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MATHEMATICAL APPROACH TO THE
FORMATION OF A METHODOLOGICAL BASIS OF
ECONOMIC RATIONALITY OF INTERACTION OF
ELEMENTS OF THE SYSTEM OF LOGISTICS
MANAGEMENT IN AGRICULTURE

ABSTRACT

The field of managing the logistics of agricultural products under significant dynamic
changes in today's conditions requires the formation of new approaches using the pos-
sibilities of modern information tools. The article presents a systematic mathematical
approach to logistics management in agriculture for conditions with an insignificant level
of risk and under conditions of significant threats to the logistics processes of the agri-
cultural industry. The presented study also examines the issue of analyzing the effec-
tiveness of management actions in the logistics process, both operationally and strate-
gically.

The developed mathematical approach takes into account a wide range of conditions
for carrying out logistics activities - both at a low level of risk in the implementation of
the logistics process, and in circumstances of significant threats that lead to the mini-
mization of the reliability of logistics in the agricultural sector. This is especially im-
portant today, given the significant level of negative impacts on logistics processes due
to military threats. The growth of these influences even leads to the destabilization of
the world food market, and the threat of famine in some regions of the world.

The proposed mathematical approach takes into account both the emergence of new
risks, the significantly increased dynamic nature of the effects on logistics activities in
the agricultural sector of the economy, and the traditional specificity of the conditions
for the implementation of logistics processes in the agricultural sector. The specificity
of logistics management in the agricultural sector is due to the peculiarities of the agri-
cultural production process; properties inherent in agricultural products, conditions of
distribution of these products. This determines a wide range of tasks that must be per-
formed by the logistics of the agricultural sector. This, in turn, creates a need for a
highly adaptive dynamic approach when forming a set and combination of logistics tasks
and goals. Algorithms, tools and methods were specially developed to implement this
approach. In particular: the unification of target functions; the approach of flexible
adaptive changes in the ranks of target functions to ensure the appropriate level of
rationality of logistics process management; a compromise approach in the case of the
need to simultaneously achieve a group of set goals or a group of goals; the approach
of assessing the strategic impact of a management decision for operating not with static
values of parameters, but with their trends over time. In general, this makes it possible
to achieve the appropriate level of economic efficiency of agricultural logistics manage-
ment even with dynamic changes in the conditions of its implementation and to ensure
a high level of reliability of the logistics process even with an increase in the level of
threats.
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INTRODUCTION

Today, there is a generally recognized need for innovative changes in the agricultural sector. In particular, this concerns
the introduction of modern digital technologies to increase the efficiency of logistics processes in the production and
distribution of agricultural products [1]. The pace of implementation is currently slowing down due to the complexity of
the tasks inherent in the management of logistics processes in the agricultural industry [2]. The complexity of agricultural
logistics management tasks is due to the peculiarities of the production process of agricultural products (seasonal nature,
dependence on the effective implementation of phytosanitary measures, significant level of influence of weather factors,
etc.), properties of these products (possibility of rapid spoilage, the dependence of quality on physical characteristics of
the environment, pests, etc. .) and distribution conditions (special requirements for storage and transportation, limited
time of product delivery to the consumer, etc.) All these factors place significant additional requirements on the mathe-
matical formalization of the interaction of elements of the logistics management system. In the conditions of military
operations on the territory of Ukraine, these difficulties increase significantly. Nowadays the fact that the level of efficiency
of agro logistics processes in Ukraine is the key to avoiding a global food crisis indicates the need to find ways and methods
of forming a methodical basis for the economic rationality of the interaction of elements of the logistics management
system. The need to take into account dynamic changes in the external conditions of the implementation of logistics
processes, the characteristics of these processes, and the need to take into account changes in influencing factors in real-
time complicate both the process of agrarian logistics and its mathematical formalization [3].

The presented study is devoted to the development of a mathematical approach to the formation of a methodological
basis for the economic rationality of the interaction of the elements of the logistics management system in agriculture,
both under the conditions of an insignificant level of risks in the process of transporting agricultural goods and under
conditions of a significant level of threats. Also, the presented research examines the issues of analyzing the effectiveness
of management actions both in operational and strategic terms.

LITERATURE REVIEW

Many researchers dealt with issues of improving agricultural logistics. A detailed systematic review of scientific works on
the development and implementation of optimization models in the supply chain of agricultural products is also given in
the work of Taskiner et al [4]. Chymosh's article [5] is devoted to the analysis of the modern world and Ukrainian trends
in the development of transport logistics in the agricultural sector. In the scientific work of Kieti et al [6], an analysis of
the economic rationality of the implementation of digital logistics management technologies in agriculture was carried out.
The conclusions of Kieti et al [6] are important in the context of the presented article because in [6] the implementation
of modern logistics management technologies in Kenya was studied, which, according to certain IT development trends,
is close to the realities of Ukraine. Also, the scientific work of Kotenko et al [7], which provides a benchmark and compet-
itive analysis of the port productivity model is interesting in view of the importance of sea transportation for the logistics
process in Ukraine. From the same point of view, the analysis by Pavlova et al [8] of logistics processes on the world
market and the activities of Ukrainian companies related to the field of agricultural logistics is useful. In the article Paviova
et al [8] point to a characteristic difference in the Ukrainian logistics process in the field of agriculture, which is connected
with the fact that Ukrainian logistics companies "have to work with the volume of orders, which many times exceeds the
volume of deliveries to domestic markets" [8].

This forces institutional structures to pay considerable attention to ensuring the strategic prospects of agricultural logistics
in Ukraine, which determines the importance of strategic planning and forecasting the consequences of management
decisions for the formation of the economic rationality of the interaction of the elements of the logistics management
system in agriculture. "Government policy priorities for the stimulation of logistics processes" are studied in detail in the
work of Pitel et al [9] and in the review article of Punel et al [10]. A certain complication in the formation of a methodical
basis for effective logistics management in agriculture is that this problem has a rather broad nature. This led to the fact
that scientists fragmented the general system task and engaged in the mathematical formalization of individual system
elements of agricultural logistics products. For example, the substantial work of Velychko et al [11] is devoted to the
improvement of agro-logistics management, but only for small enterprises.

