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PROGNOSTICS OF ECONOMIC PROCESSES UNDER THE CONDITIONS
OF FINANCIAL CRISIS

In this paper the forecasting problem for economdicators is considered. It is
shown that processes in economics can be dividedsunch groups: having stable
dynamics; corresponding to crises of various tyfes combined processes. In the
first case retrospective base is known and on d#sid technologies of data in
formativeness increase are offered. For crisis psses the necessity of elements
application from the accidents theory is definedr processes having long stable
dynamics and containing the short-term crisis pmeeoa, the use composition
advantages of discrete-continuous forecasting nustlaoe shown.
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Problem definition. The dynamics of modern social and economic psaEes
indicates a need of new technologies introductimio ithe research, analysis and
processes, and also prognosis of behavior andidumnag of both, social institutions
and manufacturing ventures. Traditionally tabulatpvocedures and data conversion
approaches were used for solving such problemsherydare conventially subdivided
into the following classes:

1.Heurism, its rational application is possible yomh cases of information
insufficiency and inability of boundaries defintioand formal approaches, to
estimate the error (example — brainstorming teahejiq

2.Conventional methods (example — method of redatand comparative
numbers).

3.Determining factor approach (example — methoeklative margins)

4.Method of stochastic component analysis (examplrrelation-regression
analysis).

5.Methods of optimized factors (example — econoraicd mathematical
method).

Such classification analysis indicates descriptiientation of the stated above
methods upon presentation of economic units andegses. At the same time it
becomes evident that the research methods shouépott to “passive”, descriptive
character of results. Economy development suppesaisoration and usage of
approaches, the application of which will help geswers about future (meaning of
economic criteria, nature of economic processed)pwint out the ways of choosing
optimal strategies, as well as an alleged oppdstufianalysis and choice of optimal
values of economic criteria on the basis of motalkling on the principle of “If ....,

then ....".
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Why application of economic-mathematic modelinghe reason of economic
analysis improvement and ventures activity analysggovement, and of their
organizational units? The reduction of terms of #ealysis performance, the
realization of a complex consideration possibibfyfactors impact on the results of
economic activity, obtainment of specified resutsk solutions with the problem
attributes of curse of dimensionality and othersagpin favor of such a conclusion.

Many authors, such as Zgurovsky M.Z., Moiseev N.Rankratova N.D.
emphasize the necessity of mathematic methodscagiph in the economic analysis
on the basis of systemic approach and systemigsisalThis kind of paradigm in
their interpretation suggests complex researcheafures to detect connections both
with the external environment and intrasystem compation. We’ll comment that
this method type simplifies both the systemic mdtetements and systemic analysis
as of scientific-applied methodologies. In partegul at the mentioned above
consideration such constituents of systemic approas systematization,
formalization and system orientation, being thedfimental conceptual units of
complicated problems solving process are missing.

It goes without saying, that the development ofheatatical model complexes,
describing venture activity is the task of primangportance. However, it must
include interaction models with the external enwmnt, reproducing the
interinfluence of venture process functioning ar tsocial sphere, medicine,
education, etc. Another important condition is buely of colleagues consisting of
industrial economists, professionals in economia anathematical modeling,
mathematicians, operator-programmers.

Let's examine the aspects accompanying modern gseseof economic and
mathematical modeling. It's obvious that almostpalictical tasks, solved by means
of relevant methods application, must lead to tlogpostics of future characteristics
and on their basis to the forecasting and developroé possible scenarios, for
example, ventures behavior at the market.

Note, that presently at the conferences scierdistischartists are reproached for
their inability to predict the crisis of 2008. Amal fact these rebukes are right. We
approve, that the crisis was not actus Dei. Itddwdve been and had to be predicted,
especially by professionals in macro economy. Titwelyction curtailing took place
because of banking-system collapse. The last endésiturn, could be assumed,
predicting the dynamics of major financial indiagto The very exceedance of
criticalities of such indicators caused the banteypof banks and their liquidity
decrease. One of the reasons, because of whidrigheehad not been predicted, was
the application of the method appropriate for ttadiegnary economy without shocks
and functioning according to the certain laws fomogeneous steady environments.

