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dZpbb KezZ”_q_dZ >FZdjmrbg @ KZijh[ghklv



ijh[ KlZlbklbg_kdb_ jZkqg_Ilu ijh\_~_gu k bKkit
ijhljzffghlh izd_1Z 6WDWJUDSKLFV3OXV Y
jZkoh~Z \h”u b jZkklhygby hl gZk_e_ggh]h imgdl
nZdlhjh\ [ueb ijheh]Zjbnfbjh\Zgu |Ijb mdZaZgbb k
agzZdz ©“2 ijb\_"~_gh klZg”~Zjlgh_ hldehg_gb_
J_amevIzZKgyz\g_gb_ bg”~_dkh\ kZijh[ghklb jZkk
ih hjlzgbafzf fzdjhahh[_glhkZ j_d ijhl_dZxsbo il
yf k jZaghc bgl_gkb\ghklvx Zgljhih]_ggh]h \ebygt
gh gZ jbk
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kmlki\b_ gZk_e_ggh]h imgdlZ beb jZzkklhygb [he_
\Zeb hl ~h b\ kj_~g_f khklZ\beb “



Hp_gdzZ \hafh 'ghklb \ebygby ~jm]bo nzZdlhjh\ o
ijb\h~blv d ehdZevguf ih\ur_gbyf bg”_dkZ-kZijh[c
oh”Z \h~u ]_h]jZnbqg_kdhc rbjhlu b jZkklhygby hl
jZ £ ijh\_~_gZ ijb ihfhsb fgh]l]hnZdlhjgh]lh ~bki_jkk
ebaz 1Zz][e
<ebygb_ Zgljhih] _ggh]h b _klI_kI\_gguo nZdlhjh\ gZ bg
ghklb j_amevlZlu fghlhnZdlhjghlh ~bki_jkbhggh]lh ZgZ
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K m\_ebq_gb_f \h~hlhdZ jZkoh”Z \h~u \hajzkl

agZqgq_gby bg”r_dkz kzZijh[ghklb hl “ - ijb jz
g__ k ~h “ \'j_dZo k jZkoh”kf {ebygb_ f
] _h]ljznbg_kdhc rbjhlu b ijhlhgguo ha_j hdZaZehk
g_[hevrbf

H[km A _gZijh[ghklv 1jZzdIimx| dzd kl_i_gv aZ]jye
\h~Aguo h[t_dlh\ hj]Zgbq_kdbfb \_s_kI\Zfb Ba\_klg
kimie_gbb \ \h~Ahlhdb b \hAh_fu klhgguo \h” k gZ
dlh\ bg”_dk kZijh[ghklb fh _I ~hklb]Zlv \ukhdbo a

i :ZjgZmed_ ijblhd j H[b :elZckdbc djZc bg”"_«
khklzZ\eye * \ ahg_ gZb[hevr_]h \ebygby ]
fZl_jguo @ GZ ijbf_j_ j_d [Zkk_cgh\ EZ~"h ki

kdh]h ha_j gZfb \uy\e_gu hlghkbl_evgh g_[hevrb_
ijb\h~*ysb_ d i_j_oh™”m \ “jm]hc deZkk kZifh[ghklL
dbo g_[hevrbo baf_g_gbc \_jhylgh \ Ihf qlh \h~*
j_d gZkus_gu dbkehjh”~hf b mf_j_gguc mjhY_gv hj]
livag_gby g_ ijb\h”~bl d kms_kI\_gghfm kgb _gbx

pbb Djhf_ Ih]h \ [ukljuo ihjh bkluo j_dZo qZzZklh
mkeh\by ey hkzZ~dhgZdhie_gby Ijbf_qZl -evgh ¢
AN _dkZ kZijh[ghklb dZd gZ ©nhgh\uo? mqgZkldZo |-
kiI\by gZk_e_gguo imgdlh\ khhI\_IklI\mx| ]jZ*Zpbb
ljyag_gb_2 \ kbkl_f_ hp_gdb dzZq_kI\Z \h® >Hj]Zg
HAgzdh ijb kbevghf aZ]jyag_gbb bg”_dk kZijh[ghk
1ZIv b hlghkbl_evgh \ukhdbo agZgq_gbc LZd \ j

Hg_"kdh]lh ha_jz \ gb'g_f I_q_gbb ijhl_dZxs_c i

] I_ljhaz\h*"kdzZ gzZfb jZzg__ [ueh \uy\e_gh \hajZz
kZijh[ghklb hl \ur_ ]hjh~Z ~h \ mklv_\hc ah
Dmozj_\ @

Ba\_klgh qglh \ mkeh\byo wdhkbkl_ifilKgh jZ bg
klb \h fghlhf k\yazZzg k ljhnghklvx dtubjpZx¥gIvh\_1| \
kbem _klI_kI\_gguo ijbgbg LZd jZglZghlf Ohdgeb
N_dkZ kZijh[ghklb k m\_ebq_gb_f \h”*hli@dZBaQ _jl|
\_klgh qglh bklhdb ba ijhlhgguo ha_j2 mMkeeh¥yo
xlky ih\ur_gghc Ijhnghklvx qlh \ebyijh[@hdp”_dk
>Q _jlhijm~ ;Zjur_\ DmoZj_\ |_f@ZrkZKZ_ k



eba g_ ihdZazZe kms_klI\_ggh]lh \ebyyghafwighh nz
ba aZz _]h ehdZevgh]lh ozjzdl_jz
<ebygb_]_hl]jZnbqgq_kdhc rbjhlu \ jZfdZo 2#Zgghc
ehkv g_[hevrbf \_jhylgh ihlhfm qlh j_]Jbhg bkke
gbg_g \ rbjhlghf gZijz\e_gbb <f_klI_ k I_f \ \h”~hl
?\jhi_ckdhc Jhkkbb ©nhgh\u_2 agZq_gby kZijh[gh
gh \ur_ kj_"g__ agZq_gb_ khklz\ey_|I ijb jZa
hi ~h >Q_jlhijm~ @
AZdexq_gbNhgh\u_2 agZq_gby bg”_dkzZ kZijh]
IZgle_ ;mddm \ fh*bnbdZpbb KeZ”_q_dZ ik hj]Zgl
[_glhkZ j_d gZoh”ylky \  f_ahkZijh[ghc ahg_ kj_
“ <Zjvbjh\Zgb_ bg”_dkzZ kZijh[ghklb \ kb
guo ijbgbg \_ebdh b qZklh i_j_dju\Z_I| baf_g_gby
ih ijbgbg_ Zgljhih]_ggh]lh azZ]ljyag_gby qlh fh™_1 vy
gbdhf hrb[hgguo \u\h”h\ ijb hp_gd_ kZgblZjgh wc
khklhygby \h~hlhdh\ GZb[hevr__ \ebygb_ ba _kI_
jh\ ' hdZau\zZ_I| jzaf_j \h~hlhdZz
Hij_~_e_gb_ bgl_gkb\ghklb Zgljhih]_gghdh azZ]jy
AN dkm kZijh[ghklb jZkkgblZgghfm ih hj]j]ZgbafzZf
kz g_h[oh”bfh ijh\h”*blv gZ hkgh\_ ~hklZlhggh [h
k bkihevah\zZgb_f f_Ih~h\ klZIbklbg_kdhc h[jZ[hId
kjZ\g_gby ke_~m_I| \u[bjZlv ©nhgh\u_2 mqgZkldb \
dhlh jzZzaf_jz >ey wlhc p_eb ohjhrh ih*hc”*ml mqZz
sb_ky \ur_ bklhggbdZ aZ]jyag_gby
NbgzZgkbjh\Zgb_ hkms_kl\leyehkv ba kj_~kI\ n_~ jZe
gZ \uiheg_gb_ ]hkm~ZjklI\_ggh]lh az~Zgby «

Ebl_jZImjz
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eh]by \gmlj_ggbo \h” < K +
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=heh\Zlxd E < Abgq_gdh L > B&bdddhhjgZyDhp_g
dZ hjlzgbafh\ fZdjhahh[_glhkZ I_dmqgbo \h" ;bheh]b
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h[\Z F GZmdz K +
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B ;Z°hjz < | ;_eydh\
BgklbIml ha_jh\_~ _gby J:G

GZ hkgh\_ ZgZebazZ "Zgguo ihemqg_gguo iml_f bk
ahh[_glhkz jyrZ \h~"h_fh\ KzZgdl I_I_j[mj]Z-b ijbe_
Ilhjbc k ijbf_g_gb_f f_Ih~Z nzZdlhjgh]h ZgZebaz |
klZlbklbq_kdb_ k\yab f_""m jy~hf ihdZazZl_e_c *“h
b h[h[s_ggufb klZlbklbg_kdbfb \_dlhjzfb dhlhju
N ckl\b_ hkgh\guo ijbjh*rguo b Zgljhih] _gguo nzdl
[_glhkguo khh[s_kI\ gZ azZ]jyag_gby \h~h_-fh\ k ih
g _jZebaZpb_c beb p\_Ighklvx \h”u g_ ijhy\leyeZkyv

Iljb [bhbg~bdZpbb azZ]jyag_gbc \h~h_fh\ ¥ gZklhy
klh bkihevamxlky jZaebqgu_ oZjZdl_jbklbdb ahh]



h[jZahf jZaebqggu_ [bhlbg_kdb_ bg”_dku >;Zemrd
gh\ Ydh\le_\ Rblbdh\ b 7] ;_afzl_j
Ilhgylgh qlh ijbf_g_gb_ ihdZazZl_e_c hkghdAZgguo
guo bg”bdZlhjguo ]Jjmii ahh[_glhkZ b bo khklZ\_
gh Izf ]~_ wlb ]Jjmiiu g_ ij_"klZ\e_gu LZdh\u \ g
]Jho_Igu_ b objhghfb”gu_ bg”_dku =m~gZctZ b ;Z¢
f ju h]jZzgbg_gby ih”"h[guo ihdZazZl_e_c m _ |jZk
gZfb jZzg__ >;_eydh\ b 7] @ Hqg_\b”*gh- glh ijl
ghklb \h~Ah_fh\ \h fgh]hf hij_*_eyx|l nhjfm hldebd:
gZ Zgljhih]_ggu_ \ha”_ckl\by Qlh[u bg”bdZpby
khklhygby \h~h_fh\ gZ hkgh\_ ahh[_glhkguo hp_g
ghc gm 'gh \uy\blv ijb dZdbo agZq_gbyo ijbjh~gu
fh'gh ijbf_g_gb_ |1_o beb bguo ihdZazl_e_c ~hggt
Hkgh\ghc p_evx jZ[hlu [ueh \uy\le_gb_ gZ{fhjZ ihc
[_glhkZ dhlhju_ bg”mpbjmx| azZ]jyag_gb_ w\ljhr
jZaghf mjh\g_ “\mo ijbjh*guo nZdlhjh\ = kl_i_gb f
b p\_lghklb \h”u

>ey \uy\e_gby wlbo aZ\bkbfhkl_c [ueZ knhjfbjh
ANZgguo ih ]b~rjhobfbg_kdbf b ]brjh[bheh]bqg_kdb
ey hi[hjh\ b ijh\_~_g klZIbklbg_kdbc ZgZeba
guo dhfihg_gl >:nbnb WcaZggu_ [ueb ihemqg_gu i
ihe_\uo bkke_"h\Zgbyo gZ jy~_ \h*h_fh\ KZgdl 1_]I
]bhgz

Kbkl_fZ ha Gb'g_]h Kmagrzkethbeh\dzZz + ha
Kma~rZevkdh_ + j DZf_gdZ + \“oj Rm\Zeh\kdbc c
dZz ijhe_]1Z_I| ih k_evkdhohayckl\_gghc ijhfure_¢
kdhc |I_jjblhjbb <h”u kbkl_fu deZkkbnbpbjmxlky
gZljb_\u_ kh keZ[hc fbg_jZebaZpb_c

GZ |_jjblhkibkkl_fu j Holu HolZ + Holbgkdh_ \*o
j Holz iehsz”v [ZKkk_cgjhly _dffghklv df - gZoh”"y
ky ijhfure_ggu_ ij_"ijbylby aZ]jyagyxsb_ k[jhkZz
\h*u <h”u j_db deZkkbnbpbjmxlky dZd oehjb”gh ¢
dhc fbg_jzZebaZpb_c hgb h[h]Zs_gu hjl]Zgbg_kdbf
hljz"zZ_1ky gZ agZq_gbb p\_Ighklb b OID Ba jZkk
Aguo kbkl_f bkiulu\Z_1 gZb[hevr__ Zgljhih]_ggh_



>ey kjZ\g_gby bkihevah\Zgu ~Zggu_ “\mo ha_j
"_gguo Zgljhih]l]_gghfm \haFbqgki)lbgkdh]h b ;_j_KkIh
\h]l]hjzZzkiheh _gguo gZ DZj_evkdhf i_j_r_cd_ Bo \
jbamxlky gbadhc p\_Ilghklvx b keZ[hc fbg_jZebaZy

<h”gzZy kbkl_fzZz j >mhajlbmd jlhnkdh_ + ha >he
;_aufyggh_ = j >m”_jlhndZ iehszZ”v [jdkk -cgZ
ghklv df jZkiheh _gZ \ x'ghc qZkig]KZegdhhru_I_
kbkl_fu hij_~_eyxlky dZd ]Jb*jhdZj[hégZllm\urfzZdggb _\u
ghc fbg_jZebazZpb_c < ha_jzZ ihiz*"z\dhfkihggZevg
gu_ \h*u k I _jjblhjbb fZehwlZ ghc dbkMbhbdk Z\Ihfl
e_aghc *“hjh]b j_dZ azZ]jyagy_IlkklddZdllgemlg [Xh]
au kzZ~h\h”kI\ b ijhfure_gguo ijhba\h”kI\

Ha ;_ehehsz”v a_jdZez fzZdkdffZevgZy Jem[bgZ
jZkiheh _gh \ iZjd_ ] =Zlgbgu <hbdanmalkjZ-ibXyzdl
r_gghc fbg_jZebaZpb_c k ij_h[eZ*"Zg®hJ fbb&Bh\ &2
[Z[e ?Abgkl\_gguc \b” ZgljhihYbggthjh djhap lrkl

ljh[u ahh[_glhkZ hl[bjZebkv \_kghc e_Ihf b h

]1 9Z nbdkbjh\Zgguo klZgpbyo hkgh\guwo [bhlh
l[jZevghc b eblhjZevghc ahg_ b gZ ihemjZaj_aZzZo \
ah\Zebkv klzZzg~Zjlgu_ f_Ih~u k[hjZ b h[jZ[hIdb ah
"mdpbhggu_ ihdZaZl_eb hij_~ _eyebkv nbabheh]t
>KZeZadbg b *j @ >ey fzZl_fzZlbg_kdhe h[jZ[h
Ky iZzd_| 67$7,67,&$%$

H[sbc kibkhd \b”h\ b nhjf ahh[_glhkZ bkke_"I
“h_fh\ khklZ\be hdheh gZbf_gh\Zgbc GZb[h
ij_~klZ\eyxl gZk_dhfu_ LB & Héjig g bikydk Kot big I&d
URQRPLGDH &HUDWRSRJRQLGDH &KDRERUL
6WUDWLRP\LGDH 7DEDQLGDH 7LSXOLLGDH L
"h\ 2GRQDWD (SKHPHURSWHUD 3OHFRSWHL
&ROHRSWHUD /HSLGRSWHUD b +HWHURSWHU
sb_ ]jmiiu [_kihal\hghqguo 1HPDWRGD 2OLJRF
%LYDOYLD *DVWURSRGD ,VRSRGD $PSKLSRC(
g__ [hevrbgkl\h nhjf g_ y\eyxlky fZkkh\ufb- qlh g_
ghklb bkihevah\Zlv bg*bdZlhjgu_ \b”u “ey hp_gdb
\h~h_fh\
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kbkl_fZ j Holu [Z[e >im]b_ bg”bdzZlhjgu_ |
ihdzazl_eb \Zjvbjh\Zeb \ rbjhdbo ij_~_eZo-\ aZ\bl
ie_dkZ ijbjhrguo b Zgljhih] _gguo nzZdlhjh\ WIlb |
gZklbggh \uy\blv ijb bkihevah\Zgbb ijhp_~mju nz
ebaz f_Ih~hf JeZ\guo dhfihg_gl
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Ha ;-|jHa Fbjgm . — - Kbkl fz
kIh\h_J_jbgkqu]a {eih >melha G- King, ol
- - Jhndb ~Zevkdhih
vagI;e?gghklvi + + + + +
‘bhfzkkz |] f+ + " + n +
Bg" R_gghgZz
[bl wda * * § * * *
Bg” R_ggh
gz ljhn ]j + + 3 + + +
[bl']
Bg” =m~gZclz + + + + 4
\Bbgk'\k z< mhh 5 g + + + + +
Bg” Zemr + + - + + +
dbghc * * i * * *
) + + + + - +
nbevljZlhjh\ — B - - B -
A Jjblhnz]h\ * * * * + *
obsgbdh|\ i+ + + + + +

Cg t t t + + +
3 kml + + + + + +

dZe kml * * * * * *
5 kml + + + + + +

dze kml * * * * * *
3 % kml + + + + + +
35 kml F + + + + +
5 % kml s + + + + +

>ey ij_"~klz\e _gby \azbfh” _ckl\by jZakbd'quo nZ
gZklh g_ \ebyxsbo ijyfh gZ khh[s_ku\ ighh[* gdhkZ
nZdlhjguc ZgZeba "Zgguo ih wibf ibdzadl jékihbd |y
ahh[_glhkz I1zZ[e & >ey \h~"h_1ig\ & b dre balZj
pb_c \h~u \ ijhkljzZzgkI\_ i_j\h]h b \lhbjh Kl ZHpld_gg
g_kdbo nzdlhjh\ ihdZazZgZ bo k\yat_kjaiB_¢ligufb i.
lheh bl_evgu_ ]jZz~Zpbb i_j\h]h nzZdlhji Keeedolljbji



k\yaZggu_ k ihgb _gguf kh”_j Zgb_f [bh] ofgluo we
rbfb dbkehjhrgufb mkeh\byfb b khhtboflkb2ggh [l
\uf jZaghh[jZab_f ahh[_glhkZ ij_h[@zZ}&glchfb*_Ijk
jZl_e_c \ukhdbfb agZq_gbyfb bg”_dkZ madlin\bkk 2
kh\iz~Z | ih gZijZ\e_gghklb k ih\ur_ghbbf\hiBbg_bhzZeb
kgb  _gb_f p\_lghklb Z 1zd _ oZzZjzdhkjllbamh# nkdz ™ k
Ib\ghklb ahh[_glhkZ 1Ijb ZgZeba_ "Zgouc Ha_j k
g_jZebaZpb_c g_ m”Zehkv \uy\blv ghtddmXla&\ltkb
ahh[_glhkzZ k hlif_q_ggufb izjzf_ljzedfhkjgh uvk\dgplh \
AN I_evkl\m_Il h kgb _gbb \ebygby a¥{jhagj &by\gZ
ebqg_gb_f dhgp_gljZpbb bhgh\ Jb*jhdZj[hgZlZ \ \h"
Factor Loadings, Factor 1 vs, Factor 2

Rotation: Varimax raw
Exraction: Principal components
T T T T

10 Hs
GTP s
.TREN TCOLD ET

*
o*

e _ : PH Na+K

- -
02 HCO3

-0 08 -0 -04 02 0P 02 04 06 08 10 12
Factor 1

NZdlhjgu_ gZ]jmadb jZaebqguo i_j f gguo \ ijh
kljzgkl\_ " \mo ]JezZ\guo dhfihg_gl

ihdZazl_eb ahhfVgthlgg" dthk\bBihd ki g diin Bayeyg AU +
A_dk ljhnbg_kdhlh jZaghh[jZaby R_gdmdypg _ikdibhfZzkk_ |
1imii 7 FE(A7 &@@m&m«wmmm]yjﬂmmmwwwgm bh |
QU O0& Z/2(7(E +™ Nk} hint] |y hk i kB HE Hde i o@dby i

kljmdpby obfbqg_kdb ..»ra-..ﬁ,,,va:,-»-- 37053 309 63
jh~hf &2/ + p\_ Ighklv dhgp_ gIJZpby ¢Zhthguo bhgh
+&2 12 1+ 3426 = h[s_]h nhknhjz 2,/ = g_nl_ijh*mdlh\



DzZzd m~Zehkv ihdzazZlv ijb ZgZeba k jyN¥amgZq_
g_gguf gZfb \h~Ah_fzZf KZgdl I_I_j[mjlkdddh Qalbhc
gZb[he__ \Z'guo nzdlhjh\ hij_"_eyxslhoglybjaZjobx
k\ya_c ahhp_ghah\ b dhebq_kI\_ggh_y\V&w\bkp_ [
mjh\_gv Iljhnbb \h*h_fZ WIlh gZoh”mmidihm¥Zgughbb \
nmgdpbhgZevguo oZjZdl_jbklbdZo kHBEfs_kj\Zz dh
Zlbjmxl b gZ jZaebqgu_ aZl]jyag_gbygygwokeagqaZ _
g_gbc p\_Ighklb b \ hkh[_gghklb fbgg [ZreBZaZIpbb
ky ijhke_"blv \ebygb_ ~Z"_ JezZ\gh]hfmZldiEjgjZ qlh
[hIdb gh\uo ih”oh”h\ ijb [bhbg”~bdZpbbkWwktheh]bq
gby wlibo \h”~h_fh\

Ebl_jZImjz
‘nbnb : WcaKgzkKbklbg_kdbc ZgZeba Ih”oh” k ijbf
W<F F Fbj k
;ZdZgh\ : Bkihevah\Zgb_ ahh[_glhkZ ~ey fhgblhjbg]z
guo \h~h_fh\ ;bhe \gmlj \h~ < & +

;ZemrdbgZ ?jbk g_gb_ bgl_ljZevgh]h ihdzZaZzZl_ey "e
qu kIVZ \h~ ih kljmdImjguf OZjZd| jbklbdzf “hgguo k

Ahhe bg 1Z J:G L K
;_afZl_jguo >Ath[_glhk dzd bg"bdZIhj wdheh]lbq_kdh
\h~guo wdhkbkl_f AZiz”"ghc Kb[bjb =hk im[ebg gZn

hir gby Jhk ZdZ” gzZmd Bg | \hK_jb Wdlhe hifhfe <
Gh\hkb[bjkd K =

;_eydh\ < | ;Z hjz : B KhFhgdhhjBgl<wdheh]bq_
kdhlh khklhygby \h~h_fh\ KzZgdl I_I_j[mjlZ ih ihdZaZzl._
Ba\_klby Kzfzjkdhlh gZmqghlh p_gljzZ J3:G L
B]gZlv_\Z Gb&jhobfbq_kdZy oZjzdl_jbklbdZ Ij_o ha_
kbkl_f KzZgdl I_I_j[mjlZ b E_gbgljZz~kdhc h[eZklb W d
j_d [bhjzaghh[jZzab_ wdheh]by hojZzgzZz FZI_jbZeu e

rdheu dhgn YjhkeZ\ev K *
KZeZadbg : : ebfh\ : N F<blgtbp_%db_ j -dhf_g~Z

pbb ih k[hjm b h[jZ[hld_ fZl_jbZeh\ ijb 1b”"jh[bheh]bq_l
gbyo gZ ij_kgh\h~guo \h*h_fZo Ahh[_glhk b _-]h ijh"m
HJO ABG J:G KKKJ k

Rblbdh\ < D Jha_g[_j] = K DAkdg_&dh g2y b jh
wdheh]lby f_Ilh”u djb| jbb j_r_gby K ®ZdgzZDg

k



Ydh\e \ <Ljhnbq_kdZy kljmdimjZ ahh[_glhkElkyZd ihd:
gby \h~"guo wdhkbkl_f b dzZq_KkI\Z \fkiu  <hfgu_ §_km
K +

$33/<,1* 0$&52=22%(17+26 &+$5%$&7(5,67,&6
Y25 ,1',&%$7,21 2) $17+5232*(1,& ,03%&7 21 ',))(5(17
6$,17 3(7(56%85* :$7(5 %2',(6
%D]KRUD 9 3 %HO\DNRY
,QVWLWXWH RI /LPQRORJ\ 5%$6

6WDWLVWLFDO UHODWLRQVKLSY EHWZHHEY® BRGUD
JHQHUDOL]HG VWDWLVWLFDO YHFWRQV DAWHKEWR BE
JHQLF IDFWRUV ZHUH IRXQG 7KH\ ZHUH EDVHG RQ
VWXG\ RI PDFUR]JRREHQWKRY RI ODNHV DQG ULYHU
LQJ DUHDV ZLWK WKH XVH RI IDFWRU DQDO\VLV E
EHQWKLF FRPPXQLWLHVY UHVSRQVH WR WKH ZDWF
LIDWLRQ RU KLJK ZDWHU FKURPDWLFLW\ ZDV QRW

F:-DIJHAHH;?GLHK A:EB<H<
<:E::FKDH=H :JOBI?E:=:

X : Am_\ G < Am_\Z : ? EZi_gdh\
Jhkkbckdbc JThkm~ZjkI\_gguc ]b jhf_¢bhjhkbilblg_kd

lj_"eh _gZ kljzl_]by bkke_~h\Zgby \b”h\h]h khk|
fZzdjhahh[_glhkzZ dzf_gbklhc eblhjZzeb EZ~h kdh]h
guf f_Ih~hf Ijb ijh\_~_gbb bkke_"h\Zgbc ~hggu_
hozjzdl_jbah\Zgu dzZd bf_xsb_ \ukhdh_ \b2h\h_ [}
eb_fzdjhahh[_glhkzZz Dhjfh\Zy [ZaZ ju[ [_glhnZ]h'
gZklb EZ*"h kdh]h ha_jZ hp_g_gZ dzZd \ukhdzZy Ij
gZ \hafh ghklv bkihevah\Zgby ~Zgghlh f_Ih"Z gZ
"h kdh]h ha_jz b *jm]bo \h~h_fh\

Ijb[j_"gu_ f_edh\h”vy + wlh gZb[he [eZklvmdIb'
ex[h]h \h~h_fzZ < ijb[j_"v_ ijhbkoh”~yhhkglibgu_ d
liZpbb [hevrbgklI\Z \bAh\ ju[ BolbhpZghm+tka\ jgl



jZ d dhlhjhc hlghkblky jZchg <ZezzZfkghYklZYobi_
e_g ijhfukeh\ufb \ Ihf gbke_ hkh[h pjgQudE& \b".
jbmkhf ezZz”~h kdbf ehkhk_f iZeb_c vkdmmfZdbf b g
NZfb kb]lh\ AgZqgbl_evgmx gZklv jZphikig¥Xewlbo \
j_ebdlh\Zy nZmgZ ijb"hgguo jZdhh[jZagwedbhLboh:
\Z @

Dhebqg_kIl\_ggu_ oZjZdl_jbklbdb dhjfh\hc [Zau ju
khklz\ b ozZjzdl_jbklbdb “hgguo khh[s_kI\ *ey w
ijZdlbg_kdb g_ba\_klgu > _|Zevgu_ bkke_"~h\Zgb:
eblhjZzeb \ gZklhys__ \j_fy h]jZgbg_gu ]Jem[bghc
\Z DmjZrh\ @ IljbgbgZ keZ[hc [bheh]bqg_kdh
fZzdjhahh[_glhkz f_edh\h”"bc EZ"h kdh]h ha_jZ = ¢
ghklv klZzg~Zjlguo Jb”jh[bheh]bg_kdbo f_Ih”h\ dh
mqgq_IlZ fZzdjhahh[_glhkZ gZ I\_j*uo ]jmglZo-b beb '
ghlh j_ev_nZz

G_h[oh”*bfhklv bkke_~h\Zgbc f_edh\h”bc EZ”h
h[mkeh\e_gZ b |I_f qlh “hggZy nZmgzZz a”_kv Zd
\ke_~klI\b_ Zgljhih]_ggh]h \ha~_ckl\by Z Ahafh'g
g_kdbo baf_g_gbc >hihegbl_evgZy ljZgknhjfZpby
djhahh[_glhkZ \ua\ZgZ ijhgbdgh\_gb_f k k-j_"bgu
]Jbo gm _jhrguo \bAh\ >DmjZrh\ b ~] @

Bkke_"h\Zgby ijh\h*bebkv \ aZeb\Zo DjZzkghf D
|__FZeZy Gbdhgh\kdZy gZ h <Zezzf \ EZ"h kdhf h
\h\ h[mkeh\e_g |I_f qlh hgb oZjZdl_jgu “ey-k_\_jg
kdhl]h ha_jZz k __ keh guf j_ev_nhf b [hevrhc iehs
]limglh\ >;Z[bg b 7] @ Khqg_lzZgb_ jZaebqgguo
gZebgb_ fy]lJdbo “hgguo hleh _gbc iha\hey_| khih
\hc khklzZ\ b h[beb_ [_glhkZ gZ jZaebgguo km[klj
gb_ aZeb\h\ ihdZaZgh gZ jbk

>ey ihklZ\e_gguo azZ”~Zq [ueZ jZajZ[hlZgZ kht
kljZzl_]by bkke_"h\Zgbc H[s__ hibkZgb_ 2hgguo
ihegyehkv ijb ihfhsb fh*bnbpbjh\Zggh]h -\h*heZ:
NZ ljZzgk_dl >=hebdh\zZ KdZjeZlh Am_\ @
dzZjlZ ko_fZ ]Jjmglh\ b j_ev_nZ aZeb\h\ jbk G 2
ko_fu ijh\h~*beky \u[hj jZchgh\ ~ey hl[hjZ ijh[ [_gl



>ey hl[hjz ijh[ "hgguo hleh _gbc b ahh[_glh
dbo ]JjmglZo bkihevah\Zebkv ~ghq_jiZaZeohZIK ietl
f I_ji_g*bdmeyjgh [_j_]m b bah[ZIZKl ey |h
[bjZlv ijh[u k hij_~_e_ggh]h IbiZ Jjm@2Z Jhnjgkk_n
gZk_eyxsbfb _]h hjl]Zzgbafzfb kh[bjZek¥ekwgBEEdb |
dhgkljmdpbb \h*heZaZfb \jmggmx HhgFdhb&[hj f
fh\ k I\_jruo iehszZz”~hd kdZevgh]h b ldzt ghRth]h
g_ "ebl_evgZy b g_lhqgZy ijhp_"mj2_@hhtl\1p]h
Auo ]Jjmglh\ gZklh \b” u ohjhrh iezZ\ZxJstbth ihdhdhjuf
gmlv mqg_lgmx iehsZ~dm ijb ijb[eb  _gbbhixkke "h
fm ~ey hl[hjZ ahh[_glhkZ gZ I\_j*rua@jl4ihd ZOZ [u e
dhgkljmdpby ihal\heyxsZy aZkzZku\Zlahihjfl]Zzgbafu
kZz k gZklbpzfb ]jmglZ >Am_\ Am_\Z @

o i

G ™ N TR
Ry N

e 4
S

Jbk JZchgu bkke ~h\Zgbc gZ <ZeZZfkdhfeZjobi_ eZ
ijyfhm]hevgbdZfb
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>ey bkke_"h\Zgby azZiZkh\ jZdhh[jZaguo-gZ [he
b mqgzkldZo Jem][ _ f km[eblhjZev bkihevah\z
f_lIh”™ <u[bjZeky ijyfhc mqgzZklhd ~gZ “ebghc f
kfzljb\Zeky gZ gZebqgb_ gZjmr_gbc j_ev_nZ b bal
jZ 1jmglz >Ze__ ih fZjrimIm ijhlZkdb\ZeZkv "jZ]Z
dz ~jz1Z g_f_"e_ggh ih*gbfZeZkv gZ ih\_joghklv
dmldZz baufZehkv LZdbf h[jZahf bkke_"h\Zebkv
sb_ \bMu gZk_eyxsb_ jh\gu_ mqzkldb ijb[j_"guo
AgZy jZkklhygb_ ijhc”_ggh_ ~jZ]lhc b rbjbgm ihe
kgblu\Zeb iehlghklv ihk_e_gby b [bhfZkkm djmig
jZdhh[jZaguo

<k_]h \ bkke_"h\Zgguo aZeb\Zo ijb[j_"wy <ZeZ
i_eZ]Z hif_q_gh lZdkhgh\ GZb[hevr__ dhebqg_

+ hif_q_gh kj_~b ebgbghd dhfZjh\ objhghfb”

Qbke_gghklv ahh[_glhkZ \Zjvbjh\ZeZ \ aZeb\_ |
wda f kj_"g_f khklz\eyy >hWwdgbjh\Zeb ih gbke_
ghklb ebgbgdb dhfZjh\ objhghfb® khklZ\ey\rb_
e_gghklb Km[~*hfbgzZglzZfb ih gbke_gghklb [ueb
khklzZ\ey\rb_ \ aZeb\_ hdheh \k_]h fZzdjhahh[_

;bhfZkkZ ahh[_glhkZ \Zjvbjh\ZeZ \ agZelblymihl
guo dzZfgyo “h gZlifkd_ \ hldjulhc qZklb [molu |
[bhfzkkz = >Slhfbgbjh\Zeb ih [bhfZkk_ jZdhh[jZ

\k_]h ahh[_glhkZ ebgbgdb dhfZjh\ objhghfb
< p_gljZevghc gqZklb aZeb\Z ih [bhfZkk_ ij_F

h[jZzagu_ GZ ijb[j_"guo klZgpbyo agzZgbl_evguc \
km \ghkbeb ebgbgdb objhghfb”® b fheexkdb

GZ hkgh\Zgbb ~Zgguo h[ h[bebb [_glhkZ ijhba)
jh\dzZ klzZgpbc bg”_dkhf koh”kl\Z Q_dZgh\kdh]h K
khdhf mjh\g_ koh”kI\Z [ueb \u”_e_gu khh[s_klI\Z
gZ jZaebgqguo km[kljZlZo

>ey khh[s_kI\Z kdZe Ibibggu "“hfbgbjhikZgb_ e
fZjh\ objhghfb” b [bhfZkkZ ahh[_glhkZ \ ®bZiZa

] f >ey khh[s_klI\Z kdZe oZjZdI|_jgZ [BE&kZ \ukl
\'aZeb\_ Dj_klIh\hf dhlhjzZzy \Zjvbjhmhfl d\_kv ™h
fbgbjmx!l "\mklI\hjgZlu_ b [jxohgh]b_ féeex\udb G



khdbf h[beb_f hlebqzxlky khh[s_kI\Z biy kkdhdem ih
;bhfzkkz a”_kv baf_gy_Ilky \ ij_~_edd hd ih "h
\dezZz”m k [hevrbf hlju\hf hl “jm]bo ]jmjzdthfbgb]j
h[jZagu_ jbk

Jomimnpytomue  BHoMacca kopMoEOTO

IPYIIEL 3000eHTOCA 200 Hxrnodayna
& "m""‘-}; 0.1-2.6 g;’m2 ‘”ﬁ?"'i(
;|

0.2-4.4 g/m*

24-635 gim’

VpoBerb KOPMOEOii 0askl prib-0eHTO(DArOB

I = =
HHmHE  cpenmmit  BEICOKMI upesBEIYAiiHO
BRICOKHI{

Jbk Ko _fzZ jzkij_~_e_gby ahh[_glhkzZgbfkdgbhhggh]h
ghaz gz ijb[j_"guo f_edh\h”vyo k_\_jgkdhgahkha §Z~h"

<uiheg_ggZy hp_gdZ dhjfh\hc [Zau gZ [hevrbo ]
Ihf ohjhrh iezZ\Zxsbo \b”h\ ihalhey | hlg_kib wlhl
lhjbb ©\ur_ g_f kj_"~g_dhjfguc? ih ijbgylhc-\ ju[ho
ghc hljzkeb dezZkkbnbdZpbb >Ib”]Zcdh b *j C
rhlh dhebqgq_kI\Z djmiguo jZdhh[jZaguo gZ ]Jem|[bg
hitykgy | ihg_fm gZ wlbo Jem[bgZo ijhbkoh”bl gZ
p_gguo ijhfukeh\uo \b”h\ ju[ EZ*h kdh]h ha_jzZ ki
ohfbjh\z Lbohfbjh\Z ;hehlh\Zz @

Ebl_jZImjz

;Z[bg : < <hydbgzZ D X Ahb\Z @Zx abhg'4-EZ"h"
kdhlh ha_jZz <ebygb_baf_g_gbc debfZlZ b hiZkguo i



gZ ijbjh~hihevah\zZgb_ ?\jhi_ckdh]h K_\_jZz lThr j_~ (
E G DZjebgz KI[ J==FM K +

yZj[Zrh\Z F Dmjzr\Z@8hnZmgZ eblhjZevghc ahg
"h kdh]h ha_jZz EblhjZevgZy ahgZKBEZ"hGKdhd& ha_jZ
K +

=hebdh\ : G KdzZjehjiHbheh]lbq_kdb_ bkke_"h\Zgl
eb\_ Ihkv_I k ijbf_g_gb_f \h~heZaghc |_ogbdb Bkke
fhj_c KKKJ L < K =

Am_\ X <ebygb_ _kl_kI\_gguo b Zgljhih]_gguo nzZdl}l
ij_~_e_gb_ f_]Z[_glhkzZ \_jog_c km[eblhjZeb Dhevkdh]
jbZeu 9, f_""mgZj gZmg dhgn ©Wdheh]lbq_kdb_ b ]k
kdb_ ijh[e_fu [hevrbo ]hjh”h\ b ijhfure_gguo ahg?& =+ |

KI[ J==FM K +

Am_\ X Am_MAiuG bkke_~h\Zgby fZdjhahhf_glhkZz
klhc eblhjZzeb EZ"h kdh]lh ha_jZz Mg_g azZi Jdhk ]hk
g_kdh]h mg 1Z < K +

Dmjzrh\ ? : $db”u \k_e_gpu \ eblhjZevghc ahg_ EZ

a_jz EblhjZevgZy ahgZ EZ*"h kdh]h ha_jzZz KI[ GZnm
Ibr]Zcdh F E :e_dkzg”jh\ ; F BbhjidzZy [Bhbhh
ijh*mdpbhggZy ozZjzdl_jbklbdzZ \h~ h_fh\ K_\_jh-AZiz"Z
GBHJO L K +
Lbohfbjh\Z BbliZgb_ eZ”h kdbo kb]h\ Ju[hohaycklI\_

g_gb_\gmlj_ggbo \h~h_fh\ < K +
Lbohfbjh\Z E | hehlblZgIb _Lkb]Z em”~h]b EZ~h kdh]
iz Ba\_ klby :thBHJO -98L K

0$&52=22%(17+26 2) /$'2*$ %$<6
2) 9$/$%$0 $5&+,3(/$*2

< $ =X\HY 1 9 =X\HYD $ ( /DSHQNRY

5XVVLDQ 6WDWH +\GURPHWHRURORJLFDO

7KH SDSHU GHDOV ZLWK WKH UHVHDUFK VRQDWHJ
DQG DEXQGDQFH RI PDFUR]JRREHQWKRYV IRXQG LQ |
ZLWK WKH KHOS RI GLYHUV 7KH ERWWRP FRPPXQ
YDULHW\ Rl VSHFLHV DQG DEXQGDQFH RI PDFUR]R
IRUDJH EDVH LQ /DNH /DGRJD VKDOORZ ZDWHU DL
7KH SDSHU LOOXVWUDWHY WKH SRVVLE LRODLWW RO X
VKDOORZ ZDWHUV RI /DNH /DGRJD DQG RWKHU ZDV



0:J:DL?JBKLBD: FHEEXKDH< HA?J <BRLUG?PDH
=JMIIU D:EBGBG=J:>KD:Y H;E:KLV JHKKBY

> < FZgZdh\

DZebgbgl]jZz*"kdbc nbebZe Fhkdh\kdh]h
]Jhkm~Zjkl\_ggh]l]h mgb\_jkbl _IZ iml_c khh[s_

< jZ[hl_ "~"ZgZ ij_"\Zjbl_evgZy o0ZjzZdl_jbklbdZ \b:
b m” evghc gbke _gghklb fheexkdh\ ha_j <brlug_
kjZ\g_gbb k "jm]bfb ihklhyggufb \h~Ah_fZfb

<\_"_gkbrlug_pdZy ohefbklh fhj_ggZy \halur_g¢
gbfZz_1 djZcgbc x]h \hklhd DZebgbg]jZz*kdhc h[eZ
[j_o Jhkm~ZjklI\ £+ Jhkkbb Ebl\u b Ilhevrb }_h[eZ”
lu + f fZzdkbfZevgZzZy = f gZ”™ mjh\g_f fhjy

11Z7"kdZy« Ha_jh« @ AgZgbl_evgmx _
_ I ' hkh[h hojzZzgy_fuc e_k DjZkguc * gZklv bklhjbq
kdhc imsb >Ko_fZ« @ <halur_gghklv -[h]ZlZ

dlzfb JezZ\gmx qZklv ba dhlhjuo khklzZ\eyxl ha_]j
]jmllu b gZzb[he__ djmigh_ ba gbo * ha <brlug_p
N = _h]jZnbq_kdbc« @

P_ev "Zgghc jZ[hlu £ hozjzdl_jbah\Zlv \b”h\hc
_m”~_evgmx gbke_gghklv fheexkdh\ ha_j <brlug_
k[hjzf + 11

<b”h\hc khklz\ fheexkdh\ <brlug_pdh]lh ha_jzZ b
lhggh ihegh [1Z]e < + 11 [ueh gZc™ _gh

+ i _j_"g_"Z[_jguo + e_]lhgguo Z IZd _ \'b
gZluo fheexkdh\ >Fhj*moZc ;helh\kdZy b *7j
iharg X < =_jZkbfh\ > @ im[ebdm_I| h[sbc -
<brlug_pdhc ]jmiiu kibkhd fheexkdh\ \ dhlhjhf [ue
lu jZg__ g_ba\_kldgu_V&FKROW]L 2 JODEUD O\[I
8 FUDWVXV ] [ueb him[ebdh\Zgu k\_~ gby h fli
<brlug_pdh]h ha_jzZz az + 11 >S_j[bgz @
eh 1Zdb_ gh\u_ “ey wlh]h Pa AR RUORW ydiBHBE $
G ULSBUIURWYV P DH W\VLOH &bidut SKPRLWHVVLHULI
>im]b_ \h~h_fu bamqg_gu njzZ]f_glZjgh
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FZl_jbZe b f_IKNgkI\_gguc fZl_jbZe [ue kh[jZg \I
fy "\mo \_k_ggbo i_r_oh”guo Imjbkikdbdjah&h™d\ b
kdbo Z\Ih[mkguo wdkdmjkbc \ +Zgu]h[8kijlbevah
gylu_ f_Ilh*u >@Z"bg Jmdh\h*kd\brbdZp@y B’
\bAh\h]h khklzZ\Z ijh\h*beZkv gZ f\blg k{hgKihlevyzZd
ah\zZgb_f hij_~_ebl_ey >*O|HU OH LhHtgh%aty RiRyly|Z
kbkl_fzZ fheexkdh\ ?\jhiu >*O|HU 0HQHW %HLHRWRW C

@ <k_]h [ueh h[jZ[hlZgh [he__ kdhhkkh[¢Zhee
guo gZ klZgpbyo ba \h~guo h[t_dIh\ Gz klZz
emqg_gu dhebqg_kI\_ggu_ ~Zggu_ [eZihfE¢we x k¥ m

f IhAhf iehsz~Ahd jzaf_jhf 1 kf Wdhe@Zkjhbz \|
\klj_qZ_fhklb [jxohgh]bo fheexkdh\ jZkkhyjiinaZzezk
9 00QT1 ]~ _ 0 + qbkeh h[gZjmb dbQ"Z hfsIly

kmffZ gbkezZ h[gZjm _gbc fheexkdh\ihR_o \b~h\ ]Zk
J_amevlZeWZ]h"Zjy gZrbf k[hjZf \ + -]1] fu h
jm beb \br"Z fheexkdh\ ba dhlhjuo d [jxohgh]bf
d "\mkl\hjgzluf + \b”~h\ <b”h\hc khklz\ qZzZklh
klb b m™_evgZy gbke_gghklv ~Ze_ _ ijhklh gbke ¢
ha_j <brlug_pdhc ]jmiiu b *jm]bo ihklhygguo \h~t
r_gghklb ijb\h*ylky \ 1Z[e
Hkgh\m gZk_e_gby fheexkdh\ ha_j <brlug_pdhc
klb khklzZz\eyxl ke_~mxsb_ \b”u h[sb_ "“ey-\k_o il
A"h_fhRI FRUQHXV % WHQWDFXODVMDFRUWWWDJC
R DXULFXCOODL@RIUHbOMNX Jjmiim Apdhkdylrtey ha_j
ijm~h\ b azZijm” fheQktWLGD $ YRUWH[ 9 FULYV
% FRQWRUWXVLBKVvAIRQWAL QDO hYgZHh VRHLWQDOL
R DPS®WDOHBFIISIDIOXVWOXWE QRRDWLFXOXV
Qbke_gghklv fheexkdh\ hdheh mj_aZ \h”u h[uq¢
eZ wdaHDZ \Zjvbjh\ZeZ \ h[ke_~h\Zgguo h[eZk
\hc ahgu \h~*h_fh\ hl wlh]h agZq_gby ~h ihegh]h
exkdh\ GZb[he__ fZkkh\u_ \b”u ]JZkljhih® = i_j_
% WHQWD FRRIXDMWIRWXVKRDMWDM N mkIVhjgZluo ij_h
eZ"Z' _ISRO\PRWUIBK D<brlug_pdhf Jhev wlh]h \b"Z !
khh[s_kI\Zo ha_jZ gZb[he__ ihegh bamqgq_gZ = O
Aj_ckk_gZ \ *jm]bo ha_jZo hlkmlkl\m_I



Ke_"m_1| hif_Iblv glh ba h[ke_"h\Zgguo \HNZ_fh\
lu fheexkdzZfb ha_jZ <brlug_pdhc \hakur_dgéaébm <
\h~h_fZo jzZkijhkljZzg_gu fZkkh\u_ \bgh_]Z&ljhith™ F
klhygguo keZ[hijhlhgguo \h” < gbobhlklbmklYk\klcj_»
kiI\_ggu_ Ihevdh keh b\rbfky wdhkbkF ffzgvhaj4af (
f_j ihklhygghlh \h~rh_fz |_f kdm~gheepzladyhh [}Zrab _
1Zy hkh[_gghklv \halur_gghklb % ijbfikimBudkilh\jZidh\b
klhygguo keZ[hijhlhgguo \h™ \ IZgalklpufyhadogp d k
_f ]*_ihk_e_gby wlibo "b\hlguo ijaddxdkkdb g_ gZ|
LZ[ebpZ <b”rh\hc khklzZ\ b gbke_gghklv fheexkdh\ g_
<brlug_pdhc Jjmiiu \ + 11 \ kjZ\g_gbb k “jm]bfb i
gufb \h~h_fzfb
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Ijbf_qzZgbH[hagZg_gby \h~h_fh\ <r + ha <brlug_pdh_ Fj %
\h ;j £ ha ;hjh\bdh\h 1Ijhlhggh_ J[ *+ ha Ju[gh_ E_kbklh_
ihk Ylh~gh_ <j * azZijm™Z gZ jmq <jzZ'db ihk KE~h\h_ |
kz ihk Y]h~gh_ DI + azZijm~Z gZ jmg m DZI_jbgbghc Jhju
Fg + azZijm”u gZ jmq \iZz® \ ha FZjbgh\h k x]Z Qi % ijhlhd:
Qbklu_ Ijm~u L % ijhlhdZ <« m [mo LboZy hdheh ha <brlug
dz « 1zf "_ 1~_ L k fhklhf gZ rhkk_ Dj *j DjZkgZy df \u
dzZz 1k = j Ibkkz df gb _ ihk Y]h~rgh_ Qbke_gghklv fheexk
gbkeh hkh[_c \b"Z \ i_j_KkK@Z _hdZehfmj_azZ \h~u dhlhjZy baf_
mdZazZzgghf "bzZiZzahg_ :+< ]*_ : + fbgbfZevgu_ < = fZdkb
©_2a + "“bgbqgu_ gZoh~db ©i2 % ij_h[ez~Zxsbc \b" \ k[hjZo
ihizrZxlky qzklh © @ imklu_ yq_cdb + \b” g_ gZc”-g beb hl
exlgh_ dhebqg_kl\h gZoh~hd h[gZjm _gbc \b"Z \ + 11
qZ_fhklb ~“ey \h~guo ]Zkljhih® 7~ey "\mklI\hjgZluo g_-jZkkqgblt
gby + \'i_j_kq_l_gZ h~*bg kl_[_ev jh]l]haz + hozZjzdd_jbah\Zq
q_klI\h imkluo jZzdh\bg fheexkdh\

H[km A _gbh ebl_jZImjguf k\_~_gbyf \ ha <brl
dhf ba\_klgh \b~Z fy]dhl_euo \bAh\\pZkNhih:
MmkI\hjqZluo fheexkdh\ Fghc [ueh R[@Z)m  _gh
Ah_fZo \halur_gghklb  \b”Z ]Zkljhip”jguo_p_~g_



e_J]hgguo Z lzd _ \bArh\ "\mklI\Ih\gZKup fhee

amevI|Z1Zfb gZrbo k[hjh\ + 11 \heyuYa’gh _fh\
ghklb \k_]h hif_q_gh \b~h\ fheexkdh\bdk\ dhih
AMmkI\hjgZluo b [jxohgh]bo i | ZklihZ{ A jguo

hklZzevgu_ e_]lhqgu_

;ueb gZc”_gu \b?u jZg__ R D#R\SE®WIHwW [ue
gZc”_g ij_~u”msbfb Z\lhjZfb \ ha <bijlughgpdhf *
hikmlkI\by _]1h \ hij_”" $ebK\8QPRWXB_"h\Zgu \j_

f ggu_ \h~"h_$u AXYLDavigOlg¥ j_db b hkh[_ggh jI
6SK FRUMMXKemqgZcgh ijhims_g ij_*u”“msbfb Z\
Lzd _ ih~I\_j"~_gh h[blZgb_ \brZ QZ&NjJATM b
kiI\hjgZluo fheexkdh\ mihfbgZ\rboky jZg__

\b”rh\ ba ha <brlug_pdh]lh >Fhj"moZjc ;helh

=_jZkbfh\ S_j[bgZz @ g\kljugb gZzZftk
gu Kj_"b gKo AXYLOWVLPEKROVENOIKHOWGRURUEL
* WUXQREDWXROBUDOEXDFURQGLBEXS DU LPULVWD
* URVVPDHVVBRBOBYDWRNSOWBIGDWDIghkblky
d [hevrbgkl\m \b~ h\ f_edbo *"\mklI\hjgqZluo
HikmlkI\b_ gZoh”hd \k_o wlbo fheexkddhf\ ha
\ *jm]bo ha_jZo <brlug_pdhc ]Jjmiid k\lg* |_ev
iheghc bkke_"h\Zgghklb \halur_gghklbfdelZlghr_.
dhnZmgu

JZ[hlu dzZkzZxsb_ky fheexkdh\ \halur_gghklb
;helh\kdZy b 7] = jZkbfh\ @ _hkhg 2 Z
x|l j_amevlZlu ihemqg_ggu_ \ |I_ieuc & ZahglhhbB g.
ha <brlug_pdh]lh k ihfhsvx “ghq_jiZl_Jéyu_&Zrb
k[hju gZ wlhf ha_j_ g_khihklzZ\bfh fZ&u izhg4uz\g_
fb “"jm]Jbo Z\lhjh\

< ha_jZo \ha\lur_gghklb \ + 11"y ZcAbgh hl
"h\ fheexkdh\ wlh “~_ hilghkblky d ijn&3ZKhbgagijm~*
gh fheexkdb wlbo \h*h_fh\ bamqg_gt¢hklzhlegh ¢
guc j_amevlzl "ey ©[_]Jehc? ]b”jh[bhek]pg] Kdhc
\'ahg_ hdheh mj_azZ \h”u

<ul[jZgguc gZfb f_Ih” k[hjZ fheexkdh\higd\hey _
hozjzdl_jbah\zZlv 1Zkljhih® gh hg g " lgkt2¥h §yh i

(op



eh\Z djmiguo “"\mkl\hjgZluo fheexkdigQZlujc-kZ_Ilky
ghd gZ "ebgghf r_kl_ >jm]hc g_"hlk*ZlkdggZh_]h
eh\ \ ihe_\uo mkeh\byo b hlkmlklI\bf_ khafk[hjiklb
hij_~_eblv ~h \b”r"Z f_edbo "\mkl\hjgZluo fheexkdl

Ba aZ k" Zluo kjhdh\ gZoh ~_gby gZ \halur_gc
pbnbdb fZjrjmlZ ihoh”h\ gZf m~Zehkw H&BjzZdl_]j
exkdh\ Ihevdh iheh\bgu ha_j <brlug_pddnelZjmiit
lu ihemg_ggu_ gZfb ghkyl ij_"™"\Zjhl_RNvgdicthoZj
fheexkdb ha_j \halur_gghklb bkdexqhy hja@ <brl
g__ 9g_ [ueb bamg_gwe \hhkZ|l_vgh h[gZjm _gb_
fZkkh\uo \b~h\ \ ihklhygguo \h*h_fZézWwdh]lh djZ
hi” _evgmx p_gghklv

< aZdexqg_gb_ ke_"m_I| hif_Iblv qlhgWwfbu gZc
P FDULROWXRUWEFDZA@XVba\_klgu_ ih ebt_jZImj_
Ah_fhy \halur_gh kO DEUDOEBXWLSDEHEZY VK _gu
\ DjZkgmx dgb]m DZebgbg]jZz~*kdhc h[eZklb

<UujZ'Zx lem[hdmx ijbagZl_evghklv jmdhjE "®ladx Im
fmla2 F = ;Z~Zfrbgm b \k_f _]1h ge_gZfihahkh\fk’klgu
eZ\rb_ \hafh guf wim jZ[hIm dZebgbglN@ "kdBfm:d4zZ \
fhim aZ hjl]ZgbaZpbx m\e_dZl_evguokBZé&lH[nhlaguobmwdk
lug_pdhfm Z 1Zd"_ J G ;mjmdh\kdhfnmGbDZiMeeb Q
gm :leZglGBJH gblz\rbf jmdhibkv b KkmseK\rbdg jy”
guo aZf_qZgbc :\lhj ]Jem[hdh ijbagZdge ®B;=<<0J:G ||
b: : =mk_\m :leZglGBJH aZ ij_"hkbhZeeu gfHuZdZl _
hildebdgm\rbfky gZ fhb ijhkv[u ihevk O Wtee 6§ XZ D0O V'
/IDQGVFDSH 3DUN b $ .RaARG]LNGIGRELRERDWUWDH)
Rl %LRORJ\ 8QLYHUVLW\ RI :DUVDZ

Ebl_jZImjz

re_dk__\G D >_fb~rh\z : = ;i jgbdhAZbrlugh p
dh_ DZebgbgl]jZz® DZebgbg]jZz~rkdh_ dgb’lgh_ ba” \h

=_hljZnbqg_kdbcD:Zeblgbgl]jZz~kdhc h[eZklb Ih” j_~
< < DZebgbgl]jzZz® D=M k

=_jZkbfh\ X Adh[_glhk ha_j G_kl_jh\kdh]h jZchgZ

[Zz1Zf ih"\h”"guo gZ[ex"_gbc >biehfgZlygjgdhlZDLBZeb
JIbO k



@Z"bg < FBIlhA"bdZ bamqg_gby ~hgghc nZmgu \h~h_
]Jbb “hgguo [_kihalhghqgguo @bagv gj_kgko W™ G
KKKJ K +

DZebgbgljzrkdzZy WM[esZRIVh]jZnbg_kdbc j_lbhgZevgu
eZk FZkrlZ] F N=MI © PW<DN?2 FKH JN

Fhj*mozZc ;helh\kdzy W > B\Zgh\ Il BAhtH2Zpg _p |
dlhg b ahh[_glhk ha_jZ <brlug_pdh]hb \hhdued Jbyk ju[
ihal\hghqguo fhjkdbo b \gmlj_ggbo \hBhJFbD Ljm~u DL
< K *

Ha_jh <brlug_pdhaW\pLR HAHUDYV lh~ j_~-LuebdZz
\Z K < DZebgbgljz® Bl FbrmldbgZkB <

Jmdh\h~kinhf_Th~Zf ]b~rjh[bheh]bg_kdh]h ZgZebaz it
guo \h” b "hgguo hleh _gbc J_7" :[ZhMhH\I<hbaEZI

k

Ko_fZ hojzjbuh”"u DZebgbg]jZz*"kdhc h[eZklb lhn j_»
X : DZebghbgljz® Ba~Zl_evkl\h 7(1$; 0k',$

Rb[Z_\Z F Wadheh]bq_kdZy oZjzZdl_jbklbdZ fZeuo j_
liZ"kdhc h[eZklb >bk « dZg” [bhjgZ”"gZmd DZkbgbg]

S_j[bgz = JBeWHLVVHQD SRO\E®BDYKD*"hgguo khh)
kiIV\Zo ha_jZ <brlug_pdh_ Ahhp_gkagu \« jo g hd khlek
]b \ mkeh\byo Zgljhih]_gghlh \ha” jbkl\bhb &gl =b~"

K +

S_jlbgzZz = L@dkhghfbg_kdbc khklzZ\ b kZijh[-bheh]bq
gbfhklv “hgguo fzdjh[_kihal\hghqguo \hadghqgwaohijb kgl
kl_f K_\_jh AZiz~"Z Jhkkbb Wdhe h[]bkihm\fthghfghpby
dhglbg_glZevguo \h® FZoZqdZeZ GZmdZ >GP K

*O/lHU 3 OHLHWB-%VRBMVEHUPROOXVNHQ (LQ %H\
VHO I+U GLH %XQGHVUHSXEOLNL'WXWWF SOOI -
EXUJ '-1 \Y

*OlHU 3 =HWPeCHQWLHUWH $UWHQOLVWH GHU
'"HXWVFKODQGV ODODNRORJLVFKB-$EKDQGOXQJI
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<EBYGB? =HJGHC IHJH>U B KEH@GHKLB
?? IHK?JOGHKLB G: NHIJFBJH<:GB?
I?7JBNBLHGGUO B F?CH;?GLHKGUO KHH;S?KL<

> K >m~r"zZdB\Z Fmol®g < KlZgbkezZ\kdZy
E E DZimklildgZzB Kemdh\kdiHc >m~Zdh\

BgklbIml ha_jh\_~ gby J:G KzZgdl I_|_j[mj]
<heh]h”kdbc ]hkm~Zjkl\_gguc mgb\_jkbl _|I
Bgklblml ] _heh]bb DZjGP J:G

< eblhjZzevghc ahg_ EZ"h kdh]lh ha_jZ ijhA_"*_g ¢
jbf_gl ih aZzk_e_gbx i_jbnblhggufb b f_ch[-glhkgl
fZfb dzZf_gbkluo km[kljZlh\ khklhysbo ba jZaguo
ihjh~ 1Z[[jh 1jZgh”~bhjblz fjzfhjzZz b keZgpZ :9Z
\ebygb_ |Ij_o nzdlhjh\ Ibi Jhjghc ihjh”~u iehszZ”v
ih\_joghklb h[jZzapZ < oh”_ wdki_jbf_glZ thdZaZzZg
ygb_IbiZ ]hjghc ihjh~u gZ oZjzdl_jbklbdb gbke_g
i_jbnblhgz Z 1Zzd _ [bhfZkku nblhi_jbnblhgZ leh:
ghklb dzfgy [ueZ gZb[he__ agZgbfuf nzZzdlhjhf \eb
e_gghklv fbdjhahhi_jbnblhgZ ijbdj_ie_gguo ijhkl
eh\jzZlhd b f_ch[_glhkzZ IhdZazZgh \ebygb- keh'g
kilb km[kljzlZ gZ gbke_gghklv [Zdl_jbh b -nblhi_j
g_ggu_ ~“Zggu_ |lzZzd"_ mdZau\Zxl gZ \Z ' ghklv mq_
kl_fZlbg_kdbo ]jmii bkke_"m_fuo khh[s_kI\ < [he
ijb\e_dzZl_evgu “ey khh[s_KkI\ h[jZklZl_e_c [ueb ]t
[he__ mklhcgb\u_ d nbabg_kdhfm b obfbg_kdhfm

Dhleh\bgz b [_j_1Z EZ"h kdh]h ha_jzZz bf-xI keh
g_kdh_ kljh_gb_ Dhleh\bgZ ha_jZ jZkiheh _gZz \
;Zelbckdh]h sblZ b Jmkkdhc ieZlnhjfu b keh™ _gZ
fb dhj_ggufb ihjh~rzZfb qzZklh i_j_djulufb gq_I\_jlb
eh™ _gbyfb Dhj_ggu_ ihjh”u ohjhrh h[gZ  _gu \ K_
hg_ ijb[j_"ghc gqZklb EZ*h kdh]h ha_jzZ b ij_"klZ\
ajZklgufb h[jzah\Zgbyfb bo obfbqg_kdbc khklzZ\ b
k\hckI\Z \Zjvbjmxl \ rbjhdbo ij_~_eZo Hkgh\gZy ¢



jh™" keh _gZ hkz"hggufb \medzZgh]_ggufb h{jZzah\z
\h]h [ZaZevlh\h]lh b Zg”~_ablh\h]h khklZ\Z- keZgr
guf fjZfhjbah\Zgguf dZj[hgZlguf b \ukhdhim]e_jh”
Ahgguf ihjh~zZf ih”M\_jlrbfky f_lZfhjnbafm b fb]fZz
bgljmab\gufb h[jZah\Zgbyfb ]JZ[[jh “~bhjbiZfb ]]j
fb ljZgblzfb kb_gblzfb >:fZglh\ Kibjbrhgh\ (
gZy ahgzZ k_\_jgh]h jZchgZ EZ"h kdh]lh ha_-jZ k\ya
j_gguo ]hjguo ihjh~r kdzZevgu_ h[gZ _gby \ jy~_ k
lJem[hdh ih® \h m LzZd _ [hevrZy gZklv I\_-j*h]h f.
amxs_]h dzf_gbklu_ iey b ij_"klzZ\ey_I| khfhc h[el
guo ihjh~ =hjgu_ ihjh”u jZaebgzZxlky f_""m kh[hc
khklz\hf kljmdImjgufb b I_dklmjgufb hkh[-gghkly
\ZIhklv ihjbklhklv b | i kl_i_gvx jZajmr_gby b
obfbg_kdh]h b nbabg_kdh]h \u\_Iljb\Zgby >=_heh]k
ky "Zggu_ qlh [bheh]bg_kdb_ khh[s_kI\Z -eblhjZe
xsb_ky gZ ih\_joghklyo I\_jruo dZf_gbkluo km[kl]j
hl IbizZ ]Jhjguo ihjh” >Eh]Zq_\Z b "] R_\_e_\
>ey \uy\e_gby hkh[_gghkl_c nhjfbjh\Zgby khh[s_k
fhf km[kljZl_ h[uggh bkihevamxlky gZImjgu_ wdki
\_e_\Z b 7j @

P_ev jZ[hlu = \uy\blv ijbkmlklI\m_I eb ~ey i_jb
f_ch[_glhkguo hj]Zgbafh\ ba[bjZl_evghklv \ aZk_
ij_~klZ\e_gguo jZagufb ]Jhjgufb ihjh*Zfb \klj_gZx
[_Lj_1Zo EZz"h"kdh]h ha_jZz

>ey ijh\_~_gby wdki_jbf_glZ ih \ebygbx-Ibiz ]t
"u gZ aZk_e_gb_ i_jbnblhggufb b f_ch[_glhkgufk
fb [ueZ jZajZ[hlZgZ hjbl]bgZevgZy mklZgh\dZ Kkhk
bal]hlhle_gghc ba bg_jlgh]h I<O ieZzkibdZ Baaf_jh
Ilheklhc e_kdb knhjfbjh\ZgzZ k_I1dZ k yg_kdZlb jZa

yq__d\ jy*"Z < maeZo ijhqgh ijbdj_ieyebkv ij_*"
h[jZapu g_luj_o jZaebqguo ]hjguo ihjh® keZg_p
b ]JjZgh”bhjblu ba *"\mo jZaguo f_kl \ lj_o-h\lhjgkh
gb_ ijhba\h”*behkv d \_jog_c ]jZgb dZfg_c-1zZd qll
guf h[jZzahf e_"Zeb gZ ]jmgl_ ih™ k\hbf \_khf MKkl
|_jbah\ZeZkv g_cljZevghc ieZ\mqg_klvx b g_ hdZa



gbdzZdh]h \ebygby djhf_ m”_j ZgbyjbdhopZag¥ohyq.
kf_s_gby ih” \ha”_ckl\b_f ]1b”"jh*"bgzZbbgDKdhecgZ]]j
hl{jZa_p hp_gb\Zeky ih [j_f ihdZaZlihg¢lyfu Ibi5]hjgh:
iehsZ”v ih\_joghklb 6 ih\ keh ghk&v ihdhs&d'vklb
h[jZapZ baf_jyezZkv ijb_fhf h[_jlul\Zgby\k ]b- nthev]}l
\_joghklb b baf_j_gb_f iehszZ”b k ihfhdex [fbfezebf |
]Jb Keh ghklv ih\_joghklb hp_gb\ZeZkvehts Zhhighr
b h(t_fz h[jZzapZz >ey mkljZg_gby [¥ad_jbEevgh]h
j_" wdkihabpb_c h[jZapu kl_jbebah\ZdbkvZN Z\Ihc
fK AZdj_ie_gb_ h[jZaph\ gZ elkkR¥Z gh\idhkjijh\h’
kKI\_ggh i_j_"~ ih]jm _gb_f bo \ \h"mj2&K|ZAqgh\d A Zue
dzf_gbklhf iey _ h~ghlh ba hkljh\h\ h{h\jZghlhZro_
EZz~"h kdh]h ha_jzZz h HjtylkZZjb layihdhYiegh g ¢
\hc ZdlIb\ghklb Wdki_jbf_gl ijh\h*beky]mkl¥bhrh k
hdly[jy ] kjhd wdkihabpbb khklZ\bje&ZImjZg_c
\h~u \ fhf_gl gZqZezZ wdki_jbf_glZ khkl#heyrZ
hdhggzZgby # fK 1h hdhggZgbb kihd&ZpWwd K uhesdb p L
hih[jZgu ijh[u [ZdI_jbh nblh fbdjhbahhicipndlhg:
Ihkz >ey ihemq_gby ijh[ fbdjhahhi_Jt nfljizep Z d.
N_eZeky khkdh[ iehsZXMNyxo ikfib ih\lhjghklyo \ azZ\l
fhklb hl jZaf_jZ dzZfgy 9Z jZaebggoghkigZzkldZo it
[u ijhkfzZljb\Zebkv \ "b\hf \b”_ ijb m\_bbg_gbb
\ ihe_\uo mkeh\byo kjZam ihke_ hlyhigh[ &glihemc
jbh b nblhi_jbnblhgz Z 1zd _ f_ch _hiZkp A idZ "h
ba\h~beb khkdh[ fZl_jbZeZ kh \k_c Ahijogh&klly dzZ
guc h[t_f kl_jbevghc \h”u Ijh[u nbdkde¢lh\ghefbkv nt
jZa[bjzebkv ih klzg”rZjlguf f_IhA"bdzf >ImbBmj2 kl\h
rhi @ >ey klZlbklbg_kdhc h[jZ[hlgye Ry-g'dko ij
i_jkbhgguc ZgZeba b _1h g_izZjzf_ljklgD kdbdZ&gZe h
MheebkzZz JZkqg_lu \_ebkv \ ijh]jzffgRcskj_~_ 67%$7,
KhleZkgh ihemqg_gguf j_amevlzZIZf jZa\blb_ jZ
s_klI\ gZ h[jZzapZo g_ ijhbkoh”beh _“bghhfjZagh
| e _c h[s_c gbke_gghklb b [bhfZkku |Zd b ~ey h
fZIbg_kdbo ]jmii ijhy\leyehkv jZaghh[jZab _-j_Zdpt
fu_ nZdlhju k\yaZggu_ k hkh[_gghklyfb dZf_gbkl



Ijb hp_gd_ \ebygby jZaebqguo Ibih\ ]Jhjguo ihjh
ghklv ]1b”~jh[bhglh\ [ueh \uy\e_gh qlh ~ey [ZdI_jt
fZdkbfZevgh_ h[beb_ gZ[ex*Zehkv gZ ]JZ[[{h "ey
ahhi_jbnblhgzZz + gZ kezZgp_ "ey f_ch[_glhkZ = g:
fZevgu_ gbke_gghklb [ZdI_jbh b f_ch[_glhkzZ hlf
p_ nblh b fbdjhahhi_jbnblhgzZ £ gz ]JZ[[jh b fjZfh

Qbke_gghklv [Zdl_jbhi_jbnblhgZ kms_kI\_ggh
f_"~m ]jmiihc f_IZfhjnbg_kdbo ]Jhjguo ihjhr bf_xs
gh_ijhbkoh ~_gb_ fjZfhj b keZg_p b bgljmab\gu«
b ]JjZgh”bhjblu ijbg_f gZb[he__ kbevgmx AZjbZ[_
eyeb iZehgdh\b”rgu_ [ZdIl_jbb jbk . <-h[hbo |
\hc ]jmii_ ihjh” gbke_gghklv [ueZ agZqgbl_-evgh gl
jhec < kljmdImj_ khh[s_kI\Z ke_~m_1I hif_Ibdv ij_h|[
\brguo nhjf [Zdl_jbc gZ fjZfhj_ b keZgp_ Z iZehq
1Z[[ih b ]jzgh®bhjbl_

AgZgbfu_ jZaebqby gZ jZaguo ]hjguo ihjh*"Zo |
ey [bhfzZkku nblhi_jbnblhgz Z lIzd _ ~ey hI”_eh
Fzdkbfzevgh_ agZq_gb_ [bhfZkku hif_gqZehkv gZ i
eZ gZ dhlhjhf "hfbgbjh\Zeb a_e_gu_ \h*hjhkeb G
jZaph\ ]hjguo ihjh” [bhfZkkZ a_e_guo \h*“hjhke_c
dh jZza gb _ ih kjz\g_gbx k [bhfZkkhc gZ kl_de_ |
ij_h[ez”"Zeb ohly b \ f_gvr_c kl_i_gb Bkdexq_ghb.
g_p 9Z dhlhjhf *hfbgbjh\Zeb ~bZlhfh\u_ \R*hjhke
gZy [bhfZzkkZ [ueZ hlf_gq_gZ gZ ]jZgh”bhjblZo fb
1Z[[ih b keZgp_

FZdkbfZevgu_ qbke_gghklb b [bhfZkkiwgfbdjhat
[ueb hIf_q_gu gZ keZgpZo bk €ebg6gdbfaglgkrb_
e_gghklb b [bhfZkku hj]l]Zgbafh\ wlihbhgkhhZg[ikI\Z |
Z gZ fjZfhj_ hgb iheghklvx hlkmlkljh\Kleb[s< Ki\jizn d |
gZ jZaguo ]hjguo ihjh~Zo bf_ebkv jZaebdb$h gZ ke
fbgbjh\Zeb dheh\jZIdb Ih]*"Z dZd &g nimaghbdibhjbl_

AgZqgqbfh]h \ebygby ]hjguo ihjh® gZ gbke_gghkl
f_ch[_glhkZ \uy\e_gh g_ [ueh H~”gZdh g_dhlhju_
"_ijhke_"b\zZxlky jbk = FZdkbfZevgZy qgbke_
fZzkkz f_ch[_glhkzZ hif_q_gu gz fjzZfhj_ fbgbfZevg



p_ gbke_gghklv b ]Z[[jh [bhfZkkZ Qbke_gghkl

[_eeyjbc gz fjZfhj_

jhAzZtb [ueZ gb _ kj_*

b

keZgp_ ih kjzZ\g_gbx k baglj

g_c Z de_s_c gZijhdb\ \ur

gbx k Ajm]bfb ihjh~zZfb hif_q_gh kgb _gb_ gbke_g¢
b objhghfb” gz ]Z[[jh
aZeZkv fZzdkbfzZevghc
ebkv keZgpu >ey ijhgbo IZdkhgh\ f_ch[_gihkgh]h
ghc aZ\bkbfhklb hl IbiZ Jhjghc ihjh~u g_ \uyle_gh
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<ebygb_ iehszZ”b ih\_joghklb h[jZapZ gZ ihdZa
ghklb bkke_~h\Zgguo khh[s_kI\ ijhy\eyehkv ih jZ:
M~A_evgZy iehlghklv ijhkl_crbo b dheh\jZlhd [ueZ
djmiguo dZfgyo Ih]*Z dzZd ~ey f_ch[_glhkZ ijhy\e
aZ\bkbfhklv GZ [ZdI_jbh b nblhi_jbnblhg iehsZ’
hdZau\lZeZ agZgbfh]h \ha”_ckl\by
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Jbk Baf_g _gb_ h[s_c gbke _gghkib N i@hsaWfhklb
dzfgy

LZd" _ jZaebqgghc [ueZ j_Zdpby khh[s_ki\ gZ b
kljZzgkl\_gghc keh ghklb dzZfg_c >ey [ZdIl_jbhi_j
ijhkljZzgkl\_gghc keh ghklb \_e d kgb _gbx gbke_
nblhi_jbnblhgz + d __ m\_ebqg_gbx jbk K jhk
ijhp_gl iZehgdh\b”guo [Zdl_jbc kgb Z_Ilky Z dhd
\hajzklz_| HIf_g_gZ agZgbfzy ijyfZy azZ\bkbfhkl
kbg_a_e_guo \h*hjhke_c hl keh ghklb ih\ -joghklk
kbfhklv f_"~m ijhkljZgkl\_gghc keh ghklvx-b h[s_
klvx Z 1zd _ [bhfZkkhc fbdjhahhi_jbnblhgz b f_cl
\ujZz _gZ keZ[__ H"gZdh “ey g_kdhevdbo hl*_ev
h[gZjm  _gZ LzZd hif_g_gh m\_ebg_gb_ gbke_gg
bgnmahjbc b ]JZjizdlbpb”® Z 1Zd" _ kgb _gb_ qbke_
b ihr_ghd k m\_ebqg_gb_f ijhkljZzgkl\_gghc keh gh

Lzdbf h[jZzahf \ ijhp_kk_ bkke_"h\Zgbyllueh \
\ebygb_ jZaebqgguo Ibih\ ]Jhjguo ihjhfugeBb ile
jZ _gh ”"ey hjl]Zgbafh\ h[eZ"Zxsbo fbgb#Zevguf



fb b hlghkysboky d ijh*mp_qglzf nblkiljigbdlinlhg
jZf [Zdl_jbhi_jbnblhg >ey khh[s_kidibfihdjh ohhi_
f_ch[_glhkZ gZoh”ysboky gZ [he__ bwkimdhb Ijhr
gyo J]_Il_jhljhnh\ agZgbfhc azZ\bkbfhglb-gh gZc
"I h[tykgylvky mkbe_gb_f \ebygby [bhlbkl\kdbo \
dZzd \gmljb khh[s_kI\ 1Zd b k nblhi_sbkblimfgguf k
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dzfgy

< _jhylgh \ ijhp_kk_ [bheh]bq_kdh]h \u\_Ijb\Zgby
jbhi_jbnblhggu_ hjl]Zgbafu kihkh[gu ih]JehsZIlv ba |
ihjh~u obfbg_kdb_ we_f_glu \ khhI\_lklI\bb-kh k\hk
kdbfb ihlj_[ghklyfb >H[sZy ] _heh]by @ qlh fh
jZaebgby \uyle_ggu_ \ ~Zgghf wdki_jbf_gl_ Hkt
fbjh\Zzgby khh[s_kI\ [Zdl_jbh b nblhi_jbnblhgZ g
klb dhj_gguo ihjh™ azZ\bkyl hl fbg_jZevgh]h b obfk
\Z lhjghc ihjhru h[mkeh\eb\Zxs_]h jZaebggmx ih”
jZaguf Ibizf \u\_Ijb\Zgby GZb[he__ mklhcqgb\ufb
fm b obfbq_kdhfm \u\_Ijb\Zgbx \ ~Zgghf wdki_jbf
ky kIl _deh b ]jZgh”bhjblu gzZbf_ g _ + keZgpu b f]

@ I|h gZrbf j_amevlZIZf gZ kl_de_ gZ[ex*"Zebk:
gbke_gghklb [ZdI_jbhi_jbnblhgZ b fZdkbfZevgu_
[bhfZkku nblhi_jbnblhgzZz Z Izd _ f_ch[_glhkzZz GZ
e_gghklb b [bhfZkku nblhi_jbnblhgZ b f_ch[_glhk
gZ kezZgp_ fbdjhahhi_jbnblhgz = gz fjzfhy_ Z g
e_gghklv [Zdl_jbhi_jbnblhgZ *+ gZ h[_bo ]hjguo ih



gh gZ highkbl_evgh_ mf_gvr_gb_ gbke_gghklb &
_IIh glh \ f_g__ mklhcgb\uo ihjh~Zo ijb -obfbqg_|
\Zgbb ijhbkoh”bl bale_q_gb_ kbevguo hkgh\Zgbc
wlhf khhiI\_IkI\_ggh f_gy_Iky dbkehlgh s_ehqghc |
ku nbabqg_kdh]h b obfbg_kdh]h \u\_Ijb\Zgby \aZbf
bkoh~yl h~rgh\j_f _ggh >jh[e_gb_ b ~_abgt_]jZpb
\ZxI \h*hijhgbpZ_fhklv b bgl_gkb\ghklv obfbq_kdr
gby qlh _s_ [he__ fh _1ij_iylkl\h\Zlv h[jZzklZgbx
Ih\ [ZdI_jbh b nblhi_jbnblhghf >ey [he__ ]Jem[hd|
\ha”_ckl\by khqg_IlZgby jZaebqguo nZdlhjhY \u\_Ijt
e_gb_ jZaebqgguo Ibih\ Jhjguo ihjh” khh[s_klI\Zfb |
[j_[mxlky "Zevg_crb_ bkke_~h\Zgby

Ebl_jZImjz
:fZglh\ : < KibjbAhghk\ lFeh]by EZ~h kdh]h ha_jZ
kdZy ]_heh]by ¢ K o+

= _heh]Myg_[ ihkh[b_ J_~ K K ;hg”Zj_gdh F F=H

DmJZrh\ ?2F:1h~u b ih”"oh”u Ney dhebq kiI\_ggh]h ban
kgh\h~ghlh f_ch[_glth :dimZevgby ‘ﬂhno]hrku bachqg_g
ahh[_glhkZ b nZmgu aZjhke_c¢ ij_kgh\hfglbg \hdth_ fh!
e_dpbb b fZl_jbZeu , F_""mgZj rdhetkdbgn _;hjdabb
+ hdl ] Gb'gbc Gh\]lhjh”r < _dkhj £bK

Eh]Zq_\Z G N Lbfhrdbg H : Hkim|mglgg kGb-jZkij_
N e_gby fbdjhnblh[_glhkZ gZ bkdmkk#\iegfklb g@dklpal _
]hih\e_gguo ba ]_heh]lbg_kdbo ihjhZ2]rzxasblo]hglbidZfke
gbklhc eblhjzZzeb \ jZchg_ iheb]l]hgZ m fuwlghlbjp\Zlg\uc
guc kibkhd nZmgu ha_jZ ;ZcdZe b kK _thyhklhighdhrhz
fu b \h~Ahlhdb x]Z <hk|hqghc Kb[bjb tbekb\ ODghc Fhlgy]

\hkb[bjkd GZmdz K +

H[sZy ]_hehbyo | Ih~”j_~ : D Khdheh\kdh]h L
k

Jmdh\h~kihh Jb~jh[bheh]bq_kdhfm fhgblhjbg]lm ij_kg

wdhkbkl_f J_A :[Zdmfh\ < : KI[ =bAjhf_I_hbanZI

R\ e \Z < B ljh\ba < < RZ&vebgh ANjezkibg ]h
guo ihjh” fbdjhnehjhc b hj]Zgbafzfb fhipdghh KZf\ erhkaehh
\byo wdki_jbf_glZ \ eblhjZeb ha_jzZbh&cdZejg =bAjh|
K &+
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,QVWLWXWH RI /LPQRORJ\ 586 6DLQW 3H
9RORJGD 6WDWH 8QLYHUVLW\ 9RORJC
,QVWLWXWH RI *HRORJ\ .DU5& RI 5%$6 3HW

‘H FRQGXFWHG DQ H[SHULPHQWR R E VWKRIQ WD RQ QIT
URFNV JDEEUR JUDQRGLRQIGMH) @OWWRVY D GREODBIU
JD ZLWK EDFWHULR SK\WR ZOOG P IDFURLRRS RUL&H
7KUHH IDFWRUV W\SH RI URSNF VXHIQDFRIPS OH DL VQ G
O\]JHG ,W ZDV IRXQG WK D W X\PkeHH U RRA NE VK $VHH D LIRS AW
ELRPDVV RI SK\WRSHULSK\WR/Q JQK HFDQW D BH VDRIYI [
JRRSHULSK\WRQ &LOLDWD D®E SR\ERW/RWLRQ DIXP
LQAXHQFH RI URFN VSHFLPHQRRREDBBOWHW\RZ DI Q&
ULSK\WRQ 7KH ¢QGLQJV RI DAKHG H[ISHIUH@W QMY MHFL
ZLWKLQ FRPPXQLWLHV VKRXO8XVW B IWXEGIE DR BK
FKHPLFDO ZHDWKHULQJ DWWHAD PRWW RIKBIOWN XGLH

<EBYGB? JMKEH<H=H IHLHD: G: KLIMDLMJM
F:DIJHAHH,;?GLHK: L:J:KFHA?J:

? K KZ\hkbg
BgklbIml [bheh]bb DZjGP J:G

< klzZlv_ jzkkfzljb\zZxlky j_amevlZlu ]b”"jh[bheh]bqg
\Zgbc LZjzZkfha_jzZz jZkiheh  _ggh]lh \ Kj_ ~g_c DZj
e Zs lh d [Zkk_cgm Hg_"kdh]lh ha_jz 1j_"klz\e
bkke ~h\Zgbc jZaebgguo mqgzZkldh\ \h*h_fZ hlebc
bf ozjzdl _jbklibdzf Ijh\_~ g kjZ\gbl_evguc ZgZelt
nmgdpbhgZevguo ihdzZazZl _e_c¢ khh[s_kI\ fZdjhah
\hc b ie_kh\hc qZkl_c \h~*h_fZz

<\_" _gbJ_kim[ebdZ DZj_eby £ |_jjblhjby ha_j¢
kbkl_f k gZebgb_f jmkeh\hc b ie_khi\thck dkikl_c



khdhc ijhlhgghklvx bf_xI k\hb hkh[_gglkkkb k\ya
hibg_kdbfb b [bhlbg_kdbfb mkeh\byfBEikj\éu < w
gbb bkke_~mxlky \ hkgh\ghf djmigu_ dajhjhh 2z f.
\ujZz _gghc jmkeh\hc gZklvx bamqg_gu jguwhliblZlhc
j_ggu_ mgZkldb \ ih*h[guo IbiZo \h"gdrd kd&XI_f h
bfgh_ \ebygb_ gZ \h”guc b |_jfbq_kdftbghj\\Z bf g:
gb_ kljmdImjgh nmgdpbhgZevguo ihdk&lZd-lkhc [b
his_kI\ \ gzZklghklb gZ ahh[_glhk

P_ev bkke_~h\Zgby = bamgblv hkh[_gghklb kljm
[_glhkZ \ jmkeh\hc b ie_kh\hc qZklyo ha LZjZkfh

FZl_jbze b f_IMa LZjzZkfha_jh ijbgz”~e_"bl d [Z
j Eb'fu dhlhjuc gZoh”blky \ kj_"g dhpzkithDzZj_ e
liZnbg_kdh]h jZzchgz d k_\_jh azizirm\hl BZjiZk_ "k
fha_jh £ g_[hevrh_ ih iehsz”b f_edkVhedh_gta_jh
f_ ""m x'ghc hdhg_qghklvx D_"jha_jZ it F@é¢hec Eb”

Hg_"kdh]lh ha_jz Q_j_a g_J]h ijhl_dz_I j d&b gyy
XxsZy ba D_"jha_jzZ b \iZz"ZxsZy \ FZemx H@a_ fkd
jh bf__I m*ebg_ggmx nhjfm \ulygmlhekgbA #hZ X<

Aimlbo ha_j [Zkk_cgZ LZjZkfha_jh dEkgdl-jdam |
gh \ukhdbf ihdZazl_e_f mkeh\gh]h \h~hh[\h gz \+
\h~h_f_ h[gh\ey Iky k \hAhk[hjZ §Za \ “~g_c 1Z
LzZ[ebpZ Hkgh\gu_ fhjnhf_Ijbq_kdb_ b Jbrjheh
Jbq_kdb_ ihdzazl _eb LZjzZkfha jZ >Ha _jZ DZj_e
@

lhdzZzazl_ev ha LZjzZkfha_jh
=_hljZnbqg_kdb_ dhhjAbgZlak r fq\
lehsZ”v a_jdZez df
>ebgz df
Rbjbgz kj fzdk df
=em[bgZz kj fzdk f
IlhdZzazl_ev mkeh\gh]h \h~hh[f_gZ
lehsz~v \h~hk[hjZz df
H[t_f \h~"guo fZkk feqg f




Ihkdhevdm LZjzZkfha_jh h[ez~"Z_1 g_[hewrbfb ]e
j_f_rb\Zgb_ \h”guo fZkk hkms_kl\ey blky FH[\k_c
sZy ijhly _gghklv j Eb fu khklZ\ey dbg_ W& _ijb »
guo mqgZkldh\ ~h df >Nj_cg”ebgygby a@ L Z][e
dijhahh[_glhkhf LZjZkfha_jZ hkms_kl\eyepkhwv*ihkll
k ih ] >1Z\eh\kdbc Rbjhdh\kdbc 1Z\eh

@ < gZklhys__ \j_fy hgb \rBhnblkyjk g_[h
julZfb \ klyab k nmgdpbhgbjh\Zgb_¢&_Xh]h-dhf nh
ie_dkz < j_amevlZI_ _]h wdkiemZI|IZp\bb killhbahr
kiI\_gguo beh\ ijb[j_"vy J[ueh hilf_qgq_dgmdlafijug_gb
"“hggh]h khh[s_kI\Z m\_ebqg_gb_ [bHtZkkh[bgbke
Ihkz \ k_\_jghf ie_k_ >1Z\eh\kdbc @

HI[hj ijh[ fZzdjhahh[_glhkZ \ LZjZkfha bxeijh\h"|

] gz klZgpbyo K_I1dZ klZgpbyc |hlleiy\die Zb\ k
ie_kh\u_ mqgzZkldb \h*h_fZ KIZgpbbmjdage b-gkZdehb k v
jhklb I _g_gby Ibim ]JjmglzZz K ihfhsexD'ghqgZiZl_e
klZgpbyo = jZkiheh _gguo \ jmkehhacjg-Zklb Lz
[bjZzebkv ih ijh[u gZ klZgpbyo v teilkh\idly gz}
[u =jmgl ijhfulZeky g_j_a kblh ba fcevgbfegh]lh ].
[u nbdkbjh\Zebkv JjZkI\hjhf nhjfZebZe]lbfZz FZI
[Zlu\Zeky \ eZ[hjZIhjbb ih” [bghdmeyhmbgbiKh \ f
\Zgghc dzZf_j_ ;h]lhjh\Z Hj]JZgbafu ihhkkebl-u\[Zebk
kmrb\Zgby gZ nbevljh\Zevghc [mfZ]_IRnpkbhig\Zebl
guo \_kZo k Ihgghklvx “~h fl LZdk¢pghébqg_kdn
ghklv hjl]Zgbafh\ mklZgZ\eb\Zeb ih OKbih\h*ebl ¢
guo [_kihalhghgqguo«? > @

J_ameviZlu b h[km:dZgba bkke_"h\Zgbc -fZdjhat
IhkzZz LZjzZkfha_jZ ihdZaZe qlh hg ij_"klZ\e_g h
iZfb [_kihal\hghgguo objhghfb”rZfb fZehs_Ibgdh
fb fheexkdzfb g_fzZIh*Zfb b iby\dZfb < ijhkljz
jZkij_~_e_gbb hj]Zgbafh\ \ jmkeh\hc qZklb \h~h_f
\uy\le_gh gZebgb_ ahgu hilbfm&XL*¢R QRPRIGD H
KRFKD®WMWIDOHIEDg_gu ~“hklh\_jgu_ hlebgby ih d]
FZggzZ Mb&gb S ff  "ymf dhtieedog hkid b\ ggodalY blyidiedfidzaad H 2
IhnZmgu jmkeh\hc b ie_kh\hc qZkl_c LZjZkfha_jZ



ghd objhghfb” ijboh”"behkv ~h hl h[s_c [bhfzZk!
hl gbke_gghklb ahh[_glhkzZ Kj_"gyy [bhfZkkZ [_c
gZklb \h~h_fzZ klZgpbb = khklivbeylelZe gglhklb

wda & ie_kh\hc gqzZklb LZjZkfha_jZ klZgpbb
[bhfzkkZ [ueZz gbkie_gghklv * >wgl@h f khh[s_
ki\h gZ klZgpbyo + J[ueh ij_"klZ\e_gh k_fvx ]Jjmi
fh\ objhghfb”u heblho_lu g_fZlh*u ~\mkl\hjgZI
iby\db ih”_gdb jmqg_cgbdb \ Ih \j_fy dZd gZ klZ
]h iylvx objhghfb”ru heb]lho_lu g_fzZIh~u ih”~_gdl
M\_ebqg_gb_ [bhfZkku fZdjhahh[_glhkZ hl klZgpbl
k\vaZzgh \_jhylgh k baf_gb\rbfbky Z[bhlbg_kdbfb
fb mkeh\byfb kj_~u G2Z ijhly _gbb k_ldb klZgpbc
kf_gZ |Ibiz ]jmglz k dzf_gbkluo njZdpbc gZ i_kqZ
hleh  _gbyfb kgb ZezZzkv kdhjhklv I_g_gby k ~h
LZdbf h[jZahf ijhbkoh”beh \ufulZgb_ g_h{oh”~bfu
gbjmxsbo ha_jguo ]jmii fZzdjhahh[_glhkZ iblZl_evc
kljhbl_evguo fZl_jbZeh\ \ ©i_j_oh”gmx ahgm?& KklZ
\u_ mqZkldb oZjZdl_jbamxsb_ky [ebadbfb-d Ibibqg
IlhgZf mkeh\byfb h[ezZ”*Zx| f_gvr_c [bhfZkkhc b f_
h[jZab_f “hggh]h khh[s_klI\Z

GZfb 1Zzd _ [ueh hlf_g_gh qlh \ jmkeh\he gZklb
ijZ\e_gbb hl mklvy j D_"ju dj Eb'f_ q_j_a ha_j
ieZzghf_jgh_ m\_ebq_gb_ [bhfZkku ~hfbgbjmxs_c
gh&KLURQRK L GIhH hl h[s_]h ahh[_glhkZ

LZ[ebpZ K_IdZ klzZgpbc hi[hjZ ijh]

fqd_hég';"’f . Lbiljmgiz —el[bgZ
Jmkeh\Zy qZklv
Dzfgb ©be

I _khd dzfgb
5 I_khd

Be i_khd
e_kh\Zy qZklv
5 - Be

— Be i_khd

- Be J]hjhoh\b”rgZy jm~Z

KIngb¥




GZ ie_kh\uo mqgzZkldZo oZjzZdl_jbamxsboky [he_
aZl_eyfb dhebqg_kI\_gghlh jZa\blby fZdjhahh[_glh
k_[y \gbfzgb_ m\_ebq_gb_ [bhfZkku h[gZjm _ggu
ghf ie_k_ ij_"klZ3ROQ&NBRSRUHKDBD DI¢QLV

Ih "Zgguf K : 1Z\eh\kdh]h \ o Il
[ueh hif_g_gh baf_g_gb_ kljmdImju ZhgghApRtrKhh[s
f_ ihy\bebkv fheexkdb ebgbgdb jmq[lcehrdrjuih”_
euo b [hdhiezZ\u < gZrbo ijh[Zo IZd'qu[uebkhEgZjm
\bl_eb 7ULFKRSWHUD b (SKHPHRNKEIN &YX h”"dZc

[bhfZzkku khhI\_IkI\_ggh Dhebq_kéb §gdjhalndzZa.
[_glhkZ LZjzkfha_jZ aZ fghlhe_lgbcgujbhZ[g_"klZ
LZ[ebpZ ;bhfzkkZ Beqbkle_gghklv 1 f@djihahh[_g
lhkZ \ jmkeh\hc qZklb LZjZkfha_jzZ \ jZagu_ ]h~u e_lh

Kbkl _fZlbg|kdb _
Iimiiu [ o 1] 9% 1 % 1 |% [1]| % | 1| % 1

&KLURQRPLGDH

20LIJRFKDHW|D

OROOXVEFD

$PSKLSRG|D

(SKHPHUR[SWHUL

7TULFKRSWHUD

+LUXGLQH|D 58

9DULD

<k_Th

ljbf_qzZghh ~Zgguf K : 1Z\eh\kdhl]h ] £ kh[kI\_ggu_ k[h]

'gZeba ihemqg_gguo “Zgguo ihdZaZe qlh azZ \k
gbc azZz \h~"h_fhf ~hfbgbjmxsbfb ]jmiizfb fzZdjhah
jmkeh\hc gZklb LZjzkfha_jzZ y\eyebkv ebqgbgdb ol
o_lu fheexkdb H[sZy [bhfZkkZ b gbke_gghklv ~h
gbl_evgh kgbabezkv ih kjzZ\g_gbx kh k\hbfbfZdkbf1

wda\ f ] ~h b] f wda f ] khhI\_-1kl\_g
gh < khklz\_ khh[s_kI\Z [_glhkZ wibah”bq_kdb i
klZz\bl_eb (SKHPHURSWHQ@BD b $PSKLSRGD

LZdbf h[jZahf j_amevliZlu gZrbo bkke_"h\Zghbc
kms_kl\h\Zgb_ ©jmkeh\hc ahgu?® ozZjzZdl_jbamxs_



ghc “hgghc nZmghc b ©ie_kh\uo mqgzZkldhiA?2 k [he
g_klI\_ggufb ihdzZazZl_eyfb ahh[_glhkZ

Ebl_jZImjz

=jblhjv_\ K < =jbp_\Rd&XFeh] Ba_j D:KKJ F E
KKKJ k

Ha_jz DZj lebjhaz\h~kd DZjGP J:G k

Hij_~_ebl_igvkgh\h”rguo [_kihalhghgqguo ?\jhi_ckdhc
KKKJ E =b”jhf_I_hba"Zzl k

IZ\eh\kdbc KZdjhahh[_glhk g_dhlhjuo ha_j \h*ghc kt
khk_\hc j_db Eb fu l[jh[e_fu ehkhk_\uo gZ ?V‘hi_ckdl
[jhaz\h~kd DZjGP J:G K +

IZ\eh\kdbc Khklhygb_ fzZdjhahh[_glhkZ ha_jZ LZjZkfl
\u_ 1h”u wdkiemZlZpbb nhj_e_\hc n_jfu L_a "“hde
dhgn ©;bheh]lbq_kdb_ j_kmjku ;_eh]h fhjy b \gmlj_ggh
i_ckdh]lh K_\_jza 1_ljhaz\h”"kd 1_Ilj=M K +

IZ\eh\kdbc KZdjhahh[_glhk ha_jzZ LZjZkfha_jh \ i_j
wdkiemzZlZpbb nhj_e_\hc n_jfu ljh[e_fu ehkhk_\uo c
K_\_j_ I_ljhaz\h~kd DZjGP J:G K +

IZ\eh\kdbc K : RbjhNmyfsjhAZzgb_ [_glhkZ b "~jbnlZz
ljiZgbpZo j_gguo b ha_jguo mqgZkldh\ \h~guo kbkl_f L.
dhgn ©;bheh]bg_kdb_ j_kmjku \h*h_fh\ [Zkk_cgZ ;Zelt
[jhaz\h~kd DZjGP J:G K +

Nj_cg”ebg] =b”jhl]jZnby \h~"h_fh\ [Zkk_cgZ j Eb fu
]b~jheh]lbb ha_jh\_~_gby b \h~gh]h ohayckI\Z DZj_et

K —
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FH>BNBD:PBB EBIB>GH=H KHKL:<: EBLHJ:EVGUC
FB>BQUYTILUSEDULIS / < HL<?L G: OJHGBQ?KDH?
<HA>?CKL<B? IHGB@?GGHC KHE?GHKLB

G G NhdbgzJ IJmhdheZcg_g
= : Rdeyj_\b@ G G_fh\z

Bgklblml [bheh]bb DZjGP J:G
I _ljhaz\h~kdbc ]hkm~ZjklI\_gguc mgb\_jkbl_

Bkke_~h\Zgb_ ebib”~gh]l]h b "bjghdbkehlgh]lh khklz
fOor"bO\WLOXV/HGABIZXsbo gZ g_dhlhjuo [bhlhiZo
eZdrkdh]lh aZeb\z ; _eh]h fhjy k jZaebqgqguf {b”"jheh
fhf ihdZzazZeh qlh khklzZ\ ebib”h\ “Z[j b ]_4Zlhizg
kdh\ ih”\_j" _gguo ojhgbg_kdhfm \ha”_ckltbx ihgkt
ghklb fhjkdhc \h~u bf__1I jy® hkh[_gghkl_€¢ \ gzl
ebqz_Iky ih\ur_gguf khhlghr_gb_f Q Q ihebg_
"bjguo dbkehl <uyl\e_ggu_ hkh[_gghklb ebib”rgh]kt
b 1 izlhizgdj_zZzkz \_jhylgh h[_ki_gb\Zxl \ukhdm:
eblhjzevguo fb”rbc d \ha”_ckl\bx ojhgbqg_kdh]h hi
kdhc \h”~u

EblhjZevgu_ "\mklI\hjgZlu_ fheexkdb\hdZjeb b [he
[j_"guo fhjkdbo hjl]Zgbafh\ ih”\_j]zZxfliky\dbafiec dkg
kiI\bx Z[bhlbg_kdbo b [bhlbg_kdbo ImZddhkre\- kjj_a&u
dhc kf_g_ |_fi_jZImju i_j_iz"Zf khghopghkdbZ ghj&Idt
kbb " ckl\bx aZ]jyagyxsbo \_s_ KkI\ |kpa"jZ£&l\b _
ebgghc ijbjh~u hljz Z Iky g_ lhevdhogihdEa@bfbqg _
eyo Zdlb\ghklb n_jf_glh\ mjh\g_ [bdwedc Jlolg Wdb Z
g _gbc ih dhe_ [Zgbyf dhlhjuo fh glgbdmhp]lZglbak hk
fZ gh b gZ kljmdImj_ ihimeypbb \ opieflfghilkldzZaz
[bhfZkku jZaf_jgh \hajzZklghc kljms\lmkI\Hjgq'4i]bo
fheexkdb fWARMBLOXV/HGX®OWXVky "hfbgbjmxsbf \b~
[hevrbgklI\Z eblhjZevguo wdhkbkl _f ZxéREhgmpy b
jhev \ ih~""_j"Zgbb wg_j]l_Ibq_kdh]HHElZ R E yinkkd h
dhjfh\hc [Zahc ey dhgkmf_glh\ \Ithjtgksithg yHidgh azZ



kbl_evgh \ukhdb_ f_klZ \ ibs_\uo @_iyo >%EhIH\WU
@ HIM"_evgu_ mqgZkldb DZg”ZeZhkifdh yh-asgZe b\ z
gbl_evgh hlebgzZxlky f_""m kh[hc g_blibopghehZaelk
]bg_kdbfb ozjzdl_jbklbdzfb gh b Zmhjdhhle]_ < ghld Zg 2
Ihjbb azZeb\Z ijbkmlklI\mx| 1Zdb_ bkktgghbdd &R]jyac
dzd [ulh\u_ klhdb b ijhfure_ggu_ hlob""WZ[klI_gZklt
bamqg_g ebibfguc khklZ\ eblhQXW\@uwoVf GO ZvV
xsbo gZ g_dhlhjuo [bhlhiZo jZkihehuogpdohyjdael
Dzg~"ZezZdrkdh]lh aZeb\Z ;_eh]h fhjy b*"ml&hdAsxsbo
]b~rjheh]lbqg_kdbfb ozjzdl_jbklibdzfb ghKhixgihje _ Kkt
kdhc \h~u H”*gh ba bkke_"m_fuo gZdgbdhyZohtmwl ihk
ky gZ h He_gv_f dhlhjuc jZkiheZ]Zdkh \D\Zgrt¥g g
eZdrkdh]lh aZeb\Z b ih"\_j]Z_Ilky qakKdtdfmj ham&glZgt
I_ ohayckl\_gghc *_yl_evghklb q_dh\dAdgZda Gbh"
kdbo =WK 1zZd b iml_f _kl_kI\_gghh*"k|jhdg ]h Gb
[ulhNu_ b ijhfure_ggu_ hloh?”u A”_kv\fmkekh\ib[blZ:
yo ihgb _gghc khe_ghklb fhjkdhc \hhe \ZgZgjmby
x| hi ~h A >jm]h_ bkke_"~m kfhe fd"b-jhkihh
eh”_ggh_ gZ eblhjZzeb Lmjv_]h fukgblgZ2ogWfiky gz
"Ze_gbb hl'] DzZg”"ZezZdrb df b\*ard] pyoa & k bhoaeg b
MqZklhd eblhjZeb ~ey hl[hjZ ijh[ h[pZz$hpxdbhhEjylht
g_lh ozZjzdl_jgZ \ukhdZy kl_i_gv ]béibYdgkltbqg\ kd
Ihf gbke_ ijb[hcghklv b I_q_gby KA ghgdv*tigkdl
ghf [bhlhi_ gZoh”blky \ ij_~_eZo ahZqgbhlkebkj_~g_
ehlh fhjy b khklzZ\ey_|I + A P&dgblalv-kigey k
_lky \Zz guf nzZzdlhjh\ hdjm Zxs_c kj_"d2Z'ehyafhjkdbc
b hij_"_ey_| bo nbabheh]bq_kdh_ khkIRy¥WVVHEHOQJ
HW DO @ Ihgb _ggZy khe_ghEthb \habB-abkim _
]bg_kdb_ b [bhobfbq_kdb_ ihdzazl_eglyZdp balbdzd
ghklv kdhjhklv jhklZz ~uozZgb_ Dbfliadggzfy EZZkblZ
ebaf [_edh\ ebib”h\ b *j >%HUJH% D NKPUHDYRIN\D
%HUJHU *D U QDL UHHAWV DBDO 10 XI\Q\N
DO 1HPRYD HWyDamq_g@y héle vk bigind HZ kitibly| -
"bc h[blZxsbo gZ bkke_"m_fuo [bhlhliZocaZDedg”Ze
\Z hi[bjZzebkv djmigu_ fheexkdb ijbfh jphathyEgZdl



b \hajzklz zZ 1Zzd _ gZ h”bgzZdh\hc\&khZh ptb d eid hg i
ijhly> _gbb g_kdhevdbo e_|I + qgq_]db_faz bHdex
dh]*Z gZ eblhjZzeb h He_gv_]h ijbkmlklI\h\eb |he
"bb Bkihevam_fu_ f_Ih”u [bhobfbqlKuA ]dbZlyZeba:z
b "bjguo dbkehl ih*jh[gh hibkZgu j@g__ >)RNI@D
@Z[ju fheexkdh\ h[blZxsbo gZ eblhjdeb h\ He_
mkeh\byo ojhgbg_kdh]h hij_kg_gby ihowrjZgll_jbal
guf mjh\g_f aZiZkguo ebib”h\ IjbZpbrheh\p_jbgl
ohe_kl_jbgZz gZkus_gguo "bjguo dbkEhhf JeZ\c
iZevfifblbgh\hc dbkehlu b g_dhlhgkosQqggihebg._
"bjguo dbkeh!l 1Zdbo dzd bheexkd@zZ[ju
h[blZxsbo gZ eblhjZeb Lmjv_]h fukzZ X[bégmglldl_ev
khe_ghklguf j_"bfhf gh k \ukhdhc \ZpBrHf2evghkl
gZfbg_kdbo oZjZdl_jbklbd I1Zdbo daklvhéegh\Zy .
g_gby hlebgZxlky ih\ur_gguf mjh\g_fy othielhkl_jb
juo Q IG@D b dg_ZkizIthi&g
exkdh\ hlf_gZebkv koh'b_ hkh[_gghktbj ilndbr_gagt
l[jbZpbelebp_jbgh\ wnbjh\ ohe_kl_jbgZledAdhknhe
guf h[jZzahf aZ kg_I| nhknZlb"bek_jbghezlikgZlb"|
b nhknzZlb”"beohebgzZz Z 1Zd _ g_dhkhjsiogQuoihet
"bjguo dbkeh!l 1Zdbo dzd m fb”bb
h[blZxsbo gZ eblhjZzeb h He_gv_]h _iZflhkkg k |_
dj_Zk_ m fb”rbc k eblhjZeb Lmjv_]h jfukif22NZ_qZe
gb_ \ khklZ\_ h[sbo ebib”h\ ohe_Kkl dibkge&hlite_bc
g_dhlhjuo Q ihebg_gZkus_gguo "bjguf hdbkehl
jZahf b b g_f Ibe_gj¥ado abckehd b
<Z ghc hkh[_gghklvx "bjghdbkehlgh]h] kiizihljz "z
iZgdj_ZkZ fb~bc h[blZxsbo gZ eblhjZeh bl He gv
\ur_ggh_ khhlghr_gb_ Q Q ihebg_gdkdskgguo
ehl <_jhylgh "~Zggu_ hkh[_gghklb e@b"g-H]h ki_
iZlhizgdj_ZkzZ h[_ki_gb\Zx!| \ukhdmx hmZX Eh/aqamo\ h kI
fbrbc d \ha”_ckl\bx ojhgbqg_kdh]h hij Rp fogby <
ih\ur_gguc mjh\_gv ohe_kl_jbgZ b Q uoheljg_gzk
guo dbkehl \ “Z[jZo fbAbc k Lmjv_]hZifdkZ _y\ey_
guf ijbagZdhf eblhjZevguo fheexkdh\bih{hétph_ vy



hibkZgh \ gZrbo bkke_"h\Zgbyo ih bZmebgdplxc\eb
khe_ghklb gZ [_ehfhjkdbo fb*"bc \ mkemndlkyojih”_
f_glZz b kem bl ijbf_jhf [bhobfbg_kdhckZ"gk\Zpbhb
xs_c mklhcgb\hklv b \u'b\Zgb_ eblhjZewdbgofb™b
gZklh baf_gyxsboky mkeh\bc hdjm Zxs HWKDOu >
@ Ih\ur_ggu_ j_a_j\u aZiZkguo elbid dX ku Q
S_gguo "bjguo dbkehl \ "Z[jZo b ]_izZeékikddj_Zk_
h[blZxsbo gZ eblhjZeb h He_gv_]h_davkhyhxh k\
h \ukhdbo wg_j]_Ibg_kdbo azljZlZoz"9ZZiiZpex ggu
b \u'b\Zgb_ fheexkdh\ \ mkeh\byo ihdb flgjghc kh
kdhc \h~"u ;he__ Ihlh ih\ur_ggh_ khd_fbZdle_ m
nhknhebib”h\ \ gZklghklb nhknZlb”*b®lkewddZ nl
gheZfbgZ b nhknZlb*beohebgZ ih \bZbihfm h[_
h[oh~"bfmx ijhgbpZ_fhklv [bheh]bq_kdhghf\_HjZg
nmgdpbhgbjh\Zgb_ f_f[jZggh klyaZggkd\mxjf_glh
sbo \ j_Imeypbb de_lhgghlh h[t_fzb\ _hilhgb-gZg"_cl
ghc khe_ghklb fhjkdhc \h*u Ih\ur_ggwe mhk\_gv
nhebib” h\ Zd _ [ue hIf_q_g gZfb jZgZggwmo Zdddet
ihgb _gghc khe_ghklb fbrbc \ eZ[hjZ*HjildB & ik e h
HW DO @

LZdbf h[jZzahf ojhgbq_kdh_ \ha”~_ckl\b_-ihgb"_
klb gZ fb”bc h[blZxsbo gZ eblhjZzeb h He_gv_]
_ljZa\blbx dhfi_gkZlhjguo fh*bnbdZpbc gZ mjh\g
ibrh\ b "bjguo dbkehl “Z[j b ]_iZlhizgdj_Zkz gZi
Z~ZilZpbx b \u ' b\Zgb_ fheexkdh\ \ mkeh\byo “ebl
kh\h]lh \ha”_ckl\by G_kfhljy gz f_"]h”h\u_- nemdl
"Zgbb Q b Q ihebg_gZkus_gguo "bjguo dbkeh
] _iZlhizgdj_Zk_ fb~bc h[blZxsbo gZ jZaebqguo [l
eZdrkdh]lh aZeb\Z ;_eh]h fhjy [ueh ihdZaZgh qlh
IZxsb_ \ mkeh\byo ojhgbqg_kdh]h hij_kg_gby fhjkc
gZxlky ih\ur_gguf khhlghr_gb_f Q Q ihebg_g
"bjguo dbkehl dzd \ "Z[jZo 1Zd b ]_izZlhiZzgdj_Zk
AMmklI\hjgZluo fheexkdh\ \dexg_gb_ b \u\_"*_gb_ w
Q b Q ihebg_gZkus_gguo "bjguo dbkehi ba kh
ibrh\ f_f[jZg kljh]h j_]lmebjm_Ilky >'HODXQD\ HW



HW DO 3DUHQW HW DO SHUQHW HW
ghr_gb_ Q Q m fbrbc h[blZxsbo \ mkeh\byo i
e_ghklb fhjkdhc \h”u fh _| [ulv h[mkeh\e_gh dZc
Q iheb_gh\uo dbkehl g_h[oh”*bfuo “ey ihemqg_g
kdhc wg_jlbb b j_]meypbb ijhgbpz_fhklb de_Ihqgg
b jZkoh h\Zgb_f Q iheb_gh\uo dbkehl }ezZ\guf
ob” hgh\hecn dbkehlu gZ kbgl_a nbabheh]bqg_kdt
fhe_dme = wcdhazZghb”h\ \ Ihf gbke_ ifhklZ]ez
ju_ dzd ba\_klgh mqgzZkl\mx!|l \ Z*ZilZpbb- "\mKkI\
kdh\ d ihgb _gghc khe_ghklb fhjkdhc \h”~u >)UHD
6WDQOH\ 6DPXHOVRQ 'L ODU]JR HW DO

J amevlZlu "Zggh]lh bkke_"h\Zgby ihemqg_gu k bkihe:
mqgguf h[hjm~h\Zgb_f B; DZjGP J:G

NbgzZgkh\h_ h[_ki_q_gb_ bkke_"h\Zgby hkms_klleye
N_jZevghlh [x~"_1Z gZ \uiheg_gb_ ]Jhkm~ZjkI\_ggh]lh a

b ijh]ljzffu Ilj_ab”bmfzZ J:G « ©;bhjZaghh[jZab

guo kbkl_f ;bheh]lbq_kdb_ j_kmjku Jhkkbb hp_gdZ Kl
f_glZevgu_ hkgh\u fhgblhjbg]z2 ijh_dl <

Ebl_jZImjz
i 1.1 < YrZilZpbb fhjkdbo fheexkdh\ d baf_ g gbyf
ki_ "u E GZmdz k
GZmfh\ : >mkl\hjgZlu_ fheexkdb ; eh]h fhjy KI[ A

K

%DNKPHW , 1 %HUJHU 9 7IOH HKIBIGWWPRQ VD ®L QL
RQ WKH KHDUW UDWH RI O\WLOXV HGXOLV VSHFLF

- ([S 0DU %LRO (FRO 9 3 +

%HUJHU2® WKH PLQLPDO WHUPV RI WULJJHULQJ
DGDSWDWLRQ 'RNODG\ %LRORJLFDO 6FLHQFHYV

%HUJHU 9 -D .KDBBKOYDLYPYV RI VDOLQLW)\ DGD¢
PROOXVNV  +\GURELRORJLD 9 3 +

%HUJHU 9 'DKOH 6 *DEDWWLGHPRYFREMIDDQG
PHQW 6W 3HWHUVEXUJ 7URPVR 'H]DYHWV 3XEOL

%XVVHOO - $ *LGPDQ ( $ &RDIYMARQQ WbK HH WP
UHVSRQVH DQG PHWDEROLF ¢QJHUSULQW RI WKH
UHVSRQVH WR ORZHUHG VDOLQLW\ DQG SKRVLFDO
ULQH %LRORJ\ DQG (FRORJ\ 9 3 o+
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'HODXQD\ ) ODUW\ < ORDRH- HI6BPWLRI -RRQRVS|
JDO GLHWV RQ JURZWK DQG HIFW/MYQ DFFL[G& PRRP SR\
-RXUQDO RI ([SHULPHQWDOJODULQH %LBORI DQC
'L ODUJR 9 &LPLQR * &% QRYIHDRPH MWW DXA FW L R (
SDWKZD\ LQ D PDULQH PROOXVF OHDGV WR XQSUt
SURVWDJODQGLQ ODFWRQHV %WLRFKHP -
JRNLQD 1 1 %DNKPHW , 1 G6KNO\DUHMWKRF ¢
VHDZDWHU GHVDOLQDWLRQ DQG RLO SROOGXWLRQ
VHOV 0O\WLOXV HGXOLV / IURP WKH :KLWH 6HD (
VDIHW\ 9 3 +
JRNLQD 1 1 5XRNRODLQHQ 7 5 18RBEDHV R
EOXH PXVVHOV 0\WLOXV HGXOLV / OLSLG FRPSR\
WR[LF HIIHFW  %LRORJLFDO 7UDFH (OHPHQW 5HV
JUHDV : *URMRIATFQD®G RVPRWLF LQAXHQFHV RQ
IURP WKH JLOO WLVVXH RI D PDULQH ELYDOYH OR!
9 3 +
*DIJQDLUH % )JURXLQ + (IIGHFFWMNHVD R |. WHHE SIHQ D W X U |
RQ KDHPRF\WH DFWLYLWLHV RI WKH 3DFL¢{F R\VV
JLVK VKHOO¢VK LPPXQRORJ\ 9 3 +
/A\VHQNR / $ .DQWVHURYD 1 32VPRWULIE EPQIQF
PDULQH RUJDQLVPV DGDSWDWLRQ WKURXJK SUR\
3K\WLRO $ ORO ,QWHJU 3K\VLRO 9 3 6
1HPRYD 1 1 )RNLQD 1 1 ORGHGRDWERG®VHRW DU
FRPSRVLWLRQ LQ OLWWRUDO DQG FXOWXUHG EO>
LQAXHQFH RI DPELHQW VDOLQLW\ 3RODU 5HFRU

3DUHQW * - SHUQHW ) 5HRRI®EEOD® b RH\NF HP& U D
LQ JLOOV RI DGXOW KDUG FODP OHUFHQDULD PHU|I
$TXDWLF %LRORJ\ 9 3 *

SHUQHW ) 7TUHPEOD\ 5 3KBNGRI®MKJL FMOV DQAG EL
wubLWV FRUUHODWH ZLWK GLIITHUHQFHV LQ JUR
DPRQJ JURXSV RI WKH HDVWHUQ R\VWHU &UDVVR\
9 3 +

6RXGDQW 3 ODUW\ QDWRD®OFLBWRPGRVLWLRQ
FODVVHV GXULQJ ODUYDO GHYHORSPHQW RIHVFDOC(
%LRFKHPLVWU\ DQG 3K\VWLRORJ\ 3DUW $ OROHFX

9 3 *

6WDQOH\ 6DPXBBEVRVCRORILFDO UROHV RI SURVW
HLFRVDQRLGY LQ LQYHUWHEUDWHYV 7TKH %LRO|
3 *



02',),&$7,216 2) %/8( 0866MYBILUS EDULIS /
/,3," &20326,7,21 81'(5 /2: 6$/,1,7< &+521,& ())(&7

1 1 )RNLQD 5XRNRODSQEIN\DUHYLFKHPRYD

,QVWLWXWH Rl %LRORJ\ .DU5& RI 5%6
SHWUR]DYRGVN 6WDWH 8QLYHUVLW\

7KH VWXG\ Rl OLSLG DQG IDWW\ DFLG FRPSRXMW L
edulis / LQKDELWLQJ VRPH ELRWRSHV LQ .DQGDODU
YDULRXV K\GURORJLFDO UHJLPH VKRZHG WKH JL
SRVLWLRQ RI WKH PXVVHOV H[SRVHG WR ORZ VDC
IHDWXUHV LQFOXGLQJ DQ LQFUHDVHG Q Q SRO\
GLVWLQFWLYH IHDWXUHV Rl WKH JLOO DQG GLJHV
SURYLGH D KLJK UHVLVWDQFH RI LQWH UM LIGEVD P X

D <HIJHKM H KH<J?F?GGHF KHKLHYGBB IHIMEYF
BG<:AB<GUO <B>H< :FNBIH> < SMQV?F A:EB<?
E:>H@KDH=H HA?J:

F K Ljbnhgh\z ? : DmjZrh\ F : ;Zj[Zrh\Z
BgklbIml ha_jh\_~_gby J:G

< Smqv_f aZeb\_ EZ"h kdh]h ha_jzZ kh\f_klgh h[b
ab\guo \b"Z Zfnbih”® [ZcdZevkdh]h*PjHBDKdhRL CGyHbY
IDVFLBDWMHKEELQOLFUMMURSXYV 6SRRALVQR/ONMN L =f_
ebghb”_k ~“hfbgbjm_1 \ khklz\_ Zfnbih® dZd ih qk
b ih [bhfZzkk_ Qbk®e_bpOVklkbWXWVey | \ kj_~g_f
wda filbhfzkkz =+ D pdssolskii + wda f ] f
khhi\_IkI\_ggh K hdly[jy ] gZ[ex*Zehkv mklht
r gb_ gbke_gghklb b [bhfZkku bg\Zab\guo \b”~h\ Z

<\_" gb=eZ\ghc khklzZ\eyxs c¢ ijhp_kkzZ kh\j_ f ¢
expbb wdhkbkl f gZaulzZxl i _j _k_e_gb_ \b”h\ ba
gZ \ “"jm]lhc J_amevlzZlhf \azbfh® _ckl\by Z[hjb]_
\brh\ \k_e_gp_\ y\ey Iky agZqgbl_evgZy ljZgknhjf.
j_pbib_glh\ >;bheh]bqg_kdb_ bg\Zabb« @



:fnbih”"Z [ZcdZevkdh]h ijhbkPHCOLQBRYLGHY IDV|
6WHEELQJ ihke_ijhgbdgh\_gby \\ EZ"h'Kdh _
>3DQRY @ dhehgbabjh\Zez \kxm]b 3dbOMR X eht v

@ klzez "hfbgbjmxsbf dhfihg_glhd [Ibgktok 2b\h \
IhjZevguo [bhlhih\ >DmjZrh\ b ~j d agddblijlbVght
l[jZgknhjfzpbb wdhkbkl_fu eblhjZeb >DanjzhSnb *j

gv_f aZzéb\IDVFLiIbyWbE\ky \ ] \Vazjhkeyo fZdjhnb
gh\ @ Z\ ] hg gZ[ex"ZekyphyZZi[¥) >Ke_@
< ] \ Smqgv_f aZeb\_ EZ"h kdhhjrma gZ pweZ

ImjZebah\Z\rZyky ihimeypby gh\h]h_{2WEZ"EThtth]h
ih" [ZcdZevkdh]h ijhbBbRUNXJBRE XVERRZVQRAV NLL
>:Zj[Zrh\Z b 7] @ >ey hp_gdlvghafh]ghklbk*Ze
e_gby b ihke_"kl\bc \k_e_gby gh\h]hbd®"Zd i Bahr\
g_gb_ _]1h wdheh]bg_kdbo b [bhehhuy\kmdke hdEysd|
kh\f_klghlh h[blZgby k jZg__ gZImj&Zf&b atbd\\Z kribD kyX\\
FZI_jbzZeu b f_ld"amqv_f aZeb\_ EZ"h kdh]h ha_j
"bebkv k_ahggu_ gZ[ex”_gby aZzZ ihimedfmibyhid kg\zZ

fZy ih bxgv ] ki_jbhAbgghklvx = lZzaz \ f_
i o ihklhygguo klZgpbyo LZd _ ijh)uh[digpjhlh[jZgu
b \ bxg_ ] < ~Zgghc jZ[hl_ ij_~klZheryy ¢dagu

gZ klZgpbb jZkiheh _gghc \[ebabcgZRbigh&ldzZf_
N_eyxs_c x gmx qZklv aZeb\Z hl hk®\gjkbgZzduzlhj
klZgpbb cf 1 fc ( =jmgl gZ klZgpbb [ue ij_"kl
aZbe_gguf i_kdhf k jZklbl_evgufb hkhEljZibjhfem][l
baf_gyezZkv hl f ~h f \ klyahhRogdheh/ [z dblydb jm
ljh[u fZdjhahh[_glhkZ gZ klZgpbb \ Smqgv_f a:

kdhlh ha_jZ hl[bjZeb ~ghq_jizl_e f 1_|_jk-gZ ljb
j_ A _ezZeb ih "\_ \u_fdb HIh[jZggu_ ijh[u ijhfu\Ze
ijhgh\uc ]Za k “bZf_ljhf yq_b ff b nbdkbjh\Ze

ebghf < eZ[hjZlhjbb ijh[u fZdjh[_glhkZ jZa[bjZeh
hj]Zgbafu khjlbjh\Zeb ih ]JjmiizZf ih*"kgblu\Zeb b \&
Ihjkbhgguo \_kZo ihke_ h[kmrb\Zgby gZ nbevljh\Z

J _ameviZlu b h[knEZ2 kjEZgpbb \ Smqgv_f aZeb\_
kdhlh ha_jZ [ueh h[gZjm _gh ] m i 2f@ d JiRaFhkh D HYWH
&KLURQRPRSPOIHSRBOOXVFD 0RQPORYED *DVWUR
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+LUXGLWQHX R YW 8§ ® 83U D F DiLgdhDS Whethit K L G D H
/IHSLGRSIWKHUbBYggufb ij_~klz\bl_eyfb ~hgguo [_kiha
yleyebkv heb]ho_lu objhghfb”ru b Zfimbih&dal _&p "g
fZdkbfZevgu_ b fbgbfZevgu_ agZq_ dbhyfZdkikue [ gghkl
IhkzZ b _1h hi*_evguo ]jmii Z 1Zd gZqZkkHbz\biph{kIg
ij_’\kIZ\e_gu \1Z]e

"gb_ihdzZazl _eb fzZdkbfZevgu_ b fhghfiZgbge oppZq

klb 1 1b tf bilofrZr N | YePhHKKIE Il ZhEbht Y hletyiee AR ISDE WG hH 77 |
qZ_fhklb \ ijh[Zo ) gZ klZgpbb \ Emak KdaZleta |z

1 wda f % ] f
[ “ 6( OD|[ O[LQ [ “16( ODH:OLQ

20LJRFKDHWD

&KLURQRPLGDH *

$PSKLSRGD

* IDVFLDWX|V

0 possolsKii

OROOXVFD %LYDOYLD

OROOXVFD *DVWURS$RGD
MermitKLGDH !

+LUXGLQHD

7TULFKRSWHUD

lihgb'LSWHU|D

,VRSRGD

+\GUDFDULQD

/IHSLGRSWHUD

“glhk : 8

< khklz\_ fzdjhahh[_glhkZ "hfbgbjh\Zeb-objhgh
g_f hgb khklZ\eyeb gbke_gghklb b [bhfz
[ _kihalhghgqguo GZ “hex heblho_| \ kj_~g_f ijboh
gbke_gghklb b [bhfZzkku Zfnbih" % gbk
[bhfZkku < abfgb_b \_k _ggb_i_jbh”u “hey
his_kI\_[_glhkZ m\_ebgb\ZeZkv b "hklb]ZeZ
[bhfZkku >hey fheexkdh\ \ kj_~g _f [ueZ g_\
jbh~bq_kdb hgb \ghkbeb agzZqgbl_ evguc \dez”" \ [l:
AMmkI\hjgZlu_ ~h [[xohgh]b_ ~h -GZ jbk
e _gZ "bgzZfbdZ gbke_gghklb b [bhfZkku “hgguo [_
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Jbk >bgZfbdZ gbke_gghklb b [bhfXZXkEgpblylhkZ gz
\ Smqv_f aZeb\_ EZ~h kdh]h ha_jZz



Khhlghr_gby gbke_gghklb b [bhfZkku[BNnho kh\;
xsbo \ aZeb\_ \b”h\ bg\Zab\guo Zfnbih® [EcdZevk
A_gby ij_"~klZ\e_gu gZ jbk* |DoVZF OpakXNVbehkyv

+ gbke_gghklb b + [ b fZ KK]un- 2 fonkb i
e_gghklv \ kj_"g_f khklZ\eyeZ b dhe_mWdkaZkiv hl

“h wdaZ f[bhfZzkkzZ [ueZ \ kj_"~g_f b bd ]
f_ gyeZkv hl ~h Ki_IPdyy gbke OgmgR\KWR OV NLL
[ueZ ) wda fbgbfZevgzZy Wd&bfZzevgzZy =

wda Z [bhfZkkZ dhe_[ZeZkv hl ijb Rh_~g_¢ f

Unenemtocts

Buonacca
w
L=J
]

R
S DS S
P o

S OO

O Gmelinoides fasciatus W Micneropus possolskii

Jbk Khhlghr_gb_ gbke_gghklb b [bhufezklktthbgdZab\g
nbih” gZ klZzgpbb \ Smqv_f aZeb\_ EZ"h kdh]h ha_jZ



0O pRVVROVWNIelh\byo h[blzgby jzkkfzljb\Z _fhc
g_ "hklb]Ze [hevrbo agZq_gbc gbke_gBhkhb b [t
] hg\ghkbe agZgbl_evguc \deB®h”™ \"MhklZ\ Zfn
gbke _gghklb Zfnbih™ b 2h [bhfZzRghbu Kh
f_ " "m \b"DfpPRVVROVNDL FLD®XY_ ihklhygguf <
NZevg_cr_f “hey iharg__ \k_eb\r_]hkly kbdlkgba
[iy ] g_ ij_\urzZeZz gbke_gghlkdbfbk
ku GZ klZgpbb \ Smqv_f aZeb\_ EZ[exXalh]lh
ehkv mklhcgb\h_ khhlghr_gb_ gbke_kghZdb\b [bF
guo \b”rh\ Zfnbih”
Ebl_jZImjz

Zj[Zrh\Z F FZey\bg K : Dedahhd2 [ZcdZevkdh
Zfnbih"ALFUXURSXV GRXIVRWONAN L L $PSKLSRGD &U
EZ~"h kdhf ha_j_ Jhk "mjg [bhe bg\Zabc < K

;bheh]bqg_kdb_ bdWaglm b gZa fguo wdhkbkl _fZo
ebfh\z : N ;hlmpdhe G = F KI[ Lh\Zjbs_ kl\h gZi
DFD k

Dmjzrh\ 2?2 ;Zjdh\ > < cghhlebvfi2cdZevkdh]lh \k_e
p Lmelinoides | D V F L 6BMWHKEZ LGIJ f A hrind fdoly ph\ EoddtgaZeehid ghiiiizedvigp
ah\ h <zZezzf EZ~h kdh_ ha_jh ;bheh]by \gmlj_gg
K *

Dmjzrh\ 2?2 ;Zj[Zrh\Z F ;ZjdIB\gSZab\gmm NjZf
nbih”~u dZd nzZdlhj ljZgknhjfZpbb wdhkbkl_fu EZ~h kdh
"mjg [bhe bg\Zabc < K +

IZgh\ < ZcdZevkdZy wg” _fbqgZPHOLRQRDEHAMDI|DV
tus 6WHEE \ EZ*"h kdhf ha_j_ >hde :dzZz” _fbb gZmd
K *

Ke_imobgz L > ;_eydh\Z B <<hkhljaglp\re\_§b NfzZdjh
[ glhkZ ihke_ azZdjulby p_eexehagh [mfZ gh]h-ijhba\h’
ji_ "\mo aZeb\h\ EZ*"h kdh]h ha_jZ Wdheh]bg_kdh_ k
kiI\_gguo \h~h_fh\ ;Zelbckdh]h fhjy \ij_ ~ eZo .Nbgkdh]

K — .
3DQRY OVWDEOLVKPHQW RI WKH % D*PNHIDQ IQIRQ. GHID\C
IDVFLD@/XYNH /DGRJD +\GURELRORJLD 9

3DQRY 9 ( .U\ORY 3 7KH/H®HHWHUVEXUJ KD
,QLWLDO ULVN DVVHVVPHQW RI BOLHRUWGS H FILRHWVG
&RXQFLO RI OLQLVWHUV &RSHQKDJHQ 3



21 7+( ,668( 2) 7+( &855(17 67%$7( 2) 7+( ,19%6,9¢(
$03+,32' 63(&,(6 323</$7,216 ,1 7+( 6+&+8&+,< %$<
2) /1$.(/1%'2*%
0 6 7ULIRQRYD ( $ .XUDVKRY 0 $ %DUEI
,OQVWLWXWH RI /LPQRORJ\ 5%6

7TKHUH DUH WZR LQYDVLYH %DLND®HDQ QRRLIGHQ IX
FLDWWWEELQJ OLFUXQ@EBSXV BRMMROMNLL LQKDELW
6KFKXFKL\ %D\ RI DNMHVXBRADODDOLO LQ DPSKLSRGTV
ELRPDVYV 7KH*T XIDVOPMLDMW\XRY RQPDYHUDJH WKH ELRP
J P DOGSRVVRUVNLYD QG JRH SURSRUWLRQ RI
DPSKLSRGYV TXDQWLW\ DQG EVRPBH 2 KDREWRPDLQ

JHEV ;:CD:EVKDHC :FNBIBMELINOIDES FASCIATUS
< KHH:;S?KL<? F:DJHAHH;?GLHK:
EBLHJ:EVGHC AHGU HG?@KDH=H HA?J:

B KbAhjh\Z
BgklbIml \h~Aguo ijh[e _f K_\_jZ DZjGP J:G

Fhgblhjbglh\u_ bkke_"h\Zgby Ij_o Ibih\ eblhjzZel
ha_ jz dzf_gbklhc ]jZ\bcgh i_kgZghc b aZjhke \I
fZzdkbfZevgu_ agZq_gby [bhfZkku hIf_gq_gu-gZ dZzf
eb + ] fbgbfZevgu_ + gZ i_kgZghc< klg#md ] f
Imj_ khh[s_kI\ \h \k_o IbiZo eblhjZevguo f_klhh[l
kms_klI\_ggmx jhev bg\Z&mHiggdes \DY F L BE-XANZ
f_gbklhf Ibi_ [bhlhiZ \b" \k_e_g_p "hfbgbjm_1 dZc
klb 1Zd b ih [bhfZkk_

GZgbgzZy k k_j_~bgu OO \ \h fgh]bo jZchgZo A_
bahreb i_j_f gu k\yazggu_ k ijhgbdgh\_gb_f \ _
bkdmkklI\_ggu_ wdhkbkl_fu g_k\hckl\_gguo bf gm
"b\uo hjljzZzgbafh\ ba ~jm]bo j_]J]bhgh\ >6WUD\HU

@ KhlezZkgh Dhg\_gpbb ih [bheh]bg_kdhfm jZa
ehlbq_kdb_ bg\Zabb ih ijz\m kqgqblzZxlky \lhjhc ih



ahc [bhjZzaghh[jZzabx ihke_ jZajmr_gby f_kl h[blZ
HWOD O @ @l @i il [§iH] fiarjeh i Ho tali & Feal e ey y ipdy iy Oy ) el
guo \b*h\ kms_kI\m_I g_h[oh”bfhklv bkke_~h\Zlv
\ baf_g_gbb kljmdImju khh[s_klI\ *hgguo hj]Zgbafl
kbkl_f Hkh[uc bgl_j_k ijbh[j_IZ_| bamqg_gb_ eb!
h{s_kI\ Hg_"kdh]h ha_jZ bkiulu\Zxsbo \ebygb_ ¢t
\b"Z [ZcdZevkdhc Grhdihoidésul DV F LEWHKEVE L Q J
FZl_jbZeu b f_IMBWke_"h\Zgby fZdjhahh{_glhkZ
\h~*bebkv \ ijb[hcghc eblhjZeb Imolbg\widdelbfmolu
iZo [bhlhiZz dzZf_gbklhf KklZgpby Zighlfz\dZgh i_
pby < Ilbgvlm[_ ijh[u hl[bjZzebkv \gZjgpHbcahc i
JZklZxs_c eblhjZeb klZgpby jbgblhjb@h\ko o f
klZgpbyo [ueb \uiheg_gu k_ahggu_ ky[jMIk-k_fZy i
jbh~bgghklvx jZa \ rg_c \ llemjlb&kj_"g_fc
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HI[hj ijh[ ijhba\h”*beb fh*bnbpbjh\Zggulidhjfh[hhl][
I1Zgh\Z 1Z\eh\Z iehsZ”vx aZ®\ XuXhlh«f f->F _1Ih
"bg_kdb_ j_dhf_g*"Zpbb« lZgh\<KZ)eHAh[jZ @
gh b ijhZzgZebabjh\Zgh ijh[u gZ dZft gbkjhf [bhl
gZ ]jZ\bcgh i_kqgzZghf [bhlhi_ * ichgdjglklZxkgZgh
eblhjZeb % ijh[

J _amevlZlipb[hcgZy g_aZzZjzZklzxszZy dzf_gbklzy
jZev Imolbgkdhc [molu Hg_"kdh]h haJjamiehMgpb)
lu ihdZaZeb qglh gZ fhgblhjbglh\hc klZgpbb \
e_gghklv fZzdjhahh[_glhkZ ~hklb]ZeZb kjluxg_wda
[bhfzZkk _ lzfe lhemqg_ggu_ gZfb j_amevlZIlt
xlky k j_amevlzZlZfb L > Ke_imobghc > @ Z\It
gZb\ukrbc mjh\_gv jZa\blby [_glhkZ [_a fZdjhnbl
gZ \ZemgZo b djmiguo dZfgyo eblhjZeb Hg_ "kdh]F
[bhihi_ hlif_gzZxlky iheh bl_evgu_ klhjhgu 4jb[hcgl
r.ggZy ZwjZpby ihklhyggZy kf_gZ \h~u jZklbl_e\
\h~hjhke_c h[jzklzgbc \ Ih ~_ \j_fy a”~_kv-g_ ijh\
pZl_evgZy klhjhgZ ~“bgZfbdb \h*guo fZkk Z bf_g¢
hihjghlh km[kljzlz
LZ[ebpZ LZdkhghfbg_kdZy kljmdImjz b dhebqg_kI\_gg

klbdb khh[s_klI\ fZzdjhahh[_glhkZ gZ ijb[hcghc g_aZzZjZzl
f gbklhc eblhjZzeb Imolbgkdhc [molu Hg_“kdh]h ha_jzZ \

Qbke_gghklv ;bhkakIZ
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<Z gh hif_Iblv qlh ey mkeh\bc ijbphcghc g_s
dzf_gbklhc ebIhJZeb Ahfbgbjmxs_c Jjmijbt \ I_q
NZ gZ[ex"_gbc dzd ih gbke_gghklb bke_ggh h[s.

kilb 1Zd b ih [bhfZkk_ hl h[p\ecy ¢EZKAZ Kjkui
iZ Zfnbih” ij_~klZ\e_ggZy h~gbf \b“PH Ok QR lg@H
IDVFLDBWMMEELQJ :gZeh]bqgZy kbEm&pby hl

lhjZeb \ ITkdh\kdh Qm2kdhf ha_j_ dmhpb\ihtZ[ge [
Ney ih\ur_gby ijh*mdlb\ghklb \h*h_fZbigZ[§hZ\bcg
lhiz kj_"~gyy gqbke* gl®on\KFVIWIXYZ e Z lukbwda

+ hl his_c gbke_gghklb fZdjhahh[_glhlkZ \
>DZg]mj b 7] @

DzZd ihdZazZeb gZrb gZ[ex*_gby \Il_qg_gb_ \_]_I
gZz ] "bgZfbdZ gbke_gghklb hkgh\guo Jjmii ~h
fh\ gZ dZf_gbklhc eblhjZeb bf__1 "\Z ibdZ-\ dhgp
p_ bxey x gZgqZe_ k_gly[jy jbk

A B

Y

gRiesas

E 12
o ipyrRe
nchironamidae

UseAuHHO T

Bolipechaets
= amiphipads

.]

| IS ..

