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1. EIZATQI'H

Metdopaon. Mia AEEN pe yAddeg vonuata Kot tepaotio €pyo. To HETOPPAOTIKO
eovopevo €xel edpomBel TAEOV GTOV GUYYPOVO KOOUO KOADTTOVIOS O1(pOPOVS
Topelg ™¢ CmMg Tov avOpdTOV, SLELKOAVVOVTOS TAPAAANAL KoL TNV EMKOVOVIO TV

A0V,

Eivor adiapgiofrtnro, mmg n petdepacn vrapyet kot Bo cuveyioet va vrdpyet 660 ot
dvBpomor pkovv dapopetikés yAmooss. H avBpomodmta £€xel efelybel, £xet
dtevpivel Toug opiloviéc ™ ko €xel avamtuybel xdpn o€ avTAV TV ETGTHUN.
I'pantég aAld Ko TPOPOPIKES, O1 LETAPPACELS £XOVV EKUNOEVICEL TIC AMOGTAGELS KO
EYouv QEPEL € EMAPT AooDG TOV UITOPEL VO £XOVV TEAEIMS OLOPOPETIKN VOOTPOTiO O

évag om’ Tov GALOV.

H 6Ovaun mov ackel avtd to povopevo otny eEEMEN TOV TAYKOGUIOL TOATIGHOD Kol
omv ovantuén g maykoOcpog owovopiog eivol KotaAvtiknig onpoacioag. H
petdoppaon PpiokeTor akdpo KOl 6Te MO OTAQ TPAypoto, Tov eueilc Bewpovpe
dedopéva. Twg Oa rav dpmg évag koopog yopic avtv; H andvinon sivor €0koAn.
Agv Ba vmpye emkowvovia Kot Katovonon otov kocpo. Ot yopeg dev Oa
eEehocovtav kot 0 KaOe Aaog Ba ueve eykhoPiopévog péca 6to. GHVOPO. TOL TOTOL
tov. Kopio eman, kapio emikowvavia, kopio eippnvikny cuvimapén (I'pappeviong et al.

2015).

Axoun, poll pe mv yAdooa tagdevovy ta 10, to €010, 0 TOATIGHOG, 1| VOOTPOTia
Kol ol 10éec Tov kéBe Aaov. H molvdidotatn @von g petdepoons oAAd Kol ot
ToKiAeg 1Wopopeieg Tov @atvopévou avtov, Bonbovv oty d1adocGN TANPOPOPLOV,
OTN LETAOOON YVOGE®V, GTNV dNUIOVPYin EBVIKAOV Kot GUALOYIKADV TOVTOTHTMOV KO GE

ToAAG dAAa (Tpappeviong et al. 2015).

Oocot acyorobvtan emaryyeAATIKA (e TOV KAGOO0 avTd, Yvopilovy Tog yio va yivovtot
opBoTEPEC HETOPPAGELS amatteiTon 1 O18KPIoT TOVG 0€ cLYKEKPIEVA €i0m. Emopévac,
yopilovpe ta Keipevo ovaloyo HE TO TEPLEXOUEVO TOVUG GE TEXVIKA, VOUKO Kot

AOyOTEXVIKAL.

SVYKEKPUEVO, OGOV aPOPE TNV TEXVIKY] LETAPPOOT, LE TNV OTOi0l OGYOAEITOL Kot 1
napovoo epyacica, opeilm va EeKviom Tovilovtag Tmg To TeXVIKE KelpeV KOADTTOUV

éva gupV eacpa e {ong pag. Mmopel va glvar 0dnyleg xpNoELS, 1OTPIKEG GLVTAYEC,



EMOTNUOVIKA apBpa, vinpeoies, k.o. ['ivetat, Aoutdv, avTIANTTo TOC TETO0L €100V

keipeva oyetiCovtal, cuvNOMC, e TNV TEXVOAOYIO KOl TNV ETIGTAUN.

XopaKTnploTikO 6TotYEl0 TOL Ta. d1OKPIveL Efvart 1) 101K 0POAOYIOL TOL GLVAVTATOL GE
avtd. Amotteital, €161, A0 TOV LETOPPACTN EKTETAUEVT EPELVO DOOTE VO 0T0d0000V
owoTd kot pe axpifeta ot 6pot Tov keyévov. H oporoyia mov Ba ypnoomonbet oty
YADGGO apiEemc mpémel vo. eMAEYEl HETE amd O1EE0OIKT] £PELVO TPOKEIUEVOL TO
HETAPpACUO Vo ovtomokpivetonr otnv mpaypatikotta. Etval, emiong, avaykaio m
KaTavonon TOV TPMTOTLTOL OO TN UEPLE TOL WETAPPUOTY, KaB®g povo étol Oa
petvel mMotog OTIS O1APOPEG GLUPACELS KOl GTOVG TEPLOPICUOVS OV eMPAALOLY N

TEYVOLOYiO Kot YeVIKOTEPO 0 KAASOG Tng emtotnung (Day Translations 2015).

AKOUN, 0 TEYVIKOG UETAPPUGTIG TPEMEL VAL O100ETEL YVAOGELS €Ml TOV BENLATOG OV £)EL
va petappdoet yio va katoldpel to Pabitepo vomuo, vo KAVEL GMGTH £pELVA Kol VoL
petappdost pe axpifeia kot opfdtrae. Oa pmopovoe va ewmwbel, mwg M TEXVIKY
petaepoaon Oewpeiton mAgov maykoouo kabag Eemepvael ta cuvopa TG pioag povo
YOPOS. Zuvnlme, N OepatiK] TOV KEWEVOV 0popd OAOKAN PN TNV avOpordtTa, 0pOov
dev glvan AMya ta mapadetypata 6mov ot TAnpopopieg mov petadidoviot etvor (OTIKNG

onuaociog (Day Translations 2015).

Téhog, e€outiag Tng TEYVOAOYIKNG KO EMGTNUOVIKNG TPOOOOL, O UETAPPUGTNG TPEMEL
VO EVNUEPOVETAL GLVEXDS 7Yoo TN Vvéd opoAoyio mov  Onuovpyeitol Kot
YPNOUOTOIEITOL, MOTE VO EMTUYEL £val GpTIo amotédecua. Me dAla Adyw, elval
avaykaio 1 cuvoTapén pe TV TEXVOAOYin KOOMG 1 SOLVAELL TOV £lval AmOTELEGLA TNG

avamTuEng Kot g e£EMENG avTG.

Oocov apopd 10 Keipevo pe 10 omolo aoyoAnOnKa, pmopel vo CLYKATOAEYN oTO
TANpoeoplakd Keipeva Kabdg mpdkettal yio pio EMGTNUOVIKY £PYOcio TOV €XEL OC
OKOTO VO EVIUEPMDOEL TO OVOYVMOOTIKO KOWO GYETIKA PE Pio GEPA TEPAUATOV TOV
deénydnoav og Evav aplBpd avBponwv. To meipapa cuvéPn dote va dtamotmbel av
pumopel va avaAvBel 1 yoxikn OpacTNPOTNTO TOL EYKEPAAOL HEGH GLVEXOVG
KopoTdlokng avdivong tov Hiektpoeykeporoypapruatog (HED). H pedémn avty,
HECO OO TO WEPAUOTO OTO GTOUO TOL GULUUETEIYOV, TPOOTAONGE VO AVOKOADWYEL
KOTA TOCO UTOPOVV VO KATOVOT|COLV TO TEPIEXOUEVO Hiag E1KOVOS TOL PAETOLY Vi

GLYKEKPLUEVO YPOVIKO OLAGTNLLOL.



To Vpog kat 1o Ae&1AOY10 TG Epevvag NTaV ETIONUA LE LOKPOOKEAELG TpoThoElS. Agv
élemay, PUOIKA, To. GYNUATO TOV TTAPOVSialay TIC OAPOPES PAGELS TOL EYKEPAAOL,
KaOdg emiong kot poONUOTIKEG GUVOPTNCELS MOVO OTIS omoiec PoaciotTnkav To

TEPALOTOL.

Kotohapaivoope, emopévmg, mog mpoketor yoo €va kabapd texvikd Keipevo pe
axkpifela otovg Opovg kol eEEOIKEVIEVO Ge Kamola onueia Aegioyto. TIpokeyévoo
va peivo 660 To dLVATOV TTO TIGTH 6TO TPWOTOTLTO, Eekiviioa apyIKd Le TV EVPEST
OA®V TOV TEYVIKOV OpmV GTO KEIUEVO (DOTE VO UTOPECEH VO, TPOYWPNGH GTNV

ATOdEATIOOT TOVG HECH EVOC YAOTTEPLOV.

‘Htav, opoloyovuévmg, pio apketd ypovoPdpa Swdwkacio kabdg Empene va
avalnmoo mapdAAnAo Kelpeva, €VTLTEG KOl MAEKTPOVIKEG TNYEC UE OVTIGTOLXO
TEPLEXOLEVO OAAL KOl €EE10KEVIEVA AeEIKA He HoBMUaTIKODG Kol 1TPLlKovg OpovG.
AoV, PBpNKa TIC MO GOGCTES AMOJOCELS, EEKIVIGO TNV UETOPPACTIKY] O0dKAGiL.
Ymp&av OTIYHEC TOL OVTILETOTION OVGKOAEG Kol avTd OQEiAeTol KVPIMG GTOV
pokpomepiodo AOYo Kot otnv €EEIOIKELUEVT] OpOLOYiD TTOV YPNCIULOTOWONKE GTNV

Epevva.
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Abstract

The brain is a unique organization in nature, possessing the ability for psychic
activity, which manifests itself in thoughts, feelings and emotions. In present days,
numbers of mathematical methods for analysis of electroencephalogram (EEG) were
developed with continuous wavelet transform being one of the most successive

approaches for studying of brain activity. This paper is aimed to develop methods for


http://www.scirp.org/journal/jbbs
http://creativecommons.org/licenses/by/4.0/

investigation of psychic brain activity with help of continuous wavelet analysis of
EEG. Ability of human to realize semantic content of the image presented on the
screen was tested. Experiment was accompanied with simultaneous EEG recording,
which was held with developed software and PC-based experimental setup. The
information capabilities of continuous wavelet transform-based method for EEG
analysis were improved for the recognition of specific patterns in human brain
activity. Comparative wavelet analysis was carried out for EEG recordings at the
moment of awareness of the semantic content of the image and for EEG recordings in
the absence of conscious (subjective) perception of the semantic content of the image.
Significant differences were shown in the alpha rhythm of EEG for the moments of
awareness of the semantic content of the image and for the moments of absence of
conscious perception. Continuous wavelet analysis of EEG showed that the alpha
rhythm is the main EEG rhythm, which can be used to estimate the presence of
subjective perception of the visual image. Significant differences were shown in the
alpha rhythm of EEG for the moments of awareness of the semantic content of the
image and for the moments of absence of conscious perception. Conducted studies
allow to conclude that revealing of brain activity related to visual image awareness is

possible through analysis of EEG.

Keywords

Brain, Psychic, Consciousness, Electroencephalogram, Continuous Wavelet Analysis

1. Introduction

The brain is a unique organization in the living nature, possessing the ability for
psychic activity, which manifests itself in thoughts, feelings, emotions, i.e. in
subjective human’s perception of himself and surrounding world.

Despite of substantial progress in modern psychophysiology and neurophysiology, the
existing methods cannot allow direct registration and investigation of patterns of brain

psychic activity [1] [2] [3] [4]. Using of classic methods for analysis of
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electroencephalogram (EEG) reveals nonstationary nature of EEG rhythmic activity
along with high variability of forms and frequency ranges, which greatly reduce
informational capabilities of traditional methods for spectral signal analysis.
Development of conceptually new informational methods capable of deciphering
psychic activity patterns in neurophysiological processes is crucial for revealing the
nature of brain psychic activity. In present days, numbers of modern mathematical
methods for analysis of electroencephalogram (EEG) were developed. One of the
most successive approaches is continuous wavelet transform (CWT) [5] [6] [7] [8]
[9].

Continuous wavelet transform’s main advantage over the classic spectral analysis
method is the capability of time-frequency analysis of complex nonstationary signals
such as EEG. At the same time, possibility for detection of psychic brain activity with
help of EEG analysis is still questionable.

The main aim of the present research is to develop informational technology and
methods for studying psychic brain activity with help of continuous wavelet analysis
of EEG signals.

The objectives of the research are:

1) Improvement of informational capabilities of continuous wavelet transform-based
method for EEG analysis, designing of specialized wavelet basis for increasing the
effectiveness of detection of specific psychic activity patterns in human brain.

2) Testing of temporal visual discriminating ability of human to realize semantic
content of the image during short presentation time.

3) Registration of EEG in different areas of brain, including visual cortex, during the
testing of individual discriminating ability of human to realize semantic content of
image.

4) Comparative wavelet analysis for EEG recordings at the moment of awareness of
the semantic content of the image and for EEG recordings in the absence of conscious
(subjective) perception of the semantic content of the image.

