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THE SYNTHESIS OF STRATEGIES FOR THE EFFICIENT PERFORMANCE
OF SOPHISTICATED TECHNOLOGICAL COMPLEXES BASED
ON THE COGNITIVE SIMULATION MODELLING

Purpose. Improving the productivity and energy efficiency of complex technological complexes through the development and
use of scenario-cognitive modeling in control systems.

Methodology. Fuzzy cognitive maps, in the form of a weighted oriented graph, were used to develop a scenario-cognitive
model. As a result of the conducted research studies, a new strategy of generalization of an expert estimation of mutual influences
of concepts on the basis of methods of the cluster analysis is offered.

Findings. Based on experimental research and object-oriented analysis of a complex technological complex, a structure of a
fuzzy cognitive model is created. A scenario-cognitive model in the form of a weighted oriented graph (fuzzy cognitive map) has
been developed, which illustrates a set of connections and the nature of the interaction of expertly determined factors. To solve the
problem of impossibility of operative interrogation of experts in case of change in parameters of functioning of difficult techno-
logical complexes, expert estimations of values of weight coefficients of mutual influence of concepts are received. Cluster analysis
methods were used to group expert assessments and determine a single value as a result of the research. The results of the scenario-
cognitive modeling of the enterprise showed that production shutdowns and abnormal situations related to the failure of electrical
equipment, deviations of the technological regime and the quality of wastewater treatment have a significant impact on the dynam-
ics of productivity, energy efficiency and efficient use of equipment.

Originality. The new scenario-cognitive model developed for forecasting the situation in the absence of accurate quantitative
information consists in creating a fuzzy cognitive map, for modeling which many parameters of complex technological complexes
are expertly determined. Using the developed methodology, a degree of interaction of these parameters is found, which allows
determining dynamics of change in target criteria of functioning under various management strategies.

Practical value. On the basis of the created scenario-cognitive model, software has been developed which allowed analyzing
dynamics of change in productivity, energy efficiency and efficiency of use of the equipment under possible scenarios of function-

ing of difficult technological complexes is developed.

Keywords: cognitive modeling, structural analysis, forecasting, fuzzy cognitive map, cluster analysis, expert assessments

Introduction. Sophisticated technological complexes
(STC) possess the following peculiarities: availability of sub-
systems which are interconnected by means of complicated
structural and functional dependencies; high dimensionality
of the control task; the necessity to make decisions under con-
ditions of uncertainty; the need of adapting to the changing
internal operation conditions and to the changing environ-
ment.

The process of major importance which connects all the
main management functions of the STC is the development of
control decisions since it is the speed of decision-making that
determines the efficiency of the complex performance. The
existing control systems do not provide for a rapid comprehen-
sive response to short reaction time changes of the situational
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behavior of the object under study which depend on numerous
technological and managerial factors. Simulation modelling
approaches which are focused on the use of quantitative objec-
tive estimates as well as the methods of the traditional deci-
sion-making theory, which are based on the methods of
choosing the best alternative from a set of clearly specified al-
ternatives, appear to be insufficient in respect to making deci-
sions in the systems of this kind. To date, an efficient solution
to this problem is the usage of the cognitive simulation model-
ling which makes it possible to structurize and systematize the
existing data, to identify the performance scenes for the con-
trol system and to forecast the dynamicity of achieving goals as
well as to explore alternative solutions and select the very opti-
mal ones out of them [1].

Literature review. Experts and analysts are bound to rely on
their own experience and intuition in order to make decisions
in the context of the lack of accurate quantitative data on the
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condition of the STC performance. The logic of the sequence
of events in the multifactor field is extremely difficult to speci-
fy, which makes the task of forecasting the development of the
situation part of a complicated and not always algorithm-driv-
en process. The methods of expert questioning and identifica-
tion are prominent among the existing approaches to obtain-
ing the data on the sophisticated mutual interactions within
complex objects [2].

The study on the analysis of quantitative and qualitative
characteristics of the object’s behavior aimed at organizing the
management and decision-making strategy with regard to
control under the conditions of incomplete data is presented in
[3]. However, it should be noted that this work does not duly
consider the ways of comprehensive assessment of the perfor-
mance indicators of a complex object, taking into consider-
ation the external and internal factors which makes it possible
to constitute the relevant tactics for the strategic management
under the conditions of uncertainty. The computer means of
the cognitive situational simulation modelling are to be used
for this purpose [4]. The forecasting objective and the objec-
tive of selecting the alternative management strategies within
the cognitive approach are considered in the work [5]. Cogni-
tive simulation models provide for conducting the analysis of
the situation under consideration by means of studying the
structure of mutual impacts of the concepts of a cognitive map
and the dynamic analysis which is to generate the possible
scenes for its development [6]. In recent years, there have been
considered numerous computer systems for the decision-mak-
ing support on the basis of cognitive maps and their compara-
tive analysis is presented in [7, 8]. Alongside with that, the
possibility of applying the cognitive simulation modelling to
the tasks of the STC control has not been duly considered.

That being said, it is essential to determine the efficient
performance strategies and scenes of a given STC under the
conditions of uncertainty on the basis of the cognitive simula-
tion modelling [9].

