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fltl\l V11n1'Ufl1'JL~'Ufl'J1fl1fl~\l,.r'U ~d'UoLJBL~'Ufl'J1tJ1(;)ilflru~iJU&i~\loLJfl b.~ Lb'1~oLJfl 

" ' 
b .~ 1'IX~L~'Ufl'J1fl1'J1tJ,.r'U1ii'Lbl'i'l.J~fl 1 'Ufl1'JL~'UB'J1fl1~\ln11~LJwnflUfl1'J'J1tJ5'U1~ Ln'U~eltJ'1~ ©ct 

" " " 
ct.©o V11n~d'UoLJ'm~'Uflzj.:i:iJ1 'li~LJ"J~ nflu m"J SM Es LL~ L U'UUflfl'1li"J"JiJm~~el~ru'lJ1&i 

\J \J , Cl.I 

1 vi tJVl~ffU &iu fl fl'1~~ {;") ~\l~'U \Pl 1l.J n f1Vll.J1tJ1 vi tJ L~'U el"J1fl1~.:i n11"J1fl1~1~ {;)'LJ fl\l ~d'U<LJ' fl L~'U flzj\l b U'UU fl fl '1 , dJ \J , \J , 

li'J"Jl.Jm~iJ1i)~fl~qi'lJ1&\1 VltJVl~flti&i~flfl'1~~{;)~\l~'Ul'l1l.J n!JVll.l1tJ'1Jfl\l~1\lD'J~ L Vlf"11~ Ln'U~fl tJ'1 ~ m 1 '\X~{;)~fl 
~ {;141\l nU~flfl'1 li'J'Jl.J m~~fl~ qi'll1&\1 V1 tJVl~flij &\~flfl'1 ~~ {;") ~\l~'U \Pl 1l.J n!JV!l.l1tJ1 V1 tJ~\l nGl11 

~d'UoLJfl L~'U fl~ L U 'U n"il fl1'J~1l.J A1~"il~ 1il~VlBl'l1l.J1'J'JflV!tl\l ~ L oLJ1~1l.JA1Vl m1 tJ 
" " ' 

"il ~l'i' fl\l L U'U~ flfl'15"J"Jl.J(;)1~~fl ~ qi'll1 &\1 vi tJVl~flii &\~ flfl'1~~ {;") ~\l~'U \Pl 1l.J n!JV!m tJ 1 vi tJ 

" b. m-avh6lruruToi1::61ie:i'1::"lJ1EJ ...... 
D.(9) 1 'Umru~~'IJ'U~fl1'JD'J~ fn{;)'J1fl1B L~ nVl"Jfltin~ ~1l.J1'Jfl~\ll.JflU~\l'1Jfl\l 1ilfl"JU'11'U 

" 
.fl1tJ1 'U ct 1'U'Vi°1fl1"J i1rnL~1'U~vl'1oLJ'fll'l n'1\l~el ~\l'Vf1{;)"iJ~Yl"il1"Jru1~{;)v]'1oLJ'fll'l n'1\lLU'UVfi!.:i~mL Vl'U n1"Jvl'1 

~qiqi1mmbUU~qiqi1~\l'J~~ 1'UoUfl C9l.m fi1i) 

b .l!:l 1 'U n"Jru ~ ~'ll'U ~ n 1 "JLJ "J ~ n1 {;") "J1fl1 BL~ nvi "Jflti n ~1~ ~1iJ1 "Jfl ~ .:iiJ flu~ \l'll fl.:i 1il 
" 

mu'11'U fl1tJ1'U ct 1'Uvl'1fl1'J Vf~fl ~\l'Vf1{;)b~'U111~~l.Jfl1'J~{;)v]'1oLJ'fl~n'1\lLU'U'Vfi1\l~fl ml.J.LJ'fl D.(9) ~'IJ'U~fl1'J 
" 

LJ 'J~ m {;)'J1fl1 fa~ nvi"Jflti n~"il ~ t9i' fl\lvl1~ qi qi1~fl miJ bL uu ~qi qi1~\l "J~~ 1 'U<LJ' fl (9) . m Vf~flvl' 1oLJfl \Pl n '1\l L U'UV!i!.:i~ el 

nu~\l'Vfl{;).fl1tJ1 'U ©ct 1'U -Uut.l{;) "il1n1'LI~1il1u Lb ~\l bb'1~"il ~l'i' el\l11\l'VI~ nLJ"J~ n'U~qiqi1 b U'U'"51'U1'Ub~'Ub vh nu 

