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COGNITIVE MODELING OF INFORMATIZATION INFLUENCE
ON SOCIO-ECONOMIC INDICATORS OF THE REGION

G.V. GORELOVA, S.R. MAGOMEDOVA, S.A. FEILAMAZOVA

Abstract. The article discusses topical issues of the influence of informatization on
the development of the country’s regions in the conditions of the modern unstable
world. The nature of the development of a region can be reflected and understood on
the basis of qualitative and quantitative information about its socio-economic indica-
tors, about their relationship and trends in their changes under the influence of inter-
nal and external factors. At the same time, information can most often be incom-
plete, difficult to access, untimely, contradictory, etc. Therefore, in this paper, it is
proposed to use a cognitive approach and cognitive modeling of complex systems to
overcome the problems of information deficiency by imitating cognitive modeling
of the structure and behavior of a complex regional system. The simulation was car-
ried out using the author’s CMCS (Cognitive Modeling Complex System) software
system. The results of multi-stage cognitive modeling, consisting in the development
of cognitive maps “Influence of ICT on the state of the region” and “Digitalization
of the republic” (according to the socio-economic state of the Republic of Dages-
tan), analysis of structural properties and modeling scenarios for the development of
situations on the model are presented. Scenarios make it possible to foresee the ways
of possible development of the system under the influence of various factors, includ-
ing the factor of informatization.

Keywords: complex systems, research, cognitive simulation, region, information
and communication technologies.

INTRODUCTION

Research question. In the cognitive studies of various complex systems (social,
economic, ecological, cyberphysical, etc.) conducted since the beginning of 2000,
the features and possibilities of a cognitive approach to their study were studied,
and a methodology for cognitive modeling of complex systems was developed.
The methodology combines both known and new models and methods into a sin-
gle system: 1) identification of the studied objects in the form of cognitive models
of different levels of complexity, 2) analysis of the properties of models, 3) fore-
seeing (forecasting) options for the development of situations in the system on its
model, 4) justification of decisions.

In the study, the results of which are presented in this article, the goal was
for the first time to determine, using the cognitive modeling tools of complex sys-
tems, the possibilities and nature of the influence of informatization on the socio-
economic development of the region. The general provisions and results of the
study of the socio-economic system of the region, taking into account the possi-
bilities of informatization, were concretized for the Republic of Dagestan in the
Russian Federation. When studying the state of the republic, the tasks were set to
predict its socio-economic development, subject to the development of informa-
tion and communication technologies (ICT) and the development of an ICT
management strategy.
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Basic theoretical provisions of cognitive modeling of complex systems.
Let us briefly present a number of information about the cognitive modeling of
complex systems, which have been repeatedly presented in the author’s works, for
example [10-14, 23]. This is necessary for further presentation and explanation of
the research results. Cognitive modeling of complex systems is a multi-stage cy-
clical research process. Its result is the presentation of the structure of a complex
system in the form of a cognitive model of varying complexity (mathematically,
this is a cognitive map — a sign oriented graph, vector sign digraph, functional
digraph, etc.), analysis of the model’s properties (structural properties, stability,
sensitivity, etc.), anticipation of possible situations of development of events in
the system in the form of various scenarios of development [1, 2, 7, 19].

The first stage is to develop a cognitive model based on the analysis of theo-
retical and practical knowledge in the studied subject area, based on the analysis
of statistical data, according to expert polls.

The basis of any cognitive model is G — a cognitive map (1), which is the
structure of a system consisting of a set of vertices V ={v,}, i=1,2,..k and a set

of relationships between them E = {eij}, L,j=12,.k :
G=(V,E). (1)

Model (1) fixes a set of cause-and-effect relations £ between the main ver-
tices — objects (concepts, entities, factors) of the set ' of the complex system
under study. In addition to the sets V' and E, sets X of vertex parameters and
characteristics of connections between the vertices can be defined in the form of

weight coefficients w; or functions Fj; = f(x;,x;,e;); in the latter case, the

cognitive model is defined as a vector parametric functional graph [19].

The second stage of cognitive modeling of complex systems is the stage of
studying the properties of the cognitive model (stability, connectivity, complexity,
etc.). The presence of this stage makes cognitive modeling of complex systems,
for example [10,11] different from traditional works on cognitive modeling of
socio-economic and political systems, such as, for example [1-9,18-22].

