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STRUCTURAL ADAPTATION MECHANISMS OF THE STEVEDOR ACTIVITY
MANAGEMENT SYSTEM

Topicality. In the context of economic and organizational transformations, the fulfilment of the stevedoring
activity by national maritime terminals was considerably more complicated and proved to be prone to the impact of
unpredictable market phenomena, faced with the need to maintain a competitive level and the ability to manage these
processes in the new environment. Such variability of the market environment in the provision of stevedoring services
requires appropriate methods for managing marine terminals, the application of approaches based on the principles of
adaptability, flexibility of both management decisions and the organizational structure of the management system of
stevedoring activities.

Aim and tasks. The existing situation in this area of activity was analysed, the conclusion was reached on the
existence of an acute need of methodological support formation for the introduction of the newest forms of management
in the national sphere of stevedoring services’ provision, which was the purpose of this article.

Research results. In the article, the adaptation mechanisms of the regulation system of stevedoring activity at
sea port terminals have been formulated and proposed for use in the practice, and a list of conditions for application of
the principle of stevedoring management adaptability has been formed. During the study, attention is focused on the
analysis of the concept of adaptability and the application of this approach to the management of terminals. Taking into
account the fact that the modern sea terminals on which the stevedoring activity takes place, it should be attributed to
complex stochastic, dynamic and open systems that at different times can be in different states, it is proposed to
represent them as a structurally complex mass service system. An approach to the optimization of adaptive
management, based on methods of mass service theory, which also allows one of the main risks in the operator's
activity to be assessed, namely, the risk of its destruction as a result of drop in expected turnover of goods has been
proposed in the article.

Conclusions. The mechanism of finding a management decision for obtaining the desired level of
competitiveness by stevedoring companies per distributing cargo flows between competing port operators at terminals
located at different ports, and based on the determined profit of each operator of the port terminal received during the
planned period.

Since the quality of the port terminal operator depends essentially on the choice of the management type of its
organizational management structure, which is a complex scientific problem, the decision of this problem has been
offered in the article by using the research of operations methods and economic-mathematical modelling.
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MEXAHI3MHU CTPYKTYPHOI AI['AHTAHIi CUCTEMMU PETI'YJIIOBAHHSA
CTHUBIJOPHOI AIAJIBHOCTI

Axkmyansnicms. B ymosax exomomixo-opeaHizayiinux nepemeoperv 30IUCHeHHs CMUIOopHoi OdianrbHoCmi
HAYiOHANbHUMU ~ MOPCOKUMU — TMEPMIHANAMY — ICIMOMHO  YCKIAOHUNOCA MA  BUABUIOCA  CXUIbHUM 00  6HIUBY
Henepeobauy8anux PUHKOGUX ABULY, 3IMKHYSUWUCH [3 HeODXIOHICIO 30epediCceH sl KOHKYPEHMHO20 Pi6Hs ma 30AmHICINIO
VAPABAMU YUMU NPOYECAMU 8 HOBUX YMO6aX. Taxa MIHAUBICMb PUHKOBO20 cepedosuya 6 cepi HaOaHHsA CIUGIOOPHUX
nocnyz nompedye 0oyintbHuUX Memooie YpagiiHHi MOPCOKUMU MEPMIHANAMU, 3ACMOCYB8AHMS NIOX00I6, 3ACHOBAHUX HA
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NPUHYUNAX A0AnmMueHOCMI, SHYYKOCMI SK YAPAGIIHCLKUX pilleHb, mak U opeaHizayiunoi CmpyKmypu cucmemu
VIPABLIHHS CIMUBIOOPHOIO OISIbHICINIO.

Mema ma 3ae0anns. I[Ipoananizoeano icuyroue noaodicenus y yiu cepi OisinbHocmi, Oitl0eHO BUCHOBKY NPO
icHysanua 2ocmpoi nompebu y opmysanHi MemoouuHo2o 3abe3nedents 6Nposad’CeHHs HOGIMHIX hopm YnpasninHa
HAayioHAnbHOI0 cheporo Ha0aHHA CINUBIOOPHUX NOCLYe, WO U CKAAN0 Memy Yiei crmammi.

