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NeplAnyn

H nmapovoa SUTAwUATIKA €pyacia, amoTteAEl KOUUATL Hiag TANPECSTEPNG EPEUVNTLKAG
gpyaciag, Tmou wg oTOX0 TNG €XEL TNV KATNYOPLOTIOLNGON TWV MPOKANTWY SUVAULKWV
(ERPs — Evoked Related Potentials) TIou T(POEpPYOVTaL ano
nAektpoeykedpoAoypadUATA UYELWV UTIOKELUEVWY, TO OTOld CUMMETEIXAV OTNV
TEPAPATLKN Stadlkaoio. INUELWVETAL WG TO TMEPAA TTOU TIPAYLATOTOONKE ATav
in vivo (Aatwoyevig ékdpacn n omola epunveletal wg «ev Iwn»), &nAadn
npaypatonoionke o€ {wvtovoUg OpPyavIoUoUG. Ta  TPOKANTA  Suvaplkd
napnxbnoav Bétovtag dU0 €6WV EPWTNOELG OTOUG CUMUETEXOVTEG, TIC «EYKUPEGH
TIou oOXeTilovtal UE TNV APLOTOTEAELD EMOYWYLK OGUAAOYLOTIKN KoL TO «AOYLKQ
napadofa», ta omoia oxetilovral pe Ta mapddofa tou Znvwva. MNa tnv KaAutepn
duvartn Katnyoplomoinon Toug, £haPUOCTNKAV OTA TIPOKANTA OSUVOHLKA TEXVIKEG
Avayvwplong MNpotunwv kat Wnolakng Enefepyaoiag. Tuykekpiuéva, ebapuocbnke
uLa Stadikacia opoloBeoiog oto medio Tou MAATOUG Kol 0To TESIO TOU XPOVOU yLa TO
kaBe ERP onuoa kal otn ouvéxela, akoAouBnoe n PEATLOTN Mpooapuoyr) o€ KABe
NAEKTPOSIO XWPLOTA, TWV KAUMUAWV ERPs ava 6Uo. Amotélecpa autol Atav N
e€aywyn KATMOWWV OapXIKWV Opadwyv, KABe plo amod TG omoleg mpooédepav Eva
BEATLOTO KOLVO TIPOTUTIO UETA Ao €AVIANTLKO TAlplAoHA OAWV TWV KAUTTUAWY TNG
opadag. Ze autd Ta PBEATIOTA KOWA TIPOTUTIOL TPOYMOTOTOWONKE Tpooapuoyn
KOUTTUAWY WOTE VO OXNHUATLOTOUV oL TEAIKEG opadec ERPs ava nAektpodio.

Ita  amnoteAéopata  TOU  TPoEkuPav  amd TNV TEAKN  KaTnyoplomoinon
T(PAYUATOTIOLNONKE 0T CUVEXELX EVOEAEXNC OTATLOTIKN avAAuon, otdxog Tn¢ omolag
Atav va Seifel katd mocov oL U0 efetalopeveg eyKePOALKEG AELTOUPYIEG, N AOYIKN
CUVETIAyWYN KoL 0 opado&og CUAAOYLOUOG avTavakAoUV e SLadpOopETIKO TPOTO oTa
KaTayeypappéva and to nAektpoeykeparoypadnua (HEM) onRuata mpokAntwv
SUVAULKWY TWV CUUUETEXOVTWY. EMopévwg, emixelpeital oto mMAaiolo tng mapouoag
SutAwpatikng epyaciag n umootnpn g Béong mwg n Pabutepn vontikn
Stadkaoia Tou €ykupou Kal Tou mapadofou culloyileocBat Sladopomolovvtal Kot
Mwg auth n dtadopd yivetal katavontr and ta ERPs twv umoPndiwv. Me aAAa
Aoyla, n epyaocia B€tel w¢g Bdaon tnv unoBeon oOtL Ba undpfouv opOoLOTNTEC oTa
BloAoylkA OAMOTO TWV OUPUETEXOVTIWV EKEIVWV TIOU TAPOUCLAIOUV  KOLVEG
VOLLOTEAELAKEG AELTOUPYIEG.

Mo ouykekplpéva, oto Kepdahoato 1 Sivetal avoAuTIKA O OTOXOC TNG TAPOUCAC
SutAwpatikng. To Kedpalato 2 amoteAsl pa eloaywyn otic €voleg mou Ba xpelaoBetl
va €lval YWWPLHEG yla va €lval katavontr n avayvwon t¢ SUTAWUATIKAG Epyaciag.
JUYKEKPLUEVA, OL EVVoleG aUTEC adopoUv otnVv  ApPLOTOTEAELD  EMAYWYLKA
ouA\oyloTik, ota Tmapddofa ToOu ZAVWva KAl OTI; E0WTEPLKEG EYKEDAAIKEC



Slepyaociec mou Bplokovtal miow amod TG CUANOYLOTIKEG aUTEG. Emiong, oto 160
kedpahalo, yivetal pia mpwtn avadopd otn LEBodo mou Ba xpnowonolnBel otn
OUVKEKPLUEVN €pyaoia yla tn HEAETN TOu eykepAAou, n omoia KAVEL XprHon Twv
TPOoKANTWV Suvapkwv (ERPs). 2tn ouvéxela, oto Keddalalo 3 yivetat pia avoAUTIKN
neplypadn Twv TEWPAUATWY TIOU Tipayuatomnow|Bnkav yio tv dte€aywyn tng
epyooiag. Apxka mapoucolaletal n Keviplkn Wéa, n datagn, oL ouvbnKeg Kal n
avaAuTikn Sladlkaola Tou TMEPAUATOC Kol otn ouvéxela Sidovtal mAnpodopieg
OXETIKA HE TO EPWINUATOAOYLO KOL TO XOPAKINPELOTIKA TOU OUUHUETEXOVTA
nAnBuopou. Ito 4° KepdAato, apxilel n Bewpntikr) avdAuon Tng Mpooéyylong Omnou
napatiBevral oL eVEPYELEG TOOO TNG EVPUTEPNC EPEVUVNTLKAG €pyaciag, 600 Kol TNG
apoUoag SUTAWUATLKAG EPYACLAG. ITO CUYKEKPLUEVO KEPAAALO TIPAYLATOTIOLELTAL N
avaluon tng npoenetepyaoiag Twv AndOEvtwy ERPs onuatwyv Kot mapouctaletal n
Stadkaoila mou akoAouBeital ywa TN peiwon tou onuatoBopufilkol Adyou. Itn
ouvéxela, oto Kedalato 5 Sivetal apyikad pia TARpng avaAuon Tou GaLvVOUEVOU TNG
Tuyaiag Apvntikng MetaBoAng (Contingent Negative Variation, CNV) kot akoAoUBwg
napouotalovial TO00 MPE HOONUATIKOUC OPLOMOUG OCO0 KOl EVVOLOAOYLKA Ol
HETAOXNMATIOMOL Tou €dapuocOBnkav ota CrUATO TPOKANTWY SUVOULIKWY TIOU
AaBape amd TA UTOKELUEVA, O TPOMOC EMAOYAG TOU KATAAANAOU OGAAUATOC
TIPOCAPUOYNG KAl TEAIKA PE XpHON QUTWV N TpwTn opadomnoinon twv deSopévwy
poc. Ta BApata mou akoAlouBolvtat yia TNV teAkh opadomnoinon Sivovtat oto 6°
Kebdlawo, vy oto 7° Kedbdhatwo mopouctdletal evdehexws n péBodog ywa Tov
EVIOTILOUO TNG OTATLOTIKAG Sladopds HETALU «€yKuPNG CUANOYLOTIKNG» KOl TNV
«OUAAOYLOTIKN) TwV Tapadofwv» o€ OAa Ta UTOKElpeva yla KABe nAektpodlo
xwplotad. Ito Kepahato 8, mapoucialovtal avoAUTIKA KATola mopadsiypoto evog
OUYKEKPLUEVOU nNAeKTPOodiou wote va AABeL 0 avayvwotng ML TANPECTEPN Kol
TEPLOOOTEPO  Katavont ewéva Tou mepdpotoc. Téhog, oto 9° keddlalo
mapatiBevtal Ta CUUMEPACHATO TIOU TPoEkUPav UETA amd TNV Tpayuatonoinon
O0AnG tng mpoavadepBeioag dStadikaoiag.

Né€erg KAeWSLA: TPOKANTA Suvapikd, nAektpoeykepooypadnua, EMAYWYLKOC
OUAAOYLOHOG, TEXVIKEG OVAYVWPLONG TIPOTUTIWY, LOEATOC AVILTPOCWITOG



Abstract

The present dissertation is a part of a larger research project which focuses on the
classification of the ERPs (Evoked Related Potentials) deriving from the
electroencephalograms of healthy people, who participated in the experimental
procedure. It should be noted that the experiment was carried out in vivo (Latin for
“within the living”), which means that the experimentation used a whole, living
organism. In order to produce the evoked potentials, the participants were asked to
answer two types of questions, the “valid”, which are related to Aristotle’s deductive
reasoning and the “paradoxes”, related to Zenon’s paradoxes. In order to achieve
their optimal classification, pattern recognition techniques and digital processing
were applied to the ERPs. In particular, an application of time-domain and amplitude
scaling was implemented on each ERP signal, followed by the optimal fit of two ERPs
to each electrode separately. This resulted in the extraction of a number of
preliminary groups, each of which gave an optimal group representative after
exhaustively matching all the curves of the group. In order to form the final groups
of ERPs per electrode, an adjustment of the curves was made to those optimal group
representatives.

A detailed statistical analysis was performed on the results obtained by the final
classification. The aim of this analysis was to show whether the two examined brain
functions, the logical implication and the paradoxical reasoning, reflect in a different
way on the recorded from the electroencephalogram (EEG) of the participants
evoked potential signals. Therefore, this research project attempts to prove that the
underlying mental process of the valid and paradox reasoning are different and that
difference is reflected on the ERPs of the subjects. In other words, the present
dissertation is premised on the hypothesis that there will be similarities in the
biological signals of the participants with common deterministic functions.

Indicatively, the 1°' Chapter presents in detail the aim of the present dissertation.
The 2™ Chapter is an introduction to the terms and definitions that will be needed
for a comprehensible reading of this thesis. More specifically, these definitions relate
to the Aristotelian deductive reasoning, the paradoxes of Zeno and the internal brain
processes underlying those reasoning procedures. What is more, in the same



chapter, a reference on the method that will be used for the study of the brain, is
made. It is noted that this method makes use of the evoked potentials (ERPs). The 3"
Chapter gives a detailed description of the experiments carried out to complete the
dissertation. In the first place, the main idea and the conditions of the experiment
are presented, continued by the exact procedure that has been followed. Also,
information on the questionnaire and the characteristics of the participating
population is provided. In the 4" chapter, a theoretical analysis is given which
summarizes both the actions of the larger project and the analysis that this
dissertation uses. In this chapter, an analysis of the pre-processing of the received
ERP signals is made and the procedure followed to reduce the signal-to-noise-ratio
(SNR) is presented. In Chapter 5 a complete analysis of the Contingent Negative
Variation (CNV) phenomenon is made. Then, the transformations applied to the ERP
signals received by the participating subjects, are presented both in mathematical
and conceptual terms. In addition, the process of choosing a properly defined error
function is given. Finally, with the use of the aforementioned procedures, a first
grouping of the data is achieved. In the 6" Chapter, the steps followed for the final
grouping are presented. In Chapter 7, the method to detect the statistical difference
between “valid reasoning” and “paradoxical reasoning” is given for all the subjects
and for each individual electrode. In the 8" Chapter, detailed examples of a specific
electrode are presented in order to provide the reader with a more clear and
complete view of the experiment. Finally, in the ot Chapter the reader will come
across a presentation of the results obtained from the present dissertation.

Key words: evoked related potentials, electroencephalogram, deductive reasoning, ,
pattern recognition techniques, ideal representative



Euxoaplotieg

MNpwtiotwg, Ba nBeAa va euxaplotiow tov kKabnyntn K. Kwvotavtivo Manaoduooéa
yla tn duvatdtnta mou pou €8wWOoE va TPAYUATOTNOL|oW TNV Tapouca €pyoocia
KaOwG Kal ylo TNV €UTLOTOCUVN TIOU HoU €8el€e Katd Tn SLAPKELA EKTTOVNONG TNG
SumAwpatikng. Emiong, tov euxaplotw yla tn Bonbela kat tn ouvexn kabodnynon
TIOU Mou Ttpooédepe. Oa nbsha va avadepbw oto yeyovog otL o K. Mamaoduooag,
HE TNV aVLSLOTEAN QYATN TOU Yyl TNV ETULOTAN KAl TNV €PEUVA, AMOTEAEL TTAEOV yLa
HéEva TNy €UmMveuong Kol Suvapng ywo Tta UEANOVTIKA oKkadnuOika Kol
ETAYYEALATIKA HoOU BrpoTa.

Itn ouvéxela, Ba nBela va euxaplotiow ek Babéwv tov umoyndlo Sidaktopa
ZO6Awva ZAvvo yla TG MoAUTIHEG uTtodeifelg kot oupPoulég tou. O xpdvog Kal ol
YVWOELG TIOU HOU TPOCEPEPE amoTEAECAV KOOOPLOTIKA OTOLKELA Yyl TNV MEPATWON
NG mapoloag Epyaciag.

Euxoplotw emiong tov av. kadnynt Mavaywtn PoucomouAo kabwg Kal Toug
untoPrdloug didaktopeg Owtn MNoavvonouAo kot AnpAten Apamatly ylo TNV UAKN
KOl ETILOTNOVLKH UTIOOTHPLEN TIOU LIOU TTaPELXQV.

Quowka, 6e Ba pnopovoa va MopoAeiPw oo TIG EUXAPLOTIEG TNV OLKOYEVELA LOU
KaBwg Kal Tou¢ GIAOUG HOU yla TNV KATAvVONon KoL TNV UTIOOTAPLEN TIOU LOU
npooédepav TOCO yla TNV MEPATWON TNG MAPOUCOG €pyaciog, aAAd Kol oTn
OUVOALK} pou Oladpoun otn oxoArl HAektpoAdywv Mnyavikwv Kat Mnxavikwv
YroAoylotwv.
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KEPAAAIO 1 0 XTOXOX THY [TAPOYXAX
AIMTAOQOMATIKHY. EPTAYIAY

H mapovoa SUTAWHATIKY €pyacio amoteAel LEPOG ULOG EKTEVECTEPNG EPEUVNTLKNAG
HEAETNG TIOU WG OKOTIO EXEL TNV KATNYOPLOTIOLNGN TWV MPOKANTwY Suvapikwyv (ERPs —
Evoked Related Potentials). Zuykekptipéva, Katd tn SLAPKELA EVOC TTELPAUATOC OTIOU
Ol OUMMETEXOVIEC QTAVIOUOOV OE OUYKEKPLUEVO OUVOAO €EPWTNCEWV TIOU
adopovoav tnv AploTotéAela Aoyikr Kot To mapdadofo tou ZAvVwvog, Kateypadpnoav
Ta mpokAnta OSuvauikd (ERPs) Twv OUMPETEXOVTWV. AVAAUTIKOTEPQ, Yyla va
TiPOKANBOUV T SUVALLKA QUTA OTO UTIOKELLEVOL TIOU CUUETELXQV OTO TIEPAQ, TOUG
TEONKAV EPWTNACEL TIOU avAKouv o OUO KUPLEG KATNYOPLEG: TIC «EYKUPECH
EPWTNOELG, OL OToleC oUpdwvA e TOV APLOTOTEAN, OXETI{OVTAL LLE TOV EMAYWYLKO
OUAAOYLOMO, Kol Ta «AoyLlKa Ttapadota», Ta omoia oxetilovtal pe Ta mapadofa mou
Slatunwoe o ZAvwyv o EAedtng.

H nmopouoa SUTAwHATIKY epyacia oTtoxeVeL oto va BonBroel mpog tnv katevBuvon
Tou va amodelyBel 0Tl n Babutepn vontikn Slepyacia MOU MPAYHOTOTOLETAL KOTA
NV €kBeon o €yKUPEC epWTNOELS SladEPEL Ao €KELVN TTOU TIPOKUTITEL ATIO TNV
€kBeon ota mapadofa kal mw¢ n Stadopd AuTr MOPOUCLALETAL OTA AVILOTOLYA
TIPOKANTA SUVOUIKA TWV UTIOKELMEVWY. POG Tov OKOMO autdv, £happOOTnKAV
OUYKEKPLUEVEG TEXVIKEC Avayvwplong Mpotunwv kot Wnolokng Emefepyaoiag
ZAUOTOC OTa TIPOKANTA SUVAULKA, OUTWC WOTE va eTIteuxBel n KaAUtepn KATA TO
Sduvatdv katnyoplomnoinon toug. lcoduvauwg, n umoBeon otnv omoia Paciotnke n
mapovoa epyacio KoL TNV omoia mpoomdaBnos vo Oesuehwoel pe  Xprion
mAnpodoplakwyv Kal Hodnuatikwyv peBOdwv eival mwg AvOpwroL HE KOLVEG
VOUOTEAELAKEG Asltoupyieg epudavilouv TG OpOLOTNTEG AUTEG OTA BLOAOYLKA TOUG
onuarta.



KEPAAAIO 2 EIXATQI'H

2.1 H AplototéAdela Aoykn Kol Ta Ttapadoia Touv Zvwvogs

ATO TNV apxalotnta n avpwrivn okEPn €XEL ATOTEAECEL AVTIKEIMEVO EPEUVACG HE
Tov AploToTtéAn va Bewpeital o mpwtog peAeTnTn¢ tnG. H Stadikacio Tng Kploewg Kat
Tou ouM\oyileoBal (reasoning) €XeL KATA KALPOUG XOPAKTNPLOTEL WG HLA ATO TLC TILO
OVETITUYUEVEG KOl OTOUSALOTEPEG KOVOTNTEC Tou avBpwrou. H Aoy eival
appnkta ouvdedepévn pe TANBwpa avBpwrivwv SpactnplotTwy, ONWG n
emotun, N ¢ocodia, Ta HaBnuaTIKA Kol oL TéExves. H xprion tng 6& Sivel otov
avBpwro Hovo tn duvatotnta yla Aoylkd cUANOYLOMO, aAAd €Tiong TNV LKavotnta
va AUoel mpoPAnuarta, va Ste€ayel €peuva, va amodaciosl yla kanowa dpdacn tou
KOl VO KATAVONOEL TOV KOOUO YEVIKOTEPA. I81aitepo KAASO TNG AOYLIKNC QMOTEAEL N
OUAAOYLOTIKA KATA TNV omola EKvWVTag amo KAmola umobeon kal péoca amod Tn
HEAETN AOYIKWV SOUWV KAl TPOTACEWV KOTAANYEL KAVEIG OTNV Ttapaywyr cadoug
OUUMEPACHATOC (CUANOYLOTIKY TTIOPELQL).

H Aoyikn, n omola avadeiytnke oe emotiun and tov ApLOTOTEAN, ATIOTEAECE Eva
XPNOlo €pyaAeio ylo tov KABe emiotrpova. IUpdwva HeE ToVv ApPLOTOTEAN, O
ETAYWYLKOC CUANOYLOUOG EgKLVAEL amd €va cUVOAO SU0 MPOTACEWY Kal KATAANRYEL OE
€va oupmépoopa Ue amoAutn BePfawotnta. Na moapdadelypa,  Eekwvwvtag Tn
OUAAOYLOTLKN TIopEia amo Tig mpotdoelg «OAoL ol avBpwrot eivat Bvntoi» katl «OAot
ol ABnvaiol givatl avBpwmow» oxuplotav mwg autég umodnAwvouv nwg «OAol ot
ABnvaiol sivat Bvntoi». Mila oelpd amd cuvdEOELC TIou Teplypdadovtol amd To
KOTNYOPNUATIKO OUVOETIKO pripa «eivaly, kal kabopilovtoal amd TO UTOKELUEVO
«OAow», cuykpoToUV TN AoYyLKr Hopdr Tou cupnepdopatog, opilovtag Tnv opBotnTa
TOU OUYKEKPLUEVOU cUAAoyLopoU [1]. WuxoAdyol Kal yVvwolaKkol ETILOTAOVEG £XOUV
pooTaBnoeL KATd KapoUg va PMEAETACOUV KOL VA EPUNVEVCOUV TN GUAAOYLOTLKA
Aoyikr;, aAAd HOALC TpoodaTa, TPOTAONKAV CUYKEKPLUEVO TPOTUTIA (LOVTEAQ)
Kwdlkomoinong kot amocadnviong twv PBabltepwv pnxaviopwv. Qotdéco, ot
BaButepeg Slepyaoieg eival eAdylota katavonteg [2], [3].

