjbckdh]h# hl# jmdb# l\h_c1# G_# [ueb# eb# ?nbhieyg_# b# Eb\byg_# k# kbehx# [hevr_x# b# k
dhe_kgbpZfb#b#\kZ^gbdZfb#\_kvfZ#fgh]hqbke_ggufb"#Gh#dZd#lu#mih\Ze#gZ#=hkih^Z/#lh#Hg#ij_^Ze
bo# \# jmdm# l\hx1#B[h# hqb# =hkih^Z# h[haj_\Zxl# \kx# a_fex/# qlh[u# ih^^_j`b\Zlv# l_o/# qv_# k_j^p_
\iheg_#ij_^Zgh#?fm1#;_ajZkkm^gh#lu#ihklmibe#l_i_jv1#AZlh#hlgug_#[m^ml#m#l_[y#\hcgu#+kl1#:±<,1

Kp_gZ#5
B#jZa]g_\Zeky#:kZ#gZ#ijhahjeb\pZ/#b#aZdexqbe#_]h#\#l_fgbpm/#lZd#dZd#aZ#wlh#[ue#\#jZa^jZ`_gbb#gZ
g_]h#+kl1#43Z,1



Kp_gZ#6
Ijbl_kgye#:kZ#b#g_dhlhjuo#ba#gZjh^Z#\#lh#\j_fy#+kl1#43[,1

Wlhl# hlju\hd# ^_eblky# gZ# ljb# kp_gu# b# h[jZam_l# ^\_# nZau1# Wlb# nZau# y\eyxlky# rZ]Zfb# d
^jZfZlbq_kdhfm#j_r_gbx#+kf1#jbk1#56,1
<#i_j\hc#nZa_#:gZgbc#ijhahjeb\_p#h[ebqZ_l#:km#\#_]h#g_^h\_jbb#;h]m1#<lhjZy#nZaZ/#khklhysZy

ba#\lhjhc#b#lj_lv_c#kp_g/#hibku\Z_l#j_Zdpbx#:ku#gZ#h[ebq_gb_#:gZgby1#GZqZevgZy#nZaZ#y\ey_lky
i_j\uf#^jZfZlbq_kdbf#rZ]hf#²#h[ebq_gb_/#\uy\e_gb_#ijh[e_fu1#DZd#hlj_Z]bjm_l#:kZ"#D#q_fm
wlh#ijb\_^_l"#AZ\_jrZxsZy#nZaZ#hl\_qZ_l#gZ#wlb#\hijhku/#hibku\Zy#_s_#[hevr__#g_ih\bgh\_gb_
:ku1

Ljb#rZ]Z
?s_#qZs_#\#wibah^Zo#dhgnebdlu#jZaj_rZxlky#\#ljb#rZ]Z1#Wlb#bklhjbb#fh]ml#lZd`_#khklhylv#ba

fgh`_kl\Z# kp_g# b# nZa1# Gh# \# gbo# \b^gZ# ^jZfZ# ba# lj_o# qZkl_c=# ijh[e_fZ/# ih\hjhlguc# fhf_gl# b
j_r_gb_1
Kh]eZkgh# wlhfm# h[jZapm/# kfukeh\hc# [ZeZgk# ijbgbfZ_l# ^\_# nhjfu1# Ijh[e_fZ# b# j_r_gb_

kbff_ljbqgu/#dZd#b#\h#\k_o#wibah^Zo/#kh^_j`Zsbo#j_r_gb_#dhgnebdlZ/#gh#\^h[Z\hd/#ih\hjhlguc
fhf_gl# hljZ`Z_l# hij_^_e_gguc# Zki_dl# ijh[e_fu# b# ^Z_l# ihgylv/# dZdbf# [m^_l# j_r_gb_1# <lhjhc
wibah^# ba# dgb]b# ijhjhdZ# Bhgu# +Bhg14=4:±5=43,# ke_^m_l# lj_orZ]h\hfm# h[jZapm/# dhlhjuc# fh`gh
bah[jZablv#ke_^mxsbf#h[jZahf#+kf1#jbk1#57,1
;ZeZgk#f_`^m#ijh[e_fhc#b#j_r_gb_f#\#wlhc#bklhjbb#q_ldh#\ujZ`_g1#GZqZevguc#rZ]#kh^_j`bl

