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< <h”gu_ j_kmjku bamqg_gb_ b mijZ\e_gb_ ebfgheh]bgqFdZy rdhe:
| _jbZeu 9 F_""mgZjh~ghc dhgn_j_gpbb fheh®”uo mq_guo + k_gh
j_™~ > : Km[_Ilh G G Nbezlh\ L B J_]_jZg™ E ~kd_-BlZgq_\Z L
j_evkdbc gZmqguc p_glj J:G k

lj_~klZ\e_gu j_amevlZlu bkke_"~h\Zgbdhfhedifa\e ngbydud_hljz
nby J]b”jheh]by ]b”jhnbabdzZ ]b"jifiblyehilbe hlfilweh]lby fh”_eb
jh\Zgb_ < hlebgb_ hl ij_~u”msbo f_AJbfjwyldZmdaighbh[jZzah\Zl_evgu
p_gljhf B<IK DZjGP J:G k ] ijb ibckdhd_zZdiZkk fbb gZmd 1_ljhs
\h~kdhlh Thkmgb\_jkbl_1Z Jmkkdhhis]_hINZnbagulkdhdhgn_-j_gpbb m
kI\m_1I JhjZa”~h [hevr_ dZd jhkkbckgidwo hzg_luoghkljZ

F_jhijbylb_ gZijZ\e_gh gZ mkbe_gbzZaaghbefintha kh\dhy*] "b \ kn_j_
gZmdb b h[jZah\Zgby ijb I_kghf khdjmMglopgukbB bkaBim[_"gufb mqj_"
N _gbyfb \ukr_]h h[jZah\Zgby b gZmqg@ufb hj]j]ZgbaZpbyf

Dhgn_j_gpby hjlZgbah\ZgzZ \ jZfdZo_ij@aBgpkbdmyZ \lerguo ijh
[e_f K_\_jZz DZjGP J:G b e_Iby DZJh evkdfhZhdJg&@mqggh

':DWHU 5HVRXUFHV 5HVHDUFK DQG ODQDJHPHQW /
ZRUNVKRBRFHHGLQJIY RWWW’GDWLRQDO <RXQJ 6FLHQ
+ 6HSWHPEHU 3HWUR]DYRGVN

7KH SURFHHGLQJV RI WKH &RQIHUHQFH SURYLGH DQ R
UHVHDUFK RI \RXQJ VFLHQWLVWY RQ LVVXHV DVVRFLDWHG
K\GURFKHPLVWU\ SDOHROLPQRORJ\ JHRJUDSK\ DQG PRGHI
FRQWLQXDWLRQ RI D ORQJ VHULHV RI WKH SUHIQRXNUHYH
Rl IRUWKHUQ :DWHU 3UREOHPV ,QVWLWXWH RI .RUNRLDQ 5
WKH VXSSRUW RI WKH 5XVVLDQ $FDGHP\ Rl 6FQBQWKWY 3H
5XVVLDQ *HRJUDSKLFDO 6RFLHW\ 2YHU WKHH{SD QB HGK HWAR
PHPEHUVKLS DQG QRZ FRQWDLQV FRQWULEXWLRQ IURP PF
RUJDQL]DWLRQV RI 5XVVLD DQG IRUHLJQ FRXQWULHV

7KH HYHQW LV LQLWLDWHG DV DQ RSHQ IRUXRIIZDWHYHD
UHVRXUFHV DQG WR SURPRWH LQWHUDFWLRQV DHP@®RH WDO|
DQG HGXFDWLRQ LQ FORVH FRRSHUDWLRQ ZLW&XGRWHRWLF
DQG UHVHDUFK RUJDQL]DWLRQV

7KH &RQIHUHQFH RUJDQL]HG ZLWKLQ WKH"fDQ® HYZRWWDRI \
Rl WKH 1RUWKHUQ :DWHU 3UREOHPV ,QVWLWXWH RI .DU}

WKDQQLYHUVDU\ RI .DUHOLDQ 5HVHDUFK &HQWHU RI 5$6

Ijh\_~_gb_ 9 F_""mgZjh*ghc dhgn_j _gpbb fheh”uo mqg-guo ©<h’
qg_gb_ b mijz\e_gb_ ebfgheh]bg_kdZy rdheZ ijZzdlbdZ-2 b ba"Z
s_kl\eyxlky ijb nbgZgkh\hc ihA"*_j°d_ N:GH HGA J:G JNNB «
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« DZj_evkdbc gZmqgguc p_glj J:G
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:glhgh\zZz J N S dhe”bgZ B < Bamg_gb_-\h”guo h[t_
dZo ih~]hlh\db [ZdZeZ\jh\ ih gZijZ\e_gbx ©l_"Z]lh]bqg_
ah\Zgb = hljZnbhy. e,
Rbjhdh\zZz < : Kguldh < : Kh[bkh\BgG: :<- QH& j

gh\ < F JhfzZzgh\Zz H K WijfZg & FGbRbjpdh\<J :
©Fma_c bklhjbg_kdbo \h*guo iml_c&dzZghaZgb b j Zeb
B]gzlh\ 2 B A _feygh\ B < KZgbg: X Lt _jkdbc I G
]by “~bgZfbdZ b aZsblzZ [_j 1h\ Hg.. . kdh]h.ha jZ
Blgzlh\ ? B A _feygh\ B < KzZgbg @ X ;hjs_gdh ~
kdbc I G Ijbf_g _gb_ f_ ITh~h\ fZl _fZlbg_kdh]h fh”~_eb
"ey bamqg_gby "bgZfbdb [_j_]h\ Hg_“kdhlh.ha_jZ b bo |
@Zjdh\ J < Dhaeh\ > G L_jfZevgu_ ijhy\e_gby djZI
Dmjbevkdbo hkljhNh . .,

Arhjh\_ggh\Z = W A~hjh\_ggh\' J W <hedh\ K X ;

=Z\jbe_gdh = = <ebygb_ ]b*jhl_jfhAbgZfbdb ijbrhggh]
ehlh ha_jz gZ obfbdh [bheh]bg.kdb...ijhp.kku
=Z\jbe_gdh = = A~hjh\_ggh\Z = W A”hjh\_ggh\J W

IZevrbg G B ?nj_fh\z L < Nhjfbjh\Zgb_ ZgZwjh[guo
\'ijbrhgghf keh_ f_edh\h”ghlh ha_jZ.\.e.lgbhc i_jbh”

lzr"Zedh X IZ\e_cgbd < F <uy\le_gb_ k_ahgguo b
gbo \ZjbZpbc iehsZ”b ha_j X'ghlh AZmjZevy gZ hkgh\
\uo bah[jZ  _gbb /$1'6%7 ij_"\Zjbl_evgu_ j-amevlZlu b
N g Dy e

|_jrbg > D ;bjxdh\ J X Kha”Zgb_ hkgh\u “ey ihkljh_
IhljZznbg_kdhc fh”_eb jZkij_~_e_gby fZdkbfZevguo kg_
[Zkk_cg_ j_db DzkfZeu :elZckdb.c.djZc.........
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Pu~r _gh\ ; H Qbke_ggzZy fh” _ev “ey bkke_"~h\Zgby dZz
AiMighT A e

;_j_abgzZ H >\bgkdbo K : Fzdkbfh\bg G = 1Zg
ljh[e_fu mijz\e_gby \h~rgufb j_kmjkZfb gZ ijbf_j_ Gul\_
\NANOJZ gD ehS.Zu

:ca_ev = < Fh”_ebjh\zZgb_ klhdZ j_d jhkkbckdhc :jdlbc
yo g_"hklZlhggh]h bgnhjfZpbhgghlh.h[..ki.qg. giB3
FbdezZr_\kdzZy G : J_Zdpby mjh\gy fhjy gZ \_ljh\u_ \h
FZgbexd X < Q_jd _kh\ E < K_crb b k_cr_h[jZagu_
\VEZANTKANT 8 o
Fzjdh\z G < =h”h\hc oh” Ij_of_jguo ihe_c-I_fi_jZlmju
klb b 1_gq_gbc gZ k_\_jh aziz~rghf r_evn_ Q-_jghlh fhjy
[Zl gbke_ggh]lh fhr_ebjh\Zgbhy. .,

>ufh\z H : Fh”_ebjh\Zgb_ km[f_ahfzZkrlZ[guo ~"bgZft
ijhp_kkh\ \ ijb[j_"guo ahgZo Q..jghlh.fhjy.....
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eh”"gu_ wibah”u jZgg_]h ]Jhehp_gzZ \ K_\_jghc ?\jhi_ Z
jbg_kdbo “Zgguo b \hafhlguao.ijhgbg ...
L_j_oh\ : < KZi_edh L < DZjlbjh\Zgb_ ljZgk]j_kkb\¢
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ebqgu_ debfZibg_KdbiwdDhA e,

JZamfh\kdbc < E JZamfh\kdbc E < Hp_gdZ ~“he]lh\j_
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oh\h Dmemg”bgkdhe..kl. .ib. ...
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?jbgz H G ?nbfh\zZz E ? Baf_ggb\hklv khZ_j Zgby oe
\ Fh'Zckdhf \h~hojZgbebs_ \ e..lgbc.i.jbhn. ...
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ANl g > 0 KBKRIbIml V\h~rguo ijh[e_f K_\_jZ DZjGP J
ge dhjj J:G G G NbeZzZlh\
BgklbIml \h*guo ijh[e_f K_\_jzZ DZjGP J:G
J p_ga_glu
N1 g K ; 1hlZbolh@z\h~kdbc JThkm~ZjkI\_gguc mghb\
N[ g G < Bea&gkldiml [bheh]bb DZjGP J:G
J "Zdpbhgguc Fh\_|
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Qe _gu hj]j]zgbazpbhggh]h dhfbl_1Zz

G ;Z8gk]lbpgnl \h~"guo ijh[e f K_\_jZz DZjGP
Il =, Bgblbiml \h*guo ijh[e_f K_\_ jZ DzZjGP
W  A*hBrokldpgmliAh~rguo ijhje_f K_\_jZ DZjGF
; AB§khbImI \h~rguo ijh[e_f K_\ jZ DZjGP J
K ThBgkblglml \h~*guo ijh[e_f K_\_jZ DzZjGP
B KbBfkhbZIml \h~guo ijh[e_f K_\_jZ DZjGP
< Lhekdkthl\m!l \h*guo ijh[e_f K_\_jZ DZjGP
B : ;ZBigkNoIml [bheh]bb DZjGP J:G
: Kl iZgkhkEckdbc JThkm~ZjkI\_ggue ]b"jhf_I
bg_kdbc mgb\_jkbl |
F FzdzjB\gklblml \h~"guo ijh[e_f K_\_jZ DZjGP J:G
X Nhfbd@Bgklblml \h~rguo ijh[e_f K_\_jZ DZjGP J:G
= =Z\jbeBgkilbImIl \h~*guo ijh[e_f K_\_jzZz DZjGP J:G
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[jb\_IkI\m_f \Zk mqgZkiAgbdingZjh~rghc dhgn_j_gp
fheh”uo mg_guo ©<h”gu_ j_kmjku bamqg_gb_ b m
ehlbq_kdZy rdheZ ijZzdlbdz 2

Jhkkby + h"gZ ba kzZfuo [h]Zluo ih\_joghklgufb
ANZfb \ Ihf gbke_ ha_jzfb kljzZzg fbjz K\ur_ fb
gZkgblu\Z_Ilky gZ |I_jjblhjbb gZr_c kljZgu Xj_"b d
g_cr__ ij_kgh\hrgh_ ha_jh A_feb £ ;ZcdZe b "\.
?\jhi_ ha_jz + EZ"h"kdh_ b Hg_"kdh_ GZ [_j_Im
\ klhebp_ J_kim[ebdb DZj_eby ] I_ljhaz\h"kd_ b
n_j_gpby Ke_"m_I hif_Iblv glh J_kim[ebdZ DZj_e
r_c kljzg_ gzZb[he__ [h]Zluc \h~rgufb h[t_dlzZfb =
b \h*hojZgbebs b lukyq j_d

Dhgn_j_gpby y\ey_Iky ijh*he _gb_f k_jbb fheh”"_
j_gpbc b kh\_sZgbc dhlhju_ hj]ljZgbam_1I| b-ijh\h”D
Aguo ijhfe_f K_\_jZ DZj_evkdh]h gZmqggh]h p_gljZz

< ] [ueZ hjlZzgbah\ZgZz , F_""mgZjh~*"gZy wd
rdheZ ijZzdlbdZ ©<_ebdb_ ha_jZ ?\jhiu %jh\a _jh Hg
AN _gb_ f_jhijbylby ihdZaZeh ZdimZevghklv ijbf_g_
guo f_Ih~h\ h[f_gZ bgnhjfZpb_c \ ijZdlbqg_-kdbo il
\byo < ] [ueZ hjlZgbah\Zgz \ |I_kghf khljm~g
g_klI\_ggufb b azZjm[_"gufb mqgj_""_gbyfb \ukr_]h
b gZzmdb ,, F_""mgZjh~gZy wdki_~bpbhggZy rdheZ
db_ ha_jz ?\jhiu + ha_jh Hg_"kdh_2 F_jhijbylb_
"_gb_f p_e_gzijz\e_gghc jZ[hlu BgklblmlZ \h~guc
\_jZ DZjGP J:G ih ih~"]hlh\d_ IZeZgleb\hc fheh”_"
\' kn_j_ gZmdb b h[jZah\Zgby < ] mki-rgh ijh
"mgZjh~rguc k_fbgZj k ihe_\uf \u_a~hf ©Lj{Zgk]jZ
k[hju Nbgeyg”by b Jhkkby £ \h~hk[h]j ;_eh]h fhjy?2
gZ ;_eh_ fhj_ b k_kkb_c \ ihe_\uo mkeh\byo "ey



< ] GZmqggh h[jZah\ZlI_evguc p_glj BgklbImlzZ \
K_\_jZz DZjGP J:G kh\f_klgh k Kh\_Ihf fheh”uo m:
DZjGP J:G b HI"_e_gb_f J=H \ J_kim[ebd-_ DZj_«
\Ze b ijh\_e ,9 F_""mgZjh~*gmx fheh”_"gmx rdhem
©Fhjy ha_jz b ljzgk]jZzgbggu_ \h”hk[hju Jhkkbb
Wklhgbb?

GZ gug_rg_c iylhc dhgn_j _gpbb h[km ~Z-_Iky rb
ImZevguo ebfgheh]bg_kdbo \hijhkh\ \dexqgZy i

ljiZgbgguo \h~*guo h[t_dlh\ hp_gdm \h”guo j_
?\jZabb hkh[_gghklb nhjfbjh\Zgby \h*guo j_Kk
mkeh\byo Zgljhih]_gguo \ha”_ckl\bc hp_gdm

h{t_dlh\ b ]Jb*jh[bhglh\ gZ baf_g_gby debfzlz
hgZevgh]h ijbjh*hihevah\Zgby hojZgu b mijZ\e_g
kmjkzfb fh”_ebjh\Zgby ]b”jheh]bgq_kdbo b wdhkb
kh\ nhjfbjh\Zgby b kh\j_f_ggh]lh khklhygby [bhj_I
[h~"u [bhbg”"bdZpbb b [bhfhgblhjbg]Zz Ap_gdm
]bg_kdh]h khklhygby \h*"guo h[t_dIh\ k-h\j_f_g
gheh]bg_kdb_ f_Ih~u b ~hklb _gby \ bamag_gbb k
kiI\_ggh]h khklz\Z “hgguo hleh _gbc ha_j - hkh
fbg_kdbo iZe_hwdheh]bg_kdbo b iZe_hdebfZlbq_
pbc bklhjbb jZa\blby ha_j b ijbjh~gh debfzZlbqg_kd
\ ijhrehf

V F_""mgzZjh~rgZy dhgn_j_gpby ©<h”gu_ j_kmjk
mijzZ\e_gb_2 \ jZ[hl_ dhlhjhc ijbgbfZ_| mgzZklb_ |
eh”uo mg_guo ba jZaguo gZmqguo b h[jZah\ZIl_e
Jhkkbb b kljZzg [eb g_]h b "Zevg_]h azZjm[-"vy ijl
e_cguc c |h” BgklblmlZ \h*guo ijh[e_f K_\_jZ C

c |Jh* DZj_evkdh]h gZmqggh]h p_gljzZz J:G
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> : Km[_llh G G NbeZzZlt
L B J_ ] jZg™ E : ;_ebc



(e

c:

(e
I

y y aya  ypy

BAMQ?GB? <H>GUO H;T?DLH< < J:FD:O
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J N :glhgh\Zz B < S_dhe”bgz
| _ljhaz\h~kdbc ]hkm~ZjkI\_gguc mgb\_jkbl_

< i_jbh® h[mg_gby [ZdZeZ\jh\ ijhnbeyq@gbh]\Bnby
Aguo h[t_dlh\ ijhbkoh”bl \h \j_fy Zmtblmjgujp aZz
guo ihe \uo ijzdlbd b wdki_~bpbc <yjhpkiRhk_ba
iebg ©H[s__ a_fe_ \_~ gb_2 O©ONbabql kjbZih\] h]j
b hd_Zgh\® ©Nbabq_kdZy ]_h]jZnbybyhxKpba ©
ebb2d ©Hkgh\u eZg”~rZnlh\_~ gby? OWghgdvibqg K
gZy ]_hljZnby Jhkkbb2® ©Wdhghfbg JkthZjZzmwbkhpb
aZjm[_"guo kljZzg® ©J _dj_ZpbhggZyklmhi]jghboy?
ihemqgzZxl agZgby h kljmdIimj_  khkIh\ygbdb - nonkgdp
ihevah\Zgbb Jb”jh]jZnbg_kdbo h[t_dIb\]daal]h ]
kz Nhjfbjm_Ilky dhfie_dkgh_ ]_h]jZrebagbkdh Jhj_~»
ANjhljZznbqg_kdhc k_Ib jZaguo j_]bhghfleb fizd hokzh _j_
klb ]_h]ljZnbg_kdhc h[hehqgdb

DZn_"jzZ 1_h]ljZnbb 1_Ij=M k ] hkms_kl\ey_
dm [ZdZeZ\jh\ ih gZijZ\e_gbx ©1_+Z]h]bq
ah\zZgb_2 ih "\mf ijhnbeyf h~gh\j_f _ggh ©=_h]jZi
fbdz2 ©=_h]l]jZnby b Zglebckdbc yaud? ©=_h]jZn



=_hljZnbqg_kdh_ h[jZah\Zgb_ \dexqgZ_1 \ k_{y ih”*]h
klh\ \ h[eZklyo nbabq_kdhc khpbZevghc b wdhgl
nbb I_"Z]h]bg_kdZy ki_pbZebaZpby nhjfbpm_1I [Zc
s_]h ki_pbZebklZ mqgbl_ey ij_~f_lgh]lh [ehdZ ©]_h
gb_ iylb e_| [ZdZeZ\ju bamqgZx| hkgh\u ]_h]jZnbq
j_a [ehdb mqg_[guo *"bkpbiebg * h[yaZl_evguo b \:
g_gb_ \h~rguo h[t_dIh\' N\ I_q_gb_ mq_[gh]h {h”Z ijh
kiIVhf Zm~blhjguo aZgylbc e_dpbhgguo eZ[hjZlhj
kdbo mqg_[guo ihe_\uo ijZdlbd b wdki_"bpbc
Bamqg_gb_ \h”guo h[t_dIh\ jZagh]h jZg]Z b ]_g.
ky gZ i_j\hf dmjk_ h[mqg_gby \ jZfdZo ij_"_1Z ©OF
N gb_® < jZa”"_e_ ©OH[sZy fhjnheh]by A_feb? ij_:
bamqg_gby fZl_jbdb b hd_Zgu A_feb dhebg_kl\h i
Abfh mlhggylv khhI\_IkI\_ggh kh~_j"Zgbx rdhevgu
ijhljzff < jza”_e_ ©=b"jhkn_jz?2 jZkkfzZljbYZxlky \
bkoh ~_gby kljmdImju nmgdpbhgbjh\Zgby b ~bgz
hd_ZgZ b \h®” kmrb 1Ijb bamqg_gbb *"bkpbiebgu ©ONt
nby fZI_jbdh\ b hd_Zgh\2 kim”~_glu ihemqgZxl bgn
]JbhgZevguo hkh[_gghklyo fhj_c b hd_Zgh\- hfu\Z:
gh fZl_jbdb Z 1Zd _ h \gmlj_ggbo \h*"Zo kmrb NI
ie_dkgh_ ij_"~klzZz\e_gb_ h ]b*jh]jZnbg_kdhe k_Ib f.
gbgZo b aZdhghf_jghklyo __ nmgdpbhgbjh\Zgby
Dmjk nbabqg_kdhc ]_h]jZnbb Jhkkbb ~Z-1 p_eh
e_gb_ hijbjh~_ gZr_c jh*bgu b jZkdju\Z_I-jZaghh
jh~rguo dhfie_dkh\ < jZa”_e_ ©H[sbc h[ahj ijbjh”u
\h~u? ijb\h~blky hp_gdZ \h*ghklb I_jjblhjbb kljmc
[ZeZgkZ ]b”jh]jZnbqg_kdZy b ]b*jhghkblygdZdhy oZ
Aguo h[t_dlh\ J]hkm~ZjkI\Z j_d ha_jjmhrhejZigbet
kfZljb\Zxlky hkh[_gghklb [hehlgh]h nheg%Zjafgh]h
ehlu kh\j_f_ggh]h he_~_g_gby b ih/ha_fgbéz\h”"
gb_ m~_ey_Iky kh\j_f_gghfm khklhyghxagddgayckl
gbx \gmlj_ggbo \h® o0ZjZdl_jbklbd_ kihge&igh\&_gb
gby \h*guo j_kmjkh\ < jZa”_e_ ©J_Jiph\gZgVguc F
ky dhfie_dkgu_ ozZjzdl_jbklbdb djmigudig_pduo k
\h*hojZgbebs jZaguo nbabdh ]J_h]jZnbgzZkldlxo klj



>ey kZfhklhyl_evghc jZ[hlu kim”_glZf\uj[jekn Z _ |k
klZ\e_gb_ ih”*jh[guo oZjZdIl_jbklbdZl _c bglid hjlk h]
[hjhf bgnhjfZpbb h kh\j_f_gghf wdhe bl RKdhf kI
~dlZ k ihke_~mxs_c ij_a_glZpb_c ey KKm®bldhjbb
lu k~Zxl 1b”jh]ljZnbqg_kdmx ghf_gdeZIimjm gh_JhKk]
+ dmjkh\ h[mqg_gby h[sbc b j_]bhglZevigault [ehd
ke_"gbc \ibkZg \ kbkl_fm ezZg”~rZnlghPhjizZadbgbjh\.
Ohqg_Ilky hif_Iblv qglh bf_ggh bamqlj#Zmnbé_ kdhgz ]
ghf_gdeZlmju ih Jhkkbb \uvaulZ_I m kbm”~aglh\ g
[jm~g_gby ijh[e_fu jZ[hlu k jZaghfZKblZ[batb dZ]
rh_ dhebqg_kI\h Jb”*jhgbfh\ hlkmlklI\bhhkdhfye dkg
by |I_jjblhjbb

< j_lbhgzZevghf dmjk_ ©=_h]jZnby DZj_ebb? ijbf
ihemg_ggu_ agZgby h \gmlj_ggbo \h*"Zo N_gghkd?2
?\jhi_ckdhc Jmkkdhc jZ\gbgu \u”~_eyxlky hlebq
[_gghklb j_d b ha_j DZj_ebb kh[bjZ_Ilky djzZ_\_"
"ey dmjkh\uo b *“biehfguo jZ[hl

< dmjk_ ©Hkgh\u eZg”rZnlh\_~_gby?2 ijbhjbl_Ig
bamqg_gb_ \aZbfguo kl\ya_c b \aZbfghc h[mkeh\e_¢
dhfihg_glh\ khklZ\eyxsbo gZjm 'gu_ kn_ju-gZr_c
dbf h[jZzahf ij_~f_Ihf bamqg_gby y\eyxlky ijbjh*gu
jZaguo jZglh\ £ hl Jeh[Zevgh]h “h ehdZevgh]h h
h[hehgdb b ]Jb”jhkn_ju ~h fhjnheh]bg_kdbo _~bgtl
ljb ozZjzdl_jbklbd_ kljmdImju eZg”rZnlZ h[jZsZ_Ilk
]brjhfZkku dZd jZagh\b”rghklv J_hfZkk ijb-bamqg_
jh\Zgby £ gZ hkh[_gghklb \eZ]hh[hjhlZ \ eZg”~rZnl

Ohg_Iky hlf_Iblv qglh ijb bamqg_gbb ~bkpbiebg |
ghc b wdhghfbg_kdhc beb h[s_klI\_gghc ]_h]jZnbb
\gbfZgb_ \gmlj_ggbf \h~Zf iheblbdh Z~fbgbkljZIb\¢
fhjkdbf h[t_dlzZf \ k\yab k bo bkihevah\Zgb-f \ oha
yl_evghklb q_eh\_dZz

< oh”_ bamqg_gby \k_o i_j_gbke_gguo *"bkpbieb
gzZx!l b k~rzZxl JbMjh]jZnbg_kdmx ghf_gdeZImjm i_j.
]b”rjh]ljZnbg_kdbo h[t_dlh\ hd_Zgh\ b bo qZkl_c
kn_ju kmrb = ]b”jhgbfh\ =b”jheh]bq_kdb_ h[t_dl



ijZdlbg_kdb iheh\bgm \k_o bamqZ_fuo h[t_dIh\ B
h{t_dlh\ ijhbkoh ™~_gbx bo gZa\lZgbc b hi_"_e_
eh _gby \ ijhkljZzgkl\_ b gZ dzZjl_ m~_ey_I|ky [hev
dmjk_ \mah\kdhc ih?]hlh\db mqgbl_e_c ]_h]jZnbb |
]bb y\eyxlky khklzZ\ghc qZklvx ]_h]jZnbg_kdhc gl
bo bamqgq_gb_ + \Z'g_crzZy az”~ZqZ kilm”~_glh\ ]_h]j:
lhemqg_ggu_ gZ Zm”~blhjguo aZgylbyokgg\hgby L
\j_fy ijZdlbd b wdki_"bpbhgguo bkke&fdhjzZzdbc Ijt
Ibd khhiI\_IkI\mxI Ij_[h\Zgbyf Jhkm*2Z2KINZ ddgpdh kI
ah\Zgby Kh”_j Zgb_ mqg_[gh ihe_\ud ijZkdbd g_|
jy_I b dhgdj_Ibabjm_1I| kh”_j Zgb_ khHhlidubkMmnkxsbc
pbiebg ihkdhevdm ieZgu ihe_\uo ijZdibhd_KhklZ\
dhgdj_lguo nbabdh ]_h]jZnbqg_kdbo gmhKe¢hfbuc j_]bl
ijZdlbd ij_"mkfzZljb\zZxl ij_"~ihe_\mx ih®dhlh¥kdm i
[hlu b dZf_jZevgmx h[jZ[hldm fZI_jbidghlZgFZhbkZ¢
ke_ h\ez”~_gby f_Ih~*bdhc [jb]Z"u ihegmigZbhtkalz~Z g
yl_evguo bkke_~h\Zgbc J_ameviZIid WlhmiB[hlu
\hc hlq_I h ihe_\hc ijZdlbd_ b hp_gb\ZxliZy jmdh}\|
Ibdb Z 1Zzd _ fhlml [ulv bkihevah\Zgyugh]#hZiZIkI\ _
jbzez ey gZibkZgby dmjkh\uo b *"biegliguo6 _jy[hl
| _evghklv rdhevgh]lh mqgbl_ey ]_h]ljZnbdllg\ghu&ebf
djz_\_"q_kdhc jZ[hlu k mqgqZsbfbky mjZ_\+wldb _
ohjhrbc klbfme ~ey ijb\blby mqgZsbfkydmgdbj_&«zZ d
ihagZgbx jh*rgh]lh djzy Kj_”b fgh]hhhkidbghmqgb"_yl
l_ey ]_hljZnbb \Z'gh_ f_klh aZgbfZxdhwdgdhikbb
fb \ ijbjh*m Z 1Zd _ \g_dezZkkgZy jW[hdiZ ~b ptbdoh "1
ih jhrghfm djZx mqgZklb_ \ Imjbklktdl\kgbyho b
Hkgh\u “ey wlbo \b”h\ ijhn_kkbhgZevijgmem™sbyl_ e\
magbl_ey ihemqgzZxl \h \j_fy ihe_\uo ijZzahtbdp L&dbf
ihe_\uo ijzdIbd = ih*]hlh\blv kim”_dllh\e _[ernfnmhsbo
ljiZnbb d jZ[hl_ k mgZsbfbky \ ijbjh*ghc hpkljagh\
"blv kIm~_glh\ gZ\udzZfb bamqg_gby k\h_c f_klghk
Ijb wihf \k_ ijzZzdIbdb j_rzZxl g_dhlhju_ h[sb_ az”"
AzZdj_ie_gb_ I _hj_Ibg_kdbo agZgbc ihemqg_g

gZ Zm~blhjguo aZgylbyo



Himqg_gb_ kim~_glh\ gzZ\udZf ]J_h]jZnbqg_kdbo
ijbjhrghc h[klZzgh\d_ Z 1zZd _ ijb\blb_ bf-gZ\udh
|_evkdhc jZ[hlu

H\ezZ~_gb_ f_Ih”*Zfb b f_Ilh~*bdZfb ihe_\uo bk
ijh\_~_gby wdkdmjkbc \ ijbjh*m k mgZsbfbky

JZa\blb_ mf_gby \uyleylv b ZgZebabjh\Zlv \a
A"m dhfihg_glZfb ijbjh~u jZa\blb_ ]_h]jZnbqg_kdh]t

WIb h[{sb_ az”~Zqgb ihe_\uo ijZdlbd j_Zebamxlky
dm kh”~_j Zgby lhc beb bghc ij_~f_Ighc ihe_\hc ij
\u_ ijzZzdlbdb ij_~hklz\eyx| [hevrb_ \hafh ghklb ~ey
kh klm~_glZfb b \hkiblZl_evghc jZ[hlu

<h?rgu_ h[t_dlu bamqgzZxlky \h \j_fy ijh\_~_gby
ijZdlbd ih h[s_fm a_fe_\_"*_gbx jZa"_e ©]b”"jhe
hgZevghc nbabqg_kdhc ]_h]jZnbb eZg”rZnlh\_"_.
ijZdlbdb ih nbabq_kdhc ]_h]jZnbb wdhghfbqg_kc
NZevg_c dhfie_dkghc ijzdlbd_ ih ]_h]jZnbb

>ey ijh\_"*_gby ihe_\uo ijZdlbd \u[bjZxhl&kyj4Zaeb
j_db bkdmkkI\_ggu_ \h~h_fu DZj_ebibgZ¥y i{gdfb it
Ibd b wdki_"bpbc [ueb Zd\Zlhjbb EZvih kdh]jh djHig_
gu_ ha_jZ + <h”eha_jh K_]ha_jh IMida_pgh [Dhigyg_¢
fha_jh 1ZZgzZyj\b Lhe\hyj\b Z 1ZdZ ed&f[beaDhf ha
ie_dkgu_ bkke_~h\Zgby \dexqZeb kinbklZ\kdlgb_oZb"]j
jZdl_jbklbd bamqg_gb_ ]b”jheh]bq_XghyhdiZzdbmhg _hi
ghlh h[t_dlZ h[hkgh\Zgb_ mgbdZebwd&kglby h{ktZIldhz
kZ ijbjh~hhojZgghc |_jjblhjbb jZajgpgudnb wdlkheerh jk
]bg_kdbo fZjrimlh\ GZijbf_j j_amelwyZ\gnblkkegbb\zZ
\h~rguo h[t_dlh\ <ZezZZfkdh]h Zjobi_e®]\Z hllugtb\mhe h
nmgdpbhgZevgh]h ahgbjh\Zgby |_jjhlafZiy bhyk Ij M HE\
Ney i_j_"Zgb __ JIJmkkdhc ijZ\hkeZhgbc p)\jjdip \«r gZ
[hj h[t_dlh\ mqg_[guo ijZdlbd h]jZghgolw"hfkyywabhzk i
dZzeZ\jbzZl khdjZs_gb_f gZkh\ b nbgZXlgklhhWwdghy c
eh]lbg_kdb_ bkke_~h\Zgby ijh\h*ylkyh&Zdih*kdZob]
_]h hdj_klghkl_c >jm]b_ \h*gu_ hhta dld KyZhjbfjh
ljy bgkdh_ lyeha_jh j KmgzZ b "*_ghikfbs XkIkjy klmn
fy h[ahjguo wdkdmjkbhgguo mqg_[guo fZjrjmlh\
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%DFKHORUV PDMRULQJ LQ *HRGXDS QU \VPODFV ZBW
VLRQV ¢HOG SUDFWLFH WUDINQIQIJIFRQG VHE H®L &
VXEMHFWY VWXGHQWY OHDMUOQXRERXWRQLKH VDAGX |
GURJUDSKLF REMHFWYV RI GKXIUHQB QWK HV FSRKW D I9\G [
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KHA>:GB? B J?:EBA:PBY

< : Rbjhdh\Z : Kgdldh < Kh[bk_\bq
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BgklbIiml bklhjbb _klI_kl\hagZgby b | _ogbdb

bf K B <Z\beh\Z J:G
BgklbIiml djbhkn_ju A_feb Kb[bjkdh]h hi*_e g
Fhkdh\kdbc JThkm~ZjkI\_gguc mgb\_jkbl_| bf F -

Kha”“Zgb_ bgnhjfZpbhggh]lh j_kmjkZ ©Fma_c bk
Aguo iml_c? [m~_| kihkh[kI\h\ZIv khojZg _gbx iZfyl
Au dmevimju b ]b”jhl_ogbdb \"hev klZjbgguo \h’
jhi_ckdhc qzZklb Jhkkbb < oh”_ wdki_“bpbhggu
kh[jZggu_ ]b”jheh]lh ]b~jhobfbg_kdb_ b eZg”rZn
[ueb “hiheg_gu Zjob\gufb ebl_jZImjgufb b dZjlh
fb fZI_jbzZezfb < \bamZebabjm_fhc nhjf_ i_"klZ\
ImZevghf fma__ "~Zggu_ fh]lml [ulv bkihevah\Zgl
fb bklhjbg_kdh]lh b ]_h]jZnbg_kdh]h ijhnbey "“ey .
bamqg_gby bklhjbb \h”*guo iml_c b hp_gdb bo kh\j_
eZg”rZnlgh]h khklhygby



AZk_e_gb_ b ohayckl\_ggh_ hk\h_gb]lhIKjjblhjk
\_jZ \ agZgbl_evghc kl_i_gb k\yaZgh & imki\hc gb_
< jZggb_ \j_f_gZ wlh [ueb _klI_kI\_gbuk\ywamgu _
xsb_ bo \hehdb Z iharg__ = jmdhl\hjfeu_OWh~ gu_
JZdI_jgufb ijbf_jZfb I1Zdbo iml_c y\eybhlgkkdKc\_jh
FZjbbgkdbc Lbolbgkdbc b <urg_\hehpdbt bklhj
Agu_ imlb £ ha_jgh j_qgu_ kbkl_fu k\hjgbhg_ggu
fb dZgZezZfb k khojZgb\rbfbky iZfylgbdZkidhlb”jh
]h kljhbl_evkl\Z Bklhjbg_kdb_ \h~gumgibhdlbey\ey
gufb ijbjhrgufb h[t_dlZfb g_ lhevdh AeyZJngkkdh]
b ey \k_c Jhkkbb \ p_ehf Kha”*Zgbkd®drmla_y b
Aguo iml_c? bf_ WK "pe&Vv bgnhjfZpbx h[ bklhjbqg_
\h*guo imlyo “hklhygb_f ki_pbZebklhkId _-gjhdhc
ghklb

>ey gZiheg_gby khanz\Z_fh]lh we_dlgbggk]lh j_
ihevah\Zgu fZl_jbZeu kh[jZggu_ Dhfpe_dkghc we
bamqg_gbx bklhjbg_kdbo \GhgubbimDWB<I- Bgklb
ImlZ bklhjbb _kl_klI\hagZgby b |I_odeddzbi:&X B
Hgb \dexqgZx!| ]b”jheh]h Jb”*jhobfbqg_kdb_"HEgeZg"r
gu_ kh[jZggu_ \ oh”_ e_|l ihe_\up_dZpek"bgbc
dmkklI\_gguo \h*guo imlyo _\jhi_ckdhhlgjpklb Jh
"hihegyxlky Zjob\gufb ebl_jZImjgufb kdfbjlh]jZ
fZI_jbzZeZfb ih bklhjbb \h*guo kbkl_f ];ughZmlhq
nbg_kdb_ dhhj*bgzZlu iZfylgbdh\ Jb”*jgh_bgmaib ih
gZ w\hexpby eZg”~rZnlh\ \ ahg_ \h*hk[A[jZhib™ \eb
g_kdbo nzZdlhjh\ b Zgljhih]_gghc gZigmadlggr®Zgg
\ oh”_ wdki_"bpbhgguo jZ[hl klIZgMhZdkgh\HZ "e)
Ibg_kdbo dzjl

>ey |h]lh qlh[u kh[jZggu_ b h[h[s_gguZzZdfZl_jb:
_ "im]lb_ ~“hdmf_glu hljZ Zxsb_ bklhjBa\lkha”"Z¢
Iby bklhjbg_kdbo \h?*guo iml_c klZebhfmh&]migu |
]m ebp [ueh j_r_gh kha”Zlv \bjlmZevguxkljh kmjk
jbg_kdbo \h*guokifhkdmihf g_j_a k_Ilv Bgt_jg_I
ImjZ bgnhjfZpbhggh]lh gZiheg_gby fm&gnw\kljhbl
bklhjbdh gZzmqgghc ] _hbgnhjfZpbhgghc jgdakhD WB -



klhbl ba [ehdh\ ihk\ys_gguo EZ~h kdHt¥m Ze Hfg_ "k
ha_jgh dZgZevghc kbkl_f_ ;hevrh]h Khela¥Z\pndh]h
ehqghfm ;_eha_jkdh Hg_ "kdhfm \h~rghbgkidhd K_
<urg_\hehpdhc Lbo\bgkdhc \h*guf kbikildZdbah"g
\Zjy] \ ]j_db#

K\yamxsbf a\_ghf f_Ih*heh]bq_kdh]h diHheogbq_
g_gby [Zau kem beb dZjlh]jZznbqg_kdbZpbZ}t kjib Zeu
\j_f_ggh]lh khklhygby \h*guo iml_c Jhmslolobibob h[j
dmevimjgh bklhjbg_kdbo eZg”~rZnlh\ kbifldfil\svx dF
lhih]jZnbg_kdbo dZjl nhlh b \b”_hkthfithiedy klgh
eZkv ZgZebahf klZjbgguo dZjl wih]lrehkWbkigizh Ijh
klz\e_gb_ ~Zgguo klZjuo dZjl k kh\j kfg lgfgizfb b ¢
fb ey \uy\e_gby baf_g_gbc j_"bfzZ \hhklee kbkl_
ki\bc wlbo baf_g_gbc bamqgZehkv \elmypgdbc klZ]j
rbo dZzgZeh\ b \h*guo h[t_dlh\ gZ ijbpN4obbrba kj_“
blh]h\ bkke_~h\Zgbc klZeb ~_|IZevgubkpgbypgh\u_
g_kdbo \h*guo iml_c khklZ\e_ggu_ w& Ahwkph\Zgl
dhkfbg_kdh]h ahg”bjh\Zgby b ]J_hihablpdmgglc ij
guo h[t_dlh\

= _hwdheh]bg_kdZy qZklv bkke_"h\Zgdlr \daxqgzZ
f_g_gbc \ ijbjh*ghc kj_~_ “h b ihkedpbkyjhjhdb r
\Zgby kbkl_fu bkke_"h\Zgb_ ]Jb”jheah]h Jjo"phobfk
fZ bamqzZ_fhc |_jjblhjbb kha”Zgb_ jihkg@lki\_gc
jZkij_~_e_gby ]Jb”jheh]h ]b”jhobfbq_kdbo-1"Zggu
kiI\bb k eZg”rZnlghc kljmdImjhc |_jjblh]jblip]jZznlhq:¢
nbq_kdbo dhhj*bgzl \hA"guo h[t_dlh\ hVug\te gb_
dZjl jZaebqgguo bklhjbg_kdbo i_jbh”h\

EZg~rZnlgZy qZklv \dexqZeZ fZjrimlgh_ hibk
rznlghc kljmdIimju |_jjblhjbb b ehdZevgudhfeZg”"r.

ie_dkh\ gZ dexq_\uo mqgzZkldZo Ij_"eb™ _gdlzy f_
nbdZpbb jZaebqguo ijbjh*guo h[t_dlhZogB- khZjuo
\j_f_gghc f_klghklb k mqg_Ihf __ eZgfwdhbaghc kljr
ey_| \uy\blv g_ lhevdh j_Iljhki_dIb\gbjhbdghcg_gk

kbimZpbb \ jZchg_ \h~hk[hjZ gh b ¢ Zmag\u klidu _
bklhjbb hk\h_gby b bamqg_gby wihc hlfblhg¥h E:



[ex*_gby ~“Zeb [h]Zluc fZl_jbZe ih bKRIhgbh bk\h_
\h*hjZa”_eh\ \ jZchg_ bklhjbg_kdbo_9gd4 @& jiml_c
r_gghklb ijbjh~rguo |_jjblhjbc \ oh”_iijhAbpbhgby w:
guo jZ[hl aZzdexqZeZkv \ \bamzZevghkHhihribhZjbjh\zZ
e_gbb nhlhfzl_jbZeh\ b h[jZ[hld_ dhkfbhgpzkdbo k
dh\ I_jjblhjbb ih fZjrimIlm \ i_jbh~* * 11
Blh]hf jZ[hlu ih kharZgbx fma_y bklhijibg_kdbo
klzg_| h[s_"hklmigZy q_j_a Bgl_jg_|2y KibknhjfZp
fZ £ bgl_jZdlb\gZy dZjlZ bklhjbg_kd&bg2Z\difgue im
gufb gZ g__ h[t_dIZfb ijbjh*rgufb b i jEfydbgbqg_|
gbdzfb bklhjbdh dmevimjgufb h[t_dlZfklZfBfylgu
;m”~_| khklZ\e_gZ ihegZy [ZaZ "Zggud ui Df-yllgbdh)
Ajhl_ogbdb ih bklhjbg_kdbf \h~Aguf imllgfhip hgbkZ¢
dhc bo khklhygby ijb\yadhc gZ f_kdghkikh\Wjlh il
r_gkl\h\zZlv f_ju ih mqg_Im khojZg_gbxkxibeMahhlgh
\Zgbx gZr_]lh dmevimjgh bklhjbq_kdhlhkg@kkelVvby
jZa\blbx Imjbklbg_kdh]h ihl_gpbZeZ KhhdhgXl\mx
JZ[h1Z \uiheg_gZ ijb nbgZgkh\hc ihA"* _j°d_ J=GN ij

©086(80 2) +,6725,& :$7(5:$<62 (67$%/,6+0(17
$1' 7+( ,'($6 )25 7+( 352-(&7 ,03/(0(17$7,21

9 $ 6KLURBRYD6Q\WNR 6RELVHYSLFXHURYD
9 0 &KHVQ@R®% 5RPDQRYD (UPBQ6 6KEURNRY
9 $ 1L]RYWVHY

6 , 9DYLORY ,QVWLWXWH IRU WKH KLVWRU\ RI
, QVWLWXWH RI WKH (DUWK &U\RVSKHUH RI WK
/IRPRQRVRY ORVFRZ 6WDWH 8QLYHUVL)

7KH OXVHXP Rl +LVWRULF :DWHUZD\V SURMWHKHW LV
PRQXPHQWY RI QDWXUH FXOWXUH DQG K\GUDXOLT
ZDWHUZD\V RI WKH (XURSHDQ SDUW RI 5XVVLD $l
PDWHULDOV ZHUH DGGHG WR WKH K\GURORJLFDO
GDWD FROOHFWHG GXULQJ H[SHGLWLRQWWIXKIHOY L
PXVHXP FDQ EH XVHG E\ H[SHUWV GHDOLQJ ZLWK
DQDO\WWLFDO VWXG\ RI KLVWRULF ZDWHURRW DQG
VFDSH VLWXDWLRQ LQ WKHLU DUHD



FHINHEH=BY >BG:FBD: B A:SBL:
;?2J?2=H< HG? @KDH=H HA?J:

? B BlgZIB\ < A _féyghX KZgblg G L_jkdbc

=hkm~Zjkl\_gguc hd_Zgh]jZnbqg_kdbc bgklbIml bf
Fhkdh\kdbc JThkm~ZjklI\_gguc mgb\_jkbl_|I bf F <

< gZklhys__ \j_fy \ k\yab k baf_g_gdh]h mjh\g& Hg
\hajzklZgb_f bgl_gkb\ghklb \h~"hihevuahddbby \b ol
qZklghklb j_dj_zZpbhgghc ~_yl evighXedhk|ZkiZml
q_gby ijbjh~rghc “bgZfbdb [_j_]h\ b hapyigbygghcg
Ayl _evghklb q_eh\_dz Hkh[_gghklhjijb[p bkib I _j
iby nhjfbjh\Zgby [_j_]h\ hij_~_eyx| be ijbgzre] " ghk
g _Ibg_kdbf 1bizf dhlhjuf k\hckI\_ggj_@vj_m be bguc
gZfbg_kdb_ ijhp_kku glh g_h[oh~bfbkmMghhZIv \ o
yl_evghklb hkh[_ggh ijb [_j_]hmdjoibl_evguo jZ[hl

= heh]bg_kdh_ kljh_gb_ ljbbgrZyyqzklv [_j_]h)
ha_jZz keh _gzZ ~hd_f[jbckdbfb djbklZeebqg_kdbfb
x'ghc gZklb djbklZeebq_kdbc nmg”zZf_ gl bf__| iZe
jZkl b kdjul q_oehf g_I\_jlbgguo hleh™ _gbc- >hqg_|I
jh~u ij_"klZ\e_gu jZaebqgufb ]jZgblzZfb b ~bhjbl:
Abhjbl ihjnbjblzZzfb b ~j >;bkdw b ] @ K i_ljl
lhgdb aj_gby hgb g _h”ghjh”~gu_ gh mklhcgb\u d Z

Q I\ _jlbggu_ hleh” Kgbyb g I\ _jlbgguo hleh™ g
ij_hl[ez”"Zxl e_~gbdh\u_ \ |Ihf gbke_ \h~gh e _"gbd
e _"gbdh\u_ <klj_qzZxlky 1Zd"_ Zeex\bZevgu_ ha_
<u”™_eyxl ]jZ\bcgh i_kqZgu_ Ze \jblh\u_ b Jebghb
ohjhrh khjlbjh\Zggu_ i_kdb iey ¢ b ~xg fgh]lhdk
e _glu hah\ hkh[_ggh \ \hklhgghc gZklb ha_jgh]h
b ~j @

>ey bamqg_gby gh\_crbo hleh™ _gbc gZ dexqg_\uo
klZz\eyxsbo \k_ jZchgu Hg_"kdh]h ha_jZ b jZagu_

+ ]1 kbezZfb N=;M ©=HBG?2 ih aZzdZam G _\kd
[Zkk_cgh\h]lh \h~gh]h mijz\e_gby Jhk\h”j -kmjkh\



gh ]_hjz~rZjgh_ ahg”bjh\Zgb_ [_j_lhnhjfbjmxsbo |
Jem[bgu *BKkeBkkeZdh\ayb |jd@ b d p@h bEdlntb\&imjth e4)
ehkv dzd ey kmrb 1Zd b ~ey ih"\h~ghlh [-j_]h\h]
rbgkl\_ kemqgZ_\ *h mdZaZgghc Jem[bgu nbdkbjh\.
[hevr_ IbizZz hleh” _gbc qzZklh jZaebqguo ih ]_g_a
liZzgbp f_""m jZagufb hleh _gbyfb b bo fhsghklv
dzd \ ij_~_eZo hi*_evgh \aylh]lh ijhnbey 1|-ZZd b hl
nbex ~Z _ _keb hgb jZkiheh _gu [ebadh ~ym] d ~]
ab_ hleh _gbc h[tykgy_Ilky keh'ghc bklhjb_-c jZza\b
]JbhgZ Fhsghklv iey ' guo hleh’_gbc dzd ijZ\beh
dh [he__ f glh mdZau\lZ_| gZ mya\bfhklv iey _
< K_\_jghf Ijbhg_"v_ \_jogyy ]ljZgbpZ dh}_gguo
guo ihjh” gzZklh jZzkiheh _gZ gZ g_[hevrhe Jem[b
NZ dZd \ hklZevguo jZchgZo hgZ dZd ijZ\beh g_
lJlem[bgu f eb[h \klj_qZeZkv wibah”bq_kdb WIh \
ky Kk nhgth\ufb "Zggufb mdZau\lZxsbfb gZ Ih qlh
bkdexqg_gb_f K_\_jgh]h Ijbhg_"vy fhsghklv gq_I\_jl

"_gbc khklz\ey_|I £+ f b [he__ >WdfZg b 4]
ebqgby \ fhsghklb g_I\_jlbgqguo hleh _gbc -dhlhju_
fgh]lh [he__ ih”\_j" _gu Z[jZabb beb jZafulm h[mk:

hlfez~"Zgb_ keZ[hbaf_g_gguo [_j_]h\ \ K_\_jghf Ijb
Bklhjby jZa\blby j_ev_nZzZ ljkhug_ewwlky q_luj_
wlZiZ nhjfbjh\Zgby kh\j_f_ggh]lh j_ev_nZ
>ebl_evghc dhglbg_glZevghc ~_gm~Zpbb W
dhgpZ iZe_hahy “h dhgpZ g_h]_gZ Fh”_ebjh\Zghb
[h\ ih\_joghklb b ~j_\gbo j_qguo “hebg
Bgl_gkb\gh]h Jem[hdh]h wjhabhggh]h Yj_azZ \
]_9Z Nhjfbjh\Zgb_ \ h[sbo q_jlZo *j_\g_c wjhabh
E_"gbdh\hc b \h*gh e_~gbdh\hc Zddmfmeypbl
Ihke_e_"gbdh\uc wlZi Nhjfbjh\Zgb_ kh\j_f_c
nZ >;bkdw b 7j @

Kh\j_f_ggu_ nhjfu j_ev_nZ knhjfbjh\Zebkv \ oh”
g_I\_jlh]h wiZZhgmx jhev \ nhjfbjh\Zgbb khij_f_gg
ev_nZ kul]jZeh |I_dlhgbg_kdh_ ih~gylb_ |_jjblhjbb
ehkv ihke_ moh”~Z e_~gbdZ b ijh*he Z_Iky b \ gZk



Lbiu kh\j_f_ggh]lh j_ev_nZ ljehgZkihys - \j_
fy \ Ijbhg_"v_ \u”~_eyxlky k_fv Ibih\ kh\j_f_ggh]
AN gm~rZpbhggh | _dlhgbgq_kdbc e_~gbdh\uc wdaZzj
fmeylb\guc \h~gh e _"~gbdh\uc Zddmfmeylb\guc f
guc Z[jZabhgguc b Zddmfmeylb\guc [bh]-gguc
\bZevguc >;bkdw @ >_gm”Zpbhggh I_dlhgbqg_
[hevr__ jzZzkijhkljzg_gb_ bf__|I \ K_\_jghf Ijbhg_"v.
ha_jguc Z[jZabhgguc b Zddmfmeylb\guc gZijhlb\
jhc b Ij_Ibc Ibiu \klj_gzZxlky ih\k_f_klgh hkh[_ggl
b <hklhgghf Ijbhg_"v_ ;bh]_gguc [hehlZ b whe
iZe_h~xgu b | ~ Ibiu j_ev_nzZ \klj_qgzZxlky ih\k_f
dexq_gb_f K_\_jghlh Ijbhg_"vy gh njz]f_-glZjgh
guc Ibi j_ev_nZ ijbmjhg_g d mklv_\uf gqZklyf j_d

DzZjlz fhjnh]_g_Ibqg_kdbo Ibih\ [_j_]h\ b bo 0zZjz
dZGZ hkgh\Zgbb bamqg_gby ] _heh]bqg_kdh]h kljh_g
hleh™ _gbc j_ev_nzZ | _jjblhjbb b kh\j_f _gghc “bgZi{
N e_gu k_fv Ibih\ [_j_]1h\ Hg_"kdh]h ha_jzZz jbk

DZ ~uc |Ibi [_j_]1Z ozZjzdl_jbam_Iky ij_h[eZ”"Zxsb
kdbf ijhp_kkhf qlh gZklh hdZau\Z_I| \ebygb_ eb[h
[mMm*ms_f gZ bg _g_jgu_ khhjm _gby jZkiheh _gg
ahg_ >bgzZfbdz [_j_]h\ \h fgh]hf h[mkeh\eb\Z_1| b
liyagyxsbo \_s_kI\ \ gZklghklb Iy  _euo f_IZeeh\

Ke_"h\zZl_evgh fh gh Jh\hjblv h[ Z[jZabhgghf ijl
j_1Zo dzZd h[ b]jzxs_f \Z'gmx jhev ijbjh~rghf bklhg
gyxsbo \_s_kI\ "ey \h®” Hg_"kdh]h ha_jZ b 2hgguo
dbf h[jzahf hgb fhlml ihkimiblv ijZdlbg_kdb \ ex][
jZ aZ bkdexq_gb_f \hafh'gh \ gZb[hevr_c kIl _i_.
kmrm b gZb[he__ madbo I]m[ kh keZ[hbaf_-g_gguf
keh\gh agzZqgbl_evgZy qzZklv [_j_]h\ \ gZkthys_ _
"_gZ Zdlb\guf ijhp_kkzf Z[jZabb beb jzZafulZ gh
[Zzdbf h[jZzahf \_s_kI\Z fhlml jzkijhkljZgylvky ih Z
jZ ijb ihfhsb ih\_joghklguo b ]Jem[bgguo |I_q_gbc
[_j_1Z dhlhju_ \ gzZklhys__ \j_fy highkylky d Zd
~s_lukygb beb ~Z°_ khigb e_| gZazZ” y\eyebkv Z|
Z[jZabhggh Zddmfmeylb\gufb
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Kdhjhklb hlkIimizgby [_j_]h\ \ oh”_ Z[kKhAbhggt
fhlml ~“hklb]zlv ~_kyldh\ kzZglbf_Iljhhdb]hmifb~[he _.
eyxlky izjzf_ljzfb \heg \ukhlhc gZzZi}zZ\eklghlZf b
\hf [_j_]hh[jZamxsbo ihjh® fhjnheh]lj_g {hthh”*gh]
]lh kdehgzZ gZebgb_f beb hlkmlkl\b_bgiley™-\a b bc
khlhc debnz

J_dhf_g”*Zpbb ih mijZz\e_gbx ijbjh*hihevah\Zgb_
[j_"ghc ahg_ b ih [_j_lhmdj_défghxZpbb jzZ\gh dz
0ZjzZdl_jbklbdzZ "bgzfbg_kdbo ijhp_kkh\ ey [_j_]l
ihdZazgu \ |Z[e

GZb[hevr_c "bgZfbgghklvx hlez"Zxl Z[jZ
Z[jZabhggh Zddmfmeylb\gu_ Zddmfmeylb\gu_ b ~
ljb [hevrbo kdhjhklyo Z[jZabb beb jzafu\zZ-[_j_1Z "
gby bg _g_jguo khhjm" _gbc \[ebab mj_azZ ha_jzZ g
]Jhmdj_ibl_evgu_ jZ[hlu ijbf_j £ jZchg :g”"hfkdhc
j_1Z hiklmizxl kh kdhjhklvx + f\]1hn >Bkke_"h\
Qlh[u hklzgh\blv ijhp_kk jZzajmr_gby [_j_1R\ b mg
]h izfylgbdZ ijbjh”u b gZk_e_gguo imgdlh\ jzZkik
\_jrbg_ :g~hfkdhc lhju g_h[oh”bfh khhjm ZIlv \*h
dZf_ggu_ gZ[jhku beb ih"\h~*gu_ nbevlijmxsb_ky \lI
hkms_kl\e_gb_ \u[hjZ kihkh[h\ mdj_ie_gby [_j_1]h'
g_crbo bkke_"h\Zgbc

Ke_"m_I| ih®*mfzlv h [_j_lhmdj_ie_gbb gz ijbhjbl
ihevah\Zgby \ j_dj_Zpbhgguo p_eyo mqZkldZo [_j
\_j _gu zZdlb\guf Z[jZabhgguf ijhp_kkzf FR _I \ha
hfoh~Abfhklv \ [_j_lhmdj_ibl_evguo jZ[hlZo "ey |_
Zddmfmeylb\guo b hkh[_ggh Z[jZabhgguo mqgZkld
Ilhjuo jZkiheh _gu h[t_dlu ljZgkihjlghc b k_ebl_][
kljmdImju g_ihkj_"~kl\_ggh hdheh mj_azZ \ gqZklgh
imgdlu D gbf hlghkylky ihk_edb DZkd_k jmg_c D
I_ Rhdrz >_j _\yggh_ \ Mckdhc ]m[_ ? bgu Dxjr.
kdh_ 7~ey [_j_1Z m ihk_edZ ozjzdl_jgzZ Zdlb\gZzZy
h{t_dlu ljZzgkihjlghc b k_ebl_[ghc bgnjzZkljmdImju
gZ jZkklhygbb ~_kyldh\ f_ljh\ b [he__ hl [__]Z ql
jhylguf \ [eb Zcr__ \j_fy bo ih\j_"~_gb_ b jZajmr_



>bgzZfbgq_kdb_ ijhp_kku ih Ibizf [_j_]1h\ b j_dhf_g”~Zp
bkihevah\Zgbx
Lbi [_j_]z'Jhp—j';"k‘i’“f’kf’jozé:z]b’_znbq—deh_ﬂhf_gAZpbb
Hq_gv keZ[Zy Z[jZably>bgz¥8kz+[_j_1h\ \| "Zgghf
KezZ[hbafhg_gv keZ[Zy ZddmfmkgmoyZ_ HZkg_k_I m]jham b
g_ggu_ |ijhkljZg_gu \ hkgh\ghfl§d _Kgufjkhhjm _gbyf
ghf Ijbhg_"v_
:[iZaby beb jzafu\ [_4j|Ahyhihgbg] 1Zf ]~] hdheh
ghc kl_i_gb bgl_gkb\ghkljb a\»heklv bg _gljgu_ kh
_ [_j_1h\hc i_j_ghk ihklmhimsbghby jZkq_I| kdhjhkl_c
:[iZzabhgggnr_ wih]h ijhp_kkz -Zhikdmizghy [_j_]1z-p ijb g_
dzZfb gZghkh\ <klj_qafoky'biftnklb [_j_lhmdj_ib
\k_f_klgh |I_evgu_ jZ[hlu
‘[jZzaby beb jzafu\ [_j|Fhybgkgbg] ~ey |_-0 mqzkl
ghc kl_i_gb bgl_gkb\gh#dhld \4hev\ g_ihkj| *"kl\_g
[_j_Ih\hc i_j_ghk ihkImgaxsheblahklb hl m|j_azZ bf_
:[jzabhggah”_ wih]lh ijhp_kkZ -ZxllX¢g b& jg_jogu_ kjhhjm’_
ZddmfmelydZfb gZghkh\ Zddm|fgiey I Ih¥dke_| kdhjhk|_c hlkln
Ib\gu_ ijhp_kku \_“msb_ d nhzfdgh\EZ j_1Z b ijb g_h[oh”b
gbx iey’_c¢c dzZd ijZ\behfhglbrbj j_]hmdj_ibjl_evgu_
+ f QZs_ \k_]h \kljiAH&Hxukw gzZklghklb| ih~kui
gZ azZiz”ghf ih[_j_"v_|dZ iey _c
:ddmfmeylb\gu_ ijhp_-kkKu [hevmhec \_jhylghklvx
sb_ d nhjfbjh\Zgbx ieybfc jEd_klh [ukljh-] h[f_
ebqgghc rbjbgu \"hev[e]j db\hcglh gm gh mqgblu\zZl
i_j_ghk gZghkh\ k khk|"jgbd&mdgoklrkI\_ ey'b #
:ddmfm |dh\ ihkimiZxsbo k j_|dZflb ki\\ggZy aZsbllz [_j_].
eylb\gu_|oh”_ Z[jZabb b jzZafuigZhlDZgZajlzb b jZafulZ \ kem
\beh 0Zjzdl_jgZ bo ihegZy bbby hdheh mj_az
klbgqgZy Zddmfmeypby| "Q&sjgu& Kihhjm  _gbc g_ j_
\klj_qZxlky gZ \hklhgg/hdhifh[gym_Ilky batylb_ ]ljmglZz
‘v_ jZa\blu b gZ x'ghtbo ij_~_eZo
EZlmgu hl*_e_gu hl -ha_jjZ]Zi _y\eyxlky kl4[bevgu
kuiyfb "bgzZfbq_kdb-|fhjhplhkihal\hey_ | ¢| kgblZlv
EZImggu[ ku ihglb hikmlkI\mx|l <khji_lgZebahklvx mjlaz \ oh:
ky hgb f_klzZfb gZ x ' gdohalykllg_gghc ~_yl_evghkll

guo [_j_1Zo




HdhgqgZgb_ 1Z]e

Lbi [_j_]ZIJhp—j;kklij”?klbj%é:g]bl_znbq—derLﬂhf_gAZpbb
< p_ehf ~bgZfbg_kdb| G ipfph&bf fhgblhjbg] aZz
ku ©gZoh”ylky \ jmdZpkigkehigmze [ _j JHmdj_ib
bf I f_klh \ha~_ckl\b|| lrevgi@ogkhhjm _gbc b hkh
L _ogh] g%J.,j_]hmdj_ibl_evgu_ khhjggh gihly gZebqgbb| 1Zf bg
- - gh]*Z + Zddmfmeylbilgu g ijgpokkhhjm  _gbc * az
ku JzkijhkljZg_gu njZHf_uddfb mqzkldzfh [_j_]1Z
gh \ Im[Zo \ hdj_klighklyo Jhjh~h\
Dzd “ey [_j_1Z 1zd bl *2ggincr\bi [_j_Jh\|hlebqz
Aghlh [_j_]h\h]h kdehgZ I&¥jBéh[hc ~"bgZfdqghklvx
gu ihlhdb gzZghkh\ jZalepgghchigh”bfh magplu\Zlv \
| _gkb\ghklb 1Zdb_ mqBkkpckilegghc ~_y|_evghkl
> evlh\u[xIky bklhgqgbdZfb bo-|ih&ynkife “ghc k 1Zdbfb mqzKkl
gby 0Zjzdl_jgu zddm|fdizfpl AG\ZIhjbb fh || bf_lv
ijhp_kku JZkijhkljZg-|gukimjZ)[f_e _gb_
f glZjgh gh ih\k_f_kIdh \ mklvyo
djmiguo j_d
Lbibazpby [_j_]1h\ ih ZdIimZevghklb [_j_]lhmdj_

jZ[hl< j_amevlzZl_\uiheg_gguo jZ[hl [ueb \u”®_e_g
[_j_Ih\V ih klI_i_gb g_h[oh~bfhklb ijh\_~_gby [_j_1]h

i _J_1Z ijzdlbqgq_kdb g_ ih”\_j' _ggu_ Z[jZabb
kylky [_j_1Z K_\_jghlh Ijbhg_"vy aZ bkdexq_gb_f
Ilh\_g_pdh]h b AZhg_"kdh]h aZeb\Zz

i _J_1Z bf_xsb_ ihegmx ijbjhrgmx aZsblm hl j
D gbf hilg_k_gu Zddmfmeylb\gu_ [_j_]1Z qgZklv ~_
eZlmggu_ \ kbem Ih]h qlh hgb gZoh”ylky \-azfdgn
ijhkljZzg_gu hgb Jez\guf h[jZahf gZ \hklhgghf b x
hkh[_ggh \_ebd bo ijhp_gl gZ x 'ghf Z Izd _ gz )
j_"v_ AZhg_"kdh]lh b Ih\_g_pdh]lh aZeb\Zz

i_J_]1Z bf_xsb_ gZklbggmx aZsbj@dalblbijhpZ&kh!
ful\Zz WIlh Z[jZabhggh Zddmfmeylb\ghu \k[lj|glZxlkyb
\ AzZiz~ghf Ijbhg_"v_ j_"_ \ X 'ghf b ghKMqgghf Ijbh

7_J_1Z bkdmkkI\_ggh aZsbs_ggu_ hl Z[jZabb
Ilhggufb \heghhl[hcgufb kl_gdzfb eb[h ~jm]bfb [_
|_evgufb khhjm  _gbyfb Kx”*Z hlghkylky |I_egh]_gg



I[h\uo qzZklyo I_ljhaz\h~kdhc b Dhg”hih kdhc ]m][
mqgZkldZo Ih\_g_pdh]h aZeb\Zz

i J_1Z ih™\_j  _ggu_ ijhp_kkzf Z[jZabb b jZa
[hevr_c kl_i_gb WIh JezZ\guf h[jZahf Z[jZabhgg
lhjuo “hklzZlhggh fgh]h \ AzZiz~ghf Ijbhg_"v_ Hgb
\ jZchg_ :g”hfkdh]h fukzZ \klj_qgqZxlky \ <hklhqgghf
\'ij_~_eZo Ih\_g_pdh]lh aZeb\Z D Z[jZabhgguf gl
guf hlghkblky ihqglb \_kv azZziz”~guc [_j_] AZhg_ kd

Ilhl_gpbZevgh \ [_j_lhaZsbl_gm "Zxhky y]Jh]Z Ij.
]h Ibih\

\lhju ijbagZl_evgu khljm~gbdzf ] _h]j@ekt |ZdKFEMnZd
bf F < Ehfhghkh\Z b hl*_eZ bgnhjfd pptyg §jkd hE_Ei\h~h
ohayckl\_gghc *_yl_evghklb N=;M ©=igBfZ% bdAHphghijb
mqgZklb_ \ j_ZebaZpbb GBJ ih Hg_ikdhhighak jmamtees1Z
[Zfb bkke_~h\Zgbc ih GBJ fh'gh hagZddfB\Lb)K? N=:GM

Ebl_jZImjz

‘bkdw = @&_I\_jlbqgu_ hleh _gby b ] _hfhjnheh]by
| _ljhaz\h~kd =hkba” \h DZj_evkdhc :KKJ
'bkdw = K EmdZrh\ : > KIZk_gbP bbbkjlhjby dhleh\

gu Hg_"kdh]h ha_jz I_ljhaz\h~kd K
Bkke_~h\Ebbj_f_gghlh khklhygby b dzZq_kI\Z-\h® Hg_

jZ HIg_I h GBJ azdexqgbl_evguc ih =D « hi

©=HBG?2 Jmdh\h”"bl_ev A_feygh\ B < F k

Wdfzg B F II§i | h ]_hehlh kt_fhgguo jZ[hlZo fZ
ijh\_~ gguo ljy'bgkdhc iZjlb_c \ Ijbhg_“kdhf
ih“kdhf jZchgZo D:KKJ \ + 11 Nhg”u KAL=M

0253+2/2*< '<1%$0,&6 $1' 3527(&7,21
2) 1$.( 21(*2 :$7(56,'(6
( , ,JODWRY =HPOISDRXRY6DRLD 7HUVN\
=XERY 6WDWH 2FHDQRJUDSKLF ,QVWL'
/IRPRQRVRY ORVFRZ 6WDWH 8QLYHUVLYV

&EXUUHQWO\ WKH VWXG\ RI QDWXHDRO ZD\WE B VEG HR\
DQWKURSRJHQLF LQAXHQFH RGQG WKRUR DH @& HEHFRW LG
FKDQJHV RI ODNHYV OHYHOY D QGRIXYFKXMPDD® & F\WY MYH



LQJ WKH UHFUHDWLRQDO KO®HZIWH UWAVEKUDWHIHD QY
RI WKHLU GHYHORSPHQW GHWHUP E® B UMDKMLHU PR RHG
UHOLHI DQG WKH G\QDPLF SVRFHWVNEW @/ KODW & KR/ X
LQJ ZRUNV GHDOLQJ ZLWK ZDWHUVLGHYV SURWHFW|

IJBF?G?GB? F?LH>H< F:L?F:LBQ?KDH=H
FH>?EBJH<:GBY >EY BAMQ?GBY >BG:FBDB ;?J7-
HG?@KDH=H HA?J: B BO J:A<BLBY

? B BlgZIB < A_féyghX KZgbg
? < ;hjs_'gdh G L_jkdbc
=hkm~ZjklI\_gguc hd_Zgh]jZnbq_kdbc bgklbIml bf
Fhkdh\kdbc Jhkm”Zjkl\_gguc mgb\_jkbl_I| bf F <

Bamqg_gb_ kh\j_f _gghc “bgzZfbdb [_jZ]MzZexFh]B\j_ ]I
gbl_evgh keZ[h hk\h_ggh]h 1zZdh]hjhdgtddjbbgZav_
\blby \k_]*Z bf_eb \Z'gh_ |I_hj_IbqgdkdhaglZqjddlibqg
ljh]gha jZa\blby \hafh _g Ihevdh gzZkihkgh\ gaglg&gb
"bgzZfbd_ Z 1Zd _ h[ bklhjbb jZza\bkdéy~p j_1h\ fyx il
"ey bamqg_gby “bgzZfbdb [_j_]h\ b ijjZ]jg\lbdbyhyzZgby
klh ijbf_gyxlky f_Ih~u fZl_fZlbg_kdhp fhéZEbjh\Zg
kilb \_ljhwg _j]_Ibg_kdbc \heghwg ] ihkdjkdbrx Z
ijhnbe_c "bgzZfbg_kdh]h jz\gh\_kby Hygbr gdfgh]h |
kjZ\g_gbb k ihe_\ufb bkke_"h\Zgbyflhd Vj_fmgxl f_c
guo aZzZljzZl < klZlv_ ihdZaZgu j_amé¥iguoiifoflhg_g
"h\ "ey jZaebqgguo jZchgh\ Hg_"kdh]h ha_jZz

Kms_klI\mxl "\Z kihkh[Z bamqg_gby ~bgzZfbdb [_
aZpby dhfie_dkguo gZlmjguo gZ[ex®_gbc \ Ihf gb
beb 7"z _ k_Ib klZpbhgzjh\ b fzZl_fzZlbg_kdh_ fh"_
fbg_kdbo ijhp_kkh\ ijhbkoh”ysbo gZ [_j_]Zo Ihk
ys__ \j_fy ijbh[j_eh ~hklZlhggh [hevrmx ihimeyjgl
"h\zZgbyo [_j_]h\hc ahgu

ljbf_g_gb_ jZkg_Ilguo f_Ih~h\ ihalhey_I| ihemqghb
gb_ hlghkbl_evgmx bgl_gkb\ghklv b ijbf_jgh_ jZI



ih"\h~rghfm [_j_]Jh\hfm kdehgm ~“\b ' msboky \"hev |
b fhsghklv \*hev[_j_]h\h]h ihlhdZ gZghkh\ >Jmdh\

<Z'g_cr__ “hklhbgkl\h jZkg_Ilguo f_Ih~"h\ + bo ”
kjz\g_gbx k gZlmjgufb gZ[ex®_gbyfb >jm]h_ ij_|
\hafh ghklv hij_~_e_gby izjzf_Iljh\ ihlhdh\ gZghkt
[_i_]Ih\hc ahgu azZ fghlhe_lgbc i_jbh” \j_f-gb qll
fh'gh hij_~_eblv aZ h”"bg ihe_\hc k_ahg dhlhjuc c
0zZjzZdl_jbah\Zlvky [hevrbfb beb f_gvrbfb agZq_gk
g_kdbo ihdZzazl_e_c \ kjZ\g_gbb k fghlhe -lgbfb a
Iv_ ij_bfms_klI\h jZkq_Ilguo f_Ih*h\ = bo kjZ\gbl_e
"hazljzlghklv

Kms_klI\_gguc g_"hklZlhd jZzkq_lguo f_Bh*h\ =
gu_ j_amevlZlu 1Zd dzZd gZmqgu_ iAéihg_gHdpoh e
ijhp_kkZo _s_ g_"~hklZlhgqgh jZajZ[hdZkgluh[sZla"_Z
gh mlhqgylv b ih?I\_j"~ZIv fh”r_evgu_mjpufph_gb)
gZ[ex"_gbyfb ;he__ Ihlh bf_xsb_ky hHgghrub*bkd
ijbf_gyxlky g_ \k_fb ki_pbzZebklzfb 2Zgbjx\Wm _j z
eh |_hj_Ibg_kdmx b wfibjbg_kdmx kjuklZ\2egxsb_
dh g_ \k_]*"Z mqgblu\Zxl j_]bhgZevgum]&Ekhijhgghk
[e_fZ aZdexqZ_lky \ Ihf qglh [hevrbglkg\hibfhjnhe
g_kdbo fh*_e_c [Zabjm_Ilky gZ ihklvbeéZh_fmjqg_ghb:
kdbo [_j_]h\ h kms_klI\h\Zgbb [Zd g2yurBg¥Hbh ©i,
g_kdh]h jZ\gh\_kby?2 hibkZggh]lh <Dhjg™egwhdbq.
>A_gdh\bqg @ H~MgZdh "ey agZdpl_egbkkbqgzk
[_j_1h\ \h~rguo h[t_dlh\ fbjzZz \ p_ehf BZHY gXidih]h
ghklb wlh "hklzZzlhggh Z[kljzdlgh_ ihgylb_

J_amevlZlu ijbf_g_gby \_ljhwg_j]_Ibqgljkdh]lh f_|I
f_g_gb_ \_ljhwg_j]l_Ibqg_kdh]h f_Ih~*Z iha\hebeh
kiI\_ggh_ khhlghr_gb_ \*hev[_j_]h\h]lh b iki_j_qgt
ghkh\ dhlhjh_ ijb\_~_gh gZ jbk

JZkq_lu ijh\h~*"bebkv "ey \k_]h Ijbhg_"vy- azZ bkc
\_jghlh Ijbhg_"vy <hegh\zZy ZdIb\ghklv |Zf dzd i
gbl_evgZy \*hev[_j_]h\u_ ihlhdb gZghkh\ \_kvfZz
hikmlkl\mx!| ij_h[ez”~Zx| keZ[hbaf_g_ggu_ [_j_]Z
ijhp_kku gZ dhlhjuo \ujZz _gu keZ[h beb hlkmlkl\m
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Jbk Khhighr_gb_ \*"hev[_j_lh\hc b ihg jghglZghhf
kh"\b"ms_c kbeu “~ey x ghlh azizrgh]lhhp_jhKdbqghlh
Hg_"kdh]h ha_jZ

lj_h[ez~"Zgb_ \"hev[_j_]h\hc khklZ\eyxs-c h[_k
\ur_ggmx fhsghklv ljZgkihjlZz gZghkh\ qlh klibfm
abx Khihklz\e_gb_ ihemqg_gguo j_amevliZih\ k dZ
]h\ hljz" _gguo \ hlg_I_ ih GBJ >Bkke_"h\Zgb_«
N_j"~z_1 \ij_~_eZo mqZzZkldh\ k ij_h[ezZz"Zxs_c \"
khklzZ\eyxs_c ijZdlbg_kdb \k_ [_j_]1Z y\eyxlky Z[jz
Z[jZabhggh Zddmfmeylb\gufb Lzf ]~_ bf__I f_KkIt
ghjfzevgh gzZijz\e_gghc d [_j_]Im khklzZ\eyxs_c i]
dmfmeypby



GZ \hklhgghf [_j_]Im ihi_j_ggZy khklZ\eyxsZy j_:
_I'V'k_\_jghc qzZklb j_]lbhgz b 1zf IZzd _ ij_h[ez"Z
Zddmfmeylb\gu_ [_j_1Z X 'ghfm Iljbhg_"vx \ kbem
ozjzdl_jz [_j_]h\ k\hckl\_g demfmeylb\gu-c Ibi g
ebggh_ khhlghr_gb_ \*hev[_j_]h\hc b ihi_j_qghc
gZghkh™\b " ms_c kbeu

J_amevlZlu ijbf_g_gby \heghwg_j]_Iboheadh]h f_
ghwg_j]_Ibg_kdbc f_Ih” ihal\hebe ih*kqgblZ4iv ]h”h)
IhdZ gZghkh\ gZ dexq_\uo mqgzZkldZo hghb-ijb\_"_
g_\u_ mqgzZkldb [ueb \u”_e_gu ~ey \k_c Zd\Zlhjbb
jZ ihlhdb gZghkh\ [ueb ih*kgblZgu ~“ey \k-0 gbo
ju_ hlghkylky d K_\_jghfm Ijbhg_"vx >ey-jZaguc
Ah\u_ h[t_fu kms_kI\_ggh hlebgZxlky wlb-hlebqgb
xlky b kbevgh jZaebqgufb I_fiZfb Z[jZabb-b Zddm
g_ggufb ijb ihe_\uo gZ[ex”_gbyo

J_ameviZlu ih~kq_1Z _fdhklb ihlhdZ gZghkh\

chi | Mazkind \ kdh[dZo ijb hiJR bqbgzz]b\hﬁ? tinlh
mqzk|§y29b_ [eb Zcr_]h imgdlg gqm1 Z %( Zghlkh\
a ghbc aZ \hegZfb g g| \ Jlh~
guc f il

JZchg ihk >_j \yggh_ |[R_elha_jh

ymolZ RhdrZ £ [molZ AZyqvy
R_elha_jh

=bfhj_pdZy [molZ R_elha_jh

5 K\bjkdZy Im[Z ihk <halg_k_gv_

JZchg mklvy :g”hfu :g~Nhfz

Mklv_ j IJm~rZgdb = fuk |[Fmjhfkdbc
:grhfz

Fuk ;_kh\ Ghk = fuk Dj_|klh\uc
GZ\hehd h <Zkbebkbg

Khihklz\e_gb_ ijhnbe_c jZ\gh\_kby b j_Zevguo
ih"\h~ghlh [_j_]h\h]h AdekngZjbf_gyebkv ~\_ f_Ih~l
>bgZ ;jmmgZ hibkZggZy \ >E_hglv_\ @ b f_
\ ghjfZlb\_ >Mq_l« @ <k_ ihkljh_ggu_ ih f_|I
;jmmgZ ijhnbeb jZ\gh\_kby aZ bkdexq_gb-f h”gh]



g__ ijblJem[ufb \ kjZ\g_gbb k j_Zevgufb ijhabeyfb
pZ \Zjvbjm_I hl mqgzZkldZ d mgZkldm WIh iha\hey_
kl_i_gb \ujZ[hlZgghklb ijhnbe_c qlh h[tykgy_Ilky I
fhehrhklvx [_j_1h\ Z 1Zd _ keZ[hklvx \hegh\h]h \t
Ba \k_o ijhnbe_c ebrv h*bg ihkljh_gguc gq_j_a
Ghku ijb\h~blky gz ijjtbpk_jgh ikinfiZd&Z kihkiZjhh blek fi
gh\_kby WIh h[tykgy_I|ky ij_h[ezZz”*Zgb_f Zddmfmey
\uo [_j_]h\ gZ wihf mqgzkld_ dhlhjuf k\hcki\_ggh
ebg_kl\h gZghkh\ 1h \k_c \b”*bfhklb 1Zdb- ijhnbe
jZdl_jgu ey x'ghlh [_j_1Z Hg_ kdh]lh ha_jzZ Z 1Z«
mqgZkldh\ \hklhqgh]h [_j_]1Z dhlhju_ hklZebkv aZz
\uo mqgzZkldh\ >ey gbo Ibibgqgu Zddmfmeylb\gu_ [_
< AZziz~ghf Ijbhg_"v_ ij_h[ez”Zx| Z[jgbddb\hggh Z
_ b Z[jzabhggu_ [_j_]1Z "ey dhlhjodjZdlZdjdoua\_
lem[u_ ijhnbeb DZd ijZ\beh hgbklblelvghnidebq:
c jZ\gh\_kby \ijhg_f \_ebgbgZ jXaghp kb\fhjkid m
f_klhiheh _gby ijhnbey
D{

= . EhG .
0,5 [ 1 .“‘ﬁF*=*=ﬂ=::::=§r:r1 3

== POGUL NOABOAHONO BEPEroBOro cKAOHa === podunb PaBHOBECHA
M

JbK ljhnbev hl fukzZz DZjbpdb_ Ghku

AgZqgbl _evgZy jZagbpZ \ iheh™ _gbb [hevfbgkl\Z
gh\_kby b ijhnbe_c ihA\h~ghlh [_j_]h\h]h kdehgZ f
ykg gZ ©fheh”hklvx2 [_j_]1h\ b ijhgghklvx-[hevrb¢
nhjfbjmxsbo ihjhr hkh[_ggh \ K_\ _jghf Iljbhg_ "v_
Abl d IThfm glh \h fgh]l]bo jZchgZo ihA\h~gue [_j_]h
[h baf_g_g ih® \ebygb_f ha_jzZz >jm]bfb keh\Zfb
pby g_ ijhklh g_ijb[ebabezZkv d dhgnb]lmjZpbb ij
kby gh b g_gZqZeZ ijb[eb ZIvky d g_c

< j_amevlzZl_ khihklZ\e _gby j _amevlZlh\ fh*_ebj
1Z1Zfb ihe _\uo bkke_ ~h\Zgbc Z 1Zd _ k ebl_jZImjc
nhg~h\ufb fZl _jbZeZfb ijhke_ "b\Zxlky ke _"mxshb _



>ey mqgqzZkldh\ [_j_]h\ k ij_h[ezZz”~"Zgb_¥f \*hev|
klZ\eyxs_c \hegh\hc wg_jlbb dzZd ijZ\beh Ibil
gu_ Z[jZabhggu_ ijhp_kku beb ih f_gvr_c f_j_
Zddmfmeylb\gu_ [_j_]1Z Gh ~"ZggZy |I_g”_gpby g_
]lh ozjzdl_jz
>ey mqgqZkldh\ [_j_]lh\ k ij_h[ezZ”*Zgb_f-ihi_j_q

xs_c \hegh\hc wg_j]lbb o0ZjZdl_jgu kjZ\gbl-evgh k
j_1Z dzZd ijZ\beh Z[jZabhggh Zddmfmeylb\gu_ b .

Gh wilb "\ _ azZdhghf_jghklb g_ \k_]*Z ijhy\eyxlk
ie_gby gZghkh\ k j_dzfb Zgljhih]_ggh]h batylby
hkms_kl\e_gby bo k\ZeZ gZ g_dhlhjuo mqgZkldZo

Fh gh ijb\_klb g_kdhevdh dhgdj_lguo ijbf_jh\ i
xsbo \azZbfhk\yav j_amevlZlh\ ihemg_gguo \ oh”_
g_lguo f_Ih~*h\ b j_amevIiZIh\ h[h[s_gby nhg”~h\uc
guo Z |Izd _ ihe_\uo ~Zgguo \ gqZklghklb jzkij_"
ih Ibizf Lzd gz aziz*ghf [_j_1Im Hg_]lb f_""m hkl
b =hehfygguf ij_h[ez"Zx| Z[jZabhggu_ b Zddmfme
12 1jbf_g_gb_ \_ljhwg_j]_Ibg_kdh]h f_Ih"Z ihdZa
gb_ gZ wlhf mgzkld_ ihi_j_qgghc khklZ\eyxs_c \he
<*hev[_j_]h\hc ihlhd gZghkh\ gZijZz\e_g a”-_kv \ k!
\h~kdhc Im[u K_\_jg__ h =hehfygghlh ih-\k_c \b
oh”bl _]1h ©jZa]jmadz2a FZl_jbZe 1ihklmiZxsbc \ o
j_1h\ x'g__ b \ughkbfuc j_dzfb hldez”u\zZ-_lky A
ANZxI mT_ Zddmfmeylb\gu_ b A _evih\u_ [_j_1Z Mf_¢
klb \*hev[_j_]h\h]lh ihlhdZ gZghkh\ a~_kv ih”I\_j '~
lZz1zfb ijbf_g_gby \heghwg_j]_Ibg_kdh]h f_Ih"Z

>ey \hklhqgh]lh [_j_]1Z ha_jzZ ozjzdl_jgh q_j_"h\Zz
Zddmfmeylb\guo j_"_ Z[jZabhgguo b Z[jZabhggu
f_g_gb_ \_ljhwg_j]_Ibg_kdh]h f_Ih~Z 1Zd" _ ihdZaz:
mqgZkldh\ k ij_h[ez*Zgb_f \“hev[_j_]lh\hc b ihi_j_¢
xsbo \hegh\hc wg_jJbb DZd ijZ\beh ij_h[eZ”Zghb
\hc beb ihi_j_gghc khklZ\eyxs_c g_agZqgbl-_evgh_
gh Z[jZzabhggh Zddmfmeylb\guf [_j_1Zf Ih ~_ fh gt
aziz”ghlh [_j_1Z >ey x'ghlh [_j_1Z oZjzZzdd_jgh ij
dmfmeylb\guo [_j_]h\ qlh ohjhrh khihklZ\ey_Ilky |



ijbf_g_gby \heghwg_j]_Ibq_kdh]h f_Ih~Z Bkdexq_
mqgzZklhd [_j_]1Z f_""m mklvyfb :g”hfu b <ul_]ju b
Gh\uc Ghk jZchg ha F_]jkdh]lh gZ dhlhjhf ij_h[e
gZy khklzZ\eyxsZy

J_amevlZlu jZkqg_lh\ k bkihevah\Zgb_f \heghw
f_Ih~Z iha\heyx!l \u”_eblv mqgzZkldb [_j_]h\-k gZb]|
\hc wg_j]b_c DZd \b”gh ba IZJ[e wlh \hklhgguc
]Jh ha_jZ hkh[_ggh _]h mqgZklhd k_\_jg__ -fukzZ ;_
gZ \hegh\hc wg_jlbb a”~_kv ihqlb gZ ihjy~hd ij_\t
dZzazl_ev "ey aZiZ”guo b x 'guo [_j_]lh\ WIh h[tyl
[hevr_c kj_"g_c kbehc \_Ijh\ b ih\lhjy_fhklvx wd
\_Ijh\ Ijb ijhgbo jZ\guo mkeh\byo ijhgghklv [_j_]
sbo ihjh® mdehg ih*\h~gh]lh [_j_]lh\h]h kdehgZ \t
]Jh mkimiz b | ~ jZaebqgb_ \ \_ebgbg_ \hegh\hc w
jZaebqguf kdhjhklyf Z[jZabb beb jZafu\Z [_j_1Z 2z
\ukhdhfm |I_fim Zddmfmeylb\guo ijhp_kkh\

:\lhju ijbagZl_evgu khljm~AgbdZzf ] _h]jZznbq_kdh]h r
F=M bf F < Ehfhghkh\Z b hi*_eZ bgnhjfZpbhggh]h h
kdhc b \h~hohayckl\_gghc ~_yl_evghklb N=;M-©=HBG"
gbfZeb Zdlb\gh_ mqgZklb_ \ j_ZebaZpbb GBJ ih Hg_ ki
ih~Ajh[gh k j_amevlZIZfb bkke_~h\Zgbc ih GBJ fh gh
\ N=:GM ©OPBLbK?

Ebl_jZImjz

A_gdh\bg Hkgh\u mqg_gby h jZa\blbb fhjkdbo [_j_1h
KKKJ k

Bkke_~h\Ebbj_f_gghlh khklhygby b dzZq_KkI\Z-\h® Hg_
jZ HIg_I h GBJ azdexqgbl_evguc ih =D « hi
©=HBG?2 Jmdh\h”"bl_ev A_feygh\ B < F k

E_hglv_\ BIljb[j_"gZy "bgZfbdZ \hegu 1_q_gby ihlh
kh\ F =?HK k

Jmdh\hr"Khh_lh~Zf bkke_"~h\Zgbc b jZkq_lh\ i_j_f_s_
kh\ b "bgzfbdb [_j_]h\ ijb bg ' _g_jguo baukdZgbyo F
Ajhf_I_hbanzlz k

Mqg_t _nhjfZpbc j_qguo jmk_e b [_j_Th\ \h~h_fh\ \ ahc
i_j_oh~h\ fZ]lbkljZzevguo Ijm[hijh\h~"h\ g_nl_]Zahijh\h"

E =b”jhf_l_hba”Zzl
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7TKH VWXG\LQJ RI WKH G\QDPLFV RI ODNH ZDWHU\
2QHJR UHJLRQ QRW VWURQJO\ DIIHFWHG E\ WKH P
WKHLU IXWXUH GHYHORSPHQW KDV DOZD\VEHHQ [
PDWWHU 7KH IRUHFDVW IRU WKHLU IXUWKHU GHY
IRUPDWLRQ RQ WKHLU FXUUHQW G\QDPLFV- DV ZH(
YHORSPHQW OHWKRGV RI PDWKHPDWLFDO PRGHOI
WKH ZDWHUVLGHVY G\QDPLFVDQG WKH IRUHFDVW |
7TKH ZLQG HQHUJ\YV DQG ZDYH HQHUJ\TV PHWKRGV
ZLWK VR FDOOHG HTXLOLEULXP FRDVWDO SUR¢{OH
cHOG VWXGLHY DQG WDNH OHVV WLRWVLRKHDDWOWW K
PHWKRGV WR VWXG\ GLITHUHQW DUHDV RI /DNH 2Q

L?JF:EVGU? IJHY<E?GBY DJ:L?JGUO HA?J
DMJBEVKDBO HKLJH<H<

J < @zjdh\ > G Dhaeh\
BgklbIiml fhjkdhc ]_heh]bb b ]_hnbabdb ><H

< jZ[hl_ijb\h~ylky j_amevlZlu dhfie_dkguo-bkke_~"
guo ha_j =hjyqg__ b Dbiys__ dZev”_jZ =heh\gbg:
;bjxah\h_ dZev”_jzZ AZ\Zjbpdh]h h Kbfmerbj >Z
kzgb_ dzZev”~_j ihke_"gbo wlZih\ bo wjmilb\ghc
hibkzgh kh\j_f_ggh_ khklhygb_ ]1b”jhl_jfZevghc Z

GZ Dmjbevkdbo hkljh\Zo jzkiheh _gl_K_fiabdjZIl_]
mjhg_gguo d keh guf dZev”_jguf dhfiemdldZfhAdIb'
jbk < gZklhys__ \j_fy \ij_~_eZlou[bjkhhyZ iityd h
ha_j \uoh?yl I_jfZevgu_ \h*u b nmfZyheergudjZiau
gu_ | _jfZevgu_ ijhy\le_gby oZjzZdl_jgu betigsj =hj



\ed =heh\gbgZ h DmgZrbj ;bjbapknh YedKbNm\ Z
rbj ljZdlbg_kdb g_ bamqg_ggufb y\dyxikiyhy\[hevrl
e_gby Ijm~*gh”*hkimiguo ha_j \ed D\hlhcb ha E&EZZ,
ahd < i_jbh” ba\_j _gby \ed Ibd DdhigZgpu\gZz h] H
gZ [_j_Im ha Dhevp_\h_ gZ[ex*"Zeblbv\hdoh aZlkljfZe
ys__ \j_fy hgb g_ hif_qzZxlky >=hjrdihg KljZIm&Ddbg

@ Ijh\_~_ggu_ \ ] 9Z ha dQGjdih_ h\eldg lidh
I1Zg bkke_"h\Zgby k ihfhsvx pbnjh\hé weplihetthZeihd
\bgZ ha_jZ g_ hkeh'g_gZ dzZdbfb ebdh wdkighalb\ gu
gufb nhjfZfb b g_ bf__I ]b*jhl_jfZevaed\uoh” @\ >D

< + 11 Z\lIhjzZfb ijh\h*bebkv dhfie_dkgu_ |
\medZgZo Dmjbevkdbo hkljh\h\ H~ghc ba azZ”Zq t
ehkv \uy\e_gb_ kh\j_f_gghc \medZgbqg_kdhc b ]Z
ghc Zdlb\ghklb djZl_jguo ha_j j_]bhgZ < oh”~_ ihe
gbc ijh\h*bebkv hij_*_e_gby hkgh\guo nbabdh ob
f_ljh\ ]Zah]b?jhl_jf jG |_fi_jZImjzZ ijhba\h”beky
|_jfZevguo \h” “ey ihke_"mxs_]lh ZgZebaZ obfbqg
AZf_ju |I_fi_jZImju |_jfZevguo bklhggbdh\ b \uoh”|
guo ]J]Zah\ ijh\h*bebkv we_dljhgguf |_jThf_.I&hf 'LJL
b k ihfhsvx |_ieh\bahjz 6%$7 6'6 +RW:;QG /6 :9Z
guo |_jfh]jzff ihalhey_I| ~_eZlv \u\h”u h oZjzdl_j_
gby I_fi_jZlmj gZ ih\_joghklb ha_jzZ b \ ijb{j_"ghc
jhc dzd ijZ\beh jZkiheZ]Zxlky ]Jjmiiu |_jfZevguo
Hkgh\ghc f_Ih” bkke_~h\Zgbc djZl_jguo ha_j £ wo
k kbgojhgghc gZ\b]Zpbhgghc *36 ijb\yadhc woh
e_c b boihke_~mxs_c h[jZ[hldhc \ ijh]jZffZo 6RQI
([FHO b 6XUIHU Bkihevah\Zebkv wohehlu
6HD&KDUWHU ;4 b ©/06 F') L*362 Kbkl_fZz
[bjz_Iky IZdbf h[jZzahf qlh[u iehlghklv ihdjulby bf
fZdkbfZevgh jZ\ghf_jghc Ilhemqg_ggu_ k ihfhsvx \
gu_ iha\hebeb mklZgh\blv Jem[bgu djZl_jguo ha_
[ZIbf_ljbg_kdb_ ko_fu Z Izd _ hij_~_eblv-f_klZ h
]b~rjhl_jfZevguo \uoh”~h\ Gb _ jzZkkfhlj_gu-hkh[_g
f_gghc ]Zah]b”jhl_jfZevghc ~_yl_evghklb \ ij_"_
ha_j dZev”_jguo dhfie_dkh\ \medZgh\ =heh\gbgZ |
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DZev”_jguc dhfie_dk \medZgZ =heh\gbgZ DZev
gbgzZz gZoh”blky gZ x]_ h DmgZrbj b bf__I-"bZf_1Ij
eh df >gh dZev”_ju \ hkgh\ghf jhigh_- k g_[lI
ghf gZ k_\_jh \hklhd < p_glj_dZev” _ju gZoh”ylk
guo dmihezZ Zg”_ab”Zpblh\h]h khklzZz\Z + P_gljZev
P_gljZevguc AZiZ*guc < ij_"_eZo dZev”_ju ]Zah]
N_yl_evghklv khkj_~hlhgq_gZ \ ha_jZo Dbiys__ b =
gZa_fguo khevnZlZjguo iheyo \gmljb dZev”™_ju

Ha_jh DbiyshjhgdZ nj_Zlbqg_kdh]h \ajulZ aZihec
Dbiys__ \j_aZgZ \ ha_jgu_ hleh'_gby b x}h aziz:
[jmab\gh]lh dmiheZ P_gljZevguc <hklhgqguc- <ukhl.
i1Z ~h f gZ”® mjh\g_f fhjy Kkj_"gyy lJem[bgZ djZI
[bgZ ha_jz = f ~“bzZf_lj £ hdheh f iehszZ”v
jZ % < p_glj_ ha_jZ gZoh”blky \hjhgdZ ]Jem][k
kh ~gZ dhlhjhc ih*gbfZxlky ]Zah\u_ kljmb -ohjhrh
\_joghklb \ Ibomx [_a\_Ilj_ggmx ih]h*m Kiehrghc
"gZ ha_jZ hlgq_leb\h \b”_g gZ wohehlguo ijhnbeyo
ijh\_~_gbb \ ] [ZIbf_ljbg_kdhc kt_fdb gZ ha I
eh\ ;_ehmkh\ Dhaeh\ @Zjdh\ @ Dbkeu._
oehjb”rgh kmevnZlgu_ gZljb_\u_ \h”u ha BDBbiys__
klZo \uoh”zZ ]Zah]b”~jhl_jf \ ijb[j_"guo qZkiyo ~h
ljZevghc gqzZklb ha_jz ih ~Zgguf >FZjobgbg KIjZ
fbg_kdbc khklZ\ \h™u ij_bfms_kI\_ggh oehjb”guc c

|_fi_jZImjZ gZ ih\_joghklb hdheh fK Ijb b
kt_fd_ k \_jrbgu P_gljZevgh]h <hklhggh]h dmihe.
ha_jZ gZoh”bezZkv ijbf_jgh \ hrghf |_fi_jZImjghf 7

fK b ebrv \ k_\_jghc b x]h \hklhgghc gZklyo h:
jZ kms_kI\_ggh \ur_ 1Zd dZd gZ wlbo mqZkldZo \
[_jfu k I_fi_jZImjhc ~h fK >@Zjdh\ P_-ddhaeh)
ljZevgh_ <hklhggh_ khevnZjzZkghehihgh ih [_j_]Zf
ha Dbiys__ a”_kv fhigh \u®_eblv q_luj_ mqgZkldZ
fZevguo \h”® b khevnZlZjguo ]Zah\ Hkh[_gghklvx
mqgZkldzZz y\ey_Iky gZebgb_ [hevrh]h dhleZ-*"bZf_I]j
gbd ©;hevrhc2 ih 2 D FZjobgbgm b > K- KljZIm
Ahf k dhlhjuf q_j_a h[\h*g_ggu_ i_kgkZhgb\*Zhleh  _



_lky fgh _klI\h izZjh]Zah\uo kljm_d Gd& klz\djghf 1
jZkiheh  _gh fgh _kl\h jZaghh[jZaguobdbhgvym& dhl
1Zj GZ k_\_jh azZiz~ghf b aZiZz”~ghf mqgzZkldZo \uo
guo ]JZah\ g_fghlh \ hkgh\ghf a”~_kv \klj_gZxlky
lhggbdb b g_[hevrb_ oheh”gu_ jmqg_cdb L _fi_jzZI
guo ]Zah\ ~“hklb]zZ_I * fK I_fi_jzZlmjz-bklhqgl
_1I hi ~h fK Obfbqg_kdbc khklzZ\ |_jfZevguo \I
gZ_Ilky ~Z°_ \gmljb mqgqzkldZz hl km[g_cljZevguo I
iG + ]brjhdZj[hgZlgh kmevnZlguo gZljb_\h |
dbkeuo |G + kmevnZlguo gZljb_\uo >FZjob
@ Kj_"b hijh[h\Zgguo gZfb \ * 11-1_jfZev
gbdh\ [hevrbgkl\h hlghkbehkv d oehjb”gh kmevnZ
dZevpb_\uf ]Jb”*jhl_jfzf k jG + Bahlhiguc khkl
b dbkehjh”Z Jb~jhl_jf \Zjvbjm_1 \ rbjhdhf *bZiZah
g_kdb gZoh”blky \ ij_*_eZo ebgbb f_I_hjguo \h~"
ij_bfms_kI\_ggh zZlfhkn_jgh_ ijhbkoh ™ *_gb- \h”gh
lu ]b”rjhl_jf >@Zjdh\ @ < ]Zah\hf khklZ\_ |_jfz
gbdh\ ih ~"Zgguf >FZjobgbg KljZImeZz @ ij_h
+6 h[sZy kmffz ]Zah\ ijboh”*blky gZ Za
]Zau KhevnZlZju wlh]lh ihey bf_xI| bghc ]JZah\uc
+6 + dhg™_gkZllw KhewmZlIZjjguo ]]|Zah\ iih
fm khklZ\m oehjb”gh kmevnZlgu_ dZevpb -\u_ >F.
e’z @

Ha_jh =hj¥a \_jgZy qZklv dZev”_ju \medZgZ =hel
I1Z ha =hjyq__ dhlhjh_ khh[sZ_Ilky k Hohlkdbf fhj
gZklhys__ \j_fy ha_jh aZgbflh_khkldfey_| hdheh h”
l[j_Ib \k_c iehsZ”b *"gZ dZev”~_ju K ihfhsvx wohe
m~rZehkv *_I1Zevgh azZzdZjlbjh\zZlv \ aZiZz”*gh< b \hk

iZ "\_ \hjhgdb >Dhaeh\ ;_ehmkh\ Dhaeh\
iZzZAghc \hjhgdb + hdheh 1 f Jem[bgZ - f |
ghc \hjhgdb + hdheh 1 f Jem[bgZ + f H[_ \I

fhsgu_ ]J]Zah]b”?jhl_jfZevgu_ \uoh”u dhlhju_ ohjht
wohehlguo ijhnbeyo b gZ ih”\h~ghc \b”_hkt_fd_

\hjhghd k\yazgh k nj_ZIbg_kdbfb ba\_j _gbyfb ih
\ j_amevlZl_ dhlhjh]lh h[jZah\Zeky djZI_j h-a Dbiy



