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ABSTRACT

Context. A feature of human-machine systems of critical application operating in real time is that they include as elements both
technical systems and people interacting with these systems. At the same time, the main difficulties are associated not only with the
improvement of hardware and software, but also with the insufficient development of methods for reliably predicting the impact of
the production environment on the human factor and, as a result, on the relevance of decisions made by decision makers. As a result,
the task of developing methods for determining the mutual influence of environmental factors and cognitive parameters of decision
makers on the decision-making process becomes very relevant.

Objective. The aim of the work is to propose methodological foundations for the development and study of fuzzy hierarchical re-
lational cognitive models to determine the influence of environmental factors and cognitive parameters of decision makers on the
DMP.

Method. When building FHRCM methods of “soft computing”, methodologies of cognitive and fuzzy cognitive modeling were

used, providing an acceptable formalization uncertainty of mutual influence of factors on the DMP.
Results. A fuzzy cognitive model based on a fuzzy Bayesian belief network has been developed, which makes it possible to draw
a connection between qualitative and quantitative assessments of mutually influencing factors on the DMP. The proposed model
makes it possible to probabilistically predict the influence of factors and choose rational ways of their interaction in the DMP.
Conclusions. The results of the experiments make it possible to recommend using the developed model, which takes into account
the mutual influence of factors of various nature, including cognitive ones, in the DMP in order to improve the efficiency of HMSCA

management as a whole.

KEYWORDS: man-machine systems of critical application, decision making, decision making person, fuzzy cognitive models,
environmental factors, working environment factors, relational cognitive models.

ABBREVIATIONS

HMSCA is a human-machine systems of critical ap-
plication;

DM is a decision maker;

FHRCM is a fuzzy hierarchical relational cognitive
model;

BBN is a Bayesian trust networks;

DS is a decision support;

DMP is a decision making process;

MRD is a making relevant decision;

OTSCA is an organizational and technical system of
critical application;

HMS is a human-machine system.

NOMENCLATURE
In is an indicator of noise level;
EN is an indicator of electromagnetic field level;
L is an indicator of workplace lighting;
Te is an indicator of room temperature;
H is an indicator of room humidity;
S is an astate of the technological process;
T is an indicator of fatigue degree;
F is an indicator of psychological tension;
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| is an indicator of informational stress;
E is a possibility of error;

D is a decision time;

R() is a relevance of decision making;
A is a value of i-th fuzzy numbers;

n; is a modal value;

N() is a fuzzy interval;

N is a result of defuzzification;

bj is a value of j-th number on a BBN;

B is a vertex on a BBN;

P() is a probability of joint distribution of a Bayesian
belief network;

Se() is a function that characterizes the influence of ex-
ternal and production factors;

Sp() is a function that characterizes the influence of
psychological and cognitive factors on the state of deci-
sion makers;

() is a membership function;

IS() is a fuzzy probability;
H() is a fuzzy interval;

g; is a value of the i-th BBN E-vertice;
r; is a value of the i-th BBN R-vertice;
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d; is a value of the i-th BBN D-vertice;
f; is a value of the i-th BBN F-vertice;
ti is a value of the i-th BBN T-vertice.

INTRODUCTION

Today, when creating HMSCA, the solution of the
problems of managing and monitoring processes and phe-
nomena of an anthropogenic and natural nature comes to
the fore, followed by the adoption of appropriate deci-
sions at each hierarchical level of the system.

Modern HMSCAs are built, as a rule, on the basis of
computer networks, which, together with software and
users, are designed to increase management efficiency.
Currently, the issues of assessing the performance of
HMSCA enough attention are paid, but there is no single
conceptual approach to the study of such systems.

It is noted that, in general, research in this area is
reduced to the study of the perception of information in
verbal and visual form, its analysis, and comparison of
DS alternatives. However, there are practically no studies
of the mutual influence of external factors of various
natures, including cognitive ones, on the DMP.

Also, issues related to management decisions at each
hierarchical level of the system have not been sufficiently
developed, due to the imperfection of the mathematical,
statistical and intellectual tools used.

