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MATHEMATICAL MODEL FOR AUTOMATED SYSTEMS OF
SEISMOACOUSTIC MONITORING OF A MORTAR EXPLOSION
CLASSIFICATION FOR CONDUCTING REMOTE RECONNAISSANCE

Abstract. Reconnaissance is the most important type of ensuring military operations; it is a set of
measures taken by all commanders and staff to timely obtain information about the enemy, the
terrain, climatic and weather conditions in the area of future hostilities to most effectively use their
forces and means to defeat the enemy. The paper presents mathematical models for flavored seismo-
acoustic monitoring systems for evaluating classes of mortars that fire to conduct remote
reconnaissance. When evaluating the parameters of the mathematical model for seismoacoustic
monitoring systems of the mortar explosion signal in the general case, we are faced with such a
presentation of the seismoacoustic field model, which is observed when observations are
complicated by additive interference. The model depends on the temporal and spatial coordinates
and the vector of informative parameters of the model characterizing the research object. The model
of the field formation process is defined by two vectors of free parameters of the model, and the
model itself is the researcher’s hypothesis about the process being modeled. We divide the parameter
vectors according to how they enter the model, linearly and non-linearly. Object classification
processes aim to investigate the differences between signals from different mortars to conduct
remote reconnaissance for the classification of the object under study. The paper presents
mathematical models of automated seismo-acoustic monitoring systems for conducting remote
reconnaissance for mortar classification based on seismo-acoustic records of artillery fire. In this
work, detection processes operating on one recording channel are considered. With the help of the
proposed model, the object under investigation is mapped into the vector of informative parameters
of the model, which characterizes this type of object. Having collected statistics on a set of different
types of objects in various conditions, we can build a procedure for classifying the objects under
investigation based on the classification of the vector of informative parameters of the model. The
paper considers the generalization of the mathematical model of a single explosion in the case of
overlapping signals in the process of recording the wave seismic field. Mathematical models of
automated seismo-acoustic monitoring systems are used to model fields of mechanical elastic waves.
This work presents such a model for identifying mortar weapons for remote reconnaissance. It can
be concluded that this parametric model reflects the process in the feature space and characterizes
the object that fires shots. Thus, the presented model maps each type of mortar fire into its n-
dimensional vector of informative parameters, which enables the classification of small arms.
Therefore, an effective analysis method for estimating the parameters of mortar explosion signals
and an unconventional model of the natural background on which mortar explosion signals are
recorded is proposed.

Keywords: seismoacoustic monitoring; mortar explosion; seismic signal; mathematical model;
vector of informative model parameters.
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INTRODUCTION

Nowadays, when hostilities are taking place on the territory of our country, the use of
remote intelligence becomes an urgent task. Reconnaissance is the most critical type of ensuring
military operations; it is a set of measures taken by all commanders and staff to timely obtain
information about the enemy, the terrain, and climatic and weather conditions in the area of
future hostilities to most effectively use their forces and means to defeat the enemy. Numerous
examples testify that those units and units with well-organized intelligence performed the
assigned combat tasks with minimal losses. Nowadays, the volume of tasks solved by
intelligence has grown significantly. At the same time, the terms of their implementation have
shortened considerably. The requirements for the time of data transmission and the accuracy of
determining the coordinates of enemy objects (targets) have increased. The enemy’s use of new
long-range, high-precision, all-weather means of destruction, the high mobility of troops, and
their mobile and decisive actions during the battle increased demands on intelligence,
expanding the phase of active intelligence action to 24-hour. Nowadays, it is not enough to
identify the enemy. The time factor, the extreme shortening of the “detection-report” cycle, is
increasingly coming to the fore.

