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OPTIMIZATION OF THE MANAGEMENT SYSTEM FOR MITIGATING 
THE CONSEQUENCES OF WATER AREA POLLUTION DURING THE CRISIS

Purpose. The study is aimed at optimizing and reducing delays in crisis situations in the operation of decision support systems 

to eliminate the consequences of pollution of water areas.

Methodology. The presented study uses the fundamental provisions of modern science to fi nd the optimal solution in crisis 

situations. Methods of abstraction and mathematical formalization were used to solve the problem of minimizing the delay time of 

information packets in providing critical information in conditions of overloading information channels.

Findings. It has been proven that a decrease in the volume of losses is possible in the case of eff ective management of the 

elimination of pollution, prompt minimization of its consequences. It has been established that the eff ectiveness of management 

to minimize the consequences of an accident is determined by the eff ectiveness of the information system, and largely depends not 

only on relevant information, but also on the timeliness of its receipt by the subject of decision-making. A mathematical model and 

an algorithm for optimizing information fl ows have been created, which provide minimal delays in obtaining information even 

under conditions of extreme load of the information system. It has been proven that the task of eff ective management of an infor-

mation system can be reduced to minimizing the delay in the provision of critical information. As a result of the study, it was found 

that for a large information system, which includes more than forty subunits and satellite systems, the use of the proposed approach 

provides a decrease in the response delay to an information request of time, which does not exceed a minute.

Originality. To prevent delays in the operation of the information management system for the elimination of pollution of water 

areas, a scientifi c and applied approach to optimize the information system is proposed, which uses the theory of graphs and Ant 

Colony Optimization Algorithm and implements eff ective management of information fl ow. A mathematical model and an origi-

nal algorithm have been developed that allow reducing delays in work and providing a resource utilization factor better than the 

existing analogues.

Practical value. The presented approach will make it possible to increase the effi  ciency and reliability of information systems for 

managing technogenic pressure on water areas in crisis situations, reduce the time for providing the necessary information and, 

thereby, reduce the consequences of pollution and the costs associated with their neutralization. The data obtained in the course of 

the study are approximated by a polynomial equation, making it possible to evaluate the eff ectiveness of using the proposed method 

depending on the number of nodes of the information system and the requirements for limiting the delay time of information.
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Introduction. The issue of creating a modern information 

management system for man-made loads on the marine envi-

ronment is due to several reasons. The fi rst is the growing deg-

radation of the environmental situation in the adjacent waters 

of the Black and Azov Seas, as stated in the Law of Ukraine 

“On the Basic Principles (Strategy) of State Environmental 

Policy of Ukraine for the period up to 2030”. Reducing the use 

of marine bioresources as well as reducing the recreational op-

portunities of the coast leads to a reduction of relevant indus-

tries, economic losses, threats to human health and life. The 

second reason is Ukraine’s commitments to the world com-

munity, ratifi cation of relevant international agreements. The 

third reason is the growing load on maritime transport routes, 

due to the special status of Ukraine as a transit country for 

proximity to international transport corridors. This necessi-

tates not only the strengthening of water monitoring but also 

the proper effi  ciency in making management decisions on wa-

ter pollution by transport vessels. As you know, there is a very 

short period of time, the so-called “Window” for decision-

making to eliminate the eff ects of pollution, because wind, 

storm dispersal of surface pollution has a signifi cant dynamics. 

The presence of currents, emission conditions, etc. also con-

tributes. According to expert data, the decision-making win-

dow can be 1–4 hours. Therefore, reducing the time for mak-

ing decisions determines their effi  ciency and reduces the rate 

of specifi c marine pollution [1]. This, in turn, will reduce the 

specifi c damage indicator [1], an indicator of associated costs 

for cleaning the surrounding areas, reducing the probable 

damage from coastal pollution.

Literature review. Both domestic and foreign scientists 

have dealt with the problems of man-caused impact on the wa-

ter area. Various aspects of the problem have been studied. 

Some of them are used in this research. In the scientifi c work 

[2], the index approach to an estimation of level of danger for 

water area is off ered. The article [3] systematizes the causes 

and results of man-made impact on water systems. The ap-

proximation of the Ukrainian system of surface water moni-

toring and regulation to EU law has been studied [4]. Exam-

ples of regional pollution control and assessment systems have 

been studied for Nigeria [5], Turkey [6], the Persian Gulf [7]. 

