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The article investigates the topical issue of quantitative assessment of the competitiveness of
agricultural enterprises. In the framework of this work, it was determined that the specifics of
agricultural enterprises do not allow the use of existing approaches to assessing the
competitiveness that can be used for enterprises of other activities. Accordingly, the aim of the
research was to develop an approach to quantifying the competitiveness of agricultural enterprises
that would take into account the specifics of the enterprise, and which could be adapted to assess
the effectiveness of other economic systems.

Based on the developed economic literature of Ukrainian and foreign scholars, an analysis
of approaches to the interpretation of the concept of «competitiveness» as an economic category.

Due to the lack of a single interpretation of the economic characteristics of the enterprise as
an «indicator of competitivenessy, it was determined that the it should be considered as a latent
characteristic, i.e., one that manifests itself on the «surface» of a set of lower factors. At the same
time, an analysis of modern approaches to quantifying the competitiveness of enterprises was
carried out.

The paper analyzes the approaches to quantifying the competitiveness of agricultural
enterprises.The author’s neural network model of integrated assessment of competitiveness of
agricultural enterprises was developed, which is based on the synthesis of principles of neural
network modeling, methods of determining integrated indicators, work with latent indicators,
taxonomy.

The calculations presented in this paper were performed in the environment of the author’s
computer program «ASCOy». The model of estimation of competitiveness of the agricultural
enterprises is carried out. The analysis of the enterprise on the basis of simultaneous processing of
primary factors and group factors with the subsequent analysis of quality of controllability of
system is carried out. This approach allows for a comprehensive analysis of the enterprise in all
areas of its activities.

Key words: competitiveness, agricultural enterprises, latent characteristics, model,
integrated assessment, taxonomy method, neural network.
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v cmammi 00Ci0IHCEHO akmyaivHe NUMAaHHA KIIbKICHOT OYIHKU
KOHKYDEHMOCNPOMONCHOCMI a2papHux nionpuemcms. Y meocax pobomu 6y10 BUHAYEHO, WO
cneyugika OisAbHOCMI A2papHUX NIONPUEMCME He 00380JISIE BUKOPUCNOBY8AMU HASABHI NIOX00U 00
OYIHKU KOHKYPEHMOCNPOMONCHOCMI, SIKI MONCHA BUKOPUCMOBYBAMU 00 NIONPUEMCINE THUUX BUI8
disinbHocmi. Bionogiono 00 yboeo, memoio Haykoeoi pobomu 6yna po3podbka nioxody 00 KilbKiCHOI
OYIHKU KOHKYDEHMOCNPOMONCHOCMI a2papHux nionpuemcme, sAKuil Ou 8paxyeas cneyugiky
OiSIbHOCMI NIONPUEMCMEA, | AKULL MOJICIUBO OVI0 O adanmysamu 00 OYiHKU epexmueHocmi iHuux
EeKOHOMIYHUX CUCTEM.

Ha ocnosi onpayvosarnoi exoHomiunoi nimepamypu imuusHAHUX [ 3apyOIdDCHUX HAYKOBYI8
0y110 30[UCHEeHO aHaNi3 niox00ie Wooo MPAKmMy8aHHsA NOHAMMSA «KOHKYPEHMOCNPOMONICHICIbY K
EeKOHOMIYHOI Kame2opii.

YV 36’a3ky 3 6i0cymHicmio €0uH020 MpaxKmyaHHs MAaKoi eKOHOMIYHOI Xapaxkmepucmuxu
nioNpuemMcmea AK «NOKA3HUK KOHKYDEHMOCHPOMONCHOCMI» OYI10 BU3HAYEHO, W0 NOKA3HUK
«KOHKYPEHMOCNPOMONCHICIbY OOYLIbHO pOo32Ns0amu K JAAMEeHMH) XapaKmepucmuky, moomo
Maxy, sAKa NPOAGNAEMbCA HA «NOBEPXHI» CYKYNHOCMI (HAKMOPi8-CUMNIMOMIE HUNCHO20 PIi6HA
iepapxii. Pazom i3 yum, 010 30iCHEHO AHANI3 CYYACHUX NIOX00i8 W00 KIilbKICHOI OYiHKU
KOHKYPEHMOCHPOMONCHOCIE NIONPUEMCNS.