Pesynomamu. Y cmammi cghopmosano ma 3anponoHo8aHo 00 GUKOPUCAKHSA Y NPAKMUYi Mexanismu adanmayii
cucmemu pe2ynio8aHHs CMUBIOOPHOT OISILHOCMI HA MOPCHKUX NOPMOSUX MEPMIHANAX, CHOPMOBAHO NEpeniK YyMos
3ACMOCYSAHHS NPUHYUNY A0ANMUGHOCMI YAPAGNIHH CMuUsioopHoio Oiinvhicmio. I1i0 uac Oocniddcenns ysazy
CKOHYEHMPOBAHO HA AHANI3I NOHAMMS A0ANMUBHOCHI MA 3ACMOCY8AHHI Yb02O NIOX00Y V NPAKMUKY YAPAGIIHHS
mepminanamu. Ipuiimarouu 0o yeazu mou ¢axm, wo cyuacHi MOPCbKL MEPMIHANU, HA SKUX 8i00Y8A€mMbCsi CMUBIOOPHA
OistbHICMb, CIO 8IOHECU 00 CKIAOHUX CMOXACTMUYHUX, OUHAMIYHUX | BIOKDUMUX CUCMEM, SKI Y PI3HI MOMEHMY Yacy
Modicymb nepebygamu y pisHUX CMAHAX, 3aNPONOHOBAHO X NPEOCMABIAMU Y 6UeiA0i CIMPYKMYPHO-CKIAOHOT cucmemu
MAco8020 00Cny208y8aHHA. Y cmammi 3anponoHo8ano nioxio 00 onmumizayii a0anmueHo20 YNPAeiiHHA, 3ACHOBAHUL
Ha Memooax meopii Macoso2o 06c1y208y8anHs, AKULL 00380JIA€ MAKOHC OYIHUMU OOUH 3 OCHOBHUX PUBUKIB 8 OidlbHOCHI
onepamopa, a came - pusux 1020 pyuHy8anHs 8 pe3yIbmami 3HUNCEHHS OUIKYBAHUX NOKAZHUKIB 8AHMANCO00I2Y.

Bucnoexku. Y cmammi 3anponoHo8aHo Mexauizm 3HAXOOMCEHHA YNPABIIHCbKO20 DIiuleHHA w000 OMPUMAHHS
6axcan020 pieHa KOHKYPEHMOCNPOMONCHOCHE CIMUBIOOPHUMU KOMNAHIAMU WIAXOM PO3NOOLTY 8AHMANCONOMOKIE MidC
KOHKYPYIOUUMYU NOPMOGUMU ONEPAMOPAMYU HA MEPMIHANAX, PO3MAULOBANHUX Y PI3HUX NOPMAX, Ma SPYHMYIOUUCL HA
BUBHAYEH] NPUOYMKY KOJNCHO20 3 ONEPAMOPI8 NOPMOBO20 MEPMIHALY, OMPUMAHO20 Y NIAHOBULL NePioo.

Ockinvku  siKicmb  pobomu  onepamopa nOpmoso20 MePMIHALY ICMOMHO 3anexicums 6i0 ubopy 1oco
MEHEeONCMEHMOM MUNY CEOET OPeani3ayiiHoi cmpyKmypu YNpaeiiHus, Wo A618€ CKIAOHY HAYKOo8y npobnemy, 01s ii
UpIWEHHSL Y cmammi 3aNPONOHOBAHO pilleHHs Yiei npodremu WIAXOM BUKOPUCIAHHA Memodié 00CTi0NCeHHs
onepayiil i eKOHOMIKO-MamemMamuyre MOOent08anHs.

Knruosi cnoea: cmusioopra disinbHicms, cucmemu pe2yiro8aHHs, CIPYKMYpHa adanmayis.

Problem statement and its connection with important scientific and practical tasks. The problem
of management enhancement in direction of the production process, achieving high end-results of production
and economic activities of enterprises, increasing their competitiveness becomes of particular importance
and relevance in the fundamental changes in market conditions. With full confidence it can be insisted that
today the very competition of management systems and organizational decisions is beginning to determine
the overall success of the sectors of the national economy, their ability to survive and the prospects of
development.