Purpose. The methods of the cognitive analysis of compli-
cated situations include the following stages:

1. Defining the goals and objectives of the study.

2. The system conceptual research in the situation.

3. Structurizing the knowledge on the subject area.

4. Constructing a cognitive simulation model of the re-
searched situation.

5. The structural analysis of the cognitive simulation model.

6. The simulation modelling based on the cognitive ap-
proach.

7. The object interpretation of the simulation modelling
results.

The initial concept in the cognitive simulation modelling
of complicated situations is the concept of a cognitive situation
map. It presents the interaction between the object and the en-
vironment, the established cause-effect links between them
and describes the way different factors affect each other in the
process of their change. The mutual interaction of the expertly
selected factors which describe the process of the STC perfor-
mance is represented by means of a fuzzy cognitive map (mod-
el) which constitutes a signed (weighted) oriented graph [refer-
ences] in which: the nodes bijectively correspond to the basis
factors of the situation (the processes in the situation are de-
scribed in terms of these factors); direct mutual interactions
between the factors are determined. This mutual interaction
can be either amplifying (positive) or inhibiting (negative) or
be variable depending on the possible additional conditions.
While analyzing the specific situation experts predict what
changes are favorable for the most important basis target fac-
tors. The purpose of control lies in providing the desirable
changes in target factors under the conditions of the situation-
al control of the processes.

Fuzzy cognitive maps (FCMs) constitute the most effec-
tive instrument for solving the tasks of the STC research and
obtaining the forecasts of its behavior under various control

impacts. The general sequence of steps for building the scenes
on the basis of the analysis of fuzzy cognitive maps is as fol-
lows:

1. Defining the goal of building a system.

2. Building the FCM.

3. The static modelling of the FCM.

4. The dynamic modelling of the FCM.

5. Building the scenes for the development of the situation.

Alongside with that, one of the controversial issues in
building the FCM is the development of the matrix of the mu-
tual interaction of concept at the initial stage, before the
launch of the control system in the regular mode. Since most
of the factual data about the object of control is obtained from
expert evaluations, it is subjective to a large extent. Meanwhile,
the expert evaluations on one and the same issue can differ
significantly, sometimes even fundamentally. Therefore, the
objective of the efficient generalization of expert evaluations in
order to build an adequate FCM is relevant.

There is a task of creating a support block for the FCM
performance of the synthesis of the efficient management
strategies of the STC in order to generalize expert evaluations
in the most preferable way in the process of the formation of a
matrix of concept values.

While developing the structure of the FCM we assume that
the object under study is a sophisticated organizational and
technical system which consists of a following tuple

(D@, X(1), Y1), E(0), 1), M

where D stands for the actions of the enterprise; X stands for
the influence of the environmental factors; Y stands for initial
performance values; E stands for a set of concepts and mutual
interactions between them; 7 stands for the operating time.

The task of the FCM is to determine the efficient strategies
and scenes for the performance of a given STC of the food pro-
duction facilities [10]. Let us consider the STC in the context
of a sophisticated technological complex of a food production
facility which is characterized by a high uncertainty of the ele-
ments it comprises while it is impossible to obtain an exact
mathematical model in order to simulate the development of a
system of this kind. Therefore, it is expedient to present the
STC simulation model as a generalized FCM.

Results. For this purpose, it is critical to use the computer
means of the cognitive simulation modelling of situations. The
STC is a sophisticated system which is characterized by a large
uncertainty of the elements which are its part, thus it is impos-
sible to obtain its exact mathematical model with the purpose
of simulating the development of a system of this kind [6—8].
Therefore, it is worthwhile to present the STC model as a fuzzy
cognitive map. The corresponding structure of a fuzzy cogni-
tive model has been developed in keeping with the experimen-
tal studies and the object oriented analysis of the electrotech-
nical complex of the food production facilities. The interval
through which the scene planning is performed is set with a
foundation of the technological peculiarities of the object un-
der study, in order to determine the possibilities of improving
the energy characteristics [11].

The following elements of the interaction matrix of a fuzzy
cognitive map were selected expertly:

1. Intermediate concepts as follows: £/ stands for the natu-
ral gas costs, E2 stands for the electricity costs, £3 stands for
the electricity quality, £4 stands for the pressure of the natural
gas in the pipeline at the input of the facility, £S5 stands for the
production time of technological lines, £6 stands for the de-
viation of the technological process parameters, £7 stands for
the volume of the product which comes to processing, E§
stands for the degree of the equipment use, £9 stands for the
idle time of the technological equipment, E10 stands for the
failure of the electrotechnical equipment, E£1/ stands for the
volume of defective products at initial start-up and production
fault, E12 stands for the quality of the water entering the
wastewater treatment facilities, £13 stands for the burst releas-
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es of the product/wastewater, £ 14 stands for the quality of the
wastewater treatment, E15 stands for the application of the
electrodialysis wastewater treatment.

2. Input actions: X7 stands for the cost of natural gas, X2
stands for the cost of electricity.

3. Output actions: Y/ stands for effectiveness, Y2 stands for
energy efficiency, Y3 stands for the equipment efficiency use.

The STC model for the food production facilities is pre-
sented as a corresponding orgraph (a fuzzy cognitive map)
which is displayed in Fig. 1 and presents a multitude of con-
nections and the nature of the factor interaction.

Formation of the weight number of the concept mutual
interaction on the basis of expert evaluations solves the prob-
lem of impossibility of prompt questioning of the experts in
case of change in the functioning parameters of the STC of the
food productions facilities. With the purpose of grouping ex-
pert evaluations and determining a single value, the cluster
analysis was used to determine “the most significant solution
possible”.

