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Abstract. This paper studies issues of the rise in the standards of living and im-
provement of the quality of life of the population in the frame of intermunicipal dis-
parities. Simulation and modelling are examined in relation to research of standards
of living and quality of life. Tools of cognitive modelling and simulation are used to
acquire new knowledge on the regional social and economic, ecological, and politi-
cal system which determines the standards of living and quality of life. A cognitive
model studying the quality of life was designed and its structural properties were
analyzed. Scenarios were created to model possible developments of the situation
under the influence of various factors. The novelty of the work is in applying a new
informational technology of cognitive modelling to studying the improvement of the
quality of life in the frame of intermunicipal disparities.

Keywords: cognitive modelling, quality of life of population, standards of living,
regional development, intermunicipal disparities.

INTRODUCTION

With the RF pursuing the innovative socially-oriented development of economy
in accordance with [1], it will be necessary to carry out a number of reforms inter-
related in terms of resource and time limitations. In respect of human potential, it
is supposed that an enabling environment should be created to develop an indi-
vidual’s talents and skills, improve people’s quality of life and social welfare,
provide a competitive edge to people and develop the related supporting socially-
oriented economic sectors.

These reforms in accordance with the concept aim at ‘overcoming negative
demographic trends, stabilizing the population and providing for its growth, im-
proving the population’s quality of life; ensuring steady pay rise; providing access
to quality education and medical care, ensuring safety and order; providing af-
fordable and quality housing for people, creating comfortable urban environment
and efficient public utility sector, developing a flexible population relocation sys-
tem taking into account regional and national diversity...

A greater number of scientists have recently been using the notion of social
stratification which refers to a society’s categorization into groups based on such
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criteria as income level or lifestyle, the existence or absence of privileges. Based
on the social stratification, the standard of living indicator may be represented as
the part of people who belong to a certain social stratum.

It is a rather complex and painstaking process to study and estimate people’s
standards of living and quality of life. Development and implementation of inno-
vative tools analyzing the quality of life would solve a number of complex tasks
while estimating the population’s quality of life [2—4]. This paper suggests using
cognitive techniques to study issues of the people’s quality of life improvement,
scientific prediction, and cognitive analysis of socioeconomic development of the
region amid interregional disparities [5—8].

Cognitive modelling of complex objects includes development of a cognitive
model of the system under the study (signed directed graph, functional graph);
analysis of the developed model properties (complexity, stability, sensitivity);
analysis of paths and cycles; scenario modelling; making the decision on the se-
lection of the scenario most feasible for the implementation [9—16].

The cognitive study of the issues of the population’s quality of life im-
provement in the frame of interregional disparities yielded the Standards of Liv-
ing and Quality of Life (SL&QL) model as a hierarchical cognitive map which
generalizes causal relations between socioeconomic development indicators at the
regional level [17-27].

DEVELOPMENT OF THE SL&QL COGNITIVE MODEL

To develop the SL&QL model, the theory and practical provisions on the quality
of life, as well as statistics, expert surveys, and results of a SWOT analysis
[2, 3, 28] were used.

During the initial modelling phase, the research objective was formulated
and approved; theoretical evidence and statistics were collected, and expert
surveys were carried out. As a result of data processing, a set of vertices V={v;}
was created and relationships £ = {eij} , j=1,2,...,k between the vertices were

mapped G =<V, E >. The relationships can be defined as weighting factors w
and functions F ={f}.

Table 1 contains the vertices which are the influences affecting the people’s
standards of living and quality of life in the region.

