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Abstract. We present the results of an analysis, modelling a temporal dynamics of the beryllium-7
(caesium-137) activation concentration in the atmospheric environment time series in Austria after
the Fukushima Daiichi Nuclear Power Plants emergency accident. As method of studying we use the
complex of the earlier developed models and microsystem technologies which are based on an ad-
vanced non-linear analysis technique and modern chaos theory and dynamical systems and a chaos
theory methods (Correlation integral approach, average mutual information, surrogate data, false
nearest neighbours algorithms, the Lyapunov’s exponents and Kolmogorov entropy analysis, nonlin-
ear prediction models etc). As the input data we use the data on the long-term time series and activity
size distribution of beryllium-7 (caesium-137) in the atmospheric environment time series in Austria
after the Fukushima Nuclear Power Plant. We have listed the data on the topological and dynamical
invariants, namely, the correlation, embedding, Kaplan-Yorke dimensions, the Lyapunov’s exponents,
Kolmogorov entropy etc and found an availability of the chaos elements in the corresponding Be-7
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time series. Regarding the caesium-137, we could not get the analogous adequate conclusion for the
corresponding time series.

Keywords: mathematical modelling, new microsystem technologies, radionuclide activation con-
centration, time series analysis and chaotic elements

AHAJII3 JIMHAMIKYW KOHIIEHTPAIIIT PAJIOHYKJIIJIA BERYLLIUM-7 B
ATMOC®EPHOMY CEPEJOBHIIY HA OCHOBI AHAJII3Y YACOBHUX PSIJIOB
IIICJISI ABAPIHHOI CUTYAIIII HA ATOMHIN EJJEKTPOCTAHIIII FUKUSHIMA
DAIICHI

[O. /. Bynsaxosa, B. b. Tepnoscoxuil, FO. B. /[yoposcvka, I B. lenamenko, A. A. Ceunapenxo,
JI. A. Bimasemcbvka

AHoranis. HaBoasaTecs pe3yinbTaTu aHali3y 1 MOJENIOBAHHS YacOBOI IMHAMIKM KOHLEHTpaIii
pamioHyKIi 1B Oepritiii-7 (uesiii-137) B armochepHOMy cepenoBHILi B ABCTpii HA OCHOBI BIZITIOB1THOTO
aHaJIi3y 4acOBMX PsIIB Micis aBapii Ha aToMHil enekTpocTanuii Fukushima Daiichi. B sxocti metony
BUBUYEHHS BUKOPHCTOBY€ETHCS] KOMIUIEKC paHillie po3po0ieHuX Moienel 1 MIKpOCUCTEeMHA TEXHOJIOT 14,
SK1 3aCHOBaHI HA BUKOPUCTAHHI METO/IB HEJIHIMHOIO aHai3y, Teopil Xaocy 1 TUHAMIYHUX CHCTEM,
TaKUX K METOJI KOPEeJSILIHHOTO 1HTerpaia i cepeJHboi B3aeMHOI iH(opMallii, aITOpUTMH CypOraTHUX
JAHMX 1 TOMHUJIKOBUX HaWOMMKUYMX CYCiZliB, aHAJII3 HA OCHOBI NMOKa3HUKIB JIsmyHoBa 1 enTpomnii Koiu-
MOTOPOBa, MOJIeJi HETIHIHHOTO MPOTHO3YBaHH 1 T. [ .. B KOCTI BX1IHUX AaHUX BUKOPHCTaH1 J1aHi 3a
JIOBFOCTPOKOBHMH YAaCOBUMHU PSAAMU 1 PO3MOILTY pa 3MEpH aKTUBHOCTI Oepuitito-7 B arMochepHOMYy
cepenoBullll B ABCTpii micist aBapii Ha atoMmHil enektpoctaniii Fukushima Daiichi. Ilpeacrasieni
JIaHi PO TOTIOJIOTIYHI 1 TMHAMIYHI IHBApiaHTH, a caMe: KOPEeJsILiiHy pO3MipHICTh, PO3MIPHOCTI BKJIa-
nenns Ta Kanmana-Hopka, nmoxasuuku JlsmyroBa, entporito Komvoroposa ta iH. i BUsBIEH] eneMenTH
Xa0Cy B BIAMOBIIHUX YaCOBUX psAnax /uid Oeppinis-7. BimHocHo 1e3ito-137, orpuMaTy aHaJIoT1uHUHI
aJIeKBaTHUI BUCHOBOK HE B/IAJIOCH.

