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Abstract. The relevance of this study lies in the need to optimise supply cycles and volumes in
value chains, which helps to reduce costs and increase the profitability of agricultural enterprises.
The purpose of this study was to investigate and optimise the costs of initial material flows in
the production subsystems of corporate vertically integrated structures of the agricultural complex
under conditions of non-stationary demand. To fulfil this purpose, the study investigated the
relationship between the amount of raw material stock stored in the production subsystem and
the time of its consumption, based on which an extended model of the economic order quantity
(EOQ) was considered, which, apart from the defined costs, also considers the costs of raw material
shortages associated with the inability to fulfil deliveries and losses associated with supply failures
caused by the unpredictability (stochasticity) of the order flow itself. It was found that in continuous
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production systems there is an opportunity to reduce the costs associated with failures by using an
additional regular supply batch. For this, the mathematical “point-of-order” model was built based
on the theory of mass service, which allows determining not only the best point to order, but also
the optimal amount of the safety stock. A model for optimising the volume of material flows was
proposed, which combines the model of the economic order quantity order adapted for use in product
subsystems of corporate integrated structures of the agricultural complex and the “point-of-order”
model, which allows calculating the minimum size of the insurance stock of raw materials using the
tools of operations research. As an example, the material flow was optimised for Kivshovata Agro
LLC. The findings of the study, such as the use of analytical tools and models for determining the
economic order quantity and safety stock, can be used by the management of agricultural enterprises
to improve the efficiency of material flow management

Keywords: production systems; economic order quantity; demand; queuing system; stock management

Introduction

One of the most pressing issues in value chain
management is optimising the number of cycles
and batch sizes of the initial material flow. The
required annual volume of raw materials and fi-
nancial resources to support the production pro-
gramme is calculated based on product demand.
With one delivery cycle providing an annual vol-
ume of raw materials, the production subsystem
faces the problem of storing the incoming vol-
ume and increasing the costs associated with
this process. In contrast, organising deliveries in
smaller batches increases organisational costs.
For the entire process chain to function smoothly,
the required amount (volume) of raw materials or
semi-finished products, i.e., stock, must be present
at the inlet of the chain links at any given time.

Optimisation of material flows reduces the
cost of transporting, storing,and handling raw ma-
terials and finished products. This helps to reduce
overall production costs and increase the profita-
bility of enterprises. Effective material flow man-
agement helps to reduce waste, optimise resource
use, and reduce the negative impact on the envi-
ronment. Modern optimisation models consider
the latest technologies, which helps to increase
productivity and reduce the impact of the human
factor. This is especially true for large corporate
structures with a complex logistics network.

T. Kovtun (2020) considered the problem
of forming reverse material flows and proposed
a model of a reverse linkage logistics system,
which should solve the problem of optimising
material flows using circular economy processes
and achieve maximum benefit from the imple-
mentation of circular processes. F.F. Galimulina
& N.V. Barsegyan (2024), raising the problem of
optimising economic systems to improve the ef-
ficiency of material flows management, proposed
to apply an interdisciplinary approach that allows
tools and methods from different fields of knowl-
edge to be combined into a single methodology.
A.Ghasemi et al.(2024) developed a methodology
for radically improving the efficiency of industrial
systems, which proposed the use of an optimally
designed production scheduling (PS) module that
can actively control the budget, timing, and vol-
ume of deliveries and which can improve the effi-
ciency of material flow management in the supply
chains of many production systems. M. Pekarcik-
ova et al. (2020) developed a simulation model
of production and supply of goods based on the
control logic of the Kanban system to track the
movement of material flows in real time and op-
timise delivery times.

Both Ukrainian and foreign researchers have
addressed the problems of optimising material
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flows in agricultural production and the impact
of stock management on the efficiency of corpo-
rate agrarian structures V. Matsiuk et al. (2023)
developed an agent-based simulation model in
the AnylLogic environment to improve the trans-
port and technological system for the supply of
material resources of an agricultural enterprise
under conditions of partial uncertainty. O. Zagur-
sky (2021) proposed a model of a technological
system for the supply of perishable food products,
which considers compatibility of technical means;
technological parameters of technical systems;
adaptability of technical systems to environmen-
tal conditions and technological properties of
perishable food products; parameters of transport
and technological cycles, etc. Among the main
challenges of supply chains for perishable agri-
cultural products, S. Osman et al. (2023) identified
the lack of scheduling for product shelf life, lack
of product characteristics that affect shelf life,
difficulties in storing the product during deliv-
eries, and difficulties in tracking and monitoring
the product throughout the supply chain. Explor-
ing the possibilities of a closed-loop economy
in small farms, H. Fernandez-Mena et al. (2020)
propose a new agent-based model, Flows in Agri-
Food Networks (FAN), which simulates the opti-
mum exchange of material flows (feed, fertiliser,
food) and agricultural waste between farms and
partners at different levels (food industry, fertil-
iser and feed suppliers, waste recyclers, etc.)