Hape i

LA y
\“’&“‘b'\‘h S EEE TS R RGO

Tara
Jbk Qbke _gghklv : + lukx wdhkdgh\guo ]jmii fZdjh
ahh[_glhkZ gZ ijb[hcghc g_aZjZklZxs_ thpgZzdbgkdhc etk
Ibgkdhc [molu Hg_"kdh]h ha_jzZ \ ]

GZb[hevrb_ ihdZaZl_eb gbke_gghkltk "WwKEb]Zeb
\ dhgp_ bxey ijb wlihf hkgh\ghc \ddRBRD\ghkb éubk +\C
wda f< wlh \j_fy “hey Zfnbih”® [ueZ gZbf gvr_c \
ahgz hl h[s_c gbke_gghklb jb&vgu_; addbgbf
gby gbke_gghklb fZdjhahh[_glhkZ aZvbmdkbMe\y gu

luk wda f

>bgZfbdZ [bhfZkku gZ "Zgghc klZgpbb d&Zd baf_
klb bf__1 M\Z ibdZ dhg_p bxgy b &yimkl £ d&Zqgd£h
[hevrb_ agZq_gbb [bhfZzkku hiIf_q_gu"WmilZRegmkyzxx ’
gZbf_gvrb_ = \ k_j_"bg_ bkey ] fkhhI\_IkI\_ggh




< \_]_lZpbhgguc i_jbh” k k_j_~bgudZZy hHliy[jjyhc *
ih [bhfZzkk_ ~hklh\_jgh "hfbgbjh¥Z ¢ R VA b DivkX&/
lzy = hl h[s_c [bhfZkku “hgguo Jb”jh[bhglh\

Ijb[hcgZy g_aZjzZklZxsZy ]jZ\bcgh i_kqZgZy eb
Ibgkdhc [molu Hg_"kdh]h ha_jzZ Kkl2gggh- ihem
g_gguf gZfb ~Zgguf gZ fhgblhjbg]h\hc klZgpbb
ljZ\bcgh i_kgZghc eblhjZeb dhebqg_kl\_ggu_ 0ZjZ
djhahh[_glhkZ [ueb kZfufb gbadbfb kj_~b bamqgZzZ_
lhih\ LZd \ I_q_gb_ i_jbh”Z bkke_~h\Zgby Kkj_"¢
“hgguo hjl]Zgbafh\ khklZ\beZzZ ijlukkj_tvaglac fbh
fZkk _ 11Z[e Kh]l]ezkgh ebl_jZImjguf "Zgg
kdh\ eblhjZzeb Hg_"kdh]lh ha_jz ; F :e_dkzZg”jh\
kj_~gb_ [bhfZkku [_glhkzZz L = Kef.imobgzZ >

] f

LZ[ebpZ LZdkhghfbg_kdZy kljmdImjzZz b dhebqg_kI\_gg
klbdb khh[s_kI\ fZdjhahh[_glhkZ gZ ijb[hcghc i_kqZgt

u
>
(

Imolbgkdhc [molu Hg_“kdh]lh ha_jzZ \ ]

LZdkhg Qbke_gghklv ;bhfZ(kIZ
luk wda| fP ] f P

$PSKLSRGD

20LJRFKDHWD 9

&KLURQRPUGDH 8

+\GUR]RD

'LSWHUD ijhgb_ < < 9

&ROHRSWHUD 9

<k _]h

DZd ihdZaZeb gZ[ex”_gby \ ] 9Z hldjulhc i

jZeb \'1_q_gb_\_]_IZpbhggh]h k_ahgZ ~"bgZfbdZ q
fZkku hkgh\guo ]jmii fZzdjhahh[_glhkZzZ ij_2klZ\ey.
dh__ m\_ebqg_gb_ gbke_gghklb \ dhgp_ bxey \lhjhc
[ue azZj_]bkljbjh\Zg \ gZqZe_ k_gly[jy jbk

< fz_ gz ~"Zgghf hidjulhf i_kgzZghf [bhlhi_ g_ [
"_gh gb hrghlh hjlzZzgbafz \ ijh[_ Ih ebl_jZImjguf
[_glhk ijb[hcghc eblhjZeb k i_kdhf y\ey_Iky [_"gL



Ikdh\kdh Qm~kdh]h ha_jzZ >DZg]lmj b 7] - @ K
gbyf L > Ke_imobghc > @ hljbpzl_evguf nzd
gZghlh [bhlhiZ y\ey_Iky *bgZfbdZ \h~"guo fZkk h][
ih"\b ghklv i_kdh\ a”_kv gzZklh hlkmlkl\mxI| hj]Zg
fb ihdjh\zZfb I_eZ gm\kl\bl_evgu_ d f_oZgbqg_kdhi
\heg heb]ho_Ilu
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Jbk Qbke_gghklv : = luk twdahkfgh\guo ]jmii fz

djhahh[_glhkZ gZ ijb[hcghc i_kgZghc eddih¢Zemolmolb
Hg_"kdh]h ha_jz \ ]

BTigochaets
L

mamphipada

< ] ih [bhfZkk_ bg\Zabh¢yDQVE LOM EMem s _
klI\_ggmx jhev lhevdh \ hI*_evgu_ ~Zlu \ dhgp_ b
eh\bg_ Z\]mklZ b \ gZqZe_ k_gly[jy < hklZevgh_
ijhp_gl ih [bhfZzkk_ khklZ\eyeb objhghfb”u b ]1b”ju

ljb[hcgZy aZjZklZxsZy i_kqZgZy eblhjZev \ Ibg
kdhl]h ha_jz klzBgkg_"~h\Zgby ijh\_~_ggu_ \ Ibg
Hg_ “kdh]h ha_jzZ \ ] 9Z i_kqZghc aZjZklZxs_c
aZeb qlh kj_"gyy gbke_gghklv fZdjhahh[_glhkZ k
wda fijb kj_~g_c [bhfzkk 1Z[e] f

Dzd ba\_klgh \ukrzZy \h*gZy jZklbl_evghklv ihel
ki\m_1 gZ \bAh\h_ [h]ZIklI\h b h[beb_ “hgguo "b\hlg

@ @b\hlgu_ fhlml mki_rgh kdju\Zlvky hl ju[ kj
hkh[_ggh f_"~m dhjgyfb >DZg]Jmj b *j -@ ;eZ
gbx jZkl _gbc \ aZjhkeyo ihklhyggh \hagbdZ | gh
h[oh~"bfuc “ey iblZgby [_kihalhghqguo “b\hlguo .
sbs _gu b hl \heg_gby >JZkihih\ b *~j @ Fzdjl
lhjZzevghc aZjzZklZxs ¢ i_kgqZghc ahgu Hg_"kdh]h
kzfuf jZaghh[jZaguf b ij_~klZ\e _ g ]imiiZfb jZae



khghfbg_kdh]lh jzZgl]Z GZb[he__ jzZkijhkljZg_gguf
e_ggufb ]jmiizfb y\eyebkv jZdhh[jZagu_ ebgbgd
fZehs_Ibgdh\u_ q_j\b b ebgbgdb ~“\mdjueuo JeZ
+HOHLGDHH e bg bhletblgdjmhb o* jmajb g _lmagma q _Idpghu'o [kohi K
f_g_gu ke_"mxsb_ ]jmiiu klj_dhau dehiu b jZ\g
hljZagu_

LZ[ebpZ LZdkhghfbg_kdZy kljmdImjzZz b dhebqg_kI\_gg
klbdb khh[s_kI\ fZzdjhahh[_glhkZ ijb[hcghc aZjZklZxs_

eblhjzeb \ Ibgvim[_Hg_‘kdhlh ha_jzZ \ ]
Qbke_gghklv ;bhfZkk
Lzdkhg M wdd 1P ] f P f

$PSKLSRGPD
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&ROHRSWHUD
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+\GUR]RD

+HWHURSWHUD

,VRSRGD 9

2GRQDWD

<Kk _]h

< Il_g_gb_\_]1 _IZpbhggh]lh k_ahgZ ~bgzZfbdzZ qbl
fZkku hkgh\guo ]Jjmii “hgguo hjl]Zgbafh\ bf- | Ijb
e_ bxgy \ k_j_"bg_ Z\ImklzZ b \ k_gly[j_ jbk ;
agZq_gby gbke_gghklb [ueb aZnbdkbjh\Zgu \ k_j
luk wda dh]*Z hkgh\gmx ~“hex khklzZ\bezZ ]jmiiz

+ hl h[s_c gqbke_gghklb < Il_q_gb_i_jbh~Zz
gZ "Zgghc klZgpbb kms_klI\_ggmx jhev dZd ih gbk
[bhfZzkk_ bl]jZzeb objhghfb”u b “"\mkl\hjgZlu_ fheex
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Jbk Qbke_gghklv : = luk wdikgh\guo ]jmii fZdjhahh
[ _glhkzZ gZ ijb[hcghc aZjzZklzZzxs_c i_kgZghc eblhjZeb
Hg_"kdh]lh ha_jz \ ]

<u\h”< p_ehf ihemqg_ggu_ gZfb “Zggu_ ih?I\_j "Z
IZlu bkke_ _~h\Zgbc : < Jy[bgdbgZ>L @ [f&akdh\h
fZevgu_ agZq_gby [bhfZkku hif_qg_glhgZedzZf gbklf

] f fbgbfZevgu_ + gZ i_kqZghc< kljandIfif_ khh[
s_kI\ \h \k_o IbiZzo eblhjZevguo f_klhnislZdbcgb]jz
gmx jhev bg\Zabhggud®VYEFLDWXYbjm | \bN \k_e g
dzd ih gbke_gghklb 1Zd b ih [bhfzkki_ g&hdizifZ gbk

Bkke ~h\Zgb_ \uiheg_gh aZ kq_I 1jZglZ Jhkkbckdh]h
ijh_dl <

Ebl_jZImjz
e_dkzg”jh\ H Fhgghc nZmg_ ha_j DZj_ebb -b __ dh
g_gbb ey jul ;bheh]by \gmlj_ggbo \h~ h_fh\ Ijb[Z¢€
:G KKKJ K +
DZglmj D Lbff L LbfiigyZly dMjZmgzZ ahh[_glhk Ik
Qm~kdh_ ha_jh LZjlm K +

F_Ih*bg_kdb_ j_dhfihgkZpjorb b h[jZ[hld_ fZlI_jbZeh\ ij
Ajh[bheh]lbg_kdbo bkke_~h\Zgbyo gZ ij_kgh\h”~guo \h”h
_lh ijhmdpby E k

IZzgh\ < ? 1zZ\eW_I1h#fbdZ dhebqg_klI\_ggh]h mq_1Z \h'
ihal\hghgguo \ aZjhkeyo dzZfurzZz b ljhklgbhdz =b~jh[b
L < K *

JZkihih\ B F <hjhgph\ N N Ke _idrhaebvg Yh &g >g bly Aj
nhjfbjh\zZzgbb [_glhkZ [hevrbo ha_j E GZmdZz

Jy[bgdbg : < IlheydBUfZhlah®&[_glhk ha_jZz b -]h jhev
gbb jul ;bhj_kmjku Hg_"kdh]lh ha_jz I_Iljhaz\h~kd D
K +



Ke _imobgZAhh$ glhk eblhjZeb Hg_“kdh]lh ha_jZ E
ahgZ Hg_"kdh]h ha_jz E GZmdZz K *

.HOOHU 5 3 *HLVW - -HWIXWHH WSHFKBYV, LQ (X
RJ\ VWDWXV DQG SROLF\ (QYLURQPHQWDO 6FLI

6FKODHSIHU 0 $ 6D[ 7TKH 2PWHQWLDO &RQVHUY
1RQ 1DWLYH 6SHFLHV &RQVHUYDWLRQ %LRORJ\

6FKPLHGHKWRSHDQ ODNH VKRUHV LQ GDQJHU =% F
GHYHORSPHQW /ILPQRORJLFD 9 J =

6WUD\HWBOLHQ VSHFLHV LQ IUHVK ZDWHU HFRO
ZLWK RWKHU VWUHVVRUV DQG SURVSHFWV IRU W
9 6XSSO J *

7+(52/(2) %$,.$/,$1 $03+, BMELINOIDES FASCIATUS
1 /,7725%$/ 0$8&52=22%(17+26 &20081,7,(6
2) 1$.( 21(*2
, 6LGRURYD

IRUWKHUQ :DWHU 3UREOHPV ,QVWLWXWH

7KH SDSHU GHDOV ZLWK WKH K\GURELR®RPRE®BO P
RI /DNH 2QHJR URFN\ JUDYHO VDQG DQG PDFURS
RI LQYDVLYH*PHPSKQERGHW QDNREBWXMV\ VWUXFW X
VXOWV RI WKH SUHVHQW VW X D VFFUMRRNP @ B I/\W VWIKMF
PDFUR]JRREHQWKRY IRXQG RQ OLWWRUDO URFN\ E|

<B>H<:Y >B<?JKBNBD:PBY ;:CD:EVKDBO
WG>?FBQGUO IBY<HD K?F?CKL<: 3,6&,&2/,'$(

? X FZI\__g®h : DZclhjhrh\Z

Ebfgheh]bqg_kdbc bgklblml KH J:G Bjdmlko
Bjdmlkdbc JThkm~Zjkl\_gguc mgb\_jkbl _|I

Fhe _dmeyjgh nbeh]_g_Ibg_kdbc ZgZeba gZ hkgh
de_hlb”rguo ihke_~h\ZIl_evghkl_c njz]f_glh\ ]_gZ
_“bgbpu fblhohg”jbZevghc pblhd WK H{EE@Z@EC P \
kdbo ju[vbo iby\hd ihdzZzazZze qlh ij_"~klZ\bl_eb wg
KRGRQREGXMBHO PZa”_ebebkv gZ Ijb nbeh]_g_Ibqg.



<uy\le_gguc mjh\_gv ]_g_Ibg_kdbo hlebgb< iha\h
"blv kms_klI\h\Zgb_ “\mo "hihegHR&RQEBGEMHQ O
ha ;ZcdZe b ijbagzlv bkke_"m_fuc njz]f_gl PW.
fZjd_jhf ~ey fhe_dmeyjghc b”_glbnbdZpbb iby\t
BLVFLFROLGDH +LUXGLQHD

Iby\db+LUXGL®Q\EPxIky madhki_pbZebabjh\Zgghc
dhevgZluo q$Q@Q@XHOLGMdh jZkijhkljZg_gghc ih \k
fbjm 1h ihke_~gbf ~"Zgguf fbjh\Zy nZnm@g\Z ibybhd g:
e__ \ b BIN\HYENRAONR VIR Q W H@ ib/Aiivhadh Xeeh [ DRASHIE i) jy
guo \h~h_fZo gZr_c kljZgu ij_"~klZ\emdbg \b"@fb >

Ha jh ;ZcdZe = mgbdZevguc ij_kgh\h”~guc \h~"
bf__I "ebl_evgmx w\hexpbhggmx bklhjbx - % fe
_Iky kzZfuf Jem[hdbf f b kzZfuf djmiguf ha_jhf
ljhajzgghklv [ZcdZevkdhc \h~u ~hklb]zZ_|I + f
hlebqz _I|ky djZzcg_ gbadhc fbg_jZebaZpb_< b \uk
_f dbkehjh”~hf ih \k_c lhes_ ~h fZdkbfZevguo Jem]|
mgbdZevguo k\hckl\ ha_jZ kihkh[klI\h\Zeh jZa\blk
dhfie_dkzZ "b\uo hjl]Zzgbafh\ ijbkihkh[b\rboky d "b.
ghc hg_gv gbklhc gZkus_gghc dbkehjh~hf \h"_

=bjm~*hnZmgZ ha_jZ ;ZcdZe \_kvfZ jZaghh[jZagZ

khdbf wg”~_fbafhf dZd gZ mjh\g_ jh”~h\ lZd
mjh\g_ Ih ihke_~gbf "Zgguf |Zdkhghfbqg_kdb
dZevkdbo iby\hd \dexqzZ_| \b~h\ ba jh~h\ >.D\

.D\JRURGYD @

H[t_dlIhf gZr_]h bkke_"~h\Zgby yl\eyxlky iby\db
BLVFLFRjB®MHbjmxsb _ ij_bfms_kI\_ggh gZ ju[Z
dZe_ h[blzxl ij_~klZ\bl_eb jh"h\ B HKQF HWUWRFE
GHO®DDKWHDOFD OREBERCGR Q REUGHEBHY/ P IdER O D
%ODLQWYL Ohkid_19bithkBgab fbaX glylgfh b\a\k kg H 2dik:
Ah\ ju[vbo iby\hd Z$bfy R OH PQ WRUBXBRWUWLGDU
%DLFDORBG MO FPHOMH QRIGRWIRE SBHIOFDFROD

VS>.D\JRURGRYD @ G_dhlhju_ [ZcdZev]
ibkpbdheb”u ijbkihkh[bebkv iblZIvky aZ kq_| Zfnb
highkylky \k_ ij "kIZ\IKRSIR{hREGIKOOD dZ kqblZ

ehkv qglh wlhl jh~ y\ey |ky fhghki_pbnbqg_-kdbf i



\hc \BKRGRQREGHO[@BD M kGHF pWDf ijhn_kkhjhf
ahheh]hf 2 =jm[_ _s_ \ ] <b” hibkZgguc b
G | Nbgh]_gh\hc b E G KgbfsbdiD\hkURE Gd® QQ
JHOHQVMN&e MLj_g_k_gnD|HFDOREGHPWHXKLNRYD

Z azZl_f hlg_k_okKkBGRQREGHO®DRGRYD @ <
_jZ[hl_ \Vi_j\u_ khh[sZ_Ilky h gh\KRGRORBGHO (
VS higgpgnm qgglohig g4 42cd& ekdiodd o ZfimithihZ2 & o h lrell
iZahg_ ]Jem[bg D\IRUVROB\RRO@RG R&EDbgbhl-@dg®]bl
[ZzEK WUXQFDBWD ©dZj&bdAHOHQMUYNHLRMERQREGHO (
VS bf__I| ki_pbnbq_kdbc hdjzk |_ezZ b kj_"gb_ jzZ
Djhf_ Ihlh wlb Ijb \b"Z azZgbfzZzxl jZagu_ wdheh]h
ij_"_eZo h]jhfghlh hH_WUKXZD¥EDWRY Ibibgguf Z[bk
kZevguf \b~Ahf + K HOHRWNAML [ZcdZevkdhc
IlhjZeb fKRBRQREG BN ZI §jhjhf mihlidglyh ihidl
gb_ aZk_eb\ km[eblhjZev * f bijhnmg~"Zev
Ah[gh fghlbf Ajm]bf “b\hlguf \klj_gZxsbfky \ ahg.
lem[bg gb h"KBGAGROQREBEGHOODbI ba ;ZcdZezZ \ :g
>Wirl_cg @

P_evx gZklhys_c jZ[hlu y\ey_Ilky bkke_~h\Zgb_
aby [ZcdZevkdbo ibWRMGIRQREGHOGDX kh\j_f_g
guo fhe_dmeyjgh ]_g_Ibg_kdbo f_Ih~h\ Ijbf_g_gh
e_dmeyjghc wdheh]bb ohly b g_ y\ey_I|ky ~“hklZIF
ey hij_"~_e_gby jZglZ IZzdkhgh\ |_f g_ f_g__ ih
kl_i_gv ]_g_Ilbg_kdh]h jh~rkI\Z \b~h\ \ kjZ\g_gbb k
gZ k_]h~gyrgbc *_gv deZkkbnbdZpb_c

;bheh]bg_kdbc fZl_jbZe [ue hlh[jZg \h Yj_fy d]j
kdbo wdki_"bpbc \ + 11 >ey hleh\Z ju[vbo ik
ah\Zebkv bolbheh]bg_kdbc IjZze ]b”jh[bheh]bqg_k
eZagu_ jZ[hlu b \hafh 'ghklb Jem[hdh\h”guo h[blZ_
©Fbj 2 b ©Fbj @

H[jZapu dh*hgh[*_ee kh[jZgu \ K_\1gKfexZ2gdZe _
kdZy Qblujdmckdbc aZeb\ ;hlmg¥gkd@nplFmDZ *jimo
\Zy \ jZchg_ :dz”~_fbq_kdh]h oj_[lE\b\MbdEjgVvino hkl
;ZcdZe _ ijheb\ FZeh_ Fhj_ ;Zjlmallghé&dZya¥rapX
K_e_glbgkdh_ f_edh\h”v_ FZI_jbZegnubdkbflgtZeky



ehf <b”h\Zy ijbgzZ”e_"ghklv hij_"_e_kglAmkds]efZkgh
kbkl_fzlbg_kdbf dexqzZf >Emdbg ZWizd -cghl
AN _evguf hibkzgbyf \bAh\ >Nbgh]_gh\Z@Kgbfsbdh\z

Fhe_dmeyjguc ZgZeba ijh\_~_g \ khhI\_Ikl\bb k
|_ogbdb >GD rljbodh”bjh\Zgby >+HEHUW @
\uiheg_gZ n_ghe oehjhnhjfguf f_Ih*"hf >'R\OH 'L
NjZ]f_gl ]_9gZ PW&2, Zfiebnbpbjh\Zg k bkirhevah\.
jh\' mgb\_jkZevguo ~ey [hevrbgklI\Z [_kiha\hghqct
DO @ @) ZxZbngh)dydZ_j\bYgmodgeh k| krhje ohljra &t GG Dj &
fhsvx j_Zdpbb k_d\_gbjh\Zgby "\mop_ihg_qguo ijf
nbdZpbb GID ©Kbglhe? Fhkd\Z JZkrbnih\Zgh
guo ihke_"h\Zl_evghkl_c njz]f_glZ ]_gZ PWKH, 7
[ZcdZevkdbo dh*hgh[*_ee \ Ihf gbke_ ihke_"h\Z
dh\h*gh]hGQbMWZUXQFDWD

Nbeh]_g_Ibg_kdb_ hlghr_gby Z IZd _ \gmljb b
]_g_Ibg_kdb_ jZkklhygby \ugbke_gu k bkihevah\z
guo ijh]jzff ba iZzd_I1Z 0(*$ HBOD PXO @KONOBGH il
eh]_g_Ibqg_kdbo hlighr_gbc jbk \u\_~_gZ -k ihfhs:
_"bg_gby [eb Zcrbo k- |C-EDNNRHERK 1>EBHEH) VY ik
ah\Zgbb ~"\moizZjzZf_ljbg_kdh]lh Ze]hjblfZ Dbfmju

@ b ]Jhfheh]bgguo ihke_"h\Zl_evghkl_c jh”
"h\ ba f_""mgZjh~ghlh [ZgdZ ]_g_Ilbg_kdbo "~Zgc

"4 "4 4 "4 4 4

"4 "4 "4 "4 $) $<
$< $< $< $< $< $<
$< \'dzZzg_kI\_ ]jmiiu kjZ\g_ghby

Gmde_hlb?gu_ ihke_"h\ZIl_evgKRIG RATH BE&HKA DD
jZamxl gZ ~j_\_ Iljb ohjhrh jZaj_r_ggkwdbnbethdblh_Ib
Ihke_~h\Zl_evghkllc hWwh XcdrrZWIDjbamxlky hl*_ev
ihA\_j"~Zy bo g_azZ\bkbfuc \brh\hc kVZInmKjZamnm\b
xsb_ M\_ ]jmiiu jbk ij_"klZ\e_guh\Zb _ev glnkeéy »
fb dh*hgh[*_ee khhiI\_IkI\_ggh Dhébgok&af ggnde
gZ kzZcl f_""m wlbfb ]jmiizfb khklzZ\dkyghf njz) fzZj
f_gl_ <ukhdbc mjh\_gv ]_g_Ibqg_kdbbjZlekidgbjbd ihal
\Zlv bo dzZd "\Z g_aZ\bkbfuo \b*"ZdbZdjAakkdhlygbyb



K\ur_  GIG | ijplipgahgiiy hHKEZR hEgoicmikddb Ui 2 ee
gby "\mo IZdkhgh\ gZ \b"hH EfHHIMADEOMIE D @ (dyidd@tiby
kdb_ ~bklZgpbb hi*_eyxsb_ [ZcdZelkglblbdbkdbhl

gZb[he__ [ebadBeDWPBOREGH O @DV FRMRDLDG DK P
b3LVF MmO DkhklZ\eyxl  + gmde_hib~guo hl
lh \j_fy dzd \gmljb\b~h\Zy ] _g_lbq kkdZZddFeZ[_e

kdbo ]jmii g_ ij_\urz_|I >GD [Zjaju\b\g]h\uc jZ
iha\hey | k m\_j_gghklvx mlI\_j ~Zl\gH\ wZebybb ~\
KRGRQRESHBBBRQRESGHOOMm :ZcdZe qlh m\_el
\b~h\hc khklZKRIE'RQREGHOOD

ERLALN Sratmgug Ry FSUR g ———

1- ~j_\h k kmffhec \_I\_c b *ebgzfb \_I
khhi\_ITklI\mxsbfb w\hexpbhgguf "Wk\Zepmbly f
hggu_ "bklZgpbb jZkkgblZgu k bkihMv&h\Zgb_f f_Ih

ljh\_~ gguc ZgZeba ihal\hey | jZKkfZApbdZidv njZ]
ijblhrguc bgkljmf_gl "ey bamqg_gby f_~ b-\gmljbj
r gbc m iby\hd \ gZklghklb ibkpbdheb” Fbf_g_c¢



nbg_kdbo >GD fZjd_jh\ agZqgbl_evgh mijhklbl hij_
\hc ijbgz”e_"ghklb Zgg_eb” \Z ghc ]jmiiu *"ey w
fhgblhjbg]Zz

\lhju ijbagZl_evgu khljm~rgbdm eZ[hjZlhjbb ] _ghkl
Ebfgheh]bg_kdh]h bgklblmlZ G < Khjhdh\bdh\hc azZ il
gbb fhe_dmeyjguo jZ[hl b p_gguc \dezZ” \ dhee_dpbx
\uiheg_gZ ijb nbgZgkh\hc ihA*_j°d_ JNNB ijh_dlI «

Ebl_jZImjz
Emdbg 2bw\db ij_kguo b khehgh\Zluo \h~h_fh\ NZ

Iby\db L J ~ ; ? ;uoh\kdbc E GZmdz k

Nbgh]_gh\Z Kgblfsbdh\Z BDJ®UREGHOOBh\Md © HIV N LN
b \b” ju[vbo ib3ANGFLFRIODA GAxH Ze Z Ahhe "mjg L
K +

Wirl_cg < H kbkl_fZlbg_kdhf iheh™_gbb h[jZa_ “bag
oh™*_gbb wg”_fbqghc [ZcdZ&WIRKHOREBG HOWOE MW R U

>hde :G KKKJ L K *

Wirl_cg < $RQHOLBD_"_ebl_ev iZjZzablh\ ij_kgh\h”g
angu KKKJ [h~j_~ H G Zm _ L K *

"R\OH' I-.FNVRQ)U(HVHUYDWLRQ RI SODQW VBPSOHV
GRQXFOHDVH DQDO\VLYV #YD[RQ 9 3

JROPHU 2'I$W DIOPHU IRU DPSOL¢FDWLRQ RI PLWHF

R[LGDVH VXEXQLW IURP GLYHUVH PHWD]RDQ LQYH
9 3-99.

+HEHUW % IHHRWOBIAAFDO LGHQWL,FDWLRQV WKURX
6RF /RQG % %LRO 6FL 9 3 *

.D\JRURGR$DMNHY&EVHG FKHFENOLVW RI WKH-/DNH %
HUERUQLD 9 K *

.D\JRURGRY¥® LO®XVWUDWHG FKHFNOLVW RI OHH
(DVWWHUQ 6LEHULD 5XVVLD '‘DWDVHW 3DSHUYV

.D\JRURGR¥QPQRWDWHG VSHFLHVY OLVVRBRH WWH BL!
Rl1 /DNH %DLNDO (DVWUEBRRLHEYWULD BSR®QVLD 3 *

.D\JRURGRYD , $ BHNRQHERUG®GYV RI /IDNH %DLNDC
6SHFLHV 'LYHUVLW\ DQG 6SDWLDO 'LVWUUEXWLRQ
"RUOG -RXUQDO K =

.LPXUD$OWLPSOH PHWKRG IRU HVWLPDWLQJ HYRC
WXWLRQV WKURXJK FRPSDUDWLYH VWXGLHV RI Q>
OHFXODU (YROXWLRQ 9 3 *



6DLWRX 1 7KIHHIQBLIJKERU MRLQLQJ PHWEREU X R Z
LQJ SK\ORJHQHWLF WUHHV OBRQRREXODU %% LRBORJ\tl

BNHW/URQWHDREBO GLYHUVLW\ RI OHHFKHV +L

+\GURELROLJLD K +

6QLPVFKLNRWON/RL +LUXGLQHD VSHFLHV  /DNH
%LRGLYHUVLW\ (GV 2 0 .R]JKRYD DQG / 5 ,]PH
3XE 3 +

7TDPXUD . 6WHFKHU * 8 WY HUWVRROHF XBWUDOY RO
DU\ *HQHWLFV $QDO\VLVY YHUVLRQ OROHFXOL
9 3 +

63(&,(6 ',9(56,),&$7,21 2) %$,.$/ (1'(0,& /((&+(6
2) )$0,/< 3,6&,&2/,"'$(

( < ODWYLHQNRDVIRURGRYD

ILPQRORJLFDO ,QVWLWXWH RI 6% 5%$6
,ZUNXWVNY 6WDWH 8QLYHUVLW\ [, UNX\V

$ PROHFXODU SK\ORJHQHWLF DRQRBRQ\\RUVWKDNMV QX FR
VHTXHQFHV RI WKH JHQH I1UD RRHQRAH PRIVWMR k K ReQIGNY
FKURPH F R[LGDVH PW&2, IURR @BDHRBOVHREAHPQ Y
WKDW WKH UHSUHYV HKRGRWY REKBYHERD BWSOH. WHIGXW R W
JHQHWLF OLQHDJHV 7KH GKWHAV¥WEKG JHYVOHMW L FWEKLH
Rl WZR DGGLWLRROGRQRIEGFHEB®MNBRPHWDLNDO DQG DFFI
I UDJPHQW DV D VXLWDEOH PMLNIHFDWRB QVRHVWIRIKD N'E
WKH 3LVFLFROLGDH +LUXGLQHD

FHE?DMEYJG:Y B>?GLBNBD:PBY
KB:BJKDBO F:DJHN:=H<UO IBY<HD
K?F?CKL<: (532%"'(//,'$( +,58',1($

E B N_~hjh® < Khjhdh\bdB\Z DZc]lhjh h\Z

Bjdmlkdbc JThkm~ZjklI\_gguc Z]jZjguc:mgb¥?_jRkdhl]if
Ebfgheh]bg_kdbc bgklbIml KH J:G Bjdmlko
Bjdmlkdbc Jhkm~Zjkl\_gguc mgb\_jkbl_I

Fhe_dmeyjguc ZgZeba gmde_hlbrgukd _chke _~
]_9Z PW&2, \uy\be qlh kb[bjkdb_ fzZjhmzZgh\u_



(USREGHOXdDngbdZevgu_ ihke_"~h\Zl_evghklb >G
rb_ \ oh”_ w\hexpbb ~“hklZlhggh_ dh%®dwo kd¥h gm
f_g "ey br_glbnbdZpbb \brh\h]h klZlIilh&Zakido ib
glh bgl_j\Ze ]_g_Ibg_kdbo jZkklhydbcely_ } kb
[bjkdbo ij_"~klz\bl_e_c hl nbeh]_g_Itbdhkdlglheba:
k\b"_I_evkl\m_1 h[ bo ijbgzZz”e_"ghklbgdh\hfingphb.
Ney gZmdb \b~m

G_iZjZablbq_kdb_ iby\db hd hl fbjh\hc n2z
QHDj_ikrKlzyrlyxdiwdhehdb §dkkdmpynijnmim ¢lhokbkg
guo yleyxsmxky \Z guf a\_ghf \ Ijhnbg_kdhc p_ib
kbkl_f b bkihevam_fmx \ dZq_kI\_ [bhbg”bdZlhjZz

ij_kguo \h~h_fh\ >; afZl _jguo Jhfzgh\Z Delt
Kbkl_fZlbdD %G UE DO &N ZkgE Y] ra ¥ gjm beild b b Yigj Hdt
dbg 1HIHPDQQ 1HXEHUW @ < deZkkk

"ey hij_~ e _gby \b”~h\hc ijbgz”~e_"ghklb iby\hd |
lZzdb_ fhjnheh]bq_kdb_ ijbagzZzdb dzZd nhjfZz |_eZz
khd p\ I b jbkmghd “hjkZevghc b \_gljZevghc ih
iheh”_gb_ b dhebqg_klI\h ]JeZza jzZkklhygb_ f_ ""m i
klbyfb dhebqg_kI\h *_em”~hqguo hljhkldh\ nhjfz zZ
ZgZlhfbg_kdb_ ijbagZdb >6NHW 7URQWHOM
fhjnheh]bqg_kdbo ijbagzZdh\ b h”gh\j_f ggh hqg_gv
l[jb\b~rh\Zy baf_gqb\hklv d Ihfm ~_ g_q_Ildb_ hibkz
"h\ b keZ[Zy bamqg_gghklv nZmgu aZljm~gyxl Zdk
N e _gb_

GZb[he__ ijh[e_fZlbggZ kbkl_fZlbdz dZiZjZab
djhnzZ]h\uo iby\hd k_f_ckl\Z (USREGHOO=®IBEDH
g _"zZ\g _Jh \j_f gb kgblZehkv qlh g4Zzo[rkhdglio ijh
jb h[blzxl IThevdh ~\Z ij_"klZ\bl_ey WIS]REI H Oc k
OD RFWRFXODWDSREGHO O D %UDJGHRBE >H

dbg @ Jy”™ ijh\_~ gguo \ ihke_ higbgblch”™h bkk
ihegbl_evgh \uy\be gZ | _jjblhjbb <hkhiiigeghddk Kb[L
djbilbg_kdbo \b” VU $RZG'H GRHEHIND AR IEMBRE B B B[N
GRYD .D\PRUMRGRYD.D\JRURGRYI

HW DO @



< ihke_"g__ \j_fy “ey j_r_gby Ijm~guo fhf_glh
kdhc kbkl_fZIbdb gZb[he__ wnn_dlb\gh ijbf_g_gb
fhe_dmeyjgh ]_g_Ibg_kdbo f_Ih*h\ ihalheyxsbo [
\_jgh hij_~_eblv \b h\h_ jZaghh[jZab_ fhjnheh]bq
jZ°_gguo lzZzdkhghfbg_kdbo ]jmii Ijhkluf \ ijbf_g_
fm gZb[he__ ihimeyjguf y\ey_Iky f_Ih” >GD rljbo
>+HEHUW HW DO @ >Zgguc f_Ihr aZzdexqZ
d_jguo mqgZkldh\ ]_ghfZ jZaebqguo hj]J]Zgbafh\ >
[_kihal\hghgqguo \ dZq_kI\_ >GD rljbodh”Z bkiheva
]_9Z i_j\hc km[t_~bgbpu fblhohg”*jbZevghcKpblhoj
PW&2, F_Ih” [ue mki_rgh Zijh[bjh\Zg b ijbagZ
bgkljmf_glhf ey bamqg_gby f_° b \gmljbjh~h\uo h
y\hd ba k_f_ckl\ *ORVVLSKRQLLGDH >DZc]lhjh”"t
BLVFLFROLGDH >DZclhjhrh\z 1_Iljy_\Zz @
P_evx gZr_]h bkke_"h\Zgby y\ey_Ilkyhfimghqg_gb
kdhc b”_glbnbdZpbb iby\hd k_f_ckR&g (wS&nehG HO C
liZnbqg_kdbo jZchgh\ Kb[bjb k ihfhsvxkOdmeljghbuo
]_g_Ilbg_kdbo f_lh~h\
;bheh]bg_kdbc fZI_jbZe [ue kh[jZg \h \j_fy wdki
11 V[Zkk_cgZo j_d :g]Zju E_gu BjlurZz b ha
iby\hd ijh\h*beky \jmggmx beb k ihfhsvx ]Jb~jh[bt
kZzgdh\ \ ijb[j_"ghc ahg_ \h~"h_fh\ \ "bZiZzahg_ Jer
Kh[jZgguc fZl_jbZe aZnbdkbjh\Zg guf wlZgheh
|_evghc Zg_kl_ab_c "b\hlguo gbadhijhp_glguf jZ
IZ Fhjnheh]bq_kdbc ZgZeba nbdkbjh\Zgguo h[jZ
ky \ eZ[hjZlhjguo mkeh\byo k bkihevah\Zgb_f [bg
EHFH <b”h\Zy ijbgzZz”e_"ghklv iby\hd hij-*_eye.
kiI\bb k kms_kl\mxsbfb kbkl_fZlbg_kdbfb dexqgZfb
ghc deZkkbnbdzZpb_c >Emdbg IHVHPDQQ 1
Ijb \u”_e_gbb IhlZevguo ij_iZjZlh\ >G@p-bkihev
IZ\ehg >'R\OH 'LFNVRQ @ NjZdbgdlc]_gZz P
i g Zfiebnbpbjh\Zeb k ihfhsvx mgb\_jkiZ\evguo
>)ROPHU HW DO @ Hij_~"_emgb_>iGP-bpghc |
\_*_gh \ PDI ©=_ghfbdzZ?2 Gh\hkb[bjkd ®EhGID O
kd\z J_"Zdlbjh\Zgb_ gmde_hlb”rgub_thké&\*"h\ZI|_



AN_gh k ihfhsvx ijh]jZzffu %YLR(GLW >bhOAyb_ @
\ujh\g_gghc fZljbpu ~Zgguo \uiheg_ghglghcpbZetl
ijhl]jzffhc &OXVWDO: >/DUNLQ HWbhd Kdb_ h@d N
ghr_gby Z Izd _ \gmljb b f_"]jmiih\ujZkkdhybq_|
gby \ugbke_gu k bkihevah\Zgb_f dhfivxdajgdio ijh

d 1z 0(*$ >7TDPXUD HW DO @
Hij_~ e _gu gmde_hlb”rgu_ ihke_"~h\zZl_2vghkl
1 _9Z PWYelhghc i g hkh[_c fZdjhnZ]h\uo it

jZaguo \h*h_fh\ AZiZz*ghc b <hklhqghdakKhf[lkejb
khhi\_IlklI\_ggh < dZq_kI\_ \g_rg_chlgmainiZgeb L
jZg__ hij_~_ e _gguo ]Jhfheh]bqguo gmdb\AlIb~g
| _evghkl_c jh*klI\_gguo \b*h\ Ko_fZonbkghr g_1Ibq
gbc jbk \u\_~_gZ k ihfhsvx f_Ih*"Zbhpgcrtba _gby
khk_~ ¢ 1- >6DLWRX 1HL @ \mbiBkifievah
l[jbg_kdh]lh ZelhjblfZ Dbfmju N S eEZRgiUD |h @
“heh]bb >GD rljbodh”bjh\Zgby >+HEHUW HW DO
<k_ kb[bjkdb_ wjih[*_eeu h[jZamx| gzehR]_\_ _~
g_Ilbg_kdmx \_I\v g_aZ\bkbfh hl bo bnhjjhgnbqg_Kkt
ghklb jbk Mjh\_gv ]_g_Ilbg_kdbo kibleggdbo\hkl
b aziz*ghkb[bjkdbo iby\hd khklzZ\eyZjd_jghhzZf_c
njz]f_gl_
= _g_Ilbg_kdb gZb[he__ [ebadbfb d ]jmihd kb[b
hdZzazZebkv hkh[b _\jhi_ (ckdbDnQWOX UWq_kdZy ~bk
lZgpby f_""m gbfb khklzZ\ey | HklZpwgu_ \b
iu kjZ\g_gby bf_xI [he__ \ukhdb_ ]_dylbg_kdb_
ghkbl_evgh ]Jjmiiu kb[bjkdbo( wibDRBR®& FD
( QLIJULFROLY REVFXUD ( WHVWDFHD %
( RFWRRXODW monostriD WHD ( SXQFWDWD
Hkgh\hiheh gbdzfb f_Ih~Z >GD rljbodhhbjh\zZghb
e_gh qlh ]J_g_Ibg_kdb_ jZkklhygby BX*guo- aZ gm:i
f_g \ ihke_"h\Zl_evghklyo PW&2, kihdfl\g llkdXibx| ]]j
kbfhlh \b~rh\h]h klZImkZ >+HEHUW BbavwDigh fh '@
gh ij_"iheh blv qglh ]jmiiZz kb[bjkdbabfAHdphnZRh\uc
ke_~h\Zgguo \ “Zgghc jZ[hl_ Dbf__I\gnxagbgdfmx \
e_"ghklv hlebggmx hl \k_o ba\_klguby \\lg’Zk\lhys _



Erpobdella sp. M More Wirba
Erpobdella sp. M More Xuz hir-Mugo
Erpobdedla sp. M More Shida
Erpobdella sp. Angara

Erpobdella sp. Angara

Erpobdella sp. Kudareika
Erpobdella sp. Lena

Erpobdealla sp. Lena

Erpobdella sp. Chiv Zmeev
Erpobdella sp. Chiv Zmeey

L—— Erpobdella sp. M More Kurkut
Erpobdella sp. Irtysh

Erpobdeila sp. Shulbinsk res

— Erpobdella sp. Shulbinsk res
‘|Erpobdella ap. Shulbinzgk res

Siberian leeches

Emobdelia sp. Shulbinsk res
Erpobdella sp. Shulbinsk res
Erpobdella sp. Shulbinsk res
Erpobdalla sp. Shulbinsk res
Erpobdella sp. Shulbinsk res
Erpobdella sp. Shulbinsk res
Erpcbdella sp, Shulbingk res
Erpobdella sp. Shulbinsk res
Erpobdella sp. Shulbinsk res

— E winesis DO0026E3
—LEE vilnensis HM246551
E Wlnanzls HM246585
E_japonica 2012

E japonica 1999

E monostriata HWM246601
E nigricollis HM246603

E test HM246602
E_octoculata HQ336344
E_octoculata HM 246555
r E octoculata Xarkov KIS
L— E octoculata Xarkov KI38

E obscura AFQ03273

E mexicana DQ235585

E acchot i DO235596

E triannulata DQAZ35602

— E montezuma GQ368760
L F punclata AFO03275

Dina latestriata HM246600

Dina lineata HM246611
Dina krilata HM246629
Dina lyhnida HM246589
Dina ohridana HM24663
Dina lepinja HM246597
Dina svilesta HM246598

—_—
0.2

Nbeh]_g_Ibg_kdZy ko_fZ w\hexpbhgguo \aihlkiphlighr_
992y 9gZ hkgh\_ gmde_hlb”rguo ihkenph\Zlgl&evghkl
]_9Z PW KH, iby\hd k_f_cklI\Z (USREGHOOLGDH

(



l1Zzd dZd __ ]_g_Ibg_kdb_ ihdZazZl_ebhpghgbd_evg
she__ Ih]h \gmljb ]jmiiu kb[bjkdbo_ibdXkd\ 7|y
Z[_evghklv khklzZ\ey_|I glh mhlZaw\Zghlg&vghél
[Zjdh*bg]h\h]h jZaju\Z [he__ hlZ[a@dl Zecyr \1h ihd
ihAMN\_j"~Zy \b~rh\h_ _~bgkl\h \hklhqglgjtkdb oa iZd ¥ Ygch k b
LZdbf h[jZzahf gZrb "Zggu_ ih"MI\_j "Zxleijtbih~gh
eyjghlh fZjBEW& 3RdZ& Z j M idiZoey ki kil § irikay ety efiacnaogmg
[jb\brh\hc 1zZd b f_"\bAh\hc ]_g_IlbghkdhbciBgybd[_e
\ Ihf gbke_ (USREGHOOLGDH < p_hebijmf\24gby>GI
agZqbl_evgh hl[e_]qZ_I ijhp_~mjm \bg‘h\icy\ih®_glb
glh \ k\hx hg_j_~v mijhsZ_I| wdheW]dplmgy kdb_ bkke
Alhju\ujz zZxl ijbagZl_evghklv ? : N_"hjh\hc : X
gh\m b ? < >ax[Z aZ ihfhsv \ k[hj_ h[jZaph)\
JZ[hlZ \uiheg_gZ ijb nbgZgkh\hc ih~*_j"d_ Jhkkbckdt
NZf_glZevguo bkke_"~h\Zgbc JNNB ijh_dl < B

Ebl_jZImjz

_afzl_jguo >AHh[_glhk dZd bg~bdZlhj wdheh]bq_kdh
\h~Aguo wdhkbkl_f AZiZAghc Kb[bjb ZgZeblbg_kdbc h[a

jby ZgZeblbqg_kdbo h[ahjh\ fbjh\hc ebl_jZImju <

DZclhjhrh\Z B : FZgFaed dOneyyjgZy nbeh] _gby kbJb
iby\hd k_f_ckI\Z *ORVVLSKRQLLGDH +LUXGLQHD

L < K + GRL 6

DZclhjh~h\zZ B : | _ljyFh2 dmeyjgZy b"_glbrnbdZpby
dZevkdbo ju[vbo iby\hd Ba\ Bjdmlkdh]h Jhk-mg |1Z
eh]lby L K +

Emdbg ?IbB\db ij_kguo b khehgh\Zluo \h~h_fh\ N Z
lby\db L J ~ ; ? ;uoh\kdbc E GZmdZz k

Jhfzgh\z ? F DebfbghjHknkrjku deZkkZ +LUXGLQH
kj_~g_1lh Ih\he'vy wdheh]lbq_kdZy agzZqbfhklv-b i_jki_
\Zgby Bklhjby KzZfzZzjkdh]h gZmqggh]lh p_gljZ Jhkkbckc

< K +

'"R\OH - 'LFNVURMYHUYDWLRQ RI SODQW VDPSOH
HQGRQXFOHDVH DQDO\VLV +7D[BRL 9 3

JROPHU 2 %ODFN O +RHKSULPHW DROU DPSOLy
Rl PLWRFKRQGULR®R[EGWRHKVREKMQLW , IURP GLY
LOQYHUWHEUDWHYV ORO ODU %LRO %LRWHFK



+DOO BLR(GLW D XVHU IULHQGO\ ELRORJLFDO V

DQDO\VLY SURJUDP IRU :LQGRZV 17 1XFO $F
3 *

+HEHUW 3 &\ZLQVND $ WARO®FBLF GO LOBMHOQGNL ¢ FC
'1$ EDUFRGHV BURF %5 6RF /RQG GRL
UVSE

.D\JRURGRY® UH$LVHG FKHFNOLVW RI WKH /DN

IDXWHUERU®QLD 3 =

.D\JRURGRY$Q LOOXVWUDWHG FKHFNOLVW RI OHH
(DVWHUQ 6LEHULD 5XVVLD 'DWOVHW 3DSHUV
GRL

.D\JRURGRWIm QR DWHG VSHFLHV OLVW RI WKH
VWUDLW RI /DNH %DLNDO (D\RRUHH\® 6LEHWLD 5
3 + GRL JRRNH\V

.D\JRURGRYD , $ ']\XED ( 9 )LSRUR NR FRNUFGWDRI
OHHFK IDXQD RI (D\DWHW® V8 LEHSHDYV LQ %LRORJ\
3 + GRL

.D\JRURGRYD , $ B8SBRBOLOVIFRPSRVLWLRQ DQG
OHHFK IDXQD LQ &KLY\UNX\ *XOI /DNH %DLNDO &
-RXUQDO 9 3 =

.LPXUD $0 VLPSOH PHWKRG IRU HVWLPDWLQJ
EDVH VXEVWLWXWLRQV WKURXXKOFRMIOGHD WH Y M

-RXUQDO RI OROHFXODU (YROXWARQGRL 9 1
%)
/IDUNLQ 0 % ODFNVKLHO&UXVWDWORZD QG BWXD/AQV L
%LRLQIRUPDWLEFYV 9RO 3 * GRL
EWP

1HVHPDQQ + 14 EWH®ODWD %UDQFKLREGHOO
+LUXGLQHD 6XVVZDVVHUIDXQD YRQ OLWWHOHXL
+HLGHOEHUJ %HUOLQ 6SHFWUXP $NDGHPLVFKHU

6DLWRX 1 nAKH QHLIJKERU MRLQLQJ PHWKRG ¢
UHFRQVWUXFWLQJ SK\ORJHQHWLF WUHHV OROH
9 3 *

6NHW % 7TURRBMHO® B BYHUVLWN RI OHHFWHW +L 1

+\GURELRORJLD 9 3 V+ GRL

7DPXUD . 6WHFKHU * GBHSHORRABFXGIDGIRO X\
*HQHWLFV $QDO\VLYV YHUVLRQ OROHFXODU %L
1 3 * GRL PROEHY PVW



02/(&8/$5 ,'(17,),&$7,21 2) 6,%(5,$1 0$&523+$*286
J((&+(6 )520 7+( )$0,/< (532%"'(//,'$( +,58",1($

/", J)HGRURYD® 6RURNRYLSRYD\JRURGRYD

,JUNXWVN 6WDWH $JUDULDQ 8QLYHUVLW\ QDPHC
/ILPQRORJLFDO ,QVWLWXWH 6% 5%$6 ,UN

,ZUNXWVN 6WDWH 8QLYHUVLW\ JUNXW

OROHFXODU DQDO\VLV RI WKH QXFOHRWLGH VHT
KDV UHYHDOHG WKDW 6LEHULDQ PDFURSKDJRXV O
XQLTXH "1$ VHTXHQFHYV ZKLFK GXULQJ WKHLU HY/|
FLHQW QXPEHU RI QXFOHRWLGH VXEVWLWWWVYRQV
7KH UDQJH RI JHQHWLF GLVWDQFHV RI # VHSDL

IURP 3DODHDUFWLF VSHFLHV SK\ORJHQMH /@ ADYLO\
GHQFH RI WKHLU EHORQJLQJ WR D SRWHQWLDOO\

0:J:DL?JBKLBD: NBLHIE:GDLHG: J?DB HDB
< 1?JBH>U ?#fHDKBF:EVGH=H J:A<BLBY

X K =jbrzgh\d K J_r_Igyd

X'guc n_"~_jZevguc mgb\_jkbl_I ] Jhklh\ gz
=b”jhobfbqg_kdbc bgklbIml Jhk]b”~jhf_1Z ] Jhklt

KlZlvy ihk\ys gZ bramgiegdbxdlhgZ j Hdb \ jZchg_ ]
"bgkdzZ \ i_jbh”u _]1h fZdkbfZevghlh jZa\blby BKkk
\ ~ gh gZ hkgh\_ h[h[s_gby b ZgZebazZ fgh]lhe g
Nih[bheh]lbq_kdhc bgnhjfZpbb JZkkfhlj_gu dhebq
ghkbl_evgZy gbke _gghklv “hfbgbjmxsbo \b~ h\ qgb
g_kI\_ggu_ jZaghh[jZab_ ~hfbgbjmxsbo \b”~h\ ih
\blby nblhiezZzgdlhgZ 1IhdZazZgh qlh i_jbhAru fZdkl
\blby nblhieZgdlhgZ ijboh”ylky gZ Z\lmkl k_gly][jvVv
gbjmxs_]h dhfie_dkZ khh[s_kI\Z khklZ\eyxl "bZIl
kbg a_e _gu_ \h~hjhkeb

ljhp_kku jZa\blby b ij_h[jZzah\Zgby wdhkbkl_f \
fbj_ h[mkeh\e_gu \ [hevr_c kl_i_gb Zgljhih]_gg
glh h[tykgy_| bo agZqgbl_evgh_ mkdhj_gb_- AZ]jye



"u \eby_I| gZ nblhp_gha baf_gyy _]h kijmdIimjgu_
glh ihalhey_I| bkihevah\Zlv ihdZaZl_eb _]h-jZa\blk
g_kI\Z \h~u b khklhygby \h*ghc wdhkbkl_fu >J>

Hrgbf ba bg”bdZlhjh\ khklhygby \h”guo h[t_c
ky nblhiezgdlhg + \Z'g_crbc we_f_gl [bhibg_kdr
s_c ex[hc \h*ghc wdhkbkl_fu 2Zdlb\gh mgzZkl\mxstk
obfbdh [bheh]bq_kdbo ijhp_kkZo b nhjfbjh\Zgbb
Bg”bdZlhjgu_ k\hckI\Z nblhieZgdlhggh]h khh[s_Kkl
ky \ baf_g_gbb dzZq_kI\_gguo \b”h\hc b ]jmiih\hc
g_kl\_gguo ihdZaZl_e_c _]lh jZa\blby >J_r-lgyd b
gh\z @

< hkgh\m bkke_"h\Zgby iheh _gu fgh]he-lgyy j_
[bheh]bg_kdZy bgnhjfZpbb h dZg_kl\_ggue b dhe
dZaZl_eyo jZa\blby nblhieZzgdlhgZ j Hdb aZ fgh,

+ 11 b fZl_jbZeu ba ©? _]lh~rgbdh\ khklhyg

ih\_joghklguo \h” Jhkkbb& ih ]Jb*jh[bheh]bq_kdbf
JZkkfhlj_gu kI\hju \ur_ b gb"_ ] >a_j bgkdz

JZg__ ijh\_"*_ggu_ bkke_"h\Zgby ihdZaZeb qll
j Hdb \ imgdl_ gZ[ex~_gbc ] >a_j bgkdz ij_~klz\
A"bZlhfh\ufb kbg_a_e_gufb ibjhnblh\ufb -ahehlb
le_gh\ufb \h*hjhkeyfb GZb[hevrbf [h]ZIkIAhf hl h
eZ \b"h\ ozZjzdl_jbamxlky a_e_gu_ b ~bZlhRfh\u_ \
\hdmighklb khklZ\eyxsb_ \ur_ ]hjh"*Z- b
jhrz Ke_~h\zZl_evgh ih IZzdkhghfbq_kdhfm khklZz
j Hdb \ jZchg_ ] >a_j bgkdzZ bf__I ~bzZlhfh\h oeh
jZdl_j >=jbrzgh\z J_r_lgyd Z@

< jZfdZo "Zggh]h bkke_"~h\Zgby ijh\_*_g ZgZeb
gbke_gghklb qgbkezZ \bAh\ b highkbl_evghc gbke_
xsbo \b h\ nblhieZzgdlhgZ aZ fgh]lhe_Ilgbc +_jbh” |
e_gby oZjzZdl_jguo hkh[_gghkl_c jZa\blby khh[s_
_]h fzdkbfZevghlh jZza\blby JZkkfhlj_gu ihdZazl_
Ilhiezgdlhgguo khh[s_kI\ j Hdb \ |I_ fhf_glu dh]"Z
fZdkbfZevgZy h[sZy qbke_gghklv khh[s_klIYZ aZ d.
"h\zZgby 1zZd gZzau\Z_fu_ ©_"_]lh~gu_ i_jbh"u fZdk
\blby2 J_amevlZlu ijb\_~_gu \ I1Z[e
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IhdzZazl_eb jza\blby nblhiezZzgdlhgzZz j Hdb \ jZchg_ ]
i_jbh”ru _]1h fZzdkbfZevghlh jZa\blby
HQ . Hlghkbl_|ev
>Z1Z| Qbkeh >h(flEzgib.Ln[1X§)E|—v\b u HI" _e| gZy gbke_g
\b~h Ihto ghklv
KI\hj \ur_ ]hjh~Z

— | &\FORWHOOD PHQ HIKH QL@ D

— | 6WHSKD QmGUWYsF XV| >bZlhfh\ju_
6 WH S KD QrinGtlldsF X V| >b ZIhfh\ju_
6WHSKDQRGLVFXV| KIDZQ v h\W|& KL L

— | $XODFRVLUD LVODGQBZIAMDh\ju _

— |6FHOHWRQHPD VXEVIXOMXBU _

— | 6WHSKDQGUWYsF XV| >bZlhfh\ju_

— |OLFURF\VWLV SXOYKHLHR ld ., @QFHUWD

—— | 6WHSKDQGsF X V| >bZIhfh\ju_
OLFURF\VWLYV SXOYﬁbUHD | ,SFHUWD

g_a_¢_gu_
— |OLFURF\VWLV DHUXKh@QRVVE _gu_
— | $XODFRVLUD JUDQXxODI\WfHh\|u_
KI\hj gb"_ 1hjh~Z

—— | 6WHSKDQMGUWWSF X V| >bZIhfh\ju_

— | &\FORWHOOD PHQHIKH QLhDQ D

— | 6WHSKDQRGLVFXV| KIDQ WhX|& KL L

— | $XODFRVLUD LVODGQBZIMDh\ju _
"LFW\RVSKDHULXP|8X®FJUHOOXP
6 WH S KD QiGtWysF X V| >b ZIhfh\ju

>



HdhggzZgb_ 1Z][e

HQ . Hlghkbl_|ev
>Z1Z| Qbkeh >h(ffgip{]n[1x§)|?|—v\b u HI" _e| gZy gbke_g
\b~h Ihto ghklv

—— | &\FORWHOOD PHQHIKHOQLDQD

— | 6WHSKD QfGWysF X V| >bZIhfh\ju

—— |OLFURF\VWLV DHUXKh@QRVVE gu_

— |OLFURF\VWLYV DHUXKh@RaVE_ gu_

—— |OLFURF\VWLV DHUXKhQRVVE gu_

— | $XODFRVLUD JUDQX*0DIWfh\u

ljbf_qZgMHQ + h[sZy gbke_gghklv luk de kf

:gZebabjmy ihemqg_ggu_ ~Zggu_ fh gh m\b”_lv
fZzdkbfZevgh]lh jZza\blby nblhiezZzgdlhgZ \ hkgh\ghf
Z\Imkl k_gly[jv >hfbgbjmxl \ 1Zdb_ i_jbh”ru ~bZll
jhkeb qglh \ p_ehf khhI\_Ikl\m_1| ozZjzdl_jghfm "ey
Ilhjbb khklZ\m nblhieZzgdlhgZ < khklzZ\ “hfbgbjmx
kZ nblhiezZzgdlhgZ qZs_ \k_]h \oh”"beb \h*hjhkeb |
6WHSKDQREEXORVRY RUBDORWHOOD PRHhQU#hHW KHQL
hif_Iblv qglh \ klI\hjZo \ur_ b gb"_ ] >a_j bgkdzZ kl
jmxs_]h dhfie_dkZ nblhieZzgdlhgZ gqZs_ \k_]h kh\i:

Dhebqg_kI\_ggu_ oZjzdl_jbklbdb khh[s_ki\Z \ i_
fZevgh]h jZa\blby 1Zd"_ ijZzdlbq_kdb kh\iz2zZxl ql
IlhiezgdlhgzZ \ kl\hj_ \ur_ >a_j'bgkdZ f _gyehkv h
kiI\hj_ gb™_ ]hjh~Z + hl ~h highkbl_evgZy qgbk
gbjmxs_]h \b”r"Z \Zjvbjh\ZeZ hl ~h \ kI\hj_

“h \ kIVhj_ gb _ lhjh"Z 1Z]e

< i_jbh~ + 11 gZ[ex™rZ _Iky ij_ hlezArZglh _ \
IlhieZzgdlhgZ kbg_a_e _guo \h~hjhkeZau\@hl echk\adyg
livag_gb_ \h*h_fZ hjl]Zgbq_kdbfb b NzHb_bgmki \_s

e_gb_ ijhp_kkh\ w\ljhnbjh\Zgby \h~hhihli@bj®m xk hklz



s_]h dhfie_dkZ hkgh\gmx jhev b]jZxI0\WhPUd Fhk\e/bW\Lb\
SXOYBMJHDHU X JL {DRWIDf bo hlghkbl_evgZy-gbke_g
klZ\eyeZzZ * Khklhygb_ wdhkikla\ful bl mhh\g
Ilhiezgdlhgz \ IZdbo kemqZyo fh ghhhy_glglh_dgd ©
ijy _gb_ k we_f_qglzfb Zgljhih]_ggh]h w\ljhnbjh\Zg

DZd [ueh ihdZaZgh gZfb jZg__ >=jbrZgh\Z J_r
bkke_~m_fu_ \h*gu_ wdhkbkl_fu j Hdb ih?\_j]ZxIk
fm Zgljhih]_gghfm \ha”_ckl\bx kh klhjhgu 4ijhfure_
ijbylbc ] >a_j bgkdz b kl_i_gv aZl]jyag_gghklb \h:
_lky dZd ©hq_gv aZljyag_ggZy? b ©]jyagZy? ,,, b
\h”~u Hr"gZdh y\gh]h \ebygby Jhjh*Z gZ dZq_kl\h
klhygb_ nblhiezZzgdlhgZ g_ h[gZjm _gh

<uyle_ggu_ oZjZdl_jgu_ hkh[_gghklb jZa\blby
\ i_jbh?u _]h fZdkbfZevgh]h jZa\blby \ klI\hjZo \
] >a_j bgkdz Ilzd _ ih~I\_j ~Zxl wlhl \u\h~?

< aZdexq_gb_ ohl_ehkv [urmbdfhibPlwgddhly h[eZ"Z_
mgbdZevguf k\hckl\hf [ukljhc Z*ZilZpbhgghc j_Z«¢
g_gby mkeh\bc kj_~u WIh k\hckl\h rbjhdh-bkihev
"bdZpbb ~ey ijh\_*_gby hp_gdb wdheh]bqg_kdh]h
hit_dlh\ Thwlhfm bamq_gb_ IZdkhghfbqg_kdh]h kfF
kI\_gguo ihdZazZl_e_c jZa\blby \h*hjhke_c¢ nhjfb
iezgdlhg j Hdb bf__1\Z'gh_ agZq_gb_ “ey ihghbf
sbo \ wdhkbkl_f_ ijhp_kkh\ hkh[_ggh \ i_jbh”u [m
nblhieZzgdlhgz

Ebl_jZImjz
=jbrZgh\Z XOKjzZdl _jbklbdZ nblhieZgdlhgZ j_db HdZ \
gby ] >a_j bgkd Ehfhghkh\ ;;,, E_‘anmddje dh-g,nF kImn

A_glh\ Zkibjzglh\ b fheh”uo mg_guo Fhkd\z - = Zij
mdZ K +

=jbrzgh\z X K J_r_lgFdhHheKIgyy b k_ahggZy baf.
\hklv \bAh\h]h khklzZ\Z nblhiezgdlhgZ j_db HdZ \ ahg_
"bgkd FZl_jbZeu F_""mgZj gZmqgq dhgn ghyljy

>hgm Jhklh\ g > N=;GM ©:aGBBJO?2 Z K +
=jbrzgh\zZz XJ K _Ilgyd HHEK_gdZ \ebygby djmigh]h Jhjh
dZq_kI\h \h~u j_db HdZ gZ ijbf_j_] >a_j bgkd :dim
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gZmd h A_fe_ K[ [Ij gZmg dhgn kIm~_glh\ b fheh”uo
mqZklb_f Jhklh\ g > XNM [ K +

J> F_Ih*bqgq_kdb_ mdzZazgby HojzZgZ ijb
n_jZz HjlZgbazZpby b nmgdpbhgbjh\Zgb_ ih*kbkl_fu
[jhih]_ggh]h w\ljhnbjh\Zgby Ij kgh\hrguo wdhkbkl_f \\
KI[ =b”jhf_I_hba"Zzl

J_r_lgyd H K GbdzZghjh\ : F ;jualZeh <:g: Dhkf
[jhih]_ggZy ljZgknhjfZpby \h~ghc wdhkbkl_fu Gb ' g_c <
j_kmijku L < K *

&+$5$&7(5,67,&6 2) 2.$ 5,9(576 3+<723/$1.721

'85,1* ,76 0%$;,080 '(9(/230(17

<X 6 *ULVKRQBYPHVKHWQ\DN

6RXWKHUQ )HGHUDO 8QLYHUVLW\ 5RVW

)6%, ©+\GURFKHPLFDO LQVWLWXWH2 5RVK\GU

7KH DUWLFOH GHDOV ZLWK WKH VWXG\ Rl WKH "]HL
GXULQJ WKH SHULRG RI LWV DFWLYH GHYHORSPHC
VXPPDUL]JHG DQG DQDO\]JHG ORQJ WHUP FODVVL¢F
SUR[LPDWH QXPEHU RI GRPLQDWLQJ VSHFLHV QX
LQGLFDWRUV GLYHUVLW\ RI GRPLQDWLQJ VSHFLH’
VWXGLHG ,W ZDV VKRZQ WKDW SHULRGV RI SK\WF
PDLQO\ RFFXU LQ $XJXVW DQG 6HSWHPEHU 7KH |
FRPPXQLWLHV FRQVLVWYV RI GLDWRP RU RFFDVLRC

>BG:FBD: ;BHF:KKU NBLHIE:GDLHG:
IHL?Q?GBX J?DB <?EBDHC D:D IHD:A:L?EV
?? WDHEH=BQ?KDH=H KHKLHYGBY

? . Kbe__gdh\Zz B K Ljbnhgh\Zz
BgklbIlml ha_jh\_~_gby J:G

< jZagu_ k_ahgu bamqg_gZ ~bgzfbdzZz kljmdIimju b
iezgdlhgzZ gz \k_f ijhly _gbb j <_ebdhc yleyxs_
ijblhdhf Ikdh\kdh Qm~kdh]lh ha_jZ hp_g_gh wdhel
gb_ jZaebgguo mqgzkldh\ j_db b dzZq_kI\h __ \h”" il
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J_dZ <_ebdZy £ hkgh\ghc ijblhd Ikdh\kdh Qm~ k¢
kblky d [Zkk_cgm j GZj\u b \ p_ehf d [Zkk_cgm ;
L_jjblhjby [Zkk_cgZ jzZzkiheh _gZ gZ k_\_jh aziz»
gbgu \ ij_"_eZo Ijb[Zelbckdhc gbaf_gghklb J_dz
ba ha_jZ FZeuc <ya gZ x]_ Ikdh\kdhc h[eZklb b \

kdh_ ha_jh gZ k_\_j_ h[jZamy h[rbjgmx 2_evIm
gbb gZ ijhly _gbb df j_dZ ijhoh”bl q_j_a kbkl_f
g_gguo ijhlhdzfb >ljbjh"Z« @ |h __ [-j_]1zf j.

ky 1hjh~Z HihgdzZ Hkljh\ ITkdh\ b *jm]b_ gZk_e_gc¢
bf__ I [hevrh_ agZq_gb_ ~ey \h”"hkgzZ[ _gby ]hjh”*h
dj_Zpbb G2z \k_f ijhly _gbb hgzZ ih"\_jlZ_tky agz
[jhih]_gghfm \ha”_ckl\bx qlh hdZau\Z_1| \ebygb_
fm b dZqg_kI\h \h”~u Hkgh\gufb bklhggbdzZfb az]jy
guo \h” k[jZku\Z_fuo \ j_db y\eyxlky ij_"ijbylby
dhffmgZevgh]h ohayckI\Z b Z]jhijhfure_ggh]h dhfi
P_evx jZ[hlu [ueh \uy\blv hkh[_gghkdddmjugBfbdb
[bhfZkku nblhiezZzgdlhgZ j <_ebdhc d_kgdhgbkkkitdhe
ygb_ j_db b dzqg_klI\h __ \h™ ih khing¥gZhljbhdeZ
ehf ey jZ[hlu ihkem beb dhebq_klI\_gedgdlh¢Zu nt
kh[jZggu_ \ + 11 9z klZgphhlyo_gbbl§_f<ij
ebdhc jZa \ |Ijb f_kypZ k fZy ih hdhy@j& bkkj&-eenh\&\gg
guo mqgzZkldZo hl[bjZeb ijh[u “ey ]bZébdZb'ghudh]h
<h~Z j <_ebdhc hlghkblky d ]b”jhddEj[hjgilighfm
dZevpby kh kj_"*g_c fbg_jZebaZpbmt_eb#b\ZyKy e
\gba ih I_g_gbx P\_Ighklv baf_gybkkp Vgblka ahd¢zZd_
hl  ~h f iG \Vij_"_eZo * &Khjh jZ 2Aglkhdhbk gh
\gba ih I_g_gbx kgb Z_1lky hl 24 ZgAg&yihffbkey
_fhklv gzZijhlb\ \hajzZklZ_1 hl bklhdh d mK]eK hl
;ID\Zjvbjm_1 \ ij_~_eZo eeb gifHhevrbo agZqg_gbc
klb]z_1 \ bklhd_ j_db \ ha_j_ ; <uyma Kigb_p Zfgh qhg
s_lh nhknhjz baf_gy_Ilky hl "t Zahfllzex hfs_] ~h
fl e \hajzZklZy \gba ih I_q_gbXehdbhb\ &kZdygjZgh
k_ahgz d hk_gg_fm 1Ih kh”_j Zgbx kINZ db fb-tkjdhglh \
guo we_f_glh\ \hAru j <_ebdhc fh ghgludblZHW K  ahljf
b Ilhevdh \ gb g_f I_q_gbb mngukidh\zZ + w\ljh



AZ i_jbh” bkke_"h\Zgbc \ Zev]hnehj_ j- <_ebc

pbjh\Zgh \bnZ [Zdkhgh\ \h”*hjhke_c ijbgz
hir_ezZf ITh gbkem \b”h\ gZb[he__ jZaghh[jZagu
lZdkhgh)\ &KORURSK\WD = I

LZdkhghfbq_kdbc khklZ\ nblhieZgdlhgZ j
gh hozZjzdl_jbah\Zlv dZd *"bZlhfh\h a_e_guc kh ac
klb_f kbg_a_e_guo \h*hjhke_c <_kghc gZb[he__
Zlhfh\u_ \h*hjhkeb \ e_Igbc i_jbh® m\_ebqgb\Z_Ik
a_e_guo b kbg_a_e_guo “bZlhfh\u_ ij_"klZ\e_qgu
gZlgufb *bzlhf_yfb < hk_gg__ b abfg__ \j_fy jZa
hi~_eh\ kgb Z_Iky Qbkeh IZdkhgh\ gZ jZaguo klZ

hi Nh < hlebgb_ hl fgh]bo _\jhi_ckdbo j_d
kdh_ jZaghh[jZab_ nblhiezgdlhgZz j <_ebdhc fzdl
d_j_db agZgbl_evgh kgb Z_Ilky \ kj_~g_f-1_qgq_gb

gb\Z_Ilky ih gZijZ\e_gbx d mklvx Hkgh\gufb nzdl
jh\Zgby 1Zdkhghfbg_kdh]h jZaghh[jZaby y\eyxlky
aZj_]mebjh\Zzgb_ G2Z klzZgpbyo gb _ iehlbg =WK
ijhbkoh”bl khdjZs_gb_ gbkeZ \b~h\ b baf_g_gb_ |
kljmdImju nblhiezgdlhgZz

;bhfZkkZ nblhiezZzgdlhgzZz j <_ebdhc \ i_jbh” bkk
jZaguo mgZzZkldZo baf_gyeZkv hl Nh fl e jb

<_kghgzZb[hevrb_ \_ebqgbgu [bhfZkku nbthieZgd
gZebkv \' \_jog_f l_g_gbb b \ mklv_\hf mgzZkld_ m
GZ \k_o bkke_"h\Zgguo klZgpbyo \ h[s_c [bhfZk
AbZlhfh\u_ \h*hjhkeb km[*hfbgZglZfb y\eyebkv d]

<ukhdb_ [bhfZkku *h fl e azj_Jjodjbdjh\@gu \
gbb ]7_j_dZ ijhoh”~bl q_j_a kbkl_®Gd kbZdgplkyo =+
\_kghc “hfbgbjh\Zeb \b”u ba jh”hkL @ DBOEL/WHLCDO X CC
I1LW]VFK 3 $&&FOPSHRVHLUDWIDARELBUPBUDQXODW
((KU 6&B\SWRPRQIXW HUBRMDjh*Z &KODP\GRPRC
GZ klzgpbb [he__ agZqgbl_evghc [bhé&ZojhkrVhdjbil
jhke_c Z gZ klZgpbb + “bghnblhflhdbgdhZhkIZgpk
eb&\FORWHO.OW |FRQWWLD GCGMM)LFORPSqUH % X1

&U\SWRPRQDYOHYREDQLXP J\PHORIMD LedRy ebq
gb_ [bhfZkku nblhieZgdlhgZ gZ klZgphebydbj f~ e



djmigh]lh ha_jZ q_j_a dhlhjh_ ijhaptd j WEZGZ
[bhfZkkZ nblhiezZzgdlhgZ kgb ZeZkv *h f] e
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lihkljZgkI\_ggh_ jZkij_~_ e _gb_ [bhfZkkugZnblhieZc

i < _ ebdhc ]

:+\ _kgzZ ; £ e_Ih <+ hk_gv klZgpbb + N <ya + A
iuehd + I [ :ehev + ihk B”jbpz : + FZdkxlbgkdzZy =W

gu ; + FZdkxlbgkdZy =WK gb"_ iehlbgu .+ RbevkdZy =

Ibgu ; £+ RbevkdZy =WK gb"_ iehlbgu + \ur_ ] HihqgdZz

+ A~ K_ebogh\h + A Djxdb + ] Hkljh\ £ A RZ[Zg

f “bpu + ] lkdh\ + A~ Fmjh\bpu



< kj_"g_f I_q_gbb j_db [bhfZkkZ nblhieZgdlhi
eZkv ’\hklb]Zy fbgbfZevguo agZg_gbc \ jZchg_ |
fl e Baf_gyehkv b ijhp_glgh_ khhigh+y_gb_ A
fhl\uo kgb"ZezZkv Z hkgh\m [bhfZkku gZ wlbo klZ
eb djbilhnblh\u_ *h b a_e_gu_ ~h \h
klZgpbb [bhfZkkZ nblhiezZzgdlhgZ ih\urZeZkv ~h
fh™_ I [ulv k\yazgh k Zgljhih]_gguf \ebygb_f \ j_d
ijhfure_ggu_ klhggu_ \h”u b klhdb k ihe_c
< gb'g_f I_q_gbb j_db m ] Ikdh\Z dhedfl_kI\_c
eb nblhieZzgdlhgZ agZqgbl_evgh \hajZkhkéb\eybBIhf
hkgh\m [bhfZkku kj_"b gbo ij_h[eZz*"ZeBIpf_dljbq._
LZzd _ agZqbl_e_g [ue \dez” djbilhnbihhylokle _a_ e _
jbk : FZdkbfmfZ azZ \_k_ggbc khizlZg dbhgZ k’kiz n
klb]ZzezZ gb"_ ]hjh~"Z gZ klZgpbb h\aghf af leq_\l hKg
\blby *bZlhfh\uo b djbilhnblh\uo \h*hjhke_c
E_IhfijhkljZzgkI\_ggh_ jZkij_~_e_gb_ [bhfZkku |

[hevr_c g_h”ghjh~rghklivx jbk ; kZ e_I§_[bhidk
iezgdlhgZ baf_gyezZkv hl kI f] ¢hz \  klI] *
hi Kl A Kl f] e FZkkbfenfldbhh

nblhieZzgdlhgZ [ue hilf_q_g 9gZ klZgpdbbebdimc blkdhd.
ha ;hevrhc <ya A”_kv agZqbl_ev@mnkURFW WI \
DHUXJLQRWD .9WHSKDQRGLVEXXEDOOQMIRVHKLU
DPELIJXDIUDQXODMKIHORPRQ K UYIRZOXFhFR\uBZa Z
ghfZeb "hfbgbjmxs__ iheh _gb_ M\_albdhiekZg[bhf:
dlhgZ k\yazZgh k ibdhf jZa\blby \h*gjhjka_dhlhha_jZ
ijhl_dz_I j_dzZ G2Z klZgpbb ij_hlez"\hébjkkhgba_
SKRUPLGLXP DRWIXGRQUWRWKUIRPDIJBOQOGHEQL (W
.RP $SKDQL]RPHQRQ/ARB\,DDWXIZ&H{LHDWLXP KLUX

QHODD) O ! ! Vit B jig
jZdl_jgZ b ~ey “"jm]bo j_d GZ|be ]Zkrbp_gbylm’\gu'
] <mhdku \ e_Igbc i_jbh” k\ur_ hkb keZ|\lely bk k

kbg_a_e_gu_ \h*hjhkeb Khklhygb_ [Bhp_ghahZX«

klZgpbb ~hfbgbjh\Zeb a_e_gu_ b Kded aHeggfdh \
"hey &\DQRSK\WD [ueZ f_gvr_ q_F julv kNyagdghfh
k [he__ gbadhc e_lg_c I_fi_jZIlmjhgZ\h*ufK kj_"g_f



Ilhke_ ijhoh ~_gby ha_jguo mqgzZkldh\ gZ klZgpbl
kiz” [bhfZkku nblhieZgdlhgZ kbkl_fZ ha_j aZdZgc
j_db hlebqgqzZ_Ilky qgqj_a\ugqZcghc ba\bebklhkivx b ih
jhklvx | _g_gby

< kj_"g_fl_qg_gbb ih\ur_gb_ [bhfZkku gZ[ex"Zel
dZo aZj_]mebjh\Zgguo =WK GZb[hevr_]h-agZqg_:
fZkkZ ~hklblZeZ gZ klZgpbb \ur_ FZdkxlbgkdhc

fl e \ * fl e \ hkgh\gKlURRKRQIDV DF.
SBWHWRRI\SWRPRQOD VPBDURYRXONMD | 241 1 Zd b Rb dla\ jin

Ah\ & KODP\G RVFPRURIGUL IR B BHGE. FROKEOR P 16 38k R el i3 MG
gb_ gbke_g'dkRIS Kd )R Sd<A )\ D | "ogdy) ikd & ugbhl ZHeayo of Xg-
gbebs k jZa\blhc ijb[j_"ghc jZklbl_evghklvx Dhe
ghnblh\uo m\_ebgb\Zehkv ijbf_jgh \ jZaz \
[ulv k\yaZgh k m\_ebq_gb_f i_jfZg]ZgZlghc hdbke
jZaZ Ohly ih ebl_jZImjguf "Zgguf [heWQRKNh \b
WDh\gYaykykyhdZdZazZeéyélyfbetébljhpyugudhrth " edey
Ah\ _klv k\_*_gby h \klj_qZ_fhklb \ . f_ahkZijh
ijh[guo \h*Zo >Ljbnhgh\Z =hj[mebg @
Gb"_ iehlbgu gZ klzZzgpbyo kj_~g_]lh I_q_gby [bh
\beh kgb'ZezZkv GZ klzZgpbb : mjh\_gv [bhfZkku
iZz"Ze ~h fl e <ke_7kl\b_ \afmqgb\Zgby Ah”*u a”
dlhg ihiz~Zeb [_glhkgu_ nhjfu *bZlhfh\uo Ihke_
\Ihjhc iehlbgu [bh&KKRY REKEMNANZER KKDN BDe K & ] ZgZ Kl

pbb ; [bhfZkkZ ih\urZzezkv "~h fl e ij-h[ezZ"Z
ehf [UEhQRGRSWBW D Gz Zle| 4 4 mhiykd i p wioykd RK'jig_tich gl
Zlhfh\u_ \gh\v aZgbfzZeb "hfbgbjmxs__ iheh _gb_
Ah [bhfZkku GZ klZgpbb jZkiheh - gghc ¢
dz \ ] ijhbkoh”beh mf_gvr_gb_ [bhfZkku nblt
fle Z\ ] g9gzZh[hjhl __ m\_ebqg_gb_ ~h
m\_ebqg_gb_ [bhfZkku \ ] fh_I [ulv k\yazZgh |

f \ \h~hlhd [hevr_]h dhebqg_klI\Z h]]Zgbq kdbo \
guf ]brjhobfbq_kdh]h ZgZebaZ agZq_gby i- JfZg]Z
fhklb m\_ebqgb\zZxlky \ jZazZ ih kjZ\g_gbx k ij_*

Z 1Zd _ g_kdhevdh ih\ukbehkv kh’\_j‘Zgb_-gbIjbIh'
]Jh nhknhjz



GZ klzgpbb \ jZchg_ ~ K_ebogh\h \ - |
ebgb\Zehkv dhebq_kl\h kbg_a_e_guo b djbilhnb
e_c glh ih \b~Abfhfm k\yaZgh k \ebygb_f -klhdh\
NZ ;bhfZzkkZ nblhiezZzgdlhgZ gz klzZzgpbb - jZkihe
ab ~ Djxdb ~hklb]zZzez fl e “hfbgbjh\Zeb ~Db:
jh_ f_klh aZgbfZeb “bghnblh\u_ #* Kgb _gb_
klZgpbb jZkiheh _gghc gb _ ] Hkljh\Z -az ~\z
gby k\yaZgh k \ha”_ckl\b_f ihjh]h\ b ih\ur_-gghc ki
gby A”N_kv ij_h[ez~Zeb [_glhkgu_ nHhJ{URWLNRIDKk e
DFXPLQDWWP 5DBHQE&XODUKWN JLEED

GZ klzgpbb b \ jZchg_ ] 1kdh\Z [bhfZkkZ I
\ukhdhc < gb'g_fl_qgq_gbb gzZb[hevrZy [bhfZkkZ [u
jh\Zzgz \ mklv_\hf mqgzZkld_ ki + ~h fl e =
]Jjmiihc y\leyebkv a_e_gu&KIO'DPH GEFRIPR Q D\Vih ke _
"mxsbc ]h™ gZ[ex”_gbc “hfbgbjh\Zeb djbilhnblh\u
(SU\SWRPRQDVY\elyx®¥Dky bg~bdzlhjzfb . f_ahkZi
ahgu Mf_gvr_gb_ gbkez 1Zdkhgh\ gZ ~Zgghc k
I_evgh_ jZa\blb_ hI*_evguo \b”h\ \h*hjhke_c 1ij_
. f_ahkZijh[gu_ mkeh\by Z 1Zd _ m\_ebq_-gb_ kh
[h\ fl 1 e fbg_jZevghPhe b h[fd_]h f]
Pe nhknhjz k\b”_Il_evklI\h\Zeb h[ w\ljhnbjh\Zgb
mqgZkld_ j_db \ j_amevlZl_ Zgljhih]_ggh]lh \ebygby

Hk_gviZdkbfZzevgu_ [bhfZkku hlf_q_gu \ \Zpog_f I_
dzd \ ha_jZo ijhrhe Zehkv fZkkh\he _pZ alblifibj-u \ hi‘hh j h
iZ"Zeb \ j_gghc nblhieZgdlhg jbK_jeg_fblhifjkkizb\
khklz\eyeZz fl e Kkl >hfbgbjh\de b\ hdjbjihtkelbl
agZqbl_evgmx jhev b]ljZeb w\]le_ghiw_ B &Z@& g0bZ
GZ klZgpbb gzZb[hevrmx “hex \ [bRIVK®R &K kWD e yox
dhlhjuo "hfbgbj3KRe&IPLGLXP DXWXSRWIMHL]IRPHQR
ARV DTXDH qlh fh _I [ulv k\yaZgh k [hgeufb [eZ]h
Ney bo jZa\blby I_fi_jZImjgufb mkem\byfblu\hgbjZo
\h~u hk_gvx ijhbkoh”bl f_"e_gg__ kdZgZ j_qguo

< kj_"g_f I_gq_gbb [bhfZkkZ nblhiezgdlhgz ki

fl e ki lj_h[ez"Zeb "bZlhfEchg_ FZdkxlbg
kdhc =WK [bhfZkkZ hk_gg_]h nblhieggddhklZ\ely_ iec
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ez fle Zgb _ * fl e < jZ=W& _hREeVkklibd Z e

fl e\ur_ Db fl e gb" _ iehlbgukKHk@Z\wldchkaZg
pbyo \ hkgh\ghf khklZ\eyeb &U\SWiR3&dIWD - DZdnb
hdku a”_kv gZ[ex"Zehkv h[_"*g_glkkqgnlblbhiZZgdblygZ
kbg_a_e_guo \h*hjhke_c qlh \_jajnhghglk)\y-adhegeth k
gbc kbg_a_e_guo ijb ijhoh ™~ _gbb q_j\ mljfhid gl =W
ghf ihlhd_ >Khklhygb_ [bhp_ghah\&d b \@j_Hk" gwvx
sb_ k_ahgu \ jZchg_ klZgpbc b _ighbkl®HfZé&hk ukgt
GZ klZgpbb [bhfZkkZ ih\urZeZk¥g¥i_evgme jheng
\'g_c b]jZeb ~*bZlhfh\u_ b djbilhnbrhh\web
gb\Zehkv dhebqg_kl\h kbg_a_e3&a PHLGLIXKe DX W X F
SODQNWRWKUIQgIhDJAD |[hgKgh. k\yaZgh k ihkimie_gl
fhehqghlh az\h~Z < gb'g_f |_qgq_gbdbkkz][ué&dhdBalb
dhc = "h fl e lj_h[eZ"Zeb \b"D ph6MIHS KD RQRGIIC
&ODP\GRARYDNFXOD. W&EKBRRPRQDV DFXWD

< k_ahgghc "bgzZfbd_ [bhfZkku nblhiezZzgdlhgZ gl
] <_ebdhc \uy\le_gh =+ ibdzZ \ dhgp_ fZy +* gZqZ
b\ Z\Imkl_ qlh ozZjzdl_jgh ~ey f_ahljhngh]h Ibiz
\Z @ GZbf_gvrZy [bhfzZzkkZ hlf_q_gZ A_kghc
gvx = * f] e

GZ \k_o mqgzkldZo j_db “hfbgbjmxl f_ahkZijh[tL
_lI'hlg_klb \h”u j_db d mf_j_ggh aZ]jyag_gguf Bg’
"mlhgghc ahgu aZ]ljyag_gby h f_ahkZijh[u b h
azgbfzxl \lhjh_ f_klh b hkh[_ggh jZaghhEjZagu
g_gbb b gZ mqzZkld_ \ur_ Rbevkdhc =WK - Qbkeh
kluo \h~ [ [ h kZijh[h\ b h kZijh[h\ g_\ukhdh_
.S kZijh[u \klj_g_gu Ilhevdh gZ g_luj_o mgZkldZo
rhc <ya ] Hihqdz *~ ;ZjZ[Zgu "~ K_ebogh\h <]
ebogh\h jZkiheh _gu g_kdhevdh fhehdhaz\h~h\ k
Ilhjuo hdZau\zZxl azf_Igh_ \ha”_ckl\b_ gZ ‘“h”u j_d
i jh[gh k EB63S GHHEEHHEN A Ryj v@ih) WX it il Adidetol  h |- fing ity H
Iblv Ij_g” m\_ebq_gby bg”_dkzZ \gba ih |_qg_gbx j
glh gZb[hevrb_ agZq_gby hlf_gZebkv e_Ilhf

Ilh mjh\gx [bhfZkku nblhieZgdlhgZ<_lkgbdm¥]fle” j
gh hlg_klb d heb]h f_ahljhnghfm Ibi@ >apdnHghdizg



p_gljZpbb [bh]_gguo we_f_glh\ gZ gj dhllejudZklBEhp!
ghkblky d dZl_]hjbb aZ]jyag_gguo \h”"@ Hidklkhdilb ~
ghr_gbx \b”h\ bg”bdzZlhjh\ kZijh[ghkllgh hdgekldbmx !
d dzZl_]hjbb mf_j _ggh aZ]jyag_gguo dkvZ agzgh [gihy f
klb \h~u j_db fh'gh hozjzdl_jbah\zZIy\dpd \dv*ghm”h
gbklhlu deZkk dZq_kI\Z k bafagkdZ_hlj&ajlyklZ o
Ihggh gbklhc? "h ©keZ[h aZ]jyag_gghc?

Ebl_jZImjz

:nhgbgzZ ?KljmdImjZ b "bgZfbdZ nblhieZgdlhg-Z j_db <
lhj_n ~bk « dzZg” [bhe gZmd Kudlu\dZj k

=hj[mebg MVdKeh]h [bheh]bgq_kdb_ o0zZjzZdl_jbklbdb 'L
ju dhglbg_glZevguo \h~h_fh\ MdjZbgu <_klgbd OG:M

<ui K +
Hdkbxd H | @mdbgkdbc < G ;jZ]bpkiebhdkgzZy b
wdheh]lbg_kdZy deZkkbnbdzZpby dZq_kI\Z ih\_jeghklgu«
[bhe "mjg L < K *

ljbjhrZkdh\kdhc h[eZklb Th~ j_~ J : Am[Zdh\W Ikdh

Khklhygbhp_ghah\ ha_jgh j_gghc kbkl_fu <mhdku [
Libnhgh\hc KI[ k

Libnhgh\Z BVdheh]by b kmdp_kkby ha_jgh]h nblhiezZg
mdZ k

2(&" (XWURSKLFDWLRQ RI ZDWHUV PRQLWRULQJ
OHQZHLGHU 5 $ HG 2(&" 3DULV ]

6ODGHBMWWHP RI ZDWHU TXDOLW\ IURP WKH ELR
FKLY +\GURELRO (UJHEQLVVH GHYU /LPQRORJLH

3+<723/$1.721 %,20$66 '<1$0,&6 $/21* 7+( 5,9(5
9(/,.$<$ &2856( $6 $1 ,1'(; 2) ,76 (&2/2*,&$/ 67$7(

? ¢ 6LOHHQNRYD , 6 7ULIRQRYD
,QVWLWXWH RI /LPQRORJ\ 5%6

7KH UHVHDUFK GHDOV ZLWK WKH LQYHVWGBGIDWLRC
QDPLFV RI SK\WRSODQNWRQ VWUXFWXUH DQG ELR
WULEXWDU\ RI 3VNRYVNR &KXGVNR\H /DNH 7KH HY
VWDWH DQG ZDWHU TXDOLW\ EDVHG RQ WKH LQYH
WHULVWLFV ZDV FDUULHG RXW



KH<J?F?GGU? BAF?G?GBY H;BEBY B KLIMDLM!/.
NBLHIE:GDLHG: KJ?>G?=H L?Q?GBY J?DB BJLU

Y B =mevq_gdh H | ;Z  _gh\Z
Hfkdbc JThkm~ZjkI\_gguc Z]jZjguc mgb\ _jkbl_
bf I : KlheuibgZ

HibkZgzZ kljmdImjZ b h[beb_ nblhiezjgdlihggZ-j HBfjlur
kdz \ i_jbh” hldjulhc \h”u + JEZekibb\@_ kydhb k

agZqbfh_ kgb _gb_ h[s_c gbke_gghklibzZigdbihgZkku
j Bjlur \ e_Igbc b hk_ggbc k_ahgu jihnrkfagbigbx |
i_jbh~hf bkke_~h\Zgbc + 11 o_HHhbretl hi\e Xg g

dlhgZ hklZehkv gZ ij_"g_f mjh\g_ Mgbdghlejmd ba
Imj_ nblhiezgdlhgZ j_db \ujZ Zxsb dibyagklddbrkflb g
kgb™ _gbb “heb a_e_guo b m\_ebq_gW Hjh&lz w\]e _
\_kghc b ]1] Baf_g_gb_ "hebbpbBEgki{iAhdl_jt
\uo \h~*hjhke_c klZlbklbg_kdb g_agZgbifhj kikhZzgh\e
dZ kljmdImju nblhieZzgdlhgZ j_db md\gau\Baf ggZ h[t
gby wdheh]bqg_kdh]h khklhygby BjlurZz \ ihke_"gb_

LizgkljZgbqgzZy j_dzZ Bjlur y\leyykv kZfuf djmigi
H[{b bf__| bkdexgbl_evgh_agZq_gb_ "ey-Hfkdhc
kiI\b_ Zevl_jgZlb\guo bklhggbdh\ \h~"hkgZ[-_gby ]l
lhrghklv [hevrbgklI\Z ih~a_fguo \h® ~"ey ohayckl\_
ah\Zgby h[tykgyxl g _h[oh”bfhklv ihklhyggh]h dhg
gby wdhkbkl _fu j Bjlur J _adh_ m\_ebg_gb_ \h"h:
]h Bjlurz Dblz_f ijb\_eh d m]jha_ bklhs_gby \h” E
[he__ h[hkljbeh h[klZgh\dm \ [Zkk_cg_ j_db >Lm
p_eyo h[_ki_g_gby wdheh]bg_kdhc [_ahizZzkghklb
dhgljhey kh[ex® _gby f_""mgZjh~guo “h]lh\hjh\ g_h
dZ kh\j_f_gghlh khklhygby wdhkbkl_fu j_db b dZq

Bkihevah\Zgb_ nblhieZgdlhgZ ijb [bhbg"bdZpb
gh _]1h \ukhdhc gm\kl\bl_evghklvx d baf_g_gbx d
kj_~u Z 1zd _ kihkh[ghklvx hljZz Zlv wnn-_dl kf_
A ckl\bc glh g _"hklmigh obfbq_kdhfm fhgblhjbg]
b ~j @
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Wdheh]lbg_kdZy hp_gdZ khklhygbyB\lueogd_iph b kj
ihdZzazl_eyf jZa\blby nblhieZgdlhgZ \nnihedyeZkv
>;Z"_gh\z @ ;ueh mklZgh\pmghh ¢
jh\Zgb_ \_jog_]h I_q_gby j_db dZkdZ4tphd\-\h"hoj:
eh kh]eZkgh dhgp_ipbb wdheh]bq_kdbo:[#h*bnbd
dmfh\zZ > @ d wdheh]bqg_kdbf fh pmnlhd Zlpitzy f g _
GZ hkgh\_ dZg_kl\_gguo oZjZdl_jbkkddk Imlyldhhbe Z g c
wdhkbkl_fu kj_~g_]h I_g_gby j Bjlurh[d&d Hig_"_
l[jhih]_ggh_ wdheh]bg_kdh_ gzZijy _agbjhkhiwey f_gl
gh]l]h w\ljhnbjh\Zgby

P_evx jZ[hlu y\eyehkv \uy\e_gb_ kh\jbd_\gguo
kljmdImj_ b h[bebb nblhiezZzgdlhgz kj_Bglulfh |_q._
\' jZchg_ ] HfkdZz

JZ[hlZ hkgh\ZgZ gz fZl_jbZeZo h[jZZgldbg¥h[ n
j Bjlur \ jZchg_ ] HfkdZ \ i_jbh” hldpgiiheWwh"u

ghyljy ] bk Zij_ey ih B key ijh[ ]
ijh\h*beb =+ jZaz \ f_kyp 9gZ “\mo pw*jijbh2zdh]bq
\ur_ b gb"_ HfkdZz ©Hfkd <BA?2 = \ur yadklghpgbdz
b ©Hfkd GBA?2 =+ gb"_ bklhqgbdzZ aZ]jymg &by JZI
jh\' \u[jZgh \ khhI\_Ikl\bb k jZzaf_s_dgbijffhf_’kdyhl[h
klZpbhgzZjguo gZ[ex®_gbc P_gljz ih fAhgbgbpg]m
hdjm ' Zxs_c kj_~u ] HfkdzZ b f_Ih"bq_pkodyfbbiph dhf_
ijh\_~_gbx ]b”jh[bheh]bg_kdh]lh fhgblkjogbz ih\
\hr >IJmdh\h?ysbc "hdmf_gl« @ pPHebmb kI\_g
IlhiezgdlhgzZ h[t_fhf e hi[bjZeb bh kre\nhyodhklgh
\'Ij_o lhgdZo ihi_j_qgh]h k_qg_gbybjgdbktjm*pgj_]r
NbdkZpbx ijh[ ijh\h*beb nhjfZebghf i\Zglhgp_gl
bkihevah\Zeb hkzZ”~hqguc f_Ilh"

ljh[u h[jZ[Zlu\Zeb h[s_ijbgylufb f_Ih"Zfb >N_

@ Ih~*kgq_l gbkezZz de_Ilhd nblhiezgddizgzjijh\h
=hjy_\Z \ = ih\lhjghklyo gZ fbdjhkdWVYRTUXOHU
AZ mdZazZgguc i_jbh” hlh[jZgh b h[[Z{hlZgpuo d
ijh[ nblhiezZzgdlhgz

AZ bkke_~m_fuc i_jbh” \ nblhieZgdlhgh | Bjlur
\b~rh\uo b \gmljb\b”h\uo IZdkhgh\ <<H hidghkyst
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H[sZy gqbke_gghklv nblhieZzgdlhgzZ \ ihflwh” hlc
] baf_gyeZkv \ ij_~_eZo + [bhffelgkder BI
Ah ] kKhklz\eyy \ kj_"g_f “ feg de
“ ] fkhhi\_IkI\_ggh DeZkk b jZajy® dZq_klI\Z
lur g_ baf_gbebkv ih kjZ\g_gbx k ij_Mubhklsédf i_jb
A"h\Zgbc Ih ihdZaZl_ex [bhfZkku nblkdeBgtjlhgzZ :
@ \h"Z Bjlurz highkblky d deZk\lem | d¢p_ kl\Z
| _evghc gbklhlu jZajy®m [ keZ[haZ]jyag_ggZy
H[sZy gbke_gghklv nblhieZgdlhgzZ \ \_k dggbc k.
klZ\eyeZ : feg de e [bhfZkkZ <« gZqZ
e_\_kgu gZb[he__ Zdlb\gh \_]_IbjhhZBphRkBBIbfh)\
7TUDFKHORPRQDYXAMRIOWREBLA@D_ \_k_gg_]h k_ahc
"bZlhfh\uo a_e_guo \h*hjhke_c b pgBog[agdk jbc
|1Zeh 7BDFKHORPRQD kYR OtYeRh KklvQdDk _j_"~bg_ fZy
<_kghc \deZz® %DFLOODULRSK\WDd\hgtzkeé ggl
kj_"~g_f khklZ\eye &KORURSXRBWRNDU\RW

b(XXOE B &R B KXW\ DH g h\ g nixd daiar Vil m xpukioih i kv kg
iezgdlhgZ nhjfbjh\Zeb %DFLOODULIRSK\\WMBZA"

\ghkb &K @ RO R 8 R\IYKDWEKXY) QX ZI0RBSOKENEH KX MK\ AN SAK |
eyeZ |lhevdh hrgzdh \ Zij_e_ MNlgb nhjfbjh\Ze!
S_Cc [bhfZkku >hey hklZevguo hl*_elk\ \nie[l&_c [b
ieZgdlhgZ g_agZgbl_evgZ b khklzZ\eyeZ \ kmff_ g

K gZqZehf e_Ilg_]h k_ahgZ h[beb_ "bZlkfb\uo \
"Zehkv Z pbzZgh[Zdl_jbc = \hajzZklZejbc>dehhfpbZ
\ kj_"g_f khklZ\eyeZ his_c gbkEZy &hikldh *h
fzdkbfmfz h[s_c gbke_gghklbAzf liguglyl[jy
\deZ” \ nhjfbjh\Zgb_ h[s_c gbke_gghilklbgdlHg_]h
gZ \ghkbeb &KORURSK\WD \ kj "RSK\WD b %DF
GZ "hex hklZevguo hl*_eh\ ijboh”behkv \ kmff_ f

H[sZy gbke_gghklv nblhieZzgdlhgZ e rbhifh baf_gy
dbo ij_"~_eZo hl Ah feg deb&e Fgglklblfm f



h[mkeh\e_gguc \kiurdhc$ZKaDIQB¥DSVDhKIROVDW
gZeky \ gZqZe_ k_glyl[jy H[sZy [bhtZkkiBenlflhiez
eZkv hl "h b bffeZz g_kdhevdh ibdh\ £ \ dhg
k_j_"bg_ bxey b k_j_"bg_ k_gly[jy fZkkewnhc it
dhgp_ bxgy [ue \ualzZg \hajzZklzgb_f WfhReogghkl
\h*hjhke6\WQHGULD XIDRXWUD GLDQike_ = bgl_gkb\
ghc \_]1_1Zpb_c pbZg RERBSIKRMSKDHULDKDSRRLQL
g_ k_gly[jy £ jZa\blb_f a_e_guo \h~hjhke_c

Hk_gvx ] h[sZy gbke_gghklv nblgyeZgdlh
eZkv \ ij_"_eZo * feg de e f[bhfZkKkZ =
FZdkbfmf gbke_gghklb h[mkeh\e ®IKD GQRE&EDSH/ C
KROVDMWILdhDP»beky gZ dhg_p k_gly[jy ihke-gqg_]h |
ghklv nblhiezgdlhgzZ iezZ\gh kgb ZeZk&d nHitsZy [l
ieZgdlhgZ hk_gvx bf_eZ “\Z ibdZ glpuyg -\udhgp.
a\Zg jZa\blb_f "bZIGWHHG&KDQRGLVF XVaKb QdMpV F
\h*hjhke_c b \lhjhc \ dhgp_ hdly[jgbkiy\aZdglk mk
pbb "bZIh6\QHGUDYDBRGLEDMHSKDQRGLVFXV KD
gZ nhg_ h[s_]lh kgb _gby dZd h[s_cbkehfggkklblzd
nblhiezgdlhgZz

Hk_gvx \ nblhieZgdlhg_ ih gbke_gghkdB ij_h[:

gh[zdl_jbb \ kj_~g_f f_gvrbcb\de&”gwghkhb
b "bzZlhfh\u_ \h~*hjhkebZgdbmHKbftbjh

fZkku nblhiezgdlhgZz hkgh\gmx jhev b]jyE®b ~bZzZl
jhkeb khklz\eyy \ kj_"g_f < hoMleeg U'dZjh |
Ihf_c "hklb]Zzez h{s_c [bhfZkku n®EZhdélzgdlh
jhf b Ij_Iv_f f_klZo gZoh”bebkv a_e_gu_ W~ hjhl
pbZgh[zdl_jbb GZ "hex hklZemdtoifip"_eh
oh"behkv f_g__ gbke_gghklb bZkku mflslhc [bl
ieZgdlhgZz

<_kghc ] h[sZy gbke_gghklv nbFiesyZgdlhg

“ feg de e [bhfzZkkz % Dzd b \] f ]
\' gZqZe_ \_kgu gZb[hevr__ h[beb_ bH ljhKkéZIhfl
b7UDFKHORPRQD V¥ 2UROMRFdHKR gghklb ijboh” b
k_j_~bgm fzZy feg de e b [uehh[mkebyepl jhi
Zgh[zZdl_jbc ~bZlhfh\uo b a_e_guo XYewmnjbhkgyc



h[beb_ nblhiezZzgdlhgZ iezZ\gh kgb Z&hkkf_glhc k\y
A"hfbgbjmxs_]h dhfie_dkZ

<dezZ™” %DFLOODULRSK\WD ih qbkeZ‘geg/keklb \

&EFOMRRIURES KK WD H: (D RN ORES AR R D 0

QRSKY¥YWD = HkghHg<rgk1\gﬂ1kxIqutkIh\fZ[lbmg‘Zri{N(IleeIZIg
ghc nhjfbjh\Zeb %DFLOODULRSK\WD b& K
(XJOHQRSK\WD >hey &KU\VRSK\d&B"khk!
hklZevguo hl*_eh\ \ his_c [bhfZkk_ abglogHelZgdlh
e_g f_g__

Ijb kjZ\g_gbb ihemqg_gguo “Zgguo k j_amevlZIZf
bkke_"h\Zgbc * 11 [ueZ \u*\bgmlZ gme_\
ijbgz~e_"ghklb \u[hjhd khhI\_IklI\mxsbo ~vmf i_jb
"h\Zgbc d h~”ghc ]_g_jZevghc kh\hdmighkldb Ihkt
e_gb_ \_ebgbg h[s_c gbke_gghklb b [bhfZkku nb
ih~"gbgy_Ilky ghjfZevghfm azZzdhgm qlh ihM\_j ~Z
fb dhwnnbpb_glh\ Zkbff_Ijbb b wdkp_kkZ 4jh\_jdr
s_kl\eyeb ijb ihfhsb jZglh\h]h g_izZjZf_Iljbq_kdh]
FZggZ Mblgb 8 djbl_jby ihal\heyxs_]h kjZ\gb\ZI
gu_ \u[hjdb g_ gZeZ]Zy lj_[h\Zgby gZ ghjfZevgh
gby \oh”ysbo \ gbo kemqgZcguo \_ebgbg >Dh[aZ]jvVv
"Zgguo ijh\h~beb ih h[bebx b kljmdImj_ nblhieZgc
dZaZl_eyfb h[beby ihgbfZeb h[smx gbke_gghklv b
km nblhiezgdlhgzZ \ dZqg_kI\_ ihdZazZl_e_c kljmdl
hlghkbl_evgu_ gqbke_gghklv b [bhfZkkm hl~_eh)\
e_gghklb b [bhfZzkk_ kjzZ\gb\Zeb g_aZ\bkbfh ~jm]
dh "ey [hevrbgkl\Z oZjzZd|l_jbklbd j_amevlZl kh]eZz
agZqgbfhklb hlebgbc \u[hjhd ih gbke_gghklb nblhie
ey_Ilky agZqgbfhklv hlebgbc \u[hjhd ih [bhfZkk_ K]
"beb gZ \u[hjdZo ih k_ahgZf \_k_ggbc e-Ilgbc I
\_jghklv hlebgbc jZzkkfZljb\Zeb gZ b mjh\gyo

< _kghc + ]1 h[beb_ nblhiezgdjhgZgBjlurZ
] HfkdZ hklZehkv gZ mjh\g_ i_jbh*Z Ap\Zgbmsbo

+ 11 klZlbklbg_kdb agZgbtunlkPaedqgby h

MklZgh\e_gh klZlbklbg_kdb agzZgbfh nikidhb™_gb_

ieZgdlhgZ \ e_lgbc b hk_ggbc i_jbhbke Egdhklinv[sZ




mf_gvrbezkv ih kjzZ\g_gbx k ijhreuf i \{Bgbhf bkk

gZ feg de e Ilhemqg_ggh_ wfibjbdjbkdjpby agZ
8, "“ey \u[hjdb ih gbke_gghklb nblhieXghilhgZ
ijb 8 b y\ley_Iky agZgbfuf gz mjh\g_

agZq_gby [bhfZkku nblhieZgdlhgZ e_Ilhflkigbabeb
j_amevlZl agZgbf gZ Wfimjh\gj_bd]B
Hk_gvx ijhbahreh kgb _gb_ kj_~g_]h agZq_gby

ghklb nblhiezgdlhgz gz feg de e J_amevlZl
mjh\g_ .. 8 ijb,8 ;bhfZkkZ nblhieZgdlhgZ kghb
\ kj_"g_f gz glhf *hklh\_jgh gz mjh\g_ agZo
8wfi ijbd?

< kljmdImj_ nblhieZgdlhgZ BjlurZ hif_g_gu baf_
"Zxsb_ky \ kgb " _gbb "heb a_e_guo b m\_ebq_gbb
\h~hjhke_c \ h[s_c gqbke_gghklb nblhieZzgdlhgzZ j_

b ]] <dezZ” a_e_guo \h*hjhke_c \ h[smx gbke
ieZzgdlhgZ \_kghc kgbabeky \ kj_"g_f gZ - w\
jhk gz baf_g_gby agZgbfu gZ mjh\-g_ lhe

jbg_kdh_ agZq_gb_ djbl_jby ey \u[hjdb ih-hlghkb
ghklb a_e_guo \h*hjhke_c \,kghc f2ygtw\§e_gh\uo
\h~*hjhke_g¢ + 8ijb 8 <dezZ” w\]e_gh\uo \h”*hjh
\ hfsmx [bhfZkkm nblhieZgdlhgzZ \ kj_~g_f-\hajhk
[hjdb ih hlghkbl_evghc [bhfZkk_ oZjzdl_jbah\Zek
djbl_jby.8 ijb 8 glh k\b”_I_evkl\m_I| h agZq
mklZgh\e_gguo baf_g_gbc gZ mjh\g_ MA_ebqg_c
\uo \h*hjhke_c \ kljmdImj_ nblhieZgdlhgZ mdZau'
fg_gbx gZ mkbe_gb_ aZ]ljyag_gby BjlurZz-e_]dhh
]Zgbg_kdbfb \_s_klI\Zfb Baf_g_gb_ ~heb pbZgh[Z
fhluo \h*hjhke_c \ kljmdImj_ nblhieZgdlhgZ j_db c

Lzdbf h[jZzahf h[beb_ b kljmdIimjZ nbdhibZgdl
l_g_gby j Bjlur \ ihke_~gb_ ]h”u badvdmebkjv Ih

\hkl_i_gghc 0zjzdl_jbklbdhc bkihevamdZpbbijb
\h~Aghlh h[t_dIZ y\ey_ Iky kljmdImjZ kbhliseZg\dlhg
>:[Zdmfh\ @ klZlbklbg_kdb ~hKhhc@gzy __

+ 1] mdZau\Z_| gZ h[t_dIb\ghe jdfg-gkdtby
1h khklhygby j Bjlur \ ihke_~gb_ ]h” u



Ebl_jZImjz

[defh\ <Wdheh]bg_kdb_ fh*bnbdZpbb b jZa\blb_
Lj f_""mgZzj kbfiha ©Wdheh]bq kdb_ fh*bnbdZpbb

1bq_ kdh]h ghjfbjh\Zzgby? E K +

;Z° _gh\Z HNblhieZgdlhg <_jog_]h b Kj_~g_]h-Bjlurz
yo aZj_]lmebjh\Zgghlh klhdzZz Hfkd Hf=:M k

;Z‘_gh\Z HHp_gdz fgh]l]he_Ilgbo baf_g_gbc wdhkbkl_1
kj_~g_1]h Bjlurz ih ihdZazl_eyf jZa\blby nblhlengIhg2
Wdheh]bq kdbc "mjgZe L < K +

;Z°_gh\Z HKIjmdImjZ nblhieZzgdlhgZ b kZijh[ghklv \h'
b kj_~g_1lh Bjlurz Wdheh]lby L < K *

Dh[aZjv 1jBdez~rgZy fZl_fZlbg_kdZy klZIbklbdZ F
k

Gbdzghjh\ : F ;jualZeh < : J_kflgyh HEB#¥ Dh
f_ggb\hklv khklhygby mklv_\uo wdhkBkKkkfbdjmidNwnog zZd
f glZevgu_ ijh[e_fu \h”u b \h~rguo j <mjkik\ d4mqgcdhgn
k f_""mgZj mqgzZklb_f Fhkd\z tF k_gl K %

Hdkbxd H | @mdbgkdbc < G ;]2 ] Dk deéb cdEg Zly b
wdheh]bq_kdZy deZkkbnbdzZpby dZqg_kI\Z ih\_jeghklgu«
[bhe "mjg L < K *

Jmdh\h”?ysbc "hdmf_gl+ F_Ih*"bq_kdb_ mdzZazgby
gZ ijbjh~u =b”jhkn_jzZz HjlZgbazZpby b nmgdpbhgbjh\z
fhgblhjbg]Z Zgljhih]_gghlh w\ljhnbjh\Zgby ij_kgh\h”gt
KI[ =b”jhf_I_hba"Zzl k

Lmehohgh\Dhhghhebdlu \h*hihevah\Zgby Jeh[Zevguc b
guc Zki_dlu Nmg~rzZf_glZevgu_ ijh[e_fu \h”u b \h~guo

K

N_"hjh\ <H>X Ih~"Zo bamqg_gby nblhiezgdlhgzZ b _]h Z«c

F=M k

5(&(17 $%81'$1&( $1' 6758&785( &+$1*(6
2) 3+<723/$1.721 )281"
,1 7+( ,57<6+ 5,9(5 0,"/( 5($&+(6

<D , *XOFKHQNR 2 3 %D]KHQRYD
2PVN 6WDWH $JUDULDQ 8QLYHUVLW\ QDPHG

7KH DUWLFOH GHDOV ZLWKWWKH CRBGFDERYERQFRIl R
5LYHU SK\WRSODQNWRQ VWXGILKHAE YKBURWKE EDWWH



+ $ VWDWLVWLFDOO\ KLW@RISCFID@NW 8 B FW R VDK
ELRPDVV RI WKH ,UW\VK 5LYHULRGW KO PHRP BQGL D RY
SUHYLRXV UHVHDUFK SHULRG/KH REXQGZDWQHRRXQ G/ B!
WRSODQNWRQ UHPDLQV DW RVKMKWHD B HY® M YSHO WERRSRH
PXQLW\ VWUXFWXUH FKDUDFQHED|®E &HBUHDNW L\
DQG LQFUHDVH LQ (XJOHQRSK\\WR @ X P EADVL IR XWX |
&KDQJHV LQ WKH &\ DQRSURNDYREWD DIQGH%UIRFWARE
WLFDOO\ VLIQL{FDQW 7KHUBLYHRUSIKD\QMRB DR QW R
WLYH FKDQJHV RI WKH ,UWRY K b MYKIH) UHHFIRHDQRWY L\FHDQU \

WDHLHDKBQGHKLY <H> FH>?EVGUO WDHKBKL
< MKEH<BYO A:=JYAG?GBY D:>FB?F

? G ;ZdZ_\ZF# G Lzjz"~Zcdh

BgklbIml \h~Aguo ijh[e_f J:G =b”jhobfbqg_kdbc |
] Jhklh\ gZ >hgm

=b”jhobfbqg_kdbc bgklbIml ] Jhklh\ gZ >hg

X'guc n_”"_jZevguc mgb\_jkbl_I ] Jhklh\ gz :

ljb\_~_gu j_amevlZlu bkke_"h\Zgbc Wwghdohakibggh
kbkl_f ihemg_ggu_ \ oh”_ "ebl_evgh]h gggbmjgh]l
f_ahdhkfu aZz]jyag_gby dz~fb_f >Ziggukdbm"jh]
bgr"bdZpbhgguo bkke_~h\Zgbc nblhieXgdlbgzZ b [
ke_"h\Zgbc k bkihevah\zZgb_f Z\Ilhljimgguwol bk]_I_jt
h{t_dIh\ \uy\beb hlebgb_ \ bo hldebddzg'Zzbyha”_c}

< ihke_~g__ \j _fy m\_ebgb\Z _ Iky ihkifmigegb_ |
eh\ \ \hA"gu_ h[t_dlu D gbkem hiZkgeoe hi dkllydpgu o
kblky dz~fbc ijbgZ”e_"Zsbc dh \Ilhjthfkthbd edkikm h
lu\Zy hkh[_gghklb ih\_~ _gby \ \h~"gko_wdhblkl_fZ
f IZ[hebafzZ \ "b\uo hj]ZgbafZo ihkedZKIf\toyy gZby
[bheh]bg_kdb_ kbkl_fu fh gh kgblZlvbg>ij-etkdZal
ghlh\z @

H~rgbf ba gZb[he__ \Z guo dhfihg_glh\ \h~guo v
eyxlky Z\lhljhngu_ hjJZgbafu gZb[he_ _ rbjhdh ij_



nblhieZzgdlhghf Bg”bdZlhjgu_ k\hcklI\Z nb-lhieZgd
eyxlky g_ Ihevdh nzdlhf gZoh ~_gby beb hlkmlkI\b
\brh\ gh b kl_i_gvx bo dhebqg_kl\_ggh]h jZa\blby
eh]bg_kdbf khklhygb_f IThwlhfm ij_"klZ\ey_Iky Zc
\_ " gb_ wdki_jbf_glZevguo bkke_"h\Zgbc- fh"_e
gb_ jZaebqgguo dhgp_gljZpbc dZ”*fby \ hlebgZxsbo
mkeh\byfb wdki_jbf_glZevguo wdhkbkl_fZo gZ ]b”
gbke_ nblhiezZgdlhg

DZq_kl\h \h*ghc kj_"~u \ dhlhjhc h[blZx} Jb*jh[l
kbl hl 1Zdh]lh k\Vhckl\Z \h~u dZd Ihdkbgghkiv Lhdl
eh]l]bg_kdZy oZjzZdl_jbklbdzZ dZqg_kI\Z \h” \uy\ey_ Ik
bkke_~m_fhc \h*u gZ ]b~jh[bhglh\ f_Ih~hf Fbhl_klIb
gblv aZdhghf_jghklb \ebygby aZ]jyagyxsbe \_s_kl
Im iha\hey_| f_Ih® gZImjgh]lh fh*_ebjh\Zgby aZ]jy:
s_kI\Z dhlhjh]lh baeh’ _gu \ jy*_jzZ[hl >;ZzdzZ_\zZ G
Lihnbfgmd b 7] @

P_ev gZklhys_c jZ[hlu aZdexqgZeZkv \ \uy\e_ghb
klb \h~ fh~_evguo wdhkbkl_f aZ]jyag_ggue dZ~fb
bg"bdZpbb nblhiezgdlhgZ b f_Ih~hf [bhl_ kaJh\ZgI

< bkke_"h\Zgbb bkihevah\Zebkv f_Ih*u-gZlmjg
\Zgby aZ]jyag_gby >;Zdz_\zZ Gbdzghjh\ - @
kdbc ZgZeba nblhiezZzgdlhgZ >:[Zdmfh)\ - @ hg
kib \h~ f_Ih’\hf [bhl_klIbjh\Zgby k bkihevah\Zgb_
I_kl h[t_dIh\ ]_I_jhljhnguo hj]J]Zgbafh\ nbevljZlhjh
'DSKQLD PU.'JZQIIDIJhnguo hj]Zgbafh\ + a_e-guo fb
jhke 6FHQHGHVPXY¥JIREOLTXXV @ AZ"Zgb wdki_
I1Z aZdexqZebkv \ bamq_gbb \ebygby dZ*fby gZ nl
kbgghklv \h* \ f_ahdhkfZo k jZaebqgufb \ZjbzglZf
fby 1ZJ[e

H[t_dlhf bkke_~h\Zgby kem beb fh”"_ewdu_ wdh
ahdhkfu F h[t_fhmklZgh\le_ggu_ \ ju[h\h”ghf ij
aZihegy_fhf \h~zZfb j >hg F_ahdhkfba[hcNkhzZ\eyx
kljzgkl\_ggh bahebjh\Zggu_ h[t_fu \hRu_d&behggu
\f_kl_ k gZk_eyxsbfb bo ]Jb*jh[bhglZfebdrgb bf_x
g_kdmx nhjfm bahebjmxsbf fZl_jbZehlfbg\gy_Ilky



HArgbf dhgphf f_ahdhkfu azZdj_ieyebkWwlmhtgzZ \h
mklZgZ\eb\Zeky gZ ihiez\dZo b riZeklyxo Z”" ih\
ahdhkfu bf_xI I_ "_ qlh b\ fZl_jbgkdkipmwdthkkl_
\h*ghc lhesb g_gZjmr_ggmx kljmdImjbc *bgguo |
oh~rguc obfbg_kdbc khklz\ \h~"u |h b_\hH#jgsdb gZk
fb beb \_kvfZ [ebadbfb y\eyxlky hk\mgzZgBzZ\d_fi_]
gb_ Z1zZd" _ bo ]jZz*"b_glu b "bgZflydgdhx;zZzdz_\Z
Lihnbfgmd b *j @

>ebl_evghklv wdki_jbf_glZ khklZ\eyeZzZ kmlhd
ZgZeba j_amevlZlh\ ih r_klb f_ahdhkfZf h”"bg ba
guc F [_a “h[Z\e_gby dz~fby < hklZevgu_ f_ah
jZaebqgqgu_ _]h dhgp_gljZpbb Ko_fZ aZ]jyag_gby

fb_f ijb\_~ gz \ 1Z[e I>D ~ey dZ~fby \ \h~A_ jull
guo \h~h_fh\ khklz\ey_| f]l e
LZ[ebpZz Ko_fzZ wdki_jbf_glz
‘dfh—kafg <g_k_ggu_ dhgp_gljZpblb dz~fby Ijka_quby
F I>D Dhgljhevguc f_ahdhkf
F I>D HrghdjzZlgh_ \g_k_gb_
F 1>D HrghdjzZzlgh_ \g_k_gb_
F 1>D H”rghdjzZlgh_ \g_k_gb_
HrghdjzZlgh_ \g_k[ gb_
F I>D [_a "hgguo hleh  _|gbc
F I>D \ kmff_ + I>D Fghlhdjzllgh_ \g_|

Hi[hj ijh[ nblhiezgdlhgZ ijh\h~"beb q_j_a- qZkZ

gby dz~fby bko NZe  gZ - b _
f_glz < i_jbh” ijh\_~ _gby wdki_jbf_glzZ I_fi_jZImj
e [ZeZkv \ ij_ N eZdK \R u = hl "Kh agZq_gby
S+ \Zjvbjh\Zebkv hl “h

Khklhygb_ nblhiezddahghkfh\ aZzZ]jyag _gguo d
fb_f J _amevlZlu bkke ~h\Zgby nblhieZgdlhgguo
\ha” _ckl\bx jZaebgguo \ZjbZglh\ dhgp_gljZpbc b I
gby dz~fby ij_~klzZ\e_gu gZ jbk
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:gZeba j_amevliZlih\ gZImjgh]lh fh”_evighdhhelb&i_|j
k" _eZlv ke_"mxsb_ \u\h”u

— Ih~I\_j°~_gh qlh ijb h*rghdjzZlghf \g_&kZabb dz~
\Z_| g_]1ZIb\gh_ \ebygb_ gZ gbke_ghhkbZ pd[bhfZ}
gZ ijb \k_o bkiulu\Z_fuo dhgp_gljZplbyojZBgbhbhljh\
nblhiezgdlhgZ mkbeb\Z_I|ky k m\_elbdZz"dbyfbkhh_j -
klb]Zz_I| fZzdkbfZevguo hilf_Ihd \ F I>D

— D dhgpm wdki_jbf_glz gz _ kmldb q_RBh F
\hkklZgh\e_gb_ [bhfZkku [ebadhc ihdkdhbfjlagZq_
ghfm f_ahdhkfm

— HIkmIkI\b_ yjdh \ujzZz _ggh]h m]g_IlzZxsfbph ~_ck
gZ jZa\blb_ nblhiezZzgdlhgz fh gh h[tk&dbhe sebygb
ehgghklb ijbjhrghc \h~u Gb ' g_]h >hgZ"tpg _ \gthyk bfu
dz~fby S_ehqggZy kj_"Z kihkh[kI\m_llnkiggchkldbx [
dz~fby >GbdZghjh\ @meb”h\ @ NhggugZelbq.
[j_Ivb kmldb gZImjgh]lh wdki_jbf_glZfhywdpf-gdhZpbk
dhkfZo [ueb hg_gv gbadb

— ;hevrbo jZaebgbc \ *"bgZfbd_ qbke_aqgHklb b [tk
ieZzgdlhgz az kmlhd wdki_jbf_glBkilh (\g@alghgbgjZ
h"bgzZdh\hc dhgp_gljZpbb dz~fby g_zZ&[gzZfjm_lgh
[ulv k\yazZzgh kh kgb _gb_f [bh*hkImeéghhksb eday fby
ghc ijbjh~rghc \h"_

— HIkmlkI\b_ k\yab \h~ghc qZklb wdhkblkh fu k ’
"_gbyfb kihkh[klI\m_1I| [he__ Zdlb\ghfreZdalbgZx nk

Lhdkbgghklv \h”* f_ahdhkfh\ aZ]jyag_@d{yp dZ"i
"m k bg”"bdZpbhggufb bkke_"h\Zgbyfb nblhieZg
gZ hp_gdZ Ihdkbg_kdh]h ~_ckl\by \h® fh~_evguo v
[bhl_klZo Ijh\_~_ggu_ \ I_qg_gb_ kmlhd [bhl_Kl
\uy\beb qlh m _ g_j_a h"bg qzZk ihke_ \g_k_gby
Ilhdkbqg_kdh_ ~_ckl\b_ \h” \h \k_o f_ahdhk#Zo GZ
ghklv ijhy\bezZkv \ f_ahdhkfZo b =b[_ev "Znghb
\h~_ wlbo f_ahdhkfh\ gZklmibeZ \k_]h g_j-a kmld
g_kdh_ ~_ckl\b_ khojZgyehkv gZ ijhly  _gbb kml

:gZeba j_ameviZlih\ [bhl_klbjh\Zgby Yy¥dba hleb
Z\lhljhnguo b ]J_I_jhljhnguo I_klI h[t_dlhYhil4hhlebqgb



Nh\6FHQHGHVPXWREGblaTX X\bevI]RIBKQLD PDJQD
[ueb [he__ gm\kl\bl_evgu d Ihdkbqo\tmRIBKl eklfbjm _f
ahdhkfh\ gZ ijhly  _gbb \k_]h gZImjghdB ghkkilfibf_ g
Iblv \_khfh_ \ebygb_ “hgguo hleh _dlk gy kiglh™ _g
\h” fh~r_evguo \h*guo wdhkbkl_f ijbbaZ]jyag_gbb d
LZ[ebpZ Lhdkbgghklv \h~ f_ahdhkfh\ k gZ]jmadhc dz
\Z_fhklb ~Zngbc hl dhgljhey

< f_ahh qzH

dhkfZ bko _ kmiidb | kmldh b kmldb | kmldb| _ kmld

F ol iipe i tbe 1 e 1L 1 b I LG 1L
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F HL>| HL>| HL>| HL>| HL> HL> 4y
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F HL> HL> HL> HL> HL> HL> HL>

libf_qzgb + ]1b[_ev gZ b kmldb  + ]b[_e¥ bt[_ev Rmidbkmidb

LZdbf h[jZahf hlkmlkl\b_ agZgbl_evguo hlebqghbc
dz~fby gZ nblhieZgdlhg \ gZImjghf fh*_evghf wdk
jhylgh k\yazZgh k [ukljhc ihl_j_c _]h [bh~hkImigl
e_gghc s_ehqghklvx o0Zjzdl_jghc ~ey ih\_joghklg
gZ Gb g_]h >hgz

Kjz\gbl_evguc ZgZeba ~Zgguo ]b~jh[bheh]bqg_kt
gby nblhieZzgdlhgZ b [bhI_klh\uo bkke_"h\Zgbc k |
gbkezZ fbdjh\h*"hpgKkEQHGHVP XVIiIRIZAQEZEXMHMK¥mIKkI\b
y\gh \ujz"_ggh]lh Ihdkbqg_kdh]h ~_ckl\by |_kIbjm_f
g_gguo dzZ~fb_f gZ Z\lhljhngu_ hj]JZgbafu-b [hev
|_evghklv hjl]Zgbafh\ nbevljZlIhjh\

GZrb "Zevg_crb_ bkke_"h\Zgby [m"ml| gZijZ\e_
|_evguc ZgZeba hldebdZ ieZgdlhgguo khh[Fs_KkI\ r
dlhgZz gZ \ha”~_ckl\b_ dzZ~*fby




Ebl_jZImjz

[Zdmfh\ <IJmdh\h”~klI\h ih f_Ih”Zf b~ jh[bheh]bqg_kdh]
ih\_joghklguo \h®” b *hgguo hleh® _gbc E =b”jhf_| _hbe

;Zdz _\z ? G GbdzZgapWyhlblkglu \ hp_gd_ dzZqg_kl\z
kmrb F GZmdz k

;_ehgh]lh\Z XWdheh]bg_kdb_ ihke_ "kl\by \ebygby ly"_
eh\ gZ ]b”jh[bhglh\ >bk « dZg” [bhe gZmd KZjzZlh\

Gbdzghjh\ : F @mebhlihgbldjbg] f_1Zeeh\ - ij_kgh\

guo wdhkbkl_fZo E =b”jhf_I_hbanzZl k

J> F_Ih”u Ihdkbdheh]bg_kdhc hp_gdb aZzZ]j
kgh\hrguo wdhkbkl_f F NKJ ih ]b”jhf_I_hjheh]lhbb |
hdjm Zxs_c kj_"u k

Lihnbfgmd F F ;Zdz \z ? G Nabahymdhhj]j Eu
\h~guo h[t_dIh\ ijb gZImjghf fh~*_ebjh\Zgbb wdhkbkl_f
<_klgbd X ghlh gZmqggh]h p_gljz J:G L < K
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(1 %DNDHYD1 7DUDGD\NR

:DWHU 3UREOHPV ,QVWLWXWH RI 586 +\GURFKHPL
+\GURFKHPLFDO ,QVWLWXWH 5RVWRY F
6RXWKHUQ )HGHUDO 8QLYHUVLW\ 5RVWF

7KH DUWLFOH SUHVHQWY WKH UHVXOWGLRV HREW/|
WDLQHG LQ WKH FRXUVH RI D ORQJ IXOO VFDOH V
WDPLQDWLRQ 7KHVH K\GUR ELRORJLFDO LQGLFD!'
DQG ELRDVVD\ VWXGLHV XVLQJ DXWRWURSKLF DQ
GLITIHUHQFH LQ WKHLU UHVSRQVH WR H[SRVXUH W

HJ=:GBA:PBY B IJH<?>?GB? ;BHFHGBLHJBG=:
1JB;J?@GUO :D<:LHJBC HIUL IJBF?G?GBY
B I?JKI?DLB<U

G < EyfbgzZz : = Eyfbg
BgklbIml ijbjh~gh I_ogbg_kdbo kbkl_f ] K_\Zk

lhdZzazgz \hafh ghklv bkihevah\Zgby ZfiebIm~gu
ihey [bhexfbg_kp_gpbb "ey p_e_c [bhfhgblhjbg]Z



khh[s_kI\ Ijh\_~_gh bkke_"h\Zgb_ k_ahgguo baf
dZevghc kljmdImju bgl_gkb\ghklb ihey [bhexfbg_|
ijb[j_"guo \h~"Zo ] K_\Zklhihey <uy\e_gu-kms_Kkl
gby k_ahgguo baf_g_gbc bgl_gkb\ghklb I;- ih\_jo
[bgghf kehyo hldjulhc Zd\ZIhjbb b h[tykg_gu ijbql
eb\zZxsb_ wlh y\e_gb_

Hi_jzZlb\guc fhgblhjbg] fhjkdbo Zd\ZIlhjbc hlghkb
ijbhjbl _lguo gZijz\e_gbc kh\j f gghc hd_Zgheh]ht
ghc wdheh]bb 1Ijb wihf bg”bdZpby Ihevdh-nbabdh
jZf_ljh\ kj_~u dhlhju_ fhlml hi_jZlIb\gh hij-"_eylv
gufb f_Ihr"Zfb g_kfhljy gZ g_hkihjbfu_ ~hklhbgkl
gbb kh fgh]bfb [bheh]bqg_kdbfb f_Ih"bdZfb- bamq_
guo Z[_jjZpbc \u'b\Z_fhklb fh~ bnbdZpbb \_kZ b
NZlv g_ihkj_~kI\_gghlh hI\_1Z gz \hijhk h \hafh gh
kbkl _f gZ \ha”_ckl\b_ iheexlZglh\ LZd mjh\ _gv
gheh\' b jZ"bhgmdeb”~h\ \ IdZgyo ]b~jh[bhgkth\ jZae
kdbo mjh\g_c¢ fhx | jZa ij_\hkoh”blv dhgp_gljZpbx
\_s_kI\ \ fhjkdhc \h”_ >lhebdZjih\ -@ Ih”
Zddmfmeypby iheexlZglh\ azljz]lb\zZ | \k_ kbkl_fu
gby fhjkdbo hjljZzgbafh\ b g_ fh | g_ hljZablvky ¢
gZevguo oZjzZdl_jbklbdZo >=bl_evahg b *j- [
\hr_bg 7TRNDUHY HW DO Lhdzj_\ @

Bkihevah\zZgb_ \ dZqg_kI\_ klj_kk bg”bdZlhjh\ jz
hjlZzgbafh\ fZehwnn_dlb\gh ihkdhevdm be \b”h\
ghklv az\bkbl ihfbfh "jm]bo nzZdlhjh\ hl j-]1bhgZz
\ N gby gZ[ex®_gbc >+RZNLQV HW DO - @ <
Ih~ru fhgblhjbg]Z fhjkdhc kj_~u j_amevlZlu dhlhjh
mgb\_jkZevguc bgl_]jZevguc oZzZjzZdl_j b fh]leb ke
e f dZd ohjheh]bg_kdhc kljmdImju bkke_ _~m_fh]h
nbabheh]bg_kdh]h khklhygby Ijb wlhf ba -\k_]h fi
Zdpbc ©ihkl\ha” _ckl\by?2 ihimeypbc gZb[hevrbc |
fg_ggh ij_~klz\eyxl | _ dhlhju_ \h i_j\uo ijhy\e)
I g _gb_i_j\uo ~_kyldh\ fbgml ihke_\ha”_ckl\by
\h \lhjuo hij_~ _eyxlky bgkljmf_glZevgufb -f_Ih"Zf
pbb gZ[ex*"Z fuo wnn_dlh\ \ gZklghklb [bhexfbg



dzj_\ 7TRNDUHY tbWeRfbg_ kp@pby £ AZ guc
f_gl nmgdpbhgbjh\Zgby i_eZ]bqg_kdh]h khh[s_kI\Z
[ulv bkihevah\Zg ey wdkij_kk hp_gdb _]h kljmdlt
nmgdpbhgZevgh]h khklhygbyLkrdDUYHVRNDUHY
HW DO EyfbgZ @

Bkke_"h\Zgb_ ~bgZfbdb oZjzdl_jbklbd [Mhexfbg
"ghc Ilhesb ZdimZevgh ey \uy\e_gbWhwkl[sbongdhg!
pbhgbjh\Zgby ieZzgdlhgguo khh[s_KkI\ \@ZalbAdXx_ ijbc
sbo bo baf_gqgb\hklv \h \j_f_gb b ijmkkjZgk@_ B&yf!
f_j_gb_izjzf_ljh\ ihey [bhexfbg_kp_gkti]hl kemlylb
b [ueh iheh _gh \ hkgh\m \uihegy_fhZXhijbhthgblhjb
guo Zd\Zlhjbc K_\Zklhihey dhlhjuc ihZdeeh]bq_k
gb_f bgkljmf_glZevguo gZ[ex”_gbc [bhexjffbldh\kp_g
DjufzZz ijh\h”*bfuo k hdly[jy ] >;blx@h\ b *j

FZl_jbZe b f_IK*akgh\_ f_Ih*h\ bkke_~h\Zgby e.
kljmf_glZevgu_ bafQjWepWXevghf fZkrlZ[_ \{_f_gb .
ieblm~rguo iZzjzf_Ijh\ I; b \uykg_gb_ bo khijy _ggt
\ufb o0zjzdl_jbklbdzfb kj_~u GZ dzZ “hc klZgpbb
gh\j_f_gguc hl[hj [bheh]bg_kdh]h fZl_jbZeZ \ keh
guo agZq_gbc [bhnbabg_kdbo b ]J]b*jheh]bgq_kdbo
klh\_jghklv ihemqg_gguo j_amevlZlh\ hij_"-ey_Ilky
_f ZiizjZImjguo dhfie_dkh\ ijhr_~rbo f_Iljheh]bqg.
klZpbx hI\_qzZxsmx f_""mgzZjh~rguf klZg”~Zjlzf >Ey
<_kv fZl_jbZe ih baf_g_gbx bgl_gkb\ghklb-ihey [b
pbb b nhgh\uo ozZjzdl_jbklbd kj_"u ih*\_j}Zeb jZ
fZzf fZI_fZlbg_kdhc h[jZ[hldb k ihfhsvx f_lh”*h\ h”
fghlhf_jghc klZIbklbdb

J_amevlZliu b h[kmI5"\_ @b jghf fhj_ nhjfbjm-1lky \

AZfb \h"hjhHeQRSK\FH DA _ Ij_fy \b”Zfb ]j_{g_\bdh
kdhevdbfb \bAZfb dhi_ih” b "\mfy jh/Zaiflb jlo\c- Iylsh o k.
dZj_\ b 7] FZrmdh\Z b Aj gh @lMRhZHbHbem

xsZy jhev \ k\_q_gbb q_jghfhjkdbo \Ih® R®K\F+D Ho|
Ba gbo m \bAh\ o0ZjzZdl_jbklbdb k\~lhdagetmbggby
kljmf_glZevgh \ mkeh\byo Q_jgh]h finljy_&H&Ijmhhgbd
nbabqg_kdhc wdheh]bb BgklbImlZ fhjkhblbloe[EméH]bq



gbc bf : H Dh\Ze_\kdh]h J3:G >;blxdidzZh_Ajb *]j

@ <Z ghc ]jmiihc k\_lysboky hj]Z ghjaftyNeyQ _jg
xIky 1j_[9_\D@BXURSEUDBKQOHILOHX\VY |zd _ kjZ
l_evgh g_7~Z\gh ihy\b\r0Qky bR SWISV IV \LL]
b%HURHODYXBWD >FZrmdh\Z b *j @

AZ i_jbh” bkke_~h\Zgbc \ ijh[Zo nbZlggZdgdlhgZ
ijb[j_"v_ K_\Zklhihey ba K\_lysbogyo\Bely\ Qba\_k
ghlh fhjy >Lhdzj_\ @ [ueh hij_dhehjgh Yghtkbh\
eb agZqbfuc \dezZ” \ nhjfbjh\Zgb_ knZfdZjghe$y [bh_gr
exfbg_kp_gpbb \ g_jblbg_kdhc ahg_Zelbk\Z&vighu_ \k
[Zo wibah"bfHRFAHUD W LXR HQEHDJJ ) *RPH] ' O

3 /RSH] *DUFLDIXVXKKUHQEHUJ ) *RPH] ' OR
3 /RSH] *DUFLM@pos 2 ) 0.OOHU ) *RPH] ' OR
3 /RSH] *DUFRADDRWRSHULGLQLMRIRUBGBVVLS#®%WWO!

