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Maxkanaoa sxu ke3 KapaHobiCbl3 ©326pYIMONYY OupuHuu mypoe2y Bonemeppanvin cui3viknyy unmezpaniobix meyoemelepun y32yamyx-
cy3 Qyuryusnap mMeukunouSuHoe pe2yiapooo maceiecu uzunroenem. Teyoemeoeeu beneunyy @QyHKyusiapobii oughgepenyupneyyuy yuypy Ka-
param. bepuneen oughgepenyuandvix onepamopoyn necuzunoe dupunyu mypoocy Bonomeppanvin unmeepandvix meyoemenecu yuynuy myp-
062y CIZbIKMYY UHMEe2PANIObIK MeHoemMeze Kenmupuiem. YyuyHuy mypoecy unmezpaiobik meyoemenenunHecusuroe Jlagpenmoegoux munme-
2u pecyrApo00 MemooyH He2u3000Hy KamMcbiz0aean AOPOHYH wapmmapul bepuneet. Pecynapoanean ubleapliblimell MAK 4bleapbLibluKa
OUp KanblNma HCLIIHATLYYCY HCAHA MEHOEMEHUH YbleapbLIbIUbIHbIH Y32YAMYKCY3 QYHKYUANAD MEUKUHOUSUHOE HCAN2bI30bIebl ONUTOEHEEH.

Hezuzzau ce3oep: peeynapooo, Bonomeppanvin meyoemenepu, 6up Kanblnma JdCIIHAYY, KUdu napamemp.

B pabome uccnedoeansi 6onpocul pecyrapuzayuu IUHEUHbIX UHMe2PANbHbIX YpasHeHull Borbmeppa nepeo2o pooa ¢ 08yMs He3asuUCU-
MbIMU NepeMEeHHbIMU 8 NPOCIPAHCMEe HenpepbleHbix Gynkyuil. Paccmampusaemes ciyuaii, koeda uzeecmmuvle QyHKYUU 8 yPASHEHUU AGNAIO-
mes ougdepenyupyemvimu. C nomowpio Hekomopo2o oughgpepenyuannozo onepamopa unmezpanvhoe ypasuenue Bonvmeppa nepsozo pooa
CBOOUMCS K IKEUBANLEHINHOMY, 6 CMbICIe PA3PEUUMOCTNY, IUHEUHOMY UHMe2PATbHOMY YPAsHeHuo mpembve2o pood. Ilonyuensvl ycnosus ona
A0pa ypasneHus, obecneyugaroujue 0O60CHOBAHUL MeMOOa pe2ylapu3ayull 1aepeHmbe6cKo20 Muna Ha OCHO8e UHMEZPANIbHO20 YPAGHEeHUs
mpembe2o pooa. JJokazana cxooumMoCms pecylapu308anHo20 peuerus: K MOYHOMY PeuieHuro no pagHOMEpHO MempuKe t eOUHCMGEEeHHOCHb
peuienis ypasHeHus 6 npocmpancmee HenpepbleHvIX GYHKYULL ¢ O8YMs He3A8UCUMBIMU NepeMeHHbLMUL.

Knrwouesvie cnosa: pezynapusayus, ypasrenue Borvmeppa, pasHoMepHAs cXOOUMOCb, MAbLL napamemp.

The paper examines the issues of regularization of linear Volterra integral equations of the first kind with two independent variables in
the space of continuous functions. The case is considered when the known functions in the equation are differentiable. With the help of a cer-
tain differential operator, the Volterra integral equation of the first kind is reduced to an equivalent, in the sense of solvability, linear inte-
gral equation of the third kind. Conditions for the kernel of the equation are obtained that provide justification for the Laurentian type regu-
larization method based on an integral equation of the third kind. The convergence of the regularized solution to the exact solution with re-
spect to the uniform metric and the uniqueness of the solution to the equation in the space of continuous functions with two independent
variables are proved.

Key words: regularization, Volterra equation, uniform convergence, small parameter.

B paborax [1-6] nuccnenoBaHbl BONPOCH PEryIIpU3MPYEMOCTH HHTErpalibHBIX ypaBHEHMH Boibreppa mepsoro
pona. B [7-10] nocTpoeHs! perynspusupyoLye onepaTopsl Al HHTETpadbHbIX ypaBHEHUH BoasTeppa TpeTbero poja.
B ykazaHHBIX paboTax MeTOABI PETYJSPU3ALUN OTHOCATCS K METOJaM JIABPEHTHEBCKOTO THIA U COXPAHSIOT CBOMCTBO
BOJIBTEPPOBOCTHU ypaBHEHUs. B naHHOM paboTe MHTErpansHOE ypaBHeHNE Bonbreppa mepBoro poja ¢ IIaJKAMHU JaHHBI-
MU CBOANTCS K YPABHEHUIO TPETHETO POJAa HA OCHOBE KOTOPOTO CTPOUTCS PEryIIpH3UPYIOIIHIA OrepaTop.

