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Aunomauusn: B pabome ucciedosanvl 6onpocwl pe2yisipuzayuu HeIUHeUHbIX UHMeZPaNlbHbIX YPAGHEHUL
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Abstract: In this work, questions of regularization of nonlinear two-dimensional Volterra integral
equations of the third kind in the space of continuous functions are studied. The method of regularization
of the Lavrentiev type is substantiated, the convergence of the regularized solution to the exact solution
with respect to the uniform metric and the uniqueness of the solution of the equation in the space of
continuous functions are proved.
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Bomnpocs perynspuzanun HHTErpaibHbIX ypaBHeHUH BonbTeppa TpeThero posia ucciieJoBaHbl B paboTax
[1-4]. [Tony4eHs! peryspu3aiis 1aBpeThbeBCKOTO THIIA C COXPAHECHUEM BOJIBTEPPOBOCTH YPABHEHHUSL.
OTH K€ BOMPOCH U3y4aeTcsi B aHHOM paboTe AJIsi CUCTEMBbI

X

plx)u(x) + J No(x, t,u(t))dt = g(x), (1)
rie i

_(p(x),  x€[0,by], _ {fl{xl x € [0, by],
P(x) {pz{x], x € [by, b], I =100, x € [bybl,
No(x,t,u(t)) = K(x, ult) + N(x, t,u(t)).
IIyets K(x,t) — »n*n -MaTpHuHAA QYHKUHA H H3BECTHBIE CKATIpHAZ QVHKIHE p(X) 1 BEKTOp —
dyuknua g(x) mogUHHAIOTCS YCIOBHIM:
4) K j(x,t)€EC(D)i,j=1n D={(x1)/0 <t=x<b}
B fi(x) = colon(ity (x), .t (3)).
fo(x) = CUIU“(QM&): ---:‘Pn{i‘f)); fi(by) = fa(by);
p1(x) € C*[0,b;], p1(x) - HeBo3pacTarOmas cKATAPHAS (YHKIHS,
p(x) =0, Vx€[0,b), pPb)=0 i=0,1;
pa(x) € C[by,b], p;(x) - HeyOBIBarOImAA CKATIPHAS (VHKIHA,
p(x) >0,  Vx€(by,b], pa(by)=0;
B) G(x) = K(x,x), ||G(x)]| = C;A(x), AMx)=d;, 0<d,; C;=const,
Alx) = mm 2;(x), A;(x) (i=1,7n) —cobcTReHHbIe 3HAYCHHS MATPHITET
[G(x) + G (x)] /2, Gy (x) - compsaeHHas MATPHIIA K MaTpHIe G (x);
I') BexTop-yHKIHH N{x, t,u{t]) HenpepsiBHA B obmactn D, =D X R, D = {(x,t)/0 <t <x < b}
N(x,x,u)=0=n
IN(x,5,u) —N(x,s,w) — N(t,s,u) + N(t,5,w)|| = Ly(x —t)||lu —w]|], 0 < Ly = const.
Ecmu x € [0, by ], TO U3 cucTeMs! ypasHeHH (1) momyamm
X

P20 + [ No(t,2(0)de = u(x), x € [0,b,]. @

CreTeMy (2) mpHBEIEM K BH;ry

x

py (X)2(x) + f G(6)2(t)dt = f L(x, )z(£)dt — j N(xtz(®)dt + fi(),  (3)

0 0

x € [0,Db4], rge L(x,t) = K(t,t) — K(x,t).
PaccMOTpHM CHCTEMY VPABHeHHH
(e +p1(0))z-(0) + [§ G(2) z:(t)dt = [ L(x,t)z(t)dt — [ N(x,t,2.(£))dt +
+fi(x) + £2(0), (4)
[Ie & - MATHIi DapaMeTp w3 mETepBana (0,1).
CHCTEM}T ypaBHeHHI (4) npeodpasyeM K BHIY

2:(0) =~ Jo X o) s L Lt )z (5)ds — [ L(x, )z(s)ds +
+ Io N(t, s,zf(s))ds — fUrN(x,S, zf(s])ds + fi(t) — fl{x]} dt + :":12; U Lix,5) x
% z.(s)ds + J N(x,t,z.(t))dt + f(x) + £u(0) (5)

