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GENERAL CARACTERISTICS OF THE RESEARCH

The topicality and importance of the research topic. Since the beginning of the new
millennium, a steady increase in natural and man-made disasters has been observed in the Republic
of Moldova and around the world. The growth of such emergencies, in turn, leads to the economic
weakening of the affected territorial units, inhibition of the development of the state economy.

The effectiveness of response operations aimed at eliminating emergencies and their
consequences depends not only on the quantitative and qualitative composition of response forces
and means, but also on the availability of a platform information system that will ensure the
processing of large volumes and complex data.

To an important extent, the efficiency and timeliness of making an adequate decision leads
to a reduction in response time, minimization of the risk and detrimental consequences of
emergency situations, both in the short and long term.

The relevance of this work is justified by the eternal problem of choosing the best optimal
adequate management decision at the initial stage of an emergency. The complexity of making
such a decision is due to the multitude of emerging exceptional characteristics of the development
of the situation that has arisen, and its development itself occurs in conditions of uncertainty. This
is primarily due to the fact that in order to formulate and select a solution, it is necessary to process
a huge flow of various information in the shortest possible time, as a result of which it is realized
what unexpected events will have to be faced, what forces and means, in what volume, are
necessary for a quick effective reaction.

That is why, the objects of scientific research should be not only the emergency situation
itself with its individual, specific characteristics, but also the process of formation and
prioritization of the decisions made, control algorithms and control of ongoing processes
embedded in the corresponding software package. This approach will reduce the time for decision-
making and response in the face of a large amount of initial information, as well as provide
comprehensive information support for the decision-making system in emergency situations.

Despite the presence of various theoretical analyzes and practical experiments, the range
of unsolved problems in this area remains wide. The analysis and experience gained allowed the
author to combine developments in the following areas of research, due to the following three
factors: systematization of emergency situations and their characteristics; study of territories,
forces and means of response; platform information systems.

In this area, it is required to determine a clear boundary of interactions between ongoing

processes, while fixing the optimal results of emergency response, in this zone the best solutions



are determined in the minimum time intervals, maximizing its effectiveness, which reduces the
reaction time, thus reducing the degree of negative impact.

Degree of study of the research topic at the present time in the Republic of Moldova,
there is a lack of any research work and practical developments in this subject area. In other
countries, some results on the subject under study, indirectly related to the latter, were published
by such authors as I.U. Yamalov, E.Z. Arifullin, R.V. Sharapov, V.A. Plotnikov, O.K. Golovnin,
A.S. Suprun, A.B. Kusainov, B. Paklin, N. Steiner, R. Andriciuc, M. Romano, T. Onorati, I. Eado,
Ch. Reuter, A. Marx, N.N. Brushlinsky, S.V. Sokolov, E.M. Alekhin, P.M. Wagner and others. In
particular, the available publications refer only to certain types of emergencies (fires, natural and
man-made disasters). From the standpoint of the research, the main drawback of the available
publications is the complete lack of integration of the material and information resources of a
single management process implemented with the help of information technology tools and
technologies, which is the main content of this work.

The aim of the research is to develop a conceptual framework and practical
implementation of a set of measures to restructure and improve the efficiency of the proposed
management system by introducing a science-based approach to optimizing business decision-
making processes.

Research objectives, solved in the dissertation, comes down to building models and
developing methods that are the basis for improving the processes of managerial actions in the
mode of emergency situations. Within the framework of this general task, a number of the
following scientific problems were posed and solved in the work:

e Identification of the existing and possible composition of emergency situations and
consequences, their comparative analysis based on relevant criteria and their characteristics.

e Comparative analysis of the existing system of operational control of the response forces
and statistics of the consequences of emergency situations.

e Analysis of the algorithm of actions of decision makers.

e Development of a unified standard for given commands for emergency response units.

e Development of a graphical model to determine the dependence of the values of the
main time criteria from the moment of receiving a message to the end of rescue operations.

¢ Optimization of response time by reviewing response zones for rescue units.

e Development of a method for testing decision makers on minimal information

indicators.



The research hypothesis. The working hypothesis of the dissertation research is the
assumption that the development of business process algorithms based on the improvement of
information technology contributes to the efficiency of the decision-making system in emergency
situations. This will optimize the decision-making process, reduce response time and increase the
efficiency of decision-making. Also, within the framework of the hypothesis, the author assumes
that the best result will be achieved in the zone of contact of the following main three factors:
systematization of emergency situations and their characteristics; study of territories, forces and
means of response; platform information systems.

The synthesis of the research methodology and justification of the chosen research
methods. The methodology used in the work was independently formulated by the author in the
form of research, it consists in establishing the current state of the functioning of the action
management system in the event of the occurrence and elimination of emergencies and their
consequences. Based on the results of determining such a state, a comprehensive analysis of its
occurrence is subsequently carried out and appropriate information technologies are developed to
assess the real situation and make decisions.

The research in the doctoral work is based on the current legislation and legal acts
regulating actions in the field of emergency situations of the Republic of Moldova; the historical
statistics; the scientific works and researches of foreign authors; a set of studies carried out by the
author to collect primary information.

The short summary of the chapters of the doctoral dissertation, based on the
conducted research and the reflection of their necessity for achieving the research goal. The
doctoral work consists of an Introduction, three Chapters, a Conclusion, a List of References and
Applications. Its total volume is 143 pages. The work is illustrated with 52 figures, contains 7
tables and 3 annexes. The list of references includes 133 titles.

The introduction argues for the relevance and degree of study of the research topic, defines
the goal, objectives, hypothesis, methodology and object of research, reflects scientific originality
and novelty, and summarizes the chapters of the dissertation

Chapter I, “Conceptual framework and analysis of the current emergency
management system in the Republic of Moldova”, consisting of four sections, analyzes the main
components for performing urgent work in case of emergencies. The key parameters that affect
the time indicator for making an adequate decision at the initial stage of their occurrence are
determined.

Chapter II, ""Optimization of the emergency management system in the Republic of

Moldova™ contains four sections, which substantiate an effective variant of rapid response based
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on the analysis of data models. An optimal classifier of given commands has been developed. The
concept of cross-platform information system is presented. A methodology for assessing the
damage caused by natural disasters and the possibility of its reduction is disclosed.

