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comfort concept is not only limited to thermal comfort, as some people think. on the
contrary, it is a broad concept which includes several aspects that'mu;t be taken into
consideration when designing. Acoustic comfort is considered as one of the most important of
these aslects, especially in large space buildings, as acoustic design is an essential iesigning
need whose lntegration with other designing needs brings aboit comfort in its bro-adest
concept.

The acoustic design and achieving the acoustic needs in specialized audio halls and
mosques. has.been the topic of several studies. But the lack of siudies, if any, on acoustic
comfort in other kinds of buildings like exhibition halls was the reason behini targeting on
these kinds of halls whlch requiie both audio and vision clarity in order to acLieve its
entertaining and educational goals.

. 
Problems in buildings performance, specifically comfort and acoustic comfort problems,

can't be discovered until the buildings are occuplid. So, information technology ,neans, of
which computer simulation pro$ams are the most rmportant because*they work

:[llglegusly with the designing process, are used to help solve these problems. "As 
they

olter the opportunity to find solutlons for the expected problems and to amend the design
accordingly.

To put the above mentioned theory in action, the methodology used in this research is
that of setting acoustic performance parameters and testing the #cted ones by ,i.ututio,
program 'Ecotect'. Tables and figures sholvlng the results are lncluded.
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I (fullness of tone) 1"rIl LltList d.l3

iiiooo+.J ;F"j ,,. &ir 1 . L-r"Al Jisyl
crteull q:..,;;I g..1 Lr .(r r-\ ds.i)drtt

J+-.f eJJ4 gl ,,,ii aili Lr.blJdll ilJ,]

.lt^'!F .,lipJrlt 
6JJA

tl\.1 .J o--s-, {U (dti"i)lr ..:!l is" l; .- ) isEl flsi-l sr fu,,xll ,-r. fr .lJ.el,.4li , "tirilJ
C+ te 611- rJc (1Y-\ ) dS.ill 0;1; {ritr iSF.ll rl ",Jtrrl CIJ)| & tJ*ij.lt r.-Ut rtjJl .;a.1

.[r^t.r,\lc..,.oI L,5L

,N:$
JiYIJ l,-L l*.J- :rl ..1jS,

{s -iJl ctJyt I t-r J6.i

crL;Lc 61- .{-iitri l-.J el.-bill {r.i itiJ.-ll el3.)l ,:lJL ,} -ij: L.i+_ &tyJl lra uti ,:lU u,.r
' :.r.,,1iJ1., ,lls:)l 5litt 6uJt ,-J" l^j" L d*r iii)lt otJiill s! tClu r.a- #tr o.ts,itr u,-L-3.1

;;"-r!t gc A-. irl dF+ qrff $r.-ff ,,u-ll 9-,+ 61, !t iil,:)! Lli.-i. dS& f.11, rlJ,lrtr sjFt
.l6qJt".. 6..;,L-e r-.J_ rt ..-r cLjt! i)..lt Jte

:t4j,.att 6t3dl ,,rJt.- f-I
:s.L I <Jel.':ll Llilr o..-ll t+t+ 

":ll 
u,"tSnIlJ crat..i.)l crliLD d3l.3i;Jiill oil ,rs pi;-1

:'"U. il u.l,.i.l t - l- t
I i.+.i .r+J.all {sJ.,ll dLi.Jl r.i*i .di'lJt fi---:tt e! fs.]..,: eljl +-t*)t +rA:Jl crqiiill o. +j: is:,J.l-Jl rt/ 

"r.;; 
.tt ' 

t., ,rlsJ)l:.J 
,.-+ll dilr Jl rijJ J,iyl edf:.+r-lf iftuf u.e.i,.s+

i+S JJE :-ti. -.xe l+ +E rJlJ. eEi ,rJe e:ul Di .,. t*n dtr ,kr!, &fLJ !:J,.-lt aftUl dF 
.oJ.,,S

$-
tlI'(,rt
ri

=B
.EE

5E

t000 t0 m0
ioorr v4gmj; ms

rr.'Ir:*iJt :,rJi,lli.j i D I I-t JSi

iootn voluma: m!
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p..-.,s} dii..alJ. sle u-1.a3.)l jri.o ln*j5 .ht"r'rlcrLul ul-,r+r SSJSi"J| el56Jl ol45 u# dIS-)l
ll ., qol,.r''r-r:l.-l',1ll 4.-31*-i clYlJl cr+ i/r riyul .el*lt fu-ii c-".J| irL fu:-r :-l i$"3.ll

Jh-L HJr r- ;; iiL. ,rL i.blJl Jll ElrA ,-s,- .lr-iJ $Jli,Jl L,rrl*-i.)l ,Jc dr.-.Jl +J
i.&:^Jtl Lrlill 6l3DtJ i-,lJL elJCl drqJ+ irr ,,1-9Sr Llie .rl- qrt- elr.., dc ,J.,Sr.i"ll ,tsjl.ll d9Lll

.[t'rrFr]crl.:.:-,13!l o.re 6r1-.ci.! fu]LJl e.rlJl cl*.:lj.r.l-.!ll c]r l-lS-l .[rt"r't]UL-!l cP

absorption ) .pU-.;.ll d-lr-' ,ro.:-35 (\ -. ) Cl- e+i-l i.ii L arLJ u-L-i.)l ict6 6c .l';
dui ol' i.titJl i.rlsll iil.Lll ir"S d f,+tt ,tp u. i*&*ll eiUI l.rs 

"jl .,.l" 
ei-.;.; g.Jlj (coefficient

.[t "r'o]islJl "..r-3J -"+ll

:€r9.ll o"lSdl Y- f-\
4SJ.-ll a+-rll ,.rlsdl :'++L , :hi.'.J .ld l6;pl gAJt d1c l$J.-lt i+J.ll .ll.$-,11 ei! g.lS,i)l ui-,;*;

di*,lS,j)l 1"y-* #t .+r.-lt ailel -{r,:r .el.ii\ r:Us. rJs. .,;trilt ,;r:+ o.:L,.Jj 
",,SlJl CLJl ds^il Lp

dJ)l si-.--ll U"l5rill Jl&)U Oi.".- ll iri+ l- i.:tca rcL.ail! i1-L(,j)t L1i.:I.-ill *iitL-l rJ. L{. i"iil3

