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Article objective is analysis of the theoretical and methodological aspects for the assessment
of sustainable development in times of crisis. The methodical approach to the analysis of
sustainable development territory taking into account the assessment of the level of economic
security has been proposed. A necessity of development of the complex methodical approach to the
accounting of the indeterminacy properties and multicriterial in the tasks to provide economic
safety on the basis of using the fuzzy logic theory (or the fuzzy sets theory) was proved. The results
of using the method of fuzzy sets of during the 2002-2012 years the dynamics of changes dynamics
of sustainable development in Ukraine were presented.
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Introduction. The sustainable development is a subject of interest for regional
policy makers and it needs appropriate assessment based on futile instruments for
research, and for practical reasons (planning and decision making). The problem of
achieving the sustainable development conditions requires appropriate coordinated
actions of many subjects’ of the economic-productive activity. Herewith, an
important component of this complex action is to provide the acceptable level of the
State’s economic security (ECS) and its individual areas because achieving the
sustainable development conditions requires, above all, rational organization of
economic activity.
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Namely in the crisis it is quite important to develop integrated methodological
approach accounting the properties of uncertainty in problems of ECS. Thus, the
given above led us to a necessity of considering the methodological basis of the fuzzy
logic theory for Ukrainian’s ECS level assessment. The basis of the theory of fuzzy
logic is methods of fuzzy sets. Fuzzy numbers and linguistic level based on fuzzy sets
theory as a method to overcome vaguely judgment in evaluation.

Analysis of recent researches and publications. In 1965, the LA Zadeh [1]
theory of fuzzy sets was introduced. Later work Bellman R. E. and Zadeh L.A.
"Decision — Making in Fuzzy Environment” [2, Russian translation — 3] became the
basis to using the methodology of fuzzy sets theory. In the general methodology of
scientific knowledge Fuzzy sets theory is a mathematical method used to characterize
and propagate uncertainty and imprecision in data and functional relationships. In
modern world practice, the method of fuzzy sets is widely used for the analysis of SD
and business management [4-9 et al.].

Ukrainian and Russian explorers for assessment according to the ECS terms the
following methods are mainly used: the indicative analysis method, the scalarization
method, the cutting-plane method and the method of discriminant analysis [10-13 et
al.]. All the given above approaches have one significant drawback — they require a
clear classification of the situation to a particular security class (depending on the
security indicators values and their boundary levels). The SD is difficult to define in
pure quantitative terms, and during the past decades, the researchers recognize that it
bears an imprecise and vague feature of being defined and tackled in many facets,
with several ways of collecting data for indicators regarding the efficient and the
effective usage of resources.

Previously unsettled problem constituent. Even if the sustainability’s
attainment is a research topic field for academia and urban planners and managers
and, as well, an ambitious goal for any resource administrator, yet there is no
precise way of defining and measuring it [7]. Herewith, multicriteriality can be
considered as one of the form of displaying the uncertainty of the development
conditions and complex systems functioning (purposes’ uncertainty). Another
feature is the diversity of ratings by the criteria. To solve the problem of ECS it is
necessary to the most properly recognize a situation of management decision
making [12]. Herewith, information describing the knowledge about the system and
the situation is formulated the most adequately by using fuzzy concepts, fuzzy
definitions and fuzzy logic.

Main purpose of the article is submitted an analysis approach based on fuzzy
sets. The advantages of such approach are derived from taking into account the multi-
criteria and uncertainty facets of the phenomenon; also, having in mind that the
sustainability remains a non-straight-cut concept, being vaguely defined it implies a
non-deterministic character by using the fuzzy set logic. Fuzzy sets are especially
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useful when insufficient data exist to characterize uncertainty using standard
statistical measures (e.g., mean, standard deviation, and distribution type).

Results and discussions. Fuzzy set theory is a useful tool for dealing with
knowledge about SD territory, taking into account uncertainty the interpretation of
qualitative evaluation’s results (that is, the analysis of statistical measures). This
method involves creation of expert systems for pattern recognition. The decision
about referring the security indicators to a particular class the experts make on the
basis of their understanding of the required security level and the consequences of
deviation from this level. In fact, while making a responsible decision the expert
usually operates not only with formal concepts, expressed by a number or numerical
formula, but also with some logical conclusions that can be expressed as: "If there are
certain conditions ..., then the situation can be assigned to the following class". To
process this kind of expressions a special system, which is based on the methods of
the fuzzy sets theory and fuzzy expressions, is developed. This is achieved by
introducing a membership function (MF) of fuzzy parameters, which takes values
from O to 1. Its approximation to 1 means more confidence in expressions and more
significant level of its implementation. It is appropriate to use exponential functions,
as follows:

f(x) = exp[b(x-c)’],

where b and ¢ — parameters of the function that determine its form.

