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AHOTAIIA

Kamene K. 1. Po3poOka meromy po3B’si3aHHs 3aJayl CKJIaJaHHS BaHTAKHOIO
IUIaHy KOHTEMHEpPOBO3Y 3 ypaxyBaHHSAM CTPYKTYPHHMX Ta OINEpaliiHUX OOMEKEHb. —
KBanidikarmiiina nHaykoBa mpairs Ha mpaBax pykomwmcy. [lucepramis Ha 3100yTTS
HAYKOBOTO CTYIEHsI TOKTOopa ¢inocodii 3a cnemianpHicTiO 271 — PiukoBuii Ta MOpChKUI
TpaHcnopT (rany3b 3HaHb 27 — Tpancnopt). — Hamionanenuii yHiBepcurer «Onecbka

MOpChKa akaaeMis» MiHicTepcTBa OCBITH 1 Hayku Y kpainu, Ogneca, 2022.

MacoBa KOHTeWHepu3allisi MepeBe3eHb € OJHIEI0 3 OCHOBHUX TEHIEHUIH, IO
BPaXOBYIOThCSI HAIIIOHAJILHOIO TPAHCIIOPTHOIO CTparteriero Ykpainu Ha mepiof mo 2030
poky. OpnHiero 3 11 uUIed € 30UIbIIEHHS YacTKU KOHTEHHEPHUX IIEPEeBE3CHb Ta
CTUMYJIIOBaHHS PO3BUTKY KOHTEHHEPHUX TEPEBE3CHb.

B Tto#i yac, xonu CBITOBUMH KOHTEWHEPHUN (DPIOT MPOJOBXKY€E 30UTBITYBATUCS B
po3Mipax 1 MICTKOCTI, caMi CyJHa BUTpayalOTh MEHILE Yacy B MOpTax Ha OOpoOKy
KoHTelHepiB. HemonaBHa manaemiss 3Mycuiia CyJHOIUIaBHI KOMIIAHII 3aCTOCOBYBAaTH
MOJIITUKY CKOPOYEHHS BUTpaT, $Ka BKJIOYAE 3MEHIICHHS 00’€MIB IE€pEeBE3CHb,
NpU3YNIMHEHHS! TOCTYT, TEepeHAnpaBleHHs CyIeH Tomo. Taki 3axoJud HaKIaJaroTh
JOJJaTKOBUHM THUCK Ha YIPaBIIHHS BaHTAXHUMH ONEpalisiMU 3 ypaXyBaHHSM THIIOBHUX
HIUTBHUX TPadiKiB KOHTEHHEPHUX CYJIEH.

Jlane [OCHITKEHHS TPUCBSIYEHE TMIABUIICHHIO €(QEKTUBHOCTI 3aBaHTAKCHHS
KOHTCHHEPHUX CYJICH MpH 3a0e3nedeHH] 0OMEKEHb 111010 MOPEeXiHOi Oe3MeKHu Ha eTarri
MiATOTOBKH MOMEPETHHFOTO BAHTAKHOTO TIIAHY.

TI'osi0BHOIO 3a1a4er0 TOCTIHKEHHS € PO3pO0Ka METOAY MIATOTOBKH BaHTAKHOTO
IUTaHY KOHTEWHEPHUX CYJIEH 3a MEBHUX OOMEKEHbD.

JUis 1i po3B’si3aHHs OyJiM BU3HAYEH1 Takl JOMOMIKHI 3aja4i:

1. Po3pobutn MaTremMaTHuHy MOJIETh, sika OM BpaxoByBajia oOpaHi KpuTepii.

2. O6paru Ta MOAM(DIKYyBaTH AJITOPUTMHU YKIJIa/IaHHS KOHTEHHEPIB BIJAMOBIIHO J10

00MEXEHb MOJIETI.



3. OnTtumizyBatu OTpUMaH1 PO3B’SI3KH 3a7a4l 3 PO3MIMICHHS BAHTAXIB y TPIOMI
1010 MMapaMeTPiB MOPEIIaBCTBA.

3amaua po3B’sI3yETHCS 3a JOMIOMOTOI0 OYyJIeBOi MaTEMaTUYHOI MOJIEN Y TIOE€THAHH1
3 EBPUCTUYHHUMH Ta METACBPUCTMUYHHMM METOJaMH, MaTeMaTH4YHa MOJEIb
NEPEBIPSAETHCS 32 JOMOMOI'O0 BUKOPUCTAHHS TOYHOTO METO.Y.

