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Abstract. In this paper, a theoretical study of existing approaches to determining the safety level of
the insurance market has been analysed, it is proposed that application toolkit evaluation factors influ-
ence the insurance market security goal-oriented to the identification of sources of threats and deter-
mining the prospects for further development. The implementation logic of the cognitive approach to
the modelling of the insurance market security has been revealed. As a result of cognitive modelling
the concepts of insurance market security, as well as the causal relationship between them were justi-
fied.
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IMITALIMHE MOLOENIOBAHHSA PIBHA BE3MNEKN CTPAXOBOIO PUHKY YKPAIHU

AHomaujisi. B 0aHili cmammi npogedeHo meopemuyHe 00CiOXeHHSI HasisHUX nioxodie 8o 8u3Ha-
YeHHs1 pieHs 6e3rneKku cmpaxo8o20 PUHKY, 3arnporioH08aHo npuknadHul iHcmpymeHmapit ouiHku ¢a-
Kmopie ennugy Ha 6e3rneKy cmpaxo8020 PUHKY YireopieHmogaHo20 Ha ideHmudgbikauiro dxepen 3a-
2p03 ma 8U3Ha4YeHHs nepcrnekmue rnodasbwoao po3sumky. Po3kpumo noziky peanizayii Ko2HimugHo-
20 nidxody do modesosaHHs be3rneKku cmpaxo8o20 PUHKY. Takox 3a pesyribmamamu KO2HImu8Ho20
modesntogaHHsi 6yno obrpyHmosaHo KoHuenmu 3abe3nedyeHHsi 6e3reKku cmpaxoeo20 PUHKY, & maKox
MNPUYUHHO-HaCiOKO8I 368’a3KU MK HUMU.

Knro4doei cnoea: cmpaxoeulli puHoK; 6esrneka cmpaxo80o20 PUHKY; iMimauyitiHe Modesto8aHHs; KO-
e2HimugHe Mo0esio8aHHSs; cueHapHul nidxio.

B. B. BbiroBckasi, K. 3. H., IOLEHT,
B. I'. MapracoBa, 4. 3. H., npodeccop,
T. B. KnumeHko, K. 3. H., AOLUEHT

MMUTALUMOHHOIO MOOENMPOBAHUA YPOBHA BE3OMACHOCTU CTPAXOBOIO PbIHKA
YKPAUHbDI

AHHOMauyusi. B daHHOU cmambe npogedeHO meopemudeckoe uccriedogaHue Cyuiecmesyroujux
1o0xo008 K orpederneHuto ypoeHsi 6ezonacHocmu cmpaxo8o20 pbiHKa, npedroxXeHo npuknadHol UH-
cmpymMeHmapul OUeHKU ¢hakmopos efusiHuUsi Ha 6e30MacHOCmMb CmMpaxo8020 PhiHKa UeieopueHmu-
poBaHHO20 Ha udeHMuUUKaUyur UCMOYHUKOB y2po3 U orpedernieHus nepcriekmues dasnbHelwezo pas-
sumusi. Packpbimo noeuky peanu3ayuu KoeHUmMuUeHo20 rnodxoda K mModesiuposaHuro be3onacHocmu
cmpaxoeo20 pbiHKa. Takxe o pe3ynbmamamM KO2HUMUBHO20 MoOesiuposaHusi bbiro 060CHO8aHO
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KOHUenmbl obecriedeHus1 6e30MacHOCMU CMpPaxo8020 PbIHKA, @ MakXe MPUYUHHO-CIe0CMBeHHbIE
€8s13U MeXQOy HUMU.

Knrodeeblie crnoea: cmpaxogol pbIHOK, 6e30MacHOCMb CMpPaxo8020 PbiHKa;, UMUMayUOHHOE MO-
OenuposaHue; KO2ZHUMUBHOE ModesiuposaHUe,; cueHapHbIl Modxod.

Urgency of the research. Increased instability and uncertainty in today's world, territorial, econom-
ic and political globalization necessitate improving insurance market security approaches. Domestic
insurance market is characterized by the increasing complexity of business environment as a result of
the accumulation of destructive influence of environmental factors and uncertainty state. Thus on the
basis of empirical research it can be stated that in the near future the situation in the insurance market
of Ukraine will not change significantly. This means the design and implementation of strategic impera-
tive of insurance market development issue becomes relevant, to ensure its functioning safety.

Actual scientific researches and issues analysis. Issues of the insurance market theory and
practice, its role in the country and the rising issues of the economy are presented in the scientific pa-
pers of such renowned scholars as: V. Bazylevych, K. Bazylevych, N. Vnukov, K. Voblyi, O. Hvozden-
ko, V. Homell, O. Zhuravka, O. Zalietov, O. Kozmenko, V. Navrotskyi, S. Osadets, D. Furman, V.
Shakhov, H. Shershenevych, Ya. Shumelda, R. Yuldashev.

