AHOTALIS

Vpuseea 1.A. Ontumizaiiiiiti 3a7a4i 3aBaHTaXXEHHSI KOHTEUMHEPIB: MaTeMaTUYHI
MOJIeNi, METOAU PO3B’sA3aHHs 1 3acTocyBaHHA. — KBamiikaiiilina HaykoBa mpars Ha
MpaBax PyKOIUCY.

HucepTaritist Ha 3100yTTs CTyIleHs oKTopa ¢imocodii 3a crenianbHicTio 124
«Cucremuuii ananiz» (12 — [ndopmariitii TexHosorii). — XapKiBCbKU HallIOHATBHUM
YHIBEPCUTET Pa/iloeNeKTPOHIKH, MIHICTEPCTBO OCBITU 1 Hayku Ykpainu, 2020.

HucepTailiiiny poOOTy NPUCBSYEHO aKTyalbH1A TPOOJIEeMi CTBOPEHHS CyYaCHUX
KOMIT'FOTEPHUX TEXHOJIOTIA (MaTeMaTUYHUX MOJEJed, METO[IB, aJIrOpPUTMIB Ta
MporpamM), OpIEHTOBAaHUX HA PO3B’SI3aHHS 3aJa4 MPOEKTYBAaHHA ONTUMAJILHOTO
3aBAHTAKCHHS KOHTEMHEPIB 3 ypaxXyBaHHSIM TE€OMETPUYHUX OOMEXKEHb Ta YMOB
Oanancy.

Huceprariiiiitna po06oTa € MTPOJIOBXKEHHSIM JOCHIIKEHb, SIKI TPOBOASITHCA Y
BIIJIUTI MaTEeMaTUYHOTO MOJEIIOBAaHHSI Ta ONTUMAJIbHOIO MPOEKTyBaHHS [HCTUTYTY
npobsiem MamnHOOyyBaHHs iM. A. M. Ilinropuoro HAH VYkpainu B pamkax Teopii
F€OMETPUYHOTO TMPOEKTYBAHHS i KEPIBHUIITBOM wieHa-KopecnoHiaeHta HAH
VYkpainu 1O. I'. CtosiHa.

Mertoro aucepTaliiitHoi poOoTH € po3poOKa Ta aHaIi3 ONTUMIZAIIMHUX MOJIENEH,
METOJIB Ta aJrOPUTMIB [JIsl TIABUINEHHS €()EKTUBHOCTI PpPO3B’s3aHHA 3ajad
3aBaHTAKEHHSI KOHTEHHEPIB.

OO0’eKT AOCHIPKEHHS — TpOIEC 3aBaHTAXEHHS KOHTEHHEPIB B CKIAJIHUX
TEXHIYHUX CUCTEMaX.

[IpenMer nocHiKeHHST — MaTEMaTH4HI MOJeNi, METOAW Ta aJrOpUTMHU
PO3B’sI3aHHS 3aJlady MPOEKTYBAHHS ONTUMAIILHOTO PO3MINIEHHS BAHTAXIB 3aJJaHUX
dbopm Ta po3MipiB Y KOHTEHHEpax AOBUILHOT (JOPMU 3 YpaxyBaHHSIM I'€OMETPUUYHUX
oOMeXeHb Ta YMOB OajaHcy.

Metoau pocnijxkeHHs. B po0OoTi 3acTOCOBYIOThCS METOJIM KOMOIHATOPHOTO
aHajizy, KOMOIHATOpPHOI ONTHUMIi3allii, METOJU TC€OMETPUYHOTO MPOCKTYBAHHS MIJIsI
moOy/I0BH MaTEMaTHUYHHUX MOJIeNiel 3a7a4 PIBHOBA)KHOI KOMIIOHOBKH KOHTEHWHEPIB,
30kpema, Meroj phi-PyHKUiIM a9 onucy OOMEXEHb TE€OMETPUYHUX 00’ €KTIB

(BaHTax1B), EBPUCTUYHI METOJIU ISl PO3B’I3aHHA 3a7a4 ONTUMI3aIlii.



