ETXAPIXTIEY

Oa emriupoion apyIxd Vo EXPEdow Tig YepUOTEPES ELYAPIOTIES HOU Xo TNV ATEPLOPIGTY EXTI-
unot uov otov xadnynty pouv Nixo Kalountoidn. O x. Kahountoldng, ye v apecodtntd tov,
™ Boid yvodon v Yepdtwy tne encéepyaciog ofuatog xat Ty tdlaitepa aventuypévn Stalouno
oL Ty Yo uéva yeydhog ddoxahog. Yrnpele war aveEdvThAntn tnyY oLUBOUAGY Xot TPOTACEWY,
xatnOduve ) dBatpB) wou xou pe Porinoe va avtaneéélde 6T Buoxohieg TOU TUPOLCIAGTNXAY
xatd Ty exnéovnon . Tov euyaplotd ndpa ToAD Yo THY EUTIOTOGUYY UE TNV ontola Ye TeptéBale,
yioo TIS dploteg oy€oel mou avartOyUnxay UETHED WIS xou Yo TIC BUVITOTNTEC TOL UoU EBWOE
va aoyoAnie xovTd Tou pe ToAAd ot evdlapépovTa Vépata. Oewpd TOV EaUTod Uou eEPETIXG
TUYEPS TOL UTEEN PAINTAC TOU X0l GUUUETEY X OTNY EPELYNTIXY TOL oudda xou elpon oiyoupog
g 1 dtatplPh aut dev Ya elye mpoaypatoromiel ywpelc T Sixr Tou cuUBo.

Oa Rieha eniong va euyaploTiow To dAha Yo PE TS TeLeholS GUUBOLAEUTIXAS OV ETITPOTHS,
tov xadnynth x. K. Xohdton xou v enixovpo xadnyrteta x. M. T'enyoptddou yia i ypriowes
ouuBouléc xar T forjdeta mou pou mpocéepay. Enlong, Yo Hleha va euyoptothow toug xadnyntég
x.x. II. Mapayxd, 1. Ocodwpidn, I. Evdoxiuidn xou Eu. Yayxpldtn, mouv gou éxavay tnyv tiun
va elvon ékn tng entaperols EEETAOTIXAC YOV ETUTPOTHC.

ISiaitepeg evyaptotiec Ya mpénel va anevdivew otoug tatpols vevpohdyous tou Arywvnteiov No-
coxopelov x.x. I'xatlovn Ltukiovd, mou ATav 0 Te®TOS 1TEdC UE TOV 0Tol0 GUVERYAGTNXA,
Evdoxiuion Iwdvvn, Suvevh Nixo xou T'ovptlehidn Iaddo, yia tn Bordea mouv you npocépepay
XL Yo TIC Tpol TOAD eVOLapEPOUOES GLULNTAHOELS TOU XAVOUE X0l XGVOLUE YLOL TNV AVIALCT) TGV
EYXEQPANOYPAPNUATODY X0 TO VELRPOPUGLOMOYIX Toug LTOPBadpo.

Oa R¥eha va evyaptotiow eniong to Ty IThnpogopxrc xat Entxowvevidv tou Havemotnuiov
Adnvov yia o géoa xar Ty utooThEEY Tou You mapelye Yo TV exndvnon Tng datplPrc.

Axoun, Yo ieha va euyaplotiow GAoUS TOUS BAGKIAOLE LOU, UTd TOL TEMT L) NTIXE LoV YEOVIA
oto Apyootoh uéypet xou to Havemotiuio, Yo v tpoondield Toug va pe dlamatdorywynoouy, va
UE LOPQMOOLY Xal VoL LOU UETAPEPOLY TIC YVWOELS X TNV EUTELRIA TOUG.

Kotd ) didpxeto tov onoudodv pouv oto TurAua ITAnpogopixic xou Entxovevidv tou Iaven-
otnuiov Adnvov elyo Ty euxotpla Vo YVwplom xat Vo UVERYAOTO UE Xdmotoug avip®drous, T
Bodela twv onoliwy otny mpoonddeid pou Vewpdd mohh onpavtixy. Ou enrdugolon va Uvnuoves-
ow Toug BiddxTopec Tou Ilavemotuiov Adnvody X. Tewpyovkdxn, B. I'xelephy), 3. Kototo, II.
Kouxouhd, K. Koutpotuna, E. Kogidn, A. Povioytdvyn xa B. Toolkxa xaddg xar toug urnodi-
proug d1ddxTopeg xat Yetantuytoxols gortntés I'. Aonuaxdnovio, A. Bacthapdxou, I'. I'xat, T
Kanoytavvéonovho, N. Kohoxotpdvn, N. Koutoolin, I'. Kodivn, A. Iixpdxn, M. Iouvkidun, 11.
Pulowhietn xou N. Exhdfo.

O adehpodg pou I'epdopog otdinxe dimha Lou xan Yolpdotnxe Tig aywvieg xat avnovyleg wou, YU
autd xou Tov evyaploted VYeppd. Me Borinoe eniong oe dboxokeg otypés, dtav 1 apociwon ot
OlaTpIP| HOU UE €XAVE Vo TOPUUEA oW GANES 0oy OMEC Kol UTOYPEWMGELS LOU.

Oa fieha vo euyoploThow uéoa and v xaedid wou T Aéonowva I'ohiatodtou yioo Ty aydm,
TNV XATAVONOT XAl TN CLUTUPAoTHoY TNS. Ocwpw TN BoRdetd e Wialtepa xadoploTixny oTic



ii
TEAELTUUEC PAOELS TN TPOOTAVEIAS UOv.

H Biatpiy) auth| aglepdvetar otoug yYovelg wov, Ynbpo xat Eyveoio, cav ehdyloto delypo aydnng
xou evyvwpooivne. Toug euyopiotd and ta Badn g xapdidg pou yiatl you €deilav To dpduo
NS YVOONS %ol wou ouunapaotddnxay ndixd xou LAxd oe 6hn tn péypet topa Lwn pou. Eirilw
va avtanoxpiinxa oTig Tpocdoxieg Toug av xo TOTEL® TS dUoXola TOTE Vo EEMANPWOL Eva
eNAY10TO €0Tw PEPOS TNS TPOCPORES TOUS OE UEVaL.

A. Awapddrog
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Avdhvon UTOAOITWY . . . . . .
Méoo tetpaywvind opdipa tng npdPiedme p derypdtwy and éva LAR tddne 15
Méoo tetpaywvixd opdhua g meoBredne p derypdtwy ue yeron tou NLAR mou
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dedopévwy avuxatdotaone. Ioybet Sp, <4. . . ... ...

Oloxhfpwyua cUCYETIOUOY YId WA EXOYT TOU AVTIOTOLYEl o€ xplom ol TwV avTl-
otolywv dedopévwy avtixatdotaonc. loybet Sp, >4. . ... ...

H yevueq apyttextovinyy NLFSR xataywentdv nov Basiletor otny xovovixr ava-
TOQUOTUOT] « o v o v v v e e e e e e e

H apyttextovixn tou pn yeaupxol xotaywenth okicdnong pe avddpaon tou Ila-
padelypatog 1. . o o o L

H Sopr| tou mpotewdpevou adyopiduou . . . . . . Lo Lo
H doun tou ehéyyou ehaylotou . . . . . . L

Hapdderypa péone VEP xupatopopprc mou avtiototyel 6to nhetpddio P,. H 6ié-
yepom eapuoleTon TN yeovix otyu t=1s. . . . ...

symlet td€ecwe N =4 . . . . . . e
ALoxpltog YETACYNUATIONOS XVPATIDIWY . . . . . . . . o o o
Avdhuon pe ypron Taxétwy XVUATIBOY . . oL L

IDeng Baomn TV TaXETeY XOPATIBWY . . . . o o o

Katavoun ypdvewv andxpione : A) Hpooaxxadixf xivion B) Avuocaxxaduxr xivior,.
H xatoxdpuen yeoauun avamaplotd 1o ypovixd didotnue twv 350msec petd v
EUQAVIOT) TOU TEPLPEPELXOY GTOYOU 6TO onolo TpayuatoTothlnxe 1 avdiuoT Twy
HOUTHYQUPV. « o o o v v v v i it e e e e e e e e

Arnoteléopata petadéoewy. To oyfua mapouctdlet tny mdavétnTta 1 andluty
drapopd g dpaotnptotnTag otoug 40H 2 petadd Twv npooTadeldy TpocuxXAdLXDY
xwhoewy xat xoploc xivione petd and N yetadéoelg, vo eivar ueyahbtepn and vy
TpaypaTixy Stapopd yior TN GUVOALXY dpactrnetdtnTa otoug 40H 2 Yo To nhexTeddlo
CPy. Ané 1o oyfua npoxtntel 6Tt yetd and 500 petadéoelc, n mdavdtnTo auTH
yiveton pixpdtepn and 0.01 xou yetd tic 1000 petadéoeic otadeponoteitar. . . . . .

ERP xou dpactnetdtnta 40H 2 wg mpog 1o epéthiopa. AmeixoviCovial o 6uvoAixog
wéooc 6poc twv ERP (eotrypévn yoauun) xou 1 dpaotnptétnta twwy 40H z (ouveyt-
< Ypouur) yro 6Oho ta nhexteddia. Ot xupotopoppéc twv ERP eivor oyediaouéveg
oe uV xou n SpaotnetétnTa Twv 40H 2 oyedidletor ot tpéc evépyetac (uV?). O
OLVOMXOS YPOVOC UETA TNV EUPAVIOT] TOU TEPLPEREIAXOL GTOYOL (YEYOVHS TOL O
petdveton pe v xddetn ypouun) eivar 350msec. A: Ilpooaxxadixr, xivnon, B:
Avuowocadind xivnon xaw C: Kagloo xivion .. o 000000000
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13.4

13.5

13.6

13.7

H ouvolixf péor dpaotnprdtnta twv 40H z yio T tpio €idn xwvhoewy (1 ouveyhc
Yoouuh avtiotolyel otV mpocuxxadixr xivnom, N AETTH ypauur avtioTtolyel oTtny
avtioaxxodixh xou 1 eoTiyuévn yooauun otny xopia xivnon), yia tpia nhextpddia ot
xdde Lovn ovyvothtwv: A: {ovn 25 — 31.25H z B: {ovn 31.25 — 37.5Hz C: Loy
37.5—43.75H z xou D: Lovn 43.75 — 50H z. H dpaotnpidtnra oyedidletor oe uV?2,
Eexddapn Stapoponoinon Uetald TV TpLOY EIBOY XIVACEWY Topatneeital ot (o
37.5 —43.75Hz (Lovn 40Hz). H xopbgworn e dpaotnptbétnrac ota 100msec
yioo TV Tpocuxxadixy) xivnomn eivar ueYahbTeERT omd 6,TL Yo TNV AVTIoUXXABIXT) X0l
v xopio xivion. Awagoporoinom, adhd wxpdtepn, eupaviletar eniong otn Lovn
43.75—50H z. Yti¢ yaunidtepeg LWveg ouyvoThHtwY 1) dpaotnetotnta ota 100msec

elvor TOAD wixet| xat Bev TapaTNEOLVTOL Slopopés HETAL) TV TPV EIBOY XIVAGEWY.

H Spactnptémnta twv 40H 2 yia xdde oupuetéyovta uroloytouévn and ) péon ER-
P xupatopopr| tou avtiotolyel oto niextpodio Cy. H Spactnotdtnta twv 40H 2
oyedidletan oe pV2. Ot ouppetéyoviec S1 éwg xor S4 napovotdlouy caph alin-
on e evepyonoinone ota 100ms (Yxpt hwpida) HeTd Ty eupdvion tou ontixol
epediopatog Y v Tpocaxxadixt, xiviorn (cuveyfic Ypouur) o€ olyxplon Ye TV
avuoaxxodix xivion (Aenth ypoppr) xou ty xapio xivnon (eotypévn yeapur).
[ tov S5 1 BpactneldTNTA TS TPOGUXXABIXNE Xt AvTIouxXadIXAS xivhong efvar
nepimou [Bleg xar ueyaAvTepeS amd owth TNne xopioc xivione. T'a tov S6 1 dpooty-
ELOTNTA TNG avTicuxxadxng xivnong elvar yeyahdtepn and auTh NG TEOCAXXABIXNS
xar g xoplog xivnong. H dpaotnetétnta ota 100ms twv cuyyeteydoviwy S5 xo
S6 elvon wixpdTepn and aUTH TWV GAADY TEGGAPMY GUUUETEYOVIWY. . . . . . . . .

Or Sagopéc avdyeoa ota €ldn v xwvhoewy. H ocipd twv oyedlwy anotekel ypo-
iy avanapdotaon Ty Tipdy miavétntac (P) 1 dlapopd ot dpastnpldthT TV
40H z petolh tov edov xivnong mou mpoxVnTEL Yio To dedopéva Yetd and TNV
avdluor petadéoewy Yo xdde ypovixd mapddupo vo eivor yeyohltepn omd TNV
avtioTtoryn mpaypotixy dragopd. Kdlde oyfua amotehel aneixovion autdv oV mi-
YovoThTOVY Yo T 25 NAexTpodla yenotuonoldvtas uio Stadixacia aneixdviong yio
xohOtepa ontixd anoteéopoata. A: Alopopd TEOCUXXABIXNAC XAl AVTLEAXXADIXY-
¢. B: Awagopd avticaxxadixic xou xoaplag xivnong. C: Atagopd avtioaxxadixic
xou xopfac xivnone.  Empoavtixd; Swgopd (P < 0.01) mou Zexwvd axdun and ta
50msec UETA TNV EUPAVION TOU TEPLPEREIAXO) GTOYOU X 1) OOl XOPLPWVETAL
oto 100msec elvon eppoavic ot oelpd A xat axoun TEPIOGOTERO EUPAVIC OTN GELRY.

Apaoctnptotnta tov 40H 2z wg tpog v évapln tne xivnong. ArneixoviCetar 1 ov-
vohxt| dpactnptétnta v 40H z yior v tpocaxxadixn xivnon (toytd yeauur) xat
Vv avtioaxxadix xivion (henth ypouun) yia to 25 nhextpodr. H dpactnpiétnta
wwv 40H 2z oyedidletoun o€ MVQ. Eivon evduypapuiopévn wg mpog v évapdn g
xivnone (8eZid xdetn ypauun) o o cuvolixds ypdvos eivar 350msec. L1o xdtw
wépoc tou oyfuatog Cavaoyedidaletar oe peyéduvon 1 Spaoctnetdtnta twyv 40H 2
Yie 1o MAEXTEOD0 Cy. o
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Kegpdioo 1

Eiocaywyn

O emotnuovixde xhadog tne Enclepyaciog Xhuatog €yl cuvels@épet ta yéytota oTny Tpdodo xat
AVETTUET TV GAAWY ETLOTAROVIXGY XAIDWY TOU €Y 0LV WS AVTIXEIUEVO TN UEAETT) SLopOPWY GUCTY-
HATLY Xt QavOUEVLY, Xa®E TEoGPEpeL To anapaitnTo YewpnTixd LTdPatoo ahhd xou Ta epyaAela
yioo TNV avdiuor, enelepyooia xoar e€aywyr| TS TANEOPOplU TOU TEPLEYOLY TA CHUATA TOU XJ-
Taypdpovtar and ta cuoThuata autd. Evag and toug emtotnpovixoic xAdBoug Tou yenoluonotel
Tic wevodoug xau tic teYVixéS g Enelepyacioc Yruatog eivar xou v Hiextpoeyxegpauloypapio.
H Hhextpoeyxeguloypapla €yel wa 1oTopior ApXETOV ETWV 01N BIdpXEI TwV OTolwy EYvay on-
povTixd Biuotar ot UEAETN XAl AVAAUCT] TV EYXEQUAOYQAPIXWY CNUATOY. DTOY0S TNG UEAETNS
auThg anoteel 1 avddelln ThnpoopLdY ToL Yo GUVEIGPEPOLY THGO GTNV XATAVONCT TNG PUGLOAO-
Yixhc Aertovpyiog Tou avipdmvou EYXEQIAOL OGO X0l GTNY XATAVONOTN XAl EYXAUQET DAY VLOT) TV
duahertoupytOY xat Tadoloyixdy xataotdoewy. H mpoondeia éyel anodboer xapnols xor uéypt
ofuepa €yovue udiel apxeTd, WoT6G0 TOANE TEPIOGGTEPY Elval aUTd oL TREREL v Yivouv axdun
Yior Vol xatovoiooupe To wuotxd tou eyxepdhou. I tnyv enitevdn tou otdyou autol anouteiton
1 GUVEYNS, TOAOTAEURY Xol ATOTEAECUATIXY OLUVERYUSio TOAAGY XAGDWY NS emoTAUNG peTagd
TV omolwY eXTOC and TNV Latplxr] oupnepthauBdvovtal 1 Blo-unyovixd, 1 enedepyaoio ofuatog, 1
puotxn, 1 Thnpogopwxt, 1 Proloyio xhrn. O xAddoc tng eneepyaociog orpatog anotekel eoupeTind
onuavTxd xAddo tne emothung otny xatebuvon auth. H ouvepyaoio tng pe v eyxepaloypapio
elvor xodoploTIXy Ylo THY AMOXPUTITOYPAPNCTN TNG TANEOPOEINS TOU PEQOUV TA EYXEPAAOY PUPIXY
OHUOTA.

Ta Bloloyixd cvothpata, Onws 1 xopdid xou o eyxépahog, eppavilovy ot yeydio Padud un
xovovixdTnTa, 1 onola Yewpeiton LTELYUYY Yiot TH U1 ELPAVIOT AVOUIAIGY Tou Yo BuayEpouvay T
Aertovpyia TV {OTIX®Y aLTOY 0pYdvewY Tou aviporivou opyaviogol. 'Etotl, 1 un xavovixdtnta
mou oyetileton Ue pn Ypouuuixd (owe xat yaoTxd gouvoeva, odnyel uev o TohdThoXo GUGTAHUITA,
®OTOG0 aUTO dEV onpaivel OTL TpoxeLTal Yiot TEAEL atadiot aAAG, avTdétme, Yo EAeYe xavelg 6Tt 1 un
xavovixdtnta elvar obuguTn ue ™ Lo xou T vonuoosivn. Katd tov Prigogine, "o eyxégpalog €yet
emtheyel va elvan 1600 aotadic, WoTE 1) TopoULXeT ENidpaoT Vo UTopEl var 0dnYel 6TO oYMUATIONO
t4Eng " T tov eyxégalo n un xavovixdtnTa Qolvetar 0Tt givon EVIEADS QUOLOAOYIXT|, EVED 1|
unepBoAIXY TAET Eival XUTACTRETTIXY.

Or pédodol enclepyaciog oNUATOE TOU YENOILOTOOVVTAL YIoL THY OVIAUCT, TV ONUATWY TOU
XATAYPAPOVTAUL AT TOV EYXEPUNO, GUUTERIAAUBAVOUY OAeC Tig PedbGBOLS amd TIG O XhAGIXES Wé-
YL %ol TIC TO UOVTEPVES, Ao TIC MO TAALEG PEYPL XAl TIC TO TPOCPUTES, ANd TIS TO ATAES Y€yl
XU TIG TO TROYWENUEVES, amd Tig Ypouuxés wéypt Tic pn yeouuxés. Méypt ofuepa €youy avo-
ntuyOel xon eQupUOCTEl LOVTEAA YLOL TNV TEQLYPAPY) TOU NAEXTPOEYXEPANOY PUPIXOV CHUATOS Xl
HOVTEAA Yla TOV TPOTO TapaywYHS TwV dtagdpwmy pLiumy tou. Metall dhhwy, €yer avalntniel
1 Omapdn vopotéhelag 1 TuyondtnTog, €youy mpotadel dlayvwotixés teyvixés xados xur uédodol



KE®PAAAIO 1. EINAT'QI'H 3

umohoylopol e VEone TV TNYOY TOL Topdyouv TN dpaoTnetdTnTa auTh xar Eyel ueketniel 7
axohovdia TV veupwvix®y exqoptioewy. o nopdderyua, éva and to péoa yior TNV xatovdnom
¢ Aentenihentng toopporniog YeTald TAENC XL Un XUVOVIXOTNTOS TOU EYXEQPAAOU ATOTEREL xou 1)
HEVOBOS TNG UN YROUUXNC AVAAUGTS, 1) OTolo ETUTEETEL OTOUG EMOTHUOVES VAL AVAALOLY NAEXTPO-
eyxegouroypagpiuata (HEL) ue pueyohidtepn evyépera. Mepixol emothuoves ypnotgonoody auvtég
TIc TEYVIXES Y1 v avalnthioouy napdevouc eAxvotéc. H A. Babloyantz [7], to 1986, onueiwoe
OTL AL YPAUPRUATA OVAXATACKEVNS OTO YWPO TV XATACTACEWY Efyay TOAAL xovd Yvepioyata ue
TOL PEAXTAUA XU ATOPICIOE VoL UETPHOEL TIC PEAXTAUA DIACTACELS TOU TUPAYEL O EYXEPUNOS, 0Py IX
xatd Ty emAndio xou apyoTepa xatd Tar Bldpopa 0TABIA TOL UTVOL, TOTEVOVTAS WS 1 PEAXTIUA
OLA0TUOT TWV TUPIEEVWY EAXVOTOY TOU EYXEPIAOL Vo Unopoloe Vo TPpoopEpEL Eva UETPO TOU
Badoue Twv otadivy Tou UTvou.

And mpoxtx| xou otpatnYt| dnoln, o eyxéparog unopel va Yewpniel kg Ut dtaxprth xotd-
otoor g OANG, OTWS 1) OTEPE, 1) LYET, 1) 0€plal Xol TO TAAOUA, PE TIC IBLOTNTES NS OF BIAPOPES
Ywetxéc xou ypovixéc xAiwaxec vrnoxeiyevee oty Yewpnuixny neptypapn xou Tic petpriocig tou H-
ET'. H oo1660n auty) dewpnon and mohholc dev Vewpeltal oOUGoYN UE TIC TUpATNENOEIS NS
nolumhoxdtntag Tou euaviler axoun xar €vag wévo vevpwvoc. Eva cbotnua mou nepiéyet 1010
OAANAETIBPWVTES VELPWOVES Giyoupa epgaviCetal tohbmAoxo. 2oT600, Evag Aoyog uclodoliug mn-
yéler and to yeyovog 6t ta HET dedopéva eivan drodéowa oe eninedo meptoyfic tou prowob (n
omoio Tunixd nEptAaUBAvEL DEXADES 1 EXUTOVTEDES TETPAYWVIXA exacToTd empdvetac). ‘Etot, Ve-
weelton dBuvaty N TEpLYPaPY) TNS EYXEPUAMXNAS BUVOIXAC O UEYAAT xA{daxa Tou cuuneptAauSdver
™V oAAnhentidpaon waloy VELEOV®Y.

O eyxégarog avtiyetwniletar oav éva mohimhoxo Quoxd cbotnua pe to HET vo anotelel
™) uetpoluevy €€086 Tou xat Tic ao¥roelg 1 omotadrinote Ak TAnpogopia Ty £loodd tou. Ta
ofpota Tou Topdyel o avipdnivog eyx€parog eival Tdpo TOAAG xat AVTIoTOLYOUY GE TOAAES Blo-
POPETIXEC GUVIAXES XAl XATAOTACELS: UTVOS, €YPNY0QPOT), WATIoL avory Td, Ut XAEOTH, VONTiXéS
Aertovpyleg, uvnuovixéc Aertovpyles, npoxhntd duvawxd, emindia, Creutchfeld-Jacob, Alzheimer
xou avoplduntee dhheg. Me ) dedpnon auth TouAdylotov TilevTor epwTACELS OYETIXA UE TNV E-
yxepahixh hettovpyio pe emotnuovixd tpémo. E&dhlou, éyouy uehetniel noANd tapadelypato ond
TIC QUOIXES EMOTAPES OTA OTOloL Ol PaxEOGXOTIXES TEplypapéc €youy mpofBhentixy o&la, Tapdho
mou unopel va avTioTor ovy 0 TOAD TOAOTAOXES Xat U XATAVONTEG UIXpooXOoTIXES Diepyaoies.
‘Etol, péoa ot oyetixf QoG dyvola Yo TNV eYXEQUAIXY| Aettovpylia, elvon @uatxd va ovalntov-
we avaroyleg and Tig Quotxéc emothes. 20TH00, TEETEL VoL E{UUOTE YVMOOTES TWV XIVOOVODY NG
avdluong xatd avaroyia.

H rmoapoloa SatpiBy) agopd tnv avdmtuln xal Ypnotuononon TeoYWenUEveDY W YRoUUXOY
ey vixwy enelepyaoiog ofuatog yioo ™ uerétn tou HET ofuatog. Ot teyvixéc mou €youv péypet
ofuepa ypnotponomiel eivon xvping ypauuxés, wotdoo €xet Gavel 6Tt 6e TOMAES TEPITTWOELS 1|
YoouuuxotnTa dev elvon opxet| yioo TRV e€Rynom twv wiothtwy tou HEIL'. Etot, dedopévng xo
¢ mohunhoxdtntoag mou napouctdlet o HET, emBaiheton 1 eQopuoyn un YRoUUX®Y TEYVIX®Y
xou 1 avalATNoN TS XATAAANAOTATAS TWV U1 YROUUXOY WoVTEAWY Yiot TNV Teptypaptr Tou. Ot un
Yoouupxés uédodol Tou YENOILOTOIOUUE TEQLAAUBAVOUY TN UN YRUUWIXT AVIAUCT), TN W] YRULMXT
povrtelomoinon xoddg xou TNV EQUPUOYT TOU UN YPUUUIX0U evepYelaxo) TEAEGTYH Yl TN YpOVo-
ovyvotixr avdhvon tne HET dpactnpidtntac. To HET mou pehetidnxe agopd to HET poutivag,
ONAadY TIC XATAYPAPES TOU TEAYHATOTOOUVTAL UE To UATIA XAEIOTE O XUTACTACT NeeWiag xou
oL TPOXANTE BUVIUIXE, dNAUDY| TIC XATAYPAPES TOL TEAYUATOTOIOVYTUL WS UTOTEAECUO TNG OTO-
xptong o€ xdmoto ep€diopa. Or xataypapéc mpaypatonotinxay oty Nevpohoyixr) Khwvixy tou
Havemotnuiov Adnvayv (Arywviteo Noooxoyeio).

H dratpiy) eivar opyavouévn we e€hic: Anotekelitar and névte uéprn. To mpdto pépog mept-
AopBdvel TV Tapousiooy EI0AYWYIXGY GTOLYEIWY ToL aPopolV TNV NAEXTPOEYXEQPUAOY papia. XTo
de0tepO Ué€pOC TapouatdlovTat ot PEYodoL TNS U YRUUWIXHS AVIAUCTC YPOVOOELR®Y IOV TERLAOUBE-
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YOUV TNV AVOXOTACXELT EAXUGTOV GTO PUCIXO YOPO X0l TOV LTOAOYIOUO TWV AVUAAOIDTOY YEYE-
YOV TV PpdxTUA BlacTdoEwy xat Twv exdetody Lyapunov. Axolouvdel n egapuoy twv uedodwy
oe HEI' 8elidyetpwy xou aplotepdyElpwy QUOLOAOYIXWY UE 0%X0TO TO dloywpelowd Toug. 110 Tpito
WEpog, apol ePBEBADCOVUE TNV AVETAPXEIL TWV YROUUXDOY UOVTEA®Y Vo Teplypdouy e Oheg TG
nepintwoelc 1o HED ofua, avantiocouye évay akydptdpo yia T oOVIEST Un YRUUULXDY XUty w-
ety ohloUnong ue avddpaot, povtého nou urnopel va ypnotporotniel yio tnv neptypapn tov HED
ofuatog. Xto tétapTo U€pog UERETOVUE TNV eEEMEN 0TO YpOVO TN BpaoTNEIOTATAS TwV LYNAGY
ELUUOY TOU EYXEPUAOYPAUPHUATOS XATY TNV XUTAYEUPT] TEOXANTWY DUVAUIX®Y, YPTOULOTOIWVTAS
TO U1 Yeauuixo evepyelaxd tekeoth. H eCayoduevn ninpogopla elvar draltepne omoudatdtntog Yo
TNV XATOVONOT TOU TPOTOU GUYYPOVICUOL TmV BIapOp®Y VEUPOV®Y TOL EYXEQPIAOU UE OXOTO TNV
extéheon xvhoewv. Télog, 1o néunto pépog mapouatdlovial T CUUTEPGoUAT TNS daTplBhc.



Kegpdhowo 2

To HAextpoeyxepahoypapixd Xnua

2.1 Tevixd

Katd 0 Sidpxeta twv teheutaiwy dexanévTe eT0v €yel emtteuy Vel ueydhn tpdodog oTny xatavdnon
xou Y€tpnon e Aettovpyiog Tou avipdnvou eyxepdlou. Ot Tohd ueydheg teyvohoyixég e€elelg
€youv odnYMoeEL o onuavtixy 1pdodo oty Boactxy €peuva xadOS XAl 0 GUVEYEIC BEATIOOES TwV
xUMUEELVOY XAviX DY egapuoyody. H urohoyiotid| topoypapia (CT) xar v woryvntixd topoypagpia
(MRI) éyouv napdyet ToAdTIUES X AVIXS EIXOVES TNS TPIODAGTATNG DOUAC TOU EYXEQPENOL, EVE M)
topoypapia exnopnhc tolitpoviewy (PET) éyer emtpéder tny ontixonoinor touv tomxol eyxepalo-
yeuptxol petaoliopot. Ilpog otryuy elye dnuovpyniel n eviinwon ott autég ot uédodol uropovy
va PeLdoouy f/xar eZohoxhipou va exundevicouvy 1 onuacia Twv UToGYOUEVLY eZehilewy oV
xatarypapy| xat ene€epyaotion TN NAEXTEIXNC XAl Yoy VNTIXAS EYXEQUAIXS dpaotnptotntac. Qoto-
00, eneLdr| ot TopoYpAPIXES UEV0DOL UGTERODY GTY YPOVIXTH AvAALGT TOL amauTe(Ton Yia Th WETENOT
BLYILIXADY BLERY ALY, EEUXOAOVUEL VAL UTEPYEL 1) AVAY XY TNG EQAPUOYTC TEOYWENUEVLY TEYVOAO-
YOV yioe TN BeEATion TNG XaToypapric Xat AVIALONG TV NAEXTRIXMY X0 LY VNTIXWDV EYXEPAALXDY
ONUATOV.

Kwvntiptoc dOvaun yia 6An tnyv emitevydelon uéypl onuepa npéodo anoteholby and Tt o 1
OAPOTGONG AVATTUEN TNG EMOTHUNG TWV UTOROYIOTOY XaTd To TEAELTalo ypdvial xou and Ty GhAn
N avanTudn VEwY, TEPIocOTERO EVAicUNTOY, EVQLOY Xal PWUIAEWY ahyopiluwy encgepyaciog Tou
nhextpoeyxepahoypapixol (HEIL') ofuatog xon twv npoxintédv duvauixdy (ERP). Ot duvatdtnreg
UAIXoU xou hoytowxol €youv auiniel t6oo mohD xou ol TéS x6aTOUE TOouG EYouy pelwlel T600
TolD, hote ofjpepa dratidevtou eumopixd cuoThpata avdhuong xat mtapovciacng HEL xar ERP,
1 UTOAOYLoTIXY oYU TwV omolwy EMTEENEL TNV AmodoTIXY ENECEQYASIA TWY ONUATWY Xor TNV
TAPOVGINOT] TWV ATOTEAEOUATOY OE ENAYIOTA DEUTEPONETTA, AVT VIOl WPES 1) UXOUN Xl UEPES TOU
anouTelTo 61O ToPEAYHY.

Avodvoeic [42] nov mpaypatonoodvTon ofUepd LOVo TEpALATIXG, Onwe 1 avddelln tou ERP
duvautxol and uio wbvo emoy ), etvar BERato 6Tt oo péhhov Va datidevtar o eUTopIXES EPUPUOYES
e xadnueptvic xhvixhc tpdlng. Néeg, neptocdtepo 1oy upéc avalloelg ol onoleg Yo avadelxviouy
oXOUN TO EBIXE X0 AETTAS VPTG CHUATA TWYV BLERYATLOY Tou cuUBaivouy o€ eninedo vELpVWLY Yo
elvon Srodéotueg otoug epeuvntéc. Emmpooieta, 1 taybtaty avdntuln akyopiduny enciepyaoiog
OHUATOS O DIAPOPETIXG ENIOTNULOVIXY TEDIA, OTWS Ol YEWPUOIXES EQEVVES XL 1) ENEEEQY AT PWVTS
Yo ouvteholy 6Ty avdntulrn alyopiluwy Tou epaupudlovior JUECH GE EYXEPANOYPAPIXE OHUATOL.

Eivon anolbtwe BéBain 1 mpdBhedn 6t ot eZehilelg otic teyVInéS xataypaghc, otny adinomn
¢ unoloyloTixig oy bog xat 0Ty avdntuln alyopiluwy enelepyaoiog ofpatog Yo odnyRcov
oe ouotaotixy Bedtiworn e xAixic eYxe@ahoypoaplug.
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Eyfpa 2.1: Or hoPol twv nuiogapiny Tou eyxepdiou o) and tdve B) and mAdyta y) and xdtw b)
and uéoa

2.2 O eyxéparog

O eyxégpahog anotehel 10 UEYAADTEQO Xl TAEOV BLOPOPOTONUEVO TUNUA TOU XEVTPIXOD VEURPIXOD
ovoThuatog. Anotekeiton and to 800 eyxepahixd nuogaipta (de€d xar apiotepd), and Toug GUV-
0EoUOUC TV MUIoPAPlWY, ATO TOUG TLEHVES TV NUoPuplwy xal and T 800 TAAYLES XOLAES
(0e€id xou aplotepr). H eZwtepnd drapdppuwon twy nuogupiwy dev eivar hefo, ahhd eppovilet
nolhamholg adhaxeg, UETHED TV onolwv oynuatilovtou endpuata xatd towxiheg dievdivoelg Ta
omnola xahobvtow €hxeg 1) YOpot. Ot BadOtepeg and Tic adAoxeg xohoOVTUL TPWTOYEVELS AOAAXES 1|
oytopég xat dlatpoly TNV eEWTEPIXY EMPAVELX TwV Nuoupiny ot Aofols. Ot hoPol twy nuogat-
plwv elvar o petwmiaiog hoPog, o Beeyuatinos AoBog, o xpotagixdc AofBdc, o wiaxdg hoPog ot o
xEVTPIXOS hofBbe, ot omofot anexovilovto oto Xyrua 2.1.

O petomaioc AofBog eivar o peyahltepog AWy Twv hoBov xot xotahauBdvel teployéc tne €€w,
e €00 % NS XAt EMLPAVELNS TV Nuogupiny. O Beeyuoatixdc AoBdc Peloxetu niow ond
10 petwnioio Aofo xar xatahauBdver TUALATE TNS €06 ot TNS EEW EMPAVELNS TWV NUGPURlWY.
O wiaxdg hoPog xoatahaufBdver uixpd tufua xdde nuiogaipiov. O xpotagixds AofBdc ywelletar
xatd T €€ empavela Tou NUIoPupiou and To yetwmiaio xo 1o Bpeyuatixd Aofd xu miow Tou
Beloxetar o wiaxdg hoBog. Eupavilel tpeic empdveleg, ny €€w, TN dve ot TNV X3Tw ETLGAVELI.
Téhog, o xevtpindg eyxéparog anoterel pala pouds ovolug.

Ot hoPol mepthapPdvouy meployés xadewd and T onoleg emtehel oUYXEXPIUEVES AEITOVPYIES.
IMo mopdderyua, oto petwnaio AoBo avixouy UeTa€) dhhwy ol EAIXEC Ol OTOIEC OTO EMXPUTOVY
nuogaipto (ouvitwe to apleTePd Yio Toug delLdyelpes) armoTe oDy TNV XV TiXY TEptoy ) Tou AGyou,
ol €MXEC Ol OTOIEC ATOTEAODY TO XEVIPO TWYV PUDY TOVY XAT AXP®V, Ol ENXES Ol OTOIEC ATOTEAODY
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Eyfuo 2.2: o) Hnyéc pedpatoc mou oynuatilovy éva otpdua dImOAwY €Y0UY WS anoTéAEoUd
™) dnwovpyia xatavours pevudtey mou xadoplletar and To oTPOU SITOAY Xot TIC LOLOTNTES
aywyfc Tou xepahod. B) Ot didgopec ouyvotuxée Lodvee tou HET nou napovsidlouv evdiagpépoy
1600 xhvixd 660 xou epeuvnTid. ) Mepixée yapaxtneloTixés XLUATOUOP®ES Xat 1) avTioToLym
lTpLX”} opoloyio.

TNV TEOXWVATIXY Y®pa, ot EAIXES oL onoleg cuvVIoToOV TNV oogenTixy Teptoy) x.a. O Bpeyuatixde
AoPoc nepthapfdver Tic éhixes ot onoleg anotehoby o Wine aointxd xévtpo (6mou npoBdilovta
xot eppnvedovtan tor auoUnTixd epediopata mou mpoépyovtal and OAES TIC TEPIOYES TOU avTIVETOU
nupopiov tou avlpwnivou cwuatog), Tic éhxes ol omolec anoteholy To CLVELPUIXG o VNTIXG
x€vtpo (6mou avaryvepilovta xou epunvedovtor to napdvta aodntixd epediopata o oyéon Ye o
TponyolUeva), Tic €AIXES OL OTOlES ATOTEAODY TO axouLoTixd xévipo Tou héyou (6mou xalioTato
AVTANTTH 7 €VVOLOL TV ax0VOUEVWY MEZEWY), TIC ENIXEC OL OTO{EC ATOTEAOVY TO OTTIXG XEVTPO TOU
Abyou (6mou xad{oTtavton avTAnnTd T opoueva onueia e Yeaprc) x.o. Enlong o wiaxds hoBdc
nepthopBavel HETAED GAAWY TIC TEPIOYES TOU ATOTEAODV TO XEVIPO TNS EVOUVELDHTOL 0OPUCEWS, EVE
0 xpoTaPixdc hoPog petald dAAwY mepthaufBdver 1o x€vTpo NG axoNg, X.AT.

2.3 HAiextpoeyxegpahoypapixy] SpacTneloTnTA

To mo dueco lowg uétpo e duvauixic TG eyxepaixnc Aertovpyiog, etdixd yia Tig Bpayeies ypo-
vixég xhipaxeg xotd tig onoleg o eyxéparog enelepydletar TAnpogopiee, eivar to HEI, 1o onolo
XATAYPAPETAU GTOLS AVIPMTOUS Y PNOLHOTOIWVTAC NAEXTEOBIA TOU TOTOVETOOVTAL GTNY EMLPYVEL
tou xpaviou. 'Etot, 1o HET' napéyer éva onpavtixd, av xo ouyvd oyt xadapd, napddupo otig
AELTOUEY(EC CUYXEXPEVODY TUNUATODVY TOU EYXEQPIAOL Xal EIBIXE TOL TUAUATOC TOL QAOLOY TOL
Beloxeton eyyltepa ota nhextpddla xataypaphc, 6nwe gaivetar oto LyAua 2.2 [90]. H minpo-
popla mou mapéyetar and 1o HEID pnopel va ovpninpwiel and dedopéva mou AapyPdvovtar and
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evboxpaviaxd NAexTeddIL Tou cLVHTWS eRPUTEOVTAL OE AGVEVELS Yia LoTpo0S AOYOUC.

Ye mpdTN TPOCEYYLoN UTOPOUUE VAL VEWPHOOVYE TOV EYXEPANO ARG WC EVOL CUOTNUA UE CUYXE-
xptuévee elo6doue (auodntixés mAnpogopiec) xat e€bdoug (Spaotnetdétnta xivione). To obotnua
anoteheltar and €va GUVOAO VELPWVWY TOL eNeEPYALOVTAL TIS TANPOYOPIES ELGOBOL YIX VA To-
pdyouv v andxplon g €€6dou. Ot vevpwveg ahhnhemdpolv petald Toug ot oL TANPEOYopieg
petodidovtar Oyt uévo xatd wia xateduvon ahid xatd eEoupetixd ToAOTAOXO TEOTO TOL CUVI-
otatan o€ éva peydho mhfdog avadpdoewy xar cuvdéoewy. H B cnodntiny) tAnpopopla propet
vor oxohoudel ToAkEC BlapopeTinés dradpouéc uetald eloddou xou e€6dou. ‘Etotl, 1o mhidoc twv
ouvaewy petagd urtodoyéwy xat pUGY uropel va eivon Tohd ueydho ¥ Tohd wixpd m.y. 800 1 TpElS.
Ot guotordyol yvwpilouv Aya oyetind pe Tic Aettovpylec mou AauBdvouy ypea ok xovTtd oTny
elcodo xou oty €€0d0, ahhd oyedoV TinoTe Yio 6,1t ouufaiver evoLduesa.

Ot ypovixée xaduotepfioeic PeTall g €10660u xat e €680V Unopoly va Toxihovy and ue-
pixd msec U€ypl exatovtades msec N xou neplocotepo. [Tohd wxpéc xaduoteproels oyetilovta pe
avTavax oo Tixég xivioels xou uropet va pn ouunepthopfBdvouy eyxegolixt| enelepyacio. Avtiveta,
oL ueydhol ypdvol cuunepthopBdvouy yvwaotuxr eneiepyaoto.

YOuQwva Ue T TpoNYOUUEVY, 0 EYXEQUROC Vewpeital w¢ uodpo XOUTE UE CUYXEXPILEVES ELOO-
douC oL EYOUV WS ATOTEAEGUA TIC TapPATNEOLUEVES €£600VC. 26T600, auth 1 Yewpnon urnopel
VoL €YEL VOO WOVO OE CUYXEXPIUEVES Tepintoelg. [a mapdderya, €€odol auyvd mapatneolvTal
Ywelc xdnota opaty elcodo xar eniong ToAld epediopata dev TPoxaAoUV XATOLO 0PATH XIVNTIXT
andvtnon. 201600, Tohhol TETEDOLY OTL TETOIEC TUPATNEOVUEVES DIAPORES ElVOL TOGOTIXES oA
ToloTIXéS ot ogeihovTan 6TIC PEYIAES Blaopéc 0TV TOAUTAOXOTNTA UETAED TOU EYXEQPANOU XAl
TWY YVOOTOV QUOIXOY CUCTIUATOV.

Or photixol vevpwveg ue Bdomn tn puotohoyia xot T Loppoloyia Toug uropoly va tagvountody
O€ TPEIC OUADES:

1. Nevpdvee tayelag expdptions : napovotdlouvy yehyopa duvopixd dpdone ((0.5ms) ot wop-
POAOYIXE AVTIOTOLYOUY GE U1 TUEUISIX00G VEUPOVES.

2. Nevp®veg xavovixig ex@opTiong : mapoustdlouy duvauxd didpxetag 1.5ms xou poppoloytxd
avTiotolyoly o€ Tupaldixéc xuEhec petpiou xar Uixpol ueyédoug.

3. Nevpdveg pndy : anavtody dNUOUEYOVTIC PITES BUVOUXMY XAl LOPPOAOYIXY AVTIETOLY 00V
oe mupopdixég xuéleg peydiou peyédoue.

YYeTXE YE TN DPUCTNELOTNTA TOV YAUNADY EYXEPIAXOY pLIU®Y, Yewpeitar 6Tt xadopilovtal
x0ptae amd vevpwvixolg Pruatodotes. ‘Eyet Boedel 1t uepixol tOnol Yahauixdy vELpOVLY eppovi-
Couv pn autdvoun TUAAVTWTIXY CUUTERLPOEE 0XOUT XAl UETE TN PEAYT) TNS CLUVATTIXNC UETADOOTC.
Or vevpwveg autol Tapdyouy EcWTEPIXES TAAAVTWOELS xVpta 0Ty Teploy| Twv 6 — 10H 2 xou 7
HETAY YT amtd ToV €vay TROTO TUALYTWONG 0Tov dhho elvar eapTwuevy and tdor. ‘Etot, ot Yaka-
wixol vevpwveg dlapépouy ouolaoTixd and Tic xapdlaxés xuhéles, ol onolec unopoHy va SLlaTnEovY
TNV TUAAYTOTIXT GUUTEPLPOR, UXOUA X0l OTAY UTHPYEL AmoLGTa GUYXEXQPIUEVNS Elo6d0L. Avtide-
T, 1) BpUoTNELOTNTA TV LYNAOTEPWY PLIUGY Tou eupavileTal 0TV XATACTACT EYPRYOPONS Xl
paiveton va tatlet poho oty avtidndn xo ot cuveldnon dev tapouotdletar opotduoppa 0UTE oE
oMo 10 plot6 00tE oTo VdAUYO.

2.4 Koataypapn HEI' onudtwy

O mo ouvnioyévog, 1600 0TV xAXT TEAEN 660 xou GTNY EPELVA, TPOTOS TOTOVETNONG TWV
NAEXTPOBIWV XATAYPAPHS TOU NAEXTPOEYXEPAUNOYpapxol ofuatog elvar To cbotnue 10 — 20 [56].
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Eyfua 2.3: Kataypagpr HED orfjuatog obugwva pe o 10 — 20 obotnua

To obotnua autd yenowonolel 21 NAexTtpddia xaTd TETO0 TPOTO WOTE VO XAAOTTOLY TOUG Bla-
popeTiolc hoBoic tou eyxepdlou (petomalo (F), Bpeypatxd (P), moaxd(0), xpotapixd (T) xa
xevtpd (C) ). To SyAua 2.3 mopouotdlerl wa EToYR XAty pa@OUEYOU GHUNTOC PE TO o0oTN-
por 10 — 20, eved to Eyfua 2.4 mapousidlet i Y€oelg TwV yenotuonooluevey nhextpodiny. To
10 — 20 oVotnua yapaxtneiletar and andotaoy Petaild NAExTEOdiwY e T4ENe twv bem oc éva
TUTXO XEPANL eviAixou. AlZnom Tou Thdoug TV NAexTEodiwy xataypaprc unopel va enitevy el
pe toro¥etoelc NAexTEOdIWwY UeETAE) TwV NAEXTPOSIwY Tou cucsTthuatog 10 — 20 m.y. NAextpoddia
FC peta€d tov nhextpodiwv F xar C. 'Etol npoxdntel 10 tpononomuévo 10 — 20 cbotnuo.

Av xou to Thidog TV NhexTpodinwy Tou anatodvTo e€aptdton and To exteloVUEVO TElpapa, €l-
vou entdugnTt 1 Slatinwon evog yYevixol thauciou ye Bdomn to onolo Yo emthéyeton o apriuds autodg.
Eivar yvwoté 61t v éva wévo dinoho amoutodvton €€L BElYUATA GTO YMOEO YLoL THY OVATIRICTAOT
e ouvdptnone duvauxol oto xepdht [13]. Qotdoo, xadwe o aprludc Ty dindhwy auidvet, o
aptIUOC TWV ATUTOVUEVLDV YWEIXMOY DELYUATOY UETA and Eva GUYXEXPIUEVO bpto BeV augdvet, apob
ol TapATNEHOELS aAhotdvovTa Adyw g Tapouaiog YopiBou. Eva avahutixd epyaieio tou Bondd
OTNV €MAOYT] TOL apldol TV ATAUTOVUEVWY Yot TNV XATaY paph NAEXTEODIWY TapovsidleTtor oty
[134] xou otnpileton otny vdleon GTL TO XEQEN UTOPEL Vo TEQLYPUPEL W NUOPAUPIXT| ETLPEVELXL.
To povtého autd mapéyel avaAUTIXT EXPEAUCY) WS TPOS TIC CYAUPIXES APUOVIXES TG CLVARPTNONG
dLUVAULXOY OTNV ETMPAVELL TNG CPALPAS.

Av xou ol anootdoelc PETUED TwV NAEXTEOBILY Yla TNV aviyveuon TadoAOYIXOV VOV 1 T
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Syfua 2.4: To 10 — 20 obotnua

BlopopOTOINGT TNG TOTOYEAPIUS TWY CUVICTOOWY TOV TPOXANTGY SuVaIX®OY dev TEEnel va eivou
amopaitnTa Wixpéc, Sev eival dpXETEC YId TNV AETTOUERETTEPY) OAVIAUGT], TV TOTOYQPUPIXWY dloPO-
eWV oL elval oNUAVTIXES OTN UEAETN TV TAYOAOYIXOY Bladixaotody, Onwe 1 évapln xploewmy xou
1 AVOUIAT vontixy Aettovpyio Tou eyxepdiou. AuvZdvovtag tov aptiud TV NAexTpodiny ot me-
ptocotepa and 100, tote 1 puetadl Toug andoTAcT UEI@veTUL o€ TEpitou 2.5cm xatd uéoo bpo. H
andotact Beloxetor eviog 1wy oplewv Tou Ueyédoug TN avamapdoTacS TOU Xpaviou UE o txen
Sroxptth ghotixh mnyt [41].

H ypnowoétnta wag tétotag avénuévng yweixhc derypatohndioc mapauéver Teploptoyévy and
Vv mopapoppwon v HED onudtov xadog datepvoiy to uhniic aviiotaong xpavio. Or naupa-
HOPYAOTEIC QUTESC AVTIOTOLYOLY GE Eva YwpIxd YUUNAOTERUTO QLATEAPIoUN TO OTOI0 TPOXAUAE! Ula
alhoiwor e xatavouhic Tou duvauxol oto xe@dhl. Ta teheutaia ypovia €yel avantuydel Eva
TAfdoc uedddmv yio T PElwon aUTGY TV Tapauoppotwy [40].

2.4.1 Xwpwr avdvon

H yopuxr avdhuor eivon anapaitntn enetdr 1o nAextoixd duvauixd oc éva dedouévo onueio tou
TPl WTOL TN XEQPuATC elvan ot ‘oyetiny Tipr. To duvawxd oe éva onueio opiletar wdvo we mpog
10 duvaxd evog dhhou onueiov. Xuvenwg, ot PeTEroelc TN xaduoTéENoNg Xal TWV UETABONGY
oTN QAo ToL duvaUXol GE €va anuelo Tou TELYwToU TNS XeEPaAT¢ elvar e€loou oyetixéc. H yopixy
avIAUGCT 0BNYEl OE LOVABIXE CUUTERACUATA CYETIXG UE TIC XATAVOUES TOV BUVOUXDY GTO YOEO Xl
T1¢ Bropopéc Toug PETAZD BapopeTindy cuvinxdY, eZetalouévwy (Tou xahodvtar xou UdpTUEES) 1
YEOVIXWY GTIYUMV.

BéBata, o éheyyog unodéoewy v dedouévwy and HEI xataypapéc xadme xat 1v Sedopévewy
WV TEOXANT®Y duvox®Y unopel va Boactotel otic ocuvilels HETPNOEIS TwV BIAPOPKOY BUVOUIXOV
petagd mpoemAeyUEVLY NAEXTROBIWY. Luvilelc tpoemthoyég nhextpodiwy eivar To draunxes povtdl
xat 1o optl6vTio povtdl, tou mpouatdlovTal 6Tov axohovdo mivaxa:
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Mivaxag 2.1: Aroprixeg xou 0pt{ovTio povtdl NAextpodiwy

Avapiixeg povtdl | Optldvtio Movtdl
F3 — Fp Fp—R
T, — Fy Fs—R
Ts — T T,—R
Oy — T Te — R
Fr — Fp Fy,—R
Ty — Fr Ci—R
Ts —T; Pi—R
O1—Ts Os — R
Fy — Fp F,— R
Cy— Fy C,—R
P, —-C,4 P,—R
0y — Py Fi—R
F3 — Fy F; — R
Cs; — F3 Cs;—R
P; —C;y P;—R
01— P O1— R
Fpo — Fy F;—R
F, — F, T35 — R
F, — Fp Ts — R
C,—F,
pP,—-C,

6mou 10 R avTinpoownelel To NAEXTEOBI0 avapopds.

Onotodnrote mpoemheYPévo UTOGUVOLO OAWY TV VEWENTIXE BUVITMY XUUATOUOPPWY UTORE!
va ypnotgornotniel edhoyo xar EMTUYOS Yio BIdyvwon ¥ Taglvouroels, Onws o o&loToToS dla-
Ywetowds UETOED UapTOPmV, YPOVIX®OY atyuwy 1 cuvinxdy. 261600, xatd povadixd TpdTo )
(QUOIOAEITOLEYIXT| EPUNVEIX TV BedoUEVmY BV elvor BuvaTH UE aUTd T GUVORA BEBOUEVWY, PO
o yopaxtneilouv povoshHpavTo TV Tpoy LTty Slapdppeaon Tou tedlov oto ywpeo. H mpayuato-
nolnom WEAETNG VIOl TNV EVIOTIOUS WIAC U1 EVERYOUS avapopds palvetar wdtoun, agol 1 anddetin
and T Quotohoyio un evepyolc avapopds dev elvar e@ixth. ALdQopes Un evepyEc avapopés oL
omoleg oLy Vd ypnotponolodVTAL BEV TaPdYOoLY TALTOCTUO aToTEAESUATA. LTI anexovioelg Tedlov
e avdopuntne HED Spaoctnpidtntag, ta auttd eivon Y€oeic mou €youv tny tdon va divouv Tic mto
Yetixée 1 apvnuixéc Tipég Suvouxol ¢ TEOS TIC UTOAOLTES TEPLOYES TOL TPl ®TOU TNS XEQPAUARS.
Avuth elvon fowg xar 1 arttohoyior Tou yiath T auTid Yewpolvton emTUYNUEVA WS oNUEiX AVAPOpdC,
agol telvouv va tapdyouv uéytota HEL xou mpoxhntd duvoixd.

2.5 AUvOox0AEg OTNY TOCOTIXOTOINOT TWY EYXEPAANOYPAPLXWY KO-
TOLY POLPWY

H ¢@ihodoZio tng mpotumonomuévng epunVveiog TV EYXEQUNOYPAPIXDY XATAYQAPWY EYEL ATOTE-
Aéoel Baoixd oTtoy0 and TIC TPWTES NUEPES NG MAexTpoeyxepahoypaplac. TrhApye xar undpyet
navtote N emAda 6Tt pe éva meploadTERo 'eEunvo’ TpdTo avdivorg tou, to HEI Yo anotehéoer
éva napdtupo oto vou [9]. Xoapaxtnpiotxd eivor 1o axdhovdo andonaopa and touc Grass xou
Gibbs [47] ota 1938 : “Metd tnv enclepyacia 300 eyxepoloypapnudtwy, elpacte neneioyévor 6Tt
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10 60T O)l UOVO TEPLEYEL BEDOUEVA UE TPOTO TEPIOGOTERO YPNOILO Xat oxpl31| and 6Tt elvor du-
vato e Tig Topoloeg UeVEdoue, ahhd o€ TOMES TEPINTOOEIC UTODEXVIEL GNUAVTIXES AANAYES OTO
NAEXTPOEYXEPUNOYPAPTUA Ol OTOIEC OE BlapopeTixy Tepintworn Vo mapéuevay xpuppéves.” Av xou
TOL TAUPATAVE YpdpTnxay tepinou 70 ypdvia mptv, auth 1 nepihndn wog and Tig TpdTeES avahloeLg
Fourier Yo urnopoloe dveta va eupaviotel xatd AéEn oc mohhég onueptvéc pehéteg. Ilopdho mou
ol véeg avaluTixéc pédodot @aivovtor TOAG UTOOYOUEVES OTAY dPYIX®S EQPapUOloVTaL, O UPYIXOS
evibouotaopdg ouyva giiver dtav 1 uéodog AmoTIUATHL GUOTUATIXG.

Metd and 70 ypdvia ouveyolC EIGUYWYTE TOMG UTOGYOUEVWY TEYVOLOYIGY BeV Elvon Topdlo-
YO Vo BlTUTOOEL Xavelg TNV drnodr 6Tt T eppaviloyeva tpofhfuata dev TNyYdlovy ATOXAEIGTIXG
HOVO amd TOUG TEPLOPLOUONS TNS TEYVOAOYIAS avaALoNS dANS uTopolY v TeptAoBavouy TNy EANeL-
b Baotxig EMOTNUOVIXAS YVOONG GYETIXE UE TN QUGIohoYLXY BAom Xou TOV avaTolxd EVIOTIGUO
OV YEVVNTRLOV TOV XATAYPAPOUEVWY EYXEPAAOYRAPIX®DY duvouxdy. Egautiac autig tng éMAer-
Une YVOoNs 1 EpUNVEIR TV EYXEPANOYRAPIXWY XATAYPUPOY EYEL UTOXEIUEVIXO YARAXTHRA XolL Ol
HET xataypagés eivon apxetd ouyvd amhd emiPBeBantinés mopd ahndvd Sty vwotixd epyahela.
Or eyxepoaloypapiotéc yapaxtneilovy TNy NAEXTROEYXEQPUAOY PAUPLXT) SPACTNEIOTNTA PAUIVOUEVORO-
Yixd, hopfdvovtag umodn T CUYVOTNTA, TO TAATOC XAl TN HopPONOYid TV XUUATKY, TN YWEIXT
TOUC XUTAVOUT| Xal TO GUVEYY) 1) LETUBTIXG TEOTO EUPAVIOTC TOUS. AQOoL Tol YopUXTNEIOTIXS AUTH
Tox{AoUY EVEEWS UE PUOLONOYIXES BLAXLUAVOELC OE TOALARIIUOUE AvaTOWX00E, GUCIOAOYIXO0VE ol
Bloguotxole TupdyYovTeS, DEV UTAPYEL XAVEVOS axPIBNc 0pIoROS Yo TIC WIOTNTES TV TEPICOOTE-
PWV XLUATWY ot ot epunveleg yivovtar xOpta pe Bdom xou uréhotma yapaxTNEIoTixd. JuvAdeg, dev
yivetar AenToUephc avaALGT TV WIOTHTOY TOY XUUATOUOPP®Y OARG EXTIUATOL 1) YEVIXY EIXOVA TNG
ouvohixrc xatoypaprc. H obyxpion puetald twv xavalov Tou otdyo €yer v avoxdhuln ave-
HOAGDY NUCQAULPIXWY ACUUUETPLOV XAl EOTIAXWY Lop@P®Y anoTeel xOpta Stadixacia oTny cpunveia
TV xatoypapmy. Autég ot pédodol dev elyav nocotixomonlel péypl tpdoputa TOL N TEYVOROYia
OV TEYVATOV EUNEIPOY CUOTNUATWY EXOUVE TEPIGOOTERO TEAXTIXY THY AVTOUATOTOMUEVT AVIALGT)
TWY UTOXEUEVIX®Y IBIOTATOY TOV XVUATOUORPOY. LNUAvTIXES Tpoonddeles Yia Ty Tunonoinom
OLY VA YENOILOTIOIOVUEVKDY Gpwv HTav apxetd yprotes. O autdpateg avaAdoelg, Onme Yol To-
PUDELYUOL 1) UETENOY TWV YAUPAXTNPIOTIXOY TWV ETANTTOYEVMY XUUATOLORPOY, ENEXTEVAY AUTOVS
TOUG TEPLYPAPIXOUE 0pIoU0UE, OE TEPIGOOTERO axpIBel T0GOTIXOUS 0pIoUOUL.

Méypr ta uéoa tng dexactiog tou 1970, Yewpeito 6Tt 1 xbpla WINOT TN ToCOTIXNC AVIAUGTG
Yo émpene vo elvon 1 wlunom g onuxnc afloAdYNoNG And TOV EUTELQO EYXEPUNOYQPAPIOTY TWV Y-
PIXWY OTOLYEIWY TOU XATAYPAPOUEVOL GRUATOC UE GXOTO TNV ENAYIOTOTOMNOY TN UTOXEUEVIXAS
avipwnivng xplong xar Ty adinon g anodotixdtntuc. (201600, UE TNV EUNELpA, EYIVE CUPESC OTL
aut6 eivor éva ToAG BOoxoho TEOBANUA EMEWDY T XPITHELO TOU EUTELPOL EYXEPAAOYPAPIOTY BEV
elvon axplBode xodoplouéva xot eTionNe Ol YVOUES TV EIBXGY UTopoly Vo TOXIAOLUY oNHaVTIXd.
Emmhéov,to yeyovoe ot axdpo xor 10 xaAOTERO €Unelpo oboTAP oTepe(Tal TNV EVPEld YVOOT
EVOC EUTELPOU EYXEPUNOYQAPIOTH, 1 YENOLUOTNTA TOU LTOUVETIXO) AUTOUUTOU EYXEQPUNOYQAPLOTH
Yo Aoy apxetd meptoptouévy. Ilapdha autd 1 mpbdodoc oty mpoondideio TOGOTIXOTONONS TWY
EYXEPUAOYPAPIXWY XATAYPAPWY Vo GUVEYNS xa ETTLYYNUEVT xou 1) emttuyio tne Baoiletar otn-
v ahAnhentiBpoon UETAED TV NAEXTPOEYXEPANOYPAPLOTMVY Xl TV CYESLAOTOV TWV CUCTAUATWY
ene€epyaoiag tou HED ofuartoc.
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Kegpdioo 3

Avvouixd 2ZVCTARATA

H avaxdhudmn tou vIETEpUIVIGTIX0D YA0USC Xl TWV TAPAEEVKDY EAXUGTMY O8NYNOE TOUS ERELVNTES
TNV avdnTudn HeVOdwY N Yeouuxig avaAuong Ypovoaocelp®y Ue Bdon tn Yewpio TV BuVoIX®Y
OLUCTNUATOY X 6TOYo TNV aviyveuon g mdavic mapousiag ydoug yaunihc BidcTacng oTig
UETPOVUEVES YPOVOTELRES.

3.1 Ewaywyixég EVVoLeg

Eva duvouxd obotnua eivar éva podnuatixd poviého 1 €voag VOUOC NG LOpPhC:
X (b +5t) = By (X (1), o, 1) (3.1)

6mou 1o X (t) eivou éva Brdvuouo UETUBANTOY TOU TEPLYpdpeL TARP®S TNV XATACTAOY TOU GUOTH-
HATOC TN YeoviXY oTiyun t:

X(#) = (X1(t) Xo(t) -+ Xm(8), X(H) € R™

xou X (t + 0t) eivan n xatdotoor Tou cuoTHUATOS TN Yeovixh otiyuh t + 0t xou g, k =1,..., M ol
aveZdpTNTEC TOU YPOVOL TUPIUETEOL ToU cuoTAUNTOS. H emhoynh twv xataotatixdy petaBAnTtdy
emBdiheton and Tt @vor Tov cuothuatos. [a TaEdderyua, oty YepUOBLYIUIXT TV IBAVIXOY dE-
plwy, we duvoxéc uetaPintéc emhéyovton 1 Yepuoxpasia, n nicon xar o dyxoc. Xtn cuvéyeta Yo
OVOPEPOUICTE GE GUVEYT| BUVOUIXE CUCTAULATA 0T ontola ot AVeEdPTNTES UETUBANTES TOL GUOTH-
patog X elvar GUVEYELS X0 TPy WYIGIUES GUVIPTAGELS TOU YPOVOU, CUVETKS UTOPEL VoL 0pIoTEL 1)
TUXVOTNTO TWV XATAOTACEWY OTN YEITOVIA XVEWAS and TIC BUVATES XATACTAOELS.

H xoatdotoomn tou cuoTALATOS OTOWBHTOTE YPOVIXY OTIYUY| avandplotdtal and éva onueio 6To
Y@PO XATACTACEDY 1 aAM®S Pacixd yhpo. O pactxdg yweog eivan €vag m-SldoTaTog ¥ Weog Tou
opiCetar and tic m duvapixéc uetaPintéc. Ot Baduol eheviepiog evog ouathuatog xadopiletar and
™) d1doTacn Tou gactxol yweou m. H eéhin tou ouothuatog mapdyet Wi axohoudio ypovixd
BLABOYIADY XATACTACEWY TOU CUCTALATOS TOU ATOTEAOVLY TN QACIXT| TEOYIA.

Eva obotnua eivar ypouuixd edv ot €Zodot eivon avdhoyes Twy el0ddwY tTou. Auth 1 avahoyio
odnyel oe €va oyeTixd amhé €bpog duvauxrc ouuneptpopdc. Avtieta, Eva un Ypouuxd cOoTNUA
deV LTOXOUEL EV YEVEL 0TO VOUO auTod TN avaroyiog. Anhady, o vouog e€ENENS EVOS U] YRoUUULIX00
OUGTAUATOS OEV UTOREL VAL EXPPACTE! 1S TPOC EVOL YROUUXO UETACYNUATIOUS WG TPONYOVUEVNS
xoatdotoone: X (6 +0t) = f(X(¢)) # A- X (t) yio xdmoto mivaxa # ypopuuxd tekeotr A. Erniong,
Yior To U YPUUUWXS cuoTAPATA, EV YEVEL BEV 1oy el M apy| e unépleons. Anhady, €dv ot X (1)
xou Y (t) elvon 800 Aoelg evoc un ypappxol ocuothuatoc, n aX (t) + BY (t) dev eivar anopaitnta
eniong Aoom.
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To un ypouuxd duvautxd cuothpata dropel vo epgpaviCouv tohhoie Timoug yeovixic eZEMENS
avdhoya pe T doun Tou cuothuatog. H ouunepipopd toug umopel va eivoar téoo amhy 660 1
napapovh ot éva onuelo wopporiac R otadepd onueio yia to onolo X (t+0t) = X (t). Enuerdveto
OTL Xal T YPOUUIXE CUOTAUATAE UTOPOLY Vo eppavicovy auth TN cuuneptpopd. AN wio amhh
Aoom og éva un ypouuxo chotnua elvar wio Teplodixy Tpoytd. Autd avtavaxhd o€ TAAAVIWOELG
TOU GUOTAUATOC oL EVOL XYTL TOU AmAVTATAUL Xl 6T Ypouwx) Suvaixy. Ouwe 1 eZENEN evog
Un Yeauuixolh cuoTthpatog unopel va eivar Tohh neptoa6tepo ToAbTAoxy. Mdhioto unopel va eivar
X0 YOOTIXY.

Evag onpavtindg Stoywetowdsc uetald twv duvamixey cuotnudtwy Bacileta 610 €dv 1 duva-
wixt| efvar TAfews vIeTEpUIVoTiX 1 €& 1) e€EMEN TPOXVTTEL, TOUALYIOTOV PEPIXAOS, W ATOTEAECUA
OTOYAOTIXDV SLOBIXACIDV.

Yt vretepuvioTnd duvapixd cuothuota, €dv elvon dedopévn wa apyix| xatdotacn X (t),
T6TE M xoTdoTOON XATOL ENOUEVT Ypovixh ottyud, X (¢ + dt), xadopileton xotd povadixd tpbéno
and 1o vopo tng e&EMEng. Auth ) WBéTTA TG HOVABIXOTNTAS UTOVOEL OTL GTAL VIETEPUIVIOTIXG
CLOTAUATA, Ol TPOYIEC OTO PUCIXO YWEO BEV UTOPOUV Vo TEUVOVTAL GE TENEQACUEVO YEOVO.

Tto otoyaoTtixd duvapixd cuothpata, uévo 1 mdavétnta P(X (¢ 4 0t)) urnopel va npoodiopi-
Ceton and 1 yvodon e xatdotaons X (t) xa ot tpoytés 010 Paoixd YWpo Propoly Vo TEUVOVTAL.
Eivar apxetéc gopég yprotno vo Yewpnloly VIETEPUIVIOTIXG SUVOULXY CUCTAUATI KOS OTOYACTIXG
anhd enetdn o yvwpilovye v ThYpn Teptypar OAwY TwV UETUBANTGY 1 eneldy) To ahoTnua EYEL
nohholg Badpolc ehevdepiog xal AnodeIXVOETAL TEQICGOTERO TPOCPOQT 1) HETAYEIPION TOU CUCTH-
HOTOS G OTOYAoTIXG.

Eva Suvopixd obotnuo Ayetar autévouo edv ot e€lowoelg xivnong dev eCaptodvial pntde
and To Ye6Vo, dANG povo and Tig aveldptnteg uetaintéc tou. Kdlde duvawxd obotnua uropel
VoL UETATPATEL GE AUTOVOUO, YE TNV ElOAYWYT Wog EMTAEOV aveldpTnTng UeTABANTAC Yoouutxd
eZapTNUEVNS Ao TO YPOVO. XTNV MEPITTWON TwV AUTOVOUWY CUCTNUATOY Ol QUOIXES TPOYIEC OE
BLOTAUEWVOVTAL GE XavEVL OMUEi0 TOL Qaotxol Y®pou, exTog and T onueia wopponiag. Xe
dtapopeTixy) mepintwon and ta onueia dotadpwong de Vo optldtay povoohuavta 1 eEEMER Tou
ovothpatog. Enopévwe oe xdlde onuelo tou gactxol yopou avtiotoryel pla xar uévo xatdotoot
TOU GUGTAUATOS. AUTH 1 BIOTNTA TWV AUTOVOUWY CUCTNUATWY EIVOL TOAD YENOIUY ETOTTIXG, YLo
aUTO TO AOYO Yol AVUPEROUACTE GTOL BUVOUIXE GUOTAUATA OE AUTOVOUT LOPPY,.

Avvopxd cuethuata tapouotdlovtal 6e TOAES BlagopeTixés wop@éc xat €Tot elvat Tpdoopen
1 tagvounot| toug o xatnyopiec. O anholoTeEROS THTOS BUVOUIXWY CUCTNUATLY Elival exeiva oTa
omola 0 vopog e€éMEng eivan wror amhh ahyeBpwxtr| €xgppaor. M tétoia Exgpacn npoxdnTEL 6Ty
Yewpolue ocuoThata oTa onola o Ypovog elvar dStaxpttog. Tote

X(t+1) = f(X(2), k) (3.2)

6mou X € R™ xau f(-) wa yvwoth ohyeBpxt ouvdptnon. Ta duvapixd ovotipata avtol tou
TOTOU GUY VA xaAolVTL amEIXovioels. LnuetdveTor 6Tt Ta dlaxpitod yedvou cuoThuata eV elvo
ndvToTe anctxovioelc Tou R™ otov gqutd TOU.

Oray 7 petafBinth ypdvou elvon ouveyng, o vouog tng e€€MENS Tou BuVIUIXO) GUOTALATOS hoy-
Bdver T woppt| Tou cuVOLOL Blaopixwy edlowoewy. Tote wAdue yia cuveyols yedvou duvauixd
OUGTAWATA, 1) ATAOVGTERY HOPYT TWV OTOlWVY TEPLYPAPETAL ATO XAVOVIXES DLapopIXEC EEIOWOELS

ax .

o =X = F(X ) (3.3)
6mou X € R™ xou F(X) eivou pa pntd exneppooyévry ouvdptnor e napopétpous pg. To npod-
Brnua avtipetoniletar we €va TEOBANUA 0pYIX®Y cuVINX®Y EYovTac xatd vou Ot T0 cloTNnud
eZehooetar and xAmotd YVOOTH apyixXh) XATIoTACT.
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Or xavovixée dagopixéc elodhoelc e popyhc (3.3) eivar tenepaopévne didotaone. Ot No-
oelg Toug Unopolv va Yewpnioldy wg Tpoyiés o ywpo m-dactdocwy. Ilepioadtepo mohdmhoxa
oLYeEY0US YPOVOL Buvamxd cuothuata elvon anctpodidotata. Ado cuviin topadelypata TETOLY
oLCTNUATLY elvan ot Brapopxés EEIGMOOEIC XUVGTERNONS Xalt Ol UEPIXES DLapoptxés eEIOWOELS.

Eva Suvopxd obotnua xoheltoa dratnentixd edv undpyet wa tooétnta B(X (1)) (n.y. n nux-
vétnta xataotdoewy p(X,t)) mou mapouéver otadeprh xotd ) didpxeta tne eZéhiEne (E = 0).
Auté vmovoel 6Tt 1 Buvox| ToL CUGTARATOS AaPPBAVEL YMOEA OE Wiat TOMATAOTATA UE DLAoTAOT
m — 1, n onola xadopiletar and ) oyéon F = otadepd.

Ta Suvouxd cuothuata e wopgic X = F(X) Siatnpoldyv tov byxo 610 gaoixd yopo €4y
VF = 0, 6mou ot pepixéc napaywyioe oto VF yivovtar wg mpog dheg Tig aveEdpTNnTeS UETUPBAT
té€¢ Tov ovotApatoc. H Omapln wog dratnpoduevng tocdTnTag xat 1) SlaThenoy Tou OYXou 610
paotxd ywpeo eivon aveZdpTNTeS WLOTNTES TV DLVAUIXGY CUOTNUATWY. Q0THC0, TOAAL BuvouIXd
oLOTALOTA UE QUOIXS evdlapépov yapaxtneilovtal eniong and T Sathenon 6yxou GTo Puctxd
Y®EO.

Mpn Sratnentind ovoudlovtal To GUGTARATA EXEVAL 0T OTOIX O GYXOG TOL QPAGIXOU YWEOL TOU
xortohouBdveTon and €va oOVORo apy ey cuvinxwy Se dlatnpeital, ahAL oY TRAYUATIXOTNTA
WELOVETUL UE TNV T8podo Tou yedvou, dniady VE < 0. Me dhha Adya, 1 por) Tou duvouixol
ovothuatog cuoTtéhetan. Aedoyévou 6Tt To cloTnua elval QpayUévo, 1 CUCTOAY AUTYH LTOVOE!
ot xodwg t — 0o, 1 xivnom neptopileton o€ €va ghvoho A ue undevixd 6yxo 6To QaGIXd YWEO
xat ddotaon D < N. To oldvoho autd eivar €vag EAXUGTAC TOU GLUOTHUATOC.

3.2 EAxvotéc

Apyxd bivoupe Toug 0plopols Tou avahhotdTOL GUVOROL, TOL GLUVOAOL EAENS ot TNG XxolTNng EAENC.
‘Eva oOvoho A ovopdletar avahholwTto edv aneixovileto otov eautd Tou and ) poR A 4 A

‘Eva avalholwto oivoho A xokeitoaw obvoho €Eng (ehxuothc) edv undpyet éva obvolo B ue
undevixd uétpo, A C B, 11010 hote B 1y A. To B xahefru xoltn éAéng tou A.

To un BratnenTxd cuoTAaTa Tapoustdlouy ToAlolE TOLOTIXE BLaUPOPETIXOUE TOTOUS EAXUOTO-
v, UE€ TepLocdTERO cuvnUiogévoug ta oTadepd onueia, TOUC 0pLaXOUE XUXAOUS, TN OYEDOY TEPLODIXY
xivnom xat Toug yaotxols (Tapdievous) eEAxVOTES.

ITohhamhd onpeia toopponiog eppoavilovton oxoun xot Yot TOAD amhd yn Yeouuixd uovtéla. Xta
HOVODBLAoTATA 1) BIATNENTIXA GUCTALATA GLVEY VS YPOVOL Ywelc pNTY YeOVOEEapTUEVY EEWTERIXY
Oéyepor, dnhady| o€ wa autdvopn xavovixt dlagoptxn eéiowor, Ta otadepd onuela anotehody Toug
HoVoLC BuVATONE EAXUCTEC.

Avtévopa un Stotnentind Suvoulxd cLUCTARATE CUYEY0DE YPOVoL 800 BIACTICEWY UTOPEL Vo
eupavicovy povo otadepd onueio 1ooppomiag 1 oplaxols xOXAOUEC GE ACUUTTWTIXA UEYGAOUS Ypo-
voug. H duvopixr| elvar VIETEQUIVIOTIXY UTOVOOVTIC OTL Ol TPOYLES DEV UTOPOLY VA TEUVOVTAL GE
OTOLBATOTE Ypovixh oTiyUn, 0AAd 0 Qaoixds yodpeog eivan éva eninedo. ‘Etot, onueia ¥ xhewotée
XOUUTOAES EIVOL TOL LOVO 1] TEUVOUEVO YEWUETEIXA avTiXelueva Ue didotaon wxpdtepa and 2. ITle-
PIOGOTERO TOAOTAOXOL EAXVOTES, OTWG Ol OYEDOV MEQIOBIXEC XIVAOELS XL 1) YUOTIXY] CUUTEQPLPOPA
amouto0V TOUAGYIOTOV TPIOV DLUCTACEWY QACIXO YOEO EAV 1 DUVIUIXT TOU CUCTAUATOS TEPLYPH-
ETAL ATO XAVOVIXES DLaPopIxég EIOWOELS.

Y& nohhéc MepITTWOELS oL EAXLOTES efvon mapdeva avtixelpeva pe pn axépato didotaon (fra-
ctal). T mopdderypa, 1 tpoytd propel va oxohoudel wo Stadpour 610 Paocixd yMdpo Tou aroud-
xpOVETAUL OTELPOEDWS and éva aotadéc onuelo xar xiveltoa oe Ppdyo xovid oe éva dhho aoTtaiég
onueio. LN cLVEYELX ATOUUXPUVETIL OTEIPOEIdWS and TN OEVTERY oUTH oot TEQLOYTH XAl Xi-
veltar miow mpog TN Yertovid Tou mpwTtou actadols otadepol onueiov. H petaywyr petalld tov
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TPOY1®Y YOpw and o aoToly| onueia oxohovdel pior aveuain teptodixr) axohouvdio.

Teoyiéc mou Zextvody and yertovixd onpeio otov TopdEevo EAXLOTH amoXAiVOLY TayUTAT TO
€voL am6 To GANO, TaPOAO TOL TUPAUUEVOLY 6ToV EAXUOTH. AuT 1) evoucdnola oTig apytxés cuVIxeg
xAver mpaxTixd adlvaTn TNy TEOBAedn TNg TEOYLAC TGO TOU TO GUCTNUN EVOL VIETEPUIVIOTIXO.

‘Onwe ovpPaivel ue Ghoug TOUg EAXUGTES, OL TPOYIES TOU EXXIVOUY ANtO SLUPORETIXES Uy IXES
oLYIxES GUVTOUA XAAVTTOUY TO GUVOAO TOL EAXVLGOTH. 20T600, 6TOUC TUPIEEVOUS EAXUGTES BUO
Yertovixég Tpoytéc dev mapauévouy 1 wla xovtd oty AN H amdxhion auth onuaiver mwg 1)
eZ€MEn Tou cuoThuaTog and Bvo Alyo BlagopeTiés apyixéc ouvifxes Vo elvon evieAdS dlagope-
. Me dhha AOyLol 1 xotdo oo, TOU GUGTAUTOS UETA amtd Wxpd Ypovixo dldotnua unopel va
elvor omoladmoTe Mapd To YEYOVOS 6Tt oL apytxés cuVIxes Nty TOAD xovTd 1 pla ue TV GAAY,.
Yy nepintwon avth Yo Aéyaue 61t 10 obotnua dnuodpynoe tuyadtnte. Enopévwe undpyouy
OUGTAUATA ToL OTola, AV Xol TEPLYPdPoVTaL and ATAODE VIETEPUIVIOTIXOUS XAVOVES, elvor Buvatdy
va dmuovpyfioouy tuyandtnTa. H tuyatdtnta nou nopdyetar pe autédv tov tpdmo ovopdletar ydog,
oL AV TIOTOLY A GUOTAUATA YAOTIXA BUVOIXE GUGTAUATI X OL EAXVOTES TOUG YaoTiXol 1 Tapdievol
EAXVOTEC.

Or ovvéneieg g 1BdTToC avutrhc elvon mpogavelc. Edv yvopilovye axpiBog T apyixée ouyv-
Wixeg VYo unopoloope axolovddviag Ty Teoyld mou avtioTolyel oty e€AEn Tou GUOTAUATOC
xat Poaoileton oe autég TIC apyxéc ouviixes, vo tpofAédouue TV eZEMEN TOL GUOTAUATOL Yl
navta. ‘Ouwe, 8ev umopolue Vo €youue TAHEYN YVOON Twv apyxdv cuvinxoy. Ta dpyava mou
drodétoupe efvar Suvatdy vor UETPHooLY POVO xatd Tpooéyyion Tic ddpopes Twée (Veppoxpaocia,
nieon x.T.A) TV apyix®dy ouvinxov. Ildvote undpyer po andxhion TV PETPOUUEVODY antd TIC
mpoypatixéc apyxés ouvinxes. ‘Etot, axdun xou av yvopilovue enaxpiBeeg Toug guotxols vOpoug
TOU TEPLYPAPOLY TO GUGTNUA, AOY® TNS PUOYS TOL UTOXEIUEVOU EAXUGTY 1) TROYUATIX T XATACTACT
TOU GUOTAUATOS XYoL YPOVIXT OTIYUN apYOTEQX UTOPEL Vol Elvol EVIEA®S BLUPOPETIXY Und oUTH
mou mpoPAépinxe. Etol, AMoyw tng @long Tou cusTAUATOS, To dpyixd Addr UeyaA®MVOUY Xal 1)
duvatodTnTa TpdBhedmng neptopiletar.

