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I fl l'l /'I 

u~iu~:::~~LGG~l.1 ~i !.LU~ L!.t'!}-1.1!.LU ~L!.:::LM.nm~vL ~Lr\fl.G~l.1 ri.t-ri.L,\!r\ 1 G~UG~1 LnJ!.L~~~LG.:::~11 ~w~rtb1t'~ 
' " " 

' G nm ~Ll.!L!.G~l.1 ~i Ll.!L!.t-pb1Ll.!L!.G~b1 ~~L~Ll.!L!.lbkftl :::~~gtA.gt-~,¥ i t'!.IA.~_t-b1t'~ ~ ·~ 

I\ "'"' 
t'G)t!U Ljftl G~b1rt~:::Lrtb11ftl t-L.~Ut'~t'~~~~ 1n,1JoULb1 uum»L!Jl.ftl G~l.1 Ll.!L!.11kfti Gn~m,ii.n.kftP~~gtA.g~ 

' I\ 

~_t-b1t'~ ~l rt~1rt~1t'~~~~ 1 G,IJot'~11E:GF1.~1 G]or\~~k\ lf tA.g~~_t-b1t'~G~b1~Ur}G!.lA.U ~1@Ll.!L!.~W :::!.[1!.LU~f':ILnJ!.L~~ 
' ... ' 

!.LU rt!.!.U:::rul.! Lfufu»L!Jl.!.LUr\ 1 G~b1~U r}G!.IA.U ~1@Ll!IL!.~W:::!.[1!.LUng~~!.LUr\ 1 ~·~ 
I\ "' 

ri.~~L!.Gr\~1 G]or\~~~11 n,~~[1 rn~1n,~~fl.1~i rtLt,l,!~~1kt 1 L!Jl.~f':l~G~l.1 m~L~:::!.L~nr; 1 ~¥Ur}G!.IA.U~1@ 

Ll.!L!.~W :::!.[1!.L~UGm 1 ~r\b1L.\J~fl. i r\G~1 UL~fl. lt'L~U ~11~~ ~1 :::~~Lwnm (U'J) 

I\ 

~t,~t'L~~~G~~~n,n,:::!.t'LlA.Ll.!L!.Gr\~1!.LUF1.',Gr\~1G,IJoF1.~~G~UG!.Uftl (G'!) 
" ' ' 

I\ "' 
¥Ur}G!.IA.U~1@Ll.!L!.~W:::!.[1!.L~UG1G~~G~~L!.E:rli,Q>$~b1 ~Ur}G!.lA.U~1@~t-~t'L~~~G~~~n,n,:::!.t'LlA.¥Ur}G!.lA.U~1@ 

Ll.!L!.~W:::!.[1!.L~Um 11k~G~~ L!.~fu,Q>~ 1 ri.p~L!.G:ri.~m,ii.ri.~~G~!iUL!.fl.ftl (®) ... 



~\ld ~ud:::nB'l.Jn1d SMEs ~'1~1~bbc;i'l.ll'lB~1'UJ 1f11J1l.11ddflVl~\l '1:::c;i'a\lii1\lb~'U 
" 

«qiqi1?1:::?1iJmiJtJu5Vi'LIJ1Wl'l.JJ1f11~ b?l'UB 1 'Wfl#\l,!'U bb~1 fo;J~A1J1l.lrl'U hJ b n'U~~A1'1JB\lJ1 tJ 1~Vl1l.1'1J'U1Vi~;ff 'U 

.. 1""' Vl~b'l.JtJ'U 1n'l.J ?1?11. 

er .~ vi1n~~'LI-LJ'm?i'LIBzj\llJ1'li~ud::: n a'l.Jmd SMEs bbl'lbU'U'l.Jflfl~5ddl.lm~~a«ru'lJ1~1vitJ 
\J \J , cu 

Vl~BU~'l.J fl fl~~ ~Vi ~\l;ff 'U Vl1l.J n 1\ Vll.11tJ1 V1 m?l'U Bd1fl1 '1\l ffJ 1d 'lfi1~1'1 Vi'LJ B \l~~'UoLJ B b?l'U Bzj\l b U'U'l.J flfl~ 0ddl.!Vi1~m~ , dJ \J , \J , 

