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NEPIAHWH

To kbOTOG ouvIpPNONG Kal UTTOOTAPIENG TwV OUVOETWY Kal €V yEVEl OAWV Twv
NAEKTPOUNXAVOAOYIKWY CUCTNHATWY ATTOTEAEI TO PHEYAAUTEPO TTOCOOTO TOU KOOTOUG KUKAOU
CwNAG TouG. H peiwon Tou uTTOWN KOOTOUG GUVTEAET OTNV aUENON TNG AVTAYWVICTIKOTATAG TWV
ETTIXEIPAOEWY TTOU TA XPNOIKOTIOIOUV.

Mia até TIg peBddoUg TToU UTTOPEl va XPNOoIYoTToINBEi yia Tnv €TTiTEUEn Tou UTTOWN
OKOTTOU €ival 0 €KOUYXPOVIOUOG TnG PIAoCOQiag OUuvTApNOAg Toug, ME TN XPnon Tng
Texvoloyiag TMAnpogopiag kar ETKoIVwvVILV Kal hge oTOXO N uttown @IAoco@ia va yivel
OIayVWOTIKA KAl TIPOYVWOTIKA. H e@apuoyr] Twv uttown QIAOCOQIWY CUVTHPNONG TTAPOUCIAdel
TTOAG TTAEOVEKTANATA, TTEPAV TNG MEIWONG Tou KOOTOUG, OTTWG yia TTapddelyua, augnon mg
aglotmoTiag, dIABeCINOTNTAG, CUVTNENOIMOTATAG KAl A0QAALING XPAONS TWV CUCTNHATWV.

Atrapaitntn TPOoUTTO0ean yia TNV £QApUOYA TWV TTPOAVAPEPBEVTWY QIAOGOPIWV Eival
n Ummapén Ikavou aplBuoU TTpwToyevwy Oedouévwy. AUTO UTTOpEl va €TTITEUXBEi Ye TN xprnon
KatadAAnAwv aioBnTApwyv, ol oTToiol TTapdyouv Ta dedopéva, Ta OTToia OTN GUVEXEIQ UTTOPOUV
va a1roBnKeuTOUV Kal va €me€epyacBoly yia TNV TTapaywyn XPACIMWY TTANPOQOPIWY, OTTWG
TOV EVTOTTIONO Kal TNV Tautotroinon BAGBWYV 1 TNV eKTIKNGN TNG UTTOAEITTOMEVNG AEITOUPYIKNG
CWNAG evog EapTAMATOG 1 VOGS CUCTAMATOG.

O evromopég kair Ttautomroinan PAaBwyv PEOwW Twv OUAAEyOUeEVWVY  OeSONEVWIV
ovopdadeTal dIayvVwOoTIKA CUVTAPNON, EVW N EKTIMNON TNG UTTOAEITTOPEVNG AEITOUPYIKAS CWAG,
TTPoyvwaoTIKA. O1 uTTdwn @IAocoPieg KaBioTavtal OA0 KAl ONUAVTIKOTEPEG KABWGS augaveTal n
NAIKia TOU XpNOIKOTTIOIOUEVOU £COTTAICHOU.

Ta KupldTEPO WOVTEAQ TTOU XPNOIKOTTOIOUVTAl YIia TNV QVATITUEN Twv Uuttown
QINOCOQIWV gival auTd TTou oTnpifovTal JOVO C€ KATAYPAPOPEVO dedoUEVA KAl EKEIVA  TTOU
BaoifovTtal o€ KATTOI0 QUOIKS HOVTENO.

O1 mrpooeyyioeig pe Bdaon TN QUOIKAR ouvdudlouv éva QUOIKO HOVTEAO aoToxiag ue
O0cdouéva PETPAOEWV Yia va TTPORAEWOUV T PEANOVTIKI) CUUTTEPIPOPA HIOG DUCAEITOUPYIaG
Kal va TTpoadiopicouv TNV UTTOAEITOEVN Asitoupyikr) {wh (YAZ) Tou OuoTANATOG.

AvtioToixa autég TTou PBacifovral oe Oedopéva XPNOIKOTIOIOUV TTANPOPOPIEG TTOU
ecayovtal atmd Ta CUAAeyOpeva SedoUEVA IO TOV TTPOCDIOPICHO TWV XAPAKTNPIOTIKWY TNG
e€ENIENG MIOG BuaAeIToupyiag Kal TNV TTPORAEWN TNG HEAAOVTIKAG KOTAOTAONG TOU GUCTAMATOG.

Mia atrd TIG TEXVIKEG TTOU AKOAOUBEITAI YIO TNV EQAPPOYR TWV JOVTEAWV BIAyvwong Kal
TPpdyvwaong, Ta otroia Bacifovral ota dedouéva, gival auTr) TNG PNXavikig pédénong.

MNa TNV €Qapuoyn NG uTTOWn TEXVIKNG aKOAOUBEiTal PIa ouykekpiyévn peBodoAoyia:
E¢aywyn XapaktnpIioTIKWV PE Xprion Twv TTediwv Tou XpOVoU Kal TwV CUXVOTATWVY £POCOV

QTTAITEITAI, OTITIKOTTOINGN O€OOMEVWY, ETTIAOYH XOPOKTNPIOTIKWY, £TMAOYA aAyopiBuou Pe TN
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MeEyaAUTEPN akpifeia TTPOPAEWnG, pPUBUION TTOPAPETPWY TOU  aAyopiBuou kai  TéAOG
TTpaydatoTroinan mg didyvwaong ) TNG EKTiUNONG.

H avwrépw peBodoloyia avaluetal péoa ammd €va TTapddelyha eQapUOyng o€
eANikOTITEPa Tou NautikoU Twv HIMA. Kpivetar okémipgo va emonuaveei 611 otnv uttown
TTEPITITWON N AvAAUCT TwV dedOPEVWY 0DYNOE OE ATTOTPOTTA PEICOVOG ATUXANATOG HECW TNG
d1dyvwong BAGRNG, n oTroia dev €ixe EVIOTIOTEI ATTO TNV £QAPUOLOUEVN TTONITIKA CUVTHPNONG.

Etiong €@apuootnke ot pia PEAETN TTEPITITWONG eKTiUNONG TG YAZ KivnTApwy
QEPOOKAPWY, UEOW QAYOPIBUWY PNXAVIKAG HABnong. Ta dedouéva TTou XpNoIKoTToINBnKav
TpoNABav atrd d10dIKTUOKS TOTTO TNG NASA.

A6 Ta TTpoava@epBEVTa  KATAdEIKVUETAI N onpacia  0TTapgng  TTPWTOYEVWV
0edouévwy, KABWG ETTIONG KAl N UWNAR agia Kal To peyaGAo eUpog dUVATOTATWY TTou duvavTal
va TTapdAacxouyV ol UTToWn QIA0COPieg € opyaviouoUug TTou Ba TIG uloBeTAooUY, OTTWG TT.X. N O€
TTPAYMATIKO XPOVO EKTIUNON TNG AEITOUPYIKAG KATACTAONS TWV CUCTNUATWV.

Q¢ ek TOUTOU TTPOTEIVETAI N UIOBETNON TWV UTTOWN QIAOCOQPIWV KAl TTPAKTIKWY OTTO

OPYQVIOUOUG Kal ETAIPEIEG.
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ABSTRACT

The cost of maintaining and supporting complex and generally all electromechanical
systems constitutes the largest proportion of their life cycle cost. Reducing these costs helps
to increase the competitiveness of companies using them.

One of the methods that may be used to achieve this goal is to modernize their
maintenance philosophy, using Information and Communication Technology and aiming for
this philosophy to become diagnostic and prognostic. Applying these maintenance concepts
has many advantages beyond cost reduction, such as increasing reliability, availability,
maintainability and system security.

A prerequisite, for the application of the aforementioned philosophies, is the existence
of a sufficient number of primary data. This can be achieved by using suitable sensors that
produce the data, which can then be stored and processed to produce useful information,
such as locating and identifying faults or assessing the remaining useful life of a component
or a system.

The isolation and identification of faults through the collected data is called diagnostic
maintenance, while the estimation of the remaining useful life, predictive. These philosophies
are becoming more and more important as the age of the used equipment increases.

The main models used to develop these philosophies are those based only on
recorded data and those based on a physical model.

Physics-based approaches combine a physical failure model with measurement data
to predict the future behavior of a malfunction and determine the remaining useful life (RUL)
of the system.

Similarly, data based approaches use information extracted from the collected data to
determine the characteristics of the evolution of a malfunction and to predict the future state
of the system.

One of the techniques used to implement the data-based diagnosis and prognosis
models is machine learning.

This technique is applied through a specific methodology as follows: Extraction of
features using time and frequency domains if necessary, visualization of data, selection of
features, selection of the most accurate predictive algorithm, configuration of the algorithm
and finally diagnosis or assessment of RUL.

The above methodology is dealt with through an example of a US Navy helicopter

application. It should be noted that in this case the analysis of the data led to the prevention
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of a major accident through the diagnhosis of a failure which was not detected by the
applicable maintenance policy.

It has also been applied in a case study on the assessment of aircraft propulsion
engines through machine learning algorithms. The data used came from a NASA website.

From the foregoing, the importance of the existence of primary data as well as the
high value and the wide range of possibilities that these philosophies can provide to
organizations that will adopt them, is presented (e.g. the real-time assessment of the
operational status of the systems).

It is therefore proposed that these philosophies and practices should be adopted by

organizations and companies.
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NAE=EIZ KAEIAIA

Aedopéva, unxaviki Jadénon, TTPoyVWOoTIK GUVTAPNON.
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MPOAOIOZ — EYXAPIZTIEZ — AQIEPQZEIX

Kard Ttnv  mapakoAouBnon Tou  TTOpOvToG  AlaTPnUaTtikou  MeTatrTuxiokou
Mpoypduuatog KatéoTn cagég OTI N TexvoAoyia Tng MAnpogopiag kal Twv ETKoIVWVIWY
(TME) atroTteAei 10xupd epyaleio oTa XEpia TwWV ETIXEIPACEWY YyIAd TV QVATITUEN TNG
QVTAYWVIOTIKOTNTAG KOl TOV EKOUYXPOVIGHO TOUG.

Aedopévou Tou yvwoTIKoU uttépaBpou wg pnxavikoi Tng MA, avadntiénke, yia tnv
uttéwn epyaocia, éva Tredio OTO OTToi0 va JTTopEl va e@apuooTei n TIIE, pye okotd TNV
avapBdduion Twv dUVOTOTATWY KAl TG QVIAYWVIOTIKOTNTOG ETAIPEILV KAl OPYAVIOUWY TTOU
OI0BETOoUV OUVOETA NAEKTPOPNXAVOAOYIKA CUCTAMATA, OTTWG TT.X. TA AEPOOKAQN, ME TNV
METEEENIEN TNG PIAOCOYIAG CUVTHPNONG TTOU EQAPUALOUV O€ DIOYVWOTIKI KAl TIPOYVWOTIKN.

H apwyn Ttou emPBAETTOVTIOC KABNYNTA OTO onueio autd ATav KabopioTikr, Kabwg
TPOTEIVE TNV €EETACN €QAPPOYAG MEBOOWV HnxavikAg pddnong yia Tnv uAotroinan Tng

TTpoavapepbeicag yeTadpaong.
Euxapiarouue v Ayia Tpiada kai Tnv Ymrepayia ua¢ Ogoroko.

H mapouoa epyadia agiepwverar GTOUC YOVEIC, TOUS OAOKAAOUC Kai KabnynTtéC Uac Kai oTic

OIKOYEVEIEC lIag.
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EIZAFQrH

Eival eupéwg yvwoTo Kal atrodekTd 0TI TO KOGTOG CUVTAPNONG KAl £V YEVEI £V CUVEXEIQ
UTTOOTAPIENG TWV dIaQOPWY CUCTNUATWY aTTOTEAEI TTOAU PEYAAO TTOOOOTO TOU CUVOAIKOU
KOOTOUG KUKAOU CWHG TOUG.

Q¢ €k TOUTOU N TTPOCTTABEIO PEIWONG TOU UTTOYWN KOOTOUG Ba TTPETTEI v OTTOTEAEI
Kupiapxn €mmdiwWEN Twv ETTIXEIPAOEWY TTPOKEINEVOU Va dIaTNPOUV KAl VO ETTAUEAVOUV TNV
AVTAYWVIOTIKOTNTA TOUG.

O véeg Texvohoyieg TTANpoopiag Kal eTTKOIVwVIWY (TTIE) duvavtal pe Tnv KAatdAAnAn
QgloTToIiNON Va CUVTEAECOUV ONUAVTIKA OTNV £TTITEUEN TOU UTTOWN OTOXOU.

Mia véa @IAoco@ia, To e-maintenance, éxel TTAéov apxioel va avadueTal oTnv
TPooTTdBeia va T1eBoUV TUTTOTTOINUEVEG PBACEIS yia Tn Xprion Tng TIMNE otn BeAtiwon Twv
OlEpyaaiwy UTTOOTAPIENG TTOAUTTAOKWY CUCTNPATWY TTOU aTTaitouv uywnAn aglomoTia oTn
Acitoupyikly Cwrl TOug. XapakTnpIoTIKG Trapadeiyuata  TETOIWV  ouoTNUATWY  €ival  Ta
AEPOOKA®PN, Ta TTAOIA, OI HOVADES TTAPAYWYNS EVEPYEIQG, TA IATPIKA UNXAVANATA K.O.

H ouviipnon Tou TIPAYMATOTIOIEITAI CHAPEPA OTAV  TTAEIOWPN®Ia Twv UTTOWn
OuUaTNUATWY XapakTnpifeTal atrd duo Kupla oTadIa:

a. Tnv TIPOANTITIKA OCUVTAPNON MECW TNG EKTEAEONG TTPOYPAUMOTIONEVWV
EPYACIWY O€ TTPOKABOPIoHEVA XPOVIKA DIACTHHATA.

B. Tnv atmmokataoTacn BAaBwyv OTTOTE KOl av AUTEG EPPAVIOTOUV.

To avwTEpw TTPOYPAUUA CUVTHPNONG TTAPOUCIACEl OPICUEVA ONUAVTIKG PEIOVEKTANOTA
OTTWG:

- H TTpoANTITIKA OuvTAPENonN TIPAYHOTOTTOIEITAI CUVABWG vwpitepa atrd Tov
TIPAYHATIKA ATTAITOUPEVO XPOVO PE OTOXO VA UTTAPXEI KATTOI0G CUVTEAEDTHG AOQAAEiag.

- H TTpOoANTITIKI ] — TTPOYPANPATIONEVN CUVTAPNOT BV EEATOMIKEUETAI avAAoya e
TN XPHon TOU CUYKEKPIMEVOU OUCTHPATOS OAAG gival idia yia OAa Ta ouoTrhuaTta Tou idiou
gidoug.

- H cuvtipnon amokatdotaonsg PAABWY TTpayUATOTTOIEITal YETA TNV EKOAAWON
OUYKEKPIUEVNG DUCAEITOUpPYIaG, N otToia UTTopEi va TTPOKOAETEI TTOAEG ApVNTIKEG OUVETTEIEG,
atréd TNV aduvayia Xpriong Tou CUCTANATOG Kal TN heiwan TnG 81aBeciudTnTAG TOU PEXPI aKOUA
Kal TNV TTPOKANCN OTUXAMATOG PE TTIBavVA ATTWAEIQ avOpwTTWV.

>e avTIdIOOTOAA PE Ta avWTEPW, N QIAOCOYIa ToUu e-maintenance, n oTroia avaAUeTal
o€ dIayVWOTIKN KAl TTPOYVWOTIKA QIA0COQia ouvThpnong, €KPETAANEUOUEVN TNV KATAYPA®),
o€ TIPAYHATIKO XPOVO, TNG AEIToUpyiag TOUu OUCTANOTOG ME KATAAANAoug aiobnTApEG,

TTpooTTalei, YEOW TNG avAAUONG TWV KATAYEYPAUMEVWY OedOUEVWY, va TTPoadlopilel Eva
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€COTOMIKEUPEVO TTPOYPAPMA OuvTHPNONG, TO OTToio Ba ekTeAgiTal akpIBWS OTo XPOVO TToU
amaiteital. MapdAAnAa emdiwkeTal va TTpoBAETTOoVTal €yKalipa aoToXieG Kal PBAABES, e
ATTOTEAECPA VO AQUEAVETAI N AEIOTTIOTIA, N CUVTNENOCIYUOTATA KAl N UTTOOTNPIGINOTNTA, KABWG
KAl VO PEIWVETAI TO CUVOAIKO KOOTOG UTTOOTHPIENSG TOU CUCTHUATOG, QUEGVOVTAG TaAUTOXpOVA

TNV aOQAAEIQ Xpriong Tou.
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KYPIO MEPOZ
KEDQAAAIO 1: Aiobntriipeg kai ZuAAoyr Aedopévwv.

1.1 H onuacia Twv aicbnTApwv OTN CUVTAPENON KAl N avaykn

OUAAOYNG TwV OEQONEVWV.

O1 dIayvwoTIKEG KOl  TIPOYVWOTIKEG  ATTAITACEIS YIO Th OUuvTHpNon oUvOETWY
OuoTNUATWY TToU  Ol0BETOUV  BIAQPOPEG  ETTIXEIPOEIS KAl OPYQVIOWOI  PTTopouv  vd
IKAVOTTOINBOoUV JE aTTodOTIKO KOl XWPIG PIOCKO TPOTTO YE TNV AVATITUEN TPIWV KUPIWG TOPEWV.
O 1pwTOoG €ival yia uttTodour o€ IO TOU CUCTANATOG N OTToIa va €ival IKAVH VA EVOTTOIET
Ta dedopéva Kal TIG TTANpo@opieg TTou TTapdyovTal atmmd dIECTTApPEVA EGUTTVA OTOIXEIA TOU
ouoThpaTog (a1oBntApeg). O OeuTtepog eival n UTTOPEN duvATOTNTOG ETTIKOIVWVIAG TWV
OUNeyOPevwy  OeOOUEVWIV  Kal  TTANPOQOPILY o€  éva  KeVTPIKO OUOTNUA  OUAAOYNG,
ammoBnkeuong Kal eTmegepyaciag kal €IOIKOTEPA N AVATITUEN ACUPUATWY  TEXVOAOYIWV
etmkolvwviag. O TpiTog, aAAd €§icou onuavTIKOG, €ival N avdaTrTuén evog TTAQICiou AoyIOHIKOU
TO omoio va €éxer Tn  duvardétnTa  ammodoTikoU  CouvduaouoU  Kal  EvVOTToinong
ETTAVAXPNCIMOTTOIOUKEVWY aAyopiBuwyv yia Tn emTegepyacia Twv cUAAeyOuevwy dedopévv
Kal TTANPOQOpPIWY.

H avdamtugn twv utmown Tpiwv Topéwy OuvTeAEr oTn dnuioupyia agloTToTwy doUWY,
IKOVWY Vva TIPOAyouv TNV €QAPPOYr atTodoTIKWY  dIAYyVWOTIKWY KOl TTPOYVWOTIKWYV
@IAoco@iwv ouvtipnong. Or1 véeg autég OopEG yapakTnpifovtal emmTpéoBeTa amd Tnv
IKavOTNTA TOUG va eEeAiooovTtal, va €TTeKTeivovTal Kal €v TéAEl va TrpocapudlovTal OTIG
METABOANOUEVEG AEITOUPYIKEG QTTQAITHOEIG TOU opyaviopyoUu 1 Tng E€mxeipnong. Baoikn
TpouTTé0eon yia TNV ETiTEUEn TnG TTpoava@epBeicag euehifiag €ival n xprnon eupéwg
QTTOOEKTWYV TTPOBIAYPAPWV KOl BIETTAPWY KATA TNV avATITUEN TWV CUCTNUATWY OUTWG WOTE
va KaBioTartal €QIKTA N evoTToinon KAl OUVEPYATia Toug PE AANEG EQapUoYES TTANPOYOPIAG Kal
ETTIKOIVWVIWY, OTTWG €ival yia TTapddeiyua Ta didgopa TURuata piag eeapuoyns ERP (1T.x.
OXeDIAONOG ATTAITHOEWY UAIKWY, avBpwtrivo OUVAUIKO, XPNHUATOOIKOVOUIKA, €QOSIOCHAG,
TTAPAYWYH KATT.).

O1 amaitioeIg Kataypagng Kal TTapakoAouBnong Twv dedopévwy AsIToupyiag Twv
O1a@OpwV unxavnuaTwy evég CUCTANATOG, TNG £TTeCEpyaciag Kal avadAuong Twv dedopévwv
yio Tnv TTapaywyn TTANPo@opiag Kal Tnv PETETTEITa Afwn oTTo@Acewy yia Tnv ekOAAwON
EVEPYEIWY, UTTOPOUV VA KATaypa@ouv ot €évav KatdAoyo EekivwvTag atmd TIG o BACIKES

dUVOTOTNTEG KAl KATAAYOVTAG OTIG TTIO OUVOETEG:
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NINAKAZ 1.1 :
2UAAoYA Kal KaTaypa@r) OEO0UEVWVY.

OTmrmikoTToinoN O£DOUEVWV.

Avixveuon avwuaAiwy.

Aidyvwon BAaBwv & ducAsiToupyiwv — atroudvwaon BAGRNG.

MpoBAewn BAaBwv.

MpoBAewn BAaBwv kal avdAnwn evepyeiwy.

MpdBAewn uTTOAEITTOUEVNG AEITOUPYIKAG (WG CUCTANOTOG KAl avAANYn EVEPYEIWV.

© N o g bk~ w NP

AuvapIK BEATIOTOTIOINCTN TTOPAUETPWY AEITOUPYIAG CUCTHAPATOG/ TTOAUKPITNPIAKOG
EAEYXOG KAl avAANYN EVEPYEIWV.

9. Mpooapuoldueva Kai avadiapbpwoiua GUCTAUATA.

lepdpxnon OduvarornTwy ouoTNUATWY TTapakoAouBnons kai medBAswnc LBAaBwv Kai
UTTOAEITTOuEVOU XpOvou Asitoupyikng (wn¢ ue avéouoa oe€lpd TOAUTTAOKOTNTAS, KOOTOUS Kai

oikovouikng weéAciag. (Discenzo, F.M., Loparo, K.A., Chung, D.,Twarowski, A.,, 2001)

O kardAoyog Eekivael amod Tnv 1Mo Pacikl duvatdétnTa aTmmAng Kataypaeng Twv
OeQOMEVWV HIOG OUYKEKPIUEVNG DIadIKATIOC i UNXAVAMOTOS PEXPI TR duvaTtdTnTa avaAuong
Twv 0edouévwy yia Tn diatmioTwaon piag epgavicbeioag BAGBNS R akdua kal TG TTPORAEWNS
Miag BAABNG Tou Ba eupavioBei oto PEAAOV 1} TOU TTPOCBIOPICHOU TNG UTTOAEITTOMEVNG
Aeimroupyikig Cwng Tou cuoTtAupatog. Ooo au&dvetal n TTOAUTTAOKOTNTA TOU CUCOTAMATOG,
TTapEXETal N duvaToTNTA avTidOPaAONSG O& TTPWTOEP@PavIOUEVES BAGBES 1 avTidpaong TTpIv TV
ekOAAwON pIag avapevopevng BAABNG. H uwnAA TToAuttAoKSTNTA, TTOU geKIVA aTTd Ta eTTiTTESA
NG d1dyvwaong Kal TTPORAEWNS, CUVABWG QTTAITEI TNV EVOTTOINGN KOl GUYKPITIKA agloAdynon
O0edouévwv atmd TTOANEG TTNYEG, KABWG €TTionNg Kal TNV KOAA yvwon Tng AsiToupyiag Twv
XPNOIUOTTOIOUHEVWY PNXAVNHATWY KAl TG AEITOUPYIKAG TOUG KOTAOTAONG.

TN onuEPIVA €TTOXNA TTapaTnpEiTal au¢avouevn xprion “égutviy” ouockeuwv. ‘EEutrva
UAIKG pTTopoUv va BpeBouv ato doMIKO eTTiTTedO, OTO TTITTE®0 TOU AIOBNTAPA | OTO ETTITTESO
NG ouoKeung. Tnv Tmapouca oTiyuR dev ugioTartal S1EBVEG TTPOTUTIO yia  TOUuG QIoBNTAPEG,
OAMG autd ekTiydtar 6T Ba oupPei oto kovTivé péAov. To IEEE 1451 kaBigpwvel éva
TPOTUTTO yia Tn OJIETTAPR Twv aiIoONTAPWY PE ATTWTEPO OTOXO va wlroel T ouAloyn
0edopévwy, Toug OdIECTTOPPEVOUG QIOBNTAPEG Kal TOv €AEyXO TOUG, OTNV QVATITUEN EVOG
OAOKANPWUEVOU avOoIXTOU CUCTAUATOG, KaBiepwvovTag éva TTAaiolo Asiroupyiag kar Tn doun

Twv Oedopévwyv  yia E€EUTTVOUG aioBNnNTApPEG. 2TO TIPOTUTTIO auTd  cupTrepIAauBAvovTal
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TTPodIaypaPEG TTOU agopolv TNV TAUTOTToINan Twv aiodnTipwy, T OloKpiBwon Toug, TNV
ammoBnkeuon Twv 0edopévwy, TNV aVTIKATAOTACH TOug Kal TNV OAOKARpwaon Tou OIKTUOU
(O'Mara, August 2000).

MapdAAnAa, TrpoTeiveTal Ta oUAAeyopeva dedopéva va opyavwvovTal 0€ JIa avoIXTh
Hop®ry ouuBarh PE BIOPNXAVIKG TTPOTUTTA, OTTWG YiA TTAPAdEIYHA auTr] TTOU opileTal atrd TO
Manufacturers Information Management Open Systems Alliance (MIMOSA) (Uday Kumar,
Diego Galar, 2017) ] og otroladnTToTe AAAN POPPRA €ival EUKOAN OTNV avdyvwon Kal Xpron
(171.X. o€ pop® MS EXCEL KATT.).