Chapter 111, ""Development of methods for developing and making optimal decisions
in the emergency management system", consisting of six sections, which define the stages of an
effective response and the structure of control points of a single risk management cycle. The
construction of spatial geographic models of distance reduction using the geomodelling method is
proposed and the composition of emergency response zones is determined. It is optimized the
interaction of functional workers who make decisions when responding to emergency calls.

The conclusions summarize the results of the conducted research, in accordance with the

purpose of the given topic of the dissertation research.



MAIN CONTENT OF THE WORK

The introduction justifies the relevance of the dissertation work, here the goals and
objectives of the study are formulated, the novelty and practical significance are determined.

The first chapter, consisting of four sections, analyzes the main components for
performing urgent work in case of emergency. The key parameters that affect the time indicator
for making an adequate decision at the initial stage of their occurrence are determined.

The experience and available guidance material confirms that, regardless of emerging
emergency situations, in order to accelerate the adoption of the only adequate decision, at the initial
stage it is necessary to be guided by the following calculation. In a general sense, regardless of the
nature of the emergency, at the initial stage, it is enough to receive three components in order to
make the right decision.

D = {Ctype, Liocation, Ttime}

where:

D — decision made,

Ctipe — a set of data characterizing each type of emergency;

Liocation — @ set of factors describing the location of the response, the exact address or
geographic coordinates;

Ttime — elapsed time since the beginning of events.

From this position, the paper analyzes the main characteristics of emergencies, allowing
you to combine the latter by class, by the dynamics of manifestation, by type of damage, by the
scale of manifestation etc. A complete list of possible emergencies that may manifest themselves
on the territory of the Republic of Moldova has also been determined, presented in Appendix 1.
As a result of the analysis, it has been found that all types of emergencies can occur in the studied
area, with the exception of tsunamis and volcanoes, the absence of which is due to the geographical
location of the country.

The analysis of the main parameters of the territory has been carried out, the method of
creating passports for response zones has been considered. A multi-level approach to the
description of the territory is presented, where the lowest level is the certification of objects at the
local level, and the highest is the national state level. In the latter, in quantitative terms, indicators
of the lower levels are combined. Territory characteristics predetermine the magnitude of
surrounding values and form the basis for risk assessment. Also, according to the values of this
parameter, it is possible to rationally distribute or increase the available forces and means
necessary for a successful response. The evolution of the response forces in the Republic of

Moldova demonstrates the constant reorganization of the latter in connection with the emergence
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of new threats, the delegation of new powers and the development of technical means involved in
the response. This process continues up to now, as evidenced by the fact that the last change in the
organizational structure of the General Inspectorate for Emergency Situations of the Republic of
Moldova dates back to February 27, 2019.

The extreme organizational structure allowed to improve operational processes by
combining and grouping all departments in three fundamental areas: prevention, response and
logistics.

With the development of technological progress, the requirements for specialized technical
means used to eliminate fires and emergencies have changed. An analysis of the latter and
systematization by type of work performed make it possible to redistribute their number and
distribution by territorial units. With this approach, weaknesses in the equipment with technical
means are clearly identified, which directly affects the increase in the speed and quality of
emergency response services in case of untimely replacement of obsolete equipment or
technology.

Due to the fact that the Republic of Moldova has its own state structure, internal legislative
acts, uses different approaches to organizing the flow of information and decision-making, and
various forces and means are used in emergency response, as a result of the above, it is impossible
to fully apply the experience of European countries.

Also, the analysis of software systems in 112 European countries demonstrates the
distinctive features in the choice of a software manufacturer, the ability of the created platforms to
expand and introduce new modules. The above analysis demonstrates that the software package
for emergency services cannot be a commercial product in view of the structural features of the
structure of states.

At the same time, such experience, as well as the study of emergency situations and the
analysis of the territory, forces and means of response, contributed to the need to develop and
apply in everyday practice appropriate information support for the creation and operation of a
decision-making system, That is, it contributed to the construction of models aimed at optimizing
the process decision-making, improving the efficiency and quality of decisions made, followed by
the solution of more optimal, targeted tasks by emergency response forces.

An important factor affecting the quality of decisions made is the environment and
conditions in which they are made. In this paper, an optimal model of an emergency command
center is presented. Three main zones are defined in which the movement of information takes

place and three auxiliary zones necessary for the life support of the command and control center.



Such structuring is an important factor influencing the increase in the efficiency and quality of
managerial decision-making.

Due to the fact that the design and command centers are the presence of a stationary
complex, which is located at a considerable distance from the place of rescue operations, incoming
information tends to be delayed or disappear. In this regard, it is planned to participate in the
meeting of the control center for decision makers directly at the scene. The presented mobile and
stationary command centers, in their turn, must support the technological process of exchanging
up-to-date information in real time. The stability of the functioning of data exchange and
communication channels should be ensured by the following rule: channels are organized by two
different operators using two different technologies, which increases their reliability.

For both centers, it is necessary to improve and introduce information and switching
technologies, ensuring the implementation of the following goals: quick access to professional and
reference information; processing large amounts of information; timely response to changing
situations; forecasting the development of the situation; implementation of the analysis of
accumulated experience, etc.

To make prompt and adequate decisions and actions, it is necessary not only to organize
access to significant amounts of information, but also to have an information platform technology
that allows timely processing of such a large database. Therefore, in such centers, software
modules for registering incoming information and a module for managing the forces and means
belonging to the response service itself are mainly being introduced.

The official owners of information are various state structures of any level, private
enterprises that have a monopoly on the provision of services in a certain territory, in addition,
these structures operate according to different organizational principles, at this stage there are
difficulties in ensuring interconnections due to the fact that each system has been built for
individual narrowly focused tasks. The lack of a unified policy for building information
technologies and communications creates difficulties in ensuring interoperability with other
databases and state information systems. Relationships between different ministries form the basis
for the creation of procedures and methods for the exchange of collected and processed data.