A significant number of qualitative models of the logistics process, which are confirmed by practice, are devoted to the
problems of distribution of fresh agricultural products (FAP), which are characterized by rapid spoilage, small batches and
a significant frequency of deliveries. This problem was dealt with by Yan et al [12], Ingram et al [13], Kharsun [14]. They,
in particular, indicated that the amount of losses in the organization of FAP logistics is strictly related to the efficiency of
management. Solving this problem, Ni et al [15] apply BP and LSTM neural network methods, and Sanjaya et al [16] and
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Perdana et al [17] use the discrete-event simulation method, which contributes to improving the management of logistics
networks used by small farms. Ghezavat et al. [18], while studying tomato logistics problems, used a mixed integer
programming model, and Rocco et al. [19] used linear programming methods for the same tomatoes. Keshavarz-Ghorbani
et al [20] used the general algebraic modelling language (GAMS) for the same purposes, and Flores et al [21] applied the
framework modelling approach for the strategic design of logistics procedures for local fresh-food systems. Petrychenko
et al [22] and Wang et al [23] focused on solving the problem of fuzzy data and proposed a fuzzy mathematical model
[22] and a hybrid model [23] for the supply chain. Taghikhah et al [24] and Van Der Vorst et al [25] propose simulation
models for supply chains. Pamu‘car et al [26], Phochanikorn et al [27], Teng [28] offer different approaches to modelling
management decisions to overcome sectoral barriers, in particular, cross-border agro-logistics. He et al [29] use 2E-
MTVRPDS satellite data and a heuristic algorithm for this.

Data from Black Sea News (2021, November 16) and Black Sea News (2022, February 16) were used to conduct economic
and mathematical calculations and test the proposed hypotheses [22, 23].

Unresolved aspects of the problem. A large number of scientific studies are devoted to the issue of ensuring the proper
level of management of logistics processes in agriculture. For this, numerous mathematical models have been proposed
and tested. However, the problem of developing a systematic mathematical approach to the formation of a methodical
basis for the economic rationality of the interaction of the elements of the logistics management system in agriculture for
conditions with an insignificant level of risk and under conditions of significant threats remains unexplored.

AIMS AND OBIJECTIVES

The purpose of the article is to develop a systematic mathematical approach to the formation of a methodological basis
for the economic rationality of the interaction of the elements of the logistics management system in agriculture for
conditions with an insignificant level of risk and under conditions of significant threats.

The tasks of the article are mathematical formalization of the target functions of the logistics management system under
the conditions of an insignificant level of risks and under conditions of significant threats; development of a dynamic
approach when forming a set and combination of tasks and goals of logistics; formation of the mathematical basis of the
algorithm for the unification of target functions; development of an algorithm for flexible adaptive changes in the ranks of
target functions to ensure an appropriate level of rationality in managing the logistics process; development of a compro-
mised algorithm for the case of the need to simultaneously achieve a group of set goals; development of an approach to
assessing the strategic impact of a management decision for operating not with static values of parameters, but with their
trends over time.

METHODS

To conduct the research, both general scientific and special research methods were used, namely: analysis and synthesis,
comparison, system analysis, methods of mathematical formalization (vector analysis, graph theory, modelling of networks
for ordering heterogeneous sequences, the minimax method), which help in the development a systematic mathematical
approach to the formation of the methodological basis of the economic rationality of the interaction of the elements of the
logistics management system. Using the method of content analysis, a review of scientific publications on the specified
issues was carried out.

RESULTS

1. Hypotheses regarding the formation of a mathematical approach for creating a methodological basis for the economic
rationality of the interaction of the elements of the logistics management system in agriculture.

In the course of the conducted research, in order to implement a mathematical approach to creating a methodological
basis for the economic rationality of the interaction of the elements of the logistics management system in agriculture, the
need to put forward the following hypotheses was determined:

= Hypothesis H1: Management efficiency should be the main target function of the logistics management system in
conditions of insignificant levels of risks in the process of transportation of agricultural goods.

= Hypothesis H2: It is necessary to implement a variable dynamic approach when forming a set and combination of
tasks and goals of logistics.
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= Hypothesis H3: A comparative assessment of the level of economic rationality of the interaction of the elements of
the agro-logistics management system during the implementation of each of the named target functions is required
for the formation of the mathematical basis of the algorithm for the unification of target functions.

= Hypothesis H4: The introduction of flexible adaptive changes in the ranks of the target functions allows to ensure the
appropriate level of rationality of the management of the logistics process.

= Hypothesis H5: The most effective version of the management decision in the case of the need to achieve a group
of goals is the one that ensures the realization of the desired results simultaneously for all the set goals, possibly
with a different level of convergence - that is, with a different level of closeness of the specified result to the full

achievement of the goal.

= Hypothesis H6: It is advisable to evaluate the strategic impact of a management decision by operating not on static
parameter values, but on their trends over time.

The substantiation and explanation of the proposed hypotheses are given in Table 1.

Table 1. Substantiation and explanation of the hypotheses, for which the mathematical formalization of the methodological basis of the
economic rationality of the interaction of the elements of the logistics management system in agriculture is carried out.

Hypothesis

Substantiation of the hypothesis

Explanation

Hypothesis H1: Management effi-
ciency should be the main target func-
tion of the logistics management sys-
tem in conditions of insignificant levels
of risks in the process of transportation

of agricultural goods.

The efficiency of logistics management in
the process of transporting agricultural
goods determines the economic rationality
of logistics activities and allows to achieve
in the best possible way other target func-
tions of the logistics process, in particular,
minimizing the cost and time of transporta-
tion of products

This function can be represented by: an optimality function, which

corresponds to the most rational set of means and/or ways of car-
rying out the logistics process for each management decision; the
function of operational or strategic avoidance or reduction of the

consequences of crisis situations; by the function of increasing the
added value of each of the elements of the system; as a function
of the ratio of management costs to the result, etc. The level of
optimality of a management decision regarding the logistics pro-
cess can be defined, in particular, as approaching the maximum

economic effect from its implementation.

Hypothesis H2: It is necessary to im-
plement a variable dynamic approach
when forming a set and combination of
tasks and goals of logistics.

Algorithms for the implementation of logis-
tics management tasks should be as univer-
sal as possible in the selection and combi-
nation of logistics tasks and goals.

Since neither the conditions for the fulfilment of logistics manage-
ment tasks nor the logistics functions are definitively established,
the algorithm for implementing these tasks must be as adaptable
as possible to the specified conditions and functions in real-time.

