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OF EXPLOSIVE FIELDS FOR REMOTE RECONNAISSANCE

Abstract. The article is devoted to the development and justification of an effective method of
remote reconnaissance and monitoring that uses the unique physical characteristics of explosive
fields. The need for such a method is driven by the requirement for reliable, all-weather, and covert
identification and localization of explosion sources, which is critical for security, military, and
engineering reconnaissance. The method considers an explosion as a complex source that
simultaneously generates seismic (elastic) and acoustic (infrasonic) signals. The main objective of
the work is to present a method of seismoacoustic monitoring of explosive fields, which allows not
only to register but also to classify individual signals, generating highly informative data for remote
reconnaissance. The methodology is based on the stages of mathematical modeling of
seismoacoustic processes. These stages include: determining the physical conditions for signal
generation: a detailed analysis of the conversion of explosion energy into seismic waves propagating
in the ground and acoustic (shock/infrasonic) waves propagating in the atmosphere; mathematical
principles of modeling physical processes: development of a formalized approach to describe the
propagation and registration of these waves, taking into account the characteristics of the
environment. The main scientific result is the creation and justification of a parametric mathematical
model of seismoacoustic monitoring. This model is presented as a superposition of oscillators, where
each oscillator is responsible for modeling a specific informative component of the explosion signal.
The proposed model allows the informative parameters that directly characterize the explosion field
signal (e.g., energy, frequency composition, arrival time, amplitude) to be isolated and quantitatively
evaluated. The use of oscillator superposition ensures high model flexibility and its ability to adapt
to different types of explosive signals and environmental conditions. The proposed method provides
a solid theoretical basis for the construction of automated remote reconnaissance systems. The use
of a parametric model in the form of a superposition of oscillators allows for the effective
classification and localization of explosive events, distinguishing them from natural and man-made
noise. This significantly increases the reliability and informativeness of seismoacoustic complexes,
making the method a valuable tool for operational control and strategic monitoring.

Keywords: seismoacoustic monitoring, remote reconnaissance, explosive fields, signal
classification, mathematical modeling, parametric model, superposition of oscillators, seismic
signals, acoustic signals.

INTRODUCTION

The method of seismoacoustic monitoring of individual signals from explosive fields for
remote reconnaissance is an integrative scientific and technical field at the intersection of
geophysics, acoustics, signal processing, and military/engineering reconnaissance. In the
context of modern challenges related to critical infrastructure control, military activity
monitoring, natural resource exploration, and security, remote detection and localization of
explosion sources is of strategic importance.

The relevance of researching this method is due to the need to improve the accuracy,
speed, and reliability of intelligence information about events related to explosions (both
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controlled and unauthorized). Traditional methods often face limitations in terms of range,
environmental noise, and the complexity of identifying the nature of the source. The
seismoacoustic approach, which combines the analysis of seismic (elastic) waves propagating
in the ground and acoustic (infrasonic and sound) waves propagating in the air, allows the
creation of comprehensive spatial and temporal “portraits” of explosive events.

The method of seismoacoustic monitoring of individual signals from explosive fields is a
highly effective tool for remote reconnaissance. It is based on the synergy of seismic and
acoustic data, which allows obtaining a complete “wave portrait” of an explosive event. The
key elements for its successful implementation are precise time synchronization, complex
sensor systems (antenna arrays), and adaptive processing algorithms that take into account real
physical models of wave propagation in a heterogeneous environment. Further development of
the method, especially in terms of AI/ML integration and new sensor technologies, will ensure
its leading position in early warning and strategic monitoring systems.

Seismic monitoring is distinguished by its unique coverage of seismic phenomena,
specifically infrasound and the lower part of the sound frequency range.

First of all, it is necessary to build a mathematical model of the object of study, which
would reflect the most significant moments of the monitoring process, including both the
process itself and the interference accompanying this process and the natural noise background
superimposed on the experiment [1, 2].

