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DEVELOPMENT OF AN AUTOMATED 
INDUSTRIAL DYNAMICS SYSTEM

The object of research is the process of determining the main indicators of the functioning of a manufacturing 
enterprise using the method of system dynamics. Any enterprise for the production and sale of products is a complex 
socio-economic system that is closely related to the external environment through input and output channels. The external 
environment determines the conditions for the functioning of the enterprise and can be described by a set of a large 
number of different parameters, the values of which will dynamically change and are fundamentally indeterminate.

Coordination and control over material and financial flows at a manufacturing enterprise is often a separate 
problem. The interaction of financial resources and material flows, which are selected by the enterprise as the main 
ones in accordance with market requirements and the specifics of the activity, must be coordinated accordingly to 
achieve a more efficient operation of the enterprise. Therefore, the task of the presented study is to develop a model 
of material and financial flows of a production enterprise with its further software implementation. The purpose 
of the software implementation is to further conduct experiments with the model to determine the main indicators 
of the production enterprise, depending on changes in the functioning parameters due to the external environment.

All the variety of modeling methods considered in modeling theory can be conditionally divided into two groups: 
analytical and simulation modeling. To solve the problem of this study, simulation modeling was used, which provides for 
the construction of a model with characteristics adequate to the original on the basis of a certain information principle.

In the course of the research, a model of material and financial flows of a production enterprise was built. 
The mathematical model of flows was developed using the system dynamics method by J. Forrester. An automated 
system was also developed, which is a software implementation of the proposed model.

The automated system of industrial dynamics of a production enterprise developed in the study will significantly 
increase the efficiency and scientific validity of decisions regarding the management of material and financial resources.
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1.  Introduction

Today the world practice of making complex management 
decisions in socio-economic, political, technical and other 
systems has acquired a fundamentally new methodological and 
instrumental support. Before being implemented in practice, 
the solutions must be pre-tested on analogs of real systems, 
that is, on models. Simultaneously with this trend, there is  
a  rapid development of the information technology indus-
try and the expansion of the role of this industry in the 
management of social processes. This makes the processes of 
automation of management functions a catalyst for managerial 
progress. In this regard, the implementation of the results of 
decision-making or innovation requires preliminary assessments 
of the final results using system analysis and simulation.

An enterprise for the production and sale of products is 
a complex system. From the standpoint of systems analysis,  
such a system can be reflected by a certain structure (ele-
ments and connections between them) and dynamics (changes 
in the state of the system over time). System dynamics is 
a simulation approach that, through its methods and tools, 
allows to understand the structure and dynamics of complex 
systems. With the help of this approach, it is possible to 
obtain adequate computer models of complex systems, which 
are subsequently used to design a more efficient organiza-
tion of the system control process  [1,  2].

The stated facts determine the relevance of the develop
ment of a model of material and financial flows of a pro-
duction enterprise in the notation of the methodology of 
system dynamics by J.  Forrester. The task of automating 
this model for conducting experiments and determining 
the best strategies for managing the material and financial 
resources of the enterprise is also relevant.

2. � The object of research  
and its technological audit

The object of research is the process of determining 
the main indicators of the functioning of a manufacturing  
enterprise using system dynamics. The subject of this re-
search is object-oriented methods for the development of 
automated systems.

The main characteristics of effective enterprise manage-
ment are an extremely high degree of complexity, dynamism 
and uncertainty. Enterprises must constantly monitor changes 
in the external and internal environment and effectively 
respond to them by adjusting the internal organizational 
and economic structure of enterprise management  [3].

The presented study is based on modeling the dynamics  
of an enterprise, therefore it is necessary to find out the 
internal and external factors that affect the activities of the  
organization.
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Any enterprise is an open system, therefore the results of 
its functioning directly depend on the external environment, 
namely on the timely supply of resources, energy, person-
nel, as well as the number of consumers. Environmental 
factors can be viewed as opportunities or threats to the 
enterprise, depending on the effectiveness and adaptability 
of management. Environmental factors are most often classi-
fied into the following groups: economic, socio-demographic, 
technological, competitive, geographic, political. In these 
work, when constructing models, the factors of the first 
three groups are mainly taken into account.

