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ERROR ESTI}{ATiON iN NUi\{ERICAL SOLUTION

ION P¿1\T.\LoIU

(Cìuj-Napoca)

.i:.:

Tn l7,B] nI. Ul'aì.¡e sl,urljes l'[re nurnel,ica,l eonvct,gcnce arì(l err,or
estirnation in the case of operatorial equation solution ìri rneans of itela-
tion metlrorls. [Jl'al¡c's resÌllls refer
metdc spaces, rvhile as application
ton's rnethocl in Banach spaces is st
[1] studies the sanre pr:oblerns for
methocl alpliecl to equations with real functions. rn [6] rJlabe's methocl
is applietl to a iarg'e class of iteration methoals rvitrh ãrbitraly con\¡er-
gence orcler.

to extcnd llrabe's results to 1,he caseof sJ'stems ,of equations in rnetlic spaces.
of the pr.o6lern, we shall {irstty pr.esentthe results ale basecl.

^Ijet_(8, p) be a metric sPace llnrì ict Iìc.D bc a complei.c subsel, of
-Ð. Consider tlrc equation :

(1,1)., n : T(n)

wbero T:X.-D. ' r

The follon'ing fixed point l,heorern is t'ell knorvn.: r

T¡rnonnrir 7.I. Il the folloto,i,nç¡ cond,í,tiott.s:
(ir). p("(ør), (l'(ør))_S I{ p(n' ur) u" e n , rvhere 0 <K<1 ;(1ir). there eaists atleast one ele u,òh,tltat q: ?(no)eUi
(iiir). ttrc set S : {, . U 

I e@, p(rr, no)l = n,rl I
is fuffilled, Lhen the following prope

(jr). the se(Iuence (un)n2o, getaerated, by ,the suceesis'í,ae approrimations
method,

F.2) fintj: 1'(u,), n -'0¡\r. . .,

ulrcre uo fu\Jits condil,ion (iir), is conæt.gcntt and, if ã : linl x,,, l,lrn E is
the sotutilon of eqwation (1.1);, 'L+@ i

, (ijJ, E is the uni,que sol,uti,on .of equatiotu (t.I) from ttte s'et S;
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ur'¿ll.¡e slrows thnü, it ,;' -29- and z, is rteter,rlrirìed by coudi-7_I(
don (1.7), then the follo.rving inetlualit.r, holds :

(1'8) F(ã, E"*r) 
"-', 

+J!r.
1-Ìi

Anobirer situation r*'hich often occurs in the numorical solution ofequations b;r successi\¡e apÌroximations is iliai ---*lììä1, iil-ilñ;';;
\81)*¿o-becomes periodic, tfat is, there existt.wo tratr,r*t nurnbers rn ancl
t?r" such that :

(1.9) Eo : Eo+,,¡

{or elery rl,}'n". rn this caso the error estiuraúiorr is gir.onbythe follon-ing theorem:
l\rnon¡rr L.:1. Il.llre-tn_npltitt llte lrypotlteses o.f 1,lteorant1.1, untl if the clemeit'ts of ttrcieqt , ,,ar;j',¡i:rtte' eq*øritias (1.9),

lhen Jor erery n,>,n', tltc Joltotuing ltt¡ltls:

(r .10) p@, r.ò < 1j E.

.lhc. idr.¡s crposedl in the plevious
lirnilat.iu¡rs Ior cllor in tlrõ case of

solutiorr of a s-vsteln of trvo equa_

^comp1eLe metric spaces, ancl
ol'.the sl)âccs J, anri _f* Corrsi_
: -X - J", rvhici api,eai, in Lhc

(2.1)
x, : Jlr(ru u"),

u, : trtr(nr, nr).

rn ordcr- to sorve system (2.1), we shall adopl, the following Gauss-Seidel-type methocl:

(2.2)
etnt'r¡ - nr(n{¡t, n["t¡,

n{n+r¡ - Ir(*Í"*rr, nL,,r), n: 0,1, ...î (nlo), n}or) e X
In f4, 5, 6l we of ed. the conriergence of the sequences (c)lo))u>n