2. Materials and Methods

In the present study experimental test is performed to evaluate the ability of human to
realize semantic content of demonstrated image during very short presentation time.

Design of the experiment suggests demonstration of series of images to the human
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subject. Presentation time is shortened with each subsequent image: the first image is
presented for the longest time period while presentation time for the last image is
close to 0. The main point of the test is to find the threshold point, when human could
recognize the previous image, but fails to recognize the next one due to the short
presentation time [10] [11] [12].

Experimental research is approved on the meeting of local ethic committee of First
Moscow State Medical University of the Ministry of Health of the Russian Federation
(Sechenov University) on May 18, 2014. All experimental works are held in
agreement with ethical standards laid down in the 1964 Declaration of Helsinki. All
persons gave their informed consent prior to their inclusion in the study, to personal
and experimental data processing.

The study uses PC-based experimental setup along with software for testing and
detection of two types of brain activity based on EEG properties. The first type of
activity is related to subjective conscious perception of visual image and the second
one is related to absence of this perception due to the short-term presentation of image
[13].

Experimental setup is based on PC with two displays, which are used simultaneously
during the testing. The first display is used by the experimenter and shows
information about experimental settings such as number and type of presented images,
time of presentation, etc. The software also provides “Experimenter’s window” on
this display with instruments to adjust mentioned parameters according to desired
experimental design. The second display is used for presentation of visual stimuli to
the human subject in “Presentation window”. This window contains consequently
demonstrated images with presentation time reduced on each consequent step.

The task of the subject is to carefully observe the second display with “Presentation
window” and to try to realize demonstrated images. At some threshold point the
subject sees image shortly but fails to realize and recognize it. After the experiment
the subject is asked for how many images he/she recognized and which images he/she
didn’t recognize due to short presentation. This is used to estimate the threshold point.
Experimental setup also includes means for EEG recording. Electroencephalograph
“Neuron-Spectrum” (Ivanovo, Russia) is used to record EEG signals from 10
electrodes in occipital (02, O1), parietal (P4, P3), central (C4, C3), frontal (F4, F3)
and temporal (T4, T3) areas. These electrodes are placed according to standard

monopolar “10 - 20” scheme. Reference electrodes are attached to earlobes. Recorded
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EEG signals are filtered by band-pass filter with cut-off points at 0.5 and 75 Hz and
by 50 Hz notch filter. Sample rate of recorded EEG signals is 200 Hz.

EEG recording is held for 10 healthy students—men in age 18 - 22 years and
employees in age 45 - 60 years of the First Moscow State Medical University of the
Ministry of Health of the Russian Federation (Sechenov University) with normal or
restored to normal visual perception.

Each experiment has two stages: with closed eyes and open eyes. The first stage with
closed eyes is a standard practice to obtain baseline EEG for further analysis. The
second stage with open eyes is an active part of experiment. During this stage subject
observes 10 sequences of images with 25 images in each. Sequences are demonstrated
with time intervals of few minutes.

Developed software is based on principles from [14] [15]. The main purposes of the
software are to prepare series of images for demonstration, to demonstrate subsequent
images with subsequently reduced time of presentation and to form journal of the
experiment.

The software holds database with 68 different easily recognized images of animals,
plants, everyday devices, furniture, etc. All images are colored and have sufficient
resolution (~300 dpi).

The software allows to arrange the images from database in random order to form
sequences for presentation during the experiment. This allows to prevent adaptation of
the subject to the task and to avoid stereotypic answers.

Images from constructed sequences can be presented at different rate. The software
has options to choose number of images in sequences, time intervals for each
presentation and for pauses between subsequent presentations. Duration of image
presentation is affected by refresh rate of display. For example, for display with
refresh rate f of 60 Hz minimal time of presentation is 1/ f = 17 ms. For this display
images will be presented for 17-fold time intervals (17, 34, 51... ms) according to the
chosen experimental design.

The software also features options for choosing algorithms of presentation time
decrease. Experimenter can choose between two algorithms: 1) each subsequent
presentation time is two times shorter than previous, 2) each subsequent presentation
time is shortened by some constant value.

Duration of pauses between two subsequent presentations can also be chosen and

commonly equals to several seconds. During this time interval the subject observes
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blank screen. Such pauses are aimed to prevent the influence of previously
demonstrated images on perception of current image.

The software automatically creates journal file that contains all information about the
experiment. This data can be used in further analysis of EEG signals.

The software provides options to change brightness, clearness, saturation of presented
images which allow to make the particular image more/less recognizable. Such
technique for changing informational properties allows to detect two different states
in subjects: conscious perception of visual image and absence of this perception. In
proposed experimental procedure developed setup provides opportunity to find the

moment when subjective recognition occurs for image with short exposition time.

3. Calculations

Continuous wavelet transform (CWT) is used for analysis of obtained EEG data [5]
[6]. CWT is known to be effective in time-frequency analysis of nonstationary signals
(including EEG) and as basis for development of algorithms for automatic detection
of specific EEG patterns [7] [8] [9].

CWT is a convolution of analyzed signal x (t) and set of basic functions s :

Wis.t)= !-::II::I-:I;'J:I_, (2)dt , @
where the asterisk denotes the complex conjugation. Each basic function ¢s. from this
set is obtained by compression/extension and time shift of one function called mother
wavelet as following:

a1 fi—1T (@)
@ lr)= E‘pﬂ L . __| *

where s —time scale responsible for compression or extension of mother wavelet, t

—time shift of wavelet function, ¢o —mother wavelet. Instead of time shift s it is
possible to introduce frequency f = 1/ s, which is more convenient in terms of time-
frequency analysis.

The CWT-based spectral analysis of biological signals including EEG is usually
performed with the Morlet wavelet as the mother function [16] since Morlet wavelet

provides good resolution both in time and frequency domains:

@lt)= g B g g 2 (3)
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The Morlet wavelet represents the complex harmonic oscillating function, e",
2

modulated by the Gaussian function, e’%. The parameter wo is central frequency of
Morlet wavelet, it is usually chosen to be wo = 2x as such value leads to the simple
correlation between frequency and time scale: f = 1/ s . Morlet wavelet with chosen
parameters provides means to analyze short fragments of data series (3 - 5
oscillations) and, therefore, can be used for analysis of different types of EEG
patterns.

The most common part of CWT-based signal analysis is investigation of wavelet
energy spectrum E(fs,t) which provides information about time-frequency structure of
signal.

E(f,.2)= |n'|_;;:.r_||: (4)

Wavelet energy spectrum E(fs,t) can be averaged over some specific frequency range
in order to analyze time dynamics in this range.
For more detailed analysis of frequency dynamics in signal at given time moment to

momentary wavelet energy distribution Ey is used:

E (7)=7(f.t=1) ©)
Investigation of main frequencies in signal can be performed with another CWT-
based technique—construction of skeletons. Skeletons of wavelet surface are obtained
by picking few local maxima from momentary wavelet energy distribution Ey and
repeating this process for each time moment in the signal. Resulting skeletons can be
used for tracking most significant frequency components in the signal and for
analyzing their time dynamics. Such technique provides information about
appearance/disappearance of certain specific rhythmic components, which can help to
investigate shifts in subject’s perception.
Since the main aim of the present paper is to distinct two types of brain activity on
EEG (conscious perception of visual image and absence of this perception) Wilcoxon
signed-rank test is used. Wilcoxon signed-rank test is a non-parametric statistical
hypothesis test used to compare two related samples to assess whether their

population mean ranks differ [17].

4. Results
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During experimental work EEG signals are recorded for 10 subjects in the age of 18 -
45. Each subject observes 10 series of 25 images with subsequently shortened
demonstration time. Example of EEG recordings is illustrated on Figure 1. Figure 1
shows EEG signals for 10 channels (02, O1, P4, P3, C4, C3, F4, F3, T4, T3) with
special marks for start and end of demonstration of each image. Thus, EEG episodes
during demonstrations of images and between demonstrations can be analyzed in
order to test human’s visual discrimination ability to realize content of observed
image.

EEG signals are investigated with CWT-based methods. For each channel from EEG
recording wavelet spectrum, skeleton and averaged wavelet energy distribution are
constructed (see Figure 2). Figure 2(a) shows initial EEG signal from one channel
(O1) during one series of image demonstration with dark blue vertical lines that mark
the start and the end of each image’s demonstration. Two specific EEG episodes are
marked on Figure 2(a) as examples: the first one where subject recognizes presented
images well (marked with light blue frame) and the second one where subject fails to
recognize images (marked with light green frame). Figures 2(b)-(g) demonstrate
results of time-frequency analysis of these two episodes with wavelet-based methods:
wavelet spectrums (Figure 2(b), Figure 2(c)), distribution of wavelet energy
averaged over alpha frequency range (Figure 2(d), Figure 2(e)), skeletons (Figure
2(f), Figure 2(Q)).

Distributions of wavelet energy (wavelet spectrum) are demonstrated in the lower part
of Figure 2(b) and Figure 2(c) alongside with the initial EEG signals. Wavelet
spectrum as projection of surface of wavelet energy distribution on “ t f ” plane
provides general information about time-frequency structure of EEG signal. As seen
from Figure 2(b) and Figure 2(c) there are several dominant frequency components
on the signal: 2 - 5 Hz component that corresponds to delta frequency range, 8 - 14
Hz—to alpha activity and 15 - 30 Hz—to beta activity.

It is known that activity in these frequency ranges and transitions of dominant
frequencies from one range to another before, during and after demonstration of

image can provide information about human’s attention and concentration [18].
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Figure 1. Example of EEG recording for 10 channels during perception of visual stimuli: green dashed
marker corresponds to the start of series; dark blue solid markers correspond to the start and the end of

presentation of each image in series.
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Figure 2. Results of EEG time-frequency analysis: (a) initial EEG signal; dark blue vertical lines mark
the start and the end of each image’s demonstration, light blue and light green frames correspond to
EEG episodes with and without recognition of images; (b, ¢) EEG episodes and wavelet spectrums for
cases with and without recognition of images; (d, e) averaged wavelet energy distributions for cases
with and without recognition of images; (f, g) skeletons of wavelet surface for cases with and without
recognition of images.

From Figure 2(b), Figure 2(c) one can clearly see that alpha rhythm appears and
disappears through EEG recording, which is assumed to be connected with human’s
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ability to realize content of observed image [19] [20]. Thus, distribution of wavelet
energy averaged over alpha frequency range (see Figure 2(d), Figure 2(e)) can be
considered in order to provide more detailed analysis in alpha range.

Figure 2(d) and Figure 2(e) demonstrate that alpha rhythm has number of high-
energy spikes with certain drops between them. Such shifts correspond to moments of
appearance and disappearance of alpha rhythm. For more clear representation
averaged wavelet energy is accompanied with skeletons of wavelet surface (see
Figure 2(f), Figure 2(g)). Skeleton provides information whether or not alpha rhythm
is the dominant frequency at given moment and when it loses its dominant status.
From Figures 2(d)-(g) one can see that spikes of alpha activity mostly correspond to
time moments before and after demonstration of image and alpha rhythm is the
dominant EEG frequency at these moments. At the same time, alpha rhythm activity
almost completely disappears (drop in average wavelet energy distribution and
dominant EEG frequency component changes to delta or beta) during perception of
images with long demonstration time (200 - 300 ms).

Analysis shows that in the case of images with short demonstration time (~0 ms)
decrease and subsequent increase is far less significant. For example, the second EEG
fragment (Figure 2(c), Figure 2(e), Figure 2(g)) shows that alpha activity suffers no
substantial decrease or increase for images with very short demonstration time.

Thus, all image demonstrations can be divided into two groups: 1) with increase in
alpha activity before and after demonstration and considerable decrease during
demonstration (case of Figure 2(b), Figure 2(d), Figure 2(f)); 2) without described
dynamics in alpha frequency range (case of Figure 2(c), Figure 2(e), Figure 2(g)). It
is assumed that dynamics of the first type corresponds to cases when the subject is
possible to realize semantic content of the image while dynamics of the second type
reflects the absence of conscious (subjective) perception.

After each series of image demonstration, the subject is asked to pick the time
moment ter when he/she recognizes the previous image and doesn’t recognize the next
image. This time moment can serve as a possible milestone that separates the state
with ability to subjective perception from the state without this ability.

In each series image demonstrations are divided into two groups (two related
samples): before moment tcr (possible state of subjective perception) and after
moment t¢r (possible state with lost ability for subject perception). For these two

groups statistical analysis is carried out with use of Wilcoxon signed-rank test. In this
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analysis the intensity of alpha activity during image perception is compared for these
two samples. Wilcoxon criterion is calculated and appears to be P << 0.05. This result
implies significant difference in intensity of alpha rhythm in the state with conscious
perception and the state without it.

