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Modeling of production processes in rural areas:
management and development effectiveness
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Abstract

In the modern economy, the process of studying
independent and alternative approaches to
studying a business (organization) is happening
more and more. Such alternative approaches of
today include: “neoclassical theory”, “theory of
transaction costs” (theory of specific assets),
“theory of incomplete contracts” (theory of
property rights), and also “agent theory” (theory
of incentives). Such integrated systems and
approaches of economics and management as

“resource  theory”, ‘“knowledge theory”,
“strategic theory”, “entrepreneurial theory”,
“network  theory”, “theory of resource
dependence”, “theory of  institutional

isomorphism”, “theory of situational choice",
"The theory of strategic choice™ is currently
promising and relevant. The article discusses the
basic model of neoclassical theory. The main
superiority of this theory is expressed in the fact
that it predetermines the technological
component as a whole as an economy in the
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AHHOTAUMS
B coBpeMeHHOI 5KOHOMUKE Bce OOIbliIe U 00JIbIle

MPOUCXOAUT MPOUECC U3YUCHHSA HC3aBUCHUMBIX U
AIBTCPHATUBHBIX TOAXOJ0B U3YUCHHUSA OusHeca

(oprammzanmm). K TakuM — anbTepHATHBHBIM
MOTXO1aM COBPEMECHHOCTH OTHOCSTCS:
CHEOKJIaCCHYECKas TEOPHSI», «Teopust
TPaH3aKIIMOHHBIX H3JICPKEK (Teopust

crenu(UIecKnX aKTUBOB), « TEOPHsS HEMOIHBIX
KOHTPAaKTOB» (TEOpHs IpaB COOCTBEHHOCTH), a
TaK)Ke «areHTCKas TeopHs» (Teopusi CTUMYJIOB).
Takue WHTErpUPOBAHHBIE CHCTEMBI W TOAXOBI
OKOHOMHKH M MEHE/DKMEHTa KaK «pecypcHast
TEOpHUs», «TEOpUsl 3HAHUI», «CTpaTernyeckas
TEOpUs»,  «IPEANPUHUMATEIbCKAsS  TEOpHUs»,
«ceTeBasi  TEOpPUs»,  «TEOpUSl  PECYpCHOM
3aBUCHMOCTH», «TEOPUSl WHCTUTYIHOHAIBHOTO
n30MOphHU3May, «reopus CHUTYaI[HIOHHOTO
BBIOOPa», «TEOPHs CTPATErHYEeCKOro BHIOOpa» B
HacTosIIIee BpeMsl IEPCIEKTUBHBI U aKTyaJbHbL. B
CTaThe paccMarpuBaloTcsi 0a3oBas  MOJEINb
HEOKJIaCCUYECKOMI TEOPHUHU. I'maBHBIM
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broad sense of the understanding and depends on
the scale of activity of the economic entity.
Moreover, this theory provides for the reflection
of savings in the activities of an economic entity,
taking into account the scale of activity and
business processes (factors) that characterize the
volume of production and turnover of
organizations. In the framework of the approach
under consideration, a certain macrostructure is
determined that incurs costs of economic
resources: fixed assets, the number of employees
that affect the turnover of organizations. The
rational management task that the Udmurt
Republic encounters is to determine the forecast
for the turnover of organizations for given
resources and in calculating the fixed assets
necessary for its value and the number of
employees. It was revealed that the rural
economy of Udmurtia has a negligible effect on
the scale of resources, since with a simultaneous
increase in labor and capital by 1%, the turnover
of organizations increases by 1.82%, and the
final product is most dependent on the state of the
workforce, as the current state the equipment
used is in critical condition in terms of wear and
efficiency.

Key Words: modeling, integrated research,
forecasting, assessment.

Introduction

In the modern economy, the need has arisen for
the application of new integrated systems and
approaches  for the  determination  of
macrostructures of an economic entity
(Kontsevaya, 2017).