1d (*-*)-"ro,Senerated | (2.2) with the assumption ttrat ttre inappingsJlt and ?z firlfil Lipsctiitz-type conclitions on 1,he whole spaco {. _rjut if

1 -t|11

(1.3)

'(1.4)

P(å-, ø,) 
=<

lon

(jjjr). thr .foltotoin.g ineqr,tu,Iity hold,s :

2

:1,)_ 
b{ rneans of the succes_tcrer instead

n q" åi,iä,," îr . if ,Í,,iåljå.""ä

I("
ì - If P(*', a:o)'

* : !f''(C)

l
j

I

l

*n,ru ïlå iþli¿ìî,q,ïse rhab for a si.r.eu e) 0 the rnaptrrilgs T and. n*
(1.5) 

p(I,,F(x), 
"(ø))S 

e, for sl.er), ¡¿¡ e I¡.,Consicler ilrus 1;he iter¿,f,ivs rnctirocl :

(l'6) 
E,*, : T*(8,), n ,

As to ro" r"""":- ,', ,""" 
':-: o'7' "'i Eo: fio'

Trrnonn¡r ,Deuc'ce 
(8,),,¿,,, ]I. LTr.alte pror.crl ilre follorving theorem :t.7,the,,noro,nni'r.Inu)i,.,;:;:r,:,:,:,,,r::rrl,r:::ji:tttescsorr;,,;;;-*

,Eo) +za| 
= tr,, tutterer) : ---9 ,:' 'tl,: {. 

" ul
| ' wwtv' rc o : 

r--.-i.r ll¿entl¿e elunett.tsgenT.,tdecí by (1.6) nr, ,o,,k^n|,.,
_- 9, 

1, . . .", ìrt,rí, õ,,i'r'"';;i';:: r::::""ttte 
set g*,

Ð oJ equatìon ( 1, I )' ;ää.í;r";"";í,i:i,"ce seneratcù

8: {ø eÐlp@, €r)S p(Eo, {r) + a1.

cs not .lcad to the

'_jil,! 
i* wr'y ir ''ui

ttion ñ of (1.1)
(1'7) 

P(E,+,,E") s r¡

where 4) 0 is a givon r.oal number, tr
'small. rn [7] rt r--r,"]"ä, iii lB ' 

cl,nnot 
-bo 

chosen arbirrarily
nurnber 2, e,N,,"liîiJïJ;;H,i;k, Jî:,1.#** :::*

1

1i



Let r(> 0 
'e 

a real n'm'e. chose.' suc. t.hat tire scts

(2.8) s' : {". e -\ | pr(a;i rf) ( cirl(l -- pr),r ;

Bn : {, e Xrjgr(c:, af){rirår/(l _ ?t)},
velif¡. the r,elations grsDr. arrrl rS, c /_)r.\.fiilr ure at o"o'*t ãc'iti"üiãr1*= .

rnnorinu2.r.rtin,i",,tiiiö,*;,":,:Jr;:r;,,!;;;iï)r":;i:_rn::".-,

(jr). pr(ú,r(tr1, !lr), tr,lnz, yz)) S ø pr(ør ¡ $z) I p pzklt, ya) ;

pr(nz(uu !/r),I,n(nz, /¿)) S ¿ pt(a,t, tt,z) 1_ b pz(yt, llz),
Jor euert¡ (nt, !lt), I

\rtr). tlte nur
i¡iií1. i\ít'åü',, 'fit, conttitiorrs (?.i);

äili,o !'¡il,'l;i),;:,', r'r',!ü',';1',','*'ï,,'i:j,')!È,';t\ï)''¿)"ì¡,1""
(ir). ttte trq,,r,,,u, (,(i,,)),,è.nn,,,.1 

..!r!r,,t),,V,grttrr.rttrrl ltt¡ (2.2) urc cottt,ergattl, 
1: * li-l;",''.'i'i, ,*in'! 

u' ::]],uc1"; a't't 
"' 

: 
i'r'r '"'ì'','-t'- " (ñ,, ã,)e B --

t:nti'iù.-åL:':;',\ru ùz) is tlte utúr¡ue solution ;ïri,t systenr, (2.r) conÍa¡,ett
(jjj "). tt rc' !r,t I lozain q .i,t¿equulíties 

h o lcl :

pr(ñr, 0\,,)) < -@L ,(.2.s) - 7- 1)r'

pz(ñ2, u[,,) iS -9U,øi'_ .

