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Abstract— In this work we concentrate on the long-term and
short term cycles of Ukrainian stock market, being based on the
nonlinear approach of the analysis of open systems. First, the
paper gives an algorithmic model for the investigation of the
nonlinear nature of stock market, which comprises five
individual stages. Then, by analyzing the Hurst coefficient for
the PFTS index for the Ukrainian stock market it is shown that
it is persistent, i.e. contains the fractals. As the results, a
parabolic function is used for the approximation of a nonlinear
trend in the PFTS series. Moreover, the major tendency of the
PFTS index gives the correlation trends of “blue chips”. The
elimination of trends and the usage of Fourier analysis allow
one to determine the long-term and short-term cycles in the
index and shares. Finally, by investigating the weight of the
long-term harmonics in the cyclic component of the PFTS index,
the stability of Ukrainian stock market is studied in a short-time
period. The application of the results involves the forecasting of
the crisis points of stock market and proves the effectiveness of
shareholders

Index Terms— stock market, spectral analysis, cycle, PFTS
index, harmonics, fractality, nonlinear dynamic

1. INTRODUCTION

Under the conditions of heightening complexity,
dynamism and stochasticity of the processes in the socio-
economic systems, a significant part of the economic
science conceptions has to be reconsidered. This fact has
been reflected in the revision of the classical paradigm of
economics and the adoption of a neoclassical one. The
difference between these two paradigms is in the
understanding of the essence of economical processes.
The classical approach to the dynamics of changes has
been based on the property of determinacy of the open
systems, i.e. the behavior of those was uniquely
determined by the cause-and-effect interrelation. It means
that the future of such a system is rigidly and uniquely
determined by the past: Under the condition of knowing
the principles the system development, the future
behavior of the system can be forecasted unambiguously.
Each unpredictable event was considered as an accessory
factor and the chaotic behavior was treated in a
destructive manner. The neoclassical paradigm is based
on the nonlinear approach to the study of open systems,
which comprises the powerful mechanisms of positive
and negative feedbacks; the later can then self-organize
and further develop. The nonlinear behavior of the socio-
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economic systems in the space and time means the
multivariance of the development directions and also
causes irreversibility of the evolutional processes.

Within the framework of this new paradigm of
scientific investigations, the methodology and tools of the
economical sciences were significantly changed. These
factors have served as a basis for the wide usage of the
tools peculiar to the catastrophe theory, wave theory,
cycle theory, evolution theory, chaos theory and for the
construction of new economic theory branch — the
economical dynamics. The most noticeable investigations
in this area was carried out Refs. [1-7].

The methodology is mostly expedient for the
investigation of the stock market processes. This is
because these markets, being the constituents of the
financial ones, are highly stochastic. Displaying the
current tendencies in the country development, these
markets are governed by the general principles of the
cyclic development and acquire the wave-like cyclic
character. It is worth noticing that the waves are ordered
and determinate oscillations, but the cycle is the
particular case of the wave and this cycle is characterized
by the constant period and amplitude.

The stock market is the structural element of the
national economy, which involves the conflict of interest
of different subjects, in particular - of investors. The
investors compose the scenario of the market behaviour
by using various mathematical tools which allows one to
forecast the tendency changes of the share market. At
present, short-tem adaptive forecasting models, fractal
and spectral methods and models of fast processes (stock
chaos) have gained the highest popularity.

The aim of the current article to investigate the nature
of nonlinear cycles corresponding to changes which take
place in the Ukrainian stock market. These changes arise
due to the synergetic effect of the stochastic influence of
internal and external factors.

The following tasks are addressed in this study:

(1) The wave nature of Ukrainian stock market;

(1) The fractal analysis of PFTS index time series;

(iii) The determination and analysis of the cyclic
components in the prices series of Ukrainian liquidly
enterprise shares;

(iv) The determination of the stock market stability in
the short-term period.
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2 Investigation of the Wave Nature of the Ukrainian Stock Market

II. METHODOLOGY

The correlation between the tasks and mathematical
tools are shown in Table I.

TABLE 1. MATHEMATICAL TOOLS FOR THE

INVESTIGATION

Tasks
investigation of the wave nature of
Ukrainian stock market

Mathematical tools
The algorithmic model

analysis of the fractals in the PFTS index | R/S analysis
time series
determination and analysis of the cyclic | ADF test

components in the prices series of the
liquidly enterprises shares of Ukraine

Spectral analysis
Time series analysis

determination of the long-term and short- | Analysis of  the

term cycles coefficient
Determination of the stability of the stock | Analysis of  the
market in the short-term period coefficient

We use an algorithmic model for the investigation of
the nonlinear nature of stock market. First, this model is
considered as the combination of all research tasks, but
from the other side the other it is a separate problem for
the investigation. Figure 1 presents the unification of the
stages for the algorithmic model.

