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Abstract. The task of controlling the development of
the technical-economic system of agricultural production
(TESAP) as the only cross-functional business process is
carried out. The methodological approach to its solution is
proposed, based on the use of marketing research methods
and construction of a complex of interrelated models of
market-oriented  technological  options  for  the
development of TESAP and financial schemes of
realization. Different ways of interaction of the
optimization and simulation models in the complex are
considered.
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FORMULATION OF THE PROBLEM

Modern economic conditions of Ukraine dictate the
necessity of structural adjustment of production (both
industrial and agricultural) and realization of investment
programs of enterprises of various industrial orientation
(affiliation). The requirements for quality management
are increasing, which necessitates the development,
generalization and use of modern methods of strategic
management and financial and economic analysis of the
effectiveness of planned investment measures in the
development, reconstruction and modernization of
technical and economic systems of agricultural production
(TESAP) in practical activity.

The definition and implementation of the TESAP
development strategies are among the extremely complex,
labor-intensive and difficultly formalized works, which at
the present time are not being implemented at the proper
level at the domestic agricultural enterprises. Today, these
enterprises should be considered as "open" technical and
economic systems of agricultural production, the success
of which is primarily determined by how well they are
attached to their external economic, scientific, technical,
socio-political and other environment, taking into account
the current state and available internal capabilities.
Methodology, procedures and practice of planning and
management at various levels of the Ukrainian economy,
which largely retained the features of the administrative-
command system, does not fully comply with the
principles and practical conditions of the newest

economic mechanisms and, as a consequence, do not meet
modern requirements.

The widespread methodological mistake that occurs
when managing the development of TESAP is that certain
aspects of development are considered and solved as
partial problems (development of the production and
technical base, the formation of an investment program,
intensification of agricultural production, etc.) that
significantly reduces efficiency, leads to inconsistencies,
and often to the impracticability of the management
decisions that are taken.

ANALYSIS OF RECENT PUBLICATIONS AND
RESEARCHES ON THE TOPIC

In works [1-9], in order to increase the efficiency and
coordination of managerial decisions, the development of
techno-economic systems of industrial production is
considered as the only cross-functional business center,
which covers the analysis of the market environment of
the system, the formation, coordination and optimization
of technological development options and financially-
economic schemes for their implementation. However, for
TESAP, such an approach is not feasible. Therefore, this
study is devoted to the solution of this problem and,
moreover, it takes into account the specificity of the
functioning of modern TESAP.

THE PURPOSE OF THIS STUDY

Is to substantiate the method and model of
optimization of the management of the business process
of TESAP, which would allow to obtain the maximum
profit both from the use of available resources and from
the satisfied existing (potential) demand for the product
(services) that is produced. It should be noted that a well-
planned, systemized and systematic market research is a
prerequisite  for adopting effective market-oriented
management decisions regarding the development of
modern TESAPs.

PRESENTATION OF THE MAIN CONTENT OF
THE STUDY

Fig. 1 shows a schematic version of a planned and
systematic market research.
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Fig. 1. Scheduled and systematic market research (agricultural products / services).

In the first stage of marketing research it is necessary
to determine the structure of the target market and
evaluate the degree of its monopolization. For the
quantitative assessment of the degree of monopolization
of the market (including agricultural products / services),
the index of Herfindahl-Hirschman HHI [2] is often used:

@)

where: n — the number of sellers on the market
(agricultural products / services), S, - the part (share) of

the market occupied by the i-th seller. The greater the
inequality of the parts (shares) of the market, the closer

the HHI value is to one (HHI —1).

HHI = isf , S e[0a],
i=1

ar)

At the next stage, the necessary segmentation of the
market (for products, consumers, geographically, etc.) is
carried out.

The main quantitative characteristics of the target
segment are the volume of market demand and the
capacity of the market itself. The volume of market
demand R(t) (expressed in real or value terms)

determines the potential volume of purchase of
(agricultural) products, localized in time and space terms.

Capacity of the market Q(t) characterizes the maximum

possible demand. Thus, at any given time, the volume of
market demand constitutes a part (share) of market

capacity. The difference between them Ao (t)

characterizes the potential perspective of the investigated
market (see Fig. 2).