The macrostructure of the economic subject,
taking into account the functions of economic
indicators, production indicators and other
functional and technical indicators show the
integrity of the organization (Frantsisko,
Ternavshchenko, Molchan, Ostaev, Ovcharenko
and Balashova, 2020). The problems of
evaluating the effectiveness of the functioning of
the system and the use of individual production
factors in economic entities and in individual
regions of the country are highlighted in the
works of domestic scientists and economists
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TIPEBOCXOJICTBOM 3TON TEOPUH BBIPAXKAETCS B TOM,
YTO OHA MpEeJoNpenessieT TEXHOJIOTHYECKYFO
COCTaBJIAIOUIYI0 B IIEJIOM KaK IO KOHOMHUKE B
IIMPOKOM CMBIC/IE TIOHMMaHHS, W 3aBUCUM OT
MacmTaboB  AEATENLHOCTH  9KOHOMUYECKOTO
cyobexta. [lpm  sTtoM  nmaHHas  Teopus
npeaycMaTpuBacT  OTPaXCHHE OJKOHOMHHM B
JESTETPHOCTH SKOHOMHYECKOTO CyOBEKTa C
y4eToM MacITaboB JesITeIhbHOCTH W OW3HEC
mporieccoB  ((akTOpoB)  XapaKTEPU3YIOIINX
00BeMBI IPOU3BOICTBA U 000pOTa OpraHm3amii. B
paMKax paccMaTpuBaeMoro oIX0/1a
ompenenseTcss  HEKOTopas  MaKpOCTPYKTypa,
OCYILIECTBIISIIOINASL  3aTpaTbl ~ YKOHOMHYECKHX
pecypcoB:  OCHOBHBIE  (DOHIBI, YHCIEHHOCTh
3aHATBIX, KOTOpbIE  BIMSAIOT Ha  00OpOT
opraHmzanuid. 3ajada panMOHAILHOTO BEICHUS
XO034lCTBOBaHUS, C  KOTOPOM  BCTpeyaercs
Yamyprtckas  Pecrybnuka, 3akmrodaercss B
OTIpeNieICHHH TPOTHO3a 000pOTa OpraHU3aAIHA
mpH  3aJaHHBIX pecypcax MW B pacueTe
HEOOXOMUMBIX IJIsI €€ CTOMMOCTH OCHOBHBIX
(hOHIIOB, YHCIIEHHOCTH 3aHATHIX. BEIABIICHO, YTO
9KOHOMHKA CEIbCKUX PaiOHOB YIMYpPTHH HMEET
HEe3HAUUTEIbHBIN 3 (EeKT OT MaciiTaba pecypcos,
TaK Kak IMpH OJHOBPEMEHHOM pOCTE TpyJda M
KamuTama Ha | % o0opoT opraHuzaui
yBenuuuBaercs Ha 1,82%, mpuueM KOHEUHBIH
MPOAYKT B HaWOOJbIICH CTEMEHU 3aBUCUT OT
COCTOSIHUSI paboueil CHIIbI, TaK KaK COBPEMEHHOE
COCTOSTHHE TIPUMEHIEMOTO obopynoBaHUs
HaXOJUTCS B KPUTHICCKOM COCTOSIHUH TI0 YPOBHIO
n3Hoca M 3 (HEKTUBHOCTH.

KaroueBbie cjioBa: MOACIMPOBAaHUC,
KOMIIJIEKCHOC HCCJICAOBAHUEC, MPOTrHO3UPOBAHUC,
OIICHKA.

(Ivashkevich, Gareev and Shayukov, 2018;
Kostyukova and Bobryshev, 2016; Trukhachev,
Kriulina, and Tarasenko, 2008; Shafronov, 2015;
Sheremet, 2009;  Alborov, Kontsevaya,
Klychova and Kuznetsovd, 2017; Kislyakova,
Berezkina, Vorobyeva, Kokonov and Strelkov,
2019).

The production function is a statistically
significant relationship (technological
connection) between the total output (income)
and the amount of resources used (Hassani, 2012;
Glebova, 2017).