A priori knowledge of the random interference process will significantly weaken its
influence on obtaining estimates of the parameters of the process perceived as a helpful signal.
This weakening is achieved by optimizing the processing procedures that take into account the
a priori statistics of the random interference process. In this work, optimization of the
processing procedures for the observed data is made, according to criteria that take into account
the characteristics of the natural interference background, the instability of the parameters of
the probing signal in active monitoring, and the consequences associated with this instability

[3].

Monitoring the state of an object involves observing the parameters that characterize its
state, with significant changes indicating a departure from its stationary behavior.

This definition is the closest to the definition of deformation monitoring [4] among many
existing ones.

By seismoacoustic monitoring, we mean routine observations of seismic and acoustic
fields and their analysis to study the dynamics of the object under study to predict its condition.

The observation process is reduced to assessing events associated with the object under
monitoring, directly at the moment when they occur or immediately after. This involves
analyzing the results of measuring the object's parameters, detecting changes in these
parameters, and responding to these changes.

By an automated monitoring system, we mean the following:

An automated monitoring system is a group of mutually influencing, interacting, or
interdependent elements of software and equipment that form a complex whole for monitoring
the condition of the parameters of the object under study, which does not require human
intervention after installation. This definition is close to that given in [5].

By passive monitoring, we mean a definition close to [6]: passive monitoring is
monitoring the emission of signals from the object itself or signals from the object's response
to random external disturbances. Such monitoring is necessary for the analysis of
seismoacoustic emission, which is used to monitor and control both natural and anthropogenic
structures.
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Passive monitoring is based on the ability to build physically meaningful conclusions
about the state of the object of study, based on the analysis of emission signals of this object or
signals of its response to external stochastic disturbances. This type of monitoring has been
carried out since ancient times in seismically dangerous zones in attempts to predict
earthquakes.

The stages of development and formation of modern passive seismic monitoring systems,
up to the creation of a worldwide observation network, fit into the last half-century period [7].

Analysis of recent studies and publications. Currently, issues related to seismic
acoustic monitoring and the impact of shock waves on objects are described in the works of
domestic and foreign researchers, namely: Mostovoy V.S., Vyzhva S.A., Shcherbina S.V.,
Kendzera O.V., Gabriel Albert (a French scientist who studied shock waves and worked on
their mathematical description), Gaizim Walzman (Garry J. Walzmann - American physicist
specializing in shock physics and explosive phenomena), John Solomon (John Solomon -
scientist working in the field of shock wave physics and materials mechanics), Kevin Truscott
(Kevin M. Truscott - engineer and scientist who studies the interaction of shock waves with
structures), Leonardo Bassani (Leonardo Bassani - Italian scientist who studied the physics of
explosions and shock waves), James R. Melville (James R. Melville — physicist specializing in
the study of shock phenomena and materials mechanics).

Method of seismoacoustic monitoring of separate signals of explosive fields for
remote reconnaissance. When estimating the parameters of a mathematical model for systems
of seismoacoustic monitoring of an explosive field in the general case, we encounter such a

representation of the seismoacoustic field model based on observation data (#.x) complicated
by additive noise n(t, x) (t —time, X— spatial coordinates). Two vectors of free parameters
determine the model M (1.77.1.X) ¢ the field formation process, | and 77 the model itself is

the researcher's hypothesis about the process being modeled. The vector enters the model |

linearly and "7 nonlinearly. This difference is significant in the estimation of free parameters,
since they require different complex procedures for their determination.

In the general case, the mathematical model for seismoacoustic montoring systems of the
explosive field signal can be represented in the following form:

y(t,x):M(I,n,t,x)+n(t,x)’ )
here M (1.72,6,X) _ mathematical model of the explosive field signal;
| _ vector of parameters entering the model linearly;
T vector of parameters that nonlinearly enters the model;

N(t, X) _ additive nose;

X - spatial coordinate (in the general case, a three-dimensional vector);

t — time ccordinate.