~el tJ'1 ~ ct '1l el\l"J1mfi1~\l'll el\l~LJ "J~ mm1fl1B L~ nvi "Jelti n~1'IX~.:i'Vf1{;)Ei{;")~el111 'LI'll ru~vh~qi qi 1 L{;) tJ 1-ff 

Vf~nLJ"J~n'Uel ~1.:iV1tl.:iel~1.:i 1{;)~\l~el 1 LJ-d 

(©) b~'U~{;) 

(l!:l) b ~fl'Vl~el{;)"J1i'Jv1~n'U 1m"JL~'Ui.:i~1 tJ zj\l Lum ~flVl~elm1vJv1'1.:i1'LI~ffi-ff L ~fl 
Vf~flm1vJvlJ'U°ll1"J~~m 41wu1ffi 'U1'Uvl1~qiqi1 Vf~elrlel'Ui''UJ'U 1~ Ln'U m 1'Uvl1fl1'J 



~ 

(rn) VIU \l~ eJ~ 1'\J 'i~tl'U'1JeJ\l5'U1 fl1'i m CJ 1 t.1'\J'i~ LVlPl ml.I~ 1eJ~ 1\l~ riru~ n'i'il.Jn1'i 

'LI1mrn.1n1V1t.111l lii'-:i'i~u1'LI-UeJ (j).cs: (tv) V1~eJ'1~LlJt.1V1u-:i~eJ~1'\J'i~nt.18 L~nmeJiJn~l'nl.!15m'i~rnuuru~mn-:in1V1'Ul1l 
' " 

(cs:) VIU \l ~eJ ~ 1'\J 'i~ tl'U '1J eJ\liJ ~,j'Vl L~ 'U Vl 'U VI ~eJ iJ ~,j'Vl b~'U Vl'UVI~ nvi -r~ ~ ~1~-ru 
' ' 

eJ'Uru1~ 1 ~U'i~ neJ'Ufl'1 fl1'i L~'UVl'U L ~eJ fl1'i~1 ru'1J ~ LL(l ~U'i~neJiJ5'in'1 ~1U'i~ tl'U~1l.JU'i~ fl1P1'1JeJ\l5'U1fl1'i bL ~\l , "" , , 
U'i~ L Vl 1"11 Vl CJ ml.I 'i1 CJzj eJiJ ~,j'Vl L~'U Vl 'U~ 5'U 1fl1'i LL ~\li.J 'i~ L Vl 1"11 Vl CJ LL ~\l L 1CJ'U1 ~Vl 'i1iJ l\11CJeJ'UfalJ1moff~1l.J 

' ' 
~1eJ~1-:iV1u-:i~eJ ~1i.J'i~nt.1'1leJ\l5'U1fl1'i~riru~m'il.lfl1'i'U 1CJu1CJn1V1'Ul1l lii'-:iwu 1 'LI-UeJ (j).cs: (tv) 

' 
(ct) ~'Ui5U~'i-r~u1(l 1 vi CJ 

"' 
V1~n'\J'i~n'Ud'1~fit.11~ Ll1lCJ1l1iil1leJmdmnCJ1'LI (j)ct i''LI uuti't1l'11ni''LI~~'1J'U~ 

m'i'\J'i~ m 11l'i1fl18 L~ nvi 'ieJU n~ (er'LJ1 CJ) ~'LI '11 n-Um.m~'U ml.I~ ru ru1~eJ'LJ1 mL~1 
\J \J Ill ti 

VI~ n'\J'i~n'Ud'1~A'U 1~ 111lCJ 1l1iil1leJ m d CJ ~1l.leYm1~1t.1'1JeJ-:i~~l1l~~eJ zj-:i"5'-:iV1111l 
' 

