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Abstract. In solving various applied problems of mathematical physics, integral equations are
increasingly used. This arouses interest in methods for solving such equations.

This article discusses an approximate method for solving the Fredholm integral equation of the
first kind with a Fredholm kernel. The method is based on the approximation of the solution of
an integral equation by a system of point potentials.

The method of point potentials is successfully used to solve a number of problems in mathematical
physics. This is due to its algorithmicity and ease of use for a wide class of areas. These advantages
remain for the method proposed in the article.

An approximate solution to the integral equation is sought in the form of a linear combination
of point potentials. To determine the coefficients of this linear combination, a variational problem
is constructed.

The convergence of the method is proved. For the numerical implementation, a stable algorithm
based on the regularization of the initial variational problem is proposed. The problem of finding
an approximate solution is reduced to a system of linear algebraic equations.

Using the proposed method, the problem of flowing around an infinitely thin plate with a
potential flow of an ideal fluid, which reduces to the Fredholm integral equation of the first kind
with a logarithmic kernel, is solved. The results of numerical calculations are presented.
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Bsenenune C HOMOIIBIO TPEIJIOYKEHHOIO METOa pellle-
Ha 3aJa49a 00TeKaHusl OECKOHEYHO TOHKOH ILIa-

HpI/I PEIEeHNN Pa3JIMYHbIX TPUKJIAIHBIX 3a- C'FI/IHBI, NIpUuBEAECHDBI PE3YJILTATHI YNCJIEHHBIX pac-
Hadq Bcé OoJibIllee MPUMEHEHUE HaXOIdAT uHTe- 1€TOB.
rpasibHble ypasHeHus [1,2]. TuM BbI3BaH UHTE-
pec K MeTOJ/IaM pEIlleHus! TaKUX ypaBHeHui [1-3]. 1. ITocranoBka 3ama4n

B nmacrosimmeit paboTte paccMaTpuBaeTcs Mpu- Iycrs Q € R? — orpanmuennas o6/acTb
GIMKEHHBIH METOJ] PellleHHsl MHTErPajbHOrO C KyCOUHO-Iiajkoil rpanuneii S, Q7 = Q\ Q,
ypastenus ®penroabma 1-ro popa ¢ dpearons- Lo = La(S),
MOBBIM s1IpoM. MeTos ocHOBaH Ha AlIPOKCH-

MAIUY PENTeHNsT CUCTEMON TOUEIHBIX TTOTEHITH-

ayioB [4-7|. BeIOOp TOUEUHBIX TOTEHIUAJIOB B LS={u€ly: / w(z)dS, =0
KadecTBe AIllIPOKCUMUPYIOMNUX (DYHKIUN 1103-

BOJISIET IPUMEHSATDH IIPE/IJIOYKEHHBIN MeTOJL JJIs

perrenus 3a1a4 B 00/1aCTIX ¢ KPUBOJIUHEHHBIMI
rPAHULIAMU. IIycrs f € Lo,

S

B crarbe ommcan meTon mpubIMKEHHOTO pe-
2
HIEHHs, JOKA3aHa €ro CXOJAUMOCTh U IPEJIOKEH / / o (z,y)dS; dS, < oco.
YCTONYMBLI aJIrOpuTM JJIsl €10 PeaJn3alliH. 5 g
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Paccmorpum muTerpasbioe ypapuenue Ppe-
rojibMa 1-ro pomja

/g(m)w(ﬂc,y) dS; = f(y), yesS (L.1)

S

U CJIeJIyTOIIIe 3a,/1a49u:

3amayva 1. Haiitu dyukmuio g € Lo, yuo-
BierBopsorntyio (1.1).

Bazaga 2. Haiitu dyuknuio g € LS, yno-
Biersopsontyo (1.1).

[Tpu permennn 3a/1a49 MOHAIOOUTCS CJIEILYIO-
mast JeMma |2, 5.

JIlemma 1. IlycTb

0 1
BO(x) bl /Bz(x) a’/ n |CC1 o I" bl
z €QY, i=1, 00,
rae MHOXKeCcTBO X = {xz}fil YIIOBJIETBOPSET

YCJIOBHIO €/ITMHCTBEHHOCTH JIJIsl TADMOHNIECKUX
dbyHKIW, ¥ — BHEIIHsIsI HOpMaJIb K (), TOrja cu-

o0 [e.e]
crema {f;};-, noina B Lo, a cucrema {f;},-,
B LS.