In the general case, the dimension of vectors is a parameter of the model. The model

M(1.7.t.X) can be represented as a linear combination of models M (l.77,t,x) , Where n is the
dimension of the vector |. Then model (1) takes the form:

M{L7t0 = Y MLt ). @
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| M

Solving problem (2) means determining for the selected mode 16 X) two vectors

of free model parameters | and 77 . The calculated value | and 7 the standard deviation "(t:X)
are estimated. In the general case, the dimensions of these vectors of free model parameters are
also subject to determination. In the following, we will consider the separate procedure for

estimating the vectors | and T assuming they belong | only to the linearly set A, and 7 to
nonlinearly, set N .
To solve model (1), we propose a selection method [8]. This involves searching for

parameter vector values that minimize the deviation of the model M{L7.L%) from the
observed datar(t, x), given the selected scalar product in the Hilbert space. The Hilbert space

is chosen taking into account the stochastic characteristics of the process n(t,x) Therefore,
we need to find the minimum of the model (1) for all its free parameters. The definition of the
scalar product is the square of the noise norm at the point x —n(t, x), r(t, x)

min [(n(t,x) =M (I, 7,t,%),r(t,x) -M(l,7,t,x] < €. (3)

leA,neN

here € the restriction threshold, i.e., a compromise between the acceptable level of errors
of the first and second kind..

The value of ¢ is determined subjectively as the researcher's attitude to the quality of the
model, taking into account errors of two kinds [9, 10]. If (3) is fulfilled, that is, the deviation
of the model from the observation data does not exceed the threshold limit set by the researcher.
A decision is made on the adequacy of the hypothetical model M(L72.8,%) of the process
y(t, ).

In (3), the optimal parameter estimates of model (1) are defined as the point in the
parameter space at which the selected criterion reaches its global minimum.

Since the minimum of criterion (3) is the square of the norm of the noise component at
the point X, it is natural to choose the scalar product. It must be selected in such a way that the
noise norm is minimal. The square of this norm is the variance of the random process at the
point t.

(n(t,x).n(t,x,)) = E(n(t,x).n(t,x,)) (4)

here E the expectation operator of a random process with zero expectation at a point t;
X, and x,— coordinates of a spatial vector X

For the chosen scalar product (4), with a fixed value of the vector” , the minimum of

criterion (3) is achieved at a point in the space of linear parameters | which satisfies the
equation:

o[(nt,x)-M(l,7,t,x),r(t,x)-M(Il,7,t,X] _
al (5)

(aM (|,87I7,t,X) ¥ (l,ﬂi’x)j—(w’r“’x)j:o ®)
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oM (I,7,t,Xx)

In (5) the expression means the column vector:

oM (1, 7,1, )
al,
M (L.t %) _ -
-
oM (1,7,t,X)
ol

The system of linear equations (5) concerning the parameter vector | at a fixed value of
the vector 7 can be represented as a system of linear equations:

oM (|,77,t,x)’M (Lt %) oM (1,7,t,X) Tt %)
ol ol,
....................................... N (8)
M7 e [ MERL
al, al,
Let represent the system of linear equations (7) in vector form:
8|\/|(|,77.t,X)’M(|’77’t’X) — M,r(t,x) ,S:]_,n. (9)
ol ol

In the special case, when the model has the form (2), this system of equations takes the
form of a system of linear equations concerning the vector ! ;

ill(Mi(n,t,x)-Ms(n,t,x))z(r(t,x)-Ms(n,t,x)),s ~1n. (10)

The vector of parameters | calculated in this way will be optimal (in the sense of the
chosen criterion) for a fixed vector of nonlinear parameters. To obtain optimal estimates | and
T, it is necessary to minimize criterion (3) by 77 searching for local minima. In this case, other
methods can be applied, for example, gradient methods or the Monte Carlo method using
special sequences [11].