PaccmoTpum nuHelHOE HHTErpaibHOE YpaBHeHHE Bonbreppa nepsoro poaa
x x Yy

[ K@y ds + [ [ eoy.s0utddds = gy, @
0 00
rae u3BectHbie pyukmnn K(x,y,s), Qy(x,y,s,7), g(x,y) MOMIHHSIIOTCS YCIOBHAM:

a)  g(x,y) € C(D),D =1[0,b] x[0,c],g(0,y) = 0;
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6) K(x,y,s) € C**°(Dy), Dy = {(x,y,5)/0<s<x<bh,0<y<c}
6) Qo(x,v,5,7) € CYO0(D), D, ={(x,v,5,1)/0<s<x<bh 0<t<y<ch

Ilycte I - TokmecTBeHHbIN omeparop, D = d/dx - muddeperunansueiii oneparop, 0 < C; = const. JlelicTBys
oneparopom C;1 + D u3 ypaBHeHus (1), moryduM ypaBHEHHE TPETHETO POJA.
X X

p(xy)u(x,y) + f G(s,y)uls,y)ds = f L(x,y,$)u(s, y)ds +

0

x Y
+fo(x,y,s,T) u(s,7)drds + f(x,y), (2)

rae G(S,}’) = ClK(S!y'S) + KX(S,y,S), p(x'Y) = K(x,y,x),
L(xryvs) = Cl(K(S:y:S) - K(x,y,s)) + Kx(S,y,S) - Kx(xvy:s):
Q(x,y,S, T) = _CIQO(xvy:S:T) - QOx(x'y'SvT)' f(x,}’) = C19(x,}’) + gx(xry)

PaccMoTpuM ypaBHEHHE C MAJIBIM MapamMeTpoM € u3 uarepsana (0,1)
X X

(e + pGoy))ue(x,y) + f G(s,y) ue(s,y)ds = f Lt y,$) ue(s, y)ds +

0

x ¥
+ f f Q(x,y,s,Du.(s,7)drds + €u(0,y) + f(x,y). 3
00
C moMoIIpIo pe30JIbBEHTHI
1 fx G, y)dv 6(s.y)
- —exp| - | ——— s,
e+ plx,y) p e+plv,y) Y

N

saapa (—G (s, 9)/(e + plx, y))) ypaBHeHHe (3) CBOAUM K 3KBUBAJCHTHOMY BUIY

fx G, y)dv G(s,y) ys

e+p(,y) |e+p(s,y) fL(S,y,v) X

N 0
sy

(x,9) = ——— f
us x,y = £+p(x'y) exp
0
X

us(v,y)dv—fL(x,y,v)us(v,y)dv+ffQ(s,y,v,f)us(v,‘r)drdv—
0

0 0

x Y
—fo(x,y,v, Du.(v,t)drdv + f(s,y) — f(x,y) p ds +

L [ Gvyav \ ([
ol e o {f L., (59)ds +
x ¥V
+fJ-Q(x,y,S,T) u.(s,7)drds + f(x,y) ¢. @
00

Teopema. Ilycts BeImoONHSIOTCS yenoBus a) — 6), G(x,y) =d; >0, £(0,y) =0,Q(x,y,x,7) =0, p(0,y) =0,
p(x,y) >0, Vx € (0,b],Vy € [0,c], p(x,y) — HeyObIBaromias 1o x Gyukims B ooaactu D. Eciiu ypasuenue (1) nmeer
pewenue u(x,y) € C(D), to, npu € — 0, peluenue ypaBHerust (3) paBHOMEPHO CXOIMTCS K PELICHUI0 ypaBHEHUS (2).
IIpu 5TOM HMeeT MeCTO OlleHKA

lhte G, y) = G M llcy < M (4(die) e P llule Wl + wu(eh)),
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e wu(eﬁ) = sup |u(x,y)—u(s,y)l, 0< B <1, 0<M, = const,
|x—s|<e
Y€E[o,c]
”'”C(D) = mgxl-l.
HokaszareabcrBo. Ilycts n.(x,y) = u.(x,y) — u(x,y), rne u(x,y) — pemenune ypasuenus (1). Torma us (4)