The second chapter, which consists of four sections, substantiates an effective variant of
rapid response based on the creation of an optimal command classifier and the effective cyclicity
of a unified emergency management process.

The results of the analysis of the dynamics of the manifestation of emergency situations in
the zone of intersection of the relationship between the area of the Classification of Emergency

Situations and the area of the Territory, Forces and Means (Figure 1.) allows us to state with
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confidence that due to their instant manifestation, not all emergencies can be responded to
overnight. As a rule, a greater degree of response occurs to the consequences of emergency
situations, such as an explosion, a transport or industrial accident, earthquakes, or the fall of objects
from space. Also, there are no technologies that allow curbing the natural phenomena that have
begun - strong winds, thunderstorms, cyclones, landslides, mudflows, tsunamis, etc. As an
example, we can cite the advance into the territory of a cyclone, accompanied by strong gusty
winds, a large amount of precipitation with lightning discharges. In such a situation, the forces and
means will not react in any way, they will remain at their combat posts, waiting for a message
about a violation of the normal living conditions of the population. Under the current conditions
of this natural phenomenon, the following reports are likely to arrive: a strong wind destroyed the

roofs; a building caught fire from a lightning strike, a fire broke out; water floods living quarters;

Emergency
classification

Effective
solution
Platform .
. . Territory,forces
information
and means
system

Figure 1. Composite factors influencing effective decision making
[developed by the author]
a tree fell on some object or on the roadway; due to poor visibility on the road, an accident
occurred, there are victims, it is necessary to remove the victims; etc., the list goes on.

For all of the above listed messages, to provide qualified assistance, various means of
response are required, that is, equipment for various purposes may be involved, as well as
personnel with skills in working with various specialized modern equipment. Consequently, there
is a demand for the development and creation of a new unique classifier of the submitted
emergency response commands, which will be operated by decision-makers to transfer more
accurate point tasks to special forces. Such a classifier will allow the dispatcher to minimize the
likelihood of errors, increase the efficiency and quality of decisions made, and help reduce the

time for selecting commands to be given.
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The teams in the classifier must be built in such a way that the decision maker and the
rescue team understand what needs to be responded to, what means are to be used. Structurally,
the new classifier, presented in Appendix 2, is built on three levels according to the decimal coding
system (Figure 2), the lower the level of the classifier, the more accurate the command given,
which allows the response forces to understand what exactly they are responding to and what

technical means they will have to work with.

XXX XX
Type=d
Group

Character

Figure 2. Structure of the response command classifier code
[developed by the author]

An effective rapid response option based on the analysis of data models. The studies and
practical experience presented in the paper demonstrate that there is no single, universal method
for risk assessment. From these positions, it has been established that under such conditions, when
there is no completeness of the picture of the impact of emergency situations, it is necessary to
rely on several methods of analysis, which allows obtaining the most accurate averaged result of
the study.

Proceeding from this, a method for describing the cyclicity of risk management is
considered, which describes four main fundamental stages planning, preparation, response and

recovery (Figure 3). Currently, there is a lack of clear transition boundaries between these stages,

Cycle of
management
of risks

onstl'l.lcﬁo']
wre¢ =

Figure. 3. Composition and sequence of implementation

of a single risk management cycle
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a smooth transition from one to another. The only exception in this cycle is the moment of the
onset of an emergency, where there is an exact time boundary that separates the two states: before
and after the emergency.

In terms of improving and increasing the efficiency of the emergency management system
in a short period of time, a single integrated linear risk management system is of decisive
importance. Figure 4 shows the linear structure of the risk management cycle depending on the
redistribution of time and human resources, before the event, during and after the event in a short
period of time (on the verge of an analog mode of operation).

The linear form of management allows you to visually redistribute resources and actions
in the time period for those aimed at preventing and eliminating an emergency.

In this context, the risk management cycle approach has been developed and proposed for
use as a state program, which will help distribute funding aimed at reducing the consequences of
emergencies at various stages of the risk management cycle. A methodology for calculating the
total damage caused by emergency situations has also been compiled. Application of the Pareto

A
100f

Forces

Time t
Figure 4. Linear risk management over a short period of time

[developed by the author]
law for this methodology, will allow planning funds allocated from the state budget for the
prevention of emergencies, which should be 20% of the total damage over the past period, which
will reduce the amount of total damage by 80% in the current period of time.

For the economical use of the funds under consideration, as well as the achievement of
positive socio-economic results, it is necessary to allocate funds for the next period for the
development and maintenance of forces in the amount of at least 20% of the total material damage
for the previous period. This amount should not include payroll and mandatory state taxes.

Such an approach should form the basis for the preparation of the annual budget aimed at
protecting citizens and territories from natural and man-made disasters, as well as establish the

necessary amount to finance emergency response services.
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Of considerable scientific interest is also the task associated with the development of
effective methods, algorithms and programs for predictive research into the functioning of the
emergency management system.

The platform approach will allow access to significant amounts of data. But initially, the
received data must be cleaned, organized into standard formats, and only after that they can be
used. At the initial stage, manual input of training machine algorithms into the most powerful
infrastructure system will be required, then a smooth transition to teaching artificial intelligence
to work correctly, which, in its turn, will provide a competitive advantage, allowing you to
coordinate user work, optimize business processes, and make them more flexible.

It should be noted that one of the important criteria that is not visible at first glance when
working with a platform information system is that the system creates, controls and manages the
rules of the game, which, in turn, leads to systemic management in the structure of the state.

At the moment, there are five types of information platforms: advertising, cloud, industrial,
product and so-called thrifty. From the point of view of public administration, it is necessary to
create a trans-platform information structure that will be a kind of intermediary between all
existing types of platforms, structural databases organized at the state level, as well as social
networks, creating new raw data products, thus raising decision-making to a new improved level.
As government agencies begin to implement and use newly created components, the next
important key task is to create and establish common communication standards, ensuring the
compatibility of components of old working systems with new technologies. In the future, it is
necessary to create fundamental industrial platforms that will connect sensors and gauges,
enterprises and suppliers, manufacturers and consumers, the infrastructure of the state and citizens,
software and technical equipment.

