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Problem statement

Becoming of Ukraine as an industrial country
with market economy compel business weighed
against its needs and costs, save public resources.
This places high demands to company management,
making them flexible and adaptable to external
factors, ensuring maximum efficiency. Regular
changing list of manufactured goods creates need to
effective company management system, development
new economic-mathematical models and approaches
to its implementation.

Modern companies become more and more
complicated systems. To provide controllability
systems like this, we need new methods and models,
that relevant complexity internal and external
environment of company. New standard became
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appearance of controlling and logistic. Controlling
includes company goal setting, collecting and
processing information to take management
decisions, implementation functions of controlling
deviating actual indicators of performing from planed,
also preparing suggestions take management
decisions. The main ultimate goal of any enterprise
is to make a profit, so they often say that controlling
is a system for managing the profit of an enterprise.
Logistics and controlling are closely interrelated, as
they solve one and the same task — ensuring the
profit of the enterprise.

In a competitive environment, work efficiency
is directly dependent on how quickly it reacts to
constant measurements in two different areas: in the
field of security and sales. In this conditions company
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success depend on rate of reaction constant changing
in external infrastructure. In this regard, the company
must have some mechanisms and management
models that allow it to adapt to changing external
conditions. This means that the company must be
in constant relationship with suppliers of production
resources and consumers of finished products. And
it is the consumer who should determine the direction
of his development. Thus, the solution to the problem
of adapting an enterprise to changes in the external
environment is closely related to solving the main
task of modern enterprises — to create a consumer.

This goal radically changes the approach of
modern enterprises to the problems of planning and
management. Modern conditions for the functioning
of an industrial enterprise in conditions of uncertainty
and instability of the external environment require
new, highly efficient ways and methods of managing
its business activities. Traditional concepts of
enterprise management include “never stop the main
equipment and support its high utilization rate by
all means”, “make products as large as possible”,
“have the largest possible supply of material
resources”, “just in case” in market conditions are
not able to maintain the efficiency of the enterprise
at a high level, ensuring its organizational and
economic sustainability. [1] At the same time,
organizational and economic sustainability refers to
the ability of an enterprise to maintain financial
stability with a constant change in market conditions
through the improvement and targeted development
of its production, technological and organizational
structure using logistic-oriented management
methods. [2]

From all of the above, the transition from the
traditional concept of production management to a
new, most progressive, logistics concept of production
management, which includes: the rejection of excess
stocks; the rejection of the manufacture of a series
of parts for which there is no order of customers;
elimination of equipment downtime; the elimination
of inefficient internal shipments; the transformation
of suppliers from the opposing side into partners. [1]

Production under market conditions can survive
if it is able to quickly change the range, quality and
quantity of products. This problem large enterprises
solves, most of which are in the Ukrainian economy,
by creating a large stock of finished products in
warehouses, since changing the range of products
for large enterprises is a difficult task — it takes a lot
of time and money to replace, install and overlay
new equipment and equipment. equipment.

Logistics proposes to shift the focus from the
creation of stocks of finished products to the creation
of reserves of production capacity, that is, to move
towards the creation and organization of production
according to the type of flexible production and
logistics systems (FPLS) that are able to respond

quickly to changing market conditions. Reducing
the cost of production is achieved as a result of the
logistic organization of the production process,
linking and synchronization of all material flows. A
serious disadvantage of modern approaches to the
organization of production is the fact that all
technological systems are considered as ideal systems,
i.e. deterministic. Observations on real objects, which
we attribute to complex systems, show that they
function under the conditions of a large number of
random factors; therefore, the prediction of its
behavior can make sense only within the framework
of probabilistic categories.

Recently, an increasing attention of economists
has taken an important scientific and practical
direction in logistics and related management
approaches, which make it possible to more
effectively analyze and manage economic systems.

In the work of E. V. Krikavsky, logistics is
interpreted as a kind of activity based on the deep
integration of demand, production, circulation,
transport, and information. This author notes that
very often under the logistics understand the scientific
direction, the purpose of which is to develop methods
and organizational forms of management of streaming
processes in order to meet the demand for products
(goods, services, information, energy, etc.) and bring
them to the consumer in due time with minimal
cost. [3]

In the work of N.V. Rumyantsev it is indicated
that the novelty of the logistic approach consists in
changing the priorities of economic activity. In this
case, the logistic approach orients the researcher to
a greater degree not on the product, but on the
process that takes the form of a stream (material,
informational, etc.). Management of streaming
processes, their transformation and integration are a
new form of management, surpassing the traditional
ones both in terms of creative potential and in the
degree of efficiency of the final results. [6]

Modern conditions for the functioning of an
industrial enterprise in the market of producers place
it in complete dependence on the position in the
market of suppliers and consumers. In the face of
increasing competition, the success of any enterprise
depends on the speed of response to constant changes
in the external economic environment. Therefore,
an enterprise should have effective management
mechanisms that allow it to carry out a flexible
response to changes in market conditions and
competition in foreign and domestic markets of
manufacturing enterprises. The implementation of
this principle gives priority to the consumer in
determining and shaping the areas of work of any
enterprise. In this regard, the need is emerging to
form organizational and economic conditions at
enterprises that allow them to function normally in
a developing market economy. Organizational and
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economic conditions, including a set of methods
and algorithms for managing an enterprise under
market conditions, should ensure the effective
achievement of operating objectives, the
generalization of which for all enterprises and
production systems can be expressed with the thesis:
“create a consumer”.

