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In control theory and various areas of applied mathematics, it is important to approximate sets of complex

geometry by unions of simple unified bodies. One of the most common methods here is covering sets with balls.

In the classical statement, all the balls are equal; nevertheless, a more general statement is also of interest when

the balls can be different. In this paper, we study the problem of constructing a covering of a compact set M in

three-dimensional Euclidean space by a set of a given number of balls whose radii are equal to the product of a

common parameter r and an individual positive coefficient. The optimality criterion is the minimum of r. We

propose heuristic algorithms for constructing such coverings based on splitting the set M into zones of influence

of points and finding their Chebyshev centers. Statements about the properties of these algorithms are proved,

and the algorithms are implemented. The problems of covering a cube with different sets of balls of two types

are solved numerically. Possible directions of further research are outlined and discussed.

Keywords: optimization, ball covering, heuristic algorithm, Chebyshev center, computational experiment.

REFERENCES

1. Kepler J. The six-cornered snowflake. Philadelphia: Paul Dry Books, 2010, 150 p. ISBN: 9781589882850 .
Translated to Russian under the title O shestiugol’nykh snezhinkakh. Moscow: Nauka Publ., 1982, 192 p.

2. Preparata F.P., Shamos M.I. Computational geometry: An introduction. N Y: Springer-Verlag, 1985,
396 p. doi: 10.1007/978-1-4612-1098-6 .

3. Banhelyi B., Palatinus E., Levai B.L. Optimal circle covering problems and their applications. Central

European J. Operations Research, 2015, vol. 23, no. 4, pp. 815–832. doi: 10.1007/s10100-014-0362-7 .

4. Shirokanev A.S., Kirsh D.V., Ilyasova N.Yu., Kupriyanov A.V. Investigation of algorithms for coagulate
arrangement in fundus images. Computer Optics, 2018, vol. 42, no. 4, pp.712–721 (in Russian).
doi: 10.18287/2412-6179-2018-42-4-712-721 .

5. Hayat H. et al. The state-of-the-art of sensors and environmental monitoring technologies in buildings.
Sensors, 2019, vol. 19, no. 17, art.-no. 3648, 31 p. doi: 10.3390/s19173648 .

6. Bychkov I.V., Maksimkin N.N., Khozyainov I.S., Kiselev L.V. On the problem of patrolling the border
of the water area guarded by a group of underwater vehicles. In: 5th All-Russian Sci. Tech. Conf.

“Tekhnicheskie problemy osvoeniya Mirovogo okeana” (Technical problems of the development of the
World Ocean), 2013, Vladivostok, Russia). Vladivostok: IPMT Publ., 2013, pp. 424–428. ISBN: 978-5-
8044-1409-3 ,

7. Ershov A.A., Ushakov A.V., Ushakov V.N. An approach problem for a control system and a compact set
in the phase space in the presence of phase constraints. Sb. Math., 2019, vol. 210, no. 8, pp. 1092–1128.
doi: 10.1070/SM9141 .

8. Ushakov V.N., Ukhobotov V.I., Lipin A.E. An addition to the definition of a stable bridge and an
approximating system of sets in differential games. Proc. Steklov Inst. Math., 2019, vol. 304, pp. 268–
280. doi: 10.1134/S0081543819010206 .

9. Toth L.F. Regular figures. N Y: A Pergamon Press Book The Macmillan Co., 1964, 339 p. ISBN:
9780080100586 .

10. Toth L.F. Solid circle-packings and circle-coverings. Studia Sci. Math. Hungar., 1968, vol. 3, pp. 401–409.
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