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RESONANT PHENOMENA  
IN A WEDGE-SHAPED WAVEGUIDE  

AND THEIR VERIFICATION IN A SHALLOW SEA  
IN THE INFRASONIC FREQUENCY RANGE

B.A. Kasatkin, N.V. Zlobina, S.B. Kasatkin

In the forming of sound fields in irregular waveguides of the coastal wedge type, the process of excitation 
of normal waves captured by the waveguide plays an important role. The capture process itself has a different 
description in different model statements, which can serve as an additional sign of verification of the model 
solutions themselves. The best conditions for experimental observation of the process of capturing normal waves 
by a waveguide are realized in conditions of a shallow sea of variable depth in the infrasonic frequency range. 
In this frequency range, the most suitable source is the discrete components of the shaft-blade scale (VLZR) of a 
moving vessel, which was used by RV “Yuri MOLOKOV”. A vertical antenna equipped with combined receivers 
is used as a receiving system. In the frequency range greater than the first critical frequency of the model 
waveguide, a spectral analysis of power flows in the channels of the combined receiver was performed. Based 
on the results of spectral analysis, a set of resonant frequencies of a waveguide of variable depth excited by 
discrete components of a roller-blade scale of a noise source is determined. Most of the detected resonances 
correspond well to the model description, and the experimental data together unequivocally confirm the 
preference of the generalized solution.
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parameters, infrasound, shallow sea, longitudinal resonances.

References

1. Pekeris C.L. Theory of propagation of explosive sound in shallow 
water. Geol. Soc. Am. Mem. 1948. No 27. P. 48-156.

2. Brekhovskikh L.M. On the field of a point emitter in a layered-
inhomogeneous medium. Izv. of the USSR Academy of Sciences. Series of 
physics. 1949. Vol. 13. No. 5. P. 505–545.

3. Brekhovskikh L.M. Waves in layered media. Moscow: Publishing 
House of the USSR Academy of Sciences, 1957. 502 p.

4. Brekhovskikh L.M. Waves in layered media. Moscow: Nauka, 
1973. 343 p.

5. Brekhovskikh L.M., Lysanov Yu.P. Theoretical foundations of 
ocean acoustics. L.: Hydrometeoizdat, 1982. 280 p.

6. Brekhovskikh L.M., Godin O.A. Acoustics of layered media. 
Moscow: Nauka, 1989. P. 278-290.

7. Acoustics of the ocean. Edited by L. M. Brekhovskikh. M.: Nauka, 
1974. 692 p.

8. Brekhovskikh L.M., Godin O.A. Acoustics of inhomogeneous 
media. Vol.1. Fundamentals of the theory of reflection and propagation of 
sound. Moscow: Nauka, 2007. 442 p.

9. Brekhovskikh L.M., Godin O.A. Acoustics of inhomogeneous 
media. Vol.2. Sound fields in layered and three-dimensional inhomogeneous 
media. Moscow: Nauka, 2009. 428 p.

10. Kasatkin B.A., Zlobina N.V. Non-self-adjoint model formulation 
of the boundary Pekeris problem. DAN. 2010. Vol. 434, No. 4. P. 540-543.

11. Kasatkin B.A., Zlobina N.V. Boundary waves at the water–
seabed interface. DAN. 2010. Vol. 433, No. 3. P. 403-405.

12. Kasatkin B.A., Zlobina N.V. The effect of self-focusing of 
non-directional radiation in layered media. DAN. 2010. Vol. 432, No. 5. 
P. 681-684

13. Kasatkin B.A., Zlobina N.V. Resonant phenomena in irregular 
acoustic waveguides of the coastal wedge type. DAN. 2011. Vol. 436, 
No. 4. P. 545-548

14. Kasatkin B.A., Zlobina N.V. Correct formulation of boundary 
value problems in acoustics of layered media. Moscow. Science, 2009. 
406 p. 

