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2. Numerical solution of the direct and inverse 3D problems of the non-stationary heat conduction

Pedepar:

1. Incepraniiina po60Ta IPUCBIYEHA YUCEJIbHOMY PO3B'SI3yBaHHIO IIPSIMUX Ta OOEPHEHUX 33724 HeCTalliOHApHO]
TEIJIONPOBIHOCTI Y TPUBUMIPHUX OJHO3B'SI3HUX Ta IBO3B'SI3HUX 00J1aCTsIX 3 MexKaMu, 1udpeoMopPpHUMHU
OJUHMYHIN cepi. B poboTi po3risiHyTo e(eKTUBHI YMcelbHi METOAU Ha OCHOBI METOLly TPAaHUYHUX iHTErpajIbHUX
PiBHSIHB, IIEpEeTBOPEHHS Jlamnaca ta METOLB peryJsipu3alii. Y nepumomy ta Ipyromy posgisnax posrysiHyTo
4yuCeJIbHE PO3B'SI3yBaHHS 3a/adi Jlipixiie niis piBHAHHS ['€1bMrosiblia 3 KOMILJIEKCHUM I1apaMeTPOM Y TPUBUMIPHUX
OJIHO3B'SI3HUX Ta JIBO3B'SI3HUX 00JIaCTsIX. 33724y 3B€J€HO 10 TPAaHNYHOTO iHTErpajbHOTO PiBHSIHHS 32 JOIIOMOIOIO
MOTEHIIiaNy NOABIMHOTO wapy. [y HabJIUKeHOTo PO3B'I3yBaHHS 3aCTOCOBAaHO MeToJ, HucTpproMa 3 BUKOPHUCTaHHSIM
crieniasibHUX KybaTypHuX Gopmya tumy I'aycca-Jlexxannpa. Po3pobiieHo cTparTeriio onTtumisarii 0649ucieHs, mo
3MeHIIy€e CKIaAHICTh (POpMyBaHHS MaTpuLi. Y TpeTbOMY PO31ijli PO3IJISIHYTO YUCEIbHUN METOZ, 17151
HecTalioHapHoi 3ajadi Jlipixse 111 piBHSHHS TEIUIONPOBiZHOCTI. 3aCTOCOBaHO NepeTBOPEHHA Jlaraca iJist
3BeJI€HHS HECTAL[iOHAPHOI 3a7ja4i 10 CYKyITHOCTI CTallioHapHUX 3a7a4. HabnkeHe 064ncieHHSI 0OEPHEHOT0

nepeTBopeHHs Jlanaca BUKOHYETHCS 3a JOIIOMOrOI0 sinc-KBazapartypu. Po3pobiieno crparterii ontrumisanii Ta



peasizoBaHO mapasesisaliio 06YnuceHb. Y 4eTBEPTOMY PO31ijii po3po6JIeHO YNCeIbHUI MeTO, 151 HECTalliOHAPHOI
3amaui Komwi fiy1s1 piBHSIHHS TEIJIONPOBIHOCTI y TPMBUMIPHIl ABO3B'A3Hil 06J1acTi. 3aCTOCOBAHO peryJispU3aliiio
dinninca-TixoHOBa 3 aBTOMaTUYHUM BUOOPOM MapaMeTpa peryssipusalii 3a MeTofoM L-kpuBux. JIj1s BCix MeTOiIB
HaBEJIEHO Pe3yJbTaTU YMCEJIbHUX €KCIIEPHMMEHTIB, SIKi NI TBEPIKYIOTh €(PEKTUBHICTb Ta IPAKTUYHY NIPUJATHICTDb

PO3TJIAHYTUX METO/IB.

2. The thesis is devoted to the numerical solution of direct and inverse problems of the non-stationary heat
conduction in three-dimensional simply and doubly connected domains with boundaries diffeomorphic to the unit
sphere. The work considers efficient numerical methods based on the boundary integral equations method,
Laplace transform, and regularization methods. In the first and second chapters, the numerical solution of the
Dirichlet problem for the Helmholtz equation with a complex parameter in three-dimensional simply and doubly
connected domains is considered. The problem is reduced to a Fredholm boundary integral equation of the second
kind using the double layer potential. For the approximate solution of the integral equation, the Nystroem method
is applied using special Gauss--Legendre type quadrature formulas for the surface integrals. A strategy for
computations optimization is developed, reducing the complexity of forming the system matrix. In the third
chapter, a numerical method for the non-stationary Dirichlet problem for the heat equation is considered. The
Laplace transform in the time variable is applied for semi-discretization of the problem and to reduce the non-
stationary problem to a set of stationary problems for the Helmholtz equation. The approximate computation of
the inverse Laplace transform is done using sinc-quadrature. Optimization strategies are developed and
parallelization of computations is implemented. In the fourth chapter, a numerical method for the non-stationary
Cauchy problem for the heat equation in a three-dimensional doubly connected domain is developed. Phillips-
Tikhonov regularization is used with automatic selection of the regularization parameter using the L-curve
method. For all considered methods, results of numerical experiments are presented, which confirm the stability,
convergence, and practical applicability of the considered methods.
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