Achievement of the goal in such a statement is
related to the satisfaction of the entire range of needs
of the consumer market by the profile of the products
or types of services. The formation of a circle of
stable consumers is the basis for the enterprise gaining
a stable position in the producer market and involves
identifying the interdependencies of the enterprise
with all the infrastructure entities and developing
the economic and mathematical apparatus for
managing them.

Analysis of research and publications on the topic
of work

The problems of building models that describe
the functioning of flexible production and logistics
systems are dealt with by many prominent
economists. Among the works devoted to this
scientific direction one should single out the research
of scientific schools of professors E. Krikavsky and
Yu.G. Lysenko [5,6,7,8,9], as well as the work of
foreign scientists, among them E. Mate, D. Tixier
[10], P. Bleick [11], D. Bowersox, D. Kloss [12],
V.J. Stevenson [13], in the framework of the national
school of logistics scientists should highlight the
research A.M. Sumec [14], N.I. Chukhrai [15],
0.S. Shkodina [16].

The purpose and formulation of the research
problem

The purpose of the study is to formulate the
theoretical and methodological provisions of the
concept of managing flexible production and logistics
systems in the context of industrial enterprises. The
objectives of the work should be considered:
consideration of the process of functioning of the
enterprise in a closed production and economic
system (PES) in the application of industrial logistics
tools; justification of the scheme of logistic flows of
PES; to form an interpretation of the logistic
production and economic system in basic terms of
queuing systems.

Presentation of the main research material

The goal of «creating a consumer» radically
changes the approach to planning and managing all

production and economic facilities in terms of
identifying target priorities. The previously dominant
principles of maximizing capacity utilization and the
use of available resources in modern conditions
should give way to approaches to increasing the level
of compliance with delivery terms, reducing stocks
to the technologically necessary level, minimizing
the production cycle by identifying internal
productivity reserves and improving the rhythm of
production processes. The solution of the task requires
an integrated approach to the study of the complex
of production and financial problems of all
components of the procurement, production and sales
processes. [6, p. 32]

By virtue of the complexity of the problem put
forward, it is advisable to consider the enterprise as
an industrial-logistic system, i.e. as a single
organizational and economic system consisting of
an industrial enterprise, suppliers of raw materials,
materials and components, consumers of finished
products, as well as including a system of transport
and warehousing, shifting the emphasis of research
on the relationship of suppliers with enterprises and
enterprises with suppliers. In this regard, it is advisable
to consider the enterprise as a production and
economic system using the principles of logistics,
the main idea of which is a comprehensive integrated
approach to the movement of raw materials and
finished products and is aimed at creating and
monitoring the activities of a unified management
system for production, economic and financial
activities. — economic system. Moreover, this work
should be carried out on the basis of economic and
mathematical modeling. Proceeding from this, the
functioning of an enterprise must be carried out
within the framework of a closed production and
economic system (PES) consisting of (see Fig. 1):
directly the enterprise; warehouses for raw materials,
equipment, semi-finished products, materials;
finished goods warehouses that form an offer on the
market of goods and services; consumer; block
comparison, analyzing the relationship between
supply and demand and forming, ultimately, the
strategy of enterprise behavior. [6, p. 33]

With such a structure, the efficiency
(performance) of the entire system as a whole
increases.

The company in the process of its production
and economic activity constantly enters into direct
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Fig. 1 Conceptual diagram of the operation of PES [6, p.33]
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and indirect relationships with suppliers, customers
and competitors. The latter, proceeding from the
goal of any enterprise — to create their own consumer,
are trying to strengthen themselves in the market,
thereby weakening the position of other enterprises.

Consumer creation for an enterprise is related
to the degree of satisfaction of consumer demand in
the goods of each type of nomenclature in terms of
volumes and quality of the products supplied, time
and place of delivery over a long period. If such a
state is achieved by an enterprise, then we can assume
that its activity is sustainable. When considering the
approach to the assessment of the enterprise, it is
necessary to keep in mind its organizational and
economic stability, i.e. the ability of an enterprise to
maintain financial stability with a constant change
in market conditions through the improvement and
purposeful development of its industrial,
technological and organizational structure using
logistic-oriented management methods. The
formalization of the concept of «organizational and
economic sustainability» and the management of this
process is the main task of any enterprise (or PES)
associated with the study of the integration of
planning, analysis and control processes across all
functional subsystems.