.[t'o''r''r]LrL^..,r lJ$L dll oA r5ll5Jl3 ;l3ll 4,ts,.i)l gl ell.r ,.tii

erlu;3l! f-Y,o t ,Jil d l,i iitl:Jl rjrl.r.: ,ill l\ o dr is. .""ll crls,fll i!J.-ll el,.)l .Jl:tl . tt"'r"

,J-S'r+ ,-iJ- 4"il.-ll e.ilLll LJ. ej+ Ub g+ll dA fuJlL !+-J J#S e.t + cr3.-tl p'L' , t $"i .iJlJl

.[1r "r "]i.,Sri.oll tl,.-il i^llUl cr.rlj t lS el*tl 6J).-J i+)- cr.:l-.; 1-IS3 . Ll""i.i -A)l c j;.Jlj

rrs3U ,#il C.t-,lt .tt ifu-ll sl+-rJl g"S'ji '''*-

i-ul: I.I$JFJI i+J"ll .tsCl JiLll d,,-b dlI)l .,lc laJ,,Jl

e.L J Lr-io l-.1 .\i*Jl a;Jj JhiJl q/ rJrL"i Ll"lS*il

1FJ.-ll 4+J"11 ,*trJ.ll cJ-*tlt .1" n.-al osL.i .sl ,"++ Cr-Jl

c,l+J.lt 4+ +Fl Jl .,i5ji qri$r ,iJ,r-l- I i3U Ll.-.3 i.InJ^ll

6ll.--,Jl dli {r-..-ll ELo*,,Jl frji l- (f-+lt dJs, A$jr-ll

.(t r-\ ) J$ "'t'r'rl;r,.-oll
e.rlt rr+lt "'-Pll 1r-l d6^i

High lroquo.lcy

,'t'i .rrl f o,fr,q+rJ cjrtll rl^ 
"Uf afl"l r,+ O-ls L& Usl. I dJ" 4$J-ll d,t+ll Cf cll+:

LJJ'tll , -.. dF J$l el"-Jl '.+ oA Lst urts'j)l f cl-:r ,h-F .+r ll cJJLll f..,.tt (.3re t'rL+ L.tit

qrr. $"i dl qj$/ r:rls-,13t1 i+t . .lt 1*1,r"ll dlrt)l gc, l.1-t.ai (\ - \ ) ,Jr"+ll ,,J"';r ,,-l5ll .,.lc *f.9Jl
.gl;Il c.rs-l ols-,;ill

DtfLEslion

L^5-Fll $"Jl ol.rs-1iJ.! liFil dllLYl (t-l) dr+

1.. Y. \ 6r r Yo. \IO r-;il|

,t .rl \ .11 Y.VY (r) ir+ll drtl

el-;.ill ,,,i3.-ll eb)l ,rlc iJil-. i-sya+

L+UrJl ,.t--oj rdr q..-.alj .,.3l.r-jiYl J*iilll

JiSi crJ,-tl !+J tl dlr.Yl3 CAJI lt ql i,r* il),Jti dlJ+-r

.J.j ,./ -ifl t". te,l-,rl*r.+SJ-ll crLlS,:)l cJr-r rrj rJc-l

.iJlllJl dJJiill d Wr i$J.-ll LJSt.r-ll ,.r:+ -,1.*L3 ,qr3.-Jt
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:qrjl*Yl .;S.al g"; t-t
i.;-llll st'-dr ra;l5Yl ,{+J.-ll crLlSlYl ql.."B ret:ill d e-jJl 6jl ll -riul crjr-Jl rJ_r-_l r,+

.[o'cr'\'] u.trirjt -l+h Cr: crLlS.i)l lra ir. ,JSl *Ul cr...-lt rJ_r-r 0# 11.jll

JFli iri .r-ll rirri r: rii drtreull ,.ir.-ll ch)l .x.r.: d re -rj: dr $rlqryl Si:ll crj 4+*! IJJ

qrJ fo Jl sJhil -lSi: C.r"-t dil d.-t iJJSll cil,..etill $rr .el.:ill ,f dJlJ"l.ill e,l .,le .:l-tc,YL CJ*
C-+ cJr-l d$.rl .t$t3 + A. Jl d.-t $i l$J-J"ll &Lctitl oi Ll 16r--ll ,,.i,"., 41r.J.;Jl J$rll 4rrrE

.[r',r'^l1L :rtl dtisl) a1s.,,iJl c5.ijs..ll

:qi$.$ +.l..;i$ (JF.i o-t
4IJ.-ll erLlS.iYl ql (-,it a1e d3-ll Jr.-.ll .ti-* r*l ) ,t+ll o_Jl LjLL a:l ,rJc rjlJjll ,-iJEJ

i-il.Lll 6-d..'c.r_rQ Ot Jt st+-l)t+ *:.-ll aE- -DJ.i iss- or..i € Cy;:.-,. gi Jlir.f $,i.i-L,g.!l

JF-,3l.-ll J$-^ll clitl s:oy ,,.;jl.-Jl (-Ii.Jl ,./ ujlj.ll-l JIA)I ,.J" EJJ Lj.-.+J rili.rall C. a.ai-lt
1' Jli-i^r or-.-ll Lr-is ,Jr"ir+l 6Jin*.ll c.ir!l-l .l*.r-r-rs t6Dr ,J---+ aj+: i_.riil sll &J-ll LF.

' i Jlii-r ct*:ill a+-.+ criJl ha .'Jrt 'or: .Reverberation Time (RT) qr-,rjr g,.; ui-.lry cl+*r

.[\vv_tv.l *,,]4+]il.ll a- &-
.u:lS.ll dJelni *f psll 4t*Jt+G eL^:ill dltJ FsJ drij*t C. &l-* Ol .,.r:t or .. lr ,r:r,.-ll ),.,Uill Ul

ii,--Jl cJ-c,till s"r d.-i .i-l .tJi .,1-.,f iJri d13s kJ &yf ,,:J.-ll +Urll dFj gls a ,rri,.-ll , iJill3
.tl=.lt e$-i-l JrL LIDE U," oJ,-ll 4l'.l, sJEtliJ ,Jl.-ll +JJrJl o.-rt aSJl irfuJ .4+ti \,A ,r,ll i +Sll

d)"j Ll (psll ar..,iltr dl.:iYl ++ x.-ilt +UrJl drj gl /l e-1t.iyl * .[rrr,r'rloL-:oitl irr i,-UlJ ,JlJl
l.r+ \rL +rJill dri or* ) 6l aLcl-,p,:,rJ {l )l .(l \-\ (Jsi) ;pyl i|*xl+ d..bit +:ti jjL)t q.r-.;$