Each stage of the model has a complex character since
it includes the complex of algorithms and models for the
research of the stage local purpose.

The purpose of the investor is the formation of the
adaptive behavior which includes long-term and short-
term interests. Determination of the long-term and short-
term cycles in the dynamics of shares supports the
balance between the interests of the investor.

Stage 1. Formation of the factor space for the
investigation
PFTR d
T

IFFTR ’ {P[d}

| Stage 2. Analysis of supporting
‘ tendency in the time series of the PFTS ‘ series wave nature for shares and PFTS
index \ index

W‘ \ Stage 3. Investigation of the time

R/S analysis [

\

\

‘ Spectral analysis of the time
\ P y:
| | series
o

\

Interpretation of
the results

\
\
‘ '
\
\

Stage 4. Determination of the long-term and

short-term harmonics in the time series
PFTR d
I, P

Stage 5. Determination of the stability of the
Ukrainian stock market

Figure 1. Algorithmic model of the investigation

Below we analyze the stages of the algorithmic model.

Stage 1. Formation of the factor space of
investigation.

The purpose of the first stage is the formation of the
investigation factor space. The indexes are the main
indicators of the business activity of stock market. The
PFTS index is the index of the secondary stock market. It
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shows the permanent change of shares capitalization. The
shares of the most liquidly Ukrainian enterprises compose
the structure of PFTS index. This structure has slightly
changed for the last five years.

The analysis of the industry branches shows that
energy, metal working, oil and gas, machine building
enterprises are the leaders of the trade in PFTS market
[12]. Besides, the Ukrainian market has been gradually
integrating to the global stock market and the PFTS index
has been included in the IFC Frontier index. Therefore
the choice of PFTS index is expedient for the
investigation of the nonlinear wave nature processes for
the Ukrainian stock market.

The analysis of the stock market general tendency is
quite important for the formation of investor behavior but
at the same time it is necessary to carry out the analysis
of other accompanying factors. In addition, the activity of
the trade and shares value have to be analyzed. Such an
approach allows one to determine both the attractive
period for the activity of the investors and the attractive
shares for formation of portfolio.

The structural analysis of the PFTS index in the 2005-
th year demonstrates the ten biggest enterprises of
Ukrainian market, which are the “blue chips”.

TABLE II. THE STRUCTURE OF THE PFTS INDEX (2005)
. . Price ‘Weight
Enterprises Ticker K ’ +/- in PFTS
UAH .
index, %
Ukrtelekom UTEL | 0.071 1.045 2.02% 19.31
Nignydniprovskiy | \yrp | 0386 | 62651 | 0.32% 18.05
tube rolling plant
Ukrnafta UNAF | 0.080 | 299.48 0.16% 17.96
Zaporigstal ZPST | 0.195 6.032 -0.27% 13.75
Concern Stirol STIR | 0.178 123.25 -0.40% 8.26
ZahidEnergo ZAEN | 0.299 | 15045 3.76% 7.96
DniproEnergo DNEN | 0.239 | 378.450 | +2.28% 4.92
KiyvEnergo KIEN | 0.372 7.678 -4.02% 4.29
CenterEnergo CEEN | 0.217 3.741 1.19% 4.15
DonbassEnergo DOEN | 0.142 | 29.000 3.20% 1.35

Note: K — the weight of the shares in the government property.

The course value of these shares is to be analyzed
since these shares are most liquid and attractive for the
investors.

Therefore the factor space of the investigation is the
following cortege:

Pr=(I""R, {pd) ()

where IFFTR - the time series of the PFTS

index;

{ptd} - the set of the time series of the course value of

the shares for the “d” enterprises.

Stage 2. The analysis of supporting tendency in the
time series of the PFTS index.

We analyze the fractals in the time series of the PFTS
index at the second stage. We utilize the method of
normalized scope (R/S method) for our investigation. The
so-called Hurst coefficient (H) is the base of the R/S
method [7]. The interval of alternation for the Hurst
coefficient is [0, 1]. Therefore this coefficient is the
criteria of the classification of time series which can be
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either white noise,
series.

