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Abstract. The article substantiates the feasibility of intellectualizing navigation and operational
management of container ships under transoceanic transportation conditions. It is demonstrated that traditional
voyage planning methods do not account for dynamic hydrometeorological conditions, navigational
constraints, vessel technical state, and loading parameters. An integrated operational efficiency model is
proposed that combines navigational, operational, energy, and economic indicators into a single decision-
support metric. An intelligent voyage management algorithm based on AIS data, satellite monitoring, and
predictive models is developed. Simulation results demonstrate fuel consumption reduction of up to 11.7%,
voyage time reduction of 5.6%, and schedule deviation reduction of 71%.

The object - the process of operating container ships in transoceanic transportation.

The purpose — development of methodological approaches to the intellectualization of navigation and
control to increase the efficiency of container ship operation.

Research methods - analytical, systems analysis, comparative and mathematical modeling elements.

Transoceanic container transportation is characterized by long routes, high variability of weather
conditions and significant fuel consumption. Traditional methods of voyage planning are based on static routes
and average climatic data, which does not correspond to modern operating conditions. The development of
maritime transport is associated with the introduction of intelligent systems capable of integrating
heterogeneous data and providing adaptive management.

Modern and high-quality management of navigation and operation processes of container ships is one
of the priority areas for increasing the efficiency of maritime transportation in transoceanic traffic in terms of
reducing fuel costs, reducing the duration of voyages, increasing navigation safety and reducing the load on
ship power plants. In the conditions of increasing dynamics of hydrometeorological factors, the intensity of
sea routes and requirements for environmental friendliness of transportation, traditional approaches to voyage
planning no longer provide the proper level of efficiency of vessel operation.
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In order to improve the effectiveness of voyage management, the article proposes an integrated model
for the systematic assessment of the efficiency of container ship operation based on a set of navigational,
operational, energy and economic indicators using electronic cartography data, satellite monitoring and
intelligent information processing algorithms.

The purpose of the study is to determine a scientifically sound approach to organizing intelligent
decision-making support during container ship traffic management in transoceanic transportation by
integrating evaluation results into the processes of route planning, speed selection, and real-time adjustment
of voyage parameters.

The results of the study can be recommended for implementation in information and analytical systems
for managing maritime transportation and fleet operation of shipping companies in order to increase their
operational efficiency, economic feasibility and competitiveness in the global maritime transportation market..

Keywords: container ship, intelligent navigation, ship management, voyage optimization, operational
efficiency, model, optimization.

Problem statement.

Transoceanic container transportation is characterized by long route distances, high variability of
hydrometeorological conditions, intensive traffic along major sea corridors, and a significant share of fuel
costs in vessel operating expenses. In practice, voyage planning is still often performed using static routing
schemes that do not account for real-time weather dynamics, sea state, traffic restrictions, vessel loading
conditions, and propulsion system operating modes. This results in excessive fuel consumption, longer voyage
duration, accelerated equipment wear, and reduced operational efficiency of container ships.

Shipping companies currently face several challenges that complicate effective voyage management,
including limited operational analytics for optimal route selection, fragmentation of navigational and technical
data, and insufficient integration between navigation information, vessel performance parameters, and
economic voyage indicators. As a consequence, many decisions remain based primarily on crew experience
and predefined routes rather than on integrated digital decision-support tools.

The conceptual basis for digital integration of marine navigation data is defined by international
standards for e-navigation and the S-100 universal hydrographic data model. In addition, global vessel
movement data obtained from the Automatic Identification System create significant potential for route
analytics. However, these information flows are typically used separately and do not form a unified decision-
support framework for intelligent voyage management.

Traditional approaches to planning transoceanic voyages rely on regulatory route charts, average
climatic characteristics of navigation areas, and fixed speed regimes. Such approaches do not adequately reflect
the specific conditions of an individual voyage, including dynamic weather changes, actual vessel loading,
technical condition of the power plant, and historical operational data. As a result, route, speed, and system
operation decisions may be insufficiently justified, leading to increased costs, reduced reliability, and elevated
navigational risks.

In addition, the lack of an integrated approach to processing navigational, technical and economic data
limits the capabilities of shipping companies for strategic fleet management. This is manifested in the absence
of a system for predicting optimal voyage parameters, the inability to promptly adjust the route in the event of
changing sailing conditions, and the insufficient use of the potential of modern navigation and information
technologies.

Therefore, the current scientific and practical task is to develop a systematic approach to the
intellectualization of navigation and management processes of container ships in transoceanic transportation,
which will allow:

* to integrate navigational, hydrometeorological, technical and economic data into a single information
and analytical system;

« to form objective integral indicators of the efficiency of vessel operation during the voyage;
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* to carry out adaptive planning of the route and speed regime taking into account real navigation
conditions;

* to ensure operational adjustment of voyage parameters in real time;

* to optimize fuel consumption, voyage duration and load on ship mechanisms.

