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1. MaTeMaTryHe MOJEIIOBAHHS Ta METOIY PO3B’A3aHHS ONTUMI3alliHMX 33/1a4 YIIAKOBKY JOBIIbHUX

6araTorpaHHUKIB

2. Mathematical modeling and methods for solving optimization problems of arbitrary polytopes packing

Pedepar:

1. O6’eKT HOCiI)XEHHS — IPOLLEC ONTHUMI3allil yIIaKOBKM HEONYKJINX 6araTOrpaHHUKIB B KOHTEMHED] 3 ypaxyBaHHSIM
obMeskeHb 6aaHCy Ta 0OMesKeHb PO3MIlleHHS, BKJII0OYal0Yy MiHIMaJIbHO OMyCTUMI BificTaHi. MeTa po6oTtu -
nifgBuIeHHS e(EeKTUBHOCTI pO3B'si3aHHS ONTUMI3ALiTHUX 337124 ONITUMAJIbHOI YIIaKOBKU JIOBIIbHUX
6araTOrpaHHMKIB LJISIXOM PO3POOKM KOHCTPYKTUBHHUX 3aCO0iB MAaTEMAaTUYHOTO i KOMII'IOTEPHOTO MOJEJIIOBAHHS,
HOBHX MaTEMaTUYHUX MOJiesleN Ta €(EeKTUBHUX METOJiB JIOKaJIbHOI ONTUMI3allii i3 3aCTOCyBaHHSIM Cy4yaCHUX
consepiB (NLP- conBepu). Metonu mociifkeHHs: B pOOOTi 3aCTOCOBYIOThCS aHAJIITUYHA FEOMETPis Ta
dyHKUioHANMBHUI aHai3 11 no6ynoBu phi-QyHKIH, nceBnoHOpManizoBaHux phi-gyHkuiil, kBazi phi-pyHKuUil Ta
[ICEBIOHOPMAaJIi30BaHUX KBa3i phi-QyHKILil; METOAY reOMETPUYHOTrO IPOEKTYBAHHS 171 TOOYIOBM MaTEMAaTUYHUX
MoJeJsieil Ta po3pOOKU MeTO/iB MOIIYKY JOIYCTUMUX CTAPTOBUX TOYOK i METOZIB JIOKaJIbHOI onTUMizaLii 1j1s 3amayvi

OPP. TlpakTryHi pe3ysbTaTu — HAYKOBi pe3yJIbTaTH AUCEPTALiliHOI POOOTHU € IIOAJIBIINM PO3BUTKOM



