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ABOUT COMPLEX INTELLIGENT
TECHNOLOGIES FOR TECHNO-ECOLOGICAL
EVENTS CONTROL IN THE WATER AREA

Valery Pisarenko, Nikolai Nogin, Alexandr Kryachok,
Julia Pisarenko, Ivan Varava, Alexandr Koval

PO3rIs11al0THCS ACIEKTH, 110 CTOCYIOTHCS BUPIIICHHS Ba)KIMBOTO 3aBAaHHS CTBOPCHHS KOMILICKCHHUX IHTEIEKTyalIbHUX TEXHO-
JIOT1H MIATPUMKHU TPUHHATTS pillieHb 1uist ineHTHdiKkauii BHHHKa40i TexHo-ekonoridnoi moxii (TEIL) Ta onTumaibHOTO BHOO-
Py TOCIIIOBHOCTI JOCTYITHUX 3aXO0JiB 31 CKOpOUEHHs XUTTeBOTO ukiy nanoro TEII B akBaropii 3 MeTolo MiHiMi3amii Marepi-
anbHUX 30uTKiB (cTBOpeHHs cucteMu « YIIPABJIIHHSA TEII»). B Inctutyri xkidepuetuku imeni B.M. 'mymkoBa HAHY cymic-
Ho 3 Konnepuom «BaltRobotics» (Ykpaina — ITonsma), HTYY «KIII iM. Iropst CikopcbKoro» mpoBOASITHCS BUBUCHHS MHTAHHS
MOXJIMBOCTI TEOPETUYHOT PO3POOKH, TOCIIIXKEHHS Ta MPAKTUYHOT peasizanii MeToAiB i 3aco0iB, M0 CKiIaAaTh iHpopMaLiiiny
TEXHOJIOT1I0 JIOCHIAHUIBKOTO NMpoeKTyBaHHs (iHQopmaniiiHe, MaTeMaTHYHEe, alrOPUTMIiYHE, IPOrpaMHe, TEXHIUHE, OpraHisa-
nifHe 3a0e3IeUeHHs) 1HTeIeKTyali30BaHUX pOOOTIB, MPU3HAUYECHUX I PO3BigkH 1 HeliTpamizanii HeOGesmeunux TEII y psai
cepenoBuin. J{us 3aBnanns Kiacudikamii XBHJIb OTPUMAHO 1 BUPIIIEHO MaTeMAaTHYHI MOZEIi MOMKUPEHH, SIK XBUJIb, 1[0 O1XKaTh,
TaK 1 CTOATH, B akBaTOpii Mops. Po3pobieHo cTpyKTypy cxoBuINa iHpopManii cutyaniiiHoro neHTpy. st ctBopeHHs 6a3u na-
HUX iHGOPMALIHOTO CXOBMILA CUTYalidHOrO LHEHTPY Oyino mpoBeneHo kiacudikaiiro XBUIb Ta BiANOBIHE MaTeMaTUYHE Ta
KOMII'IOTepHE MOJENIOBaHHs. PO3MIsIHYTO NeTepMiHOBaHMII Iponec NOMUPEHHS 3BYKY B IDIOCKOMY XBHJIEBOJII B OXHOPiTHOMY
pexxumi. BupinieHo crenianbHi kpaitoBi 3aBaaHHs Ta 3aBaaHHs Kouri 1y IBOBUMIPHOTO XBHIIBOBOTO PiBHSHHS, 1, BIIMOBIHO,
IS piBHSHHS ['enpMrospis. B aHamiTHYHOMY 3aMKHYTOMY BHIVISIAI OTPUMaHi pO3paxyHKOBI (GOPMyYIH sl 3ByKOBOTO THCKY 1
BIJIMOBIAHO 710 HOTO MIBUAKOCTEH. Y 3arallbHOMY BHUIIAJIKy 32 METOAUKOIO poOiT Binonocosa, OBcienka, JIi, 3inuenka, Horina
obuncieHo y Burisiai paniB @yp’e 10THYHY 1 HOPMaAJbHY KOMIIOHEHTH BEKTOPY MIBUJKOCTI i T1APOJMHAMIYHUN MOTEHIiaMl.

KunrodoBi cioBa: akBaTOpisi, TEXHO-EKOJOTI4HA MOAis, Ki1acudikanis XBuib, iHpopMaliiiHe CXOBUIIE, MaTEMATHYHE MOJEIIIO-
BaHHS.

