ikt iinl -.';1'Ii1'|!||_i|-||' Al L|||i1.-'vq;r.;."i1:_'||_i'i dim o More
Seria B, Matematici-lnformarica, wol XIS, 140- 152

COLLOCATOIN METIIOD OF SOLVING NONLINEAR SINGULALL
INTEGHAL EQUATIONS GIVEN ON CLOSED SMOOTH CONTOTIT

Viadislay SETCHITUIC

Lot T be o clased smooth contour [1, p.i4] bounding o smaple connected
region F* oof the complex plane © containing the peint = = 0. In the
Banch space of functions Hg([} [1, €.173| satisfving un I the Hilder
rondicion with the exponent (0 < & < 1) conader o wonlinear zingulas
integral equation (SIEY of the ferm

_-'t[ull'.!] 'f-i.'f;-:;?[l_:l.; S, ﬁ.l:'f, iyl I]] = f[i}, I:].:I

where Pt u; 1][T Ui lul, o] = o), it ryu)it,r € T, ju| < oo) and ft)
are koown contiorous funesbions of rllﬂl ArgumEnts, the sing wlar mtegral

T

—_

g s __ Bt v iy )
"-"H'Iut: Ty T _||r

s pnedersbeooc] o the meening of Canehy principal waooe, aned oo r:!
s an wnknoun funation,

I whiz work we prrop0se B COmmILing sebiennie ol eollocetion method
for the -:_'n;ll,unl_i-',:-l_.:,; |:1] el ||:-:i||__u; the results of [!. |'|___-."|] ive | thesretical
foundation of this scheme in the Hilder spaces. Mote chat earher o the
paper of the author (3] the foundagion of collocation method for the cqua
tion (1} is obtained for the case of Lyapunov's contour [ 1, p 14, In
present work the following results are obtaned: 1) che clivs of contones T
iz ezsentally cxtended; 2] the basis of method i caccied oot for the case,
when the seacching solulion wit] of the equation (1} belopgs to the s
HI(T)yr = 0,1, .., that iz e function w(t) i r- times differentiable and
#t) £ HL(IY); 3) the conditions on functions B w; v} and AL ;) and
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conditions of reversing of the aperator A'(g) in Hg{l") are defined mare
precisely; 4) the sstimation of convergence rate of approximative solution
in Holder's spaces (in{n) mstead of In'(n) ) is essentially improved: 3) the
proof of convergence is simplified,
We zeek for the approximate solution of nonlinesr SIE (1} a= a polino-
IIEEEI] -
valtl= 3 et [tel), (]
ke 1
the unkoown coetficients of which e J__ will be determinated from the

E=—n
system of nonlinear equations (SNE)

o il B(ds, 7 wal7]) i . :
Hisgaltsh o [ =2 ) =< i =0, gy

where {1; HZ_ s & set of pairwize distingt points on T
Theorem. Let the followng conditions be Fulfalled:

1) the functions Dt € My g (T) and bt 7:u) ¢ Myt (THO < & <
g w1 satisfy the conditione
it ar; v}, Foafrong TR Cui [ u]-E-Haws, 1 (Chidtialt, 15 u) o g (1
2) the nondinear SIE (1} i sowne sphere of the space Ha{TH 0P @ =
@ % 1) has o wngue solution @) € HOD),r=0.1,..-
$) C2(0) = D2t) # 04ee T, indl(Cylt) 4 Dalt)) - (Coft) - Dy(t)1~"] -
0z £ T, where
Coit) — BIEolth Sh r p(ril] £ HE (T,
Do) = 0l =) Sohlr el MR el = L Y 1
4] 'ﬁTr.l.Ir!.-\'_'Z"Z'J-.-lll::,"] = 0. where A s defined i the folloving oy -
Wit} & Hg(l),
(A1 = B ® (1) Sohle, T e"ls Nilglf i+
PR 0 Sk (e T ()] - SRt Tl glr)] =
= Con(£h{8) 4 Doon(2) Srg (1 )4

1 ;. Bt 37 )) = R (e, trgt(7))
+_IJ|:-¢'I'|.EE -,;:"[.'.:!:5_--&{3:?';:.:3""{'-']]] "I: ] "’L. AL ""'-_-'I-'-'I_,-Il[-_-}
x

P =1

or;
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3y the peinds t(3 = (L, 2n) ferm on T a system of Fejer's nodes M4, n.56),
g8,
2y
Vin 1
o {w]) a5 the Riemann's function which readizis the conifatmn map
pang of extersor of the wralary circumfirenice Tyi= W] = 1) on the
exterior of 7 UT such that wica) = oo, v (0o) = const = (0.

Then there exiate a Zn+ 1 dimensiimal pomd |;||';..]-"_= n: 1 8 newhborhood
of which SNFE (3] hes a wnigue solutivm {og}P__ for ali n begining wih
a certamn ong. The epprommate ssfutions (2) converge a8 n — oo in e
worm of Hy(T') Lo o) for any function f{t) € HL(T). For the rate of
eonvergence the folloang eslimation holds

b= gugh, uy = exp

I:.T_ﬂ‘])l :I-}=_]|.i|. LT.TJR.

f o — ion Jla= Cin =il inin) ) I {0 olal), {4)

where gl =0, fl o<l and o) =0 —¢ ifer = 1.