Therewith, despite the sufficient elaboration
of the subject,the issue of managing the dynamics
of changes in the volume of material flows of cor-
porate structures of the agricultural complex with
a multi-nomenclature assortment in the condi-
tions of non-stationary demand for products is still
understudied in Ukrainian and foreign literature.

The purpose of this study was to investigate
and optimise the costs of input material flows in
the production subsystems of corporate vertically
integrated structures of the agricultural complex
under conditions of non-stationary demand.

To fulfil this purpose, the following objec-
tives had to be met:

J to investigate the relationship between the
amount of raw materials stored in the production
subsystem and the time of their consumption;

J to determine the optimal point of order
based on queuing theory;

J to optimise the material flow using the
“point-of-order” model for an existing agricultural
enterprise.

Materials and Methods

In studying the influence of stock management
on the efficiency of corporate vertically integrat-
ed structures of the agrarian complex, the study
employed general scientific methods: analysis
and synthesis - in collecting research materials;
systemic - when assessing the interaction of in-
dividual elements of the supply system, their im-
pact on the functioning and overall costs of the
system and optimisation of supply chain resourc-
es as a whole; process - when forming a sequence
of actions and working within the supply process
to minimise the cost of material flows; synergis-
tic - when considering the dynamics and changes
in the supply of vertically integrated structures of
the agricultural complex in conditions of non-sta-
tionary demand, which are in a state of chang-
ing equilibrium, when small changes can lead
to large effects; economic and quantitative - to
assess the quality of supply processes of the en-
terprise under study.

To improve the accuracy of the analysis, math-
ematical modelling techniques were employed to
assess the impact of various factors on the behav-
iour of inventories over time, including linear pro-
gramming methods to optimise the allocation of
resources in the supply chain; simulation model-
ling to analyse possible scenarios and determine
the best stock management strategies; and dis-
crete optimisation methods to minimise costs and
maximise the efficiency of logistics operations.

To accommodate the complexity of the pro-
cesses taking place in production subsystems, a
multi-criteria optimisation approach was applied,
which allows simultaneously considering several
conflicting goals, such as cost minimisation and
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service level maximisation. This approach used
Pareto-optimisation methods to identify the opti-
mal points for managerial decision-making.

Specialised methods of operations research
were also used, namely: queuing systems to rep-
resent the process of ordering stocks; determin-
ing the “point-of-order” to establish the relation-
ship between the amount of raw materials stored
in the production subsystem and the time of its
consumption; economic order quantity (Harris-
Wilson model) to determine the size and interval
of delivery batches.

To verify the correctness of the results, ad-
ditional modelling was performed based on real
data from an agricultural enterprise, which helped
to confirm the adequacy of the proposed models
and methods. A multivariate analysis was per-
formed to investigate the relationships between
various elements of the logistics system, such as
storage costs, lead times, and service levels.

The findings of this study were experimental-
ly confirmed based on the operational data on the
dynamics of changes in material flows for 2023 at
the agricultural enterprise Kivshovata Agro LLC,
which engages in agricultural production activi-
ties in the Kyiv Oblast (Ukraine).

To collect the data, the study employed the
methods of questionnaires and expert inter-
views, which helped to obtain valuable infor-
mation on the specifics of stock management at
the enterprise. Data from automated enterprise
management systems (ERP systems) were also
used, which ensured high accuracy and reliabili-
ty of the results.