The conducted analysis of various reconnaissance systems allows us to single out
seismoacoustic systems as the most effective for detecting and pointing the positions of firing
artillery and determining the fact of a border violation with subsequent identification under the
condition of conducting military intelligence. This statement is based on the fact that
seismoacoustic systems have the following advantages: They provide stable automatic
functioning in difficult weather conditions (rain, snow, fog); in conditions of poor optical
visibility (night); in the direction of bright light sources (the sun); in conditions of heavy,
smoky, and dusty conditions; in conditions of rugged terrain (hills, mountain passes, gorges,
riverbeds, etc.). Seismoacoustic systems have complete stealth since they do not generate
sounding signals; this excludes their early detection. The essential quality of these systems is
the preservation of performance in modern radio-electronic suppression conditions. Such
systems have small dimensions, low energy consumption, and are better than other systems
(radio-location, optical-electronic, etc.) and meet the criteria of “efficiency—cost”. Thus, to
solve the intelligence tasks, it is proposed to create an integrated passive system for monitoring
the surrounding space with a set of jointly functioning seismic-acoustic and optical-electronic
sensors, means of communication, computing and software, control and indication means
designed to obtain information about various types of objects, combining the incoming data
from the sensors and displaying the resulting information. The use of three heterogeneous
information streams significantly reduces the error when determining the coordinates of the
target. The functioning of such a system will increase survivability and, therefore, the
effectiveness of its means. In this case, the situation will not look like a duel (the attacker will
need to neutralize a certain number of intelligence objects to exclude possible influence on him,
which is not always feasible). In particular, the use of the resources of such a system provides
an essential basis for the development of new ways of using both weapons and units. Thus, the
development of modern technologies and means of information processing make it possible to
take another step in improving the practice of using weapons systems, particularly to develop
new conceptual approaches to creating a unified information intelligence system. Dynamic
analysis of various systems in the monitoring mode has the following feature: the mode of
processing the observed data and deciding to detect the monitoring object must be performed
in a mode close to real-time. At the same time, systems are often described by rather complex
models with a significant dimension of the vector of free parameters of such models. Moreover,
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only some of these parameters are included in the model linearly, and most are included
nonlinearly. In such cases, a priori knowledge of the processes of the system’s response to
disturbances plays a significant role in simplifying the process of estimating free parameters.
In such cases, it is natural to build a procedure for estimating these parameters based on
Bayesian estimates and, thus, consider the a priori information available to researchers. As a
result, monitoring and analyzing changes in time of a set of free parameters allows us to draw
conclusions about the classification of the research object and predict its detection in the future
in real time.

METHODS

It is necessary to construct a mathematical model of the classification of a mortar gun,
which would reflect the essential moments of the monitoring process, including the process
itself, the interference accompanying this process, and the natural noise background
superimposed on the experiment. 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 useful signal. This weakening is achieved by optimizing the processing
procedures and considering the a priori statistics of the random interference process. The
spectral parameters of the explosion’s impact for each mortar type have their characteristics.
The method of classification of mortar weapons to conduct remote reconnaissance consists of
evaluating the spectral characteristics of the seismo-acoustic recording of the wave field of
artillery shelling. For the accurate classification of mortar weapons during seismo-acoustic
monitoring, it is necessary to collect statistics of mortar shelling wave field reserves,
considering the transfer function that characterizes a specific type of terrain. In this work,
mathematical models for the classification of mortar weapons are proposed. These models have
been tested at one of the testing grounds in Ukraine. The processing results are presented below.

A new mathematical model for identifying a single mortar explosion is proposed, which
reflects the most significant aspects of the monitoring process, which includes both the process
itself and the interference and background noise accompanying this process imposed on a
natural research. The proposed model is a nonlinear regression problem. To find an approximate
solution to such a problem, the author uses non-convex optimization methods, for example, to
find local minima—Livenberg-Marquardt gradient methods [1], [2], and to find a global
minimum, the Monte Carlo method [3] using specific sequences is effective.

As a signal model, a superposition of solutions of a second-order differential equation
was chosen, which describes a superposition of oscillators that entered at different times, having
their eigenfrequency and corresponding amplitudes.

The optimal estimation of the signal parameters consists in determining the vector of free
parameters that minimize the value of the criterion of agreement between the model and the
observed data. Such a model is supported by the fact that it gives good agreement in the case
of modeling a linear system of oscillating objects and, thus, takes into account the oscillating
nature of the observed data and its simplicity. Thus, the presented model displays each type of
mortar firing shots into its n-dimensional vector of informative parameters, making classifying
small arms possible. To evaluate the informative parameters of the proposed model of the
automated seismo-acoustic monitoring system, the article solves the problem of nonlinear
regression, considering them as the point of the criterion optimum in the n-dimensional space.
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Mathematical model. Physical ideas about the nature of mortar explosion signals,
taking into account the multimodality of its spectrum, allow us to put forward a hypothesis
about the possibility of modeling it as follows:

L
ym (t) = Z SmI exp {—Hm|t}5in ((Dmlt +(pml ) +nm (t) (l)
1=1
In the last expression, M is the number of registered signal. Optimal estimation of the
parameters of the mathematical model of seismoacoustic monitoring of the flow of permitted
signals of mortar explosions in the seismoacoustic frequency range.

y={ya®}; m=1iM ()

Here, M is the number of mortar explosion signals. St Hon s @i+ P —free parameters of
the model, "—additive noise in measurements of the M-th explosion. L is a set of analyzed

submodels of the same type, the superposition of which models the process Y (1) e,
The problem is to determine the free parameters of the model optimally. The optimality
criterion is the degree of closeness of the model to the observed data in the selected metric.

