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This PhD thesis is devoted to the numerical approximation and development of high-performance paral
algorithms and software complex for modelling hyperbolic type equations with singular coefficients such
tsunami and acoustic wave equation.

In first chapter, he presents the mathematical models of hyperbolic type equations with singular coefficier
such as tsunami and acoustic wave equation. Then he transforms the partial differential equations to fin
difference schemes after that compares explicit and implicit finite difference schemes, as a result of compari
he chooses implicit scheme for his further implementation.

In second chapter, he considers parallel numerical implementation of hyperbolic type wave equations. Firs
he presents MPI implementation of 2D wave equation with a distributional coefficient then CUDA implemen
tion of 2D tsunami wave equation and related computational results.

In third chapter, he describes the software complex which he developed for investigation of wave equati
with singular coefficients. This software is open-source, cross-platform, and written in, one of the mode
programming languages Python. This software will help researchers who investigate hyperbolic systems w
s singular coefficients.

Several results of this dissertation were published in scientific journals: International Journal of Nonline
Sciences and Numerical Simulation (Scopus, Q1), Appl. Math. E-Notes (Scopus, Q3), International Journal
Mathematics and Physics (scientific journal of Kazakh National University), Bulletin of the NIA RK (internatiot
scientifically-technical journal herald to national engineering academy of the republic of Kazakhstan), Bulle
of KBTU (Academic Journal of Kazakh-British technical university).

In my opinion, this thesis fulfils requirements for a doctoral dissertation, so | recommend that Mr. Arsh
Altybay be awarded the PhD degree.

Yours sincerely,

Prof. Dr. Michael Ruzhansky

Faculty of Sciences — Department of Mathematics
Krijgslaan 281, B-9000 Gent, Belgium cage.UGent.be/z
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Jlannas KauMJaTCKas JUCCepTalldsl INOCBSIEHA YHCISHHOW ampoKCUMallid M pa3padoTkKe
BBICOKOIIPOU3BOIUTENBHBIX MAPAIIICIBHBIX AJIFOPUTMOB W IPOrPAMMHOIO KOMIUIEKCA JIJIst
MOJICIIUPOBaHHs YPaBHEHWH THMEepOONNUecKOro THIIA C CHHIYJISPHBIMU KO3 QUIeHTaMH,
TAKKWX KaK YPABHEHHUE 1yHAMH U aKyCTHYECKON BOJIHBL.

B mepsoii rjaBe OH IPEJCTaBIsSCT MaTeMaTHYeCKHe MOJENM YpaBHEHHH TMIepOOIHYecKoro
THIIA ¢ CHHIYJSIDHBIME KO3(QHUIHEHTaMH, TaKuX KaK ypaBHEHHE I[YHAMH M aKyCTHYECKOM
BOJIHEL 3areM OH Inpeobpasyer JudQepeHnaibHble YpaBHEHHs B CXEMBI KOHEUHBIX PA3HOCTEH,
[OC/ie 4ero CpPaBHMUBACT SIBHBIE H HESBHBIE CXEMBl KOHEYHBLIX pa3sHOCTEH, B pe3yJbrare
CpaBHEHMS BHIOMpAET HESIBHYIO CXeMY JUIs JalbHEHIEH peanr3aiyu.

Bo BTOpo#f TiaBe OH paccMaTpHBaeT MapaUIeNbHYIO YHMCIEHHYIO DPEaIM3alluio BOJHOBBIX
ypaBHeHuU# runepOoiuyeckoro Tuna. Cuavana on npejcrasiser MPI-peanusanuio jisymepHoro
BOJHOBOIO ypasHenuss ¢ Kod(pdunuenrom pacnpenenenus, 3areM CUDA-peanusanmmo
JIBYMEPHOTO BOJTHOBOTO YPAaBHEHMS I[yHAMH M COOTBETCTBYIOIINE PE3yJILTATEI BEIYHCICHHH.

B Tperbell riiaBe OH OIKMCHIBAET IPOrpAMMHBIM  KOMIUIEKC, pa3padoTaHHBId MM I
MCCIIEIOBAHUS BOJIHOBOTO YPaBHEHHSI C CHHTYISIPHBIME Kod(ddummenramu. DT0 nporpaMmMHoe
o0ecrie4eHHe ¢ OTKPBITBIM HCXOHBIM KOJIOM, KPOCCILIATOPMEHHOE M HAMUCAHO Ha OJHOM M3
COBPEMEHHBIX SI3BIKOB mporpamMmmupoBanus Python. Dto mporpammuoe obecneueHue mOMOKET
HCCIIEI0BATENISIM, H3YYaTOIUM MHIEepOOTHUeCKHe CHCTEMBL C CUHTYJSIPHBIMU KO QUITUEHTaMH.

Heckonpko pe3ynsTaToB JAuccepTanuu  ObUIM  OMYyOJIMKOBaHbl B HAyYHBIX JKypHalax:
International Journal of Nonlinear Sciences and Numerical Simulation (Scopus, QI), Appl.
Math. E-Notes (Scopus, Q3), International Journal of Mathematics and Physics (nayunbiii
xkypuan Kazaxckoro naponansaoro ynusepeutera), Bulletin of the NIA RK (mexynaposHblii
HAYYHO-TEXHHYECKHi JkypHall BecTHuk HaluMoHAIBLHON WHKeHepHOH axajemuu PecryOnvku
Kazaxcran), Bulletin of KBTU (akapemuueckuit xkypran Kazaxcko-bpuraHckoro TeXHHYECKOTO
YHUBEPCHTETA).

[To MoeMy MHEHHIO, JlaHHAs! JIMCCEpPTAlldsl COOTBETCTBYET TPeDOBAaHUAM, NPEAbABISAEMbBIM K
JIOKTOPCKAM JIACCEPTAIIMAM, MOATOMY s PEKOMEHIYIO MPUCYIAUTb I-Hy Apuibly AJjrbiOai
CTeNneHb KaHIuaaTa HayK.

C yBaxkeHueM,
[Tpod.Ip. Matikn Pyxanckun

/PexBU3NTHI yHUBEpCUTETA/



