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Abstract. We present the results of an advanced analysis, modeling and forecasting a temporal
dynamics of the air pollutant (dioxide of nitrogen) concentrations in an atmosphere of the industrial
city (Odessa, Ukraine; Gdansk, Polland) using comlex of new models and microsystem technology.
An advanced non-linear analysis technique and modern chaos theory and dynamical systems
methods have been applied. In order to analyse a measured time histories for the nitrogen dioxide
concentrations in the Gdansk region the phase space of the system had been reconstructed by delay
embedding. The mutual information approach, correlation integral analysis, false nearest neighbour
algorithm, Lyapunov’s exponent's analysis, and surrogate data method are used for comprehensive
characterization. The correlation dimension method provided a low fractal-dimensional attractor thus
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suggesting a possibility of the existence of chaotic behavior. Statistical significance of the results was
confirmed by testing for a surrogate data. A chaotic behavior in the nitrogen dioxide concentration time
series at several sites in the Gdansk city is numerically investigated and the Lyapunov’s exponents, the
Kaplan-Yorke dimension and Kolmogorov entropy are precisely computed. An advanced computing
has confirmed an existence of a low-D chaos in the cited system and given the improved short-
terminal forecast of the atmospheric pollutants fluctuations dynamics.

Keywords: new mathematical models, new microsystem technologies, anthropogenic factor,
atmospheric pollutants fluctuations, time series analysis and prediction

HOBUH MIIXIJ I MIKPOCUCTEMHA TEXHOJIOI'TSA BIOCKOHAJIEHOI'O AHAJII3Y
1 IIPOTHO3Y YACOBOI JMHAMIKHN KOHIIEHTPAIIIA 3ABPYITHIOIOYNX PEYOBHUH
B ATMOC®EPI IIPOMUCIIOBUX MICT

0. A. Bynaxosa, O. B. I'nywikos, O. IO. Xeyeniyc, I’ B. lenamenxo, H. bukoswenko, B. B. Bysoarcu

AHotauis. [Ipencrasneni pe3ynpraTi BAOCKOHAJICHOTO aHalli3y, MOJIEIIOBAHHS 1 MPOrHO3yBaHHS
9acoBO1 TUHAMIKM KOHIICHTpAIlill 3a0pYyIHIOIOUMX PEYOBHH (JIBOOKHCY a30Ty) B arMocdepi nmpomuc-
noBux wmict (Oneca, Ykpaina, Imancek, Ilonbpia) 3 BUKOPUCTAHHSAM KOMIUIEKCY HOBHUX MOZAENEH i
HOBOI MIKPOCHCTEMHOT TEXHOJIOT1i. 3aCTOCOBaHI METOUKA HEJIHIHOTO aHaJi3y, TeOpis Xaocy 1 Me-
TOIY TEeOpii AMHAMIYHUX cucTeM. [l aHami3y BUMIPSIHIX YaCOBUX MEPIOAiB KOHIICHTPAIlIH TIOKCUTY
a3oty (a3oBHii MpocTip cucTeMu OyI0 PEKOHCTPYHOBAHO METOJOM 3aTPUMOK. 3 METOI0 BUKOHAHHS
YAOCKOHAJIEHOTO aHaJli3y BUKOPUCTOBYIOTHCSI METO/I B3a€MHOI iH(pOpMaLlii, aIrTOPUTM KOPEIISALIHHOTO
iHTerpaja, aJifOPUTM MOMUIKOBUX HAMOIMKYMX CyCi/iB, aHAJ3 HA OCHOBI MOKa3HUKIB JIsAmyHOBa i
METOJI CypOTraTHHUX JaHUX. MeTo KopensuiiHol pO3MIPHOCTI 103BOJIUB BUSIBUTH JUBHUNA aTPaKTop 3
HU3BKOIO (hpaKTaIbHOI po3MipHicTIO. CTaTHCTUYHA 3HAYUMICTh Pe3yabTaTiB Oylia miITBepaKeHa Tec-
TYBaHHSIM CypOTaTHHX AaHUX. B paMkax BIOCKOHAJIEHOTO MiJXOIy YMCEIBHO IOCIHIPKEHa Xa0THYHA
MOBE[IHKA YaCOBHX PsI/1iB KOHIIGHTpallii IBOOKHCY a30Ty Ha IEKIJIbKOX caifTax B MicTax Ozneca (Ykpa-
ina) i Tnancek (ITonkema), po3paxoBani nmokasHuku Jlsmyrosa, posmipuocti Kamnmana-Hopka i en-
tpomisi Kommoroposa. Baockonanenuit miaxi npupoaHo MiATBEPAUB iICHYBaHHS JETEPMIHUCTHYHOTO
Xa0Cy B JOCIIJKYBaHiil cuctemi. 3aponoHOBaHO HOBUI €(EKTUBHUN METOJ KOPOTKO-1 CEpPEeIHbO-
TEPMIHOBOTO MPOTHO3YBAaHHS YacOBOi AMHAMIKM (PIyKTyaliii KOHIEHTpAIiil 3a0pyaHIOI0YNX aTMOC-
(depy pedoBHH Ha MPUKIIAAL TBOOKHUCY a30Ty

