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3ACTOCYBAHHHA KONOKALINHO-ITEPATUBHOIO METOAY
00 HENHIMHUX IHTEMPO-®YHKLUIOHAJIbHUX PIBHAHDb

VY cTaTTi IOCHIPKY€EThCS MUTAHHS 3aCTOCYBAaHHS KOJOKAIiH-
HO-iTepatuBHOTO Metoay [1, 3] 1o ogHOrO TUMy HEMiHIIHOTO iH-
Terpo-pyHKIiOHAJIBHOTO PiBHAHHA. Bka3zaHO yMOBH, sIKi rapaH-
TYIOTh ICHYBaHHS €MHOTO PO3B’A3Ky Takoro piBHAHHA. [IpuBe-
JIeHa OCHOBHA CX€Ma METOJly Ta BKa3aHO YMOBH, IIPH BUKOHAHHI
AKUX el Mmeron Oyne 30ixHUM. [Ipu oOrpyHTYBaHHI METOLY BHU-
KOPUCTOBYETHCSI TOH (hakT, L0 BUXIJHE HENiHilfHEe IHTEerpo-
(yHKIIOHANBHE PIBHSAHHS MOXHA 3BECTH 0 HEIiHIHHOTO iHTer-
paIBHOTO PIBHSHHSA, SApa IHTETPAIBEHUX ONEPATOpPIB SKOTO 3allu-
CYIOTBCS B SIBHOMY BHTJISIII.

Takox BaYKIIMBIM MOMEHTOM IIpH OOIPYHTYBaHHI € Te, IO KO-
JIOKAIIfHO-ITepaTUBHUIA METOJ MO’KHA TPaKTYBaTH SIK YaCTKOBHUI
BUIIA/IOK TIPOEKUiHHO-ITEPaTHBHOTO METOMY. 3aCTOCYBAaHHSI OCTaH-
HBOTO JI0 Pi3HHUX TUMIB HETIHIHHUX ONMEPAaTOPHUX PIBHSHB CHCTE-
MaTH4YHO JOCIiDKyBanock y podorax A. 1O. Jlyuku Ta #foro yuHiB.

CyTT€BOIO 0COOIHMBICTIO AOCHTIHKYBAHOTO y POOOTI METONy €
Te, 10 Ha KOXHOMY KpOIi iTeparil noTpiOHO po3B’s3yBaTh CHUC-
TeMHU HENiHIHHNX anreOpaiyHUX YW TPaHCLUEHACHTHHX DPiBHIHBD,
110 € OCHOBHOIO TEXHIYHOIO CKJIAJHICTIO I[bOTO Ipouecy. Aje 3a-
Jada BiJIIYKaHHS PO3B’S3KIB TaKUX CHUCTEM € IIPOCTIMION, HiX
PO3B’sI3yBaHHs BHXIJZHOTO HENIHIHHOrO iHTErpo-(pyHKIiOHAIb-
HOTO PiBHSAHHSL.

VY poboTi mokazaHo, 10 METOJ MOCTITOBHUX HAOJMKCHb Ta
METO]] KOJIOKAIii po3B’si3aHHA BUXiJHOTO HENIHIHHOTO PiBHSHHSI
MOXKHa PO3IIISAATH K YacTKOBI BUMAJKM KOJOKAIiiHO-iTepa-
TUBHOTO METONY.

KpiM 0CHOBHOTO anropuTMy METOIY IPUBEACHO HOTO 00UYHC-
JIOBAJIBHY CXeMy, sIKa € OLIbII 3py4HOI0 Juis Ge3nocepenHix 00-
pPaxyHKIB HiXK caM METOJ i Ky IpH HEOOXITHOCTI MOXHA YCHIiII-
HO peasi3yBaTH Ha KOMIT'IOTepi, CTBOPUBIIHN /I LBOTO BiAMOBI-
JHY TIpOTpaMy.

