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Development of new mathematical methods and algorithms for verifying the adequacy
of mathematical models of objects based on data from a natural experiment to

determine the functional stability area

Albstract: The relevance of the development of applied mathematical modelling, which includes numerical
methods and software packages in its problem area, its importance for the entire economic activity of the
country as a whole, is due to the intensive digitalisation and computerisation of all technological chains
of production processes. The integration of production support and various databases, as well as all parts
of production and their effective management, require the development of comprehensive research of
mathematical methods for modelling production processes. To date, mathematical modelling is applied
to calculations of the financial stability point function, which does not fully reflect the variability of the
predicted consequences, and consequently, the set of measures to preserve this stability. Due to the
complication of production and economic relations, the need for modeling and calculating the area of
financial stability, i.c., a set of marginal and non-marginal indicators, under which the economic condition
of the enterprise will be considered to be acceptably stable, is actualised. The scientific problem is that
mathematical modelling of production and economic processes does not provide for a wide variability
(set) of indicators of financial stability as an area, which prevents flexivity in the economic activity of the
enterprise. The scientific novelty of the work consists in the development of a method and algorithm for
determining the financial stability area of an economic entity. The purpose of the study was to create a
mathematical apparatus for calculating the financial stability of an enterprise. In the course of the study,
the works of leading scientists and researchers in mathematical modelling and business processing, as
well as the works of the authors of the article in this field were used. The authors presented a methodology
for the development of quantitative indicators and, based on it, a methodology for mathematical
modelling of calculating the financial stability area as a mathematical system that includes all eight main
coefficients accepted as parameters of financial stability, and considers the limits that correspond to the
economic indicators of the stability of the enterprise.
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PaspaGOTKa HOBBIX MATEMATUYIECCKUX METOAOB 1 AATOPUTMOB IIPOBEPKHU AACKBATHOCTH
MATEMATHYCCKHX MOAeAeﬁ 00 LEKTOB HA OCHOBE AQHHBIX HATYPAABHOTO IKCIIEPUMEHTA

IO OIIPEAEACHHIO 00AACTU (PYHKIIMOHAABHOM CTA0MABHOCTH

Awnnomayus: AKTyaAbHOCTD Pa3BUTHA IPUKAAAHOTO MATEMATHIECKOTO MOACAHPOBAHUS, BKAFOYAIOIIAS B
CBOIO IIPOOAEMHYIO ODAACTD YHCAECHHBIE METOABI M KOMITACKCHI IIPOIPAMM, €O 3HAYCHHE AAA BCEH
XO3AHCTBEHHOM AEATEABHOCTH CTPAHBI B IIEAOM, ODYCAOBACHA HMHTCHCHBHON IH(PPOBU3ANMCH H
KOMITBIOTEPU3AIHEH BCEX TEXHOAOTHYECKHX IIEIIOYEK IIPOM3BOACTBEHHBIX Iiporeccos. Vurerparus
IIPOU3BOACTBEHHOIO ODECIIEYECHNUS 1 PA3AHYHEIX 043 AAHHBIX, 4 TAKKE BCEX 3BEHBEB IIPOU3BOACTBA U UX
3 PeKTUBHOIO yIpaBAcHUs, TPEOYIOT PAasBUTHA KOMIIACKCHBIX WCCACAOBAHUI MATEMATHIECKUX
METOAOB MOAEAHPOBAHHSA IIPOU3BOACTBEHHBIX ITporreccoB. Ha CEroAHAIIHUI ACHb MAaTEMATHYECKOE
MOACAHPOBAHHE IMPUMEHACTCA K pacdéraM (PYHKIHUM TOYKH (DHHAHCOBOH CTAOHMABHOCTH, YTO HE
OTpakaeT B IIOAHOH Mepe BapHUATHBHOCTh IPOTHO3HPYEMBIX ITOCACACTBHUI, a CACAOBATEABHO, U
KOMITACKCA MEPOIPHATHH II0 COXPAHCHHUIO AQHHONW CTAOHMABHOCTH. B CBfA3H C yCAOKHECHHEM
ITPOU3BOACTBEHHBIX X SKOHOMHYECKAX OTHOIIICHUI aKTyaAU3IPYETCH HEOOXOAUMOCTD MOACAHPOBAHUS
n pacué€ra ob6AacTH (DUHAHCOBOH CTAOHMABHOCTH, T.€., COBOKYIIHOCTH IIPEACABHBIX M HEIIPEACABHBIX
ITOKA3aTEACH, NP KOTOPBIX SKOHOMHYECKOE COCTOSHHE IIPEAIPHUATHE OYAET CIUTATHCA AOIYCTHMO
crabuapHbIM. Hayusoii mpobaeMoil  sBAfieTCA  TO, YTO  MATEMATHYIECKOE MOACAHPOBAHHE
IIPOU3BOACTBEHHBIX M 9KOHOMUYECKHX IIPOIIECCOB HE IIPEAYCMATPHBAET IIHUPOKYIO BAPHATHBHOCTb
(MHOKECTBO) IOKa3aTeAel (PUHAHCOBOM CTAOMABHOCTH KaK OOAACTH, YTO IPEITCTBYET (DAEKCUBHOCTH
B SKOHOMMYCCKOH ACATEABHOCTH IpeAnpusatmst. Hayumasn HoBH3HA pabOTHL 3aKAIOYACTCA B Pa3pabOTKe
METOAA U aATOPHTMA OIPEAEACHHA 00AACTH (PHHAHCOBON CTAOMABHOCTH 3KOHOMHYECKOIO CYOBEKTA.
LleABFO HCCACAOBAHIS OBIAO CO3AAHHIE MATCMATIYCCKOTO AIIIIAPATA BEIYHCACHISA OOAACTH (DHHAHCOBOI
CrabHABHOCTH HIpeAIpHATHA. B xoae paborTbl OBIAH HCIIOAB3OBAHBI TPYABI BEAYIIUX VYEHBIX U
HICCACAOBATEACH B ODAACTH MATEMATHYCCKOIO MOACAHPOBAHISA M OH3HEC-IIPOIICCCUHTA, 4 TAKKE PAOOTEL
aBTOPOB CTATBU B AAHHOI 00AACTH. ABTOPBI IIPEACTABHAU METOAOAOTHIO Pa3pabOTKH KOAUIECTBEHHBIX
IIoKazaTeAeli u Ha 0ase HEE METOAOAOIMIO MATEMATHYECKOIO MOAEAHPOBAHHA pacduéra 0bAacTu
prHAHCOBOM CTAOUABHOCTH (YCTOHYIUBOCTH) KAK MATEMATHIECKON CHCTEMBI, KOTOpAs BKAIOYAET B CeOA
BCE BOCEMb OCHOBHBIX KOI(D(DHIIHMEHTOB, UPUHATHIX KAK IAPAMETPEl (DUHAHCOBOH CTAOHMABHOCTH, U
YVIHTBIBAET IIPEACABI, KOTOPBIE COOTBETCTBYIOT 3KOHOMHYECKHM IIOKA3aTEAAM CTaOHABHOCTH