Y pobomi  6Oyro  30iticheno  ananiz  nidxodie  WOO0  KIIbKICHOI  OYIHKU
KOHKYDEHMOCNPOMONCHOCIMI ~ azpapHux — nionpuemcms.  Byno  pospobneno  asmopcwky
Helpomepedicedy — MOOelb  IHMe2paibHOi  OYIHKU — KOHKYPEHMOCHPOMONCHOCMI — A2PAPHUX
nIONPUEMCME, AKA IPYHMYEMbCA HA CUHME3T] NPUHYUNIE HEUPOMEPEHCEBO20 MOOENI0BAH S, MEeMO0i8
BU3HAYEHHS IHMe2PalbHUX NOKAZHUKIB, pOOOMU 3 TAMEeHMHUMU NOKAZHUKAMU, MAKCOHOMII.

Pospaxynxu, saxi Hnaeedeni y pobomi, OyIu BUKOHAHI & CepedoBUWi ABMOPCbKOL
xkomn romepuoi npoepamu «ASCO». 3anpononosana mooenv oyinKu KOHKYPEHMOCHPOMONCHOCTE
azspapHux nionpPuEMcma 30ilUCHIOE AHANI3 NIONPUEMCME HA OCHOBL 0OHOYACHOT 0OPOOKU NePEUHHUX
YUHHUKIG 1 2PYNOBUX (hakmopis i3 HACMYNHUM aHANI30M SKOCcmi Keposanocmi cucmemu. Taxutl
nioxXio 00360JIA€ 30IUCHUMU KOMNIEKCHULL AHAI3 NIONPUEMCINEA 3 YCIX HANPAMIE 11020 OisLIbHOCHII.

KaouoBi ciaoBa: KOHKYpPEHTOCIIPOMOXHICTb, arpapHi  MiANPUEMCTBA, JIATCHTHA
XapaKTepUCTHKA, MOJIEJIb, IHTETpaJibHA OLlIHKA, METOJl TAKCOHOMIi, HEHpOHHA Mepexa.

Taoa.: 4. Puc.: 9. Jlit.: 25.

OHEHKA YPOBHA KOHKYPEHTOCHHOCOBHOCTH AI'PAPHBIX
HPEAITPUATHUN HA OCHOBE HEMPOCETEBOI'O MOJIEJIMPOBAHUA

YUKOB U.A.,

ACRUPAHm Yemeepmaozo 200a 00y4eHuA

Kagheopvl KOMRbIOMEPHBIX HAYK

U IKOHOMUUECKOU KUDEepHEemUKU,

Bunnuykuit nayuonanvHwlil azpapHvlil yHUueepcumem
(2. Bunnuua)

B nayunoii pabome uccnedosamvi aKmydanibHble BGONPOCHL  KOJIUYECHBEHHOU OYEHKU
KOHKYPEHMOCNOCOOHOCMU a2papHbulX npeonpuamuil. B pamxax dannoti pabomul 6bi10 onpeoeneno,
umo cneyughura OessmenbHOCMuU a2papHbiX NPEONPUSIMULL He NO360.J5em UCHOIb3068ANb UMEIOUUECS]
n00X00bl K OYeHKe KOHKYPEHMOCHOCOOHOCMU, KOMOPble MONCHO UCNOIb308AMb K NPEONPULIMUAM
opyaux 6uoog oesamenvhocmu. Coenacno 3momy, yenvio HAy4Hou pabomul Ovlia pazpabomka
n00X00a K KOIUYECMBEHHOU OYeHKe KOHKYPEHMOCHOCOOHOCTU A2PAPHBIX NPeONpUsmuLl, Komopbil
yuen 6l cneyughuxky oesimenbHOCMU NPeONnpUsMuUs, U KOMopPblil MONHCHO ObLIO Dbl A0aANMUpo8ams K
oyeHKe 3¢pekmusnocmu Opy2ux IKOHOMUYECKUX CUCTEM.

Ha ocnoee npopabomanmnoil s5koHOMUYECKOU TUmMepamypvl 0me4eCmeeHHbIX U 3apy0edHCHbIX
VueHblX Obll Npo6edeH aHalu3 Nno0X0008 K MpaKkmoeke NOHAMUSL «KOHKYPEHMOCHOCOOHOCIbY KAK
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9KOHOMUYECKOU KAMe2OPUU.