KiwouoBi ciioBa: neninitine inmeepo-yHkyionanvhe pigHaHHS,
Heniniline inmeepanbhe PiGHAHHS, KOIOKAYIUHO-IMmepamueHul me-
moo, Mmemoo KOAOKayii, 0OUCTIOBAbHA CXeMd, HAOIUNCeHUL
D036 A30K, 8Y31U KONOKAYIL, inmespanbHull onepamop.
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Beryn. PosristHemo HemiHiltHE iHTErpo-(QyHKITIOHANBEHE PiBHIHHS

y(x)=f(x)+ p(x)y(h(x))+IK (x;t)y(t)dt+
b s : )
+A[C(xt)F [t;jG (t;f)y(é)dg]dt,x e[a;b],

a
y(x)=0,x & [a;b], )
ae f(x) —s3amana, y(x) — mykana QyHkuii 3 npocropy L,(a;b), 4 —

JIOJaTHUH MapaMeTp.
BignocHo piBHsiHHSA (1) BBaXKaTHUMEMO, 1110:

1) ¢yskuii p(x) ta h(x) Ha mpomixky [a;b] 3a10BOIBHSIOTH YMOBaM

[p()[<P<ee ®3)
h(x) — mdepenmiiioBra Ha [a;b] i
h'(x)>1>0, x—h(x)2oc >0; 4

2) niuiiiHi iHTErpaIbHi ONIEPATOPH
b

(Ky)(x) = [Kt)y (b, (5)
b

(Cu)(x) = IC(x;t)u(t)dt, (6)
)

(Gy) () = [G(xt)y(t)dt, (7)

Bi10OpakaroTh npocTip L,(a;b) B cebe i € HiAKOM HEMEpepBHUMH,
3) nidicua dynkuis F(x;z) 3miHEEX X €[a;b] Ta zeR 3agoBombHsE
ymoBy Kapareognopi Ta, kpim Toro, F(v;0) e L,(a;b) i
[F(x;u)-F(x;2)|<|u-2|, Vu,zeR,xe[a;b]. (8)

[Mpu TakuX NPUIYLICHHSX, SIK BiZoMO [2, 4], iHTerpaibHuUii onepaTop
b b b
(By)(x) = f(x)+jK(x;t)y(t)dtmjc(x;t)l:[t;je(t;g)y(g)dgf}dt, )

BijloOpaxkae npocTip L,(a;b) B cebe i € iTKOM HENEPEPBHUM.

KonoxkauiiiHo-irepaTtuBnuii metoa. o pisasaHsA (1) npu BUKOHaH-
Hi yMOBH (2) 3aCTOCYEMO KOJIOKAIIIfHO-ITePaTUBHUM METOJ, 3TiTHO SIKOTO
HaOIIDKEH1 O3B’ A3KM OyIyIOTHCS TaK:
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Y (X)=p(x) Y (h(x)) = f(x)+J'K (x;t)z, (t)dt+
b b a (10
+AIC(x;t)F [t;.[G(t;cf)zk(g)ngdt,x e[a;b],

a

i (X) =0,x¢[a;b],

Z,(X) =Y () +w (x),k=12,3,..., (11)
b
W () = [ B (6 1) (Vi (8) = yiea (D) (12)
e
n b
P0G = D 70 00 (0), 7y = [ 15 (). (13)
m=1 a

“u n
Cucrema dynkuiit {7, (x)}m_1 3HAaXOOUTHCA K PO3B’SI30K CHCTEMH

(yHKI[IOHATIbHUX PIBHSHb
I (9= PO (M) = 91 (), x < [ab], ”
m (X) = 0, x ¢ [a;b],

NPAYOMy BHXifHa cucteMa QyHKUiN {¢@, (X)} € JiHiHO-HEe3aNeKHOIO Ta
HIOBHOIO y npocTopi L, (a;b) . Inmumu cinoBamu, GyHKIiOHAIBHI HONpPaB-