Table III shows the characteristics (the Hurst
coefficient and the correlation coefficient) for the
different kinds of time series.

or persistent or non-persistent time

TABLE III. CRITERIA FOR THE DETERMINATION OF THE

PROCESS

Criteria Name  of | Verbal aspects of the process

H C(t) the process

Last and future differences of
the time series are
independent and
miscorrelated. The trend is
not contained in the time
series. This process is
Gaussian process with
independent variables, white
noise.

White noise
(Brownian
process)

H=12 | C@®=0

This process is the stochastic
process. If the time series
increases, then time series
will decrease in the future.
The time series is
characterized by the high
level of the tendency change.
If H—> 0.5 then this time
series is the white noise.

Non-
persistent
process

H<172 | Ct)=0

The last tendency is the
permanent tendency in the
future. Hence the persistent
stochastic processes show the
stability tendency with the
low level noise. Persistent
processes characterize the
periodicity of the tendency.

Persistent
process

H>12 | Ct)#0

Stage 3. Investigation of the wave nature of time
series for the shares and PFTS index.

At the third stage we single out the cyclic components
from the time series. The first step of the investigation of
cyclic components consists in the analysis of the
stationarity of time series. The mean value, deviation and
covariance are the indicators of stationarity or non
stationarity of the time series. The series is stationary if
the mean and autocovariance of the series do not depend
on time.

The conditions of the stationarity are: Ey (=R

var(y) =Yo»> COV(Y(,¥-1) =7
The special tests for analysis of the stationarity are:
Dickey-Fuller test (DF), Augmented Dickey-Fuller test

(ADF) and Phillip-Peron test (PP). In this investigation
we used the Augmented Dickey-Fuller test. The test is

carried out by the estimation of equation with Yy, ;

subtracted from both sides of this equation:
Ay =p+vy g+ &)
where W,y are the parameters of the model

(y=1-p);g, is assumed to be a white noise.

The null and alternative hypotheses are:
H,:y=0
H,:y<0

(€)
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While it might appear that the test can be carried out
by performing a t-test on the estimated Y, the t-statistic

under the null hypothesis of a unit root does not have the
conventional distribution. Dickey and Fuller (1979)
showed that the distribution under the null hypothesis is
nonstandard, and simulated the critical values for selected
sample size. More recently, MacKinnon (1991)
implemented a much larger set of simulations than those
tabulated by Dickey and Fuller. The null hypothesis of a
unit root is rejected against the one-sided alternative if the
t-statistic less than a critical value.

After checking the stationarity of the initial time
series by using the spectral analysis —the Fourier
decomposition — we compose the cyclic component
models. The algorithm for the search of these models is
given in figure 2.

|\ - """ - - - - T T T T 1
Step 1. Time series stationarity check {Pd}

\
| Stationary
| series

Step 2. Elimination of the time series
nonstationarity

Smoothing of the time
series and elimination of the
seasonal componnent

Distinguishing the trend
C(t)=Y(t)-T(t

| Step 3. Construction of the harmonics spectrum and cyclic component models |
! MSSE IS} d=1..10 !

Figure 2. Algorithm for the composition of the cyclic component
models.

In this case the cyclic component is the composition
of different cycles, which can be presented as:

C(t) = lz(lak cos(i: (t - I)J + %bk sin(i{: (t - I)J 4)

where T
harmonic.

is the period a separate cycle

The quantity of harmonics is to be determined via the
statistical significance of each harmonic. This allows us
to form the Fourier series by employing the significant
harmonics only.

The forth and fifth stages of the model are supposed
to distinguish the most significant cyclic harmonics of the
corresponding time series and to determine the stability
of the Ukrainian stock market based on the weight of the
long-term and short-term harmonics. This analysis allows
the investor to make up or modify the share portfolio that
is adequate to the market tendencies, and therefore to
substantiate the market behavior. As the market stability
criterion, one can use the ratio of the long-term and short-
term harmonics weights in the cyclic decomposition of
the PFTS index, i.e.

long — term harmonic weight o1 (5)

short — term harmonic weight

1.J. Intelligent Systems and Applications, 2012, 1, 1-10



4 Investigation of the Wave Nature of the Ukrainian Stock Market

This is because the domination of the long-term
harmonic in the cyclic component of the series
investigated does not affect essentially on the change of
the major tendency in the short term period. In this paper
we understand the conservation of the dominant tendency
in the short term period as the stability of the market
development.

For the market stability analysis we utilize the
following classification:

i. long-term harmonic with the period from 4 to 12
months;

ii. short-term harmonics with the period from 1 to 3
months.

