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AKTYAJIBHBIE BOITPOCBI ECTECTBEHHO-HAYYHbIX IUCHUIIJINH

UDC 519.6
A. Altybay!®
'al-Farabi Kazakh National University, Almaty, Kazakhstan
farshyn.altybay@gmail.com

ON NUMERICAL SIMULATIONS OF THE 1D WAVE EQUATION WITH A
DISTRIBUTIONAL COEFFICIENT. COMPARISON OF THE CASES WITH
NEUMANN AND DIRICHLET BOUNDARY CONDITIONS

Abstract. In this note, we illustrate numerical experiments for the one-dimensional wave
equation with §-like terms. Our research is connecting the theory with the numerical realisations.
By using results on very weak solutions introduced by Ruzhansky with his co-authors, we
investigate a corresponding regularized problem. In contrast to our expectations, the experiments
show that the solution of the regularized problem has a “good” behaviour.

Key words: wave equation, numerical experiment, simulation, numerical method, weak
solutions.

AnHOTanusA. B 370l paboTe NpOMILTIOCTPUPOBAHBI UYWCICHHBIC SKCIEPUMEHTHI IS
OJIHOMEPHOTO BOJIHOBOTO YpaBHEHHUS C O-MOAOOHBIMM wieHaMu. Hamm wuccienoBaHus
CBSI3BIBAIOT TEOPHIO C YHCIEHHBIMH peanu3anusiMu. Vcnosb3ys pe3ynbTaThl Ha OY€Hb ClIaldbIX
pELICHUSX, BBEICHHBIX PyXaHCKUM CO CBOMMHU COABTOPAMH, MBI UCCIIEYEM COOTBETCTBYIOIIYIO
PErylnsIpu30BaHHYIO 33Jauy. B oTinymne oT HaUX OXKUAAHUM, SKCIIEPUMEHTHI MOKA3bIBAIOT, UTO
pelIeHre Peryaspu30BaHHON 3ajaul UMEET «XOpolLIee) MOBEACHHUE.

KitoueBble cjioBa: BOJIHOBOE ypaBHEHHUE, YHUCICHHBIA AKCIEPUMEHT, MOJECIUPOBAHUE,
YHCIIEHHBIM METOI, Ci1a0ble PelICHUsI.

Anjaarna. by xxympicTa 0-yKcac Mymieni OipesemM i TOJIKbIHIBIK TeHICY YIIIH CaHIbIK
AKCIEPUMEHTTEp KapacThIpbUlFaH. Bi3[iH 3epTTeynepiMi3 CaHIBIK ICKE achlpy TEOPHSICHIMEH
OaiinaHbICcThl. Py)kaHCKHIIIIH TeH aBTOpJIapbIMEH YCHIHBUIFAH ©T€ Hamap meurimaep OoibIHIIa
HOTWDKEJIEPIH TaljanaHa OTBIPBI, Oi3 THICTI PETTENreH MaceleHl 3epTTeimiz.  bi3mix
KYTKEHIMI3/IeH aiblpMallIbUIBIFBl IKCIEPUMEHTTEP PEryIspiibl MOCENCHIH MISHIIMi <«OKaKChD»
JKar/Iaiifa ue eKeHIH KOpCceTe/Il.

Tyiinai ce3aep: TOIKBIH TEHAEY1, CAHIBIK YKCIEPUMEHT, MOJICTIBACY, CAHIBIK 9JIiC, dJICi3
mentimaep.

In this paper, we follow the results of the paper [1] andstudy the Cauchy-Dirichlet
problem for the 1D-Wave Equation

(02u(t,x) — (1+ 6(t —ty))d2u(t,x) =0, (t,x) € [0,T] x [0,1],

| u(t,0) = 0,t € [0,T],

4 u(t,1) =0,t €[0,7T], 1)
| u(0,x) = x(1 —x),x € [0,1],

k 0,u(0,x) =0,x € [0,1],

and study the Cauchy-Dirichlet-Neumann problem for the 1D-Wave Equation
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(02u(t,x) — (1 + 6(t — ty))02u(t,x) =0, (t,x) € [0,T] x [0,1],

| uy(t,0) =0,t € [0,T],

4 u(t,1) =0,t €[0,T], 2)
| u(0,x) = x(1 —x),x € [0,1],

k d:u(0,x) =0,x € [0,1].

The notion of very weak solutions has been introduced in [2] to analyse second order
hyperbolic equations. In [3] and [4] Ruzhansky and Tokmagambetov applied it to show the well-
posedness of the Landau Hamiltonian wave equations in distributional electro-magnetic fields.
Also, in [5] were investigated very weak solutions for an acoustic problem of wave
propagationthrough a discontinuous medium.

Conclusion

Numerical experiments show that approximation methods work well in situations where a
rigorous mathematical formulation of the problem is difficult in the framework of the classical
theory of distributions. The concept of very weak solutions eliminates this difficulty, giving
results of correctness for equations with singular coefficients.
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MOTIHAI ECEIITEPAI IIBITAPY IBIH APUOMETHUKAJIBIK TOCIJII

Angarna. Makanana MOTIHAIK ecenTepAi apu(pMeTHKaNbIK TOCUIMEH MISMIYAIH 9Jlic-
TocUIAepi  KapacTBIpbUIFAH. MOTIHIIK — ecenTepial  opTypil  OMIC-TOCUIAEPMEH  LIelry
OKYIIBUIAPJBIH MaTeMaTHKAJIbIK KaOUIeTTepiH apTThIpyAbIH Oip Typi Oo0JsbIm  TaObLIAIbI.
MoTiHJik ecenTepi apupMeTUKAIBIK TOCUIMEH HISIY/IiH dJicTepiHe MbIcaiiap KeATIpiIreH.

Tyitinai ce3aep: MOTIHIIK ecell, apu(pMETUKATIBIK TOCUI, MATEMaTUKAJIBIK KaOlIeT.

AHHOTauusl. B 1aHHON cTaThe paccMOTpeHbl apu(METHYECKHEe METOIbl pPEeLIeHUs
TEKCTOBBIX 3a/1a4. PelleHue TEeKCTOBBIX 3a/aHUIl pa3IMYHBIMU METOJAMH SBISETCS OJHUM W3
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