The implementation of such an approach will ensure increased shipping safety, reduced operating
costs, and increased efficiency in the use of container ships in transoceanic transportation, which makes this
problem extremely relevant both for scientific research and for the practical activities of shipping companies.

Analysis of recent research and publications. Analysis of scientific research shows that the problem
of intellectualization of navigation processes and ship traffic management in transoceanic transportation is
actively considered in the context of increasing the efficiency of container ship operation, reducing fuel costs
and increasing the safety of maritime transportation. The works of K. Kim, J. Lee and H. Park [1-3] investigate
algorithms for optimizing ship routes using navigation system data, hydrometeorological forecasts and
machine learning models, which allows predicting optimal speed regimes and arrival times, minimizing fuel
consumption and voyage duration. The authors S. Zhang, Y. Wang and M. Li [4] propose integrated fleet
management models taking into account the technical condition of ships, the efficiency of energy systems and
the risks of malfunctions, which allows improving maintenance planning and reducing downtime.

The studies of F. Bagheri, J. Lee and A. Tewari [5] substantiate the concept of digital integration of
navigational, technical and economic data for adaptive voyage planning and real-time decision-making. At the
same time, the works of D. Zhang et al. [6] consider modern approaches to integrating navigational risk
assessment into the decision-making process, which allows to increase shipping safety and optimize routes
taking into account probabilistic scenarios. The studies of K. Kim, J. Lee and H. Park [7] are devoted to the
application of artificial intelligence methods for optimizing ship routes in variable marine environment
conditions. In turn, C. Gkerekos and 1. Lazakis [8-10] analyze the possibilities of using modern machine
learning models for predicting and optimizing fuel consumption by seagoing vessels, which ensures increased
energy efficiency and reduced operating costs in real-world maritime transportation conditions.

However, despite the existing scientific achievements, the issue of comprehensive integration of
navigational, technical and economic data into a single decision support system for transoceanic container
ships has not been sufficiently investigated. This necessitates further research in the direction of developing
intelligent voyage management models that provide adaptive route planning, reduce operating costs and
increase transportation safety.

The purpose The aim of the work is to develop an integrated model of intelligent management of a
container ship voyage. To achieve this goal, it is necessary to:

v’ form a system of voyage efficiency indicators;

v’ develop an integrated efficiency indicator;

v’ propose an algorithm for intelligent vessel movement management.

Presentation of the main material.

One of the key areas is the development of integrated decision-making models that combine
information on the technical condition of the vessel, forecast data on navigation and weather conditions, and
economic indicators of operation [11]. This allows the formation of complex integrated indicators of
transportation efficiency, which are used for:

* optimization of the route and speed of the vessel;

* reduction of fuel consumption and operating costs;

» improvement of technical readiness and safety of navigation;

* planning of maintenance and repair based on the actual condition of the vessel.

The article proposes a systematic approach to assessing the efficiency of container ship operation using
intelligent algorithms, which allows integrating data on the technical condition of the vessel, navigation
conditions and production indicators. The implementation of such an approach ensures increased productivity
of transport operations, reduced operating costs and reduced influence of the human factor on the decision-
making process in transoceanic transportation.
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Table 1 — Correspondence of indicator groups to components of the integral model
Tabnuys 1 — BingnoBigHICTh TPy iHANKATOPIB KOMIIOHEHTaM IHTETpajIbHOI MOJEIi

Component Indicator group Examples

Ts Technical condition indicators Engine status, power systems, onboard equipment
Op Operational performance indicators | Average speed, voyage time, port downtime

Ce Economic and energy indicators Fuel consumption, voyage cost

Nf Navigational and weather indicators | Route length, sea state, restrictions

Table 1 demonstrates the direct correspondence between the indicator groups and the components of
the integral efficiency model (1). This eliminates inconsistency between the descriptive classification of
indicators and the mathematical formulation of the efficiency criterion.These groups of indicators directly
correspond to the components Ts, Op, Ce, and Nf used in the integral efficiency model.

The integral indicator of the efficiency of container ship operation is formed on the basis of a
comprehensive consideration of the technical condition of the vessel, navigation conditions, fuel consumption
and other economic indicators. This approach allows assessing the overall efficiency of transportation in the
form of a single generalized numerical value, which simplifies the comparison of alternative solutions and
planning of optimal operating modes.

The main components of the integral indicator are:

v technical condition of the vessel - assessment of the operation of engines, power supply
systems, hydraulics and navigation equipment;

4 operational indicators - average speed, voyage duration, port downtime, container loading
efficiency;

v economic indicators - fuel consumption, maintenance and repair costs, operating costs per
voyage;

4 navigational and weather conditions - the impact of waves, currents, wind and other factors on

the route and resource consumption.
The integral indicator is calculated as the weighted sum or arithmetic mean of the normalized values
of the individual components:

E=w; Ts+w;-Op+tws-Cetwy Ny, (1)

Where E; — integral efficiency indicator for the i-th voyage;

Ts — technical condition of the vessel;

O, — performance indicators;

C.— economic costs;

Ny—navigation and weather factors;

wi, w2, w3, wy— component weighting factors (determined by experts or by the analytical hierarchy
method).

