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Management of the market economy requires the use of various economic and mathematical
methods and models. The modeling method is the most important universal method of investigation.
The model, as a rule, differs from the object of research, but certainly has a similarity, similar to this
object, primarily with respect to those characteristics that are subject to study and forecasting.

The model of a complex system is also a system that has a physical embodiment, or written
with mathematical notation, numbers, words, graphic images, and so on.

Thus, the model is a physical or sign system similar to the system under investigation with re-
spect to the functional and structural characteristics that are the subject of the study.

There are various economic and mathematical models that are used in scientific research.
The most common are the models of correlation-regression analysis, production functions and sys-
tems of econometric equations. As a rule, modern research in the field of economics and manage-
ment is focused on the use of a single tool for data analysis. This article will consistently apply all of
these models, which allows you to conduct the most complete and objective analysis of the mutual
impact of production performance of a construction company. The article proposes an economic and
mathematical model of competitiveness management of a construction enterprise based on the com-
pilation of a system of recursive econometric equations. Formulas for calculating the endogenous
and exogenous variables participating in the model are given. The calculation of the main perfor-
mance indicators of the construction company is made. Proceeding from the constructed model and
based on the methodology of multicriteria optimization, the authors determined the optimal indices
of the production activity of the construction enterprise taking into account the given limitations.
The authors analyze in detail the obtained results of calculations and convincingly proves the rele-
vance of the methodology proposed in the article.

Keywords: economic and mathematical model, recursive equation, system, optimization, mana-
gement, econometrics, production function.

Introduction

In science and practice, various mathematical methods are used to solve diverse problems that cover
analysis, planning and management in all sectors of the country's economy.

Management is a conscious influence of a person on objects, processes and on the people participat-
ing in them, which is carried out in order to give a certain focus to economic activity and obtain the de-
sired results. Control methods are defined by the ways in which the subject of management affects
the control object.

Management of the market economy requires the use of various economic and mathematical me-
thods and models. The modeling method is the most important universal method of investigation. Ap-
plying it, one should remember the concept of “analogy”. The model, as a rule, differs from the object of
research, but certainly has a similarity, similar to this object, primarily with respect to those characteris-
tics that are subject to study and forecasting.

The model of a complex system is also a system (and often very complex) that has a physical em-
bodiment, or written with mathematical notation, numbers, words, graphic images, and so on.

Thus, the model is a physical or sign system similar to the system under investigation with respect
to the functional and structural characteristics that are the subject of the study.
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There are various economic and mathematical models that are used in scientific research. The most
common are the models of correlation-regression analysis, production functions and systems of econo-
metric equations. As a rule, modern research in the field of economics and management is focused on
the use of a single tool for data analysis. This article will consistently apply all of these models, which
allows you to conduct the most complete and objective analysis of the mutual impact of production per-
formance of a construction company.

Economic and mathematical model of competitiveness management

of a construction enterprise

With reference to the building enterprises we will use models of correlation-regression analysis, pro-
duction functions and systems of econometric equations. The most promising economic-mathematical
model from the point of view of further research is the system of recursive econometric equations.

In connection with the complexity and multifaceted relationships in the construction industry,
the objects of analysis and management, as well as the specifics of the specific production structure or
specific objectives and forms of research, we will represent the corresponding production functions in
the form of a system of equations of the following kind [1]:

yie=h (x3,ta X415+ Zl,z);
Yo =1 (xl,t’ X34-1> ---azz,z); (1)

V3 =f3 (XZ,t’ X150 234 )
In this system there are three groups of variables:
1) the endogenous variables x ,, x, ,, X3, , for the determination of which a solution of the reduced
system of equations is required;
2) delayed (lagged) endogenous variables x;, ;, x,, 1, X3, , for #-th period they are known and de-

termined on the basis of statistical information or as a result of solving a similar system of equations for
the (¢ — 1)-th period,

3) the exogenous variables z,,, z,,, z;, are determined outside of the given system of equations.

Variables of the second and third groups are united by the fact that their values are determined by
external factors with respect to the system of equations; influencing the variables of the #-th period, they
themselves are not subjected to their inverse influence. The variables of the second and third groups are
predefined. The number of these variables in the equations can seriously affect the solution of the entire
system of equations.