MOTYYNM ypaBHEHUE

X

1 7 G, G (s, ;
Us(x,y)=—mofexp —f . 7) dv (57) {J-L(S'Y,V)

e+p(v,y) e+p(s,y)

N

X N

y
X 1, y)dv — f LGy v (v, y)dv + f f 0(s,7,v,De(v,7) drdv —
0

0 0

x Y
— f J- Q(x,y,v,t)n.(v,t)dtdv + s(u(s, y) — u(x,y))} ds +
00

1 _fx G, y)dv

X
Yot " —==— N[ L(x,y,5)n:(s,y)ds +
£+p(x'y) p €+p(V.y) {J- ( y )775( y)

0

x Yy
+ f f Q(x,y,s,1n:(s, t)dtds + €[u(0,y) — u(x, y)]}. (5

Iockonbky p(x,y) HeyObiBaromas GpyHKIHs Mo x B obnactu D, To mpu v < x

1
<
e+ple,y) " e+p(v,y)
Torma ucnone3ys yenosue G(x,y) = dq, (x,y) € D, nis pyHkumn

,(x,y)€D.

Gv,y) p G(s,y)

1 X
LS(x’y):Hp(x.y)ofexp _fe+p(v.y) Ve pGs, ) & T

MOy UM

ILg(x,y)ISdl‘lfexp<—f ¢wy) dv) Cey) [ GWy) g0

e+pv,y) e+p(s,y) )£ +p(v,y)

0 N

We(x,y,0)

=d?! f e‘dep<d1‘1fe_ppdp=d1‘1.
0 0
Ha ocHoBe HepaBeHCTBa

IL(x,y,v) = L(s,y,v)| < Mz (x — ),
Q(x,y,v,7) — Q(s,y,v, D < M3(x —5),
rae MZ = ClLK + LKl’ M3 = C]-LQO + LQl‘ LK = Llp(K(x,y, S)lx),

LKl = Lip(Kx(xly' S)|X), LQO = Lip(QOx(xry'vi T)|X),
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Loy = Lip(Qox(x,y,v,T)|x),

L [_6wy) sy ((
_m!exp<_!s+p(v,y)dv>s+P(S,}’){E!-L(s,y,v)><
sy

X

HUMECM

Xng(V,y)dV—fL(x,y,v)ng(v,y)dv+fo(s,y,v,T)r]S(v,‘r) dtdv —
00

0

< 2(Mp + M3)|Le(x, y)| X

x ¥
—fo(x,y.v,r) ng(v,r)drdv}ds
00

X leng(v,y)ldv+ +ffy|ns(v,f)|dde}:

1 [ G, ydv \([
o) P (‘f m) { f L(x,y,5) 1.:(s, y)ds +

x ¥
+ Q(x,y,s,T)n:(s, T)d’rds}
/]

x exp( m[ GO, y)dv) {fms(v )l dv +”|ns(v )l drdv} <

S(M2+M3)d1‘1e‘1y [n:(v,y)| dv + Ing(v.r)ldrdV},
ficonor+

x
d—l
= (Mz + M3)€+p17y)f G(v,y)dv X

sup[pe ] <e™?, —fG(v )dv.
g P e pamn )
B cuity mosry4eHHBIX OTIeHOK U3 (5) nMeeM
x Yy
IneCe )| < My y [mewtav + [ [0l drdv} FIHAD ey,
00

rae My = (M, + M3)di'(2 +e™),

Ha)(x,y) = ———ex —fodv [(0,y) — u(x,y)] -
Y = ey T Je+tpv,y) Y Y

€ ; [ GO, ) G(s,y)
e+ p(y) Of P <_ Sf e+p(,y) dv) et (s, y) LEY) —uxY)ds.
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9.

10.

11.

Otcrona, ucnonb3ys aHanor HepaBeHcTBa ['ponyosuta-bennmana [11, . 59] nomyuum

e (e, »)| < exp(bMo(1 + )l (H:u) (%, ) ll o oy-
Iepeiinem x Hopme B C (D) 1 UCIIOIB3yeM OLEHKY [7]
[[GADIES] RS 4(d19)_151_ﬁ”u(x:Y)"C(D) + wu(“—'ﬁ): 0<p<l,
npu € — 0, HOIy4nMm, 4TO peryispusosantoe pemenne uUg(x,y) = u(x,y) paBHomepHo. Teopema JToKa3aHa.

CaencrBue. [Ipu BeINOIHEHNY yCIIOBUi TeopeMbl | pemenue ypasuenus (1) exunctsento B8 C(D).
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