
     
  

«   » 
-   

 
 , ,  

    
 
 
 

                     
   

                                                                                   _______  . .   
          ,    
« _____»  _________2021 .  

 

  
 

     
     

 
 

13.04.02    
13.04.02.06  

 
                                                                         .   

     _________                . .   
                                             ,        ,       ,    
 

                         _________                                        . .  
                                                               ,                                                           ,   
 

                                                                                            1-   
                                                                                       
                                                                                     « » -  
                                                                                « -     

                           _________       . . »     . .  
                                             ,        ,       ,   
 

               _________                   . .   

                                             ,        ,       ,   

 

;  2021  

Clic
k t

o b
uy N

OW
!PD

F-XChange Viewer

w
w

w.docu-track.c
om Clic

k t
o b

uy N
OW

!PD

F-XChange Viewer

w
w

w.docu-track.c

om

http://www.pdfxviewer.com/
http://www.pdfxviewer.com/


2 

 

 
 

  .    

       

. 

   50 ,     26 

.       10 

. 

    3 : 

        

 ,   , , . 

        , 

  , , , . 

        

 ,   , , ,  

   . 

 :     , 

, COMTRADE,  ,    .  

  

Clic
k t

o b
uy N

OW
!PD

F-XChange Viewer

w
w

w.docu-track.c
om Clic

k t
o b

uy N
OW

!PD

F-XChange Viewer

w
w

w.docu-track.c

om

http://www.pdfxviewer.com/
http://www.pdfxviewer.com/


3 

 

 
 

    «     

  » 

 : 
  ,   

          

,     .    

 ,     

.         

,    -51,    

     .    

       ,  

    ,     

     150    2,5  . 

        ,  

      ,  

   (    ),  

     ,    

    . 

 : 
   . 

 : 

    COMTRADE 

   

   

  

    

 я: 

Clic
k t

o b
uy N

OW
!PD

F-XChange Viewer

w
w

w.docu-track.c
om Clic

k t
o b

uy N
OW

!PD

F-XChange Viewer

w
w

w.docu-track.c

om

http://www.pdfxviewer.com/
http://www.pdfxviewer.com/


4 

 

       

 ,     . 

   , , 

    ,   . 

я : 

       

   COMTRADE        

,        

   ,    

    . 

я  : 
  ,   ,  

: 

-  VI  -    

, ,    «  

 XXI » ( . . , 2019 .). 

-  VII  -    

, ,    «  

 XXI » ( . . , 2020 .). 

-  VIII  -    

, ,    «  

 XXI » ( . . , 2021 .). 

-  XVII   ,   

  «   - 2021» 

  

Clic
k t

o b
uy N

OW
!PD

F-XChange Viewer

w
w

w.docu-track.c
om Clic

k t
o b

uy N
OW

!PD

F-XChange Viewer

w
w

w.docu-track.c

om

http://www.pdfxviewer.com/
http://www.pdfxviewer.com/


5 

 

ABSTRACT 
 

Final qualifying work on the topic " Development of the output stage scheme 

of the alarm emulator» 

Relevance of the topic: 

Modeling of emergency processes, conducting complex testing of relay 

protection and automation systems is important both in production and in the 

educational process. Testing of electromechanical and microprocessor protections 

requires testing equipment of great complexity. In solving these problems, test 

complexes are currently used, for example, such as RETOM-51, which have proved 

themselves worthily during many years of operation in production. But for 

conducting tests in laboratory conditions in small training groups, the purchase of test 

complexes may be unjustified, since the prices for equipment are in the range of 150 

thousand to 2.5 million rubles. 

For this reason, it was decided to develop a device that will emulate the 

currents and voltages of the required value, simulating alarms, and simulating all 

possible situations in the laboratory, as well as to perform various checks and tests. 

An alarm emulator for testing microprocessor protections is a device that will 

generate currents and voltages similar to those issued from current transformers and 

voltage transformers in a real-world environment. 

One of the standards for recording alarms is currently the COMTRADE data 

format. 

Purpose of the work: 

Creating an alarm emulator. 

Main tasks: 

 Develop a COMTRADE format conversion algorithm 

 Development of the control scheme 

 Development of the power circuit 

 Microcontroller programming 

 Assembly and debugging of the device 
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Research method: 

In the process of scientific research, methods of research of a practical, 

theoretical and empirical nature were applied. Methods of algorithmization, 

programming, drawing up schemes and calculations of generalization, statistical, etc. 

were used. 

Scientific novelty: 

New algorithms have been proposed for converting COMTRADE into alarms. 

New control logic and unique microcontroller control program code. Creation of a 

test complex for generating emergency signals 

Approbation of the results of the work: 

The main results of the research presented in the dissertation were presented: 

- at the VI All-Russian Scientific and Practical Conference of young scientists, 

specialists, postgraduates and students " Hydroelectric power plants in the XXI 

CENTURY "(R. P. Cheremushki, 2019). 

- at the VII All-Russian Scientific and Practical Conference of young scientists, 

specialists, postgraduates and students " Hydroelectric power Stations in the XXI 

CENTURY "(R. P. Cheremushki, 2020). 

- at the VIII All-Russian Scientific and Practical Conference of young 

scientists, specialists, postgraduates and students "Hydroelectric power stations in the 

XXI CENTURY" (R. P. Cheryomushki, 2021). 

- at the XVII International Conference of Students, Postgraduates and Young 

Scientists " Svobodny Avenue-2021» 
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