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1. OntuMmizaniiini 3aa4i 3aBaHTa)KEHHS KOHTEITHEPIB: MaTeMaTUYHi MOJIeJli, METOIY PO3B'I3aHHSI i 3aCTOCYBaHHS

2. Optimization problems of container loading: mathematical models, solution methods and applications

Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYEHO aKTyasbHill Ip0o6JieMi CTBOPEHHS CyYaCHUX KOMITIOTEPHUX TEXHOJIOTi
(MaTeMaTUYHUX MOJIeJIeil, METOiB, AJIFTOPUTMIB Ta TPOrpam), OPIEHTOBAHUX HA PO3B'SI3aHHS 3aja4 IPOEKTYBAHHS
ONTHMAJIPHOTO 3aBAaHTAXKEHHS KOHTENHEPIB 3 ypaXyBaHHSIM T€OMETPUYHMX OOMEXKEHDb Ta YMOB OaslaHCYy.
[IpoBeieHO CMCTEMHMI aHali3 TPO6JIEMU ONITUMAJIBHOTO 3aBaHTaXKEHHS KOHTEMHEPIB B Pi3HUX cepax
3aCTOCYBaHHS. BUKOHAHO OIJI4[] Ta aHasli3 33724 ONTUMAJIbHOTO 3aBaHTa)KEHHS KOHTEMHEDIB Ha PiBHI
KOHTE€MHEPHUX TEPMiHAJIIB 5K By3JIiB CUCTEM TPAaHCIIOPTHUX N€peBe3eHb. [IpoaHanizoBaHo 3a1a4i nodynosu
ONTUMAJIbHUX KOMITOHOBOK, SIKi BUHMKAIOTh Y a6POKOCMIYHIN Trajysi, a came: 3a1a4 NPOEKTyBaHHS ONTUMAJIbHOTO
PO3MillleHHsI KOPMCHUX BaHTaXiB 3a7aHuX (OPM Ta pO3MipiB y KOHTEIHepax JOBiIbHOI OPMU 3 ypaxXyBaHHSIM