N_gbb \ ] ihNlhjghc wohehlghc kt_fdb Fueb h[
g__9g_ hlf_g_ggu_ fhsgu_ iZjh]Zah\u_ \uoh”u \ x]l
klb ha =hjyq__ ijbmjhg_ggu_ d g_[hevrhc \hjhgd
<h”u ha_jzZ dbkeu_ |G + kmevnzZligh oehjb*
dZevpb_\u_ =eZ\gZy hkh[_gghklv obfbg_kdh]h kh
jyq__ = j_adZy kljZlbnbdZpby k h[hkh[e_gb_f ih\_
fhsghklvx % f <_jogbc kehc ozZjzdl_jbam_Ilky
\ukhdhc I_fi_jZImjhc + fK gb gbc kehe \iehl\
jZdl_jbam_Ilky ihklhygghc |I_fi_jZlmjhc %= fK >Ah
GZ [_j_]1Zo ha =hjyq__ jZkiheh _gu g_kdhevdh k
e_c P_gljZzevgh_ AzZiz*gh_ ;_aufyggh_ GZ[hdh\
\h_ < k_\_jh aziz~ghc ijb[j_"ghc qzZklb ha-jZ gZ |
g_ Ih*mr_qggh]h dmihezZ \u”_eyx!| Ih*\h~*gh_ khevr
Ih*\h~gh_ khevnzZlZjghgbiftze | iehszZ”v ijbf_jgh
k dhlhjhc ih*"gbfzxlky fghlhgbke_ggu_ kljmcdb ]Ze
oh”u >FZjobgbg KljZImeZz @ kh~_j zI kj_"b i
iZjh\ \h~u b m]e_dbkeh]h ]ZaZ agZgbl_evgh_ dhet
b k_jgbkluo ]Zah\ Ih gZrbf azf_jzf I_fi_jZImjz \
ij_~_eZo Ih*\h”gh]h khevnZlZjgh]lh ihey ih\urz_Ilk\
]G \h”*u khklz\ew_lgljZevgh_ AZiZ*gh_ khevnZlZjg
jZkiheh™ _gh gz aziz~ghf [_j_]Im ha =hjyq-_ b bf_
eh T f Kh\j_f_ggZy khevnzZlZjgh ]b”*jhl_jfZevg
ghklv ijhy\ey_Iky \ \b”_ \uoh”h\ iZjh]Zah\uo kljmc
\h~ < gb'g_c qzZklb ihey \ g_kdhevdbo ™~_kyldZ:«
jZ ba g_[hevrhc |j_sbgu \ul_dzZ_I| jmg__d k I_fi_
fK <h”Z jmqg_cdZ ij_"klz\ey_1I _kl_klI\_gguc dhg”
b highkblky d dbkeuf |G kmevnzZlguf dZevpb
|_jfzf Bahlhiguc khklzZ\ \h*hjh~"Z b dbkehjh”Z md
bfms_kI\_ggh ZlIfhkn_jgh_ ijhbkoh ~_gb_ \h”ghc
]brjhl_jf >@Zjdh\ ;_au@®ggh_ khevnZlZjghehihe _
Ablky gZ k_\_jghf [_j_]Im ha_jZ >ey wlh]h-khevnz:
jZdl_jgh jZa\blb_ ]jya_\uo dhleh\ <”hev g_[hevr
iheh”_gh g_kdhevdh Jjya_\uo dhleh\ k |I_fi_jZImjh
< jmke_ jmqvy b gZ \halur_gguo mqZkidZo fg
oh”u ]Zah\ k I_fi_jZImjhc GZEhdhfIKdh_ khevnZIZjg



ihejZkiheh _gh gz k_\_jh \hklhgqghf [_j_Im ha_jZz
ky g_kdhevdh fZeh”_[blguo bklhgqgbdh\ k I_fi_jZI
b jG lhjh~u \ ij_*_eZo ihey ]b*jhl_jfZevgh baf_
f_ gguo khevnzZlZjguo \uoh”h\ g Q giZ[i@oWWhlkyhe _
gZoh”blky \ k_\_jh \hklhgghc gqZklb ha_jz A~_kv
g_[hevrh_ ihA\h”gh_ khevnZlZjgh_ ihe_ ]*_ k ]Jel
\uoh”bl 1Za ehdZevgh gZ]j_\Zxsbc \h*m h-a_jZ ~h
ImjZ bklhgqgbdh\ ~“hklb]Z_I fK jG Ih obfbqg_
>FZjobgbg KljZImeZz @ wlh kmevnZlgu_ dZey
| _jfu kh kj_~g_c fbg_jZebazZpb_c KhevnZlZju Q_j
gZ]j_lu ~h fK b yleyxlky mle_dbkeuflh kh~_j Zg
dhg”_gkZlu bf_xI kmevnZlguc dZevpb_\uc khklz\ |
DZev”™_jguc dhfie_dk \medZgZ AHAZjhpghjph
ah\h_ jzZzkiheh _gh \ dZev”_j_ \medzZgzhiKZ\d¥bpd
f gZoh”ys_]lhky \ p_gljZevghc qZRbew” _Kbfm
guc dhfie_dk ij_"klz\ey_| kh[hc Ijb \\eWjmdgu_ ~*
dZev”_ju jZaf_j kZfhc fheh”hc dZeivA_‘joZidheh
lj_ hgZ aZiheg_gZ \h*Zfb ;bjxah\t]da_ha kjgklZXaf
ey_| hdheh T df _]lh iehsz”v jZ\igZ mjjlhf_jowh
ha_jZ ij_\urZ_1 mjh\_gv hd_ZgZ gZqzZkfib<dEeV_jg
A ju jZkiheZ]Zxlky K_\_jguc wdkljmak\gwenim <hk

ab\guc dmiheZz ghyljy ] ijhblad\reh _Igbevgh_
\ j_amevlzZl_ dhlhjh]h h[jZzah\Zeky Kgucjdmdhwedkl
>FZjobgbg @ Ihke_ ba\_j _gby YeBbhgv dn

gh_ \j_fy ijhyleyeZkv nmfZjhevgZy Zar¥rbh¥dhgklosr <
gZklb dZev”_ju gZ [_j_1m ha_jZ gZohbkEickgbl_jf
db k I_fi_jZlmjhc + fK >A_e_gh@ DZLgZdgZz

gZfb [ueZ ijh\_"~_gZ [ZIbf_ljbg_kdZy &u”fgZ \gr
ghl]h ha_jzZ ;bjxah\h_ >Dhaeh\ @ZzZjdhAgbb i® G:
emg_gguo ~Zgguo \i_j\u_ khklz\e_gZzZljihgdjh[gZy
kdZy ko_fZ ha_jZ g9gZ dhlhjhc hlq_néle\W birdvea Zg 2
ijZ b _]h kljmdImjgu_ we_f_glu Ih”*I\_jgBehkyv gz
km[f_jb”*bhgZevghc \iZ*bgu ijhklbjZxg8"ZkgZk x]
k_\_jh \hklhd dhlhjmx = K =hjrdh\Oowdki@h@Bbau\
guf j\hf f_jb*bhgZevgh]lh ijhklibjZgbyy?h\Zgbkgb!l h



gZklbgqgh]h h[jmr_gby dhlhjh]h b \hagdZdeZ \gml
jZ \medzZgZ AZ\Zjbpdh]h Djhf_ |Ih]ebgigdmha_
“_gu ljb \hjhgdb H~”gZ \hjhgdZ gZoh&bbklga\ x gh
JZ b bf__| fZdkbfZevgmx Jem[bgm Zf gZbhjZyl \hj
ky x’g__ dmiheZ <hklhgguc \ k_\_jhhehklhqgghc
fZdkbfZevgZy Jem[bgZ f Lj_Ivy \hjhgdZ -k fZdkl
ghc f h[gZjm _gZ \ k_\_jh azZziz~ghc qZklb ha_j
x| wdkiehab\guc ]_g_abk Ih k\hbf fhjnheh]bqg_kd
klbdzf hgb koh b k \hjhgdzZfb bamqg_ggufb \h \gnm
ha_jZo =hjyq__ b Dbiys__ Ke_~m_1| hilf_Iblv qlh
jhghd \gmljbdZev”_jguo ha_j =hjyq__ b Dbiys__ |
|_gkb\gu_ \uoh”u ih”\h~guo ]JZah]b”jhl_jf Z \ ij_~»
ha ;bjxah\h_ IZdbo \uoh”h\ g_ h[gZjm _gh Lhl n
db g_ [ueb aZkuiZgu ijh~mdlzZfb ba\_j _gbc b "hgc
fh™_1 1Th\hjblv h IThf qlh hgb h[jZah\Zebkv kjzZ\gbl_
Ih kjZzZ\g_gbx k “Zggufb ijhf_jh\ \uiheg_gguo D D

b F : DZgzZdbghc > @ \ ] az e_|l Jem[bgz
guo ha_j ha_jZ m\_ebgbezZkv gZ f H~rgZdh ih
DZgZdbgz @ ihke_ ba\_j _gby ] mjh\_gv
gz = f zd ] £ _s_9gZ f GZ wohemlgu® ijhr

guo \ x]h azZiz*ghc qZklb ha_jZ ohdhkh©\Z%&hdumqg
fb nZzd_ezfb? gz dhlhjhf jZkihezZ]ZelbllhyydbdZevg

hibkZggu_ bkke_"h\ZIl_eyfb \ *+ uelm g¥-nAt_kv
kbjh\Zgu \uoh”u s_ehgguo |G oelhgbhrguo gZ
fZevguo \h™ k |I_fi_jZImjhc % fK bcfihnghjereba

] e >A_e_gh\ DZgZdbgZz @ Xwlhklhylsl  \j

\h~Z ijh]j_lz ~h = fK azf_ju l_jfhf_IjHf b I_iel
ijb kj_~g_c I_fi_jzZImj_ \h” ha_jZ hdheilh\_joHh Z ¢
klb \brgu imaujvdb ]Zah\ b iZj_gb_ glbyfgzZihf baf.
ba\_"_gguf ihjlZIlb\guf jG f_Ijhf +$11$ddihg b we
guf I_jfhf_Ijhf "LILWURQ 7 .& i_kh@ gzw[hf_]m
jZchg_ ijh]j_I ~h 1_fi_jZImju + hKlIZA@y\H"u |

AZ ijhr_~r__ ihke_ ba\_j _gby ] \jp fy mjh
jxah\h_ ih~gyeky ijbf_jgh gz f \jl ainieengl_ q_
bklhggbdb [ueb iheghklvx aZlhie_gu



LZdbf h[jZahf |_jfZevgu_ ijhy\e_gby DByZl_jgu
jbevkdbo hkljh\h\ jZaghh[jZagu ih khhnltaBdhb\gh
obfbq_kdbf k\hckl\zf GZ ijbf_j_ ZdlIbhgihdgimedZz
gZ b AZ\Zjbpdh]h \uy\e_gh baf_g_gb jfibigh gkb\g
y\e_gbc \ Jhehp_g_ AZ ihke_"gb_med&glZgzhéah\ j
gbgZ g_ hif_gZehkv kms_kI\_gguo bdbqgg kglho nba
k\hckl\ ]Zah]b”jhl_jfZevguo ijhy\e_gbjc "leR]2& dZ
ha_jZ ;bjxah\h_ b \ dZev”~_j_ AZ\Zjlbpalylhqgbjhbk
|_evgu_ baf_g_gby “bkehdZpbb jzZgfZegWmghbokhkl.
ijhy\e_gbc

Ebl_jZImjz

=hjrdh\ = <kedZgbaf Dmjbevkdhc hkljh\ghc “m]b F

k

@zZjdh\ JL<jfZevgu_ bklhgqgbdb X 'guo Dmjbevkdbo |
HI\ j~ H < Qm~"Z_\ <eZ”"b\hklhd >ZevgZmdZz

A e gh\ D D DZgddkagla\lk_ ha_jh dzZev”™ jZ AZ\Zjb
b baf_g gb_obfbafz _Jh \h~ \ j amevlZl_ba\_j _gby
ghe klzZgpbb < K +

Ahlh\ : < Khjhdbg < B Gl bdbgiuB hkh[_gghklt
kh\j f gghc ]Jb*jhl_jfZevghc ~_yl evghklb \ dzev™_j_ \

gZ h \ DmgZrbj Kh\j_f ggu_ ]b”~jhl_jfu b fbg_jZehh]
GZmdz K +

Dhaeh\ >Dj&l_jgu_ ha _jZ Dmjbevkdbo hkljh\h\ GZn
Km[_IIlh JyazZgv :jk_gZe :FL k

Dhaeh\ > G ;_ehihkh\ f_ggu_ f Ih~u bkke -*h\Zgbc
l[jbdZev” _jguo ha_j Zdlb\guo \medZgh\ gZ ijbf_j_ \me
h DmgZrbj Dmjbevkdb_h \ZzZ FzZIl _jbZeu ;,,, gZmq
Kb[bjb b >Zevg_]h <hklhdz Bjdmlkd ] Bidmlkd
ljiZnbb bf < ; KhgzZ\u KH J:G L K +

Dhaeh\ > G @ZrdhhihHek]by b ] _g_abk ha_jdzZev”_j
ie_dkh\ =heh\gbgZ b AzZ\Zjbpdh]h Dmjbevkdb_ hkljh\z
J:G < K *

FZjobgbg Bab_j  _gb_\medZgzZ AZ\Zjbpdh]lh gZ hkljh
hk_gvx ] ;xe \medzZghe klZgpbb < K

FZjobgbg ? D KljZImegh_ju Dmjbevkdbo hkljh\h\
GZmdZz k
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,QVWLWXWH RI ODULQH *HRORJ\ DQG *HRSK

7KH SDSHU SUHVHQWYV WKH UHVXOWYV RI D VXUYH
*RU\DFKHH DQG .LS\DVKHH *RORYQLQ &DOGHUD
YR\H /DNH =DYDULWVNL\ &DOGHUD 6LPXVKLU ,VO
YLHZ RI WKH FDOGHUDV WKHLU ODDW WWIBUH\S BH\
VWDWH RI K\GURWKHUPDO DFWLYLW\

<EBYGB? =B>JHL?JFH>BG:FBDB
IJB>HGGH=H KEHY F:EH=H HA?J:
G: OBFBDH ;BHEH=BQ?KDB? IJHP?KKU

= W A”hjh\_ggh\zZz J W A”hjh\_ggh\ K X =<
& J ;h]*"Zgh\ = = =Z\jbe_gdh

BgklbIml \h~rguo ijh[e_f K_\_jZ DZjGP J:G

< klzlv_ ijb\h”ylky j_amevlZlu ZgZebazZ ~Zgguo i
gbc I_fi_jZImju b kh~_j Zgby jZkl\hj_ggh]h dbkeh
ha_j_ \'l_g_gb_ abfu IhdZaZgh qlh gZb[hevrbc
ju b mf_gvr_gb_ kh”~_j Zgby jZkl\hj_ggh]h-dbkehj
ky \Vi_j\u_g_"_eb e_"hklz\Z \ ijbrhgguo kehyo Je
klb ha_jz J_adb_ kdZqdb dbkehjh~Z \ ijb~"hgghc
abfu fh]lml [ulv kl\yaZgu k bgl_gkbnbdZpb_-c ]b”jh
“hggh]lh kehy

L_jfhrbgZfbdZ ijbr"hggh]h kehy fZehXrah\aZlyzZ fh’
azZf_lgh_ \ebygb_ gZ obfbdh [bheh]b@dbdbdZighp
ihlhdb ]Zah\ g_j_a ih\_joghklv "gZlZjddWKebjh”"Znk
\'ijb"hgguo kehyo qlh hkh[_ggh aZhkKighZ-idhgh~»
NZ 1Zahh[f_g k ZlIfhkn_jhc b \_Iljh\h_ijZdjlbfg rb\Zg
kdb hlkmlklI\mxl Jhev |I_ieh\h]h ihlimdvhgZ j£+ &8 dhZc
\' I _ieh\hf [x*"_I_ g_[hevrbo \h~h_fh\ kd¢\ &olZev ki
\'i_jbh” hldjulhc \h”ru aZzZf_Ilgh \haj@lkbzkilehb gZe
ghlh kg_"gh e_”"yghlh ihdjh\zZ ij_iylghfmxd_]h Z



ieh\hfm \azbfh~_ckl\bx k ZIfhkn_jhc \klheblybgz |
IhdZz \[ebab ]jZgbpu \h”"Z % ~gh \ ijjbar bkiZ\gt

gZqZe_ abfu “hklb]z_| azl SIAfl_q_gb_ i- j\h]h -
kypzZ e_"~hklz\z j_ adh mf ger Ikyhblpl \u]thhgpr
I <1 A%OHIQQ Iae WEHRE o R BT

ghklv izjzf_ljbazZpbb I |eh\h]h |h|hd\Zh’qZJ+ a(‘thgl
h[mkeh\e_gZ _]h aZ\bkbfhklvx hl | _jdkinblgdmg_kdb
lz >0DOP HW DO S5\DQ]KLQ_fi_j@&mji\ur_
ijbr*hgguo keh_\ fZeuo ha_j ~h = fKki\hkhd_gb_
kiI\m_1| ZdIb\ghfm [Zdl_jbZevghfm jZaledh]lhgbx hj].
s_kI\Zz qlh fh _I ijb\h”*blv d jZa\blbXedgbBwjh[gu
gZdhie_gbx iZjgbdh\uo ]Zah\ 1ZdbdZazdfmll2g db
>*RORVRY HW DO @ lehlgh&lguwul_ I helvy
kdehgh\ k f_edh\h”bc \ h[eZklb [hekehde]egyglbg b
g_jzZ\ghf_jguf ijh]j_\hf "hgguo hleh _dgbeo\hi*h_fh
hidjulhc \h~u >0DOP HW DO @lgfhnmhevjzl
\ Zdlb\bazZpbb obfbdh [bheh]bg_kdbddgphme- kkh\ \
eZklb b \ghkyl kms_klI\_gguc \dez”" b_i_ijh-j\hkij_"
Aghc fZkk_ I_ieZ b \_s_kI\Z \ |_q_dbQ RaoDu >=@R |
J_adb_ kdzZqgdb |I_fi_jZImju “~hoh”ysbc ]14B"mZ luc
hif_gq_ggu_ \ ijb"hgguo kehyo f_edh\h2d4tbjha_j
\_ggh\ b ~j @ fh]lml [ulv ijhy\egrgb_fggbar b
\heg < gZklhys_c jZ[hl_ ijb\_"*_gu jaZameéglgaia Z
baf_j_gbc I_fi_jZIlmju b kh”_j Zgby jg&hyhjrzZgghlh
ijbrhgguo kehyo g_[hevrh]h ha <_g”*xglgdhlph\ jZk
x'ghc qZklb DZj_ekeb g c1 g & q c( \ i_4b
h~r e_~hklz\z

a_jh <_g~xjkdh_ ijbgz”e_"bl d [Zkk_€gm \h~"
j Kmgu \iz~"Zxs_c \ Hg_ kdh_ ha_jlZ ®hd4gh\bgZz
dh\h]h ijhbkoh ~_gby ”"ebgZ a rbjbgZha_ *
jh\iz~Zz_1j Jbg”ha_jdZ b g_kdhevdh qulheéxrbho j
j Dmezi”~_]b h”gzZdh h[t_f bo klhdZay jdZeehd hbeh &

df h[t_f \h~ a fA kj_~gyy ]Jem[bgZ - fZdkbf
gZy f Klhd k \h*hk[hjZ ha_jZ Z’ZdbhkdZjpgu _
\Zx| hij_~_eyxs__ \ebygb_ gZ baf_g_gby\nmt_fZ



\'l_g_gb_ ]1h*Z >hggu_ hleh _gby ij_i"KllizdeyZ| k

f_edh\h”v_ g9gZ ]Jem[bgZo g_ [he__ _*bfl_bghdhjbq
dhjbgg_\u_ beu \ Jem[hdh\h*ghc gZkdp hikejyZz >E
dh\ @ DebfzZl jZchgZ bkke_"h\Ekybcjloh&dl_j

"bl_evghc fy]J]dhc abfhc b ijhoezZ”guf ley Idf "HGZqb
klZz\ kh \lhjhc iheh\bgu ghy[jy "h k_pZ'dhpqb\dZ[
_lky Vi_jVhc \Ihjhc ~_dZG R RZ yH EHIRE U WEHGIHARY
jh[gu_ mkeh\by nhjfbjmxlky \ ijbrhggug kKelgyo m"
abfu b d __ dhgpm lhesbgZ ZgZwjlepptc addhdeh\ p _

\bg_ fh _I ~hkib]Zlv f_1jZ >L_j _\bd b ~] @
Baf_j_gby |_fi_jZImju \hAu b kh”~_j Zgby-jZkI\hj
ehjh~Z ijh\h~bebkv \ + 1] Bkihevah\Zebkv

kiI\bl_evgu_ ~Zlgbdb ijhba\h?kl\Z dZgZ~kdhc nbjf
dhlhju_ dj_ibebkv gZ dhku DhkZ ij_"~klZ\eyeZ Kkt
dj_ie_ggufb d g_fm g_j_a + f \\h*ghc Ihes_ b
\ ijbrhgghf keh_ ~"ZlgbdZfb < p_eyo khojzZgghklb
gbc "Zlgbd jzZkiheh  _gguc ih” [m_f h[uqgqgh gZoh*
g_ * f Dhku gZoh”bebkv \ ha_j_ g_ij_ju\lgh \
bxg_ b hdly[j_ hgb bale_dZebkv ba ha_jZz gz + *
guo dZeb[jh\db b i_j_azZjy®db ihke_ qg_]h ihf_sZe
f_klh <k_ *Zlgbdb bf_eb eh]]_ju iha\heyxsb_ aZz
rhc h[t_f bgnhjfZpbb azZ abfgxx ihklZgh\dm = [he_
e_lgxx % + luk agZg_gbc F_klhiheh -gb_ klZz
eyehkv k ihfhsvx *36 k IThqghklvx “ f ih Jhjbahgl.

lh ~Zgguf I_jfh*Zlgbdh\ jZkiheh _gguo \ ijb*hg
[ueb hp_g_gu ihlhdb |I_ieZ gq_j_a ]JjZgbpm Yh*Z % 7/
kgblu\Zebkv ]jZz*b_glguf f_Ih~ hf ih nhjfme_

T

wa o—
z

1"Q.,+ | _iehihlhd \[ebab ]JjZgbpu \h~rZe+dhgdnnblAf
pb_gl fhe _dmeyjghc | _iehijh\h*ghklb \h~u -ijb 2zl
ghf ~Z\e_gbb ZKIdfdz + 1jz~b_gl |_fi_jZImju

DZd [ueh ihdZaZgh jZg__ \_~msZy jhev-\ mf_qg\
gby jZkl\hj_ggh]h dbkehjh”~Z \ \h~Zo ha_jZ abfhc
[bhobfbg_kdhfm ihlj_[e_gbx >L_j _\bd b "j- @



fZjghc kdhjhklb ijhp_kkzZ ihlj_[e_gby jZkI\Bj_ggh]
[ueb \uiheg_gu ih mjZ\g_gbx

£ ¢
1"_ K = dhgp_gljZpby jzklI\hj_gdh]kmdbfizg b ghy* Edh
jhklv _1h ihlj_[eJ@y&yt = \j_fy WIhfm mjZ\g_gbx k
\ IkI\m_1| ZgZeblbq_kdh_ j_ r_gb_

C C e
" K £ dhgp_gljZpby dbkehjh~zZ \ fhf_gl mklZgh\e
ihdjh\z

< ]lh~u bkke_"h\Zgbc \ ij_"e_"hklzZ\ghic ihjbh" |
Ilhd gZijZ\e_gguc ba “hgguo hleh _gdkb¥Aa~ o [
\'l_q_gb_ g_kdhevdbo ~g_c i_j_" azZfhka&Z]gzle f ha
Jem[hdh\h~rghc gZklb K ikyRd gb_f kiehrgh]h e_
\hlh ihdjh\Z agZq_gby |I_iehihlhdz Y[£@kabglj4ghpu
dh mf_gvrZebkv ~h azkIAY | _gq_gb_f_kypZ ijh~h
ihkl_i_ggh mf_gvrZlvky "hGZ jbkAf \ dzZq-_ kI\_ ij
f_jZ ijb\_~_gu |I_fi_jZImjZ ijbrhgguo Il _Aglz |_ie
ijZ\e_gguc ba “hgguo hleh  _gbc \ \Hfm \ ghy[j_ "~

Kiehrghc kg_"gh e_7~yghc ihdjh\ ij_iylkjyh \l |_ie
Zlfhkn_jm \ke_~kl\b_ q_]lh k _]h iHkyeil\w-rf gZqb
gb_ I_fi_jZlmju \h~ghc |lhesb ha_jzZ ghZpZgueh ih
fZdkbfmf ijbjhklZ I_fi_jZImju ijboh~biikkypZei jl\uc
AhkIZ\NZ >1_1jh\ b ~j @ GZb[hbk!| JAkdxd& _ _
_lky \ ijbrhgguo kehyo ]Jem[hdh\h”dtgp m Z&blhu ]/ _
| _fi_jzZImjz ~hklb]z_I * ZzK GZZem[bgZd ihj

| _fi_jzZImjz jzkl_1 azf_Igh f_"e_gg__ilb"dbdhgpm
_lky ~h + zK < ih\_joghklguoelsdhlyofi\-hZghc |
ImjzZ jZkl_| kms_kI\_ggh f_"e_gg__ Iy df dZig&%emyg
\_k_gg_c ih*e_"~ghc dhg\_dpbb m\_ebgb\zZ ZKy \k
GZ wlzZi_ hk_gg_]lh hoez ~_gby ijhbkoh”bl gZku
Ahf ijbrhgguo keh_\ ha_jz jzZkij_"~_e_gb_ dbkehjh
0zZjzZdl_jbam_Ilky hrghjh~rghklvx FZdkbfZewvgu_ dh
ehjh~zZ [he__  ijd]d2Bkus_gbb = gZlex"ZxlKk
k_j_"bg_ dhgp_ ghy[jy ijb I_fi_jZImj_ \h~u +
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Jbk W\hexpby dhgp_gljZpbc jZkI\hj*@gh]p _dbkeh|
ljZevghc Jem[hdh\h~ghc gqZklb ha <_g”~xjkdh]h
Z + kK ghyljy ] ih fzy I [k ghyljy -1 ih f

[bgZ klZgpbb f Klj_edZfb h[hagZg_gu gZqZeh b dhg_p e



Hp_gdb kmffZjghc kdhjhklb ihlj_[e_gby-jZkI\hj

ehjh"ZihdZzazeb qlh gZb[hevrb_ __ agZq_gby hlf.
gb_ i_j\uo kmlhd e_~hklzZ\Z b ~“kkIdpZ el iehA

oh khleZzkm_1lky k "Zggufb ij_~u“msbo e_| bkke_7Hh
b ~j @ AZI_f a9gdggybjyukljh mf_gvrZebkv b

pZ i_j\hlh f_kypZ ~h dhgpZ abfu g® kij HuglZlelh A
| _evgh [ebadb _Jhifhegud_ _ggu_ ih "Zgguo jZaguo e_
[_evkl\mxIl h “hklZlhggh klZ[bevghf j_"bf_ baf_g_
\ ha_j_ \ abfgbc i_jbh”

< Ihgdhf ijbrhgghf keh_ Jem[bgu * fo
abfu i_jbh”bg_kdb hif_gZebkv djzZIdh\j_f_ggu_ hl
gZkh\ j_adb_ ih\ur_gby jZkl\hj_ggh]h dbkkhjh”Z
ihke_"mxsbf [he__ iezZ\guf ihgb _gb_f “h agZq_g
guo “ey ij_"r_kl\mxs_]h i_jbh”*Z jbk WIib \ufl]j
jh\Zebkv h”gh\j_f_ggh gZ \k_o ijb"hgguo *Zlgbd:
ojhggu k mf_gvr_gbyfb I_fi_jZImju \h~u gzZ- +
ghf keh_ GZzZb[hevrb_ ih ZfiebIm”~_ b ijh*he bl_e
f_gb kdzZqgdb hif_gZebkv \ gZqZe_ abfu IjbgbgZz
dbkehjh”rZ b |I_fi_jZImju \h”~u ihdZ g_ mklZgh\e_gZ
hibkZggh_ y\e_gb_ kh kl_dZgb_f ih kdehgZf ha_ji
jZchgh\ k f_gvrbfb Jem[bgZfb hlghkbl_evgh oheh’
fbg_jZebah\Zgguo \h® [he__ gZkus_gguo dbkehjh

Ebl_jZImjz

A~hjh\_ggh\' J W A”hjh\_ggh\Z = W 1Zevrbg G B
Baf_ggb\hklv I_jfbg_kdh]h b dbkehjh”rgh]h j_"bfh\ f_ed
abfhc Lj DZjGP J:G P <«

Eblbgkdzy D > lheyldh\ jX <D g”*xjkdhc ]jmiiu = Mjl

Jbg”ha_jh <_g”xjktdhgu_ j_kmjku DZj_ebb b bo bkihe

| _ljhaz\h”"kd DZj_evkd nbe :G KKKJ K *
I_Ijh\ F 1 L_j _\bd : X A”hjh\_ggh\ J W A%hjh

Hkh[_gghklb I_jfbg_kdhc kljmdImju f_edh\h”gh]lh ha_j.
<h”gu_ j_kmjkuWw < K +

L j  _\bd : X IZevrbg G B =hebhhjhkbabdog Rgb_
Zki_dlu nhjfbjh\Zgby dbkehjh~rgh]h j_"bfzZ f_edh\h~gh]h
[hlh ev~hf <h”gu_ j_kmjku L < K *



%HQIJWVVRQ / TRHHODPD/RQYHILPH RI LFH FRYHUF

1RUGLF +\GURORJ\ 9 3t

*RORVRY 6 ODKHU 2 $ 6FKWIFQRY BDF NIW RX®
GHYHORSPHQW RI R[\JHQ GHSOHWLRQ LQ LFH FR
9 3 +

.LULOOLQ * (QJHOKDUGW &b DVYRQRWMFYO6 L QMOHN
LQ WKH ERWWRP ERXQGDU\ OD\HU RI LFH FRYHUHG
(FRO 9 1) + GRL Y

ODOP - 7HU]JKHYLN $ 9%HOHOG/ WRAQX G\ HRW TKOH U |
+\GURG\QDPLFV LQ WKUHH 6PZQQWBIWHOLD-Q /DNH
SDUWPHQW RI :DWHU 5HVRXUFHV QGJLQHHIULQJ 8¢

s

ODOP - %HQJWVVRQ / : ZHUJ&HMLX G RHIQVFAX® U H G
ORZ LFH FRYHUHG ODNH /LPQRO 2FHDQRJU

5\DQ]KLDKBUPRSK\VLFDO 3URSHUWLHYV HRU ODN
VHGLPHQWYV KHDW LQWHUDFWHR@XUFHSDWWQWEE BN
 QVWLWXWH RI 7THFKQRORJ\ /)XGH® 8QLY HU¥KW 5 H/S
1

=GRURYHQQRY 5 3DOVKLQ 1,Q¥\GRIDR}GDLRYDU
RI LFH DQG VQRZ FRYHU RI D VPDOO VKDORLRZ ODI|
HQFHV 9 3t

=GRURYHQQRYDWLRO DQG WHPSRUDO YBQMDWLF
WKHUPDO VWUXFWXUH LQ VKDRORNRHFHLRE WHZ H
5XVVLD $TXDWLF (FRORJ\  '2,9 3V

,03$&7 2) +<'527+(502'<1$0,8&6 2) 7+( %27720
/$<(5 2) $ 60$// /$.( 21 &+(0,&$/ $1' %,2/2*,&$/
352&(66(6

* ( =GRURYHQQRYD 5 ( =GRURYHQQRY 6
6 5 %RJGDQRY * * *DYULOHQNR

I1RUWKHUQ :DWHU 3UREOHPYVY ,QVWLWXWH

7KH DUWLFOH SUHVHQWYV DXWLARIO§WIOWG RA H®VW D HL
WHPSHUDWXUH DQG GLVVROYHGE@RYVHUQ, WQVE RZR/D
JUHDWHVW LQFUHDVH LQ WHNRFRKROYDBPE XRNIBQ G GH F
RYHU WKH ¢UVW ZHHNV RI IUMNHHHWIKSHD®/HWE S EBW
$ VSLNH LQ R[\JHQ OHYHO DWWNW K3X 8 RQWIWW R HD D IHQV
PLIKW EH FDXVHG E\ WKH LQ®B RLAY, BDNWWWKE ERW K



NHIJIFBJH<:GB? :G:WJH:GUO MKEH<BC
< | JB>HGGHF KEH? F?EDH<H>GH=H HA?J:
< E?LGBC 1?JBH>

= = =Z\jbe_gdh = W A7”hjh\_ggh\Zz J W A"
. X L_j _\bd G B lIZevrbg L < 2?nj_fh\Zz

BgklbIml \h~rguo ijh[e_f K_\_jZ DZjGP J:G

ljb\hAylky j _amevlZlu ihe \uo baf_j_dhetul bfikhZImj]
N j7Zgby jZkI\hj_ggh]lh dbkehjh”"Z \ &nghefvdiZf f_a
j_evkdhf ha_j_\ e_lgbc i_jbh” JZKkfBkbb)\Zxdgky |Z
klb jZkij_~_e_gby nhlhkbgl_Ibqg_kdbhZd\ig2hpblbh e (
\'lhes_ ha_jZ IhdZaZgh qlh hij_"ZeghBkehjhelgugb
j_"bf ha_jzZ hdzZau\zZ_| I_jfbg_kdZy kixmdykyZihnhhjf
\ebygb_ f kbghilbg_kdbo mkeh\bc

< i_jbh” hidjulhc \h~u » _nbpbl dbkehnjhtjd e x"Z
guo kehyo \h~ h_fh\ ijb azZljm~"g_gblb dbevZgd¥gplblh -
fbg_kdZy kljmdImjzZz \h~*ghc lhesb ha&v jZijfhv-¢ hpdZa
gh_\ebygb_gZ dbkehjh”guc j_"bfh\\gXKlghdkllc | _
| _jfhdebg ij_iylklI\m_1 i_j_f_rb\Zgbx bkehyjd%hedwo
xIky mkeh\by "ey jZa\blby *_nbpblEQ\NR®hjh"Z@> +<
[hevrbgklI\_ kemqgZ_ \ ZgZwjh[gu_ mklea\hXo\-\gelé m|
gbc i_jbh” kms_kl\mxl highkbl_evgh jbh™tbelhkdZ kc
]h \_Ijh \hegh\h]h i_j_ f_rb\Zgby >KZ[@b#ZgZdkh\
kemqgZ_ijh~he bl_evghc ©aZibjZxs_oftj&pjzyblrendZp
[bgguo keh_\ \h*ghc lhesb klZgh\blkyb@ hggeZy “Jdh c
ihdkby fh™_| “hklbgv m]jh Zxsbo fZkrlE [\ >?nj@fh\z

< i_jbh” hildjulhc \h”u hkgh\guf nZdlhjhf nhjfbjh!
fbg_kdh]lh Z ke_"h\Zl_evgh b dbkehjh”rghlh j_"t
klmiz_| zZIfhkn_jgh_ \ha”~_ckl\b_ Djhf_ Ih]lh \ jy~
>6QXFLQV *XQQ .LUN $UVW HW DO
agZq_gb_1zdh]lh izjzf_Iljz dzd ijhajZzqghklv \h”~u
| _jfbgq_kdh]h j_"bfzZ \h~h_fh\

lj_~ez]Z_fh_ bkke_"h\Zgb_ [Zabjm_lke lpbadZgg
gZlmjguo baf_j_gbc ijh\_~_gguo khlimbdb-dEZfb e:



"jhnbabdb B<IK DZjGP J:G gZ f_ahljhnkdfhha_j_
jZkiheh  _gghf \ x'ghc qZklb P& _elkhh q €

g c( Ha_jh oZjzdl_jbam_Ilky g_[hevrh8Z/y¥Zaf_|Z
a_jdzeZ ha_jz h[t df\hr a fA kj_~gyy lem[bgZ
fzdkbfzZevgzy f iehsz”~v \h"hk[hjgHh]th Hikk_cgz
jh <_g”xjkdh_ \oh”bl \ khklZ\ h*ghbf] gighg4}miiu h
"Zs_c d [Zkk_cgm j Kmgu b hlghkmiKpid f Aagdghon
fmx jhev \ \h*ghf [ZeZgk_ ha_jZ b]jzkz "“Adbhix rkl hglu _
k \hA*hk[hjZ IljhajZgghklv \h*u ih “bé&ynm K _#ddb kh
>EblbgkdZy Ilheydh)\ @

K ih ] 9Z ha_j_ ijh\h~"bebkw_djmflejn]h”*bc
gby I_fi_jZImju \h~u b kh”_j Zgby jERiYWNZ ggghjE ad b
guo ]JhjbahglZo \h*ghc lhesb < ijhkikkvahaZeblgbc
Z\Ilhghfgu_ [mcdh\u_ klZgpbb :;K ih[h&lZ¥eydsb_
j_ggu_ dhku hkgZs_ggu_ "*Zlqbdzfb_d¢@héh-gblyk jZ
ehjh”rZ b I_fi_jZImju ijhba\h*klI\Z dZ&Z28KNG&G2nbjf
;K [ueb jZaf_s_gu \ p_gljZevghc ]Jem[hé&h\Z*"ghZ q
\hklhgghf kdehg_ b \ ehdZevghf mlejmhdhgbh_ 152
bk Djhf_ Ihlh \ + 11 iih\obgkwvhbakbgl _
Ibg_kdb Zdlb\ghc jZ*bZpbb N:J \ Wh™dh¢ehndsgu he

f N:J ~Zlgbdb dj_ibebkv d e_kdo dZjjakiheh'f K
gby klZgpbc b k\_~_gby h[ bkihevamijbif " [dgm~"h\
gZ jbk b \ I1Z[e >ey ZgZebaZ kbghblkihekdhdZmi
ebkv "Zggu_ h~ghc ba gZb[he__ [eladhgj?dikiodh _¢
fm ha_jm f_|_hklZgpbc N_"_jZevghchkemHjhediN ih
]bb b fhgblhjbg]m ijbjh~rghc kj_~u = FEKZIZ IJtBa ZUK K
>ey hp_gdb kj_"g_f_kyqguo debfzZlbjgagdbo lagdqg_
[ueb bkihevah\Zgu *"Zggu_ K_\_jh ?\3gdakdkph]h deb
[jz j_i_jguc i_jbh~ + 11 PHKWMRSLQVRHIDNXFDF

<aehf e_"yghlh ihdjh\Z ha <_g”*xjkdib]kyhpiggh
i_j\mx itheh\bgm fZy >=GRURYHQQ@RY HW_DPOmjz
\h~ghc lhesb \ fhf_gl \aehfZ ev*Z h[uggh kfhKklZ&Rey
|_g_gb_ g_dhlhjhlh \j_f_gb ihke_ \kldkubbygdw Z £ "t
i_jZlmju fZdkbfZevghc iehlghklb £ IjldZ \ hamkZhjh
\byo dhg\_dlb\gh \_Ijh\h]h i_j_f_rbesgbygZbmh*dpIlylh



66°40'

64°00'-

61°20'

3000° 38°00 @ cTaHuWK H3MEPEHMIA
Jbk ;ZIbf _ljby ha < _g~xjkdh]lh b jZgpthechbadbj &bc

ijb wihf \ khklhygbb Jhfhl_jfbb 1_jbhZ hljilheZ* ha
ghlh khklhygby d jZgg_e_Ilg_fm hljlabhZZqey”rd *

fK khklzZ\eye \ Th~u baf_j_gbc hlijhh _\kmethidZ ijh
bkoh~bl klj_fbl_evgh AZI_f kha”Zxékynihjfbifrldedb
gby |I_jfbg_kdhc kljZlbnbdZpbb 1ZdbdZdfiijpZim\ur_ ¢
ju ih\_joghklgh]h kehy \h~ghc lheslhlghrklv fmK_gv ie
rZ_lky Nhjfbjm_Iky mklhcgb\h_ iehbghWigdhcjtkkeh
sb >Zevg_cr__ nhjfbjh\Zgb_ \_jlbdZeviglhmdImfbqg_
ju ha_jijhbkoh~bl ihc ~_ckl\b_f kbdlidb ¢j bk dbjo mke
dhc [_a\_lj_gghc ih]h”_ ijhbkoh”bl [uKIljhi_jihlvoar_gl
ju ih\_joghklguo keh_\ ijb wlihf kljdblbhbd&¥yphl mk
\_joghklguc | _jfhdebg jZajmrZ _lky igbbmkigeagghb \_
gZku dh]*Z ih\_joghklgh_ hoez "_@hlgBHdIghbabjr
dhg\_dpbx Lzdbf h[jZzahf ihkl_i_gghbjphBgbh" bl |
Ozjzdl_jbklbdb bkihevam_fuo ey ihemg*"gdbyu@Zlimjc
ijb[hjh\

Ijb[hj 1Zjzf_1j >bZiZahg Lhigghklv )Zaj_r_gl
75 L fi_jZImjZ o« f& ¢ f& f&
7'5 >Z\e_gb_ Ny “

L fi_jZlmjZ + « f& “ f& fé&
‘2 Kh~ _j"Zgb | JD « “ -
N:J ©O$OHFNR:J A «
Yihgby fhevAf AK
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ih\_joghklghlh d\Zabh”rghjh~ghlh i_j gbrZogdgHhh ke
jhlh nhjfbjm_lky k_ahgguc |_jfhdebg fihjZlimjuyhklZz
ih\_joghklgh]h kehy k_ahgguc |_jfhddbga[jpktigyy |k
I ZwjzZpbx ijbrhgguo keh_\ b \ blh]d AthjfbjhbX_klb
gbx ijb"hgghc [_kdbkehjh”ghc ahgu

Kh\f_klguc ZgZeba ]b”jhf_I_hjheh]bgZgdbo ~Zg
baf_j_gbc \ lhes_ ha_jz ~Z_| hkghbghbhb dhWdbov I
mkeh\byo dzZd h \Z g_cr_f nzZdlhj_ hijfbqekd&iscf _]
b dbkehjh~guc j_"bfu Baf_ggb\hklv " fj_48byju b
jZkI\hj_gghlh dbkehjh”Z e_Ihf 1 hahxglg*rhes
kdh]h jbk dh]*Z gZ |_jjblhjbdb VjhkkbkdyzZ[gXk
NZeZkv Zghfzevgzy “Zjz fh _| kem bbwe dxXigljZiu\Zx
pb_c \ebygby f_I|_hjheh]bg_kdbo mkéthdimcbgz |_jfl
"bf jZzklI\hj_ggh]lh dbkehjh”zZ \ fZehf ha_j_
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Jbk Nhjfbjh\Zgb_ ©aZzZibjzZxs_ca kljZItnbjbZ2pigh
ghc [_kdbkehjhrghc ahgu ; \ ha <_g~xjkdhf e_Ihf
ljbgbghc “Zju ] [ue wdklj fZevghthigr tkk\h_c

| evghklb b bgl_gkb\ghklb d\ZabklZphbgapgeh Zg
dbjh\Z\rbc ijhp_kku azZiz~ghlh i_j_ohe&Z b<zZ\]m_gb



klz ] \Vha <_g~xjkdhf gZ[ex"ZoeAkvey dZJEdI_
fZ iehlghklgZy mklhcgb\hklv bkdexlg\h\rziy A fljh \h
rb\Zgb_ dhlhjZzy \ khg_IlZgbb k \ukhdbfhZamyw_gb:
\h~rghc lhesb hij_~_ebeZ bgl_gkb\ghkilgzhklwjA~*he b
nbpblzZz jZklI\hj_ggh]lh dbkehjh”Z \ ha_dbkde&mopZglj
\ Jem[hdh\h?*guo kehyo ha_jZ \ gZq2¢_anpZy Ghba
+ fl]AezZ d k_j_"bg_ Z\lmklZ fhsghklv ijgZhgghc
" gguf A~ _nbpblhf dbkehjh~rzZ f rphklb]ZgXe { >?nj_
fh\Z b 7] @

< hlebgb_ hl “Zjdhlh e_1Z ] kbghilbg_kdb_
oeZ”~guo e_Ilgbo f_kyp_\ b - ]1 kih
eb Ihfm qlh \h*gZy |IhesZ ha_jZ g_kdhevdh jZa i_
"gZ ijb wlhf ijhbkoh”beh gZkus_gb_ dbkehjh~hf i
_\ > nbpbl dbkehjh”Z hif_gZeky \ djZldh\}j-_f_ggu.
klj_gby kljZlbnbdZpbb ebrv \ Ihgdhf ijb*hgghf ke
Ilhesbghc p_gljZzevghc ]Jem[hdh\h”*ghc dhleh\bgu

Ihfbfh \ebygby f_I_hjheh]bgq_kdbo mkehdAbc ke
\ZIv jhev ijhajZgghklb \h”u \ nhjfbjh\Zgbb-l_jfbqg_
nbdZpbb Jy” gbke_gguo wdki_jbf_glh\ >A*hjh\_g
hkms_kl\e_gguo “ey fh”_evguo ha_j k baf_gyxsbf
ijhajZgqghklvx \h~u ijh”*_fhgkljbjh\Ze qlh gZb[he,
gu Zlfhkn_jguf \ha”_ckl\byf [m"ml| g_]Jem[hdb_ ha.
hdheh f \ kemqgZ_ ihgb _gby ijhajZzqghklIb I_jfh
Al nhjfbjh\ZIlvky \ kZfhf gZgqZe_ e_1Z b kms_Kkl\h
hk_gb < 1Zdhc kblmZpbb ih\urzZ_Ilky ihl_gpbZevgu
A _nbpblZ dbkehjh”Z \ ijb"hgguo kehyo ha_j

Ihihd N:J \ ih\_joghklghf keh_ ha <gpg”kjkidi]h \
NZ e_"hklZ\Z b gZ jZgg_e_Ilg_f wl¥i] eadpZdlkpxzah)\.
dZfb bgl_gkb\ghklb baf_gyykv \ ij fheZBd =+
jbk : Bgl_gkb\ghklv h[emq_gbyk [Dbekmijb gmfau\Z
lem["_ f ihlhd N:J [ue [ebahd d gm&wx gfhbkegh\ g
"Zgguo gZlmjguo baf_j_gbc ihlhdh\ Nal_lgp Zogwdkdh
Ibgdpbb hkeZ[e_gby kheg_qghc j4Rb0Eppblhgpa <
i_jbh"Z e_"hklZ\Z b gZ jZgg_e_lggZqulghy rhakb¥ e
]Zxsb_ + \fh\_joghklguo kehyo jbk ;7 K m\_



lem[bgu agZq_gby dhwnnbpb_glZ [ukdph[mf_gHvfZeb
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Jbk < jlbdZevgu_ ijhnbeb jZzkij_~ & dhwimnbBpb
_glzZ wdklbgdpbb ; \ dhgp_ i_jbh"Z ev "bkdZ\®W|Ziij_
iZgg_lh e_1Z fZc bxgyv

J _amevlZlu ijh\_~ _ggh]lh bkke_~h\Zgby ihdZau\Z
ys__ \j_fy \ mkeh\byo f_gyxs_]hky debfzZlZ |_jfboc
ehjhrguc j_"bfu bkke_"m_fhlh ha_jZ ozZjzdl_jbam
f_"1h~h\hc baf_ggb\hklvx \ i_jbh” hldjulhc \h"u <
]h~u hif_qZ_Ilky khdjZs_gb_ i_jbh"Z e_"hkizZ\Z az
g_]h mklZzgh\e_gby b [he__ jZgg_]h \aehfzZ-ev~Z
jbh” hldjulhc \h~u m”ebgy_Ilky qlh m\_ebqb\zZ_|I
jbkd jZa\blby Zghdkbb \ ijb*hgguo kehyo ha_jZ
"bl_evgh]h i_jbh”~Z “Zjdhc [_a\_lj_gghc ih]h”u fh]
ky dZlzZzkljhnbq_kdb_ baf_g_gby dbkehjh*guo mke
"Zehkv ZghfZevgh “Zjdbf e_Ihf ] <Ih - \j_fy
Iblv glh \ ihke_~gb_ ]h”u kbghilbg_kdb_ mkeh\by
f_kyp_\ jZchgZ bkke_"h\Zgbc hlebqgzZxlky Yujz _g
ghklvx < qzZklghklb iha”g_c \_kghc b e_Ihf gZJ[e
i_j_iZ™u I_fi_jZlmju ijh~"he bl_evgu_ ihoheh”~Zgb
k ijhoh ~_gb_f pbdehgh\ < [Zdb_ i_jbh”u \h"g2zy
iheghklvx i_j_f_rb\Z_Iky azZ kq_Il kh\f_klgh]h ~_c
iehlghklghc dhg\_dpbb ijb wlhf ijbr*hggu_-ZgZwjh
jmrZxlky b ijhbkoh”bl gZkus_gb_ dbkehjh”~hf ijb"l
<ZjbZpbb \_jlbdZevgh]h jZkij_"~_e_gby ijhajZqghk
ku ha_jZ hij_~_eyxlky k_ahgguf jZa\blb_f-ieZgdl
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kiIVhf b i_j_jzZkij_~_e_gb_f \a\_r_ggh]lh b jZkl\hj_
kiI\Z ihklmiZzxs_]h k \h*hk[hjZ :dIb\gh_ k-ahggh
IlhiezgdlhgZ dhlhjh_ gZqbgZ_Iky _s_ \ dhgp_ abft
djulh ev~rhf b ijh*he Z_Iky gZ jZgg_e_Ilg_-f wlZi_
kI\_ggh kgb Zlv ijhajZzqghklv ijbih\_joghkkgh]h ke
f_gyy _1h jZ*bZpbhgguc ijh]j_\ b 1Zdbf h[jZahf T
gb_ gz I_jfbg_kdmx kljmdImjm \h*h_fZ b _]h dbke

>Zevg_crb_ bkke_"h\Zgby [m"ml| gZijZ\e_gu gz
\azbfhk\ya_c f_""m hilbg_kdbfb k\hckI\Zfb \h”ghc

ajZqghklvx \h~u | _jfbg_kdbf b dbkehjh~rguf j_"bf
Ebl_jZImjz
?nj_fh\zZ L < IZevrbg G B A~hjh\_ggh\z = W
<ebygb_ wdklj_fZevgh “Zjdh]lh e_1Z ] gz 1 _Hfi_jzImj

N _e_gb_ dbkehjh”"Z \ ha_jZo DZj_ebhb F_I_hjheh]lby |
< K +

A~hjh\_ggh\Z = W =hehkh\ Kj>J_Zdpby B jKogb Kdhc
kljmdImju fZeuo [hj_Zevguo ha_j gZbjz&débogu jghdhgZz
\ha”_ckl\by Mki_ob kh\j_f_ggh]h _kk kl\KKagZgby

Eblbgkdzy D > lheydha_XzZ B_g”xjkdhc ]jmiiu = M]
Jbg”rha_jh < _g~xjkdh_ <h”rgu_ j_kmjku DZj_ebb b t
| _ljhaz\h”"kd DZj_evkd nbe :G KKKJ K *

KZ[uebgz : < yZkhYbmIbB _kdb_ nzZdlhju kj-_~u i_j
gZy ijh"mdpby b *_kljmdpby hJ]Zgbq kdhlh \_s_kI\Z \

=b~jhwdheh]bq_ kdb ijh[e_fu DZj_ebb b bklhevah\Z(
kh\ I_Iljhaz\h~kd DZ]GP J:G K +

$UVW + (UP $ +HUOGWYEDHO BWRBGHUWLHV RI ER
)LQODQG DQG (VWRQLD %RUHDO (QY 5HYV 9

+XWFKLQVWRWUHDWLVH RQ OLPQRORJ\RQV J/RRGR

S

.LUN - 7KBl YHUWLFDO DWWHQXDWLRQ RI LUUDGI
SURSHUWLHY RI WKH ZDWHU ILPQRO 2FHDQRJU

6QXFLQV ( *WAHUDQQXDO YDULDWLRQ LQ WKH
DQG FRORUHG ODNHYV ILPQRO 2FHDQRJU 9

=GRURYHQQRY 5 3DOVKLQ 1 ,GWRURYDREDRYDD!
RI' LFH DQG VQRZ FRYHU RI D VPDOO VKD®DORZ ODN
1 3 +
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)250$7,21 2) $1$(52%,& &21',7,216 ,1 7+( %27720
/$<(5 2) 6+%$//2: /$.( ,1 6800(5 7,0(

* * *DYULOHQNR * ( =GRURYHQQRYD 5 ( =
$ <X 7HU]KHYLN 1 , 3DOVKLQ 7 9 (IUHI

IRUWKHUQ :DWHU 3UREOHPV ,QVWLWXWH

7KH DUWLFOH GHDOV ZLWK WKH UHYV XMW RW X BD
DQG GLVVROYHG R[\JHQ LQ D VPDOO .DUHOLDQ PH
SHULRG 7KH IHDWXUHV RI SKRWRV\QWKHWLFDOO
WKH ZDWHU FROXPQ DUH FRQVLGHUHXRQ VWK K DMNJ
WKHUPDO VWUXFWXUH IRUPHG XQGHU WKH LQAXH
R[\JHQ UHJLPH RI WKH ODNH PRVW RI DOO

<UY<E?GB? K?AHGGUO B FGH=HE?LGBO <:JB:P
IEHS:>B HA?J X@GH=H A:MJ:EVY

G: HKGH<? KIMLGBDH<UO BAH;J:@?GBC /$1'6%"

1J?><:JBL?EVGU? J?AMEVL:LU BKKE?>H<:GBY

X : 1zZz"Zedh < F 1Z\e_cqgbd
Bgklblml kl_ib MjH J:G

JZkkfhlj_gu fhjnhf_Iljbg_kdb_ hkh[_gghklb-\h~hk[l
ghlh AZmjZevy azZgbfzZzxs_]h h[hkh[e_ggh- iheh"_
k_cghf j MjZe b [_kklhgghc h[eZklvx Lmj}Zckdbo
\_ ~Zgguo Zjob\Z kimlgbdh\uo bah[jZ _gbc /DQG\
[ZzaZz "Zgguo k ]b”jh]jZnbq_kdhc bgnhjfZpb_c JZ
lhe Igb_\ZjbZpbb iehszZz” ¢ ha_j k ] Auyle_g
s_klI\_ggu_ fghlh\h*gu_ b fZeh\h~gu_ i_jbh~u HJ}
wdheh]bg_kdb_ b khpbZevgh wdhghfbq_kdb_ ihk
guo ]b~jheh]lbg_kdbo baf_g_gbc

Ihke_ "klI\by debfZlbg_kdbo baf_g_gbc gZb[he__
y\leyxlky gZ \h*guo h[t_dlZo =eh[Zevgu_ debfZlb
pbb gZoh”yl hljz _gb_ dzd \ fbjh\hf \eZ]hh[hjhl_
hgZevguo b ahgZevguo baf_g_gbyo \h*"ghe pbjdm



ghr_gbb ha_jZ b bo \h*hk[hju y\eyxlky gZb[he__ |
fhc 1zZdbf h[jZzahf fhlml kem blv bg*bdzZlhjhf \ha’
fZlIbg_kdbo baf_g_gbc Ke_"m_I mqgblu\Zlv qlh n
Aguo h[t_dlh\ hldebd gZ baf_g_gby \ jZaebgguo
gZo kms_kI\_ggh hlebqgqzZ_Iky >Rgblgbdh\ @
H[t_dIhf bkke_"h\Zgby yleyeZkv ]jmiiZ -djmigu
guo ha_j jzZkiheh _gguo \ h[hkh[e_gghc [_kklhqc
\hklhgghc hdjZbg_ AZmjZevkdh]h i_g_ie_gZ b khh
hirbjghc g_h]l_g q_I\_jlbgghc Zddmfmeylb\ghc jZ\
gZevguo ]_hl]jZnbg_kdbo hibkzgbyo Jjmiim- bkke _“
agZqzZxl dzZd K\_lebgkdb_ ha_jZ gZoh”ylky \ ]jZg
l]lh jZzchgzZ Hj_g[mj]lkdhc h[eZklb Ih jzZaf_jZf ha_j
jmxlky gZ ke_"mxsb_ Jjmiiu
Djmigu_ ha_jZ iehszZ”~vx [heha jZ RfZedZj ?]Z
Dzjz di@_ludhev df
Kj_~gb_ ha_jz hl 2hDZcdZgdhev DZjZdhev
eudhev Kj_~gbc H[Zeudhev >Z\e_gdhev bm~Zcd
jZrZdhev DZf_ggh_ AZiZ”"guc b <hklhgguc Dhkd
jZgdhev
FZeu_ ha_jz hl £hZliddfdlu FZeuc @_ludh
=hj_eh_ DZjzZzfheZ Kmoh_ <hklhgguc b AZiZ"¢
@mjfzgdhev LZe”urZ ;bdlZzk FZeuc DZjzZdhev 7
dhev jbk
Bkke_"h\Zgbc ]b”jh]jZnbb b hkh[_gghkl-c *bgZz
kdbo ha_j jZg__ g_ ijh\h*behkv ba aZ hlkmlkl\by
eyjguo gZa_fguo ]b”jheh]bg_kdbo gZ[ex®_gbc b k
nhf_ljbg_kdbf ozZjzdl_jbklbdzf \h*hk[hjZ Ilhwlhf
ijb_fe_fuf kihkh[hf bamqg_gby "bgzZfbdb fhynhf_Ijk
jZdl_jbklbd ha_j y\ey_Ilky bkihevah\Zgb_ fghlhe_I
IZgpbhggh]lh ahg”bjh\Zgby A_feb >AA b-khihkl:z
[jh\ \ZjbZpbb kh k\_~_gbyfb ih klhdm [eb Zcrbo \h
>ey kbkl_fzZlbazZpbb bf_xs_cky bgnhjfZpbb b ijt
ke_"h\Zgby [ueZ ih~]hlh\e_gZ ]J_hbgnhjfZpbhggZy
ha_jzZf b \h*hk[hjghc iehsZ”b dhlhjZy \dexqZ_1I ki
kljZgkl\_ggu_ “Zggu_ b Zljb[mIb\gmx bgnhjfZpbx



;ehd ©J_ev_n2a Z J]bikhf_ljbg_kdbc Ihih]jzZnt
Ilhih]ljZznbq_kdzZy hkgh\z fzkrlz[Z i-h khklh
klib ] [ pbnjh\Zy fh”_ev j_ew57D IpZ hibpy\ _
[ _jij_lZpby \ \b~r_ ko_f wdkihabpbb b djmlbagu kd

;ehd ©=b7”jh]jZnby?2 ih |hih]jZnbg_Kkl@&jZ hkgh

ih khklhygbx f_klghklb \h~hlkdbab j&j_
au \h”*u

;ehd ©K_ahggu_ b fgh]lhe_Igb_ \ZjbZpbb ha_
kimlgbdh\u_ kgbfdb kj_"g_lh jZaj_r_gby k ih
066 77000 (room2222 /[ [ dbikdiskebsimiiekspe | §0Ed0mminpi f
kfzljb\z_fhlh i_jbh~Zz
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Ebgbb mj_ah\ \h”u [ueb ihemq_gu iml_f ~_rb
kgbfdh\ k bkihevah\Zgb_f fgh]l]hdZgZevguo \h”c¢
>)H\LVD HW DO .H =KDL HW DO Dmj
1':, 01':, $:(,

" E E E
ki_dljZevgu_ dZgZeu /DQGVDW 066
E E
E ki_d gu_dZgZeu /IDQGVDW 70 (
( E + E E E

(, E E = E E = E
" E E % ki_dljZevgu_ dZgZeu /IDQGVDW 70 (

<u[hj \h~guo bg”_dkh\ ijb ijh\_~_gbb ~_rbnjbjh)
bkihevah\Zeky “bnn_j_gpbjh\Zggh bkoh”y ba kh
guo dZgZeh\ \ jZaebqguo kp_gZo /DQGVDW 066
khklhygby \h*gh]h a_jdZeZ ha_j azZjzZklZgb_ ih\_]
j_1h\  gZebqgby ~ufdb hl kl_iguo ih Zjh\ g- agZqb
ghklb b I_g_c hl h[eZzdh\ f_g__ gZ kgbfd_ G
Ih\e_gghc [Zau "Zgguo [ueZ ihemqg_gZ ZIljb[mlb\g
ih fhjnhf_ljbq_kdbf izjzf_Ijzf ha_j b bo "bgzZfbdb

=b”jheh]bg_kdZy bgnhjfZpby \dexgZeZ k\_"_ghb
lhe_lg_c ghjf_ fh mey klhdzZ gz |_jjblhjbb b fgh]
NZgguo jZkoh”h\ \h~u ih j @Zjeu k ih - ] m
dZ <h~hk[hjgZy iehsZ”v j @Zjeu jZkiheh-_ gZ gZ
gZo MjZeh Lh[hevkdh]h ieZlh \ koh"bo k \h*hk[hjl
ha_j ] _hl]jZnbg_kdbo mkeh\byo

< j_amevlZl_i_j\bqggh]h ZgZebazZ “Zgguo-dhkfbqg
gbc fh gh k~_eZlv jy™ ij_"\Zjbl_evguo \u\h”~h\

K\_lebgkdb_ ha_jz bf_xI hlg_leb\h \ujZ _gg
n_ \h*hk[hjgmx iehsZ”v b aZgbfzZxl i_j_oh2gh_ ih
"m hlghkbl_evgh \halur_ggufb b ~j_gbjh\Zggufb
jZ\gbgzfb X 'gh]h AZmjZevy b Zddmfmeylbigufb j:
]Zckdh]h ijh]lb[Z Th mj_azf \h~u k k_\_jZ gZ x] i
klmi_gqgzZlhklv \ jzkiheh _gbb ha_jguo \Zgg = kj_
mj_au \h”u djmiguo ha_j @_ludhev b RZedZj ?]Z L

b f khhI\_IkI\_ggh
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K [Zkk_cgZfb j_d MjZe b Lh[he b k ha_jZfb Lmj

[Z \hAhk[hj \ fgh]h\hAgu_ i_jbh~u g_ bf__l-dZdhc
]bq_kdhc k\yab H[sZy \h~hk[hjgZy iehsZ v \f_kI_
ha_j ih ijh\_~_gguf ih"kq_1Zf khklZ\ey | df

Fgh]l]he _Ig_c¢c b k_ahgghc ~bgzfbd_ iehsz”_c
kiI\m_1I [ex*p_h[jZagZy fhjnheh]by ha_jguo qZr b
iblZgby ha_j h]jZgbg_gghlh ij_bfms_klI\_ggh \_Kk
fb \h~zZfb J_adbc dhglbg_glZevguc debfZl-k ihgb
g_gb_f I_jjblhjbb h[mkeh\eb\Z_| g_[hevrb_ kj_"g
ghjfu fh*mey klhdZzZ udHf e k

L_dlhgbg_kdbc hklZlhqguc ]_g_abkklibakj \ k
"ebl_evghklvx bo kms_kl\h\Zgby \ Zdd\imhymeylb)
hij_~_ebeb hdjm]J]emx nhjfm \ ieZg_ [beQBgkl\Z
ha_j k Jem[bghc ih\lhjyxl hg_jlZgbkemjbaB\ ligth i
ih kgbfdzf \ fZeh\h”*gu_ i_jbh”u Mjhhgbeggb[he __
b ihklhyggh]h iheh _gby a_jdZeZ haljblg[jKdmx| d
ihykZ nhjfbjmxsb_ky ba aZ jZaebqgldh § Zuked\byo
gby b "bag_”"_yl_evghklb azZjhke_c WibdghlghjZzklbl
kljzgkl\_ggh_ jZkijhkljZg_gb_ wlbo hhtylighMleMhklZ]
\h ijhyle_gh qlh iha\l\hebeh \uy\blv fhjizh#fljbqg_Kk
lju ha_j g_j_a ihkljh_gb_ \ukhlgh]hhMhil\g&ln*u ih
oZgby eb[h Jem[bggh]lh \ i_jbh”u fghdhYh®nNt® ihi
nbey DZd jZa \h fgh]lhf ba aZ hlkmid&l\dedMe f_
g_kdbo k\_~_gbc ih Jem[bgZf ha_j gzZ\Wa@fgguc fh
gh ihemgblv “hklh\_jgu_ j_amevlZlukmh h@a*ghfbdn |
Ilhfm ~_ \ p_ehf gZ IZdhc h[rbjghc |_I\jbkHjbtb hlkn
Ajhihklu khhiIV\_IkI\_ggh g_ ijh\h”*be]lbkyheadibo eb
g_kdbo bkke_"h\Zgbc

;he__ \ukhdb_ mjh\gb qZrb bf_xI| ke_"u-wjhabh
ghklb k\b”_I_evkl\mxs_c h[ hlghkbl_evghf \j_f_g
kiI\_ dhe_[Zgby mjh\gy 1Ijb[j_"gu_ kdehgu gzZklb d
gbo ha_j bf_xIl I_jjZkh\b”gu_ mkimiu

Q_j_"h\zZgb_ i_jbh~h\ fZeh\h~ghklb b- fgh]h\
_I kem blv k\h_h[jZaguf bg”*bdzZlhjhf ]h*"h\uo b
l_g”_gpbc \ debfZlbg_kdbo mkeh\byo AZ jZkkfZl



* 11 hlg_leb\h ijhke_"b\Z_Iky fghlhe_Ilgyy
ghklv \ \h*ghc gZihegy_fhklb ha_jguo qZr
<u”_ey_|lky M\Z i_jbh”*Z fZeh\h”bc % * b
AZ ~ebl_evguc e_lgbc i_jbh” ihegh]lh gZiheg ¢

gZxlky "\moe_Ilgb_ i_jbh”u agZqbl_evgh [he__ \u
* kjZam az fZeh\h”*guf i_jbh”*hf b - %
k_ggbc i_jbh~ b ]1 mjh\_gv ha_j ij_\ukbe

lhe_lg__ agZg_gb_ gz f \ j_amevlZl_ wlh]h ijhb
ijb[j_"guo I_jjblhjbc

lhemqg_ggu_ ij_"\Zjbl_evgu_ j_amevlZlu-ih q_j_
]Jh\h~*guo b fZeh\h”guo i_jbh”h\ \ p_ehf khhlghkyl
ih klhdm j @Zjeu

< fgh]l]h\hrgu_ i_jbh~u k_ahgu kbkl_fZ ha_j |
_ldzd _~"bgh_ p_eh_ k\yav f_""m ha_jZfb hkms_k
eh ' [bg klhdZ h[_ki_gb\Zxsbo i_j_eb\ ba qzZklb k_

ha RZedZzj ?]Z DZjz Khhl\_IlklI\_ggh k_ahggh baf
1Z gZklguo \h*hk[hjh\ hI*_evguo ha_]j

Ih kimlgbdh\uf kgbfdzf b mj_azf \h*u mklZgh\e
gZy hif_IdZ \ukhlu ijb nhjkbjh\Zgbb dhlhjhc \ \_k
ijhbkoh”bl kebygb_ ha_j \ _*bguc \h*h_f >ey ha_
Dzjz ~ZggZy hilf_lIdZ e_"bl gZ mjh\g_ f\;Zelb
\ukhl

NemdImZpby K\_lebgkdbo ha_j \ fghlhe_Ilg_f

j_a_y\ey_Iky agZgbfuf wdheh]bg_kdbf b khpbZevc
nZdlhjhf

| _j_kuoZgb_ ha_j g_ g_k_I ijyfhlh ms wW@hghZk e
fbd_ j_]bhgZ 1Zd dZd \h*gu_ j_kmjkaw amhlkiht ey |
ohaycklI\_ggh iblv_\h]lh \h"hkgzZ[ _gblygbpZzaBadikh
pbb <f_kl_kI1_f\ j_amevlZl_ i_j_KuoZglyHky*hb fh
"jheh]lbq_kdbc j_"bf \hAguo b ijb[j_"gba eZgfrdhlh
\ gZklghklb \hajzZklZ_1l jbkd \hagbkliigig oty bhjZki
“Zjh\ gZ ijbe_]Zxsbo |_jjblhjbyo < b\yfabak \uikuoZ
\b~rbfhfm baf_gy_Ilky fbdjhdebfzZlbg_&dbc j_"bf j_]

< j_"db_ fghlh\h”gu_ i_jbh”u gZghkblky ms_j]
k_ebl_[guf I_jjblhjbyf b khimlklI\mxs_c ohayckI\_¢



kljmdImj_ AZlhie_gb_ ijb[j_"guo I_jjblhjbc ha_j
ijh~he bl _evghklvx b bf__ | “ebl_evgu_ g_]Zlb\gu_
"ey k_evkdhohayckl\_gguo m]h”~bc
JZkiheh _gb_ ha_j gz \Z'g_cr_f ljzgkdhglbg_

liZpbhgghf imlb ilbp kha”“Z_1 mkeh\by “ey ]Jg_a”h
\brh\ \h~ghc b hdheh\h”ghc hjgblhnZmgu -mf_j_g
jZabb Ihwlhfm kms_kI\_ggu_ \ZjbZpbb iehszZ”b
m]h”~bc y\eyxlky nZdlhjhf hij_"~_eyxsbf kl-—_i_gv |
lh [bhjZzaghh[jZaby b khojZgghklv ihimeypbc fb]
Ah\ hjgblhnZmgu Ke_"m_I| hilf_Iblv qglh gZklv K\
hojzgy_|ky \ khklzZ\_ [bheh]bg_kdh]h aZzdZaghdZz
gby ©K\_lebgkdbc? h[s_c iehsZ”vx 12

< ~"Zevg_crbo bkke_"h\Zgbyo [m"ml j_rZlvky \
e_gby fhjnhf_Iljbqgq_kdbo iZjzZf_Ijh\ ha_jgue qZr =<
ihf klZzg_I| khihklzZ\e_gb_ fgh]he_Igbo “"Zgguo mjh
kdbo ha_j k "Zggufb ih klhdm j @Zjeu Z IZd _ k .
ke_"h\Zgbyfb ih “jm]bf [_kklhgguf h[eZklyf >Rgbl|
Ahevgbdh\ b *j Dmjl]Zzgh\bg Ghkdh\Zz @
hij_~ _eblv ozjzdl_j j_]lbhgZevguc eb[h ]Jeh[Zevg
fuo \ZjbZpbc

JZ[hlZ \uiheg_gZ \ jZzfdZo Dhfie_dkghc ijh]jZffu MjZe
e _gby J:G « ih 1 _f ©:gZeba Zgljhih]_gguo \ha
ijbjhrgu_ ]_hkbkl_fu AZ\he'kdh MjZevkdh]h j_}bhgZ b
Ilh~h\ khojZzg_gby eZg”rZnlgh]lh b [bheh]bq_kdh]h jZagt
k_ijbjh~hihevah\zZgby?

Ebl_jzZImjz

Ahevgbdh\ B > =emrdh\Z G < BE¢ybhdpkxy ~bbozTfpdb
ijbjh~rgh |_jjblhjbZevguo dhfie_dkh\ kb AZky'agh-& Khaf_
g_gbyfb debfzlz = _h]jZnby b ijbjh*xu_ K kmijku

Dmjl]Zzgh\bg D : GhiBdihe vahkzgb_ \h”guo bg”_dkh
hp_gdb baf_g_gby iehszZ”_c¢ \h~ghlh a_jdZeZ kl_iguo |
\hklhdzZz AZ[ZcdZevy ih ~Zgguf "bklZgpbhggh]lh ahg”b]
AZ[=M < K +

Rgblgbdh\ : Ha_jZ AZiZz~ghc Kb[bjb b K_\_jgh]lh DZ:
fghlh\_dh\Zy baf_ggb\hklv m\eZ g_gghklb kl_i_c¢c Ljm
ha jh\_~ gby :G KKKJ . L k



JH\LVD * / OHLOE\ + )HQVER®WPD W BERIOGN 6 U5
WLRQ ,QGH[ $ QHZ WHFKQLTXH IRU VXUIDFH ZDWF
5SHPRWH 6HQVLQJ RI (QYLURQPHQW 1 3

.H =KDL LDRTLQJ :X <XDQ&RPSIDQL\BRIQ SRHLVXU I
WHU H[WUDFWLRQ SHUIRUPDQFHV RI GLIIHOHQW F
LPDJHULHV LQ GLIIHUHQW VLWXDWLRQV  *HR VSEC
3 + GRL

'(17,),&$7,21 2) 6($621%/ $1' 3(5(11,%/ :$7(5
685)$&( 9$5,$7,216 2) /$.(6 ,1 7+( 6287+ 85%/ 86,1*
5(027( 6(16,1* /$1'6%$7 35(/,0,1$5< 5(68/76
<X $ 3DGDONR 9 0 3DYOHLFKLN
,QVWLWXWH RI 6WHSSH RI WKH 8UDO %U

7KH DUWLFOH GHDOV ZLWK WKH GHVFULSMHW RI
DQG WKHLU ZDWHUVKHGYV LQ WKH 6RXWHH&U /& HV K
ZDWHUVKHG RI WKH 8UDO 5LYHU DQG WKH LQWHU(
GDWD EDVH RI WKH K\GURJUDSKLF LQIRUPDWLRQ
LPDJHU\ RI /DQGVDW ZDV SUHSDUHG 7KH ORQJ W
GXULQJ WKH SHULRG RI ZHUH FRQVLGHUHG
ZDWHU DQG ORZ ZDWHU SHULRGV ZHUH LGBQWL¢H
WLRQ RQ WKH JHR HFRORJLFDO DQG VRFLR HFRQF
K\GURORJLFDO FKDQJHYV

KHA>:GB? HKGH<U >EY IHKLJH?GBY
D:JLH=J:NBQ?KDHC FH>?EB J:KIJ?>?E?GBY
F:DKBF:EVGUO KG?=HA:I:KH< < ;:KK?CG?

J?DB D:KF:EU :EL:CKDBC DJ:C

> D | _jrbgJd X ;bjxdh\

BgklbIml \h*guo b wdheh]bqg_kdbo ijh[e_f KH
celZckdbc JThkm~ZjklI\_gguc mgb\_jkbl _|

JZkkfZljb\Zxlky \hijhku kha”Zgby hkgh\u ey ihkl
jZkij_~_e_gby fZzdkbfZevguo kg_lhazZiZzkh\ \ [Zkk_
Hkgh\gufb bkoh~gufb fzZl_jbzZezZfb kem Zl -pbnjh\Zz
ev_nZ ~Zggu_ >AA b fZjrimlguo kg_]hkt_fhd



< mkeh\byo mf_j_gguo rbjhl eZg”~rZnlu "ebl_ev
oh”ylky ih” \ebygb_f kg_"gh]h ihdjh\Z dhlhjuc \h
A_ey_| bo nmgdpbhgbjh\Zgb_ \ abfgbc i_jbh” Djh
h kh~_j"Zgbb \ezZ]b \ kg_"ghf ihdjh\_ hg_gv \Z gu
klhdz \ i_jbh” \_k_gg_]h iheh\h”vy

<\b"m g_h~ghjh~rghklb ih*"klbeZxs_c ih\_joghkll
agZqbl_evghc kl_i_gb hij_~_ey_| ijhkljZgkl\_ggm:
Zpbx kg_"gh]h ihdjh\Z \gmljb j_qguo [Zkk_cgh\
bgkljmf_glhf ZgZebazZ y\ey_Ilky dZjlh]jZznbjh\Zgb_
0ZjzZdl_jbklbd AgzZgb_ h ijhkljzgkl\_gghf jZkijhk!
0ZjzZdl_jbklbd ih jZaebqgguf Ibiheh]bqg_kdbf JjmiizZf
ihal\hey_ | hp_gb\Zlv \deZ” Ih]h beb bgh]h ijbjh~gt
his__ kg_]hgZdhie_gb_ \ [Zkk_cg_ b ijhbalh”blv ¢
"ijheh]bg_kdb_ jZkgq_lu Ih” hkgh\gufb ozZjzZdl_jbkl
]h ihdjh\zZ ljz"bpbhggh ihgbfzZzxlky lhesbgZ iehlg
aZiZk Ilhke_"gyy \_ebgbgZ \\b”m bgl_J]jZevgh]h c
ky gZb[he__ \Z'ghc < azZjm[_"ghc ebl_jzZImj_ zZ \
b \ jhkkbckdhc dzd kbghgbf bkihevam_Ilky-I1_jfbg
e_gl kg_"gh]h ihdjh\z2 VQRZ ZDWHU HTXLYDOH

LiZz"bpbhggh dZjlu fZzdkbfZevguo kgbohazZjzéh\ |
|_jbklbd kg_"gh]lh ihdjh\Z kljhylky @XxIZbdihgZrZg
guo gZ[ex™_gbc b kg_]hf_jguo kt_fha giZjrjinhklzg
guo kg_]hf_jguo gZ[ex"_gbc "bklZgpbhghauoh”"Zg
lh jhrZ fh~r_e_c¢c b ~j <u[hj kihkh[Z dbig Bh\belha Zapdb b
\bkbl hl bkoh”guo "Zgguo b ijbgpbigvhkZjlhgby I
ehdZevgh j_]lbhgZevghf mjh\g_ fh gh_\kdj ¥bdg hlh
guo k ihfhsvx bahebgbc >J_\ydbg Dij@\phRg
dh\gbdh\Zz Bleh\kdzZy GZjh guc_ ijz@f_GZb[f
gh ijbf_g_gb_ wlh]h kihkh[Z hlh[jZ _Jobyg Zev giZ]ihZ
b Jeh[Zevgh]h fZkrlZ[h\ h~gZdh \ &xjhekemdgbhjb
bahebgbc |I_jy_ Iky ©k\yava k oZjZdIihhf jingkkble Zxs
gb\_ebjmxlky fgh]b_ dhgljZklu \ jZkih]H ibdpb\Z kg _
dhlhju_ fh]lml ijhy\eylvky gZ hq_gvyphbywevrbo jZkk

<lhjhc ]jmiihc y\eyxlky dZjlu ihkljh_lgiggw gZ
eZg”rZnlghc b ]_h[hlZgbq_kdhc bg”*baddgpbfo d&dbki



hkgh\u khhI\_lklI\mxs_]h jh*Z dZjlu >KZ4mbgh\g

;udh)\ lhih\ Dhl[a_\Z b@ b Wb thy \ldy*
xI' k_jv_agu_ Ij_[h\Zgby d gZ[hjm bko[m giko “adygZg u
gbl_evguc klZlbklbg_kdb ~hklh\_jggbyfio\&l @Z[e
Ibih\ ijbjh*guo dhfie_dkh\ dhlhju_ mjipmkyhkg@hdhc
\m dZjlu <Z°gZ b kzZfZ bkihevam_f¥yh#dgh\tjZabq._
hfoh”bfh ihgbfzZlv qlh \ mkeh\byo kdgwjZglghoillh m
]_gghc gZ]jmadb z~_d\zZIghklv hlh[ud |llgih}-iZ& bek
Ibl_evgh]h ihdjh\Z eb[h eZg”rZnlguom\su”kléhgdh _|I
kgb Zlvky Mq_Il lhevdh ozZjzdl_jbklbdd_jZkllmlZ ekdgh
[hc b]ghjbjh\Zgb_ p_eh]lh jy*Z nzZdlhgh)_evnrkefh\e _
dhihju_ fhlml ~_cklI\h\Zlv ~Z" _ ijb kogh _f __ ozZjzdl
GZb[he__ ijh]j_kkb\gu_ f_Ih”*bdb dZjlh]jZnbjh\Z
]h ihdjh\Z gZ km[j_]J]bhgZevgh ehdZevghf mjh\g_
jZxlky gZ k\yav f_""m qg_Idbfb fhjnhf_ljbg_kdbfb i
ih"klbeZxs_c ih\_joghklb b ~Zggufb h kg_-lhgZdh
dZo gZ[ex™_gbc h[_ki_g_gguo IZdhc bgnhjfzpb_
hidju\Z_| rbjhdb_ \hafh 'ghklb ~ey fh”_ebjh\Zgby
gby kg_"gh]h ihdjh\Z bkihevamy jZaebqgu_ bkoh

a_fgu_ gZ[ex"_gby >0OHURP\ HW DO >\hjg

"HWODXIHU HW DO @ kimlgbdh\u_ “Zggu_

HW DO @ j_ amevIZIu eZa Jgh]h dengh\Zg
HRRSS\N\LLGRUDFREIIH-R\\B R R R daH B P O

jh~ghc bgthprbbwwm@@J@iw@w@@mlmm@mW
ljbg_kdbo ozZjzdl_jbklbd |_jjblhjbb rbjhdh 4ijbf_gy:
\u_ fhr_eb j_ev_nz '(0 GZ bo hkgh\_ fh gh ihe
jy®» \Z'guo k lhgdb aj_gby kg_]lhgZdhie_gby o0ZjZ«
kgblu\Zlv hij_~_e_gguc gZ[hj bg”_dkh\ gZijbf_j

\bagu ih\_joghklb Rbjhdh ijbf_gyxlky IZd'-_ "Zggl
jh\Zgby dhkfhkgbfdh\ + dZjlu gZa_fguo ihdjh\h\ (
hkgh\_ wlbo fZl_jbZeh\ \u”_ey_I|ky gZ[hj oZjzZdl_]

\u[bjzZxlky highkbl_evgh ki_pbnbdb |_jjblhjbb bk}
k\yab k hkh[_gghklyfb kg_]hgzZdhie_gby gZijbf_j
klh g_I| kfukeZ mqgblu\Zlv Z[khexlgmx \ukhtm Ijh

AZpbb wibo 0Zjzdl_jbklbd GZ hkgh\_ k\yab k j_Z



eyfb kg_lhgzZdhie_gby \hafh 'gh ihkljh_gb_- jZaeb
hgguo fh”_e _c¢
Ba \k_]h kdZazZggh]h ke_"m_I qlh jy® IjZ*"bpbhc
kljh_gby dZjl hkgh\guo ozZjzdl_jbklbd kg_"gh]h ih
\ k_[_ kms_klI\_ggu_ g_"hklzldb H~”gbf ba-\hafh'g
gby \b”*blky dhjj_dlgZy bgl_]jZpby *"Zgguo-h g_h~
ghc ih\_joghklb ezZg”~rZnlghc kljmdIimj_ b ~Zggu
ke_"h\Zgbc Bkoh”y ba wlh]h p_ev bkke_"h\Zgby
\u "ey kha”Zgby dZjlh]jZnbq_kdhc fh*_eb- jZkij_"
fZevguo kg_J]hazZiZzkh\ \ [Zkk_cg_j DZkfZeu
H”rghc ba ijbgbg \u[hjZ ~Zggh]h [Zkk_cgZ "~ey
Ih"bdb ihkem beh Ih qlh jZz\gbggu_ \h*hk[hju x]Z
[bjb djZcg_ keZ[h bamg_gu \ gZa\Zgghf Zki_dl_
"hk[hjguc [Zkk_cg 6 = jZkihefh _g iheghklvx
ihfahg_ x'ghc e_khkl_ib gZ Ijbh[kdhf ieZth b y\e
a_glzZlb\guf ey ~Zgghc I_jjblhjbb >Ahehlh\ Q_jc
fudZzxsbc kl\hj jzkiheh _g \ k_e_ Jh]h§b#tzZc 1" _
ki\m_1I ]b”jhihkl EZg”~rZnlgZy kljmdImjzZ [Zkk_cg
ghjhrgzZ Hkgh\gufb we_f_glZfb eZg”rZnldghc kljm
Jh ihjyrdz \ ij_~_eZo jZkkfzZljb\Z _fih]klj&kmjodZ
nmgdpbhgZevgufb gzZklyfb yleyxlky xhkdtekidhggu
Dmemg”~bgkdh DZkfZebgkdh]h e_\u%gpkjlfZ&kjh\_jh
kdehg DZkfZebgkdh ;ZjgZmevkdh]h\ iJZ%ec* {lejtx m\.
S__ bo ~"gbs_ DzZkfZebgkdhc eh ' [bgwry_dg[Hbavkihd
rmx gZklv dhlhjhc aZgbfzZ_| kh\j_f_lgfZey "he bjdZ |
Ilhjby ih”"\_j _gZ agzZqbl_evghc ZgljhihjhygjggzZ]jr
klb m\Zeh\ nZdlbg_kdb iheghklvx jZkadZlozkggh\h ij_
lh [hjZ gZ "gbs_ eh ' [bgu *j_\g_]h kHkdB\khfdgiZu _
\k_ [hevr_ azf_sZxlky jZaebqgufb fhijbnbggwbyfb
fb f_edhebkI\_ggh khkgh\ufb b *j >@_jguo b *j
Hkgh\gufb bkoh”gufb *Zggufb "ey ZgZeb-aZ kljm
eZxs_c ih\_joghklb ihkem beb pbnjh\Zy fh*_ev j_
dz ]jbrz f b dZjlZ gZa_fguo ihdjh\h\ ODQG FFR
Ibih\ \u”r_eh\ :e]hjblf kha”“Zgby hkgh\u ijb\_"_
>:bjxdh\ @



Bamqg_gb_ kg_"gh]lh ihdjh\Z ijh\h*behkv e
fZjrimlguf f_Ih~hf \ i_jbh” fZdkbfZevgh]h kg_]hg
\Ihjzy ~_dz~zZ fZjlZz \ 1_q_gb_ e_lI + 11
fZjrimlh\ khklZ\beZ hdheh df [he__ baf_j_d
kg_]1Z b [he_ _ baf_j_gbc iehlghklb \ dZ~uc ba
gbc I_j_oh” hl lhesbgu d \h*ghfm wd\b\Ze_glm Kk
\Z \hafh" _g ih j_amevlzZIlZf ihe_\uo baf_j _gbc ieh
KhihklzZ\e_gb_ ~Zgguo h lhesbg_ b agZg_gbc \h”¢
ihal\hebeh ihemqgblv mjZ\g_gb_ ebg_cghc a-Zbkbfh
Ilhjh_ ijbf_gyehkv ijb jZkq_I_ kg_]lhaZzZiZkh\

Bkoh”y ba ki_pbnbdb |_jjblhjbb 7~ey kha”Zgby
fZdkbfZevguo kg_JlhazZizZzkh\ [ueb \u[jZgu ke_"mxs
m]he gZdehgZ ih\_joghklb wdkihabpby kdehgzZ h
Ibih\ gZa_fguo ihdjh\h\ =jZ*"Zpbb dexq_\ue 0Zjzd
k[hjghlh [Zkk_cgZ [ueb \u[jZgu bkoh”y ba-\k_]h ~
gbc b ki_pbnbdb \ebygby gZ kg_lhgZdhie_gb_ \u
ihe _\uo bkke_"h\Zgbc

FZdkbfZevgu_ mdehgu \ ij_~_eZo [Zkk_cgZ h]jZ
[hevrZzy ~_ qzZklv y\ey_Ilky ihqglb iehkdhc Fh\_jogt
gZfb ~h f LZdbf h[jZahf [ueb \u”_e_gu-mkeh\g
\_joghkl_c = \ujh\g_ggu_ b kdehgh\u_ Wdkihabpl
Ilhevdh “ey \lhjhc ]jmiiu \u”_eh\ Wdkihabpbhggt
[ueb h[t_~bg_gu \ gq_luj_ ]jmiiu £+ ©K K<2& ©O< X<
©A KA?2 <u[hj ih~h[ghc ]jZ*"Zpbb k\yaZg k jZkiheh
gZ ih ijh*hevghc hkb XA K< b x]h azZiZz”*guf-gZijZ\e
eZ"Zxsbo \_Iljh\

Ba h[s_]h gbkeZ Ibih\ gZa_fguo ihdjh\hYt [ueb \
luj_ ]jmiiu koh”~gu_ ih ozjzdl_jm kg_]hg4dhie_g
ebgguo e_kguo |Ibih\ j_adh dhgljZklbjmxl khkgh\u
f_edhebklI\_ggu_ [_j_ah\u_ hkbgh\u_ Ihihe_\u_

Khfdgmlu_ khkgydb fhlml i_j_o\Zlu\Zlv ~h \
hkz~dh\ [hevrZy qZklv ba dhlhjuo bkizZjy_ Ilky >:
S3RPHUR\ HW DO @ \ ebkl\_gguo ~_ e_kZo |

hikmlkI\m_| Djhf_ Ih]h ijhf_"mlhqgu_ Ibiu- khkgh
gu_ f_edhebkl\_ggh khkgh\u_ khkgh\h f -edhebk



ebkl\_ggu_ aZ[hehg_ggu_ \ kbem hkh[_gghkl_c
[ueb hlg_k_gu \ h*gm ]jmiim k kh[kI\_ggh-f_edhe
kzfb ?s_ ~\_ ]jmiiu khklZ\beb kl_ib em]Z b bo
lzd"_ ljhklgbdh\u_ aZcfbsZz

YKnoH

1.=3
2.2 3

JKcno3numa

1. C-CB (337.5-67.5")
2. B-HOB (67.5-157.5")
3. 0103 (157.5°-247.5%)
4.3-C3 (247.5-337.5°)

Ha3seMHble NOKPOBbI

1. TRPOCTHWKOBLIE 3aAMULLA | e

2. Cfx yrones, ctenw, nyra ! 10T
3. Neca MeNKONWUCTEEHHBIE W UX NPOMABoaHLIE |~~~ =
4. Neca cOCHOBLIE COMKHYThLIE o 250 oM o

Njz]f_gtZzjlh]ljZznbg_kdhc hkgh\u b ]jZ*"Zpby bkihevam
jZdl_jbklbd ih~"klbezZxs_c ih\_joghklb

< j_amevlzl_dhf[bgbjh\Zgby \u[jZgguo +ZjZf _1jl
emqg_gh Ibih\ ' yq__d 7ey dhlhjuo oZjzdl-jgu hij
[ _ gghklb kg ]JhgZdhie_gby NjZ]f_gl ihem-q_gghc
kdhc hkgh\u ij_"~klZ\e_g gZ jbk LzZdbf h[jZahf i
hkgh\zZ k g_dhlhjufb ~hjzZ[hldzZfb fh _| kem blv [z
kljh_gbb dzjl hkgh\guo ozZjzdl_jbklbd kg_-gh]lh it
e _gbb az\bkbfhkl_c¢c kg_]JhgZdhie_gby hl o0Zjzdl_jk
s_c ih\_joghklb jzkkfzljb\Zz_fh]lh [Zkk_cgZ

Bkke_"~h\Zgb_ \uiheg_gh ijb nbgZgkh\hc ih~"_j d_ <
< fheBZ

Ebl_jZImjz
;bjxdh\ J BKgl_ljZpby jZzaghjh”rghc ijhkljzgkl\_ggh jZKk
ghc bgnhjfZpbb kj_~kI\Zfb =BK ijb khey Zgbhp rizkagghu »
]b”rjheh]lbg_kdbo dZzjl Fbj gZmdZ gttpmevimju hKZahz
;udhy G MBblhbg~bdZpby kg_"gh]h ihdjh\Z :efZy gZ mj
pbc jZklbl_evghklb =_h]jZnby b ijbKbfhjhevah\zgb
K +



=jm~bgbg Kg <guc ihdjh\ x]Z Fbgmkbgkdhc dhleh\bgu
[bjkd GZmdZz k

>\hjgbdh\ X : Ohfmlh\ : < FmeeZgmjh\Bhk J ?jftl
N _ebjh\Zgb_ jzkij_~_e _gby \h~gh]h wd\b\Ze_ glZ kg_ gl
Nj_ k bkihevah\zZgb_f =BK b “Zgguo ihe_\hc kg_J]hf_jgh
kg ] < K *

Ahehlh\ > < Q_jgludj>a glzZlb\ghklv fh*_evghlh [Z]
j DzZkfZeu ~ey kjZ\gbl_evguo eZg”rzZnlgh ]b”jheh]lbqg_
gbc gZ ljbh[kdhf ieZlh Ba\_klby :el=M K_j [bhe g2z
e_ obfby < K +

Bleh\kdZy G < GZjh #ujc X eDgb_ kg_JhaZzizkh\ :el
bkihevah\zZgb_f kimlgbdh\hc bgnhjfZpbhb < _klg Lhfk

< K *

Ihlhj_eh\ : < ;hedh 2?2 K BeehewaB\Zgb_ eZa jg
ehdZpbhgguo “"Zgguo “ey fh”_ebjh\Zgby b ZgZebaz Kl
j_ev_nhb”h\ JThjguo |_jjblhjbc <_klg K_\_jh DZzZ\dZa
mg 1Z < K *

lhih\ ? K Dh[a_\EgE 'guc ihdjh\ \ [Zkk_cg_ j Lh]m
KZeZbjkdbc djy" Ilheamgh\kdbc \_klgbd < K

lhihy ? K lhedh\gbdhj\WgkI?ZgklI\_ggZy ~“bnn_j_gpbZz
kg_"gh]h ihdjh\Z \ [Zkk_cg_j Qmfur <_klgbd Zelzcl
< K *

J \ydbg % & DjzZ\Kh\ZgucBhdjh\ b eZ\bgu :elZy Lt
L=M k

KZfhceh\Z £Zg”~rZnlgh bg”rbdZpbhggZy dzZjlz kg_"gh
relz_ KZygkdhc nbabdh ]_h]jZznbqg_kKdiZciki]dbazd Ed\bkg
ghc hiZzkghklb =_hljZnby b ijbjhrgu_ jKkmjkd

Q_jguo > < ;bjxdhAhehh\ > < <Ztgljihih}_g
gu_ fhrbnbdzZpbb b ljZgknhjfZpbb ezZg”~rZnlh\ \ [Zkk_c
DeZkkbnbdzZpby b "bgZfbdZ gZ hkgh\_ ~Zgguo -“bklzZgp
gby <_klgbd ZelZckdhc gZmdb < K *

%eKOHU < O0DUW\ 6QROGHSMMW PDSSLQJ-LQ KLJI
PHQWY XVLQJ GLIJLWDO SKRWHRJUDPBRI/U\ 3 7KH &I

'LHW] $ - &RQUDG & ,SEHQMAUNEGQHWKD®JILQJ \
FKDUDFWHULVWLFV LQ &HQWUDO $VLD EHWZHHQ
5HPRWH 6HQVaRO ,VV 3 *

+RSNLQVRQ & &ROOLQV @S DYQLEIHU VR R 75 G H\EWIKC
XVLQJ /L'$5 WUDQVHFW VDPSOHM DMIGH SCOEMLIZF 54,
ZDWHUVKHG $OEHUWD &DQIDELDQ :DIRIOU 5HY R XL



/L + < +H < 4 +DRRZ@VHMWODQJ VQRZ FRYHU |
LQ PRXQWDLQRXV UHJLRQV EDVHG RQ VLPXODWELE

5HPRWH 6HQWYRQJ ,VV 3 *

OHURP\/ ORORWFK 1 36XHIUNG YDUMDBEDOLW\ R
HTXLYDOHQW DW RSHUDWLRQDO VQRZ VWBYWRLRQV

FHVVHYV 9RO ,VV 3 *
B3RPHUR\ - : 3DUYLDLQHQ - +HRQRXKEPH G PSR G
HOOLQJ RI IRUHVW VQRZ LOQWHUFHSWLRQ DQG VX
9RO ,VV 3 *

3URNRS $ 6FK|Q 3 9LFRPGHWLY RRONRDAWHUUDLQ
HWHU ZLQG ¢HOG PRGHOOLQJ DQG 7/6 VQRZ GHS
,QWHUQDWLRQDO 6QRZ 6FLHQFH :RUNVKRS *UH
3 +
‘HWODXIHU . +HQGUL®OSDW IOD® KKMHU RIHQH LW\
DQG LWV LQAXHQFH RQ VQRZ ZDWHU HTXDRRX®HQF
EDVI#QGURORJ\ , V9RO 3 +

3529,',1* 7+( %$6,6 )25 7+( &216758&7,21
2) $ &$572*5$3+,& 02'(/ )25 ',675,%87,21
2) 0$;,080 612: :$7(5 (48,9$/(17
1 7+( .$60$/$ 5,9(5 %$6,1 $/7$, .5%,

SHUVKBQ<X %LWU\XNRY

,QVWLWXWH IRU :DWHU DQG (QYLURQPHQWD
$OWDL 6WDWH 8QLYHUVLW\

7KH SDSHU GHVFULEHYVY WKH LVVXHV RI WKH GHYH(
WLRQ RI D PD[LPXP VQRZ ZDWHU HTXLYDOHQW G|
5LYHU EDVLQ 7KH GLJLWDO HOHYDWLRQ PRGHO

VXUYH\V ZHUH XVHG DV WKH PDLQ EDVLF PDWHULL
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QBKE?GG:Y FH>?EV >EY BKKE?>H<:GBY D:Q?KL
<H>U < DIMIGHF HA?J?