5. Discussion

Having summarized the results of the experiments described above, one can see that
the ability of human to recognize the semantic content of visual stimuli can vary
during experiment according to demonstration time of stimuli. These differences in
perception can be noted by directly asking the subject and by changes in time-
frequency structure of corresponding EEG signals.

It is known that alpha rhythm in occipital area can provide information about human’s
attention and concentration [18]. Acquired results further contribute to understanding
of relations between alpha activity and visual perception. The results show that EEG
activity in alpha frequency range is connected to psychic activity during recognition
of the semantic content of the image.

The most important thing is dynamics in alpha range (i.e. appearance and
disappearance of alpha rhythm) before, during and after visual stimulus. Analysis
reveals two scenarios of alpha rhythm dynamics: 1) in the state with conscious
perception alpha activity is more pronounced before and after visual stimulus and
demonstrate significant drop during perception of visual stimulus; 2) in the state
without conscious perception dynamics of alpha rhythm is far less pronounced or
completely absent.

The first of observed scenarios is commonly known in visual stimuli-based
experiments [19] [20], while the second scenario is more interesting. Absence of
significant changes in alpha activity may imply that the subject loses its ability for
conscious perception. The second scenario mostly appears during perception of
stimuli after time moment tc, i.e. when the subject fails to recognize the images with
short demonstration time. This may suggest that the brain doesn’t have enough time to
process and recognize incoming visual stimulus, which, in its turn, leads to no
increase in visual awareness and no drop in alpha activity.

While alpha activity dynamics is far less pronounced in the second scenario, it is not

completely absent in most cases. Occasionally dynamics in alpha range can be

18



observed even during image demonstration after moment ter. It can be assumed that
less pronounced but still presented dynamics of alpha rhythms reflects some kind of
psychic activity corresponding to human’s self-appraisal about inability to recognize

the semantic content of the image.

6. Conclusions
In the paper, new experimental setup is developed for testing human’s ability to
realize semantic content of the image during various presentation times. Numbers of
experiments are held for volunteers with this setup in order to acquire multichannel
EEG recordings.
CWT-based approach is used for time-frequency analysis of the obtained EEG
signals. Analysis shows that human’s ability to subjective perception of image can be
judged according to the state and dynamics of alpha activity in EEG signal.
Significant differences are found in dynamics of alpha rhythm for case with conscious
perception of image’s semantic content and for case without this perception.
Obtained results suppose that it is possible to detect psychic brain activity connected
to perception of image.
Future studies can be aimed to more detailed CWT-based analysis of big experimental
EEG data in order to find specific components of alpha rhythm, which are

characteristic for psychic brain activity.
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Iepiinyn

O eyképorog gival évag LovadKOg OpYOVIGUOS GTIV QLGN OV £XEL TV OLVATOTNTA
YOYIKNG  OpaoTNPlOTNTOC, 1 Omolo €KONAMVETOL e OKEWYELS, olodnuato Kot
ocvuvalcOnuoto. XTI HEPES Hag, ovortuyOnkay molvdpiOueg padnuoticéc uébodot yia
mv avdivon tov nAektpoegykeparoypapnuatoc (HED). O Zvveyng Kvupotidioxocg
Mertaoynpatiopog (Continuous Wavelet Transform, i adidg CWT) Bewpndnke,
TEMKA, pio omd TIC MO EMTUYNUEVEG TPOCEYYIGELS YIoL TNV HEAETN TNG EYKEQOAIKNG
dpactnproToag. Avtd to ApBpo otoyevel otV avantuén pebddmv yia v e&étaon
™G YUXIKNIG OpaotnploTnTag Tov €yKEPdAov pe tnv Ponbela ¢ ocvveyoig
Kopotdlokng avaivong tov HED. E&etdommke n woavotnto tov avBpodmov va
KOTOVOEL TO ONUOGLOAOYIKO TEPLEYOUEVO TNG EIKOVOG OV TPoParidtay oty 00ov.
To melpopo cvvodevdtav and v Tawtodxpovn Kotaypagn HEL, mov dwe&nydn ue
e€eMypuévo Aoylopkd Kot pe mepapotikn owdrtaén otn Paon H/Y. Ot dvvatdtnteg
ninpoeopidv tov CWT, dérov Baciletor n néBodog g avérvong HEL, Bertiodnkav
HE OKOTO TNV OVOYVOPIOT] GCULYKEKPLIUEVOV GUUTEPLPOPOV OTNV  avOpdTIVN
EYKEPOAMKN OpacTnpdtnta. XyeTIK KOUATWOWKY ovdivon deEnydn yuo Tig
kataypapés tov HED v otiyun g ouveldntomoinong tov oNUacloA0YIKOD
TEPLEXOUEVOD TNG EWKOVOG. ZNUAVTIKES O10popEg evtomiotnkay otov puiud dhea (o)
tov HEI y1a otiypég entyvoong tov 6npaclohoyikod mepleyoprevon g kO vas, oAl
KOl Y10 GTIYUES OTOoLGiag TN GLVEWNTNG avTiAnync. H cvveyng kopatidiakn avédivon
tov HET €d¢1&e mmg 0 puBuog a, eivar o factkdc puBuog tov yio otiypés Katavonong
TOU GNUOCLOAOYIKOD TEPIEXOUEVOD TNG EKOVOG KOl Y. OTIYUEG OmOVGIOG TNG
ocuveldNmg avtiAnyne. Mekéteg, emiong, oamédelEay mOC 1N AMOK®OIKOTOINGN TG
EYKEPOAAIKNG OPUGTNPLOTNTOC, TOV OYETICETOL e TNV OVTIANYN TNG OTTIKNG EKOVOG,

etvar epkn péom g avéivong tov HET.

A&Eerc-KAhe1014,

Eyképoroc, Wuyikdg, Zvveidnom, HAektpoeykeparoypaonua (HET), Xvveymg
Kvpotiowokn Avédivon
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1. Ewayoyn

O eyképohog eivar évog povadikdg opyaviopdg oty (ovtaviy Vo mov Eyel TV
dUVaATOTNTO YOYIKNG OPACTNPLOTNTOC, N OTTOl0 EKONAMVETOL e OKEYELS, oucOfpata,
ocvvalcOnuota, oNANON GTNV LITOKEWEVIKY OVTIANYN TOL 1010V TOL ATOUOVL KOl TOV
KOGLOV OV TO TTEPIPAALEL.

[Mopd v onuovtik) e£EMEN 6TV HOVIEPVO YOXOPLGLOAOYIO Kol VEVPOPLGIOAOYia,
oL VIapyovoeg PEBOSOL deV EMTPEMOVY TNV GUECN KATAYPOPN KOl OVOAVLOT TV
CLUTEPLPOPAOV TNG YVYIKNG dpactnprotntag Tov gykeedarov [1] [2] [3] [4]. H xpnon
TOV KAMGIKOV pHeBddwV o v avdAivon tov HEL, amokaAvmtel thv dototn ¢oon g
puOukng dpactnprotag tov HEL poli pe v vynAn petafintotro tov Hopeov
Kol TV mepoyev ovyvotntev. OAla avtd, sumodilovv, oe peydro Pabuod, Tic
Tapadoclokég HeBddoVg Vo AVTANGOLY TANPOPOPIEC TOL APOPOHY GTNV PUCUATIKY|
avdAvon cNUaToG.

H oavantoén véov  evvooloyikd  pebddmv  mAnpoeopnons,  kavov v
OTOKMOIKOTOOVUV  TIG GULUTEPIPOPES NG  WLYIKAG  OpaCTNPLOTNTOS KATH  TIG
VEVPOPVOIOAOYIKEG dladIKaGTES, Elval Kaiplag onpaciog yioo TNV avdivon g evong
™G YOUXIKNG OpacTNPlOTNTOS TOL €YKEPAAOL. XT1g Hépeg paG  avamtvyOnkav
ToALAPOLES GUYYpOVES LoBnuaticég péBodot yia v avdivon tov HEL. Mia and tig
mo emrtuynuéveg tpooeyyioelg eivan o CWT [5] [6] [7] [8] [9].

To Pacwod mieovéktua tov CWT oe oyéon pe v khaoikn puéB0SO QPOGLOTIKNG
avdAvong elvar N ikavdtTTa ovEAVOTG YPOVOL-GLYVOTNTAG TOV TEPITAOK®V ACTATMV
onudtev, 6nwg to HEI. Tavtdypove, m mBovOTNTA EVIOMIGUOL NG WUYIKNG
dpacTNPOTNTAG TOV £YKEPAAOL pe v Ponbeta g avédivong tov HED givon axdpa
o apEloPrTnon.

O «wVpog okomdc G mapovoog Epevvog etvar va ovamtdigel TANpoPoplaKn
TeXvoLoYia Kot LeBAS0LVE Yo TV UEAET TNG WLYIKNG EYKEPAAIKNG dPACTNPLOTNTOG LE
v Bondeta g cLvEXOLS KLHATIOWOKTG avdAvong towv onudtwv tov HET.

Ot otHY01 TG épevvag etvar:

1) H Beitioon g woavomtoag tov CWT, ndveo otov omoio Paciletar n péBodog
avdivong tov HEL, va avtiel mAnpogopiec, péGm TOL GYESACUOV HI0G EOIKNG
Kopatidokng Paong mov Pondd 6tov amOTEAEGUATIKOTEPO EVTOMIGUO TOV YLYIK®OV

HoTiBwV GUUTEPLPOPAS TOV AVOPOTIVOL EYKEPAAOV.
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2) O éleyyog ™G OMTIKNG KAVOTNTOS TOV OTOUOL VO KOTOVOEL TO GNUOGLOAOYIKO
TEPLEYOUEVO TNG EIKOVOG LEGN GE UIKPO YPOVIKO O1doTn e TPOPOANC TNG.

3) H xotaypagn tov HED oe OJopopetikés meploxég Tov  €YKEPAAOVL,
CUUTEPIAOUPAVOUEVOL TOV OTTTIKOD QAO0V, KATH TOV €AEYXO TNG KOVOTNTAG TOL
avOpdOToL Vo KaTaAaBaivel TO GNUOGLOAOYIKO TEPLEYOUEVO TNG EKOVOG.

4) H ovykpion petad g KupaTdlokng avaivong tov Katoypagmv tov HED v
OTLYUN NG KATAvONoNG TOL GNUACLOAOYIKOD TEPLEYOUEVOD TNG EIKOVOG KOl TOV
kataypoe®v tov HET kotd v amovcio cuveldntg (VITOKEEVIKNG) avTIANYNMG TOV

TEPLEYOUEVOL OVTOV.

2. Ykd kon péBodor

2V moapovoa Epgvva O1eENyON mepapatikny dokiun yro va ektiun el 1 ikavotnTo TV
OTOLOL VO KATOVOEL TO ONUOGIOAOYIKO TTEPLEYOUEVO TNG TPOPAALOUEVIC EIKOVOG OE
oLVTOHO Ypovikd dtdotnuo. To meipapo mpoteivel TV TOPOLGIOGTN OGS GEWPAC
ewovov oto avBpomvo vmokeipevo. O ypdvog mopovcioong pewdvetol pe Kabe
EWKOVOL TTOV TEPVA: 1| TPMOTN EKOVA TPOPAAAETOL Y10 LEYOADTEPO YPOVIKO O1ACTNLLA,
eV 0 YpOvog mopovsioons yw v teAevtaia eikova givor kovtd oto 0. O kbplog
01OY0¢ avTNg TG doKung eivor va PBpebel to onpeio Toung, 6mov to dropo pmopel va
avayvopiGEL TV TPONYOVLEVT EIKOVA, CALL QTOTVYYAVEL VO AVOYVOPIGEL TV OUECOG
EMOUEVT), AOY® TNG LUKPNG YPOVIKNG dtdpketag tpoPfoing g [10] [11] [12].

H mepapatiky épevva eyxpinke omd to cvpuPovAlo TG TOMKNG EMTPOMNG TNG
[Mpotg latpwng Zyxoing tov Ymovpyeiov Yyeiog g Pwowng Opocmovdiog
(ITavemotmuio Xetoévog), otig 18 Moaiov 2014. OAeg ot melpapatikég SOKIUES Eytvay
pe Paon tov KMo deovioroyiog mov Beomiotnke 10 1964 pe v Awknpouén tov
ELcivkl. Olot o1 cuppetéyovieg £0wcav TNV GLYKATAOEST TOVS KATOTLY EVIUEPMONG,
TP TV €vtaln TOLG OTNV €PELVA KOl TPV TNV EMEEEPYUCIN TPOCOITIKMV KOl
TEPALATIKOV dEGOUEVAV.