KuiouoBi ciioBa: MaTeMaTUYHE MOJICIIOBAHHS, HOB1 MIKPOCHCTEMHI TEXHOJIOT11, KOHI[EHTpaIlis
PamioOHYKITI/IiB, aHAJI3 YACOBUX PSAIIB 1 HASIBHICTh XAOTUYHUX EJIEMEHTIB

AHAJIN3 TMHAMUKHU KOHIIEHTPAIIMY PATMOHYKJINJIA BERYLLIUM-7 B
ATMOC®EPHOMU CPEJIE HA OCHOBE AHAJIU3A BPEMEHHBIX PSIJIOB IIOCJIE
ABAPUMHOM CUTYAIIUH HA ATOMHOM SJIEKTPOCTAHIIMU FUKUSHIMA
DAIICHI

FO. A. Bynaxoea, B. b. Tepnosckuil, FO. B. /[yoposckas, A. B. Henamenxo, A. A. Ceunapenxo,
JI. A. Bumasemckas

AnHoTauus. [IpuBoasaTcs pe3ynbTaTsl aHaIN3a U MOAEIMPOBAHHS BPEMEHHON TMHAMUKH KOHIICH-
Tpaluuu pajiuoHyKINI0B Oepuiunii-7 (1e3uii-137) B arMmocdepHoii cpene B ABCTpUM Ha OCHOBE CO-
OTBETCTBYIOILIMX aHAJIM3a BPEMEHHBIX PSJIOB [TOCIIE aBapuM Ha aTOMHOM anekrpoctaninu Fukushima
Daiichi. B xauecTBe MeTo/1a N3y4EHUs HCIIOJIb3YETCsl KOMILJIEKC paHee pa3paboTaHHBIX MoOJeNel U
MHUKPOCHCTEMHAsI TEXHOJIOTUs1, KOTOPBIE OCHOBAHBI HA HCIIOIb30BAHUHM METOZ0B HEIMHEHOTO aHaJIN3a,
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TEOPUHU Xaoca U TUHAMUYECKUX CHUCTEM, TAaKUX KaK METOJ KOPPEISLMOHHOTO MHTErpaja u cpeaHen
B3aMMHON WH(OpPMAINH, aITOPUTMBI CYPPOTAaTHBIX JAHHBIX U JIOKHBIX ONMKANIINX COCeIe, aHau3
Ha OCHOBE Moka3areneil JlamyHoBa u sHTponuu KonMoroposa, Mofenu HEIUMHEWHOTO MPOTHO3UPO-
BaHUS U T. I.. B xauecTBe BXOJHBIX JAaHHBIX UCTOIH30BAHBI JAHHBIC IO JOITOCPOYHBIM BPEMEHHBIM
psAaM U pacrpeieNieHUIo pa3Mepa akTUBHOCTH Oepuiuins-7 B aTMOc(hepHOi cpeae B ABCTpUU TOCIIe
aBapuu Ha aToMHOM snekTpoctannuu Fukushima Daiichi. [IpeacraBnensl JaHHBIE O TOMOIOTHYECKHUX
U IMHAMUYECKNX MHBAPUAHTAX, a UMEHHO: KOPPEISIIIMOHHON pa3MEePHOCTH B Pa3MEPHOCTH BIOKECHUS
u KanﬂaHa-ﬁopKa, nokaszarensm JlsmyHosa, suTponuu Konmoroposa u p. 1 00HAPYKEHBI 2JIEMEHTHI
Xa0ca B COOTBETCTBYIOIIUX BPEMEHHBIX psfaax s oeppunus-7. KacarenbHo ne3us-137, nonyduts
AHAJIOTMYHOE aJIEKBATHOE 3aKJIIOUEHUE HE YIaI0Ch.

