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NeplAnyn

H vontikn KOmwaon Katd tnv 08rynon avadEPETal 0TV yVwaoTLKN enBdpuveon mou Blwvouy
oL obnyol katd TN SLAPKELD TAPATETAUEVWVY TIEPLOSWY, EMNPEAIOVTAC TNV TIPOCOXK, TOUG
XPOVOUG avTidpaong Kal Tn cUVoALKN Toug amodoon. H kKOmwon Katd tnv odnynon eykupovel
onUavtikol¢ Kvduvoug yla tnv odikn aodaleta kol amottel akpBeic pebodoug afloAdynong
yLlaL TOV HETPLACUO TwV TBavwyv KivdUvwv. H mapoloa Statplpr emkevipwOnke otnv avantuén
Kal ofloAOynon Kawotopwv HEBOSwV avixveuong vontikng KOmMwong Katd tnv odnynon,
Sivovtag éudaon ot EEATOULKEUPEVEG TIPOCEYYLOELG KL OTN XPNON TPONYUEVWV TEXVIKWY
avaAluong eykedaAlkwv SIKTuwv. Méow tng aflomoinong twv onuatwv EEG kat tou Asiktn
KaBuotépnong ®aong (PLI), oe ocuvduaopd pe tOoug alyopiBHoug pnxoavikng pabnong, n
€peuva avedelfe TN onuacio TNG KATOVONONG TWV ATOMLKWY HOTIBwY cuvdeouoTNTAG YLl TNV
MPOPAePn t™NG KOTMwoNnG. H evowUATWONn TWV TEXVIKWVY EVIOTMIOMOU TINYWV TPOCEPEPE
AemTOUEPN XOPTOYPAdNON CUYKEKPLUEVWVY TIEPLOXWV TOU €YKEPAAOU TIOU EUTAEKOVIAL OTN
vontik komwaon, divovtag Wlaitepn éudaon otn {wvn cuxvotntwyv aAda. Emumpdobeta, ol
avaAUoelg emutédou twv aloBntipwyv amedelav tnv afla Toug WG TPAKTIKEG AUCELS yla
epapUOYEC OE MPAYUATIKO XPOVO AOYW TNG OMAOTNTOG KAl TNG TAXUTNTAG Toucg. TEAOG, Ta
amoteAéopata avadelkvlouv T onuacio TG EVOWHUATWONG TWV VEUPOETILOTNHUOVIKWV

YVWOEWV KAl TIPOOEYyioewV TTOU £0TLAIOUV OTLC ATTALTHOELG TWV TIPAKTIKWY EPOPLOYWV.

Nééeig-kAeldla: Nontikn) konwan, 08nynon, HAsktpoeykepaloypapnua (EEG), Asiktnc kaBuotépnang

@aonc (PLI), Eykepalika Siktua, ZWVEC OUXVOTHTWVYV






Abstract

Mental fatigue during driving refers to the cognitive strain experienced by drivers over
extended periods, which can impair attention, reaction times, and overall driving performance.
Driving fatigue presents significant risks to road safety and requires accurate assessment
methods to mitigate potential hazards. This dissertation focuses on the development and
evaluation of innovative methods for detecting mental fatigue during driving, emphasizing
individualized approaches and advanced techniques for brain network analysis. Utilizing EEG
signals and Phase Lag Index (PLI), combined with machine learning algorithms, the research
highlights the importance of understanding individual connectivity patterns in predicting
fatigue dynamics. The incorporation of source localization techniques provided high-resolution
mapping of specific brain regions involved in fatigue processes, revealing the critical role of the
alpha frequency band in identifying mental fatigue. Additionally, sensor-level analyses offered
practical solutions for real-time applications due to their simplicity and efficiency. These
findings underscore the potential for advancing fatigue detection methodologies through the

integration of neuroscientific insights and application-driven strategies.

Keywords: Mental fatigue; Driving; EEG; Phase Lag Index (PLI); Brain networks; Frequency bands






EuxaploTiec

H mapoloa Stbaktoptkr Slatplpn elval amoTéEAEopa LLOC LOKPOXPOVNG TTOPELAG, KATA TN SLAPKEL
™TN¢ omolag eixa TNV TUXN KOL TN Xopd vor Sextw Tt CUUPBOAN Kal TN OTAPLEN APKETWVY avOpWIWV.
MNpwrtiotwg, Ba nBela va ekdpdow TIG BEPUEC EUXAPLOTIEG You oTov emIPAEmovta pou, OpdTLHo
KaBnyntr E.M.IM. Anuntplo Koutooupn Tou e otnpLee og OAn auTr TNV MPoomabeLa Kal UTINPEE €vag
peYAAoG SAOKOAOG YLo OAOUG OGOUC £XOULE TN XOPA KOLL TLUA VA TOV YyWwpilloupe. It cuvéxetla Bo nbsha
va euxaplotiow tov Kabnyntr EMIN k. lewpylo Matadmnoulo. Tov euXapLotw yLa TV TO60 GNUOVTLKA
gUKaLpla TTIOU HoU £8WOE VoL TIPAY LOTOTIOL0W TO OVELPO HOU, YLO TIG TIAVTA EUOTOXEG CUBOUAEG KAl TN

Slopkn uTooTAPLEN Tou KaB’ OAn tn SLdpKeLa EKTTOVNONG TNG SLATPLRNG Hou

Oa nbela, emiong, va ekdpdow tn Pabld suyvwpoolvn HOU yla Toug avBpwmoug mou b€
otapatnoav va eivat Sirmha pou og 6Ao auto to duokoho Tagidt, tn Ap. Pavia Netpomoulou kal tn Ap.
Maphéva Tapouorn. Oa Bupdpat Tavta TNy aywvia e tnv onola Toug e€€0eTa TOUG TPORANUATLOUOUS
MOU KOl TNV ETLOTNHOVIKN Kal PUXOAOYLKH TOU UTIOOTNPLEN TIOU e £Kavav KABe ¢popd va cuveyilw kot
TEAKA va $TACW oTNV OAOKANPwWaCN Tou €pyou pou. Oa nBela emiong va euxaplotiow Tov Ap. Mavvn
Kakko yLo tnv moAuTiun kabodnynor pou kad’ 6An tn SLapKeLo EKIOVNONG TNC Ttapouoag ALotptBAg Kot

yla tnv opéplotn BonBeta kot urtoothpLér Tou.

ErumAéov, Ba nBsha va suxaplotiow Ttoug kabnyntég Toavaka Movaywwtn, Xplotodopou
Eudyyeho, Navaydmouho ABavacto kal AcBeotd MavteAenwy, YL TN GUUUETOXH TOUG oTnV EmtopeAn
YupBouleutikn Emutpomn tng SatpBric pou. ISaitepa suyoplotw tnv EpsuvAtpla A° Ap. Mapia
Xapitou, pélog tng Emtapelouc ZupBouleutikng Emitpomnng, yla thv moAuTiun Bonbeta kal th dlapkn

UTIOOTHPLEN, ETLOTNOVIKN Kol PuxoAoyikr], Tou €Aafa amd authv.



Euxaplotw moOAU emiong OAoug toug ouvadéddoug kol HEAN Tou Epyaotnplou BlolotplkAg
Texvoloylog tou E.M.N. yla Tn cuvepyoaoia pag OAa auTd Ta XpOVLa KAl T GUVEXH TOUG UTIOOTHPLEN KOl
cuunapdotacn. Oa nNBela emiong va suxaplotiow amd kapdldg toug ¢piloug pou TIoU OVTaG
ouvodoLTOpOL LOU OAO aUTO TOV KALPO, LOU £8waav OAN TOUG TNV OYATIN KOL TNV OTNPLEN Yl va $TAow
oTo TéAog autnc tng dtadpoung. Télog, Ba nBeha va ekppdocw tn Pabld suyvwpoouvn UOU OTNV
OLKOYEVELQ LOU TIOU WE otnpilel og kABe Bripa Kot pou Sivel Tn SUVA PN VO TIPOYHOTOTOLW T OVELPA

Mou.

10



Meplexopeva

LY o1 1 - ot FR PO TSSO U PP PPV SO PP 7
0o T o] o1 o X RSSO 9
[ EYo T3 (e ULV SR 11
EUDETAPLO ELKOVWIV .evviieiieeeiiee ettt e ettt e eeteeeeteeeetaeeetteeeeteeesabeeebaeeesteeeteseeaseesabeseseeestesessbeesaseesaseeesnbeeeseeas 13
EUDETAPLO TILVOKWV o eteeeeeteeeetteeeteeeeteeeeteeeeteeeesseeeasesessseseseseasseesasesessseeasesensseesasesessseesnsessasseessesenseens 15
TUVTOOYPOUPDLEG wveeereeeiieeetie ettt e ettt e ettt ettt e eeteeeetbeeeteeeetaeeeateeeeaseesateeebeeesasaeensaeeasseesseseesssesntesesseesaresenses 17
[T TAXe 1o Tt N YT o 1Y 00 o SR 19
KeEPANQLO 2 OEWPNTIKO UTIOBABPO...cccuvvieeerieeirieeireeeitteesteeerteeesteeesteeesaseessaeessseessseessseesasesansseesseeensses 21
2.0 ELOOIYWIVI ceetteeeitie ettt eete e ettt e ettt e eeteeeebe e e beeeeaseeebeeeeaseeenbeeeasbaesnteseesseeenseeeasseeeteeeessaeenseeensseesnseeensreas 21
2.2 H KOTUWON KOTOL TNV OOIYINOMN . ttteiteieetieeetieeeteeecteeeeteeeeteeeetteeeeteeesaseeetesessseeesesessseesseeensseessesenseens 21
2.3 O QVOPWTTLVOG EVKEDOADG ..evvveeerreeereeeitreesreeeiteeesseeeseeessseesssesessseesssssasssessssssesssesssessssseesssesessees 28
2.4 TeXVIKEG ATIELKOVLONG EYKEPOALKIG AEITOUPYLOG. .c.uvieeiieeiieeeieeecreeeieeerteeetee e sereeereeeareesbeeenaeas 28
2.5 HAEKTOEYKEPOAAOYPADNLOL o.evveeeeriieerieeieeeeiteeecteeesteeeteeestreesbeeesaseestaeessseessaeessseesnsasensseesseeensees 30
2.5.1 TortoB£tNon HAEKTPOSIWY HET KO ZUGTAOTO .eeuvveeeieeeieeeetreeeteeeeireeeeteeeeareeeveeesneeeseeenaneas 34
2.5.2 PUBHOL KOL TOAGVTWOELG HET ..ttt ettt eetee e et e e eave e eateeetaeesabeeeeaeeas 34

2.6 EvToruopog Mnywv (Source Localization) .......cccveeeciee ittt et et 36
KePAAao 3 MEAETN EYKEDOALKWY ALKTUWVY ...vveeereeeireeeieeeireesieeeiseeesseesseeessseesssesesssesssesenssessssesenseees 49
3.1 ALKTUOL EYKEDGOAOU ..ot eeeteeeeteeeeteeeeeteeeetveeeveeeeteeesabeseetaeeeteeesbeseasseeesseeeasesesaseeenseeeasseesseeenseeas 49
3.2 Aettoupytkn ZuvbeopotnTa (Functional CoONNECHVILY)....coueieeeeeecieeeeee e 51
3.3 Metpikég AtktUou pikpoU kdapou (Small world Network Metrics) .....oooevveeeeeeccieeccieeceiee e, 52
3.4 AeiktnNG KaBUGTEPNONG DAGNC (PLI)..vrieereieiieecee ettt ettt et re e e eve e s e e et aeeare e ebeeeenneas 56
KEPANCLO 4 MEBOSOL AVAAUGIIG.eeevveeeetieeeeieeeieeeeiteeeetteesteeeeteeestteesbeeesaseeebaeessseessseessseesnseesnsseesseeenssens 59
4.1 TPOUULKA TTOAVOPOINGON ..ceveeeteeeetreeeeteeeette e et e eeteeeeeteeeetaeeeteeeeteeesbeseeteeeasseesasesessseeenresenseeesareeennes 59
4.2. MEDOSOC EAAYLOTWY TETPOYWVWIV.c..eereeeerreeenreeeiteeeereeesteeeeseeesseeessesensesessseesasesesseesssesessseessseesnses 60
4.3 AAYOPLOUOL MNXOVIKAC MOBDNONC ceveeeetee ettt ettt et ettt et e et et eeeteeeetaeeeteeeeaaeeentesenaeeesareeennes 62
4.4 O OAYOPLOUOGC RFE-CBR .....cuviiiiieeciiieeiee et e eteeetteeeteeestaeestteeebaeesabeesataeesaeesasesesseesssasesseesasesenses 64
4.5 MEDOBOL TUELVOLNONG . uvveeereeeteeeeireeeireeesteeseteeestreesseeessaeesssaessesessseessesessseesseseasseesssessnsseessessnses 65
KedbaAalo 5 ZUoTAPATO OVIXVEUONG KOTIWONG KOTA TNV OONAYNON coeeivieeeeeiieeeeeteeeeeeteee e eetee e veee e e 69
KedbaAalo 6 ASSOUEVA KOL TIELPOUOTIKOG OXEOLAGTOC vvveeenerrreeeerieeeeeireeeeeeitreeeeeisreeeeeisreeeeasseeesssssesesensens 75
6.1 ZUMPETEXOVTEG KOL TIELPOUOTLKOG OXESLOOIOG. cuveeeurrreeereeereeeitreeereeesreesreeessreesseeeseeessseesnseeenssens 75

11



6.2 AN KO TIPOETIEEEPYOOLO TOU HET ..ottt ettt e et e eeabeeebaeeenaeas 78

6.3. AEITOUPYLKN CUVOECLUOTNTA KA KATAOKEU EYKEDAALKOU SLKTUOU ....cceeveeenvveecereeereeeiree e e 79
Kedpdalato 7 Avixveuon KOTwoNG KOTA TV 08ynon e TN XPHon LETPLKWY HLKPOU KOOUOU ................. 81
28 |V =L T Yoo 7, o 1V o SR 81
7.2, ATIOTEAEGOTOL «.veeeuvreeeereeeteeeeteeeeteeeetteeebeeeesseesaseessasesssesasaseasssesnsesensssesssaessasesaseeensesessseesseeenssens 82
7.3 ZUTNTNON = ZULTIEPAOLOTO o.ecuvveeeereeeureeereeessseesreeeaseeesseseseeeasssesasesessssesasesensssesasessssssessseesasesensses 89
KedaAalo 8 E€atopikeupévn petaBAnToTnTa oTa HOTIBOl CUVEECLUOTNTOC TOU EYKEPAAOU KOl OTN
QUVOULLKIT) OO YN O GKOTIWONG v veeueveeeurreesureesresessseessseassseessssessseesssssansssssssessssssessssssssssessssssssesansssesssesanses 91
8.1 IMIEDOBGONOYIO ... veeetreeeetie ettt ettt ettt e et e et este e e teeeeabeeeeteeeeteeesbeeeeteeeesbeeeaseeesabeeenteeensseesnseeenseeas 91
8.2 AVAAUGT QTOULKOU KO TIOYKOOHLOU SLKTUOU .. .uveieureieeerieereeeetreeeteeestveeeseeesseeesseeenseeesssesssesenseees 92
8.3 ALLOAOYNON GLKTUOU ...uvveeeuvieecireeeireeitteesteeestseesareessaeesaseessaeaassessnsaseasssassseeasasesssesansssenssessseeenssees 93
8.4 ATIOTENEGLOTO .. vveeuvreeeuteeeteeesteeeteeessteesteeeasseesaseeansasassseesnsaeasssesnsasansssesssaeansseesnseeansseansseesnsaeensses 96
LI X011} o PSSR 102
8.5 ZULTTEDAOLOTO «.vveeeveeetreeeureeeeseeeeseeeeseeeaseesaseseasseeaaseseasseessesesssessssseasseesasesesssessasesessseesnsesesseesns 108
Keddlato 9 Aviyveuon kOMwaoNG KATA TRV 08AYNGN LE EVIOTILOHUO TUNYWV..eceureeereeeerreeereeevreesreeennes 109
9.1 IMIEDOOOAOYIOL .. evveeeeierrieeeetrieeeetteeeeetteeeeeteeeeeeetbeeeeetreeeesesbeeeesasseeeeeasseeeesasseeeesassaeeesnssaeeesnsreseennns 109
9.2 ATIOTEAEGLOTO . .vveeeveeeireesireeeteeesree e teeessseeasaeesssaesasesassaeansasesssessssseessesansasesssessnsasensseeasseesssenans 112
9.3 TUHTTEDAOLOTO «.vveeereeetreeeureeeereeesseseeseeessseeeaseseesseeaaseseasseessesesssesssseeasseesasesesssessnseseasseesasesesseeans 115
KePAANQO 10 JUTATNGON - SUMTIEPOOOTO c.vveeeeveeeureeereeeesreeeeseeesseeesasesessseesseeeasesesssesessseesssesensseesssessnses 119
BUBALOYDODLO. .ttt ettt ettt et e et e e et e e e teeeebeeeeaeeeeaaeeebeseesbeeeabeeeesbeeebeeentbeeeateeeaseeesareeennes 123
KOTOAOYOG ANUOGLEUGEWV ....vveevreeeireeeteeesteeeitteesreeasaeesseesasssassssesasesessseesssssasssssssesessssssssesssssessssessnses 143

12



EupeTApLlO ELKOVWV

Ewkova 1. TXNUOTIKY AIELKOVLON TOU TIELPAATIKOU oxedlaopoU: (a) H diatagn mpooopoiwong
oénynong- (B )H mpokaBoplopévn Stadpopr) Mavw 6To XAPTN MPOCOUOoLWoNE MAPOUGCLAlETAL e
KOKKLVO Xpwia- (y) H Stapkela tng mpooopoiwang odnynong ntav 1 wpa, He cuvexn kataypadr) tou
HET. tn peténelta avaluon anokAelotnkoy amd tnv avaluon Tuipata HEN mou avilotoovuaoay ota
TIPWTO KO TEAEUTOUOL 5 AETITG ..vveeenvreeeirieeiteeeeereeeteeeetreeeteeeetseeesseeeeseeesseseasseeassesensseesaseseseseassessnseeesssenns 77
Ewkova 2. EEEAEN TWV PETPIKWV ULKPOU KOOUOU Katd tn Stdpkela 19 mopablpwv twv 5 Aemtwv pe 50%
erukAAuPn otig LWVeC: (o) OATA (B) AADA KOL (V) PBATOL «evvereeirreeeeirreeeeiireeeeeireeeeerreeeestreeeesrreeeeenreees 84
Ewova 3. Napoucioon Twv HETPKWY KATA T Stdpketa 19 mapabipwy Twv 5 Aemtwy e 50%
ETUKAAUYN UE TN YA Ttpoocappoyns LSM otn {wvn Alpha yia a) to pnkog dtadpoung kat B)
GUVOALKN OTTOGOTIKOTITO. .. veeeuveeeeureeeeteeeetreeeteeeetreeeeseeesseeesseeessseeasseeeasesessseesseseasssessesensssesnsesansssesasesenses 87
Ewkova 4. JUCXETLON UETPLKWY HKPOU KOGHOU KaTd TN StdpKela oAOKANPNG tTnG epyaciog odnynong
yia: (o) ONTO- (B) AAPO- KOL (V) BATO ZWVEG. .. .vieireeeetreeeteeeeteeeteeeeteeeeeteeeeteeeeaeeeeteeeeabeeeesaeessseeenteeesareeans 89
Ewkova 5. To meplypappo Tou eykekplpévou mAatoiou. Ta Siktua PLI umoAoyiCovtal pe Baon TG {wveg
CUXVOTATWY MOV TIPOKUTITOUV artod To onpa EEG. ¥tn cuvéxela, ot akpéc PLI e€etdlovtal pe Bdon ta
pétpa R?, mepypadovtag avfavopeva fi HeloVPEVa POTiBa KL TO EMIMESO ONUAVTIKOTNTAG TOUG yLa
TNV TEPALTEPW OVAAUGCT TWV SLKTUWY TIOU TIPOKUTITOUV. ..eeeuveeeireeeureeerireesreeessseessseeesseessesesssessasesessnes 95
Ewkova 6. OTTIKI) avomapAdoToon TOU TOCOOTLAOU EUPOUC TwV BEUATWY TIOU PoLPAlOVTaL KOLVEG

Lo 1AV Lo YXo 1= LSRR 97
Ewova 7. OLonuavtikeg ouvdéoelg IN yia (o) T {wvn 6€Ata, (B) tn {wvn B1ta, () tn Lwvn dida, (8)
™ {wvn Brta kot (€) tn lwvn yaupo. OL cuvEEDELS e TIPACIVO Xpwia epdavilouv Betikn KAlon, evw oL

OUVOECELG UE TIOPTOKOAL QUDVITTLKI. «vveeeeeurrereeeiureeeeeiuseeeeeasseeeeassseeesassseeesasssssesassesesassssesasssssesasssesessansenens 98

13



Ewova 8. Inuavtikég ouvbeoelc oto GN yua (a) 6€Ata, (B) Onta, (v) dAda, (8) Brta, (€) yapua {wvn
CUXVOTATWY, (0T) oL B£0eLg TwV NAEKTPOSIWY (XPWHATIKA KWEIKOTIOLNUEVEG 0L UDWV LE TO KUKALKA
SLOYPAULOTA) VLA TIG LETWTTLALEC, KPOTADLKES, KEVIPLKEC, PPEYUOTLKES KOL LVLOKEC TIEPLOXEC TOU

R0 ] 8 (P o TU o o Tl 2L ¥\ o RS

14



Eupetplo MIVAKWVY

Mivakag 1. Ot TYéS TNG KAlong LSM yia kaBe UeTpLki Katd T Stdpkela oAOKANPNG TNG EpYACLOg

OO IYNONG. ettt ettt e ettt ettt e et e ettt e e teeeetteeetbeeebeeeetbeeebeeeaseeesateeeaaseeaatae e baeeeabae e baeeatteeebeeeaabeeebeeeteeesreeentes 86
Mivakag 2. ApLOUOC ONUAVTIKWY CUVSECEWV (P < 0,05 KOL T > 0,25)..ccccuriiciieeieeeeiee et 101
Mivakag 3. Ot KOWECG CUVOECELG UETOED TOU IN KOLTOU GN ...eveiiiiieeieeeciteeetee ettt ettt e 102

MNivakag 4 Antddoon tou RFE CBR pe xprion dtadopetikwy Taflvountwy otn AgAta Zwvn ZUXVOTATWY

15



16



Yuvitopoypadleg

Abbreviation

English Terminology

EAAnvKA opoAoyia

AAL

Automated Anatomical

Autopatn Avatoutkn Emonpoavon

Labeling
ADAS Advanced Driver- Assistant Mponyuéva uotnuata
System YrnioBon6nong Odnyou
BC Betweenness centrality Amo6 Kowou Kevtpikotnta
BCI Brain Computer Interface Alertadn eykedalou-umoAoylotn
BEM Boundary Element Models MoVTEAQ OPLOKWY OTOLXELWV
CDC Centers for Disease Control Kévtpo EAEyxou MpoAnyng kot
and Prevention Noonuatwv
CEN Central Executive Network Kevtpkd EKTEAEOTIKO AlKTUO
DMN Default Mode Network Aiktuo Mpoemileypévng
Katdotaong
ECD Equivalent Current Dipole MovtéAa L.ooduvapou SutdAou
peLATOC
EEG (HET) Electroencephalogram HAektpoeykepahoypdadpnua
eLORETA Low-Resolution HAekTpopayvnTIKn Topoypadia
Electromagnetic Tomography €YKePAAOU XapunAng avaAuong
ERPs Event-related potentials Avvoapika ou oxetilovtol Ye
yeyovota
ESRA E-Survey of Road Survey HAektpovikn Epguva OSIkwyv
Attitudes JTACEWV
ESS Epworth Sleepiness Score KAtpoka YrivnAiag Epworth
Effgiob Global Efficiency KaBoAikr) Atodotikotnta
Effioc Local Efficiency Torukr AmtodotikotnTa
Effrod Nodal Efficiency KouPwn Amodotikotnta
FEM Finite Element Models MovtéAa Nenepacpévwv
oToLXELWV
FMCSA Federal Motor Carrier Safety Ouoormovdilakn Aloiknon
Administration Aodalelac OSikwv Metadopwv
HMA
fMRI Functional Magnetic Aettoupykn Mayvntiki
Resonance Imaging Topoypadia
GN Global Network KaBoAikd Aiktuo
IN Individual Network E€atouwkeupévo Aiktuo
L Path Length Mnkog Atadpopng
MEG (MET) Magnetoencephalography MayvntoeAektpoeykedaloypadia

17




MEM Maximum Entropy on the Méylotn Evipomia Méoou
Mean
MNE Minimum Norm Estimation Extipnon EAdxiotng Noppag
NHTSA National Highway Traffic Safety | EBvikr) Ynnpeoia Aodalelog
Administration 0bwkn¢ KukAodopiag
PET Positron Emission Technology | Topoypadia EKmopmnnig
Nolttpoviwv
PLI Phase Lag Index Asiktng KaBuotépnong Odong
PVT Psychomotor Vigilance Test WUXOKLVNTIKEG AOKLUEG
Evpriyopong
SSSQ Short Stress State 0Opog bev eival Stabéatuog
Questionnaire
noy World Health Organization Maykoopog Opyaviopog Yyeiag

18




KepaAaio 1

Elcaywyn

H o6nynon eivat pia moAUTIAEUPN KAl EEQPETLKA ATIALTNTIKA Sp0TNPLOTNTA TTOU ALOKELTOL
KaOnuepva amo moAudplbua atopo o€ OAo Tov KOOUO. Elval eUpEwC avayvwpLopEVO OTL N
odnynon amattel and toug odnyolg OxL MOVo va avTAapBdavovtal Kol va KOTovoouv WE
okpifela TG MAnpodopieg mou oxetilovral Pe TIG SLKEC TOUG LKAVOTNTEG odnynong, tnv
Kataotacon Tou odnyou, TG €MISO0EL( TOU OXNUOTOG Kol TtThv KukAodopia, aAAd kal va
enegepyalovral e HeyaAn ToxUTNTA QUTEC TIC MAnpodopieg [1]. H Statripnon tng mpoooxng
KAl TNG YVWOTIKAG ofutntag eival wblaitepa emwdeAnc yla toug odnyoucg [2]. AvtiBeta, ol
TIAPATETAUEVEC TIEPLOSOL 081yNoNG UMOpPEL va TPoKaAEGouv KOTwaon t¢ odnynong, n omnola
ovadEPETAL OE L0 KATAOTAON KATA TNV omoia N auénuévn MVEUUATIKY KATAmOvnon Kol n
UTVvNAlDL HEWWVOUV TNV KAVOTNTO Tou odnyolU va avTOmoKplOsl OMOTEAECUATIKA OF
OTPOPBAENTEG I KPLOLUEG TIEPLOTAOELG, BETOVTAC £TOL O Kivouvo TNV aopaAela TG 08nynong
[3]. 20pdwva pe tov MNaykdoputo Opyaviopo Yyeiag (MOY)?L, ta tpoxaio atuxripata npokalolv
tov Bdvarto nepinou 1,19 ekatoppUplwV avBpwTwV o 6AO TOV KOO0 KABE xpovo Kal adrivouv
pHeTall 20 kaL 50 ekOTOMMUPIWV avBpwrnwv pe pn Bavatndodpoug Tpaupatiopolg [4].
MNapdAAnAa, cUpdpwva e Epeuva tou SLe€nxOn to 2014 amnd ta Kévtpa EAEyxou kat MpoAnding
Noonudtwv (CDC) otig HNA, StamiotwBnke otL mepimou 1 otoug 25 eviAlkeg 0dnyoug (NAwiag

18 etwv Kal avw) mopadextnke OTL elxe ocupPel va amokowunBel katd tn Asttoupyila Tou

L https://www.who.int/health-topics/road-safety#tab=tab 1
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OXNMOTOG KATA TNV Tponyoupevn mepiodo twv 30 nuepwv [5]. To 2014, to 16pupa AAA
Foundation for Traffic Safety die€nyaye pia peAETn mou amokAAUP e OTL EVa CNUAVTIKO UEPOC
TWV TIEPLOTATIKWY TIOU OXETL(OVTOL HE TO OXNMa OXETleTal Ue TNV 0dNynon O€ KATAOTOON
unvnAlag. Ta anoteAéopata £6el€av OTL MEPLTTOU TO 6% OAWV TWV ATUXNUATWY TTou o8rynoav
O£ PUHMOUAKNON TOU OXAUATOG, TO 7% TWV ATUXNUATWY TIOU XPELAOTNKAV LOTPLKN TepiBaAdn
yla TPOUMOTIONOUE, To 13% Twv atuxnuatwyv mou odnynoav o voonAsia kat to 21% twv
Bavatndopwv atuvxnuatwv anoddbnkav otnv eumAokr &vog odnyol O KOTAOTOON
konwong[6]. To €tog 2022, mpayuatonolOnke pio oAokAnpwUeévn €peuva yvwotn wg ESRA (E-
Survey of Road Survey Attitudes) os 48 xwpeg. Ta eupruata TnG eV AOyw €psuvag £6eL€av OTL
OTNV TAELOVOTNTA TWV CUUHETEXOVIWV KPATWYV, TEPIMOU To 15-25% Ttwv 08nywv aUTOKIVATWV
napadExOnKav OTL AVTLUETWTTLOAV TIPOKANCELG OTN LT PNON TNG OTTIKN G EYPIYOPONG KATA TN
AeLToupyia Twv OXNUATWY TOUG KATA TNV ponyoupevn nepiodo twv 30 nuepwv(7]. Zoudwva
ue to Eupwrnaikd Mapatnpntipto O8ikAg Aopaielag, ektipdtol Ot to 20% Twv TpoXAiWwV

atuxnuatwy pnopet va anodobeil otnv untvnAia tou o6nyou[8].
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KedpaAato 2

OewpnTko UTIOPABpPO

2.1 Eloaywyn

H komwon kata tnv odnynon €ival éva mepimAoko Kal ToAuSLaotato {ATtnUa tou emnpedlet
ONUOVTIKA TNV 081K aopaAela Kal tnv evefla Twv odnywv. EMutAéov, oL aTOLKEG SladopEg
OTNV QVTOXN OTNV KOTIWOT. KaBLoToUV TNV Katavonon Kot tn dlaxeiplon autol tou dalvouEvou
OKOUN TILo TEePLMAoKN. To MPWTO Kal amapaitnto BrRua yla tTnv mapakoAoubnon f aviyveuon
™G KOMwong kKatd tnv odAynon , €lval n katavonon tng €vvoldg tng tng Soung tou
avBpwrivou eykeddalou kat ot pEBodol ou xpnoLuomoLlvTal yla T HEAETN TNG Asttoupyiag
Tou. IKOTOG TNG mapouvoag Sldaktoplkng datplpng eival va avaAvoel T duon Kal tnv

TIOAUTIAOKOTNTA TNG KOTIWONG KATA TNV 08ynon KoL va PoTeiveL TpOTOUG aviyveuong tne.
2.2 H konwon katd tnv odriynon

H kénmwon katd tv odnynon, cuxvad avadepopevn Kot wg umvnAia otnv odrynon, amoteAel
Kplollo mapdyovta mou cUUPBAAAEL O Tpoxailo aTuXNUATA TTAYKOOUIWG. Xapaktnpiletal anod
ONUAVTIKA HeElwon TNG €ypriyopong Kal Twv Xpovwv avtidbpaong, mpokaAwvtag coBapoulg
KlvdUvoug yla tnv 0diki acdalela. Mapakdtw, mapouctdlovtol oL ALTiEG, TA CUMMTWHATA, Ol
OUVETIELEC, OL HEBOSOL avayvwpLong Kal Ta TIPOANTITIKA LETPA TTOU OXeTI{ovTal LE TNV KOTIWON
oénynong, PBaclopévn oe olyxpovn €peuva Kal PipAloypadia yio va TAPEXEL ML

OAOKANPWUEVN KATAVONGH aAUTOU TOU GOLVOUEVOU.
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Awtieg kau Zupmtwpata tng Konwong kata tnv 0dnynon

JUpdwva pe To 16pupa 08ikAg Aoddelac? Tng Apepkavikic Evwong AuTtokivnong Ol LOVOTOVIKEG
ouvOnkeg odnynong, OTwE oL LOKPLEC, euBeieg eBVikEC 0bol pe eAaylotn kukAodopia, prmopouv
va ipokaA€éaouv urtvnAla Adyw tn¢ EAAedng epeBlopdtwy. Epeuva tou I6pUupatog emonuaivel
OTL N odnynon yla MePLOCOTEPEG A0 SUO CUVEXOUEVEG WPEG XWPLG SLAAEWUpA UTtopEl va
HELWOEL CNUAVTLKA TNV gypriyopon. EmutAéov Zav pia amo Tig KUPLEG ALTIES TNG KOTWONG KOTA
tnv 08rynon mpoBAlAeL n EANAewdn Urtvou[9)]. To EBvikd Apepikavikd 16pupa Yrivou® SnAwvel
OTL oL eVAALKEG xpetalovtal 7-9 wpeg Unvou KaBe vuyxta, aAlAd moAAoi kolpouvtal Ayotepo,
e8kA TPV amo peyaha tafidia. H xpovia éAAewdpn Umvou pmopel va odnynoel oe
OUCCWPEUUEVO XPEOC UTIVOU, EMNPEATOVTAG ONUAVTLIKA TG YVWOTIKEG KOLL KLVNTLKEG AELTOUPYIEG.
H cwpatikn kot Puxikn e€avtAnon amno nponyol Ueveg Spaotnplotntes cUBAAAEL etiong otnv
kornwon [10], 6mwg kot n KAtavaAwon oplopeEVWY GaPUAKWY TIOU €XOUV TNV UTIVNALD WG
napevepyeLa. Ta GAPHAKO OTIWE TOL AVTLLOTALVLKA, TO AVTIKATABAUTTIKA KAl OL LUOXOAQpWTLKOL
TLAPAYOVTEG UTIOPOUV VA ETINPEACOUV GoBapa TNV Eypriyopcn €vog odnyou kal Ba mpémeL va

XPNOLUOTOoLloUVTaAL LE TIpOsoxH OTav n odrynon eivatl anapaitntn [11].

