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Pedepar:

1. Incepranjiiina po60oTa IpucBsYeHa po3poodLii PyHKLiOHAJIBHOTO ITiTX0AY F€OMeTPUIHOIO MOZEJIIOBAaHHS 3
BMKOPHMCTaHHSIM Iapajesisaliii, sska Moxxe OyTU BUKOPUCTaHa 7151 I00YJ0BU IUCKPETHUX 00'€KTIB B PO3IIOLiI€HUX
KOMITIOTEPHUX CUCTEMAX, Ta 3aCTOCOBAHA MIPY PO3POOIIi SIK B aBTOMAaTU30BAaHUX, TaK i B CIE1iali30BAaHUX CUCTEMAX
reoMeTPUYHOTO MOZIe/I0BaHHS. Ha nanuil yac aBTomaTu3allist IpoLeciB po60TH NPOrpaMHOro 3a06e3Nne4eHHs
IIPU3BOJUTH 10 HEOOXiTHOCTI PO3B’I3KY 3a/1a4 10OYA0BY FeOMETPUYHUX MOJieiell Ta napasestisanii as
IIPUIIBUJIIEHHS IPOYKTUBHOCTI CUCTEM Ta IIOAAJIBLIOrO CYIIPOBOAY B MalOyTHbOMY. AKTYyaslbHi 3a7a4i, sKi
[IOCTalOTh [1epe], PO3POOHUKAMU Ta iH)KeHepaMH, Lie IPOBEIEHHS BUNIPOOYBaHb NOCAiTHUX 3Pa3KiB CKIAIHUX
TEeXHIYHUX CUCTEM LIJISIXOM 3aMiHM (i3MYHUX BUNIPOOYBAHb HA BipTyaJIbHUI €KCIIEPUMEHT. Lle m03BonnTS,
3MEHIINTY BUTPATH Ha HATYPHI EKCIIEPUMEHTH, PECYPCH, 4aC Ha IIPOEKTYBaHH4. 3 HasBHUX Ha JAHUU 4YaC CUCTEM
HEMOJKJIMBO, Ha >KaJlb, OTPUMATH TOYHO Ta SIKiCHO oOyAoBaHi 3D Mogeri, o norpedye po3poOKu BillIIOBIAHOTO
IIPOrPaMHOTO 3a6€3MeYeHHs 3 BAKOPUCTAHHSAM Napasieslizallii Ta MeTony «Mapiupyounx Ky6iB». 3aCToCyBaHHS