15. Kasatkin B.A., Zlobina N.V., Kasatkin S.B. Model problems in 
acoustics of layered media. Vladivostok: Dalnauka, 2012. 256 p.

16. Kasatkin B.A., Zlobina N.V., Kasatkin S.B., Zlobin D.V., 
Kosarev G.V. Acoustics of the shallow sea in a scalar–vector description. 
Theory and experiment. Vladivostok. 2019. 360 p.

17. Kasatkin B.A., Kasatkin S.B. Scalar – vector structure and 
kinematic characteristics of the sound field in the infrasound frequency 
range. Fundamental and applied hydrophysics. 2021. Vol. 14. No. 3. 
P. 71-85.

18. Kasatkin B.A., Zlobina N.V., Kasatkin S.B. Boundary waves in 
the problem of detecting underwater noise sources. Underwater research 
and robotics. 2019. No. 4 (30). P. 37-42.

19. Kasatkin B.A., Zlobina N.V., Kasatkin S.B. Model description 
and experimental study of sound fields of the infrasound range in the 
shallow sea (review). Underwater research and robotics. 2021. No. 3(37). 
P. 59-72.



UNDERWATER INVESTIGATIONS AND ROBOTICS. 2022. No. 4 (42)

SEA TECHNOLOGY FACILITY AND METHODS OF UNDERWATER RESEARCH

83

20. Kasatkin B.A., Zlobina N.V., Kasatkin S.B. Identification of the 
sound field mode structure in shallow water in the infrasound frequency 
range. Underwater research and robotics. 2022. No. 1(39). P. 58-71.

21. Gao Tain-Fu, Shang E.C. Effect of the branch-cut on the 
transformation between the modes and rays. J. Acoust. Soc. Amer. 1983. 
Vol. 73. No. 5. P. 1551-1555.

22. Chuprov S.D. Interference structure of the sound field in a layered 
ocean. Acoustics of the ocean. The current state. M.: Nauka, 1982. 71 p.

23. Gordienko V.A. Vector-phase methods in acoustics. M.: Fizmatlit, 
2007. P. 168-237.

About authors 

KASATKIN Boris Anatolyevich, Doctor of Physical and Mathe-
matical Sciences, Chief Researcger 

Institute of Marine Technology Problems of the Far Eastern 
Branch of the Russian Academy of Sciences 

Address: 5a Sukhanova st., Vladivostok, Russia
Research interests: Theoretical and applied hydroacoustics, 

sound wave propagation in layered waveguides
E-mail: kasatkas@marine.febras.ru
ORCID: 0000-0001-7392-3672

ZLOBINA Nadezhda Vladimirovna, Doctor of Technical Scienc-
es, Chief Researcger 

Institute of Marine Technology Problems of the Far Eastern 
Branch of the Russian Academy of Sciences 

Address: 5a Sukhanova st., Vladivostok, Russia
Research interests: Acoustics of layered media, signal 

processing
E-mail: zlobina@marine.febras.ru
ORCID: 0000-0003-3314-2163

KASATKIN Sergey Borisovich, Candidate of Physical and 
Mathematical Sciences, Head laboratory 

Institute of Marine Technology Problems of the Far Eastern 
Branch of the Russian Academy of Sciences 

Address: 5a Sukhanova st., Vladivostok, Russia
Research interests: hydroacoustics, signals processing, noise 

fields, hybrid receiving systems, inhomogeneous generalized 
waves

Phone: +7(908)440-8854
E-mail: kasatkas@marine.febras.ru
ORCID: 0000-0002-0945-8355

Recommended citation: 

Kasatkin B.A., Zlobina N.V., Kasatkin S.B. Resonant phenomena 
in a wedge-shaped waveguide and their verification in a 
shallow sea in the infrasonic frequency range. Underwater in-
vestigations and robotics. 2022. No. 4 (42). P. 71–83. DOI: 
10.37102/1992-4429_2022_42_04_07. EDN: NVTDQT.