IIPCAIIPUATHA.
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Introduction

The relevance of the development of applied mathematical modelling, which includes
numerical methods and software packages in its problem area, its importance for the entire
economic activity of the country as a whole, is due to the intensive digitalisation and
computerisation of all technological chains of production processes. The integration of
production support and various databases, as well as all parts of production and their effective
management, require the development of comprehensive research of mathematical methods for
modelling production processes.

Microeconomic processes, as well as business processes, are a basic component of the life
cycle of any enterprise. To date, mathematical modelling is applied to calculations of the financial
stability point function, which does not fully reflect the variability of the predicted consequences,
and consequently, the set of measures to preserve this stability. Due to the complication of
production and economic relations, the need for modeling and calculating the area of financial
stability is actualized, i.e., a set of marginal and non-marginal indicators under which the
economic condition of the enterprise will be considered to be permissible stable.

The scientific problem is that mathematical modelling of production and economic
processes does not provide for a wide variability (set) of indicators of financial stability as an
area, which prevents flexivity in the economic activity of the enterprise.

The object of the study was mathematical modelling of sets of production and economic
indicators.

The subject of the study was methods and algorithms of mathematical modelling of
production and economic indicators.

The purpose of the study was to create a mathematical apparatus for calculating the financial
stability of an enterprise.

To achieve the purpose, it is necessary to solve the following study tasks:

— develop a model of algorithmisation and automation of calculations modelling the financial
stability of the enterprise;

— design a methodology for the development of quantitative indicators;

— develop a methodology for mathematical modelling of calculating the financial stability area

(FSA).

General scientific logical, historical, statistical, comparative methods, mathematical
modelling, data analysis, and generalisation were used to achieve the purpose and solve problems
in the course of the study.

The study’s scientific novelty is the development of a method and algorithm for determining

the financial stability area of an economic entity.



The study’s theoretical significance is the development of a method for defining a new
concept in the economic analysis of an enterprise — the field of financial stability.

The study’s practical significance is the development of a new mathematical method and
algorithm for verifying the adequacy of mathematical models of objects based on natural
experiment data.

In the course of the work, the works of leading scientists and researchers in the field of
mathematical modelling and business processing, e.g., L. Zadeh (7965), G.C. Chow (7997), C.W.
Churchman (7963), D.N. Gujarati (7992; 1995), M. Harzallah (2007), 1., Hofacker and R.
Vetschera (2007), K.-Y. Jeong (2008), M. Koubarakis (2002), K.I. Kurpayanidi (2079), S.G.
Powell, M. Schwaninger and C. Trimble (2007), A.E. Teshabaev (2078), K. Vergidis and A.
Tiwari (2008), L. Whitman and B. Huff (7997), as well as the works of the authors of the article
in this field were used (Buychik, 2021a; Buychik, 2021b; Komissarov, 2021a; Komissarov, 2021D).

Development of models for algorithmisation and automatisation of calculations in
financial stability of the enterprise

The first part of the article describes the development of models for algorithmisation and
automatisation of calculations for modelling the financial stability of an enterprise and algorithms
for their verification in EPC and IDEFO notations, as well as using the ABC methodology
(Buychik, 2021a).