In the enlarged review of the activities of any
PES, there are two outlines of management processes:

— revenue management in such a way that they
remain at a certain level, exceeding a certain
minimum, which guarantees the company financial
stability;

— management of the structure of the
production program of products from the point of
view of its constant correspondence to the structure
of consumer demand (nomenclature, quality and
quantity of manufactured products).

In addition, there are two main contours of

PES disturbances. These are environmental
fluctuations and technological innovation cycles.
Environmental fluctuations include all kinds of
changes occurring in it: changes in consumer
demand; changes in the economic and political
situation; changes in the structure of the supplier
market; changes in the market of competitors; and etc.

The above disturbances take the company out
of stable operation. The cycles of technical and
organizational innovations (or the development of
scientific and technological progress) are quite a
strong disturbing factor, since they are both the cause
of changes in consumer demand and prices for
products, and the reason for the need to change the
organizational and functional structures of various
production and business units. Thus, the creation of
a system that controls the interaction of these two
circuits, will ensure the stability of the PES.

When considering each of the components of
the PES structure, it becomes possible to define the
goals and objectives of its subsystems, and, as a rule,
when a single system is formed, they do not coincide
with the purpose of the functioning of the entire
system, i.e. there is a lack of coordination of local
interests. The need to connect these divergent
interests often leads to an increase in total costs in
the process of converting raw materials to the type
of finished products. Therefore, consideration of an
enterprise as a PES based on the use of the principles
of logistics, the main idea of which is a comprehensive
integrated approach to the movement of raw materials
and finished products, and aims to create and control
the activities of a unified management system for
production, economic and financial activities of PES,
must be carried out on the basis of economic-
mathematical modeling.

When considering each of the components of
a PES, their goals and objectives are defined, which,
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when merged into a single system, usually do not
coincide with the purpose of the functioning of the
entire system, i.e. there is the principle of the
emergence of the system — the whole has such
qualities that are not inherent in any of its parts.
Attempts to connect these mismatching interests
often lead to an increase in total costs in the process
of movement of raw materials to the finished product.
Therefore, consideration of the enterprise as a PES
based on the use of the principles of logistics, the
main idea of which is a comprehensive integrated
approach to the movement of raw materials and
finished products, and aims to create and control
the activities of a unified management system of
production and economic and financial activities of
PES, economic and mathematical modeling. In this
regard, the operation of the enterprise must be carried
out in a closed PES consisting of the enterprise itself,
warehouses for raw materials, equipment, semi-
finished products, materials, finished product
warehouses, forming an offer on the market of goods
and services, a consumer, a control unit analyzing
the relationship between demand and proposal and
forming, ultimately, the strategy of the enterprise
(see. Fig. 2). With such a structure, the efficiency
(effectiveness) of the entire system as a whole
increases.

The logistic approach identifies production
processes with an interconnected aggregate of
information and resource flows organized in space
and time. Generally speaking, with the logistic
approach, there is an alternation of information and
material flows at each point of the value conversion
chain. Flows of material resources and information
circulate within the enterprise between its main

functions: purchasing, production, sales,
reproduction, marketing and personnel — the
function of providing and consuming a specific
resource — labor (Fig. 3), [6, p. 37].

At the present stage of development of the
Ukrainian economy, particular attention should be
paid to marketing as the main function that
determines the attractive nature of production.
Planning of any production activity must begin with
an awareness of the needs of the market environment
and an assessment of the urgency of their satisfaction.
Marketing allows us to evaluate the complex market
requirements imposed by consumers on the product
and its properties, to identify the main directions of
improving its quality and promotion mechanisms,
including the after-sales service complex. Marketing
ideology orients the manufacturer to the fullest
possible satisfaction of consumer requirements and
identifies areas of the most efficient use of production
potential, whose criteria are indicators of the
dynamics of gross sales.

Integrated marketing function of the enterprise
involves the use of active and passive marketing tools.
Passive marketing tools are represented by a set of
analytical and diagnostic activities, the purpose of
which is to identify consumer preferences, assess the
depth and width of the occupied market segment,
assess the dynamics of the influence of competitors
on this market segment, identify ways to improve
the proposed product and its properties. Passive
marketing tools provide most of the estimates and
projections, they are more distributed in time than
active measures, and have a less deterministic result.
At this stage, the larger share is controlled by the
incoming information flow and its processing, carried
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Fig. 3 The concept of logistics management of production and economic systems (authoring)
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out using the methods of mathematical statistics,
econometrics and the forecasting apparatus.
Distribution in time and the prevailing content make
the cost of operating passive marketing tools, if not
less significant, then at least less targeted. In addition,
their effectiveness cannot be directly assessed, but
only in a complex with the effectiveness of other
logistic operations when a material flow occurs that
satisfies the market demand.

