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Abstract – Many day-to-day processes in the 

manufacturing industry require the use of air 
compressors that can generate an intermittent or 
continuous source of pressurized air. Designing, 
manufacturing and operation of compressor 
equipment, predetermines a community that includes 
technical and software tools, as well as personnel that 
are interconnected within a single system through 
information, energy and material flows. Carriet out is 
the analysis of existing approaches to the construction 
of manufacturing business processes models taking 
into account functionally oriented control. These 
processes shall be managed by the organization in 
accordance with the requirements. The basic principles 
of process modeling are determined. The method of 
decision making in the hierarchical structures of the 
system of enterprise processes is proposed. The results 
of the theoretical research can be used in the 
implementation of management systems based on 
international ISO standards and the description of 
processes by organizations. 
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1. Introduction 
 

The ISO 9000 standards contain recommendations 
and tools for companies and organizations 
(regardless of the scope of their activities) who want 
their products and services to constantly meet the 
customer's requirements, and the quality is constantly 
improved. These standards are based on a number of 
principles for quality management such as customer 
orientation, motivation and involvement of senior 
management, process approach and continuous 
improvement [1]. The process approach is used as 
the base one [2]. 
 According to the requirements of ISO 9001: 2015, 
the organization must determine the processes 
necessary for building a quality management system 
[3], [4], [5]. 
 The problem is that the quality management 
system at each enterprise is, as a rule, unique and 
characterized by the content and importance of the 
hierarchical structures of the processes entering it, 
their input and output information, energy and 
material flows, quality indicators and their boundary 
values. The complex of interrelations between 
processes in each organization is complex and 
multifaceted [6], [7], [8]. Clients, competition, 
economic and political changes create new 
conditions for the existence of organizations and 
require flexibility and quick reaction in their 
management [9]. Until now, the methods of quality 
assurance applied at most machine building 
enterprises were based, as a rule, on rigid multistage 
control of the product quality (functional approach) 
and services, and very insignificantly concerned 
improving the quality of production management 
systems based on the process approach (Figure 1.), 
which is the most important sign of perfect quality 
management and is used as a base in the International 
Standards ISO series 9000 [10], [11], [12]. For 
practical implementation, in accordance with the 
requirements of ISO 9001: 2015, the organization 
must: 

https://dx.doi.org/10.18421/TEM82-16
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a) determine the required input data and the 
expected output of these processes; 

b) determine the sequence and interaction of 
these processes; 

c) identify and apply criteria and methods 
(including monitoring, measurements and 
relevant performance indicators) necessary to 
ensure the effective implementation and 
management of these processes; 

d) identify the resources required for such 
processes and ensure their availability; 

e) designate responsibilities and authority for the 
processes [13], [14]. 

 
Under conditions of uncertainty in the external and 

internal environments characteristic of most modern 
enterprises, the formation of an optimal hierarchical 
structure of business processes that allow 
transforming "entrances" into "exits" and often 
almost uncontrollable [15], for the adoption of 
rational (optimal) management solutions to 
continuously improve quality is a complex scientific 
and practical task. This is especially relevant for 
enterprises, for example, machine building, which 
are involved in the life cycle (LC) - designing, 
manufacturing, servicing and recycling of complex 
technical products such as compressor equipment. 
For them, a common scientific methodology is 
necessary both for the analysis and for synthesis of 
the system of processes at the stages of the LC of 
complex technical products, and for analysis and 
synthesis of systems for integrated process control, 
taking into account the corresponding dynamic, 
parametric and energy laws. 

 

 

Figure 1. Process and functional structures 
 
The purpose of this work is to analyze the existing 
approaches to process and functional management, as 
well as the formation of a process model of modern 
machine building organizations (based on the 
example of an enterprise for manufacturing modern 
compressor equipment) based on the requirements of 
ISO 9001: 2015. 
 
 
 

2. General: Major Recent Advances 
 
Designing, manufacturing and operation of 

compressor equipment, predetermines a community 
that includes technical and software tools, as well as 
personnel that are interconnected within a single 
system through information, energy and material 
flows. 