^\_#kp_gu#ijyfh]h#ih\_kl\h\Zgby=#;h]#ij_^hij_^_ebe#dblm#ijh]ehlblv#Bhgm/#BhgZ#ijh\_e#\gmljb
dblZ# ljb#^gy#b# ljb# ghqb1# AZ\_jrZxsbc#rZ]# lZd`_# bf__l# ^\_# kp_gu#ijyfh]h#ih\_kl\h\Zgby1#;h]
ih\_e_e# dblm/# b# lhl# hk\h[h^be# Bhgm/# \u[jhkb\# gZ# [_j_]1# I_j\uc# b# ihke_^gbc# rZ]b# \uy\eyxl
pbjdmebjmxsbc#[ZeZgk>#ijh[e_fZ#b#j_r_gb_#ih\_kl\mxl#h#;h`v_f#j_r_gbb#b#ke_^mxsbo#aZ#gbf
kh[ulbyo1#<b^_g#lZd`_#dhgljZkl/#dh]^Z#dbl#kgZqZeZ#ih]ehsZ_l#Bhgm/#aZl_f#hk\h[h`^Z_l1
Ih\hjhlguc# fhf_gl# +5=4# ±# <,# khklhbl# ba# ikZefZ# b# [eZ]h^Zj_gby# Bhgu# \gmljb# dblZ1# DZd# b

k\hckl\_ggh#ih\hjhlguf#fhf_glZf/#a^_kv#gZf#hldju\Z_lky#kmlv#ijh[e_fu/#b#fu#ihgbfZ_f/#dZdbf
[m^_l#j_r_gb_1#I_j\Zy#qZklv#fhebl\u# dZkZ_lky#[_agZ^_`gh]h#iheh`_gby#Bhgu/#dh]^Z#hg#ihiZe#\
fhjkdmx#]em[bgm#+5=5#±#9[,1#<lhjZy#qZklv#fhebl\u#\ujZ`Z_l#gZ^_`^m#Bhgu#gZ#[m^ms__#+5=9\#±#<,/
b/#lZdbf#h[jZahf/#ij_^mkfZljb\Z_l#_]h#hk\h[h`^_gb_#ba#qj_\Z#dblZ1

Q_luj_#rZ]Z
>jZfZlbq_kdh_#j_r_gb_#lZd`_#fh`_l#khklhylv#ba#q_luj_o#rZ]h\1#K_j_^bgZ#wibah^Z#jZa[b\Z_lky/

\# k\hx# hq_j_^v/# gZ# ^\_# mjZ\gh\_r_ggu_# qZklb/# [eZ]h^Zjy# q_fm# fu# bf__f# ijh[e_fm/# gZjZklZgb_
kh[ulbc/#m[u\Zgb_#kh[ulbc#b#j_r_gb_1#Gh#b#a^_kv#kx`_l#g_#h[oh^blky#[_a#ih\hjhlgh]h#fhf_glZ1
GZqZeh#b# dhg_p# mjZ\gh\_rb\Zxl#^jm]#^jm]Z/# Z#gZjZklZgb_#b# m[u\Zgb_# kh[ulbc#hlh[jZ`Zxl# kmlv
dhgnebdlZ#b#ij_^iheZ]Zxl#\hafh`gh_#j_r_gb_1#Djhf_#lh]h/#gZjZklZxsb_#b#m[u\Zxsb_#^_ckl\by
lZd`_#aZqZklmx#bf_xl#kfukeh\hc#[ZeZgk#f_`^m#kh[hc1
Ihkfhljbf#gZ#bklhjbx#jZa]h\hjZ#;h]Z#k#:^Zfhf#b#?\hc#+;ul16=;±54,1

Kp_gZ#4
B#mkeurZeb#]hehk#=hkih^Z#;h]Z/#oh^ys_]h#\#jZx#\h#\j_fy#ijhoeZ^u#^gy>#b#kdjueky#:^Zf#b#`_gZ
_]h#hl#ebpZ#=hkih^Z#;h]Z#f_`^m#^_j_\vyfb#jZy#+kl1#;,1

