O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI E.IE E
r_

Jep>kaBHHH 00J1iKOBHI HOMep: 0520U100082 .

Oco06J1uBi TO3HAYKH: BinKkpura
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: 01.05.02

InenTudikarop ORCHID ID: He sactocosyerbcs

Bup, pucepranii: nokrop Hayk

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi cneniaabHOCTI: 01.05.02

Ha3Ba HayKoBOIi CcIeniaJIbHOCTI: MaremaTyHe MOJEMIOBAHHS Ta 06YMCIIIOBATIbHI METOM
T'asy3sp / rasysi 3HaHb. He 3acTOCOBy€THCS

OcBiTHBO-HayKOBa IMporpama 3i creniaJbHOCTI: He 3actocoByeTsbcs

JlaTa 3axHcTy: 16-01-2020

CnenianbHICTh 32 OCBITOIO: NpuK/Ia[HA MATEMATUKA

Micue po6oTH 34,00yBaya: InctuTyT npobsiem MamMHOGyAyBaHHs im. A. M. ITigropHoro HaujonansHoi

akagemii Hayk YKpainu

Kopg 3a €IPIIOY: 03534570

Micue3Haxoa>KeHHS: By [Toxapcbkoro 2,/10, M. XapkiB, XapKiBCbKuii p-H., XapKiBCcbka 0671, 61046, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS



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

CeKTop HayKH: He 3aCTOCOBYETHCS

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaiMeHYBaHHSI IOPHUAUYHOI OCOOH: [HCTUTYT TPO6IIEM MaMHOGYyBaHHs iM. A. M. TTigropsoro

HaujonasnbHoi akagemii Hayk YKpainu

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

InenTudgikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

V. BimoMocTi npo gucepraniio
MoBga gucepraiiii:
Koau TeMaTHYHHX PyOPHK: 28.17.19

Tema gucepranii:
1. OnTumizauiiiHi 3agadi po3MillieHHsI rinepKysb: MaTeMAaTUYHi MOJieJli, METOJY PO3B'sI3aHHS, 3aCTOCYBAaHHS

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

Pedepar:

1. Inceprauis npucBgYeHa MOJEIOBAHHIO Ta PO3B'SI3aHHIO ONTUMI3aliIHUX 3a/1a4 PO3MillleHHs Tinepkys ( 2D, 3D
ta nD, n 0 4) B onykiux koHTelHepax (HSOA) 3 ypaxyBaHHSIM MiHiMaZbHO JONYCTUMUX BifICTaHell Ta 30H 3a00POHH,
ME>Xa SIKMX YTBOPEHa LUMIiHIPUYHUME, CPEePUIHUMHU TOBEPXHIMHU Ta IJIOIUHAMU. Po3po6yeHo 3acobu
MaTeMaTU4YHOTO MOZEJIOBAHHS YMOB PO3MIlll€HHS MiNepKyJsb B 06J1aCTi, 0OMeXeHiil rinepchepuyHnumy,
rinepUuuIiHIPUYHYMY IIOBEPXHSIMU Ta TilepIyIouHaMY, i3 3acTocyBaHHIM MeTony @ -¢yHkuin CTosiHa.
[TobynoBaHo MaTeMaTuyHy Mozeb 3agadi HSOA Ta posrisiHyTo ii ocHOBHI peastizanii 3rifHo 3 Mi>KHapOHOIO

THUTIOJIOTi€10 3a7ja4y PO3KpPOIo Ta ynakyBaHHs (Cutting &Packing) 3aneskHo Big Burasay GyHkKuii 1isi (3agada Open



Dimension Problem a6o Knapsack Problem), BuUMipHOCTi Ta 0COGJIMBOCTEl METPUIHUX XapPaKTEPUCTHUK TillePKYJb
(KOHIpyeHTHICTb, PO3IIOiJ paliyciB, 0OOMeXXeHHs Ha 3HaYeHHs pafiyciB), IpocTOpoBoi popmu KOHTelHepa
(rinepnpsIMOKYTHUK, TiNepKyJis, rinepuuliHap, N-1oJiToI), o6MeKeHb Ha MiHiMaIbHO JONYCTUMI BiJiCTaHi Ta 30H
3a60poHU. CTBOPEHO METOJIOJIOTIIO, B SKill HA OCHOBI aHaJi3y BUXiJHUX TaHUX Ta OCOOJIMBOCTEN MaTEMaTUYHUX