Proof. Dy condicions 1] of the theorem the nonlinear apesior A, de-
termioed by the left-hand side of dhe equatuon (1) is Freshet differendiable
[5] at every poimt 5" of He(I'){0 < 3 < o < 1) and its derivative has the
form described by condilion 4) of the theorem. Moreover, in the sphere
| =" [l #{r = 0] of Ha(l"), the linear sperator A' satisfies the Lipshits
remacda o

A ) = A () s Lol i — 2 [l i)
where [ s a comnpletely definite constant, i walue depends on r, an ale
ment (£} € Hz(T') and on functions & and fo.

Let y{t] be an arbilnery continuons on I function and

Ualy) = Laln, t) = 3 aitijl(e]

is interpolating Lagrangs polynomial, constmcted by nodes {1, 'I- st g
wliere i
=B (525)- () s-vmeer
Then SNE [3) can be written as an equation
Anlipa) = Lot o[t S AL 75 (v} = L f {t €T, G
where A, iz a nonlinear operalor on the suriace X, (17 of polynomial fune

Licns of the form (2] with the saane o as i Hp{U). By the same con-
eitioms 1} of the theorem, A, is also Freshet differentiabie al every pomt
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v of X, and its derivative has the form
Al e = U {816 35020, Sehitor; ) ealt) 14
FUL{® 8 b (8); Sohit, 722 (1)]]5- [h (2, et e e ()]} (7}

How let the nodes {1; }..l—'-'- C T be computal] in accordance sith condition
B} of the theorem. Then [2, p.49]

|27 Ba g + o - I 4 1) (8)

where, here and later on, pelk = 1,2,...} arc completely definite constants
not depending on n. ¢
Hence, using (8], the linear operator A () defined in (7) sabisfies
Lipshitz condition (5] with the new constant
| Aulza) = Aalzl) o< (s + pa - Inf2n + 1)) || 22 — 22 [la i
Let @i{ti{e X,) be the best unifarm rl1_.:-[“]'|:|1: imation polynomnial of ().
Find the estimation of || A'[¢) — A2 |6
I Afwalt) — Atwhluit) Hasl] {1t with S bt 7 wiri]-
~ [t wn () S-bit, Tnin I belek e
b B[t wlth; Soh(e, vy - 8 JR [t el el
— et (£): SLhit, gnlrll] - .'?-'_.[.'.ltlff, mrenirlel)] o=
<l [t elt); 5 Rt 7ipir )] — e enit): St 7 i) alt) lla +
+ || {2,102 (8] Schit, 7wl n))] — F [k () Sohie, w0l ()] Darle) flo +
L N R T wlr - SR (s T el I-
— 8 (0] SLATe el IS, K1, 7 el et ] Lo +
F Bl wn 2 SRt T TSt 1 el alm)]
— el (8 SLR{E, rot WL 1), [l 8, aa{ w1 0g( ) l+ +
+ || @, (6 wilgh: Skt el DS Bt T al e gl 1l-
= [t () Sebit T TSR TRl T a(r)] s
From condition 1) of the theorem, lanma 6,1 [2, p.35] and boundness

of the operator - on Hg(T) we grl

i
r+:'|:r| I ala)).
ﬂ

{ A |.':F'] A4 I
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Hence from the reversibility of A'{3) and from Banach thesrem it Tollws
that for all n (n Z ) such as

an i et i
s ™ (o)) LA )] o= da < g < 1,

the operator 4’ (4] is alsg reversible in (1), amd

. (A ()] ! A )] !

i A ) e s _||l-41{+i;.i"||p % HF%'@]“"‘]
By the theorem about the continuity of the function index [6, p.101],
chainging there @ on ), the conditions 3) 5] of the theorem are fullfilled,
&8 1 2 my, From (@) it ellows that the aperator ALl 15 the operator of
collocation method for the operator A'(;2) ). Thus for the operators Al
and A:,(;-_:;;l all the conditions of the theorem &1 12, p.7a] are Mollfillad.
Therefore for sufficiently large aln > ny > ny) the aperator A (pn) is
reversible in X, and the estimalion holds

I [Aalen)]™" Naz s (10
From the estimation (90 zid (10) it follows that fo sulliciontly small -,
the inequality

sup [ [Auleh ) 1AL () — ALGE] e
I il

= paplpa e (a4 1))y w g <1, {11]

holds, where o0, & X,

Let fit) € Q7). Using the well known lormula of finile increments
for operators, the estimation (10) and lemma 6.1 {2, p.55), we Gnd that for
all n begining with a certain one {n > ny > n) the inequalily

My = ALl [Aulipn) — UaAld]] o<

< pr{pa 4 g -Ini B4 1) A |5 ”?—_‘_:_':-.il :_I.Irfl' AU ) =g (12)

hiolds,
From the estimation (11, (12} ‘and leroma [T, p277), putting there
I = A, we obtain that the equation 4,7, "0, F has i the spheate

| ¥ = 405 [l#= 71 the unique solution . {t] 2l the estiniation
25 <]y~ o< <2
B =y
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is proved. Thiz means that for n = ag in some neighhourheod of {2n+ -
dimensional point g7 (w © wi(t) = Efi  mt*) the system of non-
linear equations (3} has the unique solution {oe}f__,. For approximative
solution {#) the following estimation

- |
L S < s FL[&“'H] .Irfl:!p'r:'; ali))

| w5 = wn lla= P IR
is obtained. From the last ineguality, triangle inequality and lemma 6.1
[2, p.55] the estimation (4] follows. The theorem i proved.
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