HaykoBa HOBH3HA AuCEpTALIHHOI pOOOTH MOJATAE B HACTYITHOMY:

1. Brepiie Bu3HaueHO KOMOIHATOPHI KOH(Irypallii, siKi JO3BOJAIOTh OMUCATH
KOMOIHAaTOPHY CTPYKTYpy 3ajadi ONTHMAJIBHOTO PIBHOBAXXHOTO 3aBaHTaxeHHS 3D
00’€KTIB (BaHTaXIB) y KOHTEUHEP1, PO3AIJICHOMY TOPU30HTAJILHUMH CTEJIaKaMHU Ha
M1 IKOHTEHHEPH.

2. Bnepme noOynoBaHO MaTeMAaTH4YHY MOJEIb 3ajladyl  ONTUMAJIbHOTO
PIBHOBaXXHOTO 3aBaHTaXeHHS 3D 00’€KTIB, sfka Ha BIAMIHY BIJl IHIIUX JO3BOJISE
BpaxyBaTU HE TUIBKM TE€OMETpUYHI OOMEXKEHHs Ta OajaHC CHUCTeMH, aje W
KOMO1HaTOpPHI OCOOJIMBOCTI, MOB'A3aH1 3 TEHEPAII€I0 PO3OUTTSI MHOKUHU 00'€KTIB, 110
PO3MIIIYIOThCSA BCEPEANHI MIIKOHTEIHEPIB.

3. Bnepure noOy10BaHO MaTeMaTUYHY MOJIETb y BUIVIAAL 3a7a4l HENHIIMHOTOo
nporpaMyBaHHsl JJiE ONTUMI3allli KOMIOHYBaHHA TPyl OO €KTIB (BaHTaXiB) Yy
NpPSIMOKYTHOMY KOHTEHHepl, IO J03BOJisi€e 3acTocyBaHHsA cydacHux HIIII-
PO3B’sI3yBayiB AJis 11 pO3B’sI3aHHS.

4. Briepiiie 3anporoHOBaHO MIBUIKUN METOJ] TeHepallli JOMyCTUMUX CTaPTOBUX
TOYOK JIJIsl IPUCKOPEHHS MPOLIETYPH JTOKAIBbHOI ONTUMI3AIlli Ta MOJINIIEHHS 3HAYCHHS
GyHKIIT 1Tl B 3a1ayl ONTUMI3allli KOMIOHYBaHHS TPyl 00’€KTiB (BaHTaXiB) Y
MPSIMOKYTHOMY KOHTEHHEPI.

5. OTpuManu noJanblIuii PO3BUTOK CTPATETIi, MOJEN Ta METOJU PO3B’sI3aHHS
3a/1a4 PO3MIIIEHHS KOHTEHHEPIB B MPOIIEC] X MEPEeBAaHTAXKEHHS B YACTHHI MOOYI0BU
MaTeMaTUYHOI MOJIEN 3a/layul pO3MIIIEHHS] KOHTEIHEPIB Ha 3alI3HUYHOMY TepMiHaIi
Ta BpaxyBaHHS T€OMETPUUYHHUX Ta TEXHOJIOTIYHUX BIACTUBOCTEH NJis ii pO3B’sI3aHHS,
10 JI03BOJISI€ 3HU3UTH 3arajbHy BapTICTh KOHTEHHEPHUX OIepalliil Ha 3ali3HUYHOMY
TEepMIHAJII.

[IpoBeneHO cuUCTEMHMM aHali3 MPOOJEMU ONTHUMATBHOTO 3aBaHTAXEHHS
KOHTEIHEPIB B pi3HUX cepax 3acTocyBaHHsA. B pe3ynbTaTi 3p00JIeHO Taki BUCHOBKH:

- KOHTEHWHEpPHI TEPEeBE3CHHS € IMACUCTEMOI0 TJIO0ANbHOI E€KOHOMIYHOI Ta
TEOMOIITUYHOI CUCTEMH, SIKa 3M1MCHIOE 3HAYHUM BIUIUB HA CBITOBI IIPOIIECH;