Table 1. Vertices of the cognitive map G, “The Standards of Living and Quality
of Life”

Code Vertex name Vertex assignment
14 Quality of life in the region Target
V) Living standards in the region Target
V3 Gross Regional Product Indicative
Vy Regional and municipal budgets Basic
Vs Ecological situation Basic
Ve State of education Basic
v, Health status Basic
Vg Social environment Basic
Vo Social inequality Outrageous
V1o Demographic indicators Indicative
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Continued tabl. 1

Code Vertex name Vertex assignment
2% Industrial production Manager
V12 Agricultural production Manager
Vis Labor market Outrageous
Vig The salary Managed
Vis Population income Basic
Vi Inter-municipal differentiation Outrageous
Vs Regional migration Outrageous
Vis Investment climate Basic
V1o State policy in the field of improving the quality of life Manager
Vs Security (economic, social, environmental, legal) Outrageous
Vi Geopolitical situation Outrageous

For the SL&QL cognitive map G, see Fig. 1. To create cognitive map G, the
tools of the information-analytical Cognitive Modeling Software System (CMSS)
were used [29]. In Fig.1, positive links are shown as solid lines. When the value

of the signal at vertex V; increases or vice versa, the value of the signal at V; in-

creases or decreases. Negative links are shown as dashed lines. When the value of

the signal at vertex V; increases or vice versa, the value of the signal at V; de-

creases or increases.
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Fig. 1. The cognitive map G

During the second phase, the system stability for disturbances as well as the
structural stability were analyzed.

Cucmemni docniodicenns ma ingpopmayivini mexronoeii, 2020, Ne 4 31



V.N. Tyushnyakov, Y.G. Tkachenko

When analyzing the system stability for disturbances, the roots were found
for a characteristic equation of the relational matrix of SL&QL graph G . Solving
the characteristic equation is shown in Fig. 2. As the maximum absolute of value
of | M |=2>1, then in accordance with the accepted criterion [30, 31], the system

under study is unstable for disturbances and requires control.

Eigenvalues
# Real part Imaginary part Module (2,0007)
0 2,0007 0,0 2,0007
1 -0,1004 1,5721 1,5721
2 -0,1004 -1,5721 1,5721
3 0,7457 1,1233 1,1233
4 0,7457 -1,1233 1,1233
5 -1,1555 0,6208 1,1555
6 -1,1555 -0,6208 1,1555
7 -0,2267 0,9673 0,9673
8 -0,2267 -0,9673 0,9673
9 0,4402 0,5623 0,5623
10 0,4402 -0,5623 0,5623
11 -1,029 0,0 1,029

Fig. 2. The roots for a characteristic equation of the graph G

The analysis of positive and negative cycles of graph G allows concluding
the model is structurally stable [9, 10, 30, 31]. For results of the computing ex-
periment, see Fig. 3.
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Fig. 3, a. The cycle of the graph G
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Fig. 3, b. The cycle of the graph G

In Fig. 3, as an example, the negative cycle which stabilizes the system (the
upper graph) and the positive cycle which accelerates processes (the lower graph)
are highlighted. SL&QL graph G includes 232 cycles, of which 101 are negative.
An odd number of negative feedback cycles in graph G proves the system under
consideration is structurally stable [30, 31].

SCENARIO MODELLING IN GRAPH G

The next step in the cognitive study involves pulse modeling of possible situation
development scenarios on the regional level with the various controlling, restrict-
ing, and disturbing influences considered. When simulating possible system be-
havior scenarios, in the cognitive map at moment #n signals are added as pulses
q;, at vertices V;, the combination of which forms disturbance and control vector

Q(I’I)Z {QI""aqk}-

Prior to modelling scenarios in the SL&QL cognitive map, the computing
experiment plan was worked out, which is a set {Q(n)} which represents possible

system behavior trends when the relevant control or disturbance influences are
added.

Fig. 4 illustrates how the situation develops under conditions of a pulse pro-
cess in accordance with scenario 1. Let us assume the state’s social welfare poli-
cies are improving: g =+1.

Scenario 1. Q;(n)={q; =0,...,q19 =+1,..., g5, =0} .

Table 2 contains results of the computing experiment.
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The acquired results are represented in the respective line charts which are
drawn based on the results of the pulse process calculation (see Table 2). For the
line charts most demonstrable in respect of the situation development trends at
some vertices of graph G, see Fig. 4.

