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1. O6’eKT mocmimKeHHs — NpoLec ONTUMI3allil yTaKOBKM HEOIyKJIMX 6araTOrPaHHUKIB B KOHTENMHEPi 3 ypaXyBaHHSAM
0oOMe>xkeHb OaJIaHCy Ta 0OMEe>KeHb PO3MillleHHS, BKJIIOYal4yM MiHIMasIbHO IOMyCTUMI BificTaHi. MeTa po6oTtu -
nifgBUILEHHS €(PEKTUBHOCTI PO3B'sI3aHHS ONTUMI3aliiHUX 3371a4 ONTUMAJIbHOI YIIaKOBKU JIOBIJIbBHUX
6araTorpaHHUKIB IIJISIXOM PO3POOKM KOHCTPYKTUBHUX 3aC00iB MaTEMATUYHOTO i KOMIT'FOTEPHOTO MOJIEJII0BAaHHS,
HOBHUX MaTeMaTUYHUX MogeJieil Ta e(peKTUBHUX METO/IiB JIOKaJbHOI ONTUMI3allii i3 32CTOCYBaHHIM Cy4acHUX
consepiB (NLP- conepu). Metonu nociipkeHHs1: B pOOOTi 3aCTOCOBYIOTHCS aHaJiTUYHA FEOMETPist Ta

(yHKUiOHAJIBHUI aHai3 17151 no0ynoBy phi-(yHKIiN, IceBAOHOpMaizoBaHux phi-¢gyHkuii, kBasi phi-pyHKUil Ta



[ICEBIOHOPMAaJIi30BaHUX KBa3i phi-(QyHKLil; METOOY r€OMETPUYIHOTrO TPOEKTYBAHHS 171 MOOYIOBM MAaTEMATUYHUX
MogeJsieil Ta po3pOOKU METO/iB MOIYKY JOIYCTUMUX CTAPTOBUX TOYOK i METOZIB JIOKaJIbHOI onTuMizaLii nyis 3apayvi
OPP. TIpakTryHi pe3yabTaTU — HAYKOBi pe3yJIbTaTH AUCEPTALiliHOI POOOTH € NIOJAIBIINM PO3BUTKOM
MaTeMaTU4YHOIO MOJEIOBAHHS i 0OYMCIIIOBAJIbHUX METOLiB B FTEOMETPUYHOMY ITPOEKTYBAaHHI: CTBOPEHO HOBI
MaTeMaTU4Hi MOZeJi Ta po3po6yieHo e(PEeKTUBHI METOY PO3B'sI3aHHS ONTUMI3aLiiHUX 3a/1a4aX ONITUMAaJIbHOI
YIIaKOBKY JOBiJIbHUX 6araTOrpaHHUKIB, 110 MAIOTh MIMPOKUIM CIIEKTP 3aCTOCYBaHb B IIPIOPUTETHUX O0JIACTSX HAYKH i
TeXHIKM (BKJIIOYAI0UU aIUTUBHI TEXHOJIOTI], MaTepiaslo3HaBCTBO, JIOTiICTUKY, MiHEPaJIOTilo, MEULIUHY,
HAHOTEXHOJIOTii, pOG0TOTEXHIKY, CUCTEMU PO3Ii3HABaHHS 00pa3iB, CUCTEMU KEPYBaHHSI, CUCTEMU KEPYBaHHS
KOCMIYHMMU anapaTaMy, eHepreTuky, MallnHOOYyBaHHs, aBiabynyBaHHsl, OyniBHULITBO). HaykoBa HOBU3HA
OTPUMAaHUX Pe3yJIbTaTiB I10JIIrae B TOMY, 110 HaOyB I10JAJbIIOT0 PO3BUTKY METO/, phi-QyHKLii: Brieplie n1o6ynoBaHi
phi-¢yHkuii, nceBgoHopMarnizosani phi-QyHkuii, kBasi phi-QyHkuii Ta nceBgOHOpMaizoBaHi KBa3i phi-pyHkuii sK
