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Pedepar:

1. Y po6orTi gocnizzKeHo 3aa4dy ONTUMAaIbHOI YIIAKOBKY 33JaHOT0 HAabOPY EJIIICOi/liB Y OIYKJIOMY KOHTEMHED]
MiHIMaJIbHUX PO3MipiB (BiIIOBIAHMX METPUYHUX XapPAKTEPUCTHUK). Eylincoigyu HOMycKaloTh HeNepePBHi TPaHC AL
Ta 06epTaHHS. SIK KOHTeNHep PO3IJISIHYTO JOBUJIbHY OIYKJy 06J1aCTh, TPaHULS K01 popMyeThbCs cHepuIHUMH,
UWIHAPUYHUMY, €JIINTUYHUMU NIOBEPXHIMHU Ta IomnHamMu. CHopMyiboBaHO 6a30BY 3a/1a4y ONTUMAaJIbHOI
ynakoBKH edincoifis (3DBEP). 3anesxxHo Bif BUAy LinboBoi PyHKILIi (06'eM, KoedillieHT rOMOTETii, 0AHA 3 METPUYHUX
XapaKTepUCTUK KOHTelHepa), GopMu KOHTeNHepa (IPSMOKYTHUI Napasesienines, GUIiHap, Ky, esincoin abo
OIyKJIMI 6araTorpaHHUK), 0COOJIMBOCTEN METPUYHUX XaPAaKTEPUCTUK €JIIICoifiB (TOMOTEeTUYHI, eJlincoir,
0bepTaHH4, NOBiJIbHI), 06MEKeHb Ha OPi€HTAllil0 €JIIICOifiB (0JHAKOBO OPi€EHTOBAHI, AONYCKAIOThCS HENIEPEPBHI
obepTaHHS) Ta MiHIMaZIBHO JONIYCTUMI BifiCTaHi, BUijIeHO Tpy peasizauii 6a30B0i 334a4i ONTUMAaNIbHOI YIIAaKOBKU
esnincoinis: 3DHEP (Homothetic Ellipsoid Packing) - ynakoBka 0lHaKOBO OpPi€HTOBaHUX 'OMOTETUYHUX €JIIICOiNiB B



KOHTeNHep (IPSIMOKYTHUI napanesernineq, ejincoin); 3DEP (Ellipsoid Packing) - yrnakoBka HeOpieHTOBaHUX
eJlincoiniB o6epraHHs (cPepoiniB) B KOHTelHep (IPSIMOKYTHUI Napaseserninen, uuaiHap); 3DAEP (Approximated
Ellipsoid Packing) - yrnakoBka HEOpi€eHTOBaHUX €JIINICOI/liB Y AOBIJIbHUI ONyKJIMI KOHTENHEP i3 ypaxyBaHHIM
MiHIMaJIbHO JONYCTUMUX BificTaHeu. 719 aHaJIITUYHOTO OIKCY BiHOIIEHb HENIEPETVHY, BKIIOUEHHS Ta MiHIMAJILHO
IOMyCTUMUX BificTaHell no6ynoBaHo phi-@yHkuii, kBasi phi-¢dyHkuii, nceBgonopmanisosani phi-gyHkuii Ta
IIceBIOHOPMaJti3oBaHi kBagi phi-QyHKuii. BukopucToBy0UM Bif0OBinHI 3aCO0U MOJI€II0BaHHS], I0OYJOBAHO
MaTeMaTH4Hi MofeJi 6a30Boi 3aayi Ta ii peanisaniil y Burssgi 3afay HesiHiiHOro mporpamyBaHHsi. Po3po6eHo
cTparerilo po3B’s3aHHs 6a30Boi 3anadi 3DBEP Ta ii ocHOBHUMX peasnizaliiii, B OCHOBI SIKOi JIESKUTb METOT,
MyJIBTACTAPTY. [IJ1s1 KOXKHOI peasnizaliii 3arpor1oHOBaHO METOAU MTOOYI0BY CTAPTOBUX TOUOK 3 00JIACTi TOMYCTUMUX
PO3B’SI3KiB Ta METOY TIOLIYKY JIOKAJIbHUX €KCTPEMYMIB, 5IKi 3BOJSTh 337124y BEJIMKOI PO3MiPHOCTI 3 BEJIMKOIO
KUJIBKICTIO HEJIIHIMHUX HEPIBHOCTEN [0 MOCIIiIOBHOCTI Mifi3aAa4 HEJIHIMHOTO IIPOrpaMyBaHHS 3 MEHILOIO
PO3MIpHICTIO Ta MEHILOO KiJIbKIiCTIO HeJliHITHUX HepiBHOCTe!. HaBeieHO pe3ybTaTi 06YMCII0BAIbHUX
€KCIIEpMMEHTIB JJ1s1 OCHOBHUX pealidaliiii 6a30Boi 3a/1aui yIakoBKY eJIICcoifiB y pisHUX KOHTelHepax. [IpoBeseHo
aHaJli3 pe3yJbTariB, U0 NiATBEPAXYEe ePEKTUBHICTb PO3POOIEHUX METOIB Ta aNrOpuTMiB. OTpUMaHi pe3yabTaTu
MOXYTb OYTH 3aCTOCOBaHI IPU KOMITIOTEPHOMY MOJ€JII0BaHHI CTPYKTYPHU PiJuH, KPUCTAJIIB i CKJIa, Pyxy i
[IpecyBaHHS CUITyYuX 23 pe4oBUH, Y TEPMOAMHAMIlli, B cyyacHil 6ioJiorii, y snepHill MeJuIKHi, B aUTUBHUX
TexHoJiorisx (3D printing), y po6oroTrexniuni. Kito4uoBi cyoBa: yrnakoBka, esincoiny, onykiauil KouteiiHep, metoy, phi-