More global systems, in particular for the Arctic seas are con-

sidered [8]; the territorial waters of Australia are studied in 

detail [9]. Of interest is the study on the test decision support 

system (DSS) for pollution in the Ligurian Sea [10]. Contami-

nation of surface waters with petroleum products, on which 

the authors of this study relied, is described in detail in scien-

tifi c papers to varying degrees, under diff erent circumstances. 

For example, DSS for Monitoring Small Scale Oil Spills [11], 

tanker accident model is a Bayesian network [12], POSEI-
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DON Mediterranean DSS [13], oil spill modeling to protect 

coastal communities and the environment of the Eastern 

Mediterranean Sea [14]. The work is devoted to the question 

of peculiarities of work of information systems of management 

of technogenic safety, their viability [15]. The problem of com-

bining environmental impact management into a single DSS 

of diff erent information systems, for the design of which diff er-

ent models were used, is studied [16]. The effi  ciency of distrib-

uted systems in public administration is studied [17].

In all these scientifi c works, various aspects of water pollu-

tion management have been widely studied, but the defi nition 

of such a parameter of information system effi  ciency as the ef-

fi ciency of information provision and methods that ensure this 

have been neglected. In addition, there are no references in the 

available literature to the presence of software fuses traffi  c jam 

DSS, designed to work in conditions of spasmodic increase in 

information traffi  c. Such an increase in traffi  c is typical during 

man-made accidents. Traditional approach – capacity redun-

dancy cannot guarantee uninterrupted operation under unpre-

dictable information load. As shown by the analysis of litera-

ture sources in the design of DSS for marine pollution man-

agement, scientists pay little attention to their diff erence from 

other technological DSS.

Purpose. The aim of the study is to form a quality manage-

ment of man-made load on the marine environment, which is 

provided by eff ective management of information fl ows with a 

sudden increase in the load on the information system in the 

event of a critical situation.

Methods. The presented research uses the fundamental 

provisions of modern science to fi nd the optimal solution in 

crisis situations for many target functions. Methods of abstrac-

tion and mathematical formalization were used to solve the 

problem of minimizing the delay of information packets in 

providing critical information under conditions of information 

channel overload.

Results. Comparative analysis DSS for marine pollution 
management. The analysis showed that their diff erences should 

be taken into account when designing DSS for marine pollu-

tion management: probable growth by orders of magnitude of 

the number of users during the crisis; there are several deci-

sion-making centers, which leads to additional workload in 

case of accidents; there is a need to connect information re-

sources of considerable capacity; diff erent technological stan-

dards of DSS segments; information can be signifi cant (for 

example, vector satellite images); signifi cant peak capacity is 

required only at the time of the accident. Solving the problem 

by reserving DSS resources for peak load needs requires, fi rst-

ly, signifi cant costs, and secondly, does not guarantee uninter-

rupted operation, which is connected, in particular, with un-

foreseen circumstances of accidents, variability of parameters 

and structure of DSS.

The analysis showed that the most eff ective, in terms of 

controllability are special local systems designed to control 

relatively small areas and large systems that are created and 

operated by a group of countries. Indeed, on the one hand, it 

is easier for a small controlled area to identify the fact of pollu-

tion, the source, the culprit of the pollution and to make an 

eff ective decision on the elimination of the consequences 

quickly enough. On the other hand, the global system allows 

effi  cient use of resources to form a surveillance network, inves-

tigate the causes of pollution and identify violators in diffi  cult 

hydrometeorological conditions, even beyond the geographi-

cal boundaries of national monitoring systems.

Examples of local systems are the Odesa water area moni-

toring system [18], the mouths of the Dnipro and Southern 

Buh rivers [18] and Seaway Smart Release, which is responsible 

for water control near the city of Gold Coast, Australia [19].

An example of a national system is the POSEIDON sys-

tem in Greece [13]. The obvious disadvantage of this system is 

the diffi  culty of taking into account non-national sources of 

pollution, which play a signifi cant role for the Greek adjacent 

waters. For example, this is the impact of bottom currents, 

which carry pollution into Greek waters from the Atlantic 

Ocean, threatening the main sectors of the national econo-

my – tourism and fi sheries.