Since the stevedoring activity in Ukraine takes place today under the new institutional conditions, this
means, first of all, the adoption of the Law "On Sea Ports in Ukraine" [1], and ports realization of their
functions on the basis of the new legislation, the question of finding the latest organizational forms of
management of the functions execution is arisen, expedient to be uses in difficult conditions. Taking into
account the accumulation of a number of problems, the government faced the challenge of updating the
legislative provision of the port activity, and fulfilling its main function in providing stevedoring services to
port customers. Within the framework of the latest version of the Strategy for the Development of Seaports
of Ukraine until 2038, the issue of optimizing the management of the port sector is devoted sufficient
attention, nevertheless, the scientific basis for solving these problems is still limited, taking into account
world tendencies and the permanent state of uncertainty and increased risk level the operators of national
maritime terminals of their main activities

Analysis of recent publications on the problem. Theoretical and methodological foundations of
adaptive change management, the base of conceptual and methodological decisions to ensure the effective
organizational development of enterprises in market conditions are developed in the works of J. Cotter [2], P.
Senzha [3], L. Colins [4]. According to the theory of changes, processes of organizational change are
regarded as a new synthetic interdisciplinary trend in economic theory and practice, as a modern scientific
toolkit for the development, reorganization of enterprises, an effective means of transformation, change and
adaptation.

For example, the concept proposed by J. Cotter "ahead of changes" involves the development of a set
of successive stages of organizational changes, including staff explanation of the need for changes, creating a
team of reformers, developing and promoting a new vision of prospects for future markets and defining a
strategy for their conquest, providing workers with the conditions of their broad participation in changes [4.
Pp. 10-11, 14].
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Currently, the theory of an organization that is self-taught and capable of self-organization is
increasingly popular [5. Pp. 156-157, 164-165]. One of its founders, P. Senzh, states that "... It is not enough
to be able to survive or adapt, it is also important to accumulate and multiply the knowledge gained by the
organization, which will increase its ability to create." He highlights five main "component-technologies"
that form the self-learning organization: system thinking, mental models, personal skills, the construction of
spatial vision and team training [4].

Considering that the port terminal is an important part of the transport and logistics chain, it is
important to analysis this chain as an adaptive system. The first one who began researching this problem was
the famous logistics specialist American scientist Yossi Sheffi. In his monograph [6] he investigated the
problem of the impact of supply chain management on enterprise security. He has proved that supply chains
are a key factor in the long-term sustainable development and security of modern business.

Selection of previously unsolved parts of the general problem. Any enterprise operates in an
environment characterized by a high degree of uncertainty, the sources of which may be the behaviour of
consumers of its products, suppliers, competing enterprises, legislative authorities, etc. As a result,
enterprises constantly face the unexpected impact of the external environment on the results of their
economic activity. And the success of enterprises in the market to a large extent depends on how their
management can adapt to the specified impact. One of the main tasks of the science of adaptation is the
development of recommendations for management staff, which, above all, are based on a clear understanding
of the adaptation concept and its components in relation to the subject of economic activity. The analysis of
special literature shows that among specialists there is currently no equal understanding not only in the
construction of mechanisms for adapting the adaptive model to the management of stevedoring activities in
Ukraine, but also in the formulation of the term “adaptation” itself.

Formulation of research objectives. Analysis of the work and results on the problems of managing
stevedoring activities in conditions of increasing the level of competition between port terminals not only at
the local level but also in international port services markets led to the conclusion that there is an urgent need
to form a methodological provision for the introduction of modern management forms of the national port
area into the practice of Ukrainian ports, which is the purpose of this article.

Presentation of the main results and their substantiation. One of the newest areas of management
development, along with theories of institutes and institutional changes, is the theory of organizational
behaviour, is a theory of change that explores the organization's behaviour in order to survive and develop in
an ever-increasing rate of change in the environment.

It is important to note that the need for changes and restructuring applies not only to transport
companies in crisis, but also to successful organizations in which managers make the necessary decisions,
without waiting for a crisis situation (so-called, proactive solutions). The importance of such mechanisms of
management, methodological support and instrumental methods as means of economic adaptation of
enterprises, due to the fact that in a dynamic environment, enterprises are forced to change continuously.
Hence the need to develop a concept in which, firstly, the object of study is the production system and its
environment as a holistic object, and secondly, functioning and development are considered as mutually
complementary processes [6-7].

From the point of view of the systemic approach, the modern maritime trading port (as a complex of
enterprises operating on its territory and in the water area) is a complex open dynamic system functioning in
conditions of uncertainty and risk. From a formal point of view, the system is a large number of elements and
processes in which a given R ratio with fixed properties of P is implemented in advance. As such, the
requirements of a particular order, the relationships between elements of the system are: the events occurring
in one of the elements systems, in some way affect the events in other elements. Like any open system, the
port operates in a well-defined external environment, which is a set of clients (port structures, different
enterprises). The interaction of the system with the external environment is through the input and output of
the system. The input is understood as the point or area of influence on the system from the outside, the
output — as the point or region of the system's impact on the external environment. Input influences are
uncertain or random, which creates additional difficulties in managing this system, but mainly external
influence is systematized by contracts of carriage, purchase and sale, etc. [8-9].

