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Abstract. We firstly present an advanced mathematical formalism and new microsystem technology
to analysis, modeling and prediction of the environmental radioactivity dynamics at whole, and chaotic
time series of the radionuclide dynamics in particular. It inlcuded a qualitative analysis of dynamical
problem of the typical environmental radioactivity dynamics, reconstruction of the phase space with
using methods of correlation dimension algorithm and false nearest neighbor points, determination of
the dynamic invariants of a chaotic system, including the global Lyapunov exponents, the Kaplan-York
dimension d, , Kolmogorov entropy etc. The forecasting block contains new (in a theory of environ-
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mental radioactivity dynamics and environmental protection) methods and algorithms of nonlinear
prediction such as methods of predicted trajectories and neural networks modelling. As an illustration,
the first data of analysis of the time series for the radon pore activity are presented and indicated on
availability of the low- (and indeed middle) dimensional chaos.

Keywords: radionuclides concentration dynamics, new mathematical models, new microsystem
technologies, time series analysis and prediction modelling

HOBMH MIIXIJ I MIKPOCUCTEMHA TEXHOJIOI'TSA BIOCKOHAJIEHOT'O
HEJIIHIMHOT O AHAJII3Y I MOAEJIOBAHHS XAOTUYHOI JINHAMIKH
KOHIIEHTPAIIIMA PAIIOHYKJIMIIB Y HABKOJIMIIIHLOMY CEPEJOBHUIIY

O. B. I'nywxos, FO. A. Byuskosa, B. B. Bysioocu, FO. B. /[yoposceka, 1. O. Ky3ueyosa,
0. IO. Xeyeniyc

AHoTauis. Bnepiie Mu npencraBisieMo yJOCKOHAJICHUH MareMaTuyHUN (Gopmalii3M Ta HOBY
MIKpPOCHCTEMHY TEXHOJIOTIIO JUISl aHaJIi3Y, MOJICJIFOBAHHS Ta IPOTHO3YBAaHHS IMHAMIKU Pall0aKTHBHOCTI
HaBKOJIMIIHBOTO CEPEOBHUINA B LIJOMY Ta XaOTHUYHUX YaCOBUX PsJiB, 30KpeMa JUHAMIKHU
pamionykiiniB. HaBeneni sKiCHUN Ta KITbKICHUHN MiAXiJ 10 MPOOIEMHU aHATI3y YaCOBOI TUHAMIKH
PaslioaKTUBHOCTI y HABKOJIMIITHBOMY CEPEIOBHIILY, PEKOHCTPYKIIi (ha30BOT0 MPOCTOPY 3 BUKOPUCTAH-
HSIM METO/IIB aJITOPUTMY KOPEISALIHHOT pO3MIPHOCTI, TOMUJIKOBHX CYCIIHIX TOUOK, €(PEeKTUBHHUHN MiIX1]
JI0 BU3HAUCHHS JUHAMIYHUX 1HBapiaHTIB XaOTUYHOI CUCTEMH, B TOMY YHMCII TNIO0ATFHUX MMOKA3HHUKIB
JIamynosa, posmiprocti Kannana-Mopka, entpomnii Konmvoroposa tomto. IIporuo3nuii 610k MicTUTH
HOBI (B Teopii TUHAMIKH paZi0aKTUBHOCTI HAaBKOJIMITHHOTO CEPEIOBHILA Ta OXOPOHY HaBKOJIHUIIHbO-
r0 CEpeZ0BHUINA) METOIU Ta AJTOPUTMHU HETIHIHHOTO MPOTHO3YBAHHS, Y T.4. METOIU MPOTHO3YBaHHS
TPaEKTOPiil Ta MOJIEIIOBAHHS HEMPOHHUX Mepexk. SIK LIrocTparlis, MpeacTaBieH] Mepili JaHi aHai3y
YaCOBUX PAAIB 7Sl HOPOBOI aKTHBHOCTI PaJIOHy 1 BKa3aHO Ha HAsIBHICTH €JIEMEHTIB I€TEPMIHUCTUYHOTO
Xaocy.

