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Abstract. The economic situation in the country is estimated by using both GDP indicators and the growth rates of quantitative 
indicators of the national economy, including capital. The article is devoted to the economic-mathematical model of the 
dependence of the effectiveness of the aggregate capital of economic entities in the agricultural sector of Ukraine on endogenous 
factors. It is determined that factors determining financial security, capital turnover and productive processes stimulate the 
growth of the efficiency of aggregate capital. Proceeding from the fact that the model is significant and adequate in modern 
business conditions, the author of the article has concluded that the use of the developed model will allow making effective 
management decisions regarding the agricultural sector of Ukraine in the medium term. In this regard, a forecast for the period 
up to 2021 according to the determined indicators has been worked out. According to our estimates, we forecast the largest 
increase over the period between 2017 and 2021 for endogenous factors affecting the profitability of aggregate capital by the 
capital productivity ratio, and moderate growth by the investment ratio and the asset turnover ratio.
The proposed model can be used as a basis when creating a long-term forecast. To do this, it is proposed to expand the analysis 
of factor indicators affecting the profitability of aggregate capital in agriculture on the basis of taking into account the impact 
of exogenous factors. The target parameters of the impact of exogenous factors should correlate with financial and economic 
indicators as well as the efficiency index for agriculture in terms of macroeconomics.
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Анотація. У статті побудовано економіко-математичну модель залежності ефективності сукупного капіталу суб’єктів 
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Аннотация. В статье предложена экономико-математическая модель зависимости эффективности совокупного 
капитала субъектов хозяйствования в сельском хозяйстве Украины от эндогенных факторов влияния. Установлено, что 
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1. Introduction
The economic situation in the country is estimated by 

using both GDP indicators and the growth rates of quanti-
tative indicators of the national economy, including capital. 
Therefore, the study of the impact of external (exogenous) 
and internal (endogenous) factors on the effective functio-
ning of capital at the macro- and micro-levels is relevant. 
Today, the key factors that lead to an increase in the profi-
tability of capital on an endogenous basis in relation to busi-
ness entities, including the agrarian sector of the economy, 

are not scientifically substantiated. Hence, the purpose of 
the research is to substantiate the dependence of the pro-
fitability of capital on financial support, capital turnover and 
productive processes, to determine the multi-factor corre-
lation and regression dependence in the model and the de-
velopment of the medium-term forecast on this basis. The 
author has used the following methods to conduct the re-
search: statistical and economic methods to study the in-
terconnections between financial and economic processes, 
and to identify factors impacting performance indicators; 
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the forecasting method to justify probability of future deve-
lopment of the research object in a given time period, based 
on the analysis of retrospective data and endogenous im-
pact factors.

2. Brief Literature Review
A significant contribution to statistical theory and mo-

delling was made by P. M. McCullagh and J. A. Nelder 
(1989) [11]; D. V. Hinkley, N. Reid and E. J. Snell (1991) [5]. 
A toolkit for applied regression analysis has been worked 
out by J. O. Rawlings, G. P. Sastry and D. A. Dickey (2001) 
[16]. A. Dobson (1990) [3] presented a unified theoretical and 
conceptual framework for statistical modeling in an acces-
sible form.

Z. Naglova,  B. Boberova.,  T. Horakova and L.  Smutka 
(2017) [14] conducted a statistical analysis of the factors im-
pacting the results of agricultural enterprises’ activities of the 
Czech Republic.

O. Oliynyk and V. Adamenko (2015) [15] identified the 
main financial indicators and conducted a comparative ana-
lysis of the financial system of Ukraine and leading Euro pean 
countries.

Ukrainian scientists has made a significant contribution 
to the study of factor indicators impacting financial acti-
vity and enterprises capital functioning. The expediency of 
 using the indicators of liquidity, financial stability, business 
activity and profitability for assessing the financial stability 
of enterprises was justified by N. M. Davydenko (2015) [2]. 
The effectiveness of the application of multifactorial discri-
minant analysis to assess creditworthiness was defined by 
O. H. Malii, (2017) [10].