In choosing the scalar product of criterion (3), it is necessary to take into account
heuristics based on experience. In this regard, the question arises whether heuristics can be
formalized related to the expected nature of the background In choosing the scalar product of
criterion (3), it is necessary to take into account heuristics based on experience. In this regard,
the question arises whether heuristics can be formalized related to the expected nature of the
background n(t,x), for example, high-frequency, low-frequency, etc. From this point of view,
it is natural to use models of existing stochastic processes in the first approximation., for
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example, high-frequency, low-frequency, etc. From this point of view, it is natural to use
models of existing stochastic processes in the first approximation [12.

The optimized procedure for estimating the parameters of explosion field signals with
characteristics in the seismoacoustic frequency range in model (1) for monitoring studies of
separate explosion signals will be considered based on field research data. Input data in the
continuous model (1) during field research are observation data presented in the form of a
discrete function represented by a matrix.

Thus, it is possible to formulate the stages of the method of seismoacoustic monitoring
of an explosive field for conducting remote reconnaissance:

Stage | — The selection of a parametric mathematical model for seismoacoustic
monitoring of explosive fields to conduct remote reconnaissance is carried out by (2). In this
case, the conditions of monitoring, the specifics of the environment, and the physical feasibility
are taken into account; the researcher must choose the type of parametric mathematical model
of seismoacoustic monitoring of explosive fields.

Stage Il — The selection of the criterion for determining the informative parameters of
the mathematical model of seismoacoustic monitoring of explosive fields for conducting
remote reconnaissance is carried out by clause 3. The selection of the criterion for determining
the informative parameters of the mathematical model is carried out by the selected parametric
model of seismoacoustic monitoring of explosive fields for conducting remote reconnaissance
(stage 1) and the transfer function of the explosive signal propagation environment.

Stage I11 - The determination of the vector of informative parameters of the mathematical
model of seismoacoustic monitoring of explosive fields for conducting remote reconnaissance
is carried out by clauses 5-7. To determine the informative parameters of the mathematical
model of seismoacoustic monitoring of explosive fields for conducting remote reconnaissance,
the problem of nonlinear regression of the mathematical model with observation data is solved,
using the criterion selected at stage 11.

Stage IV — Selection of the criterion for assessing the deviation of the mathematical
model of seismoacoustic monitoring of explosive fields for conducting remote reconnaissance
from observation data and the threshold for maximum deviation of observation data is carried
out by clause 8. The criterion for assessing the deviation of the mathematical model of
seismoacoustic monitoring of explosive fields for conducting remote reconnaissance from
observation data is carried out by an expert, taking into account the results of the preliminary
research statistics [13].

Stage V — Assessment of the adequacy of the developed mathematical model of
seismoacoustic monitoring of an explosive field for conducting remote reconnaissance. By the
criterion for assessing the deviation of the mathematical model of seismoacoustic monitoring
of an explosive field for conducting remote reconnaissance and the threshold for maximum
deviation of observation data selected at stage 1V (stage 1V), a decision is made on the adequacy
of the model. Suppose the deviation of the model in (8) does not exceed the threshold selected
at stage IV. In that case, a decision is made on the adequacy of the model, i.e., it is used for
signal classification, for seismoacoustic monitoring of the blast field, for remote sensing.
Otherwise, a new mathematical model of the blast field signal is selected, by stage |

Parametric mathematical model of seismoacoustic monitoring of explosive fields for
conducting remote reconnaissance.

ym (t) = i SmI E‘Xp {_/umlt} Sin(wmlt + ¢m| ) + rlm (t)
E . (11)
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=1LM,M

Here M - sensor number that reconstructs the explosion signal, M , is the

number of explosion signals;
Sii Mo @ oy @y - Tree parameters of the model (11):

S, - the amplitude of the | - th harmonic;
1., - sinusoid damping coefficient of the | - th harmonic;
@, - is the frequency of the | - th harmonic;

., - is the phase shift of the | - th harmonic;
n. (t) - additive noise in measurements M—th blast;

L — a set of analytical submodels of the same type, the superposition of which models
the process vy, (1), leA.

y={Ya®};m=1M, (12)

here Y is the vector function whose components are the observation data of each of the
M sensors.