KH W, (X) Ha KOKHOMY KpOLli iTepallii IyKaloTbCs Y BUTIIAII

wy (x) = a7, (%) -

m=1
Heginowmi koeoimientn a,l; 3HAXOAMMO 3 YMOBHU
Vi (%) -z, (x)=0,i=1n, (15)
(tyT X [a;b],i =1n — BY3JIH KOJIOKAIIIT).
3nifiCHUBIIY HECKJIaHI eJIeMEHTApHI MePETBOPEHHS, MPUXOAUMO JI0
BUCHOBKY, 110 JUIs BU3HaueHHA QyHKIIH W, (X) Ha KOXKHOMY Kpoli iTepa-
wii 3rigao gopmyi (10)-(13) otpumyeThses AesiKe HelliHilHe iHTerpanbHe
piBHSHHA, TTONiOHE Mo piBHAHHA (1), ane 3 BuUpomKeHHMHU sapamu. Lle y

CBOIO Yepry Ja€ 3MOTy 3alMCaTH OCTAHHE Y BUTJIAJI CUCTEMH aireOpaid-
HUX Y1 TPAHCUIEHACHTHHUX PiBHSAHB MOPSAKY N .

O6rpynryBannsi Meroay. lnes oOrpyntyBanHs meroxy (10)-(15)
HoJsATae y TOMy, 1o BUXigHe piBHSAHHA (1) 3 ypaXyBaHHSIM yMOBH (2) MO-
’KHA 3BECTH JI0 HENHIITHOTO iHTErpaJbHOTO PIBHSHHS BUTIIALY
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b b b
uu%:H@+ﬁ(m0ﬁ0&+lﬁ(m0Fij@@M@Né}LO&
a a a
CKJIAJIOBI €JIEMEHTH SIKOTO 3a[0BOJBHSIOTH YMOBaM, aHAJIOTIIHUM TIPHUBE-
JICHUM BHIIE yMOBaMm 2), 3).
JliticHO, B3SIBIIIH
y(x) = p(x)y(h(x)) = u(x), x € [a;b], (17)
y(x) =0,x & [a;b],

OTPUMAEMO, IO
u(x), x e [a;h™1(a)),

y(x) = (18)

100+ 3y GO Pl (). x e &, 5 -Im,
i=1 k=0

e Ag=[e 1), =2, ¢ =h"(c,1), cy=b, h*(X)=h(""(x),

s=1m.

Toni, mincraBuBmm y(X), mo mae Burisig (18), y migiHTerpasibHi
BUpasu piBHAHHA (1) 1 3AIHCHUBIIM PSiJl IEPETBOPEHb, EPEKOHAEMOCH Y
ToMy, 1m0 sapa T(x;t) Ta H(x;t) iHTerpambHHX ONEpPaTOpIB PIBHIHHA
(16) HaOyyTH BUTIISLY

m-s I
. (p-Lyi N
oot = K(xt) + E K(x;(h™) (t))g1 p((h™)" ().t e A, (19)
K(x;t),t e (Cyp_y:b),s :1,m——1,XE (a;b),

G(x;t)+m_se(x;(h‘l>‘<t))i p((h H* ).t e A,
H(x;t) = 2 ! = (0

G(x;t),te(Cp_q;b),s =1, m-1x € (a;b).

IMIpu  wpoMy  KoJoKamilHO-iTepaTuBHuUit  merony  (10)-(15)
po3B’s3yBaHHs piBHAHHA (1) 3 yMOBOW (2) Oyme piBHOCHIIEHUM KOJIOKa-
LifHO-ITepaTUBHOMY METO/1y PO3B’si3anHst piBHsiHH (16), T0OTO MeTOMY:

b

b b
u(x)= f(x)+IT (x;t)fk (t)dt+iIC (xt)F [t;IH (t;f)zk(f)dg‘zjdt, (21)

a

Zk (%) = Uy (X) + Wi (), k =1,2,3,..., (22)

b
WM@zIQMﬁU@MU—W4G»m, (23)

Je
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n b
Qu(Xt) = Y o () (1) @ = [0 (X)X, (24)
m=1 a

(TyT {9, (X)} — miHiliHO-He3aneXHa Ta MOBHA B PocTOpi L, (a;b) cuc-
TeMa (pyHKIIIH).

