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1. Ha cborogHi cTBOpEHHS HOBOI TEXHIKM IPAaKTUYHO HEMOXJIMBE 6€3 IMPOKOT0 3aCTOCYBAaHHS Cy4YaCHUX
iHpopmaiitHMX TEXHOJIOTI Ta 0OUNCIIIOBAIbHUX cUcTeM. OIHUM 3 HANOi/IbII IOUMPEHNXK Ha IPAKTHUL TITXOMIB 1O
YMCEJIbHOTO aHaJli3y IIMPOKUX KJIACiB 3a/1a4 € 3aCTOCYBaHHS METOMY CKiHY€HHUX €JIEeMEHTIB. [ly1s1 aBTOMaTH3anii
PO3paxyHKiB 3a MOro JOIIOMOIOI0 HA CbOTOJIHI CTBOPEHO BEJIMKY KiJIbKiCTh Pi3HOMAHITHOIO IIPOrPaMHOrO
3abe3neyeHHs. Hail6inbm BifoMUME cepell KOMEPLiMHUAX CUCTEM CKiIHYEHHO-€JIEMEHTHOTO aHasisy € Abaqus,
Ansys, MSC Nastran ta inmi. Cepeg nporpamMHoro 3a6e3rne4eHHs 3 BiIKPUTUM BUXITHUM KOZOM MOXHA BUAIJINTU
dial.Il, FreeFEM, OpenCAD Tomio. KifbKiCTh TaKUX NPOrpam HEYXUJIbHO 30i/1bIIYETHCS, OCKIJILKY IIOCTIHHO 3pOCTae
CKJIaJHICTb 3a71ay, 4Ki [I0CTAIOTh NIepes iHKeHepaMU Ta HayKOBLSIMU. KpiM TOro, Cilifl BpaxoByBaTy CTPIMKUA
PO3BUTOK MOKJIMBOCTEH Cy4aCHOi OOUMCIIIOBA/IbHOI TEXHIKU. /171 e(peKTMBHOrO 3aCTOCYBaHHS HASIBHUX