Based on the physical conditions of setting the task, it is advisable to choose the metric L2. In

L

the metric 2, the criterion is the functional of each of the components of the form:

Fm (Pm) = [Zsml eXp{—Hm|t}5in ((Dml (t — O ))]_ yk (t)
1=1

Here, the free parameters of the model describing the mortar explosion signal with the

k=1K (3)

L2

number K are summarized in the P matrix. The Sth column in this matrix is a vector of free

(s) .
parameters P of the same submodel with the number S
SmI
M _ JHm
n e, (4)
(pml I :]_,_L

’

As a result of the analysis, we conclude that the model at L=3 gives an entirely
satisfactory agreement of the observed data with the model. The model at L =4 increases

agreement by only 5% in metric LZ, but at the same time the dimensionality of the problem
increases significantly: the space of estimated parameters changes from 12 dimensional to 16
dimensional. We see that the further increase in the dimensionality of the model in this
particular case makes no sense. If we take into account that each parameter of the model should
be considered as the noise it brings to the model (this phenomenon in statistics is called the
“curse of dimensionality”), then for this case the model with 12 free parameters is the limit in
complexity for models of the selected type for data obtained in this experiment.

In the calculations, we used the notation for the 12th parametric model. For the
convenience of calculating the free parameters of the model (2), we present this model in the
form:

L
M(t,P,)= |Z: Pnaraq-y {eXp [—Pm,2+4(|71>t] xsin |:Pm,3+4(l—l) (t — Prarag-y )] 5)
a1

P P P P . L
Here parameters — mi+4(-D7 m2+ad-12 “m3ra(-D7 "ma+4(-1)  gre amplitudes, logarithmic

decrements, corner frequencies, and phase shifts for each of the submodels ! =1L | respectively.

341



B KIBEPBE3INEKA: ocaira, Hayka, TexHika Ne 2/(26), 2024

CYBERSECURITY. v

F.(P,) min{F,(P,)}.

To determine the extremum points of our criterion , we look for a

m=1M ;Pm €An on a set An of possible values P

| M (L, )[R,

k of a vector function consisting of partial

I 011 P
derivatives of the mode =0.11 £or each parameter . .

oM (t )
Py 14a1-1)

MEP,)
=-tP exp t —
0Py 24401) My [ m2+40) J sin |:Pm,3+4(l—1) (t = P asa0-1) )] =1

M(L,P,) _ ’ (6)

R, 3+4(1-1) Pm 1+4(1-1) (t - Py L4+4(1-1) )exp[ m,2+4(1 1)t] X COS[Pm 3+4(1-1) (t —Fn A+4(1-1) )] =1
oM (t )
8Pm,4+4(|,1) —Pr1rag-) (t Pr.asaq-1) )eXp[ m,2-+4(1 1)t] X COS[Pm,3+4(I—1) (t = Poava0 )] =1L

Using the Monte Carlo method, according to a priori distributions, a point in the n-
dimensional space is thrown out; in the neighborhood with a local extremum, we find the global
one, which gives the minimum of the criterion (3).

The values of frequencies and logarithmic decrement of the object of study have
physically meaningful values. The latter are especially important, since they give an idea of the
quality factor of the system, its ability to accumulate and retain for a time the energy of external
disturbances. A high-quality factor (low decrement) at some frequencies in the model
characterizes the special sensitivity of the object to external disturbances at these frequencies.
For example, dynamic changes in the decrement towards a decrease indicate an object’s
readiness for destruction from a weak external influence. Unfortunately, the Monte Carlo
method in the article converges to a solution only by probability. The number of calculation
cycles must be large enough to be confident in the correctness of the result, which becomes
complicated when the model dimension is large. Or you need to have good a priori ideas about
the expected result. The following are the optimal parameters for the signal.