B ceéasu ¢ omcymcmeuem eOuHol mpaxkmosKu maxou 9KOHOMUYECKOU XapaxKmepucmuky
npeonpusmus Kaxk «nokazameiv KOHKYPEHMOCHOCOOHOCMUY OblI0 OnpedeseHo, Ymo «NOKA3ameb
KOHKYPEHMOCNOCOOHOCUY YelecO0OPA3HO PACCMAmMpU8ams Kaxk JAmMeHmHYI0 XapaKkmepucmuxy,
NPOAGNAOWYIOCA HA «NOBEPXHOCMUY COBOKYNHOCMU (YAKMOPOE-CUMNIMOMOSE HU3ULE20 VPOBHS
uepapxuu. Bmecme ¢ mem, Ovin nposeden ananus co8pemMeHHbIX NOOX0008 K KOIUYEeCMBEeHHOU
OYeHKe KOHKYPEeHmMOCHOCOOHOCU NPeOnpusmull.

B pabome 6w npogeden  amanuz  no0X0008 K  KOJIUYECMBEHHOU  OYeHKe
KOHKYPEHMOCHOCOOHOCMU — azpapHulx — npeonpusmuti.  bwvinia  paspabomana  asmopckas
Helipocemesasi MOOelb UHMEeSPATbHOU OYEHKU KOHKYPEHMOCNOoCOOHOCMU a2papHblX Npeonpusamull,
OCHOBbIBAIOWAACA HA CUHME3e NPUHYUNOB HelPOCemeso20 MOOeIUPO8aAHUs, MeMo008 onpeoeieHus
UHMeZpaIbHbIX noKasamelet, pabome ¢ 1aMeHMHbIMU NOKA3AMEeNIMU, MAKCOHOMUU.

Pacuemul, npeocmasnennvie 6 OanHol pabome, OblLIU BLINOJIHEHbL 8 cpede ABMOPCKOU
KomnwvromepHot npoecpammol «ASCOp. Ilpeonacaemasn moodenv oyeHKU KOHKYPEHMOCHOCOOHOCMU
A2papHuIX NPeOnpuamuil  OCyWecmenaem aHaiu3 npeonpusmus Ha OCHO8e OOHOBDEMEHHOU
00pabomKu nepsuyHbIX aKmopos u 2pynnogvix hakxmopos ¢ noCcie0yIoWUM AHAIU30M Kayecmad
ynpaensaemocmu cucmemvl. J{aHHwlli NOOX00 NO360JIA€m OCYWECmEUms KOMNIEKCHbIUL aHAIU3
npeonpusmus no 8cem HanpasieHUsM e20 0esimealbHOCMU.

KiaiwueBble cioBa: KOHKYPEHTOCIIOCOOHOCTb, arpapHble MNPEANpPUSTHS, JaTCHTHas
XapaKTepUCTHKA, MOJIeIb, MHTETpalIbHAs OLIEHKA, METOJl TAKCOHOMUH, HEMPOHHAS CETh.

Ta6..: 4. Puc.: 9. Jlur.: 25.

Formulation of the problem. The main criterion for the successful
functioning of any enterprise is their ability to occupy a leading position among
enterprises that produce similar goods and services, as well as attract the largest
number of consumers.

The high level of competitiveness of the enterprise is a guarantee of getting
stable, high profit. The level of competitiveness of the enterprise shows the existing
potential of the enterprise, outlines the prospects for its further development, provides
opportunities for the implementation of strategic goals and objectives.

The greatest difficulty in studying the competitiveness of enterprises, in
particular agricultural ones, is that, firstly, their activities have a number of specific
properties that do not allow the use of valuation methods that are usually used to
enterprises of other activities; secondly, in the economic literature there is no single
opinion regarding what can be considered an «indicator of competitivenessy». At the
same time, there is a problem of the lack of a single method for determining the same
indicator, which could be considered as an «indicator of competitiveness».

Analysis of recent research and publications. The multifaceted nature of
competitiveness has led to the study of this problem from different angles. In
particular, the issues of conducting effective business in the agricultural sector were
studied by such scientists as Kaletnik G.M. [1], Honcharuk L.V. [2], Andriychuk A.V.,
Mesel-Veselyak V.Ya. [3] and others.

The following scientists as Porter M.E. [11], Fatkhutdinov R.A. [4],
Ermak A.V. [5], Yatsiv I.B. [6], Lozovsky Y.A. [7], Yankovyi O.G. [8],
Tsober 1.Yu. [9], Babiy O.N. [10] and others, studied the problem of quantitative
assessment of the level of economic efficiency of agricultural enterprises.