The domination of either first or second type of
harmonics allows one to determine the most attractive
kind of the investor portfolio, which can be either of the
conservative-aggressive or aggressive-conservative type
correspondingly. Separation of the long-term and short-
term harmonics in the time series of the shares permits to
compose the recommendations for the investor on how to
gain the balanced structure of the shares portfolio
oriented towards the support of either liquidity or
profitability.

III. RESULTS

A. The investigation of the PFTS index time series for
the determination of the supporting tendency.

The calculations of the Hurst coefficient for the daily
PFTS index time series (for the period from 13.10.1997
to 13.09.2005, 1843 cases) showed that the series
investigated is persistent, i.e. it contains the fractals.
These conclusions are confirmed by the regression line
tilt (Fig.3) and the Hurst coefficient values: H = 0,9935

log1 O(F: ¢ S

;
| 2
log01t)

Hurst exponent H=0,9935 + 0,0341 Fractal dimension D= 2 - H= 1.0065 + 0.0341
Figure 3. Regression line, Hurst coefficient for the initial series

Visual analysis of the time series (Fig.4) allowed as to
put forward the hypothesis of the presence of the
nonlinear trend. This hypothesis was confirmed by the
approximation of the initial time series by the second-
order polynomial function.

As a criterion of the validity of the model composed
we used the multiply correlation coefficient with the
value R = 0,9. Hence the trend model of the PFTS index
has the following form: Y= 88,48 — 0.2252 t + 0,0002 t*

Copyright © 2012 MECS
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Figure 4. The time series of the PFTS index and the second-
order polynomial approximation

B. Investigation of the wave nature of the time series.

Step 1. The series stationary check. To determine
the presence and to single out the cyclic components
in the time series of the enterprises analyzed (Table 2)
we perform the stationary check by means of the ADF
test (Table IV).

ZAEN 1.15 -8.147] 0.19 29227 -1.20 -9.617

1.24 -8.147| 031 -8.257| -1.10 -8.727

ZPST -0.28 | -6.417] 227 [ -6.407] -2.78 -6.62"

-0.25 688 -2.52 [ -6.86"| -3.05 -7.027

PFTS 3450 | -5237] 243 -5.937] 0.54 629"

288" | -4337[ 1.82 | 4917 034 -5.22"

TABLE IV. ADF TEST STATISTICS
Ticker L Test equation
(yt) Z Yt =PYi-1 T & Y =0+pY g +&| Y =atottpy +&
Yt Ay, A Ay | vy Ay,
CEEN | 3| -1.04 -7.38"| -2.25 7427 -0.21 -7.94"
4] -1.08 | -7.307] 229 | -7.297[ -0.39 1.7
DNEN |3 | 074 -5.077] 015 -5.107] 0.69 -5.927
4] 080 -4.60"] 0.05 -4.65°| 0.62 -5.237
DOEN | 3 | 1.02 836 | 0.09 -8.407| -0.36 -9.05”
4] 088 5847 -0.04 [ -5.887] -0.05 651"
KIEN [ 3] 0.05 9747 -2.11 29727 271 -9.88"
4] 0.04 796 -1.84 [ -7.947] -2.49 8117
NITR | 3 [ 337" [ -4787] 051 =550 -1.22 -5.60"
41 263" | -4117] 0.50 -4.647] -1.81 476"
STIR 3] 117 9337 -1.16 | 9477 -2.26 -9.45"
4] 126 -8.137] 092 [ -8317] -2.00 -8.29”
UNAF [ 3| 272" | 7437 113 7917 0.30 -8.007
4] 269" | 5717 1.25 -6.137| 0.54 -6.28"
UTEL | 3 [ 0.69 -7.86| -0.21 -7.927| -1.15 -8.097
4] 080 6997 -0.12 [ -7.037] -1.05 7227
3
4
3
4
3
4
A

Note: ~ DF test statistic more than 1% Critical Value;

Analysis of time series ItPFTR, {Pt"} shows that all

time series are non-stationary because ADF test statistic
is less than 1% Critical Value. Thus this time series
contains the trend. This inference also confirmed the
computations of the ADF test for the 1* differences, and
this proves the fact that the series become stationary after
singling out the trend

Step 2. Elimination of the non-stationary series.

For the purpose to eliminating the trends from the
series let us decompose the series into the four
components: the trend one (T(t)), the cycle one (C(t)), the
seasonal one (S(t)) and the irregular one (I).

