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THE CONCEPT OF CREATING AN INTELLECTUAL CORE OF AN INTEGRATED
INFORMATION AND ANALYTICAL SYSTEM FOR ACTION IN EMERGENCIES OF
MAN-MADE NATURE

Subject matter. Informatization of processes of counteraction to man-made emergencies. Goal. Improving the
effectiveness of the process of information support for decision-making in overcoming the consequences of man-made
emergencies, in terms of its intellectualization, by creating a concept of integration of various software tools within a
single, homogeneous space of knowledge about strategic, tactical and operational actions in a wide range of accidents
and disasters related to the operation of technical facilities. Tasks. Develop a formal statement of the problem of
decision-making in an emergency situation and justify the methodology of its implementation based on the integration of
knowledge tools with various analytical models that describe the processes of emergency. Consider the application of
the proposed methodology on a scenario that reproduces the situation on the site after the leakage of a highly toxic
substance. Methods. System analysis - in the development of a comprehensive process model for decision-making in an
emergency; software engineering - when creating the architecture of an integrated intelligent decision support system in
emergencies of man-made nature; physics of the processes of distribution of toxic chemicals in the atmosphere - in the
development of a scenario of the situation at the site in an emergency situation at an industrial site. Results. The concept
of creating an integrated intelligent decision support system for overcoming the consequences of man-made
emergencies, in particular, the formal formulation of a typical problem of decision-making in emergencies is described,
as well as the basic principles of its solution, and the formulation of the problem of modeling management processes
associated with man-made emergencies is developed. Conclusions. The concept of creating an integrated information-
analytical system to support decision-making in man-made emergencies is presented. Within the framework of this
concept, formal models of decision-making in man-made emergencies and an approach to the integration of diverse
software within a single, homogeneous knowledge space on comprehensive measures to overcome the consequences of
emergencies related to accidents and disasters at technical facilities infrastructure. The scenario example of the
organization of intellectual support of decisions at release into the atmosphere of a toxic chemical is considered.

Keywords: man-made emergency; decision support; process model; integrated intelligent information-analytical system; toxic
chemical.

Introduction resources and the implementation of activities that reduce
the likelihood of ES. The solution of such problems
requires preliminary material costs. An increase in these
costs leads to a decrease in the likelihood of ES, so these
tasks are actually tasks of risk management.

The tasks of the second type include the tasks of ES
identification, the selection and implementation of
protective measures that must be immediately carried out
using the available resources, as well as the determination

Decision-making  processes  for  overcoming
emergency situations associated with man-made accidents
and disasters occur under conditions of high uncertainty
caused by the absence or incompleteness and inaccuracy
of the initial data, their ambiguity, and insufficient level of
information and analytical support. The scale of damage
from accidents and disasters at industrial and other

infrastructure facilities determines the need to develop an
integrated decision support system, in which traditional
analytical methods and tools will be supplemented with
intellectual means that can adequately reflect the expert
experience presented in the form of production rules. Such
an integration of means of different types by their nature
will make it possible, on the one hand, with sufficient
accuracy to reflect the current state of the decision-making
object in an emergency situation, and on the other hand, to
reduce the level of uncertainty when reflecting factors that
are difficult to formalize.

Decision-making tasks related to control under ES
conditions differ significantly, depending on the mode of
operation of the decision-making object to which these
tasks relate. It is customary to distinguish three types of
tasks: ES warning tasks, which must be solved in normal
operation modes of the object before ES appears; tasks of
immediate response to the emerging ES; tasks of
overcoming the consequences of ES.

Tasks of the first type involve the formation of

of the necessary additional resources to prevent the
development and overcome the consequences of ES.

The third type covers the tasks of forming, and real-
time implementation of the sequences of activities that are
most appropriate to overcome the consequences of ES.

The tasks of the first type must be solved in advance,
by developing and implementing appropriate programs
and plans. In contrast, tasks of the second and third types,
as a rule, appear suddenly and differ significantly from
ordinary tasks. Such tasks must be solved in real time,
taking into account the restrictions on the time of
formation and decision-making, as well as the amount of
available resources.

Tasks of the second type differ in that only available
resources can be used to solve them, which do not require
significant preparation time. In some cases, for solving
problems of the third type, it is also possible to use
resources, the preparation of which may take some time.

Formation of decisions in ES conditions is
essentially reduced to the implementation of tasks of the
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second and third types. In this regard, it is advisable to
present the formal formulation of the decision-making
problem in ES as a set of decisions on the selection and
implementation of activities (operations) that are
sequentially performed in real time, depending on the state
of the decision-making object and disturbing influences
from the environment.

Formulation of a scientific problem and its meaning

accidents and disasters associated with the operation of
technical facilities.

Materials and study methods

The problem underlying this study is a consequence
of the contradiction between the possibility of traditional,
analytical methods and means to adequately represent
both the processes taking place in ES conditions of a
technogenic nature, and a set of measures to prevent,
overcome and eliminate the consequences of such
phenomena, and the need for such presentation for the
development of information support tools for managers of
various ranks in the formation of a set of relevant
activities. At the same time, artificial intelligence and
knowledge engineering tools provide the ability to create
effective process models that adequately describe the
manipulation of resources in the space-time continuum.