Ze avtutapdBeon Ue Ta MOPAMAVW, ONUELWVETAL WS 0 ZRVwV 0 EAedtng, mpv amnod
nepimou 2500 xpovia, cuvélaPe kamola mopddofa pe okomod va amodeiel tnv
oouvexela otig MuBayopeleg éeg mepl MOAAAMAOTNTAC Kol aAAAynGC. ZKOTOG TOU
£pYOU TOU Zrpvwva 1Tav Vo UTIEPOLOTILOTEL Tov SAoKaAo Tou, Tov MNappevidn, o omoiog
TIOTEVE OTN «pio Kot povadikr aAnbela Kot payUaTikotnTta» Kal Oewpoloe Mwe n
oMayn eivat aduvatn, 1 HeE AMa Adyla mwg kaBe évvola TG Kivnong n tng
TMOAUTAOKOTNTAC TwV ¢uolkkwv dawopévwyv Ba eivat Peuvdaicbnon, adou Ba
UTIAPXEL pia aAnBela. Oswpwvtag Aoumov to aflwpa mou adopolae oTNV evoTnTa



Kal otn Slaxpovikotnta tne umapéng wg dedopévo, xpnolpomnoinoe tn peBodo tng
€UpeONG amodelEng Twy mapadofwv Tou, cuvieAolevn anod Tpla KUpla Bripata: 1)
NV MpoowpLvh umoBeon plag B€ong otnv omola avtitiBdétay, 2) pia mpoomnadela va
e€Ayel Eva AUECO CUUTIEPAOUA ] Lo avTidaon, Kal wg €k Toutou 3) Tnv Katappudn
™G mpoowplvng umobeong. O Znvwv €6ele mwg n kown avtinyn NG
TipaypoTikotntag odnyel oe mapadofa kat ofupwpa. Autd akplBwg ta mapdadofa
elval mou evtunwotalouv oxL Hovo toug dphocddpoug, aAld Kal Toug pabnuatikolg,
ennpealovtag Evtova LETAYEVECTEPEC EpeUVEC [4], [5], [6].

Ta mapddofa KATASEKVUOUV TO GOLVOUEVIKA AOYLKO adUvato TNG KABNUEPLVAG
geunelpiag mavw os puotkd B€pata. TETOLEG CUANOYLOTIKEG UTIOPEL, EKTOG TWV AAAWY,
va Bewpnbolv ePAUANEG PE TIC YVWOLAKEC OUTATATEG. EUTUXWG, Ol YVWOLOKEC
avtamnarteg, paivovral va mapaPralouv Toug Kavoveg TnG opBoAoyikng okéPng Lovo
oe dpL\ooodko eninedo (dhoocodikol mpoPfAnuatiopoi) [4], [7]. To mapadofo omwg
dalvetal TPOKUMTEL QMO TNV  aAVIKOVOTNTA Twv avBpwnwv va Eexwploouv
StooBnTka Ta pn N eAnwe enBeBalwpéva otolxeia (Nickerson 1996; Mckenzie &
Mikkelsent, 2000). IUpdwva pe tov Sainsbury (1995), ta mapadofa eival ta
ETUXELPNUATA UE HN ONMOSEKTA CUUMEPACHATA, ATOSEKTEC TPOUTIOOECEL KaL Eva
QMOSEKTO CUUTIEPACUATLKO HOT(RO.

2.2 Mia cOVTOUT AVa@OPA OTNV VTIOKEIEVT] VEVPOPUOLOAOYIKN
OUUTIEPLPOPA TOV EYKEPAAOU

O avBpwrnocg duvatal va Spaoctnplonolnbel oe yvwolako eninedo KUPlwg HECW TOU
VEUPLKOU Tou ocuotniuatoC. Kpivetal tdlaitepng onupaciag n LeAETn tou BLoAoyikol
umoBaBpou Tou yvwolakoU €€OTALOUOU HE OKOTIO TNV AVAAUGH TNG oUUNePLPOPAC
TOU eykePAAOU KOTA TG VONTLKEG Aeltoupyleq. Me 1o B€pa autd aoxoAeital n
ETULOTAMN TNG YVWOLOKNAG veupoducloloyiag, n omoia amoteAel KAASO TG YVWOLAKAG
Puxoloyiag. H emotApn aUTA PEAETA TN CUOXETLON TWV VONTIKWY SLEPYOCLWV TOU
€YKEDAAOU LE TIG YVWOLOKECG AELTOUPYLEC TOU avBpwrou (tnv avtiAnyn, T HUvAUN,
TIC QVONMOPAOCTACELG, TN vonon, TN YAwooo, tTn Aqyn amodpdcswv, tn Avon
MPOPANUATWY K.a.). O EVTOTIOUOG TWV AVWTIEPW VONTIKWY AELTOUPYLWV Elval KoTd
KUpLO Adyo ula Suvapikn €vvola Kol OXL TO00 OVATOULKA adoUl av Kal aUTEG oL
Sladkaoleg eAEyxovTal amO CUYKEKPLUEVEG EYKEDAALIKEG TIEPLOXEG, EVTOUTOLG QLUTEG
Ol TIEPLOXEG ETUKOWVWVOUV HETAEU TOuC. Ymapxel &SnAadn pa aAANAOCUGCXETLON
HETAEL TwV eYKEDAAIKWV TIEPLOXWV EAEYXOU OL OMOLEG AAANAETILKAAUTITOUV VONTIKEC
Olepyaocieg koL autdg elval kot 0 AGYoG mMou Tapd TIG eKTETAUEVEG PAAPeC R
TPAUMOTIOHOUC 0 eykédalog Slatnpel TNV LKAVOTNTA TWV YVWOLOKWY AELTOUPYLWV.
Toviletal edw OTL O£ YEVIKEC YPOUUEG, N yVwolak veupoduaololoyia eoTldlel otn
pueAétn Slatapoayxwv tNg eykedallkng dpaotnpotntag (eite Adyw aocBévelag n
TPOUMOTIONOU) HE OKOTIO TNV e€aywyr EVOC LOVTEAOU HUCLOAOYIKNC AsLlToUpylag.
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Xpnowun sivatl edw pla avadopad otn ducloloyia tou gykepalou. O eykEPaAog
anoteAeitatl ano duo nuiodaipla, To S&€l kal to aplotepo. Ta Suo nuiodaipla dev
€XOUV OUUUETPLKA Asttoupyia, SnAadn to kabéva Pplofevel Ta kEvtpa SLaPopPETIKWY
SeflotATwV Kol QVTIANTTIKWY  IKAVOTATWV. [0 OCUYKEKPLUEVD, OTO OPLOTEPO
nUodaiplo yivovtal Kuplwg oL AeKTIKEG, AVOAUTIKEG Kol AOYLKEG VONTLKECG SleEpyaCleC.
To aplotepo nuodaiplo eival umevBbuvo yla Tnv avtiAndn Tou xpovou, TNV outAla,
™ ypadn, tv avtiinyn tou Aoyou, ToV GUUPBOALOMO, TN AEKTIK HVAMN, TNV
avaAutik) oképn. Emiong elvat umevBuvo yla tnv emkowwvia pe Aé€elg katd
KuploAeéia, tnv emeepyacia TwV OKOUOTIKWV €PEBOUATWY KAl TNG adnpnpévng
nmAnpodoplag, TNV TMPOKANCN €eAeyxOUevNG cuumepldopdg Kal Tn OeutepOyEV
gepunvela oupmepldpopdg. e QUTO eKTeAoUvtal OlablKaCleEG OXETIKEG HE TA
HOONUATIKA KOl TN YPOUHUATIKY. ATtd TV AAAn, to dgél nuiodaiplo eivat unevBuvo
yla TNV omtikn avtiAnn tou xwpou, TNV Katavonon tTwv PETAPOPLKWY EVVOLWV Kall
TOU XLOUMOp, TN CUCYXETLON, TN oUvBeon Asyopévwy, Tn cuvaloOnuatiky ¢option,
TNV OTTIKI KV, TNV EMKOWVWVIA, TOCO PE TOVO GwVHAG 000 Kal PE EKPPACELG TOU
npoowrov. Emiong, n mpocoxn, n 6Lakplon TMOAUTTAOKWY OKOUOTLKWV TOVWV, N
TIPOKANGCN TOPOPUNTIKAG OupMepLdOpAG, Ta aloBnUATa, OL OCUYKLWNOELS, N
Snuloupykotnta, n davtacia kol n KaAATEXVIKN €kdpoon €lval Kol OUTEG
Aewtoupyieg mou eAéyyovtal amno to el nuiodaiplo.

Amo ta mopanavw, Kot cuudwva pe t Bewpia Nontikng Aoyikng écov adopd to
ouM\oyileoBal, TPOKUTITEL TTWG N CUVETAYWYN OXETL(ETAL PE TN YAWOOLKN LKAVOTNTA,
Kal dpo umootnpiletal Kupiwg amd to aploTeEPO NnUodaiplo Tou eykeddalou.
JUupdwva Opwg pe tn Bewpia tou NontikoU Mpotumou tou cuMloyilecBal, n
ouA\oylotiky mopeia Baciletal ota, ek GUOEWC XWPNTKA, VONTIKA CUVOAQ TwWV
KATaoTAoEwV ou kaBopilovtal amno tig npolnobéoelg. Avtiotolya, Aoylko Ba rAtav
ol cUAN\oYLOoTLKEG SLadikaoieg va AapBavouv xwpa oe TEPLOXEG TOU eykedDAAOU TtOU
glval umevBuveg yla tn amneikovion (6&€l nuiodaiplo). TeAkad, kat pe Baon tn yvwon
amo TG ouyxpoveg Bewpleg TMAVW OTOV TOMEQ TOUu avBpwrivou cuAloyilecBay,
UTIAPXEL OTNV ouoia €vag ouvouaouog SU0 cUOTNUATWY HE SLAPOPETIKEC VEUPLKEG
Olepyacieg mou eAéyxovtal otn OUAAOYLOTIKA Aoywkr. Ze autd To TAaiolo,
Slakpivovtatl 6uo ocuotApata wG €€AG: 1) €va €€eAKTIKA TOALO Kot SLaloOnTiko
cvuotnua, pe Slepyaoieg mou eival aotparmiaieg Kal aUTOPATEG €K GUOEWC KaL 2) Eva
€€eAIKTIKA KalvoUuplo cuoTnua, HE apyn, «pntn» Kat BepeAwdn ¢uvon, to omoio
oUVOEEL TNV KOVOTNTA €€0yWYNC CUVEMAYWYNG HE AOYLIKOUC Kavoveg, Seopevovtag
TOUG SLavoNTLKOUG «TIOPOUC» TOU UTIOKELWEVOU. o TO MPWTO cUCTNHA, HMOVO TO
Tpoidv tou cuAoylopou yivetal SlaBéouo otn ouveidnon, oe avtibBeon pe toO
cvuotnua (2) omou €XOUUE CUVELSNTN EMOMTELQ OXL LOVO TOU ATMOTEAECUATOG QAN
KOl TwV HEOWV TIou Xpnotpomotndnkav otn Stadikacia tou culoylopol. Ta Suo
outa ocuotnuata Bewpeital ot dev eival amoAUTwg Eexwplotd, aAAd Asttoupyolv
mapAdAAnAa kot pe apotlBaio tpomo otig Siepyacieg AnYng anoddaoswv.
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Oocov adopd oTn YEVIKOTEPN €pyaocio, OTo TAAICLO TNC OMOlOC EVTAOCOETAL N
napoloa SIMAWUATIKA €pyacia, autr €XEL OXESLAOTEL E OKOTIO VA LEAETHOEL LYLN
UTIOKElJEVA Ta omola Uumokewvtoal o€ 600 ouAloyloTikéc Slepyaoieg, Kot
OUYKEKPLUEVOL OTOUC £YKUPOUC GUAAOYLOMOUG Kal ota mapadofa (tng popdng mou
Slatunwoe o Zvwv o EAedtng).

Ol vontikég Slepyaoieg mou mpokaAouvtal anod ta napadofa tou Znvwva Kol oo
TNV €Maywylkl GUAAOYLOTIK TOU APLOTOTEAN, Qv Kal OTMOTEAOUV (OLVOUEVIKA
O0lOUCXETLOTEG CUAAOYLOTIKEG, daivovtal va ouvdEovtal e CUYKEKPLUEVOUC Babelg,
EUPUTOUC YVWOLAKOUG HUNXAVIOUOUC TIOU OXETL(ovtol HE TNV TMPoomabesla tng
Katavonong twv BepeAwdwy Sladikaolwy GUAAOYLOTIKAG OTNV TIO OKpaio TOug
nopdn. Eival aAnBela wotoco nwg n ¢uon twv Slepyaciwv mou oxetilovial Pe Ta
napadofa dev €xel peletnBel oe peyalo Babuod, adrivovtag Le AuTOV TOV TPOTO £va
avolxtd nedio ywa Babutepn €pesuva. Quolka Ttétolou eidoug €peuveg bev €xouv
HOVOo akadnuaiko evéladépov, alAd oxeT{ovtal OTEVA KAl PE TNV KALWVLKN TIPOKTLKN

[8].

AtileL va avadepBel mwg ol CUNOYLOTIKEG Slepyacieg OTIC OMOIEC UTIOKELVTAL Ta
UTIOKEIUEVA. TNG TIPOKELWMEVNG €EPYOOLOC E€lval TIPOCOPUOCUEVEG £TOL WOTE VA
TIPOKAAOUV TNV €pYaclOK UvAUN N MvAun gpyaciog (EM, working memory WM).
Juyxpoveg veupouyxoloyikeég avtiAnelg opilouv tnv EM wg v kavotnta twv
avBpwnwv (UToKelwévwy) va dlatnpolv MANPodopieg o€ ETOLUOTNTA, XPHOLUES yLa
NV mpayuartonoinon pog Slepyaciag mou mpaypatomnoleital ekeivn tn otyun [9]. H
EM AapBavel xwpo o€ TOAUTAOKEG YVWOLOKEC OSpaotnplotnteg, OMwWC O
oUA\oylopog, n emormtela, n emiluon mpoPAnudatwv, n AQPn amnodpdcswv, n
opyavwon kat n avalntnon/tpomonoinon tng e€kkivnong i TNG avAoToAng TNng
avtibpaong kat &gv avAKeL oTnV Katnyopia tng «amopvnuoveuong» autng Kabe
autng [10], [11]. Zuvenwg, n EM, cupmepl\apPavel, €kTOC Twv AAwWvV, Kal €va
KEVIPLKO EAEYKTIKO oUOTNHO. EMOUEVWCE, OTOXOC TNG UEAETNG, N omola €XEL VO KAVEL
HE UYL\ UTOKElPEva, eival o KaBoplopog tng vmapéng (N oxy) Sladopetikwv
eykedbaAlkwv Sopwv nAektpo-Ppucloloylkig dpaotnplotntag, Onwe avth daivetal
KOTA TNV Amekovion Twv pokAntwv duvautkwy (ERPs). KaBe melpapatikr didtagn
Kol cuvOnKn gival Tpomomnolnpévn £T0L, WOTE VA TIPOKOAEL TNV EpyACLAKA UVAN.

2.3 H pébodog peAeémng tov eyke@aiov mov BacileTal oTa TPOKANTA
Suvapka (ERPs)

H xprjon tTwv mpokANTwv SUVOULKWY amoteAel pa pun emeppatikry) HEBodo UEAETNG
™G eykePoALKNG SpaotnelotnTag Katd tn Slapkela LG yvwolakng Slepyaciac.

12



MpoKeLTal yLa TN HEAETN pLAG NAEKTPODUCLOAOYIKNC OIIOKPLONG OE KATOLO epEBLoaL.
TLelval OHWG Ta TPOKANTA SUVAULKA;

Ta mpokAnta Sduvauika (M.A.), (Evoke Potentials, EP) amoteAoUv €va TUAMA HLOG
HEYaAUTEPNG OpAdag Suvaplkwy, Twv Buwpatikwy Suvauikwy (B.A.), (Event-Related
Potentials, ERP). Ta teAeutaia eival ot dtadopég Suvaplkol Tou TPOKAAOUVTOL WG
AUeoN amokplon (1 KoL TPOETOLUAGCIO) TOU avBpWIOU O £V CUYKEKPLUEVO YEYOVOG
(yvwolakol, atobntikou ) KvnolakoU TEPLEXOMEVOU) KOl CUVHNBWE LETPWVTOL OTN
Sepuatikn emipavela tou kedaAlou. To yeyovog UTOPEL val TPOEPXETAL QMO TO
€€WTEPLKO, WG TIPOG TO UTIOKEEVO, TEPIBAANOV (TIPOKANTA SuvaULKA) 1 UMopEl va
amoteAel pa evdouxoloyikr Sadlkacia autol (ekmeumopeva SUVOHLKA —
Emmited Potentials). Itnv mapovca OUTAWMOTIKA MEAETWVTOL TO TPOKANTA
SuVOULKA, KABWG OTO TElPAUA TOL UTIOKELUEVA UTIOKELVTOL OE EWTEPLKA epeBioparta,
Kall yla Tov Adyo autov tautifovtal edw oL 0poL BLWUATIKA KoL TTPOKANTA SUVAULKAL.

Ta mpokAnta Suvapkad xwpilovtal o SU0 KUPLEG OUASEC, oTa evOOyevr Kal Ta
e€wyevn. Ta evdoyevr oxetilovtal pe TO PUXOAOYLKO QVTIKTUTIO TIOU TIPOKOAOUV Ta
efwtepka epebiopata otov avbpwrmo. Napatnpolvtal Touldyxlotov 70msec PETA
NV mapaywyr tou epebiopatog kot Siadopormolovvtal avaldywg HE Ta OV TO
epéBLopa elval euxaploto 1 SUCAPEDTO, YVWOTO I} AyVWOTO YL TO UTIOKEIPEVO. ATtO
™V aAAn, ta e€wyevr MPOKANTA SUVAULIKA TTAPATNPOUVTOL OE XPOVO ULKPOTEPO TWV
100 msec kat oxetilovrtal pe tnVv dla tn ¢puon tou epebiopatog (ouxvotnta, £vtaon
K.0.).

ErumAéov katnyoplomoinon umopel va yivel ota mpokAntTd Suvaulkd pe Bdon to
eldog Tou e€wtepikov epebiopatog mou ta mpokaAel. EMopévwe, Exou e Ta EAG:

=  AkouoTika TpokAnta O&uvauwka (AEP — Auditory Evoked Potential):
MpokaoAoUvtal amd KAMOLO OKOUOTIKO e€p€Blopa (tovol £vtoaong Kal
ouxvotnTwy, Aé€eLg, Stadopol nxoL K.a.)

= Ontikd mpokAnta duvauikda (VEP — Visual Evoked Potential): MpokaAouvtat
oo KAMOLo OMTKO epéBlopa (aAlayn XpwudAtwv 1 éviaocng ¢wIlouou,
€U avion €lKOVOG K.0L.)

. Jwpatoalodn
TIKA TmpokAnta OSuvauika (SEP — Somatosensory Evoked Potential):

MpokaAouvTal amod UKPNG SLAPKELAC KoL Eviaong NAEKTPLKO pel A TO OTOiLo
epebilel éva OUYKEKPLUEVO VEUPO.

Yuveyilovtag pe tn pEBOSO TNG UEAETNG TNG €YKEPOALKAG SpaocTnELOTNTAC UE TA
ERPs, autd  petpwvial HME  HEYAAn  afloruotia  kAvovtag — Xpnon

13



nAektpoeykedaloypadnuotog¢ (HEF). Me to HElM petpatat n  eykedalikn
SpaotnPlOTNTA TOU €YKEDAAOU ylO £V OUYKEKPLUEVO XPOVIKO Sidotnua. Tig
HUETPAOELG TIC TTOLPVOUE aTO NAEKTPOSLA TTOU €XOULE TOTIOBETHOEL OTO KEDAAL TOU
UTTOKELUEVOU. To BEpa TTou TIPOKUTITEL OUWG ival mw¢ To HET dev pmopel va dwoel
TIANPOPOPILEG YLt TNV ATOKPLON TOU €yKEDAAOU OE €val CUYKEKPLUEVO €pEBLopa N
Yeyovoe. Ma va To METUXOUME auTO Ba TpEmeL To umokeipevo va umoPAnBel oe
TANBo¢ petproswv (touldytotov 30) (time-locked SokLUEG) WOTE va TPOKUYPEL OTN
CUVEXELQ LA PEON TIUA TwV amoteAeopdTwy Twv HEN Kal dpa Katl TG EYKEDOAALKNG
SpaotnplotnTag mou w¢ amotéAecpa Oa SwWOoeEL ML OXETIKA KAUTUAR, TNV
emovopalopevn ERP. Ta mpokAntd Ouvaplka amaptilovtat amd Ttig «ERP
ouviotwoes» (“ERP components”) 6mou kdBe cuviotwoa avtavakAd oe eykedalikn
SpaoTNPLOTNTA TIOU CUOXETIlETAL PE ML ) TIEPLOCOTEPEG PUXLKEG AELTOUPYIEG.
ErutAéov, To yeyovog OTL T mpokAntd Suvauikd €lval onpata mou xapoktnpilovratl
oo EVTOVEG LETOBOAEG OTNV TTOAKOTNTA (BETIKA 1} apvNTIKA SUVALKA), OTO TTAATOG,
OTO XPOVIOUO KOl TNV KATAVOUN Toug oTIC SLadopeC TEPLOXEC TOU eykKePAAoU
UIopoUV va xpnolgonownBolv yla tn SLAKpLon Kol avayvwpeLlon YPuxoAoylkwy Kot
VEUPLKWYV UTIO-OLOSIKACOWWY TIOU TIEPLEXOVTAL O OUVOeTO yvwoloka /Kot
QVTIANTITLKA £pyaL.

