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PET'YJSIPU3AIIAA CUCTEMBI IMHEHHBIX MHTETPAJIBHBIX
YPABHEHUWM BOJIbTEPPA TPETHEI'O POJIA
Kapaxkees T.T., Pycmamosa /I. K., Byzyoaeea K.T.

KuiroueBblie cjioBa: ypaBHeHuUs: Bosbreppa, cucteMa UHTETPaJbHBIX YPaBHEHUM, MaJlblil mapamerp,
METOJ, pETYIAPU3alUH, EAMHCTBEHHOCTh PEHICHNUS, pABHOMEPHAS CXOJUMOCTb.

AHHoOTanusi. B craThe paccMaTpUBaIOTCS CUCTEMBI JIMHEWHBIX HWHTETPAIBHBIX YypaBHEHUH
Bonbreppa TpeTbero poja ¢ oneparopoM Ha HENPEPHIBHYIO HEBO3PACTAIONIYI0 M HEyOBIBAIOIIYIO
(YHKIMH, pEeIIeHUs] KOTOPBIX CYLIECTBYIOT B IIPOCTPAHCTBE HENPEPBIBHBIX (YHKIMHA. C MOMOLIbIO
oreparopa YMHOXKCHUA NOJTYYCHBI CUCTEMbI JIMHEMHBIX HUHTETPAJIbHBIX ypaBHeHHﬁ, OKBHUBAJICHTHBIC
B CMBbICJIE Pa3pelIMMOCTH MCXOJHBIM CHCTEMaM HHTErpajibHbIX ypaBHeHWH. Jloka3zaHa Teopema O
PaBHOMEPHOH CXOJIUMOCTH PELIECHUI CUCTEM PEryJIIpU30BaHHBIX YPABHEHHM K TOUHBIM PEIICHUSM
HACXOJHOW CcHUCTEeMbl ypaBHeHM BoinbTeppa TpeTbero poaa B 1iape. YCTaHOBJIEHBI YCIOBUSA,
oOecrieunBaONIe COUHCTBEHHOCTh PEIICHWH CHCTEM HHTETPANbHBIX ypaBHeHHH BombTreppa
TPETHETO poJia B IIape.

REGULARIZATION OF SYSTEM OF THE VOLTERR LINEAR
INTEGRAL EQUATIONS OF THE THIRD KIND
Karakeev T.T., Rustamova D.K., Bugubaeva Zh.T.

Keywords: Volterr equations, system of the integral equations, small parameter, regularization
method, uniqueness of the solution, uniformly convergence.

Abstract. In the article systems of the Volterra linear integral equations of the third kind with the
operator on the continuous non-increasing and non-decreasing functions which solutions of the
equations exist in space of continuous functions are considered. By means of the operator of
multiplication the systems of the linear integral equations equivalent in sense of resolvability to
initial systems of integral equations are received. The theorem of uniform convergence of the
solutions of systems of the regularized equations to the exact solutions of initial system of the
Volterra equations of the third kind in a sphere is proved. The conditions providing uniqueness of
solutions of systems of the Volterra integral equations of the third kind in a sphere are established.

B crathe paccmaTpuBarOTCS CUCTEMbI JIMHEHHBIX MHTETPAIBHBIX ypaBHEHUN
Bonbreppa [1] TpeTthero pona ¢ HeBo3pacraromiei [2, ctp.52] u HeyObIBaromei [3,
crp.12]  ¢yHKUMAMH.  YCTaHOBJEHBI  YCIOBHS  PETYISAPU3HUPYEMOCTH U
CIMHCTBEHHOCTH PEIIEHHUI CUCTEM B npocTpancTBe C, (D).