Object of the article. Thus the object of the article is the technology
construction for the preparation of the retrospectinformation of the economic
processes prediction, which improves the predictioality, especially under the
conditions of crisis. Thus the following problemsishbe solved:

-it’'s necessary to develop prediction technologiegder quickly changing, often
critical conditions;
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-as the prediction is carried out on the basis dentified dependences of
combined characteristics from entering factorssinecessary to put to use hybrid
functions, as a dependence, allowing predictinglereconomic system functioning
under changing conditions;

-it's important to realize that the vital conditiolor the obtaining of the
component hybrid functions is the economic procestiestering, because the task of
identification can be solved adequately only fomegeneous processes;

-it’s necessary to develop methods for definitibreritical points, i. e. meanings
of economic process parameter vectors, the exceeddrnwhich proves the crisis and
the points after which crisis prevention is impb&si

-solving the prediction problem and possible scesatevelopment; it's rational
to aim for the decline of the inclusion criteriadéor the increase of their information
value.

Statement of Basic materials.

We are going to deal with the stated above cormhssin details and to show
how their realization can make the background aev technologies for the analysis
and prediction of economic processes and indicators

Recession and ascendancy as an integral part oh@u@ processes and
aspects of their prediction

Let's deal with several arguments. According to fivet one a stationary
economy evolves on the linear law and can be easilycipated. The second
argument means that economic processes in devglamuontries can in a short
period progress exponentially and then declinedtgpilhe first and the second types
of economy are interdependent in the global woldthe majority of cases the
production growth can be explained by the logidtinction dependence and the
period of decline is inevitable for the qualitatisleanges for the better to occur. The
final mentioned statement corresponds to the cdnoépatastrophism [1]. The
dynamics of a venture efficiency criterion in atistaary economy is presented in fig.
1. The efficiency criterion diagram in the casecao$is phenomena is given above.
Venture operating benefits were rising before dagermoment, then due to some
reasons they began to decline. Having achievedtaicgoint, called critical, further
effective activity of the venture is impossible matt its restructuring (e.g. the
reorientation to new products). It should be notedould be possible to keep on the
same production, having accomplished certain aam@eqts but without its structure
reorganization. Having passed the point of no rettls possible to do it in no way.
In the processes of restructuring, venture effectactivity inevitably moves
downwards to some border, after that it startssteead. Such processes are of cyclic
nature. Therefore this fact must be taken into aetoApparently, the environment
influences the cyclicality and primarily, the eqoatof demand and supply law.

Hybrid functions as economic processes models.

Let's consider venture activityo in some time length,t]. Let us call

X ={X, X,.., X.} IS the multitude of entering factors far, in particular, material,

power and information resources,is the criterion of functioning effectiveness.is
a certain combined characteristic: income, probst value, etc.
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Fig.1. Dynamics of processes
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Fig. 2. Clusterization problem solving

An integral factor can serve as a combined chatiatiteand it presents, in most
instances, additive or multiplicative function.
Let’s define hybrid reaction as

G(X,ty=h(X, yOF( X, 9, (1)

whereh(x,t)= H(X,, X,,..., X, ,t) IS a logical function, assuming one of two values
out of multitudeps, F(X,H=FX,X,...X,.t IS a vector function. Thus, in details
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£(x.t)if (X, 06)andtOT?,
i=1

G(X,t)= (X, 1) if ﬂl(x 0e?)andt0T?,

£(x.1)if ()(x, 0O¢)andtO T,
i=1

where @/ - variation range of factox, changes atj-m variant of economic
situations an intervat’ O[t,t],i=1,m, j=1k.

Thus, in relation to the value of the outcomingdas, defining the type or state
of the economic process, functi@is a model for prediction and getting answers to
the questions, «lk 0o, X,00,,and...andx_0e_, what field does belong to?», that
enables scenario analysis and determination ofmapproperties of entering factors.
We point out the hybrid function as a model of anboed characteristic allows
responding to the changing economic situation,ifsutdentification is based on the
information about precedent situations.

Clustering is a base element for identification e solving.

It has already been stated that the obtaininge@ttmbined characteristic from
entering factors can be adequate only for the hemegus processes. There is an
idea of mean-root square error minimization in timajority of dependences
identification methods. It results in the “roughbrsideration of a given data
structure causing the averaging-out and, as a qaesee, inaccurate definition of
the initial dependence and inaccurate prediction.