HayxoBa HOBU3HA JOCIIPKEHHS BU3HAYAE€THCS BUIIE3a3HAYCHOI0 MATEMAaTUYHOIO
MOJIEJUTIO Ta METOJIaMH, SIK1 BpaXOBYIOTh ITApaMETPH, HE OXOIJIEH] paHillie.

PobGora cknamaeTscsi 13 3MICTY, CHHCKY CKOpPOYEHB, BCTYIy, IIECTH PO3[LTIB,
BHUCHOBKY, CIIMCKY BUKOPUCTAHOI JIITEPAaTypH Ta JBOX JTOJATKIB.

VY po3ainy 1 po3risaarThes ICHYOUl TOCTIHKEHHS 1100 MOPCHhKOI Oe3neKku Ta
3arajgbHl HAmpsIMKA iX po3BHUTKY. Jlami po3ain MICTUTH OUTBbII TIMOOKWN aHami3
MaTeMaTUYHUX MOJIEJNe Ta METOMIB, 0 BUKOPUCTOBYIOTHCS JOCTIIHUKAMH IS
PO3B’s13aHHS IPOOJIEMHU PO3MOALTY KOHTEHHEPIB HAa OOPTY, Ta BUCBITIIIOE iX MEepeBaru Ta
Hegoniku. Ils mpobnema mae wazsy MBPP (Master bay plan problem — ocHoBHa
npoOiema Oel-iaHy), 1 B IaHUN 9ac € aKTyaJdbHOIO Ta YacTO PO3TJISATYyBaHOIO TEMOIO.
IcHyroul mocnipKeHHsT MOXHA PO3JUIMTH Ha JIBI KaTeropii: Ti, SKI HaMararThCs
MNOBHICTIO BUPIIIKUTU IPOOIEMY, Ta Ti, IO PO3AUISAIOTH 11 HA CKJIa/10B1 YACTUHHU.

B nmochimkeHHsX mepiioi Tpynmud BUKOPHUCTOBYIOTHCS MaTEeMaTH4HI MOJENI Ta
QITOPUTMHU, IO PO3TATYXKYIOThCS, JJIsl TOCATHEHHs iX Luield. B mociimkeHHsx apyroi
rpynu 3ajava 3a3BU4Yail MOAUISIETHCS HA /1Bl YaCTUHU. B mepmiiil yacTuHi KOHTEHHepU
PO3MOAUIAIOTECS 1O MEBHUX KIACTEpax, a B APYrid BU3HAYAIOTHCS KOHKPETHI MO3MUIIII
KOHTEHHEPIB y TAKUX KJacTepax.

Po3nin 2 mnpucBsYeHU BU3HAYEHHIO METOMAOJOTII JochipkeHHa. B Hbomy
BU3HAYAETHCS BHOIp HANPSIMKY AOCHIIKEHHS, (DOPMYJIOETbCSI OCHOBHE 3aBJIaHHS Ta
po3noAUT KOro Ha JONOMDKHI 3aBAaHHSA. Y pPO3AUly 2 TakoX NepeiiyeHl
BUKOPUCTOBYBAH1 METO/IH.

Po3min 3 mnpucBsueHuil BHIlE€3a3HAYEHIA MaTeMaTH4Hii Moneni. B Hbomy
aHATI3YIOThCA CTPYKTYpHI Ta €KCIUTyaTalliiiHi oOMEXEeHHs CyJeH Ta KOHTEHHEpIB, a

TaKOX BUMOTH JI0 Cerperarii HeOe3MeUHUX BaHTaXIB. Y IIbOMY PO3/IiJ1l MpeacTaBlIeHa
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rHydka OyJieBa MaTeMaTW4yHa MOJIENb, SKa CKJIAJIA€ThCA 3 BOCBMHU HEPIBHOCTEH, IO
OXOIUIIOIOTh BHM3HAYEH1 OMNEpauliiHi Ta CTPYKTYpHI OOMEXKEHHsS 1 3a0e3NnedyroTh
HACTYIIHE:

1. Yci HeoOXiaH1 KOHTEHHEPH 3aBaHTAXKYIOThCS 3 YpaxXyBaHHSIM iX BUIB Ta THUIIIB
BAHTAXIB.

2. XKonHi 1Ba KOHTEHHEPH HE 3aiMarOTh OJIHE 1 TE X MICIIE.

3. FEU (forty-foot equivalent unit) konteitnepu 3aiimaroTh 1Ba TEU (twenty-foot
equivalent unit) CJIOTH y BAHTa)KHOMY HPOCTOPI.