Or napd€evol ekxvotég elvar Aoimoy GTeEVd GUVBEDEUEVOL UE TN YAOTIXY) BUVAUIXYH XL TNV U1
npoPBhedupdTnTa 0T Un SratnenTixd cuoTARATAL. AvoTnEd WAGVTAS, EVag Tapdievog EAXUGTAS
elvon W ouhhoyn anelpov TARdoug aoTadOY TEPLOBIXWY TEOYLOY Ol omoleg elvol xotd xdmola
évvola ohxd ehxvotixéc. Iewpetpixd, ta aviixelpeva autd eivar okl mtolbmhoxa. H yaotixt
xivnom urnopel va Yewpniel we 1 xlvnon g Tpoytdc Tou GLUOTARATOC, 1 omola XaIDS TEPLPEPETAL
dtopéoou auTol Tou GLVOAOL TV acTaddY onueiwy, Tepimhavdtour TAnciov ulag TEpoy g TN Ul
OTIYUT| X0 0T GUVEYELD UETAYETOL GTY) YELTOVIA WA GAANG TEPLOY TS XaTd Eva Pouvouevixd Tuyaio
TPOTO.

Trdpyouvv 800 Bacixéc IBIOTNTEC TwV TAPdEeVLY EAXVGTGY Tou 0dNnYoly ot ueyédn To onola
umopolV va ypnotgornotndoly Yo to yapaxtnelowd toug. Ot 1dtdtnteg autég eivar:

e Buaicdntn eZdptnon and tig apyixés ouviixes. H evonodnoia auth urnopel va tocotixonor-
noel and toug exdéteg Lyapunov mou petpody tov exdetixd puiud andxAONS YEITOVIXGDY
TEOYLOY 070 Puctxd yeo. Ilpogavde, oty nepintwon Tou ydoug, o exétng avTtodg TEENEL
va, efvar YeTixde.

o Aouy gpdxtak. Ta godxtals yapaxtnpilovtar and tn didoTacy edxTak, 1 onola eivar un
axépatog aprduds xon cuvideg uixpdTepn and TNy Tonoloyixy didotac. To youpuxtneioTind
auTO oyeTlETol UE TNHY AUTOOUOLOTNTA TETOIWY YEWUETPIXWY douwy. Eva cbvolo @pdxtal
yapaxtneiletan and xdmota pop@y xAhiwaxag, Ue Ty Evvola OTL TUAUITH TWY CUVOAWY UE
XUTIAANAT ohhory ) ahlpocag epgavilouv Tig (Bieg 1B16TNTES Ye 0hOXANEo To ahvoho ot xdle
xhipoxo.

ITpénel va onuewwdel 6T1, av xar UTAEYOLY UN-QEAXTIA yaoTXol EAXLOTES OnWS Emiong xou
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PEAXTAA N YooTIX0l EAXVOTES, OTA TEPIOCOTEPO CUGTHUATA Ol YAOTIXOl EAXVUCTES EYOUY QPEAXTAA
doun.

3.3 Awxhadwoeic (bifurcations)

M and tic Bacixéc 1BLOTNTES TV DLVAUIXGY CUOTNUATWY elvor aLTH TNE BlaxAddwons. Me tov
6p0 auTO EVVOOLUE OTL XIS PETUBAAAOUPE Uiot and TIC ECWTEPIXEC TUPUUETPOUS TOU CUOTH-
HOTOS, TAURATNEOVUE UETOBATIXEC XATAGTACELS 0T DUV CUUTERPIPOE Tou cuoTrhuatos. To
6plo oo onolo ocupPaiver 1 yetdPaon ovoudleton onueio daxhddwone. Ipwv and to onuelo autod
ToEATNEOVUE €vay TOTO BUVAUIXAS CULUTEPLPOPAS X PETE amd auTd €vay dhho TOTO BuVAIXAS
CLUTEPLPOPAS.

‘Eva and 1o 1o onuavTixd YopoxTtneloTIXd Twy U YRUUWIX®Y cLUCTNUAT®Y ival 6Tt TohéS
droaxhadwoelg elvon xovég. Anhadr, ToAAEC peTaaTinés xaTaoTACES TapouGIdlovy Xowr LopY,
aveZdptnTa and To QUOIXd cLOTNHUA 0To ontolo auufaivouy. Etol unopolue va opadonolioouue Tig
Bl AABDOEIC Xt A TNV XATAVONGT TV T GUVHOUEVLY XATNY 0ROV SLUXAABDOEWY, UTOPOVUE
VoL XUTUVONGOUPE TOMAG E(dT) ueTABdoEwY.

Eivar mdavov and mohd amh duvoxy| vo xatahyovpe TeAxd oe eZonpeTixd aotadr) ousTy-
HoTor 6Tl oTolar VoL TapaTNeolUe TUPPRODY cuUTEPLPOEd ot TOAAEC xAuaxes TN xivnong ot Ty
eupavion olUPwVeY douwy. TIo cuyxexplpéva, 1 TupPOdNC cuuteplpopd cLYHYWS TEOXVTTEL WS
anotéleopa pag axohovdiog SlaxAadwoewy Tou 0dNYEL A6 Wiot AT XAVOVIXT] POT| OE XUTACTACT
TupBwdoug ouuneptpopds. Mépog tng axohoudiag authg elvon 1 mepipnun uetdBaon oto Ydog.
Qo1600, 1 axohovdio auth xadeauts| anotehel amhd pla 51080y YVOOTOY TOTWY BIaXAAdWOEWY.
Ot x0ptot tOmoL Sroaxhadwoewy mov eupaviCovtor oTa YUUNAHS TaENg Suvapixd cuoTALAT Elvol:

a) H Stoxhddwon Pitchfork: Avtotoiyel oty xatdotaoy oty onola éva onpeio wwopponiog
petaBdher TV evotaderd tou xou dayéetar oe Hvo onpeio. Otav To apyxd onuelo 1woppomiag
Yavet Ty evotdietd Touv xon ta 800 véa otadepd onueia eivar evotadt], ToTE N SlaxhdBwor xokeiTon
unepxplon Staxhddwon Pitchfork. ‘Otav ta véa onpeio 1oopponiag eivar aotady, cuvundpyouv
ue to evotadéc onueio tooppomiog xar 1 StaxAddwon Pitchfork xokeiton uvnoxplion.

B) H diaxhddwon Hopf: Ltnv anhodotepn wopet tne, éva otadepd onueio ydver v euotd-
Veld tou dlayeduevo oe évay optaxd xOxho. Anhady, to onuelo wopponiog ydvel TNV evoTddeld
TOU Xl TapdyovTon datapay€c mou AauBAvouy TN pop®r aLEAVOUEVKDY TOAUVIOOEWY. X Wi
unepxplon Staxhddwon Hopf, ot auavoueves tahaviodoeg odnyodvia o €vay XovTive oplaxo
x0xho. dot600, oe wa vroxplown draxhddwor Hopf, évac aotadic oplaxdc xixhog épyeton ot
obyxpouon Ue 1o evotadés onpeio uetatpénovtds To oe acTadéc.

Y) Aaxhddwon pe dimhaotaopd neptdédou: ‘Evoc optaxde xixhoc punopel va napoustdlet da-
x\&dwon otny onola 1 Bacix teplodog dimhactdletar xat To oOGTHUA Tpayuatonotel 500 GTPOMES
oe xovTivolg Bpodyoug mety emtotpédel oty apyxn V€on. H Sioxhddworn ue dimhaotoopd nepld-
00U ATOXUAUTTETOL PE TNV EUPAVIOT UTOUQUOVIX®Y OTN Qacpatixy 1oyl Tou cuothuatoc. Eva
amd ToL MO YVOOTd oevdpta YetdBaong oto ydog Paciletar otny axohouvdio draxAudwoewy pe Ot-
Thaclaoud TEPLOd0U, xatd TN SLdpxeta Tne onoloug 1 Pacwxr neplodog T' tpononoleiton €Tl KaTE
T — 2T = 4T — ... = 2"T uéypic 6T0U EPPaVIOTEL 1 YAOTIXY] GLPTEPLPORY ToL oyeTileTan Ye To
6plo N — 00.

3.4 Topn Poincare

Otav 7 didotaoy tou duvauixol cusThuatog eivon yeyaldtepn and do, dev elvar ma duvati
OTTIXOTOMON TNE CUUTERPLPOPIS TwV TpoyLwY. Eniong, n tpofoly| ot éva eninedo cuyvd apowpdVvel
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™ Sour| Tou eEAxvoth. Avti yio v npoolt, tpénet vo avantuy Yoy dAlo epyaAeio xou €var TETOLO
epyaieio eivar 1) Toun} Poincare. H tour Poincare oymuatiCeton and tnv topr| uag Tpoytds ye uio
dedouévn emtpaveLa 1 TOMATASGTHTA 6T0 Puoixd yweo. H nollamhétnta auty eivar 1 emipdveto
touns. ITohhéc popés eivar yproto va emAéZel xavelg uovo exelveg Tic Topég ue tnv [Bla diehituvor
0¢ Tpog TNV mohhamhotnta. Eivar gavepd 61t amoutel xavels 1 emtheypévn moAamhoTHTA VoL Uny
elvor movdevd epantouevn e teoytds. To odvoho twv onuelwv tourc eivon 1 tour Poincare.
Me dedopéva ta onuela autd propolue vo cucyeticouvue éva vopo mou ametxovilel éva onuelo
TOUNC 010 enduevo. Auty 1 aneixdvior xaheltar aneixdviorn, Poincare oty cuyxexpévn entpdveia
tours. H amewxdvion Poincare avdyet éva obotnua and cuveyols o€ dlaxpttol ypdvou xat T
Sidotaon ané m oe m — 1. Ertor, and v efiowon X = F(X), X € R™ xatohfyouue otny
bnv1 = f(&n),&n € R™7L, énou pe &, ouvpPoliloupe v toph Tou X (t) pe v emheyuévn
TOMNATASTNTOL:

X(t) =&, n=12--XecR" ¢ eR™ T (3.4)

Téhog, éva dhho eldog anexdviong eivat 1 6TpoBooxomIXT ATEXOVIOT, TOU hauBdveTon amd Ty
VYWY TNG TEOYLAC O Wil OElpd and oTypldTUR oL AduPBavovTal oe (ool YPovIXd BlAoTHUAT.
Sty nepintwon auth, uetaBaiver xavelc ond v eZiowon X = F(X) otnv npy1 = g(ng), 6mou
1y = X (to + nAt). Enuetdvetor Tt 0TIc 0TpOPooXOTIXES ANEIXOVIGELS DEY PEDVETAL 1) DtdoToo
TOU OUGTAUATOS.

3.5 Evvolohoyixég CUVETELEG TOU VIETEPUIVIOTIXOD YAOUG

H avoxdhudn ott oxdun xou mohd amhd podnpotind povtélo pmopolyv va odnynoouyv oc un npo-
BréDun ovuneptpopd €yel BERoua didpopes evvolohoyixéc cuvénetec. Ot 800 mo onuavtxég and
avTéc elvan ot axdhovVec:

e 1 mapovsio NG Un TEOBAEYIUOTNTAS OTA VIETEPUIVIOTIXG GUOTAUATA eV amoutel Tuyaleg
eETEPIXES EMBPACELS 1 DIAXLUAVOELS, ahRS Elvar (o E0WTEPIXT IBLOTNTA TOAGDY BUVOIXGDY
CUOTNUATOV.

® LI TUPAUTNPOVUEVY) AVOUOAT xou Un TeoBAEYLUN cuuTepLpopd SeV LUTOVOEL AmoPUlTHTAL TNHY Ta-
pouacia 00te evog Yeydhou mAftoug Baduby ehevieplag oty Buvaixy TV cLoTARATWY 00TE
e TOYNE, xaddg TEEC U Youuwxés oulevypEveS UETUBANTES Unopoly Vo TNV TRy ouy.

Avtn n mpoodoxia yio amhoTnTa xou un tpoPreudtnta €yl dwoet KdINoT o Tohhég TpooTd-
Ueleg YioL TNV avaxdALdn edv Wia TopaTNEOVUEYY TuYaiol BUVOULXT OQEIAETIL TEAYUATIXE OE Wl
TLEPROOY CLUTEPLPOPA 1 OTNV TapoLGia EVOS UXENC BLAOTAONS TUPdEEVOU EAXUGTY.
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Avoxatooxeur] Pacixod Xwpou

H xatddhnhn meptypap| tng Suvouxhc Evog cuoTARaTOS anoutel TNV mpdoPucy 6To Yaoixd Tou
Yweo. 261600, oL MEWIUATIXEC PETPHOEIC ondvia Tapéyouy ameuleiog TAnpopopia OADY TwY UE-
TBANTOV TOU Qactxol ywpeou evdc cuothuatog. Tumxd andteleoua evOg TEPAUATOS 1 WIoG
napatipnong eivor 1 ypovooetpd urog Poduwthc petafinthc h(t), tne onoiuc 1 oyéon Ye TIC PETO-
BANTEC TOL PACIXOU YOEOL BEV EVIL EX TWV TRPOTEPWY YVWOTY. TNV NEPITTWOY auTY, TO TPWTO
Briwa elvon 1 mpoomddelol aVUXATACHEVS YIAS TEOCEYYIONS TOU PUCIXOU YOEOU TOU GUOTAUNTO-
¢. Q¢ andvtnon oto mpdPinua avtd éyer npotadel and touc Takens xou Packard et al. [121],
[92] wa evdiagépouoa pedodohoyio mou eivan Yvwoth o¢ epdntion ypdvou. 1o xepdhoo oautd
Topouctdlouue avahuTixd Ty pedodoloyio aUTH TOU YENOILOTOETAL VLA THY AVIXATUCKELT| TNS
TANEOPORIUS TWV BUVIIIXWY CLUOTNUATWY AT TIC YPOVOCELREC.

Iotopd avagépovpe 61t o Whitney [138] €deile bt piar yevixevpévn Aefa anewxdvion F and
wo d-didotatn hefo xa ouurayh tolhamhétnta M oto R2H! elvar oty mpaypatixdtta évoe
drapopopoppiopde (diffeomorphism) oto M. Tevixdtepa o Sauer, York xou Casdagli [110] ye-
vixevoav v 160 TOL TEONYOLUEVOL Yl TNV TOAAATAdTNTa M yia évol oUUTAYES avaARolwTOo
oivoho A C RF mou umopel va éyet un axépaua didotaon xatauétenone xHBwy (box-counting).
O Takens [121] epedvnoe wa GUYXEXPIUEVT XNEOY ATELXOVICE®Y TOU XahOVVTOL ATELXOVIOELS UE
xauoTtepnoels wg ouvietayuéves. Mia anexodvion pe xaduoTEPNOES WS TUVTETAYUEVES XOTA-
oxevdletal and UL YpovooeLpd Uog uovo uetpoluevng nocotntac. O Takens €6eile 6Tl €dv 10
duVaUIXG GOOTNHUA XAl 1] UETPOVUEVY TOCOTNHTA Elvar YEVIXES, TOTE 1) ANEXOVION Ue XUDVOTERHOEIC
w¢ ouvTETaYUévES and wa d-didotatn hefo xar ouurayh tolarhétne M oto R4 eivar évac
drapopopopyiopds oto M. O Sauer, York xoa Casdagli [110] yevixevoav ta anoteléopata ToU
Takens. Yuyxexpipéva, avtixatéotnoay tny unédeon Tne YEVIXOTHTAS Ue TNy unddeon mdavotnTa
éva xat TNV tohhamhotnta M pe éva mdavo oOvolo fractal. Emopéveg, yio éva cupmoayéc avah-
holwto utoctvoro A C R¥| xdtw ané yohapéc unodéoeic yio to duvouixd obotnua, oyeddv xdie
amexbvion xaduoTtephioewy ouvietayuévey ané 1o RF oto R™ eivar 1 — 1 610 A, dedopévou 6t
n > 2 - boxdim(A), érou pe boxdim(A) oupPohiletar n didotaoy xatapétpnone x0Bwy. Eriong,
onotadfrote doun tohhamhétntac evide tou A a datnendel oto F(A). Ta anoteléopota autd
1oy 0oLV Yo lxpdTepES dlaotdoels xatapétpnons xUBwy, edv 1 boxdim dev undpyet. O nepxheiwy
yopog R¥ uropel va aviixatastadel and wo k-didotatn opahd TolamAbThTo 0T YEVIXH TEPINTE-
on. Emunpboderta, eivon ouyxexpiéves ot unodéoec oto duvauxd ohotnue (Sraxpttd ¥ ouveyéc)
TOU ANMAUTOVYTOL Yot Vol EEACQUAIcOLY OTL 1) ATEXOVIOT XAVVOTEPHOEWY CUYTETAYUEVWY DiVEL ol
eufdmtion. Tuyxexpéva, wévo n vrddeon ‘Cl held efvor amopaitnTn. T cuveyolc ypdvou
ovothuata, N xaduotépnor mEénel Vo ENIAEYEL £T0L WOTE VoL Uny LTAEYOLY XAYOAOU TEQIOBIXES
Tpoytéc TV omolwy 1 mepiodog 1olTal axpIB®e UE To Ypnoiwonolobuevo Ypovo xaduotéonong 1
UE To BITAdoLS TOU.

20
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4.1 To Oewpnua Eyfdntione tov Takens

To Oedpnuo Eypdntione tou Takens anotehel T Yewpntuxy| Bdom yio tny avdhuon twv yeOVOoEL-
PWV TOL TAUPAYOVTOL ATO U1 YROUUUXS VIETEPUIVIOTIXG duvauixd cusThuata. Xtny oucia éet OTL
edv dradétouue wa Baduwtd| TopaTnEHoLU TOCOTNT ¢ TNE XATACTACEWS X EVOC VIETEPUVIGTIXOD
BLUVAULXOY GUOTAUATOS, TOTE TUTIXE UTOPOVUE VA AVIXATATXEVACOUUE EVaL AVTiYRa(PO TOU apy X0
ovoThAuatoc Vewphvrac tic opddec (P(X (), (X (t+7)), (X (t+27)), -+, p(X (t+(d—1)7)))
TV d SLadoyIx®y TapatNEHoewy TN ¢, 610 To d elvor apxoiviwe peydho. Me X (t) ocupfoliletau
1 XUTAGTACT, TOU CUGTAUATOS TN Yeovix oty ¢ xou 7 > 0 efvar xdroto drdotnua derypatohndiog.
Eneidy|, avtideta pe 1o X (t) mou eivar suvidos dyvooto, 1 ¢(X (1)) eivor oty npdln petpriown
TOGOTNTA, TO ANOTEAEGUA aLTO EYEL 0ONYHOEL OE EQupuoYEg oe €va eupl TAdog nedlwy, Tou ev-
dexTd mepthopfdvouy T BuvaPX TV PELOTKOY, TN Blohoyla, TNV LTEIXY Xl TA OLXOVOULXAL.
Tuyxexpéva, Eyet odNyHoet aPevdg UEV GTNY ENAVAEETAOY TAAALGDY DEBOUEVLV Xol APETEPOL GTO
oYEdIoUS XAl TNV EXTEAEST]) VEWY TELPAUATWY UE OTOYO TNV oV VELST X0l [6WC TNV EXYETIANEL-
0N TNS VIETEPUIVIOTIXNC CUUTEPLPORAS YPOVOOELPWY, Ol OTOlEC XaTd To TapeAdoV elyay Vewpniel
tuyaieg. Mdhota, unopel va et xavelg ott to Yedpnuo autd €dwoe Winor oe €va vEo xAddo Tng
U Yeaumxhe SuVOIXTC, TOU GUY VA XaAE(Tal YoOTIXY AVIALGT] YPOVOGELPMY.

Y11 ovvéyela napovotdleton avolutixd o Oewpnua tou Takens. Onwg €yer avagepiel o10
TEOMNYOUUEVO XEPIAALO, 1) CUUTERLPOES TOANGDY TRUYUATIXWDY CUCTNUATOY GUY VA TEPLYpdQETOL Omd
€VoL VETEPUIVIOTIXG TETEPAOUEVNS BldoTaong duvaixd chotnua. Me auth v opoloyia evvoolye
OTL 1) XUTAOTUOY, TOU CLUOTAUATOS TEPLYPAPETAUL OTOLBNTOTE BEBOUEVY YpOoVIXT aTlyur ond Eva
onpeio X nou Beloxetar oe wa m-didotatn tolhamhétnta M, 1 onola ouyvd eivar M C R4, H
ypovixh eEENEN Tne xatdoTtaone authc meprypdpeTtar and pla anewxévion f i M x R — M étol
©oTe, €dv 10 chotnua Beloxetar oty xatdotaon X TN yeovixr) otiyun t, tote Pploxetar oTNy
xatdotaon f2(X) th ypovixd otiyud ¢+ 2. L1 meploodtepec mepintdoeic 1 f2 divetor and T
Aoom xdmotag xavovixhc dagoptxic e&lowong oto M.

YTIC TEPIOTOTEPES TPUXTIXES XATACTATELS DEV €youpe TedoPaoy otny xatdotaoyn X xou pmo-
POVUE WEPIXMS VA Tapatnefioovue xdnola ouvdptnon ¢(X) avthic. H ¢ : M — R xaheita
oLVAETNOY UETENONS XAl AVTIOTOLYEl OTN UETPNOY XATOLIC TALATNENOLUNG BIOTATAS TOU GUGTH-
patog, onwe 1 Véon N 1 Yepuoxpacia. H eZ€hln tng mocodtnrac authc Ye to Ypovo diveton and
my ¢ (f4(Xo)), 6nou X 10 didvuopa apyixfc xatdotaons. BéBua oty mpdln uropodue vo Ty
TOPATNPEHOOVUE WOVO o€ Blaxpltd ypovixd draothpata. Xwplc BAABN tng yevixdmtog, Jewpolue
6Tt o SlaoTAPOTAL LT ebvon (oo YETAED Toug, €TOL WOTE GTNHY TPAYUATIXOTNTO TAPATNEOVUE TNV
axohovdior ¢y, = P(Xy) yion = 1,2,---, 6mov Xy, = f"7(Xp) xou 7 > 0 10 ddoTnuo derypa-
tolnioc. H {¢n} anotekel ) ypovooepd. Alhdlovtac v xhigaxa Tov Ypbvou Unopolue va
vnodéoovpe T = 1, étot Wote 1 axoloudio xatactdoewy { X, } diveton and 1o draxpitd duvapixd
chotnua X(n + 1) = f (X(n)), énou f = f! xou n ™ elvar 1 oOVIeon n gopéc tne f.

H nopatnpoduevn uétpnon ¢, eivar povodidotaty, eve 1 xoatdotacn X, ev yével Pploxetar
oe xdmotov uvPnhotepng Sdotaone yweo. Ex mpwtng odewe, unopel va gaiveton 6tL 1 P, meE-
pLEYEL oyeTIxd AryoTepn TAnpopoplia Yia T ouuneptpopd e X, xou eniong 0Tl M ¢, €xEL Uixpt
YENoWOTNTA, 0ol 1) ¢y, TPOEQYETAUL and TN VIETEPUIVIOTIXT| Dladixacia ¢p,. 201600, 10 Ochpnua
EyBdntione tou Takens [121] anodexviet 61t yia Tumixés neptntdoets v f xou ¢ eivar duvatdy va
AVOXATAOXEVAGTEL 1 f od TIC TOpATPOVUEVES YPOVOOELREC Péypl xdmota (&yvmotn) heio ahhay
OUVTETAYPEVWY.

AxpiBéotepa, ag Vewpriooupe xdnow otadepr nosdtnta d (tnv onola xahobue didotaon eyu-
Bémtione) xou ac opiooupe Ty anewxdvion euPdntiong xaduotephocwy @4 M — R chupwve
ue tn oyéorn:

Dpo@) = ($x) S(FE) - ¢ @) ) (4.1)

Ac vnodéooupe 61t 1o M eivon ovunayés. Eotw DT(M) 1o odvoko twv C7 dlapopouop@logsy
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tou M xou C" (M, R) t0 oOvoho v cuvaptioewy napatipnone oto M. Ko ta 800 cOvoha eivon
tpotxtopéva pe v C" tomohoyla. ‘Eva vrooivoho A C D"(M) x C" (M, R) xoheltoar unéhotno
(residual), edv mepthaufBdver wo petpriotun Toph avolxT®y Tuxvey cuvoiwy. Agol to D" (M) xau
C"(M,R) eivau xou ta 800 yodpot Baire, éva tétoto abvolo eivar tuxvé. Mia btnta Tou oy et oe
éva unéhotno xaheiton Yevixy| (generic) xat anotelel wa and Tic Théov GLVHELS YENOILOTOOVUEVES
€VVOLEC TOU TUTILXOU 0TO YOPO TV duvox®dy cuotnudtwy. Téhog, wo Aefo anetxdvnon ¥ : M —
N petag) twv todhanrotitwy M xor N xaheitow epPdntion, v n avtiotoryio tou M otny eixdva
oL elvor Blaopouopplopds. Edv to M eivon oupnayéc autd elivar 10080vouo Ye 1o YEYovos oL
xou W xou ) mopdywydc e Tx U eivor m.y. 1 — 1 oe 6ho 1o M.

To Oewpnua EyBdntione tou Takens [121] Swrtundvetar we ehc:
Ocwpnua 4.1:
Eotww M uo ovunayrc m-didotaty dragopxr) tolhanidétta. Edv d > 2m + 1, 161 10 6Uvolo
v (f, @) Y to onolo 1 anewxdvion @ 4 eivon wia epBdmtion efvar avoxtd xou tuxvéd oto D (M) X
C'(M,R) ywar >1. m

Mia aotevéotepn poppt| Tou Yewphiuatoc avtol anodeiynxe aveldptnta and tov Aeyels [2].
Anodexvieton 6T elvan duvatd va dodel €vag amhog yapaxTneiowds Tou GLVOROL TV f Yl TIg
omolec n @y 4 elvar wa epPdntion. Autd npoxintel and 10 axdlouvo Vewmpnua:
Ocwpnua 4.2:
Eotw 6ty f € D7(M) éyer uévo éva nencpacyévo TAYoc TEplodixdY TpoyI®Y TEPLOBOU XpOTE-
enc and d xar 6Tt ot 1oTIPES xde TéTolg TEPLOBIXTC TEOY LA elvon Blaxpitéc. Edv d > 2m+1, tote
undpyet éva avoixtd xou Tuxvod chvoko ¢ € CT (M, R) yia tig onoleg 1 Py eivon o epBdmtion. m

Ynuetwvetar 61t ot anexovicelg f mou ixavorooly Tig cuvinixes Tou Yewpruatog autol elval
avoixtég xat tuxvée 6to DT (M). Or cuvifixeg yia tic tdoTipés unopel va gaivovtar Myo mopdievec,
oAAG elvar 0TV TEAYUATIXOTNTA AnopulTHTES Yia TV epPdntion. Luyxexptuéva, eivor ebxolo va
det xavelc 6t edv 1 f € DT(M) éyer éva otadepd onueio X € M tétoo wote n Tx f va €xer
000 ypauuxms aveldptnta Wiodlaviouata Ye TNV Bl Wwotiur, Tote 1 Pf 4y amotuyydver va eivon
wo epPantion oto X V¢ € C"(M,R). Tevixdrepa, edv 10 X eivan éva neptodixd ornpeio neptédou
q < d, t6te N @y 4 anmotuyydver va elvar o euBdnTion oto X €dv UTdPYOLY TEPIGOOTERY ATO g
Youupxas aveZdptnta tdrodavioyota tou Tx f7 ye tnv (Bla 18toTiu.

To Oewpnua 4.1 meptéyel ) Bdon yio ™y Thetodnpio Twv apriunTixedy pedddny Tou yenot-
HOTOLOUYTOL YO TNV AVHAUCT) YPOVOGELPMY OO U1 YRUUMXE VIETEQUIVIOTIXG SUVAUIXY GUCTHUATA.
Trovoel 6t v tumxd f xou ¢, 1 etxdva @(M) tou M vnd tny @ = Pj y, elvon eviehds 16od0va-
un ue 10 M outd xadeautod, extog and 1 Aelo avtiotpédiun ahhayr cuvteTayuévey Tou diveto
an6 v . Emniéov, agol n @ €yl éva helo avtiotpogo unopolue va oploovye TNV anexovion
F=®o0fod ! oto ®M). Téte n F ropoucidler v (Bio duvouxd pe tnv f, ahhd otic véeg
CLVTETAYUEVES oL BivovTon amd Ty ahhayr) cuvtetayuévwy ®. Suyxexpéva, OAeg ol 1B1OTNTES
avelaptnolag ouvietaypévwy twv F xar f Yo elvor tautdonues. Autd ouunepthapfBdver yopa-
ATNPIOTIXG, OTwS O apIUOS Xt oL ToTOAOYIXOl TUTTOL oTadep®Y ONUEIDY, TEPIOBIXWY TPOYIWY Xl
GANOY avoAAO{DTWY GUVOAWY, XUDIMC XAl YEOUETPXE aVAAROIWTA, 6TWS Ot IBOTIUES GTadep®dY Xal
Teplodix®y onpeiwy, 1 Sidotacn cuoyeTiowol xadws xou ol exdéte Lyapunov twv aviictolywy
avahholwtwy pétpev (toug onofouvg Yo avantdovye oto enduevo xepdhato). Enopévos, urnopet
VoL UETPHOEL XAVEIC TOGOTNTES OTWE 1) SLdoTaoT cuoyeTiowol 1 ot exdétec Lyapunov tne F xou
va efvar BéPonog ot avtée elvon (Bieg ue exeiveg tou apytxol ayvwotou cuothuatoc f. H omou-
dadTNTA ToU Vewpruatog eivon 6Tt auTd Tar avadloiwta Tou F umopel va extiundody xatevieiov
and TIC TApATNPOVUEVES Ypovooelpée {pn} xon authd yioti edv oploouye o onueio z, € RY and

TIC OUVTETAYPEVES XAOUOTERPHOEWY 2y, = (P, Pyl -+ Pptd—1) TOTE
m = (p(f"(Xo)) ¢(f"H(Xo)) -+ P(f"T(X0)))
= (6(Xn) O(f(Xn) - S(f1(Xn))) (4.2)

= (I)(Xn)



KE®AAAIO 4. ANAKATAYKETH $AYIKOT XQ2POT 23

Enopévee n mtocodtnta 2, avixel otny exdvo tou @ xar 1ol propolue va egapudoouvue tny F oe
auTh:

F(zp) =®ofod (z,)=®0 fod—1(P(X,)) =Po f(X,) = P(Xpi1) = Znt1 (4.3)

‘Etot n duvauxf; tou F oto ®(M) anhd anoteheiton and d ohodaivovta xotd éva ypovixd
Bripo Bradoyxd otoryela e ypovooewpds {¢pn}, nhadh F(dn  édnt1 -+ Pptd—1) =
(bnt1 Pnt2 -+ Pntd). Onwe onueddnxe mponyolueva autd eivor eviehds 10od0vauo
we v opyx duvoxd Xpp1 = f(Xy) (uéyper ty adhayt| ouvietaypévey ) xar 6hec ot 116Tn-
TEC AVAAAOIWTOL GUVTETAYUEVWY TV F xou f elvon Toutéonues. Av xar 1 apytx) duvaixy eivou
un mopaTnEnotun, N duvoux ws tpog ta ' xat 2y, exgpdleton xodupd w¢ TEOE TV TORATNEOVUEYT
xpovooed {¢y }. Etor, edv éyoupe éva deiypo and v {¢P, }, unopodue va eZdyoupe modhéc and
TIc 16ttt Foxou emopévee g f. Yuvonuxd, to Osdpnua tou Takens poc emtpénet va
OVAXATAGKEVACOVUE TO Sy VWG TO duvoixd aOGTNHUA and TO OTOl0 TPOEPYETAL 1] YPOVOGELRY UE TNV
omh XATAOXELY] EVOS VEOU YMDPOU XATUCTACEWY YENOWLOTOIMVTAS SLadoyIXES TUpATNENOEIS TN
XPOVOTELRYC.

Trdpyouv BéPoua TOMNG TpoxTIXd EUTOBIA TOU TEETEL VO UTERTNONHOEL XAVEIS OTAY AVTIUETG-
nilet 1o Yépo oty mpdln. T mopdderyua, cuvideg de yvwpilovue tT0 m xol xatd CULVETEL
oe yvwpiloupe mola TR ¢ ddotaong epPdntiong d mpénel va yenotponotjoovye. Iapduota
n emthoyr Tou dlaotApaToC derypatondiag T unopel vo ennpedoct onuavTixd Ty anddoon TV
TpaxTixwy TEYVIxwy. O Busxohieg autég pmopoly woTt660o va uTEETNONYoLY we Eva Badud, 6Twg
QUIVETAL OTIC ENOUEVES TORALY PAPOUS.

H Onapin e F enione unovoel 6ttt ) ypovooepd {¢p,} eivar tifpwe vietepuvionxr: €no-
vahauBdvovtag v F BAémovue 6Tt ot d Bradoyixés TWES P, Ppit,  * » Pntrd—1 TNS YPOVOOELRAS
xadopilouy TAPwS OAES TIC UEANOVTIXES TWES Pptds Prtd+1, -+ - AuTd onuaivel 6Tt tpénet va elvar
duvat N mpdPredn e uelhovuxic ouuneppopds e {¢y, . Luyxexpiuéva, edv Yewprioouue Ty
anexoévion F, tote o tpodta d — 1 delypota elvar tetppuéva: arotehovvton and anAr ohloUnon
OV 0plogdTeyY g F xatd éva ypovixd Brua. Ag cupfolicovyue Ty teheutaia ouviothoa g F

e G : ®(M) — R. Térte eivaw G(dn dn+1 *** Pntd—1) = Pnrd 1 UE SN Moyia To G amhd
TEOPAETEL TN Y povosERd { Py} Eva Phua eunpdc. EnavolauBdvovtag ) dradixacia auth propolue
€V YEVeEL VoL TpOBNEYPOVUE T Py di1, Prtdra, - (Tapdho mov ey 1 f, xou enopévac xar 1 F, eivan

YoTIx| TOTE LTdPYEL £va dvew Gplo 6TO TGO Uaxptd 6To uéAhov unopolue va tpofiédouue otny
npdln). BéBaua, ouvidwe dev Eépouye to G, ahhd pmopolue va to exTiufoouue and éva delyua
™S Ypovooelpds. Autd Oyl uévo elvor amd uévo tou yerotpo, akhd anotelel eniong tn Bdon yia
W motxthlar TeyviX@y Yo T peiwon tou Yopifou, To BlayweoUs CNUATWY, TOV EAEYYO ol TOV
CLY)YPOVIOUO.

Qot600, Yo va 1oyler To Ochpnua Tou Takens mpénet vo unodéoer xavels xor 6Tt 1) BuVaPIXA
elvan vietepuviotixny| (dnhadn 6t undpyer xdmota anetxdvion f tétota wote X (t+1) = f(X(t)) xu
6TL 2o 1) dBuvox xou ot TapaTERoele elvan avtdvopes (dnhadh 6t xon 1o f xu to ¢ elapTdvTon
eNté wévo and v xatdotaorn X). Avotuyee ot urodéoelg auTtég eV LyhouY o TOAES EQaplo-
véc. Ta nepiocdtepa npayuatixd cuothuata eivar evidpuPa, Tovkdylotov o xdmota éxtact. O
WopuPog autde pmopet va epgaviletar xou 0T Suvoxy xat 0TI TapatneRoEL;, o xdde tepinTw-
o mdviwe to O©. Takens dev epopudletan. Emmhéov, axdun xar av o $6pufog eivor apxodviwg
YUUNAoc wote vo unopel va ayvonlel, ToAAd VIETEPUIVIOTIXNG cuoTHUATA deV elvon autévoua. [
TOPABEY YA, OTO EQYACTHPIO GLYVE eCavaryxdleTon €vol TEIPUUATIXG GOOTNUN WOTE VO EUPIVIOEL
Wi EVOLAPEPOUCA GUUTEPLPOR, EVE OTNY TERITTWOTN TWV PUOIXY EEENGGOUEVDY GUOTNUATWY elvar
TOA) OTAVIO VoL XATAOTEL BUVATY| 7] ATOUOVWOT] TOU GLUGTAUATOC OOTE Vo eEacahloTel 1) un dnap-
&n eCwtepix®y emppony. Téhog, TOAAG CLUOTARATA GTO YWEO TOL EAEYYOL XUl TWV ETXOWVODVLDY
oyedidlovtar yio vo eneepyaotoly pa eheblepn elcodo xot eToUEvee dev unopody va Yewpndoiy
S AVTOVOUAL.
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4.2 EyBdntiorn yedvou

Loupwvo Ue to Topandve, opyixd LTOVETOVUE OTL 1 UETPOVYEVY YpOVOaElpd eivar uio Aefa cuvdp-
o™ OOV TV PETABANTOVY Tou paoxol yoeou, h(t) = ¢(X(t)). Exione, n (dia thnpopopia mov
Tapéyetat and To olVoro TV m UETUABANTOY Tou puotxol ywpov, X = (X1 X --- Xp) nopéye-
ToL X0 oo TG TORUYWYOUS OTOLGONTOTE and TIC UETABANTES auTég u€yptl Tdlews m — 1, dnhadr

4 ING4 dX] dQX] dm_lXj N AR 4 4 4 NP4
and 1o ddvuopa | X; =t ot oo —m=rh ), e 0edopugvo 1o YEYOVOS 6Tt ) X ahAnAemidpd pe

Oheg Tig uTOLoTES UETABANTES TOU QPaoxo) YGEoL. AuTd emexTElVOVTUL TNV TEPITTWON TOL TEL-
pdpatoc pe ) draniotwor 6Tt napduoLe TANPopopio Tapéyetal and to ofua h(t) xon Tic ypovixéc
dh  dh

napay®Yous tou, dnhadh and to (h F Gz - ). Qotéoo, epdoov 10 orjpa poc anoteAeitou

and UETPNOELS OF OLUXQITA YPOVIXA DIUCTAUATA, 1 TEOTN TApdywYos Eival 0TV TeayUaTxdTnTaL

h(t)—h(t—T) <, . . . ,
n ————. Lougova ue 1o Ochpnua tou Takens ypnowonoolue Tic uetafAntéc ue ypovixt
xadvotépnon, dnhadf tic Z = (h(t) h(t —7) h(t —27) ---) yio TRV TPOGEYYIOTIXY AVOTOPS-
0TOOT TOU PaCIx0U Y®pou Tou cuothuatos. H npocéyylon aut xuleiton eudntion xau o y®pog
Tou mapdyeTtan and TV h xa i xauoTteproelc Tng ovoudletar ywpog eufdntions. H Sidotaon
TOL YWeou autol elvar 1 StdoTaoy euBdnTiong.

Mo ypovooelpéc anelpou YAxous xal TETEPACUEVNC DIIOTOPAS, COUPWVAL UE TOL TPOTYOUUEVA, O
Takens [121] anédeile dtt undpyet drapopopoppixt| iooduvopio petad twv X xat Z. Lty nepinto-
o1 AUTA, 1 CLYXEXPWEVY T TNS Yeovixnc xaduotépnong dev elvar onuavtixy. Ta ypovooelpég
TEMEPAOUEVOL UNXoLS, 1) Tponyoluevn dtadixacio eivar arapaltnTo EUPIOTIXY XAt 1) ETAOYT TNS
TIWAS TS YEOoVIXHS xoduoTépnong YIVETOL oNUaVTIXY.

TCevixd, n Sdixacio tou axohovdeltar oty avdhuon ypovooetpwy Paciletar oty tepapyio
TRV YOpwv eufdntions ye adlovoa didotaoy. Xe xaéva and Toug ywpoug autols uroloyilovto
HEPLXS OYETIXG BuVOUIXS UEYEDT), OIS 1) B140TAoY) TOU LTOTIIEUEVOU LTIPYOVTOS EAXVUGTY, O UEYL-
otog exVétng Lyapunov xAm, péypet va tapouctacTtel x0peopog oty Tipr Toug. Anhadr, x0peouos
EMTUYYAVETAL OTAY 1) T TNS EMAEYPEVNS BUVAUIXC TooOTNTAS O YeTadAAeTal pe TNV addnom
¢ ddotaong euPdntiong m, Tépa amd Wil TIY X6poL M. LNV Tep(nTwon auth Yewpeltar Ot
N ms TAPEYEL TANEOQOPIES Yo TN BLdoTaoT, TOU AANdvol QPAUCIXOU YWEOL TOU CUOTAUATOS XL 1)
TIh TS duvouixnc TocdTNTAS Tou unohoyiotnxe mpooeyyilel Ty akndvh Ty g, dedouévou
ot emhéydnxe wo TooOTNTA oL Elvol aVIANOIWTY 6 AANXYES GUVTETAYUEVODY TOU (QUGIXOD Y-
pov. Kar eved 1 npocdoxia avty eivar autiohoynuévr Yol UEYIAES YPOVOCELRES TOL TAPdYOVTAL
and younhic didotacng duvauixd cusTAUATA, 1) TEOCEYYIOT EUBdnTiong cuyvd equpudletar o
Bpayelc ypovooelpés ayvioTou TPOoEAELaNC. TNV TEQITTWOY auTH, TEOBAAUITA UToPoUY EUXOAA
vaL EUQavIGTONY ot var Teox0Pouy ecQalUéva anoTEAEGUATAL.

4.3 Ilpoodioplopds TNG XeOVIXNG xaduoTEENONS

‘Eva toAd onuavtixd Prua otn Swdixactio tng ypovixne eypdntione eivar 1 emhoyn tne yeovixic
xaduotépnone. To dewpnuo euBdntiong dev xadopilet Tnv emhoyy e yeovixre xaduotépnong
mou Yo yenotponomiel oTRY XATAGKELY| d-OLE0TATOV BIAVUOUITOY BEBOUEVODY. XTNV TEayHoT-
xOTNTA, EMTEENEL OTMOLDHTOTE Ypovixt) xaduoTépnoT, EXTOS and T CLYXEXPIUEVA TOMAATALGLYL
e axptBolc meptddou evéde meptodixol ofuatog [110], epbdoov dratidetar o dnepn nocdTHTAL
dedouévey drelpne axplBeloc. Xtny npdln BéPara, tar netpapatind dedouéva dev elvon olTe dnetpa
olUte dmepng axplBerag. Eartiog tng amousiug omooudrinote oyetxol Yewpruatog, neénet vo
TEPLOPIOTOVUE OTNV ETMAOYY TNS YPOVIXAS xaDVGTEPNONS YENOILOTOLOVTOS XATOL XPLThApLa BEATI-
otomoinong. Ilo ouyxexppéva, mpénet yia euvonToLS AdYoUS va Elval TOMATAAGIA TOU YPOoVIX0D
draothApatog Serypotorndiog. Erniong, edv n ypovixn xaduotépnon eivar mohd wixern, tdTte oL ou-
vtetaypéves h(n) xat h(n + 7) nou emdugolUe Vo YENOILOTOIOOVUE Yol THY AVOXATAOXELT OE
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Yo elvon opxetd aveldptntec. Anhadh 0 Yo €yel mapéhdel apxeTdC YpOVOC KOTE TO GUGTNHUA
va €yet eZehyVel apXETA 0TO PUOIXO YWPO WOTE VO TUPAYEL YE TNV TpoxTixd apriuntixy évvora
VEEC TAMPOYOPIEC OYETIXG UE TO QUOoX6 YWpo. (l¢ anotéheoua, TAnduouol onuel®wy CUYXEVTPK-
VOVTUL XOTA UAXOS TN Dlay®VIOU TOU AVOXATAOXEVAGUEVOL YWEOL Xat 1 SuvopxT| 0ev urmopel va
Eedimhwiel xatdhhnha. Avtideta, agod ta yootixd cvothuata eivar and ™ @ion Toug actad,
TOh) YEYGAES TIUES TOU T 00MYOUY OE UNMAELN GUOYETIONS UETAEY TV BlaPdpwY UETUBANT®Y TOU
paotxol yweou Ue anoTéAeopo TNV amwhieto TAnpogopiag. Emouévmg, autd mou ypetaldpaote
elvar n emAoy, Tou T o€ éva didotnua TETOl0 WOTE Vo Eivol UEV apxeTd peYdho wote ta h(n),
h(n+7), -+ vo eivon pdhhov aveZdptnta, ahhd oyt téoo peydho wote ta h(n), h(n+17), - -+ va
elvar Thipwe acuoyétiota. Emdidxovye ydhiota n emthoyy| wac va otnpiletal o€ xdnota 1dtotnta
TOL OLGTAHUATOS To ontolo emrurolue Vo TERLYPAPOUE.

[Tupadootaxéc enthoyéc tou T elvon ot axdlovies:
_ TO / ’, ’ ’ 6 T /,
o 7=, edv undpyet wa xVpla neplodog Ty oo orua

® TO TPWTO UNBEVIXO TNG CLVIPTNONE AUTOCUCYETIONS
1 T
R(s) = lim T/ h(t)h(t + s)dt
0

6mou h(t) to und pelétn ofua.

® 10 TPAOTO ENAYIOTO NS oLVdpTNoNS apolBaiac TAnpopopios [37]

_ , _ pjo(h1, ho;7)
I(r) = h%i pjo(hi, ha; ) logz[m] (4.4)

6mou p(h) eivar n mdavéTyTa Tapatienong e i h xau pjo(hi, ho; T) eivor 1 cuvBuacuévn
mdavoTnTa TORATHENONS TNS TWAS A1, O XATOLXL YPOVIXT| OTIYUN ol TNS TWAC ho YE xdnota
ypovixt xaduotépnon T, apyYoTERA.

e uévdodog Rosenstein H pédodog otnpileton oe yewpetpixd xptthipto xou boloyilel v Th
TOU T Y10l TNV OTOLA 1) AVOXATACKEVT| EXTEIVETOL UPXETY IXAVOTIOINTIXE LaxpLd amd T Blay OVIO
TOU QUOIXOV YwEOoV, 6TwS Yo dolue otny evotnta 4.3.2

Fevixd, eivar onpavtixd va emBefarcdoet xavelc 6Tt 1o anoTeAéoPaTa TN AVAALCHS TOU BEV
eZopT®vTa TG00 TOAD amd TV axeBh emthoyr tou T. Anhady, 6T To anoTEAECUUTA TOU OF
petaBdhhovtar onuavTixd Yo éva apXeTd Yeydho €0pog TGV NG yeovixhe xaduoTéonong Ue
x€vtpo N PéATioTn T mou mpoodlopiletar ue wio and Tig npoavagepeioes pedodoug.

4.3.1 ApoBaia tAnpopopio

To evotoly) ypauwxd cuothuata Tapdyouv undevixr) tinpogopia. H emhoyh tne mopaywyhc
TANEOoYOplac WS XEloUNS BIOTNTAC TWY U] YPOUUX®Y cuoTnudtwy, wog edacpahiler e€upync 6Tt
n tocdHNTa 6TNY onola eoTialouacTe eivon IBLOTNTA TS W1 Yeouxic duvouxric mou dev eivar xat
w1oTTaL TN Yeauuixis e€EMEnC.

‘Onwe €yel MO avagepiel, oc éva chotnua mou eugavilel yaotixr) duvawxy 800 yertovixd
onuela 6T0 YaUOoXd YWPO amouaxpbvovtal exdeTixd Ue TNV Tdpodo Tou ypdvou. Ag unovécoupe
OTL 1) BlodpLTIxT| IXOVOTNTA LA 0TO Quotxd yweo elvon otadepr) xar tenepacpévny R, dnhadr dev
umopolyue va draxpivouue onueior mou Poloxovton evtog woag ogaipag axtivag R. Ta dpa otny
avdluon urnopet va opethovtar ota dpyava uétenone 1 oto neplBdihov. ‘Eotw Aotndv 8bo onpeia
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#'(t) xon ' (t) mou Beloxovion evtde tne opaipac Th ypovixt oTiyus ¢ xou Sev unopolv va Siaxpt-
Yolv and e petprioeic pac. Kdnow ypovixh otrypd apydtepa t', 1 andotaon uetald twyv onueiwy
éyer tumxd awindel oc | 2 (1) — " (') |~| 2'(t) — 2 (t) | MEDIN > 0. Otav 1 andotoon
auth unepfel ™y Twd R, 16Te mepapatind umopolue va Zeywpiooupe o & (') xou ' (). ‘Eto
1 aotddeio anoxdhude ThAnpogopieg GYETING Ye TOV TANYLUCUS TOL QPAGIXOU YWPEOU TOL BEV TaY
dradéatpeg oe mpomnyolueves ypovixéc otiyués. Enopévec, n mopaywyr ninpogopiog umopel va
el Paoixd evdilapépov 6T HEAETN TOU U1 YRUUUIXOU BUVAUIXOD CUCTAUITOS.

OpiZoupe we yéon apoBaia tAnpogopia petald dvo yetpioewy (n) xou z(n+T) ty tocdtnta

P(z(n),z(n+T))
(z(n)) - P(z(n+T))

I(T)= Y P(z(n),z(n+T))log, 5
z(n),z(n+T)

6mou P(z(n),z(n + T')) eivor n ouvduacpévy mdavdtnta twy dbo petpriocwy xou P(z(n)) n m-
Yavotnta tne uétpnone x(n). H péon apoBaio tinpogpopia exppdlel tny nocdtnta ot bits e
TAnpogopiac mou mpoxdnTeL Yo T z(n) and Tig petpRoes v z(n + T).

Or Fraser et al. [37] npdtewvay tn ypron e ouvdptnone I(T) we éva eidoc pn ypoumuxhc
OLVEPTNOMS AUTOGUOYETIONG Yo Tov Xadoplowd Tou ypdvou xatd tov onolo ot Tués Ty z(n)
xou z(n + T') eivar apxetd aveZdptniec uetalld t0uc WOTE Voo unopoly va yenotporomdolyv we
CLVTETAYUEVES TOU dlavdopatog epPdntions, aAAd Oyt T600 aveZdpTNTES WOTE VAL UnY YOV XouLd.
obvdeon uetalh toug. H mpdtacy toug elvor o mpoobdloptopds Tou T W Tou TEWTOL elayioTou
e ouvdptnong g wéong auolBaiac mhnpogoplac. H emhoyy, tou npwtou ehayiotou Yupilet
™V €MAOYT TOU YpoVou xauoTERNONS WG TOL TEOTOL UNBEVIOUOD NG YReAUUWXAS cuVEPTNoNG
avtoovoyétione. H emhoyr auty elvor 1 BEATIOTY Yoaumxn and tn oxomd tng npoBAediudtntag
tou z(n 4+ T') and 1 yvoon touv z(n) ue Bdon 1o xpLthpo v ehayiotwy tetpay®dvony. Qotdoo
N oyéon e Ypouuuxhc authc ETAOYNAC WE TN wn Ypouuxr dtadixacio nov ouoyetilet ta z(n) xou
z(n +T) dev elvar xoaddhov caphc, YU aUTO Xat 1 ETAOYY| TOU TEMTOL UNBEVIGUOV BEV GUVIGTITAL.

H péon aporaia tAnpogopla anoxahdnTeL apxeTd BIUQPOPETIXES TANPOYORIES YIo TOL U1 YROUUIXE
YUEAXTNPIOTIXE TNG TOQATNEOVUEYNS YPOVOOELRAS antd O,TL 1) YPOUUIXY GUVAPTNOT AUTOCUOYETL-
one. H tehevtala oyetiCeton ue tig ypoupxés toTTeg g mnyne. Mia mohd xohf dtnTa e
wéone opotBaioc tAnpogopiag eivon To avaArolwto xdtw and TIC Aelec dAAAYEC TOU GUOTAHUATOS
v ouvtetaypévoyv. Autd onuaiver 6t 1 mosdétnta I(T) mou vrohoyiletar 6T0 GloTRUA TV
CLVTETAYUEVWY XAJVOTEQHOEWY ToPOoLCLdlel TNV (Bl T UE TO dpyxd ahAd dYVwoTto cloTnua
ouvtetaypévwy. Eniong onuaiver 6t und v napousio Yopiffou, o onolog yetaBdhher ) Véon v
onueiov, n I(T) iowe eivar neplocdtepo pwparéa Evavtt Tou Yoplfou and tolkéc dAhec toodTnrec.

4.3.2 MEéVodoc Rosenstein

Yy nepintwon mpaypatixoy evidpuBwy, nencpacuévou to thRdog, dedouévmy, wxpéc TIHES -
¢ yeovixne xaduotépnong T odnyolv oe AdyIoTN anddooT TANEOoPopiag UETAEY GUVTETAYUEVGDY
dradoy ey xovotepoewy. Erniong, n avaxoataoxevacuévn tpoytd cuumiéletor xatd uixog g
x0ptag dtaywviou tou Qacixol yweov. Do peydheg Tipés g T, ol GLVTETAYUEVES DLadoy XDV
xduoTEPToEWY UTOpEL Vo YIVOUV AGUCYETIOTES XL 1) AVOXAUTACKEVT| OEV EIVOL TLOL AVTITOOCKTEL-
e e mparypatixhc duvaxhc. [a o oxond autd avalnreltar 1 T g xtuoTépnong mTou
npoxOnTEL and 1o BéRTIoTo cLPBBacud petadl TwV BU0 TPOAVAPEPOUEVKDY PUIVOUEVKDY. 3Ta TA-
ota autd ot Rosenstein et al. [105] Satinwoay po pédodo npoodoptopol tne xaduotépnone T
otnelouevol ot yewpetpixd xprtipta. H uédodog cuvictatour otny ebpeon g tipng g xaduoté-
ENONS T YLOL TNV OTOLL 1) AVAXATACKEVT| EXTEIVETAL APXETA IXAVOTONTIXE Tépa A T1) BIAYDOVIO TOU
paotxol yhpeov. I'a 1o oxond autd opiletar o P€yedog g 16y KOS TN AVAXATACKEVHC, TO OTolo
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yioo TV nepintwon 8Vo dlaotdoewy opileta »¢

1 N
RSS(1) =+ D | w(i+7) = (i) |
=1

Ag onueiwlel 6Tt yio Aeuxd YopuPo n RSS eivor aveldptntn tne xaduotépnone 7. Fewuetpind,
n RSS(7) eivar to pétpo tne éxtaons Tou EAXLOTH WS oLVPTNOY TNg Ypovixric xaduotépnong.
H armopdxpuven and tnv xdpta Slaydvio vrnoloyileto ypnowonoidviag to péyedog e wéong
petatomong < Sy > TV Slavuoudtwy euBdnTiong and Tig apyixés Toug YEoEly oTN dlary@vio.
Etot, vnohoyiCoupe T < Sir > wg ouvdptnon tne xaduotépnong T:

1 N
< Su(r) >= 5> I X7(60) - X°(0) |
i=1

6mou ot ex¥éteg dBnAdvouy TV xaduoTépnomn UETaED Bladoyix®y cuVoTwowy euPdntions. And
Tov oplopd e, 1 < Sp(T) > vrohoyiletar we:

N m—1

< Sy(r) >= %Z i(X(z +47) — X(1))? (4.5)

i=1 \ j=1

H < Sy (1) > anotekel tny nohudidotaty enéxtaon tou RSS. Kadoe n ypovixd xaduotépnon
QLEAVEL, 1) AVOXATACKEVACUEVT] TROYIA amopaxpOVETaL and TNV x0pla SloryMVIO ot 1) UEOT YETATO-
mon avéavet. Tha peydhec Tipée tne didotaong eyPdntions, 1 anoudxpuvon TAnctdlel €va TAATO.
Auté amotekel éva YEWUETPIXO YapaxTNploTixd mou Pondd ot Slatripnoy VoS TPOOEYYIOTIXA
otadepol mapadlpou eufdntiong yio auEavoueveS TWES TG BldoTaoS EUBARTIONS.

H ypovixh) xaduotépnon 7 vnoroyiletan and 1 peytotonoinon e Sy (7). Hpaxtind, vro-
hoyiletan and Vv npdTn xhion g xaundine mou elvau wxpdtepn tou 40% tne apyxic TS
(eCanpeiton 1 < Sar(0) > yia Tov unohoytopd e apyxic xhiong).

4.4 Ilpoocdiopiopdg tng dldotaong ELPANTIONS

o v avaxataoxeur eivor anapaltntog 0 TEOodloplouds wag didoTtacns 1 onola avTioTotyel
o€ aptlud CUVTETAYPEVWY IXUVO Vo ZEBITAWOEL TIC TUPATNPOVUEVES TPOYIEC And AVTOETUXANDYELS
Tou TEOXVTTOLY antd TNV TPOBolY Tou EAXLOTY ot YWpo Yaunhotepng didotacnc. H younkotepn
01doTooy TOoU EEBIMADVEL TOV EAXUGTH OOTE Vo UNy Tapaéver xopla and autég Tig emxalders
xakelton didotoon euPBdntione, di. H dp civar oxépatog apriudg, éyet xadohnr| évvola xon unopet
va Btapépet and TNV TUTIXTY SIAOTACY) TNG UTOXEIUEVNS DUVOUXTC.

To deodpnuo euPdntions pag Aéet 611, €qv 1 dSidotacn tou ehxuoty elvar d4, T6TE Giyoupa o
ehxvothc Zedimhwvetar oe éva ywpo axépatag didotacne dg > 2da. Auty Bev eivon 1 eAdytoty
amoutodUeVY) dtdotaoy aAld eivar opxeth xon wac xadopilel 10 TOTE TPEMEL VA GTUPATHCOUUE VOl
TEOGVETOLUE GUVIGTWOES GTO BIdvVLoP XaJLOTEPNONS. TN GUVEYELX TUPOUGLALOUYE UEPIXES OO
T1¢ dnuogiéatepes Yetddoug Teoadlopiogol Tne didoTtaorg euPdnTiong.

4.4.1 Eogahuéva nAnolEctepol YelTOVES
Eotw 611 €y0ouue npoywpnoel 0€ avaxaTaoXELT] TOU QAUCIXOL YWEOoL 61N SldoTaoT d pe Slayiouata

X(k)=(z(k) z(k+7) - zlk+(d-1)7))
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yenowonolwvtas Ty xaduotépnomn T Tov TpocdloploTnxe Yo tapdderyua ye tn pédodo tne uéong
apoBaiag TAnpogoplac. Ilpoodopilouue Tov mAnoiéatepo yeltova 610 QacIXd YWPO TOu Blavi-
opatoc X (k):

XNN(k):(:ENN(k) "Nk +1) - xNN(k—i—(d—l)T))

TOU 0TOlOL O YPOVOC EUPAVIONS EV YEVEL BEV EYEL OYECT UE TN YPOVIXT OTIYUY eugdvions k tou
X (k). Edv to didvuopa XVN (k) eivor mparypatixde yeltovag tou X (k), téte eppavileton ot
yertovid tou X (k) ya Aoyouc duvapixic. Suyxexpiuéva, eivar eite to didvuopa agéows mpv 1
apéows petd 1o X (k) xatd phxoc tne tpoyde, edv ta Bruata Tou ypdvou eivor apxetd wixpd, 1
¢ptaoe ot yertovid tou X (k) Moyw eZéMEng e tpoytds otov ehxuotyh. Enedf ot ehxvotéc twy
TEOYUOTIXWY QUOLXWY CLCTNUATWY Efval apxeTd cuunayelc oto Qacixd yopeo, xdde onueio Tou
eupavilet tohholg yeitoveg dtav o TAdog Twy dedouévwy Yiver apxetd Yeydho.

Edv to didvuopa X VN (k) eivar évac eopalpévoc yeitovac tou X (k) mou epopavictnxe ot Yet-
tovid tou X (k) Aoyw npoBolic and yeyahltepn didotaon xou enedy| 1 didotacn d dev Eedimhdvet
TOV EAXLOTH, TOTE aLdvovtag TN didotaon o d + 1 (0w VoL UETUXIVACOUPE TOV ECYUAUEVO AUTO
yeitova extéc e yertovide tou X (k). EZetdlovrac xdde onpeio X (k) xou npoodiopilovtac
dtdotaor 6TV omofo ueToxvolvTon Ghot ot eapalévol Yeitoveg, Vo petaxivicouue Sadoyixd Tig
TOUES TV TPOYLOY Ad TIC YAUNAOTERPES DIOTACELS, UEYPIC OTOV, 0TO TEAOS, UETAXIVACOULUE TIC
Touéc Twv onpeiwv. Tote Yo €youue npoodlopicer ) didotacy di mou EeBIMAWMVETAL 0 EAXUGTAS
[64].

O mpoodlopiopde Tou edv éva onueio X (k) xa o thnoéotepoc yeltovag tou X VN (k) otn did-
otaomn d efvar xovTé f poxptd ot didotaon d+ 1 yiveta pe ) o0yxpion e | z(k+dr) —z™N (k+
dr) | pe v Euxkeida andotaon | X (k) — XVN(k) | uetoZ) twv thnoéotepmy YEITOVODY 01N
dtdotaon d. Edv n npbdodetn andotacy eivan yeydhn oe ohyxplon Ue Ty andotacy o1 SldoTao
d petoll TV TANCECTEPWY YEITOVWY, TOTE €youpe Evay eoqaiuévo yeltova. To tetpdywvo tng
Euxheidiag andotaong petald v onueiwy twv TAnctéotepny YEITOVLY 0T didotaoy d eivar

d
Ri(k) = [z(k + (m — 1)7) — 2"V (k + (m — 1)7)]?

m=1
eved ot Sdotaon d 4 1 elvou
d+1
R§+1(k) = Z [z(k 4+ (m—1)7) — 2"V (k+ (m —1)7)]> = R%(k)+ | x(k +dr) — 2"V (k +dr) |?
m=1

H andotaon petald onueiov oty didotacn d + 1 wg tpog tny andotacy o1n ddotac d
opiletar and 1o mnhixo:

R, (k) — R3(k) _ | 2(k +dr) — 2N (k + dr) |
Ry (k) Rq4(k)
‘Otav 1 tosdnTa auTH eivon HeYAAOTERT amd XATOLO XATWPAL TOTE £YOLUE EVay EGPAAUEVO YE(TOVAL.
H npd&n delyver 611 yia ol 6€1pd GUOTNUATWY TO XATWOAL YL TOV TEOGDLOPIOUS EVOS EGPAAUEVOU
yeltova elvon évag aprude mepinov icog ue 15. H tpn auth yetafBdileton pe tov aprdud twv
onuelwy yior wxpd olvoha dedopévewy, aAhd uokg derypatohnnindodyv apxetd OAeC oL TEPLOyES
TOU EAXVLOTH, 1) SLoPOPOTOMNOT TWY ECPUNUEVLY YEITOVWY UE TO TARVOS TV BEBOUEVLY Elvol TOAD
wixpr.

Trdpyet Eva axdun Héuo Tov apopd oruato LYNARg Sidotacng dtay To TARYOS TV BEdOPEVLY
elvan eploptopévo. Kaldde mpoywpolue mpog uhnhotepes Blaotdoelc, o dyxog mou xatalayBdveto
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omd To OEQOUEVA CUYXEVTPWVETOL 0TV TEPLPEPELX TOL Ywpou. Autd onpaivel 6Tt oruato LYNATC
B0 TAONG GUYXEVTPWVOVTIL OTIS BXPES TOU YOPOL Xl Xavévag TANcEaTtepog Yeltovag de Yo eivou
xovtvog yeitovag. o va AdBoupe xou autd unddn 010 TEONYOLUEVO XPITHEIO EVOS ECHANUEVOL
yeltova, mpootiVeton 1) anaitnon 61t 1 tpdodety andotacy xadwe avePauivoupe xatd pla Sidotao
dev elvon peyalhtepn and TNV ovouasTixy SIdUETEO ToL EAXLOTH. Autd onuaivel 6Tt Edy 0 AOYOg

| z(k + d71) — 2NN (k +d7) |
Ry

efvan peyahitepog and évav apriud e téEnc Tou 2, ta onpeta X (k) xoar X VN (k) Yewpodvta g
eogahuévol yeitoves. Me Ry ovpPohiletan 1 ovogootixr axtivae Tou eAxuath) mou opileton we n)
RMS 1 twv dedopévmy yipw and tn uéon 1w toug. Ta aroteléopata tpoodopioyol e dp
elvon udhhov aveZdptnta and tov axplBr) oploud tou yeyédoug R4 xat g TUAS TOU XAT@Aiou.

Edav yenowonomdody dedopéva and éva xadopd yootixd cOoTNUI, AVOUEVOLUE TO TOCOGTO
OV E0QPUNIEVLY TANCLEGTEPWY YEITOVODV Vo Petwiel and oyeddv 100% ot didotaon 1 o avotnpd
undév otav gtdoovue otn dr. And exel xou petd Yo nopopéverl undév, apod o eAxuoThc Vo Eyel
Eedimhwiel. Edv to ofua €yel mapdotta, Umopel To Topdolta Vo £)0UY XUPLIPYNOEL 0TO oYU
eVOLAPEQOVTOC TOGO WOTE VO TAPATNEOVUE T OldoTaoY Tou amouteltal Yot T0 CEBIMAOUN TwV
nopaoitov. Edv ta tapdotta eivar tohd udmiic Sidotaong, dnwe avapével xavelg and to Y6pufo,
TOTE {0WE VoL Uny THpATNEOVUE TO TOGO0TO TV TANCLECTEPWY YEITOVWY VA TEYTEL XOVTA GTO UNOEY
oe xopia and Tic draotdoerc (Yo Tic onoleg Stadétoupe apxeTd dedouéva OOTE VoL UTOPOVUUE VOl TO
eZETAOOLYE).

4.4.2 Alkec pédodol npoodloplopol Tng ddotaong epBantiong

Ané téte mou avantiydnxe n Sadixacia eyPdantione ye ™ wédodo tng ypovixre xoduotépnong,
€youv mpotael apxetéc pédodol Yo Tov mpoodloploud NG ddotaong euBdntionc. Mo mohd
onpogiinc uédodog eivar 1 avalitnon g dSldoTaons oty omoio T0 OAOXAPWUA GUGYETIGUO
yivetar aveZdptnto g BidoTaong ToL avaxatacxevacsuévou yweou [50]. Ot Dinget al. [27] édetav
ot auth 1 avedaptnoio eupavileton Tumxd otny axépoua didotaon d > da xou dev EedImAWYVEL
TavTa 1oV eAxuoTh. Autd mpénel va anoteléoel mpoetdomoinon 4Tt ) SidoTacy 6Ty onola uropel
va utohoyioer xavelg éva péyedog evbiagpépovtog dev eivon anopaitnta 1 (Bio ue ) SidoTaoy OTNV
omola emTLY Y AvVETAL 1) TEOBAEPLUOTATA TNG LTOXEIUEVNS VIETEQUIVIOTIXNAS TNYNS.

Mia dhhn arnevdeiog pédodoc napéyetar and v tpooéyyion twv Kaplan xo Glass [61], ot
omnolol mapatAENoAY 6Tl OTAY 0 EAXUCTAS ZedImAwveTL, TO avuouatixd medio mov oyetiletou ue
v z(t) = z(t + 1) Suvoxd, dnhadn n avuopatixh cuvdptnon f(z) éyer povooshpavtn xotel-
Yuvor. Autd onpaivel 6Tt €4V UTOPOVUE VO XATUOKEVICOVUE EVAY TOTUXO AVTITPOCWTO AUTOV TOU
avuouatixol tedlov, téTte N xateduvor AWV TV AVLOUATWY PONC OE OTOLBHTOTE YEITOVIA Yo
delyvouv oty (Bl dievuvern dtav o eAxuotig edimhdvetar. Edv Bproxduacte oe pio didotoon
mou elvol mdpar TOAD yaunAn yia v Eedimhwiel 0 eAxvoTtig, ToTE o pepixéc yeltoviég dOo 1 me-
ptoc6Tepeg Hrevdivolg Tou avuopatixol mediov Ya Bimhwloly 6TV xopuLPY 1 ulo TN dAANg xat 1)
xatevuvon tou avuouatixol nedlov ot auTég TIC YelToviég de Va elvor povadixr. O ahyoprduog
autog ayyilet enfong v ovoio g Sadixaciag euBdntions: avalntodye évay yOpo 6Tov onolo 1
xatevduvon g e€EMENC oe xdle yertovid Touv eAxuoTy elvor povooruavtr. Autd eEaopoalileto
and o YewpHaTo LovadIxoTNTaS TV AICEWY TNE duvauixnc oTig apytxég ouvtetayuéves. EEA-
Aov, anotelel 6ToY0 oL VewPNUUTOC EUBATTIONS 1) TAUPOYT EVOS UTOXATIGTUTOU YWEOU, OTOU 1|
évvola tne eEEMENG dratnpeitan, WoTe 1 TEORAeYN o€ aUTHY TOV YWEO Vo UTopEL VoL TpayATOTO)-
Vel ue v Broe EMherhn afefardtnog Onwe otov mpaypatixd yweo. Edv undpyel eogalpévn toun
OTOV OVAXATAGKEVACUEVO Y WO, bev Va elpaote oe Véon va Sraxpivouue xortdlovtag évay Tomxd
yeltova ol odnyeiton 1 e€EMEN xar 1 TpdPBhedn dev Va elvor axpBric. H 1déa cuviotaton otn A
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4 7 ’ N 4 Ié 7
onueinv X (n) ot didotaon d xou 610 oyUaTiopd Ty wovadiadwy dtavuoudteny xatediuvong

X(n+1)—X(n)
| X(n+1) = X(n) |

oe xde Véorn Tou eAxuoTh. XN cuvéyeta opilouvue uto yertovid evog dedouévou peyédoug mou
oyetileton pe x&de onpeio X (n) otov ehxvoth xa tpoodiopilovye €dv dha tar povadtafa dravi-
opata xatedduvong o€ auTh TN YerTovid delyvouy oty (Bia xatedduvon. AxpBéotepa, ot Kaplan
xar Glass ehéyyouv edv 1 xoatavopr Twv dievdivoewy oe W YEITOVIA Eival oOUQYT YE TNV Tu-
oI ¥y €4V TEOXVTTEL AN XATOLO U GTATIXG, VIETEQUIVIOTIXG xavdva. Me autév tov tpémo
npoodlopiletar o€ Tola d1doTaoT T AvVoUATIXd Tedio elvon Oha TpaypaTIXd. STov oAy dpriuo auto
umopel va eupaviotoly aprdunTtixd o@dhuata e€autiag Tou YEYOVOTOS OTL YId TO GYNUATIONO TWV
©xATeELILYVTIXOY VLOUATWY AauPdavovTtar uddn ot drapopéc Petalh apliuwy, xadévas and Toug
onoloug o€ TOMAES TPy UaTiXEC oLVINXeES uropel Vo un eivar Yvwotog ue ueydhn axpifeta. Onwg
névta, 6tav hopPdvetar 1 dropopd UeTald YVwotdv (ahhd oyt ue axpifeia) aprdumy, uropel va yi-
YOUV EVIOVOTEQRN TOL GYANLAT OTROYYUAOTOMONE TV dedouévey xat v tapayJoly avemdounteg
TOQAUOPPOTELS.
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H ta€woéunon twv Suvouxdv cuotnudtwy anotekel éva xplowo uépoc tng avdluong TV Ue-
TpolUEVLY onudtwy. E@dcov 1 yaotxh xivion mapdyer ouveyés, eupb gdoua Fourier, mpénet
VoL v TIXaTaoToouUe tal peyE€dn tou otevol ebpoug gdouatog Fourier mou ypnolponolodye ota
YEUUUIXS CUOTAUATA UE JAAAL YORUXTNEIOTIXY TOU ouoTARATOS. Ta Bho xupldTepa Yapax TNEIoTIXS
ot omofor avadexviovTal wg TagvounTég efvar ol gpdxtal Staotdoelc xou ot exdéteg Lyapunov. Ot
PEAXTAN SLUOTACELS ElVaL YAUPAXTNPIOTIXES TNG YEWUETEIXNE EIXOVOC TOU EAXUOTH xat oyetilovTot
UE TOV TpOTO Tov Ta oNpeia Tou EAXVOTY xatavépovtal 6To di-didotato ywpo. Ot extéteg Lyapu-
NOV UaS TANROPOEOLY WS Ol TPOYIES TOL EAXVGTYH anoxhivouy 1 ouYXAIVoLY xatd Ty eEEMEN TN
duvapxnc. Ko ta 800 peyédn eivar avariolota o¢ mpog tov teheotr eEEMENC TOU GUGTAUATOS
xou dpor aveZdpTNTa TV ahhaydv oTic apytxés cuviixes TS TeoyLds xou eniong xat T dbo elvor
aveZdpTNTA TOU GUOTARATOC GUVTETAYUEV®Y 6TO omolo 0 EAxLoTAS mapatnpeital. Autd onuaivel
OTL UTOPOLYE VAL To EXTIUNCOLUE oELOTIOTO GTOV UVAXATUOKEVACUEVO PAUTIXO YWEO YPENOLULOTOLD-
VTOG ToL TELPAUUATIXG OEBoUEVa. LNUELOVETAL OTL 0 6pOg avallolwTa YpnotuonotelTal ue TV évvola
e EMewng evatodnoioc wg mpog Tic apyIxés cuVIXES ot dueon avtiVeon Ue TIC CUYXEXPIUEVES
TpOY1€C TOU GUOTAUATOC OV TapEATNEOUVTAL 1 LTohoy(lovTal.

Kadéva and ta peyédn autd ouvdéetar pe éva epyodixd Yedpnua [29], to omoio emtpénet
™ Jedpnor TOUS WG CTATIOTIXWY TOCOTATWY TOU EIVAL YoRUXTNEIOTIXES EVOS VIETEQUIVIOTIXOU
ovothuatog. Edv autd gaiveton avtipatixd eivon pévo evvotohoyixd. Egpdoov €youue wo xatavour
onpeiowy 610 RY, dnwc oty tepinTwon TwY TapdEEVLY EAXUGTGY, YENOLOTOLOVTIC T PUOLXY
XATAVOUY| TWV ONUEIWY AUTOY 010 d-B1d0TATO Y WEO:

N
1
= lim — Y 6z —X(k 5.1
plo) = Jim, 37 32 8(e - X(0) (1)
6mov 6%(z) 1 ouvdptnon Dirac ue bplopd 10 d-BLdoTUTO BIGVUCUY T, UTOPOUUE VA 0pIGOLUE OTo-
ToTIXéS TosdTNTES UE TN p(x) var anotehel Ty nuxvoThnTa TdavoTnTas i xahdTepa TN GLYVOTN T
eppdvione. H p(x) ovopdZeton puoni| xatavoun ¥ puoxd péyedoc apol 1 oyéon tne e to tAfdog
TV onpelny oe évay 6yxo elvor amhf]. BUYXEXPIUEVA TO XAAOUA TWY GNPEILY EVTOC EVOS OYXOU
V' tou gaotxol yopou eiva:
/ plz)dz
v

XpnowonoldvTag Ty TuxvoeTnTa auTh, e0xoha unopel va det xavelc 6Tt onoladinoTe cuvdpTno
f(z) oto gaoixb oo propel va yenoponomiel yio Tov optowd evde avahhointou ueyédous xatd

31
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v eZénin X (k) — F(X (k) = X(k +1). Tpaypatixd, ohoxAnp@dvoviac tn cuvaptnomn Ye
p(x) éyovye:
N N

f= [ @' =5 307X W) = 1 30 FE X)),

6mov n F¥(z) = F(F*1(z)) anotehel tnv k-o01h avadpous Tou duvapixol xavéva z — F(x),
FO(z) = z. To m\fdoc twv onuelov Yewpeita apxetd peydho dote va toybel 10 Yewpntind dpto
N — oo nov gaivetar oty e&iowon (5.1), 6tav éyoupe npoypatixd dedopéva. Eldxola Bhénet
xavelg 611, edv unoloyioouvpe ™ uéon Tl e f(F(x)), dnhadh te ouvdptnone mou uroloyileta
o710 oryeio oto onoio to  efehiooeta pe Bdon tov xavéva z — F(z), Pploxoupe

[ ) f(E@)s = F+ LI + D~ FX W)

’ ’ 7 / ’ r
10 ornolo, oty Tepintworn yeydhov N woodtar ankd ye f.

5.2 AioocTdoelg QeAXToA

Iowe n mo evdagépouoa cuvdptnon f(z) eivar auth Tou TEPLYPAPEL TOV TPOTO UE TOV OTOIO
petaBdiheton o TAHlog Twv onuelwy evtde opalpag axtivag T xadog 1 axtiva auty telvel oto
undév. H Yscopstptxf] ouoYETIoN NG Tcpox()mst and To Ysyovég 6Tl 0 6YX0¢ OV xocw)\otpﬁdvst
ot o(poupoc oxtivag 7 o] didotoon d oupnsplcpspsrou we rd. Ac Yewpriooupe éva alvoho anueiwv
oe xdnoto Euxheldio yodpo, dnhadh 1o ywpeo eufdntions mou xataoxeudletal and To dedOoUEva
z(n),n = 1,2,--- ,N. Emuléyovue onuelo z ndvew 1 minociov tou elxvoth xou e€etdlovpe ndg
weToPBdAAETOL €VTOC ambdoTaone 1 and To & T0 TAHYOC TwV onueiwy Tdvw otny Tpoytd xadng
wixpaivouye to . BéPoua, n axtiva r dev pmopel va yiver mohd wxpr| agol Stoadétouue pdvo
nenepacuévo mhfdog dedouévwy. Edv 1 axtiva yiver mohd wuxpy), xavéva onpeio dev Yo Pploxeto
eviog g ogaipac. Anhady, n axtiva r Tpénel vo eival dpXETE PP OOTE VoL UTEPYOLY OPXETA
onuela evtog TNE ogaipag xat Oyt TG0 YEYdAN GoTe dha Ta dedopéva va elvan evTOg TN ogaipag
(6tav 7 = Ry4). tny evdidueon neptoyh Tiodv e andotaons r and 1o z, 0 aptdude TV onueiwy
weTaBdhheton oOUPLvVa UE TN oo
m(z,r) ~ ri®)

Yioo pixpd 7. Aéyovtog wxpd m evvolpe 0 < - < 1.

Edv o ehxvothc fray éva xavovixd yewuetpixd oyfua didotaons D, tote oe xadeud tétola
oalpa axtivac 7 Yipw and 1o z Ya Peloxape mepimou r onuela. Autéd Vo poc odnyoloe oto
ovunépacpa 6t d(z) = D vy ko ta . e évay yaotixd 1 nopdievo eAxuoTy, mou eivar éva
YEWUETPIXOG oY UaL O)L TOGO xAVOVIXS 6GO Lol oaipa, SEV avauévouue Ty (Bl T Tov D tavtoy,
alk& o d(x) vo petafdhhetar ue to z, x4t mov eniong cuvendyetar evaiovnTy eZdptnomn and T
apytxéc ouvinxes. Tha va Bpodue xdmolo avalhoiwto péyedoc yenowonotobuye to mARdog twv
noapatneoluevwy onueiov X (k) evtoc ogaipac yipw and wa Véon = 610 Quoixd ywpo. Autd
vrohoy(letar and 11 oyéon

LN
rr) = = S Hr— | X(k) — ), (5.2)
k=1
6mou H (u) eivon n ouvdptnon Heaviside:

1, w>0
H(“):{ 0, u<0
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H eZ. (5.2) petpd 6ha to onueio e tpoytde X (k) evtde axtivac r and to onueio o xar xovo-
vixonotel tov apipd autd ge 1o cuvokixd TAYoc twv onuelwy. H nuxvétnta p(z) twv onuelwy
TOU EAXVOTY Oev elvon amapaitnTo opotdgopyn. Etotl, o utoloylopds TV pOTKY NG GLUVAETNOTC
m(z,r) prnopel va elvar apxetd amoxoluntixd. Emhéyoupe oc ouvdptnon f(z) = (m(z,r))?!
xou mpoodlopilovpe ) ouvdptnon Clg,r) we ) péon tph e f(x) otov elxuoth otaduopévn
HE N puotxh Tuxvotnta p(z):

k ¢t

1 L[
Clq,r) Z/p(m)(m(fﬂ,r))“d%z M; %Z r—| X(n) — X (k) |) (5.3)

H ouvdptnon C(gq,r) cuvidoc xakeltor ©¢ ouvdptnom 1 ohoxAfpwio CUGYETIGROD TOU EAXUOTY.
H 18éa tne eétaong g mocoTNTAC AUTAC YL TO YORUXTNPIOUS TUPIZEVDY EAXVOTOV OPelAeTal
otouc Grassberger xa Procaccia [50], ot onolot apyxd yerétnoav v nepintwon ¢ = 2. H
oLYAETNON AUTH TV BVo YETABANTOY arotehel avahiolwto uéyedoc yia Tov ehxvoty. (2oT600,
otnv pdln e€etdlovue woVo T UETOPONT TS TOCOTNTOC AUTAS Yio WXpES TWES Tng axtivag r.
Y10 6plo aut6d unodéTovye OTL:

Clg,r) ~ @D

xou op{louue ) @pdactak didotaon Dy, dtav undpyet. H 610’(0"10(01] D, opiCeton wg e€ric:

~ 50 (g—1) logr (54)

Anb tov opoud autd mpoxhnTeL 6Tt N cuvohxt| xavovixonoinon tou C(g,r) dev ennpedler tov
unohoytoud tou D,. Emiong mpoxinter étt Dy > Dy. Emiong e€outiag tou oplopod tng g
oplou, 1 Dy elvar avadrolwTn w¢ TEog TIC ahAAYES TOU CUOTARATOS CUVTETAYWEVKDY. (20T600,
edv xavelg epydletar o éva dedouévo cOoTNUA GUVTETAYUEVLDY Tou oplleTon and Ta Saviouata
xoadvotépnone X (n) oe wa otadept| didotaon eudntions di, téte ohdxAnen N xouniin C(q, )
anoxtd evdtapépov. BéBota, otnyv mpdln yeetaldpaote tov unohoytopd tou C(g, ) Yo éva ebpog
WXEOY TWAOY ToL 7T Yl T0 onolo uropolue va unodécoupe ott 1 ouvdptnon log C(g,r) eiva
Yoauux we mpog to logr xar v umoloyioouvye Y xAion Tng Yyl TNV TEPLOYT AUTH TOU T
Auto dev eivar 1600 e0xohlo. Tlodkég ueréteg €youv mpayuoatonomdel oyETXd Ye TO TS AUTO
vhoroteiton 6tay elvar drodéotuo €va nenepacpévo TARlog evitdpuPwy dedouévwy. Boaotxd, dheg
ol pehéteg €youv emxevipwiel oty uehétn g moodtntac Dy mou xoheiton Sidotacn cuoyeTiopol
eneldn o aprdunTixdc umohoylopos tng eivon pdihov amhoc xou odlomotoc. Enlong, evdiagépov
noapouctdlet 1 Sidotaoy xatauétenons xOfwy Dy.

