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METHODICAL APPROACH TO THE QUANTIFICATION
OF ENTERPRISE FINANCIAL SECURITY LEVEL

Abstract. The method of evaluation of the level of an enterprise financial security as a
priority criterion of its economic activity is proposed in the article. It is established that the
calculation of indices for evaluation the financial security of a company is mainly based on the
financial statements. According to these financial documents, one or another factor is determined,
from the ratio of which the indices of an enterprise financial condition are formed as the
information basis for the quantification of the level of its financial security

It is proved that in the process of quantitative evaluation of an enterprise financial security
level, it is necessary to use the methods of big data analysis. It is proposed to use the Monte Carlo
simulation method as the most adaptive to such problems and common among the methods of
quantitative estimation of economic processes, the model of which is based on the generation of
values consisting of random variables, over which a series of experiments are conducted in order to
detect the influence of the initial data on the dependent variables. It is substantiated that the use of
the Monte Carlo method allows not only to determine the probability of a future level of an
enterprise financial security, but also to obtain the assessment of the deviation risk of certain indices
of the financial condition from the established limits of normative values and to identify possible
threats to the financial security of an enterprise.

It is proved that the analysis of the results of quantitative evaluation of an enterprise
financial security level is the basis for making sound management decisions on optimization its
financial risks and achievement the financial stability of an enterprise.

Keywords: enterprise, financial security, financial stability, factor analysis methods,
simulation modeling, Monte Carlo method.
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METOJJAYHUN MIIXIT 10 KBAHTU®IKALIL PIBHS
®IHAHCOBOI BE3NEKHU MIAIPUEMCTBA

AHoTauis. Ha OCHOBI IHCTpyMEHTapil0 IMITAIIiHOTO MOJICJIIOBAHHS 3alpPOIIOHOBAHO
METOJUKY OLIHKM piBHS (piHAaHCOBOI O€3MEKH MIiNMPUEMCTBA SK MPIOPUTETHOTO KPUTEPi0 IXHBOT
€KOHOMIYHOT Oe3MeKH. Y CTaHOBIICHO, 110 PO3PAXYHOK MOKAa3HUKIB JUIS OLIHKH (piHAHCOBOI Oe3MeKu
MIAMPUEMCTBA TEPEBAXHO 3JIMCHIOETHCS Ha OCHOBI (DiHAHCOBOI 3BITHOCTI. 3a (iHAHCOBHUMH
JOKYMEHTaMU BHU3HAYA€TbCA TOM YW IHIIMHA (pakTop, 13 CHIBBIAHOIICHHS SKHUX OYyIyIOTbCS
MOKAa3HHUKH, 110 XapaKTepH3yIOTh (iHAHCOBUH CTaH MIiONpPUEMCTBA K iH(OpMaIifHUN Oaszuc s
KBaHTHU(IKaIi1 piBHS Horo (iHaHCOBOT Oe3MeKH.

JloBenieHo, 10 y Mpolleci KUIbKICHOT OIIHKK pPiBHS (iHAHCOBOI Oe3MeKku MiANpUEMCTBA
noTpiOHO BHMKOPHCTOBYBAaTH METOJM aHANI3y BEIUKUX HAaHUX. 3alpONOHOBAHO BUKOPUCTAHHS
MeToy iMiTalliifHoro MozaentoBaHnHs MoHTe-Kapno sk HalOLIBII aJanTUBHOTO O TaKUX 3a1ad i
PO3MOBCIOPKEHOTO Cepell METOMIB KUTHKICHOT OIIHKA €KOHOMIUHUX IPOIECIB, MOJENIb SKOTO
OCHOBaHa Ha reHeparlii 3HaueHb, 10 CKIAIAETHCS 3 BUMAKOBUX BETUYMH, HaJl IKUMH IPOBOIUTHCS
cepis eKCINEPUMEHTIB 3 METOI0 BHSIBICHHS BIUTUBY BUXIIHUX JaHWX HA 3aJIeKHI Bl HUX 3MIiHHI.
OOrpyHTOBaHO, IIO BHUKOpPUCTaHHS Meroay Monrte-Kapiao 1o3Bosise He TUIBKM BCTAaHOBHUTHU
HMOBIPHICTb TOTO 4YM IHIIOrO MaHOyTHHOTO piBHA (iHAHCOBOI O€3MEKH MiANpPUEMCTBA, a U
OTPUMATH OLIHKY PHU3HMKY BIIXWJIEHHS OKPEMHUX IIOKAa3HMKIB OINIHKH (DIHAHCOBOTO CTaHy BiJ
YCTaHOBJICHHX MEX HOPMATUBHUX 3HA4YCHb 1 BU3HAUUTU MOXJIMBI 3arpo3u (iHaHCOBIH Oesmerri
MiAMPUEMCTBA.