H épevva ypnoyonotel tepapatikn ddtaén oe faon H/Y pali pe Aoyiopikd yu tov
EAEYYO KO TOV EVIOMIGUO 0VO TOM®V EYKEPOAKNG OpacTnptoOTNTaS Tov Paciloviot
oto HET'. To npdto €100 dpactnpltotntag oyetiletarl Le TV VIOKEEVIKT] GLUVEIONTH
AVTIANYN NG ONTIKNG €KOvoc. Evd, to debtepo €idog oyetileton pe v amovcio
VTG NG OvTIANYNG e€ontiog ™G WIKPNG YPOVIKNG OBPKELNG OV TPOPAALETOL M

ewovo [13].
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To melpopo extedeiton péoa amd H/Y pe ovo o06veg, mov ypnoipomolovvton
tavtoéypova. kotd v Oowdkacic. H mpotn o006vn ypnoomoteiton amd tov
TEPOLATIOT KO TOPEYEL TANPOPOPIES Yo TIC TEWPAUATIKEG pvOuicels, dmwg Tov
apBpd Kot 1o €idog TV ekdvmV, Tov Ypovo TpoPoing kAt Emiong, to Aoyiouikd
mopéyel oto mopdbvpo TOL TWEWPOUOTIOT| epyoreion TOL TPosapUOlovy  TIg
TOPOUETPOVG COUPOVA He TO emBountd melpopotikd oyédlo. H oebtepn 006vn
YPNOOTOIEITOL Y10 TV TOPEOEoN TV ONTIKOV £pefIGUATOV GTO VITOKEIPEVO HEGa
and 10 “mapdbvpo mapovsioons”. Avtd to mapdbvpo mephapuPavel IKOVES, e TOV
YPOVO TPOPOANC VO LELDVETAL Y10 KAOE E1KOVA TOV AKOAOVOEL.

To vrokeipevo €xel OC OMOGTOAN VO TAPATNPNOEL TPOCEKTIKA TV de0TEPT 000V e
10 “mapaBvpo mopovcioons” Kol va TPocTadnGEL Vo KATOVONGEL TIC TPOPAAAOUEVES
ewovec. Kdmowa otiyun 1o vrokeipevo PAémet yuo Alyo v eikdéva ywpig vo pmopel va
TNV KOTOVONGCEL Kol vo TNV avayvopicel. Avtd ovpfaivel yio va vroloyiotel to
KOTMOTOTO OPLo YPOVOvL.

To meipopo meprlapupdavel, emiong, tpdémovg Yoo v kataypaen tov HEI. To
Hlektpogykeparoypdonua Neuron-Spectrum (IBdvopo, Pwcia) ypnoyomoteitat yio
va kataypoeovv ta onpato tov HED péow 10 nAektpodiov mov Ppickovrar otnv
wwokn (02, O1), Bpeypatikn (P4, P3), kevipwn (C4, C3), petomwn (F4, F3) ko
kpotaewkn (T4, T3) meproyn. Avtd to nAekTpOdIo. TOTODETOVVTAL, GOUPOVO UE TO
oebvég povomoikd cvotua “10-20”. HAiextpdola avapopds tomobetodvior 6tovg
AoPovg tov avtidv. Ta katayeypappéve onuota tov HED @uiltpdpovior amd
Covomepatd eidtpo pe onpeia amoxonmng ota 0,5 kot 75 Hz kot amd @idtpo amokomng
ovvtovicpévo ota S0 Hz. Evoswktucn Ty tov onudtov tov HEI gtvon ta 200 Hz.

H xoataypoaen tov HET yivetar og 10 vyeig portntég dvopeg, nhxiog 18-22, kot og
gpyalopevoug mAkiog 45-60 tov Ilavemomnuiov Zetcévo, LE QLGLOAOYIKN N
OMOKOTEGTNLEVT] OPOOT).

Ka0e meipapa £xet 000 otdoa: pe KAeoTd Ko pe avorytd pdtio. To Tpdto 6Tddo pe
KAewotd pdtio etvon pia Tpotunn doknon oote va e&acpaiotel to HET yuo emmAéov
avdivon. To dedtepo oTAd0 pe avoytd pato eivor éva Aetrtovpykd HEPOS TOV
nepdpatos. Koatd v dbpkela avtig g edong, to vrokeipevo mapakoiovdei 10
akohlovbieg pe 25 ewdveg oty kobepio. Ot axkorovbieg mapovotdlovtal pe YPOVIKES
TOOGEG AY®V AETTOV.

To avantoypévo Aoyiopkd Paciletor oe kdmoteg Oepelmderg apyég [14] [15]. Koprot
oTOYOL TOL AOYIOUIKOL eglvar 1 Onpovpyios Gepadv amd Saeopes €KOVEG Yo
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OTEKOVIOT, 1 TPOPOAN TOVG HE UEWWUEVO XPOVO TOpOoLGiaoNg KABE @opd Kot M
oVVTOEN TOV TPUKTIKMV TOV TEIPALOTOG.

To hoywopikd dwutnpel faon dedopévov pe 68 SLPOPETIKES, EVKOAD AVAYVOPIGILES
ewoveg (Owv, PLTOV, GLOKELOV, eMITA®V KA. Oleg o1 €1KOVEG elvan EyYPOUES e
emapkn avaivon (~300 dpi).

To Aoyopkd emTpEmel TV TOEIWVOUNCT TOV EIKOVOV OVTOV LE OLOPOPETIKY] GEPA,
®ote va dnuovpynBovv axolovbieg yioo v mapovsioon Katd to mEpapo. Avto
eumodilel T0 VLWOKEIUEVO VO TPOGOPUOCTEL 0TV dladiKacior Kol Vo gUUEVEL OF
GTEPEOTLTIKES ATOVINGELS.

Ewéveg kataokevoouévov akolovbudv umopobv va mpoPAnBovv pe SopopeTikd
pvOud. To Aoyopkd €xel v dvvatdTa va emhéget Evav aplBud eikévav and Tig
axolovBieg, Kot vo opicel TO YPOVIKO HEGOIACTNUO OAAG KOl TIG TOVCELS OVALEGH
o115 emakoAovBec mapovoidoels. H didpketo mapovsioonsg g ewovag ennpedleTon
amd tov pulud avavémong g o86vne. o mapdostypa, v pie 006vn pe pvOuod
avavémong f= 60 Hz, o eAdyiotog ypovog mapovoiaong eivar 1/f=17ms. e avthyv v
nepinTmon, ot ikoveg Ba mpoPfdriovtarl pe dapopd ypovikoD dStacthipatog 17ms n
pio amd v dAAn (17, 34, 51... ms), cOpeova pe T0 EMAEYUEVO TEPAUATIKO GYESLO.
Emumiéov, 10 Aoyopkd Swbéter v duvatdtto emiloyng aiyopifuwv yio v
peiwon tov ypdvov mapovcioons. O mePapaTIoT g Umopel vo eTAEEEL AVALEGO GE
dvo aAyoplBpovg: 1) o apéowg emduevog xpovog mapovcioons va gival dV0 PopES
LKPOTEPOG AT TOV TPONYOVUEVO, 2) 0 ¥POVOS TAPOLGINGNG VO LELMVETOL [LE GTOOEPN
.

H dibpxeto tov mtavcewv avdpeso oe 00 CLVEXOUEVES TOPOLGLAGELS UTopEl, Emiong,
va optotel, Kol ouvnOme, 100dVVapEL PE HEPIKA OEVTEPOAETTA. XE ALTO TO YPOVIKO
dtotnue, To vrokeipevo PAémet pio povpn 006vn. Avtég o1 Tadcelg £xovv MG G6TOYO,
ot NN mpoPAnbeiceg ewdvec va Unv €anNpedoovy TNV OVIIANYN Yoo TNV TOPWNH
EWKOVAL.

To loywopkd onuovpyel avtopato €va apyeio mwov meptlopuPdvel OAeg TIC
TANPoeopieg Tov TEWPAPATOS. AVTA TaL dedOUEVO UTOPOLV Vo ¥pnoyLoronfodv yia
TEPALTEP® aviivomn tov onudtov tov HEL. To Aoyiopkd emrpénet v adlhoyn g
QOTEWVOTNTOC, TNG OLOVYELNG KO TNG €VKPIVELDS TV gkOVeV. Avtd Kabiotd pia
EIKOVOL TTEPLGGATEPO 1N AMYOTEPO AVAYVOPICIUN. AVTN 1 TEYVIKY TPOTOMOINONG TWV
TANPOPOPLOV PEPVEL GTNV EMPAVELD, SVO SLOPOPETIKEG KOTACTAGELS GTO VITOKEILEVAL:

SLVENTH aVTIANYN NG EIKOVOG KOl aOvGio TG aVTIANYNG QVTNG. X€ TPOTEWVOUEVT
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TEPOLOTIKY dwadikacio, ta e&eAtyuéva péoa TpooeEépovv v gukapio va Ppebel n

GTLYUY] TOL TO VIOKEIUEVO avaryvopiletl ewova pe pukpod ypovo Tpofornc.
3. Ymoloywopoi

O Zvveync Kopatidiokdc Metaoynuatiopog (CWT) ypnoyomoteital yio v avéivon
dedopévav tov HEIN [5] [6]. O CWT eivor amotedlecpotikdc 6Ty avaivon ypovov-
oVYVOTNTOG TOV AOTAT®V CNUAT®V. XPNOLUOoTolEiTal, emiong, Kot o¢ Pdon yu v
avamtuén aAyopiBuwv, GOTE Vo EVIOTIGTOVV GLTOUOTO GLYKEKPIUEVO LOTIBO. TOV
HET [7] [8] [9].

O CWT eivan pa ovvéMEN avdpeoa oto avoalvpévo onua X(t) kot oe pio cepd

GUVOPTNCEDV P s

Wisr)= !-__:IIZITIQJ:I_, (t)dt, (1)

OOV 0 TOAAATAAGLAGIOG avapEpeTal otnv KAlomn. Kdbe cuvdptmon ¢ s: and avtiv
mv eElowon, onpovpyeitor and COUTTLEN/EMEKTACN Kol XPOVIKY HETATOMION Mo
UNTPIKNG GLVAPTNONG KLHLOTIOI0V, 0TS 0KOAOVOMC:

;
Tf—17

1 |
@, \1)= Wi LT_J’ )

oMoV S lvar 1 xpovikt| KApako vrevBouvn Yoo TNV GOUTTLEN 1| EXEKTACT] TOV UNTPIKOV
KOHOTOlon, T €ivol 1 YPOVIKY LETATOMION TNG GLVAPTNONG KLUATIOIOL, KOl (o TO
untpwcd  kopotioo. Avili  yuo TNV XpOVIK©] UETOTOMION S UTOPOVUE Vo
ypnoponomoovpe v cvyvotmta f= 1/s, mov avimpocmnedel kaAbtepa TV avaivon
YPOVOL-GLYVOTNTOG.

O CWT, o6mov Poociletor 1  o@oopatikn ovdivon Poroyikov  onpdtov
ocvoumepthappavopévov kot tov HEL, Oieknepoardverar cuvifog pe 10 KLHOTIO0
Morlet ¢ puntpikd kopartidwo [16]. Kt avtd yuti to kopatidio Morlet mopéyet koln

avVOAVGT GTOV TOUEN TOV XPOVOL Kol TNG GUYVOTNTOG:

"
—_—
rnd

Ft e e T3
plt)=n e Ve (3)

To xvpotidto Morlet avimpoocwnedel TV GOUTAOKN OPUOVIKH TOAOVTOOUEVN
2

ouvapmon, eV npocappocpévn oty I'koovowavy omoiowpn, € 2 . H mapauetpog
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o givar N Pacikr cvyvotTa Tov Kupotdiov Morlet kot erléyetar cuvBOE T0 Wo =
2w, kobmg ovty N TR 0dnyel oV amhr] oxéon UETaED cuyVOTNTOG KOl YPOVIKNG
KAipakag: f=1/s. To xopotidio Morlet pe emheyuéveg Tapapu€Tpovg mapéyetl TPOTOVE
YL TNV oVIADOT| [UKPOV TUNUATOV TOV ded0UEVOVY (3-5 TAAAVIMGELS) KOl GUVETMG,
umopel va ypnoporombet yro v avaivon dogopetik®v popeav tov HET.

To mo yopaxtpiotikdé tov CWT, 6mov Poaciletor n avédivon onpotog, eival M
e&étoon tov @dopotog evépyewng E(fs,t) tov kvupartidiov, to omoio mopéyet
TANPOEOpPies Yoo TNV dopn| YPOHVOL-GLYVOTNTAG TOL GNLOTOG.