Inuavtikn eival edw n avadopd ota MAeovekTAMATA TNG €eTAlOUEVNG LeBOSoL o€
ox€on Ue AAAeC PUCLOAOYLKEG HETPAOELS. Owe poavadEPONKE, TPOKELTAL YLO PLa
un emeppatikn kot dpa acdaléotepn pEBodo oe avtiBeon pe aAAeg pebodoug 6mou
HULKPONAEKTPOSLA TIPETEL VAL UTIOUV OTO ECWTEPLKO TOU EYKEDAANOU N TO UTIOKEILEVO
npénel vo ekteBel oe aktwoPfoAia (PET- Positron Emission Tomography /
Topoypadia ekmounng molltpoviwy). Emiong, n xprion twv mpokAntwv SuvaulKwy
QTOTEAEL LA OLKOVOWULKN ETILAOYN OUYKPLTIKA UE QAAEG QTIELKOVIOTIKEG peBOSOUG
(Fmri, PET) kaBwg n ayopd KoL n ouvinpnon evog nAektpoeykepoadoypddou eival
TIOAU $ONvOTEPN amo OTL GAAWV ATIELKOVIOTIKWY OUOTNUATWY. TéAog, pe ta ERPs
TIETUXAVOUE ApLoTN XPOVLIKA avaAuon (tng tdéewg msec), Xwpic WG va cuppaivel
TO (610 KO PE TN XwpPLKA avaAuon. AuTo eival Kal To KUPLO ELOVEKTNMA TNG HeBOSou
autAG KoBwg eumobilel TOV XPAOTN VA  QNMOMOVWOEL €VOL  OUYKEKPLUEVO
ouOTATIKO/KOUUATL Tou ERP artd o oAKo.

Jupmnepaivoupe Aomdv, WG OL TEXVLKEG TTOU XPNOLUOTIOLOUV Ta TIPOKANTA SUVOULKA
QIOTEAOUV XPNOoLUa gpYaAEiat TNV PEAETN TWV SlEpYACIWV TwV TANPOGOPLWY Kol
daivetal nwg eival evaiodnteg oe Aemteg veupo-PuxoloyikéG alhayeg [12], [13],
[14], [15]. Xd&pn otnv WotnTa t™¢ UPnANRg availuong, Ta TPOKANTA SUVOULKA,
UMOopOoUV va Yivouv TIOAU Xprolpa otnv HEAETN NG eykePaALKAG SpaotnpldtnTag
katd tn Stadikacia tou cuAdoylopol. O Baclkdg O0TOXOC TNG MaPoUcaC Epyaciog
glval va MOpoucLAcEL AUECO OTOLXELX YL TNV CGUOXETLON 1 KN TNG APLOTOTEAELOC
OUAAOYLOTLKAG (EMOyWwYLKOC GUAANOYLOMOC) KoL TOU CUAAOYLOHOU TTOU TIPOKUTITEL OO
v €kBeon ota mopddofa. Ml OUYKPLTIK MEAETN OUTWV TWV TPOTUTIWY
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gvepyomoinong otnv ApPLOTOTEAELD CUAAOYLOTIKN) KL EKELVNG TIOU OUVOEETOL UE TA
napadofa, pmopel va amokaAUPEL ONUAVIIKEG TTUXEG TNG OSlepyaciog Tou
OUAAOYLOUOU, CUOXETLWIOMEVNG ME TNV avTiAndn, TNV Mpocoxn KoL TN yVWOLlaKN
ouunepLPoPA. INUELWVOUUE OTL, AUTEC OL TTTUXEC lval aduvatov va yivouv epudaveig
HOVO HE TIG KAAOOLIKEG HeBOSOUG avaAuong TG cupnepLdopag.
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KEPAAAIO 3 TTEPITPAPH TON
[IEIPAMATQON XTA OIIOIA
BAXYIXTHKE H [TAPOYXA EPT'AXIA

3.1 H kevtpikn 16£a Tov TEPAUATOG

H 16éa tou melpapatog ekivnoe anod tnv undBbeon MwE UMAPXOUV VOUOTEAELAKEC
Aettoupyieg oL omoleg elval KOWEG yla pla opada avBpwnwv 6cov adopd oTLg
vonTlkéG Toug Olepyaoiec. Onwe avadépbnke kal mapamdvw, otnv mapolod
epyaocia efetalovral oL €yKupol cUANOYLOUOL Kal oL CUAAOYLOUOL TTOU TTPOKUTITOUV
and tnv €kBeon ota mapadofa. Emopevo eival Aoutov, AvOpwroL PE KOLVEG
VOUOTEAELAKEG AELTOUPYIEG OTIC TMOPATAVW  KATNYOPlEG OUAAOYLOHWY  va
napouctalouv avtiotola BLOAOYLKA CUATA HE OUOLOTNTEG. AfLOTIOLWVTAG AOLTOV TO
YEYOVOC QUTO UTTOPOULE VA KOTNYOPLOTIOLNOOUUE OE OUASEC TOL UTIOKELMEVA LE
KPLTAPLO TNV opolotnTa Twv Pndlakwv onuatwyv mou divouv. Apa avaioyo HE TV
€YKUPN OCUAAOYLOTIKN) KOl TNV KOTOVONon Twv mapadofwv MpayUOoTOMOLETOL OTNY
napovoa StmMAwpatiki n npoavadepbeica katnyoplomnoinon kabwg kat n e¢aywyn
CUUTEPACATOC TIEPL TNG CUOXETLONG I KN TNG APLOTOTEAELAG GUAAOYLOTIKNG UE TOUG
OUAAOYLOHOUG TTOU TIPOKUTITOUV amo ta tapadofa.

3.2 H oxetwkn melpapatikn Sidtaén kat n kataypagpn twv ERPs

Ma TNV MPAYyUATONOLNoN TOU CUYKEKPLUEVOU TIELPAUATOC, XPNOLUOTIOWONnNKe €vag
KAwPBO¢ Faraday pe otoxo tnv €€dAelPn Twv NAEKTPOUAYVNTIKWY TIOPEUBOAWY TTOU
Ba umopouoav va EMNPEACOUV TIG LETPNOELS . Ta EWTEPLKA AUTA NAEKTPOUAYVNTLKA
niedia pmopel va Snuoupyoulvtal anod Kwntd tnAEPwva, NAEKTPOKLVNTAPECS, YPAUUES
HETAPOPAC NAEKTPLKNC EVEPYELOG K.l ZNHELWVETOL E6W WG N AmOoBeon Tou PEGOU
niebiov Eemépvaye ta 30dB. Ma tnv kataypadr Tou nAektpoeykepaloypadriuatog
(HET) €ywe xpnon 30 nAektpodiwv Kpaviou (aobnTtripeg LETATPOMNAG TOU PEVUATOC
LOVTWY Tou epdaviletal péca OTO avBpWTIVO CWHA O PeVUA NAEKTPOVIWV PETA
ota kaAwdla, Ta onmoila otn cuvéxela to odnyolv o€ endueva otadla enefepyaciag)
KOTOOKEVUOOUEVA amd apyupo (Ag) kal YAwplouxo apyupo(AgCl) ta omoia
toroBeTnONKav otnv enipavela Tou KepaAlol cUpdwva HE TO «Taykooputo 10-20
ocvotnua nAsktpoeykedaloypadiac» [16]. H ovopaocia tou cuotipatog odeiletal
otnv emloyn tou 20% NG amootaong METAEU Ttwv SU0 AUTIWV WG TPOG ToV
anootaon avapeca o dUo omotadnmote NAekTpoSia kat otnv erloyn tou 10% tng
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QMOOTACEWG MeTafl Twv SUO AUTIWV WE TIPOC TNV OmOoTAcn oMo TO AUTL OTo
KOVTLVOTEPO TMPOG aUTO NAeKTPOSL0 Tou. Katd cuvemela, ol BEoelg Twv NAekTpodiwy
npooapudlovtal oavaloyo HeE TG OlLOOTACEL TOU KePAAOU TOU EKAOTOTE
e€etalopévou. Ml avamapdotoon TnG TonobEétnong Twv NAEKTPOSiwv oto KehAAL
Tou e€etalopévou cLuudwva Pe To UTO culntnon cuotnua Sivel n akdAoudn elkova
3.2.1.

" Preaurical
paint

Inion 10%

Ewcova 3.2.1: Avamopdoroon torolétnons niekpodiawv oto kepdli tov eletalouevon acoupmvo,
ue 7o 10-20 ovornuo.

EmutAéov, otnv ewova 3.2.2 mapouoclaletal oe popdn xaptn n Sataln Twv
NAEKTPOSiwV autwv. AUO nAektpddia, ocuvdedepéva otou¢ AoBoUG TWV AUTLWY,
efumnpetouv otn ANYn tou Suvaukou avadopdac.
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Ewcova 3.2.2: Tororoyixog yoptns ERP nlextpodiov meipduaroc

Front

Left Right

Back

Ocov adopd otnv kataypadry twv ERPs , amokAeiotnkav kataypadég pe EEM
pHeyaAutepo twv 75uV. H avtiotaon twv nAektpodiwv Slatnpoltav Slopkwg o€
eninmeda pkpotepa twv 5kQ. To eUPOC CUXVOTATWY TWV EVIOXUTWV £iXe oploBel ota
0.05-35Hz, pe OTOXO TOV QMOKAELOMO TapepBOAwvV amd TOo onfpo Tou SIKTUOoU
TIAPOXNC EVEPYELOG, Tou eival koboplopévo otabepa ota 50Hz. To meipapa
neplAappave kat kataypadn tng kivnong tov odOaApwV TwV UTTOKELLEVWY Ao Evav
nAektpo-odOaipoypddo (EOG). To mpokAntd Pro-buvauko cnupa Yndlomowbnke
pe puBuo deypatoAnyiag 1kHz. Ta onuata kataypddnkav yia dtadotnua 2000msec
(1000 msec mpLv amnod To mpwto nposldomnolntikd epebiopa (EEG) kot 1000 msec petd
ano auto (ERP)).

H kataypadn twv ERPs Opwg, mapoucldlel Kal KATIOLOUG TEPLOPLOUOUGS OL omoiotl
odeilovtal katd kKUpLo AOyo otnv Kataotaon tou eéetaldpevou. Mo CUYKEKPLUEVQ,
UTTIAPXEL TO eVEEXOUEVO 0 €eTallOpEVOC va cuvnBiosl/ mpooapuooTel ota eEWTEPIKA
epebilopata pe OMOTEAEOHA TO TIPOKANTA SUVOUIKA Vo pnV Kataypadovial e
okpiBela, pe tnv €vvola otL 6€ Ba avamaploTouV TNV TPAYUATLKNA aviidpaon mou Ba
€UPAVLIE UTIO KOVOVIKEG CUVONKEG TO UTIOKELEVO 0TO ep€Blopa auto. Emiong, peta
™V Apodo evOG XPOVIKOU SLaoTAUATOC 0 £EETA{OMEVOG EVOEXETAL VO KOUPAOTEL N
va PNV gival EMIKEVIPWUEVOG oTn dladlkaoia Tou TELPAUOTOC HE QTOTEAECUA VOl
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EMNPENCTOUV TA TIPOKANTA SUVAULKA TO0O o€ £vtaon 000 Kal € Xpovo. Mo auTto Tov
AOyo xpelaletal va UTIAPXEL KATIOLOG UEYLOTOC aplOpog emavoAnPewv méEpav Twy
omoilwv yivetat n mapadoxy OtTL oL UeTPNOELG dev elval mAéov aflomiotec. Evag
TPOMOG yLa va anodpeuxbel n e€olkeiwon Tou e€etalopévou e Ta TEpAPATA Eival va
UTIOKELTAL 08 OAAEMAAANAEG SOKLUEG TTOU OMWG udiloTavtal o amePLOSIKO XpOVvo.
Quoika, Ba MPEMEL va YIVETAL TOKTLKOG EAEYXOC TNG KATAOTAONG Tou e€etalOpEVOU
Kata tnv Slapkela TnG dtadikaoiag kataypadng.

3.3 ZUVOTITIKI) TIEPLY PAPT] TOV EPWTNUATOAOYIOV

Onwg €xeL N6n avadepbel, n mapovoa epyaocia eivol oxedloopévn €T0L WOTE va
evionilovtat SUo vonTkéG Olepyaoieg, n pa OXETI(ETOL LE TOUG EYKUPOUG
oUAAOYLOPOUG Kal N AAAN UE TOUG GUAAOYLOMOUG TTIOU TIPOKUTITOUV UETA oo €kBeon
oe mopadofa. MNa va mpaypatononBel Aoumov To MEPAUA KATAOKEUAOTNKE £va
EPWTNUATOAOYLO LE OXETIKEC TPOTACELC (EyKupa TOU APLOTOTEAN, apadofa Tou
ZAvwva) Kal {nTtbnke amo Ta UTIOKELUEVO VO ATTAVTOOUV OXETIKA HE TNV opBotnta
TWV MPOTAcEwWV autwyv. MapatiBevral ta €ng dUo evlelkTikad apadeiyparta:

1) ZIXETIKA LE TOUG €YKUPOUG GUAAOYLOMOUC, 80BNKaV OL MOPAKATW TPOTACELSG
oe KaBe ocuppetéyovta: «OAoL ol avBpwmot eival {wa. OAa ta {wa sivat
Bvnta. Emopévwg, 6Aot ol avBpwrol eivat Bvntol.»

2) IXeTIKA HE TOUC CUAAOYLOHOUG Ttou oxetilovtal pe ta apadofa, §60nkav oL
TIAPAKATW TIPOTAOEL; O KABOe ouppetéxovta: «Eva kwoluevo PBéENog
KataAapBAvel pia cuykekpluévn B€on oe kaBe otypun. AAG otav éva cwia
KataAapBAvel plo ouykekplpuévn B€on, TOTe eival akivnto. Emopévwe, to
BéNog bev umopel tautOxpova val KWVeltal kat va ivat akivnto [1].

3.4 Mia tepLOGOTEPO AVAAVUTIKN TIApovsiacn G Stadikaoiag Tou
TELPAUATOG

Adou enefnynbnke MARPwWG N MEPAUATIKN Stadikaoio oe OAOUC TOUG CUUETEXOVTEG
KOl LETA TNV TANRPN KATAVONoN NG oMo aUToUG, Ol CUUUETEXOVTEG elonABav otov
EMIONUO XWPO TOU TELPAMOTOC. TN OUVEXELQ, KABloav O amootoon €vog UETPOU
aro tnv 066vn tou umoAoylotr 6nou Ba eudavilovtav oL epwtrnoels. To dwudtio
Sle€aywyng Tou MEPAPATOC ATAV NAEKTPOUAYVNTIKA amopovwuévo. Mpwv and tnv
emionun €vapén Tou TEPAUATOG, 60OBnNKAV OTOUG CUMMETEXOVIEC 0ONnyieg Kal
TIPAYUATOTIOLNONKOV OPLOUEVEG SOKIUEG OTO TTAQOLO TWV OOKNOEWV EKMaldevong.
ITn ouvéxela, apxloav va sudavilovtal otnv 000vn pila pio ol oelpEC MPOTACEWV
OUVOSEUOUEVEG MO TNV €PWTNON «owWoTO | AdBoc». H Sldpkela epudaviong twv
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TIPOTACEWV ATV €UBEWC avaloyn HE TOV AplOUO TwV YPOUUATWY TIOU TIEPLELXE,

onw¢ daivetal kat otov nivaka 3.4.1.

JelpA EVEPYELWV

ALApKELO EVEPYELWV

‘Eykupn N mapadoén npdtaon
(omtkn avanapaoctacn)

Alapkelo avaloyn LE Tov aplBpo twv
YPOUUATWY OTLG TIPOTACELG TLY. Hia IPOTAON
anoteAoUpevn amnod 92 ypauuata, epdpaviiotav
ywa 11,04sec

kataypadn EEr

1000ms (kevn €lkova)

MpoeldomonTiko epédlopa 100ms
Kataypadr ERP 1sec
EnmavaAnmtikd mpoeldomnotntiko 100ms
epédlopa
Amavtnon Méoa oe 5sec

MNeplodog petal oAokANPwWong
NG amAvINong Kot évapéng tng
ETIOUEVNG OELPAG TIPOTACEWV.

4-9 sec

Mivakoag 3.4.1: Atadoyxn yeyovotwy kade SO0KLUNG

21N CUVEXELQ, TN B€0n TNG OELPAC TWV MPOTACEWVY |E TNV EPWTNON EMALPVE UL KEVN

€lkOva otnv oBovn yla éva dtaotnua 1000ms. Emelta, oslpd €ixe €va nxNTKO

TIPOELSOTIONTIKO ONUa evidcews 65dB, ouxvotntag 500Hz kat Siapketag 100ms,

0KoAoUBoUEVO MO €Vl TIAVOLOLOTUTIO TIPOELSOTOLINTIKO €p£OIOUO LETA OO £va

Staotnua 900ms. ITOUG CUUUETEXOVTEG {NTHBNKE va QMOVTAVE OTNV £PWTNON UETA

oo 1o SeVUTEPO NXNTIKO TPOELSOTOLNTIKO €p€BLlopa. ZnpelwveTal edw MW KABE

eldog epwtnong (éykupa ApLOTOTEAN,

napadofa ZRvwva oOTNV TIPOKELUEVN

Suthwpatikn) mepleixe 39 ouAoylopoug. OL cuppeTeExovteg Ba Empene cUudwva PE

TIC 0dnyleg va kpivouv kaBe évav amd autoug Tou¢ cuAAoylopoUG wG opBo n

AavOaopévo. AvadeEpetal emMAEoV OTL yla KABe UTOKE(PEVO Kol yla KABs Sokuun

kataypddnke o Babuodg epmiotooclvng NG Kplong tou/tng wg évag aplBpog mou

Kupawotav amd 0 (kaBolou oiyoupo) wg 100 (amoAUtwg oiyoupo). Onwg

avadépbnke TapamAvVW

€val  MUELOVEKTNHO TNC HeBOSou

kataypadng Tng

eykedaAlkng SpaotnplotnNTOG HECW TWV TIPOKANTA SUVOULKA Elval MW UETA amod

gvav aplBpd esmavoAnPewv twv SadlKAClwWY TOU TEPAUATOG, TO UTIOKE(HEVO

evbéxetal va efolkelwBel pe TIC ouvBnKeg Tou melpapartod. MNa tnv arnoduyn g

efokelwong autAg, n €vapén tng eudaviong TNG EMOPEVNG CELPAC TPOTACEWV
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KUpawotav amo 4-9sec YETA TNV OAOKANPWON TNG TPONYOUHEVNC TPOdOPLKNC
anavinong. Ztov mivaka 3.4.1 napouotaletal pa mAnpng dtadoxn Twv Sladkaclwy
NG KAOE MELPOAPATLKAG SOKLUAG.

3.5 XapaKTnploTikd Tov TANBVG oV 6TOV 0TIoloV £YLVE TO TLE(PALO

H nmapouoa epyaocia elval eyKeKpLUEVN amo tnv enttpomnr dgovtoloyiag tou Mental
Health Research Institute (UMHRI). ZuvoAlkd 0TO TElpAA CUMUETELXQV TTEVAVTA €val
umokelpeva n péon nAwkia Twv omoiwv NTav 33,6 xpovia Pe TUTKn amokAlon 9,1.
AdoU evnuepwBnKav TMANPWE OXETIKA He TN Sladlkacia Tou MEPAPATOC, OAOL oL
OUMMETEXOVTEC AVEEALPETWE €6wWOoOV YPATTH OoUYKATABEDON. INUELWVETAL E6W TWC
oMol eixav ¢uacloloylkrp Opaon Kal KovEvag Oev elxe VEUPOAOYLKO 1 YPuUXLATPLKO
LOTOPLKO.

