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ABSTRACT 
 

Final qualification work in the form of a master's thesis on "Modeling the 
operation of a hydroelectric power station cascade in MATLAB Simulink". 

Relevance of the work: a hydroelectric power Plant is an important and 
complex element of the power system, and this object is managed with many 
restrictions. One of the features of hydroelectric power stations is that they can work 
in a cascade, that is, they can be built on the same river. 

With integrated use of water resources, cascade schemes allow not only the 
most complete realization of the energy potential, but also the most economical. In 
this case, the individual stages of the cascade can be connected to each other 
hydrologically, hydraulically, water management, and electrically. 

When placing HPPs with regulating reservoirs higher in the cascade, they 
provide regulated flow to all downstream HPPs of the cascade, increasing energy 
indicators, as well as increasing the guaranteed water output to consumers in the 
downstream section of the river. 

Effective management of the HPP cascade is impossible without taking into 
account all of the above factors. However, the lack of connection between the models 
describing the hydrological and energy regime of the cascade HPP leads to an 
incorrect assessment of the situation when planning the operation of stations and the 
power system as a whole. 

The formation of a simulation model that takes into account the set of 
hydrological and energy relationships of the hydroelectric cascade will make it 
possible to improve the quality of decisions made when planning the operation of 
stations. A more detailed analysis based on this model will make it possible to 
increase the efficiency of the HPP cascade, which will lead to an increase in the 
volume of electricity generation at the HPP, as well as reduce costs in the power 
system. 

Purpose of work. The purpose of this dissertation is to create a cascade model 
that reflects all the connections between stations when they operate under specified 
conditions. 

Tasks: 
1) Collection and analysis of the initial data required to create a simulation 

model. 
2) Development of a mathematical model of the HPP cascade. 
3) Development of various components of the mathematical model of the HPP 

cascade in Matlab Simulink. 
4) Development of a General model of the HPP cascade in Matlab Simulink. 
5) Assessment of the adequacy and correctness of the model. 
6) Modeling of various modes of operation of the HPP cascade. 
Research methods: the paper uses methods of water-energy calculations, as 

well as modeling using the principle of visual programming, according to which the 
user creates a model of the device from the library of standard blocks on the screen 
and performs calculations. 
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The scientific novelty and practical use of the research is to create a model 
describing the operation of the Kuban HPP Cascade, which makes it possible to study 
various modes of operation of the cascade, and with a deeper analysis, plan more 
effective modes of operation. Since the principles of water-energy calculation 
proposed in this paper are mainly the same for most hydroelectric power plants, this 
model can be used to calculate the operating mode of other HPP cascades, changing 
the necessary characteristics and initial parameters in the model. 

Approbation of the work: the results of work were reported and discussed at 
the all-Russian scientific-practical conference of young scientists, postgraduates and 
students "Hydroelectric power in the XXI century" Sayano-Shushensky branch of 
Siberian Federal University in Poland. Cheremushki. 

Structure and scope of the dissertation: the dissertation consists of an 
abstract, abstract, content, introduction, three chapters, conclusion, list of 
abbreviations and a list of sources used. It includes: 66 pages of text, 34 figure, and 5 
table 

Keywords: hydroelectric power station cascade, water-power mode, 
simulation modeling, Matlab Simulink, operating mode, mathematical model, 
reservoir. 
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 .1 –        

 ё    ё . 
  

,  629.00 628.50 628.00 627.50 627.00 626.50 626.00 625.50 625.00 624.50 
ё ,  3 474.80 450.93 426.51 402.79 379.77 357.45 335.81 314.85 294.55 274.92 

,  624.00 623.50 623.00 622.50 622.00 621.50 621.00 620.50 620.00 619.50 
ё ,  3 255.93 237.59 219.88 202.79 186.32 170.46 155.20 140.53 126.44 112.92 

,  619.00 618.50 618.00 617.50 617.00 616.50 616.00 615.50 615.00 614.35 
ё ,  3 99.97 87.57 75.72 64.42 53.64 43.38 33.64 24.40 15.66 0 

 

 .2 –        
   ё    . 

-2 -3 -4 

      