reOMEeTPUYHUX Ta MEXaHIYHUX OOMEXKEHbB. 3MiMICHEHO OIJIS/L Ta aHaJli3 3aC00iB MaTEMAaTUYHOTO MOJEJIIOBAaHHS Ta



PO3B’sI3aHHS 33]]a4 ONTUMAJIbHOTO 3aBAaHTAXKEHHSI KOHTENHEPIB, 30KpeMa, METOIiB TEOMETPUYHOTO IPOEKTYBAHHSI.
JocminkeHo 3agavy 1106y10BY PiBHOBa)KHOI KOMIIOHOBKU 3D-06';€KTiB B KOHTEHEPi, po3aiieHOMY
TOPU3OHTAJIbPHUMU CTEJIaKaMU Ha NifiKoHTeliHepu. [1o6y10BaHO MaTeMaTU4Hy MOJEJib, 1110 BPaXOBY€E HE TiJIbKU
reOMETPUYHI OOMEXEHHS Ta YMOBU 0ajlaHCy, a I KOMOIHAaTOPHI 0COGJIMBOCTI 3a7jadi, [10B';513aHi 3 HEOOXiIHICTIO
1106y10BY pO3OUTTSI MHOXKVHH PO3MilllyBaHUX 00'€KTiB I10 MiTKOHTeNHepax. 3alIpOIIOHOBAHO CTPATETiIo
PO3B';s13aHHS, SIKA BKJIIOYAE MIPOLeypu: reHepaliii KOpTexiB po30UTTsI; I0OYJ0BU CTAPTOBUX TOYOK 3 06J1aCTi
IOIIyCTMMUX PillleHb; JIOKAJIbHOI onTuMmizauii. IIpoaHasnizoBaHo 3aady ONTMMAaIbHOIO YIIAKyBaHHS ONYKINX 3D-
006'eKTiB y KOHTEHEp 3 OTIIOPHUMMU NOJIULSIMU (CTeIaKaMU) 3 ypaXyBaHHSIM OOMEXXEHb PO3MillleHHS Ta YMOBU
GasaHcy. [yist aHaIiTHYHOTO ONUCY OOMEKEeHb PO3MIllleHHSI BUKOPUCTOBYEeThCS MeTor, phi-dyHKuiil. [To6ynoBaHo
3arajibHy MaTeMaTUYHy MOZeJib KOMOGiHATOPHOI 3aa4i piBHOBa’KHOI KOMIIOHOBKY 3i CIleLlia/IbHUMU
reOMETPUYHMMHU Ta 6AJIAHCHUMU YMOBaMU. [IPONIOHY€ETHCS CTPATETisl PO3B'SI3aHHS HAa OCHOBI METOAY MYJIbTUCTApTa
i nepen6ayae BUKOPUCTaHHS JOMYCTUMOI CTApPTOBOI TOUKHM Ta aJITOPATMY JIOKaJIbHOI onTuMizanii. 3okpema, y
BUIIANIKy MaKyBaHHs LUJIHAPIB 3a5iaya 3BOAUTHCS 10 3a7a4i IaKyBaHHS Kisl. CPOpMyIbOBaHO GaraToKpUTepiabHy
3aiauy onTuMmiszauii posmiieHHs1 3D-006'eKTiB y KOHTEMHED 3 ypaxyBaHHSIM OOMEXXEHb PO3MillleHHS
(HemepeTHHAHHS, BKJIIOUYEHHS], BiJICTaHb) Ta 6asaHCy (piBHOBAry, iHepii Ta cTabinbHOCTI) - 6araTOKpUTEpPiaIbHy
33/1a4y PiBHOBa)KHOI KOMIIOHOBKY (MBLP). [I7151 aHaMiTUYHOTO onucy 0OMe>KeHb PO3MillleHHSI BUKOPHUCTaHO METOT,
phi- ¢pynkuii. [TobyoBaHO MaTeMaTUYHY MOJIEJIb 3a/1a4i y BUIJISIAI 6araTOKpUATepiasbHOI 3a1a4i onTruMisariii.
[Ipencrasneno BapianTu 3agadi MBLP 3anexxHo Bif popM LinbOBUX PYHKLIA, GOPM OO'€KTIB i KOHTEMHEPIB Ta
KoMbiHanii1 o6MexxeHb. JJocaimKeHo 335a4y IaKyBaHHS (KOMIIOHOBKH) [1J1S1 HA60PY TPyl OIYKJIMX 06'€KTIB, 110
MOTHMBOBAHO I1p0o06ieMaMu 3aBaHTaKE€HHsI KOHTeHepa, SKi BUHUKAIOTh y 3a/1ayaX JIOTiCTUKM. 3aBaHTaKeHHS
POBIJISAAETHCS AJ18 IPSIMOKYTHOI'O KOHTEMHEpPa 33JaHOTO PO3Mipy 3a YMOBU HENEPETHHY (HEIIEPEPBHO
TPAHCJIbOBAHUX Ta TAKUX, 110 OOEPTAIOThCS) O0'EKTIB y rpyIi 3alIpONIOHOBAHO HOBi 3aCO0M MAaTEMATUYHOTO
MOJeJIIOBaHHS I'PYII, 1[0 HE [IePeTUHAIOThCS Ta PO3MIlYIOThCS BCepeiHi KoHTelHepa. [100y1oBaHO HOBY
MaTeMaTU4HYy MOJeJIb /1J1S1 ONITUMAJIbHOTO PO3MillleHHS Ipy1l, 1o (POPMYJIIOETHCS SIK HeJliHiliHa HenlepepBHA 3aa4a
onTumizatii. Po3po61€H0 HOBUI aJIrOPUTM MOLIYKY AOIYCTUMHUX CTAPTOBUX PO3B'SI3KiB 11711 IPUCKOPEHHS Ta
NOJIMNIIEHHS TPOLeAypPU JIOKa/IbHOI onTuMisauii. ITpoaHasnizoBano npobieMy aHaslidy Ta MOZEII0OBAHHS po60TH
3aJIi3HUYHOTO TepMiHay NpHU 34i¥ICHEHH] olepalliil IepeBaHTaKEHHS KOHTENHEPiB. JJociimKeHo 3agavyy
onTUMi3allii NpU3HaYEeHHs NIOTSTIB HA 3aJi3HNYHI KOJIii Tpy 06poOLIi BaHTaXIB Ha 3aJ1i3HUYHOMY T€PMiHAJI.
[IpencraBnieHoO MaTeMaTUYHY MOJIEJIb i METOT, pO3B’sI3aHHS. 3alIpONIOHOBAHO MifXif AJ1s MigBUIleHHs e(DEeKTUBHOCTI
BMKOHAHHS OIl€pallill TepeBAaHTAKEHHS KOHTEWHEPIB Ha 3a/li3HUYHOMY TepMiHaJi. BignosigHo no nigxony
3iMICHIOETHCS ONTUMI3allisl po3MillleHHsI KOHTeMHePiB Ha 3a/1i3HUYHUX [1aTdopMax Ta B 30Hi 306epiraHHs Ha
3aJ1i3HUYHOMY TepMiHaili. [Io6yZ0BaHO MaTeMaTUYHy MOZEJb y BUIJISIAL 3a/1a4i KOMOIHATOPHOI ONITUMIi3allii;
IIPOAHAJi30BaHO BJIACTUBOCTI Moeli. Hamano pekomeHpallii o0 BUKOPUCTAHHS 3alIPOIIOHOBAHUX B POOOTI
aJITOPUTMIB PO3B'sI3aHHSI 33724 3aBaHTA)KEHHS KOHTENHepiB B nifcucteMi "[lnaHyBaHHS 3ax0fiB i IiAroTOBKA
pimeHs" PerioHasnbHOI iHPopMalLiliHO-aHAIITUYHOI IifcucTEMH 3 HaJ3BUYaiHuX cuTyauiil PIATT HC.
3anponoHoBaHi METOAM Ta AITOPUTMHU JJIs1 PO3B’S13aHHS 337124 ONTUMAJIbHOTO 3aBAaHTAKEHHS! KOHTEMHEPiB MOXYTb