The interval at which the scene planning is performed is set
on the basis of the technological peculiarities of the object un-
der study. The formation of the weight number values of the
mutual impact of concepts based on expert evaluations is to
solve the problem of inavailability of prompt questioning of
the experts in case of the change in operation parameters of
the STC of the food production facilities [12, 13]. Thus, the
created FCM shall allow the scene examination of the system
behavior while the values of concepts change.

A group of 5 experts is formed to conduct the examination
on the basis of their own experience and the provided data in
the form of a scale for quantitative record assessment. Experts
are offered to fill in the table for determining the degree of mu-
tual interaction of concepts within the range [-1, 1] in incre-
ments of 0.01, while under the negative mutual interaction of
concepts the coefficient displays a negative value.

In order to increase the flexibility of the assessment, each
expert identifies the possible mutual interaction values with a
total of 10 variants bearing the status of extremely high proba-
bility, 5 variants of values for the group of high probability and
5 variants of values with medium probability. Thus, the matrix
of expert evaluations looks as follows

€ e oy
E=e,=| 1] i1 % | Q)

eml em2 emn

E11

Alongside with that, the lines correspond to the number of
experts (7 = 5), and the columns correspond to the number of
judgments (m = 20). For the mutual interaction of each con-
cept a separate expert matrix is created, while all the expert
evaluations are further given as tables in the format defined in
(2) for the convenience of data processing. The experts are in-
terviewed by means of an individual analytical method being
unaware of each other’s answer. A fragment of the table of ex-
pert evaluations on the impact of the concept £9 on the con-
cept E101s presented in Fig.2.

With the aim of grouping the expert evaluations and deter-
mining a single value, it is advisable to use the cluster analysis
which determines “the most possible significant solution”.
Unlike many other statistical procedures, cluster analysis
methods are largely used at the initial stage of the research
when there are no a priori hypotheses about classes [14]. Giv-
en the absence of any laws for the distribution of expert evalu-
ations for generalization of the expert evaluations on the mu-
tual interactions of the concepts of a fuzzy cognitive map, it is
incorrect to use the methods of statistical analysis of data [15].

Before performing the clustering procedure it is essential
to standardize the expert evaluations coefficients so that each
variable has an average value of 0 and a standard deviation of 1,
since all the cluster analysis algorithms require estimating the
distances between clusters. Let us conduct the procedure of
the cluster analysis by the example of expert evaluations on the
impact of the concept £9 onto the concept E10.

The purpose of the cluster analysis is to determine the cen-
ter of the cluster with the biggest amount of data which is to be
the target value of expert evaluations of the mutual interaction
of concepts.

Let us use STATISTICA where classical methods of the
cluster analysis are implemented, including the k-means
method and the hierarchical clustering. At the first stage let us
conduct the hierarchical classification in order to visually as-
sess whether the values of expert evaluations form natural clus-
ters which are to be further analyzed as well as their number.
Let us select the complete linkage method as the incorporating
principle and the Euclidean distance as a measure of proxim-
ity of expert evaluations. The complete linkage method defines
the distance between clusters as the longest distance between
any two objects in different clusters, that is to say, between
“the most distant neighbors”. The degree of proximity which
is determined by the Euclidean distance constitutes the geo-
metric distance in the n-dimensional space and is calculated
as follows

EL 4/ [

E6

E9

E12 /

Fig. 1. The STC model of the food production facilities presented as a fuzzy cognitive map
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Expertl |Expert2 |Expert3 |Expertd |Expert5
0.4959173 |0.6151211 |0.6767047 |1.2223205 |1.3144592
0.7349137 0.3914407 |0.8849215 |0.7521972 |0.5875693
1.4519026  [0.3914407 |1.0931384 [1.2223201 |0.3452727
0.97391 0.7269613 [1.3013552 |0.3604278 |0.2241244
1.5714007 [0.6151211 |0.5725963 [1.2223205 |[1.0721626
0.7349137 1.733523  |0.7807131 |0.7521972 |0.466421

0.8544118 |1.174322  |0.260271  |0.7521972 |1.4356076
0.256921 1.0624818 ]0.7808131 |0.6738434 |1.3144592
0.3764192 0.5032809 |0.6767047 |0.4387817 |0.829866

1.0934081 |1.3980024 |1.3013552 |1.2223205 |0.7087177
0.1374229 |-0.391441 |-0.052054 |-0.344757 |-0.018172
-0.34057  |-0.615121 [0.468488 |[0.423111 |0.1029761
-0.938061 |-0.16776  |-0.468488 |-0.81488 |-0.502766
-0.579566  [-0.391441 |-0.260271 |-0.658173 |-0.502766
-0.34057  [-0.615121 |-0.052054 |0.282074  |-0.502766
-1.177057  |-1.286162 |-0.780813 |-1.520065 |-1.229655
-1.535551  |-0.950642 |-1.821897 |-1.598419 |-1.229655
-1.057559  |-1,062482 |-1.509572 |-1.20665  |-1.471952
F1.296555  [-1.509843 [-1.197247  |-1.285004 |-1.714249
-1.416053  |-1.621683  |-1.717789  |-1.049942 |-1.229655

Fig. 2. Standardized values of expert evaluations of the impact
of E9onto E10

d(x.y)= 3)

The most important result obtained by means of the tree-
like clustering is a hierarchical tree (Fig. 3). On the basis of
visual presentation of the results, it can be assumed that expert
evaluations create three clusters. The positions of the nodes
along the horizontal axis determine the distance at which the
respective clusters were combined.

