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Kowmir'torepre MoJieiioBaHHsI, 30KpeMa IIPOBeJIeHHsT 00UUCTIOBAILHUX €KC-
HEPUMEHTIB, € BayKJIUBUM I11JIX0JIOM JIO BUBUCHHSI CKJIAJIHUX ITPOIECIB Ta SIBUIIL.
Taki Joc/iIzKeH s, 3 0OJJHOro 60Ky, MOTPeOyIOTH PO3POOKH HOBUX Ta BJIOCKOHA-
JIEHH$I BKe BIJIOMUX MaTeMaTHIHUX MOJIeJIeil, a TaKOXK BUMaraloTh e(DeKTHBHUIX
METOJIB JIJIsi YMCEJbHOIO PO3B’sI3yBaHHs NPUKJIAJIHUX 3aJad. 3 1HIIOro OOKY,
11100 OTPUMATH sIKiCHI pe3yJIbTaTh HeoOX1THO peaJsti3yBaTh BiIIIOBIIHE O0UNCITIO-
BaJsibHe cepejiopuiiie. [Ipu mpoMy CKIIa IHICTh MaTEMAaTHIHUX MOJIeIell 3yMOBJIIOE
ollepyBaHHsSI 3HATHUMHU OOYHMC/IIOBAJILHUMU PECypcaMu, BUMaral4dn po3poOKn
HOBHX ITIIXO/IB /10 TTOOYIOBU IIPOIPaMHOI0 3abe31edeHHs.

EBoJtiotiiiai mporiecn XapakTepu3yloThCd HEMePepBHOIO 3MIHOIO CTaHIB CHU-
creMu 3 Oirom gacy. ¥ Oararbox BHITQJIKAX IXHIMH MATEeMAaTHUIHIMU MOIEISIMU
€ MillaHl 3aJa4l Jijisd PIBHSHB 13 YaCTUHHUMU TOXITHUMU JIPYTOrO MOPSIKY 31
crajuMu KoedirienTamMu. ¥ Jicepraliil Jiisi o0y I0BU PO3B’sI3KIB TaKMX 3a/1a1
3aCTOCOBAHO KOMOIHATIIIO MeTO Iy KpaiioBux inTerpaibiux pisusub (KIP) i3 me-
peTBOpenHsAM Jlareppa 3a 4acoBoio 3MiHHOIO.

[lepmnit eTan 3a3Ha4€HOTO IMIXO/LY TOJIATAE Y 3BeJeHH] MIMTAHNX 3a/1a9 J10

eBoOJIONIIHIX KpafioBux inTerpasbhux pisasiab (EKIP), mast goro poss’sizok



TaKNX 3aJ1a4 I10JaH0 IOBEPXHEBUMH IIOTEHIlaJIaMM, SIKI TaKOXK 3ajiexKaTb Bill
JacoBOI 3MIiHHOI. Y BHUIIAJIKY XBUIHOBOT'O PIBHSIHHA 3 II€I0 METOIO BUKOPUCTAHO
dbopmymny Kipxroda (mpsmuii miaxia) 9u ofuH i3 XBUJIBOBUX MOTEHIHATIB PO~
croro abo mojBiitHoro mapy (HempsiMuii miaxin). AHAJOTITHI MIXOAM MOXKHA
3aCTOCYyBaTH JIjIs 3BEJIEHHs 3aja4 TerionposijgHocTi o nojgionux EKIP, ase
BXK€ 3a JOIIOMOI'OIO BIJITIOBITHUX TEILJIOBUX ITOTEHITIAJIIB.

PesysnbraTrom nepexony jgo EKIP € 3menmennss Ha oJMHUIIO PO3MiPHOCTI
JIOCJTIZKYBaHOI 3a/1a9i, OCKLIBKN Tpeda BIIMIYKATH HEBIJIOMI TYCTUHH MOBEPX-
HeBUX INOTeHIagiB. g BiracTuBiCTh € aKTyaabHOIO JIJIsi TPUBUMIPHUX 38 ITPO-
CTOPOBUMM KOOPJMHATAME 334, 0COOJIMBO IIPU PO3TJIsili HEOOMEeXKEeHNX 00J1a-
CTell.