4. TEU xonTeliHepu He MOKHA 3aBaHTaxyBaTu noBepx FEU konTelinepis.

5. FEU koHTeliHepu HE MOKHaA 3aBaHTaXyBaTH moBepx /Box cTekiB TEU pi3zHoi
BHCOTH.

6. Sx TEU, tak 1 FEU xoHTeiHepH, MOXKYTh OyTH PO3MIIICH] TUTBKHM HaJ 1HITUMU
KOHTeHepamu, a00 Ha maixyOi CyJHa; BOHU HE MOXYTb MAPUTH y TOBITPI.

7. KonteliHepu, sKi MICTATh HeOe3medHi BaHTaxi, oxorieHi Koaekcom IMDG
(International maritime dangerous goods code), HaJleXHUM YHUHOM CETpEroBaHi
BIJIMOBIHO /10 TIPaBUIL.

[Ticnst BUBHAUEHHS MOJIEIII IPOMIOHYETHCS METO/1 IEPETBOPEHHSI 00OMEKEHb MOJIEI
B MaTpuuHy ¢opmy. Merosa 3acHOBaHM HA MOJAU(PIKOBAHOMY aJITOPUTMI COPTYBAJIBLHOI
cranmii E. JleiikcTpu Ta BpaxoBy€ KOHKPETHI 3HAYECHHS MapaMeTpiB MOJENI, TakKi SK
PO3MIpH CyJIHA, KITBKICTh KOHTEHHEPIB Ta 1H.

3aKiIr0yHa YacTWHA PO3AULYy NPHUCBSYEHA MEPEBIpLI MOJENI 3a JIOMOMOIrOI0
TOYHOTI'O0 METOAY, 3aCHOBAHOTI'O0 Ha METOJI T1JIOK Ta rpaHuilb. YucenbHUN eKCIIepUMEHT
HAaBMHCHO YCKJIQJHSETbCS IUIAXOM IITY4YHOrO BHOOPY cCHUTyalli 3 KOPCTKUMHU
0OMEKEHHSMH, SIKa BUMArae Jy»e JIIMITOBaH1 MO3MIliT PO3MIIICHHS KOHTEHHEPIB.

Y po3gity 4 npeiacraBieHU METOJA PO3B’SI3aHHS PO3IJIAIYyBaHOI 3aaadi
BUKOHAHHS OOMexeHb. [licisi OIiHIOBaHHS ICHYIOYMX AQJITOPUTMIB JJIi BUKOHAHHS
3aBAaHHs OyJI0 0OpaHO TEHETUYHUN aITOPUTM.

3anponoHOBaHO CHOCIO KOJyBaHHSA PO3B’S3KIB ISl €(EKTUBHOTO BUKOHAHHS

CXPEILICHHS Ta CEJIEKIIIi.



[IpononyeThest piTHEC-DYHKIIIS, KA BPaXOBY€E 3arajbHy KUIbKICTh HEMPaBUIBHO
PO3MILLIEHUX KOHTEHHEPIB /JIs1 KOXKHOT HEPIBHOCTI MOJIEI.

Takox 3amponoHOBaHO (PYHKIIIO CXPEIICHHS, SKa BUKOPHCTOBYE MOBHUN HaOIp
KOOpJAMHAT PO3B’SI3KIB, 110 Uepe3 crnerudiky 3aaadi J03BOJISE YHUKATH PO3B’SI3KiB, 1110
HE MalOTh MPAKTUYHOTO CEHCY.

Buxopucranss TypHIpHOTO BiA0OPY 3yMOBJICHO HEIOIKAMU 1HIIMX METOIIB TIPH
PO3B’s13aHHI TOCTABJIEHO1 3a/1aui.

BpaxoBytoun Bci Buie3a3HaueHi QyHKIIi1, TPOMOHYETHCS TEHETHUHUN alTOPUTM
CTaI[lOHAPHOIO CTaHY JJIsi PO3B’SI3aHHS MOCTABIICHO1 33/1a4l BUKOHAHHS OOMEXKEHb.

Po3nin S npucBsiueHuil aHaiizy MOpeXiJIHUX BIACTUBOCTEN Cy/IHA, IKU BPaXOBY€
BUMOTH JI0 TapameTpiB ocTiiiHocTi, nependadeni IMO (MixnapoaHa MoOpcChbKa
oprasi3ariisi), MiCIIeBOi Ta MMO3J0BXHbOT MIIIHOCTI, TU(PEPEHTY Ta KPEHY.

