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Abstract. The article presents a system for monitoring high-tech 
equipment, uses methods of system analysis and decision theory to 
optimize organizational tasks in the maintenance of high-tech equipment. 
The possibility of optimizing service channels based on the parameters set 
by the requirements for performing a certain type of work is considered. 
The monitoring system of high-tech equipment (MSHTE) is presented in 
the form of blocks that take into account all types of high-tech equipment, 
components and assemblies of each of them, technical characteristics, 
operating parameters, a list of the composition of engineering teams that 
perform the corresponding maintenance work. 

1 Introduction  
The purpose of creating a high-tech equipment (HTE) monitoring system (MSHTE) is to 
structure the company's permanent assets to equipment units, create specifications for 
equipment units, develop a maintenance and repair strategy (TMRE), create process maps 
and collect information in the form of a history of TMRE. The high-tech equipment 
monitoring system (MSHTE) is designed to automate the monitoring, maintenance and 
repair of equipment at the enterprise by processing the information contained in 
specifications, process charts, electronic forms and creating a history of equipment repairs.  

As the system has been built taking into account the principle of modular construction 
and the principle of hierarchy, it fully exhibits the properties of reliability, durability and 
maintainability, that is, the properties of reliability of an automated system. The system 
must have the following properties: 

- integrity - the properties of the system should depend on the properties of its elements; 
- reliability - the ability of the system to perform the tasks assigned to it, while 

maintaining operational performance over time;  
- survivability - the ability to maintain productivity when some individual components 

fail; 
- efficiency - a property that characterizes the degree of its adaptability to assigned 

tasks;  
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- optimality - the system reaches the minimum of the selected performance indicator, in 
which system response time to user requests is used.  

Within the framework of the functional structure of the developing system, the 
following functional subsystems can be distinguished and the tasks they solve can be 
defined: 
1. Management of technical objects: 

- basic records of equipment units; 
- specifications of equipment units; 
- specification of components and materials. 

2. Planning of preventive maintenance and repairs (TMRE): 
- strategies; 
- technological maps of equipment units; 
- maintenance schedules; 
- electronic forms. 

3. Managing activities on TMRE: 
- reports on emergency situations and work on the restoration of objects; 
- maintenance of applications and orders for TMRE; 
- production capacity planning; 
- managing job confirmations of TMRE activities; 
- history of the TMRE. 

2 Methodology of Researches  
Due to the fact that monitoring, maintenance and repair are complex tasks, the optimal 
system structure is a modular structure. Such structures are more reliable and easier to 
operate. The scheme of the functional structure of the system is shown in Figure 1.  

Fig. 1. Functional structure of the monitoring system for high-tech equipment  

The following functional modules are allocated in the monitoring system of high-tech 
equipment: 

1. Common interface. Navigates through the system modules, organizes information 
input, interacts with the database server, and provides data to other system modules. 

2. Data access module. Provides interaction of the client functions with the database 
server to provide the necessary data for the monitoring object. 
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3. The module for managing technical objects. Allows the user to work with the 
equipment available in the enterprise. Includes the ability to create, modify, and delete 
hardware items, and create and work with equipment specifications. 

4. Maintenance and repair planning module. Construction of technological maps of 
equipment units containing a list of work operations performed during the maintenance and 
repair of equipment, as well as material and human resources. 

5. TMRE history module. Create a history of maintenance and repairs. The equipment 
maintenance and repair history includes the following data: message history and 
maintenance history. 

6. Interface with external systems. Through this interface, data can be exchanged with 
other systems. 

The system functions are shown in Figure 2.  

Fig. 2. Monitoring system functions of the high-tech equipment  

Optimization of the relationships between the individual levels of the decision-making 
hierarchy in the automated monitoring system of high-tech equipment that plans equipment 
maintenance activities, the use of an electronic form, databases, knowledge bases, taking 
into account the basic factors in the aggregate will minimize the time of technical repair and 
maintenance of high-tech equipment. This approach will reduce the financial cost of 
maintenance. 

It is necessary to identify the main parameters to implement the tasks of the decision-
making system for planning the repair of high-tech equipment [1 - 4]. 

The monitoring system of high-tech equipment (MSHTE) is presented in the form of 
blocks that take into account all types of high-tech equipment, components and units of 
each of them, technical characteristics, operating parameters, and a list of engineering 
teams performing the corresponding maintenance work. The alphabets of the MSHTE are 
represented as a set of individual symbols containing information about the necessary work 
on the maintenance of high-tech equipment. Sets of elementary symbols form vectors. The 
dimension of a vector in the alphabet means the number of its internal components. By 
means of finite sets of symbols from the given alphabets, the levels of the corresponding 
blocks are described [5,6].  

Alphabets of high-tech equipment, components and aggregates can have different 
dimensions, and their components are encoded by a certain set of elementary symbols 
(Table 1): l = 1,..., L - type of high-tech equipment, al - component of alphabets of 
aggregates of the l-th type of high-tech equipment, al = 1,..., Al, where Al – number of 
aggregates of the l-th type of high-tech equipment, nl-number of high-tech equipment of the 
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l-th type: nl = 1,..., Nl, Nl - number of high-tech equipment of the l-th type [7-10]. The 
aggregates of each unit of high-tech equipment are fixed during maintenance and repair. 

Table 1. Alphabets of aggregates of high-tech equipment. 