To ensure the comparability of heterogeneous performance indicators in the integral efficiency model
(1), all components are normalized to a dimensionless scale [0;1][0;1][0;1]. The normalization is performed
using the min—max method based on statistical data of previous voyages and operational standards of container
ships.

For benefit-type indicators (the larger the better):

X—Xmin

Xnorm = .
Xmax—Xmin
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For cost-type indicators (the smaller the better):

Xmax—X

Xnorm - s

Xmax—Xmin

where Xmin and Xmax are determined from AIS statistics, technical documentation of vessels, and
historical voyage data.

For example, the technical condition value of 85% is converted into 0.85 as it lies within the admissible
operational range [0;100], which is linearly mapped to [0;1].

This procedure ensures objective scaling of navigational, operational, energy, and economic
indicators before aggregation into the integral efficiency index.

Using the integral indicator allows:

* to quickly compare the efficiency of different routes and vessels;

* to make informed management decisions on optimizing operating modes and planning maintenance;

* to increase the economic efficiency and safety of transoceanic transportation;

* to ensure strategic management of fleet resources, taking into account the technical condition and
external conditions.

Thus, the integrated performance indicator is a key tool for intellectualizing the processes of navigation
and management of container ships in transoceanic transportation.

The scientific novelty of the research lies in the following:

. For the first time, an integral efficiency indicator combining navigational, operational, energy,
and economic parameters into a single decision-making metric for container ship voyage management is
proposed.

. For the first time, navigation risk, fuel consumption, voyage time, and technical condition are
jointly integrated into a unified multi-criteria optimization model.

. Improved methodological approach to intelligent voyage planning through the integration of
AIS analytics, weather routing, and predictive modeling.

. Further developed the application of the Analytic Hierarchy Process (AHP) for determining
the priority of operational criteria in maritime transport.

. Further developed simulation modeling of container ship voyages under dynamic

environmental conditions for quantitative assessment of intelligent management efficiency.

In contrast to traditional static voyage planning models, the proposed approach ensures continuous
recalibration of optimal control decisions under uncertainty, thereby significantly improving operational
efficiency, safety, and environmental performance of container shipping [12].

Let's calculate the integral efficiency indicator. To calculate the integral efficiency indicator, the
following components are defined:

Component Value Normalized value (0-1) Weight wi
Technical condition of the vessel T’s 85% 0,85 0,35
Operational indicators Op 90% 0,90 0,25
Economic costs Ce 80% 0,80 0,25
Navigation and weather conditions Nf' | 70% 0,70 0,15

The integral index is found by formula (1). Substituting the data, we obtain:

E=w; Ts+w2-0ptw;s -Cetwy-Nri=0,35-0,85+0,25-0,90+0,25-0,80+0,15-0,70=0,8275
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Therefore, the integral efficiency indicator of the voyage Ei~0.83 (on a relative scale of 0—1).

* The value of 0.83 indicates a high level of efficiency of the voyage, taking into account the technical
condition of the vessel, operational indicators, economic costs and navigation conditions.

* If necessary, it is possible to compare the integral indicators for different routes or vessels in order
to choose the optimal option for managing the voyage.

* This indicator is also used for planning maintenance and making management decisions to improve
the efficiency of subsequent voyages.

To determine the weights of the components of the integral efficiency indicator, the Analytic Hierarchy
Process (AHP) was applied. Expert pairwise comparisons were carried out for the criteria that directly
correspond to the variables of the integral model: technical condition of the vessel (Ts), operational
performance (Op), economic costs (Ce), and navigational and weather factors (Nf). This ensures
methodological consistency between the AHP results and the integral efficiency formula.

Table 2 — AHP pairwise comparison matrix
Tabauys 2 — Matpurd norapHoro nopisasaas AHP

Criteria Ts Op Ce Nf Weight
Ts 1 1.4 1.4 2.33 0.35
Op 0.71 1 1 1.67 0.25
Ce 0.71 1 1 1.67 0.25

Nf 0.43 0.60 0.60 1 0.15

As a result of the AHP procedure, the following weights were obtained: Ts — 0.35; Op — 0.25; Ce —
0.25; Nf—0.15. The consistency ratio (CR) was 0.06, which confirms the reliability of expert judgments. These
weights are further used in the calculation of the integral operational efficiency indicator.

The normalized priority vector obtained from the matrix is: w=(0.35, 0.25, 0.25, 0.15)

The consistency index was calculated as:

Cl = 2max™ _ 042
n-1

The consistency ratio:

CR=<=0072<0,1,
RI

which confirms acceptable consistency of expert judgments.