E(f) = (£ “)

H evépyeia odopatog E(fs,t) tov wvpotidiov pmopei va vmoloyiotel péow
GLYKEKPLUEVOL EDPOVS GLYVOTNTAG, DGTE VO, AVOALOEL 1 SUVOLLKT] TOV XPOVOL G’ AVTO
TO €VPOG.

o mo Aemtopepr] ovdAvon g OLVOUIKNG NG oGLYVOTNTOG TOL GNUNTOS OF
GLYKEKPLUEVO XPpOVO To, ypnolLoTolEiTOL GTIYHIO0 KATOVOUT KUUATIOWKTG EVEPYELOG

Eio:

E (7)=F(f.=t)f ®)

H avéivon tov Bacikdv cuyvot|temv tov onpotog puropet va degoybel ko pe GAAN
teyvikr] tov CWT, mov Paociletoar oty doun tov okeietdv. Ot okeletol g
EMUPAVELONG TOL KLUATIOOL OVOKTAOVTIOL LE TNV CLYKEVTIPMOOT TNG UEYIOTNG GTLYaiog
KOTOVOUNG TNG KVUOTIOWOKTG EVEPYELOG Eto kal pe tnv emavainymn mg dtdkasiog yio
k60 Aentd Tov oNpatog. Ot GUVETAYOUEVOL GKEAETOL UTTOPOVV VO YPNOLULOTOINO0VV
Y0l TOV EVTOMIGUO TMV TO GNUOVIIK®OV GTOWXEIMV GLYVOTNTAG TOL GNUOTOC Kol Yo
TNV OVOADOT TV YPOVIKAOV SUVALIK®V TOVG. AVTH 1 TEXVIKT TOPEYEL TANPOPOPIES Y10l
v vopén, N Un, opIoUEVOV PLOUIKOV GLVIGTOGAOV oL fonbodv oTnv avaivon TV
OAAOYDV TNG AVTIANYNG TOV VITOKEUEVOU.

A@ov o KOplog o1dY0G TG Tapovoag epyaciag eivar mn didkpion SO €OV
eykepolkng dpaoctnpotrag oto HED (ovveidntig avtinymn ontikng ewkévog M
amovoio avTAS TG avVTIANYNC), ypnowomnoteitor o éheyyoc Wilcoxon. O éleyyoc
Wilcoxon ypnowomoteitar yioo tov £Aeyyo VmOOECEOV TOL  AVOQEPOVIOL OF
TAPOUETPOVG KEVIPIKNG TAOTG. ZVYKPiveL 00 cuvapn] detypata dote va a&lohoynoet

av ot ta&eig peyébovg Tov TAnbvopov dwpépovv [17].
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4. Amoteréoporo.

Kotd v dudpkela tov mepdpatog kataypaenkav onpote HED ywo 10 dtopa,
nhxkiog 18-45. Kabe vrokeipevo mapatmpel 10 oepég pe 25 ewdveg pe tov ypovo
TPOPOANC TOVE VO PEIDVETOL oTadloKE. 10 Xynfpa 1 moapatifetor Tapdderypo Tmv
katoypaemv tov HEI'. To Zynpa 1 mapovoidlet to onpoata tov HEI yo 10 kavdiio
(02, 01, P4, P3, C4, C3, F4, F3, T4, T3) pe €1d1kd onpuadio yio v apyn Kot To TEL0G
npoPoing g kabe ewovag. Kat’ avtdv tov 1pdmo, ta encicddia tov HET, katd tic
OTEIKOVIGELG KO LETOED OTMV, UTOPOVV va. ovalvBohv dote va edeyybel ) ikovotnta
TOV ATOUOL VO AVTIAOUPAVETOL TO TEPIEYOUEVO TNG EIKOVOC.

Ta onpata HED e&etdlovron pe pebddovg mov Paciloviar otov CWT. Ta ke
kavail kataypoeonv HEL, oynuatifovtol to kopatidokd edoud, o oKeAETOS Kot 1
puéon koatovour evépyelng tov kvpotdiov (PAéme Lympa 2). To Zynpa 2(w)
napovcstalel o apywd onua HED amd éva kavai (O1) katd v ddpkea piog
oelpdc mpoPoing ewodvmv. Ot umhe oKoVPES KAOETES YPOLUES GNUATOGOTOVV TNV apYN
Kol To Tého¢ kdOe amewoviong. Avo ovykekpyéva enelcodto HET emonpaivovion
o010 Xynqpo 2(0) o¢ mopadeiypato: To TPMOTO, OTOL TO VTOKEIHEVO avayvopilet
EMOPKOG TIG EIKOVES (emonpaivetal pe avoytd UTAe TAAIG10), Kol TO 0EVTEPO OTOL TO
vrokeipevo dev avayvopilet T1g ekdveg (EmonuaiveTol fe avolyTd TPAGVO TAAIGLO).
Ta Zynpota 2(b)-(g) moapovoidlovv to omoteléopata TG avaivong ypovov-
oLYVOTNTOG AVTAOV TOV 000 EMEIGOJIMV PE KOUATIOWKES LeBdOOVE: PAcHO KOPOTIOImY
Empa 2(b), Zyqpa (C)), Katavoun NG EVEPYEINS KLUOTIOON pe péon 1oyd TV
ovyvotnTa GAeo (o) (EZypa 2(d), Zyfqpa (e)), oxedetol (Zynpe 2(f), Zynpa (g)).

Ol kaToypopEg TG KOHOTIOWKNG eveEpYelag (Ao Kupotidiov) ametkoviCovtol 6To
téhog tov Xynparog 2(b) xor 2(c) pali pe ta apywd onpata tov HET. To @doua
KOUHOTOI0V, MG TPOEEOYT| TNG EMPAVELNG TNG KATOVOUNG TNG KVUATIOWKNG EVEPYELOGS
og eninedo “ t-f 7, mapéyel yevikéc mAnpoopieg yio TV dopun xpOvov-GuyvOTNTOS TOV
ofuotog HET. Onwg gaivetar omd 1o Lyfqua 2(b) kot to Zyfpa 2(c), vrdpyovv
OPKETES KUPLOPYEG CUVIGTAGES GLUYVOTNTAS GTO CNUO: CLVICTOCO TV 2-5 HZ mov
AVTIGTOLYEL TNV KOTAGTACT OEATO TNG MEPLOYNG GLYVOTHT®V, TV 8-14 HZ v v
katdotoon dAga (o) ko 15-30 Hz yio v katdotaon Prto.

Eivor yvooto, g 1 kotdotoon o€ auTég TIG TEPLOYES CLYVOTNTMY KOl Ol AAAAYEG

TOV KUPLopy®V GLYVOTATOV oo pio teploy o€ pio GAAN, KT TNV SdpKELN Kol LETA
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TNV TOPOLGINCN TOV EIKOVOV, TOPEXOVY TANPOPOPIES YIOL TNV TPOCHAMGCT Kol TNV

oLYKEVTPWOT| TOL atdpov [18].
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Yo 1. Toapdderypa xotoypaerns HED yio 10 xovdAie xotd v oviiAnym Tov oRTiKOV
epefiopdTOV: 01 TPACIVES SINKEKOUUEVES AVTIGTOLYOVV GTNV EVapEN NG oelplG: Ol OKOVPEG
UTAE KABETEG YPOUUES AVTIOTOLOVY GTNV £vapén Kol 6T0 TELOG TNG TOPOLGINoTg KAOE EIKOVOC

OTLG GEPEC.
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Zympo. 2. Amotedéopoto aviivong ypovov-cuyvotrag HEL: (a) apyikd onua HEL - ot okovpeg
UTAE KAOETEC YPOUUES ETOTUAIVOVY TV 0PN KOl TO TEAOG KAOE TapovGioong EIKOVOG, TO aVOLyTd.
UTAE KO OVOLYTA TPACIVOL TAOIGLO avTIoTOolYoUV oTo emelcodte HEL pe xat ympic avayvopion tov
ewovov: (b,c) eneicodio HED kol @aopo KOpoTdiov Yo TEPUTTOCELS OvoyvVmPLIoTS, 1| U1, TOV
gwovov- (d,e) 0 Hécog OPOg KOTAVOUMY KUUATISIKNG EVEPYELNG OE TEPUTTMOELG AVAYVAPIONG 1|

un- (f,g) oxeletol TG EMPAVELOG TOV KUUOTIBIOV Y10 TEPITTMGELS AVUYVAPLOTC T U1
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Ao ta Iynpoata 2(b), 2(c) yiveton aviinmtd mwg, o pvOudc o eppavileton kot
eCapavifeton péom g xataypoens HEIL, n onoia Oewpeiton mmwg cuvoceton pe v
KOVOTNTA TOL ATOUOVL VO, OVTIACUPBAVETOL TO TEPLEYOUEVO TNG EIKOVAG TOV TAPOTNPEL
[19] [20]. Zvvendg, n kaToypa®n TS KOUATIOOKNAG EVEPYELNG OTIV KOTAOGTAGT O TNG
neployng ovyvotntev (PAéne Tynpa 2(d), Zyqpoe 2(e)), umopel va Anedel vedym,
MOoTE Vo VITAPEEL TEPAUTEP® AVAALGT GTNV TTEPLOYT] AAPOL.

Ta Zyqpote 2(d) kot 2(e) deiyvouv mmg 0 pOUOG o EXEL ALYLES VYNANG EVEPYELNG UE
OPIOUEVEG TTITMOELS OVAPESH TOVC. ALTEG Ol PETOPOAEG OVTIOTOWOUV OE OTLYHEG
eneaviong kot e€apaviong tov puduod o. o KoAvTeEPT oavoamapdotocn, 1 HEoN
KULLOTIOWOKT EVEPYELDL CLUVOOEVETUL OO GKEAETOVC EMPAVEING KLpoTidiov (PAéme
Yyiqna 2(F), Zynpa 2(9)). O okeletdg mopéyel TANPOPOPIES YioL TO av 0 puoude a
etvar  Kuplapyn cvoyxvoTNTA TNV SESOUEVT] OTLYUN, Kot Yoo OTav Yavel Tnv Kuplopyn
KOTAOTOOT TOL.

Yta Xynpoto 2(d)-(g) mopatmpel koveic mOC Ol OyUES TNG KOTAGTOONG O,
AVTIOTOYO0VV KUPIMG GE GTIYUESG TPV KOl LETA TNV TOPOLGIOCT] KATOL0G EIKOVOG Kot O
puoudg a sivor m kopre ocvyvétra tov HED ekeivn ™ otiypn. [HopdAinia, m
Katdotoon tov puiuov o eEapaviletar oxeddv TeAeimg (TEPTEL GTNV UEGT] KOTOVOUY|
NG KLUOTIOOKNG EVEPYEWNG Kol 1 Kuplapyn cuvictdca tng ovyvotmrag tov HED
aAlGlel oe 0éAta M PNTO) KOTA TNV avTIANYM TOV E€KOVOV HE HEYOAN OlbpKela
napovciacng (200-300 ms).

H avédAivon gavepdvel 011, 6€ TEPUITOCEL EIKOVOV UE LKPN SLIPKELL TOPOVGIUGNG
(~0 ms), n moon kot 1 emakoOAOLON avENom eivar Ayotepo onpoviikn. Ta
napdderyua, to devtepo puépog tov HED (Zynpa 2(c), Tyfqpa 2(e), Zyfqua 2(9))
delyvel TG M KOTAoTOo 0 0gV LIWOPAAAETAL GE OVGLOGTIKY TGN N awEnomn vy
EWKOVEG e TOAD HIKpO YpdVO TapovGiaonc.

YVVETMG, OLEG Ol TAPOVGIACELS EIKOVAOV UTOPOVV VO YMPIGTOVV € dVO opddes: 1) pe
avénon otV KATAGTAOoT o, TPV KOl LETA TNV OMEKOVIOT], KOl GNLLOVTIKT TTMCT] KOTA
mv duwpkeln. avte (meputtdoelg tov Iymupdtov 2(b), 2(d), 2(f)) 2) yopig
TEPLYPUPIKEG  OUVOUIKEG OTNV  GAPO. TEPLOYN OCLYVOTHTOV (TEPMTMOCES TOV
Yympuatov 2(c), 2(e), 2(0)). Xvumepaivetal, TOG 1 SUVOUIKT TOL TPAOTOL €100VE
OVTIOTOYEl ©€ TEPWTAOCES OMOL TO VTOKEIPHEVO Ovvatal vo  avtiinedel o
ONUOCIOAOYIKO TEPlEXOUEVO TG €KOVOC. Evd, 1 duvapiky] tov 0edTeEpOL TOTOL

avTIKATOTTPILEL TNV amovcios GVVELINTNG (VITOKEUEVIKTG) AVTIANYTG.

32



Metd and kdbe celpd anelkdvions, TO0 LIOKEIUEVO EMAEYEL TV YPOVIKY] OTIYUN ter
omov avayvopilel v TPonyoOueEVT EKOVA OAAG Oyl TNV €mOUEVT. AVTN N XPOVIKN
oTiypn Bewpeitar ®g o TOavOG oTaBUOC TOV dtaywpilel TO GTASIO HE TNV IKOVOTNTO
VTOKEWEVIKNG aVTIANYNG atd TO GTASI0 Y®PIC TNV kavdHTNTO 0V TN.