KirouoBi ciioBa: HOBI MaTteMaTHUHI MOJENi, HOBI MIKPOCHCTEMHI TEXHOJIOTIi, aHTPONOTEHHUI
BIUIMB, QUIyKTYyalii atMochepHux 3a0pyaHIOBaYiB, aHAIII3 TA IPOTHO3YBaHHS YaCOBHUX PAIIB
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HOBBIN MMOAXOJA 1 MUKPOCHUCTEMHASA TEXHOJIOTUA
YCOBEPHIEHCTBOBAHHOI'O AHAJIN3A U ITIPOTHO3A BPEMEHHOM
JTUHAMUKHA KOHIEHTPAIIUM 3ATPA3HSIONINX BEIIECTB B ATMOC®EPE
INPOMBIIIVIEHHBIX T'OPOAOB

0. A. Bynaxosa, A. B. I'nywrxos, O. FO. Xeyenuyc, A. B. Henamenxo, H. bvikoswenko, B. B. Bysoacu

AnHoTanus. [IpencraBineHsl pe3ynbrarbl YCOBEPUIEHCTBOBAHHOIO aHAIM3a, MOJACIMPOBAHUS U
IIPOrHO3MPOBAHMS BPEMEHHOM TMHAMUKN KOHLIEHTPALM 3arpsA3HSIOIINX BEIIECTB (JBYOKUCH a30Ta)
B aTrMocdepe MpoMbIIIIeHHBIX TopoaoB (Onecca, Ykpauna, [ mansck, [Tonbina) ¢ ucnoiap3oBaHueM
KOMIUIEKCA HOBBIX MOJIEJIE U MUKPOCHUCTEMHBIX TEXHOJIOTUM. [I[puMEeHEeHBI METOAMKA HEIIMHEUHOTO
aHaJIM3a, TEOPUsl COBPEMEHHOIO Xa0ca U METObI JUHAMHUYECKUX CUCTEM. [l aHamm3a U3MEPEHHBIX
BPEMEHHBIX IEPUO/I0B KOHLIEHTPALMI AUOKCH A a30Ta (pa30BOE IPOCTPAHCTBO CUCTEMBI ObLIO PEKOH-
CTPYUPOBAHO METOJIOM 3ajiepeK. C 1esIbI0 BBINOIHEHHS YCOBEPILIEHCTBOBAHHOIO aHAIN3a UCIIOJb-
3yIOTCS METOJI B3aMMHOM MH(OpPMAIINH, AITOPUTM KOPPETSIIHOHHOTO MHTETPaia, aITOPUTM JIOKHBIX
OmKalIMX cocelel, aHalIu3 Ha OCHOBE IOKa3aTresiel JIsmyHoBa M METOA CyppOraTHBIX JaHHBIX.
Meto KOppESIMOHHON pa3MEepHOCTH TIO3BOJIWII BBISIBUTH CTPAHHBIH aTTPAKTOp ¢ HHU3KOHM (pax-
TaJIbHOM pa3MepHOCThIO. CTaTHUCTHYECKasi 3HAYMMOCTh PE3YJbTaTOB Oblla MOATBEPKACHA TECTUPO-
BaHHWEM CYppOTraTHBIX JaHHBIX. B paMKax yCOBEpLIEHCTBOBAHHOIO IIOJX0/1a YHCIECHHO UCCIIEA0BAHO
Xa0THYECKOE MOBECHUE BPEMEHHBIX PsIIOB KOHIEHTPALMU JIByOKHCH a30Ta Ha HECKOJIBKHUX calTax
B roponax Onecca (Ykpauna) u ['nanbck (Ilonbina), paccunransl nokasarenu JIsamyHoBa, pa3MepHOC-
i Kannana-Mopka u suTporms Koamoroposa. YcoBepIIGHCTBOBAHHEIH MOIXOJ €CTECTBEHHO MOJI-
TBEPAWII CYIIECTBOBAaHUE AETEPMUHUCTHUECKOIO Xa0ca B HcclienyeMon cucreMe. IIpennoxken HOBBI
3 PEKTUBHBIN METOJ] KOPOTKO-H CPETHE-CPOUHOTO TPOrHO3UPOBAHHS BPEMEHHOMN JUHAMUKH (ITyKTY-
Al KOHIEHTPAIUK 3arps3HAIONINX aTMoc(epy BEIIeCTB Ha MPUMEPE JBYOKHCH a30Ta.