Despite the significant amount of research on this issue, there is now a need to
apply a quantitative assessment of the competitiveness of agricultural enterprises.
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Formulation of the goals of the article. The purpose of the study is to
develop an approach to comprehensive assessment of the competitiveness of
agricultural enterprises. To solve this problem, an analysis of approaches to the
interpretation of the concepts of «competitiveness» as an economic category and
«competitiveness indicator» as the economic characteristics of the enterprises was
carried out; analysis of approaches to assessing the competitiveness of agricultural
enterprises was conducted; based on the above analysis, an approach to
comprehensive assessment of the competitiveness of agricultural enterprises was
developed.

Presentation of the main research material. The classic concept of defining
the essence and functional features of entrepreneurship is the desire to outperform
competitors [2, p. 156]. The criterion that characterizes the level of efficiency of
entrepreneurial activity in relation to other players in the market — is the level of
competitiveness of the enterprise.

The competitiveness of the enterprise is a complex, multi-component economic
category that does not have a single approach to interpretation.

The analysis of approaches to the assertion of the competitiveness of the
enterprise as an economic category should begin with the interpretation of
Porter M.E. In his opinion, the competitiveness of the enterprise is a reflection of the
relative level of efficiency in the use of all types of production resources available to
this enterprise [11, p. 67].

Voronkova A.E. considers that the competitiveness of the enterprise is a
generalized final indicator of its sustainable work, which absorbs the results of
various production, support and management units, subsystems and resources
involved [12, p. 134].

According to Ermak A.V. [5, p. 43], the competitiveness of the enterprise is a
synthetic category that characterizes the ability of the enterprise to function and
develop in accordance with the planned strategic goals.

Vasilenko V.O. [13, p. 85], argues that the competitiveness of the enterprise —
is the possibility of its effective economic activity and the practical implementation
of the acquired competitive advantages in a competitive market.

Levitska A.O. [14, p. 204] believes that the competitiveness of the enterprise is
the ability of the enterprise to form and implement competitive advantages that allow
it to develop effectively compared to other enterprises in Ukrainian and foreign
markets.

Considering competitiveness from the standpoint of agricultural enterprises,
Ukrainian and foreign scientists Mesel-Veselyak V.Ya. [3], Fatkhutdinov R.A. [4]
Yatsiv 1.B. [6] in their work, they agree that the competitiveness of an agricultural
enterprise is the real and potential ability of an economic entity to produce
competitive products and ensure its effective marketing. Competitive products, the
authors consider, such products, which: first, in the complex of price and non-price
characteristics are more attractive to consumers than competitors; secondly, it
provides high profitability of production and financial stability of the enterprise and,
as a result, forms the image of the enterprise and opportunities of development in the
world market.
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Marmul L.O., Bojko V.O. [15, p. 84] consider competitiveness as a dynamic
characteristic of agricultural enterprises, which is constantly adjusted by the external
environment, determined by the market share of the producer in the current market.

Thus, having considered a number of interpretations of the concept of
«competitiveness of the enterprise» as an economic category, we will determine the
competitiveness of agricultural enterprises as the ability to rationally use their
resources in order to conduct effective entrepreneurial activity, by forming a set of
competitive advantages that determine the level of efficiency of the enterprise
compared to other market players.

Most scientists who have been engaged in the study of quantitative assessment
of competitiveness, agree that «competitiveness» should be considered as a latent
(hidden) characteristic of an enterprise that does not have a single meter [16, p. 133].

The peculiarity of constructing models with latent indicators is that the model
is based on the hypothesis that some initial latent indicator is [; is an aggregated
indicator of a set of partial indicators {x;, x, ..., x,} i.e., [; = {xq, x5, ..., x,,}.

Latent or hidden signs appear on the «surface» of economic phenomena in the
form of a set of symptoms factors — individual group indicators and /or partial
indicators that reflect different sides of complex economic systems [17, p. 15-16].
Thus, a certain unknown criterion, which is a general indicator of the set of factors-
symptoms of the previous level of hierarchy, can be considered as a latent
characteristic of a higher level.

Taking into account the above, we propose a conceptual scheme of the model
of competitiveness of agricultural enterprises (Fig. 1).