.[r11u''rlqi,L+ i$l*ll crl-;,.-rl ri;r Loa l+ L*-i orsl y r.rtl ++F:4iF];J dr-slr rilJi

:Li".#t d5l&tl 1-I
sl-r.rl ',' "'rJ ,l+- rLlS"i u. ecHl ,f--,r ,jL3 -rtr-l Ll :.-rl-s,,l iJrl eL-biJl .C 4SJ.-ll (.El&ll JJS

ir*U.ll >+ .rL.r)l 'r'i "t Jl .hi i."Sult i.-ul rl"5r.ll 6il-i ry,3 Lelil! ilihll 6eLJf ,,,r."r -el ic,lill

:clSl&Jl orA g.ca.iJul 6:t-U

:(Echo) dr.all t- 1-t
g:-Jl .5-r^-ll ,,'t",J ul Os-" i-r*Sjt otelill $i crLls*i)l 6,. .:.:c. u. elill crr-ll Jil,fi-l ,s -u.i:Jl ot

i"i.tS 4+-p C.t+J.Jl o)A OJSI ,'.r-t L gt*.,Cr UJ.-ll €,t+J"ll gr,lSril ir J-i.ll or.all _tl_f3 i+ji: &,-l
orJl c!-j l-ric, Ll.li .dli Lll.-.il .Jr.-.ll crJr- Oc iL-ii. L-;-r.-a+ t65l;.ll # c+ill -,,1-i:llr rtll ,.1"

.[r11d' 'r1 yLJl cr-..-ll EL .*l Arli + .{ r -o r r+ 6.ul ll
dXi dF 4i3rs, ,,.rir i6+j .lr.' .r.r cp p\ A dr" JEI 4 dt, .Jjl_1ilJl .rl_l+tt g4; i.:Lc, d.\. tl n.:.+_t

.rl-ll Jr-"Jl ue e\i'ltl ,iLE.ll ,rsi--l.Jl grLJt ,lrl^..1 qlls O.3l r.lli3 el.:ill i*rid q;Jl \LlrU
[rt..r- .r]i -'rrri..-ll 4+Jfi11 J-93 ,',J-l $ij..-ll Jr.-,.11 Jl +-All .itU.ll qf 4S9-ll c.tl-lS*iyl a;+-r_l

392



:(Flutter Echo) JJsi.ll 19!.cll l- 1-t
r-i-1.....r1 .Urlr. jl &*j* &jl_ri. d,r.l- Cf+ l+l+l-l lJai i.e;*1 4+J.-ll ClJryl ""S;j 

L.ric &.s.1_l

,r-Je e"i-Jl d+ cl. \St1l # d.t-Lq,$l ir*t ,rJs q#j &ti, Lrr.-ll C...;,. .+sL: .jl ,r,L J s3^ll Lr.. ll

i-iliLll {r-ra 3l (buzzing) Cp-rUt cr- -;-rS:.ll 6r.-lt r:la a.r.Lj .1c..-t Uc' i].-ii. slJLi,l dls.i

jti t.a .r u-l$llr .ailL*ll i.JJl dJ+n;ylj r!..11 ,4lill e.ltill g; irte il.--r.(clicking) liriil
.[t"e't)rl"-;ll ,rs a..-Ul :ljJl al'r'r...1 3l rlctjt,rjl-Ill a!)s J*:ri Jl L.SlJl 69uf L!S.i -,*un,,.il

:(StandingWaves) allg 6t3.U r- t-t
elJ.)t-i ds+ e+., kj6ll .lSLr..,,. .y.i ICJ JJsi.ll q5.r-!l rrrtJ. u.iiJ riilJl clJF)l d[,:J
&ilS lil ..9-1,i.t i-,,11i cL^:ill ,jl-,-: cr r-ll dJ. as-J L s.-il &: i_lE g,&Jl ali.I & e4.,i Jl dlJs ailljl
gl;u;Jl C,,-.- +-ldL+ l+ .JL,r '* .-,r;t Ot! i+J.ll drt Jrr+ , i^ rJ a_,,p 4lJfi^ll rlJl$l ip irr.- Jl

.[t"'r'rlL-a.., r,.' f ."i.8 aiLi.ll olA ,J drt+ll rJl ,'rJ- .t.,rii iilJl . ;. ii. .t' t+ l]llr
t S ,OlJ+ll r-) i-L rlJ. fhil"L,' 3l rlE f"clill si UiJh+ ,JLL fiilJl elJryl #l& iJL- ,'lS+J

.[t"'r'rliirE]l lra cJilfr dl_,t:. eEli]l J*J ,.....,,..,!l tl r.:c,Lrj Ol i6+ l..Jl 1-r]&ll ,-ii-Jl jl

:(Focusing and Creep) dLlllJ -iJsJ,Jl t- 1-t
,JL-i) -!S-Fll-+ s.-.,r L lta5 c-orsl3 i!1i,*f e"+I Ol C6+ ICU J& el* ,i" *13.-)l U.Sr-s Lri.

.[i"'r 'rl ,5)l OSL)I ,C ljr cJsl Oj$ l-+ "..,1;+S i+J+ fi.ll d-r iJ.iill .rA qfi dJJ,.-Jlr ,(\ t-'l
JS-i) &-nJL gi--rl4.iU 4i. +:-li r;r* Jrra. O. -plJlj ,.1,J.. eJo- ,JJt ."lc' cr-Jl U.lS'jl Ll

u.-e st-,&)l .u:c, Lr* J-+ O_*+ gSll E!-.tt j;t .Jr ilL:ll a.lr os oj"-ll gL- OS+ .(t o-t
[r . .,r- ,f] 1 n

e.rastJl

dL:lltltli I o-\ rK.i ,fl-ll js-ilt;-.,ptl I t-t ds,i

:a.:, t 3l-tt L1,iii!l :*.itll Jrr.Jl
:rj+ll !:trq qiOuJ L$-J,tr.Jl l.t:l r -r

ro tsil,i,:Sl fr L Ll. l3 dl: q'Jl+.ll $i iil]nll ej,l:Yl cJStL Ol

.,,i:tLb lti*" 4taUtt i^l; .t--+ td s+.ll i5:l ,-lBr d$ ilL
.Ulij*r l*sl3 .,+ll g+.-l sl .J+r JlYl iprv..-ilt

cJ. ,".1'+ 15js3 l-,!Sil crsll ri dti.i)l

,J-l-r.ll d LBr Jl&Yl 0+.+ leri,l
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'rl lJ,53[ rt6:l.r*i:'-9:'rlil ':'tlJ,r Cr.+ ir,..5 qd qi#cYl !.:lr-rl dr)J.,-ll c]1-l-l rJ.,-i l_,,JnJ

ol.,)-&ill .Jl,l, .r.!rl3 3..p,1 dls& L.3+. Jl iL-ii. i-;.u+ crl;iiJl ob 6.o &t rtt er. j*lsJl.1ful-j-yl Jl
computer ) +*ult iLSlr-lb l'l,o..r s+l+ i*-xt- +ra c,-r]s,LrJplJsll A.c,Ui-J 4:$L_J,-ll +;ri!f os iXtll

