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INOCTPOEHHME BBICOKOTOYHOI'O ITPUBJIMNKXEHHOI'O PELHEHUSA

UHTEI'PAJIBHOI'O YPABHEHHW S BUHEPA — XOII®A HA OTPE3KE

© 2023 r. O.B. EBnoknmoBal, akagemuk B.A. batemxko' 2, A.B. [1aBjioBa’

Annoranus. IIpennoxxeH HOBBIHM, JOCTATOYHO MPOCTON U B TO K€ BPEMS BHICOKOTOUHBIH METOJ] PELICHHUS
MHTETrpaJbHBIX ypaBHeHNH Bunepa — Xora Ha KoHeUHOM OTpe3ke. PaHnee npu pemieHny 3TUX ypaBHEHUH HE
YAaBaJIOCh TIOCTPOUTH €MHOE PEIICHNE, CIIPABEIIMBOE /ISl BCEX Pa3MepoB oTpe3ka. J[imst OOJbIIMX M MajbIX
OTHOCHTEJIBHBIX OTPE3KOB OBUIH MMOCTPOCHBI Pa3IMUHbIE aCUMITOTHYECKUE U TIPHOIMKEHHBIC METO/IBI, YTO 3a-
TPYAHSICT ONIEPAaTHBHOCTH MCCieoBanus. B HacTosmieil paboTe Ha OCHOBE MPOCKIMOHHBIX U (haKTOPH3ALUOH-
HBIX METOJIOB, B TOM YHCJIE PA3BUTBIX aBTOPAMU, MPEJIOKEH MOXO0, TO3BOJISIONINNA CTPOUTD OJJHO PELICHHE
JUIsl BCEX OTHOCHUTEJIBHBIX pa3MEpOB OTpe3Ka 3a[aHUsl MHTErPAJILHOTO YpaBHEHUsS. THUII CBOWCTB siiep UHTET-
palIbHBIX YPaBHEHUH, JUII KOTOPBIX ATOT METOJI IPUMEHHM, yKa3aH B CTAThE.

KuroueBrble ciioBa: nHTErpaibHOE ypaBHeHHE BruHepa — Xorda, MeTo (PUKTHBHOTO ITOTIIOIICHHS, TPOCK-
IIMOHHBIIA METOI.

CONSTRUCTION OF A HIGH-PRECISION APPROXIMATE SOLUTION
INTEGRAL WIENER-HOPF EQUATION ON THE SEGMENT

0.V. Evdokimova!, Academician RAS V.A. Babeshko! 2 A.V. Pavlova?

Abstract. A new rather simple and, at the same time, high-precision method for solving Wiener-Hopf
integral equations on a finite segment is proposed. Previously, when solving these equations, it was not possible
to construct a single solution that is valid for all segment sizes. Various asymptotic and approximate methods
have been constructed for large and small relative segments, which complicates the efficiency of the study.
In this paper, on the basis of projection and factorization methods, including those developed by the authors,
an approach is proposed that allows constructing a single solution for all relative sizes of the segment of the
integral equation assignment. The type of properties of the kernels of integral equations for which this method

is applicable is indicated in the article.

Keywords: Wiener-Hopf integral equation, fictitious absorption method, projection method.

BBEJIEHHE

[Ipu pemieHMM MHOTHX BaXXHBIX B HH)KCHEPHOU
MpaKkTHKE 3aJad TEOPUH TNPOYHOCTH, pa3pylLIeHHUs,
aKyCTHKH, TEOPUH TPEIIUH, SJIEMEHTHOH 0a3bl 3Jek-
TPOHHUKH, CEHCMOJIOTMH BCTAET MpoOieMa OnepaTuB-
HOTO HCIOJB30BaHMS PEHICHUH MHTErpasIbHBIX ypaB-
Hennii Bunepa — Xomda. OHu TpeOyroTcs Kak JUIs