This type of system of equations is recursive [2, 3]. Equations in them are solved consistently, and
not simultaneously. The first equation is solved x;, is calculated as a function of only predefined varia-

bles. Then from the second equation we define x,, as a function of predefined variables and already
computed x; , . Further from the third equation, calculate x;,. In this case, the calculation of the first two

equations is, in fact, the preparatory stage for the solution of the third equation, in which the variable
x5, 18 ultimately considered as a complex function of all other variables of the system.

As a basis for constructing an economic and mathematical model of competitiveness management
of construction enterprises, it is proposed to use the following system of equations (formulas for calcu-
lating variables are given in Table 1) [4]:

yl,l = al lxlat + alzxZ’t_l + Clt +...+ almxm’l +...+ 81’1;
Yoy =by vy g Xy FanXy ot Ay Xy, e sy ()
Vg =byn, by, Hayxs o apnx, tost .+ a3, X, ot ey,

where
1, 18 quality of production at # period,

¥, 1is timeliness of performance at ¢ period;
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3, 18 product cost at ¢ period;

x;, is profitability of production at # period;

X, , is a relative number of senior executives of the enterprise at ¢ period;

X, is arelative number of senior executives of the enterprise at # —1 period (lagged variable x, , );
x3, 1s workforce productivity at 7 period;

x3,.; is workforce productivity at 7—1 period t (lagged variable x;,);

x,, is mechanization level (a technological level of building machines and equipment) at ¢ period,;
x5, is discretization of use of resources at ¢ period.

Thus, the work completion time depends on the required level of quality, and the cost depends both
on quality and on the work completion time.

Table 1
Calculation formulas of variables
No. Name of variable Calculation formula Determination of formula
1 | Workforce productivity w W — scope of work in unit time;
W= N N — number of employees
2 | Product profitability Sp o Sp — sales profit;
Ppr:F'IOOA’ C — full cost
3 |Mechanization level Opnecn — scope of work made
(a technological level O ech by mechanical means;
11 . M =
of building machines N N — total number of employees
and equipment) at the enterprise
4 |Relative number of senior N, — number of senior executives
executives of the enterprise N,, of the enterprise;
RN, =
“ N N — total number of employees
at the enter-prise
5 | Timeliness of performance ‘ o ‘ T, T — planned and factual work
pli fi . . . .
Tperf, =1~ completion time at an 7 object, days
r pli
6 |Discretization of use T T ;s — time of discrete use of resources
of resources res = % at an object; T — total period of use
of resources
7 | Product cost VS — volume of sales in monetary
VS 1 terms;
Cpr=—" V' — total volume of work;
VvV Pr .
av Pr,, — an average price of 1 sq.m. of
apartment at local property market
8 |Product quality UD — cost of ultimately defective goods;
UD +WR WR — costs of removal faults and hidden
0 =1--——"= .o
pr S defects on the products made earlier, i.e.
costs of carrying out warranty repair

Proceeding from the constructed model and based on the Pareto [5] multicriteria optimization method,

construction organizations with the best performance indicators are selected:

2018. T. 18, Ne 3. C. 157-164

Vi, —> max;
Y2, —> Max; 3)
¥3, —> min.
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Limitations for this system of equations are:

x, >0.1;

0<x,, <0.15;

0<x;,; 4

0<x4’t < X35

0<xs, <0.5.

In our opinion, this model allows the most objective and fully reflects the competitiveness of con-
struction companies in current market conditions.
To solve the problem, we can use the algorithm for successive improvement of the plan (the method

of successive concessions), at which the maximum is y; , ( y,) for the given constraints on Yy, and y;,,
then we find the maximum y,, (y,) for a given restriction to y;, and y;, > y; —A,, and then we find

the maximum y;, () for given constraints on y;, >y, —A; and y,, >y, —A,. Here A, is a conces-

sion determined by experts for each i-th indicator.
On the basis of the initial data obtained from construction enterprises, the coefficients of x;, were

obtained by the methods of correlation regression analysis [6] and a system of equations was compiled:
N, =0.003+0.218x, , +0.03x,, —0.0006x; , —2.919x, , +1.434x; ;
Y2, =0.009+0.561x; , +0.076x, , | —0.0015x; , | =7.4x,, +3.567 x5 ; (5)
V3, =-0.02 -1.24x;, —0.168x,, | +0.004x; , ; +16.378x,, —7.936xs ,.