Fig.2 shows the structure of the data in the spad¢eo factorsx, and x,. It's
necessary to find the dependenees( x, x,). Having solved clusterization problem
beforehand, we’ll obtain the stated data structuta three fields. The capacity of
the multitude of the given data being enough, tkquired dependence after
clusterization is obtained in the following form:

f1 (X1, X3), (X, X)U R,

Y=G(X, %)= £(X, X). (X, X)0 B,

f (X1 X3), (X1, X)) O R,

The generation of the model type: (X, x,) makes the prediction more precise
according to the values of the entering factors.

Front-end processing as a condition of effectivedmstion.

Quite often the chartist has not the importantnmi@ion but the one he/she can
get at the moment. It's a well known truth thatfactors in many cases are
interdependent, their meanings contain variousakes. Thus these reasons prevent
from model correct specification and its furthemplagation. Here are the basic
reasons of the given data preprocessing:

-different measuring scales of factors [6];

-existing linear and non-linear dependence amocipifs;

-the low entropy of entering factors (insignificamtormational content);

-a great number of insignificant factors.

The obtained through the preprocessing data all@vamore effective
identification of the required dependences. It's doscientist to choose one of the
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variants of a problem solving: either to fulfill @hclusterization before the data
reprocessing procedures or after but before ideatibn problem solving.
Therefore, the first step is the given data stargidion. The transformation of
the following type is used most commonly
c_ X7 Xain
" Xinax ~ Xin ’ (2)
with the help of which the given data becomes niemedsional and is situated
on intervalfo,1].
Next step is multicollinearity testing accordingRarrar-Glober criterion [7]. It
enables linear dependent factors revelation. Themteater part of them is deleted.
The third step is the significant factors deterrtiora The theoretical methods
of argumentation of their choice being unknown ently, different heuristic
procedures are applied instead. One of them iseittenology of box-counting [10].
The concept of cross-entropy lies in its basis,cwHbr two variabless andv is
quantitively equal to the logarithm of typical despion of values of the variablé
ratio to the dispersion of this variable, but & #tated value of variab\é
H(U,V)zlogN“Nﬂ, (3)

uv

where N, is the amount of vertical lines, containing valoé$actoru; N, is the
amount of horizontal lines with the values of facw, n,, is the number of
nonempty cell entries (fig. 3). For example giverfig. 3, N, =9, N, =6, N, =17.

Taking the logarithm base equal two, we’ll obtaimatt the cross-entropy is
H(U,V)=1,67.

Fig. 3. Data for cross-entropy calculation

In the general case, calculating cross-entropies.,Y), i=1m 4 comparing

them, we leave the factors where the cross-entnapya greater value.

Therefore, due to the box-counting technology ftssible to determine the
factors, the values of which have more certaintthenprediction of the values of the
combined characteristic. No supplementary assumgptiare used for the box-
counting method.
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Before using identification methods it's necessarynake another step due to
which the accuracy of the obtained dependency artdr prediction with its help
can be significantly increased. With this purposelevel the given data by means of
“entries whitening”. In the consequence of its iidion the given factors become
decorrelatable with the zero mathematical expextaand ordinary mean-square
deviation. The following development lies in thesisaof the “entries whitening”
method

X = (X = X,) |:Uk/\//Tk’ k=1,m (4)

whereu, Is the matrix latent vector of the entering fastor is an eigenvalue;
m is the amount of factors.

Offered above steps make up the technology, tHeagan of which will help
improve the prediction quality and obtain more mecesults. It should be noted that
this approach is not the only one. The technologsed on the neural network is
closely adjacent to the stated above technologyH®jvever the majority of neural
network methods include the already stated appesaeimd models. We shall deal
with the example of the offered technology real@afurther.

Identification of the tabular given dependence.

Let's solve the problem where one has to identifye tdependence
Y =G(X, %0 X3),s

wherey is a combined characteristic - nominal gross ddimgsoduct (GDP),
factors x,, x,,...,X,, are stated in table 1.

By this example we shall follow the steps of thegmsed technology, point out
the particularities of their realization and caoyt a comparative analysis of the
results obtained.