These components affect the effectiveness of the 
implementation of the LC are not isolated, but in 
close relationship with each other, which is expressed 
in the ability of one to correct the other two by the 
effectiveness of the implementation of its functions. 
Between the components, the spacetime relations act. 

The organization's processes are divided into main, 
providing, management processes and development 
processes, the definitions of which are presented in 
Table 1. 
 
Table 1. Table clasification of processes 

 
Types of 
processes 

Definitions 

Basic 
processes 

• Processes that create a product that is 
valuable to the external consumer. 
• Processes that create added value to 
a product or service. 

Providing 
processes 

• Processes whose consumers are the 
main processes. 
• Processes that create and maintain an 
organization's infrastructure. 

Processes 
management 

• Processes, the main purpose of 
which is to manage the activities of 
the organization. 
• The processes that ensure the 
survival and development of the 
organization regulate its current 
activities. 

Processes 
(projects and 
programs) 
development 
of 

• Irregular and innovative activities to 
improve and develop the organization. 
• Activities aimed at the long term 
perspective. 

 
The main factors of the complexity of these 

processes are: 
 

• the dynamic nature of the functioning of 
processes; 

• the processes that take place both within the 
organization and when it interacts with the 
external environment, are nonlinear, 
synergistic (dissipative); 

• the natural evolutionary processes occurring in 
the organization are degradative, have a latent 
stage of development and are aimed at the 
destruction of the system; 

• the time of the course of degradation processes 
considerably exceeds the time of the course of 
specific processes. 
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Every community of objects, processes and 
phenomena is characterized by the structure and 
interconnection of its components and can be 
represented in the form of a graph in which nodes 
correspond to components, and arcs to their 
connections. 

Basic notations in modeling business processes 
(notation is a stable set of rules that describes the 
business process as part of the methodology): 

 
• structural models (control) - IDEF0 notation, 

VAD notation (ARIS, MS Visio); 
• Workflow models - "process" and "procedure" 

notations, notation of eEPC (ARIS, MS Visio); 
• models of executable processes - notations 

BPMN 2.0, notations S-BM, CFFC 
• Data flow models - DFD notation. 

 
Consider the IDEF0 notation. The IDEF0 

submission form provides an opportunity to see and 
understand the interconnection of processes without 
going into details. Processes can be represented in 
the form of a hierarchical, tree structure with 
characteristics of links (branches), reflecting the 
utility, the probability of obtaining a result and the 
connection with previous and subsequent processes. 

With the help of the graphical language IDEF0, the 
studied system appears as a set of interrelated 
functional blocks. Modeling of business processes 
using IDEF0 tools, as a rule, is the first stage of 
studying the system. Today, this technique of 
describing business processes has become the most 
widespread in the world and adopted as a standard in 
many countries [16]. The decomposition of processes 
in the form of IDEF0 is shown in Figure 2. 

 

 
 

Figure 2. The principle of the decomposition of processes 
 

The decomposition of variants is carried out by a 
set of characteristics. Criteria for choosing options 
are economic indicators (minimum cost, costs) or 
technical solutions that form a benefit function 
(utility). Description of business processes involves: 

 
1) the definition of the owner of the business 

process, the boundaries of the business 
process, clients and outputs of the business 
process, suppliers and inputs of the business 
process, resources; 

2) the description of the technology of the 
business process; 

3) development of indicators of the business 
process, the results of the business process, 
customer satisfaction of the business process; 

4) the description of the work of the owner of the 
business process for analyzing, improving the 
business process, reporting to a superior 
manager. 

 
In describing and optimizing the organization's 

processes, two possible tasks can be solved: 
 

• increase transparency and effectiveness of the 
organization; 

• automation of business processes. 
 

As criteria for evaluating the results of the 
description of processes, the following can be 
adopted: 

 

• availability of verified descriptions of business 
processes; 

• solution of problems identified during the 
implementation of business processes; 

• the degree of coordination of units; 
• the degree of minimization of possible 

variations as a result of the implementation of 
the corresponding business process, i.e. the 
business process is executed stably without 
failures. 