The third stage is the stage of developing possible scenarios for the devel-
opment of the system under the influence of changes in internal and external fac-
tors, control actions (situation management) [1, 2, 7, 19, 22, 25, 26]. To determine
the processes of the development of situations on the model, the impulse process
model is used [2, 7, 19]. Let us present it in the form [7, 10, 19]:

k-1
x, (n+1)=x, (n)+ z f(xl-,xj,e,-j)Pl_ (n)+Q;(n), 2)
vje=e;eE ’
where x,;(n), x,;(n+1) are the values of the indicator x,; at the vertex v; at the
steps of the simulation at the moment 7 =n and following it t=n=1; P;(n) is the

magnitude of the impulse at the vertex v;; Q;(n) is the vector of external distur-

bances introduced at the moment ¢ =n.

The final fourth stage of cognitive modeling of complex systems is the stage
of making decisions on the choice and subsequent implementation of the desired
scenario for the development of a complex system.

Cognitive simulation is supported by the CMCS software system [23].
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COGNITIVE MODELING OF INFORMATION INFLUENCE ON SOCIO-
ECONOMIC DEVELOPMENT OF THE REGION.

As a result of the collection and processing of the existing practical material on
the influence of informatization on the development of regions, it was possible to
come to the conclusion about the lack of information about this influence; basi-
cally, such information is of a declarative nature. Therefore, an approach based on
imitative cognitive modeling was chosen to obtain the missing information and
clarify theoretical assumptions about the positive impact of ICT on the successful
development of regions. Based on the generalization of existing data on the im-
pact of ICT on socio-economic indicators, the main concepts (16 peaks) were se-
lected and a cognitive map was developed (Fig. 1).
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Fig. 1. Cognitive map G “Impact of ICT on the state of the region”

The implementation of all stages of cognitive modeling based on the cogni-
tive map G (Fig. 1) and the analysis of the results obtained made it possible to use
the G model as the basis for this study.

The purpose of the study of data on Dagestan was to determine the impact of
digitalization on the development of Dagestan, to foresee the possible socio-
economic development of Dagestan, subject to the development of ICT, and the
subsequent development of an ICT management strategy that contributes to this.

Stage 1. Development of a cognitive model. At the initial stage, it was nec-
essary to check the causal relationships between socio-economic indicators and
the development of ICT in the Republic of Dagestan in accordance with model G.
All values of the indicators were taken from information on the regional econ-
omy, as well as statistical data from the state statistics bodies of the Russian Fed-
eration and the Republic of Dagestan. The selected socio-economic indicators of
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the region are interrelated, affect each other to one degree or another, but in this
study it was ICT indicators that played a key role in the study [15, 17, 22].

As such indicators, we have identified the following socio-economic indicators:
GRP of Dagestan, Standard of living, Labor productivity, Industrial and technological
backwardness, Corruption, Unemployment rate, Investment in ICT, Innovation,
Use of ICT in organizations, Number of employed specialists in ICT, Expenses
for ICT, Legal regulation of ICT, Electronic business security, Computer
literacy, Educational programs in ICT, Dagestan Development Corporation.

Table 1 shows a fragment of data on the vertices of the cognitive map with a
description of them and their role in the cognitive map, in table 2 — a fragment of
data on the relationship between the vertices.

According to Table 1, each vertex has its own purpose: target, basic, control,
disturbing. After identifying the peaks, it is necessary to establish causal
relationships between them (a fragment of the description and explanation is
presented in Table 2). The ratio between the vertices can be either positive, which

corresponds to the “+” sign, or negative, the

“- sign.

The G1 cognitive map corresponding to Tables 1 and 2 is shown in Fig. 2.

Table 1. Tops of the cognitive map G1 “Digitalization of the Republic”