H avayvwplon Twv CUMMTTWUATWY TNE 08NYLKAG KOMwong lval amapaltnTn ylo Thv avayvwpeLon
KL CUVETIWG yLat TNV TPOANYN tng KOmwong. To cuxvo xaououpnto, ta Bapld PAEdapa Kal To
€VTOVO KAEIOLUO TWV HATLWV €lval Kowva apxLlka onpadia. OLodnyol umopet va avtlpeTwicouy
anpooefia, mou xapaktnpiletal and SuokoAla cuykévipwong, va Slatnprioouv Ta PATLo

avolxta f va dlatnprioouv pa octabepn B€on tou kedpaAilov [12].

2 https://aaafoundation.org/wp-content/uploads/2018/02/2010DrowsyDrivingFS.pdf
3 https://www.thensf.org/2020-sleep-in-america-poll-shows-alarming-level-of-sleepiness/
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OL 0dnyikég ampooefieg, ONMwG N anwAela onuatwv r €€68wv, uUmopel va elval emniong
€VOELKTIKEG TNG KOTWoNG. H ektpomn amd t Awpida, Omou To OXNUA UETOKIVELTOL akoUoLd
HETAED TWV AwPLSWV 1 XTUTIA TIG TTPOOTATEVUTIKEG UMAPEC, Elval coBapd cUUMTWHA. AUTO cuxva
ouvoSeUETAL Ao avnouxia, evepeBLOTOTNTA Kol CUXVECG aAAayEG otnv Taxutnta odrynong. H
EUPAVION ULKPO-UTIVOU—OUVTOUWY, OKOUOLWV €Meloodiwv Umvou mou  Slapkolv Alya
SeutepoOlenta—pumnopel va eival Wblaitepa emnikivbuvn kabwg ouxva TepvolV amapathpnTa
ano tov 0dnyo €w¢ 0tou cUPPEel €va kovtvo atuxnua n atuxnua [13]. O pikpoumnvog eival
Wdlaitepa emikivéuvog emeldn neplhapfavel mAnpn dlakomn tng ouveldnong Kal Tou eAEyxou,
oKOUN Kal yla Alyo SeutepOAemTa, T OnMola €ival OPKETA yla vol TIPOKAAEoouv cofBoapd

otUXNHUa.

Avayvwpion kot Métpnon tng Konwong katd tnv 08nynon

H avayvwplon kalL n HETPNON NG 08NYIKAG KOTMwong MePAAUPAVEL TOOO UTIOKELUEVLIKEG
QUTONELOAOYNOELG OO0 KOl OVTIKELUEVIKA TEXVOAOYIKA HETpa. OL péBodol autoafloAdynong
nepAapBAavouv tn Xprnon pwInuatoloyiwv Kat KAtpakwy onwe n KAlpaka YrvnAiog Epworth
(ESS), n omola petpd tnv untvnAia kata tn Stdpketa tng nuépac [14]. OLodnyol avutoaéloloyouv
Vv mbavotnta va KownBbouv o SLAPOPEC KATAOTACELS, TTAPEXOVTOG TANPOodOpleg yla To

eminedo KOMwWonG Tou .

To AVTIKELPEVIKA PETPA TteEpAapBavouy tn xprion YuxokwnTikwyv doklpwv gypriyopong (PVT),
mou afloAoyoUVv Toug xpovoug avtidpaong kot tnv tpoooxn[15], [16]. AUTEC oL SOKLUEG gival
e€aLPETIKA €VALOONTEC OTIG EMUTTWOELG TNG KOTIWONG KAl XPNOLLOTOLOUVTOL EUPEWC TOOO OF
EPEUVNTIKEG OCO KOL OF ETUXELPNOLOKEG puBuioslc. EmutAéov, n texvoloyia mapakoAolOnong

TWV HOTLWV TTAPOKOAOUBEL TIC KLV OELG TWV MOTLWV KoL To potifa kKAelolpatog Twv BAedpapwy,
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evtonilovrag onuadia umvnAiag. Mewwpévol puBpol avaAopnng, ToPATETAUEVO KAEIOLUO TWV
BAeddpwv Kal 0pyEC KIWAOELG Twv PBAeddpwv eival SelKTE( KOMWONG TOU HUMOPOUV va

HETPNBOULV avTikelevika [17], [18].

Ta ponyuéva cuotipata urtoBonbnong odnyou (ADAS) og cUyxXpOoVa OXHLOTO XPNOLUOTIOLOUV
KAUEPEG Kal aLoONTAPEC yLa TNV mapakoAolBnaon tng cuumneptdpopdg tou odnyou, ekdidovrtag
T(POELSOTOLOELG EAV EVIOTLOTOUV onuadia komwong [19]. Autd T CUCTAUATA UITOPOUV vVa
napakoAouBoLv Ta mpotuma dtevBuvaong, TNV Amodoon MOPAOVHE 0TN AwPLda KA TLG KLVAOELS
TWV HOTLWV Tou 06nyou yia va afloAoyrnoouy Ta enineda KOTwWaonG. € OPLOUEVEG TTIEPLITTWOELG,
UITOPOoUV aKOUN Kal va mapépBouv emBpaduvovtag To OxnUa 1 TPOTelvovTag €va SLAAELUUA

[20].

Tuveneleg g Konmwong kata tnv 08nynon

OL OUVETELEG TNG 0ONYLKAG KOTIwOoNG €lval cofapég, ennpedloviag 1000 TOUG UELOVWHUEVOUG
obnyoug 0600 Kal tnv euputepn 0Ok aoddAela. O pelwpévog xpovog avtidbpaong sival
MpwTtapxLkA avnouyia [21], kaBwg oL koupacopévol odnyol xpeLalovtal TEPLOCOTEPO XPOVO yLa
va avtanokplBouv ota onpata KukAodopiag, toug meloug kat dAAoug kivdUvoug oto Spopo.
Aut n koBuotépnon umopel va odnynoeslL o€ atuxiuota mou Ba pmopoucav va eixav

arnodev)OEel He TAXUTEPO AVTAVAKAAOTIKA.

H e€aoBevnuévn kpion sival pla AAAN KPLoLUN CUVETTELD, OTIOU OL KOUPAGUEVOL 0dnyol pmopetl
va AdBouv KAKEG amodACELS, OTIWE VAL UTIOTLUACOUV TNV aOoTacon KAl TNV TaXUTNTa AAAWV
OXNMATWV 1 va avaAdBouv mepLttouc Kduvouct. H pewwpévn emaypunvnon Kat n aduvapio

Sdlatripnong otabepng MPoooxnG aUEAVOUV TIEPALTEPW TOV Kivduvo atuxnuatwyv. Ot pkpo-

4 https://aaafoundation.org/wp-content/uploads/2018/02/2010DrowsyDrivingFS.pdf
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UTIVOL, QKON KoL AV €lval CUVTOMOL, UIMoPoUV va 08dNyHoouV e TIARPN amWAELa EAEyXOU TOU
OXNMOTOG, 08NYyWwVvTag o0 SUVNTIKA KATAOTPODIKEG OUYKPoUoelg [13]. Ta KOWWVLKA KOOTN
OQUTWV TWV ATUXNUATWY €lval TEPAOTLA, TEPAAUPBAVOVTAG OXL MOVO TNV amwAsla {Wwv Kal
TPAUHOTIOUWY aAAG KOl OLKOVOULKA KOOTN OMwG {NULEG OTNV TEPLOUOLA, LaTpLkd £€oda Kot

XOUEVN Ttapaywylkotnta [22].

Métpa yia tnv NpdAnyn tg 0dnyikng Komwong

H mpdAnyn tng koUpaong odnynong amattel pia noAudidotatn npooéyylon. H e€aocddiion
ETAPKOUC EekoUpaong TPV amo peyada toagidla sival {wtikng onuaoiag. H EBvikn Yninpeoia
Aodaielag O8ikng Kukhodopiag (NHTSA) cuviotd otoug 0dnyoug va Kotpouvtat mAnpwe (7-9
WPEC) TPV ard éva peydlo talisre. H AfPn TakTtikwy SLaAEUUATWY, I8avikd KdBe SU0 Wpee R
kaBe 100 pilia, BonBa otn Swatripnon Tng eypriyoponc. Katd tn SLApKED QUTWV TWV
SloAslppdtwy, ol odnyol mpémnet va Byaivouv amod 1o OxNUO, VA TEVIWVOVTOL KL VO KAVOUV
OUVTOHOUG TIEPLITATOUC yla va avalwoyovnBouv. H kowvr) euBuvn obrynong umopet eniong va
HUETPLACEL TNV KOTwon oe peyaAa tafidia. Otav tafidbevouv pe @AAoug, n evallayn twv
KaBnkOvTwv 08nynong eTutpEmneL o€ KABe 0dnyo va Eekoupaletal emapkws. H amopuyr) aAkooA

Kol OoPUAKWY, TIOU ETMSEWVWVOUV TNV UTIVNALO Kol ElNPEAlouV TNV kavotnta odnynong, eivat

kplowun [23].

H Siatripnon €vog uylewvou tpomou {wng, mou meplhapPfavel ooppomnuévn Statpodn Kal
TOKTLK AOKNON, UMOPEL va eVIOXUOEL T CUVOALKA ETIMESO €VEPYELAG KOL VO HUELWOEL TNV
npodlaBeon yla komwaon. H katavalwaon kadpeivng pumopel va npoodEpel mpoowplvy wbnon

otnv gypnyopon, alAa dev mpémel va Baoiletal wg KUPLO MPOANmTIKO pETpo. Eival emiong

5> https://www.nhtsa.gov/risky-driving/drowsy-driving
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anapaitnto va anodelyetal n odnynon Katd Ti¢ GUOIKEG EPLOSOUG UTVOU OTOTE €ival
Suvatov. ZUUPwWVA HE ToV AUEPLKOVIKO 0pYavIoUo yia Tnv O8ikr AcdAaAeLa, yio EMOYYEAUATIES
odnyolg, N THPNON TWV KOVOVIOUWYV YLO UTIOXPEWTIKA SLOAElMpOTa €lval KpLown yla thv

TPOANYN TwV ATUXNUATWVY TTOU OXETIOVTaL PE TNV KOTIwon®.

Métpa Aodaleiog

OL KUBEpPVNOELG KaL oL opyaviopol €xouv edappuooel Sladopa LETPA VLA TNV AVTLUETWIILON TOU
npoBAnuatog t¢ kovpacng odrynong. OL ekoTpateleg eualoBnTonoinong oTtoxevouv oTNV
EVNUEPWON TOU KOWVOU yLa TOUG KvEUVOUG TNG UTVALaG KATd TNV 08rynon Kot tn onuooia tng
EMAPKOUC avamoauong. Ou texvoloylkeég e€elifelg, omwg ta Mponyuéva Iuothuota
YroBonBnong O6nyou (ADAS), Stadpapatilouv onuovtikd poAo ot Helwon TwV KIvEUVWV TIou
oXeTilovtal UE TNV KOTwoNn. AUTA TO cuoTnUata TEPAAUPBAVOUV XOPAKTNPLOTIKA OMWE
TIPOELSOTIOLOELG ATMOUAKPUVONG amo TN Awpilda kol cuothpata avixveuong umvnAlag mou

TpoeLdomnololv Toug 06nyoug otav evromnilovtal cnUasdla KOmwong.

OL vépuol kat ot kavoviopol mou emiBaAlouv SlaAsippata avamauong yla EMayYEAUATIES
06nyoug Loxuouv os TTOANEG TIEPLOXEG YLa TNV TIPOANYN Twv aTtuXNUATWY Ttou oxetilovtal pe
™V Komwon. MNa nmoapadeypa, n Opoomovdiakn Aloiknon Acoddielag OSikwv Metadopwv
(FMCSA) ot Hvwpéveg MoAtteleg emBAAAEL KavovIOPOUG ylo TI( WPEG Uumnpeciag,
TepLopifovtag Tov aplOud Twv CUVEXOUEVWY WPWV TIOU OL EMAyYEAUATIEC 0dnyol umopolv va

AettoupyoLv xwpic Stahetppa’. tnv Eupwrn, mapopolol kavoviopol e BaAlovtol HEow TNG

5 https://www.fmcsa.dot.gov/
7 https://www.fmcsa.dot.gov/regulations/hours-of-service
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xpnong Ynolakwv taxoypddwyv, mou Kataypadouv TG wpeg 0dAynong KoL avamauong yLa va

Staodaliletal N CURHOPPWON HE TIG VOULKEC oot oeLcs.

AleBvwg, uTtdpxouV cUVEXL{OEVEC TIPOCTIABELEG YLA TNV TUTIOTIOLNGCN TWV KAVOVIOUWVY KAl TNV
mpowONoN Twv BEATLOTWY TIPAKTIKWY YLa TN SLaxelplon tng koupaong 0drynonG. ZUVEPYATIKES
npwtoBoulieg petafl kuPBepvroswv, Gpopéwv TG Blopnxaviag Kol EPELVNTIKWY LOPUUATWV
OTOXeVUOUV OTNV aVATTUEN OAOKANPWHEVWY OTPATNYLKWY YLl TNV OVTIUETWITLON QUTOU TOU
TAYKOOUIOU {NTtHatoG. H €peuva yla VEEG TeXVOAOYIEG, OMWC POPNTEC CUOKEUEG TIOU
napakoAouBolV PucLoAoyLlkoUC SEIKTEC KOTIWONG, UTIOOXETAL HEANOVTIKEG TPOOSOUE OTNV

avixveuon kot tpoAndn TNG KOMWOoNG.

H kénwon katd tnv odnynon eival évac coBapog kol CUXVA UTIOTIUNMEVOG TIOPAYOVTOG
KwvdUvou yla tnv odikn aopdaAela. O cuvduaopog EAAeLPNG UTVOU, LOVOTOVIKWY CUVONKWVY
06ynong Kal MapATETAUEVWV TIEPLOSWV 0dnynong Xwpig StaAeippata cupBAANEL CNUAVTLKA
oTNV KOTWon. H avayvwplon Twv CUUTTTWUATWY KAL) KATOVONGN TWV CUVETELWY TNG KOUPAGCNC
o6nynong slvat kpiolpa Bripata yio tn Helwon autol tou Kvduvou. Ta TIPOANTITIKA HETPQ,
onwce n e€aocdalion emapkou avanauong, N ANPn TOKTIKWY SLOAELUUATWV Kal n Kowvr eubuvn
o6nynong, elvat anapaitnta yLo T HEIWOoN TwV ATUXNUATWY TTou OXETL{OVTAL UE TNV KOTIWON.
Me TG ouvexl{OUeVEC TEXVOAOYLKEG €feAielc kal tnv auvénuévn evalcbntomoinon, ot
ETUMTWOEL TNG KoUupaong odrnynong umopoulv va pelwbolv, kdavovtag tou¢ SpOUou TLo
aodalelc yla 6Aoug. H ocuvexng €psuva Kal n avamtuén moAlTlkwy eival {wTKAG onuaoiag yla
TNV QVTIUETWIILON TWV TPOKANCEWV TNG Koupaong odnynong. Me tnv EVOWHATWON

ETULOTNUOVIKWY YVWOEWYV, TEXVOAOYLKWY KOLVOTOMLWVY KOL KOWVOVLOTIKWY TAQLGLWY, N Kowwvia

8 https://transport.ec.europa.eu/transport-modes/road/tachograph_en
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UTOPEL va KAVEL CNUAVTIKA BrpaTta yla tn MeElwaon TNG ouxVOTNTAG KOl TWV ETUTTWOEWV TNG
unvnAlag katd tnv odnynon. TeAlkd, o otoxog eival va Snuioupynbel éva aodaléotepo
nieptBarlov 0brynong émou ol kivbuvol ou cuvdEovtal Ue TNV KOTwon va Staxelpilovtal Kal

va LeTPLAlovTal ATOTEAECHOTLKA.
2.3 O avBpwrivog eykEParog

O avBpwrvog eykédalog eival To o cUVOETO OPyavo TOU avOPWILVOU OPYaVIOHOU Kal TO
Baokd Opyavo TOU VEUPLKOU OUOTHUOTOG. EAEyXel OAEC TIG AELTOUPYLEC TOU OCWHATOC,
enefepyaletal g MAnpodopieg anod 1o eEwteplkd MepIBAAlov Kal ival UTELOUVOG yla TN
okeYn, TNV Kplon, Ta cuvaloOnuoata, Tn HvApn Kot ToAAEG AAAEG Asttoupyiec. O avBpwrvog
EYKEDAAOC, TO KEVTPLKO OPYQVO TOU VEUPLKOU CUOTIUATOG, aroteAEiTal and moAAEC SOUEC TTou
guBlvovtal yla tnv emnefepyacio, TNV OAOKANPWON KOL TO OUVIOVIOUO TIAnpodopLwv.
MNep\appavel Tov eykEParo, To eykedPaAlkd oTEAEXOG KoL TNV TtapeykepoaAida. O eykédalog
Slatpeital og SUo nuIodaipla, cuvoedepéva HEOW VEUPLIKWY KUTTAPWV (VEUPpWVWV), TLEPLTTOU
86 Oloekatoppvpla oe aplBpd. Ol VEUPWVEC ETUKOWVWVOUV HECW NAEKTPIKWY ONUATWY,
oxnuatilovrag MoOAUTIAOKA LOVOTIATLA KoL KUKAWHATA. AUTA TOL ASTTTA NAEKTPLKA Tedia, yvwoTtd
WG METACUVATTTIKA SUVAULKQA, QVILTPOCWITEUOUV TN CUYXPOVIOUEVN §paCTNPLOTNTO TIEPLOXWV

ToU eyKepAAoU Kal kataypadovtal HEow NAEKTPodiwv otnv emiddavela Tou Kpaviou [24], [25].

2.4 Texvikég Amewkoviong Eykedalikng Asttoupylag

H pelétn tng eykepaAkn g Asttoupylag xpnotpomnolel S1adopeg TEXVIKEG VEUPOATIELKOVLONG Kall

UTTOAOYLOTIKEG pHeBOdouC:

o HAektpoeykepaloypadia (EEG): To EEG petpd tnv nAEKTPIK SpaotnploTnTa OTOV

eykébalo pe udnAn xpovikn oavaAucon avixvevovtag OSLAKUUAVOELS TAONG Tou
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T(POKUTITOUV OO TLG LOVTLKEG POEG ECO OTOUG VEUPWVEG. AUTH N TeXVLKN elvat dlaitepa
TOAUTLUN Yyl TN MEAETN TNG SUVAUIKAG TNG AELTOUPYLKNAG OUVEECIUOTNTAG, KABWG
ETUTPETEL OTOUG EPEVVNTEC VA KaTaypaouv ypriyopes alayég otn SpaotneLotnTa Tou
€YKEPAAOU KoL VO KATAVONOOUV TIWG Ol VEUPLKEG TOAAVIWOELG CUUPBAAAOUV OTLG
oAnAerudpaocels Twv Siktuwv [26]. To EEG xpnolpomoleital cuxvad yla tnv €peuva
TIPOTUTIWV OUVOECIUOTNTAC KATA TN SLApKeLla SLAPOPETIKWY YVWOTIKWY EPYOCLWV Kol
KATAOTACEWVY, TIAPEXOVTAC YVWOEL YLO TO XPOVIKO CUVTOVIOHO TWV TIEPLOXWV TOU

gykedaiou [27].

Aewtoupyikn Mayvntikn Topoypadia (fMRI): H fMRI petpd tn Spactnplotnta tou
eykepalou avixvelovtag aAllayEG Tou cuVSEovTal e TN pon alpatog. AUTh N TEXVLKN
Baoiletal otnv eéaptwpevn anod ta emnineda ofuyovou oto aipa (BOLD) avtiBeon, n
omola TAPEXEL ML EUUECN HETPNON TNG VeUplkNG Opaotnpiotntag. H fMRI og
katdotacn avamnoavong (rs-fMRI) xpnowwomnoleitat ouvABwg ylwa tn HEAETN NG
AETOUPYIKNG  OUVOECLUOTNTOG,  ATMOKOAUTITOVIAG  TPOTUTIA  GUYXPOVLOMEVNG
SpaotnplotTNTag HETAEY SLOPOPETIKWVY TIEPLOXWVY TOU gyKEPAAOU KATA TNV avamaucon
[28]. Evw n fMRI tpood£pel e€alpeTIK XWPLKN aVAAUGH, N XPOVLKN TN avaAucon eival

TLEPLOPLOUEVN o€ oUYKpLlon Ue To EEG.

Mayvntoeykeparoypadia (MEG): H MEG petpd ta payvntika media mou
Snuioupyouvtal amod tn veuplky Spaoctnplotnta. Onwg kal to EEG, n MEG mapéxel
udnAn xpovikr avaAuon, aAAG entiong mpoodEPeL KAAUTEPN XWPLKN avaAuon Adyw Tng
evawodnoiag ™G oe edamtopevikd pevpata. H MEG elval xpAown yuwa tnv

xoptoypadnon g Spactnpldtntag Tou €YKEPAAOU Kal TN KEAETN TNG AELTOUPYLKAG
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OUVSECLUOTNTOG, LOLWE YLOL TOV EVTOTILOUO TWV TINYWV TWV TAAAVTIWOEWY TOU yKEDAAOU

[29].
2.5 HAektoeykedpaloypadnua

To nAektpoeykeparoypadnua (HEF) elvar pa ypadik amewkéovion TG NAEKTPLKAG
Spactnplotntog tou eykedalou, kataypddovrtag tn dtadopd Suvapikol petafd SUo onueiwy
KOTA TN SLApKELX TOU XpOvou. AUTd ta onueia Bplokovtal €ite 0TO TPXWTO TNG KEPAANG
(emupavelako HET) eite oe Sopég eviog Tou kpaviou (evdokpaviakd HET), kat n kataypodn
yivetal péow nAektpodiwv, Sladopetikwv avaloya He TO €l60G¢ NG Kataypadng. To
emupavelako HEN xpnoLUOToLELTAL YL TNV QTTELKOVLON TWV SUVAULIKWY KAl TwV SUo nulodatpiwy
Kol TIPEXEL MO VEVIKN €KOVA TNG eyKePAAIKNC KATAOTAONG, €Vvw TOo evOokpaviako HET
XPNOLUOTOLETOL oUVABWG TPV ATIO XELPOUPYIKEC eTEUPAOCELC UE €lOIKA nAekTpOSla TOU
tonoBetouvtal  ameubelog O OUYKEKPLUEVEG  TIEPLOXEC Tou  eykepaAou. H
nAektpoeykepaloypadia (EEG) sival plo pn eMepPATIK TEXVIKA TIOU XPNOLUOTOLELTOL yLa TN
HETPNON TNG NAEKTPLKAC SpaotnplotnTag Tou eykepaAou. H EEG €xel eupu dpaopa edapuoywy,
oo TNV KAWLKA SLayvwon VEUPOAOYIKWY Slatapoxwyv €we TNV £PEUva Yyl TN YVWOTLKA
VEUPOETILOTAMN Kal TNV avamtuén texvoloywwv Slemadng sykepaiouv-umoloywoty (BCl). H
udnAn xpovikry avaluon tn¢ EEG tnv kaBlotd daviki yla tn UEAETN TWV SUVOULKWV

Slepyaciwv tou eykedalou.

H EEG kataypadel T NAEKTPIKES SpAOTNPLOTNTEC TTOU TIAPAYOVTAL ATTO TLG LOVTLIKEG POEC EVTOG
TWV VEUPWVWV TOU EYKEPAAOU. OL VEUPWVEG ETILKOWVWVOUV LETAEY TOUG LECW NAEKTPOXN LKWV
ONUATWY, Kal OUTEG oL SpaoctnplotnTeg dnuioupyolV nNAeKTplka media mou pmopolv va

aviyveuBoulv amo tnv empavela tou Kpaviou. OL KUPLEG TtNYEC Twv onpatwyv EEG elval ta
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Suvapka nediou mou dnuoupyolvTal anmod TG CUVAYELS TWV SEVSPLTWY OTOUC TMUPAULELIKOUG
VEUPWVEG Tou ¢Aolou. Otav oL veupwveg Sleyeipovtal 1 avaoctéAlovtal, Snuloupyouvtal
LOVTLIKEG POEG TIOU TIPOKAAOUV SladopeC SUVOULKOU, OL OTIOLEG aVIXVEUOVTOL WG NAEKTPLKA
onuata otnv empavela tou kpaviou [30]. H nAektpikr SpaotnplotnTa MOV MAPAYETAL OTOV
eykébalo Sladidetal péow Tou Kkpaviou Kal Tou S€puatog plv ¢ptaoel ota nAektpodia tng EEG.
To kpavio, 0 eykePaAKOG LOTOC KoL TO eyKePaAovwTLALO UYPO ETNPEAIOUV TNV OYWYLLOTNTO Kall

TNV évtaon Twv onUATWYV Tou kataypadovrat [31].

Aewtouvpyia HAektpoeykepaloypadou

‘Evag nAektpoeykedaloypadog amoteAeitat and Siwadopa Packd eoptipaTa  TIOU
ouvepyalovtal yla tnv Kataypadn Kol tTnv avaAuon tng NAEKTPLKAG SpaoTtneLoTNTOG TOU
eykedalou. Ta NAekTpOSLa elval oL aloOnTrPEC mMou TomoBeTOUVTAL OTO TPLXWTO TNG KEPAANG
yla TNV OVIXVEUON TWV NAEKTPKWY ONUATWY. Ta nAekTtpddla pmopouv va  eival
KatoloKeuaopeva and Stddopa UALKA, OTwe achy/XAwpLloUxo Gpyupo, TIoU TIOPEXOUV KOAN
oywyLllotnTa Kot €Adxlotn avtiotaon. H owoty tomoBétnon kal n KaAn enadn Twv
NAEKTPOSIWV Pe To S€pua elval kplowun yia Tnv molotnta Tou onpatog [32]. Ta orpata mou
Kataypddovtal and ta NAeKTpoSLa ival TIOAU HKPA, cuvABwWE OTNV IEPLOXN TWV ULIKPOBOAT
(V). Emopévwg, Ta onpata xpeldlovial evioxuon yla va Yivouv aviXVEU LU KAl KaTaypay Lua.
OL aviyVeUTEG evioxUoUV Ta crpata Kal ta GLATpdpouv yia va adalpécouv tov 80pufo Kot TIg
napeUPoAEG amd AAAeG mnyEG [33]. Ta evioxuuéva OAUOTO LETATPEMOVTAL ATO OVAAOYLK) OF
Pnolakni popdn Héow tTwv avaioyo-PndLakwy HETATPOTEWV. H avdAluon Kal n TaxutnTa Tou
ADC ennpealouv tnv moldtnta Twv Kataypadwv EEG, kablotwvtag kpiolun tn owotn emthoyn
Tou petatporméa [34]. ITn OUVEXELWD, TO AOYLOMIKO avAAUONG XPNOLUOTIOLE(TOL yloL TV

enefepyacio kal tnv gpunveia Twv katayeypappevwy dedopévwy. OL péBodol avaiuong
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neplhapfavouv tv availuon ¢acpdtwy, TNV avAAUCn XPOVOOCELPWYV, Kol TIG MEBOSOUG
TLOAUKQVOALKAG CUVOECLUOTNTOC. To AOYLOMLKO ETUTPEMEL TNV ATELKOVLON TwV onuatwv EEG kat

™V €€aywyr onUAvTKwy TAnpodopLwy yla tn Aettoupyia tou eykedalou [30].

EdappoyEg tng pétpnong tov HET

To HET €xeL mMOANEG edapUOYEC TOOO OTNV KAWVIKH 000 KOl OTnVv epeuvnTikr odaipa. H HET
XPNOLLOTIOLEITAL EUPEWG YLa TN SLAyVWaon Kal TV TapakoAoUBnon veupoloyLkwy Slatapaywy
onw¢ n emAnyia, ol Statapayxeg umvou kal n eykedaAitida. H emAnyia, eldikdtepa, unopet va
SloyvVwoTel HEOW TWV XOPOKTNPLOTIKWY ETUANTITIKWY amoppiewyv mou aviyvevovtal oto HET
[35].2tnVv epeuvntikny odaipa, n texvikn HEM xpnolpomoleital yla T HEAETN TNG YVWOTLKAG
Aewtoupyiag, tng avtiAnync, TnG MPOooxnG, TNE LVAKUNG KoL AAAWV YVWOTIKWV Slepyactwv. Ma
napadelypa, oL SLEPYOOIEC TNC TTPOCOXNAG LEAETWVTAL LECW TWV TIPOKANTWV duvautkwyv (ERP),
TIOU €lvol OUYKEKPLUEVEC aAAayec otn Opaotnpiotnta tn¢ HEF mou ouvdéovtal pe
OUVKEKPLUEVA aLoONTNPELOKA I YVWOTIKA yeyovota [36].0L texvoloyieg diemadng eyedpalou-
umoloyloty BCl xpnotwpomolouv tnv EEG yla va emitpéPouv oToug XproTeC va eAEyXouv
UTTOAOYLOTEG 1] AAAEG CUOKEUEG PECW TNG EYKEDOAALKNC SpaoTtnplotnTac. AUTEG OL TEXVOAOYLEG
gival 1blaitepa XpriOLUEC YOl ATOMO LE KIVNTLKEC avamnpleg, mpoodEpovtag VEEG SUVATOTNTEG
eTKOLVWViaG kat aAAnAemnidpaong pe to meptBaiAov toug [37]. EmutAéov, To HET eival to kUpLo
epyaAeio yla tn MEAETN TWV KOTOOTACEWV TOU UTVOU Kol Twv dlatapayxwv umvou. O
SladopeTikég dAocelg Tou UTvou, O6mw¢ o umvo¢ REM kat NREM, yapaktnpilovtol amo
ouykekpluéva mpotunta HEM [38]. TéAog, n veupoavadpaon €lvol Pl TEXVIKR OTOU oL
OUMUETEXOVTEG ekmaldevovtal va pubuilouv tnv eykepaAlky toug Spaoctnplotnta OE

TIPOAYHATIKO Xpovo pe tn Porbela avatpododotnong amd to HEl. Auth n péBodog €xel
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XPNoLlomnolnOet yla tnv avilpetwrion dtatapaxwv onws n ADHD, n ayxwdng diatapaxn Kat n

kataOAwpn [39].

To HET eilvat pia Loxupn Kot EUEALKTN TEXVLKN UE TIOAAEC EDAPUOYEG TOOO OTNV KALVLKN) OGO Kol
oTnVv gpeuvnTikn odaipa. H wavotntd tng va Kataypddel Tnv NAeKTpLK SpaotnplotnTa Tou
eYKedAAOU pe uPNAR XPOVIKN avAAUCH TNV KOBOLOTA WOaVIKN yla TN UEAETN TWV SUVAULKWY
Slepyaocwwv tou eykedpdalou. H ouvexng mpoodog otnv texvoloyia kol TG peBodoloyieg
QVAAUGCNG QVAUEVETAL VO EVIOXUOEL TIEPALTEPW TN XPrion Tou HEl OTLG VEUPOETILOTAMES KL TLG
KAWVIKEG edappoyEG. H HET mpoodépel apkeTd Baotkd TAEOVEKTHMOTA EVaVTL TOoO TG MEl 660
kot TnG fMRI, kaBloTwvTag TNV £Va POOLTO KoL EUPEWGE XPNOLUOTIOLOULEVO EPYAAELO OE KALVIKA
Kol epeuvnTka meptBariovta. Katapyadg, n HEF eival onuaviikd mo olkovoutkn and tn MET
kat tnv fMRI, kaBw¢ o efomAlopog tng elvat Awyotepo Samavnpog kat 1o ¢opntog,
ETUTPETOVTAG EUPUTEPN edappoyn o Sladopa meplBaAlovta, ONwWE eEWTEPLKA LATPELX KaL
KLVNTEG povadeg [40], [41]. Ze avtiBeon pe tn MET, n HET amattel oAU mio amAr eykataotoon,
kaBwg mephappavel tnv tonobetnon nAektpodiwv oTo TPLXWTO TNG KEGAAAG XWPLG TNV avaykn
yla repimAoko Kot akpBo e€omAlopd, onmwe ot atodntnpeg SQUID ) ta Bwpakiopéva dSwudtia
mou eival amapaitnta ywa tn MEr [42]. EmutAéov, n HEl emutpénmel pakpoxpovia
mapakoAoUBNaon, OMwc o HEAETEC UMVOU N ouvexn TapakoAouBnon smAnyiag, omou n
LKAVOTNTA TNC VO KATOYPADEL TOXELEC VEUPLKEG SUVAUIKEG e UPNAN XPOVIKN avaAuon sival
Olaitepa xpnowun [43]. 2e avtiBeon pe tnv fMRI, n omoia Baociletal otn por aipatog Kat
OUVETWCE €XEL XOUNAR Xpovikn avaAuon (dsutepolenta), n HEM petpd apeca tnv NAEKTPLKNA
6paoTnNpLOTNTA OE TMPAYHOTIKO XpOvo, ipoodEpovtag akpifela os eminedo XIAlootoU TOU
SeutepOAEMTOU yla TNV avixveuon taxéwv aAlaywv otn Spaoctnplotnta tou sykedpdaiou [44].
ErutAéov, n HEl elvat moAU AlyOtepo TMEPLOPLOTIKA Yyl TOoug aoBevelg, emTpEnmovTag
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HEYOAUTEPN AVECN KoL KAToLa Kivnon, evw toco n MEF 6oo kat n fMRI anattouv tnv mAnen
aKwnota Twv atopwy, pe tnv fMRI va anattel emiong napapovr) o€ KAELOTO xwpo. TEAOG, N KaAd
KaBLepwEVN KAWVIKN Xpnowotnta tng HET otn Stdyvwon kot mapakoAouBbnon veupoAoyLKwv
nadnocwyv, onwg n ertAnyia kat ot StatapayEg UTIVOU, AVASELKVUEL TNV TIPAKTIKOTATA KAl TNV
EUpPELa XproN TNG O CUYKPLON HE TIG TIO TEPLTTAOKEC KoL akpLBEC peBodoug tng MET kot Tng

fMRI [45].

2.5.1 TornoB£tnon HAektpodiwv HET kat Zuotiuota

Ta nAektpodia HET tormoBetouvtal cUpdwva He SLEBVWE avayVwPLOUEVA CUCTAUATO OTIWG TO
«10-20» 1} To «10-10%», OV UTTOSNAWVOUV ATIOCTACELG LETAEY NAEKTPOSIWY W TOCOOTA TWV
Slaotdoswv Tou Kpaviou. Autd to oloTnUa cUoXeTileL TIG B€oelg TwV NAekTpobiwv HE TIg
UTtOKELEVEC eyKEDAALKEG TteEPLOXEC. Ta Luyd nAektpodia umodnAwvouv to Se€l nulodaiptlo, Ta
HOVA TO QPLOTEPO, VW TO «Z» UTIOSNAWVEL BECELC KOTA UNKOC TNG Peocalag ypappung. Ot
ouykekplpévol ouvduacopol (r.. Fp, F, T, P, O, C) S€lxvouv TI¢ MEPLOXEG LETWTILALEC, KPOTAPLKEC,
BPEYUATIKEG, WLOKEC KOl KEVIPLKEC. OL evdiapeoeg Béocslg (.. AF, FC) avtutpoowrnevouv

TIEPLOXEC METALL aUTWV Twv {wvwv [46].