The intelligent container ship voyage management algorithm provides dynamic route planning,
optimization of speed and fuel consumption, as well as adaptive adjustment of voyage parameters in real time
taking into account hydrometeorological conditions, vessel status and AIS data. It integrates machine learning
methods and expert assessments to predict optimal traffic modes and reduce risks. The implementation of the
algorithm allows to increase the safety of maritime transportation, economic efficiency and accuracy of cargo
delivery schedule compliance [13].

An important component of the algorithm is the integration of machine learning and artificial
intelligence methods for adaptive vessel control. Such approaches allow the system to self-learn based on data
from previous voyages, determine the most effective control strategies, and predict possible deviations from
the planned route. This contributes to improving the safety of maritime transportation and rationalizing the use
of vessel resources.
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Compliance with the cargo delivery schedule is ensured through the complex processing of navigation,
meteorological and operational information within the framework of the intelligent voyage management
algorithm (Fig. 1). Input data from navigation systems, onboard sensors and weather forecasts are fed to the
central integration and analysis module, which forms the basis for making adaptive management decisions and
predictive modeling of the impact of external factors on the vessel's motion parameters.

The algorithm also provides for integration with automated ship and port infrastructure control
systems. The interaction of the route optimization, speed, fuel consumption, port arrival planning and risk
management modules ensures operational information exchange between the ship and shore services. This
increases the accuracy of voyage planning and the speed of response to changing conditions, creating the
prerequisites for the introduction of autonomous container ships and the development of digital maritime
transportation.

GPS AlS Weather Forecasts Sk

¥

Intelligent Voyage Management Algorithm

-

Real-Time Data Integration

v

Al & Predictive Modeling

] 5

v v v v
Figure 1 —Algorithm for intelligent management of a container ship
Pucynok 1 — AnTOpUTM IHTEIEKTYaIHHOTO YIIPABIiHHSI KOHTCHHEPOBO30M

To clearly summarize the differences between traditional and intelligent voyage management, Table
3 presents their comparative characteristics.

Table 3 — Comparison of approaches
Taéauys 3 — IopiBHSHHS i IXOIB

Criterion Traditional Intelligent
Planning Static Dynamic
Reaction to weather After the fact Forecast
Fuel consumption Uncontrolled Optimized
Management Captain's experience Data and algorithms
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As can be seen from Table 3, the intelligent approach involves a transition from static planning to
dynamic real-time voyage management. In contrast to the traditional reaction to changing weather conditions
“after the fact”, the algorithm provides predictive consideration of meteorological and navigational factors. Of
particular importance is the ability to optimize fuel consumption and maintain optimal vessel movement
modes, which directly affects the economic efficiency of transportation.

In addition, the very concept of management is changing: while in the traditional model the captain's
experience plays a key role, in the intelligent model decision-making is based on a combination of professional
experience with data analytics and algorithmic decision support methods. This creates the prerequisites for
increasing safety, planning accuracy and adherence to the cargo delivery schedule.

The comparative analysis presented in Table 3 shows qualitative differences between traditional and
intelligent approaches to voyage management. To quantitatively substantiate the effectiveness of intelligent
management, it is advisable to formalize the process of selecting vessel motion parameters in the form of a
mathematical optimization model [14].

The general criterion for voyage efficiency can be presented as an integral function that takes into
account the main operational indicators: route travel time, fuel consumption, navigation risk level and
deviations from the cargo delivery schedule.

Minimizing this criterion ensures the selection of optimal parameters for the container ship's
movement within the framework of the intelligent voyage management algorithm. In this case, fuel
consumption, voyage time, and risk level are functions of the ship's speed, weather conditions, sea currents,
and ship's operational load.

External Factors ‘ Key Voyage Metrics Optil
e Weather Conditions > | Voyage Time Optil
v 2
* Ocean Currents — ‘ Fuel Consumption Rout
v
* Ship Load e i
p— Navigation Risk ——)-| | Opel
« Maritime Traffic 4 L

Figure 2 — Container ship voyage parameter optimization model
Pucynok 2 — Monens onrTuMi3aliii mapamMeTpiB peiicy KOHTEHHEepoBo3a

Optimization of the parameters of a container ship's voyage is considered as a multi-criteria
optimization problem taking into account navigational, technical and economic factors.

Model variables:

v — vessel speed, knots;

R — transition route (sequence of coordinates);

t — route time;

F(v,w,h) — fuel consumption as a function of speed, weather conditions w and sea waves #.

The optimization criterion (2) is directly derived from the components of the integral efficiency

indicator (1). In particular:

* fuel consumption F(v, , h) corresponds to the economic component Ce;

* voyage time t corresponds to the operational component Op;

* navigation risk Nr corresponds to the navigation factor Nf.
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Thus, the optimization model represents a dynamic implementation of the integral efficiency concept,
where the static assessment indicator Ei is transformed into an operational control criterion J.
Objective function: Minimize the total operating costs of the trip:

minJ=o,F(v,w,h)+ost+o3N;, 2)

where N, — integral navigation risk indicator;
0; — weighting factors.