7 H Pu”_gh\
Lhfkdbc JThkm~ZjklI\_gguc mgb\_jkbl_]I

JZ[hlZ ihk\ys _gZ hibkZgbx gbke_ _gghxsfhtrkeb mc
lhggmx ~"bgzZfbdm dhjhldh\hegh\hc b ~dZpd\hegl
ihlhdh\ kdjulh]h b gm\kl\bl_evgh]lhNh\V2g@by ey bk
g_kI\Z \h~u gZ ijbf_j_ha_jZ DZfemeknf]jibyZ ®kdZy
gZ"Z lj_~"klZ\e_gu j_amevlZlu fzZl éBjbyZdhhn]h |
jZKkij_~_e_gby fmlghklb \h~u \ i_jbhpr \Zgbgo\hlh ij
"h_fz

Ih hp_gdZf mg_guo gq_j_a g_kdhevdh ~-kylbe_
kgzZzy \h~zZ klzg_I| \Z g_crbf j_kmjkhf ihkdhevdm
fZ \ hlebgqb_ hl “jm]bo ijbjh*guo [h]ZIkI\ A_feb
Jghazf ~bj_dlhjz BgklblmlzZz \h~guo ijh[e_f J:G <
>ZgbevygZ Jeh[Zevguc \h”"guc djbabk h 'b”rZ_ Iky

Nh + 1] >>Zgbeh\ >Zgbevyg @ D bk
Aguo j_kmjkh\ \_~_| g_ jhkl jZzkoh"m_fhc \h*u Z _

P_evx ~Zgghc jZ[hlu y\ey |ky jZajzZ[hldZ g_]b"]

" fzZzl_fzZlbg_kdhc fh"_eb “ey bkke_~h\Zgby ijhp_
gby \ ij_kghf \h~h_f_k mqg_Ihf kmlhgghc baf_gqb\
guo oZjzdl_jbklbd



>ey hp_gdb dzZg_kI\Z \h”u m~h[gh bkihevah\Zlv
ghklb ozZjzdl_jbamxsbc aZ\bkbfhklv ijhajZgghklb
gby \ g_c f_edh”bki_jkguo \a\_r_gguo ijbf-k_c jzZ
bkoh™~ _gby >bgzZfbqg_kdh_ baf_g_gb_ fmlghklb \F
AjhklZlbg_kdhe fZlI_fZlbg_kdhc fh”_eb hibku\Z_Ik
dhg\_dlb\gh “bnnmabhggh]h mjZ\g_gby \b”*Z

u w

- = — D,— — D,—
t X Z X X z Z
" - £ fmlghklv \h*u -78

G_]b”jhklZlbq_kdzy fh~_ev ~ey \hkijhba\_"_gb
"bgzZfbg_kdbo ijhp_kkh\ \ Jem[hdhf ha_j - mqgbl
gb_ kbeu DhjbhebkzZ k\yaZgghc k \jZs_gb_f A_fe
\ ijb[eb _gbb ;mkkbg_kdzZ \dexqZ_I \ k_[y ke_"m>
>7TVIGHQRY 6WDUFKHQNR @

ZmjZ\g_gby dhebq_kI\Z ~\b*_gby

u u uw 1 p

—_ — — = = — K, — K, 21v2yw,
t X z 4 x x X z z
W W o Yk, Y 2 w2 o

t X z X X z z

wouw W Lp W W Uy
t X z 4 z x X z z Y

[ mjZz\g_gb_ g _jZajulghklb

uow oy,

X z

\ mjZ\g_gb_ wg_j]bb

T ur Wt T p T 1 Hy

t X z X X z z Yo, z

] mjzZz\g_gb_ [ZeZgkZ khe _ghklb \ ha_j_

S u ws S S

t X z X X z z
]" Xv = ]hjbahglZevgu_ dhfihg_ gdu: KRdlhibd&ZevgZy
dhfihg_glZ kdhjpklib , + dhfihg_glu \_dlhjZ m]eh



kdhjhklb \jZs_gbyJA_ frelbdhj_gb_ k\h[h*ghRhtiZ"_g
m”_evgZy |_iehT fdhkifv_jZI®#&Z khe_gBkdv*Z-\e _
gb_!'— iehlghklv \h”*u ijb klZg”~Zjlghf ZIfhkn_jghf 7
|_fi_jzZInTj_b khe_g@Kibbge + oZjzZdl_jgZy |_fi_jZImj.
khe_ghklv ha_jZ khhI\_IkI\_ggh Dhjhldh\hegh\Zy
Zpby ijhgbdZxsZy \ \h*m jZkkqgblu\Z_Ilky -ih azdr
[_jlZz+x;wjZ

Hsol HSsoJO exp I_ébg
]» + .+ ihlhd kheg_qghc jZ"bZpbb gZ k\h[h~ghc

6VRO™
& dhwnnbpb_gl ihpehs /gbykem[bgZ

AZfudzZgb_ kbkl_fu mjzZ\g_gbc hkms_kkley_ Ilky
AmoiZjZf_ljbg_kdhc Nxz& fh”r_eb Mbe[dZdlgZ beb
kdbo khhlghr_gbc ey dhwnnbpb_glh\nlmgprbe_ gl
>Pu”_gh\ KIlZjg_gdh @ MjZ\g_H_ RhOIOHJDF

@ k\yaulZ_| iehlghklv \h~u k I_gihkZvmjH&Z\ khe
e_gb_f b kijz\_"~eb\h \ "bZiZahfg_ 6"~ ] d]

"S” [Z]

J_r_gb_ az~Zqgb hkgh\Zgh gZ f_Ih~_kdheZ&ghlh
gh dhlhjhfm kdZeyjgu_ \_ebgbgu |_#&baZlpby fk
fmlghklv \hAu b I ~ hij_~_eyxlkyh\cpyqlgdik_\hqg
Ilh \j_fy dZd dhfihg_glu \_dlhjZ kdhphkigdZd gz "
ljiZgbpZo yg__d Qbke_gguc Ze]lhjblf _gZaghby* bgby
[_fi_jZImju hibjZ_lky gZ jZaghklgmxGla hfenrk gj Z g c
Dhg\_dlb\gu_ keZ]Z_fu_ \ mjZ\g_gbyqy Zhijhldkbfb]j
Ib\hihlhdh\hc ko_f_/HR @ D B/GI@ QD@ ki dh{ @ itizhy) #d
kl_fu jZaghklguo mjz\g_gbc gZ dzZ ~bfjrzZxlih \j_-
ky f_Ih~hf j_eZdkZpbb

< dZqg_kI\_ bkke_"m_fhc h[eZklb \u[jXkgfh_ \_jlb
gb_ ha_jZ DZfemiRD@DROK @ @NEHh KO I el Db pashx s
e_gbx \iz~_gby j_db Lhfikhg gZqgZetZlkkkiiZu dh
ANZ Ik mklv_f j_db jbk z Ha bjlkkyD g Ze mjitkk gZ
azZiz™"_DZgZ"u ijh\bgpby ;jblZgkdzyDhemijhby \
\hklhqg__ <Zgdm\_jZ b jzZkiheh ceghzfc kAnr 4
b Zzee zca "N JZkq_lgzZy hl[ezZklv bf__1 ijhly

df b Jem[bgm f jbk [



< \ugbkebl_evghf wdki_jbf_gl_gZgqZevgh_ jZKkij
i_jZlmju \ ha_j_ DZfemik bf__I ihklhyggh_ agZ

z& \ Ih \j_fy dzd |_fi_jZImjzZ \h”u \ j_d_ khhl\_
b gz]j_\Z_Iky gZ f& \ kmldb >+ROODQG HW D
\iz~Z 1 \ ha_jh kh kdhjhklvx f k fbg_jZebaZpl
b\ j_d_jz\gZz ] dl GZqZevgh_ agZq_gb_ fmligl
khklz\ey_|I -78 baf_g_gb_ fmlghklb \ mklv_ j_
gZ jbk  HIEEO HAV@D BBk dx By 2 [ARfapd Uik ket ik | |
ky jZ\ghf_jghc hjlhlhgZevghc kKidhé¢ kKrZfzZfb
RZ] ih \j_f_gb % k
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Jbk Fhjnhf Ijby ha DZfemik
Z + [ZIbf_ljby ha DZfemik [ = \ugbkeijhrdrneyan hlezqg gb_

JZajzZ[hlzggzy fzIl_fZlbg_kdzZy fh~_ev ihal\hey_|
Ilhggmx baf_gqb\hklv f_|_hjheh]bg_kdbo nzZdlhjh\
sbo gZ \h~*gmx ih\_joghklv ha_jzZz < dzZqg_kI\_ ZIf
guo \uklmiz_| bgnhjfzpby h | _fi_jZImj_ \ha“moZ
ghc \eZz ghklb Zlfhkn_jghf ~Z\e _gbb h[eZgghklb



]Jh*guo mkeh\bc f_I_hklZgpbb ] DZfemik \ i_jbh~*
] KWWS FOLPDWH ZHDWKHU JF FD

jZkkgblZzgu agZq_gby dhjhldh\hegh\hc b “ebggh\

pbb ihlhdh\ kdjulh]h b gm\kl\bl_evgh]h I_ieZ jbl
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fhkn_jguo "Zgguo f_ | _hjheh]bg_kdhc kiEg\pbhbh™MDZfen

k ih ] f_klgh_ kIdgfZjlgh_
ljhkljZzgkl\_ggh \j_f_ggh_ jZkij_~_e_gb_ fmlghl
ha_j_DZfemik jbk ihdZau\z_I qglh \ gZqgZevg

ebjh\Zgby ijbf_kv ihklmiZxszZy ba j_db Lhfikhg
gy_Ilky \ ]Jem[hdh\h*gmx qZklv ha_jZ azZ kq_I \h
AN _ckl\b_f kbeu ly _klb \*hevkdehgh\h]h I_q_gby
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Jbk JZKij_~_e_gb_ fmlghklb \h”Au \giza_j_ DZfem
z [ \ ] kmldb fh~_ebjh\Zgby

Azl f ih f_j mkbe _gby I _fih\ | iehgZdhie_gby b
ghlh ijblhdz f_g__ iehlgZy \h*gzZy fZkkZ jZkijhkl,
\_joghklb ha_jzZz gqglh kihkh[kI\m_I dhgp_gljZpbb
agZq_gbc fmlghklb \' \ _jogbo kehyo \h*"h_fZ jbk
gu_ j_amevlZlu gbke_ggh]lh wdki_jbf_glZ dzZqg_KkI\_
x|l baf_j gbyf gZlmjguo gZ[ex® _gbc >-RKQ HW DO

Bkke_"~h\Zgb_ \uiheg_gh ijb nbgZgkh\hc ih~A*_j d_ ]j:
Iz JN FD



Ebl_jZImjz

>Zgbeh\ >Zgbevylg*guB j_kmjku = kljZl_]lbqg_kdbc nZc
lJhkjhggh]h jZa\blby wdhghfbdb Jhkkbb <_klg J:G
K +

Pur_gh\ ; H KlZjg_lghhh_g_gb_ "\moizZjzf_Ijbg_kdhc
fhr _eb Imj[me_glghklb "ey bkke_~h\Zgby y\e _gby | _jfh
lhk -iilg FZl_fZIlbdZ b f_oZgbdZz < K *

&KHQ & 7 OLOBWHHIRLYH*WKHUPRG\QDPLF SURS
ZDWHUV FRYHULQJ RQO\ OLPQRORJLHY UDQJH /
3 +

+ROODQG 3 5 .DI$PHUYWRFMDMHPRGHOOLQJ RI WK
LWV HFRORJLFDO FRQVHTXHQFHV LQ D ULYHU GR
9RO -13 +

-RKQ % ( 6W &DUPDFN ( 7 H'ODODHQOBRORJIJHWIDDP
/IDNH % & 9DQFRXYHU 3

/HRQDUG6WDEOH DQG $FFXUDWH &RQYHFWLYH O
RQ 4XDGUDWLF 8SVWUHDP  QWHUSRODWLRQ &RF
LFV DQG (QJLQHHULQJ 9RO 1 3 +

7VIGHQRY % 2 .D\ $ GWPHEFKHFIXNRRBGHWOOLQJ |
SURSDJDWLRQ LQ /DNH %DLNDO GXULQJ WKH VSUL
6FLHQFH 9RO 3 +

7VIGHQRY % 2 6WRUWKHQWHROHFWLRQ RF KHDW
WLRQ PRGHOV DW WKH ZDWHU DLU LQWHULBFH IR
D GHHS ODNH BURF 63,( VW S QWHUQDWLRQ
2FHDQ 2SWLFV $WPRVSKHULF 3K\VLFV 3

$ 180(5,&%$/ 02'(/ )25 ,19(67,*$7,21
2) :$7(5 48%/,7< ,1 $ I$5*( /$.(

% 2 7VIGHQRY
LRPVN 6WDWH 8QLYHUVLW\

7TKH QXPHULFDO " PRGHO GHYHORSHG IRU WKH 1
D ODUJH ODNH WDNHV LQWR DFFRXQW WIQHWALHK U (
VXUIDFH RI WKH ZDWHU ERG\ 7KH ZDWHU WXUELG
VKRZ WKDW WKH ULYHU ZDWHU ¢(¢UVW PRYWKHX®DRQ
VSUHDGYV RYHU WKH ODNHfV VXUIDFH 7KHOWHYVXO
REVHUYDWLRQV LQ .DPORRSV /DNH %ULWLVK &RO



IJH;E?FU MIJ:<E?GBY <H>GUFB J?KMJK:FB
G: I1JBF?J? GUL<?GKDH=H <H>HOJ:GBEBS:

H : ; j_&b&z : >\bgkdbo
G = FZdkbfh\®g G 1Zdgvdh\

| _jfkdbc JThkm~Zjkl\_gguc gZpbhgZevguc
bkke_"h\Zl_evkdbc mgb\_jkbl_I
?kl_KkI\_gghgZmqguc bgklbIml I=GBM

JZkkfZljb\Z _Iky ijh[e_fZ w\ljhnbdZpbb Guk _gkdh]
ebsZ dzZd m]jhaz ~ey iblv_\h]h \h*hkgzZ[ _gby ] C
gu hkgh\gu_ oZjzdl_jbklbdb j Gul\u b j_amevlZlu
kdhl]h b Jb”jh[bheh]bg_kdh]h bkke_"~h\Zgbc ~"hdZ
dbc mjh\_gv ljhnghklb \h~h_fzZ LzZd _ ~ZgZ oZjzd
pbc mijZ\e _gby

WAIjhnbjh\Zgb_ \h~h_fh\ y\ey_|Iky ijbfhMgufihijhp_
jZa\blb_ hp_gb\Z_I|ky \ jZzfdZo ]_heh}bqg_kdplo fZk
hrgzZdh aZ g _kdhevdh ihke_~gbo \_djg\hgmé& hébd bkem
bkihevah\Zgb_[bh] _gguo \_s_ klI\ HkahHagghkl\ _k\ ev
dZq_kI\_ m~h[j_gbc b ~_1_jl_glh\ Wbghbhkémjblkh i
IZgby Ijhnbb g_[hevrbo \h*"hojZgbebsfzh dgphdho \h
"Z |ky j_adh_ m\_ebqg_gb_ h[beby kElhbe 2dad oz
jZklbl _evghklvx ijb[j_"guo f_edh\h”“bczZh_hkBZ g g
\h~u BgZq_ ]h\hjy V1 _q_gb_ g kdh&«ydbe ibkegZg
\h~*h_fZo jZkiheh  _gguo \ ij_~ eZo lgZkZeélbjgho i
jZa\b\Z _|ky Zgljhih]_ggh_ w\ljhnbjhjEfbh\HZgbf L
dhlh \h~"h_fz \ |_jfkdhf djZ_ y\ey_ IRWGaH\begksh \

J_dZ Gul\Zz gZ dhlhjhc kha”Zgh \h”"khbojZgh2bs _
gZeh \ jZchg_ ] <_j_sZ]lbgh I_jfkdAyhl djjbyhjibh_ k_
l[j_o jZchgh\ + < _j sZ]lbgkdh]h Hqg_hRdh]h \8ZGHAI\ _
_I'\ <hldbgkdh_ \h"hojZgbebs_ L_jjpligbMuhgdd k[h)]
oh”blky gZ \hklhgghc hdjZbg_Jmklcdigc i€eZjapjfu \
dZfkdhc \halur_gghklb b ozZjzdl_jbazredkhubhefbkll
ev_nkf[hevrbf dhebq_klI\hf iZohlghokihhZbiehlbgu
Gul\_gkdhlh ]b”"jhmaeZ iehsZ” v \h~hk[khbxIkklv Hf



ha_jghklv b aZz[hehq_gghklv tiehdbgu GuKI\hj
\_gkdh]h ]brjhmaeZ dzd b zd\ZlhjbyjZTgbkbgdh]t
jZkiheh _gu gZ |_jjblhjbb Gul\_gkdhk dhpykdh]h
Gul\_gkdh]h fmgbpbiZevgh]h jZchgZbk_jfkdh]h djZy

-~y

Jbk Ko fZ jZzkiheh ™ _gby Gul\_gkdh]h\h~hojZgbebs

Gul\_gkdh_ \h™"hojzZzgbebs_yl\ey Iky _~bgkl\_ggt
iblv_\h]lh \h~hkgZ[ _gby ] Gul\u k gZk_e_gb_f
lZzdbf h[jzadflb\guc ijhp_kk w\ljhnbjh\Zgby \h”~h_
klZ\ey_| kh[hc k_jv_agmx khpbZevgh wdhghfbq_k

< klyab k wlbf \ + ]11 1=GBM khaf-lgilgh k
kdbf L_ogbqg_kdbf mgb\_jkbl_Ihf ijh\_éb\ihgebywu I
GZ jbk ihdZazZgu Ihgdb fhgblhjbg]dzgZd\WYhk[h
jbb ijm~rZz

Lhgdb hi[hjzZ ijh[ [ueb jZkij_~_e_gu IZdbf h[j.
[u mg_klv ihklmie_gb_ aZ]jyagyxsbo \_s_xkI\ k ijl
[ex"Zlv aZ khklhygb_f \h"hojZgbebsZ Bkke_"h\z

__f_kyqguc hi[hj ijh[ \h~u ba ijblhdh\ fZc £ Z\]
"g_\gh_ gZ[ex”_gb_ az jG jZIkINhfi_dgumijHec ih
e _\hc \u_a” gZ zZzd\Zlhjbx Gul\_gkdh]h \h~hojzZgbe
ijh[ \h~u kf_rZgguo b gZ jZaguo ]hjbahglZo gZ o!
eba Z 1zd _ baf_j_gb_ jG |_fihjZémjkd 2



Lhgdb fhgblhjbg]Zz gZ

Jbk | _jjblhjbbZYAZhkjpz b
Gul\_gkdhlh ijm~rz

?° _"g_\gh_ baf_g_gb_ jzZkl\hj_ggh]lh dbkehjh”*ZzZ
Imju | _kgh klzyaZgu Kms_kI\_ggu_ agZg_gby dhjj
b I _fi_ jZlmjhc \h*u b jG H "hdZau\lzZx}t bgl_gl

ghklv [bheh]bq_kdbo ijhp_kkh\ b Jh\hjyl h Aukhdhc

"“hjhke_c¢c \ \h~hojZgbebs_ jbk
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j_gghlh dbkeh_Jh"Z \ Gul\_gkdhf \h*hojZghbeB$mk\l _bxg_

1 lhqdz <



Baf_j_gb_ |I_fi_jZImju jZkl\hj_ggh]ZodlbokehjlerZ |
gZ Zd\Zlhjbb \h*hojZgbebsZ Ihqgdbghl[dZZb gjkdbmd :2
fb [md\Zfb gZ jbk ihdZaZeb nhjfbpgiAZlghs jZKdjZI
ij_~_e_gby jZkl\hj_ggh]h dbkehjh*"Xghd_lkfghygaZ k
[hevrb_ kj_"~gb_ ]Jem[bgu hdheh fhKkhZ gZdgh_d
\_joghklb \ukhdh \ ijb"hgghc gZklb_aogid@gbih®vgh
IN_j"~Z_ | Zdlb\gmx ~_yl_evghklv \h’khyjhd{é ht¢blg_y\e
kdbf ihdzazl_e_f Zgljhih]_ggh]h w\lhhmlbeb\Zigby
l[j_[eyy e_]ldh *“hkIimighba&Bh”*yl dbkehjh” b ih\urzZxl
g_gby jG \h \k_f \h~rh_f_ S+ £+ \ \ kely_f f_Ijh\hf

<ukhdbc mjh\_gv ljhnghklb \h~"h_fzZ 1Zd - ih”I\_
[jZggu_ ijh[u “hgguo hleh _gbc gZ ahh[_gthk < k
IhkZ Gul\_gkdhlh ijm~Z azZj_]bkljbjh\Zgh \b”h\ G
h[jZagh ij_~klZ\e_gu fZehs_Ibgdh\u_ q_j\b deZk
kj_"b dhlhjuo h[gZjm _gh \b”"Z hlghkysboky d
k_f_ckl\m Ijm[hggbdh\ 7XELJALGDXE)IHXHOOH!L

7TXELIH[ Q HZIDAK@WHLO/NV HQ P QR GRDO 3 1 UFHIHHHH
QXWVDW]JHO/LPQRGULOXV KSRImESEUNWMEHR DL b g Hb
db dhfzjh\ a\hgph\ k_f_ckl\h &KLURQRPLGDH
\br*"Z WKILURQRPXV BIOXPHRVXO\BWRWHQGLSHYV
OHLJHQ Kj_Kg ™Mb R\mki\hjgZ ine &h ke & Okl e Dd & 2
yle_g lhevdhnUHbYVHQD SRIDPRDYKD Qbke_g«
ahh[_glhkzZ \ i_jbh” bkke_"h\Zgbc khkl2D\n&k
kz = S f

LZdbf h[jZahf ahh[_glhp_ghau Gul\_gkdh]h ijm
amxlky djZcg_ gbadbf |Zdkhghfbqg_kdbf jZaghh[jZz
ghc kljmdImjhc b “h\hevgh \ukhdbfb ihdZaZzZl_eyfb
[bhfZkku ihalheyxsbfb hozjzdl_jbah\Zlv _{1h dzd
ghlh Ibiz Dhfie_dk [bheh]bg_kdbo ihdZaZl_e_c
glh ijm”~ bkiulu\Z_I ly _eh_ hjlJ]Zzgbq_kdh_ aZ]jyag.

Heblho_lguc bg”_dk

Bg”_dk Dbg]Z ;heez

Bgh"_dk =m~gZclzZ <ble_y

AhgZ kZijh[ghklb lhebkZijh[gZy
DzZq_klI\h \h”™u + J]jyagzy
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< <h”ghf dh”_dk_ JN ]Jh\hjblky h agZgbfhklb \h’
\ dZg_kI\_ hkgh\u "bagb b ~_yl_evghklb q-eh\_dz
[_]lbb JN gZ i_jbh”~ ~h ] £ hijbhjbl_I_-h[_ki_c
gby JN dZg_klI\_gghc iblv_\hc \h*hc |Ijb bkiheval
ghlh \hA"h_fzZ dzZd bklhggbdzZ iblv_\h]lh \h*hkgh[ _
jZaebggu_ jbkdb

+ |_ogbg_kdb_ azZ[b\dZ h]heh\dh\ \h*haZ[hjZ

+ | _ogheh]lbqgq_kdb_ g_h[oh”bfhklv baf_g_gby I_
ih~lhlh\db

+ Ilhdkbdheh]bqg_kdb_ ijb ~_abgn_dpbb Ah”u oe
ih~lhlh\d_ hkgh\guf ~_ckl\mxsbf \_s_kI\hf yl\ey_
fbg Z ijb \ukhdbo ihdZaZl_eyo jG qlh o0%Zjzdl_jg
jh\Zgguo \h~*h_fh\ _1h ~_ckl\b_ agZqgbl_evgh kg
ki\b_ g_]h mf_gvrZ_Ilky wnn_dIlb\ghklv ~_abgn_dy
A"mdlhf "bag_"_yl _evghklb kbg_a_e_guo \h*hjhke_
gb”u dhlhju_ \hh[s_ g_ m~Zeyxlky ba \h*u kms_Kk
kh[{Zfb hqgbkldb \h”u

DeZkkbqg_kdbf f_jhijbylb_f ih [hjv[_bk fwkjhnbjt
ey_Ilky \u_fdZ “hgguo hleh _gbc dhlhkZW HEXMms_k
dZo P_e_\hc n_~_jZevghc ijh]jZffu ihh)lBgjdtfcoZg
hgbkld_ eh Z Gul\_gkdh]lh \h*hojZgbedskid JZ[hl
eh Z \_jog_c qZklb \h”hojZgbebszZ aZ\jtdorabkv
keh\gh ~Zggh_ f_jhijbylb_ ~“he gh kdbebl]&zd d
gh]_gh\ g_h[oh”bfuo ey jZa\blby kiblge ac el Zguo
b iehsz”b f_edh\h”bc b m\_ebqgblv ]émZbgnkah”h_
Am_I| hif_Iblv qlh \u_fdZ “hgguo hledbrghlenyXey _
Ib\ghc f_jhc b "he gZ ijh\h~blvky k hih~bgegghgghc
klvx IThkdhevdm hgZ ~Z_1| |lhevdh djZldlhbj-\u ggu
khdhazljzlgz gZ NPI [ueh ihljZq_gYey ihfeg jm]|
"Zgby wnn_dlZz “hklb]Jgmlh]h _x g_tdFob*bdu jZa
Nj_gb_ ~“hihegbl_evguo f_jhijbylbc d&a&ipZ\gbgguo
ijblhdZ hjl]Zgh]_gh\ k jmkeh\uf b kd&high kwfflkihdh
\hA*h_f_ 1Zd b gZ _]h [Zkk_cg_ WykIkyjlqiZkinky vy
ijh[e_f mijzZ\e_gby \h”gufb j_kmjkZfbl\[ZkkeggZ |
bo \u[hjZ b h[hkgh\Zgby \ \_k_gg_ e_Jlgbteei jbh”



\u_ jZ[hlu [m"ml ijh*he _gu Ihklhygdhba\hedgdlhjb:t
hp_gblv j_amevlZlu \u_fdb ~hgguo hlelgb ghbc b
k\yab k wibf bgl_gkb\ghklb w\ljhnblddpbbhih h_fZ
N_eblv hkgh\gh_ gZijZ\e_gb_ jZ[hl ik_B[ gkbiy dhghb:
jh~rzZ dzZqg_kl\_gghc iblv_\hc \h*hc bk ijhph4kidZ\e.
fb hij_~_eyxsbfb wlh dZq_kl\h

Bamqg_gb_ ijhp_kkZ mijz\e_gby \h~ h_fhf “he gh
gZ bamqg_gbb \uihegy_fuo bf nmgdpbc qglh iha\hel
kljmdIimjm b hjl]ZgbaZpbx kbkl_fu mijZ\e_gby Nm
gby \_kvfZ jZaghh[jZagu Hkgh\gufb "ey mijZ\e_g
kmjkzZfb y\eyxlky hjlJ]ZzgbaZpby \h*hihevah\Zgby |
gby iezZgbjh\Zgb_ ~himklbfh]h bkihevah\Zgby \h”t
b dzgq_kl\h jZkihjy*bl_evkdZy ~_yl_evghklv Z~"fk
\dexqZxsZy dhhj*bgZpbx \k_o \h*hihevah\Zl_e_c
I_e_c b fhgblhjbg] aZ khklhygb_f \h~guo j_kmjkh

@ VHKLHH VIIPAaBICHAL
OpTaHH3aLnHA ILIaHHPOBaHHE aAMHHHCIPHPOBaHHE MOHHTOPHHT
Jbk Nmgdpbb mijZ\e_gby

LZdbf h[jZzahf nmgdpbb mijZ\e_gby hij_~_ eyxl
gZijZ\e_ggmx gZ hjl]ZgbazZpbx \uiheg_gby f jhijby
e _gbx \h~rguf h[t_dIhf j _qguf [Zkk_cghf Z eh]bc
"h\zZl _evghklv \uiheg _gby jZ[hl hij_~ ey fZy nm
kljmdIimjhc mijZ\e_gq_kdh]h ijhp_kkZ khkizZ\ey_|I
eh]bb mijzZ\e _gby

Hkgh\gZy p_ev mijZ\e_gq_kdhc nmgdpbb khklhk
g_glh\

ZgZebazZ khklhygby kbkl _fu j_gghlh [Zkk _cc
hkgh\guo izZzjzf_Iljh\ \ _ebgbgZ klhdZ dhgp-gljZpb
fbg_kdh]lh khklZ\Z b ij dhebqg_kI\_ggh]h-hij_~_e
jh\ dhlhju_ \u\h”yl kbkl_fm ba khklhygby-jZ\gh\_
gu_ gZ]jmadb



hij_~_e_gby khklz\Z f_jhijbylbc gZij-Z\e_gg

fbaZpbx ijhp_kkZ mijZ\e_gby khojZg_gby dhebq.
\h”~u

ljb ijbf_g_gbb gZ dhgdj_Ilghf j_qghf [Zkk_cg_ ih
[ulv ~_1Zebah\Zg \ aZ\bkbfhklb hl f_klguo mkeh\l|
bkihevah\zg ihwlzZiguc ih"oh” kgb _gby dhfie_dkg
rZlh\hc “bnn_j_gpbZpbb j_e_\Zglguo gZ]jmahd b :
kbkl_f Bkihevam_fu_ f_Ih”u iha\heyl \uclb gZ jZp
ihevah\Zgb_ \h”guo j_kmjkh\

JZ[h1Z \uiheg_gZ \ jZfdZo ijh_dIZ « aZ”Zgby «

352%/(06 2) :$7(5 5(6285&( 0$1$*(0(17
1 7+( &$6( 678'< 2) 7+( 1<79% 5(6(592,5

2 $ %HUHGLP@D 'YLOVKLNKID[LPRYLAK SDQNRY

SHUP 8QLYHUVLW\
7KH ,QVWLWXWH RI 1DDWXUDO 6FLHQFH RI SHUP 6!

‘H FRQVLGHU WKH SUREOHP RI HXWURSKLFDWLRQ
WKUHDW WR GULQNLQJ ZDWHU VXSSO\ LQ 1\WYD V
I1\WYD ULYHU DV ZHOO DV WKH UHVXOWYV RUK\GUR
SURYLGHG 7KH UHVXOWY SURYH D KLJK OHYHO R
DOVR SURYLGHYVY PDQDJHPHQW IXQFWLRQV IHDWXU

FH>?EBJH<:GB? KLHD: J?D JHKKBCKDHC :JDLBI
< MKEH<BYO G?>HKL:LHQGH=H BGNHJF:PBHGG!
H;?KI?Q?GBY

= < :ca_ev
BgklbIml \h”*guo ijhle_f J:G
Bkke_ ~h\Zgu \hafh ghklb ijbf_g_gby kh\jfZ gguo
rbggh]lh h[mg_gby ~ey fh”_ebjh\Zgbkdklhdjdlbd jhl
db \ mkeh\byo gbadhc ]b”jhf_I_hjhelmkblmy_ -H#dhc b.

dZazZzgh qglh bkihevah\Zgb_ "Zgguo gdelbfZZbdgh kd|
hkgh\guf f_|I_hjheh]lbq_kdbf ozZjzdl_jhklbdbfg \ dZz
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kiI\_ggh]h bklhggbdZ \oh”ghc bgnhjf¥pdmbaelyddgkZ
klZlbklbg_kdhc fh*_eb hkgh\Zgghc g jZd{hkbabj
kbhgguo j_rZxsbo *_j_\vyo e_kZo e_ihd\béyeV k m
ghc wnn_dlb\ghklvx \hkijhba\h”blv kmlhaeghx ~b¢
]h klhdZ gZ bkke_"m_fuo \h*hk[hjZgkINZf bg ggu "I
Ahklzldb ij_~eh _gghlh f_Ih"Z fh"_elkjih\&g by |~ qgt
eh’_gu gZijzZz\e_gby jZa\blby hibkzZgpthfc dblhelweh]b
gh d j_r_gbx azZz”Zq hp_gdb \h*hh[_kjbhg_igghEbb |_j
ebgguo kp_gZjbyo ijhljghabjm_fuo debdgbicbq_kdbo |

Nbabdh fZl_fZlbg_kdh_ fh”_ebjh\Zgb_ ijhp_kkh)
kdhlh pbdeZ kmrb Ij_[m_| [hevrbo h[t_fh\ A _IZev
gZ[ex" _gbc + az izjzf _ljzfb ihg\_ggh]lh b jzZzklbl _e
f I _hjheh]bg_kdbfb mkeh\byfb gZ \h~hk[hj_ Z 1Z
ki_pbnbg_kdbo ey dZ ~hc fh”_eb wfibjbg_kdbo
]b_ h]jZzgbqg_gby \ ~hkimighklb g_h[oh”bfh]h bgr
h[_ki_q_gby fh gh kgylv Z~Zilbjh\zZ\ fh"_ev jZkq_
dZ d mk\h_gbx eZg”rZnlguo iZjzZf _|jh\ ba Jeh[Zevg
Z ihemg_gb_ g _h[oh~bfuo dhgklZgl k\_klb-d j_ r_g
NZgb iml_f bo dZeb[jh\db ih baf_j gguf agZqg_gh
dZ aZ ijh~he bl _evguc i_jbh? >=mk_\ b #j @

<h”hk[hju gZ dhlhjuo hlkmlkl\mx| *Zggu-_ ihklh
f Ijbg_kdbo baf_j gbc \ dhgl_dkl_~Zgghc-jZ[hlu
bamqg_ggufb k g_~hklZlhgguf bgnhjfZpbhgguf h[_
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ahklb \h"hk[hjh\ >+UDFKRZLW] HW DO @ <
:ca_ev =mk_\ GZkhgh\Z b 7] @ [ue hlf_c
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>ey bkke_"h\Zgby wnn_dIlb\ghklb ijbf_g-gby f_
ghlh h[mg_gby d j_r_gbx azZz~Zq fh”_ebjh\Zgby j_q
\u[jZgu \h*hk[hju j_d GZ~uf Imj b LZa gZoh”"ysl|

i AZizZ*ghc Kb[bjb jbk >Zgguc \u[hj [ue h[ml
dhc keh ghklvx nbabdh fzI_fzZlbg_kdh]h fh~_ebjh
kh\ nhjfbjh\Zgby klhdZ gZ gbo >=mk_\ b 7j @

ijZdlbg_kdhc agZgbfhklvx bkke_"~h\Zgby kthdZ wll
kiI\_ggh]h dhfie_dkzZ YfZeh G_g_pdh]h Z\lhghfghl]h

< dzZq_klI\_ hkgh\gh]lh ZelhjblfzZz fZrbgghjh h[mq
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\Zy nbabdh klZIbklbg_kdZy fh”_ev hkgh\ZggZy g.-
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ORGHO 5)0 5)0 \ h[s_f\b”~_ ij_"klZ\ey_I-kh[hc ¢
g_kdmx fh*_ev fZrbggh]h h[mqg_gby \ ZgkZf[ev ij
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AN j_\wv_\ dhlhju_ y\eyxlky ©[_eufb ysbhdzZfb2a b Ze
Iby j_r_gbc dhlhjuo fh _I [ulv hibkZg gZ[hjhf ijhkl
nmgdpbc jbk

>hklhbgklI\Zfb \u[jZgghc fh”*_eb fZrbggh]h h[mqg_
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g_gby ijb jhkl_ gbkeZ h”"bghqguo j_rZxsbo *_j_\v,
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[Zzkk_cgZ b f_edh\h”guo aZeb\Zo >"ZjuelzZqgkdhf |
Ih]*Z dzZd gZ k_\_jh aziz”_ \hae_ [_j_lh\ h >"Zji
\h~ghc qZklb DZjdbgblkdh]h aZeb\Z gZ[ex®Z_Ilky
gy K jhklhf rbjbgu njhglZ ijb h~rghc b Ilhc "_ kdhjh
[Zjbg_kdhc ZghfZebb dzZjlbgZ f_gy_Ilky lehsZ”v 2z
Ilhjhc mjh\_gv ih\ur_g hlghkbl_evgh g_\hafms_ggl
kms_klI\_ggh m\_ebqgb\zZ_Iky 1Ijb wlhf ZfiebIm”Z \}
[h*ghc ih\_joghklb \ p_gljZevghc gZklb [Zkk_cgZ
klhf zZ \ >"ZjuelzZzqkdhf aZeb\_ mf_gvrZ_Ilky < |h
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Jbk Dhe [Zgby mjh\gy Z=\X b]kh Ybpin Ykigjinegj b
g_gghc ih Jem[bg_ ]hjbahglZevghc kdhilih&tdRAdE q _gby
(kf jbk ijb ~\b"_gbb njhglZ rbjbghc dhjh&ivkh k
U 3fAkkzZ ] U 6 fAK[ ~ & 18 fAK\ _ b

J _axfbjmy \ur_kdZaZggh_ hif_Ibf qlh ihj_ame\
guo wdki_jbf_glh\ gZb[he__ wnn_dlb\guf -] _g_jZI
ghklguo \heg y\ey Iky kZfuc madbc ba jZkkfZljb\
(: df "\b " msbcky k hlghkbl _evgh g _[hevrhc
(8 £+ PAKIMHKIKdchphdbbii jj ff ss odiEAiariihrdif \thizmdghh
ebg _gb_ _]h rbjbgu \e_q | aZ kh[hc kgb -gb_ bg
e [Zgbc mjh\gy b hkeZ[e_gb_| _q _gbc

Ebl_jzZImjz

<hevpbg]_j G ? IykdHXgddguw 4sd_Zgheh]bqg_kdb_ ¢
[_hjbb f_edhc \h~u E =b”jhf_I_hbanzl k



>hp_gdh K N FbdezZr_¥kd)Zzyz@by: \heg \ h]jZgbqg_g
[Zkk_cg_ “\b"msbfky njhglhf ZIlfhkn_jgh]h ~Z\e_gby &b
gbf ihe_ f dZkZl _evguo gZijy _gbc \_IjZz Fhjkdhc ]b’
‘mjgZe < + Kk

Dhqg_jlbg €« _hjby b f_Ih~u jZzkq_IZ hd_Zgbg_kdbo I_q
mdZ K

5(63216( 2) 6($ /(9(/ 72 :,1' ())(&76
1 $ OLNODVKHYVND\D
ODULQH +\GURSK\VLFDO ,QVWLWXWH RI 5%$¢

7KH SDSHU GHDOV ZLWK WKH VWXG\ RI WKH JHQH
AXLG RVFLOODWLRQV FDXVHG E\ FRPELQHG HIIHF
DQG WDQJHQWLDO ZLQG VWUHVVHV 7KH IURQW X
7KH .DUNLQLWVN\ %D\ RI WKH %ODFN 6HD ZDV WD
VLRQDO PRGHO RI VXUIDFH ORQJ ZDYHV ZDV DSS
UHJDUG WR WKH (DUWK{fV URWDWLRQ DQG WKH ER

K?CRB B K?CR?H;J:AGU? DHE?;:GBY
< E:>H@QKDHF HA?J?

X < FZgbexd E < Q_jd_kh\
Fhjkdhc ]b~2jhnbabqg_kdbc bgklblml J:G ] K_\Z

K bkihevah\zZgb_f j_amevlZlh\ ZgZeblkboklkdt]h j_
mjzZ\g_gbc "ebgguo \heg bkke_ _~mxlkyhkjZza \u_
gu_dhe _[Zgby \ fh _evghf [Zkk_cg_jghif x&Baf oZ]
f ju EZ"h kdh]h ha_jZ <uiheg_g jZkigqgEZtpidbh”h\
i_j\uo fh™ k_cr IljhZgZebabjh\Zgz ijkkjmzekl\_gg
jZ dhe_[Zgbc mjh\gy b hkh[_gghklb ®heghiuid |_q.
kzgb_ \b~h\ k_cr \ EZ*h kdhf ha_j_ b khhhelkl\m
gh\uo | _g_gbc lhemg_gu hp_gdb \hdfhy gaumck\dhjh
aZ\bkbfhklb hl Zfieblm~u dhe_[ZgbcZgjih\ggydhBkk:
lhju_Ibiu k_cr_h[jZaguo dhe_[Zgbc bo*"dghZHibk:z
| _jguo hkh[_gghkl_c [Ijh\_~_gh khihldih\\eigfb j_
g_Ih\ k "Zggufb gZIlmjguo gZ[ex™ _gbc



Ez~"h kdh_ ha_jh y\ey_ Iky kzfuf djmiguf \ kb
dbo ha_j ?\jhiu \dexgZxs_c \ k_[y ke_"mxsb_ |
df Hg_ " kdh_ Bévf_gv &HZAh"
kdh _ &fDZe_kgbd @ WIZ kbkl_fz ih~h]
Zf_jbdzZzgkdhc GZb[hevrZzy ”"ebgZ EZ~h kdh]h F
kj_"~gyy rbjbgz df kj_"gyy ]Jem[bgZz f iehs

df >DZe_kgbd @ Ha_jh km”~hoh”gh b \ac
<helh ;Zelbckdh]h \h~gh]lh imlb b ;_ehfhjkdh ;Zel
eZ Lzd _ hgh rbjhdh bkihevam_Ilky \ j_dj_Zpbhgg
HAgbf ba \Z'g_crbo we_f_glh\ nhjfbjmxsbo ]b"
kdbc j_"bf ha_jz y\eyxlky k_crb |Ih ~"Zgguf gZJe
e _kgbd @ 9gZ Ez™"h]_ hlf_qgzZxlky k_cr_\u_ dhe
i_jbh~rzZfb ¢ fbg q fbg fbg fbg- =+ f
ieblm~u e_"ZI \ “bzZihahg_ hl ~h kf K_erb \ua
[Zgbyfb ZIfhkn_jghlh ~Z\e_gby ijhoh ~_gb_f pbde
kiz\b_f \_1jZ gZ ih\_joghklv ha_jZ
GZjy™m k k_cr_\ufb \ ha_j_ fh]lml kms_kFh\Zlv |
gu_ dhe_[Zgby \hagbdZxsb_ ihke_ ij_djZs_gby *
sZxsbo kbe dhlhju_ ij_~klZ\eyxl kh[hc kmi_jihab}
dbo fh” k_cr
;hevrhc \dez” \ bkke_~h\zZgb_ k_cr \ghkbl bkih
|_fZlbg_kdh]lh fh”*_ebjh\Zgby K_cr_\u_ dhe_[Zghby
kiI\_ggufb dhe_[Zgbyfb "b~rdhklb \ \h*h_f_ -h[mkeh
f_ljb_c _]Jh [_j_]h\hc g_jlu b Jem[bghc Ihwlhfm h-
kljZg_gguo ih*oh”h\ d bo I_hj_Ibqgq_kdhfm bkke_"|
\Z_|ky gZ j_r_gbb az”~Zqgb gZ kh[kI\_ggu_-agZq_c
oh”ylky kh[kI\_ggu_ qZklhlu b khhI\_IklI\mxsb_ bf
nmgdpbb hij_"*_eyxsb_ ijhkljZgkl\_ggmx kljmdIm
mjh\gy b \hegh\u_ I_q_gby AzZ”~Zgm fh gh j_rZlv
lZzd b ZgZeblbq_kdb >ey gbke_gghlh j_r_gby aZzZ‘
rbjhdbc ki_dlj f_Ih~*h\ dhg_qgu_ jZaghklb >B\Zgt

@hg_qgu_ we_f _glu >FZgbexd Q_jd_kh\ @
ZgZeblbq_kdh_ j_r_gb_ az~Zqb hl[e_]JgZ_} ijh\_~"
gbc b ihalhey_ | \uihegblv _]h ~_IZzevg__ G_"hklZz

gby ZgZeblbq_kdbo f_Ih~Ah\ y\ey Iky Ih qlh k bo i



fh'gh ithemqgblv lThevdh *ey [Zkk_cgh\ kjzZ\gbl_evgt
l[jbg_kdhc nhjfu

GZijz\bf hlkgvZz \hklhd #higZ k_\_j EZ~h kdh_ ha_
AN f Ziijhdkbfbjh\Zlv ijyfhm]hevguf [Zkk_cghf ihklf
[bg K f \ulygmluf \ k_\_jghf gZijZ\e_gbb >ebg
\“hev hEDb df rbjbgZz \"hav hkdf < ebg_cghf
ijb[eb”_gbb ijbgy\ qglh "b~rdhklv h*ghjh”rgZy \hec
ZIfhkn_jgh_ ~Z\e_gb_ gz” Zd\Zlhjb_c [Zkk-cgZ ih
gb_ [m”_I hibku\zZlvky kbkl_fhc mjzZ\g_gbc-"ebggu
kdbc @

X x) . 3, £ KKK
"I \+ ~_dZjlh\u dhhjXbgZligh_dpbb \_dlhjZ kdhjh
Mb®_gby "bArdhkib[ gkinkid_1kI\_gghldehg_gogb_ k\h
[hrghc ih\_joghklpem[bgZ [Zkk \¢g&F + mkdhj_gb_
k\h[h~gh]lh iZz"_gby

GZ I\_jruo [hdh\uo kIl _gdZo [Zkk_cgZ "“he’ gh
mkeh\b_ g _ijhl_dZgby

u©O,y) 0, §ay G v(x, 0 O v(x, b C

;m~ _f bkdZlv j_r_gb_ kbkl_fu \ \bAr_ namgdpb
kdbo ih \j_f gb b m~h\e I\hjyxsbf ]JjZgbgguf mkeh

u(x, y,t) t(x ysin t

V(X y, ) V(x ysin 1

(% y.t) (xy)cos t.
AN _kv 1 £ qZklhlZ dhe_[Zgbc "b~rdhklb

IhrklzZz\eyy \b™ j_r_gby \ kbkl_fm b m~h\e
gbgguf mkeh\byf \uihegbf \udez~db dzZd ijh”_
>Q _jd_kh\ FZgbexd @ < j_amevlzl_ihemqgbf
az”~"Zqb Bkihevamy _]h azibr_f

(% Y, 1) Okmcos%( cosr%/ cos |

k x
sm— cos—y sin .t



kx_.my
COS— sm— sm t

Vkm(x4 y t) nv\/7 k2b2
Kk m
fgh. |~ L
km g a b

ab
Joh Jkb mb

A" _ky .t ZfiebIm~Z hldehg_gby k\h[h”"ghe ih\_jo
i_jbh~ dhe_[Zgbc W~rdhklb P

LZdbf h[jZzahf az”Z\Zy gZqZevgmx ZfiebIm”"m |
[h*ghc ih\_joghkl |Zd _ agZq_gbK Temghy wb
jbguE [Zkk _cgZ fh gh jZkkqgblzlv gZklhlu k_cr_\u
ih nhjfme _ hldehg gby k\h[h~ghc ih\_jeghklb
ghr_gby b k ihfhsvx \ujZ" _gbc \hegh\u _
hi\_Ikl\mxsbo fh?

K_cr \u_ dhe _[ZgBg¢ba nhjfme + ihaihey | |
eblv k_crb gZ ljb \b~Z hij_~ ey fu_dlgg Pgbyfb
M i_j\h]h \N»rZ P X g_ aZ\bkyl hl dhhj*egZlu
\Ihjhlh \lINvZ P X g_ aZ\bklylLhllbc \b”" bf_ |
Ne P ijb wkhf az\bkyl hl dhhjbbgZzZl

Dhebqgq_kl\h maeh\uo ebgbc mjh\gy m dzZ ~hc fh
kmff_ bg” kdkR\ Qbkeh maeh\uo ebgbc iiZjZee ev
jZ\ghh Z iZjZee evdupZhdeto

JZkkfhljbf hkh[_gghklb \hegh\uo "\b"_gbc bf_»x
"ey \k_o mdZazZgguo \ur_ \b~ h\ k_cr JZkg-_lu ijh\
fhm]lhevghlh [Zkk _cgZ k mdZaZggubbBEKrdhdgZqg ¢
juc y\ey I|ky ijb[eb” _gghc fh® _evx EZ"h kdh]h ha_
_lh ozjzdl _jgu_ jzaf_ju

< 1Z[e ijb\_~ gu ey i _j\uo q_lujgzZ”™pZlb fh”™ ag
hrh\ b fZzdkbfZevgu_agZq_gby fh"mey kdhjhklb \t
jZkkgblZggu_ ih nhjfme_

|Vkm | \] ulfm Vim

Ney ZfiebIm”u hldehg_gby k\h[h~ghc ih\_joghklb




DZd \bAgh ba IZ[e IgZbiihewk_cr b fZdkbfZevgu_

rbc i_jbh~ jzZ\guc - @9Zf_gby fh mey kdhjhklb \he
_lijhA"hevgZy hrghma&hdZyadk 9ec
rz 1_jbh”u ke_~mxsbpocafjg_je

A Ao K PV |”‘aX
fhr agZgbl_evgh f_gvjrfh™u h7g g Vien flk
AMmomaeh\Zy ijh*"heygZy k ¢

rz g h~ghmaep\Zy—ih
i_j_gqgZy k_crz 2 \mo
maeh\Zy ijh*hevgh ihig-jggZy
k_crz | _jbh~u jZaguo fin™

fhlml [ulv ~hklZlhgg [elba
dbfb beb ~zZ°_ kh\izNZkv | dZd
wlh bf__| f_klh ey 7~ _lRylhc b
h"bggzZ~pZlhc fh~ S
JZKkkfhljbf ih~jhlg—
kljmdimjm dhe_[Zgbg—m
<k_ bahebgbb mjh\gy—mm
i_j\h]lh \bNZ P FZ
jZee_evgu\hkbm k_cr \lhjh]N \b"Ee + hkb
M k_cr Ij_Iv_]lh \b"*Z iZjZee_evgu hkwdhdimajeibgzZz
\u_ ebgbb hklZevgu_ bahebgbb ij_MIwzZ\eyZk kh[tl
iheh” _ggu_ \ ijyfhm]hevgbdZo h[jZaksbdlguo i_j.
ky maeh\ufb ebgbyfb JZaf_ju h[eZkdebg)\gdhylhju
mjh\gy fZdkbfZevgu 7ey k_cr |j_lv_ vjggh\b2gdvagZc
r_ g_f m k_cr i_j\hlh b \lhjh]h \bAhbhagyedd "h]
Ah\ jZkkfhlj_gguo k_cr \ hdj_klghklbhdk do[Zkeh\
k_cgZ kms_klI\mx!| h[eZklb \ dhlhjuoghld£2tdg_gb
kbfZevgu |h ~Zgguf gZ[ex*_gbc >=b jfeh]bq_kc
@ \ EZ"h"kdhf ha_j_ gZb[he__ qZghmaeh_ey.
\Zy k_crZ k i_jbh”hf q fbg HgZjbhkhZh \b”g
g_gbb azZibk_c baf_g_gbc mjh\gy ih@enigldgyguo \
jZgl_ b Dh[hg_ ?_ maeh\Zy ebgbydjfZklhleh\" jgz \
gh]h dhgpZ ha_jz Z Zfieblm”~Z g_ iwlbdrdhjh f
rh khleZkmxlky j_ameviZlu |_hj_Ibqgq_kwhoHZkq
ghmaeh\hc ijh*hevgiNc k_ Rrb khklzZ\ey_|I q f
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kf 1Z[e WIZ k_crZ hlghkblky dh hagehtsz y be’tm
gby ~_ebl ha_jh ihihezZf b ijhoh”blhg”rpg&Zllhfgpdb k

E D E FZdkbfmfu dhe_[Zgbc mjh\gy-gZoh?”y
\_jghc b x'ghc klhjhgZo ha_jz < jzZ[kldbegb”jhe

"bf« @ ihdZazZgh kms_klI\h\Zgb_ igake/hhbBeghc
k_crb ki_jbh~hf q fbg WIh ohjhkh Zihge Zkih _ |}
ih nhjfme _ "eWfh” e dhlhju_ ~Zxl q fbg

>79gZy k_crz 1Zd _ hlghkblky dh \lbathferbdbB m

mjh\gy |ZJZee e\['gtH’h:kZo maeh\Zy ebgby wlhc k_c
oh”bl g_j_a lhqdb k dhhjEbgblZEb \lhjZy + gq_j_a
lhgdb k dhhj*bgZIEZfbD E H[eZklb \ dhlhjuo dh
[Zgby mjh\gy fZdkbfZevgu gZoh”ylkjyhl& BxZghc L
gbpzZo \h~h_fzZ Z 1Zd _ gZ ebgbb ijgdb~ksdlk q_
hjrbgzlZzZfbE D E < >=b”jheh]bg_kdbc j_"bf«

hif_qz_Ilky qlh gZ ha_j_ \ujZz _gu k_crib k i_jbh
fbg b "_ez_Iky ij_~iheh _gb_ qglh hmgheyh\dyxlky

g_luj_omaeh\hc Ba IZ[e \b”gh qlh [epmEdbcgZl

d fbg bf_xI "\_ fhru Ilj_omaeh\ZgrZjN*hevgZy
P k i_jbh~hf jZ\guf fbg b |j_dmagh\Zy i
ihi_j_gqgZy kNcrz P K i_jbh~hf jZ\guf - fbg Q
luj_ fh~u bf_xIl i_jbh” [ebadbc d Tlygijhyhemaeh
gZWWN P 2 fbg ~“\momaeh\Zy iMi_jPqgZy
2 fbg I|lj_omaeh\Zy ijh~hevgN ihiPj_qgZy
2 fbg qg_luj_omaeh\Zy ijh*hevdh ihR_j_qgZy
2 fbg Ihwlihfm ~ey bo b”_glbnbdZph\th g_hlol
A"blv gZ[ex”_gby ih \k_fm i_jbf_Ijm ha_jZ
:fiebIlm~u k_cr \ EZ"h kdhf ha_j_ bafedpxhky \ i
Nh kf >DZe_kghbd @ Hgb \ueouZAuMdxq_gkt

sb_ \_kv h[t_f "b~rdhklb \ [Zkk_cg_ge fZB&kbijb\_
fZevgu_ agZq_gby kdhjhklb \hegh\uao _g tghc ~e:
gZ"pZlb fh™ jZkkqgblZggu_ "ey Zfiebkitn*hldeh
ghc ih\_joghklb jZ\ghc f Hgb @_"ZI ¥"bziza
f k GZb[hevrb_ kdhjhklb jZ\gu_ crbfik j\thflhx| k_
('Ne P b \lhjhNh P \bArh\ L_q_gb_ "b~dhklb
k_cr i_j\h]h \b"Z ijhbkoh”bl iZj¥e2 "eewgh_kkb\lh



jhlh \b"r"Z + iZjZee [ewgay hkklcr Ij_Iv_]h \b”~Z gZijZz
gby I_q_gbc khklZ\eyxl| jZaebqgu_ mg&u k ehk\ypfb d
kbfhklb hl ghf_jz fhru >ey k_cr i_j\h]h b-\lIhjh]h
klb gZzb[hevrbo kdhjhkl_c |I_q_gbc jZkihezZ]zZxlky
maeh\uo ebgbc M k_cr Ij_Iv_]1h \b”rZ bahebgby kc
"hc fh~u hgz bf__I| k\hx \_ebgbgm jZa”_ey_| zZd\
gZ gZ yg_cdb <u”_eyxlky yqg_cdb \ dhlhjuo kdh|
gZy b yq_cdb \ dhlhjuo |_q_gby gZb[he_- bgl_g
Ahe fhru bf_xI f_klh yg_cdb ijbfudZxsb_ d m]eZzf
dhlhjuo I_q_gby bf_xI| fbgbfZevgmx bgl_gkb\ghklv

GZijzZ\e_gby \hegh\uo | _q_gbc baf_gyxlky gZ ij
gu_ dZ ~u_ ihei_jbh~Z khhI\_Ilkl\mxs_c fh”u Fh~"r
i_j\u_ ihei_jbh”~Z \hajzklzZ_| hl gmey ~“h fZdkbfzZe\
Z azZl_f ke_"mxsb_ ihei_jbh”"Z m[ulZ_1 “"h gmey

K_cr_h[jZagu_ dhe <[izagftnygu kbImzZpbb dh]*Z il
ij_djZs_gby \ha”~_ckl\by \hafmsZxsbo KivedlgzZ ih\
Ah_fz \ g_f \hagbdzZxl k\h[h*"gu_ k_cEZgtblyjZddu_ d
dhklb ij_~klz\eyxsb_ kh[hc kmffm gckdld&kdbo f
g_lu ihdZzazeb qglh \hafh gu Ijb Ibiz j[dheem¢¥lbjm
gbc I_jl\uc khhI\_IkI\m_I kemqgzx dm#%Z ifozZbfh"
"hevgZy b ihi_j_qgZy k_crb [Ijb wlhf ghamevlibj
[Zgb_ bf__1 hAgm maeh\mx ebgbx dlknjk-yl ih\hj.
g_gb_f \j_f_gb \hdjm] p_gljZ [Zkk_cgZkh&lhjhc
\_IkI\m_1 \azZbfh~_ckl\bx "\mo ijh*hewngujo-cpeb ~»
guo k_cr Ijb wlhf maeh\uo ebgbc fhdhl [igbv g_Kk
g_f bo dhebqg_kl\h g_ihklhyggh_ b haff dy Iky Kk
f_gb Lzd _ k I_gq_gb_f \j_f_gb baf_g¥_Ilkyelyo ih
ijhr*hevguo k_cr EZ"h kdh]h ha_jZ mafelsW_ ebg
xlky \"hev mkb ~ey ihi_j_gqguo = [\“"heeuhktdhlh
ju_ khklz\eyxl maeh\u_ ebgbb k hkyfbfdhhirbgz
g_ baf_gyxlky Lj_Ibc kemqgZc khhil\ckdlbm | \a
ijhrhevghc b ihi_j_gghc k_cr bf_xsbojbf*bgzZdh
"u >ey EzZ~h kdh]h ha_jz wlh fh~ru K i_jbg~hf j
(N P bN P < wlhf kemqZ_ iheh -gb_ b
kI\h maeh\uo ebgbc ihklhyggh_



<Z ghc hkh[_gghklvx j_amevibjmxs_ch\heldu y\e
_ ZfiebIm~ZzZ jz\gzZ kmiff_ ZfiebIm”® \aZbfh”~_ckl\m

Ebl_jZImjz

=b"jheh]bg_kdbcbj\hbfuc [ZeZgk EZ"h kdh]h ha_jZ
L B FZebgbghc E E=M k

B\Zgh\ < Ygdh\leobtboggh?hegh\u Mbb' _gby \ Q_jgh
j_ Db_\ GZmdh\zZ "mfdZz
DZe_ _kgbdEK~ kK kdh_ ha_jh E :b’\th_I_hba"ZI

FZgbexd X < Q_jd KB\ EZIkq_kdh_ fh~_ebjh\Zgb_
r \uo dhe_[Zgbc \ :ah\kdhf fhj_ gZ hkgh\_ f_Ih~Z dhg_

Fhjkdhc ]b”jhnbabqg_kdbc "mjgZe < K =
Kj_ I gkdbc EL_®Bjby \hegh\uo ~\b"_gbc “b~dhklb F
k
Q_jd_kh\ E < FZgbk¥Xdhge_ dhe_[Zgby "b2dhklb \
gbg_gghf fhjkdhf [Zkk_cg_ W d h egri b jf Z bodiizg hKih d X1 b\

ol L Kbkl_fguc ZgZeba b fh”fbebjhdBEgbb wwehhegh b g _
kdbo kbkl_f Jhklh\ gZ >hgm Ba” \lgkhgmigbn_pkhEzd¥
K

I+

6(,&+(6 $1' 6(,&+(/,.( 26&,//$7,216
1 I$.( 13725

<X 9 ODQLO\XN / 9 &KHUNHVRY
ODULQH +\GURSK\VLFDO ,QVWLWXWH Rl 5%¢

7KH SDSHU GHDOV ZLWK WKH VW )GGV RIL PKHF KN R
ODWLRQV FRPELQDWLRQ RI GODHOHQW WHKH KPHR G
KDYLQJ /DNH /DGRJDYV FKDUDJFWHUHL W\ I/ K GO P HIL
E\ WKH VROYLQJ RI ORQJ ZDYH ULTRMMWR R @AK ¥ \ Y WA
WHHQ PRGHV Rl VHLFKHV ZHWMW BERPBW X 0 B WRH GV K7HK |
FKDUDFWHULVWLFV RI WKH ZW/YSHA/RR NV VZHDLWF BID\D O\
FRUUHVSRQGLQJ ZDYH ARZV WGSIVFLQ ERH GV K H DSH
VSHHGV RI VHLFKH ARZV G H SHRSILLQN XFEQ! VDK HRY Z
PDWHG 'LITHUHQW W\SHV RIHUMLFWIKGLMNIS DL Q&
WHULVWLF IHDWXUHV ZHUH GWRK/H UFLDEHGK OTTKW L IRRP 9
REVHUYDWLRQ GDWD ZDV FDUULHG RXW



=H>H<HC OH> LJ?0F?JGUO IHE?C
L?FI?J:LMJU KHE?GHKLB B L?Q?GBC
G: K?<?JH A:lI:>GHF R?EVN? Q?JGH=H FHJY
D:D J?AMEVL:L QBKE?GGH=H FH>?EBJH<:GBY

G < FZjdh\Z
Fhjkdhc ]b~jhnbabg_kdbc bgklbiml J:G | K_\Z

>ey f_edh\h~ghc k_\_jh aZiZz”*ghc r_evnh\hc hJe
fhjy ZgZebabjm_Ilky ]Jh*h\hc oh” Ij_of_jgue ih ijh
e_c |_fi_jZlmju khe_ghklb b I_g_gbc jZkkgblzZg
I_ gbke_ggh]lh wdki_jbf_glZ gZ hkgh\_ g_ebg_cgt
gZfbg_kdhc fh*_eb k mk\h_gb_f “Zgguo fghlhe_I
baf_j_gbc Ihemqg_gu hkgh\gu_ debfZlbq_kdb_ ]b
ihey gZ dzZ ~u_ kmldb ]Jh”Z Ijh\_~_g ih*jh{guc Zc
pbb b I_jfhoZzebgghc kljmdImju \h” gZ r_evn_ ihd
fZkrlZ[gu_ hkh[_gghklb

H{t_dIK_\_jh azZiz”"gZy qzZklv Q_jghlh fhjy jbk
kl _igufb jZchgzfb kmrb o0zZjzdl_jgufb hkh[_gghkl
yleyxlky gbadb_| _fi_jZImju \ha*moZ abfhc b [hev
“Zjdbo "g_c ijb hlghkbl_evgh g _[hevrhf dhebqg_ Kkl
Ilhf <Z g _crbf nzZdlhjhf \ebyxsbf gZ “bgzZfbdm \
klb y\ey_Iky \_ljh\hc j_"bf Djhf_Ilhlh k_\_jh aZzi
KAR vyl\ey |ky gZb[he_ _ f _edh\h”rguf b jZkij_kg_
Q _jgh]lh fhjy \ke _"klI\b_ [hevrh]h ihklmie_gby kx~*
>mgZc >g_ij >g_klj X guc ;m] &hklZNeyKs ]h
klhdzZ j_d ijboh”ys_lhky gZ \k_ Q_jgh_ fhj_ >=b"]j
LZdhc agZqgbl_evguc h[t_f ij _kghc \h~u \eby | gZ
b wi\hexpbx Ij_of _jghc pbjdmeypbb hkh[_ggh \ ij
eZklyo fhjy

MdZaZggu_ nZdlhju hij_~_eyxl agZgbil\mxgmx \g
ijhkljZzgkl\_ggmx baf_gqgb\hklv Jb*jhehdbqg -ledbo il
n_ \ gZklghklb [hevrhc i_j_ iz~ f_"fobfed_bgfb b
g_gbyfb I _fi_jZImju \h”*u b hkh[uc hdéebbgugzhl h
klb fhjy j_"bf | _g_gbc <ebygb_ ~"bdgghxdhZelm[hd



[Zzkk_cgZ gZ pbjdmeypbx KAR ijhy\eyktkhyed-Zjx ghc
gbp_ r_evnZ Hgh khklhbl \ \hafms_pbydgXevkbfu
gh_ihe_1_g_gbc KAR f_zZg”jzfb k_\ghdhcg\jb\b Hk
fhjkdh]h I_q_gby HQL b \bojyfb |Zd\dklhihzvfh]h
kdh]h Zglbpbdehgz2a K_\Zklhihevkdblh gl bptbde hg
Z ihke_"h\Zl_evghklv ba "\mo j_"Z[gup_o"HZahfZk
[jhf ihjy"dZ g_kdhevdbo ~_kyldh\ dbedgbIjhy_jboj_
jmxlky m [_j_1h\ Djufz d x]h aziz”nzZe\K\2AxZIKkhh ith e
kf_szZxlky azl_f gz azZiz™ kh]l]ezkgh Hphdmfrg Zapgilehgl
e_gbx [Zkk_cgh\hc pbjdmeypbb \"hem&Zklglx £Z2iZ"
|_jbdh\h]h kdehgZ gZ x ghc ]jZgbp_ JKARI ZMéWb \bc
xI kh[hc \Z guc f_oZgbaf ljZzgknhjfZpazhyalhedpaz
guo \h® KAR \ lhes_ \h” hildjulhc qZ&IBWWhDYO>6KD &

Macmrra 1:7 500 000

Jbk JZchg KAR h[\_~ g "bjghc ebgb_c

F_Ihr< kbem azbgl_j_kh\Zgghklb kljZg Fbqg_jgt
ayckl\_gghf bkihevah\Zgbb j_kmjkh\ KAR- bkke_
eh]l]bg_kdbo b ijhgbo ijhp_kkh\ ijh\h*"bebkv a”_kv



klh  h*gZdh ih [hevr_c qZklb g_kh]eZkh\Zggh b
gh F_lh*u bkke_"h\Zgby bkihevah\Zebkv 1zZd" _
ijhkl _crbo dhglzdlguo baf_j gbc "h ZgZebazZ kim
guo b kh\j_f_gguo gbke_gguo fh*_e_c H”*gZdh \
ijhkljZzgkl\_ggh \j_f_gghc baf_ggb\hklvx ]b*jhnba
e_c KAR i_jbh”*bqg_kdb ihy\eyxlky gh\u_ mthgg_gg
gby h[ bo kljh_gbb b "bgzZfbd_ >B\Zgh\ ; -ehdhiul
Ilhju_ hkh[_gghklb kljmdImju ]Jb”jhnbabqg_kdbo ihe
]bhgZ hif_qzZxlky bkke_~h\Zl_eyfb wibah”bqg_kdb
kl_fZ ih”~ih\_joghklguo ijhlb\hl_q_gbc \hkijhba\h
ihfhsb fZlI_fZlbg_kdh]lh fh*_ebjh\Zgby lhevdh \ jZ]
HWOD O > kufhuil i W) N "] @ @B@RdRkit)finiflring)kizdig i
fm \ p_ehf hij_~_eblv "h\hevgh keh'gh mqgblu\z)
dZevghklv baf_j_gbc \h \j_f_gb b ijhkljZgkl\_ F_
ghlh fh”_ebjh\Zgby iha\heyx!| \hkijhba\_klb |j_of_
Imjm debfzlbg_kdbo ]b*jhnbabqg_kdbo ihe -c b hib
\hklv gZ lj_[m_fuo fZkrlZ[Zo |h” ©debfZlbq_kdbf
dmjk_ ihgbfzZxl ihe_ ]b”jhnbabqg_kdhc \_ebgbgu il
amevlZl_ gbke_ggh]h j_r_gby kbkl_fu mjZXg_gbc
Ibg_kdbfb ]jZgbggufb mkeh\byfb ZIfhkn_jgufb ih
eZ b \ez]lb dzZkzl_evgufb gzZijy _gbyfb Ij_gby ijb'
klhdhf j_d \h”~hh[f_ghf g_j_a ijheb\u b | + LZdbf
Aihnbabq_kdb_ debfZlbg_kdb_ ihey y\eyxlky g_dh
hp_gdhc khklhygby \h~Aghc kj_~u kh]JeZkh\Zgghc
nhjkbglhf

< ~Zgghc jZ[hl_ ijh\_~_gu jZkqg_l b ZgZeba deb
Ajhnbabq_kdbo ihe_c¢ KAR gZ dZ ~u_ kmldb 1h~Zz
\uiheg_gh gZ hkgh\_ Zkkbfbeypbb Zjob\guo kj_"g
guo gZlmjguo gZ[ex*_gbc >;_ehdhiulh\ @ ih
khe_ghklb \ gbke_gghc g_ebg_cghc fh*_eb >>_f

@ MdzZazggzZy f_Ih~"bdZ kbgl_azZ ]Jb*jh~"bgZfbc
7 6 MZZgopguwoo [ueeZZ i f og odZZ \\ kRyyedbb kk [ ff qd bh M2ZZ 7
guc >;_ehdhiulh\ @ Zjob\guc fZkkb\ gZlmjguc
Q_jghf fhj_g_ iha\hey | \ kbem dhebqg_kI\Z bf_xs
guo lhevdh gZ _]Jh hkgh\_ \hkklZgh\blv ]Jb*fhnbabg



[m_fhc Ihgghklvx dhlhjZy ihal\hebeZ [u hljZablv b
gmx ijhkljZgkl\_ggmx kljmdImjm b bkke_"h\ZIv ]h"
amevlZl_ ijh\_~_ggh]h khlJeZkgh mdZaZgghc ko_f_
jbf_glZ [ueb ihemqg_gu Ij_of_jgu_ ih ijhkljZgkl\m i
df \ ahgZevghf b f_jb*"bhgZevghf gzZijzZ\e - gbyo .
\_~_g "ey \k_]h [Zkk_cgZ qlh ihal\hebeh ba[_"Zlv
NZgby djZ_\h]lh mkeh\by gz © b~rdhc? ]jZzgbp_ b ijl
bf_Iv \hafh ghklv hp_gb\Zlv \ebygb_ hklZevghc qz
\h~u KAR 1Ih \_jlbdZeb \ugbke_gby ~ey \k_]h fhjy
gZz ]hjbahglZo k Jem[bgZfb hl ~h f "ey K
jZahf \ kbem _]h f_edh\h~ghklb [ueb ihemg_gu ac
ahglzo
r_ evnZ h]jzgbgbf bah[Zlhc f < ijb[j_"ghc ahg
ehkv \hkklZgh\blv kljmdImjm ihe_c I_fi_jZlmju b k
jbahglZevguo fZkrlZ[Zo g_kdhevdbo dbehf_Iljh\ h
\ bkoh?"guo mk\zZb\Z_fuo Zjob\guo iheyo Z IzZd _
klb pbjdmeypbb dzd f_ahfZkrlZ[gu_ \bojb-b kljmk
gh_ \hkklZgh\e_gb_ debfzlzZ ij_"klZ\ey_Ilky \hafh
ijb mkeh\bb gZdhie_gby ~“hklZlhgghlh h[t_fZ baf_
kI\_ggh]h memqr_gby Zkkbfbebjm_fh]lh \ fh*_eb fz
_fuo debfzZlbq_kdbo Zlfhkn_jguo mkeh\bc gZ ih\_j
J_amev!|Z&&Z ihkljh_gguo ih j_amevlZlZf gbke_gg
jbf_glzZ debfzZlbq_kdbo dZjlZo fbgbfifzkh&y-dhkZb »
gZe_ e_lg_]lh k_ahgZ fZc = bxgvclibgehdKletah\Zm
gZc \ kj_"Af FzdkbfzZevguo agZq_gbc khe_ghklv
yg\Zj_ £ n_\jZe_ \ kj_"g_f A >eyg AR loezd |
ih fhjx \gmljb]lh~h\hc i_j_iZ” khe_ghrkkdv hkmig@gh
]*_ baf_g_gby oZebgguo agZq_gbc \ i\ _jod'nklghf
klb]zxl A+ < p_gljZevghc qZklb KAR ZfiebIm~rZ f_°
dhe _[Zgbc khe_ghklb gZ ih\_joghklbAg Kjj gy |
ih \k_fm KAR ZfiebIm~Z ]h~h\h]h ok*ZAkhklZbey |
gb_ hl A ~rey hklZevghc qZklb [Zkk_cgZ
KhleZzkgh fh”_evguf jZkq_I1Zf ihey |I_fi_jZlmju
ebqgbg f_""m kj_"~gbfb __ agZq_gbyfb \ n_\}jZe_ b I
l_ f jzZ\gZz zK K ]Jem[bghc i_j_iz™ | -fi_jZIm



ahgzZfb mf_gvrZ_I|ky LZd gZ ]hjbahgl_ jZaghk
jZImjzZfb n_\jZey b bxey khk¢&\ey glbaex Zsbo keh
yo Jhjbahglu + f ij_h[ez~Zx]| \h~u oheh”gh]h
ghlh kehy h[jZah\Z\r_]hky \ abfg__ \j_fy-b khoj
gxx |I_fi_jZImjm& *:gZeba ihey I_fi_jZImju ih \k_c :
jbb Q_jgh]h fhjy ihdZzau\z_| qlh \ p_ehf aZ ]h”" jZ
_lky kzZfhc oheh”ghc gzZklvx Q_jghlh fhjy -glh kht
guf ~“jm]bo bklhggbdh\ [Ijbf_j dZjl ijhkljZzgkl\_gg!
N_e_gby I_fi_jZlmju b khe_ghklb gZ ]Jhjbahgl_
bk ljhke_"b\Z_Iky jZkijhkljZzg_gb_ hlghkbl_e\
ij_kguo j_gguo \h™ ba djmig_crbo j_d j_]lbhgz Z
fmf khe_ghklb \ mklv_ >mgZy b fbgbfmf |I_fi_jZIm
>g_ijh ;m]kdh]h ebfzgz

; L z
29 30 31 3z 33 B4 29 30 31 32 33 B

Jbk Ihe_ ih\_joghklghc khe_ghklb ke_\Z kijZfi_jZIm
\Z Zij_ey

Hkh[uc bgl_j_k ij_"klzZ\ey_I| kh[hc \hkklZgh\e_
gh_ihe_ | _q _gbc ihkdhevdm bf_ggh wlhl-izZzjzf_ |
ki_q g ijyfufb baf_j gbyfb K2zZfzZy keZ[Zy aZ ]1h" \
ghklv \ ih\_joghklghf keh_ hl ~h f hif_gzZ_Ilk\
Imkl_ ihe_ kdhjhkl_c \ wlh \j_fy gZb[he__-]ezZ"dh
iZrgh]h [_j_1Z r_evnh\hc ahgu ij_h[eZ”"Z _I-x]h azZ
e _gb_ ™Mb’ _gby ih\_joghklguo \h” hl HA kku d DFt
[he__ azZf lgufb | _g_gbyfb KAR yleyxlky }+ q_gb_
oZgdml ~h kf k bl _g_gb_ gZijZz\e_ggh_ gZ x
kh kdhjhklvx % kf Kk GZ Jem[bgZo gb™_ f gz
k _ahg knhjfbjh\u\Zz _Iky Zglbpbdehgbqg_ kdZy kbkl



kj_"g_c kdhjhklvx * kf k HgZ gZqbgzZ_lky 1Zd _
gh jzkijhkljzgy_Ilky gZ k_\_jh \hklhd \*hewv \k_]h

\_jghlh ih[_j_"vy r_evnh\hc ahgu b azl_f \k_]h az
DjufZz < jzZchg_ \iz»_gby >mgZy \ fhj_ gZoh”blky

kdbc \bojv Nhjfbjh\Zgb_ b w\hexpby ~Zggh]h \ba
ky \ >B\Zgh\ b *j @ D aziZ”m hl Djufkdh]h i
jZ°_g K_\Zklhihevkdbc Zglbpbdehg x'gZy-njhglz
lhjhlh ho\Zlu\Z_| k_\_jgmx \_I\v HQL < k_j_"bg_
aziz”ghlh ih[_j_"vy KAR ij_h[ez”~Z_| k_\_4h \hklh
e_gb_I_g_gby Hgh klZgh\blky [he__ rbjhdbf aZc
dh ijb[j_"gmx ihehkm gh b \h\e_dZy \ Zglbpbdeh¢
\hjhl ijZzdlbqgq_kdb \_kv \_jogbc kehc fhjy Mkbeb\Z
\"hev aZiZ”guo [_j_]h\ DjufZ \ DZeZfblkdhf aZeb)\
< hdly[j_ gZijz\e_gb_ ih\_joghklguo |I_g_gbc \"he\
i_1Z KAR kgh\Z f_gy_Ilky gZ x]h azZiz*gh_ h[jZan
ijb[j_"guo \boj_c dhlhju_ m\_ebqgb\zZxlky d k_j_"b
lem[bg_ f khojzgy_Ilky ih~ih\_joghklgh_ ijhlb\hl

'
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] 39 40 4 B

Jbk lhe | _qg_gbc Q_jghlh fhjy IfzZk]lhjb&ahigley f
Wilh ijhlb\hl_qg_gb_ 1Zdbf h[jZahf gZ[ex"Z_Ilky
\hc Jem[bg_ k hdly[jy ih fZc [_j_lI gZgZeh \ jZchg

ke ~m_I\\_jod k_\_jghfm ih[_j "vx KAR b-~Ze _



j_1Zf DjufZz 1h”h[gu_ kehb \ ihe_I_qgq_gbc h[mkeh!
ihdzazgh \ >B\Zgh\ b *]j @ |_jfhoZebggufb n
\_IklI\mxsbfb \ukhdbf ]jZ*b_glZf iehlghklb < ~_dZz
K_\Zklhihevkdbc Zglbpbdehg hkez[_\Z_| < |l_q_g
ih\_joghklb fhjy ij_h[ez”~Z_1 x]h azZiZz”*gh_ gZijZ\e
glh kKhhI\_IkI\m_I \_Ijh\hfm j_"bfm \ ~Zgguc i_jbh”"
< Zij_e_ k ihklmie_gb_f iZ\h~dh\uo \h” bgl_gkl
Mb _gby \ ih\_joghklghf keh_ <”hev k_\_jghlh [_
DZjdbgblkdhf aZeb\_ gZ[ex*Z_lky p_iv f_ahfZkrl.
K_\Zklhihevkdbc Zglbpbdehgbq_kdbc \bojv gZ \_j
agZqbl_evgh mf_gvrZz_|ky Z gZ ]Jem[bg_ - f g_Kk
_Iky \*hev fZl_jbdh\h]h kdehgZ GZ jbk ijb\_~ ¢
Ney \k_]h Q_jghlh fhjy gZ *ZIm Zij_ey "ey ]Jem[b
\Zg dZ ~uc c¢ \_dlhj khhI\7 loaikiegyyHEgy yHHEEARIRI b7
azZgu gZ jbk < bxg_ ihe_ kdhjhkl_c mkeh gy _|I
g_f keh_ fhjy mkbeb\Z_Ilky pbdehg \ jZchg- mklvy
xlky \bojb d x]m b x]h aZiZ*m hl mklvy >mgZy m
klhihevkdbc Zglbpbdehg <boj_\Zy Zdlb\ghklv \ D
eb\_ d wlhfm \j_f_gb gZijhlb\ agZgbl_evgh hkeZz
LZdbf h[jZahf ijb ihfhsb gbke_ggh]lh fh*_ebjh)
j_dhgkljmbjh\Zgu Ij_of_jgu_ J]Jb”jhnbabq_kdb_ i
azZiZz"gh]h r_evnzZ Q_jgh]h fhjy IjhZgZebabjh\Zg |
riZfguo b f_ahfzkrlZ[guo hkh[_gghkl_c ihemqg_ggt
kdbo ihe_c b bo baf_gqgb\hklv \ I_qg_gb_ ]h*Z Hi,
gu_ q_jlu I_jfhoZebgghc b *"bgZfbg_kdhc kljmdIm
dZaZgu agZqbl_evgZy Zfieblm”~Z ]h~h\h]h eh”*Z |_
ghklb b ehdZebazZpby wdklj_fmfh\ gZebqgb_ \boj_
l_g_gbc b ih”*ih\_joghklguo ijhlb\hl_qg_gbc

Ebl_jZImjz

;_ehdhiulh\ <L_@GfhoZebggZy b ]b”jheh]h Zdmklbq_kd
iZ \h” Q_jghlh fhjy >bk « dZg” ]_h]j gZmd K_\Zkltl
MdjZbgu k

=b”jhf_I_hjheh]byjhobfby fhj_c KKKJ L Q_jgh_ fhj_
=b~jhf_I_hjheh]bg_kdb_ mkeh\by Ih” j_~ : B Kbfhg
IfZgz E =b7jhf_Il_hbanzl k



> fur_\ K = B\Zgh\ < : FZjdh\Z B5 «khkl@h jd_kh
gb_ihey I _g_gbc \ Q_jghf fhj_ gZ hkgk\ c \fthd'|_gBaf
Zkkbfbeypb_c debfZlbgq_kdbo ihe_c IgliklpZImjW dh et e
]bg_kdZy [_ahiZkghklv ijb[j_"ghc b dhéiendihguahlgkb
ke_"h\Zgby j_kmjkh\ r_evnZ <ui K +

> fur_\ K = DhjhlZ Qbke DygZy wg_jlhk[ZeZgkbjh\
fh~_ev [Zjhdebgguo |I_q_gbc hd_ZgzZ k g_Jlt\gKf Fghf
H<F K +

B\Zgh\ < : ;_ehdhiuHd_<ZgB]jZnby Q_jghlh fhjy K
klhihev F=B G:G MdjZbgu k
B\Zgh\ < B\Zgh\ E B Dhinegbjl_ g_d&bc k_\_jh

azZiZz”ghlh k_dlhjz Q_jghlh fhjy b _JhkipZbfhkgha¥ k
]brjheh]lbg_kdbo ozZjzdl_jbklibd Fhjkdibec [omjghbab
< K +
B\Zgh\ < : Dm[jydh\ : B FboZgédh®&Z NVMhjf®d RZib
jh\Zzgb_ b w\hexpby \boj_\uo h[jZah\Zwd &lIhdmfkphde
gZ k_\_jh azizrghf r_evn_ Q_jghlh oljy r_eRkiaheéh\Z

ahgu :ah\h Q_jghfhjkdh]h [Zkk_cgZ\ZK[hihzmg 1] K_
K +

_.OLPRN 9 , ODNHVKRY . . BIDUINRHY R PH WL F B\
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2FHDQRJU 9 1 3 :
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VKHO|I FDOFXODWHG XVLQJ QRR ®RGHIIU LYK 8 X B R(
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LW\ DQG FLUFXODWLRQ ZDV ID\QRD VKIBO I$ ZDAVHDL © |
¢HOG VWUXFWXUH ZDV FDUULHG RXW



FH>?EBJH<:GB? KM;F?AHF:KRL:;GUO
>BG:FBQ?KDBO IJHP?KKH<
< 1JB;J?@GUO AHG:0 Q?JGH=H FHJY

H : >ufh\Zz

Fhjkdhc ]brjhnbabq_kdbc bgklbiml J:G

K ihfhsvx \boj_jZaj_rZxs_c gbke_gghc fh®_eb Ft
"ihnbabqg_kdh]h bgklblmlzZz bkke_~h\Zebkv-f_ahfz
f_ahfzZkrlZ[gu_ hkh[_gghklb pbjdmeypbb Q_jgh]h
\uiheg_gu k ijhkljzgklI\_gguf jZzaj_r_gb_f - df b
Zevghlh ZlIfhkn_jghlh \ha”_ckl\by IhdZazZzgh qlh
lu I_g_gbc khhI\_IkI\mxI| kimlgbdh\uf gZ[ex"_gbyf
e _cl_qg_gbc ihdZzazZze qlh j_dhgkljmbjh\Zggu_ \bc
l_jogu_ km[f_ahfzkrlZ[gu_ ijhkljZzgklI\_gghAj_f_gg
lju GZb[he__ bgl_gkb\gh_ h[jZah\Zgb_ km[f_ahf.
j_c gZlex"Zehkv f_""m [_j_]hf b Hkgh\guf-gq_jghfl
gb_f \ hdj_klghklyo Djufkdh]lh i h\zZ \ k_\-jh \hkl
Ilhqghc qzklyo fhjy Z I1zd _ gZ k_\_jh aziz*ghf r_

Fgh]l]hgbke _ggu_ kh\j f ggu_ kimlgbdh\uv_ b dh
ijbf_j DZjbfh\Zz .OHLQ HW DO @ gZ[ex”
kms_kl\h\Zgb_\ hd_ZgZo b fhjyo djm]h\ue "bgZf
Imj k oZjzZd!l_jgufb ijhkljzgklI\_ggufb fZkrlZ[Zfb f_
\j_f _ggufb £ "h g_kdhevdbo kmlhd Kh]eZkgh hij_
\u_ h[jZzah\Zgby ”"ey dhlhjuo gbkeh Jhkk[b-ihjy~d.
Zf_1j 1hjZza~h f_gvr_ jZ"bmkZ ~_nhjfZpbb Jhkk[b

@ gZaul\zZxl km[f_ahfzkrlZ[gufb H[eZ”Zy [hevV
fb wg_jlbb 1Zdb_ \bojb b]jzZxl "hfbgbjmxsmx jhev
ljiZgknhjfZpbb ]b”jhnbabqg_kdbo ihe_c¢c hkh[_ggh

ahg_ ihwlhfm bo bamqg_gb_ ij _~klzZ\ey | [hevrhc
ghf fhj_1zd" _ Zdlb\gh \_~ _Iky bkke_"~h\Zgb_ km][f
baf _ggb\hklb >AZp _ibg b 7j >b\bgkdbc b 7]

H~rgbf ba gZb[he__ \hklj_[h\Zgguo bgkljmf_glh\
gZfbdb “b~rdhklb y\ey Iky dhfivxl_jgh_<fhgZebjh)
r c jZ[hl_ f_ahfzZkrlZ[gu_ b km[f_ahfZkghZ]Jbu _ h
pbjdmeypbb Q jgh]lh fhjy ZgZebabjh\BEepbk¥Z & ihff



rZzxs_c fh”_eb “"bgzfbdb Fhjkdh]h ]Jb*jhnbabq_kc

j_

Iz F=B >>_fur_\ DhjhlZ_\ @ Qbke_ggu_ wd
j_dhgkljmdpbb ]Jb”jhnbabqg_kdbo ihe_c \uiheg_gu 1
k_1d_ k rz]hf ih JhjbahglZevguf dhhjrbgzIZf d

ebeh \hkijhba\_klb *bgzZfbq_kdb_ kljmdImju k fZk
rbfb jz"bmkz ~_nhjfZpbb Jhkk[b dhlhjuc 2ey Q_j
klz\ey | \ kj_7atff flikgih[[ghtin AMfAI] offiZIftiEd_ Kati vy il kK& aitl
NZqb gZqZevgu_ b ]JjZgbggu_ mkeh\by hibkZgu \
\Z @ :Ifhkn_jgh_ \ha”_ckl\b_ az”*Z\Zehkv ih ~
az $/%$',1 az ] bj_ZgZebaz (5$ ,QWHULP az
Ih j_amevlzZIlZf jZkq_lh\ [ueb ihkljh cgugiZgbw | _q
ihe_c kdhjhklb ihdZazZe qlh \ p_elyf Vhékyijl@bagh]h f
Aylky ba\_klgu_ ba ebl_jZImju b "Z&kdhlogghkdk”™_g
pbjdmeypbb GZ jbk ij_"klZ\e_gu_fh"ghbecv @b fhid e
] b e_Inhf ] <b”gh qlh ]Jem[tdhdhZigpmzx_¢gZ
Hkgh\gh_ q_jghfhjkdh_ I_g_gb_ H®@Wbpdhymjhkybg
\ oheh”guc i_jbh” ]|hZZb jbkke Z[_\Z_| \ e_Ilgbc k_ahg
[ lh i_jbn_jbb HQL d\Zabi_jbh”bqg_kdbamfgkbjmxl
riZ[gu_ \bojb \hkijhba\h”?ylky K_\ZKhhfikelv&dbg b
Ibpbdehgu GZb[he__ bgl_gkb\gh_ hfZkahdggb_ |
guo \boj_c ijhbkoh”bl gZ k_\_jh aZiR"ghhf njlevn_
[j_"guo ahgZo \ hdj_klghklyo Djufkdih]hhik h@gHhck _'
b \hklhgghc gZklyo fhjy 1j_bfms_klu_grghjfdjm]h\hj
xsb_ky \ wilbo jZchgZo bf_x| Zglbpbdaehdobg &kdbc
ghklb hgb \hagbdzZx| d\Zabi_jbh*"by_K®W bhi gZghl
ijZ\e_gbx "\b ' _gby <j_fy "bagb IZdky \btj_¢_khkl
kyldh\ gZkh\ ~h g_kdhevdbo kmlhdklhbjjibkZeVvpuf_ k
jZ\gu ijbf_jgh kf k k mkbe_gb_f {éZkkyo k& Xb¥h
N_ckl\by k [he__ djmigufb \bojyfb beb HQL
Kjz\g_gb_ dzZjl I_g_gbc k dZjlZfb ihe_c \_IljZ 1|
\boj_\u_ kljmdImju gZ” djhfdhc r_evnZ nhjfbjh\Ze
ahgu ]h"*Z ijb keZ[uo \_IljZo ex[h]h gZijZ\e_gby ¢
\_dlhjz dZzkzl_evghlh gZijy _gby Ij_gby g_ ij_\urZz
ljb mkbe_gbb \_IjZ kljmy HQL [ueZ ijb ZlZ d [_j_
ij_~klZ\e_gguo wdki_jbf_glZo g_ jZa\b\Zebkyv
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>ey \Zeb”Zpbb j_amevlZlh\ jZkq_Ih\ [ueh ijh\_~
e_gb_ kh kimlgbdh\ufb ~Zggufb JZkkfZljb\Zebky
ihe _c dhgp_gljZpbb oehjhnbeezZz ihemqg_ggu_ k il
lhgguo pbnjh\uo kdzZg_jh\ 02',6 b ihe_c I|-fi_jZIn
ghklb fhjy ih "Zgguf kimlgbdh\ 12%$%$ >Fhjkdhc«@



kimlgbdh\hc bgnhjfZpbb \uiheg_gZ hl~*_ehf ~"bklzZ
Ilh~h\ bkke_"~h\Zgby F=B <uyle_gh gqglh fh*_evgZz
klZlhggh lhgqgh \hkijhba\h”bl j_Zevgmx baf_gqgb\l
< dZq_kI\_ ijbf_jZ gZ jbk ihdZazZgu j_dhgkljmk
lu I_g_gbc b khhil\_Ikl\mxsb_ bf kgbfdb ih\_jogh
fhjy <b”gh qglh g_[hevrb_ djm]h\hjhlu b kljmcgh
emqg_ggu_ ih *"Zgguf jZkq_IZ khhl\_lkl\mx}t jZkihe
f_njhglZevghc ahgu \ ihe_ dhgp_gljZpbb eehjhnb
r_.cky gz KAR \ dhgp_ \_kgu Z QGZ jbkdhgim

ju hfezkl_c ih\ur_ggh]h kh”_j Zgby oehjhnbeeZ m
dml Djuf b\ D_jg_gkdhf ijheb\_ \ bxg_ ] ih\Il
Ihdz ihkljh_ggu_ ih j_amevlzZlzZf gbke_ggh]h wdki
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Jbk DZjlu l_g_gbc kf k gZ \_joghjbaahlgd_lghfgpf
db ihe _c dhgp_gljZpbb oehjhnbeeZ ih ~Zgguf 02',6
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JZkkfhljbf ~_1Zevgh km[f_ahfzZkrlZ[gmijbbaf_gq
[j_"guo ~bgZfbg_kdbo kljmdIimj gz ijdhgktjhboj_c
bjh\Zgguo m x]h \hklhgghlh ih[_j_"vy_Djufz]\ k_g
Gz k_gly[jy x ' g__ N_h~hkbckdh]hjagldbkAahjibe
jh\©Zebkv pbdehgbq_kdbc \bojv P bcZgblmpbdehghb
dim]h\hjhlu kms_kI\h\Zgb_ dhlhjuoZygglifh Kiznllky
ghdzZ 12%$$ >Fhjkdhc @ijG%ljdbke _gh ihe_ }_fi_jzZlIi
ju ih\_joghklb fhjy ”~_d \hkFIn]ergrhfI ddkz
[exrZezZkv ahgZ \h” ih\ur_gghc |I_fi_NZIhmMjakht x g
kdhlh aZzeb\Z + iylgh oheh”ghc \h"gJu dhigjZevijZzan
ghc ahghc GZ jjok_"_gh ihe_ kdhjhklb gZ - i
_ggh_ ih ~"Zgguf fh"_ebjh\Zgby ljb kKjZ\jdwkdbb jbk
\brgh qlh oheh”ghc ZghfZebb khhl\ kikh\mh{jphleh
\Zgb_ | _iehc £ Zglbpbdehgbq_kdhgb LEdh_J§ZZkij_~
ju Z ke_"h\Zl_evgh b iehlghklb kidb§Zj I"kIB)_Ibc
e_gbyf b ebl_jZImjguf bklhggbdzf >DZf@gdh\bqg b ”

Jbk lhe_ | _fi_jZImju ih\_joghklb fBEgWuf Kimhgb
dZ 12%$%$ Z b dzZjlz | _q_gbc kf k gdghfjdjbfajidkqg
I [ 9z

< I1Z[e ijb\_~_gh baf_g_gb_ dbg_fzZiikgbdkdbo 0Z]
j_c: b Pk ih k_glyljy ] BaglZz el \d*gb_ bar
gZ_fhlh i_jbh~z ~bzf_1j P \hajzZklzeZevopuwlkhj[k
jhklb \ \boj_ baf_gyebkv g _agZgbl_g¥f&dx "ZepRboj
imevkZpbb "bZf_IjZ b hj[bIZevghc kdH hktbijZide h”
Ibg_kdb g_ baf_gyehkv b g_j_a Ijjn_Mimélbd ngZk
jZaf_jzZz b hj[blZevghc kdhjhk|b dy ke_"kWeyf 1k



\ebygby kljmb HQL < ~Zevg_cr_f : [begZdB&Zigp g |
j_f_szZlvky \ aziz~ghf gZijZz\e_gbb H&dbP HhjZahf

gh kqblzlv km[f_ahfzZkrlZ[guf 1Zd dZ\ZeRk-khdfa ]

f_jbf k jZ"bmkhf ~_nRjfZzppbfy "bagb khklZ\beh Kk
<bojv : gZ fhf_gl azZzjh"~*_gby [ue km[fgahfZ&rZ[gU
kiI\b_ \ebygby HQL _]h ozZjzZdl_jbklbg&Zdipbh[pheb i
fzkrlZ[gh]h \bojy LZdbf h[jZahf w\liexplhyjijb]j_"0
jZchg_ k\ZeZ Jem[bg hij_~_ey_Ilky N&@Abfh”_ckl\b_f
Dbg _fZlbgq_kdb_ b "bgZfbq_kdb_ o0zZjzdl_jbklbdb \boj_«

>bzf_Ij \bgjHj[blZevgZy kdwjhgd,v
'oodf 9 . kf k d

hijl

<bojv >Z1Z

P

< j_amevlZl_ jZ[hlu [ueb jZkkgblZgu ]Jb”jhnbal
Q_jghlh fhjy k \ukhdbf ijhkljzgkI\_gguf jZaj_r_gb
ihe_c kdhjhklb |I_gq_gbc ihdzZzazZe gqglh fh®"_ev F=B
kl_i_gvx Ihgqghklb \hkijhba\h~bl f_ahfzZkrlZ[gu_ b
riZ[gu_ hkh[_gghklb "bgzZfbdb k jZzaf_jzfb f_g__
bgl_gkb\gh_ h[jZah\Zgb_ km[f_ahfZkrlZ[guo \boj_
\ ijb[j_"guo ahgZo f_""m [_j_]hf b Hkgh\guf gq_jgh
g_gb_f \ hdj_klghklyo Djufkdh]lh i h\Zz \ k_-\_jh \h
Ilhqghc gzZklyo fhjy Z 1Zd _ gZ k_\_jh azZziz”~ghf r_«
b mf_j_gguo \_I|jZo ex[h]h gZijZ\e_gby J -amevlZ
gby ihM\_j " ~rZxlky "Zggufb kimlgbdh\uo gZ[ex”_gt

JZ[h1Z \uiheg_gZ ijb nbgzZgkh\hc ihA*_j°d_ JNNB \ jZ
1h ijh_dlz < ©:3

Ebl_jZImjz

> fur_ \ K = >ufh\@QbHe:gguc ZgZeba f_ahfzZkrlZ[gu
[ _ gghkl_c pbjdmeypbb \ ijb[j_"ghc ahg_ Q _jgh]lh fhjy
L < K *



> fur_\ K = DhjhlZ Qbke DygZy wg_jlhk[ZeZgkbjh\
fhr _ev [Zjhdebgguo |_gq_gbc hd_Zg2 gfk Ifth™ Keb bQk
j_amevlzZlu dZeb[jh\hgguo jZkq_Ih\ lggkdibfc hd:I2gglb
0 B<F J:G K +

>b\bgkdbc ; < Dmde_\ K ; AZpdhbg Fh= el m[Z]j

jh\Zgb_ km[f_ahfzZkrlZ[ghc baf_gqgb\hkblb \fhjlkgbo I _q_
ghc ahg_ Q_jghlh fhjy Hd_Zgheh]blkg = L

AZp_ibg : = Dhg”jZrh\ : DEKm[f_&hfEZKMlZ[gu_
\bojb gZ dz\dZakdhf r_evn_ Q_jghlh bhjywd fih¢Z'graxs
fu Hd_Zghehlby L < K +

DZjbfh\Zz K KKahggZy b f_"]h*h\Zy baf_ggbthklv km
rlz[ghc \boj_\hc ZdIb\ghklb \ ;Zelb dkahifb c® d hg hfth by o

Kh\j_f_ggu_ ijh[e_fu "bklZgpbhgghlh_&d&lgMNbghdBlby
fhkz L < K +

Dzf_gdh\bg < F Dhreydh\ F KbgkHbhgkdhbK \bojb
\' hd_Zg_ E =b”jhf_l_hba*Zl k

Fhjkdhc ihjlZe F=B KWWS GYV QHWKWP ® P BGMWD

.OHLQ 3 ORUURZ 5 6DPNEVRROH MWEDRHVRVFD
LFV LQ WKH XSSHU RFHDQ 135@ 3R 5 RIEH SIXW HU 20
KWWS ZZZ DYLVR DOWLPHWU\ IU

7TKRPDV / 1 7TDQGRQ $ 6 XPKRKIDGRHWHEDQO HW SURFH
G\QDPLFV $PHULFDQ *HRSK\VLRDO 8QIORQ :DVK
P =

6,08/$7,21 2) 7+( 68%0(626&$/( '<1$0,&%$/ 352&(66(6
1 7+( %/$&. 6($ &2$67$/ =21(6

2 $ '"\PRYD
ODULQH +\GURSK\VLFDO ,QVWLWXWH RI

OHVRVFDOH DQG VXEPHVRVFDOH IHDW XV WX ®IL HGK }
E\ HGG\ UHVROYLQJ QXPHULFDO PRGHO GHYHORS
,QVWLWXWH &DOFXODWLRQV ZHUH FDUULH@KRXW
UHJDUG WR WKH UHDO DWPRVSKHULF IRUFLQJ ,W
PDSV FRUUHVSRQG WR VDWHOOLWH REVHUY®WLRC
WKDW UHFRQVWUXFWHG HGGLHV KDG W\SIZKBO VX
PRVW LQWHQVLYH JHQHUDWLRQ RI VXEPHVRVFDO
%ODFN 6HD FRDVW DQG WKH 5LP &XUUHQW-QHDU \
HUQ (DVWHUQ DQG (DVWHUQ DUHDV DQG LQ WKH 1



QBKE?GGH? BKKE?>H<:GB? K<H;H>GUO DHE?;:G
MIJH<GY B L?Q?GBC :AH<KDH=H FHJY
<HAGBD:XSBO IHKE? 1J?DJ:S?GBY

SEBL?EVGH=H >?CKL<BY <?LJ:

E < Q_jd _kh\ L Y Rmev]Z
Fhjkdhc ]b”jhnbabq_kdbc bgklblml J:G ] K_\Z

:gZebabjmxlky nbabqg_kdb_ azdhghf_jghklb k\h[h~
"brdhklb b I_q_gbc \ :ah\kdhf fhj_ \hagbdZxsbo
s_gby ~_ckl\by ihklhygghlh \_IjZ >ey jZkg_1Z ijb:
g_cgZy lj_of_jgZy kb]fZz dhhj*bgZlgZy fh”*_ev Kk |
dhlhjhc hij_~_eyxlky ijhkljZzgkl\_ggu_ ozZjzdl_jbk
h[jZaguo dhe_[Zgbc jZkiheh _gb_ maeh\uo ebghbc
gbdZxsbo ijb wihf I_g_gbc < j_amevlZIl_ ‘uiheg_
\Zgbc mklzZzgh\e_gh qlh fZdkbfZevgu_ \_ebqgbgu
h[jZaguo dhe_[Zgbc \ ijb[j_"ghc ahg_ khihklZ\bfu
rithjfh\uo klhgh\ b gZ]hgh\ MklZgh\e_gh qgd4h k_crl
kI\_gguc \dez”™ \ baf_ggb\hklv kdhjhkl_c I_q_gbc

< [Zkk_cg_ :ah\kdh]h fhjy k\h[h”Agu_ \hegh\u_
gu_ dhe_[Zgby mjh\gy ijhbkoh”ysb_ ihke_ ij _djZz
Zlfhkn_jguo \hafms_gbc gZ[ex"Zxlky ihklhyggh
jZchgZo km™ _gby [_j_]h\uo ]jZgbp kdhjhklb I _gq_g
1Z1lv f k Z \ukhlu \heg = f >=b~jhf_|_hjheh]
wlbo kemqzZy kha~zZ |ky j_ZevgZy m]jhaZ Ahagbd¢
guo | _g_gbc azZlhie_gby ijb[j_"guo jZchgh\ fhjy t
[ j_]1h\uo khhjm™ _gbc

Bamqg_gb_ k_cr_h[jZaguo dhe_[Zgbc \ :ah\kdhf
ZgZebazZ "Zgguo gZlmjguo gZ[ex™_gbc ijh\_~ gh \

@ < >FZlbrh\ @ k_cr_\u_ dhe_[Zgby mjh'
fhjy b I _g_gby \hagbdzZxsb_\ j amevlZl_gZ]hgh
gZ hldjulhc ]JjZzgbp_ bkke_~h\Zgu \ jZfdZo ebg_c
fZzl_fZlbg_kdhc fh™_eb

< N"Zgghc jZ[hl_ k bkihevah\Zgb f g gtbag cgh
gbke _gghc fh"_eb ZgZebabjmxlky nbathdklldb



| _g_gbc b k\h[h*guo dhe_[Zgbc "b~rdhklb Bamh\kc
g_gu ijhkljZzgkl\_ggu_ oZjZdl_jbklibdbdkeecfZh[]jZe
gbc jzZkiheh _gb_ maeh\uo ebgbc b «djhklb \h:
wlhf | _qg_gbc

IhklZzgh\dZ azZz~Zqb =jZgbggu_ b gZqZeAigu_ mk
fZlbg_kdZy fh*_ev hkgh\u\Z_Ilky gZ kbkl_f_ mjzZ\
\yvadhc " b"dbokO X P EiEdRIPIRRIDID R tHAx @ bt j-db A \ |
fbg @ 1ZjzZf_ljbaZpby dhwnnbpb_glh\ \_jlbdZe
K, ijhba\h?blky \ khhI\_Ikl\bb k ihemwfibjbg_kdhc
Zevghc fh”_evx F_eehjZ HOGRIPHDSEP (O Bad W3ELERM
nbpb_gl JhjbahglZevghi \wahdhe&«yb Iky k bkihevah\Z
_ffh*_eb ih*k_lhgghc \yadhklb >6PDJRULQVN\
hl JhjbahglZevguo ]jZ*b_glh\ kdhjhklb GZ [hdh\u
ihegyxlky mkeh\by ijbebiZzgby < dZq_kI\_ g9ZqZev
ky mkeh\by hlkmlkl\by "\b"_gby "b~dhklb b ]Jhjbah
[h*ghc ih\_joghklb “h gZqZeZ ~_ckl\by ZIfhkn_jgu

>ey ihkljh_gby gbke_ggh]h Zelhjblfz 820_g_gZ
(SULQFHWRQ 2FH®»OXAREGIHUQ OHOORU @ Z’
d mkeh\byf [Zkk_cgZ :ah\kdh]h fhjy >Nhfbg @
bgl_]jbjh\Zgby ih \j_f_gguf b ijhkljZgkl\_gguf dh
hkms_kl\ey_Iky \ khhI\_IklI\bb k djbl_jb_f -mklhcq
jhljhiguo \heg >&RXUDQW @ Lhih]jZnby ~gZ
gZ fhr_evgmx k_ldm k bkihevah\Zgb_f fZkkb\Z Jen
lh gZ gZ\b]Zpbhgguo dZjlZo

K bkihevah\Zgb_f j_amevlZlh\ qbke_gguoe wdki_]j
A_gguo gZ hkgh\_ mdZaZgghc ]b*jh*bgZfbq_kdhc
ky "\b"_gb_ "b~dhklb \ [Zkk_cg_ :ah\kdh]h-fhjy ih
gby *_ckl\by klZpbhgZjgh]h \_IjZz GZ i_j\hgZqZeVv
gmx ih\_joghklv ~_ckl\m_I| \hklhgguc \_I_j-kdhjhk
jZklZ_1 aZ i_j\u_ q “h ihklhyggh]h agZq_-gby
gh\e_gby I_¢g,9bcqg kdhjhklv \_IjZ ebg_cgh mf_gvi

g “"h gmey q Mkeh\b_ \uoh”Z "\b _gby -b~rdhkl
gh\b\rbcky j_"bf hij_~_ey_Ilky I_f qlh f_""m ~\mfy
agZq_gbyfb \j_f_gb g_ ijhbkoh”bl aZf_lguo baf_g
gbc mjh\gy b kdhjhkl_c I_q_gbc g_ [he__ q_f gZ




:gZeba j_amevlZlh\ gbke_gguo w@ki jpkf_glhdz
azZgu bahebgbb mjh\gy fhjy \ jZaebqgl _<hfhikdFu \]j
gh\b\r_fky j_"bf_ Khagbdz_1| ihgb _gb_ mjh\gy
\hklhgqgh]h ih[_j_"vy k]Jhgu b ih\uiZgboh]lk YgHE¢l a.
gu Maeh\Zy rljboh\Zy ebgby i_jmkk dZklvpflgihjZze
hgZ hjb_glbjh\ZgZ i_ji_g”bdmeyjgh gZijZ\e_gbx \_

Bahebgbb mjh\gy f :ah\kdh]hghihhyrijtkymklz
Mb> _gbb Z \ fhf_gl ij_djZs_gby ~_cki\lgy j\ djZ q
\ g_j_a g ] 9g_j_a g "~ qg_j_a ¢

Jbk

HIf _Ibf qlh kZfu_ bgl_gkb\gu_ ihgb _gdbwhikhbko
Ilhd_ \ LZ]Zgjhlkdhf aZeb\_ Z gZb[hewrZidMur_
ghc qzZklb fhjy GZbf_gvrb_ Zfieblm”~gydivd_ [Zgbc
xI f_klh \' _Th p_gljZevghc qzZklb Kcil\Byzs_Iga_f ’
jbk [£_\hagbdzZ_I| kms_klI\_ggh_ baf_g_glgb k |I_q.
jZkiheh  _gby ebgbc jZ\gh]h mjh\gy<bfmfagh\ljc ebgl
djzZzs_gby N _ckli\by \_1[Z mjb&h\Zy ebgby g_ kf_klbe
h[ezZzklb k]l]hgZ b gZlhgZ khojZgyxlkyfhjy oglh bh[eZ}
mklZgh\b\r_fky j_"bf_ \Bd4gk qglh maeh\Zy ebgby

g ihke_ ij_djZs_gby " _ckl\by \_ljzkpdak vijgmpZ dlc
ljZevghc h[eZklb fhjy b hjb_glbjh\Zg1g 2\ e hglizte vgh
Ahgu k]hgZ b gZ]hgZ 1zZzd _ kf_klthgbgwm g*Z akdr\Brx \
s_lh \_ljz < LZ]Zgjhlkdhf aZeb\_ ijbdjksljgbg "~ _c
j_a g fzZzeh kdZau\Z_Ilky gZ baf_g_gbyo mjh\gy



Q_j_a g jbkijhbkoh”bl "Zevg_cr__ i_j f s _gb
\hc ebgbb \ \hklhqghf gZijZ\e_gbb H[eZklb gZ]hg
j_f_szZxlky khhI\_lkI\_ggh \ x'ghf b k_\_jghf gZzZi
ijb wihf bo \_ebgbgu kms_kI\_ggh mf_gvwZxlky (
ijb\_~ _gu bahebgbb mjh\gy fhjy gq_j_a b g ihke
A_ckl\by \_IjZz <b”gh gqglh k\h[h*gu_ dhe_{Zgby \
f_glu \j_f_gb bf_xI \b” "\momaeh\uo k_cr

Baf_g_gby kh \j_f_g_f dhe_[Zgbc mjh\gy-\ ex[hf
kdhlh fhjy ij_~klzZ\eyxl kh[hc kmi_jihabpbx k_cr
fh~r gZ nhjfbjh\Zgb_ dhlhjuo \eby_| fgh]h nzZdlhjh
j_amevlZlu gbke_gghlh fh”*_ebjh\Zgby \uktheghbf :
gby Zfieblm”~ b i_jbh~h\ k_cr_h[jZaguo dhe_[Zgbc
[_Lj_"vy b\ p_gljZzevghc qzZklb [Zkk_cgZ
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Jbk J_ev_n ~gZ f b jZkiheh Bgk, \imgdlh\
liZevghc qzklb :ah\kdh]h fhjy

< IZJe ijb\_~ gu wdklj_fmfu k_cr_h[jZaguo

(,k 14 \ jZchg_ [_j_lh\uo klZgpbc :ah\kdh]h fhjy
"hkib _gthy




LZ[ebpZz KIZpbhgZjgu_ k]lhgy,tkkfgZp{owkeh\e_ggu_ "_c
kiI\b_f ihklhyggh]h \hklhgqghlh \_1jZ kh kdhjhklvx f k
kib> _gby b wdklj _fmfu k_cr_h[jZaguo dhe_[Zgbc \hagt
ke ij _djZs_gby ~ _ckl\by \ _IjzZz \ ijb[j_"ghc ahg_ :ah\k
KlZgpby vw t t t t
=_gbq_kd +
i _j"ygkd T -8
FZjbmihey
LZ]Zgjh]
?ckd
l-:0lZjkd
L_fjxd
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Ba ZgZebaZzZ ij_"klZ\e_gguo “Zgguo ke_~m_1I qlt
lJhg 1_g_jbjm_fuc \hklhgguf \_Ijhf bf__I f_klh gz
f lhke_ ihegh]h hkeZ[e_gby ~_ckl\by \-1jZ ijh
Ilhggh_ ihgb _gb_ mjh\gy “"h gzZbf_gvrt]h afgZq_ghb
q ljb wihf jZafZo dhe_[Zgby hl klZpbhgZjgh]h

ey | f tljb g hif_qzZ_Iky ih\ur_gb_ mjh\gy ~t
JZafzZo \Ihjhlh dhe_[Zgby fo\ jZazZ f_gvr_ i_j
Wdklj_fZevgh_ agZqgq_gb_ ijb ke_"mxs_f dhe_[Zghb
I f_klh gq_j_a q g _]h jzafZo f fZeh
ij_~u“ms_]lh gZz f FzZdkbfmf q_I\_jlh]lh k\h[h”"
gby f gZklmiz_tl g_j_aq _]lh jzZafZo AN
f_gvr_ij_~u“ms_]h b\ jZaz f_gvr_ i_j\h]h
Bkihevamy j_amevlZlu IZ]e \uihegbf ZgZeba

e _[Zgbc gZ kI ?ckd ]~_ hif_qZ_Iky gZb[hevrbc
t ot lj_djzZzs_gb_ ~_ckl\by \_1jZ \uaulZ _I| ih\ur_g

* tf g Ijb wihf jZzafZo i_j\h]lh dhRe_[Zgh
ey_| f < ~Zevg_cr_f mjh\_gv ijh*he Z_1I| ih\urZz

g "hklb]Z_1| gZzb[hevr_]h agZq_gby f jZafZz
[Zgby fo\ jZazZ f_gvr_ i_j\h]lh ?s_ g_j_a
klh ihgb  _gb_ mjh\gy gZ ftf g jZafZo dh



e_[Zgby hlebqzZ_Ilky hl ij_~u”“ms_]h gZ f JZaf
dhe_[Zgby f dhlhjh_ ijhbkoh”~bltg_j_a q q
khklz\ey | f qlh\ jZaz f_gvr_ i_j\h]h

GZ jbk ijb\_~ gu ihey | _gq_gbc \ iln\ jaighklgh
kdh]lh fhjy \ jZaebggu_ fhf_glu \j_f\gbklZiHhdgb\ qlf
r_fky "\b"_gRhp g \_dlhju kdhjhklb I_gq_gbc \"he\
\hklhgqghc gzZklb ih[_j_"vy b \ LZ]Zdffhdkdhf aZeb
bfms_kI\_ggh_gZijz\e_gb_ \ h~rgm Islthfihgimhk ~_ck
jbk Z < p_gljZevghc qZklb fhjy hilf_gqZxlky "\Z
h[jZzah\Zgby ijhlb\hiheh guo agzZdh\ kfijfiddjzgkl\
riz[hf df f_""m dhlhjufb \u”_eyxIRybmadb_ f_
sb_ kljmb

i/ kip kA Zog h \gob b

Jbk lhey I _g_gbc :ah\kdh]h fhjy i
Z \ fhf_gl ij_djZs_gby ~ _ckl\by \ _Ij&y N o j_a q
1 a_j_a g * 9q_j_a q _

ljb mf_gvr_gbb kdhjhklb \_tjz “hjgpmeyk ‘boj_
h[jZzah\Zgby ijh"he Z_1| jZza\b\zZIvky Z ihe_ |I_q_gl
kh[hc p_ihgdb \boj_[c §bkZevg_cr_f dZjlbgZ |I_q_gl
s_kI\_ggh f_gy_Ikyw jhki_jv \h \k_c Zd\Zlhijbb fhjy
Ilhju kdhjhklb |I_q_gbc gzZijz\e_gu \ klhjhgm ijhlt
A_ckl\mxs_fm \_Ijm kdhjhklb [hgyb_ijlgkrligb\m _|
h~bg \bojv \hafms_gbc Q_j_a b g ihke_ij_djz
\_1jZ 1_g_gby hklzxlky ~hklzZlhqgh bgl_gkb\gufb
\ klhjhgm ijhlb\hiheh 'gmx klZpbhgZjghfm \_Ijm



ljb wlhf \*hev k_\_jghlh ih[_j_"vy gZgbgZ-I| nhjfb
Ibpbdehgbq_kdbc \bojv Q_j_a \ Lg@]4bkh]kdhf az
eb\_ khojZgy_Iky gZijZ\e_gb_ |I_q_gbc k azZizZ™"Z ¢
\'g_Jlh gZ[ex"Z_lky Zglbpbdehgbq_kdbc \bejv \ p
iZz"ghc gqZklyo fhjy I_g_gby gZijZ\e_gu \ ijhlb\hihe
gm k \hklhdZ gz aziz"