Ta mepdpata g datpBng xpnotponoincav to cvotnua «10-20» pe 32-64 nAektpodia,

npoodEpovtag cuvenn culoyn kat avaluon dedopévwy [47].

2.5.2 PuBpol kat TaAavtwoelg HET

Ta ofpata HET avtikatontpilouv tn puBuikn Spaotnplotnta tou eykeddaAou mou

XOPOKTNPLZETOL OO OUYKEKPLUEVEG {WVEG CUXVOTHTWV:
e AéAta (6):0.5-4 Hz

e ONta(6):4-7Hz
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e AAda(a):8-12Hz

e BAta (B): 13-30Hz

e [aupa (y):30—70 Hz

Autéc ol lwveg ouxvotntwv oxetilovtol He OLOPOPETIKEG €YKEPAAIKEG AslTOUPYLEG N
Kataotaoels. OL Bewplieg umootnpilouv OtL autol oL puBuotl aAAalouv pe tnv nAwkia, tnv
aoBévela N ta epebiopata [48]. Kabepia amd autég TG {WVEG CUVOEETAL UE CUYKEKPLUEVEC
EVKEDAALKEG AELTOUPYLEG KOl KATAOTACELG CUVELONONC, KABLOTWVTAC TEC AMAPALTNTEC TOOO YLa

KALVLKEG OO0 KL YLOL EPEUVNTIKEG EQAPHOYEG.

Ta kOpata &€éAta eival ol o apyol pubuot tou HEM kal mapatnpouvtal KUplwg Kotd Tn
Sldpkela tou PBabu Umvou kal tTwv Sladikaowwyv avdnavong. Mailouv {wWTkd poAo otnv
€MOVAWGN KaL TNV avay&vvnaon, HE TV mapouasia Toug va lval onUAVTIKA auénuévn Katd tn

Sdpkela tou LTvou[49], [50].

Ta kOpota Onta, eAadpwg Taxutepa anod ta kupata 6€Ata, cuvdéovtal pe Tov eEAadpUu UMvo,
™ XaAdpwon kat tn Snuioupylkotnta. Mapoatnpouvial cuxvad Katd Ttn OlapKeELlD Tou
SlaAoyLlopol Kol TNG OVELPOTIOANGCNG, UTIOSELKVUOVTAC Lol KATAOTAON MELWHEVNG oUVEISNONG

[50], [51].

Ta kOpata aAda eival cuvABw¢ mapovta otav éva ATopo eival EUTvio aAAd XaAapo, CUXVA LE
KAELOTA pATLO. ZuVSEovTOL PE ULa NPEUN, EekoUpaoTn KATAoTAON Kol £ival epdavh Katd tn

SLAPKELD NOUXWV, OTOXAOTIKWYV Teplodwv[49], [51].
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Ta kOpata BAta eival evOEIKTIKA TNG evepyol OKEYNG, TNG EMIAVONG MPOBANUATWY KAl TNG
eotiaong. Elvat Stadedopéva kata Tn SLAPKELD TNG EYPHYOPONG KOL TWV YVWOTIKWY EPYOCLWY,

QVTAVAKAWVTOG JLot SECUEVMEVN KaL TIPOOEKTIKA Katdotaon [49]-[51].

Ta KOpOTO YAPUA €lval Ta TaXUTEPO Kol OXETL(OVTAL UE YVWOTIKEC AslToupyiec uPnAotepou
emunédou, ovpneplhapfavopévne ¢ avtiAngng, t™¢ ouveidnong kat tng enefepyaciag

nmAnpodopwwv [50], [52].

H onuacio autwv twv {wvwv CUXVOTATWY EKTEIVETAL TEPA ATO TNV QAN Taflvounon- ival
KOOPLOTIKEC yLa TN SlAyvwaon Kal TV Katavonon Sladpopwv VEUPOAOYIKWY KOTAOTACEWV. MNa
TAPASELYUQ, OL PN GUCLOAOYIKEG LETATOMIOELG O€ QUTEG TLG {WVEG UITopoUV va uTtoSnAwvouy
TABOAOYIKEC KOTOOTAOEL OnMwG N emAnia, Omou ouxva mapatnpeitat avénon tng
Spaotnplotntag uPnAdTEpWY CUXVOTATWYV (BATA KAl YAUUA) TIPLV A0 TLG ETUANTITIKEG KPLOELG
[50], [53]. EmutA£ov, €peuveg €xouv Sel&el OTL N avAAuon AUTWV TwV {WVWV CUXVOTATWV UIopel
VO EVIOXUOEL TA OUCTHUOTO OvVOyvVWwPELoNG ouvalobnuatwy, KabBw¢ ol SlodOpETIKEC
OUVALOONUOTIKEG KATAOTACELG AVTLOTOLXOUV OE GUYKEKPLUEVA poTiBa Spaotnplotntag tou HET
o€ aUTEC TIg Lwveg [51], [54], [55].Tehikwg, ot Lwveg cuxvotnTwy tou HET - §éAta, Bnta, dAda,
BrTa Kal yappa - TapEXOUV €va TTAOLOLO yLa TNV KOTavonon tng eykedallkng Spactnplotntog

o€ 51adOopEC KATAOTACELG CUVELONONG KAL YWWOTLKEG AELTOUPYLEG.

2.6 Evtomniopog MNnywv (Source Localization)

H nAektpoeykedaloypadio (HEM) sival pia pn emepBotiki TEXVIK VEUPOATIEIKOVLONG TIOU
HETPA TNV NAEKTPLKN §paCTNELOTNTA TIOU TTAPAYETOL OO VEUPWVLIKA GUVOAQ 0ToV eyKEDaAo.
Exel oUMPBAAEL KaBOPLOTIKA OTNV Katavonon tng Aewtoupylag tou eykepAalou Aoyw TNG
€EALPETIKAG XPOVLKAG TNG avaAuong, kKabwg kataypddeL Tn VEUPWVIKN SuVAULKA TNG TAENG TwV

XA\lootwv tou deutepoAeémtou [56]. To HEI xpnoluomoLEiTol EUPEWG OTN VEUPOETILOTNLOVLKNA
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€PELUVA YLA TN MEAETN YVWOTIKWV Slepyaciwy Onwe n avtiAnyn, n mpocooxn Kat n HvAun.
KAwvika, Stadpapatilel kpiowo poAo otn SLAyvwon VEUPOAOYLKWY SLOTAPOXWY, OMWE N

emuAnyia, oL SlatapaxEg Tou UTIVoOU Kal oL eykedahondBeleg [57].

Mapd ta mAseovektnuatd tou, to HEM avtiuetwrilel onUOVTIKEG TPOKANCEL OTOV XWPELKO
EVTOTILOUO TWV VEUPWVIKWVY TINYWV TWV KATAYEYPAUUEVWYV SUVOULKWY TOU TPLXWTOU TNG
kedaAnc. H mpwtapxikry SUokoAio TPOKUTTEL OO TNV TIOAUTIAOKN OXE0N LETAELY TNG NAEKTPLKAG
SpaoTNPLOTNTOG EVTOG TOU EYKEPAAOU KoL TWV CNUATWY TIOU HETPOUVTAL OTNV EMLPAVELA TOU
TPXWTOU TNG KedaANg [58]. Autr) n mMoAumAoKOTNTA TEPIKAELETAL 0TO avTioTpodo MPOBANUa
Tou EEG, 10 omoio avadépetal otnv MPOKANCN TNG OVAKATAOKEUNG TWV €VOOEYKEDAALKWY
NAEKTPLKWV TINYWV KE BAON T KATOYEYPAUUEVA SUVAULKA TOU TPLXWTOU TNG KepaAng [59]. To
avtiotpodo mpoPAnua eival BepeAlwdwWE KAKWE TOTTOBETNUEVO KAl KAKWG EEXPTNUEVO, EMELONA
UTIAPXOUV QMELPeG TOAVEG SLAUOPPWOEL TNYWV TIOU UIMopoUV va Tapdyouv TIG (OLeg
HETPAOCELG OTO TPLXWTO TNG KEDAAAG. AUt n KN povadlkotnta Kablotd avaykaio tn xprnon
HOONUOTIKWY LOVTEAWY KoL UTIOAOYLOTIKWY TEXVIKWY VLA TOV TIEPLOPLOUO TOU XWPOou AUCEWV

kat tn AqPn puctlohoyikd eUAOYWV EKTLUNCEWV TINYNC.

H avalntnon tou akplBoug EVIOTILOUOU VEUPWVLKWVY TtNywv aro dedopéva EEG obrynoe otnv
avamntuén Sltadopwv LeBddwv EVTOTLOUOU TINYWV TLE TEAEUTOLEG SEKAETIEC. OL TIPWTEC TEXVIKES
ETUKEVTpWONKAV Kuplwg o€ HovtéAa Looduvapou &utddou pevpato¢ (ECD), ta omoia
UTIOBETOUV OTL N NAeKTPLKN SpaoctnpldtnTa Tou eykeddlou pmopet va avanapootabel amnod
€vav UKpo aplBuod onuelakwy tnywv [60]. Evw ta povtéAa ECD eival amoteAeoUATIKA YLOL TOV
EVIOTILOMO €0TLOKWV TINYWV, €VOL OVETOPKNA YL KATOVEUNUEVEG 1 OUVOETEG EYKEPAALKEG

SpaotnploTnTeEC.
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Mo va EemepaoToUV QUTOL OLTIEPLOPLOLOL, ELOAXONCAV T LOVTEAQ KATAVEUNUEVWYV TINYWV. MLa
QMo TIC MPWTOTIOPLOKEG LEBOSOUC O aUTH TNV KaTnyopla elvatl n ektipnon eAAXLOTNG VOPUOG
(MNE), mou mpotadnke ano toug Hamaldinen kat llImoniemi [61]. H MNE avalntd tnv katavoun
NG TNYNG ME TNV EAAXLOTN CUVOALKN gVEPYELD TTOU €€nyel Ta mapatnpolpeva dedopéva EEG,

odnywvtag og pLa AUon Tou eUVOEL TIG eUpEwG Stadedopévesg oA xopnAoU TTAATOUC TTNYEC.

Baowlopevol otnv MNE, ot Pascual-Marqui k.d. avéntuéav tTnv nAEKTPOUOYVNTIKY Topoypadia
XaunAng avaiuong (LORETA) [62]. H LORETA eruBaAAeL Evav mpdoBeTo MEPLOPLOUO OUAAOTNTAG
OTNV KOTAVOUN TwV TINYWV, MPowbwvtag AUCEL; OTIOU YELTOVIKEG VEUPWVLKEG TINYEG £XOUV
napopola enineda SpaoctnELOTNTAG. AUTO £XEL WG ATTOTEAECHA BOAEG OAAQ AVATOULKA EVAOYEG
eVIOTIOELS TINYwV. Mepattépw PBeATLWOELS 08Mynoav OTNV aVvAmTuén TnNg TUTIOTIOLNUEVNG
LORETA (sLORETA), n omoia TUTIOTOLEL TIG EKTIUNOELG TNG TIUKVOTNTAG PEVUMATOC yla va
SlopBwoel tn pepoAnvia BaBoug kat va BeAtiwoel tnv akpifela evtomiopou [63]. H sSLORETA
TapPEXEL UNOEVIKO odAAUA EVTOTILOMOU UTIO LOAVIKEG OUVOAKEG, yeEyovog Tou TNV kablotd

ONUAVTLKA TIP008&0 G€ OXEDN LE TOUG TPOKATOXOUG TNG.

To avrtiotpopo mpoBAnua tou HEM TPOKUMTEL QMO TNV  AVAYKN OVOKOTOOKEUNG
evloeykePOAKWY NAEKTPIKWY TNYWV amd  €EWKPAVIOKEG HETPAOELS.  Mabnuatika,
neptAapBavel Tnv emiluon €vog UTIOKOOOPLOUEVOU CUOTAUATOG €ELCWOEWY OTIOU O aPLOUOG
TWV AYVWOTWV MOPAUETPWV TNE NYAG urtepBaivel Tov aplBuo Twv aodntipwv HET [64]. AuTtog
0 UTIOKABOPLOUOG 06NYEL 0€ N povadIKOTNTA, TIPAYUA TTOU onpaivel OTL TTOAAEG SLadOPETIKES
SLopopdWOEL TTNYWV UMOPOUV va TIOPAYOUV TIAVOUOLOTUTIO. SUVAULKA TOU TPLXWTIOU TNG

KepaANG.
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ErutAéov, To MPOPANUa eival Kakwe €apTnUEVO eMELSN HIKPEG dlatapaxég ota Sedouéva,
OMw¢ 0 B0pUPOC TWV UETPHOEWYV, UITOPOUV VA 08NYHOOUV OE PEYAAEG SLOKUAVOELG 0T AUon
[65]. Auth n evaloOnoia amattel TEXVIKEG Kavovikomoinong yla tn otabepomnoinon tng AVong.
Ol ouvnBelg mpooeyyloelg mepthapfavouv tnv kavovikonoinon Tikhonov, n omola emBaAAet
HLOL TTOLVI) OTa TAQTN TWV TINYWV yla TNV powBnon opaAdtepwv AUoswv [66], kal T Bayesian
HEBOBOUG MOV EVOWUATWVOUV €K TWV TIPOTEPWV YVWOT OXETIKA UE TIG KATAVOUEG TWV TINYWV
[67]. YmoAoyloTika, n emiluon tou avtiotpodou mpoBARpaToC analtel akplpr povtehomnoinon
TWV LOLOTATWY aywynG OYKoU Tou KEQaALOU. Ta peOALOTIKA LOVTEAD KEPAANG, OTIWC TA LOVTEAQ
oplakwv otolxeiwv (BEM) kal ta poviéla menepacuévwy otolxeiwv (FEM), AapBavouv umoyn
TIC ETEPOYEVEIG OYWYLUEG LOLOTNTEC TWV SL0POpWV LOTWV (TPLXWTO TNG KEPOANC, Kpavio,
eykedpalovwTtiaio uypo kat eyképalog) [68]. Autd ta HOVTEAQ AUEAVOUV TNV UTTOAOYLOTLKN

moAuTtAokotnTa, aAAd eival anapaitnta yla tn BeAtiwon tng akpifelag evromiopou.

‘Exouv avarmtuxBel SLadopeg TEXVIKEG EVIOTILOMOU TINYNAG, KaBeuia Ue T TTAEOVEKTAMATA KoL
TOUG TEPLOPLOMOUG TNG. OL péBodol mpooapuoyns dutdlou, omweg ta povtéda ECD, eival
KATAAANAEG YLO TOV EVTOTILOUO E0TLOKWYV TINYWV, AAAA £XOUV KAK armodoon Otav MPOKELTAL YL
TOAATAEG 1} Katavepnuéveg minyég [69]. E€optwvtal os peyaho Babud amd TG apxLKEC
EKTIUAOELC TWV TIOPAUETPWY KOl UITOPOUV VA CUYKALVOUV O€ TOTIKA eAAXLOTA, odnywvTtag o
gopalpéveg AVoeLG. Ta LOVTEAD KATAVEUNUEVWV TtNywV, Onwc ta MNE, LORETA kot SLORETA,
OVTIUETWTTLI{OUV TOUC TIEPLOPLOUOUG TNG TTPOCOPUOYINC SUTOAOU ETUTPEMOVTAC TIOAANXTIAEG TINYEC
Katavepnuéveg otov pAotd [70]. To MNE, evw Tapéxel KATAVEUNUEVEG AUOELC, TEIVEL va €XEL
pLo tpokataAnyn Babouc, euvowvTtag TIC EMLPAVELOKES TTNYEC £vavTL TwV Babutepwy, Aoyw
™G €§a0Bévnong Twv NAEKTPLKWY ONUATWY amod to Kpavio [71]. H LORETA petpldlel autd to
NTnua mpowBwvtag T XWPLKR OUOAOTNTA, AAAA E KOOTOG TN UELWHEVN XWPLKA avAAUGCN, ME
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anotéAeopa BoAEG ekTiunoelg mnywv [62]. H sSLORETA BeAtiwvel tn) LORETA TUMOMOLWVTAG TLG
EKTLUNOELG TNG TIUKVOTNTAG PEUHATOC, e€adeidoviag Ta 0PAAUATA EVIOTLOMOU UTIO LOAVIKEG
ouvOnkeg [63]. QoTO00, Ot MPAKTIKA cevapla Le BOpuPo Kal avakpiBele¢ Tou povtélou,
OPLOPEVA ODAALATO EVIOTUOMOU UIMOPEL Vol ETILUEVOUV. ANAEC TTpONYUEVEG LEBOSOL, OTIWG TO
Beamforming [72] kot to Maximum Entropy on the Mean (MEM) [73], xpnoluomolouv
TIPOCOPUOOTIKA XWPLKA ¢iAtpa kot mibavotikd mAaiola, avtiotolya, yla va BeATlwoouv thv
oKpiBela eviomiopol Kal TN XWPLWKN avaAuon. Zuykpltikd, n eLORETA (Exact LORETA) €xel
npotoBel w¢ €€EAMEN tng SLORETA, mapéxovtag akplpry eviomiopd (undevikd opaApa
EVTOTILOMOU) UTO LOAVIKEG ouvBnkeg Xwpilg¢ va Buolaletal n xwplkn avaivon [74]. To
ETUTUYXAVEL OLUTO XPNOLUOTIOLWVTAC PLa VEQ HaBnpatikr dtatunmwon mou AdapBavetl umoyn Tig
okpLBelc PUOLKEG LBLOTNTEC TWV NAEKTPOUAYVNTIKWY TIESIWV OE €va OLOVEL OTATIKO KABEOTWG.
Ma pLo ektevéotepn olyKPLoN TwV HEBOSOAOYLWY KO TWV TILO TPOCPATWYV TEXVIKWY avatpefte

otnv akoAoubn avaokonnon [75].

H akpBAg nAektpopayvntiki topoypadia eykepaiou xaunAng availuvong (eLORETA) sivat pla
e€eAlypévn HEB0SOC evromopoU TNG mMNyng mou €xel oxedlaotel yla tnv emiluon Ttou
avtiotpodou mpoPAnuatog EEG pe BeAtiwpévn akpifela. Avamtoxdnke amod tov Pascual-
Marqui to 2007, n eLORETA Baciletal otoug mpokatoxoug tng - LORETA kat sLORETA -
£l0AYyOVTOC €va HaBOnUATIKO TAALOLO TIOU EMITUYXAVEL QKPP EVIOTIOMO UTIO LOAVIKEG

ouvOnkec [74].

H Bepehwdng apxn tng eLORETA €ykeltal otn XpnoLlomoinon tng YPoUULIKAG oTaBuLopévng
AUong eAdxlotng vopuag oto aviiotpodo mpPoPAnua. Xpnowlomolel €vav €ldlkO TUTO
KOLVOVLKOTIOLNONG TTOU EVOWMATWVEL TOUG OVATOMLKOUG Kal GUCLOAOYLIKOUG TIEPLOPLOUOUG TNG

NAEKTPIKAG Spaotnplotntag tou eykepaiou. O alyoplBuog umoloyilel TNV KATAVOUR TNG
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TIUKVOTNTAG PEVUOTOG EVIOC €VOG PEAALOTIKOU MOVTEAOU KedpaAng, StaocdpaAilovtag OtL oL
EKTIUWEVEG VEUPWVLKEG TINYEG EIVAL CUVETELG E TA LETPOUHEVA SUVAULKA TOU TPLXWTOU TNG

kepaAng [76].

MaBnuatikd, to eLORETA emtAUeL To avtiotpodo MpOPANUa EAAXLOTOTIOLWVTAG TH CUVAPTNON:

J(I) = ||V =G| + 4| |WJ|)?

onou:

-V aviutpoownelel to SLAVUCUA TWV HETPOUHEVWY SUVOULIKWY TOU TPLXWTOU TNG
KEGOANG,

- G eivat o mivakag ediov poAUBSou mou amelkovilel TIC TNYEC PEVUATOC OTA SUVOLLKA
TOU TPLXWTOU TNE KEPAANC,

- ] elval to S1dvuopa TV TUKVOTATWY TWV INYWV PEUUATOG,

- A elval n mMoOpAPETPOG KOVOVLKOTIONONG Kall

- W elvar évag mivakag otabuiong mou emiBAAAEL TIEPLOPLOUOUG HE Baon tnv

TiPonNyoU LEVN YVWOT).

To eLORETA emutuyxavel akplpn evtomiopo, katackeudlovtog tov mivaka otabuiwong W wote
va €lvat o avtiotpodog Tou Ttivaka cUVSLOKUPOVONG TNE TtNYNAG, KAVOVLKOTIOLWVTOG OUGCLOOTIKA
TI( EKTIMNOELG TNG TPEXOUOOG TUKVOTNTOG. AUt n mpooéyylon Slopbwvel tn pepoAnia
BaBoug mou mapatnpnBnke oe mponyoULueveg peBodoug, e€aodalilovtag OtTL oL TNYEC o€ OAa
ta Badn evronilovtal pe tnv idla akpifeta [62]. H pabnuatikn dtatumwaon tou aAyopibuou
gyyvatal undeviko opaApo eVviomiopol umo LOAVIKEG ouVONKeG (xwplc BOpuPo Kot pe TEAELO

HLOVTEAO), ULO ONUAVTLKI) TPO0S0C 0 OXECN LLE TIPONYOUEVEG TEXVLKEC.
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H eLORETA npoodépel apKeTEC BeATIwOoELG o axEon Me TG LORETA kat sSLORETA. Evw n LORETA
ELONYOQYE €vav TEPLOPLOUO OMAAOTNTOC yla TNV mopaywyn ¢uololoyikd ainbodavwv
KOTOVOUWVY TINYNG, UTEdepe amd OoAO eviOTUOMO AOYyW TOU EYYEVOUCG OUTMOTEAECHATOC
e€opaluvong. H sLORETA QVTLLETWIILOE OPLOMEVA ATIO AUTA Ta {NTAMATA E TNV TUTIOTIOinON
TWV EKTIUNOEWV TNG TPEXOUCAC TIUKVOTNTAG yla TV e€AAewdn tng pepoAnPiag faboug, alia

e€akoAouBoloe va avTUETWTIIEL TTEPLOPLOUOUG OTN XWPLKH avaAuon [63].

To eLORETA mpodyel auTég TIG peBodoug mapéxovrag akpLpr), LNOEVIKO eVTOTILOUO 0HAAUATOG
anouoia BopuBou kat cpaApdatwy poviehomnoinong. AlopBwvel tn pepoAnyia evioniopol mou
umdpxel otnv SLORETA xpnoldomolwvtag Hla  akplBEcTepn  ekTipnon Tou  Tivaka
ouvSLaKUPAVONG TNG TtNYNG, odnywvtag o€ BeATLWHEVN XwpLKN avaiuaon [77]. Auti n BeAtiwon
ETUTPETEL TOV AKPLBECTEPO EVIOTUOUO TWV VEUPWVIKWV TINywv, Wilwg oe Bablég Souég Tou

€YKEDAAOU TIOU TIPONYOUUEVWE NTaV SUCKOAO VAL EVTOTILOTOUV LE aKpiBeLa.

ADKETEC HEAETEG £XOUV EMIKUPWOEL TNV amoTeAeopatikotnta tn¢ eLORETA 1600 ot
TIPOCOUOLWHEVEG 00O KOl OF TIPAYUATIKEC oUVONKEC. Ze pa Bepehiwdn epyaocia, o Pascual-
Marqui anédeife otL n eLORETA UmopoUoe Vo EVIOTIOEL P akpiBela onUELAKES TTNYEC OE €va
PEOALOTIKO HOVTEAO KedAANG XwpilG odAApa eviomOpoU UTO LOQVIKEG ouvOnkeg [74].
MetayevéoTtepeg €peuveg emiBefailwoav autd ta eupriuata. Na napadeypa, ot Sekihara k.a
ouvékplvav Tnv eLORETA pe GAAeg peBOSouUG EVIOMIOUOU TNYWV XPNOLUOTIOLWVTOG
npoocopolwpéva dedopéva EEG kal Slamiotwoav otL n eLORETA mapeixe avwtepn akpifela
evtoropoU, el8Ika oe Bablég meploxeg Tou eykedaAou [78]. KAWVIKEG LEAETEC €XOUV ETTLONG
umootnpiéel tn xpnowotnta tng eLORETA. Ot Zumsteg k.o epdppocav tnv eLORETA o€
aocBeveilg pe emAnpia tou kpotadkou AoBou kat avedpepav OtL n pEBodOG evtomioe pe

okpifela TG emAnmroyoveg {wveg o€ oUyKplon He evbokpaviakeg kataypadeg HEM kat
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XEPOUPYIKA amoteAéopota [79]. AUTEG oL MEAETEG EMIKUPWONG UTIOYPOUMIIOUV  TIG
Suvatotnteg tng eLORETA wg alomiotou epyaAelou TOOO YLA EPEUVNTLKEG OO0 KAl YLOL KALVIKEG

edapuoyEg.

To eLORETA £€xeL uloBetnBel eupéw¢ o€ 510POPOUC TOUELG TNG VEUPOETILOTHING KOL TNG KALVIKNG
TIPAKTLKNC. ITNV £peuva yla TNV eTtAnyia, XpnNOLLOTIOLELTOL VLo TOV LN EMEUPATIKO EVIOTILOUO
ETUANTITIKWY E0TLWYV, BoNOWVTAG OTOV TIPOEYXELPNTIKO OXESLAOUO KAl LELWVOVTAC TNV OVAYKN
yla emepPatikég Stadikaoieg [80]. Meléteg €xouv beiel 0TL To eLORETA umopel va evtormioet
{wveg évapéng eMANTITIKWY KPLoEwv pe uPnAn cupdwvia pe to evbokpaviakd HEM kal Tig

B£0ELC XELPOUPYLKAG EKTOUNAG.

ITN YVWOTLIKN VEUPOETILOTHUN, To eLORETA xpnowomoLelTal yla tn SLlEpelvnon TWV VEUPLKWY
UTTIOOTPWHATWV TWV YVWOTLKWV SlEpyactwy, OTIwE N T(pocoxh, N LVALN Kot to cuvaiodnua [81].
MNna mapadelypa, €xel xpnowomolnBel yia tn Yaptoypadnon twv ¢Aolwdwv mnywv Ttwv
Suvaplkwy mou oxetilovral pe yeyovota (ERPs) ou oXeTilovTal e CUYKEKPLUEVEG YVWOTLKEC
gpyaoieg, mapExovtac TMANPOPOPIEC OXETIKA HME TN XPOVIKN KAl XWPELKA SUVOULKA TNG
eykedaAlkng dpaotnplotntac. EmutA£ov, to eLORETA £xel ebapUoyEG oTnV PUXLOTPLKN EPEUVQ,
OlwE OTNV KATAVONON TWV VEUPWVLKWY UNXAVIOUWV Slatapoyxwyv Omwe n KatabAupn kat n
oxWodpévela. OL Pascual-Marqui k.&. xpnoluomnoinocav to eLORETA yla va HEAETHOOUV TN
Opaotnplétnta tou HEM o€ katdotaon npeupiag oe aocBevel¢ pe pellova KataBAUTTLKA

Satapayn, amoKAAUTITOVTOG TPOTIOTOLNUEVA TIPOTUTIA AELTOUPYLKAG cuvdeoLuoTnTag [82].

H parcellation avadépetalr otn Sadikaoia Stoxwplopol Tou eykePpAAou Oe SLOKPLTEC
OVOTOULKEG N AELTOUPYLKEC TIEPLOXEC, YVWOTEC WE OYPOTEUAXLO N TIEPLOXEG EVOLOPEPOVTOG

(ROIs) [83]. Ztn veupoamelkovion, n TapaPoAr) XpPNOWEVEL WG KPLOLUO £pYaAEio yla tnv
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amAonoinon t¢ MOAUTAOKNG SOUNG TOU €YKEPAAOU, ETUTPETIOVIAC OTOUG EPEUVNTEC val
QVaAUOUV KoL Vo EPUNVEVOUV TNV YKEDAALKI) SpaOTNPLOTNTA OE TEPLPEPELOKO EMUMESO Kal OXL
oe emninedo pepovwpEVWY voxels 1 kopudwv. H mapektomion elval amapaitntn ywo tnv
EPUNVELN TWV ATOTEAECUATWY EVIOTILOMOU TINYWV, €MELSN SLEUKOAUVEL TNV QTEIKOVION TNG
KATAVEUNUEVNG VEUPWVIKNG OpaotnploTNTaC OE ONUAVIIKEC TIEPLOXEC TOU EYKEDAAOU.
JUYKEVIPWVOVTAC TIG EKTLUAOEL TwV TINywv €vtog mpokaboplopévwv ROI, oL gpeuvntég
UITOpOUV va aLloAOYCoUV TN AETOUPYLKN onuacia Twv potifwy eykedpalikng Spaotnplotnrtag,
Va EKTEAECOUV OTATLOTIKEC AVAAUOELG KL VO CUYKPIVOUV TOL EUPNHATA HETAEY TWV UEAETWY
[84]. H mpooéyylon auth evioXUEL TNV EpUNVEUCLUOTNTA TwV dedouévwy EEG cuvdéovtag ta

NAEKTPODUCLOAOYIKA OHOTO UE CUYKEKPLUEVEG OVATOMLKEG SOUEG.

Mo HEAETEC VEUPOATIELKOVIONG €XOUV avartuxBel Stadopol dthavieg eykedAalou Kal oxriuata
arnotunwong. Metay autwv mepAapufdavovtol avaTOUKOL ATAQVTEG, OMWG O ATAAvTag
Automated Anatomical Labeling (AAL) [85], kat Asttoupylkoi ATAQVTIEG TTOU TTPOEPXOVTAL ATIO
b6ebopéva fMRI npepiag, onwg o atAavrag Yeo k.a. [86]. AAAeg péBodol meplhapPfdavouv
npooeyyioelc mou Pacilovtalr oe Sedopéva, OnMwc oAyoplBuol opadomoinong mou
opadomolouv eykeDAAIKEG TEPLOXEG HE Pacn potifa ocuvdeoludtnTag r AELTOUPYIKEC
opolotnteg [87]. KaBe cvotnua parcellation mpood£pel StadopeTIKA TTAEOVEKTHATA AVAAOY
LE TOUG EPEUVNTLKOUC O0TOXOUC. OL OVOTOMLKOL ATAQVTEG XPNOLUOTIOLOUVTOL EUPEWE YLlaL TNV
€UKOALOL EpUNVELaC KoL TNV €UBUYPAULON TOUG HE SOMLKEG ELKOVEC TOU gyKedAAOU, EVW OL
AELTOUPYIKOL ATAQVTEG UmopEel va mapEXouv KaAUTEPN avilotolia pe Asttoupyika Siktuva. H
emloyn tng uebodou parcellation pmopel va eEMNPEACEL CNUAVTLKA TA ATIOTEAECUOTO KOL TLG

EPUNVELEC TWV pEAETWY evTOTILOMOU TtnynG HET.
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O atAavtag Automated Anatomical Labeling (AAL) sival éva eup€wg XpNOLUOTIOLOU LEVO OO
QVATOULKAG Ttapapdpdwong yla tov avBpwrivo eykédado. Avamtuxbnke amd toug Tzourio-
Mazoyer K.A. , 0 athag AAL TapExeL €va TUTIOTOLNEVO TIAQLOLO YLO TNV ETILOHOVON TIEPLOXWV
Tou eykepdAlou pe PBACNH OVATOUIKA OPOCNHMA TIOU €eviomilovtal o€ SOMIKEG MOYVNTIKEG
Topoypadieg uPnAng availuong [88]. H €ékboon AAL-116 Siatpei Tov eyképado os 116 TEPLOXEG
evéladépovrog, mou nepthapBavouv pAotwdelg kat umtopAolwdelg SopéC. OL TTEPLOXEG AUTEC
opilovtal audimievpa, KOAUTITOVTAC TIEPLOXEG OMWC O METWTLALOC, O PPEYUOTIKOC, O
KPOTAPLKOC KOl O LVLOKOG AoBo¢, kaBwe kat Bablég Sopég Omws 0 OANAPOC KAl O UTIOKAUTTIOG.
O athavtag SLEUKOAUVEL TNV OVTLOTOIXION TWV AEITOUPYIKWV OeSOUEVWY OE QVOTOULKES

TLEPLOXEC, ETUTPETOVTIAC CUVETIEIC CUYKPLOELG LETOED LEAETWV KOL UTTOKELUEVWV.

O athavtag AAL-116 mpotwpdrtal ot peAéteg EEG Adyw tng supelag amodoxng kot tng
OVOTOMLKAG TOU ouvdadeLag. OL TUTIOTIOLNUEVES ETIKETEG KOL OL TIEPLOXEG TOU ETTPETIOUV TNV
A EPUNVELA TWV ATOTEAECUATWY Kal SLEUKOAUVOUV TIG PETA-AVAAUCELG KOL TG CUYKPLOELG
HETaL peAetwy [89]. EmumAéov, N oOAokANpwUEVN KAAU PN TOU eyKePAAOU Ao TOV ATAQVTA TOV
kaBlotd kataAAnAo yia tn Stepelivnon mpotunwyv SpaotnplotnTag oAOKANPOU Tou eYKEDAAOU.
H xprjon tou AAL-116 o€ ouvbuaouo pe peBodoug evtomiopoU mnyn¢ onwe n eLORETA evioxUeL
NV avatoukn e€eldikevon Twv avalloswv HET. EMTPENEL OTOUG EPEVVNTEC va amodidouv Tnv
EVTOTILOMEVN NAEKTPLK OpaoTNPLOTNTA OE OUYKEKPLUEVEC TIEPLOXEC TOU eykedAAou,
BeATlwVOVTOG TNV KATAVONON TNG XWPELKAG KOTOVOUNG TWV VEUPWVIKWY OLEPYACLWV. ZTIG
oVaAUOELC EVTOTILOMOU TINYAG, 0 atAavtag AAL-116 EVOWUOTWVETOL PE TNV OTELKOVION TWV
EKTILWHEVWVY KATAVOHUWY TIUKVOTNTOG peVUOTOC OTLG MpokaBoplopéveg ROI. H Stadikaoia auth
TepAAUPBAVEL TN XWPLKHA OCUV-KOTOXWPLON TWV QTOTEAECUATWY EVIOTUOMOU TINYAG UE TLG
OVOTOULKEG TLEPLOXEC IOV opilovtal otov atAavta [90]. OL TLUEG TNE TTUKVOTNTAG PEUATOG EVTOC
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kaBe ROl cuvnBwc umoAoyilovtal Katd PEGO OpOo i AVAAUOVTAL OTOTLOTIKA Yl TV a§LoAdynon
™G mepldpepelakng eykedpaAkng Spaotnplotntag. Epyaleia Aoylopikol, onwe to Statistical
Parametric Mapping (SPM) kat to Brainstorm, mapéxouv Aettoupyieg yla tnv ebappoyrn tou
atAavta AAL oe avalloelg EEG. Ta epyaleia autd SdteukoAUvouv TNV guBuypapplon Twv
EKTILACEWV TWV TINYWV HE TIC TIEPLOXEC TOU ATAOVTA KOl UTIOOTNPL{ouV SLAPOPEC OTATIOTIKES

Stadikaocieg yla tnv epunveia Twv SeSopévwy.