1~-riJl.JeJ iJ HLL~1 

I II I ~ 

~. ri1~1..:iLrn ~nT"r~1m..:i'U 

"5'-:iVl111l '1~~1 CJ ri1~\l'LJ eJ\lzj-:i1~ 'i'Jl.l.n 1'\;~(l ri 1 L~l.l ~ (l eJl1l '1'U.n1'\;eJ1 n 'i~'U I LL(l ~ 
ri11 i~1mr-:iu1-:i bL~11 ~LLner~t.1-UeJ L~'UeJvtl~-rum'ir111l L~eJn 1 ~b tJ'Uer'LJ1CJ LdeJer'LJ1CJ 1~~\ll.JeJu~-:i'LJeJ-:i 1~ri'iu'11t.1 

" " " ~1l.l~ cy cy 1~eJ'LJ1 CJVl~ eJ -UeJ~ n(l-:i L D'UVIU\l~ eJ LL(l ~"5'-:iVl111l 1~~ 'i1 '1-rul.leJiJ\l1'U~\l'LJ eJ\l L~CJiJ~eJ CJ LL~1 

~. B°'~'i1ri1t1~u 

ri1u-ru ~ 1l.l LL uu~ ruru1~eJ'LJ1 CJ LL 'UuVf 1 CJ LeJ n~1 'i'\J'i~ m 11l'i1 m8 L~ nvi'ieJU n~d Vl~eJ 
" " 

-UeJ~n(l\l ~eJ6U1CJL D'UVIU\l~eJ 1 ~A\111 'U eYm1~eJCJ(l~ o.lv 6UeJ\l'i1fl1rl1~\l6UeJ\l~fJ\l 1l11~fol.leJ'Ul'ieJ1'U 

~. n1'i~utl'i~n'U~11~~11~un~~B..:i 

er'1J'U~n1'iU 'i~ m \1l'i1fl1B L~ n Vl 'ieJU n~ zj,:i 1~vh~ruru1~eJ6U1 CJ ml.I LL iJiJ lii'-:i'i~'U1 t.1-UeJ 
\J ti"" , 

(j) .bn Vl~eJ vi'1-UeJ~ n(l\l~m D'UVIU\l~eJ LL~1 LLl'i mru '1~vl eJ\l-riJU'i~tl'Ufl11l.l'll1'i\1l iJ n'\"l~eJ\l'1JeJ\l~\l 6U eJ\l~~eJ6U1CJ~ 
' 

Lnl1l:ff'U.n 1 CJ1'LI'i~CJ~n(l 11lJi.i'eJCJn11 (j) tJ i!uti't1l'11ni''LI~ "5'-:iV1111l 1~-rul.leJu~-:i6UeJ\l 111lCJl'i'eJ-:i~u"5'11lm'i 
'lieJl.J LL611l.J LLm 6U 1mim'i1~~lii'\lb~l.J.f11CJ 1 'LI (j)ct l'U UiJtl\11'11ni''Uvtl~-riJLb~\lfl11l.l'll1'i\1liJn~~eJ\l 

' 

Ci) o . 'ti'eJ~..:i1'Ui1'V1~1'Um'i~'U'ti'm~'Umb'1~~'U61 
(j)Q .(j) L~'U ri1~~11l'1°1V1-ru fl1'i~eJfl~\ld 1~l.J1'11nL~'LI'liJU'i~l.J1ru L~'Ut.h'i\l (L~'U'U eJ n 

' ' 
~hnri~-:i) '\Jw'11tJ-:iu '\J w l.!1ru tvctb~ 

n1'i(l\l 'U 1l.11 'U~ru ru1 '1 ~m~vh 1~ l'imdeJ"5'-:iVl111l 1~-rueJ'U~~ L~ t.1 ri1~~\11'11n """' , , 
L~'U\liJU'i~mruL~'UU1'i\l (L~'U'UeJrn.hnri~-:i) '\J'i~'11tJ-:iu'\Jwmru tvctb~ LL~1Lvi1i.T'U 

' 
(j)O .\v LdeJ"5'\lVlll1l 1~A\11L~eJner~t.1.LJm~'UeJ'i1CJ1~ 1 ~L tJt.1er6U1 CJ bL(l~ 1~~ n (l\l~eJ~\l6UeJ\l 

" " 
ml.I fn'itl'i~ m \11 'i1fl1 BL~ nVl'iffU n ~ LL~1 ()' 1er6U1 CJ '1~ l'i'eNi \lVl1tiil 1~\l'1JtJ\llii'\l n '111 L -U1m '11nl'i1\lU 'i~ L Vll"l Lb(l ~ 