< lZ[e ijb\h~ylky wdklj_fmfu k_cr_E[jZagu
gbc kf \hagbdZxsbo ihke_ aZlmoXglky\mxjZz b
sb_ bf fhf_glu \j_f_gb “ey imgdIlh\ BhjyZgjdk
ebaz ij_"klZ\e_gguo *"Zgguo ke_"m_HIldeglhggZbf_
gb_ mjh\gy \ mklzZgh\b\r_fky j_"bf_ "k '\ dby
d % f k r f v~ == ]_hf_ljjbdZkéht p_g
gZ < imgdlZo jzZkiheh _gguo gZ jZkgllgjgdbb
ZfiebIm”~u mjh\gy agZqgbl_evgh \ur_ Ld&ZechgfZdkbf
gbc mjh\gy% 1% khklzZ\eyxl khhlI\_Tkl\_ggh % k
glh\ b jZaZ [hevr_ %t ft) Igad kjZ\g_gby
gZb[hevrbo agZq_gbc * gZ]hgZ gZbklihfurgbq_kd
gby mjh\gy%\ i f k]JhgzZ gz kI ?ckd - f b
gby mjh\gyp\ i f = ke_"m_I| qlh klZpbhgZjgu
b kl]hgu “\mdjZlgh ij_\urzZxl| fZzdkbfZevgujh\hlideh
gy \ hldjulhc qZklb fhjy

LZ[ebpZ Wdklj_fmfu k_cr_h[jZaguo dhe_[Zgbc \hagl

ke ij_djZs_gby ~ ckl\by \_1jZ \ hldjulhc gqzZklb :ah\k
Imgdl| vw t t t t
% 8
% + 59 *
% 5 * *
%
%
% * 88 * 4
% + *
% t *
% -8 *

Ijbf_qzZgbH[hagZqg_gby kf \ I1Z[e



gZeba j_amevlZIh\ fzZl_fZlbg_kdh]h fH"_ebjh\
ebe mklZgh\blv qlh fZdkbfZevgu_ \_kebogbgu jZ
h[jZaguo dhe_[Zgbc \ ijb[j_"ghc ahg\ &hqghlgZ\bfL
fb rlhjfh\uo k]J]hgh\ b gZ]hgh\ ijb wlhli[Bfigglodm”u
dhe_[Zgbc \ hldjulhc gZklb fhjy khkhd\bgx&gZt
g_gbc \ ijb[j_"ghc ahg_ < p_gljZevghh&bgZkeh fhj

gu_ kdhjhklb I_q_gbc kf k ijb &kher[Adpdagu
gZ ij_\urzx!l kdhjhklb klZpbhgZjgadZhguaoabc
rihjfh\uf \_Iljhf kf k LZdbf h[jAgahkyk _kamb

s_klI\_gguc \dez” \ baf_ggb\hklv kdjhykll _edZqg_gl
ImoZx| k\h[h*gu_ dhe_[Zgby mjh\gyx kgqfibbkjZ\c
Im~Zfb kdhjhkl_c I_g_gbc dhlhju_ gZ[ex"gdxlky \
f_gb = q

Ebl_jZImjz

=_jfZg < KO_dljZevguc ZgZeba dhe_[Zgbc mjh\gy :ah
ghlh b DZkibckdh]h fhj_c \ *bZiZahg_ qzZklhl hi h~*ghlh
dh qZzkh\ ~h h~gh]h pbdezZ azZ g_kdhevdh kmlhd- Lj =
banzl <ui K i

=b”jhf_I_hjheb]pyrjhobfby fhj_c¢ WKKahWkdh_ fhj_
KI[ =b”jhf_I_hba"ZzZl k

FZlbrh\ = = Bg _[_cdb@bKe Blgu_ bkke_"h\Zgby k_
h[jZaguo dhe_[Zgbc mjh\gy :ah\kdh]h fhjy Hd_Zghe
< & i

Nhfbg <Qdbke_ggzZy fh”_ev pbjdmeypbb \h” :ah\kdh]h
l[j MdjGB=FB <ui K i

Q_jd_kh\ E < B\Zgh\ < : <«QZflbgh K\ Fo*jh~bgZfbd
b 1 _hjbx \heg KI[ =b7jhf_I_hba"ZzZl k

%OXPEHUJ $ ) 0H COIRBULSWLRQ RI WKUHH GL
RFHDQ FLUFXODWLRQ PRGHO LQ 7KUHH '"LPBHQVLRC

DQG (VWXDULQH 6FLHQFH 9 3 i
&RXUDQW 5 )ULHGULFEWKER SDHPNBDO GLIITHUHC
PDWKHPDWLFDO SK\VLFV %0 - ODUFK 3

OHOORU * | 7<DADPBORSPHQW RI D WXUEXOHQF|
JHRSK\VLFDO AXLG SUREOHPV 5HY *HRSK\V 6¢
3 i

6PDJRULQWHNQHUDO FLUFXODWLRQ H[SHULPHQWYV
, TKH EDVLF H[SHULPHQW ORQ :HD 5HY 9
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7KH SDSHU GHDOV ZLWK WKH SK\VLFDO UHVYXODUL
LQ WKH 6HD RI $]RY DULVLQJ DIWHU WKH BBOVVDW
FKDUDFWHULVWLFV RI WKH VHLFKHV RWFDQ G DMKHR
VSHHG RI WKH FXUUHQWY DULVLQJ ZHUH VWXGLHG
VLIPD FRRUGLQDWH PRGHO 7KH UHVXOWYV RI WKH
VLIHV RI WKH VHLFKH DPSOLWXGHV ¢([HB W®R WKH |
VLIHV RI VWRUP VXUJH SKHQRPHQD ,W RRQWOGIWVWI
FRQWULEXWH WR WKH FXUUHQWVY VSHHG YDULDE

IJBEB<GU? <HEGU < WKLM:JBYO

< G Aujygh\ F D Q_[Zgh\Zz
Bgklblml \h~Aguo ijh[e_f J:G

GZ w\hexpbx ijbeb\ghc \hegu \ \hjhgdhh[jZaghf az
xI "\Z ijhlb\hiheh guo wnn_dlZ £ wnn_dl dhgnmal
gby [_j_1h\ wkimZjby d _]lh \_jrbg_ b wnn_dl Imj
gby >ey dzZq_kI\_ggh]h bkke_~h\Zgby \ebygby "~Z
ZfiebIm”m \oh”ys_c ijbeb\ghc \hegu jZkkfhlj_g wk
ygghc Jem[bgu H[gZjm _gh qlh ijb kj_"~gbo ]Jem[b
gh [hevrbo Ihesbgu kehy Klhdkz ZfiebIm~Z ijbeb)\
\oh”_ \ \hjhgdhh[jZaguc wkimZjbc m\_ebqgb\Z _Ilky
wnn_dlZ dhgnmahjz Z ijb Jem[bgZo f_gvrbo q_
KlhdkzZz Imj[me_glgh_ Ilj_gb_ klZgh\blky i} \Zebjr
n_dlihf dhgnmahjzZz b Zfieblm~Z ijbeb\ghc \hegu mf
ijh~"\b" _gbb d \_jrbg_ wkimZjby 1jb Jem[bgZo ihjy
kehy Klhdkz bf__| f_klh ijhf_"mlhgguc kemqgZc ij
\oh”_ \ wkimZjbc [hevr_ ijhy\ey_I|ky wnn_dl [j_gb
ijbeb\ghc \hegu gZgbgZ_| mf_gvrzlvky Z ih f_j_
\hegu \]lem[v wkimZjby gZqbgZ_| ij_\Zebjh\ZIv wni
ZfiebIm”~Z ijbeb\ghc \hegu gZgbgzZ_ 1| \gh\v m\_ebq



Ihklzgh\dz azdzgkfhljbf fhjkdhc aZeb\ ‘} dhlhju
bl ijbeb\gZy \hegZ <h”Z ij_"~iheZ]Z _|ky R~ghjh~
klb Kdhjhklb I_g_gby \ aZeb\_ [m~_f kgblZlv g_[
fm g_ebg_cghklvx \ mjz\g_gbyo "\b _gby fh gh ij_
f_Ihlh [m~_fij_"ihez]zZlv qlh Jem[bgu \ [mol_ kh
e__ g_kdhevdbo ~_kyldh\ f_Iljh\ \ j_amevlZl_ q_]
jbhebkz fh gh 1Zd"_ ij_g_J[j_qv < j_amevlZl_ bkc
mjZ\g_gbc ijbgbfzZ_1 \b~"
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gZ [_j_lh\hc ]jZzgbp/(Nh"h jZA _gkl\h gmex bgl_]jZe
lh jZzkoh”~Z ‘ihegh]h thhdZE idh] gihg bpeb
H
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J rZy "Zggmx kbkl_fm mjzZ\g_gbc ihemqgbf hkgh
Ney ZfiebIm”~u dhe_[Zgbc mjh\gy \h”u \ \h~Ah_f_
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Ba ZgZebazZ ]JjZnbdh\ ~_ckl\bl_evghc b fgbfhc ¢
j_"mpbjh\Zgghc Jem[bgubkbfhklb hl j+2A&¥vghc
qlh ~ _ckl\bl_evgZy dZkiljb+t5HDO aZ\bkb+ hjizd
Ibg_kdb ebg_cgh Z fgbfizyig®&klv ,P\uoh”bl gz
ihklhyggmx Zkbfilhlm+ aenf[p\9Z Ihesbg_ kehy KIF
kz “"ey ihemkmlhgghc ijbeb\ghc \hegu b hgZ nzdl
MZ j_"bfZ w\hexpbb ijbeb\ghe Vhegj_ijbf A\b
"_gby \hegu keZ[h\yatlbc fZImp[me_glgh_ I} _gb_ k
gh\blky kms_KkI\_gguf

K_crb b ijh]j_kkb\gu_ \hegu \ wKkhiZzhgb bf_

xI ‘\hjhgdhh[jZzagmx nhjfm ihwlhfm bf__1| ijyfhc kf
kbfbjh\zZlv bo \ \bA_ k_dlhjZ djm]z <\_~_f iheyjgl
r 3 jbk Ih]*Z mjZ\g_gb_ \iheyjguo dhhj*bgZz
\b~"

1 . - . N 2 _

— Hr M- — " rM— — 0

rr rr m r g



Kgblzy qlh mjhfAiZglv az\bkbl hl m]eh\hc dhhj”b.
hkj ~gbf mjzZ\g_gb _ ih 3 < j_amevlZl_ ihemqhb
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]"_ m]eh\u_ kdh[db hagZgzZx| hkj_~g_gb_ ih m]em

Qlh[u g_ az]jhfh " *Zlv nhjfmeu [m~_f "Ze__ him
kdh[db \ Z 1Zd _1qg Hkghdgh_ mjz\g_gb_ ijbf_I

i 2

- = o

rr r g

=jZgbggu_ mkeh\by
\'\_jrbg_ wkinmbZjbyaz~Z _f jZ\_gkl\h gmex iheghl]h i
gZ \g_rg_c fhjbklhc ]jZgbpy whkimZfjieyIm”m ijboh
Nys _c ijbeb\ghc \hegu |

Peka

D ihklZzgh\d_ azZz”~Zgb = \hjhgdhh[jZaguc wkimZjbc

+ njhgl ijbeb\ghc \hegu + ZiijhdkbfzZpby njhglZ Ahegu \ i
f_ dhhjrbgZzl



JZkkfhljbf kgZgzZezZ wkimzZjbc ihklhygQhc Jen
i Ul <hegu \ [molZo fhliml [ulv klhygb_kkib\crb &
gu_ dh]*Z ]j_[_gv \hegu "\b " _1ky kxnzZkhdhc\kdhjh
dhe_[Zgby y\eyxlky kh[kI\_ggufb dhb_[Kgbyfhhmol
h~ ijboh”ys ¢ ijbeb\ghc \hegu [m"_bRhRhifZR Z¢v Kk i_
Ih \hagbdg_| j_ahgZgk b Zfieblm~Zhaheh\[Zohh mjh
klb fhjy [m”~_I kms_KkI\_ggh \hajZklZuvk GcZch ihi_jb
emqgbf qlh i_jbh” i_j\hc fhru k_cr_\bhphdbbh[iZgdc \
ghf aZzeb\_ ~ey ]Jem[hdhc \h”u [m*alZfi gbh"™X k_cjZ
rb \ugbke_gghc ih nhjfme_F_jbZg¥zakhjhjc v \c %

\ jZaZ Gh ijb ]Jem[bgZo ihjy*dZms fkg\Zglgdhz x|
\ebylv kbeu |Ij_gby b A~ _ckl\bd_dwmgZy kgikllZ\eylv \k_
Jha f < j_amevlzZl_i_jbh” i_j\hc girou[mmd-ebdm\b
A lijZdlbg_kdb IZdhc “_ dzd \ ijylflhmjlhlekghl@ d[e
ghc ih nhjfme_F_jbzZgzZ | _jbh” \lhjhc [fhe™ur [myZ | n
a i_jbh~rZ \lhjhc fh~u ih nhjfme_ F_jbZgZz

< j_Zevghklb Jem[bgZ \ [molZo g_ [u\Z -l ihklhy
qb\Z _Iky \ klhjhgm fhjy < h[s_f klemgzZmjanwgdpbb
fh gh j_rblv Ilhevdh gbke_ggh gh _klv qZklgu:
j_r_gb_ mjZ\g_gby fh'gh gZclb 1Zzd _ ZgZeblb
j f gghc nmgldpgbb ?keb aZ\bkbfhiklw 5 HD:
gh Ziijhdkbfbjh\zZlv kIl _i_gghc nmgdpb_c I|h Ih]*Z
k\h~blky d mjzZz\g_gbx Ehff_ey
Ba ZgZebaZzZ ]jZnbdh\ i _j\uo g_luj_o fhZgkccr_ \1
\ wkimzZjbb k Jem[bghc f \brgh dhevyib deke[tyg Z
KilhdkZ gZ nhjfm k_cr_\uo \heg hkah\gh | Wwenny gdd
dhgnmahjghklb wkimzZjby H”gZdh jblel Jidwrk[bgg \ \
gZ b mf _gvrZ |Iky \'\_jrbg_ wkIimZjbhkIvhkZ&bffth Ijbc
" | hdZazlvky h[jZlghc £ gZ \oh® m*"&KdmcZjlhle™ ZFie
[ulv [hevr_ g_~_eb \ ]1h \_jrbg_bagbh¥ ~ ckl\by I]j
Ijb jZzkg_|_ijh]j_kkb\guo \heg \oh”ysbo-\ wkim.
[bgZo kjz\gbfuo k lhesbghc kehy KlhdkZ- [ue h]
j_kguc wnn_dl + gZ \oh”_ \ wkimZjbc Zfiebdm”Z \o
gzZeZ mf_gvrZ |ky ba aZ »_ckl\by kbe |Ij_gby gh «
rbg_ wklimzZjby gZgbgzZ | ij_\Zebjh\Zlv wnn-_dl dhg



Im~"Z \hegu \gh\v gZgqbgZ_1| jZklb < j_amevlZ|_ Zf
jbam_Ilky mgzZkldhf ~_dj_f_glZ b mqgzZkldhf bgdj_f_

gZeba j_amevlZlh\ jZkq_IZ ijbeb\guo dhe_[Zgl
Jem[hdh\h*gh]h wkimZjby k Jem[bgZfb [hevr_ lhes
ihdZzaze qlh Zfieblm”~Z dhe_[Zgbc mjh\gy m\_ebq!
wkimZjby \ke_"klI\b_ ijhyle_gby wnn_dIZ dhgnmat
Hr"gZdh _keb Jem[bgu \ wkimZjbb f_gvr_ Ihesbgu
wnn_dl Imj[me_glgh]h Ij_gby ba azZ f_edh\h~ghklb
\_gkl\mxsbf b ZfiebIm~Z \heg d \_jrbg_ wkimZjby
mf_gvrZ_lky

Ijb kh\iz~_gbb i_jbh”Z ijboh”ys_c \hegu k i_jb
"he gh ijhbkoh~blv j_ahgZgkgh_ mkbe_gb- \heg
g_I1Z w\hexpbb ijh]j_kkb\ghc \hegu \ wkimZjbb k i
fhru k_cr_\uo dhe_[Zgbc ihdZau\Zxl qlh dhe_[Zg
d\Zabklhygbo \heg | _ ihqglb k_cr_\uo \heg :fie
gbc \ \_jrbg_ wkimZjby m\_ebqgb\Z_Ilky \ jZaz
ZfiebIm”~_ \oh”ys_c¢ \hegu

H{km ~_gb_ j_amedEdhke_~m_I| ba ihemg_gguo
[ZIh\ ijb kj_"~gbo ]Jem[bgZo kms_klI\_ggh [hevrbo
Klhdkz Zfieblm”~Z ijbeb\ghc \hegu ijb \oh”_ \ \hjl
wkimZjbc m\_ebqgb\Z_Iky GZ i_j\h_ f_klh \-wlhf ke
n_dl dhgnmahjz | _ km _gby [_j_]h\ wkimZjby d
[me_glgh_1j_gb_ bf__I \lhjhkl_i_ggh_ agZqg_gb_
mf_gvrZy ZfiebIlm”m ijbeb\Z \ \_jrbg_ wkIimZjby il
br Zevghc "brdhklvx [_a |j_gby

Ijb Jem[bgZo f_gvrbo q_f lhesbgZ kehy Klhdk
gh_ lj_gb_ klZgh\blky ij_\Zebjmxsbf gZ” wnn_dlh
ZfiebIm~Z ijbeb\ghc \hegu mf_gvrZ_Ilky ijb-ijh”\b"
rbg_ wkimzZjby

Bf__ | f_klh ijhf_"mlhgguc kemqgZc ijb Jem[bgZo
sbgu kehy Klhdkz < wlhf kemqgzZ_ \gZqZe_ ijb \
[hevr_ ijhy\ey_|ky wnn_dl Ij_gby b ZfiebIlm”~Z ijbe
gZgbgZ_| mf_gvrzlvky gh azl_f ih f_j_ ijh”\b"_gb
wkimZjby gZgbgzZ_1 ij_\Zebjh\Zlv wnn_dl dhgnma
ijbeb\ghc \hegu gZgbgZ_1| \gh\v m\_ebqgb\Zlvky



K_cr_\u_ dhe_[Zgby \ \hjhgdhh[jZaguo wkIimZjk
kbff_Iljbgqguc oZjzdl_j + ZfiebIm”u k_cr_\uo dhe_
rbg_ wkimzZjby kms_kI\_ggh [hevr_ ZfiebIm™ k_cr

Zijbc >ey k_cr 1zZdbf h[jZzahf 1zZd _ ijhy\ey_Ilky v
ahjz |Ijb kh\iz*_gbb i_jbh”Z ijbeb\ghc \hegu k i_
\ wkimzZjbb \hagbdzZ_1I| j_ahgZgkgh_ mkbe_gb_ \o

\hegu \ \_jrbg_ wkimZjby

Ebl_jZImjz

Aujygh\ <L Gijby mklZgh\b\rboky hd_Zgbq_kdbo |I_q_
\Z_fu_ Zkbfilhlbg_kdb_ jZaeh _gby hkgh\u I_hjbb b ijk

qZf "bgzZfbdb hd_ZgzZz E =b”jhf_l_.hbanZl k
Aujygh\ <LhGh]jZnbq_kdb_ \bojb \ "bgzZfbd_ fhjkdbo
0 Bg |l \h~g ijh[e J:G k
'"MRUGMHY2® WKH GLVVLSDWLRQ RI LQWHUIDFLD
ZDYHV =$03 9 1 3 +
'"MRUGMHYIFWKH HITHFW Rl YLVFRVLW\ RQ VRPH
XLGV ZLWK WKH IUHH VXUIDFH - $FWD OHFK 9
.DNXWDQL 7 ODWWXXFKRI YLVFRVLW\ RQ ORQJ
- 3K\V 6RF -DSDQ 9 1 3 +
/[LIKWKDOY®V LQ )OXLGY &DPEULGJH 8QLY 3UH
> <hegu \ "bArdhklyo F Fbj k

1IDND\DBKUHDG Rl AXLG GURSV RYHU D KRUL]JRQV
SDQ 9 1 3 *

7,'$/ :$9(6 ,1 (678%$5,(6
9 1 =\U\DQRY 0 . &KHEDQRYD
,QVWLWXWH RI :DWHU 3UREOHPV 5$6

7KH SURSDJDWLRQ RI WLGHWKMH ®FHDQ HE® \LIQQ HADVX
7KH WLGDO ZDYH WUDQVIRUWBNWURGHSHD G X QR &/ X
HITHFWV WKH FRQIXVRU HNVILHRFQVHD QHG WY K$HQ WHRAWEXKTDUH
GHSWK ZDV WDNHQ DV D VV@X\® K IR EHWRRVD UK/ & L & B
LQJ WKH YDOXH RI 6WRNHV GBMHW RVW KFNBRIYNK R WD
HVWXDULHV ZLWK GHSWK OBVNUWKBIQF WEHVYDWKH RI
GXH WR WKH WXUEXOHQWH UH\PWXRQL H\K i MG IVE H [
WKH YDOXHV RI 6WRNHV O D GKH WKL FNQHW X U EJX/OWH R
HVWXDU\ LQOHW DQG DIWHNXPRDU GX H MR WKHY FIRDR X



FH>?EBJH<:GB? I?E:=BQ?KDHC WDHKBKL?FU
?EH=H FHJY

< LhekIbdB\ : Q _3gh\

BgklbIlml \h~Aguo ijh[e_f K_\ jZ DZjGP J:G
BgklbIml ijbdezZ”guo fZl _fZlbgq_kdbo bkkel:Gh\Zgbc

GZ hkgh\_ fhr_eb K_\_jgh]l]h E_~h\blh]h hd_ZgZz
G = Ydh\le_\Z >Ydh\e_\ @ jZajzZ[hlzgz fh"™_
-$60,1( <uiheg_gh h[t_~bg_gb_ fh”_eb -$60,1( k
kbkl_fu fhjy \dexgZxsbf blZevygkdmx fh”_ev i_
wdhkbkl_fu %)0 |_j\u_ j_amevlZlu k\b”_1| -evkl\m:
ghf fhr_ebjh\Zgbb i_ezZ]lbqg_kdhc wdhkbkl_fu ;_eh]

AgZgby h ;_ehf fhj_ gZdhie_ggu_ jZaékgmutb hj
Ihf gbke  ABG J:G FF;B DGP J:G BH )G BWIK M
b BIK DZjGP J:G b 7~ hldjulu_ we _Wi3DeddZlj_kr
fhj_c« %HUJHU HW DO Q_@h\ghlbekZbelFAku
>NbeZlh\ b 7] ;h]1*Zgh\zZ LhKeklbdavkiI\m@ k
Ihf qlh _klv \k_ \hafh 'ghklb ~ey jd&ghd |t ddbhie
hibkul\Zxs_c I_jfh]lb”*jh~*bgZfbqg_kdb_ bb[bhjh hobfb
p_kku \ ;_ehf fhj_ b "Zxs_c \hafh gleklypgk!ZWwdk gt
i_jbf_glu hkgh\Zggu_ gZ debfZlbg_kdbo kp_gZjby

K ] \ BIFB b B<IK DZjGP J:G \ khljm~gbq_k
evygkdbf BgklbImlhf hd_Zgh]jZznbb b wdki-_jbf_gl
abdb >KWWS ZZ2Z RJV WULHVWH LW @ b B<F
jZ[hld_ *UHHQ -$60,1( =+ fh"_eb ~bgzZfbdb \h™ b
>&KHUQRY 7ROVWLNRY @ k [ehdhf wdhkbkl
>SKWWS EIP FRPPXQLW\ HX@ < ] mkbeby
\Zlghf \hkijhba\_~ gbb dZq_kI\_gguo b dhebq_ kI
|_e _c i_eZ]bg_kdhc wdhkbkl_fu ;_eh]h fhjy 1Zdb
ki\_ggZy b \j_f_ggZy “bgZfbdzZ iezgdlhgzZ i_j\bq
jZkI\hj_ggh_ \_s_kI\h b | i

Fh” _ev %)0 Zdlb\gh jZa\b\Z_I|ky Zghgkbjh\Zgu
ebjh\Zgby ~bgzZfbdb [_glhkZ mqg_Il \ i_eZ}lbg_kdb
dlhgzZz m _ ~hkimigzZ fh”_ev %9DFKL> 7@ G@\bRBEb kA



\ZxsZy wdhkbkl_fm fhjkdh]h ev~rZ < %)0 bkiheva
kl_obhf_ljbg_kdh]h fh”_ebjh\Zgby ijb dhlhjhf \ug
gZfbdZ 1Zdbo kdZeyjguo \_ebgbg dZd gZijbf_j
nhknhj dj_fgbc \ khklZ\_ ]jmiiu hj]Zgbafh\ jZ
]h hjl]Zzgbqg_kdh]h \_s_kI\Z b I ~ Qbkeh IjZkk_jh
rZlv g_kdhevdh ~_kyldh\ LZdhc ih*oh” hijez~Z_|
a\heyy \\h”blv beb h[t_~bgylv ]jmiiu hj]J]Zgbafh\ n
b]ghjbjh\Zlv pbdeu hlI*_evguo we_f_glh\ 4hgdh g
"bf \azbfh”_ckl\by hj]Zgbafh\ \ fh~_eb

Fhr _ev ]b~jh~bgzZfbdb >Q_jgh\ Lheklbdh\
_I "ey jZzkq_Ilh\ nbabqg_kdb_ izjzf_Ilju I_fi_jZImjn
iehlghklv \h~u hk\_s_gghklv kdhjhklv \_IjZ jZa
yqg_cdb b I i b \uihegy_I lj_of_jgmx Z*\_dpbx I
\blZpbhggh_ hkz ' ~_gb_ ljZzkk_jh\ ?klv \hafh ghkl
ghlh \ebygby [bh]_hobfbg_kdbo iZjzf_Ijh\ gZ |_jf¥
kj_~klI\hf baf_g_gby ijhajZzqgghklb \h”u Ijh]jZffgu:
j_Zebah\Zg gZ kh\j_f_gghf ~bZe_dl_ yaudZ ijh]
Nhjljzg b nmgdpbhgbjm_1| gZ deZkl_jZo DZj_evkdl
ljz J3:G >KWWS FOXVWHU NUF NDUHOLD UX@ t
UX FODVWHU@ HIf_Ibf qlh Ij_of_jgZy Z~\_dpby
ijbf_g_gbb fhghlhgguo ko_f \ugbkebl_evgh ~hjh]Z
\ur_gb_ gbkeZ i_j_ghkbfuo kdZeyjh\ k Ij_e g_luj_
dbo ~_kyldh\ ~_eZ | bkihevah\Zgb_ iZjZee- evguo
dhijhba\h”"bl_evguo dhfivxl_jZo g_h[oh”"bfuf

<oh”~gufb ~Zggufb jZkqg_Ilghc ijh]jZffu y\eyxlky ]
mkeh\by gZ © b~rdhc ]jZgbp_2 f_""m ;_euf b ;Zj_g
f_I_h~"Zggu_ j_ZgZebazZ 1&(3 >KWWS ZZZ QFHS
K_\_jgZy >\bgZ Hg_]Z F_a_gv D_fv Dh}*Z <u
fb fh~_eb y\eyxlky hkj_"g_ggu_ aZ aZ”~Zgguc i_jbl
kdhjhklb I_g_gbc b ~j_cnZ ev”®Z |_jfhoZebggu_ i
ij_~_e_gby ev”*Z k mq_Ihf kg_]Z mjh\gy fhjy Z |
kdb_ ljZzkk_ju DZqg_klI\_ggh_ jZkij_~_e_gb- kdhjh
fhoZebgguo ihe_c Ihesbgu ev®*Z \ p_ehf kh]leZkm
gylhc dZjlbghc ~ey ;_eh]h fhjy >;_eh_ fhj_ Kijz\lI
;_eh_fhj_ b _]lh \h*hk[hj« @



< gZklhys__ \j_fy \_~mlky jZ[hlu ih fh”_ebjh\Z
ahh [Zd]l _jbhiezgdlhgZ ; _eh]h fhjy ihem-g_gu i_
lu jbk %

Jbk JZkij_~ e _gb_ nblhiezZzgdlhgZ ibhpd\#Hhjbb

kj_~gb_ fghlhe_Igb_ agZqg_gby ~ey ZhpZklz b ih \_j_
11

Jbk JZkij_~_e_gb_ ahhiezgdlhgzZ ih Zd\Zlhjbb ;_eh]
gb_ fghlhe_Igb_ agZq_gby ey Z\lmklZ b ih \_jlbdZeb

DZqg_kI\_ggh_ jzZkij_~_ e _gb_ nblhiezgdlhgZ \ r
kil\m_| j _Zevghc dZjlbg_ _]1h jZkij_~_e_gby >; j]l_
rbgz @ LzZd gZb[hevrb_ dhgp_gljZpbb \ujz" _
aZeb\h\ fbgbfZevgu_ + \ =hje_ b k_\_jghc qZklb
jZkkhlezZzkh\Zgb_ baf_j gguo b fh"_evguo agZq ¢
jZchgZo fhjy £+ ZdimZevgZy ijh[e_fZ dhlhjZy \ gZk
rZz_lky k ihfhsvx gZkljhcdb dhona bipjtb hhkddhiedsgath i




\Zgbb wdki_"bpbhgguo b kimlgbdh\uo “"Zgguo <_
ij_~_e_gb_ ohjhrh kh]eZkm_Ilky k *"Zggufb-baf_j_c¢

gz @ b fh~r_evgh_ jzZkijhkljZzg_gb_ nblhiezgdl
ky ~h Jhjbahglh\ = f qglh \ ;_ehf fhj_ khhI\_IkI
kdhc ahg_

AhhiezZgdlhg \ ;_ehf fhj_ [hj_ZevgujZ&hbu 2zZd
\Z_|Tky \e_Ilg__ \j_fy >;_jl_j @ foth ébggh b
NZgguf jbk ijZ\Zy qgZklv :jdIbg_dkddm-\bkK'h\ \
]h 1Th~zZ fghlh gh abfhc hgb khkj_"jbabggbdr Jein[ _
>: j1_i @ Fh”_ev ihdZ wlhl wnvh"dll gih \hkij

kdhevdm g_ kh”_j bl gbklh Zjdlbg_kdbdoellmpbhn <
ahhiezgdlhgz ih zZd\Zlhjbb fhjy \ujzZ" _ gk f\zydk b fn
j_d jbk e_\Zy gzZklv glh k\lydZghdtkgphregljZ\u
pb_c [bh]_gguo we_f_glh\ gZ ]jZgbpkly_d&_x_fhj_
ghc >\bgu dhgp_gljZpbb \ur_ ih kjZ\g_d&Exbk *jm]

;Zdl_jbhiezgdlhg \' I_q_gb_ \k_]h ]h”*Z ijbkmlkI\i
jbahglZo hl ih\_joghklb *h *gZ |jbk Ibd hif_qZz

Jbk JZkij_"~_e_gb_ [ZdIl_jbhiezZgdlthbhgZ e ]hdiZjiyhjb
kj_~gb_ fghlhe Igb_ agZqg_gby 7~ey ZhpZklZz b ih \_j
11
<dezZ”" [ZdIl_jbhiezgdlhgZ \ i_j\bggh_mkib"mphb]j
eb\Z _Iky \ Znhlbg_kdhc ahg_ b i_jbEyuWlhdh]*Z
kgb Z | k\hx zZdlb\ghklv >; j]_]j azf Wi ohj
ijb kjZz\g_gbb ijZ\uo gZkl_c jbk B eKgZahgbZy



gZfbdzZ jZa\blby i_j\bgghc ijh"mdpbhbZz&dgé@km_I
ba ebl_jZImjguo bklhggbdh\ >; _eh_ fhj_ KijzZ\h
DjZ\gbrbgz @ Lzd \_kghc fZdkpfgéjgu_ ag
ANZxlky \ mklivyo j_d J*_ \ wlh \j_fghh*Zh4Zgkbf
“Zgb_ [bh]_gguo we_f_glh\ b \ujz  _g\\\kk*wgbc i
E_Ihf ijhyley_|ky kgb _gb_ i_j\bgqghcazdhdmdkbb
bklhs_gb_f aZiZzkZ [bh]_gguo we_f_d@h\wh_oh j
jhrh azf_lgh \ Hg_"kdhf aZeb\_ >\bgkdlblkyaZet
[hevr_c ijhAmdlb\ghklvx H~*gzZdh klhbihhfifi_Iblv
N _evguf ~Zgguf kgb _gb_ i_j\bqgqghc ijhdimfdpbb
aZeb\_ ijhy\ey_Iky kbevg__ ih kjZ\gflgbaxgZ baf_
g_gbyfb WIh!l ijhp_kk fu klyaulZ_f kidgdldbimxstk
\h*hh[f_gZ f_""m jZchgzZfb fhjy \hae_jiKh&h\_pd
dhlihjh_ i_j_hp_g_gh \ fh”_eb ba azkidbgdh]h ijh
jZaj_r_gby lj_~iheh bl_evgh jzZkq_I| g\t _gghc
j_rbl wim ijhfe_fm Hk_gvx fZdkbfmf dpjblbglglhc ijl
f_qZ_lky \ p_gljZzevghc qZklb fhjy

LZdbf h[jZzahf k ihfhsvx dhfie_dkZ *UHHQ-$6C
ihemqgZlv khleZkh\Zggu_ ~Zggu_ ih |I_jfh]b*jh”~bg?Zz
obfbg_kdbf izjzf_Ijzf ;_eh]h fhjy dhebq_kl\_ggh
Ilhdb \_s_kI\Z gz © b~rdhc ]jZgbp_2 b f_""m hl*_e
fb fhjy Fh”_ev h[ezZz”~Z_| agZqgbl_evghc ]bfdhklvx
|_gpbZehf "ey jZkrbj_gby mqg_I| [bhobfbg_kdbo ijl
fhjkdhlh ev~rZ b gz "g_ Z 1Zd _ mqg_|I| Zjdlbg_kdb
b ijhg_c j_]bhgZevghc ki_pbnbdb g_ k\yazZg kh ke
pbibZevgh]lh ozjzdl_jz

JZ[hlZ \uihegy _Iky ijb ihA2~_j d_1jZglZ JNNB «

Ebl_jzZImjz

. _eh_ fhg__]h \h~hk[hj ih”~ \ebygb f debfZlbq-kdbo b
guo nzZdlhjh\ 1h”j ~ G G Nbezlh\Z : X L_j _\bdz
DZjGP J:G k

. _eh_ fhKijZ\hqgbd ©ljh_dl AFhjy KKKJ32 =bArjhf_I_
b ]brjhobfby fhj_c KKKiil ,=Hjihooktftioty Mdikbb f imigeckitiMioy
gheh]bgq_kdb_ hkgh\u nhjfbjh\Zgby [bhijh~ mdIb\ghklb
barzl k



v _J1_J < Yjh~mdpbhgguc ihl_gpbZe ;_eh]h fhjy Bkk
nZmgu fhj_c L KI[ ABG J:G k

;hl]"Zgh\Z F K LheklbddjZz{hkdZ hjb]bgzZe fZzd_1Z i_q
\_jkbb Zlezkz ©;_eh_ fhj_ b _]lh \h~hk[hj?2 Kh\j_f_ggt
"h\Zgby b bggh\Zpbb < >We_dljhgguc j_kmjk@
VQDXND UX LVVXHV

>7Zggy_ZgZebazZ 1&(3 J_"bf "hklmiz KWWS ZZZ QI

Debfzl fhjJoekkbb b dexqg_\uo jZchgh\ Fbjh\h]h hd_2Zg
guc Zlezk ?~bghc kbkl_fu bgnhjfZzpbb h[ h[klZgh\d_ \ |
?KBFH <GBB=FB FP> H[gbgkd J_"bf "hKIVLERKWW
UX DWODV MPEPOH LQGH]

DjzZz\gbrbgZ Ka¥%_r_ggh_ \_s_klI\h ;_eh]lh fhjy-b _1h ]j.
[jbg_kdbc khklz\ F GZmgguc fbj k

NbeZlh\ G G Lheklbdh\ : < ;h]Kh@E™MNZgb_ K gb hyj
fZpbhgghc kbkl_fu b we_dljhgghlh ZlezZzkZ ih khklhyghbx

j_kmjkh\ ;_eh]lh fhjy b _]Jh \h~hk[hjZ :jdibdZ wdheh
< K *
Q_jgh\ B : Lheklbd&thlamzZebazpby b kjzZ\g_gb_ j_a
fhr _ebjh\zZgby | _jfhoZebgguo b Jbrjh*"bgZfbq_kdbo ihe
K\b”A h[ hnbp j_] ijh]jzff "ey W<F « Z\]m
J_"bf "hklmiZz KWWS QZSL NUF NDUHOLD UX ZKVH
Q_jgh\ B : Lheklbdhdke_ggh_ fh”_ebjh\Zgb_ djmic
rlZ[ghc "bgzZfbdb ;_eh]lh fhjy Li DZjGP J:G <

Ydh\le_\ G<hxijhba\_~_gb_ djmighfZkrlZ[gh]h khklhy
fhjkdh]h ev”rZ K_\_jghlh E_~h\blh]lh hd_Zgz \ - % ]
gZy fh~_ev b kj_~g__ khklhygb_ Ba\ J:G Nbabdz z

L < K +
%HUJHU 9 -D 1DXPRY $ ' SWRY 7ALPH BWUDLREYV
RI =RRSODQNWRQ 7HPSHUDWXUH DQG-6DOLQ|
EXUJ S J_"bf "hkimn@dc. @ RIDMBBY 2&ZZ +B6($
;1 +70/ DWOKDNP O

%LRIHRFRBRLEFRNR@HO J % b0 ~ hik | nisifx M\ B

Q L M/X

&KHUQRY , TRBDYWLWRYLS\ RI WKH FRXSOHG PR
G\QDPLFVY DQG ELRFKHPLVWU\ WK ,QWHUQDWL
IHUHQFH ©(QYLURQPHQW 7HFKQRORJ\ YBWRXWFH

3 *

7THGHVFR / ®)BKA, OD QHZ LPSOHPHQWDWLRQ RI
JOX[ ORGHO LQ VHD LFH &0&& 5HVHDUFK 3DSHUYV



02'(/1,1* 2) 7+( 3(/$*,& (&26<67(0 2) 7+( :+,7( 6($
$ 9 TROVWLSIRYKHUQRY
1IRUWKHUQ :DWHU 3UREOHPV ,QVWLWXWH
,QVWLWXWH RI $SSOLHG O0DWK 5HVHDUFK

7KH -%$60,1( PRGHO RI WKH :KLWH 6HD LV EDVHG R
PRGHO RI WKH $UFWLF 2FHDQ )(0%$2 7Kg ®BHFRV\VW
PRGHO FRXSOHG ZLWK -$60,1( 3UHOLPLQDU\ UHVX
QXPHULFDO PRGHOOLQJ RI WKH SHODJLF KIHFRN\V W
DUH VWLOO SUREOHPV WR EH VROYHG

02'(/,1* 7+( 0$5,1( 1875,(17 /,0,7$7,21 :, 7+
$ 0(',80 &203/(;,7< %,2*(2&+(0,&$/ 02'(/

3 /D]]JDUL & 6ROLGRUR 6 6DORQ * ¢

, VWLWXWR 1D]JLRQDOH GL 2FHDQRJUD¢D H (
7TULHVWH ,WDO\

‘H SUHVHQW D QXPHULFDO WRRO GHVLJQHG '
ORZHU WURSKLF OHYHOV RI WKH PDULQH HFR

JOREDO RFHDQ VFDOH >9LFKL HW DO - @ W
WHUUDQHDQ 6HD >/D]]DUL HW DO @VWwQG |
DO @ DQG DSSOLHG WR WKH ZHHN-O\ WLP

UDSK\ WR PXOWL DQQXDO WLPH VFDOH IRU F
FKHPLFDO )OX[ ORGHO %)0 LV D IUHH VRIWZI

EIP FRPPXQLW\ HX ,Q WKH SUHVHQW-FRPPX
VFULSWLRQ RI WKH SULPDU\ SURGXFHUV PRG:
RQ WKH UHVRXUFH OLPLWDWLRQ IRUPXODWLF

7TKH TXDOLWDWLYH DQG TXDQWLWDWLYH G
SURSHUWLHY LQ WKH RSHQ RFHDQ DUH VXEM
WKHLU LPSRUWDQFH WR HFRV\VWHP IXQFWLR
LFHVY RQ D SODQHWDU\ VFDOH

7KH XVH RI YDOLGDWHG PRGHOV WR UHFRQ\
WHPSRUDO G\QDPLFV RI SURSHUWLHV WKDW F



IUHTXHQF\ LV DOUHDG\ TXLWH FRPPRQ LQ RV
DQG LV QRZ EHLQJ LQFUHDVLQJO\ DSSOLHG |
>6DUPLHQWR *UXEHU @

7KH %)0 GHVFULEHV ELRJHRFK H FBLAD/R @ X K
DQG SDUWLFXODWH RUJDQLF DSUREQWRWHD QIQ
HQFHG E\ WHPSHUDWXUH V D®EDHNY DS R M
DQG LQWHUDFWLRQV ZLWK RWYHUKELRHVRER
WKLV PRGHO DOORZV HQHUJ\ H\QFGJ IPEOM\GH WIKDC
ERWK *FODVVLFDO IRRG FKDLQ'SDWE ZP\\F URK
PRGHO FDQ DOVR WDNH LQW R/ D RARPOQOMW E RQ R
LQWHUDFWLRQV >%DUHWWD &hHNN HD FHKWQ B &/
SKRVSKDWH QLWUDWH VLDQFUDMWHR X DRMHGV 3$/
HW DO @

7KH %)0 LV PRGXODU DQG FRQ¢JXUDEOH LQ
DQG ELRJHRFKHPLFDO HOHPHQWY FRQVLGHUF

7KH VWDQGDUG IRUPXODWLRQ )LJ LQFO.
W\SHV 3)7V $XWRWURSKLF 3)7V DUH GLDWRF
WRQ DQG GLQRADJHOODWHYVY +HWHURWURSKI
RPQLYRURXV PHVR]JRRSODQNWRQ EDFWHULD
DQG PLFUR]JRRSODQNWRQ (DFK RI WKHVH YDI
RI ELRJHRFKHPLFDO HOHPHQWYV VXFK DV FDU
VLOLFRQ LQ WKH FDVH RI GLDWRPYV

,Q WKH IROORZLQJ ZH ZLOO IRFXV RQ WKH |
3)7V DQG LQ SDUWLFXODU RQ WKH IRUPXODYV
WULHQWYV LQWUD WLVVXH FRQFHQWUDWLRQ
UHVRXUFH OLPLWDWLRQ

,Q WKH VWDQGDUG FRQ¢ JXUDWIDRGF WIKRQ DF
W\SHV VKDUH WKH VDPH IXQFRWIQRQRQ@ONRU®P X
SDUDPHWHU YDOXHV ZLWK WHKWH KiFHSWLRLQ
OLPLWDWLRQ

7KH FRUH Rl WKH DXWRWURSKLF FRPSDUWP
HVVHQWLDO UHVRXUFHV VFKHPDWL]HG LQ )L
UHVRXUFHV HDFK HOHPHQW LV QHFHVVDU\
WLRQ FDUERQ DVVLPLODWLRQ DQG LW LV R
VRXUFH



Release Predation

,-—J
(¢] Inorganrc

0% Oxygen
-on|@®| Carben dioxide

g

R | Organic Matter

| R | Labile DOM
R | Semi-labile DOM
R™ | Semi-refract, DOM

10:5 Alkalinity
N | Reduction Equiv.

R | Particulate detritus

-.,-..,..
Predation

-
-—; %ﬁr i Respiration
Er: Uptake 5
8 ; 5
g Exudf}t'lscig II‘D ? Photosynthesis
: g N | Inorg. Nutrients
= P | Phytoplankton
e o N | Phosphate
i& : Uptake
: P | Diatoms wrmndarars NP | Nitrate
: P2 | Nanophytopl. N | Ammonium
: P | Picophytopl. N® | Silicate
: i P | Large phytopl. N7 | Bioav. Iron
i ! Uptake/Release
Organic matter | ic nutrient [~y M2V
Living Organic ~ Non-living Organic Inarganic ngﬂa(%fﬁjr nr::vrg{;?ﬁ:?mm { E}]' ZILH r,‘ L7 ""\‘\
= Ly L \_ I
[ ) - -_—- E

Gas Boundary flux
exchange (atmosphere-ocean)

" (land-acean
(sediment-ocean)

)LJ 7TKH VWDQGDUG %)0 FRP¢(JXUDWLRQ

7KHUHIRUH GLIIHUHQW IXQFWLRQV | 5M H[
JURZWK DFFRUGLQJ WR WKH DYDLODELOLW\ |
DIJUHHPHQW ZLWK WKH PLQLPXP RU /LHELJ |
dP GW >0nL5, + P@ 3
ZKHUH\8 WKH ELRPDVV LQ FDUERQ RILNV WK
UHSRUWHG®BW 2V WKH QFMQ JKIRZW KIRU H[DP¢
VKDSH RI D ORQRG RU +ROOLQJ W\SH , ,, RU
@, BUH WKH PRUWDOLW\ UDWHV WKDW FDQ
RQ WKH SUHGDWRU\ G\QDPLFV RI KLJKHU WUF
WKH SUHVHQW %)0 VWDQGDUG IRUPXODWLRQ
&XUUHQWO\ WKHUH DUH WKUHH HQWULHV
RSHUDWRU RQH LV UHODWHG WR 3$5 DG WK}
DQG >QLWUDWHY DPPRQLD@ UHVSHFWLYHO\
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,Q WKLV IRUPXODWLRQ QLW WDXWDEDEGBVR
LQ WKH VHQVH WKDW ZLWK KQGHYHQ@®RQ K
SK\WRSODQNWRQ SK\VLRORJ\ RVGH WKH RDOUFMN
WKH RWKHU

&DUERQ DVVLPLODWLRQ DQG QXWULHQW X
%HNNHU HW DO @ 3KRWRV\QWKHVLV SUL
Rl GLVVROYHG LQRUJDQLF FDUERQ GHSHQG F
LQWUDFHOOXODU FDUERQ WR FKORURSK\0O0

335 ,U OLPLWDWLRQ LV H[SUHVVHG LQ W
PRGXODWHG E\ G\QDPLFDOO\ YDU\LQJ FKO

4

&KO &

I ’ &3 PD[I 7 Hr[>§)U' PD[ e?’

ootV WKH PD[LPXP JURZWK UDWH LQ DRGH
WHPSHUDWXUH GHSHIQ\GWEWN DVIH QR WD QRW. 3$5
WKH FDUERQ BROQWRISOND QNWRQ

BWULFWO\ VSHDNLQJ LUUDGLDWFRH FID QR @
ZKHQ VHOI VKDGLQJ HIIHFWV LIMXD W HRO YROQGH.
FDQ *FRQVXPH” 3$5 E\ VKD GL Q 3$5WD W\DK HDUDHEILRC
IRU RWKHU FRPSHWLWRUW®HBKK ®VY FRQV DWW HRE
XSWDNHVEBOHG 'RQ WHKMW LV WKH PLQLPDO V
TXRWD LQ WKH SK\WRSODQNWRQ >/D]]DUL HW

I 32 § )g§PLQ_3& 0’1 %(YS)$§UPLQ-3&

1LWUDWHY DQG DPPRQLD G\QDPLWVY RKD DN
SKRVSKDWH ZLWK D VHOHFWLYH WHEKHD@ LR
DPPRQLD XSWDNH H J SLFRSKQWRIRD QRWRQ

7KH XSWDNH RI QXWULHQWYV LM BRRKRVINXWIDC
UHTXLUHG WR VXVWDLQ DFFRHQQGNADI WRQBGKE
SHUPLW WKH PEDODQFHGTIJRZWKP XW EMWZE
WZR WHUPV

X5 0.1 X3 X8
XS, LV UHODWHG WR QXWULHQW XSWDNH RI
RQ Dl¢Qwh\

XS, ,,u32u3 (5)



3, LV WKH DI¢{¢QLW\ IRU SKRVSKDWHV DQG
XSWDNHLXSEDVHG RQ WKH QHW DVVLPLODWLF
UHOD[DWLRQ WHUP WR WKH LQWHUQDO TXRW

XS, U04, ,uG3GW 0$; u @04, + 4,u3

3 &

R2$ —— ——

R.* R.*

)LJ JHIW SDQHO VFKHPH RI / VKDSHG =HUR 1H
RUDQJH OLQHV LQ WKH FDVH RI WZR 5 DQHQWLD
12 .5, ,5DQG DUH WKH ORZHVW UHTXLUHPHQWYV

UHVSHFWLYHO\ 7KH ¢OOHG VSDFH JRIRQ KZK ISOHD
WKH 3)7 VXUYLYHV DQG WKH FRPSOHPHQWBW)\ DUH
5LJKW SDQHO VDPH DV LQ WKH OHIW SDQHO EX
UHVRXUFHV

7KH &  H O I3PHICINEIREY KEDREN MR D @FREA REFRR R MR
JHRFKHPLFDO SURSHUWLHV LV DQ LPSRUWD

HISHULPHQWDOLVW DQG PRGHOOHUV WKDW
SULQFLSOHV RI WKH SULPDU\ SURGXFHUV DCQC
FRQWUROV WKH WURSKLF VWDWH RI WKH PDU

7TKHUHIRUH ZH FRQVLGHU WKH TXRWD G\Q
IRUPXODWLRQ SUHVHQWHG DERYH DQG IURP
OHGLWHUUDQHDQ 6HD ZLWK VLPLODWRBPXO|
WKH PRGHOOLQJ UHVXOWY DQG RI WKH VXE D
HW DO @



,Q SDUWLFXODU ZH IRFXV @RPWER\S RN LE\O
WKH QXWULHQWYVY IRU H[DP SWIHRQKR\VGS KDKWH
SODFH IRU H[DPSOH QHDU XWXKRWHHIRQHJHJ

,Q WKH ¢UVW FDVH ZH FDIWK BV N K#HH 3G 3
32u 3 "4 DQG,%S,,u32u 3, QLWUDWHYV DUH I
ZH JHW

X&, u4 u.,,u32ugr4 a u4 .+ 4 u3

1&

DQG ZT'A,K HDT XDO WRAKIX®I FHW
XS, XS # usl4 RB.,u32u u04 .+ 4

13 32 1& 1T &

7KH 1 3 XSWDNH UDWLR LQ WKLV FDVH LV F
WLPHV WKH UHIHEHMQPI®A D UHDWLRNLRQ WHL
VA\VWHP ZKLFK LV WZLFH WKH UHIHUHQFH UDW

1RWH WKDW WKH 0$;: « DSSHDULQJ-LQ (T
WLYH XSWDNH WR DOORZ IRU QHJDWLYH UHOL

1XPHULFDO UHVXOWY VKRZ WKDW LQ WKH \
yLJ WKH 1 3 UDWLR RI WKH LQWUDFHOO X
WZLFH WKH UHIHUHQFH UDWLR VKRZLQJ WKH
VWDWH DQG DQ DFFXPXODWLRQ RI QLWHJRJHQ
TXRWD 7KLV LQGLFDWHY WKDW LQ WKH VSHF]
WHUUDQHDQ 6HD WKH GRPLQDQW OLPLWLQJ
UXV G\QDPLFV ZLWK WKH H[FHSWLRQ RI DUH
HJ $/% )LJ OHIW SDQHO

2Q WKH RWKHU KDQG LQ WKH VHFRQG FDVH
OD\HUV ZLWK QXWULHQW UHSOHWH FRQGLWL
SDQHO WKH LQWUD FHOOXODU TXRWD FRUUH

XJ%[ X3§# u5()41& US()43& 5()41 3

7TKHVH UHVXOWYV DUH SULQFLSDOO\ EDVHC
UHIHUHQFH TXRWD LV WKH FRQWUROOLQJ F
SUHVHQW QXPHULFDO UHVXOWY LW LV VHW W
5RFKH > @ E\ PHDQV RI H[SHULPHQWDO V
UHVSRQVHY DQG EHKDYLRXUV LQ WKH SK\WR S
DYDLODELOLW\
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)LJ /HIW SDQHO YHUWLFDODBVRL\OHY RRGKRL
RUGLQDWH IURP WKH VLPXOD@A RQHBIY)HUDJHGDEN
HW DO @ IRU WKH SHULRGJHSUWHVHQRK WHCHN
WHPSRUDO DYHUDJH DW D FHUMCH @ SCBHHSW K& &R LOFAD
DQG WULDQJOHV DUH LQ WKH HOER¥WWHW R/R. FIDID\ HSW R
WKH DYHUDJH FRQWHQW RI SKRWSBEWRYXWR UBGEQDL
SK\WRSODQNWRQ ZLWK WKH VIR DMPEB® RD OV KW D ¢
FRPSRQHQW KRZHYHU LQ WRHW HOV H QF WMKFHO HV WP
DQG WULDQJOHV WR OHYHOVRR)>/BP]]DR IOBW D OLP

5HVXOWVY ERWK IURP HTXDWLRQV DQDO\VH
VKRZ WKDW XQGHU QXWULHQW OLPLWLQJ F
VWRLFKLRPHWU\ LQ WKH SK\WRSODQNWRQ FF
RVFLOODWHY EHWZHHQ YDOXHV ORZHU WKD
KLJKHU WKH PPRO 1 PPRO 3 ZKHUHDV LQ C
WKH SODVWLFLW\ LV ORZHU DQG WKH LQWHU:
WKLV ¢QGLQJV DUH FRQJUXHQW ZLWK ZKDW
*HLGHU DQG /D 5RFKH > @

7KH %)0 PRGHO FDQ EH D XVHIXO WRRO Wi
DFFRUGLQJ WR UHVRXUFH DEXQGDQFH WDN
VWUXFWXUH DQG WKH SRVVLELOLW\ WR GHYV
VWUXFWXUHV ,Q IDFW ZKLOVW RQ WKHRUHW
VLPSOL{HG PRGHOV D QXPEHU RI VWXGLHV U
FDUULHG RXW LQ WKH SUHVHQW FDVH ZH FI
YHULI\ LI WKH\ VWLOO KROG RQ DQ LQWHUPH
WHFKQLTXH WR EH DSSOLHG IRU WKH L\QWHU S
PRGHO FRXOG EH EDVHG RQ WKH JUDSKLFDO |




S5HIHUHQFHYV

%DUHWWD %HNNHU - * %DILHFWWBLD O G\&H P KFK
PDULQH HFRV\VWHP PRGHO (56(0 ,, ZLWK GHFRXS
QXWULHQW XSWDNH -RXUQDO RI 6HD 5HVHDUFK

&KHUQRYLXWUREQW DQG SULPDU\ SURGXFHUV V¢
WKH :KLWH 6HD D PRGHOOLQJ VWXG\ LQ SUHS

*HLGHU 5 /DS5FRFHKHOG UHYLVLWHG YDULDELOL\
PLFURDOJDH DQG LWV ELRFKHPLFDO EDVLV (XU
9 1 3 x '2, 6

+ROOLQJIKH 6RPSRQHQWYV RI SUHGDWLRQ DV UH
PDPPDO SUHGDWLRQ RI WKH (XURSHDQ SLQH VDZA

9 1 3 +

/D]]DUL 3 6ROLGRUR &H D MVERHIIDOOR [9Q Gl W @VOH U D Q
RI SODQNWRQ FKORURSK\OO DQG SULPDU\ SURGX
PRGHOOLQJ DSSURDFK  %LRJHRVFLHQFHYV 9
EJ

/D]]JDUL 3 6ROLGRUR & 6EDIMR@P6 Y BRIO]RDOL W\
DQG QLWUDWH LQ WKH OHGLWHUUDQHDQ ®HK D PF
3DUW , 2FHDQRJUDSKLF 5HVHDUFK 3DSHUYV

6DUPLHQWR - / 2FBIDEHWELRIHRFKHPLFDO F\FC
8QLYHUVLW\

7LOPDQ5HVRXUFH FRPSHWLWLRQ DQG FRPPXQL
8QLYHUVLW\ 3UHVV

9LFKL 0 ODVLQD 6 $ 1LDHV@QHIWIOISHG PRGHO R
ELRJHRFKHPLVWU\ IRU WKH JOREDO RFHDQ HFRV\\

-RXUQDO RI ODULQH 6\WWHPYV 9 3 +

9LFKL 0 &RVVDULQL * *XWIZKHU%]L RIHFRFKH PH
)OX[ ORGHO %)0 (TXDWLRQ 'HVFULSWLRQ DQG 8
%)0 9 S5HOHDVH %)0 5SHSRUW VHULHV 1 0D
KWWS EIP FRPPXQLW\ HX SS

FH>?EBJH<:GB? >BG:FBDB FHIJKDHC WDHKBKL?F
K IHFHSVX FH>?EB %)0 67$1'$/21(
B ?ggw
I_ljhazZ\h~*kdbc ]hkm”ZjkI\_gguc mgb\_jkbl_

FhA_ev %)0 hibku\Z_| [bh]_hobfbq_kdm xjtkdgib_fm f
im kl_obhf_ljbg_kdh]h fhA_ebjh\Zgb%$ D8] mjZpb



ihal\hey_| bamqgZlv "bgZfbdm wdhkbklijfu jZ&a2élgf h]
guo \g_rgbo \ha”_ckl\byo < gqzZklghkhd yWayukyhij
gZebgb_ \gmlj_gg_c baf_ggb\hklb mkkgkl oftg_»xhde.
lhjuf qbke_gguf wdki_jbf_glzf

Fhr_ev %)0 jZajzZ[Zlu\Z_lky b ih~"™_j"b\Z _Ilky dh
%) 0 % R R-RIRKE PR O ©OR @ Fdfih ZeoZ \nddKo\D\g7o 7 4
f_ljbg_kdh]h hibkzZgby ijb dhlhjhf i_j f _ggufb y\
p_gljZpbb we f glh\ Z 1Zd _ keh 'guo \_s_klI\ |I:
jhnbee \ khklzZ\ _ JZaebqguo ]Jm|| hj]Zgbafh\ b
\ \h*_ \_s_KkI\ HMD® RS
iu nblhiezZzgdlhgz djmlguc anhlengIhg 2pZlhfh
eb pbzZgh[Zdl_jbb b gZghneZ] eeylu g_luj_ 1jm
gZ obsguc \k_y~guc ]_Il _jhljhngu_ "Imlbdhghkp!
ieZzgdlhg [Zzd]l_jbb ~_Ijbl b I i Kbkl_fZ mjzZ\g_
\k_ wlb dhgp_gljZpbb f_"m kh[hc hibku\Zy Ijhn
Jy” nbabg_kdbo \_ebgbg bkihevam_Iky ~ey \uqgqbk
_glh\ I_fi_jZImjz b khe_ghklv \h”ru kdhjhklv \_IjZ
bl i Ijh]jzffgZy j_ZebaZpby bkihevam_ | kbkl_ fm
ey Ilhgdhc gZkljhcdb ijh]jzffghlh dh"Z >9LFKL H
ihalhey | baf_gylv ]Jjmiiu hj]J]Zgbafh\ ~h[Z\eylv b
pbdeu | _o beb bguo we f glh\ gZkljZb\Zlv iZjzZf_
sb_ "bag_ " _yl evghklv ]jmii hj]jZgbafh\ 7~ey dhgd
gZ Fh”_ev mki_rgh bkihevah\ZeZkv ey Fbjh\h]h
DO @ Kj_"ba_fghlh fhjy >&RVVDULQL HW L
\h~h_fh\ \ qZklghklb hgZ bgl_]jbjh\ZgzZ \ dhfie_d
HW DO]. D

Fh~r_ev Zdlb\gh jZza\b\Z_Iky ihfbfh i_eZ]bq_kdh
jZajzZ[Zlu\Zxlky [ehdb [_glhkgh]lh khh[s_kIYZ b wd
lh evTedesco 9LFKL @

lj_~"mkfhlj_gZ dhgnb]lmjZpby 67$1'$/21( -ijb dhlt
fbjm_Iky g_aZ\bkbfzZy ijh]jzffZz fh~_ebjmxsZy "“bg
kl_fu \ fZehf h[t_f_ Nbabqg_kdh_ \ha”_ckl\b_ fh™_
ZgZeblbg_kdb nhjfmehc eb[h IZ[ebqguf kihkh[hf
nZce_ LzZdhc bgkljmf_gl ihalhey_ | bamqgzlv fh”_
fm ijb fbgbfZevghf gbke_ \ha”_ckl\mxsbo-nzZdlhijt




kilb bgl_j_kgu ke_"mxsb_ \hijhku h[eZ”*"Z-]1 eb kk
g_c baf_gqgb\hklvx | _ ~_fhgkljbjm_I eb pbdebqc
ygghf \g_rg_f \ha”_ckl\bb" DZdh\u khq_lZgby iZ]
dhlhjuo kihkh[gu \u 'blv |I_ beb bgu_ ]jmiiw hj]Zgb
\h \ebygb_ |I_o beb bguo \ha”_ckl\bc beb iZjzZf_Ijt
kbkl_fu" <hafh gh 1Zd _ kjz\g_gb_ k gZImjgufb w
fb ihklzZ\e_ggufb \ eZ[hjZlhjguo mkeh\byo
>hdezZ” ihk\ys_g g_dhlhjuf gbke_gguf wdki_jb
mkeh\bc [ebadbo d mkeh\byf ;_eh]h fhjy

Ebl_jZImjz

%LRJHRFKHPLFDO )OX[ ORGHO %)0 J_'bf Ahkim
QLW\ HX

&RVVDULQL * /D]]DUAS®WERWIHPBRRIBO YDULDEL
LQ WKH OHGLWHUUDQHDQ 6HD %LRJHRVFLHQFHV

7HGHVFR / ®)FKL O QHZ LPSOHPHQWDWLRQ RI
)OX[ ORGHO LQ VHD LFH &0&& 5HVHDUFK 3DSHUV

9LFKL 0 ODVLQD 6 $ 1LDHV@QHIWIOI$HG PRGHO R
ELRJHRFKHPLVWU\ IRU WKH JOREDO RFHDQ HFRV\\

-RXUQDO RI ODULQH 6\WWHPYV 9 3 +

9LFKL 0 /RYDWR 7 *XWLHUUBRX®®RMW)J %0F.ZY
2FHDQ PRGHOV WKH 1(02 PRGHO 1XFOHXV IRU W
2FHDQ %)0 5HSRUW VHULHV 1 5HOHDVH $.
KWWS EIP FRPPXQLW\ HX D 3

9LFKL 0 /RYDWR 7 /DHHD QWL RBIHREKBH®LFDO )O
%)0 (TXDWLRQ 'HVFULSWLRQ DQG 8VHU 0DQXDO
VHULHV 1 5HOHDVH -X 0\ %RORJQD ,WEC

E 3

02'(/1,1* 7+( 6($ (&26<67(0 86,1* 7+( %)0
67$1'$/21( 02'(/
$ (QQH
3HWUR]DYRGVN 6WDWH 8QLYHUVLW\
7KH VWRLFKLRPHWULF %)0 P RISMLOF B® WK U WEHPY RW OH\
67$1'$/21( FRQ:JXUDWLRQ DO O RZN /WP PG LLFQ XQIGH ¢

LRXV WA\SHV RI IRUFLQJ 7KNWBW\WRWVYVIHW KW VIQN U
DELOLW\ 7KH UHSRUW GHD®NUZPW R W Y YHUDMD ZHKUPHt



=B>JHEH=BQ?KDBC J?@BF HA?JGH J?QGUO KBK
A:1:>GHC Q:KLB ;:KK?CG: ;?EH=H FHJY

. K ;meZ\bgZz
FmjfZgkdbc Zjdlbg_kdbc Jhkm~ZjklI\_gguc mgh)

;_eh_ fhj_ = wlh mgbdZevguc ijbjhrguc h[t_dl dh
jbam_Ilky k\hbfb ]b”*jh]ljZnbq_kdbfb Jb”jh[bheh]bog
Ilhgbq_kdbfb hkh[_gghklyfb < nhjfbjh\Zgbb ]b”"jt
j_"bfz ;_eh]lh fhjy mqgzZkl\m_1| fgh™  _kl\h j_d-klhd dl
jm_Ilky ih~ ~_ckl\b_f kh\hdmighklb nzZdlhjh\ hleb
klhygguf baf_g_gb_f \h \j_f_gb 0OZzZjzdl_j wlbo ij.
jZkkfhlj_g \ ~Zgghf bkke_"~h\Zgbb

JZaebgby \'] _heh]bg_kdhf kljh_gbbgahZifiZghc &
kl ¢ [Zkk_cgZ ; _eh]lh fhjy iha\heyxl| dbYgweblv »
iblZxsb_ ijh\bgpbb aziz"gmx b \hklhqghklx AZ
\h~*hk[hjZ ij_"~klZ\e_gZ Dhevkdh DZj_ewxk#&bf ]_h
klZ\_ dhlhjh]h ~hfbgbjmxI| djbklZeebag kedddh ihjh
]Jh \hajzklzZz <hklhqgZy iblZxsZy ijh\\yoglpkly[hjc "kl
i _jbn_jbx F_a_gkdhc kbg_debau IJmkkghdjieblu t
bfms_kI\_ggh hkZ”"hqgufb h[jZah\Zgbpflh dZj[hgZ
ahahy >FZkeh\ @

Ha jgh j _ggu_ kbkl _fu aziz”"ghc qgZkkb [ZkK
lh fhjy hdZau\zZxl [hevrh_ \ebygb_ gdhemhFibjh\Z
]b~rjheh]bg_kdhc kbimZpbb mkiv_\uoghleaklgw ij
b ; eh]lh fhjy \ p_ehf < hlebgb_ hlh\hd'thd[dzh\ \
klb fhjy 17_ klhd khkj_"~hlhqgq_g \ dymjighio 5\l Zo
g F_a gb Dmeh_ b ha_jghklv gZ%agagmlZlkhbg Z
[Zkk_cgZ j_db \ Ihc beb bghc kl_i_glhaayZdfhnmbebjt
\h~"hojZgbebszZfb qlh kdZau\Z_|ky gZ*gdlotjaZ e
iZkh\ jzZkijhkljZzg _gbb aZ]jyagyxsboqgbs d&hbbb k:
\h~r K\h*gh_ bkke_ _"h\Zgb_ ha_jgh | “dguag kibdk!|
ih [Zkk_cgh\hfm ijbgpbim b g _jZ\ghfigdgbhmmq _ ¢
_lky \i_j\u_

>ey hp_gdb ]b”jheh]lbqg_kdh]h j_"bfZkhd& -pgh j_qt
iZz"ghc qZklb [Zkk_cgZ ; _eh]h fhjy jbiide vikdgajfz



kI\_ggh]lh \h~rghlh dZz~ZkljZ jhkkbokdb [Zad B Zjl
f_ljbg_kdbo b debfZlbg_kdbo “Zgguo Dl JZebam i
ih \hAhk[hjzf j d Hg_]Z <u] D_kZjBmjZIivkKNflea gZ
Dh\*"Z Gb\Z \u[jZgguf \ dZq_klI\_ j Jzk&fgHbl\bAguo
ebkv "Zggu_ ih baf_g_gbx ozZjzdl_jblgdk]hhHhilth]h

gbfZevgh]h f_kyqggh]h klhdZ mdZadgg'the jbld e i_j
ghklvx e_| *. HI?l. evgh_ \gbfZgb_ m~_e_qgh ]
klhdZ ~ey jZaguo \h*hk[hjh\ b hkghjgufgigbgblyZf ki
f_g_gbc klhdh\uo o0ZjZdl_jbklbd BkklgZgg\dgp gjZk
Ilhevdh gZ fgh]lhe_Ilgb_ jy*u gh b gZ \gm]pBjh~h\u_
eh]lbg_kdbo oZjzdl_jbklbd nhjfbjh\Zlglky dhM*h\elb gz
ygb_f ]Jeh[Zevghc pbjdmeypbb ZIfhkn_ju

;ue ijh\_~_g ZgZeba fgh]he_Igbo b \gmljb]lh”h\1
]b”rjheh]bg_kdbo oZjZdl_jbklbd >ey hp_gdb ]Jb~jt
"bfh\ mdzZazZgguo j_d [ueb jZkkfhlj_gu "Zggu_ dZ
k_cgm 1zZd b ih _]h hi*_evguf gzklyf JZkkfhlj_gh
Ibg_kdbo baf_g_gbc gZ \_ebgbgm Jh*h\h]h k_ahc
ghlh klhdz j_d azZiz”"ghc qzZklb [Zkk_cgZ ;_eh]h fr

GZ nhg_ ijh]j_kkbjmxs_]h ihl_ie_gbyr del®mfzlz gz
klb I _jjblhjbb azZiz”~ghc gqzZklb [ZkkhldgdZ; |&ly]in A&y
ih\ur_gghc \h*ghklb b h[s_c m\eZ g_lyghkile- 2hhkm:
dez” @ Ohly kj_"g_]h*h\h_h\dhredjd klelhh gh k2
klhev kms_kI\_ggh h[jZsZ_| gZ k_jg\dgbedbdh_\ljonii
\uiZz”_gbc \ ihke_7gb_ ]h*u < agZobh é@ymhke Kle i_c
gh bgl_gkbnbdZpb_c pbjdmeypbhgguwd¢jhleZgdb\ \ K
d_ \ebyxsbo gZ i_j_f_s_gb_ pbdehgh}blhpuglhkevg!
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JODFLDO ODNH :H GLG QRW FRQVLGHU WKH |
VIQFKURQRXVO\ RU VXEVHTXHQW WR WKH WLF
‘KHUH SRVVLEOH WKH ODNH ,' IROORZV .YDV
RJUDSKLFDO QDPHV KDYH EHHQ XVHG ,Q VXP
7DEOH DUH FRQVLVWHQW ZLWK SUHYLRXV L
3DYORYVND\D 5RVHQWDX HW DO
DZjimobgZ @ LQ WKH VWXG\ DUHD
ORGHOOLQJ VKRZV WKDW W KdH WRWXBO LB H DX
ORZHVW GX\PLQJ WKH /*0 ZKHQ D VHDMNHV RI
ZDV GUDLQHG RII WKH RXW HWRR VED V DQ ¥ LFD ONG
DQG WKH &DVSLDQ 6HDV )LJDUHD BREG SYRODKE |
NPDQG FD UNWSHFWLYHO\ ZDV WKH ELJ.
VWDQG P RI WKH 3ULYDWADN MK\RKXKOGJIEH R
WKDW JLYHQ FKDUDFWHULVWHBY DDWHKHID & QX
DQG YROXPH RI LFH ODNHV DY \WRHE SRRG HALLQ\
WKUHVKROGV DQG ¢OO0OLQJ WIK®JTHSIH WAR. KA X
ZDWHU ERGLHYV DQG QR HURRQRRQGHW HBKH WKL
2XU PRGHOLQJ DSSURDFK VXSSRUWV WKH
HDUOLHU H[LVWHQFH RI 3RORWVN ,FH /DNH PC
DQG ZHVWZDUG UHURXWLQJ Rl JODFLHU PHOV
ZKLFK LV VRPH ND HDUOLHU WKDQ KLWKHU
(QVXLQJ WKH /*0 JUDGXDO GHJUDGDWLRQ RI
ODQGV DQG SURPRWH WKH IRUPDWLRQ RI LFH
RSHQLQJ Rl ORZHU ORFDWHG WKUHVKROGV L
OHYHOV DQG GLVFKDUJH RI KXJH YROXPHV RI
RI LQWHQVH HURVLRQ Rl GUDLQDJH FKDQQHO
WKH ODNH OHYHOV ORVW SURPLQHQW H[DPS
WKH ELJJHVW SURJODFLDO ODNH ZKLFK H[LV



yLJ 7LPH VOLFH UHFRQVWUXEWSRRJRD PLDWI |
ODNHV DW VRXWKHDVWHUQ AD@WN RI 6FRQRGLNDY
1XPEHUV LQGLFDWH WKH ODNW LLRY ADKERZH) D@ NB
DUURZV LQGLFDWH WKH GUDLQDJH GLUHFWLRQ



$W + ND %3 3ULYDOGD)\VDNWMRZDIGIHWE K
%DOWLF ,FH /DNH %,/ 5ROEDWHI ADRXJKEP H
DERXW RI HDUO\ %,/ ZDWH W YRR @GR W XFF® D
ZDV OLNHO\ WR KDYH GUDLQNGRWIGUBMBIO \H K}
%, DQG WKH VHD DQG DV WHKOWZDDWHD $RQW R
WKH FRUUHVSRQGLQJ OHOWZDWHU 3XOVH 0:3

5DQJH RI FDOFXODWHG LFH UHPHWVERDQUDYH

DQG P\U FRUUHODWLQD™BRQ \ZWR XDW R Q
/IXQNND HW DO /DVEHUH W DIDP @6 \W BRI H
LFH UHFHVVLRQ UDWH DVVZRIOW KW )\®@ B i LIHHWHR
ZLWK WKH +HLQULFK 6WDGKRG +5 NROG DM
PD[ UHFHVVLRQ UDWH ODUWHR| %ROOH@DWH\H Z
LQJ %XW FDXWLRQ PXVW E HUW[KHUEF LRRHG B R DOV
FOLPDWH AXFWXDWLRQV EMBNMXNHFRI| GGHVWWU X ¥
RQVWUDWHG E\ ORFDOO\ KUBIKE&VYDRQHJIDWLQJ

OXOWLSOH IDFWRUV GLIIHU DGR O M DR IGNFW/BIGCH
7KXV FXUUHQWO\ XVHG JODKR RV LRWW DRLLFF B/Q
HV LQ ODNH SDUDPHWHUV FRPSRQNMED O Z P\R B
$W WKH VDPRRG HPH QRIX D SFSRIGRHDIRIKR) GEHEPSRIQNRVINGHE
WLYH WR WKH ORFDO LFH CRDIHM Q @ RWIVWHRC
WLRQ FRXOG RSHQ RU FORVKR®OIGHY F M WVF B DI
HVWLPDWH WKH XQFHUWDL@WLUNFR® \L\WK XFFDNL
EDVHG RQ D UDQJH RI JHRPR F®IORGRWLIF Z DWKQ
GLIIHUHQW FKDUDFWHULVWLRWWD QBSERWBQW!I
VLPSOL,FDWLRQ Rl JODFLHUVGEBUDRQGDWERQS
WLPH VIQFKURQRXV DQG E\ RRERWVIFQHRD @GR
LQJ WKH DUHDV RI GHDG LWFHDGWL VWURBRWRRQL
FLDOO\ VIQFKURQLFLW\ RI EHRD YLRQUXENWRXH
LPSDFW RQ RUGHU RI WUD QVDRAGP DWQ B QY HRE SX

2YHUDOO WKH PRGHOOLQMHRKEGHUIRORIDRI Y
EHHQ GHPRQVWUDWHG WR ZWHEN RQLQOWYODH K HD\(
VLRQV RI VPDOOHU PHOW Z DDWHYGE RIGLIHRQQ BHG/

JLODQFLDO VXSSRUW IRU WKLV LQYHVWLJDWLF
3URJUDPPH (VWRQLDQ 6FLHQFH )RXQGDWLRQ *UI
JRXQGDWLRQ *UDQW



S5HIHUHQFHV

> fbrh\ B>Bggu_ hleh® _gby b dhe_[Zgby mjh\gy Hg _
\ iharg_e_"~gbdh\v_ = heh]by b ihe_agu_ bkdhiz_ fu
| _ljhaz\h”"kd DZjGP J:G K *

> fbrh\ B >G]jZz~Zpby iharg_\Ze~Zckdh]h he_"~ _g_gb
Hg_"kdh]h ha_jZ = _heh]by b ihe_agu_ bkdhiZ_fu_ D:
l[jhaz\h~kd DZjGP J:G K *

> fb~rh\ BHGZdkbfZevghc klZ~bb jZa\blby Hg_"kdh]h
dh\h]lh ha_jZ baf_g gbyo ]h mjh\gy b JeypbhbahklZIb:
[ j_"bc \ iharg_e_ _"~gbdh\v_ = heh]by b ihe_agu_ bkc
<ui I IJhaZ\h"kd DZjGP J:G K +

DZjimong 8khd_gghklb ~_1jZz"Zpbb hklZrdhikdh]h e
Jh ihdjh\zZ \ ij_~_eZo Qm~kdh Ikdh\kdhc gbaf_gghklb

<ui K +
D\Zkh\ >lha”~g_q_I\_jlbggZy bklhjby djmiguo ha_j b
fhj_c \hklhgghc ?\jhGwZ mi Z k

%RXOWRQ * 6 'RQJHOPDQV 3 330QNDHR.JOD F%F
RJ\ Rl DQ LFH VKHHW WKURXJK D JODFLDO F\FOH
‘HLFKVHOLDQ 4XDWHUQDU\ 6FLHQFH S5HYLHZV

.DOP ,¥H ARZ SDWWHUQ DQG H[WHQW RI WKH OD\
HDVW Rl WKH %DOWLF 6HD 4XDWHUQDU\ 6FLHQF

IDPEHEN . SXUFHEOLD G 5HERXQG DQG &UXVWDC
20NLOXRWR 326,9% 2< 3 =
/IDVEHUJ . XKWMRQRORJI\ RI /IDWH :HLFKVHOLDQ J

HUQ SDUW RI WKH (DVW (XURSHDQ 30DLQ  %RUHI
/IXQNND - 3 6DDUQLVWR O([WHQW DEBLBRY RI V
*ODFLDO OD[LPXP LQ WKH VRXWKHDVWH U Q RELFWR |

DQG 30O0DQHWDU\ &KDQJH 9 3 *
SDYORYVNDOUDFLRLVRVWDV LQ QRUWKHUQ %HO]I
*HRORJLFDO 4XDUWHUO\ 9 3 *

SRVHQWDX $ +DQELPXODMAHR® RI WKH VKRUHOL

3HLSVL LQ (DVWHUQ (VWRQLD GXULQJ4WBKHW B WO :
9 3

5RVHQWDX $ +DODWHU.DAYKHWO FKDQJHV DQG SD
SURJODFLDO ODNHV LQ HDVWHUQ (VWRQUERP V\Q Wk
OLQ )LHOG DUHD (VWRQLDQ -RXUQDO RI (DUWK ¢

BWURHYHQ $ 3 +IWWHVWUBIEDELDWHP® @ I- ) HE
GLD 4XDWHUQDU\ 6FLHQFH 5HYLHZV GRL



OHEH>GU? WIBAH>U J:.GG?=H =HEHP?G:
< K?<?JGHC ?<JHI? :G:EBA WFIBJBQ?KDBO
>:GGUO B <HAFH@GUO 1JBQBG

B B ;hja_ddim\zZD ;hjBkh\Z
? E @bevphH\Z<s KZ?_edh

=hkm~Zjkl\_gguc ]b”jheh]bq_kdbc bgklbIm]
Bgklblml ]_h]jZnbb J:G
BgklbIlml ha_jh\_~ gby J:G

ljhp_kk ~_leypbZpbb o0ZjzZzdl_jbah\Zeky g_klZ[bev
ghlh b j_]bhgZevgh]h debfzlZz dh]*"Z gZ nhg_ ihet
NZ I _fi_jZlmju [uklju_ b hlighkbl_evgh djzldh\j_f_
NZgby g_j_"h\Zebkv k ihl_ie_gbyfb F_""m b
hif_gZ_lky ~h oheh”rguo wibah”h\ jZaebqghc ij
klb b ZfiebIm~u Oheh”~gu_ wibah”u \ jZgg_f Jhehp
\j_f_g_f hdheh b luk dzZeb[] e_l gzaz?
gZb[he__ h[_ki_gq_gu wfibjbg_kdbfb *Zggufb =_g
eh”"Zgbc kl\yazZzg k bgt_dpbyfb ij_kghc \h*u \ K_\_
dm \ j_amevlZl_ IZygby EZ\j_glbckdh]h e -“gbdh\|
gu_ ijhp_kku \hafh gu b \ kh\j_f_ggmx wihom ba ¢
djZs_gby iehszZ”b fhjkdbo ev h\ \ :jdlbd_ b m\_eb
\ hI\_I gZ kh\j_f_ggh_ ihl_ie_gb_

:gZeba dhk\_gguo iZe _hdebfZlbgq_kdbo "Zgguo |
h Ihf glh m\_ebg_gb_\ ijboh®_ e Ig_c¢c kheg_qgghc
g_f ]Jhehp_g_ gZb[he__ hlq_leb\h ijhy\behkv \ [u
gbb debfzlz \ \ukhdbo rbjhlZo WIh [ueh k\lyaZgh
gb_f ~g_\guo kmff kheg_qghc jZ*bZpbb azZ kqgq_|I| Z
nZdlhjh\ 1Zd b k m\_ebqg_gb_f ijh*he bl_evghklb |
gby \\ukhdbo rbjhlZo ba aZ iheyjgh]h ~gy

< j_amevlZl_wlbo ijhp_kkh\ dhebg_kl\h kheg_
ihemqgzZ_ fh_\ukhdbfb rbjhlZfb \ gZqZe_ Jhehp_gZz
[hevr_ ih kjzZ\g_gbx k kmffzfb jZz"bZpbb \ gZklhys
\ur_gb_ | _fi_jZImju \ha”moZ ijb\_eh d mkbe_ _gbx i
"Z h[rbjguo e_~gbdh\uo ihdjh\h\ ij_"~_ \k_]lh EZ



sblz \ j_amevlzZl_q_]lh \ K_\_jgmx :leZglbdm ihkl
dhebqg_kl\h IZehc \h*u ;he__ e_]dZy ij_kgZy \h"Zz
gb_ dzZd gZ ijhp_kku i_j_f_rb\Zgby \ ih\_joghklgh
lZzd b gZ ijhp_kku nhjfbjh\Zgby ijhf_"mlhgguo b ]e
< hI\_I gZ wlb baf_g_gby gZ nhg_ h[s_]h iheh'b
NZ leh[Zevghc b j_]bhgZevguo |I_fi_jzZlmj -hlf_qZz
gby dzZ ~h_ ba dhlhjuo [ueh klyaZgh k ihkimie_gt
]h h[t_fZ ij_kghc \h~u \ :leZzglbdm G dhlhju bkke
AN _eyxl ~h oheh”guo wibah~h\ \ ijhf_"mld_ f_""r
e_| gZ8DH b Y\GRMQRIDI@/@D K@ | DDl i ek
e _c¢c f_ozZgbaf wlbo djzldh\j_f_gguo ihoheh~Zgbc |
gb_f I_jfhoZebgghc pbjdmeypbb \ K_\_jghc :leZg
kilmie_gby ij_kghc \h~u \ j_amevlzZl_1Zygby dhglt
Ayguo sblh\ \ K_\_jghc :f_jbd_ b ?\jhi_

< ihke_"g__ \j_fy fh*_ev_ju h[jZlbeb \gbfZgb_
wlh]lh f_ozZgbafz b gZ hkgh\_ wfibjbg_kdbo iZe_
"Zgguo ij_"ijbgyeb jy” ihiulhd fh*_ebjh\Zgby ih”
p_kkh\ P_ev wlbo bkke_~h\Zgbc £ hp_gbdv \hafl
gby ihAh[guo kp_gzZjb_\\ [m"ms_f ba azZ [ukljh]h |
evrh\ \ :jdibd_ b mkbe_gby ]Jb”jheh]bqg_kdh]h pbd¢
jhl1Zzo \ j_amevlzZIl_ kh\j_f _gghc |_iehc ZghtZebb ]
fzl1z > 6 WRXIIHU HW DO &DUOVRQ HW DO
;hja_gdh\z @

‘gZeba wfibjbg_kdbo NZ@dbbb_ bahlhiguo f_Ih~
ijbf_gbl_evgh d e_"yguf d_jgzf klzZez]fblZf dzZj]
guo hleh _gbc b “jm]bo g_aZ\bkbfuo f_Ih”~h\ ijbf
fhjkdbf hkz~rdzf b khklzZ\m jZklbl_evghklb- hljz" _
p_\uo ki_dljzo ihalhebeh ihemqgblv g_azZ\‘bkbfu_
g_kdb_ azibkb k \j_f_gguf jZaj_r_gb_f \ i_jl\u_
Hlighkbl_evgh Ihggh oheh”gu_ b |_ieu_ wibah”u |
gZ "“"Zlbjh\Zgu \ =j_geZg”"kdbo d_jgZo \ayluo ba
=j_gezZg”kdh]h e_"ygh]h sblZ >.REDVKL HW DO

@ WIlh ihal\hebeh \hkklZgh\blv \j_f_ggmx dZjlt
kdbo kh[ulbc jZgg_]h Jhehp_gZ bkihevamy ~ _|Ze
=j_geZg”™kdbo d_jgh\ *5,3 *,63 1*5,3 hkgh\Zggr



b gz ihrkq_Il_ ]h"bgqguo keh_\ ev®*Z Oheh”gu_ wib

\ dZe_g”~Zjguo ]h*Zo hdheh b e | gz
bkke_~h\Zgu \ jZ[hIZQ]J\bWWGNI-H.\U E 9HVNL HW |
NRYD HW DO @

< wlbo "_ jZ[hlZo \u”_e_g _s_ h”bg oheh”guc \
jhldhc hdheh dZe_g~Zjguo e_| gZaz”™~ dhlhju

klz\blv k ba\_klghc m’_ jZg__ ba ZgZebaZ ha_jgL
guo hleh” _gbc oheh~ghc ij_[hj_Zevghc hkpbeeypb
ljh~*he bl_evghklv wlhc oheh”ghc hkpbeeypbb kh
+ e_| qlh [ebadh d ijh*he bl_evghklb ~"\mo i
oheh”~guo wibah”h\ hdheh b e | gZa.
[hj_Zevgh]lh ihoheh”Zgby ~"Zlbjm_Ilky \j_f_g_f hdh
AZjguo e_| gZaz” dh]*Z |_fi_jZImjZ \ha”moZ \ \u
|l _ g_gb_ g _kdhevdbo *_kylbe_Ibc m\_ebgbezkv gZ
6HYHULQJKDXV @
Ihke_"mxs__ ihoheh”~Zgb_ jZgg_]h ]Jhehp_gZ ih
eZg”kdbo d_jgh\ "<( *5,3 b 1*5,3 ~"ZIbjm_Iky \j_
lukyq e_| gZaz” ih hlgh$ g\ KHm\jj_ ff @@anck\n\\J
f_gghc rdZ& & * SEIOHKGE W @I
e_ggh_ ih fhjkdbf d_jgZzf ba K_\_jghc IeZgIbdb
NZgguf ba i_s_jguo ki_e_hl_f b dZj[hgzlh\ ha_jgl
b ih kihjh\h iuevp_\uf ~bZ]jzffzf ba jZaguo jZchg
?\jhiu k\b”~_Il_evkl\m_I h Ihf qgqlh gZ I_jjblhjbb ij
_\_jghc :lezglbd_ kgb" _gb_ kj_"gbo ]h*"h\uo |_f
0Z khklz\eyeh g_ f_g__ = fK Z gZ k_\_j_ DZgZ
>$[IRUG HW DO @
GZb[he__ ihegh g_aZ\bkbfhc iZe_hdebfZlbq_|
pb_c \dexqZy b dhebg_kl\_ggu_ hp_gdb h[_ki.
oheh”~guc wibah” jZgg_]h ]lhehp_gZ >YRQ *UDIH

$0O0HIVEWEYLU 9HVNL HW ®®RZEDOGLOO
6QRZEDOO HW DO ORUULOO HW DO
Ih "Zgguf =j_gezZzg”kdh]h d_jgzZ 1*5,3 gZgZeh it

oheh~Zgby jZgg_]lh ]Jhehp_gzZ "~Zlbjm_lky +



dhg_p = + e | gZzaz™ k fzdkbfZevghc hrb]
>Zggu ithemq_ ggu \ jZfdZo [mj_gby =j_geZg”kd
k \j_f_gguf jZaj_r_gb_f hdheh e_| ihalhebeb \
gh\blv keh gmx kljmdlmjm wlhlh |hoheh’\Zgby ljh'
\k_]h oheh”gh]h kh[ulby khklZ\ey_1| hdheh “

oheh~ghc _]1h qZklb =% “ lh~rz HgZzZ jZza"_ey_|
gh mf_j_gguo ih I_fi_jZImj_ kh[ulby ’\Zlbjm fu_ |
"Zgguf hdheh b [ u k. ReE D HHEDING G-

\ j_ R\_pbb b Nbgeyg”bb kgb _gb_ e Igbo [ fi_ ]
\h \j_fy wlh]h ihoheh”Zgby kthZ\eyeh g_ f_g_
3DOLNH 6HSSI HW DO +HLNNLOI
HW DO %RU]JHQNRYD HW DO @

< _ebqgbgz kgb  _gby I _fi_jZlmju mf_gvrZ-Ilky ih
_gby \lem[v fZl_jbdZ gZ \hklhd b gZ k_\-jh aZi:
gZxlky lhevdh ke_"u g_[hevrh]lh ihgb  _gby-I_fi_jz
ghf ih "Zgguf kihjh\h iuevp_\h]h ZgZebaz

LZdbf h[jzahf fh gh hif_Iblv qlh \k_ Ijb-ihoheh
]lh JThehp_gZ [ueb gZb[he__ hlg_leb\h \ujZz™-_gu \ K
Ibd_ b ijbe_]Zxsbo d g_c jZchgZo K_\_jghc ?\jhit
khfg_ggh wlb ihoheh”Zgby bf_eb hldebd b\ *jm]t
"ysboky kjz\gbl_evgh ~Ze_dh hl K_\_jghc :lezZglt
glh \h \j_fy \k_o Ij_o ihoheh”Zgbc bf_eh f_klh hk
khgghc pbjdmeypbb \ Ijhibg_kdbo b km[ljhibqg_kd]I
ijb\_eh d agZqbl_evghfm kgb _gbx hkz~dh\ \ wlbo
HW DO JOHLWPDQQ HW DO ORUULOC

<hafh gu_ f_oZgbafu ihoheh”~Zgbc jZgdh]lh ]he
fg_gbx [hevrbgklI\Z bkke_~h\Zl_e_c ihoheh”Zgby
p_gZ [ueb h[mkeh\e_gu baf_g_gbyfb pbjdmeypbb
b Jem[bgguo \h” K_\_jghc :leZzglbdb \ hI\_} gZ ihk
kghc \h~u \ hd_Zg \ ijhp_kk_ jZkiZz*"Z b 1Zygby d

_Agbdh\uo sblh\ < k_j_“bg_ o ]] ijhrehlh kIl
d_j b khZ\I%juRHGDRIED N @ @R @it & i i
fb >&ODUN HW DO @ ij_~iheh beb qlh hij_k

hd_ZgZ g_ lhevdh gZjmrzZ_1| pbjdmeypbx \ ih\_jogtl
hdZau\Z_I| \ebygb_ gZ ijhp_kk nhjfbjh\Zgby Jem[b



kzfuf \eby_| gZ bgl_gkb\ghklv b iheh _gb_- kzZfh]h
]h ©dhg\_c_jz2

< j_amevlzl_ jzZzkiz~"Z EZ\j_glbckdh]h sblz \ K_\_
dm fhleh ihklmizlv hthighkdhc \h~u azZ i_jbhru f_q

e_| glh g_khfg_ggh ~he gh [ueh hdZaZlv \el
p_kk nhjfbjh\Zgby fhjkdbo evh\ kms_klI\_ggh ba
h[jZah\Zgby \ hk_ggbc i_jbh® b I1Zygby \ \_k_ggbc
& O D HHIEDIWO ) F@thes in@e Dabl e ot witgedog) i ke i iviio W il
xsbf [he__ \ukhdh_ Zev[_"h ih\_joghklb \ kbem
(IHHGEDFN \uaul\Z_I| *“hihegbl_evgh_ ihoheh”Zgbhb
kms_kl\mxs__ >*DQRSROVNL 5DKPVWRUI @

Hdheh “ luk e_I| gZzaz™ \ j_amevlZl_ kimk
ha_j $]Zkkba b 272 b[\wc \ K_\_jgmx :leZglbdm ih

dfij_kghc \HQuH% )\ ORRRDIOIHGMI0HGEN Ndpliae it kril
gbghc gZqZeZ ihoheh”Zgby \ jZchgZo g_thkj_"kl
sbo d K_\_jghc :leZglbd_

Fh gh ihez]zlv qlh hij_kg_gb_ \_jog_]h kehy \
ghc :lezglbd_ nhjfbjm_1I ijhp_kku ijb\h”*ysb_ d hke
NZ _ \udexg_gbx ©dhg\_c_jz&a b gZh[hjhl \hkkl:
fZevghc khe_ghklb \ \_jog_f keh_ hd_ZgZ ijb\h”"
e_gbx | _jfhoZebgghc pbjdmeypbb b \dexqg_gbx Z
©dhg\_c_jzZ?2 >60WWEBYET @

<k_ oheh”~gu_ wibah”?u iha”~g_e_"~gbdh\vy b jZ
bf_xI| [ebadmx ih \j_f_gb ijh*he bl_evghklv hdhet
ohly ijhkljZzgkl\_ggZy kljmdImjZ b ZfiebIm2Z wlbo
ah”h\ hlebqgz_Ilky \ dz ~hf hI*_evghf kemqgqzZ_ ¢l
hij_~_eyehkv dhebqg_klI\hf ij_kghc \h*u ihkImizZx
:dlb\bazZpby ]Jeh[Zevgh]h ]b”jheh]bq_kdh]h pbdeZz
m\_ebq_gb_f hkz~dh\ \ \ukhdbo rbjhlZo \ RI\_| gz
|_ie_gb_ debfzlzZz fh]eZ hdZaZlv g_dhlhjh_ \ebyghb
j_"bf jZgg_]h lhehp_gZ LzZdb_ baf_g_gby-\ ]b%jh
de_ fhleb \ua\Zlv hij_*_e_ggu_ gZjmr_gby-I_jfhoZ
eypbb \ hd_Zg_ gh [ueb g_kihkh[gu ijb\_klb d aZz
NZgbyf ba az kjz\gbl_evgh g_[hevrbo h[t_{fh\ ij_Kk
klmiZxsbo \ hd_Zg >&&0ODUN HW DO @



Ebl_jZImjz

:gbkbfh\'H : @bjdh\: N R_Kki\dil\ggy_ baf_g_gby
djbhkn_ju b ijbjh*ghc kj_"u \ :jdlbg;, \_djdPkd ZkI\_ g
gu_ gZmdb K_\_jh <hklhgguc n_"~_jZevguc thdKm] =+

;hja_gdh\zZz BkBijby he_~_g_gby Zjdlbqg_kdh]lh [Zkk_
ba ijhreh]lh “ey hp_gdb \hafh'guo baf_g _gbc \ [m"ms_

<

$OOH\ 5usoW B\IL U77 B HHONHEN R O S e e R
MRU +RORFHQH DEUXSW FOLEPI-DY(NH FIPQ)QJH 4XDWH

$[IRUG < %ULKHU - 3 OLOOKXKWW WKH UDQFHQ'
QDPLF HDUO\ +RORFHQH FOLPDWH LQ DUFWLF &DQ
1 )DOO OHHW 6XSSO $EF 33 &

%RUJHQNRYD , =RULWD&OLRRPWH RKDQJKHB/XDQ C
FHQH 3DVW \HDUV 6HFRQG $VVHVVPHQW R
6HD %DVLQ 7KH %%$&& ,, $XWKRU 7HDP 6SULQJHU

%URHFNHU : 6 3HWHHWYV WKHS5REGEDQ DWPRVS]
KDYH PRUH WKDQ RQH VWDEOH PR®H RI BRSHYDWLF

&DUOVRQ $ ( $QVORZ ) 66XVHEEEQGNKHOW BWLHI
UHQWLGH ,FH 6KHHW UHWUHDW GXULQJ WKH HDUC
9 / GRL */

&ODUNODBVKDOO 6 - &ODUWNHVKZDVWHHUHWRDGLQJ
FOLPDWH FKDQJH GXULQJ WKH ODVW JODFLDWLRQ

&ODUNH * . & /HYHULQJWRQ ' 3DOHRRWW DB XD
RI WKH ODVW RXWEXUVW ARRG IURP JODFLDO /DN

AXDWHUQ 6FL 5HY 9 3 *

JOHLWPDQQ ' OXGHOVHHYLG#®H@BIQVREU ZLIEW \DSUH
DQRPDO\ DW DURXQG ND QRUIRID ISUHVHQW 3D (

*DQRSROVNL $ 5DEPPFWRDQSHYV RI JODFLDO FOL
FRXSOHG FOLPDWH PRGHO 1DWXUH 9 3

*UDFKHY $ O 6HYH® LUHKIDVWHG- 3 f& PDJQLWX
DEUXSW FKDQJH LQ *UHHQODQG WHPSHUDWXUH DV
SXEOLVKHG *,63 JDV LVRWRSH GDWD DQGUWQU WKI
6FL 5HY 9 3 +

+HLNNLOI 0 +HBRIGBRFHQH FOLPDWH G\QDPLFV LQ /
UHJLRQ D SROOHQ EDVHG VXPPHU WHPSHUDWXUI
SDULVRQ %RUHDYV 9 3 +

+RHN = 9HJHWDWLRQ UHVSRQVH WR WKH a D
WUDQVLWLRQYV LV YHIJHWDWLRQ ODJJLQJ FOLPDW!|
9 3 +




.REDVKL 7 6HYHULQJKDXV 3UBFLWUHRWRNPEQJ BWC
WHUL]DWLRQ RI DEUXSW FOLPDWH FKDQJH \HD

4AXDWHUQ 6FL 5HY 9 3 *

ORUULOO & $QGHUVRQ ' GURIDEHQRKPH UNW [K
FRPSDULVRQ RI ND VLPXODWLRQV &OLP 3DVYV

ODURWI]SEHUXSW FOLPDWH FKDQJH DQG WKHUPRI
QLVPV DQG SUHGLFWDELOLW\ B3URF 1DW $FDG

5DVPXVVHQ 6 2 %LJOHU 0% \PWMORIAN IDHDES K3 FH MW
IRU DEUXSW FOLPDWLF FKDQJHV GXULQJ WKH /DV
FKURQL]HG *UHHQODQG LFH FRUH UHFRUGYV UH¢C
HYHQW VWUDWLJUDSK\ 4XDWHUQ 6FL 5HY

5|KOLQJ ( - &BQWNHDALDO VFDOH FOLPDWH FRR
HYHQW DURXQG \HDU DJR I1DWXUH 9
6HSSI + %LUNV + - % 6SDNWMHENMWUXMWVXOH R

\U %3 HYHQW LQ QRUWKHUQ (XURSH &OLP 3DVW

6HSSI + ODF'RQDOG * 0 %/IDUWH #XDWH%HU G BUD ©
WHPSHUDWXUH FKDQJHV LQ WKH QRUWKHUQ (XUR:

9 3 +

6QRZEDOO , OXVFKHOHWBGLREDOERQ ZHWJ DI
LQJ RI 6ZHGLVK ODNH YDUYHVPDW¥HBINVQDNVQBK
WK H N\U FROG HYHQW %RUHDV M 9 3

[

BWRXIIHU 5 - <LQ - *UBYRVUWLJIDWH@IDWKH F
UHVSRQVH RI WKH WKHUPRKDOLQH FLUFXODWLRGC

- RI &OLP 9 3 +

9HVNL 6 6HSSI + ZMDGDHY HQW DW \U % 3
DQQXDOO\ ODPLQDWHG ODNH VHGLPHQWYV LQ HDV
3 +

ILQWKHU % 0 &ODXVHQ + $%\QRKQRER]KG -G Bi\
WKUHH *UHHQODQG LFH FRUHV WKURXJKRXW WKH
9 ' GRL -

9RQ *UDIHQVWHLQ 8 (UOHQNHKWHRR®G GYI@QMU
\HDU DJR GRFXPHQWHG LQ R[\JHQ LVRWRSH UHFR!
*UHHQODQG &OLP '\QDP 9 3t

<X 6 < &ROPDQ 6 0 /REIHI\OK ZDVOH B VR XOVDE X U V)
6XSHULRU DV D WULJJHU IRU WKH FROG HYHQW
3 +

=LOOpQ / 6@RPEDGIOLW\ RI WKH ND FOLPDWH
FRUGHG E\ YDUYHG ODNH VHGLPHQWY  %RUHDYV



&22/ (3,62'(6 2) 7+( ($5/< +2/2&(1( ,1 7+( 1257+(51
(8523( (03,5,&%/ '$7$ $1' 3266,%,/( &$86(6

WRUIH@NRYBRULVRYBKLOWVRBRYBDPSHONR

6WDWH +\GURORJLFDO ,QVWLWXWH
,QVWLWXWH RI *HRJUDSK\ 5%$6
,QVWLWXWH RI /LPQRORJ\ 5%6

7KH GHJODFLDWLRQ SURFHVQNVXIMDE E®DW D RW WKIH H G
JLRQDO FOLPDWH ZKHQ UDPR MHB 8 BUDNMOOMLEHR S \
ZLWK ZDUPLQJ HSLVRGHV RFFX® (RH GVE DS RV MWWWKH
WHPSHUDWXUH $ERXW FROBWHSIHVRGHYV DHUGH U
FDOLEUDWHG \HDUV DJR &ROBFHRH RG A X URIH\G KIHE

DQG WKRXVDQG \HDU\DDHRE HVQVWE HW KGIRE X R/RVQHV
GDWD 7KH JHQHVLV RI WKHVG FIRRIO WMISHVARGHV RY |
LQWR WKH 1RUWK $WODQW LH \FIORKN\M G IO W K® J/ DRV |
VLPLODU SURFHVVHV DUH S\R\QWLE D W G § U R/ IDF U/H
DQG DQ LQFUHDVH RI WKH SWHIHF LUSH FHIWW. B Q RIED O H?