H evowpdtwon tou evtoriopol Twv ninywv eLORETA pe tov athavta AAL-116 mepilapfavel
pa  dadikacia mMOAwvV  PBnuatwv. Mpwtov, ta O6eboupéva EEG umoPfallovtal o€
TIPOETESEPYAOLA VL0 TNV ATIOPAKPUVON TWV TEXVOUPYNUATWY Kol T BEATiwon TNG oLoTNTOG
TOU ONMATOC. TN OUVEXELD, To eLORETA edapuoletal ota npoenefepyacpéva Sedopéva yla
TOV UTTOAOYLOWO TNG KATAVORNG TNG TTUKVOTNTAG PEUHATOG 0€ OAO TOV OYKO Tou eykeddAou [91].
21N OUVEXELQ, OL EKTLLWEVEG TIUKVOTNTEG PEUUATOC ATIELKOVI{OVTOL OTLG AVATOULKEC TIEPLOXEG
mou opilovtal and tov dtAavta AAL-116. Autd amattel xwpikn euBuypdpuion PeTagy tou
Xwpou AUoswv TG eLORETA KalL Tou ATAQVIA, N ONMOLO EMITUYXAVETAL LECW TEXVIKWV CUV-
gyypadng mou Aappdavouv umoPn TG ETMUEPOUG OVATOULKEG TOPAAAAYEC. Ol TTUKVOTNTEG

pevATOC VTOG KABOe ROI e€dyovTal 0Tn CUVEXELA VLA TIEPALTEPW AVAAUOT).

H mapektomnion pe tn xprion tou atiavta AAL-116 Bonbd otnv gpunveia tTnNG KATAVEUNMEVNG
SpaotnplétnTag mnyng mou evromniletal and tnv eLORETA, cUyKEVTPWVOVTAG TLG TTOAUTIAOKEG
XWPLKEG TTANPOPOPLEG OE ONUAVIIKEG OVOTOMLKEG TIEPLOXEG. AUTO amAormolel ta dedopéva,
KaBLoTwvTag ta o UXPNOTA YlA OTATLOTIKY avaAuon Kal omtikomnoinon. Zuvoilovtag tnv
TIUKVOTNTA PEVMATOG €VTOG KABe ROI, oL €peuvnNTEG UMOPOUV va CUYKpivouv Ta emimeda
SpaotnplotnTag o SLaPOPETIKEG TIEPLOXEG TOU eyKEDAAOU, CUVONKEG 1] OUASEG UTIOKELUEVWV.

H mpooéyylon autry SLEUKOAUVEL TOV EVTOTILOMO TIEPLDEPELAKWY TIPOTUTIWY EVEPYOTIOINONG N
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OUVOECLUOTNTOG, TTAPEXOVTAC TTANPOPOPLES YL TOUG VEUPWVIKOUG UNXOVLOMOUG TTIOU SLEMOUV

Ta mapatnpolpeva onuata HET.

Eva mapadslypa emtuyol¢ evowpdtwong elvat n peAétn twv Lei k.., oL omoiol
xpnotpomnoinoav to eLORETA kat tov dtAavta AAL-116 yia va SLlEpEUVIICOUV TOUG VEUPLKOUG
OUOXETLONOUC TOU $OpPTOU TNE UVHUNG epyaciag [92]. Evtomilovtag tn dpaoctnplotnta tou HET
Kol arelkovi{ovtag TNV OTLC TIEPLOXEG TOU ATAQVTA, EVIOTLOAV aUEnUEVN EVEpyOoToOinon otov
TIPOUETWIILALO PAOLO KL TOUG BpeypaTikoug AoBolg ou cuoyetilovtal pe uPnAdtepa doptia
uvAuNng. Eva aAlo napadelypa eival n épeuva twv Vecchio k.d., oL omoiol xpnotuomnoincav to
eLORETA kot 1o AAL-116 yla va e€eTACOUV TIG LETABOAEC TNG AELTOUPYLKNG CUVEECLUOTNTAG OF
aoBevelg pe vooo tou Alzheimer [89]. Ta eupruatd toug katedel€av Slatapaypéva potipa
OUVOECLUOTNTOG OE CUYKEKPLUEVEC TIEPLOXEC TOU eykeEdAAOU, cUUPAAAOVTAG OTNV Katavonon

™G veupoducololoyikng Bdong tng vooou.

H evowpdtwon tou eLORETA pe tov athavta AAL-116 mpoodépel dtadopa MAEovVeEKTAUOTA.
EvioxVel tnv akpifela evtomiopou cuvdualovrtog tnv akpLpn extipnon tng nnyng tou eLORETA
HE TNV ovatoplkn €€elbikeuon tou AtAavra. AuTH N CUVEPYELA ETITPEMEL TNV AKPLBEDTEPN
Aewtoupyikn)  epupnveia  twv  Sedopévwyv  HEF, ouvdéovtag tnv nNAEKTPOodUGCLOAOYLIKN
6paoTNPLOTNTA UE OUYKEKPLUEVEG TEPLOXEG Tou eykeddlou. EmumAéov, n mpooéyylon
OLEUKOAUVEL TIC OTATLOTIKEG aVOAUOELG o€ tepLdEPELaKO eminedo, BEATLWVOVTOG TNV EVPWOTIA
KAl TNV EPUNVEUCLUOTNTA TWV gupnUATwv. Emitpémel otoug epeuvntég va Slepeuvoulv
UTTODE0ELC OXETIKA L€ CUYKEKPLUEVEG TEPLOXEC N SikTua Tou eykeddAlou, umootnpilovtog

OTOXEUMEVECG AVOAUOELG TOOO OE EPEUVNTIKA 00O Kal 0€ KAWVIKA TAaioLaL.
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KedpaAato 3

MeA€tn EykepaAikwv AKTOwV

3.1 Aiktua eykedpdaAou

Ta Siktua Tou eykePAAOU UmopoUV va eEETACTOUV O€ OTOLOSHTIOTE eMiMeSO TNG Lepap)iag TOUG
Kal Ta TeAevtala xpovia €xel avamtuxBel pia tepaotia BBAloypadia mou aoyoAeltal pe
S1apopeg SOUKES KOL AELTOUPYIKEG LOLOTNTEG TOU €YKEDAAOU KAl TWV VEUPWVLKWV SIKTOWV. Ma
napadelypa, £xouv meplypadel yevetikol katl Bloxnuikol pnxaviopot tng Stapdpdpwonc tou
dAoLoU Kal TG avamntuéng Twv KUKAwUATtwy [93], [94], OMwG Kal UEAETEC VEUPOAVATOMLKNG
avixveuong €xouv PBeATwoel TIC avTIAAPELC MG YO TOL TOTIKA KOl KOTOVEUNUEVA UOTIBa
ouvdeolpoTNTAC. Q¢ AMOTEAECUA, LEYAAO HEPOG TWV YVWOEWV HOG YLa TN AElToupyla KoL TV
opyavwon tou avBpwrivou eykepdAou Paciletol O TMPOEKTACEL( OO TETOLO TIPOTUTIO
ocvotnuata. H éAevon twv peBOdwy yla TNV avBpwrivn veupoarmnelkovion aAlafe auth thv
KOTAOTOON, ETUTPEMOVTIOG TNV OAOKANPWHEVN €EETAON TNG HOKPOOKOTIKNG EYKEDAALKAG
SpaotnploTNTAC, KOLTILO TPOoHATA, TNG CUVSECIUOTNTAG, O {WVTAVA ATOU. OL TEXVIKEG AUTEC
SleukoAuvav tn Slepevvnon twv avBpwnivwyv eykePaAlkwy SIKTUWV cupBailovtag otnv

KaTavonon tng avantuéng tTwv Aetoupylkwy eykedaAlkwyv SIktuwv otov avBpwro [95].

Ta Aettoupyika diktua opilovtal armo Tn AELTOUPYLKT GUVOECIUOTNTO LETOED TWV TIEPLOXWV TOU
geykedalou, n omoia PETPATOL OO TNV XPOVIKI) CUCXETLON TNG VEUPLKNC Spaotnplotntag. 2

avtiBeon pe tn doptkn cuvdeauoTnTa, mou adopd TI¢ GUOIKEC cUVOEDELC (TT.X., AEUKN) ouaoia)
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HETAEL TwV epLoxwyv [96], N AELTOUPYLKA CUVOECLUOTNTA ETKEVIPWVETOL OTOV CUYXPOVLOUO
¢ Spaoctnplotntag o dLAdopeg MEPLOXES TOU eYKEDAAOU. AUTOG O GUYXPOVIOUOG UTtopEL va
Kataypadel xpnoyonolwvtag SLAPopeG TEXVIKEG VEUPOUTIELKOVIONG, CUUMEPAABAVOUEVWY
NG AELTOUPYIKAG HayvnTKAG Topoypadiag (FMRI), Tng nAektpoeykedaroypadiag (EEG) kat tng

puayvntoeykepoadoypadiog (MEG).

H AElTOUPYLK OUVSECIUOTNTA AVTIKOTOTTPI(EL TIG SUVAULIKEG AAANAETIOPAOEL PLETAED TWV
TIEPLOXWV TOU gyKeAAOU, TAPEXOVTOC YVWOELG YLO TO WG cuvepyalovtal dtadopa LEpN TOU
EYKEPAAOU yla VO EKTEAECOUV CUYKEKPLUEVEG Asltoupyieg [97]. AuTéG ol aAANAeTUOPAOELS
umnopei va eivat mapodikég, aAAGlovTag e TNV TAPOS0 TOU XPOVOU Kol avaAoya E TNV epyacia
TNV KATAOTOON TOU ATOpoU (TLY., AVATIOUCN VS. EKTEAECN €pyaoilwV). H HEAETN auTwV TwV
Siktuwv BonBa otnv Katavonon TwV UNXAVLICUWY TIOU UTIOKPUTITOUV SLAdOPES YVWOTIKES KAl

ouunepLPopLKEG SLadIkaoleg.

‘Exouv evtomiotel Staddopa PBaoikda Asttoupyika Siktua, kaBéva amd ta omoia cuvOEETAL UE
SL0POPETIKEG YVWOTIKEG Kal oUUTIEPLDOPLKEC SLadikacieg. ApxLka, To Aiktuo MpoemAeyUévng
Kataoctaong (DMN), to omoio elval €vepyd KATA TNV QVATIOUCN KOL OUUUETEXEL OF
oUTOaVOPOPLKEG OKEYPELG, OVELPOTIOANTELG KAL TIEPLITAAVNON TOU Vou. MepltAapBAvVeL TIEPLOXEG
OTWG 0 UEOOC TMPOoUETWILAiOg HAOLOG, 0 omiocBlog éow HAOLOG, O TIPOKEVTPLKOG AoBOC Kal O
ywviakog €Akag [98]. To DMN mapouolalel pelwUévn Spaotnplotnta katd tn Sldpkela
TIPOCAVATOAIOUEVWY  OTOXWV  Kal auénuévn Opaoctnplotnta  Katd Tnv ovamauon,
urmtodnAwvovTtag Tov pOAo Tou otV ecwTePLKr okeEWn [99]. Eniong to Siktuo onpavtkdTnTog
elval kpilowo yla tnv aviyveuon kat Tnv eneéepyacio oNUAVIIKWY EPEBLOUATWY KAl yloL TNV

evalayn petafl SdtadopeTikwy SIKTuwv, 6mws To DMN Kal To KEVTPLKO EKTEAECTLKO SiKTUO.
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KUpleg mepLox€g autou tou SIkTUoU TepAapBAavouv TV mpocdla EALKa Kol Tov TPoolo Eow
dAoLd . Auto to Siktuo mailel kaBoploTikd pOAO OTNV TAUTOMOINGN CNUAVTIKWY TANpodopLwV
amno to mepBArAov kat otn dteukoAuvon KatdAAnAwv cuunepldoplkwy anavtrioswyv [100]. To
Kevtpkd Ekteleotikd Aiktuo (CEN) cuppetéxel oe Aettoupyieg unAol emutédou OMwWE n
epyalopevn pvAun, n ANYn amoddcswv kat n emnilvon mpoPAnudtwv. Autd to &iktuo
TePAAUBAVEL TIEPLOXEG OTIWG O PAXLOLOG TIPOUETWTTLALOG GAOLOC KOl O OTioBL0C BPEYUATIKOC
dAolo¢ [101]. To CEN evepyomoleital Kot Tn SLAPKELD €PYACLWV TIOU QTALTOUV SLOPKN
TIPOOOXN KOL YVWOTIKO €Agyxo, umootnpilovtag ouvBeteg vontikég Siepyaoieg [102]. Ta
Kwntikad Aiktua eivat umtebBuva yla Tov oxedlacpo, TNV eKTEAECN KL TOV EAEYXO TWV KIVNTLKWV
Aettoupywwy. MeplhapBavouv TEPLOXEC OMWG O TPWTOYEVAG KLWNTIKOG  ¢Aoldg, n
CUUMANPWHATLKA KLWNTIKNA Tieploxn kat ta Baoika yayyAa [28]. Ta kwvnukd Siktua eival
QIaPALTNTA YL TOV CUVTOVIOHUO TwV EBEANUEVWY KIVACEWV Kal TN SLathpnon Twv KVNTIKWY
beflotitwy [103]. Télog, ta aoBninplakd &iKkTtua CUMPETEXOUV OTnv emefepyacia Twv
awdntnplakwv mAnpodopuwwv amd 1o TEPPAAAOV, OMWE OL OMTIKEG, OKOUOTIKEG KOl
ocwpatoalodntikég mAnpodopiec. MNa mapadelypa, to omukd Oiktuo meplhapPdvel Tov
TIPWTOYEVH OMTIKO HAOLO KAl TIG OXETIKEG TIEPLOXEG, OL omoleg emefepydlovial T OTTIKA
epebiopata kal umootnpilouv tnv omtik avtiinyn [104]. Ouolwg, TO AKOUOTIKO SiKTUO
TEPLAAUPBAVEL TIEPLOXEG OTIWG O TIPWTOYEVAG AKOUOTLKOG GAOLOC, TIOU EvalL amapaitnTES yLa TNV

enegepyaocio Twv Axwv [105].
3.2 Aettoupyikn 2uvdeoipotnta (Functional Connectivity)

Ta Aettoupyka diktua dgv Aettoupyouv pepovwpéva. AAANAedpouv evtog SIKTUWV PEYAANG

KALLOKOG Ttou mepAapBavouv oAdkAnpo tov eykédpalo. Autd ta Siktua peyaAng kKApakog ivat
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Kplowa yla tTnv evowpdatwon nmAnpodoplwv and dtadopeTikols TOUEG KAl TNV UTIOOTHPLEN

oUVBEeTWY cuunepLdopwWV.

Ot aMnAemibpaoel MPeTall TwWV Aeltoupylkwyv SIKTUWV HPMopoUvV va  HeAeTtnBouv
xpnotpomnolwvtog Sl1adopeg MPooeyyioeLg, cupmepAapBavopévng tng SUVOLLKAG AELTOUPYIKNG
ouvdeoLuoTNTAG, N onoia e€eTalel MwG Ta MpoTuma ouvdeoipudTnTag aAAdalouv pe Ty mapodo
TOU XpOvou. Auth n Tpooéyylon avadelkvUeL TNV gueAfio KAl TNV MPOCOPUOOTIKOTNTA TOU
eyKepAAOU OTNV QVTATOKPLON O SLUPOPETIKEG YVWOTIKEG QMALTHOELG Kal TEPLBAANOVTIKEG

nipokAnoeLg [106].

H Beswpla ypadwv mpoodépel éva Loxupod epyaleio yla tnv avaiucon Twv SIKTOWV UEYAANG
KAlpakag tou eykedalou. OL Baokég évvoleg TNG Bewplag ypadwy, Omwe n Sopokpatia Kot ot
OLOTNTEC UIKPOU KOOMOU, TIOPEXOUV YVWOELC YO TO TWC opyavwvovtal ta Siktua Ttou
eyKedAAoU yla va €€Ll0OppOTOUV TNV TOTIKN EMeEEPyOoia KAl TNV TOYKOOULO EVOWUATWON
[107]. Na mapadeypa, n Sopokpatia avadépetal otnv UTtapEn MUKVA cuvEedeEVWY OUAS WV
KOUBwv (povadeg) mou eival apald ouvoedbepéveg pe AAAeC povadeg, umootnpilovtog
e€elbikeupévn enetepyaoia eviog KAOe HovASOC eVWw ETTPEMEL TNV ATOSOTIKNA ETIKOLVWVIO

HeTaL povadwv [108].

3.3 Metpikeg AlkTUou pkpou koopou (Small world Network Metrics)

H avaAuon Bswplag ypadwv mopexeL €va LOXUPO MAALCLO yLa TN HEAETN TNG OPYAVWONG TWV
SIKTUWV TOU eYKEPAAOU. I€ AUTH TNV TIPOCEYYLON, OL TIEPLOXEC TOU eyKedAAOU avarmapioTavral
WG KOUPOL KOl OL AELTOUPYIKEG OUVOEDELG TOUG QVATIOPIOTOVTAL WG AKUEG. AUTH N LOONUATIKNA

QVATIOPACTOON EMLTPETEL TNV TTOCOTIKOTIOINON Sladopwy LOLOTATWY TWV SIKTUWV KoL TTAPEXEL

52



YVWOELG YLaL TNV AELTOUPYLKI APXLTEKTOVIKA TOU eykepaAou. H Bewpla ypadwv Exel epapuooTel
yla tn PeAETN Sadopwy MTUXwV Twv SIKTUWV Tou eyKEDAAOU, ATTOKOAUTITOVTAS ONOVTLKES
YVWOELG YL TNV 0pyAvwaon Kot tn Aettoupyia tous. Ot avaAuoelg Bewpiag ypadwyv Exouv Seiel
OTL 0 avBpwmnvog eykédaog mopouctalel OLOTNTEG UIKPOU KOOMOU, TIOU TILOTEVUETAL OTL
urnootnpilouv tv amodotikn emnefepyaocia kol evowudatwon mAnpodopwwv [109]. Autég ol
HUEAETEG €XOUV ETONG EVTOTIOEL TEPLOXEG-KOUPBOUC TIOU mallouv KeVTPLKOUC pOAOUC OTNnV
eTKowvwvia tou Siktvou [110]. Epeuveg €xouv Seiel OTL n opydvwon twv SIKTUWV Tou
eykedpaAou aAAalel kata T dLapKela TNG {wng, HE AUENUEVN EVOWUATWON KOl arnodoTikotnta
Va TIOpATNEOUVTAL KATA TNV aVANTUEn KAl UELWON QUTWV TwV LOLOTATWY HE TNV ynpavon.
Entiong otn BiBAoypadia avadpEpetal OTL aAAAAYES OTLC LOLOTNTEC TWV SIKTUWV €XouV ouvdeDel
ue dtadopec datapaxeg tou eykedalou. MNa mapadetypa, n oxl{odppEvela EXEL CUCKETLOTEL PE
Slatapayuévn evowpatwon SIKTuwy, eVw n vooog Tou ARToxdluep €xel cuvdebel pe anwAeLa

ouvdeopotntag kopBwy [111], [112] .

OL Watts kal Strogatz elorjyayav tnv évvola tng SIKTUAKAG 0PyAVWONG «HLKPOU KOGHOU»,
eotialovtag otn PéAtiotn ooppomia peTtafl TOTUKACG €€ElSIKELONC KAl TIOYKOOULOG
oAokAnpwaonc [109]. Autr n MPOCEYYLOoN, OE GUVOUAOUO e EVWOLEC TNG Bewplag ypadnuatwy,
armoteAel €vav TTOANA UTTOCXOUEVO TPOTIO XOPAKTNPLOUOU TNG AELTOUPYLKAG OPYAVWONG TOU
eykedalou [113]. EMISLWKEL, €MIONC VA TN CUCXETIOEL UE TN CUUTEPLPOPA 1 TIC KALVIKEG KOl
SOKLUAOTIKEC EMIOOOELG TWV UTIOKELMEVWV. Mo TtapAaSetlypa, afloAoyel KOTA TTOCOV TA MPOTUTIAL
AELTOUPYIKNG OUVOECLUOTNTOC UETOED £YKEPOALKWY TIEPLOXWV CQVOTIOPAYOUV TNV 0pyavwaon
TLEPLOCOTEPO 1 ALYOTEPO LOXUPA oUVOESEUEVWY SIKTUWV HE BAON TNV LOXU TOU CUYXPOVIGHOU

0TN XPOVIKA HETOBAAAOUEVN TOAQVIWTLIKY VEUPWVLIKH TtupoSoTnon SLadopETIKWY TIEPLOXWV
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Tou €eykepdalou, OMWCG aVIKATOMTPI(eETOL QMO TOUG TAAAVIOUMEVOUG pPuBuUoUG Tou

nAektpoeykepaioypadnuatog (EEG).

H amnd kowou Kkeviplkotnta- betweenness centrality (BC) toug otnv availuon Siktuou EEG
Oelyvel MO0 KEVTPLKO POAO £lXE €V OUYKEKPLUEVO NAEKTPOSLO 1 L0l CUYKEKPLUEVN TIEPLOXN
Tou eykeddalou otn cuvdeon AAAWV IEpLOXWV afloAOywVTaG TO pOAO TOU WG yédupa yLa Tn pon
TIANPODOPLWV KOTA HUNKOC TWV CUVIOHOTEPWYV SLaSpopwV €VIOC Tou SIKTUoU. Ol UETPIKEC
amodoTkOTNTAG 0TNV avaAuon Siktuwv EEG mepAapuBavouv tTnv mMaykKOoULO amodoTkoTNTA-
global efficiency (Effglob), n omoia aflohoyet tn por} mAnpodopuwv oe 6Ao To SikTUO KOt TNV
Torukn amodotikotnta- local efficiency (Effloc), n omola eotidlel o€ kKOVTIVEG AAANAETILOPACELG
TWV KOUBwWV Kat TNV anodotikotnta Twv KOUPwv — nodal efficiency (Effnod), evw afloloyeitaln
mAnpodopia Tou HEPOVWUEVOU KOUPBou petadopdg mAnpodoplwyv evidg tou Siktvou. O
ouvteAeotAG opadomoinong- clustering coefficient (CC)  petpd to emimebo NG TOTUKAG
opadomoinong i ouvdeowodtntag oto Oiktuo, evw to MAKog Stadpoung — path length L

afloloyel tn ouvoAikr anodotikotnta Stadpoung [114].

‘Eva Siktuo £XEL TNV BLOTNTA TOU "UIKPOU KOoUoU" av n doun tou xapaktnpiletal ano uPnAo
ouvteheoty ouotadomoinong (clustering factor) kot TOPOUOLO XOPAKTNPLOTIKO KOG
Stadpoung oe ouykplon pe tuxaio Siktua. Molotikd, oe €va SIKTUO HIKPOU KOOPOU, N
TAELOVOTNTA TWV KOUPWV CUVEEETAL AUECA LE TOUC TIEPLOCOTEPOUC YEITOVEG TOUC, KaBwWE Kal
pe Alyoug amopakpuopévoug Koppoug. Autd efaodalilel otL omolodnmote (evyog KOUBwV

OUVOEETAL UE OXETLKA CUVTOUO UAKOG SLadpounc.

Yndpxouv ouykAlvouoeg evlelfelg OTL N oUVSECIUOTNTA TOU EYKEDAAOU XapaKTnpilleTal amo

TomoAoyla. HLKpOU KOOHOU AOyw Tomikng e€elbikeuong kat KaBoAlkng oAokAnpwonc. H
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Slatapayxn autng g PEAToTnNG Ttomoloyiag Hmopel va umodnAwvel acBévela 1 LA

eMPBAPUPEVN VONTIKA KOTACTAON.

210 mAaiolo autod, autr n dtatplpn e€etalel Tnv €€EALEN TNC TomoAoyiag SiktUou e Tnv mapodo

TOU XPOVOU HECW UETPLKWYV OTIWE TO XOPAKTNPLOTIKO UAKOG SLadponig () Kal oL TapAaywyEg tou,

OUYKEKPLUEVA N KABOALK) armodoTIKOTNTA KAl N TOTILKH arodoTIKOTNTA.

XapaktnpLotikd Minkog Atadpoung: Mo évav ypado pe Bapn, To UNKog SLadpopnG pLog
OKUNAG opilletal w¢ To avtiotpodo TOU BAPOUC TNG OKUAG. TO MLKPOTEPO KNKOG
Stadpoung(L petafd 6uo KOUPBwVY A Kkal B eival To eAdxloto aBpolopa Bapwv aKUWY yLo
OAeg TIC Suvateég SLOOPOUEG METALL TOUC. To XAPAKTNPLOTIKO WNKOG Sladpoung L

umoAoyileTal wg:

!
L= —-— Y L,
Jﬁf{m-l}_; o

omou N glvol 0 GUVOALKOG aplBUOCg KOUBwWV.

KaBoAwkr) Anodotikotnta (Eg): Metpdel mOCO QMOTEAECUATIKA YIVETOL N avtaAAayn
nmAnpodoplwv oe 6Ao Tto Siktuo. Eival avtiotpoda oxetllduevn LE TO XAPOAKTNPLOTIKO

unko¢ Stadpoung (L) kot opiletal wg:

1 1
Eg =
ST NIN=-1) 123 Lan

Toruky Amodotikotnta (E): Afloloyel tnv avOekTkdTNTA TOU SIKTUOU OE ULKPAG

KALLOKOG OTTOTUXIEG KoL TIOOOTIKOTOLEL TNV  amodoTkoTNTA TNG  OavTaAAAyNnG
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TANPOdOPLWY HETOEU YEITOVIKWY KOPPBwV €vog Sedopévou KOUPBOU OTAV QUTOC

adalpebel. Ymohoyiletal wg:

1 1
S yoL
N(N-1) keV A Beneighborsi k) A8 Lag

AUTEC OL LETPLKEG E(VOL KEVTPLKAG ONUOOLOC YLO TNV KATAVONGN TWV TTPOTUTIWV CUVSECIUOTNTAC

TOU €YKEPAAOU Kal TwV aAAaywV TOUC o€ SLaPOPETIKEC KATOOTACELG | CUVONKEG.

3.4 Aeiktng KaBuotépnong ®aong (PLI)

O 6eiktng kaBuotépnong daong (PLI) e€ayel Tn cuvénela Tou cuyxpoviopoU ¢aong HeETay
Vo onuatwv. Eivat Ayétepo svaioBntog otn cuuBoAn Tng aywyng oykou (volume conduction)
KOlL, CUVETIWGC, UTTOPEL VOl TIOPEXEL ULl a€LOTILOTN EKTINON TNG LoXU0G TG oLTleuénc. EmumAéoy,
o &eilktng PLI elvat KATAAANAOG YLOL TNV QVTLHETWITLON KN YPOUUIKWY KAL N 0TAOEpWwV onUATWY

Omwc¢ to HET.

MNa omolodnmnote avbaipeto onpa EEG x(t), To avaAutikd oApa w(t) katackevdletal anod pa

oUVOETN oUVAPTNON TOU XPOVOU:

o
wit) =x(f) +ixg(t) = x(1) +f'JT_Ip_1'f x(s) el

w =5

Omou To Xy(t) €ival o petaoxnuatiopodg Hilbert tou x(t), kot to p.v. SnAwveL TV KUPLA TLUA
Cauchy. O petaocxnuoatiopog Hilbert eivat ouclactikd n cuveAEn tou x(t) ue 1/ mt. To otypLaio
mAdtog A(t) kat n otyplaio ddaon ¢(t) tou x(t) umopouv va napaxBouv pe 6poUG TNG TOALKAG

Hop®dAG TOU AVOAUTIKOU ONUATOG:
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".“} — A“}ffd‘lrl

21N ouvéxela, n paocn kabopiletal povadika wg

X (f)y
i) =ur|:'mn( H{ )
x(t

Ano tc ¢daocelg Suo onuatwv EEG xg(t) and xs(t), n Swadopd ddaong n oxetikn ¢aon

SlapopdwveTal we

danlt) = dalt) — dull)

‘Emetta, to PLI opiletal wg HETPO acuPUeTplag yla TNV Katavoun tng dtadopdg paong HEow

TOU TAPAKATW TUTIOU

N-1

1
PLlab = | Y sign(dan(n))|
=)
To PLI mou mpokUmTeL pmopei va kupaivetot amo 0 €wg 1. H Spaoctnplotnta and pia povo nnyn
Ba epdaviletal kot ota SUo nAektpodia pe dtadopd paong akplBwg undév. Aedopévou OTL TO
PLI &eixvel tn otaBepotnta Tou GApATOC R TNG KaBuotépnong daong, pla dtadopd dpdaong

unéév Ba odnynoet o€ €va PLI undév.
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Kedpaiato 4

MéBoboL Avaluong

4.1 Npap ki NoAwvdpounon

H ypappikn maAvdpopnaon ivat pla otatioTikr) HEBodog mou XpnoLUOMOLETAL YL TV avAAUon
KalL tn povtehomoinon tng oxéong HeTafl pog e€aptnuévng HETAaBANTAC Kal piog N
TIEPLOCOTEPWV aVeEAPTNTWYV HETABANTWY, Tpocapuolovtag pia e€lowon euBeiag ypappung ota
napatnpoupeva dedopéva. H o amAn popdn, yvwotr wg amAnl ypaupLKy TtaAlvépounon,

UTopEel va ekdpaoTeL Pe TOV EAG TUTTO:

v=P0p+fx+e

y: n e€aptnuévn LetafAnTh (To amotéAeopa ) n amokplon).

X: n ave&aptntn petaPAntn (o mapdyovrag npoPAePnG N n e€nyntikn LeTaPANTA).

Bo: N TeETAYUEVN OTN apXn (N T TOU y OTAV TO X €lval UndEv).

B+: n kKAlon ¢ euBeiag (to méoo alAdleL To y yla kaBe povada aAlayng oto X).

€: 0 0po¢ opAApatog (avtimpoowneveL Tov B0puBo 1 tnv TuxaotTnTa ota dedouéva).

Ma mo ouvBeta oevapla mou meplthapBavouv TOANEG avefaptnteg petaBAnTég, n nEBodog

ETEKTELVETAL OTN TTOANQTTIA YPAUULKI) TTOALVEPOUNON, HLE ToV akOoAouBo tumo:
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yv=fp+ x4+ -+ Hpxy €

Omnou:
® X1, X2, ..., Xp: OVTUTPOOWTEVOUV SLOPOPETIKEC AveEAPTNTEC LETAPBANTEC.

e B4, Bz, ..., Bn: €lval oL avtiotolyol cuvteAeoTéG Toug (Selyvouv tnv emidpacn kabe

ave€dptnTNG LETABANTAG OTO ).

OL ouvteleotég (B) umoloyilovtal xpnolpomolwvtog tn HEBodo elaxioTwyv TETPAYWVWY, N
omola e\axLoTonolel To ABpoloUa TWV TETPAYWVWY TWV SLoPopwV PETALY TWV TIPAYHLATIKWY

TILWV TOU Y KoL TWV TLLWV TTou TipoBAEMOVTOL OO TO POVTEAO.

Ma tnv afloAdynon tng moLdTnNTag MPOCAPOYAG TOU HoVTEAOU ota Sedouéva, XpnoLUoToLE(Tal
évog Seiktng mou ovopdletal cuvteAeoT¢ MPoadloptlopou (R?). Autdg Seixvel TO TOCOOTO TNG
Stakvpavong tng e€aptnuévng petaBAntng (y) mou pmopel va e€nynBet amnd g ave€dptnteg

HETABANTEC (X1, X2, ..., Xp)-

H ypop ik maAvépounon XpnoLUOTOLETaL EUPEWC OE TOUEIC OMWG N owkovopuia, n Bloloyia
KOl N UNXaVLKn, yio TpoPAEPELS Kal avaAluon TAoEwVY, XApn oTnV amAGTNTA TNG KAL TV EUKOALA

€epUnVvelag Twv oxéoswv ota dedopuéva[115], [116].

4.2. M€éBobdoc EAdaylotwyv TeTpaywvwyv

H nébodog twv eAaxioTwyv TETPAYWVWVY ELVOL Lot OTATLOTIKN TEXVLKA TIOU XPNOLUOTIOLE(TAL YL
TNV EKTLLNON TWV TIAPAUETPWY EVOG YPAUULKOU LOVTEAOU, EACXLOTOTIOLWVTAG TO ABPOLoUA TWV
TETPpAYWVWY TwV Sadopwyv ULETAEU TWV MOPATNPOUUEVWY KAl TWV TIPOBAETIOUEVWY TLUWV.
Autn n puéBodog edpapuoletal eupEw otnv avaAluon maAlvdépounong, 6mou o oToxoG eival va
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Bpebel n kaAltepn OSuvatr ypauun TOU TPOCAPUOLETAL Ot £€va OUVOAO Sedopévwv.

MaBnUaTIKA, N AVIIKELWEVIK OUVAPTNON TwV €AAXIOTWVY TETPAYWVWV UMOPEL va ekPpacTel

¥
L(B) = ) (vi = (Bo+ Brxi))?

i=I

Onou:
e L(B): n ouvaptnon anwAetag (loss function).
e Vi OLTIOPATNPOUUEVEG TIUEG.
e Xi: n avegaptntn petafAnTh.
e o Kal Bq: OL CUVTEAECTEG TTOU TIPETEL VAL EKTLUNBOOUV.

