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SOUND PROPAGATION

K.V. Avilov 1,2, S.N. Kulichkov 1, O.E. Popov 1

THE PROPAGATION OF PULSE SIGNAL IN ATMOSPHERE, SEA
WATER AND SEA BOTTOM FROM A SOUND SOURCE IN AIR.

1 A.M.Obukhov Institute of Atmospheric Physics Russian Academy of Sci-
ences, Moscow, Russia,119017, Pyzhyovskiy pereulok, 3
2Institute for Machine Science named after A.A.Blagonravov of the Russian
Academy of Sciences, Moscow, Russia, 101990, M.
Kharitonyevskiy Pereulok, 4.  E-mail: k.v.avilov@list.ru

The report considers an example of the calculation of wideband signal in
atmosphere, sea water and sea bottom from the sound source in air for large dis-
tances using the computer code based on pseudodifferential parabolic equation
technique.

K.V. Avilov 1,2, S.N. Kulichkov 1, O.E. Popov 1

USING SUPERWIDEANGLE CAPABILITY OF THE WAVE
PSEUDODIFFERENTIAL PARABOLIC EQUATION TECHNIQUE FOR

CALCULATION OF SOUND FIELDS AND SIGNALS IN DIFFERENT
MEDIA.

1 A.M.Obukhov Institute of Atmospheric Physics Russian Academy
of Sciences, Moscow, Russia,119017, Pyzhyovskiy pereulok, 3
2Institute for Machine Science named after A.A.Blagonravov
of the Russian Academy of Sciences, Moscow, Russia, 101990,
M. Kharitonyevskiy Pereulok, 4 E-mail: k.v.avilov@list.ru

The report considers the results of numerical modeling of sound fields and
signals in complex media proving the super wide angle capability of the new
modification of the wave pseudodifferential parabolic equation technique. The
features of sound signal formation in air, water and bottom sediments are ana-
lyzed.
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A.L. Virovlyansky, A.Yu. Kazarova, L.Ya. Lyubavin

ANALYSIS OF SENSITIVITY OF FIELD INTENSITY DISTRIBUTION
IN THE "DEPTH – ARRIVAL ANGLE" PLANE TO VARIATIONS OF

PARAMETERS OF AN UNDERWATER SOUND CHANNEL

Institute of Applied Physics of the Russian Academy of Sciences
46 Ul'yanov Street , 603950, Nizhny Novgorod, Russia
Tel.: (831) 416-4784; Fax: (831) 416-0630, E-mail: viro@appl.sci-nnov.ru u

Classic matched field processing (MFP) is based on the comparison of the
complex amplitudes of the measured and calculated wave fields. For the applica-
bility of this method, a high accuracy of the model of the medium is required. In
this paper it is shown that the requirements for the accuracy of the model of the
medium can be significantly weakened if we go from comparing the complex field
amplitudes to comparing the intensity distributions of these fields in the "depth-
arrival angle" phase plane. Based on this comparison, a field similarity coeffi-
cient is introduced, which "reacts" only to those differences that are caused by
strong changes in the coordinates of the source and/or the parameters of the
sound speed field.

A.L. Virovlyansky, Iu. M. Makarova

MANIFESTATIONS OF STABLE FIELD COMPONENTS IN
CORRELATION MATRICES OF SIGNALS ON ELEMENTS OF A

VERTICAL RECEPTION ARRAY IN A HYDROACOUSTIC
WAVEGUIDE

Institute of Applied Physics of the Russian Academy of Sciences
46 Ul'yanov Street , 603950, Nizhny Novgorod , Russia
Tel.: (831) 416-4784; Fax: (831) 416-0630, E-mail: viro@appl.sci-nnov.ru u

The work is devoted to the study of the spatial structure of a field excited by
a tonal point source in a deep-sea waveguide with random sound speed fluctua-
tions. An approach is used in which the sound field is approximated by a super-
position of components formed by the contributions of narrow ray beams. These
components are called stable, because in the presence of sound speed fluctua-
tions only their amplitudes change: they are multiplied by random phase factors.
The isolation of stable components from the total field is performed using the
coherent state expansion borrowed from quantum mechanics. Using this ap-
proach, made it possible to obtain a simple analytic expression for the correla-
tion matrix of the field at the aperture of the vertical receiving antenna. Monte
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Carlo simulation showed that, although the formula obtained cannot correctly
predict the correlation of the total field, it well describes the correlation matrices
of individual stable components and superpositions of several such components.

M.V.Volkov1, I.V.Zhilin2, A.A.Lunkov1, V.G. Petnikov1,
M. A.Shermeneva1, A.V. Shatravin3

TRANSFER FUNCTIONS OF ARCTIC SHALLOW-WATER
ACOUSTIC WAVEGUIDES

1Prokhorov General Physics Institute of RAS
Russia, 119991 Moscow, ul. Vavilova 38
Tel.: (495) 503-8384; Fax: (495) 135-8234, -mail: petniko@kapella.gpi.ru
2Kharkevich Institute for Information Transmission Problems of RAS
Russia, 127051 scow, Bolshoy Karetny per. 19, build.1
Tel.: (495) 699-5096; Fax: (495) 650-0579, -mail: zhilin@iitp.ru
3Shirshov Institute of Oceanology of RAS
Russia, 117997 Moscow, Nakhimovsky Prospekt., 36
Tel.: (499) 124-87-04; Fax: (499) 124-5983, -mail: ashatravin@ocean.ru

The results of the transfer function K(f) calculation of the arctic type shal-
low-water waveguides in the frequency band of f = 150-1000 Hz are presented
and analyzed. It is observed, that at a distance of several kilometers if the sound
speed in bottom c1 is less than the sound speed in water, the amplitude of K(f) at
low frequencies can increase with frequency monotonically and rather abruptly
despite the increase with frequency of the sound attenuation coefficient in bottom.
It is shown that a frequency band exists, where the average amplitudes of K(f) are
close to each other at different values of c1. It is this band that is expedient to
apply for underwater communications in the considered waveguides. The effec-
tiveness of the underwater acoustic communication with the use of the special
methods for the channels with the inter symbol interference is shown.



XVI . . .  " ", XXXI 

378

V.N. Golubeva, I.P. Smirnovb

GEOMETRICAL APPROACH IN THE STUDY ON LOW FREQUENCY
PULSES PROPAGATION IN NEAR BOTTOM OCEANIC WAVEGUIDE

Federal research center Institute of Applied Physics.
Nizhny Novgorod , 603950 Russia.
E-mail: agolubev@ipfran.ru, bsmip@ipfran.ru

Are exposed data of experiment on the propagation of low-frequency pulse
signals in the deep open-to-bottom region of the Indian Ocean when the received
signal  presents a sequence of reflections from the bottom. In geometrical acous-
tic approach travel times and intensities of different reflections were calculated.
The method of partial coherent summation of rays is submitted. The dependence
of the frequency spectrum of the reflected signals on the distance was demon-
strated.

V. . Grigoriev1, V.G. Petnikov2, .G. Roslyakov3,Y. . Terekhina3

EFFECTIVE AND REAL VALUES OF SEABOTTOM SOUND SPEED
IN EVALUATING ACOUSTIC WAVE ATTENUATION

ON THE ARCTIC SHELF

1Voronezh State University. Russia, 394018 Voronezh,
Universitetskaya pl. 1.  E-mail: grig4@yandex.ru
2Prokhorov General Physics Institute, Russian Academy of Sciences
Russia, 119991 Moscow, ul. Vavilova 38
E-mail: petniko@kapella.gpi.ru
3Lomonosov Moscow State University, Faculty Geology
Russia, 119991 Moscow, Leninskie Gory 1

In the framework of the numerical modeling law-frequency ~100 Hz sound
propagation is considered in shallow water arctic waveguide. The influence of
the bottom characteristic features (gas saturation, occurrence of permafrost, spa-
tial inhomogeneity of bottom sediment) on sound attenuation is analyzed for the
distance r ~ (1÷100)H from sound source, H is depth. We compared sound atten-
uation in the different modeling waveguides (waveguide with homogeneous bot-
tom, waveguide with layered (liquid and elastic) bottom, waveguide with real
inhomogeneous bottom). Parameters of the real inhomogeneous bottom were
obtained with a 3D seismic and trial drilling of the seabed. The situations with
gas-saturated bottom sediment when bottom sound speed near (less and more)
sound speed in water are considered. Effective bottom sound speed is a term
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coined. For this speed sound attenuation in the modeling waveguide with homo-
geneous bottom is approximately the same as sound attenuation in the waveguide
with layered or inhomogeneous bottom. By using the determination of effective
sound speed the method for estimation of real bottom sound speed (average value
and function of position) is proposed. The obtained results can be used for diag-
nostics of gas saturation in bottom sediments on the arctic shelf.

O.E. Gulin, I.O. Yaroshchuk

TO THE PROBLEM OF INFLUENCE OF A SPATIAL SPECTRUM OF
INHOMOGENEITIES ON THE AVERAGE INTENSITY OF A FIELD

WITH A LOW-FREQUENCY SOUND PROPAGATION IN SHALLOW
WATER.

Previously, based on the asymptotic analytical considerations, it was con-
cluded that the specific form of the spectral function of random inhomogeneities
(background internal waves) weakly influences the average transmission losses of
a low-frequency acoustic signal in an inhomogeneous medium of shallow regions
of the ocean shelf with an absorbing bottom. In the present paper this conclusion
is studied in detail using numerical statistical modeling of the influence of linear
internal waves of different spatial scales. The obtained results are relevant both
for the development of adequate models for the propagation of low-frequency
sound in various regions of the ocean shelf with intensive processes of internal
wave generation, and for creating algorithms to carry out full-scale measure-
ments and for acoustic data processing.

V. A. Gusev

THE LOCALIZED ACOUSTIC FIELD NEAR BOUNDARIES OF MEDIA
WITH NON-CLASSICAL AMPLITUDE - AND FREQUENCY-

DEPENDENT BEHAVIOR

Lomonosov Moscow State University, Physical Faculty
Russia, 119991, Moscow, Leninskie gory
Tel.: (495) 939-2943; E-mail: vgusev@bk.ru

Formation of surface acoustic waves at the boundary of elastic bimodule
medium and liquid layer is considered. The developed model of the medium de-
scribes the acoustic phenomena with non-classical nonlinearity in shallow sea in
the presence of bottom soil with the amplitude-dependent threshold effects,
caused by the presence of internal structures such as cracks. It is shown that in



XVI . . .  " ", XXXI 

380

the bimodal medium the time profile of the wave is fundamentally asymmetric,
which leads to the formation of a unipolar limiting profile.