.+.'lc. crl_j.riiYt cl.,pl-e aiul_,pj .Jdr-[. g.b-l .J+ .1. ,#Jl Cul "!$.i 
illS.l e;s (simulation

&r--rbi' Cl ot-lt+ayl iLJ* dyi o" la;Jlii i.ril.. o c.,i r,+ i..-ti lJi:6 L.t+. !:u lra ,.,fi- $J
ds'i'u iJJliL l*rl +y ,'l+l+r crlcl-,f c- l.F.Lij dr:-.r.t'-r l+r*i 6s ,.ll+. a,fr cf eiurr o.ll .-,r -.r..,r 5 .td

.4+IiJl l;iill d Urts FJ* 4,riilll ora ,rlc JiSl ,-iJ*illr .4i{lJ"i" OrSr U!.lr -*S

:a+.,Xlrll EtStr.ll !f: t - f
4-iiiirll iuJl r' il3 rl rJrJrL3 dlJl .rJrlJl ric,ti-Jl LE 6+re d.)Ll.,.J .Jrs q"*1; +ra ,/:

.tt'lirrlsal .ir>L or o$L.ll3
dFs+ ) sil til Jill fu.t+l*l i-lnyl Jl el+.x)J ss"l+Jl clrl*ll :r-l-.p d.*r-ul itsl-:-!l d-j-il
jk ctl rt'sl.. eh -tuLr.iitl 

4+LJl{ }iiIJ LJF,r+il ,v os+; ,1gi-Jr 6tJ.J ./ gnr ds&.1il-x*r r{+tr
ei!-jjl 4r-S: Jl l++jl3i{3Jl r3i1 cJ ,s. tell ,,Jc.;tSL-ltr _r5fil r.rr- d[i!.ft]n[ dF.: i].-ii,, el;l ir*r
'-r3*lJ[r l;t:Jt t+-scJ d-i.Jl pl rsl i-lL,.lr L,Js Llr^ii.r gfu yj .4+iri dhr*:J oi+ir, o !ir,,j ,l:r-,!iyr

. 
tt t)i**LJl, 

itsLr.ll j
*Sl+ u':'Jl sL J,.Jl 6*"+ cJti:l ai il .*)s'ull ii.l ,rJe eitjll oJA dr 4sJii".lf 

ErJEill ei.l r&jJ
las'l q-i 6Jii clyi (qJt lt +lr+ll) ,r+^ll dlrL 4l+ a.trJAll pr:l .,-,-Jl"oI jJtiyl {.,t+S.t +,*r
e-s'tt s.-s lrJ'J. ots J t-S s+ll e-lJill ,i! ssLi ;si -,r+-,1: .i..Jr dJ. crir fl sfr e.ljJcr ari.i..,c

..:j*Lll jrh ip-l;iil i-,1-1,.-t 1Sl,
e; fuL:-Yl il. gs Ecotect t+i.r lr,Ljl itSls-lr c.t; ,-r. _r-r.6 :.rc igyl fu3)l or i-t} .:i,l

. .,4.-rtl l.u ol_,fsil clsl o.i

:Ecotect 6rU.; f -t
.L+JlJsll .i+*r,]l) iisi-ll crl.J*,sJr cJ1r.c 6rlJ ,lt, d.lsi. A+ r".; ilrl Ecotect e.u_l :,:cLjl'.I clLill ql"e ;l,s: a;J',i^ll e-ti-rCl ;16;13 gl ..:!eryl 4$)3 f--l4et: e. (, it<tlJ .i,i,."Jl rieL.b)l
()t4 Li*{ ajBjl .,$r .{ a--u. lj;l=: ol5rl & g-tul gA: .is>r e:r; dr. de.r L t i

.t'rle.UJJl .J." ,y i.L.J .9l ,,r laif ,:S+ LJjl.l;3 ,drtt!i,..
ii''-.',.11 crlrl.:c)l gi*1 ,,'ll.'u ulli 6r.i iJrlilr . ir* JJ .;y1r q3r.:r _ll+ir d e.uJ+lr ,lr*.J ,r-r.lr
c'l-rlil k' ,-l Cl i1*l.)l oL:l;riYl ti-2'-,,.tt.ri l.s.crl-i..,is,yl cr;l d+ h rlill ,..-,*J ,"lr Cl

.qlEll *l_.;iill ."+ *'* iJ* l_ tiAr .(Ua .,jj"-ll) -,r!nlyt + +hll

:iit".Jl €hl.c$ \-t-y
g3.l ii$r i.;s+ L$"j"-ll actiSll crl_,/-riit d;) C.ljJIl lcrLi rp crlrhc.yl e+.:j e-fill oia ,s ii-

.e.UJ.ll tny+ orll g9;Yt d-lt+.iyt gl3r:y :.rjlt !r crl.:l.:syl dg.-lii qf d,iSt
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.-tl r-iJJ .i-, JLll ir..,LYt .l Aill J:l 1.,,. i-lJ:lt )$ *{^u rt{Yl *$E ,rolJpil 6i3,.i el.i,il .:,1

1.6:i.r5 *l;t,iiYl i*a,-.rt^.'ll a;l Yl r,5-gYl elrJt u. rro g. rL.rIl $3xll eir.iJl :l;i-l p+ g-tj.JCl

e.u-l$ i.r^.,ijL ..8+ rlr',)l o3)'i erl-ill gY dli3 .4""ii e.UJ*lt ol r,.;tlYl Cll.ill r,,,,) f+ ,il s!:l aiti