H AUon autou tou mpoPAnuatog BeAtiotonoinong Unopel va mpokUEL LEGW TOU AOYLOUOU,

08NYWVTOC OTLG KAVOVIKEC EELOWOELC:
B=(X"X)"'xTy

Ornou:
e X: o0 mivakag twv xapaktnplotikwyv elc6dou (independent variables).
e y:T0 Slavuopa Twy apatnpoupevwy e€66wv (dependent variable).

MNpoéodateg e€eifelg €xouv epapudoel T HEB0SO Twv eAaxioTwV TeETpaywvwy o€ dtddopoug
TOMELG, OTIWG N amokaTdoTaon £LkOvVaAg Kot tpoBAnpata BeAtiotonoinong, anodelkviovtag thv

gvueAi€la Kal TNV MOTEAECUATIKOTNTA tng [117], [118].

61



4.3 AA\yoplOpol Mnxavikng Madnong

e autn tn &idaktopikn Statppn, n éudaon divetal otnv edapuoyn mponyuévwy pebodwyv
UNXavikn¢ padnong (Machine Learning - ML) yia tnv enefepyaocia Kal TV avaAuon onpatwy
EEG, aflomolwvtag TI¢ LSLOTNTECG TWV CNUATWY OTOV XPOVLKO KOlL/r) TOV GUXVOTLKO TOUEQ. 2€ AUTO
TO MAAiOLo, N UNXOVLKN LABnon mpoodEPEL TO HOVASLKO TTAEOVEKTN A va SNULOUPYEL LOVTEAQ
TIou TpocapuolovTal o OLPOPETIKEG CUVONKEC Kol €pyacieg, amokaAUTToviag Kpudad
XOPOKTNPLOTIKA YVWOTLKWV SLEPYACLWY, EVW BEATIWVEL QUTOUATA TO LOVTEAO PECW EUTIELPLAG

KoL tpooeyyloewv Baolopévwy o dedopéva [119].

H pnxavikiy padnon meplhapBavel tnv eknmaidevon evog HOVIEAOU BACEL TWV ELCAYWYLKWV
6ebopévwy, pe T Slaxwplopd dedopévwy un eknaidevong (testing data) os katnyopieg, Baoet

TWV £EQYOUEVWV XOPAKTNPLOTIKWY. ZUVOTTTIKA, oL Stadikaciec ML meplhappfavouv:
1. E§aywyn Xapaktnpiotikwv (Feature Extraction):

Ta 6edopéva emefepydlovial WOTE VO UTIOAOYLOTOUV TIOCOTLKA QVILTPOCWTEVUCELS TIOU
ekppalouv TIC OLOTNTEC TOUG WC SLOVUOUATIKEG TIMEG. XTn SlatplBry, Ta XOPOKTNPLOTIKA
TIPOEPXOVTOL ATTO LOPPOAOYLKA XAPAKTNPLOTLKA onuatwVv ERP, avaAuon diktuou (os aoBntripa

Kal tnyn) Kat ¢aopatiky mukvotnta oe dtadopetikég {wveg ouxvotitwy [120].
2. Emdoyn Xapaktnpiotikwyv (Feature Selection):

Melwvel ta eloaywylka dedopéva Aoyw peyéBoug 1 edv elval MePLTTA, WOTE va PEwBOEeL o

UTTOAOYLOTIKOG HOPTOG KOl va auénBel n amoteAeopaTIKOTNTA TNG povieAomnoinong [121].

3. Katnyoplomnoinon (Classification):
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H Swadikaoia katnyoplomoinong avadEpetal otnv eKmaidevon HOVIEAwvV pe Pdaon ta
XOPOKTNPLOTIKA, wote va Slaxwpilovtal véa &edopéva oe katnyopies. Edapupootnkav

aAyoplBuol omwg SVM, k-NN, LDA kat Random Forests [122].

Metpikég A§LoAdynong Katnyoplonoinong

Ma tnv aflohdynon twv mAawoiwv ML, umoloyiotnkav n akpifela katnyoplomoinong, n

gvalodnoia kat n elKOTNTA, UE BACN TLC TPAYUOTIKEG Ko TIPOPAETIOUEVEG ETIKETEG [123].

Akpipela (Accuracy): Opiletal wWC TO MOCOOTO TWV CWOTWV TIPOPAEYEWV O OXEON LE TO

OUVOALKO aplBuod npoPAePewy:

Yowotec TuSvounosls

Akpiffera = —— ;
Yuvoro leputtacemy

AUTH N LETPLKI TIOPEXEL ULA YEVLKNA EIKOVA TNG amodoong Tou Tagvountr), aAAd pnopet va eivat
OVETIOPKI G OE N Looppomnuéva Sedopéva.
EvaiwoOnoia (Sensitivity) 1 AvakAnon (Recall): Metpd tnv kavotnta tou taflvountni va

€VTOTI{EL CWOTA TLG OETIKEG TIEPUTTWOELG:

AlnbBeic Oetikéc

Evatonoic = — -
Alndeic Octikéc + Yevdeic ApvnTikeg

Ewdwkotnta (Specificity): Metpd tnv tkavotnta Tou TalvounTr) va VIOTI{EL CWOTA TLG APVNTLKEG

TIEPUTTWOELC:

AinBeic Apvntikég

Evdikornra = — - : — -
AlnBeic Apvntikéc + Pevdelc OeTikE
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Evotoxia (Precision): Opilel tnv avaloyio twv aAnBwv OETIKWV 0TI CUVOAIKEG OETIKEG

TiPpoBAEYELG:

AlnBeic Oetikéc

Evotoyia = — ~ -
Ajnbeic Oetikéc + Pevoeic OeTikéS

F1 Score: Eival o otaBuiopévog HECOG OPOG TNG EVOTOXLOG KAl TNG AVAKANONG:

) Evotoyia - Avdkinon
F1 =2

Evotoyia + Avdkinon

AUTEG oL HETPLKEG edapuolovTal o SLaPOPETIKA TELpAUATA TNG SLATPLBNE yla TNV eKTiKnon

NG ATMOTEAECUATIKOTNTOG TwV HEBOSWV ML Ttou xpnotuomnottnkav.
4.4 O alyoplOuoc RFE-CBR

H Avadpouwkn E€alewpn Xapaktnplotikwy (Recursive Feature Elimination - RFE) eivat pia
OUOTNUATLKI TIPOCEYYLON YLOL TNV ETIAOYH XOPAKTNPLOTIKWY OTN UNXAVLKA pabnon, Wblaitepa
xpnotun os cuvola Sedopévwy vPnAng dtaotaong. To RFE amopakpUVEL EMAVOANTITIKA T
AlYOTEPO ONUAVIIKA XAPOKTNPLOTIKA HE PBdaon tnv amoddoon e£vog mpokaboplopévou
HovTéAou, BeATiwvovtag EToL TNV akpiBela mPoBAEP NG KoL LELWVOVTAC TNV UTIEPTIPOCAPLOYN.
H mapaliayry tou, Avadpopikr) E€ahewpn Xopaktnplotikwy pe MpokatdAnyn ZuoxETionc
(RFE-CBR), emekteivel tnv £€vvold OQUTH, OVTHETWITWOVTOG TNV TTAEOVOOTLKOTNTA
XOPAKTNPLOTIKWY HECW avAaAuong cuoxetiong. H pabnuatiki Slatumwon tou aAyopibuou

daivetal mapakdatw([124], [125].
‘Eotw oUvolo Sedopévwv:
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D= {I:_t,:,_l'j ]' }”

i=1
Omou x; € RP elval To SLAvuopa XapOKTNPLOTIKWY Kal yi N LETaBANTA otoxoq. Eknaidevoupe
€va TIPOPAETTIKO LOVTEAO M XPNGCLUOTIOLWVTOG OAQ T XOPAKTNPLOTIKA:

'F = {fl _IFJ e -|fl|':-}

1)YrnohoyiZoupe tn Babuoroyio onpaviikotntag /(f;) ylia KABe xapaktnploTtko fi. AUTEG oL

BaBuoloyiec avamnapiotavrol wg €ENG:

I=[1{fi).1(f2),.... I{f,)]

2)Evtomiloupe 10 AlyOTEPO GNUOVTLKO XOPAL- KTNPLOTIKO fj*:

JT = argminl( f;)

3)Adatpoupe to fj* and to cuvolo F.
4)EnavolapBavou e ta frApata 1-3 péxptlva dtatnpnBouv k xapaktnpLoTIKA.

5)Ztapatdpe otav |F| =k, omou |F | elval o aplBuog xapaktnploTikwy.

OLRFE kat RFE-CBR gival HaBnuaTika TEKUNPLWHEVEG TEXVIKEC TTOU BEATLWVOUV TNV anodoon
TWV HOVTEAWV e€aAeidhovToC CUOTNUOTIKA TO AOXETO N TIAEOVOOTLKA XOPOKTNPLOTIKA. H
EVOWUATWON TNG IPOKATAANY NG ouoxETionc oto RFE- CBR mapEXEL ONUAVTLKA TTAEOVEKTI AT

og ouvoAa Sedopgvwy uPnAng dlaotaong.

4.5 M£Bodol taflvounong

K-Nearest Neighbors (KNN)

To K-Nearest Neighbors (KNN) eivat évag pn mapapetptkdg alyoplbuog padnong Bactopévocg os
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napadelypata mou xpnoldonoleitat yia taflvounon kat maAvépounon. H Baotkn apxn tou
KNN eivat va tavopel éva onueio dedopévwy pe Baon tnv mAeloPndia tng Katnyopiag twv k
KOVTLVOTEPWV YELTOVWY OTOV XWPO XOPOKTNPLOTIKWV.

Mabnuatikd, n amnootacn MeTall Twv onueiwv Sedouévwv umoloyiletal ocuvnBwG

XPNOLLOTIOLWVTAC UETPLKEG OTWG N EukAeidela amootaon, opllOHeEvVn WC:

M
(!r[J','..E'_IiJ = {-rém - -fr_.ir.li,lJf
1

m

OOV X; KoL Xj €lvat U0 onueia Sedopévwy kot M o aplBpog Twy XapaktnpLotikwy. H emloyn
Tou k elval kplolun- éva pukpo k pmopel va odnynoet os evatoBnoia otov B0pufo, evw éva
HeYAAo k pumopel va eEopaAUVEL TIC SLAKPLOELG KATNYOPLWV.

To KNN eilvat 1blaitepa amoteAECUATIKO O€ CEVAPLA OTIOU TO OpLo artddacnG ELVaL N KOVOVLKO,
kaBlotwvtag To SNUoPAEC o€ ePapUOYEG OTTWG N AvAyvVWPELoN TPOTUTIWY Kal n taglvounon
ELKOVWV.

Support Vector Machine pe Padwofacikiy Xvvaptnon (SVM-RBF)

To Support Vector Machine pe PadloBaoikr) Zuvaptnon (SVM-RBF) eival éva oxupd povtélo
ETOMTEVOUEVNC LABNOoNG ou Slampémnel o€ TaflVvoUnoeLs, elOIKA o€ xwpoug uPnAng Sidotaonc.
O aAyoplBuog SVM kataokeualel Eva umepemninedo i éva cUVOAO UTIEPETIIMTES WV O€ Evav XWpo

udnAng dldotaongyla tov StaxwpLlopo dtadopetikwy katnyoplwv. O uprvag RBF opiletal wg:

JF'\FlrJ'. E'] = F -:'”J" 'ill.-'-”g
\ledy by

OTTOU Y €lval Lo TTAPAUETPOG TToU KaBopileL TnVv emippor evog mopadeilypotog eknaidevonc. To

SVM-RBF eival 1dlaitepa amoTEAECUATIKO YO [N YPOUULKA TipoBARpata taflvopunong, Kobwg
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umopel va dnpoupynoet moAUTAoka opLa anddaonc.

AvaAuon Mpappikng AlaxwpLotoTnTag

H Avaluon Tlpapuikng Awoxwplowotntag (LDA) eivat i otatiotiky UEBodog mou
XPNOLLOTIOLELTAL YL TOELVOUNGON KoL Helwon SlaoTaoewv. YOBETEL OTL TaonUela SeSOUEVWVY
amno KABe katnyoplo KATAVEUOVTAL KOVOVLKA UE KOLVO TIVOKO

ouvblakopovong. O otoxoc Ttou LDA eivat va Bpel évav ypouplkd ocuvduoopo
XOPAKTNPLOTIKWY Tou Staxwpilel kaAUtepa 8U0 1 TEPLOCOTEPEG KATNYOPLEC. TO YPOUULKO

0pLo anodaong Unopet va EKPPAcTeL WG:
y=w'z+b

omou w eival to Stavuopa PBapwv kat b n otabepd. To LDA peylotomolel tov Adyo tng
SlokupavonG LETOED KATNYOPLWV TIPOG TN SLaKUUAVON EVTOG Katnyoplwy, e€aodalilovtag ot ot

Katnyopieg Staxwpilovral KaAd.

Support Vector Machine (SVM Linear)

To Support Vector Machine (SVM) pe ypapulkd mupnva eival €vag amAog alAd
OTTOTEAECHLOTLIKOC aAyOpLlOpog Taglvopnong. ZKomog tou ivat va Bpel to BEATIoTO uTtEpemineSo
TIOU LEYLOTOTOLEL TNV amootoon UETofl SLadOPETIKWY KATNYopLwV. TO YPOUULKO OpLo

anodaong unopet va ekppaotel wg:
y=w'z+b

H BeAtiotonoinon tou poBARUATOG SLOTUTIWVETAL WG:

1

. E r T . i=
1111113| (Tl | ,-!‘,f:[u-‘r.n +b) > 1,Vi
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KaBe €vag amod autoug toug taflvounté¢c—KNN, SVM-RBF, LDA, Random Forest kat SVM
Linear—mpoodépel povadika MAEOVEKTAMATA KaL E(val KATAAANAOG yLa SLapopeTIKOUC TUTIOUG

S6eboUEVWY KO TAELVOUNOELG.
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KepaAaio 5

JuoTAMATA aViXVELONC KOTIWOoNG KATA TNV 06rynon

Ma tv afloAoynon tng KOmwong Katd tn Slapkela Tng odnynong €xouv mpotabel TMOANEG
OTPOTNYLKEG, OTIWG N EKTLUNON LECW UTIOKELUEVIKWVY LETPWV (EpwTnUaATOAOYLa auTtoavadopacg)
[5] n ducwoloykn e€étaon tnG Yuxikng kémwong (petafAntotnta kapdiakol pubuou,
NAEKTPLKO SuVOKO S€épuatog K.a) [126]. AANAEC pooeyyioelg mepAaBAVOUY TNV EKTIUNON
TWV NAEKTPKWY CNUATWYV TOu eykepahou (Héow nAektpoeykedaloypadiag) He OKOTO TN
HETPNON KOL TOV EVIOTILOMO TNG KOTIWONG TwV 0dnNywv. Oa MpEMeL va onuelwOel 6Tt av Kal n
OLUTOEKTINGON oUVABWG OMOTUYXAVEL VA EEMEPACEL TNV UTIOKELUEVLIKA avTiAnyn 6cov adopd
TNV OTOUIKOTNTA TWV UTOKEWEVWY [127], n Xxpnon ¢PUOCLOAOYLKWY UETPOEWV UTIOPEL va
TIAPAoXeL TANPOPOPIEC OXETIKA HUE TOV TPAYUATIKO OVTIKTUTIO TNG PUXIKAG KOTIWONG OTN
YVWOTLKA AEltoupyia, aveédptnTo oo TLG UTIOKELUEVIKEG OVTIANPELS TwV atopwyv [128]. Itnv
mpaypatikotnta, n  pAowwdng HeToPANTOTNTA OE  KATAOTACELC KOMWONG €lval  KaAd
TEKUNPLWHEVN OE TIOAATIAEG HEAETEG, KATAOELKVUOVTAC CNUAVTIKEC SladopEC oToV TPOTO HE
ToV omoio n eykedaALk 6pacTNPLOTNTA TWV ATOUWY PETABAAAETAL WG ATIAVTINGCN OTNV KOTIWON
[129], [130]. A6 tnv aroyn auth, ot Lim et al. [131] Stamioctwoav OTL Ta dTopa mapoucLalouv
ONUAVTIKA HeTAPANTOTNTA O OUYKeKpLUEva eykedallkd kopoata HEF, mapoucialovrag
Sladopomoloelg otnv WXL KAtd TN SLAPKELD TIAPOATETAUEVWY YVWOTIKWY EPYOOLWY, WE
oplopévoug va gpdavilouvv taxeia sudavion Selktwv KOMwong kat aAAoug va Statnpouv
otaBepa mpotuna HEM pe tnv mapodo tou xpovou. EmutAéov, oL Borghini et al. [132]

TIAPOATAPNOAV ONUOVTIKEG SL0POPEC OTOV TPOMO HE TOV OMOlo N KOTWwON EMNPENCE TN
69



ouvSeoLUOTNTA TOU gyKeDAAOU, LE OPLOUEVOUG 06nyoul¢ va TapouctdlouVv afloonUelwTEG

HELWOELG O0TO HETWTO-TIAPEYKEPAALSIKO SikTUO, EVW GAAOL Tapouciacay eAAXLOTEG AAAAYEG .

QG €K TOUTOU, N QVATITUEN AVTLKELUEVIKWY CUOTNHATWY EKTIHNONG TNG PUXLKAG KOTIwONG lvat
{wTkAG onuaociag¢ ywa tnv evioxuon t¢ odikng acddalelag. Autd, o ouvluaopd HE TIC
TPEXouoeg e€eAifelc otnv TEXVOAOYLO, OTWG OL ALoONTNPEC KvNTwV TNAEPWVWY, UTMOPEL va
HETPLACEL TOV KIVOUVO aTuXNUATWV AOYW HELWUEVWY EMIOOCEWV 081ynong, MPOELSOMOLWVTOG
OHEOWG TOUC 06NnNyoU¢ yLa To eMinedo TNG YVWOTLKAG Toug e€avtAnong [133], [134]. Eldkotepa,
ooov adopd tnv avamntuén dopntwv texvoloylwv HEI, onUavTIKEG EPEVVNTIKEG TIPOOTIAOELEG
€xouv KateuBuvBel mpog TNV UuMépPacn Twv TEPLOPLOHWY Kal tn OleukdAuvon NG
HOKPOTIPOBECUNG, KN EMEUPATIKAG KATOYPOPNG EYKEDAALKWY CNUATWY KATA TN SLAPKELD TNG
KLVNTIKOTNTAG TWV OTOUWY EKTOG gpyactnplakwyv cuvOnkwv [135]. Oplopéveg AUOELG EXOuV
ETUKEVTPWOEL oTNV MPoodo NG avamTuéng Kal TNG TEAELOTIONONG TWV UALKWVY KOL TWV TEXVIKWY
yla tn dnuioupyia EAACTIKWY KUKAWUATWY, oL omoieg mepllapBavouv pebddoug Omwe n
evanobeon paokag, n dtapdpdwon pe Aéwlep kat ol pEBodol ektunwong [136]. Tautdxpova,
OANEG UEAETEG £XOUV ETUKEVIPWOEL otn Helwon Tou apBpol Twv nAektpodiwv yla va
BonBricouv TouC MPOYPOUUATIOTEG LEAAOVTIKWY edappoywVv EEG otnv emthoyn Twv BEATIOTWY

B£oewv nAektpodiwv [137].

Ma TNV MEPALTEPW EVIOXUON TNG QMOTEAECUATIKOTNTAC TNG aviXveLUOoNC TNG PUXLKNAE KOTIWONG,
MPOODATEG UEAETEG £XOUV TIPAYHATOTOLACEL €LOIKO TPOCOLOPLOPO TwV UETABOAWV OTN
Aettoupyia tou eykepdAou. ALodOpPETIKEG oUXVOTNTEG eyKeEPAAIKWY KUPATWY, OMws Bnta,
aAda, BrAta, SEATA Kal YAUUO, £XOUV CUOXETIOTEL He SLADOPEG YVWOTIKEG KATAOTACELG KOl
Slepyaoieg, oupmneplhapBavopévng tng kénwong [138], [139]. Q¢ ek ToUTOUL, N €otiaon o€

OUYKEKPLUEVA €YKEDOAIKA KUMATA OVIXVEUONG TNG KOTWONG WIMOPEL va TIOPEXEL TILO
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OTOXEUMEVEC KO OTTOXPWLOTIOUEVEG EKTLUNOELG TWV EMUMESWV KOTIwoNG [140]. Av Ko, OPKETEG
HUEAETEC Tpoteivouv OTL OAeg oL lwveg ouxvotTwyv Ba pmopoucav duvntika va
XpNnolomnonboulv yla Tov €EVIOTIOMO TG KOmwong kata tnv odnynon [141], [142], n
TIAELOVOTNTA TIPOTEIVEL OTL OL PETPNOELG EVIOG TwV {wvwv Bnta, aAda kat Brita cuvdéovtal
OTEVOTEPQ LE QUTNAV, EVW ALYOTEPEC PEAETEG avadEpovTal oTn dpaotnplotnta SEATA 1 YA
w¢ duvntikoU¢ ouvteleoteg [143], [144]. EmutAéov, n avAaAuon Twv eyKePAAIKWY AELTOUPYLWV
w¢ Sdounuévn opyavwon upmopel va avadeiel Aemtopepn mpoTUTaA, TOU TEpAapBavouy
OLOKPLTEG TIEPLOXEC TOU OAANAETLOPOUV OCUVEPYATIKA ylot TN OnUIoupyiol EKTETAUEVWY
KATAVEUNUEVWY SIKTUWV [145]. Autd ta Siktua a.dpopoUv cUANOYEG eyKEPAALKWY TIEPLOXWY TTOU
OUUBAAAOUV OTNV EKTEAECN CUYKEKPLUEVWV SLACUVEESEUEVWV EPYATLWVY 1) LG KOOOPLOUEVNG
OElPAC AELTOUPYLWV, EVW TIOOOTLKOTIOLOUV OTOTLOTIKEG OMOLOTNTEC OTNV  EYKEDAALKNA
SpaotnplotnTa, AMoKAAUTITOVTAC £TOL TIG TEPLTTAOKEG VEUPWVIKEG Slepyaoieg [146], [147]. Ou
Slabopég eviog twv eykedpallkwy SIKTUWV €xouv emiong e€etaotel yla tn Sldkplon PeTaL
OLODOPETIKWY YVWOTIKWY KATAOTACEWY. TNV TPAYMOTIKOTNTA, oL Tompson et al. [148]
T(PAYLATOTIONCAV HULa AVOOKOTINGN OXETIKA UE TN XPOVIKN SUVAULKN TwV SUVAULKWY SIKTUWV
Tou eykepdlou, onuewvovtag OtL oL Oladopég TOGO OTNV WOXU 00O KAl Otnv
TIPOCAPUOOTIKOTNTA TwV e€feAlooopevwy Slktuwv Tou eykeddlou mailouv poAo oTn
SLopopdwaon Twv ATopLKWY dladopwvy 0TNV EKTEAECTIK AELTOUPYLA, TNV TTPOCOXN, TN MVAUN
£PYQOLOG KOL TIG LOONOLAKEC LKAVOTNTEC. 2€ pLa AAAN LeAETN, ot Li et.al. [129], xpnowuomnoinocav
pLo pakpompoBeopun epyoaoia HEF 06rynong, avadEpovtag onUavtika auénuéva potifa otn
Aewtoupyikn ocuvdeowotnta otic {wveg Onta, aAda, Brta kat yaupa, vrmodnAwvovtag éva

dalvopevo avtlotadbuwonc yio tnv auBAUVOn TWV EMUTTWOEWV TNG KOTIWONC TS 08rynong.
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H €peuva twv avBpwnivwv 6edopévwv EEG €MIKEVIPWVETAL TAPASOCLOKA OTNV aVAAUON
S5€80UEVWV TTOU GUYKEVTPWVOVTOL OE OAEC TLG OUASEG, ULaL TIPOKTLKN TIOU TtePLOPileL To minedo
Aentopépelag, e€elbikeuong Kot KAWVLKN G EGAPHOYNG TWV XAPTWV AELTOUPYLIKAG CUVEECLUOTNTAG
ue Baon tnv epyacia [149]. Qotd00, MOPA TOV CNUAVIIKO OYKO TWV OXETIKWY EPEUVWY, N
HETABANTOTNTA TwV SIKTUWV TOU €YKEPAAOU METAEU TWV UTIOKELMEVWY KOTA TN SldpKela
SLOPOPETIKWV EPYACLWV KL YWWOTIKWY KATAOTACEWY KABLoTA TIC KABOAKEG TpOOEyyIoELS
aocadeic. Ztnv mpaypatikotnta, o Andrew James et al. [150] xpnolgomnoinoav pia GUYKPLTIKN
avaAuon SUo peBodoloylwv yla TNV KATAOKEUH €VOC ATAavia avBpwrmivou eykepAaAou Tou
epapudleTal TOOO O KATAOTACELG NPEULOG 00O KOl OE KATAOTAOCELG Epyaciac. Ta eupnuatad
Toug £6etav OTL Lo €EOTOULKEUMEVN TIPOOCEYYLON OMESWOE TIO OTATIOTIKA ONUOAVILKA
anoteAéopata. EmutAéoy, ot Fin et al. [151] amelkovioav OtL Ta SLakpLtd mPodiA AeLTOUPYIKAG
OUVOECLUOTNTAG XPNOLUEVOUV WG Hovadikad "SakTuAlkd amotunwuata”, SleukoAlvovtag Tnv
OKPLBN TAUTOTIOLNGCN TWV UTIOKELEVWY ECA O€ Lo EVPEYEDN opada. Mpodtevay otL to tpodiA
OUVOECLUOTNTAG €VOC ATOMOU Elval €yYeEVEG Kal UMOPEL v TO SLOKPIVEL ATMOTEAECUATIKA
ave€dptnTa Ao TNV KATAoTacon Tou eykedAAou Katd tn SLdpKeLla TNE amelkoviong. EmutAéoy,
ol Tavor et al. [152] mpotewvav OTL OL ATOULKEG ATOKALOELG OTLG EYKEDAALKEG ATIOKPLOELG Elval
KATA KUPLO AOyOo €yyevelg otov eykédalo kal pmopolv va poPAedpBolv pe Bacn UETPHOELS
ave€dptnteg amd tnv epyacia mou Aaufdvovtal katd TN OLAPKELD TNG AVATIOUONC.
Xpnolomnolwvtag €va MoLkido paopa cuvBnkwv gpyaciag mou KAAUTTouv TIOAAOUC TOELG,
nipogRAedav TIG ATOULKEG SLadOpPEC O0TNV EYKEPOALKN) SpaOcTNPLOTNTA KOl AIOKAAUYav pio
ouvdeon petafl NG ocuvdECLUOTNTOG TOU gykedAAou Kal TnNg Asltoupylag mou Umopel va
kataypadel oe eminedo pepovwpéVOU UTIOKELPEVOU. EmutAéov, ot Sun, et al. [153]

Xpnotgomnoinoav €vov ouvlUdOoUO E£EATOULKEUMEVWY HOVTEAWV TIPOPAEPNC LE TIOOOTLKN
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BewpnTikn avaAucon ypodpnUATwY O OAEC TIC KOTNYOPLEG CUUMTWHATWY oXllodpévelag. OL
OVAAUOELG TOUG OXETLKA ME TNV OTOMLKI AETOUPYLK CUVOECIUOTNTA, TIOPELXOV ONUAVTLIKEG
Slakpioelg mou mpogkuPav HETAEL TwV PAOLWSWY KUKAWUATWY TTOU CUVEEOVTaL PE Ta BETIKA
KOLL QPVNTLKAL CUUMTWHOTA, pixvovtag ¢ws 0To TWE Ta KUKAWMOTA TToU SLEMOUV TNV ekSHAWON

TWV CUUMTWHATWY propel va Stad€pouv avaloya Le TNV UTTIOKELUEVN altia TG aoBévelag.

Av KOl Ol KOATOOTAOELG KOTIwoNG mopouotalouv afloonueiwteg Sltadopeg e olyKpLon UE TLC
KOTOLOTAOELG QVATIAUONG, YEYOVOG TIou UTIOSNAWVEL onUaVTIKEG Sladopég [154], n cuvexng
Tpocoxn Katd tn SLdpKela tTng pakpoxpoviag odnynong dev epudavilel MAVIO LOVOTOVIKEG
Taoelg avamtuéng [155]. Auto amodibetal cuxvad o€ TMAPAYOVIEG AOXETOUG UE TNV YUXLKA
KOTIwON, OTIWG OL METATOTILOELG TOU EAEYXOU TNG TTPOCOXNG TTOU TIPOKAAOUVTAL Ao TPOCOETEC

6paoTNPLOTNTEG I ACKETA OTTTLKA KOL AKOUOTIKA epeBiopata [156].
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KedpaAalo 6

AeSopEV KL TIELPAATLKOC OXEOLATHLOG

6.1 JUMUETEXOVTEG KOL TIELPOALUOATLKOG OXESLAOUOC

Itnv nopouoa UeAETn mpooAdfape 21 dtopa (p€on nAwkia 25,2 + 6,1 £€tn, O6Aot de€loxelpeq)
aro Toug GoLTNTEC KAl TO TPOOWTTILKO Tou EBvikoL Mavemniotnuiov tng Zykamoupng (NUS). OAot
Ol OUMUETEXOVTEG KaTElXav €ykupeg adele¢ odnynong kat eixav eite ¢uololoyikn eite
SlopBwpévn oe pucololoyikn opaocn. Mpv anod To MeEPAUA, Ol CUMUETEXOVTEG CUUTANPWOOV
€va autodLlaxelpl{Opevo epwTnUATOAOYLO yia va Stacdalicouv OTL TAnpoucav Ta KpLtrpLa
€vtaéng, ta omoia nmeplAdpufavayv tnv anouvcia datapaxwv mou oxeti{ovral PeE TNV KOTIwon,
XPOVIWV CWHATIKWY N PUuXKwV acBevelwy, un pakpoxpovia xprion éapudakwyv, amnoduyn
KatavaAwong kadeivng 1 aAkooA kot APn neplocdtepwy amod 7 wpwv UTVou TG U0 NUEPEG
TIOU TIPONYOUVTAL TOU TELPAMOTOC. Ta Atopa mou &ev TAnpoUcaV aUTA Ta KPLTthpla
arokAelotnkav. Mpv amo tnv £€vapén Tou MELPAPOTOC, OAOL OL CUHETEXOVTEC TTOPELXAV YPATTTH
ouyKataBson HETd ard evnpépwon Kat arolnpuiwdnkav pe SGDS10 avd wpa yLa T CURMETOXH
TOUC. To EPEUVNTIKO TIPWTOKOAAO £yKpiBnke amod tnv Emttponr Osouikng Emaveéétaong tou

NUS.

H mewpapatikn dladikaoia oxedlaotnke yla va TPokaAéosl Puxkn kémwon He Bacn tnv
napadoyn otL n odAynon Le cuvexn Poooxn (KON Kol UE XOUNAEG ATOLTAOELS YL OCUVOETN
YVWOTLIKA ene€epyacia) pnopet va odnynoeL og povotovia, n omoia cupBAAAEL CNUAVTLKA OTNV

PUXLIKN KOTIWON. ZXETIKEG LEAETEG EXOUV SelfeL OTL N amodoon Kal n ypryopcn Umopouv va
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HEWBOUV ONUOVTLKA OKOUN KOl UECA OE OXETIKA OUVTIOMO XPOVIKO Stdotnua, onwg 20-30
Aentd, AOyw NG emavaAapPavopevng kot pn dleyeptikng duong tng epyaciag [157]. Zto
TMAQLOL0 QUTO, Ol CUMMETEXOVIEG XElploTnkav tnv Tpocopoiwon odnynong vy 1 wpa,
XPNOLLOTIOLWVTAG £vav TPoXO0 odnynong, MEVIAA Kol éva kipwtio taxutntwy (Logitech G27
Racing Wheel). H un O6wadopomoinuévn OSladpounn mou emAéxbnke yla tnv epyaocia
nepA\appave TG00 €vav QUTOKIVNTOSPOLO OGO KoL €Vav aypOoTIKO SpOLO, TTou XapakTnpllotav
KUplWG amd euBuypappa TUAMOTO HE €AAXLOTn KukAodopia, HeE OTOXO va TIPOKAAEOEL
KATAOTAOoN UTIVNALOG OTOUG OUUUETEXOVTEG. OL cUUHETEXOVTEG EAaBav 0dnyileg va Statnpouv
otaBepég ouvOnkeg odnynong, MeE HEyloto Oplo tayxutntag ta 100 km/h. H mpooopoiwon
obnynong mepteAauPave tn xprion tou Aoylopikou City Car Driving (ékdoon 1.5,
http://citycardriving.com/) pe tpnon tTwv kavovwyv aplotepng odnynong tng Zykarmoupng. MNa
va gAaxlotonolnBouv oL KWVAOEL, TwWV CULUETEXOVIWV KO, KOTA CUVETELA, va UELWOEL n
mBavotnta eLPAvVIONG ONUOVTIKWY TETEAECUEVWVY NAekTpopvoypadiag (EMG), ebapuootnke
€Va QUTOUATOTIOLNUEVO CUOTNUO CUUTTAEKTN. MLOL OTTTIKY) avamapAoTacn TOU TELPAUATIKOU

oxeblaopou daivetal oto ZxNua 1.
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(@) (B)

I 60 min i
[—| —>| —>] can [ans fa—»]
5 min Je—>|
>
(v)

Ewkova 1. IYnUOTIKA OTElKOVION Tou Telpapatikol oxedlaopol: (o) H Sidtoaén mpoocopoiwong
oénynong- (B )H mpokaBoplopévn Stadpopn mavw oTo XAPTN MPOCOUOLWONG TAPOUGLATETOL UE KOKKIVO
xpwuo- (y) H Stdpkela tng mpooopoiwaong odnynong Atav 1 wpa, pe cuvexn kotaypadn tou HEF. Itn

UETEMELTA AVAAUON amokAsioTnKay armod TV avaluon TuApata HEN mou avtiotolyoloay 0T PwTa Kot

teAevtalo 5 Asmta.
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6.2 AnPn ko mpoenetepyaocio tov HET

Katad tn S1dpKeLa Tou MEPAUATOC ipocopoiwaong odniynong, ta dedopéva HEI cuAAExBnkav pe
64 nAektpodia Ag/AgCl oto tpyywto ¢ KepaAng (Waveguard tng ANT B.V., Katw Xwpeg)
akoAouBwvTtag to Tumko cuotnua 10-20 [158]. H ouAAoyn 6eSopévwy ulomolnBnke pe pubuo
SewypatoAnyPiag 512 Hz, Statnpwvtag mapdAAnAa ta enineda ocuvOeTng avtiotaong Twv
NAgktpobiwv katw amo 10 kOhms kaB' 6An tn Sidapkela tng Stadkaciag kataypadng. Ou
ouvnBelg MNYEG TMapPeUPBOANG QAVILLETWIIOTNKAY ETMIUEAWS HE TNV edappoyn {wvomepatol
¢iAtpou (0,5-70 Hz) kot ¢iAtpou eykomn¢ 50 Hz. Tautoxpova, kataypddnkav OUTOAKA
opllovtia kol kKatakopuda onpata nAektpokouAoypappa (EOG) yia tnv avixveuon twv
BAedapibwyv Twv patiwv ou cuvnBwg odnyouv oe texvipata HEM [159]. XpnowuomnowBnke
€VaG TIPONYOUUEVWE ETUKUPWUEVOS aywyog Tipoeneéepyaciag Tou HEl mou neplhapuPave tnv
urnodetlypatoAnia, to dAtpdplopa, TV enavadopd Kal TNV adpaipeon Twv TEXVOUPYNUATWY
[160]. Zuykekpluéva, ta akatépyoota dedopéva EEG umodelypatoAnmindnkav oe 256 Hz,
avadEpBnKav ek VEOU 0TO HECO OPO TWV NAEKTPOSIWV TTou BplokovTtal oTo aplotepo Kal To Se€l
HaoTtoeldEG kat pdtpapovtal pe {wvonepato ¢idtpo (FIR) oto eUpog cuxvotntwy 1 €wg 45 Hz.
2T ouveéxelo ePpopUOOTNKE N adalpecn TwWV TEXVOUPYNUATWY HE TN Xpnon t¢ Availuong
Avefaptntwyv Zuviotwowv (ICA) yla tov eviomiopd kot tTnv €€AAelPn TwWV CUVIOTWOWV TIOU
napoucialav uPnAn ocuoxétion He ta onupata EOG. H 810pbwon ¢ BOOKNG YPOAUUNAC
nepleAappave tnv ektipnon kat thv adaipeon Twv SLAKUUAVOEWV TNG PACLKAG YPOUUNC
0AOKANPNC TG Stapkelag kabe emoxnc. MNa va Stacdallotel mepattépw n vPnAr MoOLOTNTA TWV
bedopévwy, TEBNKav og oYU ouvexn METPA EAEyxou TNG ToloTnTag Twv dedopévwy e ToV
QTOKAELOUO TUNUATWVY Sedopévwy mou eudavilav enineda Loxvog Avw Twv 6 vteotumnéA (dB)

oe {wveg uPnAng ouxvotntag (20-40 Hz). OAeg ou Swadikaoieg mpoemefepyaociog Twv
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dedopévwv epappootnkav oto MATLAB €kdoon R2022b (Mathworks Inc., HMA), péow tou

epyaleiov EEGLAB [161].

