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Abstract: Current trends in the development of the water transport industry are increasingly 
faced with the need to predict its dynamics over time. The main driving forces are not only material 
and technical factors, but also the resources of professionals of the industry. The large amount of 
information and the possibility to choose career advancement of navigators in many cases force 
them to make decisions intuitively, guided by their own assessments.  Instead, it is essential to 
follow the trends in the formation of stakeholder requirements, which are directly shaped by the 
labor market. The paper presents formal-analytical approaches to the formation of the model of the 
navigator in the form of stages of the decision-making trajectory, the corresponding risks during the 
transition from one state to another. There are described approaches to the use of automated 
systems for identifying the parameters of the model of the navigator, taking into account the needs 
of stakeholders in the maritime industry. 

Keywords: automated identification systems, transport systems, information model of the 
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Анотація: Сучасні тенденції розвитку галузі водного транспорту все частіше 

зіштовхується із потребою прогнозування її динаміки у часі. Головними рушійними силами є 
не тільки матеріально-технічні чинники, а і ресурси фахівців галузі. Великий обсяг 
інформації та можливість вибору просування по кар’єрі фахівців судноводіїв змушують у 
багатьох випадках приймати рішення інтуїтивно, керуючись власними оцінками. Натомість 
вкрай необхідно слідкувати за тенденціями формування вимог стейкхолдерів, що 
безпосередньо формує ринок праці. У роботі приведені формально-аналітичні підходи щодо 
формування моделі судноводія у вигляді етапів траєкторії прийняття рішень, наведено 
відповідні ризики під час переходу від одного стану до іншого. Приведено підходи щодо 
застосування автоматизованих систем ідентифікації параметрів моделі судноводія з 
урахуванням потреб стейкхолдерів морської галузі. 
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Introduction. The modern global environment is constantly in the process of 

transformation and making appropriate adjustments that would meet the requirements 
and standards of today. The transport sector was no exception, in particular the 
training of crew for modern ships. The maritime industry has undergone many 

 



 

changes over the years of its existence, becoming a complex critical infrastructure in 
many countries around the world, which requires significant changes in the 
professional selection of highly qualified crews [1].  

In turn, crewing centers and modern maritime training focus on the development 
of professional, business and analytical skills of future maritime professionals, 
including navigators [2, 3]. A large amount of data and knowledge, probabilistic 
directions of formation and evolution of the information model of modern navigators 
leads to non-standard approaches to defining strategies and objectives to improve the 
safety and reliability of maritime transport [4–8]. 

Literature analysis. One of the main factors of modern organizational and 
technical systems of maritime transport is the level of competitiveness, which directly 
depends on the effectiveness of navigators’ actions in the performance of official 
duties. Instead, the requirements of stakeholders have a clear framework [9]. 

That is why the areas of research are:  
-​ analysis and formalization of basic requirements and criteria by 

stakeholders;  
-​ formal definition of dominated sets of alternatives in the navigator's 

decision-making processes;  
-​ determination of the risks of information uncertainty in the development 

of the information model of navigator. 
In order to build the trajectory of the professional development of the future 

navigator firstly it is necessary to designate the main structural elements of the 
informational model of the navigator according to the requirements of the current 
market practice. These requirements, in turn, are formed by the basic needs of 
stakeholders [10]. 

In 2013, Adam Weintrit and Tomasz Neumann in their book Marine Navigation 
and Safety of Sea Transportation: STCW, Maritime Education and Training (MET), 
Human Resources and Crew Manning, Maritime Policy, Logistics and Economic 
Matters [11] conducted an assessment of evalution and satisfaction of stakeholders on 
maritime higher education institutions graduates. 

The list of the main significant parameters of the model includes: 
communication, professionalism and trustworthiness, discipline, loyalty, consistency 
of performance, leadership skills, honesty, industry, social responsibility, initiative. 
All respondents were divided into four levels: Management Level, Operational Level, 
Ratings, Cadets (Table 1). 
 

Table 1 – Levels of respondents 
Level Number % 

Management Level 6 12 

Operational Level 6 12 

Ratings 20 38 

 



 

Cadets 20 38 

Total 52 100 

 
The rank of stakeholders’ satisfaction in all competencies according to the level 

of respondents is shown in the following table (Table 2). 
 