The objects of study are fuzzy hierarchical relational
cognitive decision-making models in multi-level OTSCA.

The subjects of study are models and methods of de-
cision-making in multi-level HMSCA.

The purpose of the work is to introduce methodo-
logical fundamentals of development and research of
fuzzy hierarchical relational cognitive models to deter-
mine the mutual influence of environmental factors and
cognitive parameters of DMs on the DMP.

1 PROBLEM STATEMENT

In the process of work, the decision maker is under the
influence of external factors of the environment and the
production environment and factors that characterize his
psychological and cognitive state.

It is required to assess the degree of relevance of deci-
sions made by the decision maker, under the influence of
the above factors, in multi-level OTSCA in a limited time.

Suppose that the values of external and production, as
well as psychological and cognitive factors H, S, Te, EN,
In,L, F, D, T, E are known.

It is necessary, based on an expert assessment of the
degree of relationship between these factors, to estimate
the value of the function R=f(H,S,Te,EN,In,L,F,D,T,E),
which characterizes the degree of relevance of the deci-
sion maker’s decision in real time and draw a conclusion
about the relevance of the decision made by the decision-
maker, provided: the decision is relevant if R> R* and
irrelevant if R< R* .
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2 REVIEW OF THE LITERATURE

In the scientific works of a number of authors, it has
been noted that one of the most important methodological
problems in the theory of decision making and multi-
criteria choice is the problem of overcoming the factor of
subjectivity, which is due to the presence of psychological
characteristics of the behavior of individuals participating
in the DMP. In works authors [2-5] noted that the deci-
sion-making function “crystallizes” in specific formations
— structures of individual qualities that affect individual
stylistic differences in the selection processes. Therefore,
the management of the mental processes of the decision
maker impossible without an assessment of these individ-
ual qualities.

Research in ergonomics and engineering psychology
conducted over the past decades has made it possible to
identify a number of factors that affect the DMP of a hu-
man operator. Among these factors, it is necessary to sin-
gle out those that can dynamically, chaotically change in
the process of HMSCA. But such changes cannot be pre-
dicted in advance, at the design stage.

Literature analysis [6, 7] allows you to establish the
relationship between factors from the group of environ-
mental impact on the psycho-functional state of the deci-
sion maker, which in turn affects the adequacy of its ac-
tions. However, the adequacy of actions is determined not
only by external conditions, but also by the ability of the
decision maker’s organism to prevent the negative impact
of external conditions. These factors include the level of
the cognitive component and the tension of the nervous
system. The variety of relationships between the charac-
teristics of the psycho-functional state of the decision
maker, external factors and the quality of his activity
complicates the task of constructing mathematical models
for assessing the mutual influence of these factors on the
process of making appropriate decisions.

In works [8, 9] an algorithm for increasing the effi-
ciency of interaction between an operator and technical
devices in “man-machine” systems is proposed, which
allows solving the problem of ensuring the efficiency of
managing complex technical and production systems un-
der conditions of fuzzy risk. The results of studies of the
influence of the functional state of operators on efficiency
and quality in the “man-machine” systems are presented.
Based on the above analysis, it was concluded that it is
necessary to develop modern methods for improving effi-
ciency, taking into account the dependence of the func-
tional state of operators on the influence of external and
internal factors on the process of making adequate deci-
sions.

In literature [10, 11] issues considered determination
of a comfortable working environment for the decision
maker during the operation of the system. Developments
on the creation of mathematical models and algorithms
for assessing the relevance of decisions taken are consid-
ered in detail, taking into account the influence of external
and personal factors on the safety of HMS. Algorithms for
formalizing the relationship between external factors and
psycho-functional characteristics of decision makers are
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proposed to optimize decision making. But all this does
not make it possible to describe with maximum accuracy
the factors for which there are no known exact patterns
and for which it is necessary to make an association be-
tween qualitative and quantitative assessments of factors
affecting the effectiveness of HMSCA.

Common questions analyzed building fuzzy cognitive
models of information technology to determine and
evaluate the influence of factors on the DMP in multilevel
HMSCA using [12].