All components of the objective function are preliminarily normalized to the range [0;1] to ensure
dimensional consistency of the optimization criterion.

Weighting coefficients were determined using the analysis of hierarchies method. Consistency of
estimates was confirmed (CR <0,1).

Limitation:

- navigational: R € Qe

- technical: Viin <V <V

- time: t < fchedule

- meteorological: w,h € Queather

The integral navigation risk indicator N, is defined as a function of traffic density, weather severity,
and presence of restricted navigational zones:

N=p1D+p:Ws+psR.

Where D, — traffic density obtained from AIS data (ships per nautical mile);
W, — weather severity coefficient based on wind speed and wave height;
R. — coefficient of restricted or hazardous navigation areas;
f: —normalization coefficients, Y f=1.

All components are normalized to the range [0;1]. This formulation allows the integration of
probabilistic navigational hazards into the optimization model.

The coefficients ai\alpha ioi serve as normalization and priority parameters that allow combining
heterogeneous criteria into a single objective function. Their values are determined based on expert assessment
and operational priorities of the voyage. In the presented model, greater importance is assigned to fuel
consumption and navigation safety, which directly affect operating costs and risk levels. The coefficients are
selected so that a+ax+0a3=1, ensuring proportional contribution of each criterion to the optimization process.

Functional dependence of fuel consumption. Fuel consumption is approximated by a cubic dependence
on speed: F(v)=kv’, which corresponds to the real operational characteristics of seagoing vessels [15].

Thus, the model (Fig. 2) takes on the formalized form of an optimization problem, which can be
implemented using nonlinear programming or dynamic route optimization methods.

The presented model is a theoretical basis for the implementation of the intelligent voyage
management algorithm and allows us to quantitatively substantiate the advantages of the intelligent approach
compared to traditional container ship management methods.

However, the proposed model has certain limitations related to the availability and accuracy of real-
time data, as well as the need for further validation under real operational conditions.

To assess the effectiveness of the proposed model, we consider a conventional container ship voyage
with a route length of S = 4800 nautical miles, which takes place under conditions of variable meteorological
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conditions, the presence of sea currents and increased traffic intensity in port areas. The vessel has an
operational load of 85% and moves at an average cruising speed of 19 knots.

Within the traditional approach, voyage planning is carried out along a predetermined route without
prompt adjustment of speed and trajectory depending on weather conditions and currents. In turn, the use of
an intelligent voyage management algorithm involves dynamic changes in movement parameters in
accordance with forecast data and the results of the optimization model (Fig. 2).

To compare efficiency, indicators of route travel time, fuel consumption and deviations from the cargo
delivery schedule were used.

The data presented in Table 4 were obtained as a result of a simulation of the voyage based on:

« statistical AIS data of real container ships [16];

« archival meteorological data (wind speed, sea waves);

» typical fuel characteristics of ship engines.

Meteorological parameters (wind speed, wave height, sea currents) were derived from historical open-
access oceanographic datasets. The simulation included 25 voyage scenarios with variable weather conditions,
vessel loading (70-95%), and traffic intensity near port areas. For each scenario, two models were tested:

1. Traditional static voyage planning;

2. Intelligent adaptive voyage optimization based on the proposed model.

Fuel consumption characteristics were taken from typical engine performance curves of container
ships with a capacity of 8,000-12,000 TEU.

Such a methodology ensures the approximation of real operational conditions and the reliability of the
obtained results.

Thus, the results in the table reflect a simulation experiment that approximates the real operating
conditions of the vessel.

Table 4 — Results of comparison of traditional and intelligent approaches
Tabnuys 4 — Pe3ynbTaTi MOPIBHAHHS TPAAULIHHNAX Ta IHTEJIEKTYalbHUX MiIXOIB

Indicator Traditional approach | Intelligent approach | Effect
Voyage time, hours 252 238 1 5,6%
Fuel consumption, tons 980 865 1 11,7%
Deviation from schedule, hours 14 4 1 71%

10227 —8— Traditional

—&— Intelligent

100.0 4

97.5 1

95.0 1

92.5 1

90.0

Fuel Consumption (t/day)

87.5 4

85.0 +

Voyage 1 Voyage 2 Voyage 3 Voyage 4

Figure 3 — Fuel consumption comparison
Pucynok 3 — IlopiBHSHHS BUTpATH MTaJTHBa

Hayxosuii sxypaan « ABTOMOBUIBHI JIOPOTU 1 JIOPOXKHE BYIIBHULITBOY, 2026. Bumyck 119.
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD), https://arrcjournal.org.
Scientific journal «t AUTOMOBILE ROADS AND ROAD CONSTRUCTION», 2026. Issue 119.