K.V. Dmitriev1, A.S.  Lipavskiy1,2, I.A. Pankov1, S.N. Sergeev1,2

STUDY OF THE ACOUSTICWAVE PROPAGATION SEASONABLE
VARIABILITY IN SHALLOW WATER

1 Department of acoustics, Faculty of Physics, M.V.Lomonosov Moscow
State University. Moscow 119991, Russia. E-mail: shurup@physics.msu.ru
2 Shirshov Oceanology Institute of the Russian Academy of Sciences, Mos-
cow 117218, Russia.

The field experiments were conducted in different (summer-winter) seasons
in shallow water, also in case of ice surface. The mode structure of sound field
was investigated. The vertical pressure profiles were studied and waveguide re-
sponse-function spectrogram were calculated and processed. The signal propa-
gation variability in different seasons was investigated. For example, ice surface
results in the downshift of the cut-off frequencies of the propagating modes and
makes signal structure significantly more complicated.

G.I. Dolgikh, V.P. Dzuba, V.A. Chupin

PARTICULARS OF DISTRIBUTION ON THE WEDGE-SHAPED SHELF
OF THE INCREASING DEPTH OF SIGNALS, GENERATED BY THE

COASTAL LOW-FREQUENCY SEISMOACOUSTIC RADIATOR

V.I. Il'ichev Pacific Oceanological Institute FEB RAS
Russia, 690041 Vladivostok, 43 Baltiyskaya St.,
Ph.: (423) 2312598; Fax: (423) 2312573, E-mail: dolgikh@poi.dvo.ru

Experimentally and model-theoretically, the particulars of distribution on
the wedge-shaped shelf of the increasing depth of signals, generated by a coastal
low-frequency seismoacoustic radiator are investigated. Low-frequency seismo-
acoustic radiator, installed on the shore, worked at the fixed frequencies. On the
shelf of increasing depth (from shore to deep sea), variations of the hydrosphere
pressure are measured from the surface up to the bottom at intervals of 1 m in
selected points. Experimental data were used to construct an experimental spa-
tial-frequency model of the water-bottom system. Further, taking into account the
elastic properties of the seabed rocks, a spatial-frequency model of the water-
bottom system was constructed on the computer, which was compared with the
experimental model.
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I.B. Esipov1,2), G.A. Maksimov2), N.N. Komissarova2),
O.E. Popov3), G.V. Soldatov4)

ACOUSTICAL SIGNAL HORIZONTAL REFRACTION
IN COASTAL WEDGE.

1) Gubkin State university of oil and gas, Moscow;
2) Andreyev Acoustics institute, Moscow;E-mail: igor.esipov@mail.ru
3) Obukhov Institute of Atmosphere Physics of RAS, Moscow
4)Technology institute of SFU, Taganrog.

Results of the experimental research of acoustical pulse propagation in
Black sea shallow water at Gelendzhik area are presented. Acoustical signals
were received by elongated seismoacoustical bottom array. Special features of
acoustical signals related to bathymetric refraction have been analyzed as well.

I.V. Kalinyuk1, Zh. V. Malenko3, A.A. Yaroshenko2,3, A. I. D loh2

STRUCTURE OF SEISMOACOUSTIC FIELD OF PRESSURE CREATED
BY EXPANSION SOURCE IN ELASTIC HALF-SPACE

1Institute of Seismology and Geodynamics, Crimean Federal University
Russia, 295000, Simferopol, Studencheskay Street 20
2Sevastopol State University,
Russia, 299053, Sevastopol, Universitetskaya Street 33
3Admiral Ushakov Maritime State University (Sevastopol branch),
Russia, 299001, Sevastopol, Geroiev Sevastopolya Street 7 - 8/22
E-mail: isgik@mail.ru yaroshenko_e_a@mail.ru

The features of the spatial structure of the acoustic pressure field in the far
zone, created by an longer source in an elastic half-space, are described.

Katsnelson B.G., Petrov P.S.

WHISPERING GALLERY MODES IN HORIZONTAL PLANE IN
VICINITY OF CURVED ISOBATHS IN SHALLOW WATER

It is shown that in a shallow water acoustic waveguide it is possible to have
waves, propagating in vicinity of isobaths (whispering gallery waves/modes)/
Analytical estimations are done, results of numerical modeling are presented.
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G.N. Kuznetov, A.N. Stepanov

REGULARITIES OF WEAKENING OF VECTOR-SCALAR SOUND
FIELDS IN ZONES OF INTERFERENCE MAXIMA

Study of analytic dependencies that determine the law of attenuation of
sound pressure and orthogonal projections of the vector of the vibrational veloci-
ty of low-frequency signals formed in a waveguide in zones of interference maxi-
ma are determined with increasing distance.

V.A. Lisiutin, O.R. Lastovenko, A.A. Yaroshenko

A COMPARISON OF DISPERSION-DISSIPATIVE PROPERTIES OF
NORMAL MODES IN THE PEKERIS WAVEGUIDE IN THE CASE OF

LIQUID AND POROUS BOTTOM

Sevastopol State University
33 Universitetskaya str., Sevastopol, Russia, 299053
e-mail: vlisiutin@mail.ru

The simplest model of the bottom of the shallow water is a "liquid bottom",
with frequency-independent acoustic properties. More complex models: an elastic
bottom with losses, and the most complex model is a porous-elastic bottom. The
report is devoted to a comparison of the frequency dependences of the group ve-
locity of normal modes and modal attenuation coefficients for two bottom models:
liquid, and porous. The frequency dependence of the losses is extracted from the
experimental data published in the open press. The ranges of depths and frequen-
cies are revealed, in which the model of a simple liquid bottom is quite adequate.
It is shown that for broadband calculations, the account of the frequency depend-
ence of the phase velocity and the loss tangent is of fundamental importance.



XVI . . .  " ", XXXI 

383

D.V. Makarov

RANDOM MATRIX THEORY FOR ACOUSTICAL WAVEGUIDES
WITH LARGE-SCALE INHOMOGENEITIES

V.I. Il’ichev Pacific Oceanological Institute of FEB RAS
Russia, 690041 Vladivostok, 43 Baltiyskaya Str.
Phone.:+7 (423) 231-3081; E-mail: makarov@poi.dvo.ru

Problem of long-range sound propagation in the deep ocean is considered.
Presence of random horizontal inhomogeneity leads to stochastic exchange of
energy between modes of an acoustic wave field. If the background sound-speed
profile doesn’t change along a waveguide, this process can be described by
means of random matrix theory. This work represents a method allowing one to
use random matrix theory for waveguides with a slowly-varying background
sound-speed profile. An underwater sound channel with synoptic eddy within is
taken as an example.

D.S. Manulchev1, A.N. Rutenko1, V.E. Nechauk2, . Jenkerson2

MEASUREMENT AND SIMULATION OF PULSE ACOUSTIC FIELD
FORMED ON THE SHELF BY PILE DRIVING ON THE SHORE TO
ESTIMATE THE ACOUSTIC IRRADIATION LEVEL OF A GRAY

WHALE OBSERVED FROM THE SHORE

1 Pacific Oceanological Institute of Far Eastern Branch of Russian Academy
of Sciences of V.I.Il`ichev, Vladivostok, Russia
Tel.: (4232) 312120; Fax: (4232) 312573, E-mail: rutenko@poi.dvo.ru
2ExxonMobil, Houston, USA

The work presents an analysis of the low-frequency acoustic field formed in
summer conditions on the shelf by seismoacoustic pulses generated on the shore
by the impact of the copra on a foundation pile immersed in the ground. Based on
measurements, the 3-D model geoacoustic waveguide, corresponding to the pile
drive area, was constructed using the MPEs software package. The technique of
simulation of a pulsed acoustic field, formed on the shelf by pile driving on the
shore, is illustrated with the aim of constructing a cumulative acoustic irradiation
estimation received by a gray whale observed from the shore during pile driving.
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Yu.I. Papkova

MODELING OF GEOMETRIC INHOMOGENEITIES OF THE BOTTOM
ON THE BASIS OF THE CONJUGATION CYLINDRICAL AND

CONICAL SURFACES

Sevastopol State University
Russia, 299053, Sevastopol, str. Universitetskaya 33
E-mail: yulia.papkova@gmail.com

An analytical representation of the acoustic field of a point source located in
a waveguide with an inclined bottom in the form of a conical surface is obtained.
This solution is based on the conjugation of the solutions of the wave equation for
two regions: a finite region containing a conical bottom and an infinite region
with plane-parallel boundaries. Accuracy of the obtained solution is investigated
numerically by verifying of the conjugation conditions on the boundary of the
partial regions.

V.G. Ushchipovskiy, S.V. Borisov, A.N. Rutenko, . Jenkerson1

CONSTRUCTION OF 3-D MODEL GEOACUSTIC WAVEGUIDS USING
THE RESULTS OF EXPERIMENTAL AND THEORETICAL STUDIES

OF SOUND TRANSMISSION LOSSES ON THE SHELF IN THE AREAS
OF DEVELOPMENT OF HYDROCARBON DEPOSITS

V.I.Il’ichev Pacific Oceanological Institute FEB RAS
Baltiyskaya Street 43, Vladivostok 690041, Russia

l.: 8(423) 2312120; Fax: 8(423) 2312573, E-mail: victor.g.u@yandex.ru
1ExxonMobil: mike.jenkerson@exxonmobil.com

The technique of preliminary experimental and model studies of features and
losses in the propagation of acoustic signals with frequencies of 15-15000 Hz
along acoustic profiles with a lot of stationary points of receiving and radiation is
presented. As a rule, acoustic profiles extend from present or future industrial
facilities to traditional summer-autumn feeding areas of gray whales. When ana-
lyzing the acoustic data obtained in such experiments, the spatial bathymetry and
the distribution of sound speed in the water layer are known. The acoustic prop-
erties of the rocks composing the bottom are selected from empirical data and
agreement of the model values with the results of field measurements. Generali-
zation of measurement results to other hydrological conditions and the nearby
water area is carried out by constructing model 3-D geoacoustic waveguides.
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Yarina M.V., Grigorev V.A., Katsnelson B.G.