21



KEPAAAIO 4 ATTAPAITHTH
[IPOEIEEEPTAXIA TON
AHOOENTON ERPs WHDIAKON
LHMATON

H kataypadn mou mpayuatonow|Bnke oTo oUYKEKPLUEVO Telipapa adopouoe KABe
NAEKTPOSLO KOl KABE €pwtnon exwplotd. ZUVOALKA, yla KABe epwinon oe €va
umokeipevo kataypdadnkav 2000 deiypota (ekppacuéva oe mV) oe 2sec , TOU
UTIOSELKVUEL WG N Teplodog deypatoAndiag Atav 1msec. Mo CUYKEKPLUEVA, OTA
npwta 1000msec €ywve kataypadn tou EEG evw ota emdpeva 1000msec tou ERP.
JupBoAiloupe TN ouykekplpévn akoAoubia dedopévwy pe to cuPoAo Sxk,q,,- , Omou
UE X kaBopiletal to €ldog TNC EpwTNONG (emopévwg, To X maipvel eite TNV
TN V otav peAetdpe Toug €yKupoucg cuAloylopoug, “Valid reasoning” , elte Tnv TN
P otnv nepimtwon twv napadowv, “Paradoxes”), ue k umodnAwveTal To UTIO LEAETN
NAekTpOSL0, Ue q KaBopiletal o aplBUog TG EpWTNONG oToV omoiov BPLOKOUACTE TN
6ebopévn otyun ¢ kataypodnc, Kat pe j cupPBoAiletal To UTTOKEIPEVO TO OTolo
pueAetape. Exovrtag wg otoxo tn Heiwon tou onupatoBopufikou Adyou (signal-to-
noise-ratio, SNR) yla to kdBe éva amo ta UTIOKEIPEVA, yia KABe NAekTpddLo Kal yla
kKaBe €idog epwtnoswv akoAoubnbnke upla tumomolnuévn Swadikaocia, n omoia
napouotaletat akoAoUBwcg [20]:

A) MNa va netuxou e e€adhewdn BopuPou naipvoupe yla kabe epwtnon EexwpLota tov
HECO OpO TWV TWHWV Tou hAektpoeykedaAoypadnriuato (EEG), dnAadn twv THwv
mou Kataypadnkav ota 1000 mpwTa mMsec MPLWV oo TNV IPWTN NXNTKA Sléyepon.

ZupBoAilou e TNV uTtOAOYLIOUEVN QUTH TTIOCOTNTA WG axk'q'j .

B) Adalpolpue ™V wG Avw moootnTa (axk,q,j) anod TNV apxlkd Kotaypadouevn
akoAoubia ( Sxk’q’j ) kKat Aappdavoupe pla petadppacpévn ekdoxr Tou Sxk,q,j TNV omnoia
ouuPoAiloupe pe tov (6lo tpomo. Ouolaotikd adalpolpue tn dc cuvictwoa ota 1000
TIPWTO MSec.

I Ztn CUVEXELQ, TINPALE TN LEON TN TG akoAouBiag Sxk,q,j Kal yla TG 39 EpWTNOELG,

AapBavovtag £ToL T HESN KapmUAn Sxk,j .

A) Mg 6polo TpOmo UToAoYICaUE EMELTA TOV PEGO 0p0 Twv 1000 MPWITWV TLUWV TOU

Sxk,j Kol cupBoAicape Tnv moooTNTA PE axk,j .
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E) Téhog, adalpéoape TNV TeEAevTaia moootTnTa Anod T HEon KAaumUAn mou AdBape
oto Brua I Kol WG AMOTEAECHUA TIPOUE TNV KOUTTUAN Sxk,j _n omola amoteAel évav
HECO 0pO TwV EEl TwV UTOKELUEVWY YLO VA CUYKEKPLUEVO NAEKTPOSLO Kal yia (60¢
EPWTNOEWV EVA CUYKEKPLUEVO NAEKTPOSILO.

IT) Adaipeon Twv teAevutaiwv 650ms Aoyw tuxaiag apvnTikng LeTaBoAng (cognitive
negative variation)
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KE®AAAIO 5 EQAPMOI'H
[TPOTOTYIION
METAYXXHMATIXMQON XTA YHMATA
[IPOKAHTON AYNAMIKQON KAI
OMAAOIIOIHXH TOYX

Ta Pnoloka onuata mou AABOUE UETA TNV OPXIKA ToOug emefepyacia, OMwg
avaAuBnke mapandavw, Sev Ta Kpatrooue oAOKANPA, aAAd HOVo €va HEPOG Tou . Mo
OUYKEKPLUEVA, Dewpwvtag wg apxn TNV €vapén Tou MPWTOU NXNTLKOU ONUOTOC,
KPOATHOOME O,TL UTINPXE OTO XPOVIKO Stdotnua (101, 400]ms. Auto to Slaotnua
eneAéyn yLa toug €n¢ Adyouc:

Ano ta mpwta 1000ms (mpv SnAadn tnv MPWTn NXNTIKA SLEYEPON) KPATHOAUE T
100ms (Ba pmopoucape va Kpatriooupe Kot ta 1000ms) ta ool XpnoLUOTOoLCaE
HOvVo yla tnv adaipeon tng dc ouviotwoag. Ekel Bewprioape povo ¢alvopevika
BopuPwdec onpa ocuvrBoug eykedpallkng Aettoupylag Kal OxL TPOKANTO onua. Itn
ouvExela, oto Seltepo SeutepOAemTOo (oTa emdpeva 1000ms SnAadn) KpaTHoAE TO
Staotnua (101, 400]ms edpooov Bewpriooupe WG apxn TNV €vapén NG NXNTIKAG
S1éyeponc. Ta umtoAouta 600ms (arnd 401 wg 1000ms) ta kKOPape KaBwg o EKelvo TO
Sldotnua epdaviletal éva dalwvopevo yvwotd w¢ tuxaia apvntikn HETABOAN
(Contingent Negative Variation 13 oe ocuvtopia CNV), to omoio 6a avaAuBeil otn
OUVEXELA TOU mapovtog kedpaiaiou [17], [18].

Ma To OMOKOUUEVO QUTO onua Ba XPNOLLOTOLCOUE TOV CUUPBOALOUO ka,j ,0TIoU
OTWG KoL Topamdvw wYVEL wg To X UumodelkvUel to €(60G¢ Twv UTO HEAETN
epwtnoewyv, 10 k avadépetal oto umo peAétn nAektpodlo (e efaipeon ta
NAEKTPOSLa Ttou ival ouvdedepéva oto AoBO Twv AUTIWVY), Kal TEAOG To j Seiyvel To
UTIOKE(LEVO OTO omolo Bplokopaote tn SeSopévn OTLyUN.

Y€ MPONYOUHEVO ONUELO TNG SUTAWHATIKAG, €YLVE avodopd OTNV KEVIPLKA LOEA TOU
TIELPAOTOC KOL UTIOYPOAUULOTNKE N UTOBe0oN Twg peE BAoN TG VONTIKEG Slepyacieg
TouC oL avBpwrol duvatal va KatnyoplomotnBouv avaAoyo HUE TIC VOUOTEAELOKEG
Toug Aeltoupyiec. TovioBnke emiong mwg KAmola avtiotolyn VouotéAselwa Ba
eudavilotav kat otn popdn Twv BloAoylkwyv ocnudtwyv mou Ba Aaupdavovtav ano ta

’ ' ' r X r ) '
utokeipeva kat dpa ko ota Pndrakd oripata Ry ;. YroBétoupe Aoundv twpa, mwg
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UTTOKELEVA TTOU Ttapouactdlouv Kolvr) GUAAOYLOTLKA TIOPELa KAl Apol AVAKOUV OTnV
(6la opada, Ba xapaktnpilovral and pia Kown Weatr MPAOTUTN KAUTUAN, ThY ka,j .
Ta onuata ka,j Twv 6ladOpwV UTIOKEWEVWY TIAPVOUV €TOL TOV POAO  HLAG
«BopuBwbdouc» ekdoxnG Tou ka,j . EmutAéov, Bewpolpe mwg n moapapopdwon tou
ka,j Tlou mopayel ta Stapopa ka,j odeiletal ota €€NG: a) o €vav aLTLaTo Kal B) ot
OTOXa0TIKO B6puPo. H vouoTteAELOK OUVIOTWOA TNG TAPAUOPDWONG OXETITETOL E
eyKePaAKEG AeLlToupyieg oL onoleg dev emnpealouv TN Hopdr TOU CNUOTOC ka,j .
EldikoOTEpPQ, BeWpPOUE OTL AUTEG OL EYKEPAALKESG AELTOUPYLEG eV ECaPTWVTAL ATIO TLG
€€NG MopapETPOUC:

1. Ano tnv évtaon / MAATOG TOU EKMEUMOMEVOU NAEKTPOUAYVNTIKOU KUUATOG,
TIOU aVTaVaKAAQ oto TAATog Tou ERP.
2. Amo tnv TaxUTNTA TNG AVTiSpaong TOU UTIOKELUEVOU.

Mpokelpévou Aoumov va anaAeioupe To pOAO TWV ALTLATWY AUTWYV CUVIOTWOWYV 0T
avtiotolya ERPs, edappolouvpe ota PYnolakd onpata twv ERPs katdaAAnAoug
HETAOXNUATIOHOUG. MapdAAnAa, yla tn HEWON TNG OTOXOOTIKAG OUVIOTWOOG EXEL

avamntuxBel pa véa mpooéyyLon mou Sivel pia Kokr eKTipnon Tng ka,j KOLUTTUANG.

AedopéVOu TOU YEYOVOTOG TWG TIEPLOXEG TOU €YKEPAAOU TOU €Udavi{louV KOLVEG
KOLUTTUAEG ka,j , Ba epdaviouv kat ko eykedalikn Spaotnplotnta, akolouBeitatl
n dtadikacia mou Ba neplypadel oto mapov kepaialo (mévte) aAAd Kol 0TO EMOUEVO
(€€n), ywa TNV KOTNyOplOTIOiNON TWV UTIOKEWMEVWY avAAoya HE TNV «EyKupn
OUAAOYLOTLKA» TOUG aAAQ KOlL TNV «KaTAVONnon tou apadofou».

Eld1kOTEPQ, 0TO Mapov kedpalalo emiteAovvTal Ta €ENC :

% Bnua a: e kabe éva amd TA ONpATA ka,j  TIOU QVTLOTOLXOUV OE €va
OUYKEKPLUEVO NAEKTPOSLO, €POpUOlETAL LA OEPA HUETACKNUATIOMWY HE
OTOXO VO KATAOTEIAEL TIG VOUOTEAELOKEC OTIOKALOELC HETAEY TWV ONUATWY, Ol
OTIOLEC AVTLOTOLXOUV OE OUYKEKPLUEVEG SLAdOPEG OTIG VONTLKEG AELTOUPYIEG
Twv Sladoépwv umokewevwy. OL petaoxnuatiopol autol adopolv otnv
QITOKATAOTACN TOU TTAATOUG KOL 0TN XPOVLKN opoloBeoia.

+ Bnua B: Opiletal pla ouvaptnon opaApatog n onoia utodelkvUEL Tov Babuo
opolotntag duo KaumuAwv. Quaotkd, n cuvaptnon auth AapBavel umtoyn g
TOUG UETAOXNUATIOMOUG Tou £dapudéobnkoav oTto oHUO OTO TPONYyoUUEVO
BAua kat eival otnv oucia aveédptntn amod TNV €VEPYELD TOU TPOTUTIOU
ONUATOC.

s Bnuo y: Xto PBAMO autd OToxo €xoupe T Snuioupyia UTIO-OHAdWY
TAPOUOLWY  KOUMUAwV. Mpog autd €ywve PBEATIOTN TMpooappoyn Twv
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KOUTTUAWV ka,j, XPNOLLOTIOLWVTAC TA ATOTEAECHATA TWV Bnuatwy a) kot B).
Mo ouykekpLuéva, BEToupe KABe dopd WG KAUMUAN avadopdg To onua ka,j
EVOG UTIOKELUEVOU Kal Tpooapuoloupe BEATioTa o autd ta ERPs 0Awv twv
UTTOAOITIWV CUHMETEXOVTWY, TTAVTA yLa TNV dla opdada epwtioswyv X (Valid
Paradox) kal mavta UETA TNV £DAPHOY TWV TPONYOUHEVWY SU0 Bnudtwv.
Me Baon €va KaAd emAeyUéVOo KATwdAl, 600 TO OPAAUA TPOCAPHOYNAG
ETIOLPVE TIUEG LUUKPOTEPEG TOU KATWALOU, KATATACCAE TLC TTPOCAPUOCUEVEC
OUTEG KAUTUAEG otnv dla umo-ouada ka,llj . TeAk@, yla kaBe éva amnod ta
ERPs (kalj) Tou opiloupe WG KOUTUAN avadopdg, MOIPVOULE ULa avTioTtolyn
umo-opada ka’i’j amoteAoUpevn amd ERPs AAAWV OCUUUETEXOVTWV TIOU
taptalouv  BéAtiota  otnv  KOUTMUAN avadopdg, kobwg 1O odAApa
TIPOCAPHOYNG TOUG EXEL TN ULKPOTEPN ATTO TNV TIUA TOU KatwdAiou.

5.1 To @awodpevo g Tuxaiag Apvntikng MetaoAng (Contingent Negative
Variation, CNV)

Oa oakoloubnosl €dw M ouvtoun avaluon tou d¢awvouévou tou Contingent
Negative Variation (CNV) onuatoc. To CNV eival éva apyd eEeALOCOUEVO TIPOKANTO
Suvauko (event-related) apvnTikng TIUAG, TO omolo kataypAadeTal otnv empaveLa
Tou KedaAlovu Kal mapatnpeital pe t BonBela nAektpoeykedparoypadrpatog (HET).
JUYKEKPLUEVQ, €lval éva apvntikd Suvaplkd, To omoio aviavoakAd tn Stapopdwon
Tou HEM onuatog katd Ttn XPOVIKA Oldpkelo HeTall SU0  SLAKEKPLUEVWY
epeblopdtwy. To mpwTto lval To mpoeldomolntikd epgBiopa S1, To OMoilo OUCLOOTIKA
nipoeldormolel mwg Ba umtdpéel éva Seltepo epeBLOUA, TO EMLTAKTIKO epEBLOUa S2. To
CNV amoteAeital and yvwolakd Kol KLVNOoLOKA CUOTOTIKA Kol epdavileTal Katd Tn
SldpKeELa TNG AVAPOVAG Yl dia amokplon, dnAadn Kotd TNV MPOCUOVH Yyl Ui
amavtnon. Me al\a Adyla, To UTO OavAAUCN Onua TPOKELTAL ylo €vav Selktn
S1Eéyeponcg tou eykedaAlkol PpAolol KaTd TNV avopovn plag anokpiong [21]. Qotooo,
N VEUPOAVATOWULKA AElTOUpPYLK Tou Bdon bev elval akopa TMARPwWC Kotovonth.
Ovtwg, oo awwva mepimou HETA TNV avakaAuPn Tou CAPOTOG TUXAloG apvNnTIKAG
petafoAnc [26], bev eival akopa anoAlTwg EekdBapn n attia mou tpokaAel autod To
opyd €€EALlOCOUEVO, APVNTIKNAC TG KUpO oto HET otav éva ATopo avapevel éva
YEYOVOC Kamolag onuaotag [22].

Amo Tta mpwta xpovia TG avaluong tou, €xeL mpotabsl mwc to CNV, Kol Lo
OUYKEKPLUEVO TO TTAATOG TOU, AVTAVAKAQ TO TTPOOSOKLUO, £va KivnTpo Tou oxeTileTal
HE TNV POBeoN Tou UTIOKELUEVOU va Spaoel [22] kal [27]. To mAdtog Tou Bewpeital
€vag autopubuLlOpeVOC eYKEPOAALKOG UNXAVIOUOC TIOU UTTOSEIKVUEL TNV KOTAOTAON
¢ emefepyaciag yvwolakwy epeblopdatwy. MoAAEG €peuveg €xouv Oeifel OTL TO
mAato¢ tou CNV onuatog aufavetal KOtd Tn SLAPKELD KATOLAC Amaitnong mou

26



XPELAlETOL TPOCOXN KOL MELWVETAL ONUOVIIKA HE TNV TOPOUCIO KATOLOU
epebloparog mou amoonad tnv npocoxn [17], [28]. Ztnv neplmtwon Tou MEWPAUATOC
pHog 6nAadr, to MAATOC TOU OAUATOC €lvol oAoéva Kol HEYQAUTEPNG TIUAG OCO
OQMOMOKPUVOUAOTE amo To Tposldomolntikd  epeblopa (mpwtn  NXNTKA
npoeldomnoinon) kot MANCLA{OUUE TIPOG TO ETUTAKTIKO gp€Blopa (§e0tepn NnXNTIKA
npoeldomnoinon), KabBwg TOTE MEYAAWVEL KAl n amaitnon TmPocoxng, Evw
QOOKPUVOHQAOTE XPOVIKA Ao TNV Mapoucia Tou epeBloUATOC TTOU AMECTIO0E TNV
T(POCOXN TOU UTOKELWEVOU [23]. Mevikotepa, lval yeyovog mMwe To GALVOUEVO TOU
mAatoug tou CNV onuatog eival yevikoU evdladépovio¢ kabwg avtavakAd pia
HEYAAN TOKIAlO VEUPpWVIKWY, Puxoloykwv Kal veupodlofifaotikwy emidpacewyv
NG eyKeDAALKN G AslTOoUpYLaC. ZUMMANPWHATIKA avadEpoupe tnv anon twv Leifer,
Otto, Hart, & Huff [29], Loveless [30], Naatanen & Merisalo [31], mw¢ To MTAATOG TOU
CNV avtavakAd CUYKEKPLUEVO TO TIPOOSOKLUO, TNV TIPOCOXN KAl TNV TPOETOLLACLO
[24].

Edbdoov Aoutdov to CNV eival aueca efoptwpevo amd ta epebiopata mou
npoavadEPAE, KoL 0TNV ouoia OXETI(eETOL AUECA UE TNV OVAUOVH Yla To SeUTEPO
epéOlopa, TiOeTOl TO €pWTNUO TOU TL YIVETAL OTNV TEpIMTWon OnMou £XOUMUE
emavaiAnyn ¢ nelpapatikig dtadikaoiag kataypadng tou HEF (kat apa tou CNV)
OTO (610 UTTOKEIMEVO Kal EMOUEVWE, AUTO va cuvnBioel ev pépel TNV OAn dladikaoia.
Ot Timsit-Berthier, Gerono, and Rousseau [32] HETA TNV MPAYUOTOMOLNGCN HLAG
mAnBwpag kataypadwv HElM oe eBelovtég mou Ppiokovtav oe ¢ucololoyikn
kataotaon dlaniotwoav otL Ta mAAGTn twv CNV onuatwy PHetaBAAAoviav onuovTLKA.
H &lakupoavon ywa tnv i6ta ouvedpla epunvelBnke WG «EYKALLOTIONOGY KoL
oakoAouBnBnke anod pla otabepn mepiodo. H peiwon katd 40% otnv apvnTIKOTNTO
mou mapatnpndnke katd TN Oldpkela NG ouvedpilaong uTOTEONKE OTL
QVTUTPOOWTEVEL TNV «efolkeiwon». Emiong, umnpée ula onpavtiky Helwon oto
mAato¢ tou S1-S2 katd TtV mdApodo Tpwv eRSopadlaiwv ocuvedpldoewv.
INUELWVETAL TIWG YlO Ta gupnuata Hetaty twv ouvedplwv Sev mpoPAEédOnkav
OUVTEAEOTEG OUOXETIONC. Elval ¢puoikad avapevouevo mwe ta péon mAdtn twv CNV
aAalav avapeoa OTIC CUVESPLEC. I€ YEVIKEC YPAUUEG, OL KATAYPAPEC TWV CNUATWV
QUTWV Xpnotlpomnolouvtal w¢ epyaleio otnv afloAdynon kat Stdyvwaon VEUPOAOYLKWY
Statapaywv Kat Puxoloylkwyv Kataotacewv. Emopévwe, kabiotatal duvath He thv
EMAVATPAYUOTOTOINON TwV TEPAUATIKWY Kataypadwv twv CNVs n ouykplon
otpatnylkwyv Beparmeiac and amoyn amoteAeopdtwyv. Eva spwtnua mou tibetal
glval av autég ot alayég ota mAAtn twv CNVs katd TG emoavoaAapBavopeveg
UETPOELG odellovTal o€ TPAYHUOTIKEG UETABOAEG oTn Asttoupyia tou eykeddlou N
oe mBavn aotdbesla tng dlag tng kataypadikng Siadikaociag. YmApXEL YEVIKA N
amoyn Ot Ta mpoavadePBEVTO CUUMEPACUATA TIPOKUTITOUV YEVIKOTEPA OTAV
afloloyouvtal SuVaULKA cUCXETI{OMEVO UE KATIOLO YEYOVOC [24].
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Aebopévou otL to CNV avanmtuooeTal LOVo OTOV QTIALTETAL KATIOLA AOKPLoN O€ €val
OXETIKA TIPOPBAEP LU0 XPOVIKO SlaoTnua, YiveTal epdaveg WG UTIAPXEL €ApTnON amo
KATIOLO. OUYKEKPLUEVN XPOVLKA TIPOETOLUACIO KAl AP0, Amalteital n kavotnta
EKTLUNONC TOU XPOVOoU. H Lkavotnta auTr €XEL CUXVA EPUNVEUBEL He xprion HOVIEAWY
XPOVLOUOU, OMwE €Kelvo tou Pnuatodotn-cucowpeutn [33], [34], [35], [36], [37],
[38]. Aebopévng tng opoldtnTag MeTagy tou CNV Kol Twv UMOTIOEpEVWV
XOPAKTNPLOTIKWY TN SLaSIKACLOG CUCCWPEUCNG OE QUTA TO LOVTEAQ, €XEL TpoTaOEL
otL to CNV eilvat n umoypadry €vOG VEUPWVIKOU UTIOCTPWHATOG TOU XPOVLKOU
cuvoowpeut [39]. ZUpdwva HE TOUG UTIOOTNPLKTEG TNG AmoPng QAUTAG €XOUuV
TPAYUATOTONOEL KATIOLEC EUMELPIKEC UEAETEG, OL Omoie¢ umootnpilouv TNV
TIAPATIAVW UTIOBEGCN WE TNV €vvola WG av To MAATog Tou CNV oxeTIleTal LE TIG TLUEG
TOU XPOVLKOU cuoOowpeUTH, tapalayyég oto CNV Ba €mpemne va avtavakAwvToL oth
XpoVLKkn enidoon. To mMpwTto Meipapa mpayupatonolidnke and tou¢ Macar, F., Vidal,
F., and Casini, L. [40], evw, emiong akoAouBnoe pia PEAETN- amAvtnon amd Toug
Kononowicz, T. W., and van Rijn, H. [41]. Toviletal nmwg unipéav kat aAAa mapopoLa
TELPAPOTO TIOU OKOTO €iyav tnv €vdelen maparaywv tou CNV mou oxetilovtal pe
Vv enidoon, opwg &g Ba yivel mepetaipw avaAucn Toug otnv mapoloa epyacia
KaBw¢ eV aMOTEAEL AVTLKEIEVO TNC.