3 GHSUMW/IX®PH\ %DO®HEKYHWKHBYEHUJ
%DOHFK3 VWHLQIHQVHQ %® OSTFXORGWPR QIHOC
%DOHFK3 SHOOXH\GIXKP 6FULSSVLHOOD WU

6WHLQ %DOHFK H[ TREMACH[,DShROOGWL

(QW] * GLJILWBDXORKHW .RIRRFKWLOXFD

VFLOQWRORPIDVE6ZH]XLQIJXORGLQLXPEWRIQDHGU X!
'RGJH >;blxdh\ ?\klb]lg_siylmpri\Z b ~j
=_hjlb_\Zz K_jbdh\Z b "] @

Ba gbo \ [molZo K_\Zklhihey j_]meyjgh \klj_qgqZx
[ueb \b2Z IXVXKUHQEHUJ ) *RPH] ' ORUHLUI
*DUFLD 3 GLYHUKHEWEHUJ %BOMWKILQLL
-iUJHQVHQ % 3O I$HKO O XA GIKP >LhdzZj_\ b

K_jbdh\Z b *j @

Hkgh\gufb k\_lysbfbky \b"Zfb ahhiezZgdlhgZ \ &
j_1bhg_ [u@@HPLRSVLY OGBHDGVL]3OHXURSEUDFk
pileus 0cOOHU %YHURH RODABIWD 2LWKRQD &OIPALO LV

>FZrmdh\Z b 7] L_fguo b 7j @

IhdZazgh qlh I; \ Q_jghf fhj_ kms_klI\m-1 ih\k_
[h_ \j_fy kmlhd ijb kms_klI\_gguo j_]bhgZevguo b
ebgbyo Bgl_gkb\ghklv I; j_]bkljbjh\Zeb gZqbg2zZy
klb \h~u b ~h ijb*hgguo ]Jem[bg



Ijb ZgZeba_ \_jlbdZevguo ijhnbe_c bgl_gkb\ghk
Ilhc b aZdjulhc Zd\Zlhjbc fhjy \uykgbehkv- gqlh bf
eZklb ih\ur_gghc bgl_gkb\ghklb I; k_ahggu_ ijhy
juo ijhl_dzxl ih jZaebqguf aZzdhghf_jghklyf jbk
ih\_joghklguo kehyo bkke_~h\Zggh]h j_]bhgZ kho
g_jlu 1h~h\hc *"bgZfbdb bgl_gkb\ghklb I;
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Mkj_~g_ggu_ b ghjfbjh\Zggu_ gZ fZdkbfZaeghch _ghh”h\l
k_ahggu_ baf_g_gby bgl_gkb\ghklb I; \ kbh joghllghf
ijb"hgghf ]Jem[bgghf keh_
+ gZ ki + gZ ki + gZ ki

K_ahggu_ baf_g_gby bgl_gkb\ghklb I; \ ih\_jog
jZaguo mqgZkldh\ \gmljb K_\Zklhihevkdhc [molu o
"hklzZlhgqgh \ukhdhc khijy ' _gghklvx qlh ih*I\_j ~Z
dhwnnbpb_glhf iZjghc dhjj_eypbb U Khijy™ _
ghc baf_gqgb\hklb I; \ ih\_joghklghf keh_ hldjulhc
Zd\Zlhjbc gZzZijhlb\ oZzZjzdl_jbam_Ilky kj_"~gbf mjh\
hgghc k\yab U + glh fh™_I k\b”_I-evkl\h
klb h jZaebgghf wdheh]bqg_kdhf khklhygbb *Zggu

K_ahggZy baf_ggb\hklv \_jlbdZevghd\kljondImjt
ghklguo kehyo g_jblbg_kdhc ahgu krisy kiI1dgh h
dh\hc \ Jem[bgguo kehyo FZdkbfzZevdZwyw blgl_gkb
\_joghklghf keh_ ijb[j_"guo \h" ] K]hKKlHihey a.
\ZgZ \ hk_ggbc i_jbh” k_gly[j_ hdhy[keh <fFedn[b
kbfZevgZy bgl_gkb\ghklv I; azZj_]bklijb¢hX&§Z \ h
Ilhjbb fhjy gZ Jem[bgZo jzZkiheh _ggtilhndgbhgZ keh



Bgl_gkb\ghklv 1I; \ ijb"hgghf keh_ K_modlhithevk
wlhl i_jbh” ijbf_jgh gZ h”"bg “\Z ihjy’hddjglhc q_
Zd\Zlhjbb

Nlhju \ujz zZxIl [eZz]lh~Zjghklv b ijbagZ]_egvghjkin_k
khjm X G LhdZj_\m aZ p_ggu_ gZogogy king Ko ew l&Zhfb
ijb jZajz[hld_ gh\uo ]bihl_a b Ij_[h\@IZgh§hpbb d b

Ebl_jZImjz

;bixdh\ W QZjzdl_jbklbdZ kmlhggh]h jblfZ [bhexfbg
IRFWLOXFD)PDOQHDOWIDWD 3HULGLQHD Ahhe “mj
K *

;bixdh\ W | Ju[Zkh\ < | REthYW < baf_g_gby bgl_
kb\ghklb [bhexfbg_kp_glgh]h ihey \ g jblbg_kdhc ahg

Hd_Zgheh]by < K +

;bixdhy W | <Zkbe_gdh < B K_jbdh\z B F Lh
amevlZlu b i_jki_dlb\u bkke_"h\Zgby [bhexfbg_kp_gphb

Wdheh]lby fhjy <ui K +

;jygp_\Z X < DjzZofZevguc : N <bhhWhghkh&lZa\ ~b
ghneZ] _eeyl m [_j_]h\ K_\Zklhihey :dimZevgu_ ijh[e.
Zevlheh]bb L_a “~hde ,9 F_""mgZj dhgn D K

jygp_\Z X < LhdZj_\ X G =_hjlKjXXgBl_ XvdzZ¥j
hp_gdZ khklhygby nblhiezZzgdlhgzZz m [_j_]h\ K_\Zklhihe

11 Wdheh]lbqg_kdb_ ijh[e_fu Q_jghlh fhjy FZIl_jbz
gZmq dhgn + hdly]Jjy ] H~_kkzZ H~” _kkZ

jygp_\Z X < Eyo : F KiBkZlddyamrh\Bgb gh\uo f_ Il
“bd h[jZ[hldb ~Zgguo ih nblhieZgdlhgm ijb ijh\_~_gbb |
fhgblhjbg]Zz Jb[ ]hki \h MdjZ€ghb < K +

= hjlb_\Z ?HRO[_gghklb kmlhgghc baf_ggb\hklb nblh
k_\_]h azZiz”"ghlh r_evnzZ Q _jghlh fhjy \ hk_ggbc i_jbh’

bo hilbfbazZpby b hojzZgz <ui K +
=bl _evahg B B E_\bg E : Mbbhexdbg kip "gpby \
hd_Zg_ KI[ =b”jhf_I_hba"Zzl k

?\klb]g__\ 1 < ;blxdhy W | @H@ksbhhdhmd khklZ\ b
ki_pbnbgghklv [bhexfbg_kp_gpbb \h*"hjhke_ ¢ '"\QRSK'
‘mjg L < & £

EyfbgzZz G >kgZfbdzZ izZjzf_Ijh\ ihey [bhexfbg kp_gphb
ghf fhj_ b bo khijy> _gghklv k nZzdlhjzfb kj_ >bk « d.
K_\Zklhihev k



FZrmdh\Zz H < ;mjfbkljh\Z EyfbgZX GGXhewhthZj \
ghnezZ]_eeyl \ nhjfbjh\Zgbb ihey [bhejpgfibld_ KkipjygpbKhQ _
\j_f _ggu_ ijh[e_fu jZpbhgZevgh]lh ijbjA*hjilhlgvadgudgby
fhjkdbo Zd\Zlhjbyo MdjZbgu L_a "“™ndefhEh™iragdg_dho
] K_\Zklhihev i DZpb\_eb K _\kdhihev] K *

FZrmdh\z H < Lhdzj_\ X G ymjfbklj@\Zj zZHlfbgZ
jbkibdb k\_Ilhbaemqg_gby q_jghfhjkdbo ] O[@H PoLdmh S Wk Ve
/HLGW. $IJDVWHUBH 2(WIF'WDFKROW] :dimZevgu_ \h
j_Ibq_kdhc b ijbdez~ghc [bhnbabdb nbabdb b -obfbb ©

_jbZeu ,9 <k_mdj gZmgqg I|_og dhgn ] K_\Zklhihev
K \Zklhlhev K +

IhebdZ]|h\ 3Z&=bhwdheh]by fhjkdbo hj]Zgbafh\ GZdhice
ehlbg_kdh_ ~_ckl\b_ jz~bhzdlb\guoba &l klI\ F :liuf

lhebdZjih\ ©5Zdhie_gb_ jZ"bhgmdeb”h\ ]b”Ajh{bhglZft
ke_~kl\by Hd_Zgheh]by ;bheh]by hd_Zgz L F 2
F GZmdz K +

Ilhklgbdh\z H G Djb\hr_Bgiev&h\zZgb_ [bhexfbg_
p_gpbb \ wdheh]bq_kdhf fhgblhjbg]_ hdjm Zxs_c kj_"
‘mjg L < K *

K_jbdh\Zz B F LhdzZj_\ X G AZ]hjh~gyy Xbh  <Zkt
exfbg_kp_gpby dzZd ihdzazl_ev ijhkljZzgkl\_gguo baf_j
guo ihe_c ?dheh]eqge ijh[e_fb Qhjghlh fhjy Fe'gZ
dhgmH”_kZ K +

K_jbdh\z B F ;jygp_\Z X < LhdZkh{ X gB6klb kj
ahgghc "bgzZfbdb ihey [bhexfbg_kp_gpbb b [bhfZkku k\
eZ]_eeyl m K_\Zklhihey * 1] GZmd azZi L_jg!
K_j :;ehe Ki_p \bi =<*hjh_dhel]ey <« K *

K_jbdh\z B F ;jygp_\Z X < <Hiklhjeggldhklk kBahggh
"bgzZfbdb kljmdIimju ihey [bhexfbg_kp_ageptblblb k iZkAfjy
[jZzfb "bghnblh\uo \h~*hjhke_c Fhj wdhe <mj8§ +

L_fguo : < LhdZj_\' X G F_evgbdh\ <&mlhg¥yh~g
"bgzZfbdzZ b \_jlbdZevgh_ jZkij_"_e KgpSHS®RGD-gu kdbo
luo \h"Zo m x]h aziz~gh]h Djufz Q_jgh_ fhj_ hk_gv»x
wdhe "mjg L < K +

Lhdzj_\ X H&gh\u [bhnbabq_kdhc wdheh]bb }b”jh[bh
klhihev Wdhkb ]Jb”"jhnbabdz k

LhdzZj_\ X G ;blxdh\ W | <Zkbeblynlhav®qBkdb?jf_1Ih
Au Jb~jh[bheh]bg_kdbo bkke_ "h\ZdgleomdQ gbyF[blhékilig k
p_glgh]lh ihl_gpbZeZ i_eZ]lbZeb iWiddekii\ gjbkpZygHhcah



r _evnh\hc ahg b dhfie_dkgh_ bkihewvadwdghb K[ _gagkh\ ]
G:G MdjZzbgu F=B HN Bg;XF K_\Zklhihev K =u
Lhdzj \ X G ;blxdh\ W | <Zkbeb/gdh <jBagthhfjjZab_

ieZzgdlhgguo [bhexfbg_kp_glh\ \ Q_jghdkfiojd b bnb &jjdi

fhlh bfb ihey [bhexfbg_kp_gpbb \ gDjllflzg_k&h\g athggh_
khklhygb_ [bhjZaghh[jZaby ijb[j_" gugh\thykd pucf Z _ Q1 hjj

J_ N < G ?j_f__\z : < =Z_\kdZy KK_\ZKlhihev
LhdZ]_\X G F_evgbdh\ < < ?\k|bhgexfbd_ kp bg”

pby hd_ZgzZ bklhjby bkke_~h\Zgbc jzZal\blb_ f-lh*"bqg_Kk

gu_ ijh[e_fu Wdhehlby fhjy <ui K *
+DUYH\ WUIROXPLQHVFHQFH 1 < $FDG 3UHVV
+DZNLQV 6 - 3URXG 6 9 )ARPOQWHKHH LQGLW LIBX

FRPPXQLW\ DQG EH\MQG ZDWHU TXDOLW\ WWOHVYV

HFRV\VWHPV " ¢ 6XWFOLIIH HG :D WA B O XIDEHL V

DQG IUHVK ZDWHU HFRV\VWHPY OLQNLRRISREYPHOV

WLRQV &RPPXQLWLHV 30\PRXWK 8. 3 *
7TRNDUHY <X 1 (YVWLIQHHY 3% 2R OOFILQHDMNHRQ ¢

SODQNWRQ RUJDQLVPV DV DQ LQGH[ RI WKH QHUL!

RI WKH (LIJIKWK ,QWHUQ &RQlI RQ WKH OHGLWHUU

&2%$67 + 1RYHPEHU $OH[DQGULD (J\SW G

8QLYHUVLW\ $QNDUD 7XUNH\ 9 J +
7TRNDUHY <X 1 %LW\XNRW DIBH ELGROXIPRYRBVFHQF

DQ LQGLFDWRU RI WKH VSDWDDOVWWD WXFRIXWHH QG

PXQLW\ DW WKH OHGLWHUUWRHDLQIRED BDYLQUHRBHH

7KH HDVWHUQ OHGLWHUUDQUW DMNX B \D BV ID\DVEFRRHUDW RU

HFRV\VWHPV 7KH 1HWKHUODWKGHUVOXZHB $FBRGHPL

25*$1,=$7,21 2) &2%$67$/ :$7(56 %,2021,725,1*
(;3(5,(1&( 2) ,76 $33/,&$7,21 $1' 35263(&76

1 9 /\DPLQD $ * /\DPLQ
,QVWLWXWH RI 1DWXUDO DQG 7HFKQLFDO 6

7KH SDSHU GHDOV ZLWK WKH SRVVLELOLWUWRI XVL
IRU WKH SXUSRVHV RI SODQNWRQ FRPPXQLWLHVY |
Rl WKH YHUWLFDO VWUXFWXUH RI ELROXPRQHVFH
ZDWHUV Rl WKH FLW\ Rl 6HYDVWRSRO ZHDN R/QDXS L
FKDQJHV RI WKH %) LQWHQVLW\ LQ WKH VXSHU¢FI
IRXQG DQG WKH UHDVRQV IRU WKLV SKHQRPHQRQ



K?AHGG:Y >BG:FBD: FBDJH;BHEH=BQ?KDBO
IHD:A:L?E?C J?D ] I1?LJHA:<H>KD:

? F FzZdzjh\z ? < L_dZgh\Zz
BgklbIml \h~rguo ijh[e_f K_\_jZ DZjGP J:G

Dzqg_klI\h \h~ \ j_dZo ] I_ljhaz\h”*"kdZ [ueh-bkke_*
eh]lbq_kdbfb f_Ihr"Zfb Bg”bdzZlhjzfb azZ]jyag_gby
ebg_kl\_ggu_ ihdZaZl_eb jZaebqguo ]jmii-]_I_jhl
jbc Ih j_amevlzlzf hl[hjZ ijh[ ] j_db G_Jlebgd

dZ hp_g_gu dzZd kbevgh aZ]jyag_ggu_ <ukhdh_ k
"hjh~"hdbkeyxsbo [Zdl_jbc k\b”"_I_evkl\h\Zeh h aZz
g_nl_ijh*mdlzfb ;hevrh_ dhebqg_klI\h [Zdl_jbc ]jm
iZehgqdb mdZau\Zeh gZ aZ]jyag_gb_ n_dZevgh]h i

J _db ] I_ljhaz\h~"kdZ + EhkhkbgdZ b G_JebgdZz
| _]lhjbb ©fZeu_ j_db& ]~_ h[t_f \h~u h]jZgbq_g b e
] ggh_ \ebygb_ ijhy\ey Iky agZqbl_evgh [uklj_ _
\h~"guo h[t_dlZo >Ebl\bg_gdh b ~j @ =<h~™u fZ
jhZZgguo j_d Jmfb~rghc ahgu hlebgZxlky [hevrbf
Jmfmkguo \_s_kI\ gbadhc fbg jZebaZpb_ e keZ]l
¢ kj_"Mu >Lbfzdh\Z Ygd_eh\bqg @ AZ]jyag_g
b~r_I “h\hevgh [ukljh 1Zd dzZd djhf_ \hafh-guo Ih
kh\ klhgguo \h” ijhbkoh”bl ihklhyggh_ ihklmie_gb
] ggh]h JhjhAkdh]h klhdZ < j_amevlZl_ fZeu_ ]hjt
klZxl \uihegylv j_dj Zpbhggmx nmgdpbx < k\yab
ghklv ijbh[j_1Zxl bkke_"h\Zgby khklhygby-]lhjh~kc
djh[bheh]bg_kdbf ihdZazl_eyf

< kbkl_f_ hp_gdb wdheh]bq_kdh]h khklhygby \t
bgrbdzZlhju khklhygby [Zdl_jbhp_ghah\ azZgbfzZxl
f_klh >Hdkbxd b 7] Lbfzdh\z @ -;Zdl_jb
gbl_evgmx jhev \ ijhp_kkZo mlbebaZpbb \- s kI\
bkoh ™~ _gby <ukhdZy kdhjhklv f_IZ[hebafzZ [Zd]_]
bo [ukljmx j_Zdpbx gZ f_gyxsb_ky mkeh\by kj_~u
fbdjh[bheh]bg_kdb_ ihdZaZl_eb [ueb bkihevah\Zg



klhygby lhjh~"kdbo j_d Ehkhkbgdb b G_Jlebgdb ;ue
ahggu_ gZ[ex”_gby azZ [Zdl_jbZevgufb khh[s_kl\z
dhlhjuo bkke_"~h\ZgZ kl_i_gv aZ]jyag_gby-_d hj].
kiI\hf b *ZgZ hp_gdZ bo kZgblZjgh [ZdI_jbheh]bq_

< ] k fzy ih ghy[jv _ " _f _kyqgh gZ jZaeb
dZo bamqgZ_fuo j_d [ueh hlh[jZgh ijh[ iylv Ihqg._
] Ehkhkbgd_ Ijb Ihqdb hi[hjZ £+ gZ j G_]ebgd_

xsb_ ihdZazl_eb wdheh]h kZgblZjgh]h khkihygby
e_gghklv fbdjhhjl]Zgbafh\ HQ kZijhnblgu- [ZdIl_
]JhdZj[hnbevgu_ HD; b m]e_\h~*hjh*hdbkeyxsb_ |
h{s__ fbdjh[gh_ gbkeh HFQ [Zdl_jbb ]Jjm-iiu dbr_
db ;=DI % ihdZaZl_eb n_dZevgh]h aZ]jyag_gby I
[ZfbgZpbb \h~u iZlh]_ggufb [ZdIl_jbyfb dbr_qghc ]
J_amevlZlu bkke_"h\Zgby ihdZaZeb qglh \ \h"_
gZ ijhly’ _gbb bamqgzZ_fhlh mqzkldZ j_db dhe_[ZeZ
feg de fe \ \h*_j G_J]ebgdb = \ ij_"*_eZo *
Dhebqg_kIl\_ggu_ ihdZazZl_eb kZijhnblguo fb
fh\ \ [Zdl_jbhp_ghaZo j Ehkhkbgdb [ueb \ kj_"g.
] G_lebgd_ glh k\b”A_I_evkl\m_I h f_gvr_f aZl]jy:

hjl]zgbg_kdbf \_s_kI\hf < \hA_ j Ehkhkbgdb g_d
gb_ dhebqg_kI\Z kZijhnblghc [ZdI_jbhnehju gZ[ex”
\_kghc “h luk DH? fe b e_Ilhf 7h luk DH?
gb_ bo gbke_gghklb hk_gvx *h luk DH-? fe fh

gh dzd k \hajzZklzZgb_f dhgp_gljZpbb hjl]Zgbqgq_kdh]
ki\b_ hlfbjZgby [bhlu hdly[jv 1Zd b k ihkimie_g
ghlh klhdz \ “"h*”*eb\uc hk_ggbc i_jbh® GZ j G_
r_gb_f I _fi_jZlmju \ \_k_gg_ e_Ilgbc i_jbh™~ m\_eb
e_gghklv kZijhnblh\ ~h luk DH? fe B hk_gt
gb_ dhgp_gljZpbb eZ[bevgh]h hjl]Zgbq_kdR]h \_s_
N l_evkl\mxl gbadb_ ihdZaZzZl_eb jZa\blby kZijhnb

<Z'gmx gZklv bkke_"h\Zgbc ij_"~klzZ\ey_| hp_gc
iZlh]_gghc fbdjhnehju N_dZevgh_ aZ]jyag_gb_
eb\Z_Ilky ih gZebgbx [Zdl_jbc ]jmiiu dbr_gghc iZ
aZl_eb bo gbke_gghklb bkihevamxl “ey hp_gdb [
jh~guo \h” ey iblv_\h]h b j_dj_Zpbhggh]h gZagZ



a”hjh\vy q_eh\_dZ H]jhfgh_ dhebqg_kl\h IZdbo [Z
gZjm _gh \ jmkeZo ]hjh*"kdbo j_d KZzZgblZjgh [Zd]
ihdZazl_eb gZ jZaguo mqZkldZo j_d baf_gyebkv

hi ~h + gZj Ehkhkbgd_ b hl "hooo- o
d_ Z ;=DI hl luk “h luk de e + gZ j EhkF
de e ™h feg de e £+ gZ j G _lebgd_ <ukhdZy q

jbc ]Jjmiiu dbr_qghc iZehqdb k\yazZzgZ ih \b*bfhfn
guf ihkilmie_gb_f \ jmkeh j_d eb\g_\uo klhdh\ ]hj
kZzgblZjgh ]b]lb_gbqg_kdb_ ihdZaZl_eb \h”u Ehkhk
ij_\urzxl ij_~_evgh “himklbfu_ ghjfu “ey \h~h_fh\
hgghlh bkihevah\Zgby >KZglbG @

Hkh[h_ \gbfZgb_ [ueh m”_e_gh bamqg_gbx ]jmi
hdbkeyxsbo [Zdl_jbc Ijb wlhf ihdZazZl_eb khklhyg
\Zeb k nhgh\ufb mkeh\gh gbklufb mqgzkldZfb ijb
bf _ggh k p_gljZevghc qZklvx Hg_"kdh]h ha-_jZ Hd
e_gghklv mlJe_\h*"hjh*hdbkeyxsbo [Zdl_jbc- DH
\v_ ] G_lebgdb az ij_~_ezZfb ] I_ljhaz\h~*kdZ kh
eh]bggufb ihdZazl_eyfb p_gljZevgh]lh jZchgZ Hg

DH? fe < lh "_ \j_fy gbke_gghklv wlhc ]jmiit
\h~_ JThjh*kdbo mqgzZkldh\ h[_bo j_d ij_\urZeZ nhg
eb\ £ jZa qlh k\b”_Il_evkl\m_I| h \ukhdhe aZ]jye
kdbo mgzkldh\ j_d g_nl_ijh*mdlZfb

Ih j_amevlZIZf fbdjh[bheh]bg_kdh]hlIZghaBazZ |
\h~"kdzZ hlghkylky d aZ]jyag_gguf béhlhdzZf -]jgaguf
\_j _gguf n_dZevghfm b g_nlyghfm IbBof bekAhjgnvag_ g
ah\Zgb_ \ p_eyo j_dj_Zpbb dmiZgb *"himklb\fth p_e

Ebl_jZImjz

Ebl\bg_gdh : < ;h]*Zgh\Z F K DZ2&jhrgqdh g kmjb *j
ku DZj_ebb hkgh\gu_ ijh[e_fu jZpbhgZevgh]h bkiheva

Lj DZjGP J:G < K *

Hdkbxd H | @mdbgkdbc < G ;]ZblyfkdbdklBZyYy b
wdheh]bq_kdZy deZkkbnbdzZpby ih\_joghklguo \h#” km
‘mjg L < K +

KZglbG <h~hhI\_~ gb_ gZk_e_gguoe f_kl k

gZy hojzgZ \h~guo h[t_dlh\



Lbfzdh\zZz LFBdjh[bheh]lbq_kdZy hp_gdZ khkthygby r
\Zgguo ijblhdh\ Hg_"kdh]h ha_jZz KhpbZevgh wdhghf
mklhcgb\h]h jZa\blby q_eh\_q_kI\Z FZl_jbZeu , F_""m
dhgn Fhkd\z I_gaZz + fZy ] J_ ~ B B FZke
gZ F :dz~_fby FGWIM K +

Lbfzdh\Zz L F YgdlehWWhpheh]bg_kdZy hp_gdzZ khklh
[Zgbabjh\Zgguo ijblhdh\ Hg_"kdh]h ajhizz \ K, \\ jgZy
ijbjhrZ dmevimjZ wdhghfbdZ L gEZIdjfbgZreu ilk\ym

e _lbx DZjGP J:G + hdly]J[jy O©Olbhek]bdpbkdb gzZm
db2 K_dpby ©GZmdb h A_fe_2 |_IljBazZ\h"k&-DZjGP J:

6($621%/ '<1$0,&6 2) 0,&52%,2/2*,&$/ 3$5%0(7(56
1 3(752=$92'6. 5,9(56

? F ODNDURYD ? 9 7HNDQRYD
IRUWKHUQ :DWHU 3UREOHPV ,QVWLWXWH

7KH SDSHU GHVFULEHV WKH VHDVRQDO G\QDPLFYV
EDFWHULD LQ WKH ULYHUV RI /RVRVLQND DQG 1HJ
KHWHURWURSKLF EDFWHULD ZHUH XVHGXXG/LHQGLF
ULYHUV $ JUHDW QXPEHU RI WKHP SURYHG WKDYV
SURGXFWY DQG RUJDQLF PDWWHU

KHKLHYGB? AHHIE:GDLHG: I?LJHA:<H>KDHC =M
HG?@KDH=H HA?J: < ABFGBC I?JBH>

X X Nhfbgz F L Kyjdb
BgklbIml \hAguo ijh[e _f K_\_jZ DZjGP J:G

Bkke_~h\Zgh kh\j_f _ggh_ khklhygb_halZhhéZdtthg:
I]m[u Hg_"kdh]h ha_jzZz \ abfgbc i_jb\w"hh\hc KkIZREZ\gu
gbke _gghklv [bhfZkkZ b \_jlbdZewglhegZKkih~"t _e gl

< gZklhys_ _\j _fy \k_ [hevr__ \gbfZg@he wbhgeh]h\
ijh[e_fm \ebygby baf_g_gby debfzlzwghkip kkghih”"g
>ebl_evgh_ ihl_ie_gb_ debfzlZ fh™ _lubaifhgblk h[f_
ku b nbabq_kdb_ k\hckI\Z kj_"~u \ ma_ebqgblgzijbf_j



i_jZImjm ih\_joghklb \h~u b [_ae_"hR\Zgbyle gZjbh-
mjh\_gv \h~u \_Iljh\hc j_"bf |_fi_jZbmjgmbx IbljZlbn
>+DPSWRQ HW DO @ jAZhienlbd_egbhklve
©[bheh]bqg_kdh]lh e_I1zZ2 \ k_\_jguo h@ZjZa mknebqgl
Ihd < Hg_"kdhf ha_j_ ijh~he bl_evghlh i[ -jbéd_"hk
NZ \hajhkeZ gz A"g_c >NbeZlh\ ba¥fi_g_gb@ \b&zZub
\Zxl n_gheh]lbqg_kdb_ k”\b]b \Z guo [mhlekiib gglkhdb c

fh™_ I ijb\_klb d i_j_kljhcd_ \ ibs_\heopljhnlgg_jZag
kdbo mjh\gyo b kms_kl\_ggh baf_gbwdihkh&l nfio jt
>+DPSWRQ HW DO @ :dimzé¥gbf efyg Ikiy

khklhygby iezgdlhgZ ih"h ev”hf

AhhiezZzgdlhg Hg_ "kdhlh ha_jz \ Ihi~kkhe Jm[lu ljh
bamqgZeky kh \lhjhc iheh\bgu ;,; \ y 9ZklhMsggh\j._
ohjhrh hibkzZg _]h \b”h\hc khklz\ "*hfbagZgbgdy \b
kljmdImjzZz dhebq_kl\_ggu_ ihdZaZlhgbkmwlddeh]by
ihl_gpbZe >lheb\ZggZzy Kfbjgh\Zz @ H"Ygy4db
\ klyab k Ijm~rghklyfb ih”*e_~guo ihec \alofdkkekhh\.
klhygb_ahhiezgdlhgZ bamqg_gh _s_"gb*hkhZ|hfgh
gu_ abfgb_ kt_fdb ijh\h*bebkv \ o\]|Z e Njhele h]l
fhgh\z @ < jZfdZo Jhkkbckdh RA*khZhkel]h f
gZjghlh ijh_dlZ az*Zq_c bkke_"h\Z&h¢_pwetklbam:
ahhiezZzgdlhgghlh khh[s_kI\Z Hg_ "kdhilhjbte® jZ \ abf

>ey hp_gdb abfg_]h khklhygby ahhieZgdlhgZz
1z \ 1 [ueZ hih[jZgZ k_jby ijh[ mZglKZeggdyco |\
gzZklb I_ljhaz\h*kdhc ]m[u Hg_"kdh]hjhaeZZhkaihj
s_kl\leyeky iezgdlhgghc k_lvx >"_"b hHhb&hfdZZjlgu
+ f = f + f + f + f HphEZphko3 _ Kl
\eyeZkv ih h[s_ijbgylhc f_Ih*bd_ >Ff_Igp*Bpbkdb_ j_

F Ih~"bdZ« @

< i_jbh” bkke_~h\Zgby \ ih*e_"ghf ahbkizeZgdll
\h~kdhc Im[u Hg_"kdh]h ha_jzZ hlf_g*m\hjZqtAh\ I
b dheh\jZILPQRFDODQXV 6MIA X UXEFLDSWRP X?
JUDFL®ODWYY OHVRF\FORSV &OHDOFW DKIMALP R F\
FORSV RLWEKRQRIOGHHD F\FORS ¥ QD XMVDSK
QLD 'DSKQLDO6BPUYVWBWOLFRWWLD. HDBRQUANW |



.HUDWHOOD ERV¥K8 H.MKHWIDWHOOD 0r->XOmmaiWD W
1RWKROFD F&ENRWNRLY 3RO\DUWKUD YXO
&DUOLQ&\FOR/'SSVSODQFKBDFKYMBWB p_ehf
ih kljmdImj_ abfgbc ahhieZgdlhg dzZe&gukb”~gh |
=jmiiZDODQL INKkPHEyeZ ih [bhfzkk_ b i
e_gghklb Z BWORSLIRUPHW khhi\_-1kl\_g
ghDhebqg_kl\h \_I\bklhmkuo jZgdh\ b dhehAghlhd ¢
jbk
< ih”e_nguc i_jbh” \ k\yab k g_[eZ]hijbylgufb
ieZzgdlhgZ mkeh\byfb gbadzZy I_fi_jZImjZz hlkm
dhjfZ dhebqg_kl\_ggh ahhieZgdlhg dj@bge_9HZehq

ghklv \Zjvbjh\ZeZ hl Ah \lkk ~gdh ili kKlIZgpbk
luk wdaZz f[bhfzkkz * hl AR\ kj_ANgf f ih
klZzgpbb . ] f
N B
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Jbk KljmdImjzZ ahhieZgdlhgzZ \ abfdle _igghtktbith q
ih [bhfZkk_

*@ DODQLIR&PHWRSLIR &G RFHWWLIHUD

;he__ \ukhdZy iehlghklv ahhiezgdl_jhikl\ klhe
f_q_gZ \ keh_ hl Ah fij_"~_\khidhadkkq_l
e_gghKMWGLDSWRPXVjRKUDFLPQRFDODQXV PDFL
\hafh'gh djmigu_ \_kehghlb_ jZqdbboZihdhw ky \



< \_jog_f iylbf_Iljh\hf keh_ k [eZ]hijlufbgbfb ibs
dbkehjh?rgufb mkeh\byfb \ hkgh\ghf gbih[lg@dtZ x| ¢
iu &DODQLIRIKPHV <ajhkeu_ jZq&bFORBUIRUPH"
bo gZmiebZevgu_ b dhi_ih*blgu_ klz\“dbejZkij_".
[he__ jz\ghf_jgh &\_|I |_fi_jZImjzZz bdhgp ZgljzZp
IZzd"__ mdehg_gb_ hl obsgbdh\ fh™ | [lbld/Zighghghc
fb]jZpbb ahhieZzgdlhgZ ih"h ev hf >& XQRLZ&JFKDF
? X FbljhnZgh\hc b H K ;mjfbkljh\hc >b_ @ jZ
ahhiezglhgZ \ \h*ghc lhes_ h[mkeh\engdlthjlofZgbq
k\yvaZzgguf k pbjdmeypb_c \h~u HIf_g\@hgbglh *
gZ[ex*Z_Ilky \ ha_jZo mf_j_gghc ahge_pghBfjbf_j
=em[hdhf b ;ZcdZe _
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Jbk < jlbdZevgh_ jZkij_~_e_gb_ imd@bkie gghklb
:+ gZmi@DbODQLIRWRBVYDSWRPXV JUDFLOLV

Ih"e "~guc ahhieZgdlhg | _ljhazZ\h~*kdh]h aZeb\zZ
jZ \ bkke_"~h\Zgguc i _jbh” ozZjzdl_jbah\Zeky gbad
1ZIkI\hf qgbke_gghklvx b [bhfZkkhc < khklzZ\_ ij_
ehgh]b_ jZgdb lhemqg_ggu_ ~Zggu_ kh]eZkmxlky



ij_~u”“msbo bkke_"h\Zgbc abfg_]h ih*e_~gh]lh khkl
dlhgZ b mlhggyx!| bo

JZ[hIZ \uiheg_gZ \ jZfdZo jhkkbckdh r\_cpzZjkdh]h f
gZjghlh ijh_dlZ ©/DNH /DGRJD OLIH XQGHU LFH LQW
E\ JOREDO FKDQJH?

Ebl_jzZImjz

F_Ihr"bdlhfie_dkghlh Jb*jhobfbg_kdh]h b [bhe-h]bqg_kd
\Zgby dzZq_kI\Z \h~ b khklhygby \h*guo b hdheh\h”guo
g_kdh_ jmdh\h~kl\h Q lhe_\u_ bkke_"h\Zgby [Ih”"j
dh Lxf_gv Lxf_gkdbc Jhk mg | k

F_lh*bg_kdb_ j_dhfihgREZmpjbb h[jZ[hld_ fZl_jbZeh\ \ ]
[bheh]bgq_kdbo bkke_"~h\Zgbyo gZ ij_kgh\h~guo \h~h_f.
_]h ijh*mdpby lh~ j_~ = = <bg[_j] = F EZ\j_glv_\z

k

Fbljhnzgh\z ? X ;mjfbkljhldZaldhiKjZzab_ b h[beb_ i

e_"ghlh iezZzgdlhgZz dzZd ihdZaZl_eb nmgdpbhgbjh\Zgby

dhlh heblhljhnghlh L_e_pdh]lh ha_jZz FGDH <
Ilheb\ZggZy FFZN jbZeu d ihagZgbx ahhiezgdlhgz H
ha_jz :\lhj_n "bk « dzZg” [bhe gZmd |_Iljhaz\h”kd
Kfbjgh\Z Llekgdlhggu_ dheh\jZldb b jZdhh[jZagu_
dlhg Hg_"kdhlh ha_jz E K +
Kyjdb F AlhhieZgdlhg ;bheh]lbqg_kdb_ j_kmjku Hg_
| _ljhaz\h*"kd DZjGP J:G K +

NbeZlh\ G G GzZaZjh\Z E ? =Bwefbg\gby Bbb4f g
qb\hklv debfzlZ _\jhi_ckdh]h K_\_jZ Jhkkbb b bo \ebyg
_dlu  :jdlbdZz wdheh]by b wdhghfbdzZ ) K

Nbebfhgh\Z AhtBeZgdlhg |_ljhazZ\h~"kdhc Jm[u Hg_ ke

HojZgZ b bkihevah\Zgb_ \h~guo j_kmjkh\ DZj _ebb

j_evkd nbe :G KKKJ K t
&EXQQLQJKWBRPWLFDO PLIJUDWLRQV RI 'DSKQLD DQ
/ILPQRO 2FHDQRJU 9 3 +
+DPSWRQ 6 ( *UD\ ' . ,JPHYWH H¥YDVH BQ G WD

SODQNWRQ ORQJ WHUP FKDQJHV LQ WKH YHUWLF

/IDNH %DLNDO 6LEHULD 3/R6 21( 9 ,VVXH

+DPSWRQ 6 ( ORRUH 0 9 +RDMLWN\ XS BDWFROG
SURVSHFWYV IRU XQGHU LFH UHVHDUFK LQ ODNHYV
9 3 *
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<X <X )RPLQD O 7 6\DUNL
I1RUWKHUQ :DWHU 3UREOHPVY ,QVWLWXWH

7KH SDSHU GHDOV ZLWK WKH FRQGLWLRQ RI ]JRRS
RlI /DNH 2QHJR DQG VWXGLHG LQ ZLQWHU SHULRG
GHVFULSWLRQ RI WKH VSHFLHVY FRPSRVLWLRQ DE
EXWLRQ LQ WKH ZDWHU FROXPQ

DJBILH=:FGU? F:DJHNBLU
IKDH<KDH QM>KDH=H HA?J:

D ; FboZceh\z > G Km~gbpugZz
Ikdh\kdh_ hI*_e_gb_ N=;GM ©=hkGBHJO?2

< khklz\_ fzdjhnblh\ 1jZgk]jZgbqgh]h]H kit \ k& hd m »
f \ukrbo khkmAbkluo jZkl_gbc p\_IdMmgZjmkihjh\
gu fob b djmigu_ \h~hjhkeb dhlhju v idhlgiyhizgzau\
gufb <k_]h \uy\e _gh \b”Z ba dhlhjub”rZ\b qzfoh
ghggbdh\ b \bAh\ \h~hjhke ¢ baljg Hp§Z6ZnMiro&h\

jh\u_ \h~hjhkeb \b”h\ Ba j "dbbofAbjhidkebae k
\ Ikdh\kdh Qm~kdhf ha_j_ h[gZjm _guh~hjhkE djzZk
(5KRGRSKaWIhr_q®BDIWUDFKRVSHUPXRP ZKH@D W\ QF
kdhf aZeb\_ b gZ wklihgkdhc kIhjeQ JLdD W@ RIDN U ¢

< ]b~jh[hlZgbd_ fzZdjhnblZfb gZaul\Zxl ©djmigu
g _\hhjm ™ _gguf ]JezZzahf jzZkl_gby g _aZ\bkbfh hl b
kdhlh iheh  _gby b wdheh]bg_kdhc ijbmjhqg_gghklt
hlghkylky dZd \ukrb_ jZkl_gby 1Zd b djmigu_ fgh
"hjhkeb?® >1Zig_gdh\ @ < \h”guo wdhkbkl _fZo
ihegyxl fgh™ _klI\h wdheh]bg_kdbo kZgblZjgh ]b]b
nhjfZpbhgguo nmgdpbc ibs_\mx kj_"haZsblgmx
hggmx fbg_jZebaZpbhggmx " _lhdkbdZpbhggmx



gmx b ij ><eZkh\ =b]_\bq @ KZfhc }eZ\ghc
ky kj_~*hh[jZamxsZy FZdjhnblu nhjfbjmxI| kj_"m
fghl]bo ]Jjmii \h*guo hj]Zgbafh\ ju[ [_kiha\hghqggu
\h~*hieZ\Zxsbo ilbp b *j

FzZdjhnblu Ikdh\kdh Qm~kdh]h ha_jZ bamqgZebkv

o 1h~h\ ijhreh]h kihe Iby >B\Zgh\ Lm\bd_g
Kizkh\z Fy f_Ik KmAgbpugZ @ <
kdhc klhjhg_ ha_jz Z\ ] 9gZ jhkkbckdhe fZdjhi

g_gu \ h[t_dlu wdheh]bqg_kdh]h fhgblhjbg]Z wlh]h
N_gby az jZa\blb_f \h”ghc jZklbl_evghklb \ Ikdl
ha_j_ ihdZazZeb qlh \ __ khklzZ\_ djhf_ \ukrbo kh
gbc agZgbl_evgh_ mqgZklb_ ijbgbfzxl| fZdjh-kdhibq_
Ilhggu_ \h*hjhkeb i_q_ghqgbdb b a_e_gu_ fob dl
djbilh]zfgufb fZdjhnblzfb >Q_f_jbk ;h[jh\ @

Djbilh]zfgu_ fZdjhnblu \klj_qZxlky \h \k_o \h"|
bgh]*Z y\eyxlky hkgh\gufb i_j\bqggufb ijh2mp_glz
IZykv \ [hevrbo dhebqg_klI\Zo fzZdjhkdhibqg_kdb_ \
fhlml kms_kI\_ggh baf_gblv mkeh\by kj_~u mf_g
N j'Zgb_ dbkehjh”z iblzl_evguo \_s_kI\ ih\ukbl\
jG b 7j DzZd hif_qzxl g_dhlhju_ Z\lhju >Q_f_jbk
aZ jm[_"hf fzdjh\h*hjhkeb b \h”gu_ fhohh[jZagu_
jy*m k khkm~bklufb jZkl_gbyfb ~Z\gh b jZaghklhjl
ay kdzZzazlv h[ hl_qg_kI\_gghc ]b”*jh[hlZgbd_

< kibkdZo fZdjhnblh\ i_j\uo bkke_"h\ZlI_e_c nel
Qm~kdhlh ha_jZ hif_g_g Ilhevdh \b”" &KWV \h”hj
ohly fZzdjhkdhibqg_kdb_ jZaf_ju bf_xI ij_~kiZ\bl_e
N _eh\ \h"hjhke_c¢c kbg_a_e_gu_ a_e_gu_- djZkg
ohh[jZaguo + \b” foh\ nhglbgZebk i)RIQWLK 2 ylu
DQWLS\EHWDBDDQWLS\UHWLFD

GZfb aZ i_jbh” k ih ] \ khklz\_ Vh~ghc j
kib Tkdh\kdh Q@Qm~kdh]h ha_jZ \uy\e_gh YbrZ djl
djhnblh\ \bAh\ \h*hjhke_c b \b”h\ foh\ [Z][e

DzZd \b”gh ba “Zgguo |Z[e \ khklzZ\_ djbilh]Zf{
Ih\ ih gbkem \b”h\ ij_h[eZ"Zx| a_e_gu_ - b
jhkeb



Djbilh]Zfgu_ fZdjhnblu Ikdh\kdh Qm~kdh]h ha_jZ

HIN eu Qbkeh|{\b” h\ hl h|is_]h gqbkez
&\DQRSK\WD &\DRQRSURNDU\RWD
&KDURSK\WD
&KORURSK\WD
5KRGRSK\WD
% U\RSK\WD
ODUVFKDQWLRSK\WD
Blh]h

Kji_~"b a_e_guo \h*"RKBORURJKBYDevr_ - jZk
ijhkljzg_gb_ bf_xI \bru deZ”hnhjh\uo \h”*hjhke_
&ODGRSKRUDLIORMHUBWD\b”Nu \ukrbo \h*guo jZI
b ijb[j_"gu_\Zemgu \h \k_o gqZklyo ha_jZ hkh[_g¢
]h~ru hdzZaul\zZxlky ihdjulu kdhie_gbyfb wlbo \h”hjl

G _ijbdj_ie_ggu_ gblb a_e_guo \h*hjhke-c \kie
jmx!l ©fzlu? jzZkijhkl_jlu_ ih ih\_joghklb \h*u < x

Ikdh\kdh]h ha_jz \ fZeh\h~guc ] \'rlbe-\mx ih’
kI\Z \kieu\rbo \h~hjhke_c fzdjhnblh\ ij_bfms_kI\_
nhju jZkihez]Zebkv gZ h[rbjguo |_jjbltjbhje d*h

Ib\guf ihdjulb_f

< + 11 kj_"~b fzdjhkdhibg_kdhbke e guo \h
\ur_gghc \klj_gqZ_fhklvx \u”_eyeb&8 L\URNOERBEN\OR X
JHRWLD 8OWRWKUL\[ + 11 \klj_gzZebkv hg_g
<i_j\u_\ ] Vijb[j_"ghc ahg_ Qmeblkdh]Dmg_jkiv
h[gZjm  KDHWRSKRUD+XKQVBRVWBWIdh\b gu _
keh_\bsZ dhlhjhc gZ djmiguo dZfgyo “"kklb]Zeb \uk

OZjh\uh*"hjhk&KDURSK\WDkdh\kdh Qm~kdhf ha
ij_"klz\e_gu \b~Zfb hlghkysbfbky d k_f_cklI\zf

Ih ebl_jZImjguf ~"Zgguf >=hee_j[Zo DgZki\\bgZzZ
\h~*hjhkeb gqZs_ \k_]h ihk_eyxlky gZgbesgdqgol]jewvgl
ghc Jem[bg_ + f Ih gZrbf gZ[ex”_glbyfoZjh¥u_
\h~*hjhkeb \klj_gqZebkv ebrv gZ i_kqZghbobfgadb\h"\
g_\ukhdbfb dmklbdzfb gZ Jem[bg_ JzZkdhif elvikehdh
aZeb\_ Qm~kdh]h hal]ANKHDBPRENHINWY . \kUj_gZe
ky gZ agZgbl_evghc Jem[bg_ "~h aiZjhtkigBam4gdbkl



Ah\u_ khh[s_kI\Z ?s_ h~Agh khh[s_khWe oZjk\jdo \h’
kihf ]j_[_gqgZluf \uy\e_gh \ k_\_jh \Qkioadtib 9ZK|&Z
HikmIkI\b_ oZjh\uo \hAhjhke c gZ J&imnjaBgh-\hafthd g
dhc ijhajZgghklvx \h~u \ e_lgbc i_pih €pad ghyh~
\hAu dhlhjh_ \uau\Zxl kbg_a_e_gu fkdbhjhke® >Yk

<klj_qZ_fhklv oZjh\uo \h~hjhke_c \ ihke_~gb_

qb\z 1ky k Ah >lkdh\kdh Qm~kdh_ ha_jh
9Z klZgpbyo fhgblhjbg]Z jhkkbckdzZy klhjhgz \
f _klhgZoh ~_gby \ ]+ 0\ ] + f_klhgz
Ba fzdjhkdhibq_kdbo kbg_a_e &\DoQ RS U D Ud |
WDrbjhdh_ jZkijhkljZg_gb_ \ ha_j_ ‘hgkic_qgib\ ]

lkdh\kdhf ha_j_ bf__| ]e hljboby*JRjH BN DLEFEKY
pisum $J 7 REKOKLY H 5w kukiistera apom AR Gt tidudath T b
gbc dhlhjhc ~“hklb]Zxl + kf \ "bzdyljlky HdAl X _
ihl]jm _gguo \ \h m ]b~jhnblZo |1ZdMNywa j\hiadd”"mgbgh
yo ]J_ehnblZo Ba ]_ehnblh\ hgZ fl[yzklIlz _ijbKlZ [eb
Ilhqgu_ dhjgb gZ kl_[eyo ljhklgbdzZ HKEk|Idgbyfhsc
[ueb aZnbdkbjh\Zgu \ ] 9Z ™ KdEokdhmjpmallh \ |
< ] \ Qm~Akdhf ha_j_ \hklhgguc [_j_] 9gZ dZf
h{gZjm _gu rZjh\brgu_ f_edh[m]hjgZlu_ hqg_gv dj_
heb\dh\h [mjhc R BHU REBMMWIKEFUHVFK (OHQT
Ahklb]Zxsbihi_j_qgbd_ kf b [he__

Ba j_"dbo fZdjhkdhibg_kdbo \h*hjhke_c \ Ilkdh
ha_j_ h[gZjm _gu \b"Z djZkgbK RIG R SHiedy]mn
r_qgb@&@DWUDFKRVSHUP/NXP &8&1 O\D YkighiRiVedekkidili fa
eb\_ Qm~kdh]h ha_jZ b gZ wklhgkdhc KoiDRgLDha_
DWURSXYUBWHKHD& $IJDUGK < Wklhgbb hgz \klIj_
khehgh\Zlhc \h”_ >lkdh\kdh Qm~kdh_ ha_jh @

<h~gu_ fob ba%IMNRIAKNWD ghqgddpbDUVFKDQ
WLRSKAWDkIZ\e_gu \b”"Zfb hlghkysbfbky d k_f

H[h[sZy baeh _ggh_ ke_"m_I hif_Iblv glh djbi
djihnblu £+ \Z ' guc we_f_gl ij_kgh\h”*guo wdhkbkl_f
g_g9gZy ]jmiiz jzZzkl_gbc bf__1 [hevrh_ ijZzdlbqg_kd
nmgdpbhgbjh\Zgbb wdhkbkl_fu Ikdh\kdh Qm~kdh]t
[m_I \gbfZgby b *Zevg_cr_]h bamqg_gby




Ebl_jZImjz

<eZkh\ ; | =b]l_Bkjhevieh\Zgb_ \ukr_c \h*ghc jZklbl
klb ey hp_gdb b dhgljhey aZ khklhygb_f \h~ghc kj_"u
dhf_g~Zpbb Fbgkd ;=M k

=hee_j[Zo F F DjzZkZQEg\E_ Th*hjhkeb Hij_"_eb
ij_kgh\h”guo \h*"hjhke_c KKKJ <ui E GZmdz

IZiq_gdh\ #=hf#bgzZglgh ~_|_jfbgZglgZy deZkkbrnbdZpby
Ibl_evghklb =b~jh[hlZgbdZ f_lh"helb]bgu Rdhew iRZI_
]b~jh[hlZgbd_ i ;hjhd £ Zij F] Ju[bgkd %

Ikdh\kdh Qm~kdhLZha jh k

Q _f_jbk ?2 < ;h[jDjbilh]Zfgu_ fZdjhnblu \ ‘h~Aguo v
kbkl_fZo jzaghh[jZab_ khh[s_kI\Z wdheh]bq_kdZy jh
<k_jhk rdheu dhgn ih \h~Aguf fZdjhnblZf ©=b”jh[hlZgb
‘hjhd + hdl ]  Ju[bgkd K =

Yklj_fkdbc <Fghlhe Igb_ baf_g _gby kljmdimju b ijh~
klb nblhiezgdlhgZ \ i_ezZ]bZeb Qm~kdh Ikdh\kdh]h ha_
wdhkbk!_f djmiguo ju[hijhfukeh\uo \h~h_fh\ K_\_jh AZ
KIT K +

&5<372*$0286 0$&523+<7(6 2) /$.( 3(,36,
% OLFKDLORYD ' 1 6XGQLFLQD

3VNRY '"HSDUWDPHQW RI WKH ,QVWLWXWH RI .

&U\SWRJIDPRXV SODQWYV ZHUH &L \PERUHRBHKGWERU V QY
R1 /DNH 3HLSVL 7KH WRWDOVQXWYEHUQRIOMBY QD O HA
PRVVHYV WA\SHV RI KHSDWLRWW QG JR KD BREKRIW I\
SUHYDLO WA\SHV LQ WKHROBNB D QJDGIGRRVQ\RLGG H W/
VSHFLHVY OLVWHG LQ WKH 5H&HDW DU % RIRDIORMIG3VNR"

BKIHEVAH<:GB? F:DJHNBLH< < HP?GD?
WDHEH=BQ?KDH=H KHKLHYGBY F:EUO J?D

G < Am_\z
Jhkkbckdbc Jhkm~Zjkl\_gguc Jb”Ajhf_¢bhjhkblblg_kd

< jZ[hl_ ijh~_fhgkljbjh\ZgZ \hafh ghklv*dkdhevah
h fZdjhnblZo fZeuo j_d ey hp_gdbhesgg kgdr ba \i



jZ[hl_ bg”_dku \ ~Zevg_cr_f fh gh bfljilmlndgblZIv ijl
ibZevghc wdheh]bgq_kdhc hp_gd_ \h~hlhdh\

G_o\zZldZ bg”~_dkh\ hkgh\Zgguo gZ jZalblbb \
|Zo fZzdjhnblh\ ijZzdlbg_kdb bkdexqZ_| wim ]jmiim
fgh]lhdjbl_jbZevghc bgl_JjZevghc wdheh]bqg_kdhc
wdhkbkl_f Dhg_gqgh \ Ihf kewdhZzh]bdkekdhit"hp _g:
ihgbfzlv izjzf_ljbg_kdh_ hij_~_e_gb_ khklhygbc i
Au h[_ki_gb\Zxsbo kms_kl\h\Zgb_ khh[s_kI\ "b\luc
0ZjzZdl_jguo “ey wlbo khklhygbc \ mkeh\byo _klI_I
l[jhih]_ggh]h j_"bfZz bo jZa\blby >>fbljb_\ @ |
"ey \h~ghlh h[t_dlZ “he gZ k\h”blvky d iZjzZf_ljb
obfbg_kdh]lh [bheh]bg_kdh]lh khklzZ\Z b nb-abqg_kd
lh h[t_dlZ h[mkeh\leb\Zxsbo mklhcgb\h_ nmgdpbh
dhgdj_lguo khh[s_kI\ "b\uo hj]J]Zzgbafh\ khejZg_gt
ghlh IbiZz wdheh]bg_kdhc kmdp_kkbb

>ey hkms_kl\e_gby fgh]lhdjbl_jbZevghc hp_gdl
ihkljh_gb_ k\h~gh]lh bgl_]jZevgh]h ihdzZazl_ey i
djbl_jb_\ hp_gb\Zgby < wlm kh\hdmighklv “he gu
khklhygby [bhlu b Z[bhlbg_kdhc kj_~u ijb-wlhf g_
[u \k_ izZjzf_lju \f_kl_ [ueb ~“hklZlhggu ~ey hibkz
khklhygby jzZkkfzljb\Z_fhc kbkl_fu >>fbljb_\

d_ wdheh]bg_kdh]h khklhygby fZeuo j_d \iheg_ h|
gblv \ g__ izjzf_lju k\yaZggu_ k jZa\blb_f fzZdjh
hkgh\guo i_j\bqguo ijhmp_glh\ 1Zdbo \h~hlhdh\

LZdbf h[jZzahf p_evx *Zgghc jZ[hlu [ueh ijh~_fh
\hafh ghklv bkihevah\zZlv ~Zggu_ h fZdjhnblZo f.
hp_gdb dZq_kI\Z bo \h® b "Zevg_cr_c fghihdjbl_]
lbg_kdhc hp_gdb

< jZ[hl_ fu hibjz_fky gZ j_amevl|Zluuitn™jkkguo ih
"h\Zgbc gbah\v_\ fZehc j_db ] KZgdul d hkej]Z =

] 9Z mgzkld_ wlh]h \h~ hlhdzZ ]Y@mbjb ijhjh*kdbo

gu jZ[hlu gZ klZgpbyo jbk Q4djhdbljbkhbldb f
kZgu gZ dZ ~hc klZgpbb ba\_klgufbZylh~"Zftb;lkDZI:
[jh\ Q_f _jbk @ HibkZgb_ \uiheg)etkleZ-gyghhyqZz

* gghklvx ihjyrdz f ©hl [_j_]1Zith Kiji”9Z& mph



jbg_ Holu \ f khklz\ey_| lKadhdhkldftkhklzZ\eyeZkv
ahf_jgZy ko_fZ azZjzZklZzgby mqgZzZkldZ jlRKI_hijg¢_e
\ ijhp_glZo ijhba\h”"bezkv i_j\bggzZybbh\ gBkibdZp
gbc \ [ZeeZo >jm”_ nbdkbjh\Zehkvyl&kvbetdh \u
nbdkzZpby b k[hj ]_j[Zjguo h[jZaph\dZZ}Beekl&ggh
pbb hkms_kl\eyeky hl[hj ijh[ \h~u ~e¥jhojpfbge gby
kdbo ihdZazZl_e_c + k ih\_joghklbtbyba ijbrhggh]h

>ey hp_gdb dzZq_kI\Z \h” ih ]b”jhobfBf§_kdbf
[ue \ugbke_g bg”_dk aZ]jyag_gghklbl \jbdeZB A<
_"bgkl\_gghc kt_fdb Ihemqg_gguc ih®ZalZl-jev fh"
dh]ghkpbjh\hqguf bg”_dkhf aZ]jyag_ogwdkéi]bh u
g_kdh]h ZgZebaZ nehju j_db bkiheviln\ZigZ" deZk
eh” _ggZy < = 1Zig_gdh\uf > @ heyhdhgtdf_kl
jZaghh[jZaby \h*guo jZkl_gbc gZ jZadbqglgkithewqgZk
ah\Zeky bgnhjprbhgguc bg"_dk R_guhlgZ \K>Mjh\_
I[hdh\ hij_~_eyeky Ij_fy f_Ih~Zfb %05@$m7255«
SHRROCPAHWY BPMA@DID @@ Ot 338 F EXRIAHCTE i T GpiHH
kI\Z \h~ fZeuo j_d- OLZzJ%@bz Hlj_"_e_gb_ dzq_kI\z
jbkibdb fZdjhnblh\- w fZeuo j_d ih 0zZjzdl_jbklb
gyebkv k ihfhsvx -Z\bhznkdzhdjhnblh\

lh [Zeevgh bg” dkgh|n —hhZ Zeeu
>Am_\Z @ _]rIZdZefx'_gL
ke_"mxsb_ iZjZf_Iju ;ég A—eHk " N
\b~rh\h]h jZaghh[jZaby 1"Z kitZg = —
pbb qgbkeh \b~h\ bklbggh—th"

guo jZkl _gbc kmffZjgh_ hlb * *

eb_ fZdjhnblh\ kf I1Zfgbf_qzgls + bg”_dk \bAh\h]h jZa
>ey dhgdj_Ilghc klz bfb[bzfg)z f\Zdehh\n]bblh\hkblhl\h dehhl
A B ; A AN /\l n w
\thh If%_:JZikl:klze%Em%Z] Z(lgbng??fpgh hibeb_ fzdjhnblh\
gh hij_"~_eyeb dzZdhfm [Zeem khhi\_I kI\m_I dz" ~
AZI_f kmffbjmy Ijb ihemg_gguo [ZeeBP\vybkeye|
N e_gu q_luj_ dezZkkz dzZq_klI\Zz \h" ©hg_gv ]jy
[Zeeh8P 6| htth "h @] yeedgoZAgZy it h'YYh A h-  @mmid |
g_ggZy?a = hl ~h ©gbklzya = hl ~h
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guc dbkehjh” i_jfZglZgZlgZy hdbkey_fhklv kmff.
gb_ " _e_az dhgp_gljzZpbb gbljblh\ b nhknrzZlh\ ij
A _evgh ~himklbfu_ dhgp_gljZpbb 1>D Djhf_ 1Ih
gb_ jZklI\hj_ggh]h dbkehjh”zZ \ \h~_ \k_]"Z gb"_
hl mgzkldz d mklvx _]h dhgp_gljZpby kgb Z_IlI
gbfZevgh]h agZq_gby fl e gZ klZgphbb Lzd
hlebgzZ_Iky \ukhdbf kh”"_j Zgb_f [bh]_ggue b hj]z
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jmkeZ j_db GZ wlbo mqgzZkldZo gZ[ex"Z_lky fgh]h
gb_ ij_~_evgh “himklbfuo dhgp_gljZpbc >D ob
s_kI\ LZd 9gZ mqgZzZkld_ azZnbdkbjh\Zgh gZb[hevr._
[jblh\ + fd] e b kmffZjghlh "_e_az * f] e
hif_g_gu \ukhdb_ ihdZazZl_eb nhknZlh\ fd] e
JZkkgblZggu_ agZq_gby bg”r_dkZ aZ]jyag_gghk
hp_gdzZ dzZq_kI\Z \h” ih wlihfm ihdZaZl_ex ijb\_"_¢

LZ[ebpZ BA< bkke_~h\Zgguo klZgpbc j Holu

KlZgppy 5 8 |9

BA<

DzZq_Kk{lHhqg_gv . . .

\h~  |ljyaglu_ Qj_alugZcgh Jjyagu_ Ha_gv Jivagu.

Fzdjhnblu j Holu \ ]h™ gZ[ex™_gby ij_"klzZ\e g
fb KzZfu_ jzZkijhkljZg_ggu_ jzZkl_gby ]b~jhnblu %
T el4A4XSKDU OXWHIBh\gbd ijhKDH) De@érduim
klj_ehebkl klj_ehé®dRUJWEWDULD YDJIKWWbIROWD
"Z3RWDPRJHWRQ [E HemKybR J BEhDou@ L SMD@EW H - S
tris ljbg_f \gba ih | _g_gbx ijhbkoh”bl mf_gvr_gb _
1ZlkI\N\Z Z gZqgbgZy k mqgzkldzZz jZkl_gby diyZcg_ n
lu hilkmlkl\mxl|l gZ klZzgpbyo £ b Koh”~gZy | _g”
b I1Zzdhfm izZzjzf_Ijm dzd h[s__ ijh_dlb\gh_ ihdjulb
FzdkbfZevgh_agZq_gb_ _]1h gZ[ex"Z _|ky ¢gZ m
ghlh hlkmlklI\by jZzkl_gbc gZ klZgpbb beb h[blZgbtk
a_ \h”u \u”_eyxlky iehszZz~db ]~_ agZq_gb_ ijh_d
Iby jZ\gh wlh mgzZkldb gb g _]Jh | _g_gby j Holu

LZ[ebpZz Ozjzdl_jbklbdb fZdjhnblh\ bkke_"~h\Zggu
j Holu
KlZgphy 5 8 9
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A dk \b~h\h]h jZaghh[jZaby fzdjhnblm & qbkehwdtibei ]bAjh
nblh\  wdhlbi



KjZ\gb\Zy j Holm k fZeufb j_dZfb E_gbg]jz~kdh

_f kr_ezlv \u\h™ h Ihf qlh __ nehjbklbq_kdbc kh
N g Lzd fzdkbfzZevgh_ gbkeh h[gZjm _gguo gZ h
"h\ gz j Hj_"_" khklz\ey_|I Z gZj Qmedh\dz

@ \Ih\j_fy dzZzd gZj Hol_fzZzdkbfZevgh_ gbke
klZgpbb g_ ij_\urZeh

Ke_"mxsbf rz]hf \ ~Zgghc jZ[hl_ klZelhhhij_"_¢
nbg_kdh]h klZImkz2 j Holu k ihfhswh’ogyd-dlZ jbkl
djhnblh\ ih g_kdhevdbf _\jhi_ckdbf fblh®blgZf Ih
nbg_kdbc klZImk?2 \aylh \ dZ\ugdb IRnkegk}j¥Bb Ih]
pbhggh ijbf_gy_|ky “ey ha_j Z |I_drm@kevd”hl ijb
ebgZxlky ih oZjzZdl_jm ijhbkoh”ysbo dbgobghwdhel
p_kkh\ H”gZdh \ ?\jhi_ I_jfbg ©mjhl] gewihnbb?
ky b ih highr_gbx d j_dzf IhgbfzZy k&dhdlgdvtdk b
ihevah\Zgb_ wlh]h ihgylby *ey \h"g@db@ifg\*hiklilhd Z
ghc azf_gu fu ijbf_gy_f _]1h \ke_" azeaZ]iflb gu
gh \ dZ\uqdZo

>ey hij_~_e_gby ©mjh\gy Iljhnbb?& \h~hlhdh\ bk
Ijb f_1h"®7 504 Skij ™gj_ " gaaaiZe)g @ Yo §liitn niiiitbriaobhtiigRe 6 g
kdbc bg”r_dk fZdjhnblhV e |ljjiimibay Katbal oot ok
dihnblh\ <k_ f_Ih~bdb jZajzZ[hlZgu ~ey fhgblhjbg
\h~u Gm gh hif_Iblv qglh ijbf_g_gb_ wlbo bg”_dk
hg_gv \ukhdhc Zgljhih]_gghc gZ]jmadb g_ \k_]*Z
=b~jhnblu g_h[oh”bfu_ “ey ZgZebaz gZ jy™_ klZ
his_ hlkmlkl\h\Zeb

J_amevlZlu ijh\_~_gguo bkke_"h\Zgbc ihdZaZeb
eZ"Z_| \ukhdbf ©mjh\g_f Ijhnbb? hl f_ahljhngh]h
ghlh Ahgbjh\Zgb_ bkke_~h\Zggh]h hlj_adZ jmkeZ
N dkzZf ij_~klZ\e_gh gZ jbk

GZ~h hif_Iblv qglh \k_ bg”_dku bf_xI I_kgmx k\
gbyfb i_jfzg]ZgzZlghc hdbkey_fhklb b dhgp_gljZpk
nhknzZlh\ Z bg”_dku 075 b ,%05 LZd bgKijbD_j
dZd \b~gh ba jbk k\y %\ Bkdk¥ \ge éyoptcig 9% 6 5 | K§Z\G Rln@
ghc hdbkey_fhklb \_kvfZ kms_klI\_ggZ Z[khexlgh_
nbpb_glZ dhjj_eypbb \ukhdh = WIh agZqgbl ¢



_f kh”_j>Zgby \ \h~_ hj]Zgbq_kdbo \_s_kI\©mjh\_
gb\Z Iky wlbfb bg”_dkzfb dzd [he__ \ukhdbc f_g
bg”_dkZ khhi\_Ikl\m_| [hevrbc ©mjh\_gv ljhnbba
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Jbk Klyav agZq_gbc bg”_dkZ ,%05 k \_ebqgbghc
i_jfZzgl]ZgZlghc hdbkey_fhklb

Ke "mxsbf wlzZihf [ueh hij_~ e _gb_ dZpg\&dg\Z \h
guo mgZkldh\ gZ hkgh\_ ~Zgguo h fZ&dbplgrbldkaZ k i
6P DZzZd \b~gh ba IZ[e dzqg_klI\hIkhAtubj kddb¥ klahl
f_gy_Ilky ijb ijh*\b _gbb d mklvx hlg®© by g pyhecgheld ©
LZ[ebpZz FzZdjhnblguc bg”_dk dzZq_kI\Z \h”® bkke_"h\
pbc j Holu

KlZgphy 5 8 9

6P [Zee 8
DzZq_kl\h . .
\h/\q_ Ha_gv liyagu_ =lyagu_




Khihklz\eyy deZkku dZq_klI\Z ihemqg_ggu_ ih #
nblZo k hp_gdhc ih Jb*jhobfbqg_kdbf ozZjzdl_jbklb
f_Iblv qglh hgb “h\hevgh [ebadb H[ wlhf k¥b*_1_e
pb_gl iZjghc ebg_cghc dhjj_eypbb jy*h\ *Zgguo #*
g_gghklb \h» BA< k \_ebgbghc 6P hg jZ\_g =
jbklbdb jZklbl_evgh]h ihdjh\Z gm\kl\bl_evgu d aZ]

< blh]_ j_amevlZlu ijh\_*_gguo bkke_~hYZgbc h
aZeb qlh j HolZ ijhl_dZxsZy ih ] KZgdl4d_Il_j[m]
liyag_gguc \h~hlhd Ijbg_f [ueZ ijh”*_fhgkljbjh\Z
ghklv ijbf_g_gby oZjzdl_jbklbd fZdjhnblh\ \ hp_
\h~u j_db <k_ jzkkgblzZzggu_ bg”_dku \hafh ' gh \ 7
ihevah\zZIlv \ fghlhdjbl_jbZevghc hp_gd_ wdheh]bq
fZeuo \h*hlhdh\

Bkke_"~h\Zgb_ \uiheg_gh ijb nbgZgkh\hc ih** _j'd_ J

gZmgghlh ijh_dlZ « fheBZ
Ebl_jZImjz
;hijh\y o Q_f_jbkB&me&g_gb_ jZklbl_evgh]lh ihdjh\z
b j_d f_Ih*"bdzZ ijb_fu keh ghklb =b~jh[hlZgbdZz
9, <k_jhk rdheu dhgn ihk ;hjhd + hdl -] Ju
kdbc >hf i_qzZlb K *

>fbljb_\ < &@Ilh IZdh_ wdheh]bq_kdZy hp_gdZ b d:
bgl_]ljZzevguc ihdzazl_ev khklhygby ijbjhrghc beb
ljZzgknhjfbjh\Zgghc wdhkbkl _ fu <hijhku ijbdezZ~ghc w
J==FM K *

Am_\Z (Hp<gdZ wdheh]bg_kdh]h khklhygby fZeuo j_c
Jhkkbb gZ hkgh\_ kljmdIimjguo ozZjzdl_jbklbd khh[s_kI
ijbf_j_ E_gbg]jZz~rkdhc h[eZklb :\lhj_n "bk dzg” ]

k

Am_\Z G <Blilgvah\Zgb_ kljmdIimjguo oZjzdl_jbklbd
fZdjhnblh\ dZd bg~bdzZlhjZ wdheh]bq_kdh]lh khklhygby
aziz"Z E_gbgljz~rkdhc h[eZklb <_klI KI[=M =_he =
<ui K +

DzlzgkdZy <ulkrzZzy \h*"gZy jZklbl_evghklv dhglbg_glZ
Ah_fh\ KKKJ F_Ih?u bamqg_gby E GZmdZz k

IZiqg_gdh\ <JZkIbl_evguc ihdjh\ \hA*h_fh\ b \h~hlhdh\
Ilhthe vy YjhkeZ\ev PFI FM;bGL k



$)1254XDOLWH GH OfHDX 'HWHUPLQDWLRQ GH C
WLTXH HQ ULYLHUH ,%05 1) - 6DLQW 'HQLV |
+ROPHV 1 7 OHDHW/DRSKLH 5DQN $ 8VHUYV 0DQ X
$IJHQF\ %ULVWRO 8. S
6FKQHLGHU 6 7KHH W/JHRISKLF LQGH[ RI PDFURSK\W
IRU LQGLFDWLQJ WKH WURSKLF VWDWH RI UXQQL(
3 +

86( 2) 0$&523+<7(6 ,1 $66(660(17
2) (&2/2*,&$/ 67$786 2) 60%// 5,9(56

1 9 =X\HYD
5XVVLDQ 6WDWH +\GURPHWHRURORJLFDO

7KH DUWLFOH GHPRQVWUDWHY WKH SRVVDEL® LW\
ULYHUV WR DVVHVV ZDWHU TXDOLW\ 'HVEWHBEHGOG
HQYLURQPHQWDO DVVHVVPHQW RI ZDWHUFRXUVH)\

D F?LH>BD? J.KQBKE?GBY L?FI: JHKL: KB=:
KOREGONUS LAVARETUS/ HA?J: BF:G>J:

? F Am[h\Z G : DZrmebg | F L_j glv_\

BgklbIml ijh[e_f ijhfure_gghc wdheh]bb
K _\ jZ Dhevkdh]h gZmgghlh p_gljzZ J:G

>ey kb]Z kzfhlh djmigh]h ha_jzZ FmjfZzgkdhc h[eZ

df £ ijh\_"~_g ih”*jh[guc fhjnheh]bg_kdb<c ZgZel
jmxs_c fbg_jZebah\Zgghc kljmdIimju qgq_rmb mlhc
abjh\zgz f_Ih~bdZ h[jZlgh]lh jZkgbke_gby “ebgu jt

IlhagZgb_f _ozZgbafh\ j _Jmeypbb jhklZnjadlih \uy)
jh\  hij_~ _eyxsbo _]h |I_fi iha\heyiZjZKiHpwah\ZIlv
klZz \ [bhbg”"bdZpbb khklhygby hdjm \4ved hcgkjkvu ~
ijhlghabjh\zZlv ju[hijh"mdlIb\ghklv \hAhbdh\ >Gbdhe
Dmag_ph\Zz @ kem bl hkgh\hcgplhijidajZphld__ i
gZevgh]lh bkihevah\Zgby b hojZgu jw[gagu |- kdajkh\
f_ju \ gzZklghklb 7ebgzZ hkh[b = [hen”h][klZdbiédvgu



dZzazZl_ev g_"_eb \_k >FbgZ De AlgaZeyZkgbla®_Z
gby “ebgu g_h[oh”bfu ey j_dhgkljredgb\bl_§h abdZ:
"bagb hkh[b b mf_gvr_gby hrb[db khyalZ kgfadh & jZ
guo ijbjhklh\ ihke_~g_]h 1Th~Z >Abgh\v@\ FZg”"jbpz

Q_rmy dzZd j_]bkljbjmxsZy kljmdImjZ gZb[he__
_lky ~ey h[jZlguo jZkgbke_gbc “ebgu m ju[ K_\_
jby WIlh Ij_[m_I ih*jh[gh]h bamqg_gby __ fhjnheh]
\hajzklghc baf_ggb\hklb >;jxa]lbg Am[h\Z T
b "j @ >ey bkke_"h\Zgby |_fiZ jhklZ ju[ g_h[oh"t&
\u[hj f_Ih~Z h[jZlguo jZkgbke_gbc ih g_rm- hft_d
xsbc ebg_cgu_ ihdZazl_eb ju[ dZ ~hc \hajzZklghc
>FbgZz b " @

< gZklhys_c jzZ[hl_ ij_"klZ\e_gu j_amdgblZlu b
fhjnheh]bb gq_rmb mlhqg_gZ b hilbfbZbH{\ZgZ
jZlghlh jZkgbke_gby “~ebgu ihKuegonus OD XB]JZH W X
I ha BfZg”jZ Rbjhdh jZkijhkljZg ogguyiAgih”*h__
kdhc h[eZklb kb] \ kbem k\hbo [bhethbao kdglbo hk
]b_ ]h*u bkihevam_Ilky dzZd |I_klI h[th]h bogbheh]b
jbgl]Z >Fhbk__gdh DZrmebg b I1p hibkz ~j
gbb ihimeypbhgguo oZjzdl_jbklbd kbjjdh\-mgkeh\b
gh]h aZ]jyag_gby ha BfZg”*jZ [hevrh _mYqglefyZegikv \
baf_g_gbx jhklh\uo oZjzZdl_jbklbd ju[ >Fhblo__gdt
Np@ < ij_"klZ\e_gguo jZ[hlZo [ueNghkdZa4gBd ql
pbc kb]Z gZ baf_g_gb_ mkeh\bc h[hyAghyfudkbev
mqgZkldZo ha BfzZg”*jZ ie_k_ ;hevrky BfedgdjZ vy
gb_ kdhjhklb jhklZ b iheh\h]h khajb\@ogdbiuhkR_]I
[_gghklb h[jZlguo jZkgbke_gbc jZaf_QdulobbdZj\zdl_
jZ[hlZo g_ ijb\h~*bebkyv

FZl_jbze b f_IBamqg_gb_ jhklZ kb]zZ ijh\h”~behk
dZo dhfie_dkguo bkke_"h\Zgbc \gmlj_jgdgo \h"h
kdhc h[eZklb \ * 11 Hgb khkjgZ Ahdhk\[Zhg b kv
kzfhlh djmigh]lh ha_jZ h[eZklb £ BfZ8Rku cg ; df
eh]h fhjy JZchgu bkke_"h\Zgbc %= dfhZieiekZk ha
yhevrZy BfZg”njZ ie_k Chdhkljh\kdZyZB bhkdjZyb ie
Bfzgnjz [Z]e



LZ[ebpZz JZaf_ju \u[hjhd kb]Z \ lIj _o ie_kZo ha BfzZg"

Bkke _Am_fuc \hAh |f I_ibh~ bkke | RRf24he
le_k ;hevrzy BfZg”~jz K_gly[jv = hdly[jv + 11
Ha le_k Chdhkljh\kdzyY Mkl = k_glyljv ]

BfZgAjEBfZghjZ _ _I_kyq]gh k bxey ih Zij_ey

le_k ;Z[bgkdZy Bfzg~jZ :\]mkl £ k_gly[jv ]

<h \k_o bkke_"m_fuo \h "h_fZo ju[m bttbZ\eb\Z
“Z[_jgufb “hggufb k_lyfb ba g_cehgh\hZh*Ehbghnbe

ghc f \ukhlhc f b jzaf_jhf yq_b
b ff gqlh h[_ki_qgb\Zeh \ueh' jkfu 2edlghc
lhjZevghc ahg_ gZ ]Jem[bg_ + f imktZ giZ\lebb\ Z

i_ji_g”"bdmeyjgh [_j_Im \ f_klZo k i_bkdqZfgkeyjZ\bc
fb b dimigufb \Zemggufb hleh  _gbyfb c<aihfgnmg”
k Jem[bgzZfb [he__ f bkihevah\Zehk®bghih k_I
jy*hd < i_ezZ]bq_kdhc ahg_ \h~"h_f2Mdy hd{hjz
Jh fZ1_jbZeZ ijbf_gyebkv ieZ\gu_ fmeélwlibykhaf_jgu
lhe f H[jZ[hldZ fZl_jbzZeZz ijh\h"bé&kw fihltklZg"
Abd_ >I1jZ\"bg @ FZkkm ju[ hijle¢xeyeb k Ihqg
"ebgm ih KfKlnbaf_jyeb k IThgghklvx ~h ff >ey \
gby \gmljb\b”Ah\uo nhjf m bkke_"m_fldeiblghbkih”k
eh lugbghd gZ i_j\hc "Z[_jghc "m]_ x@_1Q Ilgimgh\
"ey bkke_"h\Zgby \k_]"Z [jZeZkv kmdZkia b ih’}h
i_j_"g_c qZklvx kibggh]h iezZz\ghdzZ >gh\v@\ F:
>ey hij_~_e_gby \hajzklZz m ju[ ih" fE@jbddeyjhf
ehkv £ qg_rmc ]Jh”h\u_ dhevpZ ijhkfZfljlb\-dEebkv |
jZf g_rmb ihke_g_]h \u[bjZezZkv qZYbevglZbd[he
nhjfu b bkke_"h\Zebkv __ fhjnheh]bqgb kdkey hkh
wlhlh ijh\h~"bebkv “hihegbl_evgu_ baf hidmbyjk ihf
fbdjhf_ljz __ ijh~hevgh]lh b ihi_j_qggh]Zd"bZfZIjh\
Abmkh\ i_j_"~g_]h [ZaZevgh]h b ivghiy_-1hh ~"bZz
dh\hc b az*gbc dZm~Zevguc jZ"brokugdohddf jy
eb iml_f ~_e_gby agZq_gby ihi_j_qgb]hugbkd_1jzZ
gby ba agZq_gby ijh*hevgh]h *"bZf_¢jZ4dhagZfb gby



mkZ khhi\_IkI\_ggh GZ hkgh\_ wlboj _bafejgabc [t
-+ hlghkbl_evguc jZaf<jxqnhif@ rbjbgZ qg_rmb
br + itheh _gb_ y”*jZ q_rmb >Q_jgh\Z >¢ly [mB"a_
kZgby \hajZklguo baf_g_gbc k_dlhjh¥Vag_Jmblkb]z
dh\h]h b azZz~g_]h bkihevah\Zebkv_lndZaogB§ “egby \
gu |_eX ><h\d @

J_amevliZlu b h[knKB] dbha Bfzg”*jzZ ij_"klzZ\e_g
fy wdheh]bqg_kdbfb nhjfZzfb fZehlugbgdh\hc h[blZz
ie_kZo b kj_"g_lugbgdh\hc + fZehgbke_gghc b ijh
d k_\_jghfm ie_km ;hevrZy BfZg"jZ Qbkeh lugbgt
dh\hc nhjfu \Zjvbjm_1I hl ~h b khklz\ey_ I \ kj_
4 : m kj_~g_lugbgdh\hc nhjfu = hl ~h
Ba aZ g_[hevrh]h gbkeZ hkh[_c kj_*g_lugbgdh\h]l
ieyjh\ ~Ze__ \ jZ[hl_ [m”ml ijb\h”*blvky ~Zggu_ Il
lugbgdh\hfm kb]m BfZg~ju

FZehlugbgdh\uc kb] \ ha BfzZg”*jZ [ue ij_"klZ\e_
\hajzkl_ hl ~h e_|

Q_rmy fZehlugbgdh\h]h kb]Z ha BfZg”jZ Ibibqgg.:
p_gljZevguc kde_jbl bf__I h\Zevgmx nhjfm-qgZs_ g
jblu bf_xlky gZ \k_c ih\_joghklb g_rmb = hgb h[jZ
sb_ky dhfie_dku ba ©dhgp_gljbg_kdbo2 b ke_"mxs
debgb\Zxsboky? ©kj_aZgguo? kde_jblh\ dhlhju_
A"h\u_ ahgu jhklZz <udebgb\Zgb_ kde_jblhy gZgbg
p_ [hdh\h]h b az”~g_]h k_dlhjh\ g_rmb b aZdZgqgb\

k_dlhj_ ihwlhfm a~_kv bo [hevr__ gbkeh qglh mdZz
b [he__ bgl_gkb\guc bo jhkl \ [ZaZevghc qZklb k
>=Zedbg @ < i_j_"g_f k_dlhj_ gZ[ex™~Z_lky n

Ih\ kde_jblu a”_kv keZ[h\hegbklu_ <”hev [hdh\{
rmb \ j_amevlZlI_ ml_jb kde_jblh\ jZkklhygb_ f_
gbl_evgh [hevr_ ]hjZa”h [hevglZ[egxXdxhkyglhy ~m
kde_jblzfb \ az~g_f k_dlhj_ qlh h[tykgy_Ilky “hihe
|_j_c2 g_dhlhjuo kde_jblh\ gZ ]jZgbp_ [hdh\h]h Db
jhh'g_rmb hgb dZd [u h[julZxlky

Highkbl_evguc jZaf_4 gn_fmbagZqgbfh m\_ebqgb\z
k \hajzZzklhf ijb wlhf p_odj lg*\bmhd_Iky d az*g_fm d



bk Z WIb baf_g_gby ijhbkoh”yl ba aZ jZaebc
g_]lh b az”*g_]h k_dlhjh\ g_rmb kb]Z \ jZaghf \ha
k_dlhj g_rmb \dexqZxsbc i_j_~gbc b i_j_"gbc *"bz
A"bmku hlghkbl_evgh *“ebgu I_eZ k \hajZklhf m\_e|
k_dlhj ijZzdlbg_kdb g_ baf_gy_Iky jbk [ ;hdh\]
kb]Z \dexgZxsbc [hdh\hc jZ"bmk k \hajZklhf hlg
gul_eZ m\_ebqb\Zz_Iky NkjfEb§Z rlmkkke _"m_Hfuo \h~
th\ hklzZ_lky ithhygghE: kf jbk z
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Bozpacr, ner Bospacr, ner
Jbk Hlghkbl_evguc jzaf _jlJg_rmibilghkbl_evgh_iheh  _gb
yNiZ q_riorb nhjfZ q_rmb Z b ~ebgu jZ"bmkh\ g_rmb h
kbl _evgh “ebguK eZ [ m fZehlugbgdh\h]h kb]Z ha Bf.

>ey \u[hjZ hilbfZevgh]h k_dlhjzZz g_rmEk*ey h][
gbke _gbc “ebgu m wda_fieyjh\ fZehlpfjdogdh\
gh]lh \hajzklz hl ~Nh e | ie_kzZBCaghjkjh\k
ha BfzZg”jzZ baf_jyebkv jZzaf_ju |h*h\bg@ dhé_p g2
j_"g_f "bzZlhgZevghf [hdh\hf b azZ~gbf pZal@Zmkz
|_f ijh\h~"bebkv hp_gdb jZkgbke_gghd¢ j2&bgm ih q
kzf < hkgh\_ h[jZlguo jZkgbke_gbc j"ébgb _e_"bl
h gZebgbb k\yab f_""m ~eblmhZadf ¢Zfb gRrmb
>;jxalbg Fbgz b " @ M fZ&bldq6bdh\|
dhkljh\kdhc BfZg”™ju aZ\bkbfhklv f_"~mZaebghc |_
gufb jz"bmkZfb g_rmb emqgr_ hibku\ZIllkygmjZ\g.
ghc nmgdpbb g_"~_eb ebg_cghc |1Zpe agZgh ijb
gbyo izjzf_ljh\ ebgbb j_]j_kkbb dhwrkkiidppb glh\

4 1+ 24 3+ 4+ 5+ 6+ 7+ 8§+ 9+



b Qlh[u \uykgblv \ dZdhc f_j_ jZaelkfbp-ebdlgbc
yxl gZ hp_gdb jZzkgbke_gghc "ebgu Ka _lgj@gigbeb
ih jZaguf jZ"bmkZf hp_gdb “ey h"gboBb¢bd ~_ |
j_li_kkbb ~ebgu ih g_luj_f jZ"bmkzZf gl rgnb g_
j_a gZqZeh dhhjr*bgzZl ihwlhfm ey dlj¢ZtgebgyZkq
jul[ ij_"~ihglbl_evg__ bkihevah\Zlv nhjixaébngJhau
FbgZz b "j @ >ey h[jZlguoejpgugiiKe gb
ehlugbgdh\h]h kb]Z fu eh]Zjbnfbjh\ZebgmghZz\g_g|
nmgdpbbDTR ihemqDed/OQDb iIlInR JZkgbkeyeb ih
Eb gh \f_klh Z[khexlguo agZq_gbc ibp €hdgduo [
jbnfu OQOQDRINR T OQAOQD]R,_ + jZ"bmk gq_rmb
“Zgghc ju[u \ fhf_gl _Ri#hpZdbmk g_rmb wlhc hkh
\hajzkle_I + "ebgZ ju[u \ fhf_gl/ibfcebgZ julu
\' \hajZkle_F + ihklhyggZy \_ebqgbgZz
GZrb j_amevlZlu ihdZaZeb qlh ex[hc jZ*bmk q_
\u[jZg "ey h[jZlguo jZzkgbke_gbc “~ebgu kb]z 1zd
gu_ “ebgu ih q_luj_f jz"bmkZzZf gZ ijhly  _gbb "bag
jZaebqgZebkv [|Z[e LZd _ jZkgbke_ggu_ b nZc
Aebgu ohjhrh khhI\_IklI\mxI ih \k_f jZ"bmkZf q_rm
s _gb_f gz ]lh~r 1Zd dZd \ueh\ bkke_"m_fuo W (
ba Chdhkljh\kdhc BfZg”ju ijhbkoh”be k hdly[jy ih
\uc ijbjhkl ijZzdlbg_kdb azZ\_jr_g gh _s_ g- knhjfk
\h_ ]h~h\h_ dhevph Ba wlh]h ke_~m_1 qlh ijb kj.
kdbo \_ebgbg “ebgu ju[ k jZkgbke_ggufb gzZ~h Kkl

k_ahg eh\Z ju[u

LZ[ebpZ Dhwnnbpb_glu ~ | _jfbgZpbb hij_~ eyxsh_
kl_i_ggmx aZ\bkbfhklv f_"~m ~&Kbglit b ¢Zaf_jZfb q_
rmb N hd fbdjhf_1jZ ih jZaebqguf jZ"bmkZf fZehlu

kb]zZz ie_kzZ Chdhkljh\kdZy BfzZzg”jZ ha BfzZg"jZ
Rijb ebg_cphdjb kl_i_gghxbkeh wda_f

JZ7bmk aZ\bkbfhkib az\bkbfhklb ieyjh\
| _j_"~gbc
I _j_"~gbc "bZ]hgZevguc
;hdh\hc
AZ~gbc




LZ[ebpZz JZkgbke _ggzZy ™MebgZ lihbed luj f jZ "bmkZf
g _rmb b gZ[ex® _ggZyKrebfgzm fZehlugbgdh\h]h kb]Z ie_
Chdhkljh\kdZy BfZzg”"jZ ha BfzZg”"jz

h JZkgbke_ggZy "ebgz ff ih q_lujG4remiggizy "elbgz ff
_<Z|'(a rmb F “ P dhe \h wda F“P dhe \h wda
i -

hA I _j_"gblc 1
] | 1_i_~gblcrbZlhgzevhdh\he  Azngbe — (KN Kf_siab
e _fgz |h~»
guc
P . 9 -
59
5 “ 5
5 5
89
8 ) ! ) ) )
9

ljbf_qzZgh_klhe[bd_ ©kh kf_s_gb_f gz ]h"2 agZq_gb_
gZ:K k_lhe_ldh\ kb]z e_| \uehle_gguo \ Chdhkljh\kdhc [
[i_ ]

M fZehlugbgdhluo kb]h\ \k_o \hajzZklh\ gbkeh ]

hrgh b Ih °_ ih jZaguf jZ"bmkZf g_rmb >ey h[jZI
gbc "ebgu kb]Z bkke_ _~m_fuo \h~h_fh\ gzZfb j_dhi
fZzlv jzaf_j 1h*h\uo dhe_p k i_j_~g_]h "bZ}hgZevg

rmb :gZeba kljmdImju g_rmb ihdZaZe qlh ih wlh
fh gh [he__ g_ldh_ nbdkbjh\Zgb_]h~h\uo ahg m b
M fZehlugbgdh\h]h kb]Z Ij_o ie_kh\ ha BfzZg"j:
f "~m “ebghc |I_eZ b i_j ~gbf "bZlhgZevguf jZ"&
hibku\Z _|ky mjzZ\g_gb_f kl_i_gghc nmgdpbb jbk
oh”bf nhjfmem 7~ey h[jZlgh]h jZzkgbke gby “ebgu f
Ih kb]Z h®Qadn O Q#In ilnRINR~ Mqgblu
\Zy \j_fy eh\Z fu khhlg_keb nzZdlbg_kdmx-*ebgm
e _gghc "ebghc J_amevlZlu kjzZ\g_gby ij_"~klzZ\e g
\brgh glh m kb]Jh\ nZdlbg_kdZy hp_gdZ ~ebgu oh
| jZzkgbke _gghc
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Ex. okynap-MuspoMerpa Bospact, romsl, aeT
Jbk Khhighr_gb_nzdlbq_kdhcKebigub iez ~g_]h

AbZlhgZevgh]h jZAbmRZ g rmhld fbdjhf_1jZ Z KjZ\g_¢
nzdlbq_kdhc ~ekguff k jZkgbke gghc:Kebighan fZ

ehlugbgdh\hlh kb]Z ha Bfzg"jz + 11
Ebl_jZImjZz

;jxalbg < FEIh~u bamq_gby jhklZ ju[ ih gq_rm_ dhkly
[zf Db_\ GZmdh\zZ "mfdz k

<h\d N BBf_lh~bd_ j_dhgkljmdpbb ju[ ih g_rm_ &[
©;hjhd2 :G KKKJ <uk &

=Zedbg deZk g_rmb ij_kgh\h~guo dhklbkluo ju[ Ba'
GBB ha_j b j_qgq ju[ oha \Z L K

Abgh\v_\ 2 FzZgMjbpahKu bkke_"h\Zgby ij_kgh\h’
jul Mqg_[gh_ ihkh[b_ I_jfv 1_jfkd ]hk mg I k

Am[h\z ? F DZrmkblg[ Ggghklb jhklZ b fhjnheh]bb c
fZehlugbgdh\h]Gorkdohzis OD Y D OB WXMWHRNXN R Q& ) H
Bfzg”~jZ \ mkeh\byo bgl_gkb\ghlh I_ogh]_gghlh azZ]jyac
J:G < K +

DZrmebg G Emdbg : : Jbrhwg4tk lggh\h”*gue \h* Km
[ZjdIlbdb dzZd [bhbg”bdZlhju |I_ogh]_gghZhblaz]&®_gb)
J:G k

Dmag_ph\ZJPKkIGju[ b kljZl_]bb bo "bag_gguo pbdeh!

"hdl [bhe gZmd F <GBJH k

Fbgz F Jhkl ju[ f_lh~u bkke_"h\Zgby \ ijbjh*guo ihi
Jhkl "b\hlguo F <BGBLB K +

Fbgz F AZ"Zqb b f_Ih”u bamqg_gby ju[ \ ijbjh&fguo mk
\j_f_ggu_ ijh[e_fu bolbheh]bb F GzZmdZz K *

Fbgz F < De_\_dBRAklV H\hlguo F GZmdz I

Fhbk__gdh AZdbke_gb_ b aZ]jyag_gb_ ly _eufb f_1Z
\_joghklguo \h” Dhevkdh]h K_\_jzZ :iZlblu DGP J:G



Fhbk__gdh EhjBhnbabheh]bq_kdb_ i_j_kljhcdb hj]Zg
ih” \ebygb_f azZ]jyag_gby \ k\_|_ IWHjbéhR\yjpZ <
K +

Fhbk__gdh BRafBg_gb_ kljZl_]bb "bag_gghlh pbdeZ jt
N ckl\b_f ojhgbq_kdh]h azZz]jyag_gby \h~* Wdheh]by

GbdhevkdbclL=hjy ~bgzZfbdb klz~Z ju[ F Ibs ijh

k
ljzZ\"bg B JIMdh\h~kl\h ih bamqg_gbx ju[ F Ibs ij
k
J_r_lgbdh\ X WKlheh]by b kbkl_fZlbdzZ kb]h\uo ju[ F
k
Q_jgh\Zz H N >]_[mZfabl XdIXgbdZ gq_rmb dhklbkluo
b __ ~bzZ]ghklbg_kdh_agZq_gb_ F GZmdZz k

21 7+( 0(7+2' 2) *52:7+ 5$7( &$/&8/$7,21 )25 :+,7(
), 6 +COREGONUS LAVARETUS / ,1+$%,7,1* ,0$1'5% /$.(

( 0 =XERYD 1 $ .DVKXOLQ 3 0 7HUHQW
,QVWLWXWH RI WKH 1IRUWK ,QGXVWULDO (FRORJ\

$ PRUSKRORJLFDO GHWDLOHG DQDO\VLV RI WKH
ZKLWH¢{VK LQKDELWLQJ ,P WKGUOD/DNHW OBRH LQ
JLRQ ZDV FRQGXFWHG 7KH PHWKRG RI WKH OHQJ
ZDV DGMXVWHG DQG LPSURYHG

HKH;?GGHKLB IBL:GBY FHEH>B DMF@B
SALMO TRUTTA/ < IJBLHD: O HG?@KDH=H HA?J:
< HK?GGBC [?JBH>

= E_]mB : Lujdbg

I _ljhaz\h~"kdbc Jhkm~Zjkl\_gguc mgb\_jkbl_
Bgklblml \h~Aguo ijh[e_f K _\ jZ DZjGP J:G

Bkke_~h\Zgb_ iblzgby k_]lhe_Ihd b iijbljlydze dmf
Hg_"kdh]lh ha_jzZz j_db Hja_]Z ;hevhEygMyx b GJlemi
ihdZazZeb qlh ju[u ijh~"he ZxI| iblZlgkkI\hhbjgllegkb\
gby ibsb ih kjzZ\g_gbx k e_Ilgbf gZ]mesgki\i goph"hf
kgb Z_lky Hkgh\guf dhjfhf ju[ \ j_dZojogdZIBEphfBo b



eh”b dmf'b y\leyxlky “hggu_ [_kiha\ihghdjguigu\ hke
hjlZzgbafu = ebgbgdb jmqg_cgbdh\ glgfygu dhMhahd b
g_c hk_gvx gZqZeh ghy[jy \ jZpbhigpffhdh2bbdmf I
pbhgguo h[t_dlh\ iblZgby hj]ZgbafoyaRh[[hegvhkiZ \c
dhebq_kI\_ g_oebdb gZa_fguo b \ha/hmg'bd hg @k _dh
kghkbfuo k gZa_fghc ihg\u hk_ggbfbyibljZfb beb ~h

<\_"_gBkke_"h\Zgbyf wdheh]bb 6B RYWRIW /KXW
[ gZ ?\jhi_ckdhf K_\_j_ Jhkkbb \ Ihf gbke_ b bar
ju[ ihk\ys_gh ~“hklZlhqgh [hevrh_ dhebqg_kl\h im[¢
eh\Zz RmkIlh\ b 7] b "j @ H~”"gZdh [hevrZ
"h\Zgbc \uiheg_gZ \ e_Igbc gZ]lmevguc i_jbh” "ba
gby h Ihf gZkdhevdh mki_rgh ijh*he Zxl| iblZlvky |
kljyldb dmf'b \ g_j_klh\uo j_dZo k ihgb _gb_f I_
h[jZzah\Zgb_f e_~h\h]h ihdjh\Z gZ j_dZo ~hklZlhqg
FZl _jbZe b f_IRheh”v dmf b k_]he_Idb b i_kljyl
l[j_o g_j_klh\uo j_d Hg_"kdh]lh ha_jZat lhhéviGhc ML
emdku £ hleZ\eb\ZezZkv gZfb \ | _q ogpgtbho g _kegpeVvdb
] £ kdhgpZ k_gly[jy by'h gZqZEBlgdy|
jZkiheh ™ _gu gZ aziz~ghf [_j_]1m Hg mK&HE]b-MHgajZ
12 \iz*"zZx1 \ jZchg_ > _j \ygdkdhc [molgZchgvrkKy M

kdhc Im[u

Ju[ gZ ihjh]Zo b i_j_dzZlZo hlezZ\eb\Zeb-k ihfhs
lh we_dljheh\Z ijh\h”"beb baf_j gby bale_dZeb °
kjZam nbdkbjh\Zeb kibjlhf Bkke_"m_fu_ j_db

rb_ jzZaf_ju \ij_~ eZo g_kdhevdbo ~_kyldh\ dbet
\_IkI\_ggh g_\ukhdb_ ih gbke_gghklb ihimeypbb
hleh\ ju[ ba dZ ~"hc j_db fu khagzZl_evgh h]jZgbqghb
Dzf_jZevgZy h[jzZ[hldZ ijh\h”*"bezZkv kh]eZkgh
guf Z 1zZzd"_ kh\j_f _gguf f_Ih*"bdzZf >F _|Ih”"bqg_kdh
@lbs_\hc dhfhd bale_dZeb ba ~_em”dh\ ju[ "e
gby h[s_]h bg”_dkZ gZiheg_gby Ih”kgblu\Zehkv
gbafh\ £+ h[s__ b ey hkgh\guo dhjfh\uo h[t_dlh\
\klj_gzZ_fhklvb “hey hkgh\guo dhjfh\uo h[t_dlh\ h
\k_1h dhj3Z ZBzZd" | Zji7Z kkkqpok b \4De k7 ditioffiiesl haikey wdk g
kbl _evghc agZgbfhklb ,5 H[sbc bg”_dk gZiheg_



kgblu\Zeky \ ijh"_pbfbed&d hlghr_gb_ \_kZ ibsb f
\_km ju[u ] mfgh _gghc gZ \_ebgbgm -<k_]h
gh iblzgb_ wda k_]lhe_Idh\ b wda i_kljylhd ¢

J_ameviZliu b h[kmBkkegb*h\Zgby iblZzgby fheh”b di
ijblhdZo Hg_"kdh]h ha_jz \ jZagu__ jkjhlddu +tbgih@qZe Z
g_c hk_gb ] £ ihalhebeb mklZighhlplgklekl'bmxsb_

< gZqZe_ hk_gb £ \ k_gly[j_ \ J GChagghdk _ ijb
iehc ihl]h”_ k_]he_Idb b i_kljyldb dmfeyx@dbagh il
"mrguo b gZa_fguo gZk_dhfuo e_IlZxshéumbeb\ _jo

kghkbfuo gZ __ ih\_joghklv <k_ ihjaZaZlg2kllhiblZ
1Z \klj_qZ_fhklb gbkeh hjjZgbafh\ ‘thibdhftey+\ ib
AhklZIhggh \ukhdb_ 1Z[e Ba “hjggyezgZk| dhf

djmigu_ nhjfu =+ ebgbgdb jmqg_cgbdh\ \gkfyghtd”_g
LZ[ebpZlblZzgb_fheh”b ha_jghc dmf'b \'j G_emdk_

IlhdzZazl_eb K_lhe_|ldb >\mjoe_Idb

KhklZ\ ibsb Q 1 Q 1

&KLURQRBLGDH

&KLURQR®LGDH

6LPXOLGDH - - - - - -

(SKHPHURSWHUD - - -

30HFRSWHUD 9
7ULFKRSWHUD
lihgb _ 5

,QVHFWD bfz]h km[bfz]h

H[sbc bg”_dk gZiheg_gby —

'+‘ I+

H[s__ dhe \h hj]ZgbRfh\ Wd—a:

>ebgZ ju[ :< kf

+

I+

<_k jufu ]

+

I+

Dhe \h ju[ wda

ljbf_qZgbA~_kv \ |Z][e + \ gbkebl_e_ + kj_"g__-\ agZzZf_
fZevgu_ b fZdkbfZevgu_ agZq_gby Q % gqZklhlZ \klj_qZ_fhk
1 + kj_"g__ dhebqg_kl\h wda_fieyjh\ & hiighé_Theibhsd\h]h dhfdZz



G_kfhljy gZ \ukhdmx ibs_\mx p_gghlelldebhjpofid b
fbr b fhr_d \ jZpbhg_ ju[ hgb aZghbdB&Kkletvqghgvfg_a
klh \hafh gh ba azZ k\hbo fZeuo jZaf_jh\

< k_j_"bg_ hk_gb £ \ hdly[j_ ijb j_adhf -kgb _gl
juijhbkoh”~bl fzkkh\h_ hifbjZzgb_ gzZk_dhfuo qlh h
jZpbhg_ fheh~b dmf'b j Hja_]Jb BfZ]lh gZk_dhfu«
_“bgbqggh \klj_qzZxlky m k_]he_lhd b iheghklvx hl
kljylhd 1ZJ[e Ba “hgguo [_kiha\hghggu-o hiylv
xl djmigu_ hj]Zzgbafu b \i_j\mx hq_j_"v ebqgbgdb

LZ[ebpZ Iblzgb_ fheh”~b ha_jghc dmf'b \ j Hja_]_

IlhdZazl _eb K_lhe_|db >\mpe_ Idb

KhkIZ\ ibsb Q 1 Q 1

&KLURQRBLGDH - - -

&KLURQR®LGDH — - - - - -

6LPXOLGDH - - -

(SKHPHURSWHUD

3OHFRSWHUD

7ULFKRISWHUD 55

ljhgb _ - - - - - -

,QVHFWD bfZ]h km[bfZ]h - - -

H[sbc bg”_dk gZiheg_
gby

I+ ‘
I+

H[s__ dhe \h hj]Zglbafh\
wda

I+
I+

>ebgZ ju[ :< kf

I+
I+

<_k jufu ]

I+
I+

Dhe \h ju[ wda

Bgl _j_kgu_ hkh[_gghklb iblZgby fheh”lhkdmf b
gvx = \ ghy[j_ dh]*"Z g_j_"~dh m  _y\eiguzgk kg gz \
j ;hevrZy My < "~ _em”dZo m k_Jhelflibd &pZjyRhiykho
ebgbgdZfb jmg_cgbdh\ gZ[ex~Z lkyh[hkVbphrbadheb
bfz]h djueZluo b gZa_ fguo gZk_dhfu¢gmagmé&gbdig_ o
[Z[e Fh gh “himklblv qglh fheh™x_ dnbfgklbdpgh®he
dib\gh kh\_jrzZlv [jhkdb b ih*[bjz_I k*uhf_jbglklb \



gZa_fguo b \ha"mrguo gZk_dhfuo g _kdlh glsbBdih£dl
ibs_\hc p_gghklb <_jhylgh wlb \ukmrk"gg\W x IgkZk\ dl
j_db k ihg\u b \ukr_c jZklbl_evghklibfbevigdfb hk
Z mdmf'b ©g_ ijhiz~Z _12 ibs_\hc jongZ#k dyfupZa _f

LZ[ebpZ IblZzgb_ fheh”b ha_jghc dmf'b \' j ;hevrZy M

IlhdZaZzl _eb K_lhe_|ldb >\mjoe _Idb

KhklZ\ ibsb Q 1 Q 1
&KLURQRBLGDH 5
&KLURQR®PLGDH - - -

6LPXOL/GDH - - - - - -
(SKHPHURSWHUD — — — — — —
3OHFRSIWHUD — — — — — —
7ULFKRSWHUD
ljhgb_

,QVHFWD bfzlh km[bfZ]h 55

H[sbc bg”_dk gZiheg_gby N

H‘ I+

H{s__ dhe \h hj]Zgblafh\ wda

>ebgZ ju[ :< kf

I+
I+

<_k jufu ]

I+
I+

Dhe \h ju[ wda

lh \bAbfhfm 1Zdb_ kbIlmZpbb \hagbdzZxl "hklZlhc
_keb \ k_j_"bg_ k_gly[jy gZzk_dhfu_ b ~Z - bgh]”
ebkv ijzdlbg_kdb \h \k_o "_em”~dZo fheh”b dmf'b
My b Hja_]Z b \ [hevrhf dhebq_kI\_ Ih \ k_j_"bg_
iheghklvx hlkmlkl\h\Zeb >Rmklh\ b ] @
JZg__ [ueh mklzgh\e_gh qlh hk_gvx dmf 'zZ \
kdhlh djZy b DZj_ebb ijh*he Z_1I iblzZlvky -gh bgl
lZzgby \ wlhl i_jbh” agzqbl_evgh kgb Z_Ilky >Rmk
Rmklh\ ; _eydh\Zz @ :gZeh]lbggZy Kk
yle_gZ b gzfb 2?keb e_Ihf \ ijblhdZo Hg_"kdh]h
gZiheg_gby " _em~dh\ khklZ\eyeb \_ebgbgw \ ij_~
NZ®  [he__ >Rmklh\ b ~j @ Ih \ hk_ggboc



lZz[e + wlhl ihdZaZl_ev bgl_gkb\ghklb iblZgby
g_ Lzdzy " _ aZdhghf jghklv onZdI jgZ b e
kgh\h’\gh]h ehkhky \ ijblhdZo Hg_"kdh]lh ha_jzZ \ &
hgb 1Zd"_ iblZxlky djZcg_ keZ[h >Kfbjgh\ b ~j

Ebl_jZImjz
Djueh\Z KDKf'BDOPR IWUBMeEWIIDdh]h ihemhkljh\Z :\Ih
"bk « dzg” [bhe gZmd |I_ljhaz\h~kd k
F_Ih~bg_kdh_ ihkhblamqg_gbx iblZgby b ibs_\uo hlgh
ju[ \ _kl_kI\_gguo mkeh\byo F k
Kfbjgh\ X : Rmklh\ X : Oj_Doddr\dk jbklibd_ ih\_"_

gby b iblZgby fheh”b hg_“kdh]h ehkPRY $RD R/R ED.IORO bl
\ abfgbc i_jbh~ <hijhku bolbhehjbb K L =

Rmklh\ X ;_eydhhNzZIZ2ghG fheh”b ehkhk_\uo ju[ \ t
gbc i_jbh~ Mg_g aZzi I_Ilj=M < K

Rmklh\ X : < k_eh\ : ? ZpJZ_g\bE fheh”b ha_jght
dmf'b 6DOPR Wl;JXd\/ZW[DZkk cgZ Hg_"kdh]h ha_jzZ \ hk_

Wdheh]lby < K

Rmklh\ X ;_eydh\z ? G K< albhgghl\ chRh[_gghklb il
[Zgby ju[ \ dmf _\hc j_d_ ;hevrZy My [Zk Hg_-kdh]h h
iu wdheh]bb L < K +

Rmklh\ X : Lujdbg B : SmjhhhRhEbgb kgb - hkh[_g
ghklb fheh”b ehkhk_\uo ju[ \ j_dZo DZj_ebb b Dhevko
| _ljhazZ\h”~kd 1_lj=M k

Rmklh\ X Lujdbg B : JZKilmsbdZy?dh@dmj_gpby
hfudgh\_ggh]h ihrdZf_gsbdZ b mkzZlh]h ]hevpzZ k fheh”
j 6DOPR \ ijblhdZo Hg_"kdh]h ha_jZz =b~jh[bhe "mj¢

K -

Y((',1* +$%,76 2) -89(1,/( %52:1 75ABMO TRUTTA /
1 7+(5,9(56 2) 21(*2 /$.( ,1 $87801

$ * /HIXQ $ 7\UNLQ

SBHWUR]DYRGVN 6WDWH 8QLYHUVLW\
l1RUWKHUQ :DWHU 3UREOHPV ,QVWLWXWH

7KH VWXG\ RI QXWULWLRQ KIHMXY HEX\W B UELWHR/ZRI &
ULYHUV 2UJHJD %RO VKD\D BXW BOR® RIHO X NWKR Z
WKDW WKH (VK FRQWLQXH \WR HPR\G ZHR3Q0/ XE>S\W/ WRk
SDUHG WR WKH VXPPHU IHHGKX® & \5 HULHR ® DALQ Q LVKF



LQ WKH ULYHUV LQ WKH UDWURXW QE ZKRIXVY R L (
DQG PDLQO\ VXFK ODUJH RUJD@UNDHDY QK Q\PSI
BOHFRSWHUD DQG (SKHPHURSWHKHDODWHZDXWRRQ
I1RYHPEHU WURXW ¢QJHUOQGL QINGHDHN DDORWVD RH RN
KDYH EHHQ GHPROLVKHG IURP WKGG RRXQGLQYREW
WUDGLWLRQDO IRRG LWHPV JRREHQWKRY RUJDQL

JHEV F:DJHAHH;?GLHK: < IBL:GBB HDMGY
EBLHJ:EVGHC AHGU HG?@KDH=H HA?J:

& Eh[Zgh\ZB Kb~ hjh\z

| _ljhaz\h~"kdbc Jhkm~Zjkl\_gguc mgb\_jkbl_
BgklbIml \h~rguo ijh[e_f K_\_jZ DZjGP J:G

< ~Zgghc klZlv_ ijhZgZebabjh\Zgh iblZgb - fheh"k
jZeb 1h\_g_pdh]h aZeb\Z Hg_"kdh]h ha_jZ IhdZaz
[ _glhk b]jZ_| kms_kI\_ggmx jhev \ ki_dlj_-iblZgb
kib [ZcdZevkdbRH®B®EQRLGHYV <l BV FHXWiXybh” ~he
* IDVFLDWXMZkk_ khkiZ\ey | ibs_\h]h dhfdz
i_jbh” m\_ebgb\Z_lky ~h

>ey m\_ebq_gby dhjfh\hc [Zau ju[ ijh\h”beb ij_~
bgljh~mdpbx \hAguo [_kihal\hghqgguo >; dfZg

Lzd \ + o ]] ZfrHHIOWZQRLGHYV 6 VDN EE D@/

ba ha ;ZcdZe [ueZ i_j g _k _gZ \ =hjvdh\kdh _
gZj <he]_ >B\Zgh\ @ b\ ha_jZz DZj_ewvkdh]h
\Z @ <ihke_"kl\bb \b" \k_e_g_p mki_rgh Zdd

ky b gzqZe ijhgbdZIiv \ Ajm]b_ \h~h_fu ih kbkl _f_
* IDVFLWeNa@d| ]bkljbjh\Zg \“hev x]h aziz~gh]h [_

kdhlh ha_jzZz >; j abgzZ 1zZgh\ @ < -] [Zcd
f_ qg_g ijZdlbg_kdb ih \k_c eblhjZeb Hg_"kdh]h ha
N @ Ihkdhevdm fgh]lb_ [_glhkhy”gu -jufu ib

jhrguf \b~rhf kms_klI\m_| g_h[oh~bfhklv bkke_ ~h\.
iblZgbb ju[ Hkh[uc bgl_j_k ijbh[j_1Z_| bamqg_gb_
kdhc ZfnbiG"UDVFgBVWXWjZeb Hg_ "kdh]h ha_jzZ ]
e _gghklv bg\Zabhggh]h \b”"Z fZdkbfZevgZy >Kb”~h



FZI_jbZe ih iblZgbx ju[ [ue kh[jZg \|jbxid_ ]
fhsb Zdlb\gh]h kihkh[Z meh\Z m~hqgdlj k-ihyg\Z
fhsvx jZaghyq_bkluo k_Il_c \ DmfkZ JmEZeblh\_g.
\Z Hg_"kdh]h ha_jZz =em[bgZ hleh\Z hu[u khklZ\
[bhlhi ij_~klZ\e_g behf k aZjhkeyfb hj\hlglgihjhz h[
SKUIJPLWHYV XXVWU[iWethVv\ueh\le_gh [he_- w d
jh\ hdmg_WkzZ AXYLDWLIKLYgyy “ebgZ | _eZ h[jZa
$' khklzZ\bez k f * kf ijbklkj ~g_d f

+ ] < ] kj_~gyy “ebgZ |I_eriZ ' "Hkldz \
1zez k f + kf ijb kj_~glc f2kk] - LZ
dbf h[jZzahf gZfb bkke_"h\Zgu hkh[_heghkhlbraplZc
hij_~_e_gghc gZklb ihimeypbb ij_~kdghcefglgkhc \ |
fheh”ufb hkh[yfb hl ~h H[jZ[hddZhiji\$r*beZz
ijbgylhc f_Ih*bd_ >Jmdh\h”kl\h @ IDAY4Ig
g_glu ibs_\h]h dhfdZ \a\_rb\Zebkv gZdhKkklhhgg guc
ghklvx ]

Dzd ba\_klgh iblzgb_ k_]lhe_lhd hdmgy-\ Hg_~
bfms_kI\_ggh iezgdlbg_kdh_ gz \Ihjhf Jh~m “bag
oh”bl d kf_rzZgghfm iblZzgbx [_glhkhf b ieZgdlhgh
hdmgy iheghklvx i_j_oh”yl gZ iblzgb_ [_glhkhf b

gm\ jZaf_jh\ kf b [he__ fheh”v i_j_oh”bl gZ ob
jZa "bagb >Bx"bgZz @ :gZeba ibs_\Zjbl_evguc
\ e_Igbc i_jbh~ ] thdzZaze qlh ki_dlj iblZgby

e_g lhevdh [_glhkgufb hjlzZgbafzfb ~_Iljblhf b jZ
hklzldZfb Ihkdhevdm f_klhh[blZgb_ feZ”rbo \haj
hdmgy kh\iz~Z_| gZ eblhjZzeb Hg_"kdh]lh ha_jzZ k
fZevghc gbke_gghklb bg\Z&bHoyHFEBD\WXA>Kb"h

jh\z @ ih qzZklhl_ \klj_gZ_fhklb \ ki_dlj_ ibl.
jh\Zze \bA \k_e_g_p WIhl \b” h[gZjm _g \h-\k_o b
jZapZo _em~dh\ djhf_ Ihlh \ \klj_gzZxlky ebc

(SKHPHURSWHUD b jmq_cjbkdh\ 7ULRF&R8W H LbB _
\Zjbl_evguo ljzdlh\ h[gZjm _gu ebgbgdb &KLURQ
hklzldb fzdjhnblh\ Ijbkmlkl\h\Zeb 1Zd _ dmdhedb
\h"gu_ de+tIsBUDFDULQD \I$"WHOO X¥eDjaXDhVXFX)\
ebgbgdb mdh\ &SRO RMRSWHDID_ fheexkdb %LYDO"



Donna, %

()‘ﬁto
&‘*& KomnoHeHT
Qo M No BcTpeY4aemocTi E no buomacce
Jbk Ki_dlj iblzgby fezZ”rbo \hajZklguo ]jmii

hdmgy \ e _Igbc i_jbh” gZ eblhjZeb Ih¥ g _pdh]h a:
Hg_"kdh]lh ha_jZz
GZfb ihdZzazgh qlh \ e_lgbc i_jbh”gihjHbhdB kk _
ebgbgdb ihfS§MHPHURSWHUD * | DPNAFHLiB PAX V

b jmg_cgbdb 7TULFKRSWHUD Imkg hbve bbb jbEI el
eh\ ih I_ljhaz\h*"kdhc Im[_ Hg_ "kdhdh\h& hjghiq»_\
gbb \u~_eyxlky ih”_gdb Zfnbhre’yuhklZevguo
hjlZzgbafh\ fZezZ >BevfZkl Dmqdh @
JZkkqgblZgguc gZfb bg”_dk gZiheg_bbyi “jbedm~rdh)\
\ Ih\_g_pdhf aZeb\"  [ue * glh gb”_ kj_"g_1]h bg
kz h[gZjm _ggh]lh 1Zzd _ \ e_Igbc khfalhg Gf -<DnBe v f
dh > @ gZ eblhjzZzeb I_ljhaz\h~"kdha g u Khg e Zd f
gh "Zgguf wibo Z\Ihjh\ kj_"gyy \_kbh\leyzZHg”_dkZ
+ Wlh y\e_gb_ fh'gh h[tykigbhlxujtaebqgbyf

\hajZklguo ]jmii hdmg_c gZrb "ZggulhapgekigZeb ju
fZl _jbZeu ih I_Iljhaz\h~*kdhc Im[_bG ¥ Bewvddlkl.
> @ \dexqZeb \hajzklgu_ ]jmiiu hdmg_c b



:gZeba ibs_\Zjbl_evguo ljZzdlh\ \ abfgbdhid4Zbh”
aZe qlh khklz\ ibs_\h]h dhfdZ hleh\ehlgdyua etkd/m ¢
jZaghh[jZab_f Iheh\bgZ meh\Z hdZagmbdkzfk beblu
k i_j_\Zj_gghc ibs_c QZzklhlz \klj_gghfink\b" "&Zg\z
G IDVFALDWgGWc i_jbh” hdZaZehkv gb _ bkkhklZ\be
gh ih [bhfZkk_ “hey \b"Z \k_e_gpZ DhraffhkKePh *h
‘_em”dZo [ueb h[gZjm _gu fZevdb julab2&d® D MbDk

70%

60% -

50%

40%

30%

Aonsa, %

20%
10% -
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Gmelinoides fasciatus Mansku peif Odonata

M no 4acroTe BcTpedaemocTw (%) B no buomacce (%)

Jbk Ki_dlj iblzgby feZ”rbo \hajzZklguo ]jmii
hdmgy \ abfgbc i_jbh” gZ eblhjZeb Ih\_g _pdh]h az
Hg_“kdhlh ha_jZz

>Zggu_ ? | =hjeZq_\hc > @ ih iblZgbx hdm
e_c kms_kI\_ggh hlebgzZxlky hl ihemg_gguo j_am
kdhf ha_j_ LzZd \ ha :jZoe_c hdmgv bf__1| rbj
ki_dlj dhfihg_gl >hfbgbjmxs_c ibs_c hdmg
\ hkgh\ghf ju[Z ZjZoe_ckdZy i_kqZgERFR\WWIX¥
NHVVOHUL DDODDFKMDVDbV[_glhk ebgbgdb objh
f_g_gh qglh \ dhgp_ ijhreh]h £ gZqZe_ gug_rg_]t
gbb hdmgy ijhbahreb kms_kI\_ggu_ baf_g-gby <
[e_gb_ hdmg_f ju[u ba ha :jZoe_c khdjZlbehkv b
m _ khklZ\eyeb ebgbgdb objhghfb® b ~Zngbb <
fy hdmgv iblZ_Ilky *"Zngbyfb b \BP*hfD\XF & ®ypX ¥V



lhjuc khklzZ\ey_ | ~h ih fZkk_ hl ibs_\h]h dhfc
ghf zZki_dl_*heVFLADWIXYgbb hdmgy ha :jZoe_c
gh f_gy_I|ky >=hjezZq_\Z @ LzZd \ fZjl_ hg aZc
fZkk_ ibs_\h]h dhfdz < fZ_ hdmgv iheghklvx i_j
IZgb_ gm _jh~rguf \b"hf < bxg_ ibs_\hc dhfhd hd
ghklvx ij_"~klZ\e_g dmdhe dZfb objhghfb” -\ue_I d
oh~be \ wlhl i_jbh” < bxe_ \b” \k_e_g_p m _ khl
fZkk_ km[*hfbgZglhf \ukImiZxl ebgbgdb objhghfl
"hfbgbjmxs_c ibs_c klZgh\ylky *Zngbb ih fz
* IDVFLDVEXN"™h lh~"h[gZy kbImZpby gZ[ex"Z
[bgkdhf \h*hojZgbebs_ >Dbyrdh b 7] @ 1ijb b
gby [ugdZ pRPYBRMWHURSKLQXVZ Pd\eR RAUDYWZIVi b i h
NZ y\eyeZkv \lhjuf ih agZqbfhklb dhfihg_glhf ibs
iZeZ ebgbgdzf objhghfb” ih bg”_dkm h[beby gh
ih qzklhl_ \klj_gZ_fhklb Ijb wlhf gZ[ex*Zxlky k_
g_gby \' __ihlj_[e_gbb < bxe_ wlb *\ZDNd&ZDIN Xe\
[ueb fZdkbfZevgufb m f_edbo ju[ b fbgbfZevgufb
< Z\Imkl_ b k_gly[j_ dZjlbgzZ h[jZlglDyV <kbaM X[V _
gh\blky j_~dbf b fZehagZqbfuf h[t_dlhf m {hevrbg
guo ]jmii ju[ aZ bkdexq_gb_f kZfuo djmiguo hkh]
hg hklz _Iky "hfbgzZglguf gh k hq_gv gbadbf bg”_
Ebl_jZImjgu_ fZl_jbZeu "“hdZau\Zxl glh \b-
* IDVFLOWX\WWq_gv \Z guf ibs_\uf h[t_dlhf qzZkl
ju[ b fheh”b ju[ \h \k_o j_pbib_glgu&Gadhkbkl_
f_j \VEZ"h kdhf *halDVF kDA¢XWWaex[e_gguf ibs_\uf

h{t_dlhf gZebRMID ORWDZkl  « hdmgy  «
_jrZ*\PQRFHSKDOXV< FHPKkXWf \h hojZgbebs
iZghd 1h _ khklZ\ey | hkgh\m imffakk _ \ it
d_ \ iblZgbb k_]he_Idh\ gZebfz Ah fk-_eljbq_

gby* IDVFL®A2eXY wlh]lh \hajZklZ iblZeky-~jm]bf
al\hghggufb bahih”Zfb \h”gufb gZk_dihfwfibph b q
ieZzgdlhghf < ha HIljZz*ghf E_gbg]jZiijkédfyd hle
pbb ahh[_glhkZ ihlj_[eyehkv hdmg_fb «ebgbh ~Z°
ff hdmgv iblZeky ij_bfmsIIRMEg§®HWwW XV
fZkku >%HUH]LQD 6WUHOQLNRYD @ ,_j_ab



GZ hkgh\_ \k_]h \ur_baeh _ggh]lh fh gqlhj_"ihe
bg\Zaby gm _jh~rgth ] hD\WPEDHW Xk dh_ ha_jh ijb\_ez
agZgbl_evguf baf_g_gbyf \ khklZ\_ ewvskdhgdniZgy ;
nbihr"zZ zZdlib\gh ihlj_[ey_Iky hdmg_f fueaZ?jmoi \haj.
gZ eblhjZzeb Ih\_g_pdh]h aZeb\Z Hg_Id&lbdd]h ha_j
jbh” Ahklb]Zy ih [bhfZkk_ ibs_\hgbcdhfjdz \ a
h~r “hey jZzqdZzZ ih [bhfZzkk_ m\_ebqbafh Ikly - Yha
f_g_gb_ _1h jheb \ iblZgbb hdmgy KlydZgia hkh
g_ggh]h pbdezZ kZfh]h jZqdZ dhlhjukedh ]Jim kesh \jo2y o
bf__ I h*ghl]h®"bgguc "bag_gguc pbde kul*mgsjZpby!
]Jh b Il_dms_]h 1hrZ >Kb”~hjh\z @

Ebl_jZImjz

;_dfZzg F XWdheh]lby b ijhomMEAPKYRSXV BS8RA/VROVL
*PHOLQRLGHW®WB\EELDWLV Ebfghe bg IZ Kb[bjkdh]h h
KKKJ L q K +

y_j_abgz G I _ljyr_\ < < REyg_gbG gm _jh™rgud
\b~rh\ \ukrbo jZdhh[jZaguo \ dhglbg_glZevguo \h~h_fZo
Jhkkbb K[ e_dpbc b "hdezZ”~h\ f_""mgZj rdheu dhq
[bheh]bb \gmlj \h~ bf B > 1ZiZgbgZ J:G ;hjhd + g
kljhfz K +

;_j_abgZ G : lIZghl\e&e ¢g?b_[ZcdZevkdhe HOnbQRNUG HV
IDVFLDIPSKLSRGD &UXVWDFHD \ Hg_"kdh_ ha_jh
L < K *

=hjeZq_\Z Phdv gqm _jhrghmHO@LDY RLGHVibDX/dgHD W X\
hdm@WUFD AXYLDWLOLNa/ljQ QjZid ¥ Vc Mqgq_g azZi AZ

< K *

B\Zgh\ <KOmdImjZ b \azZzbfh”_ckl\b_ \ khh[s-_kI\_ fZ
\hghgguo ijb[j_"vy Ju[bgkdh]lh \h”hojZgbebsZ ijb ~hf
*PHOLQRLGHV6WNEED@IXY Qm _jhrgu_ \b”u \ =heZ
JHD L_a "hde ]Jh f_"~"mgZzZj kbfiha ih bamqg_gbx &
;hjhd Jhkkby k_gl = hdl ] Ju[bgkd ;hjhd

BevfZkl G < DmiZdidXevkdbc [HWPHOIQRLGHY IDVFI
dzZzd dhjfh\hc h[t_dl ju[ eblhjZevghc ahgu Hg_"kdh]h h
ju[heh\kI\Zz L < K *

Bhnn_ P H{ahj \uiheg_gguo jZ[hl ih ZddebfZlbaZpbb
[ _kihal\hghgguo “ey ju[ \ \h*hojZgbeéBdID Ba\L=hk
K %



Bx"bgZ ? DN[bheh]bb fheh” "t HUkZgAXYLDMY-OLV
kdhl]h ha_jZ Li DZj _eh Nbgkdh]h hi*_e _dby,,sGBH
K +

Dbyrdh < B OZevdh G< :<BO@fZgwdhhklv ki_dljh\
iblzgby [uqdZ pRPRWHURUKLQXV P BEPRODW XV
*2%,,"$( £ gh\h]h \b”Z \ Ju[bgkdhf \hhhod ZBbeks _

k

DmozZj \ < B |lheydh\Z L GJZkjijbgtig :gk -[ZcdZe

kdhc ZfnbiWPHOLQRLGHY IDVFLDWXV \ $HgSLERGD &

ha_j_ Ahhe "mijg L < & *
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HP?GD: KL?I?GB A:=JYAG?GBY FHJKDBO
:D<:LHJBC < A:EB<? I?LJ: <?EBDH=H YIHGKDH"
FHJ? IH KH>?J@:GBX F?L:;HEBLH<
IHEBPBDEBQ?KDBO :JHF:LBQ?KDBO
M=E?<H>HJH>H< < @?EQB >:EVG?<HKLHQGH(
DJ:KGHI?JDORBIBOLODON BRANDTII '<%2:6.,,

Bklhfbgs G ; _evqg. \X A\ly]lbgp_\

Lbohhd_Zgkdbc hd_Zgheh]bqg_kdbc bgklbIml bf <
><H J:G <eZ”b\hklhd

BgklbIlml [bheh]bb fhjy ><H J:G bf : < @bjfmgkec
><H J:G <eZ”b\hklhd

< n"Zgghf bkke_~h\Zgbb [ueh hij_"_elghedh\j Zg
I:M \ "_eqb "Zevg_\hklhgghc 78/jZERIORGR QUEUDQC
eh\e_gghc \ jZaebqguo Zd\Zlhjbyo a4bkb\¥iHgljZ -
kdh_ fhj_ ;ueh ihdZazgh qlh kh™)\j'IZ®gb\ f dZ[he
gb ju[u ba zZd\Zlhjbc klZgpbc Fhj]lhjE%bd bfimlodbc
Ahehlhc Jh] agZgbfh \ £+ jZa \uk_ _ibgkjZ\a [ doheax

ijb[j_"guo \h™ k_\_jh \hklhgqghc gZkhZfrdjkadh glvIZZ
lu 1Zzd"_ ihdZazZeb qglh bkihevah\ZdguZdvgh?knhjsZ ™ Z
kI\mxsmx dZjlbgm aZ]jyag_gby \ bkkeydh\Zgguo Zd

<\_" glKj_~b Ihdkbdzglh\ ih\k_f_klgh jZkijhklj
\ hdjm Zxs_c kj_"~_ b ozZjzdl_jbamxsboky -\ukhdh
ghc hizkghklvx “ey a~hjh\vy fhjkdbo hjl]Zgbafh\ \
pbdebqg_kdb_ ZjhfzZlbg_kdb_ m]e_\h~hjh~u beb it
<h~gu_ hjl]Zgbafu fhlml ihlJehsZlv fgh]b_ ba wlbo
Ihdkbg_kdbo mjh\g_c b f_IZ[hebabjh\Zlv bo ~h ijh
dhlhjuo fh™ _I [ulv ~Z"_ [he__ hiZzkghc q_ fjh"bl €

kiI\bx I:M [ueh hIf_q_ gh m\_ebqg_gb_ Ihjhdh\ JZa\b
klz"byo "baghb aZf_"e_gb_ jhklZz b kgb™ _gb_\u'b
HW DO ,QFDUGRQD HW DO @
G_h[oh”bfhklv wdheh]bg_kdh]h fhgblhjbgl]Z az
_fI:M \ fhjkdmx kj_~m Ij_[m_I| bkihevah\Zgby wdk



hij_~_e_gby wilbo IhdkbdzZglh\ \ IdZgyo ]b”*jh[bhgll
eh’_gguc Ebghf b _]h dh e )] HH0C BHEMHTINDRENBANIOLG
cence + f_Ih” nemhj_kp_gpbb gZ nbdkbjh\Zgguo *
y\ley_I|ky [he__ ijhkluf b ~_r_\uf f_Ih”*hf hij_~_e_
f_1Z[heblh\ I:M \ " _eqgb ju[ Z 1Zd _ iha\hey_I| Zg
[hevrh_ dhebqg_kl\h h[jZaph\ aZLdhHWIDO\j_fy &
P_ev gZklhys_c jZ[hlu khklhyezZ \ Ihf qlh[u f_Ih
p_gpbb gZ nbdkbjh\Zgguo “ebgZo \heg ijh\_klb
hp_gdm aZ]jyag_gby jZaebqguo Zd\Zlhjbc aZeb)\.
Yihgkdh_ fhj_ ih kh~_j Zgbx f_IZ[heblh\ F:M \ ~_
\hklhgghc djZkghiLEHRORGRQERZINVNQGW L L
FZI_jbZeu b f_lhbkmlklI\b_ f_IZ[heblh\ I:M \ h[j:
pZo ~_egb [ueh ijhZgZebabjh\Zgh mjZkghg_j\hklh
db += ihimeyjghlh h[t_dlZ ex[bl_evkdhKhdug¢h&h\k

kdbc b 7] @ Ju[m hlezZ\eb\Zelh klDgMZehvah)\z
guo kgZkl_c "ey ex[bl_evkdh]h eh\2dh\jhy¥Y@edZggua
eb\zZ | _1jZz <_ebdh]h jbk k fZyKillz ppxelv < b

\ [mol_ Ahehlhc Jh] n c ijbQZe c ijbmgZe
khhi\_IkI\_ggh :d\Zlhjbb klZgpbc <« nz Fhjlhjh~t
< + QZadz <« * KZgZlhjgzZy « + Hd_Zgkd2zy
\hae_ mklvy j ;@]Zlhccc @ KKZZV1@h it K] i) ipwch
[j_"gu_ \h~u \hklhgghc gZklb :fmjkdgpmbyzZebw Z
aZeb\ <hklhd n + gbkeh ijh]

<h”u [molu Ahehlhc Jh] b \hklhgghc ifm[jjkdlghc qz
]lh aZzeb\Z gZoh”ylky ih” Zgljhih]_gduZeltha&h&kh\d _
[ue \u[jZg dZd nhgh\luc jZchg a”_kvkmWahd¥Z]dg_Ik
guc fhjkdhc dhfie_dkguc aZdZagbd ®knZl&kib\msxhklhc
dimigu_ ij_"ijbylby aZ]jyagyxsb_ hdjm Zxsmx kj_"

Ju[m hleZ\eb\Zeb \ |_q_gb_ Ij_o f_kypZzZ\-Z8Zc =
eba hl[bjZeb iheh\haj_euo hkh[_c kah”*gdilh jZaf_]j
<k_]h hleh\e_gh b ijhZgZebabjh\Zgb"Z i "Zggl
ke_ hleh\Z ju[m azfhjzd\Ze&bq+j_a =+ ~g_< ihke_
fhjZz b\Zgby ju[u h”rghjZah\ufb rijbpzZfb H[b{jthf fe
eb "_eqv ba "_eqgh]h imaujy @_e@mwwodZighdhb \ ki
ijh[bjdZo k iehlgh azdjulufb djurdzZfb WYZhjhabev



ijb £+ K\l _g_gb_ + f_kyp_\ ~h ZgZebaZz[hHij_"_
eblh\ I:M ijh\h~"beb kh]lezZzkgh f_Ih*m_ HmgBW DO dl
@ gZ ki_dljhnemhjbf_Ij_ 6 KLPDG]X 5) 3&
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Jbk DZjlz ko_fz klZgpbc hleh\zZ ~ApZigghhkjldigghc

>Zggu_ ij_"klz\e_gu dzZd kj_~g__ agZqg_gb_ 0
nemhj kp_gpbb wfbkkbb kj_ ~g__ agZg_gb_ " k
g gb_F * 6' kj_~g__ agZq_gb_ “ klZg”~ZjlgZy I
F*“6? >ey kjzZ\g_gby kj_~gbo agZq_gbc bkiheva
"ey g_aZ\bkbfuo i_j f gguo S 67%$7,67,&%

J amevlZlu b h[knDZdgithdZaZeb j amevliZlu bkk
gbc kh”_j"Zgb_ 1lj_o Ibih\ f_IZ[heblh\ I:M-[ueh \i
gb “"Zevg_\hklhgghc djZkghi_jdb h[blZxs_c¢c \ [mo
jbk Ke_~m_I| hif_Iblv qlh f_""m kh[hc klZgpbt
Ilhc Jh] jZaebqgZxlky ih kh”_j Zgbx wlbo f_4Z[hebl
gb ju[u kh klZzgpbb <« kh”~_j Zgb_ \k_o Ibih\ f_IZ[F
jZazZ \ur_ ih kjZ\g_gbx kh klZgpb _c « K-h™ 7 Zg
Ih\ 1:M \ ju[_ kh klZgpbb <« Ahehlh]h Jh]Z-[ueh \L
g _gbx kh klzgpbyfb ba :fmjkdh]h aZeb\zZz ~ey f_ 1.
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Jbk Bgl _gkb\ghklv nemhj_kp_gpbb _tbhgilpul £vgu _
[Z[heblh\ I:M

:x k = dhevpZfb ; %= k dhevpzfb < + k = dhevpZfb \ ~_
ghc djZzkghi_jdb ba jZzaebqguo Zd\Zlhjbc aZeb\Z |I_1jZ <_ebd
lhe Jh] c ijbgze [molZ Ahehlhc Jh] c ijbqz-e + Fh
dz + KZgZlhjgzy Hd_ZgkdzZy + KZO0]kjk}_~gt- aagz\ <l
q_gb_ & *6&Kj+xMgi_"qpgZaggm_JbklZgnMZid g BRdH dahredly agk
g_gb_ “ klzg”~ZjlgZy hrb[dZ kj_"~g_1h

Kh~_j"zZgb_ f_1Z[heblh\ I:M \ujZ  _ggh_ \ hlghl
_"bgbpZo bgl_gkb\ghklb wfbkkbb \ ~ egb ju[ b
gZfb dzd [bhfZjd_j gZ aZ]jyag_gb_ fhjkdhe kj_"u
eZlv \u\h”® h Ihf qglh gZb[he__ kbevgh aZ]jyag_gZ
fb ZjhfZlbq_kdbfb m]e_\h”Ahjh”rZfb Zd\Zlhjby [mol
ih kjZ\g_gbx k bkke_ _~h\Zgghc Zd\Zlhjb_c :fmjkdh

+
+



kiI\bl_evgh [molZ Ahehlhc Jh] y\ey_Iky gZb[he__
\Zlhjb_c \ aZeb\_ | _|jZz <_ebdh]lh >DZq_klI\h fhjkd
< [molm kh klhqgufb \h”*Zfb ijhfure_gguo b \h”gh d
ij_"ijbylbc ] <ez”b\hklhdZ ihkilmizZ_I| gZb[hRevr__
livagyxsbo \_s_klI\ 1Zdbo dzd ly _eu_ f_IZeeu z
m]e_\h~hjh”?u iheboehjbjh\Zggu_ [bn_gbeu g_nly
jh~ru f_1Zg b ~j Dhgp_gljZpbb wlbo \_s_kI\ gzZkl
glh ahgZ [molu klZeZ f_]1ZZghfZevghc ih b-o kh”"_]
kI\_gguc fhgblhjbg]« @

;he__ \ukhdh_ kh~_j zZgb_ f_lZ[heblH\\l:*dMdnlh _eq!
\hc gZklb [molu Ahehlhc Jh] klZgpbb kh killZ &kpb\g_
_C « \_jhylgh k\yazZgh k azZ]jyagfgb wilmijgXdkhkb

[molu k |_jjblhjbb ] <eZ~b\hklhdZzhjdZ4Zghg adhygab
[hevrbc h[t_f aZ]jyag_gguo klhdh\ idkInfig 4K Mhihg
AZfb j H[tykg_gby  ]hAfegOzq_kl\h fhjkdbo \h”«

Kj_~b klzgpbc :fmjkdh]lh azZeb\zZ fh'gh \u”~_eb
< Fhjlhjh~rhd Lzd kh~_j Zgb_ f_lZ[heblh\ I:M Kk
\ "_eqb ju[u k wihc klZgpbb [ueh “hklh\_jgh \ur_ |
k "jm]bfb klZgpbyfb :fmjkdh]h aZeb\Z <« =% jbk
khn_j"Zgb_ f_I1Z[heblh\ I:M k * dhevpZfb [ueh \ul
jZaZ lhevdh ih kjzZ\g_gbx kh klZgpbyfb < -b Hd

Jhjh~ khhI\_IkI\_ggh jbk ; Kh~_j zZgb_ f_l1Z[t
+ dhevpzZfb \ "_eqb ju[u kh klZgpbb Fhjlhjh~hd ¢
hl klZgpbb < c ijbgZze Ahehlhc Jh] b [ueh ~hl

\ jZaZ q_f gZ klZgpbb « KZgZlhjgzZzy jbk <

AZ]jyag_gb_ Zd\Zlhjbb FhjlhjhrdZ k\yaZgh k jZ
a”_kv g_nl_[Zahc b klhygdhc fZehf_jguo km~h\ D
aZljyag_ggh]h JjmglZ ba [molu Ahehlhc Jh] \ jZcl|
g_qghklb fukzZz RdhlZ \ :fmjkdhf aZeb\_ *h ]
agZqgbl_evghfm i_j_ghkm aZ]jyag_gguo ]jmglh\ ijk
Jem[hdh\h*gmx qZklv aZeb\Z b ijb hkz ~_gbb \~h
j_lh\hc ebgbb i h\Z Fmjz\v_\Z :fmjkdh]h >Fbrmdh)

Kh~_j zgb_ f_lZ[heblh\ I:M k * dhewgzkh \ ~_«
klZzgpbb « aZeb\ <hklhd agzZgbfh Yk dlkbhgzehl
pbc :fmjkdh]h aZeb\Z jbk ; Z W K_1Zlhhebl



+ dhevpZfb [ueh “hklh\_jgh gb _ ldve kthhkiZ kygB\g _
_C« Fhjlhjhrhd jbk ;7 < KadeZKkJlmgoéwdz
klZgpby g_ hlebqgZ_Ilky hl bkke_~h\Aglgdio] Z-h\ZéMjb
\Z klzZgpbc <« = ih kh”_j Zgbx \k_oMf\IZ[kgblh\ |
"Zevg_\hklhgghc djZkghi_jdb

Lzdbf h[jzahf ~Zggu_ ih kh”_j Zgbx fhlgZheblh
“Zxl j_Zevgh kms_kl\mxsmx dZjlbgmeaZhVagguwby |
Zd\Zlhjbyo Bkihevam_fuc \ *Zgghchgd[hll _[ufklljin® ih
hij_~_eblv ijbkmlkl\b_ I:M \ fhjkdbd fmitjZphagzewl
gh _1h ijbf_gylv \ p_eyo fhgblhjbgtZirgRdhZ}jkjag_g!
Au ithebpbdebqg_kdbfb ZjhfZlbg_kdbfDphfe Muthjh”Z
ihemq_ggu_ “Zggu_ fh'gh bkihevah\gddy pbjaguhij_-
ijhbkoh ~_gby I:M \ fhjkdhc kj_~_ LZd “ahtblglhrg gb_
kb\ghklvx nemhj_kp_gpbb ihemqg_gghcv*ky £ 1Z[h¢
dhevpZAb b f_IZ[heblh\ I:M k b =*FRdhelpZfb
FF bkihevam_Iky dZd bg~bdZlhj bklhggbdliZz az]j
gZfb ibjh]_gghlh beb i_ljh]_gghlh ij¥ibkkdh D'Ogby >¢
DZd ihdZaZeb gZrb "Zggu_ bgl_gkb\ghk|Z[-hemmhj_|
Ih\ I'M k += dhevpZfb [ueZ \ur_ \ &aZ bgq_fbglihg
kb\ghklv nemhj_kp_gpbb f_IZ[heblh&vpMfk -kihhlk c
\_IkI\_ggh LZdh_ khhlghr_gb_ ihahhkely_i|_Krfe&@Z& \i

gbb \ " _eqb ju[u f_IZ[heblh\ I:M i_ljhohgghylthyijhbl
hg_\b~gh \ j_amevlZl_Zgljhih]_glyjikljdhhaZ]gyZ gh by
kujhc g_nlvx __ ijh~mdlZfb b lhieb\hf k km~h\
Ebl_jZImjz
=hkm~ZjkI\_gguc fhgbhkjbhgpby g_*j ijb[j_"gh r_evnh
ahgu aZeb\Z 1_1jZ <_ebdh]lh \ k\yabakckbl gdibftdikf\ o h
_gb_f I _jjblhjbb BgnhjfZpbhgguc [x&egedll 1gh j(mj]K

c We dljhgguc j_kmjkUKWWSd EXROIORWHQ S
DZqg_klI\thjkdbo \h”~ ih ]b”jhobfbg_kdbf ihdZaZl_ ey
?° _]h~ghbd lh~ j_~ : G Dhjr_gdh F GZmdZz
ljhgguc j_kmjk KWWS RFHDQRJUDSK\ UX LQGH][ SK
Fbrmdh\ < N DZebggmd < < lehlgbdh\<eby <hc|
gb_~Zfibg]Z aZ]jyag_gguo ]Jjmglh\ gZ wdheh]bg_kdh_ |
guo \h~ ] <eZ”b\hklhd Ba\_klby LBGJH L K



Khdheh\kdbc : K Khdheh\kdZy LJufu ¥dabeZ\IXIjF
<_ebdh]h <ezZ”b\hklhd >ZevgZmdZz k

$DV ( %H\HU - )tRMEZDWHOHQJIJWK AXRUHVFHQ
D PRQLWRULQJ WRRO IRU SRO\DURPDWLF K\GURFTC
RI FRPSRXQG VSHFL{;W\ LQQHU ¢OWHU HIIHFW DQ(

9 1 3 =

%H\HU - -RQVVRQ * SHBRUNWWGFO®OHRMHWRRGYV IR
PHWDEROLWHY RI SRO\F\FOLF BURFOFCDAMWMIFQK\M G ULRF B
UHYLHZ (QYLURQPHQWDO 7R[LFRCRJ\ BQG 3KDUP

+HLQW] 5 $ O5LFH 6 ' HUWEGBWEHWHIEIHEWNMWRQ
DQG PDULQH VXUYLYDPFRUK\IQFN XADDRBHX ISR V X
WR FUXGH RLO GXULQJ HPEU\RQLF GHYHORSPHQW

9 3 +

,QFDUGRQD - 3 &ROOLHWIHFWY BRKROUGLDF X
FHGH PRUSKRORJLFDO DEQRUPDOLWLHYV L ¢(VK H
PDWLF K\GURFDUERQV 7TR[LFRORJ\ DQG $SSOLH
3 +

.UDKQ 0 0 OH\HUV 0 6 %XUURZHW'HU P LEXDON IQR/
PHWDEROLWHYV RI [HQRELRWLFV LQ WKH EQ®H RI ¢
ELRWLFD 9 3

/IlLQ ( / & &RUPLHU 6 LV K RAUMHODOD 3R®\F\FOL|
+\GURFDUERQ OHWDEROLWHYV (VWLPDWHG E\ )L[HG
SDULVRQ ZLWK +3/& )OXRUHVFHQW "HWHFWLRQ (
VDIHW\ 9 3 *

$66(660(17 2) 0$5,1( 32//87,21 ,1 7+( *8/) 2) 3(7(5
7+( *5($7 T+( 6($ 2) -$3%1 %$6(' 21 7+( &217(17
2) 32/<$520$7,& +<'52&%$5%21 0(7$%2/,7(6 ,1 %,/(

2) 7+( ), 6FRIBOLODON BRANDTIl '<%2:6.,,

$ $ ,VWRRLQD %HOBKEXYD=Y\DJLQWVHY

9 , ,OfLFKHY 3DFL¢F 2FHDQRORJLFDO ,QVWL
RI WKH 5XVVLDQ $FDGHP\ RI 6FLHQFHYV

$ 9 =KLUPXQVN\ ,QVWLWXWH Rl ODULQH %LROF
RI WKH 5XVVLDQ $FDGHP\ RI 6FLHQFHYV

7KH VWXG\ GHDOV ZLWK WKH IHV/BRLDRPQM R Q VR IL §$ W I
(VKULERORGREDKURWAWLYDULRXV ZDWHD\DGHDV R
RI -DSDQ ,W ZDV IRXQG W KOQWHQKH LI$ WK HWEDLORIOR
DW WKH VWDWLRQV RI 0RUJR GRIGRNR ($0 XADWN V R&IM\L .