Thus, a solution to this problem can be obtained by
creating a methodological basis, within the framework of
the concept of special integrated intelligent decision
support systems in the ES environment of a technogenic
nature.

Analysis of publications on the stated problem

Modern foreign information and analytical systems
(IAS) (Swedish 1AS PRIO [1], IAS as part of the
American EPA system [2], etc. [3-6]) are mainly aimed at
modeling the spread of toxic chemicals (TCH) in
atmosphere, while the organization of evacuation
measures remain behind the scenes. Domestic systems are
focused on calculating the TCH affected area according to
standard methods [7], which gives only an approximate
picture of the distribution of TCH concentrations.

Thus, it is relevant to develop the concept of a
specialized information and analytical decision support
system in ES of a technogenic nature, which is based on a
set of models, each of which belongs to one of two classes
- those that describe the dynamics of ES distribution and
those that reflect the complex ES countermeasures (for
example, the advancement of rescue units and changes in
the population of the affected area). This IAS is capable,
on the one hand, to predict the spread of TCH, and on the
other hand, to form decisions on the evacuation of the
population from the ES zone and organizational measures
to localize and overcome the consequences of the ES
itself.

The purpose of the article is to solve the problem of
increasing the efficiency of the process of information
support for decision-making in the context of man-made
emergencies, in the aspect of its intellectualization, by
creating a concept for the integration of different types of
mathematical and software tools within a single,
homogeneous space of knowledge about strategic, tactical
and operational actions in a wide the spectrum of

The current state of the decision-making object in ES
can be formally described in the form of a set of fulfilled
conditions P_, and a set of activities T_ that are

performed at the moment = in real time [8, 9].
Using the introduced designations, the processes of
object management in ES on the time interval A, can be

written in the form:

PP, T e, PMY, 1)

where P{" — set of conditions fulfilled at the initial
moment of ES occurrence g, o € A, ;

P., T, — accordingly, a set of fulfilled conditions,

and a set of activities (operations) that are performed at
the current time 7;

PT(]M) — a set of conditions that determine the goal of

management in ES, the fulfillment of these conditions
ensures overcoming the consequences of ES;
n — index of a specific implementation of control

processes in ES that arose for a given automation object
under specific environmental conditions.
Depending on the available resources and actions of

the decision maker (DM), for each pair (Pﬁ”),PT(]M)) that

determines the initial and final (target) situations at the
facility, different alternative decision-making processes
are possible in order to overcome ES.

To assess the quality of decisions made (sequences
of decisions made); it is advisable to define efficiency
criteria ¢ , for example, in the form of minimizing the cost
of resources or time spent on overcoming ES.

Depending on the characteristics of a particular
decision-making object, environmental criteria can also be
applied, in particular, criteria for minimizing the
undesirable impact of ES on the environment, or others.

The set T, of activities carried out in the current time

r is determined by the decisions made, which, in turn,
depend on the set of necessary conditions P .

The control process on the interval A, of

overcoming the consequences of ES can be described as a
sequence of sets (2):

U, ={T:}teAp,. (2)

Obviously, for a given pair of sets (Prg”),PT(]M)) of a
specific decision-making object, disturbing environmental
influences on the interval A, , and restrictions on the
necessary resourcesRg,s S, , the value of the control

efficiency criterion ¢ uniquely depends on the sequence
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(2) of decisions made and implemented in order to
eliminate ES.

Thus, the problem of efficient control of an object
under ES conditions can be formulated in the form (3) of

finding the optimal sequence U% :

0 opte(U,)
Uy =arg . | €)
Up e Un
With restrictions:
(n) _ p(n)
Py’ = Pn , 4)
(M) _ p(M)

Py = Pn , (5)
RSSRSn,SeSn, (6)
lfzqSlfatm’qEQn' )
Tq < Tqn,d € Qy 8)

where U:] is a family of sequences of the form (2) that are

possible for a given decision-making object and specific
values of disturbing influences from the environment on a
time interval A ;

PT(]“) — the set of satisfied conditions that determine

the initial situation at the decision-making object at the
moment of ES occurrence;

PT(IM) — the set of fulfilled conditions that determine
the desired situation at the decision-making object after

overcoming the consequences of ES;
Ry — the largest amount of s-the type resources that

can be used in ES control and do not need to spend time
on their preparation;
fiqn — the largest amount of the q-the type

resources that can be used in ES control after preparation
for a time not less than tg,, ;

S, —aset of ordinal indexes of resource types that

can be used in ES control without wasting time for
preparation;
Q,, — a set of ordinal indices of resource types that

can be used in ES control after preparation in a time not
less than T, .

In real-life cases, the occurrence of ES should be
determined by equation (4) based on site monitoring

data. Therefore, equation (4) defines a separate
task of the second type, which can be written
in the form:

Py =P meH, 9)

where 15 — the moment of occurrence of ES, which is

determined by the set of fulfilled conditions PT(]n) .

Obviously, the index PT(]“) in (9) can be considered

as the identifier of a specific ES. Then H is the set of ES

types.
Thus, the ES control problem = can be written in the

form of three types of tasks:
- ES prevention tasks &;;

- tasks of immediate response &, at the time of ES

occurrence;
- tasks to overcome the consequences of ES &s.