The port community as a dynamic system can be in different states at different times. Usually, the
range of possible states of such a system is fixed. The conditions of any system at a certain point in time can
be characterized with a certain precision with a set of values of internal parameters. For the port, such
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parameters are, for example, the number of vessels located near berths under cargo handling or in
anticipation of its beginning, the number of vehicles or cars under freight operations, the number of units of
reloading machinery, the number of dockers, machine operators, etc. [8]. However, the most important
parameter is freight turnover, its volume and processes of distribution management by port operators
(stevedoring companies).

Any dynamic system is characterized by three groups of variables:

« input variables generated by the environment, X = (X4, Xa, ..., Xn);

« input variables which are summed up by the analysis system and determine the system's impact on
the environment, y = (Y1, Y2, ... Ym);

» state coordinates characterizing the dynamic behaviour of the system being studied, z = (zy, 5, ..., z);

All three groups of variables are associated with time functions, i.e. x(t), y(t), z(t).

The management of these variables involves taking into account the assumptions about the activities
of the port operator, where the inputs can be preparedness of staff, the composition and quality of the
transhipment equipment, the level of technology, the amount of the wage fund. The outputs will be the
amount of overloaded cargo, the level of quality of reloading operations, the cost of monetary and material
resources, etc.

At any time t, the state of the system is a function of the initial state z (t,) defined for the initial time to,
and changes the input function x (t, t) in the time interval (to, t), that is

2(t) = F (2(to), X(to, 1)), )

where F — some function from the arguments z(t), x(t).
Similarly, the output vector at time t can be represented as follows:

y(t) = ¥ (z(to), x (to, 1)), )

where ¥ — some given function.

The above equations are state equations of the system. Typically, the functions F and ¥ are
determined by solving the initial problem for differential equations describing the trajectory of system state
changes, that is, the equations of the form

dz(t) /dt = [ (z(1), x(1)), 3
dy(t) / dt = g (z(1), x(1)), 4

where f(.,.), g(.,.) — given function. Solutions of these equations — this is the initial, but very important
stage of the analysis and synthesis of systems in the modern theory of management. Affecting the inputs of
the system, you can transfer it from one state to another, and thus obtain changes in the output that forms the
new state of the system. The transfer of a system from one state to another is accompanied by certain
organizational, economic, financial, labour and other costs. In this case, management should be considered
optimal if the transition of the system from one state to another, corresponding to the achievement of the
goal, will be accompanied by minimal costs.

In this case, management should be considered optimal if the transition of the system from one state to
another, corresponding to the achievement of the goal, will be accompanied by minimal costs.

The path of passing information in the management system is largely determined by the organization
of the system and the tasks that it solves at a specific time or at a certain time interval. Therefore, when
studying control tasks, it is important to have the sequence of information passing through the elements of
the contours that are part of the system, and the account of the transformations that are subjected to
information within the centralized information system.

The system receives some or other values of the input parameters. By changing them, you can change
the current state of the system. The latter can be installed by observing the state of the system's output
parameters.

Depending on the nature of the connections between the elements of the system and the events

occurring within its boundaries, deterministic and probabilistic (stochastic) systems are distinguished. In the
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reality of strictly deterministic systems does not exist, therefore, it is more correct to define a deterministic
system as a special case of a probabilistic system in which the probability of the expected event is close to
unity.

From the point of view of the time-stable legislative framework and forecasting cargo turnover, the
system of port terminals is deterministic; from the point of view of the influence of random factors of
economic, financial, hydrometeorological, navigation, ecological, sanitary, and even criminogenic - it is
probabilistic. The task of management — to build stochastic system as close as possible to deterministic.

A modern seaport should be classified as complex dynamic and open systems. In the analysis of a
complex system, it is important not only its elemental consideration, but also the study as a whole, in the all
set of relationships, emphasizing inherent property of its emergence. Regarding the management of
stevedoring activities, this means highly efficient organization of work, the possibility of vertical and
horizontal cooperation between different terminals, between the port administration and operators of these
terminals, etc.