Mo mpdo@ata cuykpoTHBnKe pia oudda atrd akadnuaiké Kal ETTIXEIPNMATIKA PMEAN YIa
TNV QVATITUEN MIOG APXITEKTOVIKAG avoIXToU CUCTAPOTOG yia T ouviipnon pe Bdon tnv
Tpéxouoa KaTtdoTaon Tou ouoThuartog (Open Systems Architecture for Condition Based
Maintenance / OSA-CBM). H mpoomdBeia autr, Baciféuevn oTto mpoétutto Tng MIMOSA,
KaTéAnge oTnv TPOTacn MIOG OAPXITEKTOVIKAG YIa €Qapuoyrn dIayvwoTIKAG @IAocogiag
OUVTAPNONG O€ MPNXavAMaTa, n OoTroia XapakTnpietal atmd avolixTd cUoTnPa Kal TTOAAG
emimeda, O6mwg karaypdeetal otnv eikova 1.1. (Discenzo, F.M., Loparo, K.A., Chung,
D.,Twarowski, A.,, 2001). H uioBéTnon TnNG UTTOWN APXITEKTOVIKAG 0€ ouvduaoud e TN Xprion
“eCutrvioy” aioBnTriipwy emMTPETTEI TNV UAOTTOINGN d1ayVWOTIKAS QIAOCOIag auvtipnong o€

MeyaAo Tredio epapuoywy (Discenzo, F.M., Loparo, K.A., Chung, D.,Twarowski, A.,, 2001).
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Presentation layer is the man/machine interface. May
query all oth er layers Comm
Network
Dedision sup port utilizes spares, logistics, manning etc
to assemble maintenance aptians. P 7 Presentation

Pragnostics considers health assessment, emplayment
schedule, and modefsreasoners that are able to predict AP 15 Decision Support
future health with certainty levels and errors bounds,

P V5 Prognostics
Health Assessment |s the lowest level of goal directed
behavior, Uses historkcal and CM valies to determing
current health, Multi-site condition monitor inputs. e 24 Healih Assessment

Condition Monitoring gather SP data and compares to
specific pred efined features. Highest physical site
specific applicaton.

P 13 Condition Manitoring

Signal Processing provides low-lewel computation an ‘ P 2 Sgnal Processing

sensor data, ‘ — e —— - —ii—T—Ti— T 11—
Data acquisition |

Data Acquisision- converts/formatting of analog output
from transducer to digitaloord. May incorporate meta-
data. Ala. 1451 X g ¥1 Sensor Modhule

Transducers convarts some stimull to electrical signal |
for entry nto system, B & e ey i e

Eikéva 1.1: ApXITEKTOVIKI avoiXToU CUCTAPOTOG yia T ouviipnon He BAon Tnv Tpéxouoa

Aeiroupyiki katdoTtaon (Discenzo, F.M., Loparo, K.A., Chung, D.,Twarowski, A.,, 2001).

1.2 H xpnon Ttwv aiodnmpwv TTapéxel Vveéeg OuvatoTnTEG

ouvTPENONG OUVOETWY CUCTNNATWV.

H onuepiviy €TToxr xapaktnpi¢etal amd Tnv TPoc@opd TTOANWV £EUTTVWV GUOKEUWV.
MNa Ttapddeiypa, o1 BegpuooTdrteg autopubuidovtal avdloya HE TIG OUVONKEG Tou
TTEPIBAANOVTOG, TO AUTOKIVNTA POG TTPOEIOOTTOIOUV YIO ETTIKEIMEVEG ATTAITAOEIG CUVTHPNONG, TA
OUCTAMOTA CUVAYEPUWY MTTOPOUV va evepyotroinBolv 1 va atevepyoTroinBouv ammod éva
¢Eutrvo kivnTd TnAépwvo, Ta €Euttva wristbands peTpolv T BeATiwon NG QUOIKAG
KATAOTOONG TOU AVOPWTTOU KATT.

Xdpn oto d10dikTUO TwV TTPaypaTwy (Internet Of Things — 10T), o1 idIEG TEXVOAOYiEG
TToU €XOuv aAAGEEI TOV TPOTTO (WrG Pag UTTOPoUV va XpNnaoipgoTTroinBoulv yia Tn BeATiwon Tou
TPOTTOU TTOU BIaXEIPICOPOOTE TIC ATTAITAOEIC OUVIAPNONG O ouvBeTa cuoTAuaTta (TT.X.
Blounxavikég ypauuéG TTapaywyng, MEoa UETAPOPAG-QEPOOKAPN — TTAoia -Tpéva, I1aTPIKG

MNXavAuarta, TTupnvikoi avTidpacTApeg KATT). MNa tnv emmiteuén g uttéwn BeAtiwong dev
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QTTQITEITAI N AVTIKATACTACN TWV UQICTAPEVWY PINXAVNUATWY PE VEA, WOTE VA OTTOKOMIOOUUE
TIG TTPOCPEPOUEVESG WPEAEIEG.

levikd, 6oov agopd OTn Ouvipnon ouvleTwv cuoTNUATWY, Ol UQPIOTAPEVEG
QINOCOYIEG ouvTHPNONG KUpaivovTal atmod TTPOANTITIKEG €wg TTPOPRAETITIKEG (Uday Kumar,
Diego Galar, 2017). ZUupwva e TNV TTPOANTITIK QIAOCOQIA, N CUVTHAPNON TTPOCEYYICETal
KUPIWG WG aTTOKATACTOON TwV eP@aviCOpevwy BAaBwv — wg avtidpaon dnAadn oe €va
ePPavICouevo TTPORANUa 1 BAGBN KaBwg Kal 0TNV €KTEAECN TTPOANTITIKAG CuvTHPNONG BAoel
TTPOYPOMMATIOHOU WOTE VA ATTOPEUXBEI N eu@avion ducAcitoupyiwy Kal BAaBwyv. MBava
MEIOVEKTAPATA QUTAG TNG TTPOCEYYIONG TTEPIAANPBAVOUV ToV augnuévo Xpdvo KaBnAwong Twyv
EMMPEPOUG UNXAVNMATWY KAl WG €K TOUTOU YEVIKA Twv OUCTNUATWY, Yia Ouvtipnon,
KaBuOoTEPAOEISC OTAV TTAPAYWYH, XAMNAR ATTOdOTIKOTNTA TWV OUCTNPATWY, EMITTPOCOETA
KOOTN, auénuéva TTOCOOTA AXPNOTWY UAIKWY, XauNAR TTo16TNTA, auénuévo KOOTOG EYYUNOEWY
Kal avakAQOEWY UAIKWY, Ta oTroia KaBioTouv guvonTo OTI N uTTOWn TTPOCEyYIon OtV aTToTEAEI
BEATIOTN TTPAKTIKT).

AT TNV AGAAN TTAcupd, oUu@wva HE TN QIAOCO®Ia cuvTriPENOoNG ME TTPORAEWn Twv
BAaBwv, n ouvipnon Tpayuatotroieital Bdcel cuvexoUg avdAuong Twv  KPICINwY
AEITOUPYIKWVY XOPOKTNPEICTIKWY TOU CUCTAMATOG HE OTOXO va TTPOCdIOPIOTEI N KATAoTACH TOU
Kar va TTpoPAe@Bei 1éTEe Ba amaitnBei va TpaydatotroinBei cuviipnon. Ta Baoikd
TIAEOVEKTIMOTA QUTAG TNG TTPOCEYYIONG €ival N GUPBOAA TNG TNV TTPOANWN PN GVAREVOUEVWV
QOTOXIWV TWV UAIKWV Kal N duvatdtnTa akpiBoug TTpooadIopIouoU Tou XPOVou eKTEAECNG Kal
TOU €idOUG TWV £PYACIWY CUVTAPNONG.

MeTagl Twv O00 avwTépw @INOCOQIWY BpiokeTal N @IA0COPiIa OuvTApPNoNG HE
TTaPAKOAOUBNON TNG KATAOTAONG TOU COUCTHAPATog (condition monitoring). Auth eivalr pia
TIPOKTIKA N oTToia Ta TEAEUTaia Xpovia €xel apyxioel va yivetal BepeAiwwdng otn diaxeipion g
OuvTAPNONG, XPNOIUOTIOIWVTAG TTEPIOBIKEG KATAYPAPES WOTE va  avaAloel Kkal  va
TTPoodlopicel TN A&ITOUPYIKA KatdaoTtaon Twv UAKwv. E@oéoov epappooTtei pe mOoTOTNTA,
EMTPETTEI TNV KATAVONON TNG METABOAAG TWV AEITOUPYIKWY TTAPAPETPWY TWV UAIKWV ME
amotéAeopa T OuvatéTnTa avaloyng evnuépwong kKal BeATiwong Tou TTPOYPAPPATOS
ouvTAPNONG.

Mo ouykekpipyéva, pE TNV  @IAOCOPIa TTapakoAouBnong Tng KatdoTaong Tou
ouoTAPaTog TTpoadiopiovtal TAOEIG, TTou TMOAvOV KATadEIKVUOUV PETABOAEG OTn AciIToupyia
Kal atrédoon Twv UAIKWV. O1 uttown PETABOAEG O TTOAAEG TTEPITITWOEIG XPNOIMEUOUV WG
EYKAIPEG  TTPOEIBOTTOINCEIG  avaduduevwy  TTPORANPATWY 1 aOoTOoXIWv, Ta oToia  €dv
QavayvwPIOTOUV UTTOPOUV Va ATTOTEAECOUV TO onuEio évapéng S10pBwTIKWYV EVEPYEIWY, TTOU Ba

TTPOAGRBOUV TNV EPPAVIOT aOTOXIWV KABWG Kal TIG ETTITITWOEIG TOUG.
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Méxpr oxeTik& TTpdOo@aATa, N Povn €MMAOYA yia TNV TTapakoAolbnon Tng KataoTaong
TWV UAIKWV ATaV N KaTaypa@n Twv AEITOUPYIKWY XAPOKTNPIOTIKWY atrd KdTtrolov avlpwTtro. H
utTown diadikacia ATav XPovoPROpog, ETTITTOVN KAl EUAAWTN 0€ avBpwTTiva o@AAuaTa, €10IKA
Y0 OpYyavIoHOUG 1] CUCTANOTA PE TTOAAG pnxavAuaTa, KaBwg TTEpIEAGUBAVE TOV OTITIKO €AEyXO
TWV evOEiEEWV Kal TNV KATAypaPry Toug o€ QUAAa eTTegepyaaniag, Otav TTOAAEG QOopéC Ta
oucoTAPOTA PETPNONG ATV O€ dUCTIPOOITA ry/Kal TTIKivOuva pépn. ETTpdoBeTa, oe TTOANEG
TTEPITITWOEIG N TTpoavaPepBeica dIadIKaoia atrodEIKVUOTAY AVATTIOTEAECUATIKA OTNV TTPOANYWN
MIag aoToxiog i BAGBNG.

H xprion twv aicOnmipwyv avadiauop@wvel TV UTTOWn KAtdoTaon kKabdéoov n
TOTTOBETNOT TOUG YIO TNV TTAOPAKOAOUBNCN XAPAKTNEIOTIKWY OTTWG N Bepuokpacia, n Tieon, N
TaXUTNTA PONAG dIOPOPWY UYPWV (TT.X. KAUCIMWY), N TAAAVTWOoN KATT. TTapéxel Tn duvaTtdtnta
EVTOTTIOMOU XOPAKTNPIOTIKWY AEITOUPYIKWY KATOOTACEWY TTOU UTTOONAWYOUV CUYKEKPIPEVA
TTPoBAAuaTA.

To kUpIo 6@EAOG ATTO TNV EYKATAOTACN QUTOMATWY GUOTANATWY aiodnTripwy gival n
BeAtiwon Tng amodoTikdTNTAG, KaBooov emTPETEl T BeATIoTOoTTOINON Twv dladikaciwy. H
uttown BeAtiwon TTpayuartoTtroleital o€ dUO Kupiwg Toueic. Katapxdg eCaAciperal n avaykn
TTAPOUCIag TTPOCWTTIKOU YIa VO TIPAYMATOTIoIEl TN OUAAOyr Twv Oedopévwyv aTTd TOUug
aIo0nNTNPES, £COIKOVOUWVTAC TTOAUTIMEG EPYATOWPES Kal BEATILOVOVTAG TNV ATTOOOTIKOTNTA TOU
TTPOOWTTIKOU. TO ONUAVTIKOTEPO OPWG OQYEAOG TTPOKUTITEI ATTO TNV MEIWON Tou XPOVou
OIaKOTTAG TNG AsIToupyiag Tou €€OTTAICHOU i TOU OUGTHPATOS Adyw BAaBwv ) cuvtrpnong.

2UhQwva Pe TO uTtoupyeEio evépyelag Twv HIMA, ehaxiotommolwviag 10 XpOvo
ouvTiApPnong Kai atrokatdotaong PAaBwy, utropei va aug¢nBei n diaBeoipoTnTa péxpPr 30% Kai
n amodoTIkATNTa PEXPI 25% (Uday Kumar, Diego Galar, 2017). Avayvwpifovtag €TTIKEiEVA
TTPoBAAUaTA TTPIV AUTG ekONAWBOUV Kal dloykwBoUv, ol opyaviouoi atToKToUV Tn duvaTOTNTO
vVa HEDOOUV TO KOOTOG OUVTAPNONG KAl va atro@Uyouv TToavd eTTIKIVOUVEG KATAOTAOCEIG.

(Calvo & Hannifin Parker Corporation, 2016).
1.3 H eg@appoynl Twv aiodnmpwv otnv TPAa¢n — aocupuarta

OUCTAMOTO AIoONTHPWV.

OT1av o1 opyaviouoi KaTtavorjoouv Tov TPOTTO JE TOV OTT0I0 OI aIoONTHPEG YTTOPOUV va
€QAPPOCTOUV OTNV TIPAEN yia Tn diaxeipion NG OuvTAPNONG Kal TRV TTapakoAoubnon Tng
AEITOUPYIKAG KATAOTAONG TWV OUCTNUATWY, OIOTTIOTWVOUV TA O@EAN TIOU TTPOKUTITOUV.
EvtouToig, 10 emmTpooBeTo Kl ouviBwg uwnAd KOOTOG €TTEVOUONG YIa TNV EYKATAOTAON KAl
Asitoupyia  TTapadocioKWY  EVOUPPATWY  OUCTNUATWY  aioBnTipwy WPTTopEl va  atroRei

OTTAYOPEUTIKOG TTAPAYOVTOG YIa T XPAON TOUG.
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Ta aoUppaTa CUCTAPOTA ATTOTEAOUV HIa BIWaiPn evaAAakTIK Auon. Kabwg ol
OTTAITACEIS TWV KATAVOAWTWY £I0AYOUV TNV acuUpuatn TeXvoAoyia Ao Kal TTEpIcTOTEPO OTNV
Kabnuepiviy (wry, To KOGOTOG TTPOUNBEING ACUPPATWY QIOONTAPWY CUVEXWGS HEIWVETAI, €10IKA
Y10 UAIKG TTOU €TTIKOIVWVOUV Péow TexVoAoyiag Bluetooth. MapdAAnAa, n epapuoyr) Toug gival
O OIKOVOMIKN KaBWwG dev ammaitolvTal €GEIBIKEUUEVEG YVWOEIG Kal drnuioupyia TTOAUTTAOKWY
eykataoTdoswyv. MOAIG eykaTaoTabei, €vag aocUpPaTog AiIcONTAPag EMTPETTEl TRV APECN Kal
€UKOAN TTpdoBacn oe dedopéva atmd pia TTOIKIAIA CUVEPYACOUEVWY OCUOKEUWV HEOW
euxpnoTou AoyiouIKoU Kal epapuoywy (Calvo & Hannifin Parker Corporation, 2016).

H uméywn duvardtnrta kabioTatal akOua onuavtikotepn €av AdBoupe uttown Ot n
CUVTPITITIKA  TTACIOWN@ia  Twv  TTAPAdOCIOKWY CUOTNUATWY  TTOPAYWYNG  TTAYKOOUIWG,
atoTeAsiTal atrd pnxavAuata Tta otroia dev dIBETOUV EVOWNOTWHEVOUG aIoBNTAPEG, OF
avTiBeon pe Ta oUYXPOva PNXAVAMATA, T OTToia TTAEoV DIOBETOUV EVOWNATWHEVN QVTIOTOIXN
TexvoAoyia. Eutuxwg, Mde Tnv acUppartn TexvoAoyia aiocbnmipwv Ogv  ATTAITEITAl N
QVTIKATAOTACON TWV UQICTAPEVWY PNXavnudTwy yia va kataoTei duvati n petapacn tng
@IANoCOPIiag cuvTipnNoNg atmod TTPOANTITIKI] O€ TTAPAKOAOUBNON TNG AEITOUPYIKAG KATAOTAONG
(condition monitoring) | akéua kal o€ TTPORAewn Twv BAaBwyv. H aclUpuartn TexvoAoyia eival
TOOO €UEAIKTN KOl TTPOCAPHOCIMN, TTOU UTTOPEI VO EQAPUOCTEI OE OTTOIOBATTOTE XPOVIKI) OTIYMN
NG AEITOUPYIKNG CWNG EVOG INXAVAMOTOG 1 VOGS CUCTAPATOS DIAXEIPIONG TNG TTAPAYWYNG UE
TNV TTPooOnAkn VvEéwv KOPPBwvY eAEyxou TIpokelgévou va  emmauénBei n duvartdétnTa
TTaPaAKOAOUBNGNG Kal KAaTtaypa@rg TG Kartdotaong Twv cuoTnudrtwy. H uméywn duvardétnra
Oev ATav eupéwg dIaBEoiun oToug opyaviopoug PéAig 5 xpévia tpiv (Uday Kumar, Diego
Galar, 2017).

1.4 H aglotroinon tng cuAAeydpevng TTANPOYOPIaC.

H ouAAoyr TG TTANpogopiag Péow Twv aiodntipwy gival BepeAiwdng TTpoUTTeeon
yIO TOV €KOUYXPOVIOUO TnG @IAocOo®iag ouviApnong, aAAd eivar pévo n apxn. H dAAn
TPoUTTOBeon yia TNV avaTtTuén PJag eIAocogiag ouvtipnong Tmou BacifeTal oTnv KaTaypoen
TNG AEITOUPYIKAG KATAOTOONG VOGS CUOTHHATOG (condition monitoring) €ival T0 AOyIOUIKO TTOU
atmoBnkevel, emeEepydleTal Kal TTapéXel TTPOCRaon oTa 6edOUEVA KAl TA ATTOTEAEOUATA PEOW
TTOAATTAWY Ccuokeuwv. To uttdYWn AoyIOUIKO pTTopei va TTapdyel TTivakeg Kal dlaypduuara,
TTOU va PETATPETTOUV Ta OedouEVa O€ OTITIKA €UANTITA €peBiouaTta kKal va fonBouv Tn Aqwn
amo@daocewv 6oov agopd oTtn dloiknon TG CuviApnong 1 va atrooTEAAEl €IOOTTOINCEIS 1)
MNVUPATa NAEKTPOVIKOU TOXUOPOEIOU OE TTpayuaTikd XpOvo, yid VO EVNHEPWVEI TOUG XPAOTEG

OTav £TTAANOEUOVTAI CUYKEKPIUEVEG OUVOAKEG.
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H atroteAeopaTIKn Kal TTIOTH €papuoyr €vog CUCTANATOG ouvThpnong Ye Baon Tnv
TTapakoAouBnan Tng Aciroupyikng kataotacng tou (MAK) artroTteAei pia otabepry Bacn kai Tov
TPOYOVO TNG TTPOYVWOTIKNAG @IAocoiag cuvtipnong (MP), AapBdvovrag utmown o1 Ta
oedopéva Tmou cUuAAéyovtal péow NG MNAK gival ammoAUTwG atmapaitnTa yia TNV TTEPAITEPW
avamtugn TG MNP. Qg €k TOUTOU yIa OPYyaAVIOUOUG TTOU ETTIOUPOUV TOV EKOUYXPOVIOUO TOU
OUCTAPOTOG OUVTAPNONAG TOUuG n epappoyn evég cuoTtiuatog MAK pe Tnv ToTToB£TNON
OUCTAPOTOG aioBNTApwy Kal TNV Kataypoaern Kal avdAucn Twv dedopévwyv aTToTeAsl évav
UTTOXPEWTIKO 0BIKO XApTn TTpog Tnv IMP.

2T0 OnueEio autd Kpivetal OKOTTIMO va ava@epBei 0TI TTAéov N TexvoAoyia divel Tn
ouvaTtoTNTa TG TTAPAAANANG  €TTECEPYATIOG KAl TNG OUOXETIONG  KOTOKEPHATIOPEVWV
oedopévwy, ToU OUAAéyovTal péow TNG @IAocowiag MAK pe dedopéva amd  GAAoug
aiobnmpec A Kai 1o dIadikTUOo, (T1.X. £€VAG OPYAVIOUOG UTTOPEl va cuvdéoel TNV €U@AvIoN
Katrolag OuoAcIToupyiag evOg OUCTAMATOC HE TIC EEWTEPIKEG GUVONKES TTEPIBAAAOVTOC N
KATtrolov avBpwTrivo TTapdyovTa Kal va €£eTdoel TNV UTTAPEN OUCXETIONG METAEU Twv UTTOWN

0edoPEVWIV).
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KEDQAAAIO 2: Evromiouég kai Atroudvwon BAaBwv pe Bdon

2UANAeyoueva Aedopéva - AlayvwaoTIKR 2uvTrpnon.

21 O1 Ztéxor Tou Evromopou kai TG Tautotroinong Twv

AoTOXIWV.

H didyvwon acTtoxiwy eival pia diadikaoia avixveuong Hiag ducAgiToupyiag yéow Tng
TAUTOTTOINONG TWV CUPTITWHATWY TNG, £QapUOloVTag TN yVWon TTOU ATTOKOUICETalI JECW TNG
avadAuong Twv aTToTEAEOPATWY dIa@Opwy dokigwy. H akpIfrig dIdyvwaon aoToxIwy o€
TTOAUTTAOKO CUOTAMOTA aTTaITel T cUAAOYR dedopévwy HECw aIoBNTAPWY, TNV €TTeEEpyaaia
TOUG HE TTPONYMEVOUG OAYOPIOUOUG €TTECEPYATiOG OAMATOG KAl TOV TTPOCdIOPIOUS TwV
QTTAITOUMEVWY  XOPOKTNPIOTIKWY YIO TNV  ATTOTEAEOUATIKA TAGIVOUNON 1 TOV €VTOTTIONS
BAaBwv. H éykaipn TautoTroincn TWV ACTOXIWV Kal N KATAAANAN €@apuoyr dIopOwTIKWY
EVEPYEIWV PTTOPEI VO QUEAOEl TNV TTAPAYWYIKOTNTA KOl VA PEIWOEI TO KOOTOG OUVTAPNONG O¢€
o1dpopeg e@apuoyés. O péBodol pnxavikig pabnong (Machine Learning - ML) Trou
TTEPIAANPBAVOUV TTPOCDIOPIOUO KAl ETTIAOYI XOPOAKTNPIOTIKWY OTTO Ta CUAAeyOueva dedouéva
KAl JEOW QUTWYV, TAGIVOUNOT TWV EPQAVICOPEVWY AOTOXIWY, TTPOCPEPOUV HIA CUOTNUATIKN
mpocéyyion  yia TN Oldyvwon  BAaBwv  kal  ummopoUv  va  xpnoidotroinBouv o€
auTopaTOTTOINUEVA I JN ETTAVOpWHEVA TTEPIBAAAOVTA.

Térola mepiBdAAovTa cuvavtwvtal TTAEov OA0 Kal cuyvOoTtepa o€ BIOPNXaviKoug
KAGOoug, OTTWG N KATAOKEUN UAIKWYV, N ouToKivnToRiounxavia, n VvauTiAia kar n
aePOBIOOTNMIKA. ZTOUG UTTOWN TOUEIG N XPAON Twv HEBOdWV PNXAVIKAG PEBnong €xel wg
OTOXO0 Tn peyloTotroinon NG O1a0e0IudTNTAG TWV PECWV KAl TOU €EOTTAICUOU Kal Tnv
eAayxioToTtroinon Tou KGOTOUG CUVTAPNONG Kal Asitoupyiag (Vijayaraghavan L, 2010).

H d1ayvwon o@oAPATWY OTTOTEAECE AVTIKEIYEVO TTOAAWV EPEUVWIV KATA TIG TEAEUTAIES
OekaeTieg. Epeuvntég O TTOAU OIAQOPETIKOUG KAGDOUG OTTWG N I0TPIKK, N MNXAVIKA, N
ETMIOTAMN, O ETMXEIPACEIS KAl N XPNMOTOOIKOVOUIKA €xOouv avatTuéel pebodoAoyieg yia Tnv
avixveuon aoToxIwV f DUCAEITOUPYIWY, TOV EVTOTTIONO TOU UAIKOU A QvTIKEINEVOU o€ €va
ovotnua / diadikagia TTou TTapouciddel aoToxia Kal ToV TTPOCSIoPIoCUS Twv TTeavwy
ETMTTITWOEWY TOU €AATTWHATIKOU UAIKOU OTn AEITOUPYIKI] KATAOTOAON TOU CUCTHPATOG. Mo
TPOCEATA, 01 dPACTNPIOTNTEG €peuvag Kal avatTuéng (E&A) auéndnkav Adyw Tng avaykng
olaTPENoNG Tou UPICTAPEVOU €EOTTAICPOU Kal TnG BeATiwong Tng aglomoTiag Kai Tng
01a0e01MOTNTAG TOU.