P.r'gof.Florn (iiir) fo]lorvs ,ul,)e 
^g, 

I - ?"

antl r'il,h"tnì i,i'iìåtíí";i;'i;;ï, i*-;årå",0,'l') eo'". \\-ith ilris, r,;irtr (2.2),

gr(nl'), njt)) S øpr(øfl), olo)) 1_ (lpr(n!r,,øÍo)) S dd,. J. ptlrh, :
p,( a ["t,,üj, ) 

) < o p,(,\i, ii,',î ï f']rÃ,,' ;î"1 l <,øo, + b ctlhr :: &d,rlql:r l_ bd,J4: d,rlrr(ali, + b) : clrprltr.usi'g' the above inequarities ancl the hypotliesis (iiir), .ive ha.r.e :

p,.@l'), nÍo)) < pr(nl?, rrl,)) + p{nÍÐ,ø{r) S dt -l dr?r< _ d, 
:1-?t

pz(tlr'), øÁo)) ( pr(a[Ð, nLD) * pr(n?,øÍq)S d,rprltr l_ dJt,rg __4lr_ .

7-pt
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nurnbels, ff^Ì,,>oan<I (g u)n>o, \.vhosetorlms.:fultjt lhe coiltlitions :
''j f1ì "' 

f r,,)

(2.3) rtlq'tn 
',- !9''v

g"{al" ,I ,b{ln-r,,tc : i,2,. . ., i ,

äÏ"äi"l;9;!'o,Tï.nonnegati'e .eal trunrbers, rvhle 1,,> o anct s,)0
"nrnn Hå iffitTîJîtäîli?},.u.- (2.s) rtre foilorving svsrem of ecluations

(2.4)
cr *l ph - li;lt,

ak)-b:t;\t,.
In, [6] ',,ve shon,erl that.if 4t g, &t ð, r.elif], ¡re 

'elatio's :

(2.5) o'I b * aP {2'
(1 -øX1 --b)-øp)0,

ó)û, ø)0,

oñ1i,,¿"lxîJ;';i,t

boilr eornporrenls
the relations ; ?rnd (9',)r2o Yerily

Í"{ch7-'k¡_r,
(2.6)

g"{chikti-l 7 }.t, : I, 2, . . .,

ì
t'

sees immediately Lhat pris one of

(2'7) . p' - (b -l pø * q.)p + bc,t : o.



,7

Cionsicier nor,\¡
wlrere D:DtxÐ
l,he relations
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_9_8, -l- 11_-_ Dlà
-l(t-ø)(1 -å) -ag

159

One tlecluccs easily that ãt ancl ñ, form the solution, of the system
(9.1) and ãr € Sr, ñ, e Sr.

'Ihe uniqucneËs of the solul,ion (dr, ñr) in ,S : B1 x 8, is velified
b). reductio acl al¡surtlutn, taliing into ¿ccount the fac1, that

,a Ê'-q1.
(L-ø)(1 -ð)

tr.o. rnirptrrings, I'f : D - 'T, ancl 1'{ : I) - X",
Suppcrsc that the rna¡l¡rings ,Í'r, .'r.7'f ,,7't verify

,(z.up 
Pt(tr''(tt" a)'7rt{(u' 0)) S Ðt'

pr(Irr(ru, tt), \Ì[(tt ,0)) S 3r,

fcrl over,l' (ur a) e -l), rvhcre 8.Þ 0, Ðr) 0 alc gir-<.rit numbers,
fn order .to soll'e thc s;'steur (2.1), consicltr nou. the

lrtoeedure i '