~a«qi'll1~1 VltJVl~BU~'4flfl~~~Vi~\l:ff 'Uml.lnDV1l.11tJ'LJB\ll'11\l Lh::: b Vlf'lhJbn'U'fatJ~~ rn 1 ~VIU1 tJ\l1'U'LJB\l~~~Vi~BVl~B 
~Vi~1\l'11 n ~~'UoLJ a b?l'U Bzj\l b U'U'4 flfl'15Jdl.!Vi1~ ~a«qi'll1~1 vi uvi~aii~'4 fl fl'1~ ~ Vi~\l :ff 'LI ml.I nDVll.11tJ1vitJ~\ln~11 

~~'UoLJBb?l'UB~ b U'U n'1n1J~1l.1 1~1~'1 :::1~i1vi6mmddflVl~\l ~b oLJ1~1l.Jfl1Vlnd1 tJ'1:::c;i'a\l 
" " ' 

b U'U~'\.J d::: n B'l.J md~ b U'U'4 fl fl'15Jdl.l Vi1~ ~ a«qi'll1 ~1 vi tJVI~ Bi i ~'4fl fl'1~~Vi ~\l;ff 'U ml.I nDVll.11tJ1 vi tJ ., 
b . md'V11'1'ruru1~ei"ll1t1 / ., ., 

b.(9) 1'Umru~~'lJ'U:::n1dUd:::mVid1 f11B b~nV1JBUn~ '1 1l.11Jtl~\ll.JB'l.J~\l'LJB\l1~fld'l.Jc11'U 
" 

m tJ 1 'LI er 1'LI'V11md ilrnbl'li''LI~'Vl1-UaVl n'1\l~B~\lVllVi'1 :::~'1 1 dru1~Vi'V11-UaVl n'1\lb U'UVlil\l~mb Vl'U md'V11«qiry1miJ 

bb 'l.J'l.J«ruru1~\lJ~'l.J 1 'UoLJB C9l.rn n11K 
"'"' ' 

b.~ 1'Wndru~~'ll'U~md'lh:::mVid1 f11Bb~nvidaiin?1'1~?11iJ1Jti~\ll.IB'l.J~\l'LJB\l1~fld'l.Jc11'U 
" 

.rntJ1'LI er 1'Wvhmd vi~a~\lVllVib~'U11hJ?1iJmd~Viv1'1-UaVl n '1\lbU'UV1i!\l~B Vl1l.l oLJB b.C9l ~'ll'U:::mdud:::mVi'i-1 f11 
" Bb~nvidaiirn1'1:::c;i'a\lv1'1«ruru1~a'LJ1 tJml.l bb LJu«ruru1~\ld:::i.. 11 'U.LJ'a C9l.rn vi~av1'1-UaVl n'1\lb U'LIVlil\l~B nu~\lVllVi 

CL/ iu CU V I 

.fl1tJ 1'LI rnbb l'U i!LJ'1Vi'11n1'Wffi~~'l.Jbb~\l bb'1:::'1:::c;i'a\l11\lV1 ilnud:::n'U«qiqi1bU'U-;J°1m'Ub~'Ub v\1n'l.J~BtJ'1::: ct 

'1JB\lJ1rnro11~\l'1Jm~ud~m m1fl 1Bb~ nvidBii n?l"l ~~\lV1i'Viti 1~~B 11l 'LI'1Jru:::vh«qiqi1 LVitJ 1-Uvi~nud~n'U mh\lVl~\l 
a~1\l1Vi~\ll'la1ud 

(C9l) b~'U?!Vi 

(~) b~flVl~BViJ1'Wvl~5'U1f11d~~'Ui\l ·~1tJ zj\lbU'Ub~flVl~BViJ1'Wvl'1\ll'LI~ffioU'b~flVl~BViJ1'Wvl 
i.T'Ui1d:::l'lm~1vii.J1vh 'Ui''Uv1'1«qiqi1 vi~ana'Ui''Ui.T'U 1~bn'U i:n 1'Wv1'1md 

(rn) Vlil\l~B~1UJ:::rl'U'LJB\l5'U1f11J.fl1tJ 1 'Uud::: b Vlf'l Vl 1l.1~1B ~1\l~flru:::mdl.l n1J'U ltJU1tJ 

n1V1'UVi ~\ld~'l.J1'LI-ffa (9) .~ (~) vi~a'1:::bU'UV1i!\l~a~1ud:::n'U i5b~nvidaiin~miJ15md~mm1ru:Unm\ln1vi'UVi 
' "' 