To solve this system of equations, use the Microsoft Excel “Find Solution” tool [7]. At the first
stage we optimize the first objective function - product quality:

1, =0.003+0.218x,, +0.03x,, —0.0006x; , ~2.919x, , +1.434x; , —> max. (6)

As a result of the calculation, we get max y,, = yi .- In Fig. 1 shows the results of calculations in

the first stage of optimization.

A B C D E F G H I
1 |x1 X2 X3 x4 x5 ||
2 | 023715] 0,14911] 0,29875] 015678 046868 |
3 1 0 0 0 0 0,23715 >= 0,1
4 0 1 0 0 0 0,14911 >= 0|
5 0 1 0 0 0 0,14911 <= 0,15
6 0 0 1 0 0 0,29875 >= al
7 0 0 1 -1 0 0,14297 »= 0!
8 0 0 0 0 1 0,45568 >= 0!
9 | ___ o o O 0 1 oas®<= 05
10 Objective function
11 0,218 0,03 -0,0006 -2,919 1,434 = 0,82832
12

Fig. 1. The first stage of optimization

Thus, the calculated maximum value of the quality level for given values of x;, is

max yy , = yi , =0.82832~83 % .The closer this indicator is to the unit, the higher the level of product
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quality. Such a high value of the quality index speaks about the insignificant cost of the final marriage
and the costs of eliminating imperfections, as well as the costs of guarantee repairs.
At the second stage, the second objective function is optimized — the timeliness of the work:

2, =0.009+0.561x;, +0.076.x,,_; ~0.0015x;,; —7.4x,, +3.567 x5, —> max. (7)

The result of the calculation is the definition of max y, , = y;,t .

At the same time, the amount of assignment for y;, of the indicator — product quality, is:
A;=0.001. At this stage, the previous function can be degraded by no more than A; =0.001. That is,
one more restriction is introduced y; , < yl*, =4 (1, <0.82732).

As a result of the calculation, we get max y,, = y;,[ . In Fig. 2 shows the results of calculations in

the second stage of optimization.

A B C D E F G H I )
1 |x1 X2 X3 x4 X5 w1
2 | 0,21897] 0,13524] 0,35687] 0,11257| 0,42114] 0,79754 079754 <= 0,82732
3 1 0 0 0 0 0" 021857 >= 0,1
a 0 1 0 0 0 0" 0,13524 »= 0]
5 0 1 0 0 0 0" 0,13524 <= 0,15|
6 0 0 1 0 0 0" 0,35687 >= 0l
7 0 0 1 -1 0 0" 0,443 >= 0
8 0 0 0 0 1 0" 042114 >= o/
9 | _ . o o 0.0 1 0 osu<= 05
10  Objective function
11| 028 0,02 -0,0006 -2,919 1,434 - 0,79754
12| 0561 0076 -0,0015 74 3,567 - " 0,80177
13
14

Fig. 2. The second stage of optimization

That is, the maximum value of the level of timeliness of the work for given values of x;, is

max y,, = y;,[ =0.80177 = 81 %. Ideal is the value equal to 1. It can be achieved when the planned and

actual production times for the i-th facility are completely the same. In our case, the value of the timeli-
ness of the work is at a sufficiently high level, taking into account the additional constraint
(1, <0.82732) , introduced after the first stage of optimization.

At the third stage, the third objective function is optimized: the cost of production:
¥3,=-0.02-1.24x, —0.168x,, | +0.004x;, ; +16.378x,, —7.936x5, — min. (8)

As a result of the calculation, we get min y;, = y;t .

At the same time, the amount of assignment for y,, of the indicator — timeliness of work perfor-
mance, is: A, =0.01 At this stage, the previous function can be degraded by no more than A, =0.01.
That is, another restriction is introduced y,, < y;,t =A; (¥, <0.79177) .