Y upoMy po3aull  OpeAcTaBICHO PO3poOJeHMM METOJ, 3aCHOBaHUW Ha
TEHETUYHOMY aJTOPUTMI, IKUH JT03BOJISIE ONTUMI3YBAaTH TTapamMeTpu MopexigHocti. Jlis
TOTO, 100 PO3B’SI30K 3aJMIIABCA HE3MIHHHUM IOJA0 OOMEXEHb MAaTEMAaTHUYHOI MOJEI,
QITOPUTM BUKOHY€ Juuie OOMIH KOHTEMHEpPIB 3 OJHAKOBUMH I1apaMeTpamu.
[IponioHyeTbcsi THy4Yka (YHKIlISI JOMACOBAHOCTI JUIsi BHOOpPY HAWOIIBII MPUIATHHUX
PO3B’A3KIB Y 3aJIEKHOCTI B1J KOHKPETHUX BUMOT PEiiCy.

3 MeTOI0 MiHIMI3aIlli BUTpAT Yacy, HeOOXiTHOTO JUIsl PO3MIIICHHS] KOHTEIHEPIB 32
aJIrOPUTMOM, ONUCAHUM Y o3Il 4, OyB pO3po0IeHUN METO MOYaTKOBOTO PO3MIIIICHHS
KOHTEeIHepiB. 3 1i€ro MeToro Oya po3polieHa GyHKINS OLMIHKA TPUIATHOCTI TOCTYITHUAX
NO3ULINA JIJIT KOXKHOTO HEPO3TAIIOBAHOTO KOHTEMHEPY, SIKa BPAXOBYE SIK OOMEKEHHS
MOJIeJ, TaK 1 MapaMeTpu MOPEIJIaBCTRA.

Po3ain 6 mpucBsiueHMid iMITAIITHOMY MOJCIIOBAHHIO JIJISl aHAIi3y pe3yJIbTaTiB
nonepeaHix po3aAunB. IMiTaliifHe MOJICIOBAaHHS BUKOHYETHCS 3 BUKOPHCTaHHSIM
pearbHUX CYOHOBHUX MJAaHMUX, IO JO3BOJSE TEPEBIPUTH TMPAKTUYHE 3aCTOCYBaHHS
po3po0IeHOT MOJIENI Ta PO3POOICHIX METO/IB.

CrnoyaTKky BHUKOHYEThCA TMOCIIJOBHE 3aBaHTaXXEHHS 4 mapTidi KOHTEWHEpIB,

OpPU3HAYEHUX I 4 TOPTIB, ONTHUMI3YIOUM KOXKEH KpPOK Uil JAOCATHEHHS Oa)KaHWX
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nmapamMeTpiB  MOpEIIaBCTBa.  EKCnepuMeHT Toka3aB  €(deKTHBHICTh  METOJIB,
NpeACTaBICHUX y pO3aiii 5.

JHam Oysio 00paHO KOHKPETHUI BUIIAJO0K, 1110 BUMaraB BUKOPUCTAaHHS aJlrOPUTMY,
onucaHoro B po3ault 4 maHoi pobotu. BukopuctaHHs po3poOJIEHOTO aIrOPUTMY
MOKa3aja0 3aJ0BUIbHI (BIAMOBIAHO JI0 MAaTeMaTU4YHOI MOJENl) pe3yibTaTH, IIO0
M1ATBEPKYIOTh MPUIAATHICTH MOJIEII Ta METOY.

Hapemti, HOBUII pO3B’SI30K OyJI0O ONTHUMI30BAHO, HaAall MiATBEPIKYIOUH
e(pEKTUBHICTH AITOPUTMY, IPEICTABICHOTO B PO3ILIL 5.

Po3B’s13aHHS OCHOBHUX Ta JIOMOMDKHUX 3a]1a4 MPU3BENIO A0 HAYKOBOT MO3HUIIIT, AKY
MOKHa C(HOpMYITIOBaTH TaKUM YMHOM: MIATOTOBKA IUIaHY YKJIaJaHHS KOHTEHHEPHUX
CyJleH MOKe OyTH BJIOCKOHAJIEHA 3a JOMOMOI0I0 YTOUYHEHOI MaTeMaTHYHOT MOJIENI.

