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The aim of the study is to identify areas and
features of the application of methods of eco-
nomic and mathematical modeling in the system
of stakeholder relations and the formation and
implementation of social corporate responsibility
of construction companies. The proposed areas
of economic and mathematical modeling of the
influence of the systemic factor of stakeholder
relations on the integral indicator of the formation
and use of social corporate responsibility of con-
struction companies. It was determined that in
order to increase the efficiency of the formation
and implementation of social corporate respon-
sibility of construction enterprises, it is neces-
sary to form a quantitative basis that takes into
account stakeholders and the level of interaction
of stakeholders. Based on the developed quan-
titative basis, reasonable management decisions
are made in the areas of interaction between
stakeholders and ensuring the formation and
implementation of social corporate responsibility
of construction companies.

Key words: stakeholder relations, social cor-
porate responsibility, construction enterprises,
stakeholders, system factor, integrated indicator,
economic and mathematical modeling, ade-
quacy criteria.

Llenbko uccsiedoB8aHusi siefisiemcsi onpedesieHue
cehep u BbisigneHUe ocobeHHocmell npuMeHe-
HUsI Memodo8 3KOHOMUKO-MameMamu4yeckozo
MoOenupoBaHusi 8 cucmeme s3aumodelicmsust

C 3auHMepecosaHHLIMU CMOpOHamu, Ghopmu-
poBaHUsi U peanu3ayuu coyuasibHol Kopro-
pamusHoli  0mBemMCmMBEeHHOCMU  CMPOUMe/ib-
HbIX KomnaHul. [lpedsioxeHbl HanpagieHus
9KOHOMUKO-MameMamu4ecko20 MoOesupo-
BaHUSI B/IUSIHUSI CUCMEMHO20 ¢hakmopa B3au-
modelicmBusi 3aUHMePEecoBaHHbIX CMOPOH Ha
UHmMeapasibHbIl  rokasamesib  (hopPMUPOBaHUS
U UCMO/b30B8aHUSI CoYuasibHOU  Kopriopamus-
HOll  omBemCmBEHHOCMU  CMPOUME/TbHbIX
KomnaHud. OrpedesieHo, Ymo O/151 M0BbILEHUST
aghchekmusHocmMU  (hOpMUPOBaHUS U peasiu-
3ayuu coyuanbHol KopriopamusHol omsem-
CMBeHHOCMU  CMpoumesibHbIX  rpedrpusmull
Heobxo0uMo  cghopmupoBamb  KOIUYECMBEH-
HYI0 OCHOBY, y4UMbIBAIOWYIO YPOBEHb B3au-
mModelicmsusi  3aUHMeEPECOBaHHbIX — CIMOPOH.
Ha ocHose paspabomaHHOU Ko/Iu4ecCmBeHHoU
6a3b! MPUHUMAOMCS1 060CHOBaHHbIE YIPas/eH-
yecKue peweHusi 8 cghepax saumodelicmsust
3aUHMepPecoBaHHbIX CMOPOH U 0becreyeHust
hopmupoBaHUs U peanusayuu  coyuasibHoU
KopriopamusHOUl 0msemcmseHHOCMU CMpou-
Me/IbHbIX KOMNaHU.

KnioueBble cnoBa: cmelikxo/10epHble OMHO-
WeHusl, coyua/ibHasi KopriopamusHasi omsem-
CMBEHHOCMb, CMPOUMe/IbHbIe NPEednpuUIMUs,
cmelikxosidepbl, cucCmeMHbIU ¢hakmop, uHme-
2pa/ibHbIll  roKasamesib, 3KOHOMUKO-Mamema-
muyeckoe MoOe/uposaHue, Kpumepuu adek-
BamHocmu.