The solution of the parametric mathematical model of seismoacoustic monitoring of
explosive fields for remote sensing consists in the optimal determination of the free parameters
of the model. The optimality criterion is the degree of proximity of the model to the observed

data in the selected metric L2. From the physical conditions of the problem statement, it is

advisable to choose a metric L2. In the metric, the criterion is the functionality of each of the
components of the form:

,m=1LM
L . (13)

F.(P,)=

L
Z SmI exp{_#mlt}Sin(mmlt + ¢m| ) + Iqm (t)

1=1

Here P, is the matrix of free parameters of the model, which consists of vectors of

models describing each explosion signal with the number m =1, M
Let us denote the vector of free parameters of the same type of submodel with the number
I, as P thus | is the column number in this matrix. M is the number of observation points:

— ﬂl’m ,IZH

here L is the number of parameters of each oscillator in the model (13).
Fixed L, we reduce the matrix P, by dimension 4x L to a vector.

Py ={Py,;} J=14L,

m m, j
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here P, —these are the free parameters of the model; the dimension of this vector is equal

4x L, so that the first 4 elements of the vector are the parameters of the first submodel, the
following four are the parameters of the second submodel, and so on

F(P")=minF(P). (14)

Pe3

y(t)- is the one dimensional vector y in the model (11) this means

y(t) ={y,(®};m=1LM,M =1. y(t) isan analytical approximation of the vector of values of
the processed observation data. 3 is the set of possible values of a vector P . From a theoretical
and practical point of view, for a qualitative estimate of the vector of free parameters P | it

should be chosen so that the point P” is inside the set 3 [14].

The optimization problem of finding the optimal vector of free parameters can be solved
in different ways. Problem (13) was solved numerically using the Levenberg-Marquardt
algorithm [15]. This method is repeated for different stochastically obtained points in the set
3 of which the local extremum is sought. Then, on the finite set of all local extrema, the global
extremum is found. To select the points in the vicinity of which the local extremum is sought,
the method presented in the work is used [14]. The convergence of the algorithm was
investigated in the work [16].

To solve model (11), it is necessary to find the global extremum on the set of all found
local extrema. The convergence of the algorithm is investigated in the vicinity of points
selected by the Monte Carlo method according to prior distributions.

Below, we consider problem (11 ) for L =3. If we take into account that each parameter
of the model should be considered as the noise that it brings to the model (this phenomenon in
statistics is called the “curse of dimensionality”), then for this case, a model with 12 free
parameters is the limiting complexity for models of the selected type for the data obtained in
this experiment. The notation for the 12th parametric model is used in the calculations [17]. To
integrate model (11) into automatic processing algorithms, we will represent this model in the
following form:

L

M(t,P,), M (t.Pn) =D Poragy {EXP[—Pm,mufl)tJ x sin [Pm,3+4(l—l) (t —Pnasa0) )J , (15)

1=1

here By 1. 4020 Po2eag sy Posiag sy Praiaqoy 18 the free parameters of the model (15) for
each of the submodels 1=1,L:
P10y 1S the amplitude for each of the submodel 1=1,L;

m

Pu.2:4q-1) 1S the logarithmic decrements for each of the submodel 1 =1L ;

m

P50y 1S the angular frequencies for each of the submodel 1=1,L .;

m

P 4:a0y 1S the  phase shifts for each of the submodel | =1,L.

To determine the extremum points of the criterion F_ (P,), we search minF_(P,);

m=1M;Pp, 3, foron the set 3 of possible values. P, is the vector function consisting of
partial derivatives of the model oM (t,P,)/oR, ; =0; j=0,11, for each of the parameters P, ;
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oM (t ) . _
P =exp [—Pm,2+4(|71)t] xsin [Pm,3+4(|71) (t —Pratago )] =1
m,1+4(1-1)
M@P,) _ .
P =P 1401 €XP [—Pm,2+4(|_1>t] xsin [Pm,3+4(l—1) (t —Pnavagon )] =1 (16)
m,2+4(1-1)
M(,P,) .
= Pn1ia0-1) (t Pr.asaq-1) )eXp[ M, 2+4(1— 1)'[]>< COS[Pm,3+4(|-1) (t = Praia0y) )] y 1 =1,
al3m,3+4(|—1)
OM(t,P.) -
ap—m = P10 (t Prasag-y )exp[ m,2+4(l 1)@ X COS[Pm 3+4(1-1) (t —Phasagoy )] y =1,
m,4+4(1-1)