- KOHTEHHEPH1 MepPeBe3eHHS MAaOTh TCHJACHIIIIO /10 KIJIBKICHOTO 3POCTaHHS Ta
TEXHOJIOTIYHOTO PO3BUTKY Ha BCIX PIBHAX — TIJ00aJbHOMY, PETiOHAIBHOMY Ta

MICLIEBOMY;
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- ONTHUMI3AII0 3aBAHTAXXEHHS KOHTEHHEPIB BapTO pO3MIsAaTH SK Ha eTarl
BUKOHAHHSI Omepaliii mepeMilieHHs] KOHTEHHEPIB Yy KOHTEMHEPHOMY TepMiHall, TaK i
Ha eTall 3aBaHTaXEHHS OKPEMHUX KOHTEHHEpiB, IO € JDKEPEJIOM CYTTEBOIO
€KOHOMIYHOIO €(EKTYy.

BukoHaHO OrJisi1 Ta aHaMI3 3a/1a4 ONTUMAJIbHOTO 3aBaHTAXEHHS! KOHTEHHEPIB Ha
pIBHI KOHTEHHEPHUX TEpPMIiHATIB SK BY3JIIB CHCTEM TPAHCHOPTHUX MEPEBE3CHb.
[IpoananizoBaHo 3aaadi MOOYJOBM ONTHMAJIbHMX KOMIIOHOBOK, SIKI BUHUKAIOThH Y
AepPOKOCMIUHIM Tanmy3i, a came: 3aJad MPOEKTYBAHHS ONTUMAILHOTO PO3MIIIECHHS
KOPUCHHMX BaHTaX1B 3aJaHUX (OpM Ta po3MipiB y KOHTEHHEpax AOBUILHOI (HopMU 3
ypaxyBaHHSIM F€OMETPUYHUX Ta MEXaHIYHUX OOMEXEeHb. 3M1MCHEHO OTJIsi]] Ta aHalli3
3ac00IB  MaTEeMaTUYHOIO MOJIETIOBaHHS Ta pO3B’S3aHHSA 337a4 ONTHMAJIbHOIO
3aBaHTa)XEHHS KOHTEHHEPIB, 30KpeMa, METO/11B FT€OMETPUYHOIO TPOEKTYBAHHS.

CdopmynboBaHO METY pOOOTH Ta MOCTAHOBKY 3aJ1au JOCII1I>KEHHS.

HocnimkeHo 3amayy mnoOyJ0BU pIBHOBaXXHOI KOMIOHOBKM 3D-00'€kTiB B
KOHTEWHEpPl, pO3JUIEHOMY TOPU3OHTAIIBHUMHU CTEJakaMd Ha MIJKOHTEHHEpH.
[ToOynoBaHO MaTeMaTUYHY MOJIENb, IO BPAXOBY€ HE TUIBKU Fr€OMETPHUYHI OOMEKEHHS
Ta YMOBH OajnaHCy, a i KOMOIHaTOpHI OCOOJIMBOCTI 3a7a4i, MOB'sA3aH1 3 HEOOX1THICTIO
noOy/IOBH pPO3OUTTS MHOXXHUHHM PO3MINIYBAaHUX OO0'€KTIB MO MiJKOHTEHHEpax.
3anpomnoHOBaHO CTpATEril0 pO3B'SI3aHHS, sIKa BKJIIOYA€E MPOLENYypH: TeHepallil
KOPTEXIB PO30UTTS; MOOYAOBU CTApPTOBUX TOYOK 3 OOJACTI JAOMYCTHUMUX pIIICHbD;
JOKaNbHOI onTuMizanii. JlaHuil miaxiJy BAKOPUCTOBY€E HNPHUHIUI MYJIbTUCTAPTY IS
MOIIYKY «XOPOIINX» IOMYCTUMUX PO3B'sI3KiB. Pe3ynbTaTu 4MCeNbHUX €KCTIEPUMEHTIB
MoKa3aau e(PEeKTUBHICTh 3aPOMOHOBAHOTO MIAXOMY JUIsl PO3MVISTHYTOrO Kilacy 3ajad
PIBHOBaHOT KOMITOHOBKH.