Further on, the k-means method is used to determine the
value of the center of the cluster with the largest number of
variables. The aim of the algorithm is to divide » observations
by k clusters so that each observation could belong to exactly
one cluster located at the shortest distance from the very ob-
servation [16].

It is essential to divide the set of observations X by k clus-
ters S={S}, S,, ..., S}, so as to minimize the sum of the squared
distances from each point of the cluster to its center as follows

k
argmin A 4
gmi ZIXZS:JJ 4)
where y; stands for the centers of the clusters, i =1, ..., k, p(x,
;) stands for a distance function between X and p,.

If the number of expert evaluations equals = n, then the set
of expert evaluations is described by means of the following
expression: X = {x,, X, ..., x,,}. The number of clusters equals
equally k , where k € N, k<n.

A dendrogram for 20 observations
The complete linkage method

The squared Euclidean distance

OOODD

00000000
I.nl_l_“..l_n‘..l-nlilolnlo\nlol-‘\ [

CODNORLORNInwe 0N D BN E

(e)
N

0 5 10 15 20 25 30 35

Interconnection distance

Fig. 3. The dendrogram of the dendritic pattern classification of
expert evaluations for E9—E10

The algorithm by the k-means method can be represented
as follows:

1. The number of clusters and the set of points are selected
w;, i =1,..., k, which is considered to be the initial centers of
the clusters

WO =,
2. The distribution of vectors by clusters is conducted
=
t:ineX,i:l,...,n:xieSjj:argmkinp, 5)

in order to perform this step of the algorithm, the Euclidean
distance is calculated between the vectorsx; € X, i=1..., n and
the centers of the clusters p, ..., L.
3. The centers of the clusters are listed as follows
1
tVi=1. .k p=—Nx. 6

1

xesS;

(fl.])The halting conditions are checked if Jielk: ugt) *
#L; ', thent=7+1and there is transition to step 2, otherwise
there is transition to step 5.

5. Completion of the clustering algorithm.

Having completed the clustering algorithm, it is necessary
to determine the relevancy of the difference between the ob-
tained clusters for all the expert evaluations with the help of
the variance analysis (Fig. 4).

It has been concluded from the results of the variance
analysis that the relevancy of p < 0.05, which indicates a con-
siderable discrepancy between the clusters. In accordance with
the survey statistics, three clusters are obtained (Fig. 5); each
of them contains the following number of expert evaluations:
cluster 1 comprises 10 variables, cluster 2—4 variables, and
cluster 3—6 variables accordingly.

Thus, having determined the value of the center of cluster
1, we are to obtain the value of the expert evaluations on the
impact of the concept £9 onto the concept E10.

As a result of the conducted research, the following strat-
egy for generalization of the expert evaluations on the mutual
interaction of concepts has been offered:

1. The formation of a matrix of expert evaluations.

2. The calculation of standardized values of expert evalua-
tions.

3. Conducting the hierarchical classification and deter-
mining the required number of clusters.

4. Conducting the cluster analysis applying the k-means
method.

5. The calculation of the cluster relevancy:

- if the relevancy of p < 0.05, then go to step 6;

- if the relevancy of p > 0.05, then the number of clusters is
to be changed, go to step 4.

6. Determining the value of the center of the cluster with
the highest number of variables.

7. Completing the clustering algorithm.

The values for all the weight numbers of the FCM con-
cepts of the STC are calculated in accordance with the pro-
posed method of the cluster analysis with the use of a synthe-
sized topological map.

The variance analysis (EXP_E10_ES)
Variables

Between S5 | CC | InsideSS CcCc F significant p
Expert1 || 15,45718 2 3,542820 17 | 37,08516 0,000001"
Expert 2 14.83559 2 4,164407 17 | 30,28103 0,000002
Expert 3 14,23916 2 4,760839 17 | 25,42260 0,000008
Experi4 | 14,91131 2 4,088692 17 | 30,99919 0,000002
Expert 5 14,80705 2 4,192950 17 | 30,01703 0,000003