(YHKLil, MaTeMaTU4YHA MOZEJIb, HEJliHiIIHA ONTUMI3allis.

2. The thesis considers the problem of optimal packing of the predefined set of ellipsoids into a convex container
of minimum sizes (appropriate metrical characteristic). The ellipsoids can be free rotated and translated. The
container can be an arbitrary convex domain, which frontier is formed by cylindrical, elliptical, spherical surfaces
and planes. The basic ellipsoid packing problem (3DBEP) is stated. Three realizations of the basic ellipsoid packing
problem are formulated depending on the objective function type (a volume, coefficient of homothety, one of the
metrical characteristics of a container), the container shape (a cuboid, cylinder, sphere, ellipsoid or convex
polytope), the features of metrical characteristics of ellipsoids (homothetic, spheroids, arbitrary), the restrictions
on the orientation of ellipsoids (equally oriented, continuously rotated), minimum allowable distances: 3DHEP
(Homothetic Ellipsoid Packing) - packing of equally oriented homotetic ellipsoids into a container (a cuboid,
ellipsoid); 3DEP (Ellipsoid Packing) - packing of ellipsoids of revolution (spheroids) into a container (a cuboid,
cylinder); 3DAEP (Approximated Ellipsoid Packing) - packing of ellipsoids into an arbitrary container taking into
account the minimum allowable distances. For analytical description of the non-overlapping and containment
constraints taking into account minimum allowable distances quasi phi-functions, phifunctions, adjusted phi-
functions and adjusted quasi phi-functions are constructed. Mathematical models of the basic ellipsoid packing
problem and it's realizations are provided in the form of NLP-problems, using the developed geometric tools.
Based on the multistart method, a solution strategy for the basic ellipsoid packing problem is developed. The
methods for generating feasible starting points and searching for local minima are introduced for each realization
of the problem 3DBEP. The local optimization method reduces NLP-problem of a large dimension with a large 25
number of nonlinear inequalities to a sequence of nonlinear programming subproblems of a smaller dimension
with a fewer non-linear inequalities. The numerical experiments for the realizations of the basic ellipsoid packing
problem in different container are given. The analysis of the results shows the effectiveness of the developed
methods and algorithms. The results can be used in the computer simulation of the structure of liquids, crystals,
the flow and compression of granular materials, in the thermodynamics, biological sciences, nuclear medicine, free
support additive technologies (3D printing), as well as, in a robotic problem. Keywords: packing, ellipsoids, convex
container, phi-function technique, mathematical model, nonlinear optimization.
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