The proposed mathematical description corresponds to the information nature
and reflects its fuzziness. On the basis of experts’ or expert groups’ statements a
database, that describes the situation classes, is formed for all ECS indicators.
Thus, any current or predicted situation can be assigned to a particular class by
comparing it with already known data, which was entered into the database. In

general fuzzy set characteristic is the MF. Fuzzy set A is called the set of ordered
pairs or corteges of form(x; u,(x)), where x — element of the universe X,

15 (x): X —[0,1] — (MF) which assigns to each element x e X a real number in the
interval [0,1], that characterizes the element x grade of membership to fuzzy set
A. The larger the MF value 4 (x), the more universal set element x corresponds
to the fuzzy set A properties [2, 3]. There are many types of curves to determine
the MF. The most common MF is triangular, trapezoid and Gaussian function.

Triangular MF is determined by three numbers (a, b, ¢), and its value at the point
X is calculated by the formula:
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X_a, a<x<b
b—a
cC—X
X)= , b<x<c,
#4(x) 1o b
O, in othercases

at (b—a)=(c—b) we have a symmetrical triangular MF, which is identically
specified by two parameters from the triple (a, b, c).

To determine the trapezoidal MF four numbers are needed (a, b, c, d), and its
value at the point x is calculated by the formula:

X788 J<x<b
b—a
1, b<x=<c
d—x
X)=+< ’ CSXSd,
#4(x) d_c
O, in other cases

at (b—a)=(d —c) this MF takes symmetrical form.

Generalized MF of the Gaussian’s type is described by the formula:
(X—C)Zb
ux)=e =,
and is determined by three parameters (a, o,b). The value b=1 corresponds to
the standard Gaussian function.

This function is preferable due to its three following properties:

1) its similarity to the accumulation;

2) limitation of values that are necessary to comply with the MF properties;

3) infinite definition domain, which greatly simplifies the algorithmic solutions
while programming operations on fuzzy subsets.

Therefore, for the MF the Gaussian function is used, and on its basis the
evaluating theses, presented in Table 1, are formed.
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Table 1. The list and the content of evaluating theses (adapted according to the

[12]) |
Name of the thesis | The search key Formula li:r?{er:’]\lljz;? irLIthllftvS;I
1 2 3 4 5
Worse (...) Worse ( exp (b*(x - a)z) a-1 0-a
Better (...) Better ( exp (b*(x - a)z) 0-a a-1
Good Good exp(b*(x—1)? ) 0-1 1-1
Bad Bad exp(b*x?) 0-1 0-0
Medium Medium eplb* (x—05)) 0-1 0.5-0.5
Not bad Not bad exp(b*(x—s)’ 0-s s-1
Not good Not good exp( *(x +s) ) 1-s-1 0-1-s
Not worse (...) Not worse ( exp( *(x—a—s) ) 0-a+s a+s-1
Not better (...) Not better ( exp (b*(x ~a +s)2) a-s-1 0-a-s
Indifferently Indifferently 1 0-0 0-1

It is assumed that such FS is quite accurately described by MF. The greater the
alternative x grades of membership to FS, i.e. the higher the value, the higher the
achievement’s goal grade while choosing alternative as a solution. Fuzzy boundary
conditions are also described by the fuzzy subsets. We will define now, what is meant
by the solution of the problem of achieving the fuzzy goal. Solving this problem
means achieving the goal and satisfying the limitations, moreover, within this setting-
up we should talk not only about achieving the goals, but also about the grade of its
achievement, taking into account the grade of the limitations accomplishment. The
problem mentioned above can be solved by using the Bellman-Zadeh approach. The
subject matter of this approach, represented in detail in the works [3, 14] is as
follows: let some alternative provides goals’ achievement with a grade and satisfy the
limitations with a grade. Then it is assumed that the membership grade for this
alternative of resolving the problem is the minimum of these values. Thus, the fuzzy
solution of the problem of achieving the fuzzy goal is called the intersection of the
fuzzy sets of goals and limitations, i.e. MF for the solutions is:

