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1. Incepranjiiina po60Ta IpUCBIYeHa po3po0Lii BiTKpUTOI 06’€KTHO-OPiEHTOBAHOI ApXiTEKTYPH, SIKa MOXe OyTH
3aCTOCOBaHa NpY po3poblii K yHiBEpCaJIbHUX, TaK i Cleliasi3oBaHUX CUCTEM CKiHU€HHO-€JIEeMEHTHOI0 aHali3y
IIMPOKUX KJIACiB KpallOBUX 3371a4. B Halll yac BeJMKa KiJIbKiCTbh aKTyaJbHUX IPOOJIEM HAYKHU Ta TEXHIKU IPU3BOJSTD
IO HEOOXiAHOCTI PO3B'sI3aHHS Pi3HUX TUIIB KpaloBUX 3a7ad4. [I71s 6ibIIOCTi 3 HUX HA CbOTO/IHI HEMOSKIIMBO
OTPUMAaTH TOYHI aHAJIITUYHI PO3B’SI3KY, 110 [1OTPedye CTBOPEHHS! BiIIIOBIZHOrO MaTeMaTU4YHOIO Ta IPOrPaMHOr0
3a0e3ne4eHHs 17151 HabJIMXEeHOTO YMCe/IbHOTO PO3B'sI3aHHS AU(EepeHLiIHUX PiBHSIHbD (3BUYaliHUX Ta Y YACTMHHUX
NoxigHuX) a6o ix cucrem. Haiibinb nomupeHrM Ha CbOrOIHI CIOCOO0M HAGIMKEHOTO PO3B'sI3aHHS KPalloBUX
3a7a4 € MeToJ] cCKiHueHHUX eseMeHTiB (MCE). JI71s1 10ro BUKOPUCTaHHSI CTBOPEHO 3HAUHY KiJIBKICTb K
VHiBEpCabHOTO, TaK i cIeliasnizoBaHoro nporpamuoro 3abesnedyeHHs ([13). Cepen HaitbinbLI BiOMUX Iporpam
CKiHYE€HHO-€JIEMEHTHOTO aHali3y (IPONpieTapHUX Ta 3 BiIKPUTUM KOJOM) MOXHA Bifl3HaUYUTU Abaqus, Ansys,
FreeFEM, Mathematica, Nastran, OpenCAD Ta 6arato iHmux. TyT ciig 3a3HaynTH, 110 Ha CbOrOHI Takoro [13