KuroueBbie cJjioBa: HOBbIE MaTeMaTU4YECKUE MOJIENIM, HOBBIE MUKPOCUCTEMHBIE TEXHOJOTHUH,
AHTPOIIOTEHHBIE BO3JICHCTBUS, (PIYKTyalluu aTMOC(EPHBIX 3arps3HUTENCH, aHATN3 U POTHO3UPOBA-
HUE BPEMEHHBIX Ps/I0B

1. Introduction

At the present time one of the most actual,
important and fundamental problems of mod-
ern applied ecology, environmental protection is
a problem of the quantitative treating pollution
dynamics in the industrial cities and at whole re-
gions and a search of new mathematical tools for
analysis, modelling and forecasting a temporal
dynamics of the air pollutant (dioxide of nitrogen)
concentrations in an atmosphere of the industrial
cities and regions [1-20]. It is well known that the
most models, that are currently used to estimate
the air pollution level, are either deterministic 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. In
Ref. [6] there is an analysis of the CO, O, con-
centrations time series. Also, it was shown that O,
concentrations in Cincinnati (Ohio) and Istanbul
are evidently chaotic, and non-linear approach
provides satisfactory results [6]. In ref. [1-3]
there is an analysis of the SO,, CO, O, concentra-
tions time series in a few industrial cities and it
has been definitely received an evidence of chaos.
More over it has been given a preliminary short-
range forecasting atmospheric pollutants dynam-
ics using the non-linear prediction method. These
studies show that chaos theory methodology can
be applied and the short-range forecast by the
non-linear prediction method can be satisfactory.

In this paper we present the results of an ad-
vanced analysis, modeling and forecasting a
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temporal dynamics of the air pollutant (dioxide
of nitrogen) concentrations in an atmosphere of
the industrial city (Odessa, Ukraine and Gdansk,
Polland) using a complex of new models and mi-
crosystem technology. An advanced non-linear
analysis technique and modern chaos theory and
dynamical systems methods have been applied
(in versions [1-3,14-22]). An advanced comput-
ing has confirmed an existence of a low-D chaos
in the pollutant dynamics and given the accurate
short-terminal forecast of the atmospheric pollut-
ants fluctuations. All calculations are performed
with using “Geomath”, “Superatom” and “Quan-
tum Chaos” computational codes [14-78].

2. Technique of analysis and computing at-
mospheric pollutants fluctuations temporal
dynamics

The key elements of the technique of comput-
ing atmospheric pollutants fluctuations dynam-
ics are described in details in Refs. [1-3,14-22].
Here we are limited only by the key aspects. Let
us consider scalar measurements:

s(n)=s(t,;+ nAr) = s(n), (1)
where ¢, is a start time, Az is time step, and n is
number of the measurements. In our case s(n) is
the time series of the atmospheric pollutants con-
centration. As processes resulting in a chaotic
behaviour are fundamentally multivariate, one
needs to reconstruct phase space using as well as
possible information contained in s(n). The main
idea is that direct use of lagged variables s(n+t),
where T 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 +H(d-1)7)],
()
the required coordinates are provided.

The dimension d is the embedding dimen-
sion, d,. The goal of the embedding dimension
determination is to reconstruct a Euclidean space
R? large enough so that the set of points d, can
be unfolded without ambiguity. The embedding
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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 ni-
trogen dioxide concentrations, the phase space of
the system had been reconstructed by the delay
embedding.

