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HOBOCTN,ACTNOHOMUN,

EmgZ fh]l]eZ knhjfbjh\Zlvky ba
\uie_kgm\r_cky gZ hj[blm a_fghc
fZ]fu

37.5hrs

Jbk Fh~_ebjh\Zgb _ nh]fb]h\ngnghcg_uIm|5\dZau\ZxI glh ijb 1Zdhf klhedg
klhedgh\_gbb A _feb ihdjulhc hd_zgkmeZfuhekgZ [ueZ [u gZ khkle¥lv ba fz
lbihl_Ibg_kdhc iezg_lhc L_kyjufL_kgwb h~gZdh gz kzZfhf ~_e_ \_s_kl\h E
h[hagZq_gh y~jh ‘Aeleb2 fzglby dJch c f_j_ Ih dhlhjh_ ~hkimigh mqg_c
djzkguf¥ hd_zg fz]fu K\ jlefi y~jh bamqg_gby bf__I hg_gv [ebadh_ koh
L cb kbygbf fzglby LZd _ deaZghfZ\Lr Zehf A_feb < gqzklghklb \ emgguo
qZkZo ihke klhedgh\_gby Jbkmghd BakKhdken-@guancgZ A_fex \ jzfdZo fb

klZlvb \ 1IDWXUH *HRVFLHQFH ©:iheehg? khhighr_gb_ kehjhtz\ ithiglb

IZzdh : dzd m \_s_klI\Zz a_fghc fZg
libgylh kqblzlv qlh Emgz h[jzat&rlhkgu_\highr_gby TblZgZ iheghklvx kh'
j_amevlzl_ klhedgh\_gbyc k~jnihfiek a_fgufb

g_[_kgh]lh I_ez jzaf_jhf k FZjk H~"*gZdh \ jZfdZo N N
wlhc ihimeyjghc ]bihl_au g_\hafh® ghWHT]t yk g I\ _PkIVleZ\gZy ijbgbgZ g_ijbylby
koh~kl\h bahlhighlh khklz\Z a_ fguolbbhlemygul®lZglkdh]h klhedgh\_gby fg
ihjhr  mdzZaulZxs__ gZ ijhbkoh '~ _gBd_owfd{g_lheh]Zfb < Ih "_ \j_fy wiZ Jbil
[hevr_c qZklb ba hAgh]lh fZI_jbzez emr_ ex[uo “jm]bo gZijbf_j Ibihl_:
hrgh\j_f ggh]lh nhjfbjh\Zgby Emgu b A _f
lhkljh_ggzy yihgkdbfb b mc¢hguev 1bihl_au fgh'_kI\_gguo klhedgh\_gbc hJt
hkgh\ZggZy gz ij_~iheh  _gbb h Ihf dihapghkdd b ] _hobfbg_kdb_ oZjZdl
klhedgh\_gby ih\_joghklv A_feb [ueZ bklUw@cAz_ZeEynga m]eh\hc fhf_gl gZd:

ihdjulhc hd Zghf fz]fu kgbfz_ R_fdfi® hkb Z 1zZd"_ jZaf_j Ekhgu b __
ijhib\hj_qb_ J _amevliZlu qbll‘b[t)g@gﬂqm th b hikmlkl\b_ m Emgu [
fh~_ebjh\zgby Jh\hjyl h Ihf qlh ijb klhe®g by"iZ \ jZfdZo wlhc []bihl

‘brdzy fz]fz ihdju\AxSEx qzZklbqggdh_ "lheZ Z_|lky qlh kimlgbd A_feb knhjfbjl
\uie_kdb\Z Iky gZ hj[blm b khkiz\eyhkgphabinpa \u[jhr_gghlh ijb m~Zj_ [he__
qzklv \_s _kI\Z ba dhlhjh]lh azl_f khiﬁiﬂij'hllf@'g'bb A_feb b klhedgm\r_]hky
EmgZ \ \j_fy dZu Iw”~ih wlh]h 1 _eZ
|h]jmabehkv b kebehkv k y~Njhf A_feb
Khlezkgh gzb[he__ ihimeyjghc ]biRhagbdZghgzijhlb\hj_gb_  f_""m f_oZg
h[jzah\ZeZkv ijbf_jgh fejr e | ]@"kzagzlkdh]h kihedgh\_gby b bahlhigufb ih
j_amevlzl_ klhedgh\ gby k A _fe_c ]binbfbsigkddhkhklZ\_ "\mo g_[_kguo I_e
ijhihezg_Iu L_cy <i_j\u_ wlz ]b|h| az [ueZ
knhjfmebjh\zgz \ lh"m Zf_jbFz@kibphgkdbo mg_guo \h JezZ\_ k GZpm
ZkljhghfZfb Mbevyfhf 0OZjlfZzgghf b >H VXANL +RMRIZRbdhf b ieZg_lheh]hf |
>w\bkhf : . +DUWPDQQ ' 5 'DYLV:I_glklgpwthoksbwH b ]_heh]bg_kdbo gz
VLIHG SODQHWHVLPDOV DQG OXQDwaEhehibo YidgbpzkiRSRR BIDAPWKRU |
gZau\Zgl ]bihl_ahtzgbkdh]lh klhedgh\ 643y QFH DQG 7THFKQRORJ\ kha~n
*LDRQMSDFW K\SRWKHVLV Gzlexdnfimxd _jemeqZk”_ev ]b]Zglkdh]h klhedgt
mleh\hc fhf_gl kbkl_fu @mgfzy |h\hjbl kgbfZxsmx  ~wlh  ijhlb\hj_gb_  J_ame\
Ihf qlh m~AZj ijboh”"beky ih dZkzl_evght'_ebjhgby him[ebdh\Zgu \ "mjgZe_ 1I
*HRVFLHQFH




‘\Ihju bkke_"~h\Zgby ihdZau\zxl qlh \kbitWlZau dZ Ihf qglh gZ jzZggbo wlZiZo
k\hb f_klZz _keb “himklblv glh &kzghie ggby A_fey J[ueZ iheghklvx ih
klhedgh\_gby ih\_joghklv A _feb g_[ukd KRgphthdZdu \u~\b]Zebkv fo /jZigvr_ Kk
bf_ggh ba wlh]l]h bkoh”beb mqg_gu_(ONLI®®WWRAQ ODJPD 2FHDQV LQ WI
fhr_eb dzZlzZdebaflh "kf wlgZijbf_j 5 6@AWVWHP/ 6FKDHIHU [/ 7DQ{DORQQV

&DQXS 6LPXODWLRQV RRWPOPWHPSRRWD RFHDQV DV D FULWLFDO VWL
b: %HQ] HW DO 7KH RULJLQ GHYWHKIRB8RRQW G WRHN\ SODQHWYV h
VLQUPSDFW K\SRWKHNMNEZVheghklvx ih™I\_j"~_gbc 1Ih]h glh A bklhjbb A_
ihdjulBd_ZgjiztkiezZ\e_ddhfuM~Zjgh_ ~_~_ckhbhV_evgh [ue I1Zdhc i_jbh~ g_ khojZghb
Il_eh L_cy [ueh ijbhemglthiflvx I\_jrufijh\_klb fh”_ebjh\Zgb_ qglh[u ohly [u qgb
ljh\_~_ggh_ fh”_ebjh\Zgb_ ihdZaZzZehjh\g]Jhlvijbhhafh ghklv h[jZah\Zgby Emgi
IZdhf "hims2gbB"_ \ kemqgZ_ klhedgh\©glhydhit2 A _feb "h g_"Z\g_]lh \ _gb

j_f
dZkzZl_evghcbf_ggh “b~rdzy fz]fz a_fifihli¢ghfZlbgghazbahlkmlkli\by Ze]hjblfz
ijhbkoh ™~ _gby khklzZ\bl hkgh\ghc h[t_fgfh[ojjveddo dhfivxl_jguo fhsghkl_c
\u[jhr_ggh]lh \ hdheha_fgh_ ijhkljZzgklI\h jbk

J bk KiZ\g_gb_ fh”_e_c nhjfbjh\Zgh¥kEmpa Nmiiu GZpmdb Ohkhgh \ Ihf
oh”_ =b]zglkdh]h klhedgh\ gby A febkihelvaohy G&y fh~_ebjh\zZgby I1zd °~_ d
kbfmeypbb : A_fey ihdjulZ hd_zZghfijfzyfukli\gZgbdb ijbgphbi 1b”Ajh~AbgZfb

kbfmeypbd B_j*hc h[hehgdhck_Juffghk]eZ _gguo gZklbp \ugbkebl_evguc

p\_Ihf h[hagZqg_gh y*jh A_febiZglbejuf bkihevam_fuc Ney fhr_ebjh\Zgby "bg
djZzkgu¥ hd_zZg fz]fu K\ jlefA y~jh  “b~dhklb b ]Zah\ ihkljh_gguc gz ~_
L_cb kbxghbf fzZglby MdZazZgh \j_fy "\btydtkBogZ ~"bkdj_Igu_ we_f_glu gZau\
ihke  klhedgh\ _gby Jbkmghd ba @gkklIbBgzZfht gZibkZeb Kki_pbZevguc c
kiZzlvb \ 1DWXUH *HRVFLHQFH fh~r_ebjh\Zgby ]jZ"b_glZ iehlghklb \_s_ |