.= manf i suplmn s, o1, )|

where 4; — the grade of the considered situation membership to class i; X; —

range of parameter j; u;(x) — MF of the considered situation evaluation by the
parameter j; v;;, (x) — MF of the k expression in the knowledge base by the parameter

jtoclass i.
In other words, to determine the grade of the situation membership to any class,
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it is necessary:

— to determine the exact upper borders of intersection of the MF for the
situation evaluation and expressions on the parameters with the sections of
expressions of the class;

— to determine the minimum values of exact upper borders by the sections of
expressions of the class (grade of the situation membership to the expressions set);

— to determine the maximum grade of the situation membership by the sections of
expressions of the class.

It is offered to conduct the Ukraine status assessment according to the ECS
level by using the three classes, which are described as follows:

1) normal (n) status — "if all the indicators are better than the threshold values of
entering the pre-crisis status, the status is normal”;

2) pre-crisis (pc) status — "if at least one of the parameters is worse than the
threshold parameter of pre-crisis status, and all other parameters are better than the
crisis threshold, the status is considered to be pre-crisis”;

3) crisis (c) status — "if at least one parameter is worse than the crisis status
threshold, the status is crisis."”

All these expressions can be described mathematically by the following
statements:

— normal status

X;>Xe and X,>X,. and.. and Xn> Xpc

— pre-crisis status
Xe<X,<Xpc and X,>X. and.. and Xn>Xc or

. X;>Xc or X,>Xcand ..and Xc< Xn< Xpc

— Crisis status
X,<Xc and X, , =doesnotmatter

or ..or=doesnotmatter and Xn< Xc

where N is the number of parameters.
Logical operations AND and OR (intersection and combination of fuzzy
subsets) are defined as follows:
p(x) =min{v(x), A(x)}, (1)
p(x) = max{v(x), A(x)}- )
Formula (1) describes the logical operation "AND", and formula (2) — "OR".
During decision-making it is necessary to take into account the value of the situation
membership grade in all classes, using the concepts of clear membership,

membership to some extent and the e-level membership. Based on the example of the
triple class knowledge base, with situation membership grades by the classes 4, =1,

A, =B, A3 =&;, the following expressions can be formulated: the situation clearly
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belongs to class 1, but to some extent (g, < #<1) it belongs to class 2, the situation
does not belong to class 3.

The results of using the method. The output parameters’ database for the
calculation (given in Table 2) is formed according to the data [15, 16]; and includes
16 ECS indicators combined in 7 blocks (spheres of life).

Table 2. The list and the range of threshold values of indicators for Ukrainian
ECS blocks (erected in according to the data [15, 16])

Treshold
I Range
Indication Marker values
min ‘ max PC ‘ C
Macroeconomic security
Gross fixed capital formation,% of GDP X1 15 50 30 25
o - 5
grggge in stocks of tangible current assets,% of X, P 5 05 | -15
Scientific and technological security
The share of government expenditure on science
in GDP, % X3 0,5 6 2 1
The number of specialists who carry out
scientific and technological works, % of total X 1 15 6 5
employment in the state’s economy (for 1000 4
persons)
The share of firms that implement innovations, in
the total number of industrial enterprises, % Xs 30 100 70 S0
Demografic security
Life expectancy at birth, years X 65 85 75 70
Natural increase rate (per 1 thousand), persons X7 -7 7 5 2,8
The total population’s birth rate (average number
of children born by a woman during all her life), Xs 0,5 5 2,2 15
persons
Social security
Availability of housing in average per capita, m° X 6 50 25 13
Expenditures of consolidated budget on health,% X 1 6 3 2
of GDP 10
Expenditures of consolidated budget on
education,% of GDP Xu 3 10 ! 4
Food security

Milk and dairy priducts (consumption per capita Xy 191 423 363 353
per year, kg)
Potato (consumption per capita per year, Kg) X3 73 164 90 81
Fruits, berries and grape (consumption per capita X1a 61 154 90 62
per year, kg)

Energy security
Amount of coal production, million tons | X1s | 40 | 120 | 70 | 50

Ecologic security
Emissions of pollutants and greenhouse gases
into the atmosphere per 1 km* Xis 0 15 > ;
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Dynamic of the ECS indicators’ values is presented in Table 3.