Research on effective management decisions regar-
ding fixed assets and enterprises capital through modelling 
and forecasting methods was carried out by L. V. Smoliy and 
S. M. Kolotukha (2017) [18], N. Shura (2012) [17] and S. O. Ish-
chuk (2015) [6].

3. Purpose 
The purpose of the research is to construct an econo mic-

mathematical model of the dependence of the efficiency of 
aggregate capital of economic entities in the agricultural sec-
tor of Ukraine on endogenous impact factors. The purpose 
determines a set of properties in modelling the object, which 
will be reflected in the model. In our study, we proceeded from 
the fact that factors that are endogenous in nature are de-
pendent on the financial policy of the enterprise and specifics 
of industrial activity. Endogenous factors are subjective and 
have a quantitative estimate. The construction of the model 
will take place in three stages.

4. Results 
Construction of the basic model
At the first stage of research, we collected and pro-

cessed statistical data and financial reporting on the agri-
cultural sector of Ukraine in respect of the period between 
2001 and 2016 [12-13; 19]. Also, we calculated the main 
indicators of economic activity, as well as financial indica-
tors of selected economic entities. After studying the ana-
lytical material, we identified endogenous factors impacting 
the profitability of the aggregate capital indicators of pro-
ductive processes and determined the efficiency of produc-
tion and economic activity, based on indicators of financial 
support and capital turnover of economic entities in the ag-
riculture in Ukraine.

At the second stage, by constructing an extended cor-
relation matrix, we verified the selected factors in terms of 
multicollinearity, which allowed us to select the most ap-
propriate factors to create the basic model. Having iden-
tified the nature of the relationships between the factors 
( linear, logarithmic, quadratic, hyperbolic, etc.), we detec-
ted the impossibility of applying a logarithmic, quadra tic, 
and hyperbolic dependences (insignificance according to 
the Student’s criterion, and inappropriateness to Fisher’s 
criterion) was established. As a result of the statistical ana-
lysis, a high reliability of linear interdependence was found, 
which led to further research based on the use of a li near 
multifactorial model. Consequently, we constructed two ba-
sic models, in which the capital return and the profitability 

of operating activities were determined based on the per-
formance indicators.

The main factors of the production process and finan-
cial support that affect the capital outflow of fixed assets (Y1) 
were as follows: the ratio of long-term financial security of 
the first order (the first degree for the investment factor), the 
ratio of funds and expenses coverage, the real value ratio of 
fixed assets in the enterprise property, the depreciation fac-
tor of fixed assets, the factor of suitability of fixed assets, the 
ratio of fixed assets renewal, the ratio of long-term financial 
provision of second order (second degree), the ratio of the 
cumulative rate of reproduction of fixed assets. Despite the 
strong and very strong impact of each of the individual fac-
tor, we consider, the dependence of capital productivity on 
the investment factor (X1), the ratio of aggregate reproduc-
tion (X2), the ratio of fitness of fixed assets (X3) to be statis-
tically significant in the multifactorial equation, with the ra-
tios of pair correlation equalling 0.838; 0.854; 0.838, respec-
tively. Herewith, the tightness of communication is 0.894 
(strong), and the determination ratio is 0.797. Consequently, 
the variation in capital productivity by 79.7% depends on the 
investment ratio, the ratio of aggregate reproduction, the ra-
tio of suitability of fixed assets.

The correlation and regression dependence of capital pro-
ductivity (Y1) on the factors is the following:

Y1 = -2,1681 + 0,0222X1 + 0,0621X2 + 0,0350X3 .            (1)

We can conclude that with an increase in the ratios of in-
vestment, aggregate reproduction and suitability of fixed as-
sets by 1%, capital productivity will increase by 0.02%, 
0.06% and 0.03% respectively, according to the average va-
lues in the sample. The return on capital shows the efficiency 
of the use of fixed capital and is calculated as the ratio of the 
increase in the value (in monetary terms) of agricultural pro-
ducts at a certain time to the original average annual value 
of fixed capital, which shows what sum of the value of gross 
 output falls per UAH 1 value of fixed capital. 

