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Annomayusa: C MCIOTH30BAHNEM METO/IA TIOCJIETI0BATEIHHBIX TIPUOINKEHWI 1 CBOMCTB
CHCTEM OPTOTOHAJIHLHBIX TOJIUHOMOB UebbIieBa MepBOro POJa IIPeIIOKeHa MATPUd-
Had peau3aliyud MeTOJA KOJJIOKAIUU JIjid IIOCTPOEHUd pelleHuil HeJIMHeHHbIX WH-
TerpajbHBIX ypaBHennit ®pearoabma BTOporo poga. llogsiaTerpanbias GyHKIUS B
paccMaTpUBAEMbIX YPAaBHEHUAX MPEJICTABIAETCA B BUJE YACTUYHOM CYMMBI pPAa IO
9TMM MHOrOYJIeHaM. B kKadecTBe TOUYEK KOJIJIOKAIWY BHIOMPAIOTCS KOPHU MOJMHOMOB
Yebnimesa. ckomblie pernerns HAXOAATCH MyTEM MOJUHOMHUATBHBIX WHTEPITOISIIHA
MMOJIy9€HHBIX 3HAYEHU I (PYyHKIUI B TOYKAX KOJIOKAIUHU C UCIIOJIb30BAHINEM OOPATHBIX
MaTpHll, 3JIEeMEHTbl KOTOPbIX 3aIlUCbIBAIOTCA HA OCHOBE OPTOI'OHAJIbHBIX COOTHOLIEHUH
JJIST 3TUX TTOJIMHOMOB.

Karoueevie cao6a: METOJ] KOJLIIOKAIMN, METO/], TIOCJI€/I0OBATEIbHBIX TPUOINKEHUIT, MHO-
roumenbl UeObIeBa, HHTErPATbHbIE YPABHEHUS

1. BBenenue

NuaTerpanbnbie ypapaenns OpearosbMa IMEOT BaXKHOE 3HAYCHHE IPH MOIEIHPOBa-
UM PU3NIECKUX MPONECCOB B KHHETHUECKOl Teopuu Ta3oB |1, dusuke miasmer [2], Teo-
pun yupyroct [3|. TTockombKy Jjisi TTOJABIISIONIEr0 YnCIa HeJTMHERHBIX 3a/1a9 MaTeMaTH-
YyecKon q)I/I3I/IKI/I noJIydeHne aHaJIUTUYEeCKOIr'o pellneHud He IMPpeACTaBIdeTCd BO3MOZKHbBIM,
TO BayKHBIM aCIIEKTOM IPHU MOJICJTHPOBAHUN SIBJISIETCs pa3paboTKa 3PHEKTUBHBIX THCIEH-
HBIX METOAOB PEHICHHuA HeJINHENHBIX HHTETPpaJbHBIX ypaBHeHI/IfI. B TE€YCHUEC MOCJIEeIHUX
JNeCATUICTHH NPeIJIOKEeHbl PAa3INIHbIe MeTOAbI HAXOXKICHUS YUCJICHHOTO PEHICHUs ypPaB-
Heruii @pejroabma u ux peanusaiys [4H6]. B mpeacrasiaensoii paboTe mpe1ioxkeH HOBBIT
HOAXOJ K IOCTPOCHHIO PEHICHUS HEIMHEHHOTO MHTErpasbHOrO ypasHennsa Dpearosbma
BTOPOTO POJIa, OCHOBAHHLIH Ha METONAX HOCICI0BATEILHBIX IPUOINKEHINA U KOLIOKAIINT
1pKM KCIIOJIb30BaHUU 1IOJMHOMOB HeOblleBa 1epBoro po/ia.

2. IlocranoBka 3agaun. ObmIue MOJI0XKEHUSA

Paccmorpum nnrerpasibnoe ypasuenne @penrosibMa BTOPOro poja

u(w) + ) [ Koy ul)dy = fo), i
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rie u(z) — memspectHas dynknusa (a < z < b), K(z,y,u(y)) — 91p0 HHTErpAIBLHOTO
ypasrerns (1)), f(x) — cBobonmbtit wien sroro ypasuenus. [lomaraem, uro dynxuus f(x)
orparmndena, T.e. |f(z)| < R (a <z <b), sapo K(z,y,u(y)) uaTErpupyeMO, OrpaHuyeHo:
|K(x,y,u(y))| < M (a <z, y <b), n yrorrersopsier ycaosuto Jlnmmmia [7]

e L — nocrogunag Jlunmuna, a < x, y < b.

3. IlocTpoeHue pellieHus ypaBHEeHUd

Pemenne ypasuenns (1)), umem, menoap3ys METO MOCIIEIOBATENBHBIX TPHOIMZKEHUTT
[7], monaras

u(z) = f(z) + Z(ui(ﬂf) — ui-1 (), (3)

rie u;(x) yAOBIETBOPSIOT PEKYPPEHTHOMY YPaBHEHWIO

ui(z) = f(z) — A/K(x,y,uil(y))dy, i> 1 (4)

st mocTpoenus pemenus (4]) mpuMmerseM MeTO KOJTOKAIUE ¢ HCIIOIB30BAHUEM MO-
JUHOMOB YeObIeBa TEPBOTO POJAa W KOPHE#l 3TUX TOJUHOMOB B KAUeCTBE TOUEK KOJI-
Jlokanuu. B pesysbrare penieHus MHTErPaJbHbIX ypaBHenuit @pejroibmMa BTOporo poja
HAXOMATCH MyTeM TOJMHOMUAJLHBIX WHTEPIOJIANNI MOJTYIYeHHBIX 3HaUYeHuil (DyHKIUNA B
TOYKAX KOJIJIOKAIUU C UCMOJIb30BAHUEM OOPATHBIX MATPHUIL, JEMEHTHI KOTOPBIX 3aIUChHI-
BaIOTCSI HA OCHOBE OPTOT'OHAJBHBIX COOTHOIIEHU JIJIsI ITUX TTOJMHOMOB.