SPATIAL DATA PROCESSING FOR CROSS CORRELATION
FUNCTION CALCULATION OF NOISE IN SW06 EXPERIMENT

Cross correlation function for the noise measured by horizontal line array
and single hydrophones in the Shallow Water 2006 experiment. Anisotropy of
CCF in horizontal plane is established.
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SOUND SCATTERING AND REFLECTION

V.A. Bulanov, A. V. Storozhenko

ON THE RELATIONSHIP OF SOUND SCATTERING AND
DISTRIBUTION OF ZOPLANKTON IN THE UPPER LAYER

OF THE OCEAN

Results of acoustic researches in the Pacific and Indian oceans in 2003-
2004 are compared with the results obtained in Far Eastern seas in various years
from 2001 to 2017 and in the seas of the Eastern Arctic in 2013. Analysis of
sound scattering in the Sea of Japan and in Eastern Arctic has revealed a signifi-
cantly larger scattering of sound in the Eastern Arctic, perhaps due to the higher
concentration of plankton in the upper layers of the Arctic seas. It is found out,
that the daily migration of plankton in the Chukchi sea differs from the migration
in the Sea of Japan. It is showed that acoustic estimation of biomass coincides
with the results of biological measurements in situ..

A.A.Danilov, V.N. Kornienko*

DEPENDENCE OF THE QUALITY OF RECONSTRUCTION
OF SOUND SOURCE COORDINATE BY THE TIME

REVERSAL WAVES NUMERICAL METHOD
FROM ABSORBING PROPERTIES OF THE BOTTOM

N.N. Andreyev Acoustic Institute.  Shvernik Str. 4, Moscow 117036
Tel.: (499) 126-63-62.  E-mail: dalex46@mail.ru
* Institute of radio-engineering and electronics RAS Mokhovaya Str. 11,
Moscow 125009 Tel.: (495) 629-72-79 E-mail: korn@cplire.ru

The results of a study of the influence of the hydroacoustic characteristics of
the bottom surface on the quality of the reconstruction of the coordinates of a
point pulse source of sound by a numerical method of time reversal are present-
ed. It is shown that the improvement of the matching of wave impedances at the
interface between the "liquid medium and the bottom" leads to a narrowing of the
angular wave spectrum near the location of the receiving antenna, which, in turn,
worsens the source localization.
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I.B. Esipov1,2), G.V. Kenigsberger3), A.D. Chernousov2,3), O.E. Popov4)

MULTI-FREQENCY ACOUSTICAL RESEARCH
OF THE MARINE CURRENT

1) Gubkin State university of oil and gas, Moscow;
2) Andreyev Acoustics institute, Moscow;E-mail: igor.esipov@mail.ru
3) Institute of Ecology ASA, Sukhum, Abkhazia
4) Obukhov Institute of Atmosphere Physics of RAS, Moscow.

Results of the experimental research of special features of multi-frequency
acoustical signal, under it transversal propagation through the marine current
are presented. Acoustical signal, passing through the turbulent flow, begins fluc-
tuate both and it amplitude and phase. These fluctuations depend on relation be-
tween the turbulence spatial scale and Fresnel zone dimension for the acoustical
signal. Therefore, these fluctuations vary with the frequency of acoustical signal.
The research has been done in frequency band from 4 kHz to 19 kHz at the ma-
rine range of Sukhum Institute of Ecology Abkhazia Academy of Science.

Yu.M. Zaslavsky, V.Yu. Zaslavsky

THREE DIMENSIONAL NUMERICAL SIMULATION OF HYDRO AND
SEISMIC-ACOUSTIC WAVES BY SHELF BOTTOM PROFILING

Institute of applied physics Russian academy of science (IAP)
Russia 603950, Nizhny Novgorod, Ul’janov Str., 46
Tel.: (831) 436-4764; Fax:(831)436-5745 e-mail: zaslav@appl.sci-nnov.ru

3D numerical simulation results of hydro-acoustic and bottom seismic fields
generated by monopole source submerged in shallow water for seismic prospect-
ing on the shelf are presented.



XVI . . .  " ", XXXI 

388

A.N. Ivakin

BACKSCATTERING AND LONG-RANGE  REVERBERATION
IN SHALLOW WATER

Applied Physics Laboratory, University of Washington,
1013 NE 40th Street, Seattle WA 98105
Tel: (206) 616-4808, Fax: (206) 543-6785, E-mail: aniv@uw.edu

A small perturbation  model is developed to describe average intensity of re-
verberation in waveguides with rough interfaces. It is demonstrated  to be capa-
ble of providing  fast estimations  for broad-band  long-range  reverberation in
shallow water. An example  of its application  to analysis of experimental data is
presented for a Pekeris waveguide with rough sandy bottom.

Kleshchev A. A.

SOFT PROLATE SPHEROID IN PLANE WAVEGUIDE WITH HARD
ELASTIC BOTTOM IRRADIATED BY PULSE SOUND SIGNAL

Saint-Petersburg State marine technical University,
Lotsmanskayastr.,3, 190008, Saint-Petersburg, Russia
Tel: (812) 783-1546; E-mail: alexalex-2@yandex.ru

Based on the method of imaginary sources and imaginary scatterers is the
solution to the diffraction problem of sound pulse signals at ideal (soft) prolate
spheroid, put in the plane waveguide with the hard elastic bottom. In the work is
proved that with such a formulation of problems eliminated possibility of using
the method of normal waves because pulses are bundies of energy and can there-
fore only be distributed to the group velocity which is inherent in just the method
of imaginary sources. Calculations made in the article shoved that imaginary
sources with small numbers experiencing the effect of total internal reflection, as
the result of the reflection coefficient V  by the hard elastic bottom is complex and
the real part of V  is close to 1,0  which corresponds V absolutely hard bottom.
Found sequences of reflected pulses for the elastic hard bottom and the absolute-
ly hard bottom floor confirmed this approach. In the final part of the arti8cle on
the basis of the received results given by a solution (the method integral equa-
tions) is much more complex problem of the diffraction at the elastic non-
analytical scatterer, put in the plane waveguide witch the hard elastic bottom.
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O.I. Kosarev,  N.M. Ostapishin, A.K. Puzakina .

RADIATION IN THE FAR FIELD GENERATED BY AN OSCILLATING
FINITE FREE CYLINDRICAL SHELL

Blagonravov Mechanical Engineering Research Institute
of Rusian Academy of Sciences Moscow, 10199, Russia

A comparative study of two methods of calculating acoustic pressure in the
far field generated by the oscillating finite of the cylindrical shell is carried out.

V.A. Lisiutin

A COMPARISON OF FREQUENCY-ANGULAR DEPENDENCES OF
THE REFLECTION COEFFICIENT FOR THE BOUNDARY FLUID-

POROUS SEMI-SPACE IN THE FRAMEWORK OF THE THEORY OF
BIOT-STOLL AND BIOT + INTERGRUANULAR FRICTION

Sevastopol State University
33 Universitetskaya str., Sevastopol, Russia, 299053

The determination of dispersion-dissipative properties, vertical profiles of
normal modes, i. e. the space-time structure of an acoustic field in shallow water
conditions, requires the calculation of the frequency-angular dependences of the
reflection coefficient of a plane wave from the water-seabed interface. Historical-
ly, a number of bottom models have been developed: a liquid, elastic and porous-
elastic bottom. Within the framework of the model of the porous-elastic bottom,
the Bio-Stoll theory is used to calculate the reflection coefficients. The report
presents the results of calculating the reflection coefficients from the plane inter-
face between a fluid and a porous half-space in the framework of the modified
Biot + GS theory. In the theory of Biot + GS, marine sediments are considered as
a two-phase unconsolidated medium with intergranular friction.
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A.A. Lunkov

INTERFERENCE STRUCTURE OF LOW-FREQUENCY BOTTOM
REVERBERATION IN AN INHOMOGENEOUS SHALLOW WATER

WAVEGUIDE

A.M. Prokhorov General Physics Institute RAS
Russia, 119991 Moscow, Vavilov Str.,  38
Tel.: (499) 503-8384; Fax: (499) 135-8234;
E-mail: lunkov@kapella.gpi.ru

Variations of the bottom reverberation interference structure are studied for
an inhomogeneous shallow-water waveguide. Radiated and scattered sound fields
are described by mean of normal mode theory. Three types of inhomogeneities
are considered. They are sloping bottom, wind-driven surface waves and internal
waves. These inhomogeneities affect the bottom reverberation interference struc-
ture in their own manner and may be identified by analyzing bottom scattered
signals. The applicability of sound focusing with time-reversal mirror on a single
transceiver for increasing reverberation intensity is discussed.

K.P. Lwow, A.A. Fomin

EXPERIMENTAL ESTIMATION OF COHERENCE OF HIGH-
FREQUENCY BOTTOM REVERBERATION

JSC «Concern « ceanpribor»
 46 Chkalovsky Pr., Saint-Petersburg, Russia, 197376
 Tel: (7-911) 2734751; Fax: (7-812) 320 8052
 E-mail: k.lwow@mail.ru

The degree (measure) of coherence is estimated from the histograms of the
amplitude (envelope) of the bottom reverberation at the continuous wave (CW)
pulses transmission. Estimates are given for the Doppler log with the following
parameters – the frequency of 250 kHz, the 128 –ms –long CW pulses, reversible
receiving antenna on the scheme "Janus", the -3 dB  beam width of each of the
four antennas 3 degrees, the grazing angle 60 degrees. Studies were carried out
in the waters of Lake Ladoga at depths of more than 100 m with a ratio s/n >> 1.
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A.O. Maksimov, Yu.A. Polovinka

PECULIARITIES OF APPLICATION OF TIME-REVERSAL
EMISSIONAL ACOUSTIC SIGNALS FOR DIAGNOSTICS OF

CORRELATED SOURCES

The objective of this research is to study new methods for detecting under-
water gas leaks based on the use of focusing properties of an acoustic time-
reversal mirror (TRM). The development of our earlier results, which are valid
for detection of individual inclusions, consists in taking into account the correla-
tion properties of the bubbles. A description of the shape of the reversed signal
and the scattered field for two closely located bubbles is presented.