Determination of the functional dependence of the ef-
fectiveness of multi-level systems of critical purpose on
the influence of external factors and the fuzzy risk of
making inadequate decisions by the decision maker, as
well as the construction of fuzzy cognitive models of
DMP under conditions of fuzzy risk is considered in [13—
17]

In [18-20] the development of mathematical models
and algorithms for determining and evaluating the optimal
influence of external factors of the working environments
on the cognitive state of decision makers.

Based on the analysis of literary sources, it is noted
that in order to overcome the difficulties caused by uncer-
tain factors (inaccuracy, fuzziness) for solving assessment
problems their influence on DMP, in a multilevel
HMSCA is a need to improve and develop new modern
methods of work efficiency HMSCA. It is advisable to
apply DS methods using “soft computing”, the methodol-
ogy of cognitive and fuzzy cognitive modeling, which
provides an acceptable formalization of uncertainty due to
the presence of subjective judgments of experts.

3 MATERIALS AND METHODS

Because acceptance decisions defined by many influ-
ence factors external and production environment and
factors characterizing the current psychological and cog-
nitive state of the decision maker, then one of stages of
assessing its relevance is to identify cause-and-effect rela-
tionships and dependencies between these factors.

The information model of the above factors of influ-
ence on the DMP is shown in Figure 1.

Figure 1 — Information model of the influence of factors on the

DMP

Here S¢=f(H,S,Te,EN,In,L) is a function that character-
izes the influence of external and production factors;
Sp=f(1,F,D,T,E) is a function that characterizes the influ-
ence of psychological and cognitive factors on the state of
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decision makers, and R=f(H,S,Te,EN,In,L,F,.D,T,E) is a
function that characterizes the degree of relevance of de-
cisions made by decision makers.

Exploring and revealing causal relationships and de-
pendencies between the factors of the information model
allows building the following relational model, Fig. 2.

‘ml

Figure 2 — Relational model of mutual influence of factors on
the MRD

In [21] Bayesian Belief Networks are used as a
mathematical tool, which have shown themselves well in
modeling complex systems with uncertainties.

BBN is a probabilistic graphical model, which is a set
of random variables and their conditional probabilities
using an acyclic directed graph.

For any set of random variables (vertices) A, A,,...,A,
of a Bayesian belief network, the probability of joint dis-
tribution is calculated from conditional probabilities ac-
cording to the chain rule as follows:

n
P(A.... Ay) = [ [ P(A] Parents(A)) (1)
i=1

To calculate the probability that a variable B takes on
the value b; on a BBN consisting of vertices B, A;,...,A,
the formula is used:

PB=bj)= > P(B=bj,A,A..A). @
A,

Here the summation is over all values of the variables
A1 Ay,..., Ay Taking into account (1), formula (2) for
calculating the probability at the vertex B takes the form:

P(B=bj)= Y P(B=hj| Parents(B))x

A

xlﬂ[ P(A;| Parents(A;))
i=l

3)
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These formulas are enough to perform direct inference
on a Bayesian network, i.e. determining the probability of
the values of the vertex-leaf by the known probabilities of
the values of the input (root) vertices and the conditional
probabilities of the values of the remaining vertices of the
BBN.

Based on the relational model of the mutual influence
of factors on the adoption of appropriate decisions, a
Bayesian trust network is built (Fig. 3) to assess the

(o) Ca G
IR ¢ ®@

Cra B T
RO
@

Figure 3 — BBN for a MRD Evaluation

The vertices of the BBN (Fig. 3) have the same names
as the vertices of the relational model (Fig. 2). All vertices
of the proposed BBN, with the exception of vertex R, take
on two values: <vertex name>;="“within normal limits”.
<vertex name>,="out of normal limits”. For example, if
the vertex In takes the value in; then it means, that the
intensity and level of noise are within the normal range. If
the vertex In takes the value in,, then it means, that the
intensity and level of noise are outside the norm. Vertex R
takes values r =“irrelevant”. r, = “relevant”.