Hypothesis H3: A comparative as-
sessment of the level of economic ra-
tionality of the interaction of the ele-
ments of the agro-logistics manage-
ment system during the implementa-

tion of each of the named target func-
tions is required for the formation of
the mathematical basis of the algo-
rithm for the unification of target func-
tions.

The implementation of each of the selected
target functions should not contradict the
implementation of other target functions.
Therefore, if different measurement units
are used for the selected target functions,
an algorithm for their unification should be

proposed.

In the presence of not one target function, but a set of them, it is
necessary to move away from the use of traditional methods of
multi-objective and multi-parameter decision-making.

Hypothesis H4: The introduction of
flexible adaptive changes in the ranks
of the target functions allows to ensure
the appropriate level of rationality of
the management of the logistics pro-
cess.

To reduce the number of calculations, it is
proposed to use the method of the phased
implementation of target functions, which is
based on the assessment of their rank from
the point of view of ensuring the economic
rationality of agro-logistics management.

Since the task is both multi-objective and multi-parametric, it be-
comes necessary to introduce a single scale for measuring each of
the target functions.

Hypothesis H5: The most effective
version of the management decision in
the case of the need to achieve a
group of goals is the one that ensures
the realization of the desired results
simultaneously for all the set goals,
possibly with a different level of con-
vergence - that is, with a different
level of closeness of the specified re-
sult to the full achievement of the
goal.

It is extremely difficult to simultaneously
achieve a group of goals in the dynamic
conditions of the implementation of agro-
logistics tasks. Therefore, it requires the
implementation of a compromise approach.

As a mathematical basis of the algorithm for the unification of tar-
get functions, a comparative assessment of the level of economic
rationality of the interaction of the elements of the agro-logistics

management system during the implementation of each of the
named target functions is proposed.

Hypothesis H6: It is advisable to
evaluate the strategic impact of a
management decision by operating not
on static parameter values, but on
their trends over time.

Under dynamic changes in the conditions of
execution of logistics processes, a relevant
assessment of the impact of a management
decision on a significant perspective is a
difficult task due, in general, to a high de-
gree of parameter uncertainty. In this case,
the assessment of the consequences, which
is formed in the space of parameters by
their trends in time, allows for solving this
problem in the best way.

Each of the parameters can change over time according to its own
trend, which will be different from the trends of other parameters.
Therefore, the change over time in the influence of each of the
parameters on the situation will affect the achievement of strate-
gic management goals. Calculations of the results of these influ-
ences require significant amounts of time and resources of the in-
formation system. This makes it necessary to start their imple-
mentation according to a separate decision of the system adminis-
trator, who must be informed in detail about the distribution of
the DSS download over time. And the operational assessment of
the strategic impact of a management decision can be carried out
permanently by studying trends in parameters over time.
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2. Mathematical formalization of ensuring the economic rationality of the interaction of elements of the logistics manage-
ment system.

The efficiency of agro-logistics management can be considered from different points of view: at the level of elements -
management subjects, subsystems consisting of groups of interconnected elements, and at the level of large agricultural
holdings or even the industry as a whole. This approach makes it possible to consider the economic rationality of the
interaction of the elements of the agro-logistics management system as a result of improving the economic condition
(achieving the maximum economic effect from the implementation of a management action; maximizing the indicator
return on assets - ROA, etc.) of the management entity, subsystem of management entities (for example, by region of
location, by subordination, etc.) or improvement of the logistics system of an agricultural enterprise on the basis of a set
of economic indicators before and after making relevant management decisions.

Therefore, management efficiency is chosen as the target function of the management system in the conditions of a
negligible level of risks in the process of transporting agricultural goods ( Hypothesis HI). This function can be represented
by: an optimality function, which corresponds to the most rational set of means and/or ways of carrying out the logistics
process for each management decision; the function of operational or strategic avoidance or reduction of the consequences
of crisis situations; by the function of increasing the added value of each of the elements of the system; as a function of
the ratio of management costs to the result, etc.

In this case, the methodical basis of forming the economic rationality of the interaction of the elements of the agro-logistics
management system can be represented by the following algorithm.

At the first stage of algorithm implementation, the following is known:

= the primary state of the management entity, which is determined by a set of parameters 6;;

= the desired direction of change of this state, which is determined by the first derivative of the management state at
time t;
= the desired result of the management decision, which is determined by the set of parameters 6,,,.

We plan to complete the management action in the time interval 6t = t, — t;, where t,, t; are the limit values of the
specified time interval. As a result of the implementation of the management action, the management subject will have a
state of ,. That is, there will be a change in the state of the subject of management, which can be determined as:

50 =06,—10, (1)

If the direction of change of vector §6 coincides with the desired direction of change of the first derivative of the manage-

ment state (%) then the result is positive, if not, then it is negative.

To assess the level of efficiency of the management process, it is necessary to evaluate the proximity of the value 8, to
the planned value 6,, predicted before the start of the management process on the response surface of the state of the
subject of management from its economic indicators x;, x,, x3, ... x,, (Where i = 1,2,3,..n is the indicator index, and n is
the total number of these indicators) and time ¢.

Achieving the planned value 8, can be ensured in two ways: first, using the iterative method of step-by-step approxima-
tion, applying a new management action y; at each step; secondly, applying the optimal management action y,,, at the
beginning of the management process.

There are many approaches to finding the optimal management action. In the absence of the necessary computing re-
sources, intuitive or expert approaches are most often used [32]. This study proposes to determine y,,, using a decision

support system (DSS).

The optimal management action y,,, can be formalized as such a scalar element of the set of management decisions y,
that effectively ensures the implementation of the planned result 8,,, with an acceptable level of error of approximation to
this value (66,4m)-

That is:

Yopt € Vi 56 - 6§adm ’ 5§adm = (52 - Epl) - min (2)
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As mentioned above, the level of optimality of a management decision can be defined, in particular, as approaching the
maximum economic effect from its implementation. Then:

{5§ = (Efinal — Einitial) = max 3)
EE(EllEZrE3I )

where SE is the economic effect of implementing a management decision,; Eﬁnal s a vector of an economic indicator
(which in general can represent a group of indicators: E, Finals E, Final» Es finals ) after the implementation of a management
decision; Einiia1 i5 @ vector of an economic indicator (or a group of indicators) before the implementation of a management
decision; E a vector of an economic indicator for determining the result of the implementation of a management decision;
E,,E, Es ... are vectors of sets of economic indicators.