Modelling in the EPC notation (event chain of processes) characterises the process of
automating calculations as a set of sequential measures for the production of the final product —
determining the indicators of the financial stability of the enterprise (Figure 7). Based on the
model executed in EPC notation and tested on the experimental site of the enterprise, the
microlevel processes of each stage of the EPC model were modeled in IDEF notation (Business
Process Model and Notation) to create an algorithm of actions and minimise the risks of producing
erroneous intermediate indicators, which are later used to obtain the area of financial stability
(Figure 2).

To develop models of algorithmisation and automatisation of calculations for modeling the
financial stability area, it is necessary to create an algorithm for providing initial (resource) data
from the company’s balance sheet.

1. The financial autonomy coefficient shows the share of equity and the reserve value of
assets and is calculated by dividing equity by total assets. Consequently, the constituent

components of equity in the company’s balance sheet are:
e 1310 “Authorised Capital (share capital, authorised capital, contributions of associates)”;
e 1320 “Own Shares Repurchased from Shareholders™;
e 1340 “Revaluation of Non-Current Assets”;
e 1350 “Additional Capital (without revaluation)”;
e 1360 “Reserve Capital”;
e 1370 “Retained Earnings (uncovered loss)”.
Using IDEF notation, equity can be represented in the form of a diagram (Figure 3). Total
assets are recorded on the left side of the balance sheet — its asset. The total amount of non-

current assets is indicated in line 1100, current assets — in line 1200. Their amount on the balance



reflects line 1600. Therefore, using IDEF notation, aggregate assets can also be represented in
the form of a diagram (Figure 4). Thus, the algorithmisation and automatisation model of
calculating the coefficient of financial autonomy can be represented by a consolidated algebraic
scheme (Figure 5).

2. The coefficient of own and borrowed funds represents the share of borrowed funds in
total sources of financing. The algorithm for calculating equity is shown in part 1. In the
company’s balance sheet, line 1410 “Credits, loans (long-term liabilities)” and line 1510 of the
same name “Credits, loans (short-term liabilities)” are provided for reflecting borrowed funds.
Therefore, using IDEF notation, borrowed funds can be represented in the form of a diagram
(Figure 6). Thus, the algorithmisation and automatisation model of calculating the coefficient of
own and borrowed funds can be represented by a consolidated algebraic scheme (Figure 7).

3. The coefficient of availability of own working capital provides an assessment of the
availability of the company’s own funds for financial support of current activities. In
mathematical terms, the calculation involves dividing the difference between equity and non-
current assets by working capital. The algorithm for calculating equity is shown in part 1. The
indicator of non-current assets in the company’s balance sheet is reflected in nine lines.
Therefore, using IDEF notation, non-current assets can be represented schematically (Figure §).
Current assets include six lines of the balance sheet. Therefore, using IDEF notation, current
assets can also be represented schematically (Figure 9). Thus, the algorithmisation and
automatisation model of calculating the coefficient of provision with own working capital can
be represented by a consolidated algebraic scheme (Figure 10).

4. The financial stability coefficient provides a generalised or generalised analysis of the main
sources of financing of the company’s assets and is calculated by dividing the amount of own
and long-term borrowed funds by the currency of the organisation’s operations. The indicator
of own funds (assets) is presented in part 1. The indicator of long-term borrowed funds is
determined by line 1410. The indicator of the currency balance is determined by lines 1600
“Currency of the Balance of Assets” and 1700 “Currency of the Liabilities Balance”. Therefore,
using IDEF notation, the currency balance can be represented schematically (Figure 717). Thus,
the algorithmisation and automatisation model of calculating the financial stability coefficient
can be represented by a consolidated algebraic scheme (Figure 12).

5. The maneuverability coefficient of equity represents the level of total liquidity of the
financial assets of the enterprise and represents the private difference of equity and non-current
assets for the same equity. Thus, the algorithmisation and automatisation model of calculating
the maneuverability coefficient of equity can be represented by a consolidated algebraic scheme
(Figure 13).

0. The coefficient of the degree of solvency of a legal entity reflects the coefficient of the
ability of the enterprise to pay its current obligations. The coefficient and is calculated by dividing
the amount of current liabilities by the average monthly revenue. Thus, the algorithmisation and
automatisation model for calculating the solvency coefficient can be represented by an algebraic
scheme (Figure 14).

7. The short-term debt ratio shows the share of short-term sources of borrowed funds that

generate risks to the financial stability of a legal entity. The coefficient is a quotient of short-term



and total borrowed funds. Therefore, using IDEF notation, the short-term debt coefficient can
be represented by an algebraic scheme (Figure 15).

8. The current liquidity coefficient shows the ability of an enterprise to direct current assets
to repay its own short-term liabilities. The coefficient is the ratio of current assets and borrowed
funds. Thus, the algorithmisation and automatisation model of the calculation of the current
liquidity coefficient can be represented by an algebraic scheme (Figure 16).

Thus, the first part of the article presents the results of modeling the algorithmisation of all
eight coefficients for calculating the financial stability of the enterprise. In the generalised

version, the general algorithm can be represented by a business process diagram (Figure 17).

Methodology for the development of quantitative indicators

The second part of the article provides a methodology for the development of quantitative
indicators that will be used to model the financial stability area.