Thus, the final calculation is as follows (Fig. 3).
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A B C D E F G H I ) K
1 [x1 X2 X3 x4 X5 y1 ye

2 | 022471 014112) 0.32214| 0,13129( 0,48213 1 0 054572 <= 0,79654
3 0 11065857 <= | 0,79177
a 1 0 0 0 0 0 0 0,22471 >= 0,1
5 0 1 0 0 0 0 o 0,14112 >= 0|
6 0 1 0 0 0 0 o 0,14112 <= 0,15|
7 0 0 1 0 0 0 o 032214 >= ol
8 0 0 1 1 0 0 o 0,19085 >= 0!
3 0 0 0 0 1 0 o 048213 >= 0!
0, o o o 6o ' o o  oasa3e= 0. 5|
11 |Objective function

12| 028 0,03 -0,0006 -2919 1434 = 0,54572

13 0,561 0,076 -0,0015 74 3,567 = 065857

14 1,24 0,168 0004 16,378 7,936 = 097217

15

Fig. 3. The third stage of optimization

The final stage of the optimization process is the determination of the minimum value of the pro-
duct cost index. In this study, the value of the product cost index was found to be

min y; , = y;[ =0.97217~97 % . This is the main indicator characterizing the competitiveness of the con-

% <¢

struction enterprise and its “viability”, “survival” in the market. If y;,t >1, this means that the value of

the enterprise's products is above the market average, hence, the enterprise's products are not competi-
tive, and the enterprise needs to revise its pricing policy. On the other hand, if this indicator is too low,
then there are risks of deterioration of the financial condition of the enterprise, which can lead to with-
drawal from the market or even bankruptcy. In our case, the cost indicator is 97 %. This indicates the
conformity of the cost of production to the current market conditions and at the same time the activity of
the enterprise remains quite profitable.

Conclusion

Thus, an economic and mathematical model for managing the competitiveness of a construction en-
terprise has been developed. This model is based on three interrelated basic indicators of competitive-
ness (product quality, timeliness of work performance and product cost), combined in a system of recur-
sive econometric equations. At the same time, the timeliness of performance depends on the required
level of product quality, and the cost of production depends on the required level of product quality, and
on the timeliness of the work.

Summarizing this study, it should be noted that the optimal indicators of production activity were
obtained that allow construction companies to determine for themselves the most promising directions
of development, to identify their strengths and weaknesses, to promote the development and adoption of
sound strategically correct management decisions, which ultimately leads to increase competitiveness.
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PA3PABOTKA 3KOHOMUKO-MATEMATUYECKOM
MOAENU YNPABJNEHUA KOHKYPEHTOCMNOCOBHOCTbLIO
CTPOUTENBHOIO NPEANPUATUA

A.0. Fenbpyd’, E.A. Yzpiomos', B.J1. Pbi6ak®

" fOxHO-Ypanbckuli 2ocydapcmeeHHbill yHUsepcumem, 2. YensbuHck, Poccus,
2 @uHaHcosbIll yHUsepcumem npu lNpasumenscmee Poccutickoli ®edepauyuu, 2. Mockea,
Poccus

VYrpasieHue peIHOYHON YKOHOMHKON TPEeOYET MCIOIBb30BAHHUS PA3IUYHBIX dKOHOMHUYCCKUX H
MaTEeMAaTHYECKUX METOIOB M Mojeieil. MeTo MOJACIUpOBaHHS SIBISICTCS HanOOJIee BaKHBIM YHH-
BEPCaJIbHBIM METOIOM HCCIICI0BaHUSA. Mojaesb, KaK MPAaBUIIO, OTIMYAETCS OT 00BEKTa MCCIIe0Ba-
HUS, HO, OE3yCIIOBHO, UMEET CXOJCTBO, MOJ00HOE 3TOMY 00BEKTY, IPEK/IC BCETO B OTHOIICHUH TEX
XapaKTEPUCTHK, KOTOPHIC MOJICKAT U3YUCHHIO U IIPOTHO3UPOBAHHIO.

