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Pedepar:

1. Y pob6oTi gocnigkeHo 3aady ONTUMAabHOI YIIAKOBKY 33JaHOTO HAOOPY €JICOiMliB Y ONYKJIOMY KOHTEIHEP]
MiHIMaJIbHUX PO3MipiB (BilIOBIAHMX METPUYHUX XapaKTE€PUCTHUK). Ejlincoiny nonyckaoTh HellepepBHi TpaHCsLii
Ta 00epTaHHs. SIK KOHTENMHEp PO3IJISHYTO JOBUJIbHY ONYKJy 06J1aCTh, TPAHULS IKOi (POPMYEThCS C(PEPUUHUMU,
UWIHIPUYHUMHY, €JIINTUYHUMU IOBEPXHSAMU Ta NiiomuHamMu. CHopmMyIbOBaHO 6a30BY 3a4a4y ONTUMAIbHOL
yrakoBKU eJincoinis (3DBEP). 3anexxHo Bin Buny 1inboBoi PpyHKLI (06’eM, KoedillieHT rOMOTeTii, OffHa 3 MEeTPUYHUX
XapaKTePUCTUK KOHTeNHepa), GOpMU KOHTeNMHepa (MPSIMOKYTHUI Napasesieninen, UUIiHAp, Ky, eJincoin abo

OINyKJIMI 6araTOrpaHHUK), OCOOIMBOCTEN METPUYHUX XaPAaKTEPUCTUK €JIIICOifiB (TOMOTETUYHI, eJIincois



0ob6epTaHH4, IOBiJIbHI), 0OMEXEHb Ha OPi€HTALlil0 €JIIICOifiB (0JHAKOBO OPi€HTOBAHI, LONYCKAIOThCS HENIEPEPBHI
obepTaHHS) Ta MiHIMaZbHO JONIYCTUMI BifiCTaHi, BUMijIeHO Tpy peaizalii 6a30B0i 334a4i ONTUMAaIbHOI YIIaKOBKU
esnincoinis: 3DHEP (Homothetic Ellipsoid Packing) - ynakoBka 0lHaKOBO OpPi€HTOBaHUX F'OMOTETUYHUX €JIIICOiNiB B
KOHTeWHep (IpSIMOKYTHUI napanesenine, ejincoin); 3DEP (Ellipsoid Packing) - yrakoBka HEOpieHTOBaHUX
estincoinis o6epranHg (cepoiziB) B KOHTENHEP (MPSIMOKYTHUI napaneneninen, unninap); 3DAEP (Approximated
Ellipsoid Packing) - yrnakoBka HEOpi€eHTOBaHUX €JIIMICOI/liB Y AOBIJIbHUI ONyKJINN KOHTENHep i3 ypaXyBaHHIM
MiHIMaJIbHO JONYCTUMUX BificTaHen. 71 aHaJIITUYHOTO OIKCY BiJHOIIEHb HENIEPETVHY, BKIIOYEHHS Ta MiHIMAJIIBHO
IOMYyCTMMUX BificTaHe! 1o6ynoBaHo phi-@yHkuii, kBasi phi-QyHkuii, nceBgoHopMmarnizoBaHi phi-QyHkuii ta
IIceBIOHOpMaJizoBaHi kBazi phi-QyHkuii. BukopucToBy0UM BifOBiIHI 3aCO0M MOJIEIIOBaHHS, TOOYJOBAaHO
MaremaTH4Hi Mozesi 6a30Boi 3asayi Ta ii peanisauiil y Burssgi 3amay HesiHifiHOro nporpamysaHHsi. Po3po6iaeHo
cTparerito po3p’sa3aHHs 6a30Boi 3a7a4i 3DBEP Ta ii ocHOBHUX peasi3alliil, B OCHOBI SKOi JIESKUTh METOZ,
MYJIBTUCTAPTY. [1J151 KOKHOI peasisalii 3arpornoHOBaHO METOY NO6YJ0OBU CTAPTOBUX TOYOK 3 00JIACTi JOMYCTUMUX
PO3B’SI3KiB Ta METOY IIOLIYKY JIOKAJIbHUX €KCTPEMYMIB, 5IKi 3BOJSTH 3a71a4y BEJIMKOI pO3MiPHOCTI 3 BEJIMKOIO
KUJIBKICTIO HEJIIHIMHUX HEPIBHOCTEN [0 NOCJIiIOBHOCTI Mif3aAa4 HEJIIHIMHOTO IIPOrpaMyBaHHS 3 MEHILOIO
PO3MIpHICTIO Ta MEHILOO KiJIbKICTIO HeJliHITHUX HepiBHOCTe!. HaBelieHO pe3ysibTaTi 06YMCII0BAIbHUX
€KCIIEpMMEHTIB JIJ1s1 OCHOBHUX pealidaliiii 6a30Boi 3a/1a4i yIakoBKY eJIIICoifiB y pi3HUX KOHTeliHepax. [IpoBeneHo
aHasli3 pe3yJbTariB, 1o NiATBEPAKY€e ePEeKTUBHICTb pO3POOIEHUX METOIB Ta aropuTMiB. OTpUMaHi pe3yabTaTu
MOXYTb OyTH 3aCTOCOBAHi NP KOMITIOTEPHOMY MOJEJIIOBaHHI CTPYKTYPU PiivH, KPUCTAJIB i CKJIA, PyXY i
[IpeCcyBaHHS CUITyYuX 23 peYOBUH, Y TEPMOAMHAMIL, B Cy4yacHil 6ioJorii, y snepHiil MeguiyHi, B aUTUBHUX
texHoJiorisx (3D printing), y po6oroTrexniui. Kio4oBi cyioBa: yrakoBka, eJincoiny, onykjanii KouteiiHep, metoy, phi-

(YHKILil, MaTeMaTU4YHa MOJEJIb, HEJliHifIHA 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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