Active marketing tools are a set of measures
for after-sales service of the product and its
promotion. The use of active tools due to the
emergence of the material flow and serves the purpose
of increasing the value of the goods in the post-
production period. The use of this toolbox completes
the product production cycle.

The use of a marketing complex in an enterprise
reveals in a market environment a specific source of
consumption of a product and its properties — a
particular consumer. Consumer awareness of the need
for the product initiates the flow of information from
him as a customer to the company, which, in the
case of a contract, acts as a performer of the order.
In turn, the sales function initiates the flow of
information in the direction of the production
function in order to identify production capabilities
to meet customer needs.

In this case, a graph of the information flow
may create loops related to planning, internal
coordination of production conditions, identification
of internal production reserves and coordination of
local plans of subsystem

According to N.V. Rumyantsev, as a result of
the implementation of a set of measures to identify
production capacities, a plan for the production of
products is constructed and local plans for loading
subsystems are adjusted. The production function is
the main source and consumer of flexibility in the
economic system. On the one hand, the transition
to flows and processes provides a different
understanding of production processes, makes it
possible to identify and use resources, and on the
other hand, it is production processes that most need
mechanisms for ensuring flexible and uninterrupted
operation. [6, p.39]

The existence and functioning of the production
function in the economic system causes a change in
the qualitative content of the flows. It is the
production functions that transform the entire set of
flows of resource values into a new value, which is
identified with the product being produced.
Therefore, the allocation of the production function
and effective management of it should be aimed at
increasing the intensity of resource conversion into
the final product by synchronizing subprocesses based
on flexible planning of operations, dynamically
determining the need for resources at each time point
taking into account the lags due to their order and

transportation, rhythm loading equipment while
reducing the amount of unplanned downtime,
disruptions and accidents in production.

The material flow, which has taken the form
of a product, is sent to service by the sales function
and then by the marketing function, thus completing
the large contour of the material and information
turnover of the economic system.

In view of the above, a new approach to their
study is proposed from the position of the queuing
theory, which is precisely engaged in analyzing
various kinds of flows (application flows — customers,
orders, resources, etc.). We describe the main
approach, terminology, and some features used later
in the simulation of an arbitrary PES as a queuing
system (QT). First, we describe the main elements
of a queuing system in terms of real PES. For this,
as is known, it is necessary to describe the three
main elements of the QT: input flow, service devices
and service discipline.

Let us give an interpretation of the logistic
production and economic system in terms of queuing
systems, see [1,4,10,12].

1. Input stream. The input flow in logistics
systems is most often identified with the concept of
material flow. The material flow in logistics is
understood as material resources in motion,
incomplete products and finished products, to which
interrelated logistic operations and (or) functions
related to physical movement are applied, starting
with loading and unloading materials. from the source
of raw materials to the consumption of finished
products. [15]

The form of existence of the material flow, its
content is significantly dependent on the stage of its
advancement through the logistic system. For
example, in relation to an enterprise, the material
flow is represented by:

a) in the form of a stream of raw components
and other auxiliary materials, in the case of
procurement logistics, i.e. about providing the
enterprise with material resources;

b) in the form of a stream of semi-finished or
unfinished products — if we are talking about the
production stage or production logistics;

¢) in the form of finished products and spare
parts — if we are talking about distribution logistics
or, in other words, we are talking about the stage of
distribution and marketing.

If the product is not in motion, it goes into
stock, that is, a stock is a stopped material flow, or
a stock is a material flow considered at a certain
point in time. [6, p.41]

Each material flow corresponds to informational
and financial flows, but this correspondence is not
isomorphic, that is. and one-to-one.

Based on the positions of logistics, the material
flow is characterized by certain parameters and can
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be classified according to several criteria.

In relation to the logistics system (LS), internal
and external flows are distinguished. For industrial
logistics, external material flows are flows that flow
out of production, in the external environment. They
can often be clearly unrelated to production and
can be considered interference. However, they are
often represented as input material flow entering a
given logistic system. Internal material flows are flows
that flow within the logistics system.

In relation to the link of the logistics system,
material flows are subdivided into input and output
flows. Through these types of material flows,
communication is carried out between sections of
the logistics system. In addition, through output
material flows, the logistic system is connected with
the external environment, influences it, and through
them the process of adaptation of this form of the
logistic system to external conditions is carried out.

According to the nomenclature, all streams are
divided into single-product and multi-product.
Single-product streams are streams containing one
type of product or product.

According range flows can be divided into
single-assortment and multi-assortment. The range
is the composition and ratio of a certain type of
product.