(~) Vlil\l~B~1UJ:::rl'U'LJB\JU~,;Vl b~'tl Vl'U Vl~B°IJ~,;Vl b~'UVl'UVI~ nvi~~ tlffilK~UB'Uill1Vl 1 ~ 
. , , , CV 

u d::: nB'l.J n'1 n1Jb~'UV1'Ub ~ B m d~1 ru'lJ tl bb'1:::'\.Jd::: nB'l.J5Jn'1~1 '\.J d~ n'U Vl1l.!Ud::: m f'l'LJB\l5'U 1fl1 Jbb vi\lUJ::: b Vlf'11 V1 tJ 
' ' 

ml.IJ1tJzjB'l.J~,;Vlb~'UVl'U~5'U1f11Jbbvi\lUJ:::bVlf'11 VltJbb~\lbl tJ'U 1 i~Vld1'l.J lVitJB'U l'1l.l 1vi'1 oUVl1l.1~1B~1\lVlil\l~B~1Ud:::n'U 
' ' 

'1JB\lo'U1fi1J~flru~mdl.lmd'UltJU1tJrl1Vl'UVi ~\ld:::'l.J1'U.LJ'a &. .~ (~) , 
(ct) ~'Uoum~~u1~ 1 VltJ ... 
vi~nud:::n'Ud'1:::A'LI1~ 1~w bJiiViBmdmntJ 1'LI C9lct i''LI i!LJ'1Vi'11ni''U~~'ll'U:::mdud~mVid1fl1 

" ,, 
Bb~nvidaiinA (~'1J1tJ ) ~'U'11n-Umrn~'Uml.l«ruru161iB'LJ1mb1~1 

\J \J "tlJ 

VI~ nud~n'Ud'1:::A'U 1 ~ lVitJ hJiiViamdt Vl1l.J BVlJ1~1'U'LJB\l~?IVi~~Bzj\l~\lVllVi 11KfoiJBU 1-fo~1 
I II I ~ ' I 

~. fJT~1.:l bbf;l :::n1d'11tlb.:l'IJ 

~\lVllVi '1~~1 tJA1~\l'LJB\lzj\l h111iJ.rn ;;~"' A1 b ~l.l Vl'1BVi'1'Um;;ienm~'U 'l bb'1:::A11 i~1tJ~\lU1\l 
bb~11 ~bbn~~'UoLJB b?l'U a~1~fo mdri'Vi b~Bn 1 ~b U'U~'LJ1tJ b~B ~J'LJ1tJ 1~~\ll.IB'l.J~\l'LJB'l 11Kfld'l.J c11'UmiJ«ruru1~a'LJ1tJV1~B 

\J \J 'J .., ... 

oLJBVln~\lbU'UVli!\l~B bb~~~\lVllVi 1~Vld1'1fol.JB'l.J~\l'LJB\l 11b~ tJ'l.J~Bmb~1 



c;. ei'lilca1fi1ui'u 

ri1tJf ulil 1ll bb uu'1 qJqJ16ff e:i'lJ1 EJ bb 'U'IJVJ 11J b e:i mn1tJ-a ~ m ~11 rnB b~ nvi1mJ n~-d' 'V!~e:ioLJ'e:i\il mM<ff e:i 

'lJ1mtJ'UV1U\l~'iJ 1 ~fl~ L 'UB\il11-re:iEJ'1~ o.\vo 'lJ'iJ\111fl1A1~\l 'll'iJ\l~fJ\11ll1~folleJ'U~eJ1'U 
~. n1-a~utJ-a~n'Liri11lJ~1-a~unw~a\I • 