Kp_gZ#5
B#\haa\Ze#=hkih^v#;h]#d#:^Zfm/#b#kdZaZe#_fm=#]^_#lu"#Hg#kdZaZe=#]hehk#L\hc#y#mkeurZe#\#jZx/#b
m[hyeky/#ihlhfm#qlh#y#gZ]/#b#kdjueky1#B#kdZaZe=#dlh#kdZaZe#l_[_/#qlh#lu#gZ]"#g_#_e#eb#lu#hl#^_j_\Z/#k
dhlhjh]h#Y#aZij_lbe#l_[_#_klv"#:^Zf#kdZaZe=#`_gZ/#dhlhjmx#Lu#fg_#^Ze/#hgZ#^ZeZ#fg_#hl#^_j_\Z/#b#y
_e1#B#kdZaZe#=hkih^v#;h]#`_g_=#qlh#lu#wlh#k^_eZeZ"#@_gZ#kdZaZeZ=#af_c#h[hevklbe#f_gy/#b#y#_eZ#+kl1
9–13).



Kp_gZ#6
B#kdZaZe#=hkih^v#;h]#af_x=#aZ#lh/#qlh#lu#k^_eZe#wlh/#ijhdeyl#lu#ij_^#\k_fb#kdhlZfb#b#ij_^#\k_fb
a\_jyfb#ihe_\ufb>#lu#[m^_rv#oh^blv#gZ#qj_\_#l\h_f/#b#[m^_rv#_klv#ijZo#\h#\k_#^gb#`bagb#l\h_c1
B#\jZ`^m#iheh`m#f_`^m#lh[hx#b#f_`^m#`_ghx/#b#f_`^m#k_f_g_f#l\hbf#b#f_`^m#k_f_g_f#__>#hgh
[m^_l# ihjZ`Zlv# l_[y# \# ]heh\m/# Z# lu# [m^_rv# `Zeblv# _]h# \# iylm1#@_g_# kdZaZe=# mfgh`Zy# mfgh`m
kdhj[v#l\hx#\#[_j_f_gghklb# l\h_c>#\#[he_agb#[m^_rv#jh`^Zlv#^_l_c>#b#d#fm`m# l\h_fm# \e_q_gb_
l\h_/#b#hg#[m^_l#]hkih^kl\h\Zlv#gZ^#lh[hx1#:^Zfm#`_#kdZaZe=#aZ#lh/#qlh#lu#ihkemrZe#]hehkZ#`_gu
l\h_c#b#_e#hl#^_j_\Z/#h#dhlhjhf#Y#aZih\_^Ze#l_[_/#kdZaZ\=#©g_#_rv#hl#g_]hª/#ijhdeylZ#a_fey#aZ#l_[y>
kh#kdhj[bx#[m^_rv#iblZlvky#hl#g__#\h#\k_#^gb#`bagb#l\h_c1#L_jgb_#b#\heqpu#ijhbajZklbl#hgZ#l_[_>
b#[m^_rv#iblZlvky#ihe_\hx#ljZ\hx1#<#ihl_#ebpZ#l\h_]h#[m^_rv#_klv#oe_[/#^hdhe_#g_#\ha\jZlbrvky
\#a_fex/#ba#dhlhjhc#lu#\ayl>#b[h#ijZo#lu/#b#\#ijZo#\ha\jZlbrvky#+kl1#47±4<,1

Kp_gZ#7
B#gZj_d#:^Zf#bfy#`_g_#k\h_c=#?\Z/#b[h#hgZ#klZeZ#fZl_jvx#\k_o#`b\msbo#+kl1#53,1

Kp_gZ#8
B#k^_eZe#=hkih^v#;h]#:^Zfm#b#`_g_#_]h#h^_`^u#dh`Zgu_/#b#h^_e#bo#+kl1#54,1

Ke_^mxsZy#^bZ]jZffZ#ihdZau\Z_l/#dZd#iylv#kp_g#wlh]h#wibah^Z#h[jZamxl#q_luj_#rZ]Z#+kf1#jbk1
25).