5.2.1 Audotaoy xatapétenons xuPwv: D

H bidotaon Dy ovoudletar Sidotooy xatapétenons xOPwy egatiog tou optopot tne. H extipnon
e Do mporypotonoleiton UE TOV UTOAOYIOUS TOU TAHDOUS TWV CRAUEWY AXTIVUC 7', X0 TLO CUYXE-
xptu€va Tou TAfoug TV xOPev Tou elvar arapalthTol Yot TRV XdALYYN GAwV TwV onueiwy Tou
oLVOAoL TV dedouévwy. Edv unohoyicovpe 1o nhidoc autd, N(r), we ouvdptnon tou  xadoe
auTO Wxpalvel, TOTE 0 AoYOg

&7

opilet Ty Dy %ot mocotixomotel THY évvola 6Tt Yo dpxeTd wxpd 7 toyver N(r) ~ r-Po. H
0180 TooY), AUTH GUUTITTEL Ye TNV Tomoloyix BIACTUOY Yiot ATAL YEWUETPIXA AVTIXEUEVA, OTWS
ot onuela, ot Ypouués 1 tor eninedo aAAd unopel vou elvor BlapopeTny Yol TEPIOGOTERO TOAOTAOXA
avuxeiyeva. H 1 tov Dy uropel va efvor axépatog aprdude (n.y. Dy = 1 yia evdbypoppo tufua,
Dy = 2 v emgdvero xAn) A un axéponog aptduds, xhaopatixde 1 dppnrog (m.y. Do ~ 0.6309297
vt t0 ‘uéoo tpito” shvoho Cantor).
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5.2.2 Audotaor nAneogopiag : D

O oplopde g didotaone xatapgétenong xOBwv Dy hauPdver unddn wovo 1 YEweTpx doun
TOU EAXVOTH %ot Oyl TNV xatavoun Twv onuelwy otov eAxvoth. Olot ot x0Bot €youv tnv (Bla
Bapbtnta mapdho mou To TARYoC TwY onueiny Tou xalévag nepthauBdver eivar Toh) BrapopeTIXd.
To tehevtaio hapPBdveton v and tn didotaoy TANPoopiag tou utohoyiletal and TNV EAYIOTY
anopalTn TN TANpogopla Tou anwTeiTH Yiol TOV TEOGdlopIoUd evog anueiou oe éva ahvolo, 6Twg
évag unepxOPog, ue axpifeta . H ninpogopio auth yetptéton g

N()
s(l) ==Y pilogp;
i=1

6mou p; = pi/N elvan n mavoTnTa EvoC oNueiou var avixet 670 i-00Th 6OVONO Xt 1 To TAYog TV
onuelwy 010 -06Td 6UVOLO, Ye T0 cLVOAIXO TAdoc onueiwy N — oo . H Bidotaon mhnpogopioc
Dy bivetou and T oyéon:
. —s(l
Dy =1lim ()

1—0 log!

5.2.3 Audotacr cvoyetiopol : D,

H mo dnuogihic and Tic dtaotdoelg eivar 1 didotaoy cuoyeTIogol AoYw TN euxoloTepns dla-
dixaotag urmohoyopol tne. H didotacn cuoyetiopol uropel va Yewpniel we amhodotevon tne
didotaong TAnpopopliag:
Dy = lim < Hizw
-0 logl

6mou ta p; optlovtor, 6mwe xar ey Yo ogalpo pe xévtpo X (k) avti yio unepxiBo xat 1o < - >,
ouuBohiler tn péon T yia 6ha ta onpela X (k). Enuetdvetar 6t oyber Dy < Dy < D ye v
looTNTaL var euaviCeton dtay Tor onueia elvor opoLOUOPPA XATAVEUNUEVA GTOV EAXUCTY.

O vrnohoyiopdg g didotaong cuoyetiopol yivetor pe ) pédodo twv Grassberger - Proca-
ccia [50] (GP-akybprdpoc). Tlpdta umohoyilovye 10 < f1j >5 YENOWOTOIOVTOS TO OAOXAHPOU
OUGYETIONOY:

9 N' N
Cu(r) = v > 2 H(r—g(X(i),X(5)))
N'(N'—1) &~ &
=1 j=i+1
6mouv H(r) eivar 1 ouvdptnon Heaviside, N' = N — (M — 1)7 70 nhfidoc twv onueiov tou avo-
XOTUOXEVACPEVOL YOpou xou M 1 didotaon epPdntione. H ouvdptnom g(-) mou epgavileta otov
nopandve tomo, epopuolopevn ota onueloa X (4) xou X (j), exppdler ) petalld toug andotaot),
n omola dev elvar umoypewTxd 1 euxAeidla. MuvAdws, Tpog ydelv euxollug, yenolponoleltal 1
avtioTotyn NG sup-vopuac UETEIXT, 1 omola yior m-OldoTata SlavOoUATA T XU Y YPapeTAL:

9(z,y) =| # =y |oo= max{| z(k) —y(k) |,1 <k < M}

O aprdude Chr(r) exppdler To TAfdog Twv anootdocwy (Hetald onueiwy TOU YOPOU TwY PACE®Y)
Tou elva UxpoTERES 1) {oEg Tou T

Auté nou pac evdagépet eivon 1 ouureptpopd tou Car(r) xadoe to 7 teivel oto pndéy. Edv
1 DUV TOU GUOTAUATOS TEPLYPAPETAL Ad Evay YoUNATE SldoTaomg EAXVGTY, TOTE TO OAOXAY-
oWUA GUOYETIONOU Tapouatdlel oupneptpopd duvaunc: Chr(r) oc VM) Tlow and tnv eupdvion
x0pecpol, ot urohoyloueves Tée yia o V(M) eZaptdvtar and ) didotacy euBdntione M.
Qo1600, Y00 CLOTAUAT TOL TAPOLGIALOLY EAXUCTY UE TEREQUUEVY) Xl TIOVOS UxET| SIAoTAO,
xodoe 1) drdotaon eudntione avdver, n tuf tou V(M) npooeyyilet éva nenepacuévo bpto mov
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elvon 1) T Do g Bidotaong cuoyeTiogol, 1 onola TapEyEL Wa EXTIUNOT TS QEAXTAA BldoTaong
tou ehxvoth. Edv 1o chotnua eivar vietepuviotind, 1 xhion tou log C(r) ws mpog to logr o
log —log Swdypappo ouyxiivel oto Do xodode 1 didotaon epPdntione avgaver. H loywr| niow
and aUTH TN TEOCEYYIOT TEOXVNTEL and To Eedimhwua Tou eAxuoth. Otav 1 didotaoy Tou Yo-
pou euPdntiong eivor Tohd wixpn, Ta dedouéva Yo yeullovy ohdxhnpo To YWpo xat 1 xAlon Tou
Yeuphuatog toovton pe TN didotaon euPantions. Koadde n didotaor eyfdntione npooeyyilet to
6pto tou Yewphuatog Takens, téte avapéver xavel va mpooeyy(let ™y TR g didotaong ou-
oYeTIouol xou ot unoloylopol tou va cuyxhivouy oe auth. Ta otadepd onueior xou ot oproxol
x0xhot yapoxtneilovton and didotaon undév ot éva, avtiotorya, eve 1 oyedov neplodixy xivnon
napovatdletl didotaot o ue tov apriud Ty aveldptntey cuyvothtey. Ot tapdlevol eEAxVoTES
nou oyetilovtau pe Tt yaotxh xivnorn cuvideg yapaxtneilovto and un axépota didcTao.

H tpn tou Dy napéyet onuavtixés tAnpogopieg yia tov aprdud tov Baduodv ehevdepiag tou
OULOTAUATOS. LUYAEXQPILEVA, 1) BUVOULXY) TOU QAUCLXOU YWEoL Tou Yapauxtneileton and Wi wixey
T e dtdotaong ouoyeTiopol Unopel vo meprypdpetar and €va obotnua Aiyov (cuvidec to
ToAG 2D + 1) ouleuYUEV®Y XAVOVIXOY DIaPopIx®Y EEIOMOOEWY. LNUEIOVETU KoTO00 OTL and pia
a&1omoT aviy veuon wag TEnepacévng xat wixpns Tung Tou Do unopel va ouunepdver xaveic pbvo
OTL elvon BUVOLTY| ULoL TEPLY POPT| WS TPOS EVAL YAUNAOBIAOTATO VIETEPUVIOTIXG LovTEND. AvtioTpoga,
o Aeuxog VopuPog oyetiCetan e TV andxAon g Sdotacng cuoyeTiopol. Enouévee, €dv xatd
TNV avdAUOY WS UETPOVUEVNS YPOVOOELRdS dev apatneeiton xapia oOyxhion oto V(M) xaddx
av&aver to M, Jewpeiton yevixd 61t 10 mAfdog twv Baduwy elevdeplag Tou cuoThuaTog elval
HEYSho. BTNV nep(nTWoT auTH, £V 6TOYACTIXO LOVTENO UTOopEl va eival TEQIOOOTERO XATIAANAO.

H vroroyiotixd nohunhoxdtnta eivor O(N?) yia tov ahydprdpo tov Grassberger-Procaccia.
X Bifhoypagio cuvavtd xavels apxetéc epyaociec yia ) Beltiwon g utohoyioTixfc Tolumho-
xotnrac. o mopdderypa dev elvon amapaitnTtoc 0 UTOAOYIOUOS AMOCTACEWY UEYUNOTEPWY AT
xdmota andotacy r. ¢ anotéheopa €xet mpotadel N opydvwon Twy dedouévwy ot uepxlBoug
[125]. AXhot ahydprdpor emitpénovy tautdypova unohoyiowd tou C(r) yio éva ebpoc dlaoTdoemy
euBdntions. Me tov tp6T0 autd 1 uToloyloTixh TohumhoxotnTa Yivetoaw N log V.

5.2.4 Awpdwon Theiler

O Theiler [126] €deile 6Tt yioo avtoouoyeTIoPéVa dedopéva, To elpog e otadephc xhiong oto
log — log Sidrypapuo unopel va neploptotel €dv to tAfdog twv dedopévey N eivon mxpd. O meplo-
ploude unopel va meploptotel ywpls TV abinom tou N Ue TN yeHoN WG ENPEMS YEVIXELUEVNS
exDOY NS TOL OAOXATEWUATOS GUCYETIOUOV:

N’ N’
Cua(r, W) = m;;m ~g(X(0). X()))

6mou 1 mapduetpog W oanotehel ) di6pdwon Theiler. I'a W = 1 nalpvouue tov oploud tou
ohoxhnpduatoc ouoyetiopot. Edy W > 7(2/N)?M éte Do undpyouy apxolviee Tohld onusia
©OOTE Vo YNy mEploploTel To ebpog NG Ypauwxhg teptoyfic oto log —log Bidypappo. Xnuetdveton
6t to W < N xou €101 1 tpoTelvope vy tpotonoino ivon otny mpaypotixdtnta wixer. H didpdwon
Theiler cuviotdton axdun xou dtav €yovue ueydiec Tipés tou N. Awuodntixd, edv eivor W > 7
eZaopahilovue OTL 1 CUUTERLPOPE TV UIXPWY T XATAPETEATAL UOVO ENEdN mpoéxue and (evyn
dravuoudtey Tou Beédnxay Tuyaia’ xovtd. Aev nepthauBdvovton exelva ta Lebyn TwV BlavLoUdTOY
Tou efval x0VTd 0To YWEOo ENESY Elvon XOVTd GTO YpOVO.
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5.3 TYmoloyiopog Tng SLACTACYC CLUCYETICUOV

5.3.1 Alyo6prdpoL uTONOYIOKOU TNG GUVAETNONG CUGYETICROD

O unohoyiopds g BLdoTAONG GUGYETIOUOY EEXIVE UE TOV UTONOYIOUO TOU OMOXANEWUATOSC GUO)E-
tiopol Cr(r). To Cr(r) npénet va utohoytoVel yia uixpd , wio xat 10 bpto nov epgaviletar 6Tov
t0mo extipnong e Dy mpoxintet yio v — 0. Enetdy) duwe €yovpe ot diddeot| uag nenepaoyévo
tAfdog onueiwy, yio unepBolixd wxpés axtiveg to ThRdog twv anootdoewy tou Yao elvor wixpdTe-
pec and autéc Tic axtiveg Ya elvanr mpogavme undév (uromhnuoude). Etor, Yewpolye xotopyhv
Yoo uixpy| axtiva rp ©¢ 10 X4t 6plo v axtivov yio Tic onoieg Va vrnohoyioovue to Chr(r).
Aoyixd eivon va Véoouue xou €val dve Oplo e Yol QUTES TIG axTIVES, apol, AOYw TOU TENEPACUE-
vou TV dodéviwy onueiwy, Yo undpyet wéyiotn andotacy petadd toug. Erniong, and ) otryun
TOU E[LAGTE LTOYPEWUEVOL VO UTONOYICOUUE TELOOTIXG (LETPOVTAC ATOGTACELS) 11 GUVAPTNON
Chr(r) oo didotnua [rp, e, eivon adbvato va mobue dtt Yo unohoyicouye T ouvdptnomn auth Y
drelpo Ao Ty T UETUBANTAS 7 ot TO DdoTNUA [, Te), Gpa Vot TEETEL VoL UTONOYIOTEL Yot
nenepacuévo TAftog TGV TG T

Ot Budgopot alydpriuot LTOAOYIGUOV NG BIAGTACTC CUOYETIOUOU BLaPERPOLY WS TEOS To TAHYOg
WY AT0CTIcEWY Tou umohoyilovv. MNiugwva pe tov G-P alydprduo, ot utohoylopol mporypoto-
TotobvTar yior 6hat T dlaopeTid Lebyn onueiwv. 'Etot, yio N docpéva onuela Tou ympov Twy
pdoewy, 0 ahybpriuog autée umohoyiler NYZL anootdoeic. Apa éyer rohumhoxdtnta O(N?).

O Theiler [125] otoyebovtac ot pelworn g uvnoloylotixhc tolvmhoxdtag tou G-P ok-
yopiduov, tapatipnoe 6T 1o Ypopumuxd twhua e xaunvine tou Car(r) oe hoyaprdmxd xhipoxa
extelvetar o€ éva UEYAAo U€pog TNG XEVTRIXAC TEPLOYHS TNG, TEAY MO TOU ONUAVEL TKS Yo THY EXTI-
unom e xhlong Tou ypouuxol autol TUAUNTOS, apXEel 1 xaUmUAY Vo exTelveTon uéypt Wt oxtiva
70 TOU VO VO APXETA UxpOTEPN and Ty e axtiva .. Etot, 8¢ Yo eivon mo anopaltnto va
UTOAOYIOTOUY Ol ATOGTACELS PETAE) ONUElwY TOU anéyouv TEPIOGOTERO and 9. AuTr| 1) 1oéa UropeEl
va. vhonomlel yonotwonoldvTag €va TAEYUa UTEEXLPWY UxUNS 7o TOU XUAOTTEL EXEIVO TO TUHUA
TOU YOEOL TLY Qdoewy, Tou Teptéyet T N doouéva onueia. Tdte xdde tétolog unepxndBog Va
neptéyel xdmoto nenepacuévo (fowe xou undevixd) tifdoc onpeiwy. To xdde tétolo onueio onotou-
ornote vnepxlPBou Yo unoloyilovue TV andoTACY TOL A6 OAA To ONUEIX UOVO TWV YEITOVIXOV
0L UTEEXVUPWY X O)L OAwY TV uTepxUPBwY TNg xdhudne. Etot, 1o tAiflog twv anoctdoewy tou
o umohoytoBoly Va eivon xatd Tohd wixpdTepo and exeivo tou G-P alyopityou. BéBata, o ypo-
vO¢ uToAOYLoUol entBoplVETAl PE TO YPOVO avalATnong Ty YEITovix®y urepxiBoy. Ouws, 6mng
anédetée o Theiler, o emmpdovetog autdg Ypdvog de Yo uteployboeL ToL YEAGVOU LTOAOYIOUOD TKWV
anoctdoewy, av .oyber b < 0.5logy M, 6mou b elvar 1) SidoTaon Twv LTEPXHBWY TOL YENOLLOTO0V-
vtow. H Sidotaorn aut| b dev uropel npogoavade vo elvon yeyalbtepn and tn didotaon M tou yodpou
TV Qdoewy, otov onofo epyaldpacte. ‘Etor, npénet va oyer b < min{M, 0.5logy N}. And v
GAA mhevpd, 60 ueyalvTepo eival To b, T600 Aiydtepo ‘oyxo” Yo xatohouBdvouy ol urnepxifol
X0 GLUVETWCS TH00 PxpdTepo Ya elvar To ThARdog Twv onueiny mou Yo teptéyouy ot uepxiBot autol
xat €tot 1600 Aydtepog Vo elvar 0 ypdVOC TOU ATAUTEITOL YL TOV UTOAOYIOUO TV ATOCGTUCEMY.
Auté onpaiver 611 tpénet va embwy el 1o b va eivon 660 to Buvatody peyakitepo. ‘Etor npoxiintet
6t n Béhuotn Tph v to b eivan b = [min{M,0.5logo N}]. Av b = M, t61€ 0 ahybpripoc
autdc ovopdleton box-assisted alyodprdpoc tov Theiler. Av b < M, t6te 0 akydpripoc ovopd-
Cetar prism-assisted olydprdpoc tov Theiler. H nohvmhoxdtntd tou yio tn Béktiotn Ty tou b
arodexvoetar 61t geivan O(N log N).

Téhoc, o Grassberger [48] npdtewve ) Behtiwon tou alyopidpov tou Theiler 6to Véuo -
¢ viomoinong g 1omodéTnong TwV oNueEiwyY 6Toug LTEPXVUBOUE TOU AVAXOLY. LUYXEXQPILEVA, O
Grassberger npdteive xdie otoryelo ToU TOAUBIAGTAGTOL TVOXA TOU TAPLGTAVEL TO TAEYUO UTER-
x0Bwv, Vo TEPLEYEL XATOL0 DEMXTN TNG XEPUANS Wiog omhd cuvdedepévng Alotag, 1 onola Yo Eyet
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w¢ otoyeio to onuela Tou Pploxoviar o exelvov tov unepx’Bo, Tov onolo TuPIoTAVEL TO oToLYElD
autéd Tou mivaxa. Xpnowonoidviag autég TG douég, xdde opd mou €youue xdmolo onueio xou
véhovpe va to totodeticouue ot Aota excivou tou ototyelou tou mivoxa, To omolo avTioTolyEl
otov unepx 3o Tou onueiou, Sev €youvue Tapd Vo EEXWVACOLYE and TNV XEQUAT aUTHS TS AloTag,
va Ty axoloudioouue péypet To Téhog TN xar va tonodetioouue exel to véo onueio. O Grass-
berger anédeie 61 1 tohunhoxdtnTa avtol Tou ahyopiduou eivar xou tdht tne téEne O(N log N),
aANd pe wa Behtiwor Tou ypdvou xatd Evay tapdyovta 2 €ng 4 o oyéon ue tov ahyodpriuo Tou
Theiler.

5.3.2 Extiuntéc tne didotaons cuoyeTiIopon

Yy npdln, n Dy unoloyiletar ouviidwe we 1 xhion oe éva log —log didypopua tou Car(r)
(0 deixtne M mapodeineton 01N GUVEYELX Yol AOYOUS amAGTNTOS) WS TPOS TO T, EVOS TUARUATOS
TEPLOPIOUEVO GE Xdmolo €0pOS TOL T 0To omolo mapatneeiton Ypauwxdtnto. Qo160 1) ETAOYT TNC
Teploy S Xat 0 TPOGdloEIoUOS TNE xAlong Tng Bev eivan edxoln undieo,.

Yy neplntwor) SedoUEVeY and TPOCOUOIWOELS YVWOT®Y EEIOWOEWY 1) YRUUWIXY| TEPLOYT Yid
TOV LTOAOYIOUO NG DIdoTAONS GUOYETIONOU EXTEIVETUL O €va oMuavTiXG didotnua tou logr.
Qotdo0 anoxhioels ouUBaivouy Yia TIC AVMOTEPES X0 TIC XATOTEPES TIPES Tou 7. ol Tig avdTERES
Tiég, Oha o ypaghuata ouyxAivouy oto 0 xadde to r teivel otn Sduetpo tou ehxuoth. T
TIC XATOTEPES TMEPIOYES 1) YROUUIXT, TEPLOY T XUTAOTREPETHL XS TO T TANCLAlel TNV EALYLOTY
anbotaoy PETOED onuEiwy oTo YOpo euPdntions. MUVENOC, TEES ZEXWPIOTES TEPIOYES UTOPOUY
VoL TpoGdLoptaTo0V GTO BIdy oL

Y1y Tep(nTWoT TWV TEUYUUTIX®Y TUPATNPHOEWY, TEPILEVEL Vo TUPUTNENOEL XAVEIS TN Ypo-
wxh meptoy) Yl éva evoldueco didotnua Tiwey Tou logr ue ebhoyo phxog. 261600, MoYw TG
ToLOTATAS %ot ToU PEYEYOUC TV BESOUEVGLY XaddS Xal TNS TOAUTAOXOTNTIC TOU UTOXEIUEVOU Yo-
0TIx00 CUOTAUATOS, 1) YPUUUXT TEPLOY Y| €YEL OLUYVE UXEd UAXOS Xal UAAOTA UEPIXES QPOPES DEV
elvor eubtdxpLTn. XNy mepintwon Uapéng YoplPou uixpol TAATOUS TO OAOXAHPWUN CUCYETIGROD
eupaviler wa tétaptn meploy ) o€ andoTACELS YUpw and To TAdTog Tou Yoplfou.

Ye UepXEC TMEPIMTMOELS, O EAXVOTAC UTOPEL var £yel 1BLOTNTEG TOL BUGXOAEVOUY TOV UTOAOYL-
oubd tne ddotaone ouoyetiopod. H xaholuevn ntiywon’ (lacunarity) eivon wa tétota tdtdtntal
xou TpoxoAel Tohaviooe oto ypdenua tou log C(r). Mepwol elxvotéc yapaxtneilovtar and
TO 0pLOXG QAUVOUEVO, dNAUDY Tl YEITOVIXG onueior oTa Gplol TOLU EAXUOTYH oxOhovYolY BLapopE-
T Yeouppxn xhigoxa and auTh TV oNUEiwY 6T0 ECWTEPIXG. LE UEPIXES TEPITTWOEIC UNOpEl Vo
napatnendoly d0o dlagopetinég xhioec. To pouvduevo autd xuheltar YOVITO Xat LTAPYOUY TOU-
Adytotov dvo e€nyroelg Yo avto. Mnopel va mpoxintel and 5o dlapopeTixole THTOLS Xivnong.
Mo onpoavTixn topatienoy apopd TIC OTATIOTIXEC AMAUTACELS Yo TV aZlOTIGTO UTONOYIOWO NG
dtdotaong cvoyetiogol. To Vépa autd €yel pehetniel and TOANOUS EQELVNTES UE AVTIXPOUOUEVES
EXTIUAOEIC OYETIXA UE TO EAdYloTO TAdog onueiny Tou anwteiton yia Tov afldTIGTO UTONOYIoWH
e Dy. Ané touc Nerenberg xon Essex [88] €yet npotadel 61t 0 ehdytotoc aptdpde onueiny mov
anartelton efvoar Nppin =~ 1072, "Etor, 6tav aviyveletar ouyxhivouoa Bidotaoy cuoyetiopolh Dy
we Aryotepa and Nppp onueia, undpyet o xivduvog 1 Do va ogeiletar oty EAAel)n oTaTIOTXOY
Topd 0T younAfc didotaong duvamxh. Qotdoo, o aptduds Ny, eivar axoun vnd yerétn. O
extipnoelc and wxpd N dev unopovy va anopplpBoly dueoa, av xou 1 uéytotn mdovy i tou N
elvon emfuunth. Luvontxd, ol utoloylopol DACTACEWY Ond To TEOYUATIXd OEDOUEVA TPETEL VOl
yiveton pe mpocoy), Waitepa 6tay Tar dedouéva elvor Ay xou eviopufa.

O mo ouvniiopévoc tpodmog unohoylouol eivon 1 u€dodog ehayiotwy teTpaywvey. Auvty eiva
wa oy Tpoaéyyion, wot6c0o oLy VA Yivetat xaxy yeron tng. I'a tov urtokoyioud g Dy éyouv
npotadel apxeTol EXTIUNTES, O XUPLOTEPOL TWY OTO{WY TEPLYPAPOVTAL GTT GUVEYELI.

Tt duwe padaiver xavelc and tov unoloyiowd tne didotaong ovoyetiowod Dot Egdoov ye
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pEV0d0 TV ECPUAUEVWY TANCIECTEQMY YEITOVWY €YOUUE CUUTEPAVEL OTL UEAETOVUE EVaL YAUNATC
didotaomng obotnua xou udhiota and ) uédodo auth Yvepilovue Ty anutoduevy dIdcTaoT Yo Vo
EEDIMADTOLYE TOV EAXVOTY, 0T GLUVEYELX avalNToluE Eva Lovadixd aptdud yio va yopoxtnelcouvue
Tov ehxvoth. Edv n Dy dev elvar axépouog aprdude, autd amotekel onuaviixh nopathienoy oye-
TG Ye TN BuvaLXn TNG TNYHS TOU ToRATNEOVUEVOU GHUATOS, aAAd Glyoupa dev TN yapaxtneilet
mhfpwe. Tpaypoatixd, xavelc de yvopilel tolo obvolo anotelel 0 TATpEC GUVOAO avVOAROIWTWY
Tou yapoaxtneilet évav eAxuoTH.

O vmohoytlouog tng Do 8ev mpénet va Yewpeltal we €vag TpOToC Yid VoL TpocdlopicoulE €4V T0
oMo TROEpYETAL Amd Wiol TNYY YoUNATC BldoTaong ¥ €AV TPOEPYETAL OO ULl VIETEQUIVIOTIXT THY N,
A& ¢ Evag yapaxneloTixds aptduds e Ty authc. Kot elvon onpovtind vo avapiewtopacte
amhd Tt Yo €youpe udder yioo TV TNYH TOU YAOTIXOU GUGTAUITOS amd AUTOV Tov aptdud, edixd
hopBavovtag urodn v aroonueinTn afeBadtnta Tov LTEIGEPYETU GTOV UTohoYIoUS NG Dy and
TOL TELPOPLALTING. BEDOUEVAL.

Extiuntic Takens

O Takens [122] npétetve évay extiunth tne Sidotaorg cuoyetiopod Dy ypnollotodvTas 10 6UVolo
v anootdoeny. O extuntic touv Takens arnoutel v emAoyy woc uévo ehediepng napaUéTEou
Ry, mou elvar 1) dvew andotacy anoxonhic. Oleg ot anootdoelg ueyahitepes and tny Ry ayvoolvtat
XL Y10l OAEC TIG AMOOTACEL TOU efval WxpoTeERES and Ty Ry unohoy(letar o uécog 6pog olUPwvIL
ue tn oyéon:

Dy = # (5.5)

Jo ' [C(r)[r)dr

O extuntic Touv Takens elvon BEATIOTOC 0NV TEPITTWOT TOU OAES Ol AMOOTACELS Elval aveZdpTnTeS
(to omolo dev elvor awotned N mpaypaTixdTTA, oA elvon oLy VE wio xahf urddeoy) Y wixpés
ATOGTYOELC) %o T0 ONOXAAPWUA GUGYETIOUOY eivan auaTNEd avdhoyo tou rP2.

Extipntic yoednc

O euxoldtepog TpdTOC EXTiUNONS TNG XAGNE TOL OhOXANEGOUATOS GUCYETIOROU elvar 1) emthoyY| 800
onuelwy oty xoundhn, T.y. R xou Ry xou n pétpnon e xhiong tne yopdnc mou oyedidleton
pETOED TV B0 aUTOY onueiwy. Anladi),

b, — 108 C(Ho) —log O(R)

27 log Ry — log Ry

Auté ynopel va gaiveton pn anodotixd, eneldy) de ypnoldomoteltal onuavtixy TAneogopla, aAAd
yior ot Xohd emtheyuévn yopedn, to otatioTixd o@dhua elvor pévo xatd 25% yerpdtepo tou BEN-
tiotou extiunty Takens, o omolog ypenotwonolel oAoxAneEn TV TANEOYOPI TOU OAOXANPOUATOC
GLOYETIGUOD.

(5.6)

H emhoy?| tne Béltiotng yopdric npaypatonoteitar AapPdvovtag unddhn 1o oupdneloud petald
dvo embdpdoewy. IpdTov, To pAxog T Yoedric mpénel va elvor 660 1o BUVITOY UeYahlTEPO, €Tat
wote 1 xhion va elvar Ay6tepo evaio¥ntn oTic Wxpéc DIaXLUAVOELS TV TEAX®Y dxpwy. Acdtepo,
1 Y0ed1 de Yo TpémeL va elva TOGO YEYIAT OOTE VoL EIGEPYETAL TOGO TOAD OTIC UIXPES ATOGTATELS,
6mou ol Slaxupdvoelg Tou Tehxol dxpou eivor Blaitepa peydheg. H Béktiotn emhoyn tou Ry
elvar 600 10 duvatd peyalbtepo. Autod elvar odfdeto oand v drodm g otatiouxhc axplBelag,
aANG €dv ouumepthauBdvovTar GUOTNUATIXG GPIApaTa, elvar emduunTée wxpdTepes Twé Tou Ry.
‘Eyovtac emhéZel 1o Rp, 1 Béhtiotn emthoyn tou Ry diveton and 1 oyéon [129]

C(Ro) _
C(Ri) ~
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Eyfua 5.1: Ot Sragopés e ouvdptnong cuoyetiopob DC(n) we cuvdptnon tov r =n - Ar

Xpnoomothvtag auTév Tov Xavova Tou 5, elvar BUVATOS 0 YRTYOpOS UTOAOYIoUOS NG BLdoTaoNg
pedxTak Tou eivan ehaPpdS AYSTERO amodoTIXGS and Tov BEATIGTO.

Extiuntic Sapopdg

H ouvéptnon C(r) ~ rP2 eivar wa yvioia abZovoa cuvdptnon tou r. Trodétoviac 6t n C(r)
elvon mapaywylown, éyouye :
dC(r) — D21
dr
Kot n ouvdptnon auth eivan yviowa adZovoa edv Dy > 1. Tpdgovtac tny eZiowon (5.7) yenotpo-
TOLOVTAS Blapopés Talpvouue

(5.7)

AC(r) =rP2 T Ar 4 AC(r) = pD2-1 (5.8)
Ar

H egiowon (5.8) puc emtpénet va npoodiopilovye 10 dvw bpto Ry tne ypopmxic TEPLOYHC OF
log — log dtdypaypor YpeNoILoToLOVTAS TIC BlaboYIXEC BLUPOPEC TOU OAOXANPOUATOS CUGYETIOLOD
[76]. Suyxexpéva, v uxpd Ar npoodiopilouvpe tic drgopéc DC(n) = (C(n - Ar)) —C((n —
1)-Ar)), n=1,2,3,--- xu oyeddlovye ) ypapixf napdotacn twv DC(n) wg ouvdptnor tou
r=mn-Ar. To Yyfua 5.1 tapouotdlel Eva yopaxtnelotixd mapdderyud. Stny mpdin, AOoYw Tou
nenepaopévon nhidoug onuelwy, yio ueydha r 1 ouvdptnon (5.8) dev eivar yvhota adZouca xat
dpa yia autd dev toyler 1 urnddeon C(r) ~ rP2 nou ypnowonootue Yio Tov TPOGBIOPIOWS ThS
dtdotaong ovoyetiouod Do. H unddeon avty woylet yia o v < RDy, 6nov n RDy avtiotouyet
oto péyoto e ypapxhc napdotact twv DC(n) we cuvdptnon tou n - Ar. H tpd autr uropet
va anoteréoel 10 dvw bplo e ypapuxic meployfc tne xapniine tou log C(r) we cuvdptnon
tou logr. Xnuewdvetor téhog 6Tt 1 Dy pmopel va utohoytotel xar and TV xhion e Yeapixic
napdotaone v DC(n) wc ouvdptnon tou r = n - Ar oe log — log Sidypappa, dedopévou 61t 1
xhlon auth wobtar ye Dy — 1.

MEeéryiotn anodextn extiunoy Tng SlAoTAONG CLUCYETICROD

Ot Eckmann xa Ruelle [30] uvnéhoyioav ) péytotn didotaor tou uropei va unohoytotel and tov
ahybprdpo twv Grassberger-Procaccia. O apitpdc N (1) 1wy Levyapidv tov onueinwy pe andotoom
peyohOtepn amd r elvou:

N(r) = const x rP?
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Edv D 7 Sidpetpog tou avaxataoxevaouévoy ehxvot, oydet N (D) = N2 Etor N(r) ~

NTz (%)DQ. O npoodopiopde e xhiong tou log N (1) anatel ) ypenoponoinon apxetdy Tudy
ToUL T Xt AL TEG Yo Tpémel var efvan Uxpéc wg Tpog TN didpetpo. Hapdhhnha, yia Adyoug otaTioTiXrg
npénet 1o N (r) vo elvor peydho w¢ mpoc 10 1. Anhadt, éyovpe $N? (%)D2 >lxu 5 =p<
1. Aoyapripilovtac naipvovue 2log N > Dolog(1l/p). "Apa, eivar gavepd nwe o alydprduoc
Grassberger-Procaccia 8¢ Yo nopdyet diaotdoelc ueyahdTepe and:

2log N
mar — 5.9
log(1/p) (59)

5.4 Exd¢tec Lyapunov

e éva VIETEPUIVIOTIXG BUVOIXG CUOTNUA UTOPOVUE VoL UTOAOYI{COUUE Wa UEAAOVTIXY XAUTACTAUOT)
X (t) yvwpilovtac v xatdotacy tou Xg = X (0) oe wo dedopévn ypovixn otryuy, €qv enthi-
ooupE avaALTXE 1) aprdunTtid Tic edlowoelg e xivong. Q26Tté00, o apyxés cuvirxeg elvor
oLY VA YVWOTEC RoVo Ue tenepacuévn axplBela. Enopéveq, pog evblagépet va yvwpilovue tog Yo
eZehyVel oTo ypdvo Eva apyixd o@diua 1 wio Satopayry oTic apyés oLVITXES.

Yuothuata ota omoia xuplapyoly otadepd onueio ¥ optaxol xUxhot yoapuxtneilovial and to
YEYOVOS OTL TO dpyixd GPIAUOL AUEAVEL YROUUIXE UE TO YPOVO ot ETOUEVWLS 1) TpoBhediudtnTa
elvon BEBaun Yo apxetd ypodvo. LNy mepintwon evog ohixol eEAxUoTIxo) onueiov, To chotnua Yo
Telvel mdvta Tpog To onueio auTd xou To apyIxd Gpdlpa Yo YELdVETUL UE To Ypeodvo. Emiong, oc
évav optaxd xOxho undpyel opdhua Pdong Tou unopel vo aLEdver To TOAD YpouUxd UE TO YpOVO,
OONYOVTUC OE ANWAELL YVOONS TN oxplBols QAong TN TaAAVTIWoTg.

Ac vrnodéoouvye thpa 6Tt Yewpolye éva cloTnua pe dbo euotaly) onueia 1oppomiog xo €va
aotadéc onueio petadl toug. Xnv meployy) Tou actadolc onueiov, uior pxet dtotapayr oTIC
apyxés ouvinixec pmopel va avayxdoet 1o choTtnua va telvel Tpog To éva 1 To dhho otadepd
onueio, odnywvtac €tot oty un mEoBAePdTNTA NG TEAXNS XUTAOTAONS TOU CUCTALATOS YLot
wixpéc apyxés dratapayés. Autd cuuPaivel woT6G0, HOVO Yo ol TOAD Wxet| EIBIXY TEPLOY T TOU
pactxol yhpou, TNV Teploy’) Tou actadols onueiov xour TavTol aAlol N e€dpTnon and Tig apyIXES
ouvOnixeg elvar TOAD Ayotepo axpaia.

To xbplo yapaxtnpiotixd tou aotadtols onueiou Tou odnyel To cUOTNUA GE AUTH T1 GUUTE-
pLpopd elvor 7 SLafpEoT TOU QACIXOL YWEOU OTIC TEOYIES TOU YAcIX0) YOEOL Tou EEXIVOLY A
ouyxhivouy oto actaéc onuelo. Autéc ot edixég Tpoytég elvar ot aotadelc xat ot evotadeic ToA-
Aamhotnteg tou aotadols onueiov, ta chvola BNAadr OAwY TwV onueiwy Tou eite anoxiivouy eite
ouyxhivouv o6to onueio 1ooppotiag, aviicTorya. AuTéC oL CUYXEXPIUEVES TPOYIEC oploleTOlV TIC
xateLIOVOELS TN PONC 0TO PAGIXG YOPO XOoVTd 0To €V Aoyw anueio. To onuavtixdtepo eivon dtt
0Tl VEoEIC TOU Ol TOAAATASGTNTES AUTESC TEUVOVTAL, amoute(tan LWoVo Uil wixpr] ahhayn oTic opyixés
OLUVIAXES YIoL TNV Tapay YT Wog TOAD BlapopeTixrg eEEMEng.

Yuothuoata Tov eppaviovy VIETEPUIVIOTIXN YaoTixt| duvouxn yopoxtneilovtot enlong and gu-
afotntn e&dptnon and Tic apyxés cuviixes. NTo CUGTAULATE OUTH, O EAXUOTNG TEPLEYEL ANELPA
aotad| otoryeia (optaxoic xixhoug). Kadévac and touc aotadeic xOxhouc nepthoapfdver tepvo-
weveg evotadelc xaw aotadelc toAhanhdtnTeS mou Eavd Brapepilouy Ty xatedduvon g porg 6To
PO YOPO. LUVETWS, 6TNY Teptoy ) xdle x0Oxhov, undpyet evaloinTty e&dpTnom and Tig apyIxéc
ouvinixec. Mdhota, oto yootixd cvotnua ot actadelc xOxhot oynuatiCouy Tov Tuxvd oxehetd
oL Toapdievou eAxuoTh. 'Etol, undpyouv tepvoueves TOAATAOTNTES TUXVE XATAVEUNUEVES GTOV
eAxuoTH xou undpyel evaloUnTy e€dpTNon ANd TNV APYIXT XATACTACY, GE OAOV TOV EAXUCTHY.

Enopévwe otoug napdZevoug ehxuotés wxpés apyixés Satapayés unopolv va evioyudoly ue
exVetin) Ty 0TI XU Vo XATAOTEEYOLY TNV TEOPBAEPILOTNTA TOU CUOTAULITOS UETE ARG MEREQRA-
ouévo ypedvo. H ouunepipopd autr unopel va amotekéoel xat 0ploud TOU VIETEPUIVIGTIXOU YdoUC.
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O nocotxdg npoodloplopds e evalotnne e€dptnong and Tic apyixéc ouvirxec otnpileto
otnv évvola Twv exvetwv Lyapunov. Edv dewprioovye wa Abon X evog m-didotatou duvapixod
ovothuatoc (6nwe 1o X = F(X)), n eZéhln woc anepootd wixphc datapoyhc (t) wropel va
Yewpnlel o Tp®dTN TPOGEYYION YRUUULY:

. OF
0= <90 5.10
X (5.10)
H oyéon (5.10) eivor éva obotnua m ypoppixmy Slapoptxdy eEI6OGEWY Tou Yia wixpd t Eyet Mo
e popgric: s
§Z(t) :fl(o)e ‘ 71217"'7m (511)
6mou £(0) To 1odraviopata xou A; Tal TEAYRATIXE Hépn TV BOTIR®Y Tou mivaxa A = %—g Ta A;
Aéyovtar exdétec Lyapunov touv cuothpatog xat 1o 6Ovohd toug anotekel to @dopa Lyapunov.
H hbon auth pac unodetxvier 6Tt apyixd XOVTIVES XATACTAGELS GTO PAGIXS Y WO GLYXAivouv (av
Ai < 0) A anoxhivouv (av A; > 0) exdetxd pe to ypovo yia wxpd t. Kadewd and tic drotipée tou
nivaxo A = g_)l; Topéyel o extiunom Touv puiuol abinong plag AEPOSTAS APy XS dlaTapay g 0T
drevuvon tou avtiotolyou Wodlaviouatog tou nivaxa. O péylotog exdétng Lyapunov opileto
oe:

Amaz = lim lim 1ln o)

7 5.12
t—00 §p—0 ¢ 50 ( )

xou PETEA Tov Tary0Tepo pLIUS abENnomg EVOC ATEIPOGTON GRANIATOS OTIS apytXés GUVIXES.

Aol yevixd pro apyixr) Slatapoy | EXEL CUVIGTMOES XATY UAX0S OA®Y TV LBLOAVUCUAT®WY TOU
nivaxo A = a—)l;, 1 Ty OTeEn addnomn Yo xuptapyHoet xat To anelpootd opdiua Yo auvgdvel Tepinou
we 0(t) = doermart brnou dy = §(t = 0), odnydVTUC oE Wol T UTUTY ATOXMOT TWY YELTOVIXGOY
TPOYLOV.

‘Eva duvauixd abotnua yevixd Yempeiton yaotid €8V Apqe > 0. Xnuetdveton 61t 1 tapousio
TV 000 oplwv oToV TPONYOLUEVO OploWd eivar TOAD onpavTix xou Sev urnopel odte vo opeAnet
oUte va avtiotpagel. H Sratapay| mpénet va elvar amelpootr dote vo Vewpniel ypouuxr xot o
w€oog 6pog oe €vol AnELPO Ypovixo didotnua eivar anapaitntoc xadwe o exdétne Lyapunov eivou
HETPo ToL Péoou opdigatos adinomng o ohoxAnen TNy Teoytd. Tumxd, o puludc abinong uropsl
va elvon TOAD BlaopeTixdg xou unopel vor eopTdTol And TO GLYXEXPIUEVO TUAUO TOU EAXUOTH XAUTd
™) Odpxeta g e€éhéng. Ta to Adyo autd, axdun xou edv o uéylotog exdétng Lyapunov eivar
YPMOILOS YIol TOV TEOGDIOPIOUS TOL YUOTIXOD GUOTAUATOS, GTNY TEAEN Bev Bivel TavTa Ut Xt
€vdellrn tou xatd T YpRYopd ANElpoaTd adhpata auidvouy ot Bpayeic ypdvous xadde autd
umopel va e€aptdton and TNV apyixh) VEorn 6Tov EAXLOTH xou TNV apytxf VEor TOU CQIAULATOS.
O0te meprypdpel o auidvouy TETEPACUEVA TOANUATA.

YOppuve Ue Tl Topondve, éva dtatnentixd cvotnua €xet Y iy Ay = 0, eved éva un Stotnentind
Yo A < 0. H exdetind| andxhion | olyxhion oV YEITovx®y tpoytdv (exdétec Lyapunov)
elvar 0 o loyLEOS evdeixTNg vietepuvioTixod ydoug. Ot exdétec Lyapunov amotehodv toug
péooug exdetixote pLiole anmdxhiong 1 oUYAAONS YEITOVIXWY TROYLOY GTO YWEO TWV QYUCEWY.
Kdéve obotnua to onofo mepiéyet évav toukdytotov Yetuxd exdétn Lyapunov eivon €€’ opiopod
YAUOTIXO, UE TO TAATOG TOL eXVETN Vo avTovaxhd Th yeovixh xAgaxo 6Ty omoio Ta Buvaxd
YAEAXTNEIOTIXE TOU cLOTALATOS YivovTtar anpdBhenta. Ta éva Bo¥év clotnua uio ahhayr oTic
nopapgétooug Ya ahhdiet xou 1o pdoua Lyapunov xor mrdavdtata tov TOT0 TOU QAGUATOS aAAE ot
Tov 1010 ToU EAxVOTH (ouyypdvwe). To Thdtn Twv exdetdy Lyapunov yapaxtnpilouy ta duvouixd
YAPAXTNPIOTIXE TOU €EAXVOTY 0 TANpopoplaxd mepteydpevo. Ot exdéteg petpoldv to puiud ue Tov
omolo o1 BaBdIXAGIEC TOV GUGTARATOS BNUIOLEYOLY 1| xataoTEéPouy Thnpogopla. 'Etot, ot exdéteg
petpolvtan oe bit /emavdhndm yio éva dioxprtéd odotnua xar oe bits/s A bits/tpoyid yio éva
ovveyég obotnua. AZilet va onpetwdel 61t ot exdétec Lyapunov dev eivar tonixéc ntocdtnteg olte
HE TN ypovixh 00TE UE TN YwpixY| évvold.
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A6 pia dnodm, uropolue va todue 61t ot exdéteg uetpoly To puiUd Ye Tov onolo To cloTNHUA
xataotpépel Thnpogopio. Ot Vetixol exdéteg naupéyouy éva uétpo tou ndoo ypryopa ydvetar 1
TAnpogopla Tou TEPEYETAL o€ EVa GUVORO amd apyIxéc cLVINXES, apyIxd TOAD xOVTd 1 wia oY
GAAT), €€ artiog TV evepyel®y BITA®ONE Xat dmhwong Tou YaoTxo) ekxuoty. Ot apvntixol exdéteg
nopéyouy to uéoo pulud ue tov omolo ydvetar N mAnpogopia mou mepéyetan. H acupmtwTixg
peiwon uiog dlatapoayfc oTov eAxLoTH xuBepvdtal and 10 AydTEPO dpYNTIXG exVETY, 0 omoiog
umopel va extiundel mo edxoha and dhoug Toug apvnTxols exdéTes.

Mo tov mpooeyYloTixd TPOCBIOPIOUS UG XATACTACNS OTO PUCIXO YOPO AMUTE(TAUL Yld TOCO-
T TANPoYopRiag Yiol TS TWES TwV aveldpTNTwY UETUPANT®Y, Tou elval YETEO TNG ATMAUTOUUEVNS
axpiBetoc. O puiude pelwong g mAnpogopiog authc xotd Ty eZEAEN TOU CUGTARATOS AEYETAL
evtponia Kolmogorov-Sinai ¥ petpwxr| evrponia xar eivon {om pe 10 ddpotopa GAwV Twv YTV
exdetov Lyapunov:

J
K= E Ai, A >0 (5.13)
i=1
LOpQoVE Ue To Topamdve, Yo yooTixd duvouxd cuotiuata K > 0, eved yua un yaotxd K = 0.
‘Otav K — 400 10 abotnua Zeyvd’ auéons TNy xXatdoTtact] Tou, OAES Ol EMTPENTES XATAOTACELS
070 Qaod Yeo eivar ooriiaveg xar To oboTAA YiveTar pyodixd.

Ynuetdvetor 6Tt edv dratdEoupe Toug exéteg Lyapunov xatd @divovca oeipd xar av j eivor

0 deixtng Tou eAdyloTou pn apvntixol exdéty, arnodexvieta [62] twe 1 Sidotaoy TANpopopig
TopéyeTon and TN oyéon:

J .

Zi:l >\Z

Dy =j+
| Aj |

(5.14)

5.4.1 Kadopiopdeg tov gdopatog twy exdetwyv Lyapunov

‘Eotw cuveyés Suvapixd 00NN 6TOV M-BIACTATO QUOIXO YWEO Xl UTELPOEALYIOT M-01doTaTY
ogaipa apyxwv ouvinxev. H ogaipa auth twv apyxdv cuvinreyv Vo egehiydel oc éva m-
dtdotato eAhewoetdég eCoutiog NG TUPUUOPPWOTNE TOU TPOXAEiTL TOTIXA amd TN poY. BTNV
nep(nTwon auTh, 0 4-00T6¢ povodidotatog exdétne Lyapunov opileton oe oyéon e 0 urfxog tou
x0ptou dZova tou elhewoerdolc p;(t):

(5.15)

6mou ta avtioTtorya A; efvar SrateTarygéva amd To PeYUADTEPO TPOC TO WxpoTERo. Av xou 1) UTtapdn
ToU TapAndvVL oplou €yel auplofntniel, 10 YEYOVOC elvan évar 1) TpoY oY AmOXAIOY) EVOS OTOLOL-
0rnote cuvohou Bedouévwy unopel va yetpniel mocotxd. Axdun xou oty mEp(nTWoY TOL BEV
uTdpyEL TO 6plo Yia TO LToXElYEVO choTnUa 1) Bev elvar duvatéy va tpooeyYloTel eneEldn €youue
TENEPAOUEVES TOOHTNTEG amd Dedouéva un anahhaypéva and H6pufo, ol exTiufoelc Twy exvetwy L-
yapunov pog Topéyouy Eva YeNoLuo YapaxTnelodd Tou cuvolou twv dedopévwy. 'Etol, ot exdéteg
Lyapunov oyetiCovtar ue 1 SlaoTteANOUEYY 1) GUGTEAAOUEVY QUOT) BLapOpETIX®Y XATEVIUVOEWY
0TO YWEO TWV PACEWY. A6 TN GTIYUT) TOU 0 TEOGAVATOACUOS TOU EAAELPOEIBOUC AANALEL GUVEY WG
xodog e€ehiooetar o ypovog, ot xatevdivoelg tou oyetilovton e Eva dodévta exdétn toihAhouy
xatd évay Tohbmhoxo teéTo o OAN TV €xtact tou ehxvoth. [lapdha autd, dev eipaote oe Véon
vor WAGUE yrow pio ixavormotntixws npoodloptogévn xatedduvor 1 omofo xou VYo oyetiletar ye 1o
dovévta exé.

‘Onwe propel va napatnenoet xavels, 1 ypauwxy éxtacn tou eAAel)oeldols Yeyoh@vel Ue
10 2N 1 mepoyh mou xadopiletar amd Toug Blo TPMTOLS XVPIOUS GEOVEC AVATTHGOETH UE TO
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2(/\1+/\2)t, o 6yxoc mou xadopiletan and TOUS TEELS TEMOTOUS XVPLOUSC GEOVEC UEYUAMVEL UE TO
AL HA2HASE) o 6 50

Kde ouveyée ypovixd eCaptduevo duvaxd abotnua ywplc éva otadepd onueio Yo €yel Evay
TOUAGYIoTOV 1 undevixd exdétn, mou avtoTolyel otny apYn UeTofohr) Tou TAdToug evog xVplov
dZova egantépevou ot por. Ot dZoveg tou Bploxovtar oe dracTtodt| (6LOTOMA) avtioTory oLV GE
Yetixole (apvntixoic) exdétec. To dbpotoua twv exdetdy Lyapunov exgpdler tn uéomn ypovixt
anOXAIOY) 6TO YWpo Twv Qdocwy. 'Etot, onoodninote giivov duvopixd clotnua €xet évay Tould-
YIOTOV dpYNTIXG exVETH, To ddpoloua OAwY TwV eXVETOV elvon apvnTIxd xou Ol TPOYLES xlvolvTal
ToEodIXd O EvaL TEPLOPIGUEVO GUVORO UNDBEVIXOU GYX0L, Evay EAXVGTH.

H exdeuxy| enéxtaon nouv umodetxvietar and éva Yetxd exdétn Lyapunov, eivar acOufoty
UE TNV xivnom mou €youvue oe €vay opLOVETNUEVO EAXUCTY| - EXTOC NS TMEPIMTWONG TOUL XAmOolo
eldog dradixaciaug avadinAwong uropéact va oLy YwvedoeL Tpoy €S Tou TapoLGtdlouy Evay EVPHTEPOD
draywptowd. O xdde Yetxde exdétng aviavaxrdet pla xatedbuvon 610 YOEOo TV PAcEWY, OTOU
ol enavaiauBavopeves dladxacieg arAduatog xot dithwong cUUSIAAOUY GTOV ATOGUGYETIOUS TWV
YELTOVIX®Y XATACTACEWY 6T0V EAXLOTH. Emouévwe, dev unopel va npoPiegpiet yio ueydho ypovixod
BLdoTNUA 1) GLPTEPLPORY Wiag apy xS oLV Tou Tpoadlopiletar and xdle eldoug aBefurdTnTaL

Oray divovtar ot e€lo®oelg Tou Teptypdpouy To duvawixd chotnua, ToTE elpacte oc Yéon va
unohoyicovue ohdxhnpo 1o pdopa Lyapunov. Auté yivetar edv emthbooupe aprduntixd to cOvolo
TV m eEI0BOEWY ToU CUOTANNTOS Yl m + 1 yertovixég apyxés ouvirxes. Katd tn didpxeia
NS ETAUONE TOU GUOTARATOS PETEGUE TNV AVATTUEY TV aVTIoTOLYWY BAVUOUATOY Xal GO TO
obotnua egehiooetar, Ta Staviopata ETAVAopYOXAVOVIXOTOLOUYTAUL GUVEY KOS YPNOILOTOIWVTIS 1
dtadixacta Gram-Schmidt. Autd €yet wg ouvénela éva uévo Brdvuoua va eivol Tpog T xatebduy-
on e Yenyopodtepns daoTtolc. 261600, OTNY TERITTWOY TV CUCTAUATWY TOU TUPATNEOVVTAL
Tetpopatigd, ol e€lowoels NS xivnong elvan cuVATKS Ay VWoTeS, OTOTE 1 TEOGEY YIoT aUTY OEV elval
duvatd va egappootel dueca. Emmhéoyv, ta epapatind dedopéva anotehobvtar cuvideg and ypo-
VOOELRES UL LOVO TapaTneolUeEVng HeTaBAnTre, xou Yo mpénet va ypnotwonomiel o xotdhhnin
TEYVIXY VIO TNV AVAXATAGXELT] TOU EAXUOTY, OTws eivar 1 pédodoc twy xaduotepioewy.

O vrnoloyioudc ohoxAfipou Tou @douatoc Twv exvet®wyv Lyapunov dev urnopel va yiver emi-
Aéyovtag avdaipeta xatevOVOES GTO YWEO TWV QACEWY YIoL TN UETENOY TOU BlaywPlogol TV
YEITOVIXOVY apy XV ouvinxey. Exeivo mou mpéret va Angdel urnddn, eivar 1 yétpnon tou dto-
YWPLoUoL %xutd wixog Twv xutevdivoewy Lyapunov mou avtiotolyodv otoug xUploug dEoves Tou
elhewpoetdolec. Avutég o xateudivoelg Lyapunov eaptodviar and Tn oY TOU GUGTAYATOS Xl
optlovtar ye t Bordeta tou mivaxa Jacobi. I'" autd eivar anopaityto va dratneniel o xatddiniog
TPOCAVATOAICUOS GTO YWEO TwV Qdoewy. 2otdoo, 1 anaitnon avth dev eivar amapaitntn dToy
npdxerToL var utohoyiooupe wévo 1o peyahltepo exdéty Lyapunov.

Trodétovtag 6Tt undpyEt £vor EpYODIXO UETPO UETENONS TOU CUCTAUATOS, TOTE TO EQYODLXO TOA-
hoamhaotaoTtied Yedpnua dixaoloyel 0 oyéon avdaipetwy xaTeLIOVOE®Y GTO YOEO TWV PACEWY
Yl ToV UTOAOYIoUS TOL YeYuAlTEQOL exVéTn Lyapunov oe opokd duvouixd cuothgore. Avayuéve-
ton (pe mdavotnta {on pe Tt povdda) 6t av enthéEovpe tuyala S0 apyixés cuviixes TOTE aUTES
Yo amoxhivouy exdetind pe éva puiud tou diveton and to peyahitepo exdétn Lyapunov. Aniady,
avopéveTal TS Eva Tuyaio Sdvuoua and apyixés cuvinixes Yo cuyxhivel TPOC TNV TEPICGHTERO
aotody ToAamAOTHTA, Aol 1 ex¥eTin? avaTTUEY TEog auTh TNV xatebluvorn yeryopa Yo xu-
pLopyfioet tne dtaotolc (1 ouoToMfc) xatd uhxoc tTwy dhhewy xatevdivoewy Lyapunov. ‘Etot, o
weyohbtepog exdétne Lyapunov opileton pe Bdon v napaxdte eZlowon:

d(t) = CeMt (5.16)

’ z 4 4 7 z 4 4 4
6mou d(t) elvon 1 yéon andxhion oe ypbdvo t xou C' eivon pio otadepd yia Tny xavovixonoinon tou
apPY1X00 Bl WwEIoUOY.
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IMo egapuoyéc oe nelpopatind dedopéva, €youvy npotalel and dLdpopoug epeuyNTéS akydpriuot
umoloytopol twv exdetodv Lyapunov. Ot yédodor auvtol aflohoyolvtow oe oyéon ue v alo-
motia Toug Yol uxped oUvola dedouévey, To anutoduevo TARJoC LTOAOYIOU®Y xat Tr duoxohio
vhoroinong. Ot pédodor urtohoyiopol Twv exdetodv Lyapunov daxpivoviar oe 800 xatnyoples:

e Or yédodot unoloytopol tou peyahltepou exdétn Ay
e Ot pédodot urohoylopol Tou GUVOAIXOU Qdouatog Lyapunov

Ot o yvwotol ahydptdyor tne tp@tne xatnyopioc éyouy npotadel and touc Wolf et al. [139],
Frank et al [36] xa Rosenstein et al. [104]. Ot mo yvowotéc and tn debtepn xatnyopio uédodol
elvar ot ahybprdpol twv Sano xar Savada [109], Eckmann et al. [28] xat Brown et al. [15]. Yt
ETMOUEVES TOPAYPAPOLS ToPOLGIALOLUE TOUg ahydpLipous auTolS.

5.4.2 AMlyépripoc touv Wolf

Ané g mpdhteg petddoug unohoyiopol Tou peyalbtepou exéty Lyapunov A; wog ypovooeipdg
elvar auth Tou napoustdotnxe and toug Wolf et. al. [139]. H extipnon tou A; eivar duvath
and TN OTUYWH TOU 0 eEAXUOTAS Exel avaxataoxevaoTel. And T Yewpla eivar Yvootd mwe o A
elvon duvatdy va extiuniel, eqv napaxohovdicovye yior UEYIAT ypovixt nepiodo tny eZEMEN evig
Cebyoug YEITOVIXGOY TEOYLOY. Q0TH60, 0 AVUXATACKEVACUEVOS EAXVOTAS TepthauBdver uovo uio
tpoyd. ITopdho autd, umopolue vo Yewprioouue 0Tl Ta oNueiol TOU TUUPVOLUE ATO TNV AVAXO-
TaoxeL xeltovta oe dlapopeTixéc Tpoytés xat va emtAéZouye BUo onueia TwY onolwy o Ypovixdg
dlaywEIoWOS aTNY dpy XY YPOVooELpd eival TouAd)ytotoy (oog ue pia péon tpoytoxy nepiodo. ‘Oco o
Y WEIXOC Bl WPIOUOS GTOV aVIXATACXEVACVEVTA EAXLOTY lvan Wixpdg, unopel xavels va Yewproet
6t ta B0 autd onuela TEocdlopilouy TV TEONYOVUEVY XUTACTAGY TOL TEGTOL XUplou dZova.
Y11 ovvéyela TopaxohovdolUe TO Blaywplopd Toug xat 6Ty YIVEL apxeTd peydhog, 1o onueio mou
dev avixel oty xOpta Tpoytd avtixadiotatar and éva onueio TAnoiov g xbplag tpoytdc. ‘Eneita
napaxorovdolue TNy eEEMEN Tou Bloywplouol yio T dVo véa autd onueia. Enavalopfdvovrag
auTy TN Sradixacio apxeTés Popés, odnyoluacTte ot pla extiunon yio To ueYahOTEROD exVETn Af.

Me Bdon ta napandve o ohyoptdpoc LTONOYIOUOD TOU A1 WoC YPoVooeLpde x(t) Zextvd pe TV
AVAXATAGAEVY) TOU YOPOL TOV PAcewy didoTtacns m ue 1 Pordela ouvietaypévwy xatuoteproe-
WV, OTWC TEPLYPAPNXE 0TO TEONYoLUEVO xepdiato. ‘Eva onueio otov ehxuoty| neptypdpetar and
éva didvuopa xatdotaone e popphc X (¢) = (z(t) z(t+7) -+ x(t+ (m —1)7)), 6nou pe
T oupPoliletar o ypdvos xatvotépnone. Enerta evtonilouye tov tinoéotepo yeltova (xatd v
Euxheidia évvola) mpoc 1o apyixd autd onpeio mou meptypdpetar ond 10 ddvuoud xatdoTaong
X(to) = (z(to) =z(to+7) --- z(to+ (m —1)7)). BuuBoiilovpe v andotacy) PeTad TwV
800 autdy onueiov ue L(tp). Me v ndpodo tou ypbvou, ot pia ypovixh oTywh 1 1 opyixy
andotaon petall twv dvo onueiwy Yo eZehydel o L£'(¢1). H eZéhln auth avarnapdyetar o€ OA1
TNV EXTACT) TOU EAXVOTH Yio VAL YEOVIXO BLAoTNUA dpXeTd Uxpd, 00w wote vo e&etdleton pio
wixer) xhipoxa tng doung Tou ekxuoth. Edv o ypdvog xatd tov onolo e&ehicoetar o urtohoyioude
e anbotaong eivor Toh) peydhoc, mdavédy va daniotdoouue 6Tl 1) andotoon L cuppixvdveTal.
Auté oupPaiver 60 ot HYo tpoyiés, Tou TEoadloEIlouV TN GUYXEXPLUEVT aTOCTAGT], TEPVOLY UETH
and wia meptoyy) avadimhwong tou ekxvoth. To anotéheoua o wa tétola nepintwon Yo frav wia
oyt eavonomTixr xat mdavotata Aavdaouévn extiunon yia 1o Aj. Aev €youue enopévmg Topd Vo
avalnthooupe €va xavolplo onuelo Tou TEEmeL Vo txavorolel Ta €€ xpiThpla

1. O droywptopds L(t1) avtod tou onueiov and 1o onpeio e xVptag Tpoytds mou et e&ehry Vel
Vo mpénet var elvort uxpoq.

2. H yovioxt, andxhiorn petalh tov 000 onueiwy (Tou onueion avtxatdotaons xat Tou eZey-
wévou omuelou tne xVptag tpoytds) Vo npénet eniong va efvar wxey.
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Yy nepintwon mou dev unopécouue va Bpolue éva xatdAAnho onpeio avTixatdotaons, dev EYOuUE
nopd va Bratneioouue To Ko yenotponomidévta onuelo. H Sadixacia auth emavolopdveTto
wéyplc 6tou 1 xVpLo TPOYLE TOL €youue eMAEZEL, BlUTEEEEL OAO TO GUVOAO TV BEBOUEVWY. Y TO
onuelo autéd urohoyilouue 0 A; g

M
1 L' (tx)
AN =—- E logo——~ 5.17
! tar — to pet gZﬁ(tk_l) ( )

6mou ye M oupPorilouye 10 ouVOAIxS aplud TV Prudtey aviixatdotaons. Juvidws, To Ypovixd
Briwae A = tp_1 — tg uetoll TV avTIXaTAoTAcEWY Sratneeiton otadepd. LNV optaxy| tepinTwon
evog dnetpou mhfdoug and metpapatind dedopéva, arahhayuéva YoplBou, To BlavioHAT AVTIXO-
TdoTaong eivon anelpoehdytotou TAdTOUS, Ywelc AN npocavatohiouol xat To A1 hauPBdvetor €&
0ptoWo0.

Y1y nepintoon Twv TpayATIXOY TELURATIXGDY DEBOUEVKVY Elval anapaitnto Vo Yivel xdrolou
eldoug ouuPiBacpds petagd Tou uAxous TV LTOYNPILY BIVLOUITOY AVTIXATACTUONG TOU ANl
TE(TAL XU TNS EAAYIOTOTOMONS TV AAAAYDV TPOGAVATOMOUOU GTO QUoIxd Ywpo. Amd TN wia
TAELPd, 1N BIABOCT TWV UIXPOTEPWY BLAVUOUAT®Y YIVETAL YENYOROTERX GTO YPOVO, €YOVTIUS GOV
ATOTEAECUA 1) EUPAVIOT TV MOV TPOGAVATOAIOUOD VoL Unyv elvor 1660 cuyvh. And v dhAn
mhevpd, mdavéy va emdupolye Ty an’ evdeiag ehaytotonoinon twv Aadov tpocavatohiopol. Ou
npénel eniong va AdBouvue vToYn wac 6Tt Wixpd SLAYOOUATA EVOEYETAU VA TEQIEYOLY OYETIXOC UEYH-
Ao tood YoplfBou. Etot, avalntdue oe dadoyixd peyoahdtepa uxn xAipaxos, avTXoTUoTITES UE
NV EAAYIGTY AANAYT) GTOV TROGAVATOMOUS GTO YOO TWY PACEWY. LNUEIOVETU OTL 1] CUCCOPEL-
on TV MOV TpocavatoMopol dixatohoynuéve anotekel npdBinua. Qotdoo, anodetxvieton [139]
ot Toe M o apopoly €Vl GUYXEXQIUEVO TPOCAVATONGUS YL XATOL0 YPOVO OVTIXATICTACNG
CLEEIXVOVOVTAL OE WLl TIUY GUEANTEN CUYXPIVOUEVY UE TO EMOUEVO AdY0C TPOooaUvaTOMoUOoV, uTd
™V npobnddesy 6Tt ot ypovol Biddoong elvon apxetd peydhrol. To mhAdog twv dedopévev mou
amouteiton Yo Tov uTohoYlopd Tou exVETn A1 e€upTdTon and TEEC EEYWEIOTONE TAUPAYOVTES:

’ /4 ’ ’ z z z ’ 7 z
e To anopaitnto thidoc and onpeio, npoxelévou va €youue éva onuavtixd aptiud dradéotuwy
ONUEIWY AVTIXATAOTAONG,

e Tov apriud TV TPoYLOY Ue Bedouéva avd TEoyLd TOU amoUTOUYTAUL YL VO EPEUVCOLUE TO
‘amhwud UECA 0TOV EAXVOTY| Xl

e Tov apriud twv onueinv TAnpogoplac avd Tpoytd mou eivar amapaiTnTa Yior THY XATIAANAN
OVUXATAOXEVY] TOU EAXVOTY UE CUVTETAYUEVES XAYUOTEPHIOEWY

To nifdoc Twv onuelwy Tou anatodvTar, extiwdton 6Tt e&upTdtar and Toug eENC TAUPAYOVTES: 1
PEAXTIAA BIAOTAGT TOU EAXVOTH, TOV 0pIIUS TV Un dEVNTIXOY EXVETWY 0TO GUGTNUA XA TIC YEW-
UETEIXES ATAUTACELS TEOXELEVOU VUL THPOLUE amodeEX T onueia avtixatdotaons. Av Slatnefoouue
otadep| TV mepiodo derypatohndiog xou avEioovue dradoyxd, dimhactdlovtac xdde @popd, Tov
apriud Twv onueiwy mou opilovy Tov eEAxvoTy| ToTE 1) axpiPeta TN extiunong mou Yo ndpouuE Yo
Tov mpwto exétn Ay Va elvan avdhoyr. Téhog, onuetdvetar 6Tt 0 ahyopripog mou avamtiydnxe
an6 toug Wolf et al. anotuyydvelt otny npoondield tou va expetalheutel Oha ta Stadéatyor dedo-
wéva, ot emxevtpwvetal o W Paotx) tpoytd. Evac mhnoiéotepog yeltovag axohouvdeiton xou
avtixad{otaton ETAVOANTTIXG LOAS O BloywEIOWOS TOL and TNV TPOYLE avapopeds Yivel ueyahite-
p0¢ €vOC oLy xEXPIUEVOL oplou. Axdur, anauteitar TpdGUETN TOALTAOXOTATA GTOUS LTOAOYLOUOUS
epooov 1) uévodog mpooeyyilel tn dadixacio Gram-Shmidt avtixahotdvroc éva yeltova pe Evay
dAho mou va SlaTnpel TOV TPOCAVATOAIGUS TOL GTO YWEO TWV YAcEwY. QoTdc0, auTH 1 drathenom
TOU TPOGAVATOAGUOD GTO YWPO TWV PACEWY dEV EIVOL ATARATNTY OTAY €YOUVUE VA XEVOUUE UE TOV
UTOAOYIOUS UOVO Tou peyalitepou exdétn Lyapunov.
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5.4.3 AMlyé6puipoc tov Frank

Ot Frank et al. [36] tpononoinoav tov akydprduo tou Wolf yetafBdhovtac v emhoyh tou un
Baowxol onuelov. Lougwva pe v tpononoinoy outh, urtohoy(letal 1 TPOTEPAUOTATA OAWY TWV
umoPnpLwy Yo avTixatdotacn onueiny, otatuilovtag TNy andoTacn xat T Yovio cOUQwva pe T

oLVdETNON: , )
w(r,0) = (oH—ﬁ(b:Z) ) - cos (5.18)

6mou b, a elvon ol anooTdoelC oTI¢ onoleg 1 duvou Yewpeiton Ypouwixh xo 0TI onoleg xuptapyel
o YépuBoc, avtiototya. Me 7 cuuBohileton 1 axtvixh andotaoy YeTald Tou LuTodnPiov xou Tou
omnueiov mou e€ellooetar. Ot napduetpol a, B xot ¥ EAEYYOLY TN oy ETXN PopdTNTA TPOTEPAUOTNTIG
Tou apouotdlel 1 eYYLTNTA o€ oyéon pe TNV eLVUYEIUUOT).

5.4.4 AMlyobpripoc tou Rosenstein

Yy evotnta auth napovatdalovpe Tov ahydprduo twv Rosenstein et al. yio tov unoloyioud tou
peyoahbtepou exdétn Lyapunov and wa nelpapotixy ypovooetpd. H uédodog ntpoxintet ansuieiog
and Tov optoyd Tou peyahltepou exdéty Lyapunov xou eivon axpl3fic emetdr| expetadiedetar dho
o Stadéoiyar dedopéva. AZilel va onuetwlel twg 1 uédodog auty| eivar aZlOTOTN YL YPOVOGELRES
Wxeol uhxoug, Ypryopn ahhd xar oyetixd eOxokn otnv vhonoinorn. H pédodoc €yel cav npwTo
BAKO TNV AVOXATAOXELT, TOU EAXVOTH antd TN ypovooepd (i), i = 1,2,--- , N, yonotuonotdvtag
LEY0B0 TV xaLOTEPNOEWY OV TEPLYRAPNXE 0TO TpoNYoLUEVO xepdiato. H avaxataoxevacieion
TpOY1d TaploTdvETAL ooy €vag Tivaxag X tou omolou 1 xdie Ypouu TAPIGTAVEL EVaL SLEVUOUOL GTO
YWEO TV Qdoewy. Anhadn,

X=[X1 Xo - Xy|" (5.19)

6mov e X; = (z(i) z(i+1) --- z(i+ (m—1)7)) ovuPBoiiloupe TV xatdoTooN TOU CUGTH-
potog T Bloxplth ypovixth otiyur| . Enopévee, o X elvor évag M X m mivaxag, 6mou ot otadepés
m, M, 7 xaw N ouvdéovta petall touc pe ) oyéon M = N — (m — 1)7.

Metd v avaxataoxeur] Tou EAXUCTH OTO YWPO TwV QAcEwy, o akydprduog evionilet Tov
mhnotEoTtepo yeltova xdle xatdotaons. H edpeon tou Thnoiéotepou yeltova, X mpaypatoroteita
pe v avalhtnon tou onpeiov mou ehaylotonolel TNV ANOOTACT ANd TO GUYXEXPIWEVO onucio
avapopde, X, , dnhadt

4;(0) = win(|| X; - X; |) (5.20)
J

6mou pe dj(0) ovuBohilovpe Ty apyixf| andotacT TOU j-00T0l oMUEioU ot TOU TANCIEGTEPOU

yeitovd tou xou pe || - || oupBoriCovpe v euxheidio vopua. Emnhéov, emBdihovye tov tpdoieto

TEPLOPIOPS OTL Ol TANCLEGTEPOL YEITOVES TPETEL VoL EYOLY EVAL Y POVIXO Dlaywplopd PeYahOTERO oo

™) wéon meplodo g ypovooelpds, dniadn

| j—7|> uéon neplodo

H mopoandve cuviixn pag emtpénet va Yewprioouue to xdide (ebyog YEITOVWY WG XOVTIVES apyl-
%€ ouvinxeg yio StapopeTinés tpoytés. 'Etot, n extipnon tou yeyolltepou exdétn Lyapunov
TeoxOTTEL and To PEGO pLING BloywpEIoRo) TOV TANGCLEGTERWY YELTOVKV.

And tov opiopd tou A Yewpolye 10 j-001d LebYOC TANCIECTEPWY YEITOVODY TOU AmOXA(VEL
TEOOEYYIOTIXG Ye puiud Tou divetar and To peyahltepo exdétn Lyapunov:

dj(i) =~ Cje A (5.21)
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omou pe O ovpPolileton o apytxdg daywpelouds. Av hoyapriuicouvue xor ta 800 uéln tne e€iow-
one (5.21), éyoupe:
lndj(i) ~ In Cj + A1 (ZAt) (5.22)

H egiowon (5.22) avanapiotd éva odvolo and xatd npooéyylon napdhiniec evdeiec (v j =
1,2,..., M), xadepia and tic onoleg €yer xhion avdhoyn tou Aj. O vnokoytouds Tou YeyahlTEQO
ex¥étn Lyapunov yiveton e0xolo xon ye axpBela av yenotponomlel pla eAdyloTn TETRAY VXY
TpocéyYon mpog T uéon’ ypouun mou opiletar and tn oyéon:

1
i) = — <lInd;(z) > 5.23
(i) = ;< nd;() (5.23)
6mou pe < - > oupPolilovue ) uéon T yioe Oha T J.

H bradixaotio auth yia v edpeon tou uéoou dpou eivar 1o xAetdl yior Tov axplPr) UTOAOYIoUO
NS TIPS TOU A1 amd uxpd xou pe YopufBo ohvola dedouévmy. AZilet va onuetwlel twe otny ediow-
on (5.21), o Cj ypnowonoteita yta TNV Xxavovixonoinon 1ou Sy wpetowod YeTald Twy YEITOVWY,
A& 6w gaiveton xat and Ty eZiowon (5.22), auth 1 xavovixonoinon dev eivor anapoitnTy Yiol
Tov LToAoYlous Tou A;. H Buvatétnta amoguyrc tne xavovixonoinong naupéyet oty uédodo éva
UTONOYLOTIXO TAEOVEXTNUAL.

5.4.5 AMlyobpripoc Twv Sano xou Sawada

O ahydpripog v Sano xou Sawada Yewpel éva onueio avagopds 7 xou utohoy(let Tig anooTIoEIC
TWY YEITOVWY ToL Tou Pploxovial evtoc wac o@aipag pe wxer axtiva. 31 cuVEYEIL TOPUXOAOL-
el v e&éMEn TV anootdoewy aut®y oe ypovo T xou e@apuolet évav ahydpripo elayiotwy
TETPAYDOVWY YL TOV UTOROYIOUS NG YRapmxig ameixoviong A; mou meptypdgel Ty eZEMEN TwV
AmOCTACEWY. LTN cuvéyela o Tivaxag A; dpa oe wo optoxavovixt| fdon {ef} EnavolouBdvovtoc
™) dadixacio n @opéc, ot exdétec Lyapunov unohoyiloviar g :

1O :
. — 1i ) N
Ai = nhm - g 1 log (|A]ez-|> =1+, m (5.24)
‘]:

H opywr Bdon emhéyeton eheddepa. Metd tnv Spdon g anexdviong, axorouvdel pla Gram-
Schmidt dradxactia dote va dtoatnendel 1 apoBaia opdoywvidtnta g Bdong.
5.4.6 AMlyo6pipoc tov Eckmann

H odyoprduxy ddixacia twwv Eckmann et al. [28] eivor mopdpola. Xtnpiletan enione otny
£QapUOY T VO ahyoplluou eAoyioTOY TETPAYWVOY YLO TOV UTOAOYLOUO TNG YRUUMXTC ATEIXOVIOTS.
Y ouvéyeta epoppdler po QR (optoxavovixr dve tprywvixd) teyvixy avdhuorg:

A(n+1)Q(n) = Q(n + 1)R(n + 1) (5.25)

6mou 10 N petpd to PAua avadpopric xar Q(0) o povadiaioc nivaxac. To @dopa twv exdetdy
Lyapunov divetar and 1 oyéon :

1 .
A= lim — leog (R(n)g),i=1,---,m (5.26)
]:

Mia eEoupetind evdlapépouoa TEpiTTWoT TPoXHTTEL 6Tay To Briua Tou Ypdvou eEEMENS TV YEITOVKY
yivel foo pe ) ypovixr xaduotépnomn tng avaxataoxevhc. Tote amhomoteiton 1 Ypouuixy anetxdvion
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5.4.7 AMlyépipoc tov Brown

O ayépriyoc tov Brown et al. [15] Yewpel mio axpiBeic extipioec e aneixdviong npooeyyilovtdg
N XOU UE UN YPopUxoUs 6pous. Metd tny npocéyyion, axohovlelitar dladixacio TapoUola Ue aUTH
oL ahyopiduou Twv Eckmann et al.

5.5 Xuyxpitix LEAETN TV OAYO0pIIU®Y UTOAOYIOKLOV TwY ExXVe-
twv Lyapunov

Y11 ouvéyela e@upudloulE TOUS TRPOAVAPEROUEVOLS akyopituoug utoloylopol Ty exdetwy Lya-
punov ota HET 8edopéva [71], [72], [73]. Ltdyoc pac eivon 1 oOyxplon tne anodotxdTnTos v
alyopldumy xot 1 TPocEYYLoN TV ATAVTACEWY (E4v LUTdPYOLY) O Ueptxd avory Td Véuata, HTKS 1)
e€dptnom TV ex¥ETOV and TIC TAPAUETEOUS TV AAYORITUMY Xl TIC TUPUUETEOUS AVAXATACKEVTS
TOL PAGIX0) YWEOU.