In the process of transportation, material flows
can be classified according to the characteristics of
the cargo, which includes the following
characteristics: weight of the cargo, type of
transportation, overall and physico-chemical
properties, methods of steaming, etc.

Depending on the subject of study, material
flows are divided into product, operational, precinct
and systemic.

— Grocery material flows are those flows, the
object of study of which is the movement of specific
types of raw materials, products and means of labor.

— Operational material flows are the flows of
material resources in relation to individual operations.
For example, material flow on the operation of
loading, unloading, etc. The parameter of the
operational flow corresponds to the volume of work
performed on individual operations for a certain
period of time. These flows are the base, the basis
for the calculation of local material flows.

— Precinct material flows — material flows
operating in one section of the logistic system. The
parameters of the local material flow are determined
by summing the parameters of the individual flows.

— System flows are flows that flow through the
entire logistics system. The parameters of the system
flows are determined by summing the parameters of
all the local material flows that flow or function in
the logistic system. [6, p.43]

According to the thythm of income, material
flows are divided into discrete, continuous flows and

blitz flows. Most material flows are discrete.
Moreover, often continuous streams are modeled as
discrete streams, with a specific quantization time.
Continuous flows include, for example, flows of raw
materials and materials in continuous closed-loop
production processes, streams of water, oil products
passing through pipelines, etc.

Discrete streams form products, objects entering
the logistic system at specified intervals (deterministic
or stochastic), namely: the organization of meeting
the needs in the form of warehouse and transit
supplies, the supply of material resources to
workplaces in small-scale production and etc.

Blitz — flow is a one-time supply, shipment,
supply of rarely used items and means of labor to
work places.

According to the degree of regularity of income
flows are divided into two classes: deterministic and
stochastic. Deterministic flow is a flow with full
known characteristics. One of the most important
characteristics of a material flow is its intensity. The
intensity of flow will be understood as the number
of units of products supplied to the input of the
logistic system per unit of time. We denote it by
2>0. A random flow is a flow in which at least one
of the parameters is random. In theory and practice
of analysis of logistic systems use two ways to set
random flows:

a) let & (t) be the number (volume) of parts
(raw materials) that entered the logistic system during
time t and let the probability P, (t) be given that
during the time t, the system will receive k
requirements, i.e. P, (t)=P{&(t)=Kk}.

b) let t,, t; t, ... be the moments of arrival of a
discrete material flow into the logistic system, with
t,=0<t,, <t,<...<t, <ty4, ... and let z,=t,—t,, z,=t,—
tye s Z =t 1, Zi =t —t. Then, to define the flow,
it is necessary to describe a sequence of random
variables {z,}. If all values of z,, k>1 are independent,
equally distributed, then by Kendall’s classification,
it is called an arbitrary independent flow and is
designated as GI (general independent). If random
variables z, are arbitrary, then such a stream is called
arbitrary and denoted by the letter G. If z,, k>1 are
independent and have an exponential distribution
law, then such a stream is denoted by the letter M
and is called the Poisson input stream. [6, p.43]

Note that deterministic flows are a special case
of random flows, and are denoted by the letter D.

Material flows can be classified according to
the degree of variability. According to this principle,
stationary and nonstationary flows, ordinary and non-
ordinary flows are distinguished.

A flow is called stationary if the probabilistic
characteristics of the process £(t) do not depend on
the time of the beginning of time, i.e. if we denote
by &(ty,t) the number of parts that arrived during
time t in the interval (t,,t,+tt)and &(t, t) is the number
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of parts that arrived in the time interval (t,,t,+t),
then the distribution of random variables &(t,,t) and
&(t,,t) coincide, provided that the time intervals
(t,,t,+t) and (t,,t,+t) do not cross.

A material flow is called ordinary if, in any
sufficiently small time interval, more than one part
(or a batch of parts) in the accepted measurement
cannot be received.

In practice, it is often assumed that there is no
after-effect in the material flow. This means that the
arrival of requirements in the interval (t,,t,) does not
affect their receipt in the interval (t,,t;), where rae
t,<t,.

It was shown [17] that the material flow
satisfying all three properties: ordinary, stationary,
and the absence of aftereffect, is Poisson, that is,

Ple(t) =k} =" —e™, (1)

where the parameter A>0 determines the intensity
of the material flow, i.e. A=M¢ , i.e. Physically, X is
defined as the average number of parts arriving in a
unit of time.

A simple queuing system is a un closed-circuit
in which the input X is transformed through the
mapping f to the output Y, and, as already noted,
the input and output are usually specified as
distribution functions. In the ratio f:{X,R}->Y , it is
most often assumed that a certain measure M(X)
defined on the space of input parameters is mapped
to measure M(Y)specified on the space of output
parameters, F(m(X))=F(M(Y)). In the particular
case, this measure is given by the distribution
function.