The dynamic nature of the system means that it is in dynamics, that is, during a post gap of time it
moves from one steady state to another. This is different from a static system that does not change its
structure or state over time. Whereas static systems practically does not exist in the reality, dynamical
systems, in contrast to static, are usually called systems, the transition of which to a new state can not occur
instantaneously, but takes some time. An example of such a system can be the system of port terminal
management, or port area as a whole.

As a stochastic dynamic system, the port terminals on which the stevedoring activity takes place, can
most adequately be represented in the form of a structurally complex queue system (QS) [9-11]. It should,
however, keep in mind that port terminals of different specializations may differ from each other by some
features of economic, financial, technological and organizational nature.

Port terminals, as a dynamic system, are constantly evolving. Many large overseas ports have their
own laboratories, which, along with external organizations, carry out scientific research on the further
development of terminal capacities. Thus, to the elements of the managed system, we shall refer to the
processes of development of ports: organizational, legal, economic, financial and social. At the same time,
the adaptive management system for these processes will be considered as a dialectically integral system that
harmonizes market relations and links, involves applying a set of forms and methods of survival in
competitive environment, and is a subsystem of the government economic mechanism that determines the
integrity of the formation of economic, intraeconomic and market functioning mechanisms, as well as a
component of the economic policy of the state, which provides support and economic regulation of the
stevedoring activity in Ukraine.

From the point of view of a system approach the controllable system, that is, a production system, the
port system can be divided according to its management processes into the following subsystems:
development of port services, their preparation, own transhipment, provision and maintenance,
implementation of auxiliary services.

The subsystem of development, in turn, consists of subsystems of organizational, economic, scientific
and technical and social development. Subsystem of preparation of port terminal services is divided into such
subsystems: organizational, economic, technical and personnel. The construction of the appropriate
organizational subsystem ensures the conditions and procedures for the implementation of all operations for
the provision of services. The economic subsystem is composed of subsystems of planning, material and
financial training. The personnel subsystem includes training, retraining and advanced training of staff and
provides efficient personnel allocation for solving the main and auxiliary functional tasks of port terminal
operators.

It should be noted that the main thing - is the provision of port services, in the first place, stevedoring,
all other systems or subsystems are intended to provide basic production, and are subordinate to it.

From the point of view of the system approach to the operation of port terminals, the most important
factor is the organization of a managed system, which is considered as a certain ordering of its constituent
elements and their interaction.

The concept of an organization includes the formation of a system and the management of its
functioning. Since the port has been established, all of its elements must function interrelated so that the
selected performance criteria reach extreme values and, consequently, their goals would be realized in the
best way. The purpose of the management system of stevedoring activities is to provide maximum or
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minimum values of the performance indicators of port terminals in accordance with selected criteria. In this
case, the management system is characterized by organizational and functional structures. The organizational
and functional structures of the control system, as a rule, reflect the structure of the control object in the
sense that the main units of the port terminals correspond to similar units of the control system.

As the main functions of port terminal management, it is understood that [8]:

- Planning of production and economic activity;

- Operational management of cargo handling;

- Management of development and technical preparation of cargo handling;

- Management of material and technical supply;

- Quality control of products;

- Accounting of services provided and financial activities;

- Management of technical support and organizational&economic services of port terminals;

- Selection, placement, training and raising the cultural and technical level of staff;

- Management of social development of port terminals;

- Improving the organization of services, work and management.

To implement these functions, it is necessary to ensure implementation a complex of work with the
solution of individual problems related both to strategic and operational management.

Naturally, the processes of the transhipment of goods and their management proceed in parallel and
mutually agreed.

From a modern point of view, port terminals are elements of the logistics system that transforms the
flow of goods and are prone to stochastic effects of the environment.

The function of management directly related to the material flow is the function of ensuring the
handling by the necessary resources: objects of transhipment, that is, cargoes, tools, reloading equipment and
personnel, turning this object of labour with the help of tools in the finished service. For the cyclic
implementation of this management function, it is necessary to plan the implementation of port services.
Therefore, this function should include personnel management, maintenance of inventories, energy supply,
tools and repair, maintaining the basic production assets at the proper level.