KurouoBi ciioBa: nuHaMika KOHLIEHTpaliil palioHYKIiiB, HOBI MaTeMaTU4YHI MOJei, HOB1
MIKPOCHCTEMHI TEXHOJIOT11, aHaJli3 Ta MPOTHO3YBAHHS YaCOBHX PAIIiB

HOBBIH MOAXOJ 1 MUKPOCUCTEMHAS TEXHOJIOT USI
YCOBEPIIEHCTBOBAHHOI'O HEJIMHEMHOI'O AHAJIN3A U MOJEJIMPOBAHUSI
XAOTUYECKOM JUHAMWKHA KOHIEHTPAIIN PAJTMOHYKJIUI0OB B
OKPYKXAIOIIEW CPEJIE

A. B. I'nywros, FO. A. Bynskosa, B. B. bysioocu, FO. B. J[yoposckas, A. A. Ky3neyosa,
0. IO. Xeyenuyc

AHHOTauus. Mbl BIIepBbIe MIPEACTABIISEM YCOBEPIIEHCTBOBAHHBIA MaTeMaTn4ecKuil (popMasinzm u
HOBYIO MUKPOCHCTEMHYIO TEXHOJIOTHIO JJIs aHAJIN3a, MOACIUPOBAHNS U IIPOrHO3UPOBAHUS JUHAMUKHU
PaaOaKTUBHOCTH OKPY KAIOLIEH CpeIbl B LIEJIOM U Xa0TUYECKUX BPEMEHHBIX PSIIOB, B YaCTHOCTH, JU-
HaMHKH PaguoOHYyKINA0B. [IprBeeHbl HOBBIN KaueCTBEHHBIN U KOTMYECTBEHHBIHN MOAX0/ K podiieme
aHaJM3a BPEeMEHHOHN JMHAMHUKHU PaJHMOaKTUBHOCTH B OKPY>KaIOLIeH cpee, peKOHCTPYKIUHU (a30BOTo
IIPOCTPAHCTBA C UCIIOJIB30BAHUEM METOJIOB AJITOPUTMA KOPPEIALUOHHON Pa3sMEPHOCTH, JIOKHBIX CO-
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CeIHUX TOYeK, 3((HEKTUBHBIN MOIXO K OMPEICICHUIO TMHAMUYECKUX HHBAPUAHTOB XaOTHUECKOM
CHCTEMBI, B TOM YHCJIe TI00aIbHBIX TT0Ka3aTeneit JIsmyHosa, pasmeproctn Kamnana-Hopka, saTponun
Komnmoroposa u 1ip. [IporHo3HbIi 670K COAEp>KUT HOBBIE (B TEOPUM JUHAMHUKH PaIMOAKTUBHOCTH OKpPY-
JKaAIOLIEH Cpeibl M OXpaHbl OKPYKAIOLIEH Cpeibl) METO/IBI U AJITOPUTMbI HEJTMHEWHOTO ITPOrHO3UPOBA-
HUs, B T.4. METO/bI IPOTHO3UPOBAHUS TPACKTOPUM U MOZACIMPOBAHUE HEMPOHHBIX ceTell. B kadecTBe
WJUTFOCTPALIMH, ITPEICTABIICHBI IIEPBbLIC JAHHBIC aHAIN3a BPEMEHHBIX PsI0B U1 IOPOBOM aKTUBHOCTHU
paZOHA U yKa3aHO HA HAJIMYKUE 3JIEMEHTOB JCTEPMUHUCTUYECKOIO Xa0ca.

KuroueBble c10Ba: MHaMuKa KOHLEHTpaLMi palOHYKJIM0B, HOBbIE MaTEMATUUYECKUE MOZEIH,
HOBBIE MUKPOCUCTEMHBIE TEXHOJIOTUH, AHAJIU3 U IIPOrHO3UPOBAHUE BPEMEHHBIX PSI0B