D:JLBJH<:GB? LJ:GK=J?KKB<GUO KL:>BC
=HEHP?G: K?<?JH A:I:>GHC Q:KLB
E:>H@QKDH=H HA?J:

< L_j_ohL < Kzt _edh

BgklbIml ha_jh\_~ gby J:G KZzZgdl I_|_j[mj]
KZgdl I _|I_j[mjlkdbc JThkm”ZjkI\_gguc mgb\_jk

lj_~ijbgylZ ihiuldZ dzZjlbjh\Zgby ljZgk]j_kkb\guo
"h kdh]h ha_jzZz \ ]hehp_g_ ih ~Zgguf dhfie_dkgh
euo ha_j GZ ~Zgghf wlzZi_ jZ[hl ihemqg_gu dZjlu
guo hkljh\h\ £+ <ZezzZf b ImlkzZzZjb Z 1zZzd _ |_jjblh
aziz”"ghf ih[_j_"v_ EZ"h kdh]h ha_jzZz < j_amevlZzZl
"Zgguo ihkljh_gzZ k_jby iZe_h]_h]jZnbg_kdbo dzjl
oh” EZz"h"kdhc |jZgk]j_kkbb DZjlu baf_g_gbc mjh
ha_jZ k mq_Ilhf JeypbhbahklZlbqg_kdh]h ih~gylby
[ _jjblhjbb ihkljh_gu \ j_amevlZl_ fh”_ebjh\Zgby \



GZb[he__ dhjj_dlgu_ j_dhgkljmdpbb lhiglhhbb E.
ijh\h~yl ih "hgguf hleh _gbyf fZeuo haZagdhllmuz g
iZo k\h_]h jZa\blby y\eyebkv gZklwx BVZhukijdhethb ha
Iby kh\j_f_ggh]lh EZ*"h kdh]h ha_jZ \yaihdky_RKkiklggt
jb_c 1Zdbo \h*h_fh\ dzZd ;Zelbckdhh Egpglgélkdbhh_ |
ha_jh b g_ihkj_"~klI\_ggh EZ"h kdh_ghua_phjhHIgwhkb
\k_o wlbo ha_j [ue \ur_ gug_rg_]h mphikgh EAah]b
jh '\ _1h k_]h~gyrgbo ]jZgbpZo y\eyelbkiaf\hkéhqgu
Ibckdh]lh E_~gbdh\h]lh b :gpbeh\h]hbydbjbat dhgkljr
gby mjh\gy EZ~h"kdh]lh ha_jz \ iha*gadbkéZebkgb
* GH *HHU - $LOLR ( GmmjjD\bkhDh FZjdHRAZeZ
oh\kdbc 0 (NPDQ = EZd G G LVANR'h*Z- OK®DL
Ilh b ~j Gh\u_ ~Zggu_ ih dhfie_dkghdnnl2bZedman *
ha_j yleyxsboky \ jZagu_ wlZiu k\Wx]EZ4Zlaibdby q-
]Jh ha_jZ ihemqg_ggu_ \ ihke_7gb_KlhhblvilhaAjHebel
j_dhgkljmdpbb ljZzgk]j_kkb\guo wlzZin\\ jhe\tbppby E Z~

P_evx "Zgghlh bkke_"h\Zgby y\ey_I|ky khklZ\e_
hih[jZz Zxsbo baf_g_gb_ mjh\gy EZ*h kdh]h ha_jz
iZo _]lh jza\blby \ JThehp_g_ < iha”rg_f ie_cklhp_
ihke_"gb_ lukyg e_| Zd\Zlhjby kh\j_f_gghc EZ"
jby _lh \h~hk[hjzZ ij_I|_ji_eb keh gu_ baf_g-_ gby I
g_gbc azZzdexqZxlky \ h[sbo ij_h[jZah\Zgbyo iZe.
kdhc h[klZzgh\db K_\_jh AzZiz~Z _\jhi_ckdh-c gqZKklk
rboky k hlklmie_gby ihdjh\gh]lh he_~_g_gby b h[jZz
Jh ijbe_"gbdh\h]h \h*h_fZ ba IZeuo \h* b *"Ze__ ij
lJeypbhbahklzZlbq_kdbf ihAgylb_f I_jjblhjbb ijhy\e
\ qZklghklb \ baf_g_gbb gZijZ\e_gby klhdZ j_qgu
h[jzahf jZa\blb_ ha_jZ h[mkeh\e_gh debfZlbqg_kc
ehp_gh\uf Ij_g~hf gZ ihl_ie_gb_ b ] _h~bgzZfbqg_Kk
bahklzZlbg_kdbf ih~gylb_f ijbgbgzfb >Dm”_jkdbc

>ey k_\_jh aziz”~ghc qzklb EZ~"h kdhlh ha_jz il
iZe_h]_h]jZnbg_kdbo dZjl ihdZau\Zxsbo eh” EZ‘
lj_kkbb + dZze e_I| gZzaz”™ DZjlu baf_g_gby
k mqg_Ilhf JeypbhbahklZlbq_kdh]h ih*gylby §ZkkfZlI]
Ilhjbb ihkljh_gu \ j_amevlZIl_ fh”_ebjh\Zgby \ =BK



>ey ihkljh_gby dzjl k_\_jh aziz~ghc qzZzklb EZ*
hkgh\gufb bklhggbdzZfb ~Zgguo h j_ev_n_ |_jjblhj!
IlhihljZnbg_kdb_ dZjlu =_g_jZevghl]h rlZ[Z-b =hk=
ebqguo fZkrlZ[h\ Bkihevah\Zgb_ Ihih]jZznb-g_kdbo
gh k jy*hf keh ghkl_c k “h\hevgh [hevrhe \ukhlh
ev_nZ 7ey kzZfh]lh djmigh]h ba g_ y\eyxsboeky k_d
[z f Z1zZd _ k ©ihl_j_c2 g_dhlhjuo g_fZeh\Z g
Ah\zgby ~ IZe_c j_ev_nZ gZijbf_j g_[hevrbo k_*
\_dlhjghc ljZkkbjh\db ]JhjbahglZe_c k ihke_~mxshb:
ba gbo pbnjh\hc fh*_eb IThwlhfm ’\ey jZ[h|H [ueZ |

pbnjh\zy fh"_ ev$16'é(v5*®tER R R R 7
kKljZgy_ ﬂZWB$ﬂo&5fb<>¢ﬂz»<\9\ﬂfvbﬂm&gijbmlmwﬂ_@g@gﬂ
r_gb_\ h~gm m]Jeh\mx k_dmg”m MklZgh\e -gh qlh
[jb\Z_fh]h jZchgZ \ukhlgZy lhgghklv pbnjhAhc fh"
_li_j\u_ f_lju qlh ijb]h*gh *ey fh”_ebjh\Zgby \ f_
g_f fzkrlzZ[Zo

< oh”_ ih”]hlh\bl_evguo jZ[hl hI*_evigojh njZ]f_
\hc fh”_eb jzaf gBfkh_"bg_gu \ fhazZbdm i-j_ijh_r
gu ba ]_h]jZnbg_kdbo ]jZ"mkguo dhkjbbgi¥\ gjz ief
]Jgmlu nbevljZpbb ih ki_pbZevguf f_IhRB#IN AHRF

@ k p_evx mf_gvr_gby kemqgZcgugpbynkithklb bk
fZlbg_kdbo Zjl_nzdlh\ >Ze__ ih ijbhbaZ kgbff Ihil
dzjlzf [ueb hpbnjh\Zgu ]hjbahglzZeb\g*hfar\ur_f a.
gZb[hevr_c \_ebgbgu ljZzgk]j_kkbb Hdeyh mhagz |
JZ hpbnjh\Zg ih bah[ZIZf gZ\b]Zpbhdlgifd gdZpjbblhk
\k_o0 bf_xsboky \ukhlguo ~Zgguo ihenmpdpnglz\aylhqg
fhr _ev j_ev_nzZ k jZaj_r_gb_f f g4jbbrdlbxev G
k_\_jh aziz”~ghc qZklb EZ"h kdh]h bf_jKky &g Zdtblh]
| _evgh_ dhebqg_klI\h iZe_hebfgheh]bfbkabe {MZggu
gufb ~Zlbjh\dZfb gZijbf_j gZ hkljhéZ2mfik&ZIbZp <:
obi_eZ] [ueb ba]lhlh\e_gu fh”_eb j beV_nzZflkgzzZaj_
ibdk_ev ijblh~rgu_ ey djmighfzZzkrlzZzpdhyh fh~_ebjh

ljb fh~_ebjh\Zgbb ijhkljZzgkl\_gghc \_ebqgbgu
ljZgk]j_kkbb g_h[oh”bfh mqgblu\Zlv JeypbhbahklZl
Ib_ I_jjblhjbb \ jZkkfZljb\Z_fuc i_jbh” Bklhqggbd.




h ihrgylbb |_jjblhjbb \u[jZgu ko_fu >(NPDQ OINL
nhjf_ bahebgbc ihdZau\Zxsb_ kh\j_f_ggu_ kdhjhkl
[ _jjblhjbb N_gghkdzZg”~bb jbk lh ko_f_-ihemq_
f_gghc kdhjhklb JeypbhbahklzZlbg_kdh]h ih”gylby

f gZ ibdk_ev Z ey "\mo njZ]f_glh\ £ "ey jZchq
<ZezZfkdh]h Zjobi_ez]lz + k jZaj_r_gb_f -f gz il
azZzgguf ko_fzZf kdhjhklb ih*gylby khklZ\eyxl hdheh
ff ]Th™ "ey <ZezzZfzZ b ImlkzZZzZjb khhI\_IkI\_ggh

Jbk Ko_fZ kh\j_f_gguo kdhjhkl_c JeypbhbahklZz

kdh]h ih” gy liy NR P QQNUIQIHNEIR @ K| j _ K fkekidiatobhiifthi [1

agZq_gu hkljh\Z <zezZf b ImlkZzZjb

Ih bf_xsbfky fZl _jbzZezZf >$OHQLXV HW DO

DO 6 o BN A BViR e d K 21 ZKgZ0ehdéinl i@ § ¢ ) Z@ @ @&
gu \h_"bgh ~Zggu_ dZkZxsb_ky hdhgqgZl _evghc |
hkljh\Zo ImlkzZzZjb b <zZezzf Z 1Zd _ gZ k_\_jh a
EZz"h kdh]lh ha_jz 1Ijb wlhf ey fhf_glh\ \[_f _gb
xsbo gzZb[he__ \ _jhylguf ~zZl1Zf hdhgqZl _evghc b



hl EZz*h kdh]lh ha_jzZ jbk k bkihevah\zZgb_f ih
ihe_c kh\j_f_gguo kdhjhkl_c ]JeypbhbahklZlbqg_kd
pbnjh\uo fh”_e_c¢ j_ev_nZ [ueb jZkkgblzZzgu fh~_
ijhrehf 1jb ijh\_~_gguo jZkqgq_IlZo kdhjhklv ih*gyl
aZ g_baf_ggmx \h \j_f_gb qlh azZ jZkkfzZljb\Z_fuc
hrb[d_ hp_gb\z_fhc g_ [he__ q_f f

Jbk =jZnbd h[hkh[e_gby fZeuo ha ZfhkhhkBEY bZk Z
k \ jh aziz”"gh]h ih[_j_“vy EZ*"h kdh]hbha_jZ hl EZ"h

Ilhemqg_ggu_ fh~_eb j_ev_nZ khhlI\_lkl\mxsb _ f
kh[e_gby ha_j bkihevah\Zgu “ey fh”_ebjh\Zgby
]li_kkbb dhleh\bgzZz EZ~h kdh]h ha_jZ ©aZihegyeZ!
h[oh"bfhc “ey ijbkh_~bg_gby b "ey baheypbb jZ
ha_jz Lzdbf h[jZahf J[ueb ihkljh_gu dZjlu "ey \j
ah\ dZe e_I| gZaz” gZ I_jjblhjb
ImlkZZjb b <Zezzf jbk

>ey \bamZevgh]lh kjZ\g_gby \_ebgbgu |_jjblhjb
EZz~h kdhc ljZzgk]j_kkb_c \ jZzagu_ ijhf_"mldb \j_f_
\_dlhjgu_ kehb ij_~klZ\eyxsb_ dhglmj kh\j_f_gg
ebgbb EZ"h kdh]lh ha_jzZz b "jm]bo \h”guo h{t_dlh\
_fhc I_jjblhjbb Dhglmj [_j_]lh\hc ebgbb [ue ihemq
dh\uf kgbfdzf kb/k QfG V/BRY G VAaAWm k&4 m k | Z)\-] inrk 14y h
ahgZevguf kgbfdzZf k jZaj_r_gb_f f gZ ibdk_ev j
fZebah\Zgguc jZaghklguc \h~"guc bg”_dk 1RUPD



:DWHU ,QGH[ 1':, ih f_Ih*bd_ ij_"eh _gghc \ >&

@ ihke_ g_]h ihemqg_ggh_ bg”_dkbjh\Zggh_ b
kbnbpbjh\Zgh gz "\Z dezZkkzZz + ©\h"Z2& b ©g_ \h"Z
Ih\ ihiZz\rbo \ dezZzkk ©\h"zZ2 J[ueb Z\IhfZlbq_kdb I
\Zgu \ iheb]lhgZevguc \_dlhjguc kehc

Jbk Ijbf_j dZjl "ey hkljh\Z <ZezZf
+ ha :glhgb_\kdh_ + ha Abfgydh\h_ + ha <blZev_\kd
+ ha Gbdhgh\kdh_  + <hklhqgh_ b AZiz~gh_ B]lmf_gkdb_
GZ jbk ihke_~h\Zl_evgh bah[jZ _g oh™~ eZ"h Kk
kbb gZ h <ZezZzf aZ ihke_"~gb_ Ijb lukygb-e_| 1Ih
g_kdbf "Zgguf e | gzaz” ijhbkoh”bl hf{hkh[e_
Ilhgb_\kdhlh mjh\_gv \h~u EZ*h kdh]h h-a_jZ ih
Ihf JeypbhbahklzZlbq_kdh]h ih*gylby khklzZ\ey |
gh kh\j_f_ggh]h mjh\gy ;Zelbckdh]h fhjy - 1jb wll

| _evgh \ wih *_ \j_fy ijhbkoh”bl h[hkh[e_gb_ ha £



e_ |l gzaz” ijhbkoh”bl hl*"_e_gb_ ha <blZev_\k
\h~u ijb wihf khklzZ\ey_| f e_l gzaz”h[hkh[
klh\h_ mjh\_gv \h~u ih jZzkq_IlZf f e_| c
\h~u EZ”"h kdh]h ha_jZ himkdzZ_Ilky ~h hlf-ldb \
kdb “h kh\j_f_gguo agZq_gbc b ijhbkoh”bl bahey
kdhlh < wlh \j_fy ha_jzZ <hklhggh_ b AZizZz"gh
ih ij_"g_fm hklzxlky gZklvx EZ*h kdh]h ha_jZ

< j_amevlz|l_ ZgZebazZz gh\uo ~Zgguo ihkljh_gZ
liZnbg_kdbo dzZjl ihdZaulZxsbo oh® EZ”"h kdhc |
Jhehp_g_ DZjlu ihkljh_gu \ j_amevlZl_ fh”_ebjh
kj_~_baf_g_gbc mjh\gy EZ~h kdh]h ha_jzZ-k mq_l
Ibg_kdh]h ih*gylby jZkkfZljb\Z_fhc |_jjblRjbb 1jl
gbb jz[hl Jueh az”_ckl\h\Zgh ke_"mxs__ kh]jZffg
gb_ k\h[h”gZy ]_h]jZnbqg_kdZy bgnhjfZpbhggZy Kk
luf bkoh~rguf da* I6f\\djkkabh_ jk b bhH bd pu A S$ERRG) 665896 \
kbb b bgkljmf_glZip$66B\K kkid6 6 \<qkkkithdTZy b
ghklv fh*_eb khklzZ\ey_I| i_j\u_ f_lju < gZklhys__
ih khklz\e_gbx dzjl ijh~he Z_lky k ijb\e_q-gb_f [t}
g_kI\Z bkoh”guo iZe_h]_h]jZnbqg_kdbo fZl_jbZeh\
ijhkljZgkl\_gguo b \j_f_gguo ]jZgbp dZjlbjh\Zgby
dhebq_kI\Z lhg_d k ~ZlIbjh\dZfb iha\hey_Il-ijbf_qgb
]bglZ ey ihkljh_gby ih\_joghkl_c mjh\gy ‘h”*u gZ
lu \j_f_gb >5RVHQWDX HW DO @

Ebl_jZImjz

Dm”_jkdbc E : KZi_edh L <lh&ywg[iHhcklhp_gh\zZy
lJhehp_gh\Zy bklhjby ha_jZz EzZz~h]Zz Ih™ j_ » < : Jm
NjZiv_\Z KI[ G_klhj Bklhjby K +

KZi_edh L < Dmag_ph\ > > DhjglZegde\Ztghek b
]Jby \gmlj_ggbo ha_j hkljh\Z ImlkZZjb EZ" h kdh_ ha_jh

L \ui K +

$OHQLXV 7 *U|QOXQG (. /BIPR EWH+ KL/MARAD R |
ODQVDDUL ,VODQG LQ WKH QRUWKHUQ DUFKLSHOL
5XVVLD 9HIHWDWLRQ +LVWRU\ DQG $UFKDHRERMW

'ROXNKDQRY 3 0 6XEHWWR ' %K UWIDDODWIRFY 6.D
/IDGRJD /DNH WUDQVJUHVVLRQV DQG HDUO\X KXPDQ
VLD 4XDWHUQDU\ . QWHUQDWLRQDO 9 3



(NPDQ O OINEBFKQW SRVWJODFLDO UHERXQG J
WOH ARZ LQ JHQQRVFDQGLD *HRSK\V - ,QW

*HRPRUSKRPRIQFHSWY VRIWZDUH DSSOLFDWLRQ\
+ , IX[HPERXUJ 2I¢FH IRU 21¢FLDO 3XEOLFDWLRC
WLHV

5RJHUV $ 6 0.HEBWOGHKFLQJ VLIJQDWXUH YDULDE!
FRDVWDO PDUVK 7KHPDWLF ODSSHU VFH®HRQRWL G
-RXUQDO RI 5HPRWH 6HQVLQJ 1 3 +

SRVHQWDX $ OXUX 0 6WRQWNDII$ VHHW W OHPHQW
VKRUH GLVSODFHPHQW LQ WKH 1DUYD /XJD .OLQW

%RUHDV 3 =

6DDUQLVWWRH +RORFHQH ODQG XSOLIW QHRWHI
ODPR 9DODDP /DNH /DGRJD 1: 5XVVLD AXDWt
9 3 +

0$331,* 2) 75$16*5(66,9( 67$*(6
2) /$.(/$'2*$ '85,1* +2/2&(1(

$ 9 7THUHNRRY 6D'SHONR

 QVWLWXWH RI /LPQRORJ\ 5%$6 6DLQW 3
3HWHUVEXUJ 6WDWH 8QLYHUVLW\

$ VHULHV RI PDSV VKRZLQJ WKH H[WHQW RI /IDGRJ
DQG EDVHG RQ ODNH VHGLPHQWY PXOWLYDULDWI
FUHDWHG 3UHVHQWO\ WKHVH PDSV GHISILFK DWKH
9DODDP 9DODPR DQG 3XWVDDUL DQG WKH UHJLF
7KH PDSV ZHUH FRQVWUXFWHG WKURXJK *56 EDVH
WLRQ PRGHOV DQG FRQVLGHULQJ WKH SRVW JODF

J:AJ:;HLD: I'E?H=?H=J:NBQ?KDHC ;:AU >:GGUO
3$/(221(*2
< : =mj[bg > : Km[_IIlh F K 1lhlZobg
BgklbIml \hAguo ijh[e_f K_\_jZ DZjGP J:G
lj_~klZ\e_ggZy [ZaZ ~Zgguo g_h[oh”~bfZ ~ey j_dh

gy \h~u Hg_"kdh]h ha_jZ \ ihke_e "“gbdh\h_ \j_fy
jZaebgqguo =BK fh*_e _c¢



< ij_"_eZo Jhkkbb gz I_jjblhjbb J_kim[ebdb DZ
liz"kdhc b <heh]lh”~kdhc h[eZkl_c jZzkihehbggh \Ihj
ij_kgh\h~gh_ ha_jh ?\jhiu + Hg_ "kdheZ lehdsi*v
khklz\ey_|I dfd ba dhlhjuo dZo ijbatktpiky
\h\ Ijhly  _gghklv ha_jzZ k k_\_jZ ggZxd"Z gZ dhkk
lhd £ df ;Zkk_cg ha_jzZ jZkihehZldbgh xXsm® dh
gZklyo a_fghc dhju = ;Zelbckdhf sbl_ bhbzZkkk&dhc
keh _g Ijm~rghjzkl\hjbfufb Zjo_ckdh ijithljh/hz&ahckd!|
fb b ihwlhfm fbg_jZebaZpby \h” ijbdhpgh\hh_lg&fh]
gbadzy = fl e qglh \ gb _ qg_dh\{hhta_ j|&Zz"h
H[t_f \h*ghc fZkku ha_jZ "hklbkz_71gyy dém[bgZ :
f fZzdkbfZevgzZy = f < ha_jh ébghkk [hje db
df ba dhlhjuo lhevdh j_d bf_xI| "ddbd&mhhphba_
ha_jZ hkms_kl\ey_I|ky ih j_d_ K\bjbtug\ EZshc k\h
kdh_ ha_jh lehsz”v \h*hk[hjgh]lh [ZkKka cj&ZkHg_"
klz\ey _| dfdo [_a iehsZ”b haaZih>Hg_@kdh_
>hggu_ hleh’_gby Hg_"kdh]h ha_jz ij_"klz\e._
e_"gbdh\ufb e_glhggufb ]JebgZfb iha”g_e_£gbdh\v
fb ha_jgufb Ze_\jblZfb b bezZfb Jhehp_gZ E_glhqog
ghklvx ~h  f nhjfbjh\Zebkv \ ijbe_"gbdh\hf \h”~h_:
aZe_]Zxl gz fhj_g_ ihke_"~g_]lh iharg_\Ze”~Zckdh]
[hevr_c qzZklb ~gZ ha_jghc dhleh\bgu Z Izd _ \ ij
xsbo gbaf_gghkl_c “h Z[khexlguo \ukhl + f =e
k_jh]l]h beb dhjbgg_\h]h p\_1Z \klj_gzZxlky jhah\u_
Fhsghklv ]h*bgguo kehcdh\ £ \Zj\ hljz ZxsZy kdh
gZdhie_gby baf_gy_Iky hl i_j\uo kzglbf_Fh\ \ h
sb *h i_j\uo fbeebf_Ijh\ \ __ djh\le_ GZ hkgh\Zghb
]bg_kdbo b ]_hojhgheh]bg_kdbo bkke_~h\Zgbc \ «
\u”_eyxlky kehb hlghkbfu_ d [_eebg]lm Kkj_~g_fm
Am b fheh”hfm ~jbZkm nhjfbjh\Z\rb_ky \ bgl_j\Ze_
dZe_g”~Zjguo e_| gZazZ™ < gZqZe_ fheh~h]h ~jbZk
gby djZzy e_"~gbdzZ ba \h*hk[hjgh]lh [Zkk_cgZ Hg_"
"h_f_gZqZehkv hleh  _gb_ ]Jhfh]_gguo Ze _\jblh\ z
Ibg_kdh]lh i_jbh”Z + debfzZlbg_kdh]h hilbfmfzZ ]Jhet
lukyq e_| gZzazZz” £+ gZqZehkv hkzZz ~_gb_ beh\ GZ i



e_"gbdh\vy b Jlhehp_gZ mjh\_gv Hg_"kdh]h ha_jZz
f _gyeky ijb his_c |_g”_gpbb d kgb " _gbx GZb[he_
AN _gby mjh\gy ha_jZ \vuaulZeb hdbke_gb_ 2hgguo
fbjh\Zgb_ dhjbgg_\Zluo ijhkeh_\ ]Jebg b Ze_\jblh\

azZgb_ j_d b dzd ke_”"kl\b_ ijb\ghk i_kgZguo qz
nhjfbjh\Zgb_ kehcdh\ i_kgqZguo hleh  _gbc->>_fb"
jh\z @ Bkke_"h\Zgb_ ~_kyldh\ ha_j \ jZchgZ

d Hg_"kdhfm ha_jm k\b”_|_evkl\m_I| h gZqZe_ bo
ehp_g_ ihke_1Zygby fhsguo fZkkb\h\ ih]j_[_ggh]
[ueb ihemqg_gu ba d_jgh\ *hgguo hkzZ”*dh\ g_[hevr
eZ]lZxsboky \ ZgZeh]lbgguo ]_heh]lh J_hfhjnheh]bc
yo J_dhgkljmdpby baf_g_gbc ijbjh~rghc kj_"~u iha”
jiZgg_]h Jhehp_gZ y\ey_Iky ZdlmZevguf \hijhkhf b
Ibggh]lh i_jbh~Z b Ij_[m_I fgh _kI\Z “"Zgguo ba jZa
Ilhggbdh\

>ey bamg_gby “hgguo hleh  _gbc kbki_WbhZlbaz
kharzZgby dzZjlh]jZznbqg_kdbo fZl_jbz&Rk\Z[uz&_kha”
]_hljZnbg_kdbo "Zgguo ©3DOHR2QHJIRA_eHlIgh[h _
fZI_jbzezZf bf_xsbf “_IZevgh_ hibkZgbgujBaj_aZz
bklhggbdzZfb IZdhc bgnhjfZpbb y\eyxlklely-_I\_jlbc
gby “hggu_ hkz”~db ha_j Ihjnygu_ aZe_ b

Kijmdimjm ~\mf_jghc I1Z[ebpu ;> ©3DOHR2QH
klhe[pu b kljhdb Bo ZgZeh]zZfb \ kigmadlyhey[Zau
xlky ihey b azZzibkb K\hckl\Z ihe_chh[ZagZfZggu
agZg_gb_ ih mfheqZgbx mkeh\b_ dbiagZfg gb_
guo |I_dklh\hc gbkeh\hc ~zlz \j_fly fkq [hed ih
rhc h[t_f I_dklz eh]bg_kdbc ]bi_pkkdadZ” Ko a”
guo g_h[oh”bfh mihjy*hgblv bgnhjfZpbpalg4dzaeb
dzf 7~ey Ihlh glh[u ihlhf bale_dZzZIvilbba @Zf *ggh[oh
gu_ \ ex[hf khgq_IlZgbb K~*_eZlv wlih \tkkafh-"gdg |h
gu_ klijmdImjbjh\Zgu KljmdImjbjh\ZgbeZt wgblt gZ]|
h kihkh[Zo ij_~klZ\e_gby “Zgguo

K p_evx h[jZ[hldb kbkl_fZlbazZpbb b kljmdIimjbj
fZpbb g_h[oh”bfhc ey j_dhgkljmdpbb jZa\blby H
\i_jbh” iha”*g_e_7"gbdh\vy £ jZgg_]lh Jhehp_gZ [



"Zgguo ©3DOHR2QHJR2® HgZ h[h[sZ_I| k\_~_gby i
hleh” _gbc Hg_"kdh]lh ha_jz b \hAh_fh\ jZkiheh _
eZo b g_ihkj_"~klI\_gghc [ebahklb ]jZzgbp fZdkbfZe\
\blby HIH ;ZaZ ~"Zgguo \dexqZ_I| bgnhjfZpbx h[ I
gb_ ]1_hljZnbg_kdb_ dhhj*bgZlu hkgh\gu_- fhjnhf
jZdl_jbklbdb b h[jZapZo “hgguo hleh  _gbc Jem]l
hleh” _gbc b bo fhsghklv \b”u ZgZebah\ eblheh]l
fhluc ]_hobfbg_kdbc kihjh\h iuevp_\hc b-*j \ b
gby jZ”"bhml]e_jh~guc $06 ki_dljhf_Iljby b *j

;ZaZ ©3DOHR2QHJR2 kha”ZgZ \ nhifEaJgh06 ([
"ey ~"Zevg_cr_c h[jZ[hldb ~Zgguo b felindjgiro gby
=BK h[hehqdZo >ey gZiheg_gby [ZauwWbkibavah)
jZ[hl B G > _fb~h\Z G ; EZLjhKhc
R_e_oh\hc b ~j ;ZaZ iZebb] "Eggdudq_|
CBIDOOHHRR2A IR Z i\ ¢ yVKit 7R ledylp d | kRihY hbcennibt Helghyl degjak riald him
g_gby "Zgguo ih j_]bhgm bkke_"h\ZigbyDbgmrtcjZ\e
ijbez]lzxlky ebl_jZImjgu_ bklhggbdbbemhjfZMY X S
;ZaZ ~“Zgguo fh™ _| ijbf_gylvky ijb iZebohpbkkKlgZnbq
"h\Zgbyo Hg_"kdh]h ha_jzZ HgzZ h[_Bjhgbdgh!| klj
0jZg_gb_ klZlbklbg_kdmx h[jZ[hldrmkI]{Xen bgb kdh
NZgguo jZajZ[hldm kp_gZjb_\ jZa\blbghiZ&bhmdh
Zpbb j_dhgkljmdpbx iZe_h]_h]jZnbgmkdb»®_mkeh)\
kj_~u \ lhehp_g_ kha”Zgb_ j_]lbhgZekgpheghj f_¢
eh]l]bg_kdbo rdZe 1Ih kh”_j Zsbfky \ [BEalhkiZgguf
a"Zlv “"bgZfbdm \hagbdgh\_gby hj]Zgho_lkikho q_|
" _gbc Hg_"kdh]h ha_jZ gZgbgZy k ihgZglheys*gbdh
\j_fy \ j_amevlZI|_ ZgZebaZ ebl_jzZIm4igubZeZ\ob\
\ [Za_ "Zgguo h[h[s_gu k\_~_gby h o hkef _azZo *
gbc \h~Ah_fh\ ?s_ ih ha_jZf bgnhjfZglZy\[akZ_ihe
ijh\_~_gby wdki_~bpbhgguo jZ[hl ih ]jZglm JGN «
©Hg_"kdh_ ha_jh b _]Jh \h~hk[h]j bkHhhhbyZz4a_ heh
\blby hk\h_gb_ qg_eh\_dhf b kh\j_f\gbhhg &ihklhy
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Bkke_ _~h\Zgb_ \uiheg_gh aZ kq_I| 1jZglZ Jhkkbckdh]h
ijh_dl <



JZaj_au “~hgguo hleh  _gbc ij_"klZ\e_ggguo \ [Za_
«3DOHR2QHJIR?®



Ebl_jZImjz

> fbrh\ BJBa\blb_ he_~ g _gby b nhjfbjh\Zgb_ q_I\_
eh”_gbc gZ AZhg_"kdhf ihemhkljh\_ Db kdbe \_kligh
\h~kd Z K +

> fb”rh\ B KGh_gb_ e_glhqguo ]Jebg b hkh[_gghklb *
P_gljzevghc DZj_ebb <hijhku ] _heh]bb ~hd_-f[jby DZ
\h~kd [ K +

> fb~rh\ B>Bggu_ hleh _gby b dhe_[Zgby mjh\gy Hg_

\ iharg_e_"gbdh\v_ = heh]by b ihe_agu_ bkdhiz_fu
|_ljhaz\h"kd DZjGP J:G K +

D\Zkh\ >ljhbkoh ~_gb_ dhleh\bgu Hg_"kdh]h-ha_jZz
gheh]lby Hg_"kdh]lh ha_jz E K =

EZ\jh\Z G JZa\blb_ jZklbl_evghklb [Zkk_cgZ Hg_ kd
oh~r_ ~_1jzZz"Zpbb ihke_~g_]lh he_~_g_gby =_heh]by &
fu_ DZj_ebb <ui I_ljhaz\h"kd DZjGP J:G K

Hg_"kdh_ halejak HI\ j_~ G G NbeZzZlh\ I_ljhaz\h?
J:G k
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7KH SDSHU SUHVHQWYV WKH GDWDEDVH UHTXLUHG
ZDWHU OHYHO LQ WKH SRVW JODFLDO SHULRG DQ
PRGHOV

IJBF?G?GB? =BK >EY J?DHGKLJMDPBB
;?2J?=H<HC EBGBB HG?@KDH=H HA?J:
< JJAEBQGU? DEBF:LBQ?KDB? I?JBH>U

F ; Ah[dh% : Kmf_LIhX LZjZkF\ K IhlZobg

Bgklblml \h~Aguo ijh[e _f K_\ _jZ DZjGP J:G
Bgklblml yaudZ ebl_jZImju b bklhjbb DZjGP J:C
[jb\_~_gh hibkzZgb_ j_dhgkljmdpbc [_j_]lh\hc ebg
ha jzZz \ jZaebqgu_ debfzZlbg_kdb_ i_jbh”u-gZqgbg
"bb ihke_"g_]h he_"_g_gby “h iha”~g_]h km[ZleZc¢



guo iml_f h[jZ[hldb pbnjh\hc fh~_eb j_ev_-nZ PF.
klb A_feb b PFJ dhleh\bgu Hg_"kdh]lh ha_jzZz DZj
fZzl _jbzZe ih”"]lhlh\e_g \ \b”"_ we_dljhgguo dZjl jZaf
s_f rhklimi_ \ k_Ib Bgl_jg_I

Kh\j f ggu_ ] _hbgnhjfZpbhggu_ kbkl_fu iha\h
\h~blv jZkq_Il rbjhdh]h ki_dljZ ozjzdl_jbklbd ih\_
eb dhlhju_ gzZklh g _h[oh”bfu “ey ijh\_~ gby gZmi
gbc H~gZdh pbnjh\h_ dZjlh]jZnbg_kdh_ ihdjulb_
r ¢ kljzgu hkh[_ggh k_\ _jguo __ mgZzZkldh\ azZqZz
gh "ey dijmighfzZkrlZ[guo j_dhgkljmdpbc |I|-j\hc az
dhgkljmdpbb ha_jghc dhleh\bgu Hg_ "kdh]h iZe_h
ky k[hj "hklimigh]h dZjlh]jZnbg_kdh]h fZl_jbZeZ t
_]lh hkgh\_ pbnjh\hc fh" _eb j_ ev_nzZ PFJ lhkdh
fhr _ev j _ev_nZ ij _"~klzZ\ey_ | kh[hc fZl_fZlbqg_kdh_
ih\_joghklb A_feb Kk ijbf_g _gb_f =BK hgZ iha\he
\ukhdhlhggu_ jZzkqg_lu mjh\g_c¢c ha_jZ \ jZaebqgu_ |
jbh~u Z 1Zd _ hij_~_eylv hkgh\gu_ fhjnhf_djbq_kd
klbdb ha_jz dzd \ kh\j_f_gghf khklhygbb 1Zd b \

Ilhkdhevdm \ g_dhlhju_ bklhjbg_kdb_ i_jbh”u Hg
\h~h_f bf_e ijhly _gghklv k k_\_jZ gZ x] [he__
fuc jZchg bf_ | agZgbl_evgmx ijhly” _gghklv d

x] b df k aZziz~"Z gZ \hklhd Q _luj_om]hevgbd b
gZ fh gh az~Zlv dhhj*dlgztzgdh ~ mk r g\ ~

H~rghc ba azZz”"Zq “Zggh]h bkke_ _"~h\Zgby yley Iky
ki_dlb\guo mqzZkldh\ ey ihbkdZ gh\uo Zjo- heh]b
dh\ ihwlhfm \ dZq_kI\_ [Zah\hc pbnjh\hc fh”_eb
_|Iky bkihevah\zZlv "Zggu_ k gZb[hevrbf ijhkljzZgkl
r gb_f

< gZklhys__ \j_fy ~hklmigu ~\_ k\h[h~gh jZkijh
]eh[Zevgu_ pbnjh\u_ fh~ _eb j ev_nzZ A _feb k ijhk
jZaj_r_gb _f f_g_ f bf xsb |hdqub \jZkku
12chg86*83636765mm@mm YR P S AT P R A L
LWDO (OHYDWLRQ ORGHO b $67(5 *! (0 $GYDQF
(PLVVLRQ DQG 5HAHFWLRQ 5DGLRPHWHU *OR
I _j\Zy ij_"~klzZ\ey_ | kh[hc “Zggu_ ihemqg_ggu_ im




gby a_feb k ihfhsvx jZ*"bhl_e_kdhiz IjhkljZgkl\_g
gb_ wlhc fh*_eb khklZ\ey_|I m]leh\u_ fbgmlu betl
gZoh”~blky f_""mk f b f x r >ZggZy fh”-_ev 0Z]
am_Ilky \ukhdbf jZaj_r_gb_f b gbadbf dhebg_kl\hf
gZdh hgz g_ fh | [ulv ijbf_g_gZ ey j_r_gby ihk
"Zq ihkdhevdm azZzo\Zlu\Z_| ebrv g_[hevrmx x gm
[jb\Z_fh]lh gZfb mqgzZkldZz

Pbnjh\Zy fh”_ev [ GeAM ST O8IV CHUIZ T  BliifiiNeo)] | |
amevlZlu "~bklZzgpbhggh]h ahg”bjh\zZghbwf_kjzZihfhsv
ljhkljzgkl\_ggh_ jZaj_r_gb_ wlhc fh”*mgdhkmrklZhey _
gmlm beb f ihdjulb_ gZoh”blky f_f*m r-fCG_r
kfhljy gZ \ukhdh_ jZaj_r_gb_ b rbjhwdhc ifthdjudb _
ijbkmlklI\m_I| [hevrh_ dhebqg_klI\h \ukhlgukhbgzd_nZ
"Zgguo qlh agZgbl_evgh mkeh gykihevamia&idb_ kd

cevl_jgzZlb\hc A"\mf hibkZgguf fh*_eyf j_ev_nZ vy
jZ[hldZ dmfmeylb\guo PFJ h[t_"bgyxsbo bgnhjfzp
**(0 b 86*6 6750 '(0 Z lzd _ ijb\e_qgq_gb_-~Zgguc
]bo hidjuluo bklhgqgbdh\ [Zdbo dzd Ihih]jZnbqg_kd
gu LZdmx ~hjzZ[hldm "~ey [hevr_c qZklb A_fgh]h
-RQDWKDQ GH )HUUDQWL ihemqg_ggu_ bf "Zggu
Ihf "hkIlmi_ gZ kZcl_ KWWS ZZZ YLHZ¢{;QGHUSD
b [ueZ bkihevah\ZgZ “~ey \uiheg_gby gZrbo iZe_h
HI* _evgu_ nj_cfu "Zgguo ihdju\l\Zxsb_ bamqgz_fm>
[ueb h[t_~bg_gu \ [blguc jzZklj b ij_h[jZah\Zgu
870 OHUNDWRU :*6 ahgz "ey k_\_jgh]h ihen
ijh_dpby bkihevah\ZezZkv gZfb ijb \k_o ~Zevg_crb
kdhevdm ozZjzdl_jbam_Iky fbgbfZevguf bkdzZ" _gb_
gbc b iehsz”_¢ Z bamqZ_fuc jZchg ijZzdlb-g_kdb i
Ablky \ij_~ _eZo h*ghc ahgu wlhc ijh_dpbb

GZ ke_"mxs_f wlZi_ [ueZ kha”rzZgz PFJ kh\j_f_g
Hg_"kdh]h ha_jzZ BgnhjfZpby h j_ev_n_ "gZ [ueZ
\b]Zpbhgguo dzZjl Hg_ "kdh]h ha_jzZ b j K\bjv >Fbg
jhgu KKKJ @ iml_f hpbnjh\db Ihgq_qguo ijhf_j
KD Imedh\h ] HIf _Idb ]Jem[bg gZ gZ\b]Zpbhgg
aZzgu “ey kj_"g_]h mjh\gy ha_jZ GIM <_jog_k\bjk



ebsz = f ;Zelbckdhc kbkl_fu \ukhl ;K lhke_
"Zggu_ [ueb i_j_ijh_pbjh\Zgu \ KD 870 OHUNDWF
"ey k_\_jgh]h ihemrZjby >Zggu_ h iheh-_gbb k
j_lh\hc ebgbb b hkljh\h\ hpbnjh\Zgu kh kimlgbdh
ijhkljZzgklI\_gguf jZaj_r_gb_f f \ 870 iijhadig_ 8-
pbb F_jdZlhjz gz we®®ikhdlh b *jm]bo | hdlZjjRiiijZmibc
kdb_ kehb JZkq_l PFJ dhleh\bgu ijhba\h”*beky \
bkihevah\zgb_f f_Ih~Z DjblbglZ k [Zjv_jzZfb \ dzZ
\ukImizZeb [_j_lh\u_ ebgbb ha_jzZ b hkljh\h\ rZ] k
f Yqg_cdb gZoh”b\rb_ky az ij_"~_eZfb [Zjv_jh\
gu dzZd imklu_
>Ze__ pbnjh\Zy fh”_ev dhleh\bgu h& j& 4ueZ ijb
exlguf hif_Idzf \ ;Zelbckdhc kbkl_f_ \gKhk I Kh\f_.
[_j_1h\hc gzklb I_jjblhjbb iml_f azZf_jZkdjry qgrb d |
yg_cdZfb jZkljZ ]Jem[bg JZaj_r_gb_hi&hgehgghtt PF
A_fgzy dhjz \ jzkkfzljb\zZ_fhf jZchg_ \h \j_fy he_
gbl_evgh ijh]b[ZeZkv \ j_amevIZI_ klZlbg_kdhc g
_“gbdh\uo ihdjh\h\ Thke_ IZygby e_~gbdh\ |_jjb
\ZeZ dhfi_gkZpbhggu_ ]JeypbhbahklZlbqg_kdb_ ih"
"Zebkv gZ k_ckfbg_kdhc ZdlIb\ghklb |_jjblhjbb ih
]h\uo ebgbc Hg_"kdh]h ha_jz khhighr_gbb _]h IjZ
li_kkbc GZzZb[hevr__ ih~gylb_ bkiuldebvik Hgjgu_ ih
kdh]h ha_jz 1zZzd dzd gz k_\_j_ fhsidhhdkhkxzZe[dgBdh'
[he__ agzqbl_evghc ih kjz\g_gbx k xZgufbj4Zbhgz
_gl i_j_dhkzZ dhleh\bgu gZ df khzdkdZ\eeyg hdh
eh f e g = =+ f lufk >»_ fdp " B\ @
Ilhwlhfm ~Zgguc nZdlhj g_h[oh”bfh magblgbWbHvidjb i
e_hj_dhgkljmdpbc >ey j_]j_kkbb iggmg Pgghd kh)
\bAm bf_\r_fm f_klh \ [he__ jZggb_bkithjbjg [kndb _
_lky hij_~_eblv Ij_of_jgmx fh”_ev \_hekd g blpgr kedyhp b h
]h ih~gylby jZkkuIjb\Z_fhc [_jjblhjbb A\ \B#&IZ)\Dkv
Ijh\uo "Zgguo hij_~_eblv jZklj JeypbhihadlgklBho gk
_]h |hfhsvx \uqbkeblv iZe_h PFJ \GVZR]@fk]kh—D\NF
EERNTRFRAIOHHANM@DER | X "G:'i' Py i iy itaiean
I theypbb [_j_1h\hc ebgbb Dbf m’\Zehkva’Yﬁ\Zbgbk)‘/ k




f_ Ih"Z fbgbfZevghc djb\bagu H"gZdW §gwa-ihkemc
oh” ijbf_gblv g_ m”~Z_|ky Bamqg_gbhkN\ZldmglkgHey|
]h ih~rgylby |I_jjblhjbb Hg_"kdh]h hakpMZgzks[hdvey
rbo dexg_\uo mqgzZkldZo dhlhjuo \ hlksglkel ke&hlghkll
ky \k_]h \hk_fv j g~ 1_]j_fu i hd HilgZkbghuhrh
j g™ R_elha_jh i h\ ;_kh\ Ghk jhg hjd \frkijh filgdhy]
b x'gZy qzklv AZhg_"kdh]lh i h\Z ddhfjZkihehwlb I
gu \[ebab kh\j_f_gghlh ih[_j_"vy HgjZkidhTh eha_jZ
gu \ ijhkljzgkl\_ g_jz\ghf_jgh Ihkdhevdinzd-_h ]h\z
\h~h_fZ \ g_dhlhju_ bklhjbqg_kdb_ i_kbRh~yggZokhbe
\j_f_gghc [he__ q_f gZ df Ih ijbff_Idh" "tb geabuo
g_cghc bgl_jiheypbb \vuau\Z_| agZgbduevigldeh _jlb
g_gby ?72bgkl\_gguf \Zjbzglhf \ "ZdghfiKefmgZz_ y\
gb_ ebg_cghc bgl_jiheypbhb

K mqg_Ilhf wibo iheh  _gbc jzZkq_I jZkljZ -Jleypbhtl

]h ihrgylby bkke_~m_fhc |I_jjblhjbb \ i_jbhfu k ~jk
eZglbdmfZ ijhba\h*beky gZ hkgh\_ “Zgguo W B :
>> \ylh\Z > \ylh\Z b 7] @ b =

khz\l > @ Z ih "Zgguf B G >_fb”*h\Z > @ -
jbh~zZ iha”g_]lh e_"~gbdh\vy >ey i_jbh”h\ k "jbZkz
dmfzZ jZklj jZzkkgblu\Zeky hI*_evgh ~ey fZdkbfZevc
guo mjh\g_c dZ " ~h]lh \j_f_gghlh bgl_j\ZezZz >ey i_

e_"gbdh\vy + e g dh]*Z ljzgk]j_-kkby _:
gbl_evghc jzZkkgblu\Zeky lhevdh h”bg jZklj ih~gy
B G >_fb”h\zZ > @ "ey i_jbhnZ e -g <k_

bahklZlbg_kdh]lh ih~rgylby jZkkgblu\Zebkv iml_f b
g_qguo ~“Zgguo lj_of_jguf ihebghfhf ¢ kl-i_gb k
gb_f =BK B HHU HU w | b flyb thiZ i 8KX &d 29\ kidi\g kYo livfiog hod
g_IlzZ jzkljz bkihevah\ZezZkv jZaghklv \ukhlguo hlf
iZe_h\h~h_fZ b kh\j_f_ggh]lh mjh\gy ha_jZ

GZ ke_"mxs_f wlzZi_ ijhba\h”“behkv \ugbdzZgb_ |
bahklZlbg_kdh]h ih*gylby ba PFJ qlh ihal\hebeh
PFJ "ey dZ "h]lh ba bamqZ_fuo \j_f_gguo i_jbh”h)

Iljb j_ZebaZpbb ~Zgghc f_Ih"bdb mqgblu\Zebkyv
\ual\Zggu_ ke_"mxsbfb nzdlhjzZfb



ihlj_rghklv \ukhlguo hlf_lIhd bkoh~gh]h jZkljz
ihlj_rghklv \ hij_~_e_gbb hlf_Ihd bahklZlbq_
Iby a_fghc ih\_joghklb
ihlj_rghklv \hagbdZxsZy ijb bgl_jiheypbb hl
klZlbg_kdh]h ih~rgylby a_fghc ih\_joghklb
Ihkdhevdm jZklju JeypbhbahklZlbg_kdh]lh ih*gyl
ebkv hlghkbl_evgh kh\j_f_ggh]h mjh\gy ha_jZ Ih
e_gguo ih]j_rghkl_c kmffZzjgu_ ~h\_jbl_evgu_ bgl
fZebkv hl \ukhlghc hif_Idb kh\j_f_ggh]lh mjh\gy ha
j_lh\Zy ebgby kljhbeZkv gZ hkgh\_ iZe_h PFJ
Ih~]hlh\e_gguc \ j_amevlZl_ wlhc jZ[hlu dZjlh]jz
I_jbZe “hklmi_g \ we_dljhgghc nhjf_ >Km[_Ilh b
>ey ijh\_jdb “hklh\_jghklb \uiheg_ggegpdLfb bg
[ueh ijh\_~ _gh bo kjzZ\g_gb_ k *"_I|ZekilgmfdbpbzZe _h
yfb W B >_\ylh\hc >>_\ylh\Z \ylh\Z b 7*j>_
@ \uiheg_ggufb “ey hI*_evguo myakddh\ ih[_
kdh]lh ha_jz KjzZ\gb\Zebkv hqg_jlZgbwkdpho\tha [_j_
bah[jZ  _gguo gZ dZjlhko_fZo Z |IzZd ih&hihklZ\e
gby [_j_lh\hc ebgbb b jZkiheh _gb_bbz}&lhjdhdZz
]bg_kdbo iZfylgbdh\ KjzZ\g_gb_ ihdgay ¢ hj dhh ih
\hc ebgbb b __ h[s__ hq_jlZgb_ gZ lgZzibdukk _fZc
j_dhgkljmdpbyfb W B > _\ylh\hc h/hdBjdh bf xlky
lhgghklb \ qzZklghklb hlkmlkl\b_ bieto kdZ j_gb _
ev_nZ \ualZggu_ [hevr_c \_ebgbghcxih]¢gkyghklb
ijb bkihevah\Zgbb PFJ
?s_ h~gbf kihkh[hf y\ley_I|ky ijh\_jdZ \azbfghl]h j:
Zjo_heh]bq_kdbo iZfylgbdh\ [_j_Jh\hc ebgbb \ jZz
"u khlezkgh gZr_c fh~_eb >ey ijh\_jdb bkihevah)
Zjo_heh]bg_kdbf iZzfylgbdZf ihemqg_ggu_ ba g.
ihe_\uo hlig_Ih\ dZj_evkdbo Zjo_heh]h\ >@mjz\e_\

@mevgbdh\ LZjZzkh\ b *j - F_ev
fZg =_jfZg B\Zgbs_\Z b 7j Eh[Zgh!
jZkh\ @ 1jzdlbg_kdb \h \k_o kemqgZyo-izZzfylghb

ky \ij_~_eZo dhe_[Zgbc [_j_]h\hc ebgbb jzZkkqghbl
gZr_c fhr_eb Z _keb b hldehgyxlky hl g__ 1h g_



glh fh gh h[tykgblv ]hjbahglZevghc ih]j_rghklvx
fh~_eb j_ev_nZ khklZ\eyxs_c ihjy*rdZz f- Bkdex
eyxl lhevdh klhygdz I_]j_fz , hdZazZ\rZyky gZ jZ

f hl [_j_1Z \ klhjhgm ha_jz b ~\Z izfylgbdz \
<h ' fZjboz gzijhlb\ jZkiheh b\rb_ky kebrdhf "Ze_
\h~u \ klhjhgm [_j_]1Z G_kfhljy gZ mdZaZggu_ bk
ehf fh gh mI\_j"~Zlv qlh ihkljh_ggZy gzZfb-fh"_ev
klZlhggh Ihqghc b z~_d\Zlghc HgZ ijh”~_fhgkljbjh
gb_ [_j_1h\u_ mjh\gb x gh]h ih[_j_"vy ha_jZ gZq
ZleZglbgq_kdh]lh i_jbh~Z ijhoh”"beb gZ agZgbl_evg
kh\j_f_ggh]lh [_j_]Z ha_jZz ~h g_kdhevdbo-khl f_I
s__ \j_fy gZoh”ylky ih” \h~“hc WIlhl j_amevlZl |Z
leZzkm_Ilky k Zjo_heh]bq_kdbfb "Zggufb <-gZklhy:
“Zo x ghlh ih[_j_"vy fh gh \klj_Iblv “"h\hevgh fgh]t
Zjl_nzdlu ZlezZzglbq_kdh]h + km[ZleZglbqg_kdh]h i_
g_kdb \u[jZku\Z_fu_ rlhjfZzfb b ijhbkoh”ysb_ g_k
aZlhie_gguo klhyghd gZoh”ysboky gZ agZqgbl_ev(«
[Lj_1Z >Kz\\zIl_ _\ @

JZ[h1Z ijh\_~_gZ ijb ihA~_j°d_ 1jZglZ JGN «

Ebl_jZImjz

=_jfzg D J®Wkdhidb ihk_e_gby I_ljhaz\h~kd J_kim[e

HI ;Zelbdb "h MjZeZ BaukdzZgby ih Zjo_heh]bb dzf
luldZzj K +

> \ylh\Z W IBe_h]_h]jznby klhyghd R_elha_4Z jo
kdb_ iZfylgbdb [Zkk_cgZ Hg_"kdh]h ha_jz 1_ljhaz\h"

K +

> \ylh\Z WIjlBh~rgZy kj_~Z b __ baf_g_gb_ \ lhehp_g_
k_\_jZ b p_gljz Hg_"kdh]lh ha_jz I_ljhaz\h*"kd DZjGP

> \ylh\Z WIZB_h]_h]jZnby b hk\h_gb_ q_eh\ -dhf DZj.
e_gby *j_ \g_c DZj_ebb | _ljhaz\h~"kd DZjGP J:G

> \ylh\Z W B Eh[Zgh\Z G < INkeaAlh\W]jZnhy Zjo_
heh]bg_kdbo izfylgbdh\ Jjmiiu Ibg”"mr b Fmjhfkdh_ 1j_
NZ gZ aZk_"Zgbb Mqg_ghlh kh\_1Z BgklblmlZ ]_heh]bb
\h~"kd DZjGP J:G k

> fb~rh\ B HGfZdkbfZevghc klZ*"bb jZa\blby Hg_"kdh]t
dh\hlh ha_jzZz baf_g_gbb _]1h mjh\gy b JeypbhbahklZlbqg



[ j_"bc \iharg_e_ _"gbdh\v_ = heh]by b ihe_agu_ bkc

<ui I_ljhaz\h~"kd DZjGP J:G K *

?ebgz = EmdzZrh\ : > Xjdhakdzyg _Pgidodh\v_ b ]l
ehp_g <hklhgghc N_gghkdzZg”~bb iZe_hjZklbl_evghklv
I_ljhaz\h~"kd DZjGP J:G k

@mevgbdh\WgFhebl DZj_ebb 1zZfylgbdb k ihjbklhc b
d_jzZfbdhc I1_ljhaz\h”kd

@mevgbdh\HIg | h[ Zjo_heh]bg_kdbo jZza\_"dZo ;_el
o_heh]lbg_kdhc wdki_~bpbb I_Iljhaz\h~*kdh]h Jhkm"Zjkl'
|_1Z gz I_jjblhjbb J_kim[ebdb DZj_eby \ Ih~m 1_1Ijh

@mjz\ez\ :1_[j_fz Ihk_e_gby wihob wg_heblz 1_ljha:

B\Zgbs_\Z F < Dmevdh\Z F :ljbKizNgedhijbp<kku \
Jhehp_g_ x'gh]lh Ijbhg_"vy ih fZl_jbzZeZzZf dhfie_dkguo
fghlhkehcgh]lh ihk_e_g®By LnGhhebhb®y kd6_ hdnmbelbm jad &
ghc ?\jhiu Ojhgheh]lby iZe_hwdheh]lby I1jZ*"bpbb FZ

gZj dhgn ihk\ys e_Ibx < | Lj_lvydh\zZz Kzgdl I_|
fZy ] KI[ K +
Dhkf_gdh FFgh]hkehcgu_ ihk_e_gby x'ghc DZj_ebb

\h~kd
Eh[Zgh\Z GHIg_I h ijh\_~ gbb Zjo_heh]bq_kdbo jZ[
fhjkdhf b Ehmokdhf jZchgZo J_kim[ebdb DZj _eby \

F_evgbdh\ B < =_j™4g\Pb _Wihk_e_gby x gh]lh AZh¢
f ahebl £ wg_hebl I _ljhaz\h~kd
Fbgbkl_jkIhnfhjhgu KKKJ Hg_"kdh_ Ha_jh b j K\

[_\u_ dZjlu >DZjlu @ =eZ\gh_ mijZ\e_gb_ gzZ\b]zZpbb b
kd\Zz FZkrlZ][

KzZWZzZIl__\ X :jo_heh]bg_kdb_ izZfylgbdb x'gh]h ih[
Hg_"kdh]h ha_jZz jo_heh]lbq_kdb_ iZfylgbdb-[Zkk_cog
iz 1_ljhaz\h~kd K +

Km[_Ilh > Ah[dh\ F ; lh1Zobg F K>WeZj@kh\
l[jhgguc j_kmjk DZjlu@ J_"bf ~hklmiZz KWWS ZZ.
ODS-RXUQDO LQGH[ KWPO"DSSLG G ED H G
h[jZs_gby

LZjZzkh\ © NhnZgh\h , ijjoaf jjjbdo | dodih \arode \ig jriooeai Vil |
ghc ~_yl_evghklb wihob jZgg_]lh f_IZeezZ \ e_kghc ahg
ju <hklhgghc ?\jhiu wlZehggu_ iZfylgbdb b hiRjgu_ dh
[_dkl_ kh\j_f_gguo Zjo_heh]bq_kdbo bkke_~h\Zgbc A.
gbd <ui KI[ F:W J:G K *



LZjzkh\ : X FmjZrdbg : B 6hjf{Zg lDkk®_"h\Zgby ¢

X ghf He_gv_f hkljh\_ Hg_"kdh]h ha_jZz Dhevkdbc |
K +

$67(5 *OREDO 'LIJLWDO (OHYDWWRQ dOjIhg gh@ QR XQ
kmjk@ KWWSV DVWHUZHE MSO QDVD JRY JGHP DV

'LJLWDO HOHYDWLRQ GDWD >We.¥YLjHEg®®G H Ukn
SDQRWHPDV

-DNREVVRQ 0 %M|UFNSHFRVRVY XHFW IDZD] WKH <R >
GDPPHG ODNH LQ WKH %DOWLF %DVLQ %DRWK\PHYV
3ODQHWDU\ &KDQJH L 1 K +

8 6 5HOHDVHV (QKDQFHG 6KXWMeOHIj/iog@@8c(PHYIL
kmjk@ KWWS 7ZzZzZ MSO QDVD JRY VUWP

* 6 %$6( 5(&2167588&7,21 2) 21(*2 /$.( 6+25(/,1(
'85,1* ',))(5(17 &/,0$7,& 3(5,2'6

0 % =RENRY 6XEH®WVWR7DUDVBY SRWDNKLQ

1RUWKHUQ :DWHU 3UREOHPYV ,QVWLWXWH
,QVWLWXWH RI /IDQJXDJH /LWHUDWXUH DQG

7KH DUWLFOH SUHVHQWY WKH GHVFULSWLRQ RI V
GXULQJ GLIIHUHQW FOLPDWLF SHULRGYV VWHDUWLQ
6XEDWODQWLFXP 7KH SRVLWLRQ RI VKRUHOLQHYV
ELQHG GLJLWDO HOHYDWLRQ PRGHO '(0 WKDW L
GLJLWDO ODNH GHSUHVVLRQ PRGHO 7KH HIBDWXOW!
(% PDSV RQ WKH ,QWHUQHW

HP?GD: >HE=H<J?F?GGUO BAF?G?GBC S+
< HA?J:0 D:<D:A: F?LH>HF ;BHBG>BD:PBB
>B:LHFH<UC :G:EBA

< E JZamfh\kdbc E < JZamfh\kdbc
Bgklblml \h~Aguo ijh[e_f J:G

JZ[hlZ ihk\ys_gZ ZgZebam ijhp_kkh\ fheg]lh\j_f_
gby S+ \ fZeuo ha_jZo DzZ\dZaZ ;u¢dhubkhkeZ™h\Z
db ba iylb ha_j AZiz~ghlh b P_gljZlegh\hld kz\dZ
ke _"h\Zgbc kliZeb ~bzZlhfh\u_ dhfie_dkhetb@mdg g



"hgguo hleh” _gbc >H >ey j_dhgkljmdBgbgdltke _
S+[leeijpdf gg ggijpmgmb i mydnrblbdptbb | bAyfiteet] blmg k
[jh\ < jZ[hl_ bkihevah\Zgu j_ameviZhjZiylthygh]l
>ey bkke_~h\Zgguo ha_j [ueb ihkljh fgwyghlu ~he
baf_g_gby gbke_gguo agZq_gbc S+ “eBh _evghklyv
e_| Ihkljh_ggu_ Ij_g”u gbke_ guld il 2d &dr\kic! kn+
xI ' h[ hlkmlkl\bb aZf_Ilguo baf_g_gbdMhkazjdd AZ
aZ b h \ujzZz _gguo ijhp_kkZo aZs_ePqlg\ygbdy \ h:
gh]l]h Dz\dZazZ >ey hdhgqZl_evguo \m&h*"h¥XzZlk_[m:?
rltZfgu_ bkke_~h\Zgby

<\_"*_glH"rghc ba gZb[he__ h[km ~Z_fuo ]_hwdr
|_f \h \Ihjhc iheh\bg_ ]h klhe_Iby [ue \hijhk hJ[
ghf aZzdbke_gbb ha_j < ~"Zevg _ cr_f klZeh hg_\b”"
ijh[e_fzZlbdZ ~“he " gZ h[km ~ZIvky gZ j_]bhgZevgh
kdhevdm khqg_lZgb_ ijbjh”guo b Zgljhih]_gguo nzZ
"hlh j_]lbhgzZ jZabl_evgh hlebgZ_Ilky

FZeu_ ha_jZ bf_xsb_ iehszZ”v \h~gh]h a_jdZeZ
yleyxlky 1jZ*"bpbhggufb h[t_dIZfb ey wdheh]bq_
eh]l]bg_kdbo j_dhgkljmdpbc WIh k\yazZgh k-1_f ql
gby >H fZeuo ha_j hfuggh g_ bf_xI i_j_qu\h\ \
ie_gbb <k_ h[ke_"h\Zggu_ ha_jzZz DZjzZd_ev >hg
A_jdZevgh_ b DZjru\zZq = hI\_qgzZx!l wihfm |j_[h\Zgl

Ijb hp_gd_ ljZgknhjfZpbc ijhbkoh”ysbo-\ ha_j
kl_fZo \h \j_f_gb IljZz*bpbhggh bkihevam_-lky f_|I
lh ZgZebaz >bZlhfh\u_ \h*hjhkeb deZkk %DFLC
2FKUR S K\WDh dth rilzjlhidh kjl4 K gy h&ojZyg 1jowid¥ Y prhhijh Kb
gb_ agzZgbl_evgh]lh ki_dljz \b~h\ bg”bdZlhj{h\ iha\
gh j_dhgkljmbjh\Zlv baf_g_gby gbke_gguo agZqg_c

FZl _jbZe b f_lkhu\k_o iylb ha_jZo k ih ]
hih[jZgu dhehgdb “hgguo hleh _gbc >H \ p_qgljZ¢
Zd\Zlhjbc k fzdkbfZevguo ]Jem[bg

KIjmdIimjm b h[t_f i_j\bggh]h fZl_jbZeZ khklZ\be
"ebghc kf ha ;hevrh_ kf ha A_jdZevgh_
"ulZq kf ha DZjzZd_ev b kf ha >hg]lmahijr
[ueb jZzaj_aZgu k bgl_j\Zehf \  kf



HI[hj h[jZzaph\ h[jzZ[hIdZ ijh[ ba]hlh\e_gb_ ihkl
iZjZlh\ ih”kqg_Il b b”_glbnbdZpby kl\hjhd 2bZIhf_
ebkv ih klzg~zZjlguf f_lh*"bdzf >>Z\u~h\Z 5H
Ihfbfh dezZzkkbqg_kdbo nhjf "bzZlhfh\h]h ZgZebaz *
e_gguo agZq_gbc S+ \ jZ[hl_ Jue ijbf_g_g ijbgpb!
[bhbgrbdzZzpbhgguo f_Ih~h\ >Fhbk__gdh JZamfh\k
A"m_I| hkh[h ih*g_jdgmlv glh hkgh\ghc iheh bl_e
ijbf_g_gghc f_Ih~"bdb yl\ey_Iky ~hklh\_jgZy j_dhg
ih\' b gZijz\e_gghklb Isaf 27 gg brAdge | FadiklegZdgmiudo g
gbc dZd IZdh\uo Bkoh”ghc bgnhjfZpbhgghc [Zahc
g_lZ gbke_gguo agZg_gbc S+ ihkem'beZ jZ[hlZ K
khz\l > @

Hij_~_e_gb_ \hajzklz >H ijh\_~_gh f_Ih~hf bahl
jh\Zzgby&V JE \ BgklbIml_ ] _hobfbb b ZgZeblbq_k
bf < B <_jgzZ”~kdh]lh J:G ih klzg”~Zjlguf f_Ih”bd.

@ b \ Bgklblml_ fbg_jZeh]bb bf < K Kh[he_
hi" e _gby J:G >DZem]bg b 7j >Zjvbg DZer
sbc \hajzkl dhehgdb >H ba ha DZjZd_ev hij_"_e_
ml]e_jh~gh]l]h $06 ~“Zlbjh\Zgby jZ"bhml]e_jh~rgZy
] lhagZgv IlhevrZz >KWGILR.FSDYIBRQ

J _amevlZlu b h[knk/h[gbapZo >H ba ha ;hevrh]h
br_glbnbpbjh\Zgh lZdkhgh\ bg”*bdZlhjh\ jG J
gbke_gguo agZ¢bbgblkkHhh gmahdelljh gggwiht] hh gAY
al\hey_ | k"_eZlv aZzdexq_gb_ qlh dZlbhggh Zgbhg
aZ ZgZebabjm_fuc ijhf_"mlhd \j_f_gb azf_lgh g_

jbk <hajzkl bkke_"h\Zgguo ha_jguo hleh
\Ze_ £ kf a e |

< h[jZzapZo >H ba ha A_jdZevgh]h Jueh b”"_glt
lZdkhgh\ bgrbdzZIhHbgh@ [j_g~Z ihkljh_ggZy ih
kgblZgguf agZq_gbyf mdZaul\Z_| gZ g_agZqgbl_
dZlbhggh Zgbhggh]lh [ZeZgkZ \ klhjhgm aZs_eZqb
jbk <hajzkl bkke_"h\Zgguo ha_jguo hleh _gb

< h[jZapZo >H ba ha DZzZj*ulZg [ueh b~ _glbnb

1ZdkhgZ bg”bSZ|BFKkE 4| qibikleq gyalos ekALN debkeey i |
kI\m_| h \ukhdhf mjh\g_ klZ[bevghklb ha DZj"u



wdhkbkl_fu ;hevrbgkl\h jZkkgblZgguo agZg_gbc
hg_gv g_agZgbl_evghf bgl_j\Ze_ + -jbk
"h\Zgguo ha_jguo hleh  _gbc \ bgl_j\Ze_ + kf a

Jbk >he]h\j f ggu_ baf g _gby gbke S9guo agZq.
\'Ij_o ha_jZo AZiz*"gh]h Dz\dzZaz
< h[jZapZo >H ba ha DZjzZdzev [ueh b”_glbn

IZdkhgh\ bg”b dsz itk E2ydhi @ kdditoyy behh & kK hisgdidaiik f SSs-
euo \h~# * \ wihom ihklhygguo k_e_\uo koh?”

l[jZevguf beb keZ[hs_ehqguf * \h \j_fy hdh
ij_djZs_gby k_e_\h]h \ha”_ckl\by jbk >JZamfh
kdbc JZamfh\kdbc @ Ke_"m_I| hif_Iblv

mkbe_gby kmevnZlghlh dhfihg_glZ oZjZdl_jgu \ w



jZaguo Ibih\ \h~h_fh\ hkh[_ggh “ey ha_j b k\yaz
_f jZkl\hj_gby ]bikZ b Zg]b”jblz \ gb g_f ihyk_ ]h

N @ <hajZkl bkke_~h\Zgguo ha_jguo hleh ¢
< h[jZzapZo >H ba ha >hg]lmahjmg ih S+ ijbmjh
br_glbnbpbjh\Zgh [Zdkhgh\ bg”*bdZlhjh}y Ebghb

kljh_ggZy ih jzkkqgblzZzgguf agZq_gbyf mdZau\Z_
kf_s_gb_ dzZlbhggh Zgbhggh]h [ZeZgkZ \ klhjhgm
hl d jbk <hajzkl bkke_"h\Zgguo ha
gbc a e_|

Jbk >he]lh\j_f ggu_ baf_g_gby gbke_gguo agibg_gbc
ha_jZo P_gljZevghlh DzZ\dZaz

:gZeba ijbgbg baf_g _gby gbke_ $¢udbdidegqhgbc
\Zgguo ha_jZo iha\hey | mI\_j"~ZIv qglh klZ[bevgl



azZl_ey az\bkbl \ i_j\mx hqg_j_"v hl jZkiheh _gby
jZ d [ebae_"Zsbf Jhjzf b ]b”"jh*"bgZfbqg_kdh]h j_"bf
ha_jh beb g_ijhlhggh_ Ha_jZ ;hevrh_ b A_jdZev
kdehgu ]hj g_ihkj_~kI\_ggh d Zd\Zlhjbb ha-j g_ ijl
gh \ wlbo ha_jZo ihdZaZl_ev S+ gZb[he__ klZ[b
g_f_gyeky Ha_jh DzZjru\Zq ijhlhggh_ b h[jzZfe_qgt
:dlib\gh_ ihkimie_gb_ h[ehfhggh]h fZl_jbZeZ ijb\_
I_evghfm kf_s_gbx gbke_gglroblaldedty] hif bm a&As beekad
\Zgbx ha_jguo \h~"

Ha_jzZ DZjzZzd_ev b >hglmahjmg jZkiheh -gu \ jzZ
ghlh Dz\dzZaz ]~_ khklz\ ]Jhjguo ihjh™ bghc qlh I
f_\Z_| [he__ Zdlb\gh_ kf_s_g®+\\kihh hlgdmea/ Ss+edlZ
gb\zZgby ha_jguo b j_qguo \h~

lhemqg_ggu_ j_amevlZlu k\b”_I_evkl\mxl h Ihf
ijhp_kkh\ aZdbke_gby \ Ihf gbke_ Zgljhih]_ggh]h
]Jbhg_ \uy\blv g_ m~Zehkv H~”gzZdh ih fg_gbx i_j!
ijhp_kku fhlml ijbkmlkl\h\ZIv qglh \ dhg_qghf blh]
Zdlb\bazpbb ijhp_kkh\ jZajmr_gby ]Jhjguo thjh” b
ih\ aZzs_ezZgb\zgby

<u\h”u

l[jh\_~_ggu_ bkke_"h\Zgby ijh~_fhgklibjh\Zel
ghklv ijbf_g_ggh]lh f_Ih~Z jZzkq_1Z gbke_gguo ag
"helh\j_f_gguo j_dhgkljmdpbc

>ey ha_j jZkiheh  _gguo \ jZchg_ AZzZiZ”~ghlh
I_jgh hlkmlkl\b_ aZf_lguo baf_g_gbc ihdZaZl_ey ¢

>ey ha_j bkke_"h\Zgguo \ jZchg_ P_gljZevyg
f_g_gu *helh\j_f_ggu_ ijhp_kku aZs_eZqgb\Zgby h

<u\h?u h[ hlkmlkl\bb ZIfhkn_jgh]lh aZdbke_gt
jbb Dz\dZaz ghkyl g_hdhgqgZl_evguc ozZjzdl_j b |
rbo bkke_"h\Zgbc

Ebl_jZImjz

;Zjbgh\z K K F_"M\_"~ \Z E : ;9obkbalghthHZab_ \h
"hjhke ¢ + bg~bdZlhjh\ hdijm Zxs_c kj_“u L_ev :\b\

;Z1l_j[bJ < m~rZ \Z E F =Hkh]bggkkkb Jhjguo ih
Ihdh\ P_gljZevgh]h DzZ\dZaZ dZd h[t_dIh\ fhgblhjbg]Zz



fhrbnbdZpbb b djbl_jbb wdheh]lbqg_kdh]lh ghjtbjh\Zgb
gZj kbfiha GZevqghbd i bxgy ] E =b~jhf_I_
K i

>Z\urh\Z G b&lhfh\u_ \h*hjhkeb = bg”bdZlhju ijbjh"g
\bc \h~h_fh\ \ Thehp_g_ E GZmdZz k

>Zjvbg : < DZemJbdhBklimdpby debfZlZ =hjgh]h :e
"Zgguf eblheh]lh ] _hobfbg_kdbo bkke_ _~h\Zgbc *hgguo

e_pdh_ Ba\_klby J:G k_j ]1_hlj < K i
DZem]bg B : >Zjvbg : < ;&[bgy¥ j<dhgkljmdpby kj
g_]lh*h\uo |_fi_jzZImj :elZckdh]h j_]bhgZ ih eblheh]h ]
bgrbdzZlhjzf "hgguo hkz~dh\ ha L_e_pdh_ >hdez”
L < K *

Fhbk__gdh L B JZamflBkidby fEIh¢bdZ j_dhgkljmd
dZlbhggh Zgbhggh]h [ZeZgkZ \ ha_jZo “bZlhfh\uc Z¢
:dz~_fbb gZmd H[sZy [bheh]by L < K 1

JZamfh\kdbc>kelh\j_f_ggu_ baf_g_gby IZdkhghfbq_k
Imju *"bZlhfh\uo dhfie_dkh\ \ "\mo ]hjguo ha_jZo DzZ\dZ
ijh{e_fu lZzdkhghfbb wdheh]bb b bkihevah\Zgb- \ fhgbl
Zeu “hdez”~h\ ,,, F_""mgZj gZmqgq dhgn ;hjhd + Z
eZ\ev NbebljzZgv K +

JZamfh\kdbc E < JZamfh\kldibl¢gZgbye gh\_crbo wdhl
kl_fguo kh[ulbc \ ha_j_ DZjzZd _ev ih i_j_hleh  -gguf *b
ie_dkzf <_klg Lxf_gkth]W]dhe hrhlgy < K +

$SSOHEWG6HGLPHQW UHFRUGY RI IDOORXW UDGLR
WR VWXGLHV RI VHGLPHQW ZDWHU LQWRH@DFWLRQ
1 3 +

KWWS 7ZZZ UDGLRFDUERQ SO

SHQEHWISURFHGXUH IRU SUHSDULQJ ODUJH V&
VHGLPHQW FRUHV -RXUQDO RI 3DOHROLPQRORJ\

$66(660(17 2) /21* 7(50 S+ &+$1*( ,1 &$8&$686
/$.(6 86,1* %,2,1',&$7,21 0(7+2' ',$720 $1$/<6,6
9 / 5D]XPRYVN\ / 9 5D]XPRYVN\
‘DWHU 3UREOHPV ,QVWLWXWH RI 5$6

7TKH VWXG\ GHDOV ZLWK WKHKDQIHOAVRX QRG @R QUIPWE
VXV ODNHV 7KH VHGLPHQWVDQGEP&HQN ODM HAD RFF D
H[DPLQHG 7KH GLDWRP DVVHGEPHDQWY |UR PZWKR WH
REMHFW RI WKH VWXG\ 7R HWWLH BWGUR ® RIXFBOL ¢



XQL:{FDWLRQ SULQFLSOH ZDWW\WXIWG G568 UR® H WK HF
FHVV /RQJ WHUP S+ FKDQJH VFD OHNUWYDWREE 2H B A
IRU DOO WKH LQYHVWLJDW HEGQRDRDIM R BKAHK B © MA\D O
&DXFDVXV ODNHV EXW SUR WG Q/& H Q DWW WHRO IDNDHW\D ¢
&DXFDVXV ODNLQJ PRUH GHWRU®KGE FRGING DWIFKQZ

=?HJ:>:JGH? H;KE?>H<:GB? >HGGUO HLEH@ ?GE
F:EUO HA?J D:J?EBB

JyaZgp_\ A B Kemdh\kdbc : B Jh”bh
Bgklblml ] _heh]bb DZjGP J:G

< klzlv_ ihdZazZgu \hafh ghklb ]_hjZ*"bhehdzZpbb
euo ha_j DZj_ebb Bkke_"h\Zgu hkh[_gghklb k[h
"Zgguo “ey hij_~_e_gby fhjnheh]bb dhlehYbgu b |
guo hleh _gbc gZ ijbf_j_ ha Q_luj_o\_jklgh]h JZ
ijhku bkihevah\Zgby ]_hjZz"bhehdzZpbb \ dhfie_dk
gufb f_Ih~rZfb bamqg_gby \h~h_fh\

GZ k_]h~rgyrgbc » _gv “hggu_ hleh™ _gby jZaebqc
mki_ohf bkke_"mxlky *"bklZgpbhggufb f_Ih2AZfb ]_h
ihevah\Zgb_ iha\hey | b _glbnbpbjh\Zlv fhjnheh]
N eblv eblheh]bg_kdb_ jZaghklb juoeuo ihjh™ k
\uy\blv ehdZevgu_ h[t_dlu b g_h”ghjh~*ghklb H"g
f ITh h\ "ey j_ r _gby ih~h[guo aZ”"Zq gZ Zd\Zlhjbyo
NZjgZy kt_fdzZz ]1_hjzZz"bhehdZpby ljbgpbi ~_ckI\b
] _hjz~"Zjghc kt_fdb hkgh\Zg gZ baemqg_gbb gZghk
kh\ we_dljhfZz]gblguo \heg b ijb_f_kb]gZeh\ hljz
gbp ahg”bjm_fhc kj_~u bf_xsbo jZaebqgu_ we _d
k\hcklI\Z ><ezZ”~h\ KIlZjh\hclh\ @ GZ[hj aZibk
kbJgzZzeh\ ljzkk ij_~klz\ey_ Iky \ \b~_ g_ij_ju\gh]
jZ™ZjhljZffu

DzZd ihdZaulzZxl bkke_ _"h\Zgby jZaebgguo Z\lhjh
DO <eZ”h\ b 7j ;h[jh\ b 7j @ ]_h
ihal\hey | ihemgblv rbjhdbc ki_dlj bgnhjfZpbb h k



guo hleh”_gbc bkoh”y ba baf_g_gby kdhjhklb j.
we_dljhfzZz]gblghc \hegu < jy~_ ijZdlbq_kdbo jZ[h
dh Ojbklhnhjh\ 6DPEXHOOL %DYD @ "
gZ hkgh\_ ZgZebazZ \hegh\hc dZjlbgu fh gh b”*_g
gbpu juoeuo hleh”_gbc b dhj_gguo ihjh” \h~h_fh
kl_i_gvx “hklh\_jghklb

< ij_"klzZ\e_gghc klzZlv_ jZkkfzZljb\Zxlky ‘hijhku
lh h[ke_~h\zZgby ijb bamqg_gbb fZeuo ha_j-DZj_eb
ljhaz\h~"kdzZz ha Q_luj_o\_jklgh_ ha DZf_gguc
P_ev ijh\h”*bfuo jZ[hl aZdexqgZeZkv \ kh\_jr_gkl\h)
db ]_hjz~Zjghlh h[ke_"~h\Zgby fZeuo \h~h_fh\ b _]
dZg_kI\_ \kihfh]Zl_evgh]h kihkh[Z ijb ]_hebfbqg_Kk
gbb “hgguo hleh _gbc GZ hkgh\_ ihemqg_gghc bg
gyeZkv fhjnheh]by ~gZ \u”_eyebkv hl*_evgu_ kl
f_glu hkZz*hqghc lhesb dhjj_dlbjh\Zebkv Ihqdb hl

JZkkfhljbf j_amevlZlu bkke_~h\Zgbc gZ -ijbf_j_
\_jklgh]h jzkiheh _gghlh \ fbdjhjZchg_ Dexq_\Zy
gb_ _]h dhleh\bgu ihdZazgh \ jZ[hl_ >1hlZebg
AN e_gu lJem[hdh\h*gu_ mqgZkldb \ k_\_jghc b p_gljZ
b hij_~_e_gZ kj_"gyy ]Jem[bgZ \ f >hggu_ hleh
fhlh \h~h_fzZ ij_"klzZ\e_gu kZijhi_e_f b Ze_\jblh\uf
fhsghklv ihjyrdz f Ze_\jblZfb fhsghklv f ok
fb Jebgzfb fhsghklv f >EZ\jh\Zz @ =_hjz"Z
\Zgb_ ha Q_luj_o\_jklgh]h \uihegyehkv ijb[hjhf H
guf [ehdhf F p_gljZevgZy qZklhlZz F=p \\_k_
ih ih\_joghklb ev*Z <k_]h [ueh \uiheg_gh - ijhnbe
lu dhlhjuo ijb\yaul\Zebkv ijb ihfhsb *36 gZ\b]ZIlhjZz

GZ jbk N _fhgkljbjm_Ilky jz~zZjh]ljzffz ey hl™_e
ey dhlhjuc \uklmizZze \ dZqg_kI\_ hihjghlh 1Zd dZc
[ueb ijh[mj_gu kd\Z bgu jmggh]h [mj_gby - Kt_fdZ
eZkv k jZzaghc \j_f_gghc jZza\_jkldhc - gk
eZ ijZdlbdZ gZb[he__ bgnhjfZlb\gz kt_fdz- gk
f_ ijbkmlkl\m_1 fgh _kl\h ihf_o dhlhju_ aZljm~gy:
b bgl_jij_lZpbx GZebqgb_ ihf_o h[mkeh\e_gh \eb
e_"h\h]h ihdjh\Z hlghkbl_evgh ihgb _gguf m~_e

| b
\



g_kdbf khijhlb\e_gb_f \h~u ijbkmlkl\b_f e-glhqggu
j_a_ djhf_ Ihl]h emgdb kd\Z 'bg kha”zZxl gZ[h] "D
\heg = 1Zd gZau\Z_fuc ©a\hg?

Jbk Hihjguc ]_hjz~Zjguc ijhnbev gZ pkdgleX_luj_o\

+ ]jZgbpZ “hgguo hkz~dh\ + ]ljZgbpZ fbg_jZevgh]lh hkgh\.
"bgu jmggh]h [mj_gby

G_kfhljy gZ gZebqgb_ ihf_o ih hkyf kbgnZaghk
lh kblgZez gz jz~zjh]ljzff_ ~hklZlhggh m\_j_ggh h
liZgbpu i_j\Zy ba dhlhjuo bgl_jij_Ibjm_Ilky dzd
Agh Z \lhjZy £ djh\ey fbg_jZevgh]lh hkgh\Zgby Ih
\ his_f \b~_ khhiI\_IklI\m_1I| bf_xsbfky ebl_jZImjguf
j_amevlzlZf [mj_gby Djhf_Ih]lh gZ jZaj_a_ gZql
ij_~iheZ]zZ |ky gZebgb_ ]Jebgbkluo hkz~dhYt \ lhes
" gbc "gZ WIh h[mkeh\e _gh baf_g _gb_f \Rhegh\hc
g_gbb k ijb[j_"ghc gZklvx \ bgl_j\Ze_ % -GZ ibd.
[exrZ |ky baf_g _gb_j_ ev_nZ fbg_jZevgh]h hkgh\.

<k_ihemqg_ggu_ ] _hjz~Zjgu_ ijhnbeb h[t-"bg_gl
kb\ "Zgguo ihkljh_gu dZjlZ Jem[bgu ha Q _luj_o\_
\ jog_c djhfdb fbg_jZevgh]h hkgh\Zgby jbk e
pbb ihal\hey_ | k”_eZlv \u\h”u h Ihf qglh fhinheh]b
ki\m_I nhjf_ dhleh\bgu ha_jzZ dhlhjzZzy \ k\hx hqg_j
\ZgZ aZ kq_I| | _dlhgbgq_kdbo gZjmr_gbc gb-_e_ "Zs
kdh]l]h nmg"zZf_glz

Ilhemqg_ggu_ jZ~Zjh]jzZzffu b k\h"gu_ dZg¥yu Jem]
ah\Zebkv 7ey dhjj_dlbjh\db ]_hobfbdykdhjg hijh
guo hleh™ _gbc Bkoh”y ba ko _fu dhlah\bguyklgZ he
ghf hl[bjZebkv ijh[u k jZaguo mjh\g_btek]big_Ihf



Jbk DZjlu ha Q_luj_o\_jklghlh ihZggwfglgthjzih »
"bhehdZpbb

2 dZjlZ Jem[bg \h*gh]h kehy ; = dZjlZ Jem[bg ljeZdgbpu f_""r
gbyfb b fbg_jZevguf ~ghf

Wlh ihalhebeh ijh\h”blv ]_hobfbqg_kdij_~deZoeyp
hrgh]l]h kehy k mqg_Ilhf kghkzZ b i_j_hhehZ| gby enkz"
JZg__ ijh\_"*_ggu_ ]J_hobfbqgq_kdb_ bEkehgidvrdgdy dl
eh”_gbc ha Q_luj_o\_jkigh]h Jem[bdhg Als_f \uy)\
gby \ kZfhc \ _jog_c gqZklb hkzZ~hqglhZlphZajy azZz dh
euo f _|IZeeh\ b *jm]bo fbdjhwe f glhgZaZgmhgh\i
fb >Kemdh\kdbc F_~"\_"_\ @ GZnynedMibg ij_\t
gu "ey s_ehqguo f _|Zeeh\ £+ BE &Wo /dZbjyaddbb hi.
e ¢ hdjm Zxs_c kj_~u dzZd 3E : U MKLZghXe &fh &
glh gZ ] _hobfbg_kdmx ki_pbnbdm \ gogbokEéth\ b
kbevgh_ \ebygb_ hdZaulZ | | _oghlZd duac @ZdlhjolZ
\_jklgh_ jzkiheh  _gh \[ebab h b\e_gghlgZkWhfb[be\
e _agh”hjh'guo iml_c djhf_ Ih]lh dZhjol'shitr mq
nhg aZljyag_gby djmigh]h ]Jhjh*zZ phzadb\thykely IIhky |
Ah[gu_ dhfie_dkgu_ jZ[hlu ijh\h"bebXkegum dhA "jzn b c

\'ij_*"_eZo ] I_ljhaz\h~"kdZ + ha DEEffHuG Zhhkogha
\_ihemg_gguo *Zgguo mklZgh\e_ _ghyghlh_Kihpdb*bh
\Z 1 ijhkljZzgkl\_ggmx hjb_glzZpbx ijb hi[hj_ ijh]

<uiheg _ggu_ bkke_ _~h\Zgby ~hdZaZehzZWwapZ dlb\
ijb h[ke_"h\Zgbb ~“hgguo hleh _gbc fgéujof\h~h_fl
IZpby jz~Zjh]ljzZff ihal\hebeZ mklZgh\gl& bhmd2Zh]b



fuo h[t_dlh\ b \u”_eblv _]h g_h”rghjh*gpH[ldZ xKha”
sbo dzZjl h[_ki_gbeh hij_*_e_gb_ dhleendbglZblem
fbg_jZevgh]lh hkgh\Zgby >hdZazZghbygfh '] IhjJZ"bhe
kimizlv \ dZg_KkI\_ "hihegbl_evgh]EejaZkbBBE ekl e
hi[hjZz ]_hobfbg_kdbo ijh[ b k lhqdhb aj gbg[dhlh”
Abfh \uihegylv gZ i_j\uo wlZiZo bkkehhdhZggbcc *hg:

Ebl_jZImjz

;h[jh\ G X Djueh\ K K Dbk_eljbf?2g Xgbb 4] hjZ
"bhehdzZpbb \ ]Jb”jheh]bb AZibkdb ]hjghlh bgklblm
K +

<eZ"h\ F E KIZjh\hcld\_2 _gb_ \ J_hjZ*"bhehdZpbx
F=M k

<eZ"h\' F E KlZjh\hclh\ : < DZezZhgBdbheh&zZphb
hggu_ bkke_"h\Zgby gZ ij_kgh\h~guo Zd\Zlhjbyo Bg®

< K +

EZ\jh\Z G G,_dhlhju_ hkh[_gghklb khklzZ\Z kihjh\h i

ki_dljh\ iharg_e_"gbdh\uo hleh’ _gbc Hehg_ pdh]h ieZl

ihe_agu_ bkdhiZz_fu_ DZj_ebb <ui | _ljhaz\h~"kd Dz
K +

Hf _evyg_gdh : < OjbklhAH&RpH\ @®dghi&lb ]_hjZ"bhehdz
h[\h~*g_gguo kj_~" =hjguc bgnhjfZpbhggh ZgZeblbqg_
gZmqgh |I_ogbg_kdbc "mjgZe < K +

Ilh1Zobg FFKjnheh]bq_kdb_ hkh[_gghklb \h~h-fh\ ] 1I_
kdz <h~gZy kj_~Z b ijbjh~gh I_jjblhjbZevgu- dhfie_
gb_ bkihevah\Zgb_ hojZgzZz FZzZl_jbZeu ,9 Rdheu dhgn
mqg_guo k f_""mgZj mqgZklb_f * Z\] ] I _ljha
J:G K *

Kemdh\kdbc A B F_%\ j*bdZewgh_ jZkij_"~_e_gb_ ft
we_f_glh\ \ ~hgguo hleh _gbyo fZeh]h ha_jZ \-mkeh\by
ghc kj_"u <h~rZ obfby b wdheh]by < K *

ORRUPDQ % - /DVW 1 *ORXEPRCGHQBWUDWLQJ U
WLRQV LQ SDOHROLPQRORJ\ 7TUDFNLQJ (QYLURC
PHQWY 3K\WLFDO DQG &KHPLFDO 7THFKQLTXHV %K
HUV 3 +

6DPEXHOOL &DWHDVIV %G\ $ *35 VXUYH\ RQ-D PRUL
HUQ ,wDO\ IRU EDWK\PHWU\ ZDWHU YROXPH DQG
Rl $SSOLHG *HRSK\VLF¥Y 9 3



*5281' 3(1(75%$7,1* 5$'$5 6859(< 2) .$5(/,$1
60$// /$.(6 6(',0(176

3 $ 5\D]JDQWVHY $ , 5RGLRQRY = , 60X
,QVWLWXWH RI *HRORJ\ .DU5& RI 5$6

7KH DUWLFOH GHDOV ZLWK WKH *35 PHWKRIGHWR
IHDWXUHV RI GDWD FROOHFWLRQ DQG SURFHVVLC
DQG VHGLPHQWY VWUXFWXUH ZHUH LQYHVWLJDWH
/IDNH 7KH PDWWHU RI XVLQJ *35 PHWKRG LQ FRPEL
Rl VWXG\LQJ ZDWHU ERGLHV ZDV FRQVLGHUHG

KH<J?F?GGH? FBG?J:EHH;J:AH<:GB?
< HA?J:0 I?LMOH<H DMEMG>BGKDHC KL?IB

? : H\"BgZ > KIljZoh\ @dB ?jfhéz _\Z
? X AZjmlbgZ< KZeludh\

BgklbIml ] _heh]bb b fbg_jZeh]bb KH J:G ] Gh
Bgklbiml \hAguo b wdheh]bq_kdbo iGH[enkibKH kit G

JZkkfhlj_gu "\ _ ha_jgu_ kbkl_fu ha I_Imoh\h m ~
I Imoh\h m ~ K_\ jdZ jZkiheh  _ggu_ gZ jZkklh
hl ~jm]Z \ Dmemg”~bgkdhc kl_ib Dhfie_dkhf kh\j_f
g_kdbo f_Ih~h\ bamqg_g we_f_glguc khklZ\ jZaebq
ha_ jguo kbkl_f < \_jogbo ]JhjbahglZo "hgguo hlet
fbgbjmxl d\Zjp “hehfbl ieZ]l]bhdezZa \ \b”- ijbf_k
ky ]1Zebl Ijhgz dir < gb 'gbo ]JhjbahglZo j-adh ij_
fbl \k_ hklZevgu_ gZa\Zggu_ fbg_jZeu ijb-kmlkl\n
f k_ ¢ HkzZ~ gb_ Zmlb]_gguo fbg_jZeh\ jZkkfhlj_
gby ijhp_kkh\ djbh]_gghlh fbg_jZehh[jZah\Zgby

< Dmemg”bgkdhc kl_ib f_""mj_qv_j Bjdur b H
ghf ijhkljzgkl\_ jzZkiheh _gh [he__ ha_j jZa
jZaf_jghklb b obfbg_kdh]h khklzZz\Z \h™” \ mkeh\by
b kl_igh]h ezZzg”rznlz G_h[uggZy i_kljhlZ obfbq_
\h~ \ ha_jZo jzZkiheh _gguo gZ jZkklhygbb g_kdl



f_ljh\ gZ ijhly _gbb fgh]bo e_I ijb\e_dzZ_1| \gbfz
jZaguo ijhn_kkbc

Dmemg”~bgkdzZy ™ _ij_kkby gZoh”blky f_"Am Ijbh]
NZjkdbf iezlh b ij_"klZ\ey_ | kh[hc m”ebg_ggh_ qZ
gb _gb_ hildjulh_ gZ k_\_jh aziz® >Dh\Ze-_\ (
gb _ggu_ k_\_jgZy b k_\_jh \hklhggZy qzZklb _]h
exlgu_ \ukhlu ihjy~rdz * f ijbmjhg_gu-d ih~gt
h{kdh]h iezlh X'gZy b x]lh azZziz*"gZy qZklb-~_ij_kk
e__ \ukhdbo mjh\gyo * f Dmemg”bgkdzZy jZ
" 0gZ gZ klud_ debfzZlbg_kdbo h[ezZkl_c b ~hklmig
guf ih ijhbkoh ™~ _gbx \ha”mrguf fZkkzf £ x guf k
Zlkdbf b k_\_jguf iheyjguf WIh hij_~_ey_| dhglb
b azkmreb\hklv debfzZlz dhlhju_ \ujZ Zxlky \ [he
gb\hklb ZlIfhkn_jghlh ~Z\e_gby |_fi_jZImju \ezZ"
0Z b "jm]bo f_I_hjheh]bgq_kdbo we_f_glh\ dzd \ |
b \ Th h\hf oh~_ >ey kl_ighc ahgu ozZjzdl_jgh "Z]j
b oheh~rgzZy fZehkg_"gZy abfz Hkz" dh\ fZeh =

+ fiff  HHkkggh\\gpuuffido ok IhapgpldoctlZfftb iildol [Zgployy Fhaa jj wAN
eu_ “h "~ _\u_ b ]jmglh\u_ \h?u ijb wlihf kbevgu_
xI bkizj_gb_ \ezZ]lb k ih\_joghklb kg_"gh]h ihdjh\Zz

lhe_\u_ jZ[hlu ijh\h*bebkv \ khklz\_ dhfie_dkg
pbb B=F KH J:G b B<WI KH J:G \ Z\]mkl_ - ] DI
guo hleh _gbc hl[bjZebkv k dzlzZfzjzgzZ ijb ihfhs
g_kdhlh ijh[hhi[hjgbdZ k \Zdmmfguf aZl\hjhf dhgk
©LZcnmg? ~bzf_|Ij ff ~ebgZz kf D_jg hijh[h
| _j\Zevgh k rz]hf kf beb kf gZ Jem[bgm hl ~h
ijh[ \h*u gZ \k_ ZgZebau ijhba\h”*beky ih klZg"Zjl
=HKL G_ihkj_~klI\_ggh \ ihe_\uo mkeh\byo hi
g_gby ihdZzazZl_e_c jG (K h[s_c fbg_jZebaZpbb \
dbkehjh~rz Z 1Zd _ ijh[u “hggh]lh hkzZ~dZ kjZam \
"Zevg_cr_]h jZzkg_l1Z \eZ ghklb

F_Ih~hf Zlhfgh Z[khj[pbhgghc ki_dljhnhlhf_Ijbb
ah\zgb_f f_Ih~h\ iezZzf_gghc b we_dljhl_jfbg_kdh
\ ijh[Zo \h~u b “hgguo hkz~dh\ hij_"_eyebkv ag.:
l[jZpbc fbdjh b fzdjhwe_f_glh\ ki_dljhf_Ij 6ROD



7TKHUPR (OHFWURQ :gleby kgZ[ _gguc -a__fZg
\uf dhjj_dlhjhf nhgz F_Ih~hf j_gl]_gh\kdhc “bnj
;5" ZgZebabjh\Zeky fbg_jZevguc khklZ\ ijh[ ~hg
gbc J_gl]l_gh\kdb_ bkke_~h\Zgby ijh\h*bebkv gZ
$5/;975% baemqg_gb_ &X.. Bamqg_gb_ fhjnheh]b
obfbq_kdh]h khklz\Z h[jZzaph\ ijh\h~*behkv-k bkihe
gbjmxs_]lh we_dljhggh]h fbdjhkdhiz /(2 93 kg
wg_jl_Ibg_kdbf ki_dljhf_Ijhf 2;)25"
Ha_jZ | _Imoh\h jZkiheh _gu \ Dexq_\kdhf jZchg
]h djZy gZ jZkklhygbb df ~jm] hl *"jm]Z >=b"jh
@ < ]_hfhjnheh]bg_kdhf hlghr_gbb ha_4h I_Im
oh\h iehsZ”v a_jdZeZ haZkthezZPz |ky \ ij-~_eZo
emg”~bgkdhc Zeex\bZevghc jzZz\gbgu kl_iv gz Z[k
f ij_"~klzZz\e_gghc Zeex\bZevgufb b ha_jgh Zee
hleh _gbyfb i_j_djulufb e_kkh\b”rgufb km}ebgdZzZf
Imoh\h m ~ K_\_jdZ iehszZ”v a_jdiZdgipbhgbizZev d
gh ijbmjhg_gh d eh [bgzf ~j_\g_]h klhdZ -Auiheg_
gbyfb DZkfzebgkdhc k\blu wheh\u_ hleh _gby i
Ilhgdh f_edha_jgbklufb iue_\Zlufb j_"_ kj-"g_a_j
kdzfb b gZoh”~blky \gmljb e_glhqghlh [hjZ gZ Z]
f g_"Ze_dh hl \hklhggh]h _]h djzZy jbk
KljmdImjzZz ihg\_ggh]lh ihdjh\Z \ \h*hk[h}jguo [Z
ke_~m_fuo ha_j ij_"klzZ\ey_1| kh[hc dhgp_gljbg_Kkt
gb_ kf_gyxsbo ~jm] ~“jm]Z ihg\_gguo Ibih\ ih”ah¢
ihrahe : |I_fgh dZrlZzgh\Zy : em]h\h kl_igZy : em]
ehggzZd Ih”aheu nhjfbjmxlky gZ \h"hjZa™_evguo
"hk[hjguo [Zkk_cgh\ ha_j ih® khkgh\ufb ebrZcghb
fb Ih” kl_igufb [bhp_ghazfb ihq\_gguc ihdjh\ ij
| _fgh dZrlZzgh\ufb ihg\Zfb beb gq_jgha_fzZfb- ;eb _
ygb_ ihg\_ggh ]Jjmglh\uo \h” klZgh\blky [he__ hs
kj_"~kI\_ggh \ ijb[j_"ghc ahg_ ha_jZ nhjfbjmxlky k
]Jh\u_ b khjh\u_ Kj_"b njZdpbc ]jZgmehf_Iljbqg_kd
\k_o bkke_"m_fuo ihq\Zo ij_h[ez~zx| kj_"g_ b -
gZklbpu dhlhju_ ij_~klZ\e_gu h[ehfdZfb i_j\bqggu
d\Zjp ihe_\u_ riZlu b 7] Hgb kihkh[kI\mxI| \ukh



gbpz_fhklb b gbadhc \h*hih~t_fghc kihkh[ghklb |
djh\ \h*hk[hjghc iehsZ”b ha |I_Imoh\h m ~ K_\_j
kbevghdbkeufb ihcahezfb Z \[ebab ha_jz-+ j_ad
ehggqzdzfb k ozjzdl_jguf ihyle_gb_f \ khklz\_ \h”
khe_c dZj[hgZlh\ b oehjb”h\ ijbg_f lhevdh \ kj_~
gZklb ijhnbey < khehgqzZdh\Zluo ihg\Zo d gbf *h]
kmevnZlu dhlhju_ kh\f_klgh k hklZevgufb kheyfb
ihg\_gguc ijhnbev Ha_jh I_Imoh\h m ~ | _Imoh\h |
kmevnzlgh kheyghc kl_ib

Jbk DZjl1Z ha |_Imoh\h m ~ K h\hjdZ" h.al mioHkho ]



Dbkehjhrguc j_"bf \ ha_jZo m~h\e_I\hjbl-evguc
oh\h m ~ K_\_jdZ b I_Imoh\h m ~ | _Imohth hlghk
guf ha_jzf Ih kl_i_gb azZjzklzgby fZzdjhnbtzfb b \
am_fhc bfb i_j\bgghc ijh*mdpbb bkke_~h\Zggu_ h

g_klb d [hj~Axjghfm Ibim azZjzZklZgby ha I1_Imoh\¥r
ij_h[ez~z_1 " _kldZy \ha”“mrgh \h~gZy jZklb-l _evghl
XxsZy hl Ah \]1h” hjl]Zgbqg_kdh]h \_s -kI\Z ijk
sZ"b azZjzZklzgby zZd\Zlhjbb g_ [he__ b fZkkb\
Ibim ha I_Imoh\h m ~ | _Imoh\h ]~_ ~hfbgbjm_1I

gZy jZklbl_evghklv iehszZ”v aZjzklZgby ~h
<h”rzZ ha |I_Imoh\h m ~ K_\_jdZ y\éyhlky oe
dZj[hgZlguf gZljb_\uf jZkkhehf k h[s_cc fogtujZebz
] e Z\h*"Z ha I_Imoh\h m "~ "gulenb6hlpb+\behj

gZljb_\uc jZzkkhe kh agZq_gb_f h[s_k*"lbg_jZdedazp
[Z[e

LZ[ebpzZKhklZ\ \h® bamqg_gguo ha_j ih nhjfme_ Dmjeh\Z

ljb\yadz 7'6 |] e NhjfmeZz Khklz\ \\h~u
I_Imoh\h GKH K <h”~Z oehjb”~gh Jb”rjhdZj[h
mA K\ _jdZ 1D gZlgZy gzljb_\Zy [Zkkhe
I_Imoh\h F & O >6@ <h"Z oehjb”rgzZy fZ]gb_\h
m ~ 1_Imagh\h 1D 0J gZljb_\Zy jZkkhle

< \_jogbo ]hjbahglZo “hgguo hleh  _gb% -ha_1_1
\_jdz 1Z]e "hfbgbjmxl d\Zjp ~h&&fhE aire ithjyhd:
"hg_gguc kf_dlbl \ \b~_ ijbf_k_c hifilggxllkyr]Zeb
< gb'gbo ]lhjbahglZo j_adh ij_h[ez "EklIZeNghifbl
\ur_gZa\zZggu_ fbg_jZeu ijbkmlkI\mxl \ ®Hhyg ijbf
guc hkz~hd ha I_Imoh\h m ~ |_Inmjao\hp _+7pea
N_eZ kj_™ \h~"zZ £ hkzZ"hd ihdjul lhgdthle pa_baihc
kheb" hkgh\gufb fbg_jZezZfb \_jog_ltedZk\ldy~hg
xlky d\Zjp ieZlbhdezZa Z “hehfbl ddgligbkbi! Ijhg
kiI\mxIl \ \b~_ ijbf_k_c K ]Jem[bghc "y thflod hRIZgh
guf fbg_jZehf hkz~dZz

Khlezkgh \_ebqbgzf jZzkl\hjbfhklb o_fh]-ggh_ h
gu ba "Zgguo \h® g_\hafh'gh qlh b gZ[ex*"Zehkv ¢
ijb hi[hj_ ijh[ *hgguo hkz~dh\
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Jbk JZkij_~ e_gb_$0 b &D ih JekZbdZo\hehgguo h

Ilhkdhevdm Zd\Zlhjbb ha_j \ AZiz”*ghc Kb[bjb k
lh*m azZdjulu ev~rhf b kg _]hf ke_"m_| jZkkfZljb\Z
Zmlb] _gguo fbg _jZeh\ \ "hgguo hleh  _gbyo \ Ihf
aj_gby djbh] _ggh]lh fbg_jZehh[jZah\Zgby

Kj_~b ihke_7~gbo jZ[hl ihk\ys _gguo ]b”jh] _hobfl
ahgu ke_~m_1| hilf_Iblv h[h[sZxsb_ jZ[hlu K <
hkgh\_ fgh]lhe Igbo wdki_jbf _glZevguo b ihe_\uo
Z\lhjzZ jZajzZ[hlZgu |_hj_Ibqgq_kdb_ hkgh\u djbh]_gg
aZpbb obfbq_kdh]h khklz\Z \h~ Ijb ihgb ' -gbb I_
ebqg_klI\h g_azf_jar_c \h~u mf_gvrZ |ky Z dhgp_«
g_c \hajzklz_I Th f_j_ ~hklb _gby jZkI\hjhf w\l_c
g_d gZgbgZ Iky djbklZeebazZpby khe_ ¢ < fghlhd
kl_ fZo dzZdh\ufb y\eyxlky ijbjhrgu_ \h”u w\l_dlb
fhlml g_kdhevdh kf_sZlvky \ Im beb bgmx klhjhgm
NZgguo “ey ijhkluo kbkl_f h~gzZdh ihke_ ~h\Zl _ev
e_c ijb wihf dzd ijz\beh khojzZgy_|Iky >:e_dk__\