KiaroueBble cjioBa: MaTeMaTHYSCKOC MOICIMPOBAHUEC, HOBBIC MUKPOCHUCTCMHBIC TCXHOJIOTUU, KOH-
HOCHTpalus paJuOHYKIIMAOB, aHAJIN3 BPEMCHHBIX PAJO0B U HAJIMIUC XaOTUYICCKUX 3JICMCHTOB

1. Introduction

Correct quantitative description of environ-
mental radioactivity temporal and spatial dynam-
ics, studying short-and long term radionuclides
concentration in the atmosphere and other geo-
spheres remains one of the most actual and im-
portant problems as in an applied ecology and
environment protection as computational environ-
ment physics and informatics [1-12]. As indicated
earlier (look, for example, [1-5], generally speak-
ing, a solving such classes of the problems is
needed as follows: a long-term investigation of
radionuclides behaviour in the environment; elu-
cidation of the mechanism of radionuclides trans-
fer, deposition in the environment, elucidation of
the global and local mechanisms of transforma-
tion and transportation of radioactive substances
due to meteorological and hydrological phenom-
ena and other factors, quantitative studying the
radioactive impact on environment (atmosphere,
hydrosphere, lithosphere etc), revealing and esti-
mating the sources of radioactive materials and
samples and archiving of research methodologies
and many others. Especially important and actual
is solving these problems in light of the well-
known Chenobyl and Fukushima Daiichi Nuclear
Power Plants emergency accidents.

In many papers it has been performed an anal-
ysis of the short-and long-term temporal (time se-
ries) and spatial deposition of the radionuclides
in atmosphere and other environments (look,
for example, [9-16]). It is well known that the
most models, that are currently used to estimate
the radionuclides pollution level, are either de-

terministic or statistical, but their skilfulness are
still limited due to both inability for describing
non-linearities in pollutant time series and lack of
understanding involved physical and/or chemical
processes. Very useful alternative to the simpli-
fied deterministic and similar methodologies is
provided by using the non-linear prediction, non-
linear dynamical systems and a chaos theories.
These studies show that chaos theory methodol-
ogy can be applied and the short-range forecast
by the non-linear prediction method can be satis-
factory. In this paper for the first time we present
the results of an analysis, modelling ( forecasting
is to be presented in the next papers) a temporal
dynamics of the of beryllium-7 (caesium-137) in
the atmospheric environment time series and ac-
tivity size distribution of iodine-131 in Austria af-
ter the Fukushima Daiichi Nuclear Power Plants
emergency accident. As method of studying we
use the complex of the earlier developed models
and microsystem technologies which are based
on an advanced non-linear analysis technique
and modern chaos theory and dynamical systems
methods have been applied (in versions [7-13]).
More concretely, speech is about such methods
and algorithms as such as a correlation integral
approach, average mutual information, surrogate
data, false nearest neighbours algorithms, the
Lyapunov’s exponents and Kolmogorov entropy
analysis, nonlinear prediction models etc. As
the input data we use the data on the long-term
time series and activity size distribution of be-
ryllium-7 (caesium-137) in the atmospheric
environment time series in Austria after the Fu-
kushima Nuclear Power Plant [6]. We listed the
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data on the topological and dynamical invariants,
namely, the correlation, embedding, Kaplan-
Yorke dimensions, the Lyapunov’s exponents and
Kolmogorov entropy etc and found an availability
y of the chaos elements in the corresponding time
series. Nevertheless this fact is not evidence of the
universal availability of the deterministic chaos
in any radionuclide concentration time series. In
our opinion, the chaotic atmosphere processes
are the obligatorily element for chaotic behaviour
of the corresponding radionuclide concertation
series. All calculations are performed with using
“Geomath”, “Superatom” and “Quantum Chaos”
codes [9-18].