Code Vertex Explanation of vertex selection Yertex
name assignment
GRP of the GRP isa generalizc.ad indicator of the development of the
Vi Republic |Fe&ion- The Republic of Dagestan ranks 32nd in the rating| Target
epublic of regions in terms of GRP in the Russian Federation
Investment in ICT is an investment of money on the de-
Va2 Investment| velopment of ICT, it is an investment in fixed assets. A | Manager
in ICT |number of investment projects are outlined in the republic| (entrance)
... The costs of ICT in the republic are low and very unstable
According to Rosstat, the use of information and communica- Indicative
V4 |Use of ICT| tion technologies in the organizations of the republic is low,
as well as the average share of expenditures on ICT ... (output)
V6 | Corruption There is corruption in the government, the clan and ethnic| Basic
nature of power, hinders the real development of ICT
Unem- The republic has favorable demographic trends, but an 0
. N . . .Outrageous
V12 | ployment | unfavorable socio-economic situation, which contributes
rate to the growth of the unemployment rate
Develop- By the Decree of the Presi.dent of the Republic of July 22,
V15 ¢ 2013 No. 208, a Corporation for the Development of Da- M
men . . . . anager
. |gestan was created in the republic, the main goal of which
Corporation is the implementation of innovative projects
The poverty level in 2018 was 15,1% compared to the
Living previous year (almost 500 thousand people). ... In terms of] Target
V16 the “average size of pensions” indicator, the region is on
standard the 85th (last) place. The republic ranks 83rd in the coun- (output)
try in terms of family welfare
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Table 2. Causal relationships (relationships) between the vertices of the cogni-

tive map G “The impact of digitalization on the main indicators of the develop-
ment of the Republic”

Code| Vertex-cause | Vertex-effect Explanation of the relationship Sign
Investments in fixed assets can be classified
as significant indicators affecting GRP.
eis V3. Investments | 11 the rep'ubhc,' investments mainly goto |
residential buildings and premises, but
V1. GRP of more investment in information and com-
the Republic munication technologies (ICT) is needed
V14. Educational [Growth of GRP affects the implementation .
€L programs on ICT of educational programs on ICT
V16. Living An increase in GRP increases the living .
cLis standards standards and well-being of people.
Dagestan Development Corporation provides|
. +
€154 | V15. Devel- V4. Use of ICT its platform for the promotion of ICT projects
. opment V5. Number of |specialists Attracts investors and ICT spe- n
153 |Corporation of| employed ICT cialists to cooperation
the Republic i
ers P V7 ICT costs ICT costs havg a bene;ﬁmal e:ffect "
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Fig. 2. Cognitive map G1 “Digitalization of the republic”

Stage 2. Analysis of the properties of the cognitive map G1 “Digitalization
of the Republic of Dagestan”.
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1. Determination of the degree of the vertices of the graph G1. The analysis
of the degrees of the vertices of a cognitive map is carried out in order to deter-
mine the role of each vertex in the structure of the system according to its influ-
ence (or influence on it) on the entire system and to select the vertices that are
most significant in terms of the number of incoming and outgoing arcs. This is
necessary, among other things, to select the vertex to which it is most desirable to
make changes. Fig. 3 shows the results of the corresponding calculations.

Graph properties

Vertices: 17. Edges: 53.

Vertex P P+ P-
V2. Investment in [CT 6 1 5
V3. Innovation 7 5 2
V4. Use of ICT a9 5 4
V5. Number of ICT Professionals Employed 7 5 2
V6. Corruption 8 5 3
V8. ICT Legal Regulation 4 1 3
V9. Electronic Business Security 6 4 2
V12. Unemployment rate 6 L] 2
V13. Computer literacy & 2 4
V14, ICT educational programs 5 2 3
V16. Standard of living L] L] 0
V7.ICT Costs 8 4 4

Fig. 3. Determination of the degrees of vertices G1

As can be seen from Fig. 3, the top V4. Use of ICT can be considered the
most significant (p =9), significantly affecting the entire system (the number of

outgoing arcs, half-degree p—=4). Information about the degree of vertices can

also be used when selecting vertices to which changes will be made during mod-
eling scenarios.

2. Analysis of paths of the graph G1. Using the CMCS software system [22],
it is easy to analyze all possible paths from any vertices of the graph. Fig. 4 shows
one of the options for paths from the top of V15.Education System to the top of
V4.Use of ICT, i.e. the paths of V15 impact on V4 are analyzed. There are more
than 200 such paths. In Fig. 4, only one of the positive paths is marked (a “posi-
tive path” is a path in which there are no or an even number of negative arcs). It
can be interpreted as going from top to top. Fig. 5 shows the path

Vis 2V 2 Ve oV, >V o7,

a simpler version of the transition from V15 to V4 (to facilitate the process of in-
terpretation in the article): the top of V15. The Education System has a “positive”
effect on the top of V14. ICT educational programs, this leads to a weakening of
the V6 top. Corruption, weakening Corruption leads to positive changes in the
sequential chain of V7.ICT Costs, V13.Computer literacy and V4.Use of ICT.