Bhgguc khklz\ \h®” bamqgZ _fuo ha_j hdhpjpgd g | ijt
ghc f_IZfhjnbaZpbb \h" b baf_g_gb_hlh K]bKljha\dbAbq
abfgbc i_jbh~ LzZdbf h[jZahf ih jZphhAf jfadgho Z\
gb™ _gbb I_fi_jZImju ijhbkoh”~bl baf_d _dBlbEgdhidgh
khklzZ\Z ih ko_f:62+&&0O . : Il ONE DAL apjififinkilditin
kh[kI\m_1 h[jZah\Zgbx khhI\_lklI\mxsh@ fhg -kKd2h\ g
"bb >GbdhevkdZy [jZfh\ \@ h kihk en [~haBNZe
gby Zmlb]_gguo fbg_jZeh\ \ hkzrdZodha |\ h[sofkhk
khhI\_IklI\mx|l hkzZ ~_gbx fbg_jZeh\ bgudhfufly2Z\_j
"b\Zgbx >:e_dk_ _\ @
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[hgZlu \h*gu_ dZj[hgZlu b 1D b jhd&yphgdlu ijb
ijhf_jazgbb \h” ijhbkoh”~bl baf_g_gbvnEkhgkud\kK ~h
h[jzah\Zzgb_f Zg]lb”jblz b \ gzZr_f B&mdgEZZ _lijhp_
ky h[jZah\Zgb_f oebjBZEKKKND] | J@KXky H&iKZdbdmatydn M&NZ
IN_j"~"Z_lky hkz '~_gb_f “hehfblZ dZzdztekg hkgarh f
dh\ b gZ aZ\_jrZxsbo wlZiZo djbklZegdbdZgbb h[jz
"hfhjnha ]ZeblzZ ih kh”_ 1ljhgu ih Khl'Zd jbkZihe
g_gb_f imklhl ]Zeblhf f_""m ieZklbgdzZfb Ijhgu jt

Jbk lk_\"hfhjnhaZ ]JZej ih 1k_\~hfhjnhaZ Ijhgu ih
khn_ khn_

Jbk <hehdgbklu_ h[jZah\Zgby
l[jhgu ]Zebl



Bkoh”y ba ihemg_gguo "Zgguo fh 'gh k~_eZlv a

— Fbg_jZehh[jZah\Zgb_ \ *Zgguo ha_jZo-g_ihkj_
azZzgh k ijhp_kkzfb djbh]_gghc f_IZfhjnbaZpbb \h~*
klzrbcghc kzrdhc khhlI\_Ilkl\mxsbo fbg_jZeh\

— KhojZg_gb_ ljhgu b Zg]b”*jblZ \ *hgghf-hkzZ"d_
ke _"mxsbf aZzohjhg_gb_f ih®” wheh\ufb hleh  _gbyf

JZ[h1Z \uiheg_gZ ijb ihA~ _j°d_ ]jZglZ JNNB <

Ebl_jZImjz

:[jZzfh\ < XNhjfbjh\Zgb_ obfbqg_kdh]h khklzZ\Z ih”a_
\ wdklj_fZevguo |_jfh*bgzZfbg_kdbo mkeh\byo :\lhj_n
] _he fbg_j gZmd F

ce_dk__\ Bjbh]b”jh]_heh]lbg_kdb_ kbkl_fu N-hjfbjh\Z
Iby b deZkkbnbdzZpby Djbhkn_jz A_feb L ,; <« €
J:G nbebzZe ©=?H?2 K *

=b”jh]_heh]lby KKRJ, D_f_jh\kdZy h[eZklv b :elZckd
F G_"jz k

Dh\Ze_\ Jhg\u Dmemg”~bgkdhc kl_ib Gh\hkb[bjkd

Gbdhevkdzy Nhpg_kku khe_h[jZah\Zgby \ ha_ §Zo b \h

"bgkdhc kl_ib Gh\hkb[bjkd KH :G KKKJ k
KljZzoh\_gdh =_hobfby “hgguo hleh’ _gbc fZewo dhglk
guo ha_j Kb[bjb :\lhj_n ~bk « ~hdl ]_he fbg_j gZm
k
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7KH SDSHU GHDOV ZLWK WZR OBNGHD\W \&H WX N KR\
/IDNH 3HWXNKRYR QHDU 6HYHUNRI ORKP WU RPDKD |
RWKHU LQ .XOXQGD 6WHSSH DKHRXVHFRPSRYWQ
WKH ODNH V\VWHPV ZDV VWXGHUHG XWR BDK HEP [FFRIPCS (
RGV 4XDUW] GRORPLWH DQGWKGDWMRF GRVH]BQW
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ZHUH IRXQG DV LQFOXVLRQV DXMLYHGQP QWL
FRQVLGHUHG LQ WKH FRQWH[WL\RISERRIWOH¥ PLQ

I'E?H=?H=J:NBQ?KDB? BKKE?>H<:GBY
HG?@KDH=H HA?J: B ?=H ;:KK?CG:
K BKIHEVAH<:GB?F DHFIE?DK: F?LH>H<

E < NbebfHgl3z: EZ\jh\Z

BgklbIml [bheh]bb DZjGP J:G
Bgklbiml ]_heh]bb DZjGP J:G
BgklbIml \h~Aguo ijh[e _f K_\_jZ DZjGP J:G

ljh\_~ gu iZe_h]_h]jZnbg_kdb_ bkke_"~h\Zgby gZ
| _jjblhjbc FL jzZkiheh _gguo \ kj_~g_IlZ_-ghc ih
ebb \ [Zkk_cg_Hg_"kdh]h ha_jZ k bkihevah\zZgb _
"h\ <uiheg_gu j_dhgkljmdpbb ijhkljZzgkI\_ggh \j_-
fbdb jZzklbl_evghklb gZ nhg_ baf_g _gby debfzlz
jblhjbb b ljzgk]j_kkb\gh j_]j_kkb\ghc ~_yl_evghk
ha_jz \ iharg_e_"gbdh\v_ b Jhehp_g_ Ijb wlhf mg
fhjnheh]bb | _jjblhjbb khklz\Z gq_I\_jlbqgue hleh _
ihl] _ggh_ \ha”_ckl\b_

IZe_h]_h]jZnbqg_kdb_ bkke_"h\Zgby Yh[2dak cg_
jZ ijh\h~"bebkv khljm~rgbdzZfb BgklbImkadblbH&h]bb
] _heh]bb DZjGP J:G gZ ijhly" _gbb fghyjlbdzZg | Ih
gu_ ih bklhjbb nhjfbjh\Zgby j_ev_nzZ tledq-I\_jlbq
gbc Z 1zd _ ijhkljZzgkl\_ggh \j_f gghol”*egzZfbdt
ghklb gZ nhg_ baf_g_gby debfzlZz "jleypbhzpbl
ljZgk]j_kkb\gh j_]j_kkb\ghc ~_yl _evgh&lhzH\g_ "k
iharg_e_"~gbdh\v_ b ]Jhehp_g_ J_dhgkLtijnfdpbb Kk
Ibl_evghklb \uiheg_gu kh kj_"*g_ ] "jbZk&Z d5
"h kh\j_f _gghklb k mq_Ihf ]J_hfhjnheb]Zlgtihjjblhj
ih]_ggh]lh \ha”_ckl\by Hgb hibjZxlkyeywzd \nkxhjh\
"bzljzffm KI> ha_jguo b ha_jgh [hehfjgaemdéVveh
[Zlu dzZjiheh]bqg_kdh]h ZgZebaZz [ Ddjy dZdjh hij_



hklzldh\ jZzkl_gbc jZaj_az >eynWmyjgbkbbh gby »
dhgklmdpbc bkihevah\Zgu “Zggu_ h k&hklZdb km[
ghki_dljh\ ba jZchgZ bkke_"h\Zgbybhgh\b-®jim]bo
ijZ\hggu_ dhwnnbpb_glu?2 “ey iuevpu 2Nhebguo i
fhgh\z b " @ iZe_hwdheh]bqg=jKdjpnedZlgZ'g¢ba

@ b hij_~_e_gby dhgp_gljZpbb ivevpuin hIeh
"hf ©fZjdbjmxsbo? kihj <hajzZkl hlehb dbigbhij_
f_g_gb_f $06 ~ZIlbjh\Zgby \Zj\hf_Iljbdekpihyh jZ
ghlh b [bhkljZIb]ljZnbg_kdbo f_Ih”~h\kndd p hkkijon d
\h*gh [hehlghc jZklIbl_evghklb hkghkadgughhzZz "~"Zgg
gbb b~_glbnbpbjh\Zgguo fzdjhhklzZldhy kZk¢y_gbc
iZe_hkhh[s_kI\ jZkkqgblZgh k bkihevahhZgbof jZ’
AZlbjh\hd b hij_~_e_gbc hlghkbl_evghhMeWajzklZz
gbc ijb i_jbh"bazZpbb KI>

Ihkljh_gu mlhgg_ggu_ iZe_hdebfZlphm ygddjy djb\
Wz bxeyz YW~"Z b kj_~g_]h~h\h]h dhebq_kI\Z hkZ"d
gb_ e_lih KI> ba azZih\_*gbdZ ©Db\Zqg? z
\ A ijh\_~_gh bo khihklz\e_gb_ k j_dhgkljmdpb
ky jZg__ ey q_luj_o “jm]bo FL jZkiheh _gguo \
ihrahg_ DZj_ebb \ [Zkk_cg_ Hg_"kdh]h ha_jzZ >N
fZgh\ b ~j @

ljb o0zjzdl_jbklbd_ iZe_h]lb”jheh]bb 1_jjblhjbb
jZa\blby dhgdj_lguo \h~h_fh\ bkihevah\Zgu ~Zgg
nheh]lbb I_jjblhjbb ojhghkljZlb]jZznbb b kdhjhklb
a_jguo b [hehlguo hleh” _gbc iuevp_ kihjzf b f
\h~guo jZkl_gbc ~bZlhfh\uf b a_e_guf \h~hjhkey
j_dhgkljmdpbb dhe_[Zgby hlghkbl_evgh]h -mjh\gy
_fh\ bgl_gkb\ghklb bo azZjzklzgby b aZlhjnh\u\zZg
baf_g_gbc bg”_dkzZ \ezZ ghklb [hehlguo iZe_hkhh]
hi[hjZz dhehghd hleh _gbc >Nbebfhgh\Zz b " C

ljh\_~ _ggh_ khihklz\e_gb_ j_dhgkljmdpbc ~bg
|_evghklb k iZe_hdebfZlbg_kdbfb djb\ufb- >Nbeb
fZgh\ @ g_hI_dIhgbdhc | _jjblhjbb >?ebgZ b A
g_gb_f mjh\gy \h~u \ Hg_ "kdhf ha_j_ >>_\ylh\Z

@ b “"jm]bo iZe_h\h*"h_fZo >Nbebfhgh\Zz



al\hebeh ihemqgblv [he__ ihegmx dZjlbgm iZe_h]_t
klZgh\db \ jZchg_ bkke_"h\Zgbc \ iha”*g_e_"gbdh\

‘gZeba ihemqg_gguo b ebl_jZImjguo "¥ggluo k\
h Thf qglh I_jjblhjby x"ghc b \hklhqghlchDzggZkbb F
hl fZI_jbdh\h]h ev~Z * e jg adeh"kdhb _
[Zevgh]lh ihl_ie_gby \ bgl_jklZ*"bZebZakeebdhl >_
eh\bgu Hg_"kdh]h ha_jZ ijhbkoh”beZzZ “Ah\he¥gh [u

1h~ HgZ gZqZeZkv a e g b aZdhgagbelzlkv
NZ e_"gbd hlklmibe hl k_\_jghc qzZzki\Z AZhdb kdt
Ah @ < oh”_ _1h ~_ljz"zZpbd_\kdhldh\b

ha_jZ b gz ijbe_]Zxsbo gbaf_gghklyqgnkighujécbjh\Z
ijbe_7rgbdh\uc \h*h_f iehsZ”v b mjhh~gkhdgBAlhjh]t
gh f_gyebkv \ aZ\bkbfhklb hl iheh _gheyehty e_
bahklzlbg_kdbo ~\b " _gbc a_fghc dhjuylb ewjhabh
ghklb \ jZchgZo ihjh]h\ klhdZ <h”h_fim\&h/be \ |
g_\he 'kdbo ha_j mjh\_gv \h”u dhlhjto khklzZ\e
>D\Zkh\ @ HIdjulb_ klhdZ ih kddhdghZt #heb
Lmdrz + Hylv \ [Zkk_cg ;Zelbdb a ijb% eh de
kgb _gbx mjh\gy Hg_"kdh]h ijbe_~gbdhfhjh_ha_jz
fbrh\ @ Iljbf_jgh e g djKlenebe dladZhhl
ebgu j K\bjb b \hA"h_f ihemqgbe gh\ukjh[lhklh gbe
dz \ ;Zelbdm >6DDUQLVWR 6DDWLOHQ]h X @
ghc gzZzklb kgbabeky ~h + f < jogdbweelZlgb hlk

dZz hk\h[h"*_gby gh\uo |_jjblhjbc b ubkémégbgby
dh\uo \h” Hg_"kdh_ ijbe_"~gbdh\h_ hjg’jh &/dhgpr
a e g Ahklibleh fZzdkbfZevgub\jgaf\htu Z m

g_fih*gyeky ~h + f <h \j_fy j_Jlg_Ilgkb\ke_~

ki\b_ JeypbhbahklzZlbg_kdh]h ih~rgylthydaulflgyhc dh
gh\hlh ihjh]lz klhdz \ ;_eh_ fhj_ Zhazhaf j\h By h
miZe gZ + f Ke_"mxs__ agZqgbl_evglZz_ _Th kgl
ijhbahreh a e g ihke_ \hah[ghj\ea gb¥\Wljdz
\ EZ"h]m < ]hehp_g_ mjh\_gv Hg_sSkdh]lhghagjZ ij
pbb d ihgb  _gbx agzZqbl_evgh dhe_[4@Ky-jGZb[h
]li_kkby hif_q_gzZ a e g ijb \haB[obh\@aghd KI|
;Zelbdm gq_j_a j K\bjv >>_\ylh\Z @ >_fb”h\



Ilh f_j_ kgb _gby mjh\gy Hg_"kdh]lh ha_4jZ ijhbl
ebg_gb_ iehszZz”b kmoh”heh\ hil*_e_gb_ b-h[hkh[e
yo fZeuo b kj_"~gbo iZe_h\h~h_fh\ >Nbebfhgh\Zz
fbfh gbo \ hkgh\ghf gZ [hevrbo \ukhlZo j-Za\b\Ze
gu_ ha_jzZz 0O2Zzjzdl_jguf ~ey |I_jjblhjbb bkke_"h\Zg
h[jZzah\Zgb_ ha_j \ j_amevlZI_ IzZygby f_jl\uo ev”
khojZzgyebkv "“ebl_evgh_ \j_fy g_dhlhju_ = \iehlv
s_kI\_ggh az” _j b\Zy nhjfbjh\Zgb_ eZg”rzZnlh\ h
k_Ib b jzZzklbl_evghklb >> fbrh\ EZ\jh\ZzZ > fli

Memqr_gb_ debfZlbgq_kdbo mkeh\bc \ Jhehp_g_
euo \h*h_fh\ \ua\Zeh bgl_gkb\gh_ jZa\blb- \ gbo
IlhkZz 1bljh b ]b”jhnblh\ qlh kihkh[kI\h\Zeh hlefl
kzijhi_ey LZd \ ha FZeh_ g awkfyggh_\ 7

fg m f _]lh gzZzdhie_gb_ hilf_qgq_gh k gZqZeZ ij

jbh~rZ 3% : e g L: Z \ Qa_kZao =mj\k
q \ oA fg m f b Kopyje&kzZfibqg \ oA
f g m f k f_gvrbfb ]bikhf_Ijbg_kdbfb hlf_lc
kdhevdh iha" _ “ e g L: b “ e ¢
khhi\_IkI\_ggh >EZ\jh\Zz @

>Zevg_cr__ kgb _gb_ mjh\gy \h*u \ g_dhlhjuo \
kh[klI\h\Zeh bo azZjzklzgbx \h~gh [hehlghc jZklb
lzd"_ ihke_"mxs_fm bo aZlhjnh\u\Zgbx < g_Jlem][t
yo wlb ijhp_kku bf_eb f_klh m _ \ ij_[hj_Zevghf
ih~A\_j"~_gh ~Zlbjh\Zgb_f e_"Zsbo gZ fZehfhsghf
[ZaZevguo keh_\ |hjnZ “ e g 68
68 hih[jZgguo ih” [hehlgufb e_kzZfb gZ |_jjb
\_~gbdz ©Db\zg2 A”_kv "_ hleh _gb_ kZijhi_ey \
Q_qdbgly k rqg \ oA fg m f b FhrdzZjgh_
k r q \ oA fg m f gZgZehkv lhevdh \ [hj_
“ e g L: ) e g EM <-jZaj_a
jh ¢ k rq \ oA fg m f b gheWkmh

q \ A fg m f k [he__ \ukhdbfb ]Jbikhf.
hif_Idzfb [ZaZevgu_ kehb kZijhi_ey knhjfbjh\Zebk
jZgvr_ ) e g 8D b ) e g =
khhi\_IklI\_ggh >Nbebfhgh\z b " @



LhjnhgzZdhie_gb_ \ ijb[j_"ghc qZklb jy*"Z iZe_h\h
ehkv k <H “ e g L: “ e- g L:
ebfhgh\z b "j @ >ey wlh]h \j_f_gb oZjZc
NZgb_ debfzlz b mf_gvr_gb_ kj_"~g_]h”h\h]h dhet
g_hl_dlhgbg_kdb_ ihA\b db djbklZeebqg_kdh]h nmc
gb_ mjh\gy \h”u \ Hg_ "kdhf ha_j_ b *jm]boe iZe_h'
_fzdkbfzZevgh_ jzZzkijhkljZg_gb_ kj_"g_I|Z_"guo ki

< gZqZe_ Zlezglbg_kdh]h i_jbh~rzZ L hif_qgq_g
\h~ u \h \k_o bamg_gguo ha_jZo G_dhlhjh- _Th m

kbjh\Zgh a b * e g m\_ebqg_gb_ %
Kms_kI\_ggh_ _]h kgb™_gb_ \ :L ihke - e g
Ze_ 6% + e g \ualZeh "Zevg_cr_- hJ[f_e

| _evgh_ aZlhjnh\u\Zgb_ iZze_h\h~h_fh\ Ilhemqg_gg
pbb kmdp_kkbc \h*gh [hehlghc jZklbl_evghklb b i
\j_f_gghc *"bgZfbdb jhklZ jy*Z [heh|l him[ebdh\Zg
\Z b " @

GZ bkke_"h\Zgguo FL ba [Zkk_cgZ Hg_ "kdh]h h

lzd"_ " _IZevgu_ j_dhgkljmdpbb *"bgzZfbdb kmoh”"h:
ghklb kh kj_"g_1lh ~jbhkkh\Vj5 f_gghklb MklZgh\e_g
jZkk_e_gb_ jzZkl_gbc ijhbkoh”beh ih f_j_ Rk\h[h"~’

jbb hl e_~gbdh\h]h ihdjh\Z ijbq_f jZgvr_ gZ FL
ijbe_~gbdh\uo \h~h_fh\ h[jZah\Z\rboky ijb _]h IZ\
FL gZijbf_j \ AZhg_"v_ aZebluo \h*Zfb ijZ Hg
jZ hlf_q_gh aziza”u\Zgb_ jZa\blby jZklbl-_evgh]tl
juc bagzZgZevgh fh] nhjfbjh\ZIvky lhevdh gZ hl*_e
ihrgbfz\rboky gz~ \h~rghc ih\_joghklvx Ilhy\e_ gb_
dh\ kmrb ih f_j_ kgb _gby mjh\gy \h~u \ g_{ kihkh|
"he bl_evghfm kms_klI\h\Zgbx a”_kv iZe_hkhh[s_
guo ey g_knhjfbjh\Zgguo ihg\ >Nbebfhgh\Z EZ
Djhf_ Ihlh jZa\blb_ jZklbl_evghklb ih hlghr_gbx c
leypbzZpbb az”_j 'b\Zehkv b gZ I|_jjblhjbyo k ~ebl
g_gb_f fZkkb\h\ ih]j_[_ggh]lh f_jl\h]h ev”*Z JeZ\g
x'ghc b x]h \hklhgghc DZj_ebb FL Ibgha_jh >:R
@ Lzf[bgha_jh >:RKOIDUWK HW DO @ b
EZz"h kdhf \h~*hjZza”_e_ >EZ\jh\Zz @ <-p_gljz



ghc qZklyo jZzchgzZz bkke_"h\Zgbc hgh gZgbgZehk\
"_ihke_ hlklmizgby e_"gbdz JZkijhkljZzg-gb_ b
|_evghklb dhgljhebjh\Zehkv dZd debfzZlbq_kdbfb
]_hfhjnheh]bg_kdbfb nzdlhjzfb 1_j\u_ hij_~_ebeb
lj_g”Z jZa\blby ahgZevghc jZklbl_evghklb k i_j_o
km[[hj_Ze_ J_ev_n b khklzZ\ dhj_gguo djbklZeeboc
keh\beb ki_pbnbqgghklv jZklIbl_evgh]h ihdjh\Z bam
>ey ijbf_jz ijb\_~_gZ ko_fzZ ~bgZfbdhklkimek”hev
ghklb ihemqg_ggZy “ey FL ©Db\Zqg?2_iiguyb]dypbg eV
Afh\u_ iZe_hkhh[s_kI\Z 1K \ khqg_IlZxglpbj kahklijh\g
fb b hevoh\ufb j_~dhe_kvyfb >$/ @ + Img"j&Z g
_jgbdh\h a_e_ghfhrgZy \ khq_IlZgbb Ik iIKjb]ejyopbZe\
kmlkI\b_f hkljh\guo [_j_ah\uo b hevehHbuo j_"dhe _k
e g @ : e_khimg”jz [_j_ah\inkguk bijh&viowx k
j_"dhe_kv_ \ khqg_IlZgbb k _jgbdh\&_d_dmkiZggbmdh
Img”jzfb Z 1zd _ k ijbkmlIkI\b_f i_jpieypbideviKkh jZ
>J< + e g @ : k_\_jdwkyhkgalz-[jj"d
ah\u_ k ijbf_kvx khkgu b hevob e_kz2 >d<@ : |
j_"dhklhcgu_ [_j_ah\h khkgh\u_ b kénklgh\h<JHj_ah

+ e g @ : kj_"gyy |IZc]Zz khklgtk\ukgt\y_j_a
e_kz ><H + e g @ : x gy |Zcikg kg
[_j_ah\u_ b g_jghhevoh\u_ e_kZ k rbhhhhzfibkb _gg
e_sbghc 4P Z 1Zd _ _evx >:L @ : khkgle\hg
_eh\u_ b khkgh\h [_j_ah\u_ e_kZ kvéR\u_ek\hyq_j
ahf e_kz >:L + e g @ : kjgOgyWjEc]Zz
Zgl _eh\u_ b khkgh\h _eh\u_ e_kZ«x[4P ahevb i
gbdb q_jghhevoh\u_ 6% * eZogZ :_lgh\gyy

khkgh\h _eh\u_ e_kZ k [_j_ahc b hevohec &$ :
_eh\u_ b khkgh\u_ e_kZ k [_j_ahc e hgvehgzZlel®y

s__\j_fy >Nbebfhgh\z b " @
GZ FL AZhg_"v_ iheugb b fZj \u_ b]jZeb kms_k
\ jZklbl_evghf ihdjh\_ ~h dhgpzZ J< a e g

<H b :L Dzd b gZ FL Db\Zg mqZklb_ _eb \ kh
ebgbehkv \h \Ihjhc iheh\bg_ :L i_jbh~"Z HgZ bf_e
r__ jZkijhkljZzg_gb_ dhlhjh_ mf_gvrbehkv \ km][



\j_fy 6% hkh[_ggh \ ihke_"gb_ e_| >Nbebfh
\Z @ FzZdkbfZevgh_ mqgZklb_ _eb \ jZklbl_evg
g_gh gz FL Ibgha_jh A~_kv Z 1Zd _ \ hleh  _gby«
gha_jh gZgbgZy k iharg_e_"~gbdh\vy “h kh\j_f_gg
iuevpZ b mklvbpZ ebkl\_ggbpu ijhbajZklZxs_c g
DZj_ebb b \ gZklhys__ \j_fy >Nbebfhgh\Z- b
ebkl\_ggu_ ihjh”u b e_sbgZ gZb[hevr__ jZkijhklj:
\ :Li_jbh~_ hkh[_ggh \ :L b :L < km[[hj_Ze_
khklz\_ e_kh\ g_kdhevdh mf_gvrbehkv >H QIbBlhy:
FRUGHEBWP XV ODAHYalgZgbl_evghf dhebq_klI\_ khoj:
Im~h kdhf nehjbklbq_kdhf jZchg_ < aZzZih\_-~gbd_ ¢
fb ijhbajzZklZxOLD FBBWERXW D/ FOKEUIDb \b”rZ-_s_ [h

e__ij_"klz\e_gu \ AZhg_"v_ qlh \ agZqgbl-evghc
e_gh gZebgb_f dZj[hgZlguo b rmg]blh\uo ihjh? >
A\mo FL ozZjzdl_jgu 1Zzd _ _eh\h gq_jghhevoh\u_ Il

ol\hcgu_ e_kzZ \ AZzhg_"v_ \ hkgh\ghf \ujm[e_gu jh
e_kh\ em]h\ b k_evoham]h”bc \ Ihf qbke_ aZ[jhr_
hevohc b "jm]bfb dmklZjgbdzfb \_kvfZ agZqbl_ev
jZ _gb_ \ihemg_gguo KI> b jZzkkfZljb\Zehkv dzd

lihih] _gghlh nzZdlihjZ >Nbebfhgh\z - Nbeb:
ih\z b | @

JZ[h1Z \uiheg gZ \ jZfdZo =A |_fu « b i
JGN <«

Ebl_jZImjz

=jbgmd < | FZev]lbgz ? : RAbdhkalhg FZeOh[hlZgbc
kdbo fZl_jbZeh\ "ey kljZIb]jZnbb \Zle¢Zckldbe_HRighc eg
gbdh\uc ihdjh\ gZ k_\_jh aziz~_ _\KKJckdht dBZkllb=KjzZ
kbfh\ F K +

> \th\Z WIjBjh~rgZy kj_ b __ baf_g_gby \-]lhehp_
'v_k_\ jZ b p_gljZz Hg_~ kdh]h ha_ jz | _ljhaz\h~"kd DZ

> fbrh\ B >GljZz*"Zpby ihke_~g_]lh he_~_g_gby \ [Zklk
kdh]lh ha_jz = heh]by b ihe_agu_ bkdhizZz_fu- DZj_ et
\h~"kd DZjGP J:G K *

> fb~rh\ B HGfZdkbfZevghc klZ~bb jZa\blby Hg_"kdh
gbdh\h]h ha jZz baf_g_gbyo _]1h mjh\gy b Jeypbhbahkl:



ih[_j_"bc \ iharg_e_~gbdh\v_ = heh]by b ihe_agu_ |
ebb <ui | _ljhaz\h~"kd DZjGP J:G K +

> fbrh\ B G EZ\jIKIZhGgh g _I\_jlbggh]h ihdjh\Z [Z
gZ j <h”eZ <hklhqgZy DZj_eby b hkh[_gghklb jZa\bl

\ iharg_ b ihke_e_"gbdh\v_ GZpbhgZevguc iZjd <t

jh~gh_ jZaghh[jZzab_ b dmevimjgh_ gZke_"~b_ 1_ljhaz
K +

?ebgz = Nbebfhgh\Z E < Dmagbydb HiZE_H]b\]

A"jheh]lbq_kdbo nzdlhjh\ gZ ~bgzZfbdm jZklbl_evghklb [
pbx IhjnZz ;hl1Zg "mjg L < K *

D\Zkh\ > Ijhbkoh ~_gb_ dhleh\bgu Hg_"kdh]h ha_jZz
K %

EZ\jh\Z G G;dhlhju_ hkh[_gghklb khklzZ\Z kihjh\h it
ki_dljh\ iharg_e_"gbdh\uo hleh’ _gbc Hehg_ pdh]h ieZl

ihe_agu_ bkdhiZz_fu_ DZj_ebb <ui | _ljhaz\h~"kd Dz
K +

Nbebfhgh\Z HEIj& _gb_ khklz\Z kh\j_f_gghc jZklbl_e
iZebghki_dljZo kj_"g_c |Zc]b DZj_ebb ibhjzZaghh[jz

pbhgZevgh_ bkihevah\Zgb_ jZklbl_evguo j_kmjkh\ K_
]_evkd K +

Nbebfhgh\Z £bgZfbdZ mjh\_ggh]h j_"bfZ aZzZjzZklZgby
\u\Zgby iZe_h\h”*h_fh\ azZih\_~gbdz ©Db\Zq? gZ nhg_ b
ghc kj_"u aZ ihke_~gb_ e_| GZijzZ\e_gby bkke_
f_gghf [hehlh\_~_gbb Jhkkbb J_~ L D Xjdh\kdzy
LmeZ K +

Nbebfhgh\Z Baf<g_gby debfzlz ]b”jheh]bb b jZklt
klb \ iharg_e_n~gbdh\v_ Jhehp_g_ \ hZklk_g¢g_ Hglnkdr
Zevgu_ ijh[e_fu iZe_h]_hljZnbb b kljihlp]jzi bk zZile ck
jbZeu <k_jhk dhgn ©FZjdh\kdb_ qgqlF gbfy=M ]Jh~z?2
K +

Nbebfhgh\z E < DebfEagh\g<gh_ dhebq_Kkl-_gguo i
aZl_e_c iZe_hdebfzlz \ kj_~g_I1Z_"ghc ih*ahg_ DZj_e

e_| Lj DZjGP J:G <ui K *

Nbebfhgh\z E < EZ\jll&_B]_hljZnby AZhg_"kdh]h
hkljh\zZ \ iharg_e_"gbdh\v_ b ]heh:&kkKi jptihpiiifmnz :
nby < K + GRL EJ

6DDUQLVWR 0 'WDODEQMHWLRQ FKURQRORJ\ RI W
6KHHW IURP WKH ODNH 2QHJD EDVLQ WR WKH 6DC
DQG 30DQHWDU\ &KDQJHV (OVYLHU 6FLHQFH



'RKOIDUWK % )LOLPRQRYMWH»BQRILNG 2QBW LD
FHOH (QYLURQPHQWDO DQG &OLPDWLF &KDQJH DW
SXVVLDQ .DUHOLD 4XDWHUQDU\ 5HVHDUFK :

'RKOIDUWK % 6FKZDUN / 8 QVAVMDELIONH HD UHON R
FOLPDWLF DQG HQYLURQPHQWmOSKKR@ GD VWELHRUQLW H
D PXOWLGLVFLSOLQDU\ VWXG\FRIl |INRPDRHFKREH.U
VRXWKHDVWHUQ 5XVVLDQ .DUHOBRO 7KHL +RO|
3 +

3$/(2*(2*5$3+,& 678',(6 2) /$.( 21(*2
$1' ,76 '5$,1$*( %$6,1 86,1* $ 6(7 2) 0(7+2'6

/' 9 )LOLPROQR%D/DYURYD

,QVWLWXWH RI %LRORJ\ .DU5& RI 5%$6
,QVWLWXWH RI *HRORJ\ .DU5& RI 5%6
l1RUWKHUQ :DWHU 3UREOHPV ,QVWLWXWH

3DOHRJHRJUDSKLF VWXGLHV ZHUH FDUULHG RXW
ORFDWHG LQ WKH PLGGOH WDLJD VXE]JRQH RI .DL
LQJ D VHW RI PHWKRGYV S5HFRQVWUXFWLRQV RI WK
LFV ZHUH PDGH DV UHODWHG WR FOLPDMWHR BK DQJ
WUDQVJUHVVLYH UHJUHVVLYH DFWLYLW\ RAKHDNH 2
+RORFHQH $W WKH VDPH WLPH WKH GDWD RQ JH
SRVLWLRQ RI 4XDWHUQDU\ VHGLPHQWY DQG KXPD

HKH;?GGHKLB KH<J?F?GGH=H HK:>DHG:DHIE?G
< X@GHF D:KIBB

G < Dhabgz
Bgklblml hd_Zgheh]bb bf | |1 Rbjrh\zZ J:G

>ey bamqg_gby "hgguo hkz~dh\ X 'gh]h DZkiby [ut
f_g_g kbkl_fguc ih*oh® \dexqgZxsbc \ k_[y-dhfie_
Ih~h\ b ijb[hjh\ < klIZIv_ ij_"~klZ\e_gu k\_"_gby ih
fm khklZ\m “hgguo hkZ”dh\ b jZkig_K\eihybpo &D &2
ghklguo “hgguo hkzZz~"dZo X gh]lh DZkiby



DzZkibckdh_ fhj_ ha_jh y\ey_Iky h”gbf ba djmig_
guo \h~h_fh\ a_fghlh rzjz <h”~hk[h]j fhjy jZkiheh
\ Imfbrghc Z ]JezZ\ghc gqZklvx \ Zjb~rghc b k_fbZzZjhb
X'guc DzZkibc \ hlebgb_ hl “jm]bo jZchgh\-fhjy ih
iheh _g \ Zjbrghc debfzZlbg_kdhc ahg_ Iljhp_kk k
X ghf DZkibb bgl_j_k_g I_f qlh \ _]h ij_"-eZo i_]j
ky | _jjb]l_gguc fzZl_jbzZe ihklmiZxsbc k j_qguf kIt
j_d b \'\b~"_ Zwjhahe_c qg_j_a ZlIfhkn_jm Djhf_ Ih
kibb zZdlb\gh ijhl_dzZ_1 o_fh]_ggh_ b [bh]_ggh_ g
dh\ >E_[_~_\ b 7] DZkibckdh_« @

< jZ[hl_ bkihevah\Zgu fZl_jbZeu ihemqg-ggu_ :
e_]zZfb \ wdki_~bpbyo GBK ©Jbnl2 b ©Gbdbnhj Rn

b 11 \ jzfdZo ijh_dlZ ©Kbkl_fZ DZkibckdh
jmdh\h~kl\hf Zzdz~_fbdzZ : | EbkbpugZ Ijh[u ~hg
[ueb hlh[jZzgu "ghq_jizl_e_f b fmevlibdhj_jhf .80
Fmevibdhj_j ijbf_g_g ey "Zgghlh [Zkk_cgZ \i_j\u
| khojzgblv [_a gZjmr_gby ih]jZzgbgguc kehc \_j
jh\Zgguc kehc gz~ hkz~rdzZfb + gZbehd f_"2m \h”~g
gufb hleh _gbyfb QZzZklv ijh[ *hgguo hkzZ"dh\ ex[_
\be = G ;ZImjbg

gZeblbq_kdb_ bkke_"h\Zgby ]jZzgmehf -ljbg_kc
g_jZeh]bg_kdb_ bkke_~h\Zgby hij_"*_e_gb_ h[s_]
b dzj[hgzlgh]h m]e_jh~"Z ] _hobfbg_kdb_ bkke_AF
iheg_gu \ EZ[hjZlhjbb nbabdh J]_heh]bqg_kdbo bkl
:gZeblbg_kdhc eZ[hjZlhjbb BH J:G <k_ wib f_Ih’
gby hibkZgu \ ijhreuo jZ[hlZo >>ZjZ b 7] D
EmdZrbg b 7] @

X'guc DZkibc hiI~r_eyxsbcky hl Kj_"~g_]h DZkib:
kdbf ihjhlhf ij_~klz\ey_| kh[hc keh gh ihkljh_ggn
fZdkbfZzevghc Jem[bghc f AzZiz~guc [hjl X gh
dhleh\bgu djmlhc ijhbkoh”bl j_adbc i_j_iZ" ]Jem][
guc iheh]h ih*gbfZ_Iky b i_j_oh”bl \ rbjhdmx r_e:
sZdm >DZkibckdh_« @ >gh X gh DZkibckdh
IZd"_ r_evnh\Zy ahgZ wlh]lh j_]JbhgZ hkeh gyxlky f
fb ]Jjya_\ufb \medZgzZfb



X'guc DZkibc iheghklvx ihdjul kh\j_f_ggufb J]he
fb hleh _gbyfb dhlhju_ bf_xl jZaebggmx fhsghkl
f_ljh\ \hklhqgZy gZklv X 'gh]h DZkiby ~h g_kdhe
f_ljh\ X gh DZkibckdZy dhleh\bgzZ =jZgmehf_Iljb
X'ghlh DzZkiby fh'gh hozjzdl_jbah\Zlv ke_~mxshbf
[hdh\h~rgZy \iZz*"bgZ ihqlb iheghklvx aZiheg-gZ i_e
Zehf Ze_\jblh\uc b i_kgZguc fZl_jbZe bkqgbkey_Ik
eyfb ijhp_glz ih f_j_ mf_gvr_gby Jem[bgu-b ijbJe
j_Im hkz~hd ]jm[__I| b ijhbkoh”bl gZdhie_gb_ Ze _\
Ze_\jblh\h]h i_kgZgh Ze_\jblh\h]lh fZl_jbzZeZz

< hlebgb_ hl “jm]bo jZchgh\ fhjy X 'guc-DZkibc
am_Ilky \ukhdhc dZj[hgZlghc khklZ\eyxs_c hkzZ~dh

DZkibckdh_« &D@2yXey_ Ilky h”gbf ba \_"ms
dhfihg_glh\ ih\_joghklguo “hgguo hkz~dh\ X gh]l
X ghf DZkibb \ukhdhdzZj[hgZlg\wyazgkiZAdib j\mx hq_
j_"v k [bh]_ggufb b o_fh]_ggufb ijhp_kkzZfb ijhl_
NZgghf j_]bfhgevnh\u_ h[eZklb X 'gh]h DZkiby gZ ]
hl i_j\uo f_Iljh\ ~h f ihdjulu [bh]_gguf dZj[hgZ]
|_jbzehf fhsghc kbkl_fhc [bhnbevljh\ dhlhju_
gu jZdh\bgZfb fheexkdh\ b bo h[ehfdZfb j 'LGDF
Nj >DZkibckdh_« @ K ]Jem[bghc kh~_j Zgb_
l_jbZeZ mf_gvrZ_Ilky \iehlv ~h ihegh]h bkg_agh\_
\h~rghc \iz"bg_ P _gljZzevgZy qZklv X 'gh DZkibck
aZiheg_gZ kezZ[hba\_kldh\h i_eblh\ufb b ba\_kldr
bezZfb \ dhlhjuo dhgp_gljZhlkyb&D &2 <-ijhp_Kk
k_ dhfie_dkguo bkke_"h\Zgbc m~Zehkv \u®_eblv |
sm ba\_kldh\uo hleh _gbc ijhly]b\Zxsmxky \“he\
[Lj_1Z X gh]lh DZkiby gZ Jem[bgZo hl "h- % 1
e_ggmx k\_leuf ihqlb [_euf f_ehih~h[guf l-hgdha_
|_jbzehf k kh”_j Zgb [he&D&?2 H[ehfdb jZdh\bg
wlhc lhes_ \klj_g_gu \ _~“bgbgguo wda_fieyjZo Ft
wlZ IheszZ ij_"~klz\e_gZ dZevpblhf kh”_j Zgb_ dhl

dhgp_gljZpbb “hehfblZz b kb”_jblzZ g_ ij_\urZx
Ihlh gZ \hklhgghf r_evn_ X" gh]lh DZkiby gZ ]Jem[b
oh”bl Zdlb\gh_ h[jZah\Zgb_ hheblh\ kp_f-glbjh\Z



guo dhjhd b gZjhkrbo gZ wlb dhjdb kn_jheblh\ HI
ijhly]b\Zxsb_ky ihehkhc \*hev \hklhgghc gqzZklb X"
gZ lJem[bg_ f ij_"~klzZz\e_gu hheblzfb [_"-\h dhj!
I1Z hdjm]ehc nhjfu djmighi_kqgZghc jZzaf_jghklb |
fbg_jZeh]bb hgb iheghklvx ij_~klZ\e_gu dZevphblh

ljb bamqg_gb_ “hgguo hkz~dh\ hlh[jZgguo fmevl
ke_"b\Z_Ilky hij_~_e_ggzZy azZzdhghf_jghklv \ jZkij_
ih \_jlbdzeb kh~_j Zgb_ dhlhjh]h m\_ebqgbdZ_Ilky |
ahglh\ i_j\u_ ijhp_glu =% d gb gbf ~h ib

z [

Jbk JZkij_"_g, ®b& K& ih\_joghklguo "hgguo hkZ"d:
hih[jZgguo fmevibdhj_jhf Z dzjlz klidgp®Bd dd bhjZ
hkz~dh\ fmevlibdhj_jhf \ X ghf DZkibb ;



;ueb bkke_"h\Zgu d_jgu “~hgguo hkz~dh\ |
gu_ \ X'gh DzZkibckdhc dhleh\bg_ gZ ]Jem[bg_
bk [ 1*_ azZnbdkbjh\zZgh k_jh\h~hjh*gh_ aZzj
b ~j f[jhkbfh\ b 7] @ b gz k_\_jghf kd
DZkibckdhc dhleh\bgu gZ ]Jem[bg_ f okl - jb
gbc kehc hkz~rdz + kf ij_"~klzZ\e_g gZbedhf \hk
hklzevghc hkz”"hd keh _g keZ[hba\_kldh\h i_eblh\
i_eblh\uf behf k_jhlh k_jh a_e_ghlh p\_IZ k fbc
ijbfzadzfb b fbdjhdhgdj_pbyfb ]b”jhljhbeblZ b h
fbdjhijhkehyfb Fbg_jZeh]lbq_kdb hkz”hd ij_"klZz)
ihe_\ufb rizlzfb dzj[hgzZlgufb fbg_jzZezfb ]Jbikhf
Jebgbklufb fbg_jZeZfb

< kzZfhc ]Jem[hdhc qZklb X gh DZkibckdhc dhleh\
1"_ jZa\blh k_jh\h~*hjhrgh_ azjz _dbBguijhjhdZkl Zc
ku "bZ]_g_azZ ijb\h*ysb_ d gZdhie_gbpxZEmiblZggu
dbo dZd dZevpbl dmlgZ]hjbl ibjbl ]bik\bjbojgbGZ k
]hjbahglZo dhehgdb hl ~h kf jbk]ZsZgghic j0Q
\u_ \ hkz~"dZo DzZkibckdh]h fhjy h[g@djmygZlgdZ\dwghc
pby b fZj]ZgpZ + dmlilgZ]hjpl jBB0Q>&2>>ZjZ b 7|

DhabgZz @

>im]b_ dZj[hgZlgu_ fbg_jZeu dZevplEkbHJ dzZe
kljzg_gu ih \k_fm jZaj_am k m\_ebagc dbgldf dibdgp_g
]hjbahglzf DZevpbl \ ih\_joghklguo[Okg\kkjo hkz~
g_g \ \b~_ iZjZee_evgh r_klh\Zluo 4Zi]g_\Zé¢d kie
gbkluo fZkk Z]j_]Zlguo kdhie_gbc ZkhmdjbdiZz d Z e
eh\ dZevpblzZz k kh\_jr_gghc kiZcghklwX _ihwjbf[hv
nhjfu dZevpblzZz djhf_ ihke_"g_c moZlau\@agh gz
h[jZzah\Zgb _

< gZb[he__ Ihgdha_jgbkluo hkz~rdZo X gh]h DZ
Abl ZdIb\gh_ h[jZah\Zgb_ njzZf[hb”Zevgh]h ibjblZz
Fzdkbfzevgu_ _]1h dhgp_gljZpbb ijbmjhg_gu d jZc
jZa\blh k_jh\h~hjhrgh_ aZzZjz _gb_ ?]h h[jZah\Zgb
yo ijbmjhg_gh d mqgzkldzf kdhie_gby iZgpbj_c "bz
\ "jm]bo kemgZyo _]h jZa\blb_ ijhbkoh”~bl \-f_"a_j¢
kiI\_ hkz~dzZ jbk [ NjzZf[hb?u ibjblZ \klj_qZxl



fbdjhg \ "bzf_Ij_ b keh _gu jZagufb ih anhjf_ dj
fb km[kn_jbq_kdhc ijbafzZlbgq_kdhc hdlZw”jbqg_k
AN dzZw”Njbg_kdhc iheb]l]hgZevghc nhjfu
z [

Jbk JZKij_"_@QabMh@Q \ ~t
guo hkz~dzZo hlh[jZgguo fme
Ibdhj_jhf ki Z dmlgz]h
jbl [

Djhf_ Ihlh \ \_jogbo ]hjbahglZo hkz~dzZz *h
DZkibckdhc dhleh\bgu h[gZjm _gh rbjhdh_ jZa\blt
]bikz h g_f k\b”_I_evkl\mx| nhjfu b ohjhrZy khoj
klZzeeh\ < “hgguo hkz”~dZo ]bik ij_"klz\e_g \ \L
emgbkluo Z]j_]ZIh\ jhahq_d kjhkldh\ ijbafzlbq._
eh\ djbklZeebg_kdbo Z]j_]ZIh\ ijbafZlbg-kdbo d
\_jr_gghc kiZcghklvx b iZjZzee _evgh r_klh\Zluo Z
f j dijbklZeeblh\ Jbikz \Zjvbjm_| hl + fbdjhg d
kdb_ kiehrgu_ fZkku “h fbdjhg jZ"bZevgh em:
lu >DhabgZz EmdZrbg b 7] @



< |lhgdha_jgbkluo hkz~"dZo X gh DZkibckdhc d
lem[bg_ f h[gZjm _g _s_ h”bg Zmlb]_gguc fbg
ij_"klzZz\e_gguc \ \b”_ ieZklbgqZluo kjhkldh\ djbkl.
jZah\zZgb_ Z 1Zd _ h[jZah\Zgb_ \k_o \ur_#+_j_qbk
eh\ kl\yazgh k *"bZ]_g_Ibg_kdbfb ijhp_kkZfb ijhol
ghf mgzkld_ fhjy
z [

Jbk JZa\blb_ njzf[hb~rZevgh]h ibjblzZ
Z £ gZ ih\_joghklb iZgpbj_c ~bzlhf_c¢ [ =\ f_‘a_jgh\hf ijhklj

Kh\j _f ggu_ ~“hggu_ hkz”"db X gh]l]h DZkiby ~h\
lu hj]Zgbq_kdbf \_s_kI\hf b kj_"gyy, dkiyptZgljZpk
ey | hdheh < jZkij_"~_e_gbb hj]J]Zzgbg_kdh]lh \
iZzf "hgguo hkz~dh\ ijhy\ey Iky I _g” _gpby m\_ebq
pbc hl Jjm[h]h fZl_jbZeZ d Ilhgdhfm ~bki_jkghfm 1
ih\_joghklguo “hgguo hkz~rdh\ X gh]lh DZkiby ihe
ANZggu_ ih jZkij_"_hejrl_gjtbngp(_glijbb dhlhjuo \ =
ij_ \urzxl agZq_gby mklZgh\e_ggu_ ij_~u”msbfb

eyfb >1Zohfh\Z ;hj~h\kdbc E [_2_\ b 7j
kibckdh _« @ < \_jog_ f keh_ hkz~rdzZ \ X gh D.
eh\bg_ kI b gZ k_\ _jghf kdehg_ X gh-DZKkibc

gu ki kKh~_j Z&ihklZ\ey | >Ze__ \gba ih j



dhgp_ngZgjplp_th mf_gvrZxlky ~h b f_ g _ LZc
db_ kh"_j ZgbkAyazZgu \ i_j\mx hqg_j_"v k hlkmlkI\
ehjh~rzZ \ *Zgguo mqzZkldZo fhjy < wlbo jZchgZo h
jhr g_ mki_\Z_| jZzaezZ]ZIvky ba aZ hlkmlkl\by dbk
ijhbkoh”bl ©dhgk_j\bjh\Dgif ®IK]h _s_ h*gbf nZd
jhf ih\eby\rbf gZ ih\ur_ggu_ kh}\j\Zgbyb#& keh
yo “hgguo hkz~dh\ y\ey_Iky ijbf_g_gb_ gh\h]h i
fmevibdhj_j \ "Zgghf jZchg_ dhlhjuc ihat‘hey_ | k
gbc nehddmebjh\Zgguc kehc hkz~dz

HibkZggu_ bkke_"h\Zgby kh\j_f_gguohd¥gguo |
aZeb hkgh\gu_ q_jlu b fghlhh[jZab_gifldpi&kkh\ h
gby \ X'ghf DZkibb dhlhju_ a”_kv gjuaV&pedgh k
gby \ mkeh\byo ihklzZ\db hkZ”hqgh]h A_dlhgbz Z
g_kdzZy h[klZzgh\dZ b j_ev_n ~gZ DZKibxkdh\h fh)
jZkij_~_e_gbb eblheh]bqg_kdbo Ibih\ ®Mhebsd@ hkZzZ’
b fhjy \ jzZkij_~_e_gbb ]JjZgmehf_IljbgZ kddo_njz
\ jZkij_"~_e_gbb fbg_jZevguo b [bh]_ggHilohfiinfihg_
\ebygb_ gZ ijhp_kku k_~bf_glh]_g_ajz \nBZ&ubckc
\Z_| debfzZlbq_kdZy ahgZevghklv <kREgpdH §Zkk _
lJey”rgh ijhy\ey_Iky Zjb~rghklv debfZN@Z yw hHj ekZAkflZry
Jhkkbb < X ghf DZkibb ijhbkoh”bl ZidIbbgt_ [bh
fh]l]_ggh_ hkz~dhh[jZah\Zgb_ b \ i_jdmx jZ@\p_~"v
Ib_ ihemqgbeb dZj[hgZlgu_ hleh’  _gbydzZd_ fthz\e _
] _ggufb hklzldzfb 1zZzd b jZaebqgufb jfbgh\Zevgu
gbyfb dzZj[hgZlghc ijbjh*u hheblZfb udfp_dhglbjh\.
dzfb b kn_jheblZzfb Djhf_ Ihlh \ X dlhld&dkibckec
g_ ijhbkoh”yl Zdlb\gu_ ~bZ]_g_Ilbqg_kigh\hMyjZah\
sb_ d h[jZzah\Zgbx fbg_jZeh\ LzZdbf &fjZzahjf_DZk
Z \ qZklghklb X guc DZkibc y\ey_Ilky pikegudqzZcg
hit_dlIhf “ey bkke_~h\Zgby ijhp_kkh\ \kg*ifbglh]._
ijh~he zZ_I| bah[beh\ZIv az]z~dZfb

JZ[h1Z \uiheg_gZ ijb nbgzZgkh\hc ih~"~_j°d_ JNNB

\lhj ijbagzl_evgzZz zdz~ _fbdm : | Ebkbpugm azZ ih?
m GBK ©Jbnl2 : : Dex\bldbgm F > DjzZ\gbrbghc b G



aZ ihfhsv \ wdki_"bpbyo E < > fbghc < : DZjeh\m
bkke_"h\Zgby

Ebl_jZImjz
:f[jhkbfh\ : D Dex\bldbg : : =hev/DifiX-dk b *j
gu_ bkke_"h\Zgby kbkl_fu DZkibckdh]h fhjy \ fj
bkke_~h\zZl_evkdh]h km~gzZ ©Jbnl? Hd_Zgheh]by
K +
;hjr*h\kdbc HHjI@gbqg_kdh_ \_s_kI\h kh\j_f_gguo hkZ
kibckdh]h fhjy Hd_Zgheh]by L \ui K +

>ZjZ H F E_bg : X Dhabgz G I<j\ZB\gydho\hFd zZ<
dmlgZlhjblZz \ kh\j_f_gguo hleh _gbyo X 'gh DZkibckd

>hde J:G L < K +

B\Zgh\ F < Kz\\bg_\ : K Dex\bhdathdgh\e lgbj k_
jh\h~hjh~rghlh azZjzZz" _gby \h~ghc lhesb Jem[hdh\h”guo
kdh]h fhjy >hde J:G L < K

DZkibckdh_ ffjje_fu k_~bf_glh]_g_azZ F GZmdZz

DhabgZ &bg_jZevguc khklZ\ “hgguo hleh _gbc b hi
kh\j_f_ggh]h hkzZz~rdhgZdhie_gby \ DZkibckdhf fhj_ :\
dzg”® ]_he fbg_j gZmd F BgklbIml hd_Zgheh]lbb b
J:G k

E_[_"\VE B FzZ_\? = ;hj*"h\KdB¢dh Zkhbbtkdh]h
fhjy F GZmdz k

EmdZrbg < G Ebkbpug : | FAOj@_H eWgicMghklz\
hkZz~"hgghlh fZl_jbZezZ \ DZkibckdhf fhj_ Hd_Zgheh]b

IZohfh\Z :HjKZgbg_kdh_ \_s_kI\h \ *hgguo hkz~dZo
lh fhijy Li =HBG < u-85. K

)($785(6 2) 35(6(17 6(',0(17%7,21
,1 7+( 6287+(51 &%$63,%1

1 9 .R]LQD

$ VIVWHPDWLF DSSURDFK LQFOXGLQJ D FRPSOH]
ZDV XVHG IRU WKH ¢UVW WLPH WR VWXG\ WKH ER\
7KH DUWLFOH SUHVHQWY GDWD RQ WKH PIMQHUDO
DQG GLVWULEXWQRQRRUBOIKR FDUERQ LQ WKH VXU
BRXWK &DVSLDQ



:G:EBA I?LJH=?GGHC KHKL:<EYXS?C
KH<J?F?GGUO HK:>HQGUO NHJF:PBC
>HGGUO HLEH@?GBC MJ;:GBABJH<:GGHC KJ?

A B Kemdh\kdbc : K F_~\_~n \

Bgklblml ]_heh]bb DZjGP J:G

< "hdez”"_ jZkkfhlj_gu aZdhghf_jghklb gZdhie_gb
ljh] _gguo dhfihg_glh\ \ j_gguo b ha_jgue ~hggt
yo Zgljhih]_ggh gZjmr_gghc kj_~u ] I_ljhaz\h"kd
] _hobfbqg_kdZy ki_pbnbdzZ dZ ~h]h eblheh}bqg_kdh
gbc qlh iha\hey_ | hibjzlvky gZ wlb ~Zggu_ \ "Ze\
] _heh]bg_kdbo bkke_"h\Zgbyo gZ mj[Zgbabjh\Zg
J_kim[ebdb DZj_ebb b "jm]bo j_]Jbhgh\ Jhkkbb b f

<\_~_glig_\b~rgh qlh ijb ijh\_~_gbb wdheh]h ]_h
bkke_~h\Zgbc ZgZeba ]J_hkj_"~u b __ khklZ\eyxs
"he g \dexqZlv ijbf_g_gb_ \k_o \hafh 'guo “ey w
>hggu_ hleh’_gby \h*guo h[t_dIh\ yleyxsb-_ky hk:
]bg_kdhc nhjfZpb_c¢c g_h[oh”bfh hp_gb\ZIv k lhqd
"Zgby \ gbo hkgh\guo we_f_glh\ kem Zsbo ©dexi
kbnbdZpbb b ZgZebaz [he__ keh guo ijhp_kkh\
\hAguo h[t_dlZo b gZ bo \h*hk[hjghc iehsZ”b Ih
djZzcg_ \Z _g \ k\_I_ Zgljhih]_gghc ljZgknhjfZphbt
Ihf gbke_ “hgguo hleh _gbc g9Z mj[Zgbabjh\Zggu
]1"_ baf_g_gby fhlml ijhbkoh”~blv dzZd gz fbdjh |z
g_ >Ygbg @

<h?gu_ h[t_dlu ] I_IljhazZ\h*"kdZ y\eyxlky h[t_
klZevgh]h \gbfZgby ki_pbZebklh\ jZaebgguo h[eZ]
QU _« @ =_hobfbg_kdb_ hkh[_gghklb-"hgguo

Ah_fh\ b \h~Ahlhdh\ Jhjh~Z ij_~klZ\e_gu \ jZ[hlZo
dhee_] ]~_ hkgh\ghc Zdp_gl ~_eZ Iky gZ bkke_*"
b jzkij_~_e_gby ly _euo f_IZeeh\ \ ij_kgh\h”~guo F
]_ggh gZjmr_gghc kj_"~u >Kemdh\kdbc ;m[gh\Z
F_AM_" N\ Kemdh\kdbc K\_1lh\ @



P_ev “Zgghc jZ[hlu £ hp_gblv kh”_j Zgb-_ b jZk
l[jh]_gguo we_f_glh\ b hj]J]Zgbqg_kdh]h \_s_kI\zZz \ ~
gbyo j_d b ha_j jzZzkiheh  _gguo \ g_jl_ 1 I_ljhaz\l

H{t_dlu b f_Ih”"u bkke_"BXkebyh\Zebkv h[jZap
ijh[ j_gguo b ha_jguo "hgguo hleh  _gbc ba dhee
gbdh\ eZ[hjZlhjbb ]_hobfbb b fh~_ebjh\Zgby ijbjh"
]_gguo ijhp_kkh\ BgklbImlZ ]_heh]bb DZjGP J:G
db Zeex\bc ~\mo fZeuo j_d Ehkhkbgdb b G_Jebg
ih 1_jjblhjbb 1 I_ljhaz\h~"kdZ kZijhi_e_\u_ beu
ha EZf[Z Z 1Zzd _ kZijhi_eb Ze_\jblh\u_ kZijhi_e
Jebgu ba jZaj_aZ “hgguo hleh  _gbc ha Q_luj_o\_

Jbk DZjlZ ko_fZ jzkiheh  _gby \h~Aguo h[t_dlh\
] | _ljhaz\h~ kdz

Kh~ jZgb_ hkgh\guo i_Iljh]_gguo dhfiy glh\
JH, 12 .2 &D2 0J2 0QZ2 ZLBAibkZgguo hkZ"hq
guo nhjfZpbc hij_~ eyehkv ijb ihfhsb j_gl] _ghne
ghlh ki_dljhf_ljz fzjdb $5/ $'9%$179; Hij_"~_e_qgb

ijb ijhdZeb\Zgbb | I/12, beZjzl_jjbajmdsdE hji Zgh
kdh_ \_s_kI\h ijh\h~beb \_kh\uf kihkh[hf rhke g
ke _~m_fuo ijh[ ~h |_fi_jZImju f& KIZlbklbg_k

ijh\h~"bebkv k bkihevah\zZgb_f ijh]jZffu OLFURVR



Kjz\g_gb_ kh”_j Zgby fzdjhdhfihg_glh\ \ “hgguo
ijh\h*"behkv ih kj_"~gbf agzZq_gbyf “ey dZ ~hc \u[h
kdh_ bah[jZz  _gb_ j_amevlZlh\ bkke_"h\Zgbc \uihe
sb ijh]jzff ,QNVFDSH b 7UL4XLFN

6L2GZb[hevrZy dhgp_gljZpby hdkb”Z dj_fgby m
e_glhqguo ]JebgZo ha Q_luj_o\_jklgh]h - <g
r_f hit_f_ kh”_j " ZgBuydk2gh \ Zeex\bZevguo hleh
yo j_d Ehkhkbgdb b G_lebgdhb - AZ gb
ijhi_e_\u_ b Ze_\jblh\h kZijhi_e_\u-
gby ha Q_luj_o\_jklgh]lh < kZzZijhi_e_ ha -EZf[Z
"_gu gZbf_gvrb_ dhgp_gljZpbb hdkb”zZ dj_fgby

$@ GZb[hevr__ kh”_j Zgb_ hdkb”Z Zexfbgby oZ
lebg ha Q _luj_o\_jklgh]h < Zeex\bZevgu
j_d G_]Jebgdb b Ehkhkbgdb XhZ\plZgb_ $0
khhi\_IkI\_ggh < kZijhi_e_\uo hleh _gbyo ha Q_
hgh khklz\ey _| Z \ Ze_\jblh\uo kZijhi_eyo :
f _ gvrZzy dhgp_gljZpby hdkb”"Z Zexfbgby h[gZjm _
ha EzZf[zZz *

) s GZb[hevr__ kh*_j Zgb_ kmffZjgh]h - _e_aZz
gh \ kZijhi_e_\uo ijh[Zo ha_j EZf[Z -b Q_lu
1h < Zeex\bZevguo hleh _gbyo j_d G_J]ebg
db _]h dhgp_gljZpby khklz\ey_|I b ->ey Jel
\_jklgh]h hgzZ jz\gz Z\ Ze_\jblh\uo kZijhi_e\
"h_fZ [ueh h[gZjm _gh fbgbfZevgh_ kh"_j Zgb_ "

1D2 GZb[hevr__ kh”_j Zgb_ hdkb”"Z gZljby \klj_
ex\bZevguo hleh” _gbyo j G_J]ebgdb b ]Jebgbkluo
Q_luj_o\_jklghlh % b kKhhi\_IklI\_ggh Qm
hit_f_ = 2 IjbkmlkI\m_I \ Zeex\bZevguo hleh
j Ehkhkbgdb < kZijhi_e_\uo b Ze_\jblh\uo kZijh
l[jZpby hdkb”~Z gZljby jzZ\gZ b < kZijhi_
h[gZjm _gZ _1h gzZbf_gvrZy dhgp_gljZpby %

&D2GZb[hevrb_ dhgp_gljZpbb hdkb”"Z dZevpby o
Zeex\bZevguo hleh” _gbc j_d G_]Jebgdb b Ehkhkbg
< Jebgbkluo hleh  _gbyo ha Q_luj_o\_jkligh]lh _]h
1Z\gZ < kZijhi_e_ ha EZf[z % GZbf_gv



kh~_jZgby hdkb”"Z dZevpby hij_~_e_gu \ kZijhi_e

jblh\hf kZijhi_e_ ha Q_luj_o\_jklgh]h

.,2 GZb[hevr__ kh”_j Zgb_ hdkb”"Z dZeby o0Zjzd
ha Q_luj_o\_jklgh]h < Zeex\bZevguo hleh"
khkbgdb b G_]ebgdb _]h dhgp_gljZpby jZ\gZ K
kI\_ggh < kZijhi_e_\uo hleh’_gbyo ha Q_-luj_o\_
"Zgb_2 khklz\ey | Z \ Ze_\jblh\uo kZijhi_ey

GZbf_gvrZy dhgp_gljZpby hdkb”Z Zexfbgby h[gZ]
i_e_ha EZf[z %

0J2 GZb[hevr__ kh”~_j Zgb_ hdkb"Z fZ]giply h[gZjn
i_e_\uo b ]Jebgbkluo hleh” _gbyo ha #)_ luj_&\ Zd&lgh
ex\bZevguo hleh”_gbyo j_d G_]ebgdkhdpE lgkjizkpdagyd b

khklz\ey_|I b >ey Ze_\jblu\hhkedijhighec \
ha Q_luj_o\_jklgh]h dhgp_gljZpby PB@bfZ\evgh _
_kh~_j Zgb_ = + \klj_qZ_lkyeyiftdZ& & hi

0Q2GZb[hevrzy dhgp_gljZpby hdkb"zZ fZz)\NzZgpZz
Zeex\bZevguo hleh’_gbyo j Ehkhkbhgdd tha EBfkZ
[z £ < Zeex\bZevguo hleh  _gblyppj g6 Z]etyd !
0Q2jAgyz AXZ gdold bb klee Mmmxx | kiZ4 jthh2 edvidp bh h
\uc kZijhi_ev ha Q_Iluj_o\_jkhddghk Jesbg
4 h[gZjm _gu gZbf_gvrb_ dh@§g_fdljlZmpz hdk

7L2 GZb[hevrZy dhgp_gljZpbb hdkb”Z IblZgZ oz
Zeex\bZevguo hleh’_gbc j G_J]ebgdb + - >ey
khkbgdb _]1h dhgp_gljZpby jzZ\gZz < ]Jebgbkluo
Q_luj_o\_jklighlh hdkb” IblZgZ ijbkmlkI\m_I \ dhek
kZijhi_e_\uo hleh  _gbyo % GZbf_gvrb_ agZq
gby hdkb”Z IblZzgzZ hij_~_e_gu \ Ze_\jblh\Rf kZijh
j_o\_jklghlh % b kzijhi_e_ ha EZf[Z %

32 GZbl[hevr__ kh”_j Zgb_ hdkb”Z nhknhjzZ h[
kzZijhi_e_\uo ijh[Zo ha EZf[Z < Ze_\jblh\
e__ha Q_luj_o\_jklgh]lh [ueh h[gZjm _gh - nNZ
I1Z >ey kZijhi_e_c ha Q_luj_o\_jki¢gh2hjdhgdp _glj2

< Zeex\bZevguo hleh’ _gbyo j_d Ehkhkbgdl]
hgzZ khklz\ey_|I b < ]Jebg_ ha Q_luj_o\_j
"_gu gZbf_gvrb_ dhgp_gljZpbb hdkb”Z nhknhjz +



/2, GZb[hevrbc ijhp_gl hjlZgbdb h[gzZjm _g \ k
\uo ijh[Zo ha EZf[Z < Ze_\jblh\hf kZijhi_e
j_o\_jklghlh hg khklz\ey_|I >ey kZijhi_e_c
\_jkligh]h agzZ@,dgg\gh?, jZ\gh< Zeex\thZevapud e
yo j_d Ehkhkbgdb b G_]Jebgdb hgh khklZ\ey_|
ha Q_luj_o\_jklgh]lh h[gZjm _gh fbgbfZevgh_ ag
g_kdhlh \_s_klI\zZ =

Khhighr_gb_ kh”_j Zgby hj]Zgbq_kdhdhhV\eb_klI\Z
_gbc b kmffu dj_fg_a_fzZ b JebghaeyZl 4bkn_jigga\h
pbjh\Zlv bamqg_ggu_ hkZ”~db gZ Iljb dhmyiuZe<ex\p\mx
Zevgu_ hleh”_gby b e_glhqgu_ Jebgagadd_gbb /Zba
b \ukhdh_ kmffu hdkb”h\ 6L b $O Ijbgwihd -hjkbZjyh
dh\ Ehkhkbgdb hlghkysb_ky d ihcf_¢egddiledh gl
\lhjhc ]jmii_ \ dhlhjmx \oh”?yl kZijhiuebkBijpha _¥jlp|
ha Q_luj_o\_jklgh]lh Lj_lvy ]jmiiZ_\adexpZ_ EXZZhi
dhlhju_ bf_xI [ebadh_ k hkz~dzfb h” lujj Zogb-jkhgh]h
]Zgbdb gh agZqgbl_evgh f_gvrbc \ ZRdyxjblcgdhhb kh
_gbc Ijbf_qgqZl_evgh y\gh_ jZaebgbh&4Zijhit_ djhc ™\
azZz\h~"kdz jzkiheh _gguo ijbf_jghAjm]zdf ~jm] hl

KZijhi_eb ha EZf[Z j_adh \u”_eyxlk¥#hhZdgmpbo |
hkzZz~hgguo nhjfZpbc gZ ~“jm]hc ~bZzZ]jkifffZjlghldhr_c
JH hdkb”Z 3 b /2, jbk Wlh kwfalklg’h K Zlgburf gg
kmffZjghlh )B b 8hgguo hleh _gbyo EZf[u J*_ \ \h
\bl_evguo mkeh\byo h[jZam_Ilky fbg3dZe+\b\bzZghbl
Ilhwlihfm lhevdh \ hkZ*"dZo EZf[u hlf_qg&gZky finlkkm]
dhjj_eypbhgghc klyab f_""m nhknhjhY_ s _Hjl\\hdbqg_k

a_jguo hleh” _gbc < “hgguo hkz~dgblhab @eéxj_o
\bb f_""m kh"_jPZQbb/22 mmnhll@[@@\k@egggﬁfhﬂwwmﬂnﬂnﬂnbgglgm

eypbb 5 ijb S dj 5 Ih\ur_ggh_ kh”™_j Zghb
‘_e_azZ \ hkz~dzZo EZf[u k\yazZzgh k mowdhojhZghdzZkd _
|h’\h[gu_ "_e_abklu_ kzZijhi_eb ~h\helviglhZigb ewugh |j

gZ |I_jjblhjbb x"ghc qZklb DZj_ebb >Kbgw@_\b §hIWc
ZghfZevgh \ukhdh_ kh”_j " Zgb_ nhknheZInhflNulv |
yl_evghklb y]h*gh ieh”h\h]h iblhfghdlAddhlhjufoy \ k
jZkiheZ]Zeky \[ebab ha_jZz



Jbk >bzljzffz khhighr_gby dhgp_gljZpbc
kmffu hdkb~h\ Zexfbgby b dj _fgby b hj]j]Zgbqg_
kdhlh \_s kI\Z \ *hgguo hleh™ _gby \h*guo hJt
_dlh\ ] I_ljhaz\h"kdZz

Jbk Lihcgzy ~bz]jzffz khhlghr_gby h[s_]h
" e_aZ nhknhjZ b hjl]Zgbg_kdh]lh \_s_kI\Z \ ~hg
guo hleh” _gbyo \h~guo h[t_dIh\ ] |I_ljhaz\h”*kdZz



ljh\_~ _gguc ZgZeba i_ljh]_gguo dhfihg_glh\ ~hg
gbc \h~*guo h[t_dIh\ ] I_IljhazZz\h~kdZ iha\hebl hibj.
g_ggu_ ~"Zggu_ ijb ijh\_~ _gbb ~"Zevg_crbo wdheh]h
bkke_ _~h\zZgbc \ i_j\mx hg_j_"v ijb hij_~_e_gbb a.
jZkij_~_e_gby fbdjhwe_f_glh\ \ bamqg_gguo ij_kg
dZo \ Ihf qbke_ Iy _euo f_IZeeh\ b f_IZeehb”h\

Ebl_jzZImjz
<h”gu_ h[t_#hgh”Z | _ljhaz\h"kdZ Mq_[gh_ ihkh[b_
< Ebl\bg_gdh L B J_] jZg~ I_ljhaz\h"kd DZjGP .

Kbgvd_\bg ? B WdfEggB_ Ffleh _gby ha_j \hklhqgt
klb N_gghkdzZzg”~bgzZ\kdh]h djbklZeebqg_kdh]h sblz 1_Ij
J:G k

Kemdh\kdbc A B ;mJohhd_Lkdbc khklZ\ njZdpbb
hleh® _gbc j_db G _]Jebgdb + bg”~bdZlhj aZ]jyag_gby ]hj

Mg_g aZzi I_ljhaz\h~*kdh]lh Thk mg IZ < K :

Kemdh\kdbc A B F_#&\ j*bdZevigh_ jZkij_~_e_gb_ ft
we_f_glh\ \ ~hgguo hleh _gbyo fZeh]h ha_jZ \-mkeh\by
ghc kj_"u <h”rZ obfby b wdheh]by < K *

Kemdh\kdbc A B K\=ITholfbq_kdb_ bg”*bdzZihju |I_o
ghlh aZ]jyag_gby “hgguo hleh’ _gbc fZeuo j_d \ mj[Zgb

=_hljZnby b ijbjh*gu_ j_kmjku < K *
Ygbg ? LLogh]l_ggu_ j_ggu_ beu \_s_klI\_gguc khklz
g_kdb_ hkh[_gghklb wdheh]bq_kdzZy hp_gdz Wdhe
< K *

$1$/<6,6 2) 0$-25 &20321(176 2) 02'(51
6(',0(17$5< )250$7,216 %27720 '(326,76
2) 7+( 85%%$1 (19,5210(17

= , BOXNRYVNLL $ 6 OHGYHGHY
,QVWLWXWH RI *HRORJ\ .DU5& RI 5%$6

7KH UHSRUW H[DPLQHV WKH PDLQ UHJXODULWLHYV
QHQWYV IRXQG LQ ULYHU DQG ODNH VHGLPHQWYV RI
PHQWV LQ 3HWUR]JDYRGVN 7KH JHRFKHPLFWO VSH
W\SH ZDV GHWHUPLQHG ZKLFK DOORZV UHO\LQJ |
WKHU HFRORJLFDO DQG JHRORJLFDO UHVHDUFK LC
DQG RWKHU 5XVVLDQ DQG ZRUOG UHJLRQV



J;>BHEH=BQ?KDB? BKKE?>H<:GBY
>HGGUO HK:>DH< ;?EH=H FHJY
< OH>? G:MQGH BKKE?>H<:L?EVKDHC WDKI?>BF
©IE:<MQBC MGB<?JKBL?L?2 < =H>M

K < >jm bgbg K ; Audh\ ? X Ydh\e_\
Bgklblml wdheh]bqg_kdbo ijh[e_f K_\_jZ MjH J:G

H[t_dlZfb bkke_"h\Zgby y\eyebkv jZ"bhZdlb\gu_
guo hkz~rdZo ;_eh]lh fhjy P_evx jZ[hlu \ukIlmiZe
kjZ\gbl_evghc ozjzdl_jbklbdb jzZzr"bhzdlb\ghklb ~I
;_eh]lh fhjy ihemqg_gghc \ ] kj_amevlZlZfb bk
emq_ggufb jZg__ MklZgh\e_gh qglh dhgp_gljZph
bahlhiZz p_aby \ "hgguo hkz~dZo kgbabeZzZkv I]j
ijh[Zo h[gZjm  _g [ukljhjzkiz*"Zxsbcky | _ogh]_gguc
abc Wlh mdzZaulZ_1 gZ Ih qglh ihklmie_gb_ I _«
ZdIb\ghklb \ Zjdlbg_kdb_ fhjy ijh*he Z _Iky :dlb
klI\_gguo jZ~bhzdlb\guo bahlhih\ \ p_ehf ih “hggu
\Zlhjbb ; _eh]h fhjy gZoh”~ylky \ ij_~_eZo deZjdh\u

:dimZevghklv hp_gdb aZ]jyag_gby jZgbhfdbdEh\gufl
dibg_kdbo wdhkbkl_f kl\yaZgZ k gZlejkgtb of idied g u c
gh\ bkiulzgby kh\j_f_gghlh \hhjm™_gbby fizZklbaZdhj!
Ib\guo hloh”h\ 2~ _ckl\b_f kbeh\uo ly’'wggujo vnglZdb
gh\hd b gZebgb_f Zlhfgh]h nehlz @ZXskkkkhjygb \ hd
azZiz”"ghf k_dlhj_ jhkkbckdhc :jdibdudEjp "Zglkhijbjh
ih]_ggufb nzdlhjzfb \ebyxl| IjZgk]jZghgduhZidljb\ghkt
guo dhfihg_glh\ \ha”mrgufb b \h*gufb fZkkZzZfb

K bxgy ih bxey ] [ueZ hj]j]Zgbah\ZgZ fhjk
bkke ~h\zZl _evkdzZy wdki_"bpby ©leZ\mqgbc mgb\ _
;Zj_gp_\h fhjy gZ GBK ©ljhn_kkhj FhegzZgh\& H
fb wdki_~bpbb \uklmibeb N=:HM <IH ©K_\_jguc :]
n_ "~ jZevguc mgb\_jkbl | bf gb F < Ehfhghkh\Z
\_jgh_ mijz\e_gb_ ih Jb~jhf_I_hjheh]bb b fhgblhj
Xs_¢ kj_~u?® :joZg]_evkdbc p_glj <k_jhkkbckdhc |
hjlZzgbazpbb ©Jmkkdh_ ]_h]jZnbq_kdh_ h[s_klI\h?



"bpbb [ueb \uiheg_gu bkke_"~h\Zgby _kl_KkI\_gghc
jZ"bhzdlIb\ghklb “hgguo hleh _gbc ;_eh]h-fhjy k
gby ihemqg_gguo j_amevlZlh\ k *Zggufb ihemqg_gc
]Jh~ru Hij_~_e_gb_ kh”"_j Zgby jZ*"bhzZdlb\guo bah
ezZkv 1zffz ki_dljhf_ljbg_kdbf f_Ih~hf
Kmsghklv f_Ih*"bdb hij_~_e_gby Zdlbdgkkbo ]ZffZz
jZ"bhgmdeb”h\ \ kg_lguo h[jZapZo jiZipdh\ ZgpbgZ |
Ibeeypbhgguo ki_dljh\ ]1ZffZ baemq_dby_ blRhmkdZ_
kg_Ilgh]lh h[jZzapZ k ihke_"mxs_c hfipNxhlidheBlko gZ
ke_"h\Zgby jZ"bhgmdeb”h\ \ “hgguo btelekv_gByo
hkgh\_ f_Ih~bdb baf_j_gbc jZajzZ[hlZjhehdbbPblglj_
gbabjmxsbo baemq_gbc =FP ©<GBBNLJB?2 =hkklZg
Hlih[jZggu_ \ oh”_ wdki_“bpbhgguo jzihdhijh[u "h
gbc "hklzZ\eyeb \ klZpbhgZjgmx ezZ[hhjXZlejb*x Klfh_ \L
rbevghf rdZnm ijb |_fi_jZImj_ f K yhilkle[u™h_"_ ¢
\ha~mrgh kmoh]h khklhygby ihemq_g\@eb &®Zh_kdm
j_ghkbeb \ khkm” FZjbg_eeb ~ey bafdjljlgbyjgZz ]Zf
J_]1bkljzpby 1ZffZ baemqg_gbc hl kgguphhleth[jZap
“_gbc zZ 1zZd _ h[jZ[hldZ ki_dljh\ ijheh/ahaBlgb ki bl
ijh]ljzffgh ZiiZjZIlmjgh]h dhfie_dkzZ ©Iljh]dhkikjhzffza
\oh”yl kpbglbeeypbhgguc [ehd ~_|_ddbjn§Zgby pzff
hkgh\_ djbklZeez ch”bKlbh]WiOJ d[kuiaihibi GAgtpkk irdmind
gby bfimevkh\ iezZlz ZgzZeh]h\h pbrigh\éyh :iiPlh[jZa
k\bgph\Zy aZsblz [ehdZ ~_|_dlbjh\Zagmnhyghigbhhgldh]
eb[jh\hgguc bklh&9Yhdi_jkhgZevguc dhfivxl_j
DZeb[jh\dz ]zffz ki_dIljhf_IjZ ih wg_jlbb-*ey dh
ojZgghklvx iZjzf_ljh\ mklZgh\db ijh\h*beZkv ihke
f_j_gby k bkihevah\zZgb_f dhf[bgbjh\Zggh]h dhgljt
gbdzZ \ khkm”~_ FZjbg_eeb = eblj H[jZ[hldZ ki_d
g_gbc ZdlIb\ghklb b ih]j_rghklb ijhba\h*bebkv k b
ijhljzffghlh h[_ki_g_gby 1JH=J?KK FbgbfZevgh_
ihgbjh\Zgby kgq_lgh]h h[jZapZ khklZ\eyeh k_dr
Ih j_amevlzlzf baf_j_gbc ihkljh_gu dZjlu ijhkljZz
jZkij_~_e_gby ZdIb&yhklb5D b7 K\\"hlggagwohhédh
gbyo ;_eh]lh fhjy dhlhju_ ~_fhgkljbjmxlky gZ jbk



JZKij_"_e_gb_ Zdlb\ghkl*b®FtHAKh\. &V ;d d] \
"hgguo hkz~dZo ;_eh]h fhjy

H[{sb_ azZdhghf_jghklb jZkij_"~_e_gby jZ*bhzdlt
ih\ ke_"mxsb_ GZb[he__ \ukhdb_ agZq_gby Zdlb
“Zl dZebx glh hif_qZehkv b jZzg__ ijh\_~_ggufb
yfb :dlib\ghklv dZeby aZ\bkbl hl khklz\Z hleh™_
ey_| ~ey hlh[jZgguo ijh[ hl ~h ;d d] qlh kit
ghjfZevghfm jZkij_~_e_gbx dZeby \ fhjkdbo hk



fhjy <ukhdzZy zZdlh\ghrkkeh\e_gZ gZebqgb_f Jebghe
fbg_jZeh\ k [hevrbf kh”_j Zgb_f ijbjhrgh]h-dZeby
j_oh~yl \ jZzklI\hju ba dhglbg_glZevguo Jebg b \ugt
fhj_ 17_ gzZdZieb\zxlky Jez\guf h[jZzahf \ -1h ]Jem]
klyo JZkijhkljZzg_gb_ zZd\bX¥hoggbo hieh” gbyo Kkint
\_IkI\mxl gzZijz\e_gbx hkgh\gh]h \ughkZ Jebgha_fg
\h~"Zfb >\bgkdh]l]h b DZg~"ZezZdrkdh]h aZeb\lnh\ >Dbk

:dlb\ghklv jZ"by \ *hgguo hkz~rdZo ;_-eh]h fh
ky hl ~h ;d d] GZb[he__ \ukhdb_ agZg-gby h[
kgh\_p \ ;_ehf fhj_ ;d d]l < fhjkdh5DidukjZ gk
ghkblky \ khklz\_ fbg_jZevguo qZklbp jZajmr_gc¢
jh~ b \ jZklI\hj_gghf \b”r_ WIh h[tykgy_| mi_ebqg_c¢
l[jZpbb \ ihgb  _gbyo j_ev_nZ eh’'[bgu e_~gbdh\h]h
ihgb™_gby gZ ih\_joghklb e_"gbdh\uo hleh  _gbc |
ihgb™_gby b I b mf_gvr_gb_\1_o f_klZo ]"*_
ful *hgguo hleh _gbc b dhj_gguo ihjhr MdZaZgg
gb_ jZ"by \ ;_ehf fhj_ khhI\_IklI\m_I ihemqg_ggt
guf >Dbk_e_\ b *j @

:dib\ghklv Ihjby \ jZaguo ]J]hjbahglZo "hgguo |
fhj_c baf_gy_Ilky hl ~h ;d d] FZdkbfzZevgh_ ag
lhjby mklzZgh\e_gh \h \Ihjhf keh_ hl "h kf ij
pbb \ ;_ehf fhj_ m DZj_evkdh]lh [_j_1Z ]~_ b jZ
_]h ih\ur_ggu_ dhgp_gljZpbb \' \ _jog_f "\mokzglbf
Bklhqgbdhf ihklmie_gby lhjby \ “hggu_ hkz~db
fhlml \ukImizZlv wdah]_ggu_ ijhp_kku jZajmrZxsb
gblhb”u kez]Zxsb_ fgh]l]hgbke_ggu_ hkljh\Z b D
j_]1] GZ hklzevguo |I_jjblhjbyo ZdIb\ghklv Ihjby
deZjdh\uo agZq_gbc qglh khl]ezZzkm_1lky k jZg__ ijh
"h\Zgbyfb >Dbk_e_\ b 7j @

< hI*_evguo ijh[Zo gZ[ex*Z_lky _kl_klI\_gguc jZ
bahlhi [_jbeebc dhkfh]_ggh]lh ijhbkoh ™ ~_gby ?]Fr
aZj_|Jlbkljbjh\ZggZy Zdlb\ghklv khklzZ\ey_|I ;d d

L _ogh]_ggu_ jZ*bhzdlb\gu_ bahlhiu p_abc |
[Zevl] yleyxlky hkgh\gufb ihdZaZzZl_eyfb aZ]jyag._
ghc jZz*"bhzdlIb\ghklvx “hgguo hkz~dh\ |_jjblhjbc b



Bahlhi dh[Zevl \ “hgguo hkzZz~dZo gzZ#_g_ h]
abc bf _xsbc i_jbh” ihemjzkiz*"Z KHgheh_| e _
ky ijZzdlbg_kdb gZ dZ ~“hc klZgpbb&ViIhkthgegugb
hkz~rdb ijhbkoh”beh \ ihke_"gb_ ~_kylbejlby >F

Dbk_e_\ b *j Dbk_e_\Z2mie_@b_?4hfhhk
kdh_ ijhkljZzgkl\h ijhbkoh”bl ba jZagzdbfhkdhpgbdt
gu_ \uiZ”®_gby jZz*bhzdlb\ghklb ijb ZdZpbgbtjga y”"._
Zlhfhoh~Zo b Zlhfguo we_dljhklZgpby g”ijjg blkhiulZ
hjm by b y*_jguo \ajul\Zo \ fbjguo pjkdfo Khhk \
kljzgkl\h I\_jAuo b "b~dbo jZz"bhzZdlb\gu&-hHih"h
"bhzdlb\ghklb ba ojZgbebs jZz*"bhzdlphguighhloh”?
fure_gguo jZ*bhzdlb\guo hloh”h\ \ ijekfhY*g&B x kj_~
g__ hkz ~_gghc jz*"bhzdlb\ghklb baZhdhhjbghlh i
gZy wfbkkby jZ"bhZdlb\ghklb k aZ]jlyagjm&wo |_j
[jhih]_gghf \ha”_ckl\bb beb \ j_ameylN2l gbjbjh”~g
Hkgh\gZy |_ogh]_ggZy jZ~bhzdlb\ghkw [\Whe*z1 ;_
knhjfbjh\Zzgz \ k_fb”~_kylu_ = \hkvfbkgkylygb Jh~
\ghkZ ba K_\_jgh]lh fhjy >X~Zobg bhfjih Zd@
\Zlhjbb ;_eh]h fhjy dhgp_gljZpby wiahyhbblamhhiz
\_IkI\m_I| j_amevlZIZf \uiheg_gguo j&g\ b j4[hl >

@

N D

P_abc bf__ I i_jbh” ihemjzkiz~"Z<hidbgh®  Th
guo mkeh\byo hg fh _I ihy\eylvky hkiZyf&lZxsbo \
fy :WK beb Z\Zjbcguo g¢Zijbf_j Nhdmkbful B2y __
lhi g_ j_]bkljbjh\Zeky \ "hgguo hkZAHZ'dGjbkdbo *_
b ZiizjZImjguo mkeh\byo < hlh[jZggthkZfd\o h'gh g
higZjm _g \ dhebg_kI\_ hl Ah au\zZd d]gM Ih ;md2z
eh_ fhj_ ihklmiz_1 | _ogh]_ggZy jZ"bh&@uddb\ghddv q

\Zlv hij_~_e_ggmx gZklhjh _gghklv
J _amevlZlu wdki_~bpbhgguo jZ[hl gZ GBK O©ljhr
gh\2 ih bkke_"h\Zgbx _kl_kI\_gguo b I_ogh]_gguo
bahlhih\ \ *hgguo hkzZz~dZo ;_eh]h fhjy k\h*ylky d
< “hgguo hleh  _gbyo gZ[ex"Zxlky kjzZ\gbl_e
ZdIb\ghklb dZeby glh Jueh mklZgh\e_gh b jZg_
bahlhiu \ *hgguo hkzZz~dZo bf_xI ZdIb\ghklb mjh\g\



>ey “hgguo hkz”~dh\ oZjzdl_jgh gZebgb_ bkd
"bhzZdlb\gh]h bahlhiZz p_abc H”rgZdh Zdlb\gf
fZez qlh mdzZaulZ_I| gZ hlkmlkl\b_ kh\j_f_ggh]h
bahlhiz \ *hggu_ hleh _gby ;_eh]h fhjy

MklZgh\e_gh ijbkmlkli\b_ I_ogh]_gghih [ukl
s_lhky jz~bhzdlb\gh]lh bahlhiZz p_aby \ “hggu
“he gh \uvau\Zlv Ij_\h]m h gh\uo ihklmie_gbyo jZ’
\ Jhkkbckdmx :jdlbdm P _abc mklZgh\e_g b \ ij
gZ hkljh\Zo Dmah\zZ \ ;_ehf fhj_ ?]h ihklmie_gb_
kdhc klhjhgu 1jh\_~_ggu_ bkke_"h\Zgby y\eyxlky
\ bamqg_gb_ jZz*bhzZdlb\ghklb \ Jhkkbckdhc-:jdlbd_
ke_"h\Zgby “hgguo hkzZ~dh\ b fhjkdhc \h~u gZ [he
jZkrbj_gb_ bkke_"h\Zgbc \hdjm] Gh\hc A_feb \ D

Ebl_jZImjz

Dbk_e_\ = | Dbk_e_\z B F AzdhhzdIbg\gl-"jbahlh
iu \ *hgguo hkz~dZo ;_eh]h fhjy K_\_j Wdheh]by K
jbg[mj] K%

Dbk_e_\Zz iFh[e_f_ jZ"bhzZdlb\ghklb ;_eh]h fhjy I
;Zj_gp j_1bhg_gZ jm[_"_ \_dh\ wdheh]by wdhghfbdZz
eu f_""mgZzZj dhgn :joZg]_evkd K

FZlbrh\ = = FZlbrh\ > = ARRkZaog agb_ “hgguo hle
" gbc ;_eh]h fhjy bkdmkkI\_ggufb jZ"bhgmdeb”Zfb >
:dz~_fbb gZmd L < K *

X"Zobg N G Dbk_e_\ = | Dhblghd_btgB F2bhzZdlb)
gu_ bahlhiu \ fhjyo AZiz~ghc :jdibdb \ i_jbh~" * 11
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:KLWH 6HD 7KH ZRUN GHDOWVILW E HWKZAH HR P8 R H DM
LW\ FKDUDFWHULVWLFV RI HRAHWVDRRPEWDAICPHRD WY RI
SUHYLRXVO\ REWDLQHG UHWJIBDWKWKHY kKR QYNH QW W



DUWLLFLDO LVRWRSH FHVLXMVHGQ, § HRELPH (DVW K
JUDWLQJ VDPSOHV PDQ PDGH QR WKDHW FHVRXRV W
RI WKH ODVWLQJ ARZ RI W HF NWKRIJ $IQEW LLFD\GH R D F Q.
WKH DFWLYLW\ RI QDWXUDWRPDGHBDFMWQWN RY RVKR-
UHPDLQV ZLWKLQ WKH KODUNH FRQWHQWYV

BKKE?>H<:GB? J;:> BH:DLB<GHKLB >HGGUO
HLEH@?GBC HA?J: D:F?GGH=H =HKM>:JKL<?GG
IJBJH>GUC A:IH<?>GBD ©DHKLHFMDRKDBC?2

= | Dbk_e_ \ K < >jm bgbg B F Dbk_e \zZ ?