 

Let us consider the choice of the best variant of 
describing processes under uncertainty conditions 
using vector optimization. Among the various ways 
to optimize complex systems, which include the 
systems of business processes in enterprises, the 
formation of many possible solutions is paramount. 

The problem of step-by-step vector optimization is 
formulated as follows. Let there be N variants of 
processes with numbers n = 1, N. Each variant of the 
process is characterized by M number of indicators 
qnm, where 𝑚 = 1,𝑀������. We assume that the exponents 
are normalized in such a way that 𝑞𝑛𝑚∈ [0;1], and 
the maximal quality of the process corresponds to 
𝑚𝑎𝑥𝑞𝑛𝑚. Then to each variant of the process there 
corresponds a quality vector 
𝑄�  [𝑞𝑛1,𝑞𝑛2,𝑞𝑛3,⋯ , 𝑞𝑛𝑚 ]. 
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Due to the fact that the systems of processes in the 
enterprise are multifunctional and the functions 
performed by them can differ significantly, when 
considering many issues, we use a functional 
approach. At the same time, a group of technical, 
program and ergatical (personnel) elements 
participating in the performance of this function are 
distinguished from the composition of all elements 
for considering the processes by some (j-th) function 
[17], [18], [19].  

This group of elements forms the j-th functional 
subsystem (j-th ФПС or ФПСj) of the system under 
consideration. It is this ФПСj that is to be analyzed 
when considering the characteristics of the system 
with respect to the j-th function it realizes. 

The composition of the ФПСj (as well as the 
composition of the system as a whole) generally 
consists of three components: 

 

• group of j-th functions of technical means 
participating in the implementation (j-th 
functional subsystem КТС – ФПКТСj); 

• group of software tools participating in the j-th 
function realization (j-th functional subsystem 
ПО – ФППОj); 

• group of ergatic means participating in the j-th 
function realization (j-th functional subsystem 
ОП – ФПОПj). 
 

On the basis of participation in the performance of 
a function, functional subsystems are distinguished; 
constructive features can be allocated to constructive 
subsystems, information subsystems, etc. Analysis of 
the functioning of the system is greatly simplified if 
its structure is constructed in such a way that the 
subsystems distinguished by functional and 
constructive characteristics coincide. 

The system of functions forms the characteristics 
of the functional subsystems of the ХФПС. In this 
case, the functions can be divided into main and 
auxiliary. The main ones are those that directly form 
other functions, the auxiliary ones are only involved 
(help to form). 

Between the hierarchy of functions 
(transformations) and the hierarchy of functional 
subsystems, there is a correspondence [20]. The 
interrelationship between the set of functions (Ф) and 
the set of groups of means (ФПКТС, ФППО, ФПОП) is 
determined by the levels of the hierarchy. At each 
decomposition level, the µ function 𝛷𝑙𝑗

µ  ∈  𝛷0 

corresponds to a number �𝛷𝛱𝑙𝑗
µ � of types of means (j 

is the index of the function at the level of the 
hierarchy; l is the number of functions at the 
hierarchy level).  

The type of the facility provides 𝛷𝛱𝑗  ∈  �𝛷𝛱𝑙𝑗
µ �

𝑌
 

the principle possibility of performing the function 

𝛷𝑙𝑗
µ  ∈  𝛷0 Thus, we are given a multiple map of the 

system Ф on the subsystem of the ФПС. 
The system of funds based on the principle 

interconnection levels: forming a plurality of 
elementary means ФП={ФП0, ФП1,…,ФПµ-1}, each 
of which ensures the performance of a single 
elementary function of the set Ф={Ф0, Ф1,…,Фµ-1}. 

 
3. Results 

The possibility of forming various variants of the 
characteristics of the ХФПСi of the functional 
subsystem of processes is provided by a directed 
selection from the set {ФПС0} of a set of elements 
ФПi⊂ФПС0, which ensures the fulfillment of a set of 
functions {Ф0}:  

 
𝑋ФП𝐶𝑖 ∶  �{Ф1

0} → {ФП𝐶10}, �Ф𝑖
1� → �ФП𝑗1�, … , �Ф𝑖

1� → �ФП𝑗1� �  
 
with parameter constrains 
 
𝑋ФП𝐶𝑚𝑖𝑛
1 ≤ 𝑋ФП𝐶1 ≤ 𝑋ФП𝐶𝑚𝑎𝑥

1 ;𝑋ФП𝐶1 = �𝑋ФП𝐶11 ,𝑋ФП𝐶21 ,𝑋ФП𝐶𝑘11 �;  
 
𝑋ФП𝐶𝑚𝑖𝑛
2 ≤ 𝑋ФП𝐶2 ≤ 𝑋ФП𝐶𝑚𝑎𝑥

2 ;𝑋ФП𝐶2 = �𝑋ФП𝐶12 ,𝑋ФП𝐶22 ,𝑋ФП𝐶𝑘12 �; 
....................... 
 
𝑋ФП𝐶𝑚𝑖𝑛
𝑁 ≤ 𝑋ФП𝐶𝑁 ≤ 𝑋ФП𝐶𝑚𝑎𝑥

𝑁 ;𝑋ФП𝐶𝑁 = �𝑋ФП𝐶1𝑁 ,𝑋ФП𝐶2𝑁 ,𝑋ФП𝐶𝑘1𝑁 � 
 
for given connections of the set Ф and ФП 
{Ф0} × {ФП0} → �Θ0�; 
 
{Ф1} × {ФП1} → �Θ1�; 
....................... 
 
�Ф𝑗� × �ФП𝑗� → {Θµ}; 
....................... 
 
{Ф𝑁} × {ФП𝑁} → �Θ𝑁� 
 
and the connections inside the set Ф and ФП 
 
{Ф1} × {Ф2} → {𝐹2, 𝑣1−2}; 
 
 
{Ф2} × {Ф3} → {𝐹3,𝑣2−3}; 
....................... 
 
{Фµ} × �Фµ+1� → �𝐹µ+1, 𝑣µ−(µ+1)�; 
....................... 
 
�Ф𝑁−1� × �Ф𝑁� → �𝐹𝑁,𝑣(𝑁−1)−𝑁� 
 
�ФП1� × �ФП2� → �𝜀1−2�; 
 
�ФП2� × �ФП3� → �𝜀2−3�; 
....................... 
 
{ФПµ} × �ФПµ+1� → �𝜀µ−(µ+1)�; 
....................... 
�ФП𝑁−1� × �ФП𝑁� → �𝜀(𝑁−1)−𝑁�, 
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where 
i is the index of the characteristic of the functional 

subsystem of the XФПСi 0 ≤ 𝑖 ≤ 𝑀; 
M - the number of characteristics of ХФПСi; 
µ - hierarchy level index; 
N – number of hierarchy levels; 
ХФПСmin, ХФПСmax - ranges of parameters of 

functional efficiency relative to the j-th level of the 
hierarchy; 

kj - the number of parameters of functional 
efficiency at the j-th level of the hierarchy; 
Θ - connection of Ф and ФП;  
F - connection of levels of the hierarchy of the 

system Ф; 
ν - connection within the levels of the system Φ;  
ε - communication within the levels of the ФПС 

system. 
Thus, the functional subsystem of processes can be 

represented in the form of a set of hierarchically 
organized sets: elementary functions ФN, groups of 
means (ФПКТС, ФППО, ФПОП) participating in the 
realization of the function at each level and the 
corresponding characteristics of the ХФПС (Figure 3.). 
The set of elementary functions ФN with respect to 
ΘN bonds defines a set of groups ФП𝐶𝑖𝑁𝑁  and 
elementary means �ФПКТС𝑖𝑁 ,ФП𝑁𝑂𝑖𝑁 ,ФП𝑂𝑁𝑖𝑁�. 
Inside the set ФП𝐶𝑁 over the links ΘN, many 
characteristics 𝑋ФП𝐶𝑁 �𝑋ФП𝐶𝑖𝑁 ∈ 𝑋ФП𝐶𝑁 � are formed, 
which ensure the efficiency of performance of 
functions in conditions of constraints on parameters. 

Each element of the system of means ФП𝑖 ∈ ФП0 
can be described in addition to the links Θ and ε by 
the readiness characteristics Г and the containment C 

 
ФП0 = ⋃ ФПµ(Θµ, 𝜀µ, Гµ,𝐶µ )𝑁

µ=1  (1) 
 

Many characteristics 𝑋ФП𝐶𝑁  can be represented by 
two subsets: 𝑋ФП𝐶𝑖Г  that includes the types of 
subsystems of elements ready for operational use, 
and a subset 𝑋ФП𝐶𝑖Г∗  that includes the types of 
subsystems and elements not ready for immediate 
use at the time t 

 
𝑋ФП𝐶𝑖 = 𝑋ФП𝐶𝑖Г ∪ 𝑋ФП𝐶𝑖Г∗    (2) 

 
Оn the other hand, the organization that 

manufactures compressor equipment can use the 
process model (Figure 3.). 

 
Figure 3. The process model of an organization that 

produces compressor equipment 
 

4. Discussion 
 

 In this case, two types of business process models 
are considered: process and functional structures (see 
Figure 1.). 
Differences and advantages of functional and process 
approaches: 
 

1) the process approach shows 
 

• orientation to the client (on the result), i.e. 
CRM-approach; 

• submission to the owner of the process; 
• priority - performance of functions important 

for other participants in the process, active 
cooperation with participants in the process; 

• higher management flexibility; 
• focus on costs (cost of the process), its 

duration, quality; 
• transparency of operations. It is easy to track 

‘failures’; 
 

2) with a functional approach – 
 

• orientation to the manager; 
• submission to the head of the unit; 
• priority - the performance of functions in 

which the unit itself is interested; 
• propensity to "bureaucracy", as a consequence 

- loss of managerial flexibility, low speed of 
decision-making, loss of information; 

• the contradiction between the objectives of the 
functional units. 

  
 Opacity of activity. The shifting of responsibility. 
In our opinion, it is not only impossible to contrast 
the process and functional approaches to the 
management of an organization, but, conversely, the 
quality management system should be viewed as a 
system of interaction between process-oriented and 
functionally-oriented management [21], [22], [26]. 
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 In the process of implementation of processes 
under the influence of internal and external factors, a 
gradual and continuous (evolutionary) change in the 
structure of processes takes place. 
 In this case, the system of processes is proposed 
to be investigated in several directions: 
 

• representation of complex systems of 
processes as an interconnected set of sub-
systems of different hierarchical level, 
constructing a hierarchy of optimization tasks 
with appropriate information exchange in time 
and levels, i.e., the so-called hierarchical 
approach; 

• development of special approaches and 
methods for accounting for information 
uncertainty, analysis and decision making [27], 
[28]. 

• the development of gaming approaches, 
including games with non-conflicting interests 
and the adoption of collective decisions; 

• development of methods for multicriteria 
optimization, methods of peer review, etc [23], 
[24], [25]. 

 
5. Conclusions 
 
 It is shown that due to the application of the 
process approach to the management of the 
organization it is possible to improve its activity to a 
considerable extent. Practical implementation of the 
process approach in the quality management system 
allows: 
 
• make a list of the main business processes and 

draw conclusions on the rational use of 
resources, the number and load of personnel, 
etc., on the basis of the data obtained; 

• identify missing and duplicated business 
processes and make appropriate adjustments; 

• determine the list of functions of each division 
of the organization; 

• establish interrelationships between 
departments and the functions performed in 
them. 

 
 As a result of the introduction of the process 
approach and the description of the processes, the 
order and responsibility for performing the work will 
be fixed, the failures in the implementation of 
processes will be eliminated, and the quality of the 
process performance will be improved. 
 The reorientation of organizations to process 
management will allow producers of compressor 
equipment to survive and develop in the conditions 
of the modern world. 
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