<# wlhf# wibah^_# [hevrbgkl\h# kZfhklhyl_evguo# kp_g/# gh# djZldbc# Z\lhjkdbc# dhff_glZjbc# d
q_l\_jlhc# kp_g_# h[t_^bgy_lky# k# ijh^he`bl_evguf# ijh\ha]eZr_gb_f# km^Z# \# lj_lv_c1# LZdbf
h[jZahf/#fu#\b^bf#q_luj_#rZ]Z#^jZfZlbq_kdh]h#j_r_gby1
Wlb# q_luj_# nZau# kh^_j`Zl# lbibqgmx# oZjZdl_jbklbdm# q_luj_orZ]h\h]h# ih\_kl\h\Zgby1

Ijh[e_fZ# mjZ\gh\_rb\Z_lky# j_r_gb_f1# H[Z# wlb# we_f_glZ# hljZ`Zxl# hlghkbl_evgh# [ukljh_
^\b`_gb_# \j_f_gb># hgb# lZd`_# khkj_^hlZqb\Zxlky# gZ# h^gbo# b# l_o# `_# ^_ckl\mxsbo# ebpZo1# Klu^
gZ]hlu#\#gZqZe_#dhgljZklbjm_l#k#ihke_^gbf#rZ]hf/#]^_#;h]#h^_\Z_l#:^ZfZ#b#?\m1
Gh#dZd#fu#ijbreb#hl#kp_gu#klu^Z#d#kp_g_#h^_\Zgby"#Wlhl#ijh[_e#^ey#gZk#aZihegy_l#gZjZklZgb_

b#m[u\Zgb_#^_ckl\by1#DZ`^uc#ba#wlbo#rZ]h\#khkj_^hlZqb\Z_lky#gZ#^jZfZlbq_kdhf#ih\_kl\h\Zgbb#b
dZkZ_lky#h^gbo#b#l_o#`_#i_jkhgZ`_c1#<h#\lhjhf#rZ]_#;h]#magZe#h#\bg_#:^ZfZ#b#?\u>#\#lj_lv_f#²
Hg#\ug_k#ijb]h\hju#\bgh\gbdZf1
Ohjhrh# ba\_klgh_# `_jl\hijbghr_gb_# BkZZdZ# +;ul155=4±4<,# lh`_# y\ey_lky# q_luj_orZ]h\hc

^jZfhc#\#^\_gZ^pZlb#kp_gZo1

Kp_gZ#4
B#[ueh/#ihke_#kbo#ijhbkr_kl\bc#;h]#bkdmrZe#:\jZZfZ/#b#kdZaZe#_fm=#:\jZZf$#Hg#kdZaZe=#\hl#y1#;h]
kdZaZe=#\havfb#kugZ#l\h_]h/#_^bgkl\_ggh]h#l\h_]h/#dhlhjh]h#lu#ex[brv/#BkZZdZ>#b#ihc^b#\#a_fex
FhjbZ/#b#lZf#ijbg_kb#_]h#\h#\k_kh``_gb_#gZ#h^ghc#ba#]hj/#h#dhlhjhc#Y#kdZ`m#l_[_#+kl1#4±5,1

Kp_gZ#5
:\jZZf#\klZe#jZgh#mljhf/#hk_^eZe#hkeZ#k\h_]h/#\aye#k#kh[hx#^\hbo#ba#hljhdh\#k\hbo#b#BkZZdZ/#kugZ
k\h_]h>#gZdhehe#^jh\#^ey#\k_kh``_gby/#b#\klZ\#ihr_e#gZ#f_klh/#h#dhlhjhf#kdZaZe#_fm#;h]#+kl1#6,1

Kp_gZ#6
GZ# lj_lbc# ^_gv#:\jZZf# \ha\_e# hqb# k\hb/# b# m\b^_e# lh#f_klh# ba^Ze_dZ1#B# kdZaZe#:\jZZf# hljhdZf
k\hbf=#hklZgvl_kv#\u#a^_kv#k#hkehf>#Z#y#b#kug#ihc^_f#lm^Z#b#ihdehgbfky/#b#\ha\jZlbfky#d#\Zf#+kl1
4–5).

Kp_gZ#7
B#\aye#:\jZZf#^jh\Z#^ey#\k_kh``_gby/#b#\haeh`be#gZ#BkZZdZ/# kugZ# k\h_]h>#\aye#\#jmdb#h]hgv#b
gh`/#b#ihreb#h[Z#\f_kl_#+kl1#9,1



Kp_gZ#8
B#gZqZe#BkZZd#]h\hjblv#:\jZZfm/#hlpm#k\h_fm/#b#kdZaZe=#hl_p#fhc$#Hg#hl\_qZe=#\hl#y/#kug#fhc1#Hg
kdZaZe=#\hl#h]hgv#b#^jh\Z/#]^_#`_#Z]g_p#^ey#\k_kh``_gby"#:\jZZf#kdZaZe=#;h]#mkfhljbl#K_[_#Z]gpZ
^ey#\k_kh``_gby/#kug#fhc1#B#reb#^Ze__#h[Z#\f_kl_#+kl1#:±;,1