N " jZevguc bkke_ _"h\zZl_evkdbc p_glj
dhfie_dkgh]h bamqg_gby :jdibdb J:G

< jZ[hl_ ij_"~klz\e_gu ~Zggu_ bkke_"h\Zgbc jz*
"hgguo hleh’ _gbc ha Dzf_ggh]h Jhkm~Zjkl\_ggt
azZih\_~gbdz ©Dhklhfmdrkdbc® ihemqg_ggu-_ Kk
Ib\ghklv _kl_kI\_gguo jZ"bhgmdeb”h\ dZeby ]
iby \Zjvbjm_1I hl ~h ;d d] hl  ~h ;d d]

;d d] khhI\_IkI\_ggh :dlb\ghklv bkdmkk4i\_gguo
Ah\ p_aby b p_aby baf_gy_Iky hl ~h ;d d
;d d] khhIV_IkI\_ggh

Hkh[uc bgl_j k d bamqg_gbx jZ"bZpbhgghc h[kl
f_gghlh ]Jhkm~ZjkI\_ggh]h ijbjh*gh]h azZihY_"gbdZ
kdbc? \hagbd ihke_ h[gZjm  _gby \ ] ith\ur_gg
ZdIlb\ghklb bkdmkklI\_ggh]h jZzZ"bhgmdeb”~Z p_aby

;d d] Vlj_o ijh[Zo “hgguo hleh™ _gbc

Bkke_ ~h\Zgb_ jZ"bZpbhgghc h[klZgh\Wd&Eeha D
\Zgh dzZd “ey hp_gdb jZkij_~_e_ gbkkldaZpjgaigh gby
jZ"bhgmdeb”zZfb ih iehsZ”b ha_jZ mngkiEagbe ghby
\ _gby aZ]jyag_gbc b kl_i_gb bo \hagmgkkjb¥ngZl Zjb
b "ey ZgZebaZ \ebygby jZ"bZpbhgguo hlechZagbce c
gZ dzZq_klI\h \h”*u ha_jZ 1Zd dzZd hgiglytidy Hkdy \h"t
\hc \h~u ] Dhklhfmdrb k gZzk_e_gb_f [he__ luk



=hkm~Zjkl\_gguc ijbjhrguc azZih\_"~gbd ®@bdgtklhfm
\Zg \ ] JjzZkiheh _g \ J_kim[ebud]jDghjpe bky Nbdige
eyg”"b_c b ij_"~klzZ\e_g _“bguf mqgzZkldhfdfie AZZ"vXx
ih\_7~gbd ijh_dlbjh\Zeky dzd qzklv jellkgZelwghlh
_lh az~zZqb i_j\hgZqZevgh \oh*beZpdlcéjZrbmipby
ke_~"kl\bc ijhfure_gghc ~_yl_evghklbr [likky-DHBa\b\.
klhfmdrkdh]h Jhjgh h[h]ZIbl_evgh]h dhdpligZbh AZ
klhfmdrkdbc? 1Zzd"_ y\ey_Ilky IljZgk]jZdbdagefkhal
N"Zg jhkkbckdh nbgkdbc azih\_~gbd E€w¥pb [gZ2ihGZ
\_"gbdzZ fghlh ha_j gh gZb[he__ a@jmigiHgh hfa Dz
|_dlhgbq_kdh e_"gbdh\h_ ijhbkoh ~.npb gdbkbZgkfZ
[_jjblhjbb aZih\_~gbdZ _]h iehsZébgZ + dHf rbjb
gz + df kj_"gyy Jem[bgZz + fkbeygh\Xyjedghy
h(szZy ijhly _gghklv khklz\ey_|I dfa_gzzdgAkihé¢tnb
"_gh hkljh\h\ < ha_j_ \h*ylky seldXZ k¥Kljhgaxgv
ky oZjbmk b ha_jguc ehkhkv qbkdjgshKllky dh Idngn] h
"Z_|Iky \ hkh[hc hojZg_ >;_ehmkhbhg b "j@ > °d

Ilhke_ h[gZjm _gby ih\ur_gguo agZq_gbc ZzZdlt
aby \ *hgguo hleh _gbyo ha DZzZf_ggh]h [ueh
leZzr_gb_ h khljm~gbg_kI\_ f_""m azih\_~gbdhf b
lzd _ gzZf_qg_gh ijh\_~_gb_ dhfie_dkZ jZ~bheh]b
"h\Zgbc gZ |_jjblhjbb azZih\_~gbdZ \dexqZxsbo '
ki_dljhf_ljbg_kdmx kt_fdm baf_j _gb_ Zdlb\ghklb
[h\Zgb_ ihg\ ih ]_g_Ibqg_kdbf Jhjbahglzf hijh[h\Zg
“hgguo hleh _gbc < ~Zgghc jZ[hl_ ij_"klZ\e_gu ]
ke _"h\Zgbc "hgguo hleh” _gbc ha DZzZf_ggh]h

Hkgh\ghc h[t_f jZ[hl ih hi[hjm ijh[ *hggue hleh _
f_ggh]lh \uiheg_g \ b 11 \VIhf gbke_ hijh[h})
ba dhlhjhlh ijh\h”~blky \h”*hihlj_[e_gb_ ] Dhklhfm¢
ijh\h*behkv “hihegbl_evgh_ hijh[h\Zgb_ \ f_klZo
fb agZq_gbyfb Zdlb\ghklb jZ"bhgmdeb”h\-bkdmklk
oh™»_gby \k_]h [ueh hlh[jZgh b ijhZgZebabjh\zZgt
[u *hgguo hleh  _gbc hl[bjZebkv k eh”db dh\rhf "¢
f_klh hi[hjZ nbdkbjh\Zehkv kimlgbdh\uf gzZ\b]ZIlhjl
f_sZebkv \ ieZklbdh\u_ iZd_lu b fZjdbjh\Zebkv ~*



nbdkbjh\Zebkv \ ihe_\hf "mjgZe_ < eZ[hjZlhjguo
[u \ukmrb\Zebkv “h \ha“mrgh kmoh]h khklhygby
liZzgmehf_Iljbqgq_kdbc khklz\ ~Ze__ ijh[u \ukmrb\Z¢
ghf rdZnm ijb |I_fi_jZImj_ fK “h ihklhygghc fZk
ke_\a\_rb\Zgby ihf_sZebkv \ khkm” FZjbg-eeb "e
Ib\ghklb jZz"bhgmdeb~h\ f_Ih~rhf ]Zffz ki_dljhf_I1jb
Ibeeypbhgghf ]zffz ki_dljhf_Ij_ ©Iljh]j_kk }zffz2 k
guf h[_ki_q_gb_f ©ljh]j_kk a

< h[jZapZo "hgguo hleh _gbc ha DZzZf_ggh]h [t
gu jZ"bhgmdeb”u dzd _kl_klI\_ggh]h 1Zd b bkdml|
oh ™~ _gby Kkj_"b dhlhjuo p_abc h[jZamxsbcky
gh \ ijhp_kk_ p_ighc j_Zdpbb \ Zlhfguo j_ZdlhjZo
yN _jghlh hjm by b p_abc + h"bg ba ]JeZ\guo o
"bhzdlb\gh]lh azZ]jyag_gby ijbjh~ghc kj_"u- ihklm
"bhzdlb\guo \uizZz®_gbc dhlhjuc 1Zd _ kh”_-j blky
guo hloh”Zo k[jhkZo azZ\h”~h\ i_j_jzZ[Zlu\Zxsbo hl
we_dljhklZgpbc < \h”_ wlb bkdmkklI\_ggu_- jZ*bh
ky ij_bfms_klI\_ggh \ \b”_ bhgh\ bf_xI k\hckl\h k
"“hggufb hleh  _gbyfb

M~ _evgZy ZdlbpghkWw h[gzZjm _gzZ \ h[jZaph
"“hgguo hleh _gbc b baf_gy_I|ky \ij_~_eZo hl Ah
fZkku a”_kv b "Ze__ m”_evgZy Zdlb\ghkdv jZ*Db
"blky gZ fZzkkm kmohlh h[jZzapZ Kj_~g__-agZq_¢
aby khklz\ey_|I ;d d] DZdbo eb[h aZdhghf_j¢
N _e_gbb p_aby \ *hgguo hleh _gbyo g_-hlf_qz
_lky I _g”~_gpby d m\_ebqgq_gbx agZq_gbc _]h zZdlb
g_gbb Zdlb\ghklb p_aby G_ih\k_f_klghklv _]h
ijbkmlklI\b_ lhevdh \ h[jZapZo i_eblh\ \ g _-agZqgbl
gZo “h ;d dl k mqg_Ilhf _]Jh hlghkbl_evgh dhjhl
emjzZkiz~"Z a e_I fhlml k\b”_I_evklI\h\ZIv h[ hlk
\j_f_ggh]h ihklmie_gby \ *hggu_ hleh _gby ha_jZz
agZq_gby kdhj__ \k_]h y\eyxlky hklzZldZfb ijhreu

AgZq_gb_ m”_evghc pzddbyghkilbpgguo hleh _gbyo
ha_jz \Zjvbjm_1I hl ~h ;d d] aZ bkdexq_gb_
agZq_gbc aZnbdkbjh\Zgguo \ ] “~hklb}Zxsbo



g__ agZq_gb_ Zdlb\ghklb p_aby khklz\ey |
ih\ur_gguo agZq_ghbc ijh[ hlih[jZgguo \_gb_] JZ
m”_evghc Zdlb\ghklb p_aby \ "hggbazhlgbhlgby
ij_"klz\e_gh gZ jbk

GZ k_\_j_ha_jz \ k_\_jh azZiz*ghhfamhal\bf jrkk_
khf gz x]h azZziz*gmx b k_\_jh \hklhqggmbehgZliby ~h
bkke_"h\Zebkv \ k_\_jh \hklhgghc dEkdb_Kwgjgu h
klZz\e_gu i_eblhf k_juf b i_eblhf dhjbggo_Abflhf k\_
guo hll_gdh\ kh”_j Zsbf "_e_ahfzj]zZgp<\u jrithgdj_
g_ k_\_jh aziz”~ghc gZklb aZeb\Z highgZagkyg fgoktk
Zdlb\ghklb p_aby ;d d]  \hglhgg [heWVAh]Jhb
k_\_jghlh aZeb\z * ;d d] >hggughhhedZegbzx K[\
jZah\Zgu \ hkgh\ghf k_juf f_edha_jgbklZfsbfkdhf
mklv_ aZeb\Z ~_e_ahfzjl]zgp_\u_ dhgdbkpbbi b djm
kdhf k_jh\Zlh dhjbgg_\h]h p\_I1Z

H[gZjm _ggu_ \ ] \ mkiv_ k_\ egb\Xhklghgh]h
|_evgh ZghfZevgh \ukhdb_ agZq_gbly mp*aéyghc Zd
khklzZ\eyxsb_ ;d d] _hil{Z2g glum "gm]
hl "jm]Z [ueb aZnbdkbjh\Zgu \ k_jhfthfkh_dé&hbdhjb:c
g_\hf i_ebl_

ljb ijh\_~_gbb ih\lhjguo bkke_"h\Zgbd kiy*hfih
k ZghfZevguf mqgzZkldhf baf_j_ggZy wp_ebyZy Z\dlb
ijh[Zo khklZ\beZ hl ~h ;d dlr gy _g*ofglintraddq_
gby Zdlb\ghklb jZz"bhgmdeb”~Z \ "hgj@uoghl&Hh_gbyo
\j_fy agzZqbl_evgh hlebqgzZ_Ilky hl i_ijhgiouZe aglz h|
g_gbc JZagbpzZz \ ihemqg_gguo agZqgk\gymyzg Zk &hjjZa
ebqguf kihkh[hf hl[hjZ ijh[ \ ] _ilim¥ gy ékpyh ¥z
gby Z \ hklZevgu_ ]h”u bkihevah\Zeb dhhfu*ghidp_jiz
\ur_ggufb agZq_gbyfb p_aby [uebblaylueY imgb _
"gZ d Ihfm “_ "jzZ]Z fhleZ kh[bjZlggwuqgolylled 'k etbac ~h
dhlhjuc dzd ijZ\beh kh”_j bl gzZb[aAehr\ghladZp_gb
aby [Zdbf h[jZzahf dhgp_gljbjimyx”Z]tb \ihjlf_gh
gu_ agZq_gby Ih\lhjgu_ bkke_"h\Zgbwy\e dlgMmMx j"I
ZghfZebx b ZghfZevgu_ agZq_gby lgjhmgbbutZe¢lbk v
jZkij_~_e_gby jz"bhgmdeb”~h\ \ *hggZio hleh _gbyo



JZkij_"~_e_gb_ m”_evghc Zdlb\ghklb jZgghugomldleeth™ h\ \
"_gbyo ha DZf_gghlh ;d d]
1+ p_abc ; £ dZebc < * jZ"bc = % |lhjbc

< x] x]h \hklhgghf aZeb\_ ijh[u k_jhlheh _eblZz
dhjbgqg_\h]h f_edha_jgbklh]h i_kdzZjhdb[jZgg2\q_]h
gb_ m”_evghc Zdlb\ghklb p_aby hetvr__ ;tleg]agZ!
eb\z azf_j_gh \ ijh[_ i_eblZ hlh[jZgghc [ebadtf



[_j_Im azZeb\Z >hggu_ hleh _gby x]h bHkkhqggh]h
s_]h agzZqbl_evgmx ijhly _gghklv ij_"~klZve_gu \
juf b k_jh dhjbqgg_\uf i_eblhf azZ bkdexqg_gb_f hle
lh i_kdzZ \ mklv_ aZeb\Zz @_e_ahfzZjljZzgp_\u_ dhg
hl mklvy “h k_j_~bgu aZeb\Z \ _]h jZkrbj_gbb < k
aZeb\_ ba dhlhjh]h \ul_dz_I j DzZf_ggZy -"hggu._
"_gu fhghlhgguf k_juf i_eblhf < jZchg_ -Zkrbj_
\Z Zdlb\ghklv p_aby \ ijh[_ khklZ\bez ;d d]
p_aby + ;d d] Ijh[u “hgguo hleh  _gbc x ghc
jZ [_a azZeb\h\ ij_~klz\e_gu k_juf j_"_ k-jh dhjk
Ihf gzZb[hevrb_ agZq_gby m”_evghc Zdlb\ghklb |
gZklb ha_jzZz khklz\eyxl ;d d]l b ;d d] ijh[u )
hkljh\zZ k k_\_jh aziz~ghc b x]h \hklhgghc-klhjhgt
gh X'g__ \ “hgguo hleh  _gbyo k_jhlh k_-jh dhjb
lZ b k_jhlh i_kdzZ \u”_ey_Ilky ihehkzZz k "~_e_ahfZzj
dj_pbyfb ijhly]b\ZxsZyky \ gZijzZ\e_gbb k aziz"z
jZ :dlib\ghklv p_aby \ ijheb\_ f_""m ha DZf_
x'ghc qzZklb b g_[hevrbf ih iehszZ”b ha_jhf jZKki
\[ebab =hkm~Zjkl\_gghc ]jZgbpu \ “\mo ijh[Zo kI
;d d] khhI\_IkI\_ggh djhf_ wlh]h \ h~*ghc ijh[_
gh agZg_gb_ Zdlb\ghklb p_aby + ;dd] < m
ghc kj_"g_c gZklb ha_jzZ ~hggu_ hleh _gby \ hkg
gu i_eblhf hl k\_leh k_jh]h k_jhlh ~h k_jR\ZIlh dh
jbgg_\hlh p\_1z j_"_ i_kdhf k_jh dhjbgg_\h]h p\_lI
khd \ *hgguo hkzZz~dZo agZqgbl_evgh gZs_ \klj_qZ
lhgghfm [_j_Im ha_jZz @_e_ahfzZjljZzgp_\u_ dhgdj_
ha_jzZz dzd \ i_kd_ 1Zd b \ i_eblZo \klj_gZxlky "
hif_qg_gu \ ijh[Zo Ih\ur_ggh_ agZq_gb_ Zdlb\gh
;d d] hij_~_e_gh \ k_jhfi_ebl_hdheh ‘hklhqgl
"_ [ueh hif_q_gh qglh [hevrbgkl\h ih\ur_gguo agZz
ghc zZdlb\ghklb p_aby [ueb aZnbdkbjh\Zgu \ i]
hleh _gbc hlh[jZgguo \ aZeb\Zo ha_jZ
JZ"bhgmdeb” _kl_kI\_gghlh idEkbahaZ ndlkb
jh\Zg \h \k_o ijh[Zo "hgguo hleh _gbc ha_-Z djhf
lhjuo agZq_gby gZoh”bebkv gZ ]jZgbp_ bo h[gZjr



Zdlb\ghklv dZeby \ *hgguo hleh _gbyo ha_jzZ it
; b baf_gy_Ilky hl ~h ;d d]l kj_"g_- agZq_
ghklb khklz\ey | ;d d] hij_~_e_gghc aZdhgh
ij_"_e_gbb zZdlb\ghklb dZeby g_ gZ[ex™Z_lky
1Z \ k_\_jh azZiz”*ghf aZeb\_ gZb[hevrb_ ba baf_j
m~_evghc Zdlb\ghklb dZeby khklzZ\beb ;d d]
k\_leh k_jhf b k_jhf i_ebl_ khhI\_IkI\_ggh < \_jrb
aZeb\z \ ijh[Zo ij_"klZ\e_gguo i_kdhf k_jh dhjbqc
f_edha_jgbkluf b djmigha_jgbkluf hij_~_e-gu ih\tL
g_gby m~_evghc Zdlb\ghklb dZeby * b ;
\hklhgghf aZzeb\_ fh'gh \u~_eblv hlj_ahd hl mklv:
gbx d \_jrbg_ aZeb\Z ]*"_ m”_evgZy ZdIb\ghklv dZ
;d d] ;d d] \ k_jhf i_ebl_ b ;d d] A dhjbg:
I_ GZ x]_ ha_jz \ g_[hevrhf ih ijhly _gghklb x] x]
aZeb\_\ k\_leh dhjbqg_\hf i_kd_ azZf_j gZ m”"_e
dZeby * ;d d] < x'ghc gZklb ha_jz fZdkbfZe
ZdIb\ghklv dZeby \ *hgguo hleh _gbyo ha_jzZ #
j_9gZ \ ijh[_ k_jhlh i_eblz hlh[jZgghc f_"2m hklj
]hf A~_kv "_ Vijh[_ k_jhlh i_eblzZz k "_e_ahfZj]lZgr
pbyfb jz\ghm~Ze_gghc hl [_j_]Z b [ebae_-Zsbo F
ghklv dZeby khklzZ\beZz ;d dl GZ k_\-j_ kj_
jZ \ ijh[Zo “hgguo hleh _gbc dhjbqgqg_\h]h i_eblZz
i_eblz k\_leh dhjbgg_\h]h i_eblZ b k_jh dhjbqg_
iheh” _gguo jy*hf \ g_agZqbl_evghf m~Ze_gbb hl
b [_j_1Z m”_evgZy Zdlb\ghklv dZeby khklzZ\ey._
;d d] khhI\_IkI\_ggh < k_j _~bg_ ha_jz-\ ijh[_
IZ k hjl]Zzgbdhc hlh[jZgghc \[ebab \hklhggh]h [_j_
Ib\ghklv dZeby + ;d d]l \ ijh[_ k_jh]lh i_ebl.
hl [_j_1Z _1h zZdlb\ghklv ;d d]l GZ x]_ hl f_kl
ijh[ \ ijh[_ k_jh dhjbgg_\h]h i_kdZ hlh[jZgghc f_
fb b fukhf b \ ijh[_ k_jh dhjbgg_\h]h bebkih]h i_e
ghc f_""m aziz~guf [_j_]hf b hkljh\hf Zdlb\ghklv
b ;d d] khhiI\_ITkI\_ggh 1Ih\ur_ggu_ ag#Zq_gby
Ib\ghklb dzZeby \ ijh[Zo “hgguo hleh _gbc ha_
h[mkeh\e_gu bgl_gkb\ghklvx dhglbg_glZevgh]h kf



M"N _evgZy ZdIhXdbklv\ "hgguo hleh _gby-o ha_jz
f_gy_Ilky hl ~~h 5d d] b ihdZa&4gZ9gZ pgzq_gb_ .
Zdlb\ghklb khklZ\beh ;d d] FZdkbfzevgh_ ag.
klb jZz~by h{gzZjm _gh \ ijh[_ \ k_\_jh \hklhqggh
k_\_j_ha_jz \ k_\_jh \hklhgghf aZeb\_ hgZ bf__1 ¢
g__ agZq_gb_ m~_evghc Zdlb\ghklb % ;d d] \ k]
b gz x]_ ha_jZ \ aZeb\Zo dheh b ;d d] khhi\_T]
gZklb ha_jz * ;d d]

JZKkij_~_e_gb_ m~_evghkhjppdlb\gh&Zmzgh gZ jbk
=b \Zjvbjm_I ~h ;d d] kh kj_~gbf agzZq Fgad f
kbfzevgh_ agZq_gb_ Zdlb\ghklb ighf@l] hikj " e _g
g_c gZklb ha_jZz < p_gljZevghc qmklle\ngpZyZZH]b*g
ghklv Ihjby gZb[hevrzy + ;d 4 c h ghzkd Zegudy kdn
klz\ey_I| hl ~h ;d d] AgZq_gby Zdlib\ighikyb jZ"b
\ “hgguo hleh"_gbyo h[mkeh\e_gu Zddbbd'thklidh jz~
j_gguo ihjh” mjh\g_f dhglbg_glZevd&khifhblaf y\d ik \u
hlehfhqguf fZl_jbzZehf k ihke_"mxsbf ghkzZz ~_gb_f g

Ebl_jZImjz

;_ehmkh\z G >Zgbeh\ | B DMbkfihgnxdrkdb-ctjaZih
\_"gbd AZih\_~gbdb KKKJ AZih\_"*gbdb _\jhi_ckdhc
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> "dbg <<<fbj_ azZih\_~ghc ijbjhru F Kh\ Jhkkby

678'< 2) 5$',2$&7,9,7< ,1 %27720 6(',0(176
2) .$0(112( /$.(
67$7( 1$785( 5(6(59( ©.267208.6+6.<2
* 3 .LVHOHY 6 9 'UX]KLQLQ , 0 .LVHOHYD
7KH JHGHUDO UHVHDUFK &HQWUH RI FRPSOH[

7KH SDSHU SUHVHQWY WKH UHVXOWY RI WKH VWX
Rl .DPHQQRH /DNH EHORQJLQJ WR WKH 6WDWH 1D

7TKH VWXG\ ZDV FRQGXFWHG IURP WR 5DG
UDQJHV IURP WR %T NJ UDGLXP GRHV U
XP GRHV IURP WR %T NJ $UWLGFLDO UDGLE

IURP WR %T NJ DQG FHVLXP GRHV IURP W F



[ @
<
()

y'y

KH<J?F?GGU? IJH;E?FU D:Q?KL<: <H>

? < < _gbpbZgh\
BgklbIml \h*guo ijh[e_f J:G

< <h”~ghc kljzI_]bb JN hif_qZ_Ilky qlh ©keh b\rbc
ljhih]_ggh]lh azZ]jyag_gby y\ey_Iky h”"ghc b-a hkgh!
aul\zZxsbo ~_1jZz"Zpbx j_d \h~hojZgbebs ha_jguo
ie_gb_ \ "hgguo hleh’ _gbyo«2 AZ ihke_"gb_ ]h*u
s_klI\_ggh_ baf_g_gb_ dhgp_ipbb dZq_kI\Z \h* H
aZljyag_gb_\ghkyl g_dhgljhebjm_fu_ bklhggbdb

f g_gby khklz\ azZ]jyag_gbc ;hevrh_ agZg-_gb_ ij
ie_gb_ \ \h*gu_ h[t_dlu dk_gh[bhlbdh\ jZagh]lh Ib
g_kdb_ 1Zd b g_hj]J]Zzgbgq_kdb_ Hkgh\guf bklhqgghb
gby \ \hAgu_ h[t_dlu y\eyxlky dhffmgZevgu_ klhqc
\_gv bo hgbkldb hl dk_gh[bhlbdh\ azZ\bkbl-hl ijbf_
eh]bc LjzZ"bpbhggu_ | _ogheh]bb g_ hjb_glbjh\Zg!
dk_gh[bhlbdh\ bo wnn_dlb\ghklv g_\_ebdz Kf_g:
kdZy [ZaZ dhgljhey dZq_KkI\Z ijbjh~guo \h? Lj_[m
kl_fZ \h~hhojZgu

Bklhggbdb az]jyagi[akgh\Zgh qglh hkgh\guf bkll
dhf azZ]jyag _gby \h”guo h[t_dlh\ \h fgh]bo- kemqgZ
dhgljhebjm_fuc \ hkgh\ghf “bnnmaguc klhd k | _jj
ghklb j_IJmebjh\Zgby "bnnmagh]h klhdZ k\yaZgu k
fhlh dhgljhey _]1h ihklmie_gby \ \hAgu_ h[t_dlu b



guo |_ogheh]bc hojZgu \h™ hl *bnnmagh]h -klhdz
gbl_evgh_ \ebygb_ \lhjbgguo aZ]jyag_gbc-\ \h”*h_
gmx jhev ~ey jy*Z \h~hohayckl\_gguo mqgZkldh\ b
guc i_j_ghk

Li_[m_Ilky i_j_kljhcdZ kzZfhc bgnhjfZpbhgghc kbl
ey khklz\z b h[t_fh\ k[jhkh\ >ey khkj_"~hlhg_ggu
_lIky h”"bg bklhggbd +* 1h*h\Zy nhjfZ n_"_jZevghl]rh
lh gZ[ex®_gby <« LI \h”oha ©K\_"_gby h[ bkihev
\ khhI\_IklI\bb k IjbdZahf N_~_jZevghc kem ' [u ]hk
klZlbklbdb hl < ©H[ mI\_j"~_gbb klZIb
]h bgkljmf_glzZjby ~ey hjlj]ZgbazZpbb Jhk\h*}_kmjkZ
]h k1ZIbklbg_kdh]lh gZ[ex”~_gby h[ bkihevah\Zgbb
khijh\h~"bl _evguo "hdmf_glZo g_ mdZazgu-j_[h\Z
\h~bfuo \ \h~rguc h[t_dIl dhfihg_glh\ Z 1zd=-_ |j_[h
kgh\Zgghklb "Zgguo GZzZ”_"ghklv wlhc bgnanhjfZpb
jv_agu_ khfg_ghby

>ey g_dhgljhebjm_fuo bklhggbdh\ ih*h[ghc bgn
?"bgklI\_gguf bklhggbdhf fhlml [ulv Ihevdh ~Zgg
kiI\_ggh]h Jb~jhobfbg_kdh]h fhgblhjbg]Z b gZ[ex"_
yl_evghklb [Zkk_cgh\uo \h*guo mijZ\e_gbc \f_KklI_
kiVhjh\  TjhkljzgklI\_ggh \j_f_gghc kljmdImju wlbo
"hklzZlhqgh "ey ihemq_gby gzZ”~_"ghc bgnhjfZpbb
nmaguo bklhggbdh\ gz dzg_klI\h \h”u

H~rgh\j_f_ggh g_h[oh”bfh mq_klv *jmjyhgZnddlhj
g_kI\h \h*u * ijhp_kku kZfhhgbs_gby¥o \éhiguya_h[t.
\dexqzZx!| g_kdhevdh nzZdlhjh\ kgb _gBE_kdhgpagoljz
[jb\h~h_fguo ijhp_kkh\ hkz ~_gby \khj[lbjbYZg kms
gu_ aZljyagyxsb_ \_s_kI\Z jza[zZ\e_gdmuf gZdhgljl
I_glguf klhdhf gzijbf_j k ]jmglh\uf bk ~j_jjdéapbb
mqg_klv \dezZ” dhgljhebjm_fh]h klhdX \h©Z gdAgh KI\h \
dl Ilh gZ hkgh\_ jZaghklb ihdzkahzd ’eglmodlZIqth‘oZ
fh° gh hp_gblv g_dhgljhebjm_fuc klhdkZilekdghs\f_kl_
gb_f Hij_~_e_gb_ wlbo nzZdlhjh\ \ hh*gkev@gdb g _
1"Z bkihevamx!| him[ebdh\Zggu_ dhwABDbp\lghdlb g_c
g_dhlhjuo dhfihg_glh\ beb fh*meb klIhtl’ZgKdlh jplklh]j



ihevah\Zlv wlb "Zggu_ “ey ijbjh*gudlgtkemdckbv d
\kx kh\hdmighklv nZdlhjh\ \ eZ[hjzZIh)gabhikeh\byc

Kms_kl\mxl f_Ih~bdb ijyfhlh hij_"_e_lglthyd Z2bmnm:
jZkq_1Z dhwnnbpb_glh\ g_dhgk_j\Zlb\ghklb dhfih
hgb \_kvfzZ Ijm~h_fdb b fhlml [ulv ijbf_g_gu lhevi

guf ht_dlzf kf gzijbf_j jzZ[hlu >Dbjibgqgbdh\Zz
Dbjibggbdh\Zz @ \j_amevlZl_ k_jv_aghc bkke.
[hlu

Dhjj_dlgZy hp_gdzZ dhgp_gljZpbc dhfihg_glh\ |
mqgblu\Zlv bo klhoZklbg_kdbc 0zjzdl_j D kh'Ze_g
f_lh~bdz bf_xsZy ijZ\h\hc klZImk >F_Ih”"bq_kdb

@ bf__I k_jv_agu_ f_Ih*"bgq_kdb_ g_"~hklZldb

Khklz\ az]jyag<gblrj_ b \ Ihf gbke_ \ Jhkkbb
kiI\b_ ljZzgknhjfZpbb klIjmdImju wdhghfbdb \k_ [he
ijbh[j_1Z_I ihklmie_gb_ \ \hAgu_ h[t_dlu dk_gh[b}
]h Ibiz 1jb\_~_f Ibibggu_ ]jmiiu b ]Jjmiiu gh\uo aZz]
\_s_kI\ nzjfZzp_\lbq_kdb_ \_s_klI\Z ZgZev]_Ibdb
iZebl_evgu_ ij_iZjZlu ijhlb\hkm~hjh gu_ ij_iZjZlu
j_]lmeylhju Zglb[bhlbdb [ehdZlhju klbfmeylhju
ebqgghc ]b]Jb_gu kbgl_Ibg_kdb_ fmkdmku Zglb[Zd
kiI\Zz j_i_ee_glu kl_jhb”rgu_ ]lhjfhgu ih\_jeghklgh
s_kI\Z ijhfure_ggu_ obfbdZlu ieZklbnbdZlhju I
Ah[z\db i_klbpb”u ]_j[bpb”u bgk_dlbpb”u nmg

HiZzkghklv FA “ey hdjm ' Zxs_c kj_"~u aZdexqZ_IlKk
kilb [hevrbgklI\Z ij_~klZ\bl_e_c ]jmiiu hdZau\Zlv
\ha”_ckl\b_ gZ [bheh]bqg_kdb_ h[t_dlu D 4Zdbf \t
ghkylky gzZjmr_gb_ jZ[hlu wg”hdjbgghc kbkl_fu
abheh]bq_kdh]h jZa\blby b ih\_~_gq_kdbo-j_Zdpb
jmr_gb_ j_ijh~mdlb\ghc nmgdpbb ju[ b Zfab[bc |
gb_ beb azZf_"e_gb_ jhklZ \ukrbo jZkl_gbc-b \h”hj
I_gb_ mklhcgb\hklb m [Zdl_jbZevguo \b~Ah\ b fgh]l

GZbl[hevr__ jZaghh[jZzab_ ]jmii FA kh”~_j zZI \ k!
dhffmgZevgh [ulh\u_ klhggu_ \h”u ihkImiZxsb_
Ibih\ Z[hg_glh\ k_| ¢ dZgZebaZpbb + “bebsgh c
k_dlhjz b h[t_dlh\ bgnjZkljmdIimju Hgb yl\eyxlk



bklhggbdhf ihkimie_gbc FA \ ih\_joghklgu_ \h”"g
<\b” m Ih]lh glh hkgh\ghc nmgdpb_c dhffmgZevguc
jm* _gbc y\ley Iky ~h\_~ _gb_ dzZq_kI\Z klhgghc \h’
guo agZq_gbc iml_f m~Ze_gby ljZ"bpbhgguo \b”h
\_s_kI\ £ [bh]_gguo we_f_glh\ Iy  _euo f-1Zeeh\
]b_ ]jmiiu dk_gh[bhlbdh\ \ oh”_ [jZ*bpbhggh]h ijh
klhgguo \h” g_ ih”*e_"Zl iheghfm m~"Ze_gbx
Wnn_dlb\ghklv m*"Ze_gby FA kbevgh \Zjvbjm_lk
hl f_Ih~Z hqgbkldb b hij_~_ey_|ky dZd nbabdh obf
kiI\Zfb \_s_kI\ 1Zd b hkh[_gghklyfb |I_ogheh]bc I
ij_"klz\bl_eb ]jmiiu FA kdehggu d [ukljhc [bh”"_]j
e_J]dh khj[bjmxlky hkzZ~dhf klhgguo \h® >jm]b_ ¢
ijhn_g Ij_[mx] [he__ ki_pbnbgguo mkeh\bc kj_"u
g_kdhlh jzkiz~Z aj_eh]h Zdlb\gh]h bezZ "ebl_evg
"Zgby klhgghc \h~u b I ~ Jy” FA [Zdb_ dZd ~bde
m~rZeyxlky ljZ"bpbhggufb I _ogheh]byfb hgbkldb kI
< oh”_ ijhp_kkZ [bheh]bg_kdhc ~_]jZz*"Zpbb FA
\ha”_ckl\bx [Zdl_jbZevguo khh[s_kI\ qglh ijb\h~bl
bo kljmdImju k h[jZah\zZgb_f f_lIZ[heblh\
LiZz"bpbhggu_ f_Ih~u [bheh]bg_kdhc hgbkldb d
klhgguo \h® "hihegyxlky gh\ufb f_Ih*"Zfb kj_"b dh
jh\Zgb_ oehjbjh\Zgb_ b oehjZfbgbjh\Zgb_- mevlj:
emq_gb_ khj[pby gZ Zdlb\bjh\Zgghf m]Je_-gZghn
guc hkfhk f_f[jZggu_ [bhj_Zdlhju
ljhp_kkuBkke_"h\Zgby ihke_7~gbo e_I| ihdZaZeb
h{t_dIl ij_~klz\ey_I| kh[hc [bhobfbq_dddb¢hj Zdlhj \
gmx jhev bljZxl nbabdh obfbg_kdb_ rmkkhw\pyhb ke
p_gha <h”guc h[t_dl ke_"m_I| jZkkkZ\hb\BMNghdZd
fZkku b “hgguo hkz~dh\ ijb kms_kI\hgghehhjgb \h’
[bhp_ghau b]jZxl hkgh\gmx jhev \ |jAdkahjiZpbb
Nbabdh obfbq_kdb_ mkeh\by jG (K jdebiafZdplbyjz
\ebyxl gZ "bag_"_yl_evghklv [bhlu kdhkhKkdmrkkth h
jZa\blbx | _o beb bguo ]Jjmii nblhiezgdligZzbHAEghu _
jhev g_ Ihevdh dzZd ~_ihg_glu aZ]pkdbgagbdb dhhb
jbggh]h azZ]jyag_gby \h~guo h[t_dIhu \wiith&kege_dgb _



jZ[hlu dhlhju_ iha\lheyxl \u”_eblv fzZdjibkdjbbq_kd
o0ZjZdl_jbamxsb_ kihkh[ghklv \h*ghyhblklhobZdyn¥eyl
\lhjbgqguo aZ]jyag_gbc Kj_"b gZb[hb_\ 42Z\'-gulm djb
dZzevguc ]jZ"b_gl I_fi_jZImju \_jlbdXévgyucZgjzy'b _
dbkehjh”rZ \_jlbdZevguc ]jZ"b_gl we_dljhijh\h”~ghl

<hagbdeZ gh\Zy gZmqgqgh | _ogheh]bqg_kdZy ijh[e.
kZzfhhgbs_gb_f qg_fm kihkh[kI\m_I nhjfbjh\Zgb_ b
[bhp_ghaz j_db iml_f khhI\_Ikl\mxs_]lh j_"bfZ mijz
fhf jZ[hlu HK \ebyxsbf gZ khklZ\ hgbs_gguo dhf
klhgguo \h”

ljh[e_fu ZgZek&2_ "kl\b_ bgl_gkb\gh]lh jZa\blby
Ibg_kdhc obfbb agZqbl_evgh m\_ebgbebkv gm\kl}
[bjzl_evghklv f_Ih~h\ qglh iha\hey_| jZkrbjblv i_]
jy_fuo dhfihg_glh\ <hagbdeZ gh\Zy ijh[e_fZ £ b
dhfihg_glh\ kf_kb Zijbhjb g_ba\_klguo < -ohayckl
|_gZoh”blky i_j_q_gv ba ~_kyldh\ lukyqg \_-s_KkI\ i
IbnbdZpby \hafh 'gZ |lhevdh k bkihevah\zZgb_f kh\]j
fZlbgq_kdbo f_Ih~h\ b khhl\_Ilkl\mxsbo [Za “"Zgguo

Hp_gdZ [bheh]bgq_kdhc ZdIb\ghklb aZ]jyagyxshb
Hijb_glZpby gZ kbkl_fu ghjfZlb\h\ dzZq_kI\Z [>D
j_rblv wim ijh[e_fm JZajz[hldZ gh\uo I>D-%+ |jm~l
|_evguc ijhp_kk dhlhjuc \ ijbgpbi_ g_ iha\hey_1 j_
fm hp_gdb \ha”_ckl\by A< gZ "b\u_ hj]J]Zgbafu G.
gh\u_ f_Ih”u hp_gdb wdheh]bq_kdbo jbkdh\ hkgh
gbb h[jZlguo aZz”~Zq hp_gdZ hizZzkghklb ~ey hj]Zgk
j_ \_s_kI\Z b bgnhjfZzpbhgguo | _ogheh]byo JZa]
\_IklI\mxsb_ ijh]jZffu iha\heyxsb_ hp_gblv \_jhyl
y\le _gby m dhgdj_lguo \_s_kI\ I _o beb bguo \b”h\
Zdlb\ghklb >$Y B @@EHI6 Y@ @DEDGG it dgpti by D kizHatk
[jhebjm_fh]lh \_s_kI\Z wlh iha\hey_| \\_klIb ihgylk
Ib\guo jbkdZo dzq_kI\Z \h~u \h~rgh]h h[t_diZ qlh
\hc f_Ih*heh]b_c hp_gdb jZaf_jh\ rljZnguo kZgdp
g_kdhlh kljZzoh\Zgby

Ghjfzlib\gh ijz\h\h_ h[_ki_q_gb_Na&d4bd¢l\Wdb \
Jhkkbb ijhrhe zZ_| ~_ckl\h\Zlv ih"oh” d hp-gd_ dZz



IZgguc e_ |l gzaz”™ Kljh]zgh\ Q_jdbgkdbe hkagt
ey |lky dhgp_ipby I>D <\_~ gb_ wlhc dhgp_ipbb
_"bguo h[s_Jhkm~ZjkI\_gguo I>D ~ey hl*_evguo \k
ah\zZl _e_c¢ agzZgbl_evgh mijhklbeh ijh[e_fm j_leZ
]_gguo \ha”_ckl\bc k\h”y __ \ agZgbl_evghc f_j_
NZq_ H~™gZdh ihke_"mxsbc rbjhdbc hiul bkihevah
pbb _“bguo h[s_]Jhkm~ZjkI\_gguo I>D ihdZaZe __
hljZzgbg_gghklv GZb[hevrbc h[s_klI\_gguc-j_ahgZz
gyy g_wnn_dlb\ghklv ~Zgghc kbkl_fu j_leZf_glzZpl
kdhl]h p_eexehagh [mfZz 'gh]h dhf[bgzZlZz

GzZf_Ibezkv | _g~_gpby j_]mebjh\Zzgby dzg_klI\Z
guf iheh _gb_f dhlhjhc y\ey_I|ky h[_ki_q_gb_ mklr
pbhgbjh\Zgby [bhp_ghazZ \h~gh]h h[t_dIZ < <h?”g

] kI [ueh aZnbdkbjh\Zgh qlh ©j_]mebjh\z

ghr_gbc hkms_kl\ey_Iky bkoh”y ba ij_"~klZAe_gby
|_dzZd h\Z'g_cr_c khklZz\ghc gZklb hdjm Zxs_c Kkj
lZgby h[t_dIh\ "b\hlgh]lh b jZklbl_evghlh fbjz ii
ah\zZgb_ \h~guo h[t_dlh\ g_ "he gh hdZau\zZlv g_]
kiI\b_ gZ hdjm Zxsmx kj_"m ii a

?keb bkihevah\zlv wlhl ih~oh” 1Ih g_h[oh”bfh
j_"v mklzgh\blv "bzizahgu “himklbfh]lh baf_g_g
iheexlzZglh\ \ jZkkfZljb\Z_fuo \h”guo h[t_dlZo gZ I
mklhcgb\h]l]h nmgdpbhgbjh\Zgby ]b~jh[bhp_-ghah\ \
kiI\_gghc baf_gqgb\hklb _kl_klI\_gguo Z[bhlbqg_kdb«
\u\h”bl gZ g_h[oh”bfhklv \\_*_gby j_]bhgZevguo
g_kI\Z \h~u dhlhju_ “he’gu [Zabjh\Zlvky gZ hp_g
dZzazZl_e_c dZq_kl\z

MijZ\e _gb_ hojZghc \h” \dexqZ_1| ke_"mxsb_ gZ

— azZdhgh”~Zl_evgZy b ghjfzlb\gh ijz\h\Zy kbkl_f

— hjl]ZzgbazZpbhggh wdhghfbq_kdzZy kbkl_fz

— kbkl_fu fhgblhjbg]lZ b dhgljhey

Kbkl _fZ mijZ\e_gby <OD y\ey_Ilky fgh]lhmjh\g_\
ba g_kdhevdbo ©\_jlbdZe_c2 mijZ\e_gby -Fbgijbj
k_evoha JN FQK Jhkkbb Fbgkljhc Jhkkbb Jh
JhkljZzgkgz”~ahj b 7]



H[sb_ ijbgpbiu mijz\e_gby \h”"hhojZghc

— [Zkk_cgh\uc ih*oh” \ mijZ\e_gbb gZb[he__ wn
ihevam_Ilky [hevrbgkl\hf kljZg

— \ [hevrbgkl\_ kljzg bkihevam_Iky p_gljZe
ijbgpbi mijZz\e_gby <OD b mijz\e_gb _gBkMmokl\e
b gZzs_ gZ |j_o mjh\gyo + gZpbhgzZevghfklj_]bh
ghf Ij_~mkfhlj_gh g_ldh_ jZza~_e_gbmjhigghfhqgb
mijZ\e_gby b ijhp_~mju kh]l]eZkh\Zgbyoj mig\bc g:
gyo mijZ\e_gby

— \ g_dhlhjuo kljZgZo ;jZabeby =_jfZgby bkif
j_"29Z g_dhlhjuo aZdhgh”~Zl_evguo iheghfhgbc g:
riZih\  ijb mkeh\bb g_"hims_gby ijhlb\hj_gbc k
n_~ jZevguo aZdhgh\

— i_j_oh”~ d bgl_]jbjh\Zgghfm mijZ\e_gtbh hojzZg
hagZqzZ_I| dhfie_dkgmx hojZgm ih\_joghlklghueo ih*
\jZlguo \h” \ ij_~_eZo dZ ~h]h \h"gyd&I|[Zklgntxyg Z
dhhj*bgZpbx \k_o \b”h\ \h*hihevah\¥Ymgbhyblo \k_o
mijZ\e_gbb fbgbkl_jkI\ \_~Ahfkl\ b \kMhhifieaah\Zl]
| _evgh_ maqgzZklb_ ij_~klZ\bl_e_c gZrddb kmm{s_¢I\_
I[h\ \h~*hihevah\Zgby \ ieZgbjh\Zgbb bgbcZeihlaZpbt
ajZzgghklv ieZzgbjm_fuo b j_Zebam_fuwdhghhdhho
g_kdmx mklhcgb\hklv kbkl_fu \h”“hhojZgu

— j_r_gb_ ijh[e_fu hojZgu \h™ hl “bnnmagh]h b
jm_fh]h klhdzZz aZ]jyag_gbc £ gh\Zy kn_jZ \h”~hhoj.
g_ijhjz[zlu\z_fZy \ Jhkkbb F_ozZgbaf j_r_gby ijh]|
IbnbdZpby bklhggbdh\ “bnnmagh]h b g_dhgljheb]j
jZajZ[hldZ ijh]jZff h]ljZgbqgq_gby azZ kq_Il ijbgpbih\
emqrbo ijZdlbd ohayckl\h\Zgby

lj_~eh _gby ih kh\_jr_gkl\h\Zgbx kbkl_fu mijzZ\e
hojzghc

— khanzgb_ kbkl_fu wnn_dlb\ghc dhhj*bgZpbb
Jhkm~ZjkI\_gguo hjl]Zgh\ n_"_jZevgh]lh b j_]lbhgZ
hkms_kl\eyxsbo Jhkm~ZjkI\_ggh_ j_]Imebjh\zZgb_ \
ihevah\zZgby b \h*"hhojzZgu ij_"hl\jZs_gby-qj_a\ut
pbc gZ \h*guo h[t_dlZo



— jZajzZ[hldz j_lezf_glz \azbfh~_ckl\by hjlzZgh\
jZagh]h mjh\gy [Zkk_cgh\h]h km[t_dlgh]lh b fmgh

— mdj_ie_gb_ [Zkk_cgh\h]h a\_gZ ]Jhkm2ZjkI\_g
gby i_j _~ZqzZ j_Zevguo iheghfhgbc \ kn_j_ \h”*hhc

— jZajzZ[hldZ ijhp_"mj kh]eZkh\Zgby mijZ\e_gq_
n_~ _jZevghl]h b km[t_dlgh]h mjh\g_c

— kh\_jr_gkl\h\Zgb_ ghjfZlb\gh f_Ih*bg_kdh]h h
\''kn_j_aZsblu \h™ hl aZ]jyag_gby \ Ihf gbke_ "br

— jZajz[hldz j_lezf_glzZ nbgzZgkh\h]lh h[_-ki_q_gl
kI\_gguo f_jhijbylbc gZ km[t_dlghf b fmgbpbiZevg

— m\_ebqgq_gb_ nbgzZgkbjh\zZzgby \h~hohayckl\_g
hojZzgguo f_jhijbylbc ij_"~_\k_]h azZ kq_Il-Ah~gh]h
I_" ¢ aZ bkihevah\zZgb_ \h~u b k[jhku aZ]jyag_ggd
©\h~"Z nbgZgkbjm_1 \h"m?2

— khanrZgb_ kbkl_fu \h”hohayckl\_ggh]h fhgblh
jZkrbj_gby ijh]jzff gZ[ex®_gbc \ kms_kl\mxs_c
kha"Zgby gh\uo ihklh\ hkh[_ggh \ ahgZo \ukhdh]l

JZ[h1Z \uihegyeZkv ijb ih~~ _j°d_ 1jZglZ Jhkkbckdh
nhg~"zZ \ jzfdZo ijh_dlZ ©Gh\u_ nZdlhju aZ]jyag_gby \h
b f juih kgb _gbx _]h g_]Zlb\gh]h \ha”_ckl\by-gZ dZq.
dl <

Ebl_jZImjz

=hj"bg B < Dbjibggbkdz\ghd evgZy hp_gdZ wdheh]kt
hizkghklb ih\_joghklguo klhdh\ k ijhfure_gguo iehsZ”h

| _jjblhjbc l[jhfure_ggZy wg_j]_Ibdz < K *

Dbjibggbdh\Z Bkke_"h\Zgb_ g_dhgljhebjm_fuo bklho
ljiyag_gby g9Z ijbf_j_  B\zZgvdh\kdh]lh \h"hojZgbebsZ
dzg™ |_og gZmd F k

F_lh*"bg_kdb_ midZzaZgjn{hld_ ghjfZzib\h\ “himklbfh]h
N _ckl\by gZ \h~rgu_ h[t_dlu MI\_j°~ _gZ ijbdZahf Fbghb
jhrguo j_kmjkh\ Jhkkbb hl < aZj_Jlbkljbjh\.
xkl_ Jhkkbb hl <

$YDQGHHYD 2 3 %DUHQERLP *$ OVR PARUWW RHYW @/ LQ
VIVWHP IRU LQGLYLGXDO K\GURFDUERQV LQ WKH
VSLOOV RQ ZDWHU ERGLHV $XWRPDWLRQ DQG 5
3 +



&855(17 :$7(5 48%/,7< ,668(6
( 9 9HQL]LDQRY
‘DWHU 3UREOHP ,QVWLWXWH ORVFRZ

$FFRUGLQJ WR WKH :DWHU VWDWWRQ\ RV KWK AXENUH
DQWKURSRJHQLF SROOXWLRRQ ANJBRQE DRI LR RHRP ILLQ
YRLUV DQG ODNH V\VWHPV D QG VDV AOQP E B IVW/IRFPQ VRIIC
,Q UHFHQW \HDUV WKHUH KD\Q BMKH AR @ E BG M, RD @V
LW\ PDLQO\ GXH WR WKH SRMHXW RKQ FFHD/X VIHKG! E\QX(
RUJDQLF DQG LQRUJDQLF [HRIREERW LVFK H. @ DARHAD WH
OXQLFLSDO ZDVWH ZDWHU LV FEROQA. GHZB® MR FROY
OHYHO RI [HQRELRWLFV UHPRYQPW WHEKQR®RRIQHAD\
WHFKQRORJLHYV DUH QRW IREXRMGE FRQI WKMH ZDHPIRY O
WKHLU HI¢FLHQF\ LV ORZ 7KMHZRMHMHY SPRWRFWRRQ

J:KIJ?>?E?GB? G:=JMADB ;BH=?GGUO WE?F?GL
H MKEH<E?GGUO >BNNMAGUFB BKLHQGBD:FB
<HA>?CKL<BY G: <H>HK;HJ:O
J?KIM;EBDB L:L:JKL:G

? :Fbgzdh\zZ | Reuqgdh\

DZazZgkdbc Ijb\he kdbc n_”_jZevguc mghb\_
Bgklblml ijh[e_f wdheh]bb b g_”"jhihevah\Zgb

ljb\_~ gu j_amevlZlu hp_gdb [bh]_ gkhélt\eg Zggmadb
\g k_gb_f fbg_jZevguo m~h[j_gbc b nmi\dpdbhgbjh\
\h~q_kdbo dhfie_dkh\ gzZ |_jjblhjbb Kl Zkg mdabhjiz . Z
\uiheg_gZ k bkihevah\Zgb f =BK | _a@dhphlbc " JZkk
e _gb_\_ebgbgu Zgljhih] _gghc gZ]jmkdgb\adbzZggtl
g_jZevguo m~h[j_gbc b \ebygb f “b\heghkHh\g kdbc
jZaj_a_ nbabdh ] _h]jZnbqg_kdbo jZclizghlzZzh kim[ebo

< gZklhys__ \j _fy [bh]_hobfbq_kdb_ pbdeu nh
I1Z £ \Zguo [bh] _gguo we_ f_glh\ hij_~ eyxsbo ijl
b kljmdIimjgh nmgdpbhgZevgmx hjl]ZgbaZpbx wdhk
gu agZgbl_evguf [bhkn_jguf ij_h[jZah\Zgbyf Ijbf



g_jZevguo m~h[j_gbc \ghkbl dhjj_dIb\u \ bklhjbq_|
_ky pbdeu wlbo we_f_glh\ \ [bhkn_j_ [Ijb wlhf gZ
Zahlguo + b agZgbl_evgZy qZklv nhknhjguc
[j_gbc ihklmiz_1 \ \h~h_fu k k_evkdhohayckl\_ggt
ebgbgZz klhdzZ hij_~_ey_ |ky aZizkhf [bh]_gguo we
b nbabdh ]_h]jZnbq_kdbf iheh _gb_f j_Jbhgh\ >:
i_j_JjZkij_"_e_gb_« @ Ba[ulhggh_ dhebqg_Kkl\
we_f_glh\ aZzimkdz_1| ijhp_kku bgl_gkb\ghih jhklz
|_evghklb qlh \ dhg_qghf blh]_ g_]Zlb\gh kdZau\.:
\h~u Hkgh\gufb Zgljhih]_ggufb bklhqggbdzZfb aZzZ]
\h~h_fu [bh]_ggufb we_f_glzZfb y\eyxlky hi]Zgbah
gbdb k[jhku ijhfure_gguo b dhffmgZevguo-ij_"ijby
" g_hjl]zZzgbah\Zggu_ “bnnmagu_ bklhggbdb b
n_jfu k_evkdhohayckl\_ggu_ m]h”vy ih\_joghklg
gbabjh\Zgguo |I_jjblhjbc >EZIluih\Z b *j - @ Et
] _gguo we_f_glh\ \ khklz\_ fbg_jZevguo m&h[j_gb
a_fghf djm]lh\hjhl_ ~jm]Zy qgZklv ihiZz~Zy k ih\_jo:
\ ih\_joghklgu_ \h”u mkdhjy_1| ijh~mdpbx -Z\Iholh
g_kdhlh \_s_kI\Z \ \h*h_fZo b jZa\blb_ Jeh[Zevgh
[jhih]_ggh]h w\ljhnbjh\Zgby \h*h_fh\ qlh Ye_q_1I a
kiI\_ggu_ gZjmr_gby \ nmgdpbhgbjh\Zgbb ]b”*jhwdt

< _klI_kI\_gguo mkeh\byo obfbg_kdbc khklZ\ i
\h” j_Imebjm_Ilky ijbjh*rgufb ijhp_kkzZfb [eZ]h"Zjy
"b\z_Iky jz\gh\_kb_ f_""m ihklmie_gb_f obfbqg_kd]
\h m b \u\_~ _gb_f bo ba g__ < gZklhys__-\j_fy a
AN ckl\b_ kms_kI\_ggh baf_gyxs__ khklz\ ijbjh”~gu
e_gh Zgljhih]_gghc ~_yl _evghklvx ?keb ~h k_j_»
gb_ wlh]h nzdlhjz g_ \vuaulZeh kms_kI\_gguo baf_
ijbjhrguo h[t_dlh\ Ih \ ihke_"gb_ % e_| \ klye
I_ogbqg_kdhc j_\hexpb_c \ ijhfure_gghklb b k_evk
iheh _gb_ baf_gbehkv dhj_gguf h[jZahf AZ wlhl i
"Zgu ihglb \k_ gZb[he__ agZqbl_evgu_ \h2hojZghb
jhkeh ijhfure_ggh_ b ohaycklI\_ggh [ulh\h_ \h”hit
\h~ hhI\_~_gb_ \ [hevrbo fZkrlZ[Zo gZqZeZ hkms_
hjZzpby a_f_ev <k_ wlh \ kh\hdmighklb g_ azZf_"¢



baf_g_gbb \ i_j\mx hg_j_"v j_"bfZz b \h~gh obfbq_
j_qgguo \h~ dhlhju_ klZeb h”gbf ba hkgh\guo gZdl
gyxsbo \_s_kI\ \ ijbjh~rghc kj_"_

H~rghc ba hkghl\guo wdheh]bq_kdbo ijh[e_f ih\_]
y\ley_I|ky ijh[e_fZ w\ljhnbdZpbb j_gqguo b ha_jguo
al\ZggZy ihklmie_gb_f \ gbo [bh]_gguo \_s_kI\ EBb
\_s_kI\Zfb mgZkl\mxsbfb \ ijhp_kkZo w\ljhnbdZp
yleyxlky Zahl b nhknhj ihwlhfm bf_ggh bamqg_ghb
ex[hc I_jjblhjbb bf__I hkh[mx agZgbfhklv 4jb ih"]
jh~*hhojZzgguo j_r_gbc >HAmf @

K_Th~gy w\ljhnbjh\Zzgb_ \h~h_fh\ y\exblkg_h”"gh
ZdlmZevguo ijh[e_f ih\_joghklguo \hb XG&2?1;;\, K_k

] ijhp_kk w\ljhnbjh\Zgby \h~"h_fkVZRemrg puwe i
i_j\h_ f_klh ih kl_i_gb hiZzkghklb ]eét] Zegtyll]lAhagljl
AN_ckl\by gZ hdjm Zxsmx kj_"m >Objk@ghMkélkbih\
gZy "\b'mszZy kbeZzZ ijhp_kkh\ w\ljhnbdiZiplloke\h"h_:
gb_ [bh]_gguo we_f_glh\ kh_"bg_ghyeZagiMZ »n6GEn
mf_gdh @ WIb we_f_glu y\eyxlkyhdZogdZeébbfb
ijbjhrguo \h™ dhlhju_ hij_~_eyxl| [bheid blg\ ghdkrvx ijl

< n"Zgghf dhgl_dkl_ hkh[h_ \gbfZgb kdhdkamcb\Z
kiI\_ggzy ~_yl_evghklv q_eh\_dZ bdbidljZgyk bh g]le ki pb c
ij_h[jZah\Zgby ]_heh]bg_kdhc kj_"ulmbzyv |IglZfghf] b f
fhsguf nzdlhjzf I_ogh]_g_az dzd ijthfueeh gdhjhb ]
bl _evkl\h Hp_gdZ “bnnmaguo bklhggbdh\kadVZljyag
\h~gu_ h[t_dlu \ua\ZggZy k_evkdhohedick|\y\eght c
ky h~ghc ba i_j\hhg_j_"guo azZz"Zq ><he ®dbc [Zkk

< ijh\_~_gguo gZfb jZg__ bkke_"h\Zgbyo >FbgZzZ

Fbgzdh\zZ b *j Reuqdh\ b *j - @ \uy
eZ"Zxsbc \dezZ”™ "bnnmaguo bklhggbdh\ \ aZ]jyag_
guo \h” [bh]_ggufb we_f_glZfb

P_evx gZklhys_c jZ[hlu y\ey_Iky hij_~_e_gb_ \c
ba nzZdlhjh\ “bnnmaghc gZ]jmadb \ h[s__ [bh]_ggt
livag_gb_ |_jjblhjbb J_kim[ebdb LZIZjklZg- JL <
nmaghc Zgljhih]_gghc gZ]jmadb jZzkkfhlj_gu ke _"r
\g_k_gb_ fbg_jZevguo m~h[j_gbc b "b\high\h”~kl\h



K bkihevah\zZgb_f =BK |I_ogheh]bc gZfb [ueb ihk
ko_fu ihnzdlhjghc Zgljhih]_gghc [bh]_gghc gZ]jm
\h~u Hij_~_e_gh jzkij_~_e_gb_ a_f_ev k_evkdhoh
agZq_gby \ nbabdh ]J_h]jZnbg_kdbo jZchgZo JL |
Zgljhih]_gghc gZ]jmadb h[mkeh\e_gghc \g_k_gb
m~h[j_gbc ih® k_evkdhohayckl\_ggu_ dmewvimju b
\hlgh\h”*q_kdbo dhfie_dkh\ 1Z[e =

DZjlZ ko_fz J_kim[ebdb LZIZjklZg

JZkkgblzZzggZy Zgljhih]_ggZy gZ]jmadZ fbg_jZe\
agZqgbl_evgh ~bnn_j_gpbjh\ZgZ ih nbabdh ]_h]jZz
hgzf JL LZd gZb[hevrZy Zgljhih]_ggZy gZ]jmad
]h mjh\gy hlf_qZ_Iky gZ |_jjblhjbb AZizZz"gh]h AZc
f_ev k_evkdhohayckl\_gghlh gZagZq_gby B gZij
lj_"rdZfv_ mjh\_gv Zgljhih]_gghc gZ]jmadb-hl \g_Kk
guo m” h[j_gbc gb " _ kj_"g_]h hlf_qZ_Ilky gZ a
ohayckl\_gghlh gZagZqg_gby



LZ[ebpZz Mjh\_gv Zgljhih]_gghc gZ]jmadb h[mkeh\e
gb_f fbg_jZevguo m~h[j_gbc ih® k_evkdhohayckl\_ggu
ih nbabdh ]J_h]jZnbqg_kdbf jZchgzf J_kim[ebdb LZIZjklZ

Nbabdh ]_h]jZnbq_kdb_ jMih\g@Vv Zgljhih]_gghc gZ]jmadb
J_kim[ebdb LZIZjk ég‘_ kj_"g_1h kj |~gbc \url_ kj_"g_

Ij_"\he v_
AZiz"gh_ 1j_~dZfv_
<hklhggh_ lj_~dZfv_ - +

AZiZ"gh_ AZdZfv_
<hklhqgh_ AZdZfv_
J _kim[ebdZ LZI1ZjklZg

LZ[ebpZz JZKkij_~ e _gb_iehsz”b ijbjh”rguo j_]bhgh\ |
LZlzjklZzg ih mjh\gx Zgljhih]_gghc gZ]jmadb h[mkeh\e_
kiI\b_f “b\hlgh\h”*q_kdh]h dhfie_dkZ

Mjh\_gv Zgljhih]l_gghc gZ]jmadhb

HbIh®gu__lbhew g T K[ ~gbe \ur_ kj_~g_]h
Ij_"\he v_

AZiZAgh_ 1] _~dZfv_

<hklhggh_ Ij_~dzfv_ - +

AZiz*"gh_ AZdZfv_
<hklhggh_ AzZdZfv_
J_kim[ebdZ LZIEZjklZzg

JZkqg_Il jzZkij_~_e_gby mjh\gy Zgljhih]_gghc gZ]
gby "b\hlgh\h”rgq_kdhc *_yl_evghklb djmiguc jh]ZzZl
h\pu dhau k\bgvb ih ijbjhrguf j_]lbhgzZf JL ijb\_"~
'gZeba IZ[e ihdZau\z_1 qlh ih JL ©kj_"~gbc2& m]
] _gghc gZ]jmadb h[mkeh\e_gghc \ebygb _ f-"b\hlgt
ie_dkzZ ozjzdl_j_g ey __l_jjblhjbb- mjh\_c
g_lh? hif_q_g gZ Z mjh\_gv Zgljhih]-_gghc ¢
lh2 hif_q_g gZ

< kj_ng_fih JL \dez”™ "b\hlgh\h~klI\Z \ dhfie_dkg
]_ggmx gZ]jmadm khklzZ\ey | \g_k_gby fbg_,
gbc %



LZdbf h[jzahf ijb ih”A]lhlh\d_ mijZ\e_gqg_kdbo
kgb _gbx Zgljhih]_gghc gZ]jmadb h[mkehle_gghc
g_jZevguo m~h[j_gbc ©kj_"~gbc mjh\_gva-Zgljhih
db ij_"ezZ]Z_Ilky ijbgylv azZ ghjfm Djhf_ Ih}h ~Zgc
l[jhih]_gghc gZ]jmadb gZ ih\_joghklgu_ \h”u fh gh
\ dZzq_kI\_ bg~bdzlhjgh]l]h gZ hkgh\_ dhlhjh]h \ha
mijZ\e_gq_kdbo j_r_gbc ih j_]mebjh\Zgbx dZq_Kkl
iml_f ihwlZigh]h ijb[eb” _gby d aZz*"Zgghfm mjh\gx
ghc 1Zd b ihnzdlhjghc Zgljhih]_gghc gZ]jmadb

Bkihevah\Zgb_ ~Zggh]h ih?oh”Z iha\hey_ | \u”"_
iZevgu_ h[jZzah\zZgby j_kim[ebdb \ dhlhjue g_hJo
gb_ i_j\hhg_j_"guo ijbjh*hhojZgguo f_jhijbylbc ih
gZ]ljmadb [bh]_gguo we_f_glh\ qglh iha\hey_ | \u[
gmx kljzZl_]bx \u\h”Z |_jjblhjbb ba ahgu wdheh]bqg.
ihemqgby jZpbhgZevgh jZzkoh”h\Zlv [x*  _lgu_ kj_"
_I'wnn_dlb\ghklv mijz\e_gby \h~gufb j_kmjkzZfb

Ebl_jZImjz

:gljhih]l_ggh_ i_j_jzZkijMj12g9l®_kdhlh \_s_KkI\Z \ [bhk
Ilhrj_~ B K DhieZzg >bdk b ? : KljZ\bgkdhc KI[ G

<he kdbc [ZkMktlgcgb\h_ jZal\blb_ hiul ijh[e_fu i_j
\u lh~ j_~ = K Jha_g[_j]Z F Bg |l mklhcgbth]lh jzZa)\
ghc iZzeZlu Jhkkbckdhec N_~ jZpbb P_glj wdheh]lbqg_k
kbb k

EZluih\Zz < A K_eb\Zgh\kdzZzy K X Kl_iZzgh\z G X
JZa\blb_ [bh]_hobfbg_kdbo ih~oh”h\ d wdheh]bqg_kdhi
obfbg_kdhc gZ]ljmadb gZ ijbjh~rgu_ kj_"u Mg_g aZi

mg |Z L dg K *

Fbgzdh\z ? : EZluibhZok”~uAd j_lbhgZevghfm ghjfbj
gbx gZ]jmadb nhknhj b Zahlkh”~_j Zsbo fbg_jZevguo n
"hk[hjgmx iehszZ”~v j_db ;_ahizZzkghklv "bag_"_yl_evg!
K +

Fbgzdh\z ? : EZluih\Zz < A KWidahehboG kkh_ ghj
fbjh\Zgb_ Zgljhih]_gguo gZ]jmahd gZ \h~rgu_ wdhkbkl_
kdbc dhgkzZelbg] DZazZgv < K

Gzmf_gdh W\Ljhnbjh\Zgb_ ha_j b \hAhojZgbebs Mq_
[b_ KI[ J==FM k



HAmf XWdheh]by F Fbj L, k
Objkzgh\ G B HkbMijZ\e Bb_ w\ljhnbjh\Zgb_f \h~h_
KI[ =b”jhf_|_hbarZzl k

Reuqgdh\ : | EZluih\Zz < A Flhgsathuzd?mklthcgb\h
fm mijz\e_gbx dzZq_kI\hf ih\_joghklguo \h~* ljh[e _fu
wdheh]bb < K

' 675,%87,21 2) %,2*(1,& (/(0(176
1 &$78&+0(17 $5($ 2) 5(38%/,& 2) 7$7$567%$1
&$86(" %< ',))86( 6285&(6 2) (:32685(
($ OLODNRYZ 6KOAFKNRY

.D]DQ )HGHUDO 8QLYHUVLW\
,QVWLWXWH RI (FRORJ\ DQG QDWXUDO

7KH SDSHU GHDOV ZLWK WKH UHVXOWYV RI-WKH H
LQJ IURP DSSOLFDWLRQ RI PLQHUDO IHUWLOL]JHUYV
WKH WHUULWRU\ RI WKH 5HSXEOLF RI 7DWDUVWD
7KH GLVWULEXWLRQ RI WKH DOWKURSRJHQLF ORD
IHUWLOLJ]HUV DQG WKH LPSDFW RI OLYHVIJHRFN IDL
JUDSKLFDO DUHDV RI WKH 5HSXEOLF RI 7TDWDUVWI

BKKE?>H<:GB? D:Q?KL<: <H>U
B >HGGUO HLEH@?GBC HG?@KDH=H HA?J:

B < A _felygh\: KljhidhB X FbextbgZz
F H NZlob? < L_fkdZy

=hkm~Zjkl\_gguc hd_ZghljZnbg_kdbc bgklbIml bf C
Fhkdh\kdbc Jhkm~ZjkI\_gguc mgb\_jkbl_I bf F < E

Hg_"kdh_ ha_jh ij_~klZ\ey_I| kh[hc mgbdZevguc ijl
k \ukhdbf j_kmjkguf ihl_gpbzZehf >ey kgb-_gby n
g_gghklb b ih\ur_gby dZg_kI\Z \h” \ mkeh\byo k¢t
l[jhih]_gghlh ~Z\e_gby _]h \k_klhjhgg__ bamqg_gb
gh b ZdimZevgh < * ] N=;M ©=HBG?2 ijh\_
]b”rjhobfbg_kdbo b ]_hobfbqg_kdbo jZ[hl gZ Zd\ZIt
ha_jz b _]lh ijblhdZo < p_ehf dhgp_gljZpbb aZzZ]jye
gZoh”ylky \ *"bZiZahg_ o0Zjzdl_jghf ~"ey "Zgghc ]_



\bgpbb k_\_jh aziz~Z Jhkkbb Hldehg_gby hl ghj
\h~r_ aZnbdkbjh\Zgu \ hlghr_gbb &X 0Q =Q b )F
eh” _gbyo ij_\ur_gh kh”_j Zgb_[_ga Z ibj_gZ b g_

Hg_ “kdh_ ha_jh £ mgbdZevguc ijbjkiMywugbly[thdl |
Ilhjhlh aZ\bkbl \h"hkgZ[ _gb_ [hevrEZd¢kgllE k- ]Jbhh a
gh\ Jhkkbb J_kim[ebdb DZj_eby EhpbKdae¢khdhc &
eZkl_c Kh\j_f_ggh_ khklhygb_ ijbjhtdghlt ka jd H
o0ZjzZdl_jbam_lky dhfie_dkguf \azZbfhMockIWgljhijbjh
ih] _gguo nzdlhjh\ Ha_jh y\ey I|ky hethhljha dokf \h
dexq_gb_f Dhg”hih kdhc b I_ljhaz\hokdhg Jmefu dh
\ jZajy™ f_ahljhnguo >L_dZgh\Z Lbhhdh\ZeZ[h@
kZzfhhgbklbl_evghc kihkh[ghklb ijhy\sykis gkwn ij_k
\ \br_ nzdlhjz jZa[Z\e_gby aZ]jyag_oggdlok bkt bkl
Hg_"kdh]h ha_jZ "hklZlhggh mya\bfZkhby >\ dfm \|

kbkl_fZ« @ lhwlhfm ghjfbjh\Zgbfhdblhkdgyggu
Zgljhih] _gguo gZ]jmahd gZ \h"h_f kZdévgy \ _kvfzZ .
< + ]1 dhee_dlb\ N=;M ©=HBG?2 ih azZdz

EZ~h kdh]h [Zkk_cgh\h]h \hA*gh]lh mijZ\e_gby Jhk)
ihegye gZmggh bkke "h\Zl _evkdmx jZ[hlm GBJ
kh\j_f_ggh]h khklhygby b dZq_kI\Z \h” Hg_ "kdh]l
"h\Zgb _« @ < jzfdZo jZ[hl ijh\_~_gZ hp_gdZz
mjh\gy Zgljhih] _ggh]lh \ebygby gZ Hg_"kdh_ ha_|j
_dlu _]h [Zkk_cgZ \ ij_~_eZo \h*hohaycklt* _gguo
N g dhfie_dk ] _heh]h ]_hnbabq_kdbo b ]Jb”jh]_hob
wdheh]bq_kdb [eZ]hihemqgguo b gZijy  _gguo jZch
Bkke_ ~h\Zgbx wdheh]bqg_kdh]h khklhygby Hg_ "k
Aguo h[t_dlh\ _]Jh [Zkk_cgZ ihk\ys _gh [hevrh_ dhi
>:leZk« Lbfzdh\Z b 7] @ GZ bo-hkgh\z
dexqgblv qlh aZ ihke_“~gb_ % e | kzf \hrh_f b
lu _]h [Zkk _cgZ bkiulu\l\zxl fhsgmx Zgljhih]_ggm
hkh[_ggh ih nzZdlhjm aZ]jyag_gby K_\ jh-azZizZ”"g.
klb Hg_ "kdh]lh ha_jZ ozjzdl_jbamxlky ih\ur_ggufl
fb k[jhkZ klhggubtl djmiguo ijhfure_gguo p_gljh\
hgz |_ljhaz\h*kdh]lh Dhg”hih kdh]h b F_2A\_"v_]h
klhygbx gz ] \\[Zkk_cg Hg_ "kdh]h ha _-jZ hl m



g_qgqguo bklhggbdh\ ihklmibeh luk | aZljyagy

A< h[sbf h[t_fhf fegd[hevr__ Zgljhihi_ggh_
ygb_ hdzZau\Z_lky \ jZchgZo djmiguo ijhfure_gguo
gZ ih[_j_"v_ ha_jZz hl h[s_]h h[t_fzZ k[jhkZ
j <ul_]ju ijboh~blky [Zkk_cg j Rmb =
j <h”eu % [Zkk_cg j Kmgu =%

< \_k_gg_ e_Ilgbc i_jbh~ ] \ “hitregbgb_d
yf ijh\h~bfuf |I_jjblhjbZevgufb ih*jZzaNbeéjlgbyfb

f_1Z Jhk\h”j_kmjkh\ b ijhnbevgufb bdkjbidddafb J
GBJ N=;M ©=HBG?2 ijh\_*_gu dhfie_dkgdZgbkke_~
kiI\Z \h~ b “hgguo hleh _gbc \ lhgdZph hgb jZ b
lhdZo jbk lh ‘hafh ghklb ijh[u j_qgdédkkVvhga hl|
mklv_\uo mqgzkldZo

Il _j_q_gv aZ]jyagyxsbo \_s_kI\ khklZ\e_g gZ hk
gbc I_ogbqg_kdh]h az*Zgby d ]Jhkm~ZjkI\_gghfm d
j_ljhki_dlb\guo fZl_jbZeh\ ZdImZevguo “Zgguo ]b
]Jh b J_hobfbq_kdh]h fhgblhjbg]Z Hg_"kdh]h ha_jZz
khklz\zZ klhgguo \h~*

< blh]_ obfbg_kdbc ZgZeba \dexqZe hij_"_e_g
]Jh ihdzZzazl_ey |G \a\_r_gguo \_s_klI\ << ly ™
LF =Q 3E &U &R 1L &X 0Q , _ébmZ ch[s_]
guo \_s_kI\ bhgh\ Zffhgby gbljZlh\ gbljblh\ nh
nl_ijh~mdlh\ GI iheboehjbjh\Zgguo [bn_gbeh\ |
ibj_gz ;I n_ghez

< jzZfdZo jZ[hl ijh\h*bebkv baf_j_gby ]b~hnbab
aZl_e_c dzZq_kI\Z \h~u g_ihkj_~kI\_ggh gzZ-f_kl_
klb b I_fi_jZImju

= hobfbg_kdbc ZgZeba \dexqZe hij_~_e_gb_ ]
kdhlh khklz\zZ ~hgghlh ]jmglz f_lZeeh\ =Q 3E
0Q [bh]l_gguo we_f_glh\ h[s_]h ZahlZ b nhknhjZ
b n_ghez

Keh'gu_ hjl]Zgbq_kdb_ kh_~bg_gby n_y\try GI
xIky ijhrmdlzfb Zgljhih]_gghc *_yl_byvmpthkla_ gz zZ
beb _]lh \h~hk[hj_ b bo hij_~_e_glvghgXb{fhyeab kzd
\ukhdhc \Z ' ghklvx \h~gh j_kmjkgh]h dhilhghbZpZ Hc



DZjlZ ihe_\uo jz[hl ih hi[hjm ijh[ \h~uethtypguo hl
Hg_“kdhlh ha_jz b _]h ijblhdh\ \_kgZ + e_lIh ]



We_dljhijh\hrghklv \h~u \ ih\_joghklghf-keh_ h
klb Zd\Zlhjbb ha_jZ gZoh”beZkv \ ij_"_eZeo *
klz\eyy \ kj_ng_f fdKf kf FzZdkbfZevgu_ agZq_
\ ITh\_g_pdhf aZeb\_ fbgbfZevgu_ + Dhg”hih kdhc
kdhc Im[Zo We_dljhijh\h*ghklv \h~u ijblhdh\ dhe

jhdhf "bzZiZzahg_ + fdKf kf FZdkbfzZewgh_ ag
| _jgh "ey j <ul_]ju fbgbfZevgh_ % "ey j G _fbgu
AgZq_gby |I_fi_jZImju \h’\u aZ\bkyl hl k_-ahgzZ ]t

kdbo mkeh\bc b j_ev_nzZ [_j_]lh\hc ebgbb -< \_k
[ex*_gbc I_fi_jZImjz j_qghc \h~u dhe_[ZeZkv \ N
fK gZb[hevrzy |_fi_jzZImjz \h~u azZnbdkbjh

] Rhdrb gZbf_gvrzy + \ \h*_ j lyevfu -E_Ilgbc
jZdl_jbah\Zzeky [he__ \ukhdbfb agzZq_gbyfb I_fi_
* fK GZb[he__ I_iezZy \h~Z \ jZchg_ mk

+ fK oheh”gZy = \ jZchg_ Ih\_g_pdh]h aZeb\

J _amevlZlu ijh\_~_gguo obfbgq_kdbo bkke_"h\Zg
ghklb ij_\ur_gby ghjfZlb\h\ I>D ~ey ju[hohayckl\_¢
fh\ beb dhwnnbpb_glZ dhgp_gljZpbb .F k\_~_gu '
\a\_r_gguo \_s_kI\ \ \h~_ ijblhdh\ Hg_"kdh]h ha_j
A_e_gu k mq_Ihf j_]JbhgZevgh]h nhgZ Kkn ijb\_~
>GhjfZlb\u« @

:gZeba “Zgguo ihdZaZe qlh \ p_ehf dhgp_gljZz
sbo \_s_klI\ gZoh”ylky \ *bZiZzahg_ o0Zjzdl-jghf "e
fbg_kdhc ijh\bgpbb £ k_\_jh aziz"z Jhkkbb Ih\_j
h[ez~ZxI| ih\ur_ggufb dhgp 7 Q&R AORIIEAED D MitebBidd)
gbc i_jbh” ozjzdl_jbam_Ilky bgl_gkb\guf |hklm|e
b \a\_k_c \ Hg_ kdh_ ha_jh k j_qguf klhdhf =
gbc i_jbh” gz zZd\Zlhjbb ha_jz hlf_qgqzZ_Ilky 4_adh_
"Zgby f_lZeeh\ £+ 1>D dihf_ &X % [>D Dh
[bh]_gguo we_f_glh\ b keh'guo hjl]Zgbqg_kdbo ijbf
ky gZ gbadhf mjh\g_ g_j_~dh gb _ ij_~_eZ h[gZjn

>hggu_ hleh _gby Hg_"kdh]h ha_jz \ aZ\bkbfh
gZ \_kvfz jZzaghh[jZzagu < hlh[jZgguo ijh[Zo ij_h]
guc be b f_edha_jgbkluc i_khd HIf_g_gZ-azZ\bkb
gby A< \ “hgguo hkz~dZo Hg_"kdh]lh ha_jZ hl bo




kdhlh khklz\Z Djmigu_ beu Dhg”hih kdhc }m[u gZ
r__ dhebq_kl\h LF [bh]_gguo we_f_glh\ b-hj]l]Zghb
k_c ih kjz\g_gbx k f_edh b djmigha_jgbklufb i_ku
aZiz"ghc qzZklb ha_jz GZijbf_j dhgp_gljZpby 0Q
Im[_ khklzZ\ey_| hdheh f] d] I>D ijhib

I>D \ =bfhj_pdhc [mol_ < p_ehf dhgp_gljZp
"hgguo hleh” _gbyo Hg_"kdh]lh hanjZz+thqg fgwd)lukhdb
glh ozjzdl_jgh ~ey f_klghc ]_hobfbqg_kdhc ijh\bg
gb_ hklZevguo f_IZeeh\ gZnhjy~db] gih"_Dhgp_og
[jZpbb [bh]_gguo we_f_glh\ m[ssp]thka’irJ@l]
gZoh”ylky \ rbjhdbo ij_"_eZo , ] b f] &

f] s d] GZb[hevrb_ dhgp_gljZpbb ozjzdl_jg
gh\ k[jhkZ klhgguo \h® b \iz"_gby djmiguo ijblhdh
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< lZJe ijb\_~ gu j_amevlZlu hp_gdb dzZq_KklI\Z
]h\uo hleh”_gbc Hg_"kdh]h ha_jZ b _]h ijblhdh\ i

g_glh\ ;_j_1h\u_ hleh _gby ha_jZ b ~hggu- hkZ"c
dh\ kh” _j°Zl g [hevrb_ dhgp_gljZpbb f IZeeh\ ~h
b ~h I>D ih 0Q \ Ih \j_fy dZd “hggu_ hleh _gl

gZklb zZd\Zlhjbb ha_jZ hlebqzZxlky agZqgbl -evgh [t



gb_f f_IZeeh\ ij_\urzZxsbf I>D *h I>D ih 3E b *
ih 00R AMggapjod |eeagdanh i hiruuurradebb  dduhdenp add padpotrc; § | b
f _jgh hif_qZ_Iky \ *hgguo hleh  _gbyo |_ljhazZ\h"kc
hg_ g_nl_[Zau + [>D

LZ[ebpZ DZqg_kl\h *hgguo b [_j_Jh\uo hleh® _gbc Hg_
b _Jh ijblhdh\ \ ]

;_j_]h\u_ hleRh _gby >hggu_ hleh _|gby
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lh j_amevlzlzf ijh\_~_gguo jZ[hl ij_~eh -gZ ko_

pbb fhgblhjbg]zZz ~gzZz [_j_]lh\ khklhygby \h2hhojZg
Aguo h[t_dlh\ Z 1Zd _ ko_fZ hjl]ZgbazZpbb gZ[ex”"_
bo bkihevah\Zgby MqgZkldb h[ke_~h\Zgby AdexqZ:
e_ggu_ imgdlu b ijhfure_ggu_ h[t_dlu j_]bhgz 1I_
Dhg”hih]l]z F_”\_"v_]hjkd b bo hdj_klghklb x]h a
ha_jz ihk D\Zjpblguc + i <hag_k_gv_ x]h \hkll
gmx qZklv ha_jZ ihk Dxjr_\h =heyrb + mklv_ j =<
kdmx Jm[m H[sZy ijhly ' _gghklv mqgzZkldh\ h[ke_"h
| df h[ke_"m_fZy iehsZ”~v a_jdZeZ ha_jZ %

K p_evx hij_~_e_gby \ebygby fZehf_jgh]lh neh
ljzgkihjlz gz dzq_kl\h \h” Hg_"kdh]lh ha_jZ kgb"
Xxs_c Zgljhih]l_gghc gZ]jmadb gZ Zd\Zlhjbx Z"fbg
kim[ebdb DZj_eby E_gbgl]jZ*"kdhc b <heh}h”kdhc
"_ l_jjblhjbzZzevguf ih*jza”_e_gbyf FQK j-dhf_g~
s_kl\eylv dhgljhev azZz j_"bfhf wdkiemzZlZpbb fZel
I1Z b mklZzgh\e_gb_f ahg _]h \hafh ' guo g_hj]JZgbah

‘\lhju ijbagZl_evgu khljm~AgbdZf ] _h]jZznbq_kdh]h r
F=M bf F < Ehfhghkh\Z b hi*_eZ bgnhjfZpbhggh]h h



kdhc b \h*hohayckl\_gghc *_yl_evghklb N=;M ©=HBG?
fZeb Zdlb\gh_ mqZzZklb_ \ j_ZebaZpbb GBJ ih Hg_"kdhfn
jh[gh k j_amevlZlZfb bkke_"h\Zgbc ih GBJ fh gh hagZc
GM ©OPBLbK?

Ebl_jZImjz
Bkke_~h\Ekfbj_f_ggh]lh khklhygby b dZq_kI\Z-\h™ Hg_
jZ Hlg_l h GBJ azZdexgbl_evguc ih =D « hi
©=HBG?2 Jmdh\h~bl_ev A_feygh\ B < F k
GhjfZlb\tthimklbfh]lh \ha”~_ckl\by ih [Zkk_cgm j_db G_
j_db K\bjv <heoh\ jhkkbckdZy qZklv [Zkk_cgZ j_db
]Jh b EZ*"h kdh]h ha_j Ilhykgbl_evgZy azZibkdzZz d k\h~"g

GBJ azZdexgbl _evguc N=;M ©==B2 Jmdh\h”bl_eb K
=jhgkdzZy L | KIJ K

Hg_ “kdh_ hdegk HI\ j A~ G G NbezZlh\ | _IjhazZ\h”"l
J:G k

L dZgh\z ? < LbfZdHYZ gdZFkh\j f ggh]lh-Ijhnbqg_
lh khklhygby Hg_ “kdhlh ha_jZ ih i_j\bgghc ijh"mdpbb

=b”jh[bhe "mjg L < & *

LbfZzdh\Z L F KZ[uebgZ : < IheWhj\Z lgg& B&M|
klhygb_  wdhkbkl fu Hg_ “kdh]h ha_jZ b |_g”~ _gpbb b

gb_ ~ _kylbe Iby Lj DzZjGP J:G < K +
Wdhkbkl H@ "kdhlh ha_jz b I_g~_gpbb __ baf_g_gb
A K DzZmnfzgzZz E GZmdZz k
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WDHEH=BQ?KD:Y O0:J:DL?JBKLBD: IJBLHDH<
K?<?JGH=H ;:CD:E:
B :G=:JH DBQ?JKDH=H F?EDH<H>VY

E F Khjhdh\bdh\Z B < Lhf[_j] < G Kbgxdtl
B B FZjbgZcl_ H K |I_klmgh\z G : @mqg._
G < ;Zr_gozZ \Z G | K _avdh

Ebfgheh]bg_kdbc bgklibiml Kb[bjkdh]h hi*_e g

>ebl _evgh_ fZeh\h”v_ + 11 \ [Zkk-cg_ :;Z
eh d kgb _gbx kmffZjghlh ijblhdZ \h~u \ ha_jh g.
ghkbl_evgh kj_~g_fgh]lhe Igbo agZq _gbc thl _ie_ ¢
kh[klI\h\Zeh m\_ebqg_gbx klhdzZ \ abfgbc i_jbh”™ b k
jZebazZpbb \h~u \ j_dZo \izZz"Zxsbo \ k_\_jgmx dh
Kh~ jZgb_ [bh]_gguo we f glh\ I:M b g-nl_ijh”
guo \h~Zo g_ ij \urzZ_| ghjf I>D "ey \h~h_fh\ iblv_|
ohayckl\_ggh]h gZagZq_gby < ijblhdZo j_]bkljbjl
jh"ZQWHURFRIBRFEK\W” | _evkl\m_I| h gbadhf dzZq_Kkl
kZgblzjgh fbdjh[bheh]bg_kdbf ihdZazl_eyf

<ebygb_ Jeh[Zevgh]h ihl_ie_gby gZ\ébgheh]bq_
[Zkk _cg_ ;ZcdZezZ \ |Ihf gbke_ b kjZaddggbvygRb j_
fZjz_\ b *j Kbgxdh\bg b ~j gdb @h bkeoyh Yyp _
sbo dhe_[Zgbc j_qggh]lh klhdZ \ [ZkKucglh hafjZiZ]j.
gb\hklb ijb\h*"bebkv d hrghfm jZkq dighfkil\i- jbhitm
jhlh ijbgyl ijhf_"mlhd k ih ] ¢ Yd & xich&xguo
pbdeZ \h~ghklb KhihklZ\e_gb_ g_dihdhkulod&Z]jeza\l _ |
guo j_d b h[s_]h ijblhdZ \h”~u \ ha_ \|hzZikhegpd Zgzieh _qlt
jbh” ijhbkoh”beh h[s__ kgb _gb_ ijkhddhein kdhjh
df 1h~ Z k gZgqZeZ ihl_ie_gby hg mf_gvrbeky gZ

< ihke_"gb_ e_| + 11 ijblhd \ ha_jh [ue
gZz gb”_ ghjfu 1jb wihf klhd K_e_g]b J]ezZ\gh]h
jZ kgbabeky gZ Ebrv [eZ]h~Zjy jhkIim-klhdZ -

kdbo j_d \i_j\mx hg_j_"v <_jog_c :g]Zju b ;Zjlme
kmffZjghlh ijblhdZ \h”u \ ha_jh [ueh g_ klhev fZk



gzZdh \ ihke_~gb_ Ijb 1h~Z ijblhd \ k_\_jgmx dhle!
dzd b \ "\_ *jm]b_ [ue gZ = gb _ kj_~g_fgh]r
gbc k\b”_|_evkl\my h kgb ™ _gbb klhdZ <_jog_c :g]
Ihfbfh f_"]h~"h\hc baf_gqgb\hklb ijblhdZ \h~u \ he
klhdz hl®*_evguo j_d ihl_ie_gb_ hljZabehkv b gZ
\hf jZzkij_"~_e_gbb Ih\ur_gb_|_fi_jZImju \ha”moZ
evrZ \ ~_1ljZ*"bjmxsbo fghlhe_Ilg_f_jaeuo ikRjh*Zo |
r_gbx azizkh\ ih~a_fguo \h” b j_gqgh]h klhdZ hkh
i_jbh~r AZ i_jbh” ihl_ie_gby kj_"g_f_"_gguc ghy]
<_jog_c :g]Zju m\_ebqgbeky ijb[ebakl_evghAlZ f
gb_ jZkoh”~u \h~u j K_e_g]b k gZqzeZz o]] \k
9Z fk HrgZdh \ ihke_"~gb_ ]h”u \h*guc klh
ijblhdh\ ha_jz azf_Igh kgbabeky \ klyab kh kgb™ _
s_gby ~_yl _evgh]lh kehy b azizkh\ ih*a_fguo \h"
N_gby m\ezZz g_gby \ [Zkk_cg_ ;ZcdZeZ
<h”u bkke_"h\Zgguo ijblhdh\ K_\_jghBly_3jZcdZez
ebah\Zggu_ g9gZb[he__ gbadb_ agZogeX\gwodidp_gl
gh\ hif_g_gu \ j J_ev ih\ur_ggu_ g]Xjj <Kjahgc :
gZy "“bgzZfbdz kmffzjghlh kh”_j Zgbyy bYhgEggudh”_
j_d jbk Z hij_"~_ey_lky baf_ghgbelhg h?Nghklpo |
g_c :g]Zju [he__ gbadb_ dhgp_gljZ elbla Dplgh \\ b @ib g
oZjZdl_jgu ~ey \_jog_]lh mqgzkldZ ]AbkmmcffZ bhgh\
\'' \hr_ j_ d <_jogyy :9]ZjZ b Luy jZ\pyeZkv = 1
o]] ih ~Zgguf ><hlbgp_\ b *jhgh\ \@wklof fiZ dZo
khklzZ\eyeZ * fl e Kgb _gb_ kRY_jg@gd y ofzgh\
fh™_ 1 [ulv k\yaZgh k m\_ebq_gb_f &lfyy_kmApbgh]lh |
\Zggh]h azZ kq_I| I1Zygby fgh]he_Ilg_f_jaeuo ]Jjmglh\
<_ebgbgZ jG \h”u \ j_dZo \Zjvbjh\ZeQ@Zbl[he_ "h
gbadb_ agZq_gby gZ[ex"Zebkv \_kghicklmlie_ hgmket
_f\h* IZxsbo kg_]h\ k gbadbfb agZiegbly¥BgjguoBa
j_d gzZb[he__ gbadh_ kh~_j Zgb_ jzZkNXhabdghbh]lhldbl
f_g_gh \ \h*_ j <_jog_c :g]Zju %= kusf]gdby - DKk
ehjh”rguc j_"bf hklZevguo j_d dzZd & algfgh&_tgHdd
i_jbh”u [eZ]hijbyl_g ”~ey ]b”~jh[bhglh\us_gby gZ



Jbk >bgzZfbdZ kmffu bhgh\ Z b dhgp_g
l[jZpbc fbg_jZevgh]lh nhknhjz [ \ ijblhdZo
K_\_jghlh ;ZcdZeZ b gZ Zd\Zlhjbb :g]lZjh
Dbg_jkdh]lh f_edh\h”vy



Dhgp_gljZpbb [bh]_gguo we_f_glh\ ghhgbadd \ hk
bkdexqg_gb_ khklZ\eyxl j_db Luy b J heow_bHjdr_gg
pbb fbg_jZevgh]lh nhknhjz jbk hhkz gokjzdgh]h
gu abfhc |Ijb wlhf fZdkbfZevgu_ agZlexdZe hkwknhj
g_ \j_dZo \iZz"Zxsbo \ ;ZcdZe Z j®hZDdd)\Zjlhdhbh:g
f _edh\hA"vy < k_\_jguo ijblhdZo hlIf_q_ddgpihdur_g
l[jZpbb Zffhgbcgh]h ZahlZ b hj]Zgbgh Rdhfiyh-i\n. s_ kI
eh\h”vy qglh k\yazgh k ihklmie _gbh]fh b\d % la[h[jize h g
Ih\ur_ggu_ dhgp_gljZpbb [bh]_gguo wkeq fkdbm\ b
\_s_kI\V\ j Luy h[mkeh\e_gu k[jhkhifaly¢iklkehgjh db
[ulh\uo klhgguo \h~*

D hizkguf lhdkbdzZglzZf ihiZz*"Zxsbf Wmjgwvk2lZ jold \
ayckl\_gghc ~_yl_evghklb g_eh\_dZ fhigklewlkyHy"
&X =Q b 7j Hrgbf ba bklhggbdhhdhkihgegby ft
(=Q 3E b ~j \j_db K_\_jghlh ;Zzddzehefin"gb ykefplv
f_klhjh ™~ _gb_ ihebf_IZeebqg_kdbo jimys_dhlhjhy d gZ
wdkiemZlbjm_Ilky b gZoh”blky \ aZKhygjighbbjBkkgghf
"h\Zgby ihdZzazZzeb qglh \ \h*_ j_d Q@hghyghizb bfdluy
dihwe_f_glh\ g_agZgbl_evgu_ b g_ ih_™nddlbj_~_
fuo dhgp_gljZpbc *ey \h*h_fh\ ju[hohpdagkg\ygghlh
j_g_gv« @ < \h"Zo <_jog_c :g]Zju kkitkljiz¥mgb _
eh fd] e qgqlh g_kdhevdh ij_\urZe[thobhdyt&i\\g"
ghlh gZagzZq_gby khklzZ\eyxs_c ed]dagpg_H{Zpjpoyd
f_"b [ueZ gZ mjh\g_ I>D # fd]_e@b<hih”g -ghhichj
\ur_ggh_ kh”_j Zgb_ ZexfbgbiybtI>Dfd] £d] e

Mjh\gb dhgp_gljZpbc g_nl_ijh~mdlh\\h4htbkoghk
ke_~m_fh]h jZchgZ gbadb_ %= hl Ahij_\did] gebyjbk
I>D >1_j _q_gv« @ “ey \h”guo h[tkldlgghihhohe
gZagZq_gby g_ mklzZgh\e_gh GZ gbggcf:mlgduld_
dhgp_gljZzpbb g_nl_ijhAmdlh\ ihkl_i_gidk kgbj&xlky
gyy AZbfdZ d mklvx < ijh[Zo \h”u johhHdhd kZ&¢djguo
eZ fbgbfZevgu_ agZq_gby hif_g_gud bhDbg_pZOhe

KmffZjgu_ dhgp_gljZpbb I:M ihebpEdedg kdb
kdb_ m]e_\h”hjh”u baf_gyebkv hib[héh_\ughe¢b_G
\_ebgbgu bg”*"b\b"mZevguo kh_"bg_gbcgb bd_kmffti



k_ggbc i_jbh” Ih\ur_ggu_ dhgp_gljZpb®bg_jZ &_g
fZjl_ gl e < mklv_j <_jog_d¢Zphdju:Mhgp_gl

jbh” gzZ[ex™_gbc baf_gyebkv hl Abj_gg\ je. qguga Z
\h~"Zo g_ h[gZjm _g \h”Z khhI\_IkfnghljfEOPNZGbq_
"ey \h*h_fh\ ju[hohayckl\_ggh]h gZaglZgmgbid]ib gZ

Jbk Dhgp_gljZpbb g_nl_ijhAmdlh\ \ \h~_ ijblh
dh\ K_\_jghlh ;ZcdZeZ

Bkke_"h\Zgb_ ~bgzZfbdb [Zdl_jbhieZigddBgZehijbl
glh \ ih”"e_~guc i_jbhn fZjl qgbke_ggbu&l{yzQdll jpdjh
dhe_[ZeZkv hl ~h DH? fe FzZdkhfZdwWgh_ bo
DH? fe b DH? fe gZ[ex"Zehkv \ | KZ® J Zow b L1
HD; \ \hA_ j J_ev "hklb]Zeh DiHYurZ efle 2glim i
klbfmx ghjfm ~ey \h~"h_fh\ iblv_\h]h Zaza g&kh "gxy \

@ FzZdkbfzZevgZy qbke_gghklv bREgbamh\fg& fbd
[ex"ZeZkv \ e_Igb_f _kypu bxgv bhbkew\uiglgbk\ya
_f1_fi_jZImju \h~u Dhebq_kI\h ]_Igjhfljkimki\zZ\blkegh »

de fe ijb wlhf fZdkbfZevgu_ ihdzazl_eobkdhHt q_
ghc =+ de fe Kh”_j Zgb_ HD; \ ehdb&hdpldhgZ[u
\k_o klZgpbyo + DH? fe jagZdlllzDgh i
"ey \h~h_fh\ iblv_\h]h gZagZq_gby _$zdgqf kiidZa.
\h~u y\ey_Iky kh” _j"Zgb_ \ \h" (QWHUpERKFE V
kI\b_ dhlhjuo \ \h"_ mdZau\Z_| gZ_gbdzZ\dwghhdha¥]]j
Abfhc [ZdI(QMBHURRBRRE&Xou \ mklv_ j Luy DH?
b\ mkiv_j J_ev DH? fe <4 _¢gbhd _fhé&jhdgbc
]Zgbafu wlhc ]jmiiu j_]bkljbjh\Zebkv \h \k_o0 j_dZo



Lzdbf h[jZzahf \uiheg_ggu_ bkke_"h¥ZgbyghdzZa
baf_g_gb_ debfzlZz ihl_ie_gb_ fhlelhqgh[gbkekhibdZ r
j <_jog_c :glZju Z 1Zd _ ~"jm]bo jkd\ \jigrmhZzxdlblo \
eh\bgm hkh[_ggh \ abfgbc i_jbh”h bjblyd g\be* kiy bk 2
"_gby fbg_jZebaZpbb \h*u <h”u k_\cpgieaZipflhdh\
xI gbadh_ dzq_klI\h ih kZgblZjgh fbdhhi[dazlh]dyf_kd
\'\h~_ j_1bkljbjmxlky [Zd(IQM Bl YREARIFFEXNVZgb_ [bh
] _gguo we_f_glh\ I:M b g_nl_ijh*mdlh)}_\irkZgH\ghf
I>D "ey \h~"h_fh\ iblv_\h]lh b ju[hohayZoklgbgghGh g:
agZqbl_evgu_ ij_\ur_gby j_]bkljbjmxlkyZ dey_fo b |
gyy :glZjZ b J_ev

Ebl_jZImjz

<h~rZ =b]b_gbqg_kdb_ kzZgblzZjgu_ ijZ\bez ghjfu b f_
lJh \h~hihevah\Zgby gZk_e_gby F Bgl_j KWG

<hlbgp_\ D D =eZamgh\ B < =bMebbdbyzjlLd [Zkk_c
gZ ha ;ZcdZe F GZmdZz k

l_j_q_pwhohayckI\_gguo ghjfZlb\h\ ij_~_evgh “himk
p_gljZpbc I>D b hjb_glbjh\hgqgh [_ahiZkguo mjh\g_
H;M< \j_“guo \_s_KkI\ *ey \h”u \h~guo h[t_dlh\ bf_x:
ayckl\_ggh_ agZgq_gb_ F <GBJH &

Kbgxdh\bg < F Khjhdh\bdh\Z E F Lhf[_j] B <
Baf_g_gb_ debfzlZz b obfbg_kdbc klhd j_db K_e_glb
< K +

Rbfzjz_\ F G Dmbfh\z E G Kbgxdh\bg < G P_
Debfzl b 1bMjheh]lbg_kdb_ ijhp_kku \ [Zkk_cg_ ha ;Zc«

F_I_hjheh]lby b ]Jb~jheh]lby - < K

(&2/2*,8&%/ &+$5$&7(5,67,&6 2) 75,%87%$5,(6
1 1257+(51 %$,.$/ $1' $1*$5% ., &+ (5% 6+2$/

/0 6RURNRYLNRYD , 9 7RPEHUJ 9 1 6LQ\XNR
2 6 3HVWXQRYD 1 $ =KXFKHQNR 1 9 %DVKHC
ILPQRORJLFDO ,QVWLWXWH 6% 5%$6

/IRQJ GXUDWLRQ ORZ ZDWHU OHYHO LQ WK
GHFUHDVH LQ WKH WRWDO LQARZ LQWR WKW ODNH
DJH ORQJ WHUP YDOXHV *OREDO ZDUPLQJ FRQWU
LQ ZLQWHU DQG GHFUHDVH RI ZDWHU PLE&EHWDOL]D



EDVLQ RI WKH ODNH &RQFHQWUDWLRQV RI QXWUL
DQG RLO SURGXFWV LQ ULYHU ZDWHUV GLG QRW
HVWDEOLVKHG IRU GULQNLQJ DQG UHFUYGWWURQD
FRFFXWUH GHWHFWHG LQ WKH ODNH WULEXWDULH
VDQLWDU\ PLFURELRORJLFDO SDUDPHWHUV WKH Z

HKH;?GGHKLB =B>JHOBFBQ?KDH=H KHKL:<:
L?IJFHD:JKLH<UO HA?J P?GLJ:EVGHC YDMLBB

F B Dk _ghnhglh\Zz

GZmqggh bkke ~h\zZl _evkdbc bgklblml ijbdezZ”~ghc
K_\_jh <hklhggh]l]h n_~_jZevgh]h mgb\_jkbl_
bf F D :ffhkh\zZ ] Ydmlkd

< klzZlv_ ijb\_~ gu j_amevlZlu bkke "h\Zgbc aZzf
lhgguo ha_jguo kbkl _f E_gh :flbgkdh]l]h b E_gh
f ""mj_qvy AZfdgmlu_ ha_jgu_ kbkl_fu ij-"klZ\e)
fhdzZjklh\u_ Z ijhlhggu_ kbkl_fu + wjhabhggh |_
ha jZz < oh”_ kjzZ\g_gby bkke_ "h\Zgguo ha_j "\m
yle _gh qglh [hevrbgkl\h bkke_ "~h\Zgguo ha_j E_
f ""mj_qvy bf_xI kj _"gxx fbg_jZebaZpbx g _cljZe
[hs_ehggmx kj_"m k fy]Jdhc b mf_j ggh ~_kldhc \h
kI\_ggh Jb~jhdZj[hgZlgh dZevpb_\h fZ]Jgb_%‘uf khkl
"h\Zgguo ha_jZo E_gh :flbgkdh]lh f_"~mj_qvy ~hfl
ki _"g_c b \ukhdhc fbg_jZebaZpbb k j Zdpb_c kj_
ghc "h s_ehgghc hl mf_j ggh ~_kldbo ~h hg_gv "_
hlez"Zgb_f ]b~jhdZj[hgZlgh gZljb_\h fZ]gb_\uo \f
dzZzq_kI\Z \ bkke_"~h\Zgguo ha_jZo E_gh :flbgkdh]h

fbgbjmx!| wdklj_fZevgh aZ]jyag_ggu_ deZkk b 1
g_ggu_ deZkk \h”u Z \ ha_jguo \h~"Zo E_gh <b
j_qvy + mf_j _ggh aZ]jyag_ggu_ dezZkk

DZ ~uc \h~"h_f \hagbdZ_1 b jZa\b\Z_Ilky \-hij_"_e
nbg_kdhc kj_~_ b \azbfh”_ckl\m_I k g_c¢c Ki_pbn|
gu_ mkeh\by kha”zZxl hij_~_e_gguc j_"bf \h*h_fZ



jZ kms_klI\_ggmx jhev bljZz_I| nhjfz b jzaf_ju _]lh d
eh\bgu ha_j \hagbdzZxl ih® ~_ckl\b_f jy*Z jZaebq
nhjfbjmxsbo j_ev_n a_fghc ih\_joghklb >;h]hkeh\}
Ilh deZzkkbnbdzZpbb B B @bjdh\z > @ gz |_
l[jZevghc Ydmlbb jZkijhkljZg_gu |_jfhdZjklh\u_
[_jfhdZjklh\u_ \h”gh wjhabhggu_ b ImdmezZgh\u_

Lbiheh]bqg_kdh_ jZchgbjh\Zgb_ ha_j P_dljZejzdhc Yd
f gl dZjlu B B @bjdh\Z >J _db b ha_jZ @
L_jfhdZjklh\u_ ha_jz \ k\hx hq_j_~v ih K | Dz
ih"jZza™ _eyxlky gZ ke_"mxsb_ ih”lbiu
ljh\Zevgu_ i_j\bggu_ gZ e_"~h\hf dhfie_dk_
"bb ©luufiu2 ©~x_"y2 \ klZ”"bb aj_euo |_jfhdzZjk



ih\lhjgh ijh\Zevgu_ \ aj_euo ZeZkZo \ ihcfZo dj
[melmggyoZo gZ lhjnyguo [m]jZo

ljhkz~*hqgu_ |_jfhdZjklh\h kmnnhabhggu_ b \
f_kl_ ih Zjh\ £ ©dmjmg] dx_ev?@ ©d_j*"x]_-g dx_e\
gu_ ha_jZ hlebgZxlky hl ijh\Zevguo |Ibih\ f_gvrbft
glh h[tykgy_|ky iZe_hdebfzZlbq_kdbfb mkeh\byfb j.
ha_jguo dhleh\bg

ljh\Zevgu_ ha_jZ “hfbgbjmxl gZ E_gh :f]lbgkdhf
guc Ibi |I_jfhdzZjklh\uo ha_j + gZ E_gh <bexckdhf
>@bjdh\ @

Ha_jZ hlghkysb_ky d wjhabhggh |_jfhdzjklh\hfr
ky \b”bfh gZjy*m k ImdmeZggufb gZb[he-__ ~j_\
ghc Ydmlbb h gq_f k\b”_I_evkl\m_I| fZdkbfZevgZy
guo hleh _gbc *h + f >@bjdh\ @

Ilh~jza”_eyxlky gZ ~"\Z ih~lbiz

L_jiZkh\u_, &, it AApZieevdc BAscistmidkiol| didend jonif i &
sbo \h~*hlhdh\ + dhleh\bgu gZoh”ylkl jgZkih\djogh
keh'_gguo \_jog_q_I\_jlbggufb e_"gbdidlufbfh f_ e
hleh _gbyfb <ukhlzZ kdehgh\ dhleh®thgu f+ Hieph_~dh
"_gby £ dhjbgg_\u_ b I_fghp\_lgu_ Jébdbklukf fhsc

L_jiZkh\u,_ g 99,1jjiBjHArite g iuiam g o diikFkidybity gt
"hlhdh\ + dhleh\bgu ha_j gZoh”ylky gZ ih\_joghkl
keh_gguo e_"gbdh\ufb b f_"e_"gbdh\ufb hleh _gl
g_I\_jlbggh]lh \hajzklZ <ukhlZ kdehgh\ dhleh\bgu

f b \ur_ Hleh _gby * jZaebqgu_ Ibiu kZijhi_e_c
k bezfb Jebgbklufb b Jebgzfb h[sZy fhsghklv ~h

< hlebgb_ hl I_jfhdZjklh\uo ha_j \h*h_fu-~Zggh]
oh™~ _gby hlebgzZxlky Jem[bghc b iehsZ”vx \h”gh]h
< + 11 khljm~gbdzfb GZmqgh bkke_"h\ZlI

kilbImlZ ijbdezZz”~ghc wdheh]bb K_\_jZ K<NM-[ueb b!
dgmlu_ b ijhlhqgu_ ha_jgu_ kbkl_fu E_gh <bexcl
:flbgkdh]lh f_""mp_qvy

Azfdgmlu_ ZezZkgu_ kbkl_fu khkj_~hlhq_gu \ :[Z
k_ b wjhabhggh Zddmfmeylb\ghc jZ\gbg_ Lxdyg L:
lh jZchgz ij_"~klZ\eyxl kh[hc |I_jfhdZjklh\u_ ha_j



ZeZkgu_ kbkl_fu aZo\Zlu\zZxl Lxg]xexgkdmx |_jjZI
Zevgmx jZ\gbgm gb 'g_]lh mjh\gy Lxdygkdh]h i_k
jZchgzZ bf_xI wjhabhggh I_jfhdZjklh\uc Ibi
=b”jhobfbq_kdh_ hijh[h\Zgb_ ijhba\h”*behkv kh
J OjZg_gb_ ijh[ hkms_kl\eyeZkv khlez
LiZzgkihjlbjh\dZ ijh[ hkms_kl\eyezZkv \ i
b kl_deygghc 1Zj_ h[_ki_gb\Zxs_c bo khojZgghk
ijh[ \h~u baf_jyebkv |I_fi_jzZImjz \h~u ]JZah\uc khl
hleh _gby hl[bjZebkv ih =HKL H-ojZgZ i
Afhkn_jZ H[sb_ Ij_[h\Zgby d hl[hjm ijh[ “hgguo h
Aguo h[t_dlh\ "ey ZgZebaZ gZ aZ]jyag_gghklv
ljh[u ha_jguo \h™ ZgZebabjh\Zeb \ eZ[hjZIhjl
obfbg_kdbo f_Ih~h\ ZgZebazZz GBBIWK K<NM k ihf]
ihl_gpbhf_Iljbb Ibljbf_Iljbb Zlhfghc Z[khjfpbb d
]Jh we_dljhnhj_aZ nemhjbf_Iljbb b ]jZ\bf_Iljbb <k_
]b~rjhobfbg_kdbo ihdZazZl_e_c
Hkgh\gu_ oZjzZdl_jbklbdb obfbg_kdh]h khklzZ\zZ
ha_jguo \h” k mjh\g_f ij_\ur_gby ghjfZlb\h\ ij_~_
kibfuo dhgp_ngZp\lloc’\ZgD\ [Z[e Bhgguc khklZzZ\ ha
\h~ ij_~klZ\e_g ih deZkkbnbdZpbb H : :e_dbgz >
< oh”_ kjzZ\g_gby bkke_"h\Zgguo haluyNemagh_~"n
glh [hevrbgkl\h bkke_"h\Zgguo ha_jfE %ghj<dpexckd
bf_ x| kj_~gxx fbg_jZebazZpbx g_cljZehggmxbkkeZ[h
"m k fyldhc b mf_j_ggh "_kldhc \h "hxzZflHdelb-ddk hky
dhc fbg_jZebazpb_c hg_gv "_kldhchkhZhc bkkkhgg
"h\Zgguo ha_j E_gh <bexckdh]h f_""mjbgMydZhfbgb
[hgZlu dZevpbc b fZ]gbc Dhgp_gljZippbda@elbjb bh\
kmevnZlh\ hg_gv gbadb_ b g_ ij_\ubBgh\ hl kmffu
< bkke_"h\Zgguo ha_jZo E_gh :flbgkdh}h f_"~r
gZxlky \h~u kj_~g_c b \ukhdhc fbg_jZebaZpbb ij
gh kh s_ehqghc j_Zdpb_c kj_~u b mf_j_ggh ~_kld}
dhc \h*hc < bhgghf khklzZ\_ ij_h[ezZz*Zx] 1b*jhdZj]
b gZljbc >hey oehjb”h\ b kmevnZlh\ \ukhdZy \ ha
klh\uf Ibihf dhleh\bgu Dhgp_gljZpby dZevpby \ b
ha_jguo \h"Zo g_agZqbl_evgZ



J_amevlZlu kjz\gbl_evgh]lh ZgZebazZ ha_j "\mo f_""mj_

E_gh <bexckdh_ f_""mjj_qv_ E_gh :flbgkdh_ f_""m
Lxdyg Lxglkdbc ZeZkKguc [ZeZokdZy |_jjzkZ
Lbi dhleh\bgu Lbi dhleh\bgu
£ |_jfhdZjklh\uc Q + I_jfhdZjklh\uc Q
Obfbqg_kdbc khklz\ Obfbqg_kdbc khklz\
+ kj_"gyy fbg_jZebazZpby | + ih\ur_ggZy b \ukhdZy fbg_jZeb
+ keZ[hs_ehqgZy kj_"Z aZpby
+ mf_j_ggh “~_kldZy \h~Z + keZ[hs_ehqgZy b s_ehggZy kj_
+ ]b*jhdZj[hgZlgh dZevpb| Yuemf_j_ggh “_kldZy b hq[ gv ~_kl
* ]b”jhdZj[hgZlgh dZevpb| \h"Z
fZlgb_\uc + ]1b~jhdZj[hgZlgh fZ]gb_[\h
li_\ur_gby ghjfzib\n\ 1>p | 9Z1P-_12Y
+ f_~v lj_\ur_gby thZIb\m\I>D
+ fZjlZg_p + fZ]lgbc
+ _e_ah + gZljbc
+ gbljblu
DezZzkk dzZq_kI\Z \h~ N .
' — i + f jZebaZpby
+ mf_j _ggh aZljyag_ggu_ jpe%%mh Iy
+ ghd_ev
+ f_ v
+ kmevnZlu
+ " _e_ah
+ fZj]Zg_p
Lbi dhleh\bgu
+ wjhabhggh I_jfhdzZjklhYuc Q
Obfbqg_kdbc khklz\
+ kj_"gyy fbg_jZebaZphy
+ g_cljZevgZy b s_ehqg4y kj_"Z
+ mf_j_ggh "_kldZy \h"Z
+ ]1b~jhdZj[hgZlgh fZ]gb_[\h
dZevpb_\Zy

—

_\ur_gby ghjfZlb\h\ 1>D
gbljblu

f_~v

bhg Zffhgby

dj_fgbc

"_e_ah

fzjlzg_p

+ + + + + -+




ljih~he  _gb_ 1Z]e

E_gh <bexckdh_f_ "Amj_qv_ E_gh :flbgkdh_ | f_""mj_
DezZzkk dZq_kI\Z \h~
+ keZ[haZ]jyag_ggu_ deZkk Q
+ mf_j _ggh aZ]jyag_ggu_ deZkk Q
+ wdklj_fZevgh aZ]jyag_ggul deZk
Lxdygkdbc i_kgZgh ljy*h\uc Lxg]lxexgkdZy |_jjZkZz
Lbi dhleh\bgu Lbi dhleh\bgu
+ wjhabhggh I_jfhdZjkllrddcjfhdZjklh\uc Q
Q
Obfbqg_ kdbc khklz\
Obfbq_kdbc khklz\ + hl K] ¢ “h \ukhdhc fbg|jZebaZp
* hl kj_"g_c "h \Ukhdr0+fhggJZcIJZevghc "h s_ehqggHc kj_"u
ebazZpbb + hl mf_j_ggh °_kidhc ~h hqlgv ~_Klc
+ g _cljZevgZy b keZ[hs\_he\thgZ_
kj_"z + ]b”jhdZj[hgZlgh fz h gzljb_\z
£ Tyldzy b hg_gv °_kldZy ]b J dzj[hgzlg lgb_\h gZljb_\Zy
+ ]b”~jhdZj[hgZlgh dZEVID]b\\JUCgby ghjfZlb\h\ 1>D
+ ]b~jhdZj[hgZlgh fZ]gb+ \fizdgbc
+ gZljbc
Ij_\ur_gby ghjfZIb\h\j\ |>Pgbljb|u
 f_"v + fbg_jZebaZpby
+ fZj]Zg_p + °_kldhklv
+ h[s__ "_e_ah £ f Ay
t fZ]gbc + kmevnZlu
* bhg zZffhgby + e ah
+ " _kldhklv + ij]_Zg_p
Dezkk dzq_kI\z \ha | * d2ebe
+ keZ[haZ]ljyag_ggu_ | dgZlkien\bgu
Q ) + thabhggh I_jfhdZjklh\uc |Q
+ mf_j_ggh aZ]jyag_ggu_
Q Obfbg_kdbc khklz\
+ ]Jjyagu_ deZkk Q + kj_"gyy fbg_jZebazZpby
+ g_cljZevgZy b s_ehqgZy kj_"Z
+ mf_j_ggh "_kldZy \h"Z
+ ]b~jhdZj[hgZlgh fZ]gb_\h dZevpb_\
lj_\ur_gby ghjfZIb\h\ I>D
+ f_"v
+ fZjlZg_p
+ _e_ah




HdhggZgb_ 1Z]e

E_gh <bexckdh_f_ "4mj_qv_ E_gh :flbgkdh_| f_""mj_

DezZkk dzg_klI\z \h~

mkeh\gh gbklu_ deZkk Q
keZ[haZ]ljyag_ggu_ deZkk Q
wdklj_fZevgh aZ]ljyag_ggu| deZkk

+ + I+

lj_\ur_gby ghjfZIb\h\\J I>Dkke ~h\Zgguo \h~Zo
E_gh <bexckdh]h f_"~mj_qvy gZ[ex"Zxlky -\ hkgh)
nbevguf we f glzf f_~v fZj]Zg_ p ~_e_ah Kh"_j
guo we_ f glh\ g _agzZgbl _evgh_ ebrv \ ha- FZe]u
[hevrh _ ij_\ur_ng_iIh>Dhgm Zffhgby

< bkke _"h\Zgguo ha _jZo E _gh :flbgk@gh\d f "/ m
r gby ghjfZIb\h\\] h3D gzZxlky ih \_ebgbg_ fbg_jZebe
"_kldhklb Z 1Zzd"_ ih JezZ\guf bhgzZfgZZjmpdckn&we b
nZlu Djhf_ Ihlh ij_\ur_gby ghjfZlbyhih\kbh]gqgxIlk
guf we _f_glzf gbljblu dj_fgbc b flgdjdwev-ffHjlzf
1Zg p ~_e_ah f_7v