E={&,&,E3}-

Tasks &; are associated with the planning of ES

prevention measures and are qualitatively different from
the decision-making tasks directly in ES conditions. They
were briefly discussed above,

Tasks &, provide:

- timely detection of ES based on equation (9);
- ES identification, i.e. defining ES type n using

equation (9);
- defining the goal of overcoming ES in the form of a
(M) .
set Py
- determination of the amount of necessary and
available resources{Ry,}, s€S, ,{fiqn},q €Qy;

(10)

- implementation of urgent measures to protect and
prevent the development of ES, as well as to prepare the
necessary resources Rg,s €S, .

The tasks &3 involve the search and implementation
of a set of sequences of activities (2), the best for a given
initial situation Pﬁ”) and an efficiency criterion in a
certain ES, taking into account the resource constraints
that ensure the achievement of the target situation P,SM) ,

i.e. solution of the task (3) - (8).

The stated formulation of ES-related decision-
making problems is developed in general terms that can be
interpreted for the subject areas of different objects. This
makes it possible to consider problem (3) - (8) as typical
for a wide range of problems related to decision support
under ES conditions.

Described above, the formal formulation of a typical
decision-making problem under ES conditions can be
represented as a set of subtasks &, that must be solved

immediately, and subtasks &3, the solution of which is

associated with the definition and sequential
implementation of sets of measures (2) that best meet the
specified criteria efficiency and constraints.

Tasks &, are distinguished by one-time formation of

solutions. The solution of the tasks of this group is carried
out by continuous monitoring of the current state of
decision-making objects at the time of detection and
identification of ES using equations (9). The process of
solving tasks involves determining the target situation in
pM)

the form of sets of conditions , available

resources{R¢,},s€S,, a list of urgent measures to
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protect, prevent the development of ES and prepare the
necessary resources {qun},q €Q,, as well as the

implementation of these activities.

All solutions to these tasks must be obtained using
production rules in the knowledge base (KB) or by
reading data in database files (DB); corresponding to a
specific ES.

In contrast, tasks &g for their solution need to be
concretized and implemented in real time by a sequence of
sets of activities (2). At the same time, the definition of
measures for implementation at the next moment in real
time T(.,5) depends on the conditions that were met as a

result of the implementation of the measures T, at the
previous moment in time, as well as on the current state of
the decision-making object and the influence of the
environment on it.

Obviously, tasks &3 should be solved on the basis of

tasks &, solutions and correspond to frames at the
decision-making and implementation levels of the

generalized ES model.
Thus, the tasks &3 correspond to the formulation (3) -

- M
(8), where the initial data 7, PT(]”), Pﬁ ) {Rg,}s€S,,
{FAeqn,rqn},qun are defined as the solution of the

tasks &, .

Tasks &, can be viewed as a special case of tasks
&3. It should be noted that the sequence (2) is determined
in tasks &z based on decision making in real time under

conditions of incomplete information. The information
necessary for solving decision-making problems in ES
conditions is updated in real time on the interval A, .

An important feature of the task &; is that the
definition of a set of decisions (activities) T, can be
carried out on the basis of large amounts of information
(knowledge) in the composition and at time moments ©
that depend on the current state of the automation object
and therefore are unknown in advance.

Thus, the tasks &3 represent by their nature a new

class of control problems and can be considered as a
generalization of the problems of multistage stochastic
control [9].

An analytical solution to the task &3 is obviously

impossible, therefore, in [9-11], principles are formulated
that make it possible to create practical means of making
effective decisions for the implementation of the type of
tasks under consideration: the feedback principle provides
for an assessment of the current state {P., T .} of the

automation object in real time te A, , as a result of the
implementation of decisions (measures) {Ts}5 < 1,6 € A,

which allows to effectively clarify information about the
current state of the object; the principle of maximum
parallelization of measures (operations) to overcome ES —
provides for the need at each current moment of time
teA, to perform all activities T, for which the

corresponding conditions P, are satisfied, including

resource preparation activities {fiqn},qun, the

implementation of this principle makes it possible to
minimize the time spent on overcoming the consequences
of ES; the principle of simulation modeling of
management processes based on a knowledge base in real
time, which provides, using knowledge-based inference,
the formation of the most effective solutions to overcome
ES through the use of large amounts of information
accumulated in the knowledge base (KB); the principle of
optimization of alternative sequences of decisions
(measures) based on the coefficients of confidence and
reliability, the implementation of which makes it possible
to find and implement the best way to overcome ES for a
given criterion and volumes of knowledge in KB;
principle of event optimization T., teA, to overcome

ES, provides for their most effective implementation,
taking into account current information about disturbing
influences from the environment and the state of the
decision-making object.

The outlined principles allow solving problem (3) -
(8) by creating and implementing an intelligent integrated
decision support system IIDSS. At the same time, the
developed system allows: to use the possibilities of
feedback in conditions of incomplete a priori information;
to implement the capabilities of simulation in real time to
overcome the consequences of ES; use the advantages of
expert systems in terms of accumulation and
generalization of information, including intuitive ideas of
experts by using fuzzy sets and confidence coefficients;
optimize the use of large amounts of information in order
to improve the efficiency of decisions to overcome the
consequences of ES by choosing the most rational of the
alternative sequences (9) of decisions (measures).

The above results provide the basis for the
development of decision support algorithms in order to
overcome the consequences of ES based on solving
problem (3) - (8).