D.Razumov, M.Salin

NUMERICAL MODELING OF SOUND SCATTERING AT THE ROUGH
SURFACE OF WATER USING BOUNDARY ELEMENT METHOD

Institute of Applied Physics of the Russian Academy of Science
Russia.603155 Nizhny Novgorod, Ulyanova street,  building 46

We discuss how the scattering of sound at the infinite boundary can be cal-
culated by the model with a finite number of elements. Geometry of our problem
contains an infinite plane boundary with a finite area of deformation. We use
Hemholz integral equation on closed surface and we get the additional equation,
which also contain integration over finite surface only. Thus the problem can be
solved via boundary element method.

A.N. Rutenko

THE MODE PARABOLIC EQUATION TECHNIQUE FOR 3-D
SIMULATION OF PULSE ACOUSTIC FIELD FORMED ON THE SHELF

BY SEISMIC SURVEY SIGNAL

Pacific Oceanological Institute of Far Eastern Branch of Russian Academy
of Sciences of V.I.Il`ichev, Russia, Vladivostok, Baltiyskaya Street, 43
Tel.: (4232) 312120; Fax: (4232) 312573, E-mail: rutenko@poi.dvo.ru

The work illustrates the numerical simulation technique, based on mode
parabolic equation – MPE [1] obtained by generalized method of multiscale ex-
pansions for a layered medium with an arbitrary number of layers. Acoustic pulse
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field formed by a point source in 3-D inhomogeneous geoacoustic waveguide is
calculated in the approximation of interacting vertical modes and a narrow-angle
parabolic equation in the horizontal plane.

I.P.Smirnov1), A.I.Khil'ko1,2)

INVESTIGATION OF HIGH-FREQUENCY WIND WAVES
REVERBERATION AT MULTISTATIC VISION IN THE SHALLOW

WATER OSEANIC WAVEGUIDE

1) Institute of Applied Physics of the Russian Academy of Sciences
Ulyanov's street 46 N.Novgorod Russia, 603950,
Phone/fax: (831 436-9717; an E-mail: A.khil@appl.sci-nnov.ru
2)Nizhniy Novgorod State University of N.I. Lobachevsky

We analyze the functioning of high-frequency hydro acoustic system in-
tended for detecting of localized inhomogeneities in a shallow sea. In geometric
acoustic approach with taking into account Doppler effects representations for
additive noise, surface and bottom reverberations were developed. Distributions
of such parameters in the observed regions were calculated.

A.A. Tolchennikov, S.A. Sergeev, P.S. Petrov.

CALCULATION OF TIME SERIES FOR IMPULSE SIGNALS IN
SHALLOW SEA WITH PENETRABLE BOTTOM IN FRAME OF RAYS

THEORY

Institute for problems in mechanics RAS, Moscow, Russia
  prospect Vernadskogo, 101-1, 119526. tel. (495)433-75-44
Moscow institute of physics and  technology, Dolgoprudny, Russia
  Institutskii pereulok, 9, 141701.
V.I. Il`ichev Pacific Oceanological Institute, Vladivoctok, Russia
  Baltiyskays street, 43, 690041.
E-mail: tolchennikovaa@gmail.com, sergeevse1@yandex.ru,
petrov@poi.dvo.ru

The problem of impulse acoustic signals propagation in 2-dimensional shal-
low sea waveguide with penetrable bottom is considered. Using the generaliza-
tion of ray method, the approximation for time series of acoustic signal in a re-
ceiver is constructed.
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V.V. Uvarov1), V.I. Kalinina1), A.A. Khilko 2),
V.V. Kurin2), A.I.Khilko1,2)

ESTIMATION OF PARAMETRES OF UNDERWATER OBJECTS BY
MEANS OF CONTEXTUALLY DEPENDENT NEURAL NETWORKS AT

HYDROACOUSTIC VISION

1)Institute of applied physics of the Russian Academy of Sciences
Russia, 603950, N.Novgorod, Ulyanov's street, 46
Phone/fax: (831 436-9717; an E-mail: A.khil@appl.sci-nnov.ru
2) Nizhniy Novgorod state university of N.I.Lobachevsky

Possibilities of registration and processing of hydroacoustic signals are dis-
cussed at an underwater vision by means of neural networks with contextually
dependent parameters. With use of methods of numerical stochastic modeling
possibilities of performance of procedures are analyzed according to parameters
of objects with the set reliability.

Uzhanskii E.1, Katsnelson B.1, Lunkov A.2, Ostrovsky I.3

ESTIMATION OF THE GASSY LAYER PARAMETERS IN SHALLOW
WATER BASED ON ANGULAR AND FREQUENCY DEPENDENCE OF

THE REFLECTION COEFFICIENT OF BROADBAND SIGNALS

1L.Charney School of Marine Sciences, University of Haifa,
Israel, 3498838 Haifa
E-mail: euzhansk@campus.haifa.ac.il , bkatsnels@univ.haifa.ac.il
2 A. M. Prokhorov General Physics Institute, Russian Academy of Sciences,
38 Vavilova str. Moscow, 119991, Russia, E-mail: landr2004@mail.ru
3Israel Oceanographic & Limnological Research, Yigal Alon Kinneret
Limnological Lab., P.O. Box 447, Migdal 1495001, Israel
E-mail: ostrovsky@ocean.org.il

Results of experimental study and numerical modeling of the angular and
frequency dependence of low-frequency acoustic broadband signals for estima-
tion of gassy layer thickness in Lake Kinneret are presented.
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ACOUSTICAL OCEANOLOGY

Bibikov N.G., Makushevich I.V.

STATISTICAL CHARACTERISTICS OF HIGH-FREQUENCY
BIONOISES ON THE .BLACK SEA SHELF

JSE N.N. Andreev Acoustical Institute, Russia, 117036
Moscow, ul. Shvernika, 4. Phone: (499) 723-6311; Fax: (495) 126-8411,
 E-mail: nbibikov1@yandex.ru

We present the results of an analysis of the sounds generated by snapping
shrimps on the shelf of the eastern shore of the Black Sea. The most powerful
clicks were allocated. They were treated as a temporary point random process.
The process was analyzed by a variety of statistical methods, including those used
to assess fractality. The particular features of the statistical distribution of clicks
are demonstrated, which should be taken into account in any attempts to use
these signals to monitor the conditions of the ocean shelf, as well as to mask or
illuminate the sonar situation.

V.A. Bulanov

FEATURES OF THE SCATTERING AND ABSORPTION OF SOUND
AND ACOUSTIC NONLINEARITY IN THE UPPER OCEAN LAYER

AND SHALLOWSEA

V.I. Ilyichev Pacific Oceanological Institute
Far Eastern Branch of the Russian Academy of Sciences
Russia, 690041, Vladivostok, Baltic, 43
Phone: (423) 2374913; Fax: (423) 2311400, E-mail: bulanov@poi.dvo.ru

Results of researches of acoustic nonlinearity of sea water and the absorp-
tion of sound at different depths in situ are presented. A comparison of these local
acoustic parameters and coefficients of sound backscattering in the top layer of
the ocean to a depth of about 100 meters is discussed. It is shown that the acous-
tic characteristics change significantly with depth and the observed anomalies in
absorption and nonlinearity connected with the presence of heterogeneous inclu-
sions. It is discussed the possibility of predicting the distribution of acoustic non-
linearity and sound absorption in the ocean and in the shallow sea on the basis of
remote sensing data for backscattering of sound.
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1A.I. Vedenev, 2A.A. Lunkov, 1A.V. Shatravin, 1O.Yu. Kochetov

MEASUREMENTS OF THE HOVERCRAFT NOISE FOR ESTIMATION
OF ANTHROPOGENIC IMPACT ON ORNITHO- AND

ICHTHYOFAUNA OF RIVER URAL DELTA

1Shirshov Institute of Oceanology, Russian Academy of Sciences
  36, Nahimovskiy prospect, Moscow, Russia 117997
  Tel. (495) 380-4150, -mail: vedenev@ocean.ru
2A.M. Prokhorov General Physics Institute, Russian Academy of Sciences,
  38, Vavilov st., Moscow, Russia 119991
  Tel. (495) 503-8384, e-mail: lunkov@kapella.gpi.ru

 Parameters of the underwater acoustic waveguide in the channel of the
Ural river and on the shallow shelf of the Caspian Sea were estimated on the ba-
sis of transmission loss measurements. The waveguide model is used to estimate
and compare source levels and directionality of underwater (in the frequency
band 20 Hz-20 kHz) and airborne (in the frequency range up to 8 kHz) noise
emitted by a hovercraft vessel (HV) and other water jet and propeller-driven ves-
sels operating in the river. Airborne noise of the HV and underwater noise of a
water jet vessel exhibit high directionality. Estimated source levels for the HV
moving at low (up to 6 m / s) speed are 17-25 dB lower than the estimated source
levels of conventional vessels, while  the HV's airborne noise levels are 13-20
dBA higher than noise levels of other vessels.

G.I. Dolgikh, V.A. Chupin, I.O.Yaroshchuk

THE SOLUTION OF TOMOGRAPHIC TASKS BY MEANS OF THE
TOWED LOW-FREQUENCY HYDROACOUSTIC RADIATOR

V.I. Il'ichev Pacific Oceanological Institute FEB RAS
Russia, 690041 Vladivostok, 43 Baltiyskaya St.,
Ph.: (423) 2312598; Fax: (423) 2312573, E-mail: dolgikh@poi.dvo.ru

On the basis of the obtained experimental data, the principles of the solution
of a number of tomographic tasks by means of the towed low-frequency hydroa-
coustic radiator and a coastal laser strainmeter are considered. When towing
along the shelf the low-frequency hydroacoustic radiator generates complex
phase-manipulated signals with the frequency of 33 Hz (M-sequences) are regis-
tered by the coastal laser strainmeter after transformation on the seabed layers.
The chosen radiation mode allows obtaining a large stream of the experimental
data, registered by a laser strainmeter. Processing of the obtained experimental
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data with iteration of the obtained inversion results on each step is directed to
creation of a model of the earth's crust with a high resolution on horizontal and
vertical cuts.