JIOCSTHYTO HACTYIHI HAYKOBI PE3yJIbTATH:

- Po3pobiieHo BrockoHaneHy OyieBy MaTeMaTUYHY MOJIEb, IO OXOIUIIOE
CTPYKTYPHI Ta €KCILTyaTaIiitHi 0OMeXeHHS,

- 3anpoIlOHOBAaHO METOJl PO3B’S3aHHS PO3IJISIYBAHOI 3a7adyl BUKOHAHHS
00MeKEeHb 11010 PO3MIIIICHHS! KOHTEHHEPIB HAa OOPTY CyHA;

- Po3pobrmeno Meron onTumizaiii  pO3MIMIEHHS KOHTEHWHEPIB  IOJ0
napaMeTpiB MOPEIIaBCTBA, SIKUi BUKOPUCTOBYE Bary, MOpT MpHU3HAYCHHS,
TUI 1 KJIac HEOE3NEeYHOro BaHTaXy KOXKHOI'O OKPEMOIo KOHTeWHepa Ta
BIJIPI3HSAETHCSI MOKJIMBICTIO BUKOPUCTOBYBATU THYUYKY ILUIBOBY (DYHKIIIIO,
sKa MOXe MOAU(IKYBATUCS 100 OKPEMHUX MapaMeTpiB MOpPEIIaBCTBa Y
3QJIEKHOCTI BiJl 0COOJUBOCTEH KOHKPETHOTO PEHCY;

- 3anporoOHOBAaHO METOJl IOYaTKOBOTO PO3MILIEHHS KOHTEHHEpIB 3
ypaxyBaHHSIM CTPYKTYPHUX Ta EKCIUIyaTallliHUX OOMEXKEeHb, a TaKOX
napameTpiB MOPEIIaBCTBA.

[IpakTHyHa LIHHICTH JOCIIJKEHHS NOJIATa€ y IOTEHUIHHOMY BHKOPHCTAHHI
pe3yibTaTiB IS CKIAJaHHS BaHTAXHOTO TUIAHY KOHTEWHEPHUX CYJZIEH, MPU PO3poOIli
IpOrpaMHOTo 3a0e3MeueHHs s 3aBaHTAXCHHSI KOHTEHHEPHHUX CYJCH, Y HaBUYATbHOMY

npoiieci Ta Uil HiABUILCHHS KBamidikalii TypMaHiB.
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ABSTRACT

Kamieniev K. I. Method development for solving the task of preparing a
containership stowage plan considering structural and operational constraints. —
Manuscript.

Thesis for a Philosophy doctor degree (PhD) in specialty 271 — River and sea
transport (branch of knowledge 27 — Transport) — National University “Odessa Maritime
Academy” of the Ministry of Education and Science of Ukraine, Odesa, 2022.

Global containerization of transportations is one of the main tendencies taken into
account by the Ukrainian national transport strategy for the period until 2030. One of its
aims 1s to increaze container transportation volumes and stimulate development of
container transport.

As the world’s container fleet continues to grow in size and capacity, the ships
themselves spend less time in ports per container. The recent pandemic caused shipping
companies to apply cost cutting policies, which include reducing capacity, suspending
services, re-routing vessels and similar. Such measures apply additional pressure to cargo
operations management considering the typical tight schedules of containerships.

roigoThe research is devoted to improving maritime shipping efficiency while
satisfying safety constraints via optimizing the preloading stowage plan preparation.

The main task of the research is to develop a method for preparing a
containership stowage plan under specified constraints. In order to solve it, it has been
broken into the following auxiliary tasks:

1. To develop a mathematical model that would take into account chosen criteria.

2. To select and modify algorithms for stowing containers under the model’s

constraints.

3. To optimize the model’s solutions for seaworthiness parameters.

The task is accomplished using a Boolean mathematical model in conjunction with

heuristic and metaheuristic methods, the model is then checked using an exact method.
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The scientific novelty in the research is determined by the mathematical model and
methods mentioned above which consider several parameters not covered before.

The thesis consists of a table of contents, list of abbreviations, introduction, six
chapters, conclusion, list of references and two annexes.

Chapter 1 examines existing research regarding maritime safety and general
directions of its development. Furthermore, it contains a deeper analysis of the
mathematical models and methods used by researchers for solving the problem of
allocating containers onboard and highlights their advantages and flaws. The problem has
been named MBPP (Master bay plan problem) and it is currently highly studied topic.
Existing studies can be divided into two categories: those trying to solve the problem in
full and those dividing it into smaller tasks.