The internal environment of an organization is deter-
mined by internal factors – situational driving forces within 
the organization. The main factors in any organization are 
goals, structure, objectives, technology, people and resources. 
Modeling production dynamics involves reflecting changes 
in the main indicators of the amount of resources, finished 
products and financial assets of the enterprise. The move-
ment of resources in a manufacturing enterprise can be 
represented as a simplified conceptual diagram (Fig.  1).

Material suppliers

Wholesale customers

Composition
 of materials

Production

Finished goods 
warehouse

Materials

Finished 
products

Company

 
Fig. 1. Simplified conceptual diagram of material flows

To formalize the description of the elements of a complex 
system, it is necessary to have a mathematical scheme for 
displaying processes that also takes into account the action 
of random factors. The process of developing a formalized 
scheme of the object under study includes several stages:

–	 structuring the object into separate modules;
–	 presentation of each module in the form of a finite 
set of elements (elementary processes);
–	 displaying the diagram of links of elements in the 
module;
–	 selection of mathematical tools for a formalized de-
scription of the operation of each element and module 
as a whole;
–	 formation of input and output data for each element 
and module;
–	 choice of methods for mathematical calculation of 
elementary processes.
Simulation modeling is a research method in which the 

system under study is replaced by a model, describes the real 
system with sufficient accuracy by formalized methods (for 
example, analytical in the form of mathematical formulas).  
The model is developed in order to obtain information about 
the system. Such information can only be obtained by ex-
perimenting with a model called imitation. Therefore, for the 

practical application of the models in the control process, 
the mathematical description of the model is not enough; 
its software implementation with an interface that takes 
into account a specific user-manager is required.

Thus, the problem arises of automating the process of 
determining the main indicators of the functioning of a pro-
duction enterprise, depending on the change in the values of 
the input parameters of external factors of its functioning.

3.  The aim and objectives of research

The aim of research is to develop an automated system  
for calculating and visualizing the main indicators of mate
rial and financial flows of a production enterprise using 
system dynamics.

To achieve the aim, it is necessary to solve the fol-
lowing objectives:

1.	 Build a mathematical model of the movement of 
material and financial flows of a production enterprise.

2.	 Determine the goals of developing an automated 
system for the movement of material and financial flows 
relative to the user.

3.	 Development of an automated system for industrial 
dynamics.

4. � Research of existing solutions  
of the problem

As a result of the analysis of existing solutions to the 
problem, reflected in the sources of the world scientific 
periodicals, the works  [4,  5] are highlighted, investigating 
the issues of increasing the efficiency of the process of 
managing socio-economic systems, but the solutions they 
highlight are of a general nature.

Papers  [6,  7] are devoted to the application of models 
in the process of controlling complex systems. However, 
these works do not touch upon the issues of modeling 
the dynamics of production processes.

Modeling production dynamics is the subject of research 
in [1, 8]. The authors of the works aimed to familiarize the 
public with the scientific principles of the system dynamics 
method, without taking into account specific examples of 
its application to simulate specific industrial enterprises.

Some of the analyzed works investigate the issues of 
modeling the dynamics of material or financial flows of 
enterprises, but the scope of their application is very nar-
row or specific. In  [9], a dynamic model of material flow is 
developed in order to coordinate this flow with production 
processes. The studies highlight the issues of material flow 
information management for the petrochemical industry, sig-
nificantly narrowing the scope of their application. Another 
area of research of models of financial flows is the study 
of credit funds and portfolios of securities in relation to 
various socio-economic systems [10]. There are a number of 
works devoted to modeling financial flows at the industry 
or country level. So, in  [11], a macroeconomic model of the 
influence of international driving factors on the development 
of countries is studied. In  [12] a model of financial flows 
is considered, analyzes the influence of the movement of 
financial resources on the country’s economic growth. How-
ever, these models can’t be applied to study the functioning 
of an enterprise. The work  [13] provides a classification of 
logistic financial flows, as well as an analysis of their es-
sence, however, the research results have a purely scientific  
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direction, which complicates their practical application for 
solving specific management problems.