There are limitations to the realization of the acquisition of the value of the economic effect close to the maximum value
(3). The most universal of these limitations is that the cost of measures required to provide options for a management
decision cannot be greater than a certain, budgeted level or more than the operational and strategic effect of implementing
a management decision. DSS should automatically determine the operational and strategic effect of the implementation
of a management decision.

Important complicating circumstances of ensuring the appropriate level of optimality of the management decision in dy-
namic situations (Hypothesis H2) under conditions (2) - (3) are the following:

= the elements of the agro-logistics management system are subject to internal and external factors of influence during
the implementation of management decisions in a dynamic mode, and this can worsen the result of the management
decision;

. management of agro-logistics can be ensured not only by a direct information flow between the object and the
subject of management but also, in accordance with the properties inherent in the systems, the subjects of manage-
ment can receive indirect management signals from other elements of the system, which can affect the result both
in a positive way (synergistic effect) and in a negative way ("interference minimum" of managerial influences).

Taking into account the integral value of the influence of internal and external factors in a dynamic mode on the result of
a management decision (Hypothesis H2) is proposed to consider according to the following algorithm:

W_dy  dy,  dys LAy
dt  dt dt dt " dt

{0' 6t13rm > T or y < Ymin } (4)
where Y s the integral value of the influence of internal and external factors; y,, y,, y; €tc. - influence of each of the
internal and external factors; 8t,,,, s the maximum value of the time interval necessary to detect the result of the influence
of internal and external factors; T is the time required to implement a management decision; V., s the minimum value
of the influence of internal and external factors that must be taken into account,

At the same time, it should be considered that the minimum value of the influence of internal and external factors (y,in),
which must be taken into account during modelling, should be correlated with the value of the economic effect of the
management decision y,i, = f (8E).

The modelling of management influence from a set of elements is proposed to be realized as a problem statement of
organizing heterogeneous sequences of a system organized according to the network principle. The application of a model
of a complex multi-element system using the method of ordering heterogeneous sequences significantly reduces the
complexity of the task and accelerates its solution, which contributes to the increase in the effectiveness of management
decisions.

Taking into account the possibility of hierarchical construction of some subsystems, for such cases we propose to solve
the problem of arranging heterogeneous sequences as a problem of layer-by-layer (i.e., pseudo-hierarchical) implemen-
tation of network systems.

The proposed algorithm is implemented as follows: at the first stage, the logistics management system is considered as a
complex of "black boxes", at the second stage, the input sequences of influences (3) from objects that generate manage-
ment signals directed to the management object are studied, then the output sequences of influences from the subject of
management to other elements (&) are studied:
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(62 - E):{ap - ﬁq},p =1.23,...m;q=123,..k (5)

wherep, q are, respectively, the indices of the input and output sequences; m, k are respectively, the number of input and
output sequences. If the input sequence a, uniguely determines the output sequence B, then we denote this relationship
as ay B1. Comparison of a3, relationships allows to reveal their strength and significance.

The network model as defined by Bazaluk et al [33] is as follows: we consider a directed graph G = (V,E), where V is a
set of vertices, E is a set of edges, and each edge (u, v) has a capacity c(u, v) and the influence f (u, v) which is proportional
to its determined "weight" [33].

The implementation of the specified algorithm makes it possible to clarify the nature and strength of the influence of those
elements of the management system that serve to redirect management signals, and which are identified at the stage of
considering the management system as a complex of "black boxes".

Further, according to the algorithm of the logistics management system, we use the method of graph theory. In contrast
to the traditional presentation of the transport problem by this method, the vertices of the graph are identified with
elements that either generate management signals and answers about the performance result or receive\pass them. From
the point of view of information theory, the indicated management signals represent data flows, so it is natural to identify
them with the edges of a graph.

Then, mathematically, signal processing and transmission in the logistics management system can be represented as:
G ={V,E,cs,1} (6)

In contrast to the traditional presentation of the transport problem using the graph theory method, at the beginning graph
(6) can be determined not completely, but only partially. For a complete definition of the graph (without which it is possible
to obtain only a set of possible options, not a single solution to the problem), a mathematical approach to establishing the
weight of connections between system elements is proposed. The specified mathematical approach can be represented as
a reduction in the degree of irregularity of heterogeneous sequences of those elements of the logistics management
system that produce, receive, process and transmit control signals, information for their generation and answers about
the performance result.

This mathematical approach can be presented in a formalized way as:
C = (N,H,A,B) (7)

where N is the degree of disorder of heterogeneous sequences; H is a set of system elements; A is a set of relationships
of system elements and operations associated with the specified relationships; B is a set of means of mathematical for-
malization of the problem (rules, restrictions, input and output conditions, etc.).

In this case, for the economic rationality of the interaction of the elements of the logistic process management system,
the corresponding target function is formed as a vector opposite in direction to the vector of the so-called "degree of
disorganization of heterogeneous sequences", because the disorganization of the system causes additional economic
losses, which are caused by management inefficiency. The specified vector of the degree of disorder of heterogeneous
sequences is equal to zero if the system is fully ordered.

The degree of irregularity of heterogeneous sequences is determined by two conditions: the influence weight, which must
be a significant value greater than zero, and the number of elements of ordered sequences connected by the information
flow.

At the next step of implementing the algorithm, the weight of each influence (both input and output) is determined:
ae€ (amin’ amax) (8)
where a is the impact weight; a,in, Ama, are the smallest and largest possible values of the impact weight.

It is proposed to define the indicated level as:
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_ P; = {0,n; < n,|1,n; >n,}
— z-1p.)'1 i 4 1 Z
Ne = 2201 P“{Pi ={la; > a.0,a; < a;} ©)
where P; is the degree of order on the n;-th element; i is the current value of the element index; z Is the number of
elements of ordered sequences; a; is the current value of the impact weight; a, is the specified minimum value of the
impact weight, which should be taken into account during the analysis.

The process of ordering the sequence of elements of the management action transfer subsystem to the logistics process
management system is considered complete when the influence of the transmitted signal becomes insignificant or the
element to which the control signal has reached is the last on the graph in the signal transmission route.

