
tfr..lliJt.lll
L.2trll igll C A"..t*lt clls'l...,,r Jt+ l ,,lrr !.,-Il sl3ill

gJta ul ,.t- pt*,tifl L.rt r.tt Lq.l
Ols..Yl, JtE:l llg -etilt &r+ js.>.

{tLFi }$ rlrlr ;risrl! illrll
ir*Ur:l L.t*t -lut sI l*lijJt p*"l

Loti:t

,3r Yl ,Cr;:.Jt fr--ll e^lL..+ c,-l-x,Jll x.".Jl olcr''uJl r.!,',-tll l.u .."i+

Aliyl slJlLl dN !Lt..qti .). j J! rs Cl iili.ll l"i..!l ar.t-1 ,ri'r lt ,-,t. l-nll

ir31.e J.!l trt* ..d s'l-r OL.i)l t++ +L-*.pl ;rrr'I:;- tl rjsl,:,.Jl ,,.1...r 4lr (L..rlyJ+tl)

ol ,"-Jl dir ril .r.i5l3! qi.,!l .ia 
"hi ./ dBt+ j',$ osEj il .rrl.J"'J qrill s+!

,lrdl ir..;l ,.'i .Jif:J u-"-.:ll gt-..,Y1 l-ir: :*,! cDi r.l. igr-ll l,l;Jl '.r +j ,/ *t+
.,1t gill u,e3.J1 lii"ll d el*t*tt Ol -rt!.!r ri;..-lt u'.!P$'.,-,,Ltl i.J|.3ll .1c )t; .Jilrll

sill ,r+.! gi.l!>ll .,' .<\ 6. .r,g g.rll r.1a &lJl J# &ii *iil ,JrrJ sdl ,lrdl: rr.. - rl1 i^3!t1

E-,.Jll .+,o,ri L.lr.I ora c.i.+ l$ ,eil+.ll Jl laitii u. JJi:ll sle lri, lill ''rr-ttl i-trl"l^a .r.-ji

.rpJl qplyJl ,h!l u-; (lF.-ll :.1'16jJl ,li" J:r {J+"511{ d&l| s-..-ll .+bil ,.t*l irli ,rill

tr-. ierltJl ,rlrrtt.rll gtrl*. ii.., dj+i d5lr-.3 c-rtLls- ,.Jii ,J" {JLjJl dl..{ $l

U:L- i;r.-lt ',Cl .r]P) 6rJiSI dJ*iill 81.a,1* gl A.Sliill d!d$ $J (liIi,.. *b!31 6li!
cblr.r.ll oie 6.i ol ,rJo &r I". ,{-,-.!.ll l.$,,:tt sr.!p! &Jisll cl#l+.lJl olrl... ','.ri fujL lq

i-r.11.{l olel;dl ji,h u.r.- rtf gjl LrilS ,',.S: es.,.;r.l-p

l-rf. f -1

,!r" irt .-n -r*l*r c*ly 4,5 drUiA I'l.ljll drrll +.-r e$i.ll JtJt ,Jf ,.t' dlli
&t U,.3i- -rlilY3 .i*1!.1 s.,-ll d^.-3!l gL.6;5a clli5 eh)l O. )rr-r s-f'-. ,-b iJiilJl
,f.ql ."-ltl lu .rt :i3 lJ.Jl ,irillj 'r-J-. 'rtl ..,;,;glJl gn r t-r;U,.-ll d.lclj-l &ilJ,iil dl!

Ol -.rF Ll .,+!\+ En"r lJ.l.,,:.Jl L,.'u'. .t,8" Ji L;LLS cl-..l.i.ttl d..-1 fl.1iil ::tJl dl! d i.at..

o.u ,-,61 l.-li iiFal iJBlJl .r4rl ipC OU !+.u:*,.:]s JIF ,!l !*r **:id iJJl.r)l i+]yl

.,.r *,.,.,".!t .lA ..)g:h iH L 6Ji,-r ilil$. ,'L.g &!,SLlb t.i+lt 6 i<r-r'.:*s ili 0.5-1 1i$l
Lr"td! p.ri2sli- &.t e,n-Jl *e dsrt- ,.d ,4!'<r priialiilr a"t.l ,/ h,iL b*.r l+fi \# orl.Ul
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,Je i-,lrrtl &.>J .A l.J Lt-r,Jl ,,ri cj'il g.rll rC! C.E -ut dlr i-bl rl l"i...ll .rlAl ,':- u.
i5.-ll iJrL.ll cloil ,3i, +ls^tl drlel.'rJ.F. r/ &! ei}-Jr r+Jl ir.,,.ni.i-uhyr dulr

qpL.-ll + *U+ Ol .Jq L.. cja 9 ipr*.Jl L-ri6.l!

l++itt ,rUl $tr-l 2-1
gl Jl @ealthy Building Intemational) l.tJ-rirllS*p i.r.lt ll iF.-ll oilrJt Llii. caLi,I

\UKil!, ,rt--1a6lL , rlrhtl Lir+ll ,,,..8 J! .r,: ,o.,l+ll {"j1).ll .}b!.!l , ,:.!gL sLL-yl !+l-.
ej*- [p ).ii .i.ijLi.lt J*a i-,.rLJIt .,"6|9,.]t dJJt+]l j s$!rt .ulFlt 

11 i.r..rll J,! cllls .&LJ.ilb
c.rts;Jl ,.1Ls, litry dor drlelnill JitlsSlS,fel &lfr ,iFj...ll .,1g9 il_utlJ srt:yl erlri
t-,rr: iri.,!t ,rb-l ol gl .1e:rzrl l+lilJt ,b+!t j$,..Je u-ti-ill t+!{ li)iiy ir. r.r-tl

:;tf tJ-l *art S+, $ Lt+'. u !r-E .1n L le ru.r+.^; .1l L laL iiEr. d.lr..l
dS-) l;..-:tt i+l"c # d+.-n n--l J! Yr*: #ll -t'i..t ir-;r+: i!,"J..-t &lF
u-! ipi.-Slt ,',1'lrill ii3 r(gJl... t... -,6- &let-ill iD.e ,6leLiil jL{,.ii rr,-,..;l!l r,r+Jl
gi*r Jl..si-l J t..--ll tni+ dl ,.,|r!y'tt 

",-+ 
cJpl rt ,tjii-ll .il.ra!t ;s.f i.Jl.tsill d+i.j

-,rl! gl iti:t q;r r.--tl &c y ol .+r ,-Fl ..ars!t .itrelt ok ,-r. L.: di ,.,qrq .n .it.re!t

,i ,",lrl*tt ou lr.i:l ct' A Crb ,tJr.ll i+Jl sli.lr r-ej;itl .t3r.rL, 
a,,r.,... Jl {.-1, ,*rr.>t U,!,,.

.[2,:p66-671 ..r+.ll ,,-rl:,." ,} Jflr i+J." Jtil J! .rS. iXt+ .p:js- llJi
,arL:! litAr .U!- r.r.'rtrl5lt i.lgL i_.-lill aLi.jl J,...-Ue LatS j-t : 15fi. j-l3c,

'"J- ir. s+.ll d^l $ qiLr.ll ir..-ilL.{lrll.ir d,L-lyl 6l+r ..,"r rU jl al I ur .dl .. iJ^#
.'.;-r (b.r-l aL].lD ltJi Uj-lt &lr,ll rut-i.-l rl &i JS p.;lf ,.,*i .,r+.. jll_r r+J!, &.!t

. f:rLihll i.i1;ll ag atl).l lto .t<.ri l.r!l &Aj d f,,*i,ti. sL.la. ,,::l ,,.u-.,

.;li,l+ JF $.lo uL,.r)l ir,.- r; -il ;tt irti,tJt +!ilt &L, iitS,3.1 : i;.r:l*- &tr,
t3:Pal .gJl .. tCtSiL sleliill rt*,l ,,:Uilt ll5Jl reelll Lfi.

u+ i..-B qJtxl .FL ,itrlt .F!rl ,-,. !-l JF ,.,i*LJt ,bl .r, !S t sr'rixir arl 61
1r .. lll Lr.:,Yl ;l:ii.l pr.e3 !+LIl Lilill , ,-.' ,.i U.,1ll :.1+-)l iF d,l ..;..rt,9trll 6LU,JI
JLiJI i+Lcr ,!Cl ll$.6 iJL! ..+!l OlJii il. (J,fi3 sJLrll dl"li.!l rJA OL :*-tr c,lel,-rill diril

"Jr 
iAiL.lL k-lS.l .{i',r db1dll d.trl-- i}. .JS:,r+ l.J .iL,-ll ,is.JJ Li!.,,ll r, - rtl lliyl
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ljlillsi igU..ttl.rfp,t1e t ..trr (d#t+.ijl) tut&il C**I lbrc 3-i
eL:,ill LJilJ,Jl {r.tl.ll ,-D.r .r qfrJt Lll'i:ryl (,j u,"L!l Jdll iili.Lll CrJ.Jl Jikl
CL.jl -,+" r,iEll s...-.ill el*,i')L ,u-JJt i,.-.il i). i,;-,.S 1+.S 6,!;.,3l .:lt +lC iJ,..-itL t--l.i.

,r^.,,jt haJ.eJLJl CrlXll 'Ul,pr-.f,rr.g#dvlrlJl ,lr+ll ..-,rl,r-i+f.;.g*Ol 
1'.1S+

tlr"i)l ,y %80 JJ tJ.-t +li! e-+ g"rl,ncYl 6l+.rlli lCreen House Effect) u+hJt c.*tt ;.h
u,.i+ ,,'r,.,-.ilt gl{l iirl. sao/o95 ir d(}.; g.il gL..,}t O" liilill ,j+lL ,!lr: IilJl .r."^.ilt

,'.l" &$ i'Fl or^ 'C*-"ll 6jF io.-,F O. ej elF Jl dr.:,,.r ,r+.! Uihll C-/...i| j=E g-
rjt- cr.,,-.ilt gtr-.1)l aU de. r .6JiBIl _,.1o 1.{+l.1i1 el--.jJl e-..., 

y q,rlb i.-.ll &.rt" Zf.*,,! (.ts.i

,..p sll ,ili,Jl d..--,ll d UJLUI e..'iJ,s+-X elilrl er.. itl O^; s+.CL-.jll r.p oilji

: dt l- itill ,r-,^.ill qOldl .r,"<ll

.lr u+l Jl , ,"..ill 1;l Cr l_xS *lr.s p6,*Y i.--;.^tl ot6$l dJl-L,. u+ti: -1
.r-;.rl Jl ,'.-.i11 i.,..il Crl-XSdtl+"S$;c3t s!+LXi.-licl#l+^i,!tdrLrl,.r !,,-.,-!

.,Jdll i..il ir;J#S d,li.s #J,Jl c,l{+b!l ,/ i,-ti dii...!. rJli els.j d.r-t&ri fhii."l -3

[0:P48] .s..,..ii| dbllsll thii-l -4
tilj rdJlcl"-:"ill frr-l U"' ,JJc Jibl Jl .r.l- ctlL.,,..- .r- .;sl ,rll u+lftll ,,..lS (!).!l a!

-f' OL ,9":tt 
'r.:biY 

l;i:I r rru.tl crt-L*.ll ia; .u-r; l- ,iFl up e!,+.tf ,.,.l,-.tl *+ r-. jf,l
iJYl iF uFliJl +1J.3 {r3l f.rl+.-Cl gpe el,-i.ill di$ u*rtl ir*i lJjb.l! lFri, irl O$-Lill

.s+ll 'u!rr l+J"l &i1., UJI1:e\ &iJl ,, t,-r , !x..dll

ll,atl lrtIl ,jt q,,,.Al o:*.djl {1r.t 4-1
-rt.r-ll .fhl, Filr+l!, t{.,Es+tl +i.ll }. l3l sj !r-^-.!,ll u,-r-xJl l-x$f !...!l l;.All lFS:

q.aLr. rbi, i/sr -rr, qii U i.iJi di.rJ,/l ,r.. .tll liMl irl , :.",,-ll ,i-i .l+r, ,r!x!
J! f.J,; +.tillr 'rll r*..-:Jli ,i.;- L,.r,t gc.,'tJ!!i l,ib dlx.s rdti ,JtrlLu t' 3 l..jti i.-Li.

O$,3r-.cll^r fpl Cr. JJlisll ur.ill .r** rit,+ O$lJl -ii.. Jib &B llSll &Jf q* O-F: OI

,J.".ill iJ ,:F eJi.1!l ,.1e cbJl ,>ll eL grl=,ic)l Al.-.jll iJtlS4 d ersJl Jp Jr.-tll ,Je

!d.r'; ubtl r.rr-{l a*.r duq}. sjt:lt,,r e t iilt r-litr J! e.p it$l iF (1t+.^ir+!t dri l..$l)
.[9:Pa8-49];rL)l i.G. l{J"CXrre!-.:i!l Llir:dt itJitt iri.:'.rJl drii^.},!l ,,...,.,lelrl&l
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cJ.4 gill 
";sJl ;,1 e'inl +LJ tlirlt O! cUir er-.- Jr. U[rl tir ,]e r.iibl ol rii

cl:l. Jl eLr:lt Dli iF kl. J+S ej; ;Fr rridtt 1t .+ p.rE s3t lF"irJt 6ri r*.iilt c, .-:!t
.,pl,-.I 6l gp, ).-ii ,r,"..{l Lit br.rJ l.ilorall .d,lb ,S& rl* s-jiJ+ll J.t.till ;,!.er..rrl
& 

"FL,-!l 
qr.* i-r.l..-)l rLl ,fj!n l e].;;!S.iLS -,;lri.r"e s,...tJ uu.-F!l irr_":+ s..-Ji +L!l

,rltill rc,L_! rr... &ll i*.i$r,r-.r+r cJ.irr-.p!l dLsr lil,.rll f.-" -ilb Crrjb J+Jl iJ.t+i-,U .ClJll
.[2: P(2-l)] a!3r. JK3J dl",Jl {r"nJ ,rrc

ci}i L;!t cjti{ 6t-+_;lt r+tS"! ir r r::-", gi &i L.F ,*+tll \:rJl 6+iri sj# lU
c'&1':ll r/ ln-u-,'usr r, "-.i,!l u! ,*..tt, u#jl :'ii"jl ,/ drcl,,.ilr oJ$- r+!c,r (riJ+..iiJr

-.11r. gL rCl cr- i"-i... oli_j ,rr. l;,,lt CL. iis Jl dr-r!l+ u.lx Clr.,,Jl d dLtj.ll .r.r

ii."ll

Solar Spectrum {-.aAtl LirH f l4-f
:,r.,! Lr 4aul d lxS u....ttt Efr.f} ur"Uhll AJ"-:r-ll . 

..Fr, f
gr+Jl .iU rJ.4l u,e-f t el.- ol-:. l+ u"-.rl u- &+ e.-+r.t {S al*-l r.l u.*.*!f gl...{f
..&uJ '{-^'ill liAli s-.. Jltr.ll li[i- 1*r" .J!}f ,, eu! r! ,r,.-E ,!ius ,-,r,.i,rr u-aelr
ts {+rJL l$.c drll Ll. lJl ittl.l[ ,,j+ rJS ',t--; u,!l LttUt 1+.S,Je s".Jl eU}l }" t:

.[2: P3]46rlla,J"S.lb j"-ill qr+dt c!L!L lllJl cJr.r;il|

t-s_rl.*t 6J.tL &).3.,Jc .r_ft eL.,,_l d.-lJt s--.il et+t {+Ltt ejjiJl |,..it !s.r
,+L

-i;.l.,;$L 0.7 r.1e -$l !+r. d!1,Ll+ or_e (infra red) eL-Jt .,.-.r fiLi.ll -1
.-qFr.lSlL ( 0.7S - 0.4 ) aoL is..lt ldt Ll CF s$!, (visible ) !!.ll til.r.jt _2

.+lAl- 0.4 gr. lEt l:?u,Jl l+t!J"l ar$.rlt, (ultraviolet) ll+..itill ,39i i;,l"r,.ll -3

4,r-ql oil,,j$214-1
, : rl.ll ,j,,!.,5 e-6_rlighhultaviolet,r,er33't, .. .,Lrr: ,rSIl L_.it| JE-fl 0-. LF_f .,-rr

'rlll v.+$ll -.p.-.ll ,.1 u...$ +,6J X-rays rvisible-light iiSJ.ll i$l O..t L s.+L:i- 
"rSI-: ,.jr &)3 (J]. .dl e*lt ,/ 1.3!dht l+ rn-r.p!t el"J if-U !+-qI d,! irSJ

(400-315 nm) is..ll cJtrllt .ir.- 6L^l UV-A -,1
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(315-230 nm) 1F.r"ll db$l ir-i Cl"r UV-B -2
(280-100 nm) ip.lJl dLj.ll i,... C4u UV-C -3

ir+-,nJl dri:.-il,t Ol lt t+r."i! ,i,o iJ d !4!l +.-.$ ir,ilt il. %9 ,Jlr- d,
tds d&$i UvC LI UVB f,-.il 11.no/o5 5UVA i...j rt%95 tyius3 o,iulf eJ-.,tl..: 

"illclJl -,fi.r3 ,:u-u!,t t* cll ir- {.J.S|3UVB l...il ,:, o/o90 lst JiSl dl!.}Sr qrr+ll -i>li]l dn u-
&Lll UVR i-.li oLi ,rni t, Ll+E , '.. 'lll ol31 ,Jitji UVA Ul .C,rr.,,St U - s:t ;13.e ,r*."s-r!f_;

.[3: P6] UVB iJ iF qli "] 6. UVA i*..,i Cr -1,|S JAI Ujsjr,.t.h-r!f eJ"_!

i:11..ql .gri &;oU Lr..Jfu$tt !fuI/' 11214-1
: Ltl; oti;i; &)i,' flc LJ6.it dl-.i)l t-.- d r.Jr -i..rtl .iJ i..1!J iF.rtCt ogg1 6t

.[l l:P50] (frj*tt sJ.Jt) €E:siI J$l$t
.Lliii..r 1+:J. irLij-,l fr /tr J+ll dl-i ij" i^.i!t grt..i.l

Jt".r JiI 4#..a.ll r:.llt.iYl o.r.l3 ri;.-c dr!,,t il J! 9f), il,,Jl -4Si.! ,rle eJFj"ll J"JL

.[l-intemet] .r..+ll cr.6r+e {'lJLe .or _il 
":lt, 

lu"-i!l tru.!,yl Oe

L+-qr dri lr.tin.r+.I JSL$ 21214_i

L.,llS+ll L,jEiI i,.i-ll .,1lr. ,Jc u"..i,tl iJl ,;i UV :r -ri t1 &i i^.f1,1 iF 4+lS rr-< ejLil

. '.hrJ .'u,i J-sl i.L. Jlb i.lli.ll i,SLll ,,.-..irLc, L{+.ll ,l_,., lrli .o2li!l ,lrdl .rj On{,
sL"rJs..ll L+ ,*l 'Q Lh--3 l-xs tl*l kl c,t-"r*tL dAru drBrur e,, lixal.i Jr.Jl il&..
J:i: Ol u.-.r,ll &-t! OS+ tLc (5&.r (rr..rll u"X ,., -r iluai ,li+ ++K4 Ld aJS3 crLl,,rdb

.I4: P2061 lJr.- .'.li. lS qrl5 6\b :-L .Jy:, Oi.llr d. lClr ru(rtl
. &iJ re-.Jtill ,!xll rt' f:i" I;FJL crtUS.Jl ,,UJ u,..ijl .,+rJt *l ir+.itill Ori t ;fof cd

rlL, fJi'$ i!'sJ .siJ*tl irg l-115.lt .119.ttt cir rrlr+i +tri ,& Uv f,*.d ,c!l,ir J$tl
&r $- iF s-.LI LIB& ,''.Ss Lli,lJl qil qt' otirlJti ,rJlc.SiJ lcLe d,{r" nl' UV i4.rl
,\pStONa .g.J3 Ldls.l.i ,..J- UV i"-.iy t.-.if: rjE, Jt .ri rl .J.ts gr ,.S.)Jl oi-l_e i-rte.,..,f

6rt- SJr.-t otj-lUl o-u a*$l ,-r...r: Ol .+.-l .sghll elrdl ,rr f-r-e;,ll .r!/l dL:_r i.,..pll

t^Jr;.r: d+!

-1

-2
-3

d..iJ.
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osl cl#Ell eh,l -2.re '"ur i "F 
cllS & irti sl-, LjisJl 

"Fi 
l+ls"l u*..Lll rr-.! oli ql"

:;ll U On l6J 6jJ.11 ,-t!r,ll ir. se ,rJe 
,,.:,s .i+lilJl 14+I ,or ld,t$l -.8 .$ll dr*.

(,-*v,lt l"r dt) iln:t ir"Jl .rJe rfiri db lils o4n;uL ilq.lt u,.-.tJt i*t -.pr: -t
Iavt + 35-15 LJ':urll t-rl.r ,;r-.!tt-rJl -i-r ,a#l cr- &ij!, ru,.*]l ,rur, \rl-iJl eplt,

.k*,r-"i!l t_-ll urt # u*.^ill i*l ,tsit ;
.(LJ'lull +r,&) i.rel.Jl &tFJl r:+_l g. e la.:gd * Cl t{fs+ll Z, -z

. [2-intemetl (,rt .t5 t+sll .L-.^tll i*.iil l$ti&Jl ,,JS.i ) ,ri1....t1 Alirll e] -3

Lrtslt l*itt d u,,,1..i$ jp S-l
r.r ii'r 

"Jr 
rs, u,jJt 

t ,r i ei-r;l.r)l cJlet,:*ill tllj ef !:. .,.*! *j]l crh, - Jl dr.rrrj

qfirF i..*il+i.ll J+i lJbyls qills)l e L:.ill C ;riL{b i,ll+.Jl u."..l.jr ;u6f rrrr..". ,p ,Jsr;lr
t+lC *f uiLi ca$l (al"*,jfi.bi cft) .;uil Jt"'.ll ol +i Lul e l4;i;s J i$-.-.-Jl 

"1ir.p

'J+Li3ll 
l.i' u i al$il, i+l!t gr*.+ ul 'i;tJl cJr-' ,l-,.lis,fi -Lsl rr\-ll [g ilrlrt orrlr

sJ i*"-uro i*r.!ru u$.i.Jl r-, ec.--ll t-c{d+9: -,;l+.yt .rJ+ r,if (++f+lf rL) l3j y! e+-.-ll
eriil t'.rll dJ'?iJ+l.itryf qilL.*Jl L,..\i+.ll glpt 

"J" 
glJoYl 1.5,.1 UA .rru-ll cJas rcL.eill ii*liJ

{"cL g'l ',ir*.A.itt ieLir ,r.e e.s3ll c.re3 or*r-i.!l uiuF.3!l *,1.- - .rie L,*\ril Lin- .o r tr ltjjl
ga-,-l uYI L{rrl. 6u .g'i.*!l &tL d+i i.:1! d;irJl oie crils lil-i .u,""ijr i*.i! }!.ll uftu,,Jl

JLireYl ,+ rr, ol ,,,iJ 
u-'ll 6.i',,.J| ,',!Hii.ll 

*r.l L.i,gu..s.!l i IrI.3 Jlsb l.15; Jjsl
fcrleL:ill Llil.r,,.tl.o.Hll -l!r. r\-",1

British ) ,,riLLuCl rjju e6r;.:e ol+,./ *lel.:.i!l url-itl ijbi. -,;grLr- c.n;s,l r.i!

-"iJ. 9l ,rL,* y 
iJSJ UU.u i r.iL.-ll cC op^^.,fr i*.il d1>+ rf1l, ( BSI Standard Institution

OSl.#J..iilJ,.,rr.-ll ul. t5Jl cr!lJ.c.0*n5 * C rl Jl eit.j q-ti.ll l+ls,i Ji dl!,.1+.ill lt*.J ip
s (rr l\s\..1) L,+.-tl BJiil el..bill r-r-ri Uil,;. s3i ir+r.4ll crt lL:.ll c,lr-lr-o i,l li$. clua

&{l uS til -,llr:oYl .l.ll rrll e. il"$*.ll dr--iJlr cli.ill 1lii Dti l-li qlUf 6.fUful 0..- ,pl
dS+ 1;ill_, ti$.Jl ois ir ;t3ll +r."ell5 6s-.-ll \Sl+Jl O- dl..bil i,ts dJE c+.S{, ,*r.r.ill i.r.c

slrlJl cl..i".ill i;!> i+_l e{J ,rb d-d LF*..ilX rr!- lJl irr ull :tlJ-i*yl O! -* fd qrJ.*1 ,j+ll
'l-.ul u.ll..illl J!F-i 6JLJI ur)+; ul .1+: p57-59] gL+ll ,rrurJCl iLi.ll e- Lr?L.i y h.rr

u.c Ob (irF..Jl qrib+ll etny i41t C bt-:!ra.rb-Jl ,rJc, br-r -rt L"A iJFqli$s i,*il-rjlr.ll
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t++ iU.lt -\l.,,/ r/.jll d-lJlb'.r.!r:.tl tilull {J,j.J.e J.i, 
"J" 

lrrs l.rl;el .*.i.$ fjjHl
6r.ll.t lJ,-Ul u+r-r,jll J.rir..J ,I.*;;j dJ ,Ct+Jl CJ.+, ,rr i:rr..al[J irJ.JJ.ijll crl,lill Jl iif..b!

'eL:'ill e+-' JJ 1Fd eL-.n,ill o-. i-"-.iall ir&lr -j:.!r .u-.,,rr\sr (i6uL) oe.i$ 1+ijl
.t+Lq 

"J' -|jyt _}st ,tu-Jl ir 6rr- 4,[r[ O-; ulli ,!63r ir!..ilb lJ.Cl ,J..^i]l iS-,p plli:i)-,
druls'y &!l dlr&yl dBirlt li*.., i-xii..rt lsJlrJl .rl 6- yJ+r ellr {r.r..-r$ ,.br.J e-_r

.l.aj. 1rJf.r.ll Cir. lAll &Li3L ,lj.tJ rij. U...i,ll

*/itrjt rljfrlcJ S-t
c.rsl l.ii d)-eyl ,..ss.Jl 

-rl lr.$ r.f*fiff lr$[ Li$.6Jl.p ,r.r f,-.!l iJr.,.!l sJl|g Ol

Jr! $ "*tl (JA, u"!,-rl ,,.l.rt ,.j (Ett .. :*..:., ildt r ii#l.) dr)l+-Jt dli- d Oi-Ut eEl
+llJl i."-JJl ,J+i ,1. ,",utl e$ {.,LUl.c$si $-, ,[5: p27]j6.ll rlqJ :.-8" rj ietS ,l i,,4:Jt

drli,r-l'-tl y' National Institute for Occupational Safety & Health (NIOSH)ClldJl i.d-J i.r.-J
%95 Ol efibll rlr+ll 1*r-1, tul.U ,.:Jli..l jr.-!1s 500 gr -!Sl ,rrr Op.Llf ar.ll Cr c,UIl,&llr

slilJl ,!rdl 4rr.a;rg .,.+ 
,rJitr.ll "lrrll d ,i.,rirl rl j,S, j J.Lltrli .,trits Jjill 1u{3!l :rj.tr cjls

t<* +t+-l e-r':'...lt !i.ll ct' e-Ii.hjl eLdl si:rU u"Ul +.r; i-..r ,:.{) $r ,r+.,,tiJl ,l.rl!
6rhi J ri,cl crY-rr.. r.L!i:: &B!b +lrL.-y1 ,rrrtl rl.r-r drliL..Jls luLsjl Jlll pl.rr:-l ;.rl.rj

.[6: p57]lnul]t .rl)l:! iiuhyl r&"'!t L-li rJjJ" .1,t & tgl
irc dl,il1 c,rlil.r.ll el.. ;lt l.F.-ll crlJll&ll dl *.., crle l.iill dlh eiill e l36Jl ,g.B 6./

:dtr L k! rl5Jl ;3lii,rp -f.l- -i3i d.l.ii..-

,e"+ll es.rLilill .'lr3,11 lLe i+rit l.ixtl "Ltl 
,.,USll rt -(-J ,rtli 1+.t 6"trj _1

.)i. eUill Llib ,.:".!. .g,r.3 iJLr.,lf Jrtl .;p r.i!il| JLtiil -2
. )3. t+!l e.,,1,1;l ,it,:."t _i.-rii eUl Jl+ rl iiJ3.. Jre c,Ule .rr+t -3

.r+ll .J ft,IJ+X 4LLall i.ljytr -,,1+lt J,,lL,l 
_4

f .iJ-', e3*- Ct ) +Utt d.Udl l,.i t-r',.rr ll orjalt ;6rl.jJ etr+$,Jr.#yl q+6jll drr,: -5
.Is: P(0-16)-(0-1 7)] (li-Y
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idr..ll irj#ll f /8-{
.trr.ll ry*tiJl ,..1e lrL.:el dr{Lll sell J! .t i_ll ,/lxll d+11 Jb--l ds,"Xt i-5p1t 

"r
sJ. j i.ctJl # Fi.Jl ,!$ * siill 'Ldl l+s o. ;..,*1 ,jilrll J! ,,sll elll r-Jli.{ .[24*l-1

{sJ,.- sle r&3 (air quality index) e!J'.ll ;.r.*l Llc Ur#Li. dltir-, .lrlJl ei c tnill eLA ds\:

p*:rlt!; r..Ul!\ i.&,i3 alJsll +"SJl +B i+!r &+4!l 1+."lr .t3-.i.1- L..,1r & drtiJl o.

6. lr-u+ ..,,+.l.s Cl Li+Yl drY).,. e. b.-F.,-U+ ch'.i iltLil Cl3ry &+."Sll ,f. !S Otl)l

OLlyl f.L+ '.-" Y .r-#Lll ,lrrll ,-1. 6t "-li I a;ts OS ,.LLj.ill 6j'* e.J f.+ll el^." lsL..

il.{+itS!l ,,.-ilI )r!,id!r,..ll 'r,ttl !!rc,f ipUyf r+Hl Ol iF*rl ,} u.irsl

iF elj! +Jr3 dri.5'r- tl i.rgil! t3Jsll {J+JlilU ,,'r.rtSll .UJrl *rU u. uJdslL &+6!l
i-r.gl! ;qJ+ dJYr'.. eUe! e k.."Ll (Jl9 ,rlllj ld. s..Iill ,l \.iii: , 

, 
rt i ,Jl iJilJll drlirt Jl

'1r'll

;rr"..tt lilct e,rr.. {/l/6-l
d t.ilr-ll sLD.Jl 

'r-.erl 
S, ;,21t sr O, cr:. ,,le lutt- tt t'irCl {r,.S iiiU. e3 Jil

fu{Jsl +}JJ dU jti iJSJ:liJ i-r$ill ASHRAE (J*LL irr r, t,rrll i,-ip,i. e*U. rL+1,!

LEI drti li.l !r;rL %0.03 ,J,+Jtill 'L,+ll ,,s jUJl l$ jS, AA ,ss g%025 , t*- .lj.ill
jl3 1$,#,f*J" lrii g!; uJ+Jl L'-illl u,.r.L JSl lsL/3r 8.5 9 'l-rir ll fs6ll Ju-.

g,-,,,1il1 o-,Lil $, r'rr. - tl ulrjl du'li qt o/o0.25 dji... ,".-'. .L:i!l clil.r,.uusll u -(-ll o.rt^3

OUlt &t :ity.o/o 0.25 rsF". .:F! %l s))o/o0.5 ir JS. J: t3l..i ul et .-.!l uFtjll OS.J 4il J!
,lrrJl .1. APJSII I -<rl ,/B jtn 6-. ,-,-liil iJLc firJi. .rr.1i Y +il t^U .l+ltrill .5ji.".6rL.) rie

'r rl ,.-!+$ !{i!l dr-. irl 6F,/ .17:P22.tl i-,Jill u. dlr,..11 lra }" j *..j .,ry clli!

Jsl i-L I lrll-lO ,* L 6:l* i.lJrll u*#lfull ,yr,,Je i-.,-liJl i-../.r)l ,J3ls"ll q,r &ii"ll
,l.1611 lp; Jr- 4$l dJL.bJl ,'i! 1..S.[S:P89] *jilrll ,'rtrtt ,rl,- g$ ,rJe hl.nel ,-,-i:,

rrr-: O,.; elihJl ,!r+ll # drUrrll +d,+ gtr-ll ls;alrll l{rCl tii 6JtJi uJe qlihll
?,LCl Orrl j Li .d.'ll ut dlrL OLiyl ts,-,,s e.:b!l lAjY l!+i.

334



,lral c,Usl2/6_i
.ra..1 l1.."Ll ,Ldl i++L rlir.rL i.i!.i.o ,,..-,i qlLr Xsr. idi13l q+Sli sIE cbr6ll qili.,J
)+.t ,!dl e+-l iJr.JJl 6udt fr*i e{; tili ,uL_,[t a/.t16'. i_L.i.J. s*rl.l.li- dLF ls.l.i
6r ) ,^fu. ,r.r crtis!! .cJrg v t.rs5 c!6Jt gls Bl Lr.r.ll cJljd,t Uj cfij 6JEr ru.id! l,-.
r[6:Pl3-14] ,!#l crr r+!.f,r lJL rf t+..r. t i ir,tl.,J6 iL,i J.J ( c.,U,; i.o-r*. rl ,..g:.i ,l
di .r/li+t Cr.lt dlriL. rhr.. qF ;g,s (.l{4 >l Jl ots. iF r+lt ,lrr otislt -rlsr:, :rrr,6Lis1'l Ji$ Lclr tl oLrrJr ; r -n $lJl otialrl ,,drr Lrtp..tl JJrrislt crlS rlu".s1 dlliJl
Jrsl uLll (,lj.l..U 

i,s. J3 ar+ J-rll el.- crr."- ilE sJJl e*Jyl drli 6.LLLll q',r .i_Js!r
ll+..iiiJl .iri i-.r!b:cjFtt l*irsJl Ull ,=+-r -*ill e.L.. sUL... lb AF ..;tt riLliJl Cr -T:<!,

.[3_internet]

:&!L 6J,i j.p ds.e.hritfl d stiJ]"U +L: etJ
.r_tll ,_;r ir+-i+,! 6ri iJl,t S. _

.i$cJt.r L.J!dJCt
..[.ltr CUI si dlt$.yl _

*lj.t!l ,,lc "u "<. ll e t:.!b *yXrI d,..tJJ J! c!.ll pl*ilt _

.tr..;il!, J.l'.-!l t.riltl elr.lyl
.LnJt liJtt ri u+.sr!t *E\iI ,3lL: _

'J "!xll 15'r lubr'-ll 6!ti-lr dr.-,-lr.^r!r ,* elrdr ts> ri,.ir.. e,sLyr o- -

.r!r+ll 6. e !l! 6rt .ll

tJlu ,:ru.tt; t*tr-lt ,:,q$r;r !45_1
,rc. l-J.ll &b,.1,1 ki.J r.fun ,rS ir.rrr u-il. r c.,lj i4J gti.: Lr;i$! crLl,yill 6J
,:urLlb,$LlrJt g..LllJt dJtjr;!,| dr.r,.,r-iJut crbrrll L#Jrsdt .+ilt dtj.ny
€l.JUt Jl r,1..- l- l_JLll c.tiJ,ll c,iiir ..,!\.-ll 6lir3 gliltfr .,,f+JL tu<Jt & ct/l ,ri t.rr+ll
ilS .,liJl o'n e+.-: ol J t-,..r"11 dit,'l *,i+i ;; #3 !tt- ir-.r cJll .!r++ 

,!3Ur f.i3S.
. [t6: pt3-14].r-iiii qrlt eldt 0c "orJ+ ,:j,l JJ l';.;t .iK aE&
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d\d.lt l-1,".7-l

,+'r\ "tl ,,J J+sll ,r:!t ..r5tl irF.r Jl tilr?tl &b1+5yl ,/l.i-,.l+itl ciLL." ljJ ol

iifi.ll $hl+Srl sj dl#\+.iJl crLru t $ ,'.L.1 ,J!l ii,f.Jl r3LbJtl er.+ i,l )+j, ,u"..:il f-,il

t'A!l ,,,,lrJl ,..t-nL et,.t+att qF)lpJl ol:!t icLiS .rJa-e ,J"-.ill ;...r1 s! -uLJ -rl dra! &ils

crilsi c,l4lk"ll .ie *J3l 4i."lill dl#ldjl erl-lJ i-8 . f*ill ou LF3 eX ,.r.s.-ll !,.,,.tl+ll l.a-!l

O- iciltyl ,JJ +tri.tl i,og.!t crt,tt-r Jl Csi ,t L"i_, dil .J^ JiJ: ;.,11 e,*;,; O,.- ,ri r, r,',r1 1*61

drlel,-:.ill u--.:,ll Lr+*dlt +j'ouG J! iiL.,! ,*+-.fi fi. .ilr+ LJ,.j .lirrlL 6rt .I #ij3
l!.,r+.ll ei,-i}3iLr qrlilrll ,lrb fJihll d+ll *t,l HSlt s--.-ll J,:!l {.t filL irlilJt

,rJc lrLr-l3 ,t.' ;ll :* .Ul ...L J! !*i chl$ll ci.rlJ i-r-er .=r; JJ &;tt ,;1rFll dFi

i*{ll!, i{]riJl drl!.lL",Jl jjr:l:rtJ1 $l ..,,..-rtl .$ tjj!.r u.".^:,tt ,r,-rr*O i+r-ll '.&lill

ol-,..r+ t#,JJ9 *rr+ ;J ; ot-"rtt ,-*!a o! Lx .tErs"ll c,JJlL6'.ll di.5 # ,lIcY iJ++Lll

.'l.1,4!l rlF rl 6r.;. i-:i c,ils lil I i slilJl ,!Cl

pr.' ril isL,,r ,J ff*i ,i .lr.ifl Lt". 
'.. 

ti3i lfr-{
i.iJLlU ,sjtFll qt' U)-ll e;l..J.!l i-L"- r+r-',1 &gilJr.{-.1r, -UJ,-i drL],,1.lll ,',''r'.. I

1.-l*.- 
"4 

dlL.i'll Ll... . i.,,,;) .l-s,.ttill ,.['+ll l'.t"-. dF !..j5 6:-.y]l i-t.- r,, -1,rlrll

,1- aJ;li:ll L"3\Jl ir.-ill J| d-jll crLbJl ,,'Ll .,t'.fuLI o!.1 "rl-ntol ri Jir ( WWRJh+ll

dhl$J!, ,'rlf+ll a* dsl'"riUll i.r.'!-ll dlt -ilt i.! i,*i iljb. .J." &rL .lr *jCl 6lriillj,,,.-<tl

.Lrii.ll iJitltll l-IJl 6p d+*:S ecr.jill fsL"- i+l5l Lir!"ll .u.-: i,r,r. ,/ i.iBi-ll dJLrl+),L

,.+ is, lill dUtll .)'3r .iilei"ll lri.till , r' &,ll ,J.-- oLl.;rll o:a .,i 5$r^11 6r+Jtl ip .il,i:3
i-.1.-f,1 ,-rt.r,.j ,'.r r,r..,^.ill ,+"ltt ,.rlf! :..bLll 

A-Jr.jill +, Jl &Cl ei hrtJeY ti<il

.F.trll ,r -dw JiLll t l a-* .llr el":i!l s! ''r<'.J1 ip,r.iJl l.iJl trL,- ,,Jo .l,l - l-i..tt

l+.,-ll i,{{.il!, s.^"..ilt un1rill 6rl.13 ortr! r/&lrJl C1r.I 8-f
i+*[*!tLs$,lbl

1p.!l c.t,t..t#,3t(J-..ill LF-r,6ll |l!jsidJ.tdl rottsu,l;it,r.-U.!t 6-r-!t 
,cJSir&l

il..lll i*.iu rJ-.D t55. J u.1|^.i.i!l di/r,L ue ,-r. L.-.. *Ll ,Jlg f,iEi-ll qlLrLJl olJ L..,l.!]l
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ijlpJl rrtr..;r dJ d*! i+-fu:t {iJ+:Jt :t#1:

6i ,iS-, ro'lelill g\ii_,1! GJlJlr (-liljl Cx i.:]JrJt c.l+_.rr ti)s gr i;g!l LJCI J|JL Jill
:i;fl| .tJ.:1J1., i;-..olt ur.lg.trt *,.rlLJt qrlLdt c.!,fl1 -*:,J iull".lt iiiJl Ll*o,,, .-..

Q.= cflA[ h X(ti-to ) I $ltD .. e)
t.ri .',r-

.m3ltr ;1Cl otr.irJ a+.s - Qs

.m2 olxjt JFJ lgut i..LJt - A
, tSll sj r-b d1,;..!, .:-y,-r..; ,.Jc ,r--^.:,ll fii.:I} sl irJi$l dL"L:,ll ,irl.*" c,U -- lljrc') lJl-l

: h i^,I ,',&i "'L\l u"ii ci a+ri-, rlrall dFi ii'i dll+,i.ll l.u elhr c!'-ti r-bll

, + ig:Q 1-^ t'D i,-3ill ,,rltll ,j+ll d-.-1! J! i.A$n rlill .-!+ll , : ',r. i,r- fLn;Yl - h

.rn 1Ul L:.'ll eJ.rr.i c#i t ja3 (dlr.'-! gW_.11

.K = T (C') +273.15 ,iJihll eLCl ;-,,F r-.f 
"l:u 

- ti
.11 .ll+tLiJl 'lxll 6jr. L.J.: to

'10360 - i.rsill $tr. = cf

.Cv r:rlsiill i..l-* J$L cU-t . r(2/8-1) dr+
U.r HJ"5 s$l i{$ll

(2 j1)ulibL-lt
'!dl drs:-',i i.l,{ ar# iliJl

€rrAll i..li Jl
1.00 l:1
1.27 l:2
L35 l:3
1.38 l:4
1.40 l:5
0.63 2:1
0.35 4:l
0.86 4:3

i-t"-, , ) .{+rJ,ir eL,+ll drj.r lii LL"- g;Li * (2:1) dJlJl dJ$*,l til
LE": #l ;rpitt rt-ar,t r: rfu .rLEll eri riir LLir i-i3is J..3 k..ir i^iill ol JtIEli (dl .L.ill

.,1Fill &ill cf i#LJt LJ{:!l JEi ,..ti1t LJLJI i.sll {-L...iL*. ,s g*utL.t;*t .1.;
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slilrll 'L'.ll ir. i+*j 6fi .1U hJ .iJl,irjl ol-.,.-1.: ,-r t.iJ +i,*r 6J+S u*J !.S jE.r! 4E t-rli

Ut',,Jl i;."*,,i!t ,.*.i!l jJ,L i,o ,.t'U| #d,,Jc' &-,61 lt(".j4j! (%50 LJE &) y1r^. UA
.(liiL.Jsr d l-sr) i."s.ilb

*,1+"s .+li ,.rr. r-J;il tluJ. il4i 1rl ,:^; E L,,.ll L,.-.ill i;i ,-* il*li cit*d r+lj &ir
+iJ'.:I trl-i *E ,Llt gFl # en dSi ,iJli i+j;-.r, ,:,^;6pr,-rl !..,"i!l iJll O...J*s
6LS ole ,,;.,r,ill ;.:,." c.r{) l-"lSJ .l"eJ.lc al.. ilt Lci)EiL , :h:.", !3s- 6.u,9 , ,.,-,i^ll l*! ,;q.ff
,.+; .e!;11 o.re 4+.+ J$l 4iils ,.'r-.,-jll ,Jr"JJl o.;r-U.rsL uU rlE J-K&-, rirtiS 

-.,,81 r*i.ill

,'lfr.- iiiL(

ir..att lqt ,Jat il q$+il d{.t.,.2i9-i
{5.att fu6tt i+-&Jt is:$ l-U- et,,,-t tFl{rfl 6;UAt 1l2lg_1

.{d.S 
-,rr,il ii}l".ll i-r3ilt i-l-". J$n qrp k-I,,r-, ..1 dS"* +;qrl (,yrlJl 6-,'c, ellia

t,rpr (,,,/!rl ab+ d{r,. .lre) i;...-lt ,i!e$ i*+L!l 4r:dlt O.6$s-.

gtutt ;sL i+r.r:,rlt lag$ :)bl
6ri J${+ .-iyll irr -'.r ailj.;rilill ': 

U.1tl L,.Sl sl . -l i!.L,ll .,y:lJl fl"rii-l 0S+

:: Lr Jl

Q" - cf 1Cv 1A 1V ... (l)

: 6l o;.
mrtt at Jt Blt JiL+,rrlrdl Ol.rll - e*

m2 ,l3,6Jl JFJ liilJl LLll - A

m/s 3!.,!l --p = V
4.. 3ul:-ll CIJI (0.5-0.6)+ d.!6 !,.J,..L3r (218-11cL+lt o- \i3i, .rr -.lirl /.:tj &U- - Cv

.ia3ill i,c iJ:Ul 61+ll (O.ZS-0.:S ) r i-jil
.i,riHL r-,ti. CLJI Lc.1. Ol _rtl*! 3600 * LlrFill ,J.1".: Cf
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l*Lf5el')l il.!l alcl--il+ o,.--lt ui-l ewrr (1/B-1) &r+
rii-J {i O"-. gliJt dl ol . rll i-l*

2.5 m 50m2 g" Ll$

2.75 m 100 m2 g" cE! 50 m2 ..1" -lsi
3m 100 m2 g. .1gt

trr++.fi 4*r+"I l+l 2l!g_1
:,;! l.s-r eL-ailt ist... J t+ clr+ilt rf.il +r.: ilrl r-12'5 m2 ir-6*'l' nl el6rr iru (50 m2 ar- d$ gr) 24 nf ,r.. ;t1r-rt". crils ri!

dltr.i'lr d3'i t*iusrslt i,*[ gt{! 1, i.-.L[r ij.c dl..iJtgtJt.1t 
615-1 ,(1lg_1) &!Jl,Je4-t*. dus (Nto) oa * eL.b.ill .trl*-/djrji!t 4r1,"- _ \r+ +t --rl I+-.iI i.r.*itl ulr 30cm

,.fl; X..il.Jr 2.4m2 dltr.ill
2 m- 2.4 /1.2 - ull.. rrl clo ,c I.2 m - 1.3 _ 2.5 _ ellp*ll gln-,/cls # dxil u. et .ii!t J.! llilJl i+.-.r^lt 

CiJt Lt"- -,1., e .l .,rff *_ rrr,r *+clt-ill u. e l.r:rl el*rr.-n GlA.ll clrc,.t nll rL:el ri*- hl .i!rrJ..ll clLJl : uh 1Si!t ,JU1 Ur, ,,.,. ..,6!5,i..y t+_LI .& diJL*.Jt 
"lr+j & i,.iLi. c.,brr:l +tj tljl iljs,_ \S!I.ir 45" irlrj.J

.;$,.Jt !+.1l i-rJl ,,, - !-.j JSI el*,t+.ill €lAL..

rlr*..ir illl:! q4ta.ff u*,.. ff .fogll Ser glllg_1{rs nLr .-tl ,b+J q/..T, *. g;lJb) .,il...ll frl+.yl 6LrJl ,rlri,rlc l.:r .:-td ,J...!rt li+-.nJt dr! r*.itt C-r.* 
y 6LuI i_ tj,,ll t.u eU (rlr- - 6f;,.!r gLrl .1o3! c".i.JtlU:4:. i;.*:t i{ri. C&Jl .t}*,o1, r.Jil.rJl rr . ;ti Jl .Ji|c iLiiJt ,y (UVB+UVA) ,r+r cFrl

er.5i ucr hearthy room qr"- cr.ii * ,r_.,:Y ffi[:Tl:I;, 
....r,

-".1 
.i Lr-: CLi 4+ ,!xlt gsg gl .,.rr.,,,.*" *ol l.ia+ &Jl er.ailli) clean room ai..Gllijl O. ,l,:,ill di{ i,i."jll or4 ,rJe ,J, -rr .l'fJr.ll fc+&ts3jl 

ll\r.i...1 s,. !4U %100 aL:JLyrg +,.u4 g.!l .i.r!f s:q c.rrJ.ll i-r; OF Ob f+Ix;bA lrli s+,-ll ,t .:11 r r,u rLlaiqt liti^ll .r,-^.ill L,:r,*:Jl liuJrr r.:,r-.: OS_, y #J 6,. o/o100 i+-. ali.(,r*Jl tJtrll &
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O.. LJl".]l l+.-<tl li (Jjlle ,.lasl r.JSl - "Lii Lqdt .lJ 1-L'.. - srrjdl l+ill JH * -C

.d!h i.,.-Bl 
'+..hlrll 

,ryrlJl tl.r;3*l ,'gJ. ire 1r'..!l u,.!AlU LJdll

,u.-Jf ,"r...1*tf u'! lrlJl SstlSll gli c!,,1r,:.ll slrl,.- .5 6.','-tll os+l ejJli. 
'3!t'.,! + -!

dl,rltl J:ij .J,r sr.1i6 dhir.! di-L.. ' " -r* -pill t.Sjl.1. d 'is'U+I 
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