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Pedepar:

1. O6’eKT mocigKeHHs — 00'€KTU MAaIMHOOYAYyBaHHS. [IpegMeT SOCHiIpKEHHSI — MaTeMaTU4Hi Mozesti popM 00’€KTiB
MamuHOOYyayBaHHS. JlocimKeHHs 6a3y€eThCs Ha KOMIIJIEKCHOMY BUKOPUCTaHHI METO/IiB aHAJIITUYHOI reoMeTpii,
MaTeMaTUYHOr0 aHaji3y Ta MaTeMaTUYHOrO MOJIEJIIOBAHHS: 17151 onucy GopM 06'€KTiB BUKOPUCTOBYETHCS T€OPist R-
(YHKUil; 07151 T06YL0BU JUCKPETHUX Mofesell GopM 00’eKTiB — METOAM aHaIITUYHOI reOMeTpii, ABIIIKOBOTO
IIOIIYKY; AJIg MiHiMi3auii (yHKIiOHAJIB IIPU MOMYKY ONTHMaJILHUX KOOPAMHAT BY3JIiB — METOAY IOKOOPAUHATHOTO
CITyCKY i CIIpSKEHUX IPafi€HTiB; 171 IOOYI0BY aallTUBHUX AUCKPETHUX Mozesieil GopM 00'€KTIB — MeTOZ,
CKiHYEHHHUX €JIEMEHTIB; 1151 anpoballii po3pobsieHux metogiB y CAIIP - 06’eKTHO-OpieHTOBaHUH MigXiz,. Y
Pe3yJbTaTi BUKOHAHHS IUCEPTALiIHOTO JOCiIKEHHS PO3p00JIeHi MaTeMaTUYHi MOJIeJli, HAyKOBi METOOM Ta
IIporpaMHe 3a6e3nevYeHHs 1711 MaTEMaTUYHOTO MOJIeJIIOBAHHS Ta aHani3y ¢popm 06’ekriB y CAIIP

MamyHOOYyAyBaHHS. BogHOYaC OTpuMaHi Taki HOBi HAyKOBi pe3ysIbTaTU: BIEpIle 3allPOIIOHOBAHO Ii6pUAHMI MifXiz,