Further the advanced versions of the mutual in-
formation approach, correlation integral analysis,
false nearest neighbour algorithm, Lyapunov’s
exponent’s analysis, and surrogate data method
are used for comprehensive characterization [7-
15]. The correlation dimension method provides
a fractal-dimensional attractor. Statistical signifi-
cance of the results was confirmed by testing for
a surrogate data. The choice of proper time lag
is important for the subsequent reconstruction
of phase space. First approach is to compute the
linear autocorrelation function C,(6) and to look
for that time lag where C,(9) first passes through
0. This gives a good hint of choice for t at that
s(ntjt) and s(n+(; +1)1) are linearly independ-
ent. Alternative approach is given by a nonlinear
concept of independence, e.g. an average mutual
information [8] (see [14,15 too).

In order to compute an attractor dimension one
should use the correlation integral analysis, which
is one of the widely used techniques to investigate
the signatures of chaos in a time series. According
to [9], one must compute the correlation integral
C(r). If the time series is characterized by an at-
tractor, then the correlation integral C(r) is related
to the radius 7 as [9]

d= 1imM
i, logr

: 3)

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 dynam-
ics. The saturation value of correlation exponent
is defined as the correlation dimension (d,) of the
attractor (see details in refs. [1,9]).

Further let us note that the spectrum of the Lya-
punov’s exponents is one of dynamical invariants
for non-linear system with chaotic behaviour. The
limited predictability of the chaos is quantified by
the local and the global Lyapunov’s exponents,
which can be determined from measurements.
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The Lyapunov’s exponents are related to the ei-
genvalues of the linearized dynamics across the
attractor. Negative values show stable behaviour
while positive values show local unstable behav-
iour. 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 de-
termines some average prediction limit. Since the
Lyapunov’s 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 at-
tractor. An estimate of this measure is a sum of
the positive Lyapunov’s exponents. The estimate
of the attractor dimension is provided by the con-
jecture d; and the Lyapunov’s exponents are tak-
en in descending order. To compute Lyapunov’s
exponents, we use a method with linear fitted map
[2], although the maps with higher order polyno-
mials can be used too.

The principally important topic is develop-
ment of an advanced approach to prediction of
chaotic properties of complex systems. Our key
idea is in the using the traditional concept of a
compact geometric attractor in which evolves the
measurement data, plus the implementation of
neural network 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 (“guessing”) time-variable evo-
lution.. From a mathematical point of view, it is
a fact that in the phase space of the system an or-
bit continuously rolled on itself due to the action
of dissipative forces and the nonlinear part of the
dynamics, so it is possible to stay in the neighbor-
hood of any point of the orbit y (n) other points
of the orbit y" (n), r = I, 2, ..., N,, which come
in the neighborhood y (n) in a completely differ-
ent times than n. Of course, then one could try
to build different types of interpolation functions
that take into account all the neighborhoods of the
phase space and at the same time explain how the
neighborhood evolve from y (n) to a whole fam-

ily of points about y (n+1). Use of the informa-
tion about the phase space in the simulation of the
evolution of some geophysical (environmental,
etc.) of the process in time can be regarded as a
fundamental element in the simulation of random
processes. In terms of the modern theory of neural
systems, and neuro-informatics (e.g. [16,17]), the
process of modelling the evolution of the system
can be generalized to describe some evolutionary
dynamic neuro-equations (miemo-dynamic equa-
tions). Imitating the further evolution of a com-
plex system as the evolution of a neural network
with the corresponding elements of the self-study,
self- adaptation, etc., it becomes possible to sig-
nificantly improve the prediction of evolutionary
dynamics of a chaotic system.

Considering the neural network (in this case,
the appropriate term “geophysical” neural net-
work) with a certain number of neurons, as usual,
we can introduce the operators S, synaptic neuron
to neuron u, u,, while the corresponding synaptic
matrix is reduced to a numerical matrix strength
of synaptic connections: W= |w,||.

The operator is described by the standard acti-
vation neuro-equation determining the evolution

N
ofaneural network in time: s, = sign(}_w;s, —6,),
Jj=1
where 1< i <N. From the point of view of the the-
ory of chaotic dynamical systems, the state of the
neuron (the chaos-geometric interpretation of the
forces of synaptic interactions, etc.) can be repre-
sented by currents in the phase space of the sys-
tem and its the topological structure is obviously
determined by the number and position of attrac-
tors.