004K CIIOBATIBHUX PECYPCIB CY4aCHUX MYJIbTUIIPOLLECOPIB Ta MYJIBTUKOMITIOTEPiB HEOOXiAHO PO3PO6ISTH



napaseJsibHi Bepcii HasBHUX aJIFTOPUTMIB CKiIHYEHHO-€JIEMEHTHOTO aHasizy. OTxe, MpobjeMa CTBOPEHHS CUCTEM
CKiHYE€HHO-€JIEeMEHTHOTO aHajli3y 3 BiTKPUTHUM IIPOTPAMHUM KOJOM, SIKi 6 JO3BOJISIIIM BUKOPUCTOBYBATH
MOXJIMBOCTI Pi3HUX MapajiesIbHUX apXiTEeKTyp Cy4aCcHMX KOMITIOTEPHUX CUCTEM, € aKTyasibHOI0. Ha chorogHi
HaNOiIbI TOMKUPEHUMHU KJIaCaMU NapajeIbHUX KOMITIOTEpIB €: 1) MyJIbTUIIPOLIECOPH Ta 2) MyJIbTUKOMITIOTEPH.
[IporpaMHa peasnisalid rnapajejbHUX PO3PaxyHKIB B IJUX CUCTEMAX iCTOTHO Pi3HUTLCS, OCKIJIBKY, HAIIPUKJIAL, B
MYJIBTUIIPOLIECOPHUX CUCTEMAaX 3aBJISIKU HAasIBHOCTI CIIiJIbHOI ITaM’sITi He IOTPiOHO peasi3aoByBaTy CKIIaLHUM
inTep¢eric cuaxpoHizauii fanux. OTxe, Ha CbOrOJHI aKTyaJbHOIO € 3371a4a PO3POOKU TaKUX IPOrPaMHUX CUCTEM
CKiHYE€HHO-eJIEeMEHTHOTO aHaJli3y, sIKi 6 MO>KHa 6yJI0 BUKOPUCTOBYBATH Ha Pi3HUX TUIIAX [1apajiesIbHUX apXiTeKTypP.
751 po3B’si3aHHS Li€i 3aayi B gucepTaLiiiHiil poOOTi IPONIOHYETHCS 3aCTOCYBAaHHS TBIPHOTO MaTepHY
IIpoeKTyBaHHs Prototype, 32 JOIIOMOTOIO SIKOTO MO>KHA CTBOPIOBATH KOIIii 06'€KTiB, HE BAAIOUNCH Y IOAPOOULL
ixHbOI peasnizauii. Lle 103BoJIsI€, 3 OHOrO OOKY, apajesIbHO 3aMlyCKaTy NPOrPaMHi IOTOKU HAa 06YUCIIIOBATIbHUX
By3JIaX Pi3HOI IPpUPOIH (SApax MpoLecopa; OKPeMUX ITpoliecopax abo By3jlax 0OUMCIIIOBATILHOTO KJIACTEPY), @ 3
iHIIOTrO, CTBOPIOBATU CTaHIAPTU30BaHUN IPOTPAMHUI KOJ, 3MEHIIMTH 4acC Ha MOTr0 HaJIarOJKEHHS, a TaKOX
MiHIMi3yBaTH MOJKJIMBICTb BUHMKHEHHS IOMUJIOK B KOZi 32 PaXyHOK BUKOPUCTaHHS BEpU(PIKOBAHUX PillleHb.
Haii6inpi npyupoHiM Ta yHiBepCaJbHUM CIIOCOOOM OIKUCY AOBIIbHUX FeOMETPUYHUX 06s1acTell € QyHKUiOHANIbHUN
niaxin, skui 6asyeTbcs Ha IOOYI0Bi Takoi PyHKLIi, sika IpuiiMae BiJl€eMHi 3HaY€HHS 32 MeXXaMU BUXiJHOTO
reOMETPUYHOro 00’eKTa, i HeBi'eMHI B 1Ioro cepeivHi Ta Ha rpaHulli. MOXK/IUBICTb 100YIOBU TaKUX (PYHKLM 1715
Oy[b-5IKOTO TEOMETPUYHOrO 00’eKkTa 6ysa JoBeleHa akagemikom B. JI. PBauoBuM. BukopucTranHs (QyHKIiOHANIBHOTO
nizxomdy B Ipenpouecopi notpedye po3pooku (popManIbHOro Cocody onucy PyHKIiOHAIbHUX MOJENIeN
reoMeTpUYHUX 00'eKTIiB. B nuceprauiiiHiil po6oTi 6ys10 po3pobseHo npobieMHo-opieHToBaHy MOBY FORL-G, sika
II03BOJIsIE OIIMCYBAaT FEOMETPUYHI MOAEJi 06'€KTIiB 6yIb-s1K0i popmu. B poboTi i3 3acTOCYBaHHSM PO3LMIMUPEHO]
¢opmu Bexyca-Haypa HaBeieHO OBHUII ONKUC CUHTAKCUCY Ta CEMAHTHUKU 1iiel MOBHY, a TaKOX NPUKIIATH il
3actocyBaHHs. Ocob6nuBicTio FORL-G € HasiBHICTb B Hiil 3aC00iB, 1[0 KEPYIOTH IIPOLIECOM MOOYIOBU CKiIHYEHHO-
eJIEeMEeHTHUX MOoJiesiel B Iapajie/IbHuX 00YMCIIIOBAIbHUX cUcTeMaX. TakoxX B IUcepTalliiiHill po6oTi i3
3aCTOCYBAaHHSM NAaTEPHY NIPOEKTYBaHHs Prototype MporpaMHO peasli3oBaHO MapasesbHi aITOPUTMU 10Oy I0BU
CKiHYEHHO-eJIEeMEHTHUX MOJieJIell TeOMeTPUYHUX 00'€KTIB, 3a1aHNX PYHKIIOHAJIBHO. ByJio mpoBesieHo
00YMCIIIOBATIbHUY €KCIIEPUMEHT, SIKWI MM TBepAUB e(PeKTUBHICTh 3aITPONIOHOBAHUX MifxoaiB. [I[porpamHa
peasiizallist TUIIOBOTO NPOLECOPY CUCTEMU CKiIHUYEHHO-E€JIEMEHTHOIO aHaJli3y nepefioadyae CTBOPEHHS OKPEMUX
MOIyJIiB, IO peasi3yloTh NEBHUIN TUI PO3PaxyHKY. AJIbTEpPHATUBHUM IiIXOIOM € aBTOMATH3allisl BUBEJEHHS
HeOOXiIHNX PO3PaxyHKOBUX CIIiBBiIHOIIEHb 6e3r0cepeqHbo 3 BapialliiHUX TPUHIINIIIB, 10 JO3BOJISIE OTPUMYBATH
HeOoOXiZHi CTiBBITHOIIEHHSI [IJIs1 YUCETbHOTO PO3B’I3aHHS IUPOKUX KJIACiB 3a7a4. Moro 3aCTOCYBaHHS [1OTpedye
PO3p06KU (POPMaIBHOTO CIIOCOOY ONMCY BapialitHMX GOpMYJI i TpaBUJl BUBEJIEHHS 3 HUX HEOOXiTHUX
criBBifHOLIEHb. B nucepTauiiiHiil po60Ti po3po6eHo npeaMeTHO-0opieHTOBaHy MOBY FORL-F, 3a monomoroto sxoi
KOPHCTYBay MO>Ke OIIMCYBAaTU KOMITIOTEPHI MOJeJli IMPOKUX KJIaciB 3a7a4. B poboTi HaBeneHo popmasibHUI OnuC
11iei MOBHY, a TAaKOX [IPUKJIAJH ii 3aCTOCYBaHHS. 3a JOIIOMOrolo abyoHy Prototype peasnizoBaHo npolecop, K1
BUKOHY€ PO3PaxyHKU IIporpam, onucanux Ha Mosi FORL-F, B napasnenbHUX 00YMCIIOBaIbHUX CUCTeMaX. byso
IIPOBEIEHO HU3KY O0YMCIIIOBAJIbHUX €KCIIEPUMEHTIB, SIKi MigTBepAuin e(peKTUBHICTb 3alIPOIIOHOBAHOTO IiAXOLY.
Takox B juceprallii HaBeIEHO ONKC 3alIPOIIOHOBAHOIO NapajlesIbHOTO aJITOPUTMY Bidyaslidalil YuCeIbHUX
PO3paxyHKiB, Ha Or0 OCHOBI IIPOrPAMHO peasi3oBaHO MOCTIIPOLLECOP, a TAKOK BUKOHAHO BiAIOBiAHI