JloBenieHo, 10 aHalli3 pe3yabTaTiB KUIBKICHOI OIIHKM piBHA (iHaHCOBOi Oe3neku
MIAMPUEMCTBA € OCHOBOIO JJISi TPUHHATTA OOIPYHTOBAHUX YIPABIIHCBKUX pIMIEHb HI0J0
yXBaJIGHHS ITUMI3allii Horo (JiHaHCOBUX PU3MKIB 1 TOCATHEHHS (DIHAHCOBOI CTIMKOCTI.

Kniouosi cnosa: mimnpueMctBo, (¢iHaHcoBa Oesneka, (iHaHCOBA CTIWKICTh, METOAH
¢baxTopHOTO aHaNi3y, iMiTaniifHe MoenoBaHHs, MeTo 1 MonTe-Kapio.
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METOJINYECKHNM MOJIXO0] KBAHTUOUKAIIUU
YPOBHS ®UHAHCOBOM BE3OITACHOCTH IPEJITPUSATHS

AnHoTanusa. Ha ocHOBE MHCTpyMEHTapusi UMUTALIMOHHOTO MOJEIMPOBAHMS MPENTIOKEHA
METOJIMKa OLEHKU YPOBHS (PMHAHCOBOW 0E€30MACHOCTH MPENNPUATHS KaK IPUOPUTETHOTO KPUTEPHUS
WX DKOHOMHYECKOW Oe30MacHOCTH. YCTaHOBJEHO, YTO pacueT ToKa3aTeleld s OLEHKH
¢uHaHCOBOW 0E30MAaCHOCTH MPEANPHUATHS TPEUMYIIECTBEHHO OCYIIECTBISCTCS Ha OCHOBE
¢unancoBoit oryetHocTH. [10 (PMHAHCOBBIM JOKYMEHTaM OMpEAEISeTCS TOT UM MHOU (akTop, U3
COOTHOILIEHUSI KOTOPBIX OIPEIEIIAIOTCS MOKa3aTeNu (PUHAHCOBOTO COCTOSIHMS MPEANPHUATHS Kak
nH(GOPMAIMOHHBIHN 0a3uc g KBaHTU(UKAIIMH YPOBHS €ro (PMHAHCOBOM 0€30TacCHOCTH.

Jloka3aHo, 9TO B MPOIIECCE KOJMYECTBEHHON OLIEHKU YpOBHS (DMHAHCOBOW 0OE€30MacHOCTH
NPEANPUATHS HEOOXO0IMMO HCIOIB30BaTh METO/Ibl aHANT3a OOJIBIINX JaHHbIX. [Ipeioskeno Meton
MMUTAIMOHHOTO MojenupoBanus Monre-Kapno kak HauOoliee aJanTHUBHOTO K TaKUM 3afadaM H
PacIpOCTPaHEHHOI'O CPEIU METOJ0B KOJIMYECTBEHHON OLICHKA YKOHOMHUYECKUX MPOLECCOB, MOJECIb
KOTOPOTO OCHOBAaHA HAa M€HEPALMM 3HAYEHWH, COCTOSIIIUX U3 CIy4alHbIX BEJIUYMH, HaJ KOTOPBIMU
MPOBOJIUTCSL CEpUsl SKCIIEPUMEHTOB C LEJIbI0 BBIABICHUS BIMSHUS HMCXOJHBIX JaHHBIX Ha
3aBUCHUMBbIE OT HHUX THiepeMeHHble. OOOCHOBAaHO, 4YTO UCIOJIb30BaHHE MeTona Mounrte-Kapio
MO3BOJISIET HE TOJBKO YCTAaHOBUTH BEPOSTHOCTH TOTO WJIM MHOTO OYAyIIero ypoBHS (PMHAHCOBOM
0€30MaCHOCTH MIPEINPUATHS, HO U OIEHUTh PHUCK OTKIOHEHHUS OTAENbHBIX IOKa3aTenen
(DMHAHCOBOTO COCTOSIHUS MPEANPUATUS OT YCTAHOBJICHHBIX TPAHMI] UX HOPMATHBHBIX 3HAYCHHUN U
OTIPENICIUTH BO3MOYKHBIE YTPO3bI €ro (PMHAHCOBOW 0€30TaCHOCTH.