Aspects of the important task solution of creating complex intelligent decision-making support technologies for the identi-
fication of techno-ecological event (TEE) and the optimal selection of the sequence of available measures to reduce the life
cycle of this TEE in the water area in order to minimize material losses are considered (“CONTROL_TEE” system). In the
V.M. Glushkov Institute of Cybernetics of NAS of Ukraine, Concern “BaltRobotics” (Ukraine-Poland), NTU of Ukraine “Igor
Sikorsky KPI” study of the possibility of theoretical development, research and practical implementation of methods and tools
that make up the information technology of research design (informational, mathematical, algorithmic, software, technical,
organizational support) of robots intended for reconnaissance and neutralization of TEE in a number of environment. For the
classifying waves, mathematical models of the propagation of both running and standing waves in the sea area were obtained
and solved. The structure of the information storage of the situation center has been developed. In order to create a database
wave classification and mathematical and computer modeling were carried out. The deterministic process of sound propaga-
tion in a flat waveguide in the homogeneous mode is considered. Special boundary value problems and Cauchy problems are
solved for the two-dimensional wave equation and, accordingly, for the Helmholtz equation. Calculation formulas for sound
pressure and corresponding to its velocities are obtained in an analytical closed form. In the general case, the tangent and
normal components of the velocity vector and the hydrodynamic potential are calculated in the form of Fourier series by the
methodology of the works of Bilonosov, Ovsienko, Li, Zinchenko, Zinchenko, Nogin.

Keywords: water area, techno-ecologicalevent, wave classification, information storage, mathematical modeling.

Introduction

The paper examines aspects relevant to solving the important task of creating complex intelligent decision-
making support technologies for identifying an emerging techno-ecological event (TEE) and optimally choosing a
sequence of available measures to reduce the life cycle of a given TEE in the water area in order to minimize material
damage (creation of an intelligent system “CONTROL_TEE”) [1-6].

For the problem of wave classification, mathematical models of propagation of both traveling and standing
waves in the sea are obtained and solved.

The structure of the information storage of the situational center has been developed [1].

A deterministic process of sound propagation in a plane wave guide in a uniform regime is considered.

Formulation of the problem

In the V.M. Glushkov Institute of Cybernetics of NAS of Ukraine, Concern “BaltRobotics” (Ukraine-Poland),
NTU of Ukraine “Igor Sikorsky KPI” study of the possibility of theoretical development, research and practical
implementation of methods and tools that make up the information technology of research design for reconnaissance
and neutralization of TEE in a number of environment.
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Suggested Solution

Aspects of the important task solution of creating complex intelligent decision-making support technologies
for the identification of techno-ecological event (TEE) and the optimal selection of the sequence of available measures
to reduce the life cycle of this TEE in the water area in order to minimize material losses are considered (“CONTROL
TEE” system) of intellectualized robots intended.

Statement of the research problem

The informational, mathematical, algorithmic, software, technical, organizational support is considered.
The structure of the information storage of the situation center has been developed. In order to create a database
wave classification and mathematical and computer modeling were carried out. The deterministic process of sound
propagation in a flat waveguide in the homogeneous mode is considered.

Proposed components of mathematical and software for intelligent monitoring and control
systems for TEE

For the classifying waves, mathematical models of the propagation of both running and standing waves in the
sea area were obtained and solved.

Special boundary value problems and the Cauchy problem for the two-dimensional wave equation and,
accordingly, for the Helmholtz equation are solved. As a result, calculation formulas for the sound pressure P(x,z,¢)

La—P = Lo are obtained in an analytical closed form.
iop Ox iwp Oz

A qualitative analysis and numerical computer solutions are carried out.

Under the sound, in the modern sense of this term, we mean arbitrary vibrations of a liquid or air in the
frequency range of 15 Hz - 15 kHz. Note that oscillations with a frequency lower than 15 Hz are called infrasonic, and
higher than 15 kHz are called ultrasonic.

In accordance with [7, 8], based on the Euler and continuity equations for the sound pressure in a plane
waveguide (Fig. 1), the sound pressure has the form

P(x,z,t)=e " P(x,z),

and, accordingly, its velocities V_ =

(1
where the complex amplitude P(x,z) satisfies the Helmholtz equation
o’P o°P
—+—+k’P=0
ox oz )
where k — wave number, k = Q, ¢ — constant sound speed.
C
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Fig. 1. Planar waveguide.