3. Analysis of the cycles of the cognitive map. In Fig. 6 shows the results of
determining the cycles of the cognitive map G1 and highlights one of its negative
and positive cycles.
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In total, there are 589 cycles in the G1 model, of which 159 are negative and
430 are positive. Positive feedback loops are loops with no or even number of
negative arcs; these are cycles of accelerators of processes in the system. Negative
feedback loops are loops with an odd number of negative arcs. These are
stabilizer cycles.

V10. Labbi ductivi i
Productivity Security
Paths

Start V15. Education system ~ | End V4. Use of ICT -

-(A0):=VI5 -> V14 > V13 > V5 ->V0 = V6 > V1 -> V2 > V10 -> V& -» V4
+ (4.0) 1 V15 -> V14 -> V13 -> W5 -> V9 -> V6 -> V1 -> V2 -> V11 -> V3 -> V10 -> VB -> V4
+ {5.0) = V15 -> V14 > V13 > W¥5-> V0 = V6 -> V1 -> V2 = Vil -> V12 -> V3 -> VI0 -> V8 = V4

Fig. 4. One of the positive paths from V15 to V4

Vid.}
/ rograms

Paths ucational

Start V15. Education system ~ | End V4, Use of ICT -
CAWLWIL VLI CAVIS A VU A VT 2 VLD A VDA VIU -2 Vo2 Ve ~
-(3.0):VI5-> V14> V6 > V7 - VI3 > V4
+(5.00:V15-> V14 -> V6 -> V7 -> V13 -> V5 -> VO -> V10 -> VB -> V4
-(4.0):V15->V14-> V6 -> V7 -> V13 -> V5-> V12 -> V3 -> V10 -> V8-> V4
-(6.0):V15->V14-> V6 -> V7 -> VI3 -> V9 -> V10 -> VB -> V4
L0 VIS > VIL-> V3 -> V5> VO > V6 -» V1> V14 -> V13 -» V4
-(-2.0):V15-> VI1-> V3 -> V5-> V9 -> V6 -> V1 -> V14 -> V4
-(2.0):V15-> V11 -> V3 -> V5-> V9 - V6 - V1 -> V2 -> V4

Fig. 5. One of the negative paths from V15 to V4

As well as in the analysis of the paths (cause-effect chains) of a cognitive
map, the analysis of the cycles of the model reveals the contradiction / non-
contradiction of its theoretical and practical information about the system under
study and accordingly corrects the model. In addition, cycle analysis allows you
to determine the structural stability of the model.
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Fig. 6. Highlighting the cycles of the cognitive map G1

4. Analysis of structural stability and stability of the model to disturbances.

The analysis of structural stability is carried out according to the results
of determining the cycles of the cognitive map [3, 10, 24, 25]. If the model has
an odd number of negative cycles, then it is considered structurally stable. In this
case, there is structural stability, since there are 159 negative cycles in the sys-
tem.

The analysis of stability to disturbances and by the initial value is carried out
according to the results of calculating the roots of the characteristic equation of
the matrix of relations RG cognitive map [7, 8, 10, 14]. For stability, it is neces-
sary that the largest modulo number of the characteristic equation of the matrix of
relations be less than one. Fig. 7 shows the result of calculating the roots RG1.
Since |M|=1,92 > 1] the system is not stable to disturbances.

Eigenvalues

# Real part Imaginary part Module (1.9236)
o 1.9236 0.0 1.9236
1 -0.976 1.3926 1.3926
2 -0.976 -1.3926 1.3926
3 14671 0.0 1.4671
4 -0.0366 1.3852 1.3852
5 -0.0366 -1.3852 1.3852
6 0.5057 0.8212 0.8212
7 0.5057 -0.8212 0.8212
8 -0.858 0.0 0.858
9 -0.6639 0.4091 0.6639
10  -0.6639 -0.4091 0.6639
11 -0.0956 0.5038 0.5038
12 -0.0956 -0.5038 0.5038
13 0.0 0.0 0.0

14 0.0 0.0 0.0

15 0.0 0.0 0.0

16 0.0 0.0 0.0

Fig. 7. Calculation of the roots of the characteristic equation of the matrix RG1
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Stage 3. Scenario modeling. Modeling of scenarios of possible development
of situations is carried out by means of impulse modeling [7, 19, 21, 23], formula (2).
The CMCS software system [23] allows impulse modeling by introducing pertur-
bations into one, two or more vertices of the model; the impulse value can be
greater or less than 1 (at the beginning of the study it is recommended to set the
impulse g=+1 or ¢ =—1) and be applied at the initial or any other simulation

cycle. In the article, we present the results of impulse modeling for three fairly
indicative scenarios.