Table 2. Calculation of impulse processes in accordance with the scenario 1

Vertex Step
0,0(1,0(20]3,0/40]50]6,0]7,0] 8,0
V1. Quality of life in the region 0,0(0,0(0,0]3,0[10,0/13,0/10,0(10,0(41,0
V5. Living standards in the region 0,0({00(00]00]00]1,0]8,0/[16,0(18,0
V3. Gross Regional Product 0,0[{00(00]0,0]1,0]601]9,0](8,0(21,0
V4. Regional and municipal budgets | 0,0 [ 0,0 | 1,0 | 1,0 [ 2,0 | 1,0 | 5,0 | 14,0 28,0
V5. Ecological situation 00]00(00(10[1,0({20]1,0]5,0]14,0
Vs. State of education 0,0]00(1,0({20(20(1,0(-1,0]4,0]16,0
V;. Health status 0,0]00(1,0[{20(20(1,0(-1,0]4,0]16,0
Vs. Social environment 0,0(00(00]1,0]1,0(0,0]-2,0|-2,0{-8,0
Vy. Social inequality 0,000 (-1,0(-1,0|-1,0f 1,0 | 0,0 |-6,0]-12,0
V0. Demographic indicators 0,0({00(001]201]4,0]|4,01]4,017,0(250
V11. Industrial production 0,0(00(00]1,0]2,0]20]1,0(10,0(26,0
V1,. Agricultural production 0,0/00(00(00]4,0(7,0]7,0]11,0]{35,0
V5. Labor market 0,010,0(00(001]0,0](6,0(14,0[17,0|25,0
V14. The salary 0,010,0(001(0,01(20](701(10,0]{14,0]39,0
V5. Population income 0,0]0,0(001(001]0,01(201]7,01]10,0{14,0
V6. Inter-municipal differentiation 0,0(00(00]1,0]1,0]1,0]6,0(18,0(25,0
V7. Regional migration 00(0,01]00]00(1,0(1,0]2,01]14,0(34,0
V5. Investment climate 0,0(00(10]1,0]1,0]0,0]4,0]8,0(10,0
V1o State policy inthe field -~ 156110110 1,0|-1.0[-20[-1.0] 2.0 | 2.0
of improving the quality of life
Vao. Secprity (economic, social, 00]001]00]10[20]20]1.0]1.0][11.0
environmental, legal)
V>1. Geopolitical situation 0,00,0(00(00]0,0(0,01(0,01]0,0] 0,0

In accordance with Table 2 and Fig. 4, adding pulse g, =+1 at vertex Vo

(the state’s social welfare policies) will yield positive results. Positive growing
trends may be traced at the vertices of interest, e.g., at V| and V,. At the same
time, processes at ‘undesirable’ vertices tend to decrease, e.g., social inequality is
reducing (vertex V,) as well as intermunicipal disparities are narrowing
(vertex Vs ). However, the quality of life though tending to improve slightly

during the 2™ modelling step then decreases, and a considerable improvement of
the trend can only be observed during step 10. This indicates that a single
influence at a vertex might not be enough to achieve the goal of improving the
functioning of the SL&QL system in whole.

Now let us get to scenario 2 and assume that intermunicipal integration is
developing ¢, =+1.
Scenario 2. Qz(n) = {ql = 0"“’q16 = +1,..., qr1 = 0} .

For results of the computing experiment carried out under scenario 2, see
Table 3.
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For the line charts most demonstrable in respect of the situation development
trends at some vertices of graph G, scenario 2 see Fig. 5.