In the works by Ukrainian economists, it is noted that 
in a period of inflation, when the prices for fixed assets are 
growing at a rapid pace, it is expedient to determine the 
capital output by the commodity output estimated at cur-
rent sales prices [1; 4; 8]. Concerning the effect of infla-
tion, we consider this conclusion to be correct. At the same 
time, the issue of the capital returns calculation on the ba-
sis of the value of commodity output is under discussion 
for the reasons given below. The specificity of agricultu-
ral production lies in the fact that agricultural products pro-
duced during a certain time are mainly consumed  within the 
agricultural sector, for example by households, the share 
of which in the structure of intermediate consumption was 
45% in the period between 2012 and 2016 [19]. An in-
crease in the share of intermediate consumption in the out-
put volume of agricultural products leads to an increase in 
the cost and production capital intensity, decreasing capi-
tal productivity gains. Therefore, in our opinion, the initial 
data for the capital output calculation should not be com-
modity output, but the total output of agricultural output in 
current prices (as part of the country’s domestic product, 
which allows an objective assessment of the current ac-
tivities of the agricultural enterprise). Another specific fea-
ture is that gross agricultural output includes a recurrent 
account, which depends directly on the volume of produc-
tion of own production, which will be used (consumed) in 
the future period to sustain the production process. There 
is no doubt that the capital reproduction factor is one of the 
factors that impacts the efficiency of capital productivity. 
We proceed from the assumption that the level of suitabi-
lity and renewal of fixed assets characterise the overall po-
tential of the economy, and the dynamics of the fixed capi-
tal value reflects general trends in the country’s social and 
economic development and the ability of capital to be ex-
panded [6]. The positive dynamics relating to the excess of 
fixed assets value received during the year over the initial 
cost of all fixed assets at the beginning of the year testifies 
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to the stability of the trend of aggregate reproduction of 
capital in Ukraine’s agriculture. However, the estimated da-
ta show that there was no qualitative increase in the fixed 
capital reproductive potential - the actual level of suitabili-
ty of fixed assets for the period from 2001 to 2016 was not 
very high (Table 1).

The maximum output for UAH 1 of fixed capital can 
 also be ensured due to the growth of production volumes 
 without attracting additional investments. Practical imple-
mentation of this process requires effective mobilisation of 
own financial resources. If an economic entity has poten-
tial to cover (financially secure) investments in non-current 
assets with its own capital, the investment ratio will equal 
to 1 or exceed it. The ratio of the growth rate of equity and 
non-current assets was examined in our previous studies 
[9]. We consider the investment ratio to be an endogenous 
factor of capital output productivity. In agriculture, during 
the period under study, the share of sources of own funds in 
the private sector in covering non-current assets was quite 
high (Table 2). This trend is explained, among other things, 
by the stable profitability of agriculture and the exceeding 
ave rage value of the equity capital profitability level over 
the average rate of capital output among the branches of 
the economy [8].

To a certain extent, the investment factor is the financial 
stability indicator in relation to determining the level of enti-
ty solvency, the liquidity of its assets and the liquidity of the 
balance sheet. Financial policies of each enterprise should 
be aimed at ensuring the optimal combination of liquidity 
and profitability of the enterprise. Profitable use of available 
resources by economic entities reflects the resource pro-
ductivity rate, which is the assets turnover rate (aggregate 
capital). Taking into account the fact that the turnover rate 
of the aggregate capital (assets turnover) of the enterprise 
shows the corresponding effect of each unit of assets in re-
lation to the full cycle of production and capital turnover, 
we consider it expedient to determine the impact of fac-
tor indicators on the profitability of operating activities. In 
this sense, we agree with the conclusions made by leading 
scien tists who have proved that the production efficiency 
and economic activity are impacted not only by the state of 
capital reproduction but also by factors such as the use of 
current assets, their turnover, the efficiency of financial and 
investment activities, etc. [2; 10; 17].