2. IIpubink€énHoe perienne 3aga4un 1

[Tpenmomaras, aTo 3amada 1 mMeeT perrerne
g € Lo, 6ysem nckaTh mpuOIMKEHHOE PEIeHIe

B BUIE
n

gn(2) = ciBi).

1=0

PaCCthTpI/IM 3aJda4d1

n 2
inf |3 " ciBi — g
“ 1lizo L2
n n 9
inf || ci&; f‘ , (2.1)
“ 1izo L2
e

ily) = / Bi(x)p(z,y) S,

n n
Nx permennst 0603HAYNM {Czl}z‘:o u {C?}izo
coorsercTBenHo. O603HaYNM

gn() =D cfBilx), fily) =) &),
i=0 1=0

k=1,2.

Ecmm gast oreickanmst npubIM>kEHHOTO pe-
IIEHUsT UCIIOJIB30BaTh (2.1), To yaaérest HaiiTn
JIIL g2, TPU 9TOM, BOOBIIE roBOps, g2 /4 g
upu n — oo [8,9].

U3 nemmbr 1 cienyer, gro |gt — g, — 0
Ipu 1 — 00, MOITOMY U3 HEPABEHCTB

1£3 = AL, < IIfx = FllE, =
2

/ /(9711(5”)—9(37))@(9:,31) ds, | ds, <

S S
< gt — gl / / o(2,y) S, dS,,
S S

nosygaem ||f2 — f|lr, — 0 mpu n — oo. DToT
daKT 1M03BOJSIET MTOCTPOUTDH YCTONIUBBIN aJIro-
PUTM OTBLICKAHUS g}z.

[Iycte @ € R, @ > 0. Byjem uckars g5 (x)
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KOTOpasi IPUBOJUT K CUCTEME JIMHEHHBIX AJIred-
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O ugucjieHHOM penieHnun ypaBHEeHU A che,ZLFO.HbMa I-ro pPo1a

Xz

— s X

Puc. 1

R

_—_—_ﬂf\\? Xi

\w
e

Puc. 2

B stom caygae |g¢ — glllL, — O mpm
n — oo, — 0 [9], u3 wero B cuiy HepabeH-
cTBa

195 = gllr. < 1192 — gnllzs + llgm — 9l

caenyer, uro ||gS — g||z, — 0 upu n — oo, a —
—0

3ameuanue 1. Pesyabrarsl cipaBe/inBbI,
€CJIn KOHTYP S He sIBJIsIeTCS] 3aMKHY THIM.

Sameuanune 2. 3aja4a 2 peniaeTcs aHa0-
I'MYHO.

3. IIpumeHeHnne MeToda K PelIeHnIo
3a/ia4M O0TEeKaAHUA

PaccmarpuBaercst 3amada obreKkaHusi 6ecKo-
HEYHO TOHKOU IJIACTHHBI MOTEHIIAAJIBHBIM IIOTO-
KOM HJI€AJIbHON HECXKUMAEeMON KUJKOCTHU, Ha-
OPaBJIEHHBIM BJIOJIb OCH T] W HMEIOIIEM CKO-
pocth Ha beckoHedHOCTU Voo = 1. DyHKIUA
TOKA 331241 OOTEKAHUsI IIPEJICTAB/ISCTCS B BU-

e [4]

B(y) = Vi + / 9(2)o(z,y) dSs + o,
S

rie g(x) — nemsBectHas DyHKINS,

1
e(@,y) =In——r
[z =y
KpuBag S 3ajiaerT npoduiab IJIACTUHBI, ¢y —
HEKOTOpas KOHCTAHTA.

Tax Kax S sgBJIsIETCS 9aCTHIO TPAEKTOPUH I10-
TOKa, TO HEOOXOINMO BBITIOJIHEHNE CJIeTYIOIIEro
YCJIOBUSA

W(y) = const, y €,
KOTOpO€ IPUBOJUT K WHTErPAJTHHOMY ypaBHE-
auto Opearonbma 1-ro poma

/ o(2)p(, y) dSe = Vi — do.
S

Tloyguennoe ypaBHEHNE PEIIAJIOCH C IIOMO-
MIBIO TIPeJIosKeHHOro Meroma. Ha puc. 1 m 2
n300pakeHbl JUHNN TOKa 9 (y) = const pere-
HHA 33291 00TeKaHUsl IJIACTUHBL C PA3JIMIHDI-
mu yraamu ataku npu n = 20, o = 0,01.



Hpoborenko M. 1., Beromkun I1. B. 19

Jluteparypa

. Jlugparnos U.K. MeTon cUHTYJISIPHBIX HHTEIPAJIb-
HBIX YPABHEHUN M YNCJICHHBIN 9KCIepuMent. M.:
HAuyc, 1995. 520 c.