OOJNIBIINX, TaK M JUIs MaJIbIX OTHOCHTEIILHBIX OTPE3KOB
3aJJaHnsl WHTETPalbHBIX ypaBHeHHH. B paborax [1-7]
JaHbl IOCTaTOYHO IOJHBIE 0030pPbl MHOTOYHMCICHHBIX
pabor B 3TOH oOOmactu. B Hacrosmiel crarbe u3na-
raeTcs MEeTOJ MOCTPOEHUS] BBICOKOTOYHOTO PEIIEHUs
WHTErpanbHOro ypaBHeHusi Bunepa — Xonda, onmpa-
IOLLETOCsl Ha sl pe3yabTaToB, MOJYyYEHHBIX B 3TOU
obnacTu.
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4 0.B. EBAOKUMOBA wu np.

METO/J NCCJIEJJOBAHUA

byneM paccMarpuBarh HMHTErpajbHOE YPABHEHHUE
Bunepa — Xomda, 3aganroe Ha oTpeske Buaa [1]:

[ k(e =s)q(s)drs = £ (x), |x|<B,
— L K —iox
k() = L K(o)e ™ da, (1)

K(a) = l(1 +0(0™), |o| >0, 1>0.
a

Oynknust K(a) B (1) sBisieTcst yeTHOM, MepoMopd-
HOI B KOMIUIEKCHOM IIJIOCKOCTH. bonee neranbHO ee
CBOICTBA, B YaCTHOCTH BOIPOCHI Pa3pPEHIMMOCTH U
€JIMHCTBEHHOCTH, onucanbl B padore [1]. Cuuraem,
YTO ypaBHEHHUE OJIHO3HAYHO Pa3pelIuMO B HEKOTOPOM
0aHaxOBOM IIpOCTpaHCTBe. BakHOoe MecTo mpu Io-
CTPOCHUH MTPUOJIMIKEHHOTO PELICHHS STOT0 YPaBHEHUS
HMeeT JIoKazaHHasi B pabote [8] Teopema, koTopast Oy-
JIeT UCTIONIb30BAThCA.

Teopema [8]. IlycTs umeroTcs ABa MHTETPATbHBIX

YPABHEHHUSL:

K = [ha-9g6ads=1(), ()

K,q, = [ I, (x = 5)g, (s.0)ds = f (),
'f 3)
k()= l K (w)e ™du, n=12.

Ilyctb juist siiep MHTErpasibHBIX YpaBHEHUN cIipa-
BEJUINBA OIIEHKA!

0.5(1+8) 4
2(8, =8y -1’
=2(8, -9),

Torma pemieHUsT HHTETPATBHBIX YPaBHEHUN ONHM3KH
B CJIEIYIOIIIEM CMBICIIE:

max |q,(x) — ¢, )|V B> —x* < Mg, |x|<B.

ITocrosinuast M He 3aBUCHUT OT €.

3neck KOHTYp [ coBIazaeT ¢ BEMIECTBEHHOW OChIO
B CTAaTUYECKUX KOHTAKTHBIX 33JlauaX U OTKJIOHSETCS OT
Hee JINIIH B HeOOIBITNX OKPECTHOCTIX, 00XO/ Bellle-
CTBEHHBIE ITOJIFOCHI, B TUHAMUYECKUX 3a/1a4aX.

Crioco® TMOCTpoeHUsT MPUOIMIKEHHS SIIEp paluo-
HaJBHBIMHU (PYHKITUSMH C JTF000I TOYHOCTBIO OTIHMCAH B
psiae padot, Hanpumep B [8], U 371eCh HE TOBTOPSIETCSI.

[IpuMeHHUM 3TH pe3yJIbTaTh ISl IOCTPOSHUS BBICO-
KOTOYHOTO PENIeHUS] WHTETPAIBbHOTO ypaBHEHHS pac-

K () = K, @)[L+47]

uel, §,>08>05, r>r, r>r >1.