Kp_gZ#9
B#ijbreb#gZ#f_klh/#h#dhlhjhf#kdZaZe#_fm#;h]>#b#mkljhbe#lZf#:\jZZf#`_jl\_ggbd/#jZaeh`be#^jh\Z/
b/# k\yaZ\# kugZ# k\h_]h#BkZZdZ/# iheh`be# _]h# gZ#`_jl\_ggbd# ih\_jo# ^jh\1#B# ijhkl_j#:\jZZf# jmdm
k\hx/#b#\aye#gh`/#qlh[u#aZdhehlv#kugZ#k\h_]h#+kl1#<±43,1

Kp_gZ#:
Gh#:g]_e# =hkih^_gv# \haa\Ze# d# g_fm# k# g_[Z# b# kdZaZe=#:\jZZf$#:\jZZf$#Hg# kdZaZe=# \hl# y1#:g]_e
kdZaZe=# g_# ih^gbfZc# jmdb# l\h_c# gZ# hljhdZ# b# g_# ^_eZc# gZ^# gbf# gbq_]h># b[h# l_i_jv#Y# agZx/# qlh
[hbrvky#lu#;h]Z#b#g_#ih`Ze_e#kugZ#l\h_]h/#_^bgkl\_ggh]h#l\h_]h/#^ey#F_gy#+kl1#44±45,1

Kp_gZ#;
B# \ha\_e#:\jZZf# hqb# k\hb/# b# m\b^_e=# b# \hl# ihaZ^b# h\_g/# aZimlZ\rbcky# \# qZs_# jh]Zfb# k\hbfb1
:\jZZf#ihr_e/#\aye#h\gZ/#b#ijbg_k#_]h#\h#\k_kh``_gb_#\f_klh#kugZ#k\h_]h#+kl1#46,1

Kp_gZ#<
B#gZj_d#:\jZZf#bfy#f_klm#lhfm=#B_]h\Z0bj_1#Ihk_fm#b#gug_#]h\hjblky=#gZ#]hj_#B_]h\u#mkfhljblky
+kl1#47,1

Kp_gZ#43
B#\lhjbqgh#\haa\Ze#d#:\jZZfm#:g]_e#=hkih^_gv#k#g_[Z/#b#kdZaZe=#Fghx#deygmkv/#]h\hjbl#=hkih^v/
qlh/#lZd#dZd#lu#k^_eZe#kb_#^_eh/#b#g_#ih`Ze_e#kugZ#l\h_]h/#_^bgkl\_ggh]h#l\h_]h/#lh#Y#[eZ]hkeh\eyy
[eZ]hkeh\ex#l_[y/#b#mfgh`Zy#mfgh`m#k_fy#l\h_/#dZd#a\_a^u#g_[_kgu_#b#dZd#i_khd#gZ#[_j_]m#fhjy>#b
h\eZ^__l#k_fy#l\h_#]hjh^Zfb#\jZ]h\#k\hbo>#b#[eZ]hkeh\ylky#\#k_f_gb#l\h_f#\k_#gZjh^u#a_feb#aZ#lh/
qlh#lu#ihkemrZeky#]eZkZ#Fh_]h#+kl1#48±4;,1

Kp_gZ#44
B#\ha\jZlbeky#:\jZZf#d#hljhdZf#k\hbf/#b#\klZeb/#b#ihreb#\f_kl_#\#<bjkZ\bx#+kl1#4<Z,1

Kp_gZ#45
B#`be#:\jZZf#\#<bjkZ\bb#+kl1#4<[,1

Kp_gu#wlh]h#hlju\dZ#h[t_^bgyxlky#\#q_luj_#nZau#+kf1#jbk#59,1
I_j\u_#^\_# kp_gu#hibku\Zxl#ijbau\#b#gZqZeh#iml_r_kl\by1#Lj_lvy/#q_l\_jlZy#b#iylZy# kp_gu

ijhbkoh^yl#©gZ#lj_lbc#^_gvª#[eba#]hju1#Kp_gu#9±43#ho\Zlu\Zxl#kh[ulby/#ijhbahr_^rb_#gZ#]hj_1
H^bggZ^pZlZy#b#^\_gZ^pZlZy#kp_gu#ih\_kl\mxl#h#\ha\jZs_gbb#b#hdhgqZgbb#iml_r_kl\by1
<#j_amevlZl_#lZdh]h#^_e_gby#ihemqbeky#kljhcguc#q_luj_orZ]h\uc#wibah^1#Ijh[e_fhc#kx`_lZ