These idea have been used in order to make
more advanced the wide spread prediction model
which is based on the constructing a parameter-
ized nonlinear function F (X, a), which transform
y(n)toy (n+ 1) =F (y (n), a), and then using
different criteria for determining the parameters
a. As it is shown by Schreiber [13], the most com-
mon form of the local model is very simple :

dy
s(n+An)=al" + Zaﬁ")s(n -(j-Dr)» @

j=l
where A n - the time period for which a forecast.
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The coefficients a_g.k), may be determined by a

least-squares procedure, involving only points
s(k) within a small neighbourhood around the ref-
erence point. Thus, the coefficients will vary
throughout phase space. The fit procedure
amounts to solving (d, + 1) linear equations for
the (d, + 1) unknowns. Further, since there is the
notion of local neighborhoods, one could create a
model of the process occurring in the neighbor-
hood, at the neighborhood and by combining to-
gether these local models to construct a global
nonlinear model that describes most of the struc-
ture of the attractor. In order to get more advanced
prediction of chaotic dynamics we have applied
the polynomial model with using the neural net-
work algorithm [16].

3. The advanced data for the nitrogen diox-
ide concentrations time series of the industrial
cities and conclusions

In our study, we used the nitrogen dioxide
concentration data observed at several sites of the
Gdansk on 2003-2004, namely, the multi year
hourly concentrations (one year total of 20x8760
data points) and the Odessa on 2001-2006, name-
ly, the multi year hourly concentrations (one year
total of 20x6570 data points). The temporal series
of concentrations (in mg/m*) of the NO, are pre-
sented in figure 1 (for two sites). Let us note that
in the Gdansk region, the Agency of Regional Air
Quality Monitoring (ARMAAG) provides pres-
ently the 24-h forecasts of air quality levels using
the model called CALMET/CALPUFF (CAL-
PUFF) (see [1-4] and ref. therein).

0 730 1460 2190 2920 3650 4380 5110 5840 6570 7300 8030 8760

Figure 1a. The temporal series of concentrations
(in mg/m’) of the of the NO, (cite 1; see text).
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Figure 1b. The temporal series of concentrations
(in mg/m’) of the of the NO, (cite 2; see text).

In Figure 2 we list the computed Fourier spec-
trum for the studied NO, time series. Having re-
gard to the irregular nature of the changes of con-
centration it is not surprising that these spectra
look the same as in a random process. In figure 3
we list the computed dependence of the correla-
tion integral C(r) of radius r for different embed-
ding dimensions d for the NO, at one of the sites
of the Gdansk during 2003.

1E+8E
1E+7k
1E+6}
1E+5E
1E+4+
1E+3F
1E+2E

C L1l L1l Ll I MR
IE4  1E-3 IE2 1E-1 1EH
Figure 2. The Fourier spectrum for the NO, con-

centration series in the Gdansk region:
X — frequency, Y - energy (see text).

1E+0
1E-1
1E-2
1E-3
1E-4
1E-5
1E-6
1E-7
1E-8

1E+H0 1E+1 1E+2 Cr)

Figure 3. The dependence of the correlation inte-

gral C (r) of radius r for different embedding di-

mensions d for NO, (b) at the site 6 of the Gdansk
during 2003.
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In the Table 1 we list the data for the time
lag calculated for first 103 values of time series.
The autocorrelation function for all time series
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
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).

Table 1

Time lags (hours) subject to different values

of C,, and first minima of average mutual

information,I . , for the time series of NO, at
the sites of Gdansk

C,=0 | c,=01 [¢=05] 1,
Site 1
SO, | - | 138 |7 | 10
Site 2
SO, | 103 | 55 E IE

From the table 2 it can be noted that the Ka-
plan-Yorke dimensions, which are also the attrac-

tor dimensions, are smaller than the dimensions
obtained by the algorithm of false nearest neigh-
bours.

Firstly, one should note that 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.
The time series of the NO, at the site 2 have the
highest predictability (more than 2 days), and
other time series have the predictabilities slightly
less than 2 days. The concrete example is pre-
sented in Figure 4, where the empirical (solid line
1) and theoretical forecasting (solid line 2 by the
Schreiber-type prediction algorithm with neural
networks block and dotted line 3 by the stand-
ard Schreiber-type algorithm) concentration lines
NO, (for the one hundred points) are presented.