Similarly, one can approach more complex
systems queuing service. Take, for example, a queuing
system that simulates the production-economic
system described above. The set of input elements
in the described system has the form

(2)

S .S ;
X_{Tieal)iea Tiavi,aav}a 120,13233"" .

The first two sequences determine the input
flow to the queuing system, where tf is the time
between the arrival of (i—1)-th and 1st requirements,
i.e. at time points
Ty To +T5To +T) + 155 . (3)

Requirements come in batches of volume v,
L], L5, ... respectively.

The second two sequences {Tf} and {Uf} are
used to describe the process of servicing calls (orders):

calls are serviced by batches, v, v}, L} (or batches
of smaller volumes, if there were not enough calls in
the system), while servicing the k — th batch of
applications takes time 1:15(. Random variable o
determine the number of sources of applications. If
¢ is, of course, then we have a closed-type queuing
system; if €=, then the system is considered an
open queuing system; if £ is a random variable, then
the flow of requirements into the system depends on
the state of the system, L is the length of the switching
interval of service devices from the reserve to the
working state.

Let us describe the possible restrictions of R in
the model under consideration.

1. The discipline of service — it is assumed that
the service requirements in the order received.
Possible work in priority mode.

2. Restrictions on the number of waiting places
only exist for a warehouse of finished products.

3. Waiting time — in general, there is a
limitation on the time, waiting and stay of the order
in the system, i.e. time from the moment the order
is received at the enterprise until it is received by the
consumer;

4. There are various ways of self-regulation and
adaptation that

a) the number of service devices can vary from
0 to n+n,, where n, is the number of devices in
reserve;

b) interruption of receipt of requirements in
the case when the supply far exceeds demand, and
the comparison unit blocks the flow of new
requirements;

¢) it is assumed that there is some quality
functional that takes into account all limitations,
but in terms of value.

The output of system Y is
Yz{W,Ql,QZ,Q3,I,K,C}, (4)
where W is the waiting time for the start of order
service in stationary mode; Q, —is the queue length
in the stationary mode; Q, — the size of the stock of
the warehouse of material resources; Q, — stock size
of the warehouse of finished products; I — length of
the heating interval of the device; K — is the length
of the busy period of the system; C — is the optimal
value of the cost functional.

For the described queuing system model, it is
necessary to define the rule f, which allows to
calculate the output parameters Y as functions of
the system input parameters.

It should be noted that the solution of this
problem is fraught with certain difficulties of a twofold
nature:

1) obtaining analytical expressions for the laws
of the distribution of output parameters Y;

2) finding the stability conditions for these
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parameters.

To solve these problems, the methods of the
theory of mass service, the theory of Markov chains,
the theory of reserves, optimal control, and the theory
of optimization are used. [6, p. 51]

As mentioned earlier, one of the important tasks
of industrial logistics is the task of rational use of
storage facilities, which, ultimately, should lead to
the minimization of stocks. This problem is closely
related to the issues of determining the optimal size
of the lot and the time between deliveries. The
problems of the theory of stocks were considered
both in deterministic and random premises. The
greatest interest in this direction are the works of
J. Bukan and E. Koenigsberg, N. Prabhu,
Yu.l. Ryzhikova, J. Hadley and T. Whitin,
G.B. Rubalsky and many other authors.

However, from our point of view, the most
natural method of studying logistic systems is the
theory of queuing, which investigates flow processes
and their transformation both in the deterministic,
and in the stochastic case. It should be noted that
for the first time the issues of application of the
theory of mass service to solve problems of
organization and strategic production planning were
considered in the works of the Dutch mathematician
A. Erlang and the Russian scientist B.V. Gordienko
Erlang for the first time applied the theory of mass
service to solving the problem of determining the
optimal number of telephone lines in a telephone
company. B.V. Gnedenko solved the problem of
determining the optimal number of repair teams
needed to organize the repair of industrial equipment
failing at random times. In the future, a large number
of papers devoted to the application of queuing theory
appeared, for example, N.M. Vorobyova,
F.N. Gabeleva, Yu.l. Neymarka, J. Gergey,
A.M. Gortseva, E.S. Klimov and others, to build
automated production management systems. The
queuing systems considered in these papers are now
called classical systems.

Conclusions

Finally, we note that any economic system is a
dynamic system and, therefore, using a dynamic
approach for its analysis allows one to achieve greater
results than studying it in statics. When studying the
behavior of dynamic systems, the researcher is
interested in the system itself, the goals of its
functioning and the environment of functioning. The
external environment sets the “corridor” in which
the system functions. One of the most important
characteristics of the economic system is its stability.
Stability characterizes the ability of the system to
maintain its characteristics regardless of external
disturbances. Stability does not mean inertia,
“stiffness” of the system; on the contrary, a stable
system is able to respond flexibly to disturbances, to
adapt to changes, that is, to work effectively. In

essence, the concept of stability determines the
behavior of the system, its response to external
disturbances that come from the external
environment.