1-'*i i..-ti rt$u,ll cl-;1 :..oill {iJr. Jl c$Yl ps.i edl'l-i Y dtL-,Hl nYJ .r!;".a!jl aLl ..*tl qd fhii*X
kti+ o:tt ol+Lr-Jtr &)ir"ll e dll u" Y+ $Lr:-r .(complex geometry) lririll i#"$dl e ll*ilt JI+
crt-.Jr+ll J-;,.r1 ;ti dJ:J..ua!c .lS -**ii iJ.4js"il e-UJ,ll f!11,Jl -rcljill gn:c_..+- LJ,A^: l\:.'i... ll

i-lL dS Ji*i1 .tii ;.rrl3 +if-,$ elLu OrS.l +;s.1 e-llJCt+ i*tJl ..;ptr.Jlr .:c.l3iill ois{ L.L- uA ,",rt ,+rt

.[t'p'1t].3.1 i-,;.r*o+ ,ria i3c.ll eJtxll ,J*rt 6.ati]l cJ+ p"

,r--le t' 
'-'ir.J 

e-ljJ*ll ;l l."Ic ../dl al5l d. cJ.r ,-}S1 fu-95lll 4,6t i.i)l :l3Jl qr.:: e-tijJl ,.,tL1J ',J

'" .J- ,lrti'"Jl i+L a-lat+ll *lr<ll ,-r..,l"x d ,.Jh qf qiLllYl .:ljJli65.r 6-1lt+ll 11itl.iYl c-rtg-/t i4S"

.(1-Y) Lls* rlll iSS.0.,+I.LJ| ;tiiYl t$_*Jl eLlil i-dlLl e.U:ll y*

: Ecotect e.UJil4,*t-Yl ol.}l.;iY! Y-r-t
geometric ) +*"*tt 4SJ.-JI aLl-,.rll cl*.p.l ,;.;iJ JScYq Llril ej)Jl *bl_;iiYl ci.,+ g-U-.r,lJ ;l

.t'"',t 6 dr (acoustic calculations

.(d.- ;3q) 4+J:*I .l*U-ll 6_f*Jt d. A."L.rJl i.:iiJt cl--aill gj&,* JS e'-iLiti-'\

.i^rii* .LAi{ dJir dl iillll L.,;'r. 3l c.r q..-ll ar d*I6 ir"S d-}J 6J.jiii"ll oLll-Y
.(sumnred) Ci+i Al iS- lx.:l gl r,.5-1,i.1 iIlJ. fl .11-" 43[JJl allUl &1.*: {lL.ll ora ojr-f

.(interference) ,-fo/lllr (phasing) .j-r.IJl .E iJ+r^Jl i-9tlll *l;'t.,',,1 u.i+ lra-1-t

.fli'L*Yl q:lj;e )-e* rJJ+,i.r$-I el.Jl Udl.-aLl c).to'-o

#LiirYl qdll ,tirlr.rlll inS. (l-Y)dfr
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Oclry{mr}

:6-cUjl 04.:4*:J.4ll sLr.rl&.ilt| !+L.i t-t
JiL,Jt d,r"-ll g. iJ),Jli +:l f& g-L;-rll rn,,i

i.ii*. i.L"J ,f CF el*i JS ;i: .:ttr:t, J ,€: u:r-;J

(level) 6,&-* .J" erfi gljNl os i.r. cJSr .,r-,1r.ir,i1 -*
di.r.--ll E.* k!;ti. $c' d,r-$a!l Or*+; (delay.) *t:,
dl-ill d-.{r .\r-r-ll ,jr;l gt "iJt g_r ,l -*!.tt
i*ifi4jl c.rlrlYl*., dli&Jl _rol.i]lr(:t*ji*ll fj. ('Y-Y)

l,r'"1* rxr e-rij,Jt oi Ls.',Jt
.:L_\,1sll r_r*t;Ct rl-Lijl (y*t) JiSr

Eootecl e-U r .y' ar.^r*ll crj^jl _,riitlt, :*:r--tt

+lilt .r" +I-Ji et;l :*r 6.lJl gil .,Jl &lrl ,J-sdl dr,Jl3 -).iLJl cr q.-il .!^-t1, :(Direct) ,.-,r*Jl 'N
.# i!-J' . .*r'' 'Jl rJ# i*i,,,ill c*:a;y #l i$+tsl- ul "aF (>25 dB) !+; dL* cj-**,*/r
'rtte 6l-jYl g$.11 celli 6-s .(partial image shift) IJJ..JJ +p; r*r-lt .ill. Jr ,fs[t.il*ll +rl+,1

.urrur. ;t: .-1.:*t etLi-* ,,S +r.-I i*.!)l dr" +S ".:r 
.,.rr-i ;i".tt lil ;[i du$ 4+lte , ij(1ailg

'ir--.ll 6. t+-+ 6i)l p-Fr riirlJl iJt-lt oe >!ti a"rL" i.}-l Cl *L-\s,.:Yl 
"Ei5 

:(Useful) q.uf I
r-+-rr t- J33 ,.J$" dJ-r.ll s-..-ll g5 riua d," +-i L1.il Yl rci -lt i,nl+l .J. -iE y t6il 4._r .)i1.*!l

.ir*L e+y- all,t kj. .J-f+ t* ra-r-r..tr33 <i.rct* ...1

' i l"'i'i i li-tl o'ra: .L..o * salJ ilij. *tj-f. g,"r Lr.rq 4 (Threshold) ile cli:r :(Border) .ry-r" Jl!
6L! r,6ill &rr.J l+-Ll 4Jl5"Jl .t$J"-ll etlill ur* -t+,*Jr ;3! L.rie ,.)SII i&llLi.diJl ty.+**
ci.iilJ J.aiYl ir OJq Lric *.it-dl Lt .(qiu oL o . -ro) * Jrskl ha o.:r.r r5ra.r g.rJl u;-,,ill ,1ib: I

.(fo" lJ + A.) .Jl* dJS, s+*Xl _SIJI ;U .t- J:,.,n j !!*lf *yyl 
"1. 

rro o.;-1rL,Jl i.j.-ai.r^J i

;l AJ+,'. l-l S.lt" ir:is d orl+ e.n 
,-).-ll ,iLlS';l .J*r -*L ..i. &r.r::(EchO) .s*I I

4-JlJl ,l' Yl rJ. rrs &J L l.tl3 .ge; ryr.- c[j+ L" J,it.Jl cr s-ll &" l-u &-ij. .!s^t, el,q
I cil t's 'brl" "$i (Reverberation Level) q.r-.lill .s d* u. +-x* tniit oli L. q/r,-lt qs-.i*lt