E\ + WLPHV KLJKHU WKDRDW KIOW L@ WHKH ER DWW
RI WKH HDVWHUQ SDUW RI $RKH WW X&D\D OKIR URBGX(
XVHG PHWKRG UHAHFWHG WKHVUHGED MR QXD NVR Q (

<EBYGB? >?YL?EVGHKLB DHKLHFMDRKDH=H
=HJGH H;H=LBL?EVGH=H DHF;BG:L:
G: IJHP?KKU I?J?DBKGH=H HDBKE?GBY EBIB>H
< LD:GYO IEHLRUWIILUSRUTILUS /,11$(86

H ; <ZkbevF\Z: GZazZj®ZG G_fh\z

BgklbIlml [bheh]bb DZjGP J:G
<heh]h~kdbc Jhkm~ZjkI\_gguc mgb\_jkbl_|

< jZ[hl_ bkke_"h\Zeb dhgp_gljZpbx ghjfAmhdd-bkea_j_
gby ebib”h\ £+ fZehgh\h]lh "bZev”_]bx1ZIhAbb gtb\uo
~gd_lhgh\ Hp_gdm ~Zgguo izZjzZf _ljh\ghjhthtp2b \ i
b “Z[jZo iel HXWLOXV /UQQ@YDAXV ba \h~"h_fh\ |
j_gghc kbkl _fuj D_glb k jZaebqghrt] kighagZ]4mlgh
db < oh”_ jZ[hlu \uy\e_gh \ebygb _ oJhjZjdlohbkkdb ddb
\h~"h_fh\ gZ bgl_gkb\ghklv i_j dbkgdgyojhehRkh\ \ |

< gZklhys__ \j_fy ~_yl_evghklv q_ght_WaZ-gyZby ||
[he__ agZgbfuo wdheh]l]bg_kdbo nzdlhjjhgkajh\h*ys
fZpbb wdhkbkl_f \gmlj_ggbo \h~h_fhdh]avihdhm dZz
Zevghc klZgh\blky ijh[e_fZ \u[hjZ gbbfue_ fbbgnhj
eh]bg_kdbo djbl_jb_\ hp_gdb khklhggblyljjZi{Zxh[t_d
sbo mjh\_gv | _ogh]_gghc gZ]jmadbfgZ 4h~gufuwdh
ha_jgh j_gghc kbkl_fu j D_glb kem ZdvighjhRpguf fh
_dIhf *ey bamqg_gby \ebygby Zgljhiby_ggh phz]jy
[bhglh\ ihkdhevdm \k_ ha_jZ gZoWh”glkiyc \[gb alnkj__
klb Ajm] hl ~jm]Z bf_xI h”"bgZdh\h ghijhbeimdZ4%] gb _
ky 1br"jhobfbqg_kdbfb ihdZzazl_eyfb \bkke HfsZy¥heb
ha_jgh j_gghc kbkl_fu khklzZ\ey_ | \eylfl kP cj dZklZ
kdz™ ba ha_j q_j_"mxsboky k ihjfb bHtaufitkh @bZkl
klhfmdrkdh_ y\ey_Iky f_klhf aZohjhghgdhyh\oigh]_d



j_jZ[hldb kujvy o\hklh\ h~gh]h ba diysmiggoumbo ij
ij_"ijbylbc K_\_jh AZiZz*gh]lh j_]lbhgZ midikkdiigh+ DI
lhjgh h[h]ZIbl_evgh]h dhf[bgzZlZz =HDOhIKjhyh_é&vgh
ijb\_ez d baf_g_gbx hkgh\guo nbabdt ojdbfibldp dk d b c
\h*h_fZ Klhqgu_ \h”u Dhklhfmdrkdh]klhBBOEZ ba |
kdh]h ihkImizxl \ ha Hdmg_\h_ jZkiheYKl\ggghc\ g
[ebahklb hl o\hklhojZgbebsZ b azlfl\q\_haa DPiftc\h’
\Zk dhlhjh_ gZoh”blky ]hjZza”~h gb glbh I_q_gbx j
l[jh~mdlu i_j_dbkgh]lh hdbke_gby ebib”h\ IHE
deZkkbq_kdbf [bhobfbqg_kdbf izZzjzf_ljzf IdZg_c ]
dhlhju_ bkihevamxlky ijb hp_gd_ \ebygby jZaebqc
gZ hjl]Zgbaf ju[ >b_gh\uo dhgtx]Zlu b *b_gd_lhgu
\bggufb ijh~mdlzfb IHE dhlhju_ q_j_a p_iv j_Zdpk
h~"bg ba dhg_qguo f_IZ[heblh\ hdbke_gby + fZehg!
< nrZgghc jZ[hl_ hij_~_eyehkv kh”_j Zgb_ ijh*mc
A"b_gh\u_ dhgtx]Zlu ~b_gd_lhgu b fZehgh\uc ~bZ
g_gb “Z[jZo b furpZo ju[ h[blZxsbo \ \h*h_fZo k
mjh\g_f Zgljhih]_ggh]h \ha”_ckl\by < dzZqg_-kI\_ hJ
\Zgby [ueZ \u[jZgB XL IZXV/URQYDAEXYV -dzZd gZ
e__ jZkijhkljZzg_gguc \b” ju[ \ “Zgghc kbklI_f_ \h~
Hij_~_e_gb_ dhgp_gljZpbb ~b_gh\uo dhgtx]Zlh
gh\ b fZehgh\h]lh ~bzZev”_]b*Z \ "Z[jZo i_q_gb |
ijh\h~"beb kh\j_f_ggufb h[s_ijbgylufb f_Ih2Zfb [bl
kdhlh ZgzZebazZ mevljZp_gljbnm]bjh\Zgb_f b Kki_oc
>KlZevgZy =Zjbr\beb =Z\jbeh\ b *j - @ F
guo hkms_kl\eyeb klzg~Zjlgufb klZlbklbq_kdbfb f.
g_gb_ “\mo \u[hjhd ijh\h*beb k ihfhsvx djbl_jby
FZggZ Mblgb >=m[e_j =_gdbg @ Bkke_"h\Zc
bkihevah\zZzgb_f P_gljZz dhee_dlb\gh]h ihevah\Zgb
jm~h\Zgb_f B; DZjGP J:G
< j_amevlzZIl_ijh\_~_ggh]lh bkke_"h\Zgby-mklZgt
gb “b_gh\uo dhgtx]Zlh\ b *b_gd_lhgh\ \ i_q_qgb i
ba o\hklhojZzgbebszZ b ha Hdmg_\h]h “hklh\_jgh |
[ueb agzZqgbl_evgh \ur_ dhgp_gljZpbb ~Zgguo ihd
ba ha_j Dhc\Zk b D_glh [|Z[e <_jhylgh wlh h[ty



mjh\g_f gZqZevguo wlZih\ i_jhdkb”~Zpbb \ IdZgyo
I_ogh]_gguo klhdh\ Dhklhfmdrkdh]h =HDZ ihkdhe
"b_gh\uo dhgtx]Zlh\ b "b_gd_lhgh\ \ IdZgyo ]b~jt
"Z | jZggxx klZ*bx IHE

Kh” _j"Zgb_ ijhmdlh\ i_j _dbkgh]lh hdbke_gby ebib”h'
iehl\WRutilusrutilus /LQQDHXV gl ] 1dzghb
Z[j I F
lhdZaZleb @zl =9-9Y urpt
FZehgh\luc b o b b
Zev”™_1b
>b_gh\u_ D D D D H
dhgtx]Zlju
>b_gd_lhgu ° ° ° D
ljbf_gZgb_* ha Dhklhfmdrkdh + ha Hadchgk \ID_ = jZakd [

qby Ahklh\_jgu ijb kjZ\g_gbhb ju[ ba hZagdhlklhfandZkdhlh ijb
i E + jZaebgby “hklh\_jgu ijbbla2\a_Bbl\jaK b- ha Hdm
\hlh ijb j”

Dhgp_gljzZzpby fZehgh\h]l]h ~bZev” _]b"Ba\ hagjgb
Hdmg_\h]h b Dhc\Zk [ueZ h"bgZdh\dd& gWhkihgjZ m
gbebsZ FZehgh\luc "bZev”_]b” yleygduyp hihg'mfdba ¢
Ilh\ i_j _dbkgh]h hdbke_gby ebibM"HdZigygHhmih\kegm \
“blv djbl_jb_f hp_gdb kl_i_gb bgl_gi§bjpgkkKlb\ *Zggu

| _j_dbkgh_ hdbke_gb_ ebib”h\ 0zZjzZdl_jbam_Ilk:
[hevrh]lh gbkeZ gj_a\lugZcgh j_Zdpbhgghkihkh[guc
"bdZeh\ hdZaulZxsbo jZajmrbl_evgh_ \ha#_ ckl\b
kdb_ kljmdImju b g_dhgljhebjm_fuf jZa\blb_f ih
j_Zdpbb M\ _ebqg_ggh_ h[jZah\Zgb_ k\h[h”guo jZ~
gh_ k wibf mkbe_gb_ ijhp_kkh\ i_jhdkb~Zpbb ebi
\_klb d baf_g_gbx nbabdh obfbgq_kdbo k\hckI\ f_
dh\ b ebibrh\ Zdlb\ghklb f_f[jZggk\yaZgguo n_jf_
gbx ijhgbpz _fhklb f_f[jZzg \ Ihf gbke_ 7~ey ijhlhg
dZevpby bhggh]h 1jZgkihjlZz bg]lb[bjh\Zgb_ 1Z
mf_gvr_gbx we _dljbg_kdhc klZ[bevghklb ebib”gh
[jZg ><eZ”bfbjh\ :jgZdh\ Ibf_gh\ b 7] @



Ha Hdmg_\h_ Ihih]jZnbg_kdb azgbfz_1| ijhf_"ml
gb_ f_""m ha_jzZfb Dhklhfmdrkdbf b Dhc\Zk b ih k
fbg_kdbf ozZjzdl_jbklbdzf [ebadh d ha Dhklhfmdt
gb iehl\u ba ha Dhc\zZzk kh”_j Zgb_ ijh~mdlh\ IHI
gb _ q_f m ju[ h[blZxsbo \ur_ ih I_gq_gbx j D_gl
fh™ | Julv k\yazgh k kms_klI\_ggufb jZaebgbyfb \
bhgh\ \ \hA_ ~Zgguo \h*h_fh\ LZdbf h[jZahf mk
dZzy azZ\bkbfhklv kl_i_gb i_jhdkb”"Zpbb ebib”h\ \ i_
dhgp_gljZpbb fbg_jZevguo bhgh\ \ bkke_~h\Zgguo

< oh”_ jzZ[hlu mklZgh\e_g \ukhdbc MHE\\g¥Z ijh"m
[jZo iehl\u 1Z][e <_jhylgh wih h[tggbyg_kkyiih\u
gvx hdkb]_gZpbb \ ~Zgghf hj]Zg_ qlipb\dZkl ke _"k
mkbe_gghfm hdbke _gbx f_f[jZgguo ebdgbglb\- "] B
klZ\beb ju[u ba ha Dhklhfmdrkdh]hy §Zehdho\t_glj
]lh *bzZev”r_]b”Z ~b_gh\uo dhgtx]Zlh\ A[jZb-pd_Ihg
eZ gb _ qg_f \i_q_gb iehl\u 1Z[e k\yaZg#hldhl_wIF
glh ‘\afmqg_gghklv o\hklhojZgbebsZ loitpkkdklFym alZzf_
[b\Zgbx lugbghd "Z[j f_edh”bki_jkghcdwa\frhvd ijb
mf_gvr_gbx hdkb]_gZpbb IdZgb b kgHf_gBEx Zwjh]|
dzd ke_"kl\b_ kgb _gbx ZdlIb\ghklbkikh\ c¢Hdguo ij

k__gdh @ G_"hklzZlhd ihkimie \gblyl db lgeztdjth ~ Z
ie_gbx \ “Z[jZo ljbZpbelebp_jbgh\ b gheadbinmbmjh\
gZ ><Zkbev_\Z b 7j @ Kgb _gb[jZohkelky jbg:

gZ baf_g_gb_ fbdjh\yadhklb [bhf_f[jZlgy igbgbih _I
ghc gZjmr_gby hkfhj_]Jmeylhjghc nmgdpblhoZggh]l
gu_ fh” bnbdzZpbb ebib”guo dhfihg_gll\ghjlb dghygbl
]Jh aZ]jyag_gby [ueb mklZgh\e_gu \ pk&e_ 7"NRAXgH g
yo >;bhlZ 7TNDWFKHYD @ M PjDRgRHWA"D
guo ju[ h[blZxsbo \ ]bihlhgbgghc kjdZ_I| \ANjZZijhg
gbaf qg_j_a "Z[ju dh"m b i_jhjZevghMNmilps c gbgy ij
h[\h~g_gby hj]ZgbafzZz \ ihgdZo ohjhpibhgdglukel Aibevl
iZjZl fghlhgbke_ggu_ dem[hgdb b dZlg¥ ¢ivewurhb \u’
dhebqg_kI\h ]Jbihlhgbgghc fhgb [Ihil_jynktley §_dhfi_g
khj[pb_c bo \ "bklZevguo ihg_qguo _dZjhgbdmwho Z
\_gb_f q_j_a "Z[ju b ihklmie_gb_f k \dhjfthZ\(hgybkb1



kdbc @ <ukhdzy fbg_jZebaZpbylkhkillhdyZzgbe
kdh]h =HDZ kha”~zZ_1| g_ijb\uggmx % Jii hjlhigZmdgm x
Ney ij_kgh\h~rguo ju[ gqglh \eby_| ipmg@gdp\ikhdbjhgZz
\Zgb_ bo "Z[j b ihg_d j_]mebjmxsb&@ehglhhk]ze \I
gbafz Bgl_j_kgh hif_Iblv qlh m _jh\hagv iHAlerhg h\hf
\h]lh "bZev”_1b"Z \ "Z[jZo iehl\u aggdgbl_eMgho\ur_
jul[ ba o\hklhojzgbebsz qlh fh _I [&inlkN\yaZgh k
ha Hdmg_\hf f_edh”bki_jkghc \a\_#bgpjbgkijZzpgbghb
ijhAmdlh\ IHE \ "Z[jZo ju[ ba ha_j HAmghkihAh_h Dh
guo jZaebqbc g_ mklZgh\e_gh [1Z[e

< furpZo ju[ h[gZjm _gh kzZfh_ gbadh_ kh”~_j Zg
IHE ih kjzZ\g_gbx k "jm]bfb IdZzgyfb [Z[e -:dlb\gh
guo ijhp_kkh\ \ ~Zgghc IdZgb m iehl\u ba jZaguo
\_jgh g_ jZaebqgqzZezkv Mgblu\Zy djZcgxx gm\kl\b
dbkguo ijhp_kkh\ d jZaebqghfm jhm \ha”_ckl\bc
ij_~iheh _gb_ h ~hklZlhggh \ukhdhc Z*ZilZpbb ful
\brh\ ju[ d \ebygbyf bkke_"m_fuf \ *Zgghc jZ[hl_

LZdbf h[jZzahf \ IdZgyo iehl\u h[blZxs_< \ ha

kdhf i_j_dbkgu_ ijhp_kku ijhl_dzZxl Zdlb\g- _ Ha_
[he__ m~Ze_gh hl ij_"ijbylby ihwlhfm \ IldZgyo ju
NZgghf ha_j_ kl_i_gv i_jhdkb”Zpbb gzZbf _-gvrZy

j_dbkguo ijhp_kkh\ kgb Z_Ilky \ jy"m i_q_gv = "Z
GZb[he__ \ujZ _ggu_ jZaebgby \ kh”_j Zgbb ijh~"r
gZjm _gu \ i_g_gb ju[ glh \hafh gh hij_~_ey_ Ik
IZ[hebg_kdhc b "_IhdkbdZpbhgghc Zdlb\ghklvx wl

JZ[hlZ \uihegyeZkv \ jZfdZo 1hkm~ZjkI\_ggh]lh azZz~Zg
ijb nbgZgkh\hc ihA*_j°d_ ijh_dlIZ <

Ebl_jZImjz
:gbkbfh\Z B F EZ\jh\lBbdbhehky F <ukrZy Rdhe

k
;bhlzk _\_jguo ha_j \ mkeh\byo Zgljhih]_ggh]h \ha”_
G G G_fh\z G < Bevfzkl ? | B_rdh H < F_s_j;
\h~"kd DZjGP J:G k
<Zkbev_\Z H ; GZzZazjh\z F : JbizZllb IEHbA"G_fh\.

guc khklZ\ b g_dhlhju_ ihdZaZl_eb i_j dbkgh]h hdbke_



g_gb ju[ \ mkeh\byo Zgljhih]_gghc gZ]jmadb FZI_jbZz
k f_ ""mgZj mqgZklb_f ©Nbabheh]bg_kdb_ [bhobfbqg_ ko
] g Ilbg_kdb_ f _oZgbafu zZ~ZilZpbc ]b”jh[bhglh\2 ;hjF

] ;hjhd K +
<eZ”bfbjh\ X : :jgzZdh\ :dbikgh_ hdbke_gb_ ebib”h
k
=Z\jbeh\ < ; =Z\jbeh\zZ : J HRZebavfEIhFhY hij_ "_
e_gby ijhAmdIih\ i_j dbkgh]lh hdbke hgbld e bd phMip\ i\h kiu )\

kim k Ibh[Zj[bIlmjh\hc dbkehlhc  <htjlkibfb ~bpbgkd
K +

=mle_j ? < = gdbjof:g:gb_ djbl_jb_\ g #Zjzf_ljb
kdhc klZIbklbdb "ey hp_gdb jZaebgbc "\mo ]jmii gZJ[e
[bheh]bg_kdbo bkke_ _"~h\Zgbyo F F_“~bpbgZ k

Fhbk__gdh «+h™gZy wdhlhdkbdheh]by I_hj_Ibg_kdb_
Zki_dlu F GZmdZz k

Ibf _gh\ X L Hkbih\Z < | >vydHiZ £ e _dgb~jkdhjh
klb i_jhdkb~gh]h hdbke_gby ebib”h\ \ i_g_gb jmkkdh]h
J*GOHQVWIGWL %UDQGW LQ YLWUR \ ijbkmlkl\bb kh

<_klgbd $=LM L < K *

KlZzevgzZzy B > =Zjbr¥edb LhiF_~_e_gby fZehgh\h]h
Zev”_]bnZ Kh\j_f_ggu_ f_Ih”u \ [bhobfbb Ih” j_~ '}

& +

ITNDWFKHYD 9 +\YIULQHQ #R[LXNHNRHMQV--RH®LQC
HQWYV RQ ¢VK JLOOV LQ D VXEDUFWLEF®DN QW VWRH
6DI < J +

=DPDQ 0 8 6DUNHU 67KH HIRWFBY QRB LQGXVWUL
FKDUJH RQ OLSLG SHUR[LGHVOWHRHIORMURI BN QWX H; Vg
ZLWK WKRVH RI I[UHVKZDWHUG ¥VK RXUQDOJII )RR

())(&7 2) .267208.6+$ 25( '5(66,1* 0,//
21 7+( 352&(66(6 2) /,3,' 3(52;,'$7,21 ,1 7+( 7,668(6
2) 52$&RUTILUSRUTILUS /,11$(86

2 % 9DVLOTMYDD]DURYID 1HPRYD

,QVWLWXWH Rl %LRORJ\ .DU5& RI 5%6
9RORJGD 6WDWH 8QLYHUVLW\

7KH UHVHDUFK GHDOV ZLWKSWHKR[EBGDRWH Q V- $S\N GK(
QGLDOGHK\GH FRQMXJDWHG GLHQHWKE@GOGYHQNH



DQG JLO OB XRW LURDF M QWY DO XY LOQKDELWLQJ W
.HQWWL ULYHU VA\VWHP 7KH KDIWEFRMWRIUK VGNULRF F KRH
ZLWK YDU\LQJ GHJUHHYVY RI DQWKOQRERIHJILELSRG C
WLRQ SURFHVVHV LQ WKH WRON&HY RI WKH URDFF

KH<J?F?GGH? KHKLHYGB? EHKHK?<UO JU;
MJ;:GBABJH<:GGUO IJBLHDH< HG?@KDH=H HA?

E : ;_ebqg_® : Lujdbg

BgklbIlml \h~Aguo ijh[e_f K_\_jZ DZjGP J:G
=hkm~ZjklI\_gguc gZmqgh bkke_"~h\Zl_evkdbc
ha_jgh]h b j_qggh]h ju[gh]h ohaycklI\Z

Ilhemqg_gu ~Zggu_ h iehlghklyo jZzkk_e_gby iheh'
jZaf_jgh \_kh\hc kljmdImj_ fheh”b ehkhk_Yuo ju|
]h ehkhieyp@PR WD UBG ZOPR WIAXWHW® fZeuo j_d
x]lh aziz”~ghlh ih[_j_"vy Hg_"kdh]lh ha_jZ -GZ hkg
g_kdhlh ZgzZebaz ijh\_*_gZ hp_gdZ khklhygby "Z
"b ehkhk_\uo ju[ mj[Zgbabjh\Zgguo ijblhdh\ Hg_"
i_jbh” e _Ig_]h gZlmeZ ;ueh ihdzZazgh qlh ~ey
0ZjzZdl_jgh gZebgb_ fhjnhnmgdpbhgZevgue baf_g
_fuo hjlZgZzo

< k\yab k ihklhygguf \ha”_ckl\b_f gq_eh\-dzZ gZz
kbkl _fu gbke _gghklv fgh]lbo ihimeyplicqblkenlglio
ju[ j_adh khdjzsZ |ky < | _q_gb_hwkeJhgkbh Klh
khij_~ evguo k_\ jguo kljZgZo gZ[exljZehgl j ac
fghl]bo "bdbo ihimeypbc gZb[he_ _ p_ggholbhXlZ\]
mgu = ehkhk_\uo ju[ Kj_"b ij_"klzZ\bl?gjhd-lkolbhn
kdh]h K_\_jZ Jhkkbb ehkhk_\u_ gZfbmjk[ khAEh\ufb
xlky gZb[he__ gm\kl\bl _evgufb b gZbffb g Zgjljabkl _
ih] _gguf baf_g gbyf kj_~u GZjmr_ghkl bIY dJgdavZpb
g_j_klh\h gZ]mevguo f_klhh[blZgbc_ \ijhttZ&h* b dhll
| _eb ZlezZglbgq_kdh]lh ehkhky b dmfigih agbh kigbex j.
xlky h”rghc ba hkgh\guo ijbgbg kgb  eflkhigbkie ggh



Mklhcgb\h_ nmgdpbhgbjh\Zgb_ ihimeypidc b khh
ebfh [_a a”hjh\uo "bag_kihkh[guo hkipgc kdbklhi.
baf_g_gby ijbagZgu gz~ _"gufb bg”bdzBEMZjftb khk
\vy ju[ >+LQWRQ HW DO Y 2@ W BHUW2 R WWD B

Emdbg RZjh\Zz $X @ bvbkildebgh\Z
kljmf_gl ey hp_gdb khklhygby a”~hjha Wy pmehddb c
jy*_ bkke_"h\Zgbc >7HK HW DO + D Q&R KIZ\W LD €

6FKPDO] HW DO 6WEAL@EdIRD\®ehW dl
baf_g_gby khklhygby hdjm Zxs_c kj_"u hj]Z]bjmx
gu dzd "Z[ju i_q_gv b ihgdb P_eXdekg@teZkx[hI
bkke_"~h\Zgbb khklhygby “Z[j b i_q_ogh[Ebkhk_\uc
jh\Zgguo ijblhdh\ Hg_"kdhlh ha_jZ 9Z]jpbezZ eNlQ_
hjl]Zgu \uihegyx!l \ hj]l]Zgbaf_ jZaghh[jZgdeb nmg:
abjmy bo khklhygb_ fh gh km”blv h§_h{dhff kibabh
klhygbb hj]J]zgbafz hkh[b \ p_ehf ZAd4¢hd kl\ihigh”_

h 0zjzdl_j_izlheh]bg_kdbo baf_g_dbc \ h[f_g_ \
K[hj bolbheh]bg_kdh]h fZl_jbZeZ ijh\h"beky gz
kbgd_ b G_emdk_ \ dhgp_ Z\]mklZ ] H{_j_db

i_ fZeuo j_d x]lh aziz~ghlh ih[_j_"vy Hg_"kdh]lh ha
“helh]h \j_f_gb wdhkbkl_fu ~Zgguo \h*hlhdh\ ih”\
ie_dkghfm Zgljhih]_gghfm \ha”_ckl\bx qlh \_~_|
dZg_kI\Z \h*u gZjmr_gbx kljmdImju [bhp_ghah\ |
\h]h jZaghh[jZaby EhkhkbgdzZ \ |I_q_gb_ fgh]lbo e
_fgbdhf eb\g_\h]h klhdZ ]Jhjh”*Z b hibcewphohij_"ijb
A_ey_| fghlhnzdlhjghklv aZ]jyag_gjbhyurle\yag@wfgh]h
b [ulh\uf \h*hihevah\Zgb_f GZ \h*"hk[hjrblkyG _em
hit_dl jZzaf_s_gby I\_j?*uo [ulh\uo hloh”h\ + djmig_
ZevgZy k\ZedzZ \ hdj_klghklyo ] I_Iljhaz\h”kdZ b i
lhggbd azZ]jyag_gby ih\_joghklguo b ih~a_fguo \h’

Fheh”v hlez\eb\ZeZkv we_dljheh\hf ©O)#& & G
klzgrzZjlghc f_lh~"bd_ >.DUOVWURPI_gpb@evMqgZz
gh ijblhrgu_ “ey h[blZgby fheh”b ij_kkggDRR]h
VDODbUIdmf@DOPR WWKeZWed\Zebkv Ijb jZzaz ~ey
fZevgh]h batylby fheh”b ehkhky < hélp*kkh h[e
[bjzezkv \ _fdhklv k \h*hc h[t_fhf \Zeijhih&eh hJe



"beky ih”kq_I| h[s_]h gbkez ju[ ihcfEghQguftnfgZ h
mqgZkld_ j_db M ju[ hij_~_eyebkv jZaZdjghb\_kh'
klbdb ihe b klZz~"by aj_ehklb l]hgz¢§ \hajzZkZj>1jzZ\
lugh\ @ >ey ]bklheh]bg_kdhlh Zg[4debmz hl[bj
g_gv H[jZapu hjl]Zgh\ nbdkbjh\Zeb " Zk\IZab; m\
\ iZjZnbg Kj_au lhesbghc =+ fdf hdjdkbédgb ]_f
whabghf ih klZzg~Zjlghc f_Ih*bd_ ><hed@\4h ?e_p

emq_ggu_ ij_iZjZlu h[ke_"h\Zeb gz fledjdgkglb ij
gZ gZebgb_ iZlheh]bc
G_emdiKgeh\u ijhba\h~bebkv gZ mqgzZkld_ j_db \

mklvy Jmkeh j_db \uklezZgh ]jZ\b_f ]Zevdhc \Zer
eh\Z khklzZz\bezZHleh\e_ggZy fheh”v dmf b -[ueZ ij
e_gZ "\mfy \hajzZklgufb ]jmiizfb "~\moe_IdZfb

fb K_]lhe_Ildb h[gZjm _gu g_ [ueb qlh Jh\hjbl
g_j_klZ ijhba\h*bl_e_c gZ "Zgghf mqgzZkld_- hk_gv
ghklv ~“ey \hajzZklghc ]jmiiu khklz\beZ £-gwda
kdhevdh gb" _ wda[sZy & wda lhehfZy
kljmdImjz ozjzdl_jbah\Zezkv ~hfbgbjh\Zgb_f kZ
\_kh\u_ ihdzazl_eb kf \ IZ[e

Ebg_cgu_ b \_kh\u_ihdzazl_eb ehkhky b dmf'b

<br | "M I chajdkl Khhighr |ghtP9Z K F

f éZka

EhkhKkv

Dmf Z

Hleh\e _ggZy fheh~v dmf'b h[eZ"ZeZ @dliZjZdIl |
hldehg _gbc \ ih\_* gq_kdbo j_Zdpb¢udu HI[ex"Z
Ib\gh ba[_]Zeb \bamZevguo b IZdlbewgubkjbarjz
ehl]bg_kdbc ZgZeba "Z[j \uy\be jZaebpgdgh_ gZjn
h[jZs_gby khklhy\rb_ JeZ\guf h[jZdht@ZbmeEhi |
jh\ j_kibjZlhjguo eZf_ee |j_~_ f_edbobd\mh'hdrafeby
kemqzZ_ £ ihy\le _gby Zg_\jbaf M [hewrgwo-q¥&lb I



a_fieyjh\ dmf'b \ "Z[jZo gZ[ex"ZeZkvg¥vdbbggzZy
ieZabb wibl_eby M hkh[_c qzZklh hbfiZzdZjgthlthl _db
wibl_eby j_"_ + g_[hevrb_ b _“bgbogwZpgz kld]|
e_cdhpblzfb D jzkijhkljZzg_gguf nhjfafmizbheh]b
j G_emdku hlghkblky b jZajzZzklzZgb dzdb b abl_e\
[jhau ijb\hrysb_d gZjmr_gbx kljmdlm@ju_nhezf_
bkke_"h\Zgguo ju[ *"bZ]ghklbjh\Zebku_|Zdd_ kljm
g_gby dzZd bkdjb\e_gb_ b mdhjhqg_ghf_ gekibgazlhj
[ulhggZy ijh"mdpby kebab bgljZ\Zkdijbeyhgbc ]_f
Ih\ b g_djha de_Ihd

< i_q_gb h[ke_"~h\Zgguo hkh[_c jZkkdmell\Z fk
pbb \dexgZeb \_ghagh_ iheghdjh\b djh\kiZeab Z |
ygby Ke_"m_I hif_Iblv qglh [he__ oqdz\ \i-hvejib\bg
l[jhpblu azZihegy\rb_ khkm”u J[ueb ] Zjpebagbh\Zg
kljmdImju 1Zd _ hif_qZebkv \ "_eqguwm mjhhedZo
\bgu h[ke_"h\Zgguo hkh[_c \hdjm] ~_2pep#@ ijhlh
ehkv jZajZklZgb_ kh_"bgbl_evghc IdZaglb[jhajy”_
“_eqguo ijhlhdh\ khijh\h"~Zeky ihy\e_qdbijh hleh _
k\_|I_ ijhlhdzZz dZjbhibdghahf \ de_Ildzwibuklbez
eby b beb ijhebn_jZpb_c "_eqguo ijhZzhdbli_GZ ij
g_gb [hevr_c qZklb bkke_"m_fuo ju[ fiZlghjZaeh g
ebggu_ ih iehszZz”"b mqzZkldb g_djhlbqgglkdbeizj hJj
Ilhpblh\ b g_djhaz iZj_gobfu @bjh\mxghtghjdnbx
IldZgb gZ[ex*"Zeb m agzZqbl_evgh f_gviLZgda gbkeZz
i_g_gb \klj_qZebkv g_[hevrb_ mqgZklabZigdgZughb b
e_cdhpblzfb 1jZzdibg_kdb m \k_o h[kegZlh4€Zgguo
"Zebkv ijbagZdb ih\ur_gghc fblhlbg_kdm¢-28Ib\g
g_gb_iehb”rghklb de_Ihd h~gzZdh kiewopg@kqjgHcg_
iZj_gobfu [ue \uyle_g ebrv m h”ghc hikhpbv Ke_ »
glh m hrghc hkh[b gZ h[{smx dZjlbgmftklhkikelyby i_
ylv iZjZablzZjguc nzdlhj \ i_q_gb [uéklib[gZ]jm _
jZablh\

Ehkhkbgddeh\u ijhba\h~bebkv gZ mqgzkld_ j_d
hl mklvy >gh \ukleZzgh \Zemghf b jZgeXxdhky bzd
hfmldb h[jZklZgby g_agZqgbl_evgu BbehsKkrv\in[eh)



gZlmevghf mqgzkld_ khklZQlylez gghtklv fheh”b eh
ky khklz\bez wdahajzklgZy kljmdImjz fheh”b
gZ h[eh\e_gghf mqgzkld_ ij_"~klzZ\e_db jmfsiAhajZzZl|
fb 1Z[e < oh”_ bkke_"h\Zgby mkéZgly\ek-lghk_qlt
Jhe_Idh\ gb _ qg_f ju[ klZjrbo \hajZklig\Wbhd ]{mev ql
kiI\m_1 h kgb _gbb gbkezZ ijhba\h”bl_geZ]lengZgdfj_ |
mqgZkld_ \ ] ih kjZ\g_gbx k h_] \Rkij-hkda_gg
\h~kl\h ehkhky g _klzZ[bevgh < iheh\hc kljmdImj_
ij_h[ez"Zeb kZfpu ebg_cgh \_kh\u_ldhelZaZl_eb

< ijhrehf j EhkhkbgdZ [ueZ gZk_e_gHceimlkhk f
j_evx h”rgzdh kljhbl_evkl\h iehlbg gkjaprbkeh im
ijhohrguo ju[ < gZklhysbc fhf_gl ehkhkklhhikImi_
gZ]lmevguc mgzZklhd iehszZ”vx jdkia@abh _gfguc i_
j_™ i_j\hc iehlbghc \ df hl mklvyu PAkiheh ieh
“_gu \ur_ ih l_g_gbx =\ b df higlb mogk [vjy h <k _
"hebfu "ey ehkhky

ljb \bamzZevghf hkfhlj_ b iZlheh]hzgalibfhbq_kd!
fheh”b ehkhky h[blZxs_]h \ j EhkhkiagdZdh\g _rc
iZlheh]lbb hif_g_gh g_ [ueh < j_amekdBlh Pkklhe
ke_"h\Zgby [ueh mklZgh\le_gh qlh ggbpoeufb jZk
baf_g_gbyfb \ "Z[jZo ju[ y\eyxlky g_[heaZZy hl_
]bi_jieZaby wibl_eby gZ hI®*_evguo ImgdbkléZo j_|
f_ee K \ukhdhc gzZklhlhc \ "Z[jZo jekhdfbeyZlet jz
_"bgbl_evghc IdZzgb £ nb[jhau M g _Kée#¥hhZly qbk
guo hkh[_c j_db hlf_gqZeZzZkv ba[ulhqalzyfijadmdpb
kdhie_gby hleh _gbc ib]f_glZ b bgljh\&ika rvelyjgu
l[jhpblh\ GZjmr_gbc djh\hh[jZs_gby \hMZgghf hj]
gh g_ [ueh

< i_gq_gb fheh”b ehkhky j Ehkhkbgdb gZ[ex"Z
kiI\Z fbdjhpbjdmeypbb h dhlhjuo km”~beb ik h[gZjn
iZjzZzlZo \_ghaghfm iheghdjh\bx klZazf b f_edbf
yf M qgZklb h[ke_"h\Zgguo ju[ wjbljhpblu- aZihe
ghkgu_ khkm”~u [ueb ]_fhebabjh\Zgu < i_gq_ghqggt
gu h[ke_"h\Zgguo hkh[_c hif_gZezZkv |Z beb bgzy
Abkljhnbb j_"_ \izZj_gobf_ h[gZjm 'b\Zeb g_[hevr]



"bjh\uo de_Ihd M jy*"Z hkh[_c gZ[ex"Zeb ihy\e_g|
g_[hevrbo hgzZ]h\ bgnbevljZpbb e_cdhpblZfb b ~br
hi~ _evguo ]_iZlhpblh\ < i_qgq_gb g_dhlhjuo-ju[ hIf
IZgb_ kh_~bgbl_evghc IdZgb \hdjm] ~_eqguo ijhlh
jm b\Zeb mlhes_gb_ kl_ghd djh\_ghkguo khkm”h\
Qbke_gghklv \k_o \hajzklguo ]jmii dmf b \ j G_
[uez \ jZa \ur_ q_f fheh”b ehkhky \'j Ehkhkbgd
klZ ehkhkv ij_\hkoh”bl dmf m Ihc “~_ \hajZklgh
jZaZ ih “"ebg_ b [he__ q_f\ jZazZ ih fZkk_- < h[hk
gZy fheh”v bf_eZ gZiheg_ggu_ ibs_c "_em~db g
rbjbg_ \ jZa f_gvr_ j Ehkhkbgdb qglh \_jhylgh
dhjfh\hc [Za_ < j G_emdk_ iehlghklb jZkk_e_gby
wda dmf'b g&lh ff\ey_Iky fZdkbfZevgh \hafh guf
fheh”v dmf'b b ehkhky ijhyley_| hig_leb\h-_ |_jjbl
\_~_gb_ >Rmklh\ @ Ba\_klgh qglh azZsblz |_j]
wg_jl_Ibg_kdbo azljzl qlh hljz zZ_lky gZ I_fi_ jhk
ljb ]bklheh]lbq_kdhf ZgZeba_ khklhygthehzZ[j b
"b ehkhky b dmf'b j_d Ehkhkbgdb b & gmdkh [u
m h[ke_"~h\Zgguo ju[ \ hj]ZgZo \uy\el2ZlhkghdZd «
ijbkihkh[bl_evgu_ 1Zd b iZlheh]bg_kdh”gbaf_g_
kemgZyo wlb gZjmr_gby fZeu b g_agZgll[rbygu \
gu b fhleb hdzZazZlv kms_klI\_ggh_ \ebd@d - >pZ |Z|
Zlghklbjh\zggu_ \ oh”_ ~Zggh]lh ZgZeljaggbaf_ g_
hjl]Zzgh\ k\b”_I_evkl\mxl h gZjmr_gbbeZ[éZ ptodb afz
bffmgbl_1Z jZa\blbb aZsblgh dhfi_gkadlmggad j_Z
pbhgZevguo gZjmr_gbc \ "bag_ggh \ZAgueohkhh]ZgZ
ky b dmf'b bkke_"h\Zgguo \h*hlhdh\evitzd mdh ggu _
Iml kem blv bg”rbdzZlhjhf g_[eZ]hihemggwhdbmkeh'
lZzgby ~ey “"Zgguo \b”h\ ju[ \ bkke_"mlhfd@Zdh”hlh
fh™_ 1 ijb\h~blv d j_]j_kkb\ghfm khklhygbx ihimeyp
Bkke_"~h\Zgb_ qZklbggh \uiheg_gh azZ kq_I ]jZg
gZmggh]lh nhg”~Z ijh_dl «
Ebl_jZImjZz

<hedh\Z H < ?e_pdkghXu Dbklheh]bb k ]bklheh]bq
| _ ogbdhc F F_"bpbgZz k



Emdbg : : RZjh\HpX gGZ dZq_KkI\Z \h™ gZ hkgh\_ ]k
g_kdbo bkke_~h\Zgbc ju[ gZ ijbf_j D _gha_jZ <h~g
L < K *

FZjlugh\ < K{hj b i_j\bqggZy h[jZ[hldZ [bheh}bqg_kdb
Zeh\ ba ijhfukeh\uo meh\h\ ZleZglbgq_kdh]h eh-khky f_
f_grZpbb Kudlu\dZzj k

[jZ\"bg B Nndh\h~kl\h ih bamq_gbx ju[ F Ibs_ijt

k
Rmklh\ X Wdheh]by fheh”b ZleZglbg_kdh]h ehkhky
.k

$X ' : 77KH DSSOLFDWLRQ RI KLVWR F\WRSDWKR
SROOXWLRQ PRQLWRULQJ D UHYLHZ ObDU 3ROO

%HUQHW ' 6FKPLGW +LVOAHRSFIDW.KR@RDOLQ ¢ VK
SURWRFRO WR DVVHVVY DTXDWLF SROOXWLRQ -

+DQG\V5 ' 5XQQDOV ¥LVAIXKRYBIWKRORJILF ELRPD
VSLQHG VWLFNOHEDFNV *DVMWWHUWRNYO KXY HURXQEL
(QJODQG WKDW PHHW WKH [UHVKZDWR[U FRKRHIU L H
9 3 +

+LQWRQ ' ( %DXPDQQ 3 & +FEBVWRISOWKRORWLBC
HUV +XJJHW 5 - . LPHUOH 5 $ OHKUOH-3 0 %
PDUNHUV %LRFKHPLFDO 3K\WLRORJLFDO DQG +LV
VWUHVV )/ %RFD 5DWLRQ /HZLV 3 +

.DUOVWURPQWLWDWLYH OHWKRGV LQ (OHFWULFI
RQ 5LYHUV =22+ 9 3 +

6FKPDO] -U : ) +HUQDQGHHSPWLF:HKLWWRSDWKR
SRSXODWLRQV RI WKH PXPPLFKRJ )XQGXOXV KHYV

9 * 3 *
6FKZDLIHUVWRSDWKRORJLFDO DOWHUDWLRQV D
GLFDWRUV RI PXOWLSOH VWUHVYV IDFWRUYV - 8T
3 +

6WHQWLIRHMGZWRSDWKRORJLFDO ELRPDUNHUV LG
WKH DVVHVVPHQW RI ELRORJLFDO HIITHFWR-®J FRQ
VKDZ 3 /\RQV HW DO ODU (QYLURQ 5HYV 9

7THK 6 - $GDPV 6 0 +tVOMWMRBQWKBRORJLF ELRPD
I[UHVKZDWHU (VK SRSXODWLRQV H[SRVHG WR GLI

$TXDW 7R[LFRO 9 3 *

9DQ GHU 2RVW 5 %H\HU J)LVHEBEPRBBPHQP XODWLR
PDUNHUV LQ HYRULRQPHQWDO ULVN DVVEKNMBHQW
PDFRO V P -



35(6(17 67$7( 2) 6$/021,'6 ,1+$%,7,1*
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/I $ %HOLFKIBYD\UNLQ

I1RUWKHUQ :DWHU 3UREOHPYV ,QVWLWXWH
6WDWH 5HVHDUFK ,QVWLWXWH RQ /DNH DQ

7KH FXUUHQW GDWD RQ WKH GHQVLW\ VH[-DQG D
WHULVWLFV RI WZR VDOPRQLG & DCEHF NH)G DEULHRVZKY
WURGDNMOBRR WLWDQKWDEDWLQJ XUEDQ WULEXWDULHV RI
DVVHVV WKH KHDOWK VWDWH RI VWXGUHIG V®IOPIR (
SHULRG KLVWRORJLFDO DQDO\VLV RI JLOMKRRDQG
ORJLFDO FKDQJHV ZDV IRXQG LQ WLVVXHV RI (VK



3$/(2(19,5210(17%$/ 5(&216758&7,21
)520 /$.( 6(',0(176 2) 3,/&,1( /$79,%

/ 3XQGXUH . BWDQNHYLFD / .DOQL
'HSDUWPHQW RI (QYLURQPHQWDO 6FLHQFH

3DOHROLPQRORJ\ VWXGLHV RURRLGH DLYRQRE
ORQJ WHUP FKDQJHV )XOO WHXE LRI D B H R34 O
IRU SDOHRHQYLURQPHQWDO WVHBRRYWWFE\R LR
DQDO\WVLV ORVV RQ LJQLWLRWL E2 O IDA\GP PID VXK
OLFURIRVVLO DQDO\VH ZDV XWHGHWZRL\G K WH P
LGHQWLI\ HQYLURQPHQWDO FKQQVHVHEKORGP
/JRVV RQ LIQLWLRQ PHWKRG ZDN XWHG QLR RD
FDUERQDWHY DQG PLQHUDO PBSWMHEW GIRQWRHD
EDVHG RQ SUHVXPSWLRQ WKDW HYHU\WKLQJ L

,QWURGX%FWKRQ SUREOHP LV D GHJUDGVWLR
WKH PDLQ UHDVRQ ZK\ LW LY VQFHE FDXD BV VRR &
WLRQ DUH QDWXUDO RU KX P D30 PODIENHH >VRDGILIPDH
VXLWDEOH IRU SDOHRHQY L UG Q FOHINWHIODW\N XL
E\ HQYLURQPHQWDO FKDQJHV RBYH W @D Q6 I0®
PHQWY DUH DFFXPXODWLQJ EVRPROLFRPS RFXH
GXULQJ WKH ODNH H[LVWHQFH WUPID EEG GHS/
SK\VLFDO DQG ELRORJLFDO-RURRHV V H VAL Q@ RUC
PHWULF SDUDPHWHUV VXFK DV OB NWHK& HPSDAIQ |
ZKLFK LQAXHQFH FKHPLFDO GBRZLPD® W EER!
GLYHUVLW\ LV ULFKHU WK D) @ QWHRHED DD\ Db



ZLGHU WKDQ SHODJLDO JRQBO:HW]@O OLG /B
ODNHV PDLQO\ DUH JODFLDO'HERMQIDBFX®&C
VLQFH WKH ODVW 30HLVWRFHQH@IODFLDWLRQ

/IDNH VHGLPHQWY DUH FRPSRVI® RF WK QHH
DQG QRQ RUJDQLF PDWWHU RUIGYWHGW UG DVK
DUH ZLWK KLJK RUJDQLF PDWWA/MMDFRQWHDGW R
RUJDQLF ODNH VHGLPHQWYV ZKL SO DYWVIRERE
RUJDQLVPV DQG SODQNWRQ W®HI E\DFWHURD
PL[HG ZLWK PLQHUDO FRPSRQHQVWVWHRBPGH\W\
XVHG WR GH¢QH RUJDQLF UMK VWRGRHY WS WE
HW DO @ 6DSURSHO VHGQRMUWN@EY RUEF
ZDWHU DQG LQAXHQFH WKH WHRWKQP \HWD VX V

6WXG\ DKHDDNH 3LOFLQHV LV ORFDWHG LQ
UHJLRQ /DNH 3LOFLQHV )LJ LV D VPDOO ¢
VLWXDWHG DW ZHVWHUQ SDUW RI %XU]DYDV
LQ WKH (DVWHUQ SDUW RI /DWYLD 7KH DUHD

P DQG PD[LPXP GHSWK P 7KH WRWDO |
LV P\WWMD ¢OOV DSSUR[LPDWHO\ R
>*HR .RQVXOWDQWYV @ 6HGLPHQWDWLRQ

E\ EHGURFN VHGLPHQWY VXFK DV GRORPLWHYV
3LOFLQHV VKRUH LV IRUPHG E\ DQ DSSURJ[LP!
PLWHV PDUVK EHOW 7KH ODNH FDWFKPHQW |
J\ FRYHUHG E\ PL[HG IRUHVW 7KH VXUURXQG

ODWHULDOV D Q@G JRHMKREGWX U BB S W\WE EOWLXWAF
WLELOLW\ DQDO\VH ZDV XVHG WR PHDVXUH V
ODJQHWLVDELOLW\ SURYLGHYV DQ LQIRUPDWL
IRXQG LQ VHGLPHQWY ZKLFK SDUWLFX©DUO\
WRQ 06 ( VHQVRU ZDV XVHG IRU PHDVXULQJ Y|
YDOXHV IRU RSHQ VHGLPHQW FRUH ZLWK VXU
JLUVW VWHS EHIRUH PHDVXULQJ LV QHFHVVD!
FRYHUHG LQ WKLQ SODVWLF ¢OP OHDYLQJ QI
VHQVRU LV SODFHG RQ VXUIDFH PHDVXUHPH(
IURP DQ\ REMHFW LQ DLU 7KHQ VHQVRU LV S
XUHPHQW LV PDGH DJDLQ LQ DLU ,Q JKHHUD
VXUIDFH DQG WKH VHQVRU LV OLIWHG IRU D \
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)LJ IRFDWLRQ RI WKH VWXGX EDWDQDQG /DNH 31

OLFURIRVVLPRD @PDGEURIRVVLO DQDO\VH ZHU]
VHGLPHQW VDPSOHV 5HPDLQV RI YDVFXODU
PDOV IXQJL ZHUH LGHQWL¢HG $W LQWHUYDC

FP DW LQWHUYDO * P HYHU\ FP PO RI
RI WKH VDPSOH DQG YRUWH{BEGHRERO CFRIGDHA Y
ORWLF %$ 'LJLWDO OLFURVFRSH ZLYWAKDWEKRQ
ZDV XVHG LQ DQDO\VH )RU LVFKWHHP®H QWL p AID/D!
JDH IUHVKZDWHU DQG PLUHLRMMHOVRQ >%HW ] HY
QLDQ BWUHEOH .UDXWHHVXO®VZEHMBIHXSUY
DQG YLVXDOLVHG XVLQJ WKH 7,/,$ VRIWZI

/JRVV RQ LIQLMILRQPHW,KRG ZDV DSSOLHG LQ
WKH PRLVWXUH RUJDQLF PDWWHU FDUERQD
WKH VHGLPHQWYV >+HLUL HW DO @ $W ¢U
GHWHUPLQHG DIWHU GU\LQJ LW DW & 7KH
ERQDWH PDWWHU ZDV DQDO\VHG E\ LQFLQHU

& IRU K DQG DW & IRU K



SHVXOWV DQG LQWWVY SRUHWDWWRKRQH /R UH
VHSDUDEOH WZR OD\HUV RI WBISYR®HO +/D\H

* FDO \U %3 ZKHQ WKH GODNR EEHLWWHL
IRUPHG VLOLFDWH VDSURSHOUIBWFVRQWK QW JHKI
' * FP ITURP FDO \U %BUWPR ® RFV1DGEDB

VDSURSHO ZLWK ORZ DVK FRAWWOW ZDWEHGE
$W WKH EHJLQQLQJ RI /DNH 3LBOMQYHB FGEHNP K
ODWHG ZLWK KLJK PLQHUDO F RREQWBIYQHAU D& BiULE
LV GHFUHDVHG IURP XSSHU OIB\WK WR ERMPW
+ \HDUV DJR LV WKH WERGEGDMIF X8 IWR (

DQG QRW ELJ GHFUHDVLQJ D WKKMHRIQIWKDQME H i
DEDWHPHQW RI ZDWHU OHYHO

ODJQHWLF VXVOPHOWWEEOYYNFHSWLELOLW\
PLQHUDO FRQWHQW LQ WYHYGL®XIQW B U $\WQ W RSBV
WHQGHQF\ WR LQFUHDVH ZLWK GHSWK $W WK
PDWWHU DQG YLVLEOH UHPDLQV Rl SODQWYV
UDSLGO\ LQFUHDVH IURP DYHUDJH WR 7}
Rl HURVLRQ SURFHVV DW WKH FDWFKPHQW Wi

OLFURIRVVLOGLUIQPDRVYRIRVVLO ]JRQHV ZHU
OLFURIRVVLOV DUH UHSUHVHQWHG E\ WKUHH
DOJDH GLDWRPV YDVFXODU SODQWVYV DTXDW

3, JRQH DJH EHIRUH SUHVHQW GHSW
$QDEDBIQ®HORVBUBPRXQW Rl $QDEDHQD LQF!
W R $YHUDJH DPRXQW R 0HADREWLOMED UYDH
LQFUHDVHG LQ XSSHU SDUW RI WKH JRQH IUR
RI 3LQXOODULD VS LV *UHHQ DOJDH LQ VI
'"HVPLGLDOHV DBQEIHHYEHEM DYWL F DQLPDOV PL
UHSUHVHQWHG E\ 6SRQJLOOD DYHUDJH

3, IRQH DJH = FDO %3 GHSWK +  FI
$QDEDHIQMHUDJH DPRXIDEWO®WALIDDVHY [URP

+LJKHU SODQWYV UHPDLQ LQF UG)DWLHJ HORPL

DYHUDJH DPRDDQWFXDMWLHY [URP W R

3, IRQH DJH + FDO %3 GHSWK + |
FROQWLQXH LQF U HIQVMHE DIPRBUHD \RHY [URP W
OHORWGIHFAUHDVHYV I[URPEHOBISHMDUY LQ VPDOO



$TXDWLF ®QDBBBHUDHV IURP % *UHHQ C
DUH UHSUBWIGEQ VWS UEXP

3, IRQH DJH + FDO %3 GHSWK + |
VWLOO FRQWDER®RWMIPRIUHDVGXLQJ WR GHFUH
DOJDH DBSADEVDOHYV

3, IRQH DJH + FDO %3 GHSWK %
DPRXQW RI $QDEDHQD LV
3, |RQH DIJH + FDO %3 GHSWK =

Rl +LJKHU SODQWYV

/ ’
"yp | ’ci’i f B X, (volume susc.)

A B

Brvaessuys,

T HIE

2
H

PESEEERY

Organic silicate gyitja Driatom gryttja Silicate gyttja Sand
)LJ /IDNH VHGLPHQWYV

$ + FKDQJHV LQ PLQHUDO PDWWHU FDUERQDWH DQG
VXVFHSWLELOLW\

+LJK DPRXMDW¥LROIODUDRSKDAHRDRGLFDWRUV R
HQYLURQPHQWDO FKDQJHV 'LDWRPV UHVSR
SKRVSKRUOWM ORWEEODDPDLQO\ DSSHDU LQ HXWU
PDLQ UHDVRQ RI UDS%G®G 6\ GOHIFFWIBRMBAG\@E & TIRH V

FP DQG + FP LV LQFUHDVLQJ RI FDUERQ



$QDEDH@Q®UHDVHY DW WKH LQWHUYDO * F
KDV EHHQ ZDWHU OHYHO ULVLQJ EHIRUH F
RI VKRUHV VWDUWHG (URVLRQ LQWHQVLW\ F
SHGLDVWHIXPHUDWXUHYV IHOO WKLV LV WKH U
DQLPDOV GHFUHDVWH® EXQMMEFDPRXQGE RI

vl

'F

b

g iz graj Duaten gma Sikicake pyie Sarl

)LJ OLFURIRVVLO GLVWULEXRNLMRIQHLD NH GILDHQ ¢

&RQFOXADINRHQ VHGLPHQWY DUH DV YDOXDEC
LQIRUPDWLRQ VRXUFHV 7KLV VWXG\ KDV VKF
LQ WKH /DNH 3LOFLQHV VWDUWHG DFFXPXOI
PDWWHU GHSRVLWHG LQ WKH ODNH ERWWRP
OLFURIRVVLOV GDWD VKRZ WKDW DURXQG EHI
ZDWHU OHYHO ULVLQJ DQG UDSLGO\ LQFUHD"
VKRZ LQWHQVLYH HURVLRQ SURFHVVHV :DWH
FDO \U %3 ZKLFK LQGLFD»WBEDHFUMHDVH DPRX

SHIHUHQFHV

%WHQQLRQ + 6D\HU ' & 7TLEEDWRRD DVLEQGHLFL
HQYLURQPHQWDO FKDQJH LQ VKDOORZ ODWHYV (
$SSOLFDWLRQV IRU WKH (QYLURQPHQWDO DQG (Dl

&DPEULGJIH 8QLYHUVLW\ 3UHVV 3 +
'RXJODV 03BO®ROLP@RORJ\6HEMWR (@ FRRIIILQ
ORSHGLD RI 4XDWHUQDU\ 6FLHQFH 9RO (OVHYL

*HR .RQVXEWDQYMWOWY SDU HIHUX VDSURSHOD DW
5HIHNQHV 3UHLOX XQ -HNDESLOV UDMRQRV 5LJD



+HLUL 2 /RWWHU SRYV RRPENGBLWLRQ DV D PHWK
RUJDQLF DQG FDUERQDWH FRQWHQW LQ VHGLPHQ
RI UHVXOWYV -RXUQDO RI 3DOHROLPQRORJ\

-RQHV 5 7 -RADBIBIQO-H VH@ VIWK GBLFHRW W $ (GLWR
(QF\FORSHGLD RI 4XDROBUQROVHEFLHQFMW 9 3

.DW] 1 - .DW] 6 9 6WRBNMRIYDPODQW 5HPDLQYV
FRZ 1HGUD

.RUGH 1%BRVWUDWL;FDWLRQ DQG 7\SRORJ\ RI 5.
8665 $FDGHP\ Rl 6FLHQFH

/JLQQH YRQ %HUJ . + 'HIHOR\NRRR\D QOUHQI<KUHU
BWXWWJIDUG

OH\HUV $SSOLFDWLRQV RI RUJDQLF JHRFKHPLVW
FRQVWUXFWLRQV D VXPPDU\ Rl HIDPSOHVIDURP Wi
QLF *HRFKHPLVWU\ 9 1 3 +

5XWLQD / &HULQD $ 6WDQKBYDFWHU .ROIDYRQM
WLRQ FKDQJH LQ ODNHV 3LOFLQHV 3LOVWEW D\YGV
'DXJDYSLOLHQVLV VXSSOHPHQW 3+

BWDQNHYLFD . .DOQLQD5HFR@NYALQXFWLIREY BO W
SDODHRHQYLURQPHQWDO FRQGLWLRQV DFFRUGLC
UHFRUGV IURP /DNH 3LOYHOLV /DWYLD 4XDWHU

BWUHEOH + 'DDXWHBHQ LP :DVVHUWURSIHQ

‘HW]HO BLP-QRORJ\ /DNH DQG UKYHG HFIRNVLRWHE
GHPLF SUHVV DQ LPSULQW RI (OVHYLHU s

BKKE?>H<:GB? >BG:FBDB MJH<GY <H>U
:J;:EVKDH=H FHJY IH >:GGUF >BKL:GPBHGGH=H
AHG>BJH<:GBY B DEBF:LBQ?KDH=H J?:G:EBA:

= < :ca_evK B'bpdbc

BgklbIml \h~guo ijh[e_f J:G
Bgklblml hd_Zgheh]bb bf I | Rbjrh\zZ J:G

Bkke_~h\Zgb_ ~"bgZfbdb mjh\gy :jZevkdh]h-fhjy y\
ghc gZmqgghc az”~Zq_c \ kbem g_h[oh”bfhklb ihg
fh\ ijbjhrguo b Zgljhih]_gguo ijhp_kkh\ bg"mpbj
"bdZevgh_ baf_g_gb_ _]h \h~gh]lh b khe_\h]h [Zez
e | K dhgpZz o ]] ijhreh]lh \_dZ h[t_f fhjy mf
gZ ihjy*hd \hajhkezZ khe_ghklv _]h \h&u BKkk



p_kkh\ ]b”jheh]bg_kdh]lh pbdeZ :jZevkdh]h fhjy a
kimighklvx *Zgguo kh\j_f_gguo baf_j_gbc khklZ\e
Aghlh [ZeZgkZ < jZ[hl_ k~"_eZgZ ihiuldzZ 4jb\e_q
guo "Zgguo "bklZzgpbhggh]h ahg”bjh\Zgby- kimlgl
l[jbb '$+,7, b debfzZlbg_kdh]lh j_ZgZebaz (5% ,QW
db "bgZfbdb mjh\gy \h”u k_\_jghc gZklb :jZevkdh]

GZgbgZy k o ]] ijhreh]h \_dZ :j2deyikdBE_Ifhj_
g_h[jZlbfu_ baf_g_gby k\h_]h \h~ghbHZb #Ep*bh]h
gZevgu_ baf g gby dhkgmebkv g_ fhehwdhjwdbhbkl
b azZljhgmeb \_kv _]h [Zkk_cg jbk e I|Adkimhke[Hg
eZkv | _g™ _gpby jZa”_e_gby :jZevkdlelhgdhljo [gZX |jk
k_cgZ Jem[hdh\h”rguc AZiZ"guc f_edhhhffacc<hk
K _\_jguc LZd <hklhqguc [Zkk_cg :jh&ekdhph fhj
]hru nzZdlbqg_kdb i_j_klZe [ulv ihkihkbghuwhh4fhj fhf
guf ha_jhf kms_kI\h\Zgb_ dhlhjh]hblyihghceky dkyg \_
ghc ihegh\h”ghklb klhdzZ j :fm~"ZjvitgK X ejwkddh [Zk
]h fhjy beb FZeh_ :jZevkdh_ fhj_ \ihigkle ihgb_1]h
jye klyav k "jm]bfb [Zkk _cgzZfb + ddpbgbhgXf \kil\_gg
kuozZgby AZiZz*"gh]h b <hklhgghl]h [iZkkbgghdjhbd b
| _evkI\z ~Zf[u ij_"~gZagZq_gghc "efynkm XhHtboty[ d fl
f gz f_""m dhleh\bgzZfb >=DYLDOMR DO ,J@LW VN

o

Jbk Kh\j f _ggh_ khklhygb_ :jZevkdhdgbdfhjy bk
HDUWKREVHUYDWRU\ QDVD JRY )ID\EXHB VS KSU O (



< ~"Zgghc jZ[hl_ fu k~_eZeb Zdp_gl gZ bkke_"h
mjh\gy FZeh]h :jZevkdh]h fhjy jbk < ihke_~gl
fbgbfbazZpbb _]1h \h~hh[f_gZ k “jm]bfb qzZklyfb fhj
mklzZzgzZ\eb\ZIvky klZ[bevguc \h*"gh khe_\he j_"bf
jZdl_jbklbdzf d j_"bfm :jZevkdh]h fhjy "h gZgqzZeZz
N e _gby
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Jbk Kh\j f ggu_ dhe [Zgby mjh\gy \BewkHBEEhHh]h
fhjy

Kh\j_f_ggu_ gZlmjgu_ gZ[ex”_gby gZ \k_o qzkl
fhjy ghkyl wibah”bg_kdbc ozZjzdl_j [hevrbgkl\h j_
Ilhjbg]h\uo Jb”jhf_I_hjheh]bg_kdbo imgdlh\- b klZg
eb k\h_ kms_klI\h\Zgb_ \ i_j\hc iheh\bg_ - o ]]
ghc jz[hl_ [uezZ bkihevah\ZgZz [ZaZ "Zgguo g_ijyf
aZ mjh\g_f \h~u k\h[h~gh jZkijhkljZgy_fZy ijh_c
bk >6FKZDWNH HW DO @ Z1zd _ [ZaZz
j_ZgZebaz (5% ,QWHULP jbk >'HH HW DO

=eZ\ghc p_evx ~"Zgghc jZ[hlu y\ey_Iky bkke_"h
ghklb fh”_ebjh\Zgby *bgZfbdb mjh\gy \h*h_fzZ jZzZI
Zijbrguo mkeh\byo k bkihevah\zZgb_f Ilhevdh g_ij\



hgguo baf_j _gbc >ey ZgZebaZ [ue \u[jZg i_jbh” Kk
\k_ kmlhggu_ j_ZgZeba b *_dZ”gu_ mjh\-_gv \h”"
gbc [ueb ijb\_~_gu d kj_"g_f_kyqguf agZq_gbyf

30

X
8 =
%270
m
(=1
gzﬁﬂ
=
g =0

- - &m

logb!
T
— iy

&
£
@ 5
3.
2—
S a
=4
g 2

1

AR 'Y | "
o o & & & + & »° »*
logbi

Jbk >g _\ghc oh” | _fi_jZImju \ha”mb A KZ tdle\o g ZRI\

Zd\Zlhjb_c FzZeh]h :jZevkdh]h fhjy aziti_jbhq k

< dzZq_kI\_ fh*_eb k\yaulZxs_c kj_"g_*f_kyqgu
e_[Zgbc debfZlbg_kdbo ozZjzZzdl_jbklbd k "bgzfbdt
[ueZ \u[jZgZ fh”_ev j_lj_kkbb j_rzZxsbo ~_4§_\v_\
s_f \b~_ ij_"klzZ\ey_I| kh[hc g_izjzf_ljbq_kdmx fh
ghlh h[mqg_gby % ijhkimx fh”_ev ©[_eh]h ysbdz?
Iby j_r_gbc dhlhjhc fh _I [ulv hibkZg gZ[Rjhf ijh
\uo nmgdpbc >hklhbgklI\Zfb fh”_eb j_]1j_kkbb j_r



\v_\ yleyxlky bgl_jij_Ibjm_fhklv [ukljhlZ h[mqg_:¢
lhe _jZglghklv d g_iheguf "Zgguf < dzZq_kI\_ g_"h
\u”r_eyxl \ukhdmx kihkh[ghklv d i_j_h[mqg_gbx g
ijb "hfbgbjh\Zgbb h”ghlh j_rZxs_]lh dezZkkzZ keh"
Ilhgghc kljmdImju ~_j_\Z

gZeba agZqbfhklb ijbagzdh\ ihdZazZe qlh iZjZz
[_fi_jZlmju dhebqg_klI\Z hkz~dh\ b \_ebgbgu h[s_
hdZzau\zZxl gZb[hevrmx agZgbfhklv gZ j_amevlZlu
N eb j_rzxsbo *_j_ \v_\ ihwlhfm lhevdh hgb [ueb
g_kI\_ ij_~bdlhjh\ nbgZevghc fh*_eb jbk - =+ wlh
ezZlv fh~_ev f_g__ \hkijbbfgb\hc d rmfzf jh[Zklg
fbgbfbabjh\Zeh jbkd i_j_h[mqg_gby

415

I : AN
i || ﬁf'\!\'fﬂ"."."“x anvL
\ { 4 + ||'|\I IL'r“. |1]|i ||| it ]fwl \ IIIV |I

X
| ) | II \ \
@s |'| _/J|| |||-\ \ll‘e'lf A |||l|;} ul

¥POBEHL BOG!, M

f ® HabnogeHnA o
w0 o8 a“p ELE ) a0 “ Qa0 as
P acMeT
P HafinwoneHma

= # & e o o

Jbk J amevlZlu fh~_ebjh\zZgby kj_ "&f bfd kk ygjohhgy* b g
FZehlh :jZevkdh]h fhjy aZ i_jbh” k ih ]

J amevlZlu ihdZau\lZxl \ukhdmx h[h[sZxsmx kihl|
ihevah\Zgghc fh™®_eb gZ \u[jZgghf i _jbh®_ £ ~he\
"bki_jkbb Bhklz\ey | <u[jhku fh"_evguo ag:z
h[ezZklb hljbpZl _evguo ZghfZebc \ i_jbh~u kiz"Zz
h{tykgblv hlkmlkI\b_f mqg_I1Z ijblhdZ \h~u j Kuj*Z]j



GZijzZ\e_gby "Zevg_crbo bkke_"h\Zgbc *bgzfbdl
]h :jZevkdh]h fhjy \b”ylky \ ijb\e_q_gbb wibah”boc
gZlmjguo baf_j _gbc "ey ijh\_jdb b [he__ ~-1Zevgh
ihevam_fhc fhr_eb Z IZd _ \ bkihevah\Zgbb fh"_e
klhdz j Kuj*Zjvb ey \hkklZgh\e_gby agZg-_gbc _|I
IlhdZ \h*u \ FZeh_ :jZevkdh_ fhj_

JZ[hlZ \uiheg_gZ ijb ihA~_j°d_ F_1Z1jZglZ Fbgh[jgZm
% Kha”zgb_ fh~_eb nhjfbjh\Zgby j_qgh]h klhd
gZ hkgh\_ ijbf_g_gby f_Ih~h\ fZrbggh]h h[mqg_gby \uihe
kh\hc ihA* _j°d_ JGN \ jZfdZo ]1jZglZ «

Ebl_jZImjz

'HH ' 3 8SSDOD 6 0 6LFPKRQMWS® ,Q@WHHW LIPOUHD C
&RQ¢(JIJXUDWLRQ DQG SHUIRUPDQFH RI WKH GDWD
-RXUQDO RI WKH 5R\DO OHWHRURORJLFDO 6RFLHW

, JKLWVNL\ $ 6 =DYLDORY@BWKHYRRKW QL QMW \DWD!I
FLUFXODWLRQ RI WKH :HVWHUQ /DUJH $UDO 6HD IL
PRGHOLQJ -RXUQDO RI ODULQH 6\VWHPYV 9

6FKZDWNH & '"HWWPHULQJ "$+ BRYFEKQ: LGARWD V
DSSURDFK IRU HVWLPDWLQJ ZDWHU OHYHGOWLPH
PLVVLRQ VDWHOOLWH DOWLPHWU\ +\GURO (DUW
GRL KHVV

=DYLDORYWYK\VRFDO RFHDQRJUDSK\ RI WKH G\LGQ
6FLHQFH %XVLQHVYVY OHGLD

7+( ,19(67,%$7,21 2) 7+( $5%/ 6($ /(9(/ '<1$0,&6
%$6(' 21 5(027( 6(16,1* $1' &/,0%37( 5($1$/<6,6 '$7$

* 9 $\]H® 6 ,]JKLWVNL\

, QVWLWXWH RI :-DWHU 3UREOHPV RI 5
6KLUVKRY ,QVWLWXWH RI 2FHDQRORJ\

7KH $UDO 6HD OHYHO G\QDPEEN QIHLHDWBK N \U B QD X
IDFW WKDW WKH HQYLURQPHQMPY KQG H QEKXRER
FDO FKDQJH RI ZDWHU DQG VDHDW \E DELIMFFHHYUDWH \
VHD YROXPH KDV GHFUHDVH® \E\LQF UBIQE HOV D DROV
6HD K\GURORJLFDO F\FOH SURIAMNG HBA MKYH WR MID
Rl PRGHUQ ZDWHU EDODQFH PMEQ@XWHD B QN VR UMK LF
PRGHUQ GDWD RI UHPRWH VH\@M LG WPLHPIHWXW\H PSH QA



FOLPDWLF UHDQDO\VLV (5% RQWHUWL P H YRHO VEK € DUPH
QRUWKHUQ SDUW RI WKH $UDO 6HD

KLIMDLMJ: AHHIE:GDLHGGUO KHH;S?KL<
KL:JBQGUO HA?J HKLJH<: K:FHCEH<KDBC
X@G:Y Q:KLV >?EVLU J?DB E?GU K:O: YDMLB'

< :gZgv_¥Z G :[jZfh\@ < RZdmjh\z

DZazZgkdbc n_~ jZevguc Iljb\he kdbc mgb\_j
=hkm~"Zjkl\_gguc ijbjh”rguc aZih\_~gbd ©Mklv

ljhZzgZebabjh\ZgzZ kljmdImjZ ahhieZgdlhgZ- "\mo Kk
fh\ h KZfhceh\kdbc X' 'gh_ b K_\_jgh_ gZoh”ys
j_gghc I_jjZzk_ Ih gZ[ex"_gbyf e_lg_]h i_jbh"Z gZ
e_gghklv b [bhfZkkZ ahhieZgdlhgZz hlf_gq_gZ \ g
ha X 'gh]lh b \ k_j "bg_ bxey £ ey ha K_\_jgh]
S_c ]Jjmiihc ih ihdZazl_eyf qbke_gghklb b fbhfZzkk
i_ih~u Hkgh\ghc \dez” \ \b*h\h_ jZaghh[jZab_ dI
ghlh \gh&YFORSRIaGIX_\_jgh]lh £ gZmiebZevgu_ k
[Zdkhghfbqgq_kdhfm khklZ\m ahhiezZgdlhggh-_ khh[s
ghlh b K_\_jgh]lh h KZzZfhceh\kdbc fh _I [ulv hoZ
dzd jhlzZlhjgh dhi_ih~rgh_ \dexqgZxs__ dZd-w\jblhi
ijbf . HUDWHOOD FRFKOHDULY 1RWKROFD DF
'DSKQLD SXOHW[ km]im[h [hj_ZevWORSBYWY NROHQ
+HWHURFRSH ERUHDOLY /HSWRGLDSWRPXV D

J dzZ E_gz \iz~zZy \ fhj_ EZil_\uo xjmgbeZén[rb
gmx ~_evim dhlhjzy [h]ZlZ jZaebqgtufggbtihhbfzfb
| _jfhdzZjklh\h]h ijhbkoh ™~ _gby >:glhgthba \b@&@h\ H” ¢
ihcf_gguo \h~h_fh\ y\eyxlky klZjbggwghabpbjhu i
\Zeb kljmdImjm ahhieZgdlhgguo khh§sokhh™Mmo k
fh\ £ ha_j X 'ghlh b K_\_jgh]h gZohAyglhlcylgg h”
jZk_ h KZzZfhceh\kdbc x'ghc qZklb ~_evlu j E_gu

K[hj ahhiezgdlhgZ ~\mo klZjbgguo ha_j X' gh_
[ue ijh\_~ g \' \_k_gg_ e_Ilgbc i_jbh~" - \ oh”_



g_c wdki_"bpbb jhkkbckdh g_f_pdh]h ijh_dlZ ©Kb
I_\uo? K fZy ih bxgv \ klyab k h[e_~_g_gb-f \h~h_
dlhgZ hkms_kl\eyeky klzZzg~Zjlgh ijhp_"b\Zgb_f
dZzq_kI\_ggmx k_Ilv :irl_cgZ jZaf_j yq_Db fdf <
IZygby ev”~h\ azZ[hj ijh[ ijh\h*beky \_jlbdZevguf ij
hl ~gZ ~h ih\_joghklb fZehc k_Ib > _"b - fdf |
gh k hi[hjhf [bheh]bg_kdbo ijh[ ijh\h*beky nbabd
ZgZeba \h~u gZ [Za_ ]b”"jhobfbq_kdhc ezZfhjZlhjb
eh\kdbc? Kj_~gyy k_ahggzy I|_fi_jzZlmjzZz \h”u Kk
"ey ha X gh]h b fK £ “ey ha K_\_jgh]lh GZ
gyy f_kyqgzZy |_fi_jzZImjzZ \h~u ~ey klZjbgqguo ha_]j
fK gZb[hevrZy = \ k_j_"bg_ bxey fK =
b fK £+ “ey ha K_\_jgh]h qglh \ p_ehf-kh]eZkr
jZdl_jhf "bgzfbdb I_fi_jZImju \ ~Zgghf jZchg_ Kh’
ehjh~Z \ \h~_ ihcf_gguo ha_j + = f] e <h”hjh”g
S+ * \Zjvbjm _|I m ]jZgbpu g_cljZevghc kj_"t
h[jZz[hldZ fZl_jbZeZ hkms_kl\eyeZkv \ |b*jh[bheh]l
Ilhjbb GBK ©KZfhceh\kdbc? b eZ[hjzZlhjbb dZn_"ju
s_c [bheh]l]bb DZazgkdh]lh mgb\_jkbl_1Z ih-h[s_ijk
d_ >;h]hjh\ Qbke_gdh F_Ih*"bg_kdb_ j_u
@ Dhebqg_kI\_ggZy h[jZ[hldZ \ mkeh\byo klZg
eZkv k ihfhsvx dZf_ju ;h]hjh\Z ih”® [bghdmeyjhf 2C
Z 1zZd _ ih™ kl_j_hkdhibg_kdbf iZzgdjzZlbq_kdbf fbd
=220 Kidin KR\ |IH\HeZ i >>eeyy Hijjj ™ ee agihyy e \\WB"2Z (]
ah\Zgu fbdjhkdhiu 20\PSXV 8 '$ 3ULPR 6WDU
djhf_~ K 2 M~h[_g ijb jZ[hl_ k ieZzgdlhghf mgb\_
djhkdhi $[LR ,PDJHU 0 k nmgdpb_c fmevlibnhdmk
kt_fdz iha\hey_| jzkkfhlj_Iv \k_ ~_IZeb hj]Zgbafz
kdhklb Hg "_ [ue bkihevah\Zg ey fhjnhf_ljbqg_kd]|
kh\f_klgh k ijh]jzffhc &= $[LROLVLRQ
Dhebq_kI\_gguc mqg_I| b I1Zzdkhghfbq_kdzZy b~ _gll
AN gu gZ wda_fieyjZo ba ijhl
< klZjbgguo ihcf_gguo ha_jZo h KZfhceh\kdl
\br"Z ahhiezZgdlhgguo hj]J]Zgbafh\ ijbgZ”e_"Zsbo
S5RWLbHUWKUR S®Re&xak k Z f hljy~rzZf k_f_ckI\zf



MklZzgh\le_gh qglh ahhiezZgdlhggu_ khh[s_klI\Z h

K_\_jghlh bf_xI jy» h[sbo q_jl 1j_"~_ \k_]h ~hft
\b~Ah\hf highr_gbb Jjmiihc y\eyxlky RAHXY [yDaguD
&RSHSRGD G REBipMoWIV U Dkfhik [ Z\ey xsb _ hi h[s_]

gbkezZ \b~h\ [|Z[e GZb[hevrbc \dezZ” \ \b2h\h_ j.
dhh[jZaguo \ghkyl dhi_ih*u &YF ORYERIEGDdZkZ _|
ky “A\mo ~“jm]bo hljy~h\ Ih ij_~klZ\bl_e_c hljy*Z d
f_gvr_ q_f pbdehib” Z +DPUKDAWLFRLBIKI\ _ggu
\b"hf &E@DQWKRFDPSWXV JODFLDOLV

<ukhdh jZaghh[jZab_ dheh\jZlhd £ hgb khklZz\
\k_o \uy\e_gguo \ ijh[Zo \b~rh\ 1Z]e Ih 1Zdkhgh
klZ\m ahhieZgdlhggh_ khh[s_kI\h ihcf_gguo ha_]
A_evliu E_gu h KzZfhceh\kdbc fh _I| [ulv hozjzdl
jhiZlhjgh dhi_ih~*gh_ jbk =

KhklZ\ ahhiezgdlhgZ ih kbkl_fZlbq_kdbf Jjmiizf

KbH_beq_dey]jmKEﬁfh hi h[s_fh

gbkeZ \g~h\
S5RWLIHUD dheh\jZIdh
&UXVWDFHD jgdhh[jZagu_
&RSHSRGD
&\FORSRLGD
&DODQRLGD
+DUSDFWLFRLGD
'"LSORVWUDFD

?s_ h~rghc mgb\_jkZevghc g_jlhc ihcf_gguo ha_
kdbc y\ey Iky ijbkmlkl\b_ dZd w\jblhiguo \b~h\ kj
[Zdbfb y\eyxHkADWHOOD FRFKOHDULY 1RWKROF
ORQJILNSLQX] &MWXVWEFBPQWKRF\FORSYV YHUQD
VWUHQXXV 'DSKRAD X[ @dgbg_gguo k_\ -jgufb r
fb \bh&\FORSVY NROHQVLV +HWHURFRSH ER
DQJXVWLOREXV

AhhiezZgdlhggZy nZmgZ klZjbgguo ha_j-x"gh]h
lu E_gu dZq_kI\_ggh b dhebqg_klI\_ggh hlebgZ _ Iky
kljmdImj_ ahhiezZgdlhgguo khh[s_kI\ ihcf_gguo h:
K_\ _jghlh “hfbgbjmxs_c ]jmiihc ih ihdzZzazl _eyf gl



[bhfzkku y\eyxlky dhi_ih"u Gh ~ey ha X'-gh]lh o0z
khdb_ ihdZa8AIF@RSRN\e@DK_\_jgh]lh * h[beb_ gZmi

guo klz~bc jbk %
< \_k_gg__ e_lgbc i_jbh” gzZ[ex™_gbc kj_"gyy
hlh k

[bhfzkkZ ahhiezgdlhgguo hjl]Zgbafh\ ha X'g
wda I ] tkhhi\_IkI\_ggh Z gZ ha K_\_jdhf +
] fjbk GZb[hevrZy gqbke_gghklv b fbhfzZkk

gZ \ ha X 'ghf [ueb hif_gq_gu \ gZqZe_ bxgy I|h]"z
\_jghf £\ k_j_"bg_ bxey
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[hevrbgkI\_ ijh[ ih gbke_gghklb b [bhfZkk-_ gZmi
"bb LzZd _ agzZqbl_evgmx [bhfZkkm ha K- \_jgh]
eygb”u gh wim ]jmiim g_evay kgblZlv klZ[bevgh
_jzZqdb gZ ijhly  _gbb \k_]h k_ahgzZ bf_eb klZ[be
gbke_gghklb ™M dheh\jZIhd ha K_\_jgh]h hIf_qg_g
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Ib iheghklvx [hevrbgkl\h ieZgdlhggwbhh\j]ZgbaZh\ \
oh”blky \ "bZiZma_ dhebqg_kl\_gguwlhZjZzdbhbdklb
hg_gv gbadb < |I_q_gb_ e_I1Z gZ[eB8BA\ IkyZa\kdhe
Ibb i_ezZ]lbq_kdbo [bhp_ghah\ ha_jlhkK\yaFlgg\w® k g
\brh\ ieZgdlhgguo hjl]Zgbafh\ DhehgzZl&pbZ\gbkfhl
| _evgh [hevrh_ gbkeh h[gZjm _gguobbkéhydhkdiburdl
g_ \ghkyl azZzf_lguo baf_g_gbc \ *“bgZigdd mg¥b hhiZkk
"h_fz >ey iheh'bl_evghc "bgZfbdb [phézZkkh[ieZg
s_kI\ klZjbgguo ha_j h KZfhceh\kdbgb\dc_ig ¢ZI mk
]bg_kdbc dhfie_dk dhlhjuc nhjfbjmjrmkygulo maydklb _
h[jZaguo [Zdh® SWRPXV JODFLDOLVb HBBKRQURFR
pulex Khklz\ dhfie_dkZ ihklhyg_g \ |_qgeglZ - ghiglb
[ex*Z |ky ebrv kf_gZ “hfbgbjmxsbo \b”h\
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Aih[bheh]bq_kdbo bkke_"~h\Zgbyo gZ ij_kgh\h2guo \h”

dlhg b _]h ijhmdpby |h~ j_~ = = <bg[_j] = F EZ\
GBHJO ABG :G KKKJ k

Qbke_gdh GhfB]jZffu ey hij_~_e_gby \_kZ \h”guo hj
ih jzaf_jzf b nhjf_1_eZ E GZmdZz k

67588&785( 2) =223/$1.721 &(126,6 2) 2:%2: /$.(6
21 6$02,/29.< ,6/$1"' 6287+(51 3$57 2) '(/7$ /(1%
5,9(5 6$.+% <$.87,$

9 $QDQMHYDS$SEUDPRYD 6KDNXURYD

.D]IDQ )HGHUDO 8QLYHUVLW\
/HQD '"HOWD :LOGOLIH 5HVHUYH

7TKH VWUXFWXUH RI ]JRRSODQNWRQ FHQRVLV RI WZ
6DPRLORYVN\ ,VODQG ZDV VWXGLHG 7KH JUHDWH
SODQNWRQ ZDV REVHUYHG IRU 6RXWK /DNH LQ HEL
WKH PLGGOH RI -XO\ &UXVWDFHD GRPLQDWHG DP
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Fhkdh\kdbc J]hkm~Zjkl\_gguc mgb\_jkibdhkth\¥Z F <

JZkkthj_gu hkh[_gghklb ijbf_g_gby ~ey jZkq_Ilh\
g_kdhlh j_"bfz \h~"hojZgbebs ]b"]h"ngqu kdhc

\_jlbdZevghc mhkdthb(MW//Eb BN T \W\o [
jbnbdZpby fh~_eb ijh\_~_gu ih ’\Zgguf |h’\Jh[guo

gZ Fh Zckdhf \h”"hojZgbebs_ \ b 11 F
jZkg_lu z~_d\zlgh \hkijhba\h”yl ]b”jheh]bg_kdbc
gbebsz \' 1 _q_gb_ [_ae_"hklz\gh]lh i_jbh*Z GZbJl
ghklb jzkq_l1z | _fi_jZImju b fbg_jZebazZpbb \h"u \
h~ \ua\Zgu jZkkgblZzggufb bgl_gkb\gufb ~j-cnh\uf
kZpbhggufb | _g_gbyfb GbadzZy lhgghklv jZzkq_IZ
ih\_joghklb ijb\h~bl d hrb[hgghfm \hkijhba\_"_gb
guo kl]hggh gZlhgguo y\e_gbc >ey m\_ebg_gby |
ghlh jzkq_I1Z g_h[oh~bfh mkh\_jr_gklI\h\ZIlv Ze]hjb
iheh”_gby djb\hc k\h[h~*ghc ih\_joghklb b kgbablv
ghklv \gmlj_gg_]h \h~hh[f_gZ d \_Iljh\hfm \ha”_ckl

G_h”rghjhrghklv b baf_ggb\hklv \h*"guo wdhkbkl
g_h[oh~bfhklb kha”rZgby bo fzZl_fzZlbq_kdbo fh”_e
gZmqgguo b ijZzdlbg_kdbo azZz”~"Zq H”gZdh ijb m\_et
\hkijhba\h~bfuo ijhp_kkh\ m\_ebqb\Z_Iky keh ghk
jZkq_1Z WIh ijb\h”~bl d g_h[oh”bfhklb bkke_"h\Zc
e ¢ "ey hp_gdb bo z~ _d\Zlghklb ihklZ\e _gghc aZzZ:



>\mf_jgu_ ]Jb*jheh]bg_kdb_ fh~_eb \ gZklhys__
ijbf_gyxlky ey "hebgguo \h*hojZgbebs ]#_ ij_\tL
gu gZ” rbjbghc iha\hey_ | ij_g_[j_1ZIlv baf_gqgb\h
| _jbklibd ih rbjbg_ \h*h_fzZ < fh~_eyo wlh}h IbiZz
s_ij_"klz\ey_Iky \ \b~A_ hlk_dh\ b keh_\ jZa"_ey:
"ebg_ b ]Jem[bg_ khhI\_IkI\_ggh h[jZzamy jZkq_Igu
& (4B Gk - wellin g7 Hiee EZTinon Himd) Kdigyumon [
kdbo fh”_e_c "Zg SR HIZEWKRO @D @@ Rhaixtaigirc
lu [ueh ijbf_gbdyv &ey jZkqIXqoZ2yZdF bkl bt Kb he
kdhlh j_"bfzZ Fh Zckdh]h \h*"hojZgbebsZ hp_gblv
klb g_"hklzldb b ki_pbnbqg_kdb_ hkh[_gghklb \_
eb[jh\db

&4: \dexqZ_I1 \ k_[y *"\Z [ehdZ ]b”jh~"bgZfbq_k
kiI\Z \h~u < ]b”jh”*bgZfbq_kdhf [ehd_ ijh\h~blky j:
gby \h~ghc ih\_joghklb kdhjhkl_c I_g_gby b [I_fi
;ehd dzZq_kI\Z \h”~u iha\hey_I| ijh\h~blv jZkqg_I 1j
[hevrh]lh dhebq_kI\Z oZjZdl_jbklbd \h?*u >&ROH
"Zgghc jZ[hl_ jzkkfzljb\Z_lky Ihevdh __ fbg_jZeb

Fh Zckdh_ \h”"hojzZgbebs_ ij_"~klzZ\e_gh \ \b~"_
ih"_e_gguo gZ kehb lhesbghc \ f Gb gyy 1ljZgtk
]h kehy gZoh”blky gZ \ukhl_ f 1jb ghjfZevgh
mjh\g_ f jZkg_lgZy ko_fZ \h*hojZgbebsZ khkl!
_d &4&4dZd%Zuceufhdkdil§_irtkra\e&y el kihking hig yifjlyrnt] mé
jZee_e_ibi_~ ?]1h h[t_f b iehsZ”b ih\_joghkl_c 1]j
lu\Zxlky bkoh”y ba "ebgu hlk_dZ kj_"g_c rbjbgu |

DZeb[jh\dZz fh~_eb ijh\h~*bezkv ih ~Zgguf g

i 11 >:jZd_evygp @ >ey \_jbnbdZpbb fh:
ah\Zebkv "Zggu_ ]b~jheh]h ]brjhobfbq_kdbo kt_
guo \ ] Kj_~g_d\z~jZlbg_kdZy ih]jSrgfhklv jzZ
[_fi_jZImju \h~u khklzZ\bez fK <$Sbaf_ghegikkq_
hi fK Z\ImklzZ ~h fK fZy b bxgy ]
g_| fbg_jZebazzZpbb \h~u \ ] [ue ijh\_2_g kh

Ibg_kdhc ih]j_rghklvx fl] e GZb[hevrb_-ih]j_rg
lZ fbg_jZebazZpbb \h”u [ueb ihemqg_gu \h \j_fy e _~
f] e fZjlz ] b yg\Zjy ] khhI\_IkI\_ggh
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< g_dhlhjuo kemqgZyo ijhbahreh j_adh_ m\_ebqg
klb jzkq_1Z |I_fi_jZImju b fbg_jZebaZpbb \-hI*_ev¢
"hojzZgbebsz 1j_"~_ \k_]h wlh ijhyleyehkw bxgy
NZ jZkkgblzZzggZy ih fh~_eb | _fi_jZImjzZ \h”u \ ijb’
hlk_dh\ \ \_joh\vyo \h”"hojZgbebsZ ihemqgbezZkv g
gZ[ex” _gghc \ke_"klI\b_|_g_gbc azZ\bkysb-o hl ]b”



g_kdbo mkeh\bc b gZijz\e_gguo ba p_gljZevguo
gbebsz d \_joh\uf hlk_dzf

KhleZzkgh fh”*_evghfm jZkqg_Im fZy } Fh zc
gbebs_ [ueh mklhcgb\h kljZIbnbpbjh\Zgh ih \k_c
\_joh\bc L_fi_jZImjzZz \h~u ]bihebfgbhgZ \-p_qgljZ¢
iehlbgghf jZchgZo \h*"hojZgbebsZ khklzZ\eyez i f
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[hdkZo I_fi_jZImju \h~u fK Z b kdhjfhklb[ |_ghegbc
"bl_evgu_ agZq_gby mdZaulzZxl qlh |I_q_gblbgZijzZ\e ¢

\ fZy b jZkij_~_e_gb_ | _fi_jZImjukdmjbki\o | _
q_gbc ] \ bxgy ]

K ih fzZy ] "_ckl\h\Ze x'guc \_|_j gZij.
hl iehlbgu d \_joh\vyf \h*hojZgbebsZ kh kj_"~g_Kki
klvx f k fzy ] ih j_amevizlzf fh”_evgh]lh j.

o0jZgbebs_~ ckl\h\Zeb ~\Z djmiguo |_q_gby ih\_|j
gb_ hl iehlbgu d \_joh\vyf b Jem[bggh_ gZijZ\e_g
klhjhgm b aZo\Zlu\Zxs__ \kx hklZevgmx gqZklv \h”



jZkkgblZzgguc mjh\_gv \h”u \' \_joh\vyo gz  kf ij_\
\h~u m iehlbgu L_q_gb_ gZ ih\_joghklb *_-ckl\h\Z
g_ \h~"hojzZzgbebsZ b bf_eh f_klzZfb kdhjhklv hl
Ih™ gbf \ wibebfgbhg_ gZ Jem[bg_ i f jZzkqg_Ihf |
gh I_q_gb_ k fZzdkbfmfhf kdhjhklb hdheh fk\
Ilh f_j_ ijb[eb _gby d iehlbg_ hgh hkezZ[_\Zeh ~h
\ k_dmg”m Gb'gb_ kehb jzZkiheh _ggu_ \-]biheb
\Zeh ]Jem[bggh_ | _qg_gb_ jbk [ ljh*he-bl_evg
[jz x]h \hklhqghlh gZijz\e_gby hl iehlbgu d \_joh
l_g_gb_ \ih\_joghklghf keh_ kh\iz*"Zxs__ k gZijZ
i_j_dhk \h~rghc ih\_joghklb \ klhjhgm \_johAv_\ ijb
A_\h”Mu \ ijblhd_ Z 1Zd _ g_azZ\bkbfhklv kdhjhklb
I _g_gby hl ]jz~b_glzZ iehlghklb \hAu mdZau\Zxl gZ
ghkligh_1l_qg_gb_ £ ~j_cnh\h_ Z ih” gbf £ dhfi_gk.
HibkzZggh_ jzkij_~_e_gb_ I_fi_jZImjZ \\hyu db&ljm
khojZzgyebkv \ \h*hojZgbebs_ [_a bafihd @ bgztjiz\ f
e_gb_ \_1jZ kf_gbehkv k x]h \hklhqggh]hhgkd ajhikZlvg
miZzez “h f k H[sZy h[eZqghklv inf_fXZeebdXkijk"
gyy I_fi_jZImjzZz \ha”moZ hklZezZkv ijpK_jd&Ekj@hginc
\h”~u ijblhdh\ g_ ij_\ukbkb H”gZdh g_[hevrh_ baf_g
]b~jhf_I_hjheh]bq_kdbo mkeh\bc agzgbkkegbghigbaf
gmx |I_jfbg_kdmx kljmdImjm \h*hojZghBZbdBAN Ildv)_ar
ghlh jZzkq_1Z bxgy ] \h*hojZbgbgbsh KljZélhnio k|
pbjh\Zgguf ih \k_c *"ebg_ < \_joh\udblmjk \dZo gZi_
ih\_joghklb kgbabeZkv k ~h fK Bnddfbg m\dbeg i
ky kehc I_fi_jZImjghlh kdZzqdz k \ glbhdEZefvgedliiZz"b
ju *hklb]zZxsbf fK f L_fi_jZImjZ ijb jropdwehd&h \
dh\ kgbabezkv “h i fK b klzZzeZz ijbfjZlghj |Z\mimc |_
ebfgbhgzZ kj_~g_c b gb'g_c gZkl_c \h*hbjZgbebsZz
bxgy \ *\mo \_jogbo kehyo \k_o hlk_dh\ 2_ckl\h'
ijZ\e_ggh_ hl \_joh\v_\ d iehlbg_ FZdkbfZevgu_ |

\_joghklb m\_ebgb\Zebkv ih f_j_ ijb[eb  _gby d ieh
\'hlk_d_ < ~h fk\hlk_dZo < § HAgh\j f_gc
Jem[bg_ hl ~h  f\h~AZ \ keh_ |_fi_jZImjgh]h kd

\ klhjhgm \_joh\v_\ kh kdhjhklvx ~hklb]Zxs c
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khlu mjh\gy \h”Au f_"~m ijbiehlbgguf ie_khf
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LZdbf h[jZzahf \ke_~"klI\b_ kf_gu ijh*hevghc \_Ij
eypbb \h” gz ijhlb\hiheh gmx ih® ~_ckl\b-f dhfi_
l]Jh 1_g_gby bxgy \ \_joh\mx qZklv \h*hojZgbebs.
j_f_klilbezkv oheh”gZy \h”Z ]bihebfgbhgZ hlk_dh\
ijbiehlbggh]h jZchgh\ < j_amevlZl_ jZagbpzZ f_""r
b jZzkkgblzZzggufb ih &4: agzZq_gbyfb I_fi_jZImju \

] “hklb]ez fK \ ]bihebfgbhg_ hlk_dZzZ «

Khlezkgh fh”_evghfm jZkg_Im \_Ijh\u_ &_gb\_e
xsb_ kljmdImjm |I_q_gbc ih \k_c “ebg_ \h™hojZghbe
xlky hg_gv [ukljh \ I_g_gb_ g_kdhevdbo jZkq_lg
rh_ \ebygb_ \_1jZ gZ \gmlj_ggbc \h*hh[f_g h[mkel
jZkkgblZggzZy djb\Zy k\h[h”ghc ih\_joghklb \h"u i
jbahglzZzevgz gZ ijhly _gbb \k_]h ]1h”Z WIh ijhlb\}
gZ[ex”"_gbc kh]JezZzkgh dhlhjuf iZz~_gb_ mjhAgy \h"
“Zckdh]h \h~hojzZgbebszZ az\bkbl ij_"~_ \k_]h hl j
ijblhdh\ b khklz\ey | i kfijb mdehg_ -i :
gu_ bkke_"h\Zgby« @



Ih j_amevlzlizf fh_ebjh\Zgby mdehg \h~ghc ih)
kljh baf_gy_Ilky ih®” \ha~_ckl\b_f \_IjZz gh ijb wlh
g_gm\kl\bl_e_g d \h~rghklb JezZ\guo ijblhdh\ jbk
klb jZkgq_lghc k_Idb

ljb jZzkg_Il_ ih ]1b”jhf_I_hjheh]bq_kdbf] midly\byf
gb_ \_Iljh\uo ~_gb\_eypbc gZ jZkij_“juebdftb-g | _ fi_j
jZebazZpbb \h~u g_ ijhy\behkv WIlh RbykaZglg kklvf
f_I_hjheh]bg_kdhc bgnhjfZpbb khklEXkbled dgdz\ g

i 11 ;he__ qzZklZy kf_gzZ gZijzReb gbljZ kdhj
ihal\heyeZ knhjfbjh\ZIvky pbjdmeypbwkxhd&dBbunZ xs
\h~"h_fz

=b"jheh]bq_kdzZy fh"_ev Fh Zckdh]lh \h*"hojZgbe
ey | kh[hc wnn_dlb\guc bgkljmf_gl *ey j_r- gby g:
Ibg_kdbo azZz”~"Zq dZkZxsboky “hebgguo \h2hojzZgh
[m_I \ukhdhc ~bkdj_Ilghklb f_I_hjheh]bg_kdbo "Z
r_gkl\h\Zgby ZelhjblfzZz jZzkq_IlZ iheh _gby djb\hc |
\_joghklb \h*"hojZgbebsZz
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K\GURG\QDPLF DQG ZDWHU TXDOLW\DPREHDWHGA ¢



YHUL{HG PRGHO XWLOL]JLQJ GVPMW D HH\RFDWYHAW HIAQ RX
R DQG 7TKH PRGHO WVIHRHARDWHQ@ IZWBE |
VWUDWL,FDWLRQ UHJLPH DRXGY B8 GVWRUWILLEGNWV LORH® R ¥
HUURUV IRU EDFNZDWHU VORSH 3UHBQMWWL REY AKQ
GLVWULEXWLRQ RI WHPSHUDWXU I$VD QR GJ MARVODNO @&
UHQWY VHULRXVO\ UHGXFHGRW K HH TXPQREWWX GRHIl W KK
PRGHOCYV DOJRULWKP VKRXO GI H HE HWSWRY HDB FNY R\
SUHGLFWLRQV DQG WR UHGXEPDLCP ¥ WRIWND \R L ZF VS LA

DJBL?JBB GHJFBJH<:GBY :GLJHIH=?GGHC
G:=JMADB K MQ?LHF I1JBJH>GUO HKH;?GGHKL"
<H>GUO H;T?DLH<

D < ;_kiZeh\Zz
BgklbIlml wdheh]bb <he kdh]h [Zkk_cgZ J:G

Ih "Zgguf fghlhe_Igbo gZ[ex®_gbc gZ \h*guo h[t_
<he]b jZzkkgblZgu j_]bhgZevgu_ “himklbfu- dhgp_
s_kI\ "\hcgh]h ]_g_abkZ Ilhemqg_ggu_ ghjfZlb\u
mqgblu\zZxl ijbjhrgu_ hkh[_gghklb nhjfbjh\Zgby dZz
ij_~ezZ]Zxlky ey bkihevah\Zgby \ dZq_KkI\- djbl_j
gby k[jhkzZ azZ]jyagyxsbo \_s_kI\ \ \h~Agu_ h[t_dlu

GZ djmiguo \h*"hojZgbebsZo Gb 'g_c¢c <Hel]b hkt
\uaulZ | hj]l]Zgbg_kdh_ aZ]jyag_gb___daffmgeh\e g
k[jhkhf [bh]_gguo \_s_kI\ \ khklz\_hkijbggi#d_¥th" ¢
e_gghf \h~Arghf h[f_g_ \uau\zZ_| fZkkhhhhkpZa\lblb _
mom~r_gb_ dZq_kI\Z \h”u bklhqgbdhXk[iblgzbywh]h
>K_e_ag_\Z @ <f_klI_ k I_f hnhbdptb Zredrfaiu bk
\Zxl gZ aZ]jyag_gb_\he kdhc \h*u Zjj¥xgppbgdhf

H~rgZ ba ijbgbg keh b\r_cky kbimZpbb + wlh g
f_IhA"bdb jZzkq_IZ ghjfZlb\h\ “himklbfh]lh k{jhkz
gyxsbo \_s_kI\ \ \hAgu_ h[t_dlu >F_Ih"bdZ« C
s__\j_fy \dzq_kI\_ djbl_jb_\ ijb ghjfbjh\Zgbb kIj
"hcgh]lh ] _g_abkzZ bkihevamxlky ij_~ evgh “~him



ljZpbb 1>D dhlhju_ y\eyxlky h”"bgZdh\ufb ~ey \
jbb IJN azZ\bkyl lhevdh hl \b”"Z \h*hihevah\Zgby
ijbjhrguo hkh[_gghkl_c \h~guo h[t_dlh\ < }_amevl
\Zxlky hrb[hqgu_ ijbhjbl_lu ijb mijZz\e_gbb-Zgljhikt
]jmadhc gZ \h~gu_ h[t_dlu

\lhjhf ij_"rez]zZ_Ilky ijb ghjfbjh\Zgbb\kYYyh&@h\_s_
]Jh 1_g_abkz \f_klh I>D mklZgh\e_gpdldjga d wglk\ _
i_jbf_glh\ bkihevah\Zlv j_]bhgZevgagp_ "gHjaixbibfu_
J>D ihemqg_ggu_ ih ~Zgguf fhgblhjbldh\Zz \h~*guo h

J_]bhgZevgh_ ghjfbjh\Zgb_ hkgh\u\Z_Ilky gZ mc
hkh[_gghkl_c nhjfbjh\Zgby dZq_kI\Z \h* H-kgh\gz
db J>D khklhbl \ Ihf qlh[u Zgljhih]_ggh_ ‘ha”_ck
"beh d gZjmr_gbx ghjfZevgh]h nmgdpbhgbjh\Zghby
kl_f b mom~r_gbx dzZq_kI\Z \h”u

< dz ~hf hi*_evgh \aylhf [Zkk_cg_ beb _1h qzZkl
hkh[_gguc khklz\ \h~u k\hckl\_gguc *Zgghc \h”h
Ihjbb b aZ\bkysbc hl ijbjh*guo mkeh\bc Mkeh\by
obfbq_kdh]h khklz\Z ih\_joghklguo \h” \ [Zkk_cg
]b kms_kI\_ggh hlebgzZxlky b az\bkyl ij_"7~_ \k_]h
ev_nzZ ]Jb~jh]_heh]bg_kdbo hkh[_gghkl_c b jZklbl
Ku« @

=_h]jZnbq_kdh_ iheh _gb_ [Zkk_cgZ Gb=-g_c <h
gZy _]h ijhly _gghklv \ rbjhlghf gzZijz\e_gbb hij_"
h[jzab_ debfzZlbg_kdbo mkeh\bc < _]h ij_#*_eZo
gZ debfzZlbg_kdbo ahg hl "hklZlhggh \eZz gh]h deb
klb "h aZkmreb\h]h dhglbg_glZevgh]h debfzZlZ in
_lh gzZklb

ljb 1Zdhf jZaghh[jZabb ijbjhrgh debfZlbg_kdbo
[Zkk_cg_ Gb'g_c <he]lb kh\_jr_ggh hg_\b”gh qlh
obfbg_kdbo \_s_kI\ “\hcgh]h ]_g_abkzZ \ jZaebqg
k_cgzZo fh _| baf_gylvky \ rbjhdbo ij_~_eZo G2Zb
bamg_gu azZdhghf_jghklb nhjfbjh\Zgby g_h"*ghjh”c¢
jZebazZpbb \h~ Dhgp_gljZpby b j_"bf hjlZgbq_kdl
\_s_kI\ kh”_j"Zsboky \ \h*guo h[t_dlZo bamq_gu
k bhgguf khklz\hf agZgbl_evgh om _ >:e_dbg



< khhI\_Ikl\bb k ba\_klgufb f_Ih*"bg_kdbfb jZzajz
jZkkgblu\Zxlky ey hij_~_e_ggh]lh \_s_kI\Z \ dhgd
eh]bg_kdbc k_ahg ih “Zgguf fhgblhjbg]Z >K_e_ag

L_jjblhjby [Zkk_cgZ Gb g_c <he]b jZzah”?ghylZ hj]
dz~Zkljz gz \h"hohayckl\_gguo mgdkKhdhthobz "~
luNZ _I \h~hk[hj hij_~_e_ggh]lh hlj_atiZzexhelb[2Zb[h
k_cgu __ djmiguo ijblhdh\ Ihqlb g% \kglbkjymkfehhl
<he]lb \ gb g_f k\h_f I_g_gbb azj_JmrebghiBgo\n Ij_fy
"hojZgbebsZfb Dmc[ur_\kdbf KZjzZIhAkdbf b <he]h

< dZq_kI\_ h[t_dlh\ ~ey jZajZ[hldb J>D \ [Zkk

<he]b ba mqgZkldh\ \u[jZgu mqgZklhd j_dZ R_
j_dz Khd mqZklhd j_dZ FZeuc Bj]lba- mqgZk
j_rdZz mqgZzZklhd KzZjzlh\kdh_ b mqzklhd <h

"hojZgbebsZ <u[jZggu_ mqgzZkldb ho\zZlu\zZzxl jZae
gu_ mkeh\by nhjfbjh\Zgby dZq_kI\Z \h~ \ [Zkk_cqg_

Bkoh~rgufb "Zggufb ey jZkq_1Z J>D gZ mdZaZgc
kem 'beb "Zggu_ kbkl_fzZlbg_kdbo ]b”jhobfbq_kdb
i_jbh~ + 11 GZ hkgh\_ kh\f_klgh]h ZgZebaZz
oh~zfb b I_fi_jZImjhc \h”u \u”_e_gu ]b”jheh]lbqg_
abfgyy f_"_gv ~_dZ[jv yg\Zjv n_\jZev b fZjl \_
Av_ Zij_ev fzZc bxgv e_lg_ hk_ggyy f_-_gv bx
lyljv hdly[jv b ghy[jv

< N"Zgghc klZlv_ ij_"klZ\e_gu j_amevlZlu jZkqg_
"mxsbf ihdzZzazl_eyf kmevnZlu Zffhgbc gbljblu ¢
pbgd hj]J]Zgbqg_kdb_ \_s_kI\Z ih bgl_]jZevg-uf ihdZz
fbg_kdh_ ihlj_[e_gb_ dbkehpbfdbq;lKdh_ ihlj_[e_gl
dbkehjh~rzZ OID

J dZ R_rfZ mqZkleélwgZ j_db + df iehsz”v [Z
gz =* luk dfo J_dzZ yl\ey_Iky e_\uf ijblhdhf D
\h~"hojzZzgbebsz b \iz*zZ_1 \ _1h DzZfkdmx \_d1dm gb"
db ;_j_ I gZgZeh gZ ;m]lmevibgkdh ;_e_ [__\kdhc \
j_dm \iz~rzZ _| ijblhdh\ JZkoh™ f_"_gb \ mklv_

J_dzZ kj_"g_c \h~rghklb Iblzgb_ ij_bfms_klI\_g
Z lzd _ ih*a_fgh_ b ~h"~"_\h_ <h”zZ \ j_d_ ]b*
oehjb”rgh dZevpb_\Zy kj_"g_c fbg_jZebaZpbhb



ghc b ih\ur_gghc + fle \f_"_gv < f_" _ggl

j_dZ hlebqzZ_lky \ukhdbf ih*a_fguf iblZgb-f KIlhd

ebjh\Zg HlebqZ_Iky ih\ur_gguf ]Jjmglh\uf klhdhf
J_dZ Khd mqgzklhd& y\ey_ lky e_\uf ijblhdhf KZj

kdh]h \h*hojZgbebsZ >ebgZ j_db = df iehsz”

luk dfdé ;_j_| gZqZeh gZ aZzZiz”guo kdehgZo
;_e_[__\kdhc \halur_gghklb GZ k\h_f ijhly " _gbb j
I ijblhdz JezZ\guc ijblhd = ijZ\h[_j_"gZy j Dhg

gbc jZzkoh” \h”u m \h~hf_jghlh ihklZ k DjZkguc
fi k >ey [Zkk_cgzZ j Khd ozZjzdl_jgh h[beb_
ijbmjhg_gguo d \h*hghkghfm J]hjbahglm dZazZgkd|
yjmkh\ =em[bgZ aZe_]Zgby \h* \ aZ\bkbfhklb hl
hl + ~h £+ f J_amevlZlu jZzkgq_IlZ k_ahgguo at
[Zzkk_cgzf j_d R_rfZ b Khd ij_"klzZ\e_gu \ IZ[e
J_dZ FZeuc Bjlba mqgZkdAdy\ey_ |ky e_\uf ijblhc
KzZjzlh\kdh]h \h~"hojZgbebszZ >ebgzZ __ khklzZ\ey_I
\h~*hk[hjzZ % luk dfo ;_j_I| gZzqZeh \ hlijh]Zo D
lZ gz |_jjblhjbb KzfzZjkdhc h[eZklb >hebgZ j_db -
dh \ujz°>_gZ Jmkeh kbevgh ba\bebklh_ hkgh\gu_
Bjlba Q_jgz\Z DjZkgZy Dme_qgboz KI_j_o

LZ[ebpZz K_ahggu_agZg_gby J>D ey jj KhdZmmq

Abfgyy <_k_gg__| E_lg_ hk_ggyy
Ihdzazl_eb dZq_kfi\Z_gv iheh\h”v _ f_"_gv

Kmohc hklZlhd f] Af

Oehjbru f] Af

KmevnZlu f] ~

—

ffhgbc f] 1 "

Gbljblu f] 1 7

Gbljzlu f] 1 *f

NhknZlIf] 3 ~f

1D, f] 2 Ai

OIDf] 2 Af

@ _e_ah h[s__| f] ~f

F_AVvi] Af

Pbgd f] ~f




J dZ L_j_rdZ mqzkldd y\ey_ Iky ijZ\uf ijblhdhf <
1h]jz~kdh]h \h~"hojZgbebsZ >ebgZ j_db khklZ\ey

sZ”v \h*hk[hjzZ % luk dfo ;_j_| gZqZeh gZ x]
hl[ezklb < kj_~g_f b gb g _fl_g_gbb ozZjzdl_jgu ih
ha_jzZ klZjbpu J_dzZ b fgh]lb_ __ ijblhdb ihklhyggl

ky jh*rgbdzZfb <h”Z \ j_d_ ijhajZqgZy ohjhr_]h dZ
am_Ilky “ey \h"hkgzZ[ _gby hjhr_gby J_amevliZlu
agZq_gbc J>D ih [Zkk_cgZf j_d FZeuc Bj]Jba b L_j
e_qgu \lZ[e

LZ[ebpZ K_ahggu_ agZq_gby J>D "ey j_d FZeuc I
L _j_rdz

Abfgyy

) <_k_gg__| E_lg_ hk_ggyy
IhdZazl_eb dZq_KLnZ gV iheh\h"v

f_ " _gv

Kmohc hklzZlhd f] ~f

Oehjbru f] ~f

KmevnZlu f] Af

ffhgbc f] 1 ~f

Gbljblu f] 1 ~

Gbljzlu f] 1 *f

NhknzlIf] 3 Af

1D, f] 2 Af

OIDf] 2 Af

@_e_ah h[s__| f] ~f

F_AVE] Af

Pbgd f] ~f

KzZjzZlh\kdh_ \h~"hojZgbebs_ lehpsZKNhdnqzZzkldZ kh
klz\ey | luk dfd <h”hojZgbebs_ bf_ MNebfdhkl
gm df ga[hevrmx rbjbgm df

Hikagh\\@ywiff jj_ eyl i) (HER \cgshdemioiy i pimbio ki
gbebs_ dhlhjh_ kms _ kI\ ggh i_] jZkIj _ey | KkIF
aZZ™_|j o iy ivinifiaiinHnfibis g i e i
iZzk \' I_g_gb_ f_"_gb




<hel]lh]jz*kdh_ \h”hojZgbebs_ lehgZRihdnqZkl
dzZ khklz\ey_|I luk dfe 2?fdhklv \h~hojZgbeb
df >ebgZ \h”*hojZgbebsZ = df gZb[hevrZy
df J_amevlZlu jZkgq_1Z k_ahgguo agZq_gbc J>D
b <he]h]jzrkdh]lh \h~hojZgbebs ij_"klZ\e_gu \ |Z][e
LZ[ebpZ K_ahggu_ J>D KZjZlh\kdh]h b <he]hlj:
\h~"hojZgbebs

Abfgyy <_k_gg__| E_lg_ hk_ggyy
lhdzazl_eb dZzq_ kiyiz_gv iheh\h"v_ f_"_gv

Kmohc hklzZlhd f] »

Oehjbru f] Af

KmevnZlu f] 7

—

‘ffthgbc f] 1 ~f

Gbljblu f] 1 Af

Gbljzlu f] 1 ~f

Nhknzlf] 3 Af

1D, f] 2 i

OIDf] 2 ~f

@_e_ah h[s__| f] ~f

F_AVf] Af

Pbgd f] ~f

<iheg_ "himklbfh gZ gZzqZevghf wlZi_ \g-"j_gby
ky hl k_ahgguo agZqgq_gbc b i_j_clb d Jh*h\uf agZ¢
hkms_kl\eylv jZkq_lu G>K ih hI*_evguf ]b”*jheh]b
gZf >ey wlh]lh ba k_ahgguo agZq_gbc J>D-\u[bjZ>
gu_ agZq_gby

lhemqg_ggu_ agZq_gby J>D kms_kI\_ggh hlebqg2z>
1Z gZ jZaebgqguo mgZkldZo \ [Zkk_cg_ Gb ' g_c <he
g_gbc khklz\ey_|I tih kfhifm hklzZldm + f]
ih oehjbnzf + ifi kfimevnzlZzf + il 1 ~f
Zffhgbx + flih ofbljblZf + flih gb



ljzIzf + Pffih nhknzlZzf +  iH] D

+ f] 2 Afh OID + f] BhAT_~D

f] ~ih pbgdm IZ]Je
LZ[ebpZ KjZ\g_gb_ agZg_gbc J>D b I>D ey mqZkld

I+

J>D

N

IlhdZazl_eb dzeg—ki I>D

Kmohc hklzZlhd| f] ~f
Oehjbru f] ~f
KmevnzZlu f] Af 85
ffhgbc f] 1 7
Gbljblu f] 1 ~
Gbljzlu f] 1
Nhknzifig 3 ~f
;ID, f] 2 M
OIDf] 2 ~i
@_e_ah h[s__| f] ™
F_n~vf] ~f
Pbgd f] ~f

J>D ij_\urzZx!| I>D ih kmohfm hklzZldm = \ [Zkk_c
FZeuc Bjlba ih kmevnzlzf + \ [Zkk_cgZo j_d R_rf
BjlJba b L_j_rdZ 1Ih oehjb”rzZf J>D kms_kI\_ggh f_
\k_o0o mqgqzZkldZo aZ bkdexq_gb_f mqzkldz j FZ

Ih f_~b J>D gZ \k_o mqgZkldZo \ £ jZa ij-\urz_|
dm ij_\ur_gb_ f_g__ agZqbl_evgh_ gh gZfex™Z_II
dZo djhf_ j R_rfz b j FZeuc Bj]lba

Ih hjl]Zgbq_kdbf \_s_ kI\EfOLDD J>D ij_\urZxl
I>D gZ \k_o mqzZkldZo 1Ih [bh]_gguf \_s_kI\zf dZ|
hrghagZqgZy |Ih gbljblzf b "_e_am h[s_fm J>D ij
gZ \k_o jZkq_lguo mgzZkldZo Z ih nhknzZlzZf b hk
gZh[hjhl J>D f_gvr_ I>D

< gzZklhys__ \j_fy jZzkq_Il ghjfZzlb\Z “himklIbfh]h k
"ey \_s_kI\ Mhcgh]lh ]_g_abkzZ hkms_kl\ey- Iky k r



Ilhr"bdZ« @ >ey memqgr_gby wdheh]bqg_kdh]h ki
gbebs b g_ij_"ty\le_gby g_h[hkgh\Zgguo lj- [h\Zgk
ah\zl_eyf p_e_khh[jZzagh ~ey \_s_kI\ “\hcgh]h ]_
g_lZo G>K \f_klh I>D bkihevah\zZlv J>D >ZggZy a
ijb ghjfbjh\Zgbb k[jhkZ \_s_KkI\ mqg_Kklv ijbjh*gu_
nhjfbjh\Zgby dzZq_kI\Z \hA Djhf_ Ih]lh ih”"h[gZy az
k h~ghc klhjhgu kgbablv [bh]_ggmx gZ]jmadm Z
azZlvky hl ij_~tyle_gby g_h[hkgh\Zgguo |j_{h\Zgbc
\Zl_eyf ijb k[jhk_ jy*Z f_lZeeh\

Ebl_jZImjz

re_dbg HHkgh\u ]b”jhobfbb E =b”jhf_I_hba"ZzZl
F_Ih~bdjiZzajz[hldb ghjfZlb\h\ "himklbfuo k[jhkh\ \_s_
djhhjlZzgbafh\ \ \hAgu_ h[t_dlu “ey \h*hihevah\ZIl_e_c

FI1J Jhkkbb hl < aZj_ 1 \ Fbgxkl_ Jhkkbb
< J _"bf "hkimiz KWRQV XDIZD QML h]j

J _kmjkh\_joghklguo \hr KKKJ L Gb'g__ -lh\he v_
guc DZaZoklzg <ui E =b”jhf_I_hba”zl k

K_e_ag_\Z HI & gblhjbg]Z d ghjfbjh\Zgbx Zgijhih]_g
]Jjmadb gZ \h~gu_ h[t_dlu Kzfzjz KZzZfGP J:G k
K_e_ag_\ < : K_e_ag \Z : <Ghjfkj@\edglZ_ Dk[ghkZ
[bh] _gguo \_s_kI\ \ ih\_joghklgu_ \h~gu_ h[t_dlu < _
=jZ"hkljhbl_evkl\h b Zjobl_dimjZz GZmg |l_og "mjg

K —

&5,7(5,% )25 5(*8/$7,21 2) $17+5232*(1,& /2%’
S 7+ 5(*$5' 72 7+( 1$785%/ )($785(6
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9 %HVSDORYD
,QVWLWXWH RI (FRORJ\ RI WKH 9ROJD 5L

$FFRUGLQJ WR ORQJ WHUP REVHUYDWLRQV RQ W
DOORZDEOH FRQFHQWUDWLRQV IRU VXEVWDQFHYV
UHVXOWLQJ ZDWHU TXDOLW\ VWDQGDUGY UHJDUG
RI ZDWHU TXDOLW\ DUH SURSRVHG IRU XVH DV FU|
DOQWYV LQWR ZDWHU ERGLHV



HP?GD: <HAFH@GUO BAF?G?GBC KLHD:

J?DB K?E?G=B 1JB J?:EBA:PBB IE:GH<

=B>JHL?0OGBQ?KDH=H KLJHBL?EVKL<:
G: L?JJBLHJBB FGJ

F = =j_gmrgbdhDzZ D W"_evrl_cg

Fhkdh\kdbc JThkm~ZjklI\_gguc mgb\_jkbl_I|I bf F <
Bgklblml \h~Aguo ijh[e_f J:G

Ijb\_"*_gZ hp_gdZ \_jhylguo baf_g_gbc kj-"g_fgh
kyqgh]h klhdzZ j K_e_qg]b ijb j_ZebaZpbb jZaeb
kljhbl_evklI\Z \h~"hojZgbebs \ fhglhevkdhc qzZklb
JZkkfhlj_gu ljZzgknhjfZpby klhdz \ gb g_f I_qgq_gbb
\ebygb_ gZ mjh\_gguc j_"bf ha ;ZcdZe b -]h bolb
"_gh gzZb[he__ [eZ]hijbylgh_ k wdheh]bqg_kdhc lho
eh”_gb_ klI\hjh\ iehlbg

< klZlv_ jZkkfhlj_gu \hafh gu_ ihke_~kl\by kljhb
luj_o =WK dhlhju_ ieZgbjm _|ky \ha\_klb \ “hebg_
_ijblhdh\ "ey j r _gby wg_j] Ibg_kdbo ijh[e_f FI
_gby h ijh_dlguo iZjzZf _l|jZo Jb"jhmaeh\ ij_ ~klZ\e
_ >K\_" gby« @ ih j_ZebazZpbb ijh_dlZ =WK
_jkINZ wg_j]l_Ibdb Fhglhebb 1ZJ]e

Wdkij_kk hp_gdzZ \ebygby kljhbl_evkI\Z ]b”jhn
gZ j K_e_g]_ Hjohg gz __ ijz\hf ijblhd_ j Hjokf
j >we]_j Fmjwg b W]bcg gZ __ e _\hfijblhd_j Wc]
khklhyez \ hij_~ e _gbb baf_g _gby j_ "bfZ b h[t_fZ
b __ ijblhdh\ \ke_~kI\b_ \ha\_"_gby iehlbg b wdk
>ey \h~gh [ZeZgkh\uo hp_ghd bkihevah\Zgu kj_“
"Zggu_ b gZ[ex® _gby gZ ihklZo M=FK Jhkkbb b F
klz\e _ggu_ ;ZcdZevkdbf bgklbImlhf ijbjh~"hihevah)
Bgklblmlhf f I _hjheh]bb b ]b”jheh]bb F:G -Fhg]he!
g _|IZ khklzZ\eyxsbo \h~ghlh [ZeZgkZ ijh_dlbjm_fuo
bkihevah\Zgu dZjlu kj_"~gbo fgh]lhe Igbo \_ebqgbg
hkz~dh\ b bkiZj_gby k \h*ghc ih\_joghklb -bkiZjy
eZk @ Hkz~r"db gZ mqgzkldZo |I_jjblhjbb \h”~h

n
N
k



lhju_ [m” ml aZlhie_gu baf_gyxlky hl \"oj QZ
ff 1h~ \~o0j Hjohg Bkizjy_fhklv baf_gy_Ilky \ f_g
eZo = hli ~h ff JTh~ khhI\_lkI\_ggh

>ey jZkg_Ih\ \gmljblh~h\hc ljZgknhjfZpbb klhdz
maeZfb k\_*_gby h klhd_ ihemq_gu ih *"Zgguf gZ[«
rbo d klI\hjzf ijh_dlbjm_fuo =WK QZj]Zcl W]bcg H
]b”rjheh]bqg_kdbo ihklh\ >=Zjfz_\ Ojbklhnhjh\
iheg_gZ hp_gdzZ baf_g_gby klhdZz j K_e_gib b _
bl _evkl\_ \h~hojZgbebs

Ba aZ m\_ebqg_gby ihl_jv \h*u gZ brkiZgbdb\hijb |
"h_fh\ [_a mq_IlZ ihl_jv klhdZ gZ tbdb ayZjihlergelgb_
jh\Zgguo j_d khdjzZlblky \ kmff_ aZq]lih™ kdhk-lZ\eydf
_Ig_ [he__  recomibtiygiie g BMyan | boifi b g i REGIBI Y Ik el ¢
ab mklvy Iljh_dlhf ]b*jhwg_j]_Ibg_kdhecZighki flkyZc
i_j_[jhkdZ klhdZ ba [Zkk_cgZ j Hjodlgy*ely[dshZkkgZ
sbo ijhba\h”kl\ gZ x]h \hklhd_ kljZgh\hN\D% j@k[hi
oh” hf \h~u ihjy*dZ WIFh m\_ebqgbl ihl_jb klhdZ j F

df]hr Z \ p_ehf ihl_jb k mqg_Ilhf \bMhfkila\plkizj_

+ klhdz K_e_g]lb \ mklv_ Ijb jm\Klhid®Zz-gEZbbikhl
iZj_gb_ k ijh_dIibjm_fuo \h*hojZgbeblgnofARhhABRZ[h]_
ijb mdZazZzgguo \_ebgbgZo kgb _gb_ mjh\gyblh”u \
fzdkbfmf kf ]h~

<uiheg_gZ hp_gdzZ ljzgknhjfZzpbb klhdz ijh_
]b~rjhmaezZfb jbk Hkh[h jZkkfhljmabjkbhZgBpbb
klhdZ \h”hojZgbebs_f Rmjwg \ZjbZgl \bbx ijb
\h~hojzgbebs QZj]zcl b W]bcg \Zjbgbjh\&Zghlh az
klhdZ wlbfb ]b”"jhmaeZfb < \ZjbZgl_bafijlgppkybzZe
\gmljb]h~h\h_ jzkij_~_e_gb_ ijblhdZn\RNujvdg]bKKhm

lezkgh >W”_evrl_cg @ \ kI\Wj\hjrwklZgh\pdkph
khbaf_jbfuf k mA\h_gguf jZkoh~hf k[fifh K& keMKjh j_c
bkoh~bl ij_\jZs_gb_ hkgh\ghc \h~"ghchtZRgbe s \

\ IjZgknhjfbjh\Zggmx j_qgmx \h*gmx ¥Ygkkrmq4d<F

]hf nhjfbjh\Zgby dhlhjhc klZgh\blkyj gizokie kbkk cg.
fu jZkiheh _ggZy gb _ klI\hjzZ ]b"jkimaieZ g By \kd ul i
g_aZj_]mebjh\Zgguo ijblhdh\ g_kmygbwZgdhLdahjgw _