X11 X1 X1k L
X21 X2i X2k l, L,
Xm1 Xmi Xmk lm

Fig. 1. Structure of the relationship between factor indicators and latent

resulting
Note: x;4, ..., Xmix — grouped partial indicators; [y, l;,1,, — latent group indicators; 1, —
resulting latent indicator of competitiveness.
Source: built by the author

Thus, we propose to use an approach that is based on the simultaneous
processing of primary factors and group factors. The complexity of this approach is
the need to determine the weights of latent group indicators. The presence of weights
automatically creates a problem of subjectivity, as weights are usually determined by
experts. To avoid the factor of subjectivity, we propose to use statistical methods to
determine the weights of indicators.

The next problem, we can say, the most difficult, is related to the formation of
a system of partial indicators. The problem is to form the optimal number of partial
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indicators that would most fully characterize the subject area. The question of the
number of partial indicators is quite acute, because it is clear that the presence of a
large number of indicators automatically complicates the calculation, at the same
time there is the opposite problem — a small set of data will not fully characterize the
effectiveness of the economic system — both in fact, the informativeness of the results
will be tentative. One of the ways to solve this problem is to group indicators by a
specific characteristic, but even in this case, between the indicators within each group
should be quite close correlations.

However, researching the assessment of the competitiveness of the enterprise,
scientists agree that the analysis of the competitiveness of the enterprise should be
carried out by calculating the financial and economic indicators [18, p. 155;
19, p. 231-232; 20]. Honcharuk, I.V., Starosud, V.I., Mulyk, T.O. [21, p. 19] share
this position and argue that «financial results for agricultural enterprises are the key
to their successful operation. They are the defining economic category and the main
measure of the efficiency of the enterprise».

In our opinion, the analysis of the competitiveness of agricultural enterprises
should be carried out on the basis of public financial statements. The existence of
indicators that can only be obtained by experts calls into question the validity of the
resulting indicator, as there is a factor of subjectivity.

Thus, as part of our study, the information base for building a model for
assessing the competitiveness of the enterprise selected financial statements of
economic entities, namely form Ne 1 «Balance Sheet» (Statement of financial
position) and form Ne 2 «Statement of financial performance» (Report on total
income).

The main purpose of the financial statements of the enterprise is to obtain
information that provides a reliable and complete picture of the property and financial
condition of the enterprise [17, p. 56].

As noted, scientists don’t have common opinion on a single, unified method for
assessing the competitiveness of agricultural enterprises, so we believe that the
methods of quantitative assessment are the most economically justified, because a
specific numerical indicator is formed at the output, and not an at attribute
characteristics, unlike qualitative methods.

The most widespread in assessing the competitiveness of enterprises are the
methods of the index group, among which are often used integrated valuation
methods.

According to the definition given by the authors [22, p. 35], an integral
indicator can be called a numerical measure of the latent quality of the studied
phenomenon.

Kvasha T.K. and Voloshchuk R.V. in their work [23, p. 32] argue that
integrated indicators are complex indices of individual indicators, which are widely
used due to their ability to aggregate large amounts of information into easily
understandable formats.

In connection with the above material, the paper proposes two models for
assessing the competitiveness of the enterprise: the first model is based on the
calculation of group integrated indicators of enterprise competitiveness (GIIEC); the
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second model — on the functional convolution of the GIIEC and the formation of the
overall integrated indicator of enterprise competitiveness (OIIEC).

According to the author’s opinion, OIIEC is a complex indicator, which is
based on a summary of group integrated indicators of the previous level of the
hierarchy with their weights; GIIEC means an aggregate indicator, which is
calculated by synthesizing pre-normalized partial indicators that characterize the
efficiency of entrepreneurial activity.

The neural network model of integrated assessment of the competitiveness of
agricultural enterprises is based on the tools of neural network modeling, synthesis of
methods for determining integrated indicators, work with latent indicators, taxonomy.

The offered model allows to estimate a condition of the enterprise taking into
account all directions of its activity with the subsequent analysis of level of
controllability of system.

To assess the competitiveness of the enterprise, it is proposed to choose the
following groups of indicators: Kps — group integrated indicator of property status,
K; — group integrated indicator of liquidity, Krs — group integrated indicator of
financial stability, Kz, — group integrated indicator of business activity, K, — group
integrated indicator of profitability. Each of the above groups of indicators can be
formed from a system of partial indicators of the corresponding nature. It should be
noted that the above list of GIIEC is not unambiguous, and may be changed due to
the tasks facing the researcher. In this paper, the main focus is on the description of
the structure and mathematical apparatus of the proposed model.