AQRI)
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f

Fig. 2. Potential perspective of the investigated market of sales (agricultural products)
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The volume of demand and the capacity of the
market (goods / services) are dynamic functions,
depending on many factors: market structures,
competition from other enterprises, price elasticity of
demand, rates of consumption change, distribution
channels, etc.

In world practice there is a wide range of methods for
forecasting the market, most of which use a rather
complicated mathematical apparatus and require the
availability of a large amount of diverse information, the
collection and processing of which is not always possible
[3, 4]. In practice, simplified methods are usually used:

1) simple extrapolation method (determination of
stands and their parameters);

2) method of consumption level (the level of direct
consumption of a particular product of agricultural
production is determined);

3) the method of end (consumption) use (all possible
variants of the use of products are determined, the
coefficient of its use in the consuming industries is
calculated, the level of production in these industries is
forecasted, the consumption forecast is made), etc.

The most widespread methods are based on the
principles of regression-correlation analysis. Correlation
analysis is used to find the level of interdependence
between different sizes and characteristics of the market.
The method of regression analysis is used to find the
average of some variable that characterizes the market
under study, depending on the value of the second
variable by comparing and solving the level of regression.
If the value of the desired variable is dependent on the
values of several parameters, then the multi-factor
regression equation is formed.

An important stage in market research (Figure 1) is
an analysis of the conditions of competition in the
selected market segment and their impact on the
magnitude of the potential market niche, which is
considered by TESAP in its development. At this stage,
expert methods of qualitative analysis of the situation play
an important role, but some formalized means of decision
support are also used. Thus, for example, the possible
share (fraction) of specific products (services) of
agricultural production of TESAP in the market (specific
weight in percentage of total demand or market capacity)
at the moment is determined taking into account the
competitiveness of products, comparison of the enterprise
with the competing, the ratio of supply and demand, and
other factors. Approximately this share can be determined
by the formula:

100% nt
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where: §'— the share of specific products of agricultural
production in the market,
J — number of

competitiveness index of the enterprise j;

competitors, aje[O,l] -

a €[01] - indicator of competitiveness of the

investigated enterprise;
n',c' — supply and demand for agricultural

products (services) sold, respectively;
k' €[01] - relative competitiveness of products
(services), which is produced, all at the time t.

In determining the potential sales volume of the
products being produced by the TESAP under
investigation, the methods of game theory (game models
of Cournot, Stackkelberg, Forchheimer et al. [2]) are
widely used in the selected market segments under the
conditions of competition. Let's consider the basic idea of
these methods on the example of the simplest model of
Cournot in the conditions of a duopoly (on the
investigated segment of the market two firms compete).

Each firm determines its level of sales (production) 0,

and g, , respectively. Market price - the linear function of
the sectoral volume of production:

PQ=a-b-Q, ®3)

where: Q=¢;+0,.
The profit /7, of the firm 1 is the difference between

total income P(Q)- 0, and total expenses equal to the
product of constant average costs “C” on the volume of
production g, :

IL=(@-b-Q)-qg—c-qp (4)

Since the price also depends on the volume of output

by firm 2, as well as on its own production, firm 1 can not
determine the level of sales (production) that maximizes
profits without the assumption of how the firm 2 will
react. The Cournot model is based on the assumption ,
that each firm proceeds from a constant volume of release
by another firm. In this case, the firm 1 maximizes its

profit, differentiating /7, to @, and equating the obtained

expression to zero (the condition for the existence of the
maximum function of profit of the first order):
drz, dpP
a0, P(Q)+[de g—c=a—-2-b-g,—b-g,—c=0 (5)
Converting this equation, you can get a function that
indicates the maximizing profit level of sales (production)
of firm 1 with the object of sales (production) of firm 2:
(a-c) 1
L=y 2 qz - (6)
This equation is a function of the reaction or the
reaction curve, because it registers maximizing the profit
of the firm 1 and response to the decisions of the firm 2
(see Fig. 3). Firm 2 solves the exact same problem and
has its own reaction function:

(a-c) 1
2b 2 * "
The solution that corresponds to the equilibrium (Fig.