For deterministic economic systems, two types
are considered: the system stability according to
Mesarovich and the stability according to Lyapunov.
For stochastic queuing systems, the concept of
stability is often associated with the concept of
stationarity of a system, i .e. the independence of
the probability characteristics of the system from
time to time. For such systems, the main task is to
find the stationary characteristics of the system and
the conditions under which the system operates
stably. The question of finding sustainable solutions
is of particular interest in the application to economic
systems.
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MOJEJIIOBAHHSA JIOTICTUCTUYHUX ITPOLTECIB
BNPOBHNY0-EKOHOMIYHUX CUCTEM:
TEOPETUYHI ACIIEKTU ITIOBYIOBH 1
OYHKIIIOHYBAHHSI

Jlyonuyoxuii B.1., Ieanosa T.B., Haymenxo H.IO.

B pobomi poszensdaromscs numanus nobydosu modeni, w0
onucyiomo (YHKUiOHY8AHHA SHYMKUX 8UPOOHUHO-CKOHOMIYHUX CU-
cmem Ha pieHi npoOMUCA08UX NIONPUEMCIME, HA OCHOGI MOOeA08AH-
Hs n02icmuunux npoyecis. Tun modeni 8idHocumbcs 3a c80€k0 cym-
HicmIo 00 Kaacy modenell cucmem mMacogozo 00cay208y8anHs 3 00-
MENCEHUM PecypCoM i NepeHaNa200MHCeHHAM YMO8 NPOMUCA08020 HA-
naeodxcenst. O6rpyHmMoearo HeoOXiOHicms cpopmyaroeamu 3a60aHHS
A02ICMUKU 8 YACMUHI NepeHeCeH s AKUeHmY, 3i CMEOPeHHs 3anacy
20Mmogoi npodyKuyii, 045 3anacy cmeopeHHs BUPOOHUMUX NOMYIHCHO-
cmeil, modbmo, nepexody 0o opeanizauitiHoeo eUpoOHUUMea, 3a mu-
nom eHyukux eupobruyo-noeicmuunux cucmem (I'BJIC), saxa 6 3smo3i
weudko peazysamu Ha OUHAMIYHI 3MIHU KOH tToHKmypu punky. Ilo-
KA3aHO 6NAUB CYHACHUX YMO8 (YYHKUIOHYBAHHS NPOMUCA08020
nionpuemMcmea Ha pUHKY 8UPOOHUKIG , NOA0JICEHb W0 WBUOKO 3MIHI0-
ombcsl Ha pUHKY nocmauanvrukie. Cmeepoyicyemscs, ujo 0OMiHy-
104l paxiule NPUHUURY MAKCUMI3aYii UpoOHUMUX nomyxcHocmel i
BUKOPUCIMAHHA O0CMYNHUX pecypcie, 6 yMo8ax JCOPCMKOi KOHKY-
PeHyii Ha pUHKax, NOBUHHI NOCIYRUMUCS Micyesum nioxo0om uodo
niosuuieHHsl pigHA OMPUMAHHSA NOCMABOK, 3HUNICCHHIM 3aNacieé 0o
mexHoA02iHO HeoOXiOHoeo pieHs. OOTPYHMOBAHO MemOoOUHHI NOAO-
JICeHHsl KOHUenyii YnpaeainHs eHYMKUMU GUPOOHUYO-102ICMUMHUMU
cucmemamu. Ilokazano, wjo HOGU3HA N02ICMUUHO20 NiOX0DY NOAs-
eae 6 3MiHi npiopumemy 8 20cn00apcokoi JisAbHOCMI NPOMUCA08020
nionpuemcmea. OOIPYHMOBAHO, WO MEeMAa «CMBOPEHHS CHONCUBA-
ua» KapOUHAAbHO 3MIHIOE MemOoOU4HUL nioxio 0o NAaHY8aHHs ma
VAPABAIHHSA 6CIMA 8UPOOHUYO-20CNO0APCOKUMU 00 €Kmamu 3 mou-
KU 30py 66edenHs yinvosux npiopumemie. Hadaui 6 pobomi cxemu:
noeicmuynux nomokie BEC i epaghiuna inmepnpemauis konyenuii
A02ICMUYHO20 BUPOOHUYO-EKOHOMIMHUMU CUCIEMAMU NpU 3aCMo-
CYB8AHHI €KOHOMIKO-MAMEMAMUUHO20 MOOeAO8AHHS (6 M.Y. 6 mep-
MIHAX cUCmemM Maco8o20 00CAy208y6aHHs)

KimoyoBi ci1oBa: ['Hyuka BUpOOHMYO-€KOHOMIUHA CHCTEMA,
MOJEJIOBaHHS JIOTICTUYHUX NPOIECiB MPOMKUCIOBOTO
TITPUEMCTBA, JIOTiICTUYHI IToTOKM B pamKax BEC.