The third chapter, consisting of six sections, is devoted to solving the problems of
reducing the duration of the response period to an emergency. This indicator represents the time
interval between an incoming call and the arrival of the first emergency response team at the scene.

The response stage is decisive and short-term out of the four fundamental stages (planning,
preparation, response, recovery) of a single risk management cycle. As a rule, this stage is
discussed at the management level, and is also covered by the press, recorded in the form of photos
and videos, and commented on according to their own ideas about its effectiveness. Since this
approach is not standardized, it leads to a distortion of the reality of the real events taking place
and carries a significant error.

One of the main criteria for responding to an incident or emergency is the quality and

accuracy of management decisions, as a result of minimizing the response time for which
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specialized units will arrive at the scene, as well as the period from the start of rescue operations
to their full completion. Therefore, the smaller the size of such a period, the more optimal the value
of the response criterion. In this case, any response period is characterized by two main parameters,
the start time and end time of the response.

T =ty —tg (1.1)

Where:

Tr — response time;

ts — response start time;

ts — response end time.

Using only these two time parameters, it is not possible to fully assess the level of
effectiveness of the actions taking place within the response phase. This is due to the fact that there
are no obvious, clear boundaries of areas of responsibility between the various units directly
involved in the response.

To this end, the use of a universal time scale of checkpoints has been developed and is
proposed to allow monitoring the main time stages of the response, as well as determining the
areas of responsibility for all units involved in the elimination of an emergency. It should be noted
that in the Republic of Moldova three main groups of participants are involved in the response
process: 112 service operators; dispatchers of three emergency services (rescuers, police,
ambulance); emergency response forces.

Experience and emerging conceptual assumptions suggest that, in order to gain a more
detailed understanding of the current situation, it is necessary to divide the response process stage
into 11 intermediate temporary sub-stages that are part of the twelve temporary response
checkpoints (Figure 5). The stages, in turn, are combined into the following three time phases.

1) The phase of response time of specialized services to emergency calls from citizens.
This includes the reaction time between the time the first call is received by the emergency operator
and the time the first emergency response crew arrives at the scene of the emergency. In this
interval, all time characteristics are subject to mandatory fixation and normalization.

2) The phase of the time of the rescue operations. For this period of time, the values are
fixed, but not normalized, due to the specificity of the ongoing processes.

3) The phase of the time to return to the base or determine the moment of readiness to
continue the service. This option allows the controller to set which emergency response forces are

available for the following missions.
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In this regard, the work describes in detail each time point, as well as the rules for
calculating the size of the time steps of the response. Calculations have been made both for one
unit and one response team, and for two or more units and emergency response teams. As a result
of the introduction of this approach, all participants in the process began to be guided by the same
unified standards, which made it possible to establish a clear boundary of areas of responsibility.

Also, its use made it possible to theoretically systematize and reduce the mission transfer
time to three minutes, and on the basis of the results obtained from the database, to reduce the
value of this indicator to two minutes. Analyzing the calculation of response time to an emergency
call, in which all time stages of the response are subject to mandatory rationing, demonstrates that
only one stage has a variable value, the rest are determined by the maximum time indicator
approved by the internal documents of the response services.

Such data include the validity periods in the area of responsibility of the operator and the
dispatcher, where the response time is recorded in seconds (Figure 5):

toperator response = 10sec, tinterview = 50sec, tdispatcher response = 10sec, tdecision making = 50sec and

tmission transfer = 60sec.

Temporal interval twmout equals two minutes - this is a constant value, determined by an
internal order. Includes the time of gathering on an alarm, putting on specialized equipment, the
time of boarding the rescue team in the car.

Trc = 10sec + 50sec + 10sec + 50sec + 60sec + 2*60sec + 15*60sec = 1200sec OF 20min,

where: Tic — emergency response time. (1.2)
Temporal interval tiaver ime — Variable value, depends on the speed of movement and
distance. The internal standard establishes that the speed of the vehicle should not exceed 60 km/h.
Therefore, travel time is directly proportional;
d

tid = ; (13)

rae: tig— travel time, d — distance, S — speed

The accumulated experience shows that in order to reduce the reaction time and increase
the response zone, one should also keep in mind the revision of the processes that take place on
the way to the scene. According to international standards, the reaction time should not exceed 20
minutes, if the route is calculated to be no more than 15 km long.

Under ideal standard conditions, the response zone of one unit is no more than 15
kilometers in a straight line. This indicator can be attributed to the radius of the response zone.
And the maximum distance between two rescue units should be no more than 30 kilometers. In

Figure 6, a scheme for determining the distance to two units "A" and "B" is developed and shown,



and the minimum distance between units, which should be no more than 30 kilometers, is also
indicated. Units are located on opposite sides of the alleged emergency (ES), where D is the
distance between two rescue units.

The conditions shown in Figure 6 have no real application, since in reality it is not possible
to achieve them, due to the obvious presence of other variables. They have their constant values,
and significant financial resources (investments) are needed to change them. To meet the
established standard, it is necessary to increase the speed of movement or reduce the distance from
the deployment of rescue units to the place of emergency. The first indicator depends on many
parameters, among which, for example, the engine power of the car, which can support movement
up to 90 km / h, this indicator allows you to increase the response distance from 15 km to 22.5 km.
At the same time, this will increase the risk of traffic safety. Especially, this can take place when
the roads are winding with different types of road surface - asphalt or concrete, crushed stone or
just a field road, which becomes impassable in bad weather conditions, as well as with a long slope
in the event of an ascent, which leads to a decrease in the speed of movement on the site. Provided

that the road sections are even, with good coverage, it is possible to travel at a speed of 90

m"

Figure 6. Graphical interpretation of the definition, the optimal size of the distance,
the radius of the response zone [developed by the author]

kilometers per hour, which reduces the reaction time to 10 minutes. If this time remains unchanged,
then it becomes possible to increase the response distance from 15 to 22.5 kilometers. In any case,
it is required, first of all, to choose such a speed of movement of the transport, which would ensure
the safety of the crew.