The main factors of the capital turnover that affect 
the profitability of operating activities are determined as 

follows: the working capital, the absolute liquidity ratio, the 
rapid liquidity ratio, the current liquidity ratio, the ratio of 
general liquidity balance, the assets turnover ratio and the 
mobi lity factor. Despite the strong and very strong influence 
of each individual factor on the result, on the basis of the 
calculations, the dependence of the operating profitabili-
ty (Y2) on the total balance liquidity ratio (Z1) and the asset 
turn over ratio (Z2) is statistically significant in the multifacto-
rial equation; the communication tightness is 0.838 (strong), 
and the determination ratio is 0.702. Thus, the variation in 
the profitability of operating activities by 70.2% depends 
on the overall liquidity of the balance sheet and the assets 
turnover.

The correlation and regression dependence of the opera-
ting profitability on factors is the following:

Y2 = -18,838 + 0,16639Z1 + 0,45344Z2 .                            (2)

With the increasing ratio of general liquidity of the balance 
sheet and the rate of return on assets by 1%, the profitability 
of operating activity increases by 0.16% and 0.45%, respec-
tively, regarding the average values in the sample.

Creation of an integrated model of the impact of endoge-
nous factors on the productivity

Positive dynamics of effective activities of  economic en-
tities in agriculture is the basis for stabilizing productive pro-
cesses on an expanded basis. The determination of the im-
pact of the state of the fixed assets, the capital turnover and 
the efficiency of production processes on capital profitabi-
lity, production efficiency and economic activity in the con-
ditions of financial and economic stabilization in the agricul-
tural sector of Ukraine is of particular relevance. Therefore, 
the second stage of our research is aimed at constructing 
an integrated model of the impact of endogenous factors 
on productivity, including the profitability (viability) of ag-
gregate capital. A quantitative and qualitative assessment 
of the aggregate capital efficiency provides a definition of 
its profitability level for net profit. We consider it approp riate 
to base this conclusion as follows: the return on aggregate 
capital at net profit is a profitability indicator, which indi-
cates the amount of net income generated by each hryvnia 
(UAH), invested in the value of the aggregate capital. The 
aggregate capital of an economic entity affects the level of 
a certain generation in the operational, financial and invest-
ment sectors, combining them into a single complex. It is 
a complex of operational, financial, investment actions that 

integrates the net profit.
The conducted research and 

calculations allow us to select fac-
tor indicators which closely corre-
spond with the outlined modelling 
purpose. The analysis of the two 
previous basic models was also 
taken into account. Thus, the ana-
lysis of the system of factors direct-
ly affecting the efficiency of aggre-
gate capital (net profit margin) (Y3) 
makes it possible to conclude that 
there are endogenous factors such 
as the investment ratio (X1), capital 
productivity (Y1) and return on as-
sets ratio (Z2). The communication 
tightness, which is considered to be 
strong, is 0.882, while the determi-
nation ratio is 0.777. As the deter-
mination ratio shows, the variation 
in the return on aggregate capital 
by net profit (Y3) by 77.7% depends 
on the total impact of the three 
factors under investigation, inclu-
ding 21.4% on capital productivi-
ty, 11.5% on assets turnover and 
44.8% on the investment factor.

The correlation and regressive 
dependence of the profitability of 

Tab. 1: Analytical indicators of fixed assets reproduction (agribusiness entities in Ukraine)

Source: Compiled by the author based on [12-13; 19]

Tab. 2: Indicators of long-term financial security of agricultural entities in Ukraine

Source: Compiled by the authors using [12-13; 19]
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aggregate capital on the net profit resulting from the above 
factors is the following:

Y3= -14.904 + 1.3338Y1 + 0.09256Z2 + 0.101011X1 .        (3)

On the basis of the obtained equation, let us analyse the 
ratios of the equation and interpret their meanings:
Y1 = 1.3338 - on the condition of the invariability of other fac-

tors, with an increase in capital efficiency by 1.0%, the return 
on aggregate capital by net profit will increase by 1.33%;