Ha mactynnomy etari yci paminie orpumani EKIP 3a monomororo neperso-
penns Jlareppa 3a 1acoBoro 3MiHHOIO 3BejieHO J10 nocainosHocTeit KIP, siki 3aB-
JISIKI CBOTH CIeIlia/IbHIll CTPYKTYPi JOIYCKAIOTh IOKPOKOBE PO3B’si3yBaHHS. A
caMe, Ha KO?KHOMY KPOIll B TAKUX IOCJIJOBHOCTAX 1HTErpaJIbHUIl olepaTop Jii-
BOI YaCTUHU € OJIUH 1 TOIl camMuil Jijisl yCiX piBHsHbD, a [IpaBa YacTUHa PEKYPEHTHO
3aJIezKUTh Bijl po3B’sa3kiB KIP, sHaiiennx Ha morepegHix Kpokax. Kpim Toro,
OCKIJIbKI pe3yJabTaTH IepeTBOpeHHs Jlareppa TemIoBUX 1 XBUJIbOBUX OTEHITI-
aJiB € moaioHuMmu, To i orpumani KIP Takox € ogHOTUITHUMA.

PosryigayTuit nponec 3BejleHHsI MillIaHUX 3a/a4 J0 IIOC/II0BHOCTEH BijIo-
Bignux KIP e nmomibnum s eBo/ONiitHUX 3a/Jiad pisHUX TUIB. Y JIucepTaliil
OCHOBHI MOMEHTH, K1 OB’ si3aH1 31 3HAXOIXKCHHIM YUCEJILHUX PO3B A3KiB TaKIX
3aJ1a4, [POJIEMOHCTPOBAHO Ha MIPUKJI/ Il MIIIAHOT 3a/1a4l JI/1s1 XBUJIbOBOI'O PIBHSI-
HHsI 3 JUHAMIYHOIO KPailoBOIO YMOBOIO. 30KpeMa, I10JaHO KOHKPETHU BUIJIsII
KIP, BuBeieHO po3paxyHKOBI (hOpMYyJIN JIJI YUCEJIbHUX PO3B’SI3KIB Ta BUKOHAHO
OOI'PYHTYBaHHS BIAIOBIJIHUX MaTeMaTHIHUX acIeKTiB.

st uncesibHOTO po3B’sizyBaHHs ycix orpuMmanux KIP 3acrocoBano mero;n



[anpopkiHa, a came floro peaJizalliio y BHIVISAI METOJY KpailoBUX eJIeMEHTIB
(MKE). Kowmbinamist mepersopentst Jlareppa i MKE mae 3mory ysarajibauru
O0YMCTIOBAIBHI CXEeMU JIJIT YCIX PO3TJIAHYTUX Yy JIMCEPTAIll eBOJIONIIHIX 3a-
Jad 1 cchopmystroBaTt PYHKIOHAIBHI BUMOI'M JIO0 PO3POOKH ClIeliaji30BaHOIO
nporpamuoro komiiekcy MultiMathFramework (MMF), npujgaraoro jgo Bu-
KOHaHHsI OOYNC/TIOBAJILHAX €KCIIEPUMEHTIB CTOCOBHO HECTAITIOHAPHUX IPOIIECIB
PI3HOI TPUPOJIN.

Ha ocnoBi oTpumanux BUMOT y JUCEPTAIlil CIHPOEKTOBAHO APXITEKTYpPYy
¢peiiMBOpPKY,  sKa, 3 OJIHOro OOKY, BpaxOBY€ CIIJIbHI  BJIACTHBOCTI
O0UNC/IIOBAIBHAX CXEM JIJIsl PI3HUX 3a/1a4 13 IpeJMeTHOT 00J1acTi, a 3 iHIIoro —
nepejidadae  PO3MINPEHHS IPOIpaMHOro 3abe3levdeHHsl 3a PaxyHOK HOBUX
MOJIYJTIB, Ki MOJAMQIKYIOTH paHillie BHU3HAYEHI aJI'OPUTMHU YU Peasi3yIOTh
00YNC/TIOBAJIBLHI CXEMHU JIJIsT HOBUX 3a/1ad.