0
rae X.(x,t) — @pyuxung Komn cHCcTeMbl
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d -1
—=—(e+p(®) V()
I[TpH BEMIOIHEHAN YCI0BHI 4)-1) ¢vExuns Komn yIoBneTBopgeT HepaBeHCTBY Bakesckoro [4]:

FA(s)

X, (x, )]l < V7 exp (— | )

) &+p(s) ° )
C DOMOIIBEO MOACTAHOBKH 1) (X) = z.(x) — z(x), u3 (5) momyanm

1e() = = s o Xae (0 t) s { [ L(E SN (s)ds = [ L(x, $)n.(s)ds +
—f [N(t,s,2.(s)) —=N(t,5,2(s)) + N(x,5,2.(s)) — N(x,5, z(s))]ds -

+f [N(x,5,2.(s)) — N(x,s, z{s))]ds + e(z(t) — z(x)) }dt + ——X,.(x,0) x

E+pEJ

U Ly (x, t) n(t)dt + I[Mﬂx t,z¢(t)) — My (x,t, 2(t))]dt + £(z(0) — Z(x))] (7)

0 0
[TponsBedeM oeHKH B cHcTeMe (6). C yaeToM (6) mMeeM

[ X (0, 1) {j [L(x,5) — L(t, )]0 (s)ds + [~ L(x,5)n.(s)ds)dt|| <

e+plx) -0 e+plt)
<2 Cﬂ"*““jn ||qf(t)|| dt, 0<Lg = Lip(K(x,t)|x), 6, +6,=1, 8, € (0,1),

Xe(x,0) J7 L, ) ne(e)dle|| < 225 Xy, (2)]| de

£+pErJ

1 Gy(t)
— [Mx St
£+py(x) /0 f 1e(%. 1) s+py(t)

X _f [N(x,5,2.(s)) — N(x,s,2(s)) — N(t,5,2.(5)) + N(¢,, z{s])]dsdt” <

x
C Lyb
<Ot ;;rfunf(t)ndc;

;f X1e( Ga(t) f [N(x,5,2.(s)) — N(x,s,2(s))] dsdt|| <

expy(x) -0 f+P ()t

CL b
<= lrfunf(t)ndc
d,63

le{xl 0)
e+pi(x))

C,Lyb xf_
<2 N(Dl) I2:(x) — 2. ()l 08,7

In. GOl < le (Ol dt + [|(H2)@)l-
(H2) () = o [ exp (— [} o ds ) oSl 2(x) — 2(6)] de —

L e+p(s) E+p(t)

exp (— [ 2 ds) [z(x) — z(0)].

s+pix) E+p(s)
Humeet MecTo [3] cnenyromad

Jlemmia. Ecn BemonasroTes yenosus 4)-I) u u(x) € €,[0,b], 1o copasemBa oneHka
I(H:2)(x)lle, o) = (Nye + Nzﬁl_'gj||z(x)||£,,[o.b] + d3Civnw, (eF),
rme N, = (2+M;0Wn, N, =2N,C,/(03d,e), d3=1+65%, 6,=1-06,,
w(F) = sup N2~z 1/2<B <1, My =marlp' GO
|e—t|=eB [0.1]

IIpu x € [by, b], cHcTeMa }’pa_BE[EHI]H (1) mepeXoJHT K clleyEOIIeMY BHIY
by

Cilwby r[um(t)udr

[N (2 5.2:()) = Nt 5. 2:(s))]de|f < 7=

P (XYY () + j No(x,ty@©)de =00 - [ M(rtz@)derebubl @

IIyets F(x) = fo(x) — f;‘ No(x, t, z(t))dt. PaccMoTpuM ypaBHeHHe
(e +p2(0))ye () + [, G@)ye(0)dt = [, L(x, )y ()t — [, N(x,t,y:(e))dt +
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+F(x) +ey(by), €€ (0,1). 9
CucteMy ypasHeHHH (10) npeobpa3yeM K BHIY

e(x) = = [ BEEOEO (P (11, 5) —L(x, )]y (s)ds — [ L(x, 5)ye(s)ds —
- IE[N(t 5, V. (s)) [t s, y(s)) + N(x 5, V. (s)) N(x s, y(s))]ds -
+f [N[x 5, Ve [s)) N(x s, y(s))]ds + F(t) — F(x) ]dt + o Xzf (x,0) x
x If L(x,s)y(s)ds + j N(x.t,y: (t))dt + F(x) + ey({}:)} (10)