Z2 = 0.09256 - if the asset turnover ratio increases by 1.0%, 
the net profit profitability of the net profit will also increase 
by 0.09%, provided that all other factor indicators will re-
main unchanged;

Х1 = 0.101011 - if the investment factor increases by 1.0%, 
then the net profit margin of the net profit will increase by 
0.10%, which means that there is a direct link between the 
return on aggregate capital and the potential of the entity to 
cover equity investments in non-current assets.
Thus, on the basis of the constructed economic and 

mathematical model, we have determined a linear depen-
dence (communication tightness - 0.882, determination ra-
tio - 0.777) of the efficiency of aggregate capital of agribusi-
ness enterprises in Ukraine on endogenous impact factors, 
including: the state of reproductive processes (capital pro-
ductivity), capital turnover (the asset turnover ratio), the fi-
nancial support indicator (the first-rate ratio of long-term fi-
nancial security, which is the investment ratio). We consi der 
it appropriate to make relevant management decisions re-
garding the efficiency of aggregate capital, with the help of 
calculations on the basis of the obtained model. By adjus-
ting the factors mentioned in the model, it is possible to pre-
dict the efficiency of aggregate capital in the medium term, 
which in turn will impact decision-making on managing in-
vestment activities and increase the productivity of opera-
tional activities of business entities in the agricultural sector 
in Ukraine. Also, the developed model can be used as a fi-
nancial mechanism for substantiation of perspective direc-
tions of financial activity.

Creation of the medium-term forecast of factor and perfor-
mance characteristics

The next step of our research is to build a forecast for 
the period up to 2021, according to the 
determined indicators. Based on mathe-
matical models constructed using the 
correlation and regression analysis and 
taking into account information about 
the object of forecasting and its deve-
lopment, we regard it appropriate to 
consider the following provisions. The 
information in the output arrays which 
belongs to continuous values; its accu-
racy is due to calculations for the long-
term period (2001-2016). According to 
the actual and estimated data, we con-
structed a trend line. Also, we procee ded 
from the fact that the choice of mo del 
for forecasting depends on the reliabi-
lity of the forecast. To present our fore-
cast, we considered the following types 
of approximating dependencies:  linear, 
logarithmic, polynomial, power, expo-
nential, linear filtration, etc. [3; 5; 11]. 
Approximation, as a method of scientific 
research, is used to analyse, synthesise 
and further apply the empirical results 
[5; 11]; To determine the accuracy of the 
forecast, the value of the approximation 
error (R2) is used: the closer the value 
(R2) to 1, the more precisely the chosen 
model reflects the tendency of develop-
ment, which means that our forecast is 
more reliable [16-17]. 

On the basis of the analysis, we set 
a type of curve, which is better suited 

for the approximation of empirical (actual) data. The expo-
nential curve and the polynomial dependence of the 2nd de-
gree approximate our output data the best, as evidenced 
by the obtained determination ratios (Table 4). We have to 
construct trend lines for the investment ratios, the fixed as-
sets total reproduction, the fixed assets suitability the total 
ba lance liquidity, the assets turnover, capital returns. For 
 example, Figure 1 shows a graph of forecasting the invest-
ment ratio using the trend line. It contains the graph of pre-
diction of the aggregate reproduction ratio of fixed assets 
using the trend line and the aligned polynomial curve. The 
polynomial approximation is used because the ratio of ag-
gregate reproduction of fixed assets calculated on the basis 
of actual data for the period of 2001-2016 is an amount that 
may either increase or decrease and is unstable. 

The second-order polynomial, the deviation of which from 
the graph of the initial function is minimal, is defined as sui-
table for our study. The method of least squares is chosen 
for the polynomial approximation method. The polynomial ap-
proximation based on the ratio of aggregate reproduction of 
fixed assets has a degree of certainty R2 = 0.3457, (the con-
nection is moderate but not weak). Also, according to the cal-
culations, this connection proved to be more reliable than in 
other variants of alignment by analytic functions.