~'1l'U~m1tJ1~n-w111rnBb~ f1Vl1ffUf1~ zj'l 1~vh'1ruru16ff e:i'lJ1EJ\il1ll bb 'UU~\11~'\J L 'UoLJ'iJ (9).rn Vl~eJ 
'U "'"' , 

vl1oLJB\ilf1'1\l<ff m tl'UVIU\l~B bb~1 bb~ mru '1~~eJ\11''1.JU1~tl'UflT1lli11~'\Jf)~~B\l'lJB\l~\l'lJV\l~sff e:i'lJ1EJ~ bfl~~'Uil1CJ L 'U , 
1:m~nmhiiJvEJffl1 rn b~B'U -U'u'1~'11f11'U~ ~\l'Vlf~ 1~~\JllB'IJ~\l'lJB\l l~EJ~'iJ\l~'U~~fl1161ivmb61lllbbm'lJLVILollfl11 
1~~~\I b~llmEJ L 'U (9)tt: 1'LI -Uu'1~'11 n1'LI~1~1'rnb~\lm1ll-<l'11~u n~~B\I 

' 
@o . 'liB61\11'U~'Vl~1 'Un11~'U'tiBb6l'UB U!;'l ~ ~ i 'U 6) 

(9)0 .(9) b~'Uri1~~~'11vi1'u m16ff e:iri~\l il 1~m'1in b~'U\l'UU1~ll1rub~'Uu11\111'l~EJ1'\J1'1~1'\.J1\I , , 
u1~"il1u\luu1~mru ivct:bb (b~'U'Uan~1nri~\I) 

fl11'1\l'U1ll 1 'LI'1ruru1'1 ~m~v\'1 M ~m~B~'IVl1~ 1~f uv'UlJ~b~'Uri1~~~'11m~'Uu11\I u u , , , 

t 1\l~mu1'1~1'\.J1\I '\.J1~"i\'1u\l'U'lh~mru lvct:bb (b~'U'Uvn~ r nri~\I) bb~1bvh'1u 
(9)0 .lv b~B~\l'Vlf ~ 1~rl~b~'iJf1~~'UoLJ'iJb~'UBd1EJL~1 ~b tJ'U~'lJ1EJ bb'1~1~\il f1'1\lsff v~\l'lJB\l\il1llfl11 

~ ~ 

'\.J 1~ m m1rn B b~ n Vl1ffU n ~ bb~1 '11 ~'lJ1 EJ'1 ~~ B\I i\IVl~e:ii.11~ · ~'lJ B\l~\I n~11 b .LJ1m '11n ~1\IU1~ b vi Pl bb'1 ~'lJ e:i\IJ'U rJl B\I 
~ 

i11b .LJ1m 1~EJV11\I b~eJ L 'Ub!K'UV11\l~iib~B 1 VJEJ b~'UB ~ bb'1 ~~1ll1 ~ i '1L~u~m11'u'lJ'U1~mll~1'~ll'U\il~11m1m~vi11\I 
~ ~ 

rill~ 1rilJu1 ~ m Pl n1vi'U~ ~~'LI-if a b~'Ue:i zj\I b tJ'U ~'lJ 1EJ'1 ~ rJl e:i\lu .0u~ mll n!JV1ll1EJ11~1EJm1~\I b~~ll m1~1 ru'U EJ'U 11 

~\Iii 

((9)) bb ~\I m1i\IV1~ai11~\l'lJ e:i .: 1 ~6ff B'lJ1 EJ ~\I n~11b-if1m'11 n~1\l'\.J1~ b vi Pl~ e:i mll b ~1vi1 
mEJ L'U ITT 1'LI -Uu~\lbb~1'LI~~'lJ1m~'\I V1~vsff v'lJB\1'11n~1\l'\.JW bV1Pl b 1mb~btl'U'lJB\l~f ~ll'U\il~11m1m~vi11\lrill'U1flll 

~ ~ 

tJ1~mP1EJm1'LI1~u11vin 1~m~a5'LI 1~ , 
(\v) ~~m11~~\l'lJeJ\l~sff e:i'lJ1u~\ln~1Tu1·win 1~m~e:i 1 vm vi~m~e:i~ii~vi6b~m~mnu , 

b~B 1 VlEJ '11 n~1\l'\.J1~ bV1Plll1fJ\IU1~b viPi1 VlEJ bl'Ubb~'1~ 1~fom.iru1\il'11 n mll b ~1vi11~u11vin~\l'lJeJ\IJ'U1~m~e:i5'U~ , " , 
lJ1~b~B1 VlEJ zj\1'1~~B\l 1~1''1.Jv'Uru1\il b ~'UJ'UnB'U'Ud1Vlf1'lJ'iJ\1'1\l b~B5'U Vl~B b 1J'U'lJ B\l~f ~ll'U\il~-J1rn1m~Vl11\lflll'U1flll 