2. Technique of analysis and computing radi-
onuclides pollutants fluctuations time ynamics

As the master elements of the technique of
analysing the dynamical time series and comput-
ing invariants etc are described in many Refs.
(look, for example, [9-11] and Refs. therein), be-
low we are limited only by the key points, basing
on our versions of the known algorithms. As usu-
ally, one should consider scalar measurements:
s(n)=s(t,tnAt)=s(n), where #, is a start time, Az
is time step, and n is number of the measure-
ments. In our case s(n) is the time series of the
radionuclide concentration. The important test
for a chaos is provided by the known Gottwald-
Melbourne criterion. The known Gottwald-Mel-
bourne chaotic test supposes a choice of the real
constant ¢ and definition of the following quanti-
ties (including a root-mean-square shift):

s(m) = Y s(/) os(je)

M (n) = lim %i[S(Hn) —s(Hr - ()

If the dynamics of the system is regular (peri-
odic or quasiperiodic), then with probability 1 the
shift M (n) is a limited function of n. However,
if the dynamics is chaotic (in a rather non-strict
sense), then with probability 1 M(n)=V(n)+O(1)
for some /> 0. One could determine the rate of
asymptotic growth of the root-mean-square shift:
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log M(n) .
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K=,
The cases of K =0 and K =1 correspond
to a regular and chaotic dynamics respectively.
As processes resulting in a chaotic behaviour are
fundamentally multivariate, one needs to recon-
struct phase space using as well as possible infor-
mation contained in s(n). According the algorithm
by Packard et al and Takers-Mane [7,8], the main
idea is that direct use of lagged variables s(n+t),
where 1 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 + 27),..,s(n +(d-1)1)], the
required coordinates are provided. The dimension
d= d, is the embedding dimension,. The goal of
the embedding dimension determination is to re-
construct a Euclidean space R? large enough so
that the set of points d, can be unfolded without
ambiguity. The embedding dimension, d,, must
be greater, or at least equal, than a dimension of
attractor, d , i.e. d,>d . So, to analyse a measured
time histories for the studied radionuclide con-
centration series, the phase space of the system
had been reconstructed by the delay embedding.
Further the corresponding versions of the mu-
tual information approach, correlation integral
analysis, false nearest neighbour algorithm, Lya-
punov’s exponent’s analysis, and surrogate data
method are used for comprehensive characteriza-
tion [9-13]. The correlation dimension method
provides a fractal-dimensional attractor. Statisti-
cal significance of the results was confirmed by
testing for a surrogate data. The choice of proper
time lag is important for the subsequent recon-
struction of phase space. First approach is to
compute the linear autocorrelation function C,(8)
and to look for that time lag where C,(8) first
passes through 0. This gives a good hint of choice
for t at that s(n+jt) and s(n+(j +1)t) are linearly
independent. Alternative approach is given by a
nonlinear concept of independence, e.g. an aver-
age mutual information.
In order to compute an attractor dimension
one should use the known Grassberger- Procaccia
correlation integral analysis, which is one of the
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widely used techniques to investigate the signa-
tures of chaos in a time series. One must compute
the correlation integral C(r). If the time series is
characterized by an attractor, then the correlation
integral C(r) is related to the radius 7 as follows:

d= limM

i logr 3)
where d is correlation exponent. If the correlation
exponent attains saturation with an increase in the
embedding dimension, then the system is generally
considered to exhibit chaotic dynamics. The satu-
ration value of the correlation exponent is defined
as the correlation dimension (d,) of the attractor.

The important point of studying the corre-
sponding radionuclide temporal dynamics on the
availability of chaotic elements is provided by
the Lyapunov’s exponents algorithm. It is well-
known that the spectrum of the Lyapunov’s ex-
ponents is one of dynamical invariants for non-
linear system with chaotic behaviour. The Lya-
punov’s exponents are related to the eigenvalues
of the linearized dynamics across the attractor.
Negative values show stable behaviour while
positive values show local unstable behaviour.
The limited predictability of the chaos is quanti-
fied by the local and the global Lyapunov’s ex-
ponents, which can be determined from measure-
ments. The predictability can be estimated by the
Kolmogorov entropy, which is proportional to a
sum of the positive Lyapunov’s exponents. For
chaotic systems, being both stable and unstable,
the Lyapunov’s exponents indicate the complex-
ity of the dynamics. The largest positive value
determines some average prediction limit. Since
the Lyapunov’s exponents are defined as asymp-
totic average rates, they are independent of the
initial conditions, and hence the choice of trajec-
tory, and they do comprise an invariant measure
of the attractor. An estimate of this measure is a
sum of the positive Lyapunov’s exponents. The
estimate of the attractor dimension is provided by
the conjecture d, and the Lyapunov’s exponents
are taken in descending order. To compute Lya-
punov’s exponents, the known method with linear
fitted map, although the maps with higher order
polynomials can be used too (look details in Refs.
[9-13]).