To ensure the scientific reliability and valid-
ity of the results, a comprehensive approach to
data collection and analysis was used. The study
covered the entire production and logistics pro-
cess of the agricultural enterprise, from the re-
ceipt of raw materials at the warehouse to the
delivery of finished products to the consumer. A
detailed analysis of the dynamics of raw materi-
al stocks was performed, the optimum ordering
intervals were determined, and the impact of
various factors, such as seasonality and demand
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fluctuations, on the efficiency of stock manage-
ment was assessed. The use of statistical meth-
ods helped to assess the probabilistic character-
istics of supply chain processes, which helped to
conclude on the stability and reliability of the
stock management system in the face of volatile
demand. The use of correlation analysis helped
to identify the crucial factors affecting the effi-
ciency of stock management, which became the
basis for developing recommendations for im-
proving logistics processes.

Results and Discussion
Agricultural production is specific and has a series
of features related to the biological nature of pro-
duction, as biological organisms, land, and other
natural resources are used as the main means
of production, and therefore material flows in
agro-logistics also have their specific features re-
lated to the following:

J diversification - the ability to generate
2 or more streams that differ significantly from
each other in terms of their properties, promotion
routes, and end users;

J seasonality - the need to store products
due to seasonality;

J duality - the ability of a material flow at
any stage to act as both a raw material for the
next stage and a final product;

J transformation - a significant change in
the material flow on the way towards the end
consumer, which requires relevant changes in the
storage and transportation regime;

J range - expanding the range of material
flow as it moves through the supply chain, which
requires increased efforts to maintain it.

This specificity in the production subsystems
of the full technological cycle of production in
the market conditions causes (especially in crop
production) the movement of certain volumes of
annual financial, material, and information flows.
In Figure 1, the financial flow (d,) compensates
for the cost of purchasing raw materials M,=k,d,
where k, is considered as the conversion factor of
the financial flow (d,) into the material flow (M,).
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Figure 1. General scheme of the technological chain of vertically integrated structures of the
agricultural sector

Note: d - financial; M — material; | — information flows

Source: compiled by the authors of this study based on 0.M. Zagurskiy (2021)

Determining the volume of material flow (M,)
and the number of cycles (m) in the production
subsystems of vertically integrated structures
of the agricultural complex requires additional
information (/) and the application of the stock
management methodology on its basis. There-
with, the need for stocks of these structures is
characterised by random processes, as the proba-
bility of receiving the required amount of raw ma-
terials at the input of the technological link at the
time of the requirement is not high.And in case of
a stock shortage, the production process may stop
or slow down, leading to financial losses.

Accordingly, the production subsystems of
vertically integrated structures of the agricultural
sector need to strike a balance between the pro-
cesses of raw material shortages and the process-
es of increasing stocks, which entails an increase
in storage costs (Yablonskyi et al., 2024).

Notably, the stock management method-
ology allows making an optimal (suboptimal)
decision under certain conditions and strategic
constraints (Volokha et al., 2023). Therefore, the
issue of optimising the output material flows in
production subsystems comes down to the fol-
lowing issues:

J what volume (quantity) of goods should be
periodically delivered to the warehouse to create
the required stock (delivery lot size);

J at what time (at what minimum stock level)
should the stocks be replenished (“point-of-order”).

Thus, there is a need to establish a link be-
tween the quantity or volume of raw materials
(Q) stored in the production subsystem and the
time (t) of its consumption, i.e., the study of the
following function:

Q=f(, 1)
where Q is the stock of one type of raw material.

The classic Harris-Wilson (Wilson, 1934; Har-
ris, 2013) model for calculating the economic or-
der quantity (Formula 2) relates ordering costs to
stock storage costs:

28xD

EOQ =
0 T

)

where S is the ordering cost (per year, per unit),
which includes the cost of delivery,processing,and
settlement of orders; D is the demand coefficient
or resource requirement (number of units sold per
year); His the stock storage cost (per year, per unit),
which includes the cost of storing materials or
goods in a warehouse and losses due to stock-outs.

It involves the continuous consumption of
raw materials, as well as their immediate receipt,
which is impossible in practice (Rogovskii et
al., 2022). Even if a continuous production pro-
cess is organised in corporate integrated struc-
tures, to maintain its rhythm, the rate of supply of
raw materials (p) must exceed the rate of resource
consumption (a). That is, the condition (p > a) must
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be met. Therefore, in contrast to the classical ap-
proach, when formulating the task of stock man-
agement in corporate vertically integrated struc-
tures of the agricultural sector, it is assumed that
batches of raw materials will arrive evenly at the
rate of delivery (p) rather than instantly, and with-
in the interval (tp), as presented in Figure 2.