10 OJaHHS (OPM 00'€KTIB 3 BUKOPUCTAHHSIM IIPUMITUBIB, sKi 3a7jaHi HeIBHUMU PyHKLisIMU (PyHKLiOHATIBHE
[IO/IaHHS) Ta BJIACHUMU IPaHULSIMU (TPAaHUYHE [I0JAHHS), 110 J03BOJIsIE 3MEHIINUTH Yac MoOyI0BYU MaTeMaTUYHUX
Moiesielt; Brieplie 3aporoHOBaHO MPOEKUiMHUN METO I reHepallii JuCKpeTHUX Mofesiell MexX 00'€KTiB, popMa SIKUX
3a/laHa PYHKLIOHAJIBHO, 10 J03BOJIsI€ OyAyBaTH IBO- Ta TPUBUMIPHI IMCKPETHI MOZeJIi; Blieplie 3alIPOIIOHOBAHO
METO/, 3TJ1aJ)KyBaHHS KOOPJMHAT BY3J1iB IUCKPETHUX MOJieJIell MeX 00€KTiB, popMa SIKUX 3a[1aHa (QYHKLIOHAJIBHO,
y pP€3yJIbTaTi Y00 MO>KHA MiIBUIIATYA TOYHICTb MOZEJIIOBAHHS B OKOJIaX 3J1aMiB iX [IOBEPXOHb; OTPUMAB [1OJAJIBIIOTO
PO3BUTKY METO/] JIOKAJIbHUX N1€PEOYIOB €JIEMEHTIB JUCKPETHUX MOJIEJIEN Y YAaCTHHI MOro y3arajbHEHHS Ha BUNAIOK
IVICKPETHUX MOJesiell Ha 6a3i TPUKYTHUX 200 YOTUPUKYTHUX €JIEMEHTIB J11 MeXK 00'€KTIB, 1110 LO3BOJISIE MiBUIIUTI
TOYHICTh CKIHYEHHO-€JIEMEHTHOI'O aHaJIi3y; BIepIle 3allpOIIOHOBAHO METO]] TeHepallii AUCKpeTHUX MoJiesiell Ha 6asi
€JIEMEHTIB TUITy CcOJIin 1J1s1 GOpM 00’eKTiB, 3aJaHUX (PYHKLIOHAIBHO, SIKWI J,03BOJIsie OyyBaTH ABO- i TPUBUMIpHI
MOJIeJli SIK 3 BUKOPUCTAHHSIM CUMILIEKCIB (TPMKYTHUKIB a60 TeTpaepiB), TaK i 3 BUKOPUCTAHHSM TOINOJIOTIYHUX
Ky0iB (YOTUPUKYTHHUKIB ab0 E€CTUIPAHHUKIB); BIIEPILIE 3alIPOIIOHOBAHO METOJ, 3TJ1a/IKyBaHHS! KOOPAUHAT
BHYTPIIIHIX By3JliB IUCKPETHUX Mozesiell GOopM 00'€KTIB, BiIMiHHICTb SIKOTO Bif] iHIINX METOIiB I10J1Ira€ B yCYHEHHI
BUAPOJIKEHUX €JIEMEHTIB Ta IiABUIIEHHI TOYHOCTI CKIHUEHHO-€JIEMEHTHOTO aHaJli3y; BIIEPILE 3aIIPOIIOHOBAHO METO
reHepatuii afalTUBHUX AUCKPETHUX Mozesel popm 06’ekTiB (adaptive meshing), 3aganux QyHKIiOHANBHO, KU
I03BOJIsI€ OyILyBaTU BO- i TPUBUMIPHI AMCKPETHI MOAEJI 1151 BAKOHAHHS CKiHY€HHO-€eJIEeMEHTHOTO aHali3y i3
IIOTPiOHOIO TOYHICTIO; OTPUMAJM NOJAJIBIIOTO PO3BUTKY METOAM eHepallii IUCKPeTHUX Mogesel GopM 06'eKTiB i
CKiHYE€HHO-€JIEMEHTHOTO aHaJli3y y YaCTUHI pO3pOOKY MapajesibHUX aJTOPUTMIB, IO [03BOJISIE 3MEHIIUTYU BUTPATU