An example of a supranational system is SeaDataNet. It is 

a unifi ed standardized information system of the European 

Union. The introduction of SeaDataNet has made it possible 

to use a little more than a hundred such centers instead of 

more than 600 national, scientifi c and local data centers. The 

history of the creation and gradual improvement of SeaData-

Net allows you to identify trends and steps needed to imple-

ment an eff ective national system.

Conclusions and suggestions of comparative analysis. Con-

clusions and suggestions that can be made on the basis of the 

analysis:

- data should be obtained using standardized methods and 

protocols agreed with neighboring partner countries, which 

facilitates data exchange;

- the relevance of incoming data streams should be checked 

and verifi ed;

- data processing and storage should be carried out accord-

ing to unifi ed methods;

- data must be ready for publication on authorized requests 

on channels with adequate bandwidth;

- the benefi ts of data and the effi  ciency of the national in-

formation system increase signifi cantly if it interacts properly 

with the relevant information systems of neighboring coun-

tries;

- the operation of the system should be determined by ef-

fi ciency and be focused on operations with metadata, provide 

technical and semantic cooperation with specialized local, 

specialized and scientifi c information systems, primarily in re-

lation to marine waters.

Using the 6 th Framework Program of the European Union 

and the grant agreement 283607 SeaDataNet has been im-

proved to a unifi ed and standardized information system, 

formed on a network basis for obtaining, processing and man-

aging large information resources, both on the state of the wa-

ters of the seas and oceans adjacent to the Eurozone countries, 

and on the main sea transport routes.

The latest restructuring of SeaDataNet in accordance with 

the grant agreement 730960, under the EU program H2020 – 

is, using cloud and other modern information technologies, 

the formation on the basis of elements and structure of 

SeaDataNet actually a new generation SeaDataCloud system. 

As the study showed, all these steps to improve SeaDataNet, 

factors and capabilities of the system are largely due to the 

quality of its design and the effi  ciency of information fl ow 

management in the information system.

Thus, the task of forming an eff ective information system 

can be considered as a task of managing information fl ows.

Streams of input information are formed during the auto-

mated continuous monitoring of adjacent waters using a sig-

nifi cant number of primary specialized systems for collecting 

and processing environmental, meteorological, hydrological 

and other information. These systems for the task are located 

at considerable distances and distribution over large areas. 

Collection of information in Ukraine is carried out by diff erent 

departments and organizations, so the information is spread 

over diff erent databases. To form a complete and relevant pic-

ture of the state of the waters, a comparative analysis requires 

the use of auxiliary information fl ows between databases.

In the event of an accident or crisis, the number of mea-

surements per unit time should be signifi cantly increased. This 

increases the load on the information transmission channels. 

It is diffi  cult to predict the excessive level of this type of load on 

the DSS, as it is formed by diff erent requirements for monitor-

ing a particular crisis situation and its features. This increases 

the importance of eff ective management of information fl ows 

in such systems. As the analysis shows, one of the most com-

mon types of pollution caused by ships, in particular in the 
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waters of the port of Odesa, the mouths of the Dnipro and 

Southern Buh rivers, and so on, is oil pollution. Therefore, on 

the example of pollution of water areas by oil products we will 

carry out the analysis of economic consequences of pollution 

of water areas and, according to it, form the concept of “effi  -

ciency of information system of management of technogenic 

load on marine environment”.

Effi  ciency criteria DSS for marine pollution management. 
Due to the fact that in the normative documents and scientifi c 

literature there are no proven methodological recommenda-

tions for integrated economic assessment of the consequences 

of water pollution by petroleum products, we will systematize 

the economic losses caused by pollution and link them to the 

indicator of information system effi  ciency. Penalties paid by 

ship owners for environmental pollution (in particular, oil 

spills), even if they are collected without dispute, will not be 

able to compensate for long-term costs associated with the 

consequences of water pollution, because their volume, the 

number of business entities that will be harmed, cannot be 

predicted when the fact of massive, catastrophic spill of oil 

products is detected.

To establish the relationship of environmental and eco-

nomic indicators: specifi c pollution, specifi c damage, associ-

ated costs of pollution with indicators of the effi  ciency of the 

information system was analyzed. This is quite technically dif-

fi cult, as the damage from accidents strongly depends on the 

circumstances and place of the accident, weather and hydrody-

namic conditions, and others. This led to a weak correlation 

between the numerical values of environmental, economic and 

information indicators. But it is established that practices for 

such accidents use the index “decision window” (inevitability 

point) which is defi ned by limit values of the named factors.