The ABC (triplicity of indicators) methodology is used in modern financial management to
determine extreme and median indicators, which are later used in production or strategic
planning, as well as calculations in complex mathematical models of decision-making and
obtaining results under uncertainty.

From the economic side of modeling innovative production and economic projects, which
include the calculation of the financial stability area, the most important condition is the
presentation of a model that can be determined during the relevant analysis. The analysis of the
financial stability of the enterprise was performed using the calculation of the coefficients of

eight multicomponent key indicators:

e the coefficient of autonomy (Ka),

e the coefficient of own and borrowed funds (Kosr),

e the coefficient of the enterprise’s own working capital (Krowc),
e the coefficient of financial stability (Kgs),

e the coefficient of equity’s maneuverability (Kga),

e the coefficient of solvency (Ks),

e the coefficient of short-term debt (Ksrp),

e the coefficient of current liquidity (Ker).
Consequently, the methodology for the development of quantitative indicators took into

account the above indicators:

N=ZK><na, )

there:

N is sum of indicatots,

Z K = {Ky, Kosr, Krowc Krs, Kem, Ks- Ksrp, Kc}
7, is number of alternatives.
Since eight indicators are used in the calculation, the following formula is used:
N=8xn, (2)
In the course of modelling, the analysis of the inclusion of calculations of a set of key

indicators for determining the financial stability of an enterprise in a set of criteria for choosing



an alternative was performed. The criterion of indifference was excluded from the criteria, since
the study was conducted considering the definition of a set of indicators of financial stability, in
which an alternative with the maximum average result is calculated, which by definition is
included in financial stability.

The remaining four criteria were used to construct the calculation of the set of alternatives:

M=4N, (3)

there:
M is number of alternatives,
N is the sum of the indicators of each alternative.

The alternative assumes the presence of at least two options; therefore, the following

formula is applicable in an expanded form:
n

M=4x8xna:32x2na. 4)
i=2

Thus, if one scenario (a set of indicators) obtained under the conditions of modelling one
situation, i.e., one set of parameters, is included in the calculations, at least 64 solutions are
presented as a set of points of financial stability within the relevant area.

When considering the variation of the indicators of the share of equity and the reserve of
the value of assets that issue as a private coefficient of financial autonomy, at least six options
are generated, which, in turn, determine the appropriate number of alternatives. As part of the
decision-making process to determine the point of financial stability, four criteria are applied for
the financial stability area under conditions of uncertainty, which increases the number of

alternatives:
n

M:4><8><na><6:192><2na. (5
i=2

As a result of the use of a variety of options for only one of the financial stability coefficients,
when it is limited exclusively to tenths, a variation that is a multiple of 192 when considering
each subsequent alternative, arises.

When obtaining such a large set of indicators, it is proposed to introduce the triplicity
principle of final indicators (ABC methodology) into the algorithm at each stage of calculations,
Le., the output of maximax, minimin, and median (mid) indicators. Thus, each of the eight
coefficients in the final form is represented as three indicators, forming a more specific and
optimal set of 24 final indicators of financial stability, forming areas of financial stability:

M =8Xn, X3 =24n,. (6)

In the course of a natural experiment at the enterprise of the Viaduct LL.C, specialising in
the production of crackers, biscuits, and other breadcrumbs, the production of flour
confectionery, cakes, pastries, pies, and biscuits intended for long-term storage, the minimum,
median and optimal coefficients were used for calculations (Tuble 7).

To describe the development of quantitative indicators, it is necessary to present all the
coefficients of financial stability of an enterprise in the form of mathematical expressions (Table
2).

Thus, the calculation of the total coefficients in the mathematical model can be represented

as follows:



Z Kmin = kige + k75 + ke + KR+ knde + KU+ kG + K (D)

D lomia = K+ I+ kg g 4 i i 4 e, (8)

" o = R+ IS4 R+ I RS IR R G (9)
Based on the total indicator of the minimum coefficients, the average indicator will be

calculated as follows:

k. :
Min = 5 (0

Therefore, according to the economic indicators of financial stability, the average minimum

indicator will be as follows:

kain 054+4054+02+08+03+05+0+1
Myin = 3 = 3

Based on the total indicator of the median coefficients, the average indicator will be

= 0.475.

calculated as follows:

> kmia
Myiq = r;m . (11)

Therefore, according to the economic indicators of financial stability, the average median
indicator will be as follows:
Ykmia 064+06+03+09+045+06+01+1
Mynia = —— 3

Based on the total indicator of the maximum coefficients, the average indicator will be

= 0.569.

calculated as follows:

k
Mgy = 2 77lnax . (12)

Therefore, according to the economic indicators of financial stability, the average maximum
indicator will be as follows:

k 0.7+07+044+1+06+07+02+1
Mgy = R 7’1"‘”‘ = o = 0.663.

Accordingly, the financial stability area of the Viaduct LLC enterprise is within the range of

indicators from 0.475 to 0.663, which will contain 24 indicatots.

To calculate the limits of the conditions of the financial stability area, the sums of the

y 5

extreme corresponding coefficients of the indicators and the remaining two averaged indicators
are used.