Table 3. Dynamics of the ECS indicators’ values
(erected in according to the data of the official website of the State Statistics
Committee Ukraine http://www.ukrstat.gov.ua)

Year
Marker

2002 2004 2006 2008 2010 2012
X1 19,17 20,6 22,55 21,97 24,6 32,38
X2 0,98 1,18 -1,41 0,62 0,12 -0,48
X3 0,33 0,4 0,42 0,39 0,43 0,49
X4 4,83 4,73 4.8 4,74 4,5 421
Xs 14,6 11,5 10 8,2 10 11,5
Xe 68,3 68,2 68,2 68 68,1 68,3
X7 -7,6 -7,5 -7,05 -7,6 -6,4 -6,1
Xs 1,1 1,2 1,2 1,2 1,3 1,3
Xg 21,3 21,6 21,8 22 22,2 22,7
X10 3,34 3,63 3,52 3,51 3,63 3,79
X1 5,43 5,6 531 6,07 6,21 6,22
X2 225 226 226 226 235 220
Xi3 133 138 141 136 134 130
X4 29 33 34 37 35 44
Xis 59,6 59,8 59,4 60,4 61,7 56,7
Xi6 10,11 10,26 10,48 10,96 11,65 12,27

As shown in Table 4 analysis of the calculation results shows that Ukraine's
economy in many areas is in crisis because the majority of the indicators are of the
crisis status class, particularly: the environmental areas indicators, the food
indicators, the demographic area indicators, the scientific and technological area

indicators.
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Table 4. Results of Ukraine’s ECS calculation for the period of 2002-2012
(developed by authors)

Situati The normal status The pre-crisis status The crisis status
on membership membership membership
0,2101745830 X1, X10, | 02472723394 Xo. X1 X 1 Xy, Xa, X4, X5, Xg, X7, Xg,
2002 , 9, K11,
Xi3 16 X2, Xu4, Xi5
2004 0,1967535052 X5, X1, 0,2658401234 Xo, Xu1, X1 1 Xy, Xa, X4, X5, Xg, X7, Xg,
X1z X12, X14, X15
2006 | 0,2060844463 X10, X3 0,2938147673 Xz, Xg, X11, 1 Xy, X3, X4, X5, Xg, X7, X,
X6 X12, X14, X15
2008 0,1980682960 X5, X1, 0,2472723394 Xo. X11. X15 1 Xy, Xz, X4, X5, Xg, X7, Xg,
X1z X12, X14, X15
2010 0,1051271487 X, X1, 0,3268756784 Xo. X1t X1s 1 Xy, Xz, X4, X5, Xg, X7, Xg,
X3 X12, X14, X15
0,1051271487 X,, X109, | 0,3368361702 X1, X9, X11, | 1 X3, X4, X5, Xs, X7, Xg, X12,
2012
X1z X6 X4, Xi5