The second criterion for influencing the efficiency of reaction time is road congestion, the
possibility of traffic jams (congestion) on the route, especially at the entrance to the place of
emergency. Also, in an urban environment, it is necessary to keep in mind and follow the schedule
for switching traffic lights. In this case, the best option is to introduce a green corridor system for

the passage of specialized equipment.
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An important factor that must be taken into account is the culture of behavior of all
participants in the movement on the way of the response teams to the place of the emergency.
There are other, unforeseen factors on which the speed of movement depends.

The third criterion for influencing reaction time is distance. At first glance, it is generally
impossible to change it, since this approach requires a revision of the location of the rescue units,
for the further arrangement of new units or the deployment of rescue teams. This approach is
financially costly and long-term.

As a result of the research, it has been established and proposed to stop at the method of
reducing the distance by two, and in some cases by three times, which, in its turn, will lead to a
decrease in the reaction time, respectively, by the same amount, thereby increasing the number of
zones departures and territories where a reduction in response time is possible. This requires the
introduction of the following basic condition: the nearest unit in distance with the best road surface

should go to the incident. During the study, the characteristics of the description of objects have
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Figure 7. Map of the location of the emergency response forces of
the rescue and fire departments in the Republic of Moldova
[developed by the author]
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been determined, the minimum requirements for the use of geographic information systems (GIS)
have been established.

Of all the existing GIS technologies, the maps.google.com technology fits the
requirements, with the help of which, to begin with, the geographical coordinates of the response
units have been accurately determined (Figure 7). The availability of geographic data on the
location of rescue units made it possible to more realistically review the possible response zones
that are not tied to the administrative division of the territory, and the main approach is focused on
reducing the response time along the shortest path for each unit separately.

The revision of the response zone, not tied to the administrative division, which led to a

reduction in the travel route and a decrease in reaction time, can be seen in the following example:

the route to the village of Reutel, Falesti district, is shown in Figure 8. The settlement is located
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Figure 8. Map of response routes to Reutel village
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8.8 km from the city of Balti. According to the approved response plan, the appropriate forces and
means should leave for this settlement from the Falesti district center, which are located at a

19



distance of 22.1 km from Reutel. By substituting the values into formula (1.2) on page 21, the
average reaction time is determined.

Tre-Balti-Reucel = Trp+ Tia = Bmin turnout + 9min travel time= 15min

(1.4)
(1.5)

The initial response plan of the Balti garrison included only 3 settlements on an area of 78

Tre- Falesti-Reucel = Trp+Tia = Bmin turnout + 22min travel time = 28min

km2, in Figure 9 this territory is highlighted with blue dotted lines with a population of up to
149097 people. The proposed methodology made it possible to increase the area of the emergency
response zone to 370 km2, indicated by red dotted lines (Figure 9), and the zone included 23

settlements with a population of 183791 people.
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Figure 9. Map of the response zone of the Balti garrison according to the

proposed methodology. [developed by the author]
The modification of the ideology and conception of the considered plan, carried out by the
author, allowed 34694 citizens from 20 localities to receive assistance in a standardized period of

up to 20 minutes from the Republic of Moldova.
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The above method has been applied to all 1540 localities in the Republic of Moldova,
presented in Appendix 3. One of the most important steps in optimizing the decision-making time
has been the analysis of the work of the dispatcher, it is known that the time spent by him to notify
all units involved in the elimination of an emergency increases in proportion to their number.

At the moment, the notification is carried out by the method of consecutive calls. Thus, in
order to reduce the total mission transfer time, regardless of the deployed software, it is proposed
to supplement the existing information system with a block where the controller's action is to press
the button of the selected unit, which corresponds to the control point for selecting the response
forces (Figure 5).

As a result of this action, an alarm collection signal will be triggered in the selected
department, information about the emergency will be displayed on the screen installed in the
department, the information will be automatically duplicated by the printer. At the same time, the
garage door will open and the lights will turn on at night. By pressing a special anti-vandal button,
the rescue unit confirms that the message has been received.

All these actions are fixed in the program: pressing the button corresponds to the
confirmation checkpoint (Figure 5). If the dispatcher did not receive this confirmation, after 10
seconds a message should appear on the computer screen in a separate window that the information
has not been delivered. Having received such a message, the dispatcher starts using backup
communication channels to notify the selected unit.

As a rule, when changing the methods of processing incoming information, it is necessary
to pay special attention to the quality training of decision-making personnel. For this purpose, it is
necessary to build and implement a system for assessing accumulated knowledge and experience.
The skill of making adequate decisions with the use of platform information technologies, worked
out to automatism, significantly affects the reduction of decision-making time. One of the
advantages of the proposed method is the ability to create, edit and view input forms and a table
of results on any device such as a mobile phone, tablet or computer, without the need for financial
costs for technology.

The method is based on Google's Open Source technology, which combines Google Forms
and Google Sheets, which is part of the free web-based office software package offered by Google
as part of the Google Drive service.

The disadvantage of this method is that there is no way to test creative answers, essays,
artwork, etc. Due to the fact that the process of assessing the quality of training of decision makers

does not include a range of creative tasks, this disadvantage equals to zero.

21



GENERAL CONCLUSIONS AND RECOMMENDATIONS

In this paper, conceptual models and techniques have been developed that form the
theoretical basis for the practical information support of the decision-making system in emergency
situations. The results of the conducted studies and their implementation in reality made it possible
to come to the following general conclusions and recommendations:

1. Until recently, the existing set of minimum indicators that affect the efficiency and
quality of decision-making at the initial stage of responding to emergencies and their consequences
was formed as the need for them arose. Therefore, both the structure and their set have not been
ordered and finally established. In this regard, an objective need arose to analyze and streamline
their composition, based on their content and role in the process of formulating and making
decisions.

2. As evidenced by the results of their implementation and application in everyday
reality, the systematization of the considered indicators led to a decrease in the impact of the
harmful effects caused by emergency situations.

3. Initsturn, the reduction in the number and size of the consequences of such situations
led to certain socio-economic effective results.

4. The developed conceptual models and methods are primarily aimed at determining the
stages of work on the technology of responding to emergency calls, as the basis for the formation
of information support for the development and decision-making. In the future, based on the
decisions made and the consequences of implementation, their socio-economic assessment is
carried out.