1. Introduction

The correct quantitative description of envi-
ronmental radioactivity dynamics is one of the
most actual and important problem of the ap-
plied radioecology and radioactive environment
protection with (look for example, [1-5]). The
key problems of the atmospheric, hydrological
and soil radionuclide dynamics includes the re-
search radionuclide transport in the atmospheric,
hydrological, soil etc environment respectively,
the terrestrial radionuclide dynamics - research
radionuclide transfer and migration in the terres-
trial environment, marine radionuclide dynamics
- research radionuclide transfer in the marine en-
vironment and radiological hydrology - research
radionuclide transfer from land to fresh water en-
vironments due to hydrological phenomena. The
main purposes of modeling, measurements and
forecasting approach include to evaluate and pre-
dict environmental radionuclide transfer and ra-
diation through using computer simulations and
other methods, to develop improved technologies
to monitor and measure radiation, to develop me-
chatronics systems and remote control technolo-
gies that will enable sampling and other opera-
tions in areas where humans cannot approach, to
make analysis and archiving of research outputs
and research samples produced by IER and other
institutes around the world. Problem of studying
the dynamics of chaotic dynamical systems arises
in many areas of science and technology [16-20].
We are talking about a class of problems of iden-
tifying and estimating the parameters of interac-
tion between the sources of complex (chaotic)
oscillations of the time series of experimentally
observed values. Problem of an analysis and fore-
casting the impact of anthropogenic pressure on
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the state of atmosphere in an industrial city and
development of the consistent, adequate schemes
for modeling the properties of the concentration
fields of air pollutions has been in details consid-
ered, for example, in Ref.[15].

Let us remind [1-6] that most of the models
currently used to assess a state (as well as, the
forecast) of an environment pollution are present-
ly by the deterministic models or simplified ones,
based on a simple statistical regressions.

The success of these models, however, is lim-
ited by their inability to describe the nonlinear
characteristics of the pollutant concentration be-
haviour and lack of understanding of the involved
physical and chemical processes. Certainly, these
models can’t principally used in treating the cha-
otic nature systems (see [7-21]). Although the use
of methods of a chaos theory establishes certain
fundamental limitation on the long-term predic-
tions, however, as has been shown in a series
of the papers (see, for example, [7-22]), these
methods can be successfully applied to a short-
or medium-term forecasting. In Ref.[5,15,16]
there are presented the successful examples of the
quantitatively correct description of the tempo-
rary changes in the concentration of nitrogen di-
oxide (NO2) and sulfur dioxide (SO2) in several
industrial cities (Odessa, Triste, Aleppo and cities
of the Gdansk region) with discovery of the low-
dimensional chaos.

The main purpose of this paper is formally
to present an advanced mathematical formalism
and new microsystem technology to analysis,
modeling and prediction of the environmental ra-
dioactivity dynamics at whole, and chaotic time
series of the radionuclide dynamics in particular.
It inlcuded a qualitative analysis of dynamical
problem of the typical environmental radioacti-
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vity dynamics, reconstruction of the phase spa-
ce with using methods of correlation dimension
algorithm and false nearest neighbor points, de-
termination of the dynamic invariants of a chao-
tic system, including the global Lyapunov expo-
nents, the Kaplan-York dimension d, , Kolmogo-
rov entropy etc. The forecasting block contains
new (in a theory of environmental radioactivity
dynamics and environmental protection) metho-
ds and algorithms of nonlinear prediction such as
methods of predicted trajectories and neural ne-
tworks modelling. As an illustration, the first data
of analysis of the time series for the radon pore
activity are presented and indicated on availabil-
ity of the low- (and indeed middle) dimensional
chaos. All calculations are performed with using
“Geomath”, “Superatom” and “Quantum Chaos”
computational codes [15-84].

2. Advanced technique to analysis radionu-
clide dynamics in environment systems

As usually, we start from the first key task on
testing a chaos in the time series of environmen-
tal radioactivity dynamics. Firstly, as usually, one
should consider scalar measurements of the sys-
tem dynamical parameter, say, radionuclide con-
centration:

(n)=s(t,+ nA 1) =s( n). (1)
Here ¢, is a start time, Af is the time step, and n
is number of the measurements. The first step
of the whole methodology begins with the use
of a known test for the presence of chaos in the
system noise, which was proposed Gottwald and
Melbourne [7]. Its main idea boils down to the
choice of some constant ¢, rather, several values of

¢, which further define the value (with accounting
for Eq.(1)): :

p(n)= Y F(j)eos(je), 2

and then mean-squared shift:

N
M) = fim Y [p(+m - pF > ()
j=1

and at last a asymptotic growth rate M(n):

log M (n)
logn

K =1lim

n—>0

(4)