MaTeMaTU4YHOTO MOZEIOBAHHS i 00YMCIIOBAIbHUX METOJB B T€OMETPUYHOMY [TPOEKTYBaHHI: CTBOPEHO HOBI
MaTeMaTU4Hi MOJieJTi Ta Po3p06yieHO ePeKTUBHI METOT PO3B'SI3aHHS ONTUMI3alliifHUX 33/1a4ax ONMTUMAJIbHOI
YIIaKOBKY JIOBiJIbHUX 6araTOrpaHHMKIB, 1110 MAIOTh LIMPOKUI CIIEKTP 3aCTOCYBaHb B IIPIOPUTETHUX 00JIACTSX HAYKM i
TexXHIKM (BKJIIOUAI04U aIUTHUBHI TEXHOJIOTI], MaTepiaslo3HaBCTBO, JIOTiICTUKY, MiHEPAJIOTilo, MEIULIVHY,
HAHOTEXHOJIOTii, pPOGOTOTEXHIKY, CUCTEMU PO3ITi3HaBaHHS 00pa3iB, CUCTEMU KEPYBAHHSI, CUCTEMU KEPYBaHHS
KOCMIYHMMU anapaTaMy, eHepreTuky, MallMHOOYyBaHHs, aBiabyyBaHHs1, OyiBHULITBO). HaykoBa HOBU3HA
OTPHMAaHUX Pe3yJIbTATiB MOJISITa€ B TOMY, 1[0 HAOyB MOJAJIbIIOr0 pO3BUTKY MeTo 1 phi-QyHKLii: Bepiue no6ypoBaHi
phi-¢yHkuii, nceBgoHopMarnizosani phi-@yHkuii, kBasi phi-QyHkuii Ta nceBROHOpMaizoBaHi KBa3i phi-pyHkuii sK
3ac00M MaTeMaTUYHOTO MOJIeJII0BaHHS OOMeXKeHb po3MileHHs 1y 3agayi OPP, mo 103BoJise onucaTy B
aHaJIITUYHOMY BUIJISIZ: HEIIEPETHH JOBUIbHUX OaraTorpaHHUKIB; BKJIIOUEHHS 6araTOrpaHHUKIB B ONYKIUHI
KOHTEMHEeP; MiHIMaJIbHO JOIIYCTUMI BiICTaHi MDX JOBIIbBHUMU 6araTOrpaHHUKAaMu Ta MiXX 6araTorpaHHMKaMU Ta
rpaHuLel0 KOHTeHepa; Blieplie ooyLoBaHa MaTreMaTH4Ha Mogesib 3agadi OPP y Bursiani 3agadi HesliHilHOTO
IIporpamyBaHHs (L0 BKJIIOYA€E BCi [71006a/IbHO ONTHMAJIbHI PO3B'SI3KH) 11711 HEOIYKJIUX 6araTOrpaHHUKIB B OIyKJIOMY
KOHTeIHepi, rpaHuLls IKoro GOpMyeThCs 3a JONOMOT0I0 CHepPUYHUX, HWIIHIPUYHUX, eJNTUYHUX I0BEPXOHb Ta
IUIOMIMHY 3 YPaxyBaHHSIM OOME>KeHb PO3MillleHHsI Ta OOMeXKeHb 6ajlaHCy, 10 403BOJIsl€ BUKOPUCTOBYBATH CyYacHi
NLP-conBepu; Bliepuie oo6yfoBaHa MaTeMaTHYHa MOJeJIb 3a7jadi KJIaCTepUHTY HEONyKJIMX 6araTorpanHukis (OPC -
Optimal Polytopes Clustering) B cdepuyHiii, Ky60igHii Ta [uIiHAPUYHIN 06s1acTsIX MiHIManbHOTO 06'€MY, 11O
I03BOJIsSIE TeHepyBaTy e(PEeKTUBHI JOMYCTUMI CTAapTOBI TOUKHU [J1s1 MOLIYKY JIOKAJIbHUX €KCTpeMyMiB 3anadi OPP;
HaOyJIM NOAAJIBIIOTO PO3BUTKY METOIM PO3BSI3aHHS 3a/1a4 FEOMETPUYHOrO NIPOEKTYBAHHS: 3alIPOIIOHOBaHA
cTpareris po3p’si3aHHs 3a7a4yi OPP Ta po3pobseHi edpekTHUBHI MeTOAU 71 OCHOBHUX ii peanisaliii, ki Ha BiIMiHy
Bifl iCHYI0UMX MiIXO[IiB: BpaXOBYIOTh OJIHOYACHO HENEPEPBHI TPaHCJALii Ta 06epTaHHs 00’eKTiB, MiHIMalIbHO
IOIyCTUMI BificTaHi i 0OMeKeHHs 6aslaHCy; LO3BOJISIIOTh OTPUMYBATHU JIOKAJIbHO ONTUMAJIbHI PO3B'SI3KU [1J14 33124
OPP, 110 € KpamyMu 3a 3HaY€HHSIM LisboBoi PyHKILI (mopiBHSAHO 3 benchmark instances - BinoMmumu
OIy0JIiIKOBaHMMMU pe3yJbTaTamu). 3a peaysbTaTaMy JucepTalifiHOi po6OTH OTPUMAHO aKT O BIIPOBAPKEHHI
HAYKOBUX pe3yJIbTaTiB B HABYaJIbHUII TPOLieC XapKiBCbKOTO HallilOHAJIbHOTO YHIBEPCUTETY PalioeeKTPOHIKY;
IOBiZiKa PO BUKOPUCTAHHS pO3pO6IEHOr0 IIPOrPaMHOI0 MO/IYJIS IJ1s1 PO3B'SI3aHHS 33ja4i ONTUMAJIbHOTO
3alIOBHEHHS 33/1aHOr0 00'eMy YacTMHKaMU HechepuyHoi popMU B MaTepialo3HABCTBI; JIUCTa MigTPUMKU Bif, G.
Fasano - npoBifHOro BU€HOro Ta creljasnicta B 06J1aCTi MAaTEMaTUYHOTI'O MOJIe/IIOBAaHHS Ta ONTUMI3allii cucTeM
eBponencbkoi komnaii «Thales Alenia Space»; akT Ipo BUKOPUCTAHHS Pe3yJbTaTiB AucepTaliiiHoi poboTu B IT-
kommadii «Cloud Works» miist po3p’s3aHHS 3aa4 ontuMisanii mponecy 3D-npyKy, sika BUKOPUCTOBYe SLS
TEXHOJIOTIIO Ta 3a7ja4i ONTUMAaJIbHOI YIIAKOBKY BaHTAXIB Y JOBLJIbHUX KOHTEMHEPAX Yy ranysi jorictuku. OTpuMadi
pe3yJIbTaTU MOXKYTb OYTU BUKOPUCTAaHI AJ1s NOJANIbINX PYHAAMEHTAIbHUX JOCTiIKEHb 3 PO3POOKU METOZiB
PO3B'sI3aHHS ONTHUMI3aLifHMX 3a7ja4 YIIaKOBKY HEOPi€HTOBAaHMX TPMBUMIPHUX O0'€KTIB, 1110 MAIOTh OBiJIbLHY
IIPOCTOPOBY HOPMY.

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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