In order to maintain the level of resources in the right amount and condition for each moment, it is
necessary to manage the process of their provision in time. These tasks should be carried out at the following
two levels of the management system hierarchy: levels of operational planning and operational regulation
levels. Both of them play an important role in the process of ensuring a steady and efficient production of
port terminals. The system of operational regulation takes information about the necessary and actual state of
the reloading process, produces control impacts and implements them. Information about the required state
of the process is provided to it from the system of operative production planning, which, in essence, gives the
current settings of the regulated parameters of the control object (for a month, day, shift). These guidelines
can be set based on normative data and annual production programs.

Formation of an annual production program is a function of the next level of the hierarchy - the
subsystem of organizational and economic planning. This subsystem should be based on tasks from the
higher authority, information on the state of production and the environment, and, based on the results of the
forecasting subsystem and general development of the port, the tasks of this level occupy the very high
position in the hierarchy of the port management system.

The function of the forecasting subsystem in the general managing system of the port terminal is the
analysis and evaluation of the efficiency of the terminal total economic activity, the whole port, and
predictions the prospects for their development, depending on the requirements of the economic system of
society and the environmental conditions. The result of this subsystem affects the social and technical
development of management objects - port terminals and ports itself.

However, the latest and most original approach to enterprise organization is the model proposed by the
Danish consultant on corporate restructuring and enterprise planning L. Colins. For L. Collins's model,
multiple intertwining and overlap of employees’ individual roles, is characteristic. Within this model, there is
a complete rejection of the bureaucratic model (or its minimization) in favour of the most flexible
organizational structure [4]. L. Colin reconsidered the organization, which has located in the very core of its
interaction, cooperation and the ability to consolidate people, customers, suppliers and ideas. His model
differs from other specific features:
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The choice - the employee chooses for himself a certain project, forming a team around him (in this
case, people invited to the project, during its implementation can be changed, and managers are engaged in
coordination activities);

Multiplicity roles - the project approach creates, educates multidisciplinary people;

Transparency - the uniform distribution of knowledge throughout the organization [4. Pp. 130-131].

Note that the view on adaptation, as self-adjustment is the most common, characterizes the very
essence of adaptation and can be used in any field of science. However, this understanding of adaptation is
used in those cases where general scientific issues are discussed, without going into the kernel of a particular
problem.

Derived from the notion of "adaptation" is the concept of "adaptive management”, which is
fundamental interest for further research. In accordance with the definition given in [7], under adaptive
control we will understand the management of the system under conditions of incomplete a priori
information in a controlled process, which changes with the accumulation of information and is adopted in
order to improve the quality of the system. Sometimes adaptive management is associated with the notion of
performance, although performance as a criterion for the success of an enterprise is justified only when the
market provides additional sales opportunities.

The purpose of adaptive control is to diagnose everything that occurs inside the system (i.e.,
enterprises): processes, research processes that occur outside the system and based on the results of the
diagnosis of planning the development prospects.

The main task of adaptive management is to support the internal stability of the system in an ever-
changing environment.

Definition of adaptive control as a process of purposeful change of parameters, structure and
properties of any object in response to changes occurring both in the external environment of the enterprise
and inside of it, is universal, it can be used by enterprises of any industry at the occurrence of changes in the
external environment and in the enterprise itself, which affect its activities.

The necessity of adaptive management of the port operator is conditioned:

a) Unbalanced national legislation, which in turn constantly "responds™ to national factors and changes
in international norms related to global maritime trade either directly or through "providing" rules
(conventions on safety, environmental protection, etc.); here we can also talk about contractual "flexibility",
referring to the possibility of revision of contracts during its period of validity;

b) Flexible tariffs on stevedoring services as a reaction to the changing domestic and foreign trade
conditions affecting the volumes of freight traffic;

c) Scientific and technical advance in the field of technical and transport technologies, including cargo
handling;

d) Qualitatively new staffing, including its qualifications, social needs, employment;

e) Influence of political, economic, hydrometeorological factors, accidents on the process of vessels
arrival and overload of cargo.

Adaptability is closely linked to the risks accompanying the stevedoring activity in each of the referred
aspects. Therefore, using adaptive management should always take into account possible risks, use modern
risk management techniques to reduce their impact.

Since the development of the stevedoring activity is also closely linked to certain changes that directly
affect the operational and management procedures for providing stevedoring activities in seaports, these
changes should meet the requirements for the formation of adaptive management structures for this activity,
taking into account the implementation peculiarities of this activity in Ukraine and modern world conditions.