Figure 2. Diagram of the dynamics
of production stocks of corporate vertically
integrated structures of the agricultural sector

Note: Q is the stock of raw materials; t is the time of
consumption; p is the rate of supply of raw materials;
a is the rate of resource consumption

Source: compiled by the authors of this study based
on I. Rogovskii et al. (2022)

In this regard, the following types of expens-
es arise:

1. Organisational costs associated with the
processing and delivery of goods that are re-
quired for each warehousing cycle and are sub-
ject to recycling.

2. Expenses related to storage and deprecia-
tion of goods subject to deterioration, ageing, and
reduction in quantity during storage.

3. Raw material shortage costs associated
with the inability to deliver raw materials, which
results in lost profits.

Figure 3 shows an approximate graph of the
cost function as a function of the quantity of stocks
C = f(q) for corporate vertically integrated struc-
tures of the agricultural sector. Figure 3 shows
that the process of stock management for corpo-
rate vertically integrated structures of the agricul-
tural sector is based on assumptions analogous to
the Harris-Wilson model and differs in that if the
stock in the warehouse approaches zero, deliver-
ies will be started and continued until one batch

Zagurskiy et al.

is available. Therewith, the supply of raw mate-
rials to the technological process, i.e., its ship-
ment, will not be interrupted. Thus, the presented
classification of the costs of the process under
study can be defined by the following formula (3):

C C
_c
S N
Crin \¥ C3
gL q

Figure 3. Diagram of changes in costs
of corporate vertically integrated structures
of the agricultural sector

Note: C - the costs; C, - the total stock storage costs;
C, — the cost of goods; C, - the total organisational
costs; C_, — the minimum costs

Source: compiled by the authors of this study

C=Cy+Cy+Cs =h%’"+ca+5§, 3)
where C, = h% is the total stock storage costs;
C, = C, is the cost of goods; C, = S¢ is the total
organisational costs.

The modified Harris-Wilson formula for find-
ing the optimal lot size for delivery (Q%), which
corresponds to the volume of the original materi-
al flow, will have the following form:

B 2pSa
¢ = Jroar (4)

However, the Harris-Wilson stock manage-
ment model and its modifications are determinis-

tic and do not accommodate the stochastic nature
of the flow of requirements (requests) in a verti-
cally integrated production system (Rogovskii et
al., 2021). To accommodate stochastic processes
in stock management in the production chain (es-
pecially in the sales unit), it is proposed to use
the mathematical model of the “point-of-order”
based on the theory of mass service (Nobil et
al.,2016; Balestra et al.,2021; Utama et al., 2022).
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According to this model, for any queuing system,
the stock ordering process can be represented by
two functions:

1. Number of applications received by the
system by time t: x(t).

2. Number of applications that have left the
system by t: y(t).

The above functions are characterised by
a jump (an increase by one at the moments of
arrival and departure of orders). Graphically, the
functions x(t) and y(t) are presented in Figure 4:

J lines representing functions are stepped;

J the upper bound is x(t);

J the lower bound is y(t).

J the difference z(t) = x(t) - y(t) at any time t
is the number of orders in the system. If z(t) = 0,
there are no orders in the system.

ty

Figure 4. Graphical representation

of the functions x(t) and y(t)
Note: x(t) is the number of orders that entered the
system by time t; y(t) is the number of orders that have
left the system by time t — orders in the system at a
given time
Source: compiled by the authors of this study based
on S. Minkevicius et al. (2021)

To apply the queuing theory in solving this
problem, the study investigated the flows of re-
quirements that differ in their internal structure
and performed their quantitative description. The
simplest flows are characterised by the following
properties: ordinariness; stationarity; and ab-
sence of after-effects.

An ordinary request flow is one where more
than one request will be received in the system

in a short period of time (Af) with probability
R > 1(At),which is quite small compared to the fact
that only one request will be received in the same
period of time, as expressed by the following:

R > 1(At) << R1(AD). (5)

A flow is called stationary if the probability
of occurrence of some requirements (k) in a time
interval (At) depends on the length of the interval
and does not depend on the location of the inter-
val on the time axis, i.e., in a stationary flow of re-
quirements, the probability characteristics are not
subject to changes on the time scale. The average
number of claims, expressed as (A), received per
unit of time and characterising the intensity or
density of the flow. In a stationary flow, the inten-
sity value (1) will be the same at any interval (Af).