An effective method for solving the problem of establishing and evaluating connections is, in addition to the expert method,
the method of interpreting variants of graphic structures implemented according to the principle of a decision tree, which
are formed on the basis of the analysis in the logistics process of all material and information flows and the coordination
of the construction of an ordered graph in such a way as to provide an opportunity of its optimization.

The problem of forming an integral target function for determining an effective management solution may also be that for
large and complex systems, an example of which is the logistics management system in agriculture, in some cases the
management task may be the simultaneous achievement of not one goal, but a set of goals [34]. For example, the
effectiveness of management can be considered from the point of view of ensuring the reliability, quality, and speed of
cargo processing at all specified levels individually or by the totality of the specified tasks. It may also be appropriate to
consider the management task as the achievement of a group of goals when harmonizing the interests of those elements
of the agro-logistics system that have different owners.

In the presence of not one target function, but a set of them, it is necessary to move away from the use of both the
traditional method of multi-objective decision-making (MODM) and the method of multi-parameter (or many "attribute™)
decision-making (English - Multi-attribute decision making, MADM) [35-38]. Since the task of agro logistics, in general, is
both multi-objective and multi-parametric, there is a need to develop an approach combining the specified methods.

Completing the task in such a setting is not possible without resolving the issue of coordination and unification of target
functions (Hypothesis H3).

The conditions for this are the following:

=  the implementation of each of the selected target functions must not contradict the implementation of other target
functions;

= if different measurement units are used for the selected target functions, then an algorithm for their unification
should be proposed.

As a mathematical basis of the algorithm for the unification of target functions, a comparative assessment of the level of
economic rationality of the interaction of the elements of the agro logistics management system during the implementation
of each of the named target functions is proposed.

Flexible adaptive changes in the ranks of the target functions (Hypothesis H4) allow to ensure the appropriate level of
rationality of the actions of the logistics process management system.

To reduce the number of calculations, it is proposed to use the method of phased implementation of target functions. This
method is as follows: one of the target functions is chosen as the main one, and, accordingly, all other target functions
are defined as second-order functions.

In particular, in the conditions of war, in comparison with the time and even the cost of transporting goods. it becomes
important to use the reliability of the logistics system as the main target function. The reliability of the system, in this case,
is directly correlated with a set of target functions: the function of the reliability of logistics process management, the
function of the reliability of the operation of infrastructure and auxiliary objects of transport systems, the function of the
reliability of cargo delivery.

Then the following algorithm is used:

= the existence interval of the main target function is divided into subintervals, for example: subinterval of undesirable
values;

= a zone of acceptable and desired values of the second-order target functions is distinguished on the response surface
of the integral target function in the subinterval of the desired values of the main target function;
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= the optimum point of the specified functions is searched in the zone of acceptable and desired values of the target
functions;

= in the case of non-coincidence of the optimums of the target functions, a point of compromise of all target functions
is searched for in the area of acceptable and desired values of the target functions, with a step-by-step clarification
of the conditions of this compromise in such a way that it simultaneously ensures both the formation of the economic
rationality of the interaction of the elements of the agro-logistics management system and interests all concerned
parties.

3. Analysis of the implementation of the method of the phased implementation of the target functions of logistics proce-
dures under conditions of significant risks for logistics operations

As an example of using the reliability of the logistics system as the main target function, we will provide an analysis of the
implementation of logistics procedures through the Ukrainian ports of the Sea of Azov in the period of time that preceded
the large-scale military operations in this region. Without taking military risks into account, these logistical procedures
were carried out according to the so-called "short arm" principle - i.e. the shortest route that would ensure the saving of
transport costs and the minimization of time for the transportation of agricultural products. That is, the cost of transport
services and the time of transportation would be the target functions of the implementation of logistics procedures under
specified circumstances. Transport time is particularly important for agricultural products with a short post-harvest storage
time. This would lead to the fulfiiment of the task of economic rationality of the interaction of elements of the logistics
management system under mathematical formalization using equation (3), i.e., achieving the maximum economic effect
from the implementation of appropriate management decisions.

But, with significant risks, the reliability of transportation becomes the main target function. To assess the reliability of
transportation, which must precede the implementation of the algorithm proposed above, an analysis of the delay of grain
cargoes during their transportation by sea in the Sea of Azov, the Kerch-Yenikale Canal and in the Kerch Strait for the
period from August 2020 to December 2021 is provided (Figure 1). As the analysis showed, the delay of transport vessels
is the most significant risk factor for cargo transportation from Ukrainian ports of the Sea of Azov in the specified period.
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Figure 1. Changes in the average delay time of Ukrainian vessels in the Sea of Azov, the Kerch-Yenikale Canal and in the Kerch Strait for
the period from August 2020 to December 2021 calculated per one vessel, hours. (Source: own development using data [30, 31])

When neutralizing this risk by choosing more expensive but less dangerous routes by logistics operators, in particular,
using rail transport to Ukrainian seaports on the Black Sea coast - Odesa and Mykolaiv seaports, which were not yet
blocked by the russian federation at that time, saving transport costs and minimizing transportation time were chosen as
the main management target functions. But the level of transport costs and transportation time, in this case, was minimized
from much higher starting positions due to the use of rail transportation to increase the reliability of cargo transportation.
According to the conducted analysis, it was established that for logistics operators there was a certain acceptable value of
the average delay time of ships, which led to a partial reorientation of cargo to the use of rail transport to the seaports of
Ukraine, the transportation of cargo from which was not accompanied by a delay by the military forces of the russian
federation. This threshold value was ~ 50 hours/vessel. This, in turn, led to the wave-likeness of the graph in Figure 1.
This example demonstrates the rationality of the interaction of the elements of the logistics management system for the
achievement of only one target function, which in a certain way simplifies the task. This example also illustrates that
transportation reliability can also be considered as an economic target function. This is due to the fact that a decrease in
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reliability below certain threshold values is a condition for the need to immediately change the route of cargo transporta-
tion.

4. Mathematical formalization of the approach of simultaneous achievement of a group of goals of the logistics process

As was already mentioned above, for the tasks of logistics management in the agricultural sector, the task of simultaneous
achievement of a group of goals often arises - by implementing, respectively, several target functions ( Hypothesis H5).