6.3. AELTOUPYLKN] CUVOECLUOTNTA KOl KATAOKEU EYKEDAALKOU SLKTUOU

Mo Toug OKOTOUG TNG EKTIMNONG TNG OUVOECLUOTNTAG, Ta Sedopéva TwWV XPOVOOCELPWV
XWPLOTNKAV CUCTNUATIKA ot Sladoxlkd SlacTAMATA TwV 5 AEMTWY, TO KABEva HE XPOVLIKNA
erukaludn 50%. Na va efaheldBolv Ta UTOKELUEVIKA dalvopeva Tou oxeti{ovial Pe TNV
TIELPAUOTLKI) EUITAOKD, amoppidpOnKav To MPWTO KoL TO TEAEUTALO SLACTNUA TwV 5 AEMTWY, UE
anotéAeopa va tpokuouv 20 cuVoALkEG emoxEG HET (Ewkova 1y). ITn cuVEXELA, UTTOAOYIOTNKE
éva Oiktuo beiktn votépnong ¢aong (PLI) yia kdBe ocuppetéxovta oe kabe emoxn o€
Sladopetika Saotpata cuxvotntag (6nA. {wvn &€éAta (0,5-4 Hz) {wvn Bnta (4-7 Hz), {wvn
aAda (8-12 Hz), lwvn BAta (13-30 Hz) kot {wvn yaupa (31-45 Hz), onwg meplypadetal

TIAPOKATW.

H ermidoyn tou PLI yia tnv avdAuon tng ouvdeoipotntag tou HER eixe wg kivntpo tnv tkavotntd
Tou va afloloyel Tov cuyxpoviopo paong ota onpata HE, eAaxlotonowwvtag mopdAAnia ta
Pevbwg Betikd amoteAéopata AOyw TNG aywyng Oykou, TNV aVOEKTIKOTNTA TOU £VAVTL TOU
BopUPOU KaL TWV TEXVOUPYNUATWY KAl TNV E0TLOCN TOU 0TNV Kataypadn TnG mpayuatikng Mua
CUUMETPLKN KATAVOUN, HUE KEVIPO yupw amod 1o undév, pmopel va umodnAwvel Peudn
ouvleoLUOTNTA, eVvw Mo emimedn katovourny umodnAwvel tnv amoucia cuvdeoludTnTAC.
ATOKALOELG O TN CUMHETPia uTtodNAwvouv aAANAsEapTROELS LETAEY TwV TtNywV. OL TIHES PLI
nieplopilovtal petafy 0 kot 1. H tun 0 onuaivel eite kaBohou ouleuvén eite ouleuén pe
SlapopEg AN OV ETUKEVIPWVOVTAL KUPLWC YUpw armod to pndev, evw n tun 1 umodnAwvet

okpBEC KAsibwpa daong oe pn pndevikn dwadopa daong. Ot tpég PLI kovta oto 1
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umodnAwvouv oxupn KN undevikn aocddAion ¢aong. Ta Siktua Tmou  efayovrtal
avamnopiotavial w¢ oTABULoMEVOL [N KATEUOUVOUEVOL TPLYWVLKOL TIVOKEG yeltviaong (Ue
SlooTdoeLg oTnV mopouca epyacia 62 x 62). Onwc avadepOnke mapanavw, MPOKELUEVOU val
SleuKOAUVOEL pLa oAokANnpwuEVN Slepelivnon TNG SUVAULKAG TNG AELTOUPYLKAG CUVEECIUOTNTAG
o€ SLadopeTIKEG {WVEC OUXVOTATWY, Ta AetToupyika Siktua PLI tou eykeddlou umoAoyiotnkav
EVTOC TwV GACUATIKWY TIEPLOXWV Tou S€ATa, Tou Bnta, Tou aAda, Tn¢ {wvng BAta Kat tng lwvng

yappa.
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KepaAaio 7

Avixveuon KOTtwong Kotd Tnv odrynon Ke tTn Xxpnon

LETPLKWV ULKPOU KOOLLOU

7.1. MeBodoloyia

Mpw amd tnv avaAucn tou Slktuou, xpnolgomowBnke n Sla T apaltdtntag yla OAa Ta
SlkTuQ, TIPOKELUEVOU val ouyKpLlBoUV Tal HETPO TOoTtoAoYIKOU ypddou Kal va anodeuxbel n
puepoAnyia mou mpoEpxeTal anod Tov SLadopeTIKO aplOud akpwv. H 1810TNTa TNG 0paLOTNTOG
€VOG SIKTUOU OTO TPEXOV TTAALCLO opileTal WG 0 AOYOC TOU apLlOUOU TWV MOPOVIWV OKUWYV TIPOG
ToV aplBuo OAwv Twv TBavWV akpwv o €va TANPwWE ouvdedepévo diktuo. Epapudotnkav
Sladopa enineda onaviotnTag Tou SiKkTUou, Tou kupaivovtat ano 0,1 €wg 0,3 pe Brua 0,05
Kal €TAEXONKe pla kowvy omaviotnta s = 0,25 ywa tnv avaAuon Kot tThv eudavion twv
amoteAsopatwy. Ta Asltoupykd Siktua tou eykedalou umoloyiotnkav yia tn {wvn 6nta (4-7
Hz), tTn {wvn aAda (8-12 Hz) kot tn {wvn BAta (13-30 Hz) . Metd tnv e€aywyr] Tou AELTOUPYLKOU
eYKedaALkoU SIKTUoU, AVAAUCOUE TLG LOLOTNTEG TOU XpnolpomolwvTtag tn Bswpla ypadwy yla
VO TIOOOTLKOTIOL)COUE TA XOPOAKTNPLOTIKA TOU ULKPOU KOOUOU. ZUYKEKPLUEVQ, UTTOAOYICAE
HETPLIKEC UIKPOU KOOMOU, OwE 0 ouvieAeoTng opadomnoinong (C€C), To XapaKTNPLOTIKO UAKOG
Stadpoung (L), n kevrpwotnta betweenness (BC) kal n KaBOALKH, TOTUKH Kal KOUPLKN
anodotikotnta (Effgion, Effioc, Effnod ). H KEVTPLKOTNTA TOU betweenness otnv avdAuon SiKTuwv
EEG petpdel mooo KOUPLKO €lval Eva CUYKEKPLUEVO NAEKTPOSLO 1 LA CUYKEKPLUEVN TIEPLOXN
TOU eYKEPAAOU yla TN oLVSeon AAAWV TIEpLOXWV, a€LOAOYWVTOG TO POAO TOU WC yédupa yLa TN
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pon MANPOGOPLWV KATA UNKOG TWV CUVTOUOTEPWVY SLaSPOUWVY EVTOG TOU SIKTUOU. OL HETPLKEG
armodoTkOTNTAG 0TNV avaAuon Siktuwv EEG meplapBdvouy Tnv maykoouLla anodotikotnta, n
omnola afloloyel tn por mMAnpodopLwv o€ OA0 To SIKTUO, TNV TOTIKN AMOSOTIKOTNTA, N omola
ETUKEVTPWVETAL OTLG AAANAETUOPACELG KOVTWVWY KOUMBWYV, KAl TNV amodoTikotnta KOUBwy, n
omola afloloyel v wavotnta petadopas mAnpodoplwyv tou Kdbe kOuPBou oto Siktuo. O
ouvteAeotng opadomoinong CC petpd TO emimedo TNG TOMIKAG opadomoinong n

ouvdeopotntag oto Siktuo, evw To L afloAoyel Tn cuvoAlkn amodotikotnta SpopoAdynonc.

7.2. AnoteAéopata
Ita akoAouBa Slaypdappata anekoviletal n e€EAEN Twv LETPKWV (Effnod , Effioc , Effgion , CC, BC

Kal L) katd tnv mpooopoiwon odnynong dtdpkelag 1 wpag yia kaBe {wvn cuxvotitwy, SnAadn
yla Tig {wveg Bnta dAda kat BAta (ZxAua 1). Ta mpwta 5 Aemtd Kal Ta TeEAeutaia 5 AEmTd TG
odnynong e€alpébnkav amd tnv avaluon ywa va anodeuxBel n cuunepiAndn doxetwv
mAnpodoplwv. Ztov MNivaka 1, Mivaka 2, Mivaka 3 meplypddovtal ol akpLBeic TLUEG KABe

HETPLKNG 0€ KABE {wvn CUXVOTATWV.

JuyKkekpléva, otn {wvn BNta, ot Effnod , Effioc , Effglon KoL CC peLwVOVTOL ATIO TO TIPWTO £WG TO
televtaio mapabupo 5 Asmtwy, evw ot BC kal L auéavovtal evtog Tou i6lou Xpovikou mAailciou.
OL UETPNOELG TNG OMOTEAECUATIKOTNTAC KOOWE Kol Ol TIHEC TOU ouvieleotr opadomoinong
amelkovilouv Helwan oTo apyLko oTAdLo TNS 08NYNTIKAC SLEYEPONC KOL TIEPALTEPW UELWOT HUETA
TO MPWTO ULod autiG. Ooov adopd to BC, mapouclalel €va otabepomolnuévo Lotifo péxpl to
napdBupo 15" éwg 16™ dmou apyilel va petwvetat. Ald tnv AN TAeupd, to L avédvetal oto
TPWIHO 0TASL0 TNG TPOCOMOLWwoNG 08nynong Kol OTo TEAOG TOU TELPAUATOG TEWVEL OF

TiepaLtepw avénon.
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Ewkova 2. EEEAEN TwV HETPLKWV ULIKPOU KOGHOU KaTtad tn dtapkela 19 mapabupwv Twv 5 Aemtwyv

pe 50% emikaAuPn otig lwveg: (a) Onta (B) aAda kat (y) BAta.

2tn {wvn dAda ta pétpa anddoong kal CC avfavovtal ano tnv apxn te dtéyepong odnynong
Kol Ttapapévouv paAlov otaBepd yLa to urtoAourno tng Slapkeldg tng. H Betweenness Centrality
auvéavetal emniong, ¢tavovtag o €va PEYLOTO OE €va TMPWLUo otdadlo Tn¢ odrynong, otn
ouVvEéxela otaBepomnoleital oe YaUNAOTEPEG TLUEG Kal tapouaotdlel kal AaAL avénon oto TEAOG
Tou Melpapatog. Ocov adopd To PNKOC TNG cUVTOUOTEPNG SLAdPOUNG, TTaPoUoLAlEL Helwaon OTo
MPWTO ULoO TNG 06ynong Kot mapopével otabepr pEXPL TO TEAOG. TN {wvn Bnta, ol Effnod ,
Effioc , Effgion kKoL C, GUYKpIVOVTAG TO TIPWTO KE TO TEAEUTALO MapdBupo 5 Aemtwy, mapoucLalouv

$Oivouoa cuumnepldopd, evw ol BC kat L avéavovtal evtog tou idLou xpovikoU mAatciou. Ocov
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adopd ta pETpa TNG amodoong Kot tou CC PMopPOoUE VA TAPATNPHOOUME OTL UTIAPXEL
ONUOVTIKA HElwon ota mpwta Aemtd tng Sléyepong Tng odrynong Katl mopouctdalouv éva
otaBeponotnuévo potifo péxpl To 120 nmapabupo, otav apyilel pa aotabng cupnepidpopd
TIOU KOTAANYEL O Pl CUVOALKNA Helwon ota tedeutaia Aemtd tou nelpdpatog. Ocov adopd to
BC, mapatnpeitat afloonueiwtn avénon ota mPWTa AEMTA TNG TPOCOUOLWONG KaL 0T CUVEXELD
okoAouBel éva paAAov otaBepd potifo. Amod tnv GAAn mAeupd, to L mapouotalel oxedov
otaBepr) avénon and éva mpwiuo otddlo tng Siéyepong, dniadn amd to napdBupo 4™ kat
dtavel oto uPnAdtepo onpeio oto mapdBupo 17™ . Itn wvn Brita, n cuvolikr cuunepldopd
TWV PETPpWV amodoong kat CC sival eAadpw auvnTikn, av KoL To HoTiBo Toug ival aotabEg
kaB' OAn tn Sldpkela tng meptodou 0drynong. EmutAéov, to BC HelwVETAL EMiONG 0TO TEAOC, AV
Kal elval otaBepd péEXPL Ta TEAEUTALO XpOVLIKA TTAALoLa TNG Tpooopoiwang odriynonc. To péco
HUNKOC TNG OUVTOMOTEPNG Sladpoung eival cuvoAlkd oxedov otabepd, av Kal gival paAAov

00TOOEC yLa Ta TIEPLOCOTEPQ XPOVIKA TTAQLLOLAL.

Mpokelévou va UTtoAoyiooupe tnv €uBeia MPOCOPUOYNG Yla T TIPOTUTIOL TWV UETPLKWY,
xpnotpomnotnoape tn HEBodo twv elayxiotwyv TeTpaywvwy (LSM) o kaBe pia and tig {wveg
OUXVOTNTWV TOU efeTAoapE Tapamavw. Ol TIHEG TWV KAICEWV TWV YPOUUWV KOAUTEPNG
TIPOCOAPUOYNG TWV UETPLKWV TIEPLYPAdOvVTaL oToV Ttivaka 1 yia KaBe pia amo T e¢eTalOpeveC
{wveg ouxvotNtwy (Bnta, aida, Brta). MNa va aflomoltjooupe TNV afla TWV OMOTEAECUATWY
LLOLC, TIPOYLATOTIOL A UE LA Kavovikomoinon (LeTtal 0 kat 1) yia TG TIHEC OAWV TWV UETPLKWV

OUYKPLVOVTAC TLC LE TILO CUVOTTTIKO KAl akpLBr TpoTo.
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Mivakag 1. Ot TLHEG TNG KALoNG LSM yla KaBe PeTpIkr) KaTd tn Stdpkela oAOKANPNG TNG
gpyaoiog odrynong.

L cc BC Effgiob Effioc Effnod
onta 0.0254 -0.0183 0.0061 -0.0265 -0.0205 -0.0265
aAda -0.0288 0.0197 0.0077 0.0300 0.0235 0.0300
BrAta -0.0157 0.0217 -0.008 0.0275 0.0281 0.0275

Mapatnpeital OTL Ol CNUAVTIKOTEPEG UETABOAEG OTLG KALOELG TWV UETPLKWY Elval mTapoUoEC 0T
{wvn dAda. Ita emopeva dlaypappata (Zxnuo 2) amewkovifovial ol TWMEG L kat Effgiop KOL
oxeblaleTal n ypaupr mpocappoyng Le Tn nEBodo eAaxiotwy TETpaywvwy, n omola deixvel To

potifo twv petaBoAwyv Toug oe O6An tnv nepiodo 0drynong.

10 - © e Length
Y — LSM

08 4

0.6 4

04 -

0.2 -

0.0 4
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Ewkova 3. Napoucioon Twv PETPIKWY Katd tn dtapkela 19 mapabipwv
Twv 5 Aemtwv pe 50% emkdAudn pe T YPOUA Ttpoocapuoyng LSM otn
{wvn Alpha ywa a) to prikog dtadpoung kat B) Tn cuvoAlkn

amodoTIkoTNTA.

To enmopevo BApo otnv avAAuor HOG ATAV 0 UTTOAOYLOHMOG TNG CUOXETLONG HETAEU OAWV TWV
UETPIKWV TIoU e€eTdotnkayv. H 1o onuavtiky cuoxetion mapatnpndnke petafl CC kol Effioc
(corr =0,98) oe OAe¢ TIC {WVEC OUXVOTNTWV, KoL METAly CC kol TwV AAWV HETPpWV
amodoTIKOTNTAC TTou Kupaivovtav ano 0,89 £¢wg 0,93. Emiong, To OUVTOUOTEPO PECO UNKOG
S108poUNG CUOKETIOTNKE ONUOVTIKA QpVNTIKA HE OAQ TO UETPO ATOSOTIKOTNTOG KoL TOV
ouvteAeot opadormnoinong mou Kupaivovtav amo -0,89 €wg -0,95. H povn UETPLKNA ULIKpOU
KOOGLOU TtOoU 8EV CUCXETIOTNKE JE TLG UTTOAOLTIEG UETPLKEG RTav N BC.
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Elkova 4. ZUOXETLON HETPLKWV UIKPOU KOGHOU KaTd Tn Stdpkela oAOKANPNG TNG Epyaoiag

obnynong yua: (a) 8nta- (B) aAda- kat (y) rita {wveg.

7.3 2ulATNOoN - ZUUMEPAC AT

Ta kUpLa amoteAéopata TNE LEAETNG UTAG UIOPoUV va cuvoPLoTouVv we €€NC: ATIO TO MTPWTO
€wg to teAevtaio bin twv 5 Aemtwv, (1) N Effnod , N Effioc , N Effgior kaL n CC otn {wvn Bnta
HEWWONKaV onuavtkd, evw n BC kat n L avéndnkav, (2) otn {wvn dAda OAEC OL UETPLKEG
auvénbnkav, (3) otn lwvn BAta OAeg oL petproelg anodoong pall pe tnv CC pewwbdnkav
OUVOAKA, evw n BC kal n L avénBnkav onuavtikd, (4) mapatnpeitat ot n €C kot n Effioc

ouoxetilovtal o€ peyaio Babuo.

Ao aut tnv anoyn, n {wvn ailda pmopet va StakplBel w¢ n {wvn UE TIC ONUOVTIKOTEPES
HETABOAEG OTN XPOVLIKN £EEALEN TWV HETPIKWY, KOBWG oL kKAloelg mapouatalouv tic uPnAotepeg
HeTaBoAEG oe oUykpLon pe T {wvn Bnta kat tn {wvn Brnta. Ta anoteAéopatd pog cupudwvouv

HE TO amoteAéopata TOAWY AAAWV HEAETWY, Omou N lwvn aAda Bewpeital CNUAVTIKA O
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TIOAAEG LEAETEG YL TNV KOTIWON TG 06rynong. EmumAéov, unopet va mapatnpnBetl 6tL ot CC kat
Effioc ovoxetilovtal oe peyaho Babuo. Ocov adopd TIG METPLKEG TOU MLKPOU KOOHOU, N
QIMOTEAECHUATIKOTNTA KOLL O CUVTEAECTHG cuoTAdaG UPNAN CUGXETLON UTIOSNAWVOUV HLa LOYXUPN
OX€0N METALL TNG TOTLKNAG Kal TNG odatplkng emefepyaciog Twv mAnpodoplwv otov eykEPalo.
Me aAAa Adyla, oL TIEPLOXEC TOu eyKepAAOU Tou €ival o€ peyalo Babud Siaouvdedepéveg
HETAEU TOUG Telvouv va elval KaAQ ouvOeSEUEVEC KOL UE OTOUOKPUOUEVEC TIEPLOXEC TOU
gYKedAAOU. AUTO CUVASEL Pe TNV €vvola TOU SIKTUOU HIKPOoU KOOUOU, OTIOU 0 eYKEDAAOC Elval
oe Béon va efloopponel TNV TOTKA emefepyaoia Kal TNV TOYKOOULA OAOKANpwaon Twv

mAnpodopLwv.
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KepaAaio 8

E€atoplkevpevn petafAntotnta ota potifa
OUVOECLUOTNTOG TOU EYKEPAAOU Kol 0T SUVAULKN

06nynong-Komwong

8.1 MeBoboloyia

AapBavovtag untogn tnv npoavadepopevn BiBAloypadia, umobBeoape OtL n afloAdynon twv
HLOVOTOVIKWV UETABOAWYV OTNnV evepyormoinon tou eykedpaiou Ba e€aAeiel T EEVEG YWWOTLKEG
Stadikaoieg kal, wg ek toutou, Ba emtpePel TNV alOAOYNON TWV VEUPWVIKWY CUVOECEWY,
€161KA yLa TNV P UK KOTIwaon, SLEPEVVWVTOC TIC ATOULKEC ATIOKALOELG TWV UTIOKELUEVWV. Q¢ €K
ToUTOU, XPNOLUOTIOLNCAUE £va TElpOA TTPpooopoiwong cuvexol¢ odnynong EEG, kal otn
OUVEXELOL TIPAYUOTOTOLOAME Ul AVAAUCN YPOUMLKAG TOAWVSpOUnong yla oAoOkAnpn tn
SLAPKELD TOU TELPAUATOC, EVOWUATWVOVTOG HEUOVWHEVEG OLOKPLTEG EKTIUAOCELS ylO. TNV
gpyaoia. 2to mAaiol0 QUTO, XPNOLUOTOLOUME Ml OovAAucon OLKTUOU HEUOVWUEVWY
OUUMETEXOVIWY ME Bdon tov Seiktn votépnong ¢aong (PLI), yia va evioxUooupe Ttnv
EYKUPOTNTA TWV EUPNUATWYV Hag. AuthA n cuyxwveuon anodidel éva oAokAnpwuévo diktuo mou
OQIMOTUTIWVEL KOwaA MoTiBa ocuvdeoluotntag o€ OAOKANPN TNV OUAda CUUHETEXOVIWV,
TIOLPEXOVTAG EVOL CUAAOYLKO OTLYLLOTUTIO TNG VEUPWVLKAG SUVOLKAG. ETutAéov, eoTtidlovtag oTig

KOWVEC CUVOEDELG TWV EYKEPOAALKWY SLIKTUWV TTOU TIPOKUTITOUV amo To EEG, mapéxoupue evdeifelg
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yla TNV EAAXLOTOTIOINON TOU XWPOU XAPAKTNPLOTIKWY, OKOTIEVOVTOG £TCL OTNV QMOTEAECHATLKNA

QVIXVEUON TNG KOTIWONG OE TIPAYUATIKO XpOVO HECW KVNTWV aodntrpwv.

8.2 AvaAuon aTopLKOU Kol TTYKOOLOU SLKTUOU

JTo mAaiolo NG MEAETNG MOG, €DAPUOCAUE ML QVAAUGCNH OIKTUOU  HEUOVWHEVWV
ouppetexoviwv (IN) kat pa availuvon maykooptou Siktuou (GN). AuTtéG oL 0poAoyieg
QMOOKOTIOUV OTO VA KOTaothoouv oadn tn &ldkplon HETaEl Twv OoVAAUCEWV TOU
nipaypatonolovvtal o€ eninedo opadag, 6mou ta diktua eykePAAoU TTOU TTPOKUTITOUV Ao TO
EEG e€etalovtal cUANOYLKA, KAl TWV AVOAUCEWY TIOU TPAYHOTOTOLOUVTAL OE ATOWULKO eMinedo,
eotialovtag ota e€atopkeUpéva Siktua eykepAAou Tou MpoKUTTOuV amo to EEG yia kabe
OUMMETEXOVTA. JUYKeKpLUEVa, To IN TpoéBAene tnv avaluon 6ebopévwv HEM ywo kabe
CUMMETEXOVTA EeEXWPLOTA, Kataokseudalovtog povadika eykedpalikd SiKtua MPooapUooHEVa
OTa TEPUTAOKA XOPAKTNPLOTIKA TWV VEUPWVLIKWV HoTiBwv kaBe atopou. Q¢ €k toutou, To IN
ouunepléAafe to Siktuo xpovikoU dlaotnuatog 5 Aemtwy KABs cuppetéxovta yla Kabe lwvn

oUXVOTATWYV, yla va dwtioet TIg mapaAlayEg ou adopolV TO CUYKEKPLUEVO UTIOKEILEVO.

AvtiBeta, To GN meplAduPave tn cuvaBpolon Twv eykeDaAKwy SLKTUWV TTOU TIPOEPXOVTAV OO
o EEG amd OAoug TouG CUMMETEXOVTEG. AuTA N ouyxwveuon amodidel éva oAokAnpwuEVO
6lktuo TOU amoTUNMWVEL Kowa HoTiBa  ouvdeowotntag o€ OAOKANPNn TNV opada
CUUMETEXOVIWY, TIOPEXOVTAG EVOL CUANOYLIKO OTLYULOTUTIO TNG VEUPWVLKAG SUVAULKNAG. ATO TNV
amoyn autn, To GN mepleAapPave TNV KOTAOKEUT EVOC LEoOU SLKTUOU, TO OToio umoAoyiletatl
WG HECOC OPOG TWV HEUOVWHEVWY SIkTUwv PLI (dnAadn, mpoodlopilovtag tTn pHéon TN Twv

SL0oUVOESEPEVWV OKUWY OAWV TWV CUPUETEXOVTWV) yla KABe {wvn CUXVOTHTWV.
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8.3 A¢loAoynon Siktuou

Onwg avadépbnke mapanavw, ta diktua PLI urtoAoyiotnkav oto cUvolo Sedopévwy KABe
CUMMETEXOVTA YlOL TNV TIOOOTIKOTOLNON TWV OXECEWV PAONG HETALU TWV ONUATWV Twv 62
NAEKTPOSIWV Tou TpLYWToU TNG KEPAANG. Mo va e€aKpBWOOUUE TN CNUACLO TWV AKUWY TOU
SIktUOU, TPAYUOTOTIOWCAME Ul AVAAUCN YPOUULIKAG TaAlvdpounong, aloAoywvtag
OUOCTNMOTIKA TG OXECELG METALY OAWV TwV TiBavwv {euywv aodntrpwv. Eva dtaypappa pong
Tou TMAaLoiov availuong mapouotaletal otnv Elkova 2. Ev ouvtopia, n ypappikn moAvdpounon
XPNOLUEVEL WC EPYOAELO OTATLOTLKAG LOVTEAOTIONONG YLa TNV EEETAON KOLL TNV TTOCOTLKOTIONGN
TwV OXEoEwV Ot TOAUTAOKO cuoTAuata[l162]. AuTO GUVEMAYETAL TNV TIPOCOPUOYN HLOG
YPOUULKNG e¢lowong o mopatnpoUpeva onueia dedopévwy, e oTOXO TN SLaAelKavon Tou
UTTOKELLEVOU TIPOTUTIOU TIOU SLETEL TN GUOXETION HeTafy peTtafAntwy. H euBeia mpooappoyng
QVTUTPOOWTEVEL TN PBEATIOTN pabnuatiki mpoogyylon (opilovtag tnv kaAutepn euBeia
TPOCAPUOYNG) Tou eAaxloTomolel T ouvoAlkn) Siadopd HeTAly TwWV TAPATNPOUUEVWV
onUeiwv 6e60UEVWV KOl TWV QVTIOTOLXWV TIHWV TOUC, KaBopilovtog TouG GUVTEAECTEG TNG
eflowong (onmwg n kAion kat n toun). H Stadikaocia PeAtiotomoinong meptlappavel tnv
gh\axLlotomnoinon Tou abBpolopaTog TWV TETPAYWVLKWY Sladopwy HETALY TTAPATNPOUUEVWV KOl
TIPOPBAETIOUEVWV TLHWVY, XPNOLUOTIOLWVTOC TN HEB0SO Twv eAayioTwy TeTpaywvwy. EMutAéoy,
yla va mopacyel MANPodOPIleEC OXETIKA UE TNV LOXU, TNV KaTteLOuvon Kol Tn onuacio Twv
oxéoewv Olktuou, edappootnke pla afloAoynon umoBéocwv, eA€éyxovtag Tn HUNOEVIKA
umoBeon otL n avefaptntn petaPAnt Sev €xel cuoxEtion Pe TNV eéaptnuévn petapAntni. H
YPOLLULKN TIOALVOPOUNGN TIPOYHOTOTIOONKE UE TNV TIPOCAPUOYH EVOG YPAUULKOU UOVTEAOU

ota debopéva pPEow TNG EAaxLOTOTOINONG TOU ABPOIoHATOG TWV TETPAYWVWY TWV UTIOAOITTWV.
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Onw¢ avadEpOnke oTNV €LOAYWYLKN EVOTNTA, N AOYLKN QUTAG TNG Sladlkaoiog anoppEeeL ano
oTolxela mou Seixvouv OTL OL KATOOTACELG KOTWO NG apouactalouv afloonueiwtes Stadopeg oe
oUYKPLON UE TIG KOTAOTACEL AVATTAUGCNG, UTTOSNAWVOVTOG £TOL OTATLOTIKEG Sladopeg [154].
ErmutAéov, katd tn SLAPKELO TOPATETAUEVWY EPYACLWV TIOU TIPOKAAOUV KOTIWO, N YVWOTLKN
amootpayylon (e€apoupévwy TwV ACXETWY EPEBLOUATWY) AVOUEVETOL VO AUEAVETAL CUVEXWG
[163]. Katd ouvénela, kaBwe oL vonTtikol mOpoL EMSEVWVOVTOL TIPOOSEUTIKA, OL AVTIOTOLXEC
VEUPLKEC OUVOEDELG (0TN HEAETN MOG OL AKUEC TOU Siktuou PLI) Ba mpémel va embelkvOOUVY pLa
SlakpLty anmokAon amod TIG TPONYOUUEVEG KATAOTACELG, akoAouBwvtag pia aufavopevn n
HELOUPEVN TpoXLd. Elval onupavtikd va onuelwBel otL ta potifa mou avaAvovtal 6w dev
UTIOVOOUV OTL N SuvapLkn TNG PUXLIKAC KOTIWONG MOPOUCLALEL YPOUULKY) cupmepldopd, KaBwG
TIAPOUOLEG MEAETEC UTOONAWVOUV UN  YPAUUIKEC TAOEG[164]. Qotdé00, N YPOAUULKNA
naAvépounon unopel va SLEVKPLVICEL TOV TPOTIO e Tov omoio n (odnyikn) Yuxikn KOTwon
ennpealel TNV eykedaAky cuvdeouotnta pe tnv mdpodo tou xpoévou, va mpoodlopioel ta
Kplowwa eykepaAkd Siktua mou ennpedlovrtal Kal va KATAVONoEL TG ATOULKEG Sladopég otnv

evalobnoia otnv KOTIWON .