MNa mapddeyua, €dw Kal apkeTd Xpovia, To MNMoAepikd Nautiké Twv HITA &ekivnoe éva

oAokKANpwuévo oloTnPa BIayVWOTIKAG UTTOOTHPIENG, To oTtroio TrepieAduBave  didyvwon

20
Kiuwv ZipAavrlhic & Aviwviog KaAaoulng



«H avarmruén diayvwoTiKNS Kai TTpoyVWOTIKAS QIA0CoQias ouvinpnons ouvesTwy uaThUATWY
ue v aéiormroinon tn¢ TexvoAoyiac NMAnpo@opikns kai Emkoivwviwy Kai ueBédwv unxavikng
uaénong.»

aoTOXIWV, avaTpo@oddTnon OcdouéVwY, TTPOCOIOPICUO TTPOSPOUWY XAPOKTNPIOTIKWY TWV
BAaBwv kal wg éva Babusd duvatdétnta Tpdyvwong Twv BAaBwy (Rosenberg B.J., 1989). To
TPOypapua ouvtipnong Baocifdéuevo otnv kardotaon Tou cuoThuarog (Condition Based
Maintenance — CBM) TTou avatrTuxBnke, oTOXEUE OTNV TTPOAYWYH TNG QOQPAAEIOG KAl TNG
OIKOVOUIKAG BIWCINOTNTAG TwV ouoTnUaTtwy Tou MoAgpikou NauTikou Kal Twv Nefovautwyv
Twv HIMA. Zuykekpipgéva, avattuxOnke, eyKOTAOTAONKE Kal OOKIUAOONKE ETMITUXWG €va
OAOKANPWWEVO oUOTNUA TTOU £TTECEPYACETAl TO OEdOUEVA TWV AICONTAPWY ATTO VA WUKTIKO
OuYKPOTNUA TTAOIOU, EKTINA TNV KATACTOON TOU CUCTANOTOG KAl TTOPEXEI EYKAIPN AViXVEUON
OQOAUATWY PEOCW TNG TTPORAEWNG Tou MOavNG YTroAermmopevng Asitoupyikns Zwhg (YAZ) Tou
OUCTAPOTOG PEXP! TNV epgavion BAGBRNs (Hadden G, Bergstrom P, Bennett B, Vachtsevanos
G, Van Dyke J, May 9-12, 1999).

2.2 Apxitektovikip  yia v Avamrtuén  AlayvwoTIKAG  Kal

MpoyvwaoTiking Pi1Aocogiag ZuvTthpnong.

Mpdogarta, n TPwWTOROUAIa yIa TNV APXITEKTOVIKN avolkTwy cuoTnudtwy (OSA), éoov
agopd oTnV avaTtuén @IAocoiag ouvtipnong Pe Paon Tn Asimoupyik katdoTtaon (CBM)
TPOTEIVE €TTTA €TTITTEdA yIa TV OAOKAApWON Tng utmown ¢@lAocoiag: Karaypagr Twv
oedopévwy, etregepyacia Twv Oedopévwv - ONPATWY, TTAPAKOAOUBNON Tng KATAOTOONG
(Condition Monitoring - CM), agloAdynon Tng kardotaong — diammioTwon UtTapgng Tuxov
BAaBwyv, Tpoyvwon Tou TTBavou UTTOAEITOPEVOU XpOvou AsiToupyiag, uttooTAPIEn ANWng
ATTOPACEWV YIa TO BEATIOTO XPOVO Kal TPOTTO UAOTIOINONG €PYACIWY CUVTAPENONG KAl TEAOG
TTOPOUCIA0T TWV ATTOTEAECUATWY OTOUG XPAOTEG.

To TTpoTEIVOPEVO ETTITTEOO UTTOOTAPIENG ATTOPACEWY EVOWUATWVEI TTANPOPOPIEG aTTO
TO €TTiTTEdO TTPOYVWONG TOU TTIBAVOU UTTOAEITTOUEVOU XPOVOoU AciToupyiag, atrd eEWTEPIKOUG
TTEPIOPIOPOUG, OTOXOUG, OIKOVOMIKA KivNTPa KATT.

Ooov a@opd oTnv ekTéAeon Twv Agimoupylwv Twv emméEdwy  agloAdynong Tng
Katdotaong — diamiotwong Utapéng Tuxov PAaBwv kal TTpoyvwong Tou Tmeavou
uttoAemmépevou Xpoévou Acitoupyiag, ugiotatal pia TTANBwpa TTPOTEIVOUEVWY aAyopiBuwy,
OTTWG TI.X. OiKTUO TOUu Bayes, TTaAIvOpPSUNON KIVOUPEVOU WPEOOU, PNXOVEG TTETTEPOACUEVWV
KataoTdoewy, JovréAa aAlucidag Markov, veupwvikda diktua, aca@ng Aoyikn (fuzzy logic) kai
YEVETIKOI AAYOPIBUOL.

O1 guyypovol diayvwaoTIKoi aAyopiBuol atraitouv TTOAU JeyaAeg Baoelg Sedopévwy OTIG
otroieg oUAAéyovTal Oedopéva ammd TOAAATTAG Kai TToIKiAa cuoTAuata aiobntipwyv. Ta

oedopéva egayovtal ammo TIG BACEIG OEQOPEVWY HPE TN MOPPH XAPAKTNPIOTIKWY I OEIKTWV
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KAaTdoTaoNG KOl XPNOIMOTIOIOUVTAl WG €loepXOuEVa OE dIayvwaTIKOUG aAyopibuoug Twv
OTTOiwV 0 OTOXO0G eival va SIATTIOTWOOUV ETTIKEINEVEG OUVOAKEG aoToxiag. H didyvwaon Kai
TPOYVWON TNG KATAOTAONG TOU CUCTHANATOG HECW PNXAVIKAG NaBnong (ML) TTpoTteiveTal va
TTEPINAPPBAVEI YIa OPXITEKTOVIKK], UE TIG AKOAOUBEG KUPIEG EVOTNTEG:

1. ‘Eva otoTtnpa aiobnmipwy yia Tn cuAloyr kal emreéepyacia dedopévwy aTTd
KPIOIMEG HETABANTEG KO TTOPAPETPOUG TNG AEITOUPYIOG.

2. ‘Eva emimmedo uTtToAOyIOHOU Twv ETITTTWOEWY KAl avAAuong KpICINOTNTOG
KATOOTACEWY AO0TOXiag, To oTroio TTpoTepalotrolei TIG BAGBeEG avAAoya pe Tn ouxvoTnta
EUPAVIONG KAl TN coBapdTNTA TNG TMOAVHG A0TOXIAG KAl KOTAYPAPEl CUCTAPATIKA TIG OXECEIG
METOEU auTiag Kal EN@Aaviong PAaBwWv.

3. ‘Evav aAyépiBuo avayvwpiong AsIToupyiag Tmou TTpoadiopidel Tnv Tpéxouoa
AEITOUPYIKA  KATAOTOON TOU OUCTAMATOG CUOXETICOVIAG XOPOKTNPIOTIKA €0QAAUEVNG
A€IToupyiag e TIG TPEXOUTEC GUVONKEG AEIToupyiag.

4, ‘Evav aAy6piBuo e€aywyng XapokTnpIoTIKWY TTou €mIAEéyel f/kal €€ayer atmd
akatépyaoTa Oedopéva Ta XOAPAKTNPEIOTIKA 11 TOUuG OEIKTEG KATAOTAONG, TTOU TIPETTEl VO
XPNOIKOTToIoUVTal ATTO TO TTITTESO dIdyVWOoNG.

5. To emimedo didyvwaong TTou agloAoyei, amd Tn Afwn dedopévwyv UETPACEWY
MEow BIKTUOU, TNV TPEXOUCO KATAOTAOH KPITIJwY £€APTNUATWY TOU GUCTAUATOG.

6. To emimmedo mpdyvwong TTou ekTiud Tnv mMlavh YAZ (Remaining Useful Life -
RUL) evog eAaTTwHOTIKOU GTOIXEIOU / UTTOOUGTHHATOG.

7. ‘Evav aAyopiBuo TTpoypauuaTioyou CuvTripnong, 0 OTToiog €XEl WG oTdXO0 va
TTpoypapuartidel TIC epyacieg ouvtApnong Xwpic va emTnpedlel apvnTIKE Tn OUVOAIKN

Aeiroupyia Tou cuoTtruatog (Uday Kumar, Diego Galar, 2017).

2.3 Eidn MovtéAwv vyia mv E@apupoyr AlayvwoTIKAG  Kal
MpoyvwaoTiking Pi1Aocogiag ZuvTthpnong.

H @iAocogia ouvtripnong pe Baon Tnv Tpéxouca KatdoTaon Tou cuoTthuatog (CBM),
gival pia oTpaTtnyik OuvIAPNONG TTOU TIPOC®EPEl TTOAAG O@EAN, OTTWG avaeépdnkav
TTAPATTAvVW, OTNV OTroia Ta TTPOBAETTOMEVA KAl UAOTTOIOUPEVA  TTPOYPANMOTO OUVTAPNONG
BaoiCovral oTa ammoTEAéopATA  TTOU TTAPEXOVTAl ATTO TNV  AVTIOTOIXN OIayVWOTIKI KOl
TIPOYVWOTIKY avdAuon. H diayvwoTik avaluon TTpoodlopifel TNV KATAoTAoN TOU CUCTAPATOG
MéOw avixveuong Tuxov PBAaBwv, TIG OTIOIEG OTN OUVEXEID QATTOPOVWVEI KAl TAUTOTTOIEI,

XpnoigoTtroiwvTag dedopéva TTou cUANEyovTal atrd Toug KaTaAANAoug aiobnTAPEG.
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Ta dedopéva autd eival onuavtikd 1000 yia Tn OlayvwoTIK 600 Kal yia Tnv
TTPOYVWATIKN avdAuon kal TagivopouvTal o€ 800 TUTTOUG:

a. Aedopéva kataypa@isg acToxiwv 1 dedopéva OAOKANPWHEVNG AsiToupyiag
MEXPI KAl TNV TEAIKA aoTOXia Kal

B. Aedopéva KaTd TN QUOIOAOYIKA AEITOUPYiIa TOU OUCTHPATOG.

Ta dedopéva TToU KaTaypd@ovtal KaTtd TNV QUOIOAOYIKH AEITOUpYia TOU CUCTHPATOG,
OUYKPIVOUEVA e dedopéva TTOU TTAPOUCIACoUV Tn Asitoupyia PETA TNV €UQAVION KATTOIAG
BAGBNG, TTapéxouv  TTANPOQOPIEG OXETIKA HE TO PaBud Twv TUXOV  UQIOTAPEVWYV
QUOAEITOUPYIWY, OTTWG TT.X. N ®OOPA KATTOIOU UAIKOU, TO HEYEBOG MIOG PWYUNAG, TO PéEyeBOG
TWV dOVACEWY — TOAQVTWOEWVY KATTOIOU UTTOOUCTANOTOG ] TNV TT000TNTA HETAAAOU péoa OTO
AITTaVTIKO €vOG KIvnTHPa. MepIKES TETOIOU €idOUG TTANPOQOpIES cival AUETES, OTTWGS TO UEyEBOG
MIOG PWYMNG, eV GAAEG gival EUPECEG, OTTWG Ta iXvn METAAAOU PEOQ OTO AITTAVTIKO. 2TnV
TTEPITITWAN TTOU XPENOIKOTTOIOUVTAl EUPECES TTANPOPOPIES, ATTAITEITAI apXIKG Hia Oladikacia
TTOCOTIKOTIOINONG TWV UPICTAPEVWY OUCAEITOUPYIWV WOTE OTN CUVEXEID VO AKOAOUBAOEl n
olayvwaoTikh avaAuon (An D, Kim N.H, Choi J., 2015).

Méxpr onuepa, £xouv UTTAPEEI APKETEC avaBewpPNOEIC TwV dIayVWOTIKWY PEBGdWYV Kal
OpPKETEG Bdnuooieloelg 6oov agopd aTn dlayvwaoTIK avdAuon, TNV eTTeepyacia OrfuaTog Kal
TNV TTOOOTIKOTTOINON OUCAEITOUPYIWV.

2€ VYEVIKEG YPOMUMEG, Ol OlIOYVWOTIKEG KAl TIPOYVWOTIKEG PEBODOI pTTOPOUV VA
TagivounBouv o€ 3 KATNYOpIEG:

a. 2€ auTéG TTOU aTnpEifovTal JOVo o€ Kataypagoueva dedopéva.

B. 2¢ autég TTou Bacifovral o€ KATTOI0 QUOIKO POVTEAO TTOU QAVTIKATOTITPICE! TN
OUMTTEPIPOPA TOU CUCTHHATOG.

Y. 2€ auTéG TTOU UIOBETOUV TNV UBPIBIKN TTPOCEYYION KAl agIOTToIoUV OTOIXEIO KAl
atré TIg U0 TTPONYOUNEVEG KATNYOPIEG.

2TIGC PEBODOUG TTou OTnpifovTal O KaTaypaPOueva Oedouéva, XPENOIUOTTOIOUVTAI
TANpogopieg amd dedopéva TTOU  CUAAEXBnkav oe  TTponyouuevo Xpoévo (dedopéva
eKTTaiIdEUONG TOU aAYOPIBUOU) yia Tov TTPOCOIOPICHSO TWV XOPOKTNEIOTIKWY TNG TPEXOUOAG
KaTtdoTaong SUCAEIToupyiag Kal TNV TTPORAEWn TNG MEAAOVTIKAG TAONG.

O1 rpooeyyioeig TTou BaacifovTal 0Tn QUOIKR TTPOUTTOBETOUV TNV UTTaPEN EVOG GUOIKOU
MOVTEAOU TTOU TTEPIYPAPEI TN CUUTTEPIPOPA KAl TIG OVAPEVOUEVEG TIUEG KATAYPAPWY TWV
aiodnTpwv TOou OucoTAuaTtog o€ kardoTtacon OuocAesitoupyiog 1 BAABng. O utmoéwn
TTPOCEYYIOEIG OUVOUALOUV TO QUOIKO UOVTEAO WE TIG KOTAYPAPOUEVES TIUEG TWV AIOONTAPWY
ylo va TTpoodIopicouv TV TPEXOUTQ AEITOUPYIKA KATAOTAON TOU CUCTHMATOG KABWG Kal va

TTPORAEWOUV TN PEANOVTIKA TAON PETABOAAG TWV TTAPAUETPWV.

23
Kiuwv ZipAavrlhic & Aviwviog KaAaoulng



«H avarmruén diayvwoTiKNS Kai TTpoyVWOTIKAS QIA0CoQias ouvinpnons ouvesTwy uaThUATWY
ue v aéiormroinon tn¢ TexvoAoyiac NMAnpo@opikns kai Emkoivwviwy Kai ueBédwv unxavikng
uaénong.»

Ymapyouv dUO KUPIEG BIaPOPEG METAEU Twv dUO TTpooeyyioewv: a) H mmpolmdBeon
O1a0e0INOTNTAG €VOG QUOIKOU MovTéAou Kal B) n xprion oedopévwyv udbnong yia va

TTPOGOIOPIOTOUV TA XOPAKTNPIOTIKA TG KATAOTAONG DUCALITOUPYIAG )/KAI aOTOXIiOG.

2.4 Tlpooeyyioeic Baoi{oueveg o€ ZuAeyoueva Asdopéva.

O1 Trpooeyyioelg Tou PBacifovral oc dedopéva XPNOILOTTOIOUV TTANPOQOPIEG TTOU
ecayovtal atmd Ta CUAAeyOpeva OeBOUEVA YIO TOV TTPOCDIOPICHO TWV XAPAKTAPIOTIKWY TNG
€EENIENG PIag duoAsiToupyiag kal TNV TTPORAEWN TNG PEAAOVTIKAG KATAOTAONG TOU CUCTANATOG
XWPIG TN XPron KATTolou @QUOIKOU POVTéAOU. AvT’ autou, XpNnoIdoTrolouvTal JadnuaTtika
MovTEAa Kal oTaBuICOueveG TTapdpeTpol, TTou KaBopiovial atrd Ta, CUAAeydueva atrd
OI14QOoPEG AEITOUPYIKEG KATAOTAOEIG, OEDOUEVA UABNONG.

O1 mrpooeyyioeig ye Bdaon Ta dedopéva eEapTwvtal amo Tnv Uttapén Tdong, n otroia
ouxvd TTapouciddel éva IBIdITEPO XAPAKTNPIOTIKG KOVTA 0TO TEAOG TNG AEITOUPYIKAG CWNG TOU
ouoTAPATOG. H UTTapén Twyv uttdYn IBIAITEPWY XAPAKTNPIOTIKWY, ETTITPETTEI JE OXETIKA JEYAAN
BeBaidTNTA TNV EKTIUNON TNG CUPTTEPIPOPAS TOUG GUOTANATOG GTO £yyUG WEAAOV, EIBIKA TTPOG
10 TéA0G TNG Cwrig Tou (An D, Kim N.H, Choi J., 2015).

O1 rpooeyyioeig auTtég xwpiovTal yeviké o€ dUO KATnyopieg:

1. Mpooeyyioelic  Texvnmg  vonuoouvng  (Al), Tou ocuumrepiAapBdvouv
aAyOpIBUOUG UNXAVIKAG MaBNong (TT.X. veupwvikd dikTua - NN) kai

2. TIg OTATIOTIKEG TIPOCEYYIOEIG TT.X. TTAAIVOPOUNON EAAXIOTWY TETPAYWVWY KATT.

Ta povTéAa Twv TTOPATTAVW TTPOCEYYIOEWY WTTOPOUV VA XWPIOTOUV O€ QUOIKA,
pMaBnuaTiké Kol ePTTEIPIKA. H TEAEuTaia KaTnyopia povréAwy, o€ avtiBeon Pe TIG TTPWTEG OUO,
mepIAaUBAvel  pabnuatikég  elowoelg TTou  Ogv  TTPOEPXOVTal atmd  avaAuon  QUOIKWV
Olepyaaiwy aAAd atrd avdAuaon xpovooelpwy dedopévwy. TMpdoparteg e€eigeig oTnv
UTTOAOYIOTIKF} vonuoouvn, €I0IKE OTov TOHEA TNG MNXAVIKAG HMABnong, €xouv Oleupuvel
onNPavTIKA TIG IKAVOTNTEG TNG EUTTEIPIKNG PovTeAOTToINONG. To Tedio TTou TTepIAauBAvel auTég
TIG véeg TTpooeyyioelig ovoudletal Movrtehotmoinon Bdoel Aedopévwyv (MAB) (Data Driven
Modeling - DDM). Omtwg utrodnAwvel kai 10 évoua, n MBA Baoifetal otnv avaAuon Twv
0edouévwv TTou CUAAEyovTal o€ OIGPOPEG KATAOTACEIG AEITOUpPYiag €vOG OUOCTHUATOG KAl
OUYKEKPIYEVA OTNV €Upecn OXEOEWV METAEU Twv PETABANTWY KaTtdoTaong Tou CUOTANATOG
(e10p0€G, eoWTEPIKEG PETAPBANTEG Kal PETABANTEG €€O6O0U) XWPIC cagn yvwaon TNG QUOCIKAG
CUMTTEPIPOPAG TOU CUCTAMATOG. AUTEG 01 HEBODOI AVTITTIPOOWTTEUOUV TN PEYAAN TTPOOSO TToU
€XEl OUVTEAEODEI OTOV TOPEQ TNG OUMPPBATIKNAG EUTTEIPIKAG MOVTEAOTTOINONG Kal TTEPIAANPBAVEI
OUVEICPOPEG aTTO Ta aKOAoUBa TTIKAAUTITOPEVA TTEIa: TeXVNTr KAl YTTOAOYIOTIKN) vonuoouvn,

Mnxavikr) M&Bnon kai E€6puén Aedopévwy.
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H Movrehotmoinon Bdoel Aedopévwy  XpnoldoTrolel  YeEBODdOUG  UTTOAOYIOTIKNG
vonuoouvng Kal PNXavikAg patnong yia Tn dnuioupyia POVTEAWV TTOU CUPTTANPWVOUV N
QVTIKABIOTOUV QUOIKA WOVTEAQ. ZUYKEKPIMEVA, XPNOIKOTIOIEITAl Evag aAyOPIBPOG PNXAVIKAG
HABnong yia Tov TTPOCOIOPICUO MIAG ouvdapTnong — oXEoNG METAEU TWV EI0AYOUEVWV
OedOUEVWV KOl TWV EGAYOUEVWV ATTOTEAECUATWY TTOU AVTIKOTOTITPICOUV TNV KOaTAoTAON €VOG
ouoThpaTog. lNpokeigévou va TTPoodIopIoTEl N {NTOUUEVN CUuVAPTNON  €ival atmapaitnTn n
XPNon €vog ouvolou Oedopévwy  ekTTaideuong, Ta  oTroic Ba  TTpéTel va  ival
QVTITTPOCWTTEUTIKA TOU OUVOAOU TNG CUUTTEPIPOPAS Tou cuoThiuatog (Eikéva 2.1.). MoAig
onuIoupynBei To povTéAo, dNAAdH UOAIG TTPOCBIOPIOTE N NTOUEVN CUVAPTNON, OTN CUVEXEID
MTTOPEl va DOKIYACTEN N €TTidO0N YEVIKEUOAG TOU, XPNOIMOTIOIWVTAG £va aveEAPTNTO GUVOAO
Oedouévwy €100d0u Kal €¢odou, Ta otroia &g Yxpnoigotroindnkav kKatd Tn Sladikaoia NG

EKTTAiIOEUONG, WOTE va KABopPIoTEI TO CPAAUA TOU PHOVTEAOU € auTd Ta OeSOMEVQ.

g \
Observed output
Process variable Y %%
to be >
modelled

Training (calibration) of
the model is aimed
st minimizing error
[y 08 y Moy

e Model >
Predicted output

> variable YMOP
- J

Eikéva 2.1: evikA TTpocéyyion Tng Jovrehotroinong (Abrahart R.J, See L.M, Solomatine D.P,
2008).

2.5 [llpooeyyioeig Baoilopeveg oe Puoikd MovTéAa.

O1 mpooeyyioeig e Bdon 1o QuOIK& HOvTéEAa ouvdudlouv €va QUOIKG HOVTEAO
aoToxiag pe Oedouéva PETPACEWY yia va TTPORAEWOUV TN HEANOVTIKA CUUTTEPIPOPE MIAg
duoAsIToupyiag ) PIAG aOTOXiOG KAl va TTPOCdIOPIcOUV TNV UTTOAEITTOUEVN AEITOUPYIKY Cwr)
(YAZ) tou ouothuartog, OTTWG @aiveTal oTnv €IkKOva 2.2. H ouptrepipopd ToUu QUOIKOU
MovTéAOU e€apTdTal aTTd TIG TTAPAPETPOUG TTOU AauBAvovTal aTTd EPyacTnPIOKA TTEIPAUATA 1
TTOU EKTIHWVTAI O€ TTPAYMATIKO XpoOvo, ue Bdon peTpouueva dedopéva Katd Tn AsiToupyia Tou
ouotiuaTtog. H mpoPAewn tng YAZ utroAoyietal augdvovtag 1o emmimedo pOBOpPAg Tou
OUCTAMATOG HPEXP! VO @BAcel €va TTPOKOBOoPIoPEVO 6pIo, OTTWG TTAPOUCIAETAl OTNV EIKOVA
2.2.
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O1 BaoifOpeveG 0€ QUOIKA UOVTEAD TTPOCEYYIOEIG, TTAPOUCIAlOUV TTAEOVEKTHATA OTNV
TTPORAEWN TNG HAKPOXPAVIOG CUUTTEPIPOPAC Twv acToXlwy. MNMapd TauTta, Ba TTPETTE ApXIKA va
TIPOYHMOTOTIOIEITAI MIA ETTIKUPWOT TOU MOVTEAOU, KABWG Ta TTEPICCOTEPA OTNPIOVTal OF
uttoBéoelg Kkal TTpoocyyioelg. YTrdpxel Peyaho €Upog BIBAloypagiag 6oov agopd OTnv
ETMKUPWON TWV JOVTEAWV XPNOILOTIOIWVTAG OTATIOTIKEG HEBODOUG, OTTWG TA UTTOBETIKA TEOT N
n péBodog Bayesian (Oden J.T, Prudencio E.E, Bauman P.T, 2013), (Rebba R, Mahadevan
S, Huang S, 2006), (Sargent R.G, 2013), (Ling Y, Mahadevan S, 2013).

Physics-based Prognostics

C RUL prediction based on the prhysica damage model )

RUL PDF

Prognostics Physical damage model
prediction ot &
Algor“hl“ 4 fower parcencie of ﬂu./\
Training Set . Faslure Threshold
i
Measured Data + &
damage model g Current POF
=f{t. L, ©) g atk ‘
A - ~ fﬁ:’ Physical damage mode!
e *: Measurement data
Time
- ( Current time, k )
t: time (cycle) Givan
L : life cyclic Given
loading
. Obtained from the lab test or,
0: modal > Estimated/ Updated based on the data
parameter

Eikéva 2.2: MpoyvwoTikn MNpocéyyion ue Bdon 10 QuUOIkS povtédo. PDF, probability density
function; RUL, remaining useful life (An D, Kim N.H, Choi J., 2015).

eviKd, KaBwg n TTOAUTTAOKOTATA TOU POoVTEAOU augdveTal, audveTtal Kal o aplBuog Twv
TTOPOMETPWY TOU MOVTEAOU KOl WG €K TOUTOU N €KTIUNON TwWV TTAPOUETPWY  YiveTal
OuokoAOTePN. EvTtouTolg, mpéo@ata o Coppe €0¢cige OTI n akpifeia evog HOVTEAOU PTTOPET va
Tapapeivel otaBepr) TTPoodiopifoviag 1I000UVANES TTAPANETPOUG VOGS TTIO aTTAOU HOVTEAOU
(Coppe A, Pais M.J, Haftka R.T, Kim N.H, 2012).
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O Coppe xpnoigotroinoe éva atrAd povtéAo Paris ( Z—; = Co(4K)™), TTou TTEPIYPAPEI
TNV TaXUTNTA 814d00NG HIOG PWYHNAG, ME évav UTTOBETIKO OuvTeEAEOTA £éviaong TnG Taong (AK)
yia va TTpoBAEwel TN d1Ad0CN PWYHWY OE TTOAUTTAOKEG YEWMETPIEG OTIC OTTOIEG €ival TTOAU
OUOKOAO va uttoAoyIoTel 0 UTTOWN ouvTeAeOTAG. MapoAo TTou auTh n avdAuon TreplopiCeTal
OTnV TEPITITWON TOU TO OUVBeTO Kal TO ammAd poviéAo TTapouciddouv  TTapouold
OUMTTEPIPOPA, TTAPOUCIAZEl CNUOVTIKA  TTAEOVEKTAUATA, KABWG HEIWVEI  ONUAVTIKA  TIG
QTTAITACEIG 0€ UTTOAOYIOTIKA 10XU yIa TNV TTpayPatoTroinon TG TTPORAEWNS, HEIWVOVTAG TOUG
QTTAITOUPEVOUG TTOPOUG KAl KABIOTWVTAG £PIKTO TOV O€ TTPAYMATIKO XpAVo TTPOOBIOPICHO TNG
A&IToUpyIKAG KaTdoTaoNG TOU CUCTANOTOG Kal ToV UTTOAoYIouS TG YAZ.