V.P. Elistratov, G.N. Kuznetsov, N.P. Mel’nikov

INVESTIGATION OF THE DEPTH DEPENDENCE
OF SEA WATER’S CAVITATIONAL STRENGTH IN DIVERGENCE

AND CONVERGENCE ZONES

The physical dependences on the depth of the thresholds for the onset of
acoustic cavitation, measured in the divergence and convergence zones, are in-
vestigated. It has been established that when the water rises due to the prelimi-
nary «compression» of the embryos, the strength of the water and the cavitation
thresholds increase in comparison with the zones where water penetration is ob-
served. The connection between the regimes of the appearance of acoustic and
hydrodynamic cavitation is noted.

N.A. Zavolsky, M.A. Raevsky

INFLUENCE OF SCATTERING EFFECTS ON THE ANGULAR
SPECTRUM OF DYNAMIC NOISE IN THE OPEN SEAHORIZONTAL

IAP RAS, Nizhny Novgorod, Russia

Theoretical research of horizontal anisotropy of dynamic ocean noise is
conducted. It is shown that the anisotropic distribution of oceanic noise owing to
effect of its scattering by wind waves. The dependence of the noise anisotropy on
the mode number and wind speed is discussed.

M. P. Ivanov, V. E. Stefanov

 ACOUSTIC COMMUNICATION OF DOLPHINS.
Results of laboratory experiments

St. Petersburg State University, Faculty of biology, St. Petersburg,
Russia, 199034, Universitetskaya nab., 7/9; Tel.: + 79119425478,
-mail.ru: 20mivanov@mail.ru;   m.p.ivanov@spbu.ru

 Results of the experiments of the past years on the study of dolphin commu-
nication, their detailed analysis, advantages and disadvantages are presented. It
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is demonstrated on the basis of the analysis why that research trend is risky. An-
imal communication is a segment in Psychology and Physiology dealing with the
study of cognitive functions which generates an entirely new vector aimed at
search of Psychophysiological methods. The experiment on the study of cognitive
functions is described in detail. Shown are fragments of 3D animation of animals’
work supporting the communication process. The analysis of errors in registra-
tion of echolocation and communication signals is performed. Checking a dol-
phin in the "mirror" test, commensurate with “him” in size, showed that the ani-
mal sees the opponent but does not identify “himself”’ in the mirror. Signals
emitted by the dolphin in the direction of the image in the mirror are identified as
danger signals. Images transmitted by the dolphin from with the underwater Web
cams to the underwater display are not perceived   by the animal as a small copy
of “himself”’. It is assumed that the dolphin, seeing a moving image on a small
screen, takes the image for a cub. Dolphin signals, emitted in response to the ap-
pearance of the image on the screen, are well readable and identified as “tender
signals” addressed to the cub.

M. P. Ivanov, C. N. Butov, Y.A. Tolmachev, V. E. Stefanov

The registration of communication signals of dolphins by multi-channel
broadband complex

St. Petersburg State University, Faculty of biology, St. Petersburg,
Russia, 199034, Universitetskaya nab., 7/9; Tel.: + 79119425478,
-mail.ru: 20mivanov@mail.ru;   m.p.ivanov@spbu.ru

The results of registration of dolpnins’ bioacustic activity under laboratory
experiment conditions with the provocation of communication interaction are
presented. Signals were recorded by a new set of broadband digital recording
systems on three channels. The complex is run by the computer fit-PC with Win-
dows operating system and program of digital recording PowerGraph 600 kHz.
In the process of verification of the complex, paradoxical signals with frequency
of toothed whales stripe above 200 kHz are obtained. The records obtained are
well deciphered and unambiguously linked with the provocation of acoustic
communication behavior. Provided are the parameters of communication series,
consisting of a sequence of acoustic packages of varying duration. Packages con-
sist of broadband pulses with pulse modulation time (~ 1 ÷ 100 ms).Stable tempo-
rary structures in packages of pulses are limited by the set of three packages.
Dedicated acoustic series communication signals are formed from combinations
(repetition and permutations) of these packages on the time axis. The use of new
methods of teaching experiment of communication and new technologies multi-
channel broadband records gave the ability to accurately interpret communica-
tion signals in time domain: number of pulses in the packages associated with the
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duration of the package; the time interval between batches is variable; packages
consisting of pulses with different spectra are generated asynchronously and var-
ious radiation sources.

B. Klyachin

LAKE BAIKAL LOW FREGUENCY NOISE FIELD

Moscow City Psychological-Pedagogical University29 Sretenka Street,
Moscow, 127051. Phone: (909)640-66-09. E-mail: klboris@rambler.ru

The numerous unique characteristics of Lake Baikal are widely known. In
this research we will look at one more, which seems to be a unique quality of the
lake: the low-frequency noise field of Baikal is very similar to the low-frequency
noise field of the deep ocean. The calculation of deep lake noise is conducted in
the summer. A thorough comparison of the main characteristics of low-
frequencies in the deep ocean and in the Lake Baikal is presented in the research.

A.V. Kosheleva, R.A. Korotchenko, A.A. Pivovarov, A.N. Samchenko,
A.N. Shvyrev, I.O. Yaroshchuk

EXPERIMENTAL LOW-FREQUENCY HYDROACOUSTIC STUDIES IN
THE PETER THE GREAT BAY, THE SEA OF JAPAN

Federal state budgetary institute of science V.I.Il`ichev Pacific
Oceanological Instituteof Far Eastern Branch of Russian Academy of Sci-
ences,  43, Baltiyskaya Street, Vladivostok, 690041, Russia
Phone: (423)231-2617; fax: (423)231-2573.  E-mail: kosheleva@poi.dvo.ru

The paper deals with the results of hydroacoustic experimental studies in the
Peter the Great Bay of the Sea of Japan carried out in May and October, 2016.
Low-frequency hydroacoustic radiators with a carrier frequency of 22 and 33 Hz
were used in these studies; the signals were registered by means of the autono-
mous hydroacoustic stations (AHS), which were synchronized in time. The group
velocities of different modes, obtained during measurements, make it possible to
estimate the geoacoustic properties of the bottom.
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.S. Krasulin, .S. Shurup

FUNCTIONAL SOLUTION OF OCEAN TOMOGRAPHY PROBLEM
WITH MODE COUPLING

Faculty of Physics, M.V. Lomonosov Moscow State University
Leninskie Gory, Moscow, Russia 119991

. (495) 939-3081, -mail: shurup@physics.msu.ru

The solution of the non-adiabatic ocean mode tomography problem is con-
sidered on the basis of the Novikov-Santaceria functional-analytical algorithm.
The regarded approach does not require neither the linearization of the model
and the construction of perturbation matrices, nor iterations and the involvement
of additional regularization procedures, which makes it promising to study capa-
bilities of this algorithm in acoustic tomography problems. The algorithm is
based on the use of sufficiently rigorous integral equations that allow one to re-
calculate the scattering data, measured at the boundary of the tomography re-
gion, into estimates of the characteristics of the medium taking into account the
effects of nonadiabatic propagation of mode signals. The results of numerical
simulation are presented.

G.N.Kuznetov

ESTIMATION OF REDUCED NOISE OF MOVING SOURCES
ON THE BASIS OF IDENTIFICATION OF AN ACOUSTIC MODEL

OF THE SEA BOTTOM

With the use of the developed soil model and absolutely calibrated radiators,
a forecast of the sound pressure recalculated to the radiation point with an error
of no more than 2–2.5 dB is made. The accuracy of the forecast of the sound
pressure converted to free space increases when measurements are made in zones
of interference maxima.
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M.S.Labutina1, A.I.Malekhanov2, A.V.Smirnov2

INFLUENCE OF CORRELATION CHARACTERISTICS OF PARTIAL-
COHERENT SIGNALS ON THE SELECTION OF QUASI-PRIMARY

METHOD OF SPATIAL PROCESSING

1Lobachevsky State University of Nizhny Novgorod, Russia
2IAP RAS, Nizhny Novgorod, Russia

In this paper we investigate the effect of the attenuation of the spatial coher-
ence of a signal propagating in a randomly inhomogeneous channel on the gain
receiving antenna under various methods of spatial signal processing against
isotropic noise. The main attention is paid to the comparing the efficiency of qua-
si optimal methods in a wide range of parameters characterizing the coherent
properties of the signal at the antenna input and to the analysis of those situa-
tions in which these methods are closest to optimal processing.

V.A. Lisiutin

ABOUT ACOUSTIC PROPERTIES OF MARINE SEDIMENTS.
CONNECTION OF FLOWS TO THE GS  INTERGRAINULAR

FRICTION THEORY

Sevastopol State University
33 Universitetskaya str., Sevastopol, Russia, 299053
e-mail: vlisiutin@mail.ru

In the layer of unconsolidated marine sediments, elastic waves of two types
can propagate: compression and shear. The acoustic properties of these waves
are phase velocities, attenuation coefficients and their frequency dependences. M.
Buckingham developed a GS theory that explains the propagation and attenua-
tion of elastic waves in sediments by friction between particles. In GS theory, deal
with is considered as a single-phase medium, and only "internal friction" is taken
into account. A modification of the GS theory is presented, which consists in con-
necting the fluid flow capability, i.e. viscous friction. A new equation of state for
a two-phase unconsolidated medium is derived. The substitution of this equation
of state into the dispersion relation of the GS theory leads to a quadratic equa-
tion, the roots of which give the wave numbers of two types of waves - fast and
slow compression waves in an unconsolidated medium with internal friction. The
theory presented is called GS + F.
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V.A. Lisiutin

ABOUT ACOUSTIC PROPERTIES OF MARINE SEDIMENTS.
CONNECTION OF THE INTERGRANULAR FRICTION TO THE BIOT-

STOLL THEORY

Sevastopol State University
33 Universitetskaya str., Sevastopol, Russia, 299053
e-mail: vlisiutin@mail.ru

The most famous theory of the propagation of elastic waves in marine sedi-
ments is the Biot-Stoll theory. The Biot-Stoll theory is a two-phase theory, but it
considers sea sediments as an elastic, skeleton-consolidated medium. From these
positions, flaws also result - a discrepancy between the frequency dependence of
the dissipation given by the theory and the results of the experiments. The renova-
tion of the Bio-Stoll theory, based on two positions on the medium, is proposed:
the unconsolidated medium is assumed to be micronelinear, which leads to new
expressions for the Biot macro-coefficients; it is assumed that not all of the fluid
moves apart from the solid phase, and some of it is trapped in nonconnecting
pores. On the basis of these propositions, new expressions are derived for the
Biot macro-coefficients and for the wave numbers of longitudinal waves of the
first and second kind and the transverse wave. The presented theory is called
Biot + GS.