The most effective option for a management decision in the case of the need to achieve a group of goals is the option that
ensures the realization of the desired results simultaneously for all the set goals, possibly with a different level of conver-
gence - that is, with a different level of proximity of the specified result to the full achievement of the goal. It is proposed
to use an iterative algorithm to perform such a task.

Then the mathematical formulation of the problem looks like this:

il (W), up (Wo), iz (W3), ..., in (Wy)] = opt (10)

Wl' Wz, W3, ...,Wn € W
(ﬁll ﬁZ 'ﬁSr ""ﬁn) € ﬁ (11)
(.ul' ﬁZ 'ﬁ3' 'ﬁn)a(gl' 92 'g3' s .gn)

where (4, iy, i3, ..., i) IS @ group of vectors of a set of target functions; w is the resulting vector of the set of target
functions; W is data vector of the management system as an invariant of the set of data; w,, w,, ws, ..., w,, are data vectors
separately for each of the target functions; g, g, , g, ..., gn are constraint vectors separately for each of the target func-
tions.

With this formulation of the problem, the search for an acceptable solution is a step-by-step movement of the response
surface in the multidimensional space (i, W).

Achieving the value of the greatest economic rationality of the management decision should be considered in accordance
with the time interval chosen to implement the goal of the logistics operation. This is due to the fact that for the entire set
of options for management decisions, achieving an acceptable level of economic rationality at all horizons of logistics
planning may be impossible. Therefore, it is proposed to consider three main horizons of achieving economic rationality in
time: operational, medium-term and strategic.

Choosing the most rational management solution from the set of options offered by the automated information system
can be a difficult task even for modern DSSs.

The complexity of the selection task is determined by:

= the need to harmonize the current management decision with previous and subsequent management decisions,
which should represent a harmonized system, because inconsistency at some stages will lead to the appearance of
new risks and unaccounted variants for destabilization of the managed system;

= the need to coordinate the specified decision on all time horizons; by the probable inequality of the economic ration-
ality of the convergence of achieving the desired result for each target function from the entire available set of
specified functions.

The inequality of the economic rationality of the convergence of achieving the desired result for each target function
causes the need to solve a compromise task, that is, the need to give up the degree of achievement of the desired result
of a separate target function in order to increase the degree of achievement of the result by another target function or a
group of such functions. This limits the possibility of using traditional approaches to solve this problem, for example, the
Pareto method, the MOORA method (abbreviation, Multi-Objective Optimization on the basis of Ratio Analysis), Kogger
and Yu, and others. In particular, the possibility of unconditional use of the method of pairwise comparisons of decision
options is limited. Therefore, in our opinion, it is possible to use a comprehensive analysis and simultaneous evaluation of
all options to make a compromise decision.

In order to automate the selection of the most appropriate set of values of the target functions, the following algorithm is
proposed: it is necessary to rank the set of target functions according to the priority of their achievement and, depending
on the rank, to form the need to ensure one or another level of approximation of the specified target functions to the
desired value.
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To implement this approach, the following method is proposed: the correspondence of the ranking of the set of target
functions and the ranking of the level of their approximation to the desired value is checked.

If this correspondence is present, the search stops - the solution option meets the requirements. When there are several
such options, their pairwise comparison is performed and the most rational option is chosen.

If the specified correspondence is violated, the intervals of approximation of the target functions to the desired value or
the introduction of additional parameters or limitations of the target functions should be extended.

This makes it necessary to consider, in the general case, not one variant of a set of limitations, but a set of variants, which,
in turn, leads to the appearance of a multitude of variants of target function sets:

{ﬁ = (G192 G3s r Gn)* (12)
= (fy, fiz ) iz oo fin)

where K Is the dimension of the multitude of options of limitations sets and, accordingly, the multitude of target function
sets.

For further formalization, it is proposed to use the concept of the function of the deviation of the target function from the
desired result.

In this case, the problem can be represented mathematically as the minimization of the deviation function (D). One of the
variants of the deviation function can be chosen to approach the maximum of the economic effect §E in accordance with
equation 3. Then:

{ min §E [, i(W)] (13)
W, € R™|AW, < b;, W, 20

where R denotes a relation in the terminology of set theory.

The problem of minimizing the deviation function is carried out as a procedure for matching two vectors: the vector of
limitations () and the resulting vector of the set of target functions (). This requires normalization of the level of ap-
proximation of the specified target functions to the desired value.

Since, in the general case, the deviation function can be represented as a set of deviation functions from the desired
results of individual target functions:

§E = max [8E,(dy, i), 6E2 (G2 i12), 6B (G, fls), -, SEp (G fin)] (14)

Then the following mathematical formalization can be used:

min max (8Ey[dy, il (W1)], SE2[Fa, flo W), e, S [ G, i W)]} (15)

Implementation of the minimax approach makes it possible to minimize possible economic losses when making a manage-
ment decision using a multi-objective and multi-parametric selection of options through the maximum possible negative
consequences of this decision.

The proposed algorithm is similar to the method of structural-parametric optimization, but, unlike it, the goal of this
algorithm is not to solve the problem of system synthesis, but to solve the problem of optimizing the management decision
for the existing system.

The process of interactive implementation of the specified algorithm allows decision-makers to clarify the uninterpreted
parameters that were used in the formation of the proposed options. This leads to an increase in the level of economic
rationality of the specified decisions.

The proposed approach allows to algorithmize the process of forming a compromise solution for a multi-objective problem
(Hypothesis H5). But the practical implementation of this approach can be complicated since the choice of a compromise
solution can be based on uninterpreted or insufficiently interpreted parameters that could not be clarified at the stage of

DOI: 10.55643/fcaptp.3.50.2023.4048 195


https://fkd.net.ua/
https://www.fta.org.ua/

®IHAHCOBO-KPEAUTHA AIAMbHICTb: MPOBEMW TEOPIT TA MPAKTUKM
Tom 3 (50), 2023

interactive implementation of the algorithm. In this case, the specified choice can be implemented on the basis of an
expert assessment or the use of an automatic decision selection system by sorting through the interpretation options of
uninterpreted parameters and fragmenting the intervals of implementation of undefined parameters. This, on the one
hand, significantly increases the number of decision options, but, on the other hand, allows managers who are authorized
to make decisions to expand their options.

To avoid subjectivity when making a decision, a possible variant of the interactive implementation of the specified algorithm
is also a way of limiting the number of goals of a multi-objective problem.