Production functions can be defined for
production systems of various scales - from the
production site to the global economy. Each
production system is characterized by its own
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production  function
Kontsevoy, Suetin,
Suetin, 2019).

(Khosiev,  Ostaev,
Sokolov, Antonov and

The apparatus of production functions is widely
used in microeconomic and macroeconomic
analysis in modeling production processes
(Kokonov, Khosiev, Valiullina, Ostaev, Ryabova
and Gogaev, 2019; Ostaev, Gogolev, Kondratev,
Markovina,  Mironova, Kravchenko and
Alexandrova, 2019). Using production functions,
it is possible to evaluate the effectiveness of the
functioning of the system and the use of
individual production factors, determine the
possibilities and consequences of replacing some
production factors with others, find the influence
of the scale of production on its efficiency, and
study the impact of managerial and technological
innovations on production processes (Kondratie,
Ostaev, Osipov, Bogomolova, Nekrasova and
Abasheva).

Methodology

Finding a production function for a real
production system is a problem that is solved by
statistical methods for processing empirical data.
In general, the production function can be written
as follows:
q=1)=7f(xy 0%, 0x,) (1),

where g — issue size; x; —amount of j-th resource
As a rule, the assumption is made that the
structure produces only one product and its

production function is continuously
differentiable.

Next, we consider the concept of a substitution
curve, an indifference curve for manufacturers -
isoquants. An isoquant is a curve that shows all
possible combinations of factors of production
that provide the same volume of production. The
introduction of isoquants is that they clearly
show the possibility of replacing one factor of
production with another.

Isoquants have the following properties:

— isoquants do not intersect with each other;

— isoquants in the field of definition of the
production function (economic field) have a
negative slope and are concave with respect
to the origin;

— a larger output corresponds to an isoquant,
more distant from the origin;

— if all resources are absolutely necessary for
production, then isoquants do not have
common points with the coordinate axes.

Volume 9 - Issue 29 / May 2020

To quantify the rate of change of the marginal
rate of substitution along the isoquant, the
concept of the elasticity of the substitution of
resources is used. The elasticity of the
substitution of resources has the following
economic meaning: it approximately shows how
many percent the ratio of resources should
change when moving along the isoquant, so that
the marginal rate of substitution y changes by 1%.
The elasticity of substitution characterizes the
curvature of the isoquants.

In the case of homogeneous production
functions, the elasticity of the substitution of
resources can be determined by the formula:

& = MPi(x)'MPj(X)
U a-@MPi(x)-MP () +af () f (0]
where q — degree of homogeneity.

),

Next, we consider one of the types of production
functions, a power-law production function, the
Cobb-Douglas production function.

A power production function with n resources
has the following form:

n .
q=7f(x)= aol_[__l x;lj = agx;1x,? X",
3.

where g —output volume, x; — the number of the
j th factor, aga,,a,,..,a, — positive
parameters (a; < 1 forall j=1,2,..., n).

The most famous type of production function is
the Cobb-Douglas function:

q= f(x1,x2) = aoxflxélz , 4,

where x, — the volume of production assets
(capital) in value or kind, x, — the amount of
labor in value or kind, g — is the output in value
or kind, ay, a,, a, are constant values.

If (ag>0,a,>0,a,>0,a;, +a,<1), then
the Cobb-Douglas function satisfies all the above
requirements for production functions.

Modern processes of economic development of
municipalities require consideration of the
processes of development efficiency from the
scientific point of view of economic and
mathematical modeling  (Baranov, 2014;
Chazova and Mukhina, 2019). We carry out a
comprehensive study of the Cobb-Douglas
function. Table 1 shows data on the turnover of
organizations q, the value of fixed assets x,, the
number of employees x, for the year in the
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Udmurt Republic. Using the source data, you

need:

1) determine the parameters of the Cobb-
Douglas production function q = agx; x5 ?;
©) | _

2) calculate the basic economic and
mathematical  characteristics of  the
production function;

Table 1.

3)

4)

to predict the turnover of organizations for
given average values (x; = 1367 and x, =
47466);

to build isoquants for indicators of the
turnover of organizations:

a) for given average values ( x; =
1367 and x, = 47466),
b) by reducing the set values by half.

