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ON THE DUALITY OF MATHEMATICAL MODELS FOR PROBLEMS
IN MECHANICS AND IN THE THEORY OF ELECTRICAL CIRCUITS

A.B. Kurzhanski, A. A. Usova

Mathematical models of mechanics and the theory of electrical circuits are considered, and a similar dynamic
structure is revealed in them. Using basic analogies, a chain of mechanical springs and an equivalent electrical
analog are constructed. Examples of “successful” borrowings are given, when the methods of the theory of
electrical circuits can be used to solve stabilization problems for a mechanical system formed by a set of
interconnected mechanical subsystems.

Keywords: mechanical system, electrical circuit, duality of mechanical and electrical systems, stabilization
of interconnected systems.

REFERENCES

. Kurzhanski A.B., Varaiya P. Dynamics and control of trajectory tubes: Theory and computation, Systems

& Control: Foundations & Applications, Book 85, Basel: Birkhauser, 2014, 445 p.
doi: 10.1007/978-3-319-10277-1.

. Abramova V.V. O zadachakh nablyudeniya i upravieniya dlya ostsilliruyushchei tsepi [Control and

observation problems for an oscillating chain|, graduate work, Department of Systems Analysis of the
faculty of Computational Mathematics and Cybernetics of Lomonosov Moscow State University (CMC
MSU), Moscow: Lomonosov Moscow State University Publ., 2020, 34 p.

Akbaba M., Dalcali A., Gokdag. M. Modeling and simulation of complex mechanical systems using
electrical circuit analog In: Internat. Conf. on Advanced Technologies: Computer Engineering and
Science (ICATCES’18): Proceedings. 2018. P. 630-634.

Akbaba M. Modeling and simulation of dynamic mechanical systems using electric circuit analogy.
Turkish J. Engineering, 2021, vol. 5, no. 3, pp. 111-117. doi: 10.31127 /tuje.695769 .

Hogan N. Controlling impedance at the man/machine interface. Proc. of the IEEE Conf. on Robotics
and Automation. 1989. P. 1626-1631. doi: 10.1109/ROBOT.1989.100210.

. Hill D.J., Moylan P.J. Stability results for nonlinear feedback systems. Automatica, 1977, vol. 13, no. 4,

pp. 377-382. doi: 10.1016,/0005-1098(77)90020-6 .
Nunio E., Basanez L., Ortega R. Passivity-based control for bilateral teleoperation: A tutorial.
Automatica, 2011, vol. 4, no. 3, pp. 485-495.

Anderson R.J., Spong M.W. Bilateral control of teleoperators with time delay. IEEE Transactions on
Automatic Control. 1989, vol. AC-34, no. 5, pp. 494-501.

Polushin I.G. A generalization of the scattering transformation for conic systems. IEFEE Transactions
on Automatic Control, 2014, vol. 59, no. 7, pp. 1989-1995. doi: 10.1109/TAC.2014.2304396 .

Usova A.A., Polushin I.G., Patel R.V. Scattering-based stabilization of non-planar conic systems.
Automatica, 2018, vol. 93, pp. 1-11.

Usova Anastasiia. Generalized scattering-based stabilization of nonlinear interconnected systems. In:
Electronic Thesis and Dissertation Repository, 5821. 2018. 168 p. URL: https://ir.lib.uwo.ca/etd /5821 .
Anderson R.J., Spong M.W. Asymptotic stability for force reflecting teleoperators with time delay. The
International J. Robotics Research, 1992, vol. 11, no. 2, pp. 135-149. doi:10.1177,/027836499201100204 .

Received June 4, 2021
Revised July 26, 2021



2 A.B. Kurzhanski, A. A. Usova

Accepted August 9, 2021

Funding Agency: This work was supported by the Russian Science Foundation (project no. 19-
11-00105).

Alexander Borisovich Kurzhanski, RAS Academician, Prof., Faculty of Computational Mathematics
and Cybernetics of Lomonosov Moscow State University, Moscow, 119991 Russia,
e-mail: kurzhans@mail.ru.

Usova Anastasiia Aleksandrovna, Cand. Sci. (Phys.-Math.), Krasovskii Institute of Mathematics
and Mechanics of the Ural Branch of the Russian Academy of Sciences, Yekaterinburg, 620108
Russia; Ural Federal University, Yekaterinburg, 620000 Russia, e-mail: ausova@imm.uran.ru .

Cite this article as: A.B.Kurzhanski, A.A.Usova. On the duality of mathematical models for
problems in mechanics and in the theory of electrical circuits, Trudy Instituta Matematiki i Mekhaniki
UrO RAN, 2021, vol. 27, no. 3, pp. 115-127.