The principally important point in develop-
ment of the time series prediction model for com-
plex systems is in the using the traditional con-
cept of a compact geometric attractor in which
evolves the measurement data. More advanced
versions of the prediction models include using
of the neural network and other algorithms. The
existing so far in the theory of chaos prediction
models are based on the concept of an attractor.
The meaning of the concept is in fact a study of
the evolution of the attractor in the phase space
of the system and, in a sense, modelling (“guess-
ing”) time-variable evolution.. From a mathemat-
ical point of view, it is a fact that in the phase
space of the system an orbit continuously rolled
on itself due to the action of dissipative forces and
the nonlinear part of the dynamics, so it is pos-
sible to stay in the neighborhood of any point of
the orbit y (n) other points of the orbit " (n), r =
1, 2, ..., N,, which come in the neighborhood y (n)
in a completely different times than n. Of course,
then one could try to build different types of in-
terpolation functions that take into account all the
neighborhoods of the phase space and at the same
time explain how the neighborhood evolve from
v (n) to a whole family of points about y (n+1).
Use of the information about the phase space
in the simulation of the evolution of some geo-
physical (environmental, etc.) of the process in
time can be regarded as a fundamental element
in the simulation of random processes. A princi-
pal aspect in obtaining the successful prediction
model data is connected with a correct, physically
reasonable constructing a parameterized nonlin-
ear function F (x, a), which transform s (n) to
s (n+ 1) =F (s (n), a), and then using different
criteria for determining the parameters a. One of
the most spread versions of local prediction algo-
rithm is provided the following form:

d
s(n+An)=a” + Z aﬁ")s(n -(j-D1), &)

J=1

where A n - the time period for which a forecast .

The coefficients ¢!, may be determined by a

least-squares procedure, involving only points
s(k) within a small neighbourhood around the
reference point. Thus, the coefficients will vary
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throughout phase space. Other details can be
found, for example, in Refs. [9-13].

3. The results of analysis of beryllium-7
concentrations long-term time series and con-
clusions

As the input data we use the data on the long-
term time series and activity size distribution of
beryllium-7 in the atmospheric environment time
series and activity size distribution of iodine-131
in Austria after the Fukushima NPP. According to
[2], the cosmogenic radionuclide Be-7 is forms
through spallation reactions with decreasing pro-
duction rates with atmospheric depth and about
two thirds of the Be-7 production takes place in
the stratosphere and one third in the troposphere
(mainly in the upper troposphere). Due to strato-
sphere- to- troposphere exchange the Be-7 is also
present in the near-to-ground atmosphere. In Fig-
ure 1 there is present the typical time series of
Be-7 and Cs-137 over a period of 24 years. As
various factors govern the Be-7 activity concen-
tration in the near-to-ground atmosphere they are
highly episodic and vary strongly. This is well
demonstrated in Figure 2 where the Be-7 results
are given per day of the year from the high-alti-
tude station at Sonnblick (3106 m) for a period of
15 years.

14000 600

uBq/m
g
H
vBq/m

8000

i

Be-7 activity concentration in

Kaplan-Yorke dimension (d,), and average limit
of predictability (Pr_ , hours) for time series
of the NO, at sites of the Gdansk (during 2003
year). From the table 2 it can be noted that the
Kaplan-Yorke dimensions, which are also the at-
tractor dimensions, are smaller than the dimen-
sions obtained by the algorithm of false nearest
neighbours.

®

centration in mBq/m3

Be-7 activity con

Figure 2. Be-7 results in air per day of the year
from a high-altitude station in Austria (Sonnblick,
3106 m) for the period July 1996 to December 2010.

(Ref. [2]).

Firstly, one should note that the presence of
the two (from six) positive A, suggests the sys-
tem broadens in the line of two axes and con-
verges along four axes that in the six-dimen-
sional space.