Since the values of the unconditional probabilities of
the root vertices In, EN, L, Te, H, S and conditional prob-
abilities of vertices T, F, |, E, D, R established on the ba-
sis of the results of an expert survey, they are defined
vaguely. Therefore, fuzziness is introduced into the
Bayesian network (Fig. 3) by replacing the probabilities
of states with fuzzy numbers, and ordinary arithmetic
operations on real numbers with extended operations on
fuzzy numbers [22].

All unconditional and conditional probabilities of the
considered Bayesian network are estimated by fuzzy in-

tervals N(n,,Nn,,N;,N,) defined on the universal set

{X|0< x <1}, where X is a probability of a vertex states. In
this case, the membership function of these intervals is
given by the formula (4):
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0, x<0,
X—n;
N <x<ny,
N —m
pL(¥) =4 L np<x<ns, “)
ng — X
,n3<XSn4,
Ny —nN3
0, x>1,

where n; < n, < n; < ny are some real numbers, and 0<n, <
n; <.1; n,, n3 are lower and upper modal values, respec-
tively; n, — ny, ny— n; are left and right fuzziness coeffi-

cients of a fuzzy interval N(n;,n,,ns,n,). In particular,

if 0< n; < ny < n3 < ny <1, then the membership function
(4) defines a trapezoidal fuzzy number.
Rules for addition and multiplication of fuzzy inter-

vals N(n;,n,n3,n4) and P(py, Py, P3, Ps)» determined

by the membership functions (4), when using the princi-
ple of generalization to arithmetic operations take the
form (5).

N(ny,ny.n3,04) @ P(py, Py, P3. Pg) =
=S (N + Pp.Ny + PNy + P3Ny + Py),
N(ny,ng,03,04) @ P(py, P2, P3. Pg) =
=H(nypy =Ny P2.N3 P3. N5 P3 +P),
a=ny(py—Py)+ Pa(ny —ny),
B=n3(ps — P3)+ p3(ng —n3).

)

If it is necessary to compare fuzzy probabilities, it is
considered that of the two fuzzy probabilities, the one
whose defuzzified value of the membership function is
greater is greater. As a defuzzification method, the center
of maxima method is used, which consists in finding the
arithmetic mean of the elements of the universal set that
have the maximum degrees of membership. This method

is for fuzzy numbers N(n;,n,,n;,ny) with membership
function (4) gives:

N
fxdx
n nH +n
N=T =" (©)
jdx
)

In (6) N is the result of defuzzification, the “exact”
value of the fuzzy number.

When calculating fuzzy probabilitie ISf at the vertices

of the Bayesian network, formulas (1), (3) are trans-
formed by replacing the probabilities of states with fuzzy
numbers, and ordinary arithmetic operations on real num-
bers with extended operations on fuzzy numbers, into
formulas for calculating the fuzzy joint probability distri-
bution and fuzzy probability, respectively:
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Ps (A,...,A])Eéﬁf(ﬁ | Parents(A)). R

=1

n
®A. denotes the product of fuzzy numbers
i=1

n

Ao Anic. OA=ABA B .QA,.
i=1

Pr(B=bj)= @ Ps(B=b;|Parents(B)®
Aoy

n ®
& [@ Pt (A| Parents(A ))}.

i=1

Expression (7) is called the chain rule for the fuzzy
joint probability distribution. Formula (8) makes it possi-
ble to calculate the fuzzy probability at the vertex B,
which takes the value bj, on the BBN, which consists of
vertices B, Ay,...,An.

It should be noted that for ease of determining condi-
tional probabilities by experts, it is considered that the
conditional probability at any vertex depends on the val-
ues of the parent vertices individually, and not on the joint
distribution of the values of these vertices. Then, if among
the vertices Ay,...,A, only the vertex A, has parent peaks
and these peaks are peaks A,, As,...,A, , then the last as-
sumption allows rewrite formula (7) as:

By (A A) = OB, (A) DB, (A[A) ©)

In the following, a simplified Bayesian network will
be considered as an example (Fig. 4).