The first category of studies uses mathematical models and branching algorithms
to reach their targets. The second category studies are normally separated into two groups.
The first group allocates sets of containers inside certain clusters while the second
determines specific container positions within such clusters.

Chapter 2 focuses on determining the research’s methodology. It includes
selecting the research direction, formulating the main task and dividing it into auxiliary
tasks. It also lists the methods used.

Chapter 3 is devoted to the abovementioned mathematical model. It analyses
structural and operational constraints of vessels and containers and also segregation
requirements for dangerous goods. The chapter presents a flexible Boolean mathematical
model consisting of eight inequalities covering those operational and structural
constraints that ensure the following:

1. All the necessary containers have been loaded considering their types and kind

of goods.

2. No two containers occupy the same spot.

3. FEU (forty-foot equivalent unit) containers occupy two TEU (twenty-foot

equivalent unit) slots in the cargo space.

4. TEU containers cannot be loaded on top of FEU containers.

5. FEU containers cannot be loaded on top of two TEU stacks of different heights.
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6. Both TEU and FEU containers can only be located either on top of other

containers or the ship’s deck; they can’t be suspended in air.

7. Containers containing dangerous goods covered by IMDG Code are properly

segregated according to regulations.

After specifying the model, a method for transforming it to a matrix form is
proposed. The method is based on a modified shunting-yard algorithm and considers
specific values of the model’s parameters, such as a ship’s dimensions or containers
numbers.

The final part of the chapter is devoted to checking the model using an exact
method based on a branch-and-bound algorithm. The numerical experiment is specifically
complicated by artificially selecting a situation with strict constraints dictating very
limited container placement options.

Chapter 4 presents a method for solving the constraint satisfaction problem. After
weighing available options, a modified genetic algorithm was selected to perform the
task.

A solution coding method is presented which allows to effectively perform
crossover and selection.

A fitness function is proposed that takes into account the total number of wrongly
placed containers per inequality.

A crossover function is proposed that uses full sets of solutions’ coordinates which,
because of the task specifics, cuts nonsensical solutions.

A tournament selection is used due to other methods’ disadvantages for the task.

Considering all of the abovementioned functions a steady-state genetic algorithm
is presented for solving the constraint satisfaction problem.

Chapter 5 is devoted to analyzing a vessel’s seaworthiness. It considers stability
parameters requirements mandated by the IMO (International Maritime Organization),
local and longitudinal strength, trim and heel.

A method based on a genetic algorithm is developed allowing to optimize a
solution’s seaworthiness parameters. In order to keep the solution unchanged regarding

the mathematical model, the algorithm operates via only swapping containers with the
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same parameters. A flexible fitness function is proposed for selecting the fittest solutions
based on specific voyage requirements.

In order to minimize the time needed for placing the containers by the algorithm
described in Chapter 4, a method of initial container placement was developed. For that
purpose, a function assessing available positions’ fitness per unlocated container was
developed which takes into account both the model’s requirements and seaworthiness
parameters.

Chapter 6 is devoted to simulation modelling for analyzing the previous chapters’
results. It is performed using a real ship’s data which checks the developed model’s and
methods’ practical application.

First a consecutive loading of 4 container consignments destined to 4 ports is
performed, optimizing each step to achieve the desired seaworthiness parameters. The
experiment showed effectiveness of the methods presented in Chapter 5.

After, a specific case was selected requiring usage of algorithm described in
Chapter 4 of the thesis. Using the algorithm showed satisfactory (as per mathematical
model) results confirming the model’s and the methods’ applicability.

Finally, the effectivness of the algorithm presented in Chapter 5 was further
confirmed by optimizing the new solution.

Solving the main and auxiliary tasks has resulted in a scientific position which can
be formulated as the following: preparing a containership stowage plan can be improved
using a refined mathematical model.

The following scientific results have been achieved:

- The development of an improved Boolean mathematical model covering

structural and operational constraints

- A method for solving the container placement constraint satisfaction problem

has been proposed

- A proposal of a method for further container placement optimization

considering seaworthiness parameters has been developed

- A method for initial containers placement considering structural and operational

restrictions as well as seaworthiness parameters has been proposed
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The practical value of the study consists of its results’ potential usage in stowage
planning optimization, developing containership loading software, educational process
and for advanced training of navigators.

Keywords: containership, stowage planning, stowage plan optimization, Boolean

mathematical model, dangerous goods, genetic algorithm.
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