3), that is, the solution to the problem of maximizing the
profit of each firm, which does not leave any of them an
incentive to change the volume of sales (production) of
agricultural production, lies at the intersection of two
reaction curves. It was found by the substitution of the

2
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expression for the function of the reaction of firm 1 and is
solved in the following way:

Similar considerations apply when determining the
volume of sales (production) of agricultural production

(a—c) and in more generalized models that reflect a more
O = 3p (8) complex market structure (oligopoly, dominant firm, etc.).
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Fig. 3. Equilibrium solution (8) - a graphic representation

The results of forecasting the level of demand for
manufactured products (services), the characteristics of
the relevant market segments, the conditions of
competition and other factors of market research largely
determine the rational production program of TESAP, the
necessary material, technological and labor resources, that
is, allow us to formulate a market-oriented version of
technological development TESAP. Taking into account
that the regulator of marketing research is targeted
information and analyzed at the preliminary stage of the
preparation of the TESAP variant (see Figure 1), in this
paper the main attention is paid to the methodology,
models and methods for the formation of technologically
and financially-agreed TESAP development projects. It
takes into account market needs and the mutual influence
of technological and financial and economic indicators of
the project.

In general, the considered management problem can
be formalized as follows: to construct an operator 4,

which provides a set of possible solutions that
characterize variants of TESAP development, the choice
of such development, which belongs to a set of admissible
solutions and delivers an extremum to some given target
function.

Let's Z be a solution that defines the variant of
TESAP development, characterized by a set of
technological X (composition and type of equipment,
topology of its connection, mode of operation,
nomenclature and structure of production, etc.) and
financial and economic (object of investment, direct
material costs, flow of net payments, internal rate of
return, period of full payback, etc.) indicators; Q — a set
of technological characteristics of the TESAP
development option; ©® — a set of financial and economic
characteristics of the TESAP development option; F —
target function (a certain rule of decision estimation);

Sales volume of firm 1

extr _F- criterion of optimality (a certain rule of

comparison of decisions). Then the general task can be
formalized as follows:

u: {z df[x(g),v(g)]}%{z*/z* €R=RyxRg; F(Z*,Q,@): extrF}' (©)

where: R — the area of possible (admissible) solutions,
Rn and Ry — the set of constraints and conditions of

technological and financial-economic nature, respectively.
If R- is a formalized set, F- a formalized rule, and
extrF  {max,min} , then the operator 4 can be

constructed as a solution to the problem of mathematical
programming.

However, in practice, the domain of admissible
decisions can be defined both analytically and algorithm
ically defined dependencies, especially in the part of
financial and economic constraints. In connection with the
latter, the construction of an operator ¢z is usually a

rather complicated task and requires creation of complex
structures based on the use of mathematical modeling
methods. One of the main directions of development and
construction of complexes of interconnected models in
which each model corresponds to its specific tasks, and
the final decision is reached in the process of
transformation and transfer of information between
models on the basis of the organization of iterative
procedures for their interaction [5].

The establishment of such an approach in solving the
problems of management of the development of TESAP
type (9) involves the breakdown of the general task into
two interrelated regulations that characterize the process
of development in the technological ("technological
model") and financial and economic ("financial-economic
model™) points of view.
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Analytically, by (9) the general statement of the problem of the formation of an optimal technological variation of

development can be formalized as follows:

0 :{x o R Ve =(1,_n)]}A>{x*/x* e Ry F(X",00) = extrF, |

In practice, due to the significant determinism of the
technological options for the development of TESAP and

their characters, the operator £, , which provides the best

solution for the purposeful function, represents a solution
to the problem of mathematical programming of large
dimension. Depending on the specifics of a specific task,
the target function and restrictions may include: the
nomenclature, structure and quality of the manufactured
product; volume of processed raw materials; production
of commodity products as a whole or by its individual
types (in physical or cost terms); aggregate quality
indicators of the production process (the depth of
processing of raw materials, the degree of loading of key
capacities, etc.); direct material expenses in general or by
types; degree of pollution of the environment and other

s :{Y Zh(r0,.0,)0, corj :(Tn)]}‘—>{vlv Ry (X )Ry (v, X", 0)=extrF, |

In practice, in the solution to the next degree of
algorithmic character in determining the range of
admissible values Ry, the construction of an operator s

can include both the solution of the corresponding
optimization problem and the implementation of a series
of simulation experiments that provide the formation of a
set of necessary financial and economic indicators of the

technological ~ development option X~, which s
implemented in accordance with some scheme of
financing. Depending on the specifics of a specific task of
type (11), the target function and limitations may include:
the flow of net payments, the internal rate of return, the
period of full payback, the level of profitability (assets,
sales, etc.), liquidity (current, absolute etc.) and other
characteristics. In contrast to the problem of type (10), the
solution of the problem type (11), along with the use of
mathematical programming tools, generally involves the
development and use of specialized simulation models of
cash flows (arising in the process of implementation of
the TESAP technological development option), taking
into account discounting [6].