Ifthe number of demands entering the system
inanon-overlapping time slot does not depend on
the number of demands in another time slot, then
such a flow is characterised by no consequences.
The Poisson’s law is used to describe the simplest
requirement flow with a certain parameter (A):

Rigy = & e, %)
where: ka is the probability that reflects the pro-
cess of receipt of (k) claims at an arbitrary time
interval with duration (f).

Then, according to Poisson’s law, the proba-
bility of no claims at a time interval (f) after one
of the claims enters the system will be as follows:

R,(f) = e™. (8)

However, the given probability corresponds

to the probability that the value (t) will be no
more than a random variable T. Then:

R(T>1)=e™, %)

Accordingly:

FN=1-e?,
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where: F(T) is a function that distributes a random
variable T.
The distribution for a random variable T will
be carried out with density as follows:
f(t) =AM (11)
Thus, for the simplest flow, the time interval
between any two neighbouring demands will be
distributed according to the exponential law and
using the parameter (A). In addition, the simplest
flow is characterised by a higher probability of
short intervals between events than long ones.
Approximately 63% of the time intervals between
events in the system are characterised by a length
that is less than the average and equal to (1/4).
Furthermore, the Harris-Wilson model does
not consider the losses associated with failures
during order processing due to the unpredictabil-
ity of the order flow itself (stochasticity). In prac-
tice, it may happen that an order is received at
a time when the current batch has already been
exhausted and the next delivery has not yet taken
place. To account for such losses, it is proposed to
introduce a cost coefficient (g), the value of which
is determined by the probability of failure when
servicing an incoming request (R),and determines
the probability of failure and the amount of costs
associated with this process for the Harris-Wilson
model of production supply.
Accordingly, there is a probability, expressed
as Ri(t), that at the time of the next arrival of a
batch of goods, there is a stock of units of goods
in the amount from 0 to Q . Moreover, the prob-
ability of a decrease in the current batch (Q, - /)
of units of goods corresponds to or is equal to the
probability Ri(t). The probability of reducing the
current batch RQ - i(t) is determined by Poisson’s
law, and the probability of no failure during main-
tenance is as follows:
Roo(t) = T2 Ri(D), 12)
or

Roo(t) = T Ry (1) (13)
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Consequently, the probability of a failure to
service the order will be as follows:
Rp(t) = 1= 3" R, (O, (14)
and the amount of costs incurred in case of a fail-
ure is determined by the following expression:
I;(®) = g[1 = T2 Ry, (O] (15)
If one replaces the following variables with
Jj=q* i, one gets that when /=1, the value of ()
isequal to Q - 1,and when (/) is equal to Q , the
value of (j) is 0. Then, changing the bounds of the
sum in places, the resulting expression is brought
to a standard form as follows:
Qm—1
(6) = g[1 - R (16)
The parameters of the Harris-Wilson model
for production conditions are substituted into
the formula. Poisson’s formula for Rj(t), where
the parameter A is the annual demand intensity
expressed as a, which characterises the intensi-
ty of the flow of applications on average during
the year.And the time interval for considering the
probabilistic characteristics of the stock manage-
ment system is the interval between the receipt
of batches of goods, expressed as Qm/a. Thus, for
the process described, the Poisson’s formula will
take the following form:

@1—

: _aQ_m). (17)

R;(t) = exp ( o

Substituting the formula for I, (t) instead of

Rj(t) in expression (17), one obtains the following:

ew (-a%2)], 1)

om\/
— a—
I = gt - nx )

where Q_is the maximum volume of stocks; a is
the intensity of the annual flow of applications;
Q,,, is the time interval during which one delivery

batch is consumed, year.
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By simplifying expression (18), the final for-
mula is obtained:

gl —XPm % @jexp(—(?m)]. (19

Notably, in continuous production systems,
it is possible to reduce the costs associated with
| failures by using an additional regular supply
batch (Zagurskiy et al., 2024) in the time interval
At. A graphical description of the process is pre-
sented in Figure 5.