OyTy BUKOPHWCTaHI AJ1s MigBUINEeHHS e(PeKTUBHOCTI AisJIbHOCTI TPaHCIIOPTHUX KOMITaHi.

2. The thesis is devoted to the creation of modern computer technologies (mathematical models, methods,
algorithms and programs), focused on solving problems of designing the optimal loading of containers, taking into
account the geometric constraints and balance conditions. A system analysis of the problem of optimal loading of
containers in different areas of application was carried out The review and analysis of the problems of optimal
loading of containers at the level of container terminals as nodes of transport systems are performed. The
problems of construction of optimal layouts that arise in the aerospace industry are analyzed, namely: problems of
designing the optimal placement of payloads of given shapes and sizes in containers of arbitrary shape, taking into
account geometric and mechanical constraints. A review and analysis of mathematical modeling tools and solving
problems of optimal loading of containers, in particular, methods of geometric design. The problem of
constructing an equilibrium layout in a container of 3D-objects in a container divided by horizontal racks into
subcontainers is investigated. A mathematical model is built that takes into account not only the geometric



constraints and conditions of the balance, but also the combinatorial features of the problem associated with the
need to build a partition of the set of placed objects in subcontainers. A solution strategy is proposed, which
includes procedures: generation of split tuples; construction of starting points in the field of acceptable solutions;
local optimization. The problem of optimal packing of convex 3D-objects in a container with supporting shelves
(racks) is analyzed, taking into account the constraints of placement and balance conditions. The method of phi-
functions is used for the analytical description of placement constraints. A general mathematical model of the
combinatorial problem of equilibrium layout with special geometric and balance conditions is constructed. A
multi-start solution strategy is proposed and involves the use of a valid starting point and a local optimization
algorithm. In particular, in the case of packing cylinders, the problem is reduced to the problem of packing circles.
The multicriteria problem of optimization of placement of 3D-objects in the container taking into account
constraints of placement (non-intersection, inclusion, distance) and balance (equilibrium, inertia and stability) is
formulated - the multi-criteria balance layout problem (MBLP). The method of phi-function was used for analytical
description of placement constraints. A mathematical model of the problem in the form of a multicriteria
optimization problem is constructed. Variants of the MBLP problem are presented depending on the forms of
objective functions, forms of objects and containers, combinations of constraints. The problem of packing (layout)
for a set of groups of convex objects is investigated, which is motivated by the problems of container loading,
which arise in logistics problems. The load is considered for a rectangular container of a given size under the
condition of non-intersection (continuously broadcast and rotating) of objects in the group. New tools of
mathematical modeling of groups that do not intersect and are placed inside the container are proposed. A new
mathematical model for optimal placement of groups is constructed, which is formulated as a nonlinear
continuous optimization problem. A new algorithm for finding feasible starting solutions to speed up and improve
the local optimization procedure has been developed. The problem of analysis and modeling of the railway
terminal operation during container reloading operations is analyzed. The problem of optimizing the assignment of
trains on railway tracks during cargo handling at the railway terminal is investigated. The mathematical model and
method of solving the problem are presented. An approach is proposed to increase the efficiency of container
handling operations at the railway terminal. According to the approach, the placement of containers on railway
platforms and in the storage area at the railway terminal is optimized. A mathematical model in the form of a
combinatorial optimization problem is constructed; the properties of the model are analyzed. The use of the
algorithms of the solution of problems of loading of containers in the subsystem "Planning of actions and
preparation of decisions" of the Regional information and analytical subsystem on emergencies RIASE is
recommended. The proposed methods and algorithms for solving the problems of optimal loading of containers
can be used to increase the efficiency of transport companies.
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