BBogHM NOACTAHOBKY [:ff (x) = y.(x) — y(ﬁc} B (11). Torma
£ () =~ o Xae(n ) ([ L5, 005c()ds — [} La(x,5)Ec(s)dls —
—be[N[t, 5.¥:(5)) = N(t,5,v(s)) + N(x,5,y:(s)) —=N(x,s, }r(s))]ds -
— [ M2 (x, 5,7:()) Mz (x, 5, 3(5)) |ds + ely () — y()]} + X, (x,0) x

E+pz(x)

X [ f L(x,©) £ (E)dt + f[m(x, £3.(6) =N (x, £, ()]t + £(y(x) —y(bl))} (12)
b

b].
IIpomssBens B (12) OeHKH, KAK H BBIINE, TOTYIHM

IE.Coll < My [ 11Ol de + I H
Gm%ﬂ—;i;ﬁ xp (= f 2 ds ) = [y(x) — y(t)] dt —

E+pzis) E+pait])

G(s)
E+p2cx) exp ( -r.bl E+P4(5) ds) b (x y(bl)]
JIna pemenng u(x) cucreMsl (1), KOTOpoe ONPenengeTcd Mo HopMe:
. Z(II)J X E [0_. bl];
_(zx. . 13
| R S i R (13)
rae  z(x) - pemenme cuctems! (2), y(x) - pemenne cHcTeMsl (8), peryIgpH3OBAHHOE pemeHHe U (x)
CHCTeMBI ypaBHeHHH (1) cTpOHM IO IPaBHITY
Ze(x), X € [U, bl]!
uA(x) = :
@={, 0 xemu 2.(by) = ¥ (by),

(14)

Z¢(x) - perenue cuctemsi (6), ye(x) - pemenne cucremsi (9).

Teopema. [Tycts BoimonHsroTest yenmoBusi A) — I') u cucrema ypaBuenuit (1) umeer perienne
u(x)€Cx[0,b]. Toraa npu e—0 perynspuzoBaHHOE penieHne Us(x), onpeneneHnoe mo npasury (14)
PaBHOMEPHO CXOJMTCS K PEIIEHUI0 CUCTeMbl ypaBHeHuid (1), koTopoe onpenensercs cornacHo (13).

Jlureparypa:

1. AcanoB A. Perynsipuzanus u eTMHCTBEHHOCTh PEILICHUI JIMHEHHBIX HHTETPAIbHBIX YPaBHEHHN
Bounbereppa tpetsero poaa [Teker] /A.Acanos, I'.O6onoeBa //Mccnen. no uarerpo—auddepeHt.
ypaBHeHUsAM — @pynze: Wnum, 1994. — Bein.25. — C.65-74.

2. KapaxkeeB T. T. Pemenue nTuHEHHBIX HHTETPAIbHBIX YpaBHEHNH BoabTeppa TpeTbero poja B ciydae
BBIPOKAEHUS K03(UIMEHTHOH (QyHKIMM BO BHyTpeHHUX Toukax oTpeska [Tekct] /T. T. Kapakees, XK.
T. Byry6aera // Hayu. uccnen. B Keipr. Pecri. (BAK Keipr. Pecit.). — Bumikek, 2020. — Ne 4. — C. 67-78.
3. Karakeev T.T. Regularization of Systems of Volterra Linear Integral Equations of the Third Kind /
T.T.Karakeev // Lobachevskii J. of Mathematics, 2020, 41 (9), P.1816-1821.

4. Omypos T.Jl. Perynspusanuus 1 4MCICHHbIE METO/BI PELLICHU OOPATHBIX U HEJIOKAJIbHBIX KPAeBbIX
3anad [Tekct]/ T.JJ.Omypos, T.T.Kapakees. bumkek: WUnum, 2006. — 164 c.

40