[losedeHa HeobXiOHICMb 3acmocyBaHHsl Memooi8 EKOHOMIKO-MameMamu4yHOo20 MOOE/IBaHHS1 y cucmeMi CmelKX010epHUX BIOHOCUH ma ¢hopMyBaHHI
Ui peanisayjii coyjasbHOI KopropamusHoi 8idrosidasibHocmi GyodisesibHUX nidnpuemMcms. Memoto AOC/IOKEHHST € BUSHAYEHHST HarpsIMIiB ma BUSIB/IEHHST
ocobugocmeli 3acmocysaHHs1 MEMOOi8 eKOHOMIKO-MameMamu4yHO20 MOOE/I0BaHHS1 y cucmemi cmelikxo/10epHUX BIOHOCUH ma ghopMyBaHHi U peaisa-
yii' coyiasibHOI KopriopamusHoi 8ionosidabHocMi 6ydisesibHUX midnpuemems. /151 00Csi2HEHHS MOCMAaB/IeHO Memu BUPILLYIOMbLCS HAaCMYrHi 3aB80aHHsI:
BU3HaYEHHS HanpsiMig eKOHOMIKO-MameMamu4Ho20 MOOE/IH0BaHHS Br/UBYy cmelikxoI0epHUX BIOHOCUH Ha piBeHb couiasibHOI KopriopamusHOI BiOMNosi-
dasibHOCMI BYOiBe/IbHUX MIOMPUEMCMB; Xapakmepucmuka Kpumepiis adeksamHoCcmi EKOHOMIKO-MameMamu4HoOI MOOesT; Mpedcmas/IeHHs1 pe3y/ibmamis
EKOHOMIKO-MameMamuy4Ho20 MOOe/TBaHHSI ma Ix iHmepripemayisi. 3arpornoHoBaHi HanpsiMu 30iiCHEHHS EKOHOMIKO-MameMamu4Ho20 MOOE/TBaHHS
BI1/1UBY CUCMEMHO20 YUHHUKA CMeUKX0/I0ePHUX BIOHOCUH Ha iHmezpasibHUll MOKa3HUK (hOpMyBaHHSI ma BUKOPUCMAHHSI Coyjia/lbHOI KopropamusHoi 8io-
rosidasibHocMi 6ydiBe/IbHUX MIGMPUEMCMB. BusHa4eHo cucmeMHUU YUHHUK BUSHaYEHHS1 BUOIB CeliKXo/10epis, siki 83aeM0o0itomb y cucmemi ghopMyBaHHSI
ma peaiizayji coyjiasibHoi KopropamusHoi 8idrnosidasibHoCMi 6ydiBe/bHUX Midnpuemcms. [106y008aHO EKOHOMIKO-MameMamuyHy MOOe/Tb ma BU3HaYeHI ii
Kpumepii adeksamHocmi. Kpumepii adeksamHocmi, Wjo caid4ams npo piseHs Br/IUBY CUCMEMHO20 CMeUKX0/10epHO20 YUHHUKA Ha iHmeapasibHUll roKas-
HUK ¢hopmyBaHHs1 U peasizayji coyia/ibHOI KOpriopamusHOI 8ionosioa/ibHocCMi 6ydise/IbHUX MIGNPUEMCMB, BKa3ylomb Ha A0CMOBIPHICMb ma rMnosHoOMmMy
BCMaHOB/EHUX 38’s13KiB. BusHayeHo, wjo 07151 3pocmaHHs echekmusHoOCcMI hopMysaHHst U peanizayii coyiasibHoi' KopriopamusHoi 8idrosioansHocmi 6ydi-
BE/IbHUX MIONPUEMCMB HEOOXIOHO CQhOPMyBamuU KiflbKiCHe ridrpyHmSI, siKi Bpaxosytomes Cmelkx00/1EPHI YUHHUKU ma piseHb B3aeMOQil 3ayikasieHuUx ocio.
Ha ocHosi po3po6/1eHoi KifbKiCHOI 0CHOBU MpuliMarombCsi 06rpyHMOBaHi Yrpas/iHChKI pilueHHs1 Wooo HarpsiMis 83aemolii cmelikxondepis ma 3abe3re-
YeHHs1 hopMyBaHHs1 Ui peastizayjii coyjiasibHOI KopriopamusHoi 8iornosioasibHoCMi 6ydiBe/IbHUX MIOMPUEMCMS.

KntouoBi cnoBa: cmetlikxosidepHi BIOHOCUHU, coyia/ibHa KopriopamugHa 8idrosioanbHicms, 6yoisesbHi nidnpuemcmsa, cmelkxondepu, cucmeMHuUll YuH-
HUK, iHMe2pasibHUll MoKa3HUK, EKOHOMIKO-MamemamuyHe MoOesI0BaHHSI, Kpumepii adeksamHocmi.

Problem Statement. Current business conditions
require the adoption of sound management deci-
sions to ensure stakeholder relations and the forma-
tion of social corporate responsibility of construction
companies. The current state of these enterprises is
determined by ambiguity, which is associated with
a decrease in production and economic potential, a

slowdown in the growth of key performance indica-
tors, and the negative influence of external and inter-
nal factors. In such conditions, the development and
use of an appropriate decision-making basis is of
particular importance, and is formed on a quantitative
basis. Its creation involves the application of modern
methods of economic and mathematical modeling in
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the system of stakeholder relations and the formation
and implementation of corporate social responsibil-
ity as important factors affecting the development of
construction enterprises. Thus, the research topic is
relevant, and its development is timely.