As the decomposition model we apply the additive

1.J. Intelligent Systems and Applications, 2012, 1, 1-10



Investigation of the Wave Nature of the Ukrainian Stock Market

one insofar as the series oscillation amplitude over the
long-term period is stable. The model itself has the form:

Y(t)="T(t)+C(t)+S(t)+1

(6)

For the sake of refinement of the initial series of the
season component one can perform the smoothing over
the period n=5, which corresponds to the 5 work-days at
the PFTS market.

Distinguishing the trend from the fitted series
includes the selection of the type of the trend and
estimation of its parameters. The criterion for the choice

of the

general trend model defines the

multiply

correlation coefficient. The Table V shows the selected
trend equations and trend parameters. The estimations of
the model parameters are shown in Table A.I from

Appendix.
TABLE V. TREND MODELS
Ticker Equations Correlation
coefficient
CEEN | CEEN(t)=1.042-0.0042t+0.0000112t> 0.957
DNEN | DNEN(t) = 66.382-0.28357t+0.00104t> | 0863
DOEN | BOEN(t)=4.97969—0.0079t +0.00000014¢> |  0-851
KIEN | KIEN(t)=1.489329 - 0.012024t + 0.000185t* — 0.845
—(1.0SE - 06)t> +(2.14E — 09)t*
NITR | NITR(t)=4.61464 +0.026161t 0.961
STIR | STIR(t) =11.10567+0.07786t —0.000137¢> | 0852
UNAF | UNAF(t) = 33.142 - 0.032653t + 0.000462t> | 0915
UTEL | UTEL(t)=0.151352+ 0.831
+(=3.14E-06)t* +c(1.59E - 08)¢°
ZAEN | 7AEN(t)=c21.83541-0.110770t +0.000512t> 0.866
ZPST | zPST(t)=1.332383 - 0.0233399t + 0.000540t> — 0.866
—(5.05E - 06)t* +(2.03E - 085)t* — (2.92E —11)t°
PFTS | pFTS(t)=306.3156+0.001818t> 0.894

The analysis of the model parameters (Table A.I) and
the adequateness of the model (Table V) show that all the
model parameters are statistically significant ones, and
the multiply correlation coefficients are within the norm
limits. All these facts demonstrate the adequateness of the
trend model.

The actual, fitted and residual dates of the PFTS index
are shown in Fig. 5. The residuals of the series contain
the cyclic component.

450
=" L aoo
e | 350
404 LT T
PRI I 300
20
250
(0]
-20+ w
40 T e
18/04 27/06 5/09 14/11 23/01 3/04
\ — Residual ---—---- Actual ————- Fitted\

Figure 5. Actual, fitted and residual dates of the PFTS index

Copyright © 2012 MECS

The condition for the usage of the Fourier analysis for
the cyclic component decomposition is the stationarity of
the series. Then we carry out the second ADF-test for
residuals of the series (Table A.II).

The results of the ADF test read:

(1) all series are the stationary ones with the 1%
critical value for none and intercept test equations;

(i1) all series are the stationary ones with the 5%
critical value for trend and intercept test equations.

Hence one can apply the Fourier analysis for the
series residuals to study the harmonics of the cyclic
component.

Step 3. Construction of the harmonics spectrum and
cyclic component models.

The estimation sine and cosine coefficients together
with the spectral densities are given in Table A.III. Below
we present the model of the cyclic components for the
PFTS index time series.

PFTS_ C(t)=—0.7967cos| 21, |+9.0659sin| 21, |+
258 258
+9.8624cos| Xt |~18.826sin| 21, |+3.315c08 21, |+
129 129 86

+0.1281sin| ZZt, |-7.59cos| 2—t, |~0.1274sin| 22—, |~
86 64.5 64.5

1.604c0s| 1, |+2.3825sin| 221, |+0.354cos| 21, |+
51.6 51.6 43
+4227sin| 224, |+1399cos| —Z—t, |+0.029sin| —27—t,
43 36.86 36.86
where tp=t-1

The model includes seven most significant harmonics
for the cyclic component of the PFTS index. As the
criteria for the selection of harmonics we take the values
of the spectral density and the correlation coefficient. We
would like to emphasize that the first five harmonics are
the same for all series (see Table A.IIl, A.IV). This
means that the coevolutional effects are present in the
dynamics of the Ukrainian stock market. The plot for the
residuals and the cyclic component estimated PFTS index
time series is shown in Fig. 6. The plot for the shares
time series is shown in Figs. A.1-5, see Appendix.