Figure 5. Supply shift by At__
Note: a — the delivery with failures in the time interval
At; b - the delivery with the use of an additional
regular batch

Source: compiled by the authors of this study

The application of this adjustment requires a
change in expressions (18) and (19):
Jj
[1 ZQm—l( a(%e-ar))

Ifzg 7

=1 (Qm—aat)/
ZQ _—

Iy =g[1 7

exp(—(Qm — adt))], 21)

An analysis of Figure 5 shows that such a
change in supply is equivalent to a process of in-
creasing the shelf life by (1 + Af). Accordingly, the
storage costs will be as follows:

— Qm
i =h=x 2+(1+At)’ (22)
while the total costs will be equal.
[=1+1. (23)

Thus, with the optimum precautionary supply
interval Atop, the total costs are minimal:

ZQm 1 (Qm_aAton)]

min(I) —g[l I

exp( - (Qm - aAton))] + hQTm (1 + Aton) ,(24)

and the optimum ordering point (optimum safety
stock volume) Q,,, which is defined as follows:

Qps,= b (25)

Table 1 and Figure 6 show an example of
considering the dependences that reflect the
dynamic result of all the functions of the stock
storage unit of the integrated agricultural supply

Qm . . . .
exp (—a (7— At))] (20) chain for the operating agricultural enterprise of
or Ukraine Kivshovata Agro LLC.
Table 1. Results of material flow optimisation using
the “point-of-order” model for Kivshovata Agro LLC
Intensity Maximum Interval
of application Stock storage stock level of validity of Storage Failure costs, Total costs. |
flow per costs, h am ' one delivery costs, Ix If !
year, | batch, At
20 6 150 900 0.0000000 900.0
20 6 150 1350 0.0000000 1350.0
20 6 150 1800 0.0000000 1800.0
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Table 1. Continued

Intensity Maximum Interval
of application Stock storage of validity of Storage Failure costs,
stock level, . Total costs, |
flow per costs, h am one delivery costs, Ix If
year, | batch, At
20 6 150 4 2250 0.0000000 2250.0
20 6 150 5 2700 0.01897892 2700.0
20 6 150 6 3150 0.00000003 3150.0
20 6 150 7 3600 0.0000000 3600.0
20 6 150 8 4050 0.0000453 4050.0
20 6 150 9 4500 22026.460 26526.5
20 6 150 10 4950 38026.460 42976.5
Source: compiled by the authors of this study
100000 Storage costs Ix
90000
80000 = [ailure costs If
70000 Total costs |
= 60000
S
«» 50000
§ 40000
30000
20000
10000
0
1 2 3 4 5 6 7 8 9 10

Delivery interval, days

Figure 6. Schedule for determining the optimum interval
for the advance delivery ofthe next batch (At,))

Source: compiled by the authors of this study

As Figure 6 shows, the minimum value of the
total cost is maintained up to AtOID = 8, when the
delivery interval of one delivery batch reaches
eight days, while increasing the delivery interval
of batches to nine or ten substantially increases
the total cost of supply.

Comparing the obtained approaches and re-
sults with other comparable studies, all of them,
like the present study, are devoted to building ef-
fective stock management models and investigat-
ing the relationship between the amount of stock
stored at the enterprise and the time of its con-
sumption. Thus, H. Starushenko (2022) proposed a

digital model for calculating the economic order
quantity developed based on the Harris-Wilson
EOQ stock management model. The researcher
used the minimisation of total expected costs of
the enterprise as the optimisation criteria, while
organisational and storage costs were used as
constraints, and did not consider the possible
shortage of stocks. The present study, apart from
the above costs, also considered the costs of raw
material shortages associated with the inability to
supply raw materials, which results in lost profits.

T. Nestorenko et al. (2020) conducted a thor-
ough investigation of stock management models
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with uncertain demand (variations of the Harris
formula based on the Markov equation and the
Wilson formula developed to minimise expected
replenishment costs and stock-outs). Their mod-
el considers fluctuations in demand, lead time,
and price, among other criteria. Therewith, the
model does not accommodate the possibility of
potential supply failures. In the present study, for
vertically integrated production systems, the pos-
sibility of failures is allowed, and therefore during
the servicing of orders, the losses associated with
failures caused by the unpredictability (stochas-
ticity) of the order flow itself are also considered,
and therefore the possibility of reducing the costs
associated with failures by means of an addition-
al regular supply batch is calculated.