VY poboti [5] mo piBEsHHSA (16) 3aCTOCOBYETBCS MPOCKIUiHHO-ITEpa-
THBHHUI METOJ Ta MPUBOAUTHCS cxema iioro oOrpyHTyBaHHs. OCKITBKH KOJIO-
KaliiHO-ITepaTHBHUIA METO/T MOYKHA PO3IJISAATH, K OKPEMHUIA BUTIAIOK MPOe-
KI[IHHO-ITepaTHBHOTO, TO, IPUIIMAIOYH /10 YBAary MpUBE/EHI y 3rajiaHii pooo-
Ti MipKyBaHHSI, IPUXOIAMO JI0 BACHOBKY, 110 MATHME MiCIIe TBEpKCHHSL.

Teopema. SIKi0 BHKOHYIOTHCS MPHUBEICHI BHIe YMOBH 1)-3) 1 mms
JosineHOi QyHKLIi g(X) € L, (a;b)
b
lim [P, (x;t)g(t)dt = g(x),
n—oo a

To ans Beskoi Qynkuii f(x) € Ly(a;b) inTerpo-gyHkuioHansue piBHAHHA
(1) 3 ymoBoto (2) MaTUMe €TMHHHN PO3B’S30K Ta Oy/ie crpaBe yIiBa HEPiBHICTD

[y eo-yoo|<e | e0-f9f, c>o0,

me y (x) Ta §/(x) — BIiOMOBiTHO po3B’si3kH piBHAHEA (1) pu f (X) = f7(x)
tampu f(x)= f(x).

Toxi mpu AOCTATHBO BEIMKHAX N KOJOKAI[IHO-ITEPATHMBHUN METO[
(10)-(15) 6yme 36ixkHUM.

Crix BiOMITHTH, IO, K 9acTKOBUH BHUMagok Metoxy (10)-(15), mpu
w, (X) =0,k =1,2,3,..., OTpMMaeMO OJMH BapiaHT METOJy IOCIiJIOBHUX
HaONMMKeHb, a PH Y, (x) =0 HAOMIKEHHS Z,(X) MOXHA PO3IILSIIATH SK

HaOIDKEHHHA Po3B’s30K piBHAHHA (1), MOOYIOBaHMIA 32 TOTIOMOTO0 KOJIO-
KallifHOTO METO.y.

Ob6uuncioBaIbHA cxeMa. besmnocepeHi 00UHCIICHHS 3TITHO KOJNOKAIIiii-
HO-iTepatiBHOTO MeTomy (10)-(15) TOIIIEHO IPOBOIHUTH 32 TAKOKO CXEMOXO.

3agaeMo JiHIHHO-HE3aJIeXKHY Ha NPOMDKKY [a;b] cucremy ¢yHKIin

{(pj(x)}, j =1,n i srigHo ¢dopmysu (14) 3HaXomMMO cHCTeMy (QYHKIIN

{my 00} i =1m.
Hamni Oymyemo yHKIii

b b o
Kj(x):jK(x;t)nj(t)dt, Gj(x)zje(x;t)nj(t)dt, j=1n. (25)
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Hexaif, BUXO4H 3 IEAKOTO NOYaTKOBOrO HAOMMXEHHA Y, (X) , 3Hake-

HO QyHKUIO Y, 4 (X) . Byayemo yskuito uy 4 (X) = Yy 4 (X) + p(X)yi_1 (h(x)) -
[Ticnsa pOr0 BUKOHYEMO iTEpaIito
b b

b
v (X) = f(X)+J.K (x;t)yk_l(t)dt+lJ.C(X;t)F t;JG(t;f)yk_l(é)d§ dt, (26)
1 3amMcyemMo HeaB’me a a

& (X) = Vi () =y (%) 27)
O0YHnCIIIOEMO YHCIIa bik
bik =& (%),i =1,_n, (28)