[ue#;h`bc#ijbau\#ijbg_klb#BkZZdZ# \#`_jl\m/#j_r_gb_#:\jZZfZ#b# _]h#imlv# \f_kl_# kh# kem]Zfb# d
f_klm#`_jl\_ggbdZ1#Qlh# hg# k^_eZ_l"#G_m`_eb# hg# ijbg_k_l# \#`_jl\m# k\h_]h# kugZ"#GZjZklZxs__
gZijy`_gb_#\h\e_dZ_l#gZk#\#^jZfm/#dh]^Z#:\jZZf#k#BkZZdhf#hklZ\eyxl#kem]/#b#ih^gbfZxlky#\^\h_f
gZ# ]hjm1# BkZZd# kijhkbe# hlpZ# h# `b\hlghf# ^ey# \k_kh``_gby/# gh# :\jZZf# aZ\_jbe# _]h/# qlh# ©;h]
mkfhljbl# K_[_# Z]gpZª1# D# m[u\Zxs_fm# ^_ckl\bx# hlghkblky# \k_# ijhbkoh^ys__# gZ# ]hj_1# Kp_gu
kf_gyxlky# ^h# ihy\e_gby# :g]_eZ1# :\jZZf# ijb]hlh\be# BkZZdZ# d# \k_kh``_gbx/# gh# _]h# ij_ju\Z_l
:g]_e1#AZl_f#:\jZZf#ijbghkbl#\#`_jl\m#h\gZ/#Z#:g]_e#ijhbaghkbl#^ebggmx#j_qv/#hlf_qZy#\Z`ghklv
ihkemrZgby1# LZd# dZd# :\jZZf# g_# ih`Ze_e# k\h_]h# kugZ/# _]h# ihlhfdb# +i_j\u_# qblZl_eb,# [m^ml
fgh]hqbke_ggufb/# ih[_`^Zxsbfb# \# [hyo# b# [eZ]hkeh\_ggufb# \# fbj_1# M[u\Zxs__# ^_ckl\b_
mjZ\gh\_rb\Z_l#gZjZklZxs__1#:\jZZf#\_jbe/#qlh#;h]#mkfhljbl#`_jl\m/#b#;h]# mkfhlj_e1#J_r_gb_
mjZ\gh\_rb\Z_l# gZqZevgmx# ijh[e_fm1# :\jZZf# \ha\jZlbeky# d# k\hbf# kem]Zf# b# hklZeky# `blv# \
<bjkZ\bb1



Iylv#rZ]h\
Wibah^u# \# iylv# rZ]h\# h[t_^bgyxl# \# k_[_# \k_# q_jlu/# dhlhju_# fu# m`_# bamqbeb1# DZd# b# \

^\morZ]h\uo# ^jZfZo/# gZqZevgZy# ijh[e_fZ# mjZ\gb\Z_lky# a^_kv# hdhgqZl_evguf# j_r_gb_f1#DZd# b# \
q_luj_orZ]h\uo# wibah^Zo/# \lhjhc# rZ]# hljZ`Z_l# gZjZklZxs__# ^_ckl\b_# b# khhl\_lkl\m_l
m[u\Zxs_fm#^_ckl\bx1#B#\#p_glj_#\k_]h#wlh]h#klhbl#lj_lbc#rZ]/#kem`Zsbc#ih\hjhlguf#fhf_glhf
wibah^Z1
<# wlhc# kljmdlmj_# ^jZfZlbq_kdbc# oh^# jZa\b\Z_lky# ih# ijbgpbim# ibjZfb^u1# >jZfZlbq_kdZy

ijh[e_fZ# k^\b]Z_l# jZkkdZa# k# f_jl\hc# lhqdb># gZjZklZxs__# ^_ckl\b_# ijhba\h^bl# gZijy`_gb_>
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