,  

ё
, 

 
3 

,  

ё
, 

 
3 

,  

ё
, 

 
3 

,  

ё
, 

 
3 

,  

ё
,  

3 ,  

ё
, 

 
3 

588.50 0.00 467.50 0.00 458.10 0.00 395.50 0.00 390.75 0.00 334.00 0.00 

588.60 0.03 467.60 0.16 458.20 0.06 395.55 0.58 390.80 0.03 334.10 0.10 

588.70 0.07 467.70 0.32 458.30 0.13 395.60 1.17 390.85 0.06 334.20 0.19 

588.80 0.12 467.80 0.48 458.40 0.20 395.65 1.76 390.90 0.10 334.30 0.29 

588.90 0.18 467.90 0.64 458.50 0.26 395.70 2.34 390.95 0.13 334.40 0.39 

589.00 0.24 468.00 0.82 458.60 0.33 395.75 2.92 391.00 0.16 334.50 0.48 

589.10 0.31 468.10 0.99 458.70 0.40 395.80 3.51 391.10 0.23 334.60 0.59 

589.20 0.35 468.20 1.15 458.80 0.48 395.85 4.10 391.20 0.30 334.70 0.69 

589.30 0.46 468.30 1.33 458.90 0.55 395.90 4.68 391.30 0.37 334.80 0.80 

589.40 0.53 468.50 1.68 459.00 0.62 395.95 5.26 391.40 0.44 334.90 0.91 

589.50 0.61 468.60 1.85 459.10 0.70 396.00 5.85 391.50 0.51 335.00 1.03 

589.60 0.69 468.70 2.03 459.20 0.78 396.05 6.44 391.60 0.58 335.05 1.10 

589.70 0.78 468.80 2.21 459.30 0.85 396.10 7.03 391.70 0.65 335.10 1.15 

589.80 0.87 468.90 2.39 459.40 0.93   391.80 0.73 335.15 1.21 

589.90 0.97 469.00 2.57 459.50 1.01   391.90 0.80 335.20 1.27 

590.00 1.08 469.10 2.75 459.60 1.09   392.00 0.88 335.25 1.33 

590.10 1.18 469.20 2.93 459.70 1.17   392.10 0.95 335.30 1.40 

590.20 1.28   459.80 1.26   392.20 1.03 335.35 1.46 
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  .2 

590.30 1.38   459.90 1.34   392.30 1.11 335.40 1.53 

590.40 1.48   460.00 1.42   392.40 1.18 335.45 1.59 

590.50 1.59   460.10 1.49   392.50 1.26 335.50 1.65 

590.60 1.69   460.20 1.56   392.60 1.34 335.60 1.78 

590.70 1.79   460.30 1.63   392.70 1.41 335.65 1.83 

    460.40 1.70   392.80 1.49 335.70 1.88 

    460.50 1.77   392.90 1.57 335.75 1.94 

    460.60 1.84   393.00 1.65 335.80 2.00 

          393.10 1.73     

          393.20 1.80     

          393.25 1.84     
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 .1 –    -1    . 
,  

  
  49,57 , % 

  
  49,75 , % 

  
  50,65 , % 

8 80,00 80,40 80,84 
9 80,53 80,85 81,26 
10 80,88 81,28 81,71 
11 81,41 81,69 82,18 
12 81,72 82,09 82,60 
13 82,10 82,46 82,91 
14 82,47 82,83 83,36 
15 82,83 83,17 83,74 
16 83,14 83,51 84,09 
17 83,25 83,64 84,17 
18 83,36 83,75 84,27 
19 83,27 83,67 84,18 
20 83,01 83,41 83,92 
21 82,77 83,17 83,67 
22 82,36 82,77 83,23 
23 81,97 82,38 82,79 

 
 .2 –    -2    . 

,  
  

  120,50 , % 
  

  121,75 , % 

  
  123,00 , 

% 
35 83,65 83,75 84,08 
36 83,90 84,22 84,52 
37 84,57 84,67 84,94 
38 84,83 85,09 85,35 
39 85,26 85,51 85,74 
40 85,87 85,90 86,11 
41 86,07 86,28 86,46 
42 86,45 86,64 86,80 
43 86,82 86,99 87,13 
44 86,97 87,12 87,45 
45 86,92 87,24 87,55 
46 86,87 87,16 87,44 
47 86,63 86,89 87,14 
48 86,40 86,64 86,59 
49 85,83 86,22 86,44 
50 85,46 85,81 86,15 
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 .3 –    -3    . 
,  

  
  58,35 , % 

  
  59,20 , % 

  
  61,00 , % 

18 87,41 87,68 88,11 
19 87,68 87,97 88,46 
20 88,12 88,47 88,99 
21 88,65 89,04 89,57 
22 89,10 89,52 90,10 
23 89,48 89,92 90,54 
24 89,94 90,41 91,06 
25 90,34 90,83 91,51 
26 90,73 91,22 91,94 
27 90,88 91,45 92,18 
28 90,92 91,51 92,25 
29 90,78 91,25 91,94 
30 90,53 91,02 91,67 
31 90,29 90,74 91,19 
32 89,69 90,10 90,64 
33 89,31 89,66 90,11 

 
 .4 –    -4    . 
,  

  
  58,35 , % 

  
  59,20 , % 

  
  61,00 , % 

15 87,15 87,41 87,85 
16 87,41 87,71 88,19 
17 87,86 88,21 88,72 
18 88,38 88,77 89,30 
19 88,83 89,25 89,83 
20 89,21 89,65 90,27 
21 89,67 90,14 90,79 
22 90,07 90,56 91,23 
23 90,45 90,94 91,66 
24 90,61 91,17 91,90 
25 90,65 91,23 91,97 
26 90,51 90,98 91,66 
27 90,26 90,74 91,40 
28 90,02 90,47 90,92 
29 89,42 89,83 90,36 
30 89,04 89,39 89,84 

 
 