Table 2 – Rank of stakeholders’ satisfaction 
Level Mean Description Rank 

Management Level 7.48 Satisfied 2.0 

Operational Level 7.38 Satisfied 4.0 

Ratings 7.55 Satisfied 1.0 

Cadets 7.47 Satisfied 3.0 

 
Satisfaction levels were determined as follows: 
7.76–10.00  –  Very Satisfied 
4.51–7.75    –  Satisfied 
2.26–4.50    –  Dissatisfied 
1.00–2.25    –  Very Dissatisfied 
From the results of the study we can conclude that the level of stakeholders’ 

satisfaction is quite high, but not the highest one. This, in turn, was the impetus for 
defining systemic principles for the formation of the information model of the subject 
(navigator) undergoing training [12–15]. It is determined that for the optimal 
formation of the main parameters of the model it is necessary to develop an 
automated system for collecting and processing data on the activities of the navigator 
(educational and professional), as well as data on dynamically changing conditions of 
stakeholders of leading world maritime companies.  

For example, a critical analysis of the situation in maritime transport has shown 
that the level of education is not always the key to high achievements in maritime 
practice. All this indicates the nonlinear nature of the formation and development of 
the information model of the navigator and requires the formation and use of complex 
mathematical and algorithmic models and methods, development of appropriate 
automated systems for identification and management of these processes. 

The results of this study became the basis for determining the main significant 
identifiers and criteria for the professionalism of navigators. The authors of this study 
plan to conduct an in-depth analysis of data from official sources and databases of the 
maritime industry (data about graduates, data from Crewing and Shipping 
Companies), using Data Mining Tools, to develop and build mathematical models, 
which in turn aims to perform the following tasks: 

-​ taking into account the individual information model of the navigator, in 
accordance with his management level and professional experience; 

 



 

-​ definition of the main significant criteria for model analysis; 
-​ construction of the trajectory of evolution of the information model of 

the navigator in time. 
The use of modern technologies will allow not only to analyze existing data, to 

establish the interconnection between them, but also to develop a plan to create an 
automated decision support system that will take into account the individual 
characteristics of each navigator.  

Thus, the main goal of the developed system is to help choose the best and most 
effective way of professional development of the navigator, taking into account the 
basic requirements and needs of stakeholders, which ultimately should increase its 
competitiveness in today's labor market, successful employment and further 
professional development.   

Main research material. Thus, the primary task arises of creating a model of 
the behaviour of a navigator at the time of choosing a decision-making strategy when 
choosing a trajectory of professional growth. The development of a decision support 
system in a multifactorial space of probable states will increase the competitiveness 
of the organisational and technical systems of water transport in Ukraine. At the same 
time, the trajectory of the formation of the navigator's model actually separates those 
sets of situations of its development, the parameters of which were not priority at the 
initial stages.Thus, within the framework of building a trajectory development 
management system, a class of tasks is considered due to strict separation within the 
framework of a single development space. For a formal description of this space and 
processes requiring automation, we use the mathematical apparatus, which is based 
on non-Archimedean principles, where tree-like sets of states are strictly separable 
[16, 17]. This fully fits into the specifics of this study and has grounds for application. 

Let’s consider the sequence of states of the navigator's model in the transition 

from x to y, such that: . The choice of a new state (selection of 
a company, position, growth prospects, financial opportunities) conditionally depends 
on the navigator himself within the context of a set of planned events of the form 

 [18]. At the same time, the composition of 
identifiers for decision-making is based on the experience of the navigator and the 

formed priorities . These priorities are based on the knowledge 

model , , which is correlated the context transition sets 
, containing the logic of substantiation of the choice by the navigator of the 

type , then the evolution of the context during the transition 

will look like: . 
It should also be taken into account that the dynamics of the trajectory develops 

according to the display area  for , due to accompanying perturbations. 
Taking into account that there is always a probability of transition to at least two close 

 



 

sets, then there is a duality of the transition . Then the correlation of sets will be 

possible if there is a perturbation d, such as: and contributing 

to display if . Then, in order to form the trajectory 
of the development of the navigator model, it is necessary to designate the points of 

the metric space within the indicated sets  where the distance between them is 

defined as: .  The 
perception of the nearest points of the development trajectory enables the navigator to 

determine the further course of the trajectory. In this case, the context , will 
be stored in each of the sets.  

Then , however, if the distinguishability of the sets is 

not essential , there is possible manifestations of the refusal of the 
transition in search of a new stage in the development of the trajectory. In another 
case, there may be a situation where the transition is difficult for the navigator for a 

number of reasons . In both cases, the pre-planned development 
trajectory fails. During the transition phase, this is the most significant internal risk 
for navigator [19-22]. Assessment of the situation, one's capabilities and resources 
can be very subjective, which causes a negative manifestation of the human factor 
and unpredictably affects the entire process. This greatly disrupts global planning and 
forecasting on the part of management structures and drastically reduces the 
reliability of the entire system. 