EþttD f'f(41,,), 4É,,'),

approximate

I2-.LÈ,r''þ.,i 
t 4(È+t) - f'.i( El"'tt, 45"t), llhc'r'o llo' . r¿'ln', -iin' : ¡'f' ;

n:0r1....
ì,T"rite

,(2,7[3)

(.,.t.;)

"anrl cormicler the ssts

{2:14\
(t''r)

¡\ (t - e)8' -l- a8'
"' =-'-(L 

- ojtr -r,l -,p'

0r:

,S'i : n e Xrl pr(n,, a,{'))) S ¿7r 1- --l 0r
?t

Í
ì

d

1.-

^*f 
: 

{,, 
e Xrlpir(r,olor¡ 'U dltr l- ,;;!* 0.}

'lllte follr¡r.çing tlre<rlerrr holcl.q | 
,

lrrnn*u,rr 2.2. If thc h,llpolh,Æat of 1'lteorcm .2.1 rt,utl tlrc ncl.elilipnu,l,
.cutttlíLírn,s: (z tol

(ir). l/rc 'nrrltp'irrøs I'r, 1"2, tr"f ,Ít'f fttl'f il relalions (2i11) ;

(iis). ¡S'f qDt, 8u; c Dz
.are rcú.fied, thcn;for euert¡ irtil utLnl¡bers e, tr.tttl a, u:lúclt, z'aríJ'u llrc rtlalions
er), 20r, ae ) 2Ør th'et'c eniets (r, tlut'urul tt'tt,¡nltor rz' e fltl s:tt'cl¡ thu,t for aaery

158 , Ion Pãvãloiu
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From these ineclualities it follows that ø1zr e S, ancl a[z) e Br.
Suppose nou'that øfi).e,gr, .r.,!¿)e Bz fol eycr.y ,i,:7, 2,...\c, and.pr(o\r,,,rji-r))< d,1t\-t , ,pr(il,r,,r;,:,r¡i ãri,:21:i i;;'; :i 'i, 

. . .,/,:. usjng1,hese hypotheses, arrrt 
-(tr) 'tog.eLtieì i.itri qz.i¡, ï,u ,i"ál.o ,

pr(s\r*r) , ølu)) < * p,.(u\,,) , r{,-u¡ + f) pz(c);r\ , ru[r,_u¡ U

s¿zrpl:'(* l- 9l¿r) : clrpi.

.,r" u"å""3t"9oqsly, 
and taking also into account the above inequality

,,,.,, lr¡ the abo'e ,""-Ï,""-'i'lÏ ;"suus 
'rar 

u\b+, .8, ancl

The previously provecr rerations ancl the incluctio' principre sho.'vthat the following relations hold:

Pr(uÍ"*'), øf')){dflT,

p r(r[" *r), uL") ) { d rlt rçti,

ul,') e Sr, u[,.) e S, for every ra e $,f .

By virtue of 1,he last relations \ye clecluce that for everv rr,, s e lN 1,hefoiiorving inequalities hold :

pr(uÍ,r*o), nÍ',)) < PL,I-?,

Pr(n{*u), ,rÁ') < !ú'PT
1-pt

account the fact that û (?r {1, it follows thatand (aL,)),>o are funcìamtirtal.'
and l,he.completeness of the spaces l, ald -T..

inequalities hoíäî 
ñ' and'ÌÏ-*;' : ñz do exist'^ancì trre'roriJwin'j

píñt, u\ù) < j'{L 
,| -Pt

Pr(ñ2, n*)) { ,ilthrpT
7-?t
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pr(41"\, nt">¡ : pr(É'f (€Í"), 61"-t'), I'r(n\"t, øi"-rr¡¡ g;

n g,(nl'), E{")) + lt pr(u!!-t), 49,-r)) * gr.

sta'tirg fro'i the abo'e 
'olations, 

r.e cretr'cc iuunecliately :

¿ ,/¿' pr(iÍ,,,, ruf,r¡ç dr?,i_l j, 0r,
(2,16)

pr(4Í'", rìr[',))< drhlpT-t + 02, :

from which one easily obtains :

pr(El"l2 lr{f))S pr(€Í"', rÍ")) + pr(t;|"), q{'))< cä +-
dr

r:?.t

161

Qr(4!i'), ø.["))< pr(i\,',,,?'!")) i- ,p"(u|,,,,,¿,!q))S clrlt, ), _!!t_ + Ur,
L-pt

tlratis, f{'l)'e 8f i+¡11 ,{!").e ,5'.}.