CMaTpUBacMON KOHTAKTHOM 3a/iauu, CIPaBEIIMBOTO
JUTSL JTFOOBIX KOHEYHBIX 3HAUCHUH mapamerpa B.

s moctpoeHust MpHOJIMKEHHOTO PEIICHUS WH-
TErpanbHOro ypasHenus ¢ sapom K () BozbMeM B
Ka4eCTBE HCXOJHOTO HMHTErpajibHOE ypaBHeHue [9] c
anpom K (1), 3anucanHoOe B CIIEYIOLIEM BHJIE:

[ 5 (c=5)q(s, Byds = £ (x),
k(x)= %l K, (u)e ™ du,

shu
K, (u)=

uchu

Ero tounoe pemenue g (s,B) nis moObIX KoHed-
HBIX B u s f{x) = 1 moctpoero B padore [9] u nmeer
BHJI:

1
,B)= .
%(5:5) 0 , (chB)/2chB - 2chs

3neck Q | (chB) — gynknus Jlexanapa.
2

Jisi mOCTpOEHUsI pelieHHsT 3TOT0 HHTErpasibHO-
ro ypaBHEHHUS Uil NIPOU3BOJIBHOM, onuH pa3 andde-
peHmmpyeMoit QyHkimu f{x) crpasemmBa (hopmyia
M.I". Kpeiina [9], cBoOomHast OT MPUMEHEHUSI CHHTY-
JISIPHOTO MHTETpaja:

q,(s,B) = % j a0 (&B)f(s)ds}qo (x,B) -

2M(B)

j 9,(x.8) dé{ e j 9y (s é)f(S)dS}di—

2,8
2 d 5 M@©)

{ [ 4o, é)df(s)}dé Ix|<B.

Takum 00pa3om, ITOCTaTOYHO OCYIIECTBUTH IIO-
CTPOCHHUE TPUOIMIKCHHOTO PEIICHUs WHTETPaIbHOTO
ypaBHeHUs [yt ciydast f{x) = 1, 9To0bI MOMYYHTh pe-
IICHHE IS CITydast IPOU3BOJIbHOU (ByHKIHMH f{X).

B pesynbrare BBINOTHEHUS! MTOCTPOCHUS TPUOIH-
YKEHHOTO peIIeHws 7151 ypaBHEeHUs (3) OyzmeT mocTpoe-
na Qpynxuums K (u) Buna K (u) = K (u)I1(u).

3nmech I[1(u) — panmonanmpHasT (YHKITHSA, UMEIOIIAS
KOHEYHOE YuCIIo Hylei u momocoB. [Toctpous QyHK-
uuto K (u), koropas pasua K (u)I1(u), 1 npuMenus K
Hell MeTo/i GUKTUBHOTO MOTIONICHUS, IETaIbHO U3JI0-
JKEHHBIN B pabote [8], mOCTpONM BBICOKOTOYHOE MPH-
OMMKEHHOE pelieHre HHTETPaTbHOTO ypaBHEHUS (3) ¢
9THM SJJPOM, CIPABEIUINBOE ISl BCEX KOHEUHBIX 3Haue-
HUU napamerpa B.
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Anroput™M MeTona (UKTUBHOTO MOIVIOIIEHHS CO-
crout B caenytouieM [8]. IlycTs umerorcs aBa MHTET-
pasbHBIX ypaBHeHus (2) 1 (3) co cBoicTBaMH siAep

K, (=K, ()T1(w),

M —
M(u)= 1220
u-g,
M <co.

[ycTh u3BecTen obparnbiii oneparop K;'. Torna
pelienne MHTerpajIbHoOro ypaBHenus (3) maercs ¢op-
MyJI0i

7, =V @V[K;'f-K'¢]+¢.