The emergence and development of ES is
determined by numerous conditions and factors, therefore,
to assess the decisions made and the corresponding
measures, the future consequences of the implementation
of these measures, it is necessary to use modeling of both
the ES development processes and the decision-making
processes to overcome it. Modeling tools make it possible

to determine, for a given initial situation P(”), the most

effective strategies for achieving the control goal pM)

according to the set criteria.

The variety of processes that occur when ES occurs
at industrial infrastructure facilities necessitates the use of
different types of models and modeling methods:
analytical models; simulation modeling; graph models, in
particular network models, such as Petri nets; physical
models, in particular analog computing devices; full-scale
models in the form of working models and the like [11].

The main requirement for the quality of the ES
modeling process is the integration of the methods and
models used in order to comprehensively assess the
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consequences of the decisions made and the development
of ES in the future. Such assessments create the basis for
choosing the best alternative solution and optimizing
management processes. The basis for the integration of
various models, processes in ES, can be the mathematical
apparatus proposed in [11].

The modeling process based on this apparatus has
the form of a sequence of pairs

P T te A, (11)

where A,y — the model time interval on which the
modeling problem is considered;
TT'VI — operations (measures) recommended as a

result of modeling or software tools for implementing
models that should be launched at the time teAy

immediately after a set of conditions PT'VI is met.
The results of modeling processes by means TT'VI are
considered in the form of a new set of conditionsP_
;

where t+§, is the moment of the end of the modeling

processes using the r-th model launched at the moment
T.

Thus, (11) can be viewed as an integrated model that
combines modeling processes using inference based on
production KB and various methods and models that
describe processes in ES.

An important feature of the integrated model (11) is
the modeling of decision-making processes and their
implementation, technological processes in control
objects, as well as the influence on these processes from
the environment. In this regard, it is advisable to write the
integrated model (11) at each moment in the form of a
model of decision-making processes teA;y it is

advisable to write down in the form of a model of
decision-making processes:

M —MP
P TT" htedgm, (12)
- process models in the automation object:
M MO
P T. " htedgm, (13)

- models of environmental influence processes in
the form of a sequence of conditions:

PYCrreA . (14)
The relationship between models (11) and models
(12) - (14) can be described by the relations:

PM =PMOUPMC te (15)

TV =T UTMO rea . (16)

where PT'VIO is the set of conditions fulfilled at the moment

7. that describe the current state of the control object;

PMC

o~ —is a set of conditions fulfilled at the moment

that describe the current influence of the environment;

TTMP — a set of operations (activities) that
influence PT'VIO and correspond to the decisions made at

the moment T using a decision support system (based on
intelligent or analytical methods);

TT'VIO — a set of operations (activities) or tools for
modeling processes in an object that are launched at the
moment T A,y and affect PMO.

The described methodology for modeling processes
related to ES, in addition to the above advantages,
together with a generalized model (12), allows the use of a
variety of modeling and decision-making approaches,
taking into account large amounts of information in order
to increase the efficiency of decisions.

The task of modeling ES-related processes, in
accordance with the above goal, is aimed at identifying
trends in the development of ES and assessing the future
consequences of decisions made. Based on the above
methodology, the initial data for modeling ES-related
processes should be:

- a set of conditions PTM(H), which are performed
in the initial situation;

- time interval A\, , where the modeling problem
is considered;

- a set of conditions pMO, which describe the

possible current state of the automation (control) object
during the simulation interval A, , that is for each of the
sequences possible in the simulation pL\AO,T € Ay there
is aratio
MO MO .
U Py |cp™s 17)
‘CEAnM

- aset of conditions PT']V'(M) , the implementation of

which determines the purpose of control in ES;
- set of production rules (18) that represent the
content of the KB:

Pqu—>{tuM6’ P:}; (18)

where Py, is a set of antecedent conditions, the fulfillment
of which is necessary and sufficient for the implementation
of measures or launching models tl'j’t'; eTSMP, which
ensures, after their completion, the fulfillment of many
conditions Py, Py, < pM°, P, < pMO;

- aset T of activities (operations) to overcome ES

or models that can be implemented as part of the product
rules (18),

T={T"}8eAMm.

- all the sets of conditions (14) that are specified
(predictable) on the modeling interval A, in order to

(19)
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take into account the environmental impact on the
processes of overcoming ES;

- a criterion for evaluating ES overcoming processes,
which determines the numerical assessment of each of the
decision sequences (2) at the interval A, obtained from

the simulation.

Based on these data, the integrated model (12) - (14)
can be implemented on a computer using a variety of
modeling methods that allow the application of production
rules (18).

In modeling, decision-making processes are
presented in the form of sequences (12), formed on the
basis of logical inference and production rules of the form
(18) in KB.

The controlled processes in the automation object are
presented in the form of sequences (3), which are also
formed using logical inference and KB, as well as using
other models. The formation of controlled processes (13)
occurs under the influence of a sequence of decisions
made (12) and models of influence from the environment
(14).