Conclusions and further researches directions. Current paper represents the
main ideas for applying of methodology of analysis sustainable development of
Ukraine by using the theory fuzzy logical. The proposed mathematical description
corresponds to the information nature and reflects its fuzziness. On the basis of
experts’ or expert groups’ statements a database, that describes the situation classes,
Is formed for all ECS indicators. In addition to, any current or predicted situation can
be assigned to a particular class by comparing it with already known data, which was
entered into the database. In general fuzzy set characteristic is the membership
function (MF). In addition, using the ranking of indicators the priority directions of
emerging the economy from the crisis can be determined. Thus, the created system
accurately and properly formalized knowledge about the object of research, which, in
turn, facilitates communication with experts; provides an opportunity with a
minimum scope of knowledge to solve problems on the analyzed object properties.
The further development of this approach could create a methodological framework
for sustainable development oriented for social, economic and environmental support
of decision— making processes.
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METOJ0JIOT'ISI AHAJII3Y CTAJIOIO PO3BUTKY YKPATHH
HA OCHOBI TEOPII HEUITKOI JIOI'IKH
Kapaesa Hartanis BeniaminiBHa
PhD, ooyenm mennoenepecemuunozo gpaxyivmemy,
Hauionanvnuii mexuiunuit ynieepcumem Ykpainu
«Kuiecvkuil nonimexuiunuil incmumymy, Ykpaina
Bbepesnnubka Mapuna BosionumupiBaa
HAYKOBUII KOHCY/IbIMAHM,
TOB «@ono exonoziunux (3enenux) ineecmuuiiny, Ykpaina
Cmamms npucesuena auanizy meopemuKo-mMemooOudHuUx dAcneKkmieé GU3HAYeHHS pIBHs
CManozo po3sUmMKy 8 YMO8aX Kpusu. 3anponoHO8aHO MemOOUdHUL niOXi0 00 aHanizy Cmano2o
po3sumky Ykpainu Ha 0CHO8I OYiHKU pi6HA eKoHOMIYHOI Oe3nexu. /[ogedeHo HeoOXiOHicmb, 6
VYMOBAX CUCMEMHOI KpU3U PO3BUMKY eKOHOMIKU YKpaiuu, po3poOKu KOMNIEKCHO20 MemOOUUHO20
nioxody 00 001Ky enacmusocmell HeBUHAYeHOCmI U 0OazamoKkpumepiaibHOCmMi 8 3a0ayax
3abe3neyeHts eKOHOMIYHOIL Oe3neKu Ha OCHOBI BUKOPUCMAHHS Meopii HeuimKoi noeiku (abo meopii
Heuimkux muodcur). Ilpedcmasneni pezyiomamu UKOPUCMAHH Memooie meopii HeuimKoi 102iKu
OJI51 AHANI3Y OUHAMIKU cmaloeo po3sumky Ykpainu 3a 2002-2012 pp.
Knrowuosi cnosa: cmanuili po36umox, eKoHOMiuHa Oe3neKkad, IHOUKAmMop, meopis Heuimxoi
JI02IKA | HeYIMKUX MHOMCUH, (DYHKYISA NPUHANEHCHOCII.

METOJ0JIOT'USI AHAJIM3A YCTOMYUBOI'O PABBUTHUS YKPAUHBI
HA OCHOBE TEOPUY HEUETKOM JIOTUKH
Kapaesa Hatanusi BeanamnnoBHa
PhD, ooyenm mennoanepzemuueckozo ¢paxynomema,
Havyuonanvnolii mexuuueckuil ynueepcumem Ykpaunol
«Kuesckuii nonumexunuueckuii uncmumympy, Ykpauna
bepesnuukas Mapuna Biaagumuposna
HAYYHBLIL KOHCYTbManm,
000 «Dono rkonozuueckux (3e1eHvix) ungecmuyuily, Ykpauna

Cmamps nocesujena amanu3y meopemuko-memoouyecKux acnekmos onpeoeieHus ypPosHs
yemouuueo2o paszeumus 6 ycuogusx kpusuca. Ilpeonooswcen memoouueckuti nooxoo K aHauiusy
YCmou4uueo2o pazeumus YxKpaumnel Ha OCHOGe OYEHKU YPOBHA IKOHOMUUECKOU 6e30nacHocmu.
Jokazana Heobxooumocmv, 8 YCIOBUAX CUCMEMHO20 KPUSUCA PA38UMUSL IKOHOMUKU YKpauHbl,
paspabomku KOMIIEKCHO20 MemOoOUUecKko20 nooxooda K yuemy COUCmE HeonpeoeieHHOCmU U
MHO2COKPUMEPUATbHOCIMU 8 3a0ayax obecneyenus IKOHOMUYEcKol 0e30nacHoCmu Ha OCHO8e
UCNONIL3068AHUS MEOPUU HeYemKOU JOSUKU (Ulu meopuu Hedemxux muoxcecms). [lpedcmagnensvi
pe3yibmamsl  UCHONL30BAHUA MeMO008 Meopulu HedemKkou JN02UKU Ol AHAIU3Ad OUHAMUKU
yemouuusoeo pazeumust Yepaunot 3a 2002-2012 2.

Knwuesvie cnoea: ycmoiiuugoe passumue, KOHOMUYECKAs 0Oe30NACHOCMb, UHOUKAMOP,
meopusi He4emKoll 102UKA U He4emKUX MHONCeCms, QYHKYU NPUHAOTIEHCHOCTU.