Line Plot (Findecon2006 Trend 35v*258c)
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gure 6. Residuals and cyclic component for the PFTS index time series
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6 Investigation of the Wave Nature of the Ukrainian Stock Market

C. Separation of the short-term and long-term cycles
in the time series and determination of the stock market
stability.

The Fourier decomposition allows one to separate the
most significant harmonics in the share time series. The
harmonic characteristics can be written by the following
cortege:

Cycle] =<t{,A], T’ > (7
where Cycle} is the i-th harmonics of the action with
label s; ¢} is the initial value of the cycle; A$ is the cycle

amplitude and ¢ is the cycle periodicity.

In the current study the significance criterion for the
harmonic is the cycle amplitude. Using this one then can
distinguish the shares which correspond to the short-term
and long-term investor purposes.

The values of the amplitude obtained for the most
significant harmonics of the time series are given in Table
VL

TABLE VI. ESTIMATION OF THE AMPLITUDE AND
SIGNIFICANT OF HARMONICS
T 258 129 [ 86 64,5 [51,6 [43 36,86 P5.8 1345 21,5
CEEN
A 0,02 10,02 Jo,02 0,02 0,01 D,01 Jo,01
S [19,1 [18,7 [19.8 [17,5 [7,09 b.45 [8,14

DNEN

A 1,13 2,58 [1,05 0,66 (0,70 1,32 |1,11

S [13,2 30,1 [12,3 |7,73 |8,23 15,3 [13,0

DOEN
A 0,05 0,15 J0,00 0,04 0,10 D,02 0,04
S 9,71 30,0 [183 [8,90 [19,7 .22 8,06
KIEN
A 0,01 0,04 J0,02 0,04 0,02 D,04 [0,01
S 1,30 1,1 103 [25,2 [102 P45 [7,19
NITR
A 0,54 10,36 [0,05 0,37 10,06 D07 [0,09
S 344 23,0 335 [23,9 [429 165 6,24
STIR
A 10,79 .13 0,99 [0,32 [0,40 0,43 [0,44
S 144 P86 [17.9 [5.82 [1.30 7.81 [7.98
UNAF

A 2,16 290 |1,13 (1,04 [0,46 D,96 (0,01

S 249 33,4 [13,0 [12,0 |5,31 [1,0 [0,16

UTEL

A 0,00 0,01 ]0,01 0,01 0,01 D,01 [0,01

S 4,01 30,7 [8,47 153 (19,4 14,7 [7,22

ZAEN

A 0,59 [1,23 0,73 0,91 [0,57 D,79 0,26
S 11,6 P42 [143 |17.8 [112 55 5,11
ZPST
A 0,00 0,02 J0,03 0,04 0,02 D,01 0,02
S 0,55 |2,24 [23,1 P44 [150 p.,63 14,8
PFTS

A 9,10 21,25 |3,31 J,592 2,87 k.24 11,39

S 18,28 #2,69 6,66 5,25 |5,77 B,52 [2,81

To determine the stock market stability and single out
the shares which possess the most significant long- and
short-term cycles, we estimated the weight of the long-
and short-term harmonics in the cyclic components of the
series investigated (Table VII).

Copyright © 2012 MECS

Inasmuch as the weight of the long-term harmonics in
the cyclic component of the PFTS index time series
occupy 68%, we can make the inference concerning the
stability of Ukrainian stock market in a short-time period.

TABLE VIIL. ‘WEIGHTS OF THE HARMONICS IN THE CYCLES
. Weight of the long-term Weight of the short-
Ticker . .
harmonic term harmonic

CEEN 57,716 42,285
DNEN 55,635 44,365
DOEN 58,088 41911
NITR 60,887 39,113

STIR 71,064 28,936
UNAF 71,422 28,577
UTEL 43,224 56,776
ZAEN 50,252 49,748

ZPST 35,993 64,007

KIEN 32,789 67,21

PFTS 67,646 32,353

Under such conditions it is pertinent to form the
conservative-aggressive portfolio having the following
structure:

(1) the conservative part is aimed to maintain the
portfolio liquidity as a whole and involves the shares of
the following enterprises: CEEN, DNEN, DOEN, NITR,
STIR, UNAF;

(i) the aggressive part is aimed to maintain the
profitability and includes the shares of the following
enterprises: UTEL, ZPST, KIEN.

IV CONCLUSIONS.

To sum up, the from the analysis performed the
following findings can be outlined:

(1) On the basis of the Hurst coefficient estimation we
have deduced that the daily time series of the PFTS index
over the period 03.10.1997 — 13.09.2005 is the persistent
one, which means that it includes the fractality (the
ability to maintain the stable tendency of development).
Aside from this, the current tendency has a nonlinear
character which supports the wave nature of the
Ukrainian stock market development.