Conceptual principles, methodological approach and
general scheme of building a complex of interconnected
models of management of the development of complex
TESAP, developed on the basis of the above ideology, are
reflected in Fig. 4

In the first stage (see Fig. 4) it is proposed to solve
the problem of choosing the optimal technological variant
of TESAP development within the existing limits of the
technological group (block 1). In the process of modeling
it turns out the existence of a solution to the problem
(block 2).

If the solution of the task does not exist (i.e. & (),

then the existence of the possibilities (rules) of use g and
h of the set of technological characteristics of the variant

(10)

characteristics of the TESAP development option. The
method of solving problems of type (10) is quite well-
developed methods and algorithms of mathematical
programming, implemented in specialized (taking into
account the specifics of production and technological
activity) application software packages on modern
computing platforms.

Given the solution X of the problem (10), the
general resolution of the problem of the formation of an
optimal financial and economic variant of the
development of TESAP (i.e., the choice of the optimal in
terms of financial and economic indicators of the
financing scheme of the technological variant of
development) can be formalized in the form of "financial-
economic" model:

(11)

of development Q and the area of restrictionsR,

respectively (block 3), is checked. If the correction
options of Qand R, are exhausted, then the solution to

the task does not exist (block 4) and it is necessary at a
higher level of management to review the requirements to
the development goals and conditions for its
implementation. If the adjustment is possible, then q and
h of the sets Q" and R, (block 5) are updated as new

outputs to block 1 and a new "internal" cycle of the task
solving is carried out. In practice, the adjustment usually
involves narrowing the set of characteristics that are taken
into account, and relaxing limiting the requirements
within acceptable limits. If there is a solution to the
problem of optimization of the technological variant of

the development of TESAP (i.e. € 1), then the optimal

solution X~ comes as a source data in block 6, where the
problem of choosing the optimal scheme for financing the
current version of technological development of TESAP
within the limits of existing restrictions of the financial
and economic group is solved. In the process of modeling,
the existence of a solution to a task (block 7) is revealed.
If the decision of the task does not exist (i.e. & Ly ), then
the fact of existence of the adjustment possibilities
(rules)of p and f of the set of considered financial-
economic and characteristics of the variant of
development® and the area of limitations Rg of this
TESAP, respectively (block 8), is checked. If the
adjustment is possible, then the rules p and f adjusted for
the set ®" and Ry (block 9) are received as the output
data in block 6, a new "internal” cycle of solving the
problem of determining the optimal TESAP financing
scheme is implemented. If the correction options of ®

and Rgare exhausted, then the possibility of an
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adjustment of Qand R, is checked and if a positive  problem of the financing scheme (i.e. € £ ), then based

answer is given, a new "external" cycle of solving a task

. . . . R on the solutionY ~ and previously obtained X" the
is carried out. If there is a solution to the optimization

solution to the general problem Z " is formed (block 10).

X extrF, (X,0Q) Q. Ry Q' =q(Q)
Xk, < Ry = (R,
7 F

Yes

No

2 Jq

Yes

e
Y extrFy, (Y,X*,G)
YeRr, (X) <

6
No

7 Ju

7 [X*(Q), Y*(@)]
1

Fig. 4. General scheme of construction of a complex of interrelated models of management of the development of
complex TESAP
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Because of the existence of cross-functionality of the
business development process within the models (10) and
(11) used in the calculations, the latter may differ
significantly in composition, structure, target orientation
and interaction procedures. These features should be
taken into account when designing and choosing the ways
to formalize the TESAP development process. The most
expedient approach is based on the development of a
"library" of basic elements of models (10) and (11).