The aim of the paper is development of scientific approaches to assessing the level of insurance
market security.

The statement of basic materials. Insurance market is a complex dynamic system, which is charac-
terized by the following features: unpredictability, self-organization, counterintuitivity, insensitivity to
changes in most parameters, high sensitivity to changes in only a small number of defined parameters
and so on. Since the insurance market has all the characteristics of complex systems, it is sensible to
use complex systems modelling methods for insurance market safety assessment and analysis,
among which the most common are: econometric modelling, mathematical programming and simula-
tion. In (Figure 1) the comparative characteristic of these methods is given. Based on the above infor-
mation, it can be argued that under turbulence and uncertainty conditions simulation modelling is the
most promising method of mathematical modelling of insurance market safety that allows predicting its
development under different conditions, including considering random changes as well.

In our opinion, cognitive modelling, which combines the advantages of fuzzy logic and neural net-
works is an effective tool of imitation modelling of insurance market security and forecasting the situa-
tion. This approach will make it possible to develop the economic and mathematical model for evaluat-
ing the insurance market security and, on this basis, make decisions on its development strategy for-
mation. Cognitive modelling allows studying the situation, including the following components: self-
development, modelling of external factors, targeted development of the situation modelling (managed
development).

Cognitive modelling of insurance market security can be expressed through the interaction of four
components (Figure 2.): The insurance market security, logical-mathematical model of the insurance
market security, simulation model of the insurance market security and the aimed calculated experi-
ment.

Cognitive modeling in the analysis and management of complex systems is studying of the func-
tioning and development of the situation by constructing a model of a complex system based on cogni-
tive map. In this model, cognitive map reflects the subjective views (individual or collective) study the
problem, the situation related to the operation and development of the system. A special feature of
cognitive modeling is the possibility of static and dynamic analysis of situations. Static analysis in-
volves the study of the structure of cognitive maps and determines the degree of interference factors.
Also, the division of factors occurs to the target and control [2].
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Target factors are the ones the value of which is necessary to change within a particular task, and the
control factors are the factors that can be used to influence target ones. Dynamic analysis involves
dynamic control of target factors depending on the change of control factors, as well as creating time
development scenarios and choosing the best option.

model building

Influences
Insurance market secu-
rity

Directed
computational
experiment

Logical mathematical
model of the insurance
market security

Cognitive model of
the insurance
market security

Experiment

Algorithm

Fig. 2. Decomposition of cognitive modeling process of the insurance market security
Source: created by the author

So, cognitive modelling theory makes it possible to substantiate the insurance market safety as a
complex dissipative system functioning under the influence under external and internal environment
factors from the perspective of system-synergetic approach.The advantages of using cognitive model-
ling of the insurance market security are presented in (Table. 1).

The main elements of cognitive map are the basic factors (or simply factors) and the cause and ef-
fect relationships between them. [4] Basic factors (in various publications the terms "concept", "setting"
or "variable" are also used) - are the ones that define and limit the phenomena and processes in the
system and its environment. They are interpreted by subject of management as essential, key pa-
rameters, attributes of these phenomena and processes [8].

Table 1
Advantages of cognitive modeling of the insurance market security

Benefits Content

Peculiarity of insurance market secu-
rity assessment

1 2

3

Efficiency in terms of | Standard strategic management methods
information asym- | do not enable considering all the external
metry environment impact. This restriction is
lifted because of reduced number and
variety of affect factors on the safety of
the CP

Simulation of the insurance market secu-
rity enables creating a basis for the de-
velopment of its ensuring strategy, taking
into account the impact of the key factors

model structuring of
problem solving

Poly alternativity of insurance market
security ensuring scenarios and the or-
ganization of the selected scenarios im-
plementation monitoring

The possibility of the introduction of cog-
nitive models of any factors makes it
possible to predict all possible links be-
tween security ensuring members

visibility of cognitive
maps and models

Representation of only basic factors and
relationships. Displays of only the basic
regularity of the insurance market safety

It allows additionally considering the sub-
jective opinion of decision-makers in en-
suring insurance market security
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Continuation of Table 1

1

2

3

The multidimensional-
ity and interconnect-
edness of phenome-
na and processes
consideration

Presentation of cognitive maps in the
form of graphs makes it possible to pro-
vide indirect relationship between the
factors of influence on the insurance mar-
ket security and reflect the cause and
effect relationships between them

Complex hierarchical structuring of the
insurance market requires consideration
of the relationship between them. The
cognitive approach provides the neces-
sary tools

quality increasing of
produced manage-
ment decisions

Creating a system of cause and effect
relationships between factors of influence
allows to develop a variety of CP safety
scenarios