From the point of view of practical application in the 
process of managing a manufacturing enterprise, works [14–16]  
are interesting. Research in  [14] touches upon the issues of 
automation of modeling material flows by software implemen
tation of a dynamic model based on the concept of Petri nets.  
The research results are of great scientific and practical in-
terest, but can’t be applied by enterprise managers who are 
not experts in the field of graphs. Studies  [15] are devoted 
to the issues of simulation modeling of the dynamics of 
complex systems and comprehensively analyze the range of 
problems that can be solved using this modeling method. 
Work  [16] highlights the possibilities of using the auto-
mation of simulation models in the process of managing 
socio-economic systems. However, the mentioned studies lack 
examples of building models of specific production systems.

The conclusion from the analysis of literary sources is 
the need to develop an automated system to determine the 
main indicators of material and financial flows of a produc-
tion enterprise using system dynamics.

5.  Methods of research

A mathematical model of the movement of material 
and financial flows of a production enterprise was built 
using the system dynamics of J. Forrester. System dynamics  
is the modeling and imitation of complex dynamic socio-
economic systems, characterized by branched, in the general 
case, nonlinear structures – control loops  [1,  17].

Forrester’s model building methodology is based on 
common structural elements that are suitable for modeling  
almost any socio-economic system:

–	 rates – parameters of streams leaving one integrating 
links (levels) and entering others, causing corresponding  
changes in both groups;
–	 levels – regulated objects, which formally reflect 
the variables, are the main indicators of the system’s 
functioning, the parameters of which are obtained by 
integrating the corresponding characteristics of the flows;
–	 decision functions – a ratio that reflects functional 
dependencies existing in the system and determines the 
intensity of input and output flows (there are regula-
tors of a multi-loop control system);
–	 auxiliary quantities – actively participate in deter-
mining the general characteristics;
–	 parameters – model constants.
Mathematical models are formalized using a system of 

difference equations defined in terms of discrete times of 
the same length DT. During the construction of equations, 
three points in time are considered: J – preliminary, K – 
current, L – future (Fig.  2).

DT DT
J K L

JK KL

Time 
scale

 
Fig. 2. The principle of organizing system time in Forrester’s models

One of the features of Forrester’s system dynamics is 
the ability to graphically describe mathematical models 
using the corresponding symbols of structural diagrams.

The tool for creating an automated system of industrial 
dynamics is object-oriented methods of software develop-
ment [18, 19]. Before developing a software implementation of 
the model, a review of existing analogues should be carried out.

Today there are a large number of software tools for 
building simulation models of business processes. Business 
Process Simulator is the latest web service for simulating 
business processes, as well as calculating their cost and 
analyzing efficiency. The advantages of the service are the 
availability of a database and free access. The disadvan-
tages are the lack of administration and an insufficiently 
user-friendly interface. Another analogue of the automated 
system is the ELMA business process management sys-
tem. The advantages of this analogue are the presence of 
a database that allows making queries on many process 
parameters. The disadvantages are the paid access to the 
application and the imperfection of the interface. Another 
software product for modeling business architecture is Busi-
ness Studio, which has the advantage of having a database. 
Among the shortcomings of Business Studio are its paid-for, 
insufficiently intuitive interface and lack of administration.

The main disadvantage of these analogs is the lack of visua
lization of the results of calculations of changes in the main indi-
cators of material and financial flows of a production enterprise.