.,J.-Yl i.-Jl ArL* J. dlin

) rh-.ll J-*riill a*. l*-,1--n,J,sri"ll ;.rq.-ll e{&+ 6rJiri a.99i*, c,oi:(Reverb) +r-xIM
clJF.--ll ult_;rl oj i;l3r i-at* td ..,3,S'1 Y *t*li;)l ;.[i q51:,,., !l ls .d-r ,(reverberation

.Cr-il e" LFIl.iiIi 6 ,p-i,,31x-Jl tal.L""J rpL;ill ,"/,J-r5Jl tSl;,:l :.le-ir<i$3

J-il*Jl o *.-.-ll i.J+ .1. trlS *LlS"iYl -tir- l*i."t i.:iii^Jl 4:':J,Jl drt-i*Jl *r, :(Masked) ;.rJlf
.olr-aill i""; ,!Sti. gi ,.lSf ) dJL*lS,jYl oio ifuj .csJiYl crLlS*yl,

:6.-,U./l t6rs.9 q$ 4$J,-lt i1!r...^llo-l

:nqjl,..ilt 4+iJlell &l{t.\ll t -o-l
e.U-rl -9->ts.i.-ll;iJl c.rti-.S-Jl e*1, ol. -;!l ;i drJt -r;:1;ll ;^; .pL,J .:r!L".Jl oia ,rii.,i,

:rrJ. L.Sj +rjl J.j u[*,rJ Jii+Jt Ecotect

ambient

J*il",*ll

39ti



:sit.rll +rill i,.i:13)l ifuJ.ll

.r! ll Fca .+rJrll g,rj r-rloJ lii .^# Lrii.".ll .rlll; el..aill f+-- Jl+s)l q,i Li- l,-r!l iiiJtll iri3

d,r Jr-e ,J',J-i.ll ",+rtl ilJtll r.lF .:ir +U,ll LFi -f+" rf .,;si C i'{.ll 6Jtll dr" J+*''.,c'g

.t{r.l$i-l ..F+ i1."sJ i.di elL'Y 3"-,1l&ll

eL-;i$ € rJitlDl,ll J &-ir dil+.Jl l]A #L."tl &r.+ll O. rrs Sabine d,*l \,tlo fb d
:i-,ltill iJJlJl d Er ,RT q:3ll gn; oL..,l L i$J.!r i,rr+d e.-ul :lll i;s5

RT= 0.161 V/A lJrS^ll Jilq rL:ill V e+-

(.Di i,.,.."-t,/r eL:ill dr; \rlsll U,.1.-3")l -A

el;ill 0..: Lrii..* 6rt. LISJ (a) lFt -3.11 &t'- x gl-I l't"* g-r+'

Li O Ji ;i!l crlcl,-alJl ills ei dr..all i$l d-&J ++ ,s3" o!+ Sabine odi oti clli ua5

.i-*i\i..3"!Ji.is Llp&:.1 O-Jl d>s-;l ,-rt .fji, +rl ,'l- .i-ibi^ i-S.s+bl-l^ i..alJl 'rlll

u-ii .i-i.: clrf g+; iJrlJl o.u gJti rt:ill si i.-lJl J3rll i.:!-141ls of: '..;;l+L Gr.L-r',rl^i L'

ir-j .l'.J! OJsi Ol .:.r; Lrlle (f : t+ u-L-i.Yl ,J"1-.-) l*-r i+r. drlet.iill tc+ O-'sJ .;ll e-)'r\ill dr)ul

o-Jl eJ$Jl Jl ,J.-Cl "orl& glti.c cr.+L ellr! .ririill d,"jl i*i ,rL,: iJsL-ll oia ..1ti ,i'a= \ors q'r-,,il1

&-9:-s, U,.J,Ji3 $-llJ NorriS-Eyring iJsl-- \-L3 tlq.:;i di\il Clel.:i! eljitl .l' nS+ l- L]':il Sl'3

:eiEll iJrtJl ,*J"-, t"" (trt'ii U$, sLts,j)l .J.*r c. dj"l-!ll+ dl-"-ll Ci& D"':l

RT= 0.161 V/-S*ln(l-a) :elslt iFl*Jl i.:1... ll :S Ol d+F

U€Li")l Ll'lt-c dJ''' =a

CL-] fd LS rl!i': -El ldt )l H-r- ii+.Il slrl..aill +rytl cl'i a'ri'"all 14$tl '|'t!': 4J':lJl o:a gl

Lrr.- l-d drlcL:ill j L'rr..-tl .rle"ll d!.ilS L!J .6eLJf ei.+l LJ,i"-r.Il i"dl u"ii t*l ,Jl d3leL5l] l"ii

#f: .Millington-Sette il-:l-- rJDl,i .J.lclt' J-"-'Jl ei cil3rlill gEil OLi LJ.ol'-:')l tl.oyl-l

,,* lJl -ln(l-ai) rf:t+ r9rllr (ae) -iftl cJat -i.)l &1- ,l'""'l ,P Ut+l er"

RT= 0.161 V/ ! -Si*tn(l-ai) ith i.:ul e!-Jl e-L.* -Si ol ,':-

,J'tll Ut'l"i'Yl Llal" =ai

e--.ri+ drl+x * # ell.r-+3 ri]l4r':l---l l4il d e-rliYl J$ 4jti riXll s!:tJl o.:a g+'ari rriJ

I crt E-j dlli-],(d1... lJlJl .illl ,lri:-l .As l*tJl slt gr".+l$i) ol.:ilt ir. il-"'cll oL3lJl

ij\ .rrl dr)Li+ fpff .r-rl k hiS-l dfu ) l.dl )l ,ilJl 
', 

l"+ i+y a;..-l +UJt dr"j +r'J eJ-*:

dli. &. \J. Jl cj..-Cl-l \i'ifJ" nfu Clr b2c'3lpr.-ll LlD.Lllr e+lJl dr'-I & cL'bill i .ir'..ll