Disk mass (lunar mass)
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lzd" _ ij_"eh'beb Zelhjblf bkihewdhedglhy _gby gh b hk\hpi AMghllbo_
\g_rgbo \ugbkebl _evguo mkljhcklI\ imhgdjEgbgrbghc klyaZgguo kh kdhjhklvx m~Z
kms_kI\_ggh mkdhjblv \ugbke gby b m]ehf klhedgh\ _gby dhlhju_ g_h[oh”Db
azdez”u\ZIv \ ij_~u"msb_ fh~_eb ]b]Z¢
Ba |j_atzdh\ fh~_ebjh\Zgby \b~gh qgkihehdigh\ gby Ney ihemq_gby g_hJlol
klhedgh\_gby ©qgZklbpu?& fz]fu gZzZ]jiXZxtkyjhbf oZgbdb klhedgh\ _gby
qgZklbqgh i_j oh”~y '\ JZahh[jZagh_ khklhygb
m\_ebgb\zZxlky \ h[t_f_ ]hjZza~h kbeé\Ngykgy d_§h\zZy fh" _evglghk[ta]Zsngghc
IN_jru_ ©gzZklbpu?d h[jZah\Z\rb_kd/hju ijbe_ahf ih kjZ\g_gbx k a_fghc dhijt
jZajmr_gbb L _cb b bf _ggh hgb khihkighNeyxlp_ehf ~ e _azZ \ khklz\_ A _feb
hkgh\ghh[t_f \u[jhr_gghlh gZ hj[blm[®Aeveb q_ f gZ2Ermgh kdhgp_gljbjh\Zgh \
fzl_jbzez WIh ih fg _gbx bkke_ "~h\Zlaefghfohafhrh ihkdhevdm klhedgh\_gb_ ij
hitykgy | ihg fm ih ] _hobfbg_kdbf ggbkgfhatzZifZzgg c klZ*"bb nhjfbjh\Zgby A _ fe
khklz\ gZr_]h kimlgbdZ ]hjZa~h [eb fZglbysfghffZzmh”~beZkv \ jZkieZ\e_gghf khk
fZl_jbZem g f d fzZl _jbZem m~Zjghlhp |klew *bnn_j gpbZpbb \_s_ KkI\Z \ g_«

lj_ "u"msb_ ~_ fh~_eb g_ malglmkZedzZ\i(Zrbebkv |h \ hd_Zg_  fZ]fu ihdju\:
kl _i_gv gZ]j_\Z b h[t_fgh]lh jZkrbj_gbin\\ jegkRIZ ieZg_ lu e _aZ Jueh agZq
A _feb b L_cb ijb klhedgh\_gbb [hevr_ g _f k_cqZzk

ljb wlhf dzd ihdZau\zxl j_a@ekufBlpy gz I|h glh gh\Zy fh”_ev ij_*"ih
fh~_ebjh\Zgby kh \j_f_g_f fZkkzZ gbeglzkbbp?2 kIZzkh fZIl_jbZeZz ba dhlhjh
a_fghlh fzIl_jbzez \ \u[jhr_gghf h[eRdhjfppft\2dezZkv EmgZ ~h a_fghlh \ ¢
lhevdh m\_ebgb\ZIvky b d fhf _glm hhajfe _gbh]gZ fh | hdZazZlvky g_"hklZz
hj[bl_ A_feb ijhlhieZg_Ilgh]h h[eZdZ Hrhdhewdm d&ahlhiguc khklzZ\ dbkehjh”rzZ \

gZkh\ ihke_ klhedgh\_gby khhighA dkeb b Bmfgu gZklhevdh [ebahd qlh “him
fZkku a_fghlh \_s_kI\Z b \_s_kI\Z L_fdgkfikdZghl ijbkmlikli\b_ \ khkilZah Emgu c
ijbf_jgh jibk Ajm]lhlh fZl_jbzez djhf_ a_fgh]h LZd qlh

_s_ hklzxlky

8 16 24 32 40 48 56 64
Time (h)
Jbk Baf_g_gb_ khklZ\Z ijhlhiezg_BgihgdbddaVVXNL +RVRRKLUBKXQUDWR

Emgu kh \j_f_g_f \ jZfdZo hfkm éB_fIKQLFKLUR ODNLQR 7DNMHXNHYVYS UIBD:
Ilh JhjbahglZeRhj_fy ihke_ klhedgh\_gPRPJRD RFHDQ RULJLQ RI WKH ORRQ
gZkZo ih \_jlbdizedkZ ~bkdzZz \ _“~bgbpzZ'e, Y,

fZkku Emgu R _jucs_ klI\h y~jz A _feb

djZzkgacjzkiez\e_ggh_\_s_klI\h fZzglbb A_feb b

hd Zgz fzZ]fu 2kbgdcki\h L_cb J_adbc
kbg ¢ ihehkyzchg_  hif_Idb qZ
khhi\_IklI\m _| iz _gbx gZ A _fex dj

hkdhedZ L_cb Jbkmghd ba h[km "2 ywwsv HOHPHOW\ UX ORYRVWLBODXNL W
IDWXUH *HRVFLHQFH NRS\WRY

Alhju hif_qzZxl qlh jZzajzZz[hlZggZy bfbT™h™~_ev 0_
Ilhevdh ih~rN_j "~z | ]bihl_am ]blZglkdh]h
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Jbk Bfizdlgzy ]bihl_aZz thbeh\Zg|:{5)yk_EJ @u o \_dzZ klzeh ykgh gqlh \k_ g
ihke_ klhedgh\_gby A_feb b ]bih|ijRm K —thev’\ Xjb ezZmj_zl gh[_e_\kdhc
ieZg_lu L_cy \ hdheha_fgh ijhkljZg \51 A 1h~"Z az hidjulb_ ~_cl_jby

\u[jhr_gh fghlh \_s_kN\Z ba dhlhjh]g @,m‘,c dhkfhobfb ¢ ij Aiheh be
h[jZah\ZeZkv EmgZ Jbkmghd k chIZbI-ﬂ(é Zbu&g{fﬂﬁ&ngm%y h[jZzah\Zgby Emgu
_ _ _ ue h"ngdh\uf b ke_"hYZ g d&mg_ dzd
Bklhjbgdb  emggzy ih\_joghklv HRYIFHERVd I Zuez 6 %UXVIKFNHO IRU
[_alh”ghc g_kfhljy gZ Ih qlh \hdlch gl’YK-Rk*‘{]KWV 8UH\ DQG WIKH 2ULJL
]Zgh\Zy h[_hehqu hgz ngIhevdh jZaj_i_ gqh/\cz 9_oh~ fbkkbc @J bcg” |
fh._l m"_.j b\Zlv \h”m fbeeij &l ¢ Rj[ueb |hemq gu dZqg_kI\_ggu_ kg
Jbihl_am ihgzqgZem ih~\_j'"Zeb b bér‘ﬁ%gh*&\zl%hymghkm k [ebadh]h jZkklhy
kh®_j Zgby \h~u \ ijb\_a_gga@hkdbihdphjuo fh gh [ueh jZaebgblv nhjfu j_ev
Emgu h[jZ&pZo [ueh eb[h gbqglh gh @d?z’\gzeua b ©dzZgvhgu? [m~ATh [u ijhj.

eb[h Ahh[s_— gb"_ ij_"_eZ qmiki\bipeNghlgRiy k_cqzk Ihqgh hij_~_e_gh qlh
ijbfhjh\  Gh kh\j_f_ggu_ "Zggu_ ih&MQu@9Y%halhdh\ \ Ih \j_fy wilb kgbfdb ihk
Z\IhfZlbg_kdbfb kiZgpbyfb mdZau\ZxligeyiREWAR [~ gby 1bihl_au Xjb

gZ ijbkmlkli\b_ \h?u \ emgghf ]jmgl_ gh b gz — - -

gZebgb_  djmJh\hjhlZ “¥Wmu emgghcsprdmkkby ijh~he Zezkv ~hi_oh)\uo m
ith\_joghklvx b Zlthkn_jhc —eZ]Ih"Zin g PPdhc ijh]jzffu ©:iheehg? ijbgyl
baf_j_gbc . ijh\_"~_gguo Z|_|ZjZIhf I$AC(c ko x \ ThAm az\_jr_gz \ Th~Am
\j_fy ijhoh""_gby Emgu q_j_a f_I_hjoyxahydex~r ¢ gz Emg_ khklhyeZkv \
|hy\b_(?Zkv \ha_f_h _ghkl_v hp_gblv kdheMdhe \\hj#’hdb mq_guf h[jZapu emgguo i
kh7~_j blky \ ijbih\_joghklguo kehyc]_e?rﬂw\ﬂﬁ‘l:u ijyfuo ZgZebah\ emgghc ZIf
ih\_joghklb 2z IZdh_vahIdhebq_kI\_gg@mhyszy ij_biAmggk ba Zjlhgz
fh*_ev \h*gh]h pbdeZz h[jZamxs lhky ijb jZkiZ~_ jZ~bhzZdlb\gh]h
- o ) kh~_j°ZeZ gbglh gh_ dhebqg_kI\h
< k_j_"bg_ ;,; klhe_lby Zkljhghfu [U‘ﬁP«&\_Haheh rimd gZ dm[bg_kdbc kZglb
m\_j_gu qlh?Emdd [_a\h*guc dZf_ bl-k“JrCRIIPD 5 5 +RGJHV OROHFXC
fbj k g_agZgbl_evghc ZI_fhkn_]hc keLthﬁ@(N b))?QDU DWPR\Y§K& UBazZ8alhy g
_klv EmggzZy ZIfhkn_jZ [ueZ h[g{i% _94 ¢hdzau\Zeh agzgbl evghlh ih:
baf_j_gby ~emggh]h  ZIfhRZ\¢adlgby \hry~ fphg jzeh\ h[jZzamxsboky ba gzku

jh\_*_ggu_ < lbd_jbg]lhf A\  Jh*m \hhq’l%aé IPeZ\h'i\fnb[hezh\\ gbo h[gZjm  _gh
qlh hgh f_gvr_a_fgh]h \ j1Za @ +q SLFNFEKLQJI 571 ijbkmlkI\h\ze ibjhd
7KH /XQDU $WPRVSKHUH D zaZadwxsq,léFH W[ ~gu \hAhc  mk

2FFXOWDWLRQ RI -XSLWHU < IZdbgpRKedeBY% ¢ phaP! se @b uoBVL@wW XQD U
ijbkmlkl\b_~ \h”u ~gZ emgghc 'h\squQFhM/b\/Hv 7KH VWDELOLW\ RI K\GU
_g__\hafh ghgz |jZdIlc_>q_kdb flgh\_gghydpéolHyv Bkdexq_gby dhg_qgh i
__J_oh’\blv \ ]Zahh[1_Zag\h khklhygb_[ugblhqh"zfld/h]bo h[jZzapZo \h~zZ \ [h
klmlgbd_ A_feb GZ jm[_"_ ;,; b ép|Zdj pbyo ~ | _dlbjh\ZezZkv \ _J_
lhgdb aj_gby h \h~_ gZ Emg_ Ijb" b“%g flgh1b_ ap lizff gh 1h]*Z wl
mq_gu_ \ dzZq_kI\_ hkghighc th By " Zt?jzﬁ'ﬂiehkv dZd aZl]jyag_gb_ a_fgtl

g_kdhevdh ~_kyldh\ e_lI baaZ hAbgZdh\uo bahlhiguo khhighr
dbkehjh”Z gqlh \ k\hx hq_j_~v iha'_ klZe