On the basis of Farrar-Glober algorithm we shallcoaplish the
multicollinearity testing. On the first stage weaddish rate fixing and given data
standardization. We find the correlation matrix fémem and calculate the

valuey’ =565, which is significantly higher than that in the |Ealat%m(m—l)=68 the

degree of freedom and confidence level 0.05 provirg multicollinearity in the
massif of the entering factors. Then we find theérimaontrary to the correlation one
and the values ofF-criterion. We draw the conclusion that all factoase
multicollinear with other factors. Performing fuethcalculations ot-criterion and
comparing the obtained results, we come to thelgsiom about the necessity of
receding factors 1, 3, 5, 6, 7, corresponding ®uhlue of industrial sales, size of
industrial engineering, passenger turnover, impand exports. On the basis f
criterion values some more factors could be deldiatiwe leave them to provide the
representation in the required dependence of tfereint-type data.

To check in what way multicollinearity eliminationfluences the precision of
the identification problem solving two models hayeen developed: the first linear
dependence for all thirteen factors and the secoridr eight factors, the ones left
after the elimination. To obtain the linear mulgiression we included data for the
previous eight years and the quality of the obthidependence was determined on
the basis of the predicted value for 2009. Thughanfirst case the relative error
constituted 89.9%, in the second case it lowered?G®o proving a significant
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influence of the linear dependence in the factoesanf to the accuracy of the
identification problem solving and its further effwe use. However, it should be
noted, that the prediction accuracy remains low.

Next step is the cross-entropy calculation for eatkight factors. With this
purpose we standardize them and present the coneisyg points in a unit square.
The square itself is divided be the vertical andZomtal lines with the discreteness
of 0.2. The discreteness value is determined thralig quantity of the statistics data
and the desired precision of the result. The obthiralues of the cross-entropy:

H(X,Y)=2, H(X,,Y)=1, H(X;,Y)=log3,H(X,,Y)=log3,5H (X, Y)=log3, H(X,,Y)=2,
H(X,,Y)=2, H(X,,Y)=2.

Therefore, we draw the conclusion about the greatésrmational content of
the factors with the greatest entropy (the inforamatcontent appears to be factor
property, allowing value reconstruction of the caomelol characteristic on the basis of
its values), namely: the first factor is the voluofeagricultural products sales, the
second is the average nominal wages, the third agewarrears, the fourth is
unemployment rate. Developing the model on thesbasithese four factors and
verifying it, we obtain the result that the relatierror of the prediction of the GDP
value in 2009 constituted 6,5% that is four timesrenprecise that in the previous
case. However this kind of accuracy still remains/.| The obtained model is
presented as follows:

Y =28501+ 1,Z, + 42%,+ % - 50,

where z,,z,,z,, z, are factors with the greatest cross-entropy, cdefit values
are approximated.

The precision can be increased by means of “enthytewing” method.
Necessity and actuality of its application is calbg the unsteady allocation of the
entering factor values. Having standardized data laaving done diagrammatic
formulation we draw the conclusion about their ggeaensity closer to the borders
of the unit hypercube. This kind of allocation wadllow getting the required
dependence but the prediction precision, esped@ilthe values in the middle of the
hypercube with its application, will remain low.

“Entry whitening” starts with the search for thgenvalues and eigen vectors.
Eigenvalues help draw the conclusion about dispersieaning of different factors
and its contribution into the combined characterisprediction. In our
casel . =1,=4,43, that points at the greater information content mf factor.
Eigenvalues, corresponding to other factors, aggean be much smaller. After
“whitewashed entries” calculation we build depermenwhere they serve as
arguments. The particularity of this method is tiecessity to re-compute the
obtained predicted results from the “whitewasheathf into an ordinary one. The
computation process ends on the results destarataoti. The relative error in this
case constituted 1.2%. It proves to be a good trefuio take into consideration
nonstationarity of economic processes in the gtiraa period.