2uyvd ol dUO TTPOCEYYIOEIG UTTOPOUV VA CUVOUOOTOUV. lNa TTapddelyua, Ta TEAEUTAIO
XPOVIO 1 OOHIKA OKEPAIOTNTA KPICIHWV CUCTAPATWY, OTTWG TA OEPOCKAPN, TTPOCEAKUEI
onpavtiké evdlagépov ato To TTedio TG @IAocogiag ouvtApnong e Bdon tnv katdotaon Tou
UAIKOU. H TTpoooxrf €0TIGOTNKE KUpiwg o€ MOVTEAA UTTOAOYIOPOU Tng Onuioupyiag Kai
01Gd00NG TWV pwyHwWyV. MapdAAnAa, TpIodIGoTATA PHOVTEAQ TTETTEPACHEVWY OTOIXEIWY, OTTWG
10 ANSYS, 10 FRANC-3D kai to FASTRAN (Newman J.C, 1992) xpnoiyotrolouvral
OUCTNUOTIKA yia TNV  avadnTnon  ATTOTEAECUATIKWY KAl OTTOOOTIKWY  EPYOAEiwV
MOVTEAOTTOINONG, TTOU OTTOTUTTWVOUV HE AKPIBEIQ TN CUUTTEPIPOPA HIOG PWYMNAS VOGS BOUIKOU
oToixeiou uTTd ouvBnkeg opTiong r/kar diaBpwong (Vachtsevanos G, Lewis F, Roemer M,
Hess A, Wu B, 2006).

27
Kiuwv ZipAavrlhic & Aviwviog KaAaoulng



«H avarmruén diayvwoTiKNS Kai TTpoyVWOTIKAS QIA0CoQias ouvinpnons ouvesTwy uaThUATWY
ue v aéiormroinon tn¢ TexvoAoyiac NMAnpo@opikns kai Emkoivwviwy Kai ueBédwv unxavikng
uaénong.»

KEDQAAAIO 3: TMpoyvwoTiky [Mpocéyyion TG  YTTOAEITTOMEVNS

AeIToupyikng Zwng Tou 2UaTANATOG.
3.1 Eicaywyn.

H ouvtripnon Twv TTapaywylkKwy cUCTANATWY Kal AWV TWV TUTTWV PNXavnuaTwy Kai
TTEPIOUTIOKWY OTOIXEiwV KabioTatal oAoéva Kal TNo onuavtikl o€ K&Be Topéa Twv
emyeipriocwy. Or1 Piounxavieg BEAouv va BeATILOOOUV TIC TEXVIKEG OUVTAPNONG TIOU
epapuodlouy, Trpokelgévou va aufioouv Tn didpkeia Cwrg Tou €EoTTAICHOU Toug. OAog o
€COTTAIONOG uTToabpideTal pe Tnv TaPodo Tou Xpovou, Kabwg AsiToupyei uTTé KATtTola Tdon n
QopTio aTo TTpayuaTiKO TTEPIBGAAOV, dNUIOUPYWVTAG £TCI TNV ATTAITNON £PYACIWY CUVTHPNONG
OAo kal Mo ouxva kKabBwg augdveral N nAIKia Tou.

H ouvtripnon ouvduddel diagopeg peBOdoUC, epyalcia Kal TEXVIKEG O€ HIa TTPOOTTABEIN
MEiwoNG Tou KOOTOUG ME TTAPAAANAN algénon Tng agloTmoTiag, TG OIaBeTINOTNTAG KAl TNG
aoQAAEI0G Tou €COTTAIOPOU Kal TwV avBpwTTwy TToU Tov XelpiovTal 1] Tov XPnOIJoTTolouv
(Dragomir, O.E., Gouriveau, R., Dragomir, F., Minca, E., Zerhouni, N, September 2009).

O ouvnBéoTepog TUTTOG OUVTAPNONG €ival N dIopBwWTIKA cuvTthpnon (TTou ovopadeTal
€TTIONG MN TTPOYPAPUATIOPEVN COUVTAENON | OuvTApNon META atmd Tnv aoToxida), n oTroia
TIPAYHOTOTTOIEITAI HOVO PETA ATTO TNV EMEAVION KATTOI0G BAGRNG.

Me Tn @IAocogia TTPOANTITIKAG cuvThRENong (ovouddeTal TTioNG KAl TTPOYPAUUATIOUEVN
ouvTAPNON) Ot TIPOKABOPIoPEVO XPOVIKA onueia  TTpoadiopidovTal  TTEPIODIKA  XPOVIKA
OlaoTAPOTA, YE TRV TTAPEAEUON TWV OTTOIWYV EKTEAOUVTAI TTPOANTITIKEG EVEPYEIEG TUVTHPNONG
avecapTnTa Atro TNV AEITOUPYIKN KATAOTOON £VOG UNXAVANOTOG 1| CUCTAUATOG.

Me Tnv Taxeia avamTugn TnG ouyxpovng TEXVOAoyiag, Ta TTPOIGVTA £XouV Yivel OAO Kal
Mo oUVOEeTA, v TTAPAAANAQ TO AyopaOoTIKO KOIVO atraiTei KOAUTEPN TTOIOTNTA KAl UWNAGTEPN
aglomoTia. To yeyovog autd augdvel 1o KOOTOG TNG TTPOANTITIKAG OUVTAPNONG, N OToia
QvTIKATOTITPICEl TTAéOV €va TTOAU ONPAVTIKO PEPOG TOU KOOTOUG KUKAOU Cwng TTOAAWV
punxavnudatwy. Q¢ ek TOUTOU, TTOAAEG €TaIpEiEG EMOIWKOUV TNV €QAPUOYH MIag AAANG TTio
olyxpovng, O€ Ox€on HE TIG TIpoavapepBeioeg, TONITIKAG, Tn ouviinpnon PRdaoel Tng
Agiroupyiknig kataoTtaong (2BAK - Condition Based Maintenance - CBM).

H ZBAK oxedidaletal pe TETOIO TPOTTO WOTE VA ATTOQPEUYETAI N EKTEAECN TTEPITTWV
epyaciwv ouvtipnong. H TTpoyvwoTikr) avaAuon evog CUCTHPOTOG ATTOTEAET £va ONUAVTIKO
epyaAeio evog Tpoypdupatog 2BAK kal Trapouciddel peydAo evola@épov TOCO yia TN
Biounxavia 600 Kal yio TIG EPEUVNTIKEG KOIVOTNTEG, KABWG MEOW QUTAG TTOPEXETAI N
ouvaTtoTnTa oNPavTikAG BeATiwoNg TNG ATTOdOTIKATNTAG £vOG TTpoypduuaTog ouvtpnong. H

TTPOYVWOTIKN avAdAuon ouciaoTIKA €mIOIWKEl va TTPORAEWEl TTO00G XPOVOG HEVEL UEXPI TNV
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eg@avion Tng eméuevng OucAeitoupyiag A BAGBNG, AauBdvovrag umtéywn Tnv TpExouaa
AEITOUPYIKA KATAOTACN TOU PNXAVAUATOG Kal TIG OUVOAKeS AciToupyiag Tou. Me aAAa Adyia, n
TTPOYVWOTIKY avaAuon Bacifetal otnv TTPORAEWn TNG UTTOAEITTONEVNG AEITOUPYIKNAG CWwNG
(YAZ) evog ouoThpaTog, Bacifouevn oTnv TTapakoAouBnon Tng KatdoTaorG TOU KAl OThV &V
OUVEXEIQ avaAuoh TWV TTANPOPOPIWY Kal TV dEBOUEVWY TTOU OUAAEYOVTaI KATA TN AEITOUpYia
TOU.

Me Tnv TTPOYVWOTIK avaAuon, o1 Blounxavieg PTTopouvV duvNTIKA va HPEIWOOUV TO
KOOTOG TOOO TNG TTPOYPAUMATIONEVNG 000 Kal TNG d10pBwTIKAG ouvTipnong. Edv ptropouv va
TPOBAEWOUV TO XPOVO ACTOXIAG €vOG PnXavAWaTog, TTe Ba cival og Béon va avaBailAouv
N/Kal va TTePIoPicouV TIG Epyaacieg cuvtrpnong. H poyvwaoTikr avaAuon BacifeTal Kupiwg o€
HoBnuatikd  povréAa  yia v TTPOBAswn ™S YAZ. Autd Ta  poviéAa  ouvtiBevral
XPNOILOTTOIWVTAG MIa aTTd TIG TECOEPIC OKOAOUBEC TTPOCEYYIOEIS: Baci{OpEva OTNV EPTTEIPIQ,
OTa OUAAeyOpEva OedouEva, GTO QUOIKO POVTEAO Kal O€ pia uBpIOIKN peBodoAoyia.

H eikdva 3.1 Tapoucidalel Tig TIBAVES TTPOCEYYIOEISC O OXEON ME TNV EQAPHOCIUOTNTA

TOUG KQI TO OXETIKO KOOTOG.

N\ T TS

/ N\ : Model Based 7 Faihare physics, Vinual
/ Physcal . '+ Pra e .‘\ Sersrg Funceonal [/
‘/‘ I p-. Models

/'/ 7 7 RS,

&

S Cassilication Mathods), L] - > -
& / Fuzoy Logic, NN, State Evolutionary) Y Datadrven, Featue- )
- ’ § . " . o—l — '
& / temaimivedes. N Iranding Model} R
: . >

& Genenc, Statsticol Uke Usage | Dperience-Based | /Falire POFS, Few mm\q
ARorithers ( Prognostics \ or rrodel J

Aange of system Applicability

Eikéva 3.1: lepdpxnon MNpoyvwaoTikwy lMpooeyyicewv (Luo J, Namburu M, Pattipati K, Qiao L,
Kawamoto M, Chigusa S, 2003a).

‘Eva xapaktnpioTikd TTapddelyua eQapuoyng TG TTPOYVWOTIKAG avAaAuong eival n
XPNon MOVTEAWV yia TTPOCOPOIWON TNG £KKiVNONG Kal d1ad00NG pwyHwyY AOYyw KOTTWONG OTa
oopikd oToixeia. AAa Trapadeiyuara TrepIAappBavouv TN PEAETN  exTipnong Tng YAZ yia
OOMIKEG KATAOKEUEG YEQUPWYV XPNOIMOTTOIWVTOG Eva oUCTNUAO TTOU BadieTal OTnV EPTTEIpIa i
N MEAETN TWV TOAQVTWOEWV OE TTEPIOTPEPOUEVEG UNXOVES PBacifouevn o€ OUAAeyOueva

oedouéva.
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3.2 T[lpoyvwoTikr) AvaAuon Kal ZuvTtripnon.

Até Tnv 1" Blounxavikr emavacTacn, n ocuvtipnon €xel d1EABel atrd Eva onuavTiké
apIBuo dlaopeTikwy oTadiwy. ZTnv apxn TN 1" Blounxavikng emavdoTaong, ol pyalouevol
nrav utrelBuvol yia Tnv ETMIOKEUR Tou €EoTTAIOPOU. KaBwg Ta pnxavAuoTa Eyivav Trio
TTEPITTAOKA KAl 0 OYKOG TWV £PYOCIWV ETTIOKEUNG aUENOnke, 1I9pUBnkav Ta TTPWTA TUAPATA
ouvTApnong, &exwploTd amd Ta avrioTolxa TUAMATa TrapaywyAs. Ta kabAkovia Tng
ouvTiApnong kair oTIc OU0 €TToxEC NATAV Kupiwg OlopBwTiké, ME TIG TTPOOTIABEIEC va
ETTIKEVTPWVOVTAI OTNV ATTOKATACTAGH TWV GOTOXIWV.

H évvoia tng aflomoTiag eu@aviotnke otov 206 aiwva petd 10 TEAOG TOU 2%
Maykoouiou MoAépou. Ta TuAuata cuvtipnong TTAéov etTediwkav 61 uévo va dlopBuwaoouy TIg
BAGBec aAAG kal va TIC atmmoTpéwouv. H Trpoomdbeia auTtr) GuveTtayeTal Tn dnuioupyia HIog
VEAG AEITOUPYIag OTA TUAPATA CUVTHPNONG, TNG OTTOIAG O OKOTTOG ATAV VA PEAETACEI TO €idOG
TWV EPYACIWV CUVTAPNONG TTOU Ba TTPETTEI VO EKTEAECTOUV WOTE VA atTOPeUXB0UV oI BAGBEC.
Me Tnv €éAeuon TNG €TTOXNAG TWV NAEKTPOVIKWY UTTOAOYIOTWY, N A€IToupyia NG ouvthpnong

GANage Eavd, pe TNV eiIcaywyr VEWY TEXVOAOYIWV.

Eidn ®iAocogiag ZuvTrpnong.

2uvTtripnon ATrokaTdoTaong.

H di0pBwTik) @IAoco®ia CUVTAPNONG XPNOIKOTIOIEITAI VI TV ATTOKATACTAON {NHIWV
TTou éxouv AdN ocupuBei. ZuvABwg, étav exTeAsiTal autdg O TUTTOG CUVTAPNONG, OICKOTITETAI N
ETTIXEIPNOIAKN AEITOUPYIO TOU PNXAVAUATOG, MEIWVOVTAG TNV TTOPAYywYr Kal augdvovtag To
KOoTOG. O XpdVOg €TTIOKEUNG KABWG Kal 01 dATTAVEG, TTOU TTPOKUTITOUV aTTd Tn duCAEIToUpYia
Kal TIG ETTOKOAOUBEG dlaTaPaXES TNG YPAMMKAG TTapaywyng dev uTTopouv va TTPoBAe@Bolv. Q¢
€K TOUTOU, n OIOPBWTIK ouvTAPNon £PAPUOCETal GE OTOIXEIa €vePYNTIKOU ME XAMNAN
KpIouéTNTA, OTA OTroia N gu@Avion Katmolag BAGBNG dev OuveTtAyeTal PEYAAD XPOVIKA N
OIKOVOUIKA TTpoBAAMaTa. Zuxvd n @IAOCO®Iia QUTA XPENOIUOTIOIEITAI VIO OUYKEKPIUEVO

MNXavAuATa yia Ta oTroia AAAEG JOPPEG ouvTrPNonG Ba ATav o datravnpEg.

MpoAnTrTIKA Zuvtipnon.

H TTpoAnTITIK) CuvTrPENoN TTPOYPAUMATICETAl YIa KATTOIO OPICHEVO XPOVIKO opilovTa
KAl aTTOOKOTTEl OTNV ATTOTPOTI TWV OIAKOTIWV TNG AEITOUPYIaG TOU HNXOVAWOTOS 1 Tou
OUCTHAMOTOG. Z€ avTiBeon PeE TN oUVTAPNON ATTOKATACTOONG, ETTEION €ival TTPOYPANPATIONEVN,
0ev uAoTtrolgital Katé Tn OIAPKEID TNG ETTIXEIPNOIAKNAG AgiToupyiag. H mpdBeon autiAg Tng

@INocOYiag ouvTAPNoNG gival va PelwBei 0 apIBPOS Twy BIoPBWTIKWY TTapeuPACEWY, PEoW
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TNG €EKTEAEONG TTEPIODIKWY EMMBEWPACEWY KAl TNG aAvTIKATAOTAoONG Twv  @Bapuévwy
eCapTNUATWY TTPIV AUTA OOTOXOOUV.

Mpdkermal yia ammatnTIKO €id0G CUVTHAPNONG, KABWGS aTTAITEl QUOTNPER ETTOTITEIQ KAl TNV
avattugn oxediou TTou Ba ekTeAgiTal AT £CEIBIKEUPEVO TTPOCWTTIKG. ETTITTAéOV, dedopuévou OTl
TepINAPPBAvel eTTavOAOUBAVOUEVEG €pyaOies, eV TTAPEXEI KivnTPO dNUIOUPYIKOTNTAG YIA TO
TIPOCWTTIKO, evw TTAPAAANAQ, €pdoov dev uAottoinBei opBd, Ba €xel WG Cuvétela Tnv

uTTEPRAON TOU KOOTOUG XWPIG onUAvTIKr BEATIWON TNG TTAPAYWYIKOTNTAG TOU CUCTAUATOG.

>uvtpnon Baoel Asitoupyikng Katdotaong (ZBAK).

H XBAK oToxelel oTov TTPocdIopIoud TNG KAatdotaong Tou €6OTTAIOUOU, £TOI WOTE N
AeIToupyia  va  TTOPAMEVEI  ACQAANG, ATTOTEAECUATIKA KAl OIKOVOUIKF. Ol  TEXVIKEG
TTAPAKOAOUBNGNG ATTOCKOTTOUV GTN METPNON QUOIKWY PETABANTWY, Ol OTT0IEC UTTOBEIKVUOUV
TNV KATAOTAON TOU MNXOAVAMOTOG KAl OTn OUYKPIOH TWV TIMWV TOUG OE OXEOon ME TIMEG
KQAVOVIKNG AgIToupyiag, TTPOKEINEVOU va KABopIoTE av To pnxdavnua gival o€ KaAi kardoTtaon.
H ZBAK 1TpoUTToBETEl OTI UTTAPYXOUV PETPNOIKO KOl TTAPATNPNCIKNG XOPAKTNPIOTIKE, TG OTToia
givar OeikTeEG TNG AEITOUPYIKNAG KATAOoTOONG Tou pnxavhuartog (Uday Kumar, Diego Galar,
2017).

Me 1n @iAocogia Tng ZBAK peAetdral n eEEMIEN emIAeyHEVWY, €EAPTWHEVWY aTTO TO
XPOVO TTapauéTpwy, evrotriCovial Tuxov TAoEeIG, TTou UuTtodelkvUouv Tnv UTTApPEN MIOG
OuaAciToupyiag, TNV KPICINOTNTA TNG Kal Tov TBavd xpovo PéXPl TNV TEAIKR aoToyia. Me tnv
Eykaipn AAWn atmmo@doewyv atmmo@eUVETAl N EPPAVION OUOAEITOUPYIWV Kal €§OAEiQETAl N
mMOavoTNTA KATACTPOYIKNG acToxiag. H ZBAK ptTopei va ekTeAEOTEN evd TO uNXAvNpa gival ev
Aerroupyia (Gerardo Trujillo C, América N.L, October 2003).

H ZBAK uAoTroigital o€ Tpia Bacikd BrApaTa:

1. 2UNOYA Kal aTroBrikeuon OeOONEVWV OXETIKWV HE TN AEITOUPYIKA
KatdoTaon EmMAEYyUEVWY  pnXavnuaTwy. Autd 1o BANa atroteAei TTpoUTTé0eon yia Tnv
eQapuoyn evog poypduuatog 2BAK, pe okotmd tnv TpdAnwn ducAgiroupyiag unxavnudaTwy
(A4 aoToxiag, Tou OuviBwg TIPOKAALITAI Ao pia i TeEPIOOOTEPEG OuOAgIToupyieg). Ta
oedopéva TTou CUAAEyovTal yia Tnv uAotroinon evég Trpoypdupatog ZBAK ptmopouv va
KaTtnyoplotroinBouv og dUo Kupia €idn: Acdopéva cupBaviwy kal dedopéva TrTapakoAoudnong
AgiIToupyikig katdotaong. Ta dedouéva cupBavTwy TTEPIAAUBAVOUV TTANPOPOPIEG OXETIKA ME
TO TI OUuvéBn (TT.X. eykatdoTacn, aoTtoxia, €TIOKEUR KATT., KOBWG Kal TIG aITieg) ry/kal TIg
OI0POBWTIKEG evEPyEIEG (TT.X., ETTIOKEUR MIKPAG KAiMOKAG, TTPOANTITIKA ouvtApnon, aAAayn
AadioU KATT.) oTo UTTO TTapakoAoubnon unxdvnua. Ta dedouéva TrapakoAoubnong Tng

KATAOoTOONG €ival HETPAOEIG TTOU OXETICOVTAI PE TN AEITOUPYIKN) KATAOTACT TOU PNXAVIAHATOG.
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Autd Ta Oedopéva PTTOPOUV va cuuTrepIAGBouv Kataypa®r] TAAAVTWOEWY, OKOUOTIKN
avdaAuon, @QaoPaToOKOTTIKA avaAuon Aadiol, Bepuokpacia, Treon, uypaocia, KaIPIKEG A
TTEPIBAANOVTIKEG OUVOAKEG KATT.

2. Emeéepyaoia dedopévwyv. 210 BAPA QUTO TTpayPaTOTIOIEITAI avAAuoh
Twv O0eO0PEVWV i} CNUATWY TTOU KaTtaypd@nkav Kal atroBnkeuTnkav oto Bripa 1 yia KaAuTepn
Karavonon kai epunveia Toug. H etregepyacia dedopévwyv atroTteAcital atmd duo oTddia. To
TIPWTO gival 0 KaBapIopdg 1 Kai n d10pBwaon Twy dedouévwy. AUTO TO OTABIO Eival ONUAVTIKO
OTNV TIEPITITWON TTOU TA dedOPEVA EICAYOVTAl XEIPOKIVNTA, YEYOVOG TTOU Ouxvd odnyei o€
o@aAyata. Me Tov KaBapIopd Twv dedouévwy  augdveTal n TOavoTnTa va TTPoKUYouv opBda
TEANIKA Oedopéva. 2Tn ouvéxela Trpayuatotroleital avdAuon twv oedopévwy. YTTAPXEl MIa
TTANBWpPa povTéAwyY, aAyépIBuwy Kal epyaleiwv avaluong. H Aoy e€aptdtal ammd Ta €idn
OedONEVWYV TTOU CUAAEYOVTAL.

3. AQn amoedcewv ouvtpnong, dnAadn Pdaoel TG avaluong Tou 2%
BAuatog TrpoTeivovTal Ol OTTOTEAECUATIKOTEPES TIOMITIKEG GuvTipnong. H emmapkig Kai
a1rod0TIKI) UTTOOTAPIEN aTrodccwy cival CWTIKAG ONPOCIag yia Tov TTPOCdIoPIoHS Twv
evepyelwv ouviipnong. O  u@IoTAPEVES TEXVIKEG AQWNG atTo@doewy OuvTApnong o€ €va
Tpoypappa ZBAK pyttopouv va xwploTouv ae dU0 KUPIEG KATNyopieg Ye BAaon a) Tn
olayvwaoTIKA Kal B)  Tnv TTpoyvwaoTIKA @IAocogia ouvTripnong.

H diayvwaoTikA @iAocogia €oTidlel oTnv avixveuon kal Tnv amouévwon BAaBwy agou
QUTEG £X0UV eP@avIoTEL. AvTiBeTa, n TTPOYVWOTIKA €TTIXEIpei va TTpoBAEwel BAGREG 1 aoToxieg
TIpIV cupBouv. Mpoeavwg, N TTPOYVWOTIKH @IAcCOQia gival avwTepn atmo Tn dIAyVWOTIKH, JE
TNV évvoia OTI PTTopei €ite va amoTpéyel TNV eu@avion PAaBwv 1 aoTtoxiwy, E&ite va
TpocToludoel TNV opydvwon TnNG CUVTAPNONG YIa Ta €TKEiMeva TTpopARuata (Méow TNG
EyKaIpNGg  TTAPAYYEAIQG Twv OTTAITOUPEVWY  AVTOAAOKTIKWY KAl TV €§a0@QAANion  Twv
QvOPWTTIVWV TTOPWYV), HEIWVOVTAG £T01 TO KOOTOG TNG OTTPOYPAMMATIOTNG ouvThpnong (Uday
Kumar, Diego Galar, 2017).

Map '6Aa autd, n TPOYVWOTIK avdAuon &ev PTTOPEl va avTIKATAOTACEI TTANPWS TN
OlayvwoTIKA dedouévou OTI, oTnV TTPALN, UTTApXoUV TTAvTa KATToleG BAGBES Kal aOTOXiES, Ol
oTroieg dev gival TTPOBAEWIUES. ETTITTAéOV, N TTPOYVWOTIKA QIA0CO®Ia, OTTWG Kal KABE AGAAN
TEXVIK TTPOPRAewnG, Oev ptropei va eival 100% akpiBng. e TTEPITITWON  AVETTITUXOUG
TPORAEYNG, N diayvwaoTiKA avaAuon kaBioTatal Bacikd epyaleio yia Tn Afjyn améeacng 6oov
agopd otn ouvtpnon. H diayvwoTikp avdAuon PonBd etmiong oTn PeAtiwon TG
TTPoyvwoTIKAG. O1  TTANPOQPOpPIEG, TTOU TTPOKUTITOUV PECW TNG dIayvWOTIKAG  avaAuong,
MTTOPOUV va OUuVvTEAEOOUV OTnNV Kataypa®r okpiBéoTepwy Oedopévwy yia cuuBdavra,

Tapéxoviag TN  duvatdtnTa  avdmtuéng KaAutepou poviédou EBAK, 10 oToio Oa
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XPNOIYOTTOIEITAI yIa TN ouUVTAPNOoN pnxavnudtwy BAacel TNG TPoyvwOoTIKNG @IAocogiag. TEAOG,
ol dIayVWAOTIKEG TTANPOYOPIEG PUTTOPOUV va XpnoiuoTroinBouv wg avaTpo@oddtnaon yia Tov

ETTAVOOXEDIATUO TOU CUCTANATOG.