6.  Research results

The development of a mathematical model of the ma-
terial and financial flows of an enterprise is based on the 
following hypotheses:

–	 the enterprise produces one type of product, for the 
manufacture of which three types of resources are needed;
–	 products are sold in bulk from the production;
–	 the profit of the enterprise is income from the sale 
of products after deducting payments for resources for 
the manufacture of products and the main types of 
taxes and mandatory payments.
The initial data of the model are: the number of goods 

in the finished goods warehouse, the optimal order value 
for each type of resource, the amount of each type of re-
sources in the enterprise’s warehouse, the amount of profit.

The main input data of the model is the value of the 
above variables at the initial moment of time, as well as the 
price per unit of production, the cost of a unit of each type 
of resource, the amount of mandatory contributions and taxes.

The period of model analysis, i.  e. recalculation of its 
formulas should be chosen based on the intensity of pro-
duction and product characteristics.

The diagram of the material flow model in the notation 
of the system dynamics methodology is shown in Fig.  3.

A graphic element in the form of a cloud reflects the 
elements of the metasystem that are external to the control 
object. Here is an explanation of the main variables and 
parameters of the model, which correspond to the legend 
on the material flow diagram:

–	 Ij – parameter that determines the amount of costs 
for storing a unit of resources of each type j = 1...3;
–	 Yj – parameter that determines the amount of expenses 
for the supply of a unit of resources of each type;
–	 M j

norm  – auxiliary variable, determines the optimal 
order size for resources of each type;
–	 m j

w  – rate of receipt of each type of resource to 
the manufacturer’s warehouse from the supplier’s ware-
house  (after payment for the resource);
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–	 M j
w  – level variable, determines the amount of each 

type of resource in the warehouse of the enterprise;
–	 m j

pr  – of receipt of each type of resource in produc-
tion (in accordance with the needs of the production 
process);
–	 εj – parameter that determines the amount of each 
type of resource required for the production of one 
unit of production;
–	 ρmax

eq  – parameter that determines the maximum pro-
ductivity of equipment for the current number of equip-
ment units at the enterprise;
–	 ρmax

work – parameter that determines the maximum produc-
tivity of workers by the number of workers employed 
at the enterprise at the moment;
–	 Pplan – auxiliary variable that determines the total 
quantity of goods that are planned to be sold at the 
next planning stage;
–	 V – level variable, determines the amount of products  
in production;
–	 Z – auxiliary variable, determines the quantity of 
goods ordered by wholesale buyers;
–	 O – rate of shipment of goods to wholesale buyers;
–	 ρmat – auxiliary variable, determines the level of re- 
ceipt of materials for production;
–	 ρnorm – auxiliary variable, determines the normal 
rate of production;
–	 S – quantity of goods in the warehouse of the en-
terprise.

Let’s note that the level of the quantity of products 
in production V is a variable determined using the third-
order lag equations (Z3). Lags characterize the transfor-
mation process, as a result of which, based on the given 
rate of the input flow  (ρ), the rate of the output flow  
is established. Lag is a specific level, the output of 
which depends on the content of the level and some 
constant ξ pr( ) that determines the duration of the lag. 
The mathematical notation of the third order lag is a  sys-
tem of six equations, three of which are level equations,  
and three are rates.

The rate of receipt of goods for wholesale buyers is 
determined by the formula:

O
Z

=
τ

, 	 (1)

where τ – t-class parameter that determines the period 
between solutions of the equations of the mathematical 
model of material and financial flows.

Normal production rate:

ρ
τ

τ
norm

plan

t
P t S t( ) =

−( ) − ( )
, 	 (2)

where S(t) – amount of goods in the warehouse of the 
enterprise in the current period of time; Pplan(t–τ) – total 
quantity of goods to be sold at the next planning stage.
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Fig. 3. Diagram of the material flow model
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The optimal order size according to 
the criterion of minimizing the total costs 
of storage and repetition of the order is 
calculated using the Wilson formula [20]. 
The optimal order size for each type 
of resources at the current stage of the 
enterprise’s operation:

M t
Y t t

Ij
j j

j

norm
norm

( ) =
( ) ( )2 ρ ε

. 	 (3)

The formula for the quantity of goods 
in the finished goods warehouse at the 
current stage is determined by the formula:

S t S t t o twhol( ) = −( ) + ( ) − ( )( )τ τ ρ , 	 (4)

where S(t–τ) – the quantity of goods 
in the finished goods warehouse in the 
previous period.

The level formula determines the 
amount of each type of resource in the 
warehouse of the enterprise, looks like:

M t M t

m t m t

j j

j j

w w

w pr

( ) = −( ) +

+ ⋅ ( ) − ( )( )
τ

τ , 	 (5)

where M tj
w −( )τ  – level of the amount of each type of 

resource in the enterprise’s warehouse in the previous period.
Rate of goods receipt to the manufacturer’s warehouse 

from the supplier’s warehouse:

m

M
M t M

M t
M t M

j

j
j j

j
j j

w

norm
prov norm

eq
prov nor

=
( ) ≥

( ) ( ) <

τ

τ

, ,

,

if

if mm ,










	 (6)

where M j
prov  – amount of each type of resource, provided 

with funds (determined during the experiment with the 
model of financial flows).

The purpose of modeling financial flows is to determine 
the amount of profit, that is, the amount of funds that 
an enterprise can, at its discretion, distribute among its 
needs, for example, for the purchase of new equipment, 
advanced training of workers or other measures to im-
prove competitiveness.

When analyzing the economic activity of an enterprise, 
net profit is defined as gross profit after payment of in-
come tax. In turn, gross profit is equal to the difference 
between the amount received from the sale of goods and 
the amount that determines the cost of the sold lot of 
goods. The costs included in the cost of goods can be 
represented by the following list:

–	 payment for raw materials and supplies;
–	 remuneration of basic workers;
–	 remuneration of administrative and managerial per-
sonnel and engineering and technical personnel;
–	 payment of amortization expenses;
–	 payment for the lease of buildings, production and 
retail space, equipment;
–	 payment of commercial expenses  [20].
The diagram of the model of financial flows is shown 

in Fig.  4.

Step explanation of the main variables and parameters 
of the model, which correspond to the legend on the cash 
flow diagram:

–	 Qj – parameter that determines the specific cost of 
resources of each type j = 1...3 per unit of goods;
–	 Kj – rate of receipt of funds to resource suppliers;
–	 Сj – level variable, determines the total amount of 
funds paid for each type of resource;
–	 Pr – level variable, determines the profit of the en-
terprise;
–	 M – rate of receipt of funds from wholesale buyers;
–	 Nd – parameter that determines the amount of cor-
porate income tax;
–	 D – auxiliary variable that determines the income of 
the enterprise from the sale of products (determined on 
the basis of experiments with the model of material flows);
–	 P – parameter that determines the unit price;
–	 Тах – the rate of mandatory contributions to the 
budget.
The following formulas should be used to build the 

model.
1.	 Profit formula:

Pr Pr

,

t t D N

Z C Z t I

d

p i

n

j i

n

j j

( ) = −( ) + ⋅ −( ) −

− − − ( )⋅ ⋅
= =∑ ∑

τ

ε

1

1 1
	 (7)

where Pr(t–τ) – level of profit of the enterprise in the 
previous period; Pr(t) – level of profit of the enterprise 
in the current period; Zp – parameter of the model, de-
termines the size of the wages of employees; n – number 
of resource providers (n = 3).

2.	 The formula for the rate of receipt of funds from 
wholesale buyers:

M t
Z t P( ) =

( )⋅
τ

. 	 (8)
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Fig. 4. Scheme of the model of financial flows
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3. The rate of receipt of funds for suppliers of products 
is determined by the formula:

K t
M Q

j
j j
norm

( ) =
⋅

τ
, 	 (9)

then the level variable that determines the total amount 
of funds paid for each type of resource will be determined 
by the formula:

C t C t K tj j j( ) = −( ) + ( )τ . 	 (10)

During experiments with the model, in addition to the 
basic initial data describing the influence of the external 
environment on the operation of enterprises, the user can 
vary other parameters, for example, the price of products 
or the productivity of workers.

Automation of the above model will allow the user 
to assess the functioning of the material and financial 
components of the enterprise under various scenarios of 
changes in external and internal factors. The goals of  de-
veloping an automated system in relation to users are  
as follows:

–	 the ability to create and solve the problem of finding 
the values of the main indicators of the functioning 
of a manufacturing enterprise;
–	 the ability to visualize calculations in the form of 
graphs and diagrams of material and financial flows;
–	 the ability to save tasks for further editing;
–	 the ability to administer users.
An automated system can have the following classes 

of people (organizations or other systems of software de-
vices) interacting with the system that is being developed:

a)  a guest who has the ability to: solve the problems 
of calculating the main indicators of the functioning of 
a  production enterprise using an automated system using 
a material flow model, register and log in;

b)  an authorized user who can: solve the problems 
of calculating the main indicators of the functioning of  

a production enterprise using an automated system using  
a model of material and financial flows, save the creation 
of a task for further use or editing, view statistics on tasks;

c)  an administrator who can: manage task data, ma
nage users.

An activity diagram is built for each class. In Fig.  5, 
for example, let’s give a diagram of the activity of an 
authorized user.

The automated system database consists of five tables:
1)  material model input tables (initial_m);
2)  financial model input tables (initial_f);
3)  tables of initial data of the material model (output_m);
4)  tables of source data of the financial model (output_f);
5)  tables of user accounts (user).
When developing an automated system, the following 

main classes were used:
–	 class SiteController (class for working with the main 
page of the site and the contact page);
–	 abstract class AdminBase (contains general logic 
for controllers used in the admin panel);
–	 class User (class for working with users);
–	 class AdminUserController (manage users in the admin 
panel);
–	 class UserController (controller for working with 
users);
–	 class CabinetController (controller for working with 
the user’s cabinet);
–	 class Materials (class for working with material flows);
–	 class MaterialsController (controller for working with 
materials flows, containing model calculations);
–	 class Result_materialsController (controller for work-
ing with the results page of the material flow model);
–	 class Finance (class for working with financial flows);
–	 class FinanceController (controller for working with 
financial flows, containing model calculations);
–	 class Result_financeController (controller for working 
with the results page of the financial flows model).
Working with an automated system begins with the 

main form (Fig.  6).

Opening a web application in a browser

Authorization
Authorization required

No permission required

Entry parameters

Create a new task

Viewing results

Saving results
No need 

to save data results

The need to save results

Performing calculations

 
Fig. 5. Activity diagram of an authorized user
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The Account/Login button allows the user to log in. 
The Materials menu item displays pages with requests for 
input data and the results of the system operation after 
calculations are performed using the material flow model. 
The Finance menu item works in a similar way regarding 
the cash flow model. The Contacts menu item provides the 
user with information about the system developers. The 
link at the bottom of the screen allows to send a  request 
to the system administrator.

As a result of the simulation experiment, the user is 
presented with a page containing:

–	 graphical interpretation of the model of material 
or financial flows, presented in Fig.  3,  4;
–	 quantitative values of indicators of the functioning of 
the enterprise at the end of the planning period with 
respect to the movement of material flows (optimal 
order size, normal production rate, etc.) or financial 
flows (rate of receipt of funds from buyers, etc.);
–	 tables containing the change in the values of the 
main indicators during the entire planning period by 
weeks for the material flow model (the rate of ship-
ment of goods to customers, the number of finished 
products in the warehouse) or for the material flow 
model (income, profit);
–	 graphs of the values of the main indicators of func-
tioning by week for the entire planning period.
In the course of further improvement of the automated 

system, it is planned to add a menu item Help, which 
will contain user instructions from the basic principles 
of working with the system.

7.  SWOT analysis of research results

Strengths. The developed automated system has the 
following advantages:

–	 provides the user with the ability to calculate the 
main indicators of the movement of material and fi-
nancial flows under various scenarios of changes in 
demand and other environmental factors;
–	 provides a graphical and tabular presentation of the 
results, as well as a graphical representation of the model;
–	 provides the ability to save and edit the received 
solutions.
Weaknesses. The weaknesses of the automated system are:
–	 the limited amount of resources involved in the pro-
duction of goods;

–	 lack of implementation of modeling of the retail 
link of trade;
–	 consolidated accounting of sources of obligatory con-
tributions.
Opportunities. The application of the developed automated 

system in practice will reduce the time for making manage-
ment decisions on the production activities of the enterprise 
and will increase their scientific validity. The automated 
system provides the user with the ability to visually view 
the results of the enterprise, depending on changes in the 
main external and some internal factors of functioning.

Threats. Threats to the operation of the system can mani-
fest themselves due to the interference of viruses, hardware 
failure, ignorance of users about the subject area of the 
system, dishonest performance of duties by the adminis-
trator. Further improvement of the automated system of 
industrial dynamics provides for imparting capabilities that 
can reduce the threats of user ignorance and imperfection 
of the system administrator.

8.  Conclusions

1.	 As a research result, the main parameters of the 
functioning of the production enterprise were determined. 
A model of movement of material and financial flows has 
been built, which reflects the change in the values of these 
parameters according to possible changes in environmen-
tal factors. The model is based on the system dynamics 
method of J.  Forrester. The developed model allows using 
linear equations to describe the dynamics of material and 
financial flows of the enterprise, which greatly simplifies 
its further software implementation. Also, with the help 
of the developed model, the user gets the opportunity to 
graphically display the constructed mathematical model, 
which significantly increases its confidence in the calcula-
tions and raises awareness in the processes of movement 
of material and financial resources.

2.	 Based on the examination of software products that 
solve similar problems of supporting management deci-
sions, the goals of developing an automated system for 
the movement of material and financial flows relative to 
the user were formulated. These goals are to provide the 
following opportunities:

–	 creation and solution of problems of finding the values 
of the main indicators of the functioning of a  produc-
tion enterprise;

 
Fig. 6. Screen form of the main page
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–	 obtaining visualization of calculations in the form 
of graphs and schemes of material and financial flows;
–	 storage of tasks with their subsequent editing;
–	 user administration.
The implementation of these goals in the developed 

automated system is its advantages over the considered 
analogues.

3.	 At the last stage of research, an automated system of 
industrial dynamics was developed. Using object-oriented 
programming methods, activity diagrams were built for 
each of the user classes. The class of unauthorized users 
is highlighted, who are given the opportunity to carry 
out calculations only by the model of material flows. The 
class of authorized users is also highlighted, with the capa
bilities of which calculations are added according to the 
model of financial flows, saving and editing the results of 
calculations. A separate class of users is the administrator 
who has access to view and edit the system user accounts. 
The constructed activity diagrams ensured further correct 
development of the functionality of the automated system 
and writing the program code.

In the course of the research, a database was developed 
for storing user accounts and the results of calculations for 
their tasks, as well as classes and controllers for implement-
ing the model and the system interface. Automation of the 
calculation process based on the created simulation model is 
implemented in the development environment Visual Stu-
dio, PHP programming language for using the hypertext 
markup language HTML and the CSS page style language.

The implementation of an automated system of in-
dustrial dynamics into the enterprise management system 
will increase its competitiveness due to the efficiency and 
scientific validity of decisions.
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