5. In the current situation of the study area, the minimum set of indicators has been
considered and analyzed to improve the efficiency and quality of decisions at the initial stage of
responding to the events under consideration.

6. Having and managing a set of ordered, named baselines has contributed to the
opportunity and the urgent need to improve decision making. This also made it possible to direct
efforts towards the development of their adequate models and algorithms, which increased the
efficiency of the control system in a complex environment and large amounts of initial information.

7. Due to the continuous nature of the unified risk management process, in the event of
and during emergency situations, the methods of its cyclical implementation have been studied.
The redistribution of resources with a linear-finite representation of this cycle for certain categories
of emergency events is demonstrated.

8. Based on this redistribution, a methodology for calculating the total material damage

has been developed, which is an integral part of this category of management, taking into account
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the economic component of each of its stages. It allows you to determine the composition and
amount of necessary costs at the stages of planning and preparing for probable emergencies. It also
becomes possible to determine the amount of material and financial damage at the stages of
response and recovery.

9. According to the results of the studies carried out in this plan, it is proposed to allocate
funds from the state budget for the prevention of emergency situations in the amount of 20% of
the total damage over the past period. This will reduce the amount of total damage by 80% for the
current time period.

10. In order to obtain the necessary information for making optimal decisions in a short
period of time at the initial stage of the response, as well as due to the heterogeneity of information
systems and technologies, there is an urgent need to create and implement a trans-platform system
for connecting to third-party databases.

11. The technologies underlying such a system should be based on the processing of
heterogeneous and varied structured data, including standard format documents, social network
data, and audio and video files.

12. As a result of identification, analysis of the definition of the composition and formats,
a single standard classifier of commands given for emergency response units has been developed.
Such a classifier makes it possible to make an objective decision, minimizing the probability of
errors, increasing its efficiency and quality, thereby reducing the time for selecting the given
commands.

13. In this document, the types of response are classified in such a way that the decision
maker and the rescue team are equally aware of what needs to be responded to and what means to
be used.

14. In order to achieve the maximum level of responsiveness, a graphical model of the
timeline of the main control points for responding to emergency calls has been developed.

15. The response technology created on its basis makes it possible to time the actions of
participants, establish clear boundaries for their areas of responsibility, and follow uniform
algorithms of actions, regardless of the type of emergency. The correspondence of the developed
model to the existing objective reality is confirmed by the achieved results of the implementation
and daily practical functioning of the response system. Ultimately, the results achieved were
formalized and used as a logical module of the System of the Unified National Emergency Service
112 of the Republic of Moldova.
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16. By reducing the distance, as well as the route of the emergency response forces to
eliminate emergency situations, a geoinformation model and an algorithm for optimizing the
territorial response zones have been compiled.

17. To develop a methodology for reducing the response time by reducing the distance, as
well as the route, the method of GIS technologies has been applied for 1536 settlements of the
Republic of Moldova. Thus, the revision of the schemes of the spatial arrangement of settlements
in relation to the rescue services made it possible to reduce the reaction time for administratively
remote territorial units by an average of 60%.

18. A methodology has been developed for assessing the actions of a manager in the course
of making a decision to respond to emergency situations. On its basis, the assessment of actions
by decision makers is carried out both at the stage of commissioning information systems, as well
as individual algorithms, and new software modules. Also, when using it, it is possible to determine
the level of training of management personnel, optimize the learning process, and devote more
time to explaining problematic topics. Analysis of test results helps to speed up the identification
of weaknesses in the algorithms and procedures for formulating and making decisions, with their
subsequent revision towards qualitative improvement.

The scientifically based approaches to optimizing business processes, models, algorithms
and methods for evaluating their effectiveness, developed and proposed in this paper, significantly

increase the organizational efficiency of the decision-making information support system.
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ADNOTARE

la teza de doctor in domeniul stiintelor ingineresti si tehnologii a dlui Peancovschii Serghei
,Suportul Informational al Sistemului Decizional 1n Situatii Exceptionale”
Universitatea Internationala Independenta din Moldova, Chisinau, 2023

Structura tezei: Teza de doctor consta din introducere, trei capitole, concluzii, bibliografie si
anexe. Volumul total al lucrarii este de 143 de pagini. Este ilustratd cu 52 de figuri, contine 7 tabele si 3
anexe. Lista de referinte include 133 de titluri.

Cuvinte-cheie: situatii de urgentd, echipe de management, daune, ciclu de gestiune a riscurilor,
reducerea timpului de reactie, solutii eficiente, centru de control situational, centru de control mobil, criterii
pentru evaluarea factorilor de decizie.

Domeniul de studiu: sistemul de conducere operativa a lichidarii situatiilor de urgentd in
Republica Moldova.

Scopul lucririi: elaborarea fundamentelor conceptuale si implementarea practicd a masurilor de
imbunatatire a eficientei sistemului de management propus prin introducerea unei abordari stiintifice in
scopul optimizarii business-proceselor pentru factorii de decizie.

Obiectivele lucrarii:
- cercetarea si selectarea criteriilor reducerii timpului reactiei,
- elaborarea si stabilirea standardului unitar de comenzi pentru unitatile de intervenire urgenta;
- optimizarea business-proceselor prin determinarea indicatorilor - cheie de timp;
- Intocmirea algoritmului optim de elaborare si selectare a planului performant de raspuns la
situatia exceptionala.

Noutatea si originalitatea stiintifica: elaborarea si implementarea sistemului de elemente de baza
noi, care asigura functionarea eficienta a sistemului de formulare si luare a deciziilor.

Rezultatele obtinute contribuie la solutionarea problemei stiintifice importante, legate de
imbunatatirea eficientei sistemului decizional In vederea asigurarii optimizarii si calitatii deciziilor luate in
situatiile de urgenta.

Semnificatia teoreticd a studiului, a tezei consta in dezvoltarea unui nou sistem de management
mai eficient, bazat pe un suport informational imbunatatit. Noul sistem de suport include dezvoltarea unui
sistem de modele, metode si algoritmi, care permit optimizarea sistemului decizional, sporind eficienta si
calitatea deciziilor luate atat in raspuns, cat si pe parcursul desfasurarii situatiilor de urgenta.