Ye Kabe oepd, ol TaPOVCIAcElS KOV yopiloviar e dVO opadeg (dVo cuvaen
detypota): mpv TV ottyun tor (TB0v] KOTAGTOGT VITOKEWEVIKNG OVTIANYMC) KOl LETA
v otypn ter (mBovn katdotaon amovsiog vwokeevikng avtiinyng). ['a avtég Tig
Vo opdadec deEdyetal oTaTIoTIKN availvon pe v xpron eréyyov Wilcoxon. Xty
avéAvon, n €viaon NG KOTAGTOoNS 0 KOTE TNV ToPOoLGIineT CLUYKPIVETOL LE OVTA TO
dvo deiypata. YrmoroyiCeton o mapdayovrag Wilcoxon kor ¢aivetor mog sivar P
<<0.05. To amotérecpa VTO, GLVETAYETOL GNULOVTIKY] S10POPE AVAIEGH GTNV £VTAOT

TOV PLOUOV O BTNV PACN TNG GLVELINTNG OVTIANYNG, KOl GTNV PACT) ATOVGiaG QLTHG.

5. Xvlntnon

Yvvoyilovtog to amoTEAECUATO TOV TEWPOUATOV TOV TEPLYPUPNKAY TOPATAVO,
yiveTon avtinmtd g M kavoTnTo Tov avOp®OTOL Vo avayvepilel T0 ONUOGIOA0YIKO
TEPIEXOUEVO TV OMTIKOV €PEOIGUATOV, pmopel vo SaPEPel avarloya LE TOV YPOVO
TaPoLGioonG. AVTEG Ol SIPOPOTONGELG GTNV AVTIANYT UTOPOVV Vo eToLavOoDV,
potOvtag vBéwg to vrokeipevo Ko aAAdlovTag TNV doun ¥POVOL-GUYVOTNTAS TOV
avtictorywv onuatov HET'.

Eivarl yvooto mmg o puBudc o oty wviokn meployn, UTopel vo Tapéyel TANPOQOpPIeS
yioo Vv oavOpomvn mpoonimorn kKot ovykévipoorn [18]. Ta amoxtmbivia
OTOTEAECUOTO GUVEICPEPOVYV TEPULTEP® GTNV KOATAVONOT TOV GYEGEMV UETAED TNG
KATAoTOoNG o Kot NG onTikhg avtiinyng. To amoteléopato @avepdVOLV TMG 1
dpactnpromta Tov HET oty mepoy ouyvotntag e KOUOTO o, GUVOEETAL LE TNV
YUYIKT] OpOaGTNPLOTNTO KOTO TNV OVOYVMOPLoT TOV CMUACIOAOYIKOV TEPLEXOUEVOL TG
EIKOVOC.

To mo onpavtikd eivor  dvvapukn oto medio ahga (dniadr|, epedvion kot e&apdvion
0V puOuov a) TPy, KOTA TNV SldpKed Kot peTd to omtikd epébiopa. H avdivon
ATOKOAVTTTEL OVO GEVAPLO TNG SLVAIKNG TOV PLOROV a: 1) 6g KATAoTAGT GLVEIINTNG
avTIANYNG, 1 dpactnProTNTe TOV PLOUOY O Eivorl EVTOVOTEPN TPV KO LETA TO OTTIKO

epédiopo, kot mopovotdlel OpIGUEVN TTOON KATO TNV OvIiAnyn avtov 2) oe
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KOTAOGTOOT OTOLGIOG GULVEWNTNG avTiAnymng, to Svvoulkd Tov puBuod o elval
My6tepo a1oOnTO N amovodlet tereing.

To mpmTo GEVhPLO gival VPEMG YVOOTO GTO TEPAUATO TOV ONTIKOV gpedicudTmV
[19] [20], ev®d to devtepo cevdplo eival mo evolapépov. H amovsio onpoviikdv
OAOYDV otV OpaocTnpotTnTo. Tov PLOUOD o UTOPEl VO VTOOEIKVVEL TMOC TO
VTOKEIPEVO YAVEL TNV KOVOTNTA OLVEONTNG ovtiinyneg. To devtepo cevdplo
eppaviCetoar kupimwg Katd v avtiAnyn tov epebicpatog PHetd To XPovikd SdoTnua
ter, ONA0ON 6TAV TO VIOKEIUEVO dEV UTTOPEL VO AVAYVOPIGEL EIKOVEG TTOV TPOAAAOVTOL
vy Myo. Avtd pmopel vo onuoivel To¢ 0 eYKEQOAOG Ogv £xel apKeTd YPOVO Vo
enefepyaotel kol va avayvopicel o erakolovbo ontikd epébicpa. To omoio pe
o€lpd Tov, dev 0dNyel oe avénon g ONTIKNG cvvaicOnong, o0Te KAl 68 TTOOT TNG
dpacTNPOTNTAS TOV PLOLOY «.

Evd to duvapikd tng katdotoaong o givatl Atydtepo oisOntd 61o de0TEPO GEVAPLO, dEV
amovclalel telelwg oTic mePLocdTepeg mepntoels. [lepiotaciaxd, To duvapkd g
TEPLOYNG EIVOL ELPAVES OKOUA KoL KOTA TNV O1dpKeLo TG TPOPOANG TNG EKOVAG LETA
™V xpovikn otypn| ter. Mmopet va BewpnBel 6t1 t0 Aryodtepo €viovo, aAAd axouo
a160nT0 dvvoUIKO ToL PLOLOY a, avTikatomTpilel Eva 100G YLYIKNG OpacTNPLOTNTOG
TOV OVTOTOKPIVETOL GTNV ALTONEIOAOYNGT TOL ATOLOV, GYETIKA LLE TNV OVIKOVOTNTO

avayVOPIGNS TOL GNHOGLOAOYIKOD TEPLEYOUEVOD TNG EIKOVAG.

6. Xovumepdoporto,

[Na mv epyoacia, oavomtdydnke véo mePopatiky OdTaén Yo TOV €AEYYX0 NG
KOVOTNTOG TOV ATOUOV VO GUVELONTOTTOLEL TO GNLLAGIOAOYIKO TEPIEXOUEVO TNG EIKOVOC
og d1apopovg ypovous mapovsioons. Evog apBudg mepopdrov die&dyetor pe avtiv
mv dwtaén og eBelovtég, dote va amoktnBohv moAvkavorkés Kataypapés HET. H
Bacwopévn oe CWT mpocéyyion ypnoipomoteitor ywoo v  avdiven ypdvov-
ovyvomtog Tov ormoktnBéviov onudtov HEI'. H avéilvon dsiyvel tog n kavdtta
VTOKEWEVIKNG avTiinyng piog ikovag and 1o dropo, pmopel va kpdel copemva pe
TO GTAS10 KOl TO QLVOLIKO TNG KOTAGTAONS 00 6T0 onpa tov HET.

INUavtikég 01popég evtomilovtal 6To OLVOUIKO TOv pLOPOD o otV TEPimTOON
OUVEIINTNG OVTIANYNG TOV ONUAGIOAOYIKOD TEPLEYOUEVOL TNG EIKOVOS KOl GTNV

TEPIMTMOON AMOLGIOG THG AVTIANYNS QVTHG.

34



Ta avakmBévia amoteléopoto eavepmdvovy mmg elval mBavdg o evIomouog TG
YUYIKNG OpAcTNPIOTNTOS TOV EYKEPAAOD TOV GLUVOEETAL LLE TV AVTIANYT TG EIKOVAG.
Melhovtikég €pguveg GoToyeLOVY Ge o Aemtopepn, Pactopévn oe CWT, avdivon
TOV HeYAAoV Ttelpapoatik®v dedopévav tov HEL, dote va fpeBovv opiopéva ototyeia
Tov puOUOL 0, TOL Elval YOPOKTNPIOTIKA YL TNV YLYIKN OpaCTNPLOTITO TOV

EYKEPAAOV.

Xpnpotodotnon

Avt) N perém ompiydnke ond 1o Pooikd Kévipo Bacikav Epsuvav (RFBR) (vm.
apd. 19-07-00008\19) kor omd t0 ZvpPovio tov Ilpoédpov G Pwoknic
Opoonovdiag ywoo v vroompiEn tov Néov Emomuoévov kot tov Avotatov

Emompovikav [dpvpdtov (vr. apf. 3305.2017.2)

IMoltkn] ZOyKpovong Zop@epovTov
Ot cvyypageig dev £xovv va ONADGOLY GLYKPOVGELS GUUPEPOVI®V, OGOV APOPE TNV

dnuocigvon aVTNg TS HEAETNG.

Biphoypa@ikéc avapopég

[1] Popper, K. (2008) Knowledge and Psychophysical Problem: In Defense of the Interaction.
Zhuravlev 1.V, Eds., Translate from English, Moscow, 256 p.

[2] Yumatov, E.A. (2014) To Knowledge of the Origin of the Brain Mental Activity. World
Journal of Neuroscience , 4, 170-182. https://doi.org/10.4236/wjns.2014.42020

[3] Yumatov, E.A. (2014) The Methodology of the Study of Consciousness in Modern
Psychophysiology. In the Book 150 years Reflexes of the Brain. lintell., Moscow, 152 p.

[4] Yumatov, E.A. (2017) To the Theory of the Systemic Organization of the Brain Psychic
Activity. Current Neurobiology , 8, 40-50.

[5] Pavlov, A.N., Hramov, A.E., Koronovskii, A.A., Sitnikova, E., Makarov, V.A. and
Ovchinnikov, A.A. (2012) Wavelet Analysis in Neurodynamics. Physics - Uspekhi , 55, 845.

[6] Hramov, A.E., Koronovskii, A.A., Makarov, V.A., Pavlov, A.N. and Sitnikova, E. (2015)
Wavelets in Neuroscience. Springer Heidelberg New York Dordrecht London, 318 p.

[7] Grubov, V.V., Sitnikova, E., Koronovskii, A.A., Pavlov, A.N. and Hramov, A.E. (2012)
Automatic Extraction and Analysis of Oscillatory Patterns on Nonstationary EEG Signals by
Means of Wavelet Transform and the Empirical Modes Method. BRAS : Physics , 76, 1361-
1364.

35


https://doi.org/10.4236/wjns.2014.42020

[8] Grubov, V.V., Sitnikova, E., Pavlov, A.S., Koronovskii, A.A. and Hramov, A.E. (2017)
Recognizing of Stereotypic Patterns in Epileptic EEG Using Empirical Modes and Wavelets.
Physica A , 486, 206-217. https://doi.org/10.1016/j.physa.2017.05.091

[9] Nazimov, A.l., Pavlov, A.S., Nazimova, A.A. Grubov, V.V., Koronovskii, A.A.,
Sitnikova, E. and Hramov, A.E. (2013) Serial Identification of EEG Patterns Using Adaptive
Wavelet-Based Analysis. The European Physical Journal Special Topics , 222, 2713-2722.
https://doi.org/10.1140/epjst/e2013-02051-6

[10] Harris, A.M., Dux, P.E. and Mattingley, J.B. (2018) Awareness Is Related to Reduced
Poststimulus Alpha Power: A Noreport Inattentional Blindness Study. Eur opean Journal of
Neuroscience . https://doi.org/10.1111/ejn.1394

[11] Koch, C., Massimini, M., Boly, M. and Tononi, G. (2016) Neural Correlates of
Consciousness: Progress and Problems. Nature Reviews Neuroscience , 17, 307-321.
https://doi.org/10.1038/nrn.2016.22

[12] Tsuchiya, N., Wilke, M., Frassle, S. and Lamme, V.A.F. (2015) No-Report Paradigms:
Extracting the True Neural Correlates of Consciousness. Trends in Cognitive Sciences , 19,
757-770. https://doi.org/10.1016/j.tics.2015.10.002

[13] Yumatov, E.A., Potapova, O.V., Potapov, V.Y., Glazachev, O.S. and Rajewski, V.V.
(2017) The Experimental Behavioral Model and Software to Identify of Mental Activity of
the Brain. Psychology and Behavioral Science International Journal , 2, 1-4.
https://doi.org/10.19080/PBS1J.2017.02.555576

[14] MacDonald, M. (2012) Pro WPF 4.5 in C#: Windows Presentation Foundation in NET
4.5. Apress, 4th Edition, 1095 p. https://doi.org/10.1007/978-1-4302-4366-3

[15] Stenning, J. (2014) Direct 3D Rendering Cookbook. Packt Publishing, 430 p.

[16] Grossman, A. and Morlet, J. (1984) Decomposition of Hardy Functions into Square
Integrable Wavelets of Constant Shape. SIAM Journal on Mathematical Analysis , 15, 723-
736. https://doi.org/10.1137/0515056

[17] Rey, D. and Neuhauser, M. (2011) Wilcoxon Signed-Rank Test. International
Encyclopedia of Statistical Science, Springer, 1659 p.

