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I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0520U100082
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 30-01-2020

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. flcekoB 'eopriit MukonanoBmuy

2. Yaskov Georgij Mykolajovych

KBasmigikamis: . 1. 1., 01.05.02
InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: nokrop Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi cneniaabHOCTI: 01.05.02

Ha3Ba HayKoBOIi CIeniaJIbHOCTI: MaremaTyHe MOJIEMIOBAHHS Ta 06YMCIIIOBATIbHI METOIM

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

JaTa 3axHcTy: 16-01-2020

CnenianbHICTh 32 OCBITOIO: NMpuK/Ia[HA MATEMATUKA

Micue po6oTH 34,00yBaya: InctuTyT npobsiem MamrHOGyAyBaHHs im. A. M. TTigropHoro HaujonansHoi

akagemii Hayk YKpainu

Kopg 3a €IPIIOY: 03534570

Micue3Haxoa>KeHHS: By [Toxapcbkoro 2,/10, m. XapkiB, XapKiBCbKuii p-H., XapKiBcbka 0671, 61046, Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHOoi BYEHOI pagH (pa30Boi CIeliaai30BaHOi BY€HOI pagH): [ 64.180.01

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT IPO6IIEM MAaMHOGYAyBaHHs imM. A. M. TTigropsoro

HaujonasnbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534570

Micue3Haxoa>KeHHS: By [Toxapcbkoro 2/10, m. Xapkis, XapKiBcbKuii p-H., XapKiBcbka 0671, 61046, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT IPO6IIEM MAIMHOGYyBaHHs imM. A. M. TTinropsoro
HaujonasnpHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534570

Micue3HaxoaKeHHS: ByJ1. [Toxkapcbkoro 2/10, m. Xapkis, XapkiBcbKuii p-H., XapKiBcbka 0671, 61046, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHHX PYOPHK: 28.17.19

Tema guceprauii:
1. OnTumiszauiiiyi 3amadi po3MilieHHS rinepKysb: MaTeMaTU4YHi MoJiesli, METOY PO3B'sI3aHHS, 3aCTOCYBAHHSI

2. Optimization problems of packing hyperspheres: mathematical models, solution methods, applications

Pedepar:

1. Incepraris NpUCBIY€HA MOJEJIOBAHHIO Ta PO3B’I3aHHIO ONTUMIi3aliliHMX 3a/1a4 po3MmillleHH rinepky:s ( 2D, 3D
ta nD, n 0 4) B onykaux KoHTelHepax (HSOA) 3 ypaxyBaHHSIM MiHIMaJIbHO IOIYCTUMUX BifICTaHEN Ta 30H 3a00pOHH,
MeXa SKUX yTBOPEeHa UUIiHIPUYHUMHU, CPEPUYHNMHU NTOBEPXHIMU Ta IUIOMMHAMU. PO3p06JIeHO 3ac061
MaTeMaTU4YHOIO MOJEJIOBAaHHS YMOB PO3MillleHHsI TilepKyJib B 061aCTi, 0OMEXXeHil rinepcpepuiHumMy,
rinepuwIiHAPUYHMMU NTIOBEPXHSIMU Ta riNepIulomMHAMHY, i3 3acTocyBaHHSIM MeTony O -dyHkuiit CTosiHa.
[TobymoBano MmaTeMaTnyHy Mozesb 3aga4di HSOA Ta posrisHyTo ii ocHOBHI peastizanii 3rifHo 3 MiXKHAPOIHOIO
THUIIOJIOTi€I0 33424 PO3KPOIo Ta ynakyBaHHs (Cutting &Packing) 3anesxHo Bif Burisany GyHkuii Lini (3agava Open
Dimension Problem a6o Knapsack Problem), BUMipHOCTi Ta 0COGIMBOCTEIN METPUYHUX XapPaKTEPUCTHUK TillePKyJb
(KOHTPYEHTHICTb, PO3MOi pafiiyciB, 0OMEXEHHS Ha 3HaY€HHSI pajliyciB), IpOCTOPOBOi GOpPMU KOHTEITHEPA

(rineprpsIMOKYTHUK, TiepKyJis, rinepuuiliHap, N-MoJIiToI), 06MeKeHb Ha MiHIMaIbHO JOIYyCTHMI BificTaHi Ta 30H