Qotooo, av kol otabepeg, e€aptwpeves amo tnv enidoon napailayéc tou CNV Ba
anoteAovoav amodelEn tng umobeong mw¢ to CNV pmopel va amoteAel tnv
uroypadn evog VEUPWVIKOU UTIOCTPWHATOC TOU XPOVIKOU CUCCWPEUTH, Kaula ano
TG Mpaypatonolnfeioeg LeAéTeg Sev €6wOE KATNYOPNUATIKY OMOSELEn UTEP TNG
amoPng autng. TiBetat emopévwg To INTNUA TOU TL TEAKA EKMPOCWTEL N
apvnTkotnta tou CNV, av Oxt TNV avtovAakAaon TOU OUCCWPEUTH XPOVLKNG

mAnpodopiac.

Mua eme€rjynon tou datvopévou CNV uTtoBETEL OTL QUTO AVTAVAKAQ TNV ETOLLOTNTA
N TNV TPOETolacio yla TNV emnefepyacioc €vog yeyovotoG avti TNG XPOVIKNG
ouoowpevoNnG. Zupdwva pe tnv anodn auth, N avfavopevn apvnTkotnta (n omola
obnyel oe pewwpéva opla emefepyaciog mAnpodoplwyv) aviavakAd tnv npoodokia
€VOG EMEPYOUEVOU KAl OXETLKOU yeyovoTtoC. MNa tnv umoothiplen t¢ anoPng autng
€xouv nmapaocyxeOel dedopéva PeTa amo TV mpaypatonoinon €épeuvag anod tov Elbert
OXETKAG 1e CNV [42], kaBwg kal Eépeuvag mou ékave xpron tng fMRI pebddou. Meta
ano pia oelpd cuyxpovwy HEAETWV aro Toug Forstmann kat van Maanen, [43], [44],
oL omoiolL xpnolwuomnoinocav mapopola emxelprpata pe tov Elbert, éywve eudavég
WG N CUCCWPEUON TNG APVNTIKOTNTAG SV amOTEAEL TNy XPOVIKNAG MAnpodopiag,
AN CUVETTELO XPOVLKNG TIPOETOLLOOLOC YLO £Va EMEPYOUEVO YEYOVOG [22].
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5.2 E@appoyn katdAAnAwv petaoxnuatiopwyv oto ERP onjua

ApxKa, edappoletal n nEBoSOC TNG XPOVIKAG opoloBeaiag oto onua ka,j WoTE va
AndBOel umoyn o mapayovtag TG KABUOTEPNONG OTNV ATIOKPLON TOU CUHUETEXOVTO.
H xpovikr opoloBecia yevika €xelL wg €€NG: o€ €va oA ouvexoug xpovou x(t) o
HETAOXNMATLOMOC opileTal wg X(At) 6mou to t adopd Tov Xpovo Kal To A anoteAel Tov
napdyovia opoloBeaoiag. Itnv nepinmtwaon mou To onpa eivat Pndlako, Eotw X(t;), ot
TIMEG HETAEL TwV SELlyUATWY Elval AyVWOTEC He eMakoAouBo va elval AyvwoTo Kal To
X(At;). Ma va mapakdpPpoupe autd to eumodlo, ePpapuoloUUE APXLKA YPOAUULKA
napeUBoA} oto onua pe okomo va e€aodaAiloupe TN CUVEXELA AUTOU KOL TNG
TPWTNG TOPAYWYOU ToU oTa onueia SeSopévwy.

Ooov adopd Twpa T dtadopég ota mAdtn twv ERPs, epapuolouvpe tn pEBodo NG
opoloBeciag otov Kkatakopudo afova Twv y. Me TV edapuoyrn Tou
HUETAOXNMOTIOMOU auToU o€ €va onpa x(t), maipvoupue éva onpa ax(t).

TeAlka, pe tnv edappoyrn Kol Twv SU0 HETAOXNUATIOHWY O €va onua x(t)
AapBavoupe we anotéAeopa to onua a x(At).

5.3 EmAoyn kKatdAANA0OL G@AANATOG TIPOCAPLOYTG

MNa va e€dyoupe tTn oxéon Tou odAApaTog, Bewpol e MwE €0Tw To onpa y(t) eivat n
KOUTUAN avadopdg Kal to onua x(t) n kaumnuAn otnv omoia Ba epoappootolv ol
HETAOXNUATIOMOL TToU avaAuBnkav otnv tponyouuevn apaypado. AeSopévou nwg
emBUPOUE TN oLYKpLlon Twv SU0 AUTWV CNUATWVY UITOPOUUE VA 0plooupe TV €€NG
ouvaptnon ocpAAUATOG TPOCAPHOYAG :

1552000 - ax(0)) dt
El:g_l/-'_:l = E -1

.r:.:-: _1':(t}ﬂ11'7 (1)
L2

vidt
Mpodavwe¢ 0 TOPOVOUAOTAG J;f €xel eloaxBel ywa va amnaAeipoupe tnv

€€ApTNON TNC TIUNAG TOU OPAAUATOG OO TNV EVEPYELD TOU TIPOTUTIOU CHHATOG Y(t).

H ox€on autr YUETATPEMETAL OO OAOKANPWHA O ABPOLoUA OTNV TIEPLMTWON TIOU T
onuarta sivat Pndlaka.
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5.4 Mia mpwtn opadomolnon Twv TPOKANTWY SUVAUIK®WV aVA TIEPITTWON
AplotoTtéAelag Kal Tapadong AoyLkng

Na tnv opadomoinon edapudletal apxlk@ n HéEBodOC mpooapuoync.
Mpocapuolovpe BEATIOTA TIG KOUMUAEG y(t) kal x(t) L€ow TG TPomomoinong Twv
Tapayoviwyv opoloBeoiag o kat A étol wote va HeEWBel To odpaAua g(a,A) ou

oploBnke avwtépw :

s(c A) = 172 ((,07(5,2 - £, 150’2 x"2 (AT + £,1) )dt] /0D 62E B2 1 do+ (072 — ¢

(2)

Ma tn peiwon Tou opAAMATOC UTIAPXEL AVOAUTLKA AUGON N omola TIPOKUTITEL Ao TOV
UNSEVIOUO TNG MPWTING Tapaywyou (Ttng KAlong) tTng ouvaptnong tou odpAApaToC.
SUYKEKPLLEVD, N T O Tou kaBlotd oTaBepd To odbdhua &@A) we npoc o a
opileTal wc:

ﬂ'El

ﬁ =0=

fre

FBx (A +t) ya + tdt
t:‘ti -
5 rxs ()Lﬁ' + tl]) dt 3)

" =

*
AvtikaBlotwvtog e O To 0L TTOU UTIAPXEL OTN ouvApTnon opAAUATOC, TTOLPVOULE:

slw=, 1) =

1 (_f: T+ 1,)%dT . _l': T 02T + 1)) d'._r)

tz = tz .3
2 e, V2O dt ey yi(E)dt (4)

Me OpOoLO TPOTO, N TN A" mou kaBlotd otaBepd to odpdApa £(@ ) e npoc to A

opiletal wc:

(5)
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a

taty a rtzt
3 AJ; *3(Alr + ty))dT - ﬁ_’; #HA+t)) v+ t)dr =0

s
2
Ao tig ox€oelg (4) kat (5) maipvou e Twpa:

ds

ahﬂn P

o . 1 .8 [t
Sat=za ﬁj; X (AU + £))dr

. - 8 [zt
o2 at= a"—f X2(Alr + £,))dt
A

- 8 ffz7hr
= 2g"" —f A +t))dr=0=
o

Me enéktaon tn¢ oxéong (7) maipvouue:

a Lzt .
af 23 (Ar + £))dTr =
o

Ao tig (7)kat (8) paivetal ot

de

—_— _— ﬂ =
a‘llfﬂ:'ﬂl'}

SR 3 4 Ay )dt

e Z T¢I

(6)

(7)

(9)
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MLt TOV UTIOAOYLOHO TwV BEATLOTWV TLLWV YL TOUC Ttapdyovtes opowodeotac A (time
it
scaling) kat o (amplitude scaling) €ekwvape ano éva tuxaio onueio © 2 TOU

XpovikoU mediou Tou orpatog X Kal KAVOUUE Xprion Twv akoAoUBwv oxEoewv:

A=, (10)

Omnou ywa to T LoYUEL :

(1
1)

ot = ST (0 4 £2)) V(T + £y)dT
F 2o 4 £,)dr

(12)

OeWPOUUE OTN CUVEXELD LA OTTO TLG KAUTTUAEG PndLokoU oAHATOG ka,j WG KOUTTUAN
avadopdg (onwg neplypadnke ota Brpata B), y) ) kat Bewpolpe OAEC TG UTTOAOUTEG
akoAouBieg (ka,i ) Tavta ywa o iblo eidog epwthoswv kal avadopkd oto idlo
nAektpodlo. AkolouBwvtag ta PrAuata a),B)y) mou avadépaue vwplitepa,
HUETAOXNUATI{OUUE OUTEG TIC KOMTMUAEC KoL TIGC TIPOCOPHOlOUHE BEATIOTOL OTNV
KOUTTUAN avadopads cUpdwva HE TO Mapanmdvw Bripata. AVapéveTal TO TIPOKUTTOV
obdAua va akolouBel tnv katavopr Snedecor (F) pe (ny-1, ny-l) BaBuoug
eheuBepiag, 6mou o 6pog Ny opilet Tov aplBud tTwv onueiwv tng Yndlakrng ERP

kaprtOAng Yi(n) , n omoia petd and ypoppiky apepBoAn Siver y(t) .

levikd, n mapamdavw umobeon ouvéxloe va Beswpeital opbr koL UPETA amd tnv
TipayuaTonoinon tou OXETkoU Telpdpatog Kolmogorov-Smirnoff (a=0.01). Onwg
€XOUUE OXOALAOEL Kal Ttapoamavw, Oa Tmepipeve Kavel mwe av SU0 KAUTTUAEC
amoteAouv BopuBwdelg ekboxEc TNG OLG LOEATNC KAUTUANG, TOTE TO HETAEU TOUG
odpdlpa Ba mpeénel va mAnowdlel o undév. Me auty TN AOYIKN, E€TUAEYOUUE WG
KOATWPAL YL TO CUYKEKPLUEVO OPAAIA TO avwTeEPO onpeio €' Tou 5% NG apLoTEPNS
oupag tn¢ mpoavadepbeioag katavoung (Snedecor).
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KEPAAAIO 6 EEATQI'H IAEATOY

ANTIITPOXQIIOY I'A KAOE OMAAA

[IPOKAHTON AYNAMIKON ANA

HAEKTPOAIO KAI TEAIKH

OMAAOIIOIHXH

Je OUVEXELD TG HEBOSoU mou  ekwvnoope va avaAUOUUE OTO KEDAAALO TIEVTE,

neplypadoupe oto €N kepalalo ta umolouta Brpata tng pebodou, He otOXO TNV

KQTNYOPLOTIOINON TWV UTIOKELEVWY OVAAOYQA HE TNV «EYKUPN CUAAOYLOTLKN» TOUG

oA\@ Kol TNV «Katavonon tou mapadofou» . MO OUYKEKPLUEVA, OTO TAPWV

kedaAalo mpaypatonolouvTal Ta eENG:

7
L X4

R/
X4

)

Bripa &: YmoAoyiletal apxikd o «mibavog WOeaTOg avIuTpOoWITOG» Mxklilj yla
NV KABe uTto-opAda. AUTOG TTPOKUTITEL LETA A0 TNV KATAAANAN e€aywyr TG
HEONG KAUMUANG TwV BEATIOTA MPOCAPUOCUEVWY KAUTUAWY TIOU amaptilouv
™V umo-opada kall’j . Autn elvat n Stadikacia otnv omoila avodepORKauE
TapOmAvVWw Kal Bo TeplypAPoupE OVOAUTIKA TOPOKATW HE TNV ormoia
HELWVOUUE TOV oToXaoTkO Bopufo otig Siddopeg ekdoxég Twv ka'j UE
OTTOTEAECLLO VO TIOLLPVOULE Lol KOAR eKTipnon tou Wbeatou ERP oipatog tng
e€etalopevng kabe dopd umo-opdadag.

Bua €: Xtoxo¢ autol tou PrAuartog eival o TeAKOG TPoodLopLopoG Twv
OpAdwV Twv ERPS TwV UTMOKELEVWY AVAAOYQ LE TNV OUOLOTNTA TOUG.

Brua ot: Xto mapwv, TeEAKO, Brpa Aaupdavetal n anddaon CXETLKA LE TO AV
Sladopomolovvtal A OxL N «EyKupn GUAANOYLOTIKA» KOL N «GUAAOYLOTLKN YUPW
arno ta mapadofar.

AkoAouBel mepetaipw avaiuvon Twv Bnudtwy 8) wg ot) :

ApXIKA, E€TUAEYOUUE TNV OMASA €KElVN TIOU TIEPLEXEL TIC TEPLOOOTEPEC PEATIOTA

TIPOCOPUOCUEVEG KOUMUAEC. ZupBoAiloupe pe Yxkll NV KAUUAN avadopag g

opadag autng, omou to k urmtodelkvieL Tov aplBuod Tou unod PeA€étn nAektpodiou evw

pe to 1 avadepopacte otov KUPLO aplBud tng opadag. Emiong, xpnolUOTOLOUE TO
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oupBoAo Xxk,m,l ylo va avapepBolpe OTIG KOUTUAEG TIOU €XOUV TIPOCOPUOOTEL
BéATlota otnv Yxk,l Kall avKouv otnv opada autr (To m UMoSELKVUEL TNV EKACTOTE
HUETAOXNMATIOMEVN KAUTTUAN). AKOAOUBEL 0 UTIOAOYLOMOG TNG LECNG TLUAG TWV TLLWV
Twv Xvk,mll , Yvk,l oe kA@Be éva amod ta onueio tou Slaotipatog (101,400]ms.
YroAoyi{oupe HE QUTOV TOV TPOMO TN MECH KOUTUAN ka,l . AeSopévou mwg n
UMOBeon TOU KAVOUE OE TPONYOUHEVO KedpaAalo, TMwg SnAadn umapxel plo
attiwdng dtepyacia yia 6Aa ta péAN tng dlag opadag, sival opbn, tote daivetal
QVaUEVOUEVO TIwG N Sladikaoia e€aywyng tng HEONG KAUMUANG Ba HELWOEL TOV
OUVOALKG BOpufBo. AnAadn), N KOUTUAN I\/Ivk,l anoteAel évav KOAUTEPO AVTLTPOOWIO
NG VONTIKAG Slepyaciag Tou «EyKupou GUAAOYLOHOU» OAWV TwV HEAWV TNG OpAdag
Tou peAeTape. To yeyovog auto emiBefatwvetal otnv elkéva 6.1 mou mapouotaletal
TIOPOKATW.

14 T T T T T

7 J"\ y:
[

ra

Frcd

Ok

1 1 1 1
0 a0 100 140 200 250 300

Ewova 6.1: O mdavoc 16€atog avtimpoownog evoc ERP onuatog pe moAv yaunAn twun
opaAuarog. EmiBeBaiwvetal n uto¥eon MW UNAPYOUV VOUOTEAELOKEG AELTOUPYIEC, KOLVEG
yla pta opada avepwnwv.

Itn ouvéxela, edappolouvpe t™n Sladikacia mpooappoyng, Tou  avadEpOnke
TAPAMAVW, 0€ OAa Ta orApOTA Rvk,j HE KaumUAn avadopdg tnv ka'l autn ™ dopa.
Xpnotuornowwvtag to i6lo katwdAL mou meplypddnke oto Brpa y) kat 660 n TLUH Tou
odAApaToC TPpocapUoYNS Elval PKPOTEPN amd aUTO, BEWPOULE TIWE OL OVTIOTOLXEC
KOUTUAEG avrkouv otnv (6la opada. Malpvoupe pHe aUTOV TOV TPOTO TNV TEALKN Kol
o aodaAn ektipnon tng opadag ka,l. . ATtO TO GUVOAO TWV TIEVAVTA-EVA KOUTTUAWY

RV ' ' ) I 6 GX
kj» ApatpoUpE auTéG ou aviikouv otnv opdado Gy 1.
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AkoAoUBwC, amnod tig opadeg mou iyape umtoAoyioel oto BrApa y) , EMAEYOULE EKELVN
Vv opada mou cuvduadlel Ta €€AG XOPAKTNPLOTIKA : Elval n auéowg emOuevn
pueyaAutepn opada o6cov adopd To MAROOC TwWV OTOLKElWV TNG Kal TapdAAnAa
TAPOUCLATEL TN UIKPOTEPN €MIKAAUYN UE TA oTolXEla mMoOu HOALS adalpéoape. e
autnv tnv ouada €xoupe Ta €EAC: Yxk,z elval n kaumuAn avadopdg ,ue Xxk,m,z
ovadpePOUAOTE 0 OAEG TIC KAUTTUAEC TIOU AVKOUV oTh SeUTEPN OUAdO , O QUTEC
dnAadn mou €xouv mpooapuootel BEATIOTA OTNV KAUTUAN avadopds. AKOAOUBEL pe
TLLPOLOLO TPOTIO O UTIOAOYLOUOG TNG LEONG KOUTTUANG I\/Ivk,z (wg N péon TA Twv Yxk,z
) Xxk,mlz o€ KABe €va anod ta onuela Tou Staotuatog (101,400] ) n omoia KAUTUAN
Ba maifel to poAo NG KAUMUANG avadopdg oto Brpa auto. Enewta, epapuolovpue
ota onuota Rvk,j (ektOG aUTWV MOV PmRKav otnv mpwtn ouada) tn Stadkacia
BéATlOTNG mpooapuoyng He avadopd TNV ka,z . Katad oautov tov tpomo
dnuloupyeital n opada ka,z . Mg 6polo Tpomo adalpoUpe Ao TG TPONYOUUEVEG

' \' I ' ) ' J It
kapmUAeg Ry j , autég mou mAéov avrikouv otn SeUtepn TeALKA opdsda.