[18] Klimesch, W. (2012) Alpha-Band Oscillations, Attention, and Controlled Access to
Stored Information. Trends in Cognitive Sciences , 16, 606-617.
https://doi.org/10.1016/j.tics.2012.10.007

[19] Romei, V., Gross, J. and Thut, G. (2010) On the Role of Prestimulus Alpha Rhythms
over Occipito-Parietal Areas in Visual Input Regulation: Correlation or Causation? Journal of
Neuroscience , 30, 8692-8697. https://doi.org/10.1523/JNEUROSCI.0160-10.2010

[20] Mathewson, K.E., Gratton, G., Fabiani, M., Beck, D.M. and Ro, T. (2009) To See or Not
to See: Prestimulus o« Phase Predicts Visual Awareness. Journal of Neuro science , 29, 2725-
2732. https://doi.org/10.1523/INEUROSCI.3963-08.200

36


https://doi.org/10.1016/j.physa.2017.05.091
https://doi.org/10.1140/epjst/e2013-02051-6
https://doi.org/10.1016/j.tics.2015.10.002
https://doi.org/10.19080/PBSIJ.2017.02.555576
https://doi.org/10.1007/978-1-4302-4366-3
https://doi.org/10.1137/0515056
https://doi.org/10.1016/j.tics.2012.10.007
https://doi.org/10.1523/JNEUROSCI.0160-10.2010

4.XX0OAIAZMOX
4.1. Ilepi mpoPfinpudTmv Kol SVGKOMOV

Q¢ amoTéAEGHO TNG TOPATAV®D UETOPPACTIKNG dtadikaciog sivor Eexdbapo g to
LETAQPOCOL  OTOYEVEL OTNV  UETOPOPO TOV  EVVOLOAOYIKOV KOl  VOT|LLOTIKOD
TEPLEYOUEVOD OTNV EAMNVIKT Kol omevBhvetal o€ KowvO Tov SBETEL GTOLYEIDOELG
YVOGES TOL Topéa TG Tpikng. Emiong, eotidlel oto mepiexdpevo kot akoAovdel

TANPOG TIG VOPLES, TO VONLLOL KO TOVG KAVOVEG TNG YADCGTOAG VITOOOYNG.

AQOV 0LOKANP®GO TNV UETAPPOCT] TOV KEWWEVOL, OQEIA® VA TPOYWPNO® GTNV
napdbeon oyolmv 0CoV aPOopd KATOEG EMAOYEG TOL £KOVO GTO UETAQPUGCLLOL.
Apywd, Opwg, mpémer vo KOve pio avagopd oTic Seopég  HETAED TV

LETAPPOACTIKMOV TPOPANUATOV KoL TOV LETOPPACTIKOV SUGKOAUDYV.

Onog emonuaiver ko 1 Christiane Nord «ta petogpoaotikd mpofAnuata givol
QVTIKEWWEVIKA 1| TOVAdyloTOV dwmokelpevikdy (Nord 1997). Me amAd Adyio dniodn,
ta TpoPAnpata oxetilovion e TO0 TPMTOTLTO KEIPEVO, o€ avtifeon pe TIg OLOKOAES
OV APOPOVV TOV EKACTOTE UETOPPACTN Kot TIG deE10tTég Tov. Tar petappactiKd
npofAnuata, 660 EUMEPOG KL av €lval 0 PETAPPACTNG, OV TADOLV VA VTAPYOLV

OKOUN KL 0V ETADOVTOL YPTYOPO KO OTTOTEAEGLOTIKAL.

2TV TEPIMTMOOT TOV GLYKEKPEVOL KEWEVOL, PO AVTILETONY e TPOPAN AT KOt
Oyt pe OvoKoAleg, apov &lya OAo Ta péca mov pe Ponbnoav dote va AVow
omoldNmote dvoKoAia cvvdvinco. Emopévmg, Ba mapabéco ta mpofAnupato Tov
TPMOTOTVTOV, TO OTO10 EMPETE e KATOL0 TPOTO VO EMAVG® DGTE VAL ONUOVPYNOW £Vl
doxkyo petdepacua. Avtd apopodoav Kupimg AEEIAOYIKOVG OPOLG KOl CUVTOKTIKEG
OoUEG AOY® TV SLPOPOV OVALESO GTNV OyYAMKN Kot 6TV AANVIKN YA®ooo. Na
onuelwel, Télog, mwg TOALL amd aVTE To TPOPANLATO TAL GLVAVTOUE CUYVE Kol GE
Ao TexviKd Keipeva, KaBDS gdkd 1 oporoyia givar and to Pacikd BEpata mov el
VO QVTILETOTIGEL VOG HETAPPOoTNS. XpN et Wiaitepng onpaciog, Aowdv, va TpoPd
oTNV aVAALOT KOl TOV GYOMOGUO TOV HETAPPACTIKOV TPOPANUATOV, TNV KotdTaén
TOUC ©€ Katnyopieg, kOoOMG KOl OTOV TPOMO OVTIIUETOMIONG TNG  0G0POVS-

TPOPANUATIKNG OpOAOYIOG TOV GLVAVTINGO.

4.2. Ae&rhoyka pofrqpata
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4.2.1. Adve

Ot ep1ocOTEPOL OPOL TOV WTPIKOV KEWWEVOV OVIIKOLV GTNV KOTNYOpio TV d0VEI®V.
Ta ddveln KOTNYOPLOTOOVVIOL GE GUECO, HETOPPOCTIKA KOL GE OAVEW OTOV
dwtnpeitan avtorelel o ayyAikog dpoc. O davelopdg yivetar Waitepa PavepoOg 6TO

Ae&MOY10 piog E101KNG YADGGOG.

‘Eva mopadetypo TG ouyKekpipévng katnyopiog amotelel o 6pog “neurophysiology”.
Amopdcioa vo yasm v etvporoyio e AEENG avTNE KaBMG NTAV TPOPOVES TMG Ol
pilec ™c NMrav eAAMVIKES. ZVYKEKPIUEVA, OmOTEAEITOL OO TOV Opo “Neuro”, mov
TpoépyeTol amd TNV opyoio eAANVIK AEEN «veLpo», OAAL KOl amd TOV OpO
“physiology”, mov K1 aVTOG pe TN OEPE TOV TPOEPYETAL GO T OPYOic. EAANVIKA,
onradn amd 115 AéEeic puolg + Adyog = @uotlohoyia. A&iler va onuewbel mog o
KAAOOG TNG «VELPOPLGLOAOYING», OM®G Kol OmEdMGO TOV 0po, &ivol gupEmg
Ol00EdOUEVOG OTNV  EMCTNUOVIKY] KOWOTNTA, KOODS OlEPELVA TIC VELPOUVTKES
OAMNAETIOPAGELS, TOVG KIVNTIKOVG VELPMOVEG KOl TIG EVOOKVTTOPIKEG KOTOYPUPEG

duvapuk®v dpdong.

Avtictoryo mopdadetypo amotehel kar o 6pog “psychophysiology”. H povn dwapopd.
oo TOV TPONYOVUUEVO OpO, €lval TO0 TPMTO GLVOETIKO TO OTOi0 TPOEPYETAL OO TNV
apyoio ANk AEEN «yuyr» (psyche, “soul”). Me v celpd Tov Kot avTodg 0 Opog
elval moytopévog Kot SladE00UEVOC apPOD EPELVE TNV OYXECT] LVOAOV-COUOTOS LE
andAvta eEMoTNUOVIKO Tpdmo. Metd amd avaltnon o€ emotnrovikd apbpa, Tov 6po

“psychophysiology” Tov amédmoa mg «yuyoeLGLOAOYia.

Emumiéov, mpoPAnuoto amddoone cvvavimoo pe tov Opo  “psychic activity”.
[Mopatmpodpe mog N @pdon amotedeiton amd dVo AéEelC, €K TV omoimv 1 pia
TPOEPYETAL OO TNV EAMNVIKY YAMGGO. Zuykekpluéva, 1 AEEN “psychic” mpoépyeton
amd ™V EMNVIKY AEEN «yuyikoo» N «yuyn». Ev cvveyeia, n Aé€n “activity” €yet tic
pilec TG oV ATIVIKT] YAOOGO KOl GLYKEKPUEVO GTO AQTIVIKO pripo “‘agere” mov
onpaivel «kavm». Me v mapodo Tov ¥povmv Kot Le KATOEG TapoAlayEg elonyOnke
omVv ayyMkn og “activity”. Eropévmg, Kot €06 TPOKELTAL Y10 YAMGGIKO SOVEIGHO.
Metd and extetapévn avalnnon KotéAnEa 6TV amddooT «YuyIKY dpacTnPLOTITON
aeov Gg avTioTorya TapdAANAa Keipeva pe 1010 GNUOGIOAOYIKO TEPLEYOUEVO YIVOTAV
xprion oavtod tov O6pov. H oAnbewn elvan mowg pe mpoPAnpdrtice apketd mn AEEn

“psychic” apov ce TOALG KeipleEva Elxe TNV £VVOL0L TOV HETAPVOIKOD QOLVOUEVOL KOl
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oYL TNG YLYIKNG LYEIOG TOL EYKEPAAOL TOV TPAYUOTEVETOL 1| CUYKEKPILEVT EPELVAL.
Opwmg petd amd oxkéyn, katéAnéa Twg 0ev VINPYE KATOAANAOTEPN amdOOGN Yo TO

OLYKEKPLUEVO GpBpo.
4.2.2. Apxtcorega

Ed® ovvaviovior ta apktikdieo mov yopilovioal 6 ovTd 7OV UETAPEPOVTOL
avtoAelel oV EAANVIK YADGGO KoL GE OVLTA OTOL ONUIOVLPYEITAL KOVOVPYL0
OpPKTIKOAEED omd T OpylKE TV HETOPPACUEVOV Aééewmv. QoT1dGO, VTAPYOLV
TEPUTTAOGELS TOL EVM GTNV OYYAMKN YPNOLUOTOIEITOL OPKTIKOAEED, OTOL EAANVIKA £XEL

oyl | TANpNg petdopaot tov 6pov (Kepapioag 2015).

Ta aprticOreEa amoTeAOVV HOPPT GLVTOHOYPAPioS Kot OV PEPOLV KAIoT. X OAOVG
TOVG EMGTNUOVIKOVS KAASOVG, Eva (NTNUa oL VITAPYEL Eival Ol LOKPOGKEAEIS Gpot

TOL SVGYEPOIVOVY TNV OVAYVMCT] TOV KEWUEVAOV, TNV KOTAVONGT Kol TNV GUVOYN TOVC.

"Eva. yopoktnplotikd mopdderypo g Katnyopiag avtng sivar to apktikoreo EEG.
Av avolvbei, gaivetar mog npoxdmtel omd v AéEn “Electroencephalogram” mov
onpaiver «HAektpoeykeparoypaonuon. [pdkertar, Aowmdv, Kot vy ddveo and v
eEAMMMVIKY YA®ooa kabmg Bo pmopodoe vo cuyKataAey] otovg debviopovc. Me tov
6po JEBvioud avapepOUOoTE GE £vov OPO TOV dNUIOVPYNONKE ATd HOPENLOTO TG
apyoiog e€MNVIKNG N G  AQTWVIKNG  YADGGOC. ZVYKEKPLUEVA, O  OpOg
“Electroencephalogram”, mpoépyeton omd tig AéEewc electro- = mAektpo- +
encephalogram = gykepaloypdonuo kot ©g apktikOAeEo amodidetar EEG. Metd and
EKTETOUEVT] £PEVVOL OOMIOTOONKE MG KO GTNV EAANVIKY] PNGILOTOLEITOL UE VTNV
mv popen, onradn HEL. A@od, Aowmdv, amédmoa apyikd 0AOKANPO TOV OpO ®C
«HAektpogykeahoypaenuo», o©INV  GLVEXEW OoKOAOVONGO TO TP®TOHTLNO KoL

ypnowonoinoa to apktikoreEo HET .
4.2.3. Akpodvopa

Ta axpdvoua elvar cuvtopopopeés mov oynuotilovtol and To apyikd ypAUHoT

Kabevog and To otorygia TG TANPOVS LopPng evoc cvumiokov dpov (EAETO 2010).

O o6pog “Continuous Wavelet Transform”, 11 oAlwg “CWT”, amotehel mpoidv
aKkpovOpov. OAOKANpOG 0 0poc petaepactnke ¢ «Xvveyns Kopatidiokog

Metaoymuatiopogy, opmg dev Bpédnke oe kavéva mapdAAnio keipevo to avtioToryo
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OKPMOVLHO TNG EAMNVIKNG YA®ooac. Emouévag, aropdoica vo LeTappdom apylkd Tov
0po Kol vo TpocHiécm o€ maPEVOEST TO AYYAIKO OKPOVUUO DOCTE GTNV GLVEYELD VO
YPNOWOTOMo® 0oVTO. AAA®MOTE, 1 £pELVA LoV OMESEIEE TG TO GLYKEKPIUEVO
OKPAOVOHO €lvorl  OOKIHO HE OVTAV TNV HOPON OTNV  EAMNVIKY  YAMDOCO.
KoataloBaivovpe, Aomdv, Toc avty 1 ayyAlkn otpikn oporoyio £xet elcayBel vmo

HOPPY] OKPOVOLOV MG TTPOTOV EEMTEPIKOV OUVEIGHLOV.
4.2.4. TIoAlamA| amdo0oM

Xe o0V TNV Katnyopio KOToTAGGOoVTOL OpOL Ol OTTO10l OTA EAAMVIKA aTodidoVTOoL e

neploco0TePeG amo pio epunveiec (Kepapidog 2015).