Mehetioape 1o HEID' mou xataypdgnxe and 5 vyl edehovtés nhxiog yetald 18 xou 28
etv. H xataypapn éyve o fouyo dwpdtio, oe xadeotnxula ¥éon, ue to udtia xhetotd. Xopr-
owonotioope 19 nhexteodia ypuool e to chotnua 10 — 20 xar 500 NAextEddia avapopds, dha
otadeponomuéva ye v Grass-EC2 xpépa. H ouhhoyn twv HET 8edopévwv €yive pe tov m-
praxd eyxeparoypdpo BQ100s tng Micromed. To povtdl eivon Sitohixd oOpgpova ue to TpdTULTTAL
e Apepieavixfic Eyxepahoypagixrc Etupelac. H npoenelepyaoio twv dedouévwy nepthoauBdvet
anbpprdn mopacitwy, Ynpraxd giktpdpropa pe Lwvorepatd giktpo (0.1 — 50Hz) xou eléyyoug
otatixotnTog cupelog évvolac. To ofua ywplotnxe o emoyés prxoug 5.000 — 30.000 onuelwy.
Or akyopriuor twv Wolf et al., Frank et al., Rosenstein et al., Sano xo Sawada, Eckmann et
al. xar Brown et al. egapudotnxayv otic enoyés twv axdrovidwy anaywyoy C, — F,, P, — C,,
O — Py, O1 — P3. LNUet®VOUUE OTL 1) AVOXATACKELT TOU QUCIXOL YWeou EYIve Ue Tn uédodo twv
xaduoteproewy. H ypovixh xaduotéonon emhéyydnxe wg 10 Tp®dTo EAGYLOTO TNG GLUVIRTNONS NG
apotBaiac TAnpopopiog (Tmyut). H dtdotaon eyfdntione m emhéyydnxe we 2 < d, > +1, émou d,
elvor 1 BrdoTacy Tou eAxuoTh Tou unohoyiletar ye Tov G-P ahydpriuo.

5.5.1 Amnotelécpata

To clvoho Twv TapauéTpwy ToL cLUUUETEYOLY 6TY Bradixacio enelepyaoiog ywpelleta oe tpio L-
nocOvoha. To mpwto unochvolo mepthaufBdvel Ti¢ Tapauétpouc tou oyetilovtal e TN GUAAOYN
dedopévwy xar v npoeneiepyacia. To dedtepo olivoho mepthopfdverl Tic TapaPéTEOUE TOL GYE-
tiovtar ye v avaxoataoxevr touv ehxvoth. To tpito unooclvolo mepthapPdvel T eowTEPIXES
nopagéteous TV alyopiduwy. H yehétn poc eotidletor ota tehevtala %o unoaihvoha. Ta Ny
pota 5.2, 5.3 xar 5.4 napouctdlouvy TNV eNIBEAOY TWV ECWTEQIXMOY TAPUUETEWY TV AAYopituwY,
eved T Byfpata 5.5, 5.6 xou 5.7 xou ot [livaxeg 5.1, 5.2 xou 5.3 napovsidlovy v enidpacn twv
TOPUUETEWY AVAXATACKEVTG.
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Eyfua 5.2: H enidpaon twv napapétpwy tov akyopibuny towv Wolf et al. xar Rosenstein et al.
oty 1y tou péytotou exdétn Lyapunov (Atdotaon EyBdntione: m = 11, Xpovixh xadvotépnon:
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Eyfuo 5.3: H enidpaon twv napauétpwy tou alyopiduov twv Frank et al. otnv tiur tou yéytotou
exVétn Lyapunov (Adotaon Eppdntionc: m = 11, Xpovixh xaduotépnon: 7 = Ty, [IM0oc

{ .
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Eyfua 5.4: H enldpaon twv mapapétony 1wy akyopituny twv Sano-Sawada, Eckmann et al. xot
Brown et al. oto @dopa Lyapunov (Aidotaon EuBdntione: m = 11-eidixd yio tov ahydprdypo
twv Brown et al. m = 8, Xpovixf) xadvotépnon: 7 = Ty, IIMidoc onueiov : N = 15.000, )
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Eyfua 5.5: To gdoua twv exdetdv Lyapunov wg cuvdptnon tou thidoug onuelwy g ypovooet-
pdc (Atdotaon Eyfdntione: m = 11, eldixd yio tov ahybprduo twv Brown et al. m = 8, Xpovixt
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xadvotépnon: T = T
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Eyfua 5.6: To pdopa tov exdetdv Lyapunov og cuvdptnon e ypovixfic xaduotépnone (Ad-
otoon EuBdntiong: m = 11, edxd yia tov ahyoprdyo twv Brown et al. m = 8, IIAfdoc onueiowy

: N = 15.000)
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Eyfua 5.7: To gdopa twv exdetdy Lyapunov we ouvdptnon e didotaone eypdntione (Xpovixd
xodvotépnon: T = Tpye), IIAdoc onpeiwv N = 15.000

ivaxag 5.1: To gdopa twv exdetwv Lyapunov utoloyiouévo ue Bdor tov alyoprduo twv Sano
xar Sawada w¢ ouvdptnom g ddotaong euBdntions: Kavdh: P, — Cy, t = Ty, N = 15.000,
de =54

‘mH>\1‘>Q‘>\3‘>\4‘>\5‘>\6‘>\7‘>\8‘>\9‘>\10‘>\11‘>\12‘

5 || 545 | 1.37 | —=1.06 | —3.30 | —6.75

6 || 474 | 1.08 | —0.44 | —1.66 | —3.19 | —5.93

7 || 428 | 1.09 | 0.04 | —1.00 | —2.17 | —3.62 | —5.55

8 || 4.06 | 1.35 | 0.43 | —0.34 | —1.15 | —2.11 | —3.34 | —5.25

9 || 3.91 ] 1.69 | 0.92 034 | —0.25 | —1.03 | —1.75 | —2.86 | —4.75

10 || 4.07 | 2.04 | 1.39 0.91 0.33 | —0.14 | —0.71 | —1.53 | —2.34 | —3.92

11 || 4.87 | 3.13 | 2.37 1.87 1.36 0.93 048 | —0.14 | —0.86 | —1.63 | —3.13

12 || 5.17 | 3.68 | 3.01 2.53 2.19 1.76 1.34 0.75 0.09 | —0.58 | —1.50 | —2.86
ivaxag 5.2: To @dopa v exdetdv Lyapunov utoloyiouévo ue Bdon tov akydprduo twv Eck-
mann et al. w¢ ouvdptnon g didotaong euBdntions: Kavdh: P, — Cy, t = Ty, N = 15.000,
d, =54

m [ XA [ X [ 2] M | X [ X [ A& [ A | A | Ao | A | e |

5 || 5.54 | 1.74 | 0.11 | —1.80 | —10.20

6 || 5.25 | 1.45 | 0.40 | —0.54 | —2.09 | —10.57

7 || 4.67 | 1.19 | 043 | —0.13 | —0.85 —2.50 | —11.15

8 || 397093 | 045 | 0.02 | —0.39 | —1.00 | —2.46 | —10.93

9 || 3.23 | 1.11 | 0.48 | 0.13 —0.11 —0.44 —0.90 —2.10 | —13.99

10 || 3.02 | 1.03 | 0.53 | 0.22 0.03 —-0.19 | —0.59 | —1.27 | —2.40 | —13.37

11 | 2.74 | 1.01 | 0.54 | 0.25 0.06 —-0.12 | —0.30 | —0.65 | —1.16 | —2.28 | —12.50

12 || 2.52 | 1.01 | 0.53 | 0.29 0.13 -0.02 | —0.15 | -0.38 | —0.71 | —1.28 | —2.15 | —14.29
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ivaxag 5.3: To @dopa twyv exdetodv Lyapunov urtokoyiouévo pe Bdor tov ahyodpripo twv Brown
et al. w¢ ouvdptnon tne didotaong epPBdntions: Kavdi: P,—C,, t = Ty, N = 15.000, dg = 5.4

‘mHAI‘AZ‘Ai’)‘ALL‘)%‘)\G‘>\7‘>\8‘>\9‘>\10‘>\11‘>\12‘

5 | 3.16 | 0.81 | —0.94 | —2.55 | —5.13

6 || 283|128 | —0.11 | —-1.33 | —2.87 | —5.26

7 (311|171 | 085 | —0.11 | —=1.18 | —2.29 | —4.45

8 | 3.28 | 1.90 | 0.98 0.25 | —0.48 | —1.33 | —2.48 | —4.35

9 | 3.40 | 2.05 | 1.22 0.64 0.08 | —0.51 | —1.23 | —2.19 | —3.83

10 || 3.09 | 2.13 | 1.55 1.04 0.48 0.03 | —0.64 | —1.32 | —2.12 | —3.70

11 || 3.38 | 2.22 | 1.59 1.10 0.68 0.24 | —0.09 | —0.67 | —1.35 | —2.17 | —3.63

12 || 3.48 | 2.14 | 1.56 1.12 0.79 0.44 0.09 | -0.23 | =0.73 | —1.24 | —2.08 | —3.57

5.5.2 Xuunepdopata

H éMew)n onotwvdnnote a-priori yvootokv Yewpntixdy Tipdy tou gdouatoc Lyapunov yia to HED
Oev eMTEENEL TN OUYXPIOT] TWV ATOTEAECUATOY TV dAyoplluwy pe Bdomn wa andhutn avapopd.
'Etot, elvar duvath wévo n oyetiny ouoy£tion g anodoTxdTNTAS TouG.

O olydpripoc twv Wolf et al. mapouoidler tn peyahitepn evacinoia oTig EowTEPXES TOU
napapétpous. O Ay moxiher o éva yeydho €0pog TIU®Y OTay PeTafdAhovTon 1 UEYIOTN EMLTPE-
T andéotacy xo yovio. Emmpdcieta, napovotdlel onpoavtixt yetaohy 6tay yetadhhovial ot
TOPAUETPOL AVAXATAOXEVNS.

O alydprdyoc Twv Frank et al. pe tnv elcaywyn g cuvdptnong npotepatdtntag BEATIOVEL TNV
an6d001 ToU ahyoplduou avagopixd Ue TO WAX0S TNG YPOVOCELRAS ol T Ypovixr xaduoTtépnor.
Or nopduetpor g ouvdpTnong dev emnpedlouy TNy Tt Tou A1, ot avtideon ye ) didotao euBd-
ntone. Ipéner va onpetwdel 6tL xou ot dvo npornyoluevol akyoprduotl Bacilovtour xou e€aptdvTou
and Ty évvola Tou Boactxol onueiov.

O ahydpripog Twv Rosenstein et al. @dvnxe 611 elvar o nepioadtepo pwuaréog tTng xatnyoplag
ou. Oyt povo €yel TIc AYOTEPES XU TEPLOGOTEPO GUVTOVIGIUES ECWTEPIXES TOPUUETPOUS, UMY
eniong emnpedletar AMydTEPO o OUUAOTERA AT TO URXOS TNS YPOVOOERAS Xat T BldoTaoy €y-
Bantione. H oydc tou ogelletar 010 YEYOVOC TNE 1o0dOvVauNC Yenoonoinone Ghwv (¥ oyeddy
OAwV) TV dadéotpmy Bedopévev xou TNV avddelln e Ypopuxhc Teployfic TS XAUnUANG Tou
Eyfuotog 5.2f.

O vnohoylopde tou TAfpous pdopatog Lyapunov eivon oliyoupa tohd mo 80oxhog and tov uno-
Aoyloud uévo tou peyalitepou exdéty. O napduetporl nailovy onuavtixd pdho 611 SlapdEYKoT
TV TGV TV eXVeTOY xodog xal TRV Totdtnta Tou gdopatos. O apriudc twv Yetixwmy exdetdy,
edxd Yyl Toug ahydprduo twv Sano-Sawada xar Brown et al. eloptdtoun and Tic eowtepinés
TopaéTeous Toug. 201600, LTEPYOUY BIACTARATA OTOL Ol TUPHUUETEOL UTOPOUY VI GUYTOVIGTOVY.
Or eopalpévor exdétec Yo unopoloay va LTOAOYIGTOUY e TNV Tapaxoholinon Tou Gdouatog,
xdO¢ avdvel 1 SldoTaoT euBdnTiong.

To va dwiel npoPdadiopa oe pla and tg TaxwPlavée pedddoug dev elvar edxoho. Tevixd,
Oheg oLUPLYOLY 610 TARYOC TV VeTixdy exdetodv. O alydprdyoc twv Sano-Sawada gaiveton 61t
enneedletal TEPIOGOTERO and TG TAUPAUETEOLE avaxataoxeLic. O anhdg ahydpripog twv Eckmann
et al. amoutel Ayotepn vnoloylotixy oyl xou dev elvon evaio¥nTog 6To UAXOC TS YPOVOTELRHS.
O ahyobprdyog twv Brown et al. gaivetar va napovotdler éva uxpd mpoflddiopa e€outiag Tou 6Tl
xdvel teptocdTepo axpBelc mpooeyyioee. ‘ANAwote, mapousidlel TV wxpdTeEY nidpacn and Tic
nopapétpous avaxataoxevhc. To xOpto uetovéxtnud tou elvor o e€apeTind PeYdhog yedvog Tou
omOUTE(TOL Y1d TOUS UTOAOYLGHOVL.
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Aviyvevon Mn I'oopuixotntog

To avtiotpogo medBinua yia éva un Yeouuxd cbotnua eivar o Tpoodloplouds atny Tedln -
¢ umoxelyevng duvamxnc Stadixaciog, 6tav to wévo mou eivar dradéotpo eivon 1 ypovooepd. Ot
alyoprdyot mou €youv yio To oxond autd avantuydel dev elvan agtémoTol xou cuVHlwe eunepté-
YOUV LTOXEWEVIXES XPIOELS, EIDIXA OTUY TPOXEITAL YOl YPOVOOELRES XENC DidpxeLag xat evIopuPES.
Or neplocdtepotl epeuvnTéc GLUPEVOLY 6Tt ot pédodol euncpléyouy ToAég mayidec mou Bev eivou
ndvtote eOx0NO Vo TIC amopUYel xavelc. Tmdpyouv YpOoVOoEelpéc Tou CUPECTATA TAUPOUGLALoUY
YUUNAAS BIAGTAONS YAOTIXY) CUUTEPLPOET, AhAd UTAEYOLY TOAAEC TEQITTMOELS TOU oL EVOE(EELC BEV
elvon axpifelc xar dvoxoha atohoyolvtar. H mporypoatixd) Suoxolia mpoxintel eneldr 0 younhng
didotaong ydog xar o acLoYETIoTOS UE To onpa YopuBog Bev elvar o wdveg evarhaxtixés. Ot
OXAVOVIOTES DIUXUUAVOELS TOU TUQATNEOVLYTOL OF WIA TELPAUATIXY YPOVOCELpd opelhovy 1) Buva-
wixh uetafoln) Toug oe éva pelypa Blapopwy EMBEACEWY: YA0g, WN YAOTIXOS OANS Un Yeaumuxdg
VIETEPUVIOUOS, Ypaumxéc ouayetioelg xou HopuPog 1600 oTn duvauixr 660 xou 6T UETENTIXY DId-
o). Lo TopAndve TEENEL VoL TpooTEVEL ENIONE X0t O U GTATIXOS YUPUXTHPOS TWV TEQIOGOTEPWY
TELPOUATIXODV Y POVOCELPMV.

H detoer aviyvevon tou ydoug eivar dboxoln. O cuvAing tpdnog aviyveuons ouuteplpopds
Yoauniic didotaong eivar o utohoyiouds NG didoTacng xou 1) dranicTworn 6Tt auTy eivar uta ‘wixer’
. Ye o nenepacuévrn eviopufn oelpd, o ahyoprduog utoloylopol g didoTacng divel otny
xahOTepy) TeplnTwon mpooeyyIoTXd anotehéouata xou ouvidng apxetd ecpaigéva. H mpoond-
Vet Tpoodloptolol Twy Blapdpwy TNYGV GPAAUATGY (X CUCTHUATIXMY Xdl GTUTIOTIXDV) Xol
OT1] CUVEYELL UTOAOYLIOUOU TV CQPUAUATWY TV EXTIUNCEWY Eival TPOBATUATIXY YL Un YEUUUL-
x00g akyopldpoug, énwe ol extiuntés didotaons. Ki autd yioti o mpoodiopiogdc tov oQaludteny
amoutel povtehonoinon tng vnoxelyevng Stadixactiog, oAAd autd axpBws arotehel xou 1o avaln-
To0UEVO dyvwoto. Emmhéov, axdun xou av 1 uroxeipevn Stadixacia ftay yvwoTtr, o avahutixdg
UTIONOYIOUOC TV GQUAUATOY propel vo efvar eConpeTind 50oxolog av oyt adivaToC.

6.1 Ilencpacuévrn didoTooy) AN CTOYACTIXES DLAdLXATIES

Edv 1 yetpoluevy ypovooelpd mapdyetar and younhic didotaong yootixr Suvamxy, Tapatneolue
X0PEGUO TNS BIAOTAONS CUOYETIOUOU Yo aLEavoUeYY BidotaoT epfdntiong. And tnv dAAn Thevpd,
XATd TNV avdhuon Twv dedouévey xavelg 8ev EEpel €dv To cloTNUa elivan YounAodldotato. 3TNV
TeAyUaTIXOTNTA, aUTH axplBKg elvol Wi and TI EpTAOELS Tou 1) avdiuoT Vo TEENEL VAL AMAVTHOEL
xat Sev efvar Suvatd va utoléoel xavelc a-priori Ty napovsia ydoug younirc dtdotaong. EEGAlou
weptxés peréteg [91] amoxdhudav 6Tt and pbdvn g N aviyveuon o TEMEPACUEVNS DLACTAOTS
omd W UETPOVUEVT, YPOVOOELpd BEV EIVal APXETY VIOl VO CUUTEQRAVEL XAVEIC TNV Topouasio Ydoug
Yuniic Sidotaong, apod Lndpyouy aToyacTIXéS dladixacicg Tou eupavilouvy alyxhior Tou exdéTy

26
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OLOYETIOUOL xutd TNV Ypovixn euPdntion. Ot otoyaotxés autés dadixaoies, yopoxtnpilovio
evixd and vouo dUVOUNG YIO TN QUCUATIXY oYV XAl GLUTEQLPOOE AVTOOUOLOTNTIC.
Y Y X prpop
‘Eva tétolo mapdderypa eivar 1 yxaovotavy) otoyastixy dtadixacio mov oplleton wg:

N/2
s(t) = Z Ajcos(wjt + P;)
j=1
J
1 didotaon cuoyeTiowol divetar amd T oyéon d = d(a) = —2< v 1 < a < 3. Eriong, xou dhhec
otoyaotixég dadixaocieg eppaviCouvy Peudve abyxhion tou exdétn ovoyétions. Ta anoteréoyauta
auTd delyvouy TNV aduvapio T Bdxplong TEAxTXd UETAEY EVOS YAUNAAS TAENS VIETEQUIVIOTIXOD
YAUOTIXOU GUOTAUATOS XAl EVOS GTOYACTIXOU, YPNOILOTOIOVTAS Wovo Tt pédodo uroloyiopod tne
d1doTaoNg GUGYETIOUOV.

, 2 « Ll , ’ 7 ’ , ,
omou A o w; ™ xau o1 @ elvon Tuyalec opoIOROPYA XATAVEUNUEVES pdoELS. LTV TEPINTLON AWTH,

O Aoyog mou Bev pmopolv va aviyveudolv Blagopés uetald ydoug xar Yoplfou otic mpor-
yolueveg tepintoelg elvar egoutiog g eowtepxhc Qpdxtak @ione tou YopdBou. Ot xaundleg
pedatal epgaviCouy pedxtak didotaoy, 1 onola opiletal TAfpwS and TN Gacpatixy xhion xau eno-
wéveg epgavilouy xopeoud g didotaong xadog avgdvel i Sidotaoy euBdntionc. And tnv dhhy
TAEUPE, O AVUXATAOXEVACUEVOS Y RO BEV elvar 0 TEAYUATIXOS YWPOS TOL CUGTAUATOS, eCautiag
YIoL TUPADELY O, TNS UN OTATIXOTNTAUC TOU OHUATOS 1 TOU W ENAUEX0VC UAX0UE TNS YPOVOOELRUC.
Enouévwe, urtokoyilovtag uévo tny Ty tne d1dotacns cuoyeTiopol dev unopolue va draxpivouue
HETOED TUPUEEV®Y EAXUOTAOV XUl PEAXTUA OTOYACTIXOV XUUTUAGY EQV EYouy TNV [Blo SLdoTooT).

I va Audel to mpofinua autd €youv npotadel tohhég pédodor. Ot meplocdTEPES And AUTE-
¢ Boaoilovtar oty 1déa Twv dedopévey avtixatdotaone (surrogate). IMapdyoupe wo ouvdetins
XpOovooeLpd Tou €yel Oheg, exTOC and pla, Tig WLOTNTES Tou PeTENIéVTog ONHUATOS, UE OTOYO TNV
emPBefaiwon ot 1 T NG didoTaong cuoyetiopol 1 ot extétec Lyapunov e€aptidviar and v
tpononomuévn 1dtdtnta. ‘Evoc and toug mhéov cuvndiopévoug eAéyyoug elvar autdg mou Baoiletar
oty tuyatonoinon twv @dcewy Fourier. O éheyyog autdg elvon o anholotepog and Tig Sadéot-
HES TEYVIXES DedoUEvey avixatdotaone. Moag emttpénel vo emBEPoUMOOVUE EQV 1) TUPATNPOVUEVT
o0y xhion Tou exVETN oLUaYETIOUOY OPelleTon BTNV TUPOLGTA WG AUTOOUOLIEC GTOYACTIXNNG dlodixa-
olag. YNy nep(nTwoT AVTOOUOIWY GTOYACTIXWY BABIXACLOY, 1 OYXAIOT) TOL EXVETH GUOYETIOROD
ovoyetiletar ye Tig WOLOTNTES TV PoTt®Y devTepng TaEng. Avtiveta, 1 nenepacuévny Tipn g did-
OTUONC CUOYETIOUOU EVOC YAUNANE TEENS VIETEPUIVIOTIN0) GUOTAUATOS OPElAETAL OTIC XAEIOTES
ETOTPOPEC OTO Paod YOpo. AuTég ue T oelpd Toug oyeTilovTal UE THY XATAVOUT| TWV QPACEWY
Fourier tou orjuatog. O éleyyog wot600, dev npoodlopilel povooiuavto To Ydog younhng didota-
ong. Edv to oo avtixatdotacng dev nopdyet ouyxhivovoa T tou ex¥étn cuoyeTionol, dev
umopel xavelg va ouunepdvel 6Tt To choTNUa eupaviler yooTix cLUTEPIPOPd Youunhic BldoTaoNC.
Yy neplntwon auth TEEREL VoL EQUEUOGTONY %ol GAROL EREYYOL DEDOUEVMDY AVTIXATACTACNS TELY
npoxOYel xdnolo acpahéc cuurépaoua.

Extéc and ) yédodo twv dedouévwy aviixatdotaons, ypnotponoteiton xou 1 pédodoc twv
xhewotov emotpog®y. H uédodoc auth yenotponotet wo and tig x0pleg IBIOTTES TV TURIEEVWV
ehxvotwy. Elvor yveotd OtL ol 1poyléc 10 Qaoind YOpo eVOS BUVOUXOD GUOTARATOSC YAUUNATC
dtdoTaomng emMOTEEPOLY XOVTA 0TI dpyIx€c Toug Véoelg and xapd o xoupd, eve avtideta dev
ouyfaiver To (810 Yiol Ta GTOYACTIXE CUOTAUATA. LUVETKS, UTOPEl Vol oYeEdIdoEL Xavelc To Blayw-
PIOUO OTO YOPO WS TPOS TO BlAYWEIoUO GTO YEOVO YLl Toug dVo auTolg BlaopeTixols THTOUS
ovotnudtey. Tote, n Onapln TV XAEGTOY AUTOVY ETOTEOPOV Vo TPOXAAECEL TNV EUPAVIOY €-
VoS U1 LOVOTOVOU YRapnuaTog, To onolo anoteAel o emnAéov EvBellrn tne mapovaiog TapdEevou
eAXVoTH.

Y1n ouvéyela neprypdpoupe T wE¥odo aviyveuong un YeouuwxdtnTog Ue Yprion oclpwy dedo-
wévov avtixatdotaons (surrogate) mou tpotdinxe and toug Theiler et al. [127].
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6.2 H pédodog twv BEBOUEVWY AVTIXATACTACTC

Ot Theiler et al. [127] éyovtac we oTdY0 TNV AVIYVEUST) U YEUUUXOTATWY, TOU Vol TOND o
amholotepn amd OTL N aviyvevorn TN yaoTixig duvouxhc dathinwoay ) uédodo Twv dedouéve-
v avtixatdotaons. H pédodoc cuvictator otov mpoadloplogd Wiog xaAd oplouévne UTOXEUEVNS
Yeopuxhc dadixactuc (undevixd vtdleon) xat Tov Lohoyowd NS xatavourc Tou peyédoug evla-
pépovtoc (.. didoTaon CUoYETIOUOD) Yo ot GUANOYT, CUVOA®Y antd BEBOUEVA AVTIXATACTAOTC,
o omola elvor AmA@C BIAPOPETIXES TPAYPATOTOTEL TNE LTOTEVElGUC YRUUWXAS OTOYAGTIXTS OLo-
dixaotog. 3t cuvéyeto, avtl Yio TOV UTOAOYIOUS TV GPIAIATOY TNE BLICTUONSC TOU TEOXVUTTEL
and TO TMEAYUATIXG GUVOAO Bedouévwy, umohoyileton apriunTixd 1 TUTXY ATOXAIOY, OAWV TOV
EXTIUNOEWY TV DIAOTICEDY TWV CUVOAWY T®V DEDOUEVODY AVTIXATACTAONC.

H egoppoyy| g uedddou anotelel ovolaotixd otatiotixd €eyyo vnédeons. LuunepthoyuSd-
vel 800 ouotatid: TN undevixr unddeon Evavtt TG onolag EAEYYOVTAL Ol TUPATNEHOEIS XAl [ULdL
otatiotixy| daywptouot (discriminating statistic). H pndevixr| unddeon anotehel eZfynomn e
duvauxrc, Ty onola oxonebovue va delfouue 6TL Bev elvon apxeTh| Yl vo eEnyRoet T dedouéva
wog. H otatiotiny draywpetopod elvon €vog aprdude mouv TocoTxonolel XATOIES TANPOQYOopleS NG
xpovooelpds. Edv o apriude elvor Slagopetindg and autdv mou avauéveton dtav oy Vet 1 undevix
unodeon, tote N undevixr vnddeon unopel va anopplpuel.

To dedoyévo avTIXATACTACTS TUPAYOVTAUL XUTH TETOIO TPOTO WOTE AUTA VA €Y 0LV UEV UEPIXES
©16TES [BlEC Pe auTég NG TEAYRATIXAC YPOVOoERds (6nwe 1 wéorn Ty, 1 dlaonopd, o peTa-
oynuatiopde Fourier), odhd va eivon xortd ta dhhar tuyada, 6nwe mpoodopiletor and tn undevixt
vnodeon. o xdde ohvolo dedopévwy avtixatdotaong, utohoyiletal 1 oTATIOTIXY SLdxpIoNg ot
and TN cuALOYT avT®Y tpooeyYileTal N xaTovour Toug.

Av xou n pédodoc aut| pmopel va amathoel apxetolg LToloylopols, odnyel oe augnuévn
evehiio 0TV emAoYT) UNdEVIX®Y LTOVECEWY Xal GTATIOTIXGOVY Blaywptouwol. Mdhiota 1 undevixy
uno¥eon xat 7 oTaTIoTIXY Blaywelogol Propoly v emtAeyoly ave&dptnta 1 wia and v dAAn. H
HEYodog TwV BEdOUEVLY avTIXaTdoTao S anoTeholy Pactxd uta egopuoyn Twy bootstrap pedodwy
NS LOVTEPVAC OTATIOTIXTC.

6.2.1 Ymnoloylopds oNUAVIIXOTNTOS

Eotw Qp = pp 1 otatiouxy| nov vroloyileton yioo Ty TpayUatixy Ypovooelpd xo Q f; 1 oToTl-
OTIXY| IOV avTIoToLYEl 6TO 4-00TH GUVOLo BedoUévmy avTixatdotaons. 'Eotw enlong pug xat of 1
w€om Tun xan 1) TUTXY andxhlon), avtioTolya, NG XATAVOURS TV QH.

Edv eivar droadéotueg moMES TRAYUATOTOIAOELS TV TARATNEOVUEVGY DEdOUEVLY, TOTE elvon Bu-
vath 1 anevdeiac oOYXEIoT TV 500 XATAVOROY (TAPATNPOUUEVKDY Xt DEDOUEVKY AV TIXUTACTUONC),
yenowonolwvtag yia nopddetypa to Kolmogorov-Smirnov ¥ to Mann-Whitney teot, o onofo
ouYxplvouv TIC TAPEIC XATAVOUES 1 TO 1-TECT To omolo ouyxplvel povo Tig uéoeg Tiée. Edv eivan
drad€atpo €vo uovo GUYOAO TUPATNEOVUEVWY dedOUEVLY, ToTE 0pilovye T0 uéyedos ‘onuavtixoTn-
o ¢ TN Stapopd UeTaD TG TRAYUATIXAC Xat TNG UEOMNS TWAS TV BEBOUEVLVY AVTIXATAGTAOTG,
OLOLEEUEYT) PE TNV TUTIXT| ATOXAIOT], TV DEDOUEVOY AVTIXATACTACNS:

g Qb —pu (6.1)

OH '
Edv 1 otatiotind axohovdel yxoovotovh xatavour| (xat ta oprduntixd tetpduora delyvouv 6t auth
etvan hoywed mpocéyyion), téte 1 p-Tiuh, diveton and ) oyéon p = erfe(S/V2). Auth exppdler Ty
mdavéTnTa va napatnendel onpavtixotnTta S 1 peyaitepn €dv 1 undevixy) unddeon elvar ahnivc.

Trodétovtag 6T of GTATIOTIXEG 0XOAOLTYOVY YXAOUGIAVY] XATAVOUY, UTOPE! Vo UTOAOYIOTOOY
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o0 opdipgoata AS pe nuédodo BIAdooNe TV CPIAUATWY:

(g) _ (A | o — o |>2 N (Am)Q _ (Bum)*+ (App)* (Arm>2 (62)

S | o — o | oH (b — pp)? on

To opdhpa tne péone ke mov Baotletor oe N nopatnphoeic diveton and tn oyéon (Ap)? = 0? /N
xou 10 o@dhpa TN TuTeic amdxhione anb 1 oyéon (d0)? = 0?/2N. 'Etot xatahfyoupe 6t

(g)Q _oh/Nu+oh/Np 1

S (kH — pp)? 2Ny (6:3)

H anéhutn tipr tou ogdipatog eivat:

AS = \/<1 + %s2> INy + (o /on)2/Np (6.4)

‘Otay elvou Stoadéotyn w6Vo pla TEoyUaTononoy e Yeovooelpds, tote op = 0 xat ayvoeitar o
delTEPOC bpOC OTNY TapATAVL eEl6WaT.

6.2.2 Iepapyio undevixwy vnodécewy

H yndevixr unddeon opilel ) pbon e unodrglac dadixaciog, n onola iowg egnyel apxetd, lowg
Oyt, o dedopéva. Ot pndevixéc urtodéoeic cuviing tpoodopilouy dTt BlatnEolvTAL GUYXEXPIUEVES
BIOTNTES TS TEUYUATIXAC YPOVOOEIRAS, OTwe N Uéon TiuR xat 1 dStaomopd, oAl Sev umdpyet
emtmhéoyv dopr otn yeovooelpd. To Bedouéva avTIXATAGTACT S TUPdYOVToL XUTd TETOL0 TPOTO WATE
VoL IEolvTOL T DIATNEOVUEVL YORUXTNELOTIXG, oAA ev yével va elvon Tuyala. Ymdpyer xdnoto
£0pOg TNV EMAOYY TWV YALAXTNEIOTIXGY o Vo TEENeL Vo dtatnpolvTal: Quotxd 1 péon Tiun, 1
draomopd xar miaveg eniong 1 acpatixy oy dc. Edv ta teipapatind dedouéva Slaxpitonolobviat
oc ax€pales TIUES, TOTE XAl Tol OEQOUEVA AVTIXATACTACNC TEETEL VAL SLUXPLTOTOI00VTAL TOPOUOIWS.

Fooppixde avtocvoyeTl{OUEVOG YXAOLOIAVOG FopLBoG

To povtého meplypdpetan and TOUG GUVTEAECTES (y XoU TN DlaoTopds o Tng Sradixactag:
q
n(t) = ap + > gzt — k) + oe(t)
k=1

TOU UIMELTAL TNV apyIXT| YPOVOCELRd WS TPOC TN UEOT) TIWT, TN OLUoTopd Xal TN CUVAPTNOT AUTO-
ovoyétone yia xaduotephioeic 7 =1,- - ,q. H e(t) elvar aouoyériotog yxaovoiavoe Bépuoc pe
povadiaio Staonopd. H nponyoluevn eZicwon anotehel éva avtonahvdpoiuevo poviéro (AR). To
Yevixotepo povtého mepthaufBdver eniong éva MA povtého ypovixd ohoUnuévey dpwv YopiBuv
xat €10l 0 ouvdvaouog divel éva ARMA povtéro. T apxetd peydho g, ta poviéha yivovtal loo-
dOVaga. LNy nepintwon auth 1 undevixy unddeon eivar 6Tt 1) dour) TN YPOVOCELPAS TEPLYPAPETIL
TApWS amd TN GLVEETNOT AVTOCLOYETIONG 1) loodlVaua and TN gacuatixr oy’ Fourier.

ITATINOG Y] YEUUUIXOG UETACYNATIOROS YRARIIXOD Yxaovclavol YopbhBou

"Evag t1p6m0¢ Yevixeuong e mponyoluevng uUndevixhic ud¥eong Yo TEQITTOOELS OTOL To BEGOUEVA
elvon un yxaouvotavd eivon vo utodéoer xavelg 6Tt, av xou 1 duvapixy elvar Yeoupxy, 1 cUVEETN-
o1 mapathipnong eivar un ypopuxr. Suyxexpluéva, umopel va umovéoel xavelc 6Tl umdpyEl Wia
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uroxeipevn ypovooetpd {y(t)} oe cuppwvia ye ) undevixh unddeon 10U YPoUUXOD YXAOVGLAVOD
Yopifou xor pror mapatneoluevy ypovooepd {z(t)} mouv cuvbéovtar péow g oyéong

z(t) = h(y(?)) (6.5)
Agol 1 z(t) eZoptdton pévo and v tpéyovoa Twr tou y(t) xou oyt and T mapaydYous 1
TEONYOVUEVES TWES, T0 PidTpo h(-) Vewpeiton otatxd. T va emttpanel n dnuiovpyio dedoyé-
YOV avTIXATAoTAONS, TEENEL emnmAéov Vo YewpfoouUe otn undevixr unodeon 6Tt 1 ouvdpTtnon
napathionone h(-) elvor oty npdén avtioteédun.

ToviCetar 611 oL Ypovooelpés elvol AUOTNEE WAGMVTIAC U1 YPOUUUXES, OANS 1 Un YeUUuXOTnTA
dev elvar otn duvouxr. Oi meplocdtepo ouuBatixol éheyyol un Ypopuxotntog Yo xatéAnyoy
OwWoTe 6TO ouumépaoud OTL 1 YPOVOOEIRE eivar un ypouuxr, oAAd de Vo Séxpivay €dv 1 un
YeUUUIXOTNTA OQelleTar 6T BUVAUIXY 1 OTNV XATAVOUT TV TAATGV. XENoWOTOLOVTIS dEdoUEVa
AVTIXATACTACTG TEOCUPUOCUEVO OTN CUYXEXPIUEVT], Undevixt unddeon, yivetar duvatdc o hentdg
aUTOS DAY WEIOWOS OYETIXG UE TN PUOT TNS BUVAUIXAC.

Yuveyilovtag, Yo propolioe vo emeXTEIVEL XavElS Th undevixr| LTOVEDY) OE TEPIOGOTEPO YEVIXEC
nepintwoelc. o napddetypo, LTdEyEL Wt UEYSAN TEEN UN YEOUUIX®Y OTOYACTIXOVY OLadIXACIOY,
ot omoleg dev elvor TpoBAédiueg axdun xor wg Tpog T u€on T, Metall Toug ouyXATIAAEYovTaL
XL T UTO ouVITXT ETEQOOXEDACTIXG HOVTENY, GOUPWVO UE Ta omola 1 dlaonopd e€opTtdton and
T0 TopehdoV, ahhd Oyt M uéom T, Av xon uTdpyEL olyoupa UN YRoUUIXO TIEPLEYOUEVO OF AUTEG
TIC YPOVOOoELRES, BV eEXONAWVETAL o€ abENom NS TEOPAEPIUOTNTAUC UTd U1 YPOUUUIXA LOVTENA.

6.2.3 XtatioTixEg dlaywpeloprov

H pédodog twv dedopévey avtixatdotaong unopel ev YEVEL va ypnotponotnlel ue onoladnrote oTta-
TioTxy) Stoywetowol. Tumxd to pévo mou amauteiton yio TV andppidn g wndevixrg vndveong
elvoll 1) OTATIOTIXY VO TOPOVGLALEL BLUPORETIXT XATOVOUY| Yid Tol DEDOUEVA Ao AUTH TwV DEBOUEVLY
avtixatdotaons. Puoixd, n wédodog elvar 1 TEPLOGHTERD Yo €AV 1 OTATIOTIXY TARAYEL TPOLY-
HOUTIXG Wit XA EXTIUNOT WAS TOCOTNTAS PE UEYAAO QuOtxd eVBIAQEQOY. LTy TEQINTWoT AUTy,
Oyt wévo Yo mpoéxunte (edv mpoéxunte) N andppuPn e undevixrc unddeons, ahhd Yo uTHpyE xou
€VOg ATUTOS YOPAXTNELOUOS NS PUOTS TNS U1 YRUUWMXOTNTOG.

Enetdn ev yéver evdlagepdpaote yio Ty aviyvevon g miavotntag 6Tl 1 UTOXEIUEYY) duva-
wixh elvar yootixn, emAoyég yia TN OTATIOTIXY Saywpelopol eivar 1 Stdotaoy cuoyeTiopol xo
ot exVéteg Lyapunov xodog xon 1o o@diyo npoBiedns. To evbiagépov toug €yyerta 610 011,
Wovixd, N didotaoy uetpd toug Paduoic ekevieplug, o exdétne Lyapunov dnhdver v e&dptnon
amd TIC apyxEC oLVIRXES xat To odApa TEOPAedNC eEAEYYEL To vieTepuvioud. Mrogel eniong va
xenotporomiel 1o ohoxhipwua cuoyetiopold (dnhadh to C(r) yia xdmoteg Tpés oL 1), WoTdoOo
elvon AtydTteEpo Yphowo ¢ éva dtuno epyaheio. Lnuetwvetar 6Tt o xivduvog ot yenolponoinon
UG oUddog oTATIGTIXGY elvon OTL Wi amd auTég umopel Tuyaio va epgaviotel onuavtixs. To ano-
TéNEoUA QUTO UTOPEl TUTIXE VoL AV TIoTHVWIOTEL UE TN Blathpnon auotnehc pétenons touv nAfdoug
OV YENOWOTOLOVUEVDY EAEY YWY ot TNV abENon Tou xatw@Aiiou onuavtixdtntag, aviiotoya. H
TUTIXT| TPOCEYYIoN TEIVEL Vol YIVETAL TEPLOGOTEPO GUVTNENTIXY and 6,TL elvor amapaitnTo, Aol oL
€heyyol dev elvor otny mparypatixdTnTo aveEdptnTol YeTadh Toug, ahhd TNV TEAEN CUVIGTATHL 1)
drathipnom evog euAGYWS LYNAOD XATGPAIOL CNUAVTIXOTATAG.

6.3 AAyopripol napaywync DEDOUEVLY AVTIXATACTAONG

Y1 ouvéyeta napouctdlovtar Teel ahydprdpor tapaywyhc dedouévev avtixatdotaors [127]. Ot
000 mpTOoL LAOTOLOLY TNV LTHUEST TOU YpauWwXd cLoYETIoUEVOL YoplBou xat 0 TpiTog TO GTATIXG

Un YPauwxd UETAOY NUATIOUS.
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6.3.1 AMlyopipoc FT yweic tn ypron nopadipou

O ahyodpripog autde Baoileton otn undevixr) undleon OTt o Sedouéva TEOEpYOVTaL ATO WIot Y-
wixr) yxoovatovy] dradixacia. To dedoyéva avTixaTdoTaong TopdyovTol £ToL MOTE Vo EYOLY TO (Blo
pdopa Fourier pe to mparypotind dedopéva. O akydprduog éyel wg e€nig:

[Mpwta unohoyiletar o petaoynpatiopds Fourier yia detxée xar apynuixés ouyvotntee f =
0,1/N,2/N,--- ,1/2 xou ywplc yeron mapadipou. Ilapdho mou to mapddupo yevixd cuviotdta
6TaY TO XUPLO EVOLAPEROY UTIHPYEL TN PUCUATIXY LYV, XATAPY NV UTOPOVUUE VO UNY Y PN OILOTOLOVUE
nopddupo yiatl autéd tou Yélovye elvon Tar TparyUaTIXd dedopéva xar To BEBOUEVA AVTIXATAGTACS
va €youv TV {Bra gaocuatixy woyl. O yetaoynuatiowdc Fourier eivon uryadixde oe xdide ouyvo-
. Tia v Tuyouonothooupe Tic pdoeic, tolarhaotdlovue xdde pryadixd mhdroc pe €/? 6rou
ol gdoeic ¢ emhéyovtar opotdpoppa oto didotnua [0, 27]. o va elvon o avtictpogos yetaoym-
wottopde Fourier npaypotixde, ouppetponoolpe tic @doeic 1ot dote ¢(f) = —d(—f). Téhog, o
avtiotpogoc yetaoynuatiopos Fourier naupéyet ta dedouéva avtixatdotaong.

‘Evac and toug meploptopols tou ahyopidyou elvor 6Tt dev avamapdyet xadap€c oLy VOTNTES
TolD xohd. Autd mou cupBaiver elvar 6Tt ot yertovixég ouyvotnTee 6To Ywpo Fourier empoldvo-
VIO X0l OTY) OUVEYEL ENMELDY OL QPAGELS TOUS TUYAOTOLOVYTAL, XATAAYOUY GTO Vo avTaywvilovtar
HETOED TOLG XAt Vo Topdyouy avahndeg yaunhéc ouyvotntec. Autd pmopel vo uny elvon 1600
onuavtxd, agot eivon 8Ooxokn 1 dnuovpyio uag anAic otoyaoTixnc dtadixaciog Ue UEYAAOUS
oLUPeYOLS Ypovous. Me dAla Aoyia, ot ypovooelpég Oyl wovo Yo TpENEL Vol EIVOL APXETY UEYO-
ANotepeg amd Tic xOpleg TEPLOBIXOTNTES, aAAd eniong TOAD UaxplTEPES Amd TO YpOVO GLUPGVING
onolaedNnoTE BEBOUEVNC CLUYVOTNTAC.

‘Eva 6e0tepo mpofinua mou eivan TeplocdTeEpo EUPAVES Yo UYNAS SeryUaTOANTTNUEVA GUVEYY
dedopéva, eivar 61t pmopel va ewcaydolv avaxpiBoe vhniéc ouyvotntes. Autd mpoxlnTeEl ¢
anbppota Tou petaoynuatiopol Fourier, o onolog unodéter dtt o1 ypovooelpéc elvor neplodixéc ye
neplodo N xat cupPaiver dtav umdpyet aouvEyeta UETAED TOL TEWTOL XAl ToL TEAEUTaiou onueiou.
Yy nepintwon auth ouviotdton 1 YadAidion Touv prfixouc tng ypovooelpds étot wote z(0) ~
z(N —1). H oddidion avtr dev anotelel mpdPfinua €dv 1 ypovooelpd elvar otatixf xor €yet
unxog peyahitepo and TNV xuplapyn TEQIOBIXOTNTA.

6.3.2 Alyoéppoc FT pe tn ypron nopaditpou

To npdfinua v avaxpBoyY VYNAOY CUYVOTHTLY UTOoEEl Vo aVTIUETOTIOTEL enlong Ye TN Yeron
nopadipou ety and To petaoynuatiowd Fourier. H ypovooeipd nohhamhacidleton e yto Guvdp-
mon w(t) = sin%t, n onofa undevileton ot axpafo onuete t = 0 xu t = N. H ypfion tou
nopaipou autol auBAOVEL TNV acuvEyela ueTaD TP@TOL xat TEAeUTaiou delypatog xar (aiveTto
VO AMIAAGOOEL AMOTEAESPATIXG And TNV Enidpouot Twv LYNAGY cuyvotAtwy. Qotdco, mapdyel
eniong wo avoxpiBr younhy cuyvétnta and ™ pacpatixy oyl tou ([Bou tou w(t). H Mor eivo
0 undeviopde Tou TAGTOUE TNC TapastTCic ouYVTHTAS f = +. QoTé00, UdpEyEr 0 xivduVOC TNG
Omopéng onuavTixng 1oy 0og o1 GUYVOTATA AUTY OTA UPYIXE TEAYUTIXE dedouéva.

6.3.3 AMlyo6puipoc Fourier pue tpononoinon Aoty

O ahydpriuog autdg mapdyer GOVola BEBOUEVWY aVTIXATAGTACTG ToU oyeTi{ovTat Ye Tn Undevixy
unoVeon OTL 1) TUPATNPOVUEVY] YPOVOCELRE Elval EVOG HOVOTOVOS UT) YRUUWXOS UETAOY NUATIOUOC
wag Ypopuxne yxaovotavig Stadixaciag. H 1déa cuviotaton otny ahhory ) ¥AUaxog Tev TGV TV
OPYIXWY YPOVOOELP®Y £TCL OOTE VA YIVOUV YXOOUGLUVES. 3T1) GUVEYELX YENOLUOTOLEITAL O AAYO-
erduoc FT pe mapdidupo yia Ty nopay»wyn YeOVOOEIp®Y avTIXATIGTACTS TOL €YOUV To [Blo @doua
Fourier pe to dedopéva mou mpoéxudav and v arlayn xhuaxac. Télog, yivetoar avtictpogn
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oAhoryh) xApoxag oTa YXAouotavd BEBOUEVA AVTIXATAOTACNS WOTE VU UTOXTHOOUY TNV XATAVOUN
TAATGV TNS APYIXNAS Y POVOOELRAS.

IIio ouyxexpuéva, éotw z(t),t = 0,--- , N — 1 1 apywxr] ypovooepd. To npoto Brpe elvar
1 dmuovpyio wac yxaovotavic ypovooelpds y(t), otnv onoia xdde ototyeio mapdyetor aveldp-
™t and Qo yxoovotavy Peudotuyaio yevvitola. X1 cuvEYEld ETAVADINTAOGOLUE T YPOVIXH
oxohovdia TN YXAOLGLAVHC Y POVOOELRAS £TOL MOTE VO GUULPWVOLY Ol GEIPES X TwV BUO YPOVo-
oepodv. Anhadn, edv z(t) elvar ) n-oot wxpdtepn T and dha ta x, t6te 0 Y(t) Vo elvar 1
n-ooty wixpdtepn and éha 1 y. Enopévmc, ta enavadatetaypéva y(t) anotelolv tn ypovooelpd
Tou mapaxohovlel Ty apyxt| ypovooelpd z(t) xat emTAEOV €YEL YXAOLOLAVY] XATAVOUY TAATOV.
Xenowornowdvtag tov FT 1 tov FT alyoprduo pe napddupo, mapdyouye pla oelpd ovTiXatdoto-
one y'(t) e yxaovowavic ypovooelpde. Edv n apyx| ypovooeipd x(t) enavadiotayVel ypovixd
€101 Wote va oxohovfioer v ' () pe v évvola 6Tt suPPLVoLY ol oelpéc Toug, THTE 1 YPoVIXd
EMAVAOLUTETAYUEVT) Y POVOOELRY TAPEYEL UL OEIPA OEDOUEVMY AVTIXATICTAONS TNS APYIXNSG YPOVO-
oelpdc pe v (B xatavopr mhatdv. Emmiéov, ot unoxeipevee ypovooepéc y(t) xou y (t) eivan
Yxaouotaveég xat €youy to (Blo pdopa Fourier.



Kegpdiawo 7

Availvuon Eyxepaloypoapnuotoc

7.1 Tevixd

Katd ) didpxeta tov tekevtaiwy eTdV hauBdver ydpa uor onuavtixy epeuvnTix tpoondieta Ue
AVTIXEIUEVO TNV EQUPUOYT| TV TEYVIXWOY TNS U1 YRUUUXTS AVAAUGNE GTO NAEXTROEYXEQANOY AT
po. Ané v mpoondela auth TPoxONTEL OTL O TEYVIXES AVTES TOPEYOLY TPOCVETES TANPOPOplES
Tou aAAdS dev Vo propovoay va e€ayodv. To un yeauuixd peyédr, 6nws 1 SldoTACT GUGYETL-
owo¥, ol extéteg Lyapunov xou 1 evtponia Kolmogorov, €youv yenotpormomiel yio v extipnon
BLopOPWY (PUOIOAOYIXDY XATACTACEWY EYXEPUNOYPAPIXNS DpaoTnElOTNTUS XAdDdS Xot XATAOTE-
oewy aoVEVEL®DY, ol omoleg moxihouy and cuvifxes eypryopons xar Lmvou uéypet didpopa Bddn
avatonolag, oylopeévera xar didpopa emhnntixd oOvdpoua [19],[34], [54], [58], [65], [66], [82],
[97], [135]. Hoapdhhnha, 1 pédodoc e avdhuone TV SEDOUEVKDY AVTIXATIOTACNC UE TUYOUOTOL-
nuévee pdoec [127] éyer epappootel otic HED xataypagéc ue oxond tov éheyyo tne mapouvsiag
un yeouurxotitwy oto HED' ofua.

Or peréteg autée delyvouy 6Tl 1 Bidotaoy tou avdpwrivou HET napovoidler éva peydho
e0pog TV Tou motxilouy petadd 4 xon 11 xou xatahfiyouv 610 GUUTEPACUA OTL GTNHY XATIOTAOT
eypryopone, n ‘didotacy’ tou HET eivor 1 udmidtepn. Qotdoo, wia Eapvind xot onuavTixy ntoon
NG B0 TAONG TPOG UXPOTERES TIUES TORAUTNEEITOL XAUTA TN DIAPXEIL XATAOTACEWY OTWS O UTVOC, 1|
avatoUnoio 1 xaTaoTdoEmY 0TS 0ToleS 0 EYAEPANOS TAPOUGLALEL UEIWUEVT IXaVOTNTA ETEEERY ATToC
tAnpogoplac. Emmhéov, moAAéc and autég Tig UEAETEC XATAATYOUY GTO OTL 1) oy x| uTo¥EDT TNS
YOUUUXOTNTAS ATOPPITTETA VIO TEPITTWOELS Onws ol evdoxpavioxéc HED xataypagéc xatd
didpxela xploewv oe emhnmrixole aocvevelc [18], [19], [66], [135]. Qotboo, o euphuata and
TI¢ weréteg xataypapdy tou avipwrivou HEID nopovotdlovton apxetd avouola. Evod, pepixég
werétec vnootnpilouy 6Tt n apyx vdleon e yeauuxdtntac dev uropel vo anopprpdei ([130]),
dhhot epeuvntéc (193], [99], [L03]]) éxouv aviyveboer ototyeio ToL GLUVYOEOLY LTER TG TaPENg
un yeopuxothtey oto guotohoyixé HEL tou avdpdrou. Ot Stam et al. [118] xatéhnZav oto
ovunépacya 6Tt o avipdnivog dhga pulude eivar pla eTEpOYEVE OVTOTNTA TOU anoteheiton and
0o tomoug enoywy. O tinoc I dev pmopel va draywptotel and to @rhtpapiogévo Y6pufo, eved o
tOno¢ II nopouoidler un ypopwxt cvuneptpopd. [lapd Tic anoxhicelg, n TActodneio Twv ueheT®dy
Vewpel 611 tor un ypouuxd peyédn aroteholy €va cUVOAO TOAUTIUWY YOPUXTNPIOTIX®Y YLOL TNV
neprypap Tov HEID xoataypapmyv mépa and o xhaoixd yeauumxd ueyein.

Or perétec oyetxd ye to HED guotohoyixodv ([57], [80], [117]) deiyvouv 61t 1 Sidotacy cu-
oyeTiouol eivon LPNAOTERT OTIC EUNPOCVIES XU XPOTAPIXES MEQIOYES XOUL YAUNAOTERT OTIS IVIOXES
nepoyée. e wa mpodTn ueAéty mou nepeduBave de€idyetpes guatohoyixoie ([39]) mpoéxule bt
ol extiunoelc e dtdotaong cuoyetiopol tou HEI and didgopa nhextpddia napouvctdlovy pe-
ydho ebpog Tudy. 201600, Topd TIC Saxupdvoels autég, ot LPNAOTEPES TIES TapouatdlovTa

63
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oLoTNUATIXE oTNY aploTept| wiaxt] teptoy). Ot vdmhéc autéc Téc g BLdoTUONS GUOYETIGUOV
umopel va avtixatontpilouv dpaotnetdTTa and TIC UTOXEIPEVES TEPIOYEC TRITOYEVOUS GUGYETIONG,
wa @Aotixy| teployn mou yapaxtneileton and vhniy hettovpyxy 18N, H vnddeon avth urnovoel
ot €qv N Aertovpyxh] TEEN NG PAOLIXAS 0pYAVLONG EXPEAlETAL 0TI BlUPoPEc NG SLIIoTAONG
OUGYETIONOY, TOHTE Ol EXTIUAOELS TN BldoTaong cuoyeTiogol Yo tav éva Tohl yerotuwo epyalelo
ot pehétn tou avipwnivov HED' xatd tn Sidpxeia Stapdpwy xatactdoewy xadodg xar yio Ty
eZay Wy owUAToTOnIXGY TANpogoptey and Tic HEL xataypagéc.

H mpoonddeid pog eoTidotnxe oTn UEAETH T®V DLOUPOPWY TWV U YOUULUXDY XAl YQOUULXWY
HeYEU®OVY TOU avTIoTOL 00V 0TS DLAPORES AMAYWYES X TNV EXUETIAAEVTT) TWV DLOPOPKY OUTMY
Yoo to yopaxtnplopd xou v tadivounorn twv HED xataypapdy [74]. Ta un ypopmuxd peyédn
nepthauBdvouy TN Bidotacn cuoyetiopol Dy xou to péyedog Cpp mou yoapoxtneiler To ohoxhr-
pwuo cuoyetiopol [18], [19], evd ta ypauuwxd peyédn nepthapPdvouy to Aéyo g wybog g
dpaotneldTnTaC TS dAga {wvng mou TEpEyETHL 0T oLVOAIXY oy l. Melethinxay tdéco ot anod-
AuTeg dlaotdoelg, dnhad ot andhuteg TS TV UeYeVwY auTdVY Tou AuyPdvovtar Y xdde HED
XAVAAL, 600 %ol Ol GYETIXEC DIAOTAOELS, ONAadY| ol BlaPopés TwV PeYEVWY auTOY UETHE) TV dla-
PopLV ATy YOV, £xovTag LTOYN 6Tt oL TeEheuTaieg Ynopel va elval To oNUAVTIXES And TIC TPAOTES
OTNV AVTAVAXAAOY) TWV SLIPOPOY GTNY LUTOXEIUEYT 0pYAVKOY TwV Qholixwy Aettovpyldv. Me Bd-
on Vv anodext| oyéon petall e dedioyetplac/aptotepoyeipliag xar Tou xuplopyou nuoputpiou
TOU EYXEQANO, DIAXQIVIPUE TOUS GUUUETEYOVTES GE HUO OUddES, Ol OTolEC amOoTEAODVTAL AN TOUG
de€ioyelpeg xan Toug aploTepdyElpes. Evtog xdlde ouddag xou yioo xadéva and ta tpio mpoava-
pepUévta ueyélr, n tpoondleld ac eoTidleTon 0ToV XAOPIoUS TWV GUVOAMY TOL ATOTEAOVUYTOL
and ta Lebyn AnAYWY®Y UE OTATIOTIXG ONUAVTIXES DLaopés we TEog To LT pehétn uéyedoc. Ta
olvoha auTd pog emteénouy TNy ddtaln twv HED anaywydv xor v avalitnon poppody yopo-
ATNPIOTIXWY TTOU PmopolyV va yapaxtneilouy Tic 800 ouddes twv ovpueteydviwy. Ta npdtuna tou
TEOXVOTTOUY YENOLHOTOVVTAL GTH GUVEYELA YId THY TASVOUNCT TOY UELOVOUEVKDY CUUUETEYOVIWY
oe plo and g d00 xAdoelg. 3TN cuvEyEl cUYXPIVOLUE Ta amoTEAéoPATA TNS TAIVOUNONS TOU
hopPdvouue dtav epappolovye ta Tpio dlapopeTid utd uehétn ueyédn. Téhog, ot HEI' xataypo-
péc eAéyyovTan e T p€¥odo TNg avaALonS TV SEBOUEVWY AVTIXATACTAONS WS TEOS TNV opYIXY
unodeon e yeauwuxdtntag, onhadr ot ta HED oruata Sev ynopodv va diaywpelotody and 1o
Yeauupxo tuyaio Y6pufo.

7.2 TAx6 xou uévodog

7.2.1 XuppeTEYOVTEG % GUANOYY| BESOUEVLY

Mekethdnxav ot HET' xataypagéc 25 vyiov edehovtmv (14 dvdpec xou 11 yuvaixec) nhixlog and
19 uéypr 45 ety (p.o. 26.2 £ 5.1 étn) nou dev napovoialayv xdnota VEupohoyixh aoVévela,
00te xav Nuixpavieg, xor dev elyav xdverl ypRon apudxwy 1 xatavdinon aixook. ‘Olot ot cuy-
WETEYOVTEC CUVAIVEGUY OTY) CURHUETOYY TOUC OTN HEAETH. Aexanévie and TOUS CUUPETEYOVTES
elvon delidyerpes (9 dvdpec xou 6 yuvaixec) xon déxa aplotepdyetpes (5 Gvdpec xou b yuvaixes).
Ynuetdvetar 6t AMpunxe 1dlaitepn uéptuva WoTe Vo anoxheloTody ol aupiyepeg. H tadivounon
de€loyetpliac/aptotepoyetpiog Paociotnxe ota anotéheopa 11 ehéyywy delibtnrac [119], yépt movu
Yemnotwonoteltar yia Tig Aentég xou eMBEEIES wVNTIXES AEITOLRYiES XAl TO OXOYEVEWUXO LOTOPIXO
[25].

‘Oleg o1 xataypagés npaypatonoinxay oto Epyaotipto Hiextpoeyxeparoypapiag tng Nev-
pohoyixhic Khvixig tou Arywnreiov Nocoxoyeiou. Xenotponotinxay 19 nhextpddia ypuool to-
nodetnuéva oOupova ue to dledvég obotnua 10 — 20 xou €va nhextpddlo avagopds oty Véon F,,
ol otadepornotmuéva pe v xpépo Grass-EC2. Ot HET' xataypagéc éyvay and tov ¢mpraxd
eyxegoloypdpo tne Micromed BQ100S xar anodnxedinxav oe oxhined dioxo. Ta yopoxtnptl-
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oTIXd Tou EYXEQUAOYPApoL elvon: 8-bit avaloyodnpraxt) yetatponn, derypotornhio 128 Hz avd
xavaht, @iltpo Stékevong 0.1 — 50H z. ‘Okeg ot xataypagéc €yvay eved ol oLUUETEYovTeS Pploxo-
VoV O €va 1oLy o dwudtio o xadeotnxuio Véon, ue to pdtia xhetotd. H xatoypapy yia xdde
ouuueTéyovta elvon ouvolixhc didpxetag 20 Aent®y xar anoteheiton and 4 TEVIUAETTES TEPIOBOUC.
Meta€l Twv TEVIAAENTOVY TEPLOBLY Xataypaphc Teayuatorotfinxay diAenta diakeippata oe pla
npoondieta ehayloTononone Twv TAVEY TUPUcITWY AOYW XIVACEWY TWV GUUUETEYOVTWY Xo®OS
xou yror v e€aopakiotoly xon Sratnendolv otadepd xou cuveyt| enineda emaypdnvnong.

‘Ol To TUAUATO TV XOTAYRUPEOY TOU TEPLElY OV TapdoLTa avary vwplotnxay xot anoppleinxay
and nepartépw enelepyacia. Ta tuiuata mou Rrav ehebiepa napacitwy ywpelotnxay oc enoyés 16
deuteporénTwy Wn emtxaivntopeves. Kdde emoyr| anoteheitar and 2048 delypata yio xdde HED
XOUVENL.

H enelepyacia twv HEI enoy®v éyive pe Bdorn 1o npwtdxoho mou napousidletor 6Tov miva-
xa 7.1

[Mivacag 7.1: TTpwtéxohho enelepyaoiac tou HEI' orjparoc

A Egapuoyt tou ehéyyou otatixdémtoag otig HEID enoyéc.
Ot un otatixég emoyég anoppintovral.
B. [ xdde otatixd enoyn:

i) Emthoyt| tn¢ didotaong epfdntions xau tou ypdvou xaduotéenone |
xenotponowvag 1 uéodo Twv EGHIAIEVLY YEITOVWY XaL TO
mhaioto mov Baciletar otn yewyetpla, aviiotolya.

ii)  Avaxataoxevi Tou Qoaotxol yoeou. \

i)  Yroloyopde tne didotaone ovoyetiopol Doy
(xenotpomnotdvTag xou tov extunth tou Takens ‘
xou Tov exTunT Yopdhc xavdvag tov névie’) xo tou Cp.

iv)  YTmoloylouds tne gaopatixfc woybog oty dhga Lodvn, Papha,
XOVOVIXOTOMNUEVT S TPOS TN GUVOALXY) PAoUATIXT oY,

v)  Tapaywy? 10 oepdv dedouévewy avtixatdotaorg. ‘

vi) T xdde pio and tic oepéc TV dedouévey avTIXaTdoTaoNS: ‘
Troloyiopds g Do xou touv Cpy.

vii)  Extiunon e onpavtixétntac wwyv peyedodv
Dy xou Cry tng apyixnc Y eovooeLpds.

r. [ xdde ouppetéyovta:

i) Troloyiopds TV PEowy TGV Twv Ueyedoy Do,
Cr1 % Pyiphe Yo xd0e amorywyn.

ii)  Ilpoodopiopds twv (EVYOV TOV ATAYOYOV UE OTATIGTIXY
onuavTixég dtapopéc ota ueyédn Dy, Cry xou
Puipha Pe Ty egapuoyt) g one-way ANOVA. ‘

A. IMo xdde opddo |
i) ITpoodoplouds twv avtioTolywy TeoTinwWY
w¢ mpog 1o peyéln Do, Cr1 xot Pypppg-
E. Tolvounom twv cLPPETEYOVTIOY ot o and TIg

000 ouddec oduwva Ye To TEOTUT TOL AauBdvovTo ‘
w¢ mpog o ueyéln Do, Cri xou Pyphg- ‘

o and v xdpta avdhuon mpayuatonotfinxe oe xdle emoyh) €Aeyy0g OTATIXOTNTASC UE TNV
evpela évvola [12], dote vaeheyy el 1 toyic Tne undVeoTC TNS CTATIXGTNTAS TV YPOVOTELPMY TOU
anouteltar and toug akyopituoug. Ot enoyéc mou yapaxtnplotnxay we un otatixés anopplpinxay
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a6 N dradixacia e neputépw avdhuong. Ot otatixég enoyég opadonotfinxay oe 15 ohvola yia
xdde ouuueTEéyovTa, xatd TéTolo TpdTo WoTe xdde hVolo TepielyE Tig EnoyEg TOU avVTIGTOL 0V
OTIS OLAPOPES ATAYWYES, EVE OAES Ol ETOYES EVTOC TOL (Blou ouvOhou elval eVYLYPOUUICUEVES GTO
xpovo (Ida otrypn évaping, (Ba Sidpxera).

7.2.2  Avoaxataoxevy] ToU QAcixo) Yweov

To mpdhto 6Tddlo g eneepyaciog TEPIAAUBAVEL TNV AVIXATAGKELY) TOU PAGIXOV YMOEOL ATO Ta
netpopotind dedopéva x(t), ¢ = 1,--- , N. Kdde onueio X; tou avoxataoxeuaopévon pacixol
Y@pou TEpypdpeTal and Eva m-BldoTaTo BIdvuoUa THS LOPPRS

X;=[z(t) Xt+7) - zt+m-11) ],i=1,---,Ny (7.1)

6mou pe m ouyBoliletar 1) Stdo ooy euBdnTiong, Ye T o ypdvog xaduotéonong xat ue Ny, o TAfdog
TV onueiwy tou gaotxol ywpou (Npy = N — (m — 1)7). H napdpetpoc m npoodiopileton and
™ uédodo copuluévwy Thnotéotepwy yertdvov. Egdcov n mheodhngia tov enoydyv édwoay T
yioo T dtdotaon epPdntiong m = 11, 1 R auth YeNoILoToUNXE Yol TNV TEQUUTERL AVIAUOT).
H napduetpoc T xadopiotnxe pe Bdon tn uédodo twv Rosenstein et al. [105].

7.2.3 Yrnolhoylopog TV W YRR MXWY weYEVwY Dy xow C)y

To endyevo Briua tepthauBdver 1oV LTOAOYIOUO TN CUVARTNONEC CUGYETIOUOL:

Cnl) = T ii Hr - |X; - X)) (7.2

=1 j=14+w

1,»>0
0,r <0
Topduetpoc w avtitpoowrelel T dtbpdwor tou Theiler [126]. To w npoodopiotnxe we T0 TEMOTO
elNdytoto e ouvdptnone apoBaiog TAnpogoplac. o apxetd wixpd r, o hoydprdpos e Cpy(r)
elvon ypauxr cuvdptnor tou Aoyapiduou tou 7:

6mou H (r) elvar 1 ouvdptnor Heaviside <H(r) = { >, |- | n Evxheldia andotacy xou 1

log Cp,(r) o< Dy logr (7.3)

H otadepd tng mponyoluevng yeapuxnc oyéong anotekel tn dSidotaon cuoyetiopol Do To Yyi-
por 7.1 mapouctdlel TN oLUVAETNOY GUGYETIOUOY TOL AVTIOTOLYEl OE Wi ETOYY) VO BeELdyELpa Yol
éva oOvolo 11 Braotdoewy epPdntions. Adyw tou nencpacyévou TAHYOLC TV ONUElWY XAl TNC
napousiag Yopifou, ot xaumdheg dev eivon mavtol ypauwxéc. Xpnotwomoiouue 600 BIAPOPETL-
xoU¢ extiuntég g Do. O np®tog elvar o extiuntic yopdrc mou eivan YVmoTog g xavovos Twy
névte’ [129], evd o dedtepog eivor o extuntic tou Takens [122]. Kot ot 800 ypnotponoody v
TOPYUETPO TOL AVWTATOU oplov andoTtacng atoxonis Ry, o onolo xadopiletar wg Ry = 0.1-7y,44,
OTOU Tmag ElVOL 1 éYIOTH PETPOVUEYY anbotaoy LeTal 800 onuelwy tne tpoytde (1 diduetpog
tou ehxvoth). H eyxvpdtnra e Dy eléyyetar pe tov tOno twv Eckmann xou Ruelle [29], o
omnolog xodoplel tn péylotn Eyxuprn Tiwy mou unopel va tpoxtdel and Eva GOVORO BEBOUEVWY.

To evahhaxtind pn yeouuxod péyedog Cr e To onolo anoebyetar 1 optodesia TNS YRoUUXng
neptoyfic unohoyiletar wg Cpp = Cry (1 = 0.1 - 7)) [18], [19].
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log Cmirirmasx)

35 -3 25 -2 -15 -1 05 0
log rfrman

Eyfua 7.1: H ouvdptnon ocvoyetiopol Cp,(r) ot log — log xAipoxa wioag exoyhc nov avtiotolyel
oto nhextpoddio C, tou delidyeipa X.®. yia Staotdoelg eyBdntiong m =5 — 15.

7.2.4 Yrnoloyiopds Tov Yeauutxod ReYEDIOLS FPypha

Y ouvéyeta unohoyilouye ™ aopatixh oyl Pyphe mou avtiototyel otny dhga Lovn (8 —13Hz)
XOVOVIXOTOMNUEVT OS TPOS TN GLUVOAIXY 1oy 0:

13
| X (f)[*df
Pophg = o2 = 7.4
" foé(le(f)Ide 4

6mou 1o X(f) anotehel tov FFT petaoynuatioud touv ofuatog z(t).

7.2.5 TIloapaywyn TewvY SEBOUEVHY AVTIXATACTAONG

To ohvoha TV dedouévwy avtixatdotaong tapdyovial oOupwva ue Ty FT pédodo nou mpdtevay
ot Theiler et al. [127] xou neprypdonxe otny evotnta 6.3.2. Hpdta, emBeBardvouye bt 1 xotovous
TOVY TAATGV TWV YPOVOGEIR®Y Eival yxaoustavy. Xtn cuvéyeta, epapuolouvye T dladixacio TEAXOY
onueiny [130] GoTe va axup®MOOLPE TIC ETDPACELS TWY UOLVEYELDY TOU TUPATNHPOVVTAL GTOL dXpa
xar ol omolec avadetxviovton 6tav epapuootel o petaoynuatiopds Fourier oe ypovooelpée ue
peydhoug ypbdvous ouvoyrc [128]. Axolouvdel o vroroyiopds tov FET tne apyixic ypovooetpdc.
Y1n ovvéyew, dratnpovtag ta tAdty tou FET, petofdhhovpe tic @doeic tou pe tuyaio tpdmo.
H xatavour tov tyalwyv @docwv eivor opotbpopyn oto [0,2m). H tuyoonoinon vlomotelta
xotd TéTolo TpéTo Gote va elacpuliotel 61 o avtiotpogoc FFT eivan npaypotixde (arg(w) =
—arg(—w)). Téhog, vrohoyilovtag tov avtictpogo FFT xou equpudlovtac tnv avtiotpopy e
dradxactag TEAMx®OV onueiwy nalpvouue pia ypovooelpd BeBOUEVWY AVTIXUTICTIONS. SUVETWC,
AmO XATAGKEVHC Ol OEIPES TWV BEBOUEVWY AVTIXATACTAONS £Y0LY TNV (Bla paouatixh oyh e Ty
oYX YPOVOOELRY, WOTOGO UTIPYEL ATMAELN TV TANEOPOPLDY Tou TEpLEyovTal oTig @doclc. To
Eyfua 7.2 mapovotdlet éva TuRua plag apy xS Ypovooetpds xodos xat To avtioTolyo Tufua and
wlo amd 11 oelpég avtixatdotaorc tou. Hapovoidleta eniong n pacpatixy oy dc 1660 TS APYIXNS
XPOVOGELRAS 6G0 X TNG GELPAS BEBOUEVMY AVTIXATAOTAONS.
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original data
*t)
0 1 2 3 4 5 6 T t(sec)
surrogate data
*t)
0 1 2 3 4 5 [5 7 t{sec)
PS: original PSS surrogate
PS(f) | ‘ PS(f) | ‘
M{ ks M‘ e Mk b b,
0 16 32 48 f(Hz) 0 16 32 43 f(Hz)

Eyfuo 7.2: a) Tuduo Sidpxetac 8sec wac apyixfc YpOVOOELPdS TOU avTIoTOYEl 6T0 NAeXTPODIO
C, tou de€ibyerpa X.9. B) Mia oe1pd SedoUEvmV avTIXATAGTAONG TOL AVTIOTOLYEL 0TO GHua TOU
oyfuatoc a. v) H gacpotxd, 1oydc tou apyixod ofjpatoc a. 8) H gaopotixd oydc tne oetpdc
dedopévwy avtixatdotaone tou B. Ot xataxdpugeg eoTrypéves yoauués opllovy v dhgo LHvn.

H napandve dradixactio Tuyotonoinong enavaiauBdvetor 10 @opéc xat €10t TpoxORTEL ot GUA-
Aoyt 10 oelp®v BeBOPEVWY AVTIXUTACTAONS TOL AVTIOTOLo0Y TNy apyixn Ypovooelpd. T'a xdie
uéhoc tnc oulhoyhc vrohoyilovrar T un yeouuwxd ueyédn Do xor Cpp. Eotw pe Dy xa op,
ovpPohiCouvye tn péom TN xou TNV TUTIXY OmOXAIOT TG BldoTAONS GLUOYETIOROD TN GUAAOYT-
¢, avtiototya. H onpavuxdtnra e Sdotacne ovoyetiopod Dy tne apyixic ypovooeipds [127]
unohoyiletar wg B

5= P2 = Do (75)
ODs
Edv s > 1.96 (eninedo onpaviixdétntac p < 0.05), n uwic e ddotaone ovoyetiopnold Do Ve-
WEEITA OTATIOTING oNuavTIX Xou 1) apyix)) undleon Tng Yeauuxotntag anoppinteta. Egdoov,
€yel NON eheyy Vel n otatIxdTNTA TG YEOVOOELRYC, 1) andpeldr LUTOVOEL OTL 1) LTOXEIUEVY) BuVAULXY
elvor pn ypopuxr. AlaQopeTind, 1 apyixr] Ypovooelpd dev urnopel va draywpeloTel and tov Tuyaio
YopuPo mov meptypdpeton and éva Ypouuixd AR povtéro. Ta tov unoloyiopd tne onuavTixdTnTog
ToU Un Ypoapwxol peyédoug Cyry ypnotponoteiton wio éxppact topduota ye ™y (7.5).

7.2.6 Avdhuvor dwaonopdyy ANOVA

Q¢ anoTéAEOUA TV TUPATAVE LTONOYIOUMY TpoxVTTOLY Tela ohVOha SedoPEVLY (€var yior xoé-
vao and Tt pey€dn Da, Cry xou Pypppe Yo xadéva and toug ouppetéyovieg). Trodétovtag 6t
HOVOo 1 VEOT TWV OmAYWYWY YENOWOoTOlETal Yiot TNV ToIVOUNon Twv TH®Y xdde cuvolou dedo-
wévev, epapudlovpe Ty ANOVA avdluon yia va ehéyZouvyue v unddeon ot ot uéoeg Tiuég mou
avTiotolyoly 0Tl didpopes anaywYés eivon loeg. H teyvixn avty egetdler ) draxduavon tov
nopatnENoewy xdde anaywyng xowg xot T StaxdUavor) UETHE) TwY UE0WY OOV TWYV ATAYWYMYV.
ITowv and v epapuoyn g One-way ANOVA ekéyyouue v ouoyéveld TV BIaxXLUAVOEWY e
™ Yenon tou teot tou Levene. O mpoodloplolds Tng oNRAVTIXOTNTIC TWV SlAQop®y UETAEY TwV
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péowv TweV mpaypatomoteiton ue Tt yeron touv Bonferroni teot. To teot autd amotelel pia
dradixacior TOMATAGOY cLYXploEWY oL YenotwoTotel To t-TEOT Yia TNV EXTEAEDT] TV oLYXPloEWY
avd Levyoc (Np = 19-18/2 = 171 Lebyn) petold twv Héowy v opddny xot TauTtodypova eAEYYEL
T0 GLVOAIXG PLIULSG GPUAUATLY VEToVTag TO PLIUG CPUAUATKY Yiot XGVE TEOT (60 UE TO TELPUUA-
X6 LU GQUAUATWY BlonpeUévo Ue To guvolixd aprdud twv teot. H avdluon ANOVA xu to
Bonferroni teot epapudletar yia xdde oupuetéyovra.

Ocwpolye T onuavTixdTTa xdde (edYOUS ATAYWYWY WS YALAXTNPIOTIXG TOL GUUPETEYOVTA
otn uerétn. To tehixd anotéheoua twv Bonferroni teot xwdwonoteiton oe éva Np-didotato d1d-
vuoua S, 1 i-00TH cuvioTOoa Tou onofou SY(i) wobto pe 1 €dv 10 i-00616 Lebyoq elvan onuavTIXG
1 ue 0 oe dragopetint) mepintwor, 6mou o deixtng ¢ = 1,2,--- , Ny anapriuel to Lebyn, o delxtng
g = 1,2 anapryel ti¢ ouddeg (delidyerpes, aptotepdyeipeg) xat o deixtne b = 1,2, -+, Ny anapd-
el to uéhn e g-oothc opddac (Ny = 15, Ny = 10). 'Etot, yetd tnv ohoxhfipwon g avdhuong
ANOVA, naipvouue wg anotéheopa 15 Stoavdopota Tou avTtlotolyoly oTa UEAT TNS TPOTNS OUAdAS
(be€ioyerpec) xou 10 Sraviopota Tov avtioToryoly ota UEAT Tne debtepng ouddog (aploTepdyElpes)
yioo xadéva and o tplo yeyedn g perétne. Emniéov, xataoxevdlovue téocepa oaxdurn chVola
and SlavioUATA YopaxXTNEIOTIX®OY cuvdLdlovtag Ta Tpla ghvola Blavuoudtwy Tou 1on Teptypd-
Gope. To tpla véa cOvola TV 2Np,-0ld0TUTOY BIAVUOUITOY TEOXVUTTOUY ANd TO GUVOLUOUS TWV
aPY XDV BLUVLOUATOY avd 500, EVE) TO TETAPTO GUYOAO TWV 3N)-DIACTATWY SLAVUCUATWY TPOXVTTEL
antd 10 oLVBLACUS GAWY TWY APYIXWY (%o TWV TELOV) dlaVLoUdTWY.

7.2.7 Ilpocdloplopds TV TEOTUNWY TWY XAACEWY

Y ouvvéyela npoodlop{Coupe ta mpdTunta xdde xhdong. Kdlde mpdtuno eivar éva Np-didotato
7 q _ ’ ’ z 7 /. ,, g
ddvuopa P9, g = 1,2, to onolo opileton hauPdvovtag unddmn Ta SlavioUATa YApaXTNRIOTIXOY S)
TV UeAV xdlde ouddac. Kdlde ouviotwoa tou PY avtiotowyel o éva and ta N, (edyn petagd
anorywy®y xou N Tipn e tideton {on ue 1 1 0 odugpova ye tov axdrovdo opioud mhetonplag:

, Ny wg- _
pogy = b g S 207Ny 5y 5y 210 (7.6)
0, cbv N7 §9(i) < 0.7- N,

To didvuopa P! dnhdver To mpdTumo v delibyetpwy (xhdom 1), evad 1o ddvuoua P? 10 tpdtumo
OV APIETEPOYEIP®Y (XhdoT 2).
7.2.8 Talwounomn Twv CLUUETEYOVIWY

Kdéve ovppetéyovtac mou yapaxtneiletor and éva didvuoua yopuxtnptotixwy S, k=1,2,---,25
avtiotolyleton oe plo and 11 800 XAACEIC COUPWVAL UE TO TPOONUO TNS OLUPORAS:

Np Np
de =Sk —P'| =[Sk — P?| = 4| Y (Sk(d) — P1(5)* — 4| Y (Sk(i) — P%(i))* (7.7)
i=1 =1

'Etot, edv di, < 0, 161€ 0 avtiotoryog k-016¢ oupuetéyovtag tadvopeitar otny xAdon 1, dapope-
TXd oY xhdoT 2.