[TpoananizoBaHO 3a/7ayy ONTUMAJIBHOTO YMaKyBaHHS omykKiux 3D-00'ekTiB y
KOHTEMHEpP 3 ONOPHHMHU TMOJULSAMHU (CTelaxaMHh) 3 YpaxyBaHHSIM OOMEKEHb
PO3MIllIEHHSI Ta YMOBH OanaHcy. [[7s aHaTITUYHOTO OMUCY OOMEXKEHb PO3MIIICHHS
BUKOPUCTOBY€EThCS MeTOJ phi-(yHkuii. [Io0y10BaHO 3arajibHy MaTeMaTUYHY MOJEIb
KOMOIHATOPHOI 3a/1a4i PIBHOBAa)KHOI KOMIIOHOBKH 31 CHEIIAIbHUMH T€OMETPUUHUMHU
Ta OaJlaHCHUMM YMOBaMH. 3aJIeKHO B1J] BUIIB HUIbOBUX (DYHKIIHA, (hopM 00’ €KTIB Ta
KOHTEHHEpiB, KOMOIHAlll TEeOMETPpUYHMX Ta OalaHCOBUX OOMEXKEHb MOXYTh

CTBOPIOBAaTUCSA pI3HI BapiaHTU 3adadl TnakyBaHHA. [IpomoHyeThcs cTpareris
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pO3B’sI3aHHS HA OCHOBI METOAY MYJbTUCTApTa 1 IMependayae BUKOPUCTAHHS

JOMYCTUMO1 CTapTOBOT TOYKM Ta alTOPUTMY JIOKAJIbHOI onTumizaiii. 30kpema, y
BUMNAJKY NaKyBaHHS LWJIIHAPIB 3a/laya 3BOJAUTHCS JI0 3a]1a4l MaKyBaHHS K1JI.

CdopmynboBaHO OaraToKpuTepiadbHy 3ajady OnTuMizalii po3mimieHHs 3D-
00'€KTIB y KOHTEHWHEp 3 ypaxXyBaHHSIM OOMEXEHb PO3MIIICHHS (HENEepeTUHAHHS,
BKJIIOUEHHSI, BIJCTaHb) Ta OanaHcy (piBHOBaru, IiHepiii Ta CTaOlIBHOCTI) -
OaratokpuTepianabHy 3aa4y piBHOBaxHOi koMrnoHoBku (MBLP). [lng anamituanoro
onucy OOMeXeHb pO3MIillleHHs BHUKopucTtaHo wmetona phi-pynkuii. I[loOGymoBano
MaTeMaTU4yHy MOJENb 3a7adl y BUIISIAI OaraTOKpUTEpialbHOI 3ajadl ONTHMI3aLii.
[IpencraBneno Bapiantu 3anaui MBLP 3anexHo Bin ¢hopm niiboBux GyHKIIN, Gopm
00'eKTIB 1 KOHTEHHEPIB Ta KOMOIHAIIH 0OMEKEHB.