Zjlmf_glhf \ ihevam Ihl]h qlh EmgZ knhjfb




ba hkdhedh\ A_feb Kzfuf \h"hgZkusggghbt [wlh]lh d_jgZz ijh\_~_gguc k ihfhs\
ijbagZg h[jZza_p XVWWu55RFNY ©J¥Kd\wdjhkdhibb mq_gufb ba =?HOB J:G \
dzf_gv? \ dhlhjhf [ueh fghlh fbg_jZkZm]zibdZaze gZebgb_ \ gzf \_kh\h]h
JH2 2+ b rj_c[_jablz3 2)HIdibggh]h \h”u qglh [ueh ykguf Rb]gZe&hf klv gh

fbg_jZez f_1I_hjblh\ hq_gv j_~"dh]h "dkdiZlveb Hgm gh Jem['_ 0 9W $SINBPDQF
b ih"h[gu_ h[jZapu ykgh mdZau\Zeb gz BRVNbEOH :DWHU LQ /XQD 5HJRO

\jh~_ m]ebkluo ohg”jblh\ b dhf_IuRHZ&ULMHEYZdh wIlhl j_amevlZl g_ ijhb
A"kl1zZ\db2+gZ emggmx ih\_joghklv 6 (S$heWH]lKRQ +wnn 2dlZkdZaZebkyv fZzkrlZ[u
3 7D\ORU' + 2 2 UDWLRY IR} WKBbkke_"~h\Zgguo ihjh~" ] \ kh\_lkdhc ijh
HUXVW\T EUHFFLD WKH RULJLQhRI\pih@DU ZOWHB JjbdZgkdhc ;hevrbe

ijh"he Zeh kglHhgm [_al\h”~ghc
< dhgp_o ]h*"h\ gZqZeZ gZ[bjZlv kbem bfizdlgZy
]bihl_az h[jZzah\Zgby Emgu jbk < ijbdwhrny z\Ihfzlbg_kdzy klzZzgpby ©De_
[hevibgkI\hf \ kh\j_f_gghf gZmqgghf khh[s_klf\uc hdhehemgguc Ziizjzl i hk
Khl]eZzkgh _c¢ EmgZ h[jZah\ZeZkv ijbf©jgheehghdpr hkgZs_gguc jZ™"Zjhf
e | gZzaz” ijb klhedgh\_gbb A _ feb k ieZmbhdkbjh\ZegZz bkoh”"ysbc k aZl g _gguo
dhlhjzy [uez jzaf_jhf k FZjk <u[gmgghe_ ih\_joghklb kb]gZzZe oZjzdl_jgl
h[ehfdb knhjfbjh\Zeb \hdjm] A_feb MNhk¢gghghkéwrzZ 6 DRIHWWH BEWHPHQWLQ
dhlihjh]lh ih~ 2~ _ckI\RbfZplgEgguo kbLVWDWLF 5DGDU ([SHULPHQW 6 1F
kebiZzebkv b kh \j_f_g_f knhjfbjh\Zeb EMgHMIUDWLRQ RI OXGDRYLYROG D WWDH K|
(YLGHQFH IRU LFH DW WKH OXQDU VRX
WIZ ]bihl_az ij_djzZzkgh h[tykgyeZ km~Av[m \h”u b
Ajmlbo we_f_glh\ k gbadhc I_fi_jZImjkec dbillgYmy g&qZe jZ[hlZlv ZiiZjZ]l /IXQDU :
ijbf_jm k\bgpzZ dhlhjuf ]hjgu_ ihjhbam@dognbc b msbc hl Iednglu iehfuo
h[_~g_gu hlghkbl_evgh? ahf§duojhklh g_cljhgh\ < _]lh ~Zgguo J[ueb h[gZjn
bkiZjbebkv dhkfhk Ilhwlhfm gz g_dhjbpZzl evgu_ ZghfZebb \ jZchg_ k_\_j
g_[hevrh_ \j_fy ]bihl_az [_a\h~ghc Emgdhhiyhexkh\ Emgu L_ieh\u_ g_clj
i_j_\_kbez hl[jZzamxlky ijb [hf[Zj~bjh\d _ \_s_ki
dhkfbg_kdbfb emqgzfb Klzedb\Zykv Kk
KbimzZpby fhlez j_adh ihf_gylvky \ ZNhfYh  ddjjnZ. ZIhfZz \h~hjh"Z wlb g_c
kh\_lkdZzZy klZzgpby a©OEmMpklIZ\beZkhojZzgyxl bfimevk b ijh*he Zxl "\b _gb_
AMmof_Iljh\uc d_jg emggh]h_Jjnedlz ijb klhedgh\_gbb k ZlIhfhf \h~hjh”*Z hghb
ba Fhjy Djbabkh\ gz A DbflexhklihHebgdhevrmx qgZklv bfimevkZ b hklZgzZ\eb\zZxl
kf _kb h[ehfdh\ Jhjguo ihjh b fZ¥ dvdlhag_gv m~h[guc f_Ih” "bklzZgpb
kl_deygguo rZjbdh\ dhlhju_ h[jZahjZEDKKyZppb \h*hjh~Z gZ ih\_joghklb iezZzg_
flgh\_gghf hklulzgbb jzZkiez\h\ ihy\ejjXahdky hljbpzZl_evgzZebyzZghfieh\uo
ijb iz~_gbb f_I_hjblh\ jbk Hg ihdguhg h\ k\b~_|1_evkl\h\ZeZ h gZebgbb \lI
[hevrmx gZklv ih\_joghklb Emgu < jZphghgemdbewxkh\ Emgu b bgl_jij_Ibjh\Z
fhj_c lhesbgzZz KkehhyveblzZz khklZz¥ey | mg_gufb dzZd [hevrb_ \ azZ\bkbfhklb hl fh
f Ijh\ Z gZ [he__ ~j \gbo2©of ffbdZoRhlgb fbeebhgh\ beb fbeebZj”u Ilhgg aZziz
f_ljh\ : & )JHOGPDQ HWOXQHV RI )DVW D
(SLWKOUMXWURQV IURP /XQDU 3URVS
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IRU :DWHU ,FH DW WKH /XQDU 3ROHV
Jbk Keé_\Z]hebl ~hklzZ\e_gguc gZ A_fex
klZgpb_c ©OEmmgHl[jZa_p ba dhee_dpbK_¢maky dh]*Z m _ ihemq_gu b h[jZ[hlZg
=?HOB J:G nhlh Z\lhjz Kijz\Zbkkbc ©DZkkbgb?2 5 1 '&SIOMHFNWLRQ RI
ko_fzZlbgq_kdh_ kljh_gb_ emgghc Ii8G\&WYEHE :DWHU DQG +\GUR[\O RQ
jbkmghd k kZclZz KRX XVUD HGX ,PSDFW - 6XQVKLQHRSRWIO DQG 6SI
9DULDELOLW\ RI /XQDU +\GUDWLRQ $




'HHS ,PSDFW ©6SDFHFUDIW /IXQDbk SURNVKHFWRU gby Ziizjzlz /$'(( gZ |
IDZUDQFH HW DO ,PSURYHG jPRGHO LW)Al Rhf/ XQriy¥fzg 9 kZfuc djm
BURVSHFWRU QHXWURQ VSHFWURRHMNHU \GpWD]_ ,RE§DIAZDWERR QY Rby

K\GURJHQ GHSRVLWOUHM®Y ZYWKHAYO XQDIZjIIZ kijZ\ihke_ < p_glj_ dz~jz azf_I.
& 0 3LHWHUV HW DO EKDIZRW\HUrbDKYG h@ SDANLBPIOYy g [hevrhc d
'LVWULEXWLRQRRI WKH 6XUIDFH RF WKH MRR@by [ueh ki_pbzZevgh \u[jZc
6HHQ ERQ@ &KDQGUMDMBDDIKhqgagZ bf h[jZzlghc klhjhg_ Emgu glhghh #emqgzZc
hIhquh\h"ZkamIkI\rgZHh\ joghidimgu ih\j_~blv p_ggu_ k bklhjbg_kdhc Ihqgdb
b ~Z"_ijbf_jgmxdZjlm__ jZkij_"~_e_gbyf_klzZ gZzZijbf_j kimkdzZ_fu_ ZiiZjZlu kh\_

Dhgp_gljZpby \h~u \ azZ\bkbfhklb hl f_klzZ 2f fidldZ@kdbo fbkkbc Nhlh k k
baf_j_gby dhe_[e_Ilky hl h2+ gZ]1]HQ ZLNLSHGLD RUJ

lhggm emgghlh Gjahigk2_gby k ihfhsvx

g_cljhgghlh ki_dljhf_Ijz mklZgh\e AgZgim$_ggidc \ 1h~m zZiizjzl 1$'(( [u

ZiizjzZl_ IXQDU 5HFRQQDLVVDQFH 2blmiWwWHWVZghddaldebf_shf ~ey ZgZebaZz
[hevr_ [uelkZjmig_gu kdhie_gby \h*yghdbfbgy2kdh]h khKfAkAh_ ju Emgu9L\9