(TyT, AK BigMidanoch Buine, X; € [a;b],i= 1_n — BY3JH KOJIOKAIIii).
Po3B’s13aBmm cuicteMy N HENiHIHHUX PiBHIHB
n b n
k . . k k
> aj(o;(x)- Kj(xi))—/le(xi,t)F ;Y a%G(t) [dt=b, (29)
j=1 a j=1

ne i =1,n, 3HaxX0IUMO KoeimieHTH al; 1 Oymyemo QyHKIIiI0

n b n
Uy (x) :vk(x)+za§}<j(x)+,1jc(x;t)|: ;Y ajG,(t) |dt.  (30)
=1 a =

HabnmxenHs vy, (X) 3HaX0AMMO, PO3B’A3aBUIM NOKPOKOBO (YHKIIiO-
HaJIbHE PiBHSIHHA

Yi (X) = P(X) Y, (h(x)) = uy (x), x € [a;b],

Y (x) =0,x & [a;b].
3nifiCHUBIIKM HECKJIa[HI NEePeTBOPEHHS, MOXHA OKA3aTH, IO NpH-

BeZieHa oOuucmoBanbHa cxema (14), (25)-(31) € piBHOCHIBHOIO KOJIOKA-
niiiHo-iteparuBHOMY Metoy (10)-(15).

(31)

BucHoBKH. Y CcTarTi IOCIIPKEHO OJIMH 13 HAOIMIKEHHX METOJIIB PO3B’s-
3yBaHHS JESKOTO THIY HENiHIHHOTO iHTEerpo-()yHKIIIOHAIFHOTO PIiBHSIHHS, a
came, — KOJIOKalliifHO-ITepaTUBHUN MeTo/1. 30KpeMa, PO3IJISTHYTO MHTaHHS
ICHYyBaHHSI €IMHOTO PO3B’SI3Ky Ta MOOYIOBH HOTO HAOIMKEHHX PO3B’SI3KIB.
PosrisHyTO 3acTOCyBaHHS KOJIOKALifHO-ITEpaTHBHOTO METOXY 0 TaKoro
piBHSHHS. BiH mossrae y ToMy, IO IpWM BHKOHAHHI NMEBHUX YMOB 3rajiaHi
IHTErpo-(YHKIIIOHANIbHI PIBHSAHHS MOXKHA 3BECTH JI0 HEJIHIHHMX IHTErpaib-
HUX piBHSHB. [IprBesieHi 00TpyHTYBaHHS METOLy Ta O0UMCITIOBAIEHA CXEMA.
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APPLICATION OF THE COLLOCATION-ITERATIVE METHOD

68

TO NONLINEAR INTEGRO-FUNCTIONAL EQUATIONS

The article investigates the application of the collocation-iterative
method to one type of nonlinear integro-functional equation. The condi-
tions that guarantee the existence of a single solution of such an equation
are given. The basic algorithm of the method is given and the conditions
under which this method will be convergent are indicated. In substantiating
this method, the fact is used that the original nonlinear integro-functional
equation can be reduced to a nonlinear integral equation, the kernels of in-
tegral operators of which are written explicitly.

Another important point in the justification is that the collocation-
iterative method can be interpreted as a partial case of the projection-
iterative method. The application of the latter to different types of nonline-
ar operator equations has been systematically investigated in the works of
A. Y. Luchka and his students.

A significant difference between the method studied in this work is that
at each step of the iteration it is necessary to solve systems of nonlinear al-
gebraic or transcendental equations, which is the main technical complexi-
ty of this process. But the problem of finding solutions of such systems is
simpler than solving the original nonlinear integro-functional equation.

The article shows that the method of successive approximations and
the method of collocation of the solution of the initial nonlinear equation
can be considered as partial cases of the collocation-iterative method.

In addition to the basic algorithm of the method, its computational al-
gorithm is given, which is more convenient for direct calculations than the
method itself and which, if necessary, can be successfully implemented on
a computer by creating an appropriate program.

Key words: nonlinear integro-functional equation, nonlinear integral
equation, collocation-iterative method, collocation method, computational
algorithm, approximate solution, collocation nodes, integral operator.
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