' ’ ‘ r ‘ ' ' ' \
H 6l Sradikacia enavalapBdavetal éxpLg 6Tou va pn peivel kapia kapmoAn Ry ;
EKTOG OHAdag, aKOUA KAl av KAToLa arnoTeAEl To povadikd OTolxelo TNG opadag TnG.

Metd anod auvth tn Stadlkacio KATAAYOUUE UE Evav ULKPO aplOpd opadwv ka,i ,
yla KaBe pia amnod tig eykepaAikég Asttoupyieg X (éykupa, mapadofa). Toviletal edw
nwg o Selktng i UTtoSelkVUEL TOV aplBUS TNG KABE pLag opddag Kot OxL Tov aplopuo
TOU UTIO €EETOON UTIOKELUEVOU , OTTWG CUVERALVE TTAPATIAVW UE Tov Seiktn j. Me to
EMOPEVO TOPASElypo auTto Ba yivel meploodtepo katavonto. Eotw otL e€etaloupe
NV «€EYKUPN CUAAOYLOTIKNA» KOL OTLTO j (0 aplOUOC TOU CUUHETEXOVTA TIOU UEAETALE)
naipvel TIHEG amd 1 wg 45 Kal €0Tw OTL PETA TN CUUMANPWON TWV TIEVTE BnUdATwV
€xouv pokLPEeL 6 ouadeg, auto onuaivel 6tLto i maipvel THEG oo 1 wg 6.

I ' X I ' ' ' 1
Mo kaBe opada G'y; emhéyoupe tov TBavVO SEATO AVTUTPOOWTO TOU Sivel TO
ULKPOTEPO OUVOALKA odAApa Tpooapuoyng ava OSeiypa. O emilexbng mibavoc
6eatog aviutpoowrnog Ba maifel To pOAo TOU LOEATOU QVTILTPOOWIIOU OTNV UTO

g€taon opdda ka,i KaL Tov oUpBOoAiloupE we ka,i .

MA£ov BPLOKOUAOTE OTO TEAIKO 0TASLO TNE OUVOALKNC Stadikaaiag omou Ba AafBoupe
™V anodacn OXETIKA LE TO OV OL VONTIKEG SlEPYOOLEC OTL( OMOleG UTTOKELVTOL OL
avBpwrol Sadépouv avaloya pe TO €ido¢ TOU GUAAOYLOpOU (€yKupoG N
napadofoc). MNa va To METUXOUUE aUTO, akoAouBoUUE TNV Mapakdtw Stadikaoia:

Apxka, amodiboupe o kABe umokeipevo Eexwplotd Tov LOEATO AVIUTPOOWTO TNG
. . . v . .
opddag Twv €ykupwv cuAoylopwv (P ;) kat tng opadag Twv cuMoylopwv yupw

. . P , . , . .
arno ta napddofa (P i i) otnv omola avrikel TO UTIOKEIPEVO. TN OUVEXELAL KAVOUE

™V Un6Beon nwg n olykplon Twv dtadopwv Twv eykedailkwv Asttoupylwv (V & P)
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OVTAVOKAGQ oTnv Sladopd TwV WOEATWY AVILTPOCWITWY (ka,i Kot PPk,i ) , 6mou n
ouyKpLon Twv dU0 QUTWV KAUTIUAWY YIVETOL LE TOV (8LO0 TPOTIO TIOU OPOUGCLACTNKE
ota Svo mpwta Brpata. TeAka, n anodaon nept Tng mBavng Stadopdg PETALY TNG
«EYKUPNG OUANOYLOTIKAG» KoL TNG «Tmapddoéng katavonong», 6ocov adopd To
OUYKEKPLUEVO UTIOKELUEVO KOIL TO CUYKEKPLUEVO NAekTpOSLo, B AndOel petd amod tnv
alomoinon oTATLOTIKWYV KpLttnpiwyv mou Ba avaAuBouv mapakATw.
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KEPAAAIO 7 ¥ TATIXTIKA YHMANTIKEY
ATIAD®OPEY TON IAEATON
ANTIITPOXOQITON YTHN «EI'KYPH
2YAAOT'TXTIKH» KAI XTH
«2YAAOT'TXTIKH AIIO THN EKOEXH
2 TA ITAPAAOEA»

Mo kabe éva NAektpodlo Eexwplotd, ePapUOOTNKAV OTATIOTIKEG SOKLUEG, UE OKOTIO
va eléyéouv TIC TUOAVEC oTatTloTIKEG Sladopég mou eudavilovial METAEU TNG
eykepoAikng Olepyaciag mou AapPavel xwpa otnv  ApLOTOTEAElA  €yKupn
ouAAoyloTik Kot TNG eykepaAlkng Slepyaoiog pPetd amnd tnv €kBeon oe mapadofa
Tou e¢€ppaoe 0 ZAvwv o EAedTnG. AUTEG OL OTATIOTIKEG SOKIUEG £XOUV W €ENC:

Brua ot:

i) OswpoUUE £€0TW TO TUXALO UTTOKE(HEVO Al KoL UTIOBETOUE WG TO onjua ERP
TOU UTTOKELPEVOU TIoU AdBape amod to nAektpodio k , avadopikd pe tnv
«€ykupn OoUA\oOyLoTIKN» , €xel evtoxbel otnv opada m pe WOeatod
QVTUTPOOWTIO ka,m . YoBétoupe akoun, OtL to i6lo unokeipevo, oto id6lo
NAekTpOSlo al\a avadopikd pe ta «mapadofa» , €xel evtaxBel otnv

opada n, pe 16eatd avtutpoowo TV Pndlakni KoUmUAn PPk,n .

ii) Ztn ouvéxela, opiloupe éva pEtpo Sladopomnoinong twv nmpoavadepOeviwy
EYKEPOALKWY AELTOUPYLWV YylaL TO UTIOKE(HEVO Al, WG L KOAQ OPLOUEVN
arndotaon Twv 8U0 PndLoKwY KAPTTUAWY ka,m Ko PPkln.

Opiloupe tov évav amd toug U0 OEATOUG OVIUTPOOWITIOUG VOl Elval n
TPOTUTIN KOUTUAN, Le TNV SeUTepn va mpooapuoleTal otnv mpotunn. H
Stadkaoia mpooappoyng eival n dla mou avadEpape mapanavw, ota
BAuata B) , y) . InuewwveTal mwg ya Adyoug amAotntag Ba yivel xpron
Twv Blwv ocupBoiiopwy (ka,m Kol PPk,n ) kat yw Tig BéAtota
TUPOCAPUOCUEVEC KAUTTUAEG.

AkoAoUBw¢g, emAéyoupe éva TuXOio onuelo tou Kowou Tmediou Twv

. . . pV P, -
BéATLOTA MPOCOPHOCUEVWY KAUTUAWY Py o kat Py, €é0Tw To onpelo i,
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KOl O£ aQUTO To onpeio umoAoyiloupe tnv MpoonuUacpévn Sladopd Twy
TIHWV twv SVo kapmuAwv (d;). Yrohoyilovtatl otn cuvéxela n péon twn
KOl N TUTTLKN OTTOKALON TWV POCNUACUEVWY SLadopwV TOU TIPOKUTITOUV
anod éva mAnBog éotw N1 onueiwv Tou Kowou mediou Twv Tpog e€€taon
KOUTTUAWV:

N: (di —uly
(N1 -1)

S= (14)

Q¢ amMOTEAECUA AUTWVY TIALLPVOULE TNV aKOAouBn moootnTa:
ul - AxV.?

.5'1/
t1 = VN1 (15)

UE TO AKV’P va elval n Bswpntikn péon TR Twv dtadopwv Twv beatwv
QVTUTPOCWIWY TWV OMAdWY M Kal n, yla TNV €ykupn Katl tTnv mopadoén
OUAAOYLOTLKA OVTIOTOLXQ, OTLG OTOLEG AVAKEL TO UTIOKELUEVO yla TO UTIO
HeAETn nAektpodlo k.

iii) Kavoupe Twpa tn €VAoyn umobeon nMwg av ol Wbeatol avtutpocwnot P y,m,

Kol Ppk,n Sladépouv onuavtikd, Tote Ba umopolos Kaveilg va UTtoBEoEL
Twg Ko ol BaBbutepeg eykedallkéG Aeltoupyieg mou oxetilovtal PeE TNV
€ykupn ouAloylotiki kat ta apadoa Sadépouv ficou. Avtiotolxa, av
aUTEG oL OUo UYndlakég KapmuAeg 6ev MOPouclAlouUV CNUAVTLKEG
SlapopEg, ToTe Ba UmopoUoe KATOLOC VA LOXUPLOTEL MwG  to ERPs dgv
avtavakAouv Sladopéc otig evdotepeg Puyikég Stadlkaaolieg, 6oov adopd
TOUAQXLOTOV TO UTIO HEAETN NAEKTPOSLO k.

iv) AkoAouBel edw pLa TOCOTIKOTIONGCN TWV MAPATNPHCEWY KAl TWV UTIOBECEWY
TIOU UTIOYPOUIOTNKAY OTO iii):
ApXIKA, OTWG ¢alveETAL KL OO TOUG TUMOUC TIOU XPNOLUOTIOLNOOUE
TAPATAVW, KAVAUE TNV UTIOBeon TwG ol mpoonpoopéves Sadopég di
Tou oplotnkav oto ii) akoAouBoUv Kavovikr katavoun. Autr n unoBeon
€xeL emoAnBeuBel pe edpapuoyn twv Sokipwv (test) twv Kolmogorov-
Smirnoff (a=0.01). H moocotnta t1 mou opiotnke oto Brua iii) akoAouBel
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Vv katavoun Student i edopévou mwe to N1 elval OXETIKA HEYAANG
TWAG, N t1 Ba akoAouBel TNV TUTILKA KAVOVLKA KATAVOWUN HUE TIOAU KOAN
okpiBela.

Emuthéov, k@voupe tnv umdBeson Hy, ot av ot SUo eykepallkeg
Siepyaoieg («€ykupn oculoyloTtiki» Kal «mapddofa») Ssv moapdyouv
S10hpopEC OTOUC AVTIOTOLXOUC LOEATOUG AVTUTPOOWITOUG, TOTE AKV’P =0.
Me auTtov Tov TPOTO N TN TNG oocotntag ty eival KaAd oplopévn Kal wg
enakdlouBo, n eykupotnta tng undbsoncg H, umopsi va eleyyBel duesoa,
o6oov adopd to urokeipevo Al kat to nAektpodio k mavra.

v) EmavalapBdavoupe thv avwtépw Stadikaoia yio OAa Ta UTIOKELEVO KL Yo
OAa ta NAekTpodia. MNa to kabe Eva NAektpddlo Eexwplotd edpapuolovpe
T Bewpla yUpw amd To Bonferoni test kot TN YEWUETPIKA KOTAVOUN, HE
oKOTO va anodacicoupe av ol wWeatol avrimpdéownol Twv dtapopwv
OMASWV MaPoUCLAlOUV OTATLOTIKA ONUAVTIKEG SLaPOpPEC.

Inuelwvetal €dw mw¢ edpappoyn tng uebodou oe 45 umokeipeva, Ta
omola ektéBnKkav oe €ykupoug Kot mapadofou¢ cuAloylopoug , £6¢elge
TIWG OE CUYKEKPLUEVO apLlOUO NAEKTPOSiWV MOPOUCLACTNKAV ONUOVTLKES
oTaTIOTIKEG SladopEC. Mo CUYKEKPLUEVA, KAl OTWE MOPOUCLAlETAL KOl
OoTOoV XApTNn NG €lkovag 7.1, epdavioTnkav OTATIOTIKA ONUOVTLKEG
Sladopég ota €€NG:
e 5 nAektpodia pe 99% eninmedo epmniotoocuvng amelkovilovral Ue
KOKKLVO
e 14 n)Aektpodia pe 95% eminedo eumiotoovvng amnewkovilovral Ue
TPACLVO
e 17 nAektpddia pe 90% eninedo epniotroolvng mapouaotalovrol Ue
UTTAE
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Left

Back

Ewova 7.1 : Xaptng omou amneikovilovral Ta NAEKTPOSL OTa OTTOLAl LUE TN CUYKEKPLUEVN
ugdodbdo napouvaoialovral GNUAVTIKEC OTATIOTIKEC SLOPOPEC UETAED TWV LOEATWYV
QVTUTPOOWITWYV TTOU QVTIOTOLYOUV OTIC EVOOWUXEC SLaSIKATIEC TWV «EYKUPWV CUAAOYIOUWV»
kot twv «apadoéwvy. Ta nAektpddia ota omoia oL Stapopec autég Bpednkav e 99%
eninebo eunioToouVnNG mapouotalovtol UE KOKKLVO XpwUa. Autd ue 95% eninedo
EUTTLOTOOUVNC TTELKOVIJOVTAL UE TIPAOLVO Kol Ut UE 90% LE UTIAE XPWUAL.

KEPAAAIO 8 E@QAPMOI'H THX
ME®OAOAOI'TAY ANADOPIKA ME
ENA [TAHOOX HAEKTPOAION
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MNa tnv enibeln tTwv MEPAPATWY Oa XPNOLUOTOCOUME TA NAEKTPOSIAL TOU
daivovtal pe KOKKLVO KUKAO OTO TIOPOKATW TOTIOAOYLKO XAPTN NAEKTpOSiwV:

Left

Front

Back

Right

Ewkova 8.1: TomoAoyLkog xaptng NAEKTPodiwv e oNUELWUEVA T NAEKTPOSL EVELAPEPOVTOC

NG mapouoac Epyaociog.

MapatnpoUpe TwG otov xaptn mapoucialovral ta Siddopa nAektpddla 1000 Ue
ovopata (my: Fpl, CP2.. kTA) mou mpokumtouv amnod to cvotnua 10-20 600 Kal pE
TouCg avtiotolyoug aplBpolg (25 kat 15 avtiotola) OMwE TPOKUTITOUV OO ToV

TIAPOKATW TTiVaKOL:

Channel Electrode | Columnl
1 F7
2 FC5
3 Al eyel
4 Cc3
5 CP1
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6 P3
7 FPZ
8 AFZ
9 Cz
10 01
11 02
12 F8
13 FC6
14 T4
15 CP2
16 P4
17 A2 eye2
18 CP6
19 T6
20 F3
21 FC1
22 T3
23 CP5
24 T5
25 FP1
26 FP2
27 Fz
28 Pz
29 0oz
30 F4
31 FC2
32 c4

Mivakag 8.1: Avtiotolyia ovoudtwyv Kat aptduwv NAEKTPoSiwv cUUPWVA LIE TO
ovotnua 10-20

H emloyn Twv OUYKEKPLUEVWY NAEKTPOSIWY Sev ATav Tuxaia KabBwg okomod €XeL va
beiel tn oxéon Twv amoteAeopATWY HeTAEY SV YELTOVIKWY NAekTpodSiwy, aAAG Kal
HeTall nAektpobiwv mou PBplokovtal tomoBetnuéva o MOAU QMOUOAKPUOUEVEC
HETAEL TOUC MEPLOXEG (eK Slapétpou avtiBeta TomoBetnuéva).

MpoxwpoUE TNV avaAuon He To NAEKTPOSLo Fpl mou avilotolyxel 0To NAEKTPOSLO UE
Tov aplOuo k=25. Ikomdg pag, os kabe éva amd ta SUo €ldn €pWTHOEWV TOU
avaAUoUUE, elval va PeAeTACOOUUE O MPWTIN GACN T UTO-OMASEC KoL TOUG
«TBaVOoUC LOEATOUG QVTUTPOCWIIOUG» TIOU S{VOUV TOL UTIOKELEVA TTIOU CUUMETELXOV
otnv mepapatikn Swadkaoia, otav dnAadny to kdBe éva amd autd eival Tto
UTIOKElUEVO avadopdg, Kol OTn OUVEXELDL VO HUEAETNOOUME Toug LOEATOUC
OQVTUTPOOWToUG Tou Sivel n KABe pio amod TG KUPLEG OUASEG TTOU TTPOKUTITOUV OO
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TO NAeKTPOSl0 QUTO. 3TN OouvEéxela, He OSedopéva Ta amoteAéopata auta Ba
ByaAoupe cupnepAaopaTa EPL TwWV OUOLOTATWY N Stadopwv Twv SESO0UEVWY LA,

AkoAoUBw¢, Ba mapouclaoTel N AVAAUGCN KATIOLWVY ETUAEYUEVWY UTIOKELLEVWVY TOU
nAektpobiouv Fpl, evw duowkd kata tn Ole€aywyn NG SUTAWUATIKAG €pyaciog
avaAuBnkav (katl tpé€ape oto mpoypappa) kat ta 51 unokeipeva. Mo ocuykekpLUEva,
o0oov adopad oTLC EYKUPEC epwTnoEeLs, Ba avadepbole ota unokeipeva: 20, 33, 42,
1. O AOyog 1mou eTAEEQE T OUYKEKPLUEVA UTIOKELLEVA Sev elval tuxaiog, kabwg
OTOXOG HaG €lval va LEAETHOOUE UTIOKELMEVA TTOU avKOUV 0TV (Sla KUpLa opada
(ko va dei&oupe ylati oviwg avikouv otnv dla opdada) aAAA KoL UTIOKEIPEVA TTIOU
ovAKoOuv o€ Kamolwa GAAn KuUpla opdda, Sladopetiki amd TNV mPwtn mou Ba
oavaAUooupe (kat va Oei€oupe ylati avikouv oe Sladopetikn) opdada amd ta
T(PONYOUHEVA. UTIOKEIPEVA, OAAQ ot (Slor peTtafl TOUug OpAda). TNV TPOKELUEVN
nepintwon, onwg Ba pavel kat otn cuvéxela, Ta umokeipeva 20, 33 oxnuatilouv pLa
KUpLA opAda eVw Ta UTTOKELMEVA 42, 1 pia AAAN.

Zeklvwvtag Aoudv pe tnv mepimtwon twv valid (éykupwv) epwtnoswv Kal o€
avtiotolyia pe ta oca eimape mopanavw Ba Baloupe otov kKwdka tnv TR kk=25
UTTOSEIKVUOVTOG TO €KOOTO MEUNMTO NAEKTPOSL0, N petaBAntr kampyli_anaforas (to
ERP TOU UTIOKELWEVOU) QVTLTPOCWTIEVEL TNV KOUTTUAN avadopag Kal T BETouE TNV
T 20 KaBwG To ELKOOTO UTOKEIUEVO €ilval PETAEU QUTWV TOU OMw elmape Oa
UEAETAOOUUE, KAl TEAOG, OTIOU armatteital oto mpoypappa Balou e valid.

close all;
clear all;

kato orio lamda=0.93;
ano_orio lamda=1.07;
bima lamda=0.001;

mikos plaisiou=30;

vima overlap=10;
anw_fragma kampylis=300;

kk=25; %o ari8mos twn hlektrodiwn
katwfli=3.95; S$Katwfli omoiotitas gia paragwgi platonikou

kampyli anaforas =20;

Kat yia mapadetypa:
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load meses kampilesOl true;
mesi kampili valid Ol=mesi kampili valid;
load meses kampiles02 true;
mesi kampili valid 02=mesi kampili valid;
load meses kampiles03 true;
mesi kampili valid 03=mesi kampili valid;
load meses kampiles04 true;
mesi kampili valid O4=mesi kampili wvalid;
load meses kampiles05 true;
mesi kampili valid O05=mesi kampili valid;

AkoAoUBwg Ba urtohoyLoTel 0 «TBavVOG LBEATOG aVTUTPOoWTOG» MY yla tnv KABe
UTIo-opAda. AUTOGC TIPOKUTITEL HMETA OO TNV KOTAAANAN e€aywyn TG HEONG
KOUTUANG TwV BEATIOTO TPOCAPUOCUEVWY KOUMUAWY Tou amaptilouv tnv umo-
opdda G 1.

TpEXOUUE AOUTOV TO MPOYPAPUA TIOU £lval ypoapupévo oto meplfpallov Matlab kat
AapBavoupe TG aKOAOUBEG €LKOVEG HEXPL VO KATAANEOUUE TEAKA OTOV «TBavo
5eatd avtutpoowmno» M. Inuelwvetal 6w mwg kabe dopd pe UMAE XpwHa
amewkoviletal n KaumuAn avadopds (otnv mpokewévn mepimtwon 1o ERP tou
€LKOOTOU UTIOKELMEVOU), €VW HE KOKKWVO amelkoviletalt to ERP tou eKkdotote
UTIOKELUEVOU TIOU QVAKEL OTNV OUASO TOU UTIOKELHEVOU avadopds. TéAog, Ue
TPACLVO XPWHA Oa OIELKOVIOTEL OTN CUVEXELX N KAUTMUANR tou mibavol beatou
QVTLTPOCWIIOU.