In whole an analysis shows that almost all the
peaks on the actual curve repeated on the prog-
nostic difference between the forecast and the ac-
tual data in the event of high concentrations of
the ingredients can be quite large. The prediction
line 2 looks more exact in comparison with actual
data. More detailed analysis of this fact will be
presented in another paper.

Table 2

The correlation dimension (d,), embedding dimension (d,), first two Lyapunov’s exponents,

E(), 1,), Kaplan-Yorke dimension (d,), and average limit of predictability (Pr__, hours) for
time series of NO, at the Gdansk sites (during 2003)
t | & | de | | w» | d | Pram | K
Site 1
NO, 9 5,31 6 0,0185 0,0060 4,11 41 0,68
Site 2
NO, 8 5,31 6 0,0188 0,0052 3,85 42 0,66

30 50

Figure 4. The empirical (solid line 1) and forecastin

60 70 80 50 100

g (solid line 2 and dotted line 3) NO, concentration

lines for the last one hundred points (see text).
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Here we only note that the results of our com-
putational forecasting can be considered quite
satisfactory.
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NEW APPROACH AND MICROSYSTEM TECHNOLOGY OF ADVANCED ANALYSIS
AND FORECASTING THE AIR POLLUTANT CONCENTRATION TEMPORAL
DYNAMICS IN ATMOSPHERE OF THE INDUSTRIAL CITIES

Yu. Ya. Bunyakova', A. V. Glushkov', O. Yu. Khetselius!, A. V. Ignatenko!, N. Bykowszczenko?,
V. V. Buyadzhi'
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Summary

The aim of the work is to develop and present a new approach and correspondingly a new mi-
crosystem technology for advanced analysis, modelling and forecasting the air pollutant concentration
temporal dynamics in atmosphere of the industrial cities and apply it to studying a temporal dynamics
of the air pollutant concentrations for the concrete large industrial cities We present the results of an
advanced analysis, modelling and forecasting air pollutant (on the example of the dioxide of nitrogen)
concentrations in an atmosphere of the Odessa (Ukraine) and Gdansk (Polland) using a group of new
models and new microsystem technology.

An advanced non-linear analysis technique and modern chaos theory and dynamical systems meth-
ods have been applied. In order to analyse a measured time histories for the nitrogen dioxide con-
centrations in the Gdansk region the phase space of the system had been reconstructed by delay
embedding. The mutual information approach, correlation integral analysis, false nearest neighbour
algorithm, Lyapunov’s exponent’s analysis, and surrogate data method are used for comprehensive
characterization. The correlation dimension method provided a low fractal-dimensional attractor thus
suggesting a possibility of the existence of chaotic behaviour. Statistical significance of the results was
confirmed by testing for a surrogate data.

A chaotic behaviour in the nitrogen dioxide concentration time series at several sites in the Gdansk
and Odessa cities is numerically investigated. Different topological and dynamical invariants such
as the Lyapunov’s exponents, the Kaplan-Yorke dimension and Kolmogorov entropy and others are
computed. It has been shown that an advanced computing has confirmed an existence of a low-D
chaos in the cited system. For the first time new advanced approach is presented and applied to quite
satisfactory short-terminal prediction of the atmospheric pollutant fluctuations dynamics.

Keywords: new mathematical models, new microsystem technologies, anthropogenic factor, at-
mospheric pollutants fluctuations, time series analysis and prediction
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HOBMHA MIAXIA I MIKPOCUCTEMHA TEXHOJIOI'TS BIOCKOHAJIEHOT'O AHAJII3Y
1 IPOTHO3Y YACOBOI JJIUHAMIKHA KOHIIEHTPAIIIM 3ABPYTHIOIOYNX PEUOBUH
B ATMOC®EPI ITPOMUCJTIOBUX MICT

[O. A. Bynsaxosa', O. B. Inywkos’, O. IO. Xeyeniyc!, I’ B. [locnamenko’,
H. Buxoswenxo®, B. B. Bysoocu'

'Onecpkuii nep)kaBHU eKkosIoriuHui yHiBepceuret, JIbBiBehbka 15, Onecca, 65016
E-mail: buyadzhivv(@gmail.com
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Pedepar