The analysis proved that the diff erences of DSS for marine 

pollution management cause the diff erence of effi  ciency indi-

cators of this information system. That is, even the classic per-

formance indicators of DSS with variable load, for example, 

the so-called “Peak system bandwidth”, in this case are not 

relevant enough. In particular, the use of “peak system band-

width” with an adaptive control mechanism. The solution is to 

create special algorithms for managing DSS data fl ows in a 

crisis. And the criterion for the eff ectiveness of DSS for ma-

rine pollution management is the ability to avoid traffi  c jam. 

Therefore, in this case, the numerical performance indicator 

DSS was chosen to minimize the delay time.

Analysis of Fig. 1 indicates the presence of a direct causal 

chain: the more eff ective the decisions to minimize the eff ects 

of pollution are, and the more effi  cient the actions to collect 

petroleum products at the place of their spill are, the smaller 

the long-term economic consequences will be. And the eff ec-

tiveness and effi  ciency of decisions in crisis conditions is de-

termined by the equality of all other conditions for data reli-

ability, the effi  ciency of providing information to decision 

makers.

Thus, the eff ectiveness of management, which in accor-

dance with Fig. 1 determines the economic effi  ciency of the 

information system, depends largely not only on the relevance 

of information, but also on its timeliness of its receipt by the 

decision-maker. That is, the eff ective management of the in-

formation system man-made load on the marine environment 

can lead to minimization of the delay time in the provision of 

critical information. This requires the creation of an appropri-

ate algorithm.

Algorithm of mathematical formalization of the problem. To 

do this, we analyze the information system using the method 

of graph theory. In such a system, centers of production, infor-

mation retrieval, concentration and processing can be consid-

ered as graph nodes. Like ribs – ways of transmitting informa-

tion. Critical from the point of view of an estimation of effi  -

ciency of the system will be receipt of streams of information, 

fi rst of all to knots which further we will name as knots of users 

of system. These nodes will be distributed, but to simulate the 

system we can consider them as a single output node, which is 

associated with real user nodes with zero-weight edges. The 

volume of the information package received by the user can 

also be considered as a weighted average – because the pack-

ages of such an information system for standardized queries 

will not diff er signifi cantly in volume. In this case, the time 

between sending the request and the response received from 

the system will be critical from the point of view of evaluating 

the effi  ciency of the system. Experience with complex infor-

mation systems shows that the response time in standard op-

eration is very diff erent from the response time from an over-

loaded system. Even well-designed systems require signifi cant 

resources, funds, and time to beta test. And, even a conducted 

beta test cannot guarantee failure-free operation of the system 

in crisis conditions, and these conditions, without recurrence 

of all components of the crisis, may reveal new weak points of 

the system each time. The weak point, in this case, will be 

called the bandwidth of each of the edges of the graph, which 

uses the simulated system. Let us denote it by an integral func-

tion (x)  0, where x is the number of information packets 

that will pass per unit time through each edge. Obviously, 

(x), in this case plays the role of so-called “rib scales”.

For each of the edges input(x) output(x), and for the sys-

tem as a whole in equation (1) it is

 ( ) ( ).

n m
input output
i j

i j

x x     (1)

Since each of the edges has a limited bandwidth, then 
max, where max is the maximum number of standard packets of 

information that can pass through the edge per unit time. Thus, 

the weight of the edge will be a function of time: (x)  f (t). 

The weight of the route for obtaining information by the user 

will be equal to the weight of all the edges that are part of this 

route. You can also use the expression for the route as a whole 

  max, then, to fulfi ll this condition, the problem, from the 

point of view of graph theory, is reduced to the problem of con-

structing a fl ow control graph (CFG).