As noted, the exponential curve approximates in the best 
way for the ratios of investment, the fixed assets aggregate 
reproduction, the fixed assets suitability, the total balance li-
quidity, the assets turnover and capital returns. The data va-
lue of the ratios (calculated on the basis of actual data for the 
period between 2001 and 2016), either increases or decrea-
ses at an ever-increasing rate. The ratios do not contain nega-
tive values, which also confirms the correctness of the choice 
of the approximation curve. Hence, the exponential trend line 
is most suitable for our values. All factors that we predict have 
a high degree of prognosis (Table 3).

Further, we calculate the forecasted performance indica-
tors. We determine, therefore, the forecast of factor and per-
formance indicators for the years 2017-2021.

According to our estimates, we forecast the largest in-
crease over the period between 2017 and 2021 for endo-
genous factors affecting the profitability of aggregate capi-
tal by the capital productivity ratio, and moderate growth by 

Fig. 1: Forecast chart of the investment ratio using the trend line aligned with the 
exponential curve (degree of reliability, R2 = 0.8783)

Source: Author’s own calculations

Tab. 3: The result of alignment by analytic functions

Source: Author’s own calculations
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the investment ratio and the asset turnover ratio. This mo-
del is designed for the medium term. To build the forecast 
of changes in the profitability of the aggregate capital in the 
long-term period, the proposed model can be modified. At 
the same time, it is necessary to take into account that the 
main thing in developing a long-term forecast is the poten-
tiality, which should be reflected by the relevant information 
[7, 328]. The information field of the research should be ex-
panded and supplemented with analytical data on exoge-
nous factors impacting the capital profitability. The econo-
mic phenomena of exogenous nature exist autonomously; 
they do not integrate and do not pass into each other, but 
there is systemic interaction between exogenous and en-
dogenous impact factors, which together represent a diffe-
rentiated multi-level system. The target parameters of the 
impact of exogenous factors should correlate with financial 
and economic indicators as well as the efficiency index for 
agriculture in terms of macroeconomics.

5. Conclusions
As the correlation analysis shows, the factors relating to fi-

nancial security, the capital turnover and production proces-

ses stimulate the growth of the efficien-
cy of aggregate capital. An increase in 
the impact of endogenous factors (capi-
tal outflow, asset turnover and invest-
ment) leads to an increase in the return 
on capital. To model the impact of endo-
genous factors on the efficiency of aggre-
gate capital in agriculture, we propose the 
following: processing of statistical and fi-
nancial reporting data, calculation of the 
main indicators of financial and econo-
mic activity of economic entities, determi-
nation of the impact of endogenous fac-
tors on the return on aggregate capital; 
the construction of an expanded correla-
tion matrix and the verification of selected 
indicator factors for the presence of mul-
ticollinearity between them, the creation 
of a basic model; construction of an in-
tegrated model of the impact of endoge-
nous factors on the outcome; a medium-
term forecast of the dependence of the 

profitability of aggregate capital on the financial security, the 
turnover of capital and productive processes in the agricultural 
sector in Ukraine.

We have created a multifactor correlation model which 
takes into account development factors of economic pro-
cesses with regard to agribusiness entities in Ukraine. The 
model is significant and adequate in terms modern condi-
tions of management in the agricultural sector. Therefore, it 
is expedient to use it to forecast the profitability of aggre-
gate capital of economic entities in the agricultural sector 
of Ukraine on the basis of taking into account endogenous 
impact factors. The use of this model makes it possible to 
more clearly define the structure of the estimated indica-
tors of endogenous impacts on the capital productivity and 
allows making effective management decisions relevant to 
the agricultural sector in the medium term. We consider it 
possible to use this model as a basis for forming long-term 
forecasts. To do this, it is proposed to expand the analysis 
of indicator factors affecting the profitability of aggregate 
capital in agriculture on the basis of taking into considera-
tion exogenous factors.

Tab. 4: Forecasting factors and, accordingly, forecasting performance indicators 
for the 2017-2021 period

Source: Author’s own calculations
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