, .., , . d.I 

'\.J1~mP1EJm1'LI1~u11vin1~m~e:i5'U , 
(rn) 1 'LimruffilJtJ5u11mll (m) 'V!~e:i (lv) ~'lJ1EJ'1 ~r;) v'lfu ~~\il1llf1!JV!ll1EJ11~1EJ m1 

~\I b~~llfl11~1 ri1'1l EJ'U1l 

(9)0.rn ~~'LI-if m~'UeJzj\l~\IVl1~ 1~rl'~b~ia mb~1 11J1 tJv\'1 '1ruru1V1~e:i-ile:i\il f1'1\l<ff m tl'UV!U\l~eJ 
~ " " 

m EJ 1 'Linm~n1V1'U~ ~\11~u 11l 'LI-LJ'v ITT ~'IVl1~'1~~u'Vl~n'\.J ~ ~ n'Um1~'LI-if m~'Ue:i Vl~m~EJn~v\1'11 n~ae:in'Vl'Ll\l~B , ~ 

~1'\.J1~n'U m1~'LI-if m~'UB~'UVJ bb'1~m'1'W'111ru1 b~EJn-ra\11~i'll~1.Um1ll b~EJV11EJ5'U ('11ii) 111J~\1'1~'W'111ru11 ~ 
b tl'U~~\l\11'U \il1m~ b D EJu m~vi11 \I m1ri~\111~1 EJ m1~ ~<ff e:i ~ ~~ 1\1 bb'1 ~ m1u~vi11~~ ~.n 1rif~ 

~ , ~ 

(9)0.<S'. ~'IV11~~\11'U~vi~~'1~ bbtll 'lJb ~ w b~ll b~e:i'U 1 'lJ vi~a-ile:in1V1'U~ 1 m b uu'1qJClJ1Vl~a-ila\iln'1\I 
<ff m tl'LIVIU\l~e:i 1 ~b tl'U 1 umllm1m-M'LI'lJv\1'11-Un\11'UB' EJ m1·~\I~~ ('11ii) 

~ , 
(9)0.tt: 1 'Limru~be:in~11bb 'UuVf1 me:i n ~11tJ1~m~11rnfo~ nvi1B'un~-d' iim1ll-LJ'~V1~mbfi''ln'U 

~~'LI-if m~'Ue:i'1~~ v\ltJ nu1l\il1llr111-W'1oEJ'lJeJ\l~\IVl1~ r111-W '1 0EJ~\ln~111 ~~a b {]'LI~~~ bb'1~~~'U.LJ'e:i b~'Ue:i 11Jii~vi6 
'U ~ , 'U 

b~EJn-re:i\lri11i~1EJ1~1 b~m~ll 



Glo. ti ~-:ivt1111m'1tJ':i~m P1 CJrn~ nnT:i ~111~€11'Umru~eJ1ud1~1111CJ~erd'U.LJ'm'1'LI€l'1~ b~CJ n~eJ-:i 
" 

ri1b~CJmCJ11111 '11 n~-:ivi1111hi1~ 

(Gl) ~-rnl\11 hi1~~'U n1':i~\11'1 ':i ':ib~'U~'1~ 1 m 'Un1':i~\11~€JVl~€lffi~fo~l11'1':i':ibbV11lib oWCJ'I 

~€l~'1~vl1n1':i~\11~€ll·1~-:id~€l l tJ 
(~) i1rn':im~v11~b.LJ'1i;lm~HlJ ~erd'U.LJ'eJb'1'U€l~'1l 'U ~m':i~111~€lvt~eJffi~forn':iA111b~eJn 

" 
i1i;JritJ':i~ LCJ'1ltl~1l.l n'U vt~€li1'11'U 1~b~CJnuerd'U.LJ'eJ b'1'U€l':i1 CJ 5 'U vt~€l-LJ'111'U11-:im':i bb-d-:i-LJ''Umh-:i b ll'Uu':i':il.l vt~€l'1l.lCJm.i 

" 
n'Unuerd'UoLJ€lb'1'Um1CJ5'U Vl~tl b '11vt1J1m 'U n1':i b'1 'Um1fl1 vl~€l '1 €l11m~v11 m':iV1'1~V15'U 11111 'Ufl1':ib'1'Um1fl1 