JocnimkeHo 3a7ayy NakyBaHHS (KOMIIOHOBKH) JUIsi HaOOpy TpyH OMYKIUX
00'eKTIB, 1110 MOTUBOBAHO MPOOJIEMaMH 3aBaHTaXXEHHSI KOHTEHHEPA, sIKI BAHUKAIOTh Y
3a/layax JIOTICTHKHU. 3aBaHTAXKEHHSI PO3IVISIAAETHCS NIl MPSIMOKYTHOTO KOHTEHHepa
3aJIaHOTO PO3MIpPY 32 YMOBH HENEPETHHY (HEMEPEPBHO TPAHCIBOBAHUX TA TaKUX, IO
o0epTaroThes) 00'ekTiB y rpyi. O0'€KTH BUZHAYAIOTHCSI CBOIMH pO3MipaMu Ta MalOTh
onHakoBy ¢dopmy s BianoBimHoi rpynu. KokHa rpyma npeacraBlieHa OMYKIIOO
000JI0HKOI0 00’€KTIB, 1110 YTBOPIOIOTH 1110 Tpymy. [lependavaerbes, 0 ABI TPYIU HE
MEePETUHAIOTh OJIHA OJHY, AKIIO 11€ BUKOHYETHCS JJISI iX OMYKJIUX OOOJIOHOK, 1 rpyna
HaJIeKUTh 10 MPSIMOKYTHOIO KOHTEHHEpa, SIKIIO 1€ CIPaBeJIUBO Il BiAMOBIIHOT
OMyKJI0i OOOJIOHKH. 3ampoONOHOBAHO HOBI 3aCO0M MAaTEMATHYHOTO MOJICTIOBAHHS
rpyn, IO HE TMEepPEeTUHAIOTHCS Ta PO3MILIYIOTBCS BCEpeAUHI KOHTEHHEpa.
[IpencraBneno po3mupeHHs Metoay phi-(yHKIIM Ha OMyKJIl 000JIOHKHU TpyH 00’ €KTIB
3 ypaxyBaHHSIM iX 3MiHHUX (OPM Ta METPUUYHUX XapakTepucTuk. [IpencraBieHi HOBI
kBa3i-phi-Qynkuii Ta phi-¢pynkuii. i ¢pyHkuii He noTpeOyrTh MOOYI0BU OMYKIIOi
000J0HKH sl KOXKHOi Tpymnu. [loOynoBaHO HOBY MaTeMaTU4YHY MOJENb s
ONTUMAJBLHOTO PO3MIMIEHHS TPyM, 0 (OPMYIIOETHCS SIK HEJiHIMHA HelepepBHA
3aaya ontumizauii. Po3po6iieHO HOBUI alropuTM MOLIYKY JTONYCTHMHX CTapTOBHUX
PO3B'SI3KIB JIJIs IPUCKOPEHHSI Ta MOJIMIIEHHS MPOLEIYpH JOKaIbHOI onTuMizanii. s
neMoHcTpallii e(peKTUBHOCTI 3alPONOHOBAHOTO MIAXOJY MPEJCTaBICHI PE3yJbTaTH
oOYHuCIIeHb, SIKI JEMOHCTPYIOTh HOBY 3a/Jady NaKyBaHHsS g Ipyn OO'€KTiB, IO

BKJIFOYAIOTh EJIIICH, KOJIa Ta OMYKJI1 0araTOKyTHHUKH.
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[IpoananizoBaHo mpoOjeMy aHalli3y Ta MOJIETIOBAHHS POOOTH 3aJI3HUYHOTO

TepMIHAILY TIPU 3/I1MCHEHHI Omepalliil mepeBaHTaXXEHHsI KOHTEUHEPIB.

JocnimkeHo 3a1auy onTyUMi3allii Mpu3HaAYeHHs MOTAT1B Ha 3aIi3HUYHI KOJIi TPH
00poOLIl BaHTaX1B Ha 3a1i13HUYHOMY TepMiHail. [IpencrapieHo MaTeMaTHYHY MOJEIb
1 MeroJ po3B’si3aHHA. MaremaTuyHa MOJENIb OINHUCYE 3aJady B TepMiHaX
KOMO1HaTOpHUX KOH(DIrypalliif Ta BpaxoBye MpU3HAYEHHS MO13/11B Ha 3aJ13HUYHI KOJIii,
110 Y CYKYITHOCTI JTO3BOJISIE 3HU3UTHU PO3MIPHICTD 3ajaul Ta MIABUIIUTH €PEKTUBHICTD
il pO3B A3aHHS.