The integration of scenario and the com-
petency approaches allows to provide all
options for future insurance market secu-
rity ensuring

the dynamic nature of
elements relations of
the card

Presentation of cognitive map as a di-
rected graph makes it possible to fix the
spatial and temporal relationships be-
tween the security system and its rela-
tionships with others

Presentation of the dynamic relationships
between the factors of influence on the
insurance market security, available re-
sources and competencies allows to
identify the bifurcation point and select
development attractors

a holistic view of the
main problems of the
blocks

The links between the elements of the
cognitive map provides a view of all im-
portant aspects of insurance market se-
curity

The integrity feature provides a more
efficient way to define the integration
limits on the actions of competence pos-
sessors involved in the CP security sys-
tem ensuring

Showing density con-
nections between
factors

Implemented by the introduction of weight
characteristics of the matrix graph con-
nectedness that reflects the cognitive
map elements

Introduction of weight characteristics
enables to adapt the reference cognitive
maps to CP security ensuring conditions

Source: created by the author [9]

Algorithm of the cognitive approach realization can be displayed as follows: study of the problem
and definition of the goals and objectives of the study; construction of cognitive maps; construction of
the cognitive model and checking its adequacy; analysis of the spread of excitation (impulses) on the
graph; solving the problems of complexity, sensuality and stability systems [1], [7] (Fig. 3)

To determine the nature of the relationship, the importance of factors and clarify the parameters of
the system it is necessary to go to the next modelling level that is to create a cognitive model [6].

Cognitive model is a functional graph of the studied system (insurance market security), where the

vertices correspond to the system factors, and the arcs reflect the functional relationship between
them. A common modelling approach, according to which the spread of the pulse in the system is in-
vestigated. Impulse is interpreted as an external impact on the system, and the edges are assigned to
the coefficients of the pulse resistance [1].

Computer realization of cognitive insurance market security model requires software implementa-
tion of the model in a simulation environment, makes it possible to automatize the process of system
research.

The cognitive analysis and modelling of complex systems research begins with solving the problem
of its identification as a cognitive model [7], one of the common forms of which - a parametric function
graph vector - tuple:

G <<V,E > X F,0>, (1)

neG=<V,E>,V={v|vieV,i=12,..k};E={e|eecE i=12,.k};

G - cognitive map, V — the set of vertices, the vertex ("Concepts")v; €V , i =1,2,...,k are elements of
the study of the insurance market security; E — set of arcs, the arc e; € E , ij =1,2,...,n reflect the rela-
tionship between the vertices V; and V; ; impact of V;on V;in the system can be positive ("+" sign
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| STAGE Study of the issue and definition of the goals and objectives of the study [%

: - Security analysis of the insurance market and its subsystems

| - Building a purpose tree

1 - Definition of insurance market security subsystems settings

1 - Identification of basic factors of insurance market security subsystems
1

Il STAGE Building cognitive insurance market security card

- Identification of target and control CP safety factors

- Identifying indicators (parameters) of factors and processes that reflect
and explain the dynamics of the CP security

- Grouping into separate blocks of factors that characterize a particular area
of CP security concerns

- Identifying the links between the security factor of CP

r-——-——

11l STAGE Building a cognitive model of the insurance market security and checking
its adequacy

- - A detailed analysis of the nature of CP safety factors impacts

- - ldentifying the impact of changes dynamics of CP safety factors
depending on changes in the situation

- - Detection of temporal changes in CP safety factors impacts

e =

VI STAGE Analysis of stimulations (scenarios) distribution on the graph

- Analysis of the system's transition from one state into another or in
an evolutionary way, or under the influence of control actions

- Comparative analysis of the CP safety at different input actions to
substantiate the desired CP security option (direct task)
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Fig. 3. The implementation logic of cognitive approach to the insurance market security modeling
Source: systematized and constructed by the author
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above the arc) if an increase (decrease) of one factor leads to an increase (decrease) of the other, or
negative ("-" sign above the arc) if an increase (decrease) of one factor leads to decrease (increase) of

the other, or is absent; X :V —6 , X — parameter set of vertices, X = {X (V‘)‘X(V‘) e X,i=12,..., k}

XM = {Xig }, g=12,...,1, X'g — g — parameter of vertice V, , if g =1, then X'g = X;, 6— space ver-

tex parameters, that is, each vertex is assigned a vector of independent variables;

1) F =F¢X,E)— arcs conversion functionality, F : E x X x 8 - R. Dependence of fjcan be not only
functional, but also in the form of stochastic regression equations. Defining the parameters of the
characteristics off; pressuposes the establishment of a certain scale, performance, technique, preci-
sion measurement units.