To calculate the lowest extreme indicator of the financial stability area, it is used the formula:

k%ﬁ + Mmid + Mmax
Mopinimin = 3 . (13)

To calculate the extreme highest indicator of the financial stability area, it is used the

formula:

kmax M. +M,;
Myaximax = m 7;1171 de. (14)

Consequently, further calculations of the extreme conditions of the area, based on the

minimum coefficient indicators in each group of indicators, were made:

KMy M+ M 0 + 0.569 + 0.663
Mpinimin = UL n:d = = 3 = 0.411,




kmax + Mpyin + Mg _1+0.475+0.569
n B 3
Consequently, the Viaduct LLC’s financial stability area will be a set of 192 indicators that

fall within the limits of indicators from 0.411 to 0.681.

= 0.681.

Mpaximax =

These indicators and limits of the set are fully confirmed by the accounting financial stability
of Viaduct LLC for the fiscal year 2021.

Thus, the second part of the article provides a methodology for the development of
quantitative indicators that will be used to model the financial stability area. In the course of
modelling, the analysis of including calculations of a set of key indicators for determining the
financial stability of an enterprise in a set of criteria for choosing an alternative was performed.
The criterion of indifference was excluded from the criteria, since the study was conducted
considering the definition of a set of indicators of financial stability, in which an alternative with
the maximum average result, which by definition is included in the financial stability area, is
calculated. When obtaining a large set of indicators, it is proposed to introduce the principle of
triplicity of final indicators into the algorithm at each stage of calculations. Thus, in the final
form, each of the eight coefficients is represented as three indicators, forming a more specific
and optimal set of 24 final indicators of financial stability, forming the financial stability areas.
The approbation of this methodology on the materials of the economic indicators of Viaduct
LLC for the 2021 fiscal year confirmed its effectiveness and compliance with the financial

analysis of the enterprise according to the accounting documentation.

Methodology of mathematical modelling of calculating the financial stability area

The third part of the article presents the methodology of mathematical modeling of
calculating the financial stability area as a mathematical system.

When mathematically modelling a mathematical system for calculating the financial stability
area, it is necessary to consider the areas of optimal variation in the indicators of each initially
separately presented component, presented as a normative value, therefore, is the mathematical
limits of the indicators of each component.

For the mathematical representation of economic indicators, the ratio of which the
economic coefficients of financial stability are calculated, it is necessary to determine their
mathematical designations (Table 3).

Based on this, the authors present the coefficients of the main components of the system
and the formulas for their calculation with mathematical limits.

1. The autonomy coefficient shows the share of equity and the reserve value of assets and
is calculated by dividing equity by total assets:

EQ

K, = —,
A7 TA

(15)
there:
K. is the coefficient of autonomy,
EQ is the indicator of equity,
T'A is the indicator of total assets.
Therefore, the calculation of the coefficient can be represented mathematically:

[
kaps =7, (16)

ta



there:
k4 1s the coefficient of autonomy,
%y is the indicator of equity,
7w 1s the indicator of total assets.
Based on the regulatory limits, this formula can be represented as 0.5 < K, < 0.7,
or 0.5 < kgps < 0.7, e, kgps(0.5,0.7).
2. The coefficient of own and borrowed funds represents the share of borrowed funds in

total sources of financing:

BF
Kopr = FS’ (17)
there:
Kosr is the coefficient of own and borrowed funds,
BF is the indicator of borrowed funds,
FS is the indicator of the source of funding.
Therefore, the calculation of the coefficient can be represented mathematically:
by =22, (18)

fs
there:

k5 1s the coefficient of own and borrowed funds,
zyris the indicator of borrowed funds,
7 1s the indicator of the source of funding.

Based on the regulatory limits, this formula can be represented as 0.5 < Kppr < 0.7,
or 0.5 < kyrs < 0.7, 1., kyps(0.5,0.7).

3. The coefficient of the enterprise’s own working capital provides an assessment of the
availability of the company’s own funds for financial support of current activities. In
mathematical terms, the calculation involves dividing the difference between equity and non-

current assets by working capital:

_ EQ-nCA
Keowe = A (19)

there:
Krowe is the coefficient of the enterprise’s own working capital,
EQ is the indicator of equity,
nCA is the indicator of non-current assets,
CA is the indicator of current assets.
Therefore, the calculation of the coefficient can be represented mathematically:

l —1
kpfs — %’ (20)

ca
there:

Ay 1s the coefficient of the enterprise’s own working capital,
% 1s the indicator of equity,
ina 18 the indicatotr of non-current assets,
7. 1s the indicator of current assets.
Based on the regulatory limits, this formula can be represented as 0.2 < Kgoy¢ < 0.4,
or 0.2 < k,rs < 0.4, 1c., kp(0.2,0.4).
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4. The coefficient of financial stability provides a generalised analysis of the main sources
of financing of the company’s assets. It is calculated by dividing the amount of own and long-
term borrowed funds by the currency of the enterprise’s operations:

FS + LBF
FS="rcp ' (21)
there:
Ky is the coefficient of financial stability,
FS is indicator of the source of funding,
LBF is indicator of long-term borrowed funds,
CB is indicator of currency balance.
Therefore, the calculation of the coefficient can be represented mathematically:
hyps = 200 (22
Leb
there:

kjs 1s the coefficient of financial stability,
7 1s the indicator of the source of funding,
ziris the indicator of long-term borrowed funds,
7 1s the indicator of currency balance.
Based on the regulatory limits, this formula can be represented as 0.8 < Kpg < 1,
or 0.8 < kjrs < 1,1.e, kjrs(0.8,1).
5. The coefficient of equity’s maneuverability represents the level of total liquidity of the
financial assets of the enterprise and represents the private difference of equity and non-current

assets on the same equity:

o _EQ —nca
M ST po (23)

there:
Kga is the coefficient of equity’s maneuverability,
EQ is the indicator of equity,
nCA is the indicator of non-current assets.

Therefore, the calculation of the coefficient can be represented mathematically:

g =", 24)
leq

there:
k. 18 the coefficient of equity’s maneuverability,
%, is the indicator of equity,
Zna 18 the indicator of non-current assets.

Based on the regulatory limits, this formula can be represented as 0.3 < Kgy < 0.6,
or 0.3 < kyps < 0.6, ic., krs(0.3,0.6).

0. The degree of solvency of a legal entity reflects the coefficient of the enterprise’s ability
to pay its current obligations. The coefficient and is calculated by dividing the amount of current

liabilities by the av erage monthly revenue:

there:
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K; is the coefficient of solvency,
CL.A is the indicator of the amount of current liabilities,
AMR is the indicator of average monthly revenue.

Therefore, the calculation of the coefficient can be represented mathematically:

i
kgps = —%,  (26)
lamr
there:

kg 1s the coefficient of solvency,
74 1s the indicator of the amount of current liabilities,
Zn 1s the indicator of average monthly revenue.
Based on the regulatory limits, this formula can be represented as 0.5 < Ks < 0.7,
or 0.5 < ksrs < 0.7, ie., ks55(0.5,0.7).
7. The coefficient of short-term debt shows the share of short-term sources of borrowed
funds that generate risks to the financial stability of a legal entity. The coefficient is a quotient of

short-term and total borrowed funds:
CLA
Ksrp = m: (27)
there:
Ksrp is the coefficient of short-term debt,
CI.A is the indicator of the amount of current liabilities,
TBR is the indicator of total borrowed funds.
Therefore, the calculation of the coefficient can be represented mathematically:
Kaps =222, (28)
Ltbr
there:

k4 1s the coefficient of short-term debt,
74 18 the indicator of the amount of current liabilities,
Zur 18 the indicator of total borrowed funds.
Based on the regulatory limits, this formula can be represented as 0 < Kgrp < 0.2,
or 0 < kgrs < 0.2, 1.e., kgrs(0,0.2).
8. The coefficient of current liquidity shows the ability of an enterprise to direct current
assets to repay its own short-term liabilities. The coefficient is the ratio of current assets and

borrowed funds:

CA

K, = CLA’ (29)

there:

K. is the coefficient of current liquidity,

CA is the indicator of current assets,

CL.A is the indicator of the amount of current liabilities.

Therefore, the calculation of the coefficient can be represented mathematically:

kips =%, (30)

cla
there:

ky: 1s the coefficient of current liquidity,

12



7. 1s the indicator of current assets,
74 18 the indicator of the amount of current liabilities.

Based on the regulatory limits, this formula can be represented as K¢, = 1, or kjpg = 1.

Thus, according to the financial limits of the coefficients, the mathematical limits of the sets
of indicators are also established (Table 4).

Since all eight coefficients of a single process are used in the mathematical modelling of this
system, their interpretation can be presented in the form of indicators of related kgg coefficients
(Table 2).

Several patterns are observed in the comparative analysis of the limits.

1. Similarity of coefficient indicators:
kaps~krps~ksrs, ot kqrs(0.5,0.7), kyf5(0.5,0.7) and ks (0.5,0.7).

Therefore, the sum of these coefficients in the model can be represented by the arithmetic

mean of the set:

kafs + krfs + ksfs

K = :

(31)

It follows from the calculations that

kfs € (0.5,0.7).

2. The reversibility of the coefficients is kjrs + kqrs = 1, because kjrs(0.8,1) and
kars(0,0.2) despite the fact that these coefficients have oppositely directed vectors of values at
the enterprise.

Therefore, the sum of these coefficients in the model can be represented by a separate
coefficient:

k),‘s = kjfs + kdfs = 1. (32)
kes = 1.

3. The similarity of the indicators of the initial and synthesised coefficients: ks ~k;rs because
kfs = 1and kjps = 1.

Therefore, the sum of these coefficients in the model can be represented by an arithmetic

mean equal to 1:
!

k
K2 =15 —1. (33
fs klfs ( )

kfs = 1.

In expanded form, this formula can be represented as:

2 kjfs + kdfs _

2 = 1. (3%

klfs
kfs = 1.