Using the Monte Carlo method, according to a priori distributions, a point in the n-
dimensional space is thrown out; in the neighborhood with a local extremum, we find the global
one, which gives the minimum of the criterion (3).

exp[ m,2+4(1 1)@ X sin[Pm,3+4(|—1) (t — Pr.asa0-9) )} =1L

So, we find the global minimum of the functional Fo (P) on the set An of admissible

vectors Py with a known a priori distribution.

min{F,(P,)}. m=1M. PneAn
Calculation results for a model with n damped harmonics are summed vectors of
dimension ", combining one-dimensional parameters, i.e., a parametric model of dimension
nx4 js considered.

THE RESULTS

Let’s analyze the quality of the optimal model. Modele with free parameters is presented.
The evaluation of the model’s quality is the criterion’s value at the point of the global minimum.
Fig. 1 presents a fragment of a recording of a mortar explosion and a mathematical model of
this fragment.
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Fig. 1. A fragment of the mortar explosion signal recording against background noise
(blue line). A model approximating this signal, the free parameters of which are obtained as a
result of evaluating the optimal parameters of criterion (3) (red line). The abscissa represents
time in seconds; the ordinate represents the amplitude of the oscillation speed in relative units

The above calculations illustrate their role in computerized technology, which estimates
free parameters in models and data. These calculations pertain to only one of the components
of recording oscillating acceleration, but the process for the other component follows a similar
technological cycle.

Transposed vector of amplitudes of natural frequencies:

S" ={1,102 0,638 0,324}

Transposed vector of decrements at natural frequencies:
p' ={0,076 0,068 0,938}
Transposed natural frequency vector:
o' ={0,291 2,436 15,831} -
I

The discrepancy between the resulting model and the observed data is 7% in metric. L

GENERALIZATION OF THE MODEL

A new model of passive monitoring has been created. The model considers physical
concepts of the nature and character of the object’s oscillations. The multimodality of its
spectrum allows us to put forward a hypothesis about the possibility of modeling it by a
superposition of oscillators with damping. Physically, the local value is looming ahead of the
frequency values that are logarithmic to the monitored object’s decrement. It is essential to
indicate the system’s quality factor and ability to accumulate and manage the energy of current
storms at any time. Unfortunately, the Monte Carlo method, shown in statistics, allows saving
up to the decision made solely for fairness. The number of cycles to calculate may be significant
for the accuracy of the result, which becomes complicated with the large model size. Otherwise,
it is necessary to have good priori statements about the recovery results. Next, the optimal
parameters for the first signal are given. At this point, the detection and mortar fire model at
low signal-transformation is improved. This leads to problems with signal detection and the
presence of seismic noise. Seismic background noise establishes a natural boundary that can be
detected by seismic equipment. The culprits of instrumental seismology and seismic noise are
given great respect. It has been noted that the nature of seismic noise is complex. Warehouses
of noise have a different nature, and today, there is no longer any way to feed the physical
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e of noise. In this section there is an emphasis on the statistical power of seismic noise, as
information is essential to increase the intensity of the signal
The model can be generalized to a more complex case: the flow of illegal signals, i.e.,

when signal carriers cross. Then the signal model for each sensor is:
K L

yt) =, Zn(t =Tkl )Sk,l exP{—Hth}Sin (mk,lt +€°k,|)+ n(t) @)

k=1 1=1

Here n(t-m) is the Heaviside function of each submodel of each signal, K is the number
of intersecting signals in the group, i.e., the group consists of unresolved signals. In general, K

is a random value. In the matrix of free parameters 1S T Ha: @ 9uf of the model (7). Parametr

W s the signal time of arrival of each submodel of each signal.
For the convenience of calculating the free parameters of the model (7), we present this

model in the form:
K |

MER)= 8 & Nt Loy &1 sinl g, (E 1o, I8 ®

k+1 i=0
where K is the number of intersecting signals in the group, i.e., the group consists of
unresolved signals. In general K is a random value. In the matrix of free parameters of the
A={ Fk=0K;I=1L;L= 4l

model (8).
A column with a number K is a vector of parameters of the K-th signal. In this parameter
vector, the mod (k, 4) IS the number Ao, A1, A2, or Azof the corresponding decaying harmonic

parameter. This harmonica has a number ant(k,4)_ We adopt the following symbols:

mod (k, 4) ant(k,4)

—this is the remainder from dividing the number K by 4, and this is the

whole part from dividing k by 4.
The example of a model (2) considered above can be considered a special case of this

more general model (6) when Loris it does not depend on i. Then each harmonic, one of the
oscillators, is one of the components of the optimal signal.) is a separate signal from a group of
unresolved signals, each with its own onset time.