1 1 1 |
a0 100 150 200 250 300
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Ewkova 8.2: ERPs nAektpodiou k=25, urmtokeiuévwy j=20 (unAe kaumnvAn) (kaumuAn avapopdag)
Ko j=21(k6kKLvn KoumtuAn).

Ta otolyeia NG KAUMUANG AUTAG tapouoLalovtal otov akoAouBo mivaka:

KOpLog aptBudg UTIOKELUEVOU j IpaApa mpooapUoync €

21 3,0048

Ta anoteAéopata Ba mapoucialovral pe avéouoa OEPA NG TIUAG TOU ODAAUATOC
TPOCAPUOYNC . AUTO ONUALVEL TTWG N TIOPATIAVW KAUTTUAN TToU eUdavIioTNKE TPWTN
€XEL KOL TO WMKPOTEPO ODAApA KOl dpa €lval n «BEATIOTA» TPOCOPUOCUEVN
KOLUTTUAN.

Juveyilovtag tnv avaiuon, To MPOYPAUa SIVEL TNV EMOUEVN ELKOVAL:

-8 L

0 50 100 150 200 250 300

Ewkova 8.3: ERPs nAektpodiou k=25, urmokeluévwy j=20 (urmAe kaumuAn) kat j=29(kokkwvn KaumuAn).

KOpLog aplBudg UTIOKELUEVOU j ZpaApa mpooapUoynG €

29 3,1312

Omnou mopatnpolue TwG N TWA Tou oddAuatog auénbnke oe UKPO Babuo
OUVKPLTLKA LLE TNV TIPONYOUHEVN.
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Ewkova 8.3: ERPs nAektpodiou k=25, urmokeiuévwy j=20 (umAe kaumuAn) kat j=10(kOkkwvn KaumuAn).

KUplog aplBuog UTTOKELUEVOU | Ipalpa mpooappoyng €

10 3,3286

Juveyilovtac:

_1[] 1 | 1 1 |
0 50 100 150 200 250 300

Ewkova 8.4: ERPs nAektpodiou k=25, umoketuévwy j=20 (unmAe kaumuAn) kat j=30(kOKKLvn KaumuAn).

KUpLog aplBudG UTIOKELUEVOU j ZpaApa mpooapUoynG €

30 3,4448
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Ewova 8.5: ERPs nAektpobiou k=25, umtoketuévwy j=20 (UnAe kaumuAn) ko j=17(kOkkivn kKoumtuAn).

KUpLog aptBudg UTIOKELUEVOU j

IpaApa mpooapUoyn¢ €

17

3,5806

i 1

L
0 50 100

1 L L
150 200 250 300

Ewova 8.6: ERPs nAektpodiou k=25, urmtokeiuévwy j=20 (unAe kaumuAn) kat j=33(kokkwvn kaumuAn).

KOpLog aplBudg UTIOKELUEVOU j

ZpaApa mpooapuoynG €

33

3,9464
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MapatnpoUpE MWE N KAUMUAN TOU €KAOTOTE UTIOKELUEVOU 8ev eudavilel peyaAeg
QMOKALOELG amO TNV KAUTIUAN avadopdc, YEYOVOC TOU QVOUEVAUE KABWE avrKouy
otnv (6l urto-opada.

TeAKA, TO TPOYPOAUHA KATOOKEVATEL TOV LEGO OPO TWV KAUMUAWY TTOU cuyKpiBnkav
HE TNV KAUMUAN avadopadg (Hall Kal pe TNV KaumuAn avadopdg) kat pag Sivel Tov
mOavo «16eaTd AVILMTPOCWTIO» TNEG CUYKEKPLUEVNG UTO — opddag (o omoilo¢ kabe
dopa Ba amekoviletal MAVW OTNV KAUMUAN TOU TEAEUTOLOU UTIOKELUEVOU TIOU
QavAKeL otnv opada):
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Ewkova 8.7: MBavog 16eato¢ avtimpoownoc (paactvn KaumuAn) umo — ouadac nAektpodiou ue k=25
KoL UTTOKEIUEVO avapopdc To 20, artelkoVI{OUEVOG OTNV TTPONYOULIEVN ELKOVA.

MapatnpoULE MWCE 0 TILBAVOC LEEATOC AVTLTPOOWITOC TNG OUASAC TOPOUCLALEL, OTIWC
OVOUEVAUE, TIOAAEG OLOLOTNTEG E TNV KAUTUAN avadopdg, KoL CUVETIWG KOL UE TLG
KOUTTUAEG TWV UTIOKELUEVWYV TIOU QVIKOUV OTNV UTIO e€€tacn umo-opada.

ZUVOTITIKQA, O TIlVOKOG CUOXETIOMEVWY, SnAadn o mivakag mou TEPLEXEL TA oTOLXEla
™G umo-ouadag pall pe ta opaipata toug divetal akoAolBwC:

j odaAua
20
21 3,004795
29 3,131161
10 3,328627
30 3,444764
17 3,580602

48



\ 33 \3,946377\

Omnou duotkd ¢aivetal nMwg ta opaipata avéavouv PEXPL TO ONUELO TIOU va PNV
unepPaivouv tnv T Ttou oddipato¢ koatwdAiov : katwfli=3.95; %Katwfli
omoiotitas gia paragwgi platonikou

Juvexiloupe tTwpa TNV OVAAUCN HOG HE TO EMOUEVO UTO AVAAUCH UTIOKEIUEVO, TO
TPLAKOOTO Tpito (33). To Hévo mou aAAAleL 0To MPOYPApMa ival TwG BAaloupe otnv
uetaPBAntn kampyli_anaforas tnv tun 33:

close all;
clear all;

kato orio lamda=0.93;
ano_orio lamda=1.07;
bima lamda=0.001;

mikos plaisiou=30;

vima overlap=10;

anw fragma kampylis=300;

kk=25; %o ari8mos twn hlektrodiwn

katwfli=4.13; %Katwfli omoiotitas gia paragwgi platonikou
kampyli anaforas =33;

Quotka, aAlalel koL n T tou KatwdAlou cUpPwva HE TA 00O E£XOUHE TEL
TIALPOUTTAVW OXETLIKA LLE TOV UTTOAOYLOWO TOU.

MNaipvoupe Ta akdéAouBa otoleia:
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Ewkova 8.8: ERPs nAektpobiou k=25, urmtokeluévwy j=33 (UnmAe kaumuAn) ko j=21(kOkkivn KoumtuAn).

KUpLog aptBudg UTIOKELUEVOU j IpaApo mpooapuUoynG €

21 2,7852
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Ewkova 8.9: ERPs nAektpodiou k=25, urmoketuévwy j=33 (umAe kaumuAn) kat j=10(kOKkwvn KaumuAn).

KOpLog aplBudg UTIOKELUEVOU j ZpaApa mpooapuoyng €

10 3,0097
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Ewkova 8.10: ERPs nAektpodbiou k=25, urtokeluévwy j=33 (UmAe kaumuAn) kat j=17(kokkwvn kaumuAn).

KUplog aplBuog UTTOKELUEVOU | Ipalpa mpooappoyng €

17 3,4525
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Ewkova 8.11: ERPs nAektpodbiou k=25, urntokeluévwy j=33 (UmAe kaumuAn) kat j=30(kOkkivn KaumuAn).

KUpLog aptBdC UTIOKELUEVOU j IpaApa mTpooapUoynC €

30 3,8343
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Ewova 8.12: ERPs nAektpodiou k=25, urtokeluévwy j=33 (UmAe kaumoAn) kot j=20(kOkkLvn KoumtuAn).

KUplog aplBuog UTTOKELUEVOU | Ipalpa mpooappoyng €

20

4,1244

MPOKUTITEL ETIOUEVWG

0 akoAouBo¢ mbavog Ldeatdg avIUTPOOWOG:

. F
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Ewkova 8.13:Midavoc 16eaTOC avTimpoownog (mpaatvn KaumuAn) und — ouadag nAsktpodbiouv ue k=25

KoL UTTOKE[LIEVO avapopac To 33, artelkoVI{OUEVOC aTNV TIPONYOULEVN ELKOVAL.
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2Tn ouvExeLla SiveTtal o TiVaKAC CUCXETIOUEVWV TNC MOPOU oG UTIO-OUASOG:

i odaiua
33
21 2,7852
10 3,0097

17 3,4525
30 3,8343
20 4,1244

MNapatiBevtal akoAouBwc oL mibavol deatol aviutpOowmnoLl mou unoAoyioTnkav

TIAPATIAVW, UE OKOTIO TN oUYKPLOT) TOUG:
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Ewkova 8.14: Aptotepa: Midavoc LdeaTo¢ avTmpoowrtog (Mpaovn KaumuAn) uno — ouadog
nAektpodiov ue k=25 kat unokeiuevo avapopag to 20. Acéia:Mavog LEeaTo¢ avTTPOowWnog
(mpaotvn kaumouAn) und — ouadag nAektpodiou pe k=25 ko UTTOKE(UEVO avaopdc To33.

250

MapatnpoUpe Mw¢ TG00 Ta UToKEpEVA avadopdg 600 Kal oL aviiotolyxol mibavol
beatol aviupoowrnol epdavilouv TOAAEC opolOTNTEG. TO YEYOVOC OUTO ATV
OVOUEVOUEVO av AdBoupe umtoPn pog TNV avaluon mou €xeL ponynOel oxeTIKA pe
T UTTIO-OMASEC KAl TLG KAVOVIKEG opadec. EEGAAOU bev mpémel va Eexvape TwG
pHeAetoape otolxela ¢ (dlag kavovikng opadag Kal dpa yla va Umnkav otny idla
opada Ba émpemne va mAnpouv mpolmobéoel cuudwva pe TIG omoieg¢ &g Ba
gupavilov petatl toug peyaleg dtadopec. Na onpelwBel emiong Mwg KATL TETOLO
yilvetal eUKOAQ QVTIANTITO Kol OO TO YEYOVOG OTL oL SU0 OMASEC CUCKETIOUEVWV

TLEPLEXOUV TIEPLTTOU Ta (Sl UTTOKELEVA

w¢ otolxela Touc.
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ITn CUVEXELX TTaPATIOETAL O LOEATOC AVTLTPOOWTOC (TO TTAATWVLKO) TNG UTIO UEAETNC
KQVOVIKNG opadag :

14 T T T T T
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Ewova 8.15: KaumuAn 16eatol avTimpoowriou Tn¢ mPwTnG KAVOVIKIG OUASAG OTIC EYKUPES EPWTHTELG.

MapatnPoUpe 6w ULl OUOLOTNTA KETAEY TWV MIBaVWY EEATWY AVIUTPOCWTTWY TTOU
TipoKUTtouV  B€tovtag Kabe ¢opd wg umokeipevo avadopdg KATOo amd Ta
UTTOKELEVA TIOU OOPTI{OUV TNV KAVOVLKI aUTH Opada, HE ToV LOEATO avVIUTPOOWITO
¢ opadoag. e pla mpoomdBela va Sei€oupe TNV opolOTNTO OTn Hopdr TOUC,
napoucotdalovpe akoAoUBbwg oto iblo Stdypappa tov mBavo Weatd avtmpoowno
TIOU TIPOKUTITEL BETOVTOG WG UTIOKELMEVO avadopdg To uTtokeipevo 20 pe Tov beato
avtutpoowrno. Toviletal mwg n dadopd mou MOPOUCLATETAL OTO TIAATOC TOUG
odeiletal otnv opoloBeoia KATA TTAATOG KAl KOTA XPOVO TIOU TTPAYLATOTOLEITOL KOTA
™ Sodikaoia mpooapUoyNnG.
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Ewkova 8.16: ZUykpLon KaUmUAnc LOEATOU QVTUTPOCWITOU TNC MTPWTNG KAVOVIKNG ouadac Ue Tov mdavo
LOEQTO AVTUTPOOWTTO TOU TTPOKUTTEL FETOVTAG €Vl UEAOG TNG OUASAG WG UTTOKEIUEVO QVAPOPUS, OTIG
EYKUPEC EPWTNTELG.

3TN ouvExela, TapatiBetal n avaluon Twv umokelévwy 42, 1 ta omola onmwg Ba
douue oxnuatifouv pla deutepn Kavovikr opdada. E€akoAouBolpue va LeEAETAUE TO
NAEKTPOSL0 25 yla TNV mepimtwon twv valid epwtioswy, EMOPEVWE TO HOVO TIOU
oANGlel oto poypappa eival n petaBAnti kampyli_anaforas.

ZEKIWVAE JLE TO UTIOKE(PEVO 42:

close all;
clear all;

kato orio lamda=0.93;
ano_orio lamda=1.07;
bima lamda=0.001;

mikos plaisiou=30;

vima overlap=10;

anw fragma kampylis=300;

kk=25; %o ari8mos twn hlektrodiwn
katwfli=3.5; $Katwfli omoiotitas gia paragwgi platonikou

kampyli anaforas=42;

To nmpoypappa divel ta e€NG:
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Ewova 8.17: ERPs nAektpodiou k=25, urmtoketlueévwy j=42 (UrmAe kaumuAn) kot j=5(kokktvn kaumoAn).

KUplog aplBuog UTTOKELUEVOU | Ipalpa mpooappoyng €

5 3,0872

Ao TNV MPWTN KLOAAG €lKOVA YIVETAL QVTIANTITO TO YEYovOG OTL BPLOKOUAOTE Of
Sladopetiky opada amd authv mou e€etalape mapandvw (tnv oupada 1). Auto
oupBaivel ywatl ol KapumUAeg ovadopdC TwV UTO-OMAdWVY TIOU UEAETNOAUE
TIPONYOUMEVWC (Ue uTtoKelpeva avadopadg ta otolxeia tng opadag 1) Siadépouv
ONUAVTIKA amd TV KaumUAn avadopdg tng umo-opddag nou efetalovpe edw (tng
UTIO-OUAdaG e KOUTIUAN avadopdg To UTIOKELEVO 42).

ZTn OUVEXELA TtaipVOULE Ta €ENG:
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Ewkova 8.18: ERPs nAektpodbiou k=25, urtokeluévwy j=42 (umAe kaumuAn) kat j=45(kokkwvn kaumuAn).

KUpLog aptBudg UTIOKELUEVOU | IpaApa mpooapUoyn¢ €

45 3,4919

H umo-opdda pe umokeipevo avadopds TO UTIOKEIUEVO 42 TIEPLEXEL LOVO QUTA T
SVo otoyela, kat Sivel Tov akdAouBo mBavVO LEEATO AVTIUTPOCWTO:

-8 1 1 1 1 1
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Ewkova 8.19:Midavoc 16eaTO¢ aVTLTPOOWOC (ITPACLV KOUTTUAN) urto — ouadac nAektpodiou ue k=25
KOl UTTOKEIUEVO avapopac To 42, armelkovi{OUEVOC aTNV TIPONYOULIEVN ELKOVAL.

2Tn ouvExela Sivetal o TivaKAC CUCXETIOUEVWV TNC MOPOUCOG UTIO-OUASOG:
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i odaiua
42

5 3,0872
45 3,4919

Yuveyiloupe pe to unokeipevo 1. Baloupe dnAadn oto mpoypappa

kampyli_anaforas = 1.

close all;
clear all;

kato orio lamda=0.93;
ano orio lamda=1.07;
bima lamda=0.001;

mikos plaisiou=30;

vima overlap=10;
anw_fragma kampylis=300;

kk=25; %o ari8mos twn hlektrodiwn
katwfli=3.98; %$Katwfli omoiotitas gia paragwgi platonikou

kampyli anaforas =1;

Kal maipvoupue ta €€n¢ amoteAéopata:

1
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150

1
200

1
250 300

Ewkova 8.20: ERPs nAektpobiou k=25, urtokeluévwy j=1 (unAe kaumuAn) kat j=5(kékktvn koumuAn).

KUpLog aptBdC UTIOKELUEVOU j

IpaApa mTpooapUoynC €

5

3,2913
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Ewkova 8.21: ERPs nAektpodiou k=25, urtokeluévwy j=1 (UnAe kaumtuAn) kot j=42(kOKkivn KumouAn).

KUpLog aptBudg UTIOKELUEVOU j IpaApa mpooapUoyn¢ €

42 3,6243
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Ewkova 8.22: ERPs nAektpodbiou k=25, urmtokeiuévwy j=1 (UnmAe kaumuAn) kat j=45(kokkivn Kaumuin).

KOpLog aplBudg UTIOKELUEVOU j ZpaApa mpooapuoynG €

42 3,9777

MpokUTTEL aKOAOUB WG 0 MIBAVOC LEEATOC AVTLITPOCWTTOC TNE UTO-0UAdac:
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Ewova 8.23:MBavig L6eATOC avTmPpOownog (Mpaaotvn KaUmuAn) und — ouadag nAektpodiou ue k=25
KOl UTTOKE(UEVO avapopdc To 1, amelkovi{OUEVOG OTNV TPONYOULUEVI] ELKOVA.

ITn ouvéxela SlveTal o TVAKOG CUCYXETIOUEVWY TNG MOPOUCAG UTIO-0UASAG:

i odaiua

1

5 3,2913
42 3,6243
45 3,977

MapatnpPoUPE TWC N UTIO-OUASO LE UTIOKELUEVO avodopag To 42 TEPLEXEL TTEPLTIOU
ta (bla otolela pe NV opdda pe umokeipevo avadopd¢ to umokeipevo 1. To
YEYOVOG auTO emaAnBevetal kal amd Toug Tmapopoloug Tibavolg beatoug
QVTUTPOCWTIOUG TIOU TIPOKUTITOUV, OTIWE dailveTal Kal otnv akoAoudn skova:
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Ewova 8.24: Aptotepa: Mavog 16eatog avtumpoownog (Mpdaotvn KaumuAn) unod — ouadag
nAektpodiou ue k=25 kot untokeiuevo avapopag to 42 Aséla: MBavog L6aTO¢ avVTLTPOoWToS
(mpaowvn kaumuAn) uno — ouadoac nAsktpodiov ue k=25 kat umokeiyevo avapopac to 1.

MapatnpoUpe Kal TAAL WA opolotnta otn popdn Twv «mbavwv deatwv
OVTUTPOOWTIWVY, OTIOU OUWG O€ AUTHV TNV MEpMTwon dladpEpel TO0O N KALpaka 6co
KOl OL TLUEC OTLC OTIOLEG KATAYPAETAL OTNV EKAOTOTE MepiMTwaon. O AOyo¢C yLo QUTEC
11§ Sladopég eival n opoloBeoia KATd MAATOC KoL KOTA XpOVO TNV Omoia UTIEGTNoAV
oL Sladopeg KOaumUAeG kata tn Sladlkacia MPooAPUOYAG TOUG OTOV EKAOTOTE
ETUAEYEVTA APXLKO QVTUTPOOWTIO.

AKOUn, ouykpivovtag Toug TBavoU g LEEATOUC AVTUTPOCWITIOUG TTOU TIPOKUTITOUV Ao
To umokeipeva avadopd¢ TNG NPWING HE autol¢ TG Oeltepng opadag,
TIOPOTNPOULE ONUOVTIKEG SladopEég, yeyovog MoU aVOUEVOE KaBwWS auTEG ol duo
opadec eival Sopnuéveg €TOL WOTE va TIEPLEXOUV aveEAPTNTA UTIOKELUEVA, TIOU
6nAadn bev oxetilovtal ta ERPs toug.

AkoAoUBw¢, amewkoviletal o OeaTO¢ AVILMPOowWTog (MAATwVike) tng Seltepng
KOVOVLKAG OUASAC yLo TNV EPLTTWON TWV EYKUPWVY EPWTHOEWV:
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Ewova 8.25: KaumuAn t6eatol avtumpoowmnou tne SEUTEPNG KAVOVIKNG OUASNG OTLC EYKUPEG
EPWTNOELG.

MapatnPOULE KATIOLEG OUOLOTNTEG METALY TWV MIBAVWYV LEEATWY OVTLTPOCWIIWY TTOU
T(POKUTITOUV KABe ¢dopd pe umokeipevo avadopdg €va amod Ta UTIOKE(PEVA TIOU
anaptilouv TNV UTO €€£TAON KOVOVIK OpAda, pE TOV LEEATO QVILMTPOOWIO TNG
opadog avtig. Mo va ¢davel n opoldOTNTA TOU UTAPXEL OTNn Hopdn Toug,
TIAPOUGCLA{OUE OTN CUVEXELO O KOLWVO SLaypappa tov mbavo 16eatd aviutpoowrto
TIOU TIPOKUTITEL BETOVTOG WG UTIOKEEVO avadopdg To UTtoKeElpeVo 42 e Tov LOeaTd
avtutpoowrno. Toviletal mwg n dadopd mou MOPOUCLATETAL OTO TIAATOC TOUG
odeiletal otnv opoloBeoia KATA TAATOC KaL KATA XPOVO TIOU TIPAYLATOTOLETAL KOTA
™ Swdkaoia mpooappoync. Népav tng Stadopd¢ autng, n OUOLOTNTEG elval
eudaveic:
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Ewova 8.26: ZUyKpLon KUUTTUANG LEEATOU AVTUTPOCWITOU TNG SEUTEPNG KAVOVIKNG OUASNG UE TOV
m¥avo 16€ATO AVTUTPOOWITO TTOU MPOKUTTEL FETOVTAG VA UEAOG TNG OUASOG WG UTTOKEIUEVO
aVaPOPAC, OTIC EYKUPEC EPWTIOELC.