Types of 
high-tech 
equipment 

Numbers of 
high-tech 

equipment of 
each type 

Components 
of alphabets 
of aggregates 
of high-tech 
equipment of 

each type 

1 
... 
l 
... 
L 

11 ... n1 … N1 
...     …     … 
1l ... nl … Nl 
...     …     … 

1L ... nL … NL 

11 ... a1 … A1 
...     …     … 
1l ... al … Al 
...     …     … 

1L ... aL … AL 

 
The state of any unit 

lajllab  is represented as a component of alphabets that reflects 

the required type of maintenance or repair (l – type of high-tech equipment, al - unit of 
high-tech equipment, laJlaj ,...,1=  - type of maintenance or repair, where laJ  - the value 

of the alphabet of types of maintenance or repair) [11-13]. 
For example, { }5,4,3,2,1,0=

lajllab  , where: 

0 - maintenance and repair of the unit is not required, 
1 - maintenance, including targeted inspections and inspections, 
2 - restoration work, 
3 - repair, 
4 - replacement of units with a limited resource, 
5 - emergency replacement of the unit in case of failure. 
As a result, all possible combinations of alphabets of the necessary types of 

maintenance or repair of the l-th type of high-tech equipment are formed:  

{ } { } { }












∏
=

===

=××××=

lA

i
iJlBlBll

lAJllAbllAb
laJllabllabJlblbl

1
;,...,1,

,...,1...,...,1...11,...,11

ββζ

βζ

   (1). 

The database of the high-tech equipment monitoring system (MSHTE) contains 
complete information about the state of the units of each type of equipment 

[ ]Ll ξξξ ,...,,...,1=Ξ , which is used when forming service requests. 

3 Research Results 
When developing a monitoring system, a hierarchical structure of indicators of high-tech 
equipment is formed (Fig. 3). 
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Fig. 3. General hierarchical structure of the indicators of the monitoring object   
 

Table 2. Indicators of the complexity of the work of high-tech equipment. 

Type of high-tech equipment 
1 … l … L 

Aggregates (units) of each type of high-tech equipment 
11 ... a1 ... A1

 … 1l ... al ... Al
 

… 1L ... aL ... AL
 

Generalized coefficients of work complexity 

1...1...11 AHaHH  … AlHlaHlH ......1  … 
LAHLaHLH ......1  

Work complexity factors 

1 1 1 11 1 1

1 1 1 11 1 1

1 1 1 11 1 1

111 1 1 1 1

11 1 1

11 1 1

( ) ... ( )... ( )
... ... ...

( )... ( )... ( )
... ... ...

( )... ( )... ( )

a A

a A

a A

a A

j a j A j

J a J A J

h b h b h b

h b h b h b

h b h b h b

 

… 

1

1

1

11 1 1

1

1

( ) ... ( )... ( )
... ... ...

( )... ( )... ( )
... ... ...

( )... ( )... ( )

l l a l Al l l

l l a l Al l l

l l a l Al l l

l la lA

l j la j lA j

l J la J lA J

h b h b h b

h b h b h b

h b h b h b

 

… 

1

1

1

1 1 1 1

1

1

( ) ... ( )... ( )
... ... ...

( )... ( )... ( )
... ... ...

( )... ( )... ( )

L L a L AL L L

L L a L AL L L

L L a L AL L L

L La LA

L j La j LA j

L J La J LA J

h b h b h b

h b h b h b

h b h b h b
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The main types of equipment are determined l = 1,..., L (L is the number of the 
investigated types). The number of aggregates Al is determined for each type of high-tech 
equipment. The condition of any unit 

lajllab  allows you to choose the necessary type of 

maintenance or repair. The structure of indicators of high-tech equipment includes 

coefficients of work complexity )(
lajllabh (Table 2).  

Generalized coefficients of the complexity of the work of each unit al 

[ ])(),...,(),...,1(
laJllabh

lajllabh
lallabhlaH =       (2) 

are used when the priorities of work and formation of optimal order of actions are 
determined. The monitoring system of high-tech equipment (MSHTE) takes into account 
the parameters of the equipment received for maintenance and based on data of service 
groups and work priorities and it forms the optimal order of actions (Figure 4). 

Fig. 4. Formation of the optimal order of maintenance of high-tech equipment.   

4 Conclusion  
An important goal is to improve the maintenance process of high-tech equipment, minimize 
the time spent on maintenance and improve the quality of repairs. The article presents a 
system for monitoring high-tech equipment uses methods of system analysis and decision 
theory to optimize organizational tasks in the maintenance of high-tech equipment. The 
possibility of optimizing service channels based on the parameters set by the requirements 
for performing a certain type of work is considered. The monitoring system of high-tech 
equipment (MSHTE) is presented in the form of blocks that take into account all types of 
high-tech equipment, components and units of each of them, technical characteristics, 
operating parameters, a list of the composition of engineering teams that perform the 
corresponding maintenance work. 

High productivity of maintenance services in the conditions of various factors of 
uncertain factors (accidents, equipment failure and emergency situations) is, of course, the 
most important condition for ensuring the safety of operation. To reduce the number of 
uncertain factors and increase the reliability of high-tech equipment is the main goal of 
implementing a monitoring system for high-tech equipment, which, using appropriate 
techniques, will allow you to coordinate the repair plan for each engineering service: to 
eliminate downtime, to minimize inconsistency between related services for the repair of 
individual components and aggregates. 
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