MOJEJINPOBAHUE JIOTUCTUCTUYECKHUX
IMPOLIECCOB ITPOU3BOJCTBEHHO-
OKOHOMMYECKUX CUCTEM: TEOPETUYECKUE
ACIIEKTBI IOCTPOEHNA 1 ®YHKIIMOHUPOBAHNIA

Jlyonuuyruic B.U., Heanoea T.B., Haymenrxo H.IO.

B pabome paccmampusgaiomes 6onpocwl nocmpoenus mode-
AU, ONUCHIBAIOUUE YHKUUOHUPOBAHUE UOKUX NPOU3BOOCHEEHHO-
SKOHOMUYECKUX CUCHEM HA YDPOGHe NPOMbIUACHHBIX NPeOnpUSMULL
Ha 0CHOBE MOOeAUPOBAHUS A02UCmuUMecKUx npoyeccog. Tun modeau
OMHOCUMCSL NO C80ell Cymu K Kaaccy Modenell CUCHeM MAacco8ozo
00CAYHCUBAHUS C 02PAHUMEHHBIM PECYPCOM U NePeHatadKkamu ycao-
euil npomwliHHol omaadku. O6OCHO8aHA HeOOX0OUMOCHb COPMY-
AUPOBamMd 3a0a4u N0UCIUKY 8 HACMU NePEeHOCa AKUeHmMA ¢ co30a-
HUs 3anaca e0mogou NPoOyKyuu, 045 CO30aHUsl 3anaca npou3eoo-
CMBEHHbIX MOWHOCIEl, MO eCMb, Nepexo0a K 0peaHu3ayuoHHOMY
npou3e00cmey, o muny eudKUX nPou3800CMEeHHO-102UCIMUYECKUX
cucmem (I'BJIC), komopbie 6 cocmosiHuu 6bicmpo peazupoeams Ha
Junamuueckue usmenenus puika. [lokazano eausuue coepemer-
HBIX YCA08UL (YYHKUUOHUDOBAHUS NPOMBIUACHHO200 NPEONPUAMUS
Ha puiHKe npoussodumeneii. Ymeepcdaemes, 4mo OOMUHUpyroujue
panee NPUHUUNBI MAKCUMU3AUUU NPOU3B00CEEHHBIX NO-MOUHOC-
meti U UCnoAb306aHUSI DOCHYNHBIX PECYPCOB, 8 YCAOBUSX HCECIKOU
KOHKYDEHYUU HA PIHKAX, O0ANCHb YCIYNUMb MECHHbIM HOOX000M
10 NOGbIUEHUIO YPOBHS COONO0CHUS NOCMABOK, CHUJICEHUEM 3aNna-
€06 00 mexHonoeu4ecky Heobxoo0umoeo ypogus. ObocHoeaHbl Memo-
Jduueckue nOA0JICEHUs KOHYENnYUl Ynpasaerus: 2UGKUMU npou3eoo-
cmeenHo-10eucmuveckumu cucmemamu. Ilokasarno, umo HogusHa
A02UCMUHECK020 N00X00a 3aKAI0YACMCS 6 USMEHeHUU NPUOPUmMema
6 X033UCMEEHHOU 0essmeabHOCU NPOMbIULIEHHO20 NPeOnPUSMUSL.
Ob6ocHosano, umo yeab «co3danue nompedumens» KapOUHAAbHO
MeHsiem mMemoduuecKuti nodxo0 K NAGHUPOGAHUIO U YHDPABAEHUIO
6ceMu NPOU3600CMEEHHO-X035UICIEEHHbIMU 00BeKmamu ¢ mo4Ku
3peHUsi 66edeHUs yeaeewbix npuopumemos. IIpedcmagnennsie é pa-
6ome cxemol: aoeucmudeckux nomoxose BOC u epaguueckas um-
mepnpemayus KOHYenyuu A02UCMU4ecK020 npou3600CHEeHH0-9K0-
HOMUYECKUMU CUCIEMAMU NPU NPUMEHEeHUU IKOHOMUKO-MameMa-
MU"ECK020 MOOeAUPOBAHUs (8.4. 6 MEPMUHAX CUCHEM MACCO8020
00cAyHCUBAHUSL)

KawueBsie caoBa: ['nbkass TNpOU3BOACTBEHHO-
9KOHOMHMYECKasl CHCTeMa, MOAEIMPOBAaHWE JOTMCTUYECKHUX
MPOIIECCOB MPOMBIIUIEHHOTO TPEANPUSATHS, JIOTUCTHUECKUE
noToku B pamkax BOC.
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