The discussed retrospective includes the year8@t 2 2009. The previous two
years are the crisis years and the identificatibthe GDP dependence from many
factors during the discussed period does not qoores to the real economic
processes adequately. At the same time the amobtim oaformation given for the
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Table 1. Retrospective data about Ukrainian economy

volume off volume of| size of passenger . volume | persond average wage nominal
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particularities accounting in pre-crisis and crig&siods appears to be insufficient for
the hybrid function creation. Thus the obtainedultssare rational only for the
preliminary analysis and prediction. If there iseed for more precise conclusions,
it's advisable to deal with the statistic data dgrone month.

Conclusions. Analysis and prediction methods, used in modeanemy, are
focused on its stable dynamics [2, 4]. Gradient ho@$ underlie their basis. They
allow finding optimal values of the economic paréene on the assumption of
persistence and smoothness of functions determimogme, profit, prime cost
capital and energy intensiveness, etc. In the devsl countries, Ukraine being one
of them, the use of such methods is complicated often impossible because of the
nonstationarity and instability of economic pro@sss

The proposed technology does not restrict the sstdyy the requirements used
in traditional methods, based on the integro-défifiial calculation and is an invariant
one to the identification method choice. Such m#shoan include the method of
group consideration of arguments (polynomial idesgtion) [5], Brandon method
(production of nonlinear functions) [10], neuraltwerks [9, 3, 8]. Each of these
methods has its own particular characteristics nd&ji its application, but the
proposed technology of pre-processing of the gidata is general and doesn't
depend on any method. Its application helps obtzone precise results both at the
required dependences creation and at predictiomn uheir usage and, as a
consequence, determine strategies of effective agomn development, work up
possible scenarios of behavior of business units.

List of sources used

Arnold V.l. Catastrophe Theory. — Moscow: Phismall®90. — 128 p.

Bidyuk P.l., ZvoryginaT.F. Structural Analysis of the Design Methods of

Creation Methods Regression Models on Observat@nmporal Series // USIM.

—2003. Ne 2. — P.93-99.

3. BarskyA.B. Neural Networks: identification, managementisien making. —
M.: Finance and Statistics, 2003. — 176 p.

4. Vitkovsky T. Multistep Processes of Decision Making at Plarnkbement //
Problems of Management and Informatics. — 199&. 3. — P. 124-138.

5. lvakhnenkoA.G., Yurachkovsky Y.P. Modeling of Complex Systemasording
to Experimental Data. M.: Radio and Signal, 1987. — 120 p.

6. Lbov G.S. Methods of Diverse Experimental Data Bssing. — Novosibirsk:
Nauka, 1981. - 160 p.

7. Lukyanenko I.G., Krasnikova L.l. — EconometricsKiev: Znanie, 1998. — 494
p.

8. Osovsky S. Neural networks for Data Processing..-HR¥hance and Statistics,
2002. — 344 p.

9. SnityukO.l. Synthetic Models and Methods of OptimizationFafrm Structure
Production. — Thesis of Candidate of economic ®&sn 08.03.02. — Kiev,
2004. — 205 p.

10. Chavkin A.M. Methods and Models of Rational Management inrkda
Economy. -M.: Finance and Statistics, 2001. — 320 p.

N =

36ipnux nayxosux npays Hayionanenoeo ynieepcumeny depoicasnoi nooamkoeoi ciyacou Yxpainu, Ne 1, 2011 729



O.1. Snytuk, L.V. Berezhna Prognostics of economicga®es under the conditions of financial crisis

IHooano oo pedaxuyii 7 nromozco 2011poky

Cuumimwk O.1., bepescna JI.B.
Ilpozcno3yeannsa eKOHOMIYHUX NPOYUECIE 8 YMOBAX (PiHANCOBOT KpU3U