MaTEMaTUYHOIO MOJIEJIIOBAHHS JO3BOJISIE 3aMiHUTH LOPOTe NOCIIIIKEHHS 3pa3KiB NPOAYKIil aHaIi30M



MaTeMaTWYHUX BiIHOIIEHb. B Takux rajyssx sK pakeToO0yAiBHULITBO, CyAHOOYIiBHULTBO, OyiBHULTBO, MEJULMHA i
MalIMHOOYIiBHUIITBO, 00'€KTH MAIOTh CKJIaAHI GOpMY, SIKi TIOBUHHI BpaX0OBYBaTHCS B MATEMAaTUYHUX MoeJIsx. [aHi
00’€KT MO>KHA NPEJICTaBUTH OOMEKEHNMH Ta 3aMKHEHMMHU MiJIMHOXMHAMU €BKJIJOBOTO IIPOCTOPY. X04a CbOTOJIHI
icHye 6€e3J1i4 cr10co6iB (GOPMAJIBHOTO OMUCY MATEMATUYHUX MOJIeJIeH CKIaAHOi (POPMU TaKUX SIK: TBEPAOTIIbHE
reoMeTpUYHe MOJEeJIIOBaHHS Ta KAPKACHE MOJIEe/IIOBAHHS, OGHUM 3 HANOiJIbII YHIBEPCAJIbHUX METOIB €
dynkuionanpauil nipxin (FREP - Functional Representation) y npencrasieHHi GOpM reOMETPUYHUX 0O€KTIB. B
OCHOBI JJaHOTO MiJXOAY JIEXKUTD i1es1 BAKOPUCTAaHHS HEeSIBHUX (PYHKILiN pa3om 3 R- pyHkuismu B. JI. PBauoBsa njis
MOJIEeJIIOBAaHHS CKIAAHUX (popM. R-QyHKUII [onoMaraioTs 1epeTBOPUTH NIOOYAOBY CKIAIHOI HESIBHOI PyHKIii Ha
JloriyHe KOHCTPYIOBaHHS i3 «JIerkux 6JI0KiB», 36epiraroun BCIo BUpa3HiCTb MaTeMaTU4HOI MOBU. HeobxinHo
BUJIJINTU JIOTIYHUM PiBEHb CyYaCHUX OOUYMCIIIOBAJIbHUX KOMIIOHEHTIB, 5IKi BUKOPUCTOBYIOTHCS B TPAHUYHO-
€JIEMEHTHOMY aHaJi3i, Ta B CBOIO Yepry MOAISIOThCS Ha OKpeMi mifgcucremu: 1) mpenpouecop — Le MmiacucremMa, sika
BUKOHY€E (PYHKIIiI0 aBTOMATH3allii IPOEKTYBaHHSI MaTeMaTUYHOI AUCKPETHOI MOZEJi 00’eKTy; 2) MpoLecop, SIKAil
SBJISIETHCSA SIIPOM IIPOTPaMHU, Ta peaslizoBye YMCIOBUN PO3PAaXyHOK 3aBJaHHS 3a JOTIOMOTOI0 METO/IiB CKiHU€HHHUX
€JIEMEHTIB; 3) IOCTIIPOLIECOP — peasli3oBye aBTOMAaTUYHUI aHaJIi3 YUCJIOBUX PE3YJIbTaTiB, @ TAKOXK iX Bizyasisaliio.
To6T0, pobsiemMa MPOEKTYBAHHS CUCTEM MTOOYIOBM MAaTEMATUYHMX MOZEJIEN 3 BIIKPUTUM IIPOrPAMHUM KOAOM, Ta
BUKOPUCTAHHS MOXKJIMBOCTEH Mapasle/IbHAX apXiTeKTyp KOMITIOTEPHUX CUCTEM, € aKTyasIbHOI. TakoX HEOOXiIHO
BpPaxoBYBaTH TOU (PakKT, 1110 MOKJIMBOCTI OOYMCIIIOBAJIbPHOI TEXHIKU ITOCTINHO 3MiHIOIOTHCS (IIMPOKE 3aCTOCYBAHHS
MalOThb 6araToNpoLECOPHi CUCTEMU), TOMY IIOTPIOGHO OpaTh 40 yBaru MOKJIMBICTb 3aCTOCYBaHHS Oi/IbLII HOBUX THUIIIB
Mmarepiasis 1151 po6oTu 3 nam’sTTio. Kpim TOro, 3317151 €(peKTUBHOrO BUKOPUCTaHHS HASIBHUX Cy4aCHUX
MYJIBTUIIPOLIECOPIB Ta KOMITIOTEPIB [IOTPI6GHO PO3p06IATY NapasesibHi peanizallii y>ke BiloMUX aJITOPUTMIB
CKiHYE€HHO-€JIEMEHTHOT0 aHasi3y. Ha cboronHi Haitbinbi nomupeHi napaiesbHi KOMITIOTEPH AiAThCS HA HACTYIIHI
KJsacu: 1) MyJIbTUKOMITIOTEPY, SIKi BUCTYNAIOTh 00UMCIIIOBAILHUMY CUCTEMAMY, i € 00'€ JTHAHUMU B MEPEXY
OKPEMMMU KOMITIOTEPAMU Ta 2) MYJIbTUIIPOLLECOPH, SIKi SIBJISIIOTHCSI OOYMCIIOBAIbBHUMY CUCTEMAMU 3i CITiJIBHOIO
am’sITTIO Ta KiJIbKOMa NPOLEeCOPaMU Y4 OJJHUM ITPOLIECOPOM, ajie 3 6aratbMa siipaMmu. [Iporpamua pearisantist
napa’sesibHUX BapiaHTiB B JaHMX CUCTEMaxX iCTOTHO BifIpi3HS€ETHCS, TaK SIK, B MyJIbTUIIPOLIECOPAX 3aBASKA
IIPUCYTHOCTI CIIiJIbHOI TaM’sITi He Mae HEOOXiIHOCTI peai3oByBaTy iHTep@eiic CuHXpoHi3alii faHux. [lo Hal6iIbLI
NOMMPEHUX aJITOPUTMIB NOOYJOBU MaTEMAaTUYHUX MOJIEJIEN 3a JOTIOMOTOI0 (PYHKIIOHAIBHOTO MiAX0y Ta
MOXJIMBOCTI peastizallii napasiesbHOro BapiaHTy Hasexarts: 1) «Mapiupyioui TeTpaenpu 6»; 2) «Mapiupyiodi
npu3Mn»; 3)«MapHupylodi okTaenpu»; 4) «Mapimupyoui Kyou». BpaxoByouu Te, 10 3 OIHOTO GOKY B IaHUX
aJropuTMax NMoxmbKa Ta MBUIKICTh alIPOKCUMALLil Bilpi3HSETHCSI HECYTTEBO Ta 3 iHIIOTO, 110 Ha BUOIp ajJirOPUTMY
BILJIMBAE SIKiCTb Ta KiJIbKiCTb TPUKYTHUKIB ITPX PO3OUTTI, 6yJI0 IPUIHSITO PillleHHSI BUKOPUCTOBYBATU aJIFOPUTM
«Mapmunpyouux Ky6iB». BiblmicTh HasiBHUX NIPOrpaM No06y0BU reOMEeTPUYHUX 00'€KTiB peasizoBaHo moBamu C Ta
C++ 4yepe3 HasIBHICTb BiJIMOBIIHMX Cy4acHUX 6i6sioTek napanenpHoro nporpamysanHs OpenMP ta MPIL. Tomy,
3a/17151 IPAaKTUYHOTO PillleHHS 3aBJJaHHS Ta CTBOPEHHS MTPOrpamMy, sKa 6, 3 OGHOro 60Ky, SIKiCHO OyyBaja
MaremaTudHy 3D mopnesb, a 3 iHIoro 60Ky, 3 HAIMEHMYMU 3aTpaTaMu 4acy Ta MiJTPUMKOIO JIETKOIO BHECEHHS 3MiH
17151 30i/bIIeHHS QYHKIIOHAIBHOCTI B Mali0yTHbOMY, OyJI0 IPUIHATO PillleHHsI BUKOPHUCTOBYBATH JaHi MOBU
nporpamysanHs. To6To peanidyBatu I13, Hanncane moBamu C/C++, 3 BUCOKOIO SIKICTIO Ta IIBUIKICTIO IIOOYA0BU
Mogesieil i cynpoBonly QyHKLiOHAIY.