3ac006M MaTeMaTUYHOTO MOJIE/IIOBaHHS OOMeKeHb po3MileHHs 11 3aga4i OPP, mo 103BoJise onucaTy B
aHaJIITUYHOMY BUIJISIZ: HEIIEPEeTHH JOBUIbHUX 6araTorpaHHUKIB; BKJIIOUE€HHS 6araTOrpaHHUKIB B ONYKJIUHI
KOHTEeMHEeP; MiHIMaJIbHO JONIYCTUMI BiICTaHi MK JOBIIbBHUMU 6araTorpaHHUKaMu Ta MiX 6araTorpaHHMKaMU Ta
rpaHulel0 KOHTENHEPQ; BIeplIe No6yloBaHa MaTeMaTUYHa Mogesb 3anadi OPP y Burisani 3amadi HesliHilHOTO
IIporpamyBaHHs (L0 BKJIIOYAE BCi [7106a/IbHO ONITHMAJIbHI PO3B'SI3KH) 11711 HEOIYKJINX 6araTOrpaHHUKIB B OIyKIIOMY
KOHTEeWHEePi, rpaHulis IKoro (POpMy€eThCS 3a JOTIOMOIOI0 C(PEPUYHUX, UUITIHAPUYHUX, €JTIITUYHUX IOBEPXOHD Ta
IIJIOLVHY 3 YPaxXyBaHHSIM OOMeKeHb PO3MIlllEHHS Ta 0OMEXXEHb 0aaHCY, 10 N03BOJIIE BUKOPUCTOBYBAaTH Cy4acHi
NLP-conBepy; Breplie nodyJoBaHa MaTeMaTUYHA MOJIEJIb 33/1a4i KJIAaCTEPUHTY HEOIyKInX 6aratorpaHHukis (OPC —
Optimal Polytopes Clustering) B cdepuyHiii, Ky60inHiil Ta [umiHAPUYHIN 06s1acTsIX MiHIManbHOTO 06'€MY, 11O
I03BOJIsIE TEHEPYBATH €(PEKTUBHI AONyCTUMI CTapTOBi TOUKHU [1JIs1 IIOLIYKY JIOKAJIbHUX €KCTpeMyMiB 3anadi OPP;
HaOyJIM NOAAJIBIIOTO PO3BUTKY METOIY PO3BSI3aHHSI 33/1a4 FEOMETPUYHOr0 IIPOEKTYBAHHS: 3alIPOIIOHOBaHA
cTpareris po3p’s3aHHs 3a7a4yi OPP Ta po3pob6seHi edekTHBHI MeToaU 111 OCHOBHUX ii peanisaliiii, ki Ha BiIMiHy
Bifl iCHyIOUMX NiIXO[iB: BpaXOBYIOTh OJIHOYACHO HEIlePEPBHi TpaHCLii Ta 06epTaHHs 00’eKTiB, MiHiMaIbHO
IOIyCTMMI BiicTaHi i 0OMeXKeHHs 6aIaHCy; LO3BOJISIIOTh OTPUMYBATHU JIOKAJIbHO ONTUMAJIbHI PO3B'I3KU IJ1s1 33724
OPP, 1m0 € KpaluMu 3a 3Ha4€HHSIM LinboBoi PyHKIii (mopiBHsIHO 3 benchmark instances - Bizomumn
OIy0JIiKOBaHMMMU pe3yJbTaTamu). 3a peaysibTaTaMy JucepTalifiHoi po6OTH OTPUMAHO aKT O BIIPOBAPKEHHI
HayKOBUX Pe3yJIbTaTiB B HABYaJIbHUH NpoLeC XapKiBCbKOI0O HalliOHAJIbHOTO YHIBEPCUTETY Palio€IeKTPOHIKY;
IOBiZKa PO BUKOPUCTAHHS pO3PO6IEHOr0 IPOrPaMHOTO MOAYJIS IJ1s1 PO3B'sI3aHHS 337ja4i ONTUMAIbHOTO
3alIOBHEHHS 33/1aHOr0 00'eMy YacTMHKaMu HechepuyHoi popMH B MaTepialo3HABCTBI; JIUCTA MigTPUMKU Bif G.