\ ihklhyggh aZl_g_gguo djZl_jZo gZ ikhiexdkihd_ |jhf* Ney gZ[ex™_gbc |
OLWURIDQRY AHWSBOQJ RI WKH OXQMwWjRrXWiKe SIROHH b \bAbfhf "bZiZahg_ L
XVLQJ WKH /52 QHXWURQ GHWHBEWRUfH[B88H UhRIZQMWe (8" ijb[hj /'(; /XQDU
kgblZzxl mg_gu_ hgb h[jZah\Zebkv ba(\SQHULHBHKIQW Y ihal\hey\rbc baf_jylv dhe
\u[jZku\Z_Iky emggmx Zlfhkn_jm jZjbf _j gqZklbp emgghc iueb lhke_
klhedgh\_gbb k dhf_1Zfb b \h~hkh@Zmgghth jZ[hlu /Bh(fCe k hj[blu b

f I _hjblZzfb LZdb_ kh[ulby g_Ilhevdhhgbdgmlekly k Emghc Zij ey 1h~Z jb
\h"m gZ Emgm ba\lg_ gh b \uk\h[h *Zx] \h”"m
kh~ j"Zsmxky \ emgghf Jjmgl_ Hj[blZz /$'(( ijhoh”"beZ \"hev emggh]h wd
gZ \ukhl df 2 \ emgghc wdahkn_j_
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dhlhju_ [ueb khhlig_k gu k ijhoh ™~ gb _f
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h[JZ_[h\IZbgnhjprbx "Zggu_ fbkkbb emgghc ZIfhkn _j baf j ggzy
kh[jZggu_ \+ ]Jh”"Zo him[ebdh\ZeZ g ANZY r'hi\ Ij h ZII%]Z|Z /$'((" P\_Ih\Zy rdZe.
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Jbk Khhlghr_gb_ jZaebqguo “\mokehcguo Ih
_klv mgblu\Zxsbo gZebqgb_ \h~ hkhRhhlgs klhgb_ ~Zgguo /'(kibdIfBkkljZ
gb g_]h b kmoh]lh \_jog_]h keh_\ fhhdd@ad&Z émgdthchkgh\gZy qgZklv \h~guo \u
ih\_joghklb k \Zjvbjmxs_cky lhesbghk d_jbpnlhky f_I_hjblzZzfb fZkkhc hdheh
kehy k gZ[ex~_gbyfb /$'{(dKebgzZzkl\h]jzffz f_gvrb_ "_ |I_eZ ijZdlbg_kdb g_ hd.
\u[jhr_gghc \h~u ijboh?yd tklyjbdd gbdzZzdh]h \ebygby g9gZ dhgp_gljZpbx \
jZaghc fzkku RijgXkij ™~ e _gb_ \u[jhké&dhkn_ j Emgu LZdh_ \hafh'gh lhey
\h~u jZaghlh fzkrlZ[Z qbkeh fhe_drhkmobthbu gXeyxlky ebrv \_jogb_ g_kd
h~“bg dm[bg_kdbc kzZglbf_Ij emgghc ZKEmKbf jujhdZ emggh]lh ]jmglZz lhkljhb\ f
\ukhl_ ijhe_I1Z /$'(( =jZnbdb ba h[kmh?*Zjofdklb Emgu khklhysmx ba \_j
kizlvb \ 1DWXUH *HRVFLHQFH [_a\h~*gh]h kehy b ©\h~"hghkgh]h? gb 'g_]
jZkkgblz\ ]Jem[bgm ijhgbdgh\_gby wlbo ¢
lh ~Zgguf F_""mgZjh~rghlh qXkkjhglihfb_1_hjblh\ mq_guf m~"Zehkv mklZgh\blv ¢
KhxazZ azZ \j_fy gZmqgghc nZau /$'(( EvkgZhijhZgguf /$'(( khm\ _IIk\ZjbzZgl \

g_j_a _"_lh”rguo f_Il_hjguo ihlhdh\dhihjhfjuhesbgZ \_jog_]h kmoh]h kehy khk
ihjh~beb f_1I_hjblgu_ [hf[Zj~bjh\dbj_~lgbf hdheh kf jbk
ijhoh™~_gbb q_j_a gZb[he__ iehlgu_ ihlhdb

bgkljmf_gl 1'(; nbdkbjh\Ze m\_eBkiolby ba wlh]h [uez ijhba\_"_gZz
dhgp_gljZpbb iueb \ wdahkm"ghagmagghhgp_gljZpbb \h~u \ hibku\Z_fhf gb 'g_f
br"_glbnbpbjmy fgh  _kI\_ggu_ klhédghbgbby f_ljz wlh fzZdkbfZevgzZy Je
dhkfbg_kdbo h[t_dlh\ k ih\_joghkhikhgbrigik _gby kZfuo djmhghuld\f\l khf
ki_dljhf_1j ijb wlhf ijhba\h”be bahdhaby d] \ emgguc ]jmgl ih hp_gdzf
dhgp_gljZpbb \h”u \ ihAgylhc k ih\_jodghXlbbiuedbhlhjzZy khkizZ\blgZff gZ Ihggm

Ijb jZzkq_1Zo dhjj_eypbb klhedgh\_gbdOhlyu[jlgke\bgb _ \_jog_1]h [_a\h~gh]h
\h~"u bkihevah\ageikZebah\ZggZy nmgdpblyez]Zehkv b jZzg_ _ 6 /L 5 ( 0LOC
bgl_gkb\ghklb 21 (QRUPDOL]J]HG HYHQDWHUWRIQ WKH VXUIDFH RI WKH ORRQ
UDWH \ha\jZsZxszZy |_f [hevrb_ aZ@HWLHPORJIF ODSSHU '"LVWULEXWLRQ
[hevr_ Jueh ibdh\ dhgp_gljZpbb \hRUULWILQPM Ihesbgzhp _gb\ZeXkVv_ j\u_
kbevg__ [ueb wlb ibdb \h \j_fy ihlhdzZfb&&bjbkimgddbf h[jZahf \ I_jfbg_kdb
ihdZazZg ]jZnbd wlhc nmgdpbbgldhjhZzdIbhggh ih*\_j " _gghfm i_j_izZz*m I_fi_jZIn
Ney djmiguo ihlhdh\ \jh~_ E_hgb” kf/(® éeémgguo ~gy b ghgb |_fi_jZImju
= _fbgb” *(0 nmgdpby ijbgbfzZz_| fhgyxkbky \ ij_~_eZo hgvx Bhgh D ~g_f

agZq _gby q_f fZeuo ihihdh\ 1Zdbo d&kd $9ZHbf9PVDYDGD HW DO IXQ
MjkbAu 856 Db glZ\jbru $&¢ baV XUIDFH WHPSHUDWXUHV DQG UHJRO
ibdh\ [ueb aZnbdkbjh\Zgu \ ij_~_eZo'LYyRKN hl /XQDU 5DGLRPHWHU

ij_~ihezZ]zZ fh]h fZdkikfmhflX_IkI\mxs_]hibih\_joghklghf keh_ j ]heblZ \h”*Z g_klZ|]
f I _hjgh]lh ihlhdZz LZd dzZd \ ghjf_ [WKIZh ilhgyblky aZ kgq_I| “bnnmabb
hikmlklI\m_1 \ emgghc wdahkn_j  fh gh m\_j ggh

mi\_j"~Zlv qlh \ky \h~"Z h[gZjm _ggZy \omh” _ iwllZo fuo iheyjguo b ijbiheyjguc
baf j gbc [ueZ ih~gylZ k ih\_joghklb Hefklyo ij_ "ihezZ]lZ Iky f _gvrzy lhe




I_jfbg_kdb ZdlIb\gh]lh kehy Y\eyykvzZIfhi{nZgihc Z hklZ\rb_ky i_j_jZkij_"_e
f_"~m ZIfhkn_jhc b gb gbfb \h~hkh*ih Ziwhfhoghklb Blh]l]h azZ k_dmg”m Kk
ihjh~Zfb hg dzd ihdZau\zZxl bdhkjfbgbywdh_ ijhkljZgkl\h \u[jZku\k _lky
ijZdlbg_kdb g_ kh~_j bl \hru kZf ih\Kk*U_1ZgqZlee_evgh aZ kq_Il \aZbfh”_ckl\by
mdZau\l\hg2Zl \ukhdmx kdhjhklv ijhbkokheggagh]lh \_IjZ k j_]Jheblhf h[jZam_Ilky ]
A"bnnmabb Ihkdhevdm \deZ”u bguo ba\_klguo b bkke.
ijhp_kkh\ \ ijb\ghk b ihl_jx \h”u gbglh gh
b gZ h[sbc [ZeZgk ihqglb

o npororer\ b 5 g_ \Ebe| |hemqZ_Iky q|
| consesnoro | : \h~Aguc [ZeZgk \ j_lhebl_
@i AR I A_j blky gZ mjh\g_ ihl_jv
* Kk gz Emg_
ij_~iheh bl _evgh bn |
ihklhygguc ijhp_ kk

ihl_jb 2 hklZ\r_cky k
fhf_glz nhjfbjh\Zgby
kimlgbdz A _feb gh _s
Ilhevdh ij_~klhbl
\uykgblv br I eb wlhl
[ i ijhp_kk b dzZdh\u _]h
Brifipoc apy /4 kaI’lZ[U

CTOARHOBEHMM

Bkdexq_gb _f yleyxlky
i jfZg_glgh aZl _g _ggu_
mqgZkldb emgghc
: : - | ih\_joghklb gZ dhlhjuo
CronkHoBenme ! ihklhyggh ~_j'Zlky gbadb_
BoccTaHoBNEHKE : |_f|_JZ|mJU b \hAgUC e_/\
::f‘;m’ SRS fh° | kdZieb\ZIvk® ba
f gvrbo ihl_jv ijb
A"bnnmabb [he__ \ukhdZz
dhgp_gljZpby \h”u
hagZqZ | b [hevrb_ ihl_jt
baaz f I _hjblguo
[hf[Zj~bjh\hd

WIzZ jz[hlZz Zf_jbdZgkdbc
mqg_guo g_ evdlh
k\yaulz | \h_~bgh
we f glu emgghc ©ih]h”u
b ihalhey_I| Jh\hjblv h
gbo bkihevamy dhgdj_Igt
; _ pbnju gh b nNZ |
ﬂg;;*:“ e \hafh ghklv hp_gblv
Ha rnyGuHe Ih|_gpre jZaguo ahg
emgghc ih\ _joghklb “ey
\hafh ghc “h[ugb \h”*u
Jbk lj_~ez]Z_fZy ko_fz emggh]h \dryAa] 1y \syydky djblbg_kdb \Z guf j_kmjkhf
1062 g _cljhgguc kzkkljhf 1j ziizjzlzibehdjm_fuo dhkfbg_kdbo fbkkbc khklz
/$'(( Jbkmghd ba h[km ~Z fhc klZIvRoaZablwxwoHmx qZklv klZjlh\hc gZ]jmadb

*HRVFLHQFH Ilhwlhfm bn vy ihihegylv azZizZk \h~u
I _hj Ibg_kdhc emgghc [Za_ ijyfh ba |

<u[jhku \h”u k ih\_joghklb \uaaqéglal evgh m~_r_\ey_| ijh_dlu f_"ieZ

ijhoh A _gb_f Emgua o j_hjgu_ ihlhdhi_e Th\ b y\ey_Tky \Z guf fhf_bpyhf \ kp_

Ah[z\ey | kms_kI\_ggh_ ___ dhebq kkth_@bynikmeg_aghc kbkl_fu

h[t_fm dhlhjuc I_jy_Iky az kq I ~ _khj[pbb Ih

nZgguf /$'(( \ kj_~giff £ 1 ] Bklhggb88 %HQQD ' 0 +XUOH\ 7 - 6W

\h~u k d\zZ~jzlgh]lh kzZglbf_ 1jz ih\_joPPHB Nhru 5 & (OSKLF /XQDU VRL
\u[jZku\Z Iky dZ "mx kadmfgtmhjbaghd RQVWUDLQHG E\ H[RVSKHULF ZDWHU
[hf[Zj~bjh\db qglh ijb deljZlheypbbLP@@!jﬁNV 1DWXUH *HRVFBHQFH
ihemqgq_ggu_ gZ wd\Zlhj_ gZ jZchyg |he3<kh\ nzZ IV