Ilycte 3anmaHa cucreMa JMHEWHBIX HHTETPalbHBIX ypaBHeHHH BombTeppa

TPETHEro pona
X

p(ux) + f K (e, Du(t)dt = g(x). M

0
[Ipeanonoxum, uro uckomas BekTop — (ynkums u(x) € €,[0,b], a s

3aJlaHHBIX BeKTOp — GyHKuMKM g(x), mxn — marpuuHoi ¢ynkumu K(x,t) u
CKaJSIPHOH (YHKIMU P (X ) BBITOIHSIOTCS YCIOBUSL:

a) p(x) € C?[0,b], p(x)— HeBO3pacTarowas cKansApHas QyHKIHS,
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p(x)=0, vxe[0,b), pPB)=0 i=0,1;

0) K(x,t) = K;;(x,t), Kj(x,t)€C(D), Lj=1n,
D={xt/0 <t<x<bh}

6) g(x) = colon(g, (%), ..., gn(x)), g(x) € C,[0,b],

Cop(x)+ C19;(x) =0, i=1,n, 0 < Cy,C, = const;
2) G(x) — n>n— marpuuHas QyHKIHUS,
G () = { K;;(x,x), j#1,
! Cop?() + (1 + Cogi())Kyi(x,x), i=Jj, ij=1m;
IG(x)]| < CA(x), A(x)=d,, 0<d,C,= const,
Alx) = gg}l A:(x), Alx) (i= L—?l) — COOCTBEHHBIC 3HAYCHUS
MAaTpHIIBL,

[G(x)+ G*(x)]/2, G*(x)— conpsuxennas Marpuia kK Matpune G (x).

Ha cuctemy (1) aeiictByem oneparopom [ + CyJ + C,T. Toraa nomyuum
x X

p(x)u(x)+f6(t)u(t)dt= fL(x, Hu(t)dt +

0 0
X

+CIJ’ P, (t)u? (t)dt + CIJ’ J’(Bu)(s,t)u(s)dsdt +F(x), (2
(x) = colon[il ()4 (x), ., wE (),

F(x)=g(x)+ CoJ’P(t)g(t)dt (Bu)(x,t) = K(t,t) - (Bou)(s, 1),

0
x

L(x,t) =K(t,t) — K(x,t)— Cofp(s)K(s,t)ds, Py(x) = p(x)K(x,x),
(Bow (s, t) = (Kij (s, )us(2),) ti,}' =1n.

PaccmoTpuM cucremy ypaBHeHMH ¢ ManbIM napamerpoM £ € (0,1)
X X

(e + p())u.(x) + f G(u.(t)dt = f L(x, u(t)dt +

] ]
x x

e f P (Ou2(t)dt + C, f f (Bu,) (s, Dua(s)dsdt + F(x). (3)

0 0
Cucremy ypaBHeHul (3) nmpuBeaeM K BUAY

17 C G ) (¢
“S(x):‘ew(x)f ew| - | S Yl PRy 1 uctsras -

t 0
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t t

L(x,s)u.(s)ds — le Py(s)uz(s)ds + le J‘(Bus)(v,s)us(v)dvds —

|
Ok—_‘_\b{

0 =

—lef(Bus)(v,s)uE(v)dvds+ F(t)— F(x)}dt + ) X
xgxp( J’EEE:()S) ) fL(x t)u, (t)dt+le P, (t) u(t)dt +

j(Bua) (s, t) u (s)dsdt + cu(0) + F(x)} = (Au,)(x). 4)
ITycTs i fﬁs (x), ti.(x) €Q,[0,b]. Ouenum  pasHOCTL  ONEPATOPOB

(Aii;) (x) — (Ati.)(x). YuntbIBas, 4TO PH BBIIOJIHEHUH YCIOBHUH a)-2) MaTpUYHAs

X
G(t)
e — | ———=dt
P ( f e+p() )
t
YAOBIETBOPSET HEPABEHCTBY BaxkeBckoro [2, cTp. 53]:
X X
G(s) A(s)
e — ds ||| £+/ne — ds |,
"p( | o )H v ""p( | e
t t
MIOJIyYHM CIIETYIOIINE OLICHKU

1 [ [ew \ew (]
HE o) P (fe +p(s) ds)f (D) {I[L(x,s) — L(t,s)] x

X

byHKIUS

X [1.(s) — ti.(s)] ds + J’ L(x,s)[ti.(s) — ﬁg(s)]ds}dt <

< CoVn(2Lybd; 2657 + Cob(Lib® + 2Mo) (1 + 65 I T(x) — e ()l g, fo,5)
rae Lg = Lip(K(x,t)|x), 0< Lg = const,