Undoubtedly, the formation of adaptive organizational structures should be accompanied by advisable
methodological principles that will enable them to meet the set goals and objectives of the operational and
strategic levels put forward by the stevedoring companies. Therefore, it is extremely important for
stevedoring activities of the desired level of efficiency and competitiveness, it is advisable to use the
methods of determining equilibrium management decision in conditions of oligopoly. This approach will
enable operators of port terminals to build a competitive strategy that is adequate to meet the requirements of
the modern world port services market.

To find a management solution in the sense of increasing the competitiveness of the port terminal it is
advisable to dwell on the problem solution of freight traffic distribution between n-competing operators on
port terminals located at different ports. In order to make a thorough decision in this direction, we have
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chosen the profit definition of each operator obtained in the planning period T. It is assumed, as is usually
done in the firm's theory [13], that the price for overloading 1 ton of cargo linearly decreases with the growth
of cargo turnover of the terminal. For i-th operator this profit will be

HI(T) = [pl A k Z?:l Z‘]/i(f) Y.lj] Z‘]/;(;Lr) Y.ij!i =12,..,n (5)

where p; — the maximum possible price for the cargo overload on the i-th terminal;

ri — operating costs for the i-th terminal;

k — the coefficient that determines the elasticity of demand for terminal operator's services;

vi(T) - the number of ships that arrived at the i-terminal in time intervals (0, 7);

Y;; - net load in the j-th account of the vessel arriving at the i-th terminal.

Usually, when simulating port work, they take the hypothesis of the Poisson character arriving ships at
the port, which is confirmed by numerous statistical checks [12]. Therefore, we assume that v; (T) is a
Poisson random process, and it being known that

P (T) = k} = A AT | = 0,1,2,.., ©)

where A; — the intensity of the ships flow arriving at the i-th terminal.

All Poisson flows of ships arriving at port terminals are assumed to be statistically mutually
independent.

Regarding random variables y;, we will assume that they are mutually independent, and assume that
they are all distributed according to the same law G (x).

Expression (5) expresses the desire of the i-th operator in the considered oligopoly to attract more ship
traffic due to discounts on basic charges for overloading the cargo p;.

Taking into account the assumptions made, one can calculate the mathematical expectation of profit
(5). For example, for a duopoly (n = 2) we find

MIL(T) = (p; — r)AigT — kAi(g® + A4Tg?)T — kAA,T?g% i = 1,2, 7

[o0]

where g = [,

xdG(x) < oo; g® = [*x2dG(x) < oo.

Using expressions (7), we can find the values of the intensities of the ships flows 4; that provide the
maximum value (7) and lead to various equilibrium oligopoly solutions, for example, in the sense of Cournot
or Stackelberg [13-14]. Consider, for example, the simplest case of the Cournot equilibrium. Purpose we
equate the partial derivatives of functions (7) with the parameters 4; = 1,2, to zero, and then we obtain the
system of equations:

a1

ali =(p1— r)gT — kT(g(Z) +24,9°T + ’129271) =0, (8)
a1
6_222 = (p, — 19T — kT(9® + 22,9°T + 4,9*T) = 0

Enter the following notation:
qi = AlgT,l = 1,2

The introduced variables have the meaning of the average cargo turnover of the i-th terminal at the
planning interval T. Using them, the system (8) will be rewritten in the following form:

— @
p T Y
2q,+ q; = 1k 1——g,
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G+ 29, = K g’
The solution of this equations system has the form:
1 ., pi—T pa—T: g®
Q1=§(2%—%—T)’ ©)

1 _pp—n Ph—n 9(2)
e 2 —_— —_— — ,
q> 3 ( X X g )

The equilibrium solution of the duopoly Cournot (9) has a physical meaning only when the conditions
are fulfilled

- — (2)
pP1— 1 DP2—T2 g
2—k > =+ Vi (10)

_ — )
D2~ T2 P1—T g
2 . > . + K

Conditions (10) are necessary for the existence of the Cournot equilibrium in the considered duopoly.
In this case, each operator will receive its maximum expected (that is, average) profit.