Literature Review. The application of methods
of economic and mathematical modeling in the study
of economic processes are presented in scientific
developments [1-9]. Along with this, there are unre-
solved issues regarding the application of methods of
economic and mathematical modeling in the system
of stakeholder relations and the formation of social
corporate responsibility of construction companies.

Research Obijective is to identify areas and iden-
tify features of the application of methods of economic
and mathematical modeling in the system of stake-
holder relations and the formation and implementa-
tion of social corporate responsibility of construction
companies.

To achieve this goal, the following tasks are solved:

— determination of the directions of economic and
mathematical modeling of the influence of stakeholder
relations on the level of social corporate responsibility
of construction enterprises;

— characterization of the criteria for the adequacy
of the economic and mathematical model;

— presentation of the results of economic and
mathematical modeling and their interpretation.

Key Results. Economic and mathematical
modeling for research is implemented in the following
areas:

1. The use of information and analytical support
based on the assessment of the integral indicator of
the formation and implementation of social corpo-
rate responsibility and the system factor of the level
of stakeholder relations of construction enterprises.

2. Establishing the relationship between the inte-
gral indicator of the formation and implementation of
social corporate responsibility and the system factor
of the level of stakeholder relations based on the cor-
relation and determination coefficient.

3. Construction of correlation fields, economic and
mathematical models of the influence of the system
factor on an integral indicator of the level of formation
and implementation of social corporate responsibility
of construction companies.

4. Definition of criteria that determine the ade-
guacy of the developed economic and mathematical
models.

5. Interpretation of the established relationships
between the integral indicator of the formation and
implementation of social corporate responsibility of
construction companies and the systemic factor.

Summarizing the existing legal support for cer-
tain types of stakeholders that affect the social cor-
porate responsibility of construction companies and
form a systemic stakeholder structural factor (SKV,):
government bodies; bodies of state architectural
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and construction control (SKV,,); government bod-
ies providing development and implementation of
urban planning documentation (SKV,;); bodies for
the formation of the urban cadastre (SKV,,); bodies
providing the formation and use of land (SKV/,;); sub-
jects of architectural activity (SKV,¢); social security
authorities (SKV,,); bodies ensuring responsibility
of enterprises, their associations, institutions and
organizations for violations in the field of urban plan-
ning (SKV,,); housing reconstruction bodies (SKV,y);
bodies carrying out architectural and technical
supervision during the construction of an architec-
tural object (SKV,,,); bodies authorized to consider
cases of violations in the field of urban development
(SKV,,,); domestic stakeholders engaged in invest-
ment activities in the construction industry (SKV,,,);
stakeholders providing the implementation of scien-
tific and technical activities in construction (SKV/,;,),
contractor (SKV,,); subjects providing innovative
activity (SKV,,5); customer (SKV,); financial and
credit institutions (SKV,,;); organizations providing
interaction with construction companies in the field
of securities transactions (SKV,;g); organizations
that exercise external and internal control over the
financial and economic activities of construction
enterprises  (SKV,y,); insurance companies and
companies that interact with construction enterprises
(SKV,,); stakeholders supporting the formation and
implementation of foreign investment (SKV,,,); bod-
ies providing external control over the activities of
construction enterprises (SKV/,,,); workers (SKV,,,);
corporate governance bodies of construction enter-
prises (SKV,,,); founder (SKV,,s); top management
(SKV,,6); managers of different levels (SKV/,,,); other
stakeholders (SKV/ ).

The systemic factor that determines the types of
stakeholders that interact in the system of formation
and implementation of social corporate responsibility
(SKV,) is based on the following model:

( SKVi1,SKV5, SKVy3, SKVy4, SKVys, SKVy, \
I SKVy7,SKVig,SKVy9, SKVi0, SKVi11, SKV 15 |
4 SKV113,SKVi1a,  SKVyis,SKVi16, SKVy17, SKV, 18, &cSKVl, (1.2)
[SKViio,  SKVi,SKVip1,SKViss,  SKVips,SKViz, |
\ SKVy25,SKVi26, SKVi27, SKVyg )

The proposed economic and mathematical model
for assessing the systemic factor in determining the
types of stakeholders that interact in the system of
formation and implementation of social corporate
responsibility of construction enterprises:

SKVy1xSKV,xSKVy3xSKV, 4 xSKVy5xSKV, 6xSKVy7xSKVgxSKVyg
% | XSKV,10xSKVy11XSKV,1,XSKVy 13%SKVy14XSKV, 15XSKVy16XSK V17 (1.2)
XSKVy16XSKV119XSKVy20XSKV1 21 XSKVy 25 XSKVy 23X SKV, 4 XSK V55
XSKV126xSKV157xSKV, g

The adequacy criteria of the economic and mathe-
matical model determine the influence of stakeholder
relations on the level of social corporate responsibility
of construction enterprises as follows:

correlation coefficient (R): determined based on
model:

SKV, =
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=X = Xx (Y - 1)

/ = (X = X2 x XL, (Y; - ¥)?

