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MATHEMATICAL MODELING OF THE PROBLEM OF OPTIMAL 
CONTROL OF ELECTRIC POWER SYSTEMS 

 
Abstract: The problems of optimal control of nonlinear ordinary differential equations systems are considered 

in this paper. The considered mathematical model describes the transient processes in the electric power system. And 
the problem of optimal control of electric power systems is considered in more detail. Numerical experiments have 
shown that the control found is optimal for the given problem. 

Keywords:  mathematical model, electric power system, optimal control. 
 
1 INTRODUCTION 
The proper functioning of electric power systems (EPS) as an important component of large energy 

systems forms one of the successful development foundations of the country's economy as a whole. The 
presence of not only technical but also economic aspects of reliability predetermines the complexity of 
studying the above objects and their interaction with other components of the economy and the social 
sphere in order to determine the best control actions to achieve economic benefits and to maintain a 
constant readiness of the energy systems to overcome the threats to their normal functioning arising in 
periods of economic, political crises, in case of catastrophes, disasters, etc.  

The importance of the problem of optimal control of processes in various fields of science and 
technology is well known[1-6]. It also has great importance for electric power systems. Without a reliable 
solution to this problem, reliable and high-quality supply of electricity to consumers in virtually all sectors 
of the national economy is impossible. 

2 Mathematical model of unsteady processes in the electrical system 
One of the mathematical models that describes unsteady processes in an electrical system is the 

following system of differential equations[1-3]: 
 

 
i

i S
dt

d

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 iiiiiii
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H sin2
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,jiij   ,1,  niii UYEP ,, jijiij YEEP 

 
 

where – angle of rotor rotation of the i-th generator concerning some synchronous rotation axis; - slide of 
the i-th generator; - the inertia constant of the i-th machine; mechanical power, which are brought to the 
generator; - EMF of the i-th synchronous machine; - mutual conductance of the i-th and j-th branches of 
the system; U=const - bus voltage of constant voltage; - characterizes the connection (conductivity) of the 
i-th generator with the buses of constant voltage; - mechanical damping; − constant values that consider 
the effect of active resistance in the stator generator circuits. . 

Let the state variables and control in the steady-state post-emergency condition have the following 
values: 
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 (2) 

In order to obtain a perturbed motion system we proceed to equations in deviations, assuming 
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Further, for convenience, we again denote by and use the formula 
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Controls liui ,1,   are chosen so as to compensate for the non-conservative term - liM i ,1),(   

i.e. 
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2.1 The problem of optimal control of electric power systems 
We consider the following problem of minimizing the functional: 
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ii vS ww ,  - positive constant weight coefficients,  2)( iiF  periodic continuously differentiable 
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functions,  2)( iN  Periodic continuously differentiable functions with respect to ij , with respect to 

the summand )(iN  the integrability condition is fulfilled 

 
);(

)()(
ki

NN

i

k

k

i 














 (8) 
 - the transient period is considered given. 

The equations system (7) is supplemented by the initial conditions 
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Terminal values )(),( TST  are not known in advance, so they are also subject to definition. 
The following theorem is valid. 
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Proof. For the continuously differentiable function ))(()),(( tStK  the functional (6) has the 
representation: 
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We use the Cauchy-Bellman problem to find the Bellman function ),( SK  : 
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From the necessary condition of extremum of the function   ,, SR  we obtain: 
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We find the function ),( SK  and weight coefficients iSi ww ,  from the condition (14) i.e. 
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For this, we set  
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In addition, from (15) we find that the optimal controls lii ,1,0   have the form 
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2.2 Numerical solution 
The implicit Adams method (Adams-Moulton) has been used for the numerical solution of the 

differential equations system (7)-(9). 
 

Table 1: Adams-Moulton formulas in different orders 
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