Data for the Udmurt Republic for 2017 (Statistical digest. Udmurtstat)

182

Districts of the  The turnover of

The cost of fixed assets, million

Number of employed,

No Udmur_t organizations, million rubles, x; people, x,
Republic rubles, q ' '

1 Alnash 2787,2 1288,184 4195
2 Balezinsky 9860,9 2433,673 7535
3 Vavozhsky 2138,8 1326,755 3198
4 Votkinskiy 48977,1 1383,027 5405
5 Glazovsky 4830,8 1174,598 3497
6 Grakhovsky 696,7 500,2774 1721
7 Debessky 1532,2 814,6992 2867
8 Zavyalovsky 21675,7 4289,19 13180
9 Igrinsky 223345 1459,626 7751
10 Kambara 5602,7 1268,335 3706
11 Karakulinsky 19122,2 586,1064 3331
12 Kesky 7285,3 1410,556 4266
13 Kiznersky 1589,8 596,3904 4519
14 Kiyasovsky 11711 424,9752 1876
15 Krasnogorsk 1900,5 870,609 1694
16 M. Purginsky 3300,4 1349,883 4437
17 Mozhginsky 1805,9 1582,984 4385
18 Sarapulsky 14195,9 1139,236 4575
19 Celtinsky 989,5 646,0793 2094
20 Syumsinsky 588,7 598,7145 1969
21 Uvinsky 23613,4 2639,122 10342
22 Sharkansky 7805,2 1041,926 3373
23 Yukamensky 490 388,064 1442
24 Yak-Bodinsky 19480,5 797,3 4275
25 Yarsky 1131,1 1068,572 2226

Results and discussion

For management purposes and the effectiveness
of rural development, it is necessary to analyze

www.amazoniainvestiga.info

existing data for the Udmurt Republic. We
believe that the Cobb-Douglas function for
managerial decision making is highly relevant.
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Input data for constructing the Cobb-Douglas function.

Volume 9 - Issue 29 / May 2020

Districts
of the 1 2 3 4 5 6 7 8 23 24 25  Forecast
Udmurt
Republic
q 2787 9861 2139 48977 4831 697 1532 21676 490 19481 1131
Xi 1288 2434 1327 1383 1175 500 815 4289 388 797 1069 1367
X2 4195 7535 3198 5405 3497 1721 2867 13180 1442 4275 2226 4746
* Compiled by the authors
Table 3.
Prologarization source data.
Districts of the
Udmurt 1 2 3 4 5 6 7 8 23 24 25
Republic
q 7,933 9,196 7,668 10,799 8,483 6,546 7,334 9,984 6,194 9,877 7,031
X1 7,161 7,797 7,190 7,232 7,069 6,215 6,703 8,364 5961 6,681 6,974
Xz 8,342 8,927 8,070 8595 8160 7,451 7,961 9,486 7,274 8,361 7,708
* Compiled by the authors
Decision

The obtained parameter values a4 =
I.  Definition of unknown parameters a,, a,, a, 0,001; a; = —0,49; a, = 2,31 satisfy  the

of the production function.

We program the Cobb-Douglas function:
In(q) = In(ay) + ayln(xy)

+ a,In(x,). (6),

Let Q = In(q), Ay = In(ay), X; =
In(x,), X, = In(x;,), then in the new notation
we get:

Q Ay + a1 X + a,X,

™,

requirements aq, > 0, a, > 0.
ay = exp(Ay)=exp(—7,224) =0,001.

Reliability of the approximation of the obtained
Cobb-Douglas production function equation
q = 0,001x; **x23!

High enough is R? = 0,64.