Fig. 4. The variance analysis of the results of the k-means
method for E9—FE10
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EXP_E10_E9
1 2 3 4 5 6 7 8
Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 App_N | Cluster | Distance
C_1 [0.4959173  [0.6151211  [0.6767047  [1.2223205  |1.3144592 1 1] 0.23
C_2 [0.7349137  [0.3914407  [0.8849215  [0.7521972  [0.5875693 2 1] 0.28
C_3 [1.4519026  [0.3914407  [1.0931384  [1.2223201  [0.3452727 3 1] 0.32)
C_4 [097391 07269613 [1.3013552  |0.3604278  [0.2241244 4 1] 0.34
C_5 [1.5714007 [0.6151211  [0.5725963  [1.2223205  [1.0721626 5 1] 0.40)
C_6 [0.7349137  [1.733523 0.7807131  [0.7521972  [0.466421 6, 1] 0.43
C_7 |o8s44118  [1.174322 0.260271 0.7521972  [1.4356076 7 il 0.28
Cc_8 [0.256921 1.0624818  [0.7808131  0.6738434  [1.3144592 8 il 0.18
C 9 03764192 05032809  [0.6767047  [0.4387817  [0.829866 9 1] 0.28
C_10 [1.0934081 13980024  [1.3013552  [1.2223205  [0.7087177 10 1] 0.31]
C_11 [0.1374229  -0.391441 -0.052054  [-0.344757  [0.018172 11 2 0.74
C_12 [0.34057 -0.615121 -0.468488 -0.423111 0.1029761 12 2 0.55
c_13 [o.938061 -0.16776 -0.468488 -0.81488 -0.502766 13 2 0.3
c_14 [0.579566 -0.391441 -0.260271 -0.658173 [0.502766 14 3 0.39
C_15 |0.34057 -0.615121 -0.052054  [0.282074 -0.502766 15 2 0.6
Cc_16 [1.177057 -1.286162 -0.780813 -1.520065 -1.229655 16 3 0.42)
C_17 |1.535551 -0.950642 1.821897  [-1.598419 [1.229655 17 3 0.66
C_18 |1.057559 -1,062482 -1.509572 -1.20665 -1.471952 18 3 0.46
C_19 [1.296555 -1.509843 1197247 [-1.285004  [1.714249 19 3 0.58
C_20 [1.416053 1.621683 -1.717789 -1.049942 [1.229655 20 3 0.61]
Fig. 5. The results of classifying the expert evaluations for E9—E10
The research on the FCM of the TCMS is performed hav- Outdegree

ing used a specialized software product FCMapper (Fuzzy 7,00

Cognitive Mapper), which makes use of a mathematical gen- 6,00

eralization apparatus of the FCM. This system consists of two _ 5o

quite autonomous software subsystems. The first of them is g .

implemented on the basis of the “MS Excel” spreadsheets and A

it is a subsystem of the FCM analysis which includes the sub- g

systems for entering a cognitive map and obtaining a forecast 00 . .

. . . 1,00
of the evolving situation [17]. | I I L I N I s I .

The cognitive map is set as a “MS Excel” spreadsheet for o.00
the structural analysis; it is exported into a file and transferred
to the second subsystem of the structural analysis called “Pa-

E2 E3 E4 E5 E6 E7 E8 E9 E10E11E12E13E14E15 X1 X2 Y1 ¥2 Y3

concepts

jek”. The “Pajek” system implements the methods which a
make it possible to study the structure of the cognitive map as
a whole, which simplifies its verification and in general makes Indegree

the choice of the control factors easier while developing the 600
control strategies in accordance with the specified goals [18].
As a result of the analysis of structural characteristics of
the FCM, the following results are obtained: 4 concepts per-
form the functions of transmitters only (Transmitter); 1 con-
cept only receives the data (Receiver); 15 concepts are “trans- £ .0
mitter-receivers” (Ordinary). ‘
The main indicators of the cognitive simulation modelling 100 I I I I I I I I I I
are consonance, dissonance and mutual interaction of con- 0,00 n
cepts. The greater the consonance is, that is to say, the greater ET B2 ES B4 B5 EO 7 EB B9 EIOETIEIZETIEIAEIS X1 X2 1 va v3
the function is of the positive and negative impact of one con-

nal unit (cu)

concepts

cept onto the other, the more influential the parameter is con- b
sidered to be. In a similar manner, the greater the dissonance
is, the more dependent on the others the concept is. On the Centrality
basis of the concept matrix of the FCM of the STC, the func-
tional indices are calculated as follows (Fig. 6): consonance 222
(Outdegree), dissonance (Indegree) and the mutual interac- 3 5‘00
tion of factors (Centrality). £ 4100
The structural and functional characteristics of the matrix R
of concepts having been analyzed in terms of the importance £ s
of their impact onto the initial target parameters, and, conse- 8 100 I I ‘ ‘ I I I | | I ‘ ‘
quently, onto the efficiency of the enterprise performance, the 0,00 L —
concepts are divided into the following three groups: E1 E2 E3 E4 E5 E6 E7 ES E9 E10ET1E12E13E14E15 X1 X2 Y1 Y2 ¥3
- influential concepts: E7 (the volume of product which concepts
comes for processing), £9 (the downtime of the technological c
equipment), E10 (the failure of the electrotechnical equip-
ment), £13 (burst releases of the product/wastewater);
- concepts which have certain impact: E5 (the run-time of Fig. 6. Structural and functional characteristics of the matrix of
the technological lines), E6 (the deviation of the operation the FMC concepts:
process parameters), E£72 (the initial water quality at the a — stands for consonance; b — stands for dissonance; ¢ — stands
wastewater treatment facilities), £7 (natural gas consump- Jor the mutual interaction of factors
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tion), E2 (electricity consumption), E14 (the quality of waste-
water treatment), E15 (the application of the electrodialysis
wastewater treatment);

- concepts which have marginal impact on the initial target
parameters: E3 (the quality of electricity), £4 (natural gas
pressure in the pipeline at the input of the enterprise), E§ (the
degree of the equipment use), E11 (the volume of defective
products at initial start-up and production fault).

The possible ranges of change and the values of concepts
are identified with the help of FCMapper in order to build a
dynamic simulation model for forecasting the development of
the situation with the purpose of improving the performance
efficiency of the electrotechnical complex of the food produc-
tion facilities.