V.A. Lisiutin, O.R. Lastovenko, A.A. Yaroshenko

EVALUATION OF THE CONTRIBUTION OF INERTIAL
INTERACTION OF PHASES IN UNCONSOLIDATED

MARINE SEDIMENTS

Sevastopol State University
33 Universitetskaya str., Sevastopol, Russia, 299053

The report presents the results of a comparison of the modified theory of
Biot + GS with the data of measurements of the frequency dependence of the
damping of a shear wave, from which it follows that the inertial interaction of
phases in an unconsolidated medium is either completely absent or does not ex-
ceed 10% of the predicted by the Bio-Stoll theory.
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V.A. Lisiutin, O.R. Lastovenko, A.A. Yaroshenko

RHEOLOGICAL MODELS OF INTERGRANULAR CONTACT IN
UNCONSOLIDATED MARINE SEDIMENTS

Sevastopol State University, 33 Universitetskaya str.,
Sevastopol, Russia, 299053.  e-mail: vlisiutin@mail.ru

At present two theories compete in the acoustics of marine sediments the
theory of Biot-Stoll extended by N. Chotiros and M. Kimura and the VGS theory
of M. Buckingham. The Biot-Stoll theory is based on an elastic model of inter-
granular contact. VGS theory assumes a nonlinear contact model. In this paper,
the alternative model of the contact model used in GS (the generalized model of
Kelvin-Voigt), based on the mathematical apparatus of fractional derivatives, is
considered. An improved model (the generalized model of Zener) is proposed,
where the viscous fluid influence filling the pores is taken into account within the
framework of the concept of frequency-dependent volumetric elasticity of the me-
dium.

V.A. Lisiutin, O.R. Lastovenko, A.A. Yaroshenko

A COMPARISON OF THE CURRENT ELASTIC WAVE
PROPAGATION THEORY RESULTS  IN MARINE SEDIMENTS

WITH EXPERIMENTAL DATA

Sevastopol State University
33 Universitetskaya str., Sevastopol, Russia, 299053

The results of comparison of GS, VGS, GS + F and Biot + GS theories with
measurement data taken from the open press are considered.

V.A. Lisiutin, D.B. Tatarkov

PIONEER-M – SMALL TONNAGE SHIP FOR RESEARCHING
RESOURCES OF THE SHALLOWSEA

Sevastopol State University
33 Universitetskaya str., Sevastopol, Russia, 299053

The report is devoted to the presentation of a small-tonnage ship project for
the study of shallow-water resources.
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P. Yu. Mukhanov 1, I.R. Sabirov 1, S.N. Sergeev 1,2, A.S. Shurup 1,2

THE SIMULATION OF THE NOISE MUTUAL CORRELATION
FUNCTION INVERSION IN SHALLOW SEA

1 Department of acoustics, Faculty of Physics, M.V.Lomonosov Moscow
  State University. Moscow 119991, Russia. E-mail: shurup@physics.msu.ru
2 Shirshov Oceanology Institute of the Russian Academy of Sciences,
  Moscow 117218, Russia.

The numeric calculation results of the tomography problem simulation by
use of the ocean noise correlation data are discussed. The single hydrophones
instead of vertical arrays are situated in a small distance (approximately 1 km).
The Pekeris waveguide model is used for sound propagation calculations. The
results of the simulation are compared with the experiment data.

V. E. Nechayuk2, D.S. Manulchev1, A.N. Rutenko1

CONSTRUTION OF THE HORIZONTAL DIRECTIONAL DIAGRAM
OF THE TYPICAL SEISMIC SURVEY EMITTING COMPLEX BY

SPATIAL MEASURMENTS ON THE SHELF

1 Pacific Oceanological Institute of Far Eastern Branch of Russian
Academy of Sciences of V.I.Il`ichev, Vladivostok, Russia
Tel.: (4232) 312120; Fax: (4232) 312573, E-mail: rutenko@poi.dvo.ru
2ExxonMobil Exploration Company, Houston, USA

This paper presents analysis of directional dependence of SEL of seismic
pulses generated by an air gun array in shallow water. The directivity diagram
was constructed using the data recorded by the acoustic monitoring program
during the 3D seismic survey conducted by ENL in 2015 on Sakhalin shelf and
compared to the theoretical modelled directivity diagram of the same array.
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A.N.Serebryany1,2, G.V. Kenigsberger3, V.P. Elistratov3,
E.E. Khimchenko1, O.E.Popov4, L.L. Tarasov2

PECULIARITIES OF HYDROPHYSICAL PHENOMENA
ON THE SHELF OF ABKHAZIA:

RESULTS OF OBSERVATIONS OF LAST YEARS

1Shirshov Institute of Oceanology RAS, Russia, 117997 Moscow,
   NakhimovskiyPr., 36.  Phone: (499) 124-5996; Fax: (499) 124-5983
E-mail: ekhym@ocean.ru
2Andreyev Acoustics Institute, Russia, 117036 Moscow, Shvernik Str., 4
  Phone: (499) 723-6300; Fax: (499) 126-8411
3Institute of Ecology of the Academy of Sciences of Abkhazia
  Republic of Abkhazia, Sukhum, Krasnomayatskaya Str. 67
4Obukhov Institute of Atmospheric Physics, RAS,
  Russia, Moscow, Pyzhevsky per., 3

The report summarizes the results of long-term observations of the variabil-
ity of the parameters of the marine environment, which for several spring-
summer seasons were conducted on the Abkhazian shelf of the Black Sea. The
greatest attention was paid to the peculiarities of the processes of the coastal
zone of the sea, caused by the big steepness of the slope.

A.N. Serebryany1,2, B.G. Katsnelson3, L.L.Tarasov2,
E.Uzhansky3, I. Ostrovsky4

NEW RESULTS OF MEASUREMENTS OF THE SYSTEM OF
CURRENTS AND  INTERNAL WAVES IN THE GALILEY SEA

1Shirshov Institute of Oceanology RAS, Russia, 117997 Moscow,
   NakhimovskiyPr., 36.  E-mail: serebryany@hotmail.com
2Andreyev Acoustics Institute, Russia, 117036 Moscow, Shvernik Str., 4
  Phone: (499) 723-6300; Fax: (499) 126-8411
3University of Haifa, Haifa, Israel
4Oceanographic and Limnological Research, Haifa, Israel

The report presents the results of measurements of currents and internal
waves in Lake Kinneret, carried out in November 2016. With the help of ADCP, a
system of currents in the form of a cyclonic vortex was detected along the entire
water area of the lake. During the period of magnification of the eastern wind,
there was an intensification of internal waves in the lake.
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E. Khimchenko1, A. Serebryany1,2

OBSERVATIONS OF INTERNAL WAVES AND INTERNAL BORES
ON THE SHELF OF THE BLACK SEA

1Shirshov Institute of Oceanology, Russian Academy of Sciences
2Andreyev Acoustics Institute JSC

The results of long-term observations of internal waves on the Crimean and
Caucasian shelves of the Black Sea from stationary platforms for the period from
2011 to 2016 are summarized and analized.

A.V. Shatravin, O.Yu. Kochetov

TEMPORAL VARIABILITY OF THE ACOUSTIC CHANNEL
TRANSFER FUNCTION IN A COASTAL REGION OF THE BLACK SEA

FROM THE PERSPECTIVE OF PARTICULAR UNDERWATER
COMMUNICATION ALGORITHMS

Shirshov Institute of Oceanology, Russian Academy of Sciences
36, Nahimovskiy prospekt, Moscow, Russia, 117997
Tel.: (499) 124-5996; Fax: (499) 124-5983, E-mail: ashatravin@ocean.ru

We assess temporal variability of the underwater acoustic channel impulse
response near the Blue Bay (Gelendzhik region) in the Black Sea in October
2015. Two autonomous hydroacoustic stations synchronized with use of GPS
were deployed approximately 1 km apart at ~36 m water depth. During 43 hours
the stations repeatedly transmitted a probing signal binary phase modulated by
an m-sequence of 2047 symbols at the carrier frequency of 10 kHz. Each symbol
consisted of 5 carrier periods. The impulse response in the frequency band of the
experiment was estimated by means of cross-correlation of received signals with
a replica of the transmitted signal. We analyze the influence of temporal variabil-
ity of the impulse response (largely, caused by variability of the current velocity)
on performance of underwater communication algorithm based on phase modula-
tion and intersymbol interference compensation in the time domain.
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V.A. Shchurov, A.S. Ljashkov

MOTION OF VORTICES OF ACOUSTIC INTENSITY
IN SHALLOW SEA WAVE-GUIDE

Federal State Budgetary Institute of Science Pacific Oceanological Institute
named after V.I. Il'ichev of the Far Eastern Branch of the Russian Academy
of Sciences.  43 Baltiyskaia str., Vladivostok city, zip code 690041,
E-mail: shchurov@poi.dvo.ru

Experimental researches of vortical structures vector acoustic intensity in
shallow sea waveguide. Found regular vibrational offset vortexes regarding
combined phase center of the receiver in the direction along the axis of the wave-
guide. The results of the studies are original and should be taken into account in
the actual models of small sea.
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ENGINEERING EQUIPMENT, SIGNAL PROCESSING

. Bakulin, G.N. Kuznetsov, V.P. Maslyanyi

INVESTIGATION OF THE CHARACTERISTICS OF THE AQUATIC
ENVIRONMENT AND ORIENTATION IN THE SPACE OF THE

TOWED VECTOR-SCALAR ANTENNA

Technical description and results of field studies of methods for simultane-
ous measurements of sound velocity and water temperature, as well as depth, true
direction finding and orientation of a vector-scalar antenna in three-dimensional
space are given. The tests were carried out in a towing mode using a compact
multifunctional complex, including a hydrophysical block, orientation blocks and
direction finding equipment.