Jloka3aHo, 4YTO aHalIM3 pe3yIbTaTOB KOJMYECTBEHHOW OLIEHKH YPOBHS (DMHAHCOBOMU
0€30MaCHOCTH TPEANPHUATHS SIBIISICTCS OCHOBOHM JJISi MPUHATUS OOOCHOBAHHBIX YIPABICHUYECKHX
pelIeHN OTHOCUTENBHO ONTHMM3ALUU €ro (PUHAHCOBBIX PHUCKOB M JIOCTHXKEHUS (PUHAHCOBOM
YCTOMYUBOCTH.

Kniouesvte cnoea: npennpustue, puHancoBas 06e30macHOCTh, (PUHAHCOBAS YCTOWYHBOCTB,
MeTO/Ibl (PaKTOPHOTO aHAIM3a, UMUTALMOHHOE MoJienupoBanue, metoa Monre-Kapio.

®opmyn: 14; puc.: 0; Tabn.: 2; 6ubn.: 19.

Introduction. Nowadays, the urgent task of a stable performance of enterprises is to achieve
the target level of financial security as a priority structural subsystem of their economic security,
which is primarily caused by high dynamism, increasing competition and the growth of the cost of
an error in making management decisions. Under these conditions, the ability of enterprises to
implement the measures of antisipative or countervailing nature, which are aimed at counteraction
adverse influences and threats, depends on the availability of necessary financial resources, the
optimal formation and rational use of which is a necessary basis for the financially secure operation
of any enterprise and for achieving the proper level of its financial stability in the changing
economic environment. In this respect, the effectiveness of an enterprise available financial
resources management depends on the development and implementation of risk assassement tools
and the methods of quantification of an enterprises financial security level, which are universal and
feasible.

Analysis Research results. Research and statement of the problem. In the scientific
environment, the problem of the evaluation of enterprises financial security was researched by such
economists as OM Amosov, Ol Baranovsky, I.A. Blank, Z.S. Varnaliy, VM Geyets, K.S.
Goryacheva, OV Grivkivska, V.V. Dergachova, OA Epifanov, E.E. Yermoshenko, I.M. Zelisko,
S.M. llyashenko, MO Kizim, TS Klebanova, D. Van Horn, T. Allison, G. Foster, J. Schumpeter
[1—3; 5; 7—12; 16], as well as other domestic and foreign scientists, who generally agree that this
process is difficult for most modern businesses to put it nto practice due to the lack of a qualitative
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informational and methodological support. Therefore, in spite of the high degree of coverage of
these issues in the scientific literature, it should be noted that there is no single approach to the
evaluation of enterprises financial security level among the existing methodological approaches.
Most of the techniques do not take into account the current risky enterprise operating environment,
which brings this problem to a new level of urgency.

The purpose of the article. The purpose of the article is the development of the
methodological approach to the quantification of an enterprise financial security level in order to
make quality management decisions on the optimization of its financial risks, achievement the
target level of its financial security and ensuring its financial stability in an uncertain economic
environment.