] \hAu \ k_dmg”m ih \k_c Emg_ ?Kk
gqlh IlhesbgZz \_jog_1h [ _a\h”~gh]
N ckl\bl_evgh mf_gvrzZ Iky d ihexkzf
h"bAZIv AZ°  [hevrbwo] ZEXa gbc KWW HOHPHQW\ UX QRYRVWLBQDXN|L W

\u[jhr_gghc \h?u [_al\ha\jzZlgh ihdb”"Z N—~rrggm™




>bfz ijb\_a fgh™ _klI\h
g_\b”Zgguo Ih]gZk np\_lguo
1Zza_|I hjjhfgufb
nhihljZnbyfb k» _eZggufb
gZEmg_djphf_ Ihlh ihdZau\Ze
ih"Zj_gguc _fin$68$ Zev[hf
kgbfdh\ k" eZgguo k_ jb_c
Zf_jbdZgkdbo kimlgbdh\ /XQL
2UELWHU hqg_gvVv djZkb\u_
bale _q_gby [ _ kdhg_qghc

dhee_ dpbb nhlh]jZnbc
krbjhgzZcrbf "bzZiZahghf
jZaj_r_gby Ihfgblky

fulheibebkv \hdjm] wlh]h
Zev[hfz kemrzy ihykg_gby
>fbljby<ZjrZeh\bgzy\bg_k

ba lh jzZkkdZah\ \i_qgZle_gb_
hg_dh_c azZ]z~d_ h[gZjm _ggkh
gZEmg_

<kihfbgyZ gZjmlhc N gV
h[wlhf m~b\bl_evghf \_q_j_
yfmgbl_evgh iulZeky \kihfgblv
dZd gZaulZeky jZa”_e Zev[hfZ

Emgz kh~ _j"Z\rbc nhlhl]jZnbb
lheb©g hihagZgguo&hbObh jZal]Zz”"Zgguo?d
< Jh m ijhbahreh vyjdh_ Rh[ulthliZah\ aZi_qZle_ggmg _gZlehotn]yz

\ukZ~dzZ ex"_Emg@mhd/_gv bgl_j kh\ze@Ze Zglebckdbc yghdZd b fo]
bklhjb_c ihAlhih\dwlihcd wdki_~bpb kkIZgh_\vaZi\be_keh\Z dhlihfugym
bbkihevah\Ze \k_ \hafh ghklb magkklzppbjh\Zebkv jmkkdbfb keh\Zfb
gh\hklb  m&keh\byo oheh”ghc \heguiZal]Z"Zggu@gy_bihagZgguc?® Keh\Zjv
k:f_jbdhc dhlhjhyh\bez \ukz~dm gZrzhfh]

ijhiz]Zzg~rz \kyq_kdb [ehdbjh\ZeZ ex[mx

bgnhjfZpbx wlh]h khjlZ[b[ebhl_d_ Gh*_eh [ueh \keh\Zo Ihqgh ihfgbe
:dz~_fbb gZmHE_gbgljz”r_ Zf_jbdZgkthizdbo kljZgguo dZjlbgZo reZ j_qv Wlh
‘mjgZeu dhlhjuo im[ebdh\Zebkv fZl_jhZgmjzfz emgghc ih\_joghklblhgmk a dh
fbkkbb ©:iheehgpZklghk$ LDWLRQ :HjhNh~ be q_ldbkh\bjr ggh j_]meyjguc

DQG 6SDFH 7HBRDWMMIDQG SRFENHWYdIb]j |_j_kdzaul\Zy k\hb \i_qzZle_g
baufZebkv kba[h~gh]h ~hkimigzrjmlhc ~_gvi_kim jZ[hluihklZjZeky
bihf_sZebkwi_pojZg \hkklZgh\blv fzkrlz[ dzjlbgu <kihfgbe q
i_caz' [ue ihdjul djZl_jzfbldkfb
<hdly[j_ ]h~"Zug ijbleZr_g "gZv deyfb_ glh deau\Zebh)[heg_Zb_ _
jh>~_gby >fbljby ‘e_dkzg~rjh\bgz dbehfijhlu_ ~ beb  [hevr_ jZaf_ju

<Zjrzeh\bqz fh_1h Ah[jhlh agzdhtmevdm fZeu_ djZl_ju [ueb \k_]"Z aZf
bdhee ]b dhlhjuc IHiZgim~hf Ihevdh qglfafulu wjhab_c Hp_gbe aZ”"gbf gbkehf
ih[u\Ze M _jbd_ @ jZa \h_ fy \ukz~rdb jZaf_j dZ”jZ bf_e ihjy*hd khlgb dbehf_lIjt
gZEmgm i_j\hc wdki_~bpbb >bfz [u&Khfyfgpe 1Zd°_  qlh ke_"mxszZy kljZgb
\i_qzle_g wlhc ih_a~dhdmihi_j\hc /\eyaZVV| I~ ihjZabl_evguf dz”jhf kh"_j ZeZ
g_1]h | f [he__ qlh hgz [uez kkg&Zlyg h*ghlweba glh\ imgdlbjZ djmiguf
kihk_s_gb_f 1$6% bf_gfth gl ljomfnz ieZghf jueh ykgh \b*gh qglh j_qv b"
Bhgij \jZlbe k\hc ~_gv jh ~kgblygzj h[hljhfghc ijyfhm]Jhevghc \ueirndgh¥
ihk\ys gguc mkieazfguo fbkkbc limgl_
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Jbk F KfzZ]bgZz o >7Z ~_ckl\bl_evgh g_j_a emggmx iZgh
Yg_ij_julgh jZkkdZau\Ze dheeijhoh”be imgdlbj ghhyg bghh \b”g ke
h[m\b”"_gguo gm”_ilhkd_ibggh hsmlbéijb wlhf d”_ Zevgh ijyfhge b _Zevgh
gZieu\ |j_\h3db Zg_ijb\bjzZzxeb" Lh]*Z j_]lmeyjguc i&LghjzZf_ fueh \hB[
yh[jZlbeky kdb"_I_ex I =Z]ZjbgmgbdZdbo djzl_jh\ <bAbkhhfbgZgbyo

hrghdZrgbdm <ZjrZehflbgZn bdhee_]J_yi_j _IZsbe wZhl dz”j h[jZzau djZl_jh\
dhlhjuc ijbkmlklI\h\ZéhfgZ \_q_j_ bakhk_~gbo kgbfdh\ KjZam klZeh ihgylgh
bkijhkbe _]h e\Wkzijz\bevgh jZkkdZaul\gZixkrlZ[ dZjlbgu ]hjza~h kdjhddkhlgy
:g™j_c kdZaZe dhkobrysZ_lky dzd fghhehf_Ijh\ kiZlgy f_ljh\ gm fh _Il J[ulv

N 1Ze_c a¥ihfgbe ?]lh  h~h[j_gb_ elbmigb IBIl \kz ijhykgbehkv ewlkhe [t
m]em[bféix |j_\himgYyZoh~be k_[_ f_kldzfgy kdzZlb\r_]Jhky ih” mdehg g_\ukhdhc
bgZzdhg p iha\hgbe ~"hfhjgzZzech\bgm DZf gv ih*ijulb\ZeqBlZe ke %®ngg@ghc
kijhkv[hc ihk_Iblv _ihtkkfblj_Iv Zev[hf iueb ih” dhg_p hklZgh\pwekyhllyg_leb\h

_S_ jZa JZa]lh\ZjbRZEnhy _ghc Exk_c \b~_gB[ueh fg_ iehollus*gh Ihkfhlj_e
>bfu glueh "hfz chrg M m_oZe ybkhk_~gbc kgbfhd dhlhjuc dZd hdzZaZz
gZg_kdhevdh ~g_c IE@gi_ahkv ihijhkbeg_bf_e \hh[s_ gbdzdhlllghr_gby
jZaj_r_gbyjb_ozZlv_}h hlkmlkl\b_ Exklyj_~u“ms_fm wlh [ue kgbfhd_ladheu k
g_\hajz Zez k}thlh\ghklvx \u~ZeZ fgl_gvx lgibadh]h KhegpZ_gv [uez
Zev[hf ijyfhm]lhevghc

KjZam g_ijbylgh ihjZabeh glh ZAewhé 1h]*Z g_h[oh”bfuf h[hclb \k_o ex”._
hdZazZeky Ihgvi_gvls_ nhjfzZzlhf qg_f dhlhjuf A ] h jZkkdZau\Ze\hblo
aZihfgbehkv GzhkazZVe _gbyiulyeky nzZglZabyo |1_fk glh[u ijbagzZlivky
hihagZlv jZza”_e dhlhjuc \i_qzZlZeky Xkighlgzfb gbb K®hzazZzehkv qlih idglmdb
©g_jZalznvuzZzgd[jZau? ogblm_lh ih~h[gh]gbqg_]h idfgbl Ko ihj klze hqg_gv
\h]leZ\e_gbb[ueh ¥lZe i_j_ebklu\Zlvhklhjh _g hlghr_gbb kh[{kI\_gguo
Zev[hf ihbkdZo m~”b\bl _evgh]lh 2i_cakVZ® | _evkl\ ;ueh fg_ Ih]*Z [ud”rZ Y
bg gZr_e _JH"he_\Zeb "mjzZpdb_2 fukebki_rguf gZmgguf Kkhijm~ghdhhs)f
yih~mfze fh _l [ulv wIim kljZgbptm mh[hdhlwghf GBB nbaddkhfjbf_glZlhjhf

\uj\Ze" Lh]~rZ klge f ITh "bgqgh\ h[eZklb d\Zglh\hc we_dljhgbdb m®_ ~hd
i _j_ebklu\zlv k bjZwg ke "~y gZmd HibkZggh _ ijbdexq_gb_ kbe
azgmf_jzZpb2 c\Zev[hf_ [ueh kljZgbp kllh~hj\Zeh fhx jZkImsmyxh\j_\fy