Table 3. Calculation of impulse processes in accordance with the scenario 2

Step

Vertex 0,0 [1,0]2,0][3,0[40[50[60]70]80
V1. Quality of life in the region 0,0(0,01]0,0(00](2,01]10,0(29,0152,0/76,0
V,. Living standards in the region 0,0(0,01]00(00]|3,0]6,0](7,0]18,0]51,0
V3. Gross Regional Product 0,0(0,01]00(20]3,0]3,0(12,0131,0152,0
V4. Regional and municipal budgets | 0,0 | 0,0 [ 1,0 | 1,0 | 3,0 | 7,0 | 11,0|21,0|43,0
V5. Ecological situation 00(00]00]|10]10]3,0]7,0(11,0{21,0
V. State of education 00(00]00(1,0|1,0]401(7,0]9,0]16,0
V5. Health status 00]00]00]|10]10]|40]7019,0 (16,0
Vs. Social environment 0,01001]00]-1,0]-1,0| 0,0 [-2,0(-10,0{-14,0
V5. Social inequality 0,0]100]00]00]-1,0[-4,0]-4,0]-4,01|-15,0
V10. Demographic indicators 0,00,0]00(00]|3,0]6,0/(150]24,0144,0
V11. Industrial production 000011010 1,0]5,0(12,0]114,0127,0
V2. Agricultural production 0,0(001]10(20]|2,0]7,01(19,0138,0]55,0
V5. Labor market 0,0]001]00]20]50]6,0]13,0[(39,0{80,0
V14. The salary 0,000]1,0]3,0]4,0]6,0]20,0(42,0{69,0
V5. Population income 0,0(0,01]00](1,0](3,0]4,0](86,0]20,0]/42,0
V6. Inter-municipal differentiation | 0,0 | 1,0 [ 1,0 | 1,0 | 3,0 | 8,0 |11,0|17,0|50,0
V17. Regional migration 00]00]1,0([1,0]1,0]6,0(14,0(18,0135,0
V5. Investment climate 0,0(0,0]00(001(2,01]4,0]{3,0[10,0]/26,0
V1o State policy in the field =\ 5 1 0.0 [ 0,0 [ 0,0 | 1,0 | 0,0 |-2.0{-5.0{-1,0

of improving the quality of life
Vs0. Secprity (economic, social, 001000000/ 1.0/[20]70]|11.0]150
environmental, legal)

V>1. Geopolitical situation 0,0(001]00(00(001]0,0(0071]0,0]0,0

Adding pulse g;4 =+1 at vertex Vj¢ (intermunicipal disparities) also gives
positive results: production is developing and people’s income is growing.

Let us consider a more complex scenario where social and economic security
is declining g,, =—1 but intermunitipal integration is developing ¢;, =+1 and

the state’s social welfare policies are improving g9 = +1.
Scenal‘io 3- Q}(n) = {ql = 0""’q16 = +1,...,q19 = +1, q20 = _1,...,(]21 = 0} .
The calculation of the pulse processes under scenario 3 is given in Table 4.

Table 4 contains results of the calculation experiment carried out under sce-
nario 3.

Table 4. Calculation of impulse processes in accordance with the scenario 3

Step

Vertex 0,0 [1,0]20[3,0[40[50[60]70] 80
V1. Quality of life in the region 0,0 [0,0/[-1,0|2,0(14,0(32,0/51,0/71,0{126,0
V,. Living standards in the region 0,0 10,0|/0,00,01]3,0|7,0116,0/42,0|385,0
V3. Gross Regional Product 0,0 | 0,0]0,0/[20/4,0(10,0/27,0/48,0|81,0
V4. Regional and municipal budgets| 0,0 | 0,0 | 2,0 | 3,0 | 6,0 {10,0/17,0/40,0| 85,0
V5. Ecological situation 0,0 |0,0]0,0[20/3,0/|6,0/10,0/17,0|40,0
Vs. State of education 0,0 [00]1,0]40]50]70]70/12,0]36,0
V. Health status 0,0 {001,040 /|50/|70]|7,0/12,0[36,0
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Continued tabl. 4

Vertex Step
Vs. Social environment 00 [0,0][00)001]1,0|1,0/-4,0{-14,0-24,0
Vy. Social inequality 0,0 {0,0[-1,0(-2,0{-3,0(-4,0|-3,0|-10,0/-33,0
V10. Demographic indicators 0,0 | 0,0]0,0/[20/9,0/14,0/23,0/35,0|76,0
V11. Industrial production 0,0 {001,020 4,090 150[25,0(63,0
V1». Agricultural production 0,0 100]|1,0(2,0]6,018,0/33,0/56,0/101,0
V5. Labor market 0,0 {0,0[001]201]5,0/12,0[33,0/70,0(122,0
V4. The salary 0,0 0,0[1,0]3,0]6,0(150(37,0/66,0[122,0
V5. Population income 0,0 100(0,011,0/[3,0]6,0/15,0|37,0|66,0
V6. Inter-municipal differentiation | 0,0 | 1,0 | 1,0 | 2,0 | 5,0 [10,0|18,041,0| 93,0
V17. Regional migration 00 [0,0|1,01,0]2,0|8,0117,0/34,0| 83,0
V5. Investment climate 0,0 |0,0]1,0(20/4,0/|50]7,0122,0/44,0
Vio- State policy in the field = = 9611012012010 305040 3.0
of improving the quality of life
Vao. ngﬁgﬁ:ﬁ;‘f"@gl;omal 0,0 [-1,0/-1,0/ 0,0 3,0 | 50| 9,0 12,0 26,0
V51. Geopolitical situation 0,0 100{0,0/]00/00/]0,0/0,0]0,0/0,0