\hAgu_ fZkku ihkl_i_ggh \hkklzZgz\¢bj\fbxkkdbc*guc
obfbq_kdbc j_"bf aZzj_]mebjh\Zgghchj_db b klhd gZ
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Jbk JZkiheh  _gb_ ]b”jhf_ljbg_kdbodlilhjkhh\ b ijh_
fuo =WK \ [Zkk_cg_j K_e_g]b

M 1ljZgbpu k JN jZ[hlZ Jb*jhmaeZ Qe&ylxkly [\m~"_|
m\_ebqg_gbb gbadh]h abfg_]h klhdz\Zhy*uh\ fiZjjlo h"
jbk : KmffZjguc ijblhd j_d nhjfdmabllgdbklh
\ur_ \iz*_gby j W]bcg =he ij_\urZ_lkhhlgphZievg:
lhevdh \ i_jbh” k fZy ih k_gly[jv 9 uhki{rekda”uf_ k
g_j_a =WK agZqbl_evgh ij_\ukbl kfIdeh\\hg‘gm klh
f H Higgw Afhhor/dcesgnuu  oad/Zyyaid | | ikl i A oA K
guceibh”® £ keeijih hdly[jv \ rekIZIe\/\egyp \ k[jhk
=WK W]bcegl fip\urzlv kmffZjguc klhd ipgmgph\ K
nhjfbjmxsbo __ klhd ~h ]jZgbgjdh}hh &\ yjdkd &jiezh\h
I Zpbx ]b~jhmaeh\ QZj]Zcl b W]bcg gblkéeg¢babfgb
gZ ljZgkkp JN m\_ebqgblky \ zegpead kZhohZe[m~"
gZb[heHeéklkgguf + \ Z2l1elglyld jbk




K\_~ gby h o0Zjzdl_jbklbdZo ijh_dlbjm_bwo\\hWZkojZgb
k_ cg_|j K_e_glb b kj_~g_]h*"h\uo agxgbogblpo khklzZ\e
"ghlh [ZeZgkZ
Bkoh”gu_ ijh_dlgu_ ~Zggu_
H[t_f Kj_"~g_lh”~h\hc
WK Fh:glhk'{";’g.szc f0j 13_dz [eb Zcrbejakan® j_db gz
: df ihkim K
o >welwj Fmjwg
QZzjlzel k Fmjwg
Wlbcg W]lbcg =he OZzZglzc
Hjohg Hjohg k Hjohg
Rmjwg K_e_gl]Zz k |[Ammg[mjwg
J_ameviZlu hp_ghgguo jZkqg_Ilh\
.1 Dhwnn . K[jhk
_WKHl[;afZ'”\hAhh[f_L% A Pkzrad BRiZ]_gh_ wWhnu
= .| D¥V : IMB Ao flHMA0j dihf =WK
df ]h ThA gby df 1h
QzjlZcl Fgh]
Wlbcg Fah]
Hjoh Fglh]
Rmjw K[ a
=b~jhma_e Hjohg ijb h"bghgghf \ha”alkkdbxb m\_
klhd K_e_g]lb gz £ Kk df+ b mf_gvrbl klhd
bxe = k_gly[j_ fzdkbfZevgh \ Z\Fmk! _ bgeb df

KmffZjgh_ \ha”_ckl\b_ Ij_o ]b*jhmabelg\ bt HQ 8 h|&Z &l
kms_kI\_ggh khdjzlbl jZzafZo dhe_[Zgbt &bgbg f_|
klhdZz K_e_g]lb m ]jZgbpu Jhkkbb b FhgtlHfelkb k
m\_ebqgb\ abfgbc f_"_gguc kihd \ *fZdklf dekiydjZlb
e _lgbc \ jZaZz

ljb _kl_kI\_gghf j_"bf_ ijblhdZ d =WK Rmjwg k
klhdzZ \k_o ijblhdh\ K_e_g]lb gZ |_jjblhjbb JN k vy
[mM™ 1 g _~hklZlhqgh ~ey “\hcgh]h jzZza[Z\e _gby \h"
sZ b\ jmke_ j_db [m”_Il ijhl_dZlv \h*"hojZgbebsg:
g_kdhevdh ljZzgknhjfbjh\ZggZy j_qgufb \h"Zfb ihuv
jbklbdb __ khklz\Z [m~ml| hlebqggufb hl gZ[ex"Z _ft
\j _fy ijbjh~ghlh



< kemqgzZ_ j_]mebjh\zZgby qzZklb klhdzZ k \h”~hk
[Zkk _cgZo j_d >we]wj Fmjwg b W]bcg =he ijblh
Rmjwg [m”~_I| \_kvfzZ hlebqzZlvky hl _klI_kI\_gghl]h
kj_"g_f\ jZazZ gb _ azZ i_jbh” k fZy ih hdly[jv
\ hklZevghc i_jbh” Ijb ljZgknhjfbjh\Zgghf ijblhd_
\hafh™ _g gZb[hevrbc k[jhk \h”u \ gZb[he__ wg_j]
abfgbc i_jbh” qglh [he__ agZgbl_evgh ljZgknhijf
klhdZz \h~u K_e_qg]b gb _ ih I_gq_gbx \ i_jbh” k ~_
g_f \Vi_j\hf \Zjbzgl_

WdkiemZlZpby =WK Rmjwg \ \ZjbZgl_ -[m~_1I r
[jb]h~*h\u_ dhe_[Zgby klhdZ j_db \ + tZaz Kl
fZevguc kj_"~g_f_kygguc klhd gz = b m\_ebqgb

guc abfgbc gz *\Zjbzgl_ khdjzs_gb_ fzdkbfzZe
kj_"g_f_kyqgqgh]h klhdzZ khklz\bl % Z m\_ebq_
ghlh abfg_]h klhdz + G_kfhljy gZ Ih glh
K_e_g]lb nhjfbjm_Ilky gZ |_jjblhjbb Jhkkbckdhc N_

gb_ j_]mebjh\Zgby gZ baf_g_gb_ \gmljb]Jh2h\h]h j
A I kms_kI\_gguf hkh[_ggh \ abfgbc i_jbh~?
Kljhbl_evkl\h ]b”jhmaez \ hkgh\ghf jmkez |j K.
df hl mklvy hagzZzqz_| qlh ~“hkinZigufhpgteyily_j_
jh” ju[ hdZ mlky lhevdh ijblhdb gZ ljjlblob bkgbahl _jj
\vy j_qghc k_Ib \h*hk[h]jZ HjohgZ \kK&mmgW& K KHjhbl
ohg WIb j_db kbevgh aZ]jyag_gu gogudh \d/ gdbf_g_
jul >Jufux Wdheh]by« @ GZbHkgWwbec mjh
\_ N gbx p_gghc bolbhnZmgu gZg_k_I\bf]lgyjih kljht
maeZ Rmjwg GZbf_gvr__ \ha”_ckl\lb g gjZ Kih K _e
fbljZzpbx hfmey [m~_I \ kemqgZ_ khhjlbs =gWK-hZhojZ
]Zcl b Hjohg |I_jki_dIb\guf fh gh kqblZWK Hh\ohg gb
lZzd dzZzd \h”"hojzZgbebs_ fh _I [ulv bklhygbglhy ~e
j_lbhgZ jZa\b\Zxs_cky ijhfulye® ey h&&lpDiye safiey Aol 2
\uo aZ]jyag_gbc ihkimiZxsbo kh klhldhd D fglaeme
Kms_kl\_ggh_ jZa[Z\e_gb_ [m”~_Il ijhdkeh™dde ihevo
jbh”~ dh]~Z k[jhk \h~u ba \h*hojZgHebsghfhj_VuagZ¢
rZlv klhd j Lmme gh bf_ggh \ fZeh\hgymebaylyfgx x
aZljyag_gbc gzZb[he__ wdheh]bg_kdb g_]ZlIb\gh
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Jbk JZkkgblZzggh_ baf_g _gb_ kj _"“gbd hkhygddo \ e
klhdZ j_d [Zkk _cgZ K_e_g]lb b k[jhkh\h\lydjZHdltepvs n
ijh_dlbjm_fuo =WK df

:x hl \_joh\v_\ *h ]JjZgbpu Fhg]l]hebb b JN k mq_Ihf jZ[hlu \_j
ebsz + j >we]lwj Fmjwg klI\hjzFnijiwlg QZj]Zcl =WiKffZjguc
kihd j_d B wj Qmemlug kndfZgjgac klhd j_d B wj Qmemlug
b W]bcg =hekmffZjguc klhd j_d B*wj Qmemlug OZgmc W]bc
; + hl \_joh\vy j Hjohg ~h _l1h \iZ~_gbjy Mjvheg_d]imhj Hjohg
+ k[jhk =WK HiojhgHjohg kl\hj Hlokgjmhiehg klI\hj Kmow[ZIhj




< = hl \_joh\vy K_e_glb ~h ]jZgbpu Fhg]l]hebb b JN k mq_
\h~"hojZgbebs j W]lbcg =hkhek[jhk =WK W]bclgmffZjguc klhd
j_d BMwj Qmemlug OZgmc b k[jhk &WHKZQdjtZklhd j_d B wj
Qmemlug OZgmc Hjohg b k[jhk =WK QZjlZcl
= + hl \_joh\v_\ ~h ]jZgbpu Fhg]kegbhhdgdN klhd j K_e_g]b
\' kIVhj_ Ammg[mjmgk[jhku =WK Rmjwg ijb _kl_kI\_gghf ij
+ g_aZj_]mebjh\ZggZy j Hjohg \ mklv_ alj\ hjjmkerbpmiZa o ry
j Hjohg
> + hl \_joh\v_\ ~h ]jZgbpu FhglhelZjb]dh¥bjh\Zgguc ijblhd
=WK Rmjwgt j K_e_gl]Zz klI\hj Ammyg[k[jmg =WK Rmjwg ijb
aZj_]lmebjh\Zgghf ijbdhjd Hjohg kI\hj Kmow[ZIhHjohg klI\hj
Kmow[ZIlhj ijb j_]Imebjh\Zgbb klhdZz
Alhju [ezZ]h~Zjyl ~bj_dlhjzZz ;ZcdZevkdh]h bgklblmlZz
? @ =Zjfz_\zZ b ijhn_kkhjz Bgklblmlz f_I_hjheh]bb
F:G = >Z\ZZ aZ ij_"hklzZ\e_ggu_ ~Zggu_ h klhd_ j_d [
K\_~ gby h ijh_dlguo izZjzf_ljZo ]b”jhmaeh\ =V
gZ | K_e_g]l_ J_"bf ~hklImiz KWWSV LQGHSH
<RQGRQJRPER*HQGHQVXUHQ ~"ZIZ h[jZs_gby

Ebl_jZImjz

:lezKbjh\hlh \h~gh]h [ZeZgkZ F E =b”jhf_I_hba”"Z
=Zjfz \ ? @ OjbklhnkjlmAgu <j _kmjku j_d [Zkk_cgZ
;ZcdZe hkgh\u bo bkihevah\Zgby bkldojZghu Gh\hkbkbj
Ju[uFhg]hevkdhc GZjh~rghc J_kim[ebdb F GZmdZz
W2 _evrl_cg BbMheh]lby fZI_jbdh\ F :dzZ”_fby
Wdhehbghayckl\ _ggh_agzZq_gb_ ju[l FGJ F GZmdZz
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IRPRQRVRY ORVFRZ 6WDWH 8QLYHUVL)
, QVWLWXWH RI :DWHU 3UREOHPV RI 5

7KH DUWLFOH GHDOV ZLWK WKH HVWLPDWERQ RI
FKDQJHVY GXH WR WKH LPSOHPHQWDWLRQ RI YDU
SURMHFWY DW ORQJROLDQ DUHD RI LWV EBVLQ 7
OHQJD PRXWK DQG LWV FRQVHTXHQFHYVIRR UDNONIH ¢
ZHUH FRQVLGHUHG 7KH DXWKRUV VXJJHVWHG WK|
WLRQ RI GDPV WKDW LV QRW VXSSRVHG WR GLVW>



J?>DHA?F?EVGU? WE?F?GLU < <UKR?C <H>GH
J:KLBL?EVGHKLB B<:GVDH<KDH=H <H>HOJ:GBEB

? K =jbrzZgp_\Z : X ;uqdh\ K : Rmjmih\Z
Fhkdh\kdbc JThkm~ZjklI\_gguc mgb\_jkbl_|I bf F <

<i_j\u_ hij_~_e_g khklz\ j_~dha_f_evguo we_f_gl
16 6P (X *G 7E '\ +R (U 7P <E [/X A fzZdjhr
kdh]h \h~"hojZgbebszZ k ijbf_g_gb_f kh\j_f_gguo Z
f_lh~ h\ BKI FK Ijh\_"~_gh kjZ\g_gb_ kh”_4 Zgby
nblZo jZaguo wdheh]bg_kdbo ]jmii = ]_ehnblh\
jZkl_gbc b ]b”jhnblh\ ih]jm _gguo jZkl_gbc ijhl
\ aZeb\Zo k jZaebqgghc Zgljhih]_gghc gZ]jmadhc

< ihke_7~gb_ ~_kylbe_Iby \ k\yab kgg@lsbijh f kh
fure_gghklb b gZghl_ogheh]lbc ihklhygjdt gkt | h]
kI\Z b ihlj_[e_gby j_~dha_f_evguo w&j fg[gldf\ JA'
\zZgh__\z @ < klyab k wlibf mmiebgb\ZJRAW \h
hdjm Zxsmx kj_"m b \h~gu_ wdhkbkl_fuwel f*dha _f_
kgblzxlky kez[h b kj_~g_jZkijhkljZzg_gguwfbj-X b~ jhl
pbhggh g_ jZkkfzZljb\Zxlky \ dZq_klh"qudjwahlkb e _
kil _f Jhev JAW \ ijhp_kkZo "bag_"_yl _evdhflb "b\
guo hjlj]zgbafh\ g_ mklZzgh\e_gzZ >;Zj_g[h@f- ZI\Zg"_
dha_f _evgu_we_ f _glu b bo kh_"bgkgbyf \Hdkbgbgk
gu \ ijbjhrguo \h*"Zo >B\Zgh\ @ j Hy gozghhk [ Z Rij h
\h~guo wdhkbkl_fZo fb]jZpbhggu_ k\bgklkdb Ihllkt
[bh]_hobfbg_kdb_ hkh[_gghklb j_~dhda_Ib aewvog ugpu we
g_"hklZlhggh

P _evx "Zggh]lh bkke_ ~h\Zgby y\ey I|ky hij_ _
j_~dha_f_ evguo we e f th\lG/DGF&H(X *G 7E '
+R( IR DY RAKIARK NRIBERCIORT ] CO T VR TS i s R T e R
1h \h’\hOJZgbesz i <he]b B\ngdh\kdh —\h’\hOJZ
eh” _gh \ L\_jkdhc h[eZklb f_""m ]hjh~Zfb 4\_jv b
rhc bgl_j_k d ijh[e_f_ dzZqg_kI\Z \h~u B\Zgvdh\kdh
ebsZ hfmkeh\e _g mgbdZevghklvx wdhkbkl-fu \h”h
am_I|ky g_lhevdh \ j_dj_Zpbhgguo p_eyo gh b y\




iblv_\hlh \h~"hkgZ[ _gby ] Fhkd\u 1Ijb wlhf \h~hoj
oh”blky \ jZchg_ bgl_gkb\gh]lh ohayckl\_ggh]lh hk
lu\Zz_| zZgljhih]l_ggh_ \ha”_ckl\b_ dhlhjh_-ijhy\ey
ihkj_~kI\_gghf k[jhk_ \ j_ggmx k_Iv klhgguo \h”" ij
ij_"~ijbylbc dhffmgZevguo b eb\g_\uo klhdh\ Jhjh”
kilmie_gbb azZ]jyagyxsbo \_s_kI\ k ih\_joghklguf k
fm [ueZ ihklZ\e_gZ aZ~"ZqZ = hoZjzdl_jbah\Zlv kh
guo we_f_glh\ \ \ukr_c \h*ghc jZklbl_evghklb Z
h{sb_ azdhghf_jghklb jzkij_~_e_gby JAW-\ fzZdjh
guo wdheh]bqg_kdbo ]jmii <ukrZy \h*gZy jZklbl_
bljz_1 [hevrmx jhev \ ijh*mdpbhgguo ijhp_-kkZo \
gbfz_1 Zdlb\gh_ mqgzZklb_ \ ijhp_kkZo fb]jZpbb b
IZeeh\ b "jm]bo aZ]jyagyxsbo \_s_kI\ ihklmizZxs
wdhkbkl_fm

JZg__ 9gZfb [ueb bkke_"h\Zgu [bh]_hobfbqg_kd
klb fzdjhnblh\ B\Zgvdh\kdh]h \h*"hojZgbebsZ >=jb

@ H~gZdh hij_~_e_gb_ JAW [ueh khijy _gh k .
[fjm~rghklyfb Ilhy\le_gb_ f_Ih”"Z BKI FK ~Zeh \hafh"
N_e_gby rbjhdh]lh ki_dljz j_~dbo we_f_glhY \ Ihf
f _ evguo we f_glh\

Hij_~_e_gb_ kh~_j Zgbc JAW \ h[jZapZo-\ukr_c
I_evghklb ijh\h*behkv f_Ih~hf fZkk ki_dljhf_Iljbb k
k\yazZzgghc |eZafhc BKI FK gZ kak ki_dljhf_1j_
q_ kdhlh ndeevI IZ F=M bf Ehfhghkh\ZzZ Dhgljhe\
"_gby h[jZzaph\ b |JZ\bevgthv j_amevlZlh\ ZgZeb
BKI FK ijh\h*bebkv ih =hkm~ZjklI\_gguf KFZg”Zjlg
pzf klzg~Zjlguc h[jZa_p khklzZ\Z weh”_b dZgzZ"k
A"Zjlguc h[jZa_p khklz\Z ebklZ [_j_au E; klzgn
khklzZ\zZ ljZ\hkf_kb Lj [Z[e

Ih j_amevlZIZf gZrbo ij_~u"msbo bkke_~h\Zgbc
gh "\Z \b"Z <<J ba jZaguo wdheh]bqg_kdboe ]jmii
ky ki_pbnbqg_kdbfb ]jmiih\ufb dhgp_gljZIhjzfb fb
Ih\ b j_dhf_g~h\Zgu \ dzZqg_klI\_ hkgh\guo h[t_dlh\
gbb fhgblhjbg]Z wdheh]bqg_kdh]h khklhygby B\Zg




0jZgbebsz fZggbd*®hvwgbeD DTXDWQE ba ]Jjmiiu
\h~gh [hehlguo jZkl_gbc b jA~_kl ijh@RWDOR KT H YR
SHUIRQLDBEX]Ymiiu ih]jm _gguo jZkl_gbc FZgghbc
\ k\h_c wdheh]bqg_kdhc ]jmii_ ijhy\ey_| k_[y dZd
d \ukhdbf kh”_j Zgbyf azZ]jyagbl_e_c \ hdfm Zxs_
bajzklz I ih\k_f_klgh \ Ihf gbke_ \ f_klZo k[jhk:
yley_I|ky ~“hfbgbjmxsbf \b~ hf kj_~b ]_ehnblh\ bf_
gZb[hevrbo [bhfZkk \ fZdjhnblghf khh[s_kI\_ J"_
ghebklguc bf__| kZfu_ \ukhdb_ ihdZaZl_eb gZdhi
f_1Zeeh\ [hevrmx jZkijhkljZg_gghklv b gbke_ggh
NZgghlh \h~rghlh h[t_dlZ H[jZapu hl[bjZeb \ aZzZjz
aZeb\Zo k jZaebgghc Zgljhih]_gghc gZ]jmadhc jb
LZ[ebpZ AgZq_gby dhgp_gljZpbc ihemg_ggu_ f_Ih”
b zIl_klh\Zggu_ agZq_gby dhgp_gljZpbc \ =KH

=KH weh”_b dZgzKdtiredbkl [_jl &&KH IjZ\hkf_kv| Lj
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ljbf_qzZgKh”_j"Zgby hklZevguo JAW \ =KH g_ ZIl_klh\Zgu

HIi[bjZeb gZ~dhjg_\mx qZklvehskZ diby ijh
fulZeb ih” ijhlhgghc \h~hc \ukmrb\Zeb ijb dhfgz
jZImj_ baf_evqZeb \ f_evgbp_ F_Ih~hf d\zZ”jZIh\
kj_~gxx ijh[m 1Ijh[u haheyeK ijldy lThemqg_ggmx ah
jZaeZ]Zeb ih” eZfihc \ kf_kb dbke®O ©) G hikh Rfj* ~
ki\_ggh i_j_" baf_j_gbyfb gZ mklzZzgh\d_ ijh\h”~be
ijh[ b klZzg~Zjlguo h[jZaph\ Zahlghc dhkiehhalﬂmtq_+1:
gby jZk|\hjZ < qu KI\_ \gmlj_gg_]h kizg~ZzZjl.
b c, Q Q GREENERIBIHE WW&SBEB]E@@U}N&_E@
gZjm’ gby \ ZgZebabjm fhf jZzklI\hj_ khklZ\eyeb
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eblbq_kdbo ~Zgguo ijh\hAbezkv k ijbf_g_gb_f dhjj
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Ko fzZ jzkiheh  _gby klZgpbc hl[hjZ ijh[ddhZ B \VZgvdh\k
ojZgbebs

+ Gh\hk_evkdbc aZeb\ + |_j_ljmk RF'%edbe RfZjgb\kdhc aZeb
+ Fhrdh\bg_kdbc aZeb\ + ;Z[gbghkdbx GHab\dZ + + ;_al[h
jh~h\h

lhemqg_ggu_ ~“Zggu_ h kh”_j Zgbb JAW \-fZdjhnl|
kdhlh \h*hojzZgbebsZ ijb\_~ _gu \ IZ]e b

Jy”™ kj_"~gbo agZgq_gbc kh™_j Zgby JAW \-fZggbc
1 \b">8B 16GP>*G (¥ '\>6P7E +R (U 7P <E /X
j"_klzZ ijhga_gghebklgh]lh jy® kj_"~gbo agZq_gbc |
bf | \b">/@HIGP>*G 6P '\>(U<B(%+R7E/%
7P LzZdbf h[jZzahf gzZb[he__ bgl_gkb\gh \h\le_dZx
fbg_kdb_ ijhp_kku \ fZzdjhnblZo &H /D 1G 3U *



LZ[ebpZz Kh~_j"Zgb_ j_~dha_f_evgugobe_f\lgtgghffz

KI\hj Dhgp_gljzZzpby f] d] kmohc fZkku
/D &H Pr 1G 6P (X *G
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JN_kl ijhga_gghebklguc ba Jjmiiu ih]jm -gguo |
dZieb\Z_| [hevrb_ dhebq_kI\Z JAW ih kjZ\g_gbx k
guf ba ]jmiiu \h~gh [hehlguo jZkl_gbc LZdZy ~_ a
[uezZz ihemq_gZ gzZfb jzg__ "ey ly _euo f_IZeeh\ b
ihg_glh\ >=jbrZgp_\Z b 7] @ WIlh kdhj__ \k_
abheh]bq_kdbfb b fhjnheh]lbq_kdbfb hkh[_gghkly:
wlhc wdheh]bqg_kdhc Jjmiiu

Kjz\g_gb_ ~Zgguo 1ihemqg_gguo “ey jZchgh\ L
jZaebggmx Zgljhih]_ggmx gZ]jmadm ihdZaZeh (¢
kz klhgguo \h” fZzdjhnblu oZjzdl_jbamxlky {he__ \
“Zgbyfb JAW LZd \ Fhrdh\bg_kdhf aZeb\- + f_Kk
guo \h” DhgZdh\kdhc =JWK b dhffmgZevguo klhqgg
\h £+ fZggbd \h*yghc kh”_j bl [he__ \ukhdb_ dhgp_
Pr 1G 6P *G '\ \ kj_~g_f ij_\urZxsb_ kj_"gb_ a
jZazZz WIlh k\b” _|I_evkl\m_1 h I_ogh]_gghf ihkimie_
\_ih\_joghklgh]h klhdzZ k ijhfiehsZz”~hd D=JWK dh!
lu\Z_Iky \h~gh [hehlgufb jZzkl_gbyfb Kh”_j Zgby



ebklghf ba Fhrdh\bq kdh]h aZeb\Z IZd _ i \uerI
g_gby \ jzaz | _ JAW ihklmizxsb_ \ khklz\_
lJehszZxlky b gZzdzZieb\Zxlky ih]jm _ggufb \b~Zfb fZz

Klzgpby ;_al[hjh”h\h jzZzkiheh _gZ gb _ ih I_q_g
k[jhkzZ klhgguo \h” J_~dbgkdh]h hiulgh]h az\h~Zz
obfbg_kdhc ijh*mdpbb ~ey ij_"ijbylbc Z\bZpbhgg
kdhc ijhfure_gghklb Z IZzd _ \[ebab "~_e_aghc ~hj

Kzgdl I_I_j[mj] J~_klI ijhga_gghebklguc ba wlh]h
| _jbam_Ilky \ukhdbfb kh” _j Zgbyfb [hevrbgklI\Z JA
kj_~g_f\ jZaZzZ ij_\hkoh”yl kj_"~gb_ agZq_gby
LZ[ebpZ Kh” j°Zgb_ j ~dha_f _evguo we_ f_glh\ \ j~_
ghebklghf
KI\hj Dhgp_gljzpby f] d] kmohc fZkku
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Ih j_amevlzlzZf dhjj_eypbhggh]lh b nbdlhkdh]h fz
]lh ZgZebaz ZgZeblbq_kdbo "Zgguo éhybé -gZ \uk
gZy dhjj_eypbhggZy k\yav f_""m khATijF& gz df JAV
"ey fZggbdzZ \h~yghlh 1zZd b ~ey jrlgihijhgy_gc



J AW O Drieerintog moggu_ iy pltpiiyb| p edhvogaw g asggzzaa) Bichogddahyvwahinm
j_eypbb

FZzdkbfZzevgu_ kh”~_j"Zgby JAW ihemqgggug”tey j’
ghebklgh&h]jmiiu ih]jm  _gguo jZkl_gbc WIh k\yaZ:
eh]bg_kdbfb b fhjnheh]lbq_kdbfb hkhbpcg@hgbhfd jZ
wdheh]lbqg_kdhc Jjmiiu b bo kihkh[ghR[vxv n/a_jhBuzI\
b \us_eZqgb\Zlv ba g__ JAW DZd ba\@kldézZxgimndbc
nhjfhc i_j_ghkz JAW \ \h*"h_fZo y\ey_bkykIN\&a\_r_g
>ey [hevrbgklI\Z bkke_~h\Zgguo JAW hg@Zjrkh gu i
N_j Zgby \ fZdjhnblZo ijhbajzZklZxsbhoheoiZmig&lk!|dZz
sZ bkiulul\Zxsbo g_]Zlb\gh_ Zgljhih] jggmeWwetdyghb
k[jhkZ klhgguo \h” ijhfure_gguo ij_"ijbylbc

< mkeh\byo gZjzklZxs_]lh ijhba\h”"kI\Z b bkihev.
kh\j_f_gghc ijhfure_gghklb kms_klI\m _| g_h[oh”Dbft
\Zgby kh”_j Zgby JAW \ \h*guo wdhkbkl_fZo Ih\t
"Zgby JAW \ <<J \[ebab k[jhkh\ klhdh\ ijhfure_gg
ylbc k\b”_|_evkl\mxl h ehdZevghf aZ]jyag_gbb h
\h\ B\Zgvdh\kdh]h \h"hojZgbebszZ JAW b ke_"h\Z|
"bfhklb dhgljhey kh”_j "Zgby JAW \ [bhlbq_kdbo I
dhfihg_glZo wdhkbkl_fu B\Zgvdh\kdh]h \h*hojZghbc¢

JZ[hlZ \uiheg_gZ ijb ihA*_j"d_ JNNB ]jZgl

Ebl_jZImjz

;ZeZrh\ X = hobfby j "dha_f _evguo we f _glh\ F C

k

iZj_g[hcf = F \Zg” _J\ZdHa If _evgu_ we_ _f _glu \ \h’
h[{t_dlZo wdheh]bg_kdb_ Zki_dlu <h”"Z obfby b wi

K *

=jbrzgp_\zZ ? K KZnjhgh\Zz G K Dbjibggbdh\zZ C
E 1JZkij_"~_e_gb_ fbdjhwe_f_glh\ \ \ukr_c \h~ghc jZk
B\Zgvdh\kdh]h \h~"hojZgbebsZ = _hwdheh]by -Bg _g_.
Ajh]l_heh]lby =_hdjbheh]by < K +

>m[bgbg = _d4obfby j_~dha_f _evguo we f glh\ \ hd_Z
dz k
B\Zgh\ <Wdheh]bg_kdZy ]_hobfby we_f_glh\ KijZ\hc
dg J ~ W D ;mj_gdh\ F G_"jZz
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/JRPRQRVRY ORVFRZ 6WDWH 8QLYHUVLW
W ZDV WKH ¢UVW WLPH WKH FRPSRVLWIBRQ IR3 WK
6P (X *G 7E '\ +R (U 7P <E /X IRXQG L©Q PDFUF
NR\H UHVHUYRLU KDV EHHQ GHWHUPLQHG XVLQJ P
7KH FRPSDUDWLYH DQDO\VLV RI 5(( FRQWHQWYV LQ

ORJLFDO JURXSV VXFK DV KHORSK\WHV ZHWODQG
SODQWYV JURZLQJ LQ WKH ED\V ZLWK GLITHUHQW I

FH>?EBJH<:GB? IJHP?KKH< < FJ:FHJGHF FHJ?
K < >h\]zZy
Fhjkdhc ]b”jhnbabq_kdbc bgklblml J:G ] K_\Z

GZ hkgh\_ ]b*jh~bgzZfbqgq_kdhc fh~_eb ijh\-~_g "e
Johklbg_kdbc wdki_jbf_gl ih bamqg_gbx nhifbjh\Zg
fbg_kdhc kljmdImju \h™ FjZfhjgh]lh fhjy lhemqg_gu
pbjdmeypbb \h” fhjy gZ jZaguo Jem[bgZo

Fjzfhjgh_ fhj_ jzZkiheh _gh f_""m Q_jguf b Kj_
fhjyfb Q_j_a g_]h hkms_kl\ey Iky IpZigkieyb Khje gt
"ba_fghfhjkdbo \hc \ Q_jgh_ fhj_ b [hej_kgoleh”g
guo g_jghfhjkdbo + \ Kj_~ba_fgh_ [|hwhhfrebdh d\z
\Zgb_ pbjdmeypbb \ FjZfhjghf fhj_ iha\h&bjlhriZ\be\
\_klb 0zZjzd!l_jbklibdb \h” ihkimiZxsbbj\bijph2jg\a ;hl
g eeu b ke_~h\zZl _evgh \ Q_jgh_ b KjZflgghfgh _
fhj_ + ]Jem[hdh\h”guc \gmlj _ggbc [ZkkZa®Z|Kdarmxey
b \jhi_ckdmx L& mpAiZ"Z @Z i%hkdligtirkj ek, iz R \cjg]
ey b df b k k_\_jZ gZ x] £+ hdheh ddzagpzxlij_ ki
k \_jgmx gzZklv [Zkk _cgZ k fZzdkbfZevgfufb ]Jefm[bgZ
b f khhI\_IkI\_ggh k aziz*z gzf \hkhhazZilh}h]b
guf p_gljZevguf b \hklhqguf [Zkk_cgZfb dfdhleh (
jbgu khhi\_IkI\_ggh X gmx qzZklv [Zklkghdkdod aXgbf:



gh f_edh\h”*gZy r_evnh\Zy h[eZklv kh kjf"§]Z ]Jem]
fhjgh_ fhj_ k\yazZzgh k Q_jguf fhj_f aqhj_akjjhreglyy ;hl
lem[bgz 8§ f b kh Kj_"ba_fguf fhj >fZg"4gaci¢lueb)
ki_"gyy lem[bgZ &8 f OZjzdl_jbklbpdfhjgtglno fZ
fhjy \ hkgh\ghf hij_~_eyxlky \h hh[f_ghb fW]*"m Q_j
kdbf fhjyfb ihkj_~kI\hf khhI\_IkI\_ggrmhijbebZhrZ hk
g_eeu >\_ jZaebqgu_ \h*gu_ fZkku EpZfhgghlkyfhj
kbevguf ibdghdebghf gZ Jem[bg_ i f

>7Z9g9Zy jZ[hlZ ihk\ys_gZ bkke_"h\ZgbxZ~bgzZfb
fhjghlh fhjy gZ hkgh\_ ]b”"jh"bgZzZfbqgakdhhdzfh”_el
ghc dhee_dIb\hf zZ\lhjh\ F=B J:G >>_fur_\@ Dhjhl
k \ukhdbf ijhkljZzgkl\_gguf jZigp_may bifffiadZgw q
j_a ijheb\u ;hknhj b >Zjr"Zg_eeu <elafglhhgbk_ah
\hklb gZ w\hexpbx ]b”jhnbabqg_kdbo ih&®Z%*Z mqgb
gb_f I_fi_jZlmju I_q_gby \ \_jog_f kalhj iKibeb\z
kl_fZz mjz\g_gbc k khhl\_IklI\mxsbfb gZddevgufk
fb mkeh\byfb ih*jh[gh ij_"~klZ\e_gZ \Zy>_fur@\ >

Qbke_gguc jzkg_l ijh\h~beky ijb jZajhglgéb ih
df  ih hkb [ df i ih hkb b bkihejiht¥2ehkv
lhjbahglh\

f RZ] ih \j_f_gb \ heyeb khkdg
Dhwnnbpb_glu Imj[me_glghc \yadhkljb&hgbhnembébb
\_jlbdZeb ijbgbfzeb khhI\_IklI\_ggh_d&ey *mxsb_ ac

=57 d 57 kfk = & 7 *=kf k

Kdhjhklb \ ;hknhj_ b >Zj"Zg _eeZo ag®@Z\Zebk
fb \h \j_f_gb Hgb jZkkgblu\Zebkv k pZkollhTfhijbgy

df ]h~ i \ ' I_q_gbb \ \_jog_f keh_ = hff ijheb)\

df ]h~ i\ gb'g_f keh_ £+ Jh~i\df_q_gbb \\_jo
g_f keh_ + f b Jh~dif\ gb'g_f keh_ + fijheb\Z
NZg_eeu ljb az~Zgbb | _fi_jZImju \flkehghbifh\eb jog
\Z ;hknhj mqgblu\ZezZzkv __ k_ahggzZywdlaf _ggbyhklv
gby | _fi_jZlmju baf_gyebkv kh \j_flg fh ij_~"f&Zo
agZq_gby khe _ghklb = k Jem[bghc dlf | ~dh_gbhA \< ¢
>Zjr"Zg_eeZo gZ Jem[bgZo + f khl€gkagh Baklm
f j_gbc khe_ghklv azrz\ZezZkv \ iA"|efdojZIm:



JZ [ueZ jZ\gZ 6 X |’ YousnhDmmmmn e REmmps R
gZevguo “ey 7 b 6 bklhevah\Zebkv kﬂnelghkl-lijImju
kljh_ggu_ gZ hkgh\_ "Zgguo baf_j_ ghbax BEZgpgsbok)
F=B J:G Gb _ f \k_ bf_xsb_ky "Zggukjg¥dex”"_¢
ebkv ih lJhjbahglzf Mjh\_gv fhjy b dhjbh&hly lihewzgu _
]Zebkv jZ\gufb gmex Ba ihklZgh\dglaa*"gghlke_ 7
bkke_"m_Ilky \hijhk h \ebygbb ihlhdm\gbkilheykjZz &
ijheb\u gZ nhjfbjh\Zgb_ pbjdmeypbb FjzZfhjghlh fhj
< j_amevlzl_ ijh\_~ _ggh]l]h gbke_ggh]h wdki_jbf
glh kljmdImjz ihey mjh\gy khhiI\_IklI\m_1 6 h[jZag
| _g_gbx gZijZz\e_gghfm hl ijheb\Z ;hknhj d ijheb\
b jza®_eyxs_fm Fjzfhjgh_ fhj_ gz ~\_ h[eZklb jbl
eh bl _evguo agZq_gbc mjh\gy *h kf gZ[ex"Z.
gZklb [Zkk_cgZ hljbpZl_evguo "h % kf 1\ x'
LZdhc \b” khhiI\_IkI\m_1 j_amevIZNZf%HWLWN W eDSUHN
DO @ \ dhlhjhc ijb\_*_gZ ko_fZ |I_qgq_gbc \ \_
ihemqgq_ggZy gZ hkgh\_ h[jZ[hldb bf_xs_]hky fZkkk
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Jbk Lhih]jZnby mjh\gy kf FjZfhjghlh fhjy

Kdhjhtk Y5 6n |6 [4HH] it ) rpiipdpo & tin e iiblo) 3 BAZDCH i< IRt kg
julgZy kljmy hgh ijhke_"b\Z Iky ~h Jem[bg foN
f \kx h[ezZklv fhjy aZgbfzZxl \bojb k jZagufb ag:
j_gghklb < k_\_jh \hklhqghc iheh\bg_ [Zkk_cgZ k
ihklhyggh ijbkmlkI\m _| Zglbpbdehgbg_kdbc djm]h
\b~r_ _~bgh]h djm]h\hjhlZ hg gZ[ex”Z |lky ~h ]Jem]|



ihe_I_q_gbc ij_"~klzZz\ey_I| kh[hc gZ[hj \boj-c jZagl
j_ 99 h k Hutlth& i hke h\_Kjgthay oflj2 gikib g e bfp; |2 i i g Ty T hjjig
jbh~bq_kdb h[jZam _Iky pbdehgbqg_kdbc \bejv <j_
klz\ey_| ijbf_jgh kmlhd Hg nhjfbjm_Iky-\ fZjl_
_I*h ghy[liyh" B B 10l 3kl K Kakza e VA \igj i DIfjig g h_jglti f << fi
jhklb \bojv ijhke_"b\Z_Ilky ~h ]Jem[bgu f-hj[blZe
kilb \ g_f “hklb]Zxl kf k :gZeba l_q_gbc \ jZchg.
\hklhgqgZy qgZklv [ilhkZeahHe qhiddaZkljmdinba Iglhml
guc oZjZdl_j < wlhc h[ezZzklb [hevirmx gqZkdiv ]h*Z
gb_ f_kypu “h ]Jem[bgu ijbf_jgh f bf__If_klh z
g_kdbc djm]h\hjhl GZ [hevrbo ]Jem[bgZo \ azZiz"g
Bafb”kdh]lh aZeb\Z \ ihe_ I_qgq_gbc nhjfbjm-_Ilky h][
g_kdh]lh \jZzs_gby \h~ \ \hklhgghc = Zglbpbdehghb
e_lgbc i_jbh” bxgv = Z\Imkl \ keh_ + f-gZ[ex".
g_kdh_ \jZs_gb_ \h~"

cw.
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Jbk lhe _ kdhjhkl_c |_q_gbc kf F fZy

K_ahggZy baf_ggb\hklv \ ihe_1l_q_gbc ijhke_"Db
Gb _ kljmdImjZ ihey ]JhjbahglZevghc kdhjhklb kho
gb_ 1h~Z HgZ ij_"klzZ\ey_| kh[hc gZ[hj \boj_\uo h
ghlh agZdZ azZ\boj_gghklb < p_gljZevghc " _ij_Kk
pbdehgbqg_kdbc djm]lh\hjhl \ "\mo ~jm]bo bf_xI f_
gbqgq_kdb_ \bojb



Ebl_jZImjZz

> fur_\ K = >h\]ZybKe <gguc wdki_jbf_gl ih fh~_eb
gbx ]b”jhnbabqg_kdbo ihe_c FjzZfhjghlh fhjy k mq_Ilhf ijl
b >zZjr"Zg_eeu Fhjkdhc ]b”jhnbabg_kdbc "mjgZe

> fur_\ K = DhjhlQbke_Bgh_ fh® _ebjh\Zgb- debfZl
jh\hlh hd_ZgzZ F H<F K +

6XUNX 7 %HVLNWHSH + DO L GriHH G FF3R@ B WL AR @\ |
GURJUDSK\ RI WKH ODUPDUD 6HD B3URJ 2FHDQRJ

02'(/,1* 2) 352&(66(6 ,1 7+( 6($ 2) 0$50$5$
6 9 'RYJD\D
ODULQH +\GURSK\VLFDO ,QVWLWXWH 5%$6

$ ORQJ WHUP SURJQRVWLF H[SHULPHQW RQ WKH
VWXG\ WKH IRUPDWLRQ RI WKH K\GURG\QDPLF VW
ZDV FDUULHG RXW 7KH IHDWXUHV RI FUHBXQDW L
GHSWKV ZHUH GHWHUPLQHG

F?LH>BQ?KDB? HKH;?GGHKLB BKKE?>H<:GBY
KHKMS?KL<MXSBO NHJF OBFBQ?KDBO WE?F?GL
< |IH<?JOGHKLGUO <H>GUO H;T?DL:O

< . @_ _jy L1 @_ _jy
BgklbIml ]b2jh[bheh]bb G:G MdjZbgu Db _\

JZkkfhlj_gu f_Ih~bq_kdb_ j_dhf_g”Ziptblomsk kd \rhh\Z
xsbo nhjf obfbg_kdbo we_ f glh\ \ jZkidbhb _dgkh khi
klz\_\a\_r_gguo \_s_kI\ b I\ _j*hc nZgbc*hoggi@ hle
ghklguo \h*guo h[t_dlh\ >ey bamq_ gbwnhhkabs KkI\
fbq _kdbo we f _glh\ bkihevah\Zeb \ Mh\Z| eexggghc i
kib f_f[jZggmx nbevljZpbx bhghh[f_gdmxZnbxev 0]
kihkh[ "\moklZ~bcghc h[jZ[hldb \a\_kbgbl "hpfghuo h
obfbgq_kdmx ~_kljmdpbx jZkl\hj_gguo Kjl\Zzgbqg_kdb:

Ih\_joghklgu_ \hAgu_ h[t_dlu highkylky & keh g
]Jmebjmxsbfky kbkl_fzZf < bo khklZ\ \ohAyl Z[bhlbg
q_kdb_ dhfihg_glu dhlhju_ bf_xI f_*Am kh[hc keh



k\yab Mkeh\by kms_klI\h\Zgby ]b”jh[bhglhY ihfbff
kdhlh j_"bfz hij_~_ey_ | obfbg_kdbc khklZ\ \h”~u
k\hx hg_j_~v 1zZd _ kihkh[gu \ebylv "b\u_ hj]Zgba
kbevgh_ \ha”_ckl\b_ gZ dzZqg_klI\h \h~u ih\ _-joghklg
| ~_yl _evghklv gq_eh\_dz < azZ\bkbfhklb hl hkh[_
ggh]lh \ebygby ih\_joghklgu_ \h~u aZ]jyagyxlky
IZeeh\ hj]Zgbg_kdbfb b [bh]_ggufb \_s_kI\Zfb
N _lhdkbdZpbb f_IZeeh\ b]jzxl ijbjh~rgu_ jZklI\hj_,
g_kdb_ \_s_kI\Z JH< k dhlhjufb hgb h[jZamx]| dl
_“bg_gby Z 1zd _ \a\_r_ggu_ \_s_kI\Z gZ ih\_jo
hgb ZA"khj[bjmxlky b \ "Zevg_cr_f k_"bf_gdbjmxl
\_joghklguo \h*guo h[t_dlZo kh_"bg_gby fgh]bo o
f_glh\ kihkh[gu d ~_ihgbjh\Zgbx \ "hgguo hleh  _q
ZgZwjh[guo mkeh\byo kgb _gbb jG \h”u ihke_"ghb
Ilhggbdhf \Ihjbggh]h aZ]jyag_gby \h*ghc kj_"u

< ih\_joghklguo \h~*guo h[t_dlZo obfbqg_-kdb_ w
ljbjmx!l \ jZklI\hj_gghf dheehb”ghf b \a\_r_-gghf kh
oh ™~ _gb_ obfbg_kdbo we_f_glh\ \ jZkl\hj-gghf k
ebqb\Z_1| bo fb]jZpbhggmx ih*\b ghklv b [bhAhkln
klz\_\a\_r_gguo \_s_KkI\ obfbq_kdb_ we_f-glu fh]
ky \ djbklZzeebq_kdbo j_r_IdZo bo fbg_jZevghc k
lzd"_ \ Zz~khj[bjh\Zgghf khklhygbb b \ ieZgdlhggt
nblhiezgdlhg ahhieZgdlhg b [Zdl_jbhiezZzgdlhg
e__ fdf < k\yab k I_f glh obfbg_kdb_ we_f_
\ ih\_joghklguo \h”"Zo \ jZaebqguo nhjfZo “ey ml
khr_j"Zgby \ khklz\_ dZ ~hc ba nhjf gZoh-*_gby «
ihevah\Zgb_ hij_~_e_gghc ihke_"h\Zl_evghklb ij
ijbjhrghc \h~u Bgl_j_k d bamqg_gbx khkms_kl\mx
fbg_kdbo we_f_glh\ kl\yazg k jZaebqgb_f \-bo fb]]
\b ghklb [bhAhklimighklb b Ihdkbgghklb Gb _ [m
hkh[_gghklb bkke_"~h\Zgby khkms_kKHamixs®Q nhjf
Zn &G 3EPG6Lhbg_gbx Z\Ihjh\ ij_"eh’ _ggZy gb _
bkke_ _~h\zZgbc khkms_kl\mxsbo nhjf obfbg_kdbo w
[ulv bkihevah\ZgZ ijb bamqg_gbb g_ lhevdh \ur_m
Ajm]bo obfbg_kdbo we_f_glh\

1.
f
\



F_Ih*bg_kdb_ Zki_dlu bkke_"h\Zgby khkms_kl\n
obfbg_kdbo we_Bk&kldh\*h\Zgby ijh\h~"bebkv \ jZagh
\h~guo h[t_dlZo MdjZbgu >ey hl[hjZ ijh[ \h”~u k ih
b ijbrhggh]lh ]hjbahglh\ bkihevah\Zeb [ZIhf_Ij IJm
A"bnbpbjh\Zgguc [ZIhf_Ij [mluedm 1j_bfms_KkI\hf
yley Iky fbgbfZevgh_ \afmqgb\Zgb_ ~hggue hleh’
j_ \h~ru \ ijbrhgghf ]Jhjbahgl_ Ihke_ hil[hjZ ijh[u |
h[oh~bfh ijhimklblv q_j_a f_f[jZgguc nbevlj k bz

fdf \ fZzdkbfZevgh dhjhldh_ \j_fy ey hl~_e_gb
\ s _kI\ WIh k\yazZzgh k I_f qlh \a\_r_ggu_-\_s_KkI\
gbl_evgh Z~khj[bjh\Zlv gZ k\h_c ih\_joghklb kh_~"
juo obfbqg_kdbo we_ f_glh\ Z \ ~Zevg_cr_f-hk_"ZI
km~u Ihke_ wlh]h nbevljzZl \h~u jZa”_eyxl|l gZ ~\_
gbo ih"dbkeyxl g_ihkj_"kI\_ggh ihke_ nbevljh\Zg

62 beb +12h jG + Z \lhjmx hklZYeyx!| [_
dbke_gby ; amkeh\gh ih”"dbke_gb_ fh  _I-ijb\h”b
AN gbx dZdhc Ih qZklb bkke_"m_fh]lh f_[ZeeZ k\ya
ku k JH< gh \ “"Zgghf kemqZ_ dhgljhe_f y\ey_Ilky
nbevljzl \h~u < ~Zevg_cr_f baf_j_gb_ dhgp_gljZz
fhlh f_1ZeeZ ijh\h~"beb \ ih"dbke_gghf b g-ih~dbk
[jZI_ \h~u “h b ihke_ nhlhobfbq_kdhc *_kljmdpbb
nbevljzl ijbjh*ghc \h~u h[t_Yghkb&b \ d\Zjp_\bc kI
dZg b ih"dbkeyeb dhgp_glpRjR)Zygblcb+©0 q 2 "h |

+ Z aZl_f "h[Z\eyeb * dZi_ev 2gh[jZkI\t
emqgZeb jImlgh d\Zjp_\hc eZfihc >JL \'_gqg_gb_
N j7Zgb_Pohip ~_eyeb \ g_ihrdbke_gghf nbevljzl_
ihke_nhlhobfbg_kdhc ~_kljmdpbb JH<

Dhgp_gljZpby bkke_"m_fh]h f_IZeeZlkghlhhZy hij
dbke_gghf nbevljzZzl_ \h~u ~h nhlhobflblg JHKz ckh_klj
hi\_ITklI\m_I kmff_ dhgp_gljZpbc _]hlkjhlEggue ]b"
bhgh\ b eZ[bevghcMejZdpBbihke_ + h[s_fm kh"_j Z
f_1ZeezZ \ jZkI\hj_ggHVtehﬂghjj:p:Hr Dhgp_gljZpby f_IZee
dhlhjzy hij_~_ey_Ilky \ g_th~dbke_ggHfh nblrebhlgBl _ \
fbg_kdhc ~_kljmdpbb JH< khhiI\_Iklbhm _lij_Jh_kh"_
\k_]h \ eZ[bevghcMejzd@Zbithke_ = _]Jh kh”"_} Zgbx \



I\hj_gghc nrMé.erl\ [_a mqg_IZ ]b”jZlbjh\Zggu-0o bhgh)
ju_ \_jhylgh [ukljh Z*khj[bjmxIky*aZ BhgpdHhdjhkn
pbx ]b”jZlbjh\Zgguo bhgh\ f_|ZeeZ fhhghhjihkkqgblz
e_Me, Me _, Me_, Dhgp_ ngZpbx bkke_"m_fhdh f_IZe
klz\_ klhcdbo dhfie_dNe), k }]Zl-k<kqblu\Zeb ih nhjfm
e_Medhfle Me, . ,dMe, .., MdZaZgguc \ur_ jZkq_I kh”_j
]b’\jZIbjh\Zggqub]ktgAhhevah\Zeb \ kemqgZ_ nhlhf_lIjl
]h hij_~_e_gby dhgp_gljZlpbhKEH ZgKdbc Gz~ Znh
'gZe+lbqgZ oefeyx« @ dhlnjhjh\d"bhvaghey
ihkj_~kI\_ggh_ hij_~_e_gb_ wlhc nhjfu\j_KI¥eez <
fbexfbg_kp_glguc f_Ih® b Zgh”gZy b@g\ijkbhggZy \
l[jby ijbf_gyxsb_ky ~ey hij_%Zne &by BE >GZ[b\Zg.
b *j Ebggbd GZ[b\Zg_p @ "kt ZgdiZw H}h
gZdh k ihfhsvx ijb\ A gguo jqu Ih\ \‘/hlghjrlnkIZg
JZkI\hj_gghc nhQfes By T o Wil ity et e ol R
[Z \h”u Thwlhfm |hemq ggu j_ amelegbly hZQ(I‘]h kh'
j_gghc nhjfu bkke_"m_fh]lh f_|IZeeZ \_abehjiH™ \h*
dbke_gby \ fzdkbfZevgh dhjhldbc ijHm~mlhadZgjb f_
"_gu WIlh hkh[_ggh dzZkzZ_lky mqZzZRId&hNgh"opguof th [t_
bklhggbdzZfb aZ]jyag_gby I1Z][e
Bkke_"h\Zgb_ jZkij_"*_e_gby jZklI\hjf glgwece tk\h _" Db
dj_fgby b nhknhjZ ih agZzdm azZjy*"kk _fhkemdmkWepyhc
eb k ithfhsvx khhI\_IlklI\_ggh bhghh[ffgldiEZhblb ev c
ljb bhghh[f_gghf jZza®_e_gbb bkihevahhZebh\u_ ihe
dhehgdb i_j\Zy ba dhlhjuo aZiheg bgeZ fbghiwdbéhf
p_eexehahc >W:W Z \lhjZy + dZldbgplhefedZp[hdk
ahc DF F_lh"bdZ bhghh[f_gghc ojtkffZIIhp)\Znbb ij_
ihke_"h\zZl_evgh_ ijhimkdzZgb_ g_ih"Zkeéjbghh]lh n
ghc \h*u kgZqZeZ q_j_a dhehgdm k >W:WDF_eexeh
p_eexehahc K ihfhsvx wlhc f_lh~bdgmxe rhigtbeib dbk
jmxl Imfmkh\u_ \_s_klI\Z =< b bo khm*bdgflgmp k b
fbq_kdbfb we_f_glZfb k hljbpzZl_evgogwmxzZjytAhZ hk
ebjmx| [_edh\hih~h[gu_ \_s_kI\Z ;lko kh\Hdfd ghy
k bkke_"m_fufb obfbgq_kdbfb we_f_gldfbZqyihlefh bl_
b g_cljiZevgmx kh”_j Zlky m]e_\hMNubkbe Km ~Mudbgl




obfbg_kdbfb we_f_glZfb [_a agZdzhaZpyg"Zgbryjdéipb L
k obfbg_kdbfb we_f_glzZfb £ wlh ij_dRu kkf]hZedhfi
eZfb Ihke_~h\Zl_evghklv ~_ckl\bc fldhkhfex"glwn[oh
ijb \uiheg_gbb f_Ih*bdb bhghh[f_gghdaehfZIipdjXnbl
jZg__ him[ebdh\ZgguaQQAMm®d W /D QE® REGH hilsh Mgy igth
h[f_gghc ojhfzZlh]jZznbb ihalhey_| mkbXdgle\bNm _gfhél q
f_1ZeeZ \ khklzZ\_ dhfie_dkguo kh_"bgn]gbdahk Z$H ;|
>ey mklZgh\e_gby fhe_dmeyjghc fZk&ukiwlBbgdhfie
gbc bkihevah\Zeb f_Ih” ]_ev ojhfZIhfihZnlkimeB pgmhqg_ ¢
fZkkh\h]lh jzZzkij_~_e_gby =< b bo dhfiduftkti‘lZdkke
eZfb Z 1Zd _ Zgbhgghc njZdpbb dj_flghhfh&wxs_kI\
kl_deygghc dhehgdb aZiheg_gghc ]J])e Yih&ARSHD
b ij_"\Zjbl_evgh hldZeb[jh\Zgghc k ikfha\wvxkhglsc ki)
fhe_dmeyjghc fZkkhc = ihebwlbe_g]ebthe_cd>Z
b Jexdhau d>Z Bkke_"h\Zgb_hfthéh ghletyjgdh fZ
e_gby mle_\h~h\ b bo dhfie_dkh\ k\kyl&ke&Zfbfinkm:
svx kl_deygghc dhehgdb aZzZiheg_ggtc ]) eYihLR\R S
g by ddttityBgy WAT d [ [ugere EH tuldte i D7 gkadik K X
e_dmeyjghc fZkkhc d>Z Zev[imfbiygmduo dkr&b b
wlbe_glebdhe_c b ]Jexdhau >ey bklgh"MAigby]ihe _
JZkij_~_e_gby jZkl\hj_gguo kh_"bg_¢psbdkyfgby
g_cljZevghc njZdpbb ijbf_gyeb kl_d&ylggoxgimehg
76. ] _e_f LR\RSHDUO +: ) Yihgbyj_"dhjhlZev[ue:z
gh hildZeb[jh\ZgZ k ihfhsvx jZklI\hjhheéhebkwfbe_dheb
eyjghc fZkkhc b d>Z b Zexd&hddqg_kl\d>wex
_glZ bkihevah\Zeb jZievj "L2Dhgp_gljZpbx bkke_
A"m_fuo f_|IZeeh\ dj_fgby b nhknhjZ dpidhyeanich keguo
bhghh[f_gghc b ]_ev ojhfZlh]jZnbb bladbjpeb kdke _ 1
A_kljmdpbb JH< H[gZjm _gb_ jZklI\hjrnggfwm rfhjf bk
[Zeeh\ dj_fgby b nhknhjzZ \ khklZ\uogkhdhblge gbroe:
f g d>Z mdzZaulZ_| gZ bo ihl_gpghkéewdgmyx [bh"!
Afh[bhglh\

Bkke_"h\Zgb_ jzkl\hj_gguo kh_"bg_gbc obfbq_|
\ihjh\hc \h”"_ ~“hgguo hleh _gbc hkms_kl\eyeb \ I.
"h\Zl_evghklb dzd b \ ijbjh*ghc \h”_



Kj_~gb_\_ebgbgu kh” _j"Zgby bkke_ "m_fuo f_|IZeeh\ \ ¢
ghf OH b ih~dbke gghf (& ZkIQIFIbevaZI_ ijbjh~rghc

\h™u j Eu[ Av b ijbe_ ]sz ]h mqZkIdZ DzZg_\kdh]h \~oj
obfbg_kdhc ~_kljmdpbb JH< bxgv ] ] Db_\ fd] "

Klzgpby $O Fe Zn &G 3E
hi[hjZ

8

ljbf_qzZgbKlZgpbb hi[hjZz + f \ur_ \iz~_gby j Fhdjhc k.
\iz~_gby j Fhdjhc = f gb _\iZz~A_gby j Kh\db * f_klh \iz
dZgZezZ LWP a df \ur_ mklvy j Eu[_"v + mklv_ j Eu[
rb\Zgby \h~ j Eu[_“v b DZg_\kdh]h \"o]j b + DZg_\kdh_ )
gh \ur_ a f bgb _ a f \iz~_gby j Eu[_"v

>ey bamqg_gby nhjf gZoh ~_gby obfbqghkjbo we_
N_e_gby bo kh”_j Zgby \ khklz\_ IYhi@dgookmlkhjzIt
"_gbc b \a\_r_gguo \_s_kI\ gzfb ij_"eldAAvikZabkil
jZ[hlZgguc kihkh[ "\moklZ*bcghc h[jD[hIdb KRla\_r_
b "hgguo hleh _gbc >I1ZI @@ iuyiojioG)Eucoy s i
f_g_gb_ ~Zgghlh kihkh[Z iha\hey_IInZkplZxg B\ dh
ghkbl_evgh_ kh”_j Zgb_ bkke_"m_fhllgl@ab¥bh” kdh
khj[bjh\Zgghc nhjf_ b \ khklZ\_ [bh¥lxg_kdb%ec\ khklz
r_gguo \_s_ kKlIZ tky Z ~idty™\__ijA * & qj u @ gailimioe it i o\wisr
gbx ©fhdjh_ k'b]zZgb_2 Z 1zZzd _ \ |jdjbkbZeélbhq_ko
g_jZevguo qZklbp \a\_r_gguo \_s_klAhlgdug"hic nZ
eh _gbg, MZ’%@“QWWUW@EMW@MWG
g_\kdh]h \7oj Dbebckdhc ~_eviu 3mDQEy\ j hBuj_
kbkl_fu Hi q gv ] Db 2\ mkIZgh\evgh okII’m’\h]gI\kb
gb$C$)§Bh)| 7 Lo i L it e B A S AR ST
s_klI\ ihke_ , kIZ’\bb ’\\mokIZ’\bcgthhyJX[lhId‘b egiﬁor
khhl\_IkI\_ggh * * v} + *




<ky hklZevgZy qZklv bkke_"m_fuo obfbg_&dbo w
gb\Z_Iky lhevdh ihke_ ]Jb”*jhl_jfZzev@hdhh[jZYhkdb
\ fhev 2Zkl\hj_ 1D2+ Hkh[_gghklb bkihevah\zZg
AmoklZ~rbcghc h[jZ[hldb \a\_r_gguo \hlehkl\ghc*hgc
baeh > _gu \ jZg__ him[ebdh\Zgghc kIZIv_@ @ _ " _jy |
Bkke_"h\Zgb_ khkms_kl\mxsbo nhjf olb¥Bgktkdbo
klz\_ I\_j~hc nZau “hgguo hleh _gbyg I&d_f iyhbhh" bl
kilmi_gqgZlhc bo hTegdéridw >D O @ \ dhlhjhc fu a
iylmx klmi_gv jZajmr_gb_ \ kf_kb ghcn¥hjb\h*hjh~
i_joehjzlghc +8@2hl kihkh[hf "\moklZ~bcghc h[jZ]
\e_dZ_fu_ obfbgq_kdb_ we_f_glu gZ o_h\[ya[hjidd klZ
khklz\eyxl gZb[he__ ih"\b 'gu_ bo nlyjlth*lhwZgbm ac
Ih]h beb bgh]lh obfbq_kdh]h we_f_gZdpbiyd\uft'Igho 1
kmAblv h ihl_gpbZevghc \hafh ghklba T‘hdlgklonhed _g
eh”_gbc \ \h*gmx kj_"m ijb [eZ]hijmykgbbbyey wlh]h
Ba\_klgh qglh \a\_r_ggu_ \_s_KkI\Z nktpAKIp x| \
f_IZeeh\ iml_f Z "khj[pbb ba \h~u bobbzZdbeé vpghlx[mjZ
e__ lhdkbgghc nhjfu zZ 1zd _ \ j_aeepbBl_ <[lkhgdd
ab k I_f qlh \a\_r_ggu_ \_s_KkI\Z b]j2axfb\4Zpmklk jhe
obfbg_kdbo we_f_glh\ gZfb [ueZ jZXKkigp|Z ¢hdgdhgp
kbl_evgh_ kh”_j Zgb_ zZ~khj[bjh\Zgghcbnhjtu Zexf
azZ \ khklz\_ \a\_r_gguo \_s_klI\ dhthjky[bihikR[gZ
keZ[hdbkehc kj_~_ MklZgh\e_gh wglb ijbe™~]Zx Eu
s_c I_jjblhjbb DZg_\kdh]h \*oj dhgpbyw\ Xphk{ZXexf
\a\_r_gguo \_s_KkI\ jZajmrZkbA®Hlp &W¥rh kit bdgtan
jZ[hldb khklz\eyezZ khhI\_IkI\_ggh fdd4 ~f Bl =+
ghkbl_evgh_ kh~_j Zgb_ ~_khj[bjh\ZdghGhaZzexfbgl
ba wlhc "~ njZdpbb \a\_r_gguo \_s_kj\*g2@"beh
+ Z _lh dhgp_gljZpby khklZbddyezl-Zz =+
dbf h[jZzahf wlm qzZklv f_|IZeeZ kev~dzZd ijlZKigfZihjb\
Zevgh kihkh[gmx ihklmizZlv h[jZlghjZdkRhdipfojki_"m
ykv ba \a\_r_gghlh \ jZklI\hj_ggh_Zlohkbrkygby H<_ha_
g_gv b mkiv_ j Kuj_p ] Db_\ kh”*bj"ZgbaZZexflbg
klz\_ \a\_r_gguo \_s_kI\ ihke_ , klAtbb[jfApho&bZ"b
gZoh”behkv \ ij_~_eZo khhI\_IkI\_ggh fd]x*f b



>hey "_khj[bjh\Zgghlh Zexfbgby b "_&ZjadbjljbZjG a
eZ \ rbjhdbo ij_*_eZo = khhI\_IkI\_ggh *Z bob
dhgp_gljZpby khklz\eyezZ khhiI\_lkI\xgghfd] £f b
;yevrZy gZklv “_e_az \uk\h[h *"Z_Ilklgkehb" kj_W"“keZz
glh fh™_I [ulv ke_2kI\b_f _Th ij_bfmsh 'kRI\gggh\h g
[bhr*hkImighc nhjf_ Bkke_"~h\Zgb_ nHhjdggkdbo*_gt
we_f_glh\ \ khklz\_ \a\_r_gguo \_shkdg\Eddl khwdl
abpbc 1Zd dzd ijb kgb _gbb jG \h*"gh\Zgpb*Z dpZnhj
wjh[guo mkeh\bc \ \hAh_fZo obfbq_KdlgZzgkehij_glu
fbjh\Zlvky ba \a\_r_ggh]h \ jZkI\hj_&oh_ Kklikkhixygh
hg_j_~v y\ey_Ilky ijbgbghc \IhjbgghMyhaeZ Kjya'a gb
;he_ ~ 1ZevgZy bgnhjfZpby highkb]f ¢Zph-Bamq_¢
gby obfbg_kdbo we_f_glh\ \ khklz\_I\d\aehggaud \_
\ klIZIv_ >@_"_jy b 7] @

<u\h”uljb bamqg_gbb khkms_klI\mxsbo nhjf obfbqg.
f_glh\ \ ih\_joghklguo \h”"guo h[t_dl¥adjp~rdhifbg”m_
\ZIvky baeh _gghc \ur_ ihke_"h\zZI_évahddb\hjthu[hih
b "hgguo hleh _gbc qglh ihalhey_| @gbZghbbj¥Z akh”
ebgguo nhjf gZzoh ™~ _gby \ jZkI\hj_ggkhlklhadbb ggl
Z 1Zd _ ba[_"Zlv ihemqg_gby g_dhjj_dhdudkeamkevlZ
nbevljzlZ ijbjh~rghc \h~u iha\hey_I| mq]lbM Khih_j Z
\Zgguo bhgh\ dhlhju_ y\eyxlky gZbdhebh/AhKkbggh
ghc nhjfhc bkke_"m_fh]lh f_|IZeezZ kth[dIdgZgh K Nh"g
g_gqgufb bklhqgbdzZfb aZ]ljyag_gby BHKfhggalt\bgb _
]_ev ojhfzlh]ljznbb ~Z_1| \hafh ghklv dip_gBky\tkh”"_|
j_gguo nhjf obfbgq_kdbo we_f_glh\ dhlithjuaghdtebq:
azZjy™"Z b fhe_dmeyjghc fZkk_ khhl\ghkl\_jdghm >ey
r_gby \a\_r_gguo \_s_KkI\ b I\_j*hc nZagbthjgguo h
dhf_g"m_Ilky bkihevah\Zlv jZajzZ[hlZlZd'bec gh b kihg "\
ijh[hih~]hIh\db Ijb bamqg_gbb khkms_klXmekbd nhj
khklz\_ \a\_r_gguo \_s_kI\ \Z'gh mkKEZpg\blvhidhgp
ghkbl_evgh_ kh”_j Zgb_ nhjfu f_lZdgZ ddhlkjizjy kit
pbb ijb kgb _gbb jG WIZ nhjfz f_IZe&ithkhl[ggpbZ
d ihklmie_gbx \ \h”m ijb aZdbke_gbthlblHggbldkem"
\Ihjbggh]h aZ]jyag_gby \h*ghc kj_"u
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Ah\Zgb_ dhfie_ dkh h[j&&a)- ik ik Hieias ti
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/LQQLN 3 1 =KH]KHU\D 9 % , Y D QHEKINR VOCE 6
VWDQFHYVY DQG WKHLU UROH LQ PLJUDWLRIQUR/I PHW
7KH FDVH VWXG\ Rl ULYHUV RBK\H. BQL-RKRWJDU RH
&KHPLVWU\9 1 3 +

/ILQQLN 3 1 ,ZYDQHFKNR <D 6 /L QE&ANM P BW L+
IHDWXUHYVY LQ WKH VWXG\ RI KXPLF VXEVWIWRRHY |
&KHP DQG 7THFKQRO 9 1 J +

Tessier$ &DPSEHOO 3 * 6 TAHQYWRDOOH[WUDFWLR
WKH VSHFLDWLRQ RI SDUWLFXODWH WUDEH PHWDC
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9 $ =KH]KHU\D 7 3 =KH]KHU\D
,QVWLWXWH RI +\GURELRORJ\ 1DWLRQDO $FDGH

7KH SDSHU SUHVHQWY PHWKKGILY & GAHFIRPR H [Q & D/\
RI FKHPLFDO HOHPHQWYV LQFW®RB RV/WWIRRXY RG WWIEISW
DQG VROLG SKDVH RI ERWWRBERBGHWHDRVVYW. QGW XNUK
IRUPV RI FKHPLFDO HOHPHQWUWVDWXF KK W WEKWRGCGRQD VL[



DQG JHO FKURPDWRJUDSK\ VDAR WXWHH @ 8 WE& RP® \WRW
WRP VHGLPHQWY SKRWRFKHG RNODGBHWVWWAINEWHR (X

F:DJHNBLU E:> H@KDBO A:EB<H<
<:E::FKDH=H :JOBI?E:=:

G < Am_\zZz X : Am_\ X : R_\ph\z
Jhkkbckdbc J]hkm~ZjkI\_gguc ]b” jhf_¢bhjhkbilblg_kd

<uiheg_gh bkke_"h\Zgb_ fZdjhnblh\ eZ"h kdbo
<ZeZzZZfkdh]lh Zjobi_ez]Zz LzZdkhghfbq_kdbc kibkhd
g _gguo aZeb\h\ kdezZz”u\Z _|ky ba \b~rh\ jZkl _gb
d hir_ezf I1jh\_"~_gh khihklzZ\e_gb_ zZd\zZihjbc ih
1ZIklI\m b jZaghh[jZabx jZkl_gbc <uyle_gZ fZdkbf
gb g_c ]jZgbpu h[ezZklb jZkijhkljzg_gby fzdjhnblh

hg_ hgZ khklZ\ey | + f
EZ~h kdh_ ha_jh + h]jhfguc \h~h_f Jpm[Edkbf:
9Z ~hklb]z_|I f Z kj_~gyy + «f >E@hijzzdigzy

dimigh_ ha_jh dhg_qgh g_ [m”_| gué&¥yl\bky ®fzdjf
sZy jhev \ ijhmpbjh\Zgbb hj]Zgbqg gkdhijlbgZseklI\Z
bl nblhieZzgdlhgm L _fg_f g eZAB gd¥ybeilhbhjZe
\e_dZl _evgZy ey bkke_"h\zZl_ey ahglkv phkibedbd_

f >SEblhjZevgZy« @ WIZ qgkxkkVgha yj\£ydkd &
bkdexgbl _evghc h[eZklvx jZkijhkljZgb gk fZjZ hnbl
_Iky hl mj_azZ \h~u “h gb g_c ]jZgblpyw bo ijhbajzkl

lh 0oZjzdl _jm azZjZklZgby eblhjZevgBig gAgih"EZah |
N ey |ky gZ ]_h[hlZgbq_kdb_ jZchgueZizZelghkibdhyg 2
d ro_jghfm jZchgm dhfie_dkgu_ bkkzkIbdbh\2ggh Kb g
dhlhjh]lh ijh\h*bebkv ih” jmdh\h "kI\Wkthih\g@ -BJZKih
ih\ b " @\ Bgklblhly Jh@_jh\gZkihys__
\j_fy bamqg_gb_ fZdjhnblh\ aZeb\h\ <eZZZEkd ]tk dhj o
lh ha_jz 1zd _ \_~ |Iky gZ mqg_[gh=g-AWh ®gdZce KAGpbb

GZgbgZy k ih ] \ dhgp_ bm&kyzZb+gkqZj Z
hn fzdkbfZevghlh jZa\blby fZdjhnblhyg + uwéebglghf j:
ke _~"h\Zgu aZeb\u jZaguo gqZkl_c <ZezXBkkd]hhzjo



\Zgby ijh\h~bebkv ih h[s_ijbgylhc f_Zly*"bd_@DZXI|Z¢
Ihf gbke_ k bkihevah\Zgb_f \h*heZagHhhh*Z[dnhmhia\z
fh ghklv ijhke_"blv baf_g_gb_ ozZjzdl_J@maEgzZklZ¢
hl mj_azZ \h~u “h \g_rgbo ]jZgbp jZkhhhdevgui&@dgjmi
gmx jZ[hIm \dexq_gu ~Zggu_ h r_klbZgdeb\&@s]D [n
jbk AZeb\u G_\h"® F_evgbqguZbitkrdhgZgu[mol.
x]h \hklhgghc _]1h gZklb [molu FZeRlyk@b\kiddgZh kd Z
\ k_\_jh aziz*ghc Z AhehlZy [molghgBhahHdlky gZ |

LZd _ [ueh h[ke_~h\Zgh ih[_j_"v_ d x]m-hl bam
jbb [molu FZeZy Gbdhgh\kdZy gZ jbk H"rgZc
wlhf mqgzkld_ ih[_j_"vy ijZdlbg_kdb hlkmlkl\h\Ze
gb_f ij_~klZ\bl_e_c jh~Z 8ORWKUL[ ih\k_f_klgh
mj_aZ \h~u gZ kdZeZo dzfgyo b | i < ZgZeba ":
g_g g_ [ue 1Zd dzd ijbgylh hlghkblv _]h d-1bibqgg
eyf i_jbnblhggh]h dhfie_dkZz
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4
+ aZeb\ F_evgbqguc S ff}
+ [molZ AhehlZy =

LZdkhghfbg_kdbc kibkhd fZdjhnblh\ bamqg_gguo
AulZ _Iky ba \brh\ jZkl_gbc hlghkysboky d §
rmx gZklv ba gbo khklz\eyxl ij_"~klzZ\bl_



ODJQROLRISKgWDgZ DieQ RO Liskvdh@blky \b~h\
ZLOLRSLGDhNZ Djhf_ p\_ldh\uo \ K
ijbkmlklI\m_1 ih \b"m jZkl_gB&K D& REX\aMD %U\R!
(TXLVHWR/SKRSRGLRSK\WD
GZb[hevr__ \b~h\h_ [h]ZIkI\h b jZaglhh[jEab_ fZ
kms_ [molzZf Fhkdh\kdZy b FZeZy Glhdthyh\kddZZy Q
"hf ba gbo khklz\ey_ | Z bg"_dk B_gghlgizl\z\_g
kiI\_ggh qglh g_ m~b\bl_evgh I|zZddd@mdgwlhZx\ZIKZfL
jbb ba h[ke_"h\Zgguo < aZeb\Zo G diebh_Kkl\dwvgb
\brh\ g_ ij_\urz_|I < [mol_ >b\gZi\fwehhga-dhbdkb
rh_ qbkeh \b~h\ % b hlghkbl_evgh gjZakghdhjZ\b’
ab_ [bl ohly hgzZ Jem[hdh \jb&Z lIkeh gmxrm
nhjfm k ie_kZfb b dmlzZfb [eZ]hijbydimkgtey]jika\b
| _gbc FbgbfZevgu_ °~_ agZq_gby "\iba wllydeozZjzd
gu \ [mol_ AhehlZy \b~rh\ b [dd ZK | lgebw dal] aydkbg v
xIky \'i_j\mx hq_j_~v I_f qlh ]h" gZ&[ex”_ghbZjZd kv
| _jbam_Ilky gbadbf mjh\g_f \h”u IhavnhgmyilgZemj_ ]h
a_ \h”u _s_ g_ mki_eb knhjfbjh\Zlvkyha\hjhgaed ijb
jZkl_gbc Ih*h[gZy kblmZpby gZ[ex®§ZgZkv \ [Imol_
dh]”"Z ba aZ hq_gv gbadh]lh mjh\g¥IEjdbh[bedhzZhflhc
gZjm _gh ebrv \b”Z ]b”jhnblh\ >IZw fu\B'dgephc k
gbf wim Zd\Zlhjbx ba ZgZebaz \gbhrho h|thf arIhZav_k
g_crb_ bkke_"h\zZgby \ 1h”u k [he__ \ukhdbf mjh\g
H[sbfb ~ey bkke_"~h\Zgguo aZeb\h\ hiddgZebkyv
nblh\ AgZq_gby bg”r_dkZ koh”"kI\Z @dddkzid zjb k.
\Zlhjbc baf_gyebkv hl ~Nh "h k| XidhgdkH\h_k b
dh FzZdkbfZevgh_ agZqg_gb_ ih”"h[by bpde Zxihky
eh”_gguo aZeb\h\ G_\h" b F_evgbqduech]bjdp_ kKgbeba
]Jimii jzkl_gbc \b”gh qglh ]Jb]ljhnblu " Khml\ikh dh
“h\ bo Ke_"mxsZy fghlhgbke_ggdly \IhmguzZ = L
jZkl_gby Jb”~jhnblu \dexqZzZ_I \b "N "HKIZ ewmu_
]bljh]_ehnblu b ]_ehnblu
lh~jh[gu_ jZ[hlu ijh\_~_ggu_ \ [mol_kHBZg¢Zy Gb
] k bkihevah\Zgb_f \h~"heZaghihahljbepredbh\dgby
ykgblv gb gxx ]jZgbpm ahgu h[blZzgbgffZdghiblh\



Lzd ij_"klZ\blI_¢ORBHD kDQOGHQNIKY “h ]Jem[bg
f Z hl"_evgu_ \h*hjhkWH@®QZ f <uyle_ggu_ ag
g_gby ij_\urzZxl ba\_klgmx ]jZgbpm edhlijBabj\ EZ
f Gm- gh hif_Iblv qlh ijhajzqghtkkvv\h”*eh]¥b"
"bkdZ \ wlhc [mol_ e_Ihf ] bAaédhgyelhkv \ ~bZ
fo\ + hli ~h \ ] kbhklzZheygdbf h[jZ
ahf Jem[bgZ ]jZgbpZ ahgu h[blZgbyadémig kb kjlZRI _
ey | [he__ g_f Jem[bgu fZdkbfZewpdickEb Np*a ijha
Bgl_j_kgh khihklZ\blv fZl_jbZeu ihemqg_-ggu_ k
s_ijbgylhc f_Ih~bdb ihe_\uo jZ[hl ijb hibkZgbb jZ
ihdjh\Z ha_jZ b ~Zggu_ \h*"heZaguo h[ke_"h\Zgb
k_dl >=hebdh\ KdZzZjeZlh @ GZ jbk -ihdZa.:
ijhkljZzg_gby fZdjhnblh\ ihemq_ggu_ \ j_amevlZI
Djhf_ Ihl]h g9Zg_k_gZ ij_"ihezZ]Z_fZy hdBfBgbfleZkl
DZd ke_"m_I| ba ko_fu [hevrZy gZklybirghsbth aZ
fb g_ [ueZ h[gZjm _gZ bkke_"h\Zl_edh]RZiMeyog
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dihnblh\ \  [mo_.
|  FZeZy GbdhgHts
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GZ aziz~rghf ih[_j_"v_ aZeb\z fzdjhnblgzebks_ g
ijb jZ[hl_ k eh~rdb b [_j_1Z L_f g_jZ[dhlu ihdWeMgu _
\Zx| b iha\lheyxl| ij_~iheh blv “h\hevghhaghgBlbevgr
h[ezklv bo h[blZzgby m wlh]lh [_j_]Z

ljh\_~_ggZy jZ[hlZ klZ\bl i_j_" gZfb aZ~Zqb "e
bkke_ _~h\zZgbc ih ih"\h~"ghfm bamq_gbx jZktbl_evg!
\_jghc EZ”"h]_ MIlhgqg_gb_ ]Jem[bg gb g_c ]{Zgbpu
nblh\ £ h*"gZ ba gbo

Ebl_jZImjz

=hebdh\ : G KdZjeZbhjR[bheh]lbqg_kdb_ bkke_"h\Zg
eb\_ Ihkv_Il k ijbf_g_gb_f \h~"heZaghc |_ogbdb Bkke

fhj_c KKKJ < K %
DzZIZgkdZy <ulrzy \h~rgZy jZklbl_evghklv dhglbg_glZ
Ah_fh\ KKKJ F_lh~u bamg_gby E GZmdz k
EblhjZzevgzZy BAQ kdh]h ha_jZz [h~ j_~ 2?2 : DmjZrkh
G_klhj Bklhjby k

JZkihih\ B <kkrZy \h~gZy jZklbl_evghklv ro_-jghlh jZ
"h kdhlh ha_jz Dhfie_dkgu_ bkke_"h\Zgby ro_jghc ¢
ha jz F E K +

JZkihih\ B <mukrZy \h~gZy jZklbl_evghklv EZ”h kdh

JZklbl_evgu_ j_kmjku EZ*h kdh]h ha_jz E K
JZkihih\ B <bkrZy \h~gZy jZklbl_evghklv [hevrbo ha_
AzZiz"Z KKKJ E k

JZkihih\ B<B~h\h_ b p_ghlbg_kdh_ jZaghh[jZab_ \uk
b ijb[j_"gh \h~guo jZzkl _gbc \ eblhjZevghc ahg -EZ”h ki
IhjzevgZy ahgZ EZ"h kdh]lh ha_jz KIJ K *
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1 9 =X\HYD < $ =X\HY < $ 6KHYWVRYL
5XVvLDQ 6WDWH +\GURPHWHRURORJLFDO

ODFURSK\WHV RI VL[ 9DODDP D\WFEKHBHODNRGY HX OT
QRPLFDO OLVW RI PDFURSKHWGHEDR/XQEF DY GHAH LS
FLHVY EHORQJLQJ WR GLYLWLRQWDY RRPSOMENVRY
SODQW GLYHUVLW\ ZDV FDUURHG RN VO RZKH FER[U B X
PDFURSK\WHVY GLVWULEXW PRIQV HQ WZXIMVDUWHHDH Y & B i



"G:EBA KM;NHKKBEVGH=H KHKL:<: &/$'2&(5$%
(%5$18&+,232'$ &5867$&($ >HGGUO HLEH@?GBC HA
F?><?>?<KDH=H D:J?EVKDBC I?J?R??D JHKKBY

= B[jZ]bfh\E : Njheh\® K Kujue : Km[_llh

DZazZzgkdbc Ijb\he kdbc n_~_jZevguc mghb\_

Bgklblml \h~guo ijh[e_f K_\_jZ DZjGP J:G

Jhkkbckdbc JThkm~Zjkl\_gguc i_~Z]h]bg_kdbc m
bf : B =_jp_gZ

P evx ~Zggh]h bkke_ ~h\Zgby y\ey Ikheb\zkklZgh\
g_kdhc dZjlbgu ]Jhehp_gZ "ey DZj_ d&vAdhikkbh r_
Z 1Zd" _ j_dhgkljmdpby wdheh]bqg_kdlio <miKzehibc ij
ij_"klZ\e _gu j_amevlZliu iZe_h[bheh]khhkdhlQh Zg:
&ODGRFHYQuo hleh™ _gbyo ha F_~\_~ \kdh]h DZ
j_r__d f_""m Nbgkdbf aZeb\hf ;Zelbckdlphffhjy
ha jhf gZ KA Jhkkbb <uy\le _gu \b"0_%hfdg Zadlm
]_hljZnbqg_kdZy b [bhlhibg_kdZy ijblid)bt_eagh klv ij_
gZjm  _gguo |lZdkhgh\ |h j amevlzZlZetbaZ~hwp" jgh]
e _gu g_luj_ kljzlIb]jZznbg_kdb_ ahgu hl¢hajgdc "h
ha F_"~\_" _\kdh]h ih IZdkhghfbq_kdbfk"kaKpgi\m
\u\h”u h[ baf_g_gbb Ijhnbg_kdh]h kd&lbfZZbgh~h _f
kdbo mkeh\bc \ p_ehf Ijh\_~ g kjZ\gte meov gagu @ g Z
"Zgguo k j_amevlZlZfb objhghfb~rgh]lh ZgZebaZz

H[t_dIhf bkke_~h\Zgby J[ueh \u[jZgh ha F_

gcck r gcca 2 fg m f iehsZ”v a,
\h~u =+ dfiZzdkbfZevgZy ]Jem[bgZ = hdheh foj
gh_ gZ p_gljZzevghc \ha\lur_gghklb DZj_evkdh]h i
jh_ [ez]lh”"Zjy \ukhlghfm iheh _gbx b fZehe iehsZ
ghlh [Zkk_cgZ g_ aZeb\Zehkv \h~Zfb djmiguo ijbe
_fh\ ihke_ ~_lJeypbZpbb b ozZjzdl_jbam_Ilky g_ij_]j
dhgzZdhie_gby gZ ijhly  _gbb e | >Km[_IIh

J ]bhg bkke_ "~h\Zgby ozZjzdl_jbam_Ilky ddbj ggu
fZzlhf kh kj_"~g_c |_fi_jZIlmjhc yg\Zjy I£fifjKlInkj_"g
jhc bxey fK b kj_~g_c ]Jh~*h\hc | Kfi>pZLMNIKE HW,
DO @ @D éahdbylig & ah aF P\ A K Bl iy Biznid@giepidd 2



guo kmJ]JebgdZo b kmi_kyo JzZklbl_leWwigiRkIkIimjjblh]
nehjbklbg_kdhfm jZaghh[jZabx kj_"g<IlhZklhglyh ih"a
?\jhi_ckdhc IZc]b >Km[_Ilh b 7] @
<_kghc ] kh ev~rZ [ueb hlh[jZgu "\_ dhehgdkt
"_gbc “ebghc b f Dhehgdb “hgguo hleh  _gbc
k_~bf_glZpbb dhlhjuo ho\Zlu\Z_1| iha~g_e_-~gbdh\\
p_g [ueb ~Zlbjh\Zgu f_Ih~"hf mkdhjbl_evghc fZkk
( K $06 f_Ih~hf b ijhZgZebabjh\Zgu gZ ihl-jx fzZkl
dZeb\Zgbb 111 <uiheg_gu eblhkljzIb]jZnbqg_k
m]e_jh”*guc b jy® ZgZebah\ k bkihevah\Zgb_f [bhe
dzZlhjh\ objhghfb”rguc kihjh\h iuevp_\hc deZ” hp.
&ODGRIyNMdyD kw\ey¥glbfhgZqmihicc |Jmtghoc-\Wa kD |
ke_~gb_ "~ _kylbe_Iby \k_ qgqZs_ bkihevam_Ilky \
iZe_hdebfzlz P_ehklghklv oblbgh\uo kljmdIimj I
]Jheh\gu_ sblu dzZjzizdku ihklz[*hf_gu ihklZ[*hf
]hidb b ~j dzd ijZz\beh khojzZgy_Iky \ “hgguo h
glh iha\hey_| b~_glbnbpbjh\Zlv [hevrbgkl\hkh ba gbc
"h\hc ijbgZ”e_"ghklb >.RUKROD 5DXWLR @
>ey deZ” hp_jghlh ZgZebaz ih \k_c dhehgd_ ~h
[ueb hlih[jZgu h[jZapu k bgl_j\Zehf + kf H[jZ[hlc
guo hkz~dh\ ijh\h~beb ih klzg”~zZjlghc f_lh”"bd_
ijh\h~"beb ih ki_pbZebabjh\Zgghfm hij_~_ebl_ex
6DURIRMUMMRQHQ .RURVL 6PRO Njheh\
< khklz\_ km[nhkkbevguo hklzZldh\ [zekhyghyx\e_ g
< \h~*h_f_ ~hfbgbjmxIl \b”u k\hckl\_ggdlbddbhgzf
b JThezZjdlbdb dhkfhilhkepblbp Zkdxyox
jZdl_jgZ ebrv ~ey khh[s_kI\zZ >Wbdgtgnkkhsbfb
h{s_kI\Z y\ey®%IRYPLQD (XERVPL@DRQRQOIDV KX
$FURSHUXV&KDEBRSDH VSKDHJLUEXWgh]h jZa\blby

kilb]zxl i_ezZ]lbq_kdb_ ij_"klIZXHR¥PURTY
glh fh™_Il [ulv k\yaZzgh k m\_ebqg_gbgZKlbebhhhdjultl
fZ M\_ebg_gb_ \ hij_*_e_ggu_ i_jbhtjZ egdwd filh kL

nblhnbevguo \b”h\ k\b”_ | _evkl\m_I| K gyizoe megpgdk If _e
dh\ \ ha_j_ b mgzkldh\ azZjhkrbo fBEdjhhddEh]jz<b”
ab_ khh[s_kI\Z \ gb'gbo kehyo d_jg@ZdZ[jZddhjb&m



JZkI_1 k ijh”\b _gb_f \\_jo ih dhehgyl khKI[ZZgyx _kc
sZy bkke_"m_fh]lh ha_jz IZzd _ m\_eldgbkh_kkinhjhZ|Z
klvx hkz~"dhgzZdhie_gby

KIjzZlbljznbx khh[s_kI\Z \_I\bklhmkuo jZdhh[jZa¢
\_~_\kdh]h fh'gh mkeh\gh jZza”_eblv gZ q_Iluj_ a
kehyo + dZe e g highkbl_evgzy-[_"ghk
kdh]h jZaghh[jZaby khqg_lZ_lky k "hfbgbjhYZgb_f |
guo \b’\h\ IZd$>k‘-)UdR’ZSjHUXV KDUSDH (XERVPLQD

tus >Zggu_ |hemq ggu \j amevIZI ZgZe-baZ ihl
\Zgbb b objhghfb~rgh]h ZgZebaz |h’\I\_j"\ZxI gZe
ghlh debfzlZ \ heb]hljhnghf \h*h_f_ b k\b#~_|_evk
ie_gbb fbg_jZevguo hkz~dh\ \ g_f >&ujuo b "]

GZ i_j_oh~_d ke_"mxs_c iZe_hahg_ - * C
f qzZ_Ilky j_adh_ m\ eb&Kg@RU")h\ébVSIKIDa—gLZLFXV
dhf ihl_ie_gby debfzlz fh _| kem blv m\_-ebq_gk

kdh]h jZaghh[jZaby \ “"Zgghc ahg_ jZkl_| agZqgbfl
b nblhnbevguo $O'RQD B¢ RAWHUPHGLD $ORQF
$e[LTXD $ xODZ_Iky \klj_qzZ_fhklv Ibibgghc i
kdhc nhjfXIERVPLQD ORIV ILQ@®Ph ijhbkoh bl m\_
g_gb_ "heb 0BBROHITKHP XV SHANZAPGOKWIZi_ jZa\bl
ha_jzZ ijhbkoh”bl kf_gZ k_"bf_glZpbkykmijihdbg"Zx:
gb_f hjl]Zzgbq_kdhc khklZ\eyxs_c \ “hgd¢uoVvhjah" g
ylgh k\yazZgh k baf_g_gb_f ijbjh"g\Lhd‘rhl{khZ_gh\hd (

< ahg_ + dZe e g gZ[ex"Z_lky hq-j ANgh
eh”gh\h?rguo HPUR S KD b S EMEERE (R R RO
WRFHUFXV UHFWLURVWULYV $ORQHOﬁ)D¥Z@DQD
guf objhghfbrgh]h ZgzZzebaz gZ wlhf wlZi_ w\hex
mf_gvr_gb_ dhebqg_kI\Z dbkehjh”Z \ \hA*h_f_ b ih\
nbq_kdh]h klZImkzZ >Kujuo b *j @

< hleh _gbyo ~Zlbjm_fuo \haJZkIhf + - dZe
jm b\Zxlky hk$AdR S KD S EKHD CEHEETNR AKSERARKE R
GDSKWHgbh y\ey_Ilky ijbagzdhf W\Ijhnbdebb \h’\

GZ kh\j_f_gghf wlZi_ bamqg_gby \ nblhlengIhg_
AZXD jZnbMhnblh\u_ \h~*hjhkeb k\hckI\_ggu_ klhyqg




[hehlzf b \uaulZxsb_ bo ©p\_I_gb_2 WIh h[tykg)
\ gZklhysbc fhf_gl ha_jh bkihevam_Ilky “ey ju[hjzZ
ke_ba\_kldh\Zgby b m~h[j_gby \ gbo agZqbl_evgt
ghklv b kh”_j,ZgblaJjh fh gh hig_klb d dZI-]hjbb |
ljyag_gguo \h*h_fh\ >Ljbnhgh\Z b 7] @

Baf_g_gb_ debfzZlbg_kdbo mkeh\bc b Ijhnbqg_kd
jZ hlg_leb\h hljz "z _|ky gZ IZdkhghfbq_kdhf jZagtlt
p_jghlh khh[s_kI\Z G2Z ijhly _gbb dhehgdb ~\zZ *
azZf_gZ oheh”~gh\h~guo \b~h\ | _iehex[b\ufb- |lhe_jZ
gb _gbx mjh\gy dbkehjh”"Z b d Zpb~hnbevguf mke
< ha_j_ ijhke_"b\Z_Ilky I_g”_gpby d w\ljhnbdZphbt
fbg_jZevguo \_s_KklI\

Bkke ~h\Zgb_ ih~~_j~Zgh ]jZglZfb JNNB «

Ebl_jZImjz

Km[_Ilh > >hggu_ hleh _gby ha_j iZe_hebfgheh]lbqg_
kljmdpbb KI[ J=IM bf : B =_jp_gZ k

Km[_Ilh > >Z\u~*h\zZz G G KZi Deedthf 1 k< \ _bj "]
azizZz™"Z Jhkkbb gz jm[_"_ ie_cklhp_gZ b ]hehp_-gZ B a
lijiZnbqg_kdZzy < K =

Kujuo E K GZazjh\z E ; IK¢;\Zljihl >evigu_ "Zggu_
jZa\blbb debfzlz gz |_jjblhjbb DZj_evkdh]h i_j-r_cdz \
amevlzlzf objhghfb”rghlh b eblheh]bqg_kdh]lh ZgZebah\
k_j Ebfgheh]by < K +

Libnhgh\z B K 'nZgzZkv_\z : E JmkzZgh\ : = KI
JZklIbl_evgu_ khh[s_kI\Z ha_j p_gljZevghc gqZklb dZj_e
dzd bg”bdzZlhju bo wdheh]bg_kdh]h khklhygby Ba\ k

L < K +
Njheh\Z E&&ODGRFHUD ;bheh]lbg_kdb_ bg#bdZlhjtL
]bg_kdbo bkke_ ~h\Zgbyo :lezk GzZmg j_ "~ E ; GZa.
m-d K * k

.RUKROD $ S0DOOMEARFBIUD DQG RWKHU EUDQRBKLRSH
%LUNV -% /DVW :0 HGV 7UDRNHQIVHQYLORKQR H/QH
9RO =RRORJLFDO LQGLFDWRHVV.ORKUZBUKSFIOWHPLF

.RURVL 6PRO -RKKQ 2O0OOXVWUDWHG JXLGH WR V
FODGRFHUDQ VXEIRVVLOV IURP ODNH VHGLPHQWV
&K\GRULGDH 6SULQJHU 6FLHQFH %XVLQHVV OHGLI



6\U\NK / 1D]DURYD BDGXERPOLRDWH DQG SDOLIL
UHFRQVWUXFWLRQ RQ WKH .DUHOLDQ ,VWKPXV C
UHFRUG RI WKH /DNH OHGY,QOHYVNRMLR QTKM 3DO}
6\PSRVLXP /DQ]JKRX &KLQD 02 /DQ]JKRX 8QLYHUV
6]JHURF]\ VND . 6DUP3MIDDRVURIRHEIRVVLO &OD
&HQWUDO DQG 1RUWKHUQ (XURSH )ULHQGV RI WK

$1$/<6,6 2) 68%)266,/ &/$'2&(5% %5$1&+,232'$
&5867$&($ )520 %27720 '(326,76 2) /$.(
0('9('(96.2<( .$5(/,$1 ,67+086 5866,$%

$ * ,EUDJLAFR$D)URORYDG6\U\NKS$ 6XEHWWR
.D]IDQ 9ROJPHGHHILMR® 8QLYHUVLW\ .D]DQ

I1RUWKHUQ :DWHU 3UREOHPYVY ,QVWLWXWH .DU
+HUJHQ 6 WDWH 3HGDJRJLFDO 8QLYHUVLW\ RI

7KH VWXG\ LV IRFXVHG RQ WKH UHFRQVWUXFWLRC
GLWLRQV WKH .DUHOLDQ ,VWKPXV 1: 5XVVLD HI[S
SDSHU SUHVHQWYVY WKH UHVXOWY RI WKH SPOHREL
PXQLW\ RI /I DNH OHGYHGHYVNR\H .DUHOLDQ ,VWK
RI )LQODQG RI WKH %DOWLF 6HD DQG /DNH-/DGRJL
FLHY JRRJHRJUDSK\ DQG ELRWRSLF DWWDFKPHQW
UHVXOWYVY Rl &0O0DGRFHUD DQDO\VLV IRXU VWUDWI
WD[RQRPLF FRPSRVLWLRQ DOORZHG PDNLQJ FRQF
WKH FOLPDWH DQG WURSKLF VWDWXV RIQWK®&JOD N
DQG WKH UHVXOWY RI FKLURQRPLG DQDO\VLV ZDV

D:EVPBCA:<BKBFU? IJHL?BG:AU K?F?CKL<:
D:EVI:BGH< D:D IHD:A:L?EB KHKLHYGBY JU;
IJB <HA>?CKL<BB :GLJHIH=?GGUO N:DLHJH<

G | DZgp_jh\Zz E : Euk_gdh G G G_fh\
Bgklblml [bheh]bb DZjGP J:G

P_evx gzZklhys_]h bkke_"h\Zgby y\behkv bamqg_gl
Dhklhfmdrkdh]h ]Jhjgh h[h]ZIbl_evgh]h dhf[bgZzlZz

\gmljbde_Ihgguo dZevpbcazZ\bkbfuo ijhl_bgZa m |
azZzgh qlh zZdlb\ghklv dZeviZzbgh\ \ i_q_gb “ZJ[jZo



aZljyag_gghc ahgu agZgbl_evgh ij_ \urzZz_|-1Zdh\m:
j_glghlh \hr*h_fzZ GZ[ex"Z_fZy Zdlb\Zpby dZeviZz
ju[ \uehle_gguo \ aZ]jyag_gghc ahg_ k\b™_I|I_ev
e_gbb g_ki_pbnbqg_kdhlh dhfi_gkZlhjgh]h hI\_1Z |
[hebafz gZ ~_ckl\b_ hkgh\guo nzZdlhjh\ \h~ o\hklh
klhfmdrkdh]h =HDZ

< ihke_"~gb_ ~_kylbe_Iby \ klyab k mkbeb\Zxs
]_gguf \ha”~_ckl\b_f gZ \h~gu_ wdhkbkl_fu agZqgb
eh \gbfzZzgb_ d ijh[e_f_ kms_klI\h\Zgby b \u'b\Zgby
\ mkeh\byo aZ]jyag_gby Ijbhjbl_lguf gZijZ\e_gb_
dZ [bheh]bg_kdh]h wnn_dlZ aZ]jyagyxsbo-\_s_klI\
eba qu_kI\_ggh]h b dhebqg_kI\_ggh]h khkdz\zZ dk
"ghc kj_ g_ hljz"Z_1| bo [bheh]bg_kdhc Zdlb\gh
mkIZgh\va lhevdh khhI\_IkI\b_ \h~*h_fh\ hij_
\Zf KlZImk hjl]Zgbafh\ h[bIszbo \ mkeh\byo Zglj
ljyag_gby hp_gb\Z _Iky ih jZaebqguf [bhobfbqg_k
]bg_kdbf ihdzZzazl_eyf baf_g_gby \ dhlhjue dzd
Ibjmxlky jZg__ \b~bfuo gZjmr_gbc \ [eZ]hihemqgbb
guo hjlZzgbafh\ beb bo ihimeypbc MdZazZggu_ ihd
[bhfzjd_jzfb 1zZdbf h[jZahf kem ZI| b-g”bdZzZll
guo kIZ"bc JZa\bIby iZIheh]bq kdh]h beb zZ~Zilb'
az \ jy» del jbf gIh\ |Jbangu \ukhdhqm\kl\bl
pbangufb [bhobfbq_kdbfb fzjd_jzfb m hj]l]Zgba:
mjh\gy hjl]ZgbaZpbb b ijb \ha”_ckl\bb \ZjbZ[_evc

dk_gh[bhlbdh\ >;hg”Zj_\Z G_fh\Z <ukhpdZy
jh\z @ <gmljbde_lhqgu_ ijhl_heblbg_kdb_ n_
jmxl ghjfZevguc h[f_g \ IldZgyo "b\h]lh hjJzZzgbafzZ i

aZ j_Zdpbc “\mo Ibih\ N 1ljZ™"Zpbb \g_ b \gmlj
dh\ b hljZgbg_gghlh ijhl_hebaz ijhp_kkbglz i
dh\ [bhzZdIb\guo [_edh\uo ihebf_jh\ IThdzZaZgh qlt
|_heblbg_kdbo n_jf_glh\ mjh\_gv Zdlb\ghklb hkh
Imju khhlghr_gb_ fhe_dmeyjguo nhjf bgnhjfZlb\c
d_ klZImkZ hjl]Zzgbafh\ h[blZxsbo \ mkeh\byo aZ]j



ihal\heyxl km~blv h g_ ki_pbnbgghklb ~_ckl\by d!
\ jy*_ kemqgqZ_\ mklZgh\blv f_oZgbaf bo Ihdkbgghk
G_fh\Z <ukhpdZy G_fh\z @
=hjgh”h[u\ZxsZy ijhfure_gghklv dzd ba\_klgh
ky d gbkem djmig_crbo bklhqgbdh\ aZ]jyag_gby \
fbjz Klhgqgu_ \h”u ]hjghijhfure_ggh]h dhfie_dkz
ih\ur_ggh_ dhebqg_kI\h \a\_r_gguo gZklbp-fbg_jZ
g_glh\ ijb\h~yl d baf_g_gbx hkgh\guo nb-abdh ot
jZf_ljh\ \h~*ghc kj_~u I1Zdbo dzZd fbg_jZebaZpby
ijhajZqghklv jG Baf_g_gb_ ~Zgguo iZjzZf_Ijh\ kj_
g_JlzZlb\gh_ \ha”_ckl\b_ gZ h[blZl_e_c \h~"h_fh\ >F
\ k\lyab k q_f hkh[mx ZdIlmZevghklv ijbh[j-IZxI| jZ
gbx \ebygby gZ gbo klhgqguo \h” ij_7ijbylbe ]hjghi]
]h dhfie_dkZz
< gZklhys_c jZ[hl_ ij_"~klZ\e_gu j_amevlZlu bar
Zdlb\ghklb \gmljbde_IlhagWwkKdo ijhl_bgZa dZev
gh\ ba IdZg_c jy*Z \b”*h\ ju[ gZk_eyxsbo-o\hklh
klhfmdrkdh]h Jhjgh h[h]ZIbl_evgh]h dhf[bgzlZz
FZI_jbZeu b f_IK{Muj fZl_jbZeZzZ ijh\h~beb \ +
\ ha_jZo jzkiheh _gguo gZ I_jjblhjhbebykiméebdb
jh Dhklhfmdrkdh_ + \_jogbc \h~h_f kbkly fiky oDdhglt
klhojzgbebs_f Dhklhfmdrkdh]lh lhjgh dhtijEZ¢Zl_evg
|z =HDZ b bkihevam_lky ey k[jhkZeiyh&ddRaghjd \h
g_gby jzZafhehlhc imklhc ihjh?u o\hkl®bfie[h]Zs_c
kdbc khklZ\ fbg_jZeh\ o\hklh\ \ke_"&kbyb jZaerdb e Zq
guo dhfihg_glh\ g_ihkj_~kl\_ggh \eby_kdalZ- ]bftjho
dZzazl_eb \h”u o\hklhojZgbebsZ b hagh jZkhhjeh _g
amevlZ|lZf obfbg_kdh]h ZgZebazZ \h’Zpbly[sZy dbly_j.
klhojzgbebsz \ i_jbh” bkke_"h\Zgbye"HnhldppZglz
pby \ f] e bhgh\ dZeby khklZ\eyeZdZevplZyjky =+
fZ]gby * oehjb”h\ % ]brjhdzh#Z lht+ UZS
dbf h[jZahf JeZ\guc aZ]jyagyxsbc nxthojZAdbu \
ebs_ * \ukhdZy fbg_jZebazZpby ijb wdhfdhlgp[_ggh
ljZpbb bhgh\ dZeby b kmevnzZlh\ >DmeZth\Z« Ehat
@ Djhf_ Ihlh ”"ey o\hklhojZgbeBebhqghZiZdEe jgtl



dh”bki_jkghc f_ozZgbqg_kdhc \a\_kb \dhZhjdyb Ajhghb
“_em”hqggh dbr_qguc ljZzdl kihkh[gZ migs|X¥Fj "“uoZ
gb_ ]1b”jh[bhglh\

< dzZq_kI\_ dhgljhey [ueb bkihevah\Zgb_jufu
ha DzZf_ggh_ [Zkk_cg j D_fb jzjkbhejpobgldhh_ g.
km~ZjklI\_ggh]h azih\_~gbdz ©DhklhfmRiZzkdpgh <h
lh ozjzdl_jbam_lky gbadhc fbg_jZebadpbglc f f]
hjl]Zzgbg_kdbo kh_"~bg_gbc h[sbc Zdkl nthknhijf]te |

fl e <ke_"klI\b_ keZ[hc fbg_jEredreZzp b _bkd\\u

ghklb [bheh]bq_kdbo ijhp_kkh\ \h*"ZhadhZbh\edly Z _
gbgZf#sSGC = = >>pHibEh|Z @ h @ZAokiiA fthidfoiApAAs
|_jbam_Ilky dZd heb]hljhngh_ k \ukhdbgFhadz\hg Mul\hf i

;bhobfbq_kdb_ ihdZazl_eb hij_~_eVygbo\fiurg_ghb
pZo “Z[jZo b ihqdZo ((MIR[ OB ERUHJIJRQXV ODYD
b iehl\Rutilusrutlus \uehle_gguo \ o\hklhojZgbebs_
fmdrkdh]l]h =HDZ b ha DZf_gghf :dlbbkibkivo dZe\
ijhl_bgZa dZeviZbgh\ hp_gb\Zeb hpljzegzlabzbbq
\h njZzdpbb fbdjhqzZklbp f_f[jZghk\yaZ]pduloebanh\
s_ehqgh *"_gZIlmjbjh\Zggh]h dZa_bgZ &(QQV %HO

J_amevlZlu ijh\_~_gguo wdki_jbf_glhbfhigZ[hlZg
gb_f h[s_ijbgyluo f_Ih~"h\ \ZjbZpbhgghcklhlZIljpklbd
ghklv jZaebqgbc hp_g _gZ k ihfhsvx g _digEfiblybq _k
FZggz Mblghb

J_amevliZlu b h[kncANZgé_ijb\_~_gu ~Zggu_ ih m
gx Zdlb\ghklb dZevpbcazZ\bkbfuo ijhl_bgZa \ hj]Zg
\ueh\e_gguo ba ha_j k jZaguf fbg_jZevguf khklZzZ\|

>hklh\_jgu_ baf_g_gby mjh\gy Zdlb\ghklb dZev
NZebkv \ "Z[jZo i_q_gb b ihgqdZo ju[ @Z[ju dzd [
ihklhyggh ih”\_j]zxlky \ha”_ckl\bx nzZdlhjh\ hdjm
"u \dexqZy lhdkbgqgu_ Z]_glu b kem Zl h~gbf b
|_c ijhgbdgh\_gby dk_gh[bhlbdh\ \ hj]JZgbaf ]b”jh
bk__gdh @ IhklhyggzZy ijhlhgghklv \R~u \ °.
ky g_h[oh”bfuf mkeh\b_f ghjfZevgh]lh ]Zahh[f_gZz
r_ggzZy \afmqg_gghklv \h” o\hklhojZgbebsZ-ijb\h"L
kdhfm azZ[b\Zgbx lugbghd “Z[] qzZklbpzfb i_j_fhe



ihjh~ b dzd ke_"kl\b_ d mf_gvr_gbx hdkb]_gZpb
g_c @ZJ[ju ju[ £ ihebnmgdpbhgZevguc hjl]Zg hl\_
aZ bhggmx j_]Jmeypbx gZjy*m k ihgdzfb b dbr_q
~h\ @ Ih\ur_gb_ Zdlb\ghklb dZeviZzbgh\ \ "ZJ]j
livag_ggh]lh \hA*h_fZ ih \b~ bfhfm y\ey_Iky-g_Kki_p
i_gkZlhjghc j_Zdpb_c gZ \ha”_ckl\b_ hkghl\guo n:
klhojZzgbebsZ + \afmqg_gghklb b \ukhdhc fbg_jZeb
Bamqg_gb_ izjzf_Ijh\ f_IZ[hebafZ i_qgq_gb-]b”jh[b
ky g_h[oh”~bfuf djbl_jb_f ey hp_gdb khklhygby hj
IZxsbo \ aZ]jyag_gguo \h*h_fZo < i_qg_gb{_Zebart
g_kdb_ imlb m]Je_\h~gh]h [_edh\h]h b ebib”gh]h t
jmxlky jZaebgqgu_ kh_"bg_gby hkms_kl\ey- [ky nm
pbb MklzZghle_gh qglh \ i_g_gb smdb b kb]zZ \ue
aZljyag_gghc klhdzfb Dhklhfmdrkdh]l]h =HBZ gZ]
I_evgh [he__ \ukhdbc mjh\_gv Zdlb\ghklb dZevpb
| _bgza dzd f_f[jZzghk\yaZzgghc 1Zd b pblhahevgh
ju[ ba ha DzZf_ggh]lh <_jhylgh baf[ulhqgZy Zdlb\
\'i_g_gb fh™ | bg"mpbjh\ZIvky baf_g_gb_f {ZeZgk.
ghlh dZevpby gZijbf_j ba azZ gZjmr_gby ijhgbpZ_
guo kljmdImj b nmgdpbc [_edh\ IjZgkihjl_jh\ b
ihalhey | ij_~iheh blv nmgdpbhgZevgu_ gZjmr_gb
al\Zggu_ g_"hklzZlhgguf kgZ[ _gb_f hjl]ZgbafzZ dbke
Bgl_j_kgh hif_Iblv qlh hkgh\gu_ bdb dZebyzZzZzdlb
bgh\hc kbkl_fu h[gZjm _gu \ i_q_gbldz dg@&adhag[ |
dZ = hkgh\ghc hj]Zg j_]lmeypbb \h”gh &kahjdlh]jb h[f
am_Ilky klZ[bevgufb ihdZzazl_eyfb Blkbexjo-gly f ki
gh_ ih\ur_gb_ ZdIlb\ghklb dZeviZbgh\\wehdgdZg m

ghc \ o\hklhojZgbebs_ \ ] Bgl_ogkibjhbdfplgyw [ _ ¢
\'ihgdZo ih \bA"bfhfm g_h[oh”"bfZ feh\mkalhy deh]lh
Ilhgguo dhfihg_glh\ b fh™_| jZkp_gb\ZenkyZ&aZXd!blyd Z

Z~ZilZpbhgguo baf_g_gbc f_IZ[hebafftZzgjy ¥ &vgke h\b
]h aZ]ljyag_gby HIkmIklI\b_ y\guo jAakdfqihd Zla D k k
|_eyf \ ihgdZo ju[ ba mkeh\gh gbklim]AhBhaZhjyag_
p_ehf k\b”_|_evkl\m_I| h g_agZqgbl_¢eXZghdheDpybb f
kb =HDZ gZ hkfhlbg_kdbc [ZeZgk \ &j]Zgbaf_ ihke



M~ _evgZy Zdlb\ghklv dZeviZbgh\

?:]1[_edz

\ hjlzZgZo

ba \h~*h_fh\ k jZaghc kl_i_gvx Zgljhih]_gghc gZ]jmadb

Smdz Kb]
<h”h Hilksg MA_engy ZdIb\ghkh/dZevi;bgh\ ?2:] [_e
- pblhahevdZ#jZggZyblhaheVgfZ¥[jZgglZy
njZdpbly njZdpby njZdpby njZdpby
Furpu ]
Ha_jh |@Z]ju
DzZf_gghlhqgdb
l_a_g
Furpu
O\hklh | @Z[ju
ojZgbebshqgdb
[1_a_g
]
Furpu
Ha_jh |@Z][ju
DzZf_gghlhgdb
l_aq_g
Furpu
O\hklh | @Z[ju
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]
Furpu
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libf_qzZgb_+ hlebgb_ hl dhgljhey ~hklh\_jgh ijb j "

>hklh\_jgu_ baf_g gby \ mjh\g_ Zdlb\ghklb \gm

dZevpbcaZ\bkbfuo

ijhl _bgZa \ hj]ZzgZo iehd\u ba
sZ ih kjZ\g_gbx k IZdh\uf m ju[ ba ha DZf- ggh]h
dh \ hrghf kemqZ_

LzZd

mjh\_gv Zdlb\ghklb dZe



iehl\u \uehle_gghc \ ] ba az]jyag_ggh]lh \h~h
gh \ur_ ih kjZ\g_gbx k I1Zdh\uf \ i_g_gb ju[ba j_n_
jZ <_jhylgh wlh fh gh h[tykgblv [hevr_c mklhcqgb
ih kjZzZ\g_gbx k #jm]bfb \b”*Zfb ju[ d aZ]jyag_gbx \
e_ggufb klhdzfb >Zggh_ ij_~iheh _gb_ ihMI\_j 7z
fb bolbheh]bg_kdbo bkke_"h\Zgbc khleZkgh dhlh
[he__ fgh]hgbke_gguc \b” \ o\hklhojZgbebs_ >;bh

Lzdbf h[jzahf fh gh ij_"~iheh blv qlBddBEYBEx"Z_
pby dZeviZbgh\ \ hj]ZgZo ju[ \ueh\eggluahgazZ]j
k\b”_1I_evkl\m_I h klZgh\e_gbb g_ki_mkiZBlqj kdh]
ghl]h hI\_1Z [_edh\h]h f_I|Z[hebafZ ggdiid _rnckd\b_ hk
jh\ \h” o\hklhojZgbebsZ + \afmq_gghkfllbbgb-jZh\ur_
ebaZpbb GZb[he__ gm\kl\bl_evguf hjll@gh&adjb ~.
livag_gby ke_"m_1| ijbagzZlv i_q_gvihgh §h ghqdb
[ueh [u h"'b”"ZIv bkoh”y ba nmgdpbhdBevigiiZ gZ]j
gh\ < khklzZ\_ klhdh\ ijbkmlkl\mx| \ cghedbgZgd\_ev
beb gZoh”ylky \ kl\yaZzgghf khklhybobbhlglmigleZ"Z
klvx dhfihg_glu ki_pbnbqg_kdh]h ~_cklbbyf_bhgu
IZeeh\ hjlJ]Zgbqg_kdb_ \_s_klI\Z \ K\yahbbkZgg f o.
guo baf_g_gbc \gmljbde_lhggh]h [_edmIljh A [f_g:
I ih [hevr_c qZklb hI\_Igmx j_Zdpbxggkiipba”_ck
nbg_kdbo nZdlhjh\ g_ lhevdh aZ]jlyjehd'lyluce-Z¢b gh
hibg_kdbo jZg__ g_h”ghdjZlgh hibjkhZbhaglx\gZfb
jZaguo 1Zdkhgh\ h[blZxsbo \ km[hilbdZevguo mk

Bkke ~h\Zgb_ \uiheg_gh k bkihevah\zZgb_f ijb[hjh\
DZjGP J:G NbgZgkh\h_ h[_ki_q_gb_ bkke_~h\Zgby h
kj_"~kI\ n_~ _jZevghlh [x~"_1Z gZ \uiheg_gb_ JThkm~Zjl
AZgby < b ijb ih~~ _j°d_ 1jZglZ 1j_ab”_glzZ .

Ebl_jZImjz

;bhlZk _\_jguo ha_j \ mkeh\byo Zgljhih]_gghlh \

G G G_fh\zZz >b "j @ I_ljhaz\h~kd DZjGP J:G

;hgn"Zj _\Z E<ebygb_ g _dhlhjuo nzdlhjh\ kj_"4 gZ \gm
guc ijhl_heba m ]b~jh[bhglh\ :\Ihj_n ~bk « dZg” [bh
aZ\h~kd DZjGP J:G k



<bghl]jz~h\ djhp_kku bhgghc j_Imeypbb m ij_kgh\h”"
[_kihal\hghqguo F GZmdZz k

DZgp_jh\Zz KzbZ\bkbfu_ ijhl_heblbg_kdb_ n-jf_glu
juo \h~guo [_kiha\hghgguo b ju[ :\lhj_n “bk « dzZg”" |
[jhaz\h~kd DZjGP J:G k

Dmezdh\Zz G ? EhatXledbd \ebygby Dhkihfmdrkdh]h
h[h]zZlbl_evgh]lh dhf[bgZlZ gZ hdjm Zxsmx kj_"m k m
I_ogh]_gguo nzdlhjh\ nhjfbjh\Zgby b IjZgknhjfZpbb \h

fby b Wdheh]by < K +

Fhbk__gdh «h™Zy wdhlhdkbdheh]lby I_hj_Ibqg_kdb_
Zki_dlu F GZmdz k

G_fh\Zz G <@mljbde_lhggu_ ijhl_heblbqgq_kdb_ n_jf_g
I_ljhaz\h~"kd DZjGP J:G k

G_fh\Z G;bGobfbg_kdb_ wnn_dlu gZdhie_gby-jimlb m
mdZ k

G_fh\Zz G G <ukhplizobdbd kdZy bg”*bdZpby khklhyc
F GZmdz k

(QQV ' /| %HOFDNMWAMRDFWILYDWLRQ DQG UHGLV
DFWLYLW\ LQ VNHOHWDO PXVFOH GXULQJ KLQGOLF
- 3K\WWLRO 3KDUPDFRG 9 3

YDQ GHU 2RVW 5 %H\HU JLVMHEPRDNPHP XODWLR
PDUNHUV LQ HQYLURQPHQWDO ULVN DVVHVVPHQW
PDFRO 9 - 3

K$/&,80'(3(1'(17 3527($6(6 2) &$/3%$,1 )$0,/<
$6 7+( +($/7+ 67$786 ,1',&$7256 81'(5 7+( $&7,21
2) $17+5232*(1,& )$&7256

1 3 .DQWVHURYD / $ /AVHQNR 1 1 1HPF
,QVWLWXWH RI %LRORJ\ .DU5& RI 5%6

7KH SXUSRVH RI WKLV VWXG\ ZDV WR ¢QG RXW WK
WKH .RVWRPXNVKD PLQLQJ IDFWRU\ RQ LQWUDFHO
DFWLYLW\ LQ ¢VK 7KH VWXG\ VKRZH® Q& IN\W GFQH\Y
Rl ¢VK LQKDELWLQJ WKH SROOXWHG DUHD ZDV KL
LQKDELWLQJ WKH UHIHUHQFH ODNH 7KH DFWLYDW
¢VK RUJDQV XQGHU PLQHUDO SROOXWLRQ LQAXH:
QRQVSHFL{F FRPSHQVDWRU\ ELRFKHPLFDO FKDQJ



BKIHEVAH<:GB? LHDKBDHEH=BQ?KDBO
0:J:DL?JBKLBD < BGL?=J:EVGHC HP?GD?
WDHEH=BQ?KDH=H KHKLHYGBY <H>GHC WDHKBEk

< Dhaeh\Zz G < Am_\Z : X Dmebqg_gc
Jhkkbckdbc JThkm~ZjkI\_gguc ]b jhf_¢bhjhkbilblg_kd

< jZ[hl_ jZzkkfZljb\Zxlky wlZiu ihkljh_gby bgl_]jZe
| ey wdheh]bqg_kdh]h khklhygby \h~guo h[t_dIlh\ g:
deZkkbnbdzZpbc < dZg_kI\_ h~gh]h ba ijbagzZdh\
deZkkbnbdzZpbx bkihevamxlky Ihdkbdhehjbg_ kdkt
db GZ hkgh\_ f Ih~Z k\h~guo ihdZaZl e < j _Zek
gy k\ _jldb bgnhjfzpbb <hafh'ghklv bkihevah\Zgl
]bg_kdbo ozZjzdl_jbklbd \ bgl_JjZevghc hp-gd_ w
klhygby \h~guo h[t_dIh\ Zijh[bjm _Iky gZ ijbf_j_ g_
Ikdh\kdhc h[eZklb

Hkms_kl\e_gb_ fghlhdjbl_jbZevghc b bgl_J]jZe
wdheh]bg_kdh]lh khklhygby \h~ghc wdhkbkl_fu m
gZ hkgh\_ f_Ih”"Z k\h~guo ihdzZazZl_e_c >>fbljb_\ I
wlh]lh g_h[oh”bfh \u[jZIlv bkoh"gmx deZkkbnbdzZpb
]Jbg_kdh]h khklhygby < g__ “he’_g \oh”blv jy” ijb
agZdh\ < dzZqg_kI\_ h”ghlh ba IZdbo ijbagzZdh\ dz°
guf bkihevah\Zlv Ilhdkbdheh]bqg_kdb_ ozZjzdl_jbklb

Ilh~ Thdkbgghklvx ih\_joghklguo \h” ihgtok&/ lky
\h~u \uau\Zlv gZjmr_gb_ "bag_"_yl_éXgb&fh\\hZgu
kg_l ijbkmlklI\by \ g_c \j_"~guo \_s fhkljp>3Zevp®@®\Z :
Lhdkbgghklv \h”u mklzZgzZ\eb\Z_lky AZlgB\f-I[jlbh!|_klI
hjbl_Iguf f_Ih~hf hij_~_e_gby Ihdkbdaelh]jbdkltkdbo
\h~rghc kj_"~u y\ey_Iky [bhl_klIbjh\ZgphZadukihlekd m x
hjlzgbafu Ih gm\kl\bl_evghklb b klbikgh*thayn _gc
]Jbo I_klI h[t_dIh\ \u”*_eyxlky jZdhh[jkFpd)DSKQh®Pby
PDJQONUDXV b hAghde Ilhqgu_ a_degkikZ\h"t
ijhlhdhddh\uo + o0&KO&dIHO OB HLAMHD ULV

Hij_~_e_gb_ Ihdkbgghklb ih\_joghklgusgbh™f k bl
AZngbc ijh\h~blky ih f_Ih"bd_ hkghdZglgih kg4l hij_



ghklb "Zngbc ijb \ha”_ckl\bb Ihdkbgbkmd bk _KkI\
sbo \ bkke_"m_fhc \h*ghc kj_"_ ihikkgZddcgigh k d
[hc g_ kh”_j"Zs_c Ihdkbq_kdbo \_&_ kh\“bdHEgljhev

@ Djbl_jb_f hkljhc Ihdkbgghklb ke ple]lb[ ev
"Zngbc az g \ bkke_~m_fhc ijh[_\idh gihkeesMpf ql
wdki_jbf_gl_ \k_ jZgdb khojZgyx!| k\kkv blatgelkdhkh |
kiI\h "b\uo b f_jl\uo *"Zngbc hij_"_eyyfikphfkdh1Bf ij

Hij_~_e_gb_ lIhdkbgghklb \h~guo h[tZdbh\fk bk
oehj_eeu ijhba\h”blky \ khhI\_Ikl\bloghk\Zgdhhb dhe
j_lbkljZpbb jZaebgbc \ hilbg_kdhc eehrhg b k¥ h_ki
jhkeb \ujZs_gghc gZ kj_"~_ g_ kh”"bp Assc kihdkb:
dhgljhev b |I_klbjm_fuo ijh[ \ dhiNZjudb]wmlbij\b s_k
kmlklI\h\Zlv >F _lh~"bdZ« @ Baf_jigiblghkilbqg_k
kmki_gabb \h~hjhkeb iha\hey_| dhgbihebgbk&lvgba
ghklb de_Ilhd \ dhgljhevghf b hiulgflhZjodkdldoehkl
]bg_kdh]h wdki_jbf_glzZ Djbl_jb_f I\hekbdignkKidb\h”
" gb_ gz b [he__ ih~"Z\e_gb_ jhgkidZ glrzeb m\_e
b [he__ klibfmeypby jhklZ \_ebqbghklibbdmkedhmn i
ju \h~hjhkeb \ujzZsb\zZ_fhc \ I_qg_gm_ fhqg \h2 |_khb]j
kjZ\g_gbx k __ jhklhf gZ dhgljhevdéacggh¢ gZjbiklh
Ibeebjh\Zgghc \h”_

Lhdkbdheh]bg_kdb_ o0zZjzdl_jbklbdb \hafh gh bk
jZaebqgguo fghlhdjbl_jbZevguo bgl_J]jZevguo hp_
g_kI\_ijbagzdh\ kem zZI \h i_j\uo hij_~_e- gb_ hl
klb ih baf_g_gbx ijhp_glZ ih]b[rbo *“Zngbc-\ |I_klIDb
[ Z \h \lhjuo hij_~_e_gb_ hkljhc Ihdkbgghklb
hilbg_kdhc iehlghklb |_&K hpMX®IZDULYV

LZdbf h[jZzahf Ihdkbdheh]bq_kdb_ ozZjzdl_jbklk
h~rgbf ba izjzf_Iljh\ ijb ihfhsb dhlhjh]lh nhjfbjm_II
deZkkbnbdZpby ey hij_~_e_ggh]h k\hckl\Z kbkl_
ke_"mxs_c wdheh]bq_kdhc hp_gdb < IZdhe deZkk
"h]lh dezZkkzZ g_h[oh”bfh \\_klb ]jZgbpu dhebqg_Kkl
gbc iZjzf_ljh\ Thwlhfm ke_"mxsbf wlzZihf klZgh\b
gb_ ~"bzZizahgh\ baf_g_gby Ihdkbdheh]bg_kdbo 0Z
hi\_Ikl\bb k dezZkkzZfb dZq_kI\Z \h* [1Z][e



LZ[ebpZ DezkkbnbdZpby dzq_kI\Z \h” ih Ihdkbdhek
jzdl_jbklbdzf

DezZkk dZq_klI\Z
ljbagZdb Hqg_dv_. AZljyla Mf_j_ggh
livagzy Y294y ggraziiyag |ady<' 4
Kf_jlghklv “Znghc + . . . +
\ I_klbjm _fhc ijhl[_ ~ - - - -
Baf_g_gb_ hilbqg| kdhc
iehlghklb |_kI h[ft_dlz
&K YXOIhDKjEVy |gbx * * + 9
k dhgljhe f
lj_~iheh b\ qglh [_a\j_~gh_ Ihdkbq_kdh_ -~ _ckl\b
klz\ey | g_ [he__ khhi\_ITklI\m_| hg_gw gbkluf
ghkbf __d deZkkm [1Z]e >ey hklZevguo de?

Aguo wdhkbkl_f gbklZzy mf_j_ggh aZ]jyag_ggZz
liyagZy b hg_gv ]JjyagZy ijhp_gl ih]b[rbo “Zngbc
ijh[_ [m~_1 gZoh”blvky \ *bZiZahg_ hl Nh '
e__ x= djbl_jbc hkljhc IThdkbgghklb

< kemqgZ_ hij_~_e_gby h[s_c Ihdkbgghklbgih baf
kdhc iehlghklb |_KI&K[t YIXDIHDgh Mjbgylv qglh hqg_g
gbkluf \h~Zf khhiI\_IkI\m_| "bZiZahmahlgt gby hilb
g_kdhc iehlghklb ih kjZz\g_gbx k dhgljhe_f 1Z][e

>Ze _ ijh\h”*bezkv ijhp_"mjz ghjfbjh\Zgby bko
gbc k ihfhsvx ghjfbjmxsbo nmgdpbc b ijb wlhf g
wdheh]bg_kdhfm khklhygbx ih dZ"~hfm hp-ghqgh
hi\_IklI\m_1| agZg_gb_ jZ\gh_ Z gZbom~r_fm =
h[jZzahf bkoh”gu_ iZjZf_Ilju \ jZaebqguo rdZeZo &
khexlgu_ b kj_~gb_ \_ebgbgu \ dhgdj_lguo _~bghb
hlghkbl_evgu_ beb [Zeevgu_ hp_gdb b | i ijb\h
[_ajzaf_jghc rdZe_ ihke_ q_]lh gZ” bo ag-Zq_gby
\h~blv fZ1_fZlbq_kdb_ ~_ckl\by k p_evx ihemq_gt
]Jh ihdzZazl_ey

Ihke_ ihkljh_gby IZdbo deZkkbnbdZpbc -ijb bkif
Ih~Z k\h~guo ihdzZzazl _e_c¢ fh gh jZkkgblzdv bgl_
aZl_ev hij_~ e _gby lhdkbgghklb m* _ k bkihevah\
hit_dlh\ b *"Ze__ ijbf_gylv _]h ey jZkq_IlZ bgl_]j.