7.3 AmnoteAéopota

O ITivaxag 7.1 mapoustdlet to mpwtdxoho mou axohovifinxe yia Toug utoloyiopols. Ot exti-
UOUEVES TIUES NS BLIOTUONS GUGYETIOUOD TWV UEUOVOUEVWY ETOY WY Tolxihovy o€ éva eupl Tedio
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TGV Yoo Oheg ¢ anoywyés. H onuavtixdtnta twv Slapopmy autoy Twy THOY UeAeTRINXE xou
o€ eMNEDO UEUOVWUEVODY CUUUETEYOVTIWDY Xou o€ eninedo ouddwv (Belidyelpes - aptoTepdyELpES).
[Mowta perethdnxe 1 e€dpTtnon TV EXTWWACEWY TNS OIACTAONS CUCYETIONOU OF ETMINEDO GUUE-
texoviwy. Xpnowonotinxe  ANOVA avdhuor yio va ehéyZovyue €dv ot Sapopés oTic U€oES
TIES TV PEAGY xdde ouddag ftay otatioTixd onpavtiés. O mivaxag 7.2 napouotdlel to mhidog
TV (EVYWY CUUUETEYOVTIWY UE OTATIOTIXG oNuavTixXy| dtapopd ota UeYédn Do, Cri xot Pypppg Yiot
xdde amorywyh. Enuetwvetar 6Tt undpyouy 105 duvatd Ledyn petald deidyepwy xou 45 petagd
OPIOTEQOYELPWV.

ivaxag 7.2: TIAfYog Ceuyoptdy TwV CUUUETEYOVTWY UE OTATIOTIXA ONUAVTIXES DIAPOPES WS TPOS
TI¢ TES TV YeyYeddy Dy, Cri xot Pyjphg Yo TOUG BEELOYEIRES X0 TOUS UPLOTEPOYELPES

Aeioyetpeg Apiotepdyetpec
Anayoyh | Do Cr1 Paipha | Amayoyhd | Ds Cr1 | Papha
F,i | 54/105 | 0/105 | 74/105 P 0/45 | 0/45 | 31/45
F,» | 40/105 | 42/105 | 74/105 Fy 0/45 | 18/45 | 31/45
F, | 61/105 | 42/105 | 84/105 Iz 5/45 | 18/45 | 36/45
F; 47/105 | 11/105 | 63/105 F 0/45 | 5/45 | 27/45
F, 54/105 | 0/105 | 74/105 F, 0/45 | 0/45 | 31/45
Fy 56/105 | 0/105 | 74/105 Fy 18/45 | 0/45 | 31/45
Ty 477105 | 11/105 | 74/105 Fy 31/45 | 5/45 | 31/45
T3 63/105 | 42/105 | 84/105 T3 0/45 | 18/45 | 36/45
Cs 58/105 | 21/105 | 74/105 Cs 5/45 | 9/45 | 31/45
C, 58/105 | 21/105 | 63/105 C. 5/45 | 9/45 | 27/45
Ci 56/105 | 53/105 | 63/105 C, 9/45 | 23/45 | 27/45
Ty 35/105 | 0/105 | 63/105 Ty 18/45 | 0/45 | 27/45
T 49/105 | 42/105 | 105/105 T 23/45 | 18/45 | 45/45
Py 56/105 | 42/105 | 84/105 Py 31/45 | 18/45 | 36/45
P, 61/105 | 63/105 | 74/105 P, 31/45 | 27/45 | 31/45
2 82/105 | 32/105 | 63/105 Py 14/45 | 14/45 | 27/45
Ts 65/105 | 21/105 | 95/105 Ts 18/45 | 9/45 | 41/45
O, 777105 | 42/105 | 105/105 O, 27745 | 18/45 | 45/45
0o 82/105 | 32/105 | 84/105 0o 27/45 | 14/45 | 36/45

O Mivaxag 7.3 nepiéyel tic péoec Tpéc e ddotaone ovoyetiopol (tou Meinoav yenotuo-
TOLOVTAG TOV EXTWUNTH Y0pdhg Ue Tov Xavova Twy Tévie’), Tou Cry xat 10U Pyppg UTONOYIGUEVES
yioo Ohor Tor AT xde ouddag.
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ivoxcag 7.3: Méoeg tipég twv ueyedwv Do, Cry xat Pyiphg Yo OAES TIC AMAYWOYES TV DESIOYEIRWY
XU OPIOTEPOYELPWY.

Aeioyelpeg Aplotepodyelpeg

Araywyd Dy Cr1 Puipha Araywyd Dy Cri Puipha

F 5.96 £1.48 | —1.48 £0.57 | 0.20 =0.09 || Fp1 6.70 £0.56 | —1.53 £0.55 | 0.16 = 0.09
Fyo 6.23+1.17 | —1.49+£0.54 | 0.20 £0.09 || Fpo 6.60 £0.56 | —1.42+0.56 | 0.15 4 0.09
Fy 591+1.91 | —1.60+0.48 | 0.24 £0.13 || F; 6.53 +£0.72 | —1.45+0.49 | 0.19+£0.12
F3 6.42+1.17 | —1.60+£0.51 | 0.22 £0.09 || F} 6.68 £0.54 | —1.54 £0.53 | 0.20 = 0.12
F, 6.36 £1.07 | —=1.65+0.54 | 0.21 £0.09 || F, 6.71 £0.48 | —1.46 £0.52 | 0.20 = 0.13
Fy 6.44+1.11 | —1.63+£0.54 | 0.22 +£0.09 || F4 6.48 +£0.76 | —1.52 £0.52 | 0.20 £ 0.13
Fy 6.41+1.45 | —1.66 £0.51 | 0.24 £0.11 || F3g 6.03+1.76 | —1.45+0.56 | 0.17 £ 0.12
T3 6.47+1.10 | —1.65+0.49 | 0.23 £0.10 || T3 7.01 £0.63 | —1.73 £0.54 | 0.19 = 0.09
C3 6.30 £0.96 | —1.54 £0.56 | 0.23 £0.10 || Cs 6.84 £0.59 | —1.55 +£0.57 | 0.21 +£0.13
C, 6.24+1.11 | —1.42+0.53 | 0.22+£0.11 || C, 6.65 +0.52 | —1.49+0.58 | 0.22+0.14
Cy 6.35£0.99 | —1.55+0.54 | 0.23+0.10 || C;4 6.69 +0.52 | —1.47+0.52 | 0.22+0.14
Ty 6.67 £0.86 | —1.72+0.52 | 0.24 +=0.09 || T} 6.63 £0.76 | —1.454+0.53 | 0.18 = 0.11
Ty 6.36 £0.97 | —1.59 £0.46 | 0.24 +=0.08 || T5 6.75 £0.68 | —1.56 +0.60 | 0.20 = 0.11
Ps 6.09+1.08 | —1.29+0.49 | 0.24 £0.12 || P; 6.27+1.04 | —1.33 £0.56 | 0.24 +0.15
P, 5.91+1.08 | —1.29£0.57 | 0.24 £0.13 || P, 6.16 = 0.87 | —1.09 £0.57 | 0.25 £ 0.17
Py 5.85+1.19 | —1.30+£0.51 | 0.25 +£0.14 || P4 6.02+0.78 | —1.23 £0.47 | 0.23 £0.16
Ts 6.25+1.10 | —1.53 £0.47 | 0.26 £0.11 || Tp 6.46 +£0.74 | —1.38 £0.44 | 0.20 £ 0.12
O 5.71£0.94 | —1.31£0.41 | 0.25 +£0.12 || Oy 6.31 £0.90 | —1.33 £0.54 | 0.23 £0.15
Oy 5.58 £1.08 | —=1.30+0.45 | 0.25£0.13 || Oy 5.68 £1.00 | —1.13 +0.37 | 0.23+0.15

Qot600, enetdy) dev unopoly va eCaydolv capy CLUUTEPAoUAT ATd TA ATOTEAECUATA AUTA,
TEOYWENCAUE OTOV EAEYYO ONUAVTIXOTNTAS TWV OLAUPOPAOY TV UECKY TIWWOY TOU TUPATNPNOUUE OE
aToux6 eMINEdO xdde GULUPETEYOVTA, GUUPWVO UE T dladixacia Tou TEPLYPAPNXE TEONYOUUEVAL.
Ta npdTuna tou npoéxuday Yo Tic 500 xhdoelc Ye Bdon Tig TIpéS TNg didoTacel cuoyetiopol Dy
napovotdlovton otoug ivaxeg 7.4 xar 7.5 yia toug deidyetpes (xhdom 1) xou Toug aptotepdyeLpes
(xNdom 2), avtiotorya. Ac onuetwdel 61t napovotdloviar pévo ta otolyeia Tdvw and TV xOpLa
draywvio Aoyw NG eYyevolg IBOTNTAC TNG GUPUETPING Xa TOU YEYOVOTOg OTL Tar oTolyela Tng
x0plog drarywviou elvor foor ue undév.
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Mivaxag 7.4: Tlpdtuna de€ioyetpwy ye Bdon ) Do
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[Tivaxag 7.5: Tlpdtuna aplotepdyelpwy pe Baorn tn Do
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H a€iohdynon 1wy anotehecpdtwy mou mpoéxuay Belyvel Tt ol anaywyEés Twv dellOyElpwY

opadornoolvTar o Tpelg xatnyoplec. H mpdtn mepthopfdver Ti¢ anaywyée mou mapouotdlouy
OTATIOTIXG oNUAVTIXES LPNAOTEPES TIUES o oUYXplon UE TIC unoholneg anaywyés. H xatnyopia
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ot anotekeiton and Tic anaywyéc Ts, T3, Fy, Fy, Fg xa Ty. H Seitepn xatnyopia avtiotolyel
0TI WXPOTEPES TIWES TNG OLIOTAONG OUCYETIONOU Xt TepthauBAvel exelves T amaywYES mou
ToPOVGLALOUY OTATIOTIXE ONUAVTIXES UIXPOTERES TIMES OE OUYXPION UE TIC AMAYWYES TNS TEAOTNG
xatnyopioc. H xatnyopla autr tepthaufBdver tic anaywyéc O1, O2, Py, P,, P3 xa C,. Télog,
1 Teltn xatnyopla mepthauBdver Tic undlowneg anaywyés Fr, Fui, Fp, C3, F,, Cy xa Ts, ot
onoleg yapaxtneilovtar and evdldueoes Twé Tne didotaong cuoyetiogol Do xot Sev napoustdlouy
OTATIOTIXG ONUAVTIXES Dlapopés oe alYXplon UE TI¢ dAheg amaywyés. Eidixdtepa, ol apotepés
xa DEEIEC xPOTAPIUES EYUEPUAIXES TEPIOYES TapoLaIdlouy TIg UPNAOTERES TIES Do, eVE oL Vioxég
eyxepahixés meptoyéc eppavilouvy Tig wxpodtepeg Tiwée. Ot eumpdotheg meptoyée moapouctdlouy
Twéc Dy petall twyv tpdy Dy v xpotagixdy xot iaxody nepoyoy (BAn Hivaxa 7.3, apotepd
wod).

Or anaywyés v aplotepdyclpev opadonotolvta eniong oe Tpewg xatnyopies. H mpdtn nept-
AopBaver TIC anaywy€Eg Tou Tapouctdlovy oTATIOTIXd oNUavTIXEC uhnhdtepes Tlwéc oe abyxplon
we Tig umdhotneg anaywyés. H xatnyopla auth anoteleitar and tic anaywyés T, T3, C3, F3, Fr,
F, xou Fp1. H dedtepn xatnyopia avtiotoryel oTic wxpdtepeg Twée tne dldoTaonc cUoyETIoROD
xou TepthauBaver exelves TI amaywy€g oV Tapoustdlovy GTATIOTIXG CNUAVTIXES UXPOTERES TIUES
o€ oUYXPION UE TIC AMAYWYES TNS TeWTNS xatnyoplac. H xatnyopio owth nepthapPBdver tic ana-
ywyés O1, Oz, Py, P, xou P3. Téhog, n tpitn xatnyopla nepthaufdver Tig undloines anaywyEg
Cy, Cy, Fy, Fp, Fg, Ty xa Tg, ot omoleg yoapuxtneilovton and evdldueces Tuéc tng SldoTaong
ouoyetiopol Dy xat 6ev Topouctdlouy GTATIOTIXd ONUAVTIXES Dlapopés o€ oUYXPLoN UE TIC AARES
anayoyés. Edotepa, ot anaywyés nou Pploxovion 010 aplotepd NUoQAplo Tapouctdlouvy TG
vnidtepeg Tiég Dy, €V Ol anayWYES TOU LTEPXEIVTAUL TWV IVIUXDY EYXEQPUAIXDY TEPIOYWY EU-
paviCouv Tig uxpdtepeg Tiwés. Ot anaywyés Tov eunpdotiwy xat Se€LdV TEPIOY®Y TUpOUGLILouY
Tiwéc Dy peyahltepee and tic Tipéc Do tov wioaxdy teptoyoy (BAn Hivoxa 7.3, 8ei wod).

H (S dradixaotio eneepyaciag eQapuodotnxe Yo TIC TIUES TNG DIACTAGNS GUCYETIOUOY TOU
npoéxuday yenowonolwvtac tov extiunty tou Takens. Ot tiég autéc g Dy napousiacay Ty
(Bl ouuneptpopd ue TIC TIWES TOU EXTIUNTH YopedRc. Avaluor onuavTixdtntag €yive emiong xot
yioo T GAAo 800 ueyédn tng werétng, Cri xat Pyppe- Emlong, unoloyiotnxay ta npdtuna twv
OECLOYELPWY X TV APloTEROYEIP®Y Tou Baciovton ota peyédn autd, Cry xa Pyipha.

Y ouvéyeta eAéyEaye TNV ToIVOUNOY TV GUUUETEYOVIWY GTN UEAETY Wog oTic BU0 xAdoELS
YENOWOTOLWMVTAS To TEOTUTOL TOU AVTIETOLY 00V o€ €va, 800 1| xot otol Tpiot utohoylo¥EvTa peyEédr.
O Hivaxag 7.6 mapovotdlet ta anotehéopata tne tadvounons. ‘Onwg galvetar and Tov mivona
oUTO, TU XAAVTEPA AMOTEAECUATA TEOXVUTTOLY OTAY YENOILOTOOVUE Ta TpdTUTA Tou BacilovTo
oTN B0 TAoY) GUOYETIOROV. LNUELOVETL ETIONG OTL T TPOTUTOL TOL AVTIGTOLY 00V OE GUVBLACUOUS
peYedwy dev Bivouy onuavTixd XIAVTEQO ATOTEAEGUATO OO TA ATOTEAEGUATO TTOU TPOXVTTOUY AN
™) XPNOT TWV TRPOTUTWY TOU AVTIOTOLY 0LV GTY BIACTACY, GUOYETIGUOD.
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ivaxag 7.6: Anotehéopota g TagvOuNoNg TV CUUUETEYOVIWY OTIS XAdoelg 1 xar 2

TaZwounon ue Bdon to uéyedog D,

KXdomn 1 | KAdon 2 | =2 D
AeZioyeipeg 14 1 17.36 | 0.640
Aplotepodyetpeg 1 9
Tagwounon ue Bdon to uéyedog Cpy
KXdomn 1 | KAdon 2 | =2 D
AeZioyerpeg 10 5 5.24 | 0.416
Aplotepodyetpeg 2 8
ToZwounon pe Bdorn to péyedog FPypp,
KXdomn 1 | KAdon 2 | =2 D
Aelioyelpeg 10 5 5.24 | 0.416
Apiotepdyeipeg 2 8
Tagwounor pe Bdorn ta peyédn Dy xou Crq
KXdon 1 | KAdon 2 | = D
Aelioyelpeg 13 2 11.11 | 0.554
Apiotepdyetpec 2 8
Tagwounor pe Bdon to peyedn Dy xo Pypne
KXdon 1 | KAdon 2 | = D
Aelioyelpeg 12 3 8.77 | 0.509
Apiotepdyeipeg 2 8
Tagwounon pe Bdon to peyedn Cr xow Pypppg
KXdon 1 | KAdon 2 | = D
Aelioyelpeg 9 6 3.90 | 0.367
Apiotepdyerpeg 2 8
Tagwounon pe Bdon to peyedn Do, Cr1 xou Py,
KXdon 1 | KAdon 2 | = D
Aelioyelpeg 13 2 14.31 | 0.603
Apiotepdyeipeg 1 9

Télog, epapudoape tn u€Vodo NG avdAUoNS BEBOUEVOY AVTIXATAGTAONS YLot VO EAEYEOUUE T
un yeauuwxr, @oon tov HED xataypagdyv, yenotponotdvtag xou to 800 un yeouuxd peyédn (Ds
xou Cr1). To anotedéopata napovotdlovtar otov Ilivaxa 7.7 xar deiyvouy b1t oty mhetodmepia
TOV ETOYWY 1N dpyix) TOVeon NS YeauwxotnTag dev uropel va anoppipiel. Ac onuewwidel, ot
Berixaue ouyxexpluéves enoy€c Yia TIC onoleg 1 apyixl) unddeon Yo uropoloe vo anopplplel we
npog TNV Dy adhd xapio and auTtég Tig eMoYES DEV IXAVOTOOVUGE TO XPITHPL0 AUTO WS Tpog To Cry
xar avTloTeoQws. TEéhog, o cuvduaouds TV ATOTEAECUATOY ToL AauPdvovTal ond OTolodNTOTE
and ta 800 ueyédn telver va auihoer To T0600To andppldne e apyixrg utdveong oto eninedo
™ g p < 0.05.
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ivaxag 7.7: Tlocootd TV enoy Vv Yo TIC onoleg amoppinteTon N apy x| LTOVEST TS YREUUULXO-
g (p < 0.05)

Aelioyelpeg Aplotepodyetpeg

Anay. | Hocoot6 | Iocootd | IMocootd | Hosootd || Anay. | [losootd | Tlocootd | Ilocootd | IMocootd

¢ TPOC | WS TPOg S TPOG S TPOG ¢ TPOS | WS TPOg S TPOG S TPOG

D, Cr1 Dy xou Cry | Dy ) Oy Dy Cr1 Dy xou Cry | Dy ) Oy
Fp 0.34 0.21 0.08 0.47 Fp 0.27 0.31 0.09 0.48
Fpo 0.29 0.25 0.07 0.47 Fyo 0.31 0.25 0.09 0.47
F; 0.40 0.23 0.11 0.52 Fy 0.35 0.32 0.12 0.55
F; 0.20 0.18 0.04 0.34 F 0.27 0.24 0.11 0.40
F, 0.18 0.13 0.04 0.28 F, 0.20 0.19 0.07 0.32
Fy 0.21 0.15 0.03 0.33 Fy 0.39 0.19 0.07 0.51
Fy 0.23 0.21 0.07 0.38 Fy 0.37 0.28 0.13 0.52
T 0.28 0.12 0.04 0.36 T 0.20 0.23 0.07 0.36
Cs 0.20 0.15 0.04 0.31 Cs 0.21 0.21 0.04 0.39
C, 0.17 0.15 0.03 0.28 C, 0.17 0.19 0.03 0.33
Cy 0.23 0.13 0.02 0.34 Cy 0.19 0.25 0.07 0.37
T, 0.17 0.15 0.02 0.29 T, 0.29 0.39 0.12 0.56
Ts 0.42 0.23 0.13 0.52 Ts 0.36 0.16 0.11 0.41
Py 0.27 0.18 0.07 0.37 P; 0.33 0.21 0.07 0.48
P, 0.26 0.18 0.04 0.40 P, 0.32 0.25 0.15 0.43
Py 0.32 0.18 0.04 0.47 Py 0.47 0.17 0.11 0.53
T 0.32 0.15 0.05 0.42 T 0.39 0.25 0.12 0.52
O 0.54 0.34 0.26 0.63 O 0.35 0.17 0.07 0.45
09 0.49 0.18 0.12 0.55 09 0.55 0.23 0.15 0.63

7.4 3yONMAOUOC ANOTEAECUATWY

O oxomdg Tne UEAETNE TV EXTIUACERY TNE DIACTACTE CUOYETIOUOL TOU aVUP®TLVOU QUGLOAOYIXOD
HET eivon 81tt6¢. O mpidtog 61y 0¢ elvan 1) Stepedvnom TN SNUAVTIXOTHTIS TwV Blapopddy TNng did-
0TaONE GUOYETIOROU Tou mapouatdlovtar Yo T xataypagéc tov HEID' oe Sidpopes eyxepahinée
nepoyéc. O dedtepog otdyog elvar, yenoWonoldVTAC TN BIdCTACT CUGYETIONOY, Vo TPOGdIop!L-
oTo0V ouyxexpuéva edxd npdTuna mou yoapaxtneilouv 1o HET 8elldyelpwy xou aplotepdyelpwy
puotohoyixdy xou va diepeuvniel o cuoyetiopds autwy pe ) dedloyetpla / aptotepoyeipio. Xpn-
otponotfioope T Stdxplon petaly dedloyetplog xou aplotepoyetpiag e€artiog e YeEVIXE amodexTig
oyéomne petall delloyelpiac / aplotepoyetplac xou xuptopyioc Nuogoupiov oyetid e TN YAwo-
o) hertovpyfa. TrmoVétouye 6t ol Braopéc oty emxpdtnon delloyeplac / apotepoyetpliog
AV TOVOXAODY WioL SLOPOPETIXY) AELTOVRYIXT| 0PYAVWOT] TOU PAOIOV TWV QPUGLOAOYIXWY EVIAIXGY.
ITapbho mou €youvue mpdoPaocy wovo oto HED mou xataypdgetoar and to nhextpddla empa-
velog, Yewpolue 6Tl ol anaywyég pog derypotohnntovy wévo to HET' ofuo mou nopdyetar otny
dueom yertovia Toug, dnhadh and Tic Qhotixég neployéc mou undxevta TG YEong Toug Toapd and
TIc meployég mou elvar apxetd paxpvtepa. Ta gupruatd pog Selyvouv 6Tl ol extiunoelc g Do
notxihovu o€ éva peydho ebdpoc tuwy. Ileplocdtepo evbekey s €peuva WV ATOTEAECUATOY TWV
IIvéxwy 7.2 xou 7.3 odnyel 0To ouunépacyua OTL oL TIRES TS BidoTaorg ouoyeTiouol e€apTdvTaL
and toug ovpuetéyovies. 'Etot, dev unopoldue va npoodlopicouvpe ouyxexplpéves Tipés Dy yia
OLYXEXPIUEVES AnMAYWYES Yiot OhOLS Toug ouppetéyoviec. Emopévwe, o anhdc vnoloyopds twv
TIWOV TNS DIAOTAOTNS CUCYETIOROU EVAMX®Y QUGIOAOYIXWY ToL Bploxovtal ot Mpeuia efvar oxatdh-
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Anhog ylo omoladNTOTE oLCIACTIXY AVAALCT DedoUEVLY xatd ouddes. 2otdo0, oe atowxt Bdomn
ol TIUEC TNE BIAOTACNS CUGYETIOUOU GUYXEXPIUEVWY ATAY YWY TUpoLsiacay GHUAVTIXES Dlapopés
oe olYxplon UE TIC TIPES TV IALY anaywyoy. Enopévwe, apol auth n biétnta tapatnerinxe
o€ 6houg oyeddV Toug ouUUETEYovTeS, aveddptnta and Tic (Bieg Tic Tiwée g Do, odnynirxayue
070 BLoyWPIOUS TV ATAYWYWY OE TPEIC xatnyopies yio xdie pia and tic Vo opddec (delidyerpes
- APIOTEPOYELPES) TWY oupUETEYOVTLY. O xotnyopiec Tou mpoéxuday eivar dapopeTinéc yio xdie
oudda xat 0dNyolv 6Tov XxadoploUd SLAPORETIX®Y TROTLTWY oL YapaxTNElouy TV xdie oudda.

Ko ota 800 mpdtuma ot udmidtepes TIéc TN BIAOTAONS CUCYETIOUOU TARATHEOVVTAL OTIC
eUnPOOES XAl XPOTAPIXES TEPIOYES, EVE Ol WXPOTEPES TIWES PETPHUMXAY OTIC Vlaxé TEpLoyEq.
Yuyxexpléva, ot de&loyelpeg Tapouctdlouy TIC UPNAOTERES TIWES OTIC AMAYWYES TOU ToNoVETOU-
VIOl 0TI ApLOTERES Xt OEELEC XPOTAPIXES TEPLOYES, EVK OL APIGTEPOYEIPES OTIC ANAYWYES TOU
Tonovetolviar 670 aplotepd Nuogaipo. Ta anoteréoyato moL TEOXVTTOLY YA TOUG APIOTERO-
Yetpee delyvouy 6Tt ot Tég g Do Bev pmopolv amhd xal UOVO va Elvol TO ATOTEAECU TOU
gthtpapiopatoc tou HED ofpatog and tig avatowxéc doués tou eyxegdiou. Ot aplotepdyelpeg
SrodéTouy pop@ohoyixd Tautéonuo ahhd Aettovpyixd dapopetixd photd. Ilepinou 20 — 40% twy
aploTEROYELpWY Tapoustdlovy YAwootxy emtxpdtnor tou deliol nuispaipiou [14], [25]. Axbun xa
av 1 nuogoupixt| eZEWiXEUcT) 0TOUS APIoTEPGYELPES dlaywplotel and tn dedloyelpla / aploTeEpOyEL-
pla, TNV xatavonon g YAOooog 1 v encgepyasio TANpoQopl®Y, Yo TapaUelvel Evar oNUAVTIXG
TOGOGTO TWY UPICTEPOYEIPWY CUUHUETEYOVIWY UE TEQIOYT| TEITOYEVOUS GUOYETIONS ot OedLd Ppey-
potoxpotagixy neptoyt [25]. To anoteréopatd pag delyvouy 4Tt ta TpdTUTA WS TEOS TN DG TUON
ovoyeTiopol Dy twv aploTepdyElpwy dlagépouy and to avtioTolyd Twv delldyclpwy. Suurnepai-
VOUPE ETOUEVHS OTL Ol EXTIUACEIC TNG OLAOTAONS GUOYETIOUOU TEPIEYOLY TANPOYORIEC TYETIXG e
1) AEITOURYIXOTNTA TWV QPAOLIXGDY TERLOY WY Xat BEV avTaVAXAOOV ATAMS BLUPORES BTNV EYXEPANLXT
nop@ohoyio Twv AoB®V Tou VO NuLoQALpiou.

H avdlvon g ta€vounong delyver 6t to xohbtepa anoteléopata Aopfdvovtor 6tay yern-
OLULOTIOOVUE TA TEOTUTAL TTOL AVTLoTOlY0UV o1y Bldotaoy cuayetiopol. H yphon twv npotinwy
AUTWV TAPOLGLALEL ONUAVTIXE TOC00TA emTuyiag 0To Slaywplowd yetald dedidyelpwy xat apl-
OTEPOYEIPWY QPUGIOAOYIXWY eVNAixwy. Avtideta, 1 ypnolwonoinon twy tpotinwy nou Boacilovar
ota unohotna ueYEVn TN Uerétng dev 0dRynoe ota (Bior LYNAE TOGOGTE CWOTAS TAEIVOUNONS TV
ovypeteyoviwy. Ta anotedéopoata autd emPBeBardvouy 6Tt 1 BidoTtacy cuoyeTiopol dev eivar éva
tuyaio péyedog, ahhd udhhov avtavoxhd ue peyohltepn axpiBeta T AEITOLEYIXY 0pYAVWOT TV
UTOXEIUEV®DY PAOLIXGY TEpIOY GV Tou Tapdyouy ta HED ofuata mou xataypdgovion oe evikixeg
puotohoyixol¢ ot onolol Bioxovtar o xatdotaon neepiog. A&ilel va onuetwdel 6Tt 1 avay vopeton
TéTolwV TPOTUTWY eviomiopol Yo Hrav iaitepa dOoxohn €dv eiye axohoviniel n uédodog tne
Yweie eUBanTions yior OAES TIC anaYWYES OE Wa DEBOUEVT YPOoVIXT OTIYUH avTl YIoL TNV YPOVIXN
euBdnTion mou axohoLIHoUUE. DTNV TEAYUATIXOTATA 1) YweixT| eYBdntion eivon oty mpdn Ay o-
TEPO XATAAANAT and T Ypovixn) euBdntion Yo TNV eCaywYY| TV dIAXPIT®OY TOTUXOV QUVOUEVLY
o onola tefvouy va Sratapdocovton and 1o éviaio tedio” Tou ghotol [95], [100], [101]. Auté iowe
va e&nyel yiatl oe mponyolueveS UEAETES dANOL EQELYNTES DEV ElY OV XAVEL AVINOYES TOQATNENOEIC.

To oyetind youunhd T0600TO ENOYGY YIo TIC OTOIEC amoppinTeET 1) oEY x| LTOVEST TNS YPUU-
wxoétnTog Beloxetar oe ouugwvio pe tapdpowa anoteléopata dAhwy peretwyv [118], [130]. Edi-
x6tepa, ot Stam et al. [118] perétnoav tn duvouxy| tou avidpomvou dhga puduol. KoatéhnZov
070 GUUTERACUA OTL 0 dAQa PLIUOS Elvol Wit ETEPOYEVAEC OVTOTNTA G TROS TN BUVOUIXT TNG PAOL-
xnc dpaotnelotnag. ‘Etat, ot emoyéc tinou-I mou avtinpoownebouy tn cuvtpintxy| TActoneio
(98.75%) twv enoywv tou dhga puiuod dev uropolv va draxprdoly and o giktpoptouévo Vopu-
Bo. Avtideta, Yy g enoyéc tonou-I1, 1 apyix) undleon g ypopuxoTnTac anoppinteTal. XTny
TEPIMTWON AUTH, 1N U1 YPUUWIXT CUUTERIPOPA umopel var eEnyniel and 0 Suvouixr oTn YELITOVLd
g Stoxhddwong mou odnyel oe ouuneptpopd TOTOU optaxol xOxhov. Emmiéov, ot (dot epeuvntéc
OVOPEPOLY TUPOUOLY EVENUAUTA UEAETOVTOS T1] CUUTERLPOPE TOU UOVTEAOU TOU GAGa pulpol Tou



KE®PAAAIO 7. ANAATYH ETKEPAANOI'PAPHMATOXY 7

tpotdinxe and touc Lopes da Silva et al [79].

Or xotarypapés yag €Yoy YenoWoToIOYTISC TO LOVTAL XOWAS AVAPORUS UE X0V NAEXTPOBLO
avaopds 1o Fp,. Av xar yvwpilovye 6Tt Ue Tov TpOTO auTd [0WE Vol YeNOILOTOOUUE €val EVERYO
NAEXTEOBIO WC aVaPopd, N ETAOYH AUTH ATAY 1 UOVY TEUXTIXY WOTE Vo EAXYIOTOTOICOUUE TNV
mdoavéTnTa €lte Vo €16dyoupe cuoTnuaTixh xhion and éva achuuetpo TonodeTnuévo NhexTeodlo
elte va AMPBouye TEQIOGOTERN TUPAOLTA YENOLULOTOIOVTIS €V EEWXEAVIUXO NAEXTEOBIO AVAPOPLS.
Emniéov, eCacgakicaue 6Tt o mhnduoude pag anotekeito and amohldtwe LYLels xou ot xotorypapég
TEAYUATOTOLAUNXAY XATw ond TAPOUOLES CUVINXEC OE XUTAOTACT EAEYYOUEVNS ETAYPUTYNOTC.
LnuetdveTar 6Tt 0 TPOTUPYIXOG GTOY0G UAS NTAV O TPOGOLOPIOUOS TAEURPIXMY BLUPOp®Y Ol OTolES
o pog Bondoloay o1o Blaywpeloud DECIOYEIPWY Xl JPIOTEPOYEIPWY TUpd 1 €0y wYT| ATOAITWY
TGOV Yo T UG UEAETH ueYED.

Yyetind pe ™) un yeouuxr pedodoloyia onueidvoupe 61t €yel avantuydel éva tAfdog peye-
Vv Tou yapaxtneilovy TOAOTAOXES YPOVOTEIRES UE BAon TIC apyEC TNS W YRS BuVOULXAS.
To yeyédn autd, av xat €youy anodetydel apxetd alldomota 0Tl YewpnTinés UEAETES TNS CUUTE-
PLPOPAC TWV U YROUUIXWY CLUCTNUATWY, oTNY TPAEN, N tepimhoxn @lon xou 1 EYYEVAS TdoT) TPOSg
TN OTOYAGTIXOTATA XOU TN W) OTATIXOTNTO TWV QUCIONOYIXMY YPOVOOGEIPGOY XAVEL SOGXONY, oV Oyt
adlvaTy, Ty epunveio Twv ueyYedoy autdy. o nopdderypa, ond Tig TEWPAULATIXES CUVUAXES TN
nopoloag ehétng, 80o elvar ot mapdyovteg mou mpoodlopilouy xdlde EAXUGTH: 0 CUUUETEYOVTOC
(ovunepthauBavouévne e mhnpogopliag aptotepoyeiplas / delloyetplac) xa 1 anaywyy. [lapbdro
mou VewpnTixd 1 01doTaoy cuoyETIoNoU elvor éva avolhoiwto péyedoc Tou eAxuoTH, Ol EmOyEQ
TOU AVTIGTOL0LY oToV (D10 eEAxvoTh (emoyéc Tou (Brou oupuetéyovta, and v Bl anaywyh oAl
Eexvoly and drapopeTinéc ypovixée ottypéc) divouy dagpopetinéc Dy tipée. Ltny npdln, ot exti-
unoelc g didotaong cuoyeTIoRo) LTOXEVTAUL O onpavTXr afeBatdtnTa Aoy Tou YEYOVOTOS 6T
10 TAHdoC Twv onueioy eivar tencpacuévo. Melpéc TOu UAXOUS OV YENOLUOTOICUUE OTY) UEAETH
1 xou Ye axdépn wxpedtepo pnxog €youvv eupltata yenotwonomiel ot BiPhoypapio yioo o HED
dedopéva 18], [19], [57], [117], [118]. Emunpdodeta, ot netpapatixéc ocuvifixec eivar apxetd dlao-
peTXég UETAED TV Blagdpwy UeAet®y. Edixdtepa, ot avdodpuntes yvwotaxés enelepyaoieg xatd
™ ddpxela tne dradxaoiag tou HEI poutivag dev propoldv va e€oxpiBwdoidy agol 1 enoypinvn-
on, 1 EYPNY0Eo, N wvnuovixy enegepyasia, 10 cuvousUINUATIXG TEPIEYOUEVO XAT Elvar e€atpeTind
Tpoownixés YeTaBAnTég mou Bev avamapdyovtal. Oo fTav duvatdy, évag xahiTepog xadoplouos
e vonuxhc Aettovpyiog xotd tn didpxeta twv HED xataypapody vo peiwve ) yetafintotnta g
didotaong cuoyetiopol. Eniong, napatnpodvro Siapopés otov 1pdmo egapuoyhc Tou akyopituou
twv Grassberger-Proccacia [49] avdueoa otic didpopec perétec. Te dhoug autolc Toug AOYous
Yo uropovioe va anodolel 1 eviunwatoxy Staxdpaver g didotaone twv HED xataypapdy xatd
N OidpxEld TNG XATACTAGTS EYPTYOPONS IO apatnerinxay otn UEAETN wag xod®S xal o€ dAAES
wehéteg. [a va umepvixnlel to mpdBinua autd, todhol epeuvntéc €youy mpoteivel T ypron TEOTL-
TV TELRAPATIXWY GUVINUOY XAt TN didpxEeld TS GLAAOYRS BEBOUEVLY ot TN agloAdYNoNS TOUG
[46]. T mopdderypa, avti yio Tov tpoodoptopd e Do ot ypauuwxt neployy|, uropel xavels va
Vv unohoyioetl Yl ntpoxadoplouéves oTalepéc TIWES andoTAONC Xl SLECTAONC CUCYETIOUOU Ady-
Bavovtag wio mpooeyyotixy extipnon g Dy [53], [98]. Ltnv xatedduvon auth yenoiponotioaue
wa otadepy) Tipn g BrdoTacng ouoyetiopol xot to wéyedog Cri. Mdhota unootneiletar 4Tt ot
TPOGEYYIOTIXES EXTIUNOEIC TPOGPELOUY I GYETIXA JUEDT) XU EVOTOT| U YeouwxT LéYodo yia To
YopaxTneiowd yeovooelp®y. Ol TEpIcaOTEROL EPELVNTES GHUEQPA GUUPKVOLY OTL 1) AVIAUGT] Y POVO-
OELPWV TELPAUATIXWY OEdOPEVWY, xat edxotepa Twv HEID onudtov, eivon epuxty| edv n vhornoinon
TV ahyopliuwy yivetou ue tpocoyn. Me xolf| xatavonon v uedodwy xou YUY Tpocoyy| 6TNY
EQUPUOYT TOUG, 1) WN YRUUUXT avVAALGT YPOVOCEIR®Y Unopel va Yivel éva toyupd epyalelo atny
anotiunon e SuvaUXTc TwY TOAOTAOX®Y CUGTNUATKDY OTWS 0 avip®TVOG EYXEPUNOS.

LUUTEQAOUATIXG, TO ATOTEAESUTA Hag Belyvouv 0Tt ol anaywyég mou eupavilouy Loppéc ue
vPnhotépeg TIES NG BLACTACNS CUOYETIOUOV, AVTIOTOLYOVY GE UTOXEIUEVES QPAOIIXES TEPLOYES L-
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gnhotepne Aertovpyixric tdéng. Ot popgéc autée, mapd ol andhuteg Twés tne Do, gaiveton ott
aroteholy xpithipto Yo TN deoyetplo / aptotepoyetpior xou (owe axdun xou 1o NoQaiplo Tou et
xpatel. Mo tétota npoontixr) Vo Unopoloe Vo TPOCPEQEL Vol JUECH TOTOTIXOTOMUEVO UEYEVOG
Tpoodloptopol g delloyetplac / aploTepoyElplag Ty, OTHY TPOYEIPOLRYIXT aZlohGYNoT TG WN)
ehéyZung emhndlog, ywpelc evdeyouévwe ™ yeRon TV onuepvedy Yedddny mou anutody eéwTe-
PIxéc, QupuoxeuTixéc 1) dAleg mapeuPdoels. Ilapdho mou axdun Peloxdpacte mdpa TOAD waxpld
and T BefoudTnTa, 0 uTohoYIoUdS NG BldoTacnc cLayeTIoUol oo uesoxpitixé HEL, agol mpo-
nynOel wo oepd and ueréteg g aflomoTIUS TWY OYETUXOY TECT, Yo UTOPOUCE VAL TPOGPEREL TN
duvatodTHTA PElwoNg TwV XVOUVLY Yia TV LYEeio xou va Tapéyel TAnpoopies oyeTixés Oyt uovo
UE TN YAWOOXT anopTiworn ahhd xat TNV anopTiwor GAAWY TEITOYEVMY TEPLOYOV.
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Kegpdhoo 8

‘EAeyyoc Ilapovoiac Mn
Noopuixotntwy oto H.E.T.

[Tdpa mokhoi epeuvntéc aoyorolvTton Ye TNy emBefauiwon TG YPouUWXNAC ¥ W YPOUUUWXNC CUUTE-
pwpopdc twv HED onudtwy [137]. Ta xupidtepa epwtiuata mou {ntodv amdvtnorn eivar: To
HET ofpata neprypdgpovton xahitepa e VIETEpUVIoTIXd i otoyaotxd ofuata; [68], [97] Eivou
TOL YPOUUUIXE LOVTENDL 0pXETE Yia VoL TEpLYpdouy axplBig To YApaXTNRIOTIXG TNG EYXEQPANOYEA-
PIXNAC ouUTEPLPOoEds; Minwe Eva un ypouuxd povtého napéyel neplocdTERES TANpopopieg Tou Va
uropotoay va eEnyRoouy TNV nAexTpoeyxepahoypapixy dpactneldtnta; Eivar yeyovog 6t xata-
Bahheton wior ouveyRc npoondieta yia vo StaxplBwdel €4V Ta yooupxd 1 T un Yeuuwxd wovtéia
TEPLYPAPOLY XANVTEPA TIC NAEXTRPOEYXEPUNOYPAPIXES XATAYQPUPES TWV DLAPOROY TEPLOYDY TOU
eyxepdhov. Eivar oAl dhoxolo va 50000y oploTixéc anavthoels AOYw NG UEYAANS TOAuTAO-
x6TNTAC T660 TV oNUdTwyY 600 xal Tou cuoThuatos (eyxépahog) mou ta mapdyet. Qotdoo, T
anoteAéopaTa TOU AouBdvovton omd TIC oVOADOELS AUTES -OXOUN XOL TO (PUIVOUEVIXY OCHUOVTA-
elvor TOAD ypRowa oTig mpoomdieiec poviehomoinong, yapaxtnelopol xo tedPBiedne twv HED
ONUATOVY. 3TN GuVEYELL TaEOLGIAlOVUE CUVOTTIXY UEPIXES amd TIC o YVWOTES Pedodoug Yio T
Yoouuxh/un yeouwux tautonoinon xo tic epapuélovpe ot HET ofjpata ue oxond tn ohyxplon
TV ATOTENEGUATOVY TN Xde pedddou [67].

8.1 Tpoppxd avtonaiwvdpovueva povtéha (LAR)

Lopgwva pe ta povtéha autd, ta defypoata tou HET z(n) exgpdlovton we ypauuuixt, ouvdptnon
v M mponyouuévwy deryudtwy, dnhady:

M
m(n):Zaix(n—i)—i—e(n), n=M+1,M+2,--- ,N (8.1)
i=1

H eZiowon (8.1) xaheiton M tdEne ypapuwxd avtonahdpoluevo povtéro (LAR: Linear AutoRe-
gressive) [77] xat 10 e(n) avtinpocwneel pndevixrc wéone tuic yxaovotovd 16pufo, aoucyétioto
ue to ofuo. H tavtonoinon tou AR povtélou nepthopfdver tov utohoyloud xon tng te&ne M xau
OV GUVTEAEOTOV a;. YTdpyouv BLdpopes EVPLOTIXES TEYVIXES YIX TOV TEOGOLOPIOUS TNE OWOTAHS
8N, 6nwe to xprtipto tou Akaike [3]. Ldugwva pe avtd n td&n M mpoodopiletar we 1 T
TOU ENXYIOTOTOLEl TNV GLVEETNON

AIC(M) = Nlog Vas + 2M (8.2)

6mou Vi elvon 7 Blaonopd twv vroroinwy tou AR povtéhov M tdnc. Etor o ouvieheotrg
ap Tou teElxol 6pou Vewpeltaw onpavuxde edv AIC(M) — AIC(M — 1) < 0. Ot ouvteheotés

80
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a; vroloyilovton and tic yvwotéc ellowoelc Yule-Walker. Ko tar 800 péhn e eliowone (8.1)
rolanhactdlovtar pe x(t —7), ot ouvéyeto AapBdvovtor ot uéoec Tiués xou Téhog yivetar xovovt-
xonoinom. Ot cuVTEAESTES TPOXVTTOUY and TNV EXLALUGT TOU GUVOAOU TV YRUUUIX®Y EEICOOEMV:

M
p(t) = Zaip(T —1), T>0 (8.3)
=1

6mou pe p(1) ovuBoiilovtau ot cuvteleoté autocuoyétionc. Mia evalhaxtix| Tpocéyyion elvat
0 TPOGBIOPIOUOC TWV TUPUPETPWY ETOL WOTE TO QUPOICUA TWV TETPAYOV®Y TOV dAPOpKOY HETUED
¢ €€600U TOU LOVTENOU XU TWV TUPATHEOLUEVWY Tu®Y va eivon ehdytoto. To undlowna e(n)
Yo mpémel 10avind va elvor Aeuxd xat avegdpTnTa TN El06d0ou WoTe To wovtédo va Yewpeitar 6p01
TEPLYPAPY} TOU GUGTAULATOC.

8.2 Mn ypopuxd avtonaiivdpovueva povtéha (NLAR)

To un ypopuxd AR (NLAR: NonLinear AutoRegressive) povtého yio 1o z(n) efvau 1 un ypopuxt
enéxtaon tne eiowone (8.1), n onola dwrtundvetar we edhc:

J
:E(TL) = Zazfz (QI(?’L— 1),ZE(TL—2),--- ,ZE(TL—M))+6(t), TL:M+1,M+2,--' 7N (84)
=1

ormou f = ( fi o fs ) elvor évar obvoho and J YVWOTEC GUVAPTACELS, UN YPOUUXES OTN
yevixr, tepintwon, M n péytotn xaduotépnon xat e(n) o VopuBoc (Yxaouotavoc, undevixic péone
e, aovoyétiotog pe to ofua) [136]. Ov extuioec tov a; yivovtar and ) ypovooepd x(t)
ue ehoyioTonoinom Tou péoou TeTpaywvVIxol opdhuatoc R = + SN €2(t). Eniong, ot e€iodoeic
Yule-Walker yio Touc suvtehestéc a = ( ap -+ ay ) AopBdvovtor amd Ty cuviiixn 5% =0.
H eZiowon (8.4) cuvidwe yenotponoteitar yia va eheyyel 1 onuavtixdtnta g tpocdfixne evéoc
un yeouuxol 6pou fj(x(t)) oto AR povtého. H mpooldfxn auth €xyet wg anotéheopa ) peiwon
TOU U£00U TETPAYWVIXO) CPIAUATOC XAUTA TOCO0TO Tou eZupTdTal and TOo TOGO X0ovVTd elval o
TpdolETOg 6POC OTOUE YRAUUXOUE GLYBLAGUOVS TWY TEONYOLUEVWY dpwv. Kpithpla mapduota ue
autd tou Akaike propolyv va eQapuocTolY Yia VoL ano@actoTel €4V 1 TpOoc XY TOU U] YRUUUXOV
bpou odnyel oe oTatioTINd onuavTix Bektiwon e neptypaghc e ypovooetpds [136].

8.3 Mn yeopuixn avaAuon

H yeron twv yeyedoyv g un Ypopuxnc avidluong o ouvduaoud pe tn wédodo twv Sed0oUEvey
avuxatdotacne (surrogate) mou meptypdpnxay oTa TEONYOVUEVR XEQAILL, GUVIGTOVY Uiot oxbun
TpooéyYlon Yia TN Olepedvnomn TS OTAUPENG KN YRUUUXWY CUVICTOOMY OE ULl Y POVOOELRAL.

‘Onwc éyer 01 avageplel, 0 Eheyyoc ue T wédodo twy dedouévmy avtixatdotaone (surrogate)
otnpiletar oty apyixh unddeon 6T Ta Bedouéva TEPYPAPOVTIL UTd YEUUMXA HOVTEAA. LUVETDS
n @dorn tov FET bev petagépet xdnota mAnpogopion aAld OAn 1 TAnpogopla UTdpYEL 0TO TALTOS
tou. Ta obhvoha Twv surrogate dedoyévmv napdyoviar obugwva ue v FT yédodo mov meprypd-
pnxe oty evotnta 6.3.2. Etol tpoxdntel pa cuAhoyT surrogate ypOvooElp®Y TOU AVTIGTOLY 00V
oty apyxt yeovooelpd. Ia xdide uéhog e ouRhoyhg ahhd o yior THY apyIXT| YPOVOTELRY UTO-
hoyiZoupe éva pn ypapuixd péyedoc, m.y. ) ddotaon cuoyetiowol. SupBokilovye pe D xu op,
™ u€om TR X0l THY TUTIXTY ATOXAIGT NS BLAoTACNS CLUOYETIOROD TNS CUANOYTC, avTioTolyo xaL
pe D 1t didotacn cuoyetiopol g apyixfic (Ttpaypatixrc) ypovooelpds. H onpavtixdtntd g s
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vrohoyiletar and ) oyéon: B
_Ip-D]|
oD

Edv eivar s > 4 (eninedo onuavixdémrag p < 0.01), téte n Sdotacy cvoyetiopot D Yewpeitau
OTATIOTIXG ONUAVTIXY Xt 1) apyixr) undleon Tng Yoauwxotntag anoppintetar. Enouévws, epdooyv
nponyolueva Eyet eheyydel n oTaTIXOTHTA TNS Y POVOOEIRAS, 1 andppldn uTovoel Ty LTapdn un
yYeoupxng duvapixhc. Extég and tn didotaon cuoyetiogol, enavahauBdvouue TNy avaluoT xat
v 1o péyevog Cpp = C(r = 0.17pa,), 6mov C(r) eivor 10 ohoxhipwua cuGYETIOULOD.

8.4 'EAey)ol xavovixotnTog - YeUULUIXOTNTAG

Ot otaniouxéc vdnhotepne tdne [89] moupéyouv to uéyedoc tou deixtn ouupwviag (bicoherency)
Yioo TN BIdxEIoT WG YROUUIXAS U Yxaouotavic dladixactiog and uio un yeopuxr dtadixacta. To
wéyedoc autd opiletan we:

B(wi,w
Bp(wi, ws) = (w1, wz) T
[S(wl)S(wg)S(wl + w2)] 2
6mou B(wy,ws) = Zo:o,oo ;;0:0700 & (i1, 19)ed W1 Hw2i2) eivgy 1o Bipdoua, (i, iz) eivon N
Tpitne TéEnc adpototied e {m(n)}, S(w) = Y52 c&(i)e ™IV 1 paopatied 1wy he xa c§ (1) eivor

1 axohoudio cuvdlaxdpavone e {z(n)}. Ioybouv ta ehc:
1. Edv n z(n) elvar o yxaoustavi| dradixacia, téte By, (wy, we) = 0.
2. Edv n z(n) eivar wa ypopmxh wn yxaovotavi dadixaoia, t16te By (wi, ws) = otadept.
3. Edv n z(n) eivar wa pn ypopuxt dradixaocia, téte By (wi, we) = f(wr, ws).

O éheyyoc [52] ouvicTtatoar oty Mdn andpaons yio 1o o) €dv 1 oyt To extipoluevo géyedog Tov
deixtn ouppwviog eivar undevixd xau B) edv ¥ oyt 1o extipoduevo uéyedoc tou deixtn ouppwviog
elvor otadepo.

8.5 TYTAwo

Mehethoape ti¢ HET' xatoypagéc evog uytr edehovty, 28 €T1odV xot TI¢ XATaypapeéS EVOS ETANTTI-
%00 app®aTou, 31 eT®YV, ol omoleg mepthauPBdvouy xa teplodo xpiong. XLuyxexplpéva ol TeheuTaleg
TEPIAOUBAVOLY TEOXPITIXES, XEITIXES xou UETAXPITIXEC EmOYES. Ot xotaypapés ooy Latonotunxoy
otov Unpraxd Eyxegahoypdpo (8bit ADC, ouyvétnta derypatoindioc 128Hz xar LPF 50Hz)
tou Epyactnpiov Hhextpoeyxepahoypapioc tng Havemotnuoxric Khvixie tou Arywvnreiov No-
coxopeiou. To nhextpddia TorovethHdnxay ohupwva e o obotnua 10 — 20 xatd ta TepdTLTA TS
Apepixavixnic Etapelac Eyxepahoypagioc. Agold anoppleinxay ta tuquata touv HEID nou na-
povctalay mapdolta, 1 VTONOLTY XATAYPAUPT| YWEICTNXE OE U1 ETXANUTTOUEVES ETOYES DIAPXELUS
16sec (2048 defypata) ot onoleg eléydnoay we mpog ) otaotix6TNTd Tovg. Tehixd, avolddnxay
15 enoyéc tou puotohoytxol edehovth xou 15 enoyée (5 mpoxpitinée, 5 xpiTiée xat 5 UETUXPITIXES)
ToU emANTTIX00 app®GTOL Yia xdle o anaywyt (ouvolixd 285 enoyés yio xdie eetaldyevo).
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8.6 AmnoteAéoparta

8.6.1 T'poppixd aLTOTAAYIPOVUEVA LOVTEAQ

pdta yeretioaue o LAR povitéha ypnotponot®dvtog Ty TpoceyYLlon eAay(oTwy TETpaymMVGDY.
H td&n tou povtéhou npoodlopiotnxe and 1o xpithplo tou Akaike. O nivaxag 8.1 napouotalet v
XATAVOUY) TV ETOYOVY oTic dldpopes tdéec. H aflohdynomn tou poviéhou yivetu ye ) Bordeia
NS AVAAUOTE TV UTOAOITWY X TS IXAVOTNTUC TOL HOVTEAOU Vol TPOPBAENEL To EnduEV DelyporTaL.
To Eyhua 8.1 tapousidler ) cuVdpTNON AVTOCLGYETIONG TwV oQahudtwy xou ta 95% dacthuo-
ToL EUTIOTOOUVNG Yo Wt ouyxexpluév enoyR. To Xynua 8.2 napouvctdlel to péso TETPAYWVIXO
o@dApa TS TEOPAEPNC TV p enducvwy detypdtwy. To cuunépaoua elvon 6Tt 1 ouVdPTNOT AVTO-
OLGYETIONG BEV AmOXAIVEL ONUAVTIXE EXTOC TV BlaoTNUAT®Y eumoToclvnc. 261600, T0 Yovtého
outd dev unopel va ypnowonowniel anoteleouatind yia TNV TpOBAEY” TV ETOUEVEDY BEIYUATLY
yroth 1 Stoaxduaven Twv oQIApaTwY eivor TOAD UEYAA.

[Tivaxog 8.1: Anotehéopota EQUPUOYTE TWV YROUUUIXWY AVTOTUAIYIPOUUEV®Y LOVTEAWY

Td&n Enoyéc [Mooxpruxée | Kprtixée | Metoxpruixég
duocloroyixol Enoyéc Enoyéc Enoyéc

5—-10 2% 24% 54% 28%
11-14 25% 21% 9% 21%
15— 17 26% 21% 14% 24%
18 — 20 21% 12% 10% 13%
21 — 23 18% 10% 7% 7%
23 — 25 3% 8% 4% 4%

> 25 5% 4% 2% 3%

8.6.2 Mn ypopplxd oLTOTANYEPOVUEVA LOVTEAL

Yt ouvéyeta EAEYYOLUE TN ONUAVTIXOTNTA TNS TPooVfixNg eVOC TETpaywvixol bpou fj(z(n—i)) =
[z(n —i)]%,i=1,--- ,M oto LAR povtého x&e enoyfc mou mpocdiopiotnxe tponyolbueva. To
xpithpto tou Akaike Belyver onpavtixy Bedtiworn g anddoone tou un yeuuwxol LoviéAou oE
oyéon ue 1o ypouuxo. To Xyrua 8.3 napovsidlet To péso TeTpaywvixd o@dlua g TeoBiedng
p derypdtwy yenowonowwviag 1o NLAR povtého. H olyxplon e to Yyfua 8.2 gavepdver 1
Behtiwon mou eNEPEPE O TETPAYWVIXOS OPOC YLaL UXPA .

8.6.3 Mn ypopuixn avdAuon

Apyxd vroloyiCoupe To ohoxhpwua cuayeTIonol yia xdde pio emoyn xododeg xo Yo 10 6UVOAO
v avtiotolywy 10 oepdy dedopévmy avtixatdotaone (surrogate). To ELyfua 8.4 napovotdlet
NV nEp(nTwoT plag enoyhc Tou puatohoyixob HET, eved to Eyrua 8.5 napovotdlel tny neplntwon
wag emoyfc mou avtiotolyel oe emhnmuxy| xpion. To anotehéoyata TG GTATIOTIXAC CNUAVTIXO-
mtac Ty PeYeED®Y Dy xar C(r = 0.17y4, ) Topovotdlovton otov Ilivaxa 8.2.
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AutaComsahon Funchon of Kesiduas
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Sy 8.1: Avdvon uroholnwy
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Yy 8.2: Méoo tetpaywvind opdipa e npdPiedne p derypdtoy and éva LAR tdgng 15



LLAAAATN Q LDALT VNV ITADNOYNVTANV AMIT TDAMMILOTITTON VT TR T QX

Mean Sguared Error

2 4 3] g o112 14 16 18
P

Eyfuo 8.3: Méoo tetpaywvixd o@dipa tng npoBAedne p derypdtwy e ypron tou NLAR nov
npoéxue and Ty tpocinxn TeTpaywvixol 6pou 6to LAR tou Yyfuatog 6.

ivaxag 8.2: YtoatioTxr) onpovTixdtTnTa TV POV twv geyedov Dy xor Cry

Enoyéc [Mpoxpruixée | Kortixée | Metoxpruixég
dusciohoyixol Enoyéc Enoyéc Enoyéc
Sp, >4 8% 14% 54% 28%
SC(r:O.lrm”) >4 3% 5% 9% 21%
SDQ >4
1 10% 17% 61% 39%
SC(T‘:O.ITmam) >4

8.6.4 'EAeyyoL xavovixotnTtog - YRARUIXOTNTOS

To anotehéopata TV EAEY YWY XAVOVIXOTNTAS XAl U1 YRUUUIXOTNTAS YN oloTotdvTas VYnhotepng

Ta€ne otatiotxég noapovstdalovton otov Iivaxa 8.3.

[Tivacag 8.3: Amotehéopata EAEYYWY XAVOVIXOTNTOC - YPOUUUIXOTNTIC

Enoyéc Mpoxpruxés | Kortixée | Metoxpruixég
duciohoyixol Enoyéc Enoyéc Enoyéc
Tpapuixy| yxaouotavh 24% 10% 8% 14%
M yxoouotavi ypapuixn 75% 89% 79% 85%
M ypouuixh 1% 1% 13% 1%

8.6.5 Xuunepdopata

Av xou n avdhuon vohoinwy ESEIEE OTL ToL YPOUUXSE LOVTEND TUPEYOLY Lol UIAAOY IXOVOTOINTIXT
TEPLYPAPY) TOU GUGTAUATOG, To OQIALATA Topaévouy onuavtixd xor ta LAR povtéha unopodv va
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Carrelation Integral

log C

-2 15 1 05 0

logr

Eyfuo 8.4: Ohoxhfpwua cuoyetiopol Yo uio emoyt @uatoroyixod HEID xat twv avtiotoiywy
dedopévwy avtixatdotaong. loyltel Sp, < 4.

Correlation Integral

log C

0k

el

ol ,ﬂ/f{&fy /

L L .

25 -2 -15 -1 -05 0
logr

Eyfua 8.5 OhoxhApwud GUCYETIOLOU YL (Id ETOYY) TOU AVTIGTOLYEL GE Xplom Xl TV AVTIOTO WY
dedopévwy avtixatdotaone. loyder Sp, > 4.
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yenotonomdoiyv povo ya Peayeio npdBiedn. H xatdotaon Behtidveton dtay €vog TETpoymVIXOS
bpog mpootelel 6To Ypauuxo wovtého. Qotdoo, de unopel va eay Vel ouunépaoya edv 1 Beltivon
elvon xaAOTERET Yol TI¢ ETOY €S Tou uatoloyixol HET ¥ tic enoyéc tou emhnntixod HED. EminAéov,
1 TEOPBAETTIXY 1XavOTNHTA TOU HovTELOL eZaxohovlel va uny elvon xavoromntixy. lowg éva povtélo
UE TEPLOGATEROLC UN Ypuupixolg 6poug va Bondoloe tpog auth v xatediuvor. Ot un ypouuxol
XAt weNTES oMoUnone e avadpoaot anotehoby o TA0DCIE XAACT U YROUUUIXWY CLUCTNUATLY
mou Yo umopoloay va GUVEIGPEROUY TN T} Yeauuxy teptypagy tou HEL.

AZiler va onuetwiel 1 dragopd petalt g cuuneptpopds touv HET nou avtiotoryel oto guaoto-
hoyix6 edelovth xou tou HEI mou npoépyeton and tov emhnrnuixd acievi| 6tay yenoluonoodvo
ot pédodol tng wn yeaupxng avdivons. Adyw tne @oone tou HET' ofpatocg, elvon oyeddv adi-
VaTo va €yel xavelc oTaTIxég ypovooelpds Ye YEYIAT ypovixy didpxeia. 2oTdéc0, Tor Suvauxd
¢ xplong galveton 61 meprypdpovton xahdTepa amd un Ypouuxotntes. H un ypouuxdtnta eivar
Waitepa eppavic otic xpitixéc enoyéc. Enlong yepixés npoxpruxés xou o yeyalbtepo Podud ot
HeTaxpITiXég emoyég Tapouatdlouy un yeauuixy cupneptpopd. H pn ypauuxdtnta otny nepintwon
ot umopel v arnodovel otig aryués - xduata mou mapovotdlet o HED twv emhnntixwy aove-
vov. Aryuéc enlong mapovstdlovtar 0T ueTaxpITiXY TEpiodo xar uepinés TNy TpoxplTixy tepiodo.
Hopdpota euphiuata yioo un yeouuxdtntee €youy avageplel yio evdoBdithec xataypapéc [19]. Ta
ELPMUATA AUTA BElYVOUV UN YPAUUWXY CUUTEPLPORE TWV XATAYPAPWY TOU Elval TANCIEGTERA TPOS
NV EMANTTOYOVO Teploy . Mdhiota auty| 1 cuuneptpopd eupaviCetal cuoTHUATIXG oYt WOVO XATd
™) didpxeta TS xplong ahhd xoun TR xou YETH amd auTH.

Téhog, ypnowonowwvtag ) pedodoroyia Twv otatioTixdy LPnhotepne tédlng, To HEI gaivetar
VOL TEQLYPAPETAL S YRUUUIXT| U1 Yxoouatavy| Stadixacio. Xnuetdvetar 1 adénon 1ov 10606100 TwV
U YRUUUIX@Y ETOY®Y xatd 0 Stdpxeta Tng xplong. Mua mo hentouecprc e&étaom delyver 6Tt avtég
Ol ETOYES CUYXEVTPWVOVTUL OTNY ApYT Xal 0T0 TENOC TNE TEPLddou TNne xplone. Av xou 0 T10606TH
elvor wdhhov pxpd, motebovpe twe anoteel éva Yéua mou yperdleton tepauttépw diepebvnon,.

To yevixd ouunépaoya Tou TEOXVTTEL AN TNV TORATAVE BIEPELYNON TLY UEVOdWY TEpLypaUPrQ
tou HET eivon 611 to HET' noapouotdler pn ypaupxd yopaxtnetotixd, o onola eivar eviovotepa
oTNV TEP(NTWON Tou U1 Yuatohoytxol, emtAnntixob HEL. I'a 1o oxond autd 1 puehétn tou HEL ye
YeNon U YeuURXdY tevixov xpivetan anapaitntn. Etot, oto enduevo xepdhato avantdiocovye
wla pédodo TauTOTOMONS U YRUUMXMY XUToyYweNT®Y ohicUnong e avddpao.



Kegpdioo 9

Mn I'papuixol Katoywenteg
OAlocUnonc Me Avdodpaon

9.1 Tevixad

H ypnotponoinon un yeoppx®dy LOVIEAWY YLoL TNV TEQLYPAUPY| YPOVOOELR®Y TepLAapfBdvel éva ueYd-
Ao ebpoc egapuoywy [8], [137]. H neprypougpy yaotxdv cvotnudtmy, n enclepyacia Proonudtmy,
1 AVIAUGOY) YPOVOGELRMY OLXOVOUIX®Y DEBOUEVWY, Ol EPUPUOYES ETXOVMVIAX®OY CUCTNUATWY ATO-
TehoVV pepixég and autéc. To un ypauwxd poviéha pmopolyv enione va anotehécouy epyoheia
oyedlaong 1oYLEOY TYNUATOY XPUTTOYEAPNONS 1) LAoToinong Yeudotuyalmwy Un YRUUUIX®Y YEV-
ey, To cuothipata Volterra, to pn ypoupixd auToTAAIVOPOVUEVA LOVTERN XAl TOL VEUPOVIXA
dixTua ouyxatahhéyovtar HETAE) TWV TIO SNUOPIADY U1 YRUUWX®Y UeYOB®Y TOU YENoLUoTo00-
vtat [60]. Lt ovvéyera eoTalOUAGTE OTA W) YPOULLXE AUTOTUAVOPOVUEYVA LOVTELX TTOU UTOPOUY
va mapdryouy axplBog Wi dedopévn axolovdia pe Tipég oc éva owua F. Edv to F elvon nenepa-
OUEVO, TOTE TO AUTOTUAYOPOVUEVO HoVTEND TauTiletal Ue €vor un Yeaumuxd xatoywentr ohicdnong
pe avédpaon (NLFSR:Nonlinear Feedback Shift Register). I'a tov mpoodiopopéd tou NLFSR
ehayiotou xbotoug avantiape d0o alyopitpouc: évav tOmou unhox xou éva oetptaxd [75]. Ot
TpoTevOueveS pédodol cuvdudlouy Tpla cUGTATIXG:

o ufa oAtxy) SrdTaln
o Evay €heYyo yeauuxhs e€dpTnong
o ¢vay €heyyo ehayloTou

H ohixyy Sidtagn dieuxoldvel v anotipnon tou NLFSR. EmBdiietar and 10 yeyovog 6t xde
NLFSR yoapoxtnpiletar and €voy TOALDEXTN TOL avTITPOCWTEVEL TNV TAEN YN YRoUUWIXOTNTOC,
ot x0plal YIVOUEVA ONUAT®Y TOL XahoUVTAL TEOTUEY XS oRuaTa Xou T YéyioTeg xaduoTeproeLs.
H mpotewvopevn ohixr) didtady eivar ovolaotixd pa oAtxold Boduol didtaln emauvinuévn ye wo
oLVAETNON ®XOGTOLS TOL AVTITPOoowWNEVEL To xdoTog LAomoinong. Or cuvteheotés evog NLEFSR
TOU TAPAYEL TO DEBOUEVO GNUA AVAXOLY GTO UNBEVIXO YWEO VO xatdhhniou mivoxa. Enopévee
xdde NLESR avtiotoyel otnv éxgpact wog oTHANG Tou Tivoxa autol wg Yeopuxol cuvduacuol
TWY TEONYOUUEVLY aTnh@V. Eva eldixd yapaxtneiotixd tou und e&étaor mpofhiuatos eivar 61t
oL WX TV GTNAGY Tou Tpoavapeplévtog mivaxa dev eivan ta (B, To otoyelo autd amartel
Qo TEPLOGOTERO TPOCEXTIXY AvdALCoT) TS Yeopuxis e€dptnone. O ékeyyog yoauuxnc e€dptnong
TOU YENOWOTOHINXE EMTUYYAVEL TOV TRONYOVUEVO GTOYO Ue T1) DloyElplon UTOUTAOXK TWV GTNAGY
xou Y xatdAANAn npocopuoyr tou akyopiduouv FIA (Fundamental Iterative Algorithm) [35].
To tpito cuotatind Tou ahyoplduou tpocupudlel Tov ENeyyo Youuuxic €dpTNONG UE TNV OMXH

88
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otdtagn. Me autdy Tov tpdmo npoadlopiletan TeAixwse o NLFSR nou eivon ehdytotoc wg mpog tny
ohxY) BidTaly.

H olvideon tou ehdylotou ypauwxol xoataywenty okicUnong ye avidpaor amotehel edixn
nepinTwon Tou un Yeauwuxol @opuaklopnol. XTn yeauwxr tepintwon umopel va ypnotponotniel
o dnuogiic ahybprdpos twv Berlekamp-Massey [10], [11], [83] xou ot exextdoeic tou [35], [55],
[107], [108]. O ahydprdpoc twy Berlekamp-Massey eivor pio anotedeopatind avadpopixr pédodog
ebpeone Tou ehayioTou Pfxous Ypopmuxol xatoywenth ohiodnone ue avédpaon (LESR: Linear
Feedback Shift Register) nou napdyet o dedopévn axoroudio ototyeiwy evéc odpatoc. Mepixd
and T Bacixd yapaxtneioTixd tou akyopiduou twv Berlekamp-Massey mepthapfdvovtoar eniong
0Tl TPOTEWVOUEVES UeVOdous. Tior mopdderyua, xat To Pmhox oY RUd XAl TO OELPLIXO GY UL YAUPd-
xtneilovton and to ogdiua Tou wybovioc NLFSR, evd 1 anatoduevn ahhay Tou uixoug tou
xatayweNTh Baciletoar 0TOUE XATAYWENTES UE TIC O TPOGYATES TpoToTOoELS Whxous. H avdyxn
ELCAYOYNS UN YRUUMXOY OpeY TEOXVUTTEL OTAY TO GHUN TUPAYETAL A0 ULOL U1 YROUUWIXY TNYT|. €
€vol TETEPACPEVO GOUA Uiol TETEPATUEVT axohoudia uropel vo napay Vel and évav LESR ye x66t0¢
Vv adénon g mtohumhoxdtntac. Tautonoinon Tou un Ypouuxolh YEVVATOPA UELWVEL DRACTIXA TIG
anoutoVUEVES TRAEELS.

9.2 Koavovixn Avanopdotaon

Ocewpolpe Tic axolovdiec z(n),1 < n < N nov napdyovtar and Ty axdhovdn un yeopmuxh Tnyh:

p2 Lig
z(n) = Z ciz(n —1i) + Z Zci,ilx(n —d)zx(n—i—iy)+
i=1 i1=0 i=1
p32 paz—i1 Lig.ig

+ Z Z Z CiirinZ(n —d)z(n —i—i1)z(n —i—ip —d2) +--- +

11=0 45=0 =1
. k-2 . .. .
P2 Pra—it  Pkk—2oj—y it Litsiz,sig g

+ Z Z Z Z ci,ih...,ik_lx(n—i) .

i1=0 i=0 ip_1=0 i=1

J

k—1
-Hm(n—i—Ziw), n>M (9.1)
j=1

w=1

Yy nopandve eZicwon (9.1) tou xaheiton xavovixr avarnapdotaon, 1 topduetpoc k oupPBolilet
™y T8N TS PEYIoTNG U Yeopuxotntac. To ypouuxd uépog yapoxtneiletar and tnv tdln L
xou Touc avtiototyouc ouvteheotéc ¢;, 1 < i < L. To deltepne télne uépoc tne eiowone (9.1)
nopapeTponoteltal and Tig TdEeg pag xou L, 0 < iy < pog xaddg xar toug dedtepng TSNS
ouvteheotég ¢, 1 < 4 < Ly ,0 < i < poo. Ov udmidtepng tdéng dpol opilovtar ye dpoto
TPOTO %o OYVEL P2 < Pm3 < - < P, 3 < m < k. Ot nopdpetpot L, L, -+ ,paz, P32, -
elvon un apvntixol axépatot. Ot GUVTENEGTES €, Ciiyy = * 5 Cisiy e jipy; XOU OL TOOXOTTOUGES TIUES
tou ofjpatoc x(n) avixouvy ot éva owpa F. To odpa F Vo pnopoloe va eivar 10 ooUa TV
TEAYUATIXGDVY aptidy, To COU TwV wyadixey apduoy 1 éva tenepacuévo ooua. Ot npociécelg
xou ot tohhamhaotaopol mou eppavilovioar oty eiowon (9.1) eivar ot avtiotoyeec npdiec oto
owua F. Xoplc BAEBN tng yevixdtntag, oTn cuvéyeta Yo avaepdUasTE OE TEREQATUEVA COUILTOL.
Téhog, n nopduetpoc M oyetileton ue 10 Pfxog v apyxdy ouvinxwy tou xatuywent| NLFSR
xou Tpoodlopiletar and Tt oyéon:

J
M = max{L, My}, 2<m <k, My =max{Li i.in_, + 3 iw} (9.2)

w=1
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v |
Anovpyia —> )
TpoTopyIKGY Kadvoteprioelg Fpauumos >
TudTov Zvvivacuog
x(n)

Eyfua 9.1: H yevixr) apyrtextovixf) NLFSR xataywentédv mov Basiletar otnyv xovovixy ovamno-
pdoToom

6mou 1< j <m—1,0 <iy < P2, 0 <z < pus — i1, 0 < i1 < Pram — oy it Hpéren
va onuetwlel ott 1 eZiowon (9.1) opiler wa avadpowxd urmohoyilouevy éxppaor. Autd de Ya
unopovoe va cuuPel €dv o delxtng ¢ emTpenoTay va AdBel un Yetinéq Tipég.

H egiowon (9.1) anoxahOnter tny dt6TnTa ToU AvoAAoIOTOU OMGUNoNE TV YIVOUEVWY TwV
onudtov. Ilpaypatixd, ta dedopéva mou oyetilovtal Ye o Ypouuxd U€pog amoTehOLY YpOoVIXE-
¢ ohoWMoec tou ofuatoc z(n). O bpot Tou mepthapBdvovtar oto deltepne t4ine pépoc eivan
xpovixés ohofioels v onudtwy z(n — 1) - z(n — 1 —141),0 < i < pog, x.0.x. Enopévec to
ofua e£680u z(n) hopPdvetor ovclasTIXd and Eval Ypagixd cuVBLAGUS OMOUNUEVEDY avTrYpdpeY
evoc ouvbhov and ofpata mou xahovviar Tpwtapyxd ofjpata [43]. To mAfdoc twv mpwtapyL-
xOV ONUATOY Tou oyeTiovTon Ye Wiol GUYXEXPLUEVN U YpouxotnTa Tdéng m mpoadopilovto
and 1 nopaétpouc {Pmit,l =2, -+ ,m, evd oL oNoIoEC Tou cuuneptAaPBAvovTaL ot €Vol oU-
YUEXPIWEVO TpwTapy X6 ofua mou xadopiletar amd Toug BEIXTES i1,02, - ,lym—1 ONAOVETUL Omd
™V TOEAUETEO Ljy 4y . i . Do mapderypa, yior T Sebtepng TAENC PN YROURUXOTNTO UTHRY 0LV
P22 + 1 mpotapyixd ofjpata g wopphc z(n — L)z(n — 1 — 1), xadéva and ta onola nepthauBdavet
L;, ohoOoeig. Katd obuPoon nwotnta Lj, g, ... i, = 0 dnhadvel v anoucia tou avtiotolyou
Tpwtapyxol ohpatos. Ot douxéc napduetpot tne e€iowone (9.1) oynuatilouv to ddvuoya:

u=(k,r(k),S(k,r(k))) (9.3)

6Tov
r(k) = [p2 | p2 ps | -~ | pee - Prk | (9.4)
S’(k,r(k)) = [L | Ly --- Lpzz | LO,U LP32,P33*P32 | | LU,O,“',U "'69'5)

H xavovixn avandpaotaoy urnopel xatevideiov va vhonomiel otnv apyrtextovixy| nou eixovile-
T oto Lyhua 9.1. H apyrtextoviny auth anoteheitor and tpio xOptar dopixd TUfuaTa: TO TUARA
ONUIoLEYINE TWV TEWTAPYIXOY CHUATLY, TO TUAUL TV XAJUOTEPROEWY XAl TO TUAUA TWV TOMA-
mhaotao oY xat adpolotdy. To mpdto Tuiua tapdyel T tpwTapyixd ofuata. Aéyeton wg elcodo
¢ xouotephioelc Tou ofuatog x(n) xar anwtel T yeRon TOAAATAAGIAGTOY Yia TN dnuovpyia
TV TETIPYIX®Y onpdtwy. To debtepo turua nepthauBdver pla dopr xaduoteproewy Yoo xdie
TEWTAPYIXG GNuUa, 1) onolo Tapdyel GAa T ATAUTOVYEVA OALGUNUEVAL YIVOUEVA TTOU LTHRYOLY GTNY
eZiowon (9.1). To tpito tuhpa nepthopBdver Toug tohhamhaotaotéc Tou oyetilovtal UE TOUC OL-
VIEAEOTES Cj, Cijy s -+ + XL TOUG XUTIAANAOUS adpoloTéc mou cuvdudlovTal Yia Tn dnutouvpyia Tou
z(n). To oyfuo vhonoinone tapovotdletar BieZodxd 010 TapddEYUa TOU uxolouVEL:

Hapdderypa 1: Xynua TAoroinong
Ac dewprioovpe 1o un Ypopuxd xataywentr oAoUnong Ue avddpaor Tou TEplypdpETUL And THY
eZlowon:

z(n) = a’z(n—1)+a"%z(n—-3)+dlz(n — 1)]* +
+atz(n —2)P + a’z(n — Dz(n —2) + a®[z(n — 1)]®, n>3
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x(n)

x3(n-1) %@
_> -
) 4 x(n-1)x(n-2) %@\ x(n)
g x¥(n-1)

v
E

[apayoyn Kabvote I'pappicog
[potapyikov Ahrers ShuSnrnAs
Inuatmv

Eyfuo 9.2: H apyrtextovixt| tou un yeaumuxol xatoywenth ohiodnong ue avadpaon tou IToupa-
delypatog 1.

To a ouuPoliler éva mpwtapyxé ototyeio Tou couatoc GF(2%). To didvuoua doprhc evor To
uw=(3,[100],[3211]). To yevixd didypappa tov Lyhuatoc 9.1 hauBdver ) popph tov Uyh-
patoc 9.2. m

Y ouvéyeta opiloupe ta axdrovda dravioyata dlactdoewy R X 1:
R T
Xp=[z(P+1) z(P+2) --- z(P+R)] , (9.6)

(P +1)x(P+1—ip)---z(P+1-3" "))
R 2(P+2)z(P+2—iy)--a(P+2- 37" i))
XPiiressime1 = : (9.7)

uP+mﬂP+R—ﬁf~ﬂP+R—zﬁTm

omouv 2 < m < k xaw P > 0. Ot deixteg 41,42, ,4m—1 ONAGVOLY TO avTioTOL(O TRPWTUPYIXO
ofua, eve o deixtng P xadopilel o npwto ototyeio twv Stoavuoudtwy. Adyw tou availoldTtou
ohodnone e ekiowone (9.6), Yo onowdhrote 0 < K < R, wyber XE = [XE]T z(P+ K +
1) - z(P+R)]’. To XK anotedel 10 dve vmounhéx tou X B pe pAxoc K. To didvuopa
X}—?’il’ draepileTon pe mopdUolo TeodTo.

H e€iowon (9.1) eivou pn ypopuxh og npog 10 £(n) ahhd eivon ypaumixy ¢ Tpog Toug ayve-
OTOUG GUVTEAESTES {Ci iy io, e im 1 +- MolebovTog dha ta defyparta tou ofjpatoc z(n), M <n < N
xou Vétovtag ¢ = —1, ypdgouye v eZicwon (9.1) oe dravuopoatixr wop@n ws e&hg:

im—1

L P22 7,1
_ N— M N-—M
0 = D aXuT'+ Y > e Xy i, +
=0 11=0 1=1
p32 pas—i1 Liysip

+Z Z Zc”lv“ M- 221,zz+"'+

11=0 22=0 =1

Pra Pra—it  Prk—Sor— i Lipig-

—i—Z Z ) Z Z Ciyiyye yig— 1XJ\]\/; %1,%9, g1 (9-8)

i1=0 =0 ix_1=0
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H nopandve eiowon propel vo ypagel o pop@n mvixwy og e€ng:
Ti(u)-C =0 (9.9)
6mov o (N — M) x Q nivaxac Ty (u) xou 10 Q X 1 didvuopa-otiin C opilovton we:

N-M yN-M N-M yN-M N-M N-M
T (u) = [Xp 1 Xv—p o Xy XM—LO,O XM—L0+1,0 XM—LO,O,O,O -] (9-10)

" (9.11)
H napdpetpoc @ dnhwver tov aptdud twy otnhev tou epthauBdvovtar otny eZiowon (9.8). Eiva
oapéc 6t 0 u (BAéne e€iowon (9.3) ) eréyyer to uéyedoc touv Ti(u). Enopévec yu 8o Sua-
popeTxd draviopata u xat 4 ot avtiotoyot nivaxee Th(u) xou T (1) éyouy dagopetixd aptdud
Yooauuwy xat oTnhey. Eivar ypRowo yio tnv avdntudn mou Yo axohovdfoet 1 evapuovior Twy
oY v otnhody. T to Aoyo autd enexteivoupe tov nivaxa T (u) otov

T(U):[XJ\]YFL XJ\ZYFLH Xﬁ XJ\ZYFLO,O XJ\ZYFLOH,U XJ\ZYFLO,O,O,U el (9.12)

C=[cL co—1 -+ € CLy0 CLo—1,0 *** CLy00

6mou ot Téc Tou ofjpatoc z(n) mou Peioxovia extdc Tou daothuatoc 1 < n < N hopPdvovta

’

avdaipeta, ouuBohiovtor ye * xar avapépovtar kg adldpopes elcodol.

Tuvodilovtag, xdie xavovixt| avarnapdotaon (9.1) avtiotowyel oe éva didvuoua doprc (9.3),
évay avtiotoryo mivaxo Ti(u) xou éva didvuopa cuvieheotwy C pe ¢g = —1 (Bhéne eiowoel-
¢ (9.10), (9.11) ), étor wote va woyver N egiowon (9.9). Aviiotpoga, €va didvucpa dophc TNe
wopprc (9.3) xan wa pn undevixh hon e e€iowone (9.9) C, odnyody ot pior xavovixnh avarnaupd-
otaon (9.1), edv to C napdyer wa éxppacn tou urohoyileton avadpouxd. To televtaio onuaiver
611 10 Ypauuxd utounhéx tou C eivar un undevixd. Emnpdoteta, edv Ky eivar 1o tpodTo un unde-
VIXO OTOEID TOTE Cj iy in,we imor = 0 YIL ONA T 41, %2, ,om—1, 1 < Kp, 2 <m < k. H ouvinuy
QT UG ETUTPETEL VA ETLADCOUUE WG TPOS TO cKoXﬁ:%O XL EYyvdtar 6Tt To TpoxUTTOY de&l YE-
Aog €yel auTiath Wop@r|. 3TN ouvéyeta Tou xeqoulaiov Yo aoyohntolue Ye TO OUOYEVES YPaUUUXD
obotnua (9.9) xou Yo avalnthoovpe Adoelc Tov odnyoly ot apyttextovixéc Tou uroloyilovta
avadpoUIxd xou TaLTOYEovVA elval EAAYIOTEG UTO TNV €VVOLA TOU TERLYPAPETAL TAPAXATE.