st mocarueHHs MaKCUMaJIbHOI THYYKOCTI CUCTEMU 3aCTOCOBAHO PO3TIOILIT
MIPOTPAMHIX MOJIYJIIB Ha YOTUPHU piBHI. KokeH i3 piBHIB yTBOPIOIOTH IMPOrpaMHi
MO/TyJIi, sIKi JIOTTIHO MOB’sA3aHl MizK cOOO0I0 CHIJIbHUM BUJIOM (DYHKITIOHATBHOCTI.
PazoM i3 TuM, 3a/1€2KHICTH MiK MOJYJISIMU PI3HUX PiBHIB € 00MezKeHOI0 1 cJiab-
KOI0. 3allpOIIOHOBAaHA apXiTeKTypa Ja€ 3MOry MoJAndiKyBaTH OKpPEeMi MOIYJIi
He3aJIe’KHO BiJ[ IHIINX YaCTUH IPOrpaMu, PO3Mupiodn GpeiiMBOpK Ha iHIII
KJ1acH €BOJIIOMIHNX 3a/1a4.

[lepmnit piBenb hpeiiMBOPKY YyTBOPIOIOTH KOMIIOHEHTH, AKi (DOPMYIOTH 1H-
Tepdeiicn KopucTyBada. 30KpeMa BU3HAUCHO CIIOCOON BBEJICHHS BX1JIHUX JIAHUX
3aJ1a4i 9K 13 BUKOpUCTaHHsIM I'padidHoro iHTepdeiicy, Tak i KOMaHIHOTO PIKA.
[x B3aemoito i3 IHIINMMHI YACTHHAMIE CHCTEMIH CIIPOEKTOBAHO MAKCHMAJIBHO He-
3aJI€2KHO 13 BUKOPUCTAHHAM IIPOMIXKHOTO PiBHA djipa. KopucTyBad 3acTOCOBYE
Il KOMIIOHEHTH TaKOXK JIJIs 3aITyCKY MPOIecy 00UYNC/IeHb i3 BUOpaHUMM TapaMe-

TpaMi, 110 30epiraloThbcst B OKpeMOMY KoHdirypairiiitnoMmy daiiii 3a1adi.



Kpim Toro, KoMIoHeHTaMu IEPIIOTO PIBHSA € BIAOBIAHI inTepdeiicn s
MojtyJ1iB 00pobku fganux. Ile, 30kpema, iHTEpdEiic 115 reHepyBaHHs MHOYKUHI
KpailoBIUX eJIeMeHTIB, sIKi BUKOPUCTOBYIOTH JIjIsI HAOJIMKeHHsI MexKi 00J1acTi 1
IpH JIUCKPEeTH3allil inTerpajJbHuX onepaTopiB y mporpammiit peasizarii MKE.
Takoxk KopucTyBady HaJlaHO iHTepdeiicu MOJYJ/IIB, sIKi JIal0Th 3MOI'Yy aHaJIi3y-
BaTU OTPUMAaH1 YUCe/JbHI Pe3yJabTaTu 1 apXiByBaTH IX JJIs MOJAJbIIOTO BUKO-
pucTtanHs. 3a3HadeHi inTepdeiicu mependadaloTh MMPOCTE BHECEHHSI 3MiH IpU
posimpenHHi (hpeiiMBOPKY Ha, HOBI 3a/adi.

PiBenb sijipa € MeHTpaibHOI0 9acTHHOIO PpeiiMBOPKY. Spo CKJIa aeThes i3
3aBaHTaXKyBada MOJIYJIIB pO3B’d3yBaHHs 3ajad Ta 016/1i0Tekn 6a30BUX KJIACIB.
['onoBHY 9acTHHy KJIaCiB CTAHOBJIATH aOCTPAKTHI TUIH, IO BU3HAYAIOTH 0a30-
Bl CyTHOCTI Ta OCHOBHI aJI'OPUTMU OOYHUC/IIOBAJIbHUX CXEM, dKi BiJIIOBIIAIOTH
3ajadaM 13 IpejaMeTHOl 001acTi.