I_e_c \Ihjhlh mjh\gy k\_jldb bgnhjfZpbb gZjy"m Kk
g_kdbfb b ]b*jhobfbq_kdbfb ihdZaZl_eyfb -1Z[e
Jhimx deZkkbnbdZpbx fu \dexgbeb MDBA< + m”_
lhjguc bg”_dk aZ]ljyag_gghklb \h”u wlh ]b”jhobf
|_jbklbdZ dhlhjZy y\ey_Ilky dhfie_dkguf ihhkdZazZl_
ljyag_gghklb ih\_joghklguo \h® bg”_dk kZijh[ghk
ymddm jZkkgblZgguc ih *Zgguf h ahhiezZgdlhg_
LZ[ebpZ Ghjfbjh\Zggu_ agZg_gby Ihdkbdheh]bg_kdb
klbd b jZkq_1l bgl_]jZevgh]lh ihdZaZl_ey 4

DeZkk dZq_kI\Z
j Mf_j_ggh
ljbagzdb | H v . _ i
_q_gz =jyagZly AZljyampZgy¥ea QbklZy
liyagizy 7y
Kf_jlghklv ~"Zngbc
\'I_klbjm_fhc|ijk + + ; .
[_
Baf_g_gb_ hillbg_
kdhc iehlghklb I_kl
h[t_di&K YXQJBbULV + + 4 N
ih kjz\g_gbx-k dhg
ljhe f
4|O + + + 1 +

Ijbf_gqZgb4, + bgl_JjZevguc ihdZaZl_ev ihemqg_gguc "ey lhdk
0Zjzdl_jbklbd

LZ[ebpZ Ghjfbjh\Zggu_ agZq_gby ozZjzdl_jbklbd ey
eh]bg_kdh]h khklhygby b jZkq_I bgl_]jZevgh]lh ihdzazl

DZIl_Jhjbb wdheh]bg_kdh]h khklhydby

ljbagZtzlzkljhnbDjblb G_m”~h\e_M~h\e_I\hjeeZ]lhihem
g_kdh| qg_kdh[ \hjbl_evgh_Il_evgh | qgh_

M D B A< + H T + +

6 + + + + +

4. + + + + +

4 + + + + +

Iljbf_qZgbMDBA< + m”_evguc dhf[bgZlhjguc bg”_dk aZ]jyag
6 £ bg”r_dk kZijh[ghklb ih IZgle_ b ;mddm \ fhibhbgdpbb Ke.
ljZevguc ihdzZzazl_ev ihemqg_gguc “ey Ihdkbdheh]bqg_kdbo o0Z



lj_~klzZz\e_ggZy gZfb dezZzkkbnbdzZpby ~ey hp_gd
]h khklhygby \h*guo wdhkbkl_f [ueZ Zijh[bjh\ZgZ
fh\ lkdh\kdhc h[eZklb £ ha_j ;hevrhc B\Zg- ;ZeZa
pu b Mjbpdh_ 1Z]e
LZ[ebpZ Bkoh”gu_ ~Zggu_ izZjzZf_|ljh\ "ey hp_gdb wd
khklhygby gZ ijbf_j_ ha_j Ikdh\kdhc h[eZklb

Ha jh MD B A < 6 $

;hevrhc B\Zg

Mjbpdh _

Q_j_I\bpu 8

ZeZa™ugyv

ljbf_qZgbMDBA< + m”_evguc dhf[bgZlhjguc bg”_dk aZ]jyag
6 + bg~_dk kZijh[ghklb ih 1Zgle_ b ;mddm \ fh~ bnbdZy

$ + Ff_jlghklv ~Zngbc \ |_klbjm_fhc ijh[_ , = baf_g_gb_ hilb
|_kl h[t_&K YXOihDKjZVg gbx k dhgljhe f
DzZd \bAgh ba I1Z[e hp_gdzZ wdheh]bq_kdh]h

bkihevah\zgb_f Ij_o ijbhjbl_Ilguo ijbagzdh\ ]b"j
]h ]b~rjh[bheh]lbq_kdh]h b Ihdkbdheh]bqg_k-dh]lh i}l
eh]bg_kdh_ khklhygb_ ha_j ;ZeZa”ugv ;hevrhc L
b Mjbpdh_ y\ey_I|ky ©[eZ]lhihemqgguf2 Ha_-jh Mjbg
[hevr__ agZq_gb_ bgl_]jZevgh]h ihdZazl_-ey ba \
guo ha_j qlh ih \bAbfhfm k\yazZgh k Zgljhih]_gg
_fgzZ g_]h [he__ \ukhdbf g_f m hklZevguo \h”*h_:
b _]h wdheh]bg_kdh_ khklhygb_ fh gh ijbagzZlv ©f
LZ[ebpZ Bgl_]jZevguc iMdBalZp_gdZ vbd hp hphid_ kdih]el
klhygby gz ijbf_j_ ha_j Ikdh\kdhc h[eZklb

. DZI_]hjb
Ha_jh 4 Wdheh]bq_lkjdhy]h khklhygby
Mjbpdh _ ;eZlhihemqggh _
;ZeZa™ugv ;eZlhihemqggh _
Q_j_I\bpu ;eZlhihemqggh_
;hevrhc B\Zg ;eZlhihemqggh _

LZzdbf h[jzahf \ jzZ[hl_ jzZkkfhlj_gu wlZiu ihklj
|_ljZzevgh]h ihdzZazl_ey wdheh]bq_kdh]h khklhygt
fh~r_e_c deZkkbnbdZpbc < dZq_kI\_ h”gh]h ba i



sbo \ 1Zdmx deZkkbnbdZpbx bkihevamxlky Ihdkbc
jZdl_jbklbdb <hafh ghklv bkihevah\Zgby thdkbdh
jZdl_jbklbd \ bgl_]jZzevghc hp_gd_ wdhehl}bg_kdh
Aguo h[t_dIh\ ijh~_fhgkljbjh\ZgzZz gZ ijbf_j_ ha_j
;hevrhc B\Zg Q_j _I\bpu b Mjbpdh_ Ikdh\kdhc h[e:

Bkke "h\Zgb_\uiheg_gh ijb nbgZgkh\hc ihA™ _j°d_ J
gZmgghlh ijh_dlZ « fheBZ

Ebl_jZImjz
=Zevph\Z < < >fbljpzdlkdmf ih \h*ghc wdheh]bb b f{
I[hjbglm khklhygby \h~guo wdhkbkl_f KI[ k
>fbljb_\ < < Fydbr_\Z G < Lj_lvydh\ <Fgh Oh\Z¢
lhdjbl_jbZevgZy hp_gdZ wdheh]bqg_kdh]h khklhygby b

kl_f gz hkgh\_ f_Ih~Z k\h~"guo ihdZazl_e_c¢ ,; Ljhnb

Aguo wdhkbkl _f <_klgbd KI[=M k_]j <ui <
F_Ih*"bdvaf_j_gbc dheb® SKKQLD POWQRDXV ~ey hij_»"

e_gby Ihdkbgghklb iblv_\uo ij_kguo ijbjh~*guo b klh

Aguo \uly _d ba ]jmglh\ ihgq\ hkz~dh\ klhgguo \h~*
\h~kI\Z b ihlj_[e_gby f_Ih~hf ijyfh]h kgq_1Z 1G> N L
L barzZgb _ ]

F_Ih~bdaf_j_gbc hilbg_kdhc iehlghklb dmevimju \h”
j_eeZKORUHOODRNXMHADU ¥y hij_~_e_gby Ihdkbgghk
ij_kguo ijbjh”fguo b klhgqguo \h” \h”guo \uly _d ba ]
hkz~dh\ klhgguo \h” hloh”h\ ijhba\h”*kI\Z b ihlj_[e_

L barZgb_ ]

86,1* 72;,8&2/2*,&%/ &+$5%$&7(5,67,&6
)25 ,17(*5%7(' $66(660(17
2) 7+( (&2/2*%,&$/ 67$786 2) $48$7,& (&26<67(0

$ 9 .RJORYD 1 9 =XHYD $ < .XOLFKHQI
5XVVLDQ 6WDWH +\GURPHWHRURORJLFDO

7KH SDSHU GHDOV ZLWK WK HD QWM N JR D 6 RLGQ/GNHY
ORJLFDO VWDWXV RI ZDWH UVERFELW IRRQP\R K H GE\D V
WR[LFRORJLFDO FKDUDFWHVLVZR OHDNORQRI FFIRWY
RI WKH LQIRUPDWLRQ EDVHG RGLWRM PRYW RG HR D
7KH SRVVLELOLW)\ RI WR[LF ROIRJLL EDO iF KDD\D AW HL



RI HFRORJLFDO VWDWXYV R \ZHDYWHHUW & ROADLNHH/V LO RW E
3VNRY UHJLRQ

:G:EBA H;H;S?GGUO IHD:A:L?E?C KL?I1?GB
A:=JYAG?GGHKLB J?QGUO <H> G: IJBF?J? HP?C
A:=JYAG?GBY J?DB <?EBDHC

? H Dhauj_\Z < : R_emldh
Jhkkbckdbc JThkm~ZjkI\_gguc ]b~jhf_¢bhjhkeblblg_kd

JZ[hlZ ihk\ys_gZ \hijhkzZf hp_gdb dZq_KkI\Z \h" j
hn k ih ] 9Z hkgh\_ bg”_dkh\ BA<-b MDB/
IZgguf bg”n _dkzZf ijhba\_~ _gh khihklZ\e_gb_ mdZa
b mklZzgh\e _gZ k\yav f_""m gbfb IhdZazZzgh qlh a
lhru dh]*Z gZ[ex™Zxlky \u[jhku kms_kI\_ggh mf_
bo bkdexq_gbb

< jzZfdZo kbkl_fu fhgblhjbg]Z hdjm Zxs_¢€¢ kj_"u
klbdz dzZq_kI\Z ih\_joghklguo \h® hp_gdZ mjh\gy
ijh\h~ylky ih j_amevlzlzf Jb*jhobfbqg_kdh]h fhghbl
ihevah\Zgb_f mI\_j "~ _gguo djbl_jb_\ Ih” dZqg_KkI\
ehf ihgbfz_I|ky ozjzdl_jbklbdz __ khklz\Z-b k\hc
sZy __ ijblh~rghklv ~ey dhgdj_lguo \b~h\ \h*hihe
wlihf djbl_jbb dzq_kI\Z ij_~klz\eyx| kh[hc ijbagzd
ijhba\h~blky hp_gdzZ dzZq_kI\Z \h?"u >GbdZghjh\
Njmfbg @ GzZb[he__ jzZkijhkljZzg_ggufb \ gz
fy djbl_jbyfb hp_gdb dzq_kI\Z ih\_joghklguo \h”"
ky ij_~_evgh “himklbfu_ dhgp_gljZpbb \j_~guo \_c
"Zgghc jZ[hl_ [ueb bkihevah\zZgu ij_"~_evgh ~himlk
ljZpbb \j_~guo \_s_kI\ "ey \h”u ju[hohayckl\_gguc
~dlh\ khdjZs _ggh I>D

K o]] ;;\ ey hp_gdb kl_i_gb azZ]jyag_gghkl
amxlky dhfie_dkgu_ h[h[s_ggu_ ihdZaZl_eb

< ] [ueb miI\_j"~ gu f_Ih*bg_kdb - mdzZa.
ju_ hnbpbZevgh j_lezf_glbjh\Zeb ~ey bkihevah\Z



dhfie_dkghlh ihdzazl_ey dzZq_kI\Z \h”u %= ]b”jhobf
aZljyag_gby \h*u BA< >GbdZghjh\ @

WihozZ BA< dzZd hkgh\gh]lh \ Jhkkbbghddagl ey
kiI\Z ih\_joghklguo \h® aZdhgqbeZkjué& \\_"] g dh]”
A_cki\b_ IJmdh\h?ysbc “hdmf_gl J>= wlhf ~hdm
f_gl_ ey h[h[s_gby bgnhjfZpbb h obfhq_ikdhdhkhkl.
"_g Zelhjblf jzkq_1Z dhf[bgzZlhjgh]h_bghktikkZhadz]jy
DBA< m”~_evghlh dhf[bgZlhjgh]h bogdNbdkE w@azZ]jy
MDBA< b hij_"_e_gb_ dezkkZ>dzq_KkI\Z @h"u >

< h[hbo kemqgZyo deZkkbnbdzZpby kl_i_gb azZ]j
ijhba\h~bezkv iml_f mkeh\gh]lh jZa”_e_gby \k_]h
aZl_e_c dzZq_kI\Z ijbjhrghc \h”u \ mkeh\byo Zglj!
N _ckl\by gZ jZaebqggu_ bgl_j\Zeu >>fbljb_\ Njmfb

P_evx "Zgguo bkke_"h\Zgbc y\ey_ |ky ZgZeba |
j_amevlZlh\ hp_gdb dzZq_kI\Z \h* j <_ebdhc ih j:
AN _dkzZf MDBA< b BA<

>ey “hklb _gby ihklZ\e_gghc p_eb [ueb j_r_qgu
az™"Zqb

'gZeba dzq_kI\Z \h» \ | <_ebdhc ih bg”_dk
\h~u BAK<

gZeba dzZq_kI\Z \h~r \ | < _ebdhc ih m”_evgh
ghfm bg”_dkm aZ]jyag_gghklb \h*u MDBA<

Khihklz\e_gb_ j_amevlZlh\ ZgZebaZ bg”_dkh

JZajz[hldZ Ze]lhjblfZz kludh\db ihdzZzazl_e_c d
BA< b MDBA<

Hp_gdZ \ebygby \u[jhkh\ gZ j_amevliZlu hp_
\h~u ih MDBAK<

< dZq_kI\_ bkoh”guo \ jZ[hl_ bkihevahY¥Zebkyv
eh]bg_kdbo b ]b”jhobfbqg_kdbo gZ[ex”_gbc ih |j
Ikdh\ gb'gbc kI\hj az i_jbh” k ih -1 iy
gu_ K_\_jh Aziz~rguf Mijz\e_gb_f ih ]Jb~jhf_I_hjh
gblhjbg]lm hdjm Zxs_c kj_~u KAM=FK Bkihevah)
dhgp_gljZpbc ih \hkvfb ihdZazl_eyf Zahl gbljZlgtL
guc Zahl zZzffhgbcguc jZkl\hj_gguc dbkehjh~ ;ID
ah h[s__ b nhknhj h[sbc



lhkl jzkiheh _g \ JThjh~_ \ df \ur_ mkivy j Ik
Am_I| hif_Iblv qglh \u[hj h[t_dIZ bkke_~h\Zgby \h f
eyeky gZebqgb_f i_j\bgguo “Zgguo gZ[ex™_gbc

>ey dhfie_dkghc hp_gdb dzqg_klI\Z ih\rhoghklg
bkihevah\Zeky ©bg”_dk aZ]jyag_gghhkewli0o2 B
jZkg_Ih\ BA< ij_"klzZ\e_gu gZ jbk

Jbk Baf_g_gb_ agZg_gbc BAK<

F_Ih~ dhfie_dkghc hp_gdb kl_i_gb aZ]jyag_gghk
guo \h” ih Jb”*jhobfbqg_kdbf ihdZaZzZl_eyf \dexqZ_1I
- 1j_™"\Zjbl_evgmx hp_gdm kl_i_gb aZ]jyag_gghl
— JZkqg_Il ih\lhjy_fhklb kemqgZ_\ aZ]jyag_gghklb
- JZkq_Il kj_~g_lh agZq_gby djZlghklb ij_\ur_ghb
— JZkqg_Il h[h[s_ggh]h hp_ghqgh]h [ZeeZbilgihz ~h
— JZkq_I| dhf[bgZlhjgh]h bg”_dkZ aZ]jyag_gghkl
— JZkqg_Il m”_evgh]h dhf[bgZlhjgh]h blgb_dka azZ]j
— DeZkkbnbdZpby dzZzq_kI\Z \h”u ih kl_i_gb aZz]j
DhgkljmdIb\ghc hkh[_gghklvx f_Ih~Z dhfte_dkgh
i_gb azZ]jyag_gghklb ih\_joghklguo \h” ih-]b”jhob
dzazZl_eyf y\ey_|ky ijh\_~_gb_ gZ i_j\hf wtzZi_ ~_|
ihg_glghlh ZgZebaZ obfbg_kdh]h khklzZ\z \h~u b j_



khklz\eyxsbo b ihke_"mxs__ bkihevah\Zgb_ ihem
guo khklzZ\eyxsbo gZ \lhjhf wlZi_ ~ey h~ghdj_f_gg
ie_dkzZ gZ[ex”"Z_fuo bg]lj_"~b_glh\ b ihdzazl_e_c d.
@
J _amevlZlu jZzkq_Ih\ MDBA< b hij_~_e_gb_ deZk
ih j <_ebdhc ij_~klZ\e_gu gZ jbk

Jbk Baf_g_gb_ agZgq_gbc MDBAKX<
>ey hp_gdb \hafh ghc ij__fkl\_gghklb j _amevlZ
dZg_kI\Z \h~u ~h b ihke_ ] k ihfhsvx fZkkfhlj

s _gguo ihdZaZl_e_c [ueh ijh\_~ gh khihklZ\e gb_
b MDBA< aZ h”bgzZdh\uc i_jbh” gZ[ex”_gbc
lhiuldZ mklZgh\blv klyab f_ ""m keh\_kgufb 0ZjZ
g_ "Zeb dzdh]h eb[h iheh bl _evgh]lh j_amevlZIlZ
glh \ "Zgghf kemqgzZ_ azZ \_kv i_jbh” gZ[ex® _gbc i
ehkv \k_]h "\_ 0zZjzdl_jbklbdb aZ]jyag_gghklb \h
r _klv lhwlhfm [ueZ ijhZgZebabjh\zZzgzZz k\yav f_°*
gbkeh\ufb o0zZjzZdl_jbklbdZfb ih dhlhjuf hij_"_eye



gu_ oZjzdl_jbklbdb dZq_kI\Z \h~u Dhwnnbpb_gl c
U Il _ k\yav “hklzZlhggh I_kgZy b fh _I bki
i_j_oh~Z hl BA< d MDBA< b gZh[hjhl

Mgblu\Zy qlh bg”_dk MDBA< hkgh\u\Z_|ky JeZ\q
ZgZeba_ wdklj_fZevguo agZq_gbc [ueh bgl_j_ kgl
\ebygby \u[jhkh\ gZ \_ebgbgm MDBA<

>ey \uy\e_gby \u[jhkh\ \ ihe_ de_Ilqgxldbf Y] jgylgh
ghc Zkbff_Ijbgghklvx [ueb ihkljh_gu Wfhjdh_kdb_
g_kdb_ djb\u_ h[_ki_gq_gghklb baf_jgpmguldZeod£Lqg g
JZkkfZljb\Z _fuo \_s_kI\ L_hj_Ibg_kebkwjpdyZ&ljh
ebgguo aZzdhgZo jZkij_~_e_gby <uldhgidlpAKigvgh]l
N_e_gby ijhba\h”"beky k ihfhsvx izdblgzZ LZVM™WD W
liZnbd_ djb\uo h[_ki_gq_gghklb bf_xlIkyhlkdzZgban\z_
xsb_ Ihqdb | _ wfibjbg_kdb_ Ihqjbdbdualdfxsth] \
eZklv djb\hc h[_ki_g_gghklb AgZq gpbywIhapbjc ggtL
khhi\_IlklI\mxsb_ wlbf Ilhgdzf ijbgbfZebdkZ\lx&v\u[jh
ghklv 1Zdhlh ij_~iheh _gby ijh\_jyeZkv jbyihfbdvx d
khgz < ihke_"mxs_f \u[jhku bkdexg2a¢bBWAva jZkq

Ih jZkkgblZgguf agZq_gbyf BA< b MDBA< k mq.
b ijb bkdexq_gbb \u[jhkh\ [ueb ihkljh_gu bgl_]jZe
aZ kh\f_klguc i_jbh” jbk LZd dZzd dhebq_klI\h
b MDBA< jZagh_ |Ih *ey kludh\db ihdZaZl-_e_c d.
kljh_gby bgl_]jZevguo djb\uo [ueh khihklZ\Ae_gh d
NZpbc ih jZaebqguf oZjzdl_jbklbdzf bg”_dkh\ >e

1iZ"Zpbb + hg_gv gbklzy + gbklzy + mf_j.
b az]jyag_ggZy + ]JjyagZy >ey MDBA< |Ih _ \uJj

+ mkeh\gh gbklZy + keZ[h aZ]jyag_ggZy + a
aZljyag_9gg9Zy £ JjyagZy

Ba "Zgguo ij_"~klzZz\e_gguo gZ jbk ke_"m_1 o
djb\Zy "ey BA< gZ ]jZnbd_ e_"bl gb"_ djb\uo “ey |
kmffz jzglh\ k dZ ~uf ]h~"hf "ey MDBA< \ur_ kmfft
BA< Ke_"h\Zl_evgh fh gh k~_eZlv \u\h” -qglh bg
ghklb \h~u BA< [he__ hilbfbklbqg_g

Bgl_ljZevgu_ djb\u_ “ey MDBA< ~h b \wke_ bk
[jhkh\ ihkljh_ggu_ ih j_amevlzZIZfegZlgpdZ _gEhffgh]



gZ[ex”_gbc ijzdlbg_kdb kh\izeb Kba_Kh\&Fiewgh fl
\h”~ qglh bkdexq_gb_ \u[jhkh\ g_ hdgmma]in\Xe b ykgoy_d&F\_
j_amevlZlu jZzkq_I|Z MDBA< aZ fgh]lhé _Ighac i_jbh” g

Jbk Bgl_]jZevgu_ djb\u_ "ey agZq_gbc BA< b MDB.

AZ|I _fih agZg_gbyf MDBA< k mqg_Ihf \u[jRkh\ b N
dexg_gbb \u[jhkh\ [ueb ihkljh_gu bgl_]jZevgu_ d
azZ i_jbhn dh]rZ _klv \u[jhku =jzZz~Zpbb [ueb \ayl
ij_"u“ms_f kemqgZ_ Bgl_]jZevgu_ djb\u_ "ey MDE
bkdexqg_gby \u[jhkh\ ihkljh_ggu_ih j_amevlZIZf
dh azZz i_jbh~ dh]*Z _klv \u[jhku g_ kh\iZeb ;ue
ijb bkdexqg_gbb \u[jhkh\ \ ]h~u dh]*Z hgb gZ[ex"
gby MDBA< \ kms_kI\_gghc kIl _i_gb mf_gvrZxlky

<u\h”~< ~Zgghc jZ[hl_ Jueb ijhZgZebabjhiZgu b
gu j_amevlZlu hp_gdb dZg_kI\Z \h~u j < _ebdhc i
bgr dkzf BA< b MDBA< Gh\luc b klZjuc dhfie_dk
dzZq_ kI\Z \h™ kms_kI\_ggh jZaebqgZxlky

Ijb khihklzZz\e_gbb agZg_gbc BA< b MDBA< aZ t
jbhn gzZ[ex™ _gbc [ueh \uy\e_gh qlh dZg_klAh \h”™u
emq_ggh_ih MDBA< gb"_ g_f ihemqg_gghc ih BA
dhfie _dkghc hp_gdb kIl _i_gb aZ]ljyag_gghklb ih\_j¢
]b”rjhobfbg_kdbf ihdzazl_eyf ~Z_| [he__ "~ _kldb_ F



F_""m bkoh”gufb gbkeh\ufb ozZjzdl_jbklbdzfb
hij_~_eyebkv keh\_kgu_ oZjZdl_jbklbdb dZqgq_klI\Z
nbdkbjh\zZgz ~hklzZlhggh t_kgzZy kgyavih*I\_j "~z _|
\hafh ' ghklv i_j_oh”"Z hl BA< d MDBA< b gZh[hjhl

Ijb hp_gd_ kl_i_gb \ebygby \u[jhkh\ gZ Y_ebqgbg
gZjm _gh qglh bkdexq_gb_ \u[jhkh\ g_ hdZau\zZ_|I
\ebygby gZ j_amevlZlu jZzkq_1Z MDBA< aZ-fgh]he
[ex*_gbc h~rgzdh \eby | gZ agZq_gby MDBA< \ |
_kiv \u[jhku

Bkke "~h\Zgb_\uiheg_gh ijb nbgZgkh\hc ih~"™ _j°d_ J
gZmgghlh ijh_dlZ « fheBZ

Ebl_jZImjz

>fbljb_\ < < Njmfhwdkeh]bg_kdh_ ghjfbjh\Zgb_ b m

\hklv ijbjhrguo kbklI_f Mqg_[gh_ ihkh[b_ KI[ GZmdz
GbdzZghjh\ =bPjhobfby Mq_[gbd E =b7jhf_Il khba"Zzl

J> F_Ih~r dhfie_dkghc hp_gdb kl_i_gb aZz]
ih\_joghklguo \h” ih ]b"jhobfbq_kdbf ihdZazl-eyf ml
[lhf \\h~ \ ~_ckl\b_ k F k

R_emldh < Hp_gdZ wdklj_fZevguo mjh\g_c aZl]jyag._
k_Ib mj[Zgbabjh\Zgguo |_jjblhjbc <hijhku ijbdeZ”ghc
gZmgq 1j KI[ J==FM K *

R_emldh < : Dhe_kgbdh\Z ? <<hKhkwhthp ?2ge&b dZq_
kI\Z ih\_joghklguo \h” ih ]b”jhobfbqg FEdbjb¥Y2quga fF_"
"mgZj dhgn ©Wdheh]bg_kdb_ b Jb”jhjfh[e hfheh]dyg_kd
rbo Jhjh~h\ b ijhfure_gguo ahg?® KI[ 2A:H ©OKXpbkfzk

$1$/<6,6 2) *(1(5%/,=(' 5,9(5 :$7(5 32//87,2196
(;321(176 %< 7+( (;$03/( 2) 32//87,21 (67,0%$7,21
2) 7+( 9(/,.$<%$ 5,9(5

( 2 .RI\UHYD 9 $ B6KHOXWNR
5XVVLDQ 6WDWH +\GURPHWHRURORJLFDO

7KH ZRUN GHDOV ZLWK WKH DVVHVVPHQW WRRFZDWH

WR RQ WKH EDVH RI WKH FDOFXODWHG LQ¢
WKH LQGH[HVY YDOXHV DQG D OLQN EHWZHHQ WK
8.,=9 YDOXHV LQ WKH \HDUV FKDUDFWHUGKFS E\ W
ZKHQ H[FOXGLQJ H[WUHPH YDOXHV



K?AHGG:Y >BG:FBD: KLIMDLMJU B MJH<GY
i BHF:KKU WIBNBLHG: IKDH<KDH QM>KDH=H HA?

F < Dheq_gdh

Ikdh\kdh_ hi~*_e_gb_ =hkm~Zjkl\_gg\Wlh e¢wzkdgytih bk
bgklblmlZ ha_jgh]h b j_ggh]h ju[gh]h ohayck

GZ ijbf_j_ wibnblhgZ ljhkligbdZ Ikdh\k&lt Kkre”Rthh]h
\Zeb k_ahggmx ~bgZfbdm kljmdIimju \tnvhjhkey ¢bhf
h[jZzklZgbc MklZgh\beb qglh [bhfZklbhmhhij » ayeb
e_gu_ \h*hjhkeb Mjh\_gv [bhfZkku Wwybhhk|h§Z baf
eZo hl "h kmJKlj < k_ahgghc “bgZfbd_ gZ[ex".
ibdz fzZdkbfZevguc ih~t_f [bhfZkku fl2dly_+£ giZ § Hdérgp
bxgy b "\Z f_g__ \ujZ  _gguo ih*t_fZgkyhjZ\]mkl_ b

K_ahggZy "bgzZfbdzZ [bhfZkku \h~ hjhke_c-h[jZklz
guo b bkdmkklI\_gguo kmJ[kljzZlh\ rbjhdh bamqgZ_ Ik
ebqggh]lh Ibiz >;Zkh\Z Jugdh\Zz /IDXJD"

.DURVLHQ; ieDVSHURaYmgh\z KlZgbkeZz\

@ Bkke_"h\zZl _eb hif_gqzZxl glh ozZjzdl_j k_ah

kljmdImju wibnblhgZ az\bkbl hl Ibiz km[kljZIZ >:
DURMLILFHY | Ku K h \BKUKKR Y m @ g ymj gty 1] Adnrbiti

dZj_\bg b 7] KlZgbkezZ\kdZy @ b f_"]h™
\hklb ihl]h~guo mkeh\bc b ]b”jheh]bqg_kdbo nZdlhj
kdzy @ < hlebgb_ hl nblhiezgdlhgZ bkke_ 7

"bgZfbdb mjh\gy [bhfZkku ijbdj_ie_gguo \h*hjhke
Qm~rkdh]lh ha_jZ “h kbo ihj g_ ijh\h*"behkv- Bamqg_
jbklbd i_jbnblhgguo khh[s_kI\ y\ey |ky \Z'guf a\_
[bheh]bg_kdbo b fhgblhjbg]h\uo jZ[hlZo ihkdhevc
x|l ~zZ\Zlv [he__ Thggmx hp_gdm wdheh]bqg_kdh]h k
b ~ eZlv dhjj_dlgu_ ijh]Jghau

P _evx gZr_c jZ[hlu [ueh bamqg_gb_ k_ahgghc *|
Imju b mjh\gy [bhfZkku \h*hjhke_c h[jZklZgbc Ijhk
(SKUDJPLWHYV &OXWiWw UHOBWHQ G hkgh\ghlh w”b
\h~ghc jZklbl_evghklb Ikdh\kdh Qm~kdh]h -ha_jZ
auj_\z @



ljh[u hl[bjZebkv k fZy ih hdly[jv o hPro\hig-KNZgz
pbb \ x'ghc qzZklb Ikdh\kdh]h ha_jZ k itjbdhh”™bgathkl
Ilh"\h~gu_ qzZklb jZkl_gbc kj_aZeb ¥dbtsizeb-le[jgklz
guc h[t_f ijhnbevIjh\Zgghc ha_jghc Xle’lbu b nbdkbj
nhjfzebghf Ijh[u ijhkgblu\Zeb \ dzf_j_ fl&dz hllz

kf [bhfzkkm \ugbkeyeb kq_lgh h[t_fgudgbf_Ih~ hf

\Zy nhjfm de_Ilhd d ba\_klguf ]_hf_Ijbg- Lkai®H B b]D
HW DO @ ;bhfZkkm jZkikdbljullZeb>gZbfbjmxsb
fb kgblZeb \b~ru hij_"*_eyxsb_ g_ f_lghfZkku h[s_c

Ikdh\kdh Qm~kdh_ ha_jh * djmigulgZz®k]jZgbof
guc \h*h_f gZ ]jZzgbp_ Jhkkbb b Wkahigbb qgkZkikd|hcy st
k_\_jgh_ Q@m~kdh_ x'gh_ Ikdh\kdh_ Lb ileth_~lhgyxs _
jh  Tkdh\kdh_ ha_jh = f_edh\h”gh_ ghkljaslibawpbjh
l[jhngh_ ha_jh Mjh\_gv \h~u \ g_f ik¥quf ko-algg@qbl
guf b f_"]h~h\uf dhe_[Zgbyf >lkdh\kdh@Q nFgdd]th_ «
\h”~guc ]h~ kj_~g_lh~h\hc mjh\fgwnhNf_dgZ k
g_fghlhe_Igbho agZq_gbc o0Zjzdl_jbahddeky_g¥ih:
kdhjhl_gghc b I_iehc \_kghc k ihegha\hEdmuloRAb _f
ihoheh”Zgbc jZggbf gZklmie_gb_f kdlhgeZ I®fbhe
[hevrhc _]h ijh~he bl_evghklvx b \ukhghgghkkeixh[_
ijb hlkmlkl\bb ZghfZevgh \ukhdh]h kjjh]ig\&Xmhkhg "t
guo |_fi_jZlmj \h~u [hejh*"heftK_evguf b | _ieuf i_jb
h~rhf ©[bheh]bq_kdhc hk_gb? >Hp_gblv« @

< \bMh\hf khklz\_ wibnblhgZ [ueb \wy\ehfu \h”"
A _eh)\ &\DQRSK\WD &\DQRSURNDUQR/\W(IRSK(\)W]IID
%DFLOODULRSK&\MDRLLRI!S?MWIDS
km hij_~_eyeb ~bzZlIhfh\u_ a_e_gu_gb kljggarec Kkl
gu_ \h~hjhkeb >hfbgbjh\Zgb_ wlbo ©loZendI\Gh hjF
gh "ey wibnblhgz fgh]l]bo \h~h_fh\ mfdh\¢Zghc ahgu
KlZgbkezZ\kdZy F_I_ez\Zz bDhje@_gdh

>ey k_ahgghc "bgZfbdb h[s_c [bhfZkku wibnblh¢
l_jgh gZebgb_ Ij_o ih~t_fh\ FzZdkbfZevguc ibd ij
dhg_p fZy + gZgZeh bxgy b ihke_ ihkl_i_ggh]lh k
fZkku g_agZgbl_evgu_ __ ih”"t_fu [ueb \ujzZz _gu
klz b k_j_"bg_ k_gly[jy jbk




>bgZfbdZ [bhfZkku wibnblhgZ ljhklgbdz dikjdh\kdh C
ha jz \ ]

< k_j_"bg_ fZy [bhfZkkm wibnblhgZ hiku ~_eye
\h*hjhkeb hl h[s_c [bhfZkku Dzfwfl[gjkh gZ
ijh] hif_gq_g mklhcgb\uc i_j_oh” kj_"gjZimljugghc
\h~u g_j_a fK qglh khhiI\_IklI\h\Zeh ©O]jhakghfc \_
ebfgheh]bq_kdhf pbde_ Ilkdh\kdh]h ha_j@ >Hp_g
wlihl i_jbh”? "hfbghbghQHZUD HMONWJIVFK 8QKQWULD
XOQDLW]VFK 3 &RPSqUH \f_kl_ k \hjb&Epbyfb
Ss_c [bhfZkku Km[rhfbgZglZfbLDWKRWPIZe®WHQXLYV
JUDJLODULD HDEBXPE@DOD FKVWXIODBEKQFXOD
WULSXQFWID®O %RYLFXOD KADFLMDhVZkkZ wib
nblhgzZ ihkl_i_ggh gzZjzZklzezZ kvn[klj+ ] f

< ihke_"~g_c ~_dz”~_ fZy 9Z bgl_gkb\géazkikhgj_\
gZklmie_gb_ ©[bheh]bqg_kdh]h e_IZIhqgighcelh’ kj_~
i_jZIlmju \h~u q_j_a fK khh[s_kl\h2ybhhbvadhgZz
eh j_adbf ih~*t_fhf [bhfZkku kf{klj] A hkgh\ghf a
kq_I| “bZlhfh\uo \h*hjhke_c MqgZklbe a &lfelm \h
[he__ azf_lguf gh [ueh _s_g_agZg\zelguhb >hf
ZIhfh\uyUDJLODULD FDSXFLQD @&WPLE HOIODF KO (
b6\QHGUD Xh@@®@Dihke_~g_c \ h[s_c [bhfZkk_ ihl



mf_gvrZezZkv gh m\_ebq®NOeRZ\KLUb&YDH eb QV
l_jZImjguf “"Zgguf ><h”hjhkeb LiKnAghbkZ
eZ\kdzZzy 6\Q@GUD XOQD )UDJLODULD FDSXFL
OHORVLUDyYYWULIDYyQNI jmdImjhh[jZamxsbfb- \b”rZfb
i_jbnblhgBjhdh jZkijhkljZzg_gu \ \h*h_fZo jZaebqg
hkh[_ggh w\ljhnguo WIb \b”u bf_xI rlgjgcc |_fi
hilbfmf jZa\b\Zxlky gZ ijhly _gbb \lgh]lth \k JahZpb
gZ gh gqZs_ \k_]h ~ZxI| \kiurdb \_kghc
< gZgZe_ bxgy mjh\_gv [bhfZkku hklZ\Zeky ij
] fkm[klj gh ijhbkoh”bez i_j_kljhcdB kljmd!
lhgZz aZ kq_I| mf_gvr_gby “heb “bZlhfh\uebq_=
gby “heb a_e_guo \h*hjhke_c + kk\ hi{B_c [&
fbfh6\QHGUDb XOMIDL ODULDNRDbYY FL\@BIO RV LUD
YDULDEQW ZIhf*RG@DWR]\JRQ MNMUFKKDRDREHQK ba
e_guo Djmigu_ jZROODWRIJ\JRQ IN LK@ DKDIRdIAg!lZ
2HGRJRQISXPhij_~ _ebeb kms_klI\_gguc \dezZ”™ a_«
jhke_c \ h[smx [bhfZkkm \ wlhl i_jbbfthjgZZa\blby w
D k_j_"bg_ bxey [ueh hlf_g_gh agZqgb[lb-evgh_
fZkku ~h Knf[klj Hkgh\ghc nhg h[jZzklZgbc kgl
N _eyeb ~“bZlhfh\u_ \h*hjhkeb >hfbg2ZogiZlftog&_1g_
klZebDYLFXOD WIJ/IDSDHIDFODDM. D 55RRF K X O RW D
K gZqzZezZ Z\lmklZ ih gZqZeh k_glyEly aZgbgu_
fZeb \_"ms__ iheh _gb_ \ kljmdIimj_ pwhfZlkku wi
G_agzZgbl_evguc ih~t_f [bhfZzkku \ Z\Nfmkl_
km[klj hij_"_2y6RJIR QLSXBM LJIHR FenReQ LSXIP
W] ihihke" fgbch hikIZAZ eky \q iglibdke A Hildlibiaiailn \\ i
pZ hdly[jy Kj_7b ~hfbgZglh\ gzZzqzeZafkaggw[jy [t
&RFFRQHLYV S®BDFH@WEDIDfh\uo b ij_kgh\h~gZy
\h*hjhk&DQWUDQVLDBRFWRGAGBBRXLQHOOD FKD
5RWK %RU\ \i_j\u_ hif_g_ggZy kdhdtrlhaehz_ |
©;bheh]l]bg_kdh_ e_Ih& \ k_ahgghc ~bbdbbld_ [bh
gz \ ] az\_jrbehkv Ij_Ivbf ih~t_VHhf_[bhbgkku
k_gly[jy ~h km[Kkl]j h[mkeh\e_gguf6o  aIBIREDR
niumtenueb \bA"h\ jJRQE\RQHWR DhklZgh\e _gb_f ©[bheh]
kdhc hk_gb? mjh\_gv [bhfZkku ihkl_i _dghukgb Z



rzZy Jkim[klj \ dhgp_ hdly[jy Kj_~b "hfbgbjmxs
hklzZ\ZebMWLIJHRFHNBRQ&ERPFRQHLYV SIODIFH@FWROL
WULSXQFWDWD

GZ ijhly _gbb \k_]h i_jbh”Z bkke_~h\Zgbc \ w
klhyggh \klj_gZebkv gh g_ \oh”beb \ khklz\
]h dhfie_ i KKEQDQWKHV PO DNYVWX®D FU\SWRF
.*W]1IDYLFXOD UDBRREEBERQHPD SDWYXOXW ]
5KRLFRVSKDHQL B JD E DUk R BV Rz Wiz hot i
jhke _ @FHQHGHVPXV TXOGILBBUGEDVWUXP ERU\
(7XUS OH®HMGBKDVWUXKWHWLD®IW ba+&WHUPRo b
OHLEEtriQii D6FKPLGO e ReRRISg_a_e_guo

LZdbf h[jzahf ijh\_~_ggh_ bkke_"~h\Zgb- ihdZa
gmx jhev \ wibnblhg_ ljhklghbdZ Ikdh\kdh Qm~kdh
A"bZlhfh\u_ b a_e_gu_ \h*hjhkeb K_ahggZy "bgZfl
kbezZ lj_oibdh\uc o0zjzdl_j fzdkbfZevguc ih"t_f [b
g_9g \ dhgp_ fZy £ gZqZe_ bxgy b "\zZ f_g__ \ujzZ"
\' Z\Imkl_ b k_gly[j_ Mjh\_gv [bhfZkku wibnblhg
ij_" _eZo + km[klj Themg_ggu_ \_ebqgbgu [bhfZk
jhke_c h[jzklzgbc khhI\_IkI\h\Zeb \_ebqgbgzZf ijb\
l_jZImj_ ~ey ha_j \ukhdh]h Ijhnbg_kdh]h mjh\gy >

KlZgbkez\kdZy @
Ebl_jZImjz

;Zkh\Z K1 _BEbnblhg b fbdjhnblh[ glhk ha DjZkghlh D
i_j_r__d =b~jh[bhe mjg L < K +

<h”hjhk&bhjz\hgqgbd K | <Zkk_j G < Dhg"jzZlv_\Z
b ~j Db_\ GZmdh\Z "mfdz k

> \yldbg <>bgzZfbdzZ jZa\blby Zev]hnehju h[jZklZgbc
kdhf \h"hojZgbebs_ NehjZ b jZzklbl_evghklv Ah~h_fh\
g_¢ <he]b Ju[bgkd K +

> \yldbg <KIfmdImjzZ b ijh~mdlb\ghklv eblhjZevguo -
ah\ \h*"hojzZgbebs < _jog_c <helb :\lhj_n "~bk « ~hdl
F=M k

@mdh\z K _:ahggZy “bgzZfbdzZ jZza\blby wibnblhgzZ \ az
gbdZ jZaebgghc iehlghklb gZ ijbf_j_ ha GZjhqv .

fu ljhnbg_kdb_ mjh\gb b ijh[e_fu ih”"*_j Zgby [bhjZ



FZl_jbZeu F_""mgZj dhgn <heh]*Z = ghy] ]
K +

Dheqg_gdh Rblkhi_jbnblhg IjhkigbhdZ Ikdh\kdh Qm~kdh
jZchgzZo fzdkbfZevghlh Zgljhih]l_gghlh \ha”_ckl\by
gb_ b "bgzZfbdZ \h*"guo wdhkbkl_f \ mkeh\byo debfZlb:
b Zgljhih]_gguo \ha”~_ckl\bc FZI_jbZeu c F_""mgZj
iZzfylb = = <bg[_jlZ £+  hdl ] Kzgdl I_I_j[mj]
E_fz K +

Fzdzj_\bg Kukh\zZ ?@mdh\Z KljmdImjZ i_jbnblhgZ ha
iZ GZjhgv gZ jZaguo wlZiZo w\hexpbb _]h Ijhnbqg_kdh]h
wdhkbkl_fu [bheh]lbg_kdb_ ijhp_kku Zgljhih]_-ggzZy Ij:

g_kI\h \h*u FZI_jbZeu ,,, F_""mgZj gZmg dhgn +
Fbgkd £+ GZjhqv Fbgkd ;=M K *
F_lI_ez\Z GNXlhi_jbnblhg ha G_jh | _jbnblhg b hJj

I[_hjby b ijZzdlbdZz 3HULSK\WRQ DQG IRXOLQJ WKHI
K +

Hp_gbkhklhygb_ azizkh\ \h~guo [bheh]bg_kdbo j_km
[Zlv j_dhf_g”~Zpbb ih bo jZpbhgZevghfm bkihevah\Zgbx

\hafh gh]lh \ueh\z \ ] Vij_kgh\h”~guo \h*guo h[t_dlZ
kiI\_gghklb N=;GM ©=hkGBHJO?2 [bheh]bq_kdh- h[hkgl
am \ueh\Z gz ] V Q@m~kdh Ikdh\kdhf ha_j_ -aZdexq
gbb GBHDJ ih I_f_ « Jmd jzZza” K H K_\_jbg Ilkdh'
=hkGBHJO k
Ikdh\kdh Qmhadhh GZmgqg j_~ L Lbff : JZmdZk X
YZgb LZjlm (HVWL /RRGXVWIRWR k
Jugdh\Z Fl_jbnblhg eblhjZevghc ahgu Hg_"kdh]h ha_
jZevgZy ahgZ Hg_"“kdh]lh ha_jZz E GZmdZz K +
Juqdh\Z F <h”hjhkeb h[jZklZgbc ha_jzZz Bevf_gv :
‘mjg L < K +

Klzgbkez\kdZ¥d¢ghhlke _Igb_ baf_g_gby khklZ\Z b kljm
Ibl_evgh]h i_jbnblhgZz Fgh]l]he_Igb_ baf_g_gby [bhe
s_kI\ f_ahljhngh]h ha_jZ \ mkeh\byo debfZlbg_k«dbo ne
nbjh\Zzgby KI[ E?F: K t

KlZgbkez\kdZy K? akggZy ”~bgzZfbdzZ kljmdImju b mjh
fZkku nblhi_jbnblhgZ \ jZaghlbiguo ha_jZo <h”hjhk
wdheh]by bkihevah\Zgb_ \ fhgblhjbg]_ ?dZl_jbg[mj]
K +

KlZzgbkez\kdZy>RPgzfbdZ \h*"hjhke_c i_jbnblhgZ \ ha_
ebgguo ] _hobfbg_kdbo eZg”rZnlh\ <h”hjhkeb ijh[e_



wdheh]bb b bkihevah\Zgb_ \ fhgblhjbg]_ K[ fZl_jbZ
F_""mgZj gZmqg dhgn * Z\] ] YjhkeZ\ev N
K +

Km~rgbpugZ Dha@j_\Z Kh)j_ f ggh_ khklhygb- \ukr_c
"ghc jzZzklbl_evghklb Ikdh\kdh Qm~kdh]h ha_jZz AZiz"
aZjm[_"v_ mklhcqgb\hklv khpbZevgh dmevimjguo b wdh
kbkl_f FzZl_jbZeu f_"j_lbhg h[s_kI\ gZmq dhgn k f_
_f lkdh\ 1=IM K +

Kukh\z ? KijmdImjzZz b ~bgzZfbdZ khh[s_klI\ nblhi_jbi
ha_jZo jZzagh]h Ijhnbqg_kdh]h kiZImkZzZ :\lhj_n "bk «

Fbgkd k
Libnhgh\Zz BWd&heh]lby b kmdp_kkby ha_jgh]lh nblhie
.k
+LOOHEUODWWGOHQ BUVFKWW@MDRYROXPH FDOFXOI
SHODJLF DQG EHQWKLF PLFURDOJDH - 3K\FRO

.DURVLHGPWLDO DQG VHDVRQDO IRUPDWLRQ RI
LQ ODNHV RI GLIIHUHQW WURSKLF VWDWXXV 6XPF
3
.DURVLHQ{ - .DVSHWBYRRIDHQVXFFHVVLRQ RI H
FRPPXQLWKHDJIJPQWH YV &XWWIUWDIOLVH] 6WHQG LQ D |
ODNH (NRORJLMD 9 1 3 =
/IDXJDVWH 5 5HXGDBDR®SBVLWLRQ DQG GHQVLW
VRPH PDFURSK\WH VSHFLHV LQ WKH SDUW PHURI
9 3 +

6($621%/ '<1$0,&6 2) 7+( (3,3+<721 %,20$66 /(9(/
$1' 6758&785( ,1 36.296.2 &+8'6.2( /$.(

0 9 .ROFKHQNR
3VNRY ' jZUWP_QW Rl WKH ,QVWLWXWH RI /D]

7KH SDSHU GHDOV ZLWK WKH VHDVRQDOWXQB RIFV
DWWDFKHG DOJDH E\ WKH H[DPSOH RI UHHG HSLS|
/IDNH W ZDV IRXQG WKDW %DFLOODULRSK\WD DQ
LQ WKH SURFHVV 7KH OHYHO RI HSLSK\WRQ ELR
RI VXEVWUDWH 7KH VHDVRQDO G\QDPLFV RI ELRF
PD[LPXP ULVH LQ ELRPDVYV ZDV REVHUYHG IURP OD
WZR OHVV LQWHQVLYH ULVHVY ZHUH REVHUYHG LQ



KJ:<G?GB? J:KIJ?>?E?GBC KH>?J@:GBC
yBHF?L:EEH< <:G:>BY GBD?”EY < >HGGUO HLE
@?GBYO IH IJHNBEYF MKLV?<UO MQ:KLDH< J?
>HG FBMK B L:=:GJH=KDH=H A:EB<: IH K?AHG:

D H Dhjg_<ZH Ohjhr_\kdZy

X'guc n_" _jZevguc mgb\_jkbl |
=b~jhobfbqgq_kdbc bgklbIml Jhk]b~jhf_1Z
Bgklblml \h~guo ijh[e_f J:G

>7Z9ggZy jZ[hlZ ij_"klZ\ey_I| kh[hc ihiuldm kjZ\g_g
ghkl_c \ jZkij_~_e_gbyo kh”~_j Zgbc [bhf_IZeeh\

ey \ “hgguo hleh _gbyo mklv_\uo mqgzZkldh\ j_d Ij
jhlkdh]h aZeb\Z ih j_amevlzZlZf ZgZebah\ ijh[ ihe
wdki_~bpbc \ hdly[j_ \ Zij_e_ b\ Zij_e_ h

KZijhi_ev £ hj]JZzgh fbg_jZevgu_ fgh]h\_dh\u_
hleh” _gby keZ[hkhe _guo b ij_kgh\h”"guo dhgl
\h~h_fh\ kh”_j ZI k\ur_ hjlZzgbq _lkdbgp §bx_klI\
ba\_klguo ]_hobfbdh\ \ h[eZklb "ba]hg\ aZ KINZgbq_
Ibihfhjnguf we f glZf beh\ kZijhi_e 1d WHgHKyky 9

N_"hjh\ b 7j Ohjhr_\kdZm]lhc k@hjHhgu]
wlb we f glu f_1Zeeu kh]leZkgh maqge _gdblxy gdhX mjdchb g&Z
[bhg_hjl]Zgbg_kdhc obfbb highkylEy dhdéZ&kKim\@§bh
hjl]ZzgbafZo fhe_dmeu beb bhgu \aZbhi*|Z&&\Dfhshb
gZau\lZxlky [bheb]zg”"Zfb H~”gbf ba ¥ yj\relykbkeb]Z
[_edb b bo k\hckI\Z dzZd [bheb]Zg/kh\_jhgghb_&wxlk
ihebi_ilbrguo p_iyo “hghjguo Zlhfh\"ZahdEltjudbke
fhlml mqgzZklI\h\ZIv \ h[jZah\Zgbb oZdyHg b d gtbq ekdd bto
dhfie_dkh\ k f_1ZeezZfb Djhf_ Ih]lhguf ipo iiynwfebi]1mib”
[ulv ijb\yaZgu ihjnbjbgh\u_ dhevpzZ ZAh¢rybjlblghijhckl
ijbf_j fZdjhpbdebqg_kdh]lh eb]zZg”Z k fp_RhfZfB hghj
Zahlz dhlhju_ dhhj*bgbjmxlky bhgZfibgh\llZeeZ
f 1Zeehpbdeu kh” _j Zlky \ oehjhnbeeh]ejylblg gbc
dijh\b Bf_xsb_ky k\_~ gby h nmgdpbybafZgeZ”by
]h\hjyl h Thf qglh hg mqgzZkl\m_I| \ ijhpZklk2ohtibllhkb



ihjnbjbgh\u_ dhfie_dku kbg_a_e_guoh{Zdijhke_c |
>Ohjhr_\kdZy @

Gbd_ev ba\_kl_g dzd h”bg ba [bhf_IZeeh\ \oh
f_1Zeeihjnbjbgh\h]h dhfie_dkzZ + ]_fhleh[bfgZz LZd
kl_ k dhnzdlhjhf ) ©ihfh]z_12 [zZdl_jbyf-+ f_1Zc
klZzgz\eb\zZIlv ]jmKid KIG KGhjhr_\kdZy @

Lzdbf h[jzahf \ZgzZ”bc g_ ijhklh fb]jbjm_I b gZ
hjlzgbg_kdhf \_s_klI\_ nblhiezgdlhgZ “hgguo hleh
Ib\gh klbfmebjm_1I jhkl ihke_"*g_]h >Ohjhr_\kdZy
hkh[_gghklvx [bhf_lIZeeh\ hkh[_ggh \ZgZ”~by y\e\
glh hg kdehg_g d baf_g_gbx \Ze_glghklb \ oh”_
gZijbf_j Vhl1 ©x\_gbevgh]h?& = \hkkl2Z\gh\bhjfedy ~h
gZoh ™~ _gby \ g_nlyae Bbmygyoar_]h hdbkebl_ey >N
b 7] Ohjhr_\kdzZy @

Bamqg_gb_ \ 0 |h~Zo ijhreh]h \ _dZ ijhp-kkh\ it
"hjhkeyfb gbd_ey b \ZgzZ~by \ LZ]Zgjh]lkdhf aZeb
hgh kjzZ\gbfh k ihkimie_gb_f f_IZeeh\ \ jZklI\hj_qgg
k \h~Aguf klhdhf j >hg >Ohjhr_\kdZy @

< hdly[j_ b Zij_e_ ] [ueh ijh\_~_gh bkk
"hgguo hleh  _gbc gZ kh”_j Zgb_ f_IZeeh\ \ LZ]Zg
Kt_fdb ijh\h”"bebkv k fZehf_jgh]lh j_qgh]h km~gZz
]Jh gZ\b]Zlhjhf ih \u[hjhqguf klzgpbyf klzZzg”Zjlg
[ex”_gbc Jhk]b”jhf_1Z \ LZ]Zgjh]lkdhf aZeb\_ jbk
gZklyo j_d >hg b Fbmk ijh[u hi[bjZebkv k j_abgh

lhgdZo khhlI\_IkI\_ggh \ Zij_e_ b hdly[j_- |
ebkv k ihfhsvx ~ghq_jiZl _ey ©Hd_Zg ajih]jm’™ _¢
hl ih\_joghklb *gZ jmdh\h”*klI\mykv h[sbfb-lj_[h\Z
jm ijh[ “hgguo hleh”_gbc \h~guo h[t_dIlh\ "~y ZgZ
g_gghklv kh]Jezkgh =HKL

‘gZeba ihemqg_gguo j_amevlZlh\ ihdzZzaulZz_1 q
\ZgZ~"by gbd_ey \ “hgguo hleh  _gbyo agZgbl_evc¢
deZjdh\ "ey hkZ”~hgguo ihjh® J]JebgZ b keZgpu <
mklZgh\e_gZ kbevgzZy dhjj_eypbhggZy k\yav \Z
"ey LZzZ]zZgjh]lkdh]lh aZeb\z U >Dhjg__\Zz

@ Ih\ur_ggu_ kh”™_j Zgby \ZgZ”~by o0ZjzZdl_jgu



hleh  _gbc p_gljZzevghc qzZklb LZ]zZgjh]lkdh]h aZz
Wlh ahgu ih\ur_gguo kh”_j Zgbc \ "hgguo-hleh" _¢
>Ohjhr_\kdZy @ A”_kv k h”ghc klhjhgu
— A ijhbkoh”yl ijhp_kku nehdmeypbb hkzZ'~ _gby
\ ~“hgguo hleh’ _gbyo dheehb”ghc njZdpbb Z
Imfbgh\h]h \_s_kI\Z j_qgh]h klhdZ dhlhjh_ h[jZar
[bhrhklimigu_ o_eZlgu_ dhfie_dku K “~jmlhc klhj
bgl_gkb\gh]h h[jZzah\Zgby Z\lIholhggh]lh hj]Zgbq_
nblhiezgdlhgz ijhp_kk h[jZzah\Zgby dhlhjh]h
gZkus_gghklvx \h~u dZj[hgZlhf dZevpby <Ilhjh
gZkus_gby \h”u dzZj[hgzZlhf dZevpby \ LZ]Zgjh]
ijboh~blky gZ mqzZklhd k khe_ghklvx A >N_~hjt
ljbmjhg_gghklv ih\ur_gguo kh”_j Zgbc \ZgZ”"by
hleh” _gbyo d wlhc ahg_ k\b”_1I_evkl\m_I| h gZebqtk
nblhiezgdlhghf \ LZ]Zgjhlkdhf aZeb\_ DZzZd fh gh \
\ hk_ggbc i_jbh” gZdhie_gby \ZgzZ~by g_ ijhbkoh
ijhly”_gbb j >hg qlh fh _Il Jh\hjblv h iheghf _]h
nblhiezgdlhghf \ \_] IZpbhgguc i_jbh”

Jbk DZjl1Z ko_fz hI[hjZ ijh][



lhemq_ggu_ j_amevlZlu kh”_j Zgbc \ZgZ~by b g
e_gu gZ jbk + £ \\_k_ggbc i_jbh” b gZ jbk =

Jbk JZkij_"_e_gb_ kh”~_j Zgby \ \fdlhygludghhedy
" _gbyo ih ijhnbeyf mklv_\u_ mqgZkldb j _dZ¥aAgjhFbmk
kdbc aZzeb\ \' \_k _ggbc i_jbh~

Jbk JZKkij_"_e_gb_ kh”~_j Zgby \ fdgpugbhllecy \
gbyo ih ijhnbeyf mklv_\u_ mqgZkldb j_&]Zmhgh]kbim& + L
aZeb\ \'\_k _ggbc i_jbh~



Jbk JZkij_"_e_gb_ kh~_j Zgby \\fd]hdgudgh ey
"_gbyo ih ijhnbeyf mklv_\u_ mqgzZkldb j_dzZ¥agjhFbmk
kdbc aZeb\ \ hk_ggbc i_jbh~

Jbk JZkij_~ e _gb_kh~ _j Zgby \ fdjgbuoblllecy \
gbyo ih ijhnbeyf mklv_\u_ mqZzZkldb j_d&]Zhgh]khbm& + L
aZeb\ \ hk_ggbc i_jbh~

Kh~A _j"Zgb_ gbd_ey \ “hgguo hleh  _gbyo mkh
j_d >hg Fbmk b LZ]Zgjh]lkdh]lh aZeb\z jzZkij_»



jZ\ghf_jgh kgb Zykv [he__ qgq_f \ M\Z jZzaz \ ahg_
[Zjv_jz A\ LZ]zZgjhlkdhf aZeb\_ ]~_ lzd-_ j_adl
N jizZgb_ f_1ZgzZ \ \h®_ b "hgguo hleh  _gbyo >=Zj\

Ebl_jZImjz

=ZjvdmrzZ >=_@6obfbg_kdb_ azZzdhghf_jghklb jzZkij_"_e.
“Zgby f_1ZgZ \ *hgguo hleh _gbyo mklv_\hc h[eZklb j_
~bk dzg”~ ]_h]j gZmd Jhklh\ g > k

=HKL HojzgZz ijbjhru =b”jhkn_jZ H[sb_ Ij_Jt
d hi[hjm ijh[ “hgguo hleh  _gbc \h~*guo h[t_dlh\-"ey Zg.
g_gghklv =hkklzgnzjl

>hp_gdh B < N_~hjh\ X : FboZce_gdhH kiy >fblj
ab kh~ _j Zgby jIlmlb b hj]Zgbqg_kdh]h \_s_kI\Z \ ~hggu
ijhnbex j_dZ >hg * :ah\kdh_ fhj_  Ba\_klby \mah\ K_
i _1bhg < K ot

Dhjg__\Z D H Of;jhr_J.KﬁZ]l’k_eﬂgb_ kh~_j"Zgbc [bF
IZeh\ \ZgZ~by gbd_ey b fheb[~_gZ \ “hgguo hleh g
mklv_\uo mqgzkldh\ j_d >hg Fbmk b LZ]Zgjh]kdh]h aZzZel

K[ gZmqg 1j ,; f_""mgZj gZmg dhgn fheh”uo mqg_«
klm~_glh\ ©<h”gu_ j_kmjku wdheh]by b Jb*jheh]bqg_ki
F B<l J:G K +

N_"~hjh\ X : >hp_gdh B < DmAgdhbhf_jghiklbj jZk
ij_"_e_gl];;jy\ Khgguo hleh’ _gbyo jhkkbckdhc gzZklb :ah\

Hd_Zgheh]by L < K *

Ohjhr_\kdzZy KZdhghf_jghklb nhjfbjh\Zgby b jZkij_"_e
IZgZ \ ijb[j_"guo \h~Zo :ah\h Q_jghfhjkdhlh [Zkk_cgZz
« dzZg”™ ]1_h]j 9Zmd Jhklh\ g > XNM k

Ohjhr_\kdzZy €zdhie_gb_ f_IZeeh\ \ZgzZ”~by -gbd_ey
gZ \ beZo LZ]Zgjh]lkdh]h aZeb\Zz <h”rgZy klboby hiZzZl
ijhlghabjh\zZgby mijzZ\e_gby b ij_"~hlI\jZs_gby m]jha F
jhk gZmq dhgn ] DjzZzkgh”~zZj =+ hdl ] Gh\hqg_
K +

Ohjhr_\kdzZy Mg&Hklb_ [bhf_|Zeeh\ \ "bag_gghf pbde_
dlhgZz b _]1h ~_kljmdpbb \ZgzZ~bc gbd_ev b fheb[”"_g
$FDGHPLF 3XEOLVKLQJ k

Ohjhr_\kdZy XZkHj_"~_e_gb_ \ZgzZ~by gbd_ey-b fheb[
guo hleh™ _gby LZ]Zgjhl]kdh]lh aZeb\Zz Ba\_klby \mah\
i_lbhg < K +



&203$5,621 2) 6($621$/ &217(17 2) %,20(7$/6
9$1$',80 1,&.(/ ,1 352),/( (678%$5,1(6 %27720
6(',0(176 2) 5,9(56 '21 0,86 $1' 2) 7+( *8/)
2) 7$*$152*
2 _RUQH\HYZ .KRURVKHYVNZmZ

6RXWKHUQ )HGHUDO 8QLYHUVLW\
+\GURFKHPLFDO ,QVWLWXWH RI 5RVJLC
, QVWLWXWH RI :DWHU 3UREOHPV RI 5
7KLV ZRUN SUHVHQWY DQ DWWHPSW WR FRPSDUH
GLXP QLFNHO GLVWULEXWLRQ LQ VHGLPHCHNYV RI
*XOIl RI 7TDJDQURJ XVLQJ WKH UHVXOWYVY RI WKH DC
WKH H[SHGLWLRQ RI 2FWREHU $SULO DQG

FH>?EBJH<:GB? J:KIJHKLJ:G?GBY IJBF?KB
HL LHQ?QGH=H BKLHQGBD: < :AH<KDHF FHJ?
I1JB J;AEBQGHF <?LJH<HF <HA>?CKL<BB

< K Dhg_j]l]bg K < Dhq_j]bg
Fhjkdhc ]brjhnbabqg_kdbc bgklbIlml J:G

ljb j_r_gbb az~Zq k\yaZgguo k ZgZebahf wdheh
ygby \h”guo [Zkk_cgh\ g_h[oh?bfZ hp_gdzZ \haf
ki\bc jzZzkijhkljzg_gby ijbf_k_c¢ jZaebgghc 4jbjh”u
e _c¢c dhgp_gljZpbb fh™ | Julv hkms_kl\e_g gZ hkgt
gby fzZI_fzZlbq_kdh]h fh~_ebjh\Zgby GZ hkgh\_ [Z
f_jghc ]b~jhl_jfh*"bgzZfbg_kdhc fh"_eb :ah\kdh]h f
dhhjrbgzZlZo ihemq_gu ihey | _gq_gbc b dhwnnbpb_
jZaebqghf \_Ijh\hf \ha”_ckl\bb dhlhju_ bkihevah\
\oh~guo iZjzf_Ijh\ ijb j_ZebaZpbb fh~_eb i_j_ghl
ijbf_kb Iljhba\_”~_gu jZkgq_Ilu ih fh~_ebjh\Zgbx jZ
gby ijbf_kb hl lhg_qgh]lh bklhggbdzZ \ jZchg_ dhku
A gu ZgZeba ihemqg_gguo j_amevlZlh\ b kjzZ\g_gb_
bah[jZz  _gbyfb dhgp_gljZpbb \a\_r_ggh]lh \-s_klI\Z
hg_ ijb bgl_gkb\ghf \hklhgghf \_Ijh\hf \ha~_ckl\bb



Bkihevah\Zgb_ khijy ' _gguo mjzZ\g_gbc b-\ZjbzZp
pbih\ ijb j_r_gbb azZz”~Zq k\yaZgguo k fh”-_ebjh\Z
db hd_ZgzZ ihemqgbeb rbjhdh_ jZkijhkIFEP RIDL >C

+ROODQG <X 2T%ULHQ @ Bklhjbg_kdt
kgZzqzZezZ \ZjbZpbhgguc ih”oh” ijbf_gyeky fey j_r
gZfbdb Zlfhkn_ju >FZjgmd | _g_gdh @ Z

bkihevah\Zeky ey j_r_gby hd_Zgheh]bg_kdbo az
dbo Zelhjblfh\ e_"Zl j_r_gb_ khijy ' _gghc azZz”~Zqgb I
d\z”~jZlbggh]h nmgdpbhgZez dzq_kI\Z ijhlghaz <
klvx 1Zdbo Ze]hjblfh\ y\ey_Iky Ih qglh kzZfzZ fh”_e
jheb ijhkljzgklI\_ggh \j_f_gghlh bgl_jiheyglz >I_¢
b ihemqzZ_fh_ j_r_gb_ kh]eZkh\Zgh g_ Ihevdh k
gbc gh b k kzZfhc fh”r_evx B”_glbnbdzZpby \oh”g
hkms_kl\ey |ky azZ kq_I| fbgbfbazZpbb d\zZ”*jZlbqggh
dZgq_kI\Z ijh]JghazZz LZdhc nmgdpbhgZe y\ey_Ilky \
fmf _]1h _~bgkl\_gguc Fh”_ev i_j_ghkZ izZkkb\ghc
g_cgZy ihwlhfm bkihevah\Zgb_ __ \ dZq_kI\_ k\y
ijb fbgbfbazZpbb \u[jZggh]h nmgdpbhgZeZ g_ f_gy.
klb qglh ihalhey_I| hkms_kl\eylv ihbkd \oh”guo iZ
eb ijb dhlhjuo __ j_r_gb_ gZbemqrbf h[jZahf kh]e
xsbfbky ~Zggufb baf_j_gbc

J_r_gb_ khijy'_gghc az~zZgb ih k\h_c kmlb y\ey
_c gm\kl\bl_evghklb® beb ©nmgdpb_c \ebygby?2 >F
wlhfm j_r_gb_ khijy ' _gghc az”~zZqgb ~Z_| \hafh gh!
gb\Zlv \ebygb_ jZaebgguo jZchgh\ h[eZklb bgl_]j
eb gZ bgl_j_kmxsbc gZk jZchg QZklh ijb j_r_ghbb
az”~"Zq g_h[oh~bfh ke_"blv g_ aZ kzZfhc dhgp_glj-
aZ agZq_gbyfb g_dhlhjuo nmgdpbhgzZeh\ \-bgl_j_ Kk
g_ GZijbf_j wlh fh™_I [ulv kj_~gyy beb kmffZjgzZy
dZzdhc eb[h ijbf_kb \ bkke_"m_fhc h[eZklb- LZdb_
pbhgzZeh\ fh gh \ugbkeylv g_ihkj_~klI\_ggh-ih agZc
l[jZpbb \ maeZo jZkq_lghc k_Idb 1Ijb wlhf agZq_gb:
f_gl bgl_]jbjh\Zgby bsmlky iml_f j_r_gby fh”_eb i
NZggufb gZgZevgufb ~Zggufb b nmgdpbyfb bklhqgg
gby LZdbf h[jZahf azZ”Z\Zy jZaebqgu_ gZqZevgu



pbb bklhggbdh\ fu ihemqzZ_f k_jbx ihe_c dhgp_glj
juo \ugbkey_f g_h[oh”bfuc nmgdpbhgZe \ mdZaZg:
jZaebgguo gZqZevguo ~Zgguo b fhsghkl_c bklhqggl
hkms_kl\eylv gh\uc ijhkljzgkl\_ggh \j_f_gghc jZkc
dbo jzkq_Ilh\ fh gh \u[jZlv gZb[he__ hilbfZevguc k
g_ij_\ur_gby nmgdpbhgZehf g_dhlhjuo _]h ~himk
gbc K Ajm]hc klhjhgu j_r_gb_ ih~h[gh]h jh*Z aZzZ’
mijhs_gh gZ hkgh\_ f_Ih~Z khijy'_gguo mjzZ\g_gb
khhi\_IklI\bb k >FZjgmd @ khijy ' _ggZy az™Zq
jZa b bkke_~m_fuc nmgdpbhgZe \ugbkey_Ilky [_a
\j_f_ggh]h kq_IZ ijb jZaebqguo gZgqZevguo iheyo
Ilhggbdh\

Fhr_ev i_j_gkka@lzg_kI\_ fh”_eb i_j_ghkz izk
ijbf_kb \ :ah\kdhf fhj_ jZkkfhljbf ke_"mxs__ mj
1 dhhj*bgzZlZo

DC DuC DVC WC _A, DC _A, bC K, C
t X y X X y y D

k djZz_\ufb mkeh\byfb

E)C

on
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b gZzgqZevgufb *"Zggufb
Cxy .0 G xYV
]" K+ dhgp_gljZpby Bijb®& kbdhfihg_glu ihey kdhjhk!

c b R dhwnnbpb_glu Imj[me_glghc “bnnmabb \
ghf b\ jlbdZevghf gzZijZYe \abywgZfbqg_kdZy ]Jem|[b
1 + \_jlbdZze ngy dhhjrbgzlz 1 gZ ih\_joghklb
Q [V ,4 \xi_j_f_ggu_ ih ijhkljzgkl\m fhsghklb bk
gZ ih\_jo ghklb ng@B"iglhklhyggu fhsghklb Ihqg_q



bklhggbMht h[eZklv bgl_]jbjh\Zgby 1hZ2gbpZ hleZ
KIMM Mi1> 7@

Khijy _ggZy aZlhmadz\bf \ khhiI\_Ikl\b_ -+ kt
_ggmx aZ”~Zgm
_dDC’ dDUC' dDVC oWC _ _A“_ —A4— L0 K, 9C

ot ox ay o X dy do D do

:£:0

an

oC’
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ljb \u\h~_ mql_gh khhlghr_gb_ ihemq_ggh_

g_jZajulghklb
D DU DV W
tox oy
Mfgh Zy + & bggl_Jjbjmy ih gqzZklyf k mqg_Ihf
ihemqgbf

hCdM CCdM

M M
<ul[bjzZ K\ \b~"_
hel_L _ Q,0- Q
m(Q)
]1"m+ f jZ g_dhlhjhc h[MzZklpb wlhf \ e \hc qZklb \
iZ> _gby ihemqgzZ_ f kj_"gxx cﬁhrgp_gngpflM_gl
\j_f g

uljz\ \ dZq_kI\_ yg_cdm jZkg_lghc k_ldb bf_
C, CcCadm

M
LZdbf h[jZzahf ijb j_r_gbb k_jbb khijy' _gguo aZ
gZevgufb ~Zggufb ih nhjfme _ hkms_kl\ey |k
dhgp_gljZpbb \ g _dhlhjhc yg_cd_ jZkg_Ilgh<c k_Ildb



gu_ Kihlml khhI\_IkI\h\ZIv ex[hfm fhft,glad \j_f_gb
ijb wihf ijhp_~mjZ \hkklZgh\e_gby ihey dhgp_gljZz
ijbf_k®& j_Zebam_Ilky gZ bgl_j\Ze@ \j_f_gb >

Khijy' _ggu_ az”~zZqgb \ "Zgghf Zelhjblf_ g_az\b
Aim]Z qlh ihalhey_ | hkms_kl\eylv g_h[oh”?bfu_ \u
iZjZee_e_gghf j_"bf_>Zevg GrZlhkimps_ckd¥ey Iky
[_a ijhkljzgkI\_ggh \j_f_ggh]h kq_1Z k bkihevah\
kgblZgguo agKqg_ghbc

<u[bjzy={1- ,0- fh gh hp_
gblv kmffZjgmx dhgp_gljZpbx gZ dhg_qguc fhf_gl
eZklb ih nhjfme_

C.d C. dM C‘OngM
M M

ljb wlhf j_r_gb_ khijy  _gghc azZz~Zqb y\ey Ilky \
pb_c ijb gZgqZevguo ~"Zggudhilgh kmtblv dZdb_
eZklb hdZau\Zxl \ebygb_ gZ nhjfbjh\Zgb_ ihe_c dl
ijbf_kb \

J amevlZlu gbke_gguo wdkQbke glp _ wdki_jb
f_glu ijh\h~"bebkv k fh~_evx >B\Zgh\ Nhfbg C
jbb :ah\kdh]h fhjy ;ueb ihemqg_gu ihey |I_g_gbc &
lu Imj[me_glghc “bnnmabb ijb jZaebqgghf \_Ijh\hf
dhlhju_ bkihevah\Zebkv \ dZq_kI\_ \oh”ghe bgnhj:
]ijbjh\Zgbb fh”_eb i_j_ghkZ iZkkb\ghc ijbf-_kb >¢
gby \ZjbzZpbhggh]h Ze]hjblfZz b~ _glbnbdzZpbb fhsg
dZz \ aZeb\_ DZazglbi [ue ijh\_~_g jZkqg_l gZ mklZz
ghlh ihey I_gq_gbc k ihklhygguf \_Ijhf f k \hklhqg
e_gby Ilhemqg_ggu_ ihey kdhjhkl_c b dhwnnbpb_g
"bnnmabb bkihevah\Zebkv \ dZq_kI\_ \oh”guo iZjZ

libjh\Zgbb fh” _eb i_j ghkZ izkkb\ghc ijbf_kb gZ
ljb wihf rz] ih \j_fWgb &k rZ] ih ijhklj2gkli\m G
df ya df Ih \_jlbdZeb \ fh”_eb bkihevam_ Ik

k_ldzZidhhj*bgZlZo k ]hjbahglzfb K hibkzZgghc
evx i_j_ghkzZ iZzkkb\ghc ijbf_kb [ueb ijh\_~_gu jZI

g_qguo bklhggbdh\ ijb jZaebqgghf \_Ijh\hf \ha”_ckl



ij_"klz\e_g kgbfhd ih\_joghklb :ah\kdh]lh fhjy be
dhgp_gljzpbb \a\_r_ggh]h \_s_kI\Z fh gh km~blv h
ijhp_kkZo

ljb Izdhf \_ljh\hf \ha”_ckl\bb hl lThg_qgh]h bkIF
iheh”_ggh]lh m dhku >he]lhc jZkijhkljZzg_gb_ izZkk
bah[jZ  _gh gZ jbk Kjz\gb\Zy j_amevlZI- fh”_ek
gufb ihemqg_ggufb k BKA fh 'gh km”blv h[ Z~_d\Z
fhr_evx "bgzZfbg_kdbo ijhp_kkh\ ijhbkoh”ysbo \ :

Jbk Dhgp_gljZzpby \a\_r_gghlh \_s ykI\Z ] hdly[j

Jbk JZKijhkljZg_gb_ iZkkb\ghc ijthflhkbkihdlgtpd@g



< j_amevlzIl_ bgl_]jbjh\Zgby khijy _gghc fh~_
[ueb ihkljh_gu nmgdpbb \ebygby gZqZevguo *"Zg1
gmx dhgp_glfZpbxezZklb ijbe_]Zxs_c d D_jq_gkdr
eb\m b jZkiheh _gghc \ jZchg_ bgl_gkb\gh]lh km?

amevlZl_ ijb k_\_jghf \_lj_ gZ kmffZjganx dhgp_gl
hkgh\ghf hdZau\Z_1I| \ebygb_ h[eZklv D_jg-gkdh]h
Iz L_fjxd Ba\_klgh qlh \ ~Zgghf jZchg_ ij_h[eZ

\hklhggu_ \_lju 1jb 1Zdhf \_Ijh\hf \ha”_ckRbb hkg
gb_gZz\ hdzau\z_| zd\Zlhjby ihjlz L_fjxd jbk

Jbk Nmgdpby \ebygby ijb k_\_jh \hklhgqghf \_Ij_

lib \hklhgguo b x]h \hklhgqguo \_ljZobhk@&B\gh _\
\ hdZaulZ_I| h[{ezZklv ijhoh ™~ _gby ko tkdhjbkjh_ D
eb\zZ Ijb x ghf \_1Ij_ kmffZjgZy dhgpZgdhiphye¥ md
klb nZdlbg_kdb hij_~_ey_Iky h[eZklvk\ijizohjB _gb
x]h azZiz*guo \_ljZo gZqbgZ | hdZawudBlv kiddégh\gh _
g_gkdbc ijheb\ dhlhjuc gZjy"m k DRZfaXegbdpikddZ aZz
Cc \ ijb aziz~rghf \_ljh\hf \ha”_ckl\@ZiZjgko\\ jh
ljZo ¢Z\ kms_kI\_ggh_\ebygb_ hdZau\ZZk h[eZKkl
sZy d \uoh”m ba D_jg_gkdh]h ijheb\zZ \ :ah\kdhf fh

>Zgguc ih~oh”~ fh™ | [ulv ijbf_g_g ijb j-r_gbb
guo azZ~Zq wdheh]bg_kdhc gZijzZz\e_gghklb Hg il



eylv ahgu \ebygby gZgqZevguo ihe_c b bklhqggbdh
ihe_ dhgp_gljZpbb bkke_~m_fhc ijbf_kb \ bgl_j_Kkt
hg_ <\b”m [hevrh]lh h[t_fZ bgnhjfZpbb bf-_xs_]hl
guo iheyo kdhjhkl_c b dhwnnbpb_glh\ mfhajbl_ev
h \hafh guo bklhggbdZo azZ]jyag_gbc \_kvfzZ aZljn
bkihevah\Zgbb khijy' _gguo mjzZ\g_gbc m~Z_1lky Ih
\k_ baf_g_gby \ iheyo b mdzZazlv \hafh gu_ jZchg
bkke_~m_fhc ijbf_kb

Ebl_jZImjz

B\Zgh\ < : NhfFgI<fZlIbg_kdh_ fh~_ebjh\Zgb_ ~bgzZf
ijhp_kkh\ \ ahg_fhj_ + kmrz K_\ZKijhinkeabdZDHKB ]b
FZjgmd =HBgh\gu_ b khijy ' _ggu_ mjZ\g_gby “bgZfbd

ju b hd_Zgz F_I_hjheh]lby b ]b”jheh]by < K
FZjgmd =FAB _fZlbg_kdh_ fh*_ebjh\zZgb_ \ ijh[e_f_ hd
ki_~u F GZmdZz k

I_g_gdh <F_dh”u gbke_gghlh fh”_ebjh\zZgby -ZIfhkn_
p_kkh\ E =b”jhf_I_hbanzl k

?j f A\ < G Dhg_jlbg < | Dhqg_j]lbgFRI £ZIKdeyj
g_kdh_ fh~_ebjh\Zgb_ ]1b"jh~"bgZfbdb Jem[hdh\2guo [Zk
ihev WDHKB =b”jhnbabdZz k

ODODQRWWH 5L]]ROL'BWD RRORMD/WAIDLWY $SSOLY
WKH 2FHDQ *HQHUDO &LUFXOQWLRQ@G\3IDHWR Q,Y LTXII

-RXUQDO RI 3K\WLFDO 2FHDEXRXYMSK\ 9 J , V& X H

<X/ 2T%ULDQUEDWLRQDO HVWLPDWLRQ-RI WKH
FLHQW DQG WKH RFHDQLF HGG\ YLVFRVLW\ SURC
J +

75$163257 02'(/ 2) 3$66,9( $'0,;785(
)520 $ 32,17 6285&( ,1 7+( $=29 6($
$7 ',))(5(17 :,1' ',5(&7,216

9 6 .RFKHUJLQ 6 9 .RFKHUJLQ
ODULQH +\GURSK\VLFDO ,QVWLWXWH 5.

7KH VROXWLRQ RI SUREOHPV DVVRFLDWB® HLRVK V
ZDWHU EDVLQV UHTXLUHVY WKH HYDOXDWLRQ RI W
SRUW DQG GLIIXVLRQ DGPL[WXUHV RI GLITHUHQW (
WLRQ ¢HOGV FDQ EH SHUIRUPHG WKURXJK WKH X



PRGHOLQJ FDOFXODWLRQ UHIHUULQJ WR WKH WUD
D SRLQW VRXUFH LQ 'ROJD\D 6SLW DUHD ZDV PDC(
UHVXOWY LQ FRPSDULVRQ ZLWK VDWHO OXODHWHP D
PDWWHU LQ WKH DUHD XQGHU LQWHQVLYH HDVW 7

IBL:GB? J?QGH=H HDREBQAFLUVIATILIS /
B KB=: H;UDGH<?G GEGREGONUS LAVARETUS/
< J?D? HE:G=? G:PBHG:EVGUC 1:JD ©Il::G:YJ<B?®

F : E_khgBg : Lujdbg

I _ljhaz\h~"kdbc JThkm~ZjklI\_gguc mgb\_jkbl_
BgklbIml \h~Aguo ijh[e_f K_\ _jZ DZjGP J:G

Bkke_~h\Zgb_iblZgby j_3jid b FnDhA ¥y k> Wh]Z1hWfud
gh\_gglcpregonusODY D/UHWjXWHeZg] _ gZ ie_k_-\ jZchc
gbszZ <ZjlbheZzZfib \ e_Igbc i_jbh” qlh]hdmdgda B ekb ]
iblZxlky djZcg_ keZ[h + kj_"gbc bg” edk"diZ\hgeg ¢
ij_\urz_| GZ j Hezg]_ bf_xlky Zhgh]l® b i[h_d
Z | fheh?rv dmf'b Z 1Zd _ ]Jem[hdb gb&ekgghkhexrt
hdmgy kb]Z b iehl\u Dhjfh\Zy [Za&_gbRdfgghlBf d
jZam_Ilky [Zf ]~_ 1l_q_gb_ j_db bgl”gkb\glh j\Zaful\Z
d mf_gvr_gbx hjl]Zgbafh\ ahhiezZgdlhgZ ijhiglthoe Zga
H[ wihf k\b”_1_evkl\m_I| dhebqg_kl\lmikk]bo £+ _em~"d}
m hdmg_c =

<\_~ _gBf__Iky fghlh k\_~_gbc h iblZgbb j_qgt
(BHUFD AXYLDWbDPA Vi[udghComggdniie ODYDIUHW XV
\ ha_ jZo DZj_ebb Ha_jzZ DZj _ebb N J_r_lgbd
b 7j Z gZkdhevdh mki_rgh iblZxlkydZbgBudj \b"
ebb bamqg_gh g_"hklZlhggh Lzd kiZigbjffifglj\ j E_
[e_gby dhjfh\uo h[t_dlh\ kb]h& RUMYRKIXV ODYD
SLGVFKRPQLQ hlghkbl_evgh ihklhyg g h”gZdh
"he ¢ hkgh\guo dhfihg_glh\ ebqgbghghdih/baghd
f gy _Iky \ aZ\bkbfhklb hl ozZjzdl_jZv\jbm&A]Z h Hdm
"Z |1 g_ lhevdh jZaghh[jZaguo [_kihaWwWelygduo



ky hkgh\ghc ibs_c gh b f_edbo fe_dHilbbgZxbbo >
/\j @

Bkke_"h\Zgbx jul[ gZpbhgZevgh]h iZzjdz ©l1Z2Z2gZzZ)\
gh [hevrh_ dhebqg_klI\h im[ebdZpbc >;ZjkdZy b "]
N b @ _klv k\_~_gby ih iblZgbx dmf b >R

@ oZjbmkZ >Q_q_gdh\ Eyllb @ h~™rgZdh fz
gbx hdmgy b kb]z g_|I

P_ev jZ[hlu = bkke_~h\ZIv hkh[_gghklb iblZgby
gZ ie_kh\hf mqgzkld_j HeZg]b gZpbhgZevguc iZ]j

FzZl_jbZeu b f_Ih"®dZl_jjblhjbb DZj_ebb j Hez:
ha_jgh j_qgZy kbkl_fz y\ey_|Iky ijh*he _gb_f j
ljhl_dzZ_1 ih "\mf gZpbhgZevguf iZjdZf + ©HmeZ
"by b ©1Z2ZgZyj\b® DZj_eby < DZj_ebb bklhdhf
_lky ha 1ZzZgZyj\b ijhly _gghklv j_db khklz\ey_|I
\ ha Ilyha_jh Dmfkdh_ \h*hojZgbebs_ GZ j_d_ I
klu_ mqzkldb Z Izd _ \h~hiz® Db\ZzddzZdhkdb

Hdmgv b kb] hleZ\eb\Zebkv \ bxg_ * bxe_
ie_k_ hdheh mjhgbszZ <Zjlbhezfib \ ezZgdh -hBonklv
IbhnZmgz ie_kZ ij_"~klzZ\e_gZ ke _"mxwsd fd \bg\Z fb
(SBHUFD AXLYLDMWuUO®@WM _ggZyRutladhdilus L kb]
h[fudgh\_g@aregonusODYDUHWKVYEDOPR WU X&WD
Jjbmk K\PDOOXV WK\BB@DXVOXFLX¥EWHXFLVFXV
idus / Ju[Z ba f_j_"b bale_dZeZkv "NafjbavZ \ kml
g_jhf Gz f_klI_ ju[m baf_jyeb \a\_rb\zZé&@b blgz\»
\e_dZeb "_em”hd wlbdbjh\Zeb b kjZzamzkBdkbjh\.
jhf nhjfzebgZz

DzZf_jZevgZy h[jZ[hldZ ijh\h*"beZkv kh]eZkgh |jZ
Ih~rzf >F_Ih~"bqg_kdh_ ihkh[b_« lhih\z J_r_lg
Ibs_\hc dhfhd bale_dZeb ba "_em”dZ ju[u ey hij_
]Jh bg”_dkZ gZiheg_gby Ih*kgblul\Zehkv dhebq_k!
his__ b "ey hkgh\guo dhjfh\uo h[t_dlh\ Hij_"_eye
fhklv ) b “hey hkgh\guo dhjfh\uo h[t_dlh\ hl fZkk
3 Z1zZd _ jZkkgblu\Zeky dhfie_dkguc bg”_dk hlc
gbfhklb 5, H[sbc bg”_dk gZiheg_gby "_em~dZ j
ijhr_pbfbee_ dZd hlghr_gb_ \_kZ ibsb f] d \_km



mfgh  _ggh_ gZ \_ebqgbgm <k_]h bkke_"h\Zgu ¢
db hdmg_c b kb]h\

J_amevlZlu b h[kmBanmgdp gb_ kh”_j"bfh]h ~_em
hdmgy b kb]Z \ j HeZg]_ ihdZazZeh koh”kl\h ibs_\
LZd \ "_em”dZo h[hbo \b”h\ \klj_gZebkv \h~yghc
objhghfb” dmdhedb objhghfb”® jmqg_cgbdb ih”"_¢
jZklbl_evgu_ hklzldb ijhgb_

Ih gbkem ibs_\uo hjljzZzgbafh\ [Z[e _mfhkihgy h
azgbfzxl gbfnu ih”"_ghd m kb]zZz = fbéeekxdkhftb”r"dmdl
gbfnu ih”_ghd ebqgbgdb objhghfb” <dh)bkl-hij_ggu_
]Zgbafu hdmgy £+ dmdhedb objhghfhébd&bjme_ ‘rytyg
db \ha“mrgu_ gZk_dhfu_ jZklbl_evogopgh hikl B dchio
gy \klj_gZezZkv ju[Z m kb]zZ + deZhypbdu HhkIE®Wgh
guo hjJZgbafh\ 1Zdbo dZd \h*ygu_bhhkelhfdb* - eleqgb g c
“hp_ju [hdhieZ\u jmq_cgbdb \ha?jEkdbl g¥dudhft
hklzldb ijhg__ m hdmgy [hdhiemd\kb]hdhkbs ij\indb_
dhfd_ f_gvr_ _"~bgbpu

Ilh gzklhl_ \klj_qZ_fhklb dhjfh\uo hfit hdlilmgy fZkk_
h[ez”"Zx| gbfnu ih"_ghd dmdhedb &ibjjlzghfpm-qjcigb
db fheexkdb gbfnu ih”_ghd ijhgb_fbEbdbégdbpobjh
ju [hdhieZ\u jmg_cgbdb \ha"mrgugbgZkf ddhfgZ b |
bf_gvrmx \klj_qZ_fhklv m hdmgy deZ”hp_ju + m k&

< j Hezg]_ hkgh\guf \bAhf dhjfZ hdangy y\idy _Iky
fZkk_ b gbfnu ih~_ghd "hihebgbdbewodyligh dm
fb~ hklZevgu_ \b”u 1Zdb_ dZebgbgghbcolbkel
jhghfb”r dezZ”hp_ju [hdhiezZ\u jmq_ag@kdkdhfoamr
jZklbl_evgu_ hklzZldb b ijhgb_ \Zjvihrxkkl G&A
ijbf_j \ ha Gxd hkgh\guf \b~Ahf dhjfiey helbhgdy dbey:

img_cgbdh\ ih fZkk_  “~hihegbllhevguf-fZdhi\b
hljZagu_ b fbab”u ih fZkkdbel _j\h@\Zg
Hkgh\guf dhjfh\uf h[t_dlhf kb]Z \ j M ehg]_cgbex|k
b ebgbgdb objhghfb” ih fZrkk_dhabg [he
kI\_ \klj_gqZebkv fheexkdb ihc fiZikébd \h”~ygh
gbfnu ih”_ghd jZklbl_evgu_ hkiZkdkb

_"“bgbggh £ "mdb [hdhiezZ\u \h”ygha _degZ&bd



k_dhfu_ b ijhgb_ # ih fzkk_  GZjef_j \
Ahfbgbjmxsbfb ]jmiizZfb \ iblZgbb kb]Zcgbeyxlky

ahhiezgdlhg b j_ebdlh\u_ jZdhfhEZlkgu
k_ >I_j\ha\Zgkdbc @

IblZgb_ hdmgy b kb]Z gZ ie_k_ <Zjlbhezfib j Hezg]b \
]

Khklz\ ibsb

Hdmgv Kb]

1| F|P 5, 1 F P 5,
$VHOOXV DTXDWLFXV
&KLURQRPLGDH 5
&KLURQRRBLGDH 9
&ROHRSWHUD - - | - -
&ODGRFHUD
(SKHPHURSWHUD
*DPPDUXV
+\GUDFDULQD -
7TULFKRSWHUD
OROOXVED - -1 = -
,QVHFWD bfZ]h |km|[IbfZ]h
JZklbl_evgu_ hklgzldb9 9
Ju[z - - - -
ljhgb_ 5
Bg”_dk gZiheg_gby O

OLP
>ebgZ ju[u 0O OLP kf
<_k ju[u O OLP |]
Imklhc ~_em”~hd 59
Q wda
Ijbf_qzZgh + qZklhlZ \klj_qZ_fhklb dhjfh\h]lh h[t_dIZ -3 £ ~hey
ihg_glz ih fzkk_ 5, + bg”_dk hlghkbl_evghc agZqbfhklb 1 4
lZzgbafh\ / + ebqbgdb 3 + dmdhedb 1 + gbfnu
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Bg"_dk gZiheg_gby hdmgy \ j HeZydy \ kj_"g_
fZdkbfZevgh Bg"b\b"mZevgZy gZdhjfe_gghklv ji
jm_1 hg_gv rbjhdh GZzZijbf_j kj_~gbgblyg?_dik”gZih
dZ hdmgy ha_j DZf_ggh_ DbfzZk b ®xbafh§lyevgh



ky \ij_~_eZo *1_j\ha\lZgkdbc @ Bg”_dk gZi
m kb]z \ j HeZg]_ \ kj_"g_f "hklth& _IGxd
gZdhjfe_gghklv kb]zZ khklz\ey_| \ kj_"g_HI% déweh
guo ju[ = ~h >|_j\halzZgkdbc @ Ba\_klgh ql
gbb j :gZ”ujv \ bxg_ h[sbc bg”_dk dgZitkenk!gblye _
\ bxe_ % >J_r_lgbdh\ b ~j @

< iblZzgbb ju[ gZb[hevrbc bg”_dk hlghtkibllb evght
hdmgy khklZ\beb gbfnu ih®_ghd m kib]ja[#£ jmqg_c
gbdb dmdhedb objhghfb” b< fhekhekd
ijhp_gl imkluo "_em~dh\ hdmgy khkbzZ¥bgghf >t_\ ha
\ha\zZgkdbc @ Iljhp_gl imkluoklZébme*dh\ kb zZ k
rZgguf < Y 1_j\halZgkdh]h > @j Z nbb kb ] @k DgoZ d Ik h
ie_gby fh™_| kgb Zlvky \ g_j_klh\ucvizjihty[kv gly[]

<u\h”u< j HeZg]_9Z ie_k_\ jZchg_ mjhgbszZ <
\ bxg_ * bxe_ ] hdmgv b kb] iblZzebkv-keZ[h
eb IZzdb_ dhjfh\u_ h[t_dlu dzZd gbfnu ih”_ghd jul
dmdhehd objhghfb”® fheexkdh\ \ [hevrhf dhebq_}
gbl_evgh gzZk_dhfuo ba \ha“mrghc b gZa_fghc nj
kghkylky \h~*ghc ih\_joghklvx jZklbl_evgu_ hklZIl
imkluo "_em”dh\ hdmgy b kb]Z \ j HeZg]_ ih kjZ\¢
< Y I_j\halzZzgkdh]h > @ hg_gv \_ebdh

LZdbf h[jZzahf mklZgh\e_gh qlh hdmgv b kb] \
iblzxlky djZcg_ kezZ[h H[ wlhf k\b”~_l_evkl\mxI| [Z
iblZzgby ju[ dzZd gbadbc bg”_dk gZiheg_gby "~ _em
rh_ dhebq_kl\h imkluo "_em”~dh\ m hdmgy hi
fZgguo ju[ m kb]z b ij_~klz\e_gghkiv [hevi
\uo hj]Zgbafh\ _*bgbqgufb wda_fieyjZfb

Ebl_jZImjz

yZjkdzZzy X X B_rdh ? | Gh\hozZpdzZzy H $NZ FZeZg
mgZ iZjZablh\ ju[ ha_jZ 1ZZgZyj\b ljbjh"Z gZpbhgzZe
ZgZyj\b2® Lj DZjGP J:G k_j ; ©;bheh]lby? <ui

BevfZkl G < Oj_ggbdh\ < < IbRAaghlh\fXehlugbgdh\h]t
kb]Z &RUHJRQXVY ODYDUHWXYV b2 \ bAfjZo Kl ©&ZZgZ)

F_Ih~bg_kdh_ ihkhbamqg_gbx iblZgby b ibs_\uo hlgh
ju[ \ _kl_kI\_gguo mkeh\byo F k



Ha_jz Dzj_l¢bjth~Z ju[u b ju[gh_ ohayckl\h KijzZ\hqg
[jhaz\h~kd =hk ba” \h DZj_evkdhc :KKJ k

| _j\hal\Zgkdbc Ju[w \h~ h_fh\ jZchgZ Dhklhfmdrkdh]h
jm~gh]lh f_klhjh ~_gby wdheh]by \hkijhba\h?kd\h bkil

[jhaz\h~kd DZj eby k
lhih\z H J r _lgbdi\ chfie_dkguo bg”"_dkZo ijb be
gbb iblZgby ju[ <hijhku bolbheh]bb L < K

Ilhl_fdbgzZz L < R_\_e_\Z G B RZKhiphd¥Im3Z- dhev
g_klI\_ggu_ ihdZazl_eb ahhieZgdlhgg bhahhy[ gikkz E_jg.
b _]h \h~h_fh\ @mjgZe KNM ;bheh]lbyK +L

ljZ\"bg B JMdh\h~kl\h ih bamqg_gbx ju[ F Ibs_ijh

k

J_r_lgbdh\ X K lhih\z 2 $ Kl Bablg\Zgil -kljmd
Imju ju[gh]h gZk_e_gby w\ljhnbjm_fh]h \h~h_fzZ F GZ

Q_g_gdh\ : < EylOzZiomk ha_jzZ 1ZZgZyj\b b j_db |

L_a ~hde <k_khxa kh\_s ih ijh[e_fzf dzZ~ZkljZ b
fbjz Q I _ljhaz\h”kd K +

Rmklh\ X <_k_eHblzgbd_ b jhkl fheh”b ha_jghc o
6DOPR WUXWWD / PRUSKD ODFXVWULV \ \h*h_f_ g
\b2 Wdheh]lby Wdki_jbf _glZevgZy ] _g _IbdZ b nbabt
J:G <ui K +

7+( ', (7 2) 3(5&PERCAFLUVIATILIS /
$1' &20021 :+,7(),6+COREGONUS LAVARETUS/
1+$%,7,1* 7+( 5,9(5 2/$1*$ 13 23$$1$-b59,"

0 $ /HVRQH® 7\UNLQ

SHWUR]DYRGVN\ 6WDWH 8QLYHUVLW\
l1RUWKHUQ :DWHU 3UREOHPV ,QVWLWXWH

7KH UHVHDUFK RI QXW ULWLHRUF 5 HEXQ IMWEVE RHPP R
ZKLWHGRMKHIRQXW @D YL.IMKHDVEXWLQJ WKH ULYHU 20D
WKH WUDFW 9DUWLRODPSL LB YNBPKWQG WKRIZHEIGL
QRW HDW HQRXJK DQG WKH DDYGHMV K LL® @HRWR H MW
7KH 5LYHU 20DQJD LV ULFKDELWHSLEB\WVMXQYG KO G F
ZHOO DV LQ GHHS UHDFKHV IRQKSHELAKH @ KE\WH @ DK I
7KH IRRG VXSSO\ LV SRRU DB LW RX WXDIOID\F VR WPKHDG |
ZKHUH WKH LQWHQVLYH ARRG ERR WWKRIP U Z X H-B KA REZ Xt
FUHDVH LQ WKH QXPEHU RI JR®S CROMQKHAR R U BIKQW\RFS
ZKLWH¢ VKT HPSW\ VWRPDFKV VDR D F KR/l SUHRIVFHK W KHt



KM;F:JBGG:Y J:A=JMAD: D:D N:DLHJ
NHIJFBJH<:GBY :GHF:EVGHC <?JLBD:EVGHC
KLIMDLMJU <H> ;?EH=H FHJY

L F Fzdkbfh\kdZy H < 0OZcfbgz
Jhkkbckdbc JThkmAZjkI\_gguc ]b~jhf_gbhjlkblblg kd

JZ[hlZ ihk\ys_gZ bamqg_gbx y\e_gby km[fZjbgghc
NZezZdrkdhf aZeb\_ ;_eh]h fhjy b \hafh ghklb _]h
pbb ih "Zgguf gZ[ex®_gbc kh klZg”Zjlguo ]hjbahi
\uihegyxlky ke_~mxsb_ azZ”Zgb h[h[s_gb_-himJ[eb
guo h ijbgbgZo nhjfbjh\Zgby ZghfZevghc \-_jlbdZe
ju \h™ Fbjh\h]h hd_Zgz ih~]hlh\dzZ fZzkkb\h\ ~Zgg
g_kdbo b ]brjhobfbgq_kdbo gZ[ex®_gbc \' \_jrbg_ D
aZeb\zZz hkms_kl\e_gZ deZkkbnbdZpby Ibih\ \h" |
deZkl_jgh]h ZgZebazZz bkiheg_gu hp_gdZ 4jhkljZc
f_gghc baf_ggb\hklb ]b”~jheh]h ]b”jhobfbq_kdbo
jZaebqgguo Ibih\ \h®” b ZgZeba \g_rgbo nzZdlhjh\
\h*"ysbo d km[fZjbgghc jZa]l]jmad_ >Zggh_-bkke "’
eh k~_eZlv jy®» \u\h~h\ ih "Zgguf gZ[ex”_gbc +
\'\_jrbg_ DzZg"ZeZdrkdh]h aZeb\Z [ueh \u”~-_e_gh
ih\ \h” ih "Zgguf gZ[ex”*_gbc kh klZg™Zjlguo ]hjb
guf KL> ahg”bjh\Zgby ijbf_g_gb_ deZkl_jghlh Zg
N_e_gby \h*guo fzZkk ijb\h~bl d ihoh 'bf gh g_ Zg
amevlzZlZf ijb bkihevah\Zgbb 76 “"Zgguo b-]b”*jhol
guo ih j_amevlzlzf dezZzkl_jghlh ZgZebaZzZ ijb bkih
ANZgguo kh klzZzg~rZjlguo ]hjbahglh\ g_ m~Zehkv \u"
guc deZkk \h”u km[fZjbgghc jZa]jmadb gZb[he_.
fZjbggZy jZaljmadzZ \h™ \ \_jrbg_ DzZg”"ZeZdrkdh]l
gZ \uoh”~hf Ij_sbggh "bevguo \h” dhlhju_ ijbmjhqg_
|_dlhgbg_kdbo jZzaehfh\ GZ hkgh\_ bkke_~h\Zgby
[he__ "~ _IZevgh_ bamqg_gb_ km[fZjbgghc jZa]jmac
NZeZdrkdh]h aZzeb\zZ \hafh ' gh lhevdh ijb j_]Imeyjg
gZlex”_gbc \ ahg_ | _dlhgbqgq_kdbo jZaehfh\ k mq_|
Zdlb\ghklb gz Dhevkdhf ihemhkljh\_



< gZklhys__ \j_fy yle_gb_ jZa]jmadb ih~a_fguo
\h~u bamqg_gh g_"hklZlhggh Bf_xsb_ky hlju\lhggt
iha\heyxl hp_gblv \dez” dZ ~h]lh ih*h[gh]h-y\e_gb
gb_ kljmdImju fhjkdbo \h” \ jZaebqguo jZchgZo FI
ihwlhfm g_h[oh”bfh ~_1Zevgh_ bamq_gb_ dZ ~h]h
jhrh hk\_s_ggh]l]h "Zggufb kemqgZy
Bamqg_gb_ km[fZjbgghc jZa]jmadb ZdlniZdugh \ ij
e_ \ jy*_ kemqgqz_\ GZijbf_j ijb kmmayhdbbeZayzdn
kiI\Z g_h[oh”bf mqg_I \k_o nzdlhjh\ KkhEldlyyg kymlej "t
Ib\bjm_fuo \b”*h\ fhjkdbo hjl]Zgbafh\b\tu@bib-bladg_]7Z
j__\k_T1h g_ij_"\b”_gguf nZdlhjhf Yaohr hdZazZivky
guo \h* k ZghfZevgufb “ey "Zggh]hlpadicdigpz Wkhzdl
fh™_| _keb g_ ih]lm[blv hj]j]Zgbafu IkihyhgbZI¥ _hjh]h
ijbylby ih \u[hjm f_klIZ *ey Zd\Zdme& Il jgoh Jtpdo h apc
ijblhrghklb K ~jm]hc klhjhgu \ kh\yofgggbklmkieh\
ij_kghc \h”u 1Zd _ g_h[oh~bfh *"_|Zegrhadibanhdg_gt
a_fguo \h™ 1jb gZebqgbb “hklZlhqgugpbmkehkpicbb k\
jh\Zgbb km[fZjbggh]lh bklhqgbdz \ ijbdh{id&kddlhdch
\ ij_kghc \h”_ ohjhr_]h dzZq_kI\zZ \ g _fdh ghju\dr Kk e mc
ihegblv aZ kq_I bkihevah\Zgby ih”*a_fguo bklhqgghbc
P_evx "Zgghc jZ[hlu [Jueh bamqg_gb_ y\e-gby kn
]jmadb \ DZg~rZeZdrkdhf aZeb\_ ;_eh]h fhjy b \h
br _glbnbdzZpbb ih *Zgguf gZ[ex”_gbc kh klzg”~Zjlc
bk
AZ~Zqgb jZ[hlu
H[{h[sblv him[ebdh\Zggu_ ~Zggu_ h ijbgbgZo
gby ZghfZevghc \_jlbdZevghc kIjmdImju \h® Fbjh
Ihf gbke_ kemqgzZb km[fZjbgghc jZa]jmadb
Ih~1hlh\blv fZkkb\u ~Zgguo ]b”jheh]bq_kdbo
fbg_kdbo gZ[ex”_gbc \ \_jrbg_ DZg"ZeZdrkdh]h a
@ aZ e_Ilgbc i_jbh” b \uihegblv deZkkbnbdZphbx
ihevah\Zgb_f dezZkl_jgh]h ZgZebaZz
GZ hkgh\Zgbb ZgZebaz j_amevlZlh\-b_jZjol
jbazpbb hp_gblv ijhkljZzgklI\_ggmx b \j_f _ggmx |
]b~rjheh]h Jb”rjhobfbg_kdbo ozZjzdl_jbklbd jZaebqg



Hp_gblv khlezkh\Zgghklv baf_g_gbc \_jlbdz
ju \h* \ j_amevlZl_ km[fZjbgghc jZa]jmadb ih ~Z
guf \ gZqzZe_ o]] V\_jrbg_ DZzZg~ZezZdrkdh]h a
]bg_kdbo b Jb*jhobfbq_kdbo gZ[ex”_gbc

ljh\_klb ZgZeba \g_rgbo nzdlhjh\ \hafh gh
d km[fZjbgghc jZa]jmad_

Jbk JZkiheh' _gb_ klzgpbc baf_j_ glbdbsjetihbg_k
obfbg_kdbo 0zjzdl_jbklbd

Z * ] [+ ] V= ] 1+ ] N = ]

< jZ[hl_ bkihevah\Zeky fZl_jbZe gZlmjguo bkke_
g_gguo \ oh”_e_lgbo wdki_~bpbc J==FM IBGJH ¢
>;_ol_\ @ |Z[e



H[sZy o0zZjzdl _jbklbdZ ~Zgguo ]Jb”*jheh]bgq_kdbo b ]b”jh

gZ[ex™_gbc >1Z\eh\ @ \ \_jrbg_ DzZg~"ZezZdrkdh]h az
>_b4<| H[hs__ Dhebq_kI\h gZ[ex? _gbc
=ht 1 _jopdiztdhel oyihggna
ghklva_kliih T| 6|2 P0 S+ 12
f klZgpbc
“ZThf_1jb_
* * kdb _kt |fdb
“ZIhT_1jB_
* * kdb Kkt |fdb
. . K_L> ahgib B B B
- ~ ih\Zghb
. “ZIhf_1jbh_
* kdb _kt |fdb
+ KL> ahgfb B _ _
* ih\Zghb

Hkgh\guf f_Ih~hf IbibazZpbb \h” y\eyjglhyhf ZIGQZ dez
ebaz jbk Z Bkihevah\Zeky ZYehkf bjzjbpgug_f_|
kdbc f_Ih" Mhjr"Z <Zj*"Z >LhjhigbgZd_ kj\_ f_j@
koh~kI\Z ijbf_gyehkv ?\deb”h\h jZzkBYhF®db_h _Zeb
\h"bezZkv k ihfhsvx dhfivxl_jghlh iZd_Iep daZ67,é&
kl _jbazpbb ~Zggu_ ghjfbjh\Zebkv gZ ikj \kgfm ag:
fZkkb\m >ey hp_gdb agZgbfhklb jZaehgdyn VYu{jZg
ihevah\Zezkv ijh\_jdZ ~“hklh\_jghklbalglZd gblyc kijZ ~g
jZf_ljh\ f_"~m dezZkkzZfb ih W djbl_jbamKleixaZ g bZ
j_amevlZlh\ hkms_kl\eyeZkv \ iZdHlZojBKKUIHU b *

Jbk J amevlZlu \u®_e_gby deZkkhdeakl gigghfkgh\_
ZgZebaz "ey ]
Z + "~ _g~jh]jzffu [ £ 76 ~bz]jzffu



< blh]_ bkke_"~h\Zgb_ ]b”jheh]bg_kdbo b ]b”jhc
jZdl_jbklbd \_jrbgu DZg~ZeZdrkdh]h aZebYzZ \ e_I
al\hebeh k~_eZlv jy” \u\h”h\

— ih "Zgguf gZ[ex™_ghbc + 11 ¥ \_jrbg
"ZeZdrkdh]lh aZeb\Z [ueh \u”_e_gh * deZkkh)\
"Zgguf kh klzg~Zjlguo ]Jhjbahglh\ b *Zgguf KL> a
GZbf_gvr__ dhebqg_kI\h Ibih\ \h” \u”_eyehkv \ ]F
[ex_gby \uihegyebkv Ilhevdh \ fZeuo aZeb\Zo £ \
b Dzgnz fzdkbfzevgh dhebq_kl\h jZaebgguo deZ
ijb \ujz"_gghc km[fZjbgghc jZa]ljmad_

— ithdzZzazgh qlh ijbf_g_gb_ deZzZkl_jghl]h ZgZeb
ihoh bf gh g_ ZgZeh]bgguf j_amevlZIlZf ijb bkih
"Zgguo b ]b~jhobfbg_kdbo “Zgguo

— ih j_amevlzlzZzf dezZkl_jgh]h ZgZebaZz ijb bkihe
dh "Zgguo kh klzZzg”Zjlguo ]Jhjbahglh\ g_ m”*Zehk\
N _evguc deZkk \h~u km[fZjbgghc jZza]jmadb h~gZz
Ilhevdh Jb”*jhobfbg_kdbo *"Zgguo dZd b bkihevah\:
_lijbf_jgh hij_~_eblv h[ezZzklv jZa]jmadb \h”" ijb ih
j_ah\ \ jZchg_ | _dlhgbqg_kdbo jZaehfh\

— gZb[he__ \_jhylgh km[fZjbggZy jZa]jmadZ \h”*
NZeZdrkdh]lh aZeb\Z \ua\l\ZgZ \uoh”~hf |j_sbggh "be
lhju_ ijbmjhg_gu d kbkl_f_ |1 _dlhgbq_kdbo jZaehf
N IZ\eh\ BgnhjfZpbhgguc [xee_|_gv

— [he__ "~ _1Zevgh_ bamqg_gb_ km[fZjholgdc jZa]]j
Dzg~ZezZdrkdh]h aZeb\zZ \hafh gh Ihdvdhih¢b j_]m
g_gbb gZ[ex®_gbc \ ahg_ jZaehfh\ X Izkkfbqgijb m
kdhc ZdIb\ghklb jZchgz

Ebl_jZImjz

;_ol_\ < :gZeba f_"]lh~h\hc baf_gqgb\hklb |I_jfhoZebgc
Imju \h™ \_jrbgu DzZg~"ZezZdrkdh]h aZeb\Z \ e_Ilgbc i_jb
ijh_dl

BgnhjfZpbhgguc [xeer |kbklhygbb ] _heh]lbg_kdhc |
ijb[j_"gh r_evnh\uo ahg ;Zj_gp_\Z ; dhmh finj;Zelbck

] KI[ D2ZjlhljZnbg_kdZy nZ[jbdZ <Kk?=7?B



Dhjhlidh\ : B IZ\eh\ : G XjebkdbE Kehlby +_ evnh
\uo h[ezZkl_c¢ E k

Ehpbyehlh fhjy F =MGbH K +

[Z\eh\ : & hnbabdZ H[sbc dmjk h ijbjh*_ A_feb Mq
J==FM K +

Jmdh\h*khHb”jheh]bg_kdbf jZ[hlZf \ hd BAdZo b fhjy
i j_jZ[ b ~hi E =B>JHF?LBA>:L k

Lhjhigbgz = G >\h_jyrdbgzZz G G Wehofbgp_ 422z
kl_jghlh ZgZebaz Mq_[gh_ ihkh[b_ ;ezZ]lh\_s_gkd

68%0%5,1( 81/2%',1* $6 $ )$&725 )25 7+( $%1250%/
9(57,&%/ 67588&785( 2) :+,7( 6($ :$7(5

7 0 ODNVLPRYVND\D 2 9 .KD\PLQD
5XVVLDQ 6WDWH +\GURPHWHRURORJLFDO

7KH SDSHU GHDOV ZLWK WKH VWXG\ Rl WKH SKHQ
.DQGDODNVKD %D\ RI WKH :KLWH 6HD DQEDWKB SR
RQ WKH REVHUYDWLRQDO GDWD UHFHLYHG IURP W
WKH FRPSLODWLRQ Rl SXEOLVKHG GDWD RQ WKH F
YHUWLFDO VWUXFWXUH RI WKH :RUOG 2FHDQ WKH
GURORJLFDO DQG K\GURFKHPLFDO REVHUYDWLRQ\
%D\ WKH FODVVL{FDWLRQ RI ZDWH UYW\GHYW\RLRD
VSDWLDO DQG WHPSRUDO YDULDELOLW\ RI-K\GURC
WLFV RI GLITHUHQW W\SHV RI WUHDWPH QWP DIXKGVW |
OHDG WR WKH VXEPDULQH XQORDGLQJ

7KH VWXG\ KDV DOORZHG PDNLQJ D QXPEHU RI
REVHUYDWLRQV FDUULHG RXW LQ + DQG
UHFHLYHG IURP WKH VWDQGDUG GHSWK DQG &7'
FODVVHV W\SHV ZHUH LGHQWL¢HG LQ WKWMHXUSSH L
DQDO\VLV WR VHSDUDWH ZDWHU PDVVHNVSORML G
76 GDWD DQG K\GURFKHPLFDO GDWD DFFRWKHQJ
GDWD UHFHLYHG IURP WKH VWDQGDUG GHSWK GLC(
XQORDGLQJ WR D VSHFLDO ZDWHU W\SH KRVW Ol
XSSHU .DQGDODNVKD %D\ ZDV FDXVHG E\ WKH UH
VA\VWHP RI WHFWRQLF IDXOWYV

7KH VWXG\ SURYHG WKDW D PRUH GHWDLOHG V\
XSSHU .DQGDODNVKD %D\ LV RQO\ SRVVLEGH RQ W
ULHG RXW LQ WKH JRQH RI WHFWRQLF \\D XFOQV W KZHL V
.ROD 3HQLQVXOD



1?7J<U? >:GGU? H N:DLHJ:O NHJFBJH<:GBY
OBFBQ?KDH=H KHKL:<: HA?JGUO HLEH@?GBC
X@GH=H B KJ?>G?=H MJ:E:

< FZke_ggbdh\zZz < G M~*Zqgbg | = :fbgl
Bgklblml fbg_jZeh]lbb MjH J:G

GZ hkgh\_ g_izZjzf_ljbg_kdh]lh dhjj_eypbhggh]h b
lh ZgZebaz ~"Zgguo ih ha jm X gh]h b kKj_"*g_ ]l
e _gh \ebygb_ eZg”~rZnlgh debfZlbqgq_kdhc h[klZgh\
k[hjh\ nbabdh obfbqg_kdbo izZjzf_Ijh\ \h™ b | _ogh
N jtZgb we f glh\V\ ijbf_k_c¢c \ “hgguo hleh™ _gb\
klZlbklbq_kdb agZgbfh_ ih\ur_gb6Udhd@z|gajdZpint ¢
eh” _gbyo kIl _iguo eZg”rzZnlh\ Z 1Zd _ k\yav _]h kh
guo hleh” gbyo k we dIJhth\h’\gthvx \h’\ ha _j H
jZklZgb_ dhgp_ 8V ZiEre e e s e
guo hleh™ _gbyo bfizdlghc ahgu DZJZ[Zrkdh]h fA
dhf[bgZzZlzZz Z 1Zd>_ \ ha_jguo hkzZz~dZo e _kghc ahg
lez\ _gkl\mxs_c jheb i _Ijhnhg~Z \ dhgp_gljbjh\Zghb
we f glh\ eblhnbevghc ZkkhpbZpbb \ "hgguo hleht

>hggu_ hleh” _gby ha_j yleyxlky \Z guf bklhggboc
pbb h[ baf_g gbyo hdjm Zxs_c¢ kj_~u GZ hkgh\_
\Z ha_jguo hleh _gbc \uihegyxlky iZe_hj_dhgkljm:¢
ghklvx khklzZz\e_gby ] _hwdheh]bqg_kdh]h ijhlghaz
guo kbkl_f >hklZlhggh [hevrh_ dhebqg_kI\h jZ[hl i
g_gbx k\yab obfbg_kdh]h khklz\Z "hgguo hleh g
hdjm Zxs_c¢ kj_~u ih~ \ebygb_ f _kl_kI\_gguo b I_o
AN ckl\bc >M*"Zgbg b 7] =hev”[_j] b 7]
>Zm\Zevl_j DZrmeb@ X HMIRQBEWD @D A ) ik
ke_~h\Zgby nzZdlhjh\ nhjfbjh\Zgby obfbqg_kdh]h Kkl
hleh  _gbc k bkihevah\Zgb_f [Zau "Zgguo ih\_jogh
hleh  _gbc _s_ g_ ijh\h*behkyv
P_evx gZr_]lh bkke_~h\Zgby y\ey_ |ky hij_
nZdlhjh\ nhjfbjh\Zgby obfbqg_kdh]h khklz\Zz "hggl



ha_j X'gh]h b Kj_~g_]lh MjZeZ gZ hkgh\_ [Zau ~Zg
guo ha_jguo hleh’ _gbc Az~Zgb jZ[hlu \dexqgZxl]
hkgh\guo ]_hobfbg_kdbo ZkkhpbZpbc we -f_glh\
gbc ha_j hij_~ e _gb_ \ebygby eZg”rzZndigh deb
klZzgh\db ihjh~ \h~hk[hjZ |_ogh]l_g_aZ b nbabdh «
f _Ijh\ ha_jguo \h® gZ kh”_j Zgb_ obfbq_kdbo we_
guo ZkkhpbzZpbc \ *hgguo hleh  _gbyo

< oh”_ bkke_"h\Zgby hlh[jZgu ~hggu_ hleh  _
K\_jreh\kdhc b Q_ey[bgkdhc h[ezkl_c Z {zd _ J
dhjlhklzg Kzfh_ x'gh_ ha Dmelm[Zg -g9Zoh”b
Il f 1 19 kZfh_ k_\_jgh_ ha LzZ\ZIme jZkih
jhl_ f 1 1M Ha_jZ gZoh”bebkv \ jZaebgguc
debfZlbq_kdbo ahgZo o0ZzZjzdl_jbah\Zebkv +bjhdhc
[jhijh\h~*ghklb ?K + b6dBRehlghklb jG +
hkh[_gghklyfb dZlbhggh Zgbhggh]h khklz\Z Hgb
[_fi_jZImj_ + fK p\_lghklb + ijhajZzqghk
Jem[bgu ih "bkdm K_ddb Jem[bg_ + f b kl_i
Djhf_ ihegh]lh obfbg_kdh]lh ZgZebaZz ijh\_”~-gh hij_
"Zgby we_f_glh\ ijbf_k_c k ihfhsvx fzZkk ki_dlj
bg"mdlb\gh k\yaZgghc ieZzafhc gZ ijb[hj_ $JLOHQ
hleh _gbyo ijb”hgghc b ih\_joghklghc \h”_ ha_j

>ey \u”r_e_gby ]_hobfbg_kdbo ZkkhpbZcc ~hg
ha j \uiheg_g ZgZeba ijbgpbibzZev3&® \diijimihg gl
1jZff_ &&$28822 >?2RHHUNDDDDNN BB D DOVBMKEEg ZO@
g_gby i_j_f_gguo bamqgZ_fhc \u[hjdbvoB|&dh_jbal
g_gb_f jzZkij_~_e_gby hl ghjfZzevghhtklZZdhylzg k\\
guo hleh _gbc k nbabdh obfbqg_kdbfb ilZjj&Zfk IjZfb
klhygb_f hl f_~_ieZ\bevgh]h dhf[bgZl2 JeyezZjRZr
k ihfhsvx jZzglh\hlh dhwnnbpb_glZ dhjgZ ewebb Ki
[h gm\klI\bl_evgh]h d ©\u[jhkZf2 >ey\bBpyghyp gZ
eZg”rZnlgh debfzZlbq_kdhc h[klZgh\dbjhd ighdh” \t
khklzZz\ “hgguo hleh _gbc ha_j \uihegMghedelkDjZk
yleyxsbcky g_izjzf_Ijbg_kdhc Zevl_jgzjighhc h~*
]h “"bki_jkbhggh]h ZgZebazZ <ugbkejllg¥fijh\_~_
67%$7,67.&%



= hobfbg_kdb_ ZkkhpbZpbb “hgguo hleh _gbc h

< j_amevlZl_ h[jZ[hldb fZkkb\Z eh]Zjbnfbq_kdb
guo “Zgguo obfbg_kdh]lh ZgZebazZ ~"hgguo hleh _
l[jb Jez\gu_ ZkkhpbZpbb jbk

JK: hj*bgZpby obfbg_kdbo we_ f _glh\ ih\_joghkl
ha jguo hleh” _gbc X 'gh]h b Kj_~g_]h MjZeZ

6U hlghkblky d dzZj[hgZlhnbevguf we_f_qglZzf
dhgp_gljZpbb \ bamg_gguo gZfb dhehgdZo “hggu
X'gh]l]h b Kj_~g_]lh MjZez dzd ijZz\beh |1_kgh \aZzZt
jbZpb_c kh”_j Zgby dZevpby fZ]gby ml]e-jh"Z d.
pblZz >FZke_ggbdh\Z b 7] @

Li 6F WI$Dr %W 5E &RFelHEK JAW highkylk
d eblhnbevghc ZkkhpbZpbb b kh]ezZkgh ij-~u”“ms
yf dhehghd “hgguo hleh _gbc ha_j k\yaZgu k baf



] _ggh]lh kghkz J_"~dha_f_evgu_ we_f_glu jZkiheh
gh ihkdhevdm bo jZkij_"*_e_gb_ g_ \k_]*"Z kh\iz":
dhgp_ gIJZpbc ’\Jm]bo ebIhnbevguo we f gIh\

ghc Zkkhprpbb QZkIh bo dhgp ngZpby \haJZkIZ
ghlh \ha~_ckl\by

NZdlhju nhjfbjh\Zgby khklzZ\Z "hgguo hleh _gbc

Nbabdh obfbq_kdb_ izZjzf_Ilju \h™ ha_]j

>ey [hevrbgklI\Z obfbqg_kdbo we_ f_glki\ihlf _q_g
agZqbfhc k\yab bo kh’\_j‘Zgby \ \h™_gbywo*hidpgto hl
"bl_evgzZy dhjj_eypby kh™_j Zgbc \ ‘fh_gl:byéhl‘glguo
f_q_9gZz IhevdShJU.‘JeUy 6 U DOopiH h Fth R D) ity g lgkidel B op
fhc k\yab kh~_j Zgby 6U \ “hgguo hrk\Z]’*\chlcklkxwe
(r khh _j"Zgb_f +&2 aJ Vor
8r b OR \'\h*_ 1jb ZgZeba_ iheghc \u[h]j
\dexgZxs_c ha_jz bfizdlghc ahgu hifdhpxzvdikl \uk
pb_glu dhjj_eypbb f_""m kh”_j Zgb_feoZegldhnbev
\ \hA_ b \ *hgguo hleh _gbyo Z I2adkh’/h[jZighy k\
oZevdhnbevguo we_f_glh\ k jG \h™ hjllWZ_ )" ¥YWogb f ¢
Ijb bkdexqg_gbb ha_j ih*\_j]Z_fuo \harkdihkRbx DZj
N_ieZ\bevghlh dhf[bgzlz hif_qZ_IRp Kbk kalgh\_gb_

EZg”rZnlgh debfZlbg_kdZy h[klZgh\dZ

>ey hij_"_e_gby gZebqgby \ebygby eZdgdlZamlgh
h[klzgh\db gZ khklzZz\ ~“hgguo hleh _gbd¢_kla_j \
DjZzkd_eZ Mheebkz JZklbl_evgZy ahgdZdogkkhevah
g_aZ\bkbfhc ]jmiibjmxs_c i_j_f_gghc BbHihgp_gl
g_kdbo we_f_glh\ \ "hgguo hleh _gbyo _dZd az\b
gu_ Dh”m ]Jjmiibjmxs_c i_j_f_gghc ®K\Zew* tkdahl\ _
jZ kl_i_c b e_khkl_i_c dh"m ©e_k%a hjX_ gzZmpee ki
gh qlh djbl_jbc DjZkd_eZ Mheebk&®Uuk®dhagZqbf -
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b ZgZeba f_"bzZg kh”_j Zgbc obfbg_kkbhboguawe f_



hleh® _gbyo ha_j jZaebqguo eZg”"rZnly[k|l&Zeghi\hlidq _ |
iha\heyx!l k~"_ezZlv \u\h® qglh ey h&ljguo bltehkhgb
kl_i_c ozjzdl_jgh [hevr__ kh”_j ZghhZdoU "hdbu\q_f
hleh _gbyo e kguo ha _j \ur_ dhgp nglZ(pbmeoZev1
f gl h = QSRR IR R IR I i TR
ljy gZ bkdexq_gb_ ba ZgZebaZ ’\Zgg_ungth Hagjguf
bfizdlghc ahgu f_~_ieZ\bevgh]h dhf[DQAIZKIZDD]Z].
dhgp_gljZpbb oZevdhnbevguo we_f_glihbyosdgluo
guo ha_j fh™_I [ulv klyazgh k |_f gt kgbamkjZg
gufb kl_igufb b e_khkl_igufb ha_jzZfb fZgvhheh _gu
jZkklhygbb hl az\h~Z b fhlml ih*\cklXbxky _]h \ha”
L _ogh]_gguc nzZdlhj

GZ bamqg_gghc |_jjblhjbb ~hklZlhggh fgh]h ]hjg
b i_j_jzZ[Zlu\Zxsbo ij_"ijbylbc h”*gzZdh DZ}jzZ[Zrkd]
\bevguc dhf[bgZl oZjZdl_jbam_Ilky gZb[hevrbf fZki
g_gby Hij_~_e_gb_ \ebygby I_ogh]_ggh]lh nzdlh
k ihfhsvx jZg]h\uo dhwnnbpb_glh\ dhjj_eypbb Ki
gbke_gguo “ey i_j_f _gghc jzZzkklhygby hl f_~ _iez\
] DzZjz[Zr b dhgp_gljZpbc obfbqgq_kdbo we-f_glh\
"_gbyo <uy\e_gu agZgbfu_ hljbpZl_evgu_-dhwnnl
eypbb Zrey + sV + &G+ 6 E +
Ter % rI3E * r% L+ brFh+

Khklz\ ihjh~ \h~*hk[hjh\

Ihkdhevdm bamqg_ggu_ ha_jZ e_"Zl hihhh"*Zo |
1Zkl1Z b khklz\Zz \ ~Zgghc jZ[hl_ fulpknbehar]jZc
g_gb_f k\yab kh~_j Zgby 6U dzZd héghllgliba ]e:
dzZj[hgZlhnbevghc ]_hobfbg_kdhc ZkkkldbZpbb |
\ khklz\_ \h*hk[hjZ ba\_klgydh\ b "¢mhgb"rdZg[hg-:
j_amevlzZIl_ jzkq_Ilh\ \uyl\e_gh qlh dMHephkDjZ}
o0ZjzZdl_jbamxsbc gZebgb_ hlebgbc \ k™ pPhzggbb |
guo hleh’_gbyo ha_j k jZaebqgufb ihjhf*Zgfb \h~h
agZgbf | g_f \ kemqgzZ_ Zgoebhadlgdbyghb
debfZlbg_kdhc h[klZgh\db

Blzd \ j_amevlzZl_ jzZ[hlu k*"_eZg \m\kvydayj khkml
N_j Zgby [hevrbgkl\Z we_f_glh\ &X\b\kdh &b Mithig 6




guo hleh”_gbyo bamqg_gguo ha_j <uy\eglgh 6¢Ih g.
"hgguo hleh _gbyo \eby_| eZg”rZnlghkldzeghf\dB p kd
\ f_gvr_c kl_i_gb gZebqb_ dzZj[hgzZlguodhnijkfh\ kh
jZ Djhf_ Ihl]h kh]JeZkgh ihemqg_ggu¥_"Kighufzgz |
g b6 & U" & g'dhayogai do A7z aii Gt I h ey i riataviod gl iiiaeetn it
jZ <uyle_gh ih\ur_gb_ K bl QRQ@ bt b i obod
yo e_kguo ha_j Ihkdhevdm gZebgbh \lhkiB&k&h[ )H

th\Zh/AhlhegbI evghc dhgp_ gUZpEmwdhhmmvgb\
guo we _ R R D A P R B S i R R R R R
ky qH1bo dhgp_ guZpby \|h\JoghkuphythQMO F
guo ha_j k\yazZzgZ g_ lhevdh k | _ogh]_glgwf laZjhyadg
jhrgufb ] _hobfbq_kdbfb azZdhghf_jghklyfkkmHij_~_
kiI\b_ ijyfhc k\yab dhgp_gljZpbb obfbebkdbbewe f_
ghc Zkkhphizpbb WI$SD %M 5E &RFelEK JAW Kk

eZg”rZnlgh debfzZlbqg_kdhc h[klZgh\dhzdbhjhdgh]_g

Ilhe_\u_ bkke_"h\Zgby \uiheg_gu azZz kq_Il ]jZglZ Jhk
ghlh nhg~zZ ijh_dl « ] _hobfbg_kdbc ZgZeba
nbgZgkh\hc ih*™ _j°d_ JNNB \ jZfdZo gZmqghlh ijh_dlIZz
fheBZB"d b « fheBZ

Ebl_jZImjz
=hev”"[_j] ? E N_"~hjbg F : ®_ddadbb Zafj_r_ggZy
e_Ihibkv hldebdzZ <hklhqghc Kb[bjb gZ j_adb_ debfZlb
\ :leZglbd_ aZ ihke_"gbc e_~gbdh\h f_"e_~gbdh\uc pb
L < K +

>Zm\Zevl_j =_hwdheh]by “hgguo hleh’ _gbc ha_]j J_
FmjfZzgkd F=LM k
>Zm\Zevl_j < DZrnpethgg hGj_f_ggu_ baf_g-_ gby ob

g_kdh]h khklz\Z “"hgguo hleh _gbc ha_jz BfZzg”~jZ \ ah
Dhevkdhc Zlhfghc we_dljhklZgpbb Lj Dhevkdh]lh GP
< K +

FZke_ggbdh\z : < M2Zipbld o< <IZ<e_hwdheh]by b ]_h
obfby ha_jghc k_~bf_glZpbb ]Jhehp_gZ MjZez -J_~ B
jbg[mj] MjH J:G k

M~rZgbg < G > jylbg < < Bhghddhgd = jivguo dh
p_gljZpbc oZevdhnbevguo b kb”_jhnbevguo we_f_glh\
gbyo ha_j ih® \ebygb_f Zgljhih]l_gghlh nzZdlhjz F_1Ze



b kh\j_f _gguo hd_Zgh\ <K b ki daig n ]  FbZkk
K +

.DOXJLQ , $VWDNKRY $ HRQRRD®LHWNRHEWRFLGC
HVWXDULQH VHGLPHQWYV DV D VLJQDO RI ARRGV D
2FHDQRO /LPQRO 9 1 3 +

7HU %UDDN & - )&$6ARBRQB¥HHHWBHQFH 0DQXDO DQC
IRU :LQGRZV 8VHUYV *XLGH 6RIWZDUH IRU &DQR
9HUVLRQ ,WKDFD OLFURFRPSXWHU 3RZHU

),567 '$7$ 21 &+(0,&$/ &20326,7,21 )$&7256
2) 7+( 6287+(51 $1' 0,"'/( 85%$/6 /$.( 6(',0(176

$ 9 ODVOHQQLNRYD 9 1 8GDFKLQ 3 * $I
,QVWLWXWH Rl OLQHUDORJ\ 8UDO %UDQ

7KURXJK WKH QRQ SDUDPHWULF FRUUHODWLRQ D
WKH 6RXWKHUQ DQG OLGGOH 8UDOV WKH LPSDFW
ZDWHUVKHG URFNV SK\VLFRFKHPLFDO ZDWHU SD
WUDFH HOHPHQWY FRQWHQWYV LQ CFIDMHD V M GL@ HiFM
LQFUHDVH RI 6U LQ VWHSSH ODNHV VHGRORRB® V D
WUDWLRQ DQG HOHFWULFDO FRQGXFWLWBIXW\=RI OD
%L 7H &G 6E 6Q 3E VKRZ LQFUHDVH LQ ODNH VH
LPSDFW ]JRQH DQG LQ IRUHVW JRQH ,W ZDV FRQF(
URFNV LV GRPLQDQW IRU FRQFHQWUDWLRQ RI OLV

NBLHIE:GDLHG >?EVLU J?DB <?EBDHC
< E?LGBC K?AHG

K = FboZeZi L < >jha”_gdh
Ikdh\kdbc Jhkm~ZjklI\_gguc mgb\_jkbl_I

< klZlv_ jzZkkfzZljb\Z_lky wdheh]h ]_h]jZnbqg_kd2Z\
dZ nblhiezgdlhgZ ~_evlu j <_ebdhc :ev]hnehjz 7
<Zcf_gdZ oZzZjzdl_jbam_Ilky ~hklZlhggh \ukhdbf \
h[jZzab_f NblhieZzgdlhg ij_"~klZ\e_g lZzdkhgzZfb
jh~Z hlghkysboky d pZjkI\&iDQRISK&WIOORUR
SK\WD %DFLOODULRSKDWRS K\ WKDOHQRSK\WD



&U\SWRSK2IWKOURSK\OMIR]RD Hkgh\m nblhiezZgdlh
khklz\eyxl a_e_gu_ \h*hjhkeb kj_"b gbo gZb[he_
gu k_f_ clbIFkHQHGHVPDFHDH 6HOHQDVWUDFHDEFH

LZdkhghfbq_kdzZy kljmdImjz hij_~_ey_fZy \b~h'
ab_f b khhighr_gb_f IZdkhgh\ y\ey |ky \Z:g _cr_c
dhc ex[uo [bheh]bg_kdbo khh[s_kI\ b bf__I h]jhf¢
\ qZklghklb ijb ZgZeba_ j _]bhgZevghc Zev]hneh
Nblhiezgdlhg \ k\hx hqg_j_~v yley |Iky h*gbf ba
g_glh\ \h~ghc wdhkbkl_fu dhlhjuc [ukljh §_Z]bjm
gby wdheh]bq_kdbo mkeh\bc Z _]h klIjmdlmjgh nr
jZdl_jbklbdb \uklmizxl \Z gufb khklZ\eyxsbfb ijb
klhygby \h~gh]h h[t_dlZ >Wdheh]bq_kdbc«
FboZeZi Z [@

JZ[hlu ih bkke_"h\Zgbx nblhieZgdlhgZ ijhoh~bel
jbh~r \ jZchg_ ~ _evlu j <_ebdhc dhlhjZy i} _~klZ\e
dZevguc ijbjhrguc dhfie_dk kh_“~bgyxsbc b I|jZg
sbc \h~rgu_ fZkku j_db b \h”*hijb_fgh]h [Zkk_cgZ
ljZgk]jZzgbgghlh \h~"h_fZ lkdh\kdhc h[eZklb + I1kdF
ha jz >E_[_~ \Z Km~gbpugZ Wdheh]bqg_kdb

P _evx jZ[hlu klZeh bkke_ "h\Zgb_ 1Zdkhghfbq_
nblhiezZzgdlhgzZz ~ _evlu j <_ebdhc

K[hj ]brjh[bheh]bqg_kdh]h fZl_jbzZeZzZ ijh\h”*beb \
gZ ihklhygghc klZgpbb hl[hjZ ijh] ©<Zcf_gdz?2

] \jzZzfdZo \hah[gh\e _gby fhgblhjbg]Z ~_evlu
>>jha”_gdh FboZeZi Z@ jbk HIi[hj-dZqg_kl
lhiezgdlhgZ hkms_kl\eyeky ijb ihfhsb ieZgdlhggh
]Za < ih h[s_ijbgyluf f_Ih~"bdzf >FZkxd JZ"(Q.
Kzrgbdh\ @ <_kv fZl_jbZe nbdkbjh\Zeb ch”gh
nbdkzZlhjhf = < DmavfbgZ b bkke_"h\Zeb-\ eZ[hj
yo k bkihevah\zZghb f &0 Eaid b e s A i 2
dm fzZl_jbzeZ ijh\h~beb ih klZzg~Zjlghc f_Ih~"bd_ >K
<k_ hjl]zgbafu ih \hafh ghklb hij_~_eyeb ~h \b"™
hl _g_kI\_ggu_ b bghkljZggu_ hij_"~_ebl_eb Kb
iheh” _gb_ IZzdkhgh\ khhiI\_IklI\m_I| ghf_gdeZlmj_ f
we_dljhgghlh j_kmjkz $OJDH%DVH KWWS ZzZzZ




Jbk =_hljZnbg_kdh_ iheh _gb_ ihklithypgZcikiggpbhb
©<Zcf_gdz®a

<k_]h \ khklz\_ nblhiezgdlhgZ bkke_"~h\Zgghl]h
j <_ebdhc j <Zcf_gdZ J[ueh \uyle_gh lZzdkhgt
jh~Z hlghkysboky d pZjkI\zZf hir_ezf - deZk
dzf k_f _ckI\zf b jh~rzf

GZb[hevr__ gbkeh \b~h\ hif_ o KWOGRWURIBKEW D
\b~ hl h[s_]h dhebqg_klI\Z Kj_"b gbo gZb[l
\bl_evgu ih \bAh\hfm jZaghh[jZatxHRHG&HMPD FH
6HOHQDVWUDFHDHGZAKORY H OO D FH DiHe bgq _kI\m
g_gguo \b~ h\ klhbhFLEODWLRSKMND -hl hJ
s_]h gbkez k ij_h[ez”"Zxsbf ih dhebg_kl\m \b~h
IDYLFXOBEHPHvV _f f_kl_&ADW@REDF\WHKIZDe ¢
guc \b~rZfb >hfbgbjm_| m kbg_a-e_guo
f ckI\GHULVPRSH®&ZFHGVvM __ gbkeh \b~h\ ijboh”b
hi" e&KDURSKIWDPRDih  \b~rZ jbk



Jbk LZdkhghfbg_kdZy kljmdImjZ nblhyigedlyd llhigg ihk
pbb hl[hjZz ©<Zcf_gdzZ?2 bxgv Z\]mkl ]

Ih hlghr_gbx d f_klhh[blZgbx \u”_e_gu ieZg
iezgdlhggh [_glhkgu_ [_glhkgu_ “hggu_ nhjfu b
;hevrbgklI\h fbdjh\h”*hjhke_c ijboh”blky gZ ieZgdlt

hl h[s_]h gbkeZ \klj_g_gguo \b"h\ Ke_"mxs
]imiiz ij_~klz\e_gZ iezZgdlhggh [_glhkgufb nhjfzf

D "hgguf nhjfZf highkblky \h~"hjhke ¢ -KZfu_
e_ggu_ ]jmiiu ij_~klZ\e_gu [_glhkgufb nhjtzfb
kIZl_eyfb i bk ‘[khexlgh_ ij_h[eZ"Zgb_ |

b iezgdlhggh [_glhkguo nhjf h[mkeh\e_gh -ij_""~_
dhc kdhjhklvx I_g_gby \h*guo fZkk \ *_evl_j <_e

Jbk JZkij_"~_e_gb_ \b%h
nblhiezZzgdlhgzZ ih hilghr_
gbx d f_klhh[blZgbx

S + iezZgdlhggu_ nBjfe S
iezgdlhggh [_glhkgu_ nhjfu
E + [_glhkgu_ ghffdhggu_
nhjfue £+ h[jZklZl_eb



Ih highr_gbx d khe_ghklb khh[s_klI\h nblhiezZg
klZz\e_gh \ hkgh\ghf bg”bnn_j_glgufb nhjfZfb
]lh gbkez \b~rh\ gz \lhjhf f_kl_ b"ml ]Zehnbeu
]Zeh[u =Zehnh[u ij_"klZ\e $dUNLVWUHRGH V|
IDOFDARVYGD 5DOIV jbk Lzdh_ jzkij-~_e_gb
e_cih ~Zgghfm ihdZaZzZl_ex ]Jh\hjbl h keZ[hc fbg_j
jZchg_ klZzgpbb ©<Zcf_gdz?@

Jbk JZkij_"~_e_gb_ nblhiezgdlhgZ ih hlghr_
gbx d khe_ghklb

lh highr_gbx d ihdZBazddleh jice hiddidailk hid-freeniizh
ygb_ gZ ijhp_kku jhklZ b jZzafgh  _gby \h~*hjhke ¢
g_ "hfbgbjm _| ]jmiiZ ZedZebnbeh\ hl h[s_]h
g_kdhevdh f_ g _ fgh]J]hgbke _ggu bg”bnn_j glgu_
H~rgZdh hlghr _gb_ [hevrbgkI\Z \brh\ d *"Zgghfm it
Au NN evl_j <_ebdhc g_ \uyle _gh < p_eh
j <_ebdhc \ e_Igbc i_jbh” bf_xl| keZ[hs_ehggmx |
jZy fZeh baf_gy |ky \' e Ig_hk_ggbc i _jbh~?