Figure 4 — Fragment of fuzzy BBN

The procedure for calculating the probability values
for this Bayesian network includes the following steps. At
the first stage, using (7)—(9), the fuzzy total probabilities
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of the vertices E, D, which have 3 parent vertices T, F, |
are calculated:

Pi(E=e)= @ Pr(eyfT.F.1)=
T,F,1

= @ Pr(M®P(F)®P; (1)® Py (] T,F, 1) =

TR ) (10)
- & pf(T)®Pf(F)®Pf(|)®Pf(ez|T)®

T,F.1
®P; (e2|F)<§>5f (ea|1).

5f(D=d2); CI) lsf(dZaTaFrl):

T,F,1
= @ Pr(M®P (F)®P; (1N®P (dyfT,F,1)=
TR (11)

= @ Pr(M®P (F®P; (NBP (d,1)®
T,F,I
® Py (d2|F)c§> Pt (da1).

According to formulas (10-12) in the MATLAB envi-
ronment, the values of the fuzzy probability of the nodes
of the network under consideration were calculated. Then,
using formula (7), the defuzzification values of these
probabilities were calculated. Based on the defuzzifica-
tion value of the probability P(R=r,), a conclusion was
made about the degree of relevance of the decision made
by the decision maker.

At the second stage, with (7)—(9) the fuzzy total prob-
abilities of the leaf-vertex are calculated:

PFR=1)= @ P(n.T.FILED=
T,FILEO

= @ PMORFESFHOFETF NS

T,F,ILF.D

Pr (D|T,F,1)®P (r,| E.D) = 12)

= @ PMBPPBFHBKES
T,F,1LED
®P; (E| F) P (] &P (D] T)®P; (D] H)®

®P; (D] 1) ®F; (1,|E)®F (1| D).

4 EXPERIMENTS
To test the proposed model, numerical experiments
were carried out, the essence of which was as follows.
Specialist experts were asked to evaluate the uncondi-
tional and conditional probabilities of the possible states
of the factors influencing the decision maker for the proc-
ess of making relevant decisions. The results are pre-

sented as fuzzy values of unconditional Isf M), 5]( (F),

5f (I and conditional probabilities in Tables 1-3.
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5 RESULTS

Numerical experiments were carried out for two char-
acteristic cases. In the first case, the probability values
that the decision maker is in a state of significant fatigue
(factor T) or significant psychological tension (factor F)
were taken low, and the susceptibility of the decision
maker to informational stress was considered unlikely. In
the second case, the probability value that the decision
maker is in a state of significant fatigue (factor T) was
considered high. The results of numerical calculations are
given in Table 2 and Table 3.

Table 2 shows that in the first case, the probability of
implementing the relevant decision of the DM is equal to
P(R=r,)=0.78.

In accordance with the results of research in the litera-
ture and normative sources, for many human-machine
systems of critical application, at a probability value
P(R=r,)2>0.7, the decision taken is considered relevant.

In the second case, as can be seen from Table 3, the
probability of making a relevant decision is
P(R=ry)=0.56, which is less than 0.7. Therefore, in
this case, it cannot be considered that the decision made
by the decision maker is relevant.

Table 1 — The result of evaluating fuzzy conditional probabilities at nodes E, D, R