Semnificatia practicd a studiului, a investigatiilor este determinatd de metodele, modelele si
algoritmii performanti, utilizati in pachetul software pentru dispecerii postului de comanda al
Inspectoratului General pentru Situatii de Urgentd al Republicii Moldova. Aceasta permite optimizarea
procesului de luare a deciziilor, imbunatateste eficienta si calitatea deciziilor luate, cu transferul ulterior de
sarcini mai exacte catre fortele de raspuns. Optimizarea proceselor adecvate de luare a deciziilor contribuie
la reducerea timpului de luare a deciziei pana la 50 secunde, iar timpul total de reactie al echipei de salvare
nu depaseste 20 de minute la o distantad de cel mult 20 de kilometri. Datorita abordarii progresive si propuse
de revizuire a zonelor de raspuns pe 90% din teritoriul Republicii Moldova, a fost posibila reducerea
timpului de raspuns si cresterea eficientei ludrii deciziilor.

Implementarea rezultatelor stiintifice. Modelele si metodele elaborate au fost introduse si sunt
utilizate in Inspectoratul General pentru Situatii de Urgenta al Republicii Moldova. De asemenea, algoritmii
au fost integrati si testati In sistemul informational 112 al Republicii Moldova in modulul de control al
fortei de munca si echipamentelor tehnice, in care activeaza dispecerii unitatilor de intervenire de urgenta
ale Inspectoratului nominalizat.
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AHHOTANUA

K JJOKTOPCKOW JMCCEPTALMU B 00JIACTH MHXCHEPHBIX HayK U TexHoyoruii [IsakoBckuii Cepreid,
«MH(OpManIMOHHAS TTOITICPKKA CHCTEMBI TPUHSATHUS PEIICHUN B YPE3BBIYAHBIX CUTYAIIUAIX),
Mexnynaponusiid HezaBucumsiit Yausepcuter Monmossl, Kummaés, 2023

Crpykrypa padotsl: ucceprannonnas pabora coctout u3 Beeaenus, Tpéx ['nas, 3akmouenus,
Crucka nutepatypsl u [punoxxenuii. O6mmii 006éM coctasinsietr 143 crpanun. PaboTa nimroctpupoBaHa
52 pucyHKaMu, COACPKUT 7 TabmuIl 1 3 npuinoxeHus. CIHUCOK TUTEpaTyphl BKItovaeT 133 HanMeHOBaHUH.

KuioueBble cii0Ba: dpe3BbIYaiiHBIE CUTYAINH, KOMaHIB! YIPABICHHS, YIIepO, IUKI YIIPaBICHUS
pUCKaMH, COKpallleHHEe BpEMEHH pearupoBaHus, 3(Q(EKTUBHBIE pEIICHUS, CUTYAllMOHHBIA ICHTP
yHpaBJiIeHHsI, MOOWIBHBIHN IEHTP YIPABICHHS, KPUTEPUH OIICHKH JTUI], TPHHUMAIOIIIX PEIICHHS.

O0nacTb Hccilef0BaHUA: CHCTEMa ONEPATUBHOIO YNpPaBJICHWS JIMKBHIALKMEH Ype3BbIYAHBIX
cutryauuii B Peciyonmke MomnnoBa.

Heas padoTbl: pa3paboTKa KOHLENTYaJbHBIX OCHOB W TMPAKTHYECKOH peanu3anuu Mep Mo
NOBBILICHUIO 3((GEKTUBHOCTH (YHKUMOHUPOBAHMS MPEANONAaracMoi CHCTEMbl YIPABICHUS IyTeM
BHEJIPCHUSI HAyYHO-000CHOBAHHOTO MOJIX0/1a ONITUMHU3AI[H OM3HEC-TIPOLECCOB MPHHATHS PELIICHUH.

3agauu padoThI:
~TIOUCK ¥ BBIOOP KPUTEPUEB COKPAIICHHS BPEMEHH PearupoBaHMs,
—pa3paboTKa M OIpeAeIeHHe eIUHOrO CTaHIapTa MOJAaBAEMBbIX KOMAaH JUIS IOJpa3aeieHun
9KCTPEHHOT'O pearupoBaHus,
—ONTHUMU3AIHMs OU3HEC-TIPOLIECCOB IMTyTEM OIPEACIICHHS KIIIOYEBBIX BPEMEHHBIX TIOKa3aTeei,
—COCTaBJICHUE ONTHMAIILHOTO aJITOPUTMa JJIsl pa3padOTKH M BEIOOpA IJIaHa pearnpoBaHHUsL.

Hayynasi HOBH3HA W OPMIMHAJBLHOCTB: Pa3paboTka W BHEOpPEHHE CUCTEMBI HOBBIX 0a30BBIX
9JIEMEHTOB, oOecneunBaomuX 3PQekTnBHOEe (PYHKIMOHMPOBAHHE CHUCTEMBI TPWHITHS pEIICHUH B
YpE3BBIYANHBIX CUTYAIHSX.

IMonyyeHHble pe3yabTaTbl CHOCOOCTBYHT PpeELIEHUI0 BaKHOH Hay4yHoOll 1podJeMbl,
Kacaroleiicst moBbieHus 3G pekTHBHOCTH QYHKIMOHUPOBAHUS CHCTEMBI IPUHSTHS PELICHUH C IIEJIbIO
o0ecreyeHns! ONTUMAIBHOCTH U KaueCTBa MPUHUMAEMBIX PEIICHUH B YpE3BBIYaHBIX CUTYALHSIX.