The basic elements of the models include a set of
formal constraints and optimality criteria that have a
library organization, from which specific models of
different sizes and structures can be formed. The library
principle of organization allows to systematically expand
the composition of models, quickly change their structure,
formalize and solve the tasks of management of
development of different content and purpose [7].

It should be noted that the definition of the necessary
and sufficient composition of the "library” of the model
elements is an independent task, the solution of which is
based on the selection and approval of the limited
requirements  (criteria, constraints), which directly
proceed from the main objective of the development of
TESAP and are critical to its achievements (the so-called
"critical success factors™ of Critical Success Factors [1]).
Thus, the basic elements of the technological model of
TESAP development usually include critical factors that

Ul = {hqi;n 3

ieliI
where: U njq' — the output material flow of m-th type from
j-th establishment at work in I-th option;
hqjl — the coefficient of selection of m-th component on

j-th establishment during its work in g-th mode in the I-th
option;

Zzijl X =

iellj meMIJ-

where: a}— the cost of the production process of this

TESAP on j-th establishment in the I-th option.

Market restrictions on the production of one or another
agricultural product (services) can be characterized as the
integral (absolute) values of the specified production of
one or another product / service:

Po=x-> Ddh-ud, lel,
jEJ|meM|j

and the magnitude of the deviation of the volume of

(16)

production of k-th type A'k of product from the
requirements of the market of collection:

jed, meMIj

where: C3) - the value of s-th quality indicator in the m-th

component of the k-th product manufactured by TESAP
on the I-th option;

ZUrf]'+a; X, lel, jel,

are related to the power and production technology,
market requirements, product quality, economic
conditions, etc. Productive power P can be estimated as
for the TESAP as a whole:

R=x Y >Z" eclL, (12)
jede iellj
so for some "key" manufacturing establishment:
P=x->2" eel, jel,, (13)

iel}
where: Zije— the input material flow of i -th type of j -th

establishment at e -variant of the development of this
TESAP;
X. — Boolean change equal to 1, if the variant of

development and 0-th of the opposite case is chosen;
J.— a plurality of plants of production with e-th

variant of its development;
I$ — the set of input material flows of the j-th

establishment in the e-version.
The production technology of this TESAP is
described by the flow and balance dependencies of the

type:

| H |
}X,,meMj,leL,jel,,qEQj (14)
M : — the set of output material flows from j-th
establishment in the I-th option;
Q; — a plurality of modes of operation of j-th
establishment in the I-th option of development; Then:

(15)

A=1-2. 3 Ydltul lel, keK

k jEJ| mEMIj

A7)

where: dn’q'k - the share of the component of m-th type,
which is produced by the j-th establishment, which goes
to the production of the k-th product by I-th option;

G, - the forecasted value of market demand for products

of the k-th type.

Certification limitations on the value of certain
quality indices of products are described by dependencies
of the type:

(18)
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S — a set of quality indicators;
A1i— a matrix of correction coefficients of quality

indicators in the production of k-th product that is
produced by the I-th option.

The critical success factors formalized in the form of
the basic elements of the financial and economic model of
the development of the TESAP are primarily Net Present

|

t
NPV, = Z{ﬁ} -th(XT)~yk, th(XT)=Rkt(Xf)—Dkt(X|x)

t=0,
where: T — the horizon of calculation;

o — discount factor;

Ci(x) - the flow of net payments, which arises in

the t-th period during the implementation of the selected
I-th option of TESAP technological development plan
financed by the k-th financial scheme;

Y, - Boolean change, which is equal to 1, which is

chosen Yy, - th scheme of financing;

t=0 (l+ 5)
where: Dic(X¥) - the costs incurred in the t-th period

in the implementation of the selected I-th option of
technological development, funded by the k-th financial
scheme (not including investments);

G, (X,) — volume of capital investments, carried out
in the t-th period.

mln{zw <y RaXt) XD).

Depending on the target orientation, the design stage
and the specifics of the solvable task of development of
TESAP, in practice, different ways of constructing a set
of models (Fig. 4) can be realized, which differ from each
other by the combination of models, the level of detail
and procedures for generating solution options,
verification of rules for necessary conditions and
restrictions and also the ways of adjusting models in the
process of integration (Figure 5).