4. Compositeness of coefficient indicators: kyrs(0.2, 0.4) and ky,5(0.3, 0.6).

Therefore, the sum of the numerical indicators of these coefficients in the model will
represent clearly defined limits from 0.5 to 1:

kfs = kpgs + kimps = (0.5,1).  (35)
ki € (0.5,1).
Thus, to calculate the financial stability area as a system of indicators, the mathematical

model will be presented as follows:
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kaogs + kyrps +k kirs +k
kfs _ k}s N k}gs n k;s _ Mafs ;fs sfs n ]fsklf afs n ksfs n kmfs' (36)
N

ic., kes € (2,2.7).

When rounding ks to tenths, a set of indicators of the financial stability area equal to eight
is determined. The whole set will determine the options for the stability of the system.

To verify k¢ in the system of the financial stability area, another mathematical interpretation
is applicable.

Since kf3$ = k}s not less than 2, but not more than 4, then:

k3
2< k—’f <4  (37)
fs

Therefore, kf3 S/ ! (2,4).

At the same time, the mathematical model of the financial stability area can be represented
in the following expression:
1
K2/ I3

fs fs
ke = = . (38)
fs KZ ko k2

Le., krs(2,4).
When rounding kg to tenths, a set of indicators of the financial stability area equal to 11 is
determined. The whole set will determine the options for the stability of the system.
Thus, the full mathematical model of the system for calculating the financial stability area
can be represented as follows:
kes = kfs + kfs + ki
ks . (39)

Based on the Viaduct LLC enterprise, a natural experiment was performed on the
calculations of the financial stability area. The indicators of the enterprise’s financial stability
coefficients for the 4th quarter of 2021 were applied (Table 5).

1. The calculation of similar indicators was made:

. 059+0.62+055

ks = e = 0.59 € (0.5,0.7).
. 051+066+0.58

ka2 = : = 0.58 € (0.5,0.7).
. 0.61+0.69+0.63

e} a5 = e = 0.64 € (0.5,0.7).
. 0.55+058+0.60

k}ar = : = 0.58 € (0.5,0.7).

2. The calculation and verification of the reversibility of the coefficients was performed:

k}sql =0.80+0.20 = 1.
k}sqz =091+0.09 = 1.
k}sq?, =092 +0.08 = 1.
k}sq4 =0.86+0.14 = 1.

All quarterly reversible coefficients corresponded to 1.
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3. The similarity of the indicators of the initial and synthesised coefficients of reversible

quarterly indicators and the current liquidity coefficient was confirmed:

) 1
kfsql = I = 1
1
2 _ _
ks =To1 = 1
Ko == 1
fs® 7101
1
2 _ _
Kfsas = 099

4. The compositeness of the coefficients kpfs and Kpfs is calculated:
ka1 =021+ 0.35 = 0.56 € (0.5, 1),

ki =028 +0.37 = 0.65 € (0.5, 1),

ki =033 +0.39 =072 € (05,1,

klqs = 0.31+0.36 = 0.67 € (0.5, 1).
By the next stage of the algorithm for calculating the financial stability area as a system of
the indicators of mathematical model, calculations were performed:
kpsar = k}sq1 + klfsql + k;‘sql =0.594+1+0.56 =2.15€ (2,2.7),
kpsaz = kfgqz + Kfqz + Kjqz = 0.58 + 1+ 0.65 = 2.23 € (2,2.7),
kpoas = kfgqs + Kfqs + Kjiqs = 0.64 + 1+ 0.72 = 2.36 € (2,2.7),
kpsar = Kigqs + Kfoqs + Kqr = 0.58 + 1+ 0.67 = 2.25 € (2,2.7).
To verify quarterly kfg in the financial stability area system, a mathematical interpretation

was applied:
k

3
q
2<L <y,

Ist quarter — 2.15: 0.59 = 3.644,
2nd quarter — 2.23 : 0.58 = 3.845,
3rd quarter — 2.36 : 0.64 = 3.688,
4th quarter — 2.25 : 0.58 = 3.880.
Consequently, the quarterly parameters of the financial stability coefficients fully comply
with the conditions of the model of the second variant:
kps = kis + kfs + ki
k3
2<L<q
ks
Since the results of the calculations of mathematical modelling of the financial stability area

fully correspond to the quarterly accounting statements on the economic stability of the Viaduct
LLC, this model can be considered practically applicable and relevant for determining the
financial stability area.

Thus, the developed methodology of mathematical modelling of calculating the financial
stability area as a mathematical system, it includes all eight main coefficients accepted as
parameters of financial stability, and includes the limits that correspond to the economic
indicators of the stability of the enterprise. On the basis of the Viaduct LLC enterprise, a natural

experiment was performed on the calculations of the financial stability area. The indicators of
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the enterprise’s financial stability coefficients for the 4th quarter of 2021 were applied. The
simulation results showed the limits of the complex parameters of financial stability
corresponding to the desired parameters of “financial stability”. In full, the mathematical model
of the system for calculating the financial stability area can be presented as follows:

kes = kfs + ks + ki

k3
2<Li<y
< F<
fs

Discussion
In the course of the study, modelling and algorithmisation of business processes was
implemented to calculate the financial stability area for a small enterprise. In this regard, it is
necessary to develop this mathematical approach to modelling financial stability for large

enterprises and holdings to digitalise this model to the global level of application.