(2) The algorithmic model for the investigation of the
wave nature of the stock market is a tool for the
formation of the adequate investor behavior. It allows one
to determine the structure of the shares portfolio, which
combines the liquidity and profitability criteria.

(3) The separation of the most significant harmonics
in the PFTS index and share series allowed one to
determine the most expedient kind and structure of the
portfolio.

To our belief, the future investigations of the wave
nature of stock market consist in the development of
methodological approaches for the investor strategy.
These investigations should involve the forecasting of the
crisis points of stock market based on the account of
stochastic macroeconomical influence and tendencies in
the development of the foreign stock markets.

1.J. Intelligent Systems and Applications, 2012, 1, 1-10
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DNEN 4 -3.96"" -3.95™ -3.90"
DOEN 4 3,727 3727 3717
KIEN 4 475" -4.74™ 4,73
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STIR 4 -3.557 -3.557 -3.54”
UNAF 4 -3.49™ -3.49™ -3.50"
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ZAEN 4 -4.24™ 423 423"
ZPST 4 -5.02" -5.02"" -5.017"
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Note:™" — ADF more than 1% Critical Value; ~ — ADF more than 5%

Critical Value; “ — ADF more than 10% critical Value;
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TABLE A.IV. PERIODS, COSINE AND SINE COEFFICIENTS, DENSITIES OF