Research results. Risks in the field of enterprises business activity determine the level of
their financial security, which is presented in the scientific environment as the state of protection
against threats, risks and dangers. It is proved that risks can act as both destructive and constructive
factors in the enterprise management system. Under risks, business executives may choose quite a
cautious risk-management strategy that will impede the development of an enterprise. At the same
time, a risk can be seen as an additional reserve to push for making although risky but justified
decisions. That is why it is so important to build up an enterprise risk management system that
could be able to identify and evaluate risks, run a series of scenarios, and properly choose the next
steps to develop the economic process and ensure effective management of both an enterprise itself
and its financial security. We believe that the process of monitoring the universal aggregate of
financial security indices allows to identify and prevent the transformation of potentially risky
situations and conditions into real threats to an enterprise operation.

It should be noted that the methodology of enterprises financial risks evaluation that have an
unconditional impact on the level of their financial security, can be carried out by using the analysis
of the factors that affect the economic activity of an enterprise, which requires the use of factor
analysis methods. The efficiency of their use is explained by the fact that the methods of factor
analysis allow with some approximation to solve one of the most common problems of financial
risk assessment, namely the task of classification and meaningful description of the phenomena
studied, based on the processing of large data files.

The information about the object under study can be presented in the form of data tables
(quantitative or qualitative). The rows of such tables may correspond to a series of observations of
the phenomenon under study, and the columns may characterize the features and criteria of such
phenomena. Appropriate research is most effectively carried out by using enterprises information
bases. The integrated use of these data can be presented in the form of integral indices that make it
possible to generalize them and to determine the dependance between the factors of influence on
certain spheres of economic activity of an enterprise and response to such influences.

In economic science, it is customary to use several types of deterministic factor analysis
models: additive, multiplicative, and multiple.

Additive models are an algebraic sum of indices and have the following form:

n
y:le =xqtaptaxz.. t ...Xn, (1)

=1
On the basis of such models it is accepted to calculate the costs value as the sum of elements
of production costs, quality indices of the products manufactured by individual types and others.
Multiplicative models are based on the product of a certain sample of elements in order to

determine certain coefficients:
n

y:HXi =x1#x3*X3..1T ..Xp, (2)

i=1
Multiple models show the ratio of certain quantities, in order to detect changes in relative
values

272



Xl
y=— (3)
Xy

Quite often they are used among with other models, by combining them.

In economic calculations, when carrying out the factor analysis for step-by-step study of
each variable, the method of chain substitutions is used, the essence of which is to determine the
intermediate values of a general index by replacing successively the baseline values of the factors to
the repoting values. The difference between the baseline values and the reporting values is equal to
the change in the general index, which can be changed due to quantitative change one of the factors.

Such a model can be represented in the following form [6, p. 14—15]:

0 0 0 0 0

V _f(xl,xz, ...... Xy, xn)
1 .0 0 0

yl_f(xl,xz, ...... Xy, xn)
Vi 1)=y 17—y 0

1 1 0 0

yz_f(xl,xz, ...... Xy, xn)

(4)

y1=f(x11,x21, ...... xil,....xﬁ):
Vixn)=yNrs—y(n—1)"=
where x? — are baseline indices that have been established in previous studies;

x! — reporting indices, that is, those that characterize the currently researched object;

y; — the intermediate value of the result.

The total change in the result A =y1 — y0 consists of the sum of the changes in the general
index due to the change of each factor, if the value of other factors remains fixed:

¥ =i=1(y &)1 (5)

The advantages of the method of chain substitutions are that it can be applied universaly, it
provides an opportunity to analyze any types of models and it can be applied in machine learning.
The disadvantages are that it should be applied when there is an exact dependence of the
quantitative measure of a certain factor and the result of generalization that cannot always be
achieved.

It should be noted that the absence of a single system in the specialized economic literature
to identify and evaluate the factors that affect an enterprise financial security causes the availability
of a large number of factors and indicators. In most of the approaches proposed, the prerequisite for
the determining of an enterprise financial stability is the assessment of its financial state, which is
based on the coefficient system, on the basis of which the conclusion is made about the degree of
the financial stability of an entity. The reason for the existence of a large number of approaches to
the determination and evaluation of financial stability is the use of different systems of an enterprise
financial condition evalution idices.