3.3 [poyvwoTiki AvaAuon kai YAZ.

H ®pacTtnpidtnta TNg ouviipnong ouvoudlel did@opes UeBOdOUG, epyalcia Kal
TEXVIKEG YIA TN PEIWON Twv dATTAVWY ouvThpnong, auidvovtag TapdAAnAa Tnv aglotioTia, T
OIaBeCINOTNTA KAl TNV AOQAAEI0 TWV pnxavnuaTtwy. Kard tn diadikacia Tng ouvthpnong
ouvnBwg vyivetar AOGyog yia avixveuon BAapwv, didyvwon aoToXIwyv,  avatTugn g
OTPATNYIKAG avTidpaong (€TTIAOY TwWV EVEPYEIWV TNG BIOIKNONG TT.X. EPAPHOYN TTPOANTITIKAG
N/kal dI0pOWTIKAG PIAOCOPIOG CUVTAPNONG) KAl EVEPYEIEG TTPOYPAUMATIOUOU.

Ta TTpoava@epBbEvTa BANATA AVTIOTOIXOUV OTNV AVAYKD, TTPWTOV, Va Yivouv avTIAnTITa
Ta @Qaivopeva, OeUTEPOV, KATAVONTA Kal TPITOV, VA OKOAOUBNOOUV Ol OWOTEG EVEPYEIEG.
QoTo00 cival TTPOTINETEPO, AVTi VA Yivel avTIANTITO éva QAIVOUEVO TTOU EPPAVICETAI WG aoToXia
META TNV €kOAAWOT] Tou, va TTpayuartotroindei pia TTPORAewn TNG €kONAWONAG TOU WOTE va
TTpaydaToTroinBouv  éykaipa  OlopBwTiKEG  evépyele. H  diadikacia autr opiletal  wg
mpoyvwaTikr diadikacia (Dragomir, O.E., Gouriveau, R., Dragomir, F., Minca, E., Zerhouni,
N, September 2009).

H 1mTpoyvwoTiK avdAuon eival yia TToOAAG uttooXopevn dpacTtnpidTnTa CUVTAPNONG,
KaBWG EMTPETTEI O€ TTAPAYWYIKA CUCTAUATA va BEATIWOOUV TNV ao@AAEIa Kal va oxedIAoOUV
Kal TTpoypauuaTioouv pia emrtuxnuévn dladikaoia cuviApnong, HE ammwTepo OTOXO va
TTEPIOPIOOUV TO KOOTOG CUVTHPNONG KOl TO MR AEITOUPYIKO XPOVO  TwV pPNXavnuaTwyv
(Brotherton T, Jahns G, Jacobs J, Wraoblewski D, 2000).

H umdéyn avdAuon avagépetar g€ pia peBodoloyia, TTOU ETTIKEVTPWVETAI OTNV
TTPORAeWn TOU Xpdvou, OTOV OTTOI0 £va ouoTnua ) éva oToixeio Tou dev Ba cival og BEon va
ekTeAéoel TTAEOV TNV TTPORAETTONEVN AsiToupyia Tou. AuTr n aduvapia AsiIToupyiag TTPOKAAEiTal
ouvnBwg ammdé Mo aoToXia, TEPa amd TV OToia TO cuoTnua Ogv UTTOPEl TTAéOV va
XpnoigotroinBei yia TNV €miTeUn Twv €mMBUPNTWY OTOXWwv. Katd aut tnv £vvoia, o
TTPOBAETTOPEVOG XPpOVOG yiveTal N YAZ TOU OUCTAPATOG ] TOU OTOIXEIOU, MIG onUAVTIKA évvola
oTn diadikacia AQYng ammo@Aacewy yia TNV aTToQuyr dUCXEPWY KATAoTACEWY. H TTpOYyVWOTIKNA
avaAuon TTPoRAETTEI TNV PEAAOVTIKA £TTiIGOCN €VOG CUCTANOTOG, AgIOAOYWVTAG TNV £KTACN TNG
atroKAIoNG 1 @BOPAG evOg OTOIXEIOU TOU, O OXEON ME TIG AVAUEVOUEVEG KAVOVIKEG TUVONKEG
Agitoupyiog Tou. H emoTtAun TG TpoyvwoTiKAG PBaciletar otnv avdAuon Twv TPOTTWVY
aoToxiag, oTnv avixveuon TTPOdPOUwWY OnuEiwv @BOPAG Kal yApavong Kal OTIG OUVOAKEG

aoTtoxiag. Autd Ta Tpodpoua onueia cuoxeTiCovial pe éva POVvTEAO €EENIENG TNG PBOPAg
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TapéXovtag Tn duvatoTnTa XPAong TngG TTPOYVWOTIKAG avdAuong até Tn gihocogia ZBAK
(Pecht M.G, 2008).

H mTpoyvwoTiKA avaAuon mTpéTrel va Baacifetal o€ KpITApla agloAdynong kabwg Ta opia
AeIToupyIKAg Cwn¢ egapTwvTal TG00 atrd TN duvaToTNTA CUVEXIONG AsITOUpYiag Tou idlou Tou
OUCOTAPATOG GO0 KAl ATTO TIG AVANEVOUEVEG ETTIOOCEIS TOU. H TTpOoYyVWOTIKY avaAuon PTTopEi va
XwploTei oe dUo dpdoelg: Tnv TTPORAeYWn NG €EENIENG MIOG KATAOTAONG O€ Hia dedouévn
OTIYMA KAl TNV €KTiUNoN Kal agloAdynon Twv EMTITWOEWV TNG TTPOPRAETTONEVNG KATAOTOONG
XPNOILOTTOIWVTAG TTpoKaBopIouéva onueia avagopdg (Dragomir O, Gouriveau R, Zerhouni N,
Dragomir F, 2007).

H YtroAeimméuevn Aciroupyikn Zwr) (YAZ).

Mia Baoikh évvoia TnNgG TTPOYVWOTIKAG avaAuong cival n YAZ, dnAadr] T0 atmmoTéAecua
TTOU TTapdayeTal ammd évav TTPOYVWOTIKO aAyopiBuo Kal To oTroio Trepiypdgel ouvABwg Tnv
Kartavour Twyv moavwyv Xpovwv eu@aviong actoxiog oTtov €ComAiopd. Znv eikéva 3.2

atreikovi¢ovTal ol BacikES £vvoieg TG YAZ.

1
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Eikéva 3.2: H YtroAermmréuevn Acitoupyikry Zwn (YAZ) (Byington C.S, Roemer M.J, Thomas G,
2002).

20hQwva Pe TNV uttown €ikéva, OTo XPOVo TrpayudatoTroinong Tng TTPORAewng
(prediction time - tp), dNUIOUPYEITAI PIA EKTIUNON TNG TTUKVOTNTAG KATAVOUAG TTBaveTNTOS TNG
YAZ. NapBdvovtag wg dedopévn TNV eKTipnon g YAZ, TTpOKUTITEl TO ETTOPEVO EPWTNHA, TO

oTToi0  ag@opd oTov KATOAANAGTEPO XPOVO yia Tnv TIPAYHOTOTIOINON Tng OIopOWTIKAG
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ouvtpnong. Idavikd, pye 10 xpodvo TTou Ba emmAgyei yia TNV €kTéAeon Tng ouvTtrpnong Ba
QTTOQEUYETAI N QOTOXIO TOU PNXAVAUATOG £V TTAPAAANAQ Ba PEYICTOTTOIEITAI N AEITOUPYIKA
Oldpkela NG CwnNg Tou. QOoTdOO, AUTEG OI  OTTAITACEIS €ival OAANAEEOPTWHEVEG KAl KATA
OUVETTEIA, N €TTIAOYR TOU BEATIOTOU XPOVOU EKTEAEONG TNG CUVTHPENONG YiVETAI CUVHBWG YEow

Miag peBodoloyiag dlaxeipiong TnG €TIKIVOUVOTNTAG.

3.4 MéBodol ExTipnong Tng YAZ.

To TTpwTo BrPa oTov UTToAOYIOUO TNG YAZ, NETA TOV KABOPIOHO TOU INXAVIANATOG OTO
oTT0i0 Ba Yyivel n YEAETN, cival n €IAoy TNG TTAoV evOedEIYUEVNG TEXVIKAG TTapAKoAoUBnong
avaAoya e Tov TUTTO TOU.

O1 mBavég TeXVIKES TTEpIAaUBAvouV TNV avAAuon TaAavTwoEewy, TN Bepuoypagia, TNV
TpIBOAOYia, Tn QaouaTiky avadAuon ehaiou KATT. H emAoyl Twv TeXVIKWV Ba emTPEWE! TN
OUAN\oyr] Oedopévwy  OXETIKA HE TIG QUOIKEG METABANTEG (Beppokpacia, Trieon, pon,
TAAQVTWOEIG, 1EWOES, NAEKTPIKI TAON, AKOUCTIKA KUPATA K.ATT.) TTOU Ba TTpETTEl va avaAuBolv
yIO va eKTINNBEI N YAZ.

Ta Oedopéva  OUANEyovTal  XPNOIMOTTOIWVTAG aIoBNTAPEG TOTTOBETNUEVOUG  OF
OUYKEKPIMEVA OnuEia Twy pnxavnudatwy, evw PETA Tn CUAANOYRl TOUG €ival aTTapaiTnTo va
QIATpapIoTOUV, ETTEION TIG TTEPICOOTEPES POPEG, elodyeTal B6pufog ammd 1o TTePIBAAAOY, aTo
oTToio XpnaolgoTrolgital To pnxdvnua. O B86puBog peTaBdaAAel Ta kataypagévia dedopéva,
TIPOKAAWVTOG E0QAAPEVA ATTOTEAEOUATO.

EKTOG o116 TO QIATPAPIOUA, TTPETTEI VA YivOuV £TTIONG Kal TO £ENG:

E¢aywyn 1810TATWY ZUoTAUATOG:

1. Evrommopdg poTiBwy ota Tpwroyevr) dedopéva.

2. YTTOAOYIOHOG apiBunTIKwV TTANpogopiwy atrd Ta dedouéva Kal dnpioupyia-eEaywyn
vEWV 1I810TATWY TToU TBavOv va BonBroouv oTnv akpiBéoTepn ekTipnon Tng YAZ.

EmmAoyA [810TATWY ZUoTHPATOG:

Meiwon Tou apIBPoU Twv IBIOTATWY TOU UTTO WEAETN CUOTAUATOG HEOW  TEXVIKWV
e€opuéng Oedouévwy, OTATIOTIKAG, MNXAVIKAG HABNONG, YEVETIKOUG OAYOPIOUOUG  KATT.
(Gouriveau R, 2011).

2tnv eikéva 3.3 Trapouciddetal éva TTapddeiyua e¢aywyng 1IBI0TATWY atmd éva onua
Tahavtwoewyv. Metd Tnv kataypagr), avdAuon kal emeEepyacia Twv  OUAAEXBEVTWV

TTPpwTOYyEVWY Oedopévy, TIPAYUATOTTOIEITAI MIa dlayvwoTIK avdAuon Tou UTtd HEAETN

HNXavVAPATOG.
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Eikéva 3.3: E€aywyn I8iotATwY ammod ZApa Taldviwong (Gouriveau R, 2011).

O o16x0¢ NG dlayvwaoTIKAS avaAuong gival va TTPoadIopIoTEl N TPEXOUCT AEITOUPYIKN
KAaTdoTaon TOU PNXavAMaTog Kabwg Kal av UuTTdpxel kKatrola aoToyia f ducAsitoupyia. H
O1dyvwaon duoAsIToupyiwv PECw aAyopiBuwy €xel oxXedlaaTel yia va uttoAoyilel TG TTIOOCEIG
TOU CUCTAMATOG, va eAéyxel Ta eTmimeda @Bopdg Kal va avayvwpilel BAGBRes (I aoToxieg),
Baoifouevn o€ aAAayég OTIC KOTAYPOPOUEVEG QUOIKES 1810TNTEG. ETTiong TTpoodiopilel 1o
uTTooUoTNPO A TO €EAPTNUA, TO OTTOI0 OUCAEITOUPYEI KAl TOV OUYKEKPIUEVO HNXAVIOUO
aoToyiag TTou éxel ekdnAwBei (Shane Butler, 2012). Metd mn didyvwon Kal Tov KaBopIoPo TNG
AEITOUPYIKAG KaTAoTAONG TOU WNXOVAMATOG, Ol TTEPICOOTEPOI UTTEUBUvVOl ouvtipnong Ba
NBeAav va yvwpifouv TTOTE TTPETTEI VO OTAPATHCOUV va TO XPENOIYOTIOIOUV, KATI TO OTTOI0
amaitei TNV ekTipnon Tng YAZ. Omwg Ttpoavagépbnke, yia Tnv  ekTignon mg YAZ
XPNOoIJoTToIEiTal N TTPOYVWOTIKA avdAuon. H trpooéyyion utropei va Bacifetal 010 QUOIKO
MovTENO, o€ KaTaypa@dueva dedouéva, og uTTEIpia i o€ Pia UBPIBIKN TTPoatyyion (N uBPISIKA
TPOCEYYION CuyXwvelel oToixeia Twv GAAwv TTpooeyyioewv). To TeAeuTtaio Brjua, TTOU
eKTEAEITAI META TNV eKTiNNON TNG YAZ, gival n Ajyn P0G o€1pag atro@AcEwWwY ava@opIKAa YE TN
OuvéXIon TNG XPAoNG KaBwg Kal Tng ouvTipnong Tou Ba Tpétel va ekTeAeoTel BAOEl TOU
€idoug Tou pnxaviuarog. Eivalr cagég o1 oI arro@AcEI QUTEG €ival TTOAU ONUAVTIKEG YIO TV
e€oikovounon k6oToug. Qg €k ToUTOU, MIa KAAr ekTipnon Tng YAZ eivai kpioiun (Uday Kumar,
Diego Galar, 2017).
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3.4.1. ExTignon Tng YAZ pe Xpron ®uoikwv MovtéAwv.

Ta @uoikd MovTéAa XapakTnpifouv TTOCOTIKA TN CUUTIEPIPOPAE MdIaG aOoTOXiag
XPNOIUOTTOIWVTAG QUOIKOUG vOPoug. AuTd onuaivel OTi TTpETTEl va £XOupe BaBid yvwon
OXETIKA JE TN CUPTTEPIPOPE TOU CUOTAMATOG TTOU PEAETATAL. Ta QUOIKG POVTEAQ EKTIMOUV TNV
YNZ €vOg pnxavAuatog ue Tnv €mmAuon €EI0WOEWYV N ME €va VIETEPUIVIOTIKO OUVOAO
€CIOWOEWY TTOU TTPOEPXOVTAI ATTO KATAYPOPEVTA EUTTEIPIKA dedouéva. Opiopéva atrd autd,
OUAAEyOVTAI JE XPrON KOIVWV ETTICTAMOVIKWY KAl HNXAVIKWY YVWOEWY, VW GAAa GUAAEyovTal
MéOW €1dIKWV TTEIPAPATWY O€ €PYACTAPIO N OTO TIPAYMOTIKO TTEPIBAAAOV AgiIToupyiag Tou
MnXaviuaTog.

Ta QUOIKA PHOVTEAA YIa TRV eKTIUNON TNG YAZ €VOG OUYKEKPIMEVOU CUCTHHOTOG TTPETTE
va TTPocdIopifouv Wia 1 TTEPICOOTEPEG OUYKEKPIUEVEG TTAPAUETPOUG TOU CUCTAMATOS (TT.X.
OKPIBEIC PUOIKES 1B10TNTEG, PUBUOUG dIARPWONG, OTABEPES £E1I0WOEWV KATT). AUTA T JOVTEAQ
TePIYPAQoOVTal YEVIKA e U0 TPOTIOUG: TTPWTOV, XPNOIMOTTOIDVTOG OUVOUIKEG OIaPOPIKES
eflowoelig Tou Lagrange 4 Tou Hamilton A pepikéG OlagopikéG egiowoelg (PéBodol
TIPOCEYYIONG TTOU £QAPUOLOVTAl OE PEPIKES DIAPOPIKES EEICWOEIG, KATAVEUNKEVA PHOVTEAD KAl
GAAeG TEXVIKEG). AeUTEPOV, XPNOIMOTTOILVTOG HEBOBOUG avAAuong TOU XWPOU KATAOTAONG
(dnA. xwpig diagopikés eglowoelg) (Vachtsevanos G, Lewis F, Roemer M, Hess A, Wu B,
2006).

Metd TOV TTPOGOIOPIOUG TOU QUOIKOU MOVTEAOU, Ol METPRAOEIS TwWV aloBnTApwv
OUYKpPIVOVTal PE TA ATTOTEAEOUATA TTOU TTPOKUTITOUV OTTO auTd Kal utTtoAoyileTal n diagopd
METAEU TOUG. 2TO onuEio auTo yivetal n uTTOBeon OTI HEYAAEG Bla@opEég UuTTOdNAWVOUV aoToXia
1l BUCAEITOUPYIQ, EVW PIKPEG EPPAVICOVTAl O KAVOVIKEG OUVONKEG | WG atmoTéAeopua Bopufou
N opaApdtwy povrehotroinong. (Uday Kumar, Diego Galar, 2017).

O ekmpAoeig 1ng YAZ Bacifovial o€ TPOROANOPEVEG OTO QAVAPEVOPEVO PEAAOV
oupTTEPIPOPEG duOAeIToupyiag. MNa va ouykpoTnBEi pia QUOIKN €IKOVa TOu JOVTEAOU aoToXiag,

Ba Tpétmel va TTpocdiopicBoUuv Ta akOAouBa XOAPOKTNPEIOTIKA PE Ta ouvaen emimeda

BeBaidTnTaC:

. 2U0voAo TmBavwy KaTaoTdoswy ekkivnong BAGRNGS yia TIG oTToieg atrairouvTal JOVTEAQ
OUMTTEPIPOPAG.

. 2upTTEpIPopd o€ TBavd / TUTTIKA €Upn AsIToupyiag.

. 2UMTTEPIPOPG UTTORABIONG TNG AEITOUPYIKAG KATAOTAONG.

. 2x€on PeTagu PETPACEWY TUTTIKNAG AEITOUPYIAG Kal CUPTTEPIPOPAS UTTORABIONG.

. Métpnon Bopupou (Sikorska J.Z, Hodkiewicz M, Ma L, 2010).

Mepikoi pnxaviopoi acToxiag yia TOug OTToiouG €XOUV avaTtrTuxBei QUOIKG HOVTEAQ

TepIAaUBAvouUV TNV KOTTWON, acToXia AOyw uttep@oOpTiong, O1dBpwaon Kal heTaBacn amo
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OAkiun oe wabupnh Bpauvon. Kartd tnv eétaon Twv emdpdocwy oTa UAIKA OI PNXaviouoi
QoTOXiag UTTOPOUV va XwpIoToUv a€ dUO KATNYOPIEG:

H mpwtn karnyopia Bewpeital n acTtoxia utrd katamévnon. H Trepimrwon auth
oupBaivel 6Tav 1o QopTio KATATTOVNONG UTTEPRAiIVEI TNV AVTOXH TOU UAIKOU, eV DEV UTTAPXEI
HOKPOTTPOBEOUN €TTIdOPAON META TNV aTTOPAKpUVON Tou @opTiou. Mapadeiyyota autAg TG
Katnyopiag TepIAapBavouy v wabupn Kai TRV OAkiun Bpadon.

H OelTtepn Katnyopia ava@épeTal 0€ QOTOXIEG Ol OTToiEG TTPOKOAOUVTAl OTTO [N
QVAOTPEWYIPESG, OCWPEUTIKEG POOPEG, TTOU dev avalpoUuvTal OTAvV AQAIPEITAl TO QOPTIo, OTTWG
T.X. pWYHN Adyw KOTTWwOoNG, dIdRpwaon, pwypn Adyw KOTTwong utrd diIdBpwaon Kal EPTTUCHOG.
2€ QUTH TNV TTEPITITWON, OTAV N CWPEEUTIKA PBopd @TACEl O€ Eva CUYKEKPIPMEVO OpIaKkd onpeio,
Ta Kavoviké @opTia Asitoupyiag utrepBaivouv TV avTioxr Tou UAIKOU Kal wg €K TOUTOU
akoAouBei aoToyia utrd katatrévnon (Blischke W.R, Murthy D.N, 2000).

MNa va éxel T duvatéTnTa £va QUAOIKO JOVTEAO TTPORAEWNGS, va aTTeikovioel Ta didgpopa
€idn aoToyiag, Ba pETTEl va gival o€ BEon va aTTOTUTTWVEL TNV TpExouoa katdaTtaon @Bopdg
KaBwg kKal To pubud €CENIENG TNG UuTTO OAeg TIC Ouvlnkeg Acimoupyiag. QoTtdco, OTAV
avapePOPOOTE O O0TOXiEG UTTO KaTaTdvnon, €ival atrapaitntn Puévo n TTapakoAoudnon Tng
TPEXOUOAG AEITOUPYIKAS KATAOTOONG WOTE va TTPOCOIOPIOTEl O AUECOC KivOUVOG aaToyiag
MEOW MIaG OTOXOOTIKAG avaAuong Tng e€€ackouuevng OUVAPNG KOl TWV KOATAVEUNHUEVWV
@opTiwv (Todinov M, 2005). Ztnv Tpdagn, otav oulnTdue yia TN CUUTTEPIPOPA €VOG
eCapTAuaTog, PTTopEi va yivel ekTipnon g YAZ uévo Katotrv Tou TTPocOIopIoHoU Twv
mlavwy TUTTwV caoToXiag. To KUPIO TTAEOVEKTNUA aAUTAG TNG OpAdag HOVTEAWV €ival n
ouvaToTNTa EVOWMATWONG TNG TPEXOUOOG KATAVONONG TWV QUOIKWY KNXAVIOUWY TNG
aoTOXiag, N OTToia €XEl YiVEI QVTIKEIMEVO EKTEVWV KAl €CAVTANTIKWY EUTTEIPIKWYV dOKIWYV. Q¢
TaPAdelyua ava@épovTal Ta JOVTEAQ UTTOAOYIOHOU TnG Taxutntag d1ddoong pwydwy. TN
OUYKEKPIYEVN TTEPITITWON, N TaxUuTnTa d1ddoong PWYHWY AOyw KOTTWoNG OTa €6aPTAMATA
KUPiwV UNIKWY, OTTWG Ta €dpava, Ta ypavadia, ol AEoveg Kal Ol TITEPUYEG TWV AEPOCKAPWV,
uttoAoyiZeTal agou An@Bouv uttdown dIA@opPOoI TTAPAYOVTEG ETTIPPONG, CUNTTEPIAAUBAVOUEVWY
TWV KATAOTACEWVY QOPTIONG, TIG 1810TNTEG TOU UAIKOU, Tn Bepuokpaaia, Tn AiTravon Kal AAAEG

TTEPIBAANOVTIKEG OUVOAKEG.

3.4.2. ExTigynon ¢ YAZ pe Xprion AedopevokevTpIKwY MovTéAwy.

MNa tnv ektipnon ™¢ YAZ pe xprion POvTéAwvV OedOUEVWY  XpNnolIoTTrolouvTal

aAyopiBuol, atrd Toug OTTOIoUG Ol TTIO KOIVOI TTEPIYPA@OVTal aKOAOUBWG:
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CpappikA MaAivépdunon.

H avdAuon ypapuiknig TTaAivopdunong XPNoIKOTIoIEl Ta KaTayeypauuéva dedouéva yia
va TTPoodIoPIcEl TIGC OUVAPTNOIOKEG OXEOEIG, £POOOV UTTAPYXOUV, WETALU TOU WETPROIKOU
QTTOTEAEOPATOG KAl TWV WETARANTWY TToU CUPPBAAAOuv o€ autd To amoTéAeopa (TT.X. TO
TPOCOOKINO (WG TO avOPWTTOU gival TO ATTOTEAEOHA, VW N AOKNON Kal n diaTpo@r gival ol
MeTaBANTEG TTOU OUPPBGAAouv o€ autd). O Neter (Neter J, Kutner M.H, J Nachtsheim C,
Wasserman W, 1996) trpoTteivel éva TTAQicI0 XpAONG MIAG OTATIOTIKAG OXéOong yia Tnv
TPORAewn ™G YAZ evdg punxavpaTtog. To YeVIKO POVTEAO YPOUMIKAG TTAAIVOPOUNONG, TTOU
TTpoTEivel, diveTal atro Tov akdAouBo TUTTO:

Yi=Bot+ B X1+ BXi2+ ... ¥BpuXip1t €, I=1,2,...,n
otTou Y; gival pia Tuxaia PeTaBANTA TTOU UTTOdNAWVEl TNV TIMA TNG i-00TG dOKIUAG, Bo, B,
B2,....Bp-1 €ival EKTIHWHEVEG TTAPAUETPOI, X1, Xi2, ... , Xip1 €ival O TIUEG TwV MPETABANTWV
oUMBOAAG Kal € gival To Tuxaio o@aAua pe péon Tiun 0, dlakuyavon o? kol ouvdlakUuavon
0. H avdAuon ypauuikAg TTaAivdopdunong uttoAoyicel TIg TTapapéTpous Bo, Bi1, B2,....Bp1 ME
OTOX0 va Bpebei Eva avTITTPOOWTTEUTIKO POVTEAO [ouvdapTnon Y(X)] XPNOIUOTIOIWVTAG TN

MEBODBO TWV EAAXIOTWV TETPAYWVWV.