My, = max (fh‘((t t)|dt) 0, +6,=1, 8, € (0,1);

x€[0,b]

[ G(s)
g+p(x) ( Ofﬁp() )ft(x t) [T (t) — . ()]dt

< vn(Lgbdy "(1+4 CoP1b/2) + CyP1b)(82€) [T (x) — ﬁs(x)“cn[o,b]:

<
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G 0 ( G(s) ; _2 .
etp) (fﬁmds)f Po(s) (12 (s) — iZ(s) ) dsdt|| <

t

26, G;Mprvn(1 + 65 1)|1w. (x) — ()¢, [o,61;

Gy r G(s) ‘ B .
€+P(x)€xp(_f €+p(s)ds) Df Po(0) (@2 (1) — Hi2(1)) de|| <
ZCLP]_T

IA

Vf_“ue(x) us(x)”C [0,B]/

G [ G(s) G(0)
crom) P (‘f ) ) () {f f (Bue)(v,5) X

X (. (v) — .(v))dvds + f f (Bu.) (v, s) (@ (v) — ﬁs(v))dvds}dt <

< C,C105 % (Lypb? + 2M )V || (x) — ﬁs(x)“%[qb];
a | [ 6 oy (7
AR - (_ f e +p(s) dg)f +p(t) {J’J’[(Bus)(w) -

—(Biig)(v,s)]u(v)dvds + f f[(Bus) (v,s) — (Bu)(v, S)]u(v)dvds} dt

< G185 % (L b? +2M0)\’f_||u (x) — ()|, [0,61;

G [ 6 o
€ +F'(X)€xp (!E -|—:(g) ds)u‘tf(ﬁ)u)(s,f)(us(s) —1i.(s))dsdt +

+ f f ((BE)(s,t) — (Bﬁs)(s,t))u(s)dsdt} <

< Cyr(Lib? + 2M,)(6,€) " *Vn || (x) — i ()¢, fo,61-
B urore, u3 (4) noiayuum cieayroiiee HepaBEHCTBO
I1(Az:) (x) — (Atiz) (Dlle, o1 < qallTe(x) — Tl fon1,  (5)

rae q; = C,(2(Libds + Cir(Liph® + 2M,))052 +

+(2Mo(Cyr + Cob) + Ly Cob®) (1 + 651) Wn +
+(Lkbd;1(1 + CoPyb/2) + CoPyb + Cir(2(P, + My) + Lkbz))egle‘lv’ﬁ.
Nmeer mecto [4, cTp. 55] cnenyromas
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Jlemma 1. Eciu Bemosmstores ycious a)-2) u u(x) € €,[0,b], T0
CIIpaBeJIMBa OLIEHKA
|(H-w) () lc, fo,61 = (le + szl_ﬂ)“u(x)ucn[ab] + dzcz\/iwu(fﬁ)s
e Ny = (2 + MOV Ny = 2N,C,/(02dqe), dy=1+6;%,6, =10,
w,(eF) = sup |lu@)—u(®lcpp, 1/2<B<1, M = max|p” (®)|

|x—t|==f
Teopema 1. IlycTe BBINONHSIOTCS YCIOBHS d)-2), ¢ < 1 M cucrema
ypaBHenuii (1) mmeer pemwenne u(x) € C,[0,b]. Torna pewenue cucremsr (3)

PaBHOMEPHO CXOAUTCS K pemenuto cuctemsl (1). [Ipu aTom cripaBeniuBa orieHKa
lu:(x) — u() llc,tom <

< ((Nye+ N2> ) [u()llg, o1 + d2Covneo, (69)) /(1 — q2),
rae Ny, N,, d, — ompefeneHsl B iemme 1.