The calculation of indices for assessing an enterprise financial security is generally
performed on the basis of the financial statements - the balance sheet and annexes to it. According
to financial documents, one or another record (hereinafter referred to as a factor) is determined, and
the factors (ratios of various factors) are used to form the indices characterizing the financial state
of an enterprise.

To calculate key indices, the information of such forms of reporting as the Enterprise
Balance Sheet (Form 1), the Financial Statement (Form 2), the Balance Sheet Supplement (Form 5)
and others are used.
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To calculate the above indices and to evaluate the risk for each of them it is advisable to
use one of the simulation methods, namely Monte Carlo, which is quite common among
quantitative evaluation methods, since it is used in constructing the models whose variables are
random values [14]. When creating such models, any factor that is inherent in uncertainty is
replaced by a range of values, that is, probability distribution. Then repetitive culculations of the
results are carried out, using every time a different set of random values of probability functions. It
IS sometimes necessary to do tens of thousands of recalculations to complete the simulation,
depending on the number of uncertainties and the ranges established for such uncertainties.
Therefore, the Monte Carlo modeling method allows to receive the values distribution of possible
consequences.

For example, it is necessary to define some value of a. To calculate it, such a random
variable X is entered so that its mathematical expectation can be equal to the desired value of a:

X-MX=s: (6)

The following number of N tests are carried out, as a result of which certain values of X;
are found. And as the evaluation of the uncertain value of a, the arithmetic average of the values of
X; is taken, that is, for the total population with the universal mean of a, N objects are sampled and
the unsertain value of a is evaluated as the sample mean:

If the general population has a normal distribution, then based on interval estimates, it is
possible to determine a confidence interval that covers the uncertain a, with probability of P.

The probability that the calculated mean of "x, which is determined by defining a random
variable, differs from the uncertain and desired value of a no more than by g, is equal to y.

P{li —al = 6} =y (8)

To determine random variables the random variable generations are used. However, their
computer modeling depends on the algorithm for generating such a random number.

Much attention has been paid to the practical implementation of the Monte Carlo method.
Thus, while analysing the risks of the duration of their investment-construction project, the
researchers N. Urazova and O. Martyniuk used the Monte Carlo method to determine the risk-free
time for a number of construction works, which allowed to optimize the construction process in the
process of designing it [15]. A. Kravets used the Monte Carlo method to assess risks when
evaluating the effectiveness of business plans. This made it possible to develop an optimal decision-
making strategy on investment [13]. The use of the Monte Carlo method in estimating the risks of
the oil and gas sector by scientists E. Boldyrev and I. Burenina, allowed to establish the need to use
its own funds for the company they were researching, since the results showed a significant credit
dependency in the future [4].

It is worth noting that the practical value of the Monte Carlo method for businesses is in
its simplicity and its ability to be used in machine learning to process large data files. In fact, the
most optimal for defining the quantitative evaluation of an enterprise risks are the analytical
methods of simulation modeling, which are widely used in practice; the models that can be
calculated by using a large amount of data, that allows to increase the accuracy of the evaluation of
the onset of a hazardous situation, ie the probability of a threat. In addition, given the uncertainty of
the external and internal environment of modern enterprises, it is advisable to use expert methods.
In this case, the number of experts, the accuracy of the questions they are asked, and the
competence of such experts will determine the effectiveness of the evaluation. The peer assessment
method has a considerable degree of certainty in the literature and is often used in practice.
Therefore, the effectiveness of risk minimization depends on making sound management decisions
that must be made on the basis of the calculations received, in expert, analytical and other ways.

For calculations, the 90 percent confidence interval (Cl) can be used, and the normal
(Gaussian) distribution curve is used as a form of the distribution curve, which is commonly used in
the case of the confidence interval selected.

The Monte Carlo method involves the use of the random number generator for each value
interval, which is the basis for generating a large number of scenarios.
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Let us use the Excel formula:
=NORM.INV (probability, mean,standard_dev) , 9)
where probability — A probability from the normal distribution
mean (median) — The arithmetic mean of the normal distribution
standard_dev — The standard deviation of the normal distribution.