The optimal estimate of the matrix of free parameters in the model (6) A is obtained as an
estimate of the free parameters that gives the minimum value of criterion (3) at a set of local
minima of this criterion. Each local minimum is calculated as in the case of model (1). The
procedure for obtaining an optimal estimate is that for a set of M pseudo-random matrices A
the points of local extremes closest to each are determined. Then, a global one is selected for a

set of local minima. The point that gives this criterion minimum in the (K+1)-S gimensional
space and is chosen as optimal for the free parameters of the signal model. As before for model
(1), in this procedure, we are provided with convergence to the optimal solution in terms of
probability with an increase in the number M of pseudo-random matrices A .

In this case, we can consider that as a result of the solution, we obtained a superposition
of three signals that entered at different times (in our example, in the interval from the moment
of entry of the first oscillator to the moment of entry of the last one.
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CONCLUSIONS

A mathematical model for identifying a mortar explosion is considered, reflecting the
most significant aspects of the monitoring process, including the process itself and the
interference and noise background accompanying this process imposed on the investigation.
The model is a nonlinear regression problem for which nonlinear optimization solution
approaches are used.

Mathematical models of automated systems of seismoacoustic monitoring are used to
model fields of mechanical elastic waves [4] — [8]. This paper presents such a model for
identifying mortar weapons for remote reconnaissance. We can see that the informative
parameters of the signal model characterize the above-described process with a high degree of
sufficiency. We can conclude that this parametric model maps the process into the feature space
and characterizes the object that fires the shots. Thus, the presented model (1) displays each
type of mortar firing shots into its n-dimensional vector of informative parameters, making
classifying small arms possible. Thus an effective analysis method is proposed for estimating
the parameters of mortar explosion signals, and non-traditional model of the natural background
against which signals of mortar explosions are recorded is proposed.
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_ MATEMATHYHA MOJEJIb V151 ABTOMATH30BAHUX CUCTEM
CEUCMOAKYCTHYHOI'O MOHITOPHUHI'Y KJIAQH@I_KAHIi MIHOMETHOI'O
BUBYXY JJIsA BEAEHHA IUCTAHIOINMHOI PO3BIJIKHN