Mogenb CI0KHON CHCTEMBI TaKXKe SIBISIETCS] CUCTEMOM, KOTOpasi UMeeT (PU3NYeCcKoe BOILIOIIE-
HHE WM HalKCaHa MATeMAaTUYECKUMU O0O03HAYCHUSMH, YUCIAMHU, CIOBaMHU, rpa)UuecKUMHU H30-
Opa’KCHUSIMH U T. JI.

TakuM 00pa3zoM, MOJIEINb TPEICTABISAET COO0N (HHU3UUECKYIO MM CUTHAIBHYIO CUCTEMY, 110100~
HYIO CHCTEME, UCCIEeyeMOil B OTHONICHUH (HYHKIHOHATIBHBIX U CTPYKTYPHBIX XapaKTEPUCTHUK, KO-
TOpPBIE SBISIOTCS IPEAMETOM UCCIIECOBAHMS.

CyIIEeCTBYIOT pa3IuYHbIC YdKOHOMHUYCCKHE U MATEMAaTHUCCKUE MOJICIH, KOTOPBIC HCIIOIb3YIOTCS
B HAYYHBIX HCClienoBaHusx. Hanbosee pacmpocTpaHECHHBIMH SIBISIOTCS MOJCTH KOPPEISAIHOHHO-
PErPECCHOHHOTO aHaK3a, MPOU3BOACTBCHHBIC (DYHKIIMH U CHCTEMbI 3KOHOMETPUICCKHUX YPABHCHHI.
Kak mpaBmiio, COBpeMEHHBIC HUCCICIOBaHUS B 001aCTH SKOHOMHUKH M YIPABJICHUS OPHCHTHPOBAHBI
Ha KCIIOJH30BAHKUE CIMHOI0 MHCTPYMCHTA JJIs aHAIM3a JaHHBIX. B 3ToM cTarthe OymyT MmocieaoBa-
TENBHO MPUMEHSTHCS BCE 3TH MOJENH, KOTOPBIC MO3BOJIAT MPOBECTH HAWOOJCE MONHBIA H 00beK-
TUBHBIM aHAJIM3 B3aWMHOTO BJIMSHHS MPOM3BOJCTBEHHBIX MOKA3aTeNell CTPOUTENLHON KOMITAHHH.
B crarbe mpeanaraercs SKOHOMUKO-MaTeMaTHUeCKass MOJIEIb YIPaBICHUs] KOHKYPEHTOCIOCOOHO-
CTBIO CTPOUTEIHHOTO MPEANPUATHS HA OCHOBE COCTABICHHUS CHCTEMbI PEKYPCHBHBIX 3KOHOMETpHUYe-
ckux ypaBHeHuid. [IpuBeneHsl GopMynbl Ui pacdera SHAOTEHHBIX M JK30T€HHBIX MEPEMEHHBIX,
Y4YacTBYIOUIMX B Mojieu. [Ipou3BeieH pacueT OCHOBHBIX MOKa3aTesel AeATeIbHOCTH CTPOUTEIbHO-
ro npeanpustus. Mcxoas U3 MOCTPOCHHOW MOJETM M OCHOBBIBASCH HA METOIAMKE MHOTOKPHTEPH-
aJbHOM ONTHMHU3AIIMH, aBTOPAMHU OIPEIC/ICHbI ONTHMAILHBIC MMOKA3aTeIH MPOU3BOJACTBEHHON aes-
TENBHOCTU CTPOUTEILHOTO MPEANPUATHS C YICTOM 3aJaHHBIX OTPaHUYCHUN. ABTOPBI ICTAIHHO aHa-
JIU3UPYIOT MOJYUYCHHBIC PE3YJIbTAThl PACUCTOB U YOCIUTEILHO JOKA3bIBAIOT aKTYaIbHOCTh HPEIIIO-
JKEHHOH B CTaThbe METOIUKH.

Kniouesvie cnosa: skOHOMUKO-MAMeEMAMUYECKAst MOOeIb, PeKyPCUBHOE YPABHEHUE, ONMUMU3A-
yusi, ynpasieHue, Cucmemd, IKOHOMempuKd, HPou3600CMEeHHAsL (PYHKYUSL.
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