To ensure supply sustainability, S. Zeng et
al. (2019) presented a modified version of the
Wilson model that considers consumer demand
trends and provides flexibility in re-ordering
time, which allows determining the economic
order quantities and intervals between them. In
contrast to S. Zeng et al. (2019), the current study
proposes to use a mathematical model of the
“point-of-order” based on the theory of queuing to
account for stochastic processes in stock manage-
ment in the supply chain of a vertically integrat-
ed agricultural production system, which allows
determining not only the optimum point of order
but also the optimum amount of safety stock.

C. Caliskan (2021) proposed an extended
classical Harris-Wilson model for stock manage-
ment and compound interest accounting, which,
according to the researcher, is an intuitive closed-
form equation for the economic order quantity,
but, like previous studies, it also does not consid-
er possible stock-outs and losses associated with
supply failures.

Notably, some modern researchers consider
the problem of stock optimisation from the stand-
point of sustainable economic development and,
apart from economic components, include envi-
ronmental and social components in stock man-
agement models. Thus, N. Liao & Q. Deng (2018)
propose an environmental sustainability model

(EES-EOQ), which uses benefit-cost ratios to in-
directly control production to overcome the lim-
itations of the classical EOQ model. To this end,
the researchers derive three optimum strategies:
() minimise stock costs, (Il) maximise the overall
environmental benefit in a dedicated recovery
model, and (lll) coordinate forward logistics and
reverse logistics to achieve environmental op-
timisation in a combined recovery model. Using
stochastic analysis, they mathematically prove the
existence and uniqueness of the optimum ratio in
each strategy. S. Turki et al. (2020) also propose an
EOQ model that considers the costs of waste dis-
posal.A.Jokar & S-M.Hosseini-Motlagh (2020) and
S. Pattnaik et al. (2021), defining the stock manage-
ment policy of companies in the face of demand
volatility, included corporate social responsibility
issues in models for determining optimum stock
quantities in supply chains. Therewith, this model
is more in line with the development of optimum
restoration strategies to mitigate environmen-
tal problems caused by excessive carbon emis-
sions and is suitable for restoration enterprises.

Conclusions

Determination of the volume of the required ma-
terial flow and the number of cycles in the pro-
duction subsystems of vertically integrated struc-
tures of the agricultural complex requires the
application of the stock management methodol-
ogy. The frequent need for stocks of these struc-
tures is characterised by random processes, as the
probability of receiving the required amount of
raw materials at the input of the technological
link at the time of the requirement is not high.
Moreover, in case of a stock shortage, the produc-
tion process may stop or slow down, leading to
financial losses. Therefore, the production subsys-
tems of vertically integrated structures of the ag-
ricultural sector need to strike a balance between
the processes of raw material shortages and the
processes of increasing stocks, which entails an
increase in storage costs.

It was found that optimisation of material
flows is a critical aspect of ensuring uninterrupted
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operation and reducing the cost of transporting,
storing, and handling raw materials and finished
products. This helps to reduce overall produc-
tion costs and increase the overall profitability of
subsystems of vertically integrated structures in
the agricultural sector. The integration of classic
stock management models such as the economic
order quantity and point-of-order models allows
for more accurate calculations and reduced costs.

Optimisation of material flows reduces the
cost of transporting, storing, and handling raw
materials and finished products. This helps to
reduce overall production costs and increase the
overall profitability of subsystems of vertically in-
tegrated structures in the agricultural sector.

A model of optimisation of volumes of ma-
terial flows in subsystems of corporate integrat-
ed structures of the agrarian complex was pro-
posed, which combines two classical models: the
model of economic order quantity adapted for
use in product subsystems of corporate integrat-
ed structures of the agrarian complex and the

Zagurskiy et al.

the minimum size of the insurance stock of raw
materials using the tools of operations research.

For example, the material flow was optimised
for the operating agricultural enterprise Kivsho-
vata Agro LLC. The above calculations showed
that the total costs stay at a minimum value up to
Atop = 8,when the delivery interval of one batch of
supplies does not exceed eight days; an increase
in the interval by even a day or two substantially
increases the total cost of supplies.