Texvntd Neupwvikd AiKTua.

‘Eva Texvntd Neupwvikd Aiktuo (TNA) cival Baoikd éva mTpoypauua (aAyopiBuog)
NAEKTPOVIKOU UTTOAOYIOTH], OXEBIAOHEVO VIO vO TTPOCOMOIWVEI TOV TPOTIO €TTeEepyaaiag
TTANPOPOPIWV TOU AVEPWTTIVOU EYKEQAAOU. XPNOIPOTIOIWVTAG TNV évvola TNG NABnong péow
NG eutreipiag, éva TNA OUYKEVTPWVEI yvwaon Kal avayvwpilel akoAoubieg Kal oxEO€IG aTa
oedopéva. H dourh Tou TNA atroTeAeital atrd €va UTTOAOYIOTIKO HOVTENO, TTOU TTEPIEXEI Evav
apIBud TEXVNTWV VEUPWVWY, Ol OTIoI0I OUVOEOVTOl ME YVWOTOUG OUVTEAEOTEG, TTOU

ovouadovrtal Bapn. ZTnv €ikova 3.4 Tapouaiaderal n doun evog TNA.
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X; ‘ W;
-

f2(X1,W1)

Eikéva 3.4: ApxitekTovikA TexvnTtou Neupwvikou AikTuou (Uday Kumar, Diego Galar, 2017).

Ta orfjuata €106d0ou Xi, Xz, ... Xn 01adidovral pécw Tou BIKTUOU WE Ta Bapn Wi, Wo, ...
W , T OTTOi0 QvTITTPOCWTTEUOUV T OUVOEoH WETALU TNnG €10660u Tou TNA Kal KPUPHEVWY
VEUPWVWYV. Ta ocuvduacouéva onuata €ic6dou Kal Ta Bapn TTepvolv Péow Hiag diadikaoiog
EVEPYOTTOINONG YIO TNV TTapaywyr NG TIUAG €¢6dou Tou TNA (Yk) (Agatonovic-Kustrin S,
Beresford R, 2000).

Ta TNA €éxouv e@apuooTei eupéwg oTtnv TIPOPAswn xpovooelipwy. To HovTéAo
TTPORAeWNS xpovooeipwy xpnolyotroiei éva TNA kal éva peTakivoUuuevo TTapdBupo yia Tnv
akoAouBia eic6dou. Na 1n dnuioupyia TTPORAsWNS TTOAAWYV oTadiwyv, TO JOVTEAO XPNOIKOTTOIE
armoteAéopaTta  TTPOPAeWnG ammd To TTponyoupevo  Brua, emmavalaupdavovrag Tnv idia
UTTOAOYIOTIKR S108IKOCIiA, HEXPI TO ATTOTEAEOUA VA TTPOCEYYIOEI TNV avapevouevn Tiun (Tan Y,
Van Cauwenberghe A, 1999).

H diadikaoia TnG TTPOYVWOTIKAG avAaAuoNg ETTITUYXAVETAl UTTOAOYICovTag apXIKG Tnv
mOavOTNTA QOTOXiAG TOU CUCTAUATOG O€ OUuvAPTNON ME TO XPOvo, PACEl TOU HOVTEAOU
TTPOCBIOPIOUOU  TNG AEITOUPYIKAG KATAOTAONG. ZTn CUVEXEIQ oI TTBavOTNTEG aOoTOXiag
TTpo&AAovTal oTo péEANOV pE Tn xpron evog TNA. lMNMpokeiyévou va KATtaoTei duvaTh n xpron
evog TNA, pétrel va An@Bouv utrdéyn Kai va KaBopIioToUVv TPEIG AKOUN BOCIKEG TTOPAUETPOL:
O apiBUOG TwV KPUPWV ETTITTEOWY VEUPWVWY, N ETTIAOYA TWV CUVAPTACEWV EVEPYOTTOINONG
Kal 0 OUVOAIKOG apIBuOG Twv veupwvwy. Aedopévou OTI Eva JOVO KPU@O €TTITTESO PTTOPET VO
uTTOAOYiOEl MIa OPoIdUOP®N TTPOCEYYION OTTOINOdNTIOTE CUuveEXOUG ouvdaptnong (Sun Y,

Babovic V, Chan E, 2010), n mpoteivépevn apxitektovik) TNA atroteAeital atmd Eva eTmitredo
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€10000U, éva Kpu@o eTTimedo Kai €va emimedo €E6Oou pe évav veupwva e€Eddou. MNa va
€1I00X0El YN YyPAPMIKOTNTA OTO MOVTEAO OIKTUOU E€ival avaykaia n Xprion un YPOMMIKWY
OUVOPTACEWY evepyoTroinong. ETmiong utmopouv va XpnolgotroinBolv  AoyapiBuIkéG Kal
TPIYWVOUETPIKEG CUVOPTAOEIG YIA TN dnUIoUpyia CUVOUACUWY CUVAPTAOEWY EVEQYOTTOINONG
atTéd TO £TTITTEDO €I00BOU OTO ETTITTEDO £EODOU.

O kaBopioudg Tou aPIBUOU TWV KPUUHMEVWY VEUPWVWY €106d0u, HATav TTavra éva
TPORANUa Katd TNV e@appoyh Twv TNA, KaBwg n €TIAoYr EVOG MIKPOU apIBUOoU KPUPHEVWV
VEUPWVWV TEIVEI VO TTOPAYEI aQvakpIPr] aTTOTEAEOUATA, EVW O PEYAAOG apIOUdG augdvel Tov
Kivdbuvo Tng UTTEPPOAIKAG TTPOCAPPOYAG OTa UTTApXOovTa Oedouéva HPE ATTOTEAEOPO vd
TTEPIOPICETAI N IKAVOTNTA yevikeuong Tou aAyoépiBuou. TeAikd, n €TTIAOY TNG APXITEKTOVIKNG
evog TNA katoAAyel otn PéEBodO TnGg OOKIPAG MEXPI va emmTeuxBei 1O €mMOIWKOUEVO
amotéAecpa (Heaton J, 2008). Ymdapxel pia péBodog emAoyAg yia Tn diadikacia Tng
TTpoava@epOeicag SOKIUAS TTPOKEINEVOU Va TTPOadIopIoOEi 0 apIBPOG Twv VEUPWVWY €10600U
KAl TWV KPUPPEVWYV VEUPWVWY, UE TOV TEAIKO cuvduaaud va e€apTdTal atrd TIC GUVAPTACEIS
gvepyoTroinong. e auti Tn HéBodOo, Ta Oedouéva pABnong Xpnoigotrolouvral yia TNV
ekTTaideuan Tou aAyopibuou, pe emavaAnmmiko TpOTTo, BAua TTPog PAMA, PeTaBAaAlovTag Tov
apIBUO Twv CUVOPTACEWYV evepyoTToinong €10000uU Kal €E000U, €wWG OTOU TO TTAPAYOUEVO
o@daApa Tou TNA va yivel eAdxioTo, uttoAoyI{Ouevo PeE BAoN TO PHECO TETPAYWVIKO CQAAUQ

(Root Mean Square Error - RMSE) até Tov akéAouBo TUTTO:

(3.1)

Rt = [E21 - 5]

OTr0U N, €ival 0 apIBPOG Twv SEBOUEVWV XPOVOOEIPWY, TO X; AVTITTIPOCWTTEUE! TIG TIPAYMATIKEG
TIMEG KAl TO X, QVTITTIPOCOWTTEVEI TIG TINEG OTOXOUG. APOU TTPOODIOPICTEI N APXITEKTOVIKA) TOU
TNA, 10 oUvoho dedopuévwy NaBnoNg XPNOIKOTTOIEITAI yia va eKTTAIOEUCEl TO OIKTUO WATE VA
pubuioel katdAAnAa Ta Bapn. MOAIG oAokAnpwbei n ekTraideuon Tou dikTUOU, Ta Bdpn
oTaBepoTroioUvTal Kal To SikKTUo €ival £Toio va TTpoBAéwel. MNa va yerpnBei n amdédoon Tou
OIKTUOU, XpnoiyoTrolEiTal éva OUVOAO BESOUEVWV ETTIKUPWONG TTPOKEIUEVOU VA OUYKPIOED TO
amrotéAeapa Tou TNA e 1o avtioTolxo avauevouevo (Siti Azirah Asmai, Abd. Samad hasan
Basari, Abdul Samad Shibghatullah, Nuzulha Khilwani Ibrahim, Burairah Hussin, 2011).

2710 onueio auto gival onuavTikd va onuelwdei 611 n TeXVIKA Twv TNA xpnoiyoTtrolgital
ouxvd oTo TTedio TNG I0TPIKAG ETTIOTAMNG Kal €I8IKA yIa TOV TTPOCBIOPIONSO TOU EKTIMWHEVOU
KIvdUvou UTTOTPOTIAG 0€ aoBeveic pe kapkivo. ToAAG 1©puuata Kal 1aTPIKA €pyaoTrpia

XPNOIYOTTOIOUV QUTA THV TIPOYVWOTIKI TEXVIKI] VIO VO TTPOCSIOPICOUV TNV UYEIa Twv aoBevWV.
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Me aAAa Adyia, o1 TTPOYVWOTIKEG TEXVIKEG TTOU XPNOIKOTIOIOUVTAl OTOV TOMEA TNG MNXAVIKAG

MTTOPOUV va EQapPOaTOUV Kal o€ AANOUG TopEIG, 6TTWG N uyEia.

2uoTnuara Acagouc AovIKAC

To veupo acagéc ouotnua (NAZ) (Neuro Fuzzy System - NFS) civar pia
OeDOUEVOKEVTPIKN) PEBODOG, TTOU XPNOIYOTIoIEITAI OTNV TTPORAEWn NG utroBaBuiong Tng
A&IToupyIKAG KaTdoTaong evog pnxaviuatog. To NAZ éxer ciel 6T Eemmepvd Ta CUMBATIKA
TNA otnv akpieia Twv TTpoBAéwewyv. To NAZ XpnoIPOTIOIEITAlI 0TV POVTEAOTTOINCN TNG
OUVANIKAG KATAOTAONG TWV PNXAVNPATWY, ETITPETTOVIAG TNV PE PEYAAN akpifeia TTPORAswn
TNG AEITOUPYIKAG TOUG KatAoTaong. Qotéco, dedopévou OTI n dUVAMIKA KOTAOTAON TOU
MNXAVAUATOG, O€ TTPAYHUATIKEG £QAPHOYEG, AANAlEl Pe TO Xpodvo, To ekTTaideupévo NAZ dev
pTTopei va Trpofei o akpifeic TTPoBAEwelc €dv dev An@BoUv uTTOWN O1 VEEG OUVAMIKEG
KataoTaoelg katd 1 diadikaaia Tng TTPoRAewns. Kabwg o1 ahydpiBuol Tou Bayes utropouyv va
ETTIKAIPOTTOINCOUV TNV KATACTOON TOU CUCTAPOTOG OE TIPAYMUATIKO XPOVOo, HECW VEWV
oedopévwy, 1o NAZ evowpaTwveTal he aAlyopiBuoug Bayes, waoTe va eival duvarr n xprRon
OIKTUOKWY -TTPAYHATIKOU XpOvou- 0£d0oUEVWY, Ta OTToIa XpNaloTTolouvTal Yia Tn BeATiwon TG
akpifeiag Tng TPoRAeywns (Wang W.Q, Golnaraghi M.F, Ismail F, 2004a).

To NAZ cival, ouglaoTIKd, £€va oUCTNUA aca@OoUS AOYIKAG, OTTOU Ol TTAPAUETPOI TOU
ouoTuaTog BeAtioToTroloUvTal péow ektraideuong TNA. H apxitektovikry NAZ tTrapoucidleTal

oTnv Ikéva 3.5.
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Eikéva 3.5: Apxitektovikr) Neupo Acagoug Zuothuatog (NAZ) (Uday Kumar, Diego Galar,
2017).
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To NAZ amoteAeitar amd Trévre  emimeda: €10600u, OuvdlpTNONG, KaAvovwy,
Kavovikotroinong kai €§édou. YTrdpxouv j kKOPPBol ei06dou 01O eTTiTTedo £100d00U. KABe £vag
OXETICETAI JE M TEPUATIKOUG KOUPBOUG OTO €TTITTEdO oUVAPTNONG. 'ETO1, 0 apiBudg Twv KOUBWV
OTO ETTITTEDO CUVAPTNONG €ival | X m, GTTou M dnAwWvEl Tov apIBPsd Twv Kavovwy (Lin C, Lee C,
1996).

3.4.3. EkTipynon 1ng YAZ pe Xpnon Eptreipikwv MovtéAwvy.

Avdaiuon Katavounc Weibull.

levikd, pia TUTTIKA ouvdaptnon katavoprng mmlavotntag Weibull opifstar ammé Tov

akoAoubo TUTTO:
B tip_1 —~F
f(t) = ; (;) e (3.2)

otrou t 20 avrrpoowTelel To Xpoévo, B >0 eival N TAPAPETPOS OxNUATOS 1l KAiong, kal >0
givar n TTapdueTpog KAiakag Tng katavoung. H efiowon (3.2) avagépetal ouvABwg wg
karavoury Weibull d0o tapapétpwy. H kAion g Katavoung -B-, €ivalr TTOAU onuavrTikh,
oedouévou 61 kaBopilel Trola katavoun Weibull Taipiddel i meplypd@el KAAUTEPA T OEdOUEVA
aoToyiag. Acixvel €TTiong TNV KATNyopia TwWV AOTOXIWV OTNV "KOUTTUAN UTTAVIEPAS" OTTWG

paivetal oTnVv €Ikéva 3.6.
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B<1: infant B=1: random f>1: wearout
mortality failures failures

Failure rate

Time

Eikéva 3.6: Katnyopieg Aotoxiwv otnv “KautruAn Mrmraviépag” kai AvrtioTtoixeg TipéG NG
Mapauétpou ZxNuatog (B) (Uday Kumar, Diego Galar, 2017).

H mapdauerpog oxfuarog deixvel av o puBudg acToxiwv auédveral, gival otabepog A
peiwvetal. Av B<1, 10 cUoTnua f To €€APTNUO €XEl PEIOUPEVO puBud acToxiwy. AuTd TO
oevaplo gival TUTTIKG yIa TIG BPEPIKEG AOTOXIEG Kal UTTOBEIKVUEI OTI TO CUCTNMPA 1 TO £EAPTNHO
Tapouoidlel BAGBeg katd Tn didpkela TNG apxIKNG TTEPIGdOU AsiToupyiag Tou (BPePIKEG
BAGBeg). Av B=1, uttdpxel oTaBepdS puBUOGS aoToxiwy. ECaptipaTa TTou €xouv EeTTEPACEl TNV
apxIkn TePiodo, TTapoucidlouv ocuxvd oTaBepd TTOCOOTO aoToxiwyv. Av 3>1, uttdpxel uia
augnon Tou puBuou actoyiag. Auté gival cuvnBIoHEVO yia PnxavAuaTa TTou €xouv @BAcel oTa
TeAeuTaia oTddia TNG AsIToupyIKnG CWAG TOUG.

O1 TTANpo@opicG OXETIKA PE TNV TIMA TOU B gival eEaIPETIKA XPACIUES VIO TNV €QAPUOYH
TTPOYPANPATIONOU CUVTAPNONG ETTIKEVTPWHEVOU OTNV QEIOTTIOTIA KAl TN SIaXEipIon Tou KUKAOU
CWNAG Tou pnxavAuatog, OIOTI UTTOPEI va TTPOCEPEPEl MIO €ERYNCON TOU HNXAVIOWOU Twv
QOTOXIWV KAl VO XPNOIYOTToINGEi yia va TTPoodIoPIoTEl KATA TTO00 ATTQITEITAlI N €KTEAEON
TTPOYPANUATICUEVWYV ETTIDEWPATEWY /KAl YEVIKWYV €TTIOKEUWV. MNa TTapddeyua, eav 1o B cival

MIKPOTEPO A i00 HE €va, OI YEVIKEG €TTIOEWPNOEIG BEV €ival OIKOVOUIKA eTTwW@eAEiG. Edv 1O B
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gival peyaAltepo amd TO €va, TOTE N XPOVIKI TTEPIOBOG EKTEAEONG VEVIKAG 1
TIPOYPAMPATIONEVNG E€TTIBEWPNONG KTTOPEl va KabBopioTei atmeudeiag amd 1o ypdenua n 1n
ouvapTnon TG KAatavoung TTpoodlopifoviag HIa aTTOdEKT) i ETMITPETTOMEVN TTIBAVOTNTA
aoTOXiaG. 2TIG TTEPITITWOEIG TTOU TO PNXAvNUa PBPiokeTal oTo TeAeuTaio 0TAdIO TOU KUKAOU
CwnAg Tou (B>1) kai €dv TO KOOTOG PIAG ATTPOYPANPATIOTNG aoToXiag €ival TTOAU PEYAAUTEPO
ammdé TO0 KOOTOG HIOG TTPOYPOUUATIOUEVNG QVTIKOTACTAONG, TTPOoodIopieTal éva BEATIOTO
XPOVIKO dIA0TNUA AVTIKATAOTOONG WOTE VA TTPOKUTITEI TO EAAXIOTO OUVOAIKO KOOTOG (Zhai L.-
Y, Lu W.-F, Liu Y, Li X, Vachtsevanos G., 2013).

H tapdpetpog KAiakag A dIaoTropdg (n), n OTToia PEPIKEG QOPEG ATTOKAAEITAI
XOPAKTNEIOTIKA  Cwh, QVvTITTPOOWTTEUEl, TO TUTTIKO XPOVIKO O1doTnua AgIToupyiag Tou
MNXAVAUATOG PEXPI VO OOTOXACEI KAl OXETICETAI e TO HECO XPOVO UEXPI TNV acToxia (MTTF).
2tnv avaAucon Weibull, n mapduetpog (n) opietal wg o0 XpOvog KaTd Tov oTroio Ba £xel
aoToxnoel 10 63,2% Twv UTTo e€éTaon ouoTnudTwy ) e€aptnudaTwy (Pasha G.R, Shuaib Khan
M, Ahmed Hesham Pasha, 2006).

2Tnv avdAucon aglommoTiag XpNnoIKMOoTToIouvVTal KUpiwg OUo PéBOdOI TTPOCAPUOYNS TNG
KaTavoung oTa OedOUEVA, HECW TOU UTTOAOYICHOU TWV QVTIOTOIXWYV TTAPANETPWY. AUTEG gival
n péBodoGg exTiynong uéyiotng moavoTnTag (Maximum Likelihood Estimation - MLE) kai n
MEBOBOC TNG TTaAIVOpOUNoNG. H ekTiunon TnG péyIoTNG MOavoeTNTAG TTPAYUATOTTOIEITAlI HEOW
NG avatTuéng piag ouvdptnong mmoavoeTnTag, e Bdon Ta diabéoiua dedopéva Kal TNV eUPECn
TWV TIHWV TWV TTAPANETPWY TNG KATAVOMNG, TTOU PEYICTOTTOIOUV TNV TIUR TNG ouvdapTtnong. H
MEBOSOG TNG TTOAIVOPOUNONG YEVIKA AsITOUPYED KOAUTEPA PE OUVOAQ OEDOUEVWY HE HIKPATEPA
MEYEDN BEIYUATWY, TTOU TTEPIEXOUV HOVO OAOKANPWHEVEG CUANOYEG Bedopévwy (BNA. dedopuéva
OTOa OTroia OAeg oI Povadeg utrtd €&étaon €xouv AEITOUpyAoEl 11 DOKIMOOTEI PEXPI va
aoTtoxrioouv) (Abernethy R.B, 2006).

H mBavétnta aoTtoxiag evdg UAIKOU oTo Xpdvo t, n oTroia €TTiong ava@EépeTal wg
katavoury Weibull i aBpoIoTikr) ouvapTnon KaTavouig moavoTnTag, YTTopEi va TTpoKUYEl atrd
TNV €€iowaon 3.2 Kal EKPPAZeTal WG:

— (4B
F(t)=1—e¢ G (3.3)
‘ET01, n aglomoTia ye Baon tnv kartavopr Weibull oto xpdvo t, n otoia civalr R(t) = 1 - F (1),

opileTal wg:

_(E)ﬁ
Rt)=1—F(t)=e (3.4)
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N OTToix UTTOPEI VA YPAPE KAl WG :

£p
N

?(t) — (3.5)

21NV otroia €dv AoyapiBuicoupe dUO QYOPEG PE TOV QUOIKO AOYApIBUO TTPOKUTITEI N €¢icwon

MIag euBgiag:

In 1n(ﬁ(t)) =BInt — Blnn @36)

H mmapamdvw e€icwon avTirpoowTrevel Pia euBeia ypapun Je TN popen "y = ax + b", émou n
KAion TnG €uBeciag ypauung oto ypaenua eivar 1o B, dnAadn n TapAUETPOS GXAMATOS TNG
katavoug Weibull. Méoa ammd Tov TTOPATTAVW HETACOXNMATIONO, Ta Ociypuata OedOPEVWV
MTTOPOUV Va £QOPUOOTOUV Ot ia kKaTtavour) Weibull kal va uttoAoyIoToUV oI U0 TTaPANETPOI
(B.n)-

O péoog 6pog TG Katavoung TTukvoTnTag meavoTntag Weibull, TTou cuuBoAideTal pe
T, cival 0 péoog XpoOvog peTagy BAaBwv Twv e€apTnuaTwy Kai Sidetal amd Tov akdAoubo

TUTTO:
'I_"=nxf(%+1) (3.7)

otrou [ gival n ouvaptnon I'.

OTtav 10 B=1, 0 Y€oog XPOvog MPETAEU aOTOXIWV I00UTAI YE . ZTnV TIPAEn, OTav
xpnoigotroigital n avahuon Weibull kai To B €ival ico f eAa@pwg peyaAutepo atmd 1, o p€oog
XPOVOG HETAEU QOTOXIWY OeWpPEiTal TTPOCEYYIOTIKA 000G WE TNV XApakTnpioTiKy Cwh (n).
QoT1600, yia B TTOAU peyaAuTtepo ammd 1, 0 PECOG XPOVOG METALU QOTOXIWV TTPETTEL vda
uttoAoyietal oUP@wva Pe TNV avwtépw egiowon 3.7 (Zhai L.-Y, Lu W.-F, Liu Y, Li X,
Vachtsevanos G., 2013).
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KED®AAAIO 4: H Xprion Tng Mnxaviki¢c Maenong otn AiayvwoTiKA

Kai NpoyvwaTikr) AvaAuon.

4.1. Eicaywyn

210 TTponyoUuEva KEQAAQIO TTOPOUCIACTNKAV Ta Béuarta Twv aloBnTApwy Kal NG
OUANOYNG TTPWTOYEVWYV BEDOUEVWV KOBWG KAl N £V OUVEXEIQ XprON TOUg 0T dIAYVWOTIKH Kal
TTPOYVWOTIK avdAuon pE OKOTO Tnv avdamTtuén @iAocogiag ouviipnong pe Bdon tnv
AgIToupyik katdoTaon Tou UuTTd TTapakoAouBnon cuoTANATOG. Z€ auTd To KEQPAAaIO Ba yivel
€0TIOON O€ OPIOUEVEG ATTO TIG TEXVIKEG TTOU aKoAouBouvTal yia TNV €Qapuoyr MGG BACIKAG
MEBOBOU TWV PovTéAwy didyvwaong kal TTPdyvwaong, Ta otroia Bacifovral ota dedopéva, auTh

NG MNXAVIKAG panang.

4.2. H E€aywyn XapaktnpioTikwv Pe TR XpAon Twv lediwv Tou

XpOvou Kal TWV ZUXVOTATWV.

MNa TNV epapuoyn TNG PEBAdOU TNG PNXAVIKNAG HaBnong, cival apxikn TpolTélson n
OuAAoyr IKavoTToINTIKOU apiBuou Kal KaTAAAnAou €idoug TrpwToyevioy dedopévwyv. Ta
oedouéva auTd, apxika eival ouvABwe ouvdptnon Tou Xpovou AeIToupyiag i Twv KUKAWV
KOTTWONG TOU CUCTHPATOG A INXAVAHATOG.

Katd tnv apxikn a&ioAéynon Ttwv uttown Oedopévwy, eival ouvABwg TToAU
uTTOR0oNONTIKG VO YiVEl JIa YPAPIKI ATTEIKOVIOT] TOUG. H ypa@Ikr avatmmapdoTaon OTToTEAE éva
TTOAU OnNUAvTIKO €pyoAeio yia Tnv avaAuon Twv OedoUEVWVY XPOVOOEIPAG aAAd Kal TN
diadikaoia NG TPORAewns. H avatmmapdotaon ouciaoTiKG Eykermal o€ dIodIAoTATN YPOQIKA
QTTEIKOVION TWV TIPOYMATIKWY TIHWV Twv OI1aBéoiywy  dedopévuy wG TTPOG TO  XPOVO
A€ITOUpYiag i} TOUG KUKAOUG KOTTwONG. ATTO Tnv uttown avatrapdoTaon kabioTavral eggavi 1a
TTOIOTIKA XAPAKTNPIOTIKA TNG XPOVOOEIPAg (TT.X. Taon, TuxaidtnTa-66puBog, aocuveéxelEg K.a.)
kai BonBouv otnv avdAuon Kai oTnv €AoY Twv KATAAANAOGTEpWY HEBOdOAOYIWY Kal
EPYOAALiWY, WOTE n TPOYVWOTIKA 1 diayvwaoTiK avaAlucn va egugavifel 1a PEATIOTA
atmmoTEA(éOPATA PE TO MIKPOTEPO O@AAUa. ETITTAéOV N ypa@IKA aTTelkOVIon €VvOEXETAI va
atToKaAUWel akpaieg f/kal uNOEVIKES TIEG Ol OTTOIEG PTTOPET £TTIONG va gival e0@aApéveg. Me
auTé Tov TPOTTO dUvATal Va TTPAYHATOTTOINBOUV evépyeleg I0PBWONG Twv UTTOWN TILWV.