9.3  OAuxn) SLdTagn xaAVOVIXWY LOPPLY

Ly evotnta auth opileton pia ohxt| 8tdtaln 010 6OVoho twyv dtavuoudtwy douhc u = (k,r(k), S(k,r(k))).
H 8itdtaln auth pog enttpénet va anoTiufioovye Tic avtiotoyes apyrtextovixés. Eoto V(u) pa
npaypotixs; ouvdptnor, V(u) : A — R. H V(u) avtinpoowneldel 1o x6otoc uhonoinong nou oye-

tiCeton ye v apyttextovixy mou avtietotyel oo u. Ovopdlouue TN ouVdETNHOY AUTH CLUVAETNHOT
ddtagng. To abvoho A mepixheiet OReC TI¢ Ex TwV TPOTEPWY TANPOYORIES Yia To Stavioportor Soung

u. Eotw

Bu) = [1 i filla) - Xy T fllipens) | 013

T
Qu)= [ L+1 Ty Liy - i Tip, Livioreins | (9.14)

6mou 10 fs(n) wolbtow pe undév v n < 0, dwgopetxd wwolta pe 1. Edv fo(Lj, i) = 0,
T6TE TO avtioTolyo mpwtapyIxd ofuo anouctdlel. Me dedoyévo to k, 1 i-00TH CUVIOTWOO TOU
B(u) mopéyet tov aptdud TV TpWTUpYIX®Y ONUATLY Tou avTieToyoly oty té&n i. Iapduota
ol ouVIeTWoES Tou Q(u) TEPLYPAPOLY TIC XUVUOTEPHOEIC TOY TPWTAPYIXDY onudtwy. H didtaln
ouufBoliletar ye <y xar opiletar wg axololing:

’EO‘E(.O Ul = (kl,’f'l(kl),Sl(kl,’f'l(kl))) , U2 = (kQ,’f’Q(kg),SQ(kQ,’f'Q(kQ))) € .A TéTE

uyp <y ug €8V xou povo eav toylet éva and o axdhovda (9.15)
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1 V() < V(us)

2. V(wr) = V(up) xo k1 < ko

3. V(ug) = V(ug), k1 = ky xou B(u1) <7 Blus))

4. V() = V(us), by = ko, Blur) = Blus) xou r1 (k1) <1 ra(ks)

5. V(ur) = V(ua), k1 = ko, B(ur) = B(us), r1(k1) = ro(ke) xou Q(ur) <7 Q(us)

6. V(ur) =V(ua), k1 = ko, B(uy) = B(us), r1(k1) = ra(ks), Qur) = Q(us) xou S(k1,7r1(k1)) <r
S(ka,2(k2))

6mou 1 oAxo0 Baduol didtaln yetadd d0o m X 1 dravuopdtwy p xar g opileton and tn oyéon
[108]:

(p1 - pi o Pm | <v@ 0 @G o gm | €8V xou pévo edv Z pi < Z qi
1<i<m 1<i<m

Al D pi= Y @ | AE)((L<i<m)A i <Pt =ity >Pm = Gm))
1<i<m 1<i<m

Loygwva pe tov tapandve optoud 1 didtaln <y Poaoileton xOpto 6t ouvdptnon xbéotoug V(u).
[Ma vhomotfoelg foou xéotoug, N ddtaln <y Bacileton oty T4En g un Yeouuwxotntoc. Edy
eZaxohovlel 1 oot N Sdtaln <y Baciletor 0to TARYOC TWV TEOTUPYIXWY CNUATWY 1 GTO
mAfdog Ty xaduoTeEpoEWY.

Ilpéraon 1:

H Sidtagn mov opiletar and v (9.15) eivor ohw).

Aréoeén:

Ac vnodéooupe b1t undpyouy u, u' € A pe u # v, tétol dote va unv woyver ovte 1N oyéor
u <y u' obte nu’ <y u. Avutd umovoel 6u V(u) = V(u'). Tére, touhdyiotov éva and 1o
axohovda efvar ahniée:

k# K 6 (k) #0'(K) % SU,r(k) £ S'(K,r' (k)

Edv wybet k # k', téte and v (9.15) naipvoupe 6t u <y u' f v’ <y u, drono. Eotw tdpa
6t woybet k = k' xa r(k) # r'(K'). Trdpyouv (3,5),2 < i,j < k,i > j této1a Gote pij # pyj-
Enopévoc and v (9.15) ouurepaivoupe dtt u <y v’ A u' <y u, drono. Télog, ac utodéoouye bt
k=Fk,rk)=r(), Sk,rk)) #S"(K,r'(K)). Téte yioa xdmotat 1,49, yim—1,2 < m < k,
woyOer 61 Liy iy i 7 Lt . Enopévwe 1 (9.15) odnyel o€ dtono. m

11,02, im—1

9.3.1 H ovuvdptnon didtagng

H axpiffric €xgppaon tne ouvdptnong didtadng eaptdton and TNV Ap)yLTEXTOVIXT TOU LoVeTE(TOL YIa
v vhonoinon twv NLFSR xaddg xar and ta xpitvpta ye Bdon ta onola a&loloyeitoar to x60T0¢
vhonoinone. Tevixd, n V(u) pnopel va optotel wc 10 eNdytoto and dha ta duvatd x66Ty VAOTOI-
NomNe ToU u, x4t Tou onuaiver 6Tt i xde u ypnotponoteitoar N xahltepy (olupova ue dedopévo
xptthpto) vhonoinom Tou TohuwViRoU avddpaonc. Autd unovoel 6Tt yia Sedopévo u anoTiobvTaL
6heg ot duvatég vlomotfoelg, oOUPWVIL UE TO BEBOUEVO XPITAPLO, Xl ETAEYETOL QAUTH YE TO EAG-
Y1070 %6670¢. 2071600, AOY® NG TOAUTAOXOTNTUC TNS SLadixacidg TOU TEPLYPAPNXE, UTOPOVUUE
var LIOUETACOVUE EVaL GUYXEXQPIUEVO OY UL APYITEXTOVIXNC, OTWS Yo TUPAOEIYUd TO Oy AU TOU
Baoiletoar ota TpwTUPY XA GHUATY TOV TEPLYPdQNXayY ot tponyoluevy evotnta. To xéctog vho-
noinong uropel va amotiuniel wg 1o dpoloua ToL X6GTOLG TV AIPOIGTAOY, TWV TOAAATAACIACTOV



KE®AAAIO 9. MH I'PAMMIKOI KATAXQPHTEY OAIYOHYHY ME ANAAPAYH 94

XL TRV LoVAdwY xaduoTépnong 1 w¢ 1 OLVOAIXY EmLQdvela Tou Yenotponoteltar 6tay o NLFSR
vhonoteitor wg ohoxhnpwuévo xvxhwua. H ouvdptnon V(u) éyer tnv didtnta 61t 1 npociixn
xJUCTERNTOVY 1] 7] ELCAYOYY VEWY TEWTAPYIXOY ONUAT®Y ALEAVEL TO XOOGTOS TOU XATAYWENTH.
Ac urnotéoovye hotndv 6L 1 ouvdptnon V(u) avanapiotd to xb6otog vhonoinong mou oyetiletar
we v apyrtextovixr] tou Lyfuoatoc 9.1. H V(u) cvurnepthopPdver 1o x60t0¢ dnuovpyiog tov
TEOTAPYIXWY ONUATWY, TO X00TOE TwV XAJUGTERHOEWY, TO XOGTOC TWV TOANATAACLICTOV XA TO
%x607T0¢ TV atpotoT®Y. Ag GUUBONGOVUE UE iy iy, im_1 TO XOOTOS TWV TOAATAACIACTOV TOU
amoutodVTAL Yo T1) dnutovpyia Tou avVTIoTOLYOU TEWTAPYIX0) CHUATOC XA UE YD, VS, YA TO XxO-
0tog evog xaduotepnTy, evog ToAlanhactaoTr xot evog adpoloty, avtictorya. Tote, 1 ancudeiog
vhonoinon tou Yyruatog 9.1 €yel to axdrovdo xbéoTOC:

. —2.
k  Pm2 Pm3—t1 pmmfz;nzl tw

V(u) = L+ Z Z Z ce Z fs(Li17i27...7im71) . (Lil,iz,---,im,1 — 1) YD +

m=2 i1:0 i2:0 im_1:0
k Pm2 Pma—it  Pmm—Yw—i bw
+ Z Z Z Z fs(Lilyi2"";im71) .inl;i?,"';imfl +f5(Mp _L) : (Mp _L) fYD +
m=2 i1:0 i2:0 im_lio

. _2.
k  Pm2 Pm3—1i1 pmm_zmzl tw

A EEDIDNDD Yo L |- (vs +74) =74 (9.16)

m=211=0 ¢2=0 tm—1=0

6mou o 6poc fo(M, — L) - (M, — L) - yp, M, = max{pmm + 1,2 < m < k} exppdlet tov
tpdodeto aptdud xaduoTEPHoEWY TOL Z(N) TOU ATAUTOVVTAL YIo TN ONUOVEYIN TWV TEOTAPYIXWY
ONUATOY.  EMUEIGVETAL OTL To TRAYUATIXE X60TYH eEupTOVTUL Omd T TEAYHoTiXd mhaiota ota
omola n apyttextovixy tou LyRuatog 9.1 vhomoteiton.  AtopopeTinés LAOTOOE 00NYOLY o€
drapopeTixéc ouvapTthoel xdotous. Eotw 61t 10 45, = g2 0pilel 10 x60T0¢ £vOHE TOAATAAGIAGTN
dVo otoyeiwy. Acurnodéooupe 61t 10 x65TOC UAOTOMOTS EVOS Yivopévou Baduol m diveton and T
OYEON Vi, simn 1 = (M —1)g2,2 < m < k xou enlone 6t g = yp + 75 + va. Téte, hapBdvovroc
uddn 1o Tfdoc Ty TGOV @ Tov olta pe v [1-vépua tou daviopatos Q(k,r(k)), 1
eZlowon (9.16) anhomoteitar oty axdhoudr Exgppoon:

Viw = (Q-1)-g+ fs(Mp—L)-(Mp—L)-vp—
k' Pm2 Pm3—i1 pmm—z;n:_f Tw
DI DED DD DI ¢ 2PN R T
m=2141=0 1¢2=0 tm—1=0
k  DPm2 pm3—i1 pmmfzzun:_f T
T Z Z Z Z fs(Lisyinye i) - (M —1) - g2 — v (9.17)
m=2 i1:U i2:0 im_1:0

Iapdderypa 2 : Xotnua Hammerstein
H edixd| nepintwon e eZiowone (9.1)

Lo

z(n) = Z cix(n—1)+ Z ciolz(n —i))?

=1 =1

opilel éva povtého Hammerstein. Ytnv nepintworn auth to didvuoya doprc u yapaxtneiletat wbvo
and e nopapétpouc k, L xar Lg. Ipoypotxd, eivar k =1 4 k = 2, r(1) = 0,7(2) = (p22) =
(0),S(1,7(1)) = (L), S(2,7(2)) = (L, Ly). Enopévwe, 10 shvoro A anoteleitar and draviouorta
e wopphc (1, L) % (2,L, Lg). O nivaxac 9.1 napovoidler ) didtaln x6o10Ug TOU TPOXVNTEL Yia
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ivaxag 9.1: Olxy| Brdtadn x66TOUS Yiot TNV TEPITTWOT TOL TapadelypaTog 2

Vv nepintwon 6mov go = 0.6g, y4 = 0.2g, yp = 0.5g, 7, = 0.3g xar o1 xaduoteproelg eivar
tétoleg Hote va napovotdlovy max{L + Lo} = 6.

il w [ V@) [ i ] wi V@)l [ i [ wi [Vl [ i [ uw [ V(wlg) |
1] (L,1) 0.8 8 [ (2,1,2) 2.9 15| (1,5) 48 22 | (2,5,1) 5.9

21 (2,0,1) 1.4 9 [(2,0,3) 3.4 16 | (2,4,1) 49 23 | (2,4,2) 5.9

31 (1,2) 18 10| (1,4 38 || 17| 232 | 49 | 24](233)| 509

1 @L) | Lo |[ii|@3n| 39 18223 49 |[25] (224 59
51202 | 24 |[12]@22) | 39 |19 @14 ]| 49 [26] (215 | 59

6| (1,3) 2.8 3] @13) | 39 [20] 205 | 54 | 27](206) | 64

7| (2.2,1) 2.9 14 | (2,0,4) 4.4 21 | (1,6) 5.8 :

Enuetdvoupe v Onapdy Slavuoudtwy u tou Tapouctdlouy to (Blo x6otog. H didtaln twv dio-
4 7 7 /7 /7 ’ Ié 7

yooudtey autdv Baoiletar oto thidoc twv xaduotepfoewy, dnwe emBdihetar and v (9.15).

| ]

9.3.2 Awtinwon ITgoBAjuatog

To e€etaldyevo mpdPinua dratundvetu o e&rc: Aedopévne wag axohovdias {z(n)} whixoue N
oto owua F', evog cuvohou TEQIOPIoUMY Xl WaS ouvdpTnong xdotoug V, va Beedel to didvuoua
douhc u = (k,r(k), S(k,r(k))) € A xou to didvuopa twv avtictorywy cuvieheotwy C €161 GOTE
n z(n) va topdyetar and TNy apyrtexTovixf tou avtiototyel oo u xar C xar TaVTOYEOVY 1) dp-
Yrtextovix auth v efvon 1 eAdytotn we mpog T ddtaln <y. Me axpiBeic 6poug, avalntolue
u = (k,r(k),S(k,r(k))) € Axu C # 0 této00 dote Ti(u) - C = 0, énov 1o C vroroyiletu
avadpouned xan yio 6o T U’ € A pe u <y u dev undpyet xavéva avadpopxd unohoyouevo
C' # 0 této0 dote Ti(u') - C' = 0.

E&etdloupe eniong ) datdnwon tou oelptaxol avtiotolyou tpofiiuatog otny evotnta 9.5.
To oelploxd mpofinua dratunwvetar we e€ic: Ag unodéoouue 6Tt 1o u elvor T0 eAdyoTO Brdvuoua
douhc we mpog Tt ddtadn <y mou mopdyet T dedopévn axorovdia z(n),n = 1,--- , N. Aedouévou
Tou enopévou 6pou (N + 1) va Peedel 10 ehdytoto didvuoua douhc we mpog T didtaln <y Tou
nopdyer Ty axohoudia z(n),n =1,--- ,N,N + 1.

Mo tpedTn TpoGEYYIon Yiol THY AVTILETOTIOY TOU TpoPBAfuatog elvor 1 e€avtAntixy avalitnon.
Hporypotind, ag dratdouvue to dlaviopata dopng wg e€Rg:

U <y U2 <y uz <y - <y U <y Uil <y -0 (9.18)

Téte pe ) wédodo e e€aviinuixic avalimone xataoxevdlouvye dradoyixd toug nivoxes T (u;)
xol ENEYYOUNE EGY uTdpy oLy avadpopxde urtohoylopeva C # 0 tétola wote Th(u;) - C = 0. To
oyfua auTod TEpLAaUBAver €vay TepdoTio aptdud LTOAOYLOUGY ool 1) Bladxacio Yia Tn YeUuWxn
eZdptnon enavahauBavetan yio x&ie T (u;). O evdoyevic TAEOVAOUOS TV UTONOYIOWMY OPEINETAL
o7to yeyovog 6ty xdie u; xau yioo Ok ot uy <y ug, ot mivaxeg T'(u;) xar T'(uj) pworpdlovian
and xowvol apxeté othkeg. Mia mpooéyyion yio TV anodloyy) Tou TAcovacuol eivor 1 amodr-
AEVOT] TWV EVOLIUECKY ATOTEAEOUITOY X 1 Yenolonoinoy| Toug oe emdueva Buota. 2otoc0, 1)
TpocéyYon auth anautel UeYdho amodnxeuTIXd YOpEo.

Mo evodhaxtixd eivor 1 eloaywyh 6hwy v ooy v T(uj),u; <y u; oc évav mivaxa
Trnaz(wi), 0 Yeowx e€dptnom tou onofou avtavaxhd tehxd v e&dptnon tou erdytotou T (u).
Qot600, 0 TpoxlTTOV Tivaxas TEPLEYEL TOMAG ddLdpopa” oTotyEla xou To Véua NG Yeuumxne eEdp-
mone anoutel xatdAiniec tpononomoec. YTrdpyouv molhof akydprdyor [20] Swwdéotyor yio tov
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IpoencEepyasia:
TIpocdropilet T SLATAEN TGOV SOVOCHATOV SOUNG

v

T i=1: nax

»| TIpocdiopiopdg g 6TAng X tov

T(u) mov dev oviket 6ToV Tmax(Ui-
|

Evnuépoon oo Tma(U)
Nat @ Oyt

Y A 4
[ ToaW)=Twaui) Xal | [ Toa(W)=Trmauia) |

' y
:

| Atevboven Ztniav |

Eheyxog ypoppikng eEaptnong Y

Nat Oy
X % 0 X

y
fs, |s tpocdropiotnkav o
TPONYOVLEVO PripaL

v
EFIA: npocdiopiopog fs, I

Y . 3
< Not f<1 Ox
) I <N +
Eheyyoc
Eloyiotov
Oxt /\ Nat
< Ui eMGiyioto _>—— HIE(I)_(ISZSSK:QQ

Eyfua 9.3: H doun tou mpotewvduevou akyopituou

ENEYYO TNC YPUUUIXNC e€dpTNoNne. LTy TEPINTWOT Yo EVOLUPEPOUICTE YIo OELPLIXO ENEY YO NG
Yeauuxig aveaptnolog xar emouévmng Yo ypnoiponoioouye pla tporonoinoy tou Fundamental
Iterative Algorithm (FIA) nou éyet npotadei and touc Feng xar Tzeng [35] otnv npoondietd toug
vaL YEVIXEVGOLY Tov ahybpripo Ty Berlekamp-Massey yia to tpdBAnua twv ToAAGY axohouvdoy.

9.4 O Ilpotewopevoc AAyoprdpog

H opydvwor tou npotevouevou ahyopriuxold oyfuatog gaivetar 6to Lyfua 9.3. Anoteheitou and
éva Tuhue tpoenelepyaoiag xou o xVpto pépog tou ahyopiuou. To tudua tne npoeneiepyaoiog
TopdYEL TNV OAxY) B1dTady Twv Slavuoudtwy dourc Tou teptéyoviat oto aOvolo A. To tufuo autd
dev e€aptdton and TN dedouévr axolovdia xou Topéyel To TAalolo epyactiog Yo To xUplo U€pog Tou
alyopituou. H vlomnoinoy| tou umopel va un yiver oe npaypatixd ypedvo.

To xbpto pépog Tou akyopituou mepthauPdver tpio Tuhuata. To mpwTto TuRua xataoxevdlel
oAk mpoc oTHAN €vay mivaxa Tee mOU axohouvlel tn didtaln twv dlavuoudtewy dounc. To
devtepo e Tpoadlopllet éva ypauuixé ouvduacpd (edv vrdpyel) v oTNAGY T0U Tipe, TOU
oynuatiCel pla vrodrpla yia eAdytotn Abor. To tpito pépog eAEyyEL €AV O YPOUUAOS CLYBLACUOS
avtiototyel oty ehdytoty Abo. Iho cuyxexpéva, To TpdTo TPAPA axohovdel Ty ok Brdtady
%ot eviuepdvel 1oV Tivaned Tnaz (4i) Tpocdétovtac ™ otfiln X7 (edv undpyet) Tou T (u;), 1 omola
dev ouunepthapfBavetar 6tov nivoxa Tie, (ui—1). Ipoodiopilovtar ot Bievdivoeic Shwy Twv oTRAGY
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ou T (u;) mou repiéyovion 6tov Tinag(uim1) Ty 1 otikn X7 dievduvoiodotelton we 7 s-007H
oA 0V Tag(ui). H Sadixacio auth extedelton and 1o umhox dreuvduvoroddtnons oTnhédv tou
Eyfuatog 9.3. To dedtepo tunpa Tou xupiou uépoug tou alyopiduou vrokoyilel Tov aviyveuty
opdhyatog fs xou o U€yoto unxog Iy Tou dvw uToumhdx TN OTAANG X}Y TOL EVOL Y POUULXES
eZapTNUévo Pe To avTioToL o UTOUTAGOX TWV TEONYOVUEVLY GTNAOY TOU Tpag(ui). Edv 6hec o
othhec tou T'(u;) ovpnepthaufBdvovtar otov tivaxa Tag (ui—1), T yopaxtnetotixd toug fg xon lg
€y oLV Hd1 LToAOYIGTEL o€ XdTmolo TEonyolLuevo Bua. Edv yio tn oTthin X}\[ oylet 6t fg =1 xou
ls < N; (o 6poc X}\f ONAWVEL TO GV LTOPTAOX TNS GTHANG X}\[ Tou avixet otov nivoxa T (u;)),
16TE 0 alybpripog ouveyilel 0To TPWTO TUAUA TOou. ALXPOPETIX, TO Tp{To TUAUA EAEYYEL EAV O
YPUUUIXOg cuVBLACUOS Tou Tpoéxule avtiotoyel oty emuunTy ehdylotn Aoor. Edv dev oy et
ouTh N TepinTwo, 161 0 alydpripog cuveyilel 6To TEOTO TURUA. AlQOPETIX, €YEL UTOAOYIOTE
7 emduunty Abon mou odnyel otov ehayioTou xdoTOUS PN Yeauwxd xaTaywenTh ohicUnong ue
avédpaon (NLFSR). To napandve tufpata tou xupinwe ahyopidpou avoldovial oTic ENOUEVES
EVOTNTES.

9.4.1 Evnuépwon tou T, (u;)

[ xde u; € A ag ovpBohicovye pe set(u;) 10 chvoho v otnhey tov T'(u;). Emnkéov, éotw
Set(u;) t0 6OVOho TV 6TNAOY Ghwy TV T(v),v <y Uit1 xut Theqz(u;) 0 mivoxoac pe othlec Gha
o SravOopata tou Set(u;). Edxoha uropel va det xavelc 61t 1oy et

Set(u;) = U set(uy) = Set(u;—1) U set(u;),

w=1

6mou xatd oOuPacn ug = (1,(),(0)) xou Trmaz(up) = (X). Emnhéov, edv eivar set(u;) C
Set(u;—1), téte Set(u;) = Set(u;—1). And tov opoud g ohixnc BIETaENS X0t TNG APYITEXTOVIXNC
nou Paoileton ota TpwTapyxd ofuata, eivon gavepd 6t xdle mivoxac T'(u;), 1 > 1 neptéyet to
ToAG plo oAk mou dev mepiéyetar o xdmowo T(uy),w < i. H otihn avth avuotoryel eite
0€ TPWTOEPPAVILOUEVD TpwTapY X6 ofiua mou dev epgaviotnxe ot xdnoo T'(uy ), w < i eite o€
enouevy xohuotépnom TpewTapyixol ofuatog Tou undpyet otoug Tivaxes T'(uy ), w < i. Enopévee,
Ohec extoc lowe and pla oAl ofyoupa Tepléyovton oTov TEONYOUUEVO Tivoxd Timag (ui—1). Tho
ovyxexpléva, edv set(u;)} € Set(u;—1) téte vndpyet otk X, € set(u;) tétola dote

set(u;) C Set(u;—1) U{Xr,} xou Set(u;) = Set(ui—1) U{Xy,}

To I; dni@ver to deixty e othidne X, 6nwe opiletar and tc e€odoec (9.6) xa (9.7) (O
exVetinie deixtne N napaheinetan yio Aoyouc anholoteuonc). Enopévoc, v to Set(u;) éyovpe

Set(uy) C Set(ug) C -+ C Set(u;) C Set(ujy1) C -+

H ropamdve peptn didtagn cuvormy endyetar and Ty ohixt| didtaln <y . Ltn ouvéyeta opiCoupe
10 ax6hovdo Bdvuoud BEXTOV:

MI, :{ Ml ey Xp=0 o (9.19)

(MI;—y (L)) v Xp, #0°

we M1y = ((0)). To didvuouo MI; nepiéyet GAOUC TOUC DEIXTEC TEWTAPYIXMOY ONUATWY XAl TV
xaduotephoedv toug tou eppaviloviar 6tov Ties(u;). H dadixacia evipépoons tov Thaq (u;)
xou M1; mapouotdleton otov Ilivaxa 9.2 xar eZnyeiton xohdtepa oto IMoupdderypor 3. Me I(u;)
ouuBolilovye T0 GUVORO TWV BEIXTWY TOL AVTIOTOLYOLY GTO U;.
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Mivoxac 9.2: Evnuépwon 10u Ther (u;) (TmaxUpdate)

Eicodot: u;
"E€odot : Sp, X7
Kaohxée petafhntéc: i, 5, Trnazr (Tmaz(uo) = (X)), MI, N, z(n), N ‘
BApa 1) Evtomopdc othing X}Y set(u;) = (set(u;) N Set(u;—1)) U {X}Y}
BAua  2) Edv X7 =0,
Tmaz(ui) = Tmam(uz 1) MI; = MI; ;.
AANLOC
j=J+1
Tmaz(ui) = [Tmaz(ui71)|X£7];
MI; =MLy (I;)).
Sy = {p : M[Z'(p) € I(UZ) ol S()(l) > 50(2) > }
O¢éroupe N (i) = 1o Thidoc v otnhady tou T (u;).
BAua 3) Emwotpoot.

Iapdderyua 3.
A¢ Yewprioouvpe ta povtéha Hammerstein nou avagpéodnxav oto Hoapdderypa 2 pye tov neptoplond
max{L, Lo} = 4. Tére, ocbppwva pe to Ioapdderypa 2 eivou

Tz (u) = [Xo X1 Xo,0 X2 X1 X3 Xoo X4 X30]

O ITivaxag 9.3 avahber die€odixd t Sound tou mivoxo Tryeq (wi).

ivoxac 9.3: Avdhvon tou nivoxa Trpeq (ui) tou apadelypatog 3

| i | Ujg | Tmax (ul) | M[i |
T (LD | Tomae (1) = [Xo X M, = (0)_(1)
2 (2,0, 1) Tmax(’u,g) = Tmax(ul) X070] M[Q == (Mll (0,0))
3 (1,2) Tmaz(US) = Tmaz(UQ) XQ] MI3 = (MI2 (2))
4 (2, 1, 1) Tmax(’u,4) = Tmam(u3) M[4 == M[3
5 (270,2) Tmaz(US) = Tmaz(u4) Xl,O] MIs = (MI4 (170))
6 (153) Tmax(uéi) = Tmax(uﬁv) X3] MIg = (MIB (3))
7 1(2,2,1) | Thaz(ur) = Trax(us) MI; = MIs
8 (2, 1, 2) Tmax(’u,g) = Tmam(uﬂ M[g = M[7
9 (2,0,3) Tmaz(UQ) = [Tmaz(u8) X2 0] MIQ = (MIg (2,0))
10 | (1,4) Tmaz(u10) = [ Timax(ug) Xa] Ml = (MIly (4))
11 (27 3, ]-) Tmaz (ull) maz (Ulo) MI11 = MIlO
12 1 (2,2,2) | Thae(ui2) = max(ull) MIs = MIyy
13 (27 1,3) Tmax (U13) = Tmaz (U12) MIis = MI»
14 (27074) Tmax(u14) [Tmam(ul3) X3,0] M, = (MII3 (350))

A¢ Yewpriooupe yia mapdderypa To nsnspaopévo copa GF(21), éva mpwtapyixd otoyeio tou a

xau Ty oxohwdia a®, at, a?, a”, ab, a®. Téte

C Wt a0 B a7 o ab el
B AT db ab ot @2 g2
B d d® b o a2 a2 o« g
Tnaa(u14) = o at a2 a2 s ot o« %
ab a2 a2 x  at o« * * *
| a2 x at o+ x  x x  x % i
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|

Y1 yevixd| nepintwon, o nivoxac T'(u;), i > 1 unopei vo neptéyet neptoodtepes and pio oTHAES TOU
dev meptéyovtar ot xdmotov T'(uy, ), w < i. H Stadixaoio evnuépwong tou Treq (u;) avipetoniletu
TOPOUOLY. LUUTEQUOUOTIXG, xdVE VEO u; Umopel VA EIOAYEL TEWTAPYIXA oTuaTo 1 XVOTEPNTEIS
701 VTP OVIWY TEWTAPYIXGOY GNUATOV oL dev neptéyovtar oTov Tivaxd Tine, (ui—1). H 186t ta
AU TH avTovaxAdTon oty Xataoxev| ToU Tinag (ui) pe Ty Tpoofxn B 6yt otnAdY 610V Thgs (Wiz1).

9.4.2 Enéxtaon touv FIA alyopiduou

Do xdde véa 6TANY ToU Thngas (u;) Yperdletar va Tpoodlopicouue 800 onuavTxd YopaxTnploTixd
nou emnpedlouv xploa o endueva PrApata Tou alyopityou. To mp®dTo yopaxtnEloTIXG AvTI-
otolyel 010 UEYIOTO YPAUUWXO CUVOLUCUS, EVE TO BEVTEPO YoapuxTnploTixd oyetiletar pe évay
aviyveutr) opolpdtwy. O péyiotog ypauuxog cuvduaouog utag dedopévng oThing exgpedlel to
HEYIOTO AVOTERO UTOUTAOX TN OTAANG QUTAHS WS YRUUWXO GLVBLUOUS TwY AVTIGTOL WY TPoNYoL-
UEVODY UTOUTAOX, UE TOV TEPLOPLOUO OTL EQV €Val TPONYOVUUEVO LTOUTAOX TEpLéyel Wi adtdpopn
eloodo, o avtioTtolyog cuvteAeoThc elvon undevixds. Ag oupBoiicouvue pe [ 1o uixog tou péylotou
umounhox. O aviyveuthc cQUAUATWY Utog oTHANG EREYYEL €AV O PEYIOTOG YRUUUIXOS GUVBLUOUOC
Tou TPocdloploTXE TponYOoLUEVA unopel va epapuooctel oty | + 1-00Th yeauur. Avtd amartel
oho oL adLdpopar oTolyelo TNG YPoUUNRS ALTAS Vo avTloTolyoly oe Undevixols GUVTEAECTES TOU
Yeuuutxol ouvdvaouol. O aviyveuthc opdipatog wag oThing ovuBokiletar pe f xar AapPdver Tig
Tiwéc —1 (éva 0 ouvduaoude dev propel va epapuootel) xou 1.

Y11 ouvéyela topovaidlovye o Tpononotnuévn woppt Tou FIA nou npoodiopilet ta l; xau f;
xdde othhng A;j evég mivaxa A mou mepiéyel adidpopa otoyela. To adidpopa otoryeio Beloxovto
Bradoyixd 6T0 x4Te Uépog TV oTNAGY. Liupwva pe o Yeodpnua ehuylotou g [35] 0 alydpriuog
FIA Bploxel 10 uxpdtepo apyix6d oOVOAO Ypouux®s eCaptnuévwy otnhwy evoc N x K mivoxa
A = [arj] o€ éva oopa F e t8&n wxpdtepn and K. Tevixdtepa, o FTIA unopel va ypnowwonotmdef
w¢ €vag ahdprduog mou ehéyyel T Ypopuxt eEdpTnon wag oThing Tou A and TIC TponyolUEVES
othhes. Trevduuiletan 6t 1 j + 1-ooth (0 < j < K) othhn tou A eivor ypoppixde eZoaptnuévn
and T TEONYOUUEVES J OTHAES, €4V UTEEYOLY C1,C2, -+ ,Cj 0TO F, oyt Oha undév, tétola wote

arji1+ciarj+---+cjapp =0, ya r=12,--- N

Xenotponotdvac Tohuevupixd avampdotach opillovue T tohudvupa C(z) = co+erz+- - - +cja’
xou a(r)(w) =ar0+ a1z + - —l—ar,KwK, omov ¢g = 1 xaw app =1 yior =1,2,--- |N. T«
j+1<n <K, 7 éxppaon [C(z)a")(z)], dnhédver to ouvteheot 10U bpov ™ 610 ywduevo
C(z)a) (z), dnhodi,

J
[C(2)al™ (@)]n = cotrm + 1arm 1+ + Carnj = Y Colrnw

w=0

Etot 1o npdéPhnua avéyeta otny edpeon evoc nouwvipou C(z) pe Badud deg C(x) < j tétolo
wote
[C(Q:)a(r)(.’,ﬂ)]j+1 =0, ywr=1,2,---,N.

To wxpdtepo j mou cuuPoliletar pe jo xou xavomotel Ty Tponyoluevn elowaon npoadiopilel to
Wxp6TERO apyxd olvoro eaptnuévey otnhmy. To avtiotoryo nokudvupo C(z) eivar povadixo.
‘Ola T umdAoLTaL § > Jo TOL IXAVOTOLOVLY TNV TEONYOVUEVY EE[6WAT AVTIOTOL 00V GE YRopux0)g
oLYdLACUOUE TNE M+ 1-00TAS 6THANG Ue TIC Tponyolpeves oThAes. Ot cuvduaopol autol dev eivar
amopalTnTa LovadLXol.
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Yta endpeva o deixtng j amaprduel Ti¢ oThAES xou o delxtng r anapriyuel Tic ypaupés. Eniong
ue A; dnhdvetar n j-o0th oThkn tou mivaxa A xon ue N; to uixog g A (umd v évvora 6T T
tehevtafa N — N; otoyeio e A; elvon adtdpopa ototyeia). Eotw Cr_i () 10 tohudvupo

Jj—1 )
Cr_1,(z Z Cu Li)g v o 1<i<N, c(()rfl’]) =1xu Cyy(z) =1
w=0

wE TV 1toTNTAL OTL
(Cr1g(@)a® (@) = ang+ " Panga+- 45 =0, yah<r—1

H rapamdve eioworn exppdlel 10 mp®To LTOUTAOX NG j-00THS OTAANG uixous r — 1 wg ypay-
X6 oLUYBLACUO TWY AVTIOTOYWY UTOUTAOX TV TEOMYOUUEVKDY GTNHADY UTO TOV TEPIOPOUO OTL
€dv €va EUTAEXOUEVO UTOUTAOX TEpEyeL €va adldpopo oTolyelo, Yiol TARUDEYUA TO Gr_1 j—w, O
avtioToryog oUVTEAEOTHS ) = 0. 0 TEPLOPLoUOS 1oy VEL Yo Oha Tor abtdpopa oTotyeld GAWY
TRV EUTAEXOUEVWY GTNAWY cupmeptAauBavopévng xo e A;.

H enéxtaon tou alyoplduou mpoywpeel oeiptaxd avalntoviag yio xdde othin A; 1o uéyioto -
%0¢ j T0U 4y LTOUTAGX TNE OTAANG AUTHS TOU YRAPETOL S YRUUULXOS TLUVBLUOUOS TWY AvTioTOL-
YV Tponyouuévey vrouniéx. Me Cj(z) ouvuBolilovye 10 avticTol o TOAUGVLIO TOU YEUUUXOD
auvduaouol. EE’ opiopot to Cj(x) dev propel va ypnowonomiel yio va exppdoel 1o dvw uno-
umAox uixoug [ +1 g othing A o¢ Ypopuxd cuvBuaoud TV Teonyouuévewy utounidx. Me tny
unodeon ot n Ay elvon un undevixn 1 mpdTn oA Tou A elvan Ypouuixde aveldptntn. Ag unolé-
OOLYE Yla AOYoug anhotnTag OtL elvar a1 7# 0 xat arg # 0. Tote i Ay elvon ypopuxde aveldptnt,
apol [C’o,l(w)a(l)(x)]l =dj; =an #0. Etot éyovpe I} =0, fi =1 xou Ci(z) = Cp1(x) = L.
Yuveyilouye ot dedtepn othkn Ag Vétovtag Coa(z ) = C(z). Eivar npogavéc 611 to urnopnidx
prxoug 1 efvan ypopuixads e€aptnuévo, agod atp = P2ain f 1- a1z — ¢2an = 0. O ypoppuxde

’ IN ’ ’ ’ alZ all
awT6S oLYBLATPOS avTioTotel oTo Tohuwvupo Co(z) = 1 — 22z, 70 omolo npxumst amd oV k-

y6priuo FIA wc eZhic: IMpdta unoloyileton To opdiya tou C(),Q( ): dig = [Co2(z ) ( ) = a12.
Egboov diz # 0, to tohucdvugo mpénet va dtoptwiel. T'a to oxond autd avalntodue nponyoduevn
othin Ay, v < 2 pe dyy # 0. Ilpogavide v = 1. To nohuvedvupo Ch2(z) evhuepodvetar we eZhc:
Cia(z) = Coa(z) — d12 201 (z)z. Tt ovvéyewa eCetdlovton oL endueves Ypoppés e As. Erno-
wévee To peyioTtou mxouq vrounhox g Az mou eivar ypopupixog e€aptnuévo and To avtioToryo
UTOUTAOX TNE TEWTNG OTAANG Elvor xah@¢ optopévo. Edv elvon lp = Na, ¥étouvpe fo = —1 xo
o akybprdpoc ohoxhnpwvetar. To mokvdvupo Ca(x) mou mpoxinter avtiotoryel o€ wa urodrpia
Aoom mou ypetdleton vo eeyyVel w¢ TPog TO EAAYIOTO and 1O TP(TO TUNUO TOU TPOTEWVOUEVOU
alyopityou, To onolo meplypdpetar 0TV ENOUEYY evotnTa. Edv o éheyyog ehaylotou anotiyet,
ouveyiCoupe oty tpitn othAn. Edv 1ydet lo < Na, tdte, eite 10 umounAdx g othAAng As urxoug
lo + 1 eivou ave€dptnto and 1o avtictoryo umhox mg Ay (dnhadyy fo = 1) elte 10 Iy + 1-0016
O‘EOLXELO e Aq elvar éva adidpopo otoyeio xou c( ;é 0 (On)\amq fo = —1). H npdtn cuviixm
aviy VELEToL amd To 6Qdhua di, 112 # 0. Bty nepintwon auth cuveyilovue otny Tpitn oTAAN. XN
devtepn mepintwon o ahybprduog ohoxhnpwvetar. To tohudvupo Cj, o(z) = Co(x) mou mpoxinTel
avtiotolyel o pa urtohpla Aoom mou yeetdleto va eheyy Vel wg Tpog To ehdytoTo.

Y11 ouvEYELX TEPLYPAPOLUE TO YEVIXO Briua Tou ahyopiluou Yoo T oTHAY J xaL T Ypouur 7.
To dve uvnopmhéx g othkng A wixoug r—1 exgpdletar 1S Evag YRUUWXOS GLVBLUOUOS TWY oVTi-
oTolY WV TEONYOVUEVKDY uTouthox. O ypauuixde cuvduaopds xadopiletar and TOUS CUVTEAECTES
tou mohuwviuoy Cr_q j(z). Tlpdta ehéyyouue edv LTdpyet GUVTEAEGTHS cgfl’]),o <w<jg-—1
TETOLOC WOTE TO AVTIOTOLYO Gy j—y OTOLYED VO Elvan €va adidpopo otoyelo. Edv autd ouuPBaivet,
e lj =r—1, fj = =1, Cj(z) = Cr_1,(x) xou evepyonoteitar 1 dradixacia ehéyyou wg Tpog
T0 eNdytoT0. AlpopeTInd TPOYWPOVUE GTOV UTOAOYIOUS TOU GPIALUTOS dyj TOU OpileTar amd T
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oyéon

drj = [Cro1j(2)a (@)]; = apg + & Papjog+ -+ T ary (9.20)

Trdpyouv dho nepimtwoeg. Edv wybet dr; = 0 mpoywpolue otnv emduevn yeauur Vétovtag
Crj(r) = Cr1j(x) xaw r = r + 1. Edv dev vndpyet enduevn yoouur (r > N;), t16te étoupe
fi = —1,1; = N; xou mpoywpolue otov €heyyo ehayiotou. Atagopetind, edv d,; # 0 eAéyyouue
edv undpyet 1 <wv < 7 pe dpy # 0. Edv autd oupPaiver, Hétoupe
d’"j Jj—v
Crgl@) = Cror (&) = T2y (2o (9.21)
%

xon ouveyilovye otNy EMOUEVY Ypauur Onwe tponyolueva. Edv dev undpyet tétolo v, tote f; =
+1,l; =r—1, Cj(z) = Cr_1,j(x) xon ouveyilovye oty enduevy oThY.

Onwg unodnhdvet 1 tpdtact tov axohovdel, 10 tohudvupo Cy j(x) mou npoxinTeL eivor xahd
0pIOUEVO:

Hpdracn 2
Eotww | | N
Crjz) = c(()m) 4 Cgm)x NI Cgfl]l)xj—l

T0 TOAUGYLRO Tou AapfBdvetar and v eliowon dbpdwone (9.21). Téte, dev undpyet xavéva
] . ’ ’ 7 X2
cq(u’]) #0,0 <w < j—1 novu va avtiotolyel o€ GTOLYEID Ay j_y TOU Elval ABLAPOEO.

Aréoaén:

Z 7 ’ ’ z - z ’ rJ
A¢ vrodéooupe 6Tt undpyel Toukdytotov éva w, 0 < w < j — 1 tétol0 Gote ) # 0 ye 10
Qrj—w Vo elvar éva adidpopo ototyelo. And v e&iowon (9.21) o bpoc ¥ mepthauPdveton eite
Ty —w IAPOP XELO- N n . pos praa
ot povéovupe tou 2/ 0y (x) elte oo wovdvupa tou Cr_y j(z) eite xar ota dvo. O z% dev
uropel va tepthapBavetar 6to Cr_q j(x) apol oe ua tétowa nepintwon 1 dopr| Tou akyopidpou Yo
ATy OPEVE TOV LUTOAOYIOUS TOL GPIARATOS BEtxviovTaS UETdBaon otny enduevn othin. Tlapduola,
edv o o meprhauPdveta oto 2/ 7UC, (), téte 0 TV TITY nephapBdvetar 610 Cy(z). Eropévoc,

(rv)
w—j+v
Qr j—w, X4Tt TOL €pyEToL o€ avtiVeon pe ) @Oon tou Cy(z) xar T cuvdixn dpy # 0. B

g
c = —cq(u’])‘(% # 0 oto Cy(z) xa and v vnddeon avtiotoyel oto adidpopo otolyeio

O ahyodpripoc EFIA yenowonoret téooepic mivaxeg anodfxeuong otoyelwy: toug D, C, L xou
F. O nivaxog D ypnowonoteitar yioo TNV anoUixeuon 1wy oQolpdtey dpj, o mivaxag C yio o
rohudvupa Cj(z), o nivaxag £ teptéyet o yopaxtnelotixd Ij twv ommhédy Aj xar o F neptéyel to
yapoxtnewotxd fi. O alydpriuog EFIA napovcidleton otov Iivaxa 9.4.
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Mivoxoc 9.4: Enéxtaorn tou Fundamental Iterative Algorithm (EFTA)

Eicobot: A = [ay;], [Na, Jmaa] = size(A)- ‘
% mhidoc ypapuoy xa otnhodv tou A
Kadohixég yetofintéc: 4, C, F, L
Brua 0) Apywonoinon: D=C=F=L=][],j=1, Cy(z)=1.
Bya 1) r=1 Cyj(x) =Cj-1(x)
Brua 2) Edvr < Ny,
Edv undpyet w,0 <w < 7 — 1 tétoo dote
(cg_l’]) 7# 0 %o ay j—qp elvar éva adldgopo otolyeio ),
TEOYWPOVUE 0710 Briua 3).
Trohoyiopée dpj = [Cr1 j(z)a™ (2)];.
Edv d.; =0,
Crj(z) = Cr_1(x); r =1+ 1; npoywpolue oto Brua 2).
drapopeTixd edv undpyel dpy, € D yia xdmoto 1 < v < j, ‘
Crj() = Cror (@) = Z2Co ()2~
r =71+ 1; tpoywpolue oto Prua 2)
BlopopeTIxd,
dy; amoOnxedetar otov nivaxa D;
Cj(z) = Cr_14(z) Cj(x) anodnxedeton otov C;
L(j) =r—1; F(j) = 1; tpoywpotye oto Briuc 4).
BAua 3) Cj(z) = Cr_1j(z); Cj(x) anodnxedetar otov C ;
L) =r—-1F() = -1
Brua 4) Edv j < Jmag, %llpoywpolue otny endpevn othikn
j =7+ 1; mpoywpolye oto Priua 1).
OIUPOPETIXY EMOTRPOYPY,.

9.4.3 E\eyyoc wg mpog t0o eAdyloTo

To tufua autd Tou alyoplduou eAEyyeL €4y 0 UEYIOTOS YRUUUXOS GUVBVLAOUOS TNE S-00TAHS OTAANG
10U Tz (u;) mou meprypdgetar and to Cs(z) avtiotoyel oto u;. Edv autd woydel, t61€ 10 04
elvon n ehdytotn Aoor, agold, xadds o akydprduog mpoyweel oetplaxd obupwvo Ye ™V olixt
otdtagn, oto BrAua ¢ 6heg ot Moeg u <y u; €youv anoppipiel. H dradixacio mou axohouvdeito
nopouctdletar 6to Lyhuo 9.4.

Eotww to N; oupBohiler 1o mhfdoc twv ypauuoy tou Th(u;) (BAéne e&iowon (9.10) ). Edv
0 OVIYVEUTAC opdiuatog O dwoel f, = —1 xou enlong woylet Iy # N;, 1 e€ayduevn and tov
Trnaz (i) TAnpogopla dev elvon apxety yior var ouunepdver xavelic T ypauuixn e€dotnon tou T (u;).
Enopévmc o EFTA ahybprduoc egapudleta xatevdeiov otov T (u;). Edv o T (u;) eivon ypoppixde
eZopTnuévog, TOTE T0 u; avTioTolyel TNV EAd Lot ADom. AlaQopeTixd, 6Tws GauiveTon Xou and To
Eyfua 9.3, ouveyilouye Ue TO ETOUEVO BIAVUCUA Uiy 1.

Edv oyver fs = —1 xou ls = N;, 161€ unohoyiletor 10 didvuopa doprc u’ mou avtiotoryel
oto nohuevupo Cg(x) e ) xphon Tou anoxwdixonomty tou neptypdpeta otov Iivaxa 9.5. O
anoxwdixononthc xadopilet edv o Ypauwxds ouvduacude Cy(x) avtiototyel ot o avadpowxd u-
rohoytlouevn apyrtextovixt| 1 6yt. Extéc and to Cy(x), déyetar we eloodo to avtiotoryo chvoho
dextdv MI; 10U Thpar(ui) xon diver oty é€0do 10 didvuoua douhc ud tne avadpopixd urolo-
Y OUEVNG APYITEXTOVIXAC TOL oV VEVUMXE, EXTOC Xou oV BEV UTAPYEL XAVEVOL TETOO Uj. LNV
tedeutaia mepinTwon 1 é£080¢ Tou amoxwdXoTONTA Elvan T0 xeV6 didvuoua. Edv woyder u® = u;,
t61€ 10 u; elvan M edytoty hoor. Awapopetind, agol 1o Cg(x) Sev eivon ev yéver povadixd, o
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v
Egap. EFIA oto T1(W)

A

U ELy1oT0

Ta(u) ypap.
gaptnuévo

A A

Ui ELdiyioto Ui Oyt ghdyioto

v v ;
v

Eyfuo 9.4: H dour) tou ehéyyou ehayiotou

alyoprdpoc EFTA egopudleton oto Th(u;) yioo va eheyyVel edv to u; elivon Aoon xon emouévee 1
ehdytotn. H tehevtaia nepintwon eniong axohouvdeiton €dv 1 €£080¢ TOU amoxwdIXOTOINTY Elvon
u® = (). H dadixasio ehéyyou tou ehaylotou napoucidletar otov Ilivona 9.6.
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Mivoxac 9.5: Lyfua aroxwdixonoinone tou daviopatoc doprc (Decoder)

Eicodor: Cs(z) = & 4 cgs)x +- 4 cgs_)lxsfl, MI;
"Eodot: u.
Brua 1) Oétovye W ={w € MI;: MI;(q) = w xu cgs_)q #0, 1<q<s}
Brua 2) Xpnowonotolue to ototyeia tou W yia vo unohoyicouye:
Vétovpe K™% = max{P : w = (P) € W}.
Vétoupe K™ = min{P : w = (P) € W}.

Vérouue K197 i = max{P :w = (P,i1,i2," - ,im_1) € W}.
Vétovpe K0 . =min{P:w = (P,i1,iz, " ,im-1) € W}.
Bfua 3) Edv K™ > KM . yig bkt KM L /
a) €dv dev undpyer xavéva (P, 41,42, -+ ,im—_1) o610 W,
Vétoupe k =1. % Ilpoodopiopde tou k ‘
drapopetind  Vétovpe k = max{m : w = (P,i1,492, - ,im—1) € W}.
B)yam=2:k % mpoodoptopde (k) (Bréne €. (9.4) ) \
edv dev undpyet xavéva (P, i1, i2, -+ ,im—1) € W, ‘
Pm2 = Pm3 =" = Pmm = 0, ‘
BLOUPOPETING. Py = max{zz;} iyt 2 <v<m, (P, ,im-1) € W.
y) L = K™ — gmin, % mpoodopropds S(k,r(k))  (Bhéme €. (9.5) ) |
v Oha to 2 <m < k oxaw gy, 09,00y im—1 07 [0, pm2l, [0, pm3 — 1], - -
edv dev undpyet xavéva (P, i1, i2, -+ ,im—1) € W,

veétouue Lj, iy iy =0, ‘

Z L R _ mar __ min
OtpopeTiXd Ly iy oo i = K K i1 ‘
Oétovpe I = (i1, " im—1) ‘
wor My =min{P+1—1i; — -+ —ip 1}, yia ha 1w w € W. \

Eév min{ M} > 1, \
yioo 6ha T J : My = min{M;} ‘
Beloxovue Jy tétolo wote 0 U ‘
we Ly, = Ly, + My —1 va eivar ehdytoto. ‘
©étovpe Ly, = Ly, + My — 1.
o) u=(k,(p22 | p32,p33 | =+ ), (L | Lo, -+ s Loy | -++))
drapopeTind u = ]. ‘
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Mivoxac 9.6: Exeyyoc ehayiotouv (Minimality check)

Eicodot : Cy(z), s
"EZodor = u?, C°
Kodohxég yetafntéc: o, MI, F, L
Edv 6yt (F(s) = —1 xau £(s) N (7)),
TPOYWEOVUE 610 Briua 2)
BLoLPOPETIXG.
u® = Decoder(Cy(z), MI;(1: s))-
edv u’ = u;, C° = Cy(z); Emotpont,.

Egapuélouvpe tov EFIA otov T (u;) xou vrohoyilouvpe nohudvupo C(z).

Edv otihec tou T (u;) elvan ypouuxde eZopTnuévec,
ud = uy; CO C(z).
drapopetind u’ = [[;C° = [).
Emotpog.

9.4.4 H dwtdnwor touv alyopidpouv

O mipne alyodprduoc mapoustdletar otov [livaxa 9.7. To Uy, SMAGOVEL TO BIAVUCU TV TOQRI-
w€tpwy dounc mou avtiotolyel oty eAdytotn Abor xou Chyip TO avTioTol o EAdYIOTO TOAUGVLUO,
evd T0 N dnhdver 1o didvuopa mou mepéyet o whnn N;. H nopdpetpoc Ingg tideton {on pe v
mAnticotnTa tou A, Evodhoxtixd, 10 Lye, umopel va emkeyel (0o e to prxog tou ehayiotou
LFSR nou mapdyet tn Soouévn axohovdio. Téhog, ta L, F xar C eivar xodohxés uetafhntée, ot
TIég Twv onolwy mpodlopiCovtar and tov EFIA.

[Mivacag 9.7: O pmhox alyoprdpog oOvieong NLFSR

Efcodot : A, ez, z(n), N
"EZod0t : Umin, Cmin
Kadohixéc petafintéc: z(n), i, j, N, L, F,C, N, Tpaz, MI
0) Apywonoinon: Cpin =0, tmin =0,7i=0, j =1,
Tinax(ui) = [Xév]v MTI = ((0)).
1) Egapudloupe tov EFIA otov Trgq(u;)-
Edv L(j) = N, t6t€ Cppiny = 1; umin = (1, (), (0)); Téroc.
2) i=141; Edv i > L, Téhoc.
[So, XN] =TmaxUpdate(u;);
3) Edav X #0,
ouveyiCovue v e@apuoyh tov EFIA
ot véa otk X} (Bfuata 1-3 tou EFTA, Ny = N (i) |
4) T boha ta s € Sy
Edv 6yt (F(s) =1 xou L(s) < N(3)),
[u%,C%] = Minimality check (Cs(z),s);
0= Ui, Umin = Ui} Crin = CO; Téoc.
Mpoywpolpe oto Bua 2).

Edv u

Tounepaopatixd, to anotéheopo Tou akyopidyou eivon 10 Lebyog {Umin, Crmin }. e xdie Brua
i 0 aAYOprdpoC ENEYYEL DLUPETOU TOU Thygs (U;) EGY TO Bidvuoua u; anotehel Aoon. YTrdpyouy tpelg

TEPITTMOOELS:
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o AvunapZia Ypopmxol ouvduaouol Tou TEphaBAEvEL To PEYLoTo uTtounhOx (uhxouc (oo e To
whxoc v otnhodv tou T (u;) ) ™ tekeutaiag oThAng ToL Thpey, (ui) 0dnYEl 6T0 ouurépacya
6Tl T0 u; Oev anotehel Ao

o H ypopwxh eZdptnomn tou péytotou unounhéx (pixoug (00U Ye T0 UAXOC TV OTNAMY Tou
T (u;) ) ™ tehevtaiog othAng 0V Tiper (u;) and ta undrotna avtioToryo UTOUTAOX TOU
Trnaz(ui) odnyel oto oupnépacpa b1t undpyet Aoon nou elvou eite n u; eite u >y u; eite dev
elvor amodexth Ao,

e Edv dev unopolye va amogaviodye yioo T Ypopuxh e€4pTnon Tou UEYIGTOU UTOUTAOX NG
tehevtoiag oTAMNS T0U Thngs(u;) téTE amanteitan o pntéc éheyyoc tou T (u;).

Ilpéraon 3

‘Eotw 6t {umin = (k,7(k),S(k,7(k))), Crin } €ivon 0 anotéheopa tou alyopiyou tou me-
orypdget tov eNdytoto NLFSR xataywent, o onofoc napdyet tn dedouévn axohovdia z(n),n =
L,---,N. Eoww @ 1o dlpolopa 1wV cuVoTwo®y T0U Q(Umin) xou M 1 napduetpoc mou diveta
and ty ediowon (9.2). Edv N > M + @Q — 1 xou 6hec ot Q — 1 othAkec tou T (Umin,), exTdC and
™mv X]\A/;_M, elvor ypopuxde avegdptnteg, T0te 10 Chyip, Elvan povadixd.

Anédaén:

To anotéheopa npoxinter eite anevdeiog and 10V Tz (Umin) EITE PETE TNV EQUPUOYT TOU
EFIA ovov nivaxa T (tmin). Xe xdie tepintwot), agol T0 Uy, elvat To anotéheoyua, epniéxovia
Q 1o mhidoc othhec xa mpoxdnTEL Ypapwxh eZdptnon otov (N — M) x Q) nivoxa T (tmin)-
‘Eotw Ty o nivaxag mov neptéyet dhec tic othres toU T (Umin) EXTOC and TN oTAAY Q]\N[M. O
unohoyopés 10U Cryin pe tov EFTA 100duvapei pe ty enihvon tou (N —M) x (Q —1) ouothuatoc
ue Q — 1 dyvewotee napopétpoug, to onolo meprypdpetor and tov nivaxa Ty xon X3 ™M evar o
dtdvuopa Tou mepLéyel Tig oTaepéc Tou cuoThuatoc. Ilpogavag, edv N > M + @Q — 1 xou dheg ot
Q — 1 othhec tou Ty eivar ypopuxwe aveZdptntes, 10 Cppy €lvon povadixs. B
Oua mpénel va onueiwdel 6t oty mepintwon g obvieone twv LESR xataywentedv ehaylotou
unxoug, edv 2L < N, t61€ T0 TOAUOYLYO TOU TPOXUTTEL TEPIYPAPEL TO UOVADIXO ENayIGTOU
ufxoug L LESR xatoywent mou noapdyet 1 dedouévn axorovdio. Ytnv nepintwon g obvieong
NLFSR xataywentov ehaylotou xdotoug, n ypouuxy aveloptnoio tou Ty npénet vo eZeTaoTel
TEPAUTERW. LT Ypouuxy mepintwon 1o tekeutalo dev elvan amapaitnTo, xadde xdde ypouuuxn
eZdptnon anoxheleto, agod Va ofpouve évav LESR. xataywentd ye wxpdtepo urxoc.

Télog, mpénel VoL ONUELDOOVYEE OTL YiaL TEPLODIXEC axoAoLViEC 0 alybpripog andonoteltat, apol
dev undpyouv adidpopa atotyeiot 6Tov Tiyeq(u;). Etor, mdvta uropodue va arogoaviodue edv 1
teheutaiot oTANN TOU Tinas () €lvon ypoumuxmde aveZdptntn A oyt and Tic UTOAOITES OTAAES TOU
Tmax (Uz)

Avdlvomn ToAUTAOXOTNTOG

H e€avtinuxy| avalhtnon nepthopfdverl Ty e@apuoyy) Tou eAEYyou yeaumuxnc e&dptnong oc Eva
obvolo mvdxwy (nivaxa Tpog mivaxa) uéypic 6tou mpoodloptotel o NLESR ehayiotouv xbotouc.
Avtideta, o mpotevouevog ahyoprduog tepthauBdver x0plol TV EPUPUOYY TOU EAEYYOU YROUUXNAS
eZdptnong oe éva pévo nivaxa (oThhn Tpog oThAY) uéypels 6tou npocdioptotel o NLFSR ehayiotou
x607T0UC. 'Eotw uy elvar To Stdvuoua Sopnc Tou ehayioTou GUGTALATOS TOL TARAYEL TOLUG GEOUS TNS
dedopévne axohoudiag. O mpotevopevos ahyoprduog epapudlel Tov EAeyyo Ypopuxnic e€dptnong
(EFIA) oe évav N x ¢ nivaxa, ¢ < b+ 1. Edv epoappootel 1 eCaviinuxy avalftnon, n hion
hopBdveton and v epapuoyr tou EFIA oe b nivaxeg yeyédoug N x ¢;, ¢ = 1,--- ,b. H pelwon
NG TohuThoxOTNHTOS elvan TEoMavig, ool Zle a > q.

Iapdderypa 4.
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Ac Yewphooupe To menepuouévo odua GF(22), éva npwtapyind otowyeio a xou tny axoloudia
a?,a,a?,1,1,a,1,a% a%, 0, a?, 0, 0. Ac urodéoovye 61t ot emitpentéc Uhomothoec nepopilovTa
ot Hammerstein povtéha. O mpwtog pn TeTplpévoc Yeauuxos cuvBLaouos TUpEYETAL And TOV

alyoprduo yio i = 14 xou meplypdgeton and T oyéon:
[z(n)]? = [z(n — 1)]> + a[z(n — 3)]* + z(n) + (n — 1) + a®z(n — 3), n >3

O mopandve ouvdvaoude dev mapéyet pa avadpowxd urtohoytlouevn éxgpaor. O endpevog Guv-
duaopodg mou hauPdvetar Yot = 15 elvar o

z(n) = az(n — 3) + a’z(n —4) + a’z(n —5), n>5
Avtiotowyel oto u’

[Bla Exppaor. W

=u15 mou elvor 1 emduunty Aoon. H egapuoyr| tou akyopidpov B-M biver tnyv

Iapdderyua 5.

Ac Yewpriooupe to tenepacuévo odpa GF(21) mou napdyeta and 1o p(z) = 1+ z + 2, éva
TpWTApY XS oTolyElo a xou Ty wxohoudin a’, a® 0, a'®) a”, a, a®. (H axohovdia nupdyetar ané

v edlowon

z(n) = a®z(n —1) +az(n —2) + a’z(n —3) + a®z(n—4), 5<n <7 (9.22)

ue apyxéc ouvdixec z(1) = a’, z(2) = a®, z(3) = 0, z(4) = a'®). H egoppoy# tou ahyopidpou

yio o Stavoopata Souhc u € A pe k <4, L <10 xou Lj, 4y ... iy < 10,2 <m < 4, odnyel otov
axohovdo W yeauwxod xataywenty ehayiotou xdoToug:

z(n) = a*[z(n — 1)]* + a’z(n —2), n>?2

o onofoc mpdypatt napdyet T dodelon axohoudia. O ypopwxde xataywentic (9.22) hapBdveta
and Tov ahyoprduo edv autog agedel va ouveyioer mepartépw xat To x60T0¢ LAOTOiNoYS Tou Elvau
HEYAOTEPO A6 TO XOGTOS TOU W1 YRUUUIXOU XATAYWENTYH TOL UTOAOYIOTNXE TEOTYOlUEVY. W

9.5 Xepiondg alyoprdog Tpocdloploo’d TOL XATUY WENTYH EAO-
ylotov x6cToULg

Yy evotnta auth mopouctdletal o ahyopriuog eVAUEPWONS TOU EAGYLOTOU XATAYWENTY TOU
umohoyilet 1 dedouévn oxohovdio xatd oelplaxd tpémo. Ac ocupfBokicouvue pe {CN(z), uMN}
NV EAAYIOTH apyLTEXTOVIXT| oL Tapdyel Toug N mpodToug 6poug g dedouévne axohouvdiag (ot
ouvéyela, o deixtng N Oeiyvel 61t oo N mpwtol 6pol g axohovdiog Aayfdvouv uépoc otoug
vrohoytopolc). Avalntolpe Ty apyrtextovixd {CNH(z), uN 1} mou npoodiopiler To ehdyioTo
choTa 10 onolo Tapdye Toug tpdtoue N + 1 bpouc tne z(n). Edv n {CN (z),u™} nopdyer Toug
N +1 6pouc e axohovdiac, anhd Vétouyue CNH(z) = CN(z) xou uV Tt = ulN. Ac UTOVECOVUE
otn ouvéyeta 6Tt T tohudvupo CN(z) dev tapdyer Tov enduevo bpo (N +1). O mpocdlopiopde
10V CNTH(2) xon ¥+ arautel Ty evuépwon twy yapaxtnplotindy L, fj xou Cj(x) yio 6heg Tic
othhec tou T (uY). Eivar mpogavéc 1t ul¥ >y ulV. Tlpdra evuepdvoupe tov TN (ulY)
ue v etoaywyr Tou bpov (N +1) oe bheg tic othkeg Tou T, (uY) pe Tov xatdhhnho tpbdmo xou
v enadZnon tov TN, (u) ue ) Yoo mov avtiotowyel otov dpo z(N +1). Ta yopoxtnelotixd
rohudvupe Cj(x) unopel va nopapeivouy agetdBinta yio oplopéves othkec. Eotw 1o m opilet tny
mpwtn othkn Tou TN (ul), e omolac to yupaxtnpioTind mokudvupo petof3dhhetor. Téte Vo
yeetaotel va egapuootel o ahyoprduoc EFTA and tn m-ooth otihn uéyet tny tehevtaiot oThin Tou

TNAL (W) yio va Yiver 1 evipépwon Tov YopaxTNeIoTIXGY TOMGYILOY TV ETOUEVEY OTNAGY.
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Y1 ouvéyela meptypdpoude B1eodxd TN Sradixacia Yia TNV EVAPEPWOY TwV TAPUUETEMY [},
fj xu Cj(z). Oco woybel f]N = 1 Vétoupe f]NH = fJN = 1. Awpopetixd yioo TV O

Tud Tou § = my Yy Ty onofa fN = —1 egappélovpe tov akybprdpo EFIA ot my-ootH
otk tou T H(u). Av 1o mohudvupo nou mpoxinter CN F1(z) dev ovpninter pe 10 CN (),

ouveyiloupe Vv egapuoyr) Tou EFTA otig anoyévouoeg othheg tou T,],Ya":;l(uN) Eexwvovtac and
™mv my + 1-o0th othhn. Q¢ anotéheoya mpoxdTTOLY Ol TIUES TWV f]N'H, l]N"'1 xa C]]-V+1(.’Il,‘).
Ac unodéoovye otn ouvéyer 6t CY T (z) = CN (z). Trdpyouv dlo nepimtwoec. Edv oy el

N+1 _ 7 N+1 _ N . / / / ’ ’
mi = —1, ¥étoupe f; = f;' = 1,7 > mq 600 o endueves otfhec yapaxtnpilovron and
N _ /4 7 /. N _ ’ ’
f;' = 1. Ta ta embpeva mg > my yio 1o onola oy ber fr,, = —1 cuveyiCovue eravahopfdvovtag
my mponyoluevn diadixacta. H dedtepn mepintwon oupfaiver dtay fE+1 = 1. Sy nepintwon
auTH tpoodiopilovue TNV TedTN oA ki > my 1 onola eivar tétola dote va oyver fN =1 xa
e e e X k1
N _ iN+1 ’ N ’ ) Z , ’ N
l, = Iy Edv dev undpyer xavéva mg, my < mg < ki, t€1010 0007TE Vo woyler [, = —1,

Ol EVOIUECES TOGOTNTES TMUPUUEVOLY OUETABANTES Yiot TIc oTAheS my + 1 péypt k1 — 1. By
nepintwon auth, o EFIA eqoupudletoar Sadoyxd and v ki-00th u€ypt v Teheutala GTAAN
tou T (uY). Edv undpyer mo této10 ote vawoyber fiN = —1, n dodixaoia nou teprypdgpne
TEONYOVUEVA Yol TO M ETavahauBdveTtar uéypt Ty k1-00Tth oThAn. And exeivo to onueio xat petd
epapubletar o ahydpripoc EFTA. H ropandve diedixactia xakeitor Eviuépwon tou TN (uN) xou
napovaotdletar otov Ilivaxa 9.8. Xtn cuvéyela ypnowonoteitaw o unhox ahyodprdyog cOvieong
1wV NLFSR xotayepntédy yio 1ov tpoodoptopd 1ou enduevou diaviopatog dopghe u; >v u mov
amoTEAE! TOV EAYIOTO XATAYWENTY 0 onolog mupdyel Toug tpwtouc N + 1 dpoug tng axohoudiac.
O oepraxdg alyoprdyoc ahvieons twv NLFSR xataywentodv napovsidletor otov Hivaxa 9.9. Ot
weToBAnTéS Eyouv TNV (Bla Evvola mou €youv xat oTov Yrhox ohyopduo. To Nyee eivar To mhhdoc
deryudtov g axolovdiog elc680L.
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Mivoxoac 9.8: Evnuépwon tou Thex (un)

Eicodov: TN . (u™N),CN N, FN LN z(N +1), MI,.

EZodor : TNFL(ulN), CN+1 N, FN+L pN+L
Koadohixée Metapintéc: 4, C, N, F, L, Trax ‘
Brua  0) Evnuépwon touv TN, (u?) otov TNAL (V) ‘
yenotponowwvtag to defypo (N + 1) xou toug deixteg tou MI;. ‘
N=N+1;,DC={m:F(m)=-1}.
Lpc: uixog tov DC; Iz = 75 jo =J +1; s = 0.
BAua 1) s=s+1; Edv (s > Lpc f DC(s) > jo) npoywpolpe oo Bua 2).
Egappoyn touv EFIA ot j = DC(s)-06th othhn
tou TNAL(uN) (Bhuata 1-3 tou EFTA).
Edv CJNH(w) = C’]N(x),
eqv FNHL(4) = —1,
TPOYWEOVUE o710 Briua 1)
Srapopetind edv FNHL(5) =1,
ebpeor Tou ehdytotov ki > j této0u
dote FN(ky) =1 xon LN (k1) = LVTL(5)
edv jo > k1, Vétoupe jo = ki;
TEOYWEOVUE 0710 PBriua 1)
dlopopeTIXd
Jo=7+L
BT’W"O( 2) Edv Jo < Jmazs
epappoyr) Tou EFIA and ) j = jo uéye
™ Jmaz OTHNY TOU Tiaq(ui) (Buata 1-4 tou EFTA).
Emotpop,.
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ivaxag 9.9: O oeproxdg ahydpripog ovvieong NLESR

Eicodot: A, Iz, (1), Nmaz
"EZod0t : Umin, Cmin
Kadohxéc yetafhntés: z(n), 4, j, L, F, C ./\/ Traz, MI
Biua  0)  Apywxonolnon: umin = 0; Cmm :(Z) N=0;i=0;j=1; XY =
Tnaa(ui) = [l; MI = ((0 )
BAgae 1) N =N+1; Edv N > Ny, rs)\og.
XY =[x a(N)T.
Edv 2(N) =0, t61€ Cpin, = 15 umin = (1,(), (0)); npoywpoldue oto Prua 1).
N = [N]; o () = (X3} MT = ((0)); mpoyepoiye owo B 3).
B 2) N =N+1; Edv N > Npyyga, thoc.
Egappoyi) te Evpéonons tov T, (u).
Edv 0 {umin, Cmin} mopdyet 1o (N), mpoywpolue oto Brua 2)
Brua 3) i=1i+1 Edvi> Ipe, téhoc.
[SO,X}\Z] = TmaxUpdate (u;).
Bya 4) Eév X #0,
ouveyilovue Ty epappoyr) Tov EFIA
ot véa otk X[V (Bhpora 1-3 tou EFTA N, = N (i)))
Brpa 5) Tw ko ta s €S
Edv oy (F(s) = 1 xou L(s) < N(3)),
[u%,C% = Minimality check (Cs(z), s);
Edv u® = u;, Umin = 6i; Cmin = C°; Téloc.
[poywpolpe 6to Bua 2).

Iapdderyua 6.

A¢ Yewprioouvpe v axolouvdia tou mapadelypatog b xou ag utoYécouvue OTL oL EmdUEVOL BVUO
véor 6pot tne axohovdioc eivar ot z(8) = al? xar z(9) = a'. Edxoha damotdver xavelc 61 o
bpoc al? mapdyeton amd Tov TpéyovIa EAdyloTO ataywenth. Aviideta, o bpoc all dev propel
va tapaydel and tov Tpéyovta eAdyloTo xataywenth. Enopéves, o ehdyiotoc NLFSR mpénet va
evnuepwiel xatdAinia. Egapuoyy tou oetptaxod alyopiduou divel

z(n) = a®z(n —2) + z(n —3) + a’z(n — 4) + a''z(n —5), n>5

9.5.1 Xvuunepdopota

Mehethoape 0 oOVIETT TV U YRUUUIX®Y XATAYWENTWY OAicOnong ue avddpaor ehayiotou xo-
0TOUC TOV ToRdYoUY Wa BedoUEvr TemEpaouévoy unixoug axohouvdia ue otolyeior o€ €va OTOLODY-
TOTE COUO XAl TAPOVCLAGTNXAY TOGO 0 UnAox TOTOU oAYOEIUOS 6GO X O CEIPLIXOS kY OELIOC.
Ot pédodol autol urnopolyv va wdolv wg enextdoec Tou akyopiduou twv Berlekamp-Massey
xou tou FIA ahyopidpou. Ot evnuepdoeic Bacilovton oe éva unyaviopd aviyveuons cQoiudtwy.
H avalnon diegdyeton oc éva ToALBIAGTATO GUVOAO TOL BATACCETUL UTO TO GUVBLACUO WULOC
ohxol Bodyol Sidtagng Ue Wiot oLVAPTNOY XOOTOUE TOU AVTITPOoWTEVEL TO XOGTOG VAOTONONS.
Kotdhinheg dadixaoiec dieviuvoloddtnong xar wa teyvixt| enéxtaons tou FIA suvodebouv tov
%€0p10 %0pU6 TV alyoplitumy.

Av xar ot Tpotewouevol ahyopiuot eival oyeBIACUEVOL VoL TORAYOLY TNV EASYIOTY OPYITEXTO-
vixy, uropoilv eniong va yenotporotnody Yia ToV TROGOLOPIOUS EVAANAXTIXDY 0PYLTEXTOVIXMY TOU



KE®AAAIO 9. MH I'PAMMIKOI KATAXQPHTEY OAIYOHYHY ME ANAAPAYH 111

napdyouy 1 dedopévn axohoudia. Emimhéov o1 ahyodprduol epupudlovtal oe axohouvdieg onotou-
onnote owpatog. H Sour) twv mpotewvduevwy ahyopliuwy tapauéver avallolnTn extods and Ty
TPOCUPUOY T TV TPAZEWY GTO GUYXEXPIUEVO CWUA.

Or mpotewdpevol akydpripol urmopolv va 1dwlody wg enéxtacn tou xhaotxolb Berlekamp -
Massey aiyopidpov (BMA). H ohixt| 6i1dtaln wc npog 1o whxog twv LESRs avtixadiotatar and
war ohwxry drdtadn mou Baciletar 010 x60T0¢ LIoTOiNoNE Twy NLFSRs. ¥tn ypouun nepintwon
T0 uixoc Twv LESRs eivon xatevideiov 10o80vapo ue 1o x66t0g bhomoinong xows dSNAGVEL To TAR-
Y0¢ TV YoVAdKY xaduoTEENONG XAl TV YRoUUIX®Y cuydvaouwy. Emrpbéodeta, o LFSR ue to
WxEOTEPO W0 evnuepwveTtal delypa mpog delyua ypnotponotwvtoc tig BMA avadpoués mou Po-
ofCovtat ota opdhpata. Edv o ypouuixde xataywentic 0ev unopel va topdyel To enduevo delyua,
TO UWAX0S TOU XATAYWENTY aLEdveTar Xatd Yovadixd Tedmo. LNV TEPITTWOoN TOV U YRUUUXO-
V XUTOYWPNTWY UTAPYOLY apXETES EVUANUXTIXES Tépa and TNV adinom Twv xawduoTEPHOEWY TV
Youupxdv opwyv. Ilpogavels emthoyéc ovpnepthaufBdvouy Ty ecaywyy VoS VEOU TPwTAP) X0
ofuatog 1 TV adinon twv xaduoTepRoewy U Yeuuwix®y pwyv. H Sidtaln twv evalloxtixwy
OTOV TPOTEIVOUEVO ahyOpdUo emTuyYdveTon and TNV Ohixy| didtaly.
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Kegpdiowo 10
ITooxAnTtd Avvouixd

H nhextpoeyxepaloypapixt] SpaotnetdTnta oL TEoxXUNTEL We AmoTEAEoUA TNE DIEYEPONG UE Xd-
noto epédiopa xaheiton npoxhntd duvouxd (EP, evoked potential) ¥ Suvapixd oyenlbuevo pe éva
ouuBdv (ERP, event-related potential). To ERP cuvflwc teprypdgpeton we ofjua mou ureptiveto,
ywelc ahknienidpaon, pe To HET'. Mo eidue xatnyopia ERP mou xahodvton mpoxintd duvouxd
otadephic xatdoTaong eival auTd TOL TEOXVTTOLY And TNV £QupUoYY evOC TayldTaTa ETAVahay-
Bavouevou epediopatoc. Ta ERP nou €youv nepiocdtepo pehetniel eivar autd mou oyetilovton
HE OTTIXY, axousTixn 1 cwuatoucUnTix Siéyepon xor cuvideg avagépovtar ue to apyixd VEP,
AEP 1 SEP, avtictorya.

‘Eva ané ta Bacixdtepa mheovextAuata yenotponoinone g uedddov twv ERP yio tn uehétn
TOU XEVTEX0) VELRPIXOU CLUGTAUNTOS elvon 1) BuvatdTnTa enavdAndng e epappolouevng diéyep-
oNC TOAES POPESC WOTE VAL EMITLYYAVETIUL OELPS ETAVURAUSBAVOUEV®Y UETPNOEMY TV ATAVTHOEMY.
Auté elvar amapaitnTo yioti Ta TAATH TV cuVIcTwoOY Twv ERP elvor cuyvd apxetd wixpdte-
PU OO TA TAATY TV CUVICTOOMY TNS NAEXTPOEYXEQAUNOYPAPIXTC dpaoTneldTnTac LToBddpou xat
xatd ouvéneta dev yiveton dueoa dlaxpith oe plo woévo pétpnon. H mo cuvnhouévn uédodoc e-
neZepyaoioc 1wy ERP eivor 1 edpeon tne péone xupatopoppric (averaging) evoc apxetd ueydhou
TAfdoue UETPNOE®Y TToL elvar eVYUYPAUUIOUEVES WS TPOS TO YPOVO EPUPUOYTS TNE DIéyepone. XTo
WETpo mou To TMPOXANTO Buvoxd elvar vTeTEpUIVIoTIXO Xou aveEdptnto tng HEI Spactnetdtnrag
urmoBddpov, n uédodog mpoopéper o adinomn ato Aéyo woybog mpog VopuBo mou elvar avdioyo
oL POl TWV XVUATOUOPP®Y Yo Tic omoleg umokoyiletar 1 wéorn xuyatopoppn. H pédodog
ouTYH TopaéVEL 1) To dnpo@iArc uédodog enelepyaciog. Amo T mpdTA Priuato TS EEEUVIC TWV
ERP, éyve gavepd 61t dev oy anollTwg VIETEQUIVIOTIXG ofjuata ot emtTAéov ennpedlovtal and
ntohholg e€wtepnolg mapdyYovies, Onwe 1 ouvAlela, 1 TpoBiedn tou epediouatoc o TO TEEL-
Bakhov. Ta tehevtala ypodvia Tolhol epeuvntég €youy pehetioet uedodoug mou Aopfdvouy umddn
™ uetoPBAntotnTa n ool elvar mopodoa ot ERP. Autd €yerl odnyfoet otn oyedioon edxdy
PINTEWY TOU TEUYUATOTOONY EXTIUNOT XUUATOUOPYAOY, GTNV ELoaYwYT LEVOBLY aviyVEUoNS ou-
VIOCT®OWY TOL TPoxANToU duvouixol und tny napovcia tng HET Spactnpiétntac vnofddpou, ot
xenotponoinon otatoTixdY dadixaotodv, 6nwe 1 Avdhuorn Kuplwv Etoyeiwy (Principal Compo-
nent Analysis) xou 1 avdhuor draxvpdvoewmy (ANOVA) xon otny e@oppoyt| woc eydhne totxihiog
eWdIXOY TEYVIXOY enelepyaoiog oRuaToC.

10.1 Xoapoxtneiotixd twv ERP
[ Aoyoug oyedlacuol BEATIOTWY TEYVIX®Y ENEEEQYAGIAS TV UETPHOEWY Xat avdivong Twv ERP

elvol YPNOILOS O YUPAXTNPEIOUOS TOUS OE OYECT UE TIC TUTIXES TopopéTpoug evog ofuatog. [Tépa
OO TA YEVIXGL YUPAUXTNPIOTIXG AUTOY TV TUpUETPGY, 1) AeTToUephS QUOT Toug TotxiAel avdhoyo
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Eyfua 10.1: Topdderypa péone VEP xupatogopphic mou avtiototyel oto nhetpddo P,. H diéyepon
epapudletal tn ypovixn otiyur) t = 1s.

UE TiC OLiTEPES AETTOPERPELES TNG TELPOATIXS Bladixaciag.

To cuvniéotepa tpoxhntd duvamxd elvor To e€Rg:

o Ontxd ITpoxhntd Avvayixd

To Onuxd Ipoxintd Avvowxd (Visual Evoked Potentials: VEP) endyovtar and v
TEOXANOTN OTTIXAOY EPEVIOUATWY, OTWS 1 Adudn eVOS PwToC 1 1 UeTaButing eppdavion evog
OTTIX0U TPOTUTOV GE Xdmolo TP Tou onTixol medlov. Iapdderypo onTixo) mpoXANTOL
duvawxol rapovctdletar oto Ly 10.1. Ov cuvictwoeg g péong xupatopopprc VE-
P exteivovtou oe ypovixd Sdotnua peyoritepo twv 300msec. Kdmoleg and ti¢ npwteg
oLVIGTWOoES dlapxoly 20msec, %xdTl TOL UTOVOE! 6Tl TO AVTIOTOLYO PACUAUTING TEQPLEYOUEVO
enexteiveton népa twv S0Hz. Otav yvwoluxés Aettovpyleg amouutodvTal Yio TNy andyvtnom
oe éva ep€dioya, ol oLVIGTWOES LY VA exteivovTan uéypt o 600msec 1 xar tepioadtepo. Ot
Beayeiog Sidpxelag cLVIOTWOES EIVAL TAPATNENOIUES LOVO VWRIC OTNY ANAYTNOT XU TOTEVE-
Tou 6Tt oyeTILOVTAL UE T1) UETADOGT] VEUPWVIXMY XPOUCTIXMY TUALGY A6 TOV apPIBAOTROELSN
YITOVO GTOV ONTIXO QAOLO.

o Axovotxd ITpoxhntd Avvayixd

To Axovotixd Hpoxhntd duvapxd (Acoustic Evoked Potentials: AEP) yevixd napdyovto
and epediopata 6neg pla pinh TovwY 1 évag oivtopog Eepde xpoToc. Ol TPWTEC GUVIGTOOES
e péong xvpatopoppnc AEP €youv mohd wixer) didpxela xor umodnAdvouy Ty LTapdn
PACUATIXWDY CUVIOTWOWY UEYaROTEpwY and 1000H z. Autég ol ouviothoeg oyetiCovton pe
TNV EXTOUTN TNS andvinong oto epédopa and 1o axouotixd vedpo 610 hotd. Ot tehevtaieg
OLVIOTOOES €Y OLY Dldpxela TEPLoaGTEPO ouyxpiotun ue ta 20 — 40msec mou napatnEoLVTIL
otn uéon xupatopopr) VEP. To mhdtn Tov Tp® eV GUVIOTWOOY XUUAVOVTIL GTNY TEQLOYN
v 0.1 — 0.5V, eved auTd TwV ETOYEVWY CUVICTWOWY XUUIVOVTOL OTNHY TEployh Twy 1 —

20pV.
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o YowuatoucUnuixd IpoxAntd Auvvauixd

To Lwpatouodntixd poxintd Avvouxd (Somatosensory Evoked Potentials: (SEP) ra-
pdyovTon duUEsH amd TNV £QapRoYY evOC Uixprc dtdpxetag MhexTexol Tahpol xatd TéTolo
TPOTO WOoTE Vo dlEYElpEToL €val oLYXEXPIPEVO VEVpO. Mepixég and TI¢ TPOXUTTOUCES GUVL-
0TOoES 0TS oL YeTnég xat apvnTixég anoxAioec ota 65 xou 70msec, avtiotoya, moTtedeTon
OTL TpoépyovTal amd TOLG WIES, EVE oL LTOAOLTES TUoTEVETOL OTL Elvar veupoyevelc. Ot tpwteg
OLVIGTWOES elvar WxEhE Bdpxetag TN TaENng Twv 5 — 10msec, x4t mov onuaiver 6Tt Tdoveg
TO ONUAVTIXOTEPO UEPOS TOU QaouaTIxo) TEpEYoUévou Bploxetal mdve arnd ta 100Hz. Ot
nepiodol Twv cuVIoTwo®Y Tou eupavilovtal petd ta 40msec elvar xatd TOAD peyahidTepES
xou efvon mopduoleg oe wop@n ue exelveg g péong xupatopopyrc VEP . H didpxeia tne
wéong xvpatopopprc SEP eivar nepinmov 400msec.