68



G11 MAIIMHOBYJAYBAHHS (3A CHELIAJIIBALIIEIO) /
G11 MECHANICAL ENGINEERING (SPECIALISATION)

The practical significance of the proposed approach lies in its applicability within modern maritime
transport systems, shipping companies, and digital fleet management platforms. The implementation of the
developed models and algorithms can improve decision-making processes, reduce operational costs, and
enhance the overall efficiency and safety of container shipping.

The graphical interpretation of the simulation results obtained in Table 4 is presented in Figures 3-5.
These figures illustrate the comparative effectiveness of traditional and intelligent voyage management
approaches in terms of fuel consumption, integral efficiency indicator, and voyage duration.
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Figure 4 — Integral efficiency indicator comparison
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Figure 5 — Voyage duration comparison
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As can be seen from Table 4, the use of an intelligent voyage management algorithm allows to
significantly improve the key operational indicators of a container ship. The route time is reduced by choosing
a rational trajectory and adaptive regulation of the vessel's speed, taking into account weather conditions and
sea currents.
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The most significant effect is observed in the reduction of fuel consumption, which is achieved by
optimizing the operating modes of the ship's power plant and avoiding unfavorable navigation areas. At the
same time, the deviation from the cargo delivery schedule is significantly reduced, which is critically important
for transoceanic container transportation.

The results obtained confirm the feasibility of using the proposed model for optimizing flight
parameters as a component of the intelligent control algorithm and demonstrate its practical effectiveness
compared to traditional flight planning methods.

Conclusions. The study addresses the problem of improving the operational efficiency of container
ships in transoceanic transportation under dynamic navigation conditions and high fuel consumption.

The research analyzed modern approaches to the intellectualization of navigation and ship operation
management, based on the use of artificial intelligence, machine learning, and big data analysis technologies.
It was proven that the integration of information from on-board monitoring systems and AIS allows for
increased accuracy in assessing the state of the ship and the external environment, and also ensures the validity
of management decisions.

The key result of the work is the development of an integrated indicator of the efficiency of container
ship operations, which combines technical, operational, economic and navigational factors into a single
generalized assessment.

An intelligent voyage management algorithm is also proposed, which implements adaptive
optimization of the route, vessel speed and fuel consumption based on predictive modeling of navigation
conditions. The developed optimization model allows formalizing the process of selecting rational parameters
of the container ship's movement by minimizing the integral efficiency criterion, which takes into account
voyage time, fuel consumption, risk level and deviation from the delivery schedule.

The results of the calculations confirm the effectiveness of the proposed approach. Comparison with
traditional methods showed a reduction in voyage duration, fuel consumption, and deviations from the delivery
schedule, which indicates the feasibility of implementing intelligent algorithms in the practice of maritime
transportation management.

Thus, the use of intelligent models and methods in the processes of navigation and operation of
container ships contributes to increasing the economic efficiency of transportation, increasing the level of
safety and reducing the influence of the human factor on decision-making.

Further research should be directed towards practical testing of the developed models in real operating
conditions, as well as towards improving data integration methods and expanding the list of factors taken into
account in the optimization process.
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AHoTamnis. Y cTaTTi 00rpyHTOBAHO JOULIBHICTh iHTENEKTyalli3alii MpoleciB HaBirauii Ta yrnpasIiHHI
KOHTEHHEpOBO3aMH B YMOBaxX TpPaHCOKEAHCHKHX IIepeBe3eHb. llokazaHo, IO TpaguLiiHI MIXOAH A0
IJIaHYyBaHHS pPEcy HE BPaxOBYIOTh IHHAMIKY TiIpOMETECOPOJIOTIYHMX YMOB, HaBITaIliiiHI 0OMEKEHHS,
TEXHIYHUH CTaH CyJHa Ta MapaMeTpy 3aBaHTA)KEHHs. 3amporOHOBAHO IHTETPajbHY MOJAEIb OLIHIOBAHHS
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e(eKTUBHOCTI eKCIUTyaTtallii, 0 00’€IHye HaBiramiiiHi, eKCIUTyaTalliiiHi, €HEPreTHYHI Ta EKOHOMIYHI
MOKa3HUKHU. PO3pO0JIeHO alropuTM 1HTENEKTYalbHOTO YIpaBliHHSA peiicoM Ha ocHOBi AlS-maHuX,
CYITyTHUKOBOTO MOHITOPHHTY Ta MPOTHO3HUX Mojeseil. Pe3ynpTatu iMiTal[iifHOr0 MOJENIOBaHHS MOKa3aln
3HW)KEHHS BUTpaT naiusa Jio 11,7%, ckopodeHHs yacy peiicy Ha 5,6% Ta 3MEHIIICHHS BIIXUIICHHS BiJ] rpadika
Ha 71%..

O0’€eKT AOCTIIZKEHHS - TTPOIIEC eKCIUTyaTalii KOHTEHHEPOBO3iB Y TPAHCOKEAHCHKUX TIEPEBE3CHHSX.