YV cmammi posensnyma npobiema npocHO3Y8aHHS €KOHOMIUHUX NOKA3HUKIE.
lloxazano, wo npoyecu 6 eKOHOMIYI MOJNCHA PO3OLIUMU HA MAKi epynu. mi, wo
Marmo CcmabiibHy OUHAMIKY, mi, WO BI0N08i0armb Kpuzam pi3HO20 Muny,
KOMOIHOBaHI npoyecu. Y nepuiomy unaoxy pempocnekmusnuti 6azuc 8ioomuti, i Ha
1l020 OCHOBI 3ANPONOHOBAHI MEXHON02Il NiOBUUEHHS [HHOPMAMUBHOCMI OAHUX.
Busnaueno, wo ona onucy kpuzosux npoyecié HeoOXiOHO 3aCMOCYB8AHHS eleMeHmi8
meopii kamacmpo@. [lna npoyecig, wo maiomv CMIUKY OUHAMIKY [ MICMAmMb
KOPOMKOCMPOKOGI KpU308i A6UWA, NOKA3AHO nepesazu UKOPUCAHHS OUCKDEMHO-
HenepepeHux Memooi8 NpocHO3Y8aHHA. B cmammi 6iomiueHo, w0 eKOHOMIUHI
npoyecu 6 Yxpaini € HecmayioHapHumu i HecmaOilbHUMU. 3anponoHosana
MexXHON02isi He 00MedHCye OOCHIOHUKA —UMO2amMu, WO 61ACMUEl iHmecpo-
ougepenyitinum memooam. Ii 3acmocysamms 00360714€ GuzHauamu cmpamezii
eheKmuBHo20 eKOHOMIYHO20 PO3BUMKY U PO3POONAMU MONCIUBT CYEHAPIi NO8eOIHKU
EeKOHOMIYHUX Y0’ €EKmIig.

Knrwouoei cnoea. exonomiuni npoyecu, nNpocHO3V8aHHs, i0eHmugixayis,
npenpoyecume, mexHoo2is, OUCKPEemHO-HenepepaHi Mooei i Memoou.

Cuumioxk O.U., bepexncnan JI.B.
Ilpozno3zuposanue IKOHOMUUECKUX NPOUECCOB 8 YCI08UAX KPUUCA

B cmamve paccmompena npobnema npocHO3UPOBAHUSL  IKOHOMUUECKUX
nokasamernet. Iloxazano, umo npoyeccol 8 IKOHOMUKE MO2Ym OblMb pazoenenvl Ha
makue 2pynnvl. umerouwjue YCmoudugyro OUHAMUKY; COOMEEMCMEYwue KpUsUcam
PaziuuHoc0  muna, — KOMOUHUpOBaHHble  npoyeccvl. B nepgom  cayuae
PempocnekmusHblll 6a3uc u3gecmel, U HA €20 OCHOBE NPeONlONCEeHbl MEeXHON02UU
yeenuyenus ungopmamusHocmu Oauuvix. OnpedeneHo, 4mo 011 ONUCAHUS
KPUBUCHBIX NPOYECcCO8 HeoOX00UMO NPUMEHEHUe JIeMeHmo8 meopuu Kamacmpog.
nsa npoyeccos, umerowux yCcmouyusyo OUHAMUKY U COOePAHCAUUX KPAMKOCPOYHbLE
KPU3UCHblEe — ABIEHUSl, NOKA3AHO NpeuMyWecmseda UCHOIb308AHUS  OUCKDEMHO-
HeNpepvleHbIX — Memoo008  NpPOSHO3Uposauus. B cmamve ommeueno, umo
9KOHOMUYeCcKUe npoyeccol 8  VKpauHe  sA61AI0MCA  HECMAYUOHAPHbIMU U
HecmabunbHviMu. Ilpednodcennas mexHono2us He O02pPaHutusaem Uccie008amels
mpeboBaHUAMU, KOMOpPble CBOUCMBEHHbl UHMEeSPO-OUudhdhepeHyuanbHbIM Memoodm.
Ee  npumenenue  nozeonsiem  ompedensimv  cmpameauu  IPGexmusrHo2o
IKOHOMUYECKO20 pa3eumus U paspabamvléams GO3MONCHbIE CUEHAPUU NOBEOeHUs.
IKOHOMUYECKUX CYOBEKMO8.

Knrouesoie coea: SKOHOMUYUECKUE npoyeccawl, npocHO3UPOBAHUE,
uoenmuuxayus, npenpoyeccure, MmexHoaio02usl, OUCKpemHo — HenpepvléHvie Mooeu
U Memoowl.

Crumiok Okcana lsanigna — KaHIWIAT €KOHOMIYHMX HayK, JOLEHT Kadempu
0aHKIBChKOI Ta CTpaxoBoi cmpaBu YepKachKoro JEp)KaBHOTO TEXHOJOTIYHOTO
YHIBEPCHUTETY.
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