Mo eJsiell MPONOHYIOThCS epeKTHBHI cTpaTerii po3s’s3aHHs 3aga4 HSOA, mo mMicTsSTh HOBi MeToau 1106ynoBy
TOTyCTUMUX MTOYATKOBUX TOYOK, METOJIM MOMYKY JIOKQJIbHUX €KCTPEMYMIB Ta HAGIVIKEHbD J10 IJ106aJIbHUX
eKcTpeMyMiB. Po3pobiieHi MeTonu po3B’si3aHHs 3a7a4 HSOA IpyHTYIOTbCSI HA METOZAX HEJiHIHOro
[IPOrpaMyBaHHs, )XaliCHOMY aJIfOPUTMi, METOJIi T'iJIOK Ta MEX, CTATUCTUYHIN ONTUMI3allii, TOMOTETUIHUX
NIEPETBOPEHHSX TiNepKyJib Ta KOHTeMHepa. EQeKTUBHICTb 3aITPOIIOHOBAHUX MAaTEMAaTUYHUX MOJIEeJIeN Ta METOZIB
HiATBEPIKYETbCS NOPIBHAHHAM OTPUMAHUX PE3YJIbTATIiB 3 KPALIMMU CBITOBUMHU aHAJIOTaMU [ Pi3HUX peasisalin
3apaui HSOA, ony6/1ikoBaHMME B MiPKHapOJHMX >KypHaJlax Ta JOCTYIHUX Ha caitax http:/ /hydra.nat.uni-
magdeburg.de /packing/ cst/cst.html, http:/ /www.packomania.com. HaBemeHo npukianyu po3s’si3aHHS
IIPaKTUYHMX 3a7a4, SKi BUHUKAIOTh B MaTe€PiaslO3HABCTBI, AIEPHIN €HepreTulli, NOPOIIKOBil MeTaNyprii, aAUTUBHUX
TEXHOJIOTiSIX, XiMiuHill NpoMucIoBOCTi, MeIuLMHI. [IporpamHe 3a6e3nedeHHs], po3pobJieHe B JucepTaliliHiil poborTi,
3aCTOCOBYETBCS HA Kadeapi NpUKIIAAHOro MaTepialo3HaBCTBa Ta 06po6Ku Marepianis HalioHasbHOTO
yHiBepcuTeTy "JIbBiBCbKa MoJliTexHiKa". OTpUMaHi CBiIOLTBa PO PeECTpallilo aBTOPCHKOTO IpaBa Ha TBip.
[TobynoBaHi 3ac06M MAaTEMAaTUYHOTO MOJIEJIIOBAaHHS Ta METOJIM PO3B’I3aHHS 3a/1a4 PO3MIlll€HHS BUKOPUCTOBYIOThCS
B HaBYaJIbLHOMY NpoLeci B XapKiBCbKOMY HalliOHaJIbLHOMY YHiBEPCUTETI PafioeIeKTPOHIKM B Kypcax "MogenoBaHHS
reoOMeTPUYHUX 00’eKTiB" Ta "Teopist NpuitHATTA pimens". Kio4oBi c10Ba: reOMeTpUYHE IIPOEKTYBaHHS, 33/1a4a
PO3MillleHHS, KPYT, KyJis, rinepkyss, ®-QyHKIiis, MaTeMaTuyHe MOJEJIIOBaHHS, HesliHiliHa onTuMisallis, 3agayva 3i
3MIHHUMU METPUYHUMHU XapaKTepUCTUKaMU KOHTeNHepa, 3a7ja4a PO PIOK3ak.

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.



Jep>kaBHHHM peecTpauiiiHuii Homep [iP:

IIpiopuTeTHHH HaNIpSIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHu# NpiopHTETHHUI HAIIPSIM iHHOBaLLiHHOI AiSJILHOCTI:
IlizcyMKu JOCIiAKEHHS:

ITy6ostikamii:

HaykoBa (HayKOBO-TE€XHiYHa) MPOAYKILis:
ConiasibHO-€KOHOMIYHA CIIPSIMOBaHICTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaaykeHHS pe3yJIbTaTiB AHCEpTalii:

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA/KEPiBHHUKIB (KOHCYJIbTaHTA)

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. PomaHoBa TetsiHa €BreHiiBHa

2. Romanova Tetiana

KBasigikamis: 01.05.02

InenTudirkarop ORCHID ID: He 3actocoyerbcs
HoparkoBa indopmamist:

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

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasstiHHS:

Imentudikarop ROR: He zacrocoyerbcs

CeKTop HayKH: He 3aCTOCOBYETHCS

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Pomanosa TersHa €BreniiBHa

2. Romanova Tetiana

KBasigikamis: 01.05.02

InenTudirkarop ORCHID ID: He 3actocoyerbcs
JonmaTkoBa iHdopmanis:

IloBHe HaMEeHYBaHHS IOPHIHYHOI 0COOH:

Kopg, 3a €IPITIOY:



Micue3HaxoaKeHHS:

dopma ByracHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

VII. BizomocTi npo odiniiHHX ONIOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi OTIOHEHTH
Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. Cremok Iletpo IBaHOBMY

2. Stetsyuk Petro

KBasigikamis: 01.05.01

Inentudikarop ORCHID ID: He zactocosyerbcs
JonaTkoBa iHdopmanist:

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

Micue3Haxoa KeHHS:

dopma ByracHOCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Komsak Banentuna MuxainiBHa

2. Komiak Valentyna M.

Keasigikamis: 01.05.02

ImenTudikarop ORCHID ID: He zactocosyetbcs
JonaTkoBa iHdopmalist:

TloBHe HaliMeHYBaHHS IOPHIHNYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByracHOCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs



CeKTop HayKH: He 3aCTOCOBYETHCS

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. KostkeBud I'puropiin Mukosainosud

2. Zholtkevych Hryhorii M.

KBasigikamis: 05.02.08

InenTudirkarop ORCHID ID: He 3actocoyerbcs

JopaTrkoBa inpopmanis:

IloBHe HallMEeHYBaHHS IOPHIHNYHOI 0COOH:
Koz, 3a €IPITIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiiHHS:

ImenTudikarop ROR: He zacrocoyerbcs

CeKTop HayKH: He 3aCTOCOBYETHCS

PeuenzeHTu

VIII. 3ak1104Hi BiZOMOCTI

BaacHe IlpizBuie Im's ITo-6aTbKOBI

TOJIOBH pagu

BiiacHe IIpizBuine Im'sa ITo-6aTbKOBI

TOJIOBYIOYOrO Ha 3acCiaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpartop

KepiBnuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisiIBHOCTI

CrosH IOpint I'puroposuy

CrosH [Opin I'puroposuy

IOpuenko T.A.