Meta po6otu nossirae y po3po0Oiii Ta npe3eHrarii HOBOro miJxoxy Ta, BiAMOBIIHO, HOBOI MIKpO-
CUCTEMHOI TEXHOJIOTI JIJIsl HOIIMOIEHOr0, BIOCKOHAJIEHOTO aHai3y, MOJIEIIOBaHHS Ta MPOTHO3yBaH-
HSl YaCOBO1 JMHAMIKU KOHILIEHTpAIilil 3a0py/JHIOBauiB MOBITPS Ta 3aCTOCYBAHHS il 10 BUBYEHHS 4aco-
BOT IMHAMIKM KOHIIEHTpAIll 3a0py/AHIOIOUNX aTMOCc(epy PEUYOBUH JJIsl KOHKPETHUX 1HAYCTpPiaJIbHUX
MicT. B po0oTi mipeacTaBieHi pe3yabTaTd BIOCKOHAJICHOTO aHai3y, MOJICTIOBAHHS 1 TPOTHO3YBaHHS
94acOBOi JUHAMIKH KOHIIEHTpAIl{ 3a0pyIHIOIOUNX PEYOBHUH (IBOOKHUCY a30Ty) B arMocdepi mpoMuc-
noBux MicT (Oneca, Ykpaina, ['nancek, [lonbiia) 3 BUKOPUCTaHHIM KOMIUIEKCY HOBUX MOJEJeH 1 HOo-
BOi MIKPOCHCTEMHOI TEXHOJIOT1].

3acTocoBaHl METOMKA HEJIIHIHOTO aHali3y, Teopis Xaocy 1 METOJU Teopli AMHAMIYHUX CUCTEM.
Jnst aHamizy BUMIpSHHX YaCOBUX MEP10/AIB KOHIEHTpaLIl AI0KCUTY a30Ty (a30BUM MPOCTIP CUCTEMU
OyJ10 PEKOHCTPYHOBaHO METOJIOM 3aTPUMOK. 3 METOIO0 BUKOHAHHS YOCKOHAJIEHOTO aHaJli3y BUKOPHC-
TOBYIOTHCSI METO]] B3aEMHOI 1H(POpMAaIlii, AITOPUTM KOPEJISLIMHOIO 1IHTErpaia, aifOPUTM OMUIKOBUX
HaNUOIMKYMX CYClJiB, aHaJI13 Ha OCHOBI ITOKa3HUKIB JIsimyHOBa 1 METOA CyporaTHUX JJaHuX. MeTon Ko-
PEIALIIHOT PO3MIPHOCTI J103BOJIMB BUSIBUTH AUBHUI aTPAKTOP 13 BIANOBIIHOIO (hpaKTaibHOI po3Mip-
HicTio. CTaTHCTUYHA 3HAYUMICTh pe3yabTariB Oysia MATBEPAKEHA TECTYBAaHHSIM CYpOraTHUX JIaHUX.

B paMkax BIOCKOHAJIEHOTO MiAXOAY YMCETBHO JOCIIKEHA XaO0TUYHA TOBEIIHKA YaCOBHUX Ps/IiB
KOHIICHTpAIIil BOOKUCY a30Ty Ha JACKUIbKOX caiTax B mictax Omeca (Vkpaina) 1 [mancek (I[Tompia).
Po3paxoBaHi pi3HOMaHITHI TOIMOJIOTIYHI Ta JMHAMIUHI 1HBapiaHTH, 30KpeMa, Moka3HuKu JIsmyHoBa,
posmiprocti Kammana-Hopka, entpomis Konvoroposa Ta immm. BrockoHamenuii mioxin mpupomaHo
MIATBEPUB ICHYBAHHS JIETEPMIHICTUYHOIO Xa0Cy B IOCIIKYBaHIi cucTeMi. 3aporoHOBAHO HOBHM
e(eKTUBHUN METOJI KOPOTKO-1 CEPEIHbO-TEPMIHOBOI0 MPOrHO3YBAaHHS YaCOBOI IMHAMIKH (UIyKTyaLii
KOHIICHTpAIi}l 3a0pyIHIOIUNX aTMOC(hepy PEYOBHH HA MPHUKIIAJl JBOOKHUCY a30TYy.

KutouoBi ciioBa: HOBI mMaremMaTuyHi Moeli, HOBI MIKPOCHCTEMHI TEXHOJIOT1i, aHTPONOTECHHHM
BILIUB, QIIyKTYyalii arMoc(epHux 3a0pyIHIOBaYiB, aHaJ3 Ta IPOrHO3YBaHHS YaCOBUX PSIIiB

78