Scenario 1. Let the use of ICT begin to increase in the republic, which is
imitated by introducing a perturbation into the vertex V4. Use of ICT (impulse

q, =+1), a vector of perturbations O ={gq; =0,...,q4 =+1,...,4;7 =0} .

The calculation results are shown in Table 3 and Fig. 9.

Table 3. Results of the computational experiment, Scenario 1

Vertex Step
O 1|2 |3 |4]|5]6]|7]|8]|9]10
V1. GRP of the Republic OO0 |0 |1 |1 ]| 1] 7|6 /|13|46]42
V2. Investment in ICT 00|01 O0 1 1 1 716 |13 |46
V3. Innovation 00|01 ] 4] 4 |12]25|37]|90 (165
V4. Use of ICT O 1 | 1|13 ]|5]7/20]32]|51]136
V3. Number r‘l’afé%fnploye oot 1]s]9o|12]3] 6103 26s
V6. Corruption 0|0 |-1]-1|-1]-7]-6]|-13|-46|-42]-109
V8. ICT Legal Regulation 0101]0|1 1 L |97 |14]56]|52
79. Electronic Business
Security 0Ojo0|O0]|-1|1]|-3]-6|4]-23(-30|0
V12. Unemployment Rate 00| O0|-1]-2]-5]|-5]-18[-35|-43|[-126
V13. Computer Literacy oOo|o0]0}|1]O0 1|6 |2 |11]34|17
V14. ICT Education Programs{ 0 | 0 | O | O | 1 | 2 | 2 | 8 | 13|19 |59
V'16. Standart of Living 010 |0 | 1|3 ]| 5]|14|19]44 100|144
V7. 1CT Costs Ojo0|1|O0|O]|4]0]|3]|21|-2]35
V10. Labor Productivity 0|01 1 1 9 | 7 |14 |56 |52 (124
Vl‘cel:égglliigtiréill aggkwardness 01010 -2 -1 -1 -13)-71-171-77-50
V'15. Education System 00| 0] 0]1 1 1 71 6 | 13|46
il r?) agestan Development | o | o | o | o | 1 [ 1| 1|7 |6]|13]|46

According to Table 3, graphs of impulse processes and a histogram of im-
pulse values at 7 simulation steps are constructed — Fig. 8. Impulse modeling can
be carried out until the tendency of possible development of situations in the sys-
tem is clearly manifested.

Scenario 2. Let the Dagestan development corporation begin to function in
the republic, which is modeled by the introduction of a control impulse g, =+1
into the top of V17; vector of perturbations. The graphs based on the calculation
results are shown in Fig. 9.
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Scenario 3. Let corruption increase in the republic, but the Dagestan de-

velopment corporation begins to function and Labor productivity grows; vector
of perturbations:
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The graphs based on the calculation results are shown in Table 4 and in Fig. 10.

Table 4. Results of the computational experiment, Scenario 3

Vertex Step
2 3 4 5 6 7 8 9 |10
V1. GRP of the Republic -1 10 3 2 3 11|19 |45 68
V2. Investment in ICT 0| -1 0 3 2 3 |11 |19 |45
V3. Innovation 0 2 9 9 |10 | 33 | 66 | 106|200
V4. Use of ICT 1 2 1 4 |12 |24 | 38|62 |156
V5. Number of ICT Profes- 3 9o | 1711713995 147|287

sionals Employed

V6. Corruption 3 -2 (-3 |-11]-19|-45|-68 |-114

1 3|5 |11 |13]14]61 (107
117 0 | -9 |-58|-40

V8. ICT Legal Regulation
79. Electronic Business
Security

V12. Unemployment Rate S35 -7]-9 |-23|-52]-66 (-129
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Fig. 10. Impulse Simulation, Scenario 3
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The considered scenarios are not the only ones possible in this system; in the
course of the study, various options were considered when disturbing one, two,
three or more vertices.