Merta po60oTH — pO3pOoO0IICHHS METOAMYHUX MIAXOIIB 0 IHTEISKTyai3allii HaBiramii Ta yrnpasIiHHS
JUTS T IBUIICHHS €PEKTUBHOCTI €KCITTyaTallii KOHTEHHEPOBO3iB.

MeToau MOCHITKEHHA - aHAJNITUYHUM, CHCTEMHHI aHali3, NOPIBHSUIBHUN Ta CJIIEMEHTIB
MaTeMaTHYHOT'O MOJIETIOBAHHS.

CydacHe Ta sIKICHE YIPaBIIIHHS TpOIlecaMy HaBirarlii i ekcruryaraiii KOHTEHHEpOBO3iB € OIHHUM i3
MPIOPUTETHUX HANIPSIMIB MTiABUIICHHS €()eKTUBHOCTI MOPCHKUX MIEPEBE3CHB Y TPAHCOKEAHCHKOMY CIIOTTYYEHH1
3 TOYKH 30py B3HW)KEHHS MAIMBHUX BHUTPAT, CKOPOUYCHHS TPHUBAJIOCTI peEiciB, MiABUILEHHA Oe3meKn
CYJHOIIABCTBA Ta 3MCHIICHHS HaBaHTA)KCHHS Ha CY/JHOBI €HEPreTHYHI yCTAaHOBKU. B ymoBax 3pocrarodoi
JTUHAMIKH T1IpOMETEOPOJIOT YHUX (hAaKTOPIB, IHTCHCMBHOCTI MOPCHKHMX MapIIPYTIiB 1 BAMOT 10 €KOJIOTTYHOCTI
nepeBe3eHb TPaAWLiNHI MiOXOOU OO0 IUIaHYBaHHS peicy Bxe He 3a0e3MeuyloTh HAJIEKHOTO PiBHS
e(eKTUBHOCTI EKCIUTyaTallii CyIeH.

3 MeTOI0 MMiABUINCHHS PEe3yJIbTaTUBHOCTI YIIPABIiHHS PEHCOM y CTaTTi 3alpOIIOHOBAHO IHTETPAILHY
MO/IEJIb CUCTEMHOI OLIIHKK e()eKTUBHOCTI eKCILTyaTallii KOHTEHHEepOBO3a Ha OCHOBI CYKYITHOCTI HaBiramiiHuXx,
SKCIUTyaTalllfHUX, SHEPreTUYHUX Ta CKOHOMIYHHUX MOKA3HUKIB i3 BUKOPHUCTAaHHSIM JaHUX CICKTPOHHOI
kaprorpadii, CymyTHHKOBOTO MOHITOPHHIY Ta IHTEJICKTYaJIbHUX aJIr'OPUTMIB 00poOKH iH(OpMAIIii.

MeTolo [OCHIUKEHHS € BH3HA4YCHHS HAyKOBO OOIPYHTOBAaHOTO MIIXOAY [0 Oprasizamii
IHTEJIEKTyalIbHOI MIATPUMKH TNPUHHATTS pIlIEHb IIiJ] Yac YOPaBIiHHA pPyXOM KOHTEWHEpPOBO3a ¥
TPAHCOKEAHCHKUX TICPEBE3CHHAX IUIIXOM IHTETpamii pe3ysIbTaTiB OIIHIOBAHHS Yy TPOIECH IUIAHYyBaHHS
MapIIpyTy, BHOOPY IMIBHAKICHOTO PEXUMY Ta KOPUTYBAHHS ITapaMETPIiB PEUCY B PEKHUMI PEATHHOTO Yacy.

Pesynbrati mocnmiiykeHHS MOXYTh OyTH PEKOMEHIIOBaHI IO BIPOBALKEHHS B iH(opMariiiHo-
AQHAJIITUYHI CUCTEMH YIPABIiHHI MOPCHKUMH IEPEBE3CHHSAMHM Ta EKCILTyaTalli€elo (JIOTY CyTHOILIABHUX
KOMITaHI 3 METOI0 IIJABUINCHHS 1X ormepamiifHoi epeKTUBHOCTI, CKOHOMIYHOI JOIJIBHOCTI Ta
KOHKYPEHTOCIIPOMOXKHOCTI Ha CBITOBOMY PHHKY MOPCBKHX NIE€PEBE3CHb.

Kuaro4oBi cjioBa: KOHTEHHEpPOBO3, iHTENIEKTyalbHA HaBirawis, ympaBiiHHS CYJHOM, ONTHMi3amis
peicy, epeKTUBHICTh €KCILIyaTallii., MOJIe/ b, OITUMI3allis.