So,
upper limit CI + lower limit CI
Mean = (upp » ), (10)
(upper limit CI + lower limit CI)
Standard deviation = .29, (11)

3
where VM is the upper limit of the 90% confidence interval;

NM is the lower limit of the 90% confidence interval.

It should be noted that the calculation of the above indices and the analysis of the results
obtained form some idea of the financial stability of an enterprise, but it is due to the synthesis of
most of these indices into a single system, ie an integral index, that the level of financial security
can be determined.

It is proposed to use the universal aggregate of the indices of financial stability, which are
given in Table 1, as an integral index of an enterprise financial security. The table also specifies the
normative values for each index, on the basis of which the integral index of financial security will
be calculated.

Table 1
Financial stability indices and their normative values
Indices Normative value
1 Absolute liquidity ratio 0,1-0,2
2 Current liquidity ratio 1-3
3 The ratio of working capital to cover inventories and expenses >0,5
4 Debt ratio >0,1
5 Equity to tatal assets ratio 0,4-0,6
6 Loan capital structure ratio is considered in dynamics > 3
7 Borrowed and own funds ratio g;fna:r?]\li\/:sr ;?fz better, it is considered in
Ratio of capital turnover in calculations (in turnovers) the higher the better > 1,05
9 Return on sales ratio the more the better > 1,2
10 Return on equity ratio the more the better > 0,08

Thus, the formula of the calculation of the integral index of an enterprise financial security

(FS) has the following form:
n
Fs=) v (12)
1

i=
where V; — the value of the contribution of each of the indices of financial stability to the
calculation of the integral index of financial security;
I — the number of the financial stability index, i = 1..10.

Thus, to calculate the integral index of an enterprise financial stability the value Vi, which
can be equal to 1, 0 or 0.5, and is determined by the following formula is used:
Vi=4 0.5,if P; > N;,; (13)
0.
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or for the indices that only have one limit:
1, lfl::'1 == Nil’ (Pl = Niz);
0.

where P; — the value of the i-th index of financial stability;
Ni1 — the lower limit of the normative value for the i-th index;
Ni, — the upper limit of the regulatory value for the i-th index;
I — the number of the financial strength index, i = 1..10.

V=

(14)

It should be noted that the maximum possible value of the integral index of an enterprise
financial security is 10, which is an ideal situation, the minimum level is 0, which corresponds to
the catastrophic level of an enterprise financial security (Table 2).

Table 2
Correlation table of the value of the integral index and the level of an enterprise financial security
Ne Financial security integral index evaluation The level of the financial security of the enterprise
1 0-2,5 catastrophic level of FB
2 2,5-5 low FB
3 5-7,5 normal FB level
4 7,5-10 high level of FB

Thus, each value of the integral index value corresponds to a certain level of an enterprise
financial security. The general guidelines for each level can be:

- the catastrophic and low level of financial security implies immediate introduction of anti-
crisis mechanisms, creation of an expert commission, development and implementation of the
measures to restore the normative values of an enterprise financial stability indices;

- the normal level of financial security indicates that there may be financial resources
management deficiencies, but this may also be related to the current market situation and is a
temporary phenomenon that depends on the specific situation and on those indices of the financial
condition that have received a non-maximum assessment, that is, they are beyond normative values;

- the high level of financial security is an ideal situation and can be defined as a target level
of the financial security of an enterprise within a certain period of time.

Conclusions. Thus, the proposed methodological approach to the quantification of the level
of the financial security of enterprises as a priority criterion for their economic security, allows to
identify and assess step-by-step the main risks and threats, relying on the system of controlled
indices to diagnose the level of the financial security of an entity, to develop sound management
solutions to ensure a continued operation of an enterprise in an uncertain economic environment.
The use of simulation modeling tools, namely the Monte Carlo method, allows not only to
determine the probability of the future level of an enterprise financial security, but also to obtain the
assessment of the deviation risk of certain indices of the financial condition from the established
limits of normative values, to identify possible threats to the financial security of an enterprise
based on the analysis and assessment of the probability of their occurrence.
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