Conclusion

Thus, within the framework of the study, the analysis of the development of numerical
methods and algorithms of the processes of functioning of the enterprise was performed.

In the first part, the authors describe the development of algorithmisation models and
automatisation of calculations for modelling the enterprise’s financial stability and algorithms for
their verification in EPC and IDEFO0 notations, as well as using the ABC methodology.

In the second part, the authors provide a methodology for the development of quantitative
indicators that will be used to model the financial stability area. In the course of modelling, the
analysis to include calculations of a set of key indicators for determining the enterprise’s financial
stability in a set of criteria for choosing an alternative was performed. The criterion of
indifference was excluded from the criteria, because the study was conducted including the
definition of a set of indicators of financial stability, in which an alternative with the maximum
average result included in financial stability by definition is calculated. When obtaining a large
set of indicators, it is proposed to introduce the triplicity principle of final indicators into the
algorithm at each stage of calculations. Thus, each of the eight coefficients in the final form is
represented as three indicators, forming a more specific and optimal set of 24 final indicators of
financial stability, forming financial stability areas. The approbation of this methodology on the
materials of the economic indicators of Viaduct LLC for the 2021 financial year confirmed its
effectiveness and compliance with the financial analysis of the enterprise according to the
accounting documentation.

In the third part, the authors present the developed methodology of mathematical modelling
of calculating the financial stability area as a mathematical system that includes all eight main
coefficients accepted as parameters of financial stability, and includes the limits that correspond
to the economic indicators of the stability of the enterprise. Based on the Viaduct LLC, a natural
experiment was performed on the calculations of the financial stability area. The indicators of
the enterprise’s financial stability coefficients for the 4th quarter of 2021 were applied. The
simulation results showed the limits of the complex parameters of financial stability

corresponding to the desired parameters of “financial stability”. Variants of the mathematical
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model for calculating the financial stability area have been successfully tested on the basis of the

Viaduct LLC.
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Table 1. Indicators of economic coefficients of the Viaduct LLC enterprise by the end of 2021

Entering data into

Coefficient Mini Mid Maxi
The coefficient of autonomy Ka 0.5 0.6 0.7
The coefficient of own and borrowed funds Keorr 0.5 0.6 0.7
The coefficient of the enterprise’s own working capital Keowe 0.2 0.3 0.4
The coefficient of financial stability Kes 0.8 0.9 1
The coefficient of equity’s mancuverability Keu 0.3 0.45 0.6
The coefficient of solvency K- 0.5 0.6 0.7
The coefficient of short-term debt Kern 0 0.1 0.2
The coefficient of current liquidity Keo 1 1 1

Table 2. Definition of mathematical notation for the financial stability area system (FSA)
Coefficient Economic Mathematical
notation notation

The coefficient of autonomy Ka k.
The coefficient of own and borrowed funds Keozr ks
The coefficient of the enterprise’s own working capital Kzowe Koe
The coefficient of financial stability Kge ke
The coefficient of equity’s maneuverability Keu ke
The cocfficient of solvency Ks ke
The coefficient of short-term debt Ko leas
The coefficient of current liquidity Ka kie
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Table 3. Definition of mathematical designations of economic indicators for calculating financial

stability coefficients

Indicator Economic Mathematical
notation notation
Indicator of equity EQ leg
Indicator of total assets TA ita
Indicator of borrowed funds BF Inf
Indicator of the source of funding FS ifs
Indicator of non-current assets nCA Inca
Indicator of current assets CA Ica
Indicator of long-term borrowed funds LBF I
Indicator of currency balance CB len
Indicator of the amount of current liabilities CLA Icla
Indicator of average monthly revenue AMR Lame
Indicator of total borrowed funds TBR Iths

Table 4. Limits of efficiency indicators of coefficients

Coetficient Economic | Mathematical | Min Maxu Limits
notation notation

The coefficient of autonomy Ka Kars 0.5 0.7 (0.5,0.7)
The coefficient of own and borrowed Kosr ke 0.5 0.7 (0.5,0.7)
funds
The coefficient of the enterprise’s own Keowc ko 0.2 04 (0.2,04)
working capital
The coefficient of financial stability Krs ki 0.8 1 (0.8, 1)
The coefficient of equity’s Keu ks 0.3 0.6 (0.3, 0.6)
maneuverability
The coefficient of solvency Ks ks 0.5 0.7 (0.5,0.7)
The coefficient of short-term debt Kstp kags 0 0.2 (0,0.2)
The coefficient of current liquidity Kco ki 1 1 (1)
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Table 5. Quarterly indicators of financial stability coefficients of Viaduct LLC for the fiscal year 2021

Economic Mathematical | Quarter 1 Quarter 2 Quarter 3 Quarter 4
notation notation
Ka Kats 0.59 0.51 0.61 0.55
Korr K 0.62 0.66 0.69 0.58
Keowc kot 0.21 0.28 0.33 0.31
Krs kit 0.80 0.91 0.92 0.86
Ken Kmss 0.35 0.37 0.39 0.36
Ks ks 0.55 0.58 0.63 0.60
Ksmo Kaf: 0.20 0.09 0.08 0.14
Keo kit 1 1.01 1.01 0.99
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