Kiracu spa 1mobyaoBaHo 3 JOTpUMaHHAM HMPUHITUITY 1HBEPCIT 3a/1e2KHOCTel
MI2K BIJIMTOBITHUMHU MTPOrPAMHUME a0CTpakiiisgMu. /[y yTBOpeHHsT MOTpiOHNX
3aJIe’KHOCTEH MizK TUIAMK PO3pPOOJIEHO CIieniabHuil MEXaHi3M Ha OCHOBI Ia-
6uioHy iH'eKIlii 3asexKHOCTEll. [loro HaJamTyBaHHSA BHKOHYIOTH 38 J[OOMOIOI0
KoHdirypariitHoro daiiry. BHac/IiI0K TaKOro IMiaXomy sIApo He 3aJIeXKUTh Bijl
IHIITUX PIBHIB 1 € KOMIIOHEHTOM (bpefiMBOPKY, siKhii He 1moTpedye Mojudikariil
[IpU PO3IIUPEHHI.

Y 6ibstioTer spa TaKOXK BU3HAUYEHO iHMPACTPYKTYPHI e/leMeHTH (peiiM-
BOPKY. 3 MeTOI0 3a0e311eUeHHsT THYYKOCTI Ta po3/iiJieHHsT (PYHKIIOHAIBHOCTI TH-
miB BiIOBIHI 6a30B1 Kacu 1Mo0y/I0BAHO 3 BUKOPUCTAHHSIM MIA0JIOHIB TPOEKTY-
Banng Template method, Strategy, Factory method, Bridge.

Y ppeiiMBOPKY TaKOK OKpeMuii piBeHb 00pOOKM JaHUX YTBOPIOIOTH KOM-
IIOHEHTH, K1 3a/1al0Th CILJIbHI JIJIsI yCiX 3a/iad JIONOMIYKHI aJIrOPUTMU, a caMe

reHepyBaHHs KpafloBUX eJIeMEHTIB, Bi3yaJli3allilo po3B’sd3KiB, 00UYMCIEHHS IXHIX



AIl0CTEPIOPHUX IOXUOOK Ta KOHBEPTYBaHHSI pe3y/abTaTiB y pisHi dopmaTu ja-
HIX JIJIS B3a€MOJIII 13 30BHINIHIMHI CICTEMAaMI.

[Iporpamue 3abe3medeHHst PiBHA PO3B’sI3yBaHHsI 33249 MICTUTb MOIYJII JIJIsI
OTpPUMaHHs PO3B’sI3KiB 3a/1a4, siKi 3apeecTpoBani y dppeiiMmBopky. Lleit mporpam-
HUIT KOJI € peaJi3allleio KOHKPETHNX aJrOPUTMIB 1 UMCE/ILHUX METOIIB, 9Kl 3a-
CTOCOBYIOTHCs Ha PI3HUX eTalax 0OYMC/IIOBAIbHOI CXeMU KOHKPETHOI 3aJjiadi 3
npeiMeTHOT 00J1acTi ppeliMBopKy. Ha 11boMy piBHI TaK0XK BIIPOBaIZKYIOTH HOBI
MOJYJII TP PO3MIMPEHHI (PpeiiMBOPKY HOBUMU 3aJladaMy 1 YUCETIbHUMEI METO-
JlaMU.

[Tonpu BusiBjIeHi i 3aJiad i3 pejaMeTHOl obsacTi ppeiiMBOPKY 3araJjibHi
3aKOHOMIPHOCTI 00UNCJ/IIOBAJIbHAX CXEM, KOXKHA 3 HUX MA€ BIAMIHHOCTI, SIKI BI-
IJINBAIOTH 13 MTOJIaHHs PO3B’s3KY 3a/1ad Ta BUTJISALY 3aJICXKHUX BiJl 1aCOBOI 3MiH-
HOI IOTeHIia IiB. Y JucepTalil JeTaJbHO IIPOaHa/i30BaHO BJIACTUBOCTI IIOBEPX-
HEBUX [OTEHIIAJIB Ta aCOIIIOBAHUX 13 HUMU KpallOBUX OllepaTopiB, OTPUMaHUX
micJig 3acTocyBaHHs neperBopenHs Jlareppa. TakoxK posrissHyTo ampoKCcHMa-
ifiHI CKIHYeHHOBUMIPHI IPOCTOPH, B IKNUX BIJMOBIIHO J10 MeTony [aapopkina-
MKE Bukonano auckpeTrnsaliiio KpailoBIX OIlepaTOpIiB.