3anpomnoHOBaHO MIAX1J JJIsl MiABUIIEHHS €(pEKTUBHOCTI BUKOHAHHS Olepalliif
NepeBaHTaKEHHS KOHTEMHEPIB Ha 3aJ13HUYHOMY TepMiHali. BiAMOBIIHO 10 MIAXOTY
31MCHIOETHCS ONITUMI3aIlisl PO3MIIIIEHHSI KOHTEHHEPIB Ha 3aTI3HUYHUX IaTdopmax Ta
B 30HI 30€epiranHs Ha 3aji3HUYHOMY TepMiHaiil. [lo0y10BaHO MaTeMaTUYHY MOJENb Yy
BUTJISA/II 33724l KOMOIHATOPHOI ONTUMI3allii; MpoaHaIi30BaHO BIACTUBOCTI MOJENI.
HaBegeno  mpuknaan  po3paxyHKiB  €(EKTUBHOCTI  BHKOHAHHS  Olepariif
NepeBaHTaKEHHS KOHTEHHEPIB 3a JOMOMOTOI0 3alIPOTIOHOBAHOT MOJIEIII.

Hanmano pexkomenpanii 11010 BUKOPUCTAHHSI 3alpONOHOBAHUX B POOOTI
QJITOPUTMIB PO3B’SA3aHHS 3aJay 3aBaHTAKEHHA KOHTEHHEpPIB B MIiACHCTEMI
"[lmanyBaHHsT 3axoliB 1 MIATOTOBKa pimeHs" PerionanbHoi 1HGOpMAIIiHO-
aHAIITUYHOI NMIJCUCTEMU 3 Haa3BU4aiHuX cutyariii PIAIT HC.

[IpakTuHe 3HauY€HHsS pe3yJbTaTiB pPoOOTHU. 3ampoNOHOBAHI METOAM Ta
QITOPUTMU [JI PO3B’SI3aHHS 3aJlad ONTUMAJLHOTO 3aBaHTAXEHHS KOHTEHHEpIB
MOXYTh OyTH BUKOPUCTAHI1 IJIs MIABUIIEHHS €()eKTUBHOCTI JISNIBHOCTI TPAHCIIOPTHUX
koMmnaHid. OTpuMaHi pe3yJabTaTH WIOJ0 CYYaCHUX KOMII IOTEPHUX TEXHOJOT1H
(MaTeMaTHYHUX MOJIeNield, METOJIB, aJIrOPUTMIB Ta MPOTrpaMm), OPIEHTOBAHUX Ha
PO3B’sI3aHHS 3a/1a4 ONTUMAJIBHUX KOMIIOHOBOK Y TTPOEKTYBaHHI BUKOPUCTOBYIOTHCS B
OCBITHbOMY Mpolieci XapKiBCbKOTO HAI[IOHATBHOTO YHIBEPCUTETY PaJl0CICKTPOHIKH,
30KpeMa, y HaBYalbHIA JOucHMILIIHI «Mojeni Ta METOIM NPUUHATTSA pIlIEHb B
CUCTEMHOMY MPOEKTYBaHHDY JIJIsl 3400yBauiB APYroro (MaricTepCchbKOro) piBHs BUIIOL
OCBITH, PO 1110 cB1AUUTH akT (lonatok b).

Marepianu aucepTarlii J0CUTh TOBHO BUKJIAIEHO Y |8 HAyKOBHX Mpallsix aBTopa
3a TEMOIO AUCEepTallii, y TOMy 4YMCHi: 4 CTaTTi B XKypHajax, cepel Akux 1 crarts y

BUJIaHHI, BKJIIOYEHOMY [0 TEpeNiKy HAayKOoBUX (axoBUX BHJaHb YKpaiHU 3
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MPUCBOEHHSIM Kareropii “A” Ta 1HAeKcoBaHOMY 0a30i0 Scopus; 1 crarta y