AHoTamig. Po3Binka € HaWBaXIMBIIIMM BHAOM 3a0e3nedyeHHs OOMOBMX il BiliCEK, BOHA €
CYKYIIHICTIO 3aXO/IiB yCIX KOMaHUPIB i Ta0IB i3 METOI0 CBOEYACHOT'0 OTPUMaHHsI iHpopMarlii mpo
MPOTUBHHKA, MICIIEBICTh, KJIIMAaTH4HI 1 IOTO/IHI YMOBH B paiioHi MaiiOyTHIX OOWOBHX [iif 3 METOIO
HalOUIbII e()eKTUBHOTO 3aCTOCYBaHHS CBOIX CHII 1 3aCO0IB 11010 ypasKeHHs IPOTUBHUKA. B poborti
NPEACTABICHO MaTeMaTWdHi MOZAENI [UIi apoOMaTU30BAHMX CHCTEM CEHCMOaKyCTHYHOTO
MOHITOPHHTY JUIsI OLIHKKA KIaciB MIHOMETIB, SIKi TPOBOIATH OOCTPLI 3 METOI0 BEICHHA
MUCTaHIIMHOT po3Biaku. [Ipwm oIiHII mapamMeTpiB MaTeMaTHYHOI MOJENi IS CHCTEM
CeiCMOaKyCTHYHOTO MOHITOPHHTY CHTHAIy MIHOMETHOTO BHOYXYy B 3araJlbHOMY BHIAJIKy, MH
CTHKA€EMOCS 3 TaKUM IOJAHHSAM MOJIEN CefiCMOaKyCTHYHMX IIOJIB, IO CIIOCTEPIraloThes, KOIH
CIIOCTEPE)KEHHS YCKJIQJHCHI aJUTHUBHOIO 3aBajol0. BracHe Mozmenp 3aleXHTh BiJ YacoBOi,
MPOCTOPOBOI KOOPAUHATH, Ta BEKTOPY 1H(GOPMAaTHBHUX MapaMeTpiB MOJAEINI, L0 XapaKTepU3yrTh
00’ €KT TOCTIKSHHS. MOJIEJTb MPOoIiecy (HOpMYBaHHS MOJISI BU3HAYAETHCS TBOMA BEKTOPAaMH BITBHUX
mapameTpiB MOJeNi, a camMa MOJEb € TIMOTe30 0 JOCIIAHAKA MPO MPOIEC, 0 MOICITIOETHCS.
MPUYOMY MU MOJIUIIEMO BEKTOPH MApaMETPiB TOMY, SIK BOHU BXOJSITh Y MOJIENIb, JIiHIHHO, Ta — HE
niHiiHO. MeTa mpotieciB Kiacudikarlii 00’ €KTiB MOJSIra€ B TOMY, 11100 JOCTITUTH BIAMIHHOCTI MiXk
CUTHAJIAMH BiJl PI3HUX MIHOMETIB, 3 METOI0 BEICHHS MUCTAHI[INHOT PO3BIAKU IJIst KiacHdikarii
JOCIIKyBaHOTO 00’ ekTa. B poOOTI mpencTaBiieHi MaTeMaTHYHI MOJIETi aBTOMAaTH30BAHUX CHCTEM
CEIICMOAaKyCTHYHOTO MOHITOPHHTY BEICHHS IHCTaHIIMHOI PO3BIKKM 3 MeTOK Kiacugikarii
MIHOMETHOI TIO0 CEHCMOaKyCTHYHUM 3amicaM apTWIepiHchkux o0cTpimiB. B mamiit poboti
PO3IIISIAIOTECS. MPOLIECH BUSBIICHHS, IO MPALIOIOTh HA OJTHOMY KaHaji 3amucy. 3a JOIOMOTO0
3alpONOHOBAaHOI MOAEIi 00’€KT, IO JOCHTIHKYEThCS, BiTOOpaXKaeThCc Y BEKTOp iHPOPMATHBHUX
napameTpiB MOJIENI, SIKHi XapaKkTepu3ye aaHuil Tum 00’ exra. HaOpaBiiy CTaTUCTHKY HA MHOXKHHI
pi3HMX THUIMIB O0’€KTIB y PI3HUX yMOBax MU MOXEMO NOOyIyBaTH Mpoueaypy kiacugikarii
00’€eKTIB, L0 JAOCIIDKYIOTHCS, 32 Kiacu(ikaliero BEKTOpy iHPOPMaTHBHUX MapaMeTpiB Mozeni. B
po0OTI PO3MIISTHYTO y3arajbHEHHS MaTeMaTHYHOi MOJENi OJMHOYHOrO0 BHOYXy Ha BHIAJOK
HaKJIaJJaHHs CHTHAJIB B MPOIECI 3aMKUCy XBHJIHOBOTO CEHCMIYHOrO mMojst. MareMaTwdHi MOJeNi
AaBTOMATH30BaHMX CHCTEM  CEHCMOAKyCTHYHOTO  MOHITOPUHTY  BHKOPUCTOBYIOTHCS  JUIS
MO/ICTIFOBAHHSI TI0JIiB MEXaHIYHUX NPY>KHUX XBWIIb. Y AaHii poOOTi mpecTaBIeHa Taka MOAEINb JUIs
ineHTH(IKaL] MIHOMETHOTO 030pO€HHS JUI TUCTAHLIHHOT po3BiaKku. MOXHa 3pOOMTH BUCHOBOK,
1110 JIaHa MapaMeTpU4Ha MOJAENb BiJI0Opakae MPOIEC y MPOCTIp O3HAK 1 XapaKTepHu3ye 00’ €KT, 110
pobuts moctpinu. Takum 4YMHOM, TpelCTaBlIeHa MOJENb BifoOpakae KOXKEH THI IOCTPiIiB
MIHOMETHOI CTpiIbOM y CBilf n-MipHMH BEeKTOp iH(GOPMATHBHHUX NapaMeTpiB, IO YMOXKIHMBIIOE
Kiacudikaniro crpinenskoi 30poi. TakumM YUHOM, 3aIIPONOHOBAHO €(DEKTUBHUI METOJI aHANI3Y JUIs
OIIIHKY MapaMeTpiB CUTHATIB BUOYXiB MIHOMETIB, a TAK0OX 3aIIPOITIOHOBAHO HETPAAHIIIHY MOJIENb
MPHUPOAHOTO (POHY, HA TKOMY PEECTPYIOTHCSI CUTHAIHM BUOYXiB MIHOMETIB.

KiouoBi cioBa: ceficMOaKyCTHYHUII MOHITOPHMHT; MIHOMETHHH BHOYX; CEHCMIYHHMI CHTHAI;
MaTeMaTHYHa MOJIENb; BEKTOP iHPOPMATHBHIX MapaMeTpiB MOJAEMI.
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