3a60poHu. CTBOPEHO METOM0JIOTIIO, B SIKill HA OCHOBI aHaJIi3y BUXiTHUX JAHUX Ta OCOOJINBOCTEN MAaTEMAaTUIHUX
MoJeJsiell MPONOHYIOThCS e(PeKTHBHI cTpaTerii po3B’s3aHHs 3ana4 HSOA, mo MicTsSTh HOBi MeToau 1106y I0BU
JOTyCTUMHUX MTOYATKOBUX TOYOK, METOIM MOMIYKY JIOKQJIbHUX €EKCTPEMYMIB Ta HAGIVIKEHbD J10 I7106aJIbHUX
eKcTpeMyMiB. Po3po6sieHi MeToau po3p’si3aHHsI 3a1a4 HSOA rpyHTYIOTbCSI HA METOIaX HeJIiHIHOTO
IIpOrpaMyBaHHs, )Xali0HOMY aJIfOPUTMI, METOJIi T'iJIOK Ta MEX, CTATUCTUYHIN ONTUMI3allii, TOMOTETUIHUX
NIEPETBOPEHHSX TMePKyJib Ta KOHTeMHepa. EQEeKTUBHICTb 3aITPOIIOHOBAHUX MAaTEMAaTUYHUX MOJIEJIEN Ta METOZiB
MiATBEPIKYETbCA ITOPIBHAHHAM OTPUMAHUX PE3YJIbTATIB 3 KPALIMMU CBITOBUMHU aHAJIOTaMU [IJIs Pi3HUX peasisauin
3amaui HSOA, ony6/1iKOBaHMME B MiPKHAapOJHMX >KypHaJax Ta JOCTYIHUX Ha caiTax http:/ /hydra.nat.uni-
magdeburg.de /packing/ cst/cst.html, http:/ /www.packomania.com. HaBeneHo npukianyu po3s’si3aHHS
IIPaKTUYHUX 3a7a4, SKi BUHUKAIOTh B MAaTE€PiaslO3HABCTBI, AEPHIN €eHepreTulli, IOPOIIKOBi MeTalyprii, aAUTUBHUX
TEXHOJIOTiSIX, XiMiYHIll NpOMUCIOBOCTI, MeuLMHI. [IporpamHue 3a6e3ned4eHHs1, po3pobJieHe B JucepTaliliHiil po6oTi,
3aCTOCOBYETHCS Ha Kadenpi MpuKIagHOTro MaTepiasio3HaBCTBa Ta 00pOOKU MaTtepiasniB HalioHaIbHOTO
yHiBepcuTeTy "JIbBiBCbKa MoJliTexHiKa". OTpUMaHi CBiOLTBa PO peeCTpallilo aBTOPCHKOTO IpaBa Ha TBip.
[TobynoBaHi 3ac06M MAaTeMaTUYHOT'O MOJIEJIIOBAaHHS Ta METOIY PO3B'I3aHHSI 33/1a4 PO3MIlll€eHHSI BUKOPUCTOBYIOTbCS
B HaBYaJIbLHOMY NpoLieci B XapKiBCbKOMY HalliOHaJIbLHOMY YHIBEPCUTETI PafioeIeKTPOHIKM B Kypcax "MogenoBaHH
reoMeTpUYHUX 00'eKTiB" Ta "Teopis NpUNHATTA pileHb". Ki0o4oBi cJ10Ba: reoMeTpUYHe IIPOEKTYBaHHS, 3aa4a
PO3MillleHHS, KPYT, KyJid, rinepkyss, ®-QyHKIiis, MaTeMaTuyHe MOJEJIIOBaHHS, HeJliHiliHa onTuMi3allis, 3agayva 3i
3MiHHUMU METPUYHUMHU XapaKTepUCTUKAMU KOHTENHepa, 3a7ja4a PO PIOK3akK.

2. The thesis is dedicated to modeling and solving optimization problems of packing hyperspheres ( 2D, 3D and
nD, n o 4) into convex containers (HSOA) taking into account the minimum allowable distances and prohibition
areas, the frontiers of which are formed by cylindrical, spherical surfaces and planes. Tools of mathematical
modeling of the conditions of packing of hyperspheres into a domain bounded by hyperspherical, hypercylindrical
surfaces and hyperplanes making use of Stoyan phi-function technique are developed. A mathematical model of
the HSOA problem is constructed and its main characteristics are studied. Variants of the mathematical model are
considered according to the international typology of Cutting&Packing problems depending on the type of
objective function (Open Dimension Problem or Knapsack Problem), dimension and the peculiarities of the metric
characteristics of hyperspheres (congruence, radii distribution, constraints on the radii values), the spatial shape of
the container (hyperrectangle, hypersphere, hypercylinder, n-polytope), restrictions on the minimum allowable
distances and prohibition zones. In the methodology, which is created based on the analysis of the source data and
the peculiarities of mathematical models, effective strategies of solving HSOA problems are proposed. The
strategies involve new methods of construction of feasible starting points, searching for local extrema and
approximations to global extrema. New methods for solving HSOA problems based on nonlinear programming
methods, the greedy algorithm, the branch and bound algorithm, statistical optimization, 42 the idea of
homothetic transformations of the hyperspheres and the container are developed. The effectiveness of the
proposed mathematical models and methods is confirmed by comparing the obtained results with the best world
analogues for various implementations of the HSOA problem published in international journals and available at
http:/ /hydra.nat.uni-magdeburg.de /packing /cst/cst.html, http:/ /www.packomania.com. Examples of solving
practical problems arising in materials science, nuclear power engineering, powder metallurgy, additive
manufacturing, chemical industry, and medicine are given. The software developed in the thesis is used at the
Department of Applied Materials Science and Materials Processing of the Lviv Polytechnic National University.
Copyright certificates are registered. The constructed mathematical modeling tools and methods for solving
placement problems are used in the education process at the Kharkiv National University of Radio Electronics in
the "Modeling of geometric objects" and "Decision making theory” courses. Keywords: geometric design, packing
problem, circle, sphere, hypersphere, phifunction, mathematical modeling, nonlinear optimization, open
dimension problem, knapsack problem.
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