Table 1

Time lags (hours) subject to different values

of C,, and first minima of average mutual
information,I . , for the Be-7 time series

C, =0 C, =0,1 C, =05

L L L minl

1996 1957|1988 | 1989 | 1990 | 1991|1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 |

Figure 1. Time series of Be-7 (upper line) and
Cs-137 (lower line) in the near-to-ground atmo-
sphere in Klagenfurt (Austria) from August 1986

to December 2010 (Ref. [2]).

In the Table 1 we list the data for the time lag
calculated for first 103 values of the Be-7 time se-
ries. The autocorrelation function for all time se-
ries remains positive. In the Table 2 we present our
advanced data on the correlation dimension (d,),
embedding dimension (d,), Kaplan-Yorke dimen-
sion (d,), two Lyapunov’s exponents (A ,A,), the
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To conclude, we had presented the results of
an analysis of temporal dynamics of the beryl-
lium-7 (caesium-137) in the atmospheric envi-
ronment in Austria after the Fukushima Daiichi
Nuclear Power Plants emergency accident. As
method of studying we use the complex of the
earlier developed algorithms versions and mi-
crosystem technology which are based on an ad-
vanced non-linear analysis technique and modern
chaos theory and dynamical systems methods (in
versions [1,9,-13]).
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Table 2

The correlation dimension (d,), embedding dimension (d_), first two Lyapunov’s exponents,
E(),1,), Kaplan-Yorke dimension (d, ), and the Kolmogorov entropy (K ), the Gottwald-Mel-
bourne parameter for the Be-7 time series (see text)

1 | & | de |

}\42 ‘ dL ‘ Kent ‘ K

Be-7

14 | 37 | 6

| 0,0157 | 0,0053 |

44 | 002 [ 061

More concretely, speech is about such meth-
ods and algorithms as such as a correlation inte-
gral approach, average mutual information, sur-
rogate data, false nearest neighbours algorithms,
the Lyapunov’s exponents and Kolmogorov en-
tropy analysis, nonlinear prediction models etc.
As the input data we use the data on the long-
term time series and activity size distribution of
beryllium-7 in the atmospheric environment time
series in Austria after the Fukushima NPP [2]. We
listed the data on the topological and dynamical
invariants, namely, the correlation, embedding,
Kaplan-Yorke dimensions, the Lyapunov’s expo-
nents and Kolmogorov entropy etc and found an
availability y of the chaos elements in the corre-
sponding Be-7 time series. Nevertheless this fact
is not evidence of the universal availability of the
deterministic chaos in any radionuclide concen-
tration time series. In particular, we could not get
the analogous conclusion for the corresponding
Cs-137 time series.
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ANALYSIS OF THE BERYLLIUM-7 ACTIVITY CONCENTRATION DYNAMICS IN THE
ATMOSPHERIC ENVIRONMENT TIME SERIES AFTER THE FUKUSHIMA DAIICHI
NUCLEAR POWER PLANTS EMERGENCY
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L. A. Vitavetskaya
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Summary

We present the results of an analysis, modelling a temporal dynamics of the beryllium-7 (cae-
sium-137) activation concentration in the atmospheric environment time series in Austria after the
Fukushima Daiichi Nuclear Power Plants emergency accident. As method of studying we use the
complex of the earlier developed models and microsystem technologies which are based on an ad-
vanced non-linear analysis technique and modern chaos theory and dynamical systems and a chaos
theory methods (Correlation integral approach, average mutual information, surrogate data, false
nearest neighbours algorithms, the Lyapunov’s exponents and Kolmogorov entropy analysis, nonlin-
ear prediction models etc). As the input data we use the data on the long-term time series and activity
size distribution of beryllium-7 (caesium-137) in the atmospheric environment time series in Austria
after the Fukushima Nuclear Power Plant. We have listed the data on the topological and dynamical
invariants, namely, the correlation, embedding, Kaplan-Yorke dimensions, the Lyapunov’s exponents,
Kolmogorov entropy etc and found an availability of the chaos elements in the corresponding Be-7
time series. Regarding the caesium-137, we could not get the analogous adequate conclusion for the
corresponding time series.