4acy Ha MOJIeJIIOBaHHS; BIleplle po3pobieHa Npo6IeMHO-0OPieHTOBaHA MOBA, SIKa 03BOJISIE€ ONUCYBATU 00'€KTU
MalyHOOYAyBaHHS CKJIaHOI (POPMU 3 BUKOPUCTAaHHSM TiGpUAHOrO MiAX0ny, a TAKOX 33/1a4i TOOYA0BU JUCKPETHUX
MOJeJIEN Ta CKIHUEHHO-€JIEMEHTHOT0 aHasisy. HayKkoBi pe3ysibTaTi, OTpUMaHi y pe3yJbTaTi BUKOHAHHS
IHACEPTALIMHOTO NOCiIKEHHS, y CYKYTHOCTI € BUPilIEeHHSIM HAyKOBO-TEXHIYHOi TPO6IeMH MiBUIIEHHS
eeKTUBHOCTI ITPOEKTYBaHHS 00'€KTiB MalIMHOOYAYBaHHS 32 PaXyHOK 30i/IbIIEHHS TOUHOCTi MaTeMaTUYHOTO
MOJeJIIOBaHHS Ta 3MEHIIIEHHS Yacy, He0OXiTHOTo Ha JOCIiIKeHHs ix cTany. OuikyBaHi HAyKOBO-TeXHiuHi epeKTu:
iIBUIIEHHS SKOCTI Bi3yaJIbHOTO MOJIAHHS MOjieJiell 06'€KTiB MalIMHOOYAyBaHHS; 3HU)KEHHS BUTPAT HAa HATYpHI
BUIIPOOYBaHHS 00’€KTIB, IO IPOEKTYIOThCS, 32 PAXYHOK IiABUIIEHHS TOYHOCTI MOJIEJIIOBAHHS IIPY TOCTI/IKEHHI iX
CTaHy 3 BUKOPUCTaHHIM YMCeJIbHUX METO/IB Ha 6a3i JUCKpeTHUX Mojiesiell. Po3pobieHi y nuceprauiiiziil po6oTi
METOJI MOXKYTbh BUKOPHCTOBYBAaT/ KOHCTPYKTOPCHKI OI0PO i HAayKOBO-[OCiAHI opraHizauii ays po3pobku CAITP.
Po3B’s13aHHS 33724 AOCTiIKEHHS 103B0MI0 po3pobuTtu CAIIP /171 4MCeIbHOTO aHami3y CTaHy 00'eKTiB
MamuHOOYoyBaHHS Ha 6a3i alalTUBHUX IUCKPETHUX Mogesel. Pe3ysipTaTu fucepTaniiiHoi po60Tr BUKOPUCTAHO Y
HaBYyaJIbHOMY Ipolieci Kadepu nporpamHoi inxkeHepii 3anopispkoro HallioOHaJIbHOTO YHIBEPCUTETY 1J1s1 PO3POOKU
J1abopaToOpHUX POOIT y Kypcax «[lapasesbHi Ta po3nofineHi o6uncaeHHs» i «[IporpamMue 3a6e3redyeHHs] HAyKOBUX
IOCJIiIKeHb». Pe3yibTaT qucepTaliitHoi po60TH BUKOPUCTAHO [IPY BUKOHAHHI 1€pKOI0I)KETHUX TEM 3 HOMEPAMU
nepxpeectpauii: 0112U003061, 0113U000804, 0115U000761, 0117U007204. Takox pe3ynbTaT po60TU BUKOPUCTAHI
y JocaimxkeHHsx 3a ['pantom Ipe3upenTa Ykpainu 15 mosogux yueHux Ha 2013 pik (N2 gep>kpeecTpaii:
0113U006252). Pe3ynbTaTit po60TU TaKOK BUKOPUCTAHO Y HAYKOBO-BUPOOHUYIN HislNILHOCTI A€P>KaBHOTO
nipnpuemctsa «KoHcTpyKkTOpChKe 610p0 «IliBmenHe» im. M. K. SIHresis» rnpu BUKOHAHI IT'SITU FOCIIONAPYNX
ILOrOBOPIB.