The information system for managing the man-caused 

load on the marine environment will be complex in Ukrainian 

realities. So, it will be formed from many subsystems, have a 

signifi cant number of satellite information systems, databases, 

and so on. To optimize the system, minimize the response 

time to the request (which is a critical factor for an interactive 

decision-making system in the management of man-made 

Fig. 1. Systematization of economic consequences of water pol-
lution by oil products
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load on the marine environment, which is also due to crises, 

accidents and catastrophes), various mathematical methods 

are used. In particular, the methods of Markov analysis are 

used. In our opinion, this narrows the number of possible 

states of such extremely complex systems as the one under 

consideration, because the control of a multi-fragment Mar-

kov graph is faced with the need to analyze hundreds of its 

states, which limits the possibilities of its study. The unwilling-

ness of the system to work in conditions of overload of a com-

plex network of information channels with a given degree of 

effi  ciency can be detected in a crisis situation, because beta 

testing to verify all the complexities of using the system in op-

eration is impossible. This, in turn, will lead to uncontrollabil-

ity of water pollution in a real emergency.

To form a self-learning system that can, due to the exces-

sive time of implementation of a solution, use information 

transmission routes that were recognized as insuffi  ciently ef-

fective when creating and testing the system, or fi nd the origi-

nal route, we proposed to use the Ant Colony Optimization 

Algorithm [20].

Indeed, when testing the system, it is possible to determine 

certain routes that will be considered the best under the start-

ing conditions (for example, to respond to a request faster). 

Catastrophe, accident, etc. in the controlled area will lead to a 

sharp increase in information fl ows in certain parts of the sys-

tem, on certain chains, previously optimal routes. Then, routes 

that were previously identifi ed as ineff ective may come in 

handy. But the system must fi nd them itself.

We have proposed a CFG algorithm that can generate a 

parallel sending of information packets, duplicating them, on 

diff erent routes with an estimate of the time of passage of each 

packet. In the event that the time of passage of the main infor-

mation fl ow exceeds a certain, defi ned limit, the information 

will be sent along the route that showed the best of the results. 

That is, the choice of route follows the time parameter on the 

interval (tmin  t  tmax) and  lim
max max max ,  ,routet t t  where tmin is the 

shortest time of passage of information, tmax is the largest time 

of passage of information, lim
max  t  is the maximum time of pas-

sage of the information is set, max  routet  is the largest time of infor-

mation passing, determined iteratively by comparing the time 

of providing information on diff erent competitive routes.

This principle implements, in a way, the “pheromone” 

path by analogy with an ant, which marks its path with a pher-

omone. Successors go where pheromones are stronger, be-

cause it indicates that there were more “ants” in the closest 

time, so that is the best way.

Thus, this principle implements one of the variants of the 

class of genetic algorithms. The test packet passes randomly 

along the route, which is described by a linear matrix of verti-

ces of the oriented graph, each of which is a node of successive 

chains that make up the route, and a linear matrix of time in-

tervals that determine, with a given accuracy, the packet time 

of each edge connects pairs of consecutive vertices (so-called 

“weight” of an edge). Signifi cant riding time automatically 

means searching for an alternative circuit with an estimate of 

the time of its passage, comparing the time on the main and 

alternative circuit and selecting a circuit with a smaller value.

The algorithm is built so that the number of “pheromones” 

on the path will be proportional to the number of packets 

which have passed this way.

This is implemented as follows: each packet has an index 

fi le where all the links of its route are fi xed. The route runs 

from the bifurcation point i to the consumer j. By comparing 

the packet travel time and selecting the smallest one, we esti-

mate the number of packets of information passing each path 

and select the largest value, thus estimating the bandwidth of 

the new path. And subsequent requests are accompanied by an 

index fi le, which indicates the selected route.

An example of the problem is that  queries and answers to 

the mats tarting speed v follow the route (of the total number 

of routes a  (s, l)) s(is) or l(il)for time, respectively, ts and 

tl  r  ts and, thus, the probability, which is a function of the 

time of passage of the information packet, pjs(t) or pjl(t), that 

the packet at the bifurcation point will choose the path s or l 
will depend on the amount of “pheromone” ia(t) – that is, 

the indices of the packets of information on each path. Then, 

for example, for a  2 (2–4).

 ( ) ( );is
js s is

d
p t t p t

dt


     (2)

 ( ) ( ,)il
jl s il

d
p t r t p t

dt


      (3)

for fulfi lling the condition

 1( ) .iap t   (4)

The block diagram of the proposed algorithm is presented 

in Fig. 2. Two networks were used for beta testing: 192 nodes 

and 375 branches, and 214 nodes and 412 branches. On the 

fi rst number of nodes varied to a minimum in groups of 

10 units to identify the eff ect of their number on the result. 