HokaszareancrBo. W3 (4), moacrasus 7.(x) = u.(x) — u(x), noayuum

CIICAYIOLIYIO CHCTEMY YpaBHEHUN

1 F G ct) (7
ns(x)———ﬁp(x)fexp —fﬁp(s)ds o fL(t,s)ns(s)ds—
- f L(x, $)n.(s)ds — €, f Po(8)[tte(5) + u(s)]n.(s)ds —

t

—C, J’J’(Bus)(v s)n.(v)dvds + CLOJ’ f(BnE)(v s)u(v)dvds —
!(an) (v, s)u (v)dvds + [u(t) — u(x)]}dt + T(x) X

x

[ f L(x, ). ()dt + C, f Po (t) (@2 (t) — @i2(t))dt +

0

+le f(Bus)(s,t) n.(s)dsdt + le I(an)(s,t) u.(s)dsdt + Eu(x)}.

r G(s)ds
fe +p(s)

Ha ocHoge (5) umeem
M=) le, 10,61 = @ln=() ¢, 0,81 + 1 (H) (]l [0,0-
Otcroza, mpu ycinoBuu ¢ < 1, B CHIIy JIeMMBI | clieyeT OLeHKa TeopeMsl 1.

Teopema 1 nokasana.
CaencrBue 1. Eciu BBIONHSIOTCA YCIOBHUSL TEOpeMbl 1, TO pelieHue
cuctembl ypaBaenuit (1) eauacreento B (), [0, b].
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ITyCTh BBIIONHSIOTCS YCIOBUS
p(x) € C[0,b], p(x)— HeyObiBaromas ckanspHas QyHKIHS,

p(x)>0, wxe(0b], p0)=0.
IMoncraBuB  n.(x) = u.(x) — u(x), mnoxyuum CIEAYIOUYI0 CHCTEMY

ypaBHEHUU

I F G cit) (¢
ne(x) = _Tp(x)!m} (j£+P(S) ds)e +p(t){ofL(t’S)nS(s)dS

X

- f L(x, $)n.(s)ds — C; \ f p(s) [ue(s) + u(s)ne(s)ds + f f (B1.) (,5) X

0

X u(v)dvds + fj(an)(v,s)u(v) dvds + j j(Bu) (v, s)n.(v)dvds +

t s ot

x x 1
+ J’ J’(Bu) (v,s)n(v) dvds e+ P

x d x x
X exp (— | %) [ [ 1 0me@de+ ¢, | o (2 ® w2 @)ae +

+ e[ult) — u(x)]}dt +

0

+C1J’J’(B:qs)(s,t)u(s)dt+ le f(Bu)(s,t)ns(s) dsdt + fu(x)}.

ITomyunm oneHKn
1 7 f JONPANIONN
e+ p(x) “xp e+ p(s) et p(t)
0 t

X {J’[L(x, s) — L(t,s)]n.(s)ds + J’ L(x,s)ns(s)ds} dt

<

t

< Cy(2Lybd7t + 2Cob(Lyb? + 2Mp) Wnlln. () llc, 0,15

Teds\ 6O [
£ +p(x) XP(J’E +p(s))g+p(t) Po(s)(uZ(s) —u?(s))dsdt|| <

46162M0T\&”?’Fs (x) ||Cn[o,b]

o [ G(s) G(0)
e () exp(—fHP(S) )Hp@{”(ﬁ“)@ $) %

IA
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X (us(’v) u(v))dvds + ff(Bu)(v s)(us(v) u(v))dvds}dt

< C,Crin(Lyb* + ZMO)”ns(-’C)”Cn Ob];
C, f G(s)

g+ p(x)exP P p(g) J’J’((Bus)(s t) — (Bu)(s,t)) X

X u(s)dsdt + f f(Bu) (s,t)(us (s) — u(s)) dsdt}

< CyrVn(Lyb? + 2My)e ™ ||n, ()¢, [0.61-
[Tonyuum
1n: (Ol 10,61 = @l ¢, 0.1 + | (Haw) (X))l ¢, 0,61,

rne q = 2L;b(d7t + b(Cob + Cy7)) + 4My(Cob + 2C47) +

+(Libd;* (1 + CoPyb/2) + CoPyb + Cyr(Lib? + 2My + 2P;))e ™.

[lpu BbIMONHEHMH YCIOBHH 6)-0) u ¢ < 1, pemeHue cuctemsl (3)

PaBHOMEPHO CXOAMTCS K pelIeHu o cucteMsl (1).
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