Ilh dezZzkkm dzZqg_klI\Z \ bkke_"~h\Zggugkdh]hZo E
f ""mj_qvy ij_h[ez”"Zx| wdklj fZevgh a&lkikagbggl
mf_j ggh aZ]jyag_ggu_ deZkk \tné ha< jlgkiloe\H* h\.
"Zo E_gh <bexckdh]h f_""mj_qvy ij_@I&kXZZxImh" u
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Hjl]Zgbg_kdh_ \_s_klI\h H< ijbjhrgudlthfe y\eyy
fhc qZklvx \h~guo h[t_dlh\ \h\e_q_agrhljb\h&dbb§gu_
gu_ ijhp_kku b hgh I_f kzZfuf hljZz ZZbbm gh’pdha b j
wdhkbkl_f H< ijbjh~guo \h” ij_"klZygayx IKkhkkcblaeh
hl]jhfgh]lh gbkeZ bg”*b\b"mZevguo khh*"bgbsbb jZa:
"N _gby b kljh_gby dhebqg_kl\h dhlhag&Zdblhevgfth _
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A _kljmdpbhgguo ijhp_kkh\ b ij_"klZ\le _egH dtethaeibkb q
ey_fufb kh_"~bg_gbyfb mJe_\h~"Zfb ethih*ZfHd \[hed:
jh_ihklmiz_I \ \h~h_f k \h~*hk[hjghkd IKlhigldygbto b hb
N"Zfb Ijbjh~rgh_ Zeeholhggh_ H< ij_"gd¥yfile Jghfnkh_~
kh\hc ijbjh”u ]Jmfbgh\ufb b nmev\h\ubdb @bkghdZfb |
<h”gu_ h[t_dlu fhlml agZqbl_evgh jZaZdopZZKl ih |
olhgghlh b Zeeholhggh]h H< GZijbfZghN<jfRklZ\b h
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ghlh b Zeeholhggh]h H< \ ijbjh*guo_\hdZm g utkkzZ\
ijZzdlbgq_kdbc bgl_j_k ohly b k\yazghkdyfbevrbfb Ijn
>ey dhebqg_kI\_gghc hp_gdb kh”_j Zgby Z\lholt
olhggh]h H< [ueZ jZajZ[hlZgZ nbabdh obfbq_kdZy
\ZggZy gZ jZa™_e_gbb H< ijbjh”rguo \h® gZ khkl2z\
pb_c gZ "bwlbezZfbghwlbep_eexeha_ >W:W p_ee:
g_kdhf j_"bf_ >Ehah\bd Fmkzlh\z @ -Ki_pbZz
gu_ mkeh\by b j_"bf Z2khj[pbb kihkh[kI\mx| mki_r
gbx b ihke_"mxs_c dhebq_kl\_gghc hp_gd_ Z\lho
olhggh]h H< qlh ih?I\_j"~Z _Iky ijb kjzZ\g_gbb k jZI
gufb ih wfibjbg_kdhc nhjfme_ >Ehah\bd b *j (
K ihfhsvx “"Zgghc f_Ih~*bdb \ + N _dhehkijh\
ke_"h\zZgb_ kh”~_j Zgby Z\lholhgghl]k §ZZeejdbbgh’
Ibiguo \h*guo h[t_dIZo ]mfb~rghc ahdglhig_Adhguh[klZ
jZ[hldb ij_"~klZ\e_qgu \ 1Z[e H[s__ khgghlhgH< XXlho
jvbjh\Zeh hl ~h fl Ke \ kj_Ng_OID “Z Zeeh
olhggh]lh = hl ~h f] K e \ kf]l XKgef Kh"_j Zgb_
jZklI\hj_ggh]h Z\lholhggh]lh H< baf_g¥edko \ miadbo
fl Ke b\ kj_"g_f khklZz\eyeh h 'k\yaZljgK ke |wl qlt
\k_ bkke_"h\Zggu_ \h~h_fu gZoh”*yl§yk\diné¢ garcg d el f
ijh mdpbhgh ~_kljmdpbhggu_ ijhp_klgthfijimjhdg@x| gZ
Qlh dzkz_lky \a\_r_gghc nhjfu zZ\IhglhdghdauMdz ||t
agZqbl_evgh_ \ebygb_ gZ h[s__ khTh jHZglhewdhhblh
w\ljhnguo \h*h_fZo \ i_jbh”u p\_I_gblykgi\gh I hwllhfr
ebqgb_ ijbjhrguo \h~rguo h[t_dlh\ aZdgkf Khl'ky]\ZjZac
gbb \ gbo Zeeholhggh]h H< ijb fZeHboblagghpdb\hklb
Rbjhdh_ jzkijhkljZzg_gb_ b ijbf_g_gb_ \ ]b”jhc
ijZdlbd_ ihemgbeb dzZq_kI\_ggu_ hlebgbl_evgu_
olhggh]h b Zeeholhggh]h H< >Kdhibgp_\ =hgqgZjh
ih khhlghr_gbx i_jfZgl]ZgZlghc IH b [bojhfZl
hdbkey_fhklb 7~ey Z\lholhggh]h H< hgb f_gvr_ q_
ghlh
ih hlghr_gbx h[s_]lh hjl]Zgbg_kdh]h m]e_jh~Z
1z & 1 "ey Zeeholhggh]h H< \ur_ q_f ~ey Z\Ilh



ih kihkh[ghklb d [bhobfbg_kdhfm hdbke_gbx
H< + e_Jdhhdbkey_fh_ Z Zeeholhggh_ + Ijm~ghhc
ih bgl_gkb\ghklb k\_lhih]lJehs_gby \ \bAbfhc ~*
ghlh agZq_gby gb"_ q_f "ey Zeeholhggh]h b MN
ey Z\lholhggh]h agZq_gby \ur_ qg_f “ey Zeeholh

KIZIbklbg_kdb_ ihdzZazl_eb kh~_j Zgby Z\lholhggh]h b
lh H<

:\lholhg JZkI\hj_glgleeholhg
1ZjZf_lju gh_ H|Z\lholhggh_gHh< H< I

‘Zee Ayl
fl H e

FbgbfZevgh_ aglZg_gb_
FzdkbfzZzevgh_ algZq_gb|
Ki_"g__ agZq_gpb_
Klzg~Zjlgh_ hldehg_gb ]|
I _j\uc d\Zjlbev
Lj _Ibc d\Zjlbev
F_"bzgz

libf_gZgbQbkeh ijh[ *

< k\yab k wlbf \klZe \hijhk h \hafh ghklb-ijbf_g_
e _gguo hlebgbl_evguo ijbagZdh\ ~ey dhebqg_kI\ ¢
N j7Zgby Z\lholhggh]h b Zeeholhggh]h H< \ ijbjh’
ihfhsvx jZajzZ[hlZzgghc f_|h*bdb jZa”_e _gby H< gZ
Zeeholhggmx khklZ\eyxsb_ m~Zehkv ijh\_klb [Zdm
emqg_gguf ~Zgguf [ueb jZkkgblZgu agZq_gby hleb
agzZzdh\ >ey khhlghr_gby IH OID Z\lholhggh]h b
H< hgb khklZ\beb + b + khhi\-lkI\_gg
g hr_g &y 18 Hflffgwivrg v r* &weyZ Eildslith g ittt A2 &g 7
lh £ [hevr_ Z\ _ebgbgZ hilghr_gby bgl _]jZevghc
\ \b*bfhc h[eZklb d OID pZjZdl_jbam_Ilky gbadbfb
gbgzfb ~ey Z\lholhggh]l]h + b [he__ \ukhdbfb "e

+ H< Djhf_1lh]lh [ue ijh\_"_g ZgZeba aZ\bkbfh
hlghr_gbyfb IH OID §L O1Dbb, *he_c¢ Z\lholhggh]h
Hg ihdZazZe hlkmlkl\b_ agZqbifhtc dhjtj_eypbbk



Jbk AZ\bkbfhklv IH OID Z  &IDL FE b,
Ney h[jZzaph\ \h”u hl “heb Z\lholhggh]lh H< ihemq
ghc ih Z*khj[pbb



Djz _\u_ agZq_gby ihemqg_gguo khhlghr_gbc ~h\
jZ Zx! hlebgbl_evgu_ ijbagzZdb Z\lholhgghlh b Zee
Lzd "ey Z\lholhggh]h H< IH OID +, /OIR+ 1 *

Z "ey Zeeholhggh]h % khhi\_lkI\_ggh

Ke_m_1I| hlf_Iblv qglh ijbf_gylv "Zggu_ -hlebqgbl
agZdb "ey dhebq_kI\_gghc hp_gdb zZ\lholhggh]h b
g_ ij_"klz\ey_Iky \hafh guf fh'gh ebrv ]Jhthjblv h
gbb lhc beb bghc Jjmiiu \_s_klI\ gZ dzZq_klI\--gghf n
aZgh k I _f qglh H< ijbjh~rguo \h™ y\eyykv Yh\e_q_
gu_ \gmljb\h~h_fgu_ ijhp_kku ihklhyggh IljZgknh
j_amevlzl_ qg_]h f_gyxlky _]lh khklz\ b k\hcklI\Z

Qlh dZzkz_lky _s_ h~gh]h hlebgbl_evghlh ijbagz
d [bhobfbg_kdhfm hdbke_gbx |Ih ey ijh\_jdb \h:
ijbf _g_gby “ey dhebq_klI\_gghc hp_gdb kh”~_j Zgk
b Zeeholhggh]h H< bkihevah\Zebkv dhgklZglu kdt
fZpbb Z\lholhgghjhZ8&eholhgghl]h HulhNu_ *ey i_

jbh~Z hildjulhc \h*u khklZ\eyxl bkhhlA_lkmldt
kI\_ggh >Ehah\bd @ Dhgklzglz kdhjhklb 1jzZg
olhggh]h H< \ jZa \ur_ q_f Zeeholhggh]h wlh

glh Z\lholhggh_ H< + [bhobfbq_kdb e_]Jdhhdbkey_
gh_ + Ijm~ghhdbkey_fh_
K ihfhsvx ihemqg_gguo nbdkbjh\Ziggtko dg&bh_gbc

\uqbke gu “heb Z\Iholhzggjp]mhﬂ-leiklgh nhjfme_ ijb\
_gghc \ jZ[hl_ >Ehah\bd
K_k
-k -k
| - ’\heyIHeDﬂ OLPK = dhgklzglzZ kdhjhklb ihlj_[e

dbkehjh~rz oID. [ueb mklZgh\e_gu ih dbg_lbd_ ;ILC

H[jzZ[hldZ "Zgguo ih \k_f h[t_dIZf bkke_"h\Zgbc
ijZdlbg_kdb hlkmlkI\m_| ebg_cgZy dhjj_eypby f_°
olhggh]h H< mklZgh\e_gghc ih dbg_Ilbqg, kdbf iZj.
b ih Z~khj[pQb ij'lo wihf dhwnnbpb_gl dhkklekfzbb
\be jbk



Jbk AZ\bkbfhklv ~heb Z\lholhggh]h H< ih dbg_|
kdbf izjzf _1jzf hlih ZAkhj[pbb

Z\1
Dzd b \ kemqgzZ_ k “jm]bfb hlebqgbl_evgufb ijbag
ah\Zgy _k,,9_ ihalhey_ | ~ZIv dhebq_kI\_ggmx hp_
“Zgby Z\lholhggh]l]h b Zeeholhggh]h H< ihkdhevd
jZf _lju 1zd”_ f _gyxlky \ oh~_ h[jZah\Zgby b ljZgkr

Ebl_jZImjz
Ehah\bd IljhAmdpby b ~_kljmdpby hjlZgbq_kdh]h \_s

Aguo h[t_dlZo ih dbg_Ibq_kdhc fh”_eb _]h ljZgknhjfZp
\h~Zo FZI_jbZeu <k_jhk gZmqg dhgn ©<h”gZy klbo
fh ghklb b |Jh]ghabjh\Zgby mijZ\e_gby b ij_"hl\jZs_gl
\hq_jdzZkkd K

Ehah\bd I : kaZIﬁ\_Zth‘betZ jZa™_e_gby hjl-Zgbqg_kc
s_kI\Z ijbjh~rguo \h” Z~khj[pb_c gZ “"bwlbeZfbghwlbep.
lholhggmx b Zeeholhggmx khklZ\eyxsb _ <_klgbd F-
kiI\_ggu_ gZmdb? < K *

Ehah\bd | : Fhjhah\ : D Ah[dédéhlhgghrjb Z\Ih
olhggh_ hjl]Zzgbqg_kdh_ \_s_klI\h \ ih\_joghklguo \h~Zo D
j_kmjku L < K *

Jhfzgd_\bq ? : <_IljmXkku: m]le_jh~Z \ ]b*jhkn_j_ a

=_hobfby < K +

Kdhibgp_\ ; : =hgqzZpRihdBvah\Zgb_ agZq_gbc hlgh

jZaebqguo ihdzZzazZl_e_c hjljZgbg_kdh]lh \_s_KkI\Z ijbjh~g
g_kI\_gghc hp_gdb Kh\j_f _ggu_ ijh[e_fu j_]bhgZevgl
]b~rjhobfbb E K +



OF.QLJKW ' 0 $BRXQFHW DQG $JH RI $TXDWLF +
KXPLF VXEVWDQFHY HFRORJ\ DQG ELRJHRFKHPLYV
/- 3 %

TKXUPDQUJIJDQLF *HRFKHPLVWU\ RI 1DWXUDO :D\
'U: -XQN 3XEOLVKHUYV 'RUGUHFKW S

3266,%,/,7,(6 2) &217(17 (67,037 ( 2) $872&+7+21286
$1' $//28&+7+21286 25*$1,& 0$77(5 ,1 1$785( :$7(5
86,1* 7+(,5 ',67,1&7,9( )($785(6
F 9 =RENRYD
1RUWKHUQ :DWHU 3UREOHPV ,QVWLWXWH

7KH SXEOLFDWLRQ GHDOV ZLWK WKH SRVVLELOLW
WKRQRXV RUJDQLF PDWWHU GLVWLQFWLYH IHDWX
WLYH HYDOXDWLRQ ,W LV IRXQG WKDW GXH WR W
PDWWHU LQ ZDWHU ERGLHVY DXWRFKWKRQRXV DQG
WLYH IHDWXUHYVY FDQQRW EH XVHG IRU WKLV SXUS:¢
MXGJIJLQJ RQ WKH GRPLQDWLRQ RI D JURXS RI PDW

HIJ?>?E?GB? DHGP?GLJ:PBB OEHJHNBEE:
< Q?JGHF FHJ? G: HKGH<? IHD:A:L?E?C
NEMHJ?KP?GPBB

G : Fhbk__\Z L Y Qmjbeh\Zz L < ?nbfh\Z H

Bgklblml fhjkdbo [bheh]bq_kdbo bkke ~h\Z¢
bf : H Dh\Ze \kdh]h J:G K_\Zklhihev

lh "Zgguf baf_j _gbc bgl_gkb\ghklb nghmibje&p gpbl
\uiheg_gu hij_"~_ e _gby dhgp_gljZpblhbtifgddZ qzZ]en
klb Q_jgh]lh fhjy \ k_gly[j_ b ~_dZ[jgh kjZ\gljHgb_ih
emg_gguo agZq_gbc k \_ebgbgZfb degeZ_blgZpbb o
j_ggufb klzg”Zjlguf ki_dljhnhlhf_Iljbq_IkhdbZfaZzgh~hf
glh highr_gb_ f_"~m wlbfb iZjzf_l|jzZf¥bkbfoklbkll\ a.
mkeh\bc kms_klI\h\Zgby nblhieZgd!|hagh Z ghow Fmferm b K i
j_kp_gpbb oehjftvdyetd_gdb _1h dhgp_gljZpbb \ fhj_
i_jbh~bg_kdh]h mlhgg_gby dZeb[jh\hdgUWomaw&lbkbff
fb izjzf_ljzZzfb IhdZazZgh qlh ey dhjgl dgdkivdghhkligdtl



nemhj_kp_gpbb oeh)h@be¢gtzf fhj_ g_h[oh”bfh h[yaZ
gh mgblu\Zlv nemhj_kp_gpbx jZklI\hh]lagh]dh_kjlZgbq

<\_"_gbNblhiezgdlhg b]jZ_I \Z"gmx jhev-\ \h~gt
kl_fZzo \ dzZq_kI\_ i_j\bggh]h a\_g® \k _ioclhKihg_|
jhdbg <_”" _jgbdh\ @ GZb[he__ jZ&iprkdiZg_g
jhf ljhnghklb wdhkbkl_fu b dzZq_kl\Zeyhtgyh-cdtkg_"u
p_gljZzpby hkgh\gh]lh nhlhkbgl_Ibq_kddlZ dtbNgh]h
ieZzgdlhgZz + oehZh@beeZ gZklhys__ \j_fy \ Jhkkbb |
am_I|ky g_kdhevdh miI\_j°~ _gguo f_Ihgb\ dlijjiZpbk g
Oe >=HKL J> a@dhdZjvoa db_
_ I k\hb f_Ih”"bg_kdb_ hkh[_gghklb Kkdd¢ghhhlhf_
Ih™ hij_~_e_gby dhgp_gljZpx>oRUHQ@DbEEZ -HII
+XPSKUH\ @ rbjhdh bkihevam_lkkdbdbBkik[dhet
"h\Zgbyo k ijhreh]h \_dZ < ihke_"~gdm \Wwdhyeh]bhZ
g_kdbo bkke_~h\Zgbc Zdlb\gh \g_"~nenkybWwdlkb kk
g_kdbc f_Ih™ >FZlhjbg b 7] @ Kk dhé krpuhd Alhvky b
\ fhgblhjbg]_ khklhygby \h~guo wdhkbkkifdKhhleb
nhlihf_ljbg_kdh]h nemhj_kp_glguc fhfh{j_ ez "z _|
s_kI\ \ukhdzy gm\kI\bl_evghklv jB[hjikZ]&Zfb-glZdlgu
lhiezgdlhgZ ijzdlbq_kdb \ j_"bf_j Zevghlh \j_f_gt

P_ev gZklhys_c¢ jZ[hlu khklhbl \ hibkzZgbb f_Ih~
[_gghkl_c bkihevah\Zgby bgl_gkb\ghklb nemhj_Kk
hp_gdb _]1h dhgp_gljZpbb \ \h*Zo Q_jgh]lh fhjy

F_IhruBkke_"h\Zgby ijhba\h”bebkv \ ]Jem[hdh\h
Q_jgh]h fhjy \ wdki_~bpbyo GBK ©ljhn_kkhj <h?”y
k_gly[jy ih hdly[jy 1 bk ih 7~ _dZ[jy ]
kdhc \h~u hl[bjZeb dZkk_lhc [ZIhf_ljh\ ahg”"Z 6HD
[Zo dhlhju_ \u[bjZeb ih ihdZazgbyf "Zlqbdh\ |_fi_
"_ih Jem[bg_ \b"bfhklb "bkdZekn[dgim ahgu nhihk

|_az,,=dm~Z ijhgbdZ_I hl iZz"Zxs_c gZ ih\_joq
jZ"bZpbb hij_~_eyeb bkihevamy aZ\bkbfhklb ihd
hgghlh hkeZ[e_gby %k&_IZ jglbdh\ @

< oh”_ jZ[hl [ueb hlh[jZgu ijh[u \ikn[glyf]_ b
dZ[j_ ba jZzaguo keh_\ \ _jogbc d\ZakWbWhjkehec |
k_ahggh]h | _jfhdebgzZz LD gb ' gyy gkkd¥ aihdu n



LD "~ey hij_"_e_gby dhgp_gljZpbh& oleihjdinhel Z
Ihf_ljbg_kdbf f_Ih~hf \ khhl\_Ikl\bb k >=@ K-Ljh

[m \h~u h[t_fhf e nbevljh\Zeb q_j_kdulcl_ndbehNihehd
*Y ) KDWPDQ ih® \Zdmmfhf ZjZpbbhkleevnbe
l[ju kdeZ”u\Zeb kh[jZgghc \a\_kvx \gmNwnha¥)lmjbqk
ojZgbeb \ khkm”_ >vxZjZ k "b~dbd&zZ ahlbfafWj_gbc

\ eZ[hjZlhjbb gZ "\memqg_\hf ki_dljhnhlh8HU N LDP |
(OPHUY jz&kqgblu\Zeb ih nhjfme_ >-HIIUH\ +XPSKU

& > ' + ' + vV, V@TT/@
1~ v tett reHeR bbb D et R &
gZo \heg b gf khh¥W\ Iirklhj_lg_g‘hwdeJZdIZ
kf v, £ h[t_f ijhfu N& "ebgZ hilbq_kdh]h imlb dx\_
<k _]h Jueh kh[jZgh [he_ _ ijh[ “eygkb¥gh gby

klb nemhj_kp_gpbb Oe ) >ey hij_éméjghbhy gipdi\h
jZkI\hj_gghlh hjl]Zgbqg_kdh]h \_s_klI\2vdhi<dhljlyd k]
jZkkgblu\Zeb bgl _gkb\ghklv nemhj_kjh[gpmlbevb]f g
ljh\Zeb g_j_a gmde_hihjh\uc nbewdi_j&ZbiJ WRULXV
fdf ihA \Zdmmfhf ZIf Baf_j _gbyejhhhbbelh g
$TXD3HQ $3 Q_oby \ dhlhjhf nmYy_kqy- bgpbwm \I
g _gb_f gZ "ebg_ \hegu gf >eybkiheveh\glep &\Z
agZq_gby nemhj_kp Jkmhb\_Yki\mxsb_ khklhygbyf d
\k_j_Zdpbhggu_ p_glju nhlhkbkl_ fuuluhkdjiiu Ib azZ
kI\_ggh >FZlhjbg b *j @ bBRdfhjhgbgb) gZ ijh[_
ij_™"\Zjbl_evgh zZ~Zilbjh\Zgghc d |_féihg_ hébl_ %l
ghklv ij_"\Zjbl_evghc Z"ZilZpbb aZkimks_&Z\hlZgbegh)
nblhiezZgdlhgz \ ijbjh~_ \k_ ijh[u bdgdZ[jih’b U®m]
ijh[u \ k_gly[j_ Z~Zilbjh\Zeb d |_fgjhl[u a @K X
k_gly[j_ =\l _g_gb_[he__ ~ebl_evdlglh \j f gb a

J amevlzZdui_jbh”u jZ[hl kehc kms_klI\h\Zgby nt
dlhgZ jZaebqgZeky ih ]b”jheh]bg_kdbf mkeh\byf
sbgz <DK baf_gyezZkv hl  JhezZ f & =f < ~_dZ[j_
lhesbgZ <DK gZoh”bezZkv \ ij_ " eZo =+ f-b \ kj_
ez f glh [ueh khbaf, jbth kf =

< k_gly[j_ fbgbfZevgu_ ag[lebgby <K *

f] f <ukhdb_ agZgzdbyx"&ebkv \ LD * f]



b \ keh_ ih~ LD ho< M]diZ[)\ <K \Zjvbjh\ZeZ
\ madhf "bZiZzahg_ agZq_gbc ijb wlhffl_filbdZevgh
JZkij_~_e_gb_ ib]f_glh\ [ueh h*ghjh"®uhjwckleh__ LD
dZ[j_ h]jZgbqgb\Ze kehc kms_klI\h\Zgb¥[ektZielzigd | h
j_adh_ kgb _gb_ \"dbgbd]é&

< j_amevlzZl_ kjZ\g_gb_ V\ebgdly[j bikh\h*beb ih
l[j_f kehyf hlebgZxsbfky mkeh\byfb kms_kl\h\Zgt
dlhgZz <DK LD b ihA LD Z\~_dZ[j_ * ih "\mf <L

Jbk KjZz\g_gb_ baf_j_gguo \_ebgbgethhgp_gljZphbt
jhnbeezZ & k bgl_gkb\ghklvx nemhj_kp_gpbb oehjt
nbeeZ) b ) “ey jZaguo keh_\ ahgu nhlhkbgl_azZ \ k_
lyl[i_ + ; b"_dZ[j_ < = ]
\_jogbc i_j f rZgguc kehc dhjj_efypddliggZeo aZ\bkb
gby kehc I_fi_jZImjghc kljZlbnbdEApjble Zwhbhhgi x
gZy aZ\bkbfhklv £+ ebgby kehc ghligklogdz&Zbhdhgu

~h f h " dhjj_eypbhggZy azZybkbfhklv + ebgb



>ey dZ *h]h kehy [ueb ihemq_gu ebg_cgu_ aZzZ\t
\_ebgbgZzfib )&) I1Z[e

>ey k_gly[jy agZq_gby dhwnnbpb_gédfbgZgebglbl ¢
ih kehyf ahgu nhlhkbgl_az \ a  Zkly_ihZwtKm ijb j
ebqbgZf bgl_gkb\ghklb nemhj_kp_glpilhe vake @ e b kv
jZagu_ dhwnnbpb_glu < ~_dZ[j_ ijAadéezgddbdh knkv
s_klI\h\Ze \ <DK IljbgbfZy \h \gbfZgbdhwqihbpdZg_g!
|Z : "ey <DK b LD hlebgZebkv g_kizo blkihgegah\4Zk
eb _~bgmx aZ\bkbfhklv 7"ey <DK KgZygumpbijhhkkl
nbe_c¢ K baf_j_ggufb agZq_gbyfb ihdZazZghijgZ jbk
nbev ib]f_glh\ \hkklZzgzZ\eb\zZ_Iky ~gklZlhgqgh dhjj_d

AgZq_gby dhwnnbpb_glZ : b dhwnnbpb glazZdbkbeypb
fhklb dhgp_gljZpbb oehjhnhéeg| &Gkb\ghklb nemhj_kp_
pbb oehjhnbze)Z ) hibku\Z_fhc mjZ\g, gb$i) &

Ney \_jog_lh d\Zabh~ghjhrgh]h kehy <DK kehy I_fi_j
IbnbdZpbb \h~ LD b gb'g_c gqZklb ahgu nhlhkbgl_ az
Q_jghf fhj_\ k_gly[j_ b *"_dZ[j_ ]

K_gly[jv ] >_dZ[jv ]
Kehc o f] 1) r o f] 1) r
) )p ) )e ) )p ) )p

<DK
LD
Ih™ LD
Jbk <_jlbdZevgh_ jZkij_~_e_gb_ dhlgpbegéZ\pbb oel
keh_ = f \ k_gly[j_ : ; b ~_dzZ[]_ < =

baf_j_ggu_ ki_dljhnhlhf_Iljbg_kdbf f_Ih~hf h b jZkkqgqblZggu
| _gkb\ghklb nemhj_kp_gpbb x agzZq_gby dhgp_gljZpbb Oe



>ey dZ ~h]h jZzkkgblZzggh]lhhggZgegbly Klighkbl_e\
gmx ih]j_rghklv / azZl_f \ugbkeyeb kj_"gxx \_ebc
kb\m ~Zgguo "ey jZaguo,"b2&iyZabhdh) &bc f& f
ihlj_rghklv khklz\beZz / B/ )Y . ey &

f] f/ “ o / “ o LZdbf h[jZahf hl

ghkbl_evgZy ih]j_rghklv hp_gdih \i helZepzd u d& f )
) aZ\bk_eZ hl agZG_gbkh&lZy Ihqghklv hp_gdb gb:
q_gbg i& ) \ fhj_ [ueZ k\lyazZzgZ k I_f qlh \dezZ”™ JH
gmx bgl_gkb\ghklv nemhj_kp_gpbb ijh[u agZgbl_
\dezZ” nblhiezgdlhgz jbk

Jbk Bgl_gkb\ghklv nemhj_kp_gpbd oehjhnbee
v b jZklI\hj_gghlh hjlZzgbqg_kdhlh \_Zakl\zZz s gz
guo ]Jem[bgZo \ ij_~_eZo ahgu nhlhkbgl_aZz

HIf q _gZ agZgbl_evgZy \ZjbZ[_evghklv nemhj_
i_jbh” bkke_"h\Zgbc \ jZazZ hl “h hig
\ jZazZ hl ~h hig _~ \ ~A_dZ[f] f\idbZz&
JH< \ kmffZjguc kb]JgZe nemhj_kp_gpbb ~hklb]Ze
Z ijb \ukhdbo dhgp_glkAmbi\eyge hdheh

H{km " _gb_ j amewithiéy ggu_ bkke "~h\Zgby ih
eb qglh “ey hij_~ e _gby \_ebgbgu nemhj_kp_gpbb
dh k ib]f_glZfb nblhiezZzgdlhgZ \h \k_o ijh[Zo g_h]
"blv baf_j gb_\_ebqgbg bgl _gkb\ghklb nemhj_kp_
ghlh hjl]Zzgbg_kdh]lh \_s_kI\Z Hkh[_ggh djblbggh
eufb dhgp_gljZpbyfb ib]Jf_glh\ dh]*Z nemhj_kp_gy



gZ ihjy~rhd ij_\urzZ_I| kb]JgZe kzZfbo ib]Jf_glhA Hqg_\
ihevah\Zgb_ mkj_"g_gguo ih ijhkljZgkl\m-beb \h
gbg nemhj_kp_gpbb JH< ijb\_~_1 d m\_ebqg_gbx hr
lhemqg_ggu_ j_amevlZlu ihalheyxl k®_eZlv \u\h”®
hp_gdbi& nemhj_kp_gpbb \ur_ _keb bkihevah\Zlv
Bgl_gkb\ghklv nemhj_kp_gpbb nblhiezgdlhgz
aZ\bkbl hl kihkh[ghklb \k_]h ib]f_glgh]h dhfie_dk
jhke_c ihlehszlv d\zZglu k\_1Z b d\zZglh\h]h \uoh”
pbb >.LHIHU 5H\QROGV @ Ke_"h\Zl_evgh |
ahgu nhlhkbgl_az b f_""m k_ahgzZfb m~_evghc \
gbpm dhgp_gljZpbb oZhhhghbgletAghklb nemhj_kp _ ¢
: hij_~_ey_Ilky wnn_dlb\ghklvx ih]lJehs_gby d\Zg
Xxs_]h nemhj_kp_gpbx baemqg_gby \ ijb[hj_ gzZ "e
gf >Qmjbeh\Z b 7] Qmjbeh\zZ b ~j ?n
i_qZlb@ b d\Zglh\uf \uoh”hf nemhj_kpZgpbb oehjt
<u\h”uljb hp_gd_ dhgp_gljZpbb D hijphnhkkelyg
I_gkb\ghklb _]h nemhj_kp_gpbb ke_“m_I| mqgblu\z
nemhj_kp_gpby oeBjihmlye¢lzy \ aZz\bkbfhklb hl mk
kms_klI\h\Zgby nblhiezgdlhgzZz ihwlhfm Ij_{m_Ilky
eb[jh\hggu_ azZ\bkbfhklb f_""m nemhj_kpZdpb_c
_]lh dhgp_gljZzpb_c \ fhj_ baf_j_gghc klzg”Zjlguf
f_ljbg_kdbf f_Ih~hf >ey dhjj_dlghc hp_gdb bgl_gl
hj _kp_gpbb oehjhhbkepZg h[oh”"bfh mqgblu\zZlv ner
p_gpbx jZklI\hj_gghlh hjl]Zgbqg_kdh]h \_s_klI\Z

Ebl_jZImjz

<_ " _jgbdh\ 4 _ jBbggZy ijh*mdpby b oehjhnbee \ Q_j
\ e_lg_hk_ggbc i_jbh~ KlijmdImjzZz b ijh~mdpbhggu_

iezgdlhgguo khh[s_kI\ Q_jgh]h fhjy F GZmdZz K
=HKL F_Ih~rbdz ki_dljhnhf_ljbg_kdh]lh hi
oehjhnbeez z
?nbfh\Z L < Fhbk__\Z G : QmguéhkMIhfelys_ dhb\

k\_IZ hilbg_kdb ZdIb\gufb dhfihg_glZfibhkjpdiu AZhgm[hdh
\h~rghc qZklb Q_jghlh fhjy k_glyhjive_dkljodZ bkkle_~h\Zgb
fhj_c Jhkkbb hi_jzZIb\gZy hd_Zgh]jggly tbkieki* MZmtbty
FZl_jbZeu fheh”_"ghc gZmq dhgnz \ i qZli



FZlhjbg > G Hkbih\ < : FJihblgdZ baf_j gbc h[beb)
bgrbdZpbb baf_g_gbc khklhygby nblhieZgdlhgZ \ ijbjh
hj_kp_glguf f_Ih~"hf L_hj_Ibg_kdb_ b ijZzdlbg_-kdb_ Zk
[_dk K +

J> FZkkh\Zy dhgp_gljZpby oehjhnbeez
baf_j_gbc ki_dljhnhf_ljbqg_kdbf f_Ih~hf k wdkljZdpb_c

Khjhdbg X B <_~_jgKdRhggwB baf_g_gby g_jghfhjl
iezgdlhgz F GzZmdZz K =

Qmjbeh\Z L Y >"meZc : : Kybkébldg_kdbb thdzaz
[_eb \h” Jem[hdh\h~ghc qZklb Q_jghlh fhjy izZjzZf_ljbaz
k\_1Z nblhiezgdlhghf \ hk_ggbc b e_Igbc i_jbhfu W d
hiZkghklv ijb[j_"ghc b r_evnh\hc ahg b dhfie_dkgh_ bk
kmjkh\ r_evnZz K *

Qmjbeh\Z L Y ?nbfh\Z L < >bmkiZleqg_kdb_2¢9Zjzdl_
jbklbdb \h~ Q_jgh]h fhjy \ abfgbc igghuh™ijheh\ju-fhilb
db _kl_kI\_gguo \h™ Lj 9,,, F_""mgZj Khgnt KI[

-HITUH\ 6 : +XPSIMHZHVSHFWURSKRWRPHWULF HT
PLQLQJ FKORURSK\OOV D E F DQG F LQ -KLJKHU
SODQNWRQ %LRFKHP 3K\VLRO 3AQ] 9 3

.LHIHU ' $ GS5H\QRYBYFHWLQ XQGHUVWD-QGLQJ
RUHVFHQFH DQG SKRWRV\QWKHVLYV ,Q 3ULPDU\
&\FOHV LQ WKH 6HD 3O0OHQXP 3UHVYV 3 +

/RUHQIHQ &HWHUPLQDWLRQ RI FKORURSK\OO
VSHFWURSKRWRPHWULF HTXDWLRQV /ILPQRORJ\
3 +

$66(660(17 2) &+/2523+A/R21&(175%$7,21
1 7+( %/$&. 6($ %$6(° 21 )/825(6&(1&(

1 $ ORLVHHYD 7 <D &KXULORYD 7 9 (¢(PRYD

7TKH $ 2 .RYDOHYVN\ ,QVWLWXWH RI ODULQH %l
6HYDVWRSRO

&KORURFR®@FEHQWUDWLRQV ZHUH D\QVAX/R/BIKEV E BI D I (
PHDVXUHG LQ WKH GHHS ZDWHUV UHJLRQ RI WKH
EHU 7KH REWDLQHG UHVXOWV ZHUH FRPSDUH
FRQFHQWUDWLRQ PHDVXUHG XVLQJ D VWDQGDUG
VKRZQ WKDW WKH UDWLR EHWZHHQ AXRUHNFHQF!
GHSHQGV RQ SK\WRSODQNWRQ HQYLURQPHQWDO |



PHQW RI FKiIORRIRPHKOWW DWLRQ EDVHG RQ AXRUHVF
HVWLPDWLRQ RI WKH FRUUHODWLRQ EHWEXRQ WK
UHVFHQFH Rl GLVVROYHG RUJDQLF PDWWHW VKRX
AXRUHVFHQFH RIFRKQRFERSK\O O

BAF?GQB<HKLVY KH>?J@:GBY OEHJHNBEE:
< FH@:CKDHF <H>HOJ:GBEBS? < E?LGBC [I?JBH:

H G ?jbgzZz E ? ?nbfh\Z
Fhkdh\kdbc JThkm~ZjklI\_gguc mgb\_jkbl_|I bf F <

< jZ[hl_ jzkkfzljb\Z_Iky baf_ggb\hKIV Behbnbee
kdhf \h~hojZgbebs_\ e_lIgbc i_jbhr Z 1Zd-_ aZ\b
kb\ghklb ijh~mdpbhgguo ijhp_kkh\ hl dhfie_dkZ
f_ I _hjheh]bg_kdbo b ]Jb”jheh]h ]b~jhobfbg_kdbo
emg_gh qglh fZzdkbfZevgu_ dhgp_gljZpbb ib]f_glZ
NZxlky \ ih\_joghklguo kehyo \h~ h_fzZ \ i_j\hc ihel
ijb mklZgh\e_gbb “Zjdhc ih]h~u ihke_ djzZldh\j_f_
NZgby khijh\h""Zxs_lhky gZjmr_gb_f mklh-cgb\hkl
sb b ijblhdhf [bh] _gguo \_s_KkI\ \ nhilbg_kdbc kehc

Bgl_gkb\ghklv ijhl_dZgby ijh*mdpbhggue ijhp_|I
fZo gj_a\ugZcgh baf_gqgb\Z \h \j_f_gb b ijhkljzgkl
_lky dhfie_dkhf nzdlhjh\ £+ \ i_j\mx hqgq_j_"~v gZebo
we_f_glh\ mkeh\byfb hk\_s_gghklb [_fi_jZImjguf

P_ev gzZklhys_c¢ jZ[hlu £ \uy\blv \gmljbk_ahgg!
kh”_j"Zgby nhlhkbgl_Ibqg_kdbo ib]Jf_glh\ \ aZ\bkbf
f_I_hjheh]bg_kdbo mkeh\bc \u”_eblv mkeh\by \h:
dbo \kiur_d ©p\_I|_gby? b hozjzdl_jbah\zZlv fgh]h
gby oehjhnbeezZlgbc i_jbh” \ kljZIbnbpbjh\Zgghf \
azZf_"e_ggh]lh \h~hh[f_gZ

H{t_dIhf bkke_"~h\Zgby y\ey |Iky Fh Zckdh_ \h”"
\oh”ys__ \ Fhkd\hj_pdmx kbkl_fm \h~"hkgzZ{ _gby |
"hojZgbebs_ [ueh aZiheg_gh \ ] bf__1l ihe_a
feg f Dhwnnbpb_gl \h*hh[f_gZ \h*"h_fZ khklZ\ey
Lihnbg_kdh_ khklhygb_ hp_gb\Z_Iky dzZd w\ljhngh



>Zgguo h kh~_j Zgbb ib]Jf_glz \ \h*"ZddHz Zckdl
gbebsZ qgqj_a\luqZcgh fZeh gZ[ex"_gbhlykbzdiwdhc c
ijh\h"bebkv wibah”"bq_kdb G2zZb[he__i hbh”skg *Z

ih ] >Rbjhdh\zZ E_\rbgZz hifj jgrelh\uc

ey hij_"_e_gby dhgp_gljZpbbh&elsjhkideg&ky [Zd
S ]
J_Imeyjgu_ hl[hju ijh[ "ey hij_~_e_gby kh”~_j Zc
\'l_g_gb_\_]_IZpbhgghlh i_jbh*Z gzZqZlu_-\ ]
eh]lh\ \ ijhrehf GZ[ex”_gby ijh\h”"bebkv dzZd az \
jZkij_~_e_gb_f oehilgb¢e@*h\hc \_jlbdZeb- 1Zd b
f g_gb_f dhgp_gljZpbb ib]Jf_glZ ih "ebg_ \h*hojZg
ghc jZ[hl_ \i_j\u_ im[ebdmxIky j_amevlZlu-gZ[ex"
"Zgb_f oehjhnbeeZlgbc i_jbh~ + 11 Hij_~_e
ijh\h*"behkv klzg~rZjlguf ki_dljhnhlhf_Iljbq_kdbf f_
hi\_Ikl\bb k =HKL AZ wlih \j_fy [ueh hlh
ZgZebabjh\Zgh ijh[ qglh ihalhey_| ~ _IZevgh jZ
l[jbk_ahggmx baf_ggb\hklv \ aZ\bkbfhklb hl dhfie._
kdbo nzdlhjh\

< \_k_ggbc i_jbh” kjZzam ihke_ koh~Z evw"Z kh"
[1Z \ \h*_ g_\_ebdh h”ghjh”gh ih Jem[bg_ b khklz
<h \lhjhc lj_Iv_c ~_dz”~_ fZy \ \h*"hojZgbebs_ jZa\l
fhlu_ \h”*hjhkeb < ] wlh ijb\_eh d m\_ebqg_gh
oehjhnb&e%h fi\fkj_~g_f ih \h"hojZgbebsm >bZz
ijhkljzgkl\_gguo baf_g_gbc \ wlh \j_fy “h\hevgh |
Ah fl] ffZzdkbfZevgufb agZq_gbyfb ozZjzdl-jbam_|I
gZy qZklv \h~hojzZgbebsZz

< dhgp_ fZy % i_j\hc iheh\bg_ bxgy \ \h*h_f_
l1Zzd gZaulZ_fuc i_jbh” ©qgbklhc \h~u? + ijhajZqgh
fy ij_\urz_|I f kh~_j"Zgb_ oehjhnbeeZ g-\_ebdf
I £ f] f>bzZiZzahg dhe_[Zgbc dhgp_gljZpbb ib]f_
0jZgbebsm g_agZgbl_e_g

<h \lhjhc iheh\bg_ bxgy Z IZd _ \ bxe_ fZdkbfZ
gby kh”_j Zgby ib]f_glzZz hif_qgqzZxlky \ \_joh\vyo \h:
1" ba azZ f_gvrbo Jem[bg iehlghklgZy kljZlbnbdZ
gZs_ qlh kihkh[kI\m_I [he__ Zdlb\ghfm ihklimie_1



we_f_glh\ ba ~“hgguo ]J]hjbahglh\ \ ih\_joghklgu_
wlh]lh [bh]_ggu_ \_s_kI\Z ihklmizxl k \h*Zfb hkgh
\h"hojZgbebszZz FzZdkbfZevgu_ dhgp_gk¥Zphke oehjl
\'\_jog_c qzZklb \h~h_fzZ ~"hklb]JZlkeb ihf] fqg_gbx gZ
[ex"Z_lky ihkl_i_ggh_ kgb _gb_ kh”_j Zgby ib]f_¢
k bklhs_gb_f azZzizkZ [bh]_gguo we_f_glh\ -\ wibeb
\_IkI\_ggh f_gvr_c ZdIb\ghklvx nblhieZgdthgzZ Kl
g_jZevgh]l]h nhknhjz \ '\ _jogbo kehyo p_gljZevgh]
ghlh jZchgh\ \h~h_fzZ \ wlh \j_fy khklzZ\ey_|I *
| _jbh*"bqg_kdb gZ[ex"Z_I|ky m\_ebq_gb_ khZ\j Zghby
p_gljzevghc qZklb \ jZchg_ "~ KlZjh_ K_eh qlh fh
k i_j_dZgdhc \h”u ba Dhehgkdh]h \h*"hojZgbebsZ
[Zl_evgufb \_s_kI\Zfb

Ijb khojZzg_gbb pbdehgZevgh]h IbiZ ih]h2u \ bxe
N_j'Zgb_ oehjhabeb¥ joghklghf keh_ gZoh#blky g
g_ = f] Lzdb_ "_ dhgp_gljZpbb |b]f glz gZlex™Z
l[jZevghf b |jb|ehlbgghf jZchgZo \h*hojZgbebsZ b
"ebl_evghf gZ ijhly _gbb g_"_ev khojZg_gbb
“Zjdhc ihl]hru LzZdbf h[jZahf nhlhkbgl_Ibg-_kdzZy -
IlhiezgdlhgzZ kgb Z_Ilky dzd ijb \_Iljh\hegh\hf \ha”"
ijb bgl_gkb\guo ihlhdZo kheg_qghc jZz*"bZpbb

:dlb\gZy \_]_|Zpby nblhiezZzgdlhgZ k ij_h{ezZ~Zgl
guo \h~*hjhke_c¢c \ Fh 'Zckdhf \h"hojZgbebs - gZ[ex”

kfZ1jb\Z_fuc i_jbh~ MZ Au + \ b 11 -< wib ]
qZehkv hkh[_ggh_ khq_lZgb_ ]b”Ajhf_I_hjheh]bq_k
d ijbf_jm \ ] \i_jbh~ k ih Z\]mkgZ-ighbkot

kb\gh_ \_jlbdzevgh_ i_j_f_rb\Zgb_ \_jogbo keh_\
\h~h_fZ k\yazggh_ k ihoheh”Zgb_f b kf_ghc IbiZz
pbdehgbqg_kdh]h gZ pbdehgbqg_kdbc < k\yab k w
jmr_gb_ iehlghklghc kljZIbnbdZpbb b aZ]lem[e_gb
Imjgh]h kdzZqdz jbk WIlh h[_ki_gbeh ijblhd [bh].
ba ]bihebfgbhgz \ \ur_e_"Zsb_ ]hjbahglu qlh \ kF
\hkklZgh\b\rbfky Zglbpbdehgbqg_kdbf Ibihf-ih]h~u
dz~_ Z\ImklZ kihkh[kI\h\Zeh ijhbahr_~r_fm \ "Zev
fm jZa\blbx kbg_a_e_guo \h*hjhke_c :gZeh]bqg:



[ex"ZeZkv b\ ] dh]*zZ ij_h[ez~Z\rbc \1_q_gb_
hrZ pbdehgbqg_kdbc Ibi ihl]h~u gz ~g_c kf_gbeky
khijh\h ~Z\rbfky \ukhdhc |_fi_jZImjhc \ha"mozZ b
\_ Ijz ©P\_I_gb_f2 Jueh hol\Zgq_gh \k_ \h~hojZgbeb

oehjhnb&daf_gyehkv hl "h < 1gdb_ i_jbh”u yjdi
\ujZz _g \gmljbkmlhgguc oh” baf_g_gby kh”~_j Zgh
Z\ nhlbg_kdhf keh_ Z 1zd" _ ijhkljZzgkl\_ggZy g_|

NZ _ kezZ[h]h \_1jz fh™_I| [ulv “hklZlhggh ~ey Ih]h
l[j_gghlh [_j_1Z h[gZjm b\Zebkv [he__ \ukhdb_ dh¢
f_glZz q_f m ih™\_lj_ggh]h

D dhgpm Z\lmklZ \ \h*"hojZgbebs_ g#sjZ&akm]h ijl
r_gb_ iehlghklghc kljZlbnbdZpbb \ké_Rkij\lK\he&dIb\
gh\hlh i_j_f_rb\Zzgby kh”_j Zgb_ oehjgmblgdhz \ i
keh_ mf_gvrzZz_Ilky "h H~rgZldh ijb khojZg_gbb I_ieh
\_lj_gghc ih]h?u b \ k_j_"bg_ k_gly[iijZchg_glhZRevgl
ojZgbebsZ oehghmigZém b\Zeky \ dhgp_gljZpbyo ~h

Baf_g_gb_ I_fi_jZlmju \h~u dhgp_gljZpbb oehjhnl
eZZgZ lhjbahgl_ f b fhsghklb JbihebfgbhgzZ \ p_
ljZevghf jZchg_ Fh Zckdh]h \h*"hojZgbebsZz

< \_jlbdZevghf jZkij_~_e_gbb kh”_j Zgbly oehjh
Iml Julv g_Ildh \ujZ° _gu h”bg beb g kdhevdh fzd
\uc fZzdkbfmf gZ[ex”*Z |Iky \ nhlbg_kdhf keh_ gZ ]t



Khihklz\e_gb_ kh~_j Zgby oehjhnbeezZ k \_ebqgb
ijh*mdpbb k\b”_I_evkl\m_I h Ihf qglh ijb \uv-khdhf n
pbb b \ukhdbo agZq_gbyo |I_fi_jZImju \h~u ijhbko
bgl_gkb\ghklb jZza\blby \h~ hjhke_c \ ih\_joghklgh
bo fZdkbfZevgZy ZdIb\ghklv gZ[ex*Z_I|lky gZ Jem|[Lk

<lhjhc fzdkbfmf dhgp_gljZpblZ g&h¢kxnBekky gz~
keh_f I_fi_jZlmjghlh kdZzqdzZz GZ wlhf Jhjbahgl_ i
ie_gb_de_Ihd nblhieZzgdlhgZz k\yaZggh_ kh kdzZq
n_dl © brdh]lh ~gz2@ |h \bAbfhfm wlhl oehjhnbee
_lky ~_Iljblguf 1Zd dZzd gz~ kdzZqdhf iehlghklb kdZ
f_jrb_ gh _s_g_ mki_\rb_ jZaeh blvky de_Ildb n
dhlhju_ \ g_[hevrhf dhebqg_kI\_ 1Zd _ kh2_j ZI oeh

=bihebfgbhg ozZjzdl_jbam_Ilky gbadbf kh”_j Zgbh
eZ aZ bkdexq_gb_f ijbrhggh]h Jhjbahglz -]*_ kdZ
NZxsb_ hif_jrb_ de_Ildb nblhiezgdlhgZz

Kh” _j°Zgb_ oehjEnpme®dqgb ihdZazl_e_ f dhk\_gc
“Zxsbf khklhygb_ nblhiezgdlhgzZ h[gZjm b\Z _1 k\\
fb ozjzdl_jbklbdzZfb \h~*ghc kj_"~u Ih j_amevIZIZf ¢
f_ g_9gZ |_kgZy klyav f_""m kh”_j Zgb_f ib]f_glZ b
\h~u < i_jbh”u gbadhc nhlhkbgl_Ibqg_kdhe ZdIb\c
e_c ijhajzZzqghklv \ ijbiehlbgghf jZchg_ \h"hojZgbe
| f 1zf °_ gZ[ex"Zxlky b fbgbfZevgu_ dhgp_gl
nbeeZ Ijb \kiurdZo p\_I_gby \h~u __ ijhajZgghklv |
ky b *hklb]zZ_1 k\h_]h fbgbfmfz \ k_j_~bg_ Z\lmklZ
N _evguo klzZzgpbyo ~h f GZ wlbo "_ klZgpbyo h
kbfzevgu_ dhgp_gljZpbb oehjhnbeeZz

LZd _ h[gZjm _gZ |_kgZy k\yav dhgp_gljZpbb i
k [bojhfzlghc hdbkey_fhklvx fmlghklvx b -kh”_j Z
j_ggh]lh dbkehjh”Zz

K\yav f_""m jzZkl\hj_gguf \ \h”_ dbkelh¢kehif b o
hqg_\b”gzZ ihkdhevdm kh"_j Zgb_ dhlashjA*Z )\_\h"¢
[Zpbhgguc i_jbh” \h fgh]lhf hij_~_eyblkyejZpdb _f
gZ b khhI\_IklI\_ggh dhgp_gljZpb_bconilbfikgi\ Ibqg_

lhemq_ggZy ebg_cgZy azZ\bkbfhklv f_""m fmlgh
ljZpb_c oehjhabptgkgy_Iky I_f qglh \ wibebfgbhg_



bfms_kI\_ggh b ijhba\h~beky hl[hj ijh[ “ey hij_"_
"Zgby nhlhkbgl_Ibgq_kdbo ib]f_glh\ baf_g_gb_ f
keh\e_gh baf_g_gbyfb __ hjl]Zgbqg_kdhc khklZ\eyx
pbhgguc i_jbh” hkgh\guf bklhggbdhf \a\_r -gguo q
g_kdhlh ijhbkoh™~_gby \ \h~*h_f_ y\ey_|ky nblhiez
;bojhfzlgZzy hdbkey_ fhklv ozZjzdl_jbam_F kmffZ]
gb_ hjlZzgbq_kdh]h \_s_kI\Z H< \ \h~_ b 1Zd _
dhk\_gghc o0zjzdl_jbkibdhc nblhiezgdlhgZ- 1Zd d:
dhlh H< hljz"Z_1 b kh~_j Zgb_ eZ[bevguo nhjf Hc<
dhlhjuo \ \h*h_fZo qZs_ \k_]h y\eyxlky \h*hjhkeb
klhf \_ebgbgu ;H gZ[ex~Z_Iky b m\_ebqg_gb_ dhg
jhnbe&zK \_ebgbghc “~_ i_jfZzglZgzZlighc hdbkey_ fh
ozZjzdl_jbam_I| kh”_j Zgb_ \ \h”_ IThevdh klBEcdh]h

k\yab ijzdlbg_kdb g_ h[gZjm b\Z_|
Baf_gqgb\hklv dhgp_gljZpbb oehjhnbeez\ gZ[e
] \V p_ehf kh\izrzZ_| k "Zggufbkh” ]Jjh Zghthgdgh

+ 11 >Rbjhdh\Zz @ kh]ezEylmkihlhfijuf \
gh \u”_eblv o0zZjzdl_jguc fZdkbfmf hihphgaefhj8agguc
\blb_f nblhiezgdlhgz WIlhl ~_ Z\lhj\h|jfbdZeVghgfh \

jZkij_~_e_gbb oehjhnbeeZ gZb[hevriZxlkgZe_idby g
\_joghklb ebrv \ rlbe_\mx ih]h*m Ztjbckl\b\hZdh
kbfZevgu_ dhgp_gljZpbb 0ZjZdl_jgu #ey ]djbahglh
jbh~u kljZlbnbdzZpbb \ h[ezZklb |_fi_jZlmbjlgdhjhbkdZo
j_adh_ mf_gvr_gb_ dhebq_kI\Z oehfjhmtbge e Z ] Kh]lbi
N_j7Zgb_ kgh\Z m\_ebqgb\Z_Iky azZ kdy nbhhfepdo d
dlhgz < i_jbh” hk_gg_c Jhfhl_jfbb Z[je"ZjZky jZ
ij_"_e_gb_ dhgp_gljZpbbZakhjknflore &Z*ghfm klhe[m
>jmlhc Z\lhj >E _\rbgZ @ ihdZau\z_1 -qlh fzd
[ex_ggu_ agZq_gby kh~_j Zgby ib]f_glZ jZaebqz
]h~m b \h fghlhf hij_~_eyxlky ]b”jhf_I_hjheh]bqg_ku
fb \_]1_IZpbhggh]lh i_jbh~zZ LZzZd gZijbf_j \ ] b
dhebqg_klI\Z iZzkfmjguo ~g_c b gbadhc I_fi_jZImjhc
i_jbh” kh”_j"Zgb_ oeB)jhhbeed_ ij_\urZeh f] f
Z\ ] ozjzdl_jbah\zZ\r_fky [mjguf jZa\blb_f nbl
dhgp_gljZpby ib]Jf_glZ "hklb]Zekh~u Kl bgl_gkb\guf



jZa\blb_f nblhiezgdlhgZ jZzafZo ijhkljZgkl\-- gguo ¢

klZ\ey_| hdheh <flebgbgu ihemqg_ggu_ _ b\
khihklz\bfu ~jm] k ~“jm]hf
< bxe_ ] k ]hjbahglz f gZ iylb klZgpbyo '

hgZo Fh Zckdh]h \h"hojZgbebsZ [ueb hlhEjZgu ij
juo hij_~_e_gh kh™_j " Zgb_Zoehph\nlbéZ2Y wlb "Zggu
k hkj_~g_ggufb j_amevlzlzZfb kt_fhd + 11 fh
\u\h” h IThf qlh ijh*mdpbhggu_ ijhp_kku \ thke_"g
|_dzxl ijb[ebabl_evgh k h*bgzZdh\hc bgl_gkb\ghkl\
ahf ih j_amevlzlZf bamqg_gby fgh]he_Ig_c-baf_gqg
gby oehjhnbez Zhke _~gb_ e | g_ijhbahreh baf_¢
nbqg_kdh]h klZImkzZ Fh Zckdh]h \h*"hojZgbebsz
l[jh\_~_ggu_ \ e_lgbc i_jbh~ + yllaZg Zpe*xy_ghb
"Zgb_f oehjhrzbleei» _ Fh Zckdh]h \h~*hojZgbebsz ~Z
klz\e_gb_ h ijhl_dZgbb ijh*mdpbhgdio fijhmlkkh\ \
i_jki_dIb\_iha\hebl hlke_"b\Zlv bgl gbkbhdhikiezm\ |
dlhgzZ [_a \uiheg_gby gqZkluo ]b*jh[bhleYbhckdbo b
JZ[h1Z \uiheg_gZ ijb ihA~_j°d_ ]1jZglZ JNNB <

Ebl_jZImjz

E _\rbgZ GNblhieZgdlhg Fh Zckdh]lh \h~ hojZgbebsZ
gu_ bkke_"h\Zgby \h”"hojZgbebs <ui F F=M K
E _\rbgz G : RbjhdmMNBIRieEgdlhg b _]h ijhAmdpby

"hojZgbebszZ Fhkd\hj_pdhc \h~ghc kbkl_fu F F=M
Rbjhdh\z 2_BbqggZy ijh*mdpby iblv_\h]h \h"hpaxgbebs
k wdheh]bq_kdbfb nzdlhjzfb :\lhj bhergZmddZg” |

" 675,%87,21 2) &+/2523+<// $ ,1 7+( 02=+$<6.
5(6(592,5 '85,1* 7+( 6800(5 3(5,2"

2 1 (ULQD / ( (¢PRYD
/IRPRQRVRY ORVFRZ 6WDWH 8QLYHUVLW

7KH SDSHU GHDOV ZLWK WKH VHDVRQDO Y®ULDEL
]JKD\WN UHVHUYRLU DQG WKH GHSHQGHQFH-RI SKR!
GURORJLFDO DQG K\GURFKHPLFDO FRQGLWLRQV G
FRQFHQWUDWLRQV RI SLJPHQW LQ WKH ZDWHU ZH
UHVHUYRLU LQ WKH ¢UVW KDOI RI $XJXVW ZKHQ L\



K?AHGGU? BAF?G?GBY KH>?J@:GBY F?L:G:
< <H>GHC LHES? FH@:CKDH=H <H>HOJ:GBEBS:

F = =j_gqmrgbdh*zZ > ;Z"xdh\
K Kz\\Wkg<\ K DzZaZgp_\

Fhkdh\kdbc Jhkm~Zjkl\_gguc mgb\_hkibdhkib¥Z F <
Bgklblml \h~Aguo ijh[e_f J:G
Bgklblml fbdjh[bheh]bb bf K G <bgh]jzZ~kc
NBP ;bhl _ogheh]bb J:G
Bgklblml nbabdb ZIfhkn_ju bf : F H[moh\Z .

< jZ[hl_ ij_"~klZ\e_gu j_amevlZlu gZ[ex®_gbc aZ b
N_jZgby f_l1Zgz \ \h*ghc lhes_ Fh Zckdh]h \h~h
e_lgbc k_ahg ] <uyle_qgu ijhkljZzgklI\_ggu_ jZ.

ebg_gb_ dhgp_gljZpbb ijb ijh*he bl_evguoe ZgZwj
yo \ ijbr"hgghf keh _

Hij_~_e_gb_ kh~_j Zgby f_1ZgzZ \ \h*"hdjZdgbebs
ImZevgh hkgh\gu_ gZijZ\e_gby jZ[WNIHPEI© D KW
DO @ bg”bdzZpby wdheh]bqg_KkHjh\ bkHklhygt

@ < 1_g_gb_ e lg ]h k_ahgz f \h "g& Z&Fh" Zc
gbebs_ \i_j\u_ ijhba\h”beb hl[hj ijh[_VhiN\Z d'ley bk
ijhkljZgkl\_ggh \j _f gguo baf _g _gbc gE"\4\lZgby
A"ghc lhes_ b gzZ”~ \h~rghc ih\_joghklvxbaNhPtojeiki[ i
gZ klZgpbyo jZkiheh® _gguo dZd gzZhfaZlkhke ggu
I1Zzd b gZ” khk_~g_c aZlhie_gghc ihgidhxdkydhlBAju
jZdl_jhf ]jmglZ b kdhjhklvx ihlj_[e_igbghdk&bbjh":
b ~j @

Jbk Ko fZ Fh Zckdh]h \h~hojZgbebsZZkpblf jZfb
]lb”jheh]h ]bAjhobfbq_kdbo kt_fhd



HI[hj ijh] ijhbalh~beky \ \ jOh\\p@g_)@lM@W
ghf K/, , b FESo% B b § R meamod Rl
q_kdb_ mkeh\by klhkh[kl\h\Zeb nhjfbhllc\Klglex mk |
IbnbdZpbb kh keh_f I_fi_jZImjghlh k82@dzZ \ujz"
ijbmklv_\uo aZeb\Zo ijblhdh\ j_d Fhkd\ulbjEmkyg
ahglh\ b f khhi\_IkI\_ggh JZaghklb ifih2hagghkl
ghc | _fi_jZImju \h~u khklZ§e&ahhlb_IkI\_ggh kh~_
“Zgb_ dbkehjh”Z \ ijbrhgghf keh_ kfikéZkbhah b

\_IkI\_ggh jbk < \_jog_f jZchg[bgjmkeh\hc e
m _ knhjfbjh\Zebkv ZgZwjh[§@&_ mkih\By

f] e gZkus_gby gh \ij_~ eZocaZlmkehgbhic i
ZwjZpbb [ueb m"h\e_l\hij_evcg(ufbl fl e <

p_ ngZevghf jZchg_ "_]lhjbahg\ABru ©Kijkh

N Zgb khkl1Z\eyeh m _ f_g _ f]l e < ijbiehlbgg
kh~_j"Zgb\ Hb"hgguo kehyo d khklZ\beh g_

fl e ijb [he__ gbadhc I_fi_jZImj_ K" ylHh djh eth
ebeh [he__ f_"e_ggh_ _]1h ihlj_[e_gbZgzZK©the¢ Zgt
s_\h”u g_ ij_\urZeh fde e ijb wlhafZzglhjged*4 Ik
gh_ m\_ebg_gb_ _1h kh~_j Zgby \ keH¥éek *_nbp
M\_ebq_gb_ kh~_j Zgby f_1ZgZ gb _ k¥ -KLK hk
gh gZ klzgpbyo k mkeh\byfb [ebadihfkjZHgZwjh
gbx k ih\_joghklguf keh_f m\_ebq_ghb”*kigujoZgb
kehyo khklz\ey_1 hl ~h jZazZlZzGEbiyock _guo
ghjh~rgufb mkeh\byfb [eZ]h~Zjy \_ljh\dWifim bi dhg\_
j_f_rb\Zgbx kh~_j Zgb_ f_l1Zgz \ ih\_jdgdhdkhdhf b
kehyo jZaebqZ_Iky g_agZqgbl_evgh o&aXbbkdéxq_dg
\_Ijh\h_ i_j_f_rb\Zgb_ hkeZ[e_gh ba]&aX en&kbdhktuo
"hebgu b fZehc ~ebgu jZa]lhgz \_Ijz

< ijhf_"mldZo f_""m kt_fdzZfb i_jbh”bq_kdbc hI[F
ba\h”"beb gZ kI ,9 gZ j_c”h\hc \_jlbdZeb DjZkgh\lI
< l_q_gb_ bxgy kh~_j Zgb_ f_1ZgzZ \ ijbrhgghf kel
k “h fde e qlh klyaZzgh k mklhcgb\hc ijyfhc k
b hlkmlklI\b_f ZdIb\gh]h h[f_gZ k wibebfgbhghf <_
[ _kdbkehjh”rghc ahgu k khf_¢ Zgbff & az wlhl i_j
h~ ih~rgyeZkv k Ah fijb h[s_c ]Jem[bg_ klZgpbb



Jbk JZKkij_~_e_gb_ | _fi_jZImju \h*bj_fi§hh j@kk\
ehjh~rz f] e ih ~Zgguf ]brjheh]h ]b~Ajloblidg_kdbo k

<h \j_fy kt_fdb bxey [eZ]h~Zjy ij_"r_klI\mxshbf
mkeh\byf Zglbpbdehgbqg kdbc i_jbh” k fZdkbfZe\
klvx \h~rghc lheslb gbL[he oK ahgZ k ZgZwjh[guf
mkeh\byfb jZkijhkljZgyezZkv \ Jbihebfgbhg_ ~h ]hj
\_joh\vyo b f miehlbgu Mklhcgb\Zy kljZlbnbdZjy
agZq_gb_f 1jZz~b_glz | _fi_jZImju gZ \_jlbdZeyo |
[jm~rgyxsbf i _j f rb\Zgb_ b \ _jlbdZevguc h[f_g |
jhkl kh~_j zZgby f_1ZgZ \ ijbrhgghf keh_ "h +
oh\vyo b ~h + fde e \ p_gljZevghf b ijbiehlbg



LZ[ebpZz Kh~ j zgb_f 1ZgzZ \ ijh[Zo \h~u b \ha”moZ
ih "Zgguf ]b”jheh]h ]b”jhobfbq_kdbo kt_fhd
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LZ[ebpZ Kh”~ _j"Zgb_ f_1ZgZ \ ijh[Zo \h”u b \ha”moZ c
] ih “Zgguf j_c”h\uo gZ[ex"_gbc

>71Z =hibaﬁ§§% ?ge@e >z1z :hjbjih>éﬁs(? ?(.!i(e@e

>gh >gh
<han <ha
Ih\ Ih\

>gh >gh
<han <ha
Ih\ Ih\

>gh >gh
<han <ha
Ih\ Ih\

>gh >gh
<ha” <ha

GZb[hevr__ kh~_j Zgb_ f_1ZgZ \uy\eylghegghlcl gz \
klb ihkdhevdm gzZb[he__ jZgg__ \liggbdmhkehdbc Z
oZjzdl_jgh bf_ggh ey wlh]lh jZchgZeyglhhaZdkdghf_j
]Jh V\h~hojzZgbebszZz Kh” _j Zgb_ f lZgZxkdhih\gZoghtklg
jyrdz f_gvr_ hl + fde e \ p_gljZewdtfjd dihlgi£d [’bh
fde e \ \_joh\vyo gzZ” ihcfhc IZ[efh  _Ilhuke K\y_
aZzgh dzd k [he__ bgl_gkb\guf h[f_ghfykbij\bf-hegdju fb
\h~rghf \_jog_f jZchg_ 1Zd b k f_gvdibkkhf{h’}ZZ gpbe yf
gZ~Nihcf_gguo klZgpbc jZaebgby kh”h\ YadlykfbldgZ
m ~gZ \ujZ _gu lhevdh [zZf ]*_ JembdZ kéagplyln ij.
aZe ]Zgby KLK <h \j fy kt_fdb f Keih\_ijoigkkilgh
s_gb_ dbkehjh~hf “hklb]eh ZeNjgenf \jDchod |
b fl e m iehlbgu ba azZ ZdIb\gh]e AlhMlhkbg
ijbylguo ihl]hA"guo mkeh\byo Kh” _ j°Z4gbp ¢§IljZgZ m
ghf b ijbiehlbgghf jZchg¥o “kklIb]eb d wlhc ~ZI_
fde e Z \ ih\_joghklghf keh_extkhhIbh_IklI¥dggh
GZ kI ijib7irw gtuffoleiik e ha BZ §7ajjHmiy noptye b N3\t iz
gby mklhcgb\hklb \h*"ghc Ihesbikhdkbhehkly "H f] e
jbk GZ klzgpbyo \ ijbmklv_\ugbazZthb\ZgpZ kh"ihj".
\ _joghklb b m ~"gZ ba azZ jZajmr_glhyg xdj\lbonbdZpbb



D dhgpm Z\]mklZ gZ j_c”h\hc \_jlbdZeb k-h™_j Zg
"hgghf ]Jhjbahgl_ ijb \k_ ijh*he Zxsboky ZgZwjh|[c
Ahklb]eh fde e Z m ih\_joghklb # fde e D
\Zy ijyfzZy kljZlbnbdZpby m " _ g_ gZ[ex"ZeZkv be
11Z”b_glzZ | _fi_jZImju KkhhI\_IkI\_ggh b iehdghklb
ky h{if_g f_""m kehyfb \h~u kh~_j Zgb_ f_lZgzZ \ i
b ijbrhgghf kehyo bf__1| h”"bg ihjy~hd fde e m
m ih\_joghklb >hihegbl_evguf nzdlhjhf bgl_gkbn
gz f_""m kehyfb fh _I| [ulv kgb _gb_ mjh\gy \h”*u
jbh~ gz f

Ihfbfh hij_~_e_gby kh~_j Zgby f_IZgz \ \h"_
lzd" _ b bxey [ueb \uiheg_gu _"“bgbggu_ be
\_joghklghc iehlghklb ihlhdz f_lZzgz \ ZIfhkn_jm f
gbo | _fguo dzf_j Baf_j _ggu_ agZq_gby \Zjvbjmxl
~h “ f1Aq f

ljb\_~ _gguc \ur_ h[ahj ihdZau\zZz_1 qlh ijh~he
hikmlkl\b_ dbkehjh”rzZ \ gb'gbo kehyo \h*ghc lhe:
gh Jem[hdh\h”~gh]h fZehijhlhggh]h \h*hojZgbebsZ
ebg_gb_ kh”_j Zgby f_1ZgZ \ ijb~hgguo ]hjbahgl:
kljZlbnbdzZpby b i_j_kus_gb_ dbkehjh”~hf ih\_joghl
kihkh[klI\mx] wfbkkbb f_1ZgzZ \ ZIfhkn_jm -H~gZdh
gbb mklhcgb\hc kljZlbnbdZpbb b ijhgbdgh\_gbb i
"h ~gZ \hafh gu aZeih\u_ \u[jhku f_lZgZ -jbq_f i
l[jbgghf ijhnbe_ \h"hojZgbebsZ wlhl ijhp_kk fh™_I
gml ih \j_f_gb \ azZ\bkbfhklb hl kbghilbgq_«dbo m
klb \_1jZ b mf_gvr_gby |_fi_jZImju \ha~moZ ihkd
gb_ kljZlbnbdZpbb \ jZchgZo k jZaebgghc ]Jem[bg
jZagh_ \j_fy >ey [he__ "~ IZevgh]lh bamqg_gby "Zc¢
h[oh”~bfh ijh\_klb mqgZs_ggu_ gZ[ex”®_gby \ i_jbh’
kljZIbnbdZpbb k ijb\e_q_gb_f f_Ih~Z ©ieZ\mqgbo d

lhe \u_ jZ[hlu \uiheg_gu ijb ihA” _j"d< JGN ijh_dl

Ebl_jZImjz
;j_oh\kdbo < N <brg_\kdzZy = & [Ejhffh\g pd&xy ?
hp_gd_ ihlj_[e_gby dbkehjh”Z jZagufihdbghfbo] \imYhb)Z
gbebs \ e_Igbc i_jbh~ F_ | _hjheh]lby b<{b"jiKeh]hky



N_~hjh\ X : LZf[b_\Z G K =EjNdmrdZd ikBdZazl_e
wdheh]bq_kdh]h khklhygby ij_kgh\hAguo \h~Ah_fh\ gZ i
AZc b M bg F | _hjheh]lby b ]b”jheh]by ¢ K

7JUHPEOD\ $ 9DUIDOY\ / S5RHKPV & *tIHHDHKIRX \D
HPLVVLRQV AX[HV DQG SURFHVVHV K\GURHOHFW
PHQWY (QYLURQPHQWDO VFLHQFH VHULHV 6SUL

6($621%/ &+$1*(6 2) 0(7+$1( K21&(175%$7,21
,1 7+( 02=+%,6. 5(6(592,5
0 * *UHFKXVRQLNRW%DGXNRY
$ 6 6DYYLFKHY.D]DQFHY
JRPRQRVRY ORVFRZ 6WDWH 8QLYHUVL)
‘DWHU 3UREOHPV ,QVWLWXWH 5$6

5HVHDUFK &HQWHU RI %LRWHFKQRORJ'
,QVWLWXWH RI $WPRVSKHULF 3K\VLFV

7KH DUWLFOH SUHVHQWYV W.IRK W HQXDWWHR | BHRAGK DRQ
UHVHUYRLU GXULQJ VXPPHU LDO$EWMKRWIWQEHY HDC
FUHDVH LQ PHWKDQH FRQFH@W U D@L R/ H. G MKLHR G R

DHEBQ?KL<?GG:Y HP?GD: IHKLMIE?GBY
G?NL?IJH>MDLH< K =HJH>KDHC L?JJBLHJBB
< |1JBJH>GU? <H>HLHDB

H F EZ[mahLZ < GhkdR\ZK Euk’_gdh
? = BevbdZK 1ZPbgZ

:elZckdbc Jhkm~ZjklI\_gguc mgb\_jkbl | ] ;Z
BgklbIlml \h*guo b wdheh]bqg_kdbo ijh[e_f KH J:C

Bkke_~h\Zgb_ kg_"gh]h ihdjh\Z \ q_jl_ 1 :ZjgZme
\ur_gb_ \ g_f kj_"~g_]lh kh”_j Zgby g_nl_ijh~mdlh
gbx k nhgh\ufb agZq_gbyfb ~h jZa GZbFhe__ \i
l[jZpbb gZ[ex"Zebkv \ lThqdZo jZkiheh _gguo \[eba
Ilhjz k i_qguf hlhie_gb_f b djmiguo Z\lIhfZ]bkljZe _
guf ljZzgkihjlguf "\b"_gb_f JzZkkqblZgh qlh _"_1]h
ie_gb_ g_nl_ijhAmdlh\ k I_jjblhjbb ] ;ZjgZmeZ \ ij
_fu k 1Zeufb \h~rZfb khklz\ey_ | [he__ |



G_nlygu_ m]e_\h~hjh~u y\eyxlky gZbl[he- _ jZki
fb iheexlzglzfb Zgljhih]l_ggh]lh ijhbkoh ~_gby |
xsbfb \ hdjm Zxs_c kj_"~_ ><Zkbe_gdh -@ Hg
xI kh[hc keh gmx kf_kv fgh _kI\Z jZaguo kh_"bg_
smx ihklhygghlh khklz\zZ b wlbf hgb kms_klI\_ggt
fgh]bo *"jm]bo hj]J]Zzgbg_kdbo aZ]jyagbl_e_c >;jh”k
(GHPD @ @ Ibfimfm Thghegbldkl\gh glymglyguo]en]e
eyxlky dZgp_jh]l_gzZfb b h[ez”~Zx| kihkh[ghklvx d [
>Kfhevgbdh\zZ b 7] @ Ilhwlhfm ~Z°_ g_[hevrb_
g_nl_ijhAmdlIh\ GI ijb *~ebl_evghf \ha”_ckl\bb gZ
gbafu ij_"klzZ\eyxl wdheh]bg_kdmx hiZzkghklv Hkc
gbdzZfb bo Zgljhih]_gghc wfbkkbb \ hdjm Zxsmx k
\u[jhku ijhfure_gguo ij_"ijbylbc b \uoehiu Z\IlhljZ

>Ghkdh\Z b 7] @ Ihkdhevdm ZIfhkn_jgu_ hkzZ
\Z gmx jhev \ nhjfbjh\Zgbb obfbq_kdh]h klhdZ ijt
bo bkke ~h\zZgb_ ij_~klZ\ey | bgl_j_k dzd ~ey hp_

guo \h”* 1Zd b “ey hij_~_e_gby kl_i_gb Zgljhih]_
ljb wlihf kg_"guc ihdjh\ fh'gh bkihevah\zZlv \ dzZq_
fhgblhjbg]Z dzd bgl_]jZevguc ihdZaZl_ev aZljyag
ghc kj_"u \ oheh”guc i_jbh” ]h*Z >Rmfbeh\Z b *]

P_ev gZr_c jZ[hlu = dhebq_kI\_ggZy hp-_gdzZ il
nl_ijh*mdlh\ k I_jjblhjbb 1 ;ZjgZmezZ \f_kl_ k |Ze
ijbjh~gu_ \h~hlhdb

>ey wlhlh \' i_jbh” fZdkbfZevgh]lh kg_lhgZdhie_g
b 11 [ueb hlh[jZgu ijh[u kg_"ghlh ihdjh\zZ \ jZ
gZo ] ;ZjgZmezZ Z 1Zd _ \ nhgh\hc lhgd_ - k =h
ghc \ klhjhg_ hl ij_bfms_klI\_ggh]h gZijZ\e_gby \_
Kg_] hi[bjzeb f_Ih~hf dhg\_jlZz \ gbklu_ ihebwlbe
lu < ezZ[hjZlhjbb ijh[u IZyeb \ kl_deygghc ihkm*_
g_nl_ijh"mdlu nemhjbf_Ijbg_kdbf f_Ih~"hf gZ ZgZe
dhklb ©NexhjZzl Fa GZ jbk ij_"klz\e-gZ ]bk
N_j7Zgby g_nl_ijh*mdlh\ \ IZehc \h”_ kg_"gh]h ihd
eZ \ jZagu_ J]h~u Dhgp_gljzpby GI \ JThjh~rkdbo Ihc
nhgh\u_ agZq_gby qlh k\b”_I_evkl\m_I h kms_KklI\
gbb Jhjh*kdhc ZIfhkn_ju GZb[he__ \ukhdb- dhgp_



NZxlky \ Thgd_ gZoh”ys_cky k ih”\_Ij_gghc klhjh
k_dlhjz k i_gguf hlhie_gb_f Z 1Zzd _ \ lhgqdZo b
guo \[ebab ]Jhjh*kdbo fZ]bkljZze_c k hq_gv -bgl_gkl
_fljzgkihjlz

Jbk DZjlZ ko_fZ hi[hjZ ijh[ kg_"gh]lh ihdjh\z

Jbk Kh~_j"Zgb_ g_nl_ijh~mdlh\ \ [Zehc \h"_
kg_"ghlh ihdjh\Z \ jZaebqguo jZchgZo ] ;ZjgZm
ez \ b 11



<h \j_fy kg_]lhlZygby IZeu_ \h”u gZijyfmx ihizZ"Zz
hit_dlu ihwlhfm ey hp_gdb bo dZq_kI\Z gZfb [ue
ghjfzlb\u ju[hohayckl\_ggh]h gZJaOme_kngh\I@_m
gu_ "ey ijbjhrguo \hn < ] V1Zehc \h”_ kg_
] ;ZjgZmeZz ij_\ur_gobn GID[uéhij_"~_eZo ih}j_rgh
klb bgkljmf_glzZevgh]lh hij_~_e_gby h~*gzdh \
s_klI\_ggh_ m\_ebqg_gb_ dhgp_gljZpbb \ ThgdZo
gh ba ebl_jZImjguo bklhggbdh\ kg_"guc ihRdjh\ hlk
g_g \[ebab Z\Ihfh[bevguo ’\hjh] >JZimlzZ b ’\J
@b"_e_\Z . ) SSRDHEHRREED NG [ERERTHORY! oo i Nisnk
|Jh"mdlh\ wdkihg _ gpbthevgh mf_gvrZ_ Iky \ aZ\b
e_gby hl “hjh gh]lh ihehlgz <[ebab Z\Ih~"hjh]b dh
\ jZa \ur_ q_f \ Thjh~rkdhf kg_"ghf ihdjh\_ hlh]
ahgu aZ]jyagyxs_]h \ebygby Z\lhljZzgkihjlZ jbk

Jbk AZ\bkbfhklv kh”_j Zgby g_nl_ijhAmdlh\
hl jzkklhygby hl ~hjh]b

Ihkdhevdm kg_] gZ ~hjh]_ hkh[_ggh aZ]jyag_g d
_]h \u\ha b mlbebazZpbx g_h[oh”bfh ijh\h”~blv k kh
ij_"hI\jZsZxsbo aZ]jyag_gb_ hdjm Zxs_c¢ kj_"u \
j_"v fZeuo ]lhjh~"kdbo \h~hlhdh\ b bo \h*hk[hjguo
gZdh \ [hevrbgkl\_ kemqgzZ_\ kg_]h\u_ k\Zedb jZki
hojZzgguo ahgZo j_d LzZd dhgp_gljZpby g-nl_ijh”
\Ze_ dm”~Z \ |_q_gb_ abfg_]h i_jbh”Z k\habeky a.



]hjh~kdbo “hjh] b mebp \ ] "hkllg]Bekhktz\f] ~
ey_| % |>>Ghkdh\Z b *j @ Kh~_j Zgb_ G
"m_fhf kg_Jlhhl\Ze_ \ fZjl_ ] khkgzZhbeh = f] ~f
jZa \ur_ kj_"g_c dhgp_gljZpbb g_nl_ijh*mdlh\ \ [.
]h Thjh~rkdh]h kg_"gh]h ihdjh\Z Thwlhfm ijb jZkq_
Gl ihiz*"Zxs_]lh \ \h~Ah_fu k ih\_joghklguf-klhdhf
jbb 1hjh~rzZ fu mqgblu\Zeb iehszZz”v “hjh gh]h ihehlc
khr_j"Zgb_f g_nl_ijh"mdlt\iehlsZfv \k_c hklzZ\r_cl
]hjh~rkdhc I_jjblhjbb kh kj_"gbf kh~_j Zgb_-f GI \ |
djh\_ \ jZagu_ ]1h”u hl[hjZ >Zggu_ ij_"klZ\e_gu \
e_gb_ kj_"~g_lh~h\h]lh h[t_fZ IZeuo \h” ijh\h”"beb
fmem ijb\_~_ggmx \ >J_dhf_g”*Zpbb« @
TKKT)

1"_ ) £ iehszZ”v klhdZz ]1Z K * kekcdhkwhnhdmpb fdl
klhdz

Dhebqg_kI\h g_nl_ijh*mdlh\ ihklmiZxsbo k ih\
klhdhf \ \hAgu_ h[t_dlu jZkkqgblu\Zeb ih nhjfme_

F KT :
" £ kj_"g_]h~*h\hc h[t_f IZ&u#s Unhgpf gljZpby g
nl_ijhAmdlh\ f] ~f
JZkq_| dhebqg_kI\Z g_nl_ijhrmdlh\ ihkimiZzxsbo k ih\_
klhdhf \ j_gqgu_ \h~u

JZkqg_Ilgu_ ihdZaZzZl_eb ] ]

Kj_"~gyy dhgp_gljZpby GI \ Thjhrkdhf kg_"ghf ihdjh\_
f] ~f

Dhebqg_klI\h \uizZ\rbo hkz~dh\ ff

lehsZ”v ~hjh ghlh ihdjulby ]Z

lehszZ”~v ] ;ZjgZmeZ ]Z

Kj_~g_lh~h\hc h[t_f IZeuo \h” k Jhjh~Kdhc |_jjblhjb

Kj_~g_lh~h\hc h[t_f IZeuo \h”~ k ~hjhfghlh ihdjulby

Dhebq_klI\h GI gz |_jjblhjbb 1hjh~Z |

Dhebg_kI\h GI gz |_jjblhjbb ~hjh gh]h {hehlgz| I

H[s__ dhebg_kI\h g_nl_ijh~mdIh\ |




lib 1Zygbb kg_"ghlh ihdjh\Z knhjfbjh\Zgguc gZ
|_jjblhjbb ih\_joghklguc klhd ijbghkbl \ j_qgu_

I 'g_nl_ijhrmdlh\ glh fh°_1 g_]ZIb\gh kdZau\ZIvk:
kdhf khklhygbb ijbjhrguo \h~h_fh\

Ebl_jZImjz

;jhrkdbe B K glbnbdZpby g_nl_ijh~mdlh\ \ h[t_dlZo hc
kj_~u k ihfhsvx ]Zah\hc ojhfZlh]jZnbb b ojhfzZlh fZkk k
@mjg ZgZebl obfbb L < K *
<Zkbe_gdh X = Dhjbdh\ : F Wi{h2piZy_kdbx dhg
l[jhev hj]Zgbg_kdbo azZ]jyagbl_e_c g_nl_ijh~mdlh\ "bjl
Aguo h[t_dlZo Wdheh]lbqg_kdb_ kbkl_fu b ijb[hju
Ghkdh\Z L < Wcjbo : G >jxiBlgkke?"hXZdb rjdzZq_klI
kg_"ghlh ihdjh\Z ] ;ZjgZmeZ lhdamgh\kdb& \_kkgb
Ghkdh\Zz L < Wcjbo K K H\gZp_gdZ Yebydb¥jlhjh”
kdbo kg _]lhhI\Zeh\ gZ aZ]jyag_gb_ fZeuo j_d b ijbe_]Z
Ba\_klby :H J=H < K +
JZimlZ < N Dhdh\dbg < < Wé&hijhjbif\ IZevgh_ bkke
"h\Zgb_ b gbke_gguc ZgZeba ijhp_kkh\ jZkijhkljZg_ghb!
Jh\hlh ihdjh\zZ \ hdj_klghklyo djmighc fZ]bkljZeb Ob
mklhcgb\h]h jZa\blby < K +
J_dhf_g”dipbBEkg_Im kbkl_f k[hjZz hI\_~_gbyhkhqgbkldb
gh]lh klhdZ k k_ebl_[guo |I_jjblhjbc bydhsZhdjij* ~éj gbx
mkeh\bc \uimkdzZ _]h \ \h~*gu_ h[t_dId>F?HPH ©GBBk<
Kfhevgbdh\z < < ?f _evygh\ K : shéd” gbkI\bEF K
mle_\h”*hjh” g_nlb gZ hdjm Zxsmx kj_“m b kihkh[u h¢
lijiyag_gguo km[kljZIh\ Ba\ Kzfzjkdh]lh GP J:G
K +

Rmfbeh\z F @b~_eKIZ[ lgghklb azljyag_gby kg_
ihdjh\Z \[ebab djmiguo Z\IhfZ]bkljZze_c B _\kdZ < ki
mg |Z k_j NbabdzZ b obfby < K *

Rmfbeh\z F : KZ"bmeebgzZz H Bkké_Ih\Zgb= ijh

p_kkZ gzZdhie_gby aZ]jyagyxsbo \_s_kI\ Jhjh*kdhc ZIfh
ihdjh\_ gZ ijbf_j_ ] B _\kdZz < _klg M~Afmjlkdh]l]h mg
K *

.LUVL . XRSSDPDNL +HLNNL 6HWDOD $QQD /HD
BUEDQ VQRZ LQGLFDWHY SROOXWLRQ RULJLQDWL
BROOXWLRQ -9 3



1R\R (GHPIHFWYV RI FUXGH RLO FRQWDPLQDWHG
&UXGH RLO HPXOVLRQV +* FRPSRVLWLRQ VWDE
J *

48$17,7$7,9( (9%/8%$7,21 2) 3(752/(80
352'8&76 ,1)/2: )520 85%$1 $5($6
172 7+( 1$785%/ :$7(5:$<6
2 0 /DEX]JRYD9 1R¥NRYD /\VHQNR
( * ,0LQ@D6 3PSLQD
$OWD\ 6WDWH 8QLYHUVLW\ %DUQD X
,QVWLWXWH RI :DWHU DQG (FRORJLFDO 3URE!

JOXRULPHWULF VWXG\ RI XUEMQFHYYRZRV IRRDNGFRB Q
FRPSDUHG WR EDFNJURXQG DWOQRKY ZWVHKUHKHYV W |
ORFDWHG QHDU WKH SULY DINHS VAHHFDMR W B H WIKR VY B/\R
WUDI¢F W ZDV FDOFXODWBGSWKRGWFWKH UWIRPOQWHRE
WKH FLW\ RI %DUQDXO LQWRWODIMXKHD @ WRRHUYWKL

MIJH<?GV IHEBOEHJBJH<:GGUO ;BN?GBEH<
< HA?J? ;:CD:E B ?=H HP?GD:
G: KH<J?F?GGHF WL:I?

H < Dmklh\Z : = =hjrdh\
Ebfgheh]bg_kdbc bgklibiml Kb[bjkdh]h hi*_e g

Dhgljhev gbklhlu \h”? ;ZcdZeZ £+ bklhggbdZ iblv_\h
agZq_gby £ hlebgZ Iky ZdimZevghklvx b \ukhdhc
gbfhklvx K p_evx hp_gdb gbklhlu _]h \h” ijh\_~_
iheboehjbjh\Zgguo [bn_gbeh\ 10; k ijbf -g gb_f
kdbo?2 f_Ih~"h\ b k bkihevah\Zgb_f ju[ ;ZcdZeZ \ dZ
dzZlhjh\ GZc~_gh qlh kh~_j Zgb_ 10; \ ih\-joghkl
jZ lhjbahgl f khhI\_IkI\m_I| mjh\gyf t - kmff
guo dhg]l_g_jh\ ™JO; b + gl e kmffZ bg~bc
] g jh\IO™ \ ]Jem[bgguo \h~"Zo % + b - = 0
\_IkI\_ggh IhdzZazZzgh qlh bp@dhiledZghy o McdZevkdl
jul &®RUHIJRQXV PHIMJDWRALKEY Zevibckdbo ha_|j
b P_gljZzevghc ?29§bi@PR WUXWKWIiD K ZU b



a_jh ;Zcdze = kzZfh_ djmigh_ ij_kgh\btdidh ha_]j
eh ih\_joghklguo ij_kguo \h” fbjzZklhktkilowidjgb _
1Zgbqg_kdbo aZzZ]jyagbl_e_c¢ KHA WXihkZlibhkpZ jk\ya
gufb \uiz~_gbyfb \ezZ gufb b kmobfb bblhegfdkkb _c
dh\ jZkiheh _gguo gZ ih[_j_"v_ ha[dZjnK] ddukiHA
\ [bhl_ ;ZcdZeZ iheboehjbjh\Zggu_ ZhadiglFbamlO;
xlky fZdkbfZevguf mjh\g_f demfmeypbb ﬂDIZDI‘{DEE\NE
H BY@D O@@ (@ @ity it dh My i ok 1 R o Gl TR AL
f_q_gh \ jZ[hl_ >0DPRQWRY HWk[bOZevgu@\dgEky
\ kmffZjguc |Ihdkbqg_kdbc oed\ih\Z2qlgd _&klbfdbjkaqg B &
gbc GZ wlhf hkgh\Zgbb 10; fhlml [WKlemligblkjbgu d
I_lguo iheexlZglh\ \ kbkl_f_ fhgblhjbg]Z \h® ha_jZ
IO; + dezZkk hjlJZzgbq_kdbo kh_~bg_gbc dhll
|_ogbg_kdbo kf_k_cOlyzddeohpPZdK®:jhcede¢hnKB2 =
fZgby ©Oehjhn_g? IlhevrZz b ©Kh\he?® Jhkkby
dzd dhff_jg_kdb_ ijh*mdlu \ [hevrbgklI\_ jZa\bluo
h[gZjm _gby ~bhdkbghih“h[ghc Ihdkbgghklb m jy
wlhlh dezZkkz ijhba\h”kl\h 10; [ueh aZij_s_gh
Klhdlhevfkdhc dhg\_gpbb ] IO; \dexg_gu \
G_kfhljy gZ azij_Il ijhba\h”kI\Z 10; ijbkmlkl\mxI \
kbkl_fZzo fbjz \dexqZy ha_jh ;ZcdzZe \ke_2kl\b_ \
\hklb "Zgguo iheexlzZglh\ b ijh*he Zxs_]lhky bo ih
hdijim Zxsmx kj_“m \ j_amevlZl_ wdkiemZlZpbb b n
"h\Zzgby kh”_j Zs_1h 10; \ dZzq_kI\_ dhgkljmdlb\gt
< \h~"Zo ;ZcdZeZ \ + 11 dhgp_gljZpbb 10;
jm’_gu \ *bzZiZzahg_ hl Ah g] e >,ZDWD HW
DO @ b bo kh"_j"Zghhgipug_mhhd Zgv rehd]hiyac
g b y KiK[leElZ1kdsHy 2oyt - QE@N h\dI@@ miidyi Xl Hr Kty D]
Aguo wdhkbkl_fZo g_ hdzZau\zZ_1 g_]Zlb\gh]h \ha”
L_fg_f_g__ kihkh[ghklv d [bhZzddmfmeypbb 10; I
\ukrb_ mjh\gb ljhnbq_kdhc k_Ib fhlml ij_~klZ\eylv
kiI\by gZ "b\mx |Jb]h’\m b/quFeLumemmmm
P D GHIHOD@ 6©VE B S R e O (e i e iy
gh_ Bkke_’\h\ZI_evkdh_ :] gIkI\h 1zdz deZkkbnbp
ihl_gpbZevgu_ dZgp_jh]_g




< gZklhys_c jzZ[hl_ ij_"~klZ\e_gu j_amevlZlu fhgt
\ ih\_joghklguo b ]Jem[bgguo \h"Zo ha_jZ ;ZcdZe
oh”_ Djm]lh[ZcdZevkdhc wdki_"bpbb \ fZ_ bxg_
\'\h*_ hij_~_e_gu iml_f wdkljZdpbbkzZzgBEebiZ\gZeb
ahf wdkljzdlh\ f_Ih~hf ojhfzZlh fZkk ki_dljhf_Iljbb
dhgp_gljZpbb h[gZjm _gguo 10; ™I|O; b-af_j_gg
fu ]jmii Jhfheh]h\ ih f_Ih~"bd_ >Gbdhgh\Z =hjrdh\

AbdZlhjguo dhg]_g_jh\ « 10;

hij_~ e _gu k ijbf_g_gb_f Ab[jhf[bn_gbeZ \ dZc
1ZIghlh \gmlj_gg_J]h klZzg”*ZjlZz < [ZcdZevkdhc ju]l
™|IO; hij_~_e_gu ih f_Ih*"bd_ >=hjrdh\ b *j- @

gb_f \ dzqg_kI\_ kmjjh]Zlguo \gmlj_ggbo klZg”*Zjlh)
dhg]l_g_jh\ f_g_gguo ihKm]e_jh~m

Jbk JZkiheh _gb_ klzZgpbc hl[hjz ijhg ih zZd\z
ha ;ZcdzZe b dhgp_gljZpbb ™10; \ ih\_j\dghklghf kel



< ijh[Zo [ZcdZevkdhc \h”u b”_glbnbpbjhizZgh hl
]_g_jh\ 10; Dhgp_gljZpby ™IO; \ ih\_joghklghc

ahgl f hp_g_gZ “bziZzahghf hl Nh gl e jbk
pby M®; = bgl_j\Zehf hl Ah g] e Kj-_~gyy c
pby M; \ jy"m h[gZjm _gguo I0; hp_g_gZ k jZ

kj_"g_c \_ebgbgu \ madhf bgl_j\Ze_ agZEZdkb 6
fZevgu_ dhgp_gljZpbb ™10; h[gZjm _gu \ x ghc d
jZ fbgbfZevgu_ £+ gZ klZgpbb ;Zjlmabgkdbc aZeb)
[_j_"vy kj_"~g_c dhleh\bgu ;ZcdZeZ

Rbjhdbc bgl_j\Ze h[gZjm _gguo agZgq_gbc ™IO
\brbfhfm k jZaebqggufb bklhggbdZfb ihkimie_gby
ha_jz L_f g_f_g__ khhlghr_gb_ ]Jhfheh]bg_kdbo
kh[jZgguo gZ Zd\Zlhjbb Ij_o dhleh\bg ha_jZ ih~h]
am_|lky fzdkbfzZevguf kh”_j zZgb_f I_IjZz b i_glZo
dhgl_g_jh\ ijbg_f \ ijh[Zo hlebgZxsboky \ukhdhc
_c 10; b~_glbnbpbjh\Zgu dhg]_g_ju bf_xsb_ r_kl
fh\ oehjz \ kljmdImj_ jbk Hq_\b~gh qgih ~"hfbq
]_g_jh\ k \ukhdhc kl_i_gvx oehjbjh\Zgby mdZau\Zz
xsbc \dezZ”™ \ aZ]jyag_gb_ ha_jZ ehdZevguo bklhqg

Jbk Highkbl_evgh_ kh”_j Zgb_ ]Jhfheh]bq_
kdbo ]Jjmii 10; \ ih\_joghklghc \h~_ \ IhqdZo j_
i _jghlh jZzaj_aZ ha ;ZcdZe

Ba aZ |]b]lzZglkdh]lh h[t_fzZz \h~guo fZklk _ha ; Z
df hkh[_gghkl_c ]hjbahglZevgh]h bh\_jlbdZz
h[f_gZZkgkij_e_gbghbH OVIOTH u ivh Nbjbéaft i hehnd b 4
_lky agzZgbfhc g_h~ghjhrghklvx b [dB&@hkedHdlI\b _
p_gljZpbc hij_~ _ey_fuo iheexlzZglh\] éal ™MICsh b ¢



hi ~h g]l]@; ™jbq_f fbgbfZevgu_ dhgp-gljZphb
A_gu \ ijh[Zo \ayluo k \h*guo ]hjbahglh\ gZflem[b
jZaj_a MozZg + Lhgdbc Dhebqg_kI\hkI®lbloi]k fz[d ¢ hd' u

ij_\urz_| gl e >Zgguc mjh\_gv dhigz\lgtjKpjbc kF
amevlzIZfb hij_~_e_gby 10; \ ih\_jodh&kghc \h_ ;Z
bk G_h[oh~bfh hlf_Iblv glh ©WeadZ&|® aBtbkbl

hl \h~gh]h JhjbahglZ b gZ ]Jem[bg_ijbftjgh f-jZh_g

NZf >:HLVV HW DO 61@; Khopnfbgghc ©klZjhc?a \t
gZ mjh\g_ aZ]jyag_gby ih\_joghklg@oew”lky \gkhij
dhc mklhcgb\hklvx iheexlZglh\ wlh]hwdldXkbkZ_ §Z\d"

b k\b”_|_evkl\m_I| 1zdbf h[jZzahf hfHojggdkighfbb
keh_ \ ihke_"mxsb_ ]Jh*u

Jbk >hZiZahgu kmffZjguo dhgp_gljZpbc h[gZ
jm>_gguo dhg]_g_jh\ 10; \ ih\_joghklghc \h™_
ha ;ZcdzZe \ + b * 11

M\_ebqg_gb_ dhgp_gljZpbc 10; \ \h*"Zd _;gaghifZeZ ¢
wlzZi_ ih™\_j"~_gh j_amevlZIZfb bkid&i *hbhpHby “\m

] £ GIH ©LZcnmg?2 \ ] £+ EBGgiHfJiIG |h
gblhjbg]Z m\_ebgbehkv g_lhevdh khYojgEkglguadO;
\h~Zo ha_jzZ jbk gh b khdjzZlhmkygmglo jdhgph[gZ

ljZpbc \ gZklghklb ba azZ m\_ebqg;dbyhthebk KkI\.
\_jghlh ;ZcdZeZ jbk

<ke_"klI\b_ \ukhdhc g_h”*ghjh*ghklb jZki}j_"~_e_g
dZe_ "ey ihemqg_gby h[s_c bgl_]jZevghc dZjlbgu
ha_jZz g_h[oh”bf fgh _klI\_gguc hi[hj ijh[ [hevrbc
~h e lhwlhfm wnn_dlb\guf kihkh[hf dhgljhey I
;ZcdZezZ fh™ _| [ulv [bheh]bg_kdbc fhgblhjbg] k bk



jul \ dZqg_kI\_ [bhbg”*bdZlhjh\ < dZq_klI\_ [bhbg-
[ue \u[jZg [ZcdZevkd&BRUWHMRY XV PLIWDWRIEL XV
hkgh\Zg gZ qbke_ghklb wlih]lh \br"Z b wdheh]bq_k
hg aZzgbfzZ_I| \ \h*ghc wdh & kP LU D& RAjIX M ih
\k_c Zd\Zlhjbb ha_jz \ "bZiZahg_ ]Jem[bg *h f
—_qghlh klhdz hk_gvx aZoh”bl \ j_db gZ g_j_k
Zddmfmebjh\Zgg®Pd JUDWIRKIEMNMggh ~ey bo baf_j_g
[j_[m_fhc lhqghklvx hlghkbl_evgh gbadh_ kh~_j".
Idzgyo ~Z_I1 \hafh ghklv ijh\h~*blv ZgZeba ih klzg
f_Ih*"bdzZf LZ& PADUDWIRBWKXIKY d ijhfukeh\hfm \k
jul[ wlz ozjzdl_jbklbdz hij_~_ey_| _1h wdhghfbq_
ghklv hi[hjZ h[jZaph\ “ey fhgblhjbg]Z
Dhebg_kINIO;™ Zzddmfmebjh\Zgbka JWUDWRUgG XV
gh hlghkbl_evgh dhgpl@QljXpudZ®&@D OPR WUXWWD
h{blZxsbo \ \ukhdh]hjguo ha_jZzo X° ghc B\ P _glj.
Jh|u>SSILIYHHM)]H}WVDE®CBFK UGB ST Lo
[eba&d RJILJUDWIRILZIdXN/ghqu kdbf |JbagZde Z
iu hkh[_c \u[jZggu_ "ey kjzZ\g_gby &k RARINIIDI\ h\:
WRUIhXVhajzZzklm b kh”_j"ZgbMjabibMOW™ h[gZz
jm°_gguc&\ PLIUDWRULKAY\bf k kh”_j Agb\f ™
6 WUXWWDelDULAR] dZzd aZ]jyag_gb_ \h~rI\@akhdh]h
oZjZdl_jbam_Ilky nhgh\uf mjh\g_f >@RGD2gHYb L
™O; \& PLIJUDWRBKBUMWYXWWMDhkD?WbhR1I kh”™_j Zgb_
I0; \'\h*"Zo ;ZcdZeZ gZ kh\j_f_gghfdwiBEghWtp g _gh
KmffZjgh_ kh”~_j Zgb_ bg”bdZlhjguo 10; \ ju[_ \ukhd
ha_j AzZiZ*ghc ?\jhiu b \ [ZcdZevkdhf hfme_

JZchg hiffeZibckdb_|Ea gbdh\u | Ha_jZ Ibj |¢lab jh ;z¢dZe

ijh[ R\_cpzjbp ;helzjbb| Njzgpbyl Jhkkby
<b” juld 6DOPR WUXWWD |DULF§EJUUHDJVSSSE’XV

™O; glll
kujzy fzkkz

+

Dhgp_gljZpby ™I10; h[gZjm _ggZy \ ih\ joghklg
guo \h~"Zo =* * gle g_ij \urZz_ | I1>D mklzZgh\
Aguo h[t_dIh\ ohayckl\_ggh iblv_\h]h b dmevimjgh



ihevah\zZgby % gl e KZg IbG « Dhebq
Zddmfmebjh\Z§guoLIUDWRUWL XV f] d] kujZy fZkkZ
gZ ihjyrhd gb”_ qg_f mjh\_gv 10; “himkdz-_fuc \ j
am_fuo \ dZq_kI\_ ibs_\uo ijh~mdlh\ g_ [he__
fZkkz =HKL J KhNQi;Zgbx ™g] ] kujZy
fzkkz g_ ij_\urz_I| ghjf mklZgh\e_gguo \ ?K "e)\
e_gguo \ ij_kgh\h~guo \h~*h_fZo g] ] kujzy fzZkl
5HIXODWLRQ (8

\lhju \ujz zZx! bkdj_ggxx [eZ]h~Zjghklv aZ hkhj ijh][
lim~rgbdzf Ebfgheh]bg_kdh]h bgklblmlZ KH J:G-d [ g k
jh'\hc b d [ g kg k K F Rbreyggbdh\m

JZ[hlZ \uiheg _gZ \ ;ZcdZevkdhf ZgZeblbg_kdhf p_g!
gh]lh ihevah\Zgby KH J:G \ jZfdZo ijh_dlZ « -
gb_ Z[bhlbg_kdbo b [bhlbg_kdbo o0ZjzZdl_jbklbd wdhkhb
dZe ih™” \ebygb f ijbjhrguo b Zgljhih] _gguo nzZdlhjh\2

Ebl_jZImjz

=hjrdh\ : = >ax[Z ? < Dmklb\ZbgrbdzZbh{y klhcdbo
hjl]Zzgbg_kdbo aZ]jyagbl_e_c \ haeykdEgc hBRe M JRQUXV
OLJUDWRHRXVL <h~Z obfby b wdKeh]by <

Gbdhgh\z : : =hjrdh)\ ~_= gb_ iheboehjbjhiZgguo |
gbeh\ \ ijbjh~rguo kj_~Zo b [bheh]bq_khvhd kpthjdlizlo f
ghc ojhfzlh fZkk ki_dljhf_ljbb @myjlgp ZgZelbl obf
K *

$FNHUPDQ / . 6FKZLQGW $ 5 ODSWPRWERRQLI
FDOO\ GHSRVLWHG 3%'(V SHVWLFLGHV 3&%V DQ
SDUN (VK FRQFHQWUDWLRQV DQG FRQVXPSWLRQ
DQG 7THFKQRORJ\ 9 3 +

%RJGDO & 6FKHULQJHU HWYHEORPKPAG[BY HDVW) ® QVLP|
SHUVLVWHQW RUJDQLF SROORQ®OG QHR/PEQ QDQYH WK B
VLY DQG PXOWLPHGLD PRGHJIQYYL UREHFLHH@QWH RI1 9ViI
3 —

+HQU\ TFRWR[LFRORJ\ RI SRO\FKORY DQPW.RA ED
UHYLHZ &ULWLFDO 5HYLHZV 7R[LFRORJ\

,ZDWD + 7DQDEH 6 8HGD3HUVINWHQQWD ZF0U FD Q
UHVLGXHV LQ DLU ZDWHU VHGLPHQWYV DWIEDVRLC
(QYLURQPHQWDO 6FLHQFH DQG 7THFKQRORJ\
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