According to Ref. [7], in the case of regular
dynamics M (n) is a limited function of n with a
unit probability; respectively, in the case of cha-
otic dynamics M(n)=V(n)+O(1) for some V>0. If
the parameter K = 0, a dynamics of the studied
system is considered as a regular, in the case of
K =1 one should talk about chaotic dynamics.
The fundamental idea of our approach to studying
the dynamical radionuclide characteristics in at-
mospheric and others environment is ideological-
ly reduced to chaos-cybernetic analysis, playback
(and reconstruction) phase space of the system
and, accordingly, the phase trajectory prediction
about the temporal evolution of the dynamical pa-
rameters. Further in order to implement the ide-
ology simulation of compact geometric attractor
and apply a chaos-cybernetic specified phase tra-
jectories algorithm to restore the phase space of
the system one should use the concept of average
mutual information, and secondly, the concept of
using properties of the relevant linear autocorre-
lation function. In terms of mathematical mod-
eling the problem reduces to the consideration of
unambiguous mapping form:

F.,=G(F), (5)

where F e R ?is a vector of environmental state,
D is a dimension of the system, 7 is a discrete time,
G is a D-dimensional mapping.

In order to reconstruction a phase space of the
radionuclide environment system one should use
ideas by to Packard et al [8]. The main idea is that
direct use of lagged variables s(n+t), where 7 is
some integer to be defined, results in a coordinate
system where a structure of orbits in phase space
can be captured. Using a collection of time lags to
create a vector in d dimensions,

y(n)=[s(n), s(n + 1),s(n + 21),..,s(n +(d-1)1)], (6)

the required coordinates are provided. In a non-
linear system, s(n + jt) are some unknown nonlin-
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ear combination of the actual physical variables.
The dimension d is the embedding dimension, d,
(see details, for example, in Refs. [7-9,15-18]).
The choice of proper time lag is important for the
subsequent reconstruction of phase space. There
are known two effective algorithms to solve this
problem, namely, method of autocorrelation func-
tion C,(6) and an average mutual information ap-
proach.

The goal of the embedding dimension deter-
mination is to reconstruct a Euclidean space R?
large enough so that the set of points d, can be un-
folded without ambiguity. The embedding dimen-
sion, d,, must be greater, or at least equal, than a
dimension of attractor, d , i.e. d, > d . The corre-
lation integral analysis is one of the widely used
techniques to investigate the signatures of chaos
in a time series. The analysis uses the correlation
integral, C(r), to distinguish between chaotic and
stochastic systems.

According to [13], one should calculate the
correlation integral C(r). If the time series is char-
acterized by an attractor, then the correlation inte-
gral C(r) is related to the radius r as

d= limM , (7)
i logr

where d is correlation exponent. If the correla-
tion exponent attains saturation with an increase
in the embedding dimension, then the system is
generally considered to exhibit chaotic dynamics.
The saturation value of correlation exponent is
defined as the correlation dimension (d,) of the at-
tractor (see details in refs. [4,23,24]). As alterna-
tive method to computing embedding dimension,
one could use an algorithm of the false nearest
neighbor points by Kennel et al [9] (look [10-15]
t00).

The main idea is as follows. In dimension d
each vector y(k) has a nearest neighbour y*¥(k)
with nearness in the sense of some distance func-
tion. The Euclidean distance in dimension d be-
tween y(k) and y""(k) is called as R (k):

R2(k) =[s(k)—s™ () +[s(k +1) =™ (k + DT +
ot [s(k +t(d = 1)) = s™ (k +1(d - D).

(8)
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R (k) is presumably small when one has a lot a
data, and for a dataset with N measurements, this
distance is of order 1/N"?. In dimension d + 1 this
nearest-neighbour distance is changed due to the
(d + 1)st coordinates s(k + dt) and s"V(k + dt) to

R, (k)= R: (k) +[s(k +dt)—s™ (k +dv)]’- ©)
Further one could define some threshold size
RT to decide when neighbours are false. Then if

sk +drt)—s™ (k +dv)|

L&, (0
R, (k)

the nearest neighbours at time point k are declared
false. Kennel et al. [9] showed that for values in
the range 10 <R <50 the number of false neigh-
bours identified by this criterion is constant. In
practice, the percentage of false nearest neigh-
bours is determined for each dimension d. A value
at which the percentage is almost equal to zero
can be considered as the embedding dimension.

One of the most important results of a mod-
ern chaos theory is that studying the chaotic
time series based on the standard linear analysis
methods (including standard Fourier analysis) is
fundamentally not possible. For this reason, it is
not possible to indicate a trajectory of the most
probable evolution of dynamic system on the ba-
sis of linear analysis methods even when a phase
space is reconstructed. For nonlinear systems
with a chaotic chaotic dynamics a great interest
represents using of invariants which that do not
change during evolution of a system. Besides, it
is important fulfilling the additional condition of
constancy of invariants even under little changes
of the initial conditions.