!-ro¡n l,irc abor.cr rcsults it Iollows

160
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i:ì:;,ii:,;:!'í.¡!,it:i,::;;:!
(i'). tÍ" .,s¡, ¿u,, u
Qjr). the loilorutnu i

FÍ"t', 1!') { e. and,
Itorcr, too: P"( -Ef "t, -åÍ')) < e, Irclil,, a,nd,

8'[ .for .erery n, - 0,1, . . .i,
neqnal,tl.ies hoLd,:

(z ,lq,) P'(ãr'1\"nD) 5 f(r:r' * å'r) -l- *'r,t - r,
'ø^.rl (1 -- ø)(1 - b) -- ,tp

.L
l

jr
2

I

I

l

i

I

I

pr(E, i\,tlt) * rr(ae, i !ir!-rþ zft - ,.) s-
(r _ 

")tr 
_i¡ _,u- +:rz

for er;cry ,u,) ,tr,¡ ,toltcre (,rr, Ð) is th.e.Êc)li¿ti.otr" i)f ,;systeur, (2.1).,^ _,.Plorf . \\.o shou. thar tiie r,<,lllior"
ç:¿;11) it r,csrrlls i r ,/ , t¡.t l* 

(je,), lrolrt. rrrtleerl, by (2;tiì 
^,,¿

t(¿Í'), €Ít)) pr(lt'r(;r.,j0 )., r,,3) )¡ l,.j¡(_å10), EÍo))) { Sr,
i$nce -we assurnerl.j]y,-t ,rj.).. <lo, arrrl ,zjo) -_ ¿Á0). :

, 'l'aì<irrg irrto 
^".,u,,ìi, 

,* ì1,,.1ïiil ,i'' 
=. 

få"'.h¿¡,r,tt: ¿ìccrLr'b thc Jr¡.¡ro,r*ri* liilrj,rf l,lrco'c,l 2.J, rve slrall

pr((i",,r,lo') < ?rZlt,,,t.it)) + 'p,(*1,,,,¿,lo))( 
3, _l r/, .ír1, -1 ù,

. 7,/t L--';*Ot

?i1j":Jii" (?'13) jt roltr^vs ù <0r. ri.o.nr 
're 

rast i.ec1'aJir¡. t Tollons.
_{rralogorrslr. n.c .hiì.r e :

pr1tl'), (Ít)) S gr(Iìr(tlt), t:\ù), Ì,,!(iá,), íJo))) <
( ð, * opr(EÍ,), r,íri) -j trpr(í;o),rclor.¡ q à, * ¿àr,

froln rvhich, taliin.g ilrto account (iji¿), jt l,t¡lJou.s:

pz(l|t),,¿ro)) < pr(Elr,, rrÍt)) -l_ pr(.uá,), ,ì,¿o)) S à, i øÐ, tlrlrr,
but onc caar easil¡. r.eri{f that à, f nò, :.< 0r, and hencþ:
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ilJf,iì j- ll,11,ll -l_ lljll,ll lltfsll <2,
(3.4)

(1 _ iltlrli)(r - lljtfoll)> ä,1r,¡1. ilW2¡l
-h,old,thenthasystent, 

(3.1)_/ans ottl,y ona sr¡lutiot¿ E : (tZ,Ð) e R,x [pr-u whi.clt,is ohtq,ineù, cs l,itr.it o.f thesequeirces(un),7o cmtr(a,)')ln-f¡enircttea bytheite_
r&tí,w Ttroa:ilure (B.i)). ''?tt v