Il. Determination of economic and
mathematical characteristics of the Cobb-

Thus, having obtained a linear function, we Douglas  production  function ¢ =
de_termme the unknown parameters Ag, ay,a, flxx;) = apxx5> . (8),
using the least squares method and using the
Excel software product.
Table 4.
Economic and mathematical characteristics of the Cobb-Douglas function
No Indicator Values
1 Average return on assets 4.8
2 Average performance 14
3 Marginal return on assets -2,3
4 Marginal productivity 3.2
5 Elasticity of turnover of organizations in production assets -0,5
6 The elasticity of the turnover of organizations by the number of employees 2,3
7 Turnover elasticity 1.8
8 Capital ratio 0,3
9 Marginal rate of replacement of funds by the number of employees 0,7
10 Forecast of turnover of organizations with given resources 6516,5

* Compiled by the authors
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1. The average capital productivity at x; =
1367, x, = 4746:

q  agx;txy?
AP, =— =172
Xy X1
= 0,001
1367704971 . 4746231
=48

a;—-1_a
=agx, " Xy’

With an increase in the value of fixed assets x;
(with a constant number of employees x,) the
average capital productivity decreases. The
increase in the number of employees x, (at a
constant cost of fixed assets x;) leads to an
increase in the turnover of organizations.

2. Average performance at x; = 1367,x, =
4746:

a ,.az
q _ GoXy X,

AP, = P P apxtxy !
= 0,001
- (—0,49) - 1367704971
4746231 = 1,4,

3. Marginal return on assets at x; =

1367,x, = 4746
mp, =24 — A n? _ aga, xM Tx% =
17 o, ax, e 2 =

0,001 - (—0,49) - 1367794971 . 4746231 =
-2,3,

Thus, with an increase in the value of fixed assets
(at constant values of the number of employees),
the marginal return on assets decreases. An
increase in the number of employees (at constant
values of the value of fixed assets) leads to an
increase in marginal return on assets. A
simultaneous change in both variables can lead to
different results. If a, >0,a;, <0,a, >
0,then AP, > MP;.

4. Marginal labor productivity at x; =
1367,x, = 4746:
g 9(agxitxd?) a;_az-1
MP, = oy -1 2 0 xlz 2= qoa X, Xyt =

0,001-2,31-13677%%9-4746%3171 = 3,2

If a;>0,a, >0, a,>0, then the average
labor productivity is also higher than the
marginal one, that is, AP, > MP,.

5. The elasticity of the turnover of
organizations in production assets:

www.amazoniainvestiga.info

a;—1_a;

Apay X, X, -2,3

= MP, /AP, = = =

! 1/ ARy agx T xy? 4,8 %
= —0,49.

This indicator indicates that with an increase in
spending on funds by 1%, the turnover of
organizations decreases to the utmost by 0.49%.

6. The elasticity of the turnover of
organizations by the number of employees:

ay_az-1
ApazXx, X, _32_  _ 231
a xalxaz—l T 14 =ax= ¢,
0%1 “2 !

£ = MP,/AP, =

7. Turnover Elasticity:

£(x) = Zsj(x) & 48 =049 + 231
= =1,82.

8. Capital-labor ratio (the volume of funds per
one unit of labor) at x; = 1367,x, = 4746:

_x 1367 0288
T x, 4746 T

An increase in the number of employees (at
constant values of the value of fixed assets)
reduces the capital-labor ratio, and an increase in
the turnover of organizations leads to an increase
in the capital-labor ratio if the volume of use of
labor resources has not changed.

9. The marginal rate of replacement of
productive assets by the number of
employees at x; = 1367,x, = 4746

ai-1_az
_dx; _ MP; _ apa1X X" GaXp _
= = = a;_az-1 — =
dxq MP, aoalelxzz ayxq
-2,3
—=0,74

32

10. The elasticity of the replacement of
resources is determined by the formula:

€12
MP, (x) - MP,(x)

T A - MR () MP,() + af (Of (07,

).

For the Cobb-Douglas function with a degree of
homogeneity g = a, + a, we gete;, = 1,8.
Thus, a change in the capital-labor ratio of 1%
corresponds to the marginal rate of substitution
also by 1.8%.