< nblhieZgdlhg_ klZgpbb ©<Zcf_gdZ?2 h[gZjm  _g

"hjhke_c = bg”bdZlhjh\ kZijh[ghklb Rl h[s_]
Ah ba dhlhjuo ihglb iheh\bgm khklZ\eyxl f_ al
Z gZ "hex h R kZijh[bhglh\ ijbeh~blky
ebqg_klI\h . . kZijh[bhglh\ khklZ\ey _|I R .
. kZijh[bglh\ % b hif_g_gguo \b”h\

heb]hkZijh[bhglZfb bg~bdzlhjZfb gbkluo \h~A 27k



g_9 . S kZijh[bhg! £+ &RIOIDRGXP F\FORNMQKR OBR X |
LZdbf h[jZzahf \h”Z ~_evluj <_ebdhc \ bkke_"h\Z
ey_lky mf_j_ggh aZ]jyag_gghc qglh h[mkeh\e_gh
kdhc bgnjZkljmdIimju jbk

Jbk JZkij_~_e_gb_ \b~h\ nblhiezZzgdlhgZ klZgpbb «
dz2 ih hlghr_gbx d aZ]jyag_gbx hj]Zgbg_kdbfb \_s_|

lh [bh]_h]jZnbqg_kdhc ijbmjhg_gghklb "hfbgbjmx
nblhiezZzgdlhgZ y\eyxlky dhkfhiheblu dhlhjuo \klIj_
hl h[s_]h gbkezZ \b”~h\ G _agZgbl_evgmx ~he
lhezZjdlbg_kdb _ b [hj_Zevgu_ \b”ru ;bh]_
ijbmjhg_gghklv hklZevguo \b"h\ g_ mklZgh\e_gZ
< p_ehf nehjbklbq_kdbc khklzZ\ nblh\&ggtihgZ b
mqgqzZkldz fh gh hozZjzdl_jbah\zZlv dzZd &_igbgmirbZzl
ki\b_f kbg_a_e_guo w\]e_gh\uo b hloghnob \Ndhe hh*
]bg_kdbc ZgZeba nblhieZgdlhgZ ih#dZagpbbg€h<¥ ¢Zc
f gdz2 ij_h[ezZz"Zx| rbjhdh jZkijhkljZggaguZed&Zgd
ebnbevgu_ \b”u hl[blZxsb_\ mf_j gdmMadljyag_ g«
khdZy ~“hey a_e_guo \h”*hjhke_c \ ijfh[gZdZz¥IZgpbb
"I k\b~_I_evkl\h\ZIv h ih\ur_gghf kg gbZgddhka _’

>BizZIh\Z @ ihkdhevdm bf_ggh wig J[miEZ gzb]|
gz d _]h ijbkmlki\bx \ \h~_
Ebl_jZImjzZ

= p_g F <h”*hjhkeb \ wdhkbkl_fZo DjZcg_]lh K_\_jZ
;hevr_a f _evkdhc Img”ju J " F < = p_g E GZmd



>jha”r_gdh L < FboEbdblKjbg] khklhygby nblhieZgc
AN _evlu j_db <_ebddlg Ikdh\kdh]lh ]hk mg 1Z k_j ?kl_k
nbabdh fZl_fZlbg_kdb_ gZmdb <ui Ikdh\ Tkdh\kdbc
K =

>jha”r_gdh L < FboR&dZhi&Zgdllhg dzZd ihdzazl_ev
]bg_kdh]h khklhygby ~_evlu j_db <_ebdhc KhpbZev
wdheh]h ohayckI\_ggu_ ijh[e_fu jZa\blby ;Zelbckdh]h |

Zeu f_""mgZj gZmgq 1ijzdl dhgn + ghy] ] I k
lhk mg | [ K *
Bizlh\z < :BZilZpby \h”guo jZkl_gbc d klj_kkh\uf Z
kdbf nzdlhjzf kj_~u F =jZnbdhg ljbgl k
E_[_"\ZH : Km~gbphbhglZ\tr)c BhklZ\ Jbrjh[bhglh\ "~ _
j_db <_ebdhc ljh[e_fu khojZg_gby [bhjZaghh[jZaby
klb KI[ KI[=M & + Lji KI[H? K_]j
FZkxd G | JZzrgq_gdh IB*WB k[hjZz b bamg_gby \h~hj
<h~hjhkeb Kijz\hggbd Db_\ GZmdh\Z >mfdZz K

Kz~rgbdh\ :F_1lh~u bamqg_gby ij_kgh\h~gh]h nblhiezZzgd
"bg_kdh_ jmdh\h~kI\h F Mgb\_jkbl_I b rdheZz

Wdheh]bq_kdbc fhgbehjiig] db < _ebdhc Q Ih~ j_ -
E [~ \hc Ikdh\ 1=IB Q KIhA j_ A H : E_[_~\
Ikdh\ 1=1IB k

$OIJDH%DVH >Bgl_ g5/ KKNRRRE @b

jZs_gby

3+<723/$1.721 2) 7+( 9(/,.$<$ 5,9(5 '(/7$
,1 6800(5 3(5,2"

6 * OLNKDODS 7 9 'UR]JGHQNR
B3VNRY 6WDWH 8QLYHUVLW\

7KH SDSHU GHDOV ZLWK WKH HFRORJLFDO DQG J
WRSODQNWRQ RI WKH 9HOLND\D 5LYHU GHOWD 7K
VDPSOLQJ VWDWLRQ 39D\PHQND " DV DQJIK[ERKOH :
GLYHUVLW\ 7KH SK\WRSODQNWRQ RI WKH 9HOLND
WD[D EHORZ UDQN RI JHQXV EHORQJLQJ WR WKH IF
LQE\DQRSK\WKXORURSKWDIFLOOD U LRSD\WRSK\WD

(XJOHQRSK\WBWRSKA\MKIJRSK\W.R]RD DX®JL 3K\

lum 7KH *UHHQ $0JDH PDNHV WK B F3HQ WRIS DPIAHA
6HOHQDVWKORHB EIDALFHDY WKDW SUHYDLO LQ LW\



=B>JHEH=BQ?KD:Y JHEV MQ:KLDH< KMRB
K 1J:DLBQ?KDB <H>HG?IJHGBP:?FUF
IHDJULB?F B G:K?E?GGUO IMGDLH<

< JJAEBQGUO DEBF:LBQ?KDBO MKEH<BYO

G : Fykgbdh\Zz
BgklbIlml \h~Aguo ijhje_f K_\ jZ DZjGP J:G

:gljhih]l_ggZy ~_yl_evghklv hdZau\z_I| azZf-Igh_ \
fbjh\Zgb_ \h~guo j_kmjkh\ KI_i_gv wlh]h Aebyghb)
\bkbl hl debfZlbg_kdbo mkeh\bc Hkgh\gmx jhev
iZj_gby ih” \ebygb_f ohayckl\_ggh]lh \ha”-ckl\by
pbhgguc [ZeZgk hkz~db b khhlghr_gb_ f-""m gb
guc bg”_dk kmohklb Ijb gZebgbb ijZzdlbg_kdb \
fuo ih\_joghkl_c gZ[ex*Z_|ky mf_gvr_gb_ bkizZj_g
kmrb GzZb[hevr__ _1h kgb _gb_ ijhbkoh”bl \ j_]bh
hgguf bg”_dkhf kmohklb % 3/ hl ~h lhemq_
hlghkbl_evghc \_ebgbghc baf_g_gby bkiZj_gby b
bgr"_dkhf kmohklb Bgl_gkb\ghklv kgb _gby bkizj
jbc gZzk_e_gguo imgdlh\ ih f_j_ miehlg_gby azZkljtl
m\_ebqg_gb_f jZ"bZpbhggh]h bg”_dkZ kmohklb

D hkgh\guf nzZdlhjzf hij_~ eyxsbf baf -g _gby
kdbo mkeh\bc gZ mj[Zgbabjh\Zgguo | _jjblhjbyo h

— gZebgb_ ijZzdlbg_kdb \h*hg _ijhgbpzZ fuo mqZ
ijb\h~ysbo d kgb _gbx bkizZj_gby

— ij_h[jZzah\zZgb_ f_|I_hjheh]bg_kdbo ijhp_kkh\ ¢
glh khijh\h"~Z 1ky baf_g_gb_f |I_fi_jZImju \ha”“mc¢
bkizj_gby

— bkihevah\Zgb_ "“ey | _ogbqg_kdh]h b ibgby\h]h
\h~ k A"jm]bo \h~hk[hjh\ baf_g_gb_ Zgkehibtanlijfbj
guo \hA b j_"bfZz bo klhdZ >RbdehfZidhb ~j DZ@i _q

>hjh]b jZaebqguo | _ogbqg_kdbo dZl_]Jhjbc b jZa
ghklb ijh_a”u Zwjh”jhfu b ijhgb_ h[t_dlu kmrb k
\h~hg_ijhgbpz_fuf ihdjulb_f khklZ\eyxl g - [hevrn
sZ™b gZklv kmrb h”gzZdh b]jzZxl azZf_Igmx jhev \ |



\h~*ghlh [ZeZgkZ ]hjh~"h\ b ijhgbo gZk_e_gguo img

@ Kihkh[klI\mx| baf_g_gbx wdhkbkl_f ¥Fhp_kKkl
gby ih\_joghklguo b ih*a_fguo \h” ljZgknhjfZpbt
ghlh \_k_gg_lh b *h™”~_\h]h klhdz

Baf_g_gb_ bkizZj_gby k IZdbo mqzkl&h\ dipl\mb\Z _

G( (£
1"_,(x bkizZj_gb_ k ijZdlbg_kdb \h”*hg_ijhgbpZ_f
kmrb ffoH kj_"g__ bkiZj_gb_ k hdjm Zxs_c ij_h[j
mqgZkldb | _jjblhjbb ff

Bkizj _gb_k kmrb ~h \ha”~_ckl\by ijbgbfZehkv d
ebgbgZ ba ihemqg_gguo ih f_Ih"Zf F B ;mfudh b
gh\Z agZq_gbc >J_dhf_g”Zpbb« @

=h~h\h_ bkizj_gb_ k ijZzdlbg_kdb \h~"hg_ijhgbpZz
kmrb hij_~ ey Iky ih \ujZ  _gbx

(r rg (JZ
1" _ (£ bkiZj_gb_ k ijZdlbg_kdb \h*hg_ijhgbpZ_fhc
\'I_ieuc i_jbh™ \j_f_gbxfhkiZj_gb_ k ijZdlbq_kdb
g_ijhgbpzZ_fhc ih\_joghklb \ oheh”guc i_jbh” \j_f_

>ey jZkq_lZ kj_"g_fghlhe_lg_c \_ebgbgu bkiZj_
g_kdb \h*hg_ijhgbpzZ_fhc ih\_joghklb ~ey e_Ig_1]h
"y ba mjz\g_gby \h~gh]h [ZeZgkZ fh gh bkihevat
nhjfmem dzZd wlh k~_eZgh \ jZ[hl_ >Ev\h\bg Q_jc

(. S £ .

1"_.3& "brdb_ ZIfhkn_jgu_ hkz~db ff . £ dhwnnbg
< abfgbc jZgg \_k _ggbc b iha”g_hk_ggbc i_jb
kh kg_"guf ihdjh\hf fh gh kgblzlv qlh \ezZ]b gz il
[Zzdbf ihdjulb_f ijZzdlbq_kdb \k_]~Z ~hklZlhggh "e\
bkizj_gby ihwlhfm 7~ey jZkq_lZ bkiZj_gby ke_"m
nhjfmem 7~ey jZkq_1Z bkiZj_gby kh kg _]Z >J_dhf_¢
(uz GQ
1" G + kj_"gyy \_ebgbgZ * _nbpbl&Z idjpmalzk] B k\d "y ¢
guc i_jbh” J1Z Q % ijh~he bl_evghkbh/Zkdgmbddh i
ljb bkke_~h\Zgbb \ebygby ~_yl evghklb -q_eh\_
smx kj_"m [ueb jZkkgblZgu agZq_gby bkiZj_gby



pzZ_fuo b k _kl_kI\_gguo ih\_joghkl_c \ jZaebqggl
kdbo ahgZo K ihfhsvx mjZ\g_gbc * [ueh JZKkk
gb_ k \h~"hg_ijhgbpz_fuo b k _kl_kI\_gguo-ih\_jog
g_gbb \_ebgbgu ih\_joghklgh]h klhdz . - ey

iheh”_gguo \ jZaebgguo ]_h]jZnbg_kdbo ahgZo gz
jblhjbyo 1h mjz\g_gbx [ueb ihemqg_gu hp_gdb
iZj_gby \_ebqgbgu dhlhjuo dhe_[exlky hl % "h £
wlb dhe_[Zgby khhlI\_lkl\mx| baf_g_gbyf debfZlbqg
h g_f k\br_1|_evkl\m_I| gZebgb_ k\yab f_""m hlghkl
ghc wlhc hp_gdb hlghr_gb_ baf_g_gby bkiZj_gby

"bZpbhgguf bg”_dkhf kmohklb jbk >Zggmx k\
ablv eh]Zjbnfbg_kdbf mjz\g_gb_f
G(J ¢ * O0Q % 3/

WIlZ k\yav “hklZlhggh gZ~_"gZy ”"bki_jkby hlgh
gbgu baf_g _gby bkizZj _gby hlghkbl_evgh hkzZ~dh\
ey |ky jz"bzZpbhgguf bg”_dkhf kmohklb

Jbk AZ\bkbfhklv hlghkbl_evghc \_ebgbgu baf
gby bkizj _gby \ j_amevlZl_ kljhbl_evxI\Z ~hjh] hl
"bzZpbhggh]h bgr"_dkzZ kmohklb



Bkizj_gb_ k ex[hc ih\_joghklb dzd ba\_klgh hi
ebgb_f \eZ]b b dhebqg_klI\hf ihklmiZxs_c wg_j]bb
dhlh m\ezZz g_gby 1Zc]b \lhjhc nzZdlhj y\ey_ Iky eb

Bkizj_gb_ k ijzdlbg_kdb \h~hg_ijhgbpz_fhc ih
gZklghklb k ~“hjh ghlh ihehlgZz k \ukhdbf dhwnnl
ebfblbjm_Iky \ [hevr_c kl_i_gb dhebqg_kI\hf "b~dl
gZklhlhc bo \uiZz®_gby >Zggu_ hkh[_gghkdb nhjft
j_gby k IZdhc ih\_joghklb b kjz\gbl_evgh gbadh_
\h~yl d Ihfm qglh ijhkljZzgkl\_ggZy baf_ggb\hklv v
f_gvr_ q_f \ZjbZpby bkizZj_gby k _klI_kI\_gghc ih\
"h\zZl_evgh \ ij_~_eZo |I_jjblhjbb k \ukhdbf m\ez"
N _eyxs__ \ebygb_ gZ baf_g_gb_ \ ijhkljzgklI\_ Z
ebgbgu Zgljhih]_gghc khklZ\eyxs_c bkiZj_gby h]
gZklghklb kljhbl_evklI\hf “hjh] hdzZaulZ_Il-bkizZj_c
ghc ih\_joghklb dhlhjh_ ebfblbjm_Ilky wg_j]_Ibqg_|
WIlh h[klhyl_evkl\h hij_~_ey_| bgl_gkb\gh_ \hajzl
gZ x] “heb hkz~dh\ khklZ\eyxsbo baf_g_gb_ bki
gby kf jbk ba azZ ihdjulby ih\_joghklb \h~hg
fZl _jbzZehf LzZdZy |I_g”~_gpby ijhke_"b\Z_Ilky “h ac
kmohklb + ahgz kl_i_c ih F B ;m~udh >;m"
khexlgZy \_ebgbgZ Zgljhih]_gghc khklZ\eyxs_c bk
1Z_| fZdkbfZevgh]lh agZg_gby K ~Zevg_crbf m\_
pbhggh]lh bg”r_dkZ kmohklb bgl_gkb\ghklv kgb™_gl
\_ebgbgu Zgljhih]_gghc khklZ\eyxs_c¢ bkiZj_gby
NZT_ij_djzZzsz_lky kf jbk ljb ijh~\b _gbb \ [h
eb\u_ j_]bhgu \_ebgbgZ baf_g_gby bkizZzj_gby [m~
ba az ihke_"h\Zl_evgh]lh kgb _gby bkizZj_gby k _
\_joghkl_c

< oh”_ mj[ZgbazZpbb kha”~Z_|lky gh\Zy Zgljhih]_
ijb\h~bl d baf_g_gbx [bh]_hp_ghazZz b ke_~h\ZI|_ev
fbjh\Zgby \h”ghlh [ZeZgkZ |_jjblhjbb >Q_jgh]z_\
gZk_e_gguo imgdlh\ \ ij_h[jZah\Zgbb \h*gh]h [Ze
"heb ijZzdlbg_kdb \h”*hg_ijhgbpzZz_fuo mqgzkldh\ b
kdbo o0zjzdl_jbklbd >ey j_r_gby wlhc azZ”2~Zgb mik
guc imgdl [ue jZa”_e_g 9gZ "\_ qZklb ijZdtbqg_kdb



_fu_ mqgzklb b mqgzkldb khhlI\_Ikl\mxsb_ th k\hbf
dzf bkke_~m_fhc ijbjh*rghc ahg_

Bkke_"h\Zgb_ \ebygby iehlghklb azZkljhcdb gZ t
j_gby m~h[g__ \uihegylv k bkihevah\Zgb_f ebg_cg

G G N
I"_ G baf_g_gb_ bkiZj_gby kh \k_c I_jjblhjbb f
iehsZ”v mkeh\gh]h gZk_e_gghthiehgdl4 I]-Zjbllh
jbb ij_"~klZ\e_ggZy ijZdlbg_kdb \h*hg_ijhgbpZ_fu

1Z .(x bkizZj_gb_ k _kl_kI\_gghc ih) tjaddwkibbgb N
_gl j_li_kkbb ihdZaul\Zxsbc bgl_gkb\ghklv kgb™ _
ijb m\_ebqg_gbb ~“heb iehszZz”b azZgylhc ijZzdlbqg_Kkc
pZ_fuf ihdjulb_f

:gZeba \_ebgbgu dhwnnblpdmglhdh]h "ey jZaebc
debfZlbgq_kdbo mkeh\bc k\b~_|_evkl\m_I h azZ\bk
gby hl jZzZ"bZpbhgghlh bg”_dkZ kmohklb K _]h jhk
kgb _gby bkizj_gby ijb ih\ur_gbb iehlghktb azklj
gb\z_1ky hl + \ m\eZ g_gguo jZchgZo b ~h
eb\uo < kl_iguo ihemimklugguo b imklugguo j_]
miehlg_gby b]jZ_| gZb[hevrmx jhev \ baf_g_gbb b
ebgbgZ\ \WWibo ahgZo k baf_g_gb_f jZ*bZpbhggh]h
klb kez[h f_gy_Iky jbk

DebfzZlbg_kdb_ nZdlhju hdZaulZxl agZgbl_evgt
kl _i_gv baf_g_gby we_f_glh\ \h~gh]lh [ZeZgkZ \ |
kiI\_gghc ~_yl_evghklb HIf_gzZ_Ilky k\yav £_""m \_
"_gby bkizj_gby k ijZzdlbq_kdb \h~hg_ijhgbpzZ_fuo
b jZzZ"bZpbhgguf bg”_dkhf kmohklb GZbf_gvr__ act
gby \_ebqgbgu kgb" ' _gby bkizZj_gby d hkz*dzZf hlf_
Ilhgqgh m\ezZz g_gguo f_klghklyo K m\_ebqg_gb_f jz-
N _dkZ kmohklb “h agZq_gbc khhiI\_Ilkl\mxsbo ahg
|_evgZy b Z[khexlgZy \_ebgbgu baf_g_gby bkiZj_
\hajzklzxl >Zevg_crbc jhkl jZz"bZpbhgghlh bg”_c
jZdl_jbam_Ilky klZ[bebazZpb_c hlghkbl_evguo \_eb
iZj_gby b mf_gvr_gby Z[khexlguo agZq_gbc Zglj
klz\eyxsbo bkizZj_gby



Jbk AZ\bkbfhklv bgl_gkb\ghklb kgb _gby bkiz
j_gby k m\_ebq_gb_f iehlghklb azkljhcdb hl jZz~b
pbhgghlh bg”r_dkZ kmohklb

=b~jheh]bq_kdZy jhev gZk_e_ggh]h imgdlzZ \h
hl “heb iehszZz”~b azZgbfz_fhc ijZzdlbg_kdb-\h”~hijh
\_joghklvx K m\_ebqg_gb_f gz |_jjblhjbb 2heb IZ
klb \ i_j_m\ezZz g_gguo f_klghklyo kgb _gb- bkizj
bl gzbf_g__ bgl_gkb\gh K jhklhf bg”_dkZ kmohk
kgb™ _gby bkizj_gby \hajzklz_| b ~hklb]zZ_4 fZdkb
gbc \ ahgZo e_khkl_i_c b kl_i_c Ijb "Zevg_cr_f
[he__ aZkmreb\u_ ahgu ~Zgguc ihdZaZl_ev hklZ
[_a baf_g_gbc

JZ[h1Z \uiheg_gZ ijb ihA* _j°d_ ijh_dlZ JGN «

Ebl_jZImjz

:mrudh F DBRbfZl \ ijhrehf b [mAms_f E =bAjhf_I_
k
DZji_qdh XG<kl_j gdh B F ;hg”Zjb¥h@hlbqg_kdb_
bkke ~h\Zgby Zgljhih]_gghlh \ha”_ckl\by gZ \h~hk[hj
K \_jZ Jhkkbb  <hAgu_ j_kmjku ?\jhi_ckdh]h K_\_jz
i jki_dIb\u bkke_~h\Zgbc |_ljhaz\h*kd DZjGP J:G



Dmijbygh\ =b”™qheh]bq_kdb_ Zki_dlu mj[ZgbaZpbb E
barzl k

Evih\bg F B Q_jghlg_YWjZalk\zZgb_ \h*ghlh-[ZeZgk:
jblhjbb ] Fhkd\u Ba\ :G KKKJ k_j ]_h]Jj < K

J_dhf_g*dpbEkqg_Im bkizj_gby k ih\_joghklb-kmrb E
[_hbanzl k

Q_jghlZ_\Z =h™Mguc [ZeZgk |_jjblhjbb Jhjh~"Z b _]h \e
hdjm Zxsmx kj_"m =b”jheh]lbg_kdb_ Zki_dlu mj[Zgba
kdbc nbebzZe ]_h]lj h[ \Z K *

RbdehfZzgh\ B<ebygb_ ohayckl\_gghc ~_yl _evghklb
klhd E =b”jhf_I_hbanzl k
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1 $ O0O\DVQLNRYD
I1RUWKHUQ :DWHU 3UREOHPVY ,QVWLWXWH

$QWKURSRJHQLF DFWLYLW\ DHIWHEWVRXKIFHR P DW
JUHH ODUJHO\ GHSHQGV RQ F®LPWMWRE ERQDQWH
VSKHULF SUHFLSLWDWLRQ D @K HPKHJ D& DDW/ILRQ \L
GU\QHVV SOD\V D GRPLQDQWMRRB¥HDISR &R Q RIQVDL
XQGHU WKH LQAXHQFH RI WKANHBR A8 RRA LIFOLFPR\DVF W |
DEOH VXUIDFHV FDXVHV D GHRWWHDFWA LK) ©DDSR U X
ODUJHVW GHFUHDVH RFFXURQQ QGIHL RO \G @ LQWKY W
YDU\LQJ IURP WR ‘H P D QDD WG R/\QRERIEWZ Bi IH@® DV F
YDOXH Rl YDULDWLRQ LQ HYDRSRBHD R L REQ \IDHE W K7t
RI GHFUHDVH LQ HYDSRUDW LRVX I RS Q W IV d FSIHVD MRLC
LQJV LQFUHDVHV ZLWK DQ IGHURD&B\QBWKH UDCG

<EBYGB? ;MJH<UO J:;HL G: R?EVN? Q?JGH=H FF
G: KHKLHYGB? FHJKDHC KJ?>U

F < GZq_\z
Bgklblml ijbjh~gh | _ogbqg_kdbo kbkl_f J:G

< ~Zgghc klzZlIv_ ij_"~klZ\e_gZ ZdIimZevgZy wdhet
fZ + \ebygb_ gZ khklhygb_ fhjkdhc kj_~u-b __ h



\uo jZ[hl gZ r_evn_ Q_jghlh fhjy Ilj_~eh _gu ijbjh
f_jhijbylby gZijZ\e_ggu_ 9gZ khojZg_gb_ mklhcqghb'
ijbjh~ghc kj_~u b wdhkbkl_fu fhjy

;mjh\u_ jZ[hlu gZ r_evn_ Q_jghlh fhjy ij_"klZ\e
keh g _crbo wdheh]bq_kdbo ijh[e_f Jhkkbb-\ gzZkl
lh n_~ _jZevgh]lh hdjm]zZ \ k\yab k |I_f qglh-[mj_gb
Ablky \ Zd\Zlhjbb hldjulh]lh \h*"h_fZ wdheh]bq_Kkc
ghlh d obfbg_kdhfm aZ]jyag_gbx Wdheh]bq_kdZy
h[mkeh\le_gZ mgbdZevghc wdhkbkl_fhc oZjzZdl_j
lj_ggbo fhj_c b gZebgb_f dmjhjlguo ahg ey fZkkh
k_ e gby = wlh h~gZ ba \Z ' g_crbo ijbgbg hkh[h]h
eh]bg_kdhc [_ahiZzkghklb “"Zgguo j_]bhgh\

;mj_gb_ kd\Z'bg gZ r_evn_ Q_jgh]h fhjl\\dexqZ
jZaebqgqguo hi_jZpbc ijb \uiheg_gbb dhlhju-o \hafh
gb_hdjm Zxs_c¢ kj_~u +* Zd\Zlhjbb fhjy ;mfh\u_ jZ
n_ dzd ijZ\beh kh\iz"Zxl beb khijbdZkzZxlky k j_
Zj_Zehf f_klzZfb h[blZzgby fZkkh\uo \b~h\ ju[ [_k
Z 1Zd _ k [_glhkgufb khh[s_kI\Zfb =eZ\gZy hkh[_
Imju b nmgdpbhgbjh\Zgby fhjkdhc wdhkbkl_fu aZo
glh __ we_f glu k\yazZgu f_"~m kh[hc [he- _|_kg
guo [bhlZo Fhjkdb_ [bhlu azZgbfzZxl h[rbjgu_ Zd\Z
f_jbfu_ k jzaf_jzfb fhjy djhf_ Ih]h hgb ihklhyggh
iheh™ _gb_ b ljZgknhjfbjmxlky \ k_ahgghf Zki_dl_
A"hh[f_g f_""m jZaebqggufb [bhlhiZfb klhev ~_ bgl.
b b _gb_ \h®” \gmljb gbo WIb nZdlhju »_ezZxl ¢
g_]Zlb\gh_\ebygb_gZ zZd\Zlhjbx fhjy k\yaZggh _
fhjkdhc \h~u beb ~“hgghc ih\_joghklb [mjhtufb klh
fb [mjh\uf jZkI\hjhf b hkh[_ggh "b~rdbfb m]Je_\h”h

>ghm]em[bl_evgu_ jZ[hlu £+ h"bg ba k_jv-_aguo |
]_ggh]h ~"Z\e_gby gZ fhjkdb_ wdhkbkl_fu -1jb kljl
nl_]Zah\uo f_klhjh ™~ _gbc \_~_Ilky \u_fdZ b hkuid.
ijb\h~bl d k_jv_aguf jZajmr_gbyf ~“hgguo-[bhp_g
kl_ijhba\h~bfuo jZ[hl Baf_g_gby nbabqg_kdbo iZ
Au h[blZzgby £ fmlghklb \hAu kljmdImju “hgguo hk



k_gb_ gh\uo “hgguo kmJ[kljzlh\ = g_]Zlb\gh \ha”"_
Ajh[bhglu GZjmrzZ_Ilky kljmdIimjZ [bhp_ghah\ baf._
ghklv b Ijhnbg_kdb_ \azbfhhlghr_gby ]Jb”jh[bhglh
lzd"_ baf_g_gb_ obfbq_kdbo b fbdjh[bheh]bqg_kd
kj_"u

G_ klhbl azZ[u\zZlv b h Ihf qlh [mj_&@mh\mwonlyg
kd\Z bg khijy'_gh k h[jZzah\Zgb_f b gBihighgb_f
ebg_kI\Z hloh”h\ [mj_gby D gbf hljgkkyhky;Jmjh\
b _]h baebrdb [zZfihgZ guc jZkl\hj bJobfBEIl_jbZz
g_kdb_ j_Z]_glu ~ey ijb]lhlh\e_gby ;dyb]hjg2Z\wu[m]
ihjh"zZ rezf [mjh\u_ klhggu_ \h”u hhjki@g[hlZgg
kfZahqgu_ fZl_jbZeu =KF ijh~mdlu Aiplgfh\Zgh
ihimlgu_ ieZklh\u_ \h~ru Z 1Zd _ ohaycklinggh [
dZevgu_ klhgqgu_ \h”ru fmkhj ;mjh\uz]jlkldhggg \h
gu_ dhfihg_glzZfb obfb gq_kdb h[jZ[hlZggulb*ijhfull
dhkl_c ihiz~zxl \ fhj_ ijb h[fu\_ gbhghg\k cldb kl
jh\ ijb h[fu\_ iehsZ~db b iheZ [mjhkh\an_lkleh hlk
f_Ibgguc gZklbe ]b”jhl_ogbqg_kdh ]h letbrejZnpbygby
"ey k[hjzZ klhdh\ Dhebqg_kl\_ggh_ kho®_}jZyb_ h
guo \_s_kI\ \ [mjh\uo klhqguo \h*"Zo b\wh¥ fh _
I>D "ey ju[hohayckl\_gguo \h~ h_fh\ x@hjHhgh\z
dh g_h[oh”bfh hlf_Iblv qlh gZb[hevhjy @Zjyag_c¢
p_kk_ [mj_gby b azZzdzZgb\Zgby kd\Z bgjhjhd boh”b
hkeh g_gbyo ijb\h”ysbo d hldjuluf nhodidfgzf b
libnhgzf <u[jhku hldjulu_ ]Zahg_nlyigu\hnhglZ
Agu_ ]jbnhgu \ ijhp_kk_ [mj_gby b avgddbdb\Zghb)
eb f_klh \ ijhrehf >1Zlbg @ “?kelb_gmhbgyddgbl_
obfbg_kdb h[jZz[hlZgguo ijhfulhgguo hpfddkl_c ij
guo mkeh\byo [mj_gby kd\Z bg bf_xI ¢thdBd&vguc
ghkyl ms_j[ fhjkdhc nZmg_ b nehj_ lhelvgddd*b ij_*"
klZpbhgZjguo ieZlnhjf b ijbwklZzdZrgudjuétnsZ”hd
nhglZgu b ih?"\h*gu_ ]jbnhgu aZ]jyagyXxZlkkowZqbl_
\h~u b \hegzZfb \_Ijhf b I_g_gbyfb j@adhkydky gz
klhygby HibkZggu_ \ur_ bklhqgbdb lyaogiflbgbkdb
fhjkdhc kj_"~u ij_"~klZ\e_gu \ |1Z[e



LZ[ebpZz
“uijb [mj_gbb g_

DeZkkbnbdzZpby bklhggbdh\ b aZ]jyagbl_
nlyguo kd\Z bg

WdkiemZlZpbhggu_ \Zjbggu_
. Obqu kdb .
Bklhggbd AZ]jyclgbI "bg gbyBkIhngd AZljyagbl_
Ojhfibd g_ndv km Ob.qu—kdb
) hljz[hlZglgZy
. ibe kmevnZzZglhe gb .
Pbjdmeyp )ﬁ)g)qu_kdt? b mly -e]g
. hebl]gbg dZevpb -
gZy kbkl_f&a[jz[hlZg|g . gZy ijhfulhqg
e - jh\ZggZy bl ddpjhku .
|thu\hqghcljhfu\hquglIb KdzZy khirz [z gZy “b~rdhklv
“brdhklb | bAdhklv q_kdzcy g_nlv -dhlg
jbl oehjbklug n KZ1-io
dZevpbc hddbe _gkzl-ieZ
klh\Zy \htZ
Kbkl_fzZ ijp]h
Ilh\e_gby-ijjh
fulhgghc -|B[mj_ggZy Hidjulu |
dhklb b “bANtp"Z reZzf nhglZgd
obfbg_kdho j_
Z]_glh\
Kbkl_fzZ-ijb
_fz Ong
b \urzqb m%/PIX/ ebljev IhA\hAgl
obqu db .
_ebl_ey-b 1_glu ljbnhgu
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. Dhfihg_glu obfb
Kbkl_fZ ”bﬂuhhj Kiggkdb h[jz[hlZgguo
fz 0129 gy b \pXylijhtuih ‘A
\urzgb :Kﬂ Hhituihqguo -
dhkl_c b ihjhprz
GZklbe klZpb >ba_evgh_ lhieb\h
hgZjguo -i¢eZKF kfZadb b Z\bZpbhg
nhijf gh_ fZkeh
ljbf_qZgbEKF + ]Jhjxq_ kfZahqgu_ fZl_jbZeu ~ey fZrbg

ev

Hkgh\guf bklhqgbdhf aZ]jyag_gby fhjkdhc kj_*

jh\u _
_jbklbdhc ijh
rbo dhebq_kI\Zo fh"
kbgghklb j_2Z]

jzdl

jZkI\hju

fulhgghc

DeZkk Ilhdkbgghklb j_Z]
"brdhklb
_ Il \ua\Zlv ehdZevgu_
_glh\ [mjh\h]lh jZkI\hjZ ij

e_

_glh\ yley_
ihkdhevdm _
aZljyag.
_Aklz\e g\



LZ[ebpZ DeZkk Ihdkbgghklb obfbg_kdbo j_Z] glh\

DeZkk DeZkk-Ihd

J_Z1_9l ihdkbqghkib J_Z]_gl kbgghklb
=ebghihjhrhd $/'$&Z'¢v" )]b"
;Zjbl %$5%$=%1 "' 3/86 dkzZglZg
DKK; %$5%$1(; ihebf_j
DFP %"') eb]lJghkmevnhgZzlZz
NOEK &/$<6(%/ 3/86 Zfnhl_j
MSJ "(;75,"( djZofze
I:: (= 08" 5'3 ihebZdjbezfb”"
=jZnbl *(0 *3 iheb]ebdhey
G _nlv /[,*12; eb]lghkmevnjhgzZl
G_hghe B$&B$L p_eexehalZ
KmevnZghe 3%& 5 p_eexehalguc ihgbf_j
>bkhe\Zg 7+(50% &+ (. khihjebf_j
>balhieb\h 7+(50% 7+,1 iheb|f j
l:< HI .&0 oehjb” dZeby
F:K dj_fg_ja_f 1D&O oehjb” gZ|ljby
=bik &D&@hjb™ dZevpby
1D&2 kh~Zz 0J&®ehjb» fZ]gby
Ba\_klv 1D2+ s_ehqv

ljbf_qZg®KK;xdhg”_gkbjh\ZggZy kmevnbl kibjlh\Zy [Zj*Z DF
kbf_Ibep_eexehazZ NOEK = n_jjhojhfeb]ghkmevnhgZl MSJ %
Z]_gl 1:: £ ihebZdjbezfb™ I|:< + ih\_joghklgh Zdlb\gu_ \_s_k

AZ]jyagyxsb_\_s kI\Z [mjh\uo b g_nlyguo hloh?”
ghkblvky | g _gbyfb gZ agZgbl _evgu_ jZkklhyghby
[ugZ g_ [m”_1| h]ljZzgbgb\ZIvky Ilhevdh ehdZevgufb
nzZ 1*"_b~_l| jzajz[hldz f_klhjh "~ _gby Dhgljhev Kk
ij_~hI\jZzsZxsb_ Z\Zjbcgu_ \u[jhku aZ]jyagyxsbo
i_j\mx hg_j_~v ~he gu [ulv ij_~“mkfhlj_gu jZ[hqgbf
[mj_gb_ kd\Z bgu Z IZzd _ \ ijh_dl_ ©Hp_gdZ \ha”"
“Zxsmx kj_"m?2& H<HK

LzZzdbf h[jZzahf ”"ey ihegh]lh ij_~hl\jZs_gby aZ]jy
ijb "h[ug_ g_nlb b ]ZazZz gZ fhjkdbo f_klhjh ™~ _gby:
gh\u_ | _ogheh]bg_kdb_ ko_fu k[hjZ b ljZzgkihjlZ ij
"bg kha”Zggu_ k mqg_Ihf ki_pbnbqg_kdbo mkeh\bc



1Zaz gz fhj_ khhjm _gby ~ey k[hjZ b ljZgkihjlbj
e_gguo klhdh\ b hloh”h\ mdjmig_ggu_ Z\hfZlba
gheh]l]bg_kdb_ [ehdb k nZd_ehf ~“ey k' 'b]Zgby ]Za
iZkghklb b hojZgu hdjm Zxs_c kj_~u ij_"hojZgy
ebabjmxsb_ b i_j_dexqZxsb_ mkljhckl\Z ~Zlgbdb
jhabb gz”riehszZ”~hqguo Ijm[hijh\h~*h\ b h[hjm~h\Zc
hlk_dzl_eb z\IhfzlbazZpby b I_e_dhgljhev azZ ijh
g_nlb b ]ZaZz wnn_dlb\gu_ f_Ih”u hkmrdb-]Zaz \
gu_ "_ij_kkZlhju "ey kgb _gby \yadhklb \ukhdhkfh
nbgbkluo g_nl_c gh\u_ f_Ih”u dj_ie_gby iHbaZ[hc
nlyguo kd\Z "bg ey ij_"hl\jZs_gby \ughkZzZ i_kdZ g
HilbfZevgh_ j_r_gb_ wlhc ijh[e_fu * \g_"j-gb_ fg
]h b JhjbahglZevgh]lh [mj_gby kd\Z bg kgb _gb_ «
i_gb Ihdkbgghklb bkihevam_fuo obfbg_kdbo j_Z]
\hgguo "b~dhklyo qglh[ kgbablv kl_i_gv Ihdkbgghk

Hojzgz fhjkdhc b hdjm Zxs_c kj_"u ijb ijh\_"_g
jZ[hl \ ~Zgghf j_]bhg_ y\ey_I|ky \Z'ghc az*~Zq_c |
j_r_gby dhlhjhc az\bkbl khojzZzgghklv ijbjh2ghc Kkj.
gb\h_ wdheh]bqg_kdh_ jz\gh\_kb_ b khojZgghklv
Ss_gguo \ g_"jZo fhjy

Ebl_jZImjz
=hj[mgh\Z <ebygb_ ih\ur_gghc fmlghklb gZ ieZgdlhgg
jZIhjh\ Lj ¢ \k_khxa dhgn ih ju[hohayckl\_gghc
Jb]z k_gl Q K *
I1ZIbg K >h[ugZ g_nlb b ]1ZazZz gz fhjkdhf r_evn_
ju[hohayckl\_gguc ZgZeba Ju[gh_ ohayckl\h <

,1)/8(1&( 2) '5,//,1* 23(5$7,216 $7 7+( 6+ (/)
2) 7+( %/$&. 6($ 21 7+( 0$5,1( (19,5210(17
0 9 1IDFgHYD
,QVWLWXWH RI 1DWXUDO DQG 7HFKQLFDO

7KH SDSHU GHDOV ZLWK WKH FXUUHQW HQYLURQ
GULOOLQJ LPSDFW RQ WKH PDULQH HQYLURQPHQW
WDO PHDVXUHV DLPHG DW WKH SUHVHUYDRQRQ R
PHQW DQG WKH VHD HFRV\VWHP DUH VXJJHVWHG



=B>JH;BHEH=BQ?KDB? BKKE?>H<:GBY
< >?EVL? J?DB E?GU ]

= J Gb]zfZlaygh\Zz E : Njheh\Zz
DZazZgkdbc Ijb\he kdbc n_~ jZevguc mgb\_j

< ~rZgghc jZ[hl_ ij_"~klZ\e_gu j_amevlZlu ]b”*jh[bhe¢
ke _~h\zgbc ijhlhd »_evlu j E_gu \_kghc % e_Ihf
\__ ahhiezZgdlhgZ \uy\e_gh lzdkhgzZz <b™h\h_ jZz
ieZzgdlhgZ khklzZ\eyeb ij_"klZ\bl_eb IbiZz 5RWLIH
gbke_gghklv \ ijhHid?W H O O D *RFNKIO&LPQ@R FK L O XV
XQLFRARXIWWHOHW <dezZ”™ \ [bhfZkkm-[ue [he
\bklhmkuo b \_kehgh]bo j2&éWVRFA&OURS VE&OBXKN D

%RVPLQD ORXIQORVWULYV Q_Idh ijhke_"b\Z
ahggZy ~bgzZfbdzZ \b”h\h]h jZaghh[jZaby b dhebq
aZl_e_c ahhiezZzgdlhgZz Khl]eZkgh jZkkgblZgghfm |
Mb\_jZ \h”u ijhlhd y\eyebkv mf_j_ggh aZ}jyag_g
ijh[gufb k hldehg_gb_f \ f_ahkZijh[gmx ahgm il
ijh[ghklb

J dZ E_gZ nhjfbjm_1| h~rgm ba kZfuo [hevrbo \

>)HGRURYD @ WIlh ahgzZ \azbfh~_ckl\by j_d!
hkh[uc ]_h]jZnbg_kdbc h[t_dl = _“~bguc i4bjh”~gu
Zevguc dhfie_dk >=mdh\ @ Bamqg_gb - wlh]h

_ 1 fgh]lb_ \hijhku dZkZxsb_ky ijhp_kkh\ 4jhl_dZ:
| _ b dhlhju_ hklZxlky “h kbo ihH GRd] RNE®->AHD R,
hiezgdlhg \ ~_evl_ j db dzZd b \ *jm]bo \h*guo w
I dexqg_\mx jhev \ ljZgknhjfZpbb wg_j]lbb-b [bhlb
\hjhl_ \_s_&EUDSHERNDIRGR YHDIGh [ Hda@hh kokdhid k b deadital Ediday
ghf jZchg_|_kgh k\yaZgu kh \k_fb oZjzdl_jbklbdZz
h[gZjm b\Zxl ohjhrh \ujZ" _gguc k_ahgguc-0zZjzdl_
[bheh]bgq_kdbc j_"bf mklv_\hc h[eZklb E_gu bam
[h>=mdh)\ @ P_evx "Zgguo bkke_"~h\Zgbc y\e
\j_ f ggh_ khklhygb_ ahhiezZgdlhggh]h khh{s_ klI\Z
\hc khklzZ\ ij_~klZ\e_gguo \b~"h\ bkke_"h\ZIlv k_at
ahhiezZgdlhgZ ijhlhdh\ j_db \_kghc b e_Ihf ]



FZI_jbzZehf "ey "Zgghc jZ[hlu ihkem ee#g h[jZa
dlhgZ k hkgh\guo ijhlhd ~_evliu j E_le_eda _g_c
kdZzy QZc Lmfmk =eZ\guc Kl\hj ZywfzitkdBgZ Lmi
Ozy ;medmjkdzZy hlh[jZggu_ \_kglkc 1beqg¥hifh

bxey Z\lhjhf b ]Jjmiihc ]Jb”jheh]h\b:jgllZzgdkKdh]h
g_kdh]h gZzmggh bkke_~h\zZl_evkdH]h_bgj§hbjjnizl Z ]
\ oh”_ kh\f_klghc f_""mgzZjh~rghc jhk&bwd&h ] _jfz

"bpbb ©> evlZ E_gu a bk Hkph jk i gha \ h 2
db \_jlbdZevguf ijhly]b\Zgb_f fZehc Kbidf :ifl_cg:
k_Ib  kf jzaf_j yq_b fdf kh "y Ah \k\ Gogl

lhes_ \h”u ijhlhdZ beb ijhp_"b\Zgb_f_a kelvhku q
ihke_"mxsbf nbdkbjh\Zgb_f f nhjfZeblgdaf Ijh[t
A"h\Zgguo ijhlhd Jueb ih?\_jlgmlu Zgdebamdidzq _|
ebqg_kI\_gguo ]b~jh[bheh]bqgq_kdbo oZ{ghll-hjjbklbd
s_ijbgyluf ]b~jh[bheh]bqg_kdbf f_Ih"bdzZfDh@Z"bg
klzglbgh\ @
< \b~h\hf khklZ\_ ihemqg_gguo h[jZaph) ijhlhd
gh lZzdkhgZz \brh\ ahhiezZgdlhgguo \Wj]Zgba
“h\h]h jZaghh[jZaby hij_~_eyehkv ijiz"bIRRWd I ey D
\b"rZ gZ "“hex jZdhh[jZaguo ijbath”bedrkdwv
hlj &ODGRFHUD b + \b~rh\blihje &RI$HSRG
klZz\e_ggufb k_f_cklI\Zfb [ueb % UDFKIRWLIGH
&\FORSLGDH \brh\ &RSHSRGD & ObR\RAFHUL
lh gzklhl_ \klj_gqzZ_fhklb \h \k_o bamig[g&juo hJ]j
"_gu x\_gbevgu_ klZ”"bb jZa\blby \_kabgb]lblo jZ
ijh[ \klj_q.HUDWHOODOX®DGWDWD 5RWLII
%RVPLQD (XERVPLADLUFFRUHIRQQPIDGRFHUD LZ
gufb \b~"Zfb klZeb dhethViZWHOOD FRWKHOHDULV
&RQRFKLOXV 5RXVAVRHOHWRVPLIQD ORQ@QXQORVYW
b& GDG R RHEWE Dh2G G hidhve vy dihdehoediza kbiihg I X |dAkdr
jm™ _gh \ ijh[_ hlh[jZgghc e_Ihf LmfzZlkfhcgZz
ijhihd_ gZbf_gvr__ \b”h\h_ jZaghh[Zha&b)\- aZnbd
k_gg_c ijh[_ k He_g_dkdhc ijhlhdb = \k_]Jh <b~Zz
kj_~g_f gz ijh[m k ijhlhd ijboh*"blkp RWLIHUDL"Z
\br*"Z &ODGRFHUD b “ \b*"Z &RSHSRGD



Jbk Dzjlz ko_fzZ jzkiheh  _gby ijhlhagu beviu j E
klzgpbb hl[hjZ h[jZzaph\ ahhieZgdlhgZ
+ =ezZ\guc Kl\hj + Lmfzlkdzy :f_jbdzZ Ozy + Lmfzlkdz
+ LmfzlkdzZy ijZ\uc [_j_] + ;medmjkdZy + He_g_dkd.:
+ He_g_dkdZy

gbke_gghklb ahhiezZgdlhggh]lh khh[s_klI\Z

ijhlhd hij_~_eyeb dheh\jZldb % “+ \ hkghwda
ghf [eZz]h~Zjy [hevrhc ij_"klZ\e_gghkIbRKKOHDWLDL
“ luk wda& Zf *hex gbke_gguo ihdzZaZl_e

h[jZaguo ijbrehkv “ |&® DW®RE HUD b
“ luk wd8aRSHSRGD Kj_"~g__ agZq_gb_ qgbl
hieZzgdlhgzZ ijhlhd khklZ\beh luk wda f

< hlebgb_ hl gbke_gghklb [bhfZkkZ hij_2_eyeZl
hieZzgdlhgZ [he__ beb f_g__ \ jZ\ghc kl_i_gb L.



[bhfZzkku ijbrehkv gZ "hex &ODGRFHUD £
&RSHSRGD “ gZf]*hex dheh\jZlhd =

fl f <ukhdbfb ihdzZazl_eyfb [bhfZkku-hlebghb
h[jZagWHVRF\FORSV &DHDXXFANDUWL “ b f] f
% ORQJLURVWULIVIKj_"~g__ agZqg_gb_ [bhfZkku a
dlhgz ijhlhd khklzZ\beh o f] f

GZ hkgh\_ dhebq_kI\_gguo ihdZaZl_e_c ahhieZzZ
bgr"_dk \brh\h]h jZaghh[jZaby R_gghgzZ Mb\_jz >
LZzd ijhlhdb ~_evlu j E_gu fh'gh hozjzdl-jbah\Zz
gh aZljyag_ggu_ . [bl wda jZkkgblzZgh ih

! [bl wda jzZzkkqblzgh ih [bhfZzkk_ AgZq_gl
jh\Zeh hl ~h

Lzd _ gzZfb jzkkgblZgu bg”_dku kZijh[ghklb Ih
ijh[ghklb ih 1Zgle_ b ;mddm \ fh*bnbdZpbb KezZ"_

@ \h”~u ijhlhd heblhkZijh[gu_ kj_"g__ agZq_g
ijhihd [ueh jZ\gh “ lh bg”_dkm kzijh[ghk
d_b FZj\Zgm >=HOLQND @ \h™u ijhlhd-~_evlu
ijh[gufb k hldehg_gb_f \ f_ahkZijh[gmx ahgm

>ey ijh\_~_gby kjz\g_gby f_"~"m \b~h\ufb khh[s.
hiezgdlhgz ijhlhd gZfb bkihevah\Zeky bg"_dk @

@ GZb[hevr__ koh”kl\h h[gZjm _gh f_"“"m He_
dhc QZc Lmfmk b =ezZ\guf KI\hjhf gZbf_g\v
;medmjkdhc b Lmfzlkdhc ijhlhdzZfb

Ilh ahh]_h]ljzZznbqg_kdhfm jZchgbjh\Zgbx \ \b”Ah\hf
ijhihd ~_evlu j E_qgu ij_h[ez”~"Zxl| dhkfhiheblgu_ \t
GZ “"hex iZe_Zjdlbg_kdbo \b”"h\ ijboh”blky
gZklh \klj_g_gguo ij_"klZ\bl_e_c iZe_Zjdtbqg_kdh
g_gby hlf_dD&KQLD FXEFXOWDMIYPLQRSVLV GHI
5LFKDUG ba &O\TFORBHNUDNRODBQNHERUJI 4
&RSHSRGD Ba \b*h\ k JheZjdlbg_kdbf jZkijhkljZ¢
dheh\jZIHDOLFRWLD. DRQUNR®L QD

Ih [bhlhibg_kdhfm ij_~ihgl_gbx hlghkbl_evgh \ j
g_klI\Zo ij_"klZ\e_gu ieZgdlhggu_ b w\jblhi
\bru f_gvr_ \klj_g_gu ijb[j_"gu_ b nblhnbevgu_ ij
eb ahhiezgdlhgz



< k_ahgghc "bgzfbd_ ahhiezZzgdlhgz fh gh hilf_lIb
jZaghh[jZaby b dhebqg_kl\_gguo ihdZaZl_e_c ahhit
d e Im I _j\u_ h[jZapu ahhiezZzgdlhgZ hlh[jZggu_
hdhggZgbb e_"hoh”Z j_db gZ He_g_dkdhec-ijhlhd_
j_ V' 9gZgZe_ bxgy oZjZdl_jbamxlky \_kvfzZ-[_~guf
\hf b khhI\_IkI\_ggh gbadbfb dhebqg_kI\_ggufb ih
hieZzgdlhgzZz LZd \ wlbo lhgqdZo hl[hjZ aZnbdkbjkl
gu_ ihdZaZzZl_eb gbke_gghklb b [bhfzikku f] fluk v
jbk <h \lhjhc iheh\bg_ bxey | _ e_Ilhf gZ v
yo aZnbdkbjh\Zgu [he__ \ukhdb_ dhebqg_kl\_ggu_

luk wdad f f] fF_g__ gq_Idh ijhke_"b\Z_-lky "Zg
gZfbdz ey LmfzZlkdhc ijhlhdb < gZgZe_ bxey \ h]
dlhgZ ihdZazl_eb khklZ\eyebb fukew@&bZgpbb
Lmfzlkdzy :f_jbdz OzZy \h \lhjhc iheh\bg_ bxey
ey klZzgpbb LmfzZlkdZy [ueb b Iluk] fwda f

Jbk >bgZfbdZ qbke_gghklb b [bhfZKkkuijalttieZgd
az 9,+9,, ]

Lzdbf h[jZzahf \b”~h\h_ jZaghh[jZab_ ahhiezZg
h[s_kI\Z ijhlhd ~_evlu j E_gu aZ bxgv bxev
ehkv dheh\jzldzfb GZb[he__ gZklh \klj_g_-ggu_ ¢
eb dheh\jZlhd b gbarbo jZdhh[jZaguo y\eyebkv 0Z



A _evlh\hc h[eZklb j_db >:[jZfh\Z =mdh\ @
gu_ ihdZazZl_eb ahhieZgdlhgzZ \ ijhlhdZo \Zjvbjh\.
kilb hl hkh[_gghkl_c \h*guo fZkk b ijhlhd qg_Ildh i
k _ahggZy ~bgZfbdZ ahhiezZzgdlhgguo hj]l]Zgbafh\
j_qgbl jZg__ ijh\_*_gguf bkke_~h\Zgbyf gZ ijhlhdZz
>=mdh\ @ Ilj_h[ez”"Zeb \ khh[s_kI\Zo \b”u k rl
kljZg_gb_f < ijhlhdZo gZfb [ueb \klj_g_gu-dzZd ie
jblhigu_ 1zd b ijb[j_"gu_ \b”u Bkke_"h\Zggu_ \h-
jZdl_jbah\zZebkv dZzd mf_j_ggh aZ]jyag_ggu_ heb
dehg_gb_f \ f_ahkZijh[gmx ahgm

\lhju\ujz zx!l [eZ]h”~Zjghklv ]b”jheh]Zf :jdIbg_kdh]h
dibg_kdh]h gZmqggh bkke ~h\Zl _evkdh]h bgklbImlzZ ] K
aZ ihfhsv \ ijh\_~ gbb ihe_\uo bkke_ _"~h\Zgbc \ ~_evl_
\uiheg_gZ ijb nbgZgkh\hc ihA*_j"d_ JNNB ijh_dlu «

Ebl_jZImjz

:[jzfh\z ?2 & kehgh]b_ jZdhh[jZagu_ KUXVWDFHD
E_gkdh]lh azZih\_~gbdZz =b~jh[bheh]lbg_kdb_ bkke_"h
dZo <ui F K =

=mdh\ : Xb"jh[bheh]by mklv_\hc h[eZklb j_db E_gu
fbj k
@Z"bg < FBlh~u Jb”jh[bheh]bg_kdh]h bkke_~h\Zgby
rdhez k

Dhgklzglbgh\ H[KZy ]b”Ajh[bheh]by Mqg_[gh_-ihkh[b_

A _glh\ ki_p \ma Ba® _ i_j_jzZI b ~hi F . <ukr rd
$EUDPRYD §XVMVLDQ *HUPDQ &RRSHUDWLRQ 6<67
WKH H[SHGLWLRQ /(1% (G SIHLIIHU ( 0 =
KDYHQ *HUPDQ\ %HULFKWH 3 +
)HGRURYD , .:fmu} RO R R R P

ences 9 3 +

-DFFDUGVWULEXWLRQ GH OD ARUHMHUDQ S HYHH®/IED\
TXHOTXHYVY UHJLRQV YRLVLQHVIDWXXHIOO 6RF O9DRGF
3 +

BLHORX7KH. PHDVXUHPHQW RI GLYHUVLW\ LQ GL
FROOHFWLRQV - 7TKHRU %LRO 9 3 +

6KDQQRKK® ODWKHPDWLFDO 7KHRU\ RI &RPPXQLH
,OOLQRLV 3UHVV S



60iGH™AHMWHP RI ZDWHU TXDOLW\ IURP ELRORJ

+\GURELRO (UJHEQLVVH GHU /LPQRORJLH %G
THOLQNIXW 3UD]JLVLHUXQJ GHU ELRORJLVFKHQ .0
VHQGHU *HZDVVHU $UFK +\GURELRO %G

+<'52%,2/2*% &%/ ,19(67,*$7,216
1 7+( /(1% 5,9(5 '(/7$

* 5 1LJDPDW]\DQRYD / $ )URORYD
.D]DQ 9ROJD 5HJLRQ )HGHUDO 8QLYHU\

7KH DUWLFOH SUHVHQWYV W KB YHMXIOM W IRR QKM GRJ RV
RI WKH /HQD 5LYHU '"HOWD LQ VS UL QUHD IQGHQX\PLP:HHLE
JRRSODQNWRQ =RRSODQNWRQGHHFH ¥ HURHP S RIVLH
W\SH 5RWUIBIWEO OD*RRNKO&PQRFKLOXV5RRYFROE M

OHVRF\FORSV&OBXKNDUW &R SHBRE0D D QR Q JL UF
0XOOHU &ODGRFHUD GRPR®DWHGS$EPBR]LRRSIDY
6KDQQRQ LQGH[ DQG VDSUREIEKDQ G AW MUK HHFK D Q@ @
SROOXWHG DQG ROLJRVDSURBISUREWK JR¥L D W LR G

BGL?=J:EVG:Y HP?GD: WDHEH=BQ?KDH=H
;E:=HIHEMQBY <H>GUO WDHKBKL?F

? : ljbfzd G < Am_\Z
Jhkkbckdbc Jhkm~ZjkI\_gguc b jhf_¢bhjhkblblg_kd

< ijZdlbd_ ijbjh*hihevah\Zgby hlkmlklI\m_I- _~bgut
luc f_Ih” bgl_]jZevghc hp_gdb g_Z”*”blb\guo k\hc
kdbo kbkl_f mklhcgb\hklb wdheh]bqg_kdh]h [eZ]F
b ~j WIh h[mkeZ\eb\Z_| g_h[oh”bfhklv ihbkdZ ijb_
db f_Ih~h\ bgl_J]jZevghc hp_gdb g_Z"**blb\guo k\|
kbkl_f \'ijbjh~_ b h[s_KkI\_ < ~Zgghc jZ[hl_ ij_"eh
hp_gd_ wdheh]bqg_kdh]h [eZ]hihemqgby \h*gh]h h[t

Wiheh]bq_kdh_ [eZ]hihemqgb_ HWPFRIOR JIL[EFDIZZHO
Rl ZDWHU ERG\ kh]leZkgh >=HKLwlh ghjfZevgh @
\hkijhba\_"~ gb_ hkgh\lguo a\_gv_\ wtihemhMoh]kdhc
hit _dIZz Ijbg_f d hkgh\guf a\_gvyf WwidHeh\bygdhc



h{t_dlZ highkylky i_eZ]bq_kdb_ b iggthgdpujuj@dhh
HArgZdh \ "Zgghaghdhi]bqg_kdh_ [ejZkkh&aino\Z_1ky
k "jm]hc klhjhgu b hlh _kl\ey_Ilky kZiyfgheth ©®@idbjht
fZevgzZy? "ey q_eh\_dzZ ]Jb"jh[bhglhfZ \h*"gZy wdhkk
Ih*oh”u d \u”_e_gbx ghjfZevghc 1ihgbfZ_fhc d.
hilbfzevgZy ey q_eh\_dZ wdhkbkl_fu b bo ZgZet
? E <hjh[_cqbd k khzZ\lhjZfb ><hjh[_cqgbd- b 7]
[Zl_ [ueZ hij_~_e_gZ ©ohjhrzZzy2 wdhkbkl_fZ WIlh
kbfzevghc b jZaghh[jZaghc ijh mdpb_c m~h\le_I\
fbg_kdb_ b wkl_Ibgq_kdb_ ihlj_[ghklb qg_ehd_dzZ k
hljZzgbg_ggh “he]lh \ baf_gyxs_cky kj_"_
ljbagZdb ©ohjhr_c2 7~ey q_eh\_dZ \h”"ghc wdhk
f g _gb_ ih dezkkzf [eZ]lhihemqgby khklZ\eyxl hkg
pbb wdheh]bg_kdh]h [eZ]hihemqgby \ "Zgghc jZ[h
deZkkbnbdZpbb bkihevah\Zgh kh\f_s_gb_- Zgljh
]Jh b [bhp_gljbgq_kdh]h ih*oh”h\ mqgl_gu ijbgpbiu
G K Kljh]Zzgh\z >>_"x @ ijbhjbl_lghklv \ b
\h~h_fh\ ~hklZlhgghklv kZfhhgbs_gby h[_ki_q_c
"bagb ey ijhfukeh\uo h[t_dlh\ ijblh~rghklv \h~u *
p_e_c ljbagzdzfb [eZ]hihemqgghc ijbjh*ghc wdhk
< < >fbljb_\m >>fbljb_\ @ ij_"eZ]Z_Ilky kgbl
fZdkbfZevgZy ijh*mdpby j_kmjkgh]lh a\_gZ
\ukhdbc azizk [bhfZkku j_kmjkgh]h a\_gZ
fZzdkbfZzevgh_ \b*h\h_ jZaghh[jZab_ [bhlu
\ukhdh_ dZq_klI\h \h*u
\ukhdZy mklhcgb\hklv d \g_rgbf \ha”_ckl\byf
gbadZy kdhjhklv aZ]ljyag_gby aZdbke_gby w
\ukhdzZy kl_i_gv kzfhhgbs_gby
kihkh[ghklv khojzgylv \ur_gZa\Zggu_ 4ijbagZzd
hljZzgbg_ggh_ \j_fy
?keb ba gbkeZ i_j_qbke_gguo ijbagZdh\ m[jZlv
b Ih ijbjh~rgZy \h*"gZy wdhkbkl_fz fh _I| {ulv aZz
kI\_gguf \h~h_fhf bkihevam_fuf \ ju[hohayckl\_c
?keb ih”_jI\h\ZIv i_j\ufb Ij_fy ijbagzdzfb -lh ijbjh
kbkl_fz g_ kfh _l ij_~klzZ\eylv bgl_j_k “ey gq_eh\_c



\h~guo j_kmjkh\ \ukhdh]lh dZq_kI\Z : _keb-m[jZlv
dh ihke_"gbc ijbagZd Ih ijbjh”*guc \h*guc h[t_dl
lzd _ azZf_g_g bkdmkklI\_gghc \h~ghc wdhkbkl_fhi
kms_kl\h\Zlv Thevdh \ kemqgZ_ hilbfZevgh]h mijZ\e
hgbjh\zgb_f g_eh\_dhf <dexq_gb_ \ i_j_g_gv ]
al\hey_ | kgbablv ©ihlj_[bl_evkdh_2 hlghr_gb_ g_e
b bkihevah\Zlv \_khfhklv *Zggh]h ijbagZdzZ \ bgl_
\h~ghc wdhkbkl_fu k ihabpbc [bhp_gljbafz

Lzdbf h[jZzahf h[h[s_gb_ b ZgZeba iagZdglhke g
[j_[mx] mqg_IlZ i_jki_dIb\ bkihevah\Zglbyu\lgprgec wd
\_dhf WIlh h[mkezZ\eb\Z_1| \g_k_gb_\ gldholdbhyo "¢
fZpbb ijbhjbl_Ih\ f_""m bkoh~gufb djblgglueflh_lThen
amevlzZl hp_gdb \ wihf kemqgZ_ [mj® ]bib@Zleevgmthlev
\j_f_ggmx ijb\yadm gh b azZ\bk_Ivah\2Apbhy AgBibie
hrgz b 1z "_ wdhkbkl_fz \ aZ\bkbglbklb hlbkéBEgbjh
ah\Zgby g_eh\_dhf “ey k\hbo gm " Zfhe Z|hihlemgZ a\
ghc \ [hevr_c beb f_gvr_c kl_i_gb ¥bZhgudif\endhlk)
p_gljbaf ]J_hp_gljbaf \ jZajzZ[hld_ bbb dzhooth ovdie Z
eh]bg_kdh]h [eZ]hihemqgby fh _| h[mkbepRBlvgowj@[hl
djbl_jb_\ ih dhlhjuf kbkl_fz fh™_| [e@ZJhiijbhemdgh c[

< p_ehf fh'gh kdzZazlv qlh jZzajzZ[hldZ djbl_jb_\
]h [eZ]hihemgby kms_kl\mxsbo beb ijh_dIbjm_fuo
ey_lky keh'ghc az”~zZq_c b Ij_[m_I ijh\_~_gby ki_y
"h\Zgbc >1jbfzd @

GZb[he__ hilbfzevguf ih"oh~hf d hp_gd_- wdheh
]Jhihemqgby fh gh kgblZlv bgl_]jZevgmx hp_gdm H¢
_“bgblv \ h*gh p_eh_jZg__ ithemq_ggu_ fgh]hdjbl
db k mq_Ihf bo \dezZ~Z \ h[smx hp_gdm Bgl_]jZeV
\u\Z_|ky gZ j_amevlzZIl_ fgh]lhmjh\g_\uo k\_-jlhd bg
klhygbb kbkl_fu F_Ih”"bdZ ihkljh_gby bgl_]jZevgl
hkgh\u\z_Iky gz f_Ih”_ k\h~guo ihdZaZl_e-c beb
gbabjh\Zgguo k\h”guo ihdZazZl_e_c >0Oh\Zgh\
f_Ih” ohjhrh azj_dhf_g~h\Ze k_[y dZd bgkljmf_gl
nhjfZpbb h jZaebqguo k\hckl\Zo keh guo kbkl_f \
s_kI\_ >>fbljb_\ Njmfbg @



Hkgh\u\Zykv gZ h[sbo iheh  _gbyo h [eZ]hihemqc¢
[ueb hlih[jZgu ke_"mxsb_ ijbagzZdb >I1jbfzd @
— dzZg_klI\h \hAu dhlhjh_ ij_"ezZ]Z_lky hp_gb\Zl
fm dhf[bgZlhjghfm bg”_dkm aZ]jyag_gby MDBAK<
\W_7~_g \ khhI\_Ikl\bb k >J> @
ijhA"mdpby j_kmjkgh]l]h a\_gZ hp_gb\Z_fzZy k il
fZkku
— \b~rh\h_ jZaghh[jZab_ [bhlu fzZdjhahh[_glhkZ
bgr _dkhf R_gghgZz
— kdhjhklv kzfhhgqbs_gby \h”ghc wdhkbkl-_fu fh"_
ky ih agZq_gbyf nbevljZpbhgghc ZdIb\ghklb beb \
gby \h”u ahhiezgdl_jZfb nbevljzZlhjzfb < hkgh\m
hp_gdb wdheh]bqg_kdh]h [eZ]hihemqgby iheh  _gu *
jhklv nbevljZpbb \h”u ahhieZgdlhghf b [bhfZkkZ
WIh k\yazZzgh k I_f qlh agZq_gby nbevljZpbhgghc
ebq_gb_f Ijhnghklb \h~"h_fZ ih\urzxlky h”gzZdh \
ghf \h*h_f_ k mf_gvr_gb_f kdhjhklb nbevl{Zpbb \
dlhghf gh k [hevrbf m\_ebq_gb_f [bhfZkku ahhi
jhklv nbevljZzpbb ihgb Z_Iky ihwlhfm \hagbdzZxl
[fjm~ghklb \ ihkljh_gbb hp_ghqgghc rdZeu dhlhjZy
deZkkbnbdzZpbb wdheh]bq_kdh]h [eZ]hihemqgby
— ljhnbg_kdbc klZImk \h*h_fZ hp_gb\Z_dky k i
ajZqghklb b dhgp_gljZpb oehjhnbeeZz
— kZijh[ghklv \h~ghlh h[t_dIZ hp_g_ggZy k ihfh
kZijh[ghklb IZgle_ b ;mddZ \ fh*bnbdZpbb KeZ”"_q
< 1Z[e ij_"klZ\e_gZ deZkkbnbdzZpby wdheh]bog
emgby \h~ghc wdhkbkl_fu ih \u[jZgguf ijbagZdZf
dj_lgu_ ozZjzdl_jbklbdb
Ke_~my f_Ih~"bdb ihkljh_gby bgl_]ljZewxdhpPghhdZa
@ [ueZ jZajZ[hlZzgZ rdZeZgbgHlkl7zZ[exzgh]h b
emqgby ij_"klZ\e_ggZy \ IZ[e HhgBZcijg "ikl-4uay |
gmx hp_ghggmx rdZem dhlhjZy ihaéhggul ihgngZI\
gby bgl_]jZevguo ihdZaZl_e_c [eZ]lyihe migbgyudey
wdheh]lbg_kdbo kbkl_f k mqg_Ihf ijbhdBjZidh jbbkoh”
klbd \u[jZgguo “ey hp_gdb wdheh]dlgy kdh]h [eZ]hi



LZ[ebpZz DeZkkbnbdzZpby wdheh]bq_kdh]h [eZ]hihem
kbkl_fu

Kl i_gv [eZ]hihemqgby deZkku [e[Z]hihem:
ljbagZdb <ukhdZwvwr_ kj_ANgKjc *gygb _ kj_t&badzy
iy 9 \Y,

DZq_kI\h \h~u|ih

MDBA< * * * *

Kdhjhklv nbevljZpbb
\h~u ahhiezZzgd|hphf - - -
e fl,, kmldb

;bhfZkkZ ahhitezZgdlh
gz Il]] k£

BolbhfZzkkzZ ] f - - - !

Bg”_dk kZijh[ghklb
IZgle_ b ;mddZ
"bnbdZpbb Kek

>~
—n
>
I+
I+
I+

Bg”~_dk \b~h\h]h
ghh[jZaby R_g|g
[bl wda

-0
((og
N
I+
I+
I+

ljhajZgghklv f !

=+
+
I+
+

Dhgp_gljZpby [oehjh

nbeezZ f] f 8- - - :

LZ[ebpZ Rdzez bgl_J]jZevghlh bg”_dkzZ 4 “ey hp_gc
kdh]h [eZ]lhihemqgby \h*guo h[t_dlh\

Kl _i_gv [eZ]hihemgby deZkku [eZ]hiH1emqby

Bg”"_[dkukhdZgur_ kj_"g_cKj_"~gyyl Gb"_ kj_"g_GbadZy
: ‘s ,9 v
4 + +98 + 95 + +
KzZfh_ \ukhdh_ wdheh]bqg_kdh_ [eZ]hihemqgb_ ki
g_gbx jZ\ghfm lj_ ~ evgh gbadh_ [eZ]hihemqghb

gme_\hfm agZq_gbx Lzdbf h[jZzahf bgl_]jZevguc
\hafh ghklv gZ dhebqg_kI\_gghc hkgh\_ ijhke_"blv
g_gby wdheh]bgq_kdh]h [eZ]hihemgby \h~gh]h h[t_

HIf Ibf s jZa qlh gZ k_]h~gyrgbc ~_gv hlkmlk
h[s_ijbgyluc f_Ih” hp_gdb wdheh]bq_kdh]h [eZ]hi
fz 1j_~eh” _gguc ih~oh” ih fg_gbx Z\lhjh\ -emqr_
\ _IkI\m_ I ihklZ\e_gguf p_eyf b az”~ZqzZf bkke_~h\



wdheh]bq_kdh]h [eZ]hihemqgby \h”guo h[t_dlh\ [Z
]bo h[_ki_g_g g_h[oh~bfhc bgnhjfZzpb_c b~z _| z7
dm h kl_i_gb [eZ]hihemqgby jZkkfZljb\Z_fh}h mqZk
_dlZ beb \h~rgh]h h[t_dIZ \ p_ehf

Bkke "~h\Zgb_\uiheg_gh ijb nbgZgkh\hc ihA™ _j°d_ J
gZmqgghlh ijh_dlZ « fheBZ

Ebl_jZImjz

<hjh[_cgbd ? E KZ~udh\ H N N\X phrefhd bo\_ kd h=_
ghjfbjh\Zgb_ | _ogh]_gguo aZ]jyag_gbc gZa_fguo wdhk

mjh\_gv ?dZl_jbg[mj] GZmdZz k

=HKL HojzgZz ijbjh~u =b”jhkn_jZ Bkihevah
hojzgz \h~ Hkgh\gu_ | _jfbgu b hij_~_e_gby ml\ Ilhkl:
klzg~rzjlz KKKJ hl <

> "x B Wdheh]bq_kdbc wgpbdehi_~bqg_kdbc keh\Zjv
j_~ Fhe™ kh\ wgpbde k
>fbljb_\ <W<dheh]h ]_h]jZnbqg_kdZy hp_gdZ khklhyghb

\h~h_fh\ >bk Ahdl ]_h]j gzZmd KI[ k
>fbljb_\ < < NjmfWgdkeh]bg_kdh_ ghjfbjh\Zgb_ b m
\hklv ijbjh~rguo kbkl_f Mqg_[gh_ ihkh[b_ KI[ K

ljbfzd ? Bgl_JljZevgZy hp_gdZ mklhcgb\hklb b wdheh
lhihemgby \h*guo h[t_dlh\ >bk « dzZg” ]_h]j gZmd K

J> F_Ih*"bq_kdb_ mdzazgby F_Ilh~-dhfie_d
db kl_i_gb aZzZ]ljyag_gghklb ih\_joghklguo \h® ih ]b”jhc
dzazl_eyf

Oh\Zgh\ Ggkeba b kbgl_a ihdzZazZl_e_c ijb bgnhjfZphbl
pbl_ KI[ KI[=M k

Oh\Zgh\ GFZA_fzZlbq_kdb_ fh~_eb jbkdZ b g_hij_"_
KI[ KI[=M . k
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5XVVLDQ 6WDWH +\GURPHWHRURORJLFDO

7KH HQYLURQPHQWDO PDQDJHPHQW ODFNV D XQL
LQWHJUDO DVVHVVPHQW Rl QRQ DGGLWLYH SURSH
VXVWDLQDELOLW\ DQG HQYLURQPHQWDO ZHOO EH



D QHHG LQ VHDUFKLQJ WHFKQLTXHY DQG GHYHOR
Rl QRQ DGGLWLYH SURSHUWLHY RI QDWXUDO DQC
GHDOV ZLWK WKH DSSURDFK WR WKH DVY¥YBWWHRHQYV
ERGLHV

HP?GD: KHKLHYGBY AHH;?GLHK: HA?J: BEVF?C
IH> <EBYGB?F :GLJHIH=?GGUO N:DLHJH<

< < luh\Z L < Gbdblbgz

=hkm~ZjklI\_gguc gZmqggh bkke_ "h\ZIl_evkdbc |
ha_ jgh]lh b j_ggh]lh ju[gh]h ohayckI\Z bf E K

Bkke_~h\Zgu \hijhku khklhygby ha Bevf_gv ih ]&
kdbf ozjzdl_jbklbdzZf GZ hkgh\_ ZgZebaZ j_ameyv
\h~u "~hgguo hleh”_gbc fheexkdh\ azZ i_jbh” k

k" _eZgu \u\h”u h[ Zgljhih]_gghf \ha”~_ckl\bb gz al

Ha jh Bevf_gv yley |ky h~rgbf ba kZfuo-[hevrb
dh\h]h ijhbkoh ™~ _gby K_\_jh AzZiz~gh]lh j_}bhgz I
gy hkms_ kl\ley Iky g _j_a j <heoh\ \ bklhd_ dhlk
] <_ebdbc Gh\]hjh® lehszZ”v \h~"hk[h]jZ <heoh\Z Kkl

h[s_c iehszZz”b Bevf_gv <heoh\kdh]h [Zkk _cgZ
Njhobfbg_kdbc khklzZ\ \h”u \ j <heoh\ [hewrh_ \eb
| Bevf_gv >ey ]hjh~Z ha_jh y\ey |ky h*g-bf ba ]¢
dh\ ij_kghc \h”u h[hkljyxsbcky " _nbpbl dhlhjhc a
[h_ f_klh \ gbke_ Jeh[Zevguo wdheh]bg_kdbo ijhJe
\j_fy ij_kgh\h”*gu_ ha_jzZ ~_]jZ"bjmx| b bkg_azxl
s_cky kdhjhklvx ijb wlhf ~_yl _evghklv g_eh\_dz
gZ_\ gZijhlb\ _1h iZzkkb\ghklv £ ]JeZ\gu_ 4ijbgbgu
fh\ Thwlhfm hp_gdzZ kh\j_f_ggh]lh khklhygby ha I
ky djZcg_ g_h[oh”bfhc "ey jZajZ[hldb iezZgZ f_jhij
e _gguo gZ ij_"~hl\jZs_gb_ ]1h ™ _1jZ™~"Zpbb

Kh\j_f gguc Bevf gv £ f _edh\h”gh_ ha_jh k ie
ba f_ljh\h]lh bez JzZaf_ju b nhjfZz ha_jZ kbevg
\ke_ "klI\b_ agZgbl_evguo \gmljb]h”h\uo b f_“]h~h'



mjh\gy _]Jh \h~ \ mkeh\byo iehkdhc jZ\gbgghc ihc
dbo dhe_[Zgbyo \k_ [_j_]Z ha_jz djhf_ k_\_jh a
aziz”"ghlh aZzZlhieyxlky gZ ijhly _gbb =+ df Ijb v
\h~*ghc ih\_joghklb m\_ebgb\zZ_I|ky gz < ha
j_d "ebghc [he__ df b g_kdhevdh khl jmgv_\ H
ehc Jem[bghc + f \ ijb[j_"ghc ahg_b + f\ p_gl
gy_I \h*m jZaz \ 1h® WIh h[tykgy_I| kbevgmx az\
g_kdh]lh khklz\zZ hl obfbg_kdh]lh khklz\Z b h[t_fZz
lzd _ \hafh ghklv h[jZah\Zgby ehdZevguo ijh[e_fg
|_jbamxsboky ih\ur_gghc dhgp_gljZpb_c \j_"~guo \

>ey hp_gdb khklhygby ha Bevf_gvjiblhekphh\Zek
g_kdb_ ozjzdl_jbklbdb <k_ fghlhegldb ]bihtZatre
|_eb k\yazZgu f_""m kh[hc b \ kh\hdimdghkillbeyFvd g
dZjlbgm khklhygby \h"h_fzZ 1zZd dzd iithkkehélKlbyp _
"ebl_evgh]lh Zgljhih]_ggh]h \ha”_cKk]lhbly[lglZ \heé hc f &

P_ev jZ[hlu ZgZeba khklhygby ha Bevf-gv ih f
A"jh[bheh]lbq_kdbf bkke_"h\Zgbyf ahh[_glhkZ ijb
\ha”_ckl\bb

FZl_jbZe b f_Ih*"bdZ bkke_"h\Zgb&KhaklE}_gkhkZ
[ex™_gbc

— \b~rh\hc khklZz\

— h[sZy gbke_gghklv b [bhfzZkkZ

— gbke_gghklv b [bhfZzkkZ hkgh\guo kbkl_fZIlbq.
fZkkh\uo \b”h\

— ijhkljZgklI\_ggh_ jZkij_~_e_gb_

— bg”bdZlhjgu_ \b”"u

GZ dZ ~hc ]b”jh[bheh]bq_kdhc klZgp[ubatklibjzxl
[_glhkZ jbk >ey bkke_"h\Zgby ]i&jen bthog IM[\b | Z ¢
h~rgh\j_f_ggh k hl[hjhf ]brjh[bheh]b&@ Rtbokikg gZ
pbb baf_jyxlky Jem[bgz |_fi_jZImjZI\wnh~uh {jhiad Bhq g
K_ddb dhgp_gljZpby \a\_r_gguo \_gibkléh Kz j" Z

F_Ih"bdzZ bkke_"h\NBfbcahh[_glhkZ hi[bjzZzxIky ~gkt
iZl_e_fl_I_jk_gZ k iehsZ?vx aZo\AlZ |jmdl& KIdk
ihevah\Zgb_f kblZzZ « ijh\h~"blky kyZgm[uhKkelfulaylb
lu_ ijh[u nbdkbjmxIlky f jZkI\hjhf nibjdKlejdieZg AZn



gu_ ijh[u ljZgkihjlbjmxlky \ ki_pbZelgBEjhjExgmx e:
eZ[hjZlhjguo mkeh\byo \uihegy_ I|ky WRIAZ jizevgZy h[
< ezZ[hjZlhjguo mkeh\byo hj]Zgbafu \u[bjZxIky b:
kqblu\Zxlky b \a\_rb\Zxlky gZ Ihjkbhgguo \_kZo k
] <a\_rb\Zgb_ hj]jzZgbafh\ ijh\h~blky jZa”_ev
guf 1Zdkhghfbq_kdbf ]jmiizf >ey hij_~_e_gby 1Zd
1h khkliZ\Z b”r_glbnbdZpbx hj]Zgbafh\ ijh\hayl ~h \
q_gb_f g_fzIh~A Hij_~_e_gb_ \b~h\ ijh\h~blky k b
fbdjhkdhiz b [bghdmeyjZ

Jbk JZkiheh  _gb_ klZgpbc hi[hjZz J#Bph[bheh]bc
ijh[ gZ ha Bevf_gv

Ahh[_glhk ha Bevf_gv ij_"klz\e_g Ij_fy hkgh\g!
hj]Zzgbafh\ + hebl]ho_IZfb objhghfb”Zfb b fheexkd
<b”h\hc khklz\ ahh[_glhkZ ha Bevf_g¢gklX\e_ g] [
IZzdkhgzfb “b\hlguo GZb[hevr__ \labh\hlfjfga&ghh
ehkv \ ]jmii_ objhghfb” £ \b~h\ Fheékkk\tb dueb ij
\brzZfb Heblho_lu g_fzZlh?*u "h \b"Z HklEgvgueye
kbkl_fzZlbq_kdb_ ]jmiiu ij_~klZ\e_gugbsafhb”"Zfb hj].
< p_ehf ih ha_jm k ih ] gbke _gghklv al
jvbjh\zZzeZz hl wda ]f ~h wda f [Z[e



Qbke gghklv 1 WwdahfZzkkZ <hl*fevguo Jjmii ahh[_g
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Heblho_lu jzkijhkljZzg_gu ih \k_c iehszZ”b ha_
e_gghklv \Zjvbjh\ZeZzZ hl wila “fh wda f
] < ]jmii_ objhghfb” gzZb[he__ qzZklh \
BURFODGLXV IHUUXJLQHXLVY &U\SWRFKLURQR
]i VFDODHQXP b &KLURQRPXV SOXPRVXV Bo
hi wda f ] ~h wda f]

Hkgh\gmx gZklv [bhfZkku kha”Zx| heb]ho_Ilu gZ
objhghfb”ru G_kfhljy gZ Ih qlh gZb[hevr_- \b”h\l
ab_ hif_g_gh kj_"b fheexkdh\ bo gbke_gghklv b
s_kl\_ggu

H{km ~_gb_ j_ameARZIlih\\bh® bkke_~h\Zgbc k

] [ueh mklZgh\e_gh qglh gbke_gghklv b [bhfZz
mf_gvrbebkv GZbf_gvrb_ ihdzZaZzZl_eb gZ[ex"Zebk
[hevrb_ + \ ] WIh k\yazZzgh k Zgljhih]_gghc g
Agu_ [bhp_ghau ha_jZ ijb ijh\_~_gbb ]b”jhl_ogbqg._

HljbpZIl_evgh_ \ha”_ckl\b_ Zgljhih]_gghc gZ]jm
wdhkbkl_fu gZjy*m k wdkiemzZlZpb_c fgh]lhgbke _
aZljyag_gb_f klhggufb \h~Zfb kdzZau\Z_Ilky ijb ij
ebqguo \b*h\ 1b~jhl_ogbqg_kdbo jZ[hl kljhbl_evgu
jm~guo bkdhizZz_fuo ~ghm]em[bl_evguo

=b"jhl_ogbq_kdb_ jZ[hlu jZzkkfZljb\Zxlky-dZd fh
ih]_gguc nzZdlhj g_]Zlb\gh \ebyxsbc glZadhg®a _ |
ha Bevf_gv _"_]h~gh ijh\h”rylky ]b”jihlluogindh kdb_
ju_ \ebyxl gZ \h~gu_ wdhkbkl_fu Fga]lhdgbkgbggu.
ihk\ys_gu hp_gd_ g_]Zlb\gh]h \ebygbywZ27gdgebognZd
gu_ J]jmiiu ]b~jh[bhglh\ nblh ahhilhkgdlhg[mahh|_
G _ihkj_"~kI\_ggh_ \ha”_ckl\b_ \ke_"Klgghcgzhmr_g
\_joghklb b i_j_f_s_gby ]jmglh\ bkiudu\&zZd Z&him[x g
gZ[ex"Z_lky ]b[_ev "hgguo hj]ZgbaghklIskhhlglhk
[Z_I' V' ]j_cn_jguo dh\rZo b j_nme_j4{lo wlHkdajy” h\
gy_Ilky ozjzdl_j *hgguo [bhlhih\ mf_gZraZxtkhyjXb"h
ab_ b dhebg_kI\_ggu_ oZjzZdl_jbklbdb NhDHdkio Hahp
f g_gby ghkyl ehdZevguc oZjzZdl_j bbiyhg&- gb\Zxl
[hevrbo mqgzZkldZo gZoh”ysboky ih” fg oihddh g kl\
kdbf \ha~_ckl\b_f jZ[hlZxsbo f_oZgbafh\



Ihke_"kl\by \uau\Z_fu_ jZ[hlZfb gZ \hhgteyh[t_d
xlky kjZzam ~_ b ijh*he zZxlky \ |_qf gébljeVvg-e 1jZz@_
jZ[hldZ ]jmglz |_f agZgbl_evg__ ANAk”e ck\ibglgkh h
hit_dlz < Ih "_ \j_fy [bhfZzkkzZ [_glEKZkyhkki&g@\el
gh £ gq_j_a = e_Il b g_\iheghf hpt[_fgyKhkgtZ\Vjh]h
"mdlb\ghklv khklz\bl g_ [he__ dl hk|ZegfdhzZewg
wlh [_a\ha\jZlgu_ "ey ju[gh]h ohakdhUWZ {[hlk\jba D
\jZlguf ihl_jyf ju[hijh~mdpbb hlghkblkygithegh[ hllh
guo m]h*bc b g_j_klbebs dhlhju_ gh\ih*g@bxZl \hkkl

>pbgZfbdm \hkklZgh\e_gby [bhp_ghah\ ahh[_glhl
fh'gh ijhke_"blv k ih ] jbk %

Jbk Qbke_gghklv ahh[_glhkz \ + 11

Jbk 'bhfZkkZ ahh[_glhkZ \ + 1



<u\h”?u ljbf_gy_fzZy \ gzZklhys__ \j_fy | _-ogheh]
gby ]b”jhl_ogbg_kdbo jZ[hl hdZau\Z_| g_]ZIb\gh_
dZzq_kI\_ggh dhebqg_klI\_ggu_ ihdZaZl_eb ~hgguo
klzgh\e_gb_ ijhbkoh”bl f_~e_ggh \Il_qgq_gb_ jy~rZz
f_gv i_jbh” khklz\ey_|I +* e_| <f_klI_ k I_f \hkklZ
guo khh[s_kI\ \ iheghf h[t_f_ g_\hafh'gh \ *Zgguc

dzd ]b”jhl_ogbg_kdb_ jZ[hlu gZ ha_j_ ijh\hAylky _
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9 9 3B\]KRYD 7 9 1LNLWLQD
6WDWH 5HVHDUFK ,QVWLWXWH RI /DNH DQG 51

7KH SDSHU GHDOV ZLWK WKH DVVHVVPHQW Rl ,OPF
FKDUDFWHULVWLFV 7KH GDWD RI WKH OFRP S RALLY
WLRQ RI ERWWRP GHSRVLWY DQG PROOXVNV LQKI

WR DOORZHG PDNLQJ FRQFOXVLRQV DERXW
JRREHQWKRY H[SHULHQFHG

WDHEH=BQ?KD:Y HP?GD: B WDHEH=BQ?KD:Y
y2AHIKGHKLY < DHFIE?DKGHF BKKE?>H<:GBB
KHKLHYGBY Q?JGH=H FHJY

K B Jm[ph\Z
BgklbIml ijbjh*gh |_ogbq_kdbo kbkl_f K_\ZklIh

ljhZgZebabjh\Zgu hkgh\gu_ ijbgpbiu bbwekdhglu v
hp_gdb \u”_e_gu ijbjhrgu_ b ZgljhihYelgyusbnzZdlh
gZ baf_g_gb_ wdhkbkl_fu Q_jgh]h flajX]jybhdZgHBlgh
Q_jghlh fhjy b _]1h [bhlu highkblky d gptklemf\zZ g._
JN Z g_h[oh~bfhklv hojZgu fhjkdhc gbc 0bllmZljy:
ky Ij_[h\Zgbyfb jZpbhgZevgh]h bkihewvajh\Kgjyhijbjk

Wdheh]bq_kdZy hp_gdZ + wlh ijhp_kk kbkl_fZIb
hp_gdb wdheh]bq_kdbo ihke_ 7kl\bc gzf _qZ_ fhc ™
kmevlZpbc k azZzbgl_j kh\Zggufb klhjhgzZfb- Z |zZd"



Ih\ wlh]h ZgZebaz b dhgkmevIiZpbc \ ieZgbjh\Zgbtk
mi\_j"~_gbb b hkms_kl\e_gbb "Zgghc ~_yl_evghkl
Q_ji b ~j Jm[ph\z @
Khlezkgh ~Zgghfm hij_~_e_gbx
— wdheh]bqg_kdZy hp_gdZ jZkkfZljb\Z_Iky dzZd ij
klh dZzd "Zggu_ beb ~hdmf_glu dhlhju_ ihemqgZx
wlh]lh ijhp_kkZ
— wdheh]bg_kdZy hp_gdzZ jzkkfzljb\Z_Iky dzZd ij
Ibg_kdbc | _ ke_"mxsbc hij_"~_e_gguf ijZ\bezf
— wdheh]bq_kdZy hp_gdZ g_ h]jZgbqgjh\Zgltky wlZi
gh ho\ZIlu\Z_| b wlZi hkms_kl\e_gbewghfklhpzZz fhc ~_
ljhp_kk wdheh]bg_kdhc hp_gdb WH \dexqgZ.
hkgh\gu_ khklZ\eyxsb_  ZgZeba ijh]Jgha 4ihl_gphb
ki\bc gzf_qzZ_fhc ~_yl_evghklb gZ hdjm Zxsmx Kkj_
agZqgbfhklb dhgkmeviZpbb k aZbgl_j_kh\Zggufb
evx ihbkdz \azbfhijb_fe_fuo j_r_gbc bkihevah\ZzZ
Ih\ ijh]ghaz \ha”_ckl\bc b dhgkmevliZpbc \-ijhp_Kk
r_ gbc hlghkysboky d gzf_qz_fhc ~_yl_evghklb
Wnn_dlb\gu_ kbkl_fu wdheh]bq_kdhc hp-gdb ij
f_g_f hi\_gzx!l Ij_f hkgh\guf ijbgpbizZzf ij_A_glb\g
ie_dkghklb b ~_fhdjZlbgghklb >Q_ji b *j Jm
ljbgpbi dhfie_dkghklb ih*jZamf_\Z_| kh\f_klc
lj_gb_ b mg_Il nzdlhjh\ \ha”~_ckl\by gzf_qzZ_fhc '
k\yaZzgguo k gbfb baf_g_gbc \h \k_o ijbjhrguo k
\ khpbZevghc kj_"~_ WIhl ijbgpbi hkgh\u\Z_Ilky gZ
h IThf qlh jZza”_e_gb_ hdjm Zxs_c kj_~u gZ ©dhf
"mo \h"Z ihqgq\Z y\ey_Ilky mijhs_gb_f j_Zevghc ¥k
fhf ~_e_ fu bf__f ~_eh k _~bghc ijbjhrghc-kbkl_ft
gh k\yazgghc k h[s_klI\hf AzZ~ZqZ wdheh]bqgq_kdhc
Ilhevdh \ Ihf qlh[u ijhke_"blv gZkdhevdh kh[ex"Z
lu b ghjfZlb\u2 ey hl*_evguo dhfihg_glh\ ijbjh~gt
b \ Ihf glh[u ihgylv dzZd ijbjh~gh khpbZevgZy k&
hlj_Z]lbjm_1 gZ \ha~_ckl\b_ gzf_qzZ_fhc ~_yl_evgh
ljbgpbi ij_\_glb\ghklb hagzZzqz_| Zglhhpvdheh]b
ijh\h~blky ~h ijbgylby hkgh\guo j_r_lklbcgi&f-jgZeba



fhc ~_yl_evghklb Z 1zd _ qlh __amalkegvijbthuhEihe
[hid_ b ijbgylbb j_r_gbc :gZeba ihkgyMk]hbjc m™_ ij
gby wdheh]bg_kdhc hp_gdhc ih kmkbhzZzg "gbély _dky
azZ\bkbfh hl Ih]lh y\ey_Iky eb |ZdliZzgZgfZejpba_ _@bjhkg
hjb_glbjh\Zgguf gZ hijz\"Zgb_ _]h wdbehijkbb kdhc
beb "_ ij_~klz\ey_I| kh[hc h[t_dIb\ghhklkeg”rh¥YAgkbfh
ljbgpbi ~_fhdjzlbqghklb hljz zZ_IdthéhiBdl qglh

kdzy hp_gdZ g_ k\h”blky d gZmaqgghh)\Zoggdxqg- & dhfm
ey_lky bgkljmf_glhf ijbgylby \azZbfhijbcfeljfdo j_r_
ihez]z_fh_ \ha”~_ckl\b_ gzZf_qgzZ_fhcdymylZresighklb
kji_"m azljz]lb\zZ_I| bgl_j_ku ihl_gpb&djbhdpmhdjZc
ebp b hjl]ZgbazZpbc ;hevrbgkl\h ba Fobfly_elh[[re Z"2
nhjfZevgufb iheghfhgbyfb \ highr_gbbkiblh&8g' yl_
kljmf_glhf aZsblu bgl_j_kh\ wibo klhjlda!Ihjhlchfgl
hljz>_gu \ ©bgl_j_kZo h[s_kI\Z \ p_kehf2zagmh ke
jh~"Z kbkl_fu jZaj_r_gbc b ebp_gabjh\dbdbjw\Zghjfu
gby H”gZdh ijbgpbi "_fhdjZlbgghklpbeg4gamfaXz _
wlbfb klhjhgzZfb ijZz\Z gz g_ihkj_"klIVjgm hkk mgjbkIb _
gylby j_r_gbc LzZdbf h[jZahf azZbghgdgukhhgggw _k
bf_Iv \hafh ghklv mqgzkI\h\zZIv \ ijhphick hpwdhlidh]b
b bo fg_gb_ “he gh mqgblu\Zlvky gZijlywd i ajZld\e xq
ijb nhjfmebjh\Zgbb \u\h”h\ b bkihevah\Zjghd k_ame
kz wdheh]bqg_kdhc hp_gdb

Wdheh]bqg_kdZy hp_gdZ hl\_qZxsZy knhjfmebj
ijbgpbizf fh _I kem 'blv h~gbf ba hkgh\guo bg
mklhcqgb\h]h jZza\blby Y\eyykv g_ lhevdh ij-\_glb\
Ihf wdheh]bg_kdh]lh j_Imebjh\Zgby gh 1Zd-_ b bg
gbjh\Zgby b ijh_dlbjh\Zgby hgzZ ihfh]Z_1| nhjfbjh\
g_kdb_ j_r_gby \ khhI\_Ikl\bb k wdhghfbq_kdbfb
wdheh]bg_kdbfb p_eyfb mklhcqgb\h]h jZa\blby

< lj_lv_fijbgpbi_ ©>_deZjZpbb ih hdjm Zxs_c k]
Ibx2 p_ev mklhcgb\h]h jZa\blby knhjfmebjh\ZgZ k
jZahf ©«gzZ jzZ\ghijz\ghc hkgh\_ m~h\e_I\hjblv ihl
gug_rg_]h 1zZd b [m*msbo ihdhe_gbc \ jZa\blbb b
kji_~_h[blZzgby? >Q _ji b *j Jm[ph\Z @



Wlh hij_~_e_gb_ p_eb mklhcgb\h]h jZa\blby bf_
gu_ qZklb 1_j\Zy qZklv dZkZ_lky ©jzZ\ghijZ\by ih
sb_ ihdhe_gby “he gu bf_Iv IZdb_ "_ \hafh ghklb
gby ihlj_[ghkl_c dZd b gug_rg__ >ey wlh]h kh\h
guc b wdhghfbg_kdbc dZiblZe hklZ\ey_fuc [m”m
yf ~he’_g [ulv khojZg_g beb ijbmfgh _g +j_ame:
fhc "_yl _evghklb Bf_ggh gZ wlh gZp_e_g ijbgpbi
wdheh]bg_kdhc hp_gdb <lhjzZy khklzZ\gZy gZklv p_
ijZ\by ij_"~klzZ\bl_e_c gug_rg_]h ihdhe_gby

?keb kh\hdmiguc dZiblZe h[s_klI\Z jZkljZqgb\Z_|
_lky gZrbf ihlhfdzf Ih g_evay ]Jh\hjblv h[ ©mklhcc
_dZiblze khojzgy_Ilky beb ~Z°_ gZdZieb\Z_lky
ky gZklhevdh g_jzZ\ghf_jgh qlh [he__ h[_ki_q_ggZ
klzgh\blky _s_ [h]zZzq_ Z f_g__ h[_ki_q_ggZy = _
fb keh\Zfb _keb jZa\blb_ b”*_I [_a mq_I|Z ijbgpbiZz
\jy® eb \hafh gh ]Jh\hjblv h jZa\blbb Mklhegb\h_
jZamf_\Z_| dZd kijz\_~eb\hklv ih hlghr_gbx d [m”~n
yf 1Zd b kijz\_"eb\hklv ih hlghr_gbx d ij_+klzZ\bl
g_lh ihdhe_gby Ijbgpbi "_fhdjzZlbgghklb wdheh]b
ihfh]Z_| hkms_klI\blv [he__ jZ\ghijZ\gh_ jZa\blb_
e_g gZ \uiheg_gb_ \lhjhc khklz\ghc gzZklb mklhcq

Wdheh]bqg_kdZy hp_gdZ mihfygmlz dzd h”bg
mklhcgb\h]h jZza\blby < gzZb[hevr_c kl_i_gb wim jt
kljzl_]bg_kdzZy wdheh]lbq_kdZy hp_gdzZ Z 1Zzd _ W
k "jm]bfb \b"Zfb hp_gdb \ ©hp_gdm mklhcgb\hklb

Ih~ ij_~f_Ihf wdheh]bg_kdhc hp_gdb ihgbfz_lky
gZf_qzZ_fhc ~_yl_evghklb gZ hdjm Zxsmx kj_"m |
_f ihgbfzxlky |I_ baf_g_gby \ hdjm Zxs_c kj_"_
ghklvx beb gzZzklbggh y\eyxlky j_amevlZlhf-gZf_qZz
klb ljh]lgha b jZajz[hldz f_j ih bo kfy]g_gbx y\e
ba hkgh\guo khklz\eyxsbo ijhp_kkzZz WH Kbkl_fZ
ie_dkgZy ijbjh~"Z wdheh]bq_kdhc hp_gdb ihalhey_
A_ckl\by dhlhju_ fhlml g_zZ”_d\zZigh mqgblu\zZlvk:
mklZgh\e_ggufb ~ey hi*_evguo kj_~ b bklhggbdh)
ij_"~_ \k_]lh g_ijyfu_ b dmfmeylb\gu_ \ha”_ckl\l



klhjhgu 7ey Ih]h glh[u IZdhc kbkl_fZlbg_kdbc Zg.
g Z j_ameviZlu _]h ijbf_gbfu gZ ijzdlbd- wdhe
dZ "he ' gZ [ulv kdhgp_gljbjh\ZgZ gZ gZb[he__ \Z°
\ha”_ckl\byo <ha”_ckl\by \ jZzfdZo wdhehl}bq_kdh
[jb\Zxlky g_ Ihevdh k Ihgdb aj_gby bo nbabqg_kdhc
Ilhgdb aj_gby bo agzZgbfhklb “ey h[s_kI\Z \-p_ehf

Zevguo ]jmii b ]jz'~Zg Ih”oh”u d j_r_gbx i_j_qgqbk
ih~jh[gh jZzkkfzljb\Zxlky \ >FhjkdZzZy lebgd
Q_ji b ~j Fbjhgh\ Jm[ph\z @

Kms_kI\m_1I jy® jZ[hl \ dhlhjuo *_eZxlky 4hiuldb
eh]bg_kdh_ khklhygb_ b \dez” jZaebqgguo bklhqc
gb_ Q_jgh]lh fhjy Khl]ezZkgh ebl_jZImjguf ~Zgguf :

%ODFN 6HD« @ ijbgylh kgqblzlv qlh wdh
fhjy gZoh”~blky \ klj_kkh\hf khklhygbb =eZ\gufb i
eyxlky fZkkbjh\Zggh_ aZ]jyag_gb_ obfbqg_-kdh_ n
ehlbq_kdh_ baf_g_gb_ ]Jb*jheh]bg_kdh]h-[ZeZgk
kdh]h fhj_c jZkijhkljZzg_gb_ \k_e_gp_\ qlh \ p_el
"_e_crbf wdheh]bqg_kdbf ihke_~kl\byf

GZfb ij_~eh _g gh\uc ih*oh” d wdheh]bqg-_kdhc F
f_ bgl_]jbjh\Zggh]h mijZ\e_gby j_kmjkgh wdheh]b
ghklb ijb[j_"ghc ahgu Q_jghlh fhjy jbk

;ehd 1jb[j_"quc f_g_~"f_gl h[t_~bgy_I \k_ hklZz
[ehdb Ijb[j_"guc f_g_""f_gl hij_~_ey_Ilky-dzZd kd
\ZggzZy ~_yl_evghklv ih mijZz\e_gbx b jmdh\h~kl\
ahghc Dhfie_dkgh_ mijz\e_gb_ ijb[j_"ghc ahghc
kh[hc g_ij_julguc ijhp_kk \ujZ[hldb b ijbgylby j_
ijZ\e_gguc gZ ]Zjfhgbqgh_ jZa\blb_ ijb[j_-guo jZ
eyo _lh mklhcgb\h]h jZa\blby Ih” ijb[j_"ghc ahgl
fZ_Iky ahgz dhglzdlz kmrb k fhj_f \dexqZy ijbjh
ku =+ dzd [_j_]Z 1Zd b ijbe_"Zsmx fhjkdmx zZd\zZI
pZo ihalheyxsbo h[_ki_qblv wdheh]bq_kdb k[ZeZ
\blb_ ijb[j_"guo I_jjblhjbc khojzZg_gb_ ijb[j_"guo
eZg”™rzZnlh\ b wdhkbkl_f hl aZ]jyag_gby b mgbqlh"
jby k j_"bfhf h]ljZzgbqg_gghc b j_]Imebjm_fhc ohayck
N_yl_evghklb 1jb[j_"gZy ahgzZ = wlh ijhkljZgkl\h



bgl_gkb\ghklvx hkms_kl\ey_|ky \azbfh”_ckl\b_ q_
"Zxs_c kj_"hc

;ehd Dhgljhev dzZq_kI\Z fhjkdhc \h”u b ijb[j_"gu
gbc < wlhf [ehd_ ieZgbjm_Ilky gZ azZjZzg__ \u[jZg
ijb[j_"ghc ahg_ Q_jgh]lh fhjy ijhba\h”blv ieZgh\u_
gby "bgzZfbdb aZ]jyagyxsbo \_s_kI\ \dexqgZy g_nl
Amdlu Z |Zzd _ gbke_gghklb hkgh\guo hj]JZzgbafh\
ljZgknhjfZpbb aZ]jyag_gbc

‘ehd ko_fZ gh\h]h ih”"oh”Z d wdheh]bdbkdht htpg gd_
| _]ibjh\Zgghlh mijZ\e_gby j_kmjkgh wdhreiZKghkdbhc |
ijb[j_"ghc ahgu Q_jghlh fhjy

;ehd Bamqg_gb_ wdheh]bgq_kdhc h[klZgh\db \
ahg_ Q_jghlh fhjy iha\hebl ~Zlv hp_gdm wdheh]bc



ijb[j_"ghc kj_"u j_dj_Zpbhgghc ahgu Ijb wlhf jZk
ky IZdb_ imgdlu dzZd aZ]jyag_gb_ b [_j_]hAhc klhi
ljhev gZ” bklhqgbdzfb aZ]jyag_gby bamagzZxlky I
gbc ihklmizZzxsbo hl iez\kj_"kI\ b \ j_amevlzl_ k\z
ba\h”*blky hp_gdZ b fhgblhjbg] aZ]jyagyxsbo \_s_

;ehd Bamqg_gb_ jheb fhjkdbo hj]JjZgbafhY \ mlbe
]Zgbg_kdbo \_s_kI\ gZijZ\e_g gZ bamqg_gb_ b i
ihevah\zgb_ fhjkdbo hj]J]Zzgbafh\ \ mlbebaZpbb aZz
s_kI\ IThklmizxsb_ \ \h*m hjl]Zgbqg_kdb_ \_s_klI\zZ
fbdjhhjl]Zgbafzf b ihwlhfm h[h]Zs_gb_ \h~u wlbfk
g_ij_f_ggh \e_qgq_I| azZz kh[hc \kiurdm jZa\blby fbdj
djhhjl]Zgbafu y\eyxlky [bhbg”bdZlhjZfb gZebqgby |
"h\ aZ]jyagyxsbo \_s_kI\ \ fhjkdhc \h~_ =_1_jhlIjt
jbb \ k\h_f iblZgbb bkihevamxl e_]Jdh*hklmigu_ hj
s_kI\Z Dhebqg_kI\_ggh_ kh”_j"Zgb_ g _nl_hdbkeyx
gbafh\ y\ey_ Iky k\b”~_I_evklI\hf b ms_]h ijhp_kkz
kzfhhqbs_gby fhjkdhc kj_"~u hl g_nlb b g_nl_ijh~n

;ehd Kha”rzZgb_ kbkl_fu dhfie_dkgh]lh bkihevah\:
j_kmjkh\ ijb[j_"ghc ahgu \ wlhf [ehd_ jZkkfZljb\zZ
ku ijhfure_gghc wdkiemzZlZpbb j_kmjkh\ hojZgu
lh jZzaghh[jZzaby hojzgu f_kl h[blZgby b eZg”rZnl
g_c \ha”_ckl\by gZ hdjm Zxsmx kj_“m b h{t_~bg_
gby ijb[j_"ghc ahghc

;ehd Bamqg_gb_ izjzf_Iljh\ [bhexfbg_kp_gpbb b n
jZdl_jbklbd kisitturey wdkij_kk hp_gdb nmgdpbhgt
\h~"guo wdhkbkl_f Hkgh\gZy jhev \ kha”Zgbb [bhe
ihl_gpbzez fhjy ijbgzZz~e_"bl iezgdlhgguf hj]l]Zgbaf.
fhj_ [bhexfibg_kp_glguc iinh | Gz e kmyinjj i jom ZIfloy\ h ¥
jhke 'cQRSK\FH'DIMHRFHUDWLXP 3URWRSHULGLC
*RQ\DXODFDFHDH 1RFWLOXEDEH#DHI| /1yQ\X'Q RX
li_[g_\bdh\ g_kdhevdbfb \b~rZfb dhi_ih” b “"\mfy
sboky [zZdIl_ljbjzf_lju [bhexfbg_kp_gpbb ieZgdlhgl
Iml kem blv gm\kl\bl_evguf wdkij_kk bg”bdZlhjhf
abkl_glghklb d \ha”_ckl\bx iheexlZglh\ b wdkij_Kkk
| e fj ]bhgZevgh]h aZ]jyag_gby fhjkdhc kj_"u <



g_gb_ ~bgzZfbdb izjzf_Iljh\ [bhexfbg_kp_gpbb b nt
[_jbklbd kjnsitu ZdlmZ éeghatdegyi jkvid i pg &tehip meybtie o oy
\Zgby \h”guo wdhkbkl_f

;ehdb lhalheyl jZzajz[hlZIv b ij_"eh blv ijZzdlk
j_dhf_g~Zpbb h[_ki_gq_gby wdheh]bg_kdhc [_ahiZz
\ j_dj_Zpbhgghc ahg_ Q_jgh]h fhjy Iljh]lgha jZa\
fu ijb[j_"ghc ahgu fhjy aZzZsblz __ hl g_[eZ]hijbyl
guo b Zgljhih]_gguo ijhp_kkh\ y\leyxlky \Z g_crbf
ijb hk\h_gbb ih[_j_“vy <uiheg_gb_ ~Zgghe jZ[hlu
Zebah\Zlv dhfie_dkguc ih*oh” d j_r_gbx ijh[e_f b
ijb[j_"guo ahg Djufz b gzZf_Iblv imlb d jZa\blbx ijt
gZijzZ\e_gbc ijb[j_"ghlh f_g_""f_glZ \ JN b ijb[eb
f_""mgzZjh*ghfm mjh\gx

lj_"~eh  _ggu_ ijbhjbl_Igu_ gZijz\e_gby kh\_jr_g
hj]ZgbazZpbb fhjkdh]h ijbjh*hihevah\Zgby -\ Jhkkk
lh gZ ijbgpbiZzo bgl_]jbjh\Zggh]lh mijzZz\e_gby hij
b gZijZz\e_gby \_jlbdZevghc b ]JhjbahglZevghc bgl.
hgzZevghf b f_""mgzZjh~rghf mjh\gyo j_nhjfbjh\Zgb
NZjkI\_gghc kbkl_fu mijzZz\e_gby ijbjhrgufb j_kmjk
ghc hdjm Zxs_c kj_"u k mq_Ihf j_ZebaZpbb bgl_]
kl_f j_]meypbb bkihevah\Zgby j_kmjkh\ wdheh]bc
\ p_ehklghc kbkl_f_ ©dhglZdlgZy ahgZ kmrZ = fh
n_dlb\ghc kbkl_fu ZgZeblbg_kdbo bkke_"~h\Zgbc
b ieZgbjh\Zgby

Ebl_jZImjz

=m[Zgh\ < B Jy[bgbg : Bh[&bfln\[ZeZgkh\hc-hp_gdb
Ilhggbdh\ azZ]jyag_gby Q_jgh]h fhjgby whh]ghkd Khuk@hyjgh]
fhjy b ahgu khijy ' _gby fhjy b kmr6: K [MdjZrkgBIljih" j_»
ge dhjj G:G MdjZbgu < G ?j_f__\Z K \Zklhihev

Fbjhgh\ H;z=l_jbZevgZy ljZgknhjfZpby g_nlyguo mle_
ijb[j_"ghc ahg_ fhjy Fhjkd wdhe \uijg K &

FhjkdkygblZjgzZy ]b~jh[bheh]lby Ih” h[shgh}Z*» B = F
i XF G:G MdjZbgu K_\Zklhihev k

lebgd G Dehgp_ipby dhfie_dkgh]h mijZ\e_gby ijb[j_ ¢
Kzgdl I_I_j[mjlz K[ gZzmqg 1j KIK J==FM



lebgd GHEh[_gghklb f_Ih*heh]bb dhfie_dkghih mijz\
[i_"ghc ahghc JZpbhgZevgh_ bkihevah\Zgb - ijb[j_"¢
guo fhj_c FZIl_jbZeu ~hde ]Jh F_""mgZj k_fbgzjz

K

Jm[ph\Z KWdheh]bq_kdb_ Zki_dlu bgl_]jbjh\Zggh]h
ijb[j_"ghc ahghc Djufz K_\Zklhihev W®HKB =b"jhnba

Q _jiH F <bgbg_gdh < G OhWwdéeVWbq _«dBEy‘jhp_g
b wdheh]bg_kdZy wdki_jlbaz KWWS ZZZ VWXGPHC(
YQ KRWXOHYD PY PROFKDQRYD \IVHN G\D\ RIF-G YNXD H
HNRORJLFKHVND\D HNVSHUWL]DB FIE G KWPO

%ODFNBBHQVERXQGDU\ 'LDIJQRVWLF $QDO\VLV 8
6DOHV 1R vy %0 ,81 30D]D 1HZ <RUN 1< 8 ¢

(19,5210(17$/ $66(660(17 $1' (19,5210(17$/ 6$)(7<
1 7+( &217(;7 2) 7+( ,17(*5$7(' 678'<
2) 7+( %/$&. 6($ &21',7,21

6 , SXEWVRYD
,QVWLWXWH RI 1DWXUDO DQG 7THFKQLFDO 6

7KH SDSHU GHDOV ZLWK WKH DQDO\VLV RI-WKH E|
WDO DVVHVVPHQW HOHPHQWYV 7KH QDWXUWKBIO DQC
FKDQJHV RI WKH %ODFN 6HD HFRV\VWHP @ MUK & H \
WKH %ODFN 6HD DQG LWV ELRWD SROOXWWR®@ ZD\
5XVVLDQ )HGHUDWLRQ DQG WKHUH ZDV D QHHG LC
WKH PDULQH HQYLURQPHQW SURWHFWLRQ DJDLQV
SULQFLSOH Rl UDWLRQDO XVH RI QDWXUDO UHVRX

HKH;?GGHKLB I JH>MDPBHGGH >?KLJMDPBHGG
I JHP?KKH< F:EUO HA?J HKLJH<: <:E::F

B < K_fz»"_3¥bX <hydbgZz
Jhkkbckdbc ]b~jhf_I_hjheh]bg_kdbc mgb\_jk
KZgdl I _I _jImj]l]kdbc gZmqggh bkke "~h\Zl _evkdt
wdheh]bq_kdhc [_ahiZzkghklb J:G
< jZ[hl_ h[km ~Zxlky ijh*mdpbhggh ~_ kljmdpbhg
ku fZeuo ha_j h <ZezZzZf ;ueb jZkkgblZgu-1Zdb_
pbhggu_ oZjZdl_jbklhdlb dZdij_~_e_g ljhnbqg_kd



klzlmk ha_j IhdZazgh qglh gZs_ \k_]h ijh~mdpb
bAml \ keh_ hl ih\_joghklb ~h ]Jem[bgu h”ghc ijhe
\k_o ha_j h <Zezzf [ueb \uy\le_gu rbjhdb -"bZiZe
klb nhihkbgl_az 1Zd b ihdZzazZl_e_c *_kljmdpbb K
agZq_gby - R flelhkml b fZzdkbfzZevghc ~_klj
“ fl 4Akml ~ey \k_o ha_j [ueb \ukhdbfb
l[jhnbg_kdhlh klZImkzZ BLK ha_jZ hlghkylky d f_e
[zfb w\ljhnbb AZ i_jbh” bkke_"~h\Zgby khhlghr_g
A_kljmdpbb $ 5 \Zjvbjh\Zeh hl ~h

Bgnhjfzpby h ijhmdpbhggh ~_kljmdpbhgguo ijh
oh~"bfz ey j_r_gby dzZd |I_hj_Ibg_kdbo 1Zd b ijzd
kh\ ebfgheh]lbb Baf_j_gby kdhjhklb nhlhkbgl_aZ ¢
db [bhijhAmdlb\ghklb \h~"h_fh\ b ey \uykg_gby
f_jghkl_c [bhlbqg_kdhc IjZgknhjfZpbb \_s_kI\Z b
A"guo wdhkbkl_fZo Dhebqg_kl\h hjl]Zgbqg_kdh]h \_s_
\Zggh]h Z\lIhljhngufb hj]J]Zgbafzfb az ~bgbpm \j_f
i _j\bgghc ijh~mdpb_c | _j\bggZy ijh"mdpby kem't
l[jhnbg_kdhc p_ib \h \k_o wdhkbkl_fZo hldjuluo *
g_qghc jZ"bZpbb GZ ke_"mxsbo azZ h[jZah\Zgb
"mdpbb kimi_gyo [bhlibg_kdh]h ijhp_kkZ gh\hh[jZe
g_kdb_ \_s_kI\Z \h~*hjhke_c ljZgknhjfbjmxlky b Zc
\'l _eZo [Zd]l_jbc b "b\hlguo hj]J]Zgbafh\

LZzdbf h[jZzahf i_j\bqgZy ijh*mdpby kha”Z | ibs
\k_0 gZk_eyxsbo \h~h_f ] | jhljhnguo hjJZgbafh\
g__ \Z'gzZy klhjhgZ h[jZzah\Zgby i_j\bgghc-ijh~md
ky \ IThf glh \u~_ey fuc ijb nhlhkbgl _a_ fhe_dmey
kem bl bklhggbdhf ihiheg_gby _]h azZizkz \ \h*_ >

Djhf_ Ihlh ~Zggu_ ih i_j\bqgghc ijh*mdpbb bkil
hp_gdb ljhnbg_kdh]h klZImkZ \h~"h_fzZ kl_i_gb w\
g_kI\Z ijbjhrguo \h® >;mevhg @
nblhiezgdlhgzZ _kl_kI\_ggh azZ\bkbl hl kdhjhklb nh
iZy hij_~_ey |ky k\ _Ih\ufb b |I_fi_jZImjgufb mkeh)
[bghc hk\_s gghklv mf_gvrZ |Iky b khhI\_Ikl\_ggh
kdhjhklv nhlhkbgl _aZ =em[bgu gZ dhlhjue gZ[ex
I a hij_"_ eyxlky ijhajZzgghklvx \h”u



Kdhjhklv ijhmpbjh\Zgby hjl]Zgbqg_kdh]h \_s_kI\:
ki_pbnbdm \ \hAh_fZo ]mfb”rghc ahgu d dRlhjuf h
jZ h <ZezZzf

GZjy™m k i_j\bgghc ijh*mdpb_c iezZgdlhgZ wg
hkgh\m \k_o ihke _"mxsbo a\_gv_\ \ ljhnbg-_kdhc g
1]1Zgbq_kdb_ \_s_kI\Z ihklmiZxsb_ \ \h~h_f ba\g_
hjlZzgbg_kdb_ \_s_ klI\ZzZ Ilhwlhfm ke _“m_| -agZlv Kk
dh nhlhkbgl_Ibg_kdbo ijhp_kkh\ : gh b fbg_j:
kljmdpbb hjl]Zgbg_kdh]lh \_s_kI\Z ieZgdlhghf 5
< B JhfzZzg _gdh G B ;h]*Zgh\ b fghl]b_ ~jm]b_ Z

N _kljmdpbb \ hlebgb_ hl i_j\bgghc ijh*mdpbb hljz
gh_ mqgzZklb_ \ [bheh]bg_kdbo ijhp_kkZo \ \h~h_f:
Zeeholhgguo hj]J]Zzgbg_kdbo \_s_klI\ >:ebfh\ @

P _evx bkke_ _"~h\zZgby [ueh \uy\e _gb_nh&mphgghkl
gh ~ _kljmdpbhgguo ijhp_kkh\ \ "\mo dZkaoj4dagh
h <zZezzZf ha_jzZ =_jfZgh\kdh_ b BPmf_gkdh ]]azZ i_

<ZeZzZZfkdbc Zjobi_ez] jZzkiheh _g \ k_\_jghc ]
ahg EZ~h kdh]h ha_jzZ gZbf_g__ ih"\_j _gghc \e
Ilhdh\ GZ Zjobi_eZzZ] jzZkiheh ™ _gh h*bggzZ”*pZlv fZ
rbgkl\_ k\h_f khojZgyxsbo _kl_kI\_gguc j_-bf nmg
gby JZ[hlZ ijh\h”*beZkv gZ "\mo jZaghlbiguo ha_j
b = jfZgh\kdhf

HI[hj ijh[ ijhba\h”"beky h”"bg jZza \ f_kyp \ i_jbh"
k _gly[jv gZ fhgblhjbg]h\uo klZgpbyo \ ha_jZo h <
gZy ijh"mdpby hij_ " eyezZkv kdeyghqguf f_Ih~hf
fhrbnbdZpbb >;mevhg F_Ih*bg_kdb_ j_dhf_g
Kdeygdb _fdhklvx fe wdkihgbjh\Zebkv \-1_g_gb
ahglZo hl ih\_joghklb ~h ~"gZ \ aZ\bkbfhklb-hl ijha
guo ha_jZo fh]leh [ulv hl Ij_o ~h k_fb ]Jhjbahglh\ ij

Ha_jh Blmf_gkdh_ jZkiheh  _gh \ k_\_jh &zZiZz~gh
Zf : j_1Z ha_jz \ [hevr_c kl_i_gb knhjfbjh\Zgu hl
eZfb k mqgzkldzfb [ZjZgvbo e[h\ KI_ i _gv aZjzZklz
gbl _evgZ IlehsZ”v ha_jZFZdkbfdévgZy Jem[bgZ
< ha B]mf_gkdhf e |hf gZ[ex*Z _Iky mklhcgb\Zy |_
IbnbdZpby ih\_joghklgu_ kehb \h”u ijh]j_\Zxlky



ijbrhgguo kehyo |I_fi_jZImjz \ I_q_gb_ ]h"Z ijzdlb
_lky b hklz_Ilky * fK <1_qg_gb_e_I1Z }em[bgZ
kl _i_ggh m\_ebgb\Z _Iky kehc |I_fi_jZImjgh]h kdZ
gZ ]Jem[bg_ = f Kh~_j Zgb_ dbkehjh”Z \ ih\_jog

Il _ g_gb_e_1Z dhe_J[e_Ilky hl Nh gZkus _gby
gbhgz [_"gZ dbkehjh~hf \ I_q_gb_ \k_]h i_jbh"Z
+ gZklh gZ[ex"Zxlky aZfhjgu_ y\e_gby < jZ:
g_gby ijhajzqghklb \Zjvbjh\Zeb hl "h - f Ag:
klb \ ha_j_[ueb g_\ukhdb_ b baf_gyebkv g_agZq

q_gb_ k_ahgZ 1Zd b ]h" 'BMERRAAGFARI rybvye el
ijh\h~rghklb [ueb gbadbfb b koh~gu k IZdh\ufb \ |
kdhf + fd Kf kf ih agzZq_gbyf jG ha B]lmf_gk
d g_cljzevgh s_ehqguf \h~h_fzf +

= jfzgh\kdh_ ha_jh £ ihebZpb~guc \hkbheftghdjm
aZlhehqgq_gguf mqgzZkldhf o\hcgh]h e_kZklklulernZy \h
ghklv ijzdlbg_kdb hlkmlklI\m_I [_j_i&Ahifhdlfehu kn:
sZ”"v ha_jz % G _d&ffhljy gZ g_[hevrmXx ]Jem[bgm fZ
gZy ]Jem[bgZz f ha_jh ohjhrh kljzlgngpbjhRZph
e_lg_lhi_jbh~rz < e_lgbc i_jbh” |_oghkjblmiZuihX_jo

jvbjh\zZezZ hli ¢ kj_"g__ agZq_gb&K [uEhjhrh
ijh]j_\Zeky Ihevdh kehc \ f AgkKlp gh'yuiphbegdiggh
b \Zjvbjh\Zeb hl ~h kj_~g_f aDbBgebph™guc

j_"bf \ ha_j_ g_[eZ]hijbylguc \ i_jbhr ifBikbB#ZZevg
\hru qzZklh gZ[ex"Zxlky aZfhjgu_ y\edlybyagldq_gv
gby p\_lghklb [ueb 0ZjZdl_jgu ey wwlh{W&R"h_fZ
AgZq_gby we_dljhijh\h~ghklb + fdt Kf kd”™ bkyG
hg_gv gbadb_ b gZoh”ylky \ madhjf ®lIdZgZahg\u >e
khdh_ kh”_j zZgb_ hjlZzgbq_kdh]lh \_s_klI\z
>ey bkke_"h\Zgguo ha_j h <ZeZzZZf pdhebNuxi2 _ gu
ahgu dzZd kdhjhklb nhihkbgl_az tAkmIrhlzd ff Hd:
azZl_e_c ™ _kljmdpbb hl eAWml| f{jH g fgh}lhe Igb_
q_gby . o fleAkml b fZdkbfZevghc ~_kljmdp
f] HeAkml ”"ey \k_o ha_j [ueb \ukhdbfb &@<hydb¢
DzZd b \h \k_o \Zezzfkdbo ha_jZzo \ B]mf_gkdhf
fZdkbfZevgu_ kdhjhklb nhlhkbgl_azZ \ [hevrbgkl\_



ijboh"bebkv gZ kehc \h~u hl ih\_joghklb ~h h”ghc
\'Ih "_\j_fy \ jy*»_ kemqgZ_\ nhlhkbgl_a ijhke_"b\Z
l_gkb\g__ \k_]h ijhp_kku ~_kljmdpbb ijhbkoh”bet
\_joghklb “h "\mo ijhajzZzgghkl_c glh-\ [hevrl
"h\Zgguo ha_j khhI\_Ikl\h\Zeh kehx ~h f- ><hyd
kfhljy gZ wlh ha_jZ agZqgbl_evgh jZaebqgZebkv d.
q_gbyf,:1Zd b ihAbo "bZiZahgzZf Kj_~d_haagZq_gb
fZgh\kdhf fdAlkm| ijZzdlbq_kdb \*\h_ [ueh gb"
ha B]mf_gkdhf e AKmH

lh IZzdhfm iZjzf_Ijm dzZd bgl_J]jZevgZy ijh*mdpby
"mdpby ihZdebgby \ ha_jZo g_ klhev yjdh-\ujzZ " _c
fghlhe_lgb_ agZq_gby wlhlh izZjzf_ljz ijZdlbq_kdl

f] HHAkml \ ha =_jfzgh\kdheAkml| \flhH- B]mf_¢

kdhf WIlh k\yazgh k I_f qlh \ jZzkkfzZljb\Z- fuo ha
xlky g_[eZ]hijbylgu_ mkeh\by *ey \_]_IZpbb nblhi
ebg_gb_f Jem[bgu < |Ih " _ \j fy jZaebqgu_ nzZdlh
Jem[bgm nhlbg_kdhc ahgu b klhev gbadmx \_ebqg
ijh"mdpbb < ha B]mf_gkdhf wlh \ i_j\mx-hqg_j_*"
kdb_ hkh[_gghklb agzZqgbl_evguc h[t_f ]birhebfghb
Imjhc \h*uK gZgqbgZy k Jem[bgu f < iheb]mfmkc
fZzgh\kdhf g_[hevrZy ]Jem[bgZ nhlbg_kdhc ahgu k\
p\_lghklvx b gbadhc ijhajZqghklvx \h”*u

<Z'gZy oZjzdl_jbklbdz [bhlbg_kdh]h [ZeZgkZ =+
gb_ ijh*mdpbhggh]lh b ~_kljmdpbhggh]h ijhp_kkh\
jZkkgblZg dhwnnbspbdhglihjus ithdbawdziHd dkdhe v a
jhklv nhlhkbgl_azZ [hevr_ beb f_gvr_ kdhjhklb ~_k
jbh™ bkke_~h\Zgby khhlghr_gb_ ijh"m&@E bW ~_ k|
jvbjh\Zeh hl ~h

>ey h[hbo ha_j fh gh \u”_eblv ]h”u ]~_ ijh”"
ijhp_kku ij_h[ez”"Zeb gz® ~_kljmdpbhggufb b gZ
lh kj_"~gbf az \_kv i_jbh” bkke_"~h\Zgby : 5 [ueh
ha B]lmf_gkdhf agZq_gb_$ 5 [ueh Z \ ha =_]j
>ey ha_j [ue jZzkkgblZg bg”_dk Ijhnbg_kdh]lh KklZIr
‘niy BLK Ih bg”_dkm Ijhnbqg_kdh]h klZImkZ ~Zggu
ky d f_ahljhnguf k q_jlZzfb w\ljhnbb



Hidehg_gb_ hl kj_~g_fgh]he_IgA]b agizkgkegbhh\Zgguo
ha jZo h <ZeZzZZf

G_kfhljy gZ Ih glh bkke_"h\Zggu_ ha_jZ highkyl
Ibizf ijh mdpbhggh ~_kljmdpbhggu_ ijhp_kku b
kohrgu Nhlbg_kdbc kehc ]7_ nhjfbjmxlky hilbfZe
"ey \ ] IZpbb nblhieZzgdlhgZ \ bkke_ "h\Zgguo \h
ky \ madhf "bzZiZzahg_ b ijboh”blky gZ keh¢ hl ih\
[bgu h”rghc ijhajZzqgghklb IThwlhfm b kj_~gb_ agZq.
ih~r f_Ijhf d\z”~jzlguf ™: \ gbo [ueb hg_gv gbadb_ |
"m kh[hc

Djhf_ Ihlh ihdzZazgh gqglh \ i_jbh~? + 11 ijh
AN kljmdpbhggu_ ijhp_kku \ wlbo \h*h_fZo gZoh”b
jh\Zgghf khklhygbb b ijh*mdpbhggu_ ijhp_kku ~Z
gzZ™ N _kljmdpbhggufb Khhlghr_gb_$ 5 [ueh [ebact



Ebl_jZImjz

cebfh\ : K\_~_gb_ \ijh*mdpbhggmx ]b”*jh[bheh]bx E
[_hbanZzl k

ymevhg <lI_RbggZy ijh*mdpby ieZgdlhgZ \gmlj_ggbo
E GZmdz k

;mevhg <I_RbqggZy ijh*mdpby ieZzgdlhgZ b deZkkbnt

[jh*mdpbhggh ]b”jh[bheh]bqg_kdb_ bkke_"h\Zgby \h
E GZmdz K +

smevhg «g<de_lhqgqgZy ijh*mdpby nblhiezZzgdlhgZ b __
]_I_jhljhngufb hjlZgbafzfb Bamq_gb_ i_j\bgghc ijh~r
gZ \gmlj_ggbo \h*h_fh\ KI[ K *

ymevhg AZdhghf_jghklb i_j\bgghc ijh mdpbb-iezZgdlh
g_gb_ "ey dhgljhey b ijh]ghabjh\Zgby ljhnbqg_kdh]h k
wdhkbkl_f ;bheh]by \gmlj_ggbo \h~ < K +

<bg[_j] =I_F\bqggZy ijh~mdpby \h~h_fh\ Fbgkd

<hydbgZ ?NWKhieZgdlhg <ZezZZfkdh]h Zjobi_eZ]Z b ij
Zd\Zlhjbb EZ"h kdh]lh ha_jZ >bk « dZg” [bhe gZmd

<hydbgzZ ?HKRO[_gghklb ijhmdpbhgguo ijhp_kkh\ \ ha
ezZf L _a ~hde c F_""mgZj dhgn iZfylb \u~rZxs_]h

ge dhjj :G KKKJ ijhn = = <bg[_jlZ ©Nmgdpbhghbjh\z
\hAguo wdhkbkl_f \ mkeh\byo debfzZlbg_kdbo baf_g_gb
\ha” _ckl\bc? KZgdl I_I_j[mj] + hdl ] KI[

F _Ih~bg_kdb_ j _dhfihgREpbbb h[jZ[hld_ fZI_jbZeh\ ijk
jh[bheh]bgq_kdbo bkke_ _~h\Zgbyo gZ ij_kgh\h”guo \h~h
dlhg b _]h ijhAr®@dpby . Kk

)($785(6 2) 7+( 352'8&7,21 $1' '(6758&7,21
352&(66(6 ,1 60$// /$.(6 2) 7+( 9$/$%$0 ,6/$1"

., 9 6HPDGHQIX 9R\DNLQD

5XVVLDQ +\GURPHWHRURORJLFDO 8QLY!
6DLQW 3HWHUVEXUJ 6FLHQWL¢(F 5SHVHDUFK &HQ

7KH SDSHU GHDOV ZLWK WKH SSURFGEXFM VR QQ DD G
ODNHV 6XFK LPSRUWDQW S WKGREEQ\A RY) ZAHAEH) BBWH
HG DQG WKH WURSKLF VWDWX\QRGEG 9DOBD P [@PRBVL
SKRWRVI\QWKHVLV ZDV REVHWGYLH)GE WKMEBDVWBW NX W
ZDWHU IRXQG DW WKH GHSVWK WWDZDNS VKRQO\W KW
ODDP ODNHV KDG ODUJH UDWUWW RW HRDAXG VGKH/ & K X!
$00 WKH ODNHV ZHUH FKDUDRWHULA JBIYGH B'D K J KD



PIOHGD\ DQG PD[LPXP GHVWUXFWLRQ Y
PJ HO GD\ 7KH VWXGLHG ODNHK HHOWRQSKNLR PHERMW
ODNHV 'XULQJ WKH VWXG\ WKHHLKRGN MWK H DUPIW IGRI BR

K<YAV KH>?J@:GBY HJ=:GBQ?KDBO <?S?KL<
K J;KOH>HF <H>U < IJBLHD:O
FH@:CKDH=H <H>HOJ:GBEBS:

> B Khdheh\
Fhkdh\kdbc J]hkm~Zjkl\_gguc mgb\_jkbdhkt\¥Z F <

< jZ[hl_ ZgZebabjmxlky fZl _jbZeu " bZeZgkb"gZ[e>
“Zgb_f hjlzgbqg_kdbo \_s_kI\ \ \h"_ hiEdhh¥gkahjblh
lh \h*hojzZgbebszZ \ ] b ojzZihld4ezZy 2 ey
j_gguo \h" ijyfZzy k\yav f_""m ihdzZaBEy kepibgk”®_ j .
kdbo \_s_kI\ p\_Ighklvx hdbkey_ fhokl¥kxf\\h"w b j.
WIZ k\yav baf_gqgb\Z \' | _qgq_gb_ Jh®nAhrm_dlbtgh_FEiul
ijhdkbfbjh\ZgZ ijhklhc aZ\bkbfhklvx Z<bfheh\\Wwv_ |
iZ° _ggmx nhjfm i_leb p\_Ighklv b hdbkéy -éhkiv |
gbo b hk_ggbo iZz\h~Adh\ dzZd ijZ\beth\h¥®wr_ qg_f \ it

DzZqg_klI\h \h~u \ \h*hojzZzgbebszZo \h fgh]hf hij_~_
kiI\hf iblZxs_]lh bo j_qgh]h klhdz \_kvfzZ baf_gqb
gu_ nZau ]Jb”jheh]bqg_kdh]h j_"bfz 1Ijb wlhf ~Z\gh
f_"~"m ]b~jhobfbq_kdbf b \h~Aguf j_"bfhf j_d kms_Kkl
kl\yav >:e_dbg @ GZijbf_j ohjhrh bamqg_gu b
klzlhggh wnn_dlb\gh iZjzZf_ljbah\Zgu ~ey dhgdj_|I
h[jZzlgu_ aZ\bkbfhklb fbg_jZebazZpbb \h~u hl jZko
ImdezZzdh\z @ Iljb j_Imebjh\Zgbb \h~ghlh j_"b
ebs gZihegyxl bo dzd ijz\beh \i_jbh®\_k_gg_1h
NZ fbg_jZebaZpby j_qguo \h” fbgbfZevgZ

HAgzZzdh “ey IZdbo \Z 'guo ihdZazZl_e_c dZq_klI\z
"Zgb_ hjl]Zzgbg_kdbo [bh]_gguo \_s_kI\ \a\_k_c b
g_ h[jzlgzy Z ijyfZy k\yav k \_ebgbghc jZkoh”~Z \¥



gh \ nZau ih\ur_gghlh klhdzZ ijhbkoh”~bl gZb[he__
kfu\ wibo \_s_kI\ k \hAhk[hjZ WIZ k\yav baf_gqb\
b hklz_Iky fZehbamqg_gghc

Ilhdzazl_eb kh”_j Zgby hjl]Zgbg_kdbo \_s_kI\ H
b hdbkey_fhklv \h”u [ueb b hklZxlky ijbhjbl_lgufb
jbg]_ dZg_kI\Z \h~u \ kbkl_f_ \h~hkgzZ[ _gby ] Fh
fb gZklhys_]h bkke_"~h\Zgby k\yab kh”_j Zgby H<
\u[jZgu ijblhdb JTheh\gh]h \h~"h_fZ Fhkd\hj_-pdh]h &
"hkgZ[ _gby ] Fhkd\u £ Fh Zckdh]h \h*dlojZgbebs

f c\ 7

GZb[he__ ihegu_ b ~hklh\_jgu_ ihe_\u_-gZ[ex”
“Zckdhf \h~"hojZgbebs_ b _1h \h~hk[hj_ ijhth*"bebk
fzf ©;ZeZgkh\uc 1h*2 hkms_kl\e_gguf Ijb"2u azZ b
kiI\h\Zgby \h*hojzgbebsz \ \h~*hohayckI\_gg
_f 1h”*h\h]lh ijblhdZz 1J dewynhbpb_gl Yh*hh[f_
gD, h~>Dhfie_dkgu_ bkke_"h\Zgby @

1J feg D 'h~ b k mqgzklb_f Z\lhjz \

1J feg b ]h~r>Khdheh\ @

Hkh[_gghklvx wlbo Jh*bqguo pbdeh\ ~_IZevguo
[ZeZgkh\uo bkke_"h\Zgbc y\eyeky mqgZs_-gguc h
guo \h~ \ Ij_o hkgh\guo ijblhdZo \h*"hojZgbebsZz

ijblhdzZz \h*u \ g_lh j Fhkd\_ ~ ;Zjkmdb | E

gydb b j Dhehgb \ b 11 £ m iehlbgt
\h~"hojZzgbebszZ ba dhlhjh]lh hkms_kl\ey_Iky i_j_d
kdh_ zZ \ ] £1Zd°_ gZ kzZfhc j_d_ m-~ ;hjh’
Av_ijh[u hl[bjZeb "g_\gh beb gq_j_a *_gv \ f_°
dh jza \ f_kyp <k_]h \ ] hljZz[hlZgh [he__
ghc \h~u \ ] £ [he ijh[ \ ] Z\lhj

ijh[ < gZklhys_c jzZ[hl_ ZgZebabjmxlky fZl_jbz
[j_Iv_]h pbdeh)\

ljh[u h[jZ[Zlu\Zeb \ obfbqg_kdhc ezZ[hjzZIhjbb Dj
kdhc mqg_[gh gZmqgghc [Zau ]_h]jZnbqg_kdh}h nzZdn
N _eyeb ke_"mxsb_ dhk\_ggu_ ihdzazl_eb kh~_j°
jhfzlgmx hdbkey_fhklv ;H Zj[bljZz guf f-lh~hf >
jh\Zggu_ f_Ih”u @ \ fh*bnbdZpbb :-1 HKkI.



i_gy @ i_jfZglZgZlgmx hdbkey_fhklv- IH f_
ey \ dbkehc kj_"*_ >FmjZ\v_\ @ p\_Ilghklv \h~
gh ih iezZlbgh\h dh[Zevlih\hc rdZe_ 1Ijb jZkoh *_gt
khk_"~gbo hij_~_e_gbc ij_\urzZxs_f Ihgghklv f_Ih”
ijhba\h~beky \ £ ih\lhjghklyo

>hklzlhggh \ukhdzZy Ilhgghklv hij_~_e_gbc ;H IF
wnn_dlb\ghklv bkihevah\Zgby wlbo dhk\_gguo iht
"Zgby H< ijb hp_gd_ dzZq_kI\Z \h~u ih?I\_j-*Z_Ilky
ghc kl\yab f_""m gbfb b iZjZee_evgh hij_"-ey\rbfl
_f\\h*_hj]Zgbqg_kdh]h m]e_ijhfZo&\ h”u hlh[jZggu
\ oh”_ bkke_"h\Zgbc ] >Khdheh\ @

ljyfzy k\yav f_"~m h[t_fhf j_qggh]h kbhd2A gy Kh"_j
H< ohjhrh ijhke_"b\Z_Iky gZ jbk kdihe ppAZ bdlykibh” g
b hdbkey_fhklb \h~u j_d Fhkd\u Emikymllith be Ddlehq
kohb H~”gZdh 1Zd _ ba wlh]h jbkmbaddkhibZ2gthguwgdh
jZkoh~Zo \h~u \_k_gg_]h iheh\h”vyhKdh#fygkbho jjzZa ij_
oh”u e_Ilg_ hk_ggbo iZz\h*dh\ j_qgmxIWy'y okZdZelV_j
dh f_gvr_c p\_Ilghklvx b hdbkey_fhllvx q_f \ iZ\h"