IlepeJik nocunanp
1. Zhao X., Guo Y., Wang Y. Green maritime navigation: a multi-objective voyage optimization
approach based on data-driven heuristics and emission awareness. Journal of Marine Science and Engineering,
2025, Vol. 13(2), https://doi.org/10.3390/jmse13020345

2. Chen X., Liu H., Zhang Q. Intelligent voyage planning for energy efficiency using A* and
deep reinforcement learning. Ocean Engineering, 2025, Vol. 278,
https://doi.org/10.1016/j.0ceaneng.2024.114789

3. Xu T., Li J., Sun L. Multi-objective route and speed optimization for merchant ships using

NRRT and NSGA-IIl. Journal of Marine Science and Engineering, 2026, Vol. 14(4),
https://doi.org/10.3390/jmse14040363

4. Liu S., Wang P., Zhang D. Machine learning-based trajectory prediction of maritime vessels
using AIS data. I[EEE Access, 2024, Vol. 12, https://doi.org/10.1109/ACCESS.2024.3156789

5. SilvaR., Costa L., Paiva A. Weather routing and voyage optimization for container ships under
dynamic environmental constraints. Applied Ocean Research, 2023, Vol. 115,

https://doi.org/10.1016/j.apor.2022.102134

Hayxosuii sxypaan « ABTOMOBUIBHI JIOPOTU 1 JIOPOXKHE BYIIBHULITBOY, 2026. Bumyck 119.
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD), https://arrcjournal.org.
Scientific journal «t AUTOMOBILE ROADS AND ROAD CONSTRUCTION», 2026. Issue 119.

72



G11 MAIIMHOBYJAYBAHHS (3A CHELIAJIIBALIIEIO) /
G11 MECHANICAL ENGINEERING (SPECIALISATION)

6. Zhang D., Yan X., Yang Z., Wall A. Incorporation of risk assessment into ship route
planning using Bayesian networks. Reliability Engineering & System Safety. 2020; 199:106896.
https://doi.org/10.1016/].ress.2020.106896

7. Kim K., Lee J., Park H. Artificial intelligence based real time ship route optimization in
varying sea conditions. International Journal of Naval Architecture and Ocean Engineering, 2025, Vol. 17,
https://doi.org/10.1016/].ijnace.2024.102512

8. Gkerekos C., Lazakis 1., Theotokatos G. Machine learning models for predicting ship
fuel consumption: A review. Ocean Engineering. 2020; 205:107268.
https://doi.org/10.1016/j.0oceaneng.2020.107268

9. Spyrou-Sioula K., Kontopoulos 1., Kaklis D., Makris A., Tserpes K., Eirinakis P., Oikonomou
F. AIS-Enabled weather routing for cargo loss prevention. Journal of Marine Science and Engineering, 2022,
Vol. 10(11), https://doi.org/10.3390/jmse10111755

10. Malekpour Golsefidi M., Sharifi M.A., Ghader S. Containerships routing problem:
Incorporating uncertain weather impact on fuel consumption by speed optimization. Ocean Engineering, 2025,
Vol. 267, https://doi.org/10.1016/j.oceaneng.2025.113237

11. Kalinichenko Y., Rudenko S., Holovan A., Petrenko D., Ivanenko V. Smart routing for
sustainable shipping: A review of trajectory optimization approaches in waterborne transport. Sustainability,
2025, Vol. 17(18), https://doi.org/10.3390/sul 7188466

12. DuW., LiY., Zhang G., Wang C., Zhang H. Energy saving method for ship weather routing
optimization. Ocean Engineering, 2022, Vol. 258, https://doi.org/10.1016/j.oceaneng.2022.111771

13. Li X., Sun B., Jin J., Ding J. Speed optimization of container ship considering route
segmentation and weather data loading. Journal of Marine Science and Engineering, 2022, Vol. 10(12),
https://doi.org/10.3390/jmse10121835

14. Chen X., Wang Y., Liu Q., Zhang T. Ship ocean voyage weather routing optimization method
based on weather clustering. Ocean Engineering, 2025, Vol. 331,
https://doi.org/10.1016/j.0ceaneng.2025.120998

15. Zhang Q., Liu H., Wang F., Chen Y. Integrating weather-informed routing and energy
optimization for sustainable maritime transportation. Ocean Engineering, 2025, Vol. 333,
https://doi.org/10.1016/j.oceaneng.2025.121463

16. Jin Z., Sun J., Zhao L., Wu X. Multi-objective weather routing for container ships under
stochastic environmental disturbances. Ocean Engineering, 2024, Vol. 305,
https://doi.org/10.1016/j.oceaneng.2024.112399

Jama naoxoodsxcenns oo peoaxuyii 17.02.2026.
Hama npuithammsa cmammi nicis peyensysanns 09.03.2026.

Hayxoswuii sxypHan « ABTOMOBUIBHI JIOPOT'Y 1 IOPOXKHE BY IBHUIITBO», 2026. Bumyck 119.
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD), https://arrcjournal.org.
Scientific journal « AUTOMOBILE ROADS AND ROAD CONSTRUCTION», 2026. Issue 119.

73