X, Y, — values of quantities between which con-
nections are established;

X, Y — average values of integral indicators.

The correlation coefficient determines the level
of influence of the independent variable x on the
dependent factor c. The value of the correlation coef-
ficient varies in the range from -1 to 1. A positive or
negative value determines either direct or feedback
between the indicators. Modulo the values of the cor-
relation coefficient — if the indicator is O — there is no
connection between the indicators;

— from 0.01 to 0.2 — low;

—0.201 — 0.4 — inconsequential,

— 0.401 - 0.6 — moderate;

— 0.601 — 0.8 — significant;

—0.801 - 0.99 - high;

— 1 — absolute.

The essence of the correlation coefficient is deter-
mined by how much the dependent variable changes
from the independent one;

coefficient of determination (R?): definition model:

R?=+R. (1.4)

The determination coefficient is a more precise
criterion that determines the level of influence of an
independent variable on a dependent one; its value
varies from 0 to 1 — depending on the level of their
influence;

Student’s t-test: assessment model:

M, —M
t= 1 2 (1.5)

Jym? + mg’

M;, M, — arithmetic mean values;

m,, m, — the value of statistical errors of arithmetic
mean integral indicators.

Student’s t-test determines the feasibility of estab-
lished relationships. Based on the student criterion,
actual values are determined, which are compared
with the corresponding standard values that are pre-
sented in the developed tables. In cases where the
actual values of Student’s t-test exceed its normative
values, the established relationships are advisable
and the study of relationships continues. Otherwise,
the connection is unstable and impractical. In this
case, the model is considered inadequate;

Fisher’s F-test: determination model:

R? (n—-m-—1)
1_ R2 X ,

n —number of observations regarding integral indi-
cators.

It determines the level of materiality and signifi-
cance of the established relationships between inte-
gral indicators. In this case, the actual value of the
Fisher's F-test is determined, which is compared
with its normative values, which are presented in the

R= . (1.3)

F = (1.6)

corresponding tables. In the case when the actual
value of the Fisher’'s F-test exceeds its normative
value, then the relationships between the integral
indicators are taken significant. Otherwise, the eco-
nomic and mathematical model is inadequate and
further studies are not carried out;

— criteria for testing for homo or heteroscedasticity:
determined by the Goldfeld-Quandt test, Glaser’s
models, by the criterion p. The degree of homogeneity
of the residual indicators of the economic and
mathematical model is determined. If the distribution
of residues is uniform, then homoscedasticity is
confirmed (the value of y is determined). If the
distribution of the residues is not homogeneous,
then heteroscedasticity is confirmed by the value
of y. At the same time, the level of adequacy of the
economic and mathematical model is characterized:
hemoscedastic rests — adequacy model,

— Heteroscedasticity of residues — the model is
inadequate;

— Durbin-Watson criterion (DW): it is determined

by the model: 5
d(ei—ei4)

bw 2 e?

e, e, — residuals of integral indicators.

The actual value of the Durbin-Watson criterion is
compared with tabular values. If the value of the DW
criterion is less than 2, then the following options are
possible:

— if the actual DW value is lower than the lowest
tabular DW value, then the null hypothesis of the
absence of autocorrelation is discarded and a con-
clusion is made about the positive autocorrelation in
the residuals;

—if the actual value of DW is greater than the
upper tabular value of DW, the null hypothesis of the
absence of autocorrelation is not rejected and the con-
clusion is made that there is no correlation between
the following residues and the previous ones;

— if the actual DW value is between the lower and
upper values of the Durbin-Watson criterion, neither
the hypothesis of the absence of autocorrelation
in the residues can be rejected or accepted. This
requires further research.

If the actual value of the DW criterion is more than
2, it is a negative autocorrelation.

