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The presented article is devoted to constructing the event model of the processes of localization of Epidemic Emergency.
The obtained calculations show that the expected gain of time for the localization of the ES, using the event model, according to the
forecast data is 3640 hours. Key words: Epidemic Situations, Event Model, localization, Epidemic Emergency.

Moniiina mMoaear Jokamizauii Hag3Bu4aiinux curyaniii. Boponenko M.O. IIpencraBieno pesynbraTd HOOYIOBH HOIHHOT
MOJIETI MPOIECiB JIoKami3amii enigeMiuHoi Hax3BUYaliHOI cuTyanii. OTprMaHi pO3paxyHKH MMOKa3yIOTh, 1[0 OYiKYBaHUH BUTPALI yacy
Ha JIOKaJTi3allio enigeMiuyHol cuTyauii B pa3i 3aCTOCYBaHHs MOIHHOT MOJIeNT, 32 JAaHUMU MTPOTHO3Y, CTaHOBUTH 36—40 roaun. Knouosi
c106a: eMiIeMIiONOTIYHI CUTYAIIiT, MOJIENb IO/, IOKai3allis, emiieMiuHa Ha/I3BHYaiiHa CUTYyaIlisl.

CoObITHIHAA MOJEJb JOKAJTU3AUUN YPe3BbIYaiiHbIX cuTyauuii. Boponenko ML.A. [IpencTaBieHsl pe3yinbTaThl OCTPOCHUS
COOBITHIHON MOJIETIH MTPOLIECCOB JIOKAU3AINHU SIHIEMUYECKOi cUTyaruy. [loaydeHHbIe pacyeThl TOKa3bIBAIOT, YTO OKUIAEMBIH BBIU-
IPBILI BPEMEHU Ha JIOKAIM3ALUI0 YPE3BbIYalHON CUTyalluy MPU UCIOJIb30BAHUM COOBITMIHHON MOAEIH, COIIACHO IPOrHO3UPYEMBIM
JaHHBIM, cocTaBisteT 36—40 dacoB. Knouesvle cnosa: MUAEMUYECKIE CUTYAINN, MOJIENb COOBITHH, JIOKAIM3aIHs, JIIHAEMHIecKast

ype3BbIYaiiHas CUTYyalUs.

Introduction. Technocratic way of development of
human civilization in the nineteenth and twentieth cen-
turies led to the increase of the number of emergencies
of anthropogenic nature (accidents at nuclear power
plants, fires and explosions in industrial facilities,
transport accidents), which today make up 75-80% of
the total number of emergency situations [1]. The num-
ber of victims of natural disasters annually increases by
an average of 6% [2]. According to the UN and WHO
data, over the past 25 years, human losses due to the
emergency situations are several times higher than
losses during military operations [3]. Large-scale pol-
lution of the water ecosystem is due to traffic accidents
(on tankers, oil pipelines, oil platforms). Emissions into
the biosphere often exceed its natural possibilities for
self-purification and lead to the increase in the content
of toxic elements — arsenic, cadmium, mercury, plum-
bum etc. in soils, natural waters and, consequently, in
the flora and fauna.

Every year, the world ocean gets up to 30 million
tons of oil and petroleum products, 6 million tons of
phosphorus, 20 million tons of pesticides. At present,
5 nuclear submarines (7 nuclear reactors, 16 ballistic
missiles, and two dozen torpedoes with nuclear war-
heads) have sunk into the world oceans — this creates
uncontrolled disposal of radioactive waste [4; 5]. The
consequences of major accidents, catastrophes, earth-
quakes, along with destruction, may be accompanied by
outbreaks of infectious diseases, contamination of water
intake systems and septic tanks, the breakthrough of
sewage networks, the destruction of natural ecosystems

and other unsanitary phenomena [6]. Every 20 seconds
in the world one child dies as a result of improper water
purification, which currently does not provide about
2,6 billion people on the planet [7].

On Fig. 1. there is a map of the ecological situation
and state of water resources in Ukraine [4].

It is known that 1 m® of wastewater destroys 50 m® of
fresh water from surface sources, which leads to aller-
gic diseases on the epidemic scale. In reservoirs, where
more than 70% of the population of Ukraine receive
drinking water, 40% of untreated agricultural and indus-
trial waste water is disposed. Water can become a chem-
ical solution, dangerous not only for use, but also for
use in general [8]. The outbreak of infectious diseases,
in connection with which at least 1,3 million people die
each year [8; 9], constitute a serious threat.

