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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau remaTHYHHX py6an: 27.35, 28.23.29, 50.41, 50.05

Tema gucepranii:
1. Po3po6ka mporpamMHoOro Ta MaTeMaTUYHOTO 3abe3neyeHHs [l MOJeJII0OBaHHSI €BOJIOLiMHUX IPOLIECiB

2. Development of the software and mathematical instruments for modelling of evolutionary processes

Pedepar:

1. EBOJTIOLIiiTHI TTpOIeCH XapaKTepU3yIoThCsl HETIePEPBHOIO 3MIiHOIO CTaHiB cucTeMu 3 Girom yacy. Ixaimu
MaTeMaTUYHMMU MOJIEJISIMU € MilllaHi 3a/1a4i 1714 PiBHSIHB i3 YaCTUHHUMU [TOXiTHUMU OPYroro MOPSAKY 3i CTalnMU
Koedinientamu. Y guceprauii 17151 1o6y4oBU pO3B'si3KiB 3aCTOCOBAHO KOMOIHAlIil0 METOAY KPallOBUX iHTErpajbHUX
piBHsHb (KIP) i3 nepeTBopeHHsM Jlareppa 3a 4acom. [y yucenbHoro po3s'ssdyBaHHs KIP 3acToCOBaHO METO[
l'anbopKiHa, a came HOro peasisaliio y BUIJISIAi Mmetony kparioBux eaemenTis (MKE). Komb6inaliist mepeTBopeHHs
Jlareppa i MKE nae 3Mory y3arajJbHATHA 064UCIIIOBAJIbHI CXEMU [1J18 YCiX PO3IJISSHYTUX Y IACEPTaLlii €eBOIOLiHMX
33724 i cpopMyJIIOBaTH BUMOTH 10 PO3POOKU CIIelianizoBaHOro nporpaMHoro kommnsuekcy MultiMathFramework
(MMF). [l BoCSTHEHHSI MaKCMMAaJIbHOI THYYKOCTi CUCTEMHU 3aCTOCOBAHO PO3IIOAi IPOrPaMHUX MOZYJIiB Ha
yoTupu piBHi. KoxkeH i3 piBHIB yTBOPIOIOTh IIPOrpPaMHi MOJYJI, SIKi JIOTIYHO IOB'A3aHi MixK co6010. PazoMm i3 Tum,
3QJIEXKHICTb MDK MOZIYJISIMU Pi3HUX PiBHIB € 0OMEXEHOIO i C/1abKO0. 3aBIsIKU CIPOEKTOBaHIN apXiTEKTYPi,
[IPOTPaMHUI KOZ, 11151 OKPEMUX 33/1a4 € BiTHOCHO HEBEJINKUM 32 06CATOM. B OCHOBHOMY 11e MOZYIi, SIKi

BiITIOBiZIAIOTh 32 OOUMCJIEHHSI MaTPULb OTPUMaHUX cucTeM anreopaiuynux piBasHb (CJIAP). ITicss BUCBiTIeHHS



OCHOBHUX apXiTEKTYPHUX Ta aJITOPUTMIYHUX aCIMEKTiB (PPEMBOPKY PO3IJISIHYTO pealisallilo 3alIpOIIOHOBAHUX
IiAXo[iB Ha NMPUKIIAAi TOGYLOBU MOLYJIsS PO3B'I3yBaHHS 3a7ja4i 111 XBUJIbOBOTO PiBHSIHHS 3 JUHAMIYHOIO KPalioOBOIO
yMOBOIO. [T0CIiI0BHO TOKa3aHO BUKOPUCTAHHS iHYPaCTPYKTYPHUX €JIEMEHTIB Ta 3aCTOCYBaHHS 6a30BUX KJIACIB Ta
intTep@ericis sigpa. OkpemMa yBara pujijleHa MaTeMaTUYHOMY OOI PYHTYBAHHIO KJIIOYOBUX ACIEKTIB
3aIIPOINIOHOBAHUX MiAXOAiB. 3 METOIO JEeMOHCTpAaLil IPUKJIAJHOrO 3aCTOCYBAaHHS MAaTEMATUYHOTO i IPOrPaMHOI0O
3a0e31e4yeHHs [10JaHO0 Pe3yJIbTaTU cepii UNCeIbHUX eKCIIEPUMEHTIB /1J1s1 €BOJIIOLINHNX 3a/1a4. BOHU HifTBEpIKYIOTh

KOPEKTHICTb T€OPii Ta 10Ka3yloTb €(PEKTUBHICTb PPENMBOPKY.

2. Evolutionary processes are characterized by continuous system state changes over time. Their mathematical
models are mixed problems for second order differential equations with constant coefficients. In the dissertation,
a combination of boundary integral equations (BIE) method with the Laguerre transform over the time is applied to
obtain solutions. Galerkin method is used to find solutions of BIE, namely its implementation in the form of
boundary element method (BEM). Such a combination of the Laguerre transform and BEM allows the
generalization of computational schemes for all evolutionary problems considered in the dissertation and
formulation of requirements for the development of specialized software, called MultiMathFramework (MMF). To
ensure the maximum flexibility of the system, the division of software modules into four levels is applied. Each of
these levels is formed by program modules, which are logically coupled. However, the dependency between
modules at different levels is limited and weak. Due to the designed architecture, the amount of program code for
individual problems is relatively small. In particular, these are modules, which are responsible for the calculation of
the matrices of the obtained systems of algebraic equations (SLAE). After highlighting the main architectural and
algorithmic aspects of the framework, the implementation of the proposed approaches is considered in the
example of building a problem solver module for the wave equation with dynamic boundary condition. The use of
infrastructure elements, base classes and kernel interfaces are consistently shown. Particular attention is paid to
the mathematical justification of key aspects of the proposed approaches. In order to demonstrate the application
of the mathematical instruments and software, the results of a series of numerical experiments for evolutionary
problems are presented. They confirm the correctness of the theory and show the effectiveness of the framework.
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