For the line charts most demonstrable in respect of the situation development
trends at some vertices of graph G, scenario 3 see Fig. 6.

Scenario 3 shows how events in the system will develop if, with the deterio-
ration of the heopolytic situation (g,q =-1), inter-municipal differentiation

g6 =+1 and sound State policy in the field of improving the quality of life

(g9 =+1).

In this case, perturbations are introduced into three vertices.

As can be seen from Fig. 6, joint action successfully resists the deterioration
of the geopolitical situation.

The trend of the development of situations at all peaks can be considered
positive. All indicators, with the exception of negative ones, increase, negative
ones (reduced security, social inecuality) decrease.

At the same time, if we compare the results of modeling according to sce-
nario 2, it can be seen that the processes are developing more intensively.

CONCLUSIONS

Cognitive modelling tools are a good management decision support instrument
when complex systems are studied. This was proved by the cognitive analysis of
the standards of living and quality of life. Analysis of the results of modelling the
complex system’s properties and behavior allows studying its desirable and unde-
sirable features, developing and validating control strategies for a system contain-
ing a great number of objects and interrelations under circumstances of uncer-
tainty and lack of empirical data.

Using cognitive simulation modelling, this paper studies how different fac-
tors affect people’s standards of living and quality of life. The designed cognitive
model allowed analyzing scenarios of the situation evolution when various factors
affecting the standards of living and quality of life change in the frame of interre-
gional disparities.
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It demonstrates that the local authorities need to participate in improving the
people’s quality of life and rising the standards of living to overcome negative
demographic trends, reduce poverty, narrow the gap between the poor and the
rich. As it has been noted earlier, the agricultural support slightly reduced dispar-
ity between the region’s districts but the outpacing growth of the industry and
commerce sector increases the income inequality of those employed in different
sectors of economy. It is proposed that local authorities, taking into consideration
municipal initiatives, should establish growth areas in relatively depressed territo-
ries by actively motivating the people and businesses. The long-term development
concept should be the single basis for the measures, which incorporates estimates
and suggestions of professional economists, managers, financial experts, industri-
alists, farmers, and social workers.
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3ACTOCYBAHHSA KOI'HITUBHUX KAPT JUISA JOCJIKEHHS ITPOBJIEM
NIABUIIEHHA  SIKOCTI  KUTTA  HACEJIEHHA B  YMOBAX
MIKPEI'TOHAJIBHOI JIM®EPEHIIAII / B.M. Trommnskos, 0.I". Tkauenko