Problem statement. Provision of operative and coor-
dinated actions of the regional level authorities requires
the creation of a controlling influence over a period of
time after which it makes sense to implement them.
The proactive nature of these actions can be achieved
by using the prediction principle [10]. Therefore, it is
necessary to develop models of functioning of the region
in conditions of epidemic situations and algorithms of
effective management of regional resources.

Analysis of recent research and publications.
The scientific basis for dissertation researches were the
works of such scientists as: A. Stennin, M. Vasyukhin,
L. Zade, S. Mikoni, V. Nogin, E. Petrov, T. Saati,
R. Fishburne, O. Larichev etc. The works of these and
other authors have created methodological and theoret-
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ical preconditions for the dissertation work. Among the
works on localization of the epidemic emergency and
those dealing with the processes related to the prediction
and optimization of the epidemic emergency, stands the
fundamental three-volumed monograph by L. Goryev,
S. Doroguntsov and M. Hvesyk “Optimization of ecoar-
eas” [4]. Created by authors adequate mathematical
models of related processes let to simulate the epidemic
process. Computerization of simulation systems will
allow finding efficiently the best options for the func-
tioning and prevention of the occurrence of extra situa-
tions. But in order that the simulation systems could be
used as a part of event model, it is necessary to simplify
the numerical solution of differential equations describ-
ing epidemic processes, to make it more useful for prac-
tical implementation. The research of effective manage-
ment in the conditions of the epidemic emergency shows
that in this area practically no method of designing, there
are no models for forecasting the development of the sit-
uation, resulting in a decision-making process delayed
or misplaced. Leaders in making managerial decisions
mainly use their experience and intuition, but do not see
the picture as a whole. Therefore, carrying out scientific
researches on the improvement and computerization of
decision-making processes in the epidemic emergency
environment, the development of models, methods,
algorithms, programs and information technologies is
an actual scientific and technical task.

The objective of the article. The purpose of this
work is to create a model of epidemic processes, suitable
for further application of situational control methods.

Normal
Moderately normal
Salisfactory
Degraded

Tense

Catastrophic

1. The main material

The reason for the ES, which is typical for the regions
of Ukraine, is often the epidemic of infectious diseases.
The main tasks during the epidemic are:

— prediction of the possibility of mass infections and
other epidemic situations;

— creation of reserves of medicines,
equipment, pills and other materials;

— organization of events (lectures, practical classes)
with medical staff in order to ensure readiness for work
in conditions of the epidemic and other mass diseases;

— rapid reaction to the ES, including an assessment
of the nature and extent of possible consequences of
such events, prompt notification of authorities and the
population about the threat and the facts of the emergence
of the ES.

Managing actions should be based on both current
and projected states of regional components. Depending
on how the situation arises, the required values of the
control effects can vary. Therefore, there is a need for
their multiple formation in a shorter time interval, taking
into account reports of changes in the situation in the
region. In practice, this means an operational redistribu-
tion of resources to take the necessary steps in the pro-
cess of clarifying the situation. The considered approach
allows us to decompose each major task of deci-
sion-making in the conditions of the epidemic situations
for the sequence of tasks of operational decision-mak-
ing, formulated on the results of periodic monitoring of
the state of regional components. Each such problem is
solved by performing relatively simple functional tasks.

medical

Fig. 1. Map of the ecological situation and state of water resources in Ukraine
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The state of the population during the epidemic is
determined by a number of internal and external factors.
Internal factors include the natural ability of people to
counter adverse environment, which depends on age
and psycho-physiological characteristics, from training
and readiness to act in the conditions of the epidemic.
External factors include protective measures and dis-
infectant, or quarantine, directed from the outside.
The state of the population is estimated by the level of
sanitary losses: irreversible, heavy, medium and light.
Estimation of losses directly depends on the results of
the implementation of protective measures.

The development of the epidemic consists of dif-
ferent periods — threatening, crisis, post-crisis. The
implementation of protective measures is determined
by these periods of the development of the epidemic
(Fig. 2). During the menacing period, preventive meas-
ures are taken, during the crisis period, rescue meas-
ures are carried out, in the post-crisis period — restora-
tive measures.