As one of the fractal dimensions (correlation)
has been described above, further we consider the
Lyapunov exponents. In fact, analysis on the basis
of the Lyapunov exponents was carried out to de-
termine a stability of linear and nonlinear systems.
In fact a spectrum of the Lyapunov exponents is
one of dynamical invariants for non-linear system
with chaotic behaviour. As usually, the predict-
ability can be estimated by the Kolmogorov en-
tropy, which is proportional to a sum of positive
Lyapunov exponents. The limited predictability
of the chaos is quantified by the local and global
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Lyapunov exponents, which can be determined
from measurements. The Lyapunov exponents
are related to the eigenvalues of the linearized dy-
namics across the attractor. Negative values show
stable behaviour while positive values show lo-
cal unstable behaviour. For chaotic systems, be-
ing both stable and unstable, Lyapunov exponents
indicate the complexity of the dynamics. The
largest positive value determines some average
prediction limit. Since the Lyapunov exponents
are defined as asymptotic average rates, they are
independent of the initial conditions, and hence
the choice of trajectory, and they do comprise an
invariant measure of the attractor. An estimate of
this measure is a sum of the positive Lyapunov
exponents. The Kolmogorov entropy measures
the average rate at which information about the
state is lost with time. The estimate of the dimen-
sion of the attractor is provided by the Kaplan and
Yorke conjecture (see details in Refs. [7-15]):

J

2
d ='+&a
=7 B

(11)

J+l |

Jj+l

Z:;ku <0’ and

the Lyapunov exponents are taken in descending
order.

To compute the Lyapunov exponents, one
should use a method with linear fitted map, al-
though maps with higher order polynomials can
be used too (e.g.[4,13]. Another new approach
has been recently developed by Glushkov et
al and in using the neural networks technique
[17-20]. Summing up above said and results of
Refs. [1-3], the whole technique of analysis, pro-
cessing and forecasting any time series of the ra-
dioactive pollutants in different geospheres will be
looked as follows (see figure 1).

J
where j is such that Z_:,M >0 and

I. Analytics and the environmental radioactivity dynamics, the “Arnold-
analysis”

II. Preliminary studying and conclusion regarding a chaos availibility

[ 1. The Gottwald-Melbourne test: K — 1 — chaos |

2. Energy spectrum, statistics, power spectra, Wigner-Dyson
distribution, ...,
U

III. The phase space geometry. The fractal geometry

3. A method of the time lag, algorithm by Packard-
Takens, advanced autocorrelation function or average
initial information algorithms

4. Determining embedding dimension dz by the method
of the correlation dimension or algorithm of the false
nearest neighbor points

\ 5. Computing multifractal spectra, wavelet-analysis |

IV. Forecasting process in the environmental radioactivity dynamics

6. Computation of the global Lyapunov dimension L;
determination of the Kaplan-York dimension
dy and average limits of predictability Prya
(advanced algorithms)

7. Determining the number of nearest
neighboring points NN for the best
forecast results (analysis of qualitative indicators), ...

8. New methods and algorithms of nonlinear prediction
(methods of predicted trajectories, stochastic propagators and
neural networks modelling with blocks of the polynominal
approximations, wavelet-expansions ...

Figure 1. General compact scheme for compu

tation of the characteristics of the environmental

radioactivity dynamics time series and a non-linear
analysis, modelling and prediction.

The last block indeed includes the methods
and algorithms of nonlinear prediction such as
methods of predicted trajectories, stochastic
propagators and neural networks modelling,
renorm-analysis with blocks of the polynomial
approximations, wavelet-expansions [4.23,24].
All calculations can be performed with using
“Geomath” and “Quantum Chaos” computational
codes [4,21-38].

3. Illustrative results and conclusions

As an illustration of the presented approach
we have preliminarily studied the temporal
dynamics of of the radon pore activity. The data
of measurements on the monitoring stations of
the Petropavlovsk-Kamchatsky geodynamical
poligone [2,3]. It has been earlier shown that the
radon density flow can be treated as perspective
characteristics in  studying geodynamical
porcesses in epy Earth’s crust. We have carried
out a preliminary computing the time series for the
radon pore activity (data from [29,30]; Figure 2)
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using the above presented approach. In Table 1 we
list the data of the preliminary computation of the
key invariants: time lag (t) correlation dimension
(d,), embedding dimension (d,), Kaplan-Yorke
dimension (d,), two Lyapunov exponents, the
Kolmogorov entropy for the time series of the
radon pore activity (preliminary data). The
preliminary data indicate on availability of the
low- (and indeed middle) dimensional chaos in
the time series of the radon pore activity.