As can be seen from the results of impulse modeling (Tables 3 and 4, as well
as Fig. 8-10), all scenarios indicate the same type of “positive” development of
events in the “Digitalization of the Republic” system, displayed by the cognitive
map G1. When making control actions to the top V4.Use of ICT, then to the top
V7.Dagestan development corporation, then immediately to three vertices V7.
Dagestan development corporation, V10.Labor productivity, V4.Corruption, there
are tendencies of increase in the analyzed socio-economic indicators: GRP of Da-
gestan, Living standards, Unemployment rate, Investment in ICT, Innovation,
ICT use in organizations, Number of employed specialists in ICT, ICT spending ,
ICT Legal Regulation, Electronic Business Security, Computer Literacy and ICT
Education Programs while Reducing Corruption and Industrial and Technological
Backwardness.

The above examples confirm the assumption that the development of ICT in
the Republic of Dagestan and the adoption of an organizational decision to create
the Dagestan Development Corporation for this purpose should bring positive
results in improving the living standards of the population, improving the educa-
tion system.

CONCLUSION

The methodology of cognitive modeling of complex systems, including the SMC
toolkit, is a convenient means of not only understanding, explaining, and antici-
pating the possible development of a complex system (socio-economic, ecologi-
cal, political, socio-technical, etc.), but also formalizing the corresponding cogni-
tive processes. The latter makes it possible to diversify a complex system much
deeper and more fully than can be done by traditional methods and in conditions
of incomplete information. This is illustrated

The article discusses topical issues of the influence of informatization on the
development of regions on models such as cognitive maps. Further studies of the
influence of ICT on the socio-economic indicators of the republic are aimed at the
development of mathematically more complex cognitive models, including func-
tional dependencies between some peaks of cognitive maps.
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KOTHUTUBHOE MOJIEJINPOBAHUE BJIUSIHUA NHOOPMATU3AIIUNA HA
COIMAJIBHO-5KOHOMUYECKHE MMOKA3ATEJIM PET'UOHA / I'.B. I'operno-
Ba, C.P. Maromenosa, C.A. ®deiinamazoBa

AHHOTanus. PaccMOTpeHBI aKkTyanbHBIE BOIPOCH! BIMSHUS HH(OPMATH3ALUH Ha
pa3BHTHE PETHOHOB CTPAHBI B YCIOBHSAX COBPEMEHHOIO HECTAOWIFHOTO MHpa. Xa-
paKTep pa3BUTHS PErHOHAa MOXKET OTPAXKAThCsl M IOHUMAThCSl HA OCHOBAHHH KauecT-
BEHHOH M KOJMYECTBEHHON MH(MOPMALUH O €ro COLHMAIBHO-IKOHOMUYECKHX MOKa3a-
TelsX, 00 UX B3aMMOCBSA3M M TEHACHIUI NX U3MEHEHUH MO/ BIUSHUEM BHYTPEHHUX
1 BHEIHHX (akTopoB. [Ipu 3ToM nHGOpMAIHA Yaie Bcero MOXKeT ObITh HETIOJHOM,
TPYIHO DOCTYIHOH, HECBOEBPEMEHHOH, IpOTHBOpednBoi U T.II. [ToaTomy B pabote
HPEUIOKEHO HCII0JIb30BaTh KOTHUTHBHBIN MOAXO M KOTHUTHBHOE MOJICIMPOBAaHHE
CJIOXKHBIX CHCTEM HJIsl IPEO0IEHHs TTpobieM HHPOPMALMOHHONW HEAO0CTaTOYHOCTH
MyTeM HMUTAI[IOHHOTO KOTHHTHBHOTO MOJEIHPOBAHUS CTPYKTYPHI M ITTOBEACHHS
CJIOXKHOW PEernoHaIbHOHN cucTeMbl. VIMATAIIMOHHOE MOJISITMPOBAHUS IPOBOIUIIOCH C
MOMOIIBIO aBTOpcKoi mporpammHoil cuctemsl CMCS (Cognitive Modeling Com-
plex System). IIpuBeneHbI pe3ynbTaThl MHOTOITAIIHOIO KOTHUTHBHOIO MOJEIHPO-
BaHUsL, COCTOSILETO B pa3paboTke KOTHUTUBHBIX KapT «Bnusuue KT Ha cocrosHue
peruona» u «UudpoBuzauus pecnyOnukn» (O JaHHBIM  COIMAIBHO-
HSKOHOMHYECKOTO COCTOSIHHS peciyOnuku Jlarectan), aHaiau3a CTPYKTYPHBIX
CBOMCTB ¥ MOJEIMPOBAHUS CLIEHAPUEB Pa3BUTHUs cUTyaluid Ha mozenu. CreHapun
MO3BOJISAIOT MPEABUACTh IMyTH BO3MOXKHOTO PAa3BUTHS CHCTEMBI IOJ BO3JIEHCTBHEM
Ppa3HbBIX (aKTOPOB, B TOM YHCIe — (hakTopa HHPpOpMATH3AIHH.