Apyikd, og ovtV TV opdda pmopet va cuumepingel n AéEn “asterisk™ mov onpaivet
«0oTeEPioKocy Kath AEEN, OU®G OTO MOPOV KEIUEVO OVAQEPETOL GTNV HOOMUOTIKY|
TPA&n Tov «moAlomAaclacovy. Emopuévog, €dm dev tnpnbnke mn kotd AEEn

petdppacn aArG pe Baon To TEPEXOUEVO TOV KEWWEVOL EMAEXONKE VT 1] ATOSOGN.

‘Eva axopa mopddstypo arotehel o dpog “component”, o omoiog 6100étel apKeTEG
AmodOCELS OTMG «EEAPTNUMY, «OTOXEIO», «CLOTATIKO» Kol «GUVICTOGO». Emedn oto
ovykeipevo yivetol ava@opd GTOV KOCUO TOV HOONUATIKOV Kol GTIG HaONUOTIKEG
mpaelg, N AEEN «ovviotOoo» BewpnOnke g M TALOV KOATOAANAN HeETd Kol oo

exteTapévn avalnmon oe podnuoticd Aegucd.

To 1610 1oyvel kou pe v AéEn “function” n omoia onuaivel «Aertovpyion, «TEAETNHY,
«kafnkovy, «ouvapmnon». Onwg akpPdg Kol e TOV TPONYouUEVO Opo, £TGL KL £0M
emAéyOnKke M amddoorn «ovvaptnon», aeod oto Keipevo 1 AEEN avapépeTol oe

HaONUOTIKES EEIGMOELG KO GE OLOLYPOLLOTOL.

Emumdéov, n AéEn “subject” avfkel oe otV TV KOTNYOPiot AOY® TOV TOAAATA®DV
amoddGE®MY NG ZVYKEKPIUEVA, Umopel vo omodofel g «ATopo», «CLUUETEXOVY,
COTOKEIUEVO» AVAAOYO LLE TO TEPIEXOUEVO TOV KEWEVOL GTO 0moio cuvavtdtal. Edd,
emAéyOnke o 6pog «vmokeipevor, kabmg Epeuveg oe TapdAinia Keipeva £de1&av Tmg
otov TpoKeLTon Yo Kamoo LeAETN 1 Yo Ote€ayyn TEPARATOS ivat 0 TAEOV dOKILOG

opoc.

Televtaio mopddetypo  moOAAOMANG omddoong amotedel o  Opog  “display”.

[Tpotewvopeveg amoddoelg sivar ot €8NG: «emidelEny, «mapovciosny, «OdTaEn,
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«006vn». EmAéyOnke tedikd o 6pog «006vn» ¢ KOTAAANAOG apoD OVOPEPETOL GTOV
TpoOmo mov dehyetar To melpapa, OnAadn oto O6tL cvuPaivel pe v Pondewa dvo
obovov H/Y. Apa kataioPaivoops mwg omotadmote GAAN epunveia Oa fTov

AavOacuévn.
4.2.5. TToAvAextikol 6pot

g QUTNRV TNV KOTNyopio. aviKouy 6pot ot 0moiol AmoTEAOVVTOL OO TEPIGCOTEPES TMV

pio AEewv, aAAG XPNOUYLOTOOVVTOL GOV £VOG EVIOTIOG OPOG.

Edd pmopei vo ovumepiinebei m opdon “PC- based experimental setup”.
[Mopatmpodpe mwg amotedeiton amd TOALES SLOPOPETIKEG AEEEIS TOV PEPOLY TNV JIKY|
TOVG ONUAGIM. XTNV TPOKEWEVT TEPITTOON EKOVO OPKETO EKTETAUEVT] £PEVVO, DGTE
VoL EVTOTIG® KATO0V TOPOUOL0 LOVOAEKTIKO OpO, YWPiG OU®G AmoTEAECHO. ATO TNV
oTlyun, Aowmdv, mov dgv pmopovoe vo amodobel YAdooo ¢ avtdvopog 6pog,
OTOQAGIGO. VO, TOV UETAPPAC® TEPLPPUCTIKA MG «TEPOUATIKY Odtaln ce Pdon
H/Y». Zmv ovoia, mpoxetar yio tov 1pdmo pe tov omoio denydn 1o meipapa g
épeuvag Kot apov Eyaa Eexwplotd Tov KaBe Opo, TPOYDOPNCO GE OLTNV TNV TPOTACT

amod0oNG.
4.3. LuvtoKTIKA TpoPfAnpata

Oocov agopd ta GLUVTOKTIKO TPOPANUOTA TOV OVTILETOTION, OPEIA® Vo Topadicw
dvo mapadetypato mov ypnlovv avagopds. Apyikd, o HaKpomepiodog AOYOG HE
TapeUnOdIce o€ Kamola onpeio pe amotéAecpa vo mpémel vo. oAAGE®D TV cvvTa.
Xopoakmpiotikd amoterel n mpotaon “Using of classic methods for analysis...
spectral signal analysis” (cgl.9). Ady® ™C HEYAANG £KTAONC TNG ATOPAGIEO, VO TNV
YOpicw o€ 00O EVOTNTEG MOTE 1 AVAYVEOGN TNG VO UNV KOLVPALEL TOV avayvAGTN
TPOKOADVTOG TopdAANAa Kot TV cVYyvon Tov. 'Etot, v petéppaca wg «H ypnon
TOV KAAGIKOV PHeBOdwV Yo v avdivon tov HED, arokaAdmtel v dototn ¢von g
pvOuikng dpactnpromtag tov HED pali pe v vynAn petafAntommra tov Hopedv
Kol TV TEPoydv ovyvottov. Olo avtd, eumodilovv, o€ peyaio Pabuod, Tig
Tapadoclokég HeBdO0Vg Vo AVTANGOLY TANPOPOPIEC TOV APOPOLY GTNV (UGHOTIKY

avdAvon onpatogy (cel.24).

Emmiéov, pov omuovpynce ovyyvon m opacn “Improvement of informational
capabilities of continuous wavelet transform-based method for EEG analysis...”
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(oel.10), k1 avTd Yiati oev NTav Eekdbapo, €K TPMOTNG OYEWS, OV 1] CUYKEKPILEVN
uébooog Paciletan otov CWT 1 oto EEG. Apod, Aowmdv dtaPaca apKeTEG POPES TV
TPOTOCT TPOSTUODVTOS VO TNV KATAVONo® TUNUATIKA, KatéAn&a tog Paciletot otov
CWT. Etot, mpoydpnoo o€ navadlotinwaon g TpdTacns MCTE va gival mo dOKIun
Kol Olkelon 610 avayveotikd kowd petorpémovtag to “based method” oe prjuo-
vrokeipevo, oNA. «H Beitioon ¢ wkavotrog tov CWT, nédve otov onoio Pacileton

N nébodog avérvong tov HET ...» (oglr.24).

5. Emiloyog

d1dvovtog 6To TEAOG QVTNG TNG MTLXOKNG EpYUciog Bempd EMTAKTIKY avAyKn Vo
Tpofd otV aVAALON TOV YVOCE®V TOV OTOKOMGO, OAAG Kot oty mopdbeon
KATOI®V YEVIKOV GUUTEPACUATOV. Apyikd, TPEneL va Tovicw tov KaBopltoTtikd poAo
™G ovvtagng Tov YAMGGAPIOL Kol TNG €VPECTG TAPOAANA®V  kewévov. H
amodertioon Tov Opwv, Oyt HOVO JELKOALVE TNV UETOPPOCTIKY dtadkosion NG
EMGTNLOVIKNG OTNG £pEVVaS, 0AAG TapdAAnia To epyaieio mov dnpovpyndnke, Ha
Qavel YPNOO GTO HEAAOV Y100 TNV UETAPPACT] KEWWEVAOV TOL EVTAGCOVTOL GTOV 1010
Oepatikd topéa. EmmAéov, ta mapdiinio keipevo amotélecav onUAvTIKO Kot
xpowo gpyareio, a@od ouvéfolov Kot OVTE OTNV €UPECT TOV KATOAANA®V
AmodOGEMV KOOIV E0KAOV Op®V TOL Guvavtnod. Akoun, pe Bonnoav odote va
v1oBeTom TO KATAAANA0 VYOG oL Taiplale oTo Keipevo, kabmg dev Ba pmopovoa vo
petappdom xopig vo AdPo vrdéym kdmoleg cvpPdcelg mov emPAAAEL M TEXVIKN
petdppacn. Zuykekpiuéva, Aomdv, dlepebvnoo KeILeva Kol NAEKTPOVIKES TTNYEG TOV
OVKOUV GTOV TOUEN TNG LOTPIKNG Kol TOV HOONUOTIKOV a@od TO Keipevo-mnyn
ocvvdvale YVOGES TOV VO otV Tediwv. Idaitepa Pondntikd amodelymmkav Ta
€101KA Ae&kd mov ypMOoOoTOinca Pag Kot Hov Tapelyav akpiPels amodmdoelg mov
taiplalov 6To ONUAGLOAOYIKO TTEplEOLevo Tov Keévov. Emiong, dev Ntav Adyec ot
EMOTNUOVIKEG OlaTplPég mov pe Pondncav va katavonow KoAVvtepa 10 BEpHA TOL

TPOTOTOITOL KOl VO TO OTOdMO® OGO TO OLVATOV TGTOTEPOL.

Ocov agopd 710 peTdopacua, T0 ovvETaEo PacllOpevn otV AEITOLPYIKT
TPOGEYYIoN, OTmg avapépetal kot amd v Christiane Nord. Eiyo, dniadn, og otdyo
v dnuovpyio €vOg AEITOLPYIKOD KEWWEVOL TOL UETUPEPEL TO  EVVOLOAOYIKO

TEPLEYOUEVO TNG EPELVAG KOL OVTOTOKPIVETOL GTIC OOLTIOEL TOL OVOYVAOGTIKOV
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KOWOVU. ZoQ®OC KOl 0 GKOTOC KOl Ol AEITOVPYIEC TOL CLUVAVIMVIOL GTO TPWOTOTLTO,
TPEMEL VO GUUTITTOLY UE TOV OVTIGTOLYO GKOTO KOl TIC OVTIIGTOLYEG AEITOLPYIEC TOV
petappacpotos. Emopévaog, yU' ovtd 0 HETAPPACTNG TPEMEL VO KATOVOTGEL KOl VO
OTTOKPLITOYPOPNGEL TO KEIUEVO-TNYN. Mg auTOV TOV TPOTO, TPOSTAONCA KL €YD VO
ONUOLPYNO® €va.  UETAPPOCHO TOL OlOKPIVETOL OO E€CMTEPIKY) GLVOYN Ko
OUVEKTIKOTNTO, £Vl 1G0OVVANO LE TO TPOTOTLTO OAAG Kot pe GAL Kelpeva Tng 1dtog

OepaTikng.

OLOKANP®OVOVTOG OVTAV TV €PYOGin, TPEMEL VO ETICNUAV® TNV CTOVOALOTNTO TOV
AETOVPYIKAV TTpoceyyicewV oTig PEPEG paG. Ot avEOVOUEVES OTALTNOELS TG OYOPAS
gpYaciag Kot 1 ETKPATNON TOV EWVIKOV KEWEVOV OAO KOl TEPICCOTEPO GTOV YDPO,
£YOLV KOTAGTNOEL TIG AELTOVPYIKEG TPOGEYYIoELS avaykaies, Mote vo. e&ummpetnBovv
ot okomoi g petaepacnc (Nord 1997). Ot otpatnyikés AYNG omoeacemy X0V
avéndel yapn oty TPocLyylon ovTy, KoOIGTOVTOG TN UETOPPACTIKY] OlOOIKAGIo

EVKOAOTEPT GE OYEON LE TO TAPeELOOV.

Opeilm, TEAOG Vo OHOLOYNO®, TG M €pYacio avT) NTav pio Witepa EVOLUPEPOLGA
dwdkacio. ATEKTNCO YVOOELS KOl OVTILETOTICH TPOPANUATO TOL HE EKOvVOV VO
KatoAdPo akdpa TepocdTEPO OGO cmovdaia glval 1 ETICTHUN TNG LETAPPACS Ko
OCLYKEKPIUEVA TOV E0IKOV KeEWEVeV. Eipat, mAéov, olyovpn g évog KOGHOG ympic
petaepoaon oev Ba vpye. H avBpomdtnta opeilel moAAd otov KAGSO 0vTO Ko NpOe

1N GTYUN Vo T0 KataAdBovpe OA0L Kot VoL SMGOVUE GTNV UETAPpacT TV BEom Tov NG

a&ilet.
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