Fuzzy probability value Fuzzy probability value
Vertex E Vertex D
T Pi(E=¢|T) Pr(E=e,|T) P(D=d,|T) P(D=d,|T)
i, (0.7; 0.8 0.9; 1.0) (0.0;0.1; 0.2; 0.3) (0.3; 0.4; 0.4; 0.5) (0.5; 0.6; 0.6; 0.7)
1, (0.0; 0.0; 0.0; 0.0) (1.0; 1.0; 1.0; 1.0 (0.0; 0.0; 0.0; 0.0) (1.0; 1.0; 1.0; 1.0)
F P(E=¢|F) P(E=e,|F) P (D=d,|F) P(D=d,|F)
f, (0.4;0.5; 0.6; 0.7) (0.3; 0.4; 0.5; 0.6) (0.1; 0.2; 0.3; 0.4) (0.6 0.7; 0.8; 0.9)
f, (0.0; 0.0; 0.0; 0.0) (1.0; 1.0; 1.0; 1.0 (0.0; 0.0; 0.0; 0.0) (1.0; 1.0; 1.0; 1.0)
l PiE=elD) PiE=e D) P(D=d, D) P(D=d,|)
i (0.1;0.2; 0.3; 0.4) (0.6; 0.7; 0.8; 0.9) (0.0;0.1;0.2; 0.3) (0.7, 0.8; 0.9; 1.0)
i) (0.0; 0.0; 0.0; 0.0) (1.0; 1.0; 1.0; 1.0) (0.0; 0.0; 0.0; 0.0) (1.0; 1.0; 1.0; 1.0)
Vertex R
E Pi(R=rE) Pi(R=r|E)
e (0.4;0.5; 0.6; 0.7) (0.3;0.4; 0.5; 0.6)
€ (0.0; 0.0; 0.0; 0.0) (1.0; 1.0; 1.0; 1.0)
D Pi(R=r|D) Pi(R=r,|D)
d, (0.2;0.3; 0.4; 0.5) (0.5; 0.6; 0.7; 0.8)
d, (0.0; 0.0; 0.0; 0.0) (1.0; 1.0; 1.0; 1.0
Table 2 — The results of calculating the probabilities in the nodes of the fuzzy BBN in the first case
Values of Defuzzifica- Values of
the BBN Fuzzy probability value . the BBN Fuzzy probability value Defuzzification result
- tion result .
vertices vertices
T F
P (T) P P (F) P(F)
t (0.1;0.2; 0.2; 0.3) 0.2 f, (0.2;0.3; 0.3; 0.5) 03
t (0.7; 0.8; 0.8; 0.9) 0.8 f, (0.5;0.7;0.7; 0.8) 0.7
| E
Pe(l) P P (E) PE)
i (0.0; 0.1; 0.1; 0.3) 0.1 € (-0.2;0.3;0.35;0.85) 0.32
i (0.7; 0.9; 0.9; 1.0) 0.9 [} (0.15; 0.65; 0.7; 1.2) 0.68
D R
P (D) P(D) P (R) P(R)
d; (—0.54; 0.14; 0.18; 0.85) 0.16 r (—1.65;0.14; 0.3; 1.81) 0.22
d, (0.15; 0.82; 0.86; 1.54) 0.84 r (—0.81; 0.7; 0.86; 2.65) 0.78
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Table 3 — The results of calculating the probabilities in the nodes of the fuzzy BS in the second case

Values of Defuzzifica- Values of
the BBN Fuzzy probability value . the BBN Fuzzy probability value Defuzzification result
. tion result .
vertices vertices
T F
P, (T) P(T) P, (F) P(F)
t (0.5, 0.7, 0.7; 0.8) 0.7 fi (0.2, 0.3;0.3; 0.5) 0.3
t (0.2;0.3; 0.3; 0.5) 0.3 f, (0.5, 0.7, 0.7; 0.8) 0.7
| E
P (1) P P (E) P(E)
i (0.0;0.1; 0.1; 0.3) 0.1 e (0.19; 0.63;0.71;1.04) 0.67
i (0.7;0.9; 0.9; 1.0) 0.9 e (-0.04; 0.29; 0.37; 0.81) 0.33
D R
P (D) P(D) P (R) P(R)
d (-0.38; 0.33; 0.36; 1.02) 0.34 r (-1.16; 0.34; 0.54; 1.63) 0.44
d, (-0.02; 0.64; 0.67; 1.38) 0.66 r (=0.63; 0.46; 0.66; 2.16) 0.56
6 DISCUSSION The practical significance of the results obtained lies

The obtained results of numerical experiments are in
good agreement with practical decision-making situations
in critical systems. In the first case, the negative impact of
cognitive factors on decision makers was low. Therefore,
the decision maker made the relevant decision with suffi-
cient probability. At the same time, it was not required to
adjust the degree of negative impact of factors affecting
the decision maker. In the second case, the negative im-
pact of one of the cognitive factors became high. This led
to the fact that the decision taken by the decision maker
cannot be considered relevant. In this case, it is necessary
to correct the degree of negative impact on the decision
maker of the corresponding factor in accordance with
engineering and psychological recommendations and re-
quirements.