PO3p0o6JIeHO (i TOCTIIIHO [IPOJOBKY€E PO3POOJISTUCS) BEJIMKA KiJIbKiCTh, OCKIIbKY BOHO IIPU3HAYEHO SIK J1J15



PO3B'sI3aHHS Pi3HUX TUIIB 33/1a4, TaK i pi3HUX (HPOPM 3aCTOCYBAHHS (KOMEPLiHOr0, HaBYaJIbHOTO, HAYKOBOTO, OPeNn
source To10). Kpim TOro, noCTiiiHO 3MiHIOIOTHCSI MOKJIMBOCTI OGYMCIIIOBAJIbHOI TEXHIKY (LIMPOKOTo
PO3IIOBCIOMIKEHHS OCTaHHIM 4acOM OTPUMaiM 6araTonpoLeCcOpPHi CUCTEMI) i BUMOIM [IPAKTUKU (HalPUKIa,
HEeOOXiIHICTb BpaXxOBYBaTH 3aCTOCYBAaHHS HOBUX TUIIB MaTepiasiB, TaKUX SIK KOMIIO3UTU 260 MaTepianu 3 Iam'aTTIo).
[TepeBaxkHy 6i/bIIICTb 3 HASIBHUX IPOTPaM CKiHYEHHO-€JIEMEHTHOTO aHaJIi3y peasli3oBaHO MOBaMU IIPOrPaMyBaHHS
C ta C++. Crig 3a3HauuTH, 110 BHECEHHS 3MiH B Take [13 nJ1s fioro apanranii 1o BUpilieHHS HOBUX KJIACiB 337324
yepe3s ckianHicTs C/C++ € HeTpuBiaabHOO NpoLenypoo. TomMy Ha NPaKTULli BUHUKAE 3aBJaHHS CTBOPEHHSI TaKUX
IIporpam il CKiH4€EHHO-€JIEMEHTHOTO aHali3y, sKi 6, 3 OHOrO 6OKY, Majlu BiIKPUTY 1 IPOCTY apXiTeKTypy, a, 3
iHIIOrO 60KY, MiATPUMYBAJIX MO>KJIMBICTb JIETKOTO BHECEHHS B HUX 3MiH /IJIS1 pO3MIUPEeHHs QYyHKIiOHATIBHOCTI.
[HmMMu cnoBamu, Manu 6 y nopiBHsAHHI 3 [13, HanucaHuM Ha MoBax C/C++, BUCOKY IIBUIKICTb po3p00Ku. OCTaHHIM
4acoM OJHi€l0 3 HAlOisIbII NONYJISIPHUX IPU po3poodLi HaykoBoro I13 € moBa nmporpamysanHs Python, sika
II0YaTKOBO CTBOPIOBAJIACA 18 MiiBULILEHHS €(PEeKTUBHOCTI po60TH nporpamicra. Bona mae serkuii ajis po3yMiHHs
CHHTaKCHC i 3apas3 /15 Hei po3po06sieHO BeJIMKY KiJbKiCTb 6i671i0TeK, 110 peasni3yioTh pi3HUl MaTeMaTUYHUN
dyHKuioHasn (Hanpukaan, NumPy ta SciPy, 110 BUKOPUCTOBYIOTbCS IJ1s1 HAYKOBUX PO3paxyHKiB). [IpoTe, 10 cboropHi
CHCTEM CKiHYEHHO-€JIEMEHTHOTrO aHasi3y Ha Python po3pob6seno BinHOCHO Mano. CepeJ, HUX MOKHA BUAIUTH,
Hanpukian, fempy, FEniCS, PolyFEM, SfePy, BTim 4acTuHa 3 HUX Mae suie python-intepderic, aye Hanrucana Ha
C++. lle MOXXHA NMOSICHUTHU TUM (PAKTOM, 110 IPUIHATO BBXKATU MIBULIKICTb PO60TU python-rporpaM HMXYOI0, HIK Y
aHaJIoriB, HanucaHux Ha C++. TMM He MeHI, IMHamivHa Tunisauis Python i ioro Mo>xyMBOCTI IPOLYKTUBHOI
PO3POOKU ITPOrpam pooJISITh IOr0 NEPCIEKTUBHUM 3aCOO0M CTBOPEHHSI HOBOTO e(peKTUBHOrO 13 17151 uncenpHOro
BUpillIeHHSs IMPOKUX KJlaciB KpailoBux 3aay 3 BukopuctaHHsam MCE. Tomy po3po6ka BinkpuToi apxitekrypu 13
1711 MCE e akTyasibHOIO B Halll Yac 3a7a4delo. TakuM 4MHOM, CTBOPEHHS HOBOTO [13 CKIHUEHHO-€JIEMEHTHOTO
aHaJi3y 3 BIIKPUTOIO apXiTEKTYPOIO i IPOrpaMHUM KOZIOM, sIKe 6 4aBajlo 3MOTY KOPUCTyBauyaM PO3B'I3yBaTU MINUPOKI
KJIaCU KpaloBUX 33724 Ha Cy4aCHUX KOMITIOTEPHUX I1aTdOpMax € aKTyaJIbHOIO 1 BaXJINBOIO 3a1aveto. Ha
JIorivHOMY piBHi 6yb-sike cyyacHe [13 1151 CKiHUeHHO-eJIEMEHTHOIO aHaJli3y 3a CBOEIO apXiTeKTypOoIo MoXe OyTH
[IOZIiJIEHO Ha TPY OKpeMIi CKJIaZ0Bi (migcucremu): 1) mpenpouecop — MifcucTeMa aBTOMaTU3allii iITOTOBKA
BUXiIHUX JAHUX JIJIs1 YUCEJIbHOTO PO3PAXyHKY (Y OL/IBIIOCTI BUNIAJIKIB 1€ FeHEPATOP CKiHY€HHO-€JIEMEHTHOI MOZei
BUXiJJHOI FEOMETPUYHOI 00J1aCTi, 117151 SIKOi BUKOHYETbHCSI PO3PaxyHOK); 2) IpoLiecop — MiJCUCTEMa, 110
6e3rocepeiHbO peasidye CKiHY€eHHO-eJIEMEHTHUI PO3PaxXyHOK 3a/iayi (LeHTpalbHU e1eMeHT 6yIb-sikoro I13
YMCEJIBHOTO aHaili3y); 3) MOCTIPOLLECOP — MiICUCTEMA, L0 aBTOMATU3Y€E aHAJi3 BEJIMKUX MAaCHBIB YU CJIOBOI
indopmarii, OTpUMaHUX K pe3yJIbTaT pOOOTH IPOLIECOPY (YacTille 3a BCe Y BUIJISLT] Pi3HOMaHITHUX 300paskeHb
I10J1iB JOCJIipKyBaHUX (PyHKLi). ['eHepalis cKiHueHHO-eJIeMEHTHOI MOJIeli, SIKY IIOKJIaleHO Ha IIPENpoLecop, B
3arajibHOMY BUIJISZIi MOKe OyTHU MOAileHa Ba OKpeMHUX eTanu: 1) nodynosa popmaabHOrO ONUCY FEOMETPUYHOL
006J1aCTi, AJ14 SIKOi BUKOHY€ETbCSI PO3PAXYHOK, Y IEBHOMY (POPMATI, SIKUI € IPUIATHUM JJ1s1 TOAAJIbIIOI aBTOMATU4HOI

0OpOOKU;...

2. The dissertation is devoted to the development of an open object-oriented architecture, which can be used in
the development of both universal and specialized finite element analysis systems of broad classes of boundary
value problems. Nowadays, a large number of topical problems of science and technology lead to the need to solve
various types of boundary problems. For most of them, it is currently impossible to obtain exact analytical
solutions, which requires the creation of appropriate mathematical and software for the approximate numerical
solution of differential equations (ordinary and partial derivatives) or their systems. Today, the most common
method of approximate solution of boundary value problems is the finite element method (FEM). A significant
amount of both universal and specialized software (software) has been created for its use. Abaqus, Ansys, FreeFEM,
Mathematica, Nastran, OpenCAD and many others can be noted among the most well-known finite element
analysis programs (proprietary and open source). It should be noted here that a large number of such software has
been developed (and is constantly being developed), as it is intended both for solving different types of problems
and for different forms of application (commercial, educational, scientific, open source, etc.). In addition, the
capabilities of computing (multiprocessor systems have become widespread recently) and the requirements of
practice (for example, the need to consider the use of new types of materials, such as composites or materials with



memory) are constantly changing. The vast majority of available finite element analysis programs are implemented
in the C and C programming languages. It should be noted that making changes to such software for its adaptation
to solving new classes of problems due to the complexity of S...
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