The main task of modeling ES that arose as a result
of an accident at an industrial facility and accompanied by
the release of TCH into the atmosphere is to determine the
concentration of TCH as a function of the parameters of
the accident, the coordinates of a point in the area, the
time elapsed after the accident, and to construct the
corresponding concentration fields. The concentration of
TCH in the atmosphere can be calculated based on known
methods; however, the results obtained are usually of low
accuracy, since the general methods are focused on the
ideal conditions for the occurrence of accidents. In the
calculations, tabular data and calculation formulas are
used. To visualize ES development processes, the
MATLAB software environment is usually used [12].
When forming the zone where the maximum permissible
concentration is exceeded, the direction and strength of
the wind, as well as the direction of movement of heat
fluxes in the atmosphere, must be taken into account.

In practice, the use of such calculations leads to
results with significant errors. The reasons for this are the
presence of buildings and structures, woodlands and the
like on the path of the TCH cloud. Earlier it was proposed
to use elements of the theory of fuzzy sets and expert
opinions to determine concentration as a function of
coordinates and time.

The standard model for determining the
concentration of TCH in the atmosphere is ANFIS, in
conjunction with the method of its parametric
identification Evomax [6]. In addition to the indicated
modeling tools, the dynamics of the development of ES of
this type can be reflected using the Toxi-3 methodology
[7]. At the same time, the mentioned modeling tools
should be supplemented with artificial intelligence and
knowledge engineering tools, in order to adequately
represent such aspects of ES existence as verification of
TCH concentration values in a built-up area or changing
terrain, as well as unstable weather conditions.

Thus, the above models and methods should
constitute a single technology that allows for end-to-end
information and analytical support of decision-making
processes, as well as a phased reduction in the level of
uncertainty in the process of forming decisions.

The environment for the formation of adequate
decisions is the knowledge base, some elements of which
are shown in fig. 1. In addition to geographic information
data, legislative information, tabular and retrospective
data, it contains information about the features of
logistics, as well as inference rules presented in the form
of production rules. The latter make it possible to use a
bank of mathematical models and methods both for
structural and parametric identification of a model of a
decision-making object under ES conditions. The
interactive nature of the functioning of the IIDSS is a
prerequisite for the openness of such a knowledge base,
since new information about accidents, new models and
methods for overcoming ES should be used to replenish
and expand the knowledge base and be used in the future
as an integral part of it.

Retro Ariori Aloha, HGsystem,

Tokci-3
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Tabh2 Tab3 Data_Base_EX
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Fig. 1. Functional diagram of 1IDSS in ES technogenic conditions
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It is advisable to synchronize the operation of 1IDSS
with one of the geographic information systems. The main
part of the knowledge base is a bank of mathematical
models and methods, which contains regression,
polynomial, Gaussian and diffuse models used in modern
techniques, as well as methods for their identification. For
each  decision-making object, the corresponding
knowledge base should be constantly updated with data on
the features of production processes and expert opinions.
When working with experts with different levels of
competence, a model should be provided for determining
their competence based on standard methods. Such a
multidimensional integration of technologies will allow
for a deep analysis of ES, and adequate forecasting of its
development.

Consider the content shown in fig. 1, modules. In the
upper part of the diagram, modules for entering and
storing information in databases and KB are presented, in
particular:

- Retro - designed to enter and store data about the
existing use cases in the following format:

<Id, Data_Id,P,,P,,...,P.,...P.,X,y,Z,t,C >,

where Id is the identifier of the accident, Data_Id -
accident data (text file), P; — initial parameters of the
accident, x,y,z — coordinates of the accident point at
which the TCH concentration C was measured at the time
t;

- Apriori - serves to enter, store and modify data
about the enterprise, the place of production and storage
of TCH and the routes of its transportation in the form

<Id_P, Tip, N, < Data, Id_i, V, m>, L,

Data_P, <X;,Y¥1,X3,¥2,-Xp,Yp >>,

where Id_P - decision object identifier, Tip — type of
TCH, N — number of places for production or storage of
TCH, Data— date identifier Id_i — identifier of places for

Table 1. Initial data on ES (fragment)

production or storage of TCH, V — TCH volume, m —
TCH mass, L — number of TCH transportation routes,
Data_ P — transportation date, (x; ,y;) — fiducial points

of TCH transport route;

- ALOHA, Toxi-3, HgSystem - modules that are
designed to perform calculations for various possible
options for a chemical accident and store information in a
database of the type

<I_A, PPy, PyiX, Y1, Cri X5, Y2, Copees X, Y, G TiD >,

where Id _ A —accident identifier. Obviously, the modules

under consideration use information that is generated by
the Retro and Apriori modules in the corresponding
databases,

- Tabl — a module for input and storage of
information about the parameters of the accident and the
TCH concentration, coming from the previous module.
The information is presented in the form of a tuple

<Id,ld_E,Xq,Yg,2g, g, Tip > W,, W,,X,y,7,t,C,

where W, —wind direction, W, —wind speed,

- Tab2 — module for entering and storing information
that has a fuzzy presentation,

- Tab3 — module for entering and storing information
received from experts with different levels of competence.

To obtain a model of TCH concentration in the post-
accident period, the initial data are the results of analytical
calculations, taking into account various expert
adjustments, tolerances and assumptions.

As an example, a conditional scenario of ES
occurrence due to the spread of TCH in the atmosphere, as
a result of damage to a container with a hazardous
chemical substance, has been developed: the emission
volume is 2000 m3 or the volumetric emission velocity of
4.3 m3/s; the proportion of TCH in the gas mixture is
31%; wind speed 2.1 m/s; the duration of the ejection is
about 400 s. The initial data table has the form (table 1).