MNa va eipaote oe B€on va avtiAndBol e TIC oNUAVTIKEG SladopEG oTn Hopdn Twv
TIAOTWVLIKWV TIoU 6{vouv oL SU0 KAVOVIKEG OUASEC, T TTOPABETOUE OTN CUVEXELD OE
KOO Slaypappa :
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Ewova 8.27: UykpLon TwV LEEATWVY QVTUTPOOWTTWY TNG MPWTNG KAl TNG SEUTEPNG KAVOVIKIG OUASAC
OTLG EYKUPEC EPWTIOELG.

ITn ouvéxela Ba avalUooupe TtV Meplmtwon Twv paradox (mapadofwv) epwTHoEwV.
Itov Kwdlka avtikablotoUpe tn petaPAntn valid pe tnv petapAntr paradox. lNa
MapAdelypa, TO avTiOTOLXO KOUUATL TOUu KWwOKa Tou avaypdpape mapandvw,
ylveTal yla tnv nepintwon tTwv mapadotwv:

load meses kampilesOl true;
mesi kampili paradoxes Ol=mesi kampili paradoxes;
load meses kampiles02 true;
mesi kampili paradoxes 02=mesi kampili paradoxes;
load meses kampiles03 true;
mesi kampili paradoxes 03=mesi kampili paradoxes;
load meses kampiles04 true;
mesi kampili paradoxes 0O4=mesi kampili paradoxes;
load meses kampiles05 true;
mesi kampili paradoxes 05=mesi kampili paradoxes;

Me OpOlO TPOTMO, OMWC KOl OTNV TEPIMTWON TwWV EYKUPWV EPWTNOEWV, Ba
ovaAuBoulv edw Kkamola emIAEYpEVA UTTOKEIPEVO. JUYKEKPLUEVA Ba avadepBoupe
ota uTtokeipeva 22, 40 ta onoia 6nwg Ba pavel avrkouv otnv 6o opdada (opada 1)
KaBwg Kal ota umokeipeva 41, 2 ta omola oxnuoatilouv pia dtadopetiki opada
(opada 2, 6mwg kot otn mepimtwon twv valid epwtioswv). Me avtiotolo TPOmo pe
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TO 000 OvVOPEPOUE TOPATIAVW, EeKvape BETovtag w¢ UToKeipevo avadopdg To
UTTIOKE(EVO 22 Kal 0 KWOLKOG YiveTal:

close all;
clear all;

kato orio lamda=0.93;
ano_orio lamda=1.07;
bima lamda=0.001;

mikos plaisiou=30;

vima overlap=10;
anw_fragma kampylis=300;

kk=25; %o ari8mos twn hlektrodiwn
katwfli=3.19; %$Katwfli omoiotitas gia paragwgi platonikou

kampyli anaforas =22;

Maipvoupe Aoutdv ta e€n¢ anmoteAéopata:
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Ewkova 8.28: ERPs nAektpodiou k=25, urtokeluévwy j=22(uUmAe koutuAn) kai j=24(kokktvn KaumoAn).

KOpLog aplBudg UTIOKELUEVOU j ZpaApa mpooapuoynG €

24 2,8088
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Ewkova 8.29: ERPs nAektpobiou k=25, urtokelugvwy j=22(unAe kaumnuvAn) kat j=47(kokkivn Kaumuin).

KUpLog aptBudg UTIOKELUEVOU j IpaApa mpooapUoyn¢ €

47 3,1814

MPOKUTITEL OTN CUVEXELX O «TILOAVOC LOEATOC QVTUTPOOWIIOC» TNE UTO UEAETNG UTIO-
opadagc:
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Ewkova 8.30:Midavoc 1deatoc avtimpoownog (mpaaotvn kaumuAn) und — opuadag nAektpodiouv ue k=25
KOl UTTOKEILIEVO avalpOopac To 22, artelkoVI{OUEVOG OTNV TIPONYOULEVN ELKOVA, OTNV MEPIMTWON TWV
napadoéwv epWTNOEWV.
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MapatnpoUPE Kal TTAAL L0 ONUOVTLIK) OHOLOTATA TO00 HETOéU TWV OTOLXElWV TToU
QIMOTEAOUV TNV UTIO-O0UASA 000 KOL QUTWVY HE TOV «TILBAVO LOEATO AVILTPOCWTIO». OL
AGyoL yla aUTAV TNV OHOoLOTNTA £XOUV aVOAUBEL EKTEVWG TOPATIAVW KOl LOXUOUV Kal
O€ QUTAV TNV EpUTTWON.

O mivakog CUOXETIOUEVWVY EXEL WG EENG:”

i odaiua
22

24 2,8088
47 3,1814

Juveyiloupe pe to deltepo péENOG TNG opadag 1, to unmokeipevo 40, To omoio Kot
B€Toupe wG uTtoKeipevo avadopag:

close all;
clear all;

kato orio lamda=0.93;
ano_orio lamda=1.07;
bima lamda=0.001;

mikos plaisiou=30;

vima overlap=10;

anw fragma kampylis=300;

kk=25; %o ari8mos twn hlektrodiwn
katwfli=3.24; S$Katwfli omoiotitas gia paragwgi platonikou

kampyli anaforas =40;

Kal €xoupe:
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Ewkova 8.31: ERPs nAektpobiou k=25, urtokelugvwy j=40(unAe kaumvAn) kat j=30(kOkkLvn Kaumuin).

KUplog aplBuog UTTOKELUEVOU |

IpaApa mpooappoyng €

30

2,6643
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Ewkova 8.32: ERPs nAektpobiou k=25, urtokeluévwy j=40(unAe kaumnvAn) kat j=18(kokkivn Kaumuin).

KUpLog aplBudG UTIOKELUEVOU j

ZpaApa mpooapUoynG €

18

3,2167
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Ewkova 8.33: ERPs nAektpobiou k=25, urtokelugvwy j=40(unAe kaumnvAn) kat j=11(kokkivn Kaumuin).

KUpLog aptBudg UTIOKELUEVOU j IpaApa mpooapUoyn¢ €

11 3,2309

Kal mpokumteL:
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Ewkova 8.34:Midavoc 1deatoc avtimpoownog (mpaaotvn kaumuAn) uid — opuadag nAsktpodiouv ue k=25

Kol UTTOKE[LIEVO avapopdc To 40, arelkovi{OUEVOG TNV TIPONYOULEVN ELKOVA, OTNV MEPIMTWAN TWV
napadoéwv epWTNOEWV.
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O TlvOoKOC CUCXETIOUEVWV EXEL WG EENG:

J odaiua
40
30 2,6643
18 3,2167
11 3,2309

Juykpilvoupe Twpa Toug TBavoug LOeatolC aVILMTPOCWITOUE TNG MPWTNG opadag,
OMw¢ pogkuPav armod TG UTIO-OUASEC TTOU OXNUATIOTNKOV LE UTIOKELLEVA avadopag
TO UTTOKELEVO- OTOLXELD TNG opadag:
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Ewkova 8.35: Aptotepa: Midavoc Ldeatog avTimpoowrog (Mpaovn KaumuAn) uno — ouadog
nAektpodiouv ue k=25 kat umokeiuevo avapopdg to 22 Aséia: Mdavog LEEATOC QVTUTPOOWITOG
(mpaotvn kaumuAn) und — ouadag nAektpodiou pe k=25 ko urtokeiuevo avapopdc to 40.

MapatnpoUpe oplopéveg Sladopeg HeTaly TwV TBAVWY LOEATWY AVILTPOCWTTWY,
yeyovog nou odeiletal katd Bdon otnv opoloBeoia katd MAATOC Kal KOt Xpovo TV
omolia unéotnoav oL dLddopeg KAUMUAEG Katd tn Sdadlkaoia mpooapuoyng Toug
OTOV EKAOTOTE EMIAEYEVTO OPXLKO QVILTPOCWITO.

AkoAouBel n amewovion TG KAUMUANG TOu LOeATOU QVIUTPOOWTOU (MAATWVIKOU)
NG MPWTNG KOWVOVLKAG OUASOG yla TNV MEPIMTWON TwV paradox EpWTACEWV:
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Ewova 8.36: KaumuAn t6eatol avTimpoowriou TNE mPwTNG KAVOVIKNG ouadag ota mapadoéa.

MapatnPOUME Lo OHOLOTNTA METAU Twv TBaVWV LEEATWY OVTUTPOCWIIWV TWV
UTIOKELMEVWY TIOU  amopTilouv TNV Kavoviky outh opada, He Ttov &eatd
OQVTUTPOOWTO TNG opadag. H opoldtnTta autr, TG HOPdg Toug, Tapouctaletal
0KOAOUBWG 0€ KOO OSlaypappo Tou LOeaToU QVIUTPOCWIIOU TIOU TIPOKUTITEL
B£tovtag wg UTtoKE(HEVO avadopag TO UTIOKEUEVO 40 LIE TO KAVOVIKO TIAOTWVLKO:
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Ewkova 8.37: ZUykpLon KAUIUANG MAQTWVIKOU TNG MPWTNG KAVOVIKNG OUASAC LIE TOV LOEATO
QVTUTPOOWITO TTOU TIPOKUTITEL JETOVTAC EVA UEAOG TNG OUASAC WG UTTOKEIUEVO aVAPOPAC, OTIC
napadoéec EpwTHOELG.
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ITn ouvéxela, mapatiBetal n avaAuon Twv UTIOKELUEVWY 41, 2 ta omoila onmwc Oa
Sdolpe oxnuatilouv pla gltepn kavovikr opada. E¢akoAouBoU e va HEAETAUE TO
NAEKTPOSLO 25 yla TNV MEPIMTTWON TwV paradox EPWTACEWYV, EMOUEVWE TO LOVO TIOU
oANalel oto poypappa eival n petaBAnti kampyli_anaforas.

ZEKWVAUE UE TN UEAETN TNG UTTO-OUASAC LE UTIOKELLEVO avadopdg To 41:

close all;
clear all;

kato orio lamda=0.93;
ano orio lamda=1.07;
bima lamda=0.001;

mikos plaisiou=30;

vima overlap=10;
anw_fragma kampylis=300;

kk=25; %o ari8mos twn hlektrodiwn
katwfli=4.5; %SKatwfli omoiotitas gia paragwgi platonikou

kampyli anaforas =41;

Ko to Matlab &ivel ta akoAouvBa:

1 U T T T T T
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Ewkova 8.38: ERPs nAsktpobiou k=25, urtokeluévwy j=41(unAe kaumnvAn) kat j=10(kOkkLvn Kaumuin).

KUpLog aptBdC UTIOKELUEVOU j IpaApo mpooapUoynG €

10 3,8652
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Ewkova 8.39: ERPs nAektpobiou k=25, urtokelugvwy j=41(unAe kaumnvAn) kat j=51(kokkivn kaumuin).

KUpLog aptBudg UTIOKELUEVOU j

IpaApa mpooapUoyn¢ €

51

3,9804
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Ewkova 8.40: ERPs nAektpobiou k=25, urmtokeluévwy j=41(unAe kaumvAn) kot j=2(kOkkivn KoumuAn).

KOpLog aptBudg UTIOKELUEVOU j

ZpaApa mpooapuoynG €

2

4,1628
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Ewkova 8.41: ERPs nAektpodiou k=25, urtokeluévwy j=41(unAe koumuAn) kat j=30(kOkktvn KaumoAn).

KUplog aplBuog UTTOKELUEVOU |

Ipalpa mpooappoyng €

30

4,4961

Kal éxoupe:
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Ewkova 8.42: MBavog 16aTO¢ aVTLTPOoWNOC (IPAGCLVI KAUTTUAN) UTto — ouadac nAektpodiou

UE k=25 kat urokeluevo avapopag to 41, amelkoVI{OUEVOG OTNV IIPONYOULEVN ELKOVA, OTNV

EPINTWon Twv napadoéwv epwTNoswv.
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O TlvOoKOC CUCXETIOUEVWV EXEL WG EENG:

j odaiua
41
10 3,865217
51 3,980443
2 4,162779
30 4,496141

O£TOUE OTN CUVEXELA WG UTIOKE(EVO avadopdg To 2:

close all;
clear all;

kato orio lamda=0.93;
ano_orio lamda=1.07;
bima lamda=0.001;

mikos plaisiou=30;

vima overlap=10;

anw fragma kampylis=300;

kk=25; %o ari8mos twn hlektrodiwn
katwfli=2.81; %$Katwfli omoiotitas gia paragwgi
kampyli anaforas=2;

platonikou
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Kat maipvoupe ta €€ ¢ amo to TpEELLO TOU TIPOYPAUUOTOC:

5 1 1 1 1 1
0 50 100 150 200 250 300

Ewova 8.43: ERPs nAektpodiou k=25, urmtoketluévwy j=41(umAe kaumuAn) kat j=2(kOkkwvn KoumtuAn).

KUpLog aptBudg UTIOKELUEVOU j IpaApa mpooapUoyn¢ €

51 2,7274

A L
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Ewkova 8.44: ERPs nAektpobiou k=25, urtokeluévwy j=2(umAe koutuAn) kat j=45(kokkivn koyumuAn).

KOpLog aplBudg UTIOKELUEVOU | ZpaApa mpooapUoynG €

45 2,8014

76




5 1 1 1 1 1
0 a0 100 150 200 250 300

Ewkova 8.45: MBavog 16eatog avtimpoownog (mpactvn KaumuAn) umo — ouadac nAektpodiou ue k=25
KOl UTTOKEIUEVO aVaQOPAG TO 2, QIELKOVI{OUEVOG OTNV TPONYOUUEVH ELKOVA, OTNV MEPIMTWON TWV
napadoéwv epwtrioswy.

O mivakog CUCXETIOUEVWY EXEL WG €ENG:

j odaAua

51 2,727353
45 2,801368

Zuykpivoupe kat 6w toug Bavoug LOEATOU AVTLITPOCWITOUC TWV UTIOKELLEVWY TNG
dlac opadag (tng evtepng), avapévovtag nws adol avikouv otnv bl opada Ba
napouaotalouv HKpEC Sladopéc:

77



50 100 150 200 250 300 0 50 100 150 200 250 300

Ewova 8.46: Aplotepa :Mavog 16eato¢ avtumpoownog (Mpdaotvn KaumuAn) unod — ouadag
nAektpodiou ue k=25 ko umtokeiuevo avapopdc 1o 41 Acéia:MBavog L6eATOC avTUTPOoWITOC (Mpaatvn
KourtuAn) und — ouadacg nAektpodiou ue k=25 kat UTTOKEIUEVO avaPopdc To 2.

Ovtwg n opotdtnTa petafl Twv SUO MBavwv LOeATWY QVIMPOCWNWY Elval
eudpavig.

Eniong, ouykpivovtag toug mBavoug LEEATOUC AVILTPOCWITOUC TIOU TIPOKUTITOUV LLE
UTtOKElEVa avadopds Ta otolxela tng mpwing opadag pe autoug tng SeltepPng
opadag, mapaATNPOUE ONUAVTIKES SLaPOPEC, YEYOVOS TTIOU OVAUEVOUE KABWE OLUTEG
oL 800 opadeg eival SounuUEVEG £TOL WOTE va TIEPLEXOUV aveEAPTNTA UTIOKEIPEVQ,
miou dnAadn dev oxetilovtal ta ERPs touc.

MNapatiBetal akoAoUBwCG n KaumUAn tou oeatol avTpoowrou tng SelTEPNC
opadog yla TNV nepintwon Twv paradox EpWTACEWV:
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Ewkova 8.47: KaumuAn t6eatol avtimpoownou tne SEUTEPNG KAVOVIKNG ouadag ota rtapadoéa.

Onwg yivetal pavepd amd Ta mapanmavw SLaypAUUaTa, UTTAPXEL KATIOLO OoLOTNT
HETAEL TwV TUBaVWV LEEATWY QVIUTPOCWNWY TIOU TPOKUTITOUV KABe dopd otav
Béooupe WG KaumUAn avadopdg €va amd To UTOKE(Heva Tou amaptilouv Tnv
KOVOVLKN auTr ouada, pe tov 8eatd avtimpoowno tn¢ opadac. H opoldtnTa auth,
™M¢ popdng toug, mapouctaletal akoAoUBwC oe kowod Slaypappa Tou Ldeatol
OVTUTPOOWTIOU TIOU TIPOKUTITEL BETOVTACG WG UTOKEIPUEVO avadopd TO UTIOKELHEVO 2
LE TO KOLVOVLKO TIAQTWVLKO:
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Ewkova 8.48: ZUykpLon KaumuAng mAatwvikou tne SEUTEPNG KAVOVIKNG OUASAG UE TOV LOEATO
QVTUTPOOWITO TTOU TPOKUMTEL FETOVTAG EVA UEAOG TNG OUASAC WG UTTOKEIUEVO QVAPOPUS, OTIG
napadoéeg EpwWTNOELC.

3TN ouvéxela Ba MOPOUGCLACOUNE OE KOO SLAypappa TG KOUMUAEG TwV OeaTwY
QVTUTPOOWNWY TwV 6U0 UTO MEAETN OHASWVYV PE OTOXO va avilAndBoUpe TIg

Sladopég otn popdn Touc:
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Ewkova 8.49: ZUykpLon TwV LEEATWY QVTUTPOCWITWYV TN TTIPWTNC KoL TNG SEUTEPNG KAVOVIKNG OUASOG
OTIC EYKUPEG EPWTIOELC.
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KEPAAAIO 9 YYMITEPAYXMATA

Itnv mapovloa epyacia €yve opadomnoinon onpATwy MPOoKANTWY duvapkwyv ERPs pe
XPNOoN TEXVIKWV avoyvwplong mpotunwv kat Ynélakng enefepyaociag ornupatog.
JUYKEKPLUEVA, PeAeTnOnkav ta ERPs oniuoatoa, ta omoia kateypadnoav amd 26
NAEKTPOOLIA KATAAANAQL KOTOVEUNUEVA OTO TPYXWTO TtNG KedaAng 51 uywwv
UTIOKELUEVWY. Ta PBlo-nAektplkd autd onuata adopovoav SU0 OCUYKEKPLUEVEC
eYKePOAIKEG AeLToupyieg, TNV 0pBN AoyLKr) CUVEMAYWYN KATA APLOTOTEAN KAl TOV
napadofo ouMoylopd katd Znvwva. H edapuocBeica péBodog odnynoe oe
opadomnoinon twv 51 ERPs mou avrtiotowyoloav ot SU0 QUTEG EYKEPOALKEG
Aewtoupyieg, avd nAektpodlo. H opadomoinon autr Kpivetal TOAU LKAVOTIOLNTIKN
S10TL oL KOUMUAEeC kaBe opadoag mapouciocav MOAU HIKPO AABOC MPOCAPLOYNG,
YEYOVOG Tou dAvNKE amd TNV OPOLOTNTA TWV KOUMUAWV Twv Tubavwyv beatwy
QVTUTPOOWNWY Twv dladpopwv UMO-OpHAdwY WG Kal Tou TeAkoU L&eatou
QVTLTIPOOWTOU TNG KABe kUpLag opadag. EmutAéov, n BEATIOTN Mpooappoyrn Twv
OXETLKWV KOUTIUAWY TIOU QVTLITPOCWTTEUAV SLOPOPETIKEC OUASEC, E6WOE ONUAVIIKA
pHeyaAutepa AdBn mpooapuoyn. Emiong, amod tnv evéeAexr OTATLOTIKY avaAuon Kol
enefepyaoia Twv amoteAeopdtwv mou €€nxBnoav otnv mapoloa SUTAWUATLKA,
daivetal otL oL dU0 eykePaAlkEG AeLToupyieg, N AOYLKr CUVETAywyrn adevOC Kal O
napadofog Katd Znvwva CUAAOYLOUOC adeTEPOU avTavaKAOUV e SLadOopeTIKO
TPOMO OTa  ONMaTa  NAEKTPIKWY  SUVOULKWY  TIoOU  Kateypadnoav  Ue
nAektpoeykedaloypadnua (HEF) og vyl uTtoKeipeva.
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