It is proposed to evaluate the strategic impact of a management decision by operating not on static parameter values, but
on their trends over time (Hypothesis H6).

Each of the parameters can change over time according to its own trend, which will be different from the trends of other
parameters. Therefore, the change over time in the influence of each of the parameters on the situation will affect the
achievement of strategic management goals. These calculations require much more time and resources of the information
system. This makes it necessary to start their implementation according to a separate decision of the system administrator,
who must be informed in detail about the distribution of the DSS download over time. The analysis of changes in data
trends can take place, for example, by arranging data by the time of receipt of reports to the database from system
elements that belong to management entities.

The implementation of the algorithm of the dynamic problem, first of all, requires checking the presence or absence of a
change in time of the limitations and evaluating the change of the parameters of the problem in time. For this purpose, a
hypercube of data and a hypercube of their limitations are formed. A two-dimensional section of each of the hypercubes
looks like a matrix and is used further to illustrate the corresponding stages of the algorithm. Next, in order to take into
account, the dynamic change, the first-time derivative of the data in each of the cells of the specified hypercubes is
determined:

[EAZE R )
at Bt
Bwli aW” W1L .ee *l
L Ot at 16
[0911 ag}l * ( )
at at 911 J'l
0411 . agn
L ot

where i, j are the number, respectively, of lines and columns in a two-dimensional section of the data hypercube; w* is
an abbreviated notation of the first derivative of data in time; g* is an abbreviated designation of the first derivative of
time data limitations.

The next stage of the algorithm is the determination of the first derivatives of the target functions. A two-dimensional
section of the hypercube of the target functions looks like this:

O O , .
at at Hyq I j1
N B B 17)
ot at
where u* is an abbreviated designation of the first derivative of the target functions in time.
Then:
= (W}, g, R) (18)

where R Is the set of connections wj;, g, imn With other elements of the data hypercube.

When forming an array of data relations (H), the mathematical representation will have the following form:
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5w, gji R) € H (19)

The need for the interpretation and use of data relations is primarily because the values of uj;, w}; and g}; have an indirect
connection in time when the task is dynamic.

In order to increase the economic rationality of the use of DSS, in turn, it is necessary to form connection manager
programs and programs to parameterize detected connections.

The need to take into account the dependence of the arrays of the first derivatives of the target functions on the set of
connections of the data hypercube in time is due to the complex, systemic nature of management decision-making in the
field of agricultural logistics; mutual consistency of some data with others, etc.

Implementation of the specified steps of the algorithm provides an opportunity to minimize the first derivative of the
deviation function:

.0 * *
mlna—i (g%, u") (20)
with the following search for the minimax value:
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The proposed mathematical formalization provides an opportunity to evaluate the deviation of the target functions from
the desired strategic value under dynamic changes in their parameters, which is especially important for fast-moving risks
of significant magnitude, in particular, inherent in logistics operations in wartime.

Slow changes of parameters over time are not subject to the direct involvement of the algorithm of the dynamic problem.
Slow changes according to known regularities can include, for example, changes in parameters related to the influence
factor of "ageing" of the technological equipment of the transport infrastructure. In order to take slow changes into
account, it is worth using standard procedures for detecting tendencies towards slow changes in parameters, establishing
patterns of their changes, and, if necessary, verifying each change by an expert and subsequent automatic correction of
static data values. This approach allows to simplify calculations and, accordingly, to rationally use of the resources of the
information system, which is especially important for logistics procedures with dynamic changes in the conditions of their
implementation.

DISCUSSION

Having analyzed the conditions of management of agricultural logistics, the authors came to the conclusion that the
dynamism of the implementation of logistics processes has increased significantly nowadays. The conditions for conducting
logistics activities in many areas of the world have become much tougher. The example of Ukraine, whose economy is
largely connected with the efficiency of the logistics of agricultural products, shows the impact of significant risks on the
level of fulfilment of the tasks set before agricultural logistics. Thus, the provision of food security for a significant number
of people on all continents, as well as the state of the world economy, depends on the fulfiiment of these tasks. To solve
this problem, all tools are important, in particular, digital tools for improving the management of agro-logistics. Studies
have shown that agricultural logistics is mainly focused on solving the problems of small and medium-sized farms, problems
of distribution of fresh agricultural products, complications of agro-logistics due to rapid spoilage, small batches and sig-
nificant frequency of deliveries. That is, researchers are mainly focused on solving individual fragments of the logistics
problem in the agrarian industry, and agricultural production and, accordingly, the logistics of its products, is a complex
multi-level system. For effective management of a system of such complexity, the formation of a new mathematical ap-
paratus is required. The creation of such a mathematical apparatus is a prerequisite for the formation of a methodical
basis for the economic rationality of the interaction of the elements of the logistics management system in agriculture. For
the development of this apparatus, a group of hypotheses was introduced in the presented study and original methods of
solution were proposed. Application of these methods, for example, minimax to minimize economic losses when making a
management decision using a multi-objective and multi-parametric selection of options, interactive implementation of
algorithms, formation of a hypercube of data and a hypercube of their limitations can lead to a significant level of load on
computer systems. This, in some cases, calls for the use of special equipment, which is not always available even in large
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agricultural holdings. Therefore, it creates a perspective for further improvement of the proposed mathematical approaches
and algorithms that implement them.

CONCLUSIONS

On the basis of the proposed hypotheses, the implementation of which is substantiated during the research, a systematic
mathematical approach, implemented in the above algorithms, was developed for the formation of the methodological
basis of the economic rationality of the interaction of the elements of the logistics management system in agriculture. The
specified mathematical approach takes into account a wide range of conditions for carrying out logistics activities - both
with a high level of reliability of the logistics process and under conditions of significant threats that lead to the minimization
of the reliability of agro-logistics. Taking into account the specific conditions of the logistics processes of the agrarian
industry, due to the peculiarities of the production process, the properties of agricultural products, the conditions of dis-
tribution, a highly adaptive dynamic approach was created when forming a set and combination of tasks and goals of
logistics. For this, algorithms, tools and methods were developed: unification of target functions; the approach of flexible
adaptive changes in the ranks of target functions to ensure the appropriate level of rationality of logistics process man-
agement; a compromise approach in the case of the need to simultaneously achieve a group of set goals or a group of
goals; the approach of assessing the strategic impact of a management decision for operating not with static values of
parameters, but with their trends over time. In general, this makes it possible to achieve the appropriate level of economic
efficiency of agricultural logistics management, even under difficult conditions and an increase in the level of threats.
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Jlnwerko M., OpexoBa A., lNMonstukita /1., Xpomywmra /1., lonsvikiH B.