Cognitive map except graphic image can be represented in matrix as matrix relationships Ag —is a
square matrix which rows and columns are indicated vertices of the graph, and at the intersection of i-
line, j-column stand (or not) units, if any (none) the relationship between the elements of V; and V, ,
that is:

Ac = Laij JKXK J
Where the relation:
1-ifV, connected cV, (2)
O —in other case

a; ratio can be set to «+1» or «=1»
Xi+1)=X; M) +2F (X, X, e M) @)

due to unknown initial values of X (n = 0) at all the vertices and the initial disturbance vector P(0).
In the presence of external perturbations Q; impulse process is defined by the rule
Xim+1)=X;m)+2T (X, X, e PyMm)+Q;Mm +1). (4)

Impulse model processes can be represented in matrix form that is more convenient for modeling
on the iconic graph. Let the vector vertex parameter at time t is given by equation (4). Then vertex pa-
rameter changes is generally given by the following equation:

Xith+1)=X; M) +APMn)+Q; n +1), (5)

where: A — matrix of the cognitive map graph relations G. We get the equation (5) taking into ac-
count (4) for P(n):

P)= A" Qo+ A™Q; + ... + AQuo+ I1Qp1, 6)

where: | — identity matrix.

Stability Analysis of the modelled weighted directed graph of the insurance market security system
requires the use of specific mathematical apparatus.

We take as a basis the available results of this analysis [0] in order to adapt them to the analysis of
the insurance market security.

We take as a basis the available results of this analysis [3] in order to adapt them to the analysis of
the insurance market security. To determine the adequacy of the cognitive map we have studied sta-
bility in the value and stability of the insurance market in the perturbation of the security system in the
course of its evolution. Known theorems [3]:
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Vertex V; stable by value, but the sequence of values{| X#)|:t =0,1,...} are limited.

Vertex V;j is resistant to disturbance, if the sequence of pulses is limited{| P; ¢)|: t=0,1,...}.

The weighted graph is stable in impulses (values), if such property is characteristic for its every ver-
tex. Resistance to impulse does not mean stability value, although the reverse is true as well. Between
the introduction of sustainability concept, that corresponds to the internal description and the system
resistance of type "black box" (external description) there is a clear analogy, although there is a con-
siderable difference in the mathematical description. Let's consider the concept of algebraic stability
criterion to the impulse and the initial value and consider the stability of the connection graph with its
topological structure, relying on well-known works [3], [5]. Fundamental in the development of sustain-
ability criteria is a graph describing the idea of the matrix of the graph relations - a cognitive model of
the system [3]. Let the matrix A for the relationship graph is defined as follows:

A =|a, la, =fev, V), ij=12,....n,0

where V;, V; — vertex of the graph, f(V;,V;) —weighting function.

Characterized graph values are defined as proper values of A (the proper values are the roots of
the polynomial characterizing matrix, Y () = |4l — A|, 41 — characterizing matrix forA, the independent
variable; I — the identity matrix).

To construct a cognitive map of the insurance market it is necessary to determine the safety verti-
ces (concepts) that are directly investigated within the model. As part of this study the parameters that
affect the security of the insurance market are highlighted (Table 2, Fig. 4) .To assess the strength of
the impact of each concept such scale of features effects is used (Table. 3).

Table 3
Scale of qualitative assessments of direction and influence strength between concepts

The nature of influence between concepts Numeric variables
Absent 0,0

Very weak 0,1;0,2 (-0,1;-0,2)
Weak 0,3;0,4 (-0,3;-0,4)
Moderate 0,5; 0,6 (-0,5; -0,6)
Considerable 0,7; 0,8 (-0,7; -0,8)
Substantive 0,9; 1,0 (-0,9; -1,0)

Scenario analysis is an expert "qualitative" analysis of possible scenarios for the development of
stability, identifying the worst and best possible scenarios and choosing the desired scenario accord-
ing to the research objectives.

Conclusions. Based on cognitive modelling results we can justify the concepts of insurance market
security, as well as the cause and effect relationship between them. Therefore, the proposed approach
allows taking a reasoned decision on the justification of effective alternative scenarios of insurance
market security and paves the way for obtaining the vector of structured knowledge about the interac-
tion architecture between the following concepts: insurer’s security, insurer’s safety. Based on the re-
sults of the cognitive analysis, we can develop a set of means of influence on the individual insurance
market safety factors with the aim of its providing.

Cognitive modelling makes it possible to justify management decisions for effective security sce-
nario of the insurance market from the standpoint of economic rationality and timely make necessary
adjustments in deviation case and promptly respond to them.
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Fig. 4. Graphical representation of interdependencies and power of influence between the concepts of insurance
modeling of the safety level of the insurance market in Ukraine

market security system
Sourte: created by the author
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