Based on the above, we present model in the form of a hierarchical tree of
logical inference (Fig. 2).

X21)\ X2i |\ X2k) | X211/ X1i | X1k

PS
X3i Krs Igc
X3k KBA Kp

X41) Xai )\ Xax) ( X51) Xs5i )\ X5k

Fig. 2. Hierarchical structural model for assessing the competitiveness of

agricultural enterprises
Source: built by the author

Analytical record of the model for assessing the competitiveness of agricultural
enterprises will look like (1):

( Kps = fips(X11) s X11)
K, = fKL (X21, ) X2k)
Kes = prs(---)
Kpa = fKBA(---)
Kp = fx, (Xmts s Xmic)
Uec = f1,,(Kps, K1, Krs, Kga, Kp),

1)
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where K; — group integrated indicator of enterprise competitiveness; X, —
partial indicators of enterprise competitiveness of k group; fx, — convolution function
of partial competitiveness criteria x,,,x; I, — overall integrated indicator of enterprise
competitiveness.

This model was the basis of the author’s computer program Comprehensive
assessment of the competitiveness of the company «ASCO» [24], in the environment
of which the following calculations were performed.

Based on the fact that the aim of the work is to develop an approach to
comprehensive assessment of the competitiveness of agricultural enterprises, the
object of study was selected agricultural enterprise. The calculations of the relevant
indicators of competitiveness were made on the basis of the financial statements of
Private JSC «Dashkivtsi». The main economic activity of the company according to
Classification of economic activities 01.11 — cultivation of cereals (except rice),
legumes and oilseeds.

At the first stage of calculation of the integrated indicator it is necessary to
provide information homogeneity of dimensionality of data when working with large
arrays of indicators.

When forming a system of partial indicators, it is possible that the indicators
are heterogeneous in units of measurement, in which case it is necessary to normalize
the indicators.

If x; is the indicator-stimulator, i.e., its growth leads to an improvement in the
state of the system, then its normalized value x*°"™ is determined by min — max
method (2):

norm __ l min
Xpo U= (2)
Xmax — Xmin

where x;*°"™ — normalized value, x; — initial input value, x,,;, — the minimum
value of the indicator, x,,,, — the maximum value of the indicator.

If x; is indicator-disincentives, i.e., its growth leads to the deterioration of the
system, then its normalized value, then its normalized value x*°"™ is determined by
the inverse min — max method (3):

Xmax — Xi
xgwrm B Xmax — Xmin (3)
It should be noted that the mathematical apparatus of normalization of
indicators converts the initial values into a dimensionless form in the range [O; 1].
The presence of zero values can cause an error in the following calculations. To avoid
this case, we propose to modify the normalization formulas so that the normalized

values were in the range x*°"™ € [1; 2] (4), (5).

Xi — Xmin

xporm = — T2+ 1, (4)
Xmax — Xmin
wporm — Jmax T34 g (5)

Xmax — Xmin
This modification of the calculation formulas rejects the probability of zero
values.
The results of the calculations are given on the example of partial indicators of

the group of integrated indicators of property status (Table 1).
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Table 1
Normalized indicators of partial criteria of Private JSC «DashKivtsi»
in 2015-2020
Indicators Years

2015 2016 2017 2018 2019 2020
X11 1.000 1.223 1.012 1.492 1.997 2.000
X1z 1.000 1.304 1.018 1.596 1.998 2.000
X1 1.778 1621 2.000 1.212 1.000 1.408
X1 1.000 1112 1.098 1578 1.917 2.000
X1 2.000 1.888 1.900 1.422 1.083 1.000

Source: calculated by the author

Having determined the normalized indicators, we calculate the group integrated
indicators of competitiveness. The GIIEC calculation model is shown in Fig. 3.

Kps

X11 Ky
fr: () Ks

Xmk KBA
Kp

Fig. 3. Neural network model of GIIEC calculation

Source: author’s development

The model contains three layers: the first — a layer of input partial indicators, in
this case normalized indicators; the second — a layer of functional processing of
normalized indicators; the third — a layer of initial indicators, in our case GIIEC.