3aBJIIKH CIIPOEKTOBaHIN apxXiTeKTypi, IPOrpaMHMil KOJI, B IKOMY JIOKAJIi30-
BaHI BIIMIHHOCTI OKpPeMUX 3aJad, € BIIIHOCHO HEBEJMKUM 38 00csaroM. B ocHOB-
HOMY IIe MOJYJI, ¢Ki BiJIIOBIJal0OTH 3a OOUYMCJIEHHSI MATPUIbL OTPUMaHUX CH-
crem asirebpaiunux pisastb (CJIAP). Ockinbku st yeix 3aj1ad i3 mpejaMerHol
obJracTi gapa MOBEPXHEBUX IOTEHIIa/IIB MaloTh OCOOJIMBOCTI IPU CIIBIAIIHHI
apryMeHTIB, TO JIJisd 009mC/IeHHs Bianosinnux ejgemenTis MaTpuitb CJIAP pos-
pOOJIEHO AJITOPUTMHU, OCHOBaHI Ha aJINTUBHOMY BUJILJIEHH]I TAKUX OCOOJIMBOCTEIT,
Ta BUBEJICHO BIJIIIOBIIHI PO3PaXyHKOBI (b OPMYIIN.

[Ticst BUCBIT/IEHHS OCHOBHUX apXiTEKTYPHUX Ta aJTOPUTMIYHUX aCIeKTIB

dpeiiMBOPKY PO3IJIAHYTO peaJii3allifo 3allpOIIOHOBAHUX IIIJIXO/IB Ha IIPUKJIAI



o0y TI0BU MOJLYJIsI PO3B’A3yBaHH 3ra JIaHol paHile 3aadl JIJId XBUJIHOBOT'O PiB-
HSHHA 3 JIMTHAMITHOIO KPaiioBOIO yMOBOIO. [10c/TiIOBHO MTOKa3aHO BUKOPUCTAHHS
iHPPACTPYKTYPHUX €JIEMEHTIB, PeecTpalliio 3ajadi Ta 11 aKTUBallil0 KOHTeliHe-
poM 3aJiexKHOoCTel Y sapi dppeitMBopKy. JlaJii mpoieMOHCTPOBAHO 3aCTOCY BAHHSI
6a30BUX KJaciB Ta iHTepdeiiciB sapa 3 METOI KOHKpeTu3allil (pyHKIIOHAIb-
HOCTEl I 3HAXOJ/IKEHHA HAOJIMZKEHOTO PO3B A3KY, SKi € CHeIUudITHuMA JIJIst
miel 3asa4i. {ogaTKOBO 3alIpOIOHOBAHO JOIOMIXKHI MeXaHI3MU (pPeiiMBOPKY,
10 JIOCTYIIHI IIPU JIOCJI/I?KEHH] PI3HUX TUIIB 3a/1a4.

OkpeMma yBara npujijeHa MATEMATUIHOMY OOI'PYHTYBAHHIO KJIIOUOBUX
aCIleKTiB 3allpOIIOHOBAHUX IMiAX0iB. JIJIsi 1bOr0 BBEJEHO OCHOBHI (DYHKIIiiTHI
1pocTopu, cOpMYIbOBAHO 3a/1ady Y BaroBux mpocropax JIebera Ta BU3HAYEHO
MOHATTS CHJIBHOI'O PO3B'A3KY MIIAHOI 3aja4l JijIsd XBUJIBLOBOIO PIBHSHHS 3
JIMHAMIYHOIO KpaiioBoto yMoBoio. JloBejieHo TeopeMu Ipo iCHyBaHH 1 €/IMHICTD
T po3B’gI3Ky, a TaKOXK 0ro HellepepBHY 3aJIeyKHICTh BiJl BXITHUX JIAHUX.