O nAnpéotepog yapaxTnElolds KaS NAEXTEIXAS XUUATORop®NC atoutel TN Ypnoldonoinon ohwy
TV OYETIX®Y dloadéotumy TAnpogopt®y. Autéc nepthayfdvouy ueyéldn onwe 1 Slaxduaven tou
TAATOUS, TO GLYVOTIXO TEQIEYOUEVOD, 1) YPOVIXT| DIdpXElo TOU GLUUBAVTOS, YUPAXTNELOTIXG dAAWY
ONUATOY TOU EVIL TAUTOYEOVWS TAPOVTA, OTWS 1) EYXEQPAAOYPUPIXY DpaoTnoloTHTo LTOBdvpou
1 0 VopuBoc xau ol ywpeixég dlaxuudvoelg Tou ofpato. Me autol Tou TOmou TIC TANPoYopieg
elvon duvatd va egapuoclel pla motxthior EBXOY TEYVIXWY eNeEepyaciog ORUATOC TOU TUPEYOUY
Behtiwpévn aviyveuon, u€tenon xou anddoor avakuoTg.

Ta mhdtn tov ERP nowxihovy and déxata tou pVolt, éwg dexddec pVolt ye tic wxpdtepeg
Tipég va epaviCovTan 0TI TPOTES CLVIOTOOES XL LTERTiVEVTUL 6TO0 LTOBAYPO NS GUVEYOUC Nhe-
xtpxc SpaotnetotnTag mou avtiotolyel oto HEL xar €yer mhdtog g td€ng twv 50 pVolt. Xe
oplopéveg mepIntOoelg, o Aoyog tou ERP Suvapixod npog 1o Suvauixd tne HET dpaotnprdétntog
uroBdipou unopel va eivar g té@éng tou 1 : 1000, o onolog avtiotoryel oe —60dB Aéyo orjuatog
npog Y6puBo. XTIC TEPICCOTEPES MEPINTAOOELS EVOLAPEPOVTOS, 0 AOYOC ofuatog Tpog YopuPo eivar
Ay6tepo and 1 : 1 (0dB). Avtdc axpiBoe eivar xat o Adyog mou 1 W€tenom ot 1 avadiuoy twy
ERP eivor okl 800ox0hn 0Tny TERITTWOT WING XUTOY QUPTHC.

O yauniég Adyoc orjpatog npog $6pufo twv mo onuavtixedyv ERP éyet odnyroet otn yenotpo-
nolnon g uevddou e péong xupatopopnc ws g uetddou avdiuong twv ERP. Eva cbvolo
AATAYPAPWY TOL AVTIOTOLYOLY 0TI¢ emavahfelc eVOC TElpduatog auvBLAlovTaL YIo VO UELDGOLY
T0 VopuPo we mpog to ofua. Ened 1o ofua dev enavahauBdvetor axplBng xdde @opd, LTdoyEL
an@AeLo TAnpopoploy. 201600, 1 pEY0d0C NG HESTC XUULATOLORYNSC TUPEYEL TOMAES %ol Y PN OIUES
TAnpopoplec yia TI¢ xuyaTopopéc Twv ERP.

Me Bdon ™ @Oon v péowv xvpatopoppny ERP tpoxintel 1o cuunépacya 611, 6tay anou-
otdlel xdnowa caphc yvwotuxr hettovpyia, o ERP €youv cuviotwoeg mou exteivovton uéypt ta
450msec. Yuviotwoeg mou eupaviovtar o€ ypdvo wxpodtepo and 20msec cUVAVTGOVTUL OTIC Ué-
oec xupatodoppés AEP xou oyetilovtal ue anavtioelc SIauécou Tou OTEAEYOUS TOU EYXEQPIAOU.
To ypovixd draothpata UETA) TOV XOPLPWY TOV TEWTLY cLVIoTWo®Y (20 — 80msec) unopel va
xupaivovtor and 5 — 10msec, eved to DACTALATE PETAEY TV XOPUODY TV GUVIGTWOWY TOL EYU-
paviovtar apydtepa eivan g tdEne twv 20 — 100msec. Ta ERP yevixd yapaxtnpilovioar and
UELOVOUEVES x0pUpES uTepTIIEUEVES OE W Bactx) YRUUUr YOUNAOTERNS CUYVOTNTIC TOU YETI-
Badhetar Vetind ¥ apvntixd. Ta mapamdve urmovoly étt 1o gdoua twv ERP yapaxtnpeileton and
OLYXEVIPWOELC EVERYELAS oTN younhh {odvn xar oe wa Eeywpeloth uhniy cuyvotixy {wvn g o-
nolag 0 uéon ouyvotnta YetofdAleton avtioTpdPme avdhoya Pe To ypovo eupdvione (latency)
TWY XOPLUPWY NS TEOXANTAS dpactnetdtnTag. Ot yaunihic cuyvotntoc UetaBoléc avtiotolyoly o
poopatixd TEPLEYOUEVO TNE T8ENE Twv 8 — 12H 2. H {ovn uhnhic ouyvotntac urnopel va Boloxeton
oty meployn axoun xo mépa and ta 100Hz yioo TPUATE TOU TEPIEYOLY GUVIGTWOES UE UXPO
ypovo eppavione (latency) xar oty neptoy twy 15 —30H z yio ouviotdoee pe Peyahlitepo Ypdvo
eppdvione (latency). ISdtepn onouvdadtnta and veupohoyixy dron napovsidler 1 LoV Twy
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40H z, n onolo amotelel xou avtixelyevo pehétne e nopodoug SatplPhc, 6nws Yo TapouclaoTel
OTa ENOPEVA XEPANOUAL.

Téhog, npémet va onuetwiel 6Tt undpyouy evdeilelc twg To ERP yia o suyxexpipévn Siéyepon
dev elvon vTeTEpUIVIoTINd xat entiong mwg ol axplBelc emavalAPel evog TELRdUATOC eV divouy Tig
(Biec nhextpixéc anavtioelg oto grotd. Ot Srapopéc eppaviCoviar wg anoxhicelg oToug ypdvoug
eppdvione (latency) twv yapoxtnelo Ty x0puUOOY, 1S IANAYEC 0T TAATH TOY XOPUPEDY XAl UE-
PIXEC PopEc WS ahhayég GTNY xLUATOROPYT TNG andvTnonc. Enouyéveg, yia Ty xalbtepn avdiuon
wwv ERP eivar anapaitntn n perétn tne yetaBAntdntde toug, xdtt mou dev eivan mdvtote e0x0hO
va mporypatorotniel.

10.2 YTROOEYUA TV TROXANTOYV SUVOULXWY

LTI TEPIOGOTEPES TEPIMTOOELS T TPOXANTA BUVOUIXE TEOXVTTOUY S ATOTENEOUA TNG EQPAPUOYHS
wag diéyepong oe wiol ouYxexpLUévn yeovixy otiyun. T'evixd, o ypdvoc epappoyfc tne diéyepong
elvor aveZdptntog and omotadrinote ouvictwou ¢ HEID Spactnpiéotnrag unofdidpou. Edv dew-
efioovde t0 mpoxhnTéd duvauxd we éva ofjpa z1(t), émouv t € [0,T] xou t = 0 eivon 1 ypovixh
oTyur| e eapuoyrc tou epediopatog xat v HEL Spactnetdétnta unoBdidpou xatd tn Sidpxeta
Tou doTAPaToS TapaTHENoNS WS wio cuvdptnon woc Tuyaiac ddixaoiuc zo(t), tétE, e TNV
unddeon tou TpocVeTixol poviéhou, N uetpoluevn tocotta 7 (t) diveton and Tt oyéon

r(t) = z1(t) + z2(t) (10.1)

[a tic epiocdtepeg drabixaciec utohoyiouol onudtwy, eivar emduuntd To TeplEOUevo ot xdie
nopathonorn twhna x2(t) va eivar aoUoYETIOTO UE TO TEPIEYOUEVO TURUA To(t) of omoladhnoTe
GAAn mapathenoy. Autd amhomotel xatd TOAD TOV UTOAOYIOUO TOGOTHTOLY, OTWS Ol CUVAPTAHCELS
oLoYETIOWOU xau ol gaopatixéc nuxvotntee. H eCaopdhion 6t ta tuhpoata tou zo(t) otic 8id-
(popeg YETPNOELS TOU TPOoXANTON Buvauxol Eival aGUOYETIOTA ETUTUYYAVETOL UE TO GYEDIACUO TOV
TELPOUATWY XATA TETOIO TPOTO WOTE VoL UTAPYEL APXETOS YPOVOS UETAE) TWV EQUOULOYWY TOU Epei-
opatog. To anoutolbuevo ypovixd didotnua uetald Twv epehopdtwy tpocdlopiletar xutd YeydAo
wépog amd T BIdPXEId TWY CLVITTWOWY Younhwy cuyvothtwy e HEID' dpactnpidétntac uvnofd-
Yoou xa €yt Tumxéc Tiég TN TAENE TwY 1 —2sec ) teplocdTEPD. Xe ONOIAdNTOTE YpOoVIXT| GTIYUN
1 ouvdptnon autooucyétions tne HED Spactnpdtntag unoPddpou propel va umoloyloTel xou vo
TpocdloplaTtel To ypovixd dSidotnue oto onolo mapauével onuavtixy. Eivou enlong xowvn mpoxtixt
1 eloayYn wog tuyudtnTag e tédng tou 0.1 — 0.5sec oo Birdotnua puetald dradoyxdy eped-
OUdTWY OOoTE Vo Yetwdoly ol emdpdotlc NG TEOBAEPNS Xl 0 CLUYYPOVIoUOS Tou dhga puiuoL Tou
elodyouv Tpoxatdhndn ot pétenon. Katd ouvénera n €€, (10.1) propel va ypagel oty wopen

r(t) = (t) + n(t) (10.2)

6mou r(t) eivon n petpolpevn xupatopopn, x(t) eivor 1 ERP xvpatopopph xa n(t) n HED
dpaotnprdtnTa LoBddpou uali ye onolovdnrote dhho YopuBo mou unopel vor AouBdver ywea ot
dradixaoio e wétpnone. To mpoodetind povtého mov meprypdgetar and v €&, (10.2) eivou 1o
mo ouynHoUévo UOVTEAD TOU YPMOILOTOI00Y Ol EPELVNTES YIX TNV EPUNVELX X0t AVIALGY TWV
TEOXANTAOVY duvouxdy. Kot autd yiatl, xatapyfy, urdpyouv arcuieiog pédodot yio Tnv eaywy
TWY YOPUXTNPIOTIXWY TWV CNUATOY ond GUVOAIL BEBOUEVKY TOU AVTIGTOLY OOV GE oUTO TO UOVTEAD
xou YeEVIXOTER YTl 0dnyel oty eaywyr| YeNoWnY anoTeAeoUdToY. (26T600, TRENEL Vo £YEL
xavelc unddn Touv 6Tt 0 YovTéLo aUTH amOTEAE! pla TEWTN TPOGEYYIOT. LMUEOVETHL OTL XaddS
oto uélov o amoxtolue xahiTepn xaTavONoT Twv LTOXElUEVKY Slepyaot®y, civar miavdv va
yivovton dradéatpa xon BeATiopéva pordnuotixd Lovtéa.
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H xuportopopeh z(t) tou mpoxhntod Suvopixolh cuy Ve TEPLYPAPETIUL W VIETEPUIVIOTIXG O
mou enavalauBdveton ye xdde emavalndn g epappolouevne diéyepone. Ilapduola 1 diepyaoci-
o tou YopUPou n(t) yevixd poviehornoteitar we ototixr] Tuyaio dadixaoio. ITolhol epevyntéc
€youv pehethoel To otaTioTixd yapaxtnploTixd tng HEID dpaotnpiétntag unoBddpeou. Ilapdho
TOU LTIEYOLY GNUAVTIXES DLOXLUAVOELS, To ATOTEAEGUATA YEVIXE LTooTneilouy TNV unddeon g
oTATIXOTNTOC XAl THY UTAPE N XOVOVIXHS TUY LU XUTAVOUNS YL YPOVIXE DIACTAUNTA UEQIXWY OEV-
TEPOAETTWY 1) Atyotepo. 31N Bdom TV LTOVECE®Y aUT®Y TOMES YVWOTES TEYVIXES aviyveuong
OHUUTOS, UTOMOYLIOUOU XLUATOUOPPMY Ol OVOYVWEIOTS TEOoTOTWY EQupUOLovToL JUECH YLOL TNV
eZay WYY TANPOYPORPIMY GYETIXWY UE TO O and TIC YeTpoUEVES eVIopLBES xupatopoppés. Otay
ouvdudlovton dedouéva and enAVUAAUSUVOUEVES UETENOELS, UETA TNV EAXYIOTOTOMOY TWY ENOY WV
Tou mept€youy Tpoavy Tapdotta, €yet Bpedel 6Tt 1) OTATIGTIXY TOUS TEIVEL TPOS THY XAVOVIXOTNTA
oE oLUPLVIL UE TO XeEVTPIXO oplaxd Vewpnua. Ilepioodtepo pealiotixéc vnovéoel enttpénou-
v peyahltepn tuyadta oto ofua z(t) xou pn otatxr; cupneptpopd oto HED. Try eZaywyy
TANPOQOPIWY and AVTOV Tov TUTOo dedopévwy Bondoly cuvidwe utolécels mou aPopoly ENNEO-
o¥ETa YOPUXTNEIOTIXY TWV YETPOUUEVGDY BEBOUEVLY, OIS 1 QOCT TNG TUYAOTNTIS TOU GHUATOS
(m.y. o timog g xatavourc mdavothtwy Tne dlaxduavens Tou ypdvou eugdvions (latency) twv
x0pUPMY ToU TPoXANTON duvauixol). H anbddoor onowodinote teyvixfic enclepyacioc xpivetar
otn Bdon TS YENOWOTNTAS TNG YIoL THY XATAVONGT XAl THY EPUNVEIN TOV ATOTEAEOUATOY. LUy Vd
elvon amopaltnTo vor doxtuactoly ddpopec uédodol enelepyaciog oHPATOC Xl VoL oLYXEWoUY T
ATOTEAEGPATA TOUS WOTE Vol TpoGdloptoTel 1 xahltepy,.

To mpoBhnuo yioo to TEOXANTE Buvoxd BlaTunwveTol S eENC: Pe Oedouévo éva OVoLo
HeTEHoEWY TTou Eytvay Ue T unddeon g napousiog tpoosveTixol Yoplfou, va Peelel tola eivo
1 mo anotekeopatixy pédodog yio Ty eEaywy TG TAnpo@opiac and o 6GVOLO TV UETPROEWY.

10.3 H pédodoc tne HEoNS XLUATOLOPYPNS

H mo evpitata Sadedopévn pédodoc uToroYIoUol TV TEOXANTOY duvauix®y eivar 1 pédodog
e péone xupatopop@ic ouhhoyhc uetproewy (averaging). Eotw 1 petpoluevn xupatopopen
6Tt meprypdpetar wg ddpotoua Tou vietepuvioTixol orfpatos z(t) (Tou mpoxAnTtol duvauixol) xou
tou VopUPou n(t) (HET Spaotneétnta unofddpouv). Eivar peahiotixd n vnddeon bt n HED
dpaoctneLtdTnTa LToPddpou Eyet undevixn péon T, Tote, n cuveyolc Ypdvou xUUATOUOR®T| TOU
N-06TOV TEIPAUATOS UNOPEL VoL EXPPACTE! ¢

Tn(t) = z(t) + nn(t) (10.3)
Ot xupartopopgéc derypatohnrrovviar e puiud fs. Etor i eZ. (10.3) ypdgetar oty popen
rn(m) = z(m) + n,(m) (10.4)

6moum € N. Hextlunon e uéorne tpfic e e€. (10.4) yiveto pe ) pédodo tou péoou bpou evie
peydhov tAifdoug N enavolfihewy tov puetphoewny. H uéon tiun g UETpOOUEVNS XUUATOUOPPHS
™ ypovixh, otywh t =m/ fs eivan

N

1 & 1
N E rp(m) = N § Tp(m) + N E :nn(m) (10.5)
n=1 n=1

n=1
Advovtag we mpog To ofua Tou TEoxANToL duvoxol Taipvouue

N

ii (m) = 3" 1 )—ii () (10.6)
Nn:1$nm = rp(m NnZInnm )

n=1
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N

z(m) = r(m) —n(m) (10.7)

Trodétovtac 6Tt 10 ofjua de petoBdhhetar, dSnhady 6Tt T(m) = zp, 10 péoo ERP eivar to mpary-
potixd ERP pall e ) péon tips tou Yopfou n(m). Mnropel ot ouvéyeta va urotedel we xahn
rpocéyylon 6t 1o fi(m) éyer undevixd péon Tih xou daomopd o2 /N, bnou oy, elvor 1 daoTopd
¢ HET dpactnprdétntog uroBddpou.

H anoteleospatixdtna g pedddou anotigdton e To Adyo ofuatog tpog Y6puBo SN R, dniadn
0 TNAixo TNg 1oy bog Tou oHpAToS TEOS TNV Loy b Tou YoplBou. Ilpw and v egapuoyt e pedodou
T0L PEcou 6pou, 0 SN R o€ xdmota cUYXEXPIUEVY YpovixY| oTiyur| elvar:

2
SNR, = 2 (2”) (10.8)
Un
Metd v egappoyy) g uedoédou tou péoou dpov, 1o SN R yiveto
2
SNR, = L) (10.9)

o2 /N

Yuvenwg 1 Beitiwon tou SNR eivar evdéwg avdhoyn ye 1o N, 10 nAfldog twv deryudtoy ota
ornola equpudletar n uédodoc. YTrodétouue 6t n HED' dpaotnpidotnta unoPdidpou dev ahhdlet
ONUAVTIXG YE TNV eQapuoYr Tou epediopatoc. O UTOMOYIOUOS TNG TOGOTNTAC Oy GLYVE YiveTal
we ™V xataypapy) dedouévwy and éva drdotnua 100 — 500msec tpwv and to cpéthopa. Edv éyet
nopéhdel apxeTdC YpdVOC and To TEAELTULO EQEVIoUA Xl EAY TO PETUED TV EpEVIoUAT®Y BLdoTNUA
elvor Tuyalo, Tor Bedouéva aUTd BEV avOPEVETAUL VAL TEPIEYOLY CUVICTMOES ANd TO TEONYOVUEVO
TeoXANTO duvaxd xat 1 dtaomopd toug Va eivar auth e HET dpactnpidotntac urnofdipou. Etot,
1 droaonopd auth urtohoyiletar and to cbvoho dedopévov {r(k)}

2 1 - =\ 2
=1

Y10 Badud mov n HEI' Spactnetdtnta unoPddpou elvor pla otatixr tuyola dladixacio, n péon
TIh e oLAOYNS oE BlaQopETIXES Ypovixéc oTiyués dev Ya Bragépet onuavtixd. Yrodétovtog
6Tl TO ONPAL EIVOL VIETEQUIVIOTIXO WC TPOS TNV EQUPUOYT Tou epediopatog, eivar eniong duvatd
va urohoytotel 1 daomopd e HEI Spactnpiéotnrag vnofdipou ye to oynuationd culhoyhc
XUUATOPORPOV APAULEMVTAS XAdE XLPATOUORPY| and TNV Tponyoluevy tng. Etot dnuovpyeitoun pa
oLALOYY pe woég To TAYog xupatopop@és xadeuio and T onoleg dev TeEPIEYEL TEOXANTO BUVIULXO,
aAAd meptéyet Simhdota toy i YopifBou. Ot xuyatouopgéc autés umopolv va yenotporotnioldy yo
TOV UTOAOYLoUS Blapopwy otatioTix@y Wothtey g HEL dpactnetdtntag utoBddpou yetald tov
omolwv xat ) dtaonopd (1 onola npénet vo petwiel xatd évay napdyovta 2).

H tumxy| andxhion tng extiunong touv ofjpatog tov Aayfdvetor ye tn uédodo tng péomng xuyo-
ToUopPg TpoadloplleTan ano TNV TUTIXY ATOXAOT) TOU TEOGVETIXOL VopLBou UETA TNV EQapUOYT
™ uedodou g uéomg xupatowopeRc xat divetar and T oyéon:

On

VN

Anéb v €. (10.11) Yo nepipeve xaveic 6Tt €4y 0 UTOAOYIOWOS TG WESTIC XVUATOROPPHS EQUAPUO-
Cotav yia 100 defypata t6TE 01 Saxupdvoelg 6To TAdTog TNg U€ong xupatopopync ERP Aoyw twv
oYY dlaxvpdvoewy e dpaoctnetotntac unofddpou Touv HET o yetwvotay xatd éva topdyo-
vta 10.

SD =

(10.11)
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Or Bradixaciec UTOAOYIOUOY NG WECTS XVPATOROPPNS UTOPOLY Vo Ypnoldorotniody UETd TNy
epappoYY) dlapdpwy dladixaciwy tpoenelepyaoiog Twv dedopévey. o maupdderyua, ot xupato-
HOPQES UTopOoLY, TPV antd TNV EQUPUOYY TNS UeWo80U TN HEGTS XUPATOROPPNS, Vo SlEAdouy amd
yaunhonepatd 1y udmrepatd Giktpa Gote va ehayloTonomIolY GUYREXPIUEVES UEYAINES GUVIGTWOES
ot omoleg {owe xpBouy hemtouépeieg TG LEoNE xLUATOULOPPRS Xau ot ontoleg Vo HTay autég mou Va
elyoav avadetyVel dagopetind. Enedr) n pédodog unohoylouol e w€ong xupatopopenc elvar pla
Yeouutxn Stadixacia, 6Twmg xar apxetol TOmoL Grhtpupiouatog, eivar YeVixd Suvatd va Tdpet Xavelg
o (B1aL PE To TEOMYOVUEVO ATOTEAEGUATA EAY TOOYUOTOTOLACEL TO PIATEAPIOUN YETE TOV UTOAOYL-
oud g péong xupatopoprc. Lnueldvetal TEA0C OTL 0 GUYBLACUOS TOU LTOAOYIOUOL TNS WEoNS
XUULATOUOPPNS X0l TOL QPIATpuplopatoc unopel oLy vd vor amoxahOYeL BOUIXd YoPUXTNEIOTIXY TV
ERP ta onofa dev Yo yivévtouoay edxoha dlaxpltd Ue T yphon povo tng uedodou utohoyiogol
NS WEONS XUUATOUOPPNS.

10.3.1 Amnépeipn nopacitewy

Mo ané Tic Suoxoliec nou napovotdlovial xatd TNV EQUPUOYT TS LEYO00U UTOAOYLOUOD TNE -
OMG XVUATOUOPPNS TROXVTTEL A6 TO YEYOVOS OTL OAA To GTUATaL TNG GUANOYYS GuVBLALoVTAL UE TOV
{d10 ouvteleot| Bapitntac. Autd onuaivel 6Tl XULATOLOPYES TNG CLUANOYTC APXETY BLUPOPETINES
petagd Toug, ouvelspépouy eicou oty uéon xuuatouopn. H avoyoloyévela twv xupatogop@my
umopel va ogeileton oTny Tapovsio TapacitmY, OTWS Ol XIVACELS HATI®Y 1} Suvoulxd and Toug HLOES
1 unopel va tpoxOTTEL amd wio onuavTixh xupatogoppt otny HEIL dpactnptétnta unofddpou. Ia
ouTd TEETEL Vo AauBdvovTon TEOANTTIXG UETPA WOTE Vo ENAYIOTOTOMPOUY AUTES Ol XUUITOUOPYES
TpY and TV EQapuoY” Tne uevddou g wéong xupatopoppnc. Mio and tic uedddoug mouv yen-
OLUOTOIETAL Y10 TO GUGTNUATIXG TEPIOPLOUS TV XUUATOUORPMY TOL EUTERLEYOUV TapdoITa efvar 1
emhextixt] ué¥odoc unohoylopol e uéone xupatopopeic we etepodiodpavo [38]. Loupuwva ue
™ wédodo auth, 1 wéorn xupatopop®r vroroyiletu wg 1o otaduouévo dlpotoua

1 N
i(t) = 5 > wiri(t) (10.12)
=1

6mou o w; eivor Yetixde ouvteleotrc otdduone yia v i-ooth ERP xupoatopoper, ri(t) eivo
1 4-00TY| YeTEOVUEVT xupatowop®r xat D évag mapdyovtug xavovixonoinong mou divetal and T
oyéon :

D=> w (10.13)

To Bden w; urohoyilovtar ye tov axdhovdo tpomo: [ivetar xatoypapr ERP xuyatopoppdyv
HEYSEANG BLdpxetag mou cuunepthauBdvouy éva SldoTtnua ety and TNy eQopuoyT tou epediouatoq.
Y1n ouvéyeta urohoyiletar To @dopa Tou YopBou und 10 YECO GO TWV TEQIODOYPUUUATMY TOU
hopPdvovton and xdde XLPATOROPHY UETA TNV agaipesn TS UESTC XUUATOUORPYNS TNS OLAAOYTC,
onAod) :
X Ly 86 T 10.14
n(f) = N ;nsptomypappa Tou(z;(t) — Z(t)) (10.14)
Y1n ovvéyela oyedialetar éva @iATpo AEUXAVONS YPMOILOTOIWVTAS TO AVTIOTPOPO NG TETPAYW-
vixfic pilac tou X, (f). Axohovdel encfepyaocia twv Tpayuatidy dedouévey anbd to Gikteo
AEOXOVONS X0 TOUG GUVTEAESTES GUVDLXOUOVOTNS ¥; UETAED XdUE XLUATOROPPNS Xal TN WEONS
XUUATOPORYNSC OAWY TWV LUTOAOITLY xLPATOLoRP®Y. O cLYTEAESTHC oTalUIoNG Yia xdle xuyaTo-
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nop®n) divetar and tn oyéon:

w; = Yis 0 S Yi S C (10.15)
07 Yi > C

H wyh tov C emdéyetan eumetpixd pe tomxr i to 0.8. Me tn yédodo auty, av xou eivor
UTONOYLOTIXY AAUTNTIXY, EMLTUY Y AVETAUL APXETA ONUAVTIXG TOCOOTO ANOEPLYNE TWV XUUATOUOPPEY
TOU EUNEPIEYOLY TAUPAOLTA.

10.4 MEeVodol avdAuong LOVAR®WY TEOXANTWY SUVUULLXGY

H pédodog unoloyiouol tne Y€ong XLPATOUORPNS EYEL WS ATOTENEGUO THY ATWAELL TANPOPOPLHDY
OYETIXS UE TN UETABANTOTNTA TN andvTnong and npoondieto o tpoondletla. Metprioelg tng yeta-
BAnTéTNTAC TOL TAdTOUS Elvan oyeTIXd €0X0hO Vo YiVOuV e ToV UTOAOYIOUS TOL alpoiouaTog TwV
TETPAYWVLY Yo xdUe delyua €106d0u, €10l OGOTE VA Unopel var UTOAOYIOTE! 1] TUTLXY ATOXAIGT Yid
xde Selypo xou va oyedaotel pall ye tn péon xugatopopen 6to Téhog g xataypaphc. Q2otdoo,
elvar miovoy va petaBdhhetar and npoondeia oe npootdeia o ypdvos eupdvione (latency) twv
CLYICTWOWY TN ATAVTNONS UE anoTéAeopa Vo TpoxVTTEL UToPaduouévr extiunon Tou tpoxintol
duvaptxot. Ilpayuatixd, wa péorn xuyatopop®r mou oynuatiletar and oelpés AMAVIHOEWY TWV
onolwv 0 ypovog eudviong eivon YetaBAnToc urnopel vo un dlaywpelletor and auth mou oynuoti-
Cetou and oepég TV onolwy To Thdtog petoBdiietar. ‘Eyel npotadel éva mAfdog SrapopeTtindy
pe¥odwY Yo TNV aviyVEUGT X0 TOV UTOAOYLOUO TNS UETABANTOTNTIC TOU YPOVOU EUPAVIONS XAl
Tou TAdToLG pall pe Bradixactieg yio T BiopYwon TG UETUPANTOTNTAS AUTHC.

Hoapoadetypata anotehody ot yédodor tarpidopatoc npotinou (template matching). Avutéc
oLYIOTAVTAL OTNY ETEQOCUCYETION TV UOVAPWY XOTAYQPUPOY UE WO TEOTUTY XUULATOUOPPT| YL
dradoyinés ypovixéc ohodioels g wovipoug xataypapns. H ypovixd ohicdnon mou mopdyet )
HEYLOTN TN TNS ETEPOCLOYETIONS TPoadlopilEl TO oMUElo GTO 0TOIO 1) TPOTUTY XVUATOUOPPY| XOL 1)
xatarypapt) Taptdlouy meptoadtepo. Qg apyixd tedTuTy cuvHlwe emtAéyeTtan 1 UEGT XLUATOUOPYT,
ywelc autd va elvon deopeutind. Metd tov uTOAOYIOWS TG ETEPOCUCYETIONS, TEAYUATOTOLEIT
OMoUMON TWV YOVAR®Y XATAYPAPGY, ETOL HGOTE VoL ELVVYPUUUOTOVY T ONUEld GTA OTOla TAUPATY-
pelton péylotn etepoouoyétion. 3tn ouvéyeta, uvnoloyileton wor VEo Y€ XUUATOULORP®T, 1 omola
YEMOIULOTOLEITAL WC VEX TRPOTUTY XUULATOUOP®T] TOU Yol ETEPOCUCYETIOTEL UE TI UOVIRELS XAUTAY PO
péc x.0.x. H Bdadixacio cuveyiletar uéyplc 6tou 1 etepOcUOYETION CEMEPUOEL WA OpLOXY) TLUT.
Qotdoo, n pédodog auth napouctdlel dpxeTd TEOBAAUATY, OTKWS YIoL TUPABEIYUA TO YEYOVOS OTL
emnpedletar 1oy LEd and anoxploelg UEYIhoL TAATOUE, eI amd AUTES TOU €)Y 0LV XAt UEYAAY Didp-
xeto. ITohhéc mpoondieiee yivovtar diedvmg yioo Ty enitevdn emtuyols avIALONS TOV LOVHPWY
XOTOY APV, OTWS YioL Tapdderyha UE Ypriom veupwvixmy dixtiwv [96]. [eyovde eivar ndvtog bt n
AVIAUGT| TOUC TOREYEL oNUAVTIXT TANpopopla Yot Ty peToBAnToTHTA and npootdielo 68 TEOCTE-
Vet 1660 ToU TAdTOUE 660 Xat ToL YpPdvou eupdvione (latency). H obyxpion tov tinpogoptodv
oUTEOY oL AauPBdvovton and Ta TEOXANTA duvauixd uropel vo fondfoouy oe yeydro Badud tny
xatavonon e TadoQuOIOAOY{US TV VEUROAOYIXGDY ACUEVELOV.

10.5 30yxpiomn tne wedodov Tng HEOMG XUUATOUROPPNG UE EVOA-
AaxTixég uedodoug
‘Onwg avagépdnxe xa nponyolueva, 1 uédodog tne péong xuuatopopprc Paciletar 6to wovtélo

TOU LTOUETEL OTL 1) XUTAYPAPOUEVT NAEXTEIXY DpAoTNELOTNTO UTOPEL VoL TEPLYPapEl WS 1) ETOAAY-
Mo tou orfjpatog (tou mpoxhntol duvapixot) xat tou YopvBou (HEI' unofddpou). Ot emnhéov
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uno¥éoelg 6Tt T0 enayduevo amd To (Blo epédiopa ofua eivon otoatepd and npoondleld o€ TPOOTA-
Vel xon 6Tt 1y HET Spaoctnetétnta eivar tuyaior xar aouoy€TIoTN UE TO TEOXANTO BUVOULXO €YOUY
¢ AToTENEOUA TO QUPOIoUN TV amoXploEWY UETA and xdle Siéyepon va eVIoYVEL T CUVIOTO-
oo Tou ofuatog ot vo Uet@vel o Yopufo. H Srabixacio auth avadetxviet éva uéoo mpoxhntod
duvalxo Tou omolou Ta yapaxTneloTixd xadopilovtal and TNV TNY TapaywYhc Tou. Eivor onua-
VTIXO VAL TopaTneNoEl XAVelg OTt 1 u€om auTH XUUATOUOPPT| anotehel extiunon tng dpaotnpldtnToc
mou oyetiletar Ue TV TNYYH TApaywYHS TOV, TP TO TEAYHATIXG GHU TOu Yol XATAYpAPOTAY OF
éva povo vevpwva. Ileputépw Behtiwon tne extiunong avthc emttuyydvetar eite ye adinon twv
Tpoonalel®dy EiTe Y PIATREPLIOUO TV XVUATOUOPP®Y (TO0O TV XaTaypap®dy 600 xau e uéong
XUUOTOUOPYRC) UE OXOTO TNV Amoudxpuvor 660 eivon duvatd peyulitepne tocdtntac Yoplfou.
H yphon tov giktpev autdv cuvilws ayvoel To YEYOoVOS OTL 0L GUYVOTNTES TWY CUVICTOOWY TWY
XUULATOULOPPAOY ELPavVIlovy TNV TdoT Vo Uedvovtal xad®s 0 Ypovog UETE TNV ELPAVIOT TG DLEYEp-
onc avZavet. ‘Etot, éva npoxAntoé duvaixd unopel xahitepa va Yewpniel wg ouvBLaoUOS GNUATWY
TOU AVATOPIOTOVY TNV ATAVINGCT] TOU EYXEPIAOL XoMS EXPOPTIOEIS VEUPOVMY TRAYHATOTO00VTAL
and younhéc oe Badutala vhNAdTERES EYXEPUNXES DOYES.

Ot mponyolpeveg mapatneroelc toybouy xou yia Ty evaihaxtixy uédodo tou a posteriori
Wiener giktpapiopatoc. O De Weerd xou ot ouvepydtee tou [23], [24] avunpdtevay evahhaxtixd
T0 YPoViXd UETABAUANOUEVO QPIATEAPIOUO TOU EMLTEETEL YPOVIXEC DIAPOPOTOINGEL TWV LY VOTIXDY
CLYICTWOWY, 0 GLYBLACUOS TV omolwy oynuatilet To TpoxAntd duvauxd. O De Weerd nopotrnpet
¢ xopla a priori TAnpogoplia yia To ohpa xou To VopuBo dev elvor Sroaéotueg dtav xataypdpovto
TOL TEOXATTA DUVAIXE XAl XATE GUVETELN TO TEOBANUO OTOLAGOHTOTE TEYVIXNG HEOTS XUUATOROPPNS
anotelel mpOBANUa extiunong topd TEOBANUA aviyveuons orfpatog xpuuuévou oto VopuBo. To
Yeovixd petaBalhoyevo @ritpdpiopa drevdetel To TpoBAnua auTd Yewpdvtag 6Tl To ohpa o€ xdie
HOVNAPES TEOXANTO BUVOULXO ATOTEAE(TOL OO ETUXANUTTOUEVES GUVIGTOOES, Ol OTOIEC UTOPOLY VoL
neptypapoly and padnuatixéc egiowoelg. Mia tpdodetn undieon eivon 61t To ofjua de petadAhetar
xatd TN Oldpxelo Tou Ypedvou mou amarteltal Yo T AdN Ty xataypapoy. H unddeon auth
nopaPidletar edv napatnendel etouods B edv atouxés UETAPANTES, OTWS 1) TPOGOY Y|, TROTOTOLOVY
T0 BuVOUIXO XTd xdnolo TeoTo. (2oT600, eNEldY| 0 ApIUdS TV ATAUTOVUEVLY ETAVIAApE®Y Yia
™V exTiUnom Tou oHUaTOS Elvon GYETIXA Wxpdg, N TapaPiooy e mapandvw vrddeong dev elvo
xadoptotixr). O De Weerd xat ot cuvepydteg tou vrootnpilouv 6Tt 1 teyvixr) dev umopel vo
xenotponomiel 6tav o Aéyog ofua mpog YopuBo eivon younhog, xadde moupdyet TapamAovnTLXd
anotehéopata. ‘Etot, n théov adiomotn yenotponotoduevy ofuepo uédodog eivar auth tne péong
XUUATOUORPTC.

10.6 T'vwolouxd Xrpota

To eyxepahoypapixd TpoxAntd duvauixd €youv evpbTata YenotworotnUel Yior T WEAETN TNG EYXE-
paloypapixhic dpactnerdtntag nou oyetiletar ye uhniéc vonrixég Aettovpyiec. Me Tig undpyouoeg
uedodoug elpaote o Yéon va eviomicovpe {yvn tou ypoviouol xu tng Véong e pwalixic Veu-
pwVIxfc SpactneldtnTag mou oyetiletoar ue yvwotaxés Aettovpyies. ‘Ouwg, mapdhn v 1pbdodo
TV TEAELTUOY ETOV, BPLOXOUACTE GE GAOT AVOUOVAS AVATTUENS VEWY IOYUPWY EQYUAEIWY YId T
HETENOT ONUATOV VELPWYVWOIAXMY BIEQYACIOY Xl EVIOTIOUOD TV TNYWY TOUS GTOV EYXEQPANO.

To mpoxAntd duvaixd eivar €éva ToAUTIHO gpyahelo Yia T ueAéTn ualixnc VELpwVIXRS dpaoTY-
PIOTNTAC XAt TN OdpxELd YVwoloxwy Aettovpytwy. H unddeon epyaciog elvar dtt wa onuavtixy
LeTaBolY) 6TO YPOVO EUPAVIONG ¥ 6TO TAATOC UETOED TEIPUPATIXGY GUVINXOY TOL BLAPELOLY WS
TEOS WXL CUYXEXPIUEVT] YVwatoxy) Yewpnon g andvinong oe €va telpopo, avTovoxhd Ti¢ SLopo-
p€c ot walixn vevpwvixt dpactnetdtnTa Tou oyetileton Ue auTh TN Yvwotaxy dadixacio. Etot,
EQOGOY 1) U£0T], XUPATOROP®Y) EIVAL GUYYPOVIOUEVT WS TPog To £p€dioud 1) WS TPOS TNV ATAVTNOT),
yiveton duvath) 1 oYWy CUUTEPACUATWY GYETIXE We TNV axoloudia xou T YpOVIGUS TV Hlad!-
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xaolwy mov oyetilovtal ye to melpoya, 6nwe 1 tpocdoxia mpty and to epédioua, N TEOETOWACIA,
1 XWOXOTOINoT TWV YapuxTNEIoTIX®Y Tou epediopatog, N aloAdynon tng évvolag tou epediopa-
T0¢, N EMAOYH NG andvinong xou 1 extéleon. Ol GUVICTOOES TOU TEOXANTOU BUVOULXOL TOU
emnpedlovta xOpta amd TIC QUOIXEC BLOTNTES Tou epediopatog xahobvtar e€wyevels, eved avtég
Tou ouppeTaBdilovtar x0pla UE YVOOLUXOVS TUpdYOVTES XahoUVTal EVOOYEVEIC. XTNnV mporyUott-
XOTNTA, Ol TEPIGOOTEPES TUVICTWOOES EVOL ELAICUNTES X0l OTOUC EEWYEVEI Xl GTOUC EVDOYEVE(S
TopdyovTES.

10.6.1 Boaowxéc unoUéoelc Yl TNy €QapoYh TNe REVOB0L TV TEOXANTOY
BuVOLX DV

Or Booixéc unodéoelg tng uedddou eivar 6Tt o1 Yvwotaxés Aettoupyieg umopoly va yetpnioldy xot
OTL Ol EMXANUTTOUEVEG GUVIGTWOES UTOPOLY va BlaywpeloYoly xar WdAoTa ot Yvwotoxol mopd-
yYovTec unopolv va anopovwiolv. Ta vontixd yeyovota dev propolv va petpnioly anculelog.
Mropolye va TapatneicovUe LOVO TN GUUTERLPOPLXT XAl T VEUPWVIXT| DpaoTneltdTNTa Tou GyETi-
Covtan pe autd. Wuyohoyixés uehéteg uetpolv ouumeptpoptxd Ueyédn, 6Tws o ypdvog avtidpaong
Y1l VoL 0ploouY Tl 0TABIA TS YVWOlaxS ETEEERYATTAC XAl VO EXPEPOLY CUUTEPACUOTA OYETIXA UE
™) @OoT Toug xat To ypovioud toug. H eyxuvpdmnta xdde yvoolaxhc uehétng eCaptdton and tnv
OTOTEAEGUATIXOTNTA TOU TELPAUAUTIXO0) OYEDdIAoRo) xat Toug eAéyyoug otn dlayeiplon evog Yvo-
oloxol TapdyovTa BlaTne®@vTag 6houg Toug umdhottoug otadepoic. o maupdderyua, éva Tumxd
nelpapal pvAung ouunepthofBdver oyt uévo tn uviun, ahhd eniong xou tpoodoxia xul TpoeTolacia
X0 XOOXOTOINOT TV YAPAXTNEICTIXWY Tou gpediouatog xar alyxplon Ue TN WvAun xat eTtAoYN
xou extéheon g andxplong. H pehétn twv eyxe@ahixdy onudtwy mov oyetiCovion Ue ) YVo-
oo hertoupyio teptmAéxeton emtmhéoy and TNV TEPIoG6TEPO ToAThOX Y EvoucUNGial TV XIVACEWY
AmOXPIONG.

O ypovioude wwv vevpoyveotoaxwy dlepyaotoy eivat obupwvos. H uédodog tng péong xuua-
TOUoPPNS LTOVETEL OTL Ol OYETIXES Ue TO Telpayua YVwotaxés dradixaoieg dev yetafdilovtoar 6To
Yeovo and enavdindn oe emavdindn. Edv ot vevpoyvwolaxés Aettovpyleg fTay mporypotixd vie-
TepUVIoTIXES, TOTE 1) uTOVEaN auTh Vo RTay hoyixy. oTdo0, Bev uTdpy oLV enapxels evieiels Yia
Vv vnooThelln pag tétolag undveons. Ot yetafohéc and enavdindn oe enavdindn oo ypoviouod
LV VELPOYVOOLAX®Y DIEPYACIOV ETNEEGLOUY TOGO TO YpOVO AmOXEIONG OGO Xol TO TAATOS ULog
ERP ouviotdooac. To pétpo tou ohoxhnpoduatoc twy Twov (euBaddy) evic xduatoc yenotpo-
noteltar apxeTég Qopéc Yoo var auBAOveL TNV uTepPolixt| evaucUncior TV UETPHOE®Y TOU TAUTOUS
otig draxvudvoelg autés. Emiong, éyouv avamtuydel uédodor dioplwong twv ypdvey eupiviong
(latency) ocuyxexpluévwy x0pUOAOY Y PNOWOTOLBVTIS To DEDOEVA LOVHPWY Xataypapey. Qotdoo,
Ywelc mpooexTind Qrhtpdpioua, 1 adEnoyn TAdTouE Tou TupdyeTal and TiC dadxacieg diopltwon-
¢ TOL YPoOVOU eupdvione umopel va emnpeactel and acvoyétiotny HED Spactnptotnta, cuvidng
dpaotnptdTnTa TNS dhga Lwvng.

H pétpnon tou ypdvou eudvions twv xopup®y eivor Evag GANOS ONUOVTIXOS TapdyOovTag,
wradtepa oTic ypovoueTpixéc uedodoug (Uédodot Tou xatahiyouv 6Tov TPoGdIOpIoUd TG AXONOU-
Viog ot Tou ypoviopol TV GUVIGTLOOY TN YVoolaxic enciepyaciac). O ypdvoc xaduotépnong
HETPIETAL ¢ TPog o xopuen mou emAéyeton eite e omtxy Yewpnon elte auTOUATA WS 1) XO-
eLYY Ue To PEYIOTO TAATOG EVTOE WG eupeiog TEploy g Yeovixdy xaduotephioewy. (261600, 1
nopovaion VYNAGY LY VOTHTLY UTopEl Vo TEOXUAESEL AaVIUGUEVES BLOXUUAVOEL OTOUS YPOVOUS
xaduotépnone. o autd anouteltar TPOGEXTING TEONYOUUEVO PINTEAPIOUO YOUNADY CUY VOTHTOV.

Ta Yépota e expdidnong, Tou avtopatiowol, T xolpaong xot Tng oLVRUELNG TEENEL Vo Ao
Bavovton urnddn otav Ta nEtpduata emavalogBavovTor EXATOVIADES Qopés. ApXETES Popéc axo-
houvvel delitepn oelpd UETPNOEWY WOTE va BtamioTtwiel €dv To xaTaypapoueva duvamixd ogelhovtat
0€ XOTWOT 1 GE QUTOUATIOUO.
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H vrnddeon yia ) yéon ERP xvpatopopgy| eivon 61t anotekel ypuupixd cuvBUAoUO Ywplxd xal
YEOVIXE EMXANVTTOUEV®Y GUVICTOOMY TOU TORAYOVTAL UG GUYXEXPIUEVA VEUPOVIXE GUOTAUATA.
Qotdoo, Yo frav ageréc va Yewprioet xaveic 6Tt ot xopugéc otn péon ERP xupatopopey| anetxo-
viouv Tig Braxpltéc ouviotwoes. 'Etot, n axpiBric p€tenon twv eNXaAUTTOUEVWY GUVIGTOOWY T
OUVICTUUEYY) XUUATOPPY| Elvor TEOBANUATIXY. Y€ UEPIXES TEPITTWOELS, OYETIXY ATAES TELQUUUTIXES
1 avahuTixés pédodol umopel Vo EVOL ATOTEAECUATIXES GTO BLUYWPLOUO EEYWPIOTWY CUVITTOOWY.
261600, dev elvor GUYVE BUVATOHS O BIAYWEICUOS TWV EMIXANUTTOUEVWY GUVIOTWOMOY OTd ATAES
pedodoug. Qg yevixdtepn Aoon oto npdPAnua autd, anotekel n yeron g wedodou tng Avdiu-
one Kupiov Yuvietwodv (Princial Component Analysis (PCA)) yia v avédeiZn aveZdpotntov
ouviotwowyv. H PCA npoodiopilel otatiouxd aveldptnTtoug TapdyOVIES TOU AVIITPOCWTEVOLY
drapopeTinég mNnYEg draxbuavong ota dedouéva oynuatilovtag ypauuixovc cuvdvaouois twv ER-
P mhatwv oe xdde ypovixh otryur. Ot napdyovteg autol eivan xatd péytoto PBadud acuoyétiotol
petagd Toug o TEPLYPAPOLY TO UEYARDTEQO TOGH Bloxduavons mou mopatneeiton oo Sedoue-
va. Yuvidocg, 4 — 10 mapdyovtes neplypdpouy To0 TOAUTAOXOTNTA TWV TNY®Y TN OLOXOUAVOTS.
Hapd ) dnuotixdétntd e, n PCA pédodog éyerl evboyeveic neploplopolc. Xuyxexptuéva, eivar
d0ox0ho Vo TpoadloploTel Tota TelpaUATIX UETABANTY 1 TNYY BlaxOUAveng avTITEoowREVEL EVag
OLYXEXPIUEVOC TORAYOVTOG.

10.6.2 Medodoloyixéc AnUTAOELS

‘Onwe oe xdle meipopa, €101 o GTNV TEQITTWON TOV YVOOLIXGY ONUATOY eivar Bacixde o €ley-
YOS OA®V TV TopayOVTLY Tou dev oyetilovtal dUeca UE TNV EMBIWXOUEYY) TELPULUTIXNY UENETT).
Mdhiota amonteiton 1dlaiTeERN TPOGOY T GTOV TEIPAUATING EAEY YO XATE TIC VEUPOY VOWOIAXES UEAETEL,
aol Ta eyxeQaAxd opata eivor ToAD evaicinTa o€ TOANOUS TaEAYOVTES XAl T VELROY VOOLUXA
ofpata efivon Tohd Wwixpd o€ oyéomn ue tn dpactneldtTnTa unoPBddpou. Ta mo onuoavtixd Vépota
anoTteholV 1) ENXYIOTOTOMOY TWV TUPAGITOY XAl 0 EAEYYOC TWV QUCIONOYIXMY X TEIPUUATIXWY
TOQAYOVTWY.

H napaudppworn 1wV eyxe@ahix®dy onudtey and un VEupwvixd duvomxd eivar évo coBupd
meoBinua. Ot xbpleg TNYES TV QUOIONOYIXGOY TUPUCITWY EVOL Ol XIVACELS TWV JOTIWV XAl 1) HU-
%1 SpaotnetoTnTa, Wiaitepa TwV pLGY Tou xepaiod. H aviyvevorn xou agaipeon twv napacitewy
Tpaypatomote{tar e ontixy Yedpnon N ue autoéyato teomo. ‘Eyouv avantuydel dnelaxol aiyo-
prpot [69], [70] v v anoudxpuvon TV eTdEACELY TwV Topacitwy té6c0 and 1 wéon ERP
XUUATOPORYT], OGO %o And TIG HOVAPELS XaTaypapéc. 0T600, ot wixpés Uun aviyveloIUES XIVAOEIS
HATIOV 1 PUixnc Spaotnetotntag ol omoleg pnopel va cuoyetiCovtar 010 yedvo e 1o epédiopa 1
™V andxplon adpoilovtar xou unopolv Vo 0dNYRoOLY GE ECPUAUEVO ATOTEAEOUATO. LNUELDVETAL
mévtwe OTt elvon mdavd, XIVACELS HATI®Y XAl JUTXT] BpaoTnELlOTNTA VoL GUVODBEDOLY TIC YVWOIAXES
Aertovpyieg xau va oyetilovton Ue Yvootuxés eneiepyaoieg xou xatd ouvénela va ypnotponomioiy
Y10 TO DI WEIOUO BIAPOPETIXWY Y VOCIAXWY DLOBIXACIWY.

‘Eva onpavtixd 9éua otov EAEYYO TV TEPUUATIXOY cLYINXOVY EVOL Ol YEVIXO! TUpdYOVTES
guatohoyiag. Ta eyxepahoypapixd ohpata towxihovy avdhoyo ue v nitxio, ) dedloyeipla- opt-
otepoyelpla, To YEvog, TNV xoVpdoT), To eninedo BIEYEPONS, TN YPHOT XAPEIVNS, VIXOTIVIG, AAXOON
xou Blapopwy Qapudxwy. 261600, elvar ToAD 806Xx0A0 va BlayweloTolY ot endpdoel Tou oyeTilo-
vTou Ue oLy xexplpévn enelepyaoia thnpopoplog and exelves mou avtavaxhody 10 GUVORIXS eninedo
dpACTNELOTNTAS TOU XEVTPIXOU VELPLXOL cuoTAuatos. It autd, o EReYyog TV TapayOVTOY AUTOVY
TEOYUATOTOLE(TOL UECW TOL EAEYYOU TNG BUGXOAING TOU TELPHUITOS XL TWV YEVIXWY TOQUYOVIY
puatohoylag.

To ouot®deg Vépa Tou mepapatinol oyedlaouol xat ehéyyou Baciletor 0TV eYXLEOTNTA TNS
unodeong 6Tt ol TEPAUATIXES GUVINXES, OTNY TEAYHATIXOTNTA, APOPOVY ULOL CUYXEXPILEVT VEUPO-
yYvwotoxy dradixacto xor 6Tt ta anotehéopata dev ogelloviar o Tapdyovieg Oyt dueca oyeTlo-
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pevoug pe ot T dradxasia. Ot netpapatixés dadixacie mpénel va eivon anhég xat cUVTOUES,
wote va petwiel  miavoétnta dragoponomoewy and tpootdiela o ntpoondideto xar 1 mavoTNTL
OmopEng otpatnYXng, oAAd apxeTd Xohd OYEBLUOUEVES DOTE VA ETUTUYYAVETAL 1) TARENS TEOCOYY).
Or ouvinixeg evdg netpdpatoc Vo TEEREL Vo EAEYYOVTAL Yiol AGLOYETIGTES DIEYEROELS, Yo TORAYO-
vteg mou oyetilovTtal Ye 1 uaotohoyia xou TapdyovTeS Tou oyetilovtal UE TNV andxplon XATd TO
OYEDIOUO TOU TEIPAUATOS XAl Yot THY ELVVYPAUUIOY) TWV GUVOR®Y BEBOUEVWY UETA TNV EXTEAEDT
TV Tepaudtoy. Ot napdyovteg autol ouumepthauBdvouy TiIg QUOIXES IBLOTNTES, TN CLYVOTNTA
xar TN Odtady twv epetiopdtwy, 0 duoxohio Tng dladixaciog, TOV AQUTOPATIONO, TO YPOVIOUO,
™) bidpxeia, To eldog Twv anoxplocwy xhn. H duoxolia tng npoondieiac tpononoteitar ohupwva
we ti¢ petoforéc otny anddoom, 1 onolo allohoyeiton Ue CUUTEPLPOPLXA UEYEDT), OTWS O YPOVOC
andxplong xor o puipog Aadwyv. Edv ta mhdtn twv ERP petpodvta wg mpog 1 Paoctxn yeauuh
ety and 1o gpédioua, ol emdpdoelc g tpocdoxiog mpénel va Aopfdvovtar vy, edixd 6Tay ot
anooTdoel UeTall Twv epetoudtoy elvar otadepés.



Kegpdioo 11

Mn Dpapuixdc Evepyetonog
Teleotnc

H xataypapduevn nhextpoeyxe@uloypapixy dpaoTnetoTnTOL TOU avToVaXAd TS YVOOLoxéS Ael-
TOLPYIEC TOU EYXEPINOL ToPOLGIALEL GUYXEXQPIUEVO EVEQYEINXO TEQIEYOUEVO OE GUYXEXPIUEVES
poopatixéc (wveg, To onolo emmpooétng eivar xou ypovixd petofaihopevo. Tio tn perétn tou
YEMOILOTOOVUE TOV N Ypouxd evepyelaxd Teheoth. O un ypauuwixdg evepyelaxds TeAeoThc
unohoy(lel T0 evepYELOXO TEPLEYOUEVO EVOC Ypouuixol tahaviet. Eyet yenowonomiel enion-
C %ol YIOL TOV UTOAOYLORO NG oTtyliodog ouyvoTnTag Xat Tou oTiyolov TAATOUS evog oRUATOg
Sropoppwuévou xatd ouyvotnta xot nhdtog [81].

11.1  Ogpiop.ol

‘Eotw z(t) wa npaypatixd dtodixaoia e teploptopévo goaouatind e0pos (Syz(w) = 0 yia |w| > B)
xou z(nTy) to detyparta e () pe neplodo derypatohndioc Ty < m/B. Ia Adéyoug anholotevorng,
10 T 0T ouvEyelo mapaheinetar and o ohua dlaxpitol Ypovou.

Kar yro to ouveyole xan yior o Staxprtot ypdvou ofpata, o Kaiser [59] bptoe 1o un ypopmuxd
evepyetoxd teheath]. [a 10 ouveyolc ypbvou ofua z(t) o un yeauuxds evepyelaxds TEAETTHS
opiletar we:

N .
Tlz(t)] = [B()] — 2(0)Z(?) (11.1)
omov & = ‘fl—f. Yy nepintwon tou orfpatog dlaxpttol ypdvou o Tehectic opileTtal wg:
Talz(n)] 2 22(n) — z(n — Dz(n + 1) (11.2)

Kot ot 800 tehectéc W, xou Uy elvon un ypopuixol xou auetdBintol otic petoadéoets. Ipotdinxay
Yio TpdTN Qopd and Tov Kaiser xat ypnotwonoidnxay yia Tov Tpocdloplowd tng eVERYELNS ATAGDY
OPUOVIXGY TIAXVTOT®Y. TTio cuyxexpluéva, edv €youvue Evay 18AVIXO YROUUIXO TONAVTWTY Ue udla
m, otadepd ehatnpiou k xar ouyvéTnTa TIAdvTRone w. (k = mw?) xot 1 Véon tne pdlac m diveta
and  oyéon z(t) = Acos(wct+0) téte n o (avnies| xou duvoxr) EVEPYELX TOU TUAAVTOTH
wolta e (m(%)? + kz?)/2 = (m/2)A%w?, eivor Snhod avdhoym ToU TETPAYGVOU TOL YVOREVOU
mAdtoug - cuyvotntac. Emnhéov, n egapuoyr| tou un yeopuxol evepyetaxol tekeoth ¥, oo ofjpa
x(t) odnyel otov unohoyoud e evépyetac (avd pwon wovdda pdlac) tne nnyhc TOoL TAPHYAYE TO
oot

T [Acos(wet +0)] = (Aw.)? (11.3)

vio xdde A xon we.
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Or un yeapwxol evepyetoxol TeEAeoTéC elvon Eniong YENOIULOL YIA THY AVIALOY) CNUATOY TUAO-
VIOTOV UE pswﬁa)\)\épsvo mAdtog xou ouyvotnta. Edwdtepa, n egapuoyn tou tekeoth ¥, oTo
xatd n)\arog xou pdon dopoppwuévo (AM-FM) ofua z(t) = a(t) - cos(o(t)) = a(t) cos(wet +
W fo ) dT + 6) odnyel 6TOV UTOAOYIOUS TPOGEYYIOTIXE TOU TETPUYWVOU TOU YIVOUEVOU TOU
TAdToUg a( ) We ) oTrypioda ouyvOTNTY w;t

U [a(t) cos( /0 wi(r) dr + 0)] = [a(t)wi(t)]? (11.4)

vrovétovtag 6ttt ofparta at) xar w;(t) Sev petafdiloviar ovte TOAD YpRyopa oUTe TOA) 0T0
XeOVO o€ alYXQPIOT UE TN GUYVOTATA TOL QPEPOVTOS We. LNUEWDVETAUL OTL O GLVBVAGUOS TOU TEO-
NYOVUEVOU OMOTEAECUNTOC UE TO AVTIOTOLYO TOU TPOXVTTEL And TNV EQUPUOYT TOL (Blou TEAECTH
xou otV mapdywyo tov AM — FM ofuatog, odnyel otov unohoyioud Eeywplotd tng cuyvo-
™Tog Xt EEYWEoTd Tou TAdToug Tou ofuatoc. O aviiotoryog ahydpripog eivon o akydpriuog
droywptopol g evépyewas [81]. IMapopoiwe yia to daxprtd ofua z(n) = r(n)cos p(n), éyxovue
Uy[z(n)] = [r(n)w(n)]?, 6mov pe w cuuPorileto n otrywaia cuyvétnta (w(t) = do/dt) xou e r 1
otrywato axtiva. 3Xto e€rc Yo neploptoTolUe GTOV TEAEGTY| TOL EQupUdleTon GTa GHUTA BlaxpLTo)
Xeovou, tov omofo xat Yo cuuBoiiCovpe ye V.

11.2  Yratiotixr Epunveia

Eotw x(t) évac ypauuxds ouvduaoudc dvo onudtwy x(t) xou z2(t), o onoloc 010 YWEO TwWY
Sroxptty onudtwy yedpetar z(n) = z1(n) + z2(n). Egappélovtac tov un ypouwuxd evepyetaxd
teheoth| €youpe [87):
V[z(n)] = Vzi(n) + 2(n)]
= [ ( )] +\Il[x2( )] (11_5)

+{2z1(n)z2(n) — z1(n — 1)z2(n + 1)
—zl(n+1)za(n — 1)}

Edv ta z1(n) xou z2(n) elvar aovoyéuota, téte and my eliowon (11.5) nalpvouye:
E{¥[z(n)]} = E{¥[x1(n)]} + E{¥[z2(n)]} (11.6)

6mou pe E{-} ovuBohiletar o teheotic tne péone twhc. H autoouoyétion tou z(t) oto ypdvo 27
opiletar we:

Ry(t+7,t—7)=E{z(t+7)z(t—71)} (11.7)
O petaoynuatiopéc Fourier tne Ry (t + 7,t — 7) ypdopeton
1 [ T T ,
W(t,w) = o /OO R, (t + §’t - 5) exp(—jwT)dr (11.8)

xot efvor Yvootoc we Katavouy Wigner. H nocsdtnra W (t,w) anotekel yétpo tou ypovixd eZe-
MOGOUEVOU PACUATOS XAl YLl OTUTIXG CHUATO TNV EXTIUNOY TOL Qdouatos Tou orjuatog. Emeidr
n W (t,w) eivou dptior Guvdptnon oL w oy Vet

R, (t + %,t - %) - /Z W (t,w) cos(wr)dw (11.9)

And Vv eQopuoYT| TOU U] YROUUXOU EVERYEINXO) TEAECTY) €Y OLUE:

E{U[z(n)]} = E{z’(n)} - E{z(n+z(n—1)}
= Rz(n,n) —Ry(n+1,n—1) (11.10)
= fiBB W(n,w)(l — cos2wTs)dw
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O 6poc (1 — cos 2wTs) Tne TpoNYOVUEVTS oyéone anotehel oustaoTixd éva udmrepatd piktpo. Ac
oplooupe wc W'(n,w) = W(n,w)(1 — cos 2wTs) v vnrepats éxdoon touv W (n,w). And tny
nopandve elowon naipvouue

B
E{¥[z(n)]} = Kz(n) /_B W(n,w)dw = Ky(n)Ry(n,n) (11.11)

6nou Ky(n) = fiBB W' (n,w)dw/ fiBB W (n,w)dw.

Agol 1 noobdtnta Ky(n) anotelel 1o Aoyo tne evépyetac otn Lavn uPnidy cuyvothtoy og
TPOS TN oLVOAIXT| eVEpYELd TOU ofuatog ot Wi oTiypr nTy, ToTe anoTehel UETPO TOU MEPIEYOUEVOU
vy ovyvothtwy tou ofipatoc. To nedio Tiwdy tou Ky(n) eivar to didotnua [0 2]. Mdéhiota
oyvet Kz(n) = 0 yo ta de ofparta, Ky(n) = 1y to Aeuxd B6pufo xa Kp(n) = 2 yio nuitovixd
ofua ue B = 7/2T;. H nocémta Ry(n,n) anotekel 10 otrypaio evepyetoxd nepLeyOUEVO TOU
ofuatog ™ oty nl.

Ané ) oyéon (11.6) hopPdvovtag vnddm v eZiowon (11.11) naipvouye

E{¥[z(n)]} = Kz, (n)Rsz, (n,n) + Ky, (n)Ry,(n,n) (11.12)

H onpoaocio tne nponyolpevne oyéong eivar n axdhouvidn: ‘Eotw ta z1(n) xu z2(n) avaruptotodv
10 ofjua uToPadpou xau To ojua evdlagépovtog, aviiototya. ‘Otav to ofua evdlagépovtog dev elvar
Toapby, téTE 0 debTepog bpog g ediowong (11.12) eivon undevixde. Otav 1o ofua evdiagpépovtog
elvon TPV, TOTE EVOEYOUEVWS VoL XLPLaPYEL 0 BeUTEROC bpog. Autd cuufaivel yiati To orua evdia-
pépovtog oyetiletar pe evieyouévmng UeyahhTepn evépyela xot TEPLOGOTERES LYNAES oLUYVOTNTES
and to ofua uroBddpou.
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Availvon IToxetwy Kupatioimwy

Eivar eupltata yvwotd 61l o pyetaoynpatiouds Fourier anotehel epyaheio yio Ty avdluon nepto-
OIXWY CLYUPTACEWY XL TNV AVATAPACTACT TOUS w¢ TNV Lépleon xadapwy cuyvothtwy. 2otdo0,
1 avdhuon auty €xet vonua 6tay To ohpa elivon 6TaTixG. Xe SlapopeTiny Tep(NTwon To ofjua Teénet
vo e€etdleTon TOmXA, XATL TOU oMUAiVEL TNV EQUPUOYT £VOC TomxoL petacynuatiogol Fourier
1 GAAWY TOTUXGY UETACYNUATIONOY. AuTtd €yel odnynoer otnv avantuln BIUQOPETIXDY YpOVO-
CLYVOTIXOY AVIADCEWY, OTWS 0 Yetaoynuatopos Fourier Booayéwe ypdvou, o uetaosynuatiowds
Wigner-Ville ¥ o yetaoynuatiopdéc Gabor. Ta teheutaio ypdvia €yer avantuy Vel n avdhuon xupo-
dlwv. To xugotidia arotehody éva TOAD 16YLEO EVUANIXTIXG EQYUAEID GTOUG UETACYNUATIOLOVS
™ YpovoouyvoTixhc avdluong. H avdluon xvpatidiwy éyet mpoxaréoet onuavtixd evilapépoy
1600 og Vewpntixd eninedo 600 xal ot eninedo epaupuoywy. Xto medio tng Plo-unyavixnc n o-
vanapdotaon xuaTdinv €yet yenoworomiel apyixd otny avdhucT NAEXTPOXAEBIOYPAPNUATODV.
Ly nepintwon Twv NAEXTPOEYXEQPUNOYQAPIXDY ONUATWDY X0t EIBXOTEQN VIOl TNV ESAYWYT TWV
TEOXANTOY duvamx®V, €youy tpayuatonomiel Tohhéc emttuyeic npoondlelec Tou yENOILOTOLOUY
0 Btaxpitd petaoynuatiopnd xupgatdiov [4]. Xtn ouvéyeia nopovotdlovtour 6e cuvTopia UEPIXES
and TIC Paoixég EVVOLEC TOU UETACYNUATIOUOV XLUATIOIY.

12.1 Ewaywym

H avdluorn xupatidiwy anotelel Ty avdhucr evog oUatog o€ Eva IEpapy Névo GOVORO TPOoEYY!-
OEWY %0l AETTOUEPEIDOY. O UETACYNUATIONOS XUUITIOIWY AnOTEREL €V YRUUWIXO UETUCY NUATIOUO
TOL ORUATOC TOL Ypnotponolel oho¥noelg xat SlaoToAéC xupaTdiwy Ta onola nepthopfdvovtar oe
éva ohvoho mou ovopdletar Bihioddxn xupatidiny. To okoinuéva xou StaoTalgévo xupatidto
ovpPBoriCovion pe P, p) = a*I/Zzp(%), 6mou 1 mopduetpog b avtiotolyel otny olloUnon xat 7
TOPAUETPOC @ 6TY BtasToM| TNE Bedouévne ouvdpTnorg evoc xupatidiov ¥(t). O petaoynuatiopdis
xupatdiwy evog ofpatoc f € H nopopetponoteital and Tic Topap€Tpous diaoToriS xou ohiodnong
a ot b xar ypdpeTar »:

T’t/)f(a'a b) =< fﬂz:b(a,b) > (12.1)

6mou 10 < -, - > ANMOTEAE! TO E0WTEPIXG YIVOUEVO Tou oyetileton ue to ywpo Hilbert H. Boouxy
amaitnomn eivon 1 AV TIOTEEPUOTNHTA TOU UETACY NUATIOUOV X0l GR0L 1) AVAXATAGKEVT| TOU OHUATOS 0o
ToUg ouVTEAESTEG Tou petacynuatiopol Ty f(a,b). Ot Bidpopot THROL TOU PETACYNUATIOUO) TOU
TEOXVTTOLY EEUPTOVTAL ANt TOV TPOTO UE TOV 0Tolo Ol TapdueTeotl a xat b daxpitonoolvtar. ‘Etat,
Y10l TUEABELYUaL, EYOVUE TO GUVEYT| UETACYNUATIOUS XUUATIBIWY YIot TOV OTO{0 Ol TUPIUETEOL AUTO!
peTaBdhhovtal xatd oUVEYT TEOTO. XTNV TEdEN YENOILOTOIEITU O YETACY NUATIOUOS XUUATLHIWY
Yior Bloncpitéc Téc TV @ xan b, . a = 2¢ xau b = k, énou (i,k) € Z2. Ty nepintwon outh
WAdue ytoo To dtaxprtd uetaoynuatiowd xupatdioy. O petaoynuationos Yo elvoar avtioteédiuog

128



KE®PAAAIO 12. ANAATYH ITAKETSIN KTMATIAIQN 129

Ié ’ Ié 7 4 z z INy4 ’ z
€4V o1 u6vo €4V To avtioToLyo GUYONO TwV BloTUAUEVWY ot OMoVNUEVeLY xupaTdiwy opilel éva
mhaloto xupatdlwy. Me dhho Aoy, T xuyatidio Tpénet var oyedlacTody €10t WOTE

AP <1< Frbay > P < B 112 (122
a,b
6mou ta A xou B eivar 8o Yetixég otadepés. To mhaiolo xupatdiwy elvar amhd wio mopodhoryn
e Bdone xupatidiey mou haufBdveta dtay a = 2¢, b = 2' - k ue (i,k) € Z2. Sty nepintwon
auTy, Ta oMoONuéva xou dracTadpéva xupatidta Tpénel va elvar eniong ypauuwxd aveEdpTnTa, XdTt
Tou emPBher axdun woyvedtepous neploptonolc oty emhoyR tou . Edv oty ediowon (12.2)
eivaiw A = B =1, 161€ 0 petaoynuatiowds eivar opdoymviog.

12.1.1 Kupoatidie xow Xpovoouyvotixy) Avalvon

To xvpatidio avdhuone 1 (t) elvor pror Tomxn xohd eviomiopév {ovonepat cLVEETNON UE XEVTPIXN
ouyvotnta wy. H anaitnon eivar 611 10 yivouevo ypdvoc - ebpog Lwvng eival xovtd 6To 6plo Tou
npocdopiletar and v apyh afefadmrog @ Ay - Ay > 1/2. Yuvenog, xdle mpodTuRo (g p)
Telvel vo eviomi{etal o Wa OUYXEXPLUEVY) EAAEITTIXY TEPIOYY| TOU EMTEDOU YPOVOL-CUYVOTATWY
ot Véont =bxu w = wy/a. To euPaddy autdY TV evioniouévwy neploy®y eivar To (Bio Yl Gha
T mpotuna ((a-Ay) x (A /a)) xu mepropiletor and my apyf tne aPefadtntac. Etol, petpovrac
™) ovoyétion Uetagld Tou ofaTog xou xdie TeoTiToL xupaTIdioL, AapPdvoule Eva YaPAXTNPIoTIXG
0L Ypovo-ouyvoTixoL mepteyouévou. H xbpla Stapopd ue tov Ppoayéws ypdvou petaoynuatiowd
Fourier eivar 611 10 péyedog tou moapadipou avdluong dev eivon otadepd emetdr| petodihetar
AVTIOTEOPWS avdAoYa Ue Th oLy voTHTa. H 1816TNTal auTH) EMTRETEL GTO PETATY NUATIOUO XUUATLHIWY
VO E0TIAOEL OTIC AeTTOUEPEIEC UANG Ue avTioTolyn anAeld ot aoyotixy avdiuvor. Ilpénel va
ONUEIWOOLYE OTL TA TEPIOTOTERA ProchpaTta TEPLAUUSBEVOUY EVa GUVBLUCUO XPOUGTIXDY YEYOVOTWY
xar dpaotnedtnTog urofBddpou mou umopel vo petapépouy onuoavTixy tatpixy TAnpogopia. O
Beayéwe ypdvou petaoynuationds Fourier 1 ot dhhec ouuBatixés ypovoouyvotixés uédodot eivar
Xohd TPOCUPUOCUEVES Yiot Tol TEAELTA{OU TOTOU YEYOVOTA ARG eivar AryOTERO XATIAAMAES Yo
™V aVIALOY TV TUALOY wxehc didpxetac. ‘Otav o ta 0o eldn yeyovotwy elvor TapdvTa ota
OedOUEVa, O PETUOYNUATIONOC xupatdiny anotelel Tnv xakdTepn AOom Yid TOV EVIONIOUO TWV
TOAOY xpRg BldpXeLag.

12.1.2 Bdoeig Kupatidiony

Or Bdoelg xupotidiwy tapéyouvy uio un TAeoVaoTIX avaAuoy eVOE ORUATOS WS TPOS TIC ONoUNoELS
xou Tig dtaotohés tou 1h(t) (tepapyxdc K mupaudinde petaoynuatiopss). Etol, elvar duvath 1
AVATUPAOTACT, EVOC GRUATOC Amd ToL XUUATIOLL :

F=Y0"cintin (12.3)
i keZ
Ov cir =< f,1hur) > ebvon ot ouvteheotéc xupatdiowy, 6mou to 4 anotehel to delxtn xhipoxag
i xou t0 k o delxtn Véone. Trdpyouv enione un tepapyixés mopalhayéc (naxéto xupatidiwy)
TOU AmOTEROVY GUEST) ETEXTACT TV Tapadostaxwy urhox petacynuatiouwy (Fourier xin). To
onuavTixotepo eivon 6t oty draxpth| mepintwon N oyéorn (12.3) mapéyer pla éva - mpog - €va
QVOTOPACTACT TOU OHUATOSC WS TPOG TOUC GUVTEAEGTES XUUATIBIWY TOu.

12.2  Kupoartidia

L Biphodipen xupatdiov avixouy xoa to xupatidia mou ovuBohilovton pe ¢ = p(t) xar ot
ouvopthoels xhipoxoc mou ovuBohilovta e ¢ = ¢(t). To Ledyoc wwv cuvapTHoEwY AUTOVY
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Yy 12.1: symlet tdewe N =4

7 / 4
ixavorotel Tic axdhovdec ellowoelc:

$(t) = V2 h(k)p(2t — k) (12.4)

keZ

W(t) =V2Y g(k)p(2t —k),  g(k) = (~1)"A(l — k) (12.5)
keZ
Hh = {h(k) : k € Z} eivon wo axohovdia cuvteleotdv, 1 onoio opilet wa oyetlbuevn axohovdia
ouvvteheotov g = {g(k) : k € Z}. Okec o1 d16ttee g BPhodixne xupotdiov xadopilovta
and Ty h. To ohoxhMpwpa e () eivon undevixd ([ (t)dt = 0) xu 1 (t) yenoworoleizo
Y10l TOV TROGDLOPLOUG TV AETTOYERELMY TOU GHUATOS, EVEM T0 ohoxhipwua tne ¢(t) 1wodbtor Ye
wovada ([ ¢(t)dt = 1) xaw 1 (t) ypnoponoLeitar Yo ToV Tpoodloplond TV TPOoEYYIoE®Y, 6TKS
avanTOGOETOL TUPUXATE.
Iapdderypa xupgattdiwy aroterholy ta symlets. Ta symlets eivou oyedov cuPPETEIXG XLUATIOLAL
nou npotddnxay and tnv Daubechies [22] wc tpononotioeic twv Daubechies xupatdiwyv. To
Eyfua 12.1 arewxoviler 1o symlet td€ewg N = 4.

12.2.1 AvdAvomn xvpoatidinwy

H avdhuon evéc ofuatoc u = u(t) we npoc t BPAodixn xupatdiowy Zextvd pe v axohovdia
TWY ECWTEPIXMY YIVOUEV®Y TOU GHUATOC UE TIC OUXEQUIES UETATOTUOELS TV CUVAPTHCEWY XA{poxac:

(k) = /Ru(t)¢(t _ kW,  keZ (12.6)

Auté ooduvapel pe v mpofoln Tou apyixol oRuATOC Tou eivan GUVARTNOT UlaC GUVEYOUS Ue-
TNt t € R 01OV MEQIOTOTEPO TEPIOPIOUEVO UTOYWEO TWY CUYUPTACEMY TOU TEOXUTTOLY UTd
axépateg uetatonioels g ¢. Edv ot mpoPoréc avtée Bratnpoldy alldmoTta Tic onuavTixég 1LOTNTES
Tou apytxol ofuatoc, elaptdtar and to h xa and Tic dhhec unoléoec yio to u(t). And Tic
véec axohovdiec x = {z(k) : k € Z}, 1o cowtepixd yvépeva tou u(t) pe Tic SlaoTohée xan Tig
oMoUoELS TV XVUATIOIWY UTopoly va UTOAOYLETOUY Ue To axdhoudo (ebyoc @iktpwy:

Hz(n) =Y h(2n—k)z(k),  Gz(n)=Y g@2n—kz(k), neZ (12.7)
kezZ keZ
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Eyhua 12.2: Atoxpttdg peTAo NUATIONOS XUUATIOIWY

To mapandve woybouy yiatl to xupatidia xa ol ouvapthoel xhipaxag cucyetiCovtar HEow TV
eZiohoewy (12.4) xar (12.5). Do napdderypa,

/ w(t)272p(279 8 — k)dt = GHI (k) (12.8)
R

yioo xde axépouo j > 0 xou xdde axépato k. ‘Ola extdg and 10 TEAELTAO EOWTEPIXG YIVOUEVO
hopPdavovtor and 1o z epappolovtag éva ouyxexptuévo tAftoc H ¢ihtpewv mou axohouvdeitoar and
éva G pihtpo. H Sobixacio napovotdletoar oto Ly 12.2, 610U 0 YETAOY NUATIOUOC XUUATIOIWY
anotele(tar and Ta AMOTEAEOUATA TOV AVTIGTOLYOVY 6T Ypaupooxtacuéva mhaiota. O uetaoynuo-
TIOLOS AUTOC XAAE(ToL DlaxEITOC UETACYNUATIOUNOS XLUTIOIWY ENELSY) UNOpEl Vol AvATapdYEL UOVO
) BloxplTh TPOGEYYLIoN T TOU UpYIX0) GHUATOS U.

Ye avtideon pe tic oupPatinés TEYVIXES, 1 AVIAUOT XUUATIBIWY TOPAYEL Wil LEQURYIXE 0pYo-
vouévn oelpd avdivone. H emhoy?h tou xatdhhniou emnédou yia tnv tepapyia Paciletar 610
ofua. Xuyvd to eninedo emAéyeton pe Paon v emduunth younkr cuyvotnTa atoxomnc. Xe
xde eninedo j, mapdyeton N mEooéYYlon j-00T00 emTEBOL A; TOU GHUATOC XAl Ol AETTOUEQELES
J-00100 emmédou Dj tou orpatog. To apyixd orpa Yewpeitar wg 1 mpocéyyiorn oto eninedo 0 xa
ovpPohiletar pe Ag. Ot dpot Tpocéyyior xar AeTTOPEREIES BIXAUONOYOVUYTL AT TO YEYOVOS OTL Yid
nopdderypa to Ay anotelel v mpocéyylon tou Ay hauBdvovtag uTodn TIC YAUNAEC oLUYVOTNTES
Tou Ap, eved ot Aemtopépelec Dy avtiotoryoly otn didpdworn vdniody cuyvothtwy. Xuveyilovtog
UE TOV TPOTO AUTO XATAAYOUUE OTNV avahuoH:

Ay=A1+D1=Ay+Dy+ Dy =A3+D3+Dy+ Dy =--- (12.9)

12.3 TIToxéta Kupotidiwy

H BiBhiotyen toxétomv xupatidioy xataoxevdleton and avadoués Tou alyopituou xupatdiwy yern-
otponolwvtog neptocdtepa G pihtpo. H Bifhiotxn autr neptéyet ) Bdon twv xupatidiny, cuvop-
™oeg Walsh xou Aefec mapalhayéc twv cuvaptriocwy Walsh tou xaholvtar moxéta xugoatidiwy.
O1 Baoixéc ouvapthoec oupPorilovtar pe wy, = wy(t), 61ou 0 n > 0 anotelel 10V ovopaoTixd
delxtn ouyvotntag. Ot ouvapTthoelg auTé Xavomooly Tig axdhovldeg €ZIGMOELS TOU ATOTEAODY
yevixevon v e€lodoewy (12.4) xou (12.5):

wn (t) = V2 h(k)wy (2t — k) (12.10)

keZ
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Eyfua 12.3: Avdhuon pe ypron maxétwy xuyatdiny

Wont1 (t) = V2 g(k)wn (2t — k),  n=0,1,2,-- (12.11)
keZz
H apyxr) ouvdptnon wy eivon anhd 1 ouvdptnon xhipoxas ¢. Iapouota eivoar wy = 1p. Edxoha
UmopEl Vo BEl XAUVEIS TOC T Wy, AVATTUOGOVTAL Yia OAES TIC Un opynTixés Tiuéc touv n. Eriong,
6TLC xat oTNY TEPITTWON TV XupaTdiny, ot 1B6TNTES GhwY TV cuvapThoewy {wy,, n > 0}
xadopilovtar and tnv axolovdia h.

