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V. BizomocTi npo gucepraniio
MoBga guceprariii:
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Tema gucepranii:
1. ITepauiiiHi MeTOIM Ha OCHOBI iHTErpasIbHUX PiBHSIHB [J151 HAGVDKEHOr0 PO3B'sI3yBaHHs 3afayvi Komi aJis

11apaboJIiyHOTO PiBHSIHHS

2. Iterative methods based on integral equations for numerical solution of a Cauchy problem for the parabolic
equation

Pedepar:

1. Y puceprauiiiHiii po60Ti po3p06s1€HO, OOIPYHTOBAHO Ta 3aCTOCOBAHO €(PEKTUBHI YMCEJIbHI METOAU 151
HaOJIVDKEHOro po3B’si3yBaHHs 3a4a4i Komi 17151 napa6os1iyHoro piBHSIHHA 3 IEPEBU3HAYEHMMU TPAHUYHUMU
yMOBaMH, 33/JaHMMU Ha YaCTHHI IpaHulli o6sacTi. Yepe3 HEKOPEKTHICTb IIOCTaBJIeHO]i 3a1ayi, AJ1s ii po3B’s3yBaHHS
3aCTOCOBYIOTbCS iTepallifiHi peryispusyiodi aropuTMu, po3pobJieHi Ha OCHOBI MeTozy Jlanneebepa Ta po3BUHEHOI
TE€XHIKM IPAaHUYHUX iHTErpa/IbHUX PiBHSIHb. BUXifHi 3a1a4i 3BOISTECS L0 ONEPATOPHYUX PIiBHSHD 3 ONEpaTOpaMu
Hipixne-Heiimana a6o Heiimana-/lipixye, ki HaGaKalOThCS, BAKOPUCTOBYIOUY MTOENHAHHS MeTony Pore Ta
iHTerpasbHUX piBHAHD. 7151 epeKTUBHOI peasizallii arOpuTMy B YaCTKOBO HEOOMEXKEHUX KaHOHIUHUX 00JIaCTIX
BBOJSITHCS OCTiIOBHOCTI yHKLii ['piHa. HasiBHICTB KyTiB 260 po3pi3y BpaxOBY€ETbCSI BAKOPUCTAHHSM BaroBUX
npocTopiB. OCOGJIMBOCTI B sIpax iHTErpajbHUX ONEPATOPiB BULISIOTHCS Y BUIVISIALI BaroBUX (PyHKIL. 7

nocsabJieHHs: 0COOJIMBOCTEN B I'yCTUHAX BUKOPUCTOBYIOTHCS 3aMiHM 3MiHHUX. [JucKpeTu3allis iHTerpasiis



30iMICHIOETBCS 3a JOTIOMOrOI0 TPUTOHOMETPUYHUX i Sinc-anpokcumauiit. [IpoBeneni 4ncesbHi eKCepUuMEHTH

[iATBEPAXYIOTh TEOPETUYHI OLiHKY [TI0XUOKH, CTIMKiCTh Ta €PEeKTUBHICTh 3aIIPOIIOHOBAHUX METOIIB.

2. Cauchy problem for parabolic equation with overdetermined data given on the part of the domain boundary is a
classical example of ill-posed in Hadamard sense problem and is well-understood from theoretical point of view.
But from the numerical standpoint currently more developed is the case of stationary differential equations, and
there are only a few publications devoted to numerical solution of the parabolic Cauchy problem with the given
initial condition and Cauchy boundary conditions on the part of the domain boundary in more than one dimension
in space. Moreover some of existing publications have no numerical results and some have numerical results only
for concentric circles or rectangle. Additional overview of the current state of the problem is given in the first
chapter. In this dissertation Cauchy problem was numerically solved in a wide class of domains using developed
boundary integral equations technique. Of course radically different variants of the problem domain require
method which takes into account their specific features. The simplest case is sufficiently smooth doubly
connected domain with Cauchy data given on the one of the closed contours, and this case is considered in the
second chapter. Cauchy problem is formulated in the form of the operator equation of the first kind with a
compact injective operator with dense range. Traditionally such equations are numerically solved using
regularization methods, for example Landweber method. This compact operator can be represented via Dirichlet-
Neumann or Neumann-Dirichlet initial boundary problem, and it is approximated using combination of Rothe and
integral equations method. It is possible to get first or second order of approximation by time and exponential or
super-algebraic convergence by the space variables. In the third chapter the same iterative regularization
technique is extended to the case of semi-infinite canonical domains with smooth inclusion. Sequence of Green
functions of the Neumann problem for elliptic equations sequence is introduced to efficiently implement
numerical algorithm in this case. Forth chapter is devoted to the case when domain has corners or common points
between parts of the boundary with different boundary conditions. Then mixed problems may lack strong solution,
which was overcome by use of weighted spaces. In fifth chapter weight spaces approach was extended to the case
of the cut. If there is a priori information about solution having same values of the both sides of the cut, then it can
be used via some projection operator which leads to convergence speed improvements. Generally, corresponding
boundary integral representation enable reducing of the original problem to the set of one-dimensional integral
equation of the first or second kind with kernels with logarithmic or hyper- singularities and densities with
square-root or algebraic singularities. Singularities in kernels are extracted via several kinds of weight functions or
removed via Laplace transform when it is known analytically. Singularities in densities are reduced using cos-
transform or nonlinear mesh grading near by corner points. Well-posedness of the integral equations of the first
kind is shown in appropriate spaces.
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