In this research, the calculation of the GIIEC is proposed to be carried out
according to a modified formula of the geometric mean of the normalized partial
values (6):

loe = (6)
The results of GIIEC calculations are given in Table 2.
Table 2
Group integrated indicators of enterprise competitiveness of
Private JSC «DashKkivtsi» in 2015-2020 years
Years
GlIEC 2015 2016 2017 2018 2019 2020
Kps 0.289 0.403 0.339 0.453 0.526 0.623
K 0.496 0.208 0.146 0.206 0.452 0.456
Kpg 0.573 0.134 0.186 0.445 0.546 0.402
Kga 0.851 0.362 0.760 0.495 0.367 0.214
Kp 1.000 0.110 0.496 0.334 0.318 0.085

Source: calculated by the author on the basis of financial statements of the enterprise
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According to the calculated average annual growth rate for 2015-2020, you can
see the growth of only the property status, which amounted to 16.6%, for other
indicators there is a negative situation: the decline in liquidity was 1.7%; financial
stability — 6.8%; business activity — 24.1%; profitability — 38.9% (Fig. 4).
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Fig. 4. GIIEC of Private JSC «Dashkivtsi» in 2015 and 2020 years
Source: built by the author

Having determined the GIIEC, we will calculate the OIIEC of
Private JSC «Dashkivtsi» according to the model of functional convolution (Fig. 5).

— —p! Kps

——p KFS Z t ____’ IEC

Fig. 5. Neural network model for calculating OIIEC

Source: author’s development

As described above, the prerequisite for calculating OIIEC is to determine the
level of significance (weight) of individual GIIEC. Assessment of complex systems is
based on the formation of a generalized indicator from a system of a significant
number of partial indicators. However, it is clear that partial indicators may not
always have the same level of impact on the resulting indicator, in which case there is
a problem of determining their weights. The presence of weights will give the model
«understand» how to calculate all group indicators.
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It is proposed to determine the weights by the Fishburne method, the algorithm
of which is shown in Fig. 6.

‘ Beginning I
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Ranking of the studied indicators > T

v

The location of indicators in Xy D> Xy > > x> >y,
descending order

v

Calculation of weights

v

| The end I
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! nn+1) ’ ’

\4

Fig. 6. Algorithm for determining weights by the Fishburne method
Source: developed by the author by the method of Fishburne [25]

Thus, the calculated weights of GIIEC are given in Table 3.

Table 3
Weighting factors of GIIEC of Private JSC «Dashkivtsi» in 2015-2020 years
Years
GIIEC 2015 | 2016 \ 2017 | 2018 | 2019 | 2020
Wi

Kps 0.067 0.333 0.200 0.267 0.267 0.333

K, 0.133 0.200 0.067 0.067 0.200 0.267

Krs 0.200 0.133 0.133 0.200 0.333 0.200

Kpa 0.267 0.267 0.333 0.333 0.133 0.133

Kp 0.333 0.067 0.267 0.133 0.067 0.067

Source: calculated by the author according to the financial statements of the enterprise

According to the proposed methodological approach, the obtained weights
form the relationship (synapses) between the model of functional convolution and the
transformation model. With the help of weight coefficients, we can indicate the
model, what degree of influence the GIIEC has on the resulting indicator, and thus
determine the overall integral indicator of the competitiveness of agricultural
enterprises.

The transformation of the obtained results is given on the example of the
OIIEC for 2020 year. The analytical record will look like:

n 0208, 0122y 0.080 0029, 0.006,

12020 = 3 (Z Kl-wl-> — |0.623  0.333) + (0.456 * 0.267) + (0.402 * 0.200) + (0.214 * 0.133) + (0,085 * 0.067) | = 0.444.
i=1

According to a similar principle, OIIEC of Private JSC «Dashkivtsi» for other

years are calculated: 12916 = 0.298;12%17 = 0.488; 12018 = 0.433;12%1° = 0.483; 12020 =

0.444.
The sequence of stages of calculations of the neural network model in the

environment of the computer program «ASCO» is shown in Fig. 7.
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(Fig. 8), we can observe the highest value of the indicator in 2015, however, the

lowest value — in 2016 (0.760 and 0.298, respectively).
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Fig. 8. Dynamics of change of GIIEC of Private JSC «Dashkivtsi» in

Source: built by the author

2015-2020

The chain change of the indicator between 2015 and 2016 was critical -60.9%,
which indicates significant problems of functioning at the enterprise. At the same
time, in 2017 there is an increase in the indicator of OIIEC by 63.9% compared to the
previous period. During 2017-2020, we can see a stable dynamic of indicators,
the change of which is in the range from -11.3 to 11.5% for the entire study

period.