I11. Definition of the forecast of the turnover of
organizations with x; = 1367, x, = 4746
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Using the found values of the parameters of the
Cobb-Douglas function and the initial cost
values, we obtain the forecast value of the
turnover of organizations:

Aforecast = GoXi %,2 = 0,001 13677049
4746%31= 6517

Aforecast = GoXy X52 = 0,001 - 6847049 -
2373%31= 1848

Volume 9 - Issue 29 / May 2020

4

IV. Construction of isoquants. The isoquant
equation has the following form:

1

q \=
X =\ —=; (10).
agXx,

Substituting into the control of isoquants the
values of the parameters of the production
function for various values of the level of
turnover, we build graphs (Fig. 1).

Table 5.
Modeling the volume of revolutions
The equation Point 1 Point 2 Point 3 Point 4 Point 5
a, = 0,001 a, = —0,49 a, = 2,31
x; = 1367 x, = 4746 = 6567q'
X1 5 10 15 20 25
1 \1/az
= ( qal) x, 1434 1662 1813 1927 2021
apxy
x; = 1367 x, = 4746 =1848¢q'
X1 5 10 15 20 25
1 \1/az
- (q_l) x, 831 964 1051 117 1172
AoX 4
* Compiled by the authors
2500 -
1.927 2.021
2000 - 1.812
1.662
1.434
1500 -
—— Seriesl
4 1.172 Psan 2
1000 1051 1.117
964
831
500 -
0
1 2 3 4 5

Figure 1. Isoquants of the production function of the Cobb-Douglas (compiled by the authors)
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Conclusion

For the economy of rural municipalities of the
Udmurt Republic, the dependence of the turnover
of organizations q (as a result of production
activity) on the value of fixed assets x;, number
of employees x, is described by the Cobb-
Douglas production function equation

-0,49 2,31

q =0,001x; ""x;

Based on the coefficients, it was revealed that the
combined effect of the two factors is 1.82 (-0.49
+ 2.31). This means that the rural economy of the
Udmurt Republic has a negligible effect on the
scale of resources, since with a simultaneous
increase in labor and capital by 1%, the turnover
of organizations increases by 1.82%.

The average capital productivity was determined,
which amounted to 4.8 rubles of turnover per 1
rubles of fixed assets. The average labor
productivity amounted to 1.4 million rubles. for
1 working. Accordingly, at the given average
values, the forecast for the production and sale of
the product (turnover value) was calculated,
which can reach a maximum value of 6,517
million rubles per region or 162.9 billion rubles
in the economy. With available resources more
than this value, the result is not yet achievable.

According to the value of the parameter A =
0.001, a very low influence of technological
progress in the rural economy of the Udmurt
Republic was revealed. It is generally accepted
that an increase in the value of A indicates an
increase in the output of the product with
previous quantities of labor and capital. The low
efficiency of the technologies used also reflects
the effect of the law of diminishing returns on
factors, which showed that with an increase in the
cost of funds by 1%, the turnover of
organizations decreases to the utmost by 0.49%.
The rural economy can be called laborious. The
most significant factor is the number of
employees, and their productivity (Kontsevaya,
Chachotkin, Kostina and Khoruziy, 2019).
Enterprises should increase their average labor
productivity by almost 2.2 times (to the level of
marginal labor productivity of 3.2 million rubles
per person).

On the one hand, this is due to the specifics of
agricultural production, in which labor costs are
always significantly higher than in other sectors.
But with the current level of technologyi, it is not
realistic to increase labor productivity. Modern
enterprises have very high depreciation of

www.amazoniainvestiga.info

equipment (more than 60%), so the real return on
the equipment used is low, and the final product
is more dependent on human resources.

We need a new qualitative leap in the innovative
and investment development of the rural
economy, a review of the real state of physical
capital acquired by economic entities of the agro-
industrial complex.

The results obtained are recommended to guide
the economic activities of enterprises in the
municipal regions of Udmurtia, municipal
authorities to analyze the state of production
development and develop measures to regulate
economic support, for regional governments to
formulate investment development programs and
evaluate the effectiveness of business projects
subject to subsidies from the state.
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