<kz J[ueh iRjy~rd_ gkdhfzy dzZjlbgdkzZfhm\_j _gghhlwldehkv g_azZ[u\Z_fuf
hlkmlkI\h\ZeZ«jZ®kl _jyggh kbr_e gz~©

Zev[hfhf ly>_eh ~urgm\kli\my k_[
A"mjzdhf Q_j_a fbgmlijiydve y\k_[y
b\Ajm] ihgye qlh Zev[hf hltfukiE ?\]_gbc e_dkzgnrgdz”_fbd J:
dZjlbgd _ g@kdhevdh hgz hdZaZe KWWSVFLWOFH UX RO XSUCERMRF KW L U H

g_ihoh _clmZ dhlhjmXdyohjhrh ihfgbe
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Kzfuf [eZ]hijbylguf \j_f_g_f ey gZ[ex“hdlhgha_gblghc qZklb _[Z2 gzr_ \g
alza”ghlh g [Z \ gZrbo djZyo dhg_igbohe dvely ljkyhqg gv yjdbwldn\ >a’u [ ba
e_Ih Lhfm _klv kjZam g_kdhejdly ikikh@hga~by E_[_~y wlh <_]Z ba kha\_a”b
ijbgbgzZz kh\_jr_ggh [Zg4dewdZlbg_ kdb:evliZbj ba kha\_a”by Hjez WIib Ijb
mkeh\by \ e Igbc i_jbh” ]JhjZza~h dhfmldgamxl~eylzd gZau\lz_ fubk_ geblg
gZlex™"Zl_ey q_f \ abfgbc "Z b ykjguo]lhgehgbd Ihgmfilmeihgbd gZaul\Z_Ilky e_
]hjZza~h [hevr_ IljbgbgZz "_ \lhjZy k\yaZiglZ ggkZafb* _eh \ Ihf qlh \ ex[hc f_kyp e
alza~guf g_fhfbf_ggh e_Ihf fu fh htkk_gb gZqbgZy k bxgy b aZdZggb\Zy g
gZkezZ”blvky \_ebddee gbhfh Imlb \h \kX¥fa”u wlh]h Ij_m]hevgbdZ ohjhrh \b”gu
_Jh \ _ebgbb Fe_qguc Imlv gz lzfghtGlhxek&ldh¥ bxg wlb al\za”u \b”gu gZ \h
beb Z\lmklh\kdhf g_[_ y\ley_ Ilky Z\Jhhlelxlgfu bo kfh _f gZ[ex~ZIvhg¥Z x]
"hfbgbjmxsbf h{t_dlIhf [_ezkhc hodgkihcbeb ghy[j_ fu bo m\b”bf \ aziz”g
i_j_k_dzxsbf g_[hk\h” hl ]JhjbahglZ dglhZbahgfing_ f_g_ \ ex[hc f_kyp e_IZ b
Gh ngng fu k\hx wdkdmjkbx k IThlh &igbibh”ghZkigh "hklm|gu Ney gZ[ex" gby
]Jheh\m ®d\_§ a_gbl <bamZevgh wlb Ijb a\_a”u dZ mlky gZzZf
Jm] gZ ’\,tm]\Z/Ihf e ]dh fh gh m[_~blvky
gl ihkfhlj_ ggbo g_\hhjm zgguf
leZzaht Gh k Thgdb aj_gby Zkljhn
hgb dhj _gguf h[jZahf hlebgZxlky
hl A"jm]zZz Lzd <_]Z b :evlZbj dz
gZf yjdbfb lhevah Ihdh qlh hgb
jZkiheh  _gu [ebadh hIcAlZedZ
jZkklhygbb \ k\_Ih\uo e_I| :evlZz
Ihlh [eb* “h g_]h k\_Ih\uo e_lI
Wlh kh\_jr_ggh jy*h\u_ al\za”u J]eZz
ihke_"~h\zZl_evghklb ebrv g_fgh
[he__ yjdb_ b kakb\gu_ g f g
Khegp_ < |h ° \j_fy > _g_|
AN _ckl\bl_evghklb Ij Aklz\ey_I kh

hrgm ba kZfuo yjdbo al\za™ \ ¢
]ZezZdlkdvlh JThreemk\_jo]b]Zgl



k\_lysbc ijbf_jgh \ jiZa yjgq_ Khegpz\_KBgh N_ckl\bl_evgh eb wlb ~\_
lhevdh alza IThlh glh >_g_[ ~Zezd hh[jgZkx] hg_gv rbjhdmx gh \kz _sz mkl

jZkklhygb_ ~h g_lh ij_\urz_I k\_Ihhbaleq |Ikdhmgx kbkl_fm beb “_ ijhklh \be
gzZf dzZ° _Iky ~"Z°_ g_kdhevdh [he__ Imgdpex"Zgxlkyebebadh ~jm] d ~jm]m ?keb
khk_~gb_k gZfb <_]1Z b :evlZbj j_Zevghklb ]jzZ\blZpbhggh k\yaZgu I'h

h[jZs_gby "ey*lg®é _g khklZ\eylv ijbf_jgh
Khal\_a”b_ ¥ _[ih*Zemc y\ey_lky h~gbf bwkyq e_lI
gZb[he__ bgl_j_kguo gZ e_lg_f g_[_ Ih ZgZeh]bb k
X*guf Dj_klIhf kgblZxsbfky k\h_h s ST A R
\bablghc dzZjlhgdhc x"ghlh g_[Z [k
gZau\zZxl K_\_jguf Dj_klhf Ijb gZ[e xi
lzfghlh f_klZ \ JezZaZzZ [jhkZ_Iky h]jhgss
ihehkZ g9gZqbgzZxszZyky \ wlhf kha\_ s
jZa”_eyxsZy Fe_qgut Mihv ]1b]Zglkd Esss
hl[ezdZ ba ]JZazZ b iueb
kibjZzevgu_ jmdz\Z =ZeZdlbdb

< \hklhgghc gZklb ©Dj_klz2 fu kfh _f h[gZ
sz h”bg djZcg_ \i_gZleyxsbx h[t_d
LmfZzgghklv <mZev bghl]*"z _sz gZal
©Ju[Zqv_c k_lvx? beb ©I_lezc2 LmfzZgghk
2 wlh h]jhfguc hklZIhd\zhlk\ajogh\hc
ijhbahr_~r_1h ijbf_jgh e | gzaz~n
a_fgh]h gzZ[ex"ZI_ey ImfZggthv bf | "b:
liz"mkz qlh ijbf_jgh \  jZa |J_\hkoh"bl \
jZaf j Emgu D kh'Ze_gbx ImfZgghklv wlZ

. Athwlhfm “ey _z gZ[ex”_gby " _e
H[jZIbf k\hz \gbfzgb_ gZ ©gb gxx¥ 1Ay :
©K_\_jgh]h DF_k\NZH -ev[bj_h 17 E lfkf\ahv-ah\r%lv ki_pbZevguc nbevlj

eMbj_h ij_~klz\ey | kh[hc h"gm ba dj Zlgli\ cr Hohl
’\\hcguo al\za” gZz \2szkgeb[ fu Ihkfh|jb

> g_[Z gZoh”blky _sz h~gZz

W f 4<I\K \_jgZy :f_jbdZz ihemqgb\rzZy k
gZ g_z ohly [u \ kZfuc ijhkl_gvdbc ex %QI aZ koh’\kl\h k hAaghbfzgguf dhg

( . v
| _e_kdhi Ih m\bAbf jy~hf A\_ p¥_ Igu_M\ag\A_ A K\ g mx ibdm  fhigh s
AN i s 2 —
h"gZ gZkus_ggh hjZzg' _\Zy? ZAjdbhjZy \\ gvs, 000y Jezahf gh ney wlh]h ihlj
Jhem[Zy Ex[hiulghboghhj lhhkjgh hg_gv lzfgh_ b ijhajzqgh_ g_[h \ Jhjh~
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kdhj__ \k_]h g_ ihemgblky gZcl® ~Z" Jhjhr&dk8hig_[_
kebrdhf fZzez ih\_joghklgZy yjdhklv m\ebdbyglpgb_f hdjzl
glh "ey gZ[ex~_gby ex[h]lh h[t_dIZ djZcg_ \Z gh

glhfu _]h yjdhklv ij_\urZzeZ vyjdhklv Zy

Jhjhrkdh]HZ gkebrdhf kbevgh azZk\_qs

N eZ_ | Imkdeu_ h[t_dlu g_"hkimiss

gZlex"_gby

AzZizrg__ E_[_"y jZkiheh _gh kha\

mdjZr_ggh_ m>_ mihfygmlhc gZfb < _ ]

bgl j _kguf h[t_dlhf \ gzf y\ey Iky idms

Imfzgghklv F bf_xsZy h[kZ\a\Epb _

Dhevph W lh hklzZlhd hi \aju\Zp

kms_klI\h\Z\r_c a\_a”u Y”*jh a\_a”uji

[ _euc dZjebd b ihgug_ gZ[ex*Zxsbcky \ p_glj_

F Z hklzZevgzZy qZzZklv fZkku [ueZ \<u[;|,hrngZ e\hkg_qg ]h Ij_m]hevgbdZ gZoh”b

dhkfhk b h[jZzah\Zez 1Zdmx \hl Imjhugghklyjey~ g _ijbf_qgzZl_evgh_ kha\

dhevp_h[jZaghc nhjfu Ebkbgdb Gh 1zZd dzZ  _Iky lhevdh g_\hhj
Jez&mk ihfhsvx [bghddyeb&l@hiz fu a~_kv
h[gZjm bf z "NZ hg_gv bgl j_ kg
Zkljhghfbg_kdbo h{i_dldezg_lZjgmx
Imfzgghklv ©=Zgl_ev® b jZkk_yggh_ Kk
©<_rZedz® ©=Zgl_ev® hgZ "_ ImfZgghkl
©l_khgqgu_ gZka&8\Zgbc m g_z fghlh yl\ey
hrghc ba kZfuoeyjdbbZjguo ImfZzgghkl_c g
g_I[_