Metd Tnv oAokAfpwon TG avwtépw Oladikaciag eival duvatdv va TTPoXwpnoEl n
oladikaoia eEaywyng TwV XOPAKTNPIOTIKWY Twy 0edouévwy. MOAANEG QopEg, yia TNV Eaywyn
TWV  KATAAANAWY  XOPOKTNPIOTIKWY EVTOTTIONOU KAl ATTOMOVWONG Twv  OUCAEITOUPYIWY,

KabioTaTal avaykaio Ta dedopéva va PETAOXNUATIOTOUV Kal va eK@pacTolVv 0To TTEdio TNG
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ouxvotnTag, €I0IKA OTIC TTEPITITWOEIG TTOU TO UTTO €EETAON MNXAVIKO OTOIXEIO avAKel oTnv
KATNyopia Twyv TTEPIOTPEPONEVWY eEaPTNUATWY (TT.X. TPIREIG, Afoveg, ypavalia KATT).

‘Eva onfua ptmopei va  avatrapaoTtaBei w¢  ouvdptnon Tou  Xpdévou, dnAadn
peTaBaAANeTal avaloya pe To Xpovo. QoTtdoo, autd PTTOPEl £TTIONG VO EKPPAOTEI KAl WG
ouvaptnon TG ouxvotntag, onAadr, €va onua ptropei va BewpnBei pia ouvBeon
OIAPOPETIKWY CUVICTWOWV oUXVOTNTAG. ETTOPEVWG, éva onua £XEl avaTtapacTAoElG TOOO OTO
edio Tou Xpovou, 600 Kal oTo TTedio TNG ouxvoTnTag (Ray A.K. and Bhattacharya B., 2016).

Ta 1media Tou Xpdvou Kal TG ouxvotnTag, gival dUo TPATTOI TTOU XPNCIKMOTToIoUVTal YId
TNV avaAuon dedopévwy. Kal o dUo XpnOIPOTToIoUVTal €UPEWG OTNV NAEKTPOVIKA, OTNV
OKOUOTIKH, OTIG TNAETTIKOIVWViEG KAl o€ TTOAAOUG AAAoug Topuegic (MITx-Circuits and Electronics,
2012).

H avdAuon trediou ouxvotnTag XPENOILOTIOIEITAI O CUVONKEG OTTOU aTTaITouvTal
oladikaoieg OTTWG To QIATPAPICHA, N Evioxuon kKal N ouvBeon. ETriong ival TToAU XpAoIUN aTn
onuioupyia akoAouBiwv atré duadikd wneia otoug H/Y.

H avdAuon xpovikou Trediou  XpnoIMOTIOIEITAI  yia TV KaTavonon  Twv
TTpoavaPePBEVTWY dUAdIKWY aKoAouBiwv wneiwv. ETtiong, mTapoucidlel Tn cuptrepiQopd
€VOG ONPATOC PE TNV TTAPOOO TOu XPOVou, ETITPETTOVIAG Tn Onuioupyia TTPORALWewWVY Kal

MOVTEAWV TTOAIVOPOUNONG VIO TO Cra.

[Nedio Tou Xpodvou.

H avdAuon tou TTediou TOou Xpdvou €&eTdlel Ta dedOUEVA WG TTPOG TO XPOVO i TOUG
KUKAOUG  Agitoupyiag. H  avdAuon Twv nAEKTPOVIKWY ONPATWY, TNG  QAyOpPAoTIKAG
OUMTTEPIPOPAG KAl TwV PIOAOYIKWY CUCTNUATWY, €ival HPEPIKOI TOPEIG OTOUG OTTOIoUG
xpnolpoTtroieital To 1Tedio Tou Xpovou. Na éva NAEKTPovIKO ohua, N avdAucn Tou XPOovIKoU
mediou BaoileTal Kupiwg oTo didypapua Tdong-xpovou. (MITx-Circuits and Electronics, 2012).

‘Eva onfa gival ouvexég o€ pia TTePiodo €Av dev UTTAPXEl OIOKOTT OTO UTTO HEAETN
XPOVIKO dlaoTnua. AvtiBeta, éva ofua Bewpeital dlakpITd €dav AauBAavel Eva TTETTEPACUEVO
ap1Bué Tipwyv. Etiong éva onpa Bewpeital TepIodikod, €dv s(i +T) = s(i),—a<i<a, Omou T
givalr yia otaBepd, yvwoTi wg Tepiodog. Me dAAa Adyia, éva onpa cival TTeplodikd, edv

OAOKANpwvel éva PoTIRBO uéoa o€ €va JETPAOINO XPOVIKO BIdaTnua.

MNedio ZuyvoTATWV.

To T1edio ouxvotnTag civalr pia péBodog avdAuong Oedopévwy, OTnv OTToia, Mia
MaBnuatiky ouvaptnon 1 éva onua PeTaoxnuatifeTar o€ oxéon ME TR METABANTA TNng

ouxvotnTag. H péBodog auth xXpnoIJoTIoIEiTal €UPEWG OE Tredia OTTWG N PNXAVIKNA
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OUCTNHATWY €AEyX0U, N NAEKTPOVIKA Kal TO OTATIOTIKA OTOIXEIA, KUPIWG yia TTEPIOdIKG oruaTa
Il OUVOPTAOEIG, XWPIG autd va anuaivel 0TI dev PTTOPEI va XpnoIdoTToindei yia pn TTepIodiké
onuara.

H mmo onuavtikr évvoia TNG avdAuong TTediou CUXVOTATWY €ival 0 HETAOYXNUATIONOG. O
METOOXNMOTIONOG XPNOIYOTIOIEITAI VIO TH METATPOTIN MIAG oUVAPTNONG Tou TTediou Xpdvou o€
Mia ouvdptnon oTo TTedio CUXVOTHATWY Kal avTioTpo®d. O ouvnBEoTEPOG PETAOXNUATIOUOG
TTOU XPNOIYOTTIOIEITAI OTO TTEDI0 CUXVOTHTWY Eival O HETAOYXNUATIOUOG Fourier.

O Fourier i1oxupioTnKe OTI OTTOIOOATTIOTE KUPATOPOP®N UTTOPEI va dnuioupynoei atrd Tn
ouvBeon NUITOVOEIDWYV KUPATWY, TTEIdN 6Aa Ta ofpaTta £xouv TTedio oUXVoTATWY. ETTOopEVWG,
0 UETAOXNMATIONOG Fourier XpnOILOTIOIEITAI YIO TN UETATPOTIA €VOG ONUATOG OTTOIOUDATIOTE
OXAMOTOG, OTO ABPOoIoHUA €VOG ATTEIPOU APIOPOU NUITOVOEIdWY CONUATWY, TWV OTTOIWV N
avaAuon eival eukoAOTepn. Q¢ ek TOUTOU QUTA n MEBOSOC eival TTOAU xproiun Kai
XPNOIMOTTOIEITAI EUPEWG.

Na Ttnv avdAucn ouvaptioewy Tou XPOVOU XPNOIUOTIoIEITal  €vag  apIBUOG
MOBNUATIKWV PETAOXNMOTIOUWY, Ol OTToiol avagépovTal wg PéEBodor TTediou ouxvoTATwy. Ta
ONuaTa PTToPOUV va METATPATIOUV ATTO TO TTEQI0 TOU XPOvou OTO  TTEdI0 CUXVOTATWY HE
O14@QOPOUG TPOTTOUG, EVW O PETAOXNMATIONOG ival TTavToTe avTioTpéwidog (MITx-Circuits and
Electronics, 2012). Mepikoi Kolvoi peTaoXnUATIOPoi Kal Ta Tedia xpriong Toug eival ol
akéAoubor:

* Ze1pd Fourier, yia eravaAapBavopeva orfuara.

* MeTaoyxnuaTtiouog Fourier, yia pn emavoAapBavépeva onuara.

* MeTaoyxnuaTtiopog Laplace, yia NAEKTPOVIKA KUKAWUATO KAl CUCTARATA EAEYXOU.
* MeTaoxnuaTionog Z, yia dIakPITG GrPaTa KAl yn@lokr €TeEepyacia ofuaTog.

H avammapdoTtaon Tou 1ediou ToU XPOVOU TTPAYUOTOTTIOIEITAI ME YPAPIK) OTTEIKOVION,
TToU OgiXvel HETABOAEG OTO TTAGTOG TOU CANOTOG HE TO XPOVO KOl ITTOPEI VO ATTEIKOVIOTE JE TN
BonBeia evog TTaAuoypd@ou. H oxéon petagl TTAATOUG KOl avTiOTOIXNG OUXVOTNTOG WTTOPEI va
QTTEIKOVIOTEI HECW TNG AvVaTTAPAOTACNG TOU TTESIOU CUXVOTHTWY, N OTTOI0 ITTOPE va TTPOKUYEI
Me TN BonBeia evog avaAuth douaTtog.

Av Kal Ta ammAd nuitovoeidy ofupata pag Bonbolv va KaTavoriooupe Tn dlapopd
METAEU TwV TTEdiWV TOU XPOVOU Kal TwV OUXVOTATWYV (BA. €ikOva 4.1), evioUToIg €XOUV WIKPN
XpNoiuotTnTa otn peTaddoon kal avaAuon Twv dedouévwy, OTTou gival ouvnBNg n eueavion
OUVOETWY onNUATWV TTOU aTTOoTEAOUVTAI OTTO TTOAAG aTTAG nuITovoEidr). OTToI00ATTOTE GUVOETO
oAua PTTopEl va avatrapacTabei amd éva ouvOuaOoPO OTTAWV NUITOVOEIdDWY KUPATWY

Xpnoigotrolwvtag avaAuon Fourier. TNa mapddeiypa, 1o ofpa Tou @aivetal otnv ikéva 4.2,
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gival ouvduaouog BU0 NUITOVOEIdWY KUMATWY We ouxvotnteg f1 kai 3f1 kair ptropei va

TepIypaQei we s(t) = sin(wt) + (1/3) sin 3(wt), OTToOU w = 27f;.
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Eikéva 4.1: Avamapdotaon Huimovoeidwy Znudtwy oT1o [edio Tou Xpdvou Kal Twv

2uyxvotnTwv (Ray A.K. and Bhattacharya B., 2016).
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Eikéva 4.2: AvatrapdoTtacn Z0vBeTwv ZnudTtwy oTo Medio Tou Xpdvou Kal Twv ZUXVOTATWY
(Ray A.K. and Bhattacharya B., 2016).

H ouvdptnon tou mediou ouyxvoTATWY s(f) KaBopilel TIC CUVIOTWOEG CUXVOTNTEG TOU
onpatog. H tepiox Twv €u@avICOUEVWY CUXVOTATWY O€ €va ChPa gival yvwoTh wg TO
QPAouA, TO OTTOI0 PTTOPEI va OTITIKOTTOINGEI pe TN PonBeia evog avaAuth eaopaTtog. H Cwvn
OUXVOTATWY PECA OTNV OTTOIO Eival CUYKEVTPWHEVO TO PEYAAUTEPO PEPOG TNG EVEPYEIAG EVOG
onpatog, kaAeital To eUpog wvng Tou (Ray A.K. and Bhattacharya B., 2016).

MoAAEG kupaTopop@ég O eTaBAANOVTAI OMOAG PETAEU TOU PEYIOTOU KAl TOU EAGXIOTOU
TTAGTOUG TOUG, GAAA £QOOOV AUTEG O avwuoAieg eTTavaAauBavovTal armd KUKAO o€ KUKAO, TO
ofua gival TTEPIOBIKO KAl OUVABWG PTTOPEI va TTEPIYPAPET OTTWG KAl TO NUITOVOEIDN OrPaTA.
TNV TTPAYMOTIKOTNTA, ATTOCUVTIOETAI O€ PIa GUAAOYT NUITOVOEIBWY onudaTwy, Kabéva atrd Ta

oTToia £x€l éva PeTproiIpo TTAATOG, ouxvoTtnTa kai @don (Ray A.K. and Bhattacharya B., 2016).
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Ta kataypa@oueva Oedopéva TOAAVTWOEWY ATTOKTWVTAI OUVABWSG w¢ avaloyikd
ONPaTa XPOVOOEIPWY, TTOU TTaPAyovVTal ATT0 PETATPOTIEIC €mMITAXUVONG 1 TaxutnTag, OTTWG
ETTTAOXUVOIOUETPA 1 WETPNTEG TAXUTNTAG, avTtioToixa. H petardmon, n 1axutnta A n
ETMTAXUVON TWV TOAQVTWOEWV PTTOPOUV VA EKPPACTOUV €iTE OTO TTEDIO TOU XPOVOU, EiTE TWV
ouxvotiTwy. Ta oedopéva Tou Trediou Tou XPOVou Eival AvATTOPACTACEIG TNG QUOIKNAG
Kivnong, 61Tou n Kivnon 1TpoodlopideTal TTOOOTIKA WG Jia TIUA 0€ ouvdpTnon Tou Xpovou. Ta
Oedopuéva Tou TTEDIOU CUXVOTATWY OpICovTal WG TIUEG OE CUVAPTNOTN UE TN CUXVOTNTA.

TNV ava&Auor Tou XPOVIKOU TTEdioU, XPNOIYOTTOIEITAI CUVABWCG EITE TO OTIYMIAIO TTAGTOG
onpatog €ite 0 péoog 6pog Tou, OTTWG TT.X. N pifa péoou TeTpaywvou (RMS). H miyA Tou
OTIYMIQiOU €UPOUG UTTOPEI va TTPOOCDBIOPICTEN ATTO WA PEYIOTN TIUA YIO HIA OPICHUEVR XPOVIK
TEPIndO, €ite WG TIMA 0 £wg PEYIOTO (N PEYIOTN ATTOAUTN TIWA) €iTE KOpUP PE Kopudr (TO
aTTOAUTO GBpOoICHa TWV BETIKWYV KAl apvNTIKWV PEYEBWY KOPUPNG).

2Tnv avdaAuon Trediou OUXVOTATWY, Ta dedOUEVA XPOVIKOU TTEdioU JETaoXnMaTiCovTal
ME KATTOI0 TPOTTO 0€ QPACHA. ZTnV TTPAEN xpPnoidoTToloUvTal JIAPOPES HOPPEC PATHATIKWY
QVATTAPACTACEWY TWV TAAAVTWOEWYV XapnAwv ocuxvotiTwy. Mepikég Baaifovtal o€ ypryopo
petaoxnuaTioud Fourier (FFT) kair dAAeg o€ wnolakd @iAtpa onudtwyv (Uday Kumar, Diego
Galar, 2017).

Efaywyn xapaKTNpIoTIKWY aTTd 10 TTE0I0 TOU XPOVOU.

H didyvwon acTtoxiwyv WETPATAl apIBUNTIKG XPNOIMOTIOIWVTIAS XOPAKTNPIOTIKA Twv
oedopévwy. H didyvwon piag utrdpXouoag aoToXiag yia Ta TTEPIOTPEPOUEVA  £CApPTHHATA
ETTIKEVTPWVETAI OTO XOPAKTNPEIOTIKA TOU TTEdiOU OUXVOTATWY XPNOIMOTTOIWVTAG TT.X. TO
peTaoxnuoTioud Fourier. 10 apyIké oTAdIO TG aAvATITUENG TwY aoToXiwy, N @Oopd moavov
vVa Jnv €ival onPavTiKA Kol Ta CHPOTA TTOU TTPOKAAOUVTAI aTTO aUTH WTTOPED va KaAugpBouv atrd
T0 B6pufo. Ta cAuata TTou TTapdyovTal KAatd Tnv AEIToupyia Xwpic aoToxia Kal he Utrapgn
PO0oPAg BIAPEPOUV WG TTPOG TA OTATIOTIKA XAPAKTNPIOTIKA TOUG OTO XPOVIKG TTedio. ETTopévg
n ouvduacouévn XPAonN XAPOKTNEICTIKWY TOU TTediou Tou xpovou pe AAAa tredia utropei va

BeATiwwoel Tnv akpiBeia Tng didyvwong (Uday Kumar, Diego Galar, 2017).

52
Kiuwv ZipAavrlhic & Aviwviog KaAaoulng



«H avarmruén diayvwoTiKNS Kai TTpoyVWOTIKAS QIA0CoQias ouvinpnons ouvesTwy uaThUATWY
ue v aéiormroinon tn¢ TexvoAoyiac NMAnpo@opikns kai Emkoivwviwy Kai ueBédwv unxavikng
uaénong.»

Feotiire L TR Fe mhiire Dedinifinn
1 Pexk value P [ 175 mam{xi)= min|xi)] fi | Clearmos factor Clf= P
i w i
1 — —_—
t; . | 'l.l'lll'Tl'lJ
2 RMSE RMIS= ||| B T Bingaals & Eaedor Bl = P
if ol B
I|I|'H El"-l I""l:l | 5
rep 1|
¥ | Standard deviation| Sid= | | B | Shope Tactor Shi=  BLMS
U_Er-l I:.'T.;_T:I- 1 -
" = 2wt ¥
L] =
4 Kirtnais ¥elus K= ] Il Plzemnd live likzlihoosd YWk NHLY = H _ N o .
g ELL] MU ¥ s I-I ['L-J _ll'.|l' ma Irn'l 195 NS ine -l" L L I-[II-I f."'-_--\. H..‘-r'
| i
RbIG:
5 | Crost Factor Crf =FoRMS 1% | Beta Pasameher The parsmeiars in beta funchion

Eikéva 4.3: Zuxvd Xpnoigotrolouueva XapaktnploTika Tou lMediou Tou Xpdvou (Fuging Y,
Kumar U, Galar D, 2011).

21nv eikéva 4.3 TapoucialovTal opIoHEVA XOPAKTNPIOTIKA TOU XPOVIKOU TTEdiou, TTou
Xpnoigotroiouvtal ouviBwg. AT auTd, n KUpTwon €ivalr éva onuavtikd Kal OnUOPIAEG
XOPOKTNPIOTIKO, TIOU XPNOIMOTIOIEITAI yIa TR OIAyvwon ACTOXIWV OTIC TTEPIOTPEPOUEVES
punxavég. ‘Eva emiong onuavTikd XapokTnpIioTIKO €ival n kaTtavoun BATa, n oTroia eival pia
€UENIKTN KOTAVOMN Kal T TIEPICCOOTEPA CHPATA MUTTOPOUV VA EKPPACTOUV PECW QUTAG.
Aedopévou OTI 01 TTAPAPETPOI OTAV KaTavoun BriTa yia Ta OrfPoTa KAVOVIKAG Kal uTrd aoTtoxia
AgiToupyiag evog €6apTANATOG dIAPEPOUV, UTTOPOUV va XpnolipgotroinBolv yia Tn didyvwaon
Miog aoTtoxiag (Heng R.B.W, Nor M.J.M, 1998).

4.3. EmAoyr Twv XapakTnpIoTIKWV TwV AEQONEVWV.

2Tnv TTponyouuevn evoTNTa ava@epBnKape oTnv ameikovion Twv OedOoUEVWY OTO
TedI0 TOU XPOVOU Kal TwV OUXVOTATWY KOl OTO HPETAOXNUATIONO TOUG METASU QUTWV TWV
mediwv. O OKOTTOG TOU UTTOWN HETAOXNUATIOPOU gival n dnuioupyia TNG KAatdAANANG Hop®nig
oedouévwy, Ta otroia Ba xpnoinelcouv oTn BIAYVWOTIKA Kal TNV TTPOYVWOTIKA avaAuon. To
Bripa Tou akoAouBei, civar n emAoyrl Tou KATAAANAOU €idoug 1 XOPAKTNEIOTIKWY A

MeTABANTWY (01 0TAAEG evOg TTivaka éTav Ta dedopéva TeBoUV o€ AQUTA TN HopYn).
4.3.1 Baoikég Apxég EtmAoyng XapakTnpIoTIKWV.

‘Evag opiopog TNG €TmMAOYAG XOPOKTNPEIOTIKWY €ival n dladikacia €TmAOYyNG evog
UTTOOUVOAOU OXETIKWV XOPOKTAPIOTIKWY YyIa Xpron oTtn dnuioupyia TTPOYVWOTIKOU N

dlayvwaoTikou povtélou (Brownlee Jason, 2014).
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O oT16x0¢6 BeATiwong TNG yevikeuang, dSnAadn TnNg ammédoong Tou aAyopiBuou pddnong
oTav eiodyovral véa dedopéva, ouyxvd odnyei otn diadikagia €TTIAOYNG XOPAKTNPIOTIKWY,
onAadn oTnV aviXveuon Twv OXETIKWY XOAPOKTNPIOTIKWY Kal TNV amoppiyn Twv AoxeTwyv. H
uTTOWnN ETTIAOYA TTOPOUCIAZEl APKETA TTAEOVEKTHUATA, OTTWG:

- BeAtiwon Tng ammédoong Twv aAyopiBuwy gnxavikng pdénong.

- Karavonon Twv 0edopévwy, atroktnon yvwong Tng diadikaciag Kai
EVOEXONEVWG OTITIKOTTOINCN QUTAG.

- MePIOPICPOG TWV DEDOUEVWY, TTEPIOPIOUOS TWV ATTAITIOEWY ATTOBNKEUONG Kal
mOavr cuuBoAR 0TN Peiwon Tou KOOTOUG.

- Auvatétnta XpAong atTAoUCTEPWY UOVTEAWV Kal OAYyopiBuwy Kal augnon tng
TaxUTNTOG ETTECEPYATIOG.

Or Liu ka1 Motoda TrpoTteivouv pia evotroinuévn amown Tng oiadikaciag €mmAoyng
XOPAKTNPIOTIKWYV, N otroia TrepiAapBavel Ta akdAouba otddia (Liu H, Motoda H, 1998):

- Anuioupyia XapaKTNPIOTIKWV.

- Anpioupyia uTTooUVOAOU XaPaKTNPIOTIKWY (| oTPATNYIKAS avalntnong).

- Opiopog  kpirnpiwv  afloAdynong (m.x. Oe€iktng ouvaeelag 1 akpifeia
TTPORAEWNG) Kal

- BaBuoAoynon kpitnpiwv agloAdynong (i uebddou afioAdynong).

AUO KUpla povTéAa acxoAouvTal Ye TNV ETTIAOYT XapakTnEIoTIKWY: O1 uéBodol QiATpwv
Kal o1 uéBodol evBuhdkwong (Kohavi R, John G, 1997). Ta povTéAa evBUAGKWGNG OTOXEUOUV
oTn PBEATIOTOTTOINON €vOG TTPOYVWOTIKOU BTN WG PEPOG TNG diadikaoiag €TMAOYNG, Evw Ta
MovTéAa @iATpwyv Pacifovial OTa YeEVIKA XOPOKTNPIOTIKA Twyv OedOMEVWY  EKTTAIdEUONG
TIPOKEINEVOU VA €TTIAEXBOUV XOPAKTNPEIOTIKA avegdpTnTa ATTO OTTOIOVOATIOTE TTPOYVWOTIKO
Ociktn. Ta povréAa evBuAdKwaong Teivouv va divouv KAAUTEPO ATTOTEAECUATA, OAAG TA JOVTEAQ
QIATpWV atraITouv cuvnBwg MIKPATEPN UTTOAOYIOTIKY 10X0. OTav utmdpxel €vag peydAog
QPIBUOG XaPAKTNPIOTIKWY, Ol HEB0BOI QIATPWYV gival aTTapaiTnTeG, KABWG éxouv Tn duvatoTnTa
va TTEPIOPICOUV TOV aPIOUS TWV XAPOKTNPIOTIKWY, ONHIOUPYWVTAG £Eva PIKPOTEPO GUVOAO, TO
OTTOi0 €V Ouvexeia PTTOpEl va QVTIMETWTTIOTEl ammd AGAAN Mo okpiBi HéBodOo €TTIAOYNAG
XOpakTnEIoTIKWV (Sanchez N, Betanzos A, Tombilla M, 2007). Ztnv TpaydaTikOTATA, QUTA
gival n Baon yia Toug MO oUyxXPovoug UBPISIKOUG aAyopiBuoug TTIAOYAG XAPAKTNPIOTIKWV.
Autoi o1 aAyopiBuol TTpooTraBolv va eKPETAAAEUTOUV Ta 1I0XUPA onueia kal Twv OU0
mpooeyyioewv (Guyon I, Gunn S, Nikravesh M, Zadeh L.A, 2006). 'Eva TpéBAnua givar va
TTPOCBIOPIOTEI TO PIATPO TTOU TTAPOUCIALEl TOV TTIO OXETIKO OEiKTN yia KAOE TTEPITITWON, KABWg

auTo Oev gival eUKoAo va Bpebei. O1 TTOAEG DIAPOPETIKEG TTPOOEYYITEIG yia TNV agloAdynaon

54
Kiuwv ZipAavrlhic & Aviwviog KaAaoulng



«H avarmruén diayvwoTiKNS Kai TTpoyVWOTIKAS QIA0CoQias ouvinpnons ouvesTwy uaThUATWY
ue v aéiormroinon tn¢ TexvoAoyiac NMAnpo@opikns kai Emkoivwviwy Kai ueBédwv unxavikng
uaénong.»

NG akpiBeiag odnyouv o€ peyadho aplBuo deikTwy kataragng (Guyon I, Gunn S, Nikravesh M,
Zadeh L.A, 2006).