20.08 25.08

15.08

31.07 05.08 10.08

Figure 2 . The temporal dynamics of the radon
pore activity at a depth of the sensor arrangement
(1.0 m and 0.1 m).

Table 1.

Time lag (t) correlation dimension (d,),

embedding dimension (d;), Kaplan-Yorke

dimension (d,), two Lyapunov exponents, the

Kolmogorov entropy for the time series of the
radon pore activity (preliminary data)

T d d A A d

2 E L Kentr

9 5,6 6 0,018 | 0,001 | 4,31 | 0.019

This is in agreement with the fractal picture
data [2,3]. To reconstruct the corresponding chaot-
ic attractor, the time delay and embedding dimen-
sion were computed on the basis of the methods
of autocorrelation function and average mutual
information, correlation dimension, false nearest
neighbours. The presence of the two (from six)
positive A suggests the system broadens in the line
of two axes and converges along four axes that in
the six-dimensional space.

It is important to underline that the Kaplan-
Yorke dimensions, which are also the attractor
dimensions, are smaller than the dimensions ob-
tained by the algorithm of false nearest neigh-
bours. Computing K_ and correspondingly an
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average limit of predictability can show the limit
to which the corresponding amplitude of the av-
erage intensity can be provided. In any case, one
should keep in mind that usually a limited set of
data may probably lead to an underestimation of
the actual dimension of the system.
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Summary

The aim of the work is to develop and present a new approach and correspondingly a new
microsystem technology for advanced non-linear analysis, modelling and forecasting the environmental
radioactivity dynamics and apply it to studying a temporal dynamics of the atmospheric radionuclides
such as radon and others. The new approach includes a qualitative analysis of dynamical problem of the
typical environmental radioactivity dynamics, reconstruction of the phase space with using methods
of correlation dimension algorithm and false nearest neighbor points. To reconstruct the corresponding
chaotic attractor, the time delay and embedding dimension were computed on the basis of the methods
of autocorrelation function and average mutual information. The correlation integral algorithm has been
used to compute the fractal dimension. The approach includes an effective computing of the dynamic
and topological invariants of a chaotic system, including the global Lyapunov’s exponents, the Kaplan-
York dimension, Kolmogorov entropy and others.

The forecasting block contains new (in a theory of environmental radioactivity dynamics
and environmental protection) methods and algorithms of nonlinear prediction such as methods of
predicted trajectories and neural networks modelling.

As an illustration, the first data of analysis of the time series for the radon pore activity are
presented and indicated on availability of the low- (and indeed middle) dimensional chaos. The
data of measurements on the monitoring stations of the Petropavlovsk-Kamchatsky geodynamical
poligone have been analysed. The presence of the two (from six) positive the global Lyapunov’s
exponents suggests the system broadens in the line of two axes and converges along four axes that
in the six-dimensional space. It is important to underline that the Kaplan-Yorke dimensions, which
are also the attractor dimensions, are smaller than the dimensions obtained by the algorithm of false
nearest neighbours. It has been confirmed that the radon density flow can be treated as perspective
characteristics in studying geodynamical porcesses in the Earth’s crust.

Keywords: radionuclides concentration dynamics, new mathematical models, new microsystem
technologies, time series analysis and prediction modelling
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Pegepar

Merta poOoTu momsirae y po3poOIli Ta mpe3eHTallii HOBOTO MiJX0ay Ta, BiAMOBIIHO, HOBOI
MIKPOCUCTEMHOI TEXHOJIOT1i JAJIsI MOTTMOIEHOTO, BIIOCKOHAIEHOTO KUTbKICHOTO JTOCIIKSCHHS 4aCOBOT
Ta IPOCTOPOBOI TUHAMIKHM KOHIIEHTpPALIN PaJiOaKTUBHUX 3a0pyIHIOI0OYMX HABKOJIMIIIHE CEPEIOBUIIIE
(armocepy, rizpochepy TOIIO) PEUOBUH Ta 3aCTOCYBAHHS ii 10 BUBYEHHS XapaKTEPUCTUK YACOBUX
psIiB KOHLEHTpAIill 3a0pyqHIOI0UMX aTMOc(epy paliOHyKIiIiB TUIY PaJOHY Ta IHIIHX.