The method of constructing a set of models,
presented in Fig. 5, a, it is expedient to use in the

i{wxr)—ﬁf(xr)} y

Value (NPV), the Internal Rate of Return (IRR) in
Internal Return on Payback Period (PB). Net discounted
income is calculated as the amount of discount net flows
of net payments (the difference between inflows and
outflows of funds or between income and expense of
funds) on the accepted horizon of calculation:

(19)

R (X,) — financial results, which are achieved at

the t-th time during the implementation of the I-th
selected option of technological development of TESAP,
which is financed by the I-th financial scheme;

Dy (X[*) — the costs incurred.

The internal rate of return represents the value of the
discount factor, at which the value of discounting effects
equals discounted investment and is defined as the root of
the level:

G (X '):5 IRR 20

k tz;,)(“ 5) k (20)

The period of full payback characterizes the

minimum interval (from the beginning of the project

implementation), for smaller ones, the integral effect

becomes and in the future remains non-negative (>0) and
is determined from the following ratio:

}:T* = PB, (21)

o @+ o)
preliminary stage of research, when the task of
optimization of technological development of TESAP is
quite well structured, and the financial and economic
component of development is taken into account at the
level of production costs and some generalized
assessment, for example, marginal income. The best
solution can be found in the iterative mode by directional
adjustment of the optimization model based on the results
obtained during the integration process.
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XERy,

Optimization model of technological schemes of the

development project taking into account production costs

and marginal income
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Fig. 5. Ways of constructing a complex of models TESAP: a); b).
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technological parameters of the development
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Estimated model of formation and adjustment of
technological parameters of the development
project

Fig. 5. Ways of constructing a complex of model of TESAP: c); d).

Such an approach to the solution of the TESAP task
can be effectively used to determine the totality of
alternative perspective projects of development of the
investigated TESAP. However, a decision on choosing
and implementing the best option for the TESAP
development project requires a more in-depth study and
analysis of its financial and economic performance. The
depth of this research in practice usually depends on the
degree of detail and the object of the known information,
as well as on the time limits of the analysis.

If the research is to be carried out in a short time and
only approximate estimates of the financial and economic
characteristics of the project are known, then, together
with the mathematical model of technological
development of TESAP, it is proposed to use an

aggregated financial-economic model. Due to the
approximate nature of the source data, such a model is
usually formalized in an analytical form, and the complex
of interconnected models has the form shown in Fig. 5, b.

If it is necessary to conduct a sufficiently detailed
study of both technological and financial and economic
indicators of the project in question, then (due to the
algorithmic nature of the detailed description of the
financial and economic characteristics) it is necessary to
construct an adequate simulation model of financial flows
and to analyze the sensitivity of the values of the integral
indicators of the project's effectiveness in terms of
changing its conditions of realization. The method of
constructing a set of interconnected models for this, the
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most frequently occurring in practice case, is given in Fig.
5c.

The scheme of the most complete, but at the same
time the most labor-intensive and rarely implemented in
practice research, which covers the optimization of both
technological and financial-economic decisions related to
the implementation of the project, is given in Fig. 5 d.
This method of constructing a set of models is a
combination and generalization of the methods "b" and
"c". At the first stage, a cycle of optimization calculations
is carried out to determine the best (in some given sense)
technological scheme for the development of the
investigated TESAP. For the chosen technological
scheme, using the simulation model flows of cash and
financial and economic indicators of the project are
formed, which correspond to possible schemes of its
financing. Then, with the help of an optimization model,
the choice of the best (in some given sense) of the
financial scheme of the project implementation is carried
out. At the same time in the process of optimization
calculations and simulation experiments can be adjusted
as an optimization model of technological development of
TESAP, as well as a simulation model of financial flows.

Regardless of the adopted method of construction
(see Fig. 5), complexes of business process management
models of TESAP development should be developed
taking into account the accepted technology of strategic
planning and are an integral part of the decision-making
system and should be oriented towards the use of modern
computer technologies.

In connection with this, an important role plays the
issue of their program implementation, the organization of
computational schemes, the choice of composition and
structure of software tools, taking into account the
specifics of the investigated TESAP. Examples of such
approaches in the oil and gas industry are the works [8,
9].

CONCLUSIONS

Using the optimal results and complex approaches to
the problem, when managing business processes of
TESAP development, will allow reducing substantially
the terms, improving the quality and validity of the
management decisions that are being made.
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