4.3.2. EmAoyni XapakTnpIioTIKwy oTn Mnxavikry Maénon.

2TIGC TTAPOdOCIOKEG TTPOOEYYIOEIG TG MOVTEAOTTOINONG, TO KUpIO CATAMO €ival n
EKTIUNON TWV TTOPAPETPWY VOGS HoVTEAOU TTOU Bewpeital 611 gival akpiBEG, dnAadr Bewpeital
OTI N OIKOYEVEID TWV CUVAPTAOEWYV, EVTOG TNG OTToiag avadnTeital To POVTEAO, TTEPIEXEI TN
ouvaptnon oTtéxo. ZTnv TTPAEN, MIa avaAuon Tou uttd €gETAon @aivopévou odnyei og pia
HaBnuartik oxéon, (Mia ouvaptnon A Pia dIA@OpIKA £Ei0wan) TToU TTEPIEXEI TTAPAUETPOUG, Ol
OTTOIEG €XOUV MIA QUOIKA onuacia kal TTPETTEl va EKTINBOUV atmd Ta KATAYEYPAUMEVO
oedopéva. H eykupdTNTA TWV EKTIMWHEVWY  TIHWYV TWV TTOPAPETPWY TTPETTEI VO agloAoynOEi,
onAadf va uttoAoyloToUv Ta OIACTAMATA EUTTIOTOOUVNG YIA TIC TTOPAUETPOUG. 2€ QUTO TO
oTadI0 OTATIOTIKNAG avAAuong, N EyKUPOTNTA TNG MABNUATIKAG ouvApTnong, Tng OTroiag ol
TTAPAUETPOI EKTIHWVTAI, OEV AU@ICRNTEITAI.

AvTiOETa, OTIC TTPOCEYYIOEIC WNXAVIKAG MABNGONG, N OIKOYEVEIQ TWwY OUVAPTACEWY,
MEOQ OTnV oTToia avadnTeiTal To YOVTEAND, OEV EXEI CUYKEKPIYEVN TTPOTEPN TEKUNPIWON, OTTOTE
TO MOVTEAO O€ TTOAAEC TTEPITITWOEIC dev eival aAnBég. Ta povréAa ptropei va dlagépouv atmo
TTOAAEG ATTOWYEIG, OTTWG TT.X.

- ZUAAoyn METARBANTWYV 1 XAPAKTNPIOTIKWY,

- MoAUTTAOKOTNTA POVTEAOU, TT.X. APIBNOG KpuPwV veupwvwy yia TNA kal,

- APXIKEG TIMEG TTAPAUETPWY A KPITHPIA OIOKOTTAG.

H emAoyA Tou idlou Tou PovTéAOU aTToTeAEl HEPOG TNG OTATIOTIKAG avAAuOoNg Kabwg
amoteAei éva BAMa Tng diadikaciag povteAoTroinong. Katd OuveéTTEla, oI TTAPAPETPOI TOU
MOVTEAOU Oev £XOUV CUYKEKPIYEVO VONUA, OTTOTE N AKPIBEIO TNG EKTIUNONG TWV TTAPAPETPWV
Oev armoteAei ¢ATNUa auTtd kKaBauTd. To TTpayuatikd CATPA gival n IKavOTNTA YEVIKEUONG TOU
MovTéAou, BnA. N IKAVOTNTA TOU VA TTAPEXEI OKPIBEIG EKTINAOEIG TOU UTTO PEAETN TTPOBAAMATOG,
otav eiodyovtal véa Oedopéva (dnAadn dedopéva TTou dev XpnoldoTToIfdnkav yia Tnv

EKTINNON TWV TTAPAPETPWV).

["evIKEC apXEC ETTIKUPpWONC Kal O100TAUPWTIKAC ETTIKUPWONC TOU UOVTEAOU.

21NV a1TAOUCTEPN TTEPITITWAN, N €TTIAOY PovTEAOU TTEPIAaUBAvEl yeviKG dUo oUvoAa
o0edopévwy: éva OUVOAO pdOnoNng yia Tnv EKTIUNON Twv TIAPAPETPWY Kal €va OUVOAO
EMKUPWONG yia Tnv utmoAoyiopud TnNG akpiBeiag kai tng duvartdTNTag YeEViKEUoNG, TTOU
aTTOOKOTIEl TNV €TIAOYH Tou BEATIOTOU povtéAou (Stone M., 1974). H emmAoyr) Tou povTéAou

ouvABwg &ev pTTopEi va yivel ge TN oUykpion Twv €MOOcEwy OTa dedopéva EKTTAIdEUONG,
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KaBwg n TTPoOCcapUOoyh €vOog WOVTEAOU HE akpifela o€ autd civar TavroTte duvath, €4av o
QPIBUOG TwV TTAPAPETPWYV Eival apKeTd PEYAAOG Kal gival d1aBEaiua oUYKPITIKA Aiya dedopéva.
2¢ QUTA Tnv TrepimTwon Ouwg, €dv 10 TPOPANUa uttd pdbnon eivalr  aveTTapkwg
TTPOoOodIoPIoUEVO f/Kal €dv Ta dedoUEVA TTEPIEXOUV BOPUPO, N TTPOCAPUOYN TOU MOVTEAOU OTa
Oedopuéva exTTaidEUONnG PE PEYAAN akpiBela PTTopEl va odnyrnoel o€ éva PHOVTEAO UE QTWYEG
emdOoeIg TIPORAEYNS Oc vEa dedOMEVA (KAKK YEVIKEUOT). AUTO TO QAIVOWPEVO Eival yWWOTO WG
uttepTTpocappoyl. H ouAloyh emKUpwong TTopéXel éva PECO OUYKPIONG TNG IKAvVOTNTAG
YEVIKEUONG TWV OI0POPWY PHOVTEAWY Kal aviXVEUONG TNG UTTEPTTPOCAPUOYNG. Edv n atmdédoon
oTn oUA\oyR ETTIKUPWONG €ival onUavTikKd XoaunAotepn atmd Tnv amodoon oTh CUuAoyn
ekTTaideuong, TOTE TO MOVTEAO TTapouoidlel utrepTTpooapuoyr). Edv  TToAAG  povTéAa
OUYKPIBoUV e TN oUANoyr dedOUEVWY ETTIKUPWONG, N ATTOdoon Tou BEATIOTOU POVTEAOU OTN
ouMN\oyr €mKUpwOoNG €ival pia aio16dofn ekTipnon Tng ammédoong TPORAEWNS Tou o€ véa
oedopéva. Kard upia évvoia, n e€kydbnon TIPOYMOTOTIOIEITAI OTN CUVEXEIQ GTN CUAAOYN
ETMKUpwONG. Mia Tpitn cuAAoyr) dedouévwy, TTou OVOUACZETAlI CUAAOYI €EAEYXOU, DIOQOPETIKI)
atrd TIG GUAAOYEG TG eKTTaIdEUONG KAl TNG ETTIKUPWONG, Eival atrapaitntn yia Tnv afloAdynon
NG TEAIKNG atTdd00NG TOU HOVTEAOU.

Na va yivouv Ta TIpoava@epBévia TTo KaravonTtd, yivetal n umoBeon OT1 ol
KATAYPAPOPEVEG TIMEG UTTOPOUV VA POVTEAOTTOINBOUV WG pIa Tuxaia YETABANTA Y (x) €TO1 WOTE
Y(x)=f(x)+ 02, 6mou Q eivai o B6puBog, pia £1epn Tuxaia METAPRANTA, TNG OTTOIOG N
avapevopevn T ival undév. Avaldnreital éva govtéAo g(x, 8), ue dIAVUOUA TWV TTAPANETPWY
8, €101 woTe 10 g(x, 0) va gival 6ao To duUVATOV TTI0 KOVTA GTnV AyvwaTn ouvaptnon f(x). Z€
auTO TO TTAQICIO, UTTEPTTPOCOPUOYA onuaivel 0TI n ouvdptnon g(x,6) divel wg amoTéAeoua
1600 TNV TIUA TNG ouvapTnong f(x) 6co kal To B6puBo Q TTOU UTTAPXEl OTa dedopéva. H
TTpooappoyr oto B6puBo onuaivel 6T TO POVTEAO €ival TTOAU €uaioBnTO OTN OUYKEKPIPEVN
ouAAoyn dedopévwv pdbnong Kal wg ek ToUTou, N yevikeuon Tou Ba gival avetrapkns (Guyon
I, Gunn S, Nikravesh M, Zadeh L.A, 2006).

MNa pIKpEG OUANOYEG DedOPEVWY, £vaG POVO DIOXWPICPOG TWV dedoUEVWV Ot Eva
oUVoAo ekTTaideuong Kal éva OUVOAO ETTIKUPWONG, PTTOPEI va 0dNnynoel o€ hia TTOAU avakpifn
EKTIUNON TOU OQAAPOTOG yevikeuong. Mia TTPOTIMWHEVN OTPATNYIKA cuvioTartal oTn dIACTIAOoN
Twv 0edouévwy oe D apiBud uttoouvolwy, ektraideuon Tou povtéAou oe D-1 uttooUvoAQ,
EMKUPWON ME XPAON Tou TeAeuTaiou UTTOOUVOAOU Kal €TTavAANWn Tng Trpoava@epBeicag
o1adikaciag D @opég pe D Sla@opeTIKOUG dIaXwPIOPOUG PETALU dedouEvwy eKTTAIOEUONG KOl
emMKUpwoNG. Me autr) Tnv TEXVIKA, N OToia ovoudadeTal dIACTAUPWTIKA ETTIKUPWON, KABE
UTTOOUVOAO TwV Oedopévwv UTTAPXEl Mia Kal yovo @opd oTo UuTTooUVOAO emmkUpwong. H

amoédoon TNG TEXVIKAG UTTOAOYIleTal e TO PECO OPO TwV ATTOTEAEOUATWY O OAOUG TOUG
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olaxwpIouous. MNa Tapddelyua, To HECO TETPAYWVIKO OQAAUa SI0OTAUPWTIKAG ETTIKUPWONG
oivetal ammd Tov TUTTO MTZX,p = (1/m) Y (r)? 6mou m eival 0 OUVOAIKOG apIBuOG
UTTOOUVOAWYV Kal 1, €ival To o@AApa PovteAoTToinoNg oTo uTTooUvoAo k oTtav autd eival To

uttooUvoAo emikUpwong (Guyon |, Gunn S, Nikravesh M, Zadeh L.A, 2006).

H Xpnon 1n¢ AlaotaupwtikAC ETMKUpwaonc yvia Tnv EtmiAoyrl XapakTnpIoTIKWV.

Aedopévou OTI n OlIOCTAUPWTIKA ETTIKUPWON TTAPEXEI MIG EKTIUNON TNG IKAVOTATOG
YEVIKEUONG TWV HOVTEAWYV, XPNOIKOTTOIEITAlI OUXVA YIa TNV €TTIAOYI XOPAKTNPIOTIKWY. TNV
TIPAYHATIKOTNTA, N IKAvOTNTA TIPORAEYNS Twv HOVvTEAWV egEapTdtal TOCO ATo T
XOPOKTNPIOTIKA TTOU XPNOIMOTTOIoUVTal OGO Kal atrd TNV TTOAUTTAOKOTNTA TOU JOVTEAOU.

O apIBPOG TWV XOPAKTNEIOTIKWY MTTOPEI va TTPOCdIopIoTEl Péoa aTTO OTATIOTIKEG
MEBOBOUG, OTTWG TT.X. O TTEPIOPICUOS TOU PEYIOTOU apIBUOU WeUdWY BETIKWV EKTIMACEWY I O
MEYIOTOG PUBPOG AaVBOOUEVWV EKTIMACEWY, AVEEAPTATA OTTO TO HOVTEAO TTOU XPNOILOTTOIEITAI.
H diaoTaupwTiK €mMKUPWON PTTOPEI OTN CUVEXEID VO XPNOIKMOTTOINGEI yia Tnv €TTIAOYI TOU
MOVTEAOU, JE TO XAPOKTNPIOTIKA TTOU ETTIAEXONKAV OTO TTPONYOUNEVO Brla.

Mia Aoyikf aAAG evdeXOéVwg ETTIKIVOUVN eVOAAOKTIKA AUon Ba ATav va Tagivoundouv
OAQ TO XOPOKTNPEIOTIKA PE OAOKANPO TO GUVOAO OEDONEVWY XPNOIKMOTTOIWVTAS OTTOIOVONTTOTE
KAaTtadAANAO aAyOpIBuo KaTtaTaéng Kal OTn GUVEXEIA VA Yivel €TMAOYA TwWV XAPOKTNPICTIKWY
MEow BIaOTAUPWTIKNG ETTIKUpwonG. H diadikacia gival n akdAoubn:

- Tagivounon Twv UTTOWRQIWY XAPOKTNPIOTIKWY XPNOIJOTIolwvTag OAa  Ta
oedopéva pabnong kal dnuioupyia UTTOOUVOAWY XapakTneIioTIKwy. lMa kdBe utrown@io
UTTOOUVOAO XOPOKTNPIOTIKWY TTPAYUATOTTOIEITAI SIACTAUPWTIKA ETTIKUPWOT.

- EmAoyry TOu UTTOOUVOAOU XOPOKTNPIOTIKWY, TIOU TIAPEXEl TNV KOAUTEPN
eKTiUNON 0@AAPATOG.

QoTté00, o010 Oonueio autd Ba Tpétrel va emonuavdei 6T authh n péBodog eival
ETTIPPETTIAG O€ UTTEPTTPOCAPHOYN €TTEIdN Ta dedopéva €MKUPWONG XPNOIKMOTTOIOUVTAl OTN
oladikaoia emmAoYAg xapakTnpioTikwy (Ambroise C, McLachlan G.J., 2002).

Eival 1o evdedelyyévo va CudTrEPIANGOEi n €TTIAOY XOPAKTNPIOTIKWY OTO Bpdxo
OIA0TAUPWTIKAG €TTIKUPWONG, va KABopIoTel 0 BEATIOTOS apIBudS XAPAKTNPIOTIKWY N KAl OTN
OUVEXEIQ, va ETTIAEYOUV N XAPAKTNPIOTIKA XPNOIMOTTOIVTOG TO OUVOAO Twv OedOUEVWV
pMaBnong yia Tnv dnuioupyia Tou TEAIKOU MPOVTEAOU. 2TO TEAOG, TO MOVTEAO TTIPETTEl va
OoKIJaoTel o€ pia avegdptntn cuAAoyn eAéyxou. H diadikaaia ptropei va cuvoyioTei wg €EAG:

- AlaXWPICHOG TWV OeBOUEVWV OE UTTOOUVOAQ EKTTAIOEUCNG KAl ETTIKUPWONG.

- MNa k&dBe utrooUvoAo exTTaideuong:
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/ Tagivounon OAwv Twv XAPAKTNPICTIKWY Kal dnuioupyia UtTToGUVOAWY
XOPAKTNPIOTIKWV.
/ lMNa kabe utTTOOUVOAO XOPAKTNPIOTIKWY TTPAYUATOTTOIEITAI EKTTAI®EUON
€VOG HOVTEAOU KOl UTTOAOYIGHOG TOU OQAAUOTOG ETTIKUPWONG.
- YTTOAOYIOPOG TOU PECOU OPOU TWV COAAPATWY ETTIKUPWONG TWV UTTOOUVOAWYV
TOU idIou peyéBoug.
- EUpeon Ttou apiBuol n XOAPOKTNPEIOTIKWY TIOU TTAPEXEI TO MIKPOTEPO MECO
OQAAYA ETTIKUPWONG.
- Katdragn Twv XapakTnpIoTIKWV 0 OAd Ta dedopéva eKTTAIdEUONG, ETTIAOYI TWV
KOPUPQiWV N XAPOKTNPIOTIKWY KAl EKTTAIdEUON TOU TEAIKOU JOVTEAOU.
- Mpayuatotroinon €AéyXou Tou TEAIKOU HOVTEAOU HE HIO aveCApTNTN CUAAOYN
oedopévwy eAéyxou (Guyon I, Gunn S, Nikravesh M, Zadeh L.A, 2006).

4.4. AAy6piOuol Movredotroinong pe Baon Ta Agdopéva.

Metd Tnv oAokArfjpwon TnG €MAOYAG Twv XAPAKTNPIOTIKWY, Ba TIpETTel va
onuioupynBei To povtédo Bdoel Tou otroiou Ba TTpaypaToTroiNBei N dIAYVWOTIKA Kal N
TTPOYVWAOTIKN avAAuon. ZTnv evotnta 2.4 ava@épbnkav JE OUVTOMIa TTPOCEYYIOEIS TNG
oladikaciag povrehotroinong, mou BacileTal oe dedouéva. ZTn ouvéxela Ba eTTIKEVTPWOOUNE
O€ KATTOIEG TEXVIKEG ] AAYOPIOUOUG, TTOU XPNOIMOTToIoUVTal OTNV TTPAEN OTN MNXAVIKA JAadnon

yla TNV avAatrTuén autou ToU €id0OUG TwV PHOVTEAWV .
4.4.1 Texvnrd Neupwvikd Aiktua (TNA).

O aAyopiBuog Twv TNA eivar pia avTiTTpoOWTTEUTIKT] WEBOdOG povTeAOTTOINONG
Baoiléuevn o€ dedopéva. Z1a TNA €va povtéAo dIKTUou pabaivel Evav TPOTTo va TTapdyel Eva
eMOUPNTO amoTéAeopa, OTTwG yia Tapddeiyua 10 £Tmimedo @Bopdg | v YAZ evédg
OUOTHPOTOG, BacifOuevo o€ KATToIa dedouéva €1I00d0ou, OTTWG gival 0 XPOvog AsiToupyiag, ol
OUVONKES XPAONG Kal KATAYPAPES AEITOUPYIKWY XAPOKTNPIOTIKWY aTrd aionTtipes. MOAIg To
MOVTENO eKTTQIOEUTEI QPKETA OXETIKA PE TN oxéon METAEU €1000WV Kal £500wWYV, WTTOPEI va
xpnoipgotroinBei atn dlayvwaoTIK Kal TTPOYVWATIK avadAuon. Mia TUTTIK QpXITEKTOVIKI TwV
TNA, o EptrpdoBia Tpogodotoupevo Neupwvikd Aiktuo (ETNA) TTapoucidleTal otnv eIKOvVa
4.4 (Svozil D, Kvasnitka V, Pospichal J, 1997). Ta teTpdywva avTiTTipoowTtrelouv KOPBoUG,
TTOU ovopAadovTal £TTIONG VEUPWVEG Kal KABE oUvoAo KOUBwvY aTtnv idla oTAAN ovoudleTal éva
emimedo. O1 kOuPor ota emimeda €l06d0u Kal €EGO0U AVTITIPOOWTTEUOUV TIG METABANTEG
€l06d0u Kal €¢0dou avTioToixa. O aplBudg Twv KOUBWVY OTO KPUPMEVO ETTITTEDO TTPETTEI VA

KaBopIoTel WOTE va eKPPAlEl CWOTA TO UNXAVIOPO PETAEU TNG €10000U Kal ThG €§6dou. H
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oladikaoia pdbnong eivalr avrtiotoixn Me Tov KaBopioud mTapapétpwy Bdpoug, he OTOXO TO
MOVTEAO TTOU Ba TTPOKUWEI va QVvTITTPOOWTTEUElI Pe aKkpiBeia Tn oxéon PeTagu €106dwv Kal
€€000U. MOAIG eKTTAIDEUTEI APKETA TO HOVTENO OIKTUOU, ONMPIOUPYEITAI MIO cuvadpTNON TTOU
aTToTEAEITAI ATTO CUVOPTACEIG JETAPOPAGS KAl TTAPAPETPOUG BAPOUG.

O1 ouvapTAOEIG HETAPOPAS XOPAKTNEICOUV TN OXEON METAEU BUO YEITOVIKWY ETTITTEOWV.
YTrapyxouv d1d@opol TUTTOI CUVAPTACEWY HETAPOPAG, OTTWG NUITOVOEIDEIG, YPAMMIKEG KOl
GAAeg (Duch W, Jankowski N, 1999). O1 Trapdauetpor Bdpoug trepihaudvouv Bapn Kal TACEIG
(Liu J, Saxena A, Goebel K, Saha B, Wang W, October 10-16, 2010) (Firth A.E, Lahav O,
Somerville R.S, 2003).

Input layer —_— i Hidden layer tirward ——p Output layer

Obs

Xa

A2

==

{Trapnster function 1) (Transfer function 2)

Eikéva 4.4 EpmrpéoBia TpogodoTtoupuevo Neupwvikd Aiktuo (An D, Kim N.H, Choi J., 2015).

Ta Bapn ouvABwg TToAaTTAaCIAovVTal PE TNV TIMA TOu TTponyouusvou koOupou. Ol
Tdo€Ig, TTOU gP@avifovTal WG eAAEIYEIG, TTPOOTIBEVTAI OTN CUVEXEID OTO ABpoIoua TwvV
QTTOTEAEOPATWY, TTOU TTIPOKEITAlI va €loaxbouv oTn ouvdptnon ueTagopds. H diadikacia
eupeong TWV BEATIOTWY TTAPAUETPWY BAPOUG ovopdadeTal ekTTaideuon i PABnon Kal ataiTei
TTOAAG cUvoAa dedopévwy ektraideuong (An D, Kim N.H, Choi J., 2015).

Ta ETNA ovopdalovtal ouxvd veupwvikd diktua avatpo@odotnong (NAA) etmeidn ol
TapdueTpol Bdpoug TTpoadiopidovial YEow €vog aAyopiBuou pdBnong - PeATioTOTTOINONG
MEOW avaTpo@odOTNONG TWV CQOAPATWY HETAEU Twv OLdOUEVWY EKTTAIOEUCNG KOl TWV
OTTOTEAEOPATWY TTOU TTPOKUTITOUV atmd 10 poviéAo Tou TNA (Rumelhart D.E, Hinton G.E,

Williams R.J., 1986). Me aAAa Adyia, Ta ETNA i NAA XpnoigotroloUvTal avTioToIXd, yia Tov
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UTTOAOYIOUO TOU QTTOTEAEOUATOG TOU WOVTEAOU KOl yia Tnv avaBewpnon Twy TTAPAPETPWY
Bapoug, pe Baon Ta ammoteAéopata. To emavalaupavouevo TNA (ENA) (Bodén M, 2002) cival
N deUTEPN TTIO KOIVI) OPXITEKTOVIKA. H 10€a TNG dev gival TTOAU dla@opeTikr) atrd Ta ETNA, ekTdg
aTTd TO OTI UTTAPXOUV TOTTIKEG CUVOECEIG AvVATPOPODOTNONG METAEU TWV KOUBWYV €106d0u, TWV

KPUPWV Kal £E6d0U.
4.4.2. ANNo1 ANy6piBuol.

Ek1ég ammd ta TNA ypnoigotroioUvTal Kal AAAeg péBodol Baoifoueveg o dedopéva,
OTNV TTPOYVWOTIKA Kal dIayvwOoTIKA avaAuch, HEPIKEG aTTO TIG OTTOIEG AVAPEPOVTAI CUVOTITIKA
WG AKOAOUBWG:

- H tagivéunon cival pia péBodog yia Tnv KOTAVOPr) Twv OedOUEVWY OF
KATNYOpPieg Kal TNV OUOXETION OlOVUOUATWY Oedopévwy Pe auTég. Q¢ ek TouTou gival
KatdAANAn yia xprion otn diayvwaoTiKA avdAuon. To aTtoTéEAeoua €vOg PHovTéEAOU Tagivounong
gival pia  eTkéTa KAGONG Kal OXI évag TIPAYMATIKOG apiBudg, OTwg OTa  HovTéAa
TaAivopounong. O1 kKAdoeig ouvnRBwg dnuioupyouvTal PE TETOIO TPOTTO WOTE Va €ival HAKPIA N
Mia atrdé TNV GAAn, 6cov a@opd OTa XAPAKTNPIOTIKA, evw TTapdAAnAa Ta onueia yéoa o€ pia
KAGon va €ival 600 10 dUVATOV TTEPICOOTEPO CUYKEVTPWHEVA YyUpw aTTO TO KEVTIPO TNG.
Mapadeiygata TeXVIKWY Tagivounong TeplAapBavouv tTnv  k-nearest neighbor (k-NN),
Tagivounon Bayesian, tagivounon oévipou amo@doewv (Witten ILH, Frank E, 2000) kai
Support Vector Machine (SVM) (Vapnik V.N, 1998).

- H pébodog SVM cival pia oxeTikd véa onuavtiki néBodog TTou BaaileTal otnv
ETTEKTAON TNG 1I0£0G TNG TAUTOTTOINONG MIAG YPAMMNAG (1] £vOg eMITTESOU 1 HIAG ETTIPAVEIAG) TTOU
Xwpigel dUo kAdoeig otnv Tagivounon. Baoifetal otn Bswpia TG OTATIOTIKAG PMABNONG TTOU
&ekivnoe o Vapnik otn dekaetia Tou 1970 (Vapnik V.N, 1998). Auti n néBodog Tagivounong
EXel eTTeKTABE yIa TNV €TTiAuon Kal TTpoBANPaTWY TTPORAewns (Support Vector Regression —
SVR).

4.4.3. ETromrteudpevn, Mn etrotrreudpevn kal Huietrotrreudpevn Maoenaon.

Mapadooiakd, utApgav OU0 BepeAiwdws SIOPOPETIKOI TUTTOI TTPOCEYYIONG OTN
MNXavIKR PAaBnon yia Tn onuioupyia poviéAwv. H €ToTTeuduevn Kal n PN €TTOTITEUOUEVN

paénon.

Mn Etromrreudusvn Mddnaon.

H pn emomrreudpevn pabnon avagépetal otn diadikaaoia e0peong dopwy o€ OedoPEVa

oTa otroia dev €xel ammodobei TITAOG 1 KATToIa 18160TNTA. ATTOTEAEOPA TNG SladiKaoiag auTtAg
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givar n  onuioupyia VvEwv TTAPAOTACEWYV OedopéEVWY  (CUMTTEPIAAPBAVOPEVWY  VEWV
XOPAKTNPIOTIKWY) r)/Kal n opadotroincr Toug o€ TTaPOUOIES KATNYOpPIiES, HME BAON QUTEG TIG
véeg mrapaoTtaoelg (Hinton G.E, Sejnowski T.J, 1999). H mrapoucