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g;ilt o+aJt {bdtD ,r*4t drargr rj.(oe \rar WJryr Cd,t 4l JhJi,t tr-lt j*;r1 ;r gli \r.,J . Vto e ,p; A d, ,y qrq*t : *4, dr Jt&.Jr , o: o* 
Q * ao;l;/ir i,.,.r,ur .,1.^-111J Ctlc J(J g5" e-.., .!xa)r oq,r!qr* q"- orln,-, 

,,1,_
ilt$)r ,r4 i.jtf:" (J|J2J fjriA;b e*rJt irtrLlai,t j,. 

"EJ+r: 
a-tr JU)r gp; otrlai)t )* ,tt.s

Stla Jr.ltr'ta*'l +-rr U, tt)+. *.1 q,,*
. {.^,1 Jjr J 6 ru-jn J&, !p Nt e ljr ar* ;i ;-tr, n t : ;i.Jr..
-4, 

Jl ry ;fo-t o7t;r Jd:r., Vl V-l . y+s r .-ay;rr ota jtj-t\::,+,# g,Y: .,rr gr ${#ll r.ra ,,t-r Jr obrli )t evr,"4.,f f .: 
pa j1)r ,JJ.i,r J fr . Jr* ,r:, k;. Js r.. &Fi ;?jijl

6r,rjr dixjl fjl g . t.(lr.r.;lt j aJr;tr 6r-.Jr Jrxr fui n"a, ujr #i)r)lii-r.2 tjtfr !r,;y rr1.fr €rrtLi,ia,, gu*.a oi_rfi.rutr+t J, r.I) r.,
J, (,l 

ir"rj, g L-p ttJttl #.r){.rJr ,,rr pi"..e:,t t.i,r ,.? but
J e1,i'.821 rJ, grE ,f gaulay6rVtl, Jt)r5j=igLJ14\t]':j

. c,Y.h.,t 
G"+ Jf +.1;lrz gtU y

.ti i,.U*lt ( Replicares cjS(It ,1 ) glrtlai,t r)| lrll U! raf O !-gr,_,
,. ]!i* , gUtF , $y 9Vr44) .t dt .Jt J j,#l)lt . >1, pt,.rfr ofl

. o}.trlt .,ai; g J-r.u, ) {/t tLiJtl crt"g.fir.r" o,i;.1, allr,

:,ee.a"Jt :*lolt' 1y : t I
Advantages and Disadvantages

, # u ira$ 4n.*^Jl c.irtlailr **-a; c,,tjc et c4$ 6*.
.*_f'' g'tl".l Ua Ltl l etrtLill c.t.7 E*ae Ji.a, i,t 4r : ii.rJr 1t.1
tE Jt ,.rrlJ !,i+ Jt 6rt, g;ri . ild.Jr *ig,-- Jf ( oqtbi)t &

\rdtii\a.w rr+rJL,J
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;l r c,,t UoaI ) sllr$ ilcal €r*h! * Jp lrr, Cu^ ,-r*u : e;./t 1r;

aJ[iA OJd rr - iJt, 6)ta.-{iA drbt+rl ,!,')rsy'$!, , {Fr,l
-a.pl't et u.l9i' ;5.1t y {u , elli Jr iirilll . #)r # iilr("
c-, ! r ylr Ur.*t tlt 8!6 Jt#t, 6-r Cr{t or.r .:r>Lt^r 4i1'

. J]*lt ;.grJl gr Jcl" ",/rP eli
-* ez*,dt lJ^ flrfrll1 c,UW Of".arIt J*lr.:lt Ur : u[*'.^ll i]4,., 1r;
t-&. ,/.Ft tlr,l i[r, F Ab d r;tg elji Jr aru.jr . yo-,l tl++

t .f - i;r, rrl;.1'rie.1$+I C- At* clltf4 Je lya}l iS.Jt At
rt U:r elli ee+"

t'lt "+_:rlt e:t;z!l ula rir ilt- J : 6,iili Jult i.I,t t'lA <$
gt-42Y! J:i2d,l ,,*- \rd,tr ;,l4. tA eq.r.i,- -,r-"r ;(a ryt.r,tti'

. c,,tJ.i^i .,;rl OJs &;l F*-at tc 
"i2,/S,JnKl dr,r,Jl p#J! fi.^.r,l l.L 6ltia, eJl:1 : dr ,i:iJl i,ti<,I (o)

.lUl[ r-;ta:. e$2t (ii gtrtli iJt *,4zll oLt>]t fai, eXi g.;-l
,-d-,+rll 'h;Jtt"i ;4

gJ,trzjt Jd 6r:J eUI+t ,r. r gf JL+i g.,t )t f.dJl r.b \4, t,l

c,r.rrr,-1 , ,rar+-Jr 
'Wr .-.1 6)t.t Jl gUi jti- *. Lthiil Jiit, 4r.J+;Jl

9l io1a* J,ti,t l) lit+r" e-d gl.v1 eo, d .J,r,il1 illr j 6rt, ,:!,

e 'h\ iJtr?jt e. -'1i,)r cwr iir- ld Ur dJjr Ltla; ,5 {.1-l}
Jt;,ot *g: du, ji s,Erjei,l or* ,;6t .t)t+!r og.ilJy ohrt ;i gtcthi!!

4r-FrJl 4!ill Oti Jdt4..,.;nJt .jt .]t-:Jl .'/ i{ar. - 6F &J Jl -&}l
g. ; .t51t , ( 'au,,atJt i')) 3l lr5 uyrrl t+i i+ ..alc;.; gtlai JE #l) iLJl

.J1..It k+ tna,at t# +A c,,)LtJt r.r a rtaj - Ut, o.rr2 tel * eJli

g.*'LJt , t* , &tLi ;EJl'l, ,hJl e $ b3*l) ut2r;u qF ,;lr?t Je
rt.r'lt ,.-, ti'j pa"-*Jt t.ir Jti eXi Jr, . gthilt n+z 6)U., sr$r:r)l J,J, U

oUX;+t na rr )r J,,(I atLall l# ,(* J C, c,)tlr1r c.r){rrrlr U 6rSJl

. \-*Jt 6'Ws tb uaba gJ{, g+Jajl tjaijl fnrrtdr ,JtJq gri 6Jet
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Btocking : crt thiJt,f CW( r : t )

-.rl"Jl ,s:i ,i ri.,t* r,&r irrrrlei,t J* .rr-i C Ji El.-, ,F:.re .4i eui tFt.c,tt gy, ki ,Js ).* ,L*..Jy.r_ !x ,,l "js:l|.FJt olr UiA tily. rllrzl er f L.*dt otJ o{1lh! +r",*:lr g,,1Jry,
J[<J)L d.i", Jl<-, +, .J.j\+;,t pr, U1 atU. ,j(j I W ..f.pc,.fr ;*i ;r;,,p6;lr ,ui !r p"..a"tr ,r.,rr jp ( r - t ; ;*lr j i,*;.1lr c,,r.r:l irJteJr

, ,tb j JE"{ iLK,t iJbi.Jl

I
I
--:-'. V^Ji,.)j)r ;nlrjb)t

;.Utti o a*r,{.;.\.*, U,ir-.;itr

I
zV ar i. v ;,trt-lz ;-t, rfna,Un

t2

{t
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uf ,fi L .l*' ;l gt rl' or.iry'r g.p 3 : J1)r ajai.Jr

,15*J' Jrh t"5 t tlJ ,,,1-)r r.rr ,y t.6. irgr .[f'p.E*
i...Jr{,! e,UrJ,l y'o1.st9 &lta Ltti,t i,i U.X tjj}i ,rJJJrJ. 1 t - t )-,,J\ t iJr)t &r"+l u\* pr U!, ,p j, ,ri-; ip d,;;trrjt i/, te,)f (J+,,'r-il-UF.,l ,r," r"t_11 )(erf gtUlr Oe &,

. irn ll d ia,r*,' - ,1, dl oyrf^tr ,Jr Jtr,.,- i.rra:,t

Jlrr ) li..F:Jl i,t b jt.Je t \ttt i&iJr glerrlr e.ji s. : Utit iAr,,l

J s.l' r+ Eru 6i #r, cry.r..[ ol*^r, g]l;tr!, gtij J5
( I - t I 

"KJ 
gt.,Ch tJ, irJ4r)r euthalr

t * g.,u.,!r ;rtitr ,5* o.u .]y.L-{ Cll.lt E lt "Vt 
-tL} u,

&K,l ;l'FJl p*,.gtr gc . Jr.r<Jt gbl.Jl *"ag A,<r a:,!e^,t d,,rrrLijl
t,| . ? rrr rrr! Ltl *,slr a,>!r y o:,rerr.ll ;irr,lJr g*#r of
si crt !,LiJr{ * \itr")t g.rl,:i . il,r$li:lr:^Jt orrUOr ,o.-L Al- ;l
si'P ++ (;t,;rl.1r l) c.lti Jf, AtH JSJtsu iLh, Jf ,F" oi *.i

gt!..,KJarr

J(J ;-tt 6.t!t.:,. Jr"; g p",alt fl.rrr;rt 1t: ty
*Si al-o

R.C.B.D With One Observation per Experimental Unit

b"n tyt c.,Ugt ufg 1ty
Symbolical representation of the data

4i , u-4r cJr'jL i"rt t .:r.r,rulr Fi -f,c.":i1 iifit ,gt ,ta
j 'tru; - a.r )yt r<l*.,1 .!+ J b.+/ ii,Jit a i,l1l, .rur;r oi.
. ( I - t I .llJq t/ CfJ.J. tll- outall o jl ;,Lr.It $l*lt .1t& g
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Linear Model *A EUlt gioJl 1Y)

iJlrdr c,,fruaill (...3 flJdd.r ;$ V \y.o Ur i.urr ,,ri i.a U

: ijull 1, ili.lr iir.Jti ) bir,Jl I irJq ltu ;(.tr y ,d|<]t

Yq=ltlt!+Pi+eij
.,

,2,

,t
.,rJ

r, C..t

,i,tryt i xrrJr crii ;l ,h3,n:,| iJ'rll, irt l6r.tall i,-i 4 t,t
*g ,lt r6i../$,t 6 J,.Jl, i.aiJr ;.uulr --, af X, .u.r ii gli'j 

Ltloilr

,fu. ,f :it*y:q,r -, d, r.i*:f;:,'.5' f;:j }lt
ifi,.i* Y g.t, €/t.rltJ o& rr.lti'! .rt.utJr e-J flrJt !.,y'L tr, JA

. 1.u.lry gq-X
V1t6; ;foldgr2iiD i", qlJ.r(,,at i il4erll ui:inl 

'iJ' *l ua, ,,

g.rr.,J ilJl l^-,4 ,rt I :JrtJr g.t i d' cl..Ulr ia,l..iir2irt.r;-
. c,l.t*I

l.rlr^ir ruir ).ri,J 7 *t1 qt) 4 er Urr .i grlaa[ j*tt r)uJt t^i e) p t
. .:,,r.rrt{r 6r"l 1rt^tl Jr..1tt tj erloi,'.,1 irq}r or.r.tdi Jr,.l;..

€it6 i ilrrrlr grlr ll aoulr etlr.f Hl f_,1rlrititl ebt idt'l*'it4 e,j

t }r-, yJl..:dl irr 6r.tall 4tl, i.:i ..rlrruui.,i.J,to.r| 1&1 , I glflt .*
t-i,a",''iJt d.dFJt surrt Jsi 6u dlt fl , &,tJl ilrlrriritr
Jr iitjl[,1 .l'U LU q] a,n cr^a,., &rJr A. eJqt lit rirtj.
jv p,'a,, itl 4., , oLa!y')t ,A & \f ,iU)t Ci.rJr r,i. ou ( etl!

c,lljf-e 1, Et,: s ;11 € ) t* $J-t- JVJt,,rt J- r$. - c,)i"dr
iLil ,fr ,lir iiu)t,t.t,. r ( 'Er, = 0 dt (;t )!1,,,rrl-{clptladrlbEo+rOri

Ja.Jir U.*talt eJrjl {.,.jr' dl 
gtl-,J itt:t b * e,, c.rl.rrErll o+rrsll

-A-dt * rlu;. Ot r.:,;e.1 Normally and Indepently Distributed

Ou,urtJrJri,r jUFtr51, (,e,,- NtD(0,o1 OtSt) 61 94V)
ll Fixed Model ) €{til CirJl e {l qU bLi t r iJJd .ri t, crX.dr ;i;
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;! Rar.dom Nrotrel ) ,/,l.rlt Ci.r.Jt E gt tjilt, Let+l .tt ( uooei i
( Model Il

(iR

ANovA rable ift+Jl J*lell .!+ (t)
iir&Jr crt/;tLi,t f*j -.rt J .;trJr JJ* {{ 1 

y-t ) Jt+4t *t
$,r.; iJt' ;) elli., . ;iy'la! sql.Jt jrb 

da;1! gJt .rIrrJr I r,J.r iJu.r(jr

4-S; a st ;l(l ;.r.9 ;.r.ot:."

cs;Ar;,'6.5 e* 
LVU cJljfulJ.ri, (t)

Least Squares Estimation of Effects

.:,>l,rJr o1,.Ji; ,y ,5t i, a;+tr Ur' c,,1.,2.ra {.jlt Jf}t 6-"'"

6j.At .r]w)t inr! ;t*t^.r! i,,i,,......,icrtrtlai,l .r!/t.r t,,ir,- -.,i
+juJr 4 ,61U Udt rVAt Jrfi J, - JtLJr -;qJr j [:*.i./ ,ri ;." r^f

$ailoi;r ir0!4r g,,. AE+riJ)L.il;tr.i c..llir- j.<fr ;4:^fr *-rl
d$t o.rr @ ,+a\ gtiJt.eg*i ( i,t,andi 6t I .rry"tt J* ."-ll
e.f Ut* ttt ) :<Al t. -lal J6 ili o*; J.rlt crrip.;lr e.,, L-."+, lu

: P1t^hill oU1r,.; t

R:I(y,;-lt-ri-p:)2
ij

ap

: .pti:ll c;Irt*. p )aa; e,l\2

- 2L0,i - p - rr -Pj) : o

AR -- 2 f (t,, - tl - t, -Pjl :0tLi

IR
2 L\t.i - !'t,-P)t=tt

tti

UUI eE-lt c"!:tJt gt,].,tilr o..Ja* n'o ntrt
: gU i g;+'l lbJl 'la''r*{ i''u."

-rts+rIri*tIr:Y
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, l: tut2,.....,t

Y,. : ri + rtr +Erj

Yz.=rP+rt2+8r.,

v, : ri*rf + Er,

,a;|.t rlt2, _..r,

Y.r = ri + rti + trr

Y.z:ti+Eti+tr2

,r)rutr e5.Jil c,)rtr

ot tlei,l crlaitj c,11 ri..

Y.,=ti+It,+rr,

.4tJ i:ry'r JrJ)r c.,)rtr, & cJFh cr!.Ji, dt Jrt jt jfu .;Xt
: qr, \rJkJl e:'/t ,y;>{$t .& El,, briiJ, dr cruF)rri* ,ri *f

Zt, = 0 = 2P1

:4 i g,+t'.!.y'i#J&lt e..ilt i,uc11SdFJ

^ Y../ =- = v..

{Jft:,l €rl.lrl, g{ O,lr bA +*.:4 g*Jr l**. oi .ri
: 4 it,tJrltd -.U..til| -rdt,

t,:I,.-Y

A;rr.ll 
;UJt .la.y'r ;r il.fJr cl! L,1r.r;:.;r1r$rfi iLh.l girai, iri {i

: 4; gtlulrid 1u-ril]tl--i)tt
l. = v . - V

. i,Jarll dr,l J-,A ,f glJrilt s1i JI-,t, '+d jri.;t.r+grf.i ,gi;U U ,ri.
: 4i yu 6ertJt, ucVJt Oarzdr i.taitt irr2.ratt i.oitt pi

er:lii-!t -Y t tY .
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, ,t,frtJl Ci/l .:-r yi.i 6.rrL* i4 Ut .t* W! ell j.r

lii: lt * ti + €j + eij

: g;j-, n r{rlt o .l. y 6i; L, i,U e.J J Jr,
Eij:\iJ-U-ti+Pl

I JD J.bi inul &JrA,l lYl..i"rtttt t p C F € ,f ,;er-S1\t

E,i : lr - r.. - (r,. - t.) - (t.j -,..)
: et \r,r4 antJt trrtrlt .!, J.jpl,' ilrUlr o.rr.1tr+t1

Estimation of Variance Components gtJt c.,Uf..r1;ri; 1o;

iy'l gUt !u, 1 Y-t .Jr.rr ),.rr,,il.lr*-,Jr+ j tiE i U(.i.. t.s.
: rlt $t tlrrrJt dtJ &.Ja^rl U ir.r*rJS i.aiJt 4 irrl .G:Jf r:.f 

"r, 
p 

O..rr.-lf iLill

01 : MSe

.,rtJ i".t jrq o2, + rol

o]+ro|:1451

€ rr16vt o){edr ;p Cy'r UtJr ori elll(.;
, ,lt, g]j3 

JpJ ErrJt ;r, lA c.r){dr ;1

: dr |,.f{,,)t tJtrl gaFl;r;t; U e*., tjjtj +J
oi ItL Y!"

r

S,1.,:1'13"

: g ter4lt j ;.rL:.. g;l ,7tj rJ t l

Jr 6.i.tir qr) ( \r"Uijl ihir.i I ,/t o,! .XF)t,

r05

Sri;: MSe



MSe
S-, - --

Nl sc

: j. ,ilrhr,Ji $..y' ( gJt,.ijr iLrJr ) g,L.Jr JFlr.,

p irw 'tt bS. ;1tVt

.. P ;iltl. gt ,)-y A. i-41 ;N

S

51;1.-;r.'r

2 MSe

r

S2,;1. - ri.'r = ,-

,,rrt r- rei ,Py a il fr.rrr L;l
i2MSe

b .t' JS, t t.'tt tt J2 ^rJrr, dt iltat 6t bj 4.tirl , 
Li,l A ..al t;S,..lJ

Jf zipt )rJz +aii r,; Ui,t ui liti , ( tli: !* tr !, git )i ild.lt
& , eii {r-u./ t ?C*ti0,'yi s51. .sJ;*,.t& ib, by
rl.rr;,. ;:)t JfU Jr)r $l ,r^i g tltjilr ;,f cJ9-:.5 *o1. 0.05 gJFJ

: Jt i'Si'Ll'l

Upper limit : i; . * tro.os 
r JrIr $l

Lower limit : !, - t, o o, ,
LYS"

{r J rlt .rlt

,.JkJdg
Y, . t t,o.o5, S;, .

elrrJr Ja"l" Or, Ulli;f .,,:..:I;fu-5

Example Jj'lt r.Jll 11)

Jt j*. tl... &v 6 Je a.i.-)r ;, e! l.j;b el crp s,-rr
i.jei Yt c, c'-)! ,irJtt at#f 

, aex")\ itt3 -f.rrta 8.p u. .v2.rd9 61.tll

lt)6

/ Mse



8 gr, kf J( c-,rr.!* s, dl .)utr,l o.l" qr* ;-r*-it y ar q.F
i"fir*, . gUaI JfJ-r: Pt tu,PAt:t 6rt!r o>t r,lr 4, i . d.*

ir"U ;+t .h.Li;Jl !:--. (r-t) Jrr,J J, i:2!t yVt sub i,I+r

J'l +Er 1, i r-.!r I 4ii u I ii; a * ;r an-rr 1 {--.;.r}t:.lill' *', *,'{, jil.l..,:

a],,lll.2}}Jn L 21.1 /2 26.2 t 1 15.2

r" I, r, r. r6 Yi

J[|l grl!a,!, €,1dr \-.-tfatrt{r1! ( r-q Jr} Jlil+-I JrbJr +J.-rjtr . 1 (-t ) Jr'tr

\rl-"Jl .Ui;lr gal., 
'rrr

c,,J.tJt
Tr€atmenls

ti

Blocks ( rj) st tLill e'ta,.
C,,1rt"it

r

t1

l2
tJ
t4

35.2
26.2
25.0
29.4

t4.t
8.1

9.1

13.5

35.3

33.5
31.3
32.7

13_6

8.5
'7.6

11.1

148.2
118.2

11,2.2

130.2

24.1 25.9
)2.7

22.5
16.5

21.0

Y.,

.-r- tJn2Un 12 l?.2 11 21.t t* 21.0 g t1.5

.jrltU:n 14 8.5 t2 8.1 t, ,1.1 b 9.t

zLn2.Ein fi 27.? ta 22.5 t7 2t.7 t2 22.7

..'-$2tin ls il., i, 75.1 t2 Vl. 5 & 32.7

,.r,t-$2\L$ 12 8.5 Q ?.6 L tt., | 8.6

l07

,1,1 e 132.8 508.3

j outJr cJ. .dr 6Jt l rft , 'Wt.a-r crubJr cal J:b.' .5* ,Fl
f t-i) Jr-r+Jt e ey* uf J*^;lt irLl.t *.'1 Jt &t.l 'JJrt

lt 26.0



+ t t\rJt-e'll ;l*l*lt eir6; +ft cli b. tfui
r ( Correction factor) gt=ll W :1..- . I

(y l2 (508.8),.=- 
"--=l6iai=t07E6.56

: 4KJr e,r^,.y' LN ?t*
SST : ryl, - C : LGs.4, + e4l2 +.... + (lr.l)21 - 10786.56

= 1890.20

.. r,i,lrt.hi,l *t get,1-.

SSr : ZY"
t

(80.8)'?+...+(2().8),
10786.56

Y

4

o

= 1736.00

SSe : SST - SSr - SSt : 28.20

: €rr.b! *l Errl ,-1"-.

sst = IYr? _g: (r48.2)'z + (rrl2)2 +.... + (r3o.zl2
r ---- 6 10786'56

= 126.m

tlrirJl crtnJ, Lp*

*t*t lt.tolt Jl* ft Jti,t ,[+^,' 
' r!.rq d .tl"lt gfu ,ril. ctli .r..r

Js+ jeaylsX l-1) ilr+dtla !r Jdt tcry.duurt#)Lt+al
. ( o-t )

t.Jr*. uy+l t{a |,r,.j,la,.ror;lt c;Yete.. iJt Jiz)li .lltJt etJr., Jl* ,ll
tJtJlF u] AnS,trSt et V cr:,teelrrlL.rr.ul ltl-r* Fi.ii J) eI il!,af

. ,.t qlr.t+Jt F i.i ) lo cl it;> cJtzl) et'/.\ ioio 6i*. tb
a.u.,)t g".zt J#l 6liJl c.tr ;i 

"rtt 
J {ti e.$i gpJ . 1F,o.0,,..,, : 5.42

i.,it 6r.",)l g/lJ!-,f ,f tjjti\ ,rUl, ,f eeLial + L*.y'tt

r08



s.o.v d.f S.S M,S F

Blocks
Treatments
Error

5

3

15

1736.00
126.00

28.20

347.20
42.UJ

1.88
22.34**

Total 23 r890.20

( r - r ) rLJ, j d+-tl J...J' ir_,?, ctl.l ;dJ .l.r--,Jr+ . ( o - t ) 4+

crtL.,y'l iJsW - ;Hr!$; .rr, 1v;
After ANOVA-Comparisons of means :

: ir-rult rl;t ;fri;la*lr crf./.,2!1 _

Orthogonal Comparisons ,ilii* c.[Jti! i

Trend Analysis cJtrhdlt .1.b" .*
: 'lq9:dl A1'l J' e-lll gJt#ll -l

Dunnett ii;! .-.2 i,.ltdl il.bo L .,:a' gtlary't e., ii)ti, i
Multiple Comparisons ..ila.,/t ;a 6rJ.:! CrUJti! rJ

bu'\r, il{ r;. #t +t-^tt 0.b ,-fr C c,,tJt#}l o.lr ;,. igi ,r9!
OnJl.Jt p*.al aU j org;)r o.u u-4 ti$ur _r"c CJtit strdt ji Jr.4dt{

: ,lult rJrt sur.Jrr.,l;iL te"* ay d[, ]<t,
Example : ilrla, Jl,ir

ibt"Jalt 31;"aq J,'i &t' ,y ,r*rA +#ltri, a-!{ i,Jd cJJ,l
ejji, il.l..tJ..i sr1{ q;t )No ,Jp, ( .rdr, ) c/LJFr 

CJI e.$I c...tn;.,g
( f t4 ,ysi ed.2o..'t ) N,o.r ( flJd ,fr)i i< t0 {,'i )Nro, (check

el, nt<-Jl liF^Jl crt tLi,l g+r, p+,.;rrr1 ltd ,yti;(:o gi ;r.v.o1
. ( Y-( ) Jt+ j eoyp t tJt la,l guh sitft .r,t,erlai
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