©ljh\ze2 \ p_glj_ ImfZzgghklb ebfv dZzj
gZ kzfhf ~_e_ hgZ rZjhh[jZagZ \bg
©ijh\zez?® h[tykgy Ilky wnn_dlzZfB ij
p_gljZzevghc qzZklb ImfzZgghklb gz
\alJey”"Z hdzZau\Z_Ilky ]hjZa~h f_gvr_
gZ hdjZbg_ ©Dhewght \ibrdjz~rZ"_ gZ




hdheh

ijhkljZzgkl\h kh kdhjhklvx
HljZsz_| gz k_[y \gbfzgb_ g _dgekgdyh\ \ k_dmg”m
g_ijZ\bevgZy nhjfz ImfZgghklb dhlhjmx

kjZ\gb\zxl k ]JZgl_evx beb *Z° _ k
hljuadhf LhqggZy ijbgbgZ \hagbdgh\
IZdhc nhjfu ~h kbo ihj hklzzlky ~»
g_ba\_klglgh ij_"ihezZ]Z_lky qglhh wl
k\yvazgh k izZjzf_ljzfb jh”bl_evkdh
Kgblz_Ilky glh a\_a"Zz ihjh~b\rzy
hg_gv J[ukljh \jZsZeZkvZ twlthld bf_
kiexkgmImx nhjfm g_qlh ih~“h[gh
gZ[ex"Z_Iky m m _ mihfygmlhc gZfb
ijb \aju\_ \ gZijz\e_gbb ihexkh\ [ueh
lhjza~h f_gvr_ \_s_kI\Z g_"_eb
wd\ZlhjZ qglh b h[mkeh\beh IZdmx klj
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Kdhie_gb_ ©<_rZedz? 1Zzd °~_ ba\

©;jhdgb?® gz azZ]lhjh~rghf g_[_ ohjhrh \b”rgh ~Z" _

g \hhjm'zgguf ]JeZahf fkdhkfhljbf gzD kh Ze_gbx 7z _ \ djmig_crb_ I_e_kdh
g _lh ohly [u \ | _ZljZzevguc [bghdevh[thdhhj6B gbg_f g_ hlebqgzZ_Ilky hl h

\_rZedb “ey h~A_“Au kjZam klzZy_| hgalpad®c_lh ijbjh~Z [uez hij_"_e_gZ f_Ih”
kjZ\gbl_evgh yjdbo alza” h[jZzamx| ie jgbdbgk\kdhc Zkljhghfbb >Z°_ “ey Ih]h
2 djxghd < p_ehf *_ wlh kdhie_gb_ kifhhklhpbaZfsiblv 66 \'\b”_ Thg_qgh]h bk
hdheh keZ[uo al\za” ~hklmiguy ~e¥\glfebir[mhlkwcihesx[bl_evkdbc I_e_kdhi

lhevdh \' | e kdhi Apbzf ljhf h[t_dlb\Z hl fbeefgljb\

T gZklb g _[Z gb _ kha\_a”by Hjez fu fh"_
©Gb gxx2 qZklv h&_ Igg 1h 1j_m]hevghegc dhfie_dk ]Zahiue_\uo ImfZggl
h[jZam_| kha\_a”b_ HjeZ Bgl_j_kgukhklfiysibg\ \ba ImfZzgghklb F ©EZ]mg
gzf fghlh gh fu ih]lh\hjbf g_ Ihel®fZgahklb F dhlihjZy gZaulZ_lky Ljhcg
bgl_j_kghf gh b h[ mybdZevdphil h 6ljzojZaetvghc ImfZgghklvx DzZd fh'gh m[_~

>Zgguc h[t_dI kf_eh fh gh gZau\Zi¥ag@ybf ®Aklb wlhc ImfZgghklb k\_lylky
kZfuodahlbq_kdbo \ dhkfbq_kdhf2zijhklpAgkht h~gb djZkguf Zz "jimdm[h\Zluf
wlh \aZbfh”_ckl\mxsZy iZjZ ba ]b]ZglkrdO@ @&\ addarebgby h[mkehle_gu obfb
qzjghc "uj@zjgZy "ujzZ [md\Zevgh ihkétkdZ\f1Zd djZkgh_ k\_q_gb_ oZjzdl_jg
a\_afimfizgvhg h[jZzamy \hdjm] \h"kjh¢Z Zakkgghrey dhkeBA Ihwlhfm
Zddj_pbhgguc ~bkd ba ]ZaZ b iueb "“ZbkdkarZhfdkxpnyx I1Zdhc ijhklhc nhlh]jZnbb
wnn_dlh\ 1j_gby ih”\_j]Z _Iky ~gz]§hi_f hij_~_eblv qlh ~ZggZy ImfZgghklv k
fbeebhgh\ ]jZz"mkh\ b wlhl gz]j_ \ azZkkghdghf b \h*hjh*Z b dbkehjh"Z L mi
bkimkdzlv bgl_gkb\gh_ j gl] _gh\kdh EBheeg kfpklhipl ijZdibg_kdb p_ebdhf ba \
h[jZah\u\Zlv ~° _kudjmb ]hjyqg_]h \h~hjihdfm gbdZdbo kbgbo hll_gdh\ \ g_c fu g
Mb ms_lhky hl qzjghc “uju \ dhk¥plgekkijZzkgu_ \h~hjhrgu_ p\_I1Z




I_gqgZevgh gh p_gljZzevgZy qZklv =Zezdlb
Y a®_kv mihfygme h[hagZg_#ghihF _b H gZk fhsgufb ]Zahiue_\ufb hlezdz
hgb h[hagZqzZxl \_jhylgh ihbgl_j_lgmijlh&Zgqgufb \ \bAbfhf "bZiZahg_ k\_IZ
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njZzgpmakdbf Zkljhghfhf RZjex f\hF_klg®Zr_c Emg_ <ijhq_f Zkljhghfu gZmg

bf_ggh ih g_fm fu qZs_ \k_]h b lmohtmiviwlm ijh[edghkmijh\hgdZ[ex”_gby
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Imfzgghklb gzf [m"ml dZazZlvky [bjxa\Ww\udbhcp\_12Z
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kbgbo beb nbhe_Ilh\uo hll_gdh\ &kzg_Imib"bfgZoh”blky Iml k\_jofZkkb\gZy qzjc
wlh klyaZgh m _ k nbabheh]bqg_kdbfbKikhé_ @ghklyfjf_jgh \ fbeephez jZa
g_eh\_q_kdh]lh YeglmZd Ihf qlh Jeza q_f&kkbdgzy q_f gZr_ Khegp_ Wlh
bf__ 1 gzb[hevrmx gm\kl\bl_evghklv bfbklgd_V“kWoogzZy qzjgzZy ~"ujzZz \R <k_e_og
a_ezghc qzZklb ki_dljz Z \ djZkghc b hbbveZ IhRywc dildz\ [eb Zcrb_ Jh~u f_""mgZj
gZfghlh \ khigb b 2Z°_ lukygb jZzj&_dgif_©L_e_kdhi =hjbahglZ Kh[ulbc? ~
Nhlhzzijzl b I1AKjbpZ wlbfb g_"hklZldZfbrgl ihemqg_gh jZ”bhbah[jZ _gb_ ]hj
hlfez~zZxl ihwlhfm ImfzZgghklb ~Zevgklpultdbkfhkz

hih[jZ Zxlky gZ nhlh]jZnbyo \ bo _kl_kI\_gguo

p\_I1Zo K khal\_a”b_f Klj_evp@Z klsazZz h"rgZz
ex[hiulgZy bkPhjby ]h~m bf_ggh ba wlh
<hh[s_ "_ kha\_a”b_ Klj_evpzZ yl\eyhllewZkibwlgf[Z Zkljhghfu ijbgyeb agzZf_

ieZg_ hg_gv bglzj* kghuf\ Ihf qglh bf_ghgbl§Ze ©:RZ 2 ijhbkoh ~_gb_ dhlhjh]h ~h
wlhc qZklb gihlehjzlg p_glj Fe_qghk]lh IthkdZzzlky azZz]Zz~"dhc <h fgh]hf ozZjzdIl_jbkll
Ilhc ]ZezZdlbdb \ dhlhjhc fu “b\zf BblighdE _ihoh b gZ I_ qglh h b”"Zxlky "“ey
h[t_dlu "Zevg_]h dhkfhkZ dhgp_gljbjnbkikimkbfggglth ijhbkoh *_gby ihwlhfm g_d
\ wlhf jZchg_ g_[hk\h*Z Ihfbfh ]Zakkee "\&I|_eb ihkgblZeb kb]JgZe ihkez
Imfzgghkl_c a”_kv fu fh _f gZclb\grZghfghc pb\bebazZpbb <ijhq _f kms_
alza”gu_ kdhie odihhirbf ijbf_jhf 1Zdhflgh _klI\h Ajmlbo [he__ ijZ\"hih~h[
kdhie_gby yley_Iky F khklhys__ ijinfityklg_badc GZijbf_j \_ebdzZ \_jhylghkl
ihemfbeebhgz a\za” A~ _kv fu fhkbffgg&clbfue hljz> _gb_f g_dhc a_f
jZkk_yggu_ kdhiehgbybf ijbf_jhf [Zdbj@”bhi_~Zgb hl we_f_glh\ dhkfbq_kdh]h
h[t_dlh\ [m~"ml Kdhie_gb_ ©;Z[hqdBEéb F_ ijlmklh y\ey_Iky hrb[dhc \ bgl_jij_
kdhie_gb_F gZalZggh_\ g_klv DezZzWgyguddheéhfuMb azZnbdkbjh\Zlv _]1h k ihfhs
< h[s_f kha\_a”by KdhjibbggzZbhKljg¥ m]bo jz~bhl_e_kdhih\ g_ m\_gqZebkv ml
[h]Zlu gZ Zkljhghfbq_kdb_ ~hklhijbf_qZl_evghklb

b _keb \u \*jm] hdZ'gh[ke¢v]™aZ ]Jhjh~
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Ly - g U - g gb_ ¢ E(i_prevgh "eyg‘mngeZ ©G_[hk\hAa




UCTOPHA ACTPOHOMMHN

. -

nagiisera

ij_"kdZaulZe Wcgrl_cg 5;, - yley

] bxey him[ebdh\Zgh glh 4jméghc kbkl_fhec k gzZbf_gvrbf ba ba\l_
yihgkdbo Zkljhghfh\ h[gZjm beZ kZfmx_liimkteWmk[jZs_gby
]ZezZdlbdm \h <k_e_gghc =ZeZdlbdZ hlghkblky d
kibjzevghfm Ibim jZkiheh _gz \
_\_jghlh khal\_a”by <hehku <_jh
m~Ze gbb ijbf_jgh \ fej~ k\_Ih\uo
A feb

KhleZzkgh j_amevlzZIzZf gZ[ex"_gb
khklz\ey | a\_a“ghcwllkebhgbdeg j4
kez[__ g_f m gzZb[he__ Imkdeuo
h[t_dlh\ dhlhju_ fh gh jZa
g_\hhjm  _gguf ]JeZahf b \*\h_ gb"_
hklZevguo a\_a”guokdckliZ\rbboky kZfu
|_fgufb ~h ihke_~g_]h \j_f_gb

Ki_pbZebklu ba Lhdbckdh]h mg
GZpbhgzZzevghc h[k_j\Zlhjbb azZf_Ib
dhe_[Zgbyf \ ijhkljZzgkI\_ b iha”g
ihemqgbeb kgbfhd k ihfhsvx f
bgnjzdjzZzkghlh |_e_kdhiz Kin[&jm
jZkiheh _g gZ =Z\Zckdbo hkljh\Zo

] G_"zZ\gb_ bkke_~h\zZgby ijh\_"_g
ihfhsvx bgnjzdjzkgh]h kfbogdhkdh]h
I_e_kdhiz 6SLW]HU \g_keb kms_Kkl
dhjj_dlb\u \ gZrb ij_~klZ\e_gby h nhjf_
kljh_gbb Fe_qghlh Imlb hkh[_ggh
p_gljZzevghc gZklb gZr_c ]Zezdlbdb

K ihfhsvx |_e_kdhiz 6SLW]JHU Zk
h[ke_~h\Zeb hdheh feg a\_a” jZkiheh’
iehkdklb gZr_c ]Zezdlbdb < blh]_ [ueZ ih
kzfzy ih~jh[gZy gZ k_]lh”gyrgbc ~_gv «
\gmlj_gg_c gZklb Fe_qgh]lh Imlb

ijbgpbi_  Zkljhghfu m'_ ~Z\gh ]h\h
o] Ghiu_ gZ[ex"_gby dhkfbﬁrikd q gZrz ]zZezdlbdz fh™ I bf_Iv \ f
~0ll_gh\kdhe hik_jiZlhjbb &KDQGU bg X ihehkm beb weebik ba a\_a:
1HZWRQ b 6ZLIW ihal\hebeb h[gZjm~ b —e é'ﬁ‘gr?ﬁ(eZdlbdb \klj_qzxlky g_ 1Zd n
i\Zjm 5; - beb - Dbeb +0 J gh\u_ bkke ~h\Zgby ihdZazeb
+0 &QF j_gll_gh\kdZy \hchy a\ ihehkz Djhf_ Ih]h \uykgbehk:
jZklkhygbhb hdheh_ k\_Ih\uo e b hjb_glzZpby wlhc ihehku kms_
IZgpmxsmx k\hc ihke_ gbc dhkqu k Qy hi” kA _eZgguo jZg ijh]gha
Khkihbl Dba “\mo iehlguo [e“.o wiZ ihesliZyZ bahklglykbl evgh
\jZsZxsboky ~jm] \hdjm] AJAm]Z k i_ g o, dekguo a\ ar bf | "ebgm_ hdhe
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k_dmg”~u \ 1zZdhe \hcghc lﬁ\ %rl‘\'hU'O e KIv hgZ gz  luk K\ _It
ijh~he bl_evghklv Jh~z kthZ\ey q f kquZehkv iZgvr_ Lzd
fbgmlugz jZkklhygbb ‘hdheh hb glh wiZ ihehkZ hjb_gibjh\ZgZ
Ajm]Z >\_ a\_a”™u h[jZsZxlky \hdjm] ’\ bgh kh "bgyxs c p._glj 1Zezdlbd
kdhjhklyfb [hevr df k Ih hp_gdZ

alza” khklz\eyxl iheh\bgm fZkku Khegp_
khklhyl ba iehlghlh \ujh '~ _gghlh h%g@é
ihwlhfm bo jZ"bmku khihk1BEhbkkiif kA _fe beehh b\\
Ilh fg_gbx mgzguo \ dhg_qghf blh 3%
khevxlky \h_~bgh ijb[ebabl_evgh q_ a c

e_ I \' kbem Ih]h glh hj[bIZevgu E\ ‘d oy
mf_gvrZ_Ilky gZz fbeebk_dmg”u \ ]I

% Mdjhghth\ ba Blzebb b <_ebdh
abjh\Zez jZkij_~_e _gb_ gz g_
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ﬂ( d "bkz jzkklhygbyo ~h luk
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hldehgy_Ilky hl iehkdhc nhjfu glh\ohktol_dgh\hcgmx kbkl_fm k [_euf dZjek
azf_lgh gz djzybo~bflhfm wlh ke kKafuf dhjhlidbf hrjyud i_jbh~hf 2keb m
kkeb™_gby k d@édheéjm]lhc ]Zezdlbdkb&l _f GA GA "ey ihemq_gby fZkk h[_¢k
ijbly _gb_ dhlhjhc bkdZabeh nhjfm "bgdA[oh”bfh [ueh baf_jbl j_eylb\bklk
ij_p_kkbx hj[blu dhlhjZzy h[yaZl_evgh
[uez [ulv g_djm]lh\hc Ilh \ ~Zgghc kbk
dim]lh\hc hj[blhc H \ Ij fZk&Zo[ueb
gZc”_gumh_gvr_gbx hj[bhaZ ememq_gby
liZ\blZpbhgguo \heg iexk azZz”_j'dZ R:
bfimevkh\ imevkzZjz \ ]jZ\blZpbhgghf ihe_
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] =jmiiZ mqg_guo ih™ jmdh\
FZcdez Fmfz OLFKDHO OXPP
=h~~Zjrh\kdh]h p_gljz dhkfbg_kdbo
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h[gZjm beb gZ FZjk_ f_klZ k dhgp_gl
hl  ~h [he__ gZkl_c gZ fbeebzjn
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?s_ [hevr_c azZ]zZ~dhc y\ey_ lky ﬂezagﬂ']‘“ IQ jdZzez ;hevrhc x ghZnjbdZgk

dhgp_gljbjm T1ky \ g _dhlhjuoFZhk&zk dh RXWKHUQ $IULFDQ /DUJH

ZIfhkn jgu_ ihlhdb b iue \u [mj mj;]‘ JZaJ _gb_f nhih]jZnbc A Zjdk
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. b mqgzklbb ij_ab” _glz X:J
DZebnhjgbckdh]lh mgb\_jkhig'lZe \k_Eh J —
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g_"hklZlhggh Hg kd_ilbq_kdb hlghkblky \h"
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baf guf "baZcghf emqgr_c dhjj_c
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nbgZgkWwgb_ 6%$/7 gZ _]h i_j\u_ e_| 1_jbh™ h[jZsWgpy_ eZ"Z \hdjm] KZImjg

fbeebhgh\ gz khhjm‘_gb_l e_kdhiz khkfIkZe\ekyhgh\ a_fguo gy _]lh ~bzf_Ij

gZ h[hjm~h\Zgb_ fbeebhgh\ g4znNZpklu_]h hj[blu khklz\ey | luk df
HklzZ\rZyky kmffzZz [ueZ ih _jl\h\ZgzZ\lhjmdbkbmigbd kj_"b kimlgbdh\ ieZg_I kh
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Total Solar Eclipse of 2019 Jul 02

Geocentric Conjunction = 19:21:36.4 UT
Greatest Eclipse = 19:22:53.0 UT

Eclipse Magnitude = 1.0459

Member = 58 of 82

Saros Series = 127
Sun at Greatest Eclipse
(Geocentric Coordinates) N
R.A. = 06h46m14.7s
Dec. = +23°00'36.5"
S.D. = 00°15'43.8"
HP. = 00°00'08.6"

External/Internal
Contacts of Penumbra
P1=16:550810UT
P4=21:50:33.8UT

Local Circumstances at Greatest Fclipse

Lat.= 17°22.7'S Sun Alt. = 49.6°
Long. = 108°58.8'W Sun Azm. = 359.0°

Path Width =200.6km  Duration = 04m32.8s

Ephemeris & Constants

Eph. = Newcomb/ILE
AT= 762s
k1 =0.2724880
k2 =0.2722810
Ab= 00" Al= 0.0"

wwwwwwwwwwwwwwwww
s} 1000 2000 3000 4000 5000
Kilometers

F. Espenak, NASA’s GSFC - Fri, Jul 2,
sunearth.gsfe.nasa.govleclipseleclipse.html

1.D. = 2458667.306672
1.D. = 2458667.307558

Gamma = -0.6464

Moon at Greatest Eclipse

(Geocentric Coordinates)

R.A. = 06h46m17.8s
Dec. = +22°22'09.7"
SD. = 00°16'14.9"
HP. = 00°59'37.8"

External/Internal
Contacts of Umbra
U1=18:01:043 UT
U2=18:03:246 UT
U3 =20:42:19.6 UT
Ud =20:44:443 UT

Geocentric Libration
(Optical + Physical)
1= -3.96°
b= 0.86°
c= 6.09°
Brown Lun. No. = 1194

Partial Lunar Eclipse of 2019 Jul 16

Geocentric Conjunction = 21:24:59.4 UT
Greatest Eclipse = 21:30:39.6 UT

Penumbral Magnitude = 1.7293 P. Radius = 1.2029°
Umbral Magnitude = 0.6577 U. Radius = 0.6679°

Member = 22 of 81

I1D. = 2458681.39235
1D. = 2458681.39629

Gamma = -0.6431
Axis = 0.5892°
Saros Series = 139

Sun at Greatest Eclipse

(Geocentric Coordinates)
RA. = 07h43m48.8s N
Dec. = +21°1738.6" I
SD. = 00°15'44.1"
HP. = 00°00'08.7"

Moon at Greatest Eclipse
(Geocentric Coordinates)
R.A. = 19n44m00.35
Dec. = -21°52'53.5"
S.D.= 00°14'58.7"
HP.= 00°54'58.2"

Ecliptio ._____

Eclipse Semi-Durations |
Penumbral = 02h48m42s

Eclipse Contacts
P1=18:41:58 UT

Umbral=  01h29m22s U1=20:01:15 UT
0 a0 45 & Ud =22:59:59 UT
JroMinutes P4=00:19:23 UT

Eph. = Newcomb/ILE

AT~ 7635 F. Espenak, NASA's GSFC - 2004 hul 07
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