KuroueBble c10Ba: CII0XHBIE CUCTEMBI, UCCIICAOBAHUEC, KOTHUTUBHOC MUMHUTAILMOH-
HOC MOJCIIMPOBAHUE, PETUOH, I/IH(1)OpMaIII/IOHHO-KOMMyHI/IKaIIPIOHHI)Ie TCXHOJIOT'UH.

KOrHITUBHE MOJIEJIOBAHHSI BILUIMBY IH®OPMATHU3ALIIL HA
COIMIAJTIBHO-EKOHOMIYHI IOKA3HUKHU PET'IOHY / I'.B. I'openosa, C.P. Ma-
romenoBa, C.A. deiinamasoBa

AHoTauisi. Po3risiHyTO akTyasibHi MUTaHHS BIUIMBY iH(pOpMaTH3alii Ha PO3BUTOK
perioHiB KpaiHM B yMOBaX Cy4acHOTO HECTaOUIBHOTO CBiTy. XapakTep PO3BHTKY
perioHy Mo)ke BimoOpakaTucs i po3yMiTHCS Ha MiacTaBi SIKICHOI 1 KiNbKiCHOT
iHpopMamii mpo HOro CoIiaTbHO-eKOHOMIYHI IOKAa3HUKH, iX B3a€MO3B’SI3KH 1
iH(opMaris HaifuacTime Moxxe OyTH HEIOBHOIO, BXKKOJOCTYITHOIO, HECBOEYACHOIO,
cynepewnBolo 1 T.iH. ToMmy y Tmpami 3ampormOHOBAaHO BHKOPHCTOBYBATH
KOTHITHBHUM MiAXiJ i KOTHITUBHE MOJETIOBAHHS CKJIQJIHUX CUCTEM JJIsi BUPILICHHS
npo6ieM iHGopMaLiiiHOT HETOCTATHOCTI HMUIAXOM IMITAIlifHOTO KOTHITUBHOTO MO-
JIETIIOBAaHHSI CTPYKTYPH 1 TOBEIIHKH CKIAIHOI perioHajmbHOI cucTeMu. IMiTariiHe
MOJZICIIOBaHHSI BUKOHYBAJIOCh 3@ JIOIIOMOIOI0 aBTOPCHKOI IPOrPaMHOI CHCTEMH
CMCS (Cognitive Modeling Complex System). HaBeneno pesynbrati 6araroerar-
HOTO KOTHITUBHOTO MOJIENIOBAHHS, 1[0 CKJIAJAE€ThCS 3 PO3POOICHHS KOTHITHBHUX
kapT «BrummB IKT Ha cran periony» i «llndposizamis pecmyOmikm» (3a JaHUMHA
COIiaJIbHO-EeKOHOMIUHOr0 CTaHy peciyOuiku Jlarectan), aHaii3y CTpyKTypHHX Biia-
CTHBOCTEH 1 MOJICNIIOBAHHs CIIEHApiiB PO3BUTKY cuTyauiit Ha Mozeni. Cuenapii na-
I0Th 3MOTy INepen0aynTu NEpCIeKTUBY PO3BUTKY CHCTEMHM IIiJl BIUIMBOM Di3HHX
(hakTopiB, B TOMY YHcii — (akropa iHpopMaTH3alii.

KirouoBi ci1oBa: cKiiagdi CUCTEMH, JOCIIHKEHHS, KOTHITUBHE IMITALIiiHE MOIEIIIO-
BaHHS, PErioH, iHPOPMALIHHO-KOMYHIKaL[IiHI TeXHOJIOT1.
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