AHoTanisi. POOOTy IpHCBIYEHO NOCHTIIKEHHIO MUTAHb IiABHUIICHHS PiBHS 1 SKOCTI
JKUTTS. HAceJICHHS B yMOBaX MDbKMyHIinumaneHol mudepennianii. PosrsayTo mm-
TaHHS IMITaliHHOTO MOJEITIOBAHHS ITiJ] Yac OCIIHKCHHS PIBHS Ta SKOCTI JKUTTS Ha-
ceneHHs. [HCTpYMEHTH KOTHITHMBHOTO IMITalliifHOTO MOJENIOBAHHS BHKOPHCTaHO
ULl OTPUMAHHSI HOBUX 3HAHb PO PEriOHaJbHY COLiaIbHO-eKOHOMIYHY, EKOJIOTIUHY,
MOJNITHYHY CUCTEMH, 1[0 BU3HAYAIOTh PiBEHb 1 SKICTh XKHUTTS HaceleHHs. Po3pobie-
HO KOTHITUBHY MOJEJIb JUIsl JOCIIKEHHS SKOCTI JKUTTS, BUKOHAHO aHaii3 i CTpyK-
TYPHHX BJIaCTHBOCTEi{, IPOBEACHO CLIEHAPHE MOJCIIIOBAHHS MOXJIHMBOTO PO3BHUTKY
CUTYyamlil Ml BIVTMBOM Pi3HHX (akTopiB. HoBH3HA poOOTH mOIsATaE B 3aCTOCYBaHHI
HOBOT iH(QOpMaNifHOT TEXHOJIOTIT KOTHITHBHOTO MOJICJIFOBAHHS /IO BUBUCHHS TUTaHb
IiIBAIICHHS SIKOCTI )KATTS TPOMAJISTH B yMOBaX MIKMYHIIANATBHOT TU(epeHItiamii.

Ki1r040Bi cj10Ba: KOTHITUBHE MOJICITIOBAHHS, SKICTh KHUTTS HACENICHHS, PIBEHb KHT-
T, pETIOHABHUIA PO3BUTOK, MDKMYHIIUTIaTIbHA AU(PEPCHITIAITIS.

NPUMEHEHUE KOTHUTUBHbBIX KAPT JJIsS1 HCCJEJOBAHUS ITPOBJIEM
MMOBBLIINEHNSI KAYECTBA JKHW3HW HACEJEHMSI B YCJIOBUAX
MEXPEI'MOHAJIBHOU TU®PPEPEHIIMAIIUM / B.H. Trommnsikos, 10.I'. Tkauenko

AnHoTamus. PaboTa mocBsIeHa MCCIEIOBAaHUIO BOIPOCOB IOBBIMICHUS] YPOBHS U
KauecTBa KM3HU HACENEHUS B YCIOBHMAX MEXMYHHLIUNANbHOH nuddepeHnmanum.
PaccMoTpeHB! BOIPOCH! UMUTAIMOHHOTO MOJEIMPOBAHUS IIPU HCCIIEI0BAaHUN YPOB-
HS W KadecTBa >KU3HM HacelIeHHsA. MHCTPyMEHTHI KOTHHTHBHOTO MMHTAIMOHHOTO
MOZENNUPOBAHMS HCIONB30BAHBI IS MONYYSHUs] HOBBIX 3HAaHHH O PErHOHAIBHON
COLUAIIbHO-OKOHOMUYECKOM, AKOJIOrM4eCKOM, MOJIUTHYECKOH CUCTEM, OIpEeIIsito-
KX YpPOBEHb M KAa4deCTBO JKU3HU HaceneHus. Pa3paboTaHa KOTHHTHBHAs MOJENb
JUIS UCCIICIOBAHUSI KQueCTBa JKU3HM, BBIIIOJHEH aHAIU3 €€ CTPYKTYPHBIX CBOMCTB,
MPOBE/IEHO CLIEHAPHOE MOJAEIUPOBAHUE BO3MOKHOIO Pa3BUTHUs CUTyalMi I1OJ| BO3-
JeficTBUEeM pa3nu4HbIX (akTopoB. HoBU3HA pabOTHI COCTOUT B MIPUMEHEHHH HOBOMH
UH(POPMALIMOHHOM TEXHOJIOTMH KOTHUTUBHOTO MOJICIMPOBAHUS K U3YUECHHIO BOIIPO-
COB TIOBBIIICHHS KaueCcTBA KU3HHU TPAXKIAH B yCIOBHUSIX MEKMYHHIUIIATBHON IU}-
(hepeHMaIN.

KnrodeBble c10Ba: KOTHUTHBHOE MOJEIMPOBAHHE, KAaueCTBO KM3HU HACENCHUS,
YPOBEHb JKH3HH, PETHOHAIBHOE PA3BUTHE, MEXMYHHULUIIATbHAS JUpepeHIalus.
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