TeopeTuyeckasi 3HAYNMOCTH HCCJIEIOBaHUSA, PabOTHl COCTOMT B pa3paboTKe HOBOH Ooiee
3¢ DeKTUBHON CHUCTEMBI YIpAaBJICHHS Ha OCHOBE YIIyUIICHHS WH(POpPMAIMOHHOW mozuep:kku. Hosas
cucTemMa WHGOPMAIIMOHHOW TOJJICPKKH Oblila pa3paboTaHa COBOKYITHOCTh ONTHUMAJIbHBIX MOJCNIEH, Ha
OCHOBE METOJOB U aJrOPUTMOB, MO3BOJIIOMINX 3HAYUTENIBHO YIYYIIUTh CUCTEMY IPHUHSTUS PELICHUM,
MOBBICUTh 3(P(HEKTHBHOCTh W KAYE€CTBO NMPUHMUMAEMBIX PEUICHHN KaK IMPH PEarupoBaHUM TaK U IPH
JIMKBUJIAIINY YPE3BbIYAHBIX CUTYaLIUM.

IIpakTHyeckass 3HAYUMOCTb HCCJIeJOBAHUS, OINpeneNsieTcs pa3padOTaHHBIMH MOJEIISIMH,
METOJaMH U aTOPUTMaMU, IPHUMEHAEMBIMH B IIPOrPaMMHOM KOMIUIEKCE JUIsl JUCTIETYEPOB KOMaHIHOTO
nyHkTa ynpaenenus [ maBHoro MHcnekropara o UpesseryaiineiM Cutyanusim Pecriy6imkn Mongosa. 910
MO3BOJIIET ONTHMHU3UPOBATh IPOLECC NPUHATHSA PELICHUH, MOBBICUTH 3PQPEKTUBHOCTH M KadeCTBO
NPUHUMAEMBbIX peIIeHUH C Nocuenylomeld nepenayeld 0Oonee TOYHBIX TOYEYHBIX 3a7ad CHJIaM
pearnpoBanus. ONTUMHU3AIMS MIPOLIECCOB NMPUHATHSA 3I€KBAaTHBIX PEUICHHUM MO3BOJSET COKPATUTh BpEeMs
npuHATHA pemeHns 10 50 ceKyH/I, a o0lee BpeMst peaKIiy cracaTelIbHbIX T0Apa3/ieiIeHui He IPEBBIIIaeT
20 MuHYT Ha paccTosHUM He Oonee 20 KnnoMeTpoB. 3a c4ET pa3paboTaHHOTO U NPEATIOKEHHOTO OAX0aa
mepecMoTpa 30H pearupoBanus Ha 90% Ttepputopun Pecmrybnuku MomgoBa yaanochk COKpaTUTh BpeMs
pearnpoBaHus U MOBBICUTH ONEPATUBHOCTH MIPHHSTHS PEIICHHH.

BHeapeHue Hay4HBIX Pe3yJbTATOB: NPEAJIOKECHHBIE MOJACIH M METOAbI ObUIM BHEIPEHBI U
ucnonb3ytorcs B ['enepansHom MHcnekropate mo UpesservaiitneiM Curyanusm PecnyOnanku Mongosa.
Taxke pa3paboTaHHBIE aNTOPUTMBI OBLTM MPOTECTUPOBAHBI W WHTETPUPOBAHBI B MHOOPMAIIMOHHYIO
cucremy 112 PecniyOnuku MonjgoBa, B MOAYJIb YHPAaBICHUS CHJIaMH M CPEACTBaMHM, TIe padoTaioT
qucnerdepbl  moapasfeneHuil  OkcrtpeHHoro PearmpoBanus I'enepanbHoro MHcmekropara 1o
UpesBervaiineiM Cutyanusam Pecriy6nuku Mongosa.
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ANNOTATION

to the doctoral thesis in the field of engineering science and technology of Mr. Peancovschii Serghei,
"Information support of the decision-making system in emergency situations"
International Independent University of Moldova, Chisinau, 2023

The structure of the thesis consists of an introduction, three chapters, conclusions, a list of
references and annexes. The total volume of the work is 143 pages. The work is illustrated by 52 figures,
contains 7 tables and 3 annexes. The list of references includes 133 titles.

Keywords: emergency situations, management teams, damage, risk management cycle, response
time reduction, effective solutions, situational control center, mobile control center, criteria for assessing
decision-makers.

Field of study: system of effective management of liquidation of the emergency situations in the
Republic of Moldova.

The purpose of the paper is to improve the efficiency of the functioning of the decision-making
system by introducing a science-based approach to optimizing business processes, for decision-makers.

Objectives of the paper:

- search and definition of criteria for reducing the reaction time,

- elaboration and determination of a unified standard of commands for emergency response units,
- optimization of business processes by determining key time indicators,

- drawing up an optimal algorithm for the development and selection of a response plan.

Scientific novelty and originality: Elaboration and implementation of new conception of
development of models and technics, which ensures the theoretical base and the efficient functioning of
its decisional processes optimization in the emergency situations.

The obtained results contribute to the solution of an important scientific problem related to
the elaboration and improving the efficiency of the decision-making system, ensuring the optimality and
quality of decisions made in emergency situations.

The theoretical significance of the study lies in the development of a new, more efficient
management system, based on improved information support. It includes the development of models,
methods and algorithms of optimizing the decision-making system, increases efficiency and quality of
decisions made in responding to and liquidating emergencies in the Republic of Moldova.

The practical significance of the study is determined by the developed models, methods and
algorithms used in the software package for dispatchers of the command post of the General Inspectorate
for Emergency Situations of the Republic of Moldova. This allows to optimize the decision-making process,
increase the efficiency and quality of decisions made with the subsequent transfer of more accurate, point-
to-point tasks to the response forces. Optimization of the processes for making adequate decisions allows
reducing the decision-making time to 50 seconds, and the total response time of rescue units does not exceed
20 minutes at a distance of no more than 20 kilometers. Due to the proposed approach of revising the
response zones on 90% of the territory of the Republic of Moldova, it was possible to reduce the response
time and increase the decision-making efficiency.

Implementation of scientific results: The proposed models and methods have been introduced
and are used in the General Inspectorate for Emergency Situations of the Republic of Moldova. Also, the
developed algorithms were integrated and tested into the informational system 112 of the Republic of
Moldova, into the force and equipment control module, in which the dispatchers of the emergency response
units of the General Inspectorate for Emergency Situations of the Republic of Moldova work.
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