Thus, the results of the experiments make it possible
to recommend the use of the developed model, which
takes into account the mutual influence of factors of vari-
ous nature on the decision-making process of the decision
maker, to improve the efficiency of the management of
the HMSCA as a whole.

CONCLUSIONS

The actual scientific and applied problem of assessing
the influence of factors of various nature, including cogni-
tive ones, on the decision-making process of the decision
maker to improve the efficiency of the management of the
HMSCA as a whole has been solved.

The scientific novelty of the results obtained lies in
the fact that for the first time:

— fuzzy hierarchical relational cognitive models are
proposed that allow assessing the impact of qualitative
and quantitative factors of various nature, including cog-
nitive ones, on the decision-making process of decision
makers;

— to assess the influence of fuzzy factors on the rele-
vance of decision-making, a fuzzy BBN is proposed and
an algorithm for calculating the fuzzy probabilities of its
nodes is developed.
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in the fact that the proposed fuzzy hierarchical relational
cognitive models can be recommended for assessing the
influence of environmental factors and cognitive parame-
ters of decision makers on the decision-making process in
human-machine systems of critical application.

Prospects for further research are to develop of
tools and methods for modeling and regulating the proc-
ess of making relevant decisions in real time and uncer-
tainty to improve the efficiency of functioning of human-
machine systems of critical application.
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OIIIHKA BILUIMBY HEYITKHX ®AKTOPIB HABKOJHUIIIHLOT'O CEPEJOBHUIIA HA ITIPOIIEC MPUMHATTSA
PINIEHD B JIIOJJUHO-MAIINHHUX CUCTEMAX KPUTHYHHUX 3ACTOCYBAHb

Iepenepiii B. I. — 1-p TexH. Hayk, npodecop kadeapu iHPOPMAIIHHUX TEXHOOTIH, MUKOIAIBCHKOTO HALlIOHATBHOTO YHiBEp-
cutery imeni B.O. CyxomumHcbkoro, Mukonais, YkpaiHa.

Bopuuk €. FO. — xanz. TexH. HayK, JOUEHT Kadeapy iHGopMaiiHUX TeXHOIOTiHi MHKOIaiBCHKOTO HAI[IOHAIEHOTO arpapHoOro
yHiBepcuTeTy, MukomnaiB, Ykpaina.

3ocimoB B. B. — 1-p TexH. Hayk, npodecop kadeapu nNpuKIaIHUX iHPopMaLiifHUX TexHonorii KHIBChKOro HallioHAIBHOTO YHi-
Bepcutetry imeHi Tapaca llleBuenka, Kuis, Ykpaina.

Byarakosa O. C. — kaHja. TexH. HayK, AOLEHT Kadeapy NpUKIagHuX iHOpMauiiHuX TexHoJoriii KuiBcbkoro HarioHanbHOTo
yHiBepcutety imeHi Tapaca IlleBuenka, KuiB, Ykpaina.

AHOTAIISL

AKTyaJabHicTb. OCOONMBICT JTIOIUHO-MAIINHHAAX CHCTEM KPUTHYHOTO 3aCTOCYBAaHHS, IO MPALIOIOTh B PEXXUMI PeaIbHOTO Ya-
Cy, TOJISITa€ B TOMY, IO B SKOCTI €JIEMEHTIB BOHH BKIIOYAIOTH K TEXHIYHI CHCTEMH, TaK 1 JIOJEH, [0 B3aEMOIIOTH 3 IUMH CHUCTE-
Mamu. IIpy mbOMy OCHOBHI TpyIHOIII IOB’SI3aHI HE TUIBKH 3 YAOCKOHAJICHHSM arapaTHOTO i IMPOrpaMHOro 3abe3redeHHs, ae i 3
HEJIOCTaTHBOIO PO3POOJIEHICTIO METOMIB JOCTOBIPHOTO IPOTHO3YBAaHHS BIUIMBY BHPOOHHYOTO CEPEIOBHINA HA JIIOACHKUH (akTop i,
SIK HACJIZIOK, Ha PEJICBAaHTHICTh pillleHb, IPUHHATHX 0co0aMu, 10 MPUHMAIOTh pileHHs. B pesynpraTi 3agaua po3pobOku crocobiB
BU3HAYEHHS B3a€MHOT'0O BIUIUBY (haKTOPiB 30BHIIIHBOIO CEPEeIOBHUINA i KOTHITHBHUX MapameTpiB OIIP, Ha mpoliec NpUHHSTTS pillleHb
CTa€ aKTyaJIbHOIO.