3 MeTOoI0 JIEeMOHCTpAIlil TPUKJIAJHOIO 3aCTOCYBaHHSI PO3IJISTHYTOTO MaTeMar~
TUYHOT'O 1 TPOrpaMHOro 3abe3nedeHHs y 3aBepliajbHiil YacTuHi JucepTariil mo-
JTAHO Pe3yJIBTATH cepil YMceTbHIX eKCIIEPUMEHTIB JI/I €BOJIIOMINANX 3a1a4. Bo-
HU TITBEPIXKYIOTh KOPEKTHICTH 1OOYI0BaHOI Teopil Ta MOKa3ylTh e(deKTHB-

HICTH PO3pOOJIEHOI apxXiTeKTypHu (PpeiiMBOPKY Ta flOro mporpamHol peaJii3alii.

Kurro4oBi cjioBa:  MilaHa 3ajiada, JiJisl €BOJIOIIITHOrO PiBHSIHHSI, IIEPETBO-
penng Jlareppa, KpaitoBi iHTerpa/jibHI PIBHAHHS, METOJ KpalloBUX eJeMEeHTIB,
apxiTeKTypa IIporpaMHOro 3abe3nedeHHst, ppeiiMBOpPK, MpOrpaMHUil MOIYJIb,
1madJIOH IIPOEKTYBaHHsI, Oi0/1ioTeKa KJ1aciB, abcTpakiiis, iHBepCis 3a/1e?KHOCTEIT,
iH’eKIIis 3aje;KHoCTell, peduiekcisi, inTepdeiic, 00’€KTHO-OPIEHTOBAHE IIPOrpa-

MYBaHHS.
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Computer modeling, in particular conducting computational experiments, is
an important approach for studying complex processes and phenomena. On the
one hand, such research needs the development of new mathematical models
and improvement of already known ones and requires efficient methods for
numerical solution of applied problems. On the other hand, it is necessary to
implement an appropriate computing environment to obtain quality results. At
the same time, the complexity of mathematical models determines the need to
operate with significant computing resources and requires new approaches for
software development.

Evolutionary processes are characterized by continuous system state
changes over time. In many cases, 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 variable is applied to obtain
solutions to such problems.

The first stage of this approach consists in reducing mixed problems to
evolutionary boundary integral equations (EBIE). The solution to such

problems is represented with surface potentials, which also depend on the



time variable. In the case of a wave equation, the Kirchhoff formula (direct
approach) or one of the single or double layer wave potentials (indirect
approach) is used for this purpose. Analogous approaches can be used to
reduce heat problems to similar EBIE but with the help of the corresponding
heat potentials.

The result of the transition to EBIE is a reduction of the studied problem
by a one-dimensional unit since it is required to find unknown densities of the
surface potentials. This property is relevant for three-dimensional problems in
spatial coordinates, especially when considering unbounded domains.

At the next stage, with the Laguerre transform over the time variable, all
previously obtained EBIE are reduced to the sequences of BIE, which allow
step-by-step solution due to their special structure. Namely, at each step in this
sequence, the integral operator of the left part is the same for all equations, and
the right part recurrently depends on the solutions of BIE, which are found in
the previous steps. Furthermore, since the results of the Laguerre transform of
heat and wave potentials are similar, the obtained BIE are also of the same
type.

The considered process of reduction of mixed problems to sequences of
corresponding BIE is similar for evolutionary problems of different types. In
the dissertation, the main points, which relate to finding numerical solutions
to such problems, are demonstrated in the example of a mixed problem for
the wave equation with dynamic boundary condition. In particular, a speci-
fic representation of BIE is demonstrated, calculation formulae for numeri-
cal solutions are derived and justification of relevant mathematical aspects is
performed.

Galerkin method is used to find solutions of all obtained BIE, namely

its implementation in the form of boundary element method (BEM). Such



a combination of the Laguerre transform and BEM allows the generalizati-
on of computational schemes for all evolutionary problems considered in the
dissertation and formulation of functional requirements for the development of
specialized software, called MultiMathFramework (MMF), which is suitable
for conducting computational experiments regarding various non-stationary
processes.

Based on the requirements obtained in the dissertation, the architecture
of the framework is designed. On the one hand, it takes into account the
common properties of computational schemes for different domain problems,
and on the other hand — anticipates the expansion of the software through new
modules, which modify previously defined algorithms or implement computati-
onal schemes for new problems.