A.L. Brekhovskikh, O.V. Greenberg, E.I. Evsenko, M.S. Klyuev, S.V.
Olkhovsky, I.Ya. Rakitin, A.E. Sazhneva, A.A. Shrader, A.A. Schrader

DEVELOPMENT OF THE TECHNOLOGY FOUNDATION OF
STUDYING THE OBJECTS OF THE CULTURAL HERITAGE, BURNED

IN THE UNCONSOLIDATED BOTTOM SEDIMENTS BY THE
METHOD OF THE PARAMETRIC PROFILOGRAPH WITH THE USE

OF SATELLITE NAVIGATION DATA

The foundations of technology for explorations of cultural heritage sites bur-
ied in bottomless unconsolidated sediments using the parametric profilograph
method and satellite navigation data are considered.

Vjuginova A. A.1), Novik A. A.2), Vjuginov S. N. 2), Lbov A. A.2)

DEVELOPING OF ULTRASONIC SYSTEM FOR CLEARING OF
WATER RESERVOIRS FROM MICROBIOLOGICAL IMPURITIES

1) Saint Petersburg Electrotechnical University "LETI", St. Petersburg;
2) LLC «Ultrasonic technique - INLAB», St. Petersburg;
Tel.:(812)329-49-61;Fax: (812)329-49-62;E-mail: alenanovik@rambler.ru

Cyanobacteria blossom and formation of algae film at the water surface of
natural and artificial reservoirs are serious problems. Toxins of blossoming algal
flora are harmful for plants, microorganisms, fishes, they are potentially danger-
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ous for human and are cancerogenic. Algal film contaminates water reservoirs,
making its practical use more difficult or impossible. Large number of researches
devoted to ultrasonic influence on different algae types confirms that ultrasound
can not only destruct blue-green algae, significant part of green algae types,
eliminate growth of different algae flora types but also can destruct toxins pro-
duced by it. Proposed intelligent ultrasonic complex for inactivation of algal flo-
ra in water reservoirs consists of two parts: the first is transportable tank with
installed original multi-channel ultrasonic equipment, which provides high-
effective treatment of water in frequency range from 20 to 100 kHz, and appa-
ratus for telemetry control of ultrasonic equipment and monitoring of water and
air condition. The second part is stationary system of control and monitoring.
This complex will allow optimization and increasing of efficiency for ultrasonic
treatment of water reservoirs in specific cases providing ecologically and envi-
ronmental friendly method on algal flora inactivation which is absolutely safety
for fishes, birds and human.

G.M. Glebova, G.N. Kuznetov

COMPARISON OF THE EFFICIENCY OF SUPPRESSION
OF ACOUSTIC NOISE FROM A CARRIER ON TOWED SCALAR

OR VECTOR-SCALAR ANTENNAS

The spatial responses of the scalar and vector-scalar antennas (CA and
VCA) are studied. It is established that the noise of the carrier is the main source
of interference on towed antennas. It is shown that the use of multichannel VCA
not only ensures unidirectional reception, but also suppresses the side field and
interference from the carrier much more efficiently than the CA with the same
aperture and an equal number of elements.
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B.I. Goncharenko1, .I. Vedenev2, .S. Shurup1,2

FIELD MEASUREMENTS OF VECTOR-PHASE STRUCTURE OF
ACOUSTIC FIELD IN SHALLOW WATER

1 Faculty of Physics, M.V. Lomonosov Moscow State University
Leninskie Gory, Moscow, Russia 119991

. (495) 939-3081, -mail: shurup@physics.msu.ru
2 Shirshov Institute of Oceanology, Russian Academy of Sciences
36, Nahimovskiy prospect, Moscow, Russia 117997

. (495) 380-4150, -mail: vedenev@ocean.ru

The results of the field experiment on measuring the vector-phase structure
of an acoustic field in a shallow water are presented. Simultaneous recording of
the sound pressure and three mutually orthogonal components of the particle
velocity was carried out using a sound pressure receiver and a vector receiver.
The tone signals were measured from the towed source. The results of measure-
ments of the noise signal from a vessel, passing near the location of the combined
receiver module, are also presented. The values of relative sound pressure levels
and three components of the particle velocity for different distances to the source
are estimated.

S. Gorovoy

STUDY OF THE CHARACTERISTICS OF NONLINEARITY
AND NON-GAUSSIANITY OF SEA NOISE

Far Eastern Federal University
8 Sukhanova St., Vladivostok 690090, Russia
tel. (232) 265-2424; E-mail: GorovoySV@mail.ru

The results of the study of temporal variability of the shallow sea noise
bispectrums are presented. According to bispektrums, the characteristics of tem-
poral variability of nonlinearity and non-gaussianity of sea noise are evaluated
by means of the method proposed by M.J. Hinich. It is shown that as a model of
noise signals studied in the paper on output of narrowband filters at the signifi-
cance level 0.05 can be used Gaussian random process, at expansion of the
bandwidth — linear non-Gaussian random process, with further bandwidth ex-
pansion, is a nonlinear non-Gaussian random process.
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G.I. Dolgikh1, A.F. Scherbatyuk2

MOBILE HARDWARE AND SOFTWARE COMPLEX FOR THE
RESEARCH OF STRUCTURE HYDROPHYSICAL FIELDS OF SHELF

1V.I. Il'ichev Pacific Oceanological Institute FEB RAS
Russia, 690041 Vladivostok, 43 Baltiyskaya St.,
Ph.: (423) 2312598; Fax: (423) 2312573, E-mail: dolgikh@poi.dvo.ru
2Institute of Marine Technology ProblemsFEB RAS
Russia, 690091 Vladivostok, 5a Sukhanov St.,
Ph.: (423) 2432416; E-mail: scherba@marine.febras.ru

On the basis of modern technologies, a hardware and software complex is
created, consisting of a coastal system of laser strainmeters and an autonomous
uninhabited underwater vehicle, equipped with a highly sensitive hydroacoustic.

Kerzhakov B. V., Kulinich V. V.

RESEARCH OF EFFICIENCY OF RECEPTION OF COMPLEX
SIGNALSIN THE UNDERWATER SOUND CHANNEL

Institute of Applied Physics RAS, 46 Uljanova str., Nizhni Novgorod
603950, Russia, Tel. :(8312) 365745;, E-mail: kul@appl.sci-nnov.ru

The paper investigates the possibility of increasing the efficiency of recep-
tion of complex signals in underwater sound channel based on the selection of
their basic parameters. For specific characteristics of the channel presents the
results of quantitative estimations of carrier frequency, frequency bandwidth and
duration of signals, providing the required characteristics of the noise immunity
under limiting of the power of radiation source.
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D.G. Kovzel

DEVELOPMENT OF HARDWARE AND ALGORITHMS OF AN
COUSTIC COMMUNICATION EQUIPMENT

FOR "SHELF-14" BOTTOM STATION

V.I. Il’ichev Pacific Oceanological Institute,
43, Baltiyskaya Street, Vladivostok, 690041, Russia
Phone: +7 (4232) 31-2120, E-mail: dgk06@mail.ru

A brief description of the equipment for acoustic communication of the bot-
tom stations "Shelf-2014" and the tasks it solves is presented. The development of
hardware is considered taking into account the 3-year experience of practical
work in the sea. A review is made of the applied algorithms for processing the
acoustic signal and the results obtained.

Korenbaum V.I., Gorovoi S.V., Kostiv A.E., Shiryaev A.D.,
Borodin A.E., Dorozhko V.M., Fershalov A.Yu.

POSSIBILITIES OF REMOTE MONITORING HEALTH STATUS AND
MOVEMENTS OF A SCUBA DIVER BY RESPIRATORY NOISES

EMITTED INTO WATER

V.I. Il’ichev Pacific Oceanological Institute, FEB RAS,
Vladivostok, Russia, v-kor@poi.dvo.ru

Remote monitoring the health status of scuba divers and tracing their
movements in a limited water area are necessary to ensure diving safety. Own
breathing noises, emitted by diver into water, may be used here. In the hydroa-
coustic basin the powerful signals with a repetition rate corresponding to the
respiratory rhythm of open-circuit scuba diver are recorded by hydrophones.
When registering respiratory noise of scuba diver in the real sea submersions
against the background noise, it is possible to trace on the spectrograms the
acoustic signs of breathing maneuvers associated with the noise of emerging
bubbles at distances up to 100-200 m. These acoustic signs allow one to observe
the movements of diver by determining the delays of maxima of the cross-
correlation function. Trails of such delays in correlograms can be traced at dis-
tances up to 300m.
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KostivA.E., KorenbaumV.I.

ABOUT APPLICATION OF ACOUSTIC SIGNALS ACCOMPANYING
THE FUNCTIONING OF BREATHING APPARATUS OF VARIOUS

TYPES, REGISTERED UNDER A DIVING SUIT, TO MONITOR THE
HEALTH STATUS OF DIVERS

V.I. Il’ichev Pacific Oceanological Institute, FEB RAS,
Vladivostok, Russia. kostiv.anatoly@gmail.com

The monitoring of the health status of divers is necessary to ensure the safety
of an underwater submersion. Own diver breathing noises, registered under a
diving suit, may be used for this purpose. Diving breathing apparatus of known
types are distinguished by the predominance of various acoustic effects. Although
a variability of emission levels of the respiratory apparatus of the same type,
when used by different divers, depending on the settings and qualification, can
reach 20 dB, it does not interfere with assessing the breathing rhythm and the
ratio of the respiratory maneuver phases in breathing apparatus of any type.