Using the Monte Carlo method, according to a priori distributions, a point in -
dimensional space is taken, in the neighborhood of which there is a local extremum, and we
find the value of the vector of free parameters of the model (11), which gives the minimum of
criterion (14), namely the deviation of the model (15) from the observation data in the metric.
Lo.

So, we find the global minimum of the functional F_(P,) on the set of admissible vectors

with a known a priori distribution p, from the set 3 . Here 3 is the set of all possible

values of the vector of free model parameters (15) min{Fm(Pm)} m=LM;P, 3, .
Pm

The calculation results for the model with n fading harmonics are reduced to vectors of
dimension n, combining one-dimensional parameters, i.e. a parametric model of dimension is
considered nx4.

CONCLUSIONS

The article presents a method of seismoacoustic monitoring of explosive fields for remote
reconnaissance. The method makes it possible to classify separate signals. Within the
framework of the method, the stages of mathematical modeling of seismoacoustic monitoring
of explosive fields for remote reconnaissance are presented. In which the physical conditions
of generation of explosive field signals and the mathematical principles of modeling physical
processes are provided, namely, the following are considered:

The conditions for choosing a parametric mathematical model of seismoacoustic
monitoring of explosive fields for remote reconnaissance are carried out by the stages
mentioned above. In this case, the conditions of monitoring, the specifics of the environment,
and the physical feasibility of the model are taken into account.

Within the framework of the proposed method, a parametric mathematical model of
seismoacoustic monitoring of explosive field signals for remote reconnaissance is presented in
the form of a superposition of oscillators, the informative parameters of which characterize the
explosive field signal.
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METO]I CEUCMOAKYCTHUYHOI'O MOHITOPUHI'Y OKPEMHUX CUI'HAJIIB
BUBYXOBHUX ITIOJIIB AJIs1 AMCTAHIIMHOI PO3BIAKHA