3nmechk BBOmMMAS (DYHKIHUS (@ WMEET HOCUTENbh Ha
otpeske [—B, B] u comepXuT M HEN3BECTHBIX MOCTO-
STHHBIX. MeToll (DMKTUBHOTO IOTIIOIIEHUSI TO3BOJISET
IyTeM PelIeHUs] KOHEYHOW CHCTEMBI alre0panvecKux
YPaBHEHUH Uil onpezesieHus M IOCTOSHHBIX CTPO-
WUTh TOYHBIC PEIICHUS WHTETPAIBHBIX YPaBHEHHUH C
spamu, rpeoopazoBadus Oypbe KOTOPHIX OTIHYAIOT-
cs MHOXKHTEIIEM Ha panuoHaidbHyro (yHkimnuio [1(u).
B paccmarpuBaeMoM citydae penieHre UMeeT BH/I:
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n(s,B)

(:B)= nQ , (chB)2chB —2chs |

Oyukuus n(s, B) HenpepslBHA Ha OTpe3ke [—B, B].
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KHUT aCHMITOTHYECKHE (HOPMYIIbI, CIIPABE/IMBBIC KaK
JUISL MaJIBIX OTHOCHUTEJIBHBIX Pa3sMEpOB LITAMIIOB, TaK
U JUTSA OOJIBIINX.

Tak, B ciydae ManbIX OTHOCHTEIIBHBIX Pa3MepoB

mramMnoB crpasemaauBa orenka O | (chB)=0(InB),
2
B — 0, cBoiicTBeHHast MaJIbIM pa3Mmepam wramna [1].

BBIBOJI

[TpetoyKeHHBIH METO TO3BOJISIET MOTyYaTh BBICO-
KOTOYHOE pElICHHE WHTErpabHOrO ypaBHeHus! BuHe-
pa — Xoriha ¢ MmepoMophHBIM SAPOM Ha THOOOM KOHEU-
HOM OTpE3Ke.

HccnenoBanue BBIMOIHEHO MPpH (UHAHCOBOH TOJI-
nepxke Kybanckoro HaydHoro (hoH/Ia B paMKax Hayd-
HoTro poekTa Ne MDU-20.1/6.

[Nonclassical mixed problems of elasticity theory]. Moscow,
Nauka: 456 p. (In Russian).

2. Kalinchuk V.V.,; Belyankova T.I. 2009. Dinamika poverkhnosti
neodnorodnykh  sred. [Dynamics of the surface of
inhomogeneous media]. Moscow, Fizmatlit: 312 p. (In Russian).

3. Freund L.B. 1998. Dynamic fracture mechanics. Cambridge,
Cambridge University Press: 520 p.

4. Achenbach J.D. 1973. Wave propagation in elastic solids.
Amsterdam, North-Holland: 480 p.

5. Litvinchuk G.S., Spitkoskii .M.
measurable matrix functions.
Verlag: 372 p.

6. Nobl B. 1962. Metod Vinera — Hopfa. [Wiener-Hopf method).
Moscow, Foreign Languages Publishing House: 280 p.
(In Russian).

7. Brockwell P.J., Davis R.A. 2002. Introduction to time series and
forecasting. New York, Springer: 610 p.

8. Babeshko V.A. 1984. Obobshchennyy metod faktorizatsii v
prostranstvennykh dinamicheskikh zadachakh teorii uprugosti.
[Generalized factorization method in spatial dynamic mixed
problems of elasticity theory]. Moscow, Nauka: 256 p.
(In Russian).

9. Gokhberg 1.Ts., Kreyn M.G. 1967. Teoriya volterrovykh
operatorov v gil’bertovom prostranstve i ee prilozheniya.
[Theory of Volterra operators in Hilbert space and its
applications]. Moscow, Nauka: 508 p. (In Russian).

1987.  Factorization of
Basel, Boston, Birkhauser

Iocmynuna 17.03.2023

HAYKA IOTA POCCHUM 2023 Tom 19 Ne2