Comparison of the limit value of the Durbin-
Watson criterion with the actual value of 4 — DW pos-
sible results:

— at 4 — DW, the lower value of the lower boundary
of the criterion is lower, the null hypothesis about
the absence of autocorrelation is rejected and the
conclusion is made about the presence of negative
autocorrelation in the residues;

—when 4 — DW is greater than the upper boundary
of the Durbin-Watson criterion, the null hypothesis is
accepted about the absence of autocorrelation in the
residues;

1.7)
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Table 1

The results of determining the Fisher and Student’s criteria by the model of the influence
of the systemic stakeholder factor on the integral indicator of the formation and implementation
of social corporate responsibility of construction enterprises, rel. units (Developed by the authors)

The calculated values of F and t criteria of the
Fisher and Student’s tests

Standard values F and t of the Fisher and Student’s
criteria (at a significance level of 0.05)

Foo = 43.1
toew = 27.6
toe=17.2

F,=3.44
t,=2.31

—if 4 — DW is between the values of the lower
and lower grades of the Durbin — Watson criterion,
then it is impossible to conclude either the presence
or absence of autocorrelation of residues.

The proposed test allows to check the economic
and mathematical model for autocorrelation. If it is
positive, then it is possible to obtain false results of
estimates, if autocorrelation is negative, then the
model is adequate;

— criteria for checking for multicollinearity: the
degree of impact of one independent variable on
another independent variable with the corresponding
pair correlation coefficient is estimated.

The phenomenon of multicollinearity leads to a bias
in the estimates of the results of economic and math-
ematical modeling, and reduces the effectiveness of
the study. The level of multicollinearity is as follows:

— the correlation coefficient between independent
variables is equal to:

— 0 — lack of multicollinearity;

—0.01 — 0.2 — low multicollinearity;

—0.201 - 0.4 — minor;

—0.401 — 0.6 — moderate;

—0.601 — 0.8 — significant;

—0.801 - 0.99 — high;

— 1 — absolute.

In cases when the value of the coefficient of pair
correlation between independent variables exceeds
0.601 (the values are confirmed, a high or absolute
level of multicollinearity), then a decision is made to
exclude one of the independent factors from the eco-
nomic and mathematical model.

Otherwise (absent, low, negligible or mediocre
level of multicollinearity), a decision is made on the
remainder of the independent variables in the eco-
nomic and mathematical model.

Applying the economic and mathematical model
(1.2), the systemic factor is determined for identifying
the types of stakeholders that interact in the system
of formation and implementation of social corporate
responsibility of construction enterprises:

SKV,=3,3.

Based on the generated information and analy-
sis support, a model of the influence of the systemic
stakeholder factor on the integral indicator of the
formation and implementation of social corporate
responsibility of construction enterprises was built:

SKV:: = 0,04 x SKV;, — 0,01. (1.8)
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SKV:: — an integral indicator of the formation and
implementation of social corporate responsibility of
construction companies.

The adequacy criteria, indicating the degree of
influence of the systemic stakeholder factor on the
integral indicator of the formation and implementa-
tion of social corporate responsibility of construction
enterprises, are as follows:

— correlation coefficient (R) — 0.72;

— coefficient of determination (R?) — 0.52.

The results of determining the Fisher and
Student’s criteria for models of the influence of the
systemic stakeholder factor on the integral indicator
of the formation and implementation of social corpo-
rate responsibility of construction companies are pre-
sented in Table 1.

Testing economic and mathematical models in
homo or heteroscedasticity indicates homogeneity of
the distribution of bonds, since the calculated value of
the criterion p does not exceed its normative values:
Meae (1.12) <changes in the systemic stakeholder fac-
tor by 52% determine the transformation of the integral
indicator of the formation and implementation of social
corporate responsibility of construction enterprises;

—a 1% increase in the systemic stakeholder factor
leads to an increase in the integral indicator of the
formation and implementation of corporate social
responsibility by 4% and vice versa;

— the values of the correlation and determination
coefficients are presented; they indicate a moderate
influence of the systemic stakeholder factor on the
integral indicator of the formation and implementation
of social corporate responsibility of construction
enterprises;

—in the formation and implementation of social
corporate responsibility, it is necessary to take into
account stakeholder factors and the interaction of
types of stakeholders;

—in order to increase the effectiveness of the
formation and implementation of social corporate
responsibility, it is necessary to develop measures
to increase the effectiveness of interaction with
stakeholders of construction enterprises.

Conclusion. As a result of the study, it was found
that in order to increase the efficiency of the formation
and implementation of social corporate responsibility
of construction enterprises, it is necessary to form a
quantitative basis that takes into account stakehold-
ers and the level of interaction of interested parties.
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Based on the developed quantitative basis, reason-
able management decisions are made in the areas
of interaction between stakeholders and ensuring
the formation and implementation of social corporate
responsibility of construction companies.
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