Having conducted the scene cognitive simulation model-
ling using the FCMapper software product (Fig. 7), the dy-
namics of changes in effectiveness, energy efficiency and effi-
ciency of the equipment use have been obtained in accordance
with the possible scenes.

It should be noted that in the course of implementation of
the first scene the value of all the concepts are taken by the
system as equal to 1.0 (maximum) automatically (by default).
In the second scene, the enterprise operated in a regular mode
at a capacity of the sugar-beet enterprise of 1,750 tons per day
(the maximum enterprise capacity load of 2,000 tons per day).
In the third scene, the enterprise operated at the same capac-
ity but with a halt of one-hour due to the engine failure on the
diffusion unit shaft. In view of the results, the target criteria for
the performance of the electrotechnical complex are much
lower to scene 3 than its operation to scene 2.

Conclusions. In the course of research the cognitive approach
to building the simulation models of sophisticated technological
complexes is reviewed, which makes it possible to implement the
optimal management of the systems of the kind without con-
structing the exact mathematical model. The visualization of
fuzzy cognitive maps, the possibilities of the numerical simula-
tion conduct as well as a combination of the expert-based and
adaptive approaches to building the model make generalized
fuzzy cognitive maps a convenient means of describing systems.

As a result of the study, the following tasks have been exe-
cuted:

- the FCM for the performance of the STC has been devel-
oped, including the specification of input, output and inter-
mediate concepts;

SelectScene 1 calculate Compare
Number of selecte.d Scenarios
Iterations 20 Scenario
Results -

No No

Changes Changes | Results- | Results -
Concepts (Scene 1) Scene 2 | Scene3 | (Scene 1) | Scene 2 Scene 3
E1 1,00 0,90 0,90 0,862 0,830 0,793
E2 1,00 0,85 0,85 0,921 0,861 0,810
E3 1,00 1,00 1,00 1,000 1,000 1,000
E4 1,00 1,00 1,00 1,000 1,000 1,000
E5 1,00 1,00 0,85 0,956 0,962 0,837
E6 1,00 0,00 1,00 0,900 0,031 0,942
E7 1,00 0,90 0,90 0,721 0,865 0,821
E8 1,00 1,00 1,00 0,840 0,989 0,921
E9 1,00 0,00 0,50 0,821 0,132 0,576
E10 1,00 0,00 1,00 0,829 0,041 0,784
EN 1,00 0,05 0,10 0,937 0,053 0,108
E12 1,00 1,00 1,00 0,853 0,967 0,879
E13 1,00 0,00 0,00 0,838 0,000 0,053
E14 1,00 1,00 1,00 0,902 0,912 0,892
E15 1,00 0,00 0,00 0,896 0,000 0,000
X1 1,00 1,00 1,00 0,659 0,701 0,724
X2 1,00 1,00 1,00 0,659 0,701 0,724
Y1 1,00 1,00 1,00 0,754 0,873 0,786
Y2 1,00 1,00 1,00 0,568 0,965 0,602
Y3 1,00 1,00 1,00 0,385 0,941 0,454

Fig. 7. Results of scenario-cognitive modeling of dynamics of
change in target criteria of functioning of STC of the sugar
factory

- a new strategy of generalization of expert evaluations on
the mutual concept interaction on the basis of methods of the
cluster analysis has been offered;

- scene cognitive simulation models have been developed
in order to provide for the prompt determination of the mea-
sure of the target indicators of the enterprise performance on
the basis of the technological and statistical analysis of the en-
terprise.

Analyzing the obtained results of the scene cognitive simu-
lation modelling, we can claim that production halts and
emergency situations related to the failure of the electrotech-
nical equipment, the deviation of the production cycle and the
quality of the wastewater treatment have significant impact on
the time history of effectiveness, energy efficiency and the ef-
ficiency of the equipment use, that is to say, the developed ap-
proach to establishing the efficient modes of operation of the
STC of the food production facilities appears to be appropri-
ate.
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Mera. [linBuileHHS TPOAYKTMBHOCTI Ta eHeproedex-
TUBHOCTI (DYHKITIOHYBaHHS CKJIATHUX TEXHOJOTIYHUX KOMII-
JIEKCIB 3a PaxyHOK pO3pOOKM i BUKOPUCTAHHSI CIIEHApHO-
KOTHITMBHOI'O MOJIE/IIOBAHHS B CCTEMAX yIIPABIiHHSI.

Metoauka. J1J1s1 po3po0OKU ClIeHAPHO-KOTHITMBHOI MOJIe-
JIi BAKOPMCTaHI HEeYiTKi KOTHITUBHI KapTH, Y BUIJISII 3BaXe-
HOTO OpieHTOBaHOTO rpada. Y pesyibTaTi MpOBEACHUX 10-
CJKeHb 3alpollOHOBaHA HOBA CTpaTerisl y3arajlbHEHHS
eKCMEePTHOI OLIHKM B3aEMOBILIMBIB KOHIIEINTIB HAa OCHOBI
METO/iB KJIaCTEPHOIO aHaIi3y.