MeTta po6oTH — METOJOJIOTIYHA OCHOBA PO3POOKH Ta JOCII/PKCHHS HEUYITKUX i€papXiuyHHUX PeNAIiHHUX KOTHITUBHHUX MOJelel
U BU3HAYEHHS BIUIMBY ()aKTOPiB HABKOJIMIIHBOTO CEPENOBHINA Ta KOTHITHBHUX MapaMeTpiB 0cid, mI0 MpUIMAaIOTh PillleHHS, Ha
MPOIIEC PUHHATTS PillICHb.

Meton. [Ipy moOymoBi HEUITKUX i€EPAPXIYHUX PEISIIHHUX KOTHITUBHUX MOJENEH BUKOPHUCTAHI METOAH «M’SKHX OOUYHCICHBY,
METOJI0JIOTisI KOTHITUBHOTO 1 HEUITKOTO KOTHITUBHOTO MOJIEIIIOBAHHS, SIKi 3a0€311euyI0Th MPUHHATHY (opMati3anilo HeBU3HAYEHOCTI
B3a€EMHOT'0 BIUTHBY (DaKTOPIB Ha MPOLEC IPUHHSTTS PillICHb.
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Pe3yabsTaTn. Po3po6ieni HewiTki KOTHITHBHI MO/ HAa OCHOBI HEUITKUX 0al€CIBCBKHUX MEpex IOBIpH, SIKi JO3BOJSIOTH IIPOBEC-
TH 3B 130K MK SIKICHUMH Ta KiJIbKiICHIMH OLiHKaMy (akTopiB B3a€MHOTO BIUIMBY Ha HPOLEC HPUHHSITTS pillieHb 0codamu, 10 IpH-
HMaroTh pillleHHs. 3anponoHOBaHI MO/ MalOTh MOXKJIMBICTh IMOBIPHICHOTO MPOrHO3YBaHHS BILTHBY (PaKTOPIiB i BUOOPY pallioHa-
JBHUX CHOCO0IB TX B3a€MOIT B MPOLIEC MPUHHSTTS PillleHb.
BucHoBkH. Pe3ynbraT eKCIIEPUMEHTIB 103BOJIAIOTH PEKOMEHIYBaTH PO3POOIICHI MOIENI, 1110 BpaXOBYIOTh B3a€EMHUH BIUIUB (a-
KTOpiB Pi3HOI MPUPOIH, B TOMY YHCII KOTHITHBHUX, Ha MPOLEC MPUHAHATTS pillieHb 0cO0aMHU, IO MPUHMAIOTh PIlIeHHS, Ta IiABH-
IIyIOTh €()EKTUBHICTH YHIPABIIHHS B JIIOANHO-MAIIMHHNAX CHCTEMaX KPUTHIHOTO 3aCTOCYBAaHHS B IIIJIOMY.

KJIIOYOBI CJIOBA: moanHO-MalIMHHI CHCTEMH KPHUTHYHOTO 3aCTOCYBaHHS, NPHUHHSATTS pillleHb, PEJICBAHTHI pIIICHHS,
HEUiTKi KOTHITHBHI MOJIeN, ()aKTOPU HABKOJIUIITHBOTO CEPEOBHINA, (aKTOpU poOOUYOro cepeoBHIIa, peIIsiiiHi KOTHITHBHI MOAEII,
oco0a 1110 IpriMae pilIeHHs.
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