No. | Wind Wind Air TCH Hole Opening
speed, | direction, | temperature, | mass, | diameter, | height, m
m deg. °C kg m Xo | Yo | b X y t C
1 1 45 25 7,46 10 10 0 30 5 | 2130 | 1230 | 44 30
2 2 60 -10 12,4 5 6 20 30 5 | 8360 | 980 | 50 | 0,75
20 4 25 12 69,2 15 3 20 30 5 | 8760 | 2720 | 17 | 0,02

In the event of ES caused by the propagation of TCH
in the atmosphere, it is enough to supply the values of the
corresponding parameters to the model input and obtain
the value of the TCH concentration at any point in the
TCH propagation region.

In fig. 2 shows the shapes of the surfaces indicating
the boundaries of the region in which the maximum

allowable concentration of TCH is exceeded at the fifth
and three hundredth seconds of ES existence.

To determine the effectiveness of the developed
technology, a comparative analysis of the efficiency of
calculating ES characteristics using various models and
techniques was carried out [13-15]. The results of the
analysis are shown in table. 2.
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Fig. 2. Concentration of TCH in the atmosphere 5 and 300 seconds after the release of TCH at the decision-making facility

Table 2. Simulation results

Concentration,% Calculations time
EvoMax | Avg | Gaussian | Toxi-3 | Rbf-net ANFIS+ ANFIS+ RBF-net | ANFIS+ | ANFIS+ ANFIS
model EvoMax modif. EvoMax modif..
EvoMax EvoMax
12 9,5 42 13 10 9,8 9,71 12 44 36 134
9 8 14 7.8 9,3 7,7 8,04
1 0,6 4,5 0,85 0,95 0,62 0,59

The dependencies presented in fig. 3 show that the
use of the Evomaxm method during the functioning of
IIDSS vyielded forecast values with an average relative
deviation of 2.2-6.3%, which indicates a significant

superiority of this method over the rest in predicting the
ES characteristics associated with the spread of TCH in
the atmosphere.

14 T T T T T T T T

12 =
Toxi3

1ok Phast |
Evomanx

8- — Hygsystem =

—

B

4

2+

0 1 l l 1 P T
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Fig. 3. Prediction of TCH concentration by different methods
The accuracy of solving a set of tasks to overcome Conclusions

ES that arose as a result of chemical accidents is a
prerequisite for carrying out measures to save people,
minimize material damage and prevent environmental
disasters.

The above description of a typical ES-related process

modeling task allows to take advantage of the above
mentioned advantages of the proposed concept and creates
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a methodological basis for the development of, and
software tools for process modeling in specific
applications.

1. The formal setting of the typical decision-making
task in ES is described as the task of optimizing
management according to the given criteria in conditions
of incomplete information taking into account resource
restrictions, as well as the basic principles of its solution

well as the methodology of its solution based on the
integration of logical inference methods using the
knowledge base and various models that describe
processes in ES of a technogenic nature.

3. Using a scenario example, the features of the
functioning of 1IDSS in determining the scale and
response to chemical accidents were analyzed.

Further research will complement the concept with

are described.
2. Developed the task of modeling the management
processes associated with ES of a technogenic nature, as

approaches to knowledge acquisition and explanation
generated during system operation.
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KOHIENIISA CTBOPEHHS IHTEJIEKTYAJBHOT' O SITPA IHTETPOBAHOI
THOOPMALIMHO-AHAJIITUYHOI CUCTEMH HIOJ0 AIN Y HAJIBBUUAMHUX
CUTYALIAX TEXHOI'EHHOI'O XAPAKTEPY
Ipeamer. Indopmarusaiis mnpoueciB NpoTHIl HaI3BHYAHHUM CHTYallisM TEXHOTEHHOro xapakrtepy. Mera. IlinBuineHHs
e(eKTHBHOCTI TIporecy iHPOpMAmiiHOI MIATPUMKA TPUHHATTA PIlIEHb NPU IOAOJIAHHI HACTIIKIB TEXHOTCHHHX HaJ3BHYAHUX