2. The dissertation is devoted to the development of a functional approach to geometric modeling using
parallelization, which can be used to build discrete objects in distributed computer systems, and is used in the
development of both automated and specialized geometric modeling systems. Currently, the automation of
software work processes leads to the need to solve the problems of building geometric models and parallelization
to speed up the performance of systems and further support in the future. The actual tasks faced by developers
and engineers are testing prototypes of complex technical systems by replacing physical tests with a virtual
experiment. This will allow to reduce the costs of field experiments, resources, and design time. Unfortunately, it is
impossible to obtain accurately and qualitatively constructed 3D models from the currently available systems,
which requires the development of appropriate software using parallelization and the "Marching Cubes" method.
The use of mathematical modeling makes it possible to replace the expensive study of product samples with the



analysis of mathematical relationships. In industries such as rocketry, shipbuilding, construction, medicine, and
mechanical engineering, objects have complex shapes that must be accounted for in mathematical models. These
objects can be represented by bounded and closed subsets of the Euclidean space. Although today there are many
ways of formally describing mathematical models of complex shape, such as: solid geometric modeling and
wireframe modeling, one of the most universal methods is the functional approach (FREP - Functional
Representation) in representing the shapes of geometric objects. The basis of this approach is the idea of using
implicit functions together with R-functions of VL Rvachev for modeling complex forms. R-functions help turn the
construction of a complex implicit function into a logical construction from "light blocks", preserving all the
expressiveness of the mathematical language. It is necessary to distinguish the logical level of modern computing
components used in finite element analysis, which in turn are divided into separate subsystems: 1) the
preprocessor is a subsystem that performs the function of automating the design of a mathematical discrete model
of an object; 2) the processor, which is the core of the program, and implements the numerical calculation of the
task using finite element methods; 3) post-processor - implements automatic analysis of numerical results, as well
as their visualization. That is, the problem of designing systems for building mathematical models with open
software code and using the possibilities of parallel architectures of computer systems is relevant. It is also
necessary to take into account the fact that the capabilities of computing technology are constantly changing
(multiprocessor systems are widely used), so it is necessary to take into account the possibility of using newer
types of materials for working with memory. In addition, in order to effectively use existing modern
multiprocessors and computers, it is necessary to develop parallel implementations of already known finite
element analysis algorithms. Today, the most common parallel computers are divided into the following classes: 1)
multicomputers, which act as computing systems, and are individual computers connected to a network, and 2)
multiprocessors, which are computing systems with shared memory and multiple processors or one processor but
with many cores. The software implementation of parallel options in these systems is significantly different, since
in multiprocessors, due to the presence of shared memory, there is no need to implement a data synchronization
interface. The most common algorithms for building mathematical models using the functional approach and the
possibility of implementing a parallel variant include: 1) "Marching tetrahedra 6"; 2) "Marching prisms"; 3) "Marching
Octahedrons"; 4) "Marching cubes". Taking into account that, on the one hand, the error and speed of
approximation in these algorithms differ insignificantly, and on the other hand, that the choice of the algorithm is
influenced by the quality and number of triangles during the breakdown, it was decided to use the "Marching
Cubes" algorithm. Most of the existing programs for constructing geometric objects are implemented in the C and
C++languages due to the availability of the corresponding modern OpenMP and MPI parallel programming
libraries. Therefore, for the practical solution of the task and the creation of a program that would, on the one
hand, qualitatively build a mathematical 3D model, and on the other hand, with the least amount of time and
support for easy changes to increase functionality in the future, it was decided to use these programming
languages . That is, to implement software written in C/C++ languages, with high quality and speed of building
models and supporting functionality.
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