CORSequeEnce

-+ —+

Event P= {U,R}

Intermediate
state of

The primary uncertainty and the variability of these
characteristics are reduced with the help of scenario
descriptions of possible alternatives to the development
of the ES. Experienced experts, who establish a limited
number of permissible states of regional components
and their interconnections in threatening, crisis and
post-crisis periods, are involved in the development of
potentially implemented alternatives. This ensures the
necessary completeness of the description of the pro-
cesses under consideration, with sufficient account of
their characteristics for setting and solving the tasks of
supporting decision-making on regional protection.

2. The event model

Consider the general procedure for describing alterna-
tives to the development of an epidemic ES. Formalized
description of the development processes of the ES is
based on the establishment of system-causing causal
relations between the components of these processes.
Since these causal relations lead to a change in the states
and properties of the interacting components, we will use
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Fig. 2. Map of events during protective measures
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Fig. 3. Description of alternatives to the development of epidemic ES
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the casual approach to determine them. Under the event
we will understand the jump-like change in the proper-
ties of the component, in which it passes into a qualita-
tively new state. Each event occurs under the influence
of mutually determined external and internal factors.
External factors are manifested in the form of protective
measures or impressive influences, internal — in the form
of the ability to resist adverse environments or to pro-
duce spectacular actions. The results of the interaction of
external and internal factors — this is the successive-par-
allel events, which constitute the development of epi-
demic ES. Each of these events implements a certain
causal connection between the state-cause and one of
the possible state-effects of the interacting components
(Fig. 3). In case-by-case approach, the processes under
consideration can be presented in general terms Y = (C,
P), where the set of vertices C corresponds to the state
of components of the ES components, and the set of arcs
P — events occurring when these states change. Each
component in any state can generate a series of alterna-
tive events that determine the possible variants of new
states of the same or other components. Components
of the ES form a mutual triad C = {V, X, Z}, where
V = UV, — plenty of sources of striking influences,
X = UX; — set of objects of defeat and protection (peo-
ple), Z = U Z —aset of resources for protective measures.
Changes in the states of these components occur under
the influence of external and internal factors P = {U, R},
where U — the set of disjoint subsets of the impressive
influences W and protective measures M, and R is the
set of internal factors of defeat Q and protection F. In
this case, the factors W and Q cause the transitions of
the components in the undesirable states, and the factors
M and F are in the desired states. In Figure 3. for a plu-
rality of U protective actions are denoted by “+”, and the
impressive actions “—*; for R, the resistance of the infec-
tion is indicated by “+” (healthy), and infection “— (ill).
Building amodel ) = (C, P) is

each of which the most difficult scenarios are developed
for possible manifestations of the impact, as well as the
potentially vulnerable classes of the population Xj are
identified and the resources of Zr are involved.

Indicator V! characterizes the ability of sources
i to spread at the beginning of a threatening period.
Indicators X" and Z'"' reflect the state of the people
(possible human losses /) and the availability of neces-
sary resources r, respectively. The states of sources, peo-
ple and resources in different periods of development of
the ES are shown in Fig. 4.

Thus, the development of the situation in time will be
characterized by the sequence of such tuples:

Vi, X, Z) — tuple of indicators of the estimation
of initial conditions at the beginning of the threatening
period;

(Vf, X, Z*) — tuple of indicators of estimation of
initial conditions at the end of the threatening period;

(Vi=, X, Z*) — tuple of indicators of estimation of
initial conditions at the beginning of a crisis period;

(Vi X, ZF) — tuple of indicators for assessing out-
comes at the end of the crisis period;

Ve, X, Z") — tuple of indicators of estimation
of initial conditions at the beginning of the post-crisis
period;

(V& X, Z*) — tuple of indicators of estimation of
initial conditions at the end of the post-crisis period.