Congestion occurred on routes 10–20 % higher than the ca-

pacity of the most vulnerable branches of each of the routes. 

Routes were selected using a random number generator. Gen-

eration interval  0.5–5 s. This confi rmed the eff ectiveness of 

the algorithm.

Diff erences of the off ered algorithm from others: not a 

pheromone, but a pheromone trace is formed (the delay of a 

package on a branch is minimized); limiting the weight of the 

branches are adaptive; the approach is not iterative, but itera-

tive-communication – parametric randomized greedy algo-

rithm is only a segment of the integrated algorithm. The op-

eration of the integrated algorithm is as follows. Each consum-

er node tests the time between the request and the response. 

For exceeding the adaptive level of the minimum delay t  tmax 

branches of routes to this node are tested by packages-ants 

which estimate a delay on each of them. Next, the controller 

redistributes fl ows, optimizing traffi  c. This counter-audit re-

duces the integrated system load from additional adaptive 

routing, simplifi es fl ow redistribution management, and 

speeds up congestion adaptation. The delay time is minimized 

on the graph G(V, E ) where vk, vn  V are reception-transmis-

sion nodes, ekn  E are branches between these nodes. The 

weight is set for the branches – the delay time. When the time 

is too long the branch falls into the taboo list. During the 

“evaporation of the pheromone”, the branch begins to be test-

ed again by ANT-test. When traffi  c is normalized, the branch 

Fig. 2. Integrated adaptive routing algorithm
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is removed from the taboo list. When clogging occurs at a crit-

ical number of nodes Ncr the time limit becomes adaptive – 

that is, the intervals of the allowable weight of the branches 

change. This allows you to use routes with the “best of the 

worst” weights of the branch.

The formed mathematical approach makes it possible, 

considering the variability of routes a to fi nd the dependence 

of the time of packets on the number of nodes using this tech-

nique, given, for example, that the maximum time is deter-

mined, which expertly determined the limit for packets – 

30 minutes.

Advantages over the closest analogues involve BI applica-

tions [21] and the design value for DSS [22] in terms of utili-

zation of the i th resource, respectively, 1.8 and 2.3 times, and 

is 0.42. This result in a small window of opportunity can be 

crucial.

Of course, the limit value can be changed by the system 

administrator, depending on the circumstances of the real sit-

uation.

Fig. 3 shows the results of the reduction of the delay time 

of the information packet, provided that the application of the 

proposed algorithm depending on the number of system 

nodes. Increasing the number of system nodes allows you to 

increase the number of options for routes of information trans-

mission.

This dependence was approximated by a polynomial (5).

y  0.0109x6  0.3223x5  3.7632x4  21.702x3 

  61.754x2  68.447x  5.0625.
 (5)

As the calculation shows, for the number of nodes of the 

information system greater than forty, the use of the proposed 

approach reduces the delay in responding to the information 

request to a time not exceeding one minute.

The use of equation (5) makes it possible to estimate the 

need to use the proposed method depending on the number of 

nodes of the information system and the requirements for lim-

iting the delay time of the response to the user’s request.

Thus, the introduction of the proposed approach makes it 

possible to quickly obtain information on pollution in accor-

dance with changing hydrological, atmospheric conditions, 

accident circumstances, and so on. This, in turn, will provide 

an opportunity to quickly localize pollution, minimize its con-

sequences.

Conclusions. The study on information systems designed 

to manage man-made load on the marine environment in oth-

er countries has identifi ed trends in the formation of such sys-

tems, the requirements for their modifi cation that arise over 

time and the stages of their development. This made it possible 

to propose concrete proposals and formulate concrete recom-

mendations necessary for the implementation of an eff ective 

national system. The systematization of economic conse-

quences of water pollution by oil products, as the most wide-

spread type of pollution in territorial waters of Ukraine with 

long-term ecological and economic consequences allowed 

establishing that reduction of costs is possible in case of an ef-

fective management of the elimination of pollution and opera-

tive minimization of its consequences. It is established that the 

eff ectiveness of man-made load management on the marine 

environment, which determines the economic effi  ciency of the 

information system used for this, largely depends not only on 

the completeness and accuracy of information, but also on the 

timeliness of its receipt. Thus, the eff ective management of the 

information system on man-made load on the marine envi-

ronment can lead to minimization of the delay time in provid-

ing critical information.