Jbk JZkoh”u \h~u fp IHP< ;H f | Fhkd\u \ kl\hj_
N Zijkmdb o\ ] k\ _jom b \bam ] kg



LZzd \ iheh\h”v_ ] ijb fZzdkbfZevguo jZkoh"Z
kd\u k bj Emkygdtk \_ebgbgZ P< j_qguo \h" g_
\urZzez = ]j-BR3WH # flHe ;Hx <+ f] He
wlhf gz ibd_ iZz\h~"dZ \ gZgZe_ bxey agZq_gby P<
\h~ “hklb]Zeb -&R"\BWj_fy iZ\h*"dZ \ gZqZe_ Z\

11Z"-&W agZqg_gby IH “hklb]Zeb \ wlb i_jbh”u
;H+x = f]l He Kj_~g_kmlhqgu_ \_ebqgbgu jZkoh?”
kd\u \h \j_fy wlbo iZz\h~dh\ g_ ij_\urZeb =+ Z |

* hl fZzdkbfZevguo jZkoh”h\ iheh\h”vy

FZdkbfzZevgu_ jZkoh”u \h”u \_k_gg_]h iheh\h”v:
]h\h~rghf ] khklzZz\beb gZ j KhkgZ_j Enikygd_

f Kk gZj Dhehgk £)J_qQu_ \h*u i_jbh”Z iheh\h”vy
| _jbah\Zebkv agZq_gbyfb P<&RzIH]MM 3W f] H e
;H ~h fl He <h\j_fy g_[hevrh]h *h"~_\h]h iZ\h-
iheh\bg_ fZy agZq_gby ihdZaZzZl_e_c kh”~_j-Zgby F
hiI\_IkI\_ggh + ]jz" 3Wx&R + b + f]lHe
\h \j_fy iZzZ\h~rdZ \ k_j_"bg_ bxgy aandkah\Zgu a

12 A FREL AR H Hifignidih @s= ik 1 Filieblii e G R e

fhklv \h” bxevkdhlh iZ\h"dZz ’\hklb]ZeZ f] He
;H IZ\h~hd \ k_j_"bg_ ghy[jy oZjZdIl_jbah\Zeky ag

liz» 3W£&R |IH ~h fl He ;H ~h fl He Ijb

] [ueb \ kj_~g_fgb _ q_f\ ] bo jZkoh”u
eyeb = hl fZdkbfZevguo jZkoh”h\ iheh\h”vy

=jZnbdb k\ya_c ;H IH P< k \_ebgbghc jZkoh"Z

h~rZ iheh\h”vy bf_xI nhjfm i_leb jbk J_-adh_ ih
ghklb b hdbkey_fhklb \h~u gz ih~t_f_ iheh\h”vy k
[he__ ieZ\gufb baf_g_gbyfb \ *bZiZahg_ dhlhjuc

\urzZlv 1jz&BW + f] He ijb agZgbl_evguo dh
jZkoh~zZ \h~u fzdkbfZevgh_ kh”"_j Zgb_ H< ~hklb
\beh gZ kiZ~_ \hegu iheh\h”vy

>ey i_jbh”Z e _Ig_ hk_gg_c f_"_gb -] 9Zj
\h~dZfb bxgv = hdly[jv ihemqg_gu d\Zabebg_cgu
P< k jZzkoh”~Zfb \h~u jbk 0ZjZdl_jbamxsb_Kky

wnnbpb_glZfb dhjjf_eyphbb ey P< £ ey
IHr + ey ;H ijb ~“erbg_ jy~Z



Jbk K\yav P< ]jZ% 3Wi+&R Hie ;H f] Hfe
\_jlbdZevgu_ hkb k jZkoh”~kf MijduahfglZevgu_ hkb
j Fhkd\u \_jogbc jy» j Emkygdb kj Dakedgh” b
gb gbc jy® \ iheh\h”v_ |

H~rgZdh "Zggu_ [he__ gqZkluo gZ[ex" _gbc \ e_Ilg
h~ ] bk gb gbc jy® fhlml k\b”_1_evkl\h\Z
g_ebg _cghc i _le_h[jZzaghc k\lyab f_"~m ihdzZaZzZl _e
H< b \_ebgbghc jZkoh”~Z \h”u ijb ijhoh ™ _gbb gZ |
iZ\h~dh\ ih”~h[ghc Ihc qlh ozZjzd!l_jgZ “ey \_k_gg

GZb[he_ | _kgzZy azZ\bkbfhklv hl jZkoh”~Z \h”u r
p\_Ighklb \h~u h[mkeh\e_gghc \ i_j\mx hg-j_"~v g
gh jZzklI\hj _gguo b dheehb”guo ]mfmkh\uo kh_"bg.
sbo k \h*hk[hjZ b i_jfZzg]ZgZlighc hdbkey-fhklb
jhrguo \h~Zo ih bf_xsbfky ij _"klZ\e _gbyf 1Zd _\ a
kl _i_gb azZ\bkbl hl kh”_j"Zgby \ \h~_ Imfbgh\uo b
>Kdhibgp _\ @ GZzZbf_gvr_c “hklh\_jghklvx 0Z



Jbk K\yav P< 1jZ%4 3WH &R Hie :H f] Hte
\_jlbdZevgu_ hkb k jzkoh~kf JYhfmahfglZevgu_ hkb
i Emkygdb \ bxg_ + hdly[j_ ] \_jogbc jy® b\ bx
ly[j_ 1 gb'gbc jy”
k\yav k jZkoh~hf \h~u \_ebqgbgu [bojhfZlghe hdbke
Ilhjhc ijbgylh km~blv h kmffZjghf kh”_j"Zgbb H< \
olhggh _
JZ[hlzZ \uiheg_gZ ijb nbgZgkh\hc ih~"_j'd_ JNNB
< fheBZ

Ebl _jZImjZz
:e_dbg HHkgh\u ]b”jhobfbb E =b”jhf_| _hba”"Zl
Dhfie_dkgu_ bkke \hhhdbgbgbebs <ui Fh Zckdh_
ojZghbebs_F F=M k
Fmjz\v_\ Jdnedh\h”klI\h ih hij_~ e _gbx ihdZaZl_e_c dz
ihe_\ufb f_Ih"Zfb _ ba” KI[ Djbkfzk k

HklZi_gy : IheghlZ hdbke_gby hjlZzgbqg_kdh]lh \_s_Kkl

[_kihalhghgqguo f_Ilh~hf [bojhfZlgh]lh hdbke_gby >h
L \ui K *

ImdezZdh\ < < ImdeR\dR\Z fBg=jZebazZpbb k jZkoh”h
\'j_dZo <_jog_ <he'kdh]h [Zkk_cgZ Kh\j_f_ggu_ ijhJe
ebs b bo \h*hk[hjh\ Lj F_""mgZj gZmgqg ijZdl dhgn |

] L | _jfv K +



Kdhibgp_\Hjl]Zgbqg_kdh_ \_s_kI\h \ ijbjh~guo Ah”"Zo >\
fmk@ Li =hk hd_zZgh]l]jZzn bg IZ <ui > @

Khdheh\ sBaB_g_gb_ hdbkey_fhklb b p\_lghkld \h~u it
\h~"hojZgbebsZ <_klg Fhkd mgby¥Z k_j<« =Kh]jZn

Khdheh\ >KhB'_j Zgb_ hj]l]Zgbqg_kdbo \_s_kI\ ¥ Fh Zck
ojZgbebs_\ e_lgbc i_jbh~ Kh\j_f ggu_ ijh[e-_fu ]b"]j
gblhjbglzZz dZqg_kI\Z ih\_joghklguo \h® FZl_jbZeu gZm«

gZ >hgm k_gl ] L Jhklh\ g > K *
Mgbnbpbjh\Zggu_ #ZdBE®baz \h~" lhr j_~ X X E
Ba~n _ F Obfby k
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, BRNRORY
/IRPRQRVRY ORVFRZ 6WDWH 8QLYHUVLW

7KH SDSHU DQDO\IHV WKH G\D\WD VRKH; RW DD QIHFG FARE)
ZDWHU RI WKH OR]JKDLVN 5HYHDYRLU PDD@ ® ULEXWi
SDSHU VKRZV D GLUHFW UHDRWLR@L E HPVD \HM KU WFKRH
FRORU DQG R[LGL]DELOLW\ DG WUDWKUZ B WHRK\D Ud
FKDQJHV WKURXJKRXW WKH ©HDLS B QRS[ IFFDOQ/QHRGV ER HL
FRUUHODWLRQ 'XULQJ WKH QRRERRIVOION KDY HDU OZDRABH
R[LGL]DELOLW\ LQ VXPPHU DQG DYMW ¥XKQ KDLBW ZDMWH
YDOXHV WKDQ GXULQJ WKH VSULQJ ARRGV

HP?GD: <EBYGBY OHAYCKL<?GGH ;ULH<HC
>?YL?EVGHKLB G: IJHL?D:GB? IJHP?KK: KMEVN:
J?>MDPBB IH J:KIJ?>?E?GBX KH?>BG?GBC K?JL

< >HGGUO HLEH@?GBYO F:EH=H HA?J: K<YLH=

DHGHRKDBC J:CHG :JO:G=?EVKDHC H;E:KLB

D < Lblh\Z G F DhdjylkdZy L : 1Zgh\z
N " jZevguc bkke_ ~h\zZl _evkdbc p_glj
dhfie_dkgh]h bamqg_gby :jdlibdb J:G ] :joZg]

< jZ[hl_ ij_"klzZz\e_gu j_amevlZlu bkkley “hp\Egbc kh
\h~rgh]lh ha K\ylh]l]h Dhghrkdbc jZchhdeZkihbg] g&vkec



hkgh\Zgbb ~“Zgguo ih jZkij_*_e_gbx Rhgghbo_lbc k.
eh’_gbyo “ey \uy\le_gby mqgzkldh\ \hayhckilbyhahay
ANyl _evghklb gZzk_e_gby gz \h~h_fbafl_g”glgpbc ih

>hggu_ hleh  _gby y\eyxlky g_hlt_fe_fhc-gZklvx
oh”ylky \ ihklhygghf \azbfh~_ckl\bb k \h~ghc Ihes
ieb\Zxlky b ljZgknhjfbjmxlky jZaebqgu_ we_f_qglu
baf_g_gbb mkeh\bc \ \hA*h_f_ fhlml \ukImizZlv bkl
jbggh]h aZ]jyag_gby

Bamqg_gb_ kh”_j Zgby jyrZ we_f_glh\ \ ~“hggu
\_kvfzZz \Z°gh g_ lhevdh “ey \uykg_gby \gmljb\h”h
kh\ gh b ey j_r_gby ijZzdlbg_kdbo \hijhkh\ |Zdbc
mqgzZkldh\ zZgljhih]_ggh]h \ha”_ckl\by gZ \h~h_f

K_jZ y\ey_Iky h~gbf ba jzZkijhkljZg_gaufghce f_
dhj_ b \ ]b”jhkn_j_ Bklhggbdzfb _ _Zkhhtbj@ gbc
ghklguc klhd b ih*a_fgu_ \h?u ihkIfmizZxdbkldzg \
guo ijbjhrguo ijhp_kkh\ 1Zd b \ j_hnyen&IgZZjghghit
db GzZb[he__ |I_jfh*"bgzZfbg_kdb mklhecgbehyxIinhjfh
ky kmevnZlu Ohly dhgp_gljZpbb krileAmzihé Yhj_kc
Iml [ulv gbadbfb djm]h\hjhl k_ju dZdZdijlhRIFAgKkI\
f_gb kbevgh \eby_| gZ fgh]lb_ [bh]_k&bfbdRIOIMDH U]
6WRUNKRGP QZk@h \WZkIHuhhh)\ fuhd K tkg/h\iEsd fkphZ
A_ckl\bx dhlhjh_ g_ hljZgbqb\Z_Ilkly_fhkkthjnz\_eb
gby kmevnZlh\ \ \h~_ b __ ih*"dbke& _dbgd[ex}¥”" ke
dhf[bgbjh\Zggh_ aZzZ]jyag_gb_ \h~"h_fhbdgk ghbkidufb
b hjlzgbqg_kdbfb \_s_kI\zZfb Z 1Zzd" _hZadlhfijibb nhkr
\h~bl d Zdlb\bazZpbb p_ihgdb [bheh]bighkdYysbjchp_ |
d w\l\ljhnbjh\Zgbx \h*h_fh\ Z 1Zd"_ hyZlad\digbx \
ebq_kI\Zo k_jh\h*"hjh~Z azZz kq_| ZdiklbakpbdbnZlyl
j_"mpbjmxsbo [Zdl_jbc KJ; \ \hagbdmkehZg¥evjh]
>=zeh[Zevgucx @ H[jZah\Zgb_ KkKdidaxfq~rgih™Mz
ijhp_kkh\ Jgb_gby vyl\ey_Iky j_amekhzdlahZjpl”ch&gb
pbb \ hkgh\_ dhlhjhc e_"bl hdbkebll_ewghy\hkkdzg
pby hdbke _gby hjl]Zgbg_kdbo \_s_ KN\ KdghpzZ\kd_| k
klZzgh\e_gby kmevnzZlh\ >B\Zgh\ @bjiHkgh\gufb



fb nzdlhjzfb jza\blby KJ; \ ij_kguo \lwigZA&mgp\ey:
kmevnZlh\ gbadhfhe_dmeyjguo hj]Zgbg_ktHzZewh_~
gu_ agZgq_gby jG Z 1zd _ \hkklzZghkbl"avgeahemke
dh\ Gzfkzjz_\ b *j @ HH{iZdhafbhbkkezx
sbfb ih~h[guf mkeh\byf fh]lml \ukImizZldhfZjauu \ha_
hkgh\ghc k\h_c fZkk_ hklzZxlky fZehbamqg_ggufb
P_evx "Zgghc jZ[hlu y\leyehkv bamaqijgb dhAkh[_c
gby kmevnzlj_"mdpbb \ fZehf ij_kghfkiddbcK%dhg DI
:joZg]_evkdhc h[ezklb b \uy\e_gb_ gghygbn\dltayc
ANyl _evghklb gzZk_e_gby gz wdheh]lbgh kfdh gzhk!
hkgh\Zgbb "Zgguo jZkij_~_e_gby k_gbywo*hgguo hle
Ha_jh K\ylh_ * gZb[he__ djmigh_
\ Jhldh\_pdhc kbkl_f_ >ebgz _]h ~h
klb]z _1 df ~gh _]h- g_h~*ghjh?
gh_ =+ ijb kj_"g_c Jem[bg_ \h*h_fZz
f _1h p_gljZzevgZy qZklv ]Jem[hdh\h~"
gZ a”_kv hif_q_g fZzdkbfmf Jem[bg f
Z k_\_jgzZy + f_edh\h”gzZ |jbk _i_Ih\zZy
ebgby kbevgh baj_azgz -ljblhd \h™ \ \h
"h_f hkms_kl\ey_I|ky g_j_a g_kdhevdh jm
gv_\ \iz~"Zxsbo \ x'gmx b p_gljZev
gmx gqZklb ha_jZz Ba \h*h_fZ \ul_dzZ_|I
j K\ylbpzZz <h”u ha_jZ hlghkylky d ]b”jh
dzZjlhgzZlghfm deZkkm dZevpb_\hc Jjmiiu
fhjnhf_Iljbg_kdb_ b ]b”jhobfbq_kdb_
oZjzdl_jbklbdb ij_"~klZ\e_-gu \ >Dhdjyl
kdZy b *j @
lh _1h [_j_1Zf jZkiheZ]Zxlky kms_
kI\mxsb_ beb \ gzZzklhys_ - \j_fy aZ[jh
r.ggu_ " _j_\gb Ihanr__\kdZy Fhd__\
kdzy b ~j GZ k_\_j_ \hAh_fZ gZoh”bl
ky gZk_e_gguc imgdl Debfh\kdZy h{t
_’\E)\gyxsbc'_.s_ g_kdhevdh AK—d_—f\Z—QZ'kiﬁQ.h‘igby
g_"Z\gbo ihj \ Debfh\kdhcyny@de®hhhjz ijh[ gz
gbjh\Ze fZkehaz\h" ha K\ylhf



>hggu_ hkz~db [ueb hlh[jZgu kh]eZkgh Ij_[h\Z

@ \ Jem[hdh\h”"ghc gZklb 6% _Hlkk kN gdplbe B qd
klb dm”Z ihklmiZeb \h”u fZkehaz\h”Z klZgpby 6
nmgdpbhgbjh\Zgby b kimkly g_kdhevdh e_I|ihke_
kehcgh_ jza”_e_gb_ hlh[jZgguo m~Zjghc Iim[dhc
"behkv \ aZ\bkbfhklb hl bo \bamZevguo eblheh]b
ih\_joghklguc ]Jhjbahgl hlh[jZzg fhsghklvx kf

Dzd ba\_klgh \ 1 _qg_gb_ \_]_ IZpbhggh]lh k_ahg
mkeh\by \ \h~h_fZo f_gyxlky £ *ey jZkkfzZIl{jb\Z_fh
fbdlbg_kdh]h ha K\ylh]h f_"_ggu_ i_jbh”u-+ abfgt
gbc bxev + o0Zjzdl_jbamxlky klZ]gZpb_c Ah~u b
ehjh~Z \ ]Jbihebfgbhg_ b gZdhie_gb_f \hkklZgh\e
Ilh\ < “hgguo hleh” _gbyo kha”Zxlky ZgZwjh[gu_ m
dh\h~rghc klZzgpbb \hafh'gu Zwjh[gh ZgZwjh[gu _
fhlml zZdIb\babjh\Zlv k\hx ~_yl_evghklv

< j_amevlzZIl_ ijhl_dzZgby ijhp_kkzZ kpZewmZIlj_"m
ky jy® kh_~bg_gbc \hkklZgh\e_gghc Zgkmhjifgh~"md
pbb [Zdl_jbZevghlh k_jh\h*hjh*zZ dp¥4A\hobhfyl dbk
kmevnbru Wwe f _glgZly ibjblgZy Ii<b+bj|Z 1B5d"_ k_jz \
khklZ\_ hj]Zgbq_kdbo kh_*>bklgtbrofha @ Ihfbfl
jZkij_~_e_gby kh™_j"Zgby mdZazZgguo jmh}f kl4d \ j
"__ hp_g_gh dhebg_kl\h kmevnZlh\ \nZ@a*dhddgulo j»
hleh _gbc :gZeba ijh\h"beky ih f_IEfbdZ ><hé@dh\

JZ[hlu ih bamqg_gbx kmevnZlj_"mdpbb \ ~hggu

ha K\ylh]h [ueb gZqZlu jZg__ j_amevlZlu-wlbo b}
klz\e_gu \ jy»_ im[ebdZpbc >DhdjylkdzZy b ~j
djylkdzZy @ >Zggu_ ih \ezZz ghklb- \bamz

gbx hlh[jZgguo jZg__ “hgguo hleh”_gbc b kh"_j Z
kdhlh mlJe_jh”Z him[ebdh\Zgu \ >Lblh\Z Dhdjylkd:
;ueh mklZghle_gh qlh ZgZwjh[guc ijhp_kk km
ijhl_dz_| \ *hgguo hleh  _gbyo ha K\ylh]lh- gZqgbg
ghklguo Jhjbahglh\ “h kf qlh oZjzZdl_jgh ey h
rbgkl\zZz ij_kgh\h”guo \h*h_fh\ >8UEDQ HW DO
N Li HW DO +ROPHU 6WRUNKROP @
hg \ujz _g \ lhes_ hkz~dh\ Jem[bgZ [he__ k f



hleh  _gbc h[_bo klZgpbc ha K\ylh]h ozZjzdl_jgu k
pbb \ jZkij_~_e_gbb kh_"bg_gbc k_ju >Zggu_ jZc
fbdjh[bheh]bg_kdbo bkke_~h\Zgbc “hgguo-hleh™ _
_fz >DhdjylkdzZy b ~j @ k\b~_l_evkl\mxl|l h gZ
fZ qgbke_gghklb kmevnzlj_"mpbjmxsbo [Zdl_jbc b
kmevnzZlj_~"mdpbb \ ih\_joghklguo ]J]hjbahgtZo hkZz
xsbf aZlmozZgb_f ijhp_kkZ b Zdlb\baZpb_e _]h \c

IZo hleh  _gbc gb™_ kf + bgl_gkb\ghkkmlidb f] 6
>DhdjylkdZy @ ijb kj_~g_f agZq_gbb wlh]h i:
6 ~fkmldb >AZ[_ebgZ b *j @

:dlb\bazZpby \hkklZgh\e_gby kmevnzlhd Ybdjhhj
\_jogbo kehyo hkz~dh\ ijb ijhgbo jzZ\dulemkbeh\by
|_evgh klyazZzgzZ k gZebgb_f \ gbo kihlhighdhkij¥zZg!
ihklmizxs_lh \ j_amevlZIl_ hifbjZgbwdhkglhc\h2hlbl_
jhke_c b fbdjhhj]Zgbafh\ b kha”ZgbgudofmdkleHw]h
\bc [eZ]hijbylguo “ey "bag_"_yl _evigpk|mXshevnZz
[Zzdl_jbc Z jzZza\blb_ ijhp_kkzZ \ gb[mikeHRhgbghaqgilZo
kilmie_gb_f kmevnZlh\ k ih*a_fgufb XhitZmhhl Z&w\2v | h
xI [hevrb_ dhebq_kI\Z wlbo bhgh\ \guehhkzAdhXo
ij_\urZzxsbo kh”_j Zgb_ \ \h*ghc lhes_jX&jifyg_f \
g_f fzdkbfZevgu_ dhgp_gljZpbb kmelwhDlgph hi¢_"_ e
"Zsbo gb_ kf JhjbahglZo hkzrdh\dhgIldbéthjmzZah
xsbfb nzdlhjzfb ijhl_dzZgby kmevnzlj_htedpbgb\ “hg
yo ha K\ylh]h \ukimizx!l ij_"~_ \kkihrevkiZzth}y'Zgbh
\hc \h”*_ hkzZ”~dh\ b gZebqgb_ ihkimiZsbbhoj]Zeghblgtghc
kdbo \_s_kI\ >Lblh\Z DhdjylkdZy @

Kji_*g__ kh~_j Zgb_ kh_"~bg_gbc \hkk™btgh¥ ggh
\ *hgguo hleh _gbyo ]Jem[hdh\h”~ghc]kI&Z&Ybiidghhhha K
[[Zgguo \h \j_fy nmgdpbhgbjh\Zgby f{Z\egteshZz\h".

a”_kv b *"Ze__ \ jZkqg_Il_ gZkKmdh _ Hid Zkh\oh
gh_ dhebq_kl\h kmevnzZlh\ “b~dhc bdh\_j2hc nZau |
ijb kj_~g_f dhebq_kI\_ “ey \k_o hlbEjZg@ecekhigh  _
pbb \ Dhebq_klI\h hj]Zgbq_kdh]®Zkdgblyh”z
\Zeh hl h[s_]h kh”_j"Zgb@Zmb}beeyh"Z
r__ dhebg_kI\h \hkklZgh\e_gghc k_juabdgj4nl_jgl



i_jbhrz fZjle4 66+ 6 WKW |jjizaphib | e} Sddilliiiin k
AZ \ ih\_joghklghf Jhjbahgl_ [ueh h kmedmeddfg)\ kdi\
< e_Ilgbc i_jbh™ bxev dhebqc Kl\Zzukikhdjzg g
sZxlky [he__ qg_f\ jzZzaz khklzZVegy Rinepnzlih\ 1zd
"_ hif_g_gu fbgbfZevgu_ agZq_gby ¥_fy gZkewlh ~
"Z_lky ihklmie_gb_ hj]Zgbg_kdh]h \_ sbkl‘an’\& ih
agZq_gbx ihdZdF |jjZA\iffn JZ\gl\\Wg‘ i T als
eyxs_c¢ 1zZzd"_ m\_ebqgb\zZz_Iky Gz f ehjm\hZ‘gEhlé]kIZ
kj_~g__ agZq_gb_ kh_"~bg_gbc \hkklZghyeggfhc k_
gZb[hevrbc \dezZz” \ wlh agZqg_gb_ \gh&lhlZdhebqg_ Kkl
ky k_ju \ abfgbc i_jbh™ % highoklbhopregdlj&_Ig
pbc * Dhebqg_kl\h kmevnZlh\ij_abfgb¢ bhojbh”
kh~r_j"Zgb_ e_Ihf \ jZaz b khklzZgdyg |kdh]h \Hp]Z
kiI\Z \ “hgguo hleh _gbyo wlhc "~_ kiZgpheh hpZ i_
f_jgh h"bgzZdh\h_ dhebq_kl\h = hdilekh”_j Zghlyey
hl h[s_]h dhebq_kI\Z m]e_jh”"Z [ue&_d¢@bc i][hketvy_ \
g_f \ abfgbc

Ilhke_ ij_djzZs_gby ~_yl_evghklb fZzkehazZz\h"Z k
_""bg_ gbc \hkklZgh\e_gghc k_ju \ hkaPdmaz”ey k
f_lgh khdjzZzsz_Iky = \ kj_"g_f \ jZazZ Z ~ey ab
\ jZazZ ljb wlhf \ jZaZ kgbabehkv dhebq_Kl
hj]Zgbg_kdh]lh \_s_kI\Z gZijhlb\ g_fgh]l]h m\_ebq
\ kj_~g_f >ey ]Jem[hdh\h”ghc klZgpbb 6Y dhebq
abfgbc i_jbh”~ 1Zd _ kgbabebkv gh ihqlb \ jZa.

e_Ihf wlihl ihdZaZl_ev kgbabeky \ jZaZzZ ~h

Ih\' \ h[Z k_ahgZ [ueh g_fgh]lh \ ih\_joghktguo ]hj
dh\ fZjl b bxev kh”_j"Zgb_ hj}Zgbqg_k
NZ kgbabehkv ~h b khhi\_IkI\_ggh

Kh~_j Zgb_ kmevnb”guo nhjf k_ju dbkehlhjzklI\
nbrh\ b ibjblZz \ “hgguo hleh ' _gbyo f_edh\h~ghc
[ueb bagZgZevgh g_[hevrbfb b _s_g_kdhevdh k
ij_djZs_gby jZ[hlu fZkehazZ\h"Z k ~h +

ljb kjz\g_gbb \ jZagu_ ]1h~u kh~_j Zgby hjl]Zgbqg
eyxs_c kh_"~bg_gbc \hkklZgh\e_gghc k_ju \ ih\_j¢
hleh  _gbc kIl Zgplb i ibjjuu_d hfithjmd | hHf hidZaetin b Y2 kg \ V|




[Zzl_ \azbfh~_ckl\by ijh*mdlh\ fbg_jZebazZpbb hj]:
s_kI\Z k we_f_glghc k_jhc dhgp_gljZpby thke_"g
| \ hkz~dZo azZz \k_ \j_fy gZ[ex”_gbc- 1zZzd b
amev!lzZl_ hlfbjzgby jZklbl_evghklb beb k ih\_jogl
fh gh hif_Iblv qlh __ kh~_j Zgb_ mf_gvrZ_-lky Z
ky “hey __ hl h[s_]h dhebqg_kI\Z ™6+ 6 k ~h

bxev ?keb mg_klv qlh dhgp_gljZpbb we_ f_
wlhc klzgpbb g_ ij_\urzxl \ hkz*"dZo-azZ \k_
f_gbc Th \Ihjhc imlv ihklmhe_gibYygé ij_~ihqlbl_e_
Ke_~h\Zl_evgh ihklmie_gb_ \h” k nmgdpbhgbjh\Z
NZ ijb\h~"beh d “hihegbl_evghfm \ghkm hj]J]Zgbqg_k
\ Ihf gbke_ hjl]Zgbqgq_kdbo kh_"bg_gbc k_ju beb |
dhebqg_kI\ [bh] _gguo we_f_glh\ d jhkim jZklIbl_ev¢
wlhf hilghkbl_evgh g_Jem[hdhf mqgqzZkld_

LZdbf h[jzahf ihke_ ij_djZs_gby ~_yl_evghklb
gZ [_j_]Im ha K\ylh]h kgbabehkv kh”_j Zgb_ kh_"
e_gghc k_ju \ *hgguo hleh _gbyo \ hkgh\ghf az |
dhebq_kI\ hj]Zgbg_kdbo kh_~bg_gbc k_ju >ey Ih
hrghagZqguc \u\h™ b ijhke_"blv I_g”_gpbx- bkke_
ghf ha_j_ g_h[oh”bfh ijh~*he blv b ih~I\_jrblv k" _ ¢
Au gZ [yevr_f dhebqg_kI\_ h[jZaph)\

JZ[h1Z \uiheg_gZ ijb nbgZgkh\hc ihA”_j°d_ JNNB ijl
< NGBJ

Ebl_jZImjz
<hedh\ B=_Brobfby k_ju \ hkZz~dZo hd_ZgZ F GZmd:
<hedh\ B@E[bgZ GF_Gh”u hij_~_e_gby jZaebgguo kh
gbc k_ju \ fhjkdbo hkz~dZo Obfbqg_kdbc ZgZeba fhj
GZmdz K %
=eh[Zevjgux]_hobfbg_kdbc pbde k_ju b \ebygh_ gZ g_

klb g_eh\_dz Ih~j_~ zdz~» = D Kdjy[bgZz F GZmd
=HKL HojzgZ ijbjhru =b”jhkn_jzZ H[sb_ Ij_Jl
d hi[hjm ijh[ “hgguo hleh _gbc \h*"guo h[t_dlh\-"ey Zg:
g_gghklv <\_~ g | _j_banzg -F Ba”®
Ilh\ KKKJ k
AZ[_ebgzZ K : Dhdjylkdzy G F Rbjpd\NA[Bu K b

ijhp_kku ~_kljmdpbb hj]Zgbq_kdh]h \_s_kI\Z \ ha_jZc



h[eZklb FZI_jbZeu \k_jhk kbfiha k f_""mgZj mqZk

kdh_ \_s_klI\h b [bh]_ggu_ we_f _glu \h \gmlj_ggbo \h”"

\h~"Zo?& |I_ljhaz\h"kd + k_gl ] I _ljhaz\h~kd
K +

B\Zgh\ F =<hobfbg_kdzZy ~_yl_evghklv kmevn-Zlj_"mp
[_jbc Obfby hd_ZgZ =_hobfby “hgguo hkz~dh\ L
K +

Dhdjylkdzy G F AZ[_ebgzZ K : KE\\dmgdgu-_ Kbhb ~
]_hobfbg_kdb_ b fbdjh[bheh]lbq_kdb_ bkke_~h\Zgby fz
ahgu K_\_jh AzZiz*"Z Jhkkbb :joZg]_evkdZy h[eZklv

L < K *

Gzfkzjz_\; ; >meh\ E ? A_fkdZy L=_BobBE§Z[Zgh
kdzy ~_yl_evghklv kmevnZlj_~“mpbjmxsbo [Zd]l_-jbc \ ~h
jZ ;ZcdZe Fbdjh[bheh]by L < K +

Hkljhmfh\ WH :nhjfZo kh_~bg_gbc k_ju \ hleh _gbyo
fhjy Li Bg IZ hd_Zgheh]lbb :G KKKJ L K *

Lblh\Zz D < DhdjylkdBy”®gFgby k_ju \ \h”_ b “hggu
dh\ fZeuo ha_j x]h aziz”~"Z :joZg]_evkdhc h[eZklb <_Kk

mg 1Z < K *

Lblh\z D < Dhdjylkdme@nAHj_ _~mdpby \ “h-gguo hl
gbyo ha_jzZ K\ylh_ x] :jozZg]_evkdhc h[eZklb < _klg
l_og mg IZ < K +

+ROPHU O EWRMNOKROWE UHGXFWLRQ DQG VXO
VHGLPHQWY D UHYLHZ JUHVKZDWHU-%LRORJ\
/L - + T7DNLL 6 .RWDNHPROIDSWH HDHCXKWHERQ L
VHGLPHQWY LQ /DNH .L]IDNL -DSDQ 3 #\GURELROR
SBUEDQ 1 5 %UH]RQLN 3 / %DMKNMOIDWH BKEXP
DQG GLIIXVLRQ LQ VHGLPHQWY RI /LWWOH 5RFN /D
9 3 -

$66(660(17 2) +286(+2/" ())(&7 21 7+( )/2:
2) 68/)$7( ',675,%87,21 2) 68/)85 &203281'6
3528&(66 )281' ,1 %27720 6(',0(176 2) $ 60$// /$.(
69<$72( .2126+$ ',675,&7 $5.+$1*(/6. 5(*,21
9 7LWRYD 1 0 .RNU\DWVND\D 7 $ 3DQ
7KH SDSHU GHDOV ZLWK WREBW RY X\KM VI RH WAKKZHD W @ b
WRHIV FRQGLWLRQ .RQRVKILRBQVWVILEG I VRK  (GNDRD

WULEXWLRQ RI VXOIXU FRPSRX®REGCHY WRH @BDQW LM
SRVXUH RI WKH SRSXODWLREHKBRWYHEKBQG DWW LFYKLDA



A:=JYAG?GGHKLYVY F:EUO J?D
K:GDL I1?L?J;MJ=: B E?GBG=J:>KDHC H;E:KLB
'BH=?GGUFB <?S?KL<:FB

? K Mjmkh\z ? H Dhauj_\Z ? Dhaeh\
Jhkkbckdbc Jhkm~ZjklI\_gguc ]brjhf_¢bhjhkblblg_kd

JZ[hlZ ihk\ys_gZ \hijhkzf ~hklh\_jghc hp_gdb a:
fZeuo j_d [bh]_ggufb \_s_KkI\Zfb JZkkfZlib\Zxlky
klb h[jz[hldb “"Zgguo ]b"jhobfbq_kdbo gZ[ex"_gb
gZ fZeuo j_dZo IhdzZzazgh qlh ijb g_"hklZihgghkl
N_gbc azZ ]b”jhobfbq_kdbf j_"bfhf fZeuo j_d g_h[
IsZzl _evgh ih”"oh”blv d ZgZebam bkoh”guo *Zgguo
Ahklh\_jguo hp_ghd aZ]jyag_gghklb j_d < qgZklg
fh ijh\h~blv ijh\_jdm bkoh”guo jy*h\ gZ[ex®_gbc ¢
ghklv h”ghjh~rghklv b gZebqgb_ \u[jhkh\

< gZklhys__ \j_fy ijh[e_fzZ aZ]ljyag_gWby* b bkll
guo j_kmjkh\ y\ey Iky h~ghc ba gZbfeevgudZ gl
ijhfe_f \ fbj_ Ih ~"Zgguf HHG g_ f_g_jZ klZkljzZg
db\zZxlky k g_o\zZldhc ij_kghc \h~u ZXlhblhikm~zZj
j_™ m]jhahc k_jv_agh]h \hrghlh djbab&2N->*ey Jh
jZpbb [he__ ZdIimZevgufb y\eyxlky \tiljhkihaZq_
\h~u < p_ehf ih Jhkkbb ~h ijh[ XA"ly-g_ hI\
[h\Zzgbyf klzg~Zjlz < ihke_~gb_ ~_kaltpZblby h~"
e__ ZdilmZevguo ijh[e_f khklhygby \Z9dublj_km
ky [bh]_ggh_ aZ]jyag_gb_ \h”guo hfbjliVAEygi_bo w
Hkh[_ggh kbevgh aZzZ]jyagyxlky fZeuj db 282 Kkj_
oh”ysb_ky \ ijhfure_gguo b ]mklhgZk >Dhguo |z
ljhev dZq_klI\Z« Am_\Z b "j Ihjb@KZLgdll _jjt
I_I_j[mj]Z b E_gbg]jZz*kdhc h[eZklb gZkhhedjZ _Ilk
ebg_kl\h fZeuo j_d _kl_kI\_ggh]h ijivbkgklIth gby
ba gbo ijhl_dzxl ih I_jjblhjbb Jhjh~"hhfur¢ g eZo |
guo k_ebl_[guo b k_evkdhohaycklI\ _aggbuigbl_jjblt
\h~bl d bo kms_klI\_gghfm aZ]jyag_gbx



Bkke_"h\Zgby ih hij_~_e _gbx Zgljhih]_gghc gZ
Agu_ h[t_dlu \h fgh]lhf hibjZxlky gZ “"Eggkdbpb”jh
gZ[ex®_gbc < [hevrbgkl\_ kemqgZ_\ bewddhajlzdl_
]bg_kdh]lh khklhygby j_d b \h~h_fh\ *gkilhehamx|
\u_ dhgp_gljZpbb kh”_j Zsboky \ \htghkld_kh <
wlbf ~Zgguf h[uggh jZkkgblu\zZz_Ilky JhZs\theckklhd |
\'\h~*_ \_s_kI\ ihklmiZxsbo \ j_db b\Wh*h_f@ >Mj
Kms_kl\mxsb_ \ gzZklhys__ \j_fy f_Ih%Qu digphlgldb a:
j_d g_ \k_]"Z mqgblu\Zxl hkgh\gu_ hbkhlhagggdbkid ]b
gZ[ex®”_gbc Ba bkoh”guo jy*h\ g_ bkdewxgédxlky
agZg_gby dhgp_gljZpbc >R_emldh ijb ®@p-_Qjhf_
d_ aZ]jyag_gghklb fZeuo j_d g_h[ohAbgbfZghgbfZzZl
gZklmx g_"hklzZlhgghklv ~Zgguo fhgblhghglh\uo
WIlh k\yazgh ij_"~_ \k_]lh k dzZl_]hjlkhyjblglihkdBE\ fl
IZdbo j_dZo LZdbf h[jZahf "ey “hhklh]\yjgdcghp_
ghklb fZeuo j_d [bh]_ggufb \_s_kI\Zfbllgevwdbh”"bf
ijhba\h”~blv jZkg_Il kj_~g_]lh”h\uo dhgighbg\pbc
Ablv ~ _IZevguc i_j\bqguc ZgZeba bf_%Zhgkiy bkoh

LZdbf h[jZzahf p_evx jZ[hlu y\ey_Iky hp_gdZ a
fZeuo j_d KzZgdl I_1_j[mj]l]Z b E_gbg]jZz~*kdhc h[eZk
\_s_kI\Zfb k mqg_Ilhf hkh[_gghkl_c bkoh”guo jy~h\

< jZ[hl_ jZkkfzZljb\Zebkv ~Zggu_ h dhgp_gljZphb
nhjf ZahlZ b nhknhjzZ Z 1Zd _ ihdzZ&lZd_eéhemyD g
gu_ \ j_amevlzZl_ ijh\_~_gby Jhkm~Zjkl\_ggh]h b ij
l]h fhgblhjbg]Z gZ j_dZo HolZ Em[vy B hjzZz K_e_
Hj_~_~

GZ hkgh\_ f_Ih”*h\ ij_h[jZah\Zgby bkoh”guo "Z
ley~ghlh ij_"klZ\e_gby [ue ijhba\_"*_g ZgZeba jZ
ijhp_kkh\ ih bf_xsbfky jy*Zf gZ[ex”~_gbc \uyle_gt
klb *Zgguo GZ wlZi_ ij_"\Zjbl_evgh]lh ZgZebaZzZ |
hp_gdZ gbkeh\uo ozjzdl_jbklbd f_Ih~Ahf fhf_glh\ :
jZkkgblZgu gbkeh\u_ o0zZjzdl_jbklbdb ey \k_o jy~"lI
kdbo gZ[ex”_gbc ih \k_f bkke_"m_fuf ihdZaZl_ey
kdh_ h b”rZgb_ kj_"~g_d\zZ"jZlbg_kdh_ hldehg_gb
\ZjbZpbb b Zkbff_Ijbb < j_amevlZl_ [ueh Ay\le_gh



kiI\h jy~"h\ gzZ[ex”_gbc h[ez~Zx| "hklZlhggh-yjdh \t
eh bl_evghc Zkbff_Ijb_c b \ukhdhc \ZjbZIb\ghklv>
bal\h"bezZzkv hp_gdzZ h~ghjh~rghklb *Zgguo th dz "]
N _gbc GZijbf_j ey j K_e_ag_\db \uy\le_gh qlh
gbc ih gbljzighfm gbljblghfm b zZffhgbcghfm Zah
ghfm dbkehjh”m b m]Je_dbkehfm ]JZam y\eyxlky h'
nhknzlzf + g_h”*ghjh”rgufb : “ey j Holu ba bk
"h\ hdZazZebkv g_h~ghjh~rgufb Djhf_ Ih]lh- [ueb i
nbdb \j_f_gghc baf_gqgb\hklb baf_j _gguo -agZq_g
pbc "ey dZ "h]h jy*"Z gZ[ex”_gbc b ijh\_*_gu hp_«
lj_gn"Z LzZd gZzZijbf_j ~ey j Holu jy*"Z gZ{ex™_gkt
fuo hdzazZebkv g_klZpbhgZjgu Ohqg_Ilky-hIf_Iblxy
kdb \k_ g_h”ghjh”*gu_ jy®*u hdZaZebkv g_kiZpbhg:
lZl_ hp_gdzZ h~rghjh~rghklb b klZpbhgzZjghklb ihdzZ:
iheh\bgu bkke_"m_fuo jy*h\ hljZz Zx| j_Zevgmx d:
g_gghklb j_d \ mkeh\byo ih\ur_gghc Zgljhith]_gght
hrghjh?rgu_ b g_klZpbhgZjgu_ jy?u ih \bAbfhfm
"bf az]jyag_gby j_d \ mkeh\byo \ha”_ckl\by g_[eZ
Ilhjh\ zZ\Zjbcguo k[jhkh\ ij_"ijbylbc g_J[eZ]hijbylg
I_hmkeh\byo LZdb_ jy~u p_e_khh[jZagh ijh\_jyl\
gZau\Z_fuo ©\u[jhkh\?2

>ey \uy\le_gby \u[jhkh\ \ ihe_ de_IlgzZkdmf\ jhyl
j_gghc Zkbff_Iljbgghklvx [ueb ihkljh_gudjbfibjbq_
\u_ h[_ki_g_gghklb baf_j _gguo agZq_jghkdfdhgp ¢
[jb\Z_fuo \_s_kI\ <u[hj hilbfZevgh]h*"aZgdbby jZI
ijhba\h”“beky k ihfhsv WAIN DAV b WHRoN VoY 1) Mgl Z TehE T
nbd_ djb\uo h[_ki_q_gghklb bf_xlky l&dZgdbau\Z_
\Zxsb_ |Ihgdb | _ wfibjbg_kdb_ lhqdjblbkgoh”*ys
kdmx h[eZklv djb\hc h[_ki_g_gghklbgghoZdhgby I
p_gljZpbc khhI\_IlklI\mxsb_ wlbf [hgdZZ \g#hjgbfZel
ku ljzZ\bevghklv IZdh]h ij_~iheh _gbyhfps\vyyeZk\
djbl_jby >bdkhgZz

>Zevg_crb_ jZzkq_lu hkj_~g_gguo agZq_gbc dhg
] _gguo \_s_kI\ \ \h~rZo bkke_"m_fuo j_d 4jh\h”~b
Z \u[jhkh\ Hp_gdZ ijhkljZzgkl\_gghc b \j_f_ggh



aZljyag_gghklb ijh\h~"bezkv k mqg_Ilhf \uyle_gguo
bkoh”guo jy*h\ gZ[ex”_ghbc
< j_amevlzZIl_ijh\_~ _ggh]h bkke_"h\Zgby [ueh \vu
>ey [hevrbgkl\Z bkke_"m_fuo j_d Kzgdl I_I_
gbgljzrkdhc h[ezZklb oZzZjzdl_jgzZ g_"hklZlhqgZy
"Zggufb ]b~jhobfbg_kdbo gZ[ex®_gbc WIhl nzdlh
mqgblu\Zlv ijb h[jZ[hld_ *"Zgguo b hp_gd_ aZ]jyag_
Hp_gdZ hkgh\guo gbkeh\uo ozjzdl_jbklbd bk
Ah\ baf_j_gguo dhgp_gljZpbc ihdZaZeZ \ukhdmx
agZq_gbc b yjdh \ujz"_ggmx kl_i_gv iheh bl_evgh
ljh\_jdZ jy~h\ gZ h”ghjh”*ghklv b klZpbhgZjg
eZ qlh [he__ itheh\bgu \k_o bkke_"m_fuo jy”*h\ ki
ghjhrgu Z agzZgbl hljz zZxl j_Zevgmx dZjlbgm aZzZ]
[bh]_ggufb \_s_kI\Zfb \ mkeh\byo \ukhdhe Zgljhi
]Jjmadb
< [hevrbgkl\_ bkke_~h\Zgguo jy*h\ gZ[ex"_g
\u[jhku <uy\e_ggu_ agZq_gby \u[jhkh\ p-e_khh]
gZlv ba bkoh”~guo jy~h\ ijb “"Zevg_crbo jzkq_IZo
ijbgbg \hagbdgh\_gby \u[jhkh\ ij_~klZ\ey -lky \_k
ghc az~"Zq_c Ij_[mxs_c hl*_evgh]h jZzkkfhlj_gby
Bkke "~h\Zgb_\uiheg_gh ijb nbgZgkh\hc ihA"™ _j°d_ J
gZmqgghlh ijh_dlzZ « fheBZ

Ebl_jZImjz

Am_\Z G < =Zevph\Z < < >fbljb_\ <Bkihel _izZgt
ah\Zgb_ kljmdImjguo ozZjzZdl_jbklbd khh[s_kI\ fZdjhnbl
Ihjz wdheh]bq_kdh]lh khklhygby fZeuo j_d AZizZz~"Z E_g!

<_klg KI[=M k_j =_heh]by =_h]jZnby <ui

Dhgljhevqg_kI\Z ih\_joghklguo \h® |h~ j_~ < = Hjel

k

Mjmkh\Z ?HpK gdZ aZzZ]jyag_gghklb j_db HolzZ \ ij_~_

I _I_j[mjlZ gZ hkgh\_ ijbf_g_gby bgl_]jZevguo djb\uo

NZ JZa\blb_ gZmq |_hj_Ibg "mjg < K
R_emldh <Hp_gdz wdklj_fZevguo mjh\g_c aZl]jyag_
k_Ib mj[Zzgbabjh\Zgguo |I_jjblhjbc <hijhku ijbdezZ”ghc

gzZmgq |j KI[ J==FM - K
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( 6 8UXVRYD ( 2 .R]\UHYD ( .R]JORY
5XVVIWHWH +\GURPHWHRURORJLFDO 8QLY

7KH ZRUN GHDOV ZLWK WKH PDWWHUV RRQHOLDE!
VPDOO ULYHUV 7KH SDSHU FRQVLGHUV WKH IHDW
,Q RUGHU WR HVWLPDWH WKH ULYHU SROOXWLRQ
FKHPLFDO UHJLPH RI VPDOO ULYHUV VKRXROE REH D
WKH GDWD VHULHVY RQ VWDWLRQDU\ DQG KRPRJHC
SUHVHQFH RI SROOXWDQWYV LQ ULYHU ZDWHU VKR

<HIJHKU IJBF?G?GBY F?LH>BDB DHFIE?DKGH=F
MQ?L: HKH;?GGHKL?C =B>JHOBFBQ?KDHC
BGNHJF:PBB >EY HP?GDB A:=JYAG?GGHKLB J7%

? K Mjmkh\zZ < : R_emldh : X @b]Zeh
Jhkkbckdbc J]hkm~ZjkI\_gguc ]b”jhf_¢bhjhkbilblg_kd

< jZ[hl_ jzkkfzZljb\zZ _Iky dhfie_dkgzZy f_Ih*"bdZ mq
g_wd\b”~bkl_glghklb ijb jZzkg_Il_ kj_"~g_]lh”h\uo ag
ljZpbc kh™_j Zsboky \ \h~_ \_s_klI\ 1hdzZazZgz KklI_
g mq_I|Z wlbo hkh[_gghkl_c¢c \ jZkq_I1Zo gZ-j_ame)
g_]h~h\uo dhgp_gljZpbc b h[t_fh\ klhdZ [bh]_gguc
dZzo K_\_jh Aziz~Zz

< gZklhys__ \j_fy ijb hp_gd_ dzZq_kI\Z \h”u \ \
ihevamxlky “Zggu_ i_j\bgguo gZ[ex®_gbc aZ dhgp

N_j Zsboky \ \h~_ \_s_kI\ >:e_dk__\ b 7*j - @
ah\hc ozjzdl_jbklbdhc kh”_j Zgby dhgdj_Igh]lh \_
gZ hkgh\_ dhlhjhc \_~*mlky ~Zevg_crb_ jZkq_lu
]h~h\Zy dhgp_gljZpby LZd g9Z hkgh\_ kj-_~g_]h"
pbb gzZs_ \k_]h hp_gb\zZxl ijhkljZgkl\_ggmx b \j_f

fbdm azZ]jyag_gghklb j_db hp_gb\zZxl h[t_f klhdZz
eh”_gghc \ J> hp_gb\Zxl MDBA< b 1Z
+ Wdheh]by« @ Lzdbf h[jZah



kr"_eZlv \u\h® qglh ~hklh\_jgZy hp_gdzZ kj-~g_]h"
pbb kms_klI\_gguf h[jZahf \eby_I| gZ dZqg_kl\h *Ze\
b jzkg_Ih\ b \u\h~h\ ihemqg_gguo gZ __ hkgh\_

< ijh\_”~_gguo jZg__ bkke_"h\Zgbyo [ueh ihdZa
Agu_ jy™u baf_j gguo agZq_gbc dhgp_gljZpbc ki
\hr_ \_s_KkI\ \ gzZklghklb [bh]_gguo we_f-glh\ g
xI hkgh\guf |I_hj_Ibg_kdbf iheh _gbyf dhlhju_ e_
f Ih~“bd hp_gdb jZaebqguo Jb”jhobfbqg_kdbo ihdZe
dh b 7] Mimkh\Z b *j @ < k\lyab k wlbf
g_h[oh~bfhc jZajzZ[hldZ b Zijh[Zpby gh\hc dhfie_d
hp_gdb kj_~g_Jh~h\uo dhgp_gljZpbc mgblu\Zxs_c
[_gghklb Jb*jhobfbqg_kdbo jy*h\ gZ[ex”_gbc

Bkoh”y ba wlh]l]h p_evx bkke_"~h\Zgby y\ey_ Iky
g_mq_IlZ hkh[_gghkl_c ]b”jhobfbqg_kdhc bgnhjfZpkhk
hp_gdb azZ]jyag_gghklb j_d

< dzZq_kI\_ bkoh”guo "Zgguo \ jZ[hl_ bkihevah\.
]brjhobfbq_kdbo gZ[ex®_gbc azZ kh”_j Zgb_f [bh].
\ \h*Zo j_d K_\_jh AzZziz~"Z Jhkkbb >Zggu_ ij_"kl
AZiz"guf M=FK

< gZklhys__ \j_fy hkgh\guf kihkh[hf hij-*_e_qgb
A"h\hc dhgp_gljZzpbb y\ey_Iky jZzkg_Il kj_~g_-Zjbnf_|I
gby ih baf_j_gguf aZ ]h®* \_ebqgbgZf dhgp_gljZpbc

Wdheh]by« ce_dk__\ b 7j @ |

nhjfmezZ jzkq_I1Z g_ mqgblu\Z_I| \h~*ghklv j_db \i_jb
\h~u H”*gZdh ~_ckl\bl_evgu_ agZq_gby kj_"gbo ki
lhevdh \' I_gq_gb_ h~rgh]h 1h~Z fhlml hlebqgzZlvky ihq
h[jzahf kihkh[ghklv j_db ljZzgkihjlbjh\ZIv kh”*_j Z
\_s_kI\Z k\hbfb \h~Zfb \ I_gq_gb_ ]h*Z f_gy- Iky \ #
gb jZza >Rbdehfzgh\ @ < "bkk_jlzpbhgghc jZz
“h\hc > @ [ueZ jZajZ[hlZgZ b Zijh[bjh\ZgZ hI”*_
dZ mq_I1Z g_wd\b”bkl_glghklb bkoh”guo jy2h\ Jb"]j
[ex*_gbc < j_amevlZl_[ue ihemq_g Ze]lhjblf ihke
\ugbke _gbc "ey hp_gdb kj_"~g_]h~h\hc dhgp_gljZp

ljb wihf djZcg_ \Z gh ijh\h~*blv ZgZeba baf_j_gc
\ZI_evghkl_c dhgp_gljZpbc gZ gZebgb_ \ gbo 1Zd



[jhkh\2 >Kfu " h\Z R_emldh b 7] Mjmkh\Z
G_h[oh”bfh hlf_Iblv qglh f_lh*bdm \uy\le_gby \ul[j
]b~rjhobfbg_kdbo gZ[ex®_gbc g_h[oh”bfh bkiheval
\bgghf ZgZeba_ bkoh”guo ~Zgguo ih dhlhjuf \ ~Z
kgblu\Zxlky kj_~g_lh*h\u_ agZg_gby
H~rghc ba ]JeZ\guo az”~Zq j_r_gb_ dhlhjhc g_hJ
e__ “hklh\_jghc hp_gdb kj_"*g_]h"h\uo agZq_ghbc
N_j7Zsboky \ \h~_ \_s_kI\ y\ey_ Iky kludh\dzZ jzZae
mq_I|Z hkh[_gghkl_c ]_hwdheh]bg_kdhc bgnhjfZp!
wlhc hkgh\_ dhfie_dkghc f_Ih*bdb [he__ ~“hklh\_j¢
p_gljZzpbc b h[t_fh\ Jh~h\h]lh klhdZ [bh]_gguo we_
>ey wlh]lh J[ueh g_h[oh”bfh j_rblv az*Zgm kludh
jblfh\ dZ ~uc ba dhlhjuo [ue gZijZ\e_g gZ-j_r_gb
NZgb i_j\uc £ mqg_I \h*ghklb \ i_jbh”~ \aylby ijh[ c
ZgZeba \lhjhc + mqg_I| g_wd\b”bkl_glghklb jy*h\ g
AZ"ZqZ hdZaZeZkv "hklZlhggh keh'ghc < dhg_c
[1Zg [he__ ijZ\bevguc imlv aZdexgZxsbcky \gZqz
Aghklb Z azl_f m _ ih jy"m ihemg_gguo agZq_g
mqg_I| g_wd\b”bkl_glghklb ;ehd ko_fZ ihke_"h\ZIl_
e_gbc "ey kludh\db wlibo “"\mo Ze]hjblfh\ ij_"klZ\e
GZ hkgh\_ baeh _gghlh Zelhjblfz jBkmgktu\dhfie
xsbo hkgh\gu_ hkh[_gghklb bkoh”gh& _bfgjrzrkikZp b b
[jb\zZ _fuf jyrzZf [ueb jZkkqblzZgu kj_"gbgl]Aph\u_ d
b khihklz\e_gu k j_amevlzZlzfb jZkg_fhNBRpd_igbgyl
mgblu\Zxsbf wib hkh[_gghklb 1Ijb wihflhe&]l -klhgggt
gu_ j_i_jogu_ agZqg_gby ijbgbfZebkv *"Zggw b hkéblu
[ _gghklb HIdehg_gby hl j_i_jguo agkiq\ glZq ijKiygbf:
ih]j_rghkl_c aZ kq_I|I g_mqg_IZ hkh[*@glgkilo c bkoh"¢
< j_amevlzZl_ bkke_"h\Zgby [ueb ihemqg_gu ke_*
— G_mqg_Il hkh[_gghkl_c ]b”jhobfbg_kdhb& bgnhj

wdheh]lbqg_kdbo jZzkq_1Zo fh _I ijb\_hqlib ray kkkljwf_agu
"hklb]Zxsbf \ kj_"g_f fZdkbfmf hp_lgllhe__ ij

— Hljbpzl_evgu_ agZq_gby ih]j_rghkl_c tj_h[eZ’
eh bl_evgufb | _ [hevrbgkl\h agZq_gbc kj_"g_]t

liZpbc mf_gvrz_lky ijb jZkq_l_ ih dhfie_dkghec f_|I



agZq_gbc dhgp_gljZpbc b jZzkjoh~"h\ \h”~u

Hij_~_e_gb_ "ey dZ ~h]lh [ehdZ
gZ b

GZ dZ""mx ~“ZIm baf_j gbc\jZkkqgblu
\Z_Iky ijhba\_~_gb_ 4 & \dexqZy b

A\
GZoh~ylky kj_"~gb_ agZqg_gb
ijhba\_"_gby, 4 &koh”h\ \h"u
f " "m keh gufb ~ZIlZfb baf_j _ghc
Hij_~_eyxlky hlghr_gkkl)y 44 &

N
Hij _~ ey |Iky gbkeh ~g_c\f_""m
kf “gufbt 0

N
Hij_~ ey lky kj_~gyy ]h~h\Zy
dhgp_gljZpby f_"~m ~ZIZfb blaf_j_gb:

;ehd ko _fZ ihke_~h\zZl _evghklb \ugbke Kgpc*gjblhyh gd_
\uo agZg_gbc dhgp_gljZpbc ih dhfie_dgghZ hkhf"lgd n
ghkl_c¢c ]b*jhobfbgq_kdhc bgnhjfZpbb

— Ijb wlhf gbkeh\u_ oZjzZdl_jbklbdb jy~h\ kj_~*
dhgp_gljZpbc ihemqg_gguo k mqg_Ilhf b [_a-mq_IZ
oh”guo jy*h\ \ hkgh\ghf jZaebqgZxlky g_agZqgbl_e
gm m\_ebqg_gby 1Zd b \ klhjhgm mf_gvr_gby

- F_Ih~*bdZ hp_gdb kj_"*g_]h*h\hc dhgp_gljZpbb
kdZau\Z_lky gZ j_amevlZlZo hp_gdb ijhkljZgkl\_g
"bgZfbdb dhgp_gljZpbc b h[t_fh\ klhdZ [bh]_gh\ i
ebdhc Ijb mqg_Il_ \h~ghklb b g_wd\b”bkl_glghklb
azZqzZklmx [he__ k]lJezZ _gguc \b™ k f_g__ \WjZ _gg
fZfb

— >ey mf_gvr_gby ih]j_rghkl_c jZkqg_Ilh\ kj_"gt
dhgp_gljZpbc b ihemqg_gby [he__ h[t_dlb\ghc hp_
g_gbyo \h \j_f_gb g_h[oh”bfh bkihevah\Zlv ij_"e:
dhfie_dkgh]h mqg_IZ hkh[_gghkl_c ]b*jhobfbg_kdh




Bkke_ _"h\Zgb_ \uiheg _gh ijb nbgZgkh\hc ih~* _j'd_ J
gZmqghlh ijh_dIZ « fheBZ
Ebl_jZImjz

‘e _dk__\ > D =Zevph\Z < < Wehelhhby <kdbc fhgb
Ihjbg] kh\j_f_ggh_ khklhygb_ ihrofruJE=FEM~*u KI
k

J> + F_Ih~ dhfie_dkghc hp_gdb kl_i_gb az]jy
ih\_joghklguo \h” ih ]b”rjhobfbq_kdbf ihdZazl_eyf F_II
aZgby <\_~ KI[ =b”jhf_I_hbanZzl k

Kfu‘h\Z ? HKp_gdZ klhdzZ [bh]_gguo \_s_kI\ k mqg_Ihf

¢ |b~jhobfbqg_kdhc bgthprbb gZ ijbf_j j_db <_e
ng ]_hlj gZmd KI]J

Mjmkh\z ? K R_emldh < I—sz_sg_chthG’klj_fZevgw

mjh\g_c aZ]jyag_gby j_gqguo \hA~ Wdheh]lbq_kdb_ b ]
kdb_ ijh[e_fu [hevrbo Jhjh~h\ b ijhfure_gguo ahg WDH
FzZl_jbzZeu 9, F_""mgZj dhgn KI[ J==FM K +

R_emldh < : Kfu'h\zZ ? K DhelL klyjbdhbzZijZd«bdZ
hp_gdb dzZq_kI\Z ih\_joghklguo \h” ih ]b~jhobfbq_kdbf
eh]lby b ]1b”Ajhf_I_hjheh]lby [hevrbo ]hjh”h\ b ijhfure_gog
kby + F_dkbdz L Fhgblhjbg] hdjm Zxs_c kj_"u KIJ
K +

RbdehfZzgh\ Bcebygb_ ohayckl\_gghc ~_yl_evghklb

klhd E =b”jhf_I_hbanZzZl k

Wdhehfbpy~jhf_ _hjheh]by [hevrbo JThjh~h\ b |thure (
Jhkkby + F_dkbdz L 'gZeba hdjm ' Zxs_c kj_" It
emldh b ~j KI[ J==FM k
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7KH SDSHU GHDOV ZLWK WKH LLGIW\M & b DZADLVOH UP A Ry
QRQ HTXLGLVWDQFH IRU WKHDNFEFERWQRQQ RRN D QL
VWDQFHV LQ ULYHUV 7KH UWXXOGW BRW LW®&R UHL\DW |
DQQXDO FRQFHQWUDWLRQV DUIQ/GRQ X\R UWHKQ\M V WA 5.
ZDV VKRZQ



FH>?EBJH<:GB? <H>GH KHE?<H=H ;:E:GK:
yHEVRH=H YR:ELBGKDH=H HA?J:

< Njheh\ L X <ujmgZedbgzZ K = KZjdbk
BgklbIml \h*guo ijh[e_f J:G

<i_j\u_ ijb\h~ylky fhjnh b [ZIbf_ljbg_kdb_-aZzZ\bkk
rhlh YrZelbgkdh]h ha_jz b [ZIbf_ljbq_kdZy dZzZjlz
j_amevlzl_ h[jZz[hldb "Zgguo wdki_"bpbhgguo bkk
eh”_g f_Ih~ fh”_ebjh\Zgby \h”"gh]lh [ZeZgkZ b khe
jZ hkgh\Zgguc gZ ijbf_g_gbb f_Ih*Z ]_h]jZnbqg_k
Zelhjblfz ihkljh_gby klhozZklbg_kdh]h \_dlhjgh]h Z
gh]lh ijhp_kkZ 1lhemqg_gu e _lgb_ j_ZebaZpbhb
guo jy*h\ khklzZ\eyxsbo \h*gh]h [ZeZgkZ b dhe_[Z
f_kygghc “"bkdj_lghklvx

;hevrh_ YrZelbgkdh_ ha_jh hlghkblkyhé Jjhdf j]Ze
Khe_ghklv \h~u \ g_f fh™_| “hklb]ZIlv ijbfYjgle A
Ibgkdh_ ha_jh 7~Ze_ £+ Ha_jh gZohDd&fudbly Kir
\oh”bl \ gbkeh gZb[he_ _ djmiguo hh FAgijgkdbZo |
\iz"bgu Ha_jh bf__| agZgbl_evguc jgdi Bpbihggh
ayckl\_gguc ihl _gpbzZe H~”gZdh ba hkgRZl[+HjB ih\_
IlhdZ gZ k_evkdhohayckl\_ggu_ pj2tlhbg_kdp Hg jh
khoeh ?]h \hkklZgh\e_gb_ \hafh githfdgh théudhaijl
hirZe _gghlh bklhggbdZ < ]b”jheh]bidakfhffhédhr
bamqg_gh gbdZdbo kbkl _fZlbg_kdboh"XbglLD\epZ]|e x
xsbo _]h \h~rghlh [ZeZgkZ g_ kms_klhmj_I-kehwlhfr
gby g_h[oh”bfh]lh h[t_fZ ijblhdZ \hA"ukHhgejh jgZf i
rblv az~"Zgm fh”_ebjh\Zgby hkgh\guogkhtk l[Z&eZgsbc
kZ £ ih\_joghklgh]lh ijblhdZ hkzZ"dh\gBxshid-_lglby |
kI\_gghfm ]b”~jheh]bg_kdhfm j_"bfm Ha_jZ

Kheygu_ha_ jZ khklzZ\eyxl agZgbl _evgmx qgZkly
ha_j gz A_fe_ < fhghljZnbb >?]hjh\ Dhkdgdh\
"Zggu_ qglh ba dijmig_crbo ha_j fbjzZ k irehsZ”"v
dzeZz bf[he__ d khe_guf hlghkylky lhglb \Kk



kheygu_ ha_jzZz jzZkiheh _ggu_ \ Zjb”guo -b k_fb.
gZo gZoh”ylky ih”c kbevguf |I_ogh]_gguf \ha”_ckl
ys__ \j_fy fghlb_ ba gbo ©mfbjzxl2a qglh khijh\h "
jy*hf g_1Zlb\guo ihke_"kl\bc * dzd ijbjh*guo I|zd
wdhghfbg_kdbo GZ[ex”_gbc aZ \h*guf [Ze-Zgkhf |
Ihdhf ij_kguo \h” bkizZzj_gb_f hkz~dzZfb + hq_gv f

Kms_kl\mxsb_ k\_~_gby h fhjnhf_Iljbb b [ZIbf_lI

lzd"_ bf_eb g_iheguc ozZjzdl_j gzZijbf_j {ZIbf_Ij
[ex™_gby [ueb _"bgbqgufb ihwlhfm nhjfZ qZrb \I
ijZdlbg_kdb g_ba\_klgZ ;he__ ih*jh[gZy bgnhjfZ]

[ZIbf_ljbg_kdbo o0zZjzdl_jbklbdZo Ha_jZ [ueZ iher
\_~_gbb gZrbo wdki_~bpbhgguo bkke_"h\Zgbc \_|
hjr"bgZlu Ihg_d gZ[ex®_gbc hij_"~_eyebkv k ihfhsv
*$50,1 H7UH] Lhgqdb hij_~_e_gby dhhj*bgZl jZk
\hafh ghklb hlghkbl_evgh jz\ghf_jgh >hihegbl_e
\e_q_gu dZjlu hdjm Zxs_c f_klghklb fzkrlZ[Z

amevlZl_ h[jZ[hldb ihemqg_gguo ~Zgguo \i_j\u_ [
[ZIbf_ljbg_kdzy dzjlz Ha_jzZ jbk Z lehsz”v \
ijb gzZ[ex"Z\r_cky \h \j_fy kt_fdb fZzdkbfZevghc ]Je

f hdZaZehkv jZ\gh&gZ\b#bfhklb iehsZ”b a- jdZeZ
_fZ qzrb Ha_jZ hl mjh\gy \h”u ihkljh_ggu- ih "Z
gbc ijb\_~_gu gZ jbk [£\

AgZq_gb_ Ha_jzZz £ wdhghfbqg_kdh_ wdheh]bqg_
Ihlh gzZkdhevdh khe_\hc j_"bf [m~_I [eZ]hijbylgu
\Zgby e_qgq_[guo beh\h kmevnb”~guo ]jya_c-b jZa\_
ImjKheb ihklmizxl \ Ha_jh ihkj_~kI\hf \uful\Zgby ~
[Zeufb b ]Jjmglh\ufb \h~Zfb fhjkdbo khe_\ue ]Jjmglt
gbcKhe_ghklv \h” Ha_jZ h[ugqgh bf__I| kbevgh \ujZ’
guc oh™ <_k_ggbc iheh\h~rguc ijblhd \ Ha- jh jZKki
gmx \h*m e _|hf kbevgh_ bkizZzj_gb_ \ khg_4Zgbb k
gb_f ij_kghc \h~u \ Ha_jh \ualZgguf \ hkgh\ghf ZlI
hkz~rdzZfb ijb\h~bl d m\_ebq_gbx khe_ghktb Ih ~.
\Z b 7 @ \_kghc ] khe_ghklv [ueZz ] e
ebgbezkv ~h ] e fghlhe_Ilgb_ \ZjbZpbb-khe_ gl
ky "bziZzahghf hl ~h A KhlezZkgh gZrbf baf_j



iZe_ ] khe_ghklv jZz\gyeZkyv A 1h fhjnhf_lIj
jZdl_jbklbdzf Ha_jZz kf jbk [\ b baf_{j_gbyf |
emq_gguf \ n_\jZe_ = Zij_e_ ] ihkljh-gz az\
ghklb \h” Ha_jZ hl _]1h gZiheg_gby jbk

Jbk ;ZIbf_ljbgq_kdZy dzjlz ;hevrh]lh YhdejBgkdhlh
Jem[bgu mdZaZgu \ kf dmkhggh ebg_cgZayZkxbikhidkbfZp
klb iehsZ”b a_jdZeZ Ha_jZ hl mjh\gyrb Hm _hjza HZ qZ
iehszZ"b a_jdZezZ Ha_jzZ \

Imgdlbj £+ wdkljZiheypby aZ\bkbfhlklb x[sb@aXyijgZlrejguo *Zgguao

>Zgguo ijyfuo baf_j gbc bkizZj_gby k a_-jdZeZ |
guo im[ebdZpbyo gZfb g_ [ueh h[gZjm _gh Ilhwlh
eZkv bgnhjfZpby ih \h~h_fZf ZgZeh]Zf gZoh”ysh
ijbjhrguo mkeh\byo \ gzZklghklb \h~guc [ZeZgk a.
=he DZkibckdh]lh fhjy Khe_ghklv jZiu DZjZ ;h]Za

] e b [he__ qlh [ebadh d mkeh\byf Ha-jZ Ih
gh\z @ bkizZzj_gb_ k ih\_joghklb DZjZ ;h]Za -
hdheh ff ]lhr KhleZkgh >*UHDW« @ fbg_



\ ;hevrhf Khe_ghf ha_j_f_gy_lky \ aZ\bkbfhkib h

\ g_f hl ~h A BkizZj_gb_ k ih\_joghklb H:
ff ]hA hkz~db jZ\gu ijbf_jgh ff Thn

AZ\bkbfhklv bkiZj_gby hl khe_ghklb b I_fi_jZImj

"h\ZezZkv \ >;h[jh\ ymcg_\bg ;mcg_\bqg
]mgh\ @ jbk
Jbk Khe_ghklv \h” ;hevrh]lh YrZelbgkdh]h ha_

jZ dZd nmgdpby gZiheg_gby Ha_jzZ

Jbk <ebygb_khe_ _ghklb b I _fi_ jZInZjudh”~u gZ bki

Z + aZ\bkbfhklv dhwnnbpb_glZ bkizj_gby N hlghr_gby bkiZzj
khe _ghc \h~u d bkiZj _gbx ij_kghc \h~u hl khe_ghklb 6 A >;
aZ\bkbfhklv bkizj_gby ? k ih\_joghklb jZiu khe_ghklvx [he_
DzZjz ;h]Za =he hl |I_fi_jZImju jZiu L ZK >;mcg_\bqg ;mcg_\bq
i_jbf_glZevgu_ ~Zggu_ ebgbb = ebg_cgu_ ZiijhdkbfZpbb az\



M\_ebq_gb_ khe_ghklb \_~ | d mf_gvr_gbx bkiz
gb_ I_fi_jZImju \h*u m\_ebqgb\Z_I| bkiZj_gb_ b gZ
klhyl_evkl\h [ueh gZfb mql_gh ijb fh~_ebjh\Zgbb f
gbg bkizZzj_gby k ih\_joghklb Ha_jZz

>ey klhoZklbg_kdh]lh fh”_ebjh\Zgby m\Kighkgby |
jy™"u gZlex”_gbc az | _fi_jZImjhc \hadhboEZkBE"HZhkn
fb ih ] Webkl_dZd gZb[he__ j_ijkla\hgpl@ilghgd phkhh
h[jZz  _gbc imgdlzZ 1j_"iheZ]Zehkv lj@mZwllik *Aggu_
klzlhgghc lhgghklvx debfZlbq_kdb_ yb“Ndyhj%ooh g 7 k.
Ha_jZ Ihkdhevdm bkizZj_gb_ hij_~_ekclkyjd kins_Kk
hiI\_lklI\mxsbf ihklmie_gb_f |_iez \gmdkbZh~rgbhyc ol
fh™_| jZzkkfzljb\zZIvky \ i_j\hf ijb[ebg_gQBy ehdrdg éb
pby kj_"g_f_kyqguo |I_fi_jZImj \ha”“njbd nZAjlhZpbt
jh\ \ebyxsbo gZ bkizZj_gb_ "~ _nbpbJEkibZ\' glhXIb
bl » mgblu\Zxlky \ \b~_ g_dhlhdawnhpgbhgdlu'o
eb[h "_ "himkdzZ_Ilky qlh \ebygb_ mfbsdjgizdlhjh\ g
kyggh_ bkiZj_gb_ yl\ey_Iky g_agZghlh’evdgbp_gddh:
bkizj_gby k ih\_joghklb Ha_jZ y\ey_Ilkbalplaevkeh\¢
guf b Ij_[mxsbf mlhgg_gby ijb "Zevg _ ltybo Iplkke _»
fh~_ebjh\Zgbb khklZ\eyxsbo \h*gh]hblKi&7 gklZy Ha _
hkz~dh\ b ijblhdZ + bkihevah\Zeblwkkdgbh HZx f.
gby “bki_jkbb dhwnnbpb_glu Z\Ih elyp\alZzbbghc d
N"Zy khklzZ\eyxsZy \h~rghlh [ZeZgkZ {Zkktalfith\Ze Zk
g_glguc klhozklbg_kdbc \_dlhj k az™zaggufkblj_ "g
fb b dhwnnbpb_glZfb Z\lh b \aZbfghcflihjpbghpbb
\Zgby ijbf_g_g Zelhjblf baeh _gguc \ >®@jheh\ b 7]

Kez[Zy \ujzZz _gghklv Ij_g”h\ \ dhe_[Zgbyo |_f
hkz~dh\ ihalhey_| \ i_j\hf ijb[eb _gbb kgblZlv jy
gbc m~h\e_I\hjyxsbfb mkeh\byf klZpbhgZjghklb b
Jhjblf klhoZklbg_kdh]h fh”_ebjh\Zgby <gmljb]h"t
g_fgh]lhe_Igbo \_ebgbg bkiZj_gby \ugbke -gguo ih
guf ]h~h\uo j_ZebaZpbc ijb\_Xx g §Zgbik_ f_Z
kypu bkiZzj_gb_ m\_ebgb\zZ_Iky ba aZ ih\ur_gby I_
"moZ b jzkij_kg_gby ha_jguo \h” iheh\h”rguf ijblh
i_jbh~ mf_gvr_gb_ bkizj_gb_\uvaul\Z IIKy imZFlngvr_g



ju ‘\ha”moZ b m\_ebq_gb_f khe Fhhkldobjh(ZHla_ jAEk
iZj_gby jbk Z b hkz~dh\ jbkhklv[HgZjZhljhboh
"behkv k mq_Ilhf klhozZklbq_kdbo \azfhfhX\mahec f_°
b hkz~rdzZfb ih ] Webkl_ ozZjzdl_jbgghcf@dljdhg] ceyy
jZaf_jghklvx T h[jZzah\Zgghc dM@jbzp b f_°
ihg_glzfb £ f_kyqgufb agZq_gbyfb I dfi\jZImju b hi
ljblhd \ Ha_jh \ _kl_kI\_gghf j_"bf_ ijhoh”bl ]e
jZahf \i_jbh” \_k_gg_]lh iheh\h”~vy \' |_q_gb_ %
eh N"g_c lhke_iheh\hrguc i_jbh” ozjzdl_jbam_II
klhdhf beb \hh[s_ iheguf _]Jh hlikmlkl\b_f G_[he
ijhbkoh~bl hk_gvx \ke_"kl\b_ \uiz~_gby ~h"~_c |
gZjbc _kl_kI\_ggh]h ijblhdZ d Ha_jm ijb\_~_g gZ j

Jbk Kj_~g _fgh]lhe _Igb_f _kyqgu_\ _ebgbgu ;hevrh]h
kdhlh ha_jZ + ke_\Z klhe[bdb imgdlbj £ klZg"Zjlgu_
kijzZ\Z £ njzZ]f_gl kfh®_ebjh\Zgghlh fgh]l]he_Ig_]h jy*Z
\_ebgbg

Z + bkiZj_gb_ [+ hkZ~db \ # ijblhd \ mkeh\gh _kl_kI\_ggh

K_ahggu_ b fghlhe_Igb_ dhe_[Zgby Zh2kgdhklb \
lu\Zebkv \ aZ\bkbfhklv hl _lh gZiheglhdbyh khijbk
N_eyehkv ih mjZ\g_gbx \h*ghlh [Ze&g&@dy\lkKfh rfZ
ebjh\Zggu_ jy™u ijblhdZ \ Ha_jh b jZAagh klkzZMdHMm |



b bkizj_gby wnn_dlb\gh_ bkizj_gbf Ijkgmigdbtof fh
b [ZIbf_ljbgq_kdbo ozZjzdl_jbklbd Ha\jzZ GEf jjkk
ijb\_~_g njz]f_gl kfh~_ebjh\Zgghlh jygBEkibelhdbg
dhlihjuc ihdZau\z_1 qlh \ fgh]lh\h*gy_k]hA4&t }h§Zqb
b ih c + dhe_[Zgby khe_ghklb ijhbekvogiygl-\Hdgh k
rhf "bzZiZzahg_ ijbf_jgh hl ~h Ab\mZbhhkm i
s_kI\_gghfm m\_ebqg_gbx fZdkbfZevghgghhe_ghklb

A Kjz\g_gb_ k g_fgh]lbfb bf_xsbfbkgguuimjguf
ihdZzau\zZ_1| qlh fh*_ev m~h\e_I\hjbftbédhte \ h& gjthy a
khe_ghklb \h® Ha_jZ

Jbk Njz]1f_gl kfh~_ebjh\Zgghlh jy~Z \_ebqbg kh
ghklb \h~u ;hevrhlh YrZelbgkdh]lh ha_jZ

LzZzdbf h[jZzahf ijbf_g_gb_ f_Ih~Z ]_&ahjdmbyg kkdhc
g_lzgbb kh klhozZklbg_kdbf fh~_ebjhXXldhh_ Fj\ ké&khjgt
hgghl]h ijhp_kkzZ \ "Zgghf kemqZ_ libfg xksd Rhk\y &Zglb
gu_ dhfihg_glu iha\hebeh kfh®_ebjmiElb tivegyZ [Z
gby khe ghklb ;hevrh]lh YrZelbgkdhZlygiay jfh» Je&waj~Z
nhjfbjh\Zgby khe_ghklb \h~u \ Ha_j_eilhlaAljeybfl hij.
ih~rZgb \h~u \ \h~h_f ey ihA"_j"Zgbg hyihlkiBevghc Kl

Ebl_jZImjz

yZf[__\Z < B ;ZdlZr_\Z G F Dhitd\dkWZy, 0ZjZdl_
jbklbdZ [bhp_ghaZ ]bi_jl]Zebggh]h \h~Ah_fZ DZefudbb
h[e mg IZ k_j ?kl_kI\_ggu_ gZmdb < K *

;h[jh\ K BkizZj_gb_ fhjkdhc \h~u \ aZ\bkbfhklb hl khe_
Bg IZ hd_Zgheh]bb L K *

;mcg_\bg > < smcPBRbg @b: k ih\_joghklb aZeb\z
;hl]Za =he F_|_hjheh]by b ]b”*jheh]by L \ui

?]lhjh\ : G DhkfZdh\hBZaby b ijbjhrhihevah\Zgb_ kt
ha_ j F GZmdZ Gh\hkb[bjkd k



Fbjhgh\Z G<hYguc [ZeZgk aZeb\Z DZjzZ ;hiZa-=he L

Zgheh]lbb L K *
IZgbg = G ;j_almgh\ekygbb khe ghklb \h*u gz _
gb_ Ba\ J:G NbabdzZ Zifhkn_ju b hd_ZgZ L

Njheh\ : < <ujmgZedbgz L X KhehdbghVZgB g _
1Zmkkh\Z \_dlhjgh]lh ijhp_kkZ \ ijbeh” _gbb d Jb2jheh]bb
ku L « =K
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% <DVKDOWLQVNRH /DNH $ MRLQW DSSURDBDFK RI J
WLF DOJRULWKP ZDV DSSOLHG IRU PRGHOLQJ RI W

KLIMDLMJGH NMGDPBHG:EVG:Y O0:J:DL?JBKLBL
AHHIE:GDLHGGH=H KHH;S?KL<: HA?J: KMLMJMH
KK?CG J?DB BG>B=BJDB <HKLHQG:Y KB;BJ\

E : Njheh\Z J Gb]zfzZlaygh\z
E : I_kljydh\Z : Km[_Ilh

DzZazZgkdbc n_~ _jZevguc mgb\_jkbl_I
K_\_jh <hklhgguc n_"_jZevguc mgb\_jkbl_lI
bf F D :ffhkh\Z Ydmlkd
BgklbIml \hAguo ijh[e_f K_\_jZ DZjGP J:G
Jhkkbckdbc JThkm~ZjkI\_gguc i_~Z]h]l]bg_kdbc m
bf : B =_jp_gZ

<uiheg_gh bkke "~h\Zgb __ ahhiezZzgdlhgghlh

ha Kmloym[Zkk_cg j Bg”b]bjdb <hklhqgZy Kb[bj

kh\j_f_ggh]lh khh[s_kI\Z ahhiezgdlhgzZ e_Ihf
[ZzdkhgzZ ]b”~jh[bhglh\ Hp_g_gh \b”h\h_-jZaghh



kI\_ggu_ oZzZjzdl_jbklbdb ahhiezgdlhgz ijb\h~blk:
g_kdzZy b ohjheh]lbq_kdZy kljmdIimjZz ahhieZgdlhg
>7Zgu j_amevlZlu hp_gdb dzqg_kI\Z \h~u k bkihevaes
guo f_Ih~h\ hp_gb\Z_Ilky kh\j_f_ggh_ khkihygb_
]h khh[s_klI\Zz

Ha jh KmImjmhoZ jZkiheh  _gh gZ k_\_j_ Ydm
j Bg”b]bjdb \ ij ~ eZo :[uckdhc Kj_"g_bg”~b]bjk
ghklb gZ ]jZgbp_ e_khimg”ju b ahgu k_\_jghc 1Z
]_hljZznbq_kdh]h p_gljZ ha_jZz Z ok r - Z o
_lky h~rgbf ba djmig_crbo \h~h_fh\ ~Zggh]h jZchg
\Zlhjbb ha KmIimjmhoizhszZ~rdf\h"hk[hjZ +Dhl df
eh\bgZ ha_jz bf__l ijhklh_ kljh_gb_ o0Zjzdl_jgu_

+ f fZzdkbfZevgu_ ]Jem[bgu “hklb]Zxl f

NZdlbg_kdbc fzZl _jbZe ey hp_gdb ahhteZgdlh
kiI\Z kh[jZg k jZaghlbiguo [bhlhih\ ha KmIimjmhoZ
HI[hj ahhieZgdlhgguo ijh[ ijhba\h~beky fZehc k_
gZ "bzf_lj k_Ib kf jzaf_j yqg_b fd ijhp_"b\:
\h~u b nbdkZpb_c \ f nhjfZev~_1b"_ H[}Z[hldZ
\h~"bezZkv ih klzg”~Zjlguf ]1b”*jh[bheh]bqg_kdbf f_Ih"|

DhgklzZglbgh\ @

Khl]ezZzkgh ihemqg_gguf j_amevlzZIZf ahhieZgdlhg
ha KmImjmhoZ hlebqgzZxlky hlghkbl_evgh [h]ZIluf
]Jbhgh\ \b~h\uf khklzZz\hf gZfb aZnbdkbjh\Zgh \
khgz ij_"klzZz\bl_e_c¢ ahhiezZzgdlhgZz <b”~h\kh_ jZag
eyxl \ hkgh\ghf dheh\jzZldb Ibi 5RWLIHUD = \
ba k_f_ckI\ kj_"b ij_"klZ\bEk @D 6 RjeihBS Q@G ¢
FKLRSRGD Ibi $SUWKURSRGD h[gZjm _gh \b”
ihrde &RSHSRGD de OD[LOORSRGD 1Ibi $UWKL

\b~h\ lZdkhgh\ ba k_f_ckl\ \b~rh\ hlj &\F
\b"Z h&D @D QR RE D &b WHEFR RIS B WiE G E O B Ak
ghr_gbb ij_"~klZ\e_gu RoU DA LR @ EBJEDREAN LHREGBEHWH \
"h\ b &\FORSLGDH ih"de &RSHSRGD + \b”h\
fh gh hif_Iblv k_f_ckl\Z 'DSKQLLGDH b &K\GRUL

FzZzdkbfzZevgu_ qZklhlu \klj_gZ fhklb ozjzZdl_jg
eh\haj_euo klZ”bc jZa\blby \_kehgh]bo jZdhh[jZs



dheh\jZWIDFKLRQXV TRV D&ARYORWKHFD SH(
5RXVVHOHWOOLFRWLD .GIRQLIFRSN. QD ih
\_I\bklhmkh]h'PSgd@LD PLGGHQIOGHRFKIHRDQD lj_»
klZ\bl_eb oheh”hex[b\uo \_kehgh]b#HMHNR FRayt
VDOLHIQOQOMHERUAISWRGLDSWRPXV/IDIEIWKVWLOF
\klj_g_gqu [he__ qg_f\ \k_o h[jZaph)\
Qbke_gghklv ahhiezZgdlhgZ h[mkeh\idb\Kj-Iky dhe
g__ agZq_gb_ gbke_gghklb dheh\jZdhdvda \f*“
hkgh\ghf [eZ]&apHAQDJIkFDg__ agZq_gb_ gbke_gghk
luk wda Kj_"gb_ agZq_gby qgbke&B&HHS BREID D\ KO

GRFHUD gb _ ! bluk Wda fuk Wwhkal\:fl
kiI\_ggh AgZqg_gby gbke_gghklb ahhilklZlgjd-h\@ZZ ih
jvbjmxI hl luk Wdaafp 6 X ~h luk w
h(jZza_p 6 X \ kj_~g_f khklz\lm\k wddBé

\_I\bklhmkuo jZdhh[jZaguo [_amkeh\guf gdh&hGRAIhf
D PLGGHQGHRWIMBP g “ey \ukhdhrbjhlgue ha_j b
gZevguo \h*h_fh\ Dbf__I madh hqg_jlg_ \&bjugZZj|Kae
\h \j_f_gguo f_edh\h”guo [_ajujgu&@BXjdHAO0 >9kKu

PLGGHQGRW\(BIQFguc \b”r gh bf__1 hilbfZevgu
\hc "bzZiZzahg ijhp_kkZ ~uoZgby ijbdkelydbl eqgfh\gZz
kj_~g_f ij_"klZz\bl_'é&SKh@EXULVWD @

Hij_~_e_gb_ [bhfZkku ahhieZgdlhgZ ijh\hR*behkyv
gb_f 1Z[ebp j_dhgkljmbjh\Zgguo \_kh\ ? < ;Zem
;bhfzkkzZ ahhiezgdlhgz \Zjvbjh\ZeZ agzZglhlf_evgh
jZa_p 6 X ~h hifza_B X 6 XkkikkdXibhAZ\kik\ A
g_f “ f\idkhdb_ agZq_gby hrb[db-kj_"g_«
\Zxl gZ kbevgu_ jZaebqgby f_""m ihdZaZzZl_eyfb [bl
pZo Djmigu_ \_I\bklhmku_%XWHhRMEHBEKHY FUD
/ILOOMHERUJ " PLEGEHQGRUI¢ D@Dk
kj_~gb_ ihdZazZl_eb [bhfZkku jZqdZ \ h[jZapZo h]
khdb_ agzZq_gby [bhfZkku \ kj_~g_f H[sZy 1
kj_ gyy [bhfZzkkZ 1Zdkhgh\ ]Jjmiiu &4RSHSRGD khk

f] fdheh\jZlhd % “ f] f

GZ hkgh\_ dhebqg_kl\_gguo ihdzZzaZl_eblkzgwib [

bg"_dk \bAh\h]h jZaghh[jZaby R_ggthdg Mhku k2



ijh[ghklb ih IZgle_ b ;mddm \ fh"bnbdZph® Kelh"_c
f_Ilh m A_ebgd_ b FZj\ZgZ > @ HKhdgZigglyhbinfem
bgr _dkzZ R_gghgzZ Mb\_jZ gZ hkgh\_gabkeZgdBEklb ¢
kI\h \h~ ha_jzZ ih \b h\hfm jZaghh[jZ&hxih pjZgb\& _|
gh_ f_""m gbklufb b mf_j_ggh aZ]jyahg_dodty_\h"t
gb_ bg”_dkz baf_gy_Ilky \ ij_"_elziol 2\b\ \ kh_~g_fk
Ih bg”_dkzZf \b h\h]h jZaghh[jaalgyZ hkigkdblZc

[bhfZkku ahhiezgdlhgzZz hlghkbl_evg\h [[fbenhih\dhe!
\h~h _fZ ozjzdl_jbam_Ilky dZd mf_jkgghgaZlfagag gc
gb_ bg”_dkZ khklZ\beh PLQ PD]J

ljb jZzkg_1Zo bg”_dkh\ kZijh[ghklb \h~"h_$¥Z gZ h
Ilhjguo hj]Zgbafh\ \ fh*bnbdZpbb KezZ”_q_dZ ihem
lu koh~gu_ ihemqg_gguf ih bgr_dkzZf \bA"h\h]h jZa
g_gby bg”_dkh\ \Zjvbjh\Zeb heblhkzZijh[gZy

f_ahkZijh[gZy ahgzZz \ kj_"g_f khklZ\b\ B
ghklb jzZzkkgblZgguc ih f_Ih"m A_ebgd_ b FZj\Zg-
kZijh[gu_ \Ze_glghklb \bAh\ \uy\be qlh \ ha_j_

f_ahkZijh[gu_ mkeh\by k hldehg_gb_f \ heb]hk.

klZgpbc hilghkylky d heblhkZijh[guf mgzZkldZ1
\ f_ahkZijh[gmx ahgm

Ilh ahh]_hljZnbg_kdhfm jZkijhkljZzg_gbx A ahhie
hfez”rZx| \b”u dhkfhiheblu bo \bAh\  \ hk
lh~zjy fghlhgqbke_gguf dheh\jzIdzf ij_"~klZ\e_ggu
dhebq_kI\_ \ eblhjzevghc ahg_ \h*h_fh\ - \b”h\
kdbf b JhezZjdlbg_kdbf jzkijhkljzg_gb_f f_gvr_ *
“h\ b \brZ khhI\_IkI\_ggh <b”u k hlghkl
dbfb dhebqg_kI\_ggufb ihdZaZzZl_eyfb hlghkylky d i
=hezZjdlbq_kdhc ih*h[eZkIbhR Q JfVigay @De h\jZlhd Z
| Zd"/HSWRGLDSWRPXVIDEWVWLORARKORSV
\_kehgh]bo jZdhh[jZaguo

Ih ohjheh]bg_kdhc kljmdIimj_ ij_h[eZ”Zxi \ ahhi
IhjZevgu_ \b/ru % \b”"Z HHED\QRIWIKR O

FD 7ULFKRWKUWIhDnku _ jZdhhBO®RQIDP jkIZ\bl_

eb hlf DUBDS IFWREGIDG Bh i Kgjyn ggikoly b hijkilg_hg b g yid
kdb_ b w\jblhigu_ \b”u # ih \b~h\



Bgl_j_kgzZz gZoh~dz \_kehgh]h /HZASIW R[GZOGHWMR F
DQIJXVWLQRKEWYV h[ez"Zxs_1h madbf JheZjdlb
Zehf h[blZzgby \*hev k_\_jghc gqzZkl@NaKRlk@hc g
K_\_jh AZiz~rgZy :eykdZ b yleyxs_]hkgbkjudklz\b
ijhajzgguo \h~h_fh\ k gbadhc I_fi_j&mdbc bh2p >;

@ ?s_ h~rgbf ij_"klz\bl_e_f djz&gdlindb -y\ex =h
Ik PLGGHQGRU|:;D@EDI _ev >Zggu@ \b" ozZjzdl_
j_g “ey g_[hevrbo heb]hljhnguo b ke NhZhihfYdbke
SITIEHUMN@  Th @) 1 W [f[ Y b T4 A% hihe Rk fiteidolb b i kol f
gby wnbiibZevguo \u[jhkh\ &ODGRFHUD_jkmkjfbjh
hg_j_"v wnbiibyfb \_I\bkltbmkhk ¢G20@&@RUI1¢;,DQD

Lzdbf h[jZzahf g_kfhljy gZ kmjh\u_ el\WfyIbg_kc
dhjhldbc \_]_IZpbhgguc k_ahg aZ b4by tdkkpguro]h j
nhjf \ khklz\_ ahhiezZzgdlhgz \ ha KrKypjohjbZhnhj
jZa\bluc ahhieZgdlhgguc dhfie_dk Affkiedygdlhgg
ij_"klz\ey_ | kh[hc agZgbfh_ b \ "hiiZzdhlgldph cakl gh g
ibs_\hc p_ib wdhkbkl_fu ha_jZ h[_klggb\fkdgaZ]h
\by "ey fZkkh\h]lh gZ]lmezZ fheh”~b jul\birehAgjdillhghy”
\b~rh\ kh kf_rzgguf iblzgb_f |Zdbo dZfbmley"¢j gb,

Bkke "h\Zgb_\uiheg_gh ijb nbgZgkh\hc ih~*_j d_ JI

: b iB\hklhdBZ
Ebl_jZImjz

;ZemrdbgZ RZ\bkbfhklv f_""m fZkkhc b "ebghc |_eZ 1

guo “b\hlguo H{sb_ hkgh\u bamqg_gby \h*"guo wdhkt

K +
;hijmpdbe ? < Kl_izgh\Z E Hij Dhlebd_e¢ &DODQR
ij_kguo \hr E GZmdZz k

@Z"bg <FBlIh”?u ]b”jh[bheh]lbq_kdh]lh bkke_"h\Zgby
rdhez k

Dhgklzglbgh\ H[XZy ]b~jh[bheh]l]by Mqg_[gh_-ihkh[b_
A_glh\ ki_p \ma F <ukr rd k

Hij_~_ebladénhiezgdlhgZ b ahh[_glhkZ ij_kguo \h" ?
Jhkkbb L AhhiezZgdlhg Ihr j_~ < J :e_dk__\Z K
L \h gZmqgguo ba~Zgbc k

6KDQQR®HK ODWKHPDWLFDO 7KHRU\ RI &RPPXQLF
,OOLQRLV 3UHVYV S



60iGH™HMWHP RI ZDWHU TXDOLW\ I[URP ELRORIJI
+\GURELRO (UJHEQLVVH GHU /LPQRORJLH %G

7TLEHUWRUSKRORJ\ DQGDIBSKRQRJIPLRIGHQIG\RIH YD Q

&UXVWDFHD 'DSKQLLGDH IURP IRXU QHZ SRS

QRO 3 *

9HJD 0 3 &ARXNBKBPHWU\ DQG &'PSRRRD KRGV L
GHQGRUURPQD )LVKOHVYV 3RQG RI WKH 6RXWKHUQ 9
WHU (FRORJ\ 3 *

<XULVWDHBP®IHUDWXUH GHSHQGHQW HQHUJ\ EXG
HUDMSKQLD PLGGHQBRWERDWHU %LRORJI\ *

THOLQNRWI3UI]ILVLHUXQJ GHU ELRORJLVFKHQ .OL
VHQGHU *HZIVVHU . $UFKRAG\GURELRO

6758&785%/ $1' )81&7,21$/ &+$5$&7(5,67,&6
2) =223/$1.721 &20081,7< 2) /$.( 6878582+
,1',%,5.$ 5,9(5 %$6,1 ($67(51 6,%(5,$

/' $ )URORYD 1LJDPDW]IDRRI¥DVWU\DRRFOEHWWR

.D]DQ 9ROJD UHJLRQ )HGHUDO 8QLYHL

1RUWK (DVWHUQ )HGHUDO 8QLYHUVLW\ |

1RUWKHUQ :DWHU 3UREOHPV ,QVWLWXWH

+HUJHQ 8QLYHUVLW\

7KH DUWLFOHV GHDOV ZLWW R\X W D[HRQOKRPWF RR MSERH

SRSXODWLRQ GHQVLWLHV LUWQNW KH. YOHDW B BBXMOX U B R M

VWXG\ 2Q WKH ZKROH WD GR EQEFD® @ LBYJI GU RRVH

LGHQWL¢HG 7KH TXDOLWDWUYN VDIQRS/ TRX DRQKVH. WCR/S

VSDWLR WHPSRUDO GLVWULEXDA ZG ®® 6 \F RAKAHX DD\
ZHUH DVVHVVHG

FH>?EBJH<:GB? >BG:FBDB ;BHF:KK IE:GDLHG:
< |I?JBH> <?K?GG?=H IJH=J?<:GBY <H>H?F:

7 H Pu”~_gh\
Lhfkdbc Jhkm~Zjkl\_gguc mgb\_jkbl |

< ~"Zgghc jZ[hl_ ij_"klZ\e_gu j_ameviZlu gbke_g¢
\Zgby ~bgzZfbdb [bhfZkk ieZgdlhgzZ \ i_jbh” jZa\b



j_qghlh I_jfh[ZjZz \ ha DZzZfemik ;jblZzgkdZy Dhemf
hkgh\_ ©gmljb_gl * nblhieZgdlhg + ahhieZgdlhg?
b ~j 1j_bfms_kI\hf jZzajz[hlZgghc fh"_eb y\ey_lk)
ghc baf_gqgb\hklb ZlIfhkn_jguo ozZjzdl_jbklbd |_fi
"moZ hlghkbl_evghc \ezZ ghklb ZIfhkn_jghlh ~Z\
klb \ha”_ckl\mxsbo gZ \h*gmx ih\_joghklv

< _kghc b hk_gvx \ ha_jZo mf_j _ggut_jtkhhl \hac
[Zj£ ijbjh~rgh_ y\le gb_ ij_~klZ\eyxs__ khfhc mac
lhjhc ijhbkoh”~bl ih]jm® _gb_ \h”u bf_xs _c-gZb[he
ghklv hl ih\_joghklb ~h ~gZ Hg hdZaulZ_| h]ljhf
wdhkbkl_fm ha_jzZ 1Zd dzZd kha”zZ_1 ij_iylkl\b_ "e:
\hAhh[f_gZ f_""m pbjdmeypbhggufb ihlhdZfb k jZa
jbklbdzfb \h~u |_fi_jZlmjhc fbg_jZebaZpb_c b |
jm_I [Zjv_j f_"~m h[eZklyfb k [eZ]hijbylgufb Kk I_
fZkkhc b f_g__ [eZ]hijbylgufb k oheh”ghe \h”"ghc
\byfb ey jhklZ iezZzgdlhgguo khh[s_klI\

P _evx gZklhys ¢ jZ[hlu y\ey |ky jZajZkkldz fZz
fhr _eb gZ hkgh\_ ©gmljb_gl + nblhdéZgd fingd telahh
>) U D IQIED B G [0 8 arkchin ik gt b il ool BRI
jZf_ljh\ Z 1Zzd"_ gbke_ggh_ \hkijhba_¢bghbbh&kij_
]Jbg_kdbo dhfihg_glh\ khklZ\eyxsbofye\Zd&dIdhg_ c\h
w\hexpbb |_jfh[ZjZ gZ ijbf_j_ dZgzZ%.kdh]lh ha DZfe

| _j_ghk [bhfZkk ieZgdI|fZL fizlibd f&dhkZ fithe® étbhhii
ku\Z _Iky k ihfhsvx dhg\_dlb\gh “bnnmabhgguo mj.

4 W _p_ _bD

t x z x X x z * z

1. £ dhgp_gljZpby [bheh]bg_kdh]h dhfihg_glZz
IlhieZzgdlhgZ ahhieZgthklhfigbdh\uc ge_g ~ey khh
kI\mxs_c khklzZ\eyxs_c dhlhjzZzy ij_~klZ\ey-_| j_am
N_ckl\by k hklZzevgufb dhfihg_glzZfb [bheh]bq_kdh
gbke_ggh]h bkke_~h\Zgby “bgZfbdb ieZgdthgguo
ghc jZz[hl_ bkihevam_Ilky fhrlewx @QbhhlijbZdd kg
ahhlengirﬁg>)UDﬂMD®1\@meme

S



eyxsb_agZq_gby bklhggbdir+e et @b\ \ij ~AklzZ\
e_gu \lZ[e

Bgl_gkb\ghklv iblZzgby ahhVefhdgdlhgshkgh\ZgzZ ¢
nhjfmebjh\d_ F_cahb0DWMP X G 0B R OXBW B RXd@HH W f h
_c NjZgdkZ b ~j >)UDQNV HW DO @
LZ[ebpZz <aZbfh”~_ckl\b p{b & 3
lhiezgdlhgz 3 ahh|engIh§? g9 Ty

= bgmljb_glz 1 ij_"klzZ\ey_lI

kdhjhklv i_j\bggh]lh Fh” mpb

Hq[hg‘gz JZkq_lgZy nhifmeZgby nblhiezZgdlhgZ-b jZkko

gp B G m P + = \Z _|Iky ih nhjfme _

S. [+l m@-= * 9 HE>1 1@

S, € B3 .m = 1Zjzf_lju k\yaZggu_ k \u
gbke _gb_f [bheh]bq_kdbo dhfihg_glh\ \ fhA_eb ie:
A gu\lZ[e >+ROODQG HW DO @

LZ[ebpZ AgZq_gby izZjzf _|ljh\ ©gmljb_gl £ nblhieZg
ieZgdlhg? fh™ _eb

lZzjzf_1j GZbf_gh\Zgb_ AglZq_gb_
9, FzZzdkbfzevgzZy kdhjhklv jhklZ nhlhiezgdlhgZz
Dhwnnbpb_gl hkeZ[e_gby k\_1Z f

DhgklZglZ ihemgZkus_ghby "ey-ih]ehﬁh%t{/yli% Z

s | _evguo \_s_KkI\

m, Kf_jlghklv nblhiezZzgdlhgZz kmldb

FzZdkbfzZzevgzZy bgl_gkb\ghklv ibl|Zgby ahhieZg
R dihgz RmTa%

DhgklZglZ B\e_\Z ey iblZgby ahhieZgdlhgZ f

>hey g_mk\h_ggh]h iblZgby ahhieZgdlhgZ

m_ Kf_jlghklv ahhiezZzgdlhgz kmlidb

Ke_"m_I azf_Iblv qglh jZaf_jghklv g_ddlhjuo iZ]
\ 1Z[e mdZazZgZ \ _*"bgbpZo ZahlzZz | _ @bf\he
h[hagZgZ_| obfbgq_kdbc we_f_gl ©Zahl?2

Fzl_fZlbg_kdh_ fh”*_ebjh\Zgb_ g_klZpbhgZjghl]h
[hdh\h~ghf ha_j_ ijh\h”*blky iml_f gbke_gghlh j_r.
mjZ\g_gbc mjzZ\g_gbc g_jZajulghklb dhebqg_klI\Z



Jbb Imj[me_glguo 0Zjzdl_jbkibd |_jfh]b"jh~bgZfl

fhsvx "\moiZjzf_ljbg_kdhc Nz& fhr" _eb MbedhdkZ

bg_kdbo khhlghr_gbc ~ey dhwnnbpb_glh\ Imj[me _
>Pu”_gh\ KIlZjg_gdh @ IljhkljZzgkl\_ggh \j_f_
N_e_gb_ iezgdlhgz jzkkqgblu\Z_Ilky ihkj_~kl\hf kh
fhlb~jh~"bgzZfbg_kdhc fh"_eb k [bheh]bq_kdhc fh"_
e_gghc \ur_ J _r_gb_ az~Zgb hkgh\Zgh gZ f_Ih"_
_fz khlezkgh dhlhjhfm kdZeyjgu_ \_ebgbgu dhg
ieZzgdlhgZz ahhieZgdlhgZz gmljb_glz |_iehnbabqg
klbdb \h~u b I ~ hij_~_eyxlky \ p_glj_ k_Fthgghc )
fy dZd dhfihg_glu \_dlhjZ kdhjhklb = \ kj_#gbo Ih
pZo yq__d Qbke_gguc Zelhjblf gZoh ~_gby ihey

jZImju hibjz_lky gZ jZaghklgmx ko_fm DjZgdzZ #

\_dlib\gu_ kezZ]Z_fu_ \ mjZ\g_gbyo ZiijhdkbfbjmxIk
ihlhdh\hc ko_f_ 48,&. >/HRQDUG @ \lhjhlh ih
jZaghklguo mjzZ\g_gbc gZ dZz " ~hf rzZ]_ ih \j-f_gb j_
"hf j_ezZdkZpbb

< dzZg_kI\_ bkke_"~m_fhc h[eZklb \u[jZgh \_jlbdz
ha DZfemikHIB@&K® @& @k @bhioiiVa |IMdlkntikdsxlg Za KA @) |
N_gby j Lhfikhg gZqzZeh kbkl_fu dhhj*bgzl kh\i.
j_db jbk Z Ha DzZfemik gZoh”blky gZ-x]h aZi
\bgpby ;jblZzgkdZy Dhemf[by \ df k_\_jh \hklhc
jZ b jzZzkiheh _gh f_"*m 2z %+ Z Tk r b z 1
JZkq_lgZy hl[ezklv bf__I ijhly _gghklv df b Je
jbk [

GZqZevgh_ jZkij_"~_e_gb_ |I_fi_jZIlmju \ ha DZf
klhyggh_ agZq_gb_ jZ\gh_ Z2& \ Ih \j_fy dzd |
\'j_d_ khhI\_Ikl\m_]I f& b gz]j_\Z_Ilky gz f&
HW DO @ J_dZ Lhfikhg \iz*Z_I \ ha_jh kh
fbg_jZebazZpby \h~u \ ha_j_ b \ j_d_ khklz\ey_|I
dhgp_gljZpby nblhiezgdlhgzZz ahhiezZgdlhgZ b gml
| b ffhewHhf\_IklI\_ggh >+ROODQG HW
JZkq_lgZy h[eZklv jbk [ ihdju\Zz_Ilky jZ\ghf_jg
ghc k_Ildhc k KZ]ZfbbK f RZ] ih \j_f_gb % k



Jbk Fhjnhf_ljby ha DZfemik
Z + [ZIbf_ljby ha DZzZfemik [ + \ugbkebl_evgzZy h[eZklv ijh"

JZajzZ[hlZzggzZy fZI_fZlbg_kdZy fh~_ev iha\hey_|I
Ilhggmx baf_gqgb\hklv f_|I_hjheh]bg_kdbo nzZdlhjh\
sbo gZ \h*gmx ih\_joghklv ha_jZz < dzZqg_kI\_ ZIf
guo \uklmizZ_1| bgnhjfZpby h |I_fi_jZImj_ \ha“moZ
ghc \eZz ghklb Zlfhkn_jghf "Z\e_gbb h[eZqgghklb
]Jhrguo mkeh\bc f_I_hklZgpbb ] DZfemik \ i_jbh~*

] KWWS FOLPDWH ZHDWKHU JF FD
jZkkgblZgu agZq_gby dhjhldh\hegh\hc b “ebggh\
pbb ihlhdh\ kdjulh]h b gm\kl\bl_evgh]h I_ieZ jbl
< ba >7VI\GHQRY 6WDUFKHQNR @



Jbk Dhfihg_glu I_ieh\uo ihlhdh\ jZKkgblZggu_
hkgh\_ ZIfhkn_jguo ~Zgguo f_I_hjheh]bg_kdhc klZ
] DzZfemik \ i_jbh” k ih  f_klgh_]
klzg~rzjlgh_ \j_fy

Jbk Bahl_jfu >2&@ Z \_dlhjgh_ ihe_ kdhjhklb
dhgp_gljZpby nblhiezgdlhgz xdfhlevgZ f _ kmldb
fh~_ebjh\Zgby



Jbk l[jhnbeb dhgp_gljZpbb gmljb_glddiAgZntBihibeZz

ahhieZzgdlhgZz = b gZ ]Jem[bg_ f ihekwgldggéhr"gzZ
ebjh\Zgby

Bahebgby |I_fi_jZImju \h”~u f& jlgk_ ih&-bkdhdlh
jhklb I_g_gby jbk [ k\b™_I_ewkigd x| h Kknilddl

hl gZzgqZeZ \ugbkebl_evghlh wdki_jhheddZ | | kfvh [gZF |
jZkklhygbb ijb[ebabl_evgh df hgg mkidogh ahifigh
f_kl_ kms_kI\h\Zgby |_jfh[ZjZ ijhbkohNhBiuihdpm _g
kbfZevghc iehlghklb dhlhjh_ bgbpbigjm_ r\pbjdmey
gb_ \ |I_iehbg_jlghc h[eZklb Kkijz\ZzZnjhighdelkzk§ih[Z
1-P-=fh~_eb Zdlb\guc jhkl nblhieZzgdlhgZ jdbXk \
[ex*Z_|ky \ ih\_joghklghf keh_ \h~*gllgbKhesbfl_hdj_
jZImju fZdkbfZevghc iehlghklb <zZ glZzbgBhevibdy q
dhgp_gljZpby nblhieZzgdlhgZ khkj_"hlphokigéhg _gZ
gby I_jfh[ZjZz Z gZ jZkklhygbb \dIf_hé hmZklihoygih c b
hlezklb k [he__ \ukhdhc |_fi_jZImjhzkh*u'- €fhnbe
gby [bheh]lbg_kdbo dhfihg_glh\ gZ ihbkjoghikibZha
aulzZxl gZ bklhs_gb_ gmljb_glzZ iblZNkevdukb\b s |
m\_ebqg_gby ihimeypbb nblhieZzgdlhgZvHZlyekjgZy j:
iheh bl _evgh \eby | gZ gbke_gghklk ahhieZgdlhgZ

Bkke_"~h\Zgb_ \uiheg_gh ijb nbgZgkh\hc ih~"_j 'd_ J
gZmqghlh ijh_dIZ « fheBzB~"d



Ebl_jzZImjz

Pur_gh\ ; H KlZjg_lghhh_g_gb_ "\moizZjzZf_Ijbg_kdhc
fh~_eb Imj[me_glghklb ey bkke_~h\Zgby y\e_gby I_jfh
]hk -iilg FZI_fZlbdZ b f_oZgbdz < K *

JUDQNYV 3 - 6 UREOHZVNAHKD&YLROLRIUD® VYLBSC
WRQ PRGHO ZLWK IRRG OHYHO DFFOLPDWLRQ E\ K
9 3 +

+ROODQG 3 5 .DI$PHUYWRMDMOHPRGHOOLQJ RI WK
LWV HFRORJLFDO FRQVHTXHQFHV LQ D ULYHU GR
9 1 + 3 +

-RKQ % ( 6W &DUPDFN ( 7 H'ODHQOBRORJIHWIDDP
/IDNH % & 9DQFRXYHU S

/HRQDUGEWDEOH DQG DFFXUDWH FRQYHFWLYH P
TXDGUDWLF XSVWUHDP LQWHUSRODWLRQ &RPSX
HQJLQHHULQJ 9 1 3 +

OD\]DXG 3 3RXOHWPSRUWDQFH RI WKH WLPH IDF
JRRSODQNWRQ WR YDU\LQJ FRQFHQWUDWLRQV RI

/ILPQRO 2FHDQRJU 9 1 3 +

7VIGHQRY % 2 .D\' $ &eWPHEKHIONRRBGHOOLQJ |
SURSDJDWLRQ LQ /DNH %DLNDO GXULQJ WKH VSUL
6FLHQFH 90 3 +

7VIGHQRY % 2 6WRUWKHQWHROHFWLRQ R KHDW
WLRQ PRGHOV DW WKH ZDWHU DLU LQWHULBFH IR
D GHHS ODNH 3URF 63,( VW QWHUQDWLRQ
2FHDQ 2SWLFV $WPRVSKHULF 3K\VLFV 3

02'(//,1* 2) 3/$1.721 %,20%$66 '<1%$0,&6
'85,1* 635,1* +($7,1* 2) $ :$7(5%2'<

% 2 7VIGHQRY

LRPVN 6WDWH 8QLYHUVLW\

7KH ZRUN SUHVHQWY WKH UHVXOWY RI QXPHULFD
QDPLFV GXULQJ WKH HYROXWLRQ RI WKH VSULQJ
/IDNH %ULWLVK &ROXPELD &DQDGD 7KH LQYHVWL
ZDV FDUULHG RXW XVLQJ WKH QXWULHQWSK\WRS
HW DO 7KH GHYHORSHG PDWKHPDWLFDOQUBBEH® W
LW\ RI WKH KHDW AX[HV RQ WKH VXUIDFH Rl WKH 2



KJ:<GBL?EVGUC :G:EBA F?@=H>H<HC
BAF?GQB<HKLB AG:Q?GBC S+ B IJHAJ.QGHKLB <
< F:EUO E?KGUO HA?J:0 <HKLHQGH=H IH;?J?@
HKLJH<: <:E::F K A:;HEHQ?GGUF <H>HK;HJHF

F K RZ[zZg : ; Kl_izZgh\z
Jhkkbckdbc JThkm~ZjkI\_gguc ]b” jhf_¢bhjhkhbilblg_kd

< jZ[hl_ ijb\_"~_g ZgZeba agZq_gbc ijhajZqghklb \
e_kguo ha_jZo k fZzehc iehsZ~vx a_jdZez - ]
|_jbamxlky djZcg_ gbadbfb agZq_gbyfb ijh-ajZgghl
]Jh~rh\hec klzZ[bevghklvx wlh]lh ihdZzazl_ey 4jb wlh
s_kI\_ggh jZaebqzxlky ih agZq_gbyf Zdlb\ghc j.
?_f_"]1h~h\Zy baf_ggb\hklv *ey \k_o ha_j- hij_"_
kiI\hf hkz~dh\ b ozjzdl_jhf bo \uiZz”~_gby lehszZ"yv
_Jh klIjmdImjZz hdZau\Zx|l \ebygb_ gZ agZg_gby b
jZf_ljh\ \ agZqgbl_evghc kl_i_gb hij_"_eyy fZkrlZz
\hklb KnzZ]gh\h_ [hehlh gZ \h*hk[hj_ \uihegy_I [n
pbx h~gzdh ijb agZqbl_evghc iehszZ”b kihkh[kl\m
gbx djZcg_ gbadbo agZqg_gbc jG \ ]Th~2u k \ukho
hkz~dh\

Obfbg_kdbc khklz\ \h~u ha_j \ agZgbl_evghc k
ey_lky ozjzdl_jhf \h~hk[hjz _]1h ]J_hfhjnheh]bq_ki
bgl_gkb\ghklvx \hAhh[f_gZ b Zgljhih]_gguf \ha”_
ih"qg_jdb\Ze E E Jhkkhebfh Zddmfmeypby \_s Kk
kbkl_fZo £ nmgdpby \h*hk[hjgh]h [Zkk_cgZ b fhjn
gu >Jhkkhebfh @ Bkke_"h\zZgby f_"]1h~h\hc be
al\heyx!|l "Zlv WihZgdmhgh\ agZq_gbc ebfgheh]bqg_ Kk
f_Ijh\ Bkke_~h\Zgb_ \azbfh”~_ckl\bc \ kbkl_f_ ha
ihal\hey | ihemqgblv dhebqg_kI\_ggu_ hp_gdb \ebyg
jZdl_jbklbd ezZg”rzZnlzZ gZ ij_\jZs_gby \_s _kI\Z b\
jZo < i_j\mx hg_j_"~v wlh hlghkblky bf _ggh d fZe
ygb_\h~hk[hjguo iehsZ” ¢ dhlhjuo gZ oZjZdl _j b
dZgby \gmljb\h~h_fguo ijhp_kkh\ gZb[he__ hsmlb:



Ha_jghklv DZj_ebb “hklb]z_I a”_kv gzZkqgb
luk ha_j ij_bfms_klI\_ggh fZeuo ba gbo hdheh
iehsz~vx hl ~h >=gdf]lhjv_\ b ] @ <-"Zgghf
"h\Zgbb m~_ey_ I|ky \gbfzgb_ ijhajZqghklb \h~u o
e_kguo ha_jZo Imfb~rghc ahgu hljz Z_| kh*_j Zgb,
\_s_kI\Z Zeeholhggh]h ijhbkoh ~_gby >DblzZ_\
dZazl_S« @&hHhhdickh kR hikxkigox | jhevvjgatm kigirbd kEebdg dd |
Imjguo oZzZjzdl_jbklbd \h~"hk[hjZ 1Zdbo dZd gZetk
\_joh\uo b i_j_oh”guo [hehl IlhkIimie_gb_ +Hhj]JZgbqg
]1Zgbg_kdbo \_s_kI\ \ \h*h_fu \ hkgh\ghf hij_"_ey
gbpzZ_fhklvx b \hA*hm”_j b\Zxs_c kihkh[ghklvx ihqg'
aZ\bkyl jzaf_ju ih\_joghklgh]h klhdZ b bkizZj_gby
jZkiheh _gguo \ ij_~_eZo h~gh]lh ezZg”~rZnlz "Z_
m~_eblv \gbfzZgb_ baf_gqgb\hklb iZjzZf_Ijh\-\ g_[he
nbq_kdhf fZkrlZ[_
Hkgh\gu_ az”~Zqgb jZ[hlu
>Zlv kjZ\gbl_evguc ZgZeba agZq_gbc-b hkh[_
N e_gby ijhajzqghklb \h~u b S+ \ bkke_"h\Zgguo
ljh\_klb ZgZeba f_"]h~h\hc baf_ggb\hklb wlbc
<uy\blv \ebygb_ \Z'g_crbo oZzZjzdl_jbklbd \h
agZq_gby bkke_"h\Zgguo izZjZf_ljh\ \ ha_jZo
<ZezZZfkdbc Zjobi_eZzZ] jzZkiheh _gguc \ k_\_jghc
kdhlh ha_jzZz ozZjzdl_jbam_Ilky [hevrbf jZaghh[jZa

rZznlh\ a”~_kv \u”_e_gh Ibih\ eZg”~rZnlguo nZp
ihdjulh |_jjblhjbb Zjobi_ez]lz ij_h[ezZ”Zxsb_ it
b khkgz a”_kv \u~_e_gh [he__ Ibih\ e_kz | E

KIl_iZgh\Zz @ ?kl_kI\_ggu_ ihqg\u #_"klz\

xsbfb hkgh\gufb Ibizfb ijbfblb\gufb ih*"[mjzZfb [
fb ih~ahebklufb [hehlgh ihcahebklufb ~_jgh\h ]Je
ehlgufb hgb o0Zjzdl_jbamxlky fZehc fhsghklvx h
\u_ Ijb jZzagh\b~ghklb b dbkehc j_Zdpb_c kj_"u >

GZ h <Zezzf iehsz”v dhlhjEZkiheh dgh fZeuo
e_kguo ha_j K ] <ZezZZzZfkdbc Zjobbj@Zyf__ | k
]lh izjdz j_]lbhgZevgh]h ih*gbg_gby J_kim{ebdzZ C
ke_~h\zZgby \u[jZgh Ijb fZeuo ha_jzZ jZkiheh _ggu



ih[_j_"v_h <zZezzf Ih ijh\_~_gghc jZg__ deZkkbr
ha_jZ highkylky d ke_"mxsbf Ibizf ha =_jfZgh\kc
iheblmfhaguf f_ahiheb _e_abkluf ha :glhgb_\kd
dbkeuf f_ahiheb]mfhaguf f_ah _e_abkluf Z ha <
g_cljzevguf f_ahiheb]mfhaguf iheb _e_abkluf \h”"
iZgh\Z b "] @ Hkgh\gu_ fhjnhf_Iljbg_kdb_ iZj
jy® kljmdImjguo oZjZdl_jbklbd bo \h* hk[hjh\ ijb\_~
LZ[ebpZ Hkgh\gu_ fhjnhf_ljbg_kdb_ ihdZaZl_eb jy:
guo oZjZdl_jbklbd bkke_~h\Zgguo ha_j >KI_iZgh\zZ b *
f_g_gbyfb@

Ha_jh )| 1z, K H[t_f oA, 1z Fa|) * ]hai[_hkezh'&‘—ggh
:glhgb_\kdh_ 58
<blZev_\kdh_
= _jfzgh\kdf_ o

ljbf_qZgbh_+ iehszZ”v \h"gh]hP@[_tdedleﬂZengy lem[begz )
sZ”v \h~"hk[hjZ mi?_wetuce Wotick [hih k Bh *Z gyu Z ghyem g hgun ¥ i g
IZgbg_kdhlh hibkZgby \h~hk[hjZ

JZklIbl_evguc ihdjh\ gZ \h~hk[hj_ ha :glhgb_\kd
s_]hky kZfhc [hevrhc iehsZ”vx \h*hk[hjZ -0Zjzdl_
gbl_evghc fhazbqgghklvx A" _ kv hibkZgh hkgh\
ij_h[ez”"Zx]l khkgydb b khkgh _evgbdb q _jgbqggh k
k[hj ha <blzZev_\kdh]lh g_kfhljy gZ koh”gmx ih Z
g _gbyf iehsz~v o0Zjzdl_jbam_Ilky [hevr_c -h~*ghjh’
| _evghklb k ij_h[ezr"Zgb_f _evgbdh\ b khkgh _ev
knZ]gh\uo Ihke_ _~gbc Ibi e _kzZ IZd _ ~hfbgbjm_ 1| |

ha =_jfzZzgh\kdh]lh ]*_ hibkzZgh _s_ ™\Z IbiZz e_kZ
i_j_oh~rguf \_joh\uf knZ]Jgh\uf [hehlhf i_j oh”yshbf
g _ggu_ mqZkldb e _kZ >Dhfheh\zZ b *j @ DZzZ

"\Z ~“jm]bo ha_jZ hlebgzZxlky kms_kI\_ggh f_gvr!
fb aZ[hehg_gghklb \h*hk[hjZ G _[hevrb_ aZ[hehc
_eh\h khkgh\h]h e_kZ jzkihez]zxlky fhazZzbqggh \ k
gZklyo \h~hk[hjZ ha :glhgb_\kdh]h I|h]*Z dZd "~ey
]h =+ fhazbqggh ih \k_fm \h*hk[hjm Ihg\_gguc ihdj



bkke_~m_fuo ha_j ij_~klzZz\e_g ihqglb \k_fb Ibizfb
ihg\ h[gZjm  _gguo gZ <ZezzZf_ Nhjfbjmxsb_ky g:
| _jjblhjbyo ihg\u h~gh]lh b Ih]h "_ IbiZ jZaebqgZxlk
ghklvx ijhnbey b bgl_gkb\ghklvx ihg\hh[jZamxsbc
aZ\bkysbo hl khhlghr_gby ihklmie_gby jZklbl_evg
hklzldh\ \ ihg\m b bo ij_h[jZah\Zgby

JZ[hlZ \uiheg_g9Z 9gZ [Za_ Mq_[gh gZmqgghc klZ

h <zZezzf \ __ hkgh\m iheh _gu jy*u ~Zgguo ih i
ajZgqghklb \B™u\\bo hi$\+| paydtiki gougd] hhd e tdib @i Boga
ly[jv k ih ] [ZaZ "Zgguo ©OFZeu_ ha_jZ <.

obi_ez]z®a < ZgZeba \dexqg_gu ~Zggu_ ih-fhghblh
pbyf jZkiheh _gguf \ lThqdZo k fZzdkbfZevgufb Jen
bgl_j\Ze hl[hjZ ijh[ £+ h~"bg jZa \ f_kyp >ey ZgZel
gu f_|I_hjheh]bgq_kdb_ ~Zggu_ ij_~hklzZ\e -ggu_ K
ieuc i_jbh~ Jh~rz fZc + k_gly[jv £ kj_"g_9f_kyqgl
ebq_kI\Z hkz~dh\ b |I_fi_jZImju \ha"moZ

Ijb kjZ\g_gbb kj_"g_fghlhe_Ilgbo agZq_gbc iZjZzZi
b k_gly[j_ ohjhrh \brgh qglh wlb i_jbh”u ijZdlbq_}
xlky ih jG b kms_klI\_ggh hlebqgzxlky ih ijhajZzqghk

WIh k\yazZgh k jZa[Z\e_gb_f \h~ghc fZkku ha_
kilmie_gby agZqgbl_evgh]lh h[t_fZ IZeuo \h™ \ dhgy
GZb[he__ kms_kI\_ggu_ jZaebgby f_""m agZq_ghb
\h~u ihdZaZgu “ey ha <blzZev_\kdh]h o0zZjzdl_jba
[hevrbf agZq_gb_f m~_evgh]lh \h*hk[hjZz GZbf_g
f_""m gZzqZehf b dhgphf ©l_ieh]h? i_jbh"Z 1h~Z it
:glhgb_\kdh]lh WIlh \b~bfh k\yazZgh k |I_f-qlh \h:
Jh ha_jz ij_~klZ\ey_I| kh[hc [he__ mklhcgb\uc d \I
dZ h[t_f \h~u iehszZ”v \h*h_fZ hlebgzZ_Ilky hl ha

jZaZz hl ha <blzZev_\kdh]h £\ jZa Z -]1h h[t_
hi\_IklI\_ggh

'gZeba agZ6§+ghedBFrenh dd knZ e/ ydirha 1 g3+ hidAirkidd
IZev_\kdh]h ozZjzdl_jgu hlghkbl_evgh g_[hevrb_ *
gbc wlhlh izjzf_Ijz jbk >ey ha :glhgb_\kdh]
dh rbj_ fbgbfZevgh_ agzZq_gb_ |G bxgwv ]
gh_ agZq_gb_ bxgv ] < p_ehf ohjhrh \I



\h~h_fZ i_j_oh~gh]h [hehlZ ha =_jfzgh\kdh]h ij_h

gby S+ gb _ fhrz + Wdklj_fZevgh gbadh_

k_glyl[jv ] >ey ha <blZev_\kdh]lh \-p_ehf

e__ \ukhdb_ agZq_gby S+ £+ fbgbfZevgh_ agZq_og
] fzZzdkbfZevgh_ agZq_gb_ \ bxg_ ]

LZ[ebpZ Kj_~g_fghlhe Igb_agZq_gby ijhajZgghklb \lI
\ ih\_joghklghf keh_ b kj_"~gb_ ih fh*mex agZq_gby hl
NZgguf kt_fhd aZ bxgv b k_gly[jv + 11

S+ 6' f
Ha_jh - ] ~ . ) N
' Kj ' FS u kj 'FS u

=_jfzgh\kdh_
<blZev_\kfh_
:glhgb_\kdh_
Jbk JZglh\h_ jZkij_~_e_gb_ agZqSgbw ik 4o 1jZ S
ghklghf Jhjbahg!_ ih kt_fdzf az k_gly[jv +

Dzd \b~gh gZ jbk b \ I1Z[e \k_ ha_jzZ ihizZ
hg_gv gbadhc ijhajZzqghklvx \h”u >DblZ_\ - @

db_ “bZiZahgu b gZb[hevrb_ kj_"gb_ agZq_gby ij
0ZjzZdl_jgu ~ey ha :glhgb_\kdh]h fZdkbfZevgh_
ihdzazl_ey "hklb]zZz_1| a”_kv f k_gly[jv - ]

gh\kdh]lh b <blZev_\kdh]h ozZjzdl_jgu [he_- madb_



g_gby ijhajzqghklb __ fzdkbfZevgh_ agZg_gb_ ~
f FbgbfZevgh_ agZq_gb_ hif_q_gh \ ha <blZev
k_glylj_ ]

Jbk JZkij_"~ e _gb_ agZq_gbc iZjZflblj\h4jh afjZichg h k
kt_fdzf az k_gly[jv + 1

:gZeba f_"]1h~h\hc baf_ggb\hklb agZq_gbc S+
hkz~db \ agZqbl_evghc kl_i_gb hij_~ eyxl-baf_gq
jzf _1jz \h \k_o ha_jZo < ]lh”u k dhebq_klI\hf hkZz’
i _jbhr fzZc £ k_gly[jv [hevr_ debfZlbg_kdhc ghjf
b [he_ _ gZ[ex"Zxlky kms_KkI\_ggu_ hljbpZl_evgu
[hevr _ ;ue ijh\_~ g dhjj_eypbhgguc ZgZeba
| _eyf8+3W bR\ h paygdidk it kiedte marZak dd vligm bkl §
kiI\hf hkz~"dh\ aZ ©l_ieuc? i_jbh” ]h"Z >ey-\k_o0 he
khdb_ ~hklh\_jgu_ dhwnnbpb_glu dhjj_eypbb g_
wlhf fzdkbfZevgh_ _1h agZq_gb_ hif _g_gh ~e
kdhlh K gZr_c Ihgdb aj_gby wlh klyazZgh k ijbkm
"hk[hj_ h[rbjgh]lh ih iehszZ”b i_j_oh~gh]h [hehlZ
jbk fbgbfZzevgh_ agZq_gb_ S+ hif_q_gh \ _
lh glh \ ] his__ dhebqg_kl\h hkz~dh\ [ueh \ur_
hl debfzZlbg_kdhc ghjfu khhI\_IkI\_ggh <_jhylgh
I f qlh kms_kI\_ggh_\ebygb_hdZaulZ_ | g_ lhev
kiI\h hkz~dh\ gh b bgl_gkb\ghklv bo \uiz”-gby 1j
fZIbg_kdhc ghjfu \ | _ieuc i_jbh~ \ ] kdyaZgu
N evgufb kemqgZzZyfb \uiz®_gby eb\g_\uo hkz~dh\ \
\'dZ ~uc ba dhlhjuo \uiZeh [he__ iheh\bgu f_kyqgt
dh\ IThqgq\u i_j_oh”ghlh [hehlZ [eZ]h~Zjy \ukhdhc



\uihegyxl jhev [mn_jZ h~gzdh ijb ihklhygghf jZ\g
kimie_gbb hkz~dh\ dzd wlh [ueh \ ] {hehlh
Ahc b \hAhh[f_g f_"~m [hehlgufb \h~Zfb b ha_jhf
wlh ijb\h~bl d \hagbdgh\_gbx wdklj_fZevgh gbadb

Jbk Hidehg _gby agZq_gbc S+ hl kj agZdggbre\ Igb
ha =_jfZzgh\kdhf ih "Zgguf kt_fhd aztk_gly]jv

ljhajZzgghklv \h?"u \ ha_jZo :glhgb_\kdhf-b =_jfZ
jZdl _jbam_Iky agZqgbl_evghc klZ[bevghklvx Lhev
ev_\kdh]h ihemqgq_g ~hklh\_jguc dhwnnbpb_ gl dhj
f ""m ihdzZzazl _eyfb ijhajZzgghklb \h~"u b kmffZjguf
hkz~rdh\ DzZd \b”"gh gZ jbk fZdkbfZevgh_ hljbj
g_gb_ [ueh hiIf_g_gh \ ] <hafh gh wlh k\yaz

Jbk Hldehg _gby agZqg_gbc ijhajzZzqgbkklBdhfah f h
Jhe lIgbo agZg_gbc \ ha <blZev_\kdhfhih &Zgguf kt_
ly [jv * 1]



\h~*h_f ozjzdl_jbam_Ilky kZfuf \ukhdb/fgahd@&dhgb _f
Ahk[hjzZz T[hehlh \hdjm] ha_jZ hlkmI[kiI\m_I- Zy5dh ki
Ib\ghfm ih\_joghklghfm klhdm ihke_ bdluagkb\gi
hkz~dh\

Lzdbf h[jZzahf ihdZazZl_eb m”_evghlhzgh~hk[h
rznlgzy kljmdIlmjzZz hdzZau\lzZxl kms_kl\agdh_o\pyog
S + bbijhrag ghgditkk bb \hHuu hhijj M eeyyy f ZA4kit B fidolstmo ff
f_ggb\hklb h[mkeh\e_ggu_ \ebygb_fdo nZH]heh]b
jh\ \Z"g_crbfb ba dhlhjuo y\eyxlky hkZ{daelHibk
gby \ h[t_f_ \h”ghc fZkku 1Zd _ hdz&utdEiZebyc
ahgu agZg_gbc bamqg_gguo izZjzf_Iljh&a_1ph¥Zgb ggh
NZ I ij_"klZ\e_gb_ h fZkrlZ[Zo baf_dth\hkdboebf
iZjZf_ljh\ \ _kl_klI\_gguo mkeh\byov*gey[havihkch ki
iehsZ”rvx a_jdZeZz

Ebl_jzZImjz

=jblhjv_\ K < Nj_cg”ebg] < : H@ZzZjd_hbjg &b BZj_
ebb b bo hkh[_gghklb NZmgZ ha_j DZj_ebb F E C

Dblz_\ K Wdheh]lbq_kdb_ hkgh\u [bhijh~mdIb\ghklb
ijbjhrguo ahg F k

Dhfheh\z K : Kl_izgh\z : ; DmaWipgklb?_ - KnZj ~]j
gh\uo foh\ \ nhjfbjh\Zgbb jZklbl_evgh]h ihdjh\Z \h~hk][
gh\kdh_ h <ZezZzf Gh\hklb kbkl_fZlbdb \ukrbo jzZkl
K +

Dmqgdh E :kZ <ZezZZfZ b bo agZq_gb_ ljbjhrgu_ dh
ZfZ b \ha”_ckl\b_ gZ gbo j_dj_Zpbb I_ljhaz\h~kd
FZIbgyg G G Mjmk_I\tkkg\dy hi&xIjK\Z <Zezzf KI[ KI[=
K =+

Jhkkhebfh EHk&h\u IbibaZpbb ha_j b ebfgheh]bqg_kdh
jh\Zgby GZdhie_gb_ \_s_kI\Z \ ha_jZzo F GZmdz

KI_izgh\zZ :ljbjh"Z <ZezZfZ b __ bkke_"h\Zgby <e
g_gbc debfzZlZ b hiZkguo ijbjh~guo y\e_gbc gZ-ijbjh”hi
jhi_ckdh]h K_\_jz Ih~j_~ G K DZkbfh\z E G DZje

K +

Kl_izgh\z : ; RZjZnmI~bgh\Z = N =khhnolbgldq? X
kdb_ hkh[_gghklb fZeuo ha_j h <Zezzf Mg_g aZi
K +
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0 6 6KDEDQ $ % 6WHSDQRYD
5XVvLDQ 6WDWH +\GURPHWHRURORJLFDO

7KH SDSHU SUHVHQWY WKH DQDO\VLV RI S+ YDOXF
HVW ODNHV ZLWK D VPDOO ZDWHU VXUIDBHFWHUB D
LIHG E\ H{TWUHPHO\ ORZ YDOXHV RI ZDWHU WUDQV
VWDELOLW\ RI WKLY SDUDPHWHU I QMW HDWHGH BN
YDOXHYVY 7KH LQWHU DQQXDO YDULDELOLW\ RI S+
SUHFLSLWDWLRQ DQG LWV UHJLPH IRU DW&UNVKRIOO
OHFWLRQ DUHD H[HUW DQ LPSDFW RQ YIWOX¥RY @I V
LQJ WKH VFDOH RI WKHLU YDULDELOLW\ WHIRSKI
ODQG SHUIRUPV WKH EXIIHU IXQFWLRQ KRIZWMYHU
SURPRWHV WKH HPHUJHQFH RI HIWUHPHO\ ORZ S+
KLIJK DPRXQW RI SUHFLSLWDWLRQ



GZmqgqgh_ba~Zgb _

<H>GU? J?KMJKU
BAMQ?GB? B MIJ:<E?GB?
EBFGHEH=BQ?KD:Y RDHE: 1J:DLBD:

F:L?JB:EU
9 F?2@>MG:JH>GHC DHGN?J?GPBB FHEH>UO MQ?C
+ k_glyljy ]
Lhf

MIN\_j"~_gh d i_gZlb Mg_guf kh\_Ihf
BgklbImlZ \h~guo ijh[e_f K_\_jZ
DZj_evkdh]h gZzmqgghlh p_gljz J:G

< hnhjfe_gbb h[eh db bkihevah\Zgu nhlhfZl_jbZeu ij_’
© : Jh]Ze \uf B X =_hjlb_\kdbf : < Lheklbdh

J ~AzZdBj < DZz[Zgh\Z
Hib]bgZe fEd B N_"hjh\Z

Kr"Zgh \i_qgZlv ] Nhjfzl o
=Zjgblmjz 7LPHV 1_qZlv hnk _lgZy
Mg ba” e Mke i_q e Lbjz" wda AZ

DZj evkdbc gZmqgguc p_glj J:G
J "Zdpbhggh ba”zZl_evkdbc hiI™_e
] I_ljhaz\h~kd ij : G_\kdh]h