Pesyabratn. Buxonsium 3 eKcnepuMEHTaIbHUX HOCHi-
JIKEHb 1 00’€KTHO-OPIEHTOBAHOTO aHaji3y CKJIAZHOTO BU-
POOHMYOTO KOMILJIEKCY CTBOPEHA CTPYKTYpa HEUiTKOI KOTHi-
TUBHOI Mozei. Po3pobiieHa clieHapHO-KOTHITUBHA MOJEb Y
BUIJISIAI 3BaXXEHOTO Opi€HTOBAaHOrO rpacda (HeyiTKoi KOTHi-
TUBHOI KapTH), 1O LTIOCTPYE MHOXKUHY 3aB’SI3KiB 1 XapakTep
B3a€EMOIii eKCepTHO BU3HAUeHUX (dakTopiB. [is BUpillleH-
HSI TIPOOJIEMU HEMOXJIMBOCTiI OMEPATMBHOIO OMUTYBaHHS
€KCIepTiB y pa3i 3MiHU MapaMeTpiB PYHKIIIOHYBAHHS CKJIAMI -
HUX TEXHOJIOTIYHUX KOMILJIEKCIB OTpPMMAaHi €KCIIePTHi OLIiH-
KM 3Ha4eHb BaroBUX Koe(illiEHTIiB B3aEMOBIUIMBY KOHIIEII-
TiB. JIJ1s1 TpyIyBaHHS €KCIIEPTHUX OLIIHOK i BUBHAYEHHSI €11~
HOTO 3HAYEeHHST B pe3yJIbTaTi MPOBEIEHNX JOCTIIKEHb BUKO-
pUMCTaHi METOAM KJIacTepHOro aHaiizy. OTpumaHi pesysibTa-
TU CILIEHAaPHO-KOTHITUBHOTO MOJIETIOBAaHHS IiAMPUEMCTBA
MoKasajiu, 10 3yMMHKA BUPOOHMLTBA i HEIITaTHI CUTYyallii,
110 ITOB’sI3aHi i3 BiIMOBOIO €JIEKTPOTEXHIYHOTO 00 TaIHAHHS,
BiIXWJIEHHSIM TEXHOJIOTIYHOT'O PEXXMMY Ta SIKiCTIO OUUIIEHHSI
CTIYHUX BOJ, MalOTh CYTTEBMUI BIUIMB Ha AUHAMIKy 3MiHU
MPOAYKTUBHOCTI, EHEProe(eKTUBHOCTI Ta e(PEKTUBHOCTI BU-
KOPUCTaHHS O0TamHAHHSI.

HaykoBa HoBusHa. Po3po0GsieHa HOBa ClieHAapHO-KOTHi-
TUBHA MOIENb IJISI TIPOTHO3Y PO3BUTKY CUTYallii B yMOBax
nediluTy TOYHOI KiJIbKiCHOT iH(opMallii mosisira€ y CTBOpeH-
Hi HEUiTKOI KOTHITUBHOI KapTH, AJIS1 MOJIEJIOBAHHSI SIKOT €KC-
MEePTHO BU3HAYEHO MHOXMWHY MapaMeTpiB PyHKIIOHYBaHHS
CKJIATHUX TEXHOJIOTIYHNX KOMIUIEKCiB. 3a JOMIOMOTOIO PO3-
pobJieHOI METONMKM BCTaHOBJIEHA CTYIiHb B3a€EMOBILIUBY
LIUX TTApaMeTPiB, 110 JAE€ 3MOTY BU3HAYUTU TUHAMIKY 3MiHI
LIJIbOBUX KPUTEPiiB (hYHKIIIOHYBaHHS 3a Pi3HUX CTpaTeriit
yIpaBJIiHHS.

IIpakTiyna 3HauumicTh. Ha OCHOBI CTBOpPEHOI1 ClieHApHO-
KOTHITUBHOI MOJIeJIi po3p00JIeHO TIporpaMHe 3a0e3MeYeHHS,
110 T03BOJIUJIO aHAJTi3yBaTH AMHAMiKy 3MiHU MPOIYKTUBHOC-
Ti, eHeproeeKTUBHOCTI Ta e€(heKTUBHOCTI BUKOPHUCTAHHS
00JIaIHAHHS 32 MOXJIMBUMU CLIEHApiIMU (DYHKIIIOHYBaHHS
CKJIAJIHUX TEXHOJOTIYHNX KOMILIEKCiB.

KiniouoBi ciioBa: xocnimusene mooeat08anHs, cmpyKmypHuil
aHaniz, NPoeHO3Y6aHH:, HeYimKa KoeHimueHa kapma, Kidac-
mMepHUil aHANi3, eKCnepmHi OUIHKU
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Lean. IToBblllIeHWEe TTPOU3BOAUTEILHOCTU U SHEPTOA(D-
(hekTMBHOCTU (DYHKIIMOHUPOBAHMS CJIOXKHBIX TEXHOJOTUYE-
CKMX KOMIUIEKCOB 3a CYET Pa3pabOTKU U MCTOIb30BAHUS
CLIEHAPHO-KOTHUTUBHOTO  MOIEIMPOBAaHUS B CHCTEMax
yIpaBIeHUSI.

Meronuka. [ns1 pa3pabOTKU ClieHapHO-KOTHUTHUBHOM
MOJIe/IM MCTIONb30BaHbl HEUeTKNe KOTHUTUBHBIE KapThl, B
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BUJIE B3BEIIIEHHOIO OPUEHTUPOBaHHOTO rpacda. B pesynbraTe
MPOBEJICHHBIX UCCIIEAOBAHUI TTPEIIOKEHA HOBAsT CTPATerus
0000IIEHNST SKCTIEPTHOM OLIEHKK B3aMMOBJIMSIHUS KOHIIETI-
TOB Ha OCHOBE METO/IOB KJIACTEPHOI'O aHaIM3a.