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 by a common type of functionality.
However, the dependency between modules at different levels is limited and
weak. The proposed architecture allows the modification of individual
modules independently from other parts of the program, extending the
framework with other classes of evolutionary problems.

The first level of the framework is constructed from components, which form
user interfaces. In particular, methods for entering problem input data using
both graphical interface and command line are defined. Their interaction with
other parts of the system is designed with a high degree of independence using
the intermediate kernel level. The user also applies these components to run the
calculation process with the selected parameters, which are stored in a separate
problem configuration file.

Furthermore, corresponding interfaces for the data processing modules are
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components of the first level. In particular, one of them is an interface for
generating a set of boundary elements, which are used to generate a surface
approximation and discretize integrated operators in the software implementati-
on of BEM. Also, the user is provided with module interfaces, which allow
the analysis of obtained numerical results and their archiving for future use.
These interfaces provide the ability to simply apply changes when extending
the framework with new problems.

The kernel level is the central part of the framework. It consists of a loader
of problem solver modules and a base class library. Abstract types are the
main part of classes, which define base entities and the main algorithms of
computational schemes, which correspond to the domain problems.

Kernel classes are constructed in compliance with the dependency inversion
principle between corresponding program abstractions. A special mechanism is
designed to create required dependencies between types, which is based on the
dependency injection pattern. Its setup is performed using the configuration
file. As a result of this approach, the kernel doesn’t depend on other levels and
it is a component of the framework, which doesn’t require modifications during
expansion.

The infrastructure elements of the framework are also defined in the base
class library. In order to provide flexibility and separation of functionality for
types, the corresponding base classes are built with patterns, such as Template
method, Strategy, Factory method, Bridge.

In the framework, a separate data processing level is formed by
components, which for all problems define common auxiliary algorithms,
namely the generation of boundary elements, visualization of solutions,
calculation of their a posteriori errors and conversion of results into different

data formats for interaction with external systems.



11

The software of the problem solver level contains modules for obtaining
solutions to the problems, which are registered in the framework. This program
code is the implementation of specific algorithms and numerical methods, which
are applied at different stages of a computational scheme for a specific domain
problem. New modules are also composed at this level when extending the
framework with new problems and numerical methods.

Despite the detected general regularities of computational schemes for
problems of the framework domain, each of them has differences, which follow
from the representation of the solution to problems and the form of
time-dependent potentials. The properties of surface potential and associated
boundary operators obtained after the application of the Laguerre transform
are analyzed in the dissertation in detail. Also, approximation finite spaces
are considered, in which the discretization of the obtained boundary operators
is performed, according to Galerkin-BEM method.

Due to the designed architecture, the amount of program code, where the
differences in individual problems are localized, 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). Since the kernels of the
surface potentials have singularities when arguments coincide for all domain
problems, algorithms based on the additive solving of such singularities are
developed to calculate the corresponding elements of the matrices of SLAE and
corresponding calculation formulae are derived.

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 module for solving the previously mentioned problem for
the wave equation with dynamic boundary condition. The use of infrastructure

elements, registration of the problem and its activation by the dependency
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injection container in the framework kernel are consistently shown. Next, the
application of base classes and kernel interfaces is demonstrated in order to
specify the functionalities for finding an approximate solution, which are speci-
fic to this problem. Additionally, auxiliary mechanisms of the framework are
proposed, which are available for exploring different types of problems.

Particular attention is paid to the mathematical justification of key
aspects of the proposed approaches. For this purpose, the basic functional
spaces are introduced, the problem is formulated in Lebesgue weight spaces
and the concept of a strong solution to a mixed problem for the wave equation
with dynamic boundary condition is defined. The theorems on the existence
and uniqueness of its solution, as well as its continuous dependence on the
input data, are proved.

In order to demonstrate the application of the considered mathematical
instruments and software in the final part of the dissertation, the results of a
series of numerical experiments for evolutionary problems are presented. They
confirm the correctness of the constructed theory and show the effectiveness of

the developed architecture of the framework and its software implementation.