" ' 
(rn) fl1 ':ivl1fl1':i~\11 ~€lfl~'ld~ 1~1tJm'1ri eJ1~b fl \1lfl1 1l.lb~CJmmb ri~-:ivt1111 vt~eJm~Vl'U 

~eJtJ':i~ LCJ'1ltl'11u1':iru~ 

((() mru5'U1'Uvl1'U€l'lb~m nu (Gl) (~) Vl~tl (rn) Vlll.J~rl1Vl'Ul111'Un!Jm~Vl':i1'1 
~-:i €1€1 nvi1l.lm1l.l 1 'Wn !]Vlln CJd° 1~1 CJrn':i~111~€1~111 ~1-:i bb'1 ~ m ':i u~vt1Tw'1qn 1fl~ 11 

G> G>. nTaunu&ivi1l.ln~'Vl1l1 mb6'1::':i:: bUtl'U 

1'LI':i~Y111-:i':i~CJ~b1mrn':i~€l erd'U.LJ'e: b'1'U€l~1~~u rn':iA'111 b~eJn1 ~b u'Uer'U1CJl'i' eJ-:itJ fiu1iml.l 
" " ~ 

vii;l n bnru'Yl~n!JV1l.l1CJ bb'1~':i~ b DCJ 'U 1~ n1V1'U 111111111mfl~'lfl~111 
G>E. m':itJ':i::d'.h..1ernm':iunu&i.:i1'U'U€l.:i~ih::ml'Um':i 

~-:ivt1111 G11m':im!1 (;.JrJ rn':itJ ~u1i-:i 1 i. t bb~1 b'1~'1vi1l.l'1 '1J '1J1'U €1-:i~d'U.LJ'eJ b'1'LI€lffi~fo rn':i 

A\1lb~€ln 1 ~b U'Uer'U1CJ b ~mhw1tJ':i~ biJ'U(;.Jfl fl1':iUDtJ1i'ITU'U€l 'l eru':i~ neJ'U fl1':i 
" ~ " 

~-:id vi1nerd'U .LJ'eJ bfft.m~1~~um':iA~~ b~ eJn 1li~1mnru6Vl~ n1vt'U111'1~ '1 m~~u rn':id'U.LJ'eJ b'1'U€l 
" " 

vi~€lv11 '1qJ'1J1nu~-:ivi1'111 Hi1m11 



,, 

';i1t16':::bBV~f'lru~n~ru:::bo-w1:::"!J~&i1tl'u1b~B~'11v1-rumwJeinb~B~~1vbf'l~B.:illilbVim.1 • • 
(Blood line tubing) 

@. 1'1il~'\.J';i:::&i.:if'l1'Um';iHfo1'U: b~mllt1'1J~611titl1b~e:i~'11vi-ru11j'VJe:im~e:i~~1mf1~e:i-:i11ilbYimJ . ' 
ID. f'lruliln~ru:::~1ltJ 

' 
b.C9l b llt1'1J~tl1b~e:i~~611m';iti H1~ nu bfl~e:i-:i 1mYim.mn~1J 

' ' ' 
b .b 'lJ~611tJtJ1b~fJ~ 1 tl C9l 'lJ~'U';i';i"il 1tlti-:i~vh1 ~\h11"l"il 1m~e:i~1tJ Ethylene Oxide bb~1'\.h:::ne:i'U~1tJ , , , , 

'lJ~tJ1b~eJ~bb~-:J (Arterial line) (9) 611tJ mi::: 611tJthb~e:i~~1 (Venous line) C9l 611tJ m:::btJ1:::~n 
' 

mml"l (Chamber) i1 filter H'11vifome:i-:i~llb~e:i~ 1~~8~-:JbbtlG'lm.J~rnll 
b .bn i1~1me:i-:iue:i-:inm~e:ihf1 J1 vi~m~eJ~boLJ1bf1~e:i-:i (Transducer) (9) ~1m"ilbbtJnH~h-:ivi1nvi~eJ~~nu 

tlmtJ611 tJtJ11~\9le:ie:ie:inm"il1nm:::btl1:::~nmml"l (chamber) 'lJ8-:J611tJtJ1 b~e:i~~1 
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