Pesyabrarsl. Micxons U3 sKCIIepUMEeHTAIBHBIX UCCIIEN0-
BaHUIT U 00BbEKTHO-OPUEHTUPOBAHHOTO aHaIM3a CI0KHOTO
MPOM3BOICTBEHHOTO KOMIIEKCa CO3/IaHa CTPYKTypa HeueT-
KOil KOTHUTHUBHOI Mozeau. Pa3paboTaHa clieHapHO-KOT-
HUTHUBHAsSI MOJEJIb B BUIC B3BEIIEHHOTO OPHUEHTUPOBAHHO-
ro rpaca (He4eTKO KOTHUTUBHOM KapThl), YTO MILTIOCTPU -
pyeT MHOXKECTBO CBSI3€i M XapaKTep B3aUMOIEICTBUS 9KC-
MEPTHO omnpeaeaeHHbIX (pakTopoB. s perieHus mnpoodJie-
MbI HEBO3MOXHOCTH OIEPAaTMBHOTO OIpOca 3KCIIEPTOB B
cllyyae U3MEHEHMs TMapaMeTpoB (YHKIIMOHUPOBAHUS
CJIOXKHBIX TEXHOJIOTUYECKUX KOMILJIEKCOB ITOJyYEeHBI 9KC-
MepTHBIE OLIEHKN 3HAaYEHU I BECOBBIX KOG (HUIIMEHTOB B3a-
WMOBJIUSIHUS KOHILIETITOB. [JI1 TPYNITUPOBKU 3KCIIEPTHBIX
OLICHOK M OMpele/eHusl eIMHOr0 3HAYCHMSI B pe3yJsbTaTe
MPOBEICHHBIX UCCIEIOBAHUN UCTIOIb30BaHBl METOIBI Kja-
cTepHoro aHanusa. [logydyeHHbIE pe3yabTaThl CIIEHAPHO-
KOTHUTUBHOTO MOJEIMPOBAHUS TIPEANPUSATUASI TTOKA3aJIN,
YTO OCTAaHOBKM IPOM3BOACTBA M HEIUTATHbIC CUTYyallUMU,
CBSI3aHHBIE C OTKAa30M 3JIEKTPOTEXHMYECKOTO 0OOpYymOBa-
HUSI, OTKJIOHEHUEM TEXHOJIOTMYECKOro pexrma U Kaye-
CTBOM OUYMCTKM CTOUHBIX BOJI, UMEIOT CYIIIECTBEHHOE BJISI-
HUE Ha JMHAMUKy HW3MEHEHMsS TPOU3BOJIUTEIbHOCTH,

sHeproadGeKTUBHOCTU U 3(DGEKTUBHOCTU HUCIIOTb30Ba-
HUST 000PYIOBaHMSI.

Hayunag noBusna. Pa3paboTaHHas HOBas CLIEHapHO-KOT-
HUTHUBHAST MOJIEJb [T IPOTHO3a Pa3BUTUS CUTYallMU B YCII0-
BUSIX NedUIMTa TOYHOU KOJMIeCTBEHHOW MHMOpMAaIiu 3a-
KJIIOYAETCsI B CO3aHUU HEUETKOW KOTHUTMBHOW KapThl, ISt
MOJIETMPOBAHUS KOTOPOI SKCIIEPTHO OMNpPENeIeHO MHOXKe-
CTBO MapaMeTpoB DYHKIIMOHUPOBAHUSI CIOXHBIX TEXHOJIO-
TMYECKNX KOMITIeKCOB. C IMOMOIIIbI0 pa3paboTaHHON METO-
MKW YCTAaHOBJIEHA CTENeHb B3aMMOBJIUSHUS 3TUX Mapame-
TPOB, UTO MTO3BOJISIET OMPENETUTh TMHAMUKY U3MEHEHMSI 11e-
JIEBBIX KPUTEpUEB (YHKIIMOHWPOBAHMSI TIPU PA3JTUUYHBIX
CTpAaTeTHUsIX YIIPaBICHUS.

IIpakTuyeckas 3Haunmocth. Ha ocHOBe co3maHHOI cue-
HapHO-KOTHUTUBHON MOIENIN pPa3paboTaHO TPOrpaMMHOE
obecrevyeHue, 4To MO3BOJMIIO AaHATU3UPOBATh AMHAMUKY W3-
MEHEHUsI TTPOU3BOAUTENLHOCTU, SHEPTOI(PHOEKTUBHOCTU U
9¢b(HEKTUBHOCTH HUCIOIb30BaHUs O0OpPYIOBaHUS MO BO3-
MOXHBIM ClieHapusiM (YyHKIIMOHUPOBAHUST CIOKHBIX TEXHO-
JIOTUYECKUX KOMIUIEKCOB.

KmoueBbie cioBa: kocHumueroe modeaupoganue, cmpyk-
MYPHBLI AHAAU3, NPOSHO3UPOBAHUE, HeHemKas KOSHUMUGHAs
Kapma, kaacmepHulii aHanu3, IKCnepmHole OUeHKU
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