CHUTYyaIlilf, B aclieKTi 11 iHTeJeKTyasi3amii, IUIIXOM CTBOPEHHS KOHILETIii iHTerpamii pi3HOMaHIiTHHX MPOrpaMHHX 3ac00iB B paMKax
€IMHOTO, TOMOTEHHOI0 MPOCTOPY 3HAHb MPO CTpaTeriyHi, TAKTHYHI W OMEepaTHBHI Iii B yMOBax IIHUPOKOTO CIEKTPY amapiii Ta
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KaTacTpod, NOB’s13aHUX i3 PyHKIIOHYBaHHIM TeXHIUYHHUX 00 €kTiB. 3aBaanHs. Po3pobuTtu GpopmasbHy MOCTAHOBKY 3a/a4i IPUAHSTTS
pilleHs B yMOBaX HaJ3BHYAHOI cHUTyamii Ta oOIpYHTYBAaTH METOIOJIOTIIO 11 peai3anii Ha OCHOBI iHTerpamnii 3aco0iB BUBEIEHHS Ha
3HaHHAX 13 PI3HOMAHITHUMH aHATITHYHHMH MOJEIISIMHM, IO OIKCYIOTh IPOIECH ICHYBaHHS HAJ3BHYAWHHUX CHUTyalid. Po3risHyTH
3aCTOCYBaHHs 3aIlIPOIIOHOBAHOI METOMOJIOTII Ha CIIEHAPHOMY IPHKIALi, IO BiATBOPIOE CHTYamlil0 Ha 00’ €KTi MiCIs BUTOKY CHIIBHO
niro4oi orpyiHOI pedoBnHH. Metoau. CHCTeMHHUH aHaNi3 — IMPU Po3poOLi KOMIUIEKCHOI IPOLECHOI MOJeNi MPHHHATTS pilleHb B
yMOBax HaI3BHYAHOI CUTyamii; mporpaMHa iH)KEHepiss — MPH CTBOPEHHI apXiTeKTypH IHTETPOBAHOI IHTEJEKTyalbHOI CHUCTEMH
MIATPUMKY NPUHHATTA pIlIeHb B yMOBAaX HAA3BHYAMHUX CHUTYaIliil TEXHOT€HHOTO XapakTepy; (i3uka HpoLeciB PO3MOBCIOIKEHHS
OTPYHHHX XIMIYHHMX PEYOBUH B aTMocdepi — mpu po3poOIli CIEHApHOTO MPHUKIAAy 0OCTaHOBKM Ha 00’€KTi B yMOBax HaJ3BHYaiHOT
cuTyanii Ha mpomucioBoMy o00’ekrTi. PesyabraTn. KoHiemnmiss CTBOpEeHHS iHTErpoBaHOI IHTENEKTYalbHOI CHCTEMH MHiATPUMKH
MIPUIHATTS pillIeHb MO0 MOMOJAHHS HACIHIAKIB HaA3BHYAHHNX CHTYyalilf TEXHOT€HHOTO XapaKTepy, 30KpeMa, OIHCaHO (OpMaIbHY
MIOCTaHOBKY THIIOBOTO 3aBJaHHS NpuiHATTA pimeHs y HC, a Takok BUKJIaJeHO OCHOBHI 3acamyl i BHpIIIEHHS, Ta PO3pPOOIEHO
TIOCTaHOBKY 3aBIaHHS MOJICTIOBAHHS IpOIeciB ynpasiiHHs, noB's3aHux i3 HC TexHorenHoro xapakrepy. BucHoBknu. BuxnaneHo
KOHIIETII[II0O CTBOPEHHS IHTErpoBaHOi iH(pOpMamifHO-aHANITHIHOI CUCTEMHU HiITPUMKH HPUHHSTTS pIlIeHbh B YMOBAaX TEXHOTE€HHUX
HaI3BUYAHUX cuTyauiil. B pamkax naHoi KoHIeNMii po3pobieHo (GopManbHi MOJETI MPUHAHATTS PillieHb B yMOBaX TEXHOTCHHHX
Ha/JI3BUYalHUX CUTYAIii Ta MiAXiA A0 iHTerpauii pi3sHOPIAHUX NPOrPAMHHUX 3aC001B B paMKax €IMHOTO, TOMOT€HHOT'O IIPOCTOPY 3HAHb
PO KOMIUIEKCHI 3aXO[H LIOJ0 MOJOJIAHHS HACIiAKIB HAJA3BHYaWHUX CHTYyalild, IO MOB’s3aHi 13 aBapisMu Ta KaTacTpodamu Ha
00’exTax TeXHIUHOI iHPPaCTPyKTypH. PO3rmsHyTO crieHapHUil MpUKIag OpraHi3auii iHTeJIeKTyaIbHOI MIATPHUMKH PIllIeHb IPH BUKUIL
B aTMocdepy OTpyHHOI XIMIYHOI pEYOBHHH.

KnrouoBi cioBa: Hajx3BHualiHa CHTYyallisl TEXHOTCHHOTO XapakTepy; MiATPUMKA NPUHHATTS pillleHb; NPOIECHA MOIEINb;
IHTerpoBaHa iHTeNeKTyanbHa iHGopMaIlifHO-aHATITHYHA CHCTEMa; OTPYHHA XiIMiYHA PEUOBHHA.

KOHIENIIUA CO3JAHUA UHTEJVIEKTYAJIBHOI'O AIPA
HUHTETPUPOBAHHON HHO®OPMAIIMOHHO-AHAJIMTHYECKOMN CUCTEMBI
MO JEVCTBUSIM B YPE3BBIYAVHBIX CUTYAIIUSIX TEXHOT'EHHOI'O
XAPAKTEPA