3. Decision Making Algorithm

Let’s try to follow the way in which an expert works
in a particular area. Examples of experts are the exam-
ining physician, the sanitary doctor who studies the
living conditions of the population, or an employee of
the Ministry of Emergencies, who manages the pro-
cess of eliminating the epidemic ES. The diagram of
the sequence of actions in the process of supporting the
adoption of managerial decisions in the detection of epi-
demic ES is presented in Fig. 5.

a difficult formalized process that
is carried out in stages accord-
ing to the allocated periods of
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Fig. 4. Event Model for the Development of the Epidemic Emergency
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Evaluating the effectiveness of decision-mak-
ing helps to understand the strengths and weaknesses,
the compliance with the original plan, or leads to the
achievement of the planned results, and what changes
should be added in time to the process in order to make
it more effective. The essence of assessing the effective-
ness of using an event model is to compare the quality
of decisions that are taken by the head without it and
with its use.

v

Experimental studies show that the loss of time for
the formation of informational training management
decision is half the time from the total, allocated for
preparing decision-making, and this is unacceptable
in times of acute shortage of time. We select a set of
elementary operations that are performed when locali-
zing an epidemic ES. The ultimate goal is achieved in
a phased manner, through the sequence of execution of
all elementary operations (tasks). This approach allows

Getinformation about the rates of infection spread

v

Tell the appropriate services

Check availability of
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Expand the
hospital

Set Vaccination
quarantine

mode

<
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A 4

Analysis of the rate of infection spread
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v
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v

Fig. 5. Scheme of the sequence of actions in the localization
of pandemics and viral epidemics
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Fig. 6. Standards of time for localization of the epidemic
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Fig. 7. Evaluating the effectiveness of decision-making

us to present our actions in the form of an algorithm that
includes the following operations:

1 — to accept information about the beginning of the
epidemic;

2 — get the preliminary answer from the laboratory
(2 hours);

3 — assess the availability of required resources
according to the laboratory report and notify the relevant
services (12 hours allocated):

— television and radio broadcasting (notification of
vaccination);

— hospitals (about preparation for admission of
patients);
veterinary
connected);

— port SES (in case of particularly dangerous
infection);

4 — assess and predict the levels of infection, the rate
of infection and determine the type of emergency (from
4 to 6 hours):

— an epidemic;

— an epizootics;

— a pandemic;

— especially dangerous infection;

5 — analyze the level of hazard of the ES, calculate
the amount of resources for its localization and prepare
the appropriate set of measures (it takes 16—18 hours):

— calculate and distribute medical resources;

— expand the hospital;

— set quarantine mode;

— vaccinate;

6 — to bring the necessary medical resources (allo-
cated 48 hours);

7 — analyze the current information received and
make the necessary calculations based on it (24 hours):

— get the final answer from the laboratory;

— receive data from hospitals (number of deaths,
number of patients, number of infected);

infection is

service (if another

— obtain data on the distribution of the hearth;

— Announce to the administration;

8 — get information on reducing the number of
patients (24 hours).

4. Results and Discution

Data about time limits are taken in accordance with
the comprehensive plan [3]. Any epidemic ES develops
under the exponential law (due to the increase in the
number of contacts and the admission of related infec-
tions), so it is very important to win time until the extent
of distribution has not gone out of control. We see, as
shown in Figure 6, that the total time for the localization
of the epidemic ES without the use of the event model
is: 2+ 12+4(6) + 16 (18) + 24 + 24 = 86 (90) hours.
When the health manager makes decision, following the
proposed scenarios of the event model, the path from
the 3rd to the 5th point, we believe, can be reduced
by 4 times and will take no longer 20 (24) hours, and
6 hours (2 hours for information, 3 hours for analysis
and 1 hour for decision making). The same thing, as we
forecast, will be on the interval from the 5th to the 7th
point — instead of 24 hours — 6. Foreseeable assessment
of the effectiveness of localization of the ES is presented
in Fig. 7.

Thus, we hope to get the total time for the localiza-
tion of the epidemic emergency situation using the event
model: 2 + 12 + 6 + 6 + 24 = 50 hours. Expected win-
ning time is 36—40 hours. This time can be used to pre-
vent the occurrence of concomitant infections, to reduce
the number of contacts and spreading panic among the
population.

Conclusion. An event model for the development
of the epidemic has been obtained, taking into account
the causal relations between the regional components.
Solutions to such tasks include the use of situational
management and new information technologies. An
evaluation of the effectiveness of the developed model
is carried out. The obtained calculations show that the
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expected gain of time for the localization of the ES under uncertainty, optimize work on the elimination and
according to the forecast data is 3640 hours. prevention of emergency situations development, har-

In further research, the authors plan to develop monize the work of medical and environmental services,

appropriate information technologies and software that, reduce the amount of localization costs on emergency
using the event model, will reduce the burden on OPR  situations.

10.
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