Amnoranis. CtaTTs npucBsiueHa po3pooOLi Ta 00IPyHTYBaHHIO e()eKTUBHOTO METOJY AUCTAHIIHHOT
PO3BIJIKM Ta MOHITOPHHTY, L0 BUKOPHCTOBYE YHIKalbHI (DI3WYHI XapaKTEpPUCTUKU BUOYXOBUX
noiB. HeoOXiHiCTh TAKOTO METO/ly 3yMOBJIEHA TOTPEOOI0 Y HaliiHI|, BCENIOTO/IHI M Ta NPUXOBaHiH
iIeHTUdIKAIIT Ta JoKaTi3alii JyKepesn BUOYXIB, 10 € KPUTHYHO BaKIMBUM IS O€3MEKH, BIHCHKOBOT
Ta iHXKeHepHOI po3BiAKkU. MeToJ po3risgae BUOYX SIK CKIaIHE JPKEPEIo, 0 OJHOYACHO TeHepye
ceiicMiuHi (Ipy»Hi) Ta akycTuuHi (iH(ppa3BykoBi) curHaiu. OCHOBHA MeTa pOOOTH — NMPEACTaBUTH
METOA CeHCMOAaKyCTHYHOIO MOHITOPMHTY BHOYXOBHUX TOJIB, SKHHl I03BOJSIE HE TUIBKH
peectpyBartH, ane i kiaacu(ikyBaTH OKpeMi CHT'HAJIHM, TCHEPYIOUd BUCOKOIHQOPMATHBHI MaHi I
IOHMCTAHLitHOI po3Bigku. MeTon ©OasyeTbCs Ha eTamax MaTeMaTHYHOTO MOJCIIOBAHHS
celicMOaKyCTHUHHX mpoueciB. Lli erann BKIIOYarOTh: BH3HAYECHHs (I3MYHUX YMOB TI'eHepamii
CUTHAJIIB: IeTaJbHAN aHaJi3 IepEeTBOPCHHS CHEpPrii BUOYXY B CeHCMIUHI XBUII, IO TOMHAPIOIOTHCS
B 3¢MJIi, Ta aKyCTHYHI (yaapHi/iH(hpa3ByKOBi) XBUJI, 110 MOMIUPIOIOTHCS B aTMOC(Epi; MaTeMaTUYHI
NPUHIUIKA MOJCTIOBaHHSA (DI3MUHHX MPOIECiB: po3poOka (opMani30BaHOrO MiAXOMy IO OMUCY
MOIIMPEHHS. Ta peecTpamii IMX XBWIb 3 YypaxyBaHHSAM XapaKTEPUCTUK HABKOJIMIIHBOTO
cepenoBuina. OCHOBHUM HAayKOBHM pE3YJIbTATOM € CTBOPEHHS Ta OOTPYHTYBaHHS MapaMeTpUYHOi
MaTEeMaTHYHOI MOJENIi CeMCMOAaKyCTHYHOIO MOHITOpUHTY. Ll Mopenp mpeacTaBicHa sK
CYMEPIO3UIIisl OCIHHUJISATOPIB, J€ KOXEH OCIHIATOP BIANOBIZa€ 3a MOICIIOBAHHS KOHKPETHOIO
iHpOpMaTHBHOrO KOMIIOHEHTa CHTHaNy BHOYXy. 3alpOIOHOBaHAa MOJENb J03BOJISIE BUALIUTH Ta
KUTBKICHO OINHHUTH iH(GOPMATHUBHI MapaMeTpu, IO Oe3MOCepeHB0 XapaKTePH3YIOTh CHUTHAI
BUOYXOBOTO TONA (HANPWKIAA, C€HEpPrifo, YacTOTHUH CKJIal, dYac TPUXOLY, AaMIUITYAY).
BuxopuctaHHs Cymeprio3ullii OCIUIATOPiB 3a0e3meuye BUCOKY THYUYKICTh MOJENI Ta i 34aTHICTH
aJanTyBaTHCA 1O Pi3HUX THIB BHUOYXOBHX CHTHAJiB i YMOB HaBKOJHIIHBOTO CEPEIOBHIIA.
3anporoHOBaHHIl MeTO 3a0e3Ieuye MIllHY TEOPETHYHY OCHOBY JUISl IOOYJIOBH aBTOMATH30BaHUX
CHCTeM JMCTAHLIHHOI po3BiAKkH. BUKOpHCTaHHS MapaMeTpUYHOT MOAENI y BUIJISI CYNEpIIO3HLii
OCLIJISITOPIB ~ J103BOJIsiE  epEeKTMBHO KiacudikyBaTH Ta JIOKali3yBaTh BHOYXOBI moii,
BIZIOKPEMITIOIOYM X BiJ] NPUPOMHMX 1 INTY4HMX wymiB. lle 3HayHO miABHILYe HaAiIWHICTH Ta
iHQOPMATUBHICTh CEMCMOAKYCTHYHHUX KOMIUIEKCIB, POOJSIYM METOJ] I[IHHUM IHCTPYMEHTOM
OIEPaTHBHOIO KOHTPOJIIO Ta CTPATEriYHOTO MOHITOPHHTY.

Karwu4oBi cioBa: ceficMOaKyCTHYHHH MOHITOPWHT, IHUCTaHIlIHA pO3BiAKa, BHOYXOBI MOJ,
Kiacudikamis CHrHANIB, MaTeMaTHYHE MOJEIIOBAHHS, IapaMeTpHUYHa MOJEib, CYNEPIIO3HIis
OCLIMJISITOPIB, CEMCMIUHI CUTHAIH, aKyCTHYHI CUTHAIIH.
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