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CONSTRUCTION OF EXPLICIT RUNGE-KUTTA METHODS FOR 
MODELING OF DYNAMIC SYSTEMS WITH DELAY

A system of differential equations with delay is considered, which is a 
mathematical model of many technical processes with a time delay. Numerical 
Runge-Kutta methods and the method of expansion on Taylor series on time 
delay  are most often used to model such systems. 

When the value of the delay is greater than the step of numerical 
integration, the numerical solution of these systems is not difficult. For this, 
interpolation of the prehistory of the model and numerical methods for 
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conventional systems of differential equations are used. For example, explicit 
Runge-Kutta methods. Using the method of steps, a numerical solution is 
obtained for the required period of time. But, if the time interval is large enough 
in comparison with the delay, then the number of steps turns out to be large, 
which slows down the process of numerical integration and leads to the 
accumulation of errors. 

For small delays, Taylor time delay expansions are used and the further 
solution of the usual system of differential equations by a numerical method, for 
example, by the Runge-Kutta method. This approach has limitations on the 
amount of delay and is not applicable for many models. 

Thus, it is often necessary to apply a step of numerical integration that is 
larger than the delay value and continuous implicit Runge-Kutta methods, which 
leads to a complication of the numerical algorithm, since at each step of 
numerical integration it is necessary to solve systems of nonlinear equations. 

In this paper, based on the construction of Newton's and Taylor's 
polynomials, an algorithm has been developed that allows using explicit Runge-
Kutta methods to solve systems with delay and the step size of numerical 
integration is more than the delay value. For systems with delay, an explicit 
Runge-Kutta method of the fifth order of approximation is constructed on the 
basis of the most frequently used explicit Runge-Kutta methods of the fifth order 
of approximation. These methods are convenient in programming, have a higher 
speed of calculation than implicit methods, and are applicable for steps of 
numerical integration that are large in comparison with the lag.

Key words: Systems of differential equations with delay; Runge-Kutta 
methods; polynomies of Newton; numerical methods; extrapolation. 
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