" 
'1J eJ\l,f 'U l'i' eJ 'l'u°1L.LJ1l.J 1l\11CJVl1\l L1eJ 1'LIL~'UV11\l~ij L1eJ1 V1 CJ L~ 'U eJ ~ Lb(l ~ ~ 1l.l 1 'i'11 ~iJ ~n 1'i-riJ 6U'U 1~ ~ 1l.J~ 

" 
-r ~l.J'U~ ~11 fl1 'in'i~Vl'i1\lfll.J'U1fll.JU 'i~ fl1Plri1Vl'U~ er~'U-UeJ L~'U eJzj\l b lJ'Uer6U1 CJ '1 ~ l'i' eJ\lU nu~~ 1l.J n f'IVll.11CJl1~1 CJ 

d.I ti \J \J d.J dJ 

fl1'i~\l L~~ l.J fl1'i~1ru'1J CJ 'U11 lii'-:i\i 

( (j)) LL~ \l m 'ii \lVI~ eJi.11~ \l6U eJ\l~ ~ tl6U1 CJ Iii' \l n'111b-U1l.J1 '11n~1\lU 'i~ L Vll"l ~ eJ ml.IL~ 1vi 1 

.fl1CJ 1 'LI ~ l'U UiJ~\l bL l'ii''U~ er6U1 CJi\l Vl~eJ~tl6U eJ\l'11n~1\lU'i~ L Vll"l L l'ULLl'i L D'U6UeJ\l~-r~l.J'U~~11m'im~Vl 'i1\l 
" "' 

fll.l'U1fll.IU'i~fl1P1CJm l'U 1~iJ'i'iVln111lm~eJ~'U 1~ 
' 



~ 

(~) ~vi fl1j1 ~~-:i'1Je:i-:i~~e:i'1J1EJ~-:ifl~11'\Jjj'Vlfl1mn~e:i 1vw Vl~m~e:i~il ~'V15 , 
b~'i.Jb~ EJ1n'Ub~e:i1 'Vl EJ '11 fl~1-:itb~ b 'Vll"lm~-:ith~ b'Vl 1"11 'Vl EJ bl'i.Jbb~'1~ hH'u e:imlJ1(;1'11fl ml.J b~1vi1 1 ~'\Jjj'Vl fl 

, v , 

~-:i'1Je:i-:ii!'LJ 1viEJ b~e:i5'1.J~m ~b~e:i 1 'VlEJ zj-:i'1~~e:i-:i hH'ue:i'i.Jru1(;1 b~'LJ,r'LJ rie:i'LJ'Ujj'Vlfl'1Je:i-:i'1-:ib~e:i5'1.J Vl~e:i b U'LJ'1Je:i-:i~ , v , 

f \il.J'i.J(;1~11mjm~'Vlj1-:Jfll.J'i.J1fll.Jth~ml"lEJrn1'1.J 1~'\Jjj'Vlfl1viEJ b~e:i5'i.J 
~ , 

(rn) 1'1.Jmru~hh.J 5u~ml.J (C9l) Vl~e:i (~) ~'1J1EJ'1~~e:i-:ifu~vi(;11l.Jfl!JV1mEJ11vi'1EJ 
mj?f-:Jbrf~l.Jmjvnru'1JEJ'LJ1i 

(9)0 .rn er~'LJ-LJ' mrf 'LJ e:izj '!,~-:iVl1vi1vi'rl'vi b~ e:i mb~1 hJh.Jvi'i~ru ru 1V1~e:i-LJ'e:i (;'\ fl'1-:i~e:i b ll'i.J 
~ v v 

V1i.T-:i~e:i.n1EJ 1 'l.Jn'11~ri'1V1'1.Jvi ~-:ij~u111 'LJ-Ue:i ITTI ~-:iV11'vi'1~~uV1~flt.Jj~n'l.Jmj~'LJ-LJ'mrf'LJt1 Vl~m~EJ fl{e:i-:i'11fler , ~ 

e:ie:iflV1i.T-:i~e:i~1t.Jj~fl'i.Jfl1j~'LJ-LJ'mrf'LJt1Vf'LJVi bb'1~t11'1~'11jru1 b~EJ fl{e:i-:i 1~'dvi1 off m1l.Jb~ EJV11EJ5'1.J (()1iJ) jll.J~-:i 
'1~~'11jnn 1 ~b u'l.Jer~-:i-:i1'1.J mm~ b -U EJum~'Vlj1-:Jfl1jfl~-:i11vi'1EJmj~vi~e:i~vi~1-:i bb'1~ fl1j'U~V11j~rf vimflf \i 