NeploIMYHOMY HAyKOBOMY BHJaHHI 1HIIOI JepxkaBu (Kwurail), sike BigHEceHO A0
TPETHOT0 KBApTUJIS BiAMOBIAHO 0 ki1acudikaiii SCImago Journal and Country Rank,
Scopus; 1 crarTs y nepioguYHOMY HAYKOBOMY BUJIaHHI 1HIIOL IepxKaBu (€TUIIET), sIKe
BIIHECEHO JI0 APYroro KBapTuiis BiANOBiAHO 10 kiacudikamii SCImago Journal and
Country Rank, Scopus; 1 cTtarts y HayKOBOMY BHUJIaHHI, BKIIOYEHOMY JI0 MEPETIKY
HayKoBUX (DaxoBHX BHUJAHb YKpaiHU 3 MPUCBOEHHSIM Kateropii “B”; 2 po3ainu B
KOJIEKTUBHUX MOHOTpaisix, cepenl skux 1 po3nu1 y BUAaHHI Iep>KaBH, 110 BXOJIUTH J0
Opranizaiii  exkoHomiyHOTO criBpoOiTHUIITBa (CIIIA), sKke BIJHECEHO TPETHOro
KBapTuiIs BiAnoBiaHO 1o knacudikamii SCImago Journal and Country Rank, Scopus;
l po3pin y BuJaHHI JAepkaBu, MO BXOAUTh J0 OpraHizaiii €KOHOMIYHOIO
cniBpoOiTHuiTBa (IlIBeinapis), sike BIJTHECEHO YETBEPTOTrO KBAPTUIIS BIJMOBIAHO J0
kinacudikamii SClmago Journal and Country Rank, Scopus; Ta 12 — B marepianax
MDKHApOJIHUX KOH(DepeHiii, cepea HUX 4 0MOBi/1, 0 OMyOIIKOBaHI B MaTepiaiax
MDKHAPOJHUX HAYKOBHUX KOH(EPEHIiH, sIKl 1HAEKCYIOThCs 0a3010 Scopus.

KinrowuoBi cmoBa: kouteiiHep, 3D-00'ekTH, piBHOBaXXKHa KOMIIOHOBKA,
yHakyBaHHs, MeToJ phi-QyHKIIA, MaTeMaTHYHa MOJI€]b, KOMOIHATOpHA ONTHUMI3aLlis,

€BPUCTHKA, 3aJII3HUYHUN TepMiHAJ, IHTEPMO/IalIbHI MEPEBE3CHHS.

ABSTRACT

Urniaieva 1.A. Optimization problems of container loading: mathematical
models, solution methods and applications. — Qualifying scientific work on the rights
of the manuscript.

A Thesis for a Phylosophy doctor degree in the specialty 124 «System Analysis»
(12 — Information Technologies). — Kharkiv National University of Radio Electronics,
Ministry of Education and Science of Ukraine, 2020.

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.
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The thesis is a continuation of research conducted in the department of

Mathematical modeling and optimal design of the A.M. Podgorny Institute of
Mechanical Engineering NAS of Ukraine in the framework of the theory of geometric
design under the leadership of the corresponding member of the NAS of Ukraine Yu.
G. Stoyan.

The aim of the dissertation is to develop and analyze optimization models,
methods and algorithms to increase the efficiency of solving container loading
problems.

The object of study - the process of loading containers in complex technical
systems.

The subject of research is mathematical models, methods and algorithms for
solving problems of designing the optimal placement of goods of given shapes and
sizes in containers, taking into account geometric and mechanical constraints.

Research methods. The methods of combinatorial analysis, combinatorial
optimization, methods of geometric design to build mathematical models of
equilibrium container problems, in particular, the method of phi-functions to describe
the constraints of geometric objects (loads), heuristic methods for solving optimization
problems.

The scientific novelty of the dissertation is as follows:

1. For the first time, combinatorial configurations have been defined that allow
us to describe the combinatorial structure of the problem of optimal equilibrium
loading of 3D objects (cargoes) in a container divided by horizontal racks into
subcontainers.

2. For the first time, a mathematical model of the problem of optimal equilibrium
loading of 3D objects was built, which, unlike others, allows to take into account not
only the geometric constraints and balance of the system, but also combinatorial
features related to the generation of partitioning of objects inside subcontainers.

3. For the first time, a mathematical model was constructed in the form of a
nonlinear programming problem to optimize the layout of groups of objects (cargoes)
in a rectangular container, which allows the use of modern NLP-solvers to solve it.

4. For the first time, a fast method of generating feasible starting points for

speeding up the local optimization procedure and improving the value of the objective
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function in the problem of optimizing the layout of groups of objects (cargo) in a

rectangular container is proposed.