Katd ouvémneta, umtoAoylotnkay oL 62 x (62-1) /2 = 1891 povadikég cuvbEoelg og 20 EMOXEC TWV
SIktOwvV PLI. Xt ouvéxela, mpaypatono)Onke avaAucon YPOUULKAG TIAALVEpOUnong o KaBe
ouvdeon (avtipetwnilovrag TG THEC PLI wg e€aptnuéveg HMETABANTEC KOL TA XPOVIKA
Slaotuata wg avefdptnteg HeTaPANTEG) yia va ekTiunBel n taon avénong n Helwong Twv
Bapwv Twv cuvdéoswv PLI. Z& autn TN HEAETN, kaBoploTnKe Eéva KPLOLWO OPLO yLa TNV oYU TNG
oUVEECNC XPNOLUOTIOLWVTAC TO OTATLOTLKO HETPO R-teTpdywvo (R?) [165]. To R? sivat £va pETPO
TIOU OWVTUTPOOWTIEVEL TO TIOOOOTO TNG Slakupavong ya po e§aptnuevn petafAntr. Qg ek
ToUToU, TtaPEXEL Mo €vdeln Tou Mooo KaAd ta onpeio dedopévwv talpldlouv ot €va
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OTOTLOTIKO HOVTEAO. ITNV Ttapovoo MEAETN, pa T R? peyaAltepn amo 0,25 avtloTtolyel ot
TN p-value pikpotepn amo 0,05 (p < 0,05), umodnAwvovtag mBavotnta PIKpOTeEPN amno 5% otL
N mapatnPoUEVN CUOXETION TIPoEéKUE Tuxala. Otovtag auTtd Ta Katwrtata opla (R? > 0,25
Kot p < 0,05), e€acdaAicape OTL LOVO OL CUCKETIOELG UE €VA OPLOUEVO ETUMESO EPUNVEUTLKNAG
LoXVOG KOl OTOTLOTLKAG ONUAVTIKOTNTAC BewpolvTav OnNUAVIIKEC YLa T LETEMELTO avaAuor). Ot
ouvdéoelg mou mopoucialav CUCXETIOELG TTou Eemepvoloav autod To kKatwdAl BewprBnkav
dlaitepa onUAVTIKEG Kat dtatnpnBnkav yla nepattépw e€€taon. Tooo oto IN 600 kot oto GN
EKTIUAOAE TIG XPOVOEEOPTWIEVEC ONUAVTIKEC OAAAYEG, XPNOLUOTIOLWVTOG TOL KPLTAPLA I KAl p
value petafl twv SladopeTIKwY EMOXWV TWV 5 Aemtwy, yla va afloAOYOOUUE TIG CUVOEDELG

Tiou mapoucialov onUAVTIKEG StadopEg kab' 0An tn Stdpkela TNE Tpooouoiwaong o8riynong.
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Ewkova 5. To meplypappa tou eykekplpévou mAatoiou. Ta Siktua PLI urtoAoyilovtal pe Baon Tig
{WVEC CUXVOTHTWV TIOU TIPOKUTITOUV aro To onua EEG. Itn ouveéxela, ot akuEG PLI e€stalovtal
He Baon ta pétpa R?, mepypddovtag avfavopeva i PeElOVpEVO potiBa Kal to eminedo

ONUAVTLKOTNTAC TOUC YLO TNV TIEPALTEPW AVAAUCH TWV SIKTUWV TTOU TIPOKUTITOUV.
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8.4 AnoteAeéopata

SUUTTEPLPOPLKA AITOTEAEUATA

o vo SLEPEVVI|COUE TNV UTTOKELUEVLIKNA ETIEPOON TOU TIELPAUATLKOU OXESLACGHOU 6oov adopd
v Yuxkn komwon, aflohoynoape otatloTika TG Babuoloyieg SSSQ. Q¢ ek touTou,
edbapuoocape avalvon dlakupavong evog tpomou (ANOVA) cuykpivovtag Tig Babupoloyieg
S8éopeuong mpLy Kot Hetd tnv epyaocia. H ANOVA amokdAue pia onuavtkn dtadopa (p<0,01)
TIOU UTTOSEIKVUEL OTL O TIELPAMATIKOG OXESLAOUOC ATAV OIMOTEAECHATIKOG OTNV TIPOKANGN

PUXLIKAG KOTWONGAVAAUGT SIKTUOU UEUOVWHUEVWY CUUETEXOVTWY
AvdAuon SIKTUOU UEUOVWUEVWY CUUUETEXOVTWV

Metd tnv aflohdynon tou katwoAiov tng Sladkaoiag ypappkng moaAwvdpounong, ot
onUavtikég ouvbéoelg (ota Oiktua PLI twv 5 Aemtwv yla kdBe {wvn ouxvotATWv)
OlepeuvnOnkav amd tnv Aamodn TwV KOWWV XOPAKTINPLOTIKWY METaEl twv Sladdpwy
UTTOKELPEVWY. Elval evlladépov OTL kaplo ocUvdeon &V MOPOUCIOOE CNUAVTIKEG QAAAYEG
KOLVEC ylol OAOL TOL UTTOKELEVA OE OAEC TIG {WVEG CUXVOTATWYV TIOU HEAETNOnkav. Mepaltépw
avaluon £6¢elée éva OUVETTEG HOTIBO, OTIOU OL ONUOVTIKEG AANAYEC O OAQL TOL XPOVLIKA TTAQLLOLQL,
niepthappavouv mepimou to 50% twv UTIOKELUEVWY (10 armod ta 21). AUTO NTAV CUVETEC O OAEC
TIC {WVEG CUXVOTNTWY, XWPLE va mopatneouvIal CNUAVIIKEG AKUEC Yla TTAVW amod Ta ULod
UTTOKELpEVA, OTIoU 8U0 KOWVEC CUVOEDELC evTomtioTnkayv 0To 50-60% twv atopwv (Ewkova 3). 2to
mAaiolo auto, Bewpnoape avbaipeta OtL Oa AVAAUCOULE TIEPALTEPW TLG AKUEG PLI TTou Atav
TIPOUOEG ylot TOUAAxLotov t0 40% TWwV aTOMWV. ZTo ZXAMA 4 TIOPOUGCLAToVTOL Ol KOLVEG

OUVOECDELG IOV potpdlovtal tavw amo to 6pLo tou 40% yla kaBe {wvn cUXVOTATWV).
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Ewkova 6. OTITIKN avamopAoToon TOU TOCOOTLaoU €UpoUG TwV Bepdtwy mou polpalovrol

KOWEG OUVOEDELG.

Ooov adopa ta dtakptta Levyn nAektpodiwv evtog tn¢ lwvng aAda, mapatnpnBnke cUANOYLKN
katapétpnon 33 cuvdéoswv PLI og 40 povadikoug koppoug (Ewkova 7y). Afilel va onpuelwBel
OTL N ONUAVTIKA TAEOVOTNTA TwWV aAAaywv ouvOeoluoTnTAC ATOV evdonuiodalplkeéc. H
nepaltépw Slepeuvnon og OAeG TIG B€oelg nAektpobiwy mapouciaoce kupLapyia tou aplotepol
nuLodalpiou, He OXETIKA UIKPOTEPN eUdavion otig de€lég meploxeg. Evtog tng lwvng Onta,
evrtorniotnkav 21 cuvdéoelg o€ 22 povadikolg koupoug (Ewova 7B), ue €va onuavTIKO TOCOO0TO
(> 50%) twv apatnpol LeEVWY cUVOECEWYV va evtomilovtal o€ NAekTpOSLa tou TtomoBetnOnkav
KATA HUAKOG TNG HEONG YPOMUAG, KaAumrtovtag kot ta Sdvo nuodaipla. Itn lwvn PAta,
onUewwBOnke éva abpolotikd olvolo 11 cuvdéoewv o 20 povadikoug kOpPBoug (Ewova 78),
OTIOU N TTAELOVOTNTA TWV CUVOETEWV TIEPLOPLOTNKE EVTOC TOU (Slou nuiodatpiou. Toco otn {wvn
6€Ata (10 ouvdéoelc mapatnprnOnkav os 17 povadikolg kopBoug) 6co kat otn {wvn yapupa (9

ouvdéoelg mapatnpnOnkav oe 16 povadikol¢ kopPoug) (Ewkdéva 7a kot Ewova 70),
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napatnPnOnke Ml ALOCNUELWTN XWPLKA TACN. ZUYKEKPLUEVA, €VO ONUAVIIKO TTOCOOTO

ouvSEoewv NAeKTPoSiwv o€ AUTEG TG {wVEG ouxvoTNTWV adopd Kupiwg To 8e€Ld nuiodaiplo.

#
5’,3

& 6PO3

Ewova 7. OL onuavtikég ouvdéoels IN yua (a) ™ Lwvn &€Ata, (B) T Lwvn Bnta, (y) T lwvn
aAda, (6) T lwvn BAta kat (€) Tn {wvn yappo. Ot cUVEECELS HE TTPACIVO XpwH epdavilouv

BeTIKn KALON, EVW OL CUVOECELG |LE TTOPTOKAAL APVNTLKH.
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Mo va afloAoyNOOUUE TIEPALTEPW TIG METABOAEG TwWV OUVEECEWY, EEETACAE TIG KALOELG TTOU
TMPOEKUPaV HECW TNG TPOCEYYLONG TNG YPOUMUKNAG TaAwSpounong, mpoodEpoviag Mla
EOTIAOMEVN EKOVA TWV OUVOAKWY QUENCEWV I UELWOEWV OUYKEKPLUEVWV OUVEETEWV.
ZUYKEKPLIEVA, KATW oo To KatwdAL >40%, purnopoloe va SlakplBel éva potifo eviog tng lwvng
aAda, pe v mAslovotnta (24 amd ¢ 33) twv akpwv PLI va mapouaotdlel avodikny kAion.
AvtiBeta, evtog tng {wvng Onta, pa kabodikn KAlon TnG ypappung moAvdpopnong epdaviotnke
oe 18 amo 11 21 ocuvdéoelc. Elval eviladépov OTL g OAEC TIG {WVEG CUXVOTATWY BNTa, yapuo
Kal S€ATa, mepimou ol oég ouvdEoelg epdavilouv apvnTIKA Kol Ol UTTOAOLTIEG ULOECG BETIKN

KAlon (BAta: yappa: 5 apvntikd / 4 Betikd- S€éAta: 4 apvntikd / 6 BeTkd).

2U0vbeon atouov Ue To IMaykOouLo Siktuo

Ma va ekTiunBouv oL OXECELG METALY TNG UETOPANTOTNTAC TWV UTIOKELMEVWY KAl TOU HEOOU
eykedaAikou Siktuou (mou adopd tnv Puyikn Komwon), to GN eetdotnke eniong pPe ta dla
Kpttnpla r KL Tng p (6nA. p < 0,05 kair >0,25). O aplBUoC Twv cUVEEGEWV TTOU TTAPOUGCLALOUV

ONUAVTIKEC MeTAPBOAEC yia Tic {wveg S€ATa, Bnta, aAda, BrTa Kal yAUUO TIapoUoLAleTaL 0TO

IxAUa 5 mapokatw.
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Ewkova 8. Inuavtikéc cuvdéoelg oto GN yua (a) 6€Ata, (B) Onta, (v) aAda, (8) BAta, (&) yauua
{wvn ocuxvotNTtwy, (ot) oL B€oelg Twv NAekTpodiwv (XpWHATIKA KwdLKoToLlNUEVESG oUUdWVA UE
TO KUKALKA SLaypOaUUOTO) VIO TIG LETWTILALEG, KPOTADIKEC, KEVTPLKEG, BPEYUATIKEG KL LVLOKEC

TLEPLOXEG TOU TPLXWTOU TNG KEDOAANG

Eival afloonpeiwto otL n {wvn &€éAta mapouaciace tov peyoAUTtepo aplBuo cuvdéoswv (440)
TIOU TIOPOUCLOCAV CNUAVTIKEG HETAPBOAEC 0 OAEC TIC TELPAUATIKEG OUVONRKES, evw n {wvn

YAUUO TIOPOUCLOOE TOV PLKPOTEPO aplOud cuvdéocwv (Mivakag 2).
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Mivakag 2. AplOuog onuavtikwy cuvéeéoswy (p < 0,05 katr > 0,25).

Zwvn oUXVOTATWV ApLOUOG CUVSECEWV
S€Ata 440
onta 287
dAda 361
Brita 313
yauuo 275

21N ouvexela, SltepeuvnOnke n ouoxétion petalu tou GN kat tng IN. Qg ek TouTOU, CUYKPILVOUE
To IN pe to GN, yla va kaBopioou e T cUOXETLON UETOED TOU LECOU OPOU Kal TWV ELSLIKWVY yLa
To Ofépa SIKTUWV. ZUYKEKPLUEVA, OL OUVOECELS Tou Tapoucialav ONUAVTIKEG UETOBOAEG
ouykpiBnkav pe TO MEoO Obiktuo, umoAoyilovtag Tov aplOud Twv akpwv PLI mou
nepthappavovtav toco oto IN 6co kat oto GN (Mivakag 3). Amd auth tnv amoyn, n
TIOWKIAOOPpd Ll TWV UTIOKELUEVWY TOVIOTNKE TIEPALTEPW e SLadOPETIKA ATOUA Vo areLlkovilouv
Slapopetiko eminedo kowwv cuVOECEWV. AVOAUTIKOTEPA, O UEYAAUTEPOC apPLOUOC KOwvV
ouvdéoewv mepthapBavotav otnv aAda lwvn (21,5%), Tou KUPOLVOTAV Ao ATOUA UE 7,8% EwC
47,37% koweg ouvoEaelg Petall IN kat GN. AvtiBeta, n {wvn yappo EUPAVLIOE TIC XOUUNAOTEPEC
opolBaia koweg ouvbeoels (16,3%), emdelkvUovTag WOTOCO ONUAVIIKO €UPoG (7,8% €wg

36,95%).
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Mivakog 3. Ot KoweEg ocuvdéoelg petall tou IN kat tou GN

Zwvn oUXVOTATWV Méoo nocootd! (%) EAdxLoTo Tocooto (%)MEyioto mooooto (%)

5ENTOL 175+6 10.00 29.09
orjta 183+7 9.76 32.06
S 21.5+11 7.8 47.37
Britat 18.4+6 10.54 35.14
VOO 163+7 7.80 36.95

LH turukn anokAlon napovotdletal SimAa ot HECN TTOCOOTLALA T HETA TO cUMBOAO .

8.5 2ulntnon

Ztnv nmapoloa UEAETN oToXeVOUUE va Katadeifoupe TIg OLattepdTNTECG TNG HETABANTOTNTAG
TWV UTIOKELUEVWYV 0T OUVOECLUOTNTA TOU eYKEPAAOU OE OXEON UE TNV KOTIWON TNG 0drynone.
Q¢ ek TOUTOU, UAOTIOLACOLE UL OAOKANPWHEVN avaAuon e eTikevipo to eykedaAlko Siktuo
yla kaBe UTOKelpevO TOU TPoékuPe péow plag HeBOSoU ypappkng maAwvépounong. H
avaAuorn pag SLEUKPIVIOE TNV KATAVOUN TWV KAIOEWV OVA UTIOKEIUEVO, OTTOKOAUTITOVTOG
TIANPOdOPLEC OXETIKA UE TN UETAPANTOTNTA KOl TG TACELG OTN SUVAULKN TNG OUVOECIUOTNTAG
el81Ka yla kaBe {wvn ouxvoTATwV. Autol ol SeiKTeG mapEXOUV MOAUTIUEG TANPOdOPLEG YLa TIG
OTIOXPWOELG TWV OXECEWV HETAEY TWV HOTIBWY cuxvoTNTAC Kol CUVSECIUOTNTAC OTO TTAALCLO
¢ KOMwong tng odrynonc. EmutAéov, N MPOoEyyLon HOC QVTIHETWTTEL TIC O paAAayEC OoTa
HEpOVWHEVA SiKTua Tou gyKedAAou, evioxuovtog £€tol tnv akpifela ¢ afloAdynong tng

Komwong, Aappdvovtag umoyn auteg TG Tapallayég avii va TG ayvoel. EmumAéov, o
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EVTOTILOMOG €VOG HLIKPOU UTIOOUVOAOU OSLOKPLITWY AKUWV SLKTUOU TOPOUGCLALEL ONUOVTLKA
TIAEOVEKTAMATA YLla ePpapUoyEC Ttou Baacilovtal og KvnToug atotntipeg, 16lwg oto mMAaiolo tng

armodoTIKOTNTAG, TNG BEATLOTOMOINONG TWV MOPWV KOL TNG EMEEEPYACLAG OE TPAYHUATIKO XPOVO.

Onwg avadépbnke MPONYoOUUEVWG, XPNOLUOTIOICAUE OVAAUCH YPOUULIKAG TTaAvdpounong
oTa AKkpa Tou SIKTUOoU PLI yla va EKTLURCOUE TG ONUOVTIKEG SLadOPEG UE LOVOTOVLKO TPOTIO.
QG €k TOUTOU UTIOBEoaUE OTL N OUVEXNC POCoO)X! Katd tnv odrynon Ba kataveéuel kat Ba
e€avtAel otaBepd TOUG TIEMEPACUEVOUG YVWOTIKOUG TOPOUG, TIPOKOAWVTAC avamopeUKTa
JuUxIk KOTwon HMe ouvexn TPOmo[166]. Qotdcoo, mMpoodateg UEAETEC avadEpouv pn
HOVOTOVLIKEG TAOELG avanmtuéng mou oxetilovtal Pe TNV KOMwon o€ atoulko eminedo [130],
[167]. Autd amodibetal otnv MpPocapuoyr) OTtnV KOMwWon n otnv autoppuBulon (mou
nepAapBavel kal epappolel OTPATNYLKEG KAl CUUTIEPLDOPEG yLa TNV TIPOANYN 1) TOV LETPLOCUO
TWV apVNTIKWVY ETIMTWOEWV TNG KOMwong), tn PeAtiotonoinon tng amodédoong ev pEow
ouvOnkwv mou TpokaAouv kénwon [168], [169]. Mapolo mou autd cupPaivel oe cevapla
TPAYUATIKWY ouvONKwv (METATOMION TOU €A€yXOU TNG TPOCOXNG TIOU TPOKOAE(TAL QTO
MPOOBETEC SpPAOTNPLOTNTEG, OMWG N TPoXwpPNUEVN e€olkelwon pe tov Spopo, N akpooon
HOUGLKAG I LECWV EVNUEPWONC, N pLUBULON TWV TapaBUPwWV, N avanpoocapuoyn tTnE 8£ong Tou
kaBlopartog k.Am.) [170], n peA€tn pag amookomouoe atnv afloAoynon tng YPuxLKAS KOTtwaong,
gotialovtag HOVO O€ TIELPAUATIKOUE TIAPAYOVTEG Kal OMOKAElovTag £ToL Aettoupyleg mou Sev
oxetilovtal Pe TNV KOMwaon. Amo autr tnv amoyn, EKTLULWVTOC ATTOKAELOTIKA TIC ONUOVTIKEG
ouvdEoelg TTou Ttapouctalouv auENTIKN A LELWTLKA Taon Kab' 0An tn SLApKeLa, UITOPOUUE Va
amodUYOUUE TNV EVOWHATWON XOPOAKTNPLOTIKWY KOMwong mou Ba pmopoucav va eivat

EOWTEPLKA pUOULTOMEVEG [129].
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‘Eva BaoLkO €UpnUa TNG MEAETNG MAG UTOYPOMUIZEL TNV ATIOTEAECUATIKOTNTA TWV ELSKWY
SIKTUWV yLa TNV avaAuon TN¢ SUVAULKNG TOU eyKEDAAOU TIOU OXETLIETAL LLE TNV KOTIWON, N oTola
udlotatal petaBolég katd tn SLdpKela TNG Epyaciog odriynong mou mpokaAel kénwaon. Auto
EMLONUAVONKe o€ OAeG TIG e€eTalOUEVEG {WVEG CUXVOTHTWYV, YEYOVOC TIOU ETILREPRALWVETOL E TLG
HEAETEG AELTOUPYLKN G OUVOECLUOTNTAC YLa TNV KOTwon tng odnynong [171], [172]. Ocov adopa
TIC KOWVEG OUVOEDELG HETAEY OAWV TWV UTIOKELUEVWY, N {wvn aAda epdavios tnv upnAdtepn
gvalobnola kabwg emektelvetal n mpooopoiwaon odrynong. Autd umootnpiletal and AAAeS
HEAETEG, avadEPOVTAG ONUAVTIKEG HeETABOAEC otn {wvn cuxvotntwv aAda [173]. H avaAuon
TWV Kowwv (og mooooto > 40% twv umokelpévwy) cuvdéoswv PLI mapouciaoce aplotepn
TmAgupomnoinon, n omoia Ba pmopoUoe eVOEXOUEVWCE VO €lvol €VOEIKTIK OUYKEKPLUEVWV
YVWOTLKWV SLEPYOOLWYV TIOU OXETL{OVTAL LE TNV KOTIWON, TOAVWE OXETW{OPEVWV LIE TNV TTPOCOXH
KaL tnv gypriyopon[174]. AvtiBeta, to 6€€L10 nuLodaiplo MopoucLalel CUYKPLTIKA XoNAGTEPN
ouxvotnta PetafoAwy, yeyovog mou UTIoSNAWVEL pLa L6LKA yla To NULodaiplo anodkpLon otnv
npokaAoupevn amd tnv obnywkn komwon[130]. Eivat evbiadépov OtL n MAsOVOTNTA TWV
ONUAVTIKWV ota dakpa TN {wvng adda Nnrtav dtanuiodalplkeg, Eéva potifo mou cuudwvel pe
mapopoleg peAéteg [175]. Ocov adopd TG KoweEG ouvdéaelg TG Lwvng Bnta, n mMAsoPnodia
EVTOTILOTNKE OTN PETWTTLOLA KOL TIPOUETWTTLALA TIEPLOXN TOU EYKEDAAOU, EVBUYPAUULLOMEVN UE
TO gUpUaTa tponyoUevwY epeuvwy [138], [176], [177]. Nepattépw avaAucon amokaAue pa
0€LOONUELWTN ETUKPATNON OUVOECEWV KATA HUAKOG TWV TIEPLOXWV TNC UEONG YPAUUNG TOU
eykedalou. Autr n e€€xovoa B€on unoypappilel tov mBavo poAo toug otn StapecoAdpnon
TWV YVWOTIKWV Slepyaolwv (Omwe n mpoooxn KoL N EKTEAECTIKN Asltoupyia), umtodnAwvovtog
LLOL CUYKEKPLUEVN gvaoBnoia n evalobnolo Twv SoHwV TNG LECNG YPAUUNG O dANAYEC OTN

OUVOECLUOTNTA TIOU TIPOKAAEitaLl amo tnv konwon [178]. H wvn Bnta mapouctalsl pia
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gexwpLoTn Taon Ue LeTaBoAEg ou meplopilovtal Kupilwg evtog Tou (Slou nuiodatpiov. Auti n
napatnpnon umoypauuilet tnv mbavn mepidepelakn e€elSikeuon TOU EVUTIAPXEL OTIC
HETABOAEG TNG ouxvoTtntag Brta, umtodnAwvovtag OTL oL UETOBOAEG OTIC TAAAVIWOELS BrTa
UTOPEL vaL ELVaL TILO CUYKEVTPWEVEG EVTOG CUYKEKPLUEVWV EYKEPAALKWV TIEPLOXWV 1) SIKTUWV
[179], [180]. EmumAéov, oto mAaiolo TNG KOMwWONG ToU TpokaAeital amd tnv odnynon,
UTtOSEIKVUEL OTL N AslToupyikn avadlopydvwaon tou eykedAlou, WIwE EVIOG CUYKEKPLUEVWV
nuiodatpiwv, Ba pmopouvoe va Sladpapatiosl Kpiowo polo otn Stapdpdwon TNG VEUPLKAG
Spaotnplotntag mou oxetiletal pe TV komwon [181]. H Slakpltr) XwpLKrn mpotipnon mou
OVLXVEUETOL EVIOG TWV {WVWV CUXVOTATWY SEATA Kal yappa (e €vTovo avtiktumo oto 6e€lo
nuiodaiplo), onuatodotel Eva CUYKEKPLUEVO LOTIBO pooapuoywyv cuvéeauotTnTag. Autod To
gUpnUO UTIOYPAUULEL TNV TtepimAokn aAAnAemiSpaon HETAU TWV VEUPWVIKWY SIKTUWV TNG
Suvapuikng tou eykedalou xapunAng kot unARg cuxvotntag, pixvovrag dwg oTov TPOTO UE ToV
oroio ol nuodapkég Stadopég cUBAANOUY 0T GUVOALKH CUVOECLUOTNTO KOLL TLG ETIUTTWOELS
NG OTI{ YVWOTIKEG Slepyaoieg kol cupmepldopeg, WOlwe o mMAailola OMwG N KOTMwWoN NG

06ynong, 0mou o akpLBG VEUPWVIKOG CUVTOVIOUOG eival upiotng onuaoiag [182], [183].

Itnv avaAluon GN, yivetal epdaveg ot n {wvn déAta mapouotalel to uPnAOTEPO MOCOOTO
ONUAVTLKA TpoTtoTMolNUEVWY cuvdEéoewv. Auto Ba pmopouos va urtodnAwvel uTtvnAia, Tou
ouvdéetal otabepa pe tn {wvn 6€Ata, n omola gival éva KaAd TEKUNPLWHEVO POLVOUEVO TIOU
mapatnpeital cuxva Katd tn SLAPKELQ TTAPATETAUEVWY TTEPLOSWV 0drynonc [184]-[186]. Afitel
Va ONUELWOEL WOTOOO OTL AUTH N CUCXETLON HETALL TNC Spaotnplotntag tng {wvng S€ATa Kot
™¢ unvnAiag dev elval epdavig otnv avaluon mou mpaypatonoidnke oto IN. Auto To

evbladpEpov elpnua uTOypapuilel TN ONUAVTIKY TOWKIAOMOPdIO TWV UTIOKELUEVWY OTNV
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EUMELPLA TNG UTVNALOG KATA TN SLAPKELA TWV TTEPAUATWY 08rynong, pixvovtag £tol dwg oTLg

TIOLKIAEG EMOPACELG TNG ATOULKOTNTAG OTO MAALOLO TNG MOPoUcaGg LEAETNG.

H mepattépw Slepevvnon tng e€atoulkeuévng ouvdeouotnTog mou oxetiletal pe to GN
armokdAU e emiong TG €LOIKEG Yl TO UTIOKEIPEVO TIOAUTTIAOKOTNTEG TNG aloAdynong Ing
KOTIwoN¢ oTo MAALoLo TNG KOmwong tng odnynong. Q¢ ek ToUTOU, 0 HECOG APLOUOC TWV PECWV
ouvO£oewv SIKTUOU TIOU avTavakAoUV oTo eyKePaAlkO Siktuo tou Kabe atopou (1/5 twv
OUVOALKWV OUVOECEWV) Ttapouctalel TaPaAAayEG Twv EMPEPOUG SOopwv SiKTUou. AuTO
ouVAOEL HE AAAEC OXETIKEG EPEUVNTIKEG epyaoieg mou SnAwvouv OTL Ta péoa SikTua OTLG
QVAAUOELG AELTOUPYLKAG OUVOECLUOTNTAG EVOEXETAL VO UNV OTTOKOAUTITOUV TLG TIPOYHOTIKEG
avefdptnteg Sladikaoie¢ twv avBpwrivwv eykedbaAikwy Siktuwv [187], [188]. Itnv
TPAYUATIKOTNTA, TIPOohATEG HEAETEG €XOUV EMLONUAVEL TO ONUOVTIKO MPEyeBog tng Sla-
QTOULIKAG Slakupavong tng oXVoG TNG AETOUPYLIKNG OUVEECLUOTNTAG, TOU EETEPVA TIG
SLOKU LAVOELG TTOU TTAPATNPOUVTAL EVTOG TWV UTIOKELUEVWYV 0 SLadOPETIKES KaTaoTdoeLg [189].
AUTO uTtoypappilel tnv O€a OtL N LETAPANTOTNTA TNG AELTOUPYLKAG CUVOESIUOTNTAC AELTOUPYEL
WG UETPLKNA OF ETUMESO XAPAKTNPLOTIKWY, LKAVA Vo cuoxeTiletal pe Stadopa pPETpa os eninedo
XOPOAKTNPLOTIKWY UETAEY TWV OTOUWV. ETUITAEOV, VoG ONUAVTIKOG OYKOC EPEVVWV TEKUNPLWVEL
Vv arnoPn OTL OUTEC oL SLOKUHAVOEL CUVOEOVTOL TIPAYUATL UE ATOMKEC SladopéC OTLC

YVWOTLKEG Aettoupyieg [190], [191].

H aAAnAemnidpaon petalu IN kat GN sival {wTKAG ONUOCLAG YLa TNV KATAVONoN TNG VEUPLKAG
Bdong tng 0dnyLkAG kKOGMwaong. H vonTikr KOmwaon ennPeAlel TOOO TLG EVIOTILOUEVEG EYKEDAALKEG
6pacTNPLOTNTEG OO0 KL TIG VEUPWVLKEG AAANAETILOpACELG eEYAANG KALpaKkag, Sltatapdooovtag
TN AELTOUPYLKN OAOKARPWON MOV Elval amapaitnTn yla tnv anoteAeopatiki odriynon [192]. Ito

TAQLOLO QUTAG TNG LEAETNG, N LETOPANTOTNTA TWV UTIOKELLEVWVY TIOU TIOPATNPABONKE KATA TNV
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avaAuon twv potifwv IN Kot Twv cuoxetioewv Toug He To GN (UE OPLOUEVOUG CUHMETEXOVTEG
va epdavilouv onUavTLKn Helwaon TG ouvSeoudTnTaG, VW AAAOL va dlatnpouv o otabepd
potifa) urmtodnAwvel OTL N KOMwon ennpedlel TNV eyKePaALK CUVEECLUOTNTA UE SLOPOPETIKO
Tpomo ota diadopa dtopa. Oplopéva ATOPA EVOEXETAL VA XPNOLUOTIOLOUV TIPOCAPHOOCTIKEG
OTPATNYLKEG VLA VO OVTILETWITIOOUV TNV KOTIwoNn (Omw¢ n XprHon VONTIKWV TEXVLKWV YLa TN
Slatripnon ¢ gypnyopong), cupBarlovtag £ToL OTIC ATOULKEG SladopEC otnv eualobnoia
OTNV KOTWON KOl OTIC VEUPLKEG avTdpaoelg [193]. Ot HEANOVTIKEG EPYAOIEC UMOPOUV val
TPOOodEPOUV MOAUTIUES TANPOPOPLEC OYETLKA LE TOUG VEUPLKOUG LNXOVLOUOUG TTOU SLETTOUV TNV
KOTwon tng odnynong avaloya UE TO UTIOKELPEVO Kal va avamtuéouv MapeUPACELC yla TOV

HETPLAOUO TWV ETUTTWOEWVY TNG.

AapBavovtag umoyn ta mapanavw, Unopei va cuvaxBel OtL n avdluon katd dtopo Ba
UMOPOUCE va EVIOXUOEL TN XPNOLULOTNTA TNG QViXVELUONG TNG KOTIWONG KAtd Tnv 0dnynon. Me
TNV LEPAPXNON TWV TILO CXETIKWYV OKUWV ToU SLIKTUOoU, oL epapuoyEC mou Bacilovtal o€ KLvnToug
aoBNTAPECG UmopoLv va EAyouv ypryopa onUavtikd potifa i avwuadieg and ta dedopéva
aLodBNTAPWY, ETUTPEMOVTOG TNV TOXELD AVTATIOKPLON O HETABOAANOUEVEC GUVONKEG N yEYOVOTA.
ErtutAéov, n taxutepn petadoon kat avaAuon SedopEvwy TTOU TIPOKUTITEL Ao TNV £0TLOON OE
€Va ULKPO UTIOOUVOAO OKUWV SIKTUOU CUUPBAAAEL 0 TaXUTEPEG YVWOELG KOL QELOTIOLOLUES
TAnpodopiec. AUTA, 08 GUVOUOOUO HE TIC LETPLKEG SIKTUOU (AOYW TWV K XOPAKTNPLOTIKWY OTLG
KATAOTAOELS KOTwonG [146]) Ba pmopoloav va €VIOXUOOUV ONUOVTIKA TNV avamtuén rmio
OTTOTEAECUATIKWY KoL OmOSOTIKWY WG TPOC TOUC TIOPOUC £PAPUOYWVY TIOU HUIOPOUV val

OVTIUETWTTIOOUV £€va eUpU GACHA TIPOKANCEWV TOU TIPAYUATIKOU KOGHOU.

Oplopévol eploplopol mpémnet va AndBouv umoPn KaTd TNV EPUNVELD TWV ATOTEAECUATWY TNG

napovoag HEAETNG. Mpwtov, N MEAETN MAG EVOWUATWOE OIMOKAELOTIKA AvOpeg. AUTo
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uhomowBnke Aoyw NG otabepd avadepouevng LMOPENG oefouaAkol Sluopdlopol OTIG
SopEC Tou eykepdlou mou Ba umopoucav va cUUPBAaAouv oe SLaPOPOTOLOEL OTN
CUUTEPLPOPA KL T YVWOTIKN Aettoupyia[194]. Me tnv eyypadr LOVO avEpWV CUUETEXOVTWY
emSLWEAUE va SLEPEVVIICOUE TOV EYYEVH AVTIKTUTIO TNG VONTLKNAG KOTIWONG, aveEapTNTA o
TuOaveég emppoéC mou oxetilovtal pe to ¢UAo. Evag AAAOG ONUAVTLKOG TIEPLOPLOUOG Elval TO
OXETLKA KPO HEYEBOC Tou Selypatog (av Ko TIPOOEKTIKA ETUAEYUEVO), TO OTIOL0 EVOEXETAL VOl
O£TEL MEPLOPLOUOUG OTN YEVIKEUCLUOTNTO TWV EUPNUATWV. MepalTépw Epeuva PE PeyalUTEpQ
Kal 1o Sladopetika delypata, mou Ba EVOWUATWVOUV TPpAyUATIKEC cuvOnkeg odrynong, Ba
elval amapaitnTn yla tTnv EMIKUPWON KAl TNV EMEKTACN TWV EUPNUATWY UAG.