12.3.1 AvdAvon maxétmy xupattdiny

H avdivorn moaxétwy xugatidioy anote oy YEVIXELOT) TS LOEUS TOU YETUCY NUATIOUOD XUUATIOIY
TOU EMUTUYYAVEL YPOVOGUYVOTIXT| avdhucoT) Tou ofjuatog. Autd BéBaa yivetar eviog Tov oplewv mou
emiBdiher n apyy) oPeBardtntag tou Heisenberg. H 15éa éyyetton otny enitevdn wag npocaupuooTti-
(Mg Bloauéplong Tou EMTEDOL YpOVOU-CLUYVOTATWY UE Bdon To ofjua evdlapépovTog.

H avdhuon evée ofpatoc u = u(t) we tpog ) Bihodrixn taxétwy xupatdioy Eexivd, 6nwe xou
oV TERINTWOT TV XUUATIBIWY, UE TNV 0xOAoVHA T TWV ECOTEPIXWY YIVOUEVKY UE TIS CUVIPTHOELS
xMypaxag mov opilovtar and v eZiowon (12.6). Xtn cuvéyera, 1 avadpowxt| eapuoy twv H
xou G teleotdy nou opilovtar and v ediowon (12.7) napdyouy ta ecwTEpXd YVOUEVO PE Ta
GAhor maxéto xupatdiwy. o tapdderyua,

/ z(£)2732ws (273t — k)dt = GHGx (k) (12.12)
R

yio k € Z. Ynv mepintwon auth, 1 ovoudotxr) ovyvotnta eivon 5 xou o deixtng xhipoxag
3. H Swdixacia yroo 6ha tor maxéta xupatidioy cuvohixd mapovotdletoar oto Lyfua 12.3. Ta
E0WTEPIXY YIVOUEVA TN mponyoluevne eélowaong unohoyilovtaw oto ypopuooxiaouévo mhaicto
GHGz, mov eivar o tpito and 8edid 0To eninedo 3 and v xopuPy. XpnoWonoWVTIS TO oYU
autd avadpouxd oe xdde véo dnuouvpyoluevo xouPo, xoataoxevdletar éva dévtpo Badouc log L,
6mou e L oupPohrileton to uixog tou und avdluvorn ofuatos. H 18éa tov muxétwv xugatdiny
ETUTPETEL TNV EXTEAEDT) OTOIAGONTOTE 0pYOYWVIAG AVIALGYG GTO BEVTRO AUTO.

Tao anoteléouato TV YeUURooxIaouévmy thalcinwy tou LyHuatog 12.3 anotehody éva ouyxe-
xpt€vo unoohvoho Bdong, dnhadr éva eldytoto clvoho and To onolo 1 axohouvdio z umopel vo
avoxtniel axplBog. YTrdpyouv xat dAka utochvola Bdoewy Stadéotya, OTWS YL TUPAdELY A AUTO
mou anexoviletat 610 Lyfua 12.4. Auté elvar yvwotéd g mhien avdiuor urtoldvng Tou apytxol
ofuatoc. H anoxonr onoloudrinote unodévtpou e€axohovlel vo mopéyet wa opdoxavovixr Bdon
w¢ mpog TNV omoia urnopel vor avahuiel To ofua. To dévtpo mepiéyer apxetés Bdoelg, ulo and Tig
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Eyfuo 12.4: TTivene Bdon twv noxétwy xVgaTidiwy
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omoleg efvar xou 1 B 1y Bdon xvpatdiwy. Kadde howmdy undpyet pia ueydhn aAhd nenepacuévn,
BiBMoOAxn Bdoewy, unopolue Vo TEoyUATOTOICOVUE Uiol BIdTal TN WS TEOE XATOL0 XPITHPLO.
‘Etot, eivar duvath n elaywyh e xahltepns Bdone we mpog to xprtipto autéd [21]. H Bdon
umopel va eivon onolodninote UTOBEVTEPO TOL dpYyIXoL TATIPoUS BEVvTpou X 1 PEY0dOC xUADTERNC
Bdomne mapéyel To UTOBEVTRO PE YPHON GYNUATOS ATOXOTASC UTODEVTROU TOU EXTEAE(TAL 6TO TANPES

dévTpo.



Kegpdiowo 13

Meietn opactnetotntog 40H 2

13.1 Apaoctneiotnta 40H 2

Apaotnptotnta otic uhniéc ouyvotnteg, 1 onola xakeiton eniong xou dpaotnetdtnTa 40H 2 1 ahhiedg
andxpon yéppe (ovne (GBR-gamma band response) éyer mopatnenidel oe todhéc xatarypapé-
¢ ERP nouv npoxarolvtar 1660 and oxouotixd, 660 xo ond cwuatodoInuxd xo ond onTixd
epediopata. Ot yvwotaxéc dadixascieg eniong dnuiovpyolv dpaotnetdtnTa oTn yduuo (v, ou-
urepthouBavouévng xat TS EMAEXTIXAC AXOUCTIXAC TPOCOY NG XAl TNS ONTIXOYWEIXNS TPOGOoYNC,
NG CUYYPOVIOUEVNS AVATORACTAONG AVTIXEMEVWY, TNG OTTIXAC avalfTnong, g UAune Peayéwg
Yeovou xot tne avtiindne woppdyv. Xe vevpoguatohoyixd eninedo, 1 dpaotnetdtnta Ty 40H 2 €yel
nopatnenlel oe xataypagéc 1600 oe avaurcInToToMUEVY YAt 660 Xat GTOV OTTIXG Qhotd TIfXOoL.
‘Eyet vnootnpylel [113] 611 1 Spaotnpdtnta twy VELpOY®Y 10U OTTiX0) QAOOY AVTOVIXAE TN
oOVdEaT TANPOYORIOY oL oyeTi{ovTal Ye BlaopeTixég 1BIOTHTES Tou onTixol cpediopatos. Eyet
enione vnootneyVel [78] 61 ot udmhéc ouyvotntec oto HET avtavaxholv tny evepyonoinon Yoho-
HOQROLIXGDY XUXAOUATOY xaTd TN didpxeta eneiepyasiag aoUnTIxwy epehoUdTOY 0 EVOULVEDN TN
xatdotaor. Alhot eniong epeuvntée [123] €youv unootnpiler 6Tt 1 xataypapoUevy ontixy dpa-
otnplotTnTa Twv 40H 2 pmopel vo avamaploTd TN dnulovpyio WAC GUYYPOVICUEVNS AVATIPICTIONS
EVOG AVTIXEWWEVOL. BuvET®S 1 Spaotnetdtnta otoug 40H z pmopel va epupavioTel ot BrapopeTinég
TEPLOYEC XUTY T1) DIAEXELO DIAPOPETIXWDY YVWOIAX®Y AEITOVRYIOV XAl UTOREL VoL TUPEYEL CUYXEXPL-
HEves TANpoopleg Yot aUTES TIC AEITOVPYIEC TOU BEV TPOXVUTTOLY amd TNV TAUPABOGLAXT AVAALGT
OV TPOXANTOY duvauixdy. e wa tpdogaty épeuva [114] tne Spaotnptdétntac mou nponyeitu
OV VIpOTIVEDY GoxxadiX®V XWHcEWY, Tapatnehinxay dagopés oTig {dveg Tou dAga xat Britta
eLUUOD UETUED TWV EXTEPRUCUEVWY X0l TWV XAVOVIX®Y caxXadx®y xwvhoewy. Ko ot 0o tinol
CAAAABDIXWDY XWVACEWY TOPOUCIAGAY TApOUOLa BRAoTNEIOTATA Yauua puduod oTa TEOXANTE duva-
wWxd e avapopd we mpog Ty xivion. H avtiotoryn dpactneidotnta tou ydupa puiuold we mpog to
ontuxd gpéthoya dev pehetiinxe oty epeuvNTIXY auTH TeooTddELL.

‘Otav éva ontixd epéthopa yenoonoteitar wg odnyla yio wo xtynTixs andvtnoy, tote hopfdvet
YW pla oeLpd Sladixaotdy enelepyasiac and Ti¢ onuxég neployés u€ypt Tic Beeyuatixéc. H oyéon
evog onTixol epediopatog Pe wio emduunT andvtnom cuoyetiletal Ye TNV EVERYOTOINGT VELPOV®Y
oto Beeypatixd ghotd [5], [86]. Emnhéov, npbopatec epeuvnuixéc npoondieies €youy deilet bt
1 meptoy ) auty oyetileton ue ovvieteg Aettovpyieg, dnwe 1 xwdixoroinon g tpddeong xivnong
xou 1 anbgoon uetd and enelepyacio. Btny [31] eiyav yiver xataypagéc ERP otic epnpdoithec
xou BpeyUatixéc TEPloY€C AT TN BLdpXELd TRLOY TUPUAAAY WY EVOG OTTIXOXIYNTIXO0) TEIRAUATOS
xatd T0 omolo ol oUUUETEYOVTES €MpENE Vo amogacioovy, ue Bdon To oyfus Tou GTOYoU, Vo
exteEAéoOLY elte Wa ooxxxadixy| xivnon npog éva onuxd otoyo eite wa coxxadix| xivnon atnv
avtidetn xateduvon and to otdyo eite va unv exteréoouy xopla xiviorn. Ta ERP noapovsiacay

134
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drapopéc avdueoa ot Tplol EldN anavTHoE®Y oTa TEAELTAA OTAOL TNG ENEEEPYATIUC XOVTE GTNY
évapln tne xivnone. Xtn ouvéyeta, avakbouvue T dpaotnptdtnta oTic UPnhéc cuyvotntes (25 —
40H z) nou napovoidletar ot xdde eidoc andvinone avalntdviac tov ndavd pdho 1wy LYoy
oLYVOTHTLY oTIC Bradixacieg Bidxplong Tou 6ToY oL, ENAOYHS TNG ATAVTNONE X OYESLUOUOD TS
xivnone mouv hopPdvouy yopea xatd T didpxeta daubppwons e xdve andvtnone [115].

13.2 YA xou pedodol

Xpnotponotfdnxay ot xataypapéc e perétne [31]. To mpwtdxolo mou axohouvdidnxe eiye yi-
VEL anodexTod and TV emoTpovixy emttpony) Tou Awywvnteiou Nocoxopeiov. Kdve mpoomdieia
EexvoloE PE TNV ERQAVION eVHC xeVTpol otadepol otdyou (umhe xOxhoc, 0.5° omtixd ywvia)
otnv oddvn evog umohoyioth. O xevtpixds atdyog €ofnve uetd and 6 — 8sec xar Yetd and wa
uetaBalbuevn tepiodo 100 — 400msec, eppovildtay évac teptpepetoxde otéyoc ot Yovia 100 ota
aptotepd R ota Beid Tou xevtpxol otdyou. Edv o nepipepelaxds otodyog Htav xdxhog, 1 odnyia
Aoy va exTeENEoTE coxxadix| xivnomn tpog to otdyo (npocuxxadixf xivion). Edv o otdyoc fray
éva TETPAYWVO, 1 odnylo Aoy vo exteheotel cuxxadixr xivnorn tpog v avtidetn xateduvon
Tou otoYoL (avtiouxxadixh xivion). Télog, €dv o otdyoc Arav éva tpiywvo, N odnyla frav va
unv exteheotel xopla xivion ohhd vo undpier mapoapgovh oty Véon tou xevtpxol oTdyou (xopia
xtvnom). O meprpepetaxol otdyot elyav 1o Bo péyedoc (0.5 ontind yovia) xu to Blo ypdua
(xitpwvo). Xpnotponotidnxay to dedopéva and 6 avdpdnouc ot onoiot cupueTeiyay oTo TelpayaL.
O ouvohixdg aprdude mpoomadedy yio xdde nhextpddio frav 1439. Avolutixd, ot npoondieteg
autég mepthouBdavouy 446 mpooaxxadixés, 462 avtiouxxadixéc xar ot utohotneg H31 avtioTolyoly
oe mpoondieiec xaplag xivnong.

H xatoypagpyr tou HEI npoyyoatonominxe and 25 nhextpddla YpnollonolwvTaS T0 TpOTONOol-
nuévo 10 — 20 cbotnua: F3, Fy, F,, Fy, Fy, FC3, FCy, FC,, FCy, FCy4, C3, Cy, C,, Cy,
Cy, CP3, CPy, CP,, CPy, CPy, P3, P, P,, P>, P,. To ofjpa d1ilde and (wvornepatd @iltpo
(0.01 — 75Hz) xou otn ouvéyewa meronotidnxe pe ouyvotnta derypatohndioc 200H z. Kataypd-
gnoav eniong ot optldvties xar xataxdpuges xvioes tou deol patol (EOG, DC xataypapt)
xar Ynpromoridnxay ye cuyvotnta 200H z. ‘Oheg ot npoondielec Ye Tapdolta 1 XIVACELS YOTIOV
Tou bev mpaypatonominxay clugwva ye Tig doveloeg odnyieg anoppipinxay and v neputépw
dradixacta avaiuong.

Ot HET" xatorypagég mou avahbhinxay yio TiC Tpocaxxadixés xol avTIouxXadIXEC XIVIOELS ano-
TeEhOUVTAY and 1o TUAUN EXEIVO Tou avTioTolyel UETAED TNS EUPAVIONS TOU TEPLPEPELOXOU GTOYOU
xat TN €vapdne tne xivnong tou patiod. Ot HET xatarypagéc mou avahdinxay yia Ti¢ TEQITTWOELS
™G un xivnong anoteholvTay and ta TpoTa 350msec apEows UETA TNV EUPAVICT TOL avTiGTOLoU
nepLpepetoaxol otdyou. Avaklinxay 80o ldn emoydV:

1. Ot evduypapuiouéves wg mpog to epédopa enoyés, ol omoleg mepthopdvouy Ta TEMTA
350msec apéows UETA TNV ELPAVIOY) TOL TEQIPERELAXOV GTOYOU

2. Or evduypaptopéves we mpog TV xivnor enoyég, ot onolec nepthayfdvouy ta 350msec nptv
and v Evapdn e xivnong.

H emhoyn tou ypovixol Sraothuatoc tov 350msec €yive yioti nepintov 1o 99% twv npoonadeidy
TO00 TWV TEOCUXXABIXWDY OGO XUl TWV AVTIOUXXABIXDY XIVACEWY TUPOLGIACAY YEOVO ATOXPLONS
oo 1 yeyahltepo amd autd 1O YpoviXd BEACTNUA, OTWS GAAWOTE TPOXVTTEL Xou and To oYN-
po 13.1. e xdde npoondieta, n péon Twr mov avtiotolyel oe S0msec mpv and TNV EPPAVION
TOL TEPLPEPELAX0) O0TOYOL Yenotponotinxe we Bacixh Ypouun xou agoupédnxe and dAeg TiC xa-
Tarypapopeves Twég tou HED. Ytn ouvéyela vnohoylotnxe 1 u€omn xupatopoppy| TV SeS0UEVWY
and Oheg Tig mpoomdieleg xou TpoadloploTnxay Yia xde cuuueTéyovta, Yo xdde eidog xivnong
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Eyfua 13.1: Katavoun ypdvewyv andxprone : A) Ipooaxxaduxr xiviion B) Avuoaxxadixn xivnon.
H xatoxdpupn yeouur avanaplotd to ypovixd didotnue twv 350msec Yetd tnv eu@aviorn Tou
TEPLPERELAXOD GTOY OV GTO OTOI0 TEAYUATOTOIAUNXE 1) AVIAUGT] TV XATOY PAUPHY.

xat ytoe x3e NAEXTEOBLO, TOCO Ta TPOXANTE duVUIXE Tou eival EVIVYPUUUICUEVE WS TPOS TO EPE-
topa 660 %o T TEOXANTE dBuvauxd Tou eivan evduypapUcuéva we Teog TV xivior. Heputépw,
Bploxovtac 10 Yoo Gpwv Ohwv 60wV cuPUETElyaY TpoadlopioTtnxay Yo xdde eidog xivnong xou
yioe xdde NAEXTEODI0 o 'GUVOAIXE TEOXANTIXG BUVOIXA X G TEOE TO EPEMIOUA XOl WG TEOS THY
xtvnon.

H Spaotnprotnta otig didpopes auyvotixés Loveg unohoyiotnxe e tn yeron e pedodou a-
VEALGTNE XLUATIBIWY TWY TPOXANTAOY BUVAUXOY (X0t WS TPOS To pEVIGUA Xl WS TPOC TNV %ivnon)
yioo xdde ouppeTéyovta xar Yo xdde eidog xivnong xadde xot TV 'GUYOAMX®Y TEOXANTWY duVa-
wxev (xou g Tpog to epédiopa xar we Tpog TNV xivnor) Y xdie eibog xivnone. Buyxexpluéva,
yenotporotfdnxe 1 Avéhuon Moxétwy Kupatdiwy [4], n onola arnotehel yevixevon tne avdluong
xuPATIdlWY TOU avahVEL EX VEOU TIC TPOXUTTOUCES AETTOUEREIEC TOU GHUATOS OE BLdpopes {OVES
CLYVOTATWV:

WPA(j,n, k) = z(t)w)ni(t) (13.1)
t
6mou z(t) elvoar n ERP xatoypagpn, 10 wjpk(t) ovuBoliler tic cuvapthoeg avdiuong, j eivo
TOpAUETPOC Xhpaxac, 1 elvon Topduetpoc ouyvothtwy (n = 0,1,--- ,15) xou k eivar nopduetpoc
EVTOTIOUOU Ypdvou.

Or ouvaptrioeg avdluong opilovtar wg
Wik (t) = 22w, (277t — k) (13.2)
6mou 10 60vVoho W p = (W) k(t),k € Z) eivar 10 (j,n) naxéto xvyatdioyv. H cuvdptnon wy (1)

opiletan avadpomxd and tic oyéoewc (12.10) xou (12.11). Ot unohoytopoi éyvay ue to MATLAB
YENOLLOTOLOVTOS TN GLVAPTNHOoN XuPaTdlwy sym2 [85].
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Eyfuo 13.2: Anotedéoparta yetadéoewy. To oyfua napovotdler tny mrdovotnTa n andlutry dio-
popd tne dpaotnetotTntag otoug 40H z PeTall) TwV TPOOTAVEIDY TPOGAXXADIXWY XIVACEWY XAl
xapiog xivnong yetd and N petadéoeic, vo eivor yeyohltepn and Ty mporypotixy| Slaupopd Yo T
ouvohxt Spactnelotnta otoug 40H z yio o nhextpodio CPy. And 1o oyrua TpoxinTel 6T YeTd
and 500 petadéoelg, N mdavotnta auty yiveton wixpotepn and 0.01 xou petd tig 1000 petadéoeig
otadepornoteltal.

AxoloOdwg, urtohoyiotnxay ot Aentouépeleg TNE avaALGoTS XLUATIBLY Yo Tig axdhovdeg Lod-
vee evdlagpépovtoc = a)25 —31.25H 2 B)31.25Hz —37.5Hz v)37.5 —43.75H z xou §)43.75 —50H z.
L1 ouvéyeLa EQUPUOGTNXE OTIC YPOVOCELRES AVTES O W) Ypoxds evepyetaxds teheotic (eiow-
on (11.2) ) yio ofjpora Staxpttod ypdvou xar npoéxude to ofjpa oTryplaiog EVERYELNS TOU UETPY
™ dpactnetdtnta oty avtiotolyn LOvN.

O éheyyoc e oNuavTIXOTNTAC TV dLapopwy otn dpaotnptétnta twv 40H z (tov avtiototyel
ot dpaotnprdtnTa e Ldvne 37.5—43.75H z) tou napatneriinxay avdueca ota eidn TV xivicewy
Y10l To TEOXANTE SuVOIXE WS TPog To epétoua, EYIVE YPNOWOTOIOVTIS TN Sladixacia TwY TuyaieY
petotéoewy, 1 onolo dev Paciletar o€ CUYAEXPILEVES UTOVETELS VIOl TNV XATAVOUY TV DEDOUEVLY
[33]. Xuyxexpiéva, avtiotolyioaue o dedopéva xdie mpoondielas Tou apyxolh cuvdlou dedo-
wévwyv oe éva véo eldog xivnong xatd tuyaio tpémo. Erot, mpoéxule éva véo chvolo Bedopévwy
and avopeueryuéveg npoondieteg. H diadixaoio avdueilng exteléotnxe o€ ohoxAnpo 10 ohvolo
OEDOUEVODY OAWV TV TPOCTAVELDY Yia OAOUS TOUS GUUUETEYOVTES, Yot Xdde NhexTEddlo e wpl-
otd. Ta avapeperyuéva dedopéva yenotponoridnxay yio Tov utohoyioud ex véou tov uéowv ERP
XUULATOULOPPAOY XAl GTYN CLVEYELN TwV anoxpioewy Twv 40H z yia xdie eidog xivnong xar yia xdde
nhextpédio. Etot, unoloyiotnxe éva abvolo and tuéc ERP xau aroxploeic 40H z yia xodéva and
15 ypovixd moapdiupa TV cuvolix®y xupatopoppmdy (15 ypovixd napddupa didpxelac 25msec
xevtpaptopéva ota 0, 25, 50, -- -, 350msec Uetd v eupdvion Tou TEPIPEPEIAXOD GTOYOL). TN
ouvéyeta utoloyioTnxay oL Blopopés UETAED TWY TEOCAANADIXWY XAl AVTICUAXXADIXDOY XIVACEWY,
TEOCAXXADIUDY XWVACEWY Xal xaWiag xivnong xat avTiooxxadixwy xvhcewy xo xapiag xivnong,
yioe xdde ypovixd mapdupo xat nhexteddto. H dradixacio petadéocwy exteréotnxe 2500 @opéc
nopdyovtag 2500 drapopéc yia o TEoXANTA SuvaPxd K< TPog To epédiopa xot 2500 Srapopés Yia
™) dpaotnetdmta Twv 40H z we tpog To epéthiopa. Autég ot dlapopés yenotwonotiinxay yio Tov
UTOAOYIOPS TOL T0G00TON WV YPop®Y (eExneppacpévo ot mdavotnta and 0 énc 1) mou ot dopo-
p€c twv avapeperyuévwyv ERP 1 g dpaotnptémtag twv 40Hz petold 800 SLapopeTix®y 18y
XWVACEWY ATV PEYARDTERES amd TNV apyIxT| dlopopd yior xdde ypovind mopddupo xat NAEXTPOSLO
(ot Sraopée xatd andhuty Twr). Edv unopoloav va exteheotolv dheg ot duvatée petadéoelg
HETOED TV XIVACE®Y, TO T0006TO AUTé Vo AVTITPOCWTREVE TNV TEAYUATIXY THavOTATA 1) apytxY
(mparypotinr) Stopopd EVERYELDY VoL TPOEXUTTE and Tuyaia avtiotolyton xdie tpoondielas oe éva
ouyxexptuévo eidog xivnong. To Lyfua 13.2 tapovstdler v mavdtnta 1 andhuty Sapopd g
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dpaotnprétnToc otoug 40H 2 petadh TwV TPOCTAUELDY TEOCUXXADIXDY XIVACEWY Xl Xouiog xivn-
ong petd and N petadéoel, va eivon peyahlitepn amd tny Tpay oty Slagopd yio Tr GUVONIXT
dpaotnprétnta otoug 40H 2z yior t0 nAextpodio C'Py. And 1o oyfua mpoxdnTel 6Tl YeTd ond ne-
pimou 500 petadéoeig, n mbavotnTa aut eivar wixpdtepn and 0.01 (1o 0.01 arnotekel to eninedo
onuavtixoTtag) xou petd tic 1000 petadéoec mpoxtixd dev petofdAheton. Emueidvetar 4Tt Yl
va. eZavtindel 10 6hVOro Hhwy TV Buvatoy petadéocwy arutodvtar 1088 yetadéoeic.

EnBefaiwon twv anoteheoudtov tou ekéyyou ue 1 uédodo twv petadéocwy Eyive xon Ue
™ Yenowonoimon tne Kruskal-Wallis pn napayetpixic ANOVA pedédov. Me tn pédodo auth
ehéyyeton €dv ot TipéS Twv mhatody v ERP 1 ¢ dpaotnpiétntac tov 40H 2 ot xde éva and 6
Yeovixd mopdiupa eival onuavTixd SlopopeTiés UETAED TV TELOV EWBOY XWVoEWY. XENoIULoTOL-
OUUE TIC TIUES TOL TAATOUE V) TNG evEpYELag o€ xatéva amd Ta ypovixd mapdiupa twv 50, 75, 100,
125, 150 xou 175msec yio xdde ouvyuetéyovta xou xdie eldog xivnong yia éva abvoho 6 nhextpo-
diwv (C4, Cs, CP3, CP,, CPy, CPFs) yio 1o ontola ot éheyyor petadéoemy Edetlay onuavtixés
drapopé avdueoa ota eidn xwvoewv. H evépyela ) to mhdtog twv ERP oe xdde ypovixd ma-
pdupo vnoloyiotnxe dnwe xal oTNY TEPITTWOT TS avdAuong petadéoewy Aopfdvoviac To péoo
6p0 TEVTE TIUOV XEVTPUPIOUEVWY GTO GUYXEXPIUEVO Ypovixd Tapddupo (yio napdderyua 100msec
onuaiver 90 — 110msec). 'Etot, npoxintel éva ovvolo dedopévwy anoteholpevo and 36 Tipéc
mAdtoug 1 evépyetag yio xdie ypovixd mapdiupo xar xde eidog xivione (€€ ouppetéyovtes X
€21 nhextpbddia). H ANOVA yio xdie ypovixd napddupo eXTENECTAXE YENOILOTOIOVTAUC CUVONXS
108(36 x 3) Twéc evépyetac 1 mhdtouc ERP yia ta tpla €ldn xivijoewvy xou €yovtag to gidog tng
xibvnong wg Ty aveZdptnTn YeTUBANTY.

13.3 Apaoctneiotnta 40H 2z wg npog To epédicua

To Eyfua 13.3 delyver ) ouvohixt| u€on dpaotnetdnta twv 40H z k¢ npog to epéthoua yio xadéva
and 1o tpla €ldn xvicewy oe xaléva and ta 25 nhextpddia (ouveyduevee xupatouoppéc). H
dpaoctnetoTnTa auTy Tapovatdler wia Eexddapn dragoponoinon petald e Tpocaxxadixis xivong
(Eyfua 13.3A) xou twv dhhwy d0o xwvfoewyv (Lyhua 13.3B,C). Eivow Zexddopn xor epgavic
W petoPotixn xopuey ota 100msec uetd ™V eupaviorn Tou epedoUATOC VLol TV TEOCAXXADIXT
xivnon (Zyfua 13.3A). H avtiotoym xopupy yia tnv avtioaxxadixh xivion eivat tohh xovtitepa
oo eninedo Yoplfou e Paowhc yeauudc (EyfAue 13.3B), eved elvou apehntéa yio tnv nepintwon
e xapiog xivione (Zydua 13.3C). H evtunwotaxt| Stagopd petald twv tpidv edoyv xiviong
nou nopatneRdnxe otn Lovn twv 40Hz (37.5 — 43.75Hz), ye xopligwon ota 100msec petd
™V EUQAVIOT, TOu TEpLPepELaxo) oToyou, dev mapatnehinxe oTic utdhotneg ouyvotixée (OVES
Tou yenotponoltfunxay Yo TV avdiuon tne ouvolixhic péone ERP xupatopopprc wg mpog to
epétiopa (SyAua 13.4). 'Etor, n enclepyacia €6TdoTXE 0TV AvdAUOY TWV ATOTEAEGUITOV
e ovyxexpluévng otevic Lovne. To Eyrua 13.3 enione napovotdlet ti¢ ouvolixég uéoec ERP
XUUOTOUOPYES WS TPOS TO Epéiola ToL Xatarypdgnxay xat Y to Tpla eldn xvoewy (eotryuéveg
yYooppéc). Mia Zexddapn ERP andvinon pe xoplgworn ota 125msec uetd tnv eppdvion tou
TEPLPERELAXOD GTOYOU TapaTneeltar xou Yl To Tplar €ldn XVACEW®Y. NUVENKS, TapaTnEolue Wi
Eexddapn drapopomoinomn HETAED TV TEIOY EBOY xwhoewy ot LoV twy 40H 2.

To Eyfuo 13.5 nopovotdlerl tn dpaotnetdotnta twv 40Hz mov avtiotoryel ot ERP w¢ mpog
0 gpéthopa xdde oupueTéyovta yio To nhexteodio Cy. [lupatnpoldue uo cagn dragoponoinen tng
dpaotnpronToc twv 40H z petald tne mpocuxxadixnc xivnong xou twv dAwy 800 eldGY xivnong
ota 100ms petd Ty eppaviorn Tou TEPIPERELXOl GTOYO0L, 0Toug 4 amd Toug 6 CULUUETEYOVTES.
Ye éva ovppetéyovia (S5), 1 dpaotnptbtnta twv 40H z elvon [Bua yior Ty Tpooaxxadixn xat tTny
avTicoxxadxn xivnomn xat peyolbTeEEN and Ty avtioTolyn dpactnetdtnTa Yia Thy xauio xivhor,
EVG Yo Tov ouppeTéyovta S6 1 SpaotnetoTnTa TG avTioaxxadIxnc xivnong eivar Toh) peyahiTepn
1600 and aUTH NG TEOCAXXABDIXNAS 6GO xat and auTh TS xauiag xivnong. Ot xataypagéc Twv dvo
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Eyfuo 13.3: ERP xou dpactnptéotnta 40H z ¢ npog 10 gpétiopo. Ametxovilovtal o cuvolixog
wéoog bpog wwv ERP (eotrypévn ypauur) xou 1 dpactnpidtnta wwv 40Hz (cuveync ypoupr) yio
ol tor nhextpodla. Ot xupatopoppés twv ERP elvon oyedioopévee oe pV xar 1 dpaotnpldoty-
1o twv 40Hz oyedidleton oe tpée evépyetac (uV?). O ouvohixbe ypbdvoc petd Ty epgpdvion
TOU TEPLPEPELAXOD 0TOYOL (YEYOVOS Tou onueldvetal Pe Ty xddetn ypouur) eivar 350msec. A:
Hpooaxxadixy xivnon, B: Avticaxxadixy xivion xor C: Kopla xivnon
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Yyfua 13.4: H cuvolxt| péon Spaotnetdétnta twv 40H 2z vy ta tpla €idn xwvioewv (1 ouveyic
Yoouuun avtioTolyel oTny npocoxxudixy xivnom, 1 AENTH YPoUW: avTIoTOlyel 0Ty avTIouxXxadIXY
xou 1) eotiyuévn ypouwh otny xapio xivnon), v tpia nhextpddia oe xdde Ldvn ouyvotAtwy: A:
Covn 25—31.25H 2 B: Lovn 31.25—37.5Hz C: Lwvn 37.5—43.75H z xou D: {dvn 43.75—-50H 2. H
dpaotnpréTnTa oyedidletoun o uV?2. Sexdopn dapoponoinon LeTal TRV TPLOY EDOY XIVAGEWY
nopatneeiton otn Lwvn 37.5 — 43.75Hz (Lovn 40Hz). H xopbowon e dpaotrnpbtnrag ota
100msec Yy TV npocoxxadixy| xivnon eivar eyaAlTERN And 6,TL YIoL TNV AVTICUXXADLXY) XAl TNV
xoplor xiviom.  Alagopornoinoy, odAd wxpdtepn, eupaviletu eniong oty Lovn 43.75 — 50H 2.
Yt younhotepee Ldveg ouyvothtwy 1 dpaotnetdotnta oto 100msec eivar mohd wixpr xou dev
TopaTNEOVVTAL BIUPOPES UETAEY TWV TEIOV EIBWY XIVACEWY.
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Eyfuo 13.5: H Spactnptotna tov 40Hz yio xdde ouyuetéyovia unoloyloyévn and tn uéon
ERP xvpatopopy| mou avtistoryel ato nhextpodio Co. H dpaotnpiéotnta twv 40H 2 oyedidleto
oe uV?2. O ouppetéyoviec S1 éwc xou S4 mopovotdlovy cagh avinon tne evepyomoinong ota
100ms (yxpr hwpida) petd v eupdvion tou ontixol epediouatos Yl TV Tpocuxxadixt| xivon
(ouveyhc Yoouuh) o oOYXplon UE TNV avTiooxxadix| xivnorn (hent| ypouur) ot Ty xapio xivnon
(eotrypévn ypoppr). o tov S5 1 Spaotnetdtnta e npocuxxadixic xat avTicaxxadixic xivnong
elvon mepinov (Bleg xan peyahdtepeg and auth tne xopioc xivnong. T tov S6 7 dpactnetdTnTa T
avTicoxxadixnc xivnong elvon ueyahltepn and autr TS Tpocuxxadixis xou T xoplag xivnong.
H Spactnprotnta ota 100ms tov oupueteyoviwy S5 xar S6 eivon wxpdtepn and auth TV dAhwy
TECOUPWY GUUUETEYOVTWY.
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Eyfuo 13.6: Ot Srapopéc avdueoa ota €ldn v xivicewy. H oelpd tov oyediny anotelel ypupuxn
avanapdotacy v ey mavoéttas (P) 1 dagopd oty dpactnptétnta wwv 40H z yetall tov
0wV xVNoMg Tou TEOXVTTEL Yio To BESOYEVA UETE 0md TNV AVAALOT) UETAVETEDY Yia XAVE Y pOoVIX)
nopddupo va elvar ueyahltepn and v avtiotoryn meayuatixy dtagopd. Kdde oyfua amotehel
ATEIXOVION AUTGY TV TWAVOTATWY Yo To 25 NAEXTPOSLY Yenolponolwvtas uio dladixacio onet-
xoviong Yo xahltepa ontixd anoteréopata. A: Atagopd npocaxxadixic xar avticaxxadixic. B:
Atopopd avtiooxxadixrc xat xoploc xiviong. C: Alagopd avtiowexadixis xor xouiog xivnong.
Enuavtixd dagopd (P < 0.01) mou extvd axdun and to H0msec Yetd TNV eUQEvIon TOL TEEL-
pepElX0 0TOYOL Xou 1) omolo xopupwveTtal ota 100msec eivon eppavic otn oelpd A xat oxoun
TEPIOOOTERPO EUPavrc oTn oelpd B.

TEAELTOUWY CUUPETEYOVTWY Tapouaiacay younhy) cuvokixn evépyeta ata 100ms Yetd tnv eupdvion
Tou ontxol epediopatog. Mia tehxy| mapathenon eivon 4T, G GAOUC TOUG GUUUETEYOVTES, 1
dpaotnprétnTa ot 100ms mou avtiotoryel oty nepintwon g xapiag xivnong elvar ndvtote 7
WxpeoTERT.

H avdhvorn petadéocwy emPefaivoe tn onuavtixd dtagopd otn dpactnetdtnta twv 40H =2
HETOED TNG mpooaxxadixig ot TS avTiooaxxadixng xivnong xadog enfong xou petold g mpo-
caxxadixhc xou tng xapiog xivnong. ‘Onwg avapevotay, i dtagopd oty dpactnetdtnta wv 40H 2
HETOED NS avTiouxxadixig xar tne xaplac xivnong dev elvor onuavtixr. To Eyruo 13.6 mopou-
otdlel TV amexovIon o€ xhgoxa Tou Yxpet xwdxoromuévn ue Baorn v mdavotnta 1 dStapopd
LETOED TV EBGY xivone yia o dedopéva Tou TEOXVUTTOLY and TIC HETAVETELS Vo efivan LEYOAD-
tepn and v nporypatix dtagopd (A: tpocaxxadxf xivnorn wg Tpoc T avtiocoxxadix xivon,
B: npocaxxadixy xivion wg tpog v xapia xivnor, C: avticoaxxadixy xivnorn we tpog v xoulio
xivnom) yia Gk T phextpddia, Yo xadéva and to 6 ypovixd napddupa (50 — 175ms). Enuovtixd
drapopd (P < 0.01) petald e npocuxxadixic xaw e avtiooxxadixhc xivnone eppaviletor oto
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napdidupo twv S0msec, eival TeplcadTERO EVTOVT 6TO Ypovixo mopdiupo twv 100msec xot e€oxo-
houvdel va undpyet téoo ota 125msec, 660 xu ota Tomsec xou ota 150msec. H ueydhn dapopd
oto 100msec nopatneeitar xvplng ota nhextpdda Co, Cy, CP, CP,, CP, xar CP;. H diagopd
avduesa 0Ty Tpocuxxadixn xivnon xar oty xapio xivnon eivon eniong onuavtixy yio T ypovixd
nopddupa 50 — 150msec xou o€ axour meploodTepa NAEXTEODI. Avtiveta, 1 Saupopd aviyeoa
oty avtioaxxadixh xivnon xa oty xopla xivnon dev eivar onuavter. H avdluorn petadéoe-
wv dev €deie xapio onuavtixy dtagopd ot ERP yia ta ypovixd napddupa and 50 — 175msec
O€ XAVEVOL amd TA NAEXTEOOL. LUVETWOCE, 1 avdiuon uetadéocwy emPBefuiwoe Ot ol onuavtixég
drapopés ot dSpaotneloTnta Twv 40H 2 petald g TEoocuXXAdIXNC Xal TV GAAGY 800 XIVACEL-
v oupPaivel tepinou 100msec UETE TNV EUPAVIOT TOU TEQLPEPELUNOV GTOYOU XAl TUPOLCIALEL ULot
xEVTPO-Bpeypating xatavoun we xvptapyio oto de&i nuiopaipto.

EnBefaiwon twv anoteheopdtwy tng avdiuone petadéocwy éyve ue tnv Kruskal-Wallis A-
NOVA ota ypovixd nopdidupo twv 75 — 175msec ypnolonolvtas TS TWES TNE dpaoTneLoTnTog
v 40H z xdde ouppetéyovta yia xade eidog xivong. Mia Eeywpioth avdhuom EYLve yenoLHonotd-
vtog g Tpée mhatwy towv ERP xdlde ouppetéyovta yio xdie eidog xivnone yio ta 6 nhextpddia
Yt T omofal 1 avdALoY UeTadEoEwY avEDEIZE TIC O OMUAVTIXES DIAPORES GTY DRACTNELOTNTA TWV
40H z. Ta anoteléopata tng avdivong mapovatdlovtar otov nivaxa 13.1. Tlapouvoidleton onua-
vt dtapopd otn dpaotnetdtnTa Twv 40H 2 odld oyt yio To ERP, ota ypovixd napddupa tev
75 — 150msec. Avtideta, o010 ypovixd mapddupo twv 175msec Sev avadexvOOVTAUL CNUAVTIXES
drapopés oty dpactnpdtnta Twv 40H 2, eved napatnpeitar oplaxd onuaviixy diagopd ota ERP.

ivaxag 13.1: To anoteréopata tng Kruskal-Wallis ANOVA avdhuong yia tic dlagopés uetahd
e Spaotnerétntac twv 40H z (npdtn othln) xar twv ERP (Seltepn otikn) tov xwvhoewy yia
x&e ypovixd mapdupo (twée H xa eninedo P), yia 10 oGvolo twv 6 nhextpodiny mou mopou-
otdlovy onuavtixy dlagopd ue Bdon Ty avdiuvor ueTadéoewy.

Xpovixd IMagddupo | GBR ERP
75ms H =18.369, P < 0.001 H =1.265, NS
100ms H = 26.498, P < 0.0001 H =0.394, NS
125ms H = 25.624, P < 0.0001 H =5122, NS
150ms H =28.792, P < 0.0001 H =3.375, NS
175ms H =4919, NS H = 6.055, P = 0.048

13.3.1 Apao‘tnpté‘c’q‘ta 40H z wc TEOG TNV xiw]o'q

To Yyfua 13.7 napovsidlet tn dpactnerdtnta tov 40H 2z kg mpog Thy xivnom yio T Tpocaxxadixn
xar TV avtiooxxodixt| xivnon. H dpactnpidtnta elvon tepinou 1 dta xou yia tig dVo xwvroeg. To
[d10 axpiBoc anotéheopa mapatneeital xat o€ OAeg TIC UTOAOLTEG LOVES GUYVOTATWY. JUVETMS, 1|
drapopd mou elye mopatnendel oe Tponyoluevn avdhuon uetadd twv ERP e npocaxxadixic xat
e avuoaxxadixic xivione [31] dev nopatnpeiton ot dpactnpidTnTa Twy 40H 2.

H Spactnptétnta twv 40H z o npog v xivion eppaviletor tohd apyd (ta tehevtaia 100msec
T and TV €vapln e xivnonc) xat xopupdvetar ot S0msec mplv and Ty Evapdn T xivnomne.
MdhioTa, elvar TEQIOGOTERO EUPAVAS GTA XEVTPO-BREYUATIXA NAEXTEODLAL, OTWS aXPIBMS ATV Xt Ta
rpoxynuxd duvapxd ERP nou xataypdgnxay oy and tic coxxadixéc xwvhoewc [31]. H televtaia
ouVIeTWo TNE dpacTneLdTNTag Twv 40 H 2z Tou epgaviletar 25msec mptv and v Evapdn g xivnong
eMXAAOTTETOL YE TNV EVapdn TN xivnong. SUVEn®C, 1 dpaotnetotnta oTIc LPNAES oLy VOTNTES Elval
OTNV TEAYHATIXOTNTA Tapoloa Tty and Thv €vapln tng coxxadixic xivnong, akkd, oe aviideon
pe ) dpaotneotnTa twv 40H 2 ¢ mpog to epédoud, N SpACTNEIOTNTA WS TEOG TNV EVApdn TNe
xlvnomng dev dagopomotel ta 800 £idn xivong oe xapla {dVn GUYVOTATOV.
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Sy 13.7: Apaoctnetdtnta twyv 40H 2 o¢ tpog Ty évapdn e xivione. Aneixovileton 1 uvolixn
dpaotnptétnta v 40H 2z i Ty npocaxxadixn xivion (tayid ypeauunh) xouw Ty avTiooxxadixy xi-
vnon (Aenth yoouph) yio o 25 nhextpddio. H dpaotnoiétnta twv 40H 2 oyedidletor o pV2. Eivor
evduypappopévn og Tpog Ty Evapdn e xiviong (8eid xddetn ypouun) xou 0 GUVOAIXGS YpdVOL
elvon 350msec. 310 xdtw pépoc tou oyfuatog avaoyedidletar oe peyéduvon 1 dpaoTnEloTHTA
v 40H 2 yio to nhextpodo C.
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13.4 AvdAuomn anoteAECUATWY

HMapatnproaue v Onapln onpavtixhc dlaupoponomong wg tpog T dpactnetotnta v 40H 2 o-
vépeoa ota eidn xivnone. H diagoponoinon auth cuuPaiver ota 100msec uetd v epgdviorn tou
nepLpepetaxol otoyov. H mpoowxxadiny xivnon eivar to uévo eldog xivnong nou mapousioce wo
otadepy| onuavtixy Spaotnetotnta 6toug 40H 2z mou axolovdel TNV eupdvior Tou TEPLPERELAXOD
otoyou. To anotéheopa autd mou yopoxtneilet To ouyxexpluévo eldog xivnong topatneeital Lovo
ot Lovny twv 40H z xou wévo yia 1) dpaotneltdtnTa we mpog To cpétopa xon dev eupaviletou oe
xapfo dAAn Lovn ovyvotitwy. Emmiéov, dev nupatneRdnxe xopla dlagopd otn dpactnptdtnta
v 40H 2z wg mpog Ty xivnon UETaE) TN TROCAXXAdIXAS Xat TN avTiooxxadxnc xiviong. Auvti
1 Spaotnetotnta twv 40H 2z ¢ mpog 10 epédiopa TOU TapATHRE(TOL OTNY TPocAXXAdIXT xivNno
100msec yetd v eupdvion tou epedioyatog, eupaviler xevtpo-Beey oty xatovour Ue Eupoon
oto 8e&i nuopaipto.

[Tapduota otoryeia yia dpaotnetdtTnTa oty Yauua Lovr, 100msec petd vy egpdvior tou epedi-
opatog, éyet topatnendel xou oe ontixd [16] xar o€ axovotixd npoxAntd [94]. IIodkéc vrodéoeig
€youv avantuyVel oYETIXd UE TNV TNYY| TPOEAELONC TNS, TNV EMAYWYY| XAl TN SLIPOPPWOT| TNC.
[ mapdderypa, oyYeTXd pe TNy onTixy dpactnetdtTnTa ot yauua Lovr, éxet datunwidel to ou-
unépaopa [124] 6t 1 ouyypoviopévy cuviotdon tou eppavileton ota 100msec yetd v évapin
Tou epedtiopatog Ynopel va TpoxUNTEL WG ATOTENEGPA ULaS TEPLOGOTERO YEVIXNG Dladixaoiog Yoka-
Hoglolixric evepyonoinong, x4t mou ouupevel xor pe v drnodn twv Llinas xou Ribary [78], ue
dedouévo 6Tt auTy 1) dpaoTNELOTNT BEV DlULoPP@VETAL Antd TIC OTTIXES IBOTNTES TOL EpevioyaToL.
Emnméov, oe wa npbogatn pekétn [16] neprypdpnxay 500 Y€YIoTa Yoo TNV OTTIXE ETOY OUEVY) GUY-
Yeoviouévn dpaotnelotnta ot yopua Lwvn, ota 100msec yetd v eupdvion tou gpediopatog,
éva oTic TEpoyéS TV XeVTpX®Y Nhextpodinv (C) xo éva ot axéc nepoyés (0,). Mdhota,
ol gpeLYNTES YewpoLY OTL auTd Tar PéyloTta avTavaxAoly T dpaotnetotnta 800 yevvntelov. H pia
exnnydler and Badiéc dopée (Vdhapoc) ot 1 SN and tov ontixd ghotd. H dpactnprdtnta tov
40H z w¢ mpog 10 £p€VIoUol TOV TORATHEHOUUE EIVAL YORUXTNEIOTIXY TNE Tpooaxxadxis xivnong,
nopdAo Tou Tapduola onTixd epediouata yenotwonoidnxay o yio ta Tela eidn xiviong. Xnueid-
vetar 61t o ERP efvar napdpota xou yior o tplor eidn xivnone xou o¢ 1pog 10 TAATOS X0l S TEOG
v xaduotépnon. Emniéov, ta péyiota autic g dpaotneténtag twy 40H 2 tapatnpolvial oTIg
xeVTpOPpeyUaTiég Teployée, Ue xuptapyla oto dedld nuogaipto. Enopévee, évag yevixodg unyovt-
owog avtidndng dev e€nyel 1o edind yapaxneloTixd g dpaotnetotntas twyv 40H z wg tpog To
epédioya.

And mponyolpeveg perétes Yvwpilouye OTL 1) axoLOTIXY TEOXANTY BRACTNEIOTNTA TNS YUY
Cwvng avtioTolyel 0T BpaoTNEIOTATA TOL TUAUATOS TOU Yool Tou oyeTiletal UE TNV X0V TIXN
Aertovpyio [94]. Auth n axovotixd dpaotnetdtnta e Yauua Lhdvne dropgoppodvetar and Y Tpo-
ooyt [132]. H Spaotrnpbétnra e mpog 1o epétiopa twv 40H z nou mopatnpfiooue, dev pnopel va
anodwiel oe emhextixols unyaviopols Tpocoyfc enetdy) xou ota Tpla €ldn xivnong arnateiton N
TEOCOY T TWV CUPHUETEYOVTWY XAl TEOS Ta TEial E[0Y) TOL TEPIPERELAXOV GTOY OV, TPOXELUEVOU VO TRO-
YWEHoOLY TNV TEOGHXoLVoN antdvTnoY. Emmkéov, xu iowe to Mo onuavtixd eivon 6Tt 1 anddoon
TOV CUUPETEYOVTOVY xar ota tpio idn xivone eivar oyeddy akdvdoaotn [31]. Mdhoto unoloyi-
oaye TN dpactneldTnTa mou avtistotyel oto ERP yenoonoidvtag pévo Tig 6motég anavtioEiS.
Enopévee, ot unyavioyol npocoyic 8ev umopoldy v eENyHo0LY o ATOTEAEGUATE UAC.

Or ouyxexpéveg dlagopés o1 dpaoTnEtoTNTA WS Tpog To cpétiopa twv 40H z yetald twv
TpLV €8GOV xivNoNg TEENEL Vo GUOYETIOTONV UE TA GUYXEXPIUEVA EDIXA YpaxTNEIoTIXA xdie eldoug
xivnong. Btnv mpocoxxadixh xivnor, to ontixd epéVioya Aettovpyel wg 0ToY0¢ NG Xivnong Tou
HoTio) xat ETOUEVWS AMUTEL €Val OTTIXOXIVATIXG UETACYNUATIONS. DTNV Teplntwon g xauiog xi-
YNomNeS €vog TETOI0G UETACYNUATIONOS eV elvar amapaitnTog. LTny Tep(nttwor NG avTIouxxadixig
xlvnong n mhnpogopio xateduvong eivar anapaitnTn Yoo To oyedlaoUd caxxadixic xivnong Tpog
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Vv avtidetn xatedduvor. Ou uropovoaue ETOUEVKS Vo UTOVECOLUE OTL UTAPYEL WA GUYXEXQL-
HEVN oyéom UETAED OMTIXOXIVITIXOU UETACYNUATIONOY Xat BpaoTnetdTnTo ws mpog To cpétoua
wwv 40Hz. To yeyovdg 611 10 PEYIOTO TNg TMOpATNEOLUEVNS andxplone evioniletar otn dedid
xevTpo-Bpeypatiny neployn lowg amotelel emmiéov €voelln g onTixoywexhc enelepyaoiog ue
dedopévo Tov xahd emiPBeBatwyévo pdho mou dradpappatiler To 8e€Ld Ppeyuatind Nuopaipo ot Té-
totec dadixaoiec. Emniéoy, éyet unootnprydel [6] 61t o oniodhog Bpeypatinde hotde anotehel Tny
XATIAANAY) DIETOPT| UETAEY TWV OTTIXWDV XU XWVATIXWV TEPLOY WOV X AEITOLEYEL g Eva GUYAEXEL-
UEVO UEGO OTTIXOXIVITIXOV UETACYNUATIOUWY OYETIXOV UE TIC OYEDIALOUEVES XIVATEIC TOU UATION
1 Tov Bpaylova [6], [44], [84]. Emnhéov, éyer derydel [116] bT1 btav 1 npocoyn o€ pia GUYXEXPLUE-
v ¥€on draywpeileton and tny npddeon tne xivnong, n dpactnetdtnta Twv oniohwy Peeypatixody
VEUPWOVGY avTavaxAd xuplng tny tpddeon yia xivnon. Ta anoteléopatd pag eniong delyvouv 6Tt
EVOG UNYAVIOUOS TPOCOY TG 6TO YWpo, atn V€orn Tou 0To)ou, dev Unopel va e&nynoct ) dpaotn-
eLoTNTA WG TPog To epéthopa Twv 40H z yia Ty npocaxxadixy| xivnon pévo. Mia tpdieon xivnong
Yo pmopoloe vo elvon mapoboa xou ota Tela el xivnong, EVEPYOTOIOVTAS TO BREYUATIXO QAOLO,
o omofog oTn cuvéyeta Yo XATAOTEAGTAY A6 TNV EVERPYOTOINoY TOL eunpoodiou Glool 6NV me-
pintwon woc ouviixne avtiooxxadixic xivione [51] 1 woc cuviixne xoplac xivione [63]. e pia
npdogotn peéTY), ot oniotiot Bpeypatixol VEUpGVES Tou photol [45] evepyorotodviay otadepd Tpty
TNV EXTEREDT) TV AVTICUXXAOIXOY XWHoEWY. Enouévwe, évag onTixoxtvnuixds UeTaoy Npationods
Yo urnopovioe va eivar Tap@y xat ota tpio €0 xivione (aroxpicewy). Qotdoo, 0 ypoviopde autol
TOU UETACYNUATIOUOU ol 1) GLUUETOYY| Tou omicthou Peeyuatixol grool oe autév Yo propolioe
v SLapépet avdhoya Ue Tov TOTo NG andxplong. Edv ol cupuetéyovteg uddatvay petd ond uepixég
TpwTES Tpoondieles Evay xavova mou cuoyetilet Tov xaundho oTéYo (XUXAOC) UE THY TPOGUX-
xadixh xivnon (ot dhhot 800 otdyor €xyouy oyfuata Y ywvieg), tdte Yo uropoloay va (hdyvouy
Y10l XUUTUAOTNTES GTO GYHUO TOU GTOYOL Xat VoL ano@acilouy Toh) Ypryopd XaTahiYovTag OE o-
nevdeiag unohoyloud e tpddeong xivnong oty TEPINTWOT TNS TEOCUXXADIXNS ATOXPIONG. TNV
Tep(nTwon TV ALY B0 ed®y xiviong tou 1 ovuPutétnTa cpediouatog - andvinong dev Hto-
v 1oy ueY), ot cuUUETEYoVTES Vot Umopoloay VoL Elyay YENOWOTOLACEL Uil BIUPORETIXY| CTRATAYIXN
xaduotépnone g andgoaonc wéypt va ohoxAnpwidel 0 onTidg dlaywplopds Tou atdyou. Autdg o
Te®ILoS Broywptouds H/xau o utoloylopde e tpddeons xivnone Yo propoloe va cuoyetileta
WE TNV eupavion tne andxplong v 40H z mou elvon ouyypoviopévn pe to epédioud.

Evbei&elc and dhha mopadelygato ONTIXAC avay VORIoNS XATIAYOUV 6TO OTL Ol OTTIXOl Olo-
ywptopoi oupPaivouy Toh) vwpic xatd tn dtadixacia tne enelepyaocioc e ontixfc Tyhc [102].
Emmiéov, oe éva nopdderypo pynuovixic coxxadixic xiviong éyet dewydel [44] 6t Spaotnptdétnta
VEUPWVWY oL Tpoacdlopilet xivnon eupaviletar otov onioho Bpeypatind @lotd, oe hydtepo and
100msec petd tnv eupdvion tou epediopatos. Emopévee, 1600 €vac ontixdg daywplouds, 6o
%ot €Vog ONTIXOXWNTIXOSC UETACYNUATIONOS Unopoly va cupPaivouy mohlh vwplc (100msec) petd
™V eupdvion tou epediopatoc. H unddeon ot n petofatiny Spactnetdtnta twv 40H 2 propel vo
AVTAVAXAG €Val YPRYORO OTTIXOXIWVATIXG UETAOYNUATIONO 010 Bpeyuatixd @hotd 6tav 1 cupPatod-
™t gpediopatoc - andvinong eivar toyver, Yo unopoloe eniong vo eEnyNoel To ATOTEAEGUATA
wo perétne mou pétpnoe t dpaotnetétnta ot yauua Lovn ot wa GO/NOGO andxpron [112].
Y1 yehétn auth ypnotponotfinxay d0o ontixd epediopata (BEAN) Tou xadodnyoloay Touc ouy-
petéyovtee eite va nathoouy éva xouuni (cuviixn GO) eite va xpathcovy TV andvinot Toug
(ouviixn NOGO). H gaopatixf; avdhuor tne npoxAnthc andvtnorne dev €detle xayio ouotaotixn
dpaoctnptdTnTa oty Teptoy Twv 40H z yio xopla and Tig 800 cuviixes twv mpootadetwy. Ae-
dopévou 61t 1o epédopa yoo v GO ouviixn (Béhog ue gopd mpog T xdtw) dev anoteholoe
x4molo 6TOY0 010 YOPO Yo TNV andvinon (ndtnue xouuntov), N cupPoatdtnTa epediopatoc - o-
TAVTNONG BEV HTAV I0YUPT Xl CUVETWS amoxheletar 1 UToEEYN VS Ypiyopou onTiXol XIVNTiXo
peTaoynuatiopol tou VYo cuoyeTil{otay pe wa andxplon otoug 40H 2.

‘Eva Béua mou mapapéver o exxpedTnTa eivon To YEYOVOS OTL, av Xat 1) BpaoTNptOTHTA OG TEOS
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0 gpéthopa otny neployn v 40H z mou epgaviletoa oto 100msec yetd tny eupdvion tou epedi-
ouatog Staywpellet TNV Tpocaxxadix andxplon and Ti¢ dAAec dlo amoxploelc, evToUTolg UTdPYEL
onuavtixf, xaduotépnon (200msec) petald Tne EVEPYOTOMONS NS ANEYTNONS GTOV LTOTIVEUEVO
onTixd dlaywplopd N/ xar to oyedlaoud T xivnong xat 6o TEAXS Gplo Yo TNV andxpLeN-xivno.
HapatneRdnxe wo onuavtixy peiwon oto ypdvo andxplong Yo TNV npocaxxadixy) xivnor oe ob-
YXEIoN PE TNV avtioaxxadixs, ahhd eivor Tohd wixpt| (Sapopd 26.5msec, t = —4.31, P < 0.01,
Bréme Lyrua 13.1).

[Tupatnerooue drapopd YETAE) TV AMOXPIOE®Y UOVO YLO TN SPACTNEIOTNTA WS TPOS TO EQE-
topa oty meployh) twv 40Hz. H dpactnptémta wg mpog v xivnon oty nepoyn twv 40H z
YIoL TNV TEOCOXXABIXT XU TNV avTioaxxadixy) xivnomn Htav oyedov tavtéonur. Ilapatnpeeitor pla
capic xopugh ota S0msec mpv and v €vapln e xivnong Tou uatod, 1 omola elvar eniong
otadeptr| axpiBde mpty and v évapln e andvtnone (25msec mpv and v évapdn tne xiviong).
Avuth n tehevtaia cuvioTOOo Ynopel Vo cuoyeTi{ETon UE UUiXd TUPdOLTY TOU XAAODYTOL BUVOULXO
aryuic [131]. Apactptétnta ot ydupo Ldvn nov oyetileta pe xivnon éyet enfone mapatnenie
axpPode ety and Ty extéleon xvicewy duxtihwy [96]. H ywpixh xatavopr tne Spaotnetdtnac
w¢ TEOog TV xivnon oty meployh Twv 40H z eivon Bidyutn ue ™ ueyahltepn evepyomoinon oTic
xevtpxés xau Bpeyuotixéc neployés. H xatavopr avth eivon mapouotla ue tny xatavour twv ERP
OC TPOS TNV XVNoM TOU XuToypdPNXE TPV and ONTIXA TPOXANOVUEVES Goxxadixés xvioew [32].
H Spaoctnpiétnta auth mou dev Slaywpilel Tnv mpocuxxadixy) and TNV avTiooxxadixy andxplo,
unopel va oyetiCetar e ) dradixaoio Tng mpoeTopasiag TS xivnong.

Yuumepaopatixd, o oaghg dpaoTnetoTnTa 0Ty Teploy ) Twv 40H z mou xopugwvetar 100msec
ety and v évapdn tne xivnong ouuPBaivel wévo otay To epéiopa AmOTEAE! X0l TO GTOYO NS E-
TEPYOUEVNS xivnong Tou patiol (mpocaxxadixy andxpion). To péyioto autic tne Spaotnetdtnrag
ovpPaiver otig xevipo-Bpeyuatinéc meptoyée tou de€lol nuogapiov. To orua autd unopel va
avtavaxhd v eneéepyasia 6tov oniotho Bpeypatixd Qhotd EVOC YETACYNUATIOUOY TOU OTTIXOV
epediopatog oe vty andvtnor. Ta edixd yapaxtnelotxd g dpaotneldTnToc auTHS WS TROS
T0 Ypévo (UeTd TNV eupdvion Tou epediopatoc) xo e mpog To eldog TNg andxplong (Tpooux-
xodxh xivnon), tapdho mou dev eivor TAHEWS EENYAOIUN WS TPOS TO CUUTEPLPOPIXS UTOTEAEOUL,
elvor eCoupeTind evBlapépovta xat GLVIOTOOV TepuUTépw BIEPEUVNOTN TOU GHRUATOC aUTOV XAl TNG
ONUAVTIXOTNTAC TOU S UEGO TNG UEAETNS TOV YRHYOPWY OTTIXOXIVITIXMY UETACY NUATIOUOV.
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Yy nopotoa StatplPr) UEAETHOUUE TNHY EQUPUOYY TROYWENUEVLY U1 YPUUUIXMDY TEYVIXMY EME-
Eepyaoiog 0HUATOC GTO NAEXTPOEYXEPAUNOY PAPNUA X0l AVATTOZUUE UN YPUUWIXE LOVTENN, UE To
omola unopotyv va neprypagoly ta HED orjpata. Meketqoope 800 eddv ofuata: to HEI' mou
avTloTolyel 0 XATACTAON NEEWIAS, UE TA UATIOL XAEIOTA Xol T TEOXANTA Buvoxd. LNy newTn
nepintwon avalntioaue PeVddoUSC TOU TEPLYPAPOLY IXAVOTONTIXY TO GHUN Xal TUPEYOLY UeYEUn
TOU EVAL YUPAXTNEIOTIXG Yo To. OAUATH oUTY. LT OEVTERY TMEQINTWOY UEAETAOUUE GTO YOEO
X GTO YPOVO TNV EUPAVIOT BpaoTneldtnTas oTn Yauua {dvr, Tou eival YopaxXTneloTixy yior Ty
EXTENECT] CUYXEXPIEVWY ATOXPICEWV-XIVACEWY TOL ETMBAAAOLY Ol TELPAYATIXES CUVINXES.

Kotd ) perétn touv HET oe xatdotaon npepiag, apol SO TOOUUE YE TNV EQUOUOYT dlopo-
PWV TEYVIXOV OTL To YROUUXE LOVTENX BEV Elval 0pXETE YIoL THY TEPLYPAPY OAWY TWV XATNYOPIOY
TOU, TPOYWPHOUUE OTNY EQUPUOYT TwV UEVOdWY NG UN YPopUxis avdivons. OewpdvTag 0Tt To
UTO UEAETY) ofuaTal Efva Un YRUUWIXS VIETEPUIVIOTIXG, OVIXATACXEVACUUE TIS TPOYIES GTO (PAUCLXO
Y WO %ot UTohoYloaue TN BLdoTAoT cLoYETIOUOL Xar Toug exvéteg Lyapunov nou aroteholyv ta
AVAANOIWTA YAPAXTNPIOTLXE UEYEDY TWV AVAXATUAOXEVACUEVGDY EAXLOTOVY. AelEayue 6Tt 1) SidoTo-
OY) CUCYETIOUOU ECUPTATAL OO TNV EYXEPAALXT TEQIOYY) OTNV Oonola avTloTolyel, e TI¢ UPNAOTEPES
TIWES VO AVTIOTOL 00V OE TEPLOYEC OTOU TOTEVETAL Amd TOUS VEUPOQYUGIOAGYOUS OTL TpayUaTo-
mololvTaL Aettovpyieg mou anoutoly peyahitepn encéepyaoio mhnpogoplac. Mdliota, t0 mpOpiA
™G B0 TAONS GUOYETIOHOU Elvar DIAPOPETIXG GTOUG APIGTEPOYELPES amtd O,TL 0TOUG DEEIOYELPES.
To yeyovog autd pog emttpénet vo diaywplGOLUE TOUS APLOTEPOYELPES ANO TOUS DEEIOYELPES UE TTO-
00016 emtuylag PEYAROTEPO and TO TOCOGTO MOV TPOXVUTTEL ANd TN YPENOT YPUUUIX®Y YEYETDY.
O By wplouds autdg xatateivel oty avadelln Tou xuplapyou NUoPaLeiou ToL EYXEGIAOL, XAt
mou elvon amapaitnTo Vo yivel mpty and yetpoupYxés encuPdoceic. H npoondieto autr Stoywplouod
xenotponowwvtag anhodg xataypagéc tou HEI eivar daitepa onuavtin yio toug yratpols ytoti
x4t tétolo onuepa Bev eivar e@ixtod. Nfuepa yenotpornoolvTar dhhec pédodol Tou amAUTOLY TN
XORNYNOT PupUdxewy ot SeV elval TAVTOTE avmduLVES Yia Toug e€etaldpevous. (26T600, Teénet va
ONUELOOOVUE OTL TA EVENUATE UaS ATOTEAODY TPWTES EVOEIEEIC X0 UTOUTEITON ONUAVTIXY) TEQAUTEPW
npoondeta yia Ty enBefalwot| Toug o ueydho defypa mAntuouod.

H perétn twv HET xataypapdv oe xatdotaoy neeuiog neptehduBave eniong xou tn ouyxpettxy
avoAuTIXH LEAETY TV ahyopiluwy utoloyiogol tou @douatog v exdet@y Lyapunov. H yeiéty
€detle 011 ueTalh TV alyopituwy utoloyiouol Tou peyalitepou exdétn Lyapunov, o ahydprd-
wog mou mpdtevay ol Rosenstein et al. eivon avtdc mou moapéyet ta otadepdtepa anotehéopota.
Meta€l twv ahyopliuwy utoloyopol oloxhipou Tou @douatog Twy exdetdv Lyapunov, topd
N UEYUAVTERY) UTOAOYLOTIXY] TOU ToAumAoxdtNnTa, 0 dlydprdpoc twv Brown et al. mou ypnot-
pomotel un ypaupxéc mpooeyyioeig yioo TRV neprypapr g eEEMENS TOU GTOLYELOBOUS OYXOU TWV
apyx@yV cLYINX®Y, eival outdg Tou mapovotdlel ta otadepdTepa anoteAéouata. BéBaia, mpénet
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VoL ONUEIOCOLPE OTL €V YEVEL ot exéteg Lyapunov npénet va avtipuetonilovton pe npocoyt xood-
T, YewpnTixd, agopolv Ty eZ€AEN TOL amELPOCTON GYXOU JPYIXOY GUVINXMY, EVGD GTNY TEAETN
urohoyilovton and 10 GUVOLO TV TELRAUATIXWDY OEDOUEVMY.

TCevixdtepa, oyetxd pe tn pedodoroyio Tng un YeAUUIXNS AVIAUOTS ONUELDOVOUUE OTL EYEL AVA-
ntuydel éva Thidog ueyeddv mou yapaxtneilouv tohdThoxeS ypovooElpEs pe Bdon T apyéc TS
un yeopunic duvapxnc. To yeyédn autd, av xou €youv anodetyVel apxetd alldomiota 0Tl Yewpn-
TG UEAETES TNG CUUTERLPORAC TV [N YROUUXOY CUSTNUATLY, GTNV TEdEn, 1 Tepithoxn ¢hon xo
N EYYEVAC TAON TPOS TN CTOYACTIXOTNTO XAl T1) U1 CTATIXOTNHTA TWV GUCIONOYIXMDV Y POVOGELDMY
xdver 8OO, av Oyt adbVATY, TNV EpUNVEIX TLY UEYETDY aUTOVY. DTNV TEdLY, Ol EXTIUNOELS TOC0
NC BIdoTAONE GUOYETIOROV OGO %ol TWV UTOAOITWY UEYEVWDY UTOXEVTUL OE oNuavTXY afeButdTnta
AOY® TOoU YEYOVHTOS OTL To A0S TwV onuelwy elvor tenepaouévo. Emmnpboieta, ot telpapatinég
ouvifxeg eivon apxetd SraopeTixéc UETaD TV Slapdpwy UEAET®Y. Edixdtepa, ot auvdopunteg
YVwoluxés enelepyaoiec xaTd T1) SLIPXELN TWV XATHAYPAPWY BEV Unopoly va e€axptBwioly apol 1
emaypUTYNGT, N EYPRHYOPOT, N uvnuovixt enelepyaoio, 10 cuvousUnuatixd Tepleydpevo XA eivou
e€oUpeTIXd TPOoWTIXES UETABANTES oL Bev avamapdyovtal. Oa oy duvatov, €vag xahiTEPOC
xadoptopds g vonTixig Aettoupyiog xatd T Sidpxela Twv HED xataypapdy va yelwve T ueto-
BrntotnTa e Bidotaong ovoyetiowol. Eniong, mapatnpodvar Siapopéc otov TpdTo EQUpUOYRS
0V ahyopliuwy avducoa otig didpopeg peréteg. T'a var urepvixniel 1o TEdBANUA autd, ToAOL
£pELYNTEC €Y OLY TPOTEIVEL TN YPNOT TEOTUNWY TEIPUUATIXOY CLYINUOY XoTd T dIdPXEL TNG CUA-
Aoyng Bedouévmy xar Tng aglohéynors toug. Ot TeploGOTEROL EPEVVNTES GTUEPA CUUPWYOLY OTL 1)
AVIAUGCT| YPOVOOELPWY TELPUUATIXWY DedoUEVeY xat edixdtepa twv HET onudtwy, eivar eqixty| edy
1 vhonoinon twv akyoplduwy yiveton pe tpocoyn. Me xohf xatavdnon twv uedodwy xat UEYIAN
TEOCOY T GTNV EQUPUOYT TOUS, N UN YPOUUUXTY aVIALGY YPOVOOELRGOY UTopEl var YiveEl éval 1oy Lpod
epyaheio otny anotipnomn tne Buvauxic TOAOTAOXWY CUOTNUATWY, OTKWS 0 AVIPMOTIVOS EYXEPANOS.

Y ouvéyewa avantiiope 0o ahyopldpoug, évav TOmOL umhox xou €va GELPLIXO, Yot TN-
v tautonoinon tou ehayioTou x60Toug Un Yeuuwxol xataywenth ohicdnong ue avddpacn. Ot
XATAYWENTES AUTOL ATOTEAODY UOVTER Yo TNV TEPLYPAPY) YPOVOCELRMY, OTWS EIVAL TO NAEXTPOE-
yxeparoypdgpnuo. Ot npotetvoueves uédodol ouvdudlouy tpio cuotatixd: wio ohxr didtaln, évay
eheyyo yoauuxic e€dptnong xat évay éheyyo ehaylotou. H ok didtadn Sieuxohivel Ty anoti-
UNOY TV XATAYWENTOY X0l TROXVUTTEL AN6 TO YEYOVOS OTL xdte xataywenthe yopuxtneileta and
€vay TOAUDE(X TN TOU AVTITPOCWTEVEL TNV TAEN U1 YOOUUUXOTNTAS, TOL TEWTALY XS GHUATO XU TIC Yé-
yioteg xaduoteproec. H npotevouevn ohixr didtady elvar oustlaotixd wio ohixo Baduod didtaln
eNAUENUEVT] UE ULOL CLVEPTNOTN XOGTOUE OV AVTITPOOWREVEL T0 x60T0¢ LAoToinong. Ot cuvteke-
OTES EVOS UM YROUUIXOU XOTOYWENTH TOU TUpdYEL TO BEBOUEVO ORUa OVAXOLY GTO UNBEVIXS Y WO
evOC xatdAAnhou nivaxa. Emopévws xdle un ypouuixde xatoywentic avTioTolyel otny €xppaon
wag oTAANG Tou Tivaxa auTo) »S YeAUmXol cLYBLAGUOD TwV TEONYOLUEVLY oTNAGOY. Eva e1d1xo
YAEAXTNEIOTIXG TOL UTS e€€Taon TpoBARRaToC Eival OTL To UiXT) TV GTNAKOY TOL TEOAVAPELVEVTOS
ivaxo Sev efvar o [Bla, YEYOVOC TOU AVTIUETOTIOTAXE UE TOUS TEOTEVOUEVOLG ahybpripoug. O
ENEYYOC YPupuxnc €€3pTNONS TOU YENOILOTOUNXE ENLTUYYAVEL TOV TPONYOUUEVO GTOYO UE TN
drayelpton vounhox Twv otnhdv. To Tpito cuotatind Tou ahyoplduou Tpocupudler Tov EReY )0
Yoauuxic e€dptnong pe v ohxr Bidtaly. Me autdv Tov Tpdmo mpoadlopileTar TEMXMS O Un
YEUUUIXOS Xty weNnTHS OAoUnong mou elvon eAdyIOTOC WS TEOS TNY OALXY BLdTaly).

Or npotevopevor ahyodpripor arotelolv enéxtacy tou xhaoxol Berlekamp - Massey olyo-
pldpou, o omolog yeENoILOTOLEITOL VIOl TOV TEOGDIOPIGUO TOU YROUUIXOU XATAYwEeNTH oAloUnong e
avadpaot ehaylotou uixoug xou tapouvotdlel éva peydho mAhlog epapuoydv. H ohixd Sidtaln
S TPOS TO UAXOS TV YRUUUIXMY XOTAYWENT®WY avixodiototar and wio oAixy| didtaln mov Po-
oiletar 670 x6GTOC LAOTOMONG TWV U] YRUUUXOY XaTaywenTdv. O Ypouuixos xatoywenthc Ue
TO UXEPOTEPO UNXOC EVAUEPOVETAL Delypa Tpog Belyua ypnotponowwvTag Tig avadpopés tou Berle-
kamp - Massey aiyopidupov nou Bacilovton ota o@dhyoata. Edv o ypouuixde xotaywentic dev
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UTOPEl VoL TOPAYEL TO ENOUEVO DElYUA, TO UWAXOS TOU AT WENTH ALEAVETAUL XATd Lovadixd TpdTO.
LNV TEpINTOOoN TWV U YEUUUIXMY XUTOYWENTOY UTAOYO0UY 0pXETEG EVAMAAXTIXES Tépa AnO THY
aOgnom v xUOTERHOEWY TwV Ypouuwxwy dpwv. Ilpogavelc enthoyés ouunepthayfdvouy v
eoay WYY VO VEOU TpwTapyix0l oRUATOg 1 TNV alENon TwV XadLUOTEPNOEWY U1 YROUUUXOY OpwV.
H 81dtoln 1wy eVOANIXTIX®Y 0TOV TROTEIVOUEVO ahydprduo emTuyydveTon and tny ohixy Sidtaly.
H agio tov un Ypouuxoy xatoywentdy EYYEITUl GTOV TEOCOIOPICUO TOU U1 YROUUIXOU XoTA)w-
ENTY ToL TapdyeL TN BEBOUEVY) YPOVOOELRA Xt €YEl XOOTOG LAOTONONG WXPOTERO TOU aVT{GTOLYOU
Yool xataywent. To yeydhog edpog epupuoy®y toug nepthapfdver uetalld GAAwy epyoheio
oy Edlaomg 1IoYLEGOY CYNUATOY XPUTTOYEAPNONS 1} VhoTolnoNg YeudoTuyaiwy Un YROUUX®OY YEVVT-
TPLOV XUl TNV TAVTOTOMON Un YPopUX®Y cuotnudtwy. Ot mpotewvduevol ahyoprduol toybouy oe
OTOIOBATOTE WU, dpa XAl GTOUS TEAYUaTIX0US aptipols ot dpa UToEoLY VoL EQUEUOGTONV ol
YLOL TNV TEPLY PAPY] TOU NAEXTPOEYXEQUAOYPUPHUATOS.

Kotd ) yehétn twv tpoxAnt®dy Suvagxdy YeNoILOTOCUUE TO U1 YPUUUXO EVEQYELUXO TE-
Aot yio TRV avddelgn e dpaotnptéttac ot Youpa {ovn (40H z - vdmhéc ouyvotnteg) ota
TpoxAnTd Suvaixd tou utoloyilovtar pe TNy xhaowxr uédodo tne uéomng xupatopoprc. Ot xota-
YeupéS apopoloay EVa OTTIXOXIVATIXG TE(PUUOL TELOY TARUANXY WY XATE TO OTO{0 Ol GUUUETEYOVTES
€MPETE VO ATOQAGITOLY, UE BAOT TO OYNUA TOL GTOYOL, VO EXTEAECOUY ElTE ULol oaxxadxy xivn-
on npog éva ontixd 0160 (Tpocaxxadixt) eite wa caxxadxr xivion oty avtietn xatedduvor
and 10 oT6Y0 (avtiooxxadixr) eite vo unv extehéoouy xopla xivior. TlapatneRcoue v Onap-
&N onuavTIXAc Slapoponoinong we Tpog T dpaoTNELOTNTA TV LYNAOY GULYVOTATLY AVAUECA OTA
eldn xivnone. H dagoponoinon auth ocuyfBaivel ota 100msec petd v epgdvion touv otdyouv. H
npocaxxadixy xivnor elvon To uévo eidog xivnong mou mapovsioce pla otadepy| onuavtixh dpa-
otnEtoTTAL 0T Yapua Levn Tou axohovldel TNV epgdvion tTou otoyou. To anotéheoua autd Tou
yapaxtneilet 1o ouyxexpluévo eidog xivnong nopatneeital poévo otn yauuo Livn xat povo Yo
dpaoTnELOTNTA WS TPog To epédiopa xou dev eupavileton oe xoapla dhhn Ldvn ouyvothtoy. Emmhé-
ov, dev napatneriinxe xouio dtapopd ot dpactnetdtnTa Twv 40H 2 w¢ tpog Ty xivhor petadd tne
TEOoUXXABIXNAC Xt TNG avTioaxxadxhc xivnone. Ot ouyxexptuéveg dragopés ot dpaotnetdtnta
¢ pog 10 gpétiopa v 40H z petald Twv TEIOV WY xIVNong TEENEL VA GUGYETIOTOVUY UE Td
ouYXEXPIUEVA EIBXE YpaxTneloTixd xdde eldoug xivnong. Avth n Spactnedétnta v 40Hz wg
npog To epédloua mou mapatneeitor oty npocuxxadix) xivnor 100msec uetd Ty ppaviorn Tou -
pediopatog, eupavilel xevipo-Bpeyuatiny xatavour| ue €upaor oto dei nuiopaipto. To ohpa autd
umopel vo avtavaxhd v eneepyacioa 010 Bpeypatixd @AoLd eVOC UETACYNUATIONOD TOU OTTIXOU
epediopatog oe xivnux) andvtnoy. To edixd yapaxtneioTixd Tne SpaotnEloTNTAS AUTHS WS TEOS
T0 YpOVO (METE TNV eupdvion Tou gpediopatog) xo w¢ Tpog To eldog g andxplone (Tpooaxxa-
duxh xivnom), mapdho mov dev eivar TAApwC EENYHOLA WS TPOS TO CUUTEPLPOEIXS UTOTERETUA, Efvall
eZoupeTIXG EVOLAPEPOVTA XAl GUVIGTOVY TEPUTERE BIEPEUYNON TOLU GRUATOS AVTOU XAl TNS OTNUo-
VTIXOTNTAC TOL WS PECO TNG UEAETNC TV YPHYOPWY OTTIXOXIVNTIXWY UETdoynuatiou®y. Eniong,
TepaUTéR®L Blepelvno TEETEL Vo YIVEL OTY GUUTERLPOPE TWV LOVARLY XATAYPUPMY XAl OTN UEAET
NS ETUPANTOTNTAS TOUS OE OYEDT XAl YE TIC Lo} VOVOES TELROUATIXES GUVITIXES XAVE XoTaY PUPTC.

Me Bdon ta Topandve, XATaAYOLUE 6TO GUUTEPUoUA OTL Ol UN YRUUUIXES TEYVIXES XL ONYO-
erduot ene€epyaoiog wv HET onudteov ouviotoly éva eCatpetind ypriotpo xot eAndopopo epyakeio
otnVv avdhuon toug. Qot6o0, Tpénel va xotaBAnUel axourn tdpo TOAD UEYAAY EQELVNTIXT TPOOTH-
deid oty xateduvorn auth, wote va emPBeBarwdody ta uTdpyovTa xou va Tpoxiouy xor véa
anotehéopota mov Yo eivar 18alTepwe A€loToMoIo At TNV LATEIXY) EXLOTAUOVIXY XOWVOTNTA Yld
drory vwotixolg xau Yepaneutixolg oxomols. O TholTog TV TAUPEYOUEVKDY TANPOYORLMY ATd ToL UN)
YEUUUIXE CUCTAYATA ot TaL WY Pl Tepa anoteAéapata Tne eapuoyhic Toug oto HEI evidoappbvouy
) GLUVEYIOT] TWV EPELYNTIXAOY TPOOTAVEIDY 0NV XxaTeEVYUVOT AUTY.
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