4. 3akJ/Ir0oueHue

B pabore mpemioxkena peanu3alius MeTOJa KOJJIOKAIUU /I [MOCTPOEHUs PeIIeHus
HHTEerpaJbHBIX ypaBHeHNH P pe/roibMa BTOPOTO Pojia ¢ UCIOJIb30BaHNEM HOCAeT0BATETb-
HBIX TPUOIMKEHUN H KOpHeil moJmHoMoB HebblleBa epBoro pojia B Ka4ecTBe TOYEK KOJI-
Jiokaruu. 1 mocTpoeHnus pereHnii HCIoab3YIOTCa CBOMCTBA ITUX MOJJUHOMOB W OIlepa-
nuii Ha | Marpunamu. Pe3yjibrarbl BBIYUC/IUTEIbHBIX IKCIEPUMEHTOB IOKa3bIBAIOT I pek-
TUBHOCTH MPE/IJIOYKEHHOTO TOX0/Ia K MOCTPOSHUIO PelTeHnii HHTerpaJbHbIX yPaBHEHUI.

JIuteparypa

1. Cercignani C. Theory and Application of the Boltzmann Equation. Edinburgh,
London Scottish Academic Press, 1975.

2. Bopuenko E.JI., I'puropresa I1.I'., Kymuu B.B., Makapos A.A., Menexos A.IL.,
Pamaxkoru P.I1., Canaxyraunos [.X. V3mepenue 3HEPreTHUIECKOTO CIIEKTPa MSATKOTO

PEHTTeHOBCKOIO W3JIYUeHHs! JIJIs BAKYYMHOM UCKDBI € JIa3ePHBIM UHUIAHPOBAHUEM
// ®usnka mnasmer. 2022. T. 48, Ne 11. C. 1149-1152.

3. Boran FO.A. Peryagpubie unrerpaibHble ypaBHEHUS ST BTOPOH KPaeBol 3a1adu
u3ruba aHn30TponHON yupyroi miacruus // [puki. mex. texu. dbus. 2005. V. 46,

Ne 3. C. 108--119.

164



XI Meotcdynapodnan HaywHas MoAOOEHCHAA UWKOAG-CEMUNHAD
"Mamemamuueckoe MOJEAUPOBAHUE, WUCAEHHBE MEMOIb U KOMNAEKCH npoepamm” umenu E.B. Bockpecenckozo
Capanck, 26-28 uras 2024

4. Bazm S., Hosseini A., Azevedo J.S., Pahlevani F. Existence, uniqueness, and
numerical approximation of solutions of a nonlinear functional integral equation //
Journal of Computational and Applied Mathematics. 2024. V. 439. P. 115602.

5. Torkaman S., Heydari M. An iterative Nystrom-based method to solve nonlinear
Fredholm integral equations of the second kind // Applied Numerical Mathematics.
2023. V. 194. P. 59-81.

6. Karamollahi N., Heydari M., Loghmani G.B. Approximate solution of nonlinear
Fredholm integral equations of the second kind using a class of Hermite interpolation
polynomials // Mathematics and Computers in Simulation 2021. V. 187. P. 414-432

7. Wazwaz A.M. Linear and Nonlinear Integral Equations, Higher Education Press
Beijing and Springer-Verlag Berlin Heidelberg, Berlin, 2011.

165



XI Meotcdynapodnan HaywHas MoAOOEHCHAA UWKOAG-CEMUNHAD

"Mamemamueckoe MoJeAUPOBAHUE, YUCAEHHBLE METOdb U Komnaekco, npozpamm” umenu E.B. Bockpecenckozo

Capanck, 26-28 uras 2024

MSC 45B05, 65R20

On the collocation method for constructing a solution

to the nonlinear Fredholm integral equation of the
second kind using Chebyshev polynomials

V.N. Popov, O.V. Germider

Northern (Arctic) Federal University named after M.V. Lomonosov

Abstract: Using the method of successive approximations and properties of systems
of orthogonal Chebyshev polynomials of the first kind, a matrix implementation
of the collocation method for constructing solutions of nonlinear Fredholm integral
equations of the second kind is proposed. The integral function in the equations
under consideration is represented as a partial sum of a series over these polynomials.
The roots of Chebyshev polynomials are chosen as collocation points. The desired
solutions are found by polynomial interpolation of the obtained function values at the
collocation points using the properties of inverse matrices, the elements of which are
written based on orthogonal relations for these polynomials.

Keywords: collocation method, sequential approximation method, Chebyshev polyno-
mials, integral equations.
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