Keywords: mixed problem for evolutionary equation, Laguerre
transform, boundary integral equations, boundary element method,
software architecture, framework, program module, pattern, class library,
abstraction, dependency inversion, dependency injection, reflection, interface,

object-oriented programming.
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BNCHOBKU

Y auceprauiitHiii podoTi PO3IVIAHYTO MaTeMaTHdHI MOJE/l €BOJIIOLIITHUX

IIPOIIECiB Ha OCHOBI MiIllaHUX 3aja4d JiId JindepenIialbHuX PiBHAHDb B YaCTHH-

HUX IOXIJHUX JIPYTOTo HMOPsJIKY 31 cTajauMu KoedinieHTaMu, po3po0/IeHO KOM-

oinoBanuit Meron kpaiiopux enementis (MKE) i neperBopennst Jlareppa st

IXHBOI'O YHCEJIHLHOIO PO3B’si3yBaHHs Ta 10OYJI0BAaHO BiJIIIOBIIHE TIpOrpaMHe 3a-

Oesrievennsd. B paMkax mux JIOC/IiZKeHb OTPUMaHO TaKli OCHOBHI pe3yJIbTaTH.

1.

YzaraJbHeHO OOYHMC/IIOBAJbHI  CXeMH MaTeMaTUIHUX —Mojieieil, Kl
ocHOBaHI Ha moejHanui nepersopenns Jlareppa i MKE nisg aucensnoro
PO3B’sI3yBaHHs MIIIAHUX €BOJIIOMINHIX 3aJ1a9 Y TPUBUMIPHUX 00J1aCTAX 3i

CKJIQJIHOIO TeOMETPIEIO.

. Jorpumytounch HiIxXoay iH €KIll 3aJIe2KHOCTell 3 BUKOPUCTAHHAM adCTpa-

KTHUX THITB, PO3POOJIEHO YOTUPUPIBHEBY apXiTEKTYypPy IPOrPaMHOI0 KOM-
ILJIEKCY, siKa 3abe31iedye foro po3IInpeHHst HOBUME 3a/ladaMi 1 YUce/IbHU-
MU MeTogaMu 6e3 1epepoOKU iCHYI0YOro IPOIPaMHOI0 KOJLY.

BianosigHo 10 KOHIEIIT, 3aK/1aJIeHOl B OCHOBY apXiTEKTYPU KOMILICKCY,
JUI  YCIX  JIOCJIIKYBAaHUX — MaTeMaTUYHUX  Mojeseil  po3po0JieHo
MOJIYJIi PO3B’sI3yBaHHd BIAINOBIIHUX MIIIAHUX 3ajJad i, KpPiM TOIO,
IIPOJIEMOHCTPOBAHO MOAuMIKAIIIO BI/IITOBITHIIX MO/LYJI1B TIJIST
PO3B’sI3yBaHHs HOBUX KJIACIB 3a/1a4.

OOrpyHTOBAHO MaTeMaTHYHYy MOJEIb MillaHol 3ajadi JJIsi OJHOPIIHOIO
XBIJILOBOI'O PIBHAHHSA 3 JAMHAMITHOIO KPaitOBOIO YMOBOIO, & TaKOXK JIOC/Ii-
JzKeHo po3B’a3ku BignoBiaanx KIP meromom anwopkina-MKE.

OTrpuMaHUMU Pe3y/IbTaTaMi INCeJIbHIUX eKCIIePUMEHTIB I1iITBePI2KEeHO KO-
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PEKTHICTb IIPOBEACHUX TEOPETUIHUX JTOC/IIKEHb Ta e(DEKTUBHICTH 3aIIPO-
IIOHOBAHUX ITiJIXO/IIB JI0 IIOOYI0BHU CIIEIIaIi30BaHOI0 IPOIPAMHOIO KOMILIe-
KCY.

OTrpumMaHi TeopeTuyIHi pe3yabTaTh Ta II00YI0BAaHMIl ITPOrpaMHNT KOMILIEKC

MOXKYTh OyTH BUKOPHCTaHI JIjIsI MOJICJIFOBAHHSI €BOJIIOIIITHUX IIPOIECiB pi3HOI

IPUPO/IN.
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