2. The object of the research is mechanical engineering objects. The subject of the research is mathematical
models of geometric shapes of mechanical engineering objects. This research uses methods of analytical geometry,
mathematical analysis and mathematical modelling: the hybrid function representation of geometric shapes uses
the theory of R-functions; the meshing methods employ algorithms of analytical geometry and the binary search
method; the methods for nodes smoothing use the coordinate descent and conjugate gradient methods; the
adaptive remeshing method employs the finite element analysis; the CAD software uses the object-oriented
approach. In the process of the research, CAD software for mechanical engineering objects’ simulation has been
developed. Finally, the following new scientific results have been obtained: the hybrid function representation of
geometric shapes has been developed; this representation allows to combine implicitly and boundary defined
shapes in one model of a domain; the projection method of boundary meshing for function represented objects has



been developed; the method for boundary meshes smoothing has been developed; the local refinement method for
boundary meshes has been improved; this method unified for both triangular and quadrilateral surface meshes; the
method for meshing of two- and three-dimensional function represented objects into solid elements has been
developed; the method of inner node’s smoothing has been developed; this method employs minimization of an
area functional (in 2D) or a volume functional (in 3D); this method allows to remove degenerated elements and to
improve a mesh quality; the method for adaptive meshing using solid elements for function represented objects
has been developed; this method uses the finite element method and error estimation to indicate elements for
subdivision; the parallel meshing and finite element analysis techniques have been developed; these techniques
allow to improve performance of the simulation; the domain-specific language for formalization of function
represented geometric shapes and finite elements analysis problems has been developed. Scientific results
obtained in the dissertation is the solution of the scientific and technical problem of increasing efficiency of
mechanical engineering objects’ design by improving an accuracy of mathematical modelling and reducing time of
the simulation. The following scientific and technical effects are possible: improving of the mechanical engineering
objects visualization; cost reduction replacing physical experiments by numerical simulations based on discrete
models with improved accuracy. The methods obtained in the dissertation could be employed by design
departments and scientific organizations for the CAD software development. Results of the dissertation have been
used in the educational process of the software engineering department of Zaporizhzhia National University in the
following courses: «Parallel and Distributed Computing» and «Software for Scientific Researches». Results of the
dissertation have been used in the researches, which are funded by Ministry of Education and Science of Ukraine
and by the Grant of the President of Ukraine for young scientists. Results of the dissertation also have been
employed in the researches, which are funded Yuzhnoye State Design Office.

Jep>kaBHHHM peecTpaniiiHuii Homep [iP:

IIpiopuTeTHHH HANIpSIM PO3BHTKY HayKH i TEXHIKH:
CrpareriyHu# NpioOpHTETHHUI HAIIPSIM iHHOBaLLiMHOI Aig/ILHOCTI:
ITizcyMKH JOCTiI>KEeHHS:

Iyo6sikaii:

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
ConiasiIbHO-€KOHOMIYHA CIIPSIMOBAHICTh:

OxopoHHi goKymeHTH Ha OIIIB:

BrnpoBaz>keHHS pe3yJIbTaTiB AHCEPTAaILii:

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizomocTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Tomeniok Cepriil IBaHOBUY

2. Homeniuk Serhii I.

KBasidikamis: 1. 1. 1., 05.13.12

InmenTudikarop ORCID ID: He zacTtocoyerbcs



JoparkoBa iHdpopmamnist:

TloBHe HaliMEeHYBaHHS IOPHIHYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByTacHOCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. TomeHok Cepriil IBaHOBUY

2. Homeniuk Serhii I.

KBasigikamis: 1. r. 1., 05.13.12
InenTudikarop ORCID ID: He 3acrocosyetscs
HoparkoBa indopmamnist:

IloBHe HaliMeHYBaHHS IOPHIHNYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasstiHHS:

ImentTudikarop ROR: He zacrocoyerbcs

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH
Baacwue IlpizBume Im'a Ilo-6aTbKOBI:

1. CokosioBCcpKMY SIpociaB [BaHOBUY

2. Sokolovskyy Yaroslav I.

KBasigikamis: 1. 1. n., 01.05.02
InenTudgikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHpopmamist:

TloBHe HaliMEeHYBaHHS IOPHIHYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByracHoOCTI:

Cdepa ynpasiriHHS:



InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. MakcumeHko-Ulertko Kupuino Bosnogumuposud

2. Maksymenko-Sheiko Kyrylo V.

KBasigikanis: n. 1. u., 01.05.02
InenTudikarop ORCID ID: He 3acrocosyetscs
JopaTrkoBa inpopmanis:

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Koz, 3a €IPITIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiiHHS:

ImenTudikarop ROR: He zacrocoyerbcs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Hedronos JleoHin IBaHOBUY

2. Nefedov Leonid I.

KBasmigikamis: 1. r. 1., 05.13.06, 05.13.12
InenTudikarop ORCID ID: He 3acrocosyerscs
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3Haxoo KeHHS:

dopma ByracHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

PeuenseHTn

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBH pagu

BsiacHe IIpizBuie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCiiaHHi

bBeskoposaitHuii Bosogumup BaseHTUHOBUY

beskoposaiHui Bosiogumup BaieHTHHOBUY



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a pEeECTpallil0 HayKOBOi IOpuenko T.A.

OisIIBHOCTI