If we consider the dynamics of OIIEC in terms of GIIEC, we can see the
corresponding fluctuations between the generalized indicator and the indicators of the
lower hierarchy. In 2016, the lowest indicators for the entire study period were
observed, which, accordingly, reflects the OIIEC. For 2017-2020, the stabilization of
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the financial and economic condition of Private JSC «Dashkivtsi» is noticeable,
which is confirmed by the values of OIIEC.

In order to identify the causes of a sharp rise or fall in performance, we propose
to investigate the level of quality of system control. The level of quality of
system control can be determined by analyzing the fluctuations of the calculated
indicators.

The most convenient and informative statistical tool for the analysis of the
quality of controllability of the system are the control charts of Schuhart (CCS).

CCS is a graphical diagnostic tool that allows you to investigate the variability
of values of indicators, and depending on the positioning of values on the graph, you
can determine the level of controllability of the system.

The use of CCS is due to the need to detect unnatural changes in the dynamics
of data sampling. Thus, it is possible to confirm or deny the existence of
statistical controllability of the process. The process is considered controllable
if the change in dynamics was caused only by accidental causes. If the
change was greater than optimal, it is the result of special causes that need to be
identified.

In this study, the boundaries of CCS zones are determined on the basis of a
modified approach based on the «three sigmas» rule. According to this rule, the
control limits will be at a distance of [—30; +30] from the center line. This approach
indicates that about 99.7% of observations will be in a statistically controlled
state. The remaining 0.3% of observations are likely to go beyond the
controllability of the system, which may indicate a non-statistical probability of the
case.

It should be noted that CCS, in this study, will be based on individual sample
values. This is explained by the fact that the process of data collection does not
always involve the grouping of indicators by certain categories, in such situations it is
advisable to study the management process based on individual, independent values
of the system.

The calculation of the system of indicators for the construction of zones CCS
for the analysis of OIIEC is given in Table 4.

Table 4
System of indicators for construction of CCS

. , . . Borders of

Legend Description of CCS’ zones Analytical view CCS’ 7ones
LCLy the lower limit of the optimal zone x—1o 0,322
UCL, the upper limit of the optimal zone X+1lo 0,628
LCL, the lower limit of the warning zone X —20 0,170
UcCL, the upper limit of the warning zone X+ 20 0,781
LCL4 the lower limit of the control zone x—30 0,017
UCL, the upper limit of the control zone X+ 30 0,934

Source: generated by the author

The graph of the analysis of the level of controllability of the system of the
general integrated indicator of competitiveness of the enterprise on CCS is given in
Fig. 9.
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Fig. 9. CCS’ dynamics OIIEC of Private JSC «Dashkivtsi» in 2015-2020 years
Source: built by the author

As can be seen from the figure, the values of the indicator OIEC during 2017-
2020 are within the zone x + 1o. This situation indicates a state characterized by a
stable level of controllability of the system. In 2015, we can see a sharp increase in
the indicator, as well as going beyond the optimal zone. This indicates possible
changes in resource management. This growth is certainly positive for the company,
but in 2016 there is a positioning of OIIEC below the limit of the warning zone — x +
20 — which indicates the irrational use of the obtained competitive advantages, as
evidenced by the decline.

Considering CCS as a forecasting tool, it can be argued with high probability
that in 2021 the company’s activities will be within [x — 10;Xx + 10], which
corresponds to the area close to absolute control.

Conclusions. Thus, to solve the problem of quantifying the assessment of the
competitiveness of agricultural enterprises requires a careful study of the issue
for all its components. The process of analyzing the competitiveness of
agricultural enterprises is a complex and multi-criteria task that is based
on the processing and compilation of a significant number of indicators of the
enterprise.

The presented non-classical approach to assessing the competitiveness of
agricultural enterprises, based on the synthesis of the principles of neural network
modeling, work with latent indicators, taxonomy methods allow to obtain an
economically sound quantitative indicator that can be interpreted as an indicator of
competitiveness.

The principle of the modularity of the model allows the researcher to easily
change the structure of the model by increasing or decreasing the calculated blocks,
thus adapting the model to the assessment of other economic systems. The flexibility
of the model provides an opportunity to change the set of groups of indicators that
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shape the efficiency of economic activity of the enterprise, thereby increasing the
variability of the model.

In our opinion, the prospects for further development are seen
in the development of a unified scale for the linguistic interpretation of
OIIEC by synthesizing the desirability function and Harrington’s psychophysical
scale.
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