. Bpebous K., Teaec 2K., Bpoybea JI. Metoabr
rpaHUYHBIX 3j:eMeHTOB. M.: Mup, 1987. 524 c.

. Botixos U.B. Ilpubiu:keHHbIE METO/IBI PEIIEHUST
CUHTYJIIPHBIX HHTErPaIbHBIX ypaBHeHuil. [lenza:
[Tenzenckuii I'V, 2004. 298 c.

. Jleowecnes B.I., /lanunoe E.A. Bamgaan miaockKoii
runponunamuku. Kpacuomap: KyoI'y, 2000. 92 c.

. Jleotcnes A.B., Jleowenes B.T. Meron 6a3ucHbix
MIOTEHITNAJIOB B 33[a9aX MATEeMATHIECKOUl pu3u-
ku u rugpoannamuku. Kpacuogap: Kyol'V, 2009.
111 c.

. Apobomenxo M.U., Uenamwves /[.B. Meron To-
YEUHBIX [TOTEHI[UAJIOB JIJIst ypaBHeHuit Jlamraca //
DKOJIOrMIeCKUil BECTHUK HAYYHBIX IEHTPOB dep-
HOMOPCKOI'O SKOHOMHYECKOI'O COTPY/IHUIECTBA.
2007. Ne 1. C. 5-9.

. Sakakibara K. Method of fundamental solutions
for biharmonic equations based on Almansi-type
decomposition // Applications of Mathematics.
2017. Vol. 62. Iss. 4. P. 297-317.

. Tuzxonos A.H., Apcenun B.5. Meronapl pemieHust
HEKOppeKTHBIX 3a7a4. M.: Hayka, 1979. 286 c.

. Moposos B.A. Peryisipuble MeTOIBI PEIIeHUsT
HEKOPPEKTHO mocTaBaeHHbIX 3a1a4d. M.: Hayka,

1987. 240 c.

References

. Lifanov, I.K. Metod singuljarnyh integral’nyh
uravnenij © chislennyj jeksperiment [The method
of singular integral equations and numerical ex-
periment]. Janus, Moscow, 1995. (In Russian)

2. Brebbija, K., Teles, Zh., Vroubel, L. Metody

granichnyh jelementov [Boundary Methods]. Mir,
Moscow, 1987. (In Russian)

. Bojkov, I.V. Priblizhennye metody reshenija sin-

guljarnyh integral’nyh uravnenij [Approximate
methods for solving singular integral equations].
Penza State University, Penza, 2004. (In Russian)

. Lezhnev, V.G., Danilov, E.A. Zadachi ploskoj

gidrodinamiki [Problems of flat hydrodynamics].
Kuban State University, Krasnodar, 2000. (In
Russian)

. Lezhnev, A.V., Lezhnev, V.G. Metod bazisnyh

potencialov v zadachah matematicheskoj fiziki 1
gidrodinamiki [The method of basic potentials
in problems of mathematical physics and hydro-
dynamics]. Kuban State University, Krasnodar,
2009. (In Russian)

. Drobotenko, M.I., Ignat’ev, D.V. Metod tochech-

nykh potentsialov dlya uravneniy Laplasa [The
method of point potentials for the Laplace equa-
tions|. Ekologicheskiy vestnik nauchnykh tsen-
trov Chernomorskogo ekonomicheskogo sotrud-
nichestva [Ecological bulletin of scientific centers
of the Black Sea Economic Cooperation], 2007,
no. 1, pp. 5-9. (In Russian)

. Sakakibara, K. Method of fundamental solu-

tions for biharmonic equations based on Almansi-
type decomposition. Applications of Mathematics,
2017, vol. 62, iss. 4, pp. 297-317.

. Tikhonov, A.N., Arsenin, V.Ya. Metody resheniya

nekorrektnykh zadach [Methods for solving incor-
rect tasks|. Nauka, Moscow, 1979. (In Russian)

. Morozov, V.A. Requlyarnye metody resheniya

nekorrektno postavlennykh zadach [Regular meth-
ods for solving incorrectly posed tasks]. Nauka,
Moscow, 1987. (In Russian)

Crarps nocrynmia 24 sasaps 2020 1.

© DKOJIOTMYIECKUI BECTHUK HAYUHBIX IIEHTPOB JepHOMOPCKOIO SKOHOMUYECKOI'0 COTpyaHudecTsa, 2020
© [poborenko M. 1., Beromkwun I1. B., 2020