.tlso frorn lheorem ?.1 one cleduoes tjnat (û,,,u) e S, X Sr, .rvlleretu,i* f,,,ffi,nÏ,1"*"î1,-l:'ì11|.'ì,1,,:ìï,,-.llì"i1,1,',"ali.u .r rrrctu,c,, r.1, .r,,or

(8.1) 
n =. ,!u i I),

*u*torÍ",:.*:,,,t e ./t,,(E ), a,nd ,r? e lp,.
H. v,,l'g;'ii"'r*iT.*otnu systettt t¡'llì i'" srr¡ril rsc a rreurnrr ex'osed byDtrrrorn'öse lrre rnaürix A. i,L<¡ fou* 

'locks 
t¡r' rnat'ices:

7l[, e -l/,.o (fR), røg e .//._.*_"(R), M, e ú,_,".u$R), XIae án_,,o_,(lR),
w'e'e 1.-(s <í'ru" Trre'ratrix -vl rv'r the'ha'e ûrre fo*r:

162

from rvhich it follows:

namely

pr(*-r, ij"")) S

(1 - ø) pr@r,89,"))(är, I fJp"(nr, {!,)) + òr,
(1 - lr) pr(Ìr, EL,*t)){l.re¿ * apt(ùr, il,,u,)) -l_ år,

1û

I1 rve put, in theoleln ?.1 lr- : 8., lz : [R,,-.*, o. _ IlMrLl, g : llWr,l,.(t: llurll' I : lll[oll,- s'he¡¡¡ 1he aboi-c nolrns arô of the same ]ii¡c[ ¿¡¡cLâre ever')r tirne consiclerecl on the rllet,rics 
"o"r'"rlror,rlirrg 

*po""*, thenas ¿ìi eolÌserluenee of 1,his {,heoiem, rie can state tire llollõrviåg r,trlroráirr-,
'Iu¡on¡xr B.I ll tlrc ittequali,tìes:

Pr(ãr, (Í"*')) 
=<

ø(øe, f
(r

anel using l,his incqualit¡, .l,r,e lri¿\.e :

þ(a u, f åen) -/- c1

)+o1r-

(1 -

n^P¡: a') e

-ø)(1 -b)-&þ
-.1_-

o

-t '1
'2

ö)',
(1 -"X7--b)-afr

1s ¿¿ e lRo lÌþr - ,uo ll(

(ó.,1r)

I

1

ãrlT-ilí J
I

ì
I

and ^9r: 1) e [pø-sIilø_t,ll{ ,i,,î,,--1- 
¡u

cl., is 
^a 

positir,c n¡rn]rer for uhich li,u, _ t¿oliSá, and llø, _ cofl<,1rA,,,
,î,-r : îrrku,..lvhile. (ir, Èr) is the solul,ion .with positive cornponents o1. thesJ'stcrn oli exlual,iorrs :

llÌ{,ll -l- ll}I,ijtt - I't'tr,,

llMrllta + ililroll :ìth.

M4

Wr.ite - - ft) ¿rnd & : (ur,',,),with t¿?'e[ft", Lr,?'6p",o"e [¡a-", à,,"6p,i-"*,

With these noÈ,aôions systenr (B.l) rvill aequire üre for.ru :

(3.2) u,:,llIru, I1/or]b,,
D -- lI ,rt, j_ ÌIuø _l_ b,,.

,U", ,,ttì 
ortler to s.l'e the.s¡,ste*r (11.2),.n,e appl¡,1,ho (ìauss_Seitlel nreilrod,.