Similarly, the equilibrium can be analysed according to Stackelberg, but the appropriate analysis is
more complicated

If both operators agree to co-operate, that is to work for the overall result, in this case they should
strive to maximize the total average profit, that is, the expression (see (7))

MIL, (T) + MIL(T) = Y24[(pi — r)AgT — kA (9@ + A, Tg?)T| — 2kA;4,T%g? (11)

It's easy to make sure that the maximum of this expression by parameters is achieved with

« _ 1 [2(0—12)-(py—r1) @
ql—g[ — —7], (12)

@ = 1 [2(P1 — 1) —(p2— 1) _ 9(2)]
2 = )

3 k g
where q; = A;gT,i = 1,2. Comparing this solution with (9), we can see that

G=0q G=q

Thus, the method of oligopoly analysis in the conditions of uncertainty caused by uneven arrival of
vessels to terminals is given; it can be used in the development of the maritime port terminal operator of a
competitive strategy within the framework of constructing an adaptive control system.

The above approach to the optimization of adaptive management, based on the methods of queue
system theory, also allows one of the main risks in the operator's business to be evaluated, namely, the risk of
bankruptcy as a result of a decrease in the expected turnover of goods. For example, it might be of interest to
him to assess the probability that for the i-th terminal at the end of the period T it turns out that

iy < 4gT (13)

that is, the actual turnover will be less than predicted. This condition means the potential risk of bankruptcy

the operator. The specified risk can be minimized by means of various risk management methods: insurance,

self-insurance, temporary decrease of operating expenses, etc. From the stochastic theory of stocks, it is
known [12] that for T — oo the following asymptotic formula holds true:
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vi(T) - 24;9T
P{Zk=1 Yki < AigT} ~ N(\/W)’ (14)

where N (X) — standard normal distribution with zero mathematical expectation and unit dispersion

The given approach can be applied also for the decision of the ship-owner to solve the problem of
choosing the terminal for the vessel's approach. The criterion of type (5) reflects the operator's interest in
terms of attracting the ship's flow due to flexible tariff policy. However, from the ship owner’s interest point
of view, the criterion of minimizing its expected costs associated with the vessel's approach to the port where
the terminal is located, processing it and with the unproductive downtime of the ship is a more appropriate
criterion.

Conclusions and prospects of further research.

The referred adaptive methods of managing stevedoring activities are more sophisticated and flexible;
since the essence of adaptation here is that the model is following the process. This causes the changes in the
model to be taken into account from new trends in the real process. However, the longer the waiting time, the
greater the discrepancy between the forecast and the actual values of the row. Consequently, the model of the
considered class can be recommended, mainly, for obtaining short-term forecasts.

Many of the considered models describe the relationship between the investigated quantity and time.
This circumstance itself is a rather serious constraint. On the other hand, time in the model reveals the
evolution of the whole complex of conditions for the process. After some time, the output series is implicitly
combined with a multitude of interconnected factors, which take into account the impact of which is
somewhat difficult. Due to the simplified representation of the investigated quantity associated with only one
factor of time, modelling becomes possible even with the scantiest information. The positive feature of
adaptive methods is their help in investigation of the internal structure of the time series, the interrelation of
its consecutive members, and the models that are the tool of the forecast, are sensitive to dynamic changes
and are accordingly rebuilt in one way or another, in view of the depreciation outdate information.

The above analysis shows that in the conditions of competition and occurrence of various risk
situations, the most adaptive organizational structures of management are most effective because of their
flexibility. At the same time, their use in port practice has a number of specific features that reflect the type
of production activity of the terminal associated with the provision of various material and information
services to the customers. For all that, the leading role should be played by scientific methods of forecasting
the occurrence of adverse situations (reduction of cargo turnover, competitors' actions, political, commercial,
etc.).

The quality of the port terminal operation, which is the most important competitive factor, essentially
depends on the choice of the terminal type of its organizational management structure. However, the
discovery of this dependence is a complex scientific problem, for solving which requires appropriate
research using the methods of investigation of operations and economic-mathematical modelling.

More perfect methods for forecasting the cargo flow of the terminal allow formulating and solving
important tasks concerning the improvement of the terminal's work management. This is, first of all, the
effective competitive policy design in conditions of oligopoly and uncertain fluctuations in cargo turnover on
the horizon of planning using a combination of the firms theory and operations research methods, namely,
the queue theory and the theory of inventory management. The advantage of this approach is the ability to
use the principles of adaptive management in a constantly changing production situation, which is
characterized by the number of vehicles currently in the terminal, their levels of loading and the presence of
goods in warehouse. The criteria of optimality reflect equally the interests of the terminal operator and the
cargo owners, since the stoppage of both the vessels and the railway vehicles must always minimize. The
build model may well be used in developing variable-day plans for the terminal based on the use of standard
mathematical support.
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