HoBuil migxia BkIOYae SKICHUM Ta KUIBKICHUM aHai3 MPOOIEMH 4acOBOI NHHAMIKH
PaIioaKTUBHOCTI JOBKLLIS, PEKOHCTPYKIIiO (ha30BOr0 MPOCTOPY 3 BUKOPUCTAHHIM METO/IIB aJITOPUTMY
KOPEJSIIIHOTO IHTerpaiy Ta METOLy MMOMUJIKOBHUX CYCiIHIX TOUOK. [IJis1 peKOHCTPYKIIi1 BiIMOBITHOTO
Xa0THUYHOTO aTPaKTOpy, OOYMCICHHS 3aTPUMKHU Yacy Ta pO3MIpHOCTI BKJIaIEHHS BUKOHAHE Ha OCHOBI
METO/IIB aBTOKOPEIALiHOT PyHKIT Ta cepenHboi B3aeMHOI iHpopMallii. AITOPUTM KOPEISALiIHHOTO
1HTerpaja BUKOPUCTAHUM 17151 0OUMCIIEHHS KOpesiitHoi po3MipHOCTi. I1iaxia npupoaHbo BKIIIOYAE
e(eKTHBHE OOYMCIICHHS TUHAMIYHUX Ta TOMOJOTTYHUX 1HBAP1aHTIB XaOTUYHOI CUCTEMH, B TOMY YHUCI1
I106aNBHIX OKAa3HUKIB JIsmyHoBa, posmiprocTi Kannana-Mopka, entponii KonMoroposa Ta iHmmx.

[IporHo3Huii 610K MiCTUTH HOBI (BIIEpIIIE B TEOPIi AMHAMIKH Pai0aKTUBHOCTI HABKOJIUIIIHHOTO
CepeZIoBUIIA Ta OXOPOHY JOBKIJIISI) METOJU Ta aJITOPUTMH HENIHIHHOTO MPOTHO3YBaHHS, TaKi SIK
METOJIU TepeI0aYeHNX TPAEKTOPIH Ta MOIETIOBAaHHS HAa OCHOBI HEHPOHHUX MEPEK.

Sk imrocTpanis, TpeaCcTaBIeH] pe3yabTaTu aHalli3y JaHUX I10 MOPOBii aKTUBHOCTI PaloOHY
1 BIepIie BKa3aHO Ha MOXKJIMBY HasBHICTh €JIEMEHTIB xaocy. [IpoaHanizoBaHO aHi BUMipIOBaHb
Ha CTaHI[IsIX CIIOCTEpPEKEeHb Ha reoguHamMiuHoMy mousirosi IlerponaBioBchk-KamyaTchkoro.
HasBHiCTB 1BOX (3 II€CTH) MO3UTUBHUX INI0OATBHUX MOKa3HUKIB JIsImyHOBa nepenbdayae, mo cucreMa
PO3IINPIOETHCS B JIHIT ABOX OCEH 1 CXOAUTHCA Y3I0BXK YOTUPHOX Ocel y 6-MipHOMY mpocTopi. Baxnso
miaKpecuTH, mo posMmipricTs Karnana-Fopka, sika € Takox pO3MipHICTIO aTpakTopy, MEHIIA, Hixk
PO3MIpHICTh, OTPUMaHa HAa OCHOBI alropuTMy ¢aiablIMBUX HaOmmwkuux cyciais. [linTBepaxkeHo,
II0 MOTIK T'YCTHMHH PaJloHy MOKHA PO3IIISAJATH K NMEPCHEKTUBHY XapaKTEPUCTUKY NPHU BUBYCHHI
reolMHaMIYHUX TIOPIIEHb Y 3€MHIN KOpi.

KurouoBi ciioBa: nuHamika KOHIEHTpALii paJiOHYKIIiiB, HOBI MaTeMaTH4Hi MOJIENi, HOBI
MIKPOCHCTEMHI TEXHOJIOT1{, aHaJli3 Ta MPOTHO3YBAHHS YaCOBHX PAIIB
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