00YNCIIIOBa/IbHI €KCIIEPUMEHTH.

2. Today, the creation of new technology is almost impossible without the widespread use of modern information
technology and computer systems. One of the most important problems facing engineers is to replace the physical
tests of prototypes of designed complex engineering systems a virtual computer experiment. This allows on the
one hand to significantly reduce the cost of time and resources for design, and on the other - to improve its
quality. The most well-known among commercial programs of finite element analysis are Abaqus, Ansys, MSC
Nastran and others. Among the open source software are dial.ll, FreeFEM, OpenCAD, etc. The number of such
programs is steadily increasing, as the complexity of the problems facing engineers and scientists is constantly
increasing. In addition, the rapid development of modern computer technology should be taken into account. In



order to effectively use the available computing resources of modern multiprocessors and multicomputers, it is
necessary to develop parallel versions of existing finite element analysis algorithms. Thus, the problem of
development of systems of finite element analysis with open source software, which would allow to use the
capabilities of different parallel architectures of modern computer systems, is relevant. Today, the most common
classes of parallel computers are: 1) multiprocessors; 2) multicomputers. The software implementation of parallel
computing in these systems differs significantly, because, for example, in multiprocessor systems, due to the
presence of shared memory, it is not necessary to implement a complex data synchronization interface. Thus,
today the task of developing such software systems of finite element analysis, which could be used on different
types of parallel architectures, is relevant. To solve this problem, the dissertation proposes the use of a creative
design pattern Prototype, with which you can create copies of objects without going into the details of their
implementation. This allows, on the one hand, to run software streams in parallel on computing nodes of different
nature (processor cores; individual processors or on nodes of a computing cluster), and on the other - to create
standardized program code, reduce debugging time, and minimize the possibility of errors in code through the use
of verified solutions. The most natural and universal way to describe arbitrary geometric domains is a functional
approach, which is based on constructing a function that takes negative values outside the original geometric
object and is non-negative in its middle and at the boundary. The possibility of constructing such functions for any
geometric object was proved by Academician V. L. Rvachev. Using a functional approach in a preprocessor requires
the development of a formal way to describe functional models of geometric objects. For this purpose, the
dissertation developed a problem-oriented language FORL-G, which allows you to describe geometric models of
objects of any shape. In the work with the use of the extended Backus-Naur form, a complete description of the
syntax and semantics of this language is given, as well as examples of its application. A feature of FORL-G is the
presence of tools that control the process of building finite-element models in parallel computing systems. Also in
the dissertation work with the use of the design pattern Prototype programmatically implemented parallel
algorithms for constructing finite-element models of geometric objects, given functionally. A computational
experiment was conducted, which confirmed the effectiveness of the proposed approaches. Software
implementation of a typical processor of the finite element analysis system involves the creation of separate
modules that implement a certain type of calculation. An alternative approach is to automate the derivation of the
necessary calculation relations directly from the principles of variation, which allows to obtain the necessary
relations for the numerical solution of wide classes of problems. Its application requires the development of a
formal way to describe the variational formulas and rules for deriving the necessary relations from them. In the
dissertation the subject-oriented language FORL-F is developed, with the help of which the user can describe
computer models of wide classes of tasks. The paper provides a formal description of this language, as well as
examples of its use. Using the Prototype template, a processor is implemented that performs calculations of
programs described in the FORL-F language in parallel computer systems. A number of computational experiments
were performed, which confirmed the effectiveness of the proposed approach. Also in the dissertation the
description of the offered parallel algorithm of visualization of numerical calculations is given, on its basis the
postprocessor is programmatically realized, and also the corresponding computational experiments are executed.
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