TABLE A.III. PERIODS, COSINE AND SINE COEFFICIENTS, DENSITIES OF THE HARMONICS
THE HARMONICS
Ne Period Cosine Sine Periodog | Density Ne Period Cosine Sine Periodog | Density
coeff coeff coeff coeff
CEEN (R=0,866) ZAEN (R=0.842)
1 258,0000 | 0,001557 | 0,018824 | 0,046021 | 0,034745 1 258,0000 | -0,29783 | 0,516038 45,7947 72,1508
2 129,0000 | -0,00586 | -0,01765 | 0,044661 | 0,044517 2 129,0000 | 1,082327 | -0,59937 | 197,4583 119,6939
3 86,0000 0,007151 | -0,01837 | 0,050131 | 0,044468 3 86,0000 | 0,731358 | 0,034264 69,1515 107,4928
4 64,5000 -0,01268 0,01195 | 0,039201 | 0,033125 4 64,5000 -0,13772 | -0,90161 107,3123 84,7495
5 51,6000 -0,00572 | -0,00409 | 0,006386 | 0,017123 5 51,6000 -0,57256 | 0,030252 42,4075 67,1365
6 43,0000 0,008533 | -0,00387 | 0,011330 | 0,010521 6 43,0000 -0,44959 | 0,653108 81,1001 53,1361
7 36,8571 -0,00536 | 0,006029 | 0,008408 | 0,010237 7 36,8571 -0,05132 | 0,255981 8,7927 30,3027
DNEN (R=0.839) ZPST (R=0.842)
1 258,0000 | -0,82773 0,77568 165,9997 | 293,0709 1 258,0000 | -0,00087 | 0,000268 | 0,000108 | 0,019580
2 129,0000 | 2,204223 | -1,35128 | 862,3082 | 461,8240 2 129,0000 | 0,015101 | -0,01348 | 0,052874 | 0,076968
3 86,0000 0,873448 | -0,59712 | 144,4102 | 294,3104 3 86,0000 | 0,011131 | 0,036717 | 0,189893 | 0,151402
4 64,5000 -0,50902 | -0,42708 56,9532 | 114,6290 4 64,5000 -0,04038 | -0,00313 | 0,211659 | 0,162586
5 51,6000 -0,67031 0,22599 64,5503 107,6790 5 51,6000 -0,02170 | 0,012167 | 0,079888 | 0,103213
6 43,0000 -0,94120 0,92606 | 2249045 | 157,8128 6 43,0000 -0,00171 | 0,015847 | 0,032775 | 0,053951
7 36,8571 -0,25899 1,08739 161,1847 | 135,6984 7 23,4545 0,004901 | -0,02403 | 0,077606 | 0,040082
DOEN (R=0.917) PFTS (R=0.982)
1 258,0000 | -0,03998 | 0,029512 | 0,318599 | 0,928341 1 258,0000 | -0,79667 9,0659 10684,54 19248,43
2 129,0000 | 0,117980 | -0,09843 | 3,045580 | 1,719569 2 129,0000 | 9,86238 -18,8257 | 58265,95 | 29195,02
3 86,0000 0,091820 | 0,019130 | 1,134794 | 1,363605 3 86,0000 3,31467 0,1281 1419,45 16891,75
4 64,5000 -0,04413 | 0,011308 | 0,267793 | 0,821505 4 64,5000 -7,59044 -0,1274 7434,40 6081,41
5 51,6000 -0,04902 | 0,088138 | 1,312156 | 0,713115 5 51,6000 -1,60366 2,3825 1063,97 2886,32
6 43,0000 -0,02586 | 0,006782 | 0,092254 | 0,369611 6 43,0000 0,35399 4,2265 2320,50 1631,83
7 25,3000 0,018001 | -0,03709 | 0,219304 | 0,130618 7 36,8571 1,39852 0,0291 252,41 798,50
KIEN (R=0.827)
1 258,0000 | -0,00165 | 0,001572 | 0,000673 | 0,044682 Line Plot (Findecon2006 Trend 35v258¢)
2 129,0000 | 0,033288 | -0,01641 | 0,177698 | 0,098815 0.10
3 86,0000 -0,01544 | 0,009544 | 0,042541 | 0,124542
4 64,5000 -0,04377 | -0,00722 | 0,253897 | 0,148489
5 51,6000 -0,01453 | 0,010499 | 0,041476 | 0,139632
6 43,0000 -0,03762 | 0,020929 | 0,239156 | 0,132440
7 36,8571 -0,00924 | 0,008617 | 0,020592 | 0,080803
NITR (R=0.973)
1 258,0000 | 0,545768 | 0,035653 | 38,58821 | 22,77514
2 129,0000 | 0,352822 | 0,095873 | 17,24403 | 17,75189
3 86,0000 -0,00120 | -0,05324 0,36587 | 10,19481
4 64,5000 -0,34169 | -0,16473 | 18,56248 | 9,16049
5 51,6000 -0,02539 | -0,06325 0,59925 4,97044
6 43,0000 -0,07376 | 0,004296 | 0,70431 1,43662
7 36,8571 0,080382 | -0,05783 1,26502 0,83844
STIR (R=0.910) am
1 258,0000 -0,47662 0,63715 81,6746 185,8607 4/18/055/12/056/7l05 7/1/057/27«)55/221059 /15/0510/11/01 1/4/0511/30101 2/26/01/19/062 /14/0%/10/064/5/06
2 129,0000 | 1,553864 | -1,46605 | 588,7300 | 313,7455
3 86,0000 | 0,891578 | -0,44042 | 127,5655 | 205,7674
4 64,5000 0’ 120681 0,29857 1 3,3785 62,9084 Line Plot (Findecon2006 Trend 35v*258¢)
5 51,6000 -0,31109 0,25711 21,0123 18,6651
6 23,4545 -0,34934 | -0,25398 24,0643 18,9154
7 21,5000 | 0,224864 | -0,37959 25,1098 22,4758
UNAF (R=0.951)
1 258,0000 | 0,21099 2,15031 602,217 557,8498
2 129,0000 | -0,24263 | -2,88992 | 1084,952 | 674,6498
3 86,0000 -0,88076 | -0,71723 166,433 392,0648
4 64,5000 -0,16600 | -1,02809 139,905 152,2042
5 51,6000 -0,34336 0,30746 27,404 80,7287
6 43,0000 -0,96043 0,06639 119,562 65,7738
7 36,8571 0,004684 | -0,01363 0,027 35,8026
UTEL (R=0.932)
1 258,0000 | -0,00046 | 0,001491 | 0,000315 | 0,004642
2 129,0000 | 0,003398 | -0,01145 | 0,018419 | 0,008801
3 86,0000 -0,00229 | 0,002360 | 0,001400 | 0,006451 -8
4/18/05 6/7/05 7/27/05 9/15/05 11/4/05 12/26/0 2/14/06 4/5/06
4 64,5000 -0,00469 0,003697 0,004610 0,004978 5/12/05 711/05 8/22/05 10/11/0 11/30/0 1/19/06 3/10/06
5 51,6000 -0,00098 | 0,007487 | 0,007356 | 0,005505
6 43,0000 | 0,000688 | 0,005695 | 0,004244 | 0,004102 Figure A.1. Residuals and the cyclic components for the CEEN and
7 36,8571 0,000631 | 0,002739 | 0,001020 | 0,001920 DNEN time series
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