The general solution of the Helmholtz equation satisfies the boundary conditions on a rigid surface
(i.e. here the vertical component of the velocity J, =0 by z=0 and z =#). As a result, we obtain the Neumann
boundary conditions:

or| _or|
ox|z=0 oxl|z=h

In accordance with the methodology of works [1, 4] by the Fourier method, the solution of the boundary value
problem (2), (3) with the help of the auxiliary Sturm-Liouville problem for an orthogonal system of functions was
obtained in the form of a special series of the form:

0 3)
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= mz oy
P(x,z,H)=e "”Zcos—e kX, )
m=0 h
where

2.2

T°m
kX=k>— (%)

x h2
w

Atlow frequencies, only the first summand (m = 0) describes the traveling wave, because now k, = k”> = —.
C

In our case, in the range of “ordinary frequencies”, when me N , kx >k, we get purely imaginary values [9, 10]:

2 2
L@ [T m
k =+4i—

y c \ k*h’
Thus, the terms of the series, starting from the second, represent waves whose amplitudes decrease quite
rapidly as the distance to the point source increases.

L. (6)

2.2

Finally, when the condition s=1=k= 7 s satisfied, then k_is a real value and the first normal wave
appears. @ h "

Thus, waves with numbers satisfying the condition are propagating N = [a)} where parentheses [ | — the
whole part of number. e

0 1 2 3
Mode number, n
Fig. 2. Wave numbers of normal waves.

Taking into account expressions (4) and (6) for the “frozen” time, we obtain an expression for acoustic pressure

in the form:
N
P(x,z) = Zcos{ﬂy}zlz}'ik*x,

m=0
where k;” — wave number of m-th mode.
The initial condition of the boundary value problem (wave profile) has the following form fig. 3.

Wave profile for x=0m

0 1 2
Pressure, P

|—[P0.2)] _* Real(P(0.2)]

Fig. 3. Wave Profile.
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For the model case, the following pressure distribution in a planar waterway is obtained (modulus and real part).

Acoustic pressure (modulus) field

w e

@ &

n

Real part of the pressure field

150 R | J' f’

-200 ——
Fig. 4. Modulus and real part of the pressure field.

We use horizontal sections of the obtained fields to study hydroacoustic signals.

. c . .
In particular, the frequency @, = A is called the transverse resonance frequency of the waveguide.

Cc
Now the width of the waveguide is % A, (wavelength /1‘ =—).
o,

Source depth 0 m
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Source depth 100 m

[— P(x.100)] ¢ Red(P(x.100)]

Fig. 5. Horizontal sections of the field at different depths.

In the case of low frequencies, which is very important for practice, below the frequency of the transverse
resonance, in our case, in the presence of non-zero boundary conditions, the attenuation of the amplitudes, with an
increase in “x”, passes so quickly that we can take [9]:

a
P=4, cos(;x+qooj, (7
where 4, ¢, determined by the properties of the radiation source. Then 7, =0,
Ao 1 . (o
V. =—"———sin —x+¢, |. (8)
c iwp c

Remark. Under zero boundary conditions, the nature of oscillations in the waveguide may differ significantly
from that considered above. In this case, the number and location of the field maxima will depend in another way on
the superposition of the propagating waves. To do this, we solve a boundary-value problem for the Helmholtz equation
with initial conditions under which the pressure profile is represented as a parabola.

Boundary conditions on the walls of the waveguide P|

=P
0 z=h

z =

Wave profile for x=0m

-400 -300 -200 - D 200 300 400
e, P

|—|P(0.z)) _* Rea(P(0.2)]

Fig. 6. Modulus and real part of parabolic wave profile.

The analytical expression for calculating the acoustic pressure field is obtained in the form

” N sin[”(zl;l_'_l) ZJ ! A@i)F ~(on®
P(x,z,t) = ———|cos(at) —isin(wt) : e c(2k+1) , ©)
~ | ],; - [k +1)} 2k+1)’
(wh)’

where p — water density.
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A detailed examination of the behavior of the profile of the real part of the pressure shows that in some areas
the initial parabolic wave becomes almost flat or changes its sign several times depending on the depth (Fig. 9).

Acoustic pressure (modulus) field

————————

Real part of the pressure field

Fig. 7. Modulus and real part of the parabolic wave pressure field.

Wave profile for x=0m at 0.092 sec Wave profile for x=0m at 0.099 sec

[P0.z)) - Rea(P(0.2) [P0.z)) - Rea(P(0.z)

Fig. 8. Wave profiles at different times.
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Real part of the pressure field

Fig. 9. Feature of parabolic wave propagation.

Conclusions

The paper shows that analytical solutions of the Helmholtz equation for a plane waveguide can be obtained

not only as a sum of normal waves, but also as special series that take into account the characteristics of the radiation
source. To develop a database of the situational center information storage waves were classified and the corresponding
mathematical and computer modeling was carried out.
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