Prospects for further research are related
to improving the models of stock management
of agricultural enterprises, considering current
trends in sustainable economic development.
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AHOTAaLLifl. AKTYanbHICTb AOCNIAKEHHS NOASra€ B HEOOXiAHOCTI oNTMMI3aLii LUMKNiB Ta 06CAriB NOCTaBOK
y NaHUOrax CTBOPEHHS AOAAHOI BAPTOCTI, WO CMPUSIE 3HUXKEHHIO BUTPAT i MiABULLEHHIO peHTabenbHOCTI
arpapHux nignpueMcTs. MeToto cTaTTi 6yn0 AOCNIOXKEHHS Ta ONTUMI3aLig BUTPAT BUXiAHUX MaTepiaibHUX
MOTOKIB Yy BMPOBHMUMX NigcucTeMax KOPropaTUBHUX BEPTMKANbHO-iHTErPOBAaHMX CTPYKTYp arpapHoro
KOMMeKCY B YMOBAX HecTalioHapHoro nonuty. [1ns AOCArHEHHS NOCTaBAeHOi MeTU B poboTi AOCNiAXKEHO
3B'A30K MiX 06CAroM 3amacy CMPOBUHM, WO 36epiraeTbes y cknaai BUPOOGHMYOI NiACUCTEMU | HACOM iOro
CMOXWBAHHS HA OCHOBI SKOrO PO3MSHYTO PO3LWMPEHY MOLENb ONTUMAJbHOrO PO3Mipy 3aMOBNEHHS
EOQ, y kit OKpiM BM3HAYEHUX BMUTPAT BPaXOBYHTHCS Lie 1M BUTPATU AediunuTy CUPOBUHM, NOBA3aHI i3
HEMOX/IMBICTIO BUKOHAHHS NMOCTa4aHHS i BTPATV MOB'A3aHi 3 BigMOBaMM Y MOCTa4YaHHAX 0OYMOBIEHUMMU
HenepenbayyBaHiCTIO (CTOXAaCTMYHICTIO) CamMoro MOTOKY 3asBOK. Bu3HaueHo, wo y 6e3nepepBHMX
BMPOBHMUMX CUCTEMAX ICHYE MOXJIMBICTb 3MEHLLUEHHS BUTPAT, NMOB'A3aHMX i3 BiAMOBaMM 3a LLONOMOrOK
[lOlaTKOBOI 4eproBoi napTii mocTayaHHs. [lng upboro Ha 3acafax Teopii MacoBOro 06CNYroBYBAHHS
nobyaoBaHO MATEMATUYHY MOLENb «TOYKA 3aMOBJ/IEHHN», WO [AE MOX/IMBICTb BM3HAUMTU He TiNbKKU
ONTUMANbHY TOYKY 3aMOBEHHS, @ W ONTUManbHUI 06CAr CTPaxoBOro 3anacy. 3anponoHOBAaHO MOAeNb
onTUMiI3auii 0bcaris MaTepianbHUX MOTOKIB, WO MOEAHYE MOAENb ONTUMANIbHOrO PO3Mipy 3aMOBJIEHHS
EOQ apantoBaHy [0 BMKOPWUCTAHHS B MPOAYKTOBUX MiACUCTEM KOPMOPATUBHMX iHTEFPOBAHUX CTPYKTYP
arpapHoro KOMM/eKCy Ta MOZESb «TOUKa 3aMOBEHHS», LLO L03BOJISIE PO3PAaX0BYBATU MiHiMabHi po3Mipu
CTPaxoBOro 3anacy CMPOBWMHWU 3 BMKOPUCTAHHAM iHCTPYMEHTIB LOCNIIKEHHS onepauii. na npuknapy
npoBefeHO ONTUMI3aLito MaTepianbHoro notoky ans TOB «KiswoBata Arpo». Pe3ynbtaTv AOCNiLKEHHS,
Taki K 3aCTOCYBaHHSA aHANITUYHWUX [HCTPYMEHTIB | Mofenei BM3HAYEHHS OMTUMANbLHOIMO po3Mipy
3aMOBJ/IEHHS T CTPAaX0BOro 3anacy MOXyTb OyTW BUKOPUCTAHI MEHEOXXMEHTOM arpapHuX NianpueEMCTBamMm
LNS NigBULLEHHS eDEKTUBHOCTI YNpaBiHHA MaTepiaNbHUMM NOTOKaMM

KniouoBi cnoBa: BUPOGHUYI CUCTEMM; ONTUMAsbHWUIA PO3MIp 3aMOBNEHHSA; MOMUT; CUCTEMA MACOBOIO
06cNyroByBaHHA; ynpaBiHHS 3anacamu
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