Ipenmer. Mudopmarusamnys nedcTBIH TPOTHBOJSHCTBYS YPE3BBIUANHBIM CUTYAIHsIM TeXHOreHHOro xapakrepa. Lleas. [ToBblmenue
s¢dexTrBHOCTH Tponecca MHGYOPMANMOHHOW ITOJJICP)KKU TPUHATHSA PEUICeHHH IpU IPEOJOJICHHH ITOCIEACTBUI TEXHOTCHHBIX
Ype3BBIYAWHBIX CHUTyallMHd, B acCIeKTe ee¢ WHTeJUIeKTyalW3allud, ITyTeM CO3[aHWs KOHIENIUH WHTETPAlld Pa3HOOOPa3HBIX
MIPOTPaMMHBIX CPEJCTB B paMKax €IMHOTO, TOMOT'€HHOTO IIPOCTPAHCTBA 3HAHUH O CTPATETHYECKHX, TAKTHYECKHX M OMEPaTHBHBIX
JEHCTBUAX B YCIOBHUSX MIMPOKOTO CIEKTpa aBaphil M KaTracTpod, CBA3aHHBIX C (YHKIMOHHPOBAHHEM TEXHHYECKHX OOBEKTOB.
3apanne. PazpaboraTs (opManbHYIO ITOCTAHOBKY 337a4d NPHHITHUS PEIICHUH B YCIOBUSIX UPE3BBIUAHHON CHTyaliu W 00OCHOBAaTh
METOZOJIOTHIO €€ peald3allii Ha OCHOBE MHTETPALlUK CPE/CTB BBIBOJA HA 3HAHMAX C aHAIUTUYECKUMH MOJEISIMU, ONUCHIBAIOIIMHU
IIPOILIECCHl CYILECTBOBAHUS YpPE3BbIYAWHBIX CHTyaluil. PaccMoTpeTs NpUMEHEHHE IpeansaraeMoil METOJOJOTMH Ha CLEHAapHOM
MpUMepe, BOCIPOU3BOAIIEM CUTyallUl0 Ha OOBEKTe MOocjie YTEYKH CHIBHO JCHCTBYIOLIErO SIOBUTOTO BelecTBa. MeToabl.
CucteMHBIIT aHaMN3 — PH pa3paboTKe KOMIUIEKCHOI MPOLIECCHOM MOJIENN IPUHATHS PELIEHHH B YCIOBUSIX YPE3BbIYaHON CUTYaLlUH;
MIpOorpaMMHasi HHXKEHEPHs — IPH CO3JaHUH apXUTEKTYPhl BCTPOSHHON MHTEIUIEKTYaIbHOH CHCTEMBI TIOANEPKKH MPUHATHS PEIIeHuH
B YCIOBHUSIX YPE3BBIYaHHBIX CHTyallMii TEXHOTEHHOTO XapakTepa; ()M3HKa IPOLECCOB PACHPOCTPAHEHUS SMOBUTHIX XHMHUIECKHX
BEIIECTB B aTMocdepe mpu pa3paboTKe CIEHApHOTO MpuMepa OOCTaHOBKHM Ha OOBEKTE B YCIOBHSAX UPE3BBIYAHHON CHUTyallmud Ha
MIPOMBIIIIEHHOM 00bekTe. Pe3yiabTarbl. KoHmemmust co3maHus HHTETPHPOBAHHOM HWHTEINIEKTYyalbHOH CHCTEMBI TOJICPKKU
MPUHATHA PELIeHUll MO0 NPEOAOJICHUIO MOCIEACTBUI Upe3BblUaHBIX CUTyalluil TEXHOTCHHOI'O XapakTepa, B YaCTHOCTH, ONMCaHa
(opManbHasi MOCTaHOBKA THIIOBOW 3amauu NpuHATHS pemieHuid B UC, a Taxke M3JI0KCHBI OCHOBHBIC NPUHIMIEI €€ PEIeHUs, U
pa3paboTaHa MOCTaHOBKA 3aJa4y MOJAENMPOBAHHUS IPOLECCOB yNpaBieHHs, cBsi3aHHbIX ¢ UC TeXHOreHHOro Xapakrepa. BbIBoabI.
W3noxkeHa KOHIENIUS CO3JaHHSI MHTETPUPOBAHHON MH(OPMAIMOHHO-aHATUTUYECKON CHCTEMBI IMOIAEPKKH MPUHATHS PELICHHH B
YCIOBHAX TEXHOTCHHBIX UPE3BBIYAWHBIX CHUTyalid. B pamkax maHHON KOHIENIMH pa3paboTaHbl (opManbHbIE MOJACTH HPHHSATHSI
pelIeHni B yCIOBHAX TEXHOTCHHBIX UPE3BBIYAMHBIX CHTyalMd M MOJAXOJ] K MHTETPAlMH PAa3sHOPOTHBIX NMPOTPAMMHBIX CPEACTB B
paMKax eIMHOTO, TOMOTEHHOTO MPOCTPAHCTBA 3HAHMI O KOMIUIEKCHBIX Mepax IO TPEOJONCHHIO ITOCIEACTBUIl Upe3BBIYalHBIX
CHUTYyaIWi, CBA3aHHBIX C aBapHUsAMH M KaTacTpodaMu Ha OOBEKTaX TeXHHIECKOH MH(PACTPyKTypHl. PaccMOTpeH CrieHapHSBII npuMep
OpraHM3alyy UHTEIUIEKTYalbHOM NOANePIKKH PEIIeHUH P BBIOpoce B aTMOC(hepy SIOBHUTOIO XMMHYECKOTO BEIECTBA.

KnioueBble cioBa: upe3BblyaiiHas CUTyallMsl TEXHOTEHHOTO XapaKTepa; MOJAepxKa NPUHATHS pelleHUH; MpoLeccHas MOJEINb;
HMHTErpUPOBaHHAS HHTEIUICKTyalbHask HHPOPMAMOHHO-aHATUTUYECKAs! CHCTEMA; SIOBUTOE XMMHYECKOE BEIECTBO.
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