MATEMATUYHWIA NIAXIA A0 ®OPMYBAHHA METOANYHOI OCHOBU EKOHOMIYHOI
PALIIOHANIbHOCTI B3AEMOAII EJIEMEHTIB CACTEMM YMNPABJIIHHS JIOFICTUKOIO B
CI/NIbCbKOMY roCrnoaAPCTBI

Cdbepa ynpaBniHHS NOMCTUKOIO CiNlbCbKOrocnoaapchbKoi NpoAyKLii 3a 3HaYHUX AMHAMIYHKX 3MiH B YMOBaX CbOrOAEHHS Mo-
Tpebye popMyBaHHSI HOBUX MiAXOAIB 3@ BUKOPUCTAHHS MOX/IMBOCTEW CyyacHUX iHopmaLiiHux 3acobis. Y cTaTTi npea-
CTaBMEHO CUCTEMHUI MAaTEMaTUYHWIA MiAXia 40 YNpaBsliHHS NOTICTMKO B CiNlbCbKOMY rOCMOAAPCTBi AJ1s YMOB i3 HE3HAYHUM
piBHEM PU3KKY Ta 3@ YMOB 3Ha4HMX 3arpo3 SIOriCTUYHMUM NpoLecaM arpapHoi rasnysi. Y npeacraBneHoMy AOCHIIKEHHI TaKoX
PO3rNSiAATLCS MUTaHHS aHani3y epeKTUBHOCTI YNPaBRiHCLKUX Ail JIOFCTUYHMM MPOLIECOM i B ONepaTMBHOMY, i B CTpaTe-
riYHOMY nnaHi.

Po3pobneHuii MaTeMaTUYHWIA MiAXia YpaxoBYeE LWMPOKUIA CNEKTP YMOB NPOBEAEHHS JIOMICTUYHOI AisIbHOCTI: | 38 HEBUCOKOIO
PiBHS pU31KY BUKOHAHHSI JTOTiICTUYHOIO MPOLIECY, i B 06CTaBMHaX 3HaYHMX 3arpo3, siki Npu3BOAsTb A0 MiHiMi3auii HagiMHOCTi
JIOTICTUKM B CiNlbCbKOroCrnoAapcbkuii ranysi. Lie € 0cobnmBo BaXKIMBUM CbOTOHI, 3 OrNsy Ha 3HAYHUIA piBEHb HErAaTUBHUX
BMJIMBIB Ha JIOMCTUYHI MpOLIECK Yepe3 BiliCbKOBI 3arpo3u. 3poCTaHHs LUMX BMAMBIB NPU3BOAMTL HaBiThb A0 AecTabiniauii
CBITOBOro NPOAOBONBbYOIO PUHKY, 3arpo3u rofiogy B AESKUX perioHax CBiTy.

3anponoHoBaHWI MaTeMaTUYHWI NiaXiZ ypaxoBye NOsIBY HOBUX PU3MKIB, 3HAYHO 36iMbLUEHUI ANHAMIYHWI XapaKTep Briu-
BiB Ha JIOFCTUYHY JisiNbHICTL B arpapHOMy CEKTOpi eKOHOMIKM, Tak camo 1 TpaauuiiHy crneumdiky yMOB peanisauii noric-
TUYHUX MpoLeciB B arpapHiii ranysi. Cneumdika ynpasniHHa NOFCTUYHOO AisSNBHICTIO B arpapHOMy cekTopi 06yMoBrieHa
0CO6MBOCTSIMM NPOLIECY CiNbCbKOrOCNOAaPCHKOro BUPOGHULITBA; BNAaCTUBOCTSAMM, sIKi MpUTaMaHHi CiflbCbKOrocnozapChKil
npoaykuii, ymoBamu ancTpubyuii uiei npoaykuii. YkasaHe 06yMOBIIOE LUMPOKUIA CNEKTP 3aBAaHb, siKi MAaE BUKOHYBATH /10-
ricTvka arpapHoro cektopa. Lle B CBOIO yepry BMKIMKaE noTpedy B CTBOPEHI BUCOKOAAAMNTMBHOMO AMHAMIYHOMO Niaxoay
npv opmyBaHHi Habopy 11 KombiHauii 3aBaaHb Ta uinen norictuky. Ans peanisauii uboro nigxoay 6ynu cnewiansHo pos-
pobneHi anroputTMK, IHCTPYMEHTU 1 MeToau. 3okpeMa: YHidikauii LinboBmx dyHKLUiN; niaxoay rHyYKUX afanTUBHUX 3MiH
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paHriB UinboBux dyHKLi Ans 3a6e3rneyYeHHs HaNeXHOro piBHS pauioHanbHOCTI YrpaBiHHS NIOFICTUYHMM NPOLIECOM; KOM-
MPOMICHOro NiAXoAy AN BUNAAKY HEOOBXiAHOCTI AOCSTHEHHS OHOYACHO rpynu NOCTaBAEHUX Linel; niaxoay OuiHKK cTpa-
TeriyHoro Br/IMBY YMpaBiHCbKOro pilleHHS 3a OornepyBaHHSA He CTaTUYHWMKM 3HAYeHHAMM MapaMmeTpiB, a iX TpeHAamMu B
yaci. 3aranom ue [03BONSE AOCATTU HANIEXHOMO PiBHA EKOHOMIYHOI e(heKTUBHOCTI YNpaBiHHA arpapHOI0 IOMCTUKOK Ha-
BiTb 3@ AMHaMIYHMX 3MiH YMOB il peanisaLii Ta 3abe3neunT BUCOKUI piBeHb HAAIMHOCTI NOMCTUYHOrO NPOLIECY HaBiTb NpU
3pOCTaHHi piBHA 3arpos.

KnrouoBi cnoBa: MaTteMaTUYHMIA Niaxia, AMHaMiYHI YMOBW, €eKTUBHICTb YNpaBiHHS, NOriCTHKa, CilbCbKe rocrofapcTBo,
€KOHOMiYHa paLioHanbHICTb
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