:(Estimated Reverberation) si,.rir qr.flt :Lgttt uff'-*'
,.. i-".J qril--bill j,-*-ll au-r-b l+l-.*L -'-fii3 Ct ^rgr.-tt 

a.J)l '-i)l +l-il ,Jt ailtll o:a 1-#r

tFJa+ fUIJ dJy-tl +;s;3!l oti&ll !r ds qXy-:--t Jr*d u,-tJl os'lt f*J +ls'l J:: L- 'kj)"':l
.c\.-bill Cr- ol;lt ,,3r.-Jl +rJrll dr-l ri+ ;,-F
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#+t3 ,j-t, d1..3 L3" l9.ic iilL^ll i*.lYl UJSI rf-ril..-r)l ilJlll ir ij,: JEI 4.rJL!l o.:a r.r:Sj L i.:1aj
Li".i,S.J lJ*S el*ll 4tS lil tl .',.,- .el,ii LlS,rs +tL--)l i+rtill ,r. Ai.Al Jtsyl el.*yl ;gra3 (weight)
.(obstructed) aiJ.is.ll J*eJ 5-,ii.all eJ*.,Y| dF Jtsl .lt. is. -lo3l i*.iyl ir .l# s.u -L3i* i,--1i uJ$.
rr-D di+-ri.u .r#itisJl cl---'bill qr- $lsJl .;jr-ll cli.Jq e!- ,Js -iiJ l+JJ 6,.il-.. atsL. qJi^; L liaJ

Jh-i^t '-4sx .J.:il 4+JL gJ" &.1 el*.ll cllr u-L&l &l*r eJ*,, ,Js + +$J.-ll i,..,iyl crLl,L. I

.eL-i.ill us cr3.-lt ,"1" d g.rll pLJl U-La:.Il
L+UJI d#lli os *ul;Jl ara thii.,l +1s.1 ++r g.uJ+tl 'u t'l.,;o'I JIJI dlL p_xr. ,sJl .:ls-yLr.3

' t=Jl crL-LYl &t . thii-l .J)i ir Jl+i)l +i el*bin ..ir.-I qr_;Il 6:t LLi o .J, ,Jr.-.I .iJ^-ll
uElc ,-t' .(Ray-weighted Average Absorption coefficient) i.tit*Jl 4lr.-lt i*,iIl Jhi. (Jle

.el-ll .-l*.J. ,-r-Jl u,-1.;.0)l cJ.t - esj..n C l$.-.yl qJLll

:{f*${Jl 4dJ,-tl etj..,,eJl t-o-t
dl--'iijsl q/ "'-llill iJiJs-c oJs l{jSl .r"^ll u. iJsFIt ,J.l-*r d r+ 6+L oJs fuj. t --yl ci-,,Lll ol
dJ$ . !.11,#r"\ll $*ll g. {"+ti O:S etti)t o.:a ,,.llg 0-61 A!i_r ,(acoustical faults) lSr.-ll elli,yl
gL-' J*'!l plr:"r ulj ii^^-lll cJ.ly rs c. i.-li etloill o.:A s.c _l+$r g+.*"i ,,s 4r-ridl c.D[L:]l alLc
,-11-5.11.1 t ci-f-r i.--lJlr l..Sul 6rLJr thir-l cDri + dliJ .dnlJ,.ll a.:r pr6 r Jr, Cr .+-q1
4rJ-ll i,.iYl gti* 4lrt cl)r i,F 4il ,',J- ri..s.i.Jr SJ.-I i..i)l i-l_1.: + i$ ol os+ L l.ra_e.,..r..,tj.J1

.-lt) orLail Jl eE kt-r ("rSlr. ,5.i 
"J. ) 

ora _!j.r Jl els .*fill set -r.sj 
j6-ll ,y e+-l
.(ot.-t- jS-

dl 6r C,---11 clrYl cJ-.2-i3.;-..rt gdfli*l JS+ .,jEJlJ dr)l +-l-n-ll .C o..rf rip l-r
.(\ -Y)cJrr+ll

:e+f#LiJl cllrl.;pYl :&!l3ll 4l*!l
"p-.lL-,Jl 

c*elj ,rlc. psgtsst et: thii-L i$#Inll d.JJtni.. yl ir. rr", el.;ral _2 r.-!l lsl ur ,-,1*r
e-&il i-:rilillJ 6(\-r rJS.i) .:r..L ela; i-'r, Jt e.; g. Vilnius di , i-1i cf d$ll a-!.ii. -,p Jr)l
L-"!nl rhii..l J 'r+lll r.lrr Lc$ ,'r.-lt etr)r ieliS rrr+d (r-r iJs-) Seoul ,J dtiDj $-r ,j! ds*il

s-rjdl &t*ttt ,; d*- lil- UJ-il t"SJ ,'t- .qril*arIlJ,_"*Jrdl d[].ill dDi .;. dllr e*-r .lSr.-1 ,s-lf
cll-ia 6lJ lil L+iJ eL-bill qri i.3. J"-ll illJ"ll 6J-i 6etiS Lrr. iiJ,.l u,s,j.ll., -ril-tl o,.-ll diJ* &,x
tr'- t-'{. gg r-.ij,",J.t'i- +ils tiL-s)l Ll|.Lill Ll ..ti. i.rsc $Lt!. ,,s Jel* C .*r.-ff .-rjyJl .rir
i+'l.r--ll .1,)31 - ll r*t$ &-.r.lt ,.jl-ll +:-.r.lt g"j-r ,Jslyr _11i1:Jl Cr_t LAr .,i-Jl c6)t ,:l_;.i9

.-!;rl o. . rr-fo ar.r.i..'Jl ,*jl-ll J'. Jl 6l tl ;_.;Li)l 4. il.p.itll3  :,jl--)l O$iilJLJ &).3Jl

fv+' r,it e+ drLls.l)l Jr'i !r+ + ":;l g;ill Jl*ll ,4h {l sls ui-1q gitl; i."s,i.il t l. !t ,,31-. ll ol_,,[* q1u. j-5 I
liri J)I iri- l*ibls.il ,.d UJ.-JI crt-ll le - Lrr dI crtilsll
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Vilnius rJ. r-iJl L..l+ l-r JisJ

Seoul \ri dtitll jsJ. Y-r Lls"i

ggr+JL$3 6J$ii AlL JSI cj_rl-r+r 4rt LLr o iir4r tit --yl eiEill e IJS:*I +*lS.t ys e-bJ+Jl ,_.,1 Lc_,

e li.j etlet+ eliiSYl *:- l.l (n Y ...*+ l.S ilLr r .llr,-)i-xri-ll crYl.sll ;.,!sl i.1::3 .!*rrell_l 4-,jt -ryl
' -lr e.s-: !!*iill3 4tit"--)l 4+Jtltr +rJ.ll i,Fj ,J.l*a qrilL'. dr d! i-lJl rJjl\r1, c.r11.Li*ll .:-13