5. The strategies, models and methods for solving the problems of container
placement in the process of their overloading in terms of constructing a mathematical
model of the container placement problem at the railway terminal and taking into
account the geometric and technological properties for its solution, which makes it
possible to reduce the total cost of container operations at the railway terminal, were
further developed.

A system analysis of the problem of optimal loading of containers in different
areas of application was carried out. As a result, the following conclusions were made:

- container transportation is a subsystem of the global economic and geopolitical
system, which has a significant impact on world processes;

- container traffic tends to increase in quantity and technological development at
all levels - global, regional and local;

- optimization of container loading should be considered both at the stage of
performing container movement operations in the container terminal, and at the stage
of loading individual containers, which is a source of significant economic effect.

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 purpose of work and statement of tasks of research are formulated.

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
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optimization. This approach uses the principle of multistart to find "good" solutions.

The results of numerical experiments showed the effectiveness of the proposed
approach for the considered class of equilibrium layout problems.

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. Depending on the types of objective functions, shapes of
objects and containers, combinations of geometric and behavioral constraints, different
variants of the packaging problem can be created. 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. Objects are determined by their size and have the same shape for the
corresponding group. Each group is represented by a convex hull of objects that make
up this group. It is assumed that the two groups do not intersect each other if this is
done for their convex hulls, and the group belongs to a rectangular container if this is

true for the corresponding convex hull.
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New tools of mathematical modeling of groups that do not intersect and are

placed inside the container are proposed. The extension of the method of phi-functions
to convex hulls of groups of objects taking into account their variable forms and metric
characteristics is presented.

New quasi-phi-functions and phi-functions are presented. These functions do not
require the construction of a convex hull for each group. 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. To demonstrate the effectiveness of the proposed approach, the results of
calculations are presented, which demonstrate a new layout problem for groups of
objects, including ellipses, circles and convex polygons.

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. The mathematical model describes the
problem in terms of combinatorial configurations and takes into account the
assignment of trains on railway tracks, which together allows to reduce the dimension
of the problem and increase the efficiency of its solution.

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. Examples of calculations of
efficiency of performance of operations of reloading of containers using the proposed
model are given.

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 practical significance of the results of work. The proposed methods and

algorithms for solving the problems of optimal loading of containers can be used to
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increase the efficiency of transport companies. The obtained results on modern

computer technologies (mathematical models, methods, algorithms and programs)
focused on solving problems of optimal layouts in design are used in the educational
process of Kharkiv National University of Radio Electronics, in particular, in the
discipline "Models and methods of decision making in system design "for applicants
for the second (master's) level of higher education, as evidenced by the act (Appendix
B).

The dissertation materials are fully presented in 18 scientific works of the author
on the topic of the dissertation, including: 4 articles in journals, among them 1 article
in a publication included in the list of scientific professional publications of Ukraine
with category "A" and indexed Scopus database; 1 article in a scientific periodical of
another state (China), which is classified as the third quartile according to the
classification SCImago Journal and Country Rank, Scopus; 1 article in a scientific
periodical of another state (Egypt), which is classified as the second quartile according
to the classification SCImago Journal and Country Rank, Scopus; 1 article in a
scientific publication included in the list of scientific professional publications of
Ukraine with the assignment of category "B"; 2 chapters in collective monographs,
including 1 chapter in the publication of a state member of the Organization for
Economic Cooperation (USA), which belongs to the third quartile according to the
classification SCImago Journal and Country Rank, Scopus; 1 section in the publication
of a state member of the Organization for Economic Cooperation (Switzerland), which
is classified as the fourth quartile according to the classification SCImago Journal and
Country Rank, Scopus; and 12 - in the materials of international conferences, including
4 reports published in the materials of international scientific conferences, which are
indexed by the Scopus database.

Keywords: container, 3D-objects, equilibrium layout, packing, mathematical
model, phi-fuunctions technique, combinatorial optimization, heuristics, railway

terminal, intermodal transportation.
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