Fasano - npoBifHOro BY€HOro Ta creliasicta B 06J1aCTi MAaTEMaTUYHOTI'O MOJIe/IIOBaHHS Ta ONTUMI3allii cucTeM
eBpornericbkoi komnadii «Thales Alenia Space»; akT Ipo BUKOPUCTaHHS pe3yJbTaTiB AucepTaliiiHoi poboTu B IT-
komnaHii «Cloud Works» 1151 po3p’si3anHs 3aa4 onTuMmisaii nponecy 3D-ApyKy, sika BUKOPUCTOBYe SLS
TEXHOJIOTIIO Ta 3a7ja4i ONTUMAaJIbHOI YIIAKOBKY BaHTAXIB Y JOBIIbHUX KOHTEMHEPAX Yy rajnysi jorictuku. OTpuMadi
PEe3yJIbTaTU MOXKYTb OYTH BUKOPUCTAHI [1J1s1 NOAA/IbIINX PYHIAMEHTAIbHUX OCII)KEHb 3 PO3POOKU METOIiB
PO3B’sI3aHHS ONTUMI3aLifHUX 337ja4 YIIAKOBKY HEOPiEHTOBAaHMX TPUBUMIPHUX O0'€KTIB, 110 MAIOTh JOBiIbHY
IIPOCTOPOBY HOpPMY.

2. The object of the study is the process of optimization of arbitrary polyhedral packing in the container, taking
into account the equilibrium constraints and placement constraints, including the minimum allowable distances.
The purpose of the work is to increase the efficiency of solving optimization problems of optimal packing of
arbitrary polyhedra by developing constructive tools of mathematical and computer modeling, new mathematical
models and effective methods of local optimization with the use of modern solvers (NLP-solvers). Research
methods: in the work analytical geometry and functional analysis are used for constructing phi-functions,
pseudonormalized phi-functions, quasi phi-functions and pseudonormalized quasi phi-functions; geometrical
design methods for constructing mathematical models and developing methods of searching for feasible starting
points and methods of local optimization for the OPP problem. Practical results - the scientific results of the
dissertation work are the further development of mathematical modeling and computational methods in geometric
design: new mathematical models are created and effective methods for solving optimization problems of optimal



packing of arbitrary polyhedra with a wide range of applications in the priority fields of science and technology
(including additive technologies, materials science, logistics, mineralogy, medicine, nanotechnology, robotics,
image recognition systems, control systems, space launch systems, energy, engineering, aerospace, construction).
The scientific novelty of the results obtained is that the method of phi-functions has been further developed:
firstly constructed phi-functions, pseudonormalized phi-functions, quasi phi-functions and pseudonormalized
quasi phi-functions as tools of mathematical modeling of placement constraints for the OPP problem, which allows
to describe in an analytical form: non-overlapping of arbitrary polyhedra; the containment of polyhedra in a
convex container; minimum allowable distances between arbitrary polyhedra and between polyhedra and the
boundary of the container; For the first time, a mathematical model of the OPP problem is built in the form of a
nonlinear programming problem (including all globally optimal solutions) for convex polyhedra in a convex
container, whose boundary is formed by spherical, cylindrical, elliptic surfaces and a plane, taking into account the
placement constraints and the equilibrium constraints, which allows to use modern NLP-solvers; For the first time,
a mathematical model of Optimal Polytopes Clustering (OPC) problem is constructed in spherical, cuboidal and
cylindrical areas of minimal volume, which allows to generate effective feasible starting points to search for local
extremes of the OPP problem; methods for solving geometric design problems have been further developed: the
strategy for solving the OPP problem and effective methods for its main implementations were proposed, which, in
contrast to existing approaches: take into account simultaneously continuous translations and rotations of objects,
minimum allowable distances and equilibrium constraints; allow to obtain locally optimal solutions for OPP
problems that are better than the target function (compared to benchmark instances known for published results).
As a result of the dissertation, there were received: an act on the implementation of scientific results in the
educational process of the Kharkiv National University of Radio Electronics; a reference on the use of the
developed software module for solving the problem of optimal filling of a given volume by particles of non-
spherical form in material science; a letter of support from G. Fasano - leading scientist and specialist in the field
of mathematical modeling and optimization of the systems of the European company "Thales Alenia Space"; an act
about the use of the results of the dissertation work in the IT company "Cloud Works" to solve the problems of
optimizing the process of 3D printing, which uses SLS technology and problems of optimal packaging of cargoes in
arbitrary containers in the field of logistics. The obtained results can be used for further fundamental research on
the development of methods for solving the optimization problems of packing of non-oriented three-dimensional
objects of arbitrary spatial shape.
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