L Ll o ell^'l *p l.S ,4c"t! cJSl .sr. r.J-l+ r/ gir.::Jl gl-pl ai Or .,1c $Jl-!u)l +ii:]r Crj sJL^r LLi J
'b'u+r 4Jr*-ll ,-rslr'll ,lr:"r'"1 Jg -rYt u ic,lill , j 4rj,.-lr i^ru^I 

^ijy e;,jJ (cr_ri.3;l) :Luyr .jx

$i:r

----'---?f 
\g;

r.t-:'-'..-'.:.'.
:,:-.-:.<..,i

LiL;l Js ic[ilt r-r JS-.l
i.-bJJ,r*ll drt-JIl

:LI..in3 :i+L#Lill crlJt+:iyl I-f
.(r-rd$) Vilnius Lis:. i.c,ti :lgyt qr6Jt r - t -r

:(ilidl oJ!.3 dJLi3Jr. ,iJ+) $Li qpJ 4eEll s,jt$r.yl

eir'"i ox.r,;l-tlll (l-r)J"r+Jl: (t-r)J("xll d o-.,+. l.S JL:syr hA ejEi drlSr

..$a 6lJll (t-f)rJ_::+lt: ("-f)JSiIJ (Gjl-:yl q:;iJl g".j r*rl*,s jJil ejltjl
eh eis- c,Jlq drll (l-f)df,iJlr ..,i#iill +r;rlt dFj ,-1..,- Jtji.i.l eH elr-

..,JlSJ)l -x*iill irj uL,.r _,;tial
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JJyl iJ*ll \rilsYl q.l.!ll r.,.ic.t* Jtri:t e6*i t-r d$+
optimum RT (s008 !peelrr)l-616J

__Apgr"r nf lM 1.55 s
Most Suitable: MitirngtonTEiif

(Widelvvarytng)
FREQ. SABINE

RT(60)
NOR-ER
RT(60)

MIL-SE
RT(60)

63Hz 4.60 2.91 4.4t
12lHz 5.48 3.80 5.32
250H2 4,92 5.41 4.68
500H2 r.89 4.43 1.43
lkHz 1.01 2.80 0.40
Zlr}irz 0.96 2.66 0.34
4lr*lz 1.09 2.63 0.60
SkHz t.04 2.34 0.63
I6kHz i.06 2.2s 0.68

&yl ilL! 1,+i3ll +.-ilt ir.j er. ls _,fuiit citij y-r d3r5

optimum RT (SloHz _ spGrrir0.Eol
OptimumRT (500H2 -M;i"fi 5E

Mean F ee Pith LerrfrJ O 77m
FREQ. SABINE

RT(60)
NOR.ER
RT(60)

MIL-SE
RT(60)

63Hz 4.69 4.57 4.68
l2SHz 5.55 5.42 5.52
2sAHz 4.16 4.04 3.91
500H2 1,38 1.25 l.0l
llr*lz 0.73 0.60 0.27
Z$lz 0.70 0.57 0.23
AkHz 0.83 0.70 0"43
8kHz 0.87 4.74 0.48
l6kHz 0.90 0.77 0.53

ffi Ec

JJytlLll,#.lt*lr +rlr rJ.j Hl,s Jl+ii,t ejtii f -r JE f

ffi_Eteldk,

Jrltii* s+iil r$-i!t iFj uLr !:i.t cjEj o-r &.i

&

tu 

-h

!g!!!!l!El!lD.__

*)t lJt5ll-s+yt giBr .J.j +s -j$rt eB r-r .!.1

-E r!a!!X!e_-_
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t r, - -r..jy dt G,.-. ljlli.

,r.ilri]$., (r4...I1 rrrj$ CFj .ct -- -Y
iit it q lctru *psr.U ;ih$ c-jr

:(etajul.r$) ,rt"Cl

lsr.-ll litLll cuj (v-r)rJsilt o*,,.."-r

.€L*Cl lit-it .rr1 ,l^'lll ,Jrt

iiL.al u1la,till ,/ liJ-lt irLUr 6j-F v-r t5.i
lnJ *ll cJL.Jill 

-

:qli&Yl lrc ieull dlllft *ilttl Cr.il,r+i3$r s.{.ayt +rjlt iFj r.g.er -f
.7oo. d JtF)t el,.pl ric cl*yt 1+*,.Jr {J-r.i '! . ..J eis *lill Ol cry,}

:l.."strjl l3nlt {il.an r, *_t{ri,.yr }ih$ iFi., sir.r$.l erJ..$ +r.i[ irj qJ,.,. -r
=""'-ts_-1

IJLI rlll g,. gFJ iil.i"l d Jir

d[n ,,ill ,iLtrJt ; ,",r_rt JNj,.:t

l.S tcill iL-lJ'll l$J.-ll i$Lll iS ir
.(^-r)ds.ill d

:l-t Jl $3lr$ eil.il r.+ irElt dr+yf +liLiJ| Crir ,r,i*rri!lr s-fl,.ryt rrr.A1 iFj r_des -o
&L 1+$ i5.r,..a!l &3rr ++l! ,/r.-ll Ja.-.Jl gc, a.rpjl lcEll ulJo+ ,J. \,:rf..:l e Cl:

.Cr,,Srj-ll dr...alt

r)dls.i :ldL.I ills eHJll driink b'ar /,*r:

"Jr 
d4L dll L.iiJl d-i$iYt u)"ri elJJ f3 $r

,rti dr-.r...t' li.y qeiliill 6t-pl i1., JJ)l llLrlt

.t$,-ll iitLll gij_i uy-.; t;g Ll .dJJl,:iIl dlii,
Jt ef dl ot"t .tt (r r-r)r (\ .-r)i*Is.tll i,++Ji

.dlli d$r:l iit h.ll 
"xSlyllr 

Apr.-lt iilJ"ll g*
.isJIlJ i+F*Jl CLICI iit;.l .rq iotilt 1-r JK.i

-!-!.i Jl El5lj LiLrj.

-i'

ffiqp'
ifl..:r .q ii,utl \ri ir. !t inJ.tr 6rj-i I . -r d6.i

i..bJJ..}r ca-rttt, a:"tritt

,J6lJrll iJ.-t.l +$.rlr in-Lit juj,.: 1 \-r cF.i
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