Conclusions. As part of the study, it is necessary to develop a methodology for 
collecting information within the framework of a systematic approach, which allows 
identifying the parameters and their evolution at all stages of the life cycle of the 
subject - the navigator. In this case, it is important to determine not only the state 
vector of the system, but the individual factors of the navigator that affect the 
weights, priorities and interconnection of these parameters in the system. The 
obtained results will allow approaching the problem of identification of the 
navigator's model as a subject of the organisational and technical system of water 
transport at a qualitatively new level. 

 
REFERENCES 

 
1.​ Lau, Yy., Ng, A. K. The motivations and expectations of students pursuing maritime 

education. WMU J Marit Affairs 14, 313–331 (2015). https://doi.org/10.1007/s13437-015-0075-3. 
2.​ Olena Diagileva, Alena Leshchenko, Alla Paziak, Alona Yurzhenko. Combination of 

multimediaappplication as an innovative pedagogical tool of a teacher at a maritime higher 
educational institution Information Technologies in Education : Scientific journal. Issue 2 (47). 
Kherson: KSU, 2021. Р. 7–17. 

 

https://doi.org/10.1007/s13437-015-0075-3


 

3.​ Olena Diahyleva, Mariia Masankova, Alona Yurzhenko. The Use of H5P Module of 
LMS Moodle to Form Communicative Competence of Future Ship Engineers. 1st International 
Conference on Applies Engineering and Natural Sciences. November 1-3, 2021 : Konya, Turkey. 
1104 p. 1st International Conference on Applies Engineering and Natural Sciences. November 1–3, 
2021 : Konya, Turkey. 1104 p. 

4.​ Nosov P., Ben A., Safonova A., Palamarchuk I. Approaches going to determination 
periods of the human factor of navigators during supernumerary situations // Radio Electronics, 
Computer Science, Control № 2 (49). – 2019. – Pp. 140–50.  
https://doi.org/10.15588/1607-3274-2019-2-15. 

5.​ Nosov, P. S., Ben, A. P., Matejchuk, V. N., & Safonov, M. S. (2019). Identification of 
“human error” negative manifestation in maritime transport. Radio Electronics, Computer Science, 
Control, (4). https://doi.org/10.15588/1607-3274-2018-4-20. 

6.​ Nosov P. S., Palamarchuk I. V., Safonov M. S., Novikov V. I. Modeling the 
manifestations of the human factor of the Maritime crew // Dnipropetrovsk National University of 
Railway Transport named after Academician V. Lazaryan (Dnipro). – № 5 (77). – 2018. – Pр. 
82–92. https://doi.org/10.15802/stp2018/ 147937. 

7.​ Plokhikh, V., Popovych, I., Zavatska, N., Losiyevska, O., Zinchenko, S., Nosov, P., & 
Aleksieieva, M. (2021). Time Synthesis in Organization of Sensorimotor Action. BRAIN. Broad 
Research in Artificial Intelligence and Neuroscience, 12 (4), 164–188.  
https://doi.org/10.18662/brain/12.4/243 

8.​ Pavlo Nosov, Ihor Popovych, Serhii Zinchenko, Vasyl Cherniavskyi, Viktor Plokhikh, 
Halyna Nosova (2020). The research on anticipation of vessel captains by the space of Kelly’s 
graph. Revista Inclusiones, Vol: 7 num Especial, pp. 90–103. 

9.​ Nahrybelnyi Ya. A., Masonkova M. M., Dyagileva O. S. Analysis of stakeholder 
requirements for identification of the states of navigator's model // I-th international scientific and 
practical conference "Problems of sustainable development of the marine industry PSDMI-2021'', 
2021. – P. 166–167. 

357346400.​ Mariia Masonkova, Olena Dyagileva, Pavlo Nosov. Development of the 
identification system of cadets’ qualification characteristics regarding stakeholder requirements // 
8-а Міжнародна науково-практична конференція "Сучасні енергетичні установки на 
транспорті, технології та обладнання для їх обслуговування", 2021. – С. 280–282. 

357346401.​ Adam Weintrit. Marine Navigation and Safety of Sea Transportation: STCW, 
Maritime Education and Training (MET), Human Resources and Crew Manning, Maritime Policy, 
Logistics and Economic Matters / Adam Weintrit, Tomasz Neumann. – 2013. – 298 р. ISBN 
1315883155, 9781315883151. 

357346402.​ Косенко Ю. І., Носов П. С. Механізми ідентифікації та трансформації 
«знань» суб'єкта критичної інфраструктури // Інформаційні технології в освіті, науці та 
виробництві. Збірник наукових праць [Текст]. – Вип. 3 (4). – Одеса: Наука і техніка, 2013. – С. 
99–104. 