(B.B) 't,t 
: lþf{tt¡-t i iYrt',-, -¡ b',

L1ì: .MB\Lî ),- MoQ,u_, * b,,, (tt,n, a)e IRu X lR,,_,, ri _IrD,

.. Let.norv_;Uf. e -{/",rqp.¡, M{ e-/1,.,_._(!R), .iV;* e.l/r_,,,(R) anrl Jlf;i ee.l/n-".,,*,(e) be hrur. matl.ices lor rväich': "

llM, - il,f¡* ll< e,,í, : I,2, J, 4, e) O,

;t'ntl lel Þ'8 e IR". þ":i ç lftrrr fol rvhic'¡ u,o also ha'c flh, _ 6,*il .<e a.ncl
llb" - ?"'*ll <u.''r'hris, jr' 'rve e.onsiãerl insrcu¿ ot.t¡* r,iiác*,¡ure (B.J) thcappl'oxirnate plooedure :

ÉÍr) : illfllt_D _i Mtrqy_l) + b,*,
(3.6)

4u) : M';llù i JII'[1¡|_D _l b,,*, i :7t2,.. .,

ãlo) : u,o, \[û : 'uo,

SnrJ tlyï into- (;3.iì) ttro.,- 6t¡ Øo ï.02r where [, is the nnll -r-octol flonr lRo ¿¡¡rl
6, is the null.r'ector,irom-fp;', itiesuìtsul': t;-á*r-lr"_l'u,, + J¡tl,,;tl;;i
ìve rna)- consjclcl cl1 : ¡1¿¡* Illb,ll, llb',lllîrj. l

l[ ---
il,

l?[ 3

ì[z

l



13 Error Estimation 1()b

Using the conclusions clT theolou 2.2, Llto follon'ing elrol oslirll¿l-
lions holcl :

ìlr¿ - É'i'"')ll< ê
cra -l u,p -¡ b - bu 1

-l
(1 -ø.)(1 -b)-a?
eLþ | hþ )- a -- a.b

2

llÐ - [t'+1)ll< â
(t - "Xt - h) ((? t ,l l'

lrtherer âs
6 : llnaajl.

lve alrearlv speciliecl, ,!,: lll'Itl,t, I : llllril, ct' : lll/rll'
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Reccivcd 1.X1I.1991 Ittstiltdttl dc Cdct.tl
Oficittl Poçlntl 1

C.P- 6s
310t) OIuj-)in¡toca

llo¡tttt¡t i rt

5 - c. 3G47

1,64 Ion Pãvãioiu ,r
12

,Tf 'we u'rite :

-tr'r(tt,, 
u) : t1f ¡r I Mra ! lt,,

['"(t¿,t¡) : ][stt { tIiu,ï lt,,,

Ifþt,, u) : l,tfu ! M{u j_ 1,,n,,

Ii.f(ti, o) : l,Itt! ! I,IiFu l- lr,,*,
an(1 tâke i*bo ¿rcco'rrt trc abor,:c hi-rrotheses, \\,e slìarl ìral,¿,¡ ,,

(8.7) ilT,rzt,,a) _ r,j\u,o)irsu(fir¿il f fjt, jl J_ 1), d:1.02¡,':
an(l i[ 1-.u.9-:f a* 3-lt ---r:-,o*."" -' 

: - " r - "¡1r - z'¡ ;;íi - 0' Lltcu' tlenoting

2'- ,î,

flr(i l'tt) -l-
'),8Ì: 1., 1)

n 2.,j. o, Di)- b- a
(t-aX1 -l¡)-aþ

t follorv".r from (,.j.?) tìr¿rt ¡, ,:i, ., i ,,,: 
:

llP,('u,a) a1 trfþt,rr,)llSà, ,,.,,ù =.J.,2,
tor,, (,rf, r:)ç Sf rx ñ;1,8¡., q+rcl ,,S¡" beiru,. ûhe sebs; .,

'çi'
J
Ì

1.(e 11" r.ris4 -T=,;:, 
*ô,1, ,

rrhcle :

Bf ,== I

I 1,,e n,j-u j¡¡,rr< ar¡,llft_È ô,|t
-lr.r -r b

i; :i,,:Ì;,.,.: .;

êt--3
(1

,, :.q_) r: ..,,
'aþ

ôq:
'1+(r,--a-

(1 _- ø)(1 - 1,) _- aþ

â>2 in¿r.x L0r, 0_rÌ i¿ e 0{
Efl')ll < ê., ¿:'i: (Ð ^ ô;'
t lre ser¡ ur,rrces g. ,,rf* 

iìi;; ::;