~ , ~ 

(9)0 .Ci' ~-:iV11'virf-:i1'i.J ~'Vl~~ '1~ bbm '1J b ~l.J b~l.J b~e:i'LJ 1 'LJ Vl~e:i-LJ'e:i ri' 1V1'1.J vi 1 mb uu~ ry ry 1V1~e:i 
-LJ'e:i(;'lfl'1-:J~m U'i.JVli.T-:i~e:i 1 ~b U'i.J 1 t.Jml.Jm1m ~'i.J'1Jt1-:i~1i.Tfl-:i1'1.JeYEJmjrf-:Jrf vi (()1il) 

~ , 
(9)0 .~ 1'1.Jmru~be:iflrf1jbb1..1uVf1me:iflrf1jt.Jj~fl1vij1fl1Bb~fl'Vljt1\JmH1 ilm1l.J-rrviV1~e:i 

bbEJ-:in'LJ er~'LJ-LJ'mrf'LJ t1'1 ~ ~e:i-:it.J nu~ ml.JF1°1iil'1uEJ'1Jt1-:i~-:iV11 vi rl'1iil'1u EJ~-:ifl~111 ~~m ll'LJ~rf vi bb'1 ~er~'i.J 
~ ~ , ~ 

-LJ'mrf'i.Je:i hJiJ~'V16b~EJfl{e:i-:ir111off~1EJ1vi '1 b~l.Jb~l.J 
(9)0 . ti ~-:iVl1vim'1t.Jj~fl11"lEJm~ flfl1j~vi~e:i 1'l.Jmru~e:i1ud1vi'1viEJ~er~'i.J-Um"'i.Je:i '1~ 

~ 

b~EJfl{e:i-:ir11b~EJV11EJ1vi '1 '11 fl~-:iVl1vi hJ1vi' 

(C9l) ~-:iVl1vi hHvi'fu fl1j~virfjjb~'i.J~'1~ 1-til 'i.Jfl1j~vi~e:iVl~e:i~1vi'fu~virfjjbb~1~ 
b ~EJ-:J~e:J~'1~vl1fl1j~vi~e:Jfl~-:Jd~e:i 1 tJ 

(~) iJ fl1jm~v11~ b .LJ 1~ m~m.1~er~'l.JoLJ'mrf'LJt1~'1J'LJ~mj~ vi~e:iVl~e:i~1vi'fu fl1jA vib~ e:ifl 
~ 

iJ ~ '1 tJ j~ LEJ 'dtl ~1 l.J n 'i.J VI~ e:i iJ ?! 1'1.J 1vi' b~ EJ n 'U er~ 'i.J oLJ mrf'LJ m1EJ5 'i.J VI~ e:i-rr vi'1J11-:J fl1j bb "ti-:i-rr 'i.J e:i cJ 1-:J b lJ 'i.J l)jjl.J 
~ 

VI~ e:J(fl.J EJe:Jl.J rl'i.J n 'U er~ 'LJ-LJ' e:i brf'i.Je:Jj1 EJ5'1.J VI~ e:i b ~ 1VIU 1~L 'i.J fl1j brf'LJ e:i j1fl1 VI~ e:i?i e:i11m~vl1fl1j'Vl '1~ (;15'i.J1vi 1 'LJ fl1j 
~ , 

brf'i.Je:Jj1fl1 

(rn) fl1jvl1fl1j~ vi~e:ifl ~-:id~ e:i 1 tJ e:J1'1rie:i1 ~ bflvi fl11l.Jb~ EJVl1 EJbbrl~-:JVl1vi Vl~e:J 
m~'Vlu~e:it.Jj~ LEJ'dtl'11u1jru~ 

(Ci') mru5'1.J1'1.Jv11'1.Jt1-:ib~EJ1nu (C9l) (~) Vl~e:i (rn) (;11l.J~n1V1'1.Jvi1'1.Jfl!Jm~'Vlj1-:i 
zj-:ie:ie:i fl (;11l.Jm 1l.J 1 'LJ fl!JVlm EJ11 v11 EJ m j~ vi~e:i~ vi~ 1-:i bb'1 ~ fl1j'\J~V11j~" ~m flf] 