To do this, it is necessary to introduce algorithms for man-

aging information fl ows, which would reduce the time of pas-

sage of information packets to the user in case of disasters and 

accidents with signifi cant consequences. During this period, 

the load on the information system increases abruptly, which, 

with a fi xed bandwidth of channels, signifi cantly increases the 

time of its provision to the user. To minimize the delay time of 

information packets, it is proposed to apply a mathematical 

approach developed for this purpose. This approach uses the 

graph theory and the Ant Colony Optimization Algorithm and 

is reduced to the problem of constructing a fl ow control graph. 

The study found that for a large information system, which in-

cludes more than forty nodes, the use of the proposed ap-

proach reduces the delay in responding to the information re-

quest to a time not exceeding one minute. The obtained data 

on the delay of information packets are approximated by a 

polynomial equation. This makes it possible to assess the need 

and effi  ciency of the proposed method at the design stage de-

pending on the number of nodes of the information system 

and the requirements to limit the delay time of the response to 

the user’s request. The proposal for the next stages of the study 

is to agree with neighboring partner countries on methods of 

proper cooperation in forming channels for fast and reliable 

transmission of standardized information according to stan-

dardized protocols, developing methods for working with 

metadata, exchange of semantic information on man-made 

loads in adjacent sea areas.
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Мета. Дослідження спрямоване на оптимізацію та 

зменшення затримок у кризових ситуаціях роботи сис-

тем підтримки прийняття рішень щодо ліквідації наслід-

ків забруднення акваторій.

Методика. У представленому дослідженні використа-

ні фундаментальні положення сучасної науки щодо по-

шуку оптимального рішення у кризових ситуаціях. Ме-

тоди абстрагування й математичної формалізації були 

використані для вирішення задачі мінімізації часу за-

тримки інформаційних пакетів у наданні критично важ-

ливої інформації за умов перевантаження інформацій-

них каналів.

Результати. Доведено, що зменшення обсягів збитків 

можливе у разі ефективного управління ліквідацією за-

бруднення, оперативної мінімізації його наслідків. Уста-

новлено, що ефективність керування по мінімізації на-

слідків аварії обумовлюється ефективністю інформацій-

ної системи, значною мірою залежить не тільки від реле-

вантної інформації, але й від своєчасності її отримання 

суб’єктом прийняття рішень. Створена математична мо-

дель і алгоритм оптимізації інформаційних потоків, що 

забезпечують мінімальні затримки в отриманні інформа-

ції навіть в умовах надзвичайного навантаження інфор-

маційної системи. Доведено, що задачу ефективного 

управління інформаційною системою можна звести до 

мінімізації часу затримки в наданні критично важливої 

інформації. У результаті проведеного дослідження вста-

новлено, що для великої інформаційної системи, яка 

включає більше сорока субблоків і сателітних систем, ви-

користання запропонованого підходу забезпечує змен-

шення затримки відповіді на інформаційний запит до 

часу, що не перевищує хвилини.

Наукова новизна. Для запобігання затримок у роботі 

інформаційної системи управління ліквідацією забруд-

нення акваторій запропоновано науково-прикладний 

підхід оптимізації інформаційної системи, що викорис-

товує теорію графів і Ant Colony Optimization Algorithm та 

реалізує ефективне управління інформаційним потоком. 

Розроблена математична модель і оригінальний алго-

ритм, що дозволяють зменшити затримки в роботі й за-

безпечити коефіцієнт використання ресурсів краще, ніж 

наявні аналоги.

Практична значимість. Представлений підхід дозво-

лить збільшити ефективність і надійність інформацій-

них систем управління техногенним навантаженням на 

акваторії за кризових ситуацій, зменшити час надання 

потрібної інформації і, тим самим, зменшити наслідки 

забруднення й витрати, що пов’язані з їх нейтралізаці-

єю. Отримані під час дослідження дані апроксимовані 

поліноміальним рівнянням, що надає можливість оці-

нити ефективність використання запропонованого ме-

тоду в залежності від кількості вузлів інформаційної 

системи та вимог до обмеження часу затримки інфор-

мації.

Ключові слова: техногенне навантаження, морське се-
редовище, управління, інформаційна система, алгоритм
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