Keywords: mathematical modelling, new microsystem technologies, radionuclide activation con-
centration, time series analysis and chaotic elements

81



1O. 4. bynskosa, B. b. Tepuoscbkuit, FO. B. Jlyoposcrka, 1. B. Irnarenko...

PACS 32.80Dz; YIK 539.192
DOI http://dx.doi.org/10.18524/1815-7459.2017.4.119607

AHAJII3 TUHAMIKHA KOHIEHTPAIIIl PAJIOHYKJIIJTA BERYLLIUM-7 B
ATMOC®EPHOMY CEPEJIOBUIIY HA OCHOBI AHAJII3Y YACOBHX PSIJIOB
IIICJISI ABAPIMHOI CUTYALII HA ATOMHIN EJEKTPOCTAHIIII FUKUSHIMA
DAIICHI

1O. A. bynaxosa, B. b. Teprnoscokuil, FO. B. /[yoposcwka, I B. lenamenko, A. A. Ceunapenxo,
JI. A. Bimasemcoka

Onechbkuii nep>kaBHUM eKkoNorigHui yHiBepcuTeT, JIbBiBChKa 15, Onmecca, 65016
E-mail: juliby13@gmail.com

Pedepar

HaBonsTbcst pe3ynbratu aHamiizy i MOJIETIOBAaHHS YacOBOI JUHAMIKY KOHIIEHTpAIlli paJioHyKIiAiB
Oepwtiii-7 (11e3iit-137) B armochepHOMY cepeoBuUIIll B ABCTpii Ha OCHOBI BiAIOBITHOTO aHAI3y Ya-
COBUX PSIIB TICHs aBapii Ha aToMHil enekTpocTanilli Fukushima Daiichi. B sskocTi MmeTony BuBYeHHS
BUKOPHCTOBYETHCSI KOMIUIEKC paHillle po3poOJeHUX Mojesel 1 MIKpOCHUCTEMHA TEeXHOJIOTIs, sIKi 3a-
CHOBaHi Ha BUKOPUCTaHHI METO/[IB HEJIIHIHHOTO aHAaIIi3y, TeOpii XaoCy 1 AMHAMIYHUX CUCTEM, TAKHX SIK
METOJT KOPEJIAIIHOTO 1HTerpaja 1 cepeHboi B3aeMHO1 iH(popMaIlii, anroOpuTMHU CypOraTHUX JaHUX 1
MOMUJIKOBHX HaHOIMKUMX CYCi/iB, aHAJII3 Ha OCHOBI MoKa3HUKIB JlsimyHoBa 1 enTpomnii Konmoroposa,
MOJIeJTi HeIHIHHOTO MPOrHO3YBaHHA 1 T. [T .. B AKOCTI BXiTHMX JaHUX BUKOPHCTaH1 JJaHi 3a JOBFOCTPO-
KOBHMH YaCOBHMH PsIJIaMU 1 pO3IOILTY pa 3MEpPH aKTUBHOCTI Oepuitito-7 B aTMOC(HEpHOMY CEepeIOBH-
mi B ABcTpii micist aBapii Ha atoMmHil enexTpocTanuii Fukushima Daiichi. [Ipencrasneni gani npo
TOTIOJIOTIYHI 1 TUHAMIYHI iHBapiaHTH, a caMe: KOPEJSAIiifHy pO3MipHICTh, pO3MIPHOCTI BKJIAZICHHS Ta
Karnana-Mopka, mokasuukn JIsmyHoBa, eHTpornio KoinMoroposa Ta iH. i BUSIBICH] €I€MEHTH Xaocy
B BI/IMOBIIHUX YacCOBUX psijiax ais 6eppinis-7. BiqHocHo 1e3it0-137, oTpuMary aHaJIOTIYHUN aJIeK-
BaTHUI BUCHOBOK HE BJIaJIOCSI.

Kuio4oBi cjioBa: MaTeMaTHYHE MOJICTIOBAHHS, HOBI MIKPOCHUCTEMHI TEXHOJIOT11, KOHIIEHTpAIIis pa-
TIOHYKJIIIB, aHAJII3 YACOBHX PSIJIIB 1 HASBHICTh XaOTHUHUX €JIEMEHTIB
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