357346403.​ Носов П. С. Інтелектуальне формування індивідуальної траєкторії 
навчання студента : спец. 05.13.23 – системи та засоби штучного інтелекту : автореф. дис. на 
здобуття наук. ст. к.т.н. / П. С. Носов; Наук. кер. В. М. Тонконогий. – О. : ОНПУ, 2007. – 19 с. 

357346404.​ Носов П. С., Тонконогий В. М. Використання компонентів мислення 
експертними системами, як фактору адаптивного впливу в автоматизованих навчальних 
системах // Тр.  Одес.  политехн. ун-та. – Одесса: ОНПУ, 2005. – Спецвыпуск. – С. 101–105. 

357346405.​ Носов П. С., Тонконогий В. М. 3D оценивание траектории обучения 
студента // Тр.  Одес.  политехн. ун-та. – Одесса: ОНПУ, 2007.  – Вып. 2 (28). – С. 129–131. 

357346406.​ Теория множеств механизма и гомеостаза. Директивная корреляция. 
Доступ: [URL] http://www.men-c.com/set.files/directive.htm.  

 

https://doi.org/10.15588/1607-3274-2018-4-20
https://doi.org/10.18662/brain/12.4/243
http://www.men-c.com/set.files/directive.htm


 

357346120.​ Khrennikov A. Theory of P-Adic Valued Probability. In: P-adic Deterministic 
and Random Dynamics / A. Khrennikov, M. Nilson // Mathematics and Its Applications. Springer, 
Dordrecht. – 2004. – Vol. 574. DOI: 10.1007/978-1-4020-2660-7_13. 

357346121.​ Prokopchuk Y. A. Sketch of the Formal Theory of Creativity / Y. A. 
Prokopchuk. – Dnepr: PSACEA Press, 2017. – 452 p. 

357346122.​ Zinchenko S., Moiseienko V., Tovstokoryi O., Nosov P., Popovych I. (2021) 
Automatic Beam Aiming of the Laser Optical Reference System at the Center of Reflector to 
Improve the Accuracy and Reliability of Dynamic Positioning. In: Hu Z., Petoukhov S., Dychka I., 
He M. (eds). Advances in Computer Science for Engineering and Education IV. ICCSEEA 2021. 
Lecture Notes on Data Engineering and Communications Technologies, vol. 83. Springer, Cham.  
https://doi.org/10.1007/978-3-030-80472-5_1.  

357346123.​ Zinchenko S. M., Mateichuk V. M., Nosov P. S., Popovych I. S., Appazov E. S. 
Improving the accuracy of automatic control with mathematical meter model in on-board controller 
// Radio Electronics, Computer Science, Control, 2020. – № 4. – P. 197–207.  
https://doi.org/10.15588/1607-3274-2020-4-19.   

357346124.​ Mamenko P., Zinchenko S., Kobets V., Nosov P., Popovych I. (2022) Solution 
of the Problem of Optimizing Route with Using the Risk Criterion. In: Babichev S., Lytvynenko V. 
(eds). Lecture Notes in Computational Intelligence and Decision Making. ISDMCI 2021. Lecture 
Notes on Data Engineering and Communications Technologies, vol. 77. Springer, Cham.  
https://doi.org/10.1007/978-3-030-82014-5_17.  

357346125.​ Nosov, P., Zinchenko, S., Ben, A., Prokopchuk, Y., Mamenko, P., Popovych, I., 
Moiseienko, V., Kruglyj, D. (2021). Navigation safety control system development through 
navigator action prediction by Data mining means. Eastern-European Journal of Enterprise 
Technologies, 2 (9 (110)), 55–68. doi: https://doi.org/10.15587/1729-4061.2021.229237 
 

Cherniavskyi Vasil Dr.Sc., Professor, Rector, Kherson State Maritime Academy. 
Diahyleva Olena Ph.D., Associate Professor, Vice-Rector for Educational and 

Methodological Work, Kherson State Maritime Academy. 
Masonkova Mariia post-graduate student, Kherson State Maritime Academy. 
Nosov Pavlo Ph.D., Associate Professor, Associate Professor of the Navigation Department, 

Kherson State Maritime Academy. 
 

 

 

https://doi.org/10.1007/978-3-030-80472-5_1
https://doi.org/10.15588/1607-3274-2020-4-19
https://doi.org/10.1007/978-3-030-82014-5_17
https://doi.org/10.15587/1729-4061.2021.229237