Kochetov O.J.1, Smirnov P.N.2

4-CHANNEL HIGH-SPEED DIGITAL RECORDER

1 P.P.Shirshov Institute of oceanology RAS,Russia, 117997, Moscow,
Nakhimovsky  pros-t, 36. Tel.:+7 (916) 129-4044, E-mail:ok@noiselab.ru
2JSC «NPP AKMA», Russia, 117036, Moscow, Shvernikast., 4
Tel.: +7 (495) 228-1907, E-mail:akma@npo-akma.ru

A prototype of high-speed 4-channel digital recorder for autonomous hydro-
acoustic buoys is presented. Technical specs and key features of the device are
described. Some preliminary results of laboratory tests are shown. This research
was performed in the framework of the state assignment of FASO Russia (theme
No. 0149-2018-0010), supported by RFBR (project No. 16-29-02036).
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P.N. Kravchun

ON CALCULATION OF LINEAR HYDROACOUSTIC ANTENNAS
DRIFTING ON 3D-NONUNIFORM UNDERWATER CURRENTS

Faculty of Physics, Moscow State University, Leninskiye Gory,
119991, GSP-1, Moscow, Russia.  Tel.: +7-495-939-3844;
Fax: +7-495-932-8820;  E-mail: gedackt@mail.ru

The drifting linear hydroacoustic antennas on 3D-nonuniform underwater
currents are considered. Antennas represent non-uniform cable systems with a
number of  hydrophones.  A new method of calculation of spatial configuration,
tension, directivity pattern of antenna, velocity and direction of its drift is pro-
posed. Methods of increasing of the spatial stability of the drifting antennas are
discussed in order to stabilize their work in the real ocean.

Yu.S. Kryukov, E.O. Cherepanov

SOFTWARE FOR PROCESSING HYDROACOUSTIC SIGNALS,
MODELING AND REMOTE EVALUATION OF THE COORDINATES

OF THE TRIGGERING OF UNDERWATER PULSED SOURCES

FSUE «Research Institute of Applied Acoustics». Dubna, Moscow Region,
141981, Russia. E-mail: kryukov@niipa.ru, evgeny.cherepanov@niipa.ru

The problem of modeling and remote evaluation of the triggering coordi-
nates of an underwater pulse source is considered on the basis of the determina-
tion of the timing of the arrival of signals to the hydrophones of the beacon at
spatially separated points with known coordinates. The results of experiments in
the conditions of the Ladoga Lake and the Black Sea are present.
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E.B. Kudashev, L.R. Yablonik

MEASUREMENT OF FLOW NOISE DURING ACOUSTIC
INTERFERENCE

Space Research Institute, Russian Academy of Sciences
Profsouznaya Str. 84/32, Moscow, 117997, Russia
Email: kudashev@iki.rssi.ru, yablonik@gmail.com

In this paper, we consider the methods and measuring devices for experi-
mental studies of fields of turbulent pressure fluctuations in the presence of
acoustic noise. The formation of the signal of a noise compensated receiver and
the efficiency of the acoustic noise suppression method are investigated. Numeri-
cal analysis has shown that the possibilities of suppressing acoustic low-
frequency noise increase with an increase in the ratio of diameters of basic and
compensating elements of acoustical transducer.

Kuzin D.A., Statsenko L.G.

REAL-TIME AUDIO SIGNAL PROCESSING FOR COMMUNICATION
CHANNELS TRANSMISSION

Far Eastern Federal University, Vladivostok

Real-time signal processing applications requires considerable computing
resources and unique approaches to software development. This paper describes
prototype development of system, which perform real-time audio recording, allo-
cation an effective signal, compression and transmission to communication chan-
nel. LabVIEW 15 is used as development environment and myRIO-1900 with
FPGA module is used for prototyping the device. Python programming environ-
ment is used as an additional resource.
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V.M. Kuz’kin1, S.A. Pereselkov2, G.N. Kuznetsov1, I.V. Kaznacheev2

NOISE PROOF METHOD OF ESTIMATION OF BROADBAND SOURCE
DIRECTION BY USING A VECTOR-SCALAR RECEIVERS

1Wave Research Scientific Center of A.M.Prokhorov Instituteof General
Physics of RAS, GSP-1, Vavilov street, 38, Moscow, 119991, Russia.
Tel: (499) 503-8384; Fax: (499) 135-8234.  E-mail: kumiov@yandex.ru
2Voronezh State University, Universitetskaya pl. 1, Voronezh,
394006, Russia. Tel.: (4732) 789-748; Fax: (4732) 789-755,
E-mail: pereselkov@yandex.ru

The interferometric method of estimation of broadband sound source direc-
tion in oceanic waveguide by vector-scalars receivers is presented. The method is
based on 2D Fourier transform of the interference pattern formed during source
motion. The efficiencies of the proposed interferometric method and classical
method based on measuring of the arriving signals delay times at spaced scalar
receivers are compared within framework of the natural experiment. The noise
immunity of interferometric method of estimation of sound source direction is
considered.

V.M. Kuz’kin1, S.A. Pereselkov2, G.N. Kuznetsov1, I.V. Kaznacheev2

RESOLUTION OF INTERFEROMETRIC METHOD OF NOISE
SOURCES LOCALIZATION

1Wave Research Scientific Center of A.M.Prokhorov Institute of General
Physics of RAS, GSP-1, Vavilov street, 38, Moscow, 119991, Russia.
Tel: (499) 503-8384; Fax: (499) 135-8234.  E-mail: kumiov@yandex.ru
2Voronezh State University, Universitetskaya  pl. 1, Voronezh,
394006, Russia. Tel.: (4732) 789-748; Fax: (4732) 789-755,
E-mail: pereselkov@yandex.ru

The results of computer experiment of three noise sources identification at
presence of background noise in ocean waveguide are demonstrated. The com-
parative analysis of the accuracy of their coordinates: direction, radial velocity,
distance, depth are presented. The presented computer experiment is based on the
interferometric method of source localization by using vector-scalar receivers.
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D.E. Leikin, S.V. Dunchevskaya, S.V. Vidikhin

WEAK TARGET DETECTION IN REVERBERANT MEDIA

NPP “FORT XXI”, Pionerskaya street 4, Korolev 141074, Russia
Tel.: +7 (495) 789-9019; Fax: +7 (495) 513-2463
E-mail: del@fort21.ru

The paper relates test run results obtained with active sonar designed for
weak target acquisition in highly reverberant environment

D.A. Presnov, A.L. Sobisevich, A.S. Shurup

FIELD OBSERVATIONS OF THE SEPARATE MODES
OF SEISMIC-HYDROACOUSTIC FIELD

IN CONDITIONS OF ICE-COVERED WATER

Results of processing of experimental data obtained on ice-covered Ladoga
Lake are presented. Possibility of estimating the frequency-temporal characteris-
tics of individual mode components of a complete seismic-hydroacoustic field is
demonstrated. The initial data are natural noise fields recorded by space-
separated hydrophones and seismometers located on the ice surface. The pro-
cessing of records is based on the spectral-correlation analysis of registered
noise. In this case, it is possible to estimate the characteristics of the Green func-
tion of the measuring points; to obtain information about the acoustic field, as if
it were radiated and received at the points under consideration. This approach is
convenient in that it does not require the use of powerful low-frequency sources
specially located in the region under investigation. The possibilities of using the
obtained information for the tomographic estimation of the characteristics of the
medium are analyzed based on a comparison between experimental data pro-
cessing and numerical modeling..
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A.G. Sazontov, I.P. Smirnov

SOURCE LOCALIZATION IN AN UNDERWATER CHANNEL USING
MATCHED MODE PROCESSING

Institute of Applied Physics RAS, Russia,
603950 Nizhny Novgorod, 46 Ul’yanov Str.
Tel. (831) 416-0648; Fax: (831) 436-5745, E-mail: sazontov@ipfran.ru

An adaptive modal MUSIC algorithm is constructed to localize an acoustic
source with a vertical array operating at incomplete information about the prop-
agation medium. The proposed algorithm is validated by its application to the
experimental data observed in the Ladoga Lake. It has been shown that the pre-
sented estimation procedure is more robust to a mismatch between the true and
expected signal replicas in comparison with the standard MUSIC method applied
directly to the sensor data.

M.Y. Fershalov, V.A. Gritsenko

SOFTWARE AND HARDWARE SYSTEMS FOR REAL TIME
MONITORING OF SEISMIC SURVEYS ON SAKHALIN OFFSHORE.

V.I.Il`ichev Pacific Oceanological Institute FEB RAS,
Russia, 690041, Vladivostok, Baltiyskaya Street, 43
Phone: +7 (423) 231-1400, fax: +7 (423) 231-2573,
E-mail: mfershalov@gmail.com,  rutenko@poi.dvo.ru

In 2015, acoustic monitoring was carried out in real time during seismic
surveys on the northeastern shelf of Sakhalin. Variations of an acoustic pressure,
measured in the frequency range 2-2000 Hz at the bottom by a hydrophone of an
autonomous underwater acoustic registrator (APAR), were transmitted to a sur-
face buoy, and then by digital VHF telemetry were transferred to a fly camp that
could be situated in the range of 15 km. In addition, a controller of a surface
buoy performs special analysis: 1 minute series of SEL and SPL peak values cal-
culated at 0.5 second intervals, as well as 1/3-octave spectra averaged over 1
minute. The results of this analysis in the form of a digital package of 270 bytes
through the Iridium satellite modem were sent to the central monitoring post
(CMP). The results of the analysis of the parameters of the measured acoustic
impulses conducted on shore VHF stations were also transferred to the CMP via
the Internet or the Iridium channel. On the basis of these data in real time, posi-
tion of the sea model acoustic pulses zones with a predetermined level were cor-
rected.
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A.G. Hobotov1), A.I. Khilko1,2), A.A. Telnyh1)

ESTIMATION OF PARAMETRES OF UNDERWATER OBJECTS BY
MEANS OF CONTEXTUALLY DEPENDENT NEURAL NETWORKS AT

HYDROACOUSTIC SUPERVISION

1)Institute of applied physics of the Russian Academy of Sciences
Russia, 603950, N.Novgorod, Ulyanov's street, 46
Phone/fax: (831 436-9717; E-mail: A.khil@appl.sci-nnov.ru
2) Nizhniy Novgorod state university of N.I.Lobachevsky

Possibilities of registration and processing of hydroacoustic signals are dis-
cussed at an underwater location by means of neural networks with contextually
dependent parameters. With use of methods of numerical stochastic modeling
possibilities of performance of procedures are analyzed according to parameters
of objects with the set reliability.
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