8.6 Zuumnepaopata

H HEAETN ETUKEVIPWVETAL OTN ONUACLO TWV ELIKWV EYKEDAALKWY SIKTUWV yla TV KATavonon
™S SUVAULKNC TNG CUVOECLUOTNTAC TTOU OXETLIETAL LE TNV KOTIWaoN TG odrynonc. Ta euprpata
ouTa avadelkvOouv TN METAPANTOTNTA TWV HEUOVWHEVWY €eyKEPAAIKWY SIKTUWV o€
SlapopeTIkEG LWVEC CUXVOTATWY, PixvovTtag Gpwe OTIG OXECELG UETAEY TNG OUXVOTNTAC KOL TWV
HoTiBwv ocuvdeoiudTnTOC 0TO MAALCLO TNG AfLloAOYNONG TNG KOMWonC. Eotlalovtag o€ SLOKPLTEG
OKMEG OSIKTUWV KAl XPNOLUOTIOLWVTOG avAAUCH YPAUUKAG ToAWOpoOunong, n MeEAETN
avadelkVUEL TIG SuVATOTNTEG TWV EWOKWVY yla KABe uttokeipevo SIKTUWV 0TV avAAUGCn TNG
Suvapulkng tou eykedpdlou mou oxetiletal pe TNV KOMwon. EmutAéov, 0 eVIOMIOUOG KOWWWVY
ouVOEcEWV UETOED TWV CUMUETEXOVTWVY TIOPEXEL TTANPOGDOPLEC yla TNV EAAXLOTOTIONGCN TOU
XWPOU XOPAKTNPLOTIKWY, BETOVTAC TIC BACELS YLA TNV ATIOTEAECUATIKA avixveuon KOMwaong He

™ xpnon edappoywv mou Bacilovrat o€ Kvntolg aloOnTrpEg.
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KepaAalo S

Avixveuon koOmwong kata tnv odnynon HE EVIOTLOMO

Tty WV

9.1 MeBoboloyia

21N UEAETN HAG, XPNOLUOTIOL)COUE TIPONYUEVEG TEXVLKEG EVIOTILOUOU TINYNG, CUYKEKPLUEVA TN
HnEBodo eLORETA, yla tnv avaiuon 6edopévwv nAektpoeykedaloypadniuatog (EEG) yia tnv
EKTLHNON TNG KOTWoN¢ kata tnv odnynon. H texvikr eLORETA mpoodépel akpLPr) eVTOMIOUO TNG
EVKEDOAALKNG OpaOTNPLOTNTOG TOU OXETWETAL HE TNV KOTWON, TOPEXOVTOG TIOAUTLUEG
TANPOdOPIEC Yyla TIC VEUPLKEG OUOXETIOELG QUTNC TNG Koataotaong [195]. Adyw Tou
TPOPBANUATOG TNC aywyrn g OYKOU, N EVEPYOTIOLNON TWV TEPLOXWV TOU EYKEGAAOU TTOU EKTLUATOL
oo TIG KataypadEC Tou TPLXWTOU TNG KEGAANG UTTOPEL va NV elvat amoAUTwE akpLpng, Kabwg
TO NAEKTPIKA ONUOTO TIOU TIPOEPXOVIAL OO TINYEG EVIOC TOU €yKEPAAOU HMOPOUV va
aviyveuBolv amd ToAAOUG KovtvoUg auoBntipeg. Mo TNV QVILETWILON OUTOU TOU
TPOPANUATOG, ULOBETNCOUE ML TIPOCEYYLON TOPOUOLO PE €KE(VN TIOU XpPNOoLUOTOLRONKE
ota[196], [197] , n onola mepAapPAveL TNV EKTIUNON TNG EVEPYOTIOLINCNG TOU EyKEPAAOU TTOU
evtorniletal otnv mnyn yla kaBs {wvn CUXVOTATWV KOl OTN CUVEXELA TNV KOTOOKEUN €VOG
dAowwdoug AeltoupylkoU  OSLKTUOU. ZUYKEKPLUEVA, €POPUOOTNKE 1N aKpLBAG TEXVIKA
NAEKTPOUOYVNTIKNAG Topoypadiag xapnAng availuong (eLORETA) [82] oto medio Tng ouxvotnTog
yla tnv tpoPoAn twv emupavelakwy kataypadwv HET otig avtiotowxeg evdoeykedaAkeég NyEG.

H &adikaoia autr) ulomolwBnke pe tn xprnon tng epyalelodnkng FieldTrip tou MATLAB [198].
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XpnollomotnOnkKe pia TUTILK €lKOVa ipoTtUTou T1 amo tnv epyaielodrikn SPM8 [199], n omnoia
KOTOTUNONKE 0€ LOTOUG TOU TPLXWTOU TNG KePaAng, Tou eykePAAOu Kol TOU Kpaviou.
Anpoupyndnke €va HOVTEAO QyWYLLOTNTOCG OYKOU HE TIPOETUAEYUEVEG TUMEG AYWYLLOTNTAG
totoU (0,33 S/m yLa To TPYXWTO TNG KEDAANG Kal Tov eykédalo kat 0,008 S/m yia to kpavio). Ot
B£0e1G TwV NAEKTPOSILWV ATIELKOVIOTNKAV OTO TPLXWTO TNG KEGAANG KAL OL TINYEC MEPLOPLlOTNKAV
otn ¢awd ovoia. MNa kabe dokun, e€nyoue to paoua oxvog yla kabe kavaAl HEM kat To
Slaotaupolpevo paopa PeTaly OAwv Twv leuywv KavaAlwv HET yia ti¢ {wveg cuxvotATwy
6€Ata (1-4 Hz), Onta (4-7 Hz), aAda (8-12 Hz), frita (13-30 Hz) xpnowonowwvtag pla pébodo
multitaper pe napdaBbupo Hanning. ITn CUVEXELQ, O EVIOTILOUOG TNG TINYNG TTPAYLATOTOLRONKE
XPNOLLOTIOLWVTOG Ta GACUATIKA SES0UEVA YLOL TOV UTTOAOYLOUO TNG TIUKVOTNTAG PEVUOTOC yLot
kaBe PpAolo voxel oto medio tng cuxvotntag, onwg neplypddetal oto [200]. Auto mapnyays
ELKOVEC evepyoTtoinong yla KABe Sokiur kot {wvn cuxvotNTwy, anoteAoUUEVEC amod 6239 voxels

0€ XWPLKN availuon 5 mm.

Ta anoteAéopata TNG GACHATIKAG TTUKVOTNTAC PEUHUATOG TUNUATOTOWONKAV TEPALTEPW OF
116 meplox€g Tou eykedAAOU Ue BAON TOV ATAQVTO QUTOUOTNG AVOTOULKNG emionavong (AAL)
[201]. Ma tnv avaiuon ertA€xOnkav 80 eyKeDAALKEG TIEPLOXEG TIOU AVTLOTOLXOUV 0 GAOLWSELC

TLEPLOXEC, EVW OL UTTOAOLTIEG 36 UTTOPAOLWSELG Kal TtapeyKEDAALSIKEC TIEPLOXEC ATIOKAELOTNKAV.

TEANOG, N AELTOUPYLKA OUVOECLUOTNTA EKTIUNONKE XPNOLUOTOWWVTAG TN CuoxEtlon Pearson,
YVWOTHA YLOL TNV ATIOTEAECUATIKOTNTA TNG OTOV ITPOCOLOPLOUO TWV TOTIOAOY LWV TOU eyKEPAALKOU
SktoU TOOO OTNV KatdoTtacn npepiag 6co kat oe SladopeC YVWOTIKEG KataoTtdacelg [202]. Ot
TLLEG TNG TTUKVOTNTOG Ao KAOE pepovwpévn SoKLR cuvevwOnkav o€ €va eviaio Stavuoua ava

TiepLloxn Tou eykedAAou yLa KaBe Lwvn CUXVOTATWY, EPYACLO KOL UTIOKELEVO.
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Baowlopevol oe auto to Bepéllo, xpnolpomnotoape diktua pe deiktn votépnong daong (PLI)
yla v afloAoynon tng AELToupylkng ouveeoluotnTtag UeTaly Sladopwv mMepLOXwY TOU
eykedpalouv. O PLI eival Slaitepa MAEOVEKTIKOG yLa TNV LKOWVOTNTA TOU VA EAAXLOTOTOLEL TN
uepoAnyio amod v aywyn Oykou, BeAtiwvoviag £T0L TNV afloTioTio Twv afloAOYHOEWV
ouvdeowpotntag [203]. Ta e€ayoueva Oiktua PLI avamopiotavial wg OTAOULOUEVOL, HNn
KatevBuvopEevoL TpLywVLIKoL Ttivakeg yettviaong (80 x 80 otnv mapoloa HEAETN). TN OUVEXELA
KATAOKEUAOTNKE €va Aeltoupylkd Siktuo umoAoyilovtag Toug ouvteAeoTéC PLI petall twv
TIUKVOTHTWV PEVHATOC KABe {eUyoug eykedallkwy meploxwyv. Auth n dtadikaocio odnynoe oe
42 pepovwpéva delypata (21 atopa x 2 paoelg), mapayovrag 15.800 TIHEC ouVOESIUOTNTAC
TIOU XPNOLUOTORONKOV WC XapAKTNPELOTIKA Taflvopnong (3.160 TIpéC yia KABe pia amod Tig

Té00epL¢ {WVEG CUXVOTATWY, UTIOAOYLOMEVECG WG 80 % (80-1) / 2).

Me TNV €VOWUATWON OoUTWV Twv peBobdoAoylwv He aAyopiBUouG pNnxavikng uadnong,
OTOXeVOQPE OTNV AvATTUEN €VOC LoXupPoU TAQLCLOU ylol TNV aviXveuon tng KOmMwong Tng
06nynong . O KUPLOG 0TOXOC ATAV VA TIPOCSLOPLOTEL TO UTTOCUVOAO TWV XOPAKTNPLOTIKWY TIOU
Ba amédide TNV uPnAotepn akpifela Tafvopunong. Mo va TO EMITUXOUUE OUTO,
XPNOLLOTIOLNOAUE TaVOUNTEG He Ttupriva tov RBF-RFE yla va mpoodlopiooupe tn BEATIOTN
anodoon taflvopnong. Ot HETPLKEG Taflvopnong, cupneplAapfavopévng tng akpifelag, tng
gualobnolag Kal tng eldkoTNTOG, UToAoyloTnKav Kat afloAoyndnkav XpnoLUOTOLWVTAC KL
TIPOOEYYLON SLAOTAUPOUUEVNG ETILKUPWONG leave-one-out. Mo tnv a§LloAdynon TnG OTATLOTIKAG
onuaociag tng akpifelag, mpaypatonotiOnkav 1.000 SOKUEC HETATPOTG OTLG ETIKETEC TWV
KAQOEWV ylo. TN Snuoupyla P0G EUMELPIKAG KATAVOUNG TG akpifelag tafivopnong. Xtn
OUVEXELQ, TIOPOUGCLALOVTOL TO ATOTEAECATA TOEWVONGCNG KAL TA UTTOGUVOAQ XOPOLKTN PLOTIKWY
and Toug OSladopetikols TaflvounTéG ToOU  XpnowdomoliOnkav. OAol oL aAyoplBuot
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avamntuxbnkav Kal eKTeEAECTNKAV HE TN Xprion tou MATLAB 2022b (Mathworks Inc., HMA). Autn
N MPOCEYYLON OXL LOVO BEATLWVEL TNV aKpiBeLla TNG eKTIUNONG TNG KOMWOoNG, aAAG SleUKOAUVEL
EMIONG TOV EVIOTILOUO TWV KPIOLWYV TIEPLOXWV TOU EYKEPAAOU TIOU EUIMAEKOVTOL OTNV KOTIWAN,
OUMBAANOVTAG TEAIKA OTNV QVANTUEN QTTOTEAECUOTIKWY OVTLLETPWY yla TNV €vioxuon tng

aodpaAelag Twv odnywv [204].

9.2 AnoteAéopata

H tagwvopunon Tou vonTIKAG KOTIWONG TIPOYHATONOLONKE HE TN XPrion XAPaKTNPLOTIKWY TTOU
e€nxOnoav amnod tn cuvdeouodtnta PLI. Ta uTtooUVOAQ XOPAKTNPLOTLKWY TOU emunédou ¢popToU
gpyaoiog mou mEtuxav tv uPnAotepn akpifela oe atoutko emninedo cuumneplAnddnkav otnv

noAuvtalikn tafvounon (Mivakag 2).

JUYKEKPLUEVA, , N KoAUTepn amodoon emutelxOnke xpnowwomowwvtag 7, 10, 35 kat 3
XOPAKTNPLOTIKA, UE Héon akpifela peyaAutepn tou 0.93, 0.93 0.88 kat 0.95 yia TG LWVeG
ocuxvotntwy &éAta, Bnta aAda kal BrAta avtiotolya yla 6Aoug toug Taglvounteg. EmutAéov, to
UTTIOGUVOAO XOPOKTNPLOTIKWY yla TNV ToAUTAgIk) avaAuon, mou amoteAovose ocuvbuacuod
autwv, epAdppave 53 xapaktnplotikd (1 kowo) anod 55 povadikég meploxeg evdladpEpovtog
(ROIs) kat métuxe akpifeta 0.82 (p < 0.001) (evawoBnoia = 0.82, eldkotnta = 0.91), evw 26
Slaotdoelg umoxwpou Kal 30 ekmaldeutég aflodoynBnkav wg PEATLOTEG TTAPAUETPOL. ITOUG
TIAPOKATW TiivoKeG emiSelkvUovtol to amoteAéopata tou RFE-CBR pe tn xprnon mévte

SL0POPETIKWV TAELVOUNTWV
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Mivakog 4 Anodoon tou RFE CBR pe xpron Stadopetikwy Tafvountwy otn AsAta Zwvn

JUXVOTNTWV
Tavountég AkpiBela Eldkotnta EvawoBbnoia
KNN 0,97619 0,952381 1
SVM-RBF 0,928571 0,857143 1
LDA 0,97619 1 0,952381
Random Forest 0,97619 1 0,952381
SVM Linear 0,928571 0,857143 1

Mivakog 5 Amodoon tou RFE CBR pe xprion StadopeTikwy Tafvountwy otn Onta Zwvn

JUXVOTATWV
Talvountég AkpiBela Eldkotnta EvaloBbnoia
KNN 0,952381 0,904762 1
SVM-RBF 0,952381 0,904762 1
LDA 0,97619 1 0,952381
Random Forest 0,928571 0,857143 1
SVM Linear 0,952381 0,904762 1

Mivakag 6 Amodoon tou RFE CBR e xprion Stadopetikwy tafvountwy otnv AAda Zwvn

JUXVOTATWV
Tafwvountég AkpiBela EldkoTnTal EvaioBnoia
KNN 0,97619 0,952381 1
SVM-RBF 0,97619 1 0,952381
LDA 0,880952 0,952381 0,809524
Random Forest 0,928571 0,904762 0,952381
SVM Linear 0,97619 1 0,952381

Mivakag 7 Amodoon tou RFE CBR pe xprion Stadopetikwyv taflvountwy otn BAta Zwvn

ZUXVOTATWVY
Tafwvountég AkpiBela EldkotnTal EvaioBnoia
KNN 0,97619 0,952381 1
SVM-RBF 0,952381 0,904762 1
LDA 0,952381 0,952381 0,952381
Random Forest 0,952381 0,952381 0,904762
SVM Linear 0,952381 0,904762 1

BaoelL tng avaAuong OAwv Twv {wVwVv CUXVOTTWV, TO TTPOTUTIO. CUVSEGIUOTNTAC OTTOKOAUTITOUV

SLOKPLTA XOPAKTNPLOTIKA KAl KUPLOPXEG TIEPLOXEG Yia KABE Twvn.
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MNa tn {wvn 6éAta, avaAubnkav 7 ouvdéoels. Alo auteg, 2 cuvbEoelg (28.57%) evtoniotnkav
QMOKAELOTIKA OTO apLoTEPO NuLodaiplo, 2 cuvbéoelg (28.57%) oto 6e€l nuiodaiplo kat 3
ouvdéoelg (42.86%) ntav Sanuiodaiplkeég. H avaluon avédelée Tiq meploxég cingulum
(meploxn tawiag) kat frontal (LeTwmiaia teploxn) we KUPLaPXOUG CUVTEAECTEG, e TNV cingulum
(meploxn tawiog) va cuppetéxel oto 28.57% twv ouvbéoewv kal tnv frontal (petwriaio

TiepLoyxn) oto 42.86%.

Ma ™ {wvn Bnta, avaAudnkav 10 cuvéoelg. ATd auTEg, 2 ouvdéoelg (20%) evtomioTnkav oto
aplotepo nulodaiplo, 3 ouvdéoelg (30%) oto defl nuiodaiplo kat 5 cuvdeoelg (50%) ntav
Slanuodatpikég. H meploxn cingulum (meploxn tawiag) avadeixbnke wg n mo Kuplapxn,
OUMUETEXOVTOG 0TO 30% TwV OUVEETEWY, EVW N TEPLOXN parahippocampal (mapaimmokauniog)

ouppueteixe oto 40%.

MNa ™ {wvn aAda, avaAuOnkav 35 cuvdéoelg. Amo auteg, 14 ocuvdéaelg (40%) ATav eViog Tou
aplotepoul nuodatpiou, 4 ouvdéoels (11.43%) evtoc tou Se€lov nuiodatpiou kat 17 cuveEoelg
(48.57%) nrav danuiodalptkes. H o kupiapxn meptoxn nrav n frontal (Letwmiatia meploxn),
OUMPETEXOVTAC 0TO 20% Twv ouvdéoswv. OL meploxég frontal (petwmiaia meploxn) Kot rectus
(opBn meploxn) Atav emiong ONUAVTIKEG, CUMHETEXOVTAG oto 17.14% kot 14.29% twv

ouvdéoswv avtiotolya.

MNa ™ {wvn BAta, avaluBnkav 3 cuvdéoelg. Ao auteg, 2 ouvdéoels (66.67%) evtomiotnkav
oTo aplotepd nuiodaipto kot 1 cuvdeon (33.33%) nNrav Stanuodatlpiki. H meploxn frontal
(neTwmaia meploxn) ATav n mo cuppetéxovoa, epdavilOpevn oto 66.67% Twv CUVOECEWY,
evw oL meploxég fusiform (atpaktoeldng meploxn) kat postcentral (HeTaKevIpKr TepLloxn)

ouvéBaAav oto 33.33% n kaBepia.
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JUVOALKA, N avaAuon KotadelkvUeL OTL N Stanuiodalplky cuveeoIUOTNTA TALlEL ONUAVTIKO
pOAo o OAeg TG {wveg, WLaitepa ot {wveg aida katl Bnta, 6mou aviiotolxel oto 48.57% kal
50% twv cuvdéoewv avtiotola. Ot {wveg SéAta kal Brita epdavilouv o Looppomnuevn n
TOTUKI) OUVOESLUOTNTA. OLTILO CUXVA EUTTAEKOLEVEG TIEPLOXEG OE OAEG TLG {WVEC TtepAAUBAvouV
¢ frontal (petwmaia meploxn), cingulum (meploxy towioag) kot parahippocampal
(mapainmnokaumniog), umoypappilovtag Tn onpocia Toug otn AETOUPYLKN CUVSECIUOTNTA TOU
dAolou.

9.3 Zuumnepaopata

OpLOPEVEC TITUXEG TNG MEAETNG TpEmel va AndOBouv umoyPn KATA TNV EPUNVEIA Twv
OTOTEAECUATWY TNCG Tapouoag HEAETNG. To AOYLOULKO eviomiopol mnywv eLORETA 6&ev
Aappavel umtoYn TNV ATOULKN avaTopia Tou eyKeEPANOU TWV CUUUETEXOVTWV. MPOKELUEVOUL Va
€\QXLOTOTIOLOOUE TO OPAAUA EKTIHNONG KAL VO LETPLACOULE TOV eVOEXOUEVO AavOaoUEVO
EVTOTILOLO, XPNOLUOTIO|CAE LEYAAEC TIEPLOXEG YL TNV TtapaBoAr Tou pAolou. EmumAéov, Adyw
™¢ ouxvng pepoAniag tou BaBoucg Twv peBOSWV evtomiopol MNYywv, cUUMEPAABAUE POVO
dAoOWBELG TIEPLOXEC TOU eykepAAOU OTNV QVAAUCH MOG, OMOKAELOVTOG OTn OUVEXEL
urtopAoLwSEeLG Kal TapeYKEDAALOLKEG TIEPLOXEG TOU eYKEDAAOU. 2TO MAALCLO AUTO, TIEPLOXEG TOU
eykedaAou pe afloonueiwto poOAo 0Tn XWELKN HVAKN KAl TNV TAORYNON, OTWE O LIIMOKAUTTOG
[67], 6ev ocuumepAndOnkav otnv ektipnon tng AETOUpPyLKRG ouvdeoluotntacg. Emopévweg,
amattouvtal PHEANOVTIKEG UEAETEC Tou Ba pmopoloav va BEATLWOOUV TNV EKTiUNON TOU
gvToTopol TNywv, yla va emniBefalwbolv ta gupfuatd pag Kol vo SLEUKPLVLOTOUV oL
erubpaoelg tou ¢optou epyaociag ava umokeipevo.  Ta AapPavopeva  pHETpPA  TNG
ouvdeoluotnNTag tou ¢GAool XpnolhomolouvTal yla Tn olykplon Twv  SLodopeTIKwY

KATALOTACEWV VONTLKAG KOTIWONG KOLL TIAPEXOUV CGNUOVTIKA XOPAKTNPLOTIKA yLa TNV TalvOUNnon
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TouG. To mMAaiold HaG KOTAPEPE VA ATELKOVIOEL OPKETEG KOLWVEG Kal SLAdOPETIKEG ITUXEC TNG
VONTIKNAG KOTIWONG OE OXEoN UE TIG SUO KATAOTAOELG, HE amotéAeoua tnv upnAn akpifela
TaflvOUNONG KoL TNV OIMOPOVWON €VOG MIKPOU 0plBpol otolxeiwv Pe uPnAn Slakplrikn

LKavoTNIA.

H napoloa PeAETn avéEAUCE TN AELTOUPYLKA OUVOECLUOTNTA TOU gyKePAAoU KaTA Tn SLdpKeLa
VONTLKAG KOTIWONC TTOU TIPOKAAE(TaL amo tnv 06riynon, Aappavovtag urmtodn Ta XapaKTnpLoTIKA
Twv {WVWV oUXVOTATWV Onwg Tmeplypadovtat otn BiBAloypadia[202]. Itn {wvn CUXVOTATWV
S6€Ata [205], mou cuvdéetal pe apyols puBUoUC KL TNV ETMKOWVWVIA LETOEY OMOUOKPUOUEVWY
neploxwyv, avoAubnkav 7 ouvdéoelg. OL Sanuiodatplkég ouvdeoelg (42.86%) kuplapyxouv,
umodeLkvuovTtag Tov polo ¢ Lwvng otn dlatipnon tng BAolkAG cUVEECIUOTNTAG KOTA TNV
konwon [184]. O meploxég cingulum (meploxn wvng), OV eKTELVETAL LETOED TOU UETWTILALIOU
Kal Tou kpotadikol AofBou, kal frontal (Letwmiaiog AoBog) avadeixBnkav wg kuplapxol koppot,
YEYOVOC TtoU eTUREBALWVEL TN CUMUPETOXN TOUG OTN pUBULON TNG EYPYOPONG KAL TNG ATtOKPLONG,
Baolkd otolxeia yla tnv acdain odriynon [206]. Ztn {wvn BRta n onmola ivat yvwoth ylo tov
POAO TNG OTN UVAUN €pyaoiocg, TN YVWOTIKA emnefepyaoia Kol Tn Xwplkn mAonynon [207],
avaAuBnkav 10 ocuvdéoelc. Ou Swanuiodatpikéc ouvdéoelc (50%) ATav oL TIO OUXVEC,
umodnAwvovtag tnv avénuéveg PeETaPoAEC otnv evomoinon mMAnpodoplwyv anod SLadopeTKA
nuiodaipla katd tnv komworn. Ot meploxeg cingulum kat parahippocampal (ekteivtal otov
KpotadLko Aof0d), Tou oxeTilovTal Le TN UVAN KaLTn xwpLkn enefepyaoia [207], epdaviotnkav
WG KUpLoL KOUBoL, evioxUovTag TN onUAciol TOUC YLa TNV TTPOCOPHOYH OE QTTALTNTIKEG 08NYLKEG
ouvOnkec. H Lwvn aAda, TOU cUXVA CUVOEETOL PE TNV TTPOCOXI], TV OVOOTOAN UM OXETIKWY
mAnpodoplwVv Kal TN OUVOALKN Loopporia tou eykedpdlou [208], mapouciaoce uPnAn
Stanuiogatpikn ouvdeowuotnta (48.57%) otig 35 ouvdéoelg mou avaAuBOnkav. OL TEPLOXEC
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frontal, rectus (mou ektelvetal otov mpopetwraio Aofo) kail cingulum avadsixbnkav wg
Baowol koupol. Autr) n lwvn ¢aivetal va dtadpapartilel kpiowo polo otn dlatipnon tng
TMPOCOXNG KAl TNG YVWOTIKAG otaBepotntag katd tnv odnynon, umootnpilovtag tnv
enefepyacio mAnpodopuwv mou amattouvtal yla thv achaAn AnPn anodpdacswv. Itn {wvn
BAta, mou ouvbéetal pe awoOntnplak ovtiAnyn, EKTEAEOTIKEG AELTOUPYIEC KAl TNV
npoetolpacia yla Spaon [209], avaAuBOnkav 3 cuvdEoels. OL TTEPLOCOTEPEC OO AUTEG (66.67%)
ATOV €VTOC TOU aploTepol nuLlodalpiou, YyeEyovog TMOU avtiKatomtpilel tnv e€slSIKEVUEVN
OUVOECLUOTNTA YL TNV UTIOOTAPLEN OUYKEKPLUEVWVY alobntnplakwv Aettoupylwy. Ot TEPLOXEG
frontal, fusiform kat postcentral cuppeteiyov onUAVTIKA, UTTOSELKVUOVTAC TN OUUUETOXN TOUC
otnv enefepyacia aloONTNPLOKWY ELOEPXOUEVWVY KL TNV QmOKpLon. Ta amoteAéopata
KatadelkvOouv OTL N VONTLKA KOTwon Katd tnv odnynon odnyel oe avadlopyavwoelg tng
AELTOUPYIKN G CUVEESLUOTNTOG TOU EYKEDAAOU, HE SLanpiodalplkd TPOTUTIA VO KUPLAPXOUV OTLG
{wveg ORta kat dAda [210], [211]. OL{wveg autég paivetal va umtootnpilouv tn Satipnon tg
T(POCOXNG, TN UVALN €pyaciag Kal tn yvwoTikn eveALéia, mou ival amapaitnta yia tTnv acdpain
obnynon. Avtibeta, ol {wveg Brta kat déAta Seixvouv o eEELOIKEVLUEVOUG POAOUG, UE TNV
TPWTN va UTtooTNPLlEL ALoONTNPLOKEC KoL KIVNTLKEG AELTOUPYLEG KaL Tn SeUTEPN va e0TLALEL OTN
Bepeliwon g Stanuiodatpikng emkowvwviag. OL meploxég frontal kat cingulum, dnAadn
TLEPLOXECG OVAUECO OTOV PETWTILALO KOl TIEPLOXEG OWVAUECO OTOV UETWTILALO KAl TOV KpOTAPLKO
AoBO avadeixBnkav wg KUPLOL KOUBOL og OAeC TIC {WVEG, UTIOYPAUIloVTaG TN oNUACia TOUC
yla Th yVwoTikn anodoaon Katd tTnv odrynon, onwc €xelL utooTnPLXBEel Ko amo AAAEC EPEUVEC
[212], [213]. Autd T EUPAUATA UMOPOUV VA CUUBAAOUV OTNV QVATTUEN CUOTNUATWV
umooTnPLENg odnywyv, OMwe alodNTAPEG avixveuong KOTwWonG, LE OTOXO TNV evioxuon tng

aopaAelag. MeAAoVTIKEG £Epeuveg Ba wmopoUoayv va E0TLIACOUV OTNV £EETOLON TOU POAOU TWV
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TPOTUTIWYV CUVOECLUOTNTAG O€ TIPAYHATIKEG CUVONRKeG 08rynong kat Tnv Tbavr) toug cuvdeon

HE TIG embOOELG Tou 06nyou.
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KepaAalo 10

2ulATNOoN - ZUUTTEPACHLOTOL

H napouoa Siatplpr) emikevipwBnke otnv avamtuén kat afloAdynon Kawotopwv UeBodwv
QVIXVEUONG VONTIKAG KOMWONG KOTA TNV 0dnynon, HE Baclkd OTOXO TNV KOTAVONCN Twv
aTopLKwV Sladopwv Kat TNV evioxuon tng akpifelag otnv npdPAedn tng komwong. Ot péBodot
Tou xpnotpomnondnkav Baciotnkav oe onpata HEF kat tnv alomoinon mponyUeEVWY TEXVLKWY
avaluong eykepoaAikwv Siktuwy, onwg eival o Asiktng KabBuotépnong daong (PLI), evw ot
oAyoplOuoL  pNXaVIKAG HaBnong £maifav kaBoploTtikd poAo otn PeAtiotomnoinon Twv
amoteAeopaTwy. Ta anoteAéopata £6€1€av OTL N EVOWUATWON EEELOIKEUUEVWV TEXVIKWY, OTIWE
glval o evtomopog mnywv, BeAtiwoe tn Suvatotnta Xaptoypadnons CUYKEKPLUEVWY TIEPLOXWV
Tou eykepalou mou eumAékovral otn Swadikacia TG KOmwong, mpoodépoviag UPNANg

okpiBelag anoteAéopata.

MLia amo T CNUAVTLIKOTEPEC OUVELODOPEG TNE MOPOUCOG EPELVAG ELVOL N XPION TNG TEXVLKAG
EVTOTILOMOU TINYwV, N omola anodeixBnke e€alpeTikA MOAUTIUN YLa TNV afLOTIOLNGCN OTOV TOUEQ
NG VeupoemotAunG. Onwg mapouotdletal otnv mapovca Swatpfr, n ev Adyw TEXVLKA
ETUTPETEL TN XopToypddnon tnG eyKedAALKAG SpaoTNPLOTNTAC OE CUYKEKPLUEVEG TIEPLOXEC,
Sivovtag tn duvatdtnta yla mo Babld katavonon Twv UNXOVIOUWY TIou SLETOUV TN VONTLKA
KOTworn. EvOelKTIKA, mapatnpndnke otL n {wvn aAda mapouoctalel WSlailtepn evalcdbnoia oTLg
HETABOAEG TIOU TIPOKAAEL N KOMwon, avadelkvuovtag TNV wW¢ Kpilowo SeikTn yla T HEAETN

QUTWV TwV Pavopévwy. AvtiBeta, ol mapadoolakeg pEBodol avaiuong, oL omoieg Bacilovrtat
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QMOKAELOTIKA O€ eTdavelakd dedopéva amo alobntipeg, mpoodépouv Alyotepn akpifela
OTOV EVTOTILOMO OUYKEKPLUEVWY EYKEDOAALKWY TIEPLOXWV KATA TN Xaptoypadnon oAld
TIUPAUEVOUV EEALPETIKA XPNOLUEG Yla £DOPHUOYEG TIOU QIALTOUV E€UKOALQ, TOXUTNTO KOL
TPAKTIKOTNTA. AuTO KaBlotd TG peBodoug mou Bacilovral o dedopéva alobnTnpwv TLO

KATAAANAEG yla TNV QVATTUEN CUOTNUATWY OVIXVEUONG TIOU Tipoopilovtal yla MpayUaTiKo

XPOVO KOl EUTIOPLKA XPron.

Ta eupnuata Tng moapouvcag Statplfric umodnAwvouv OtL n SUVAULK TwV EYKEPAAIKWV
SIKTUWV emMnpPealeTal ONUAVIIKA Ao TN VONTIKN KOTwaon, KATL TTou gVIOXVEL TNV aVAyKN yLa
€€ATOULKEVUEVEG TTpooeyyioelg. Autr n efatopikevon, mou PBaociletal otnv Kataypadn Twv
atoplkwy Sladopwy, UTopel va MPoodEpel pla TO aLOTLOTN Kol €VEAKTN TAQTHOpUQ

QViXVEUONG yla XpAON O€ PAYUATIKEG oUVONRKeG 06riynong.

ErutAéov, n €peuva duvatal va CUUBAAEL € CNUAVTIKEC TIPOKTIKEG EPOAPUOYEC, ELOLKA yLaL TNV
QVATTUEN CUOTNUATWY QVIXVEUONG KOTIWONG TTOU UIMOPOUV Vo EVOWHATWOoUV o€ ponyuéva
ocuotnuata umofondnong odnyou (ADAS). Autd Ta CuCTHAMOTO £€XOuv TN duvatotnTa va
HELWOOUV TA ATUXNHATA TTOU oXeTilovTal Pe TNV KOTWan, BEATLWVOVTAC TN CUVOALKH aodAAeLa
TWV MeTaKVvAoEwWvV. Emiong, n  OwatplBry emikevipwOBnke otnv elaxlotomnoinon Tou
anattolpevou TANBoUG aAoONTAPWY PE OKOTO TNV EVOWUATWON o€ Gopntd cuoTHuaTe
QVIXVEUONG VONTIKNAG KOTIWONG ETUTPETOVTIAC TNV EUTTOPLKI) XPriON TETOLWV TEXVOAOYLWV Kol

KAVOVTAG TLG TIPOOLTEC OE UEYAAUTEPO KOWVO.

Mapd TIG EMITUXLEC, N €PEUVO OVTIUETWITLOE OPLOUEVOUG TIEPLOPLOUOUC. To UIKPO pEyebog
Selypatog meploploe tn SuUVATOTNTA YEVIKEUONG TWV EVPNUATWY, EVW N XPON TIPOCOUOLWTWY

OVTL TPOYHATIKWY cuVONKWV 08rynong, av Kal amopaitntn yLo Tov EAEYX0 TWV TOPAUETPWY,

120



Sev avtikatontpilel MARPWCE T TTOAUTIAOKOTNTEG TNG MPAYHATIKAG 0dnynong. MapdAAnAa, n
nolklthopopdia kat n etepoyévela twv Sedopévwy amaltouv Mepatépw pBabuvon yla Tn

BeAtLoTOMOINON TWV MOVTEAWV HNXOVLIKNG HABnong.

MeAOVTIKEG €peuveg Ba pmopoloav va €0TIACOUV OTNV £papuoyr TwWV EUPNUATWY OE
TIPAYUATIKEG OUVONKEG, evowpatwvovtog SeSopéva amod PeYaAUTEPO Kal TLO TOLKIAOpopda
Selypata mAnBuaopou. Eniong, n BeAtiwon Twv alyopiBuwv Lnxavikng pabnong kot n oavamtuén
aLoOnTpwy EMOPEVNG YeVLAG Ba pumopoloav va EVIoXUCOUV TIEPALTEPW TNV akpifela Kal tn
AELTOUPYIKOTNTA AUTWV TWV CUCTNMATWY. H SLETOTNUOVIK cuvepyacio He €8IKoUG oTnVv
avBpwrvn cupunepldopa, tTn Blolatpikr texvoloyia Kol To oXeSLAOUO CUCTNUATWY KPLVETOL

€MiONG KPLOLUN YLO TNV EMITEVEN AUTWV TWV OTOXWV.

Yuvoyilovtag, n mapouaoa dStatptfry cuPBAAAEL OTNV KATAVONON TNG VONTIKAG KOTIWONG KoL TNV
QIOTUTIWON TNE 0TOV AVOPWTILVO EYKEDAAO OTOXEUOVTOG OTNV AVATTTUEN TIPAKTIKWY AUCEWV yLa
TNV avixveuon tng, Kot mpoteivovtag VEEC KateuBuvaoelg mou ocuvbualouv TNV EMLOTNHUOVIKN
okpiBela pe TNV PaKTKn edappoyn. Ta anoteAéopata avoiyouv tov §popo yla acparéotepn
06nynon HECW TIPONYUEVWY TEXVOAOYLWV TIOU UMOPOUV va BeATIWOOUV TNV KaBnuepwvotnta

EKATOUHUpLlwV 08nywv os maykooulo eninedo.
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