@@. mjt.Jl]u~l'11l.m!JV11l1mbG'l::j::buE.Ju 

L 'i.Jj~V11 1-:ij~EJ~b1mmj~e:i er~'i.J-Ue:i b'1'1.Je:i~1vi'fumjf"lvib~e:ifl 1 ~bu'i.Jer'1J1EJ~e:i-:it.J nu~ 
~ ~ ~ 

(;11l.JVI~ fl bflrusn~fl!JVlmEJ bb'1~j~ b -u EJu 1vi' ri'1V1'1.Jvi 111viEJ bfl~-:iflf vi 

@lfl. mjt.Jj::bih.1C-JG'lmjt.Jl]u~.:i1'U"l.le:i.:i~t.Jj::mJ'Um'j 

~-:iVl1vi '11l.J1jflth~'1fl1jt.J5u~-:i1mb~1b'1~'1ml.J~fYfY1'1Je:i-:i~~t.1-Um"'i.Je:i~1vi'fo fl1j 

ri'vi b~ e:Jfl 1 ~b U'i.Jer'1J1EJ b ~m11l.J1Uj~blJ'i.J~'1fl1jU nu~-:J1'i.J'1Je:J-:Jert.Jj~fl e:J'U fl1j 
~ ~ ~ 

~-:id V11fler~'LJ-LJ'e:i b'1'1.Je:i~1vi'fu fl1jf"lvi b~ e:ifl 1~~1'1.Jbflrusn~ ri'1V1'1.Jvi'1~flflj~~u fl1j~'LJ 
~ - ~ 

oLJ'mrf'i.Je:JV1~e:iv11~ryry1nu~-:iV11vi 11-ti'1m11 



"' ., 
":i1V'1~bBV~l°lru'1n~ru~bow1~ • 

ir11~eJ(;l":i1f11":i1vm"t.IB4b~B~ (Flow Probe) 

1X11~~ryry1rum":i1Vm61JB\lb~B~ (TIFM Probe) 61J'U1~ 1.5 '2 ' 3 ' 4 ' 5 '6' 8 ' 10' 12 ' 

14 bb'1~ 16 iJ'1fa:l.J(;l';j 

1. 1(;lt'lth~~.:il°l1 'Uf11":ib'l1.:i1'U 1-lici'1vi~u1~5m1m":i1 Vl'161JB\I b~B~m CJ L 'UV1'1B~ b~ a~ • 
q d~ 

2. "t.1~1°111~~1:l.J1":imb'1~~:l.J":i":it'l'U~'Vl(;leJ4f11":i 

2.1 ~1:l.J1":ifl1~5m1 m":i1vt'161JB\lb~B~1mt;''U b~B~ (ml/min) 1vi'bbtJ tJ rea l t ime L~CJ1iviiKnm":i 

Transit Time Flow Measurement (TIFM) 

2 . 21.ffbzjB:l.J~BFltJbfl~B\I Medistim 1vi' bviaH1~5m1m":i1Vl'161JB\lb~B~(DF), fl11:l.J 

l'i'1'U'Vl1'U (Pl), Mean Flow ( Q)L'Ufl1":i'Vh'\X(;l fl fl1TVJ1'Vl1\l b~CJ\l bt;''Ub~B~1X1h (CABG) 1vi' 

2.3 :ij 61l 'U1~61JB\IL'V'l":itJ 1.5 , 2 , 3 , 4, 5 , 6, 8, 10 , 12, 14 bb'1~16 iJ'1~ b:l.J(;l';j 

2.4 bb~'1~~'U~1m ":i fl1-li-l11vi' 50 fl~\! 
2.5 ~1 :l.J1":ifl Re-St erile L~CJlB~1b~Bbb'\JtJBtJ~\I (autoclave sterilization) 1vi' 

3. f111:l.J~1v1'Um":i1"1.:i1'Ubb'1~m":iu1":i.:i~n~1 • 
3.1 \il1 L 'V'l';itJ:ijvl1 :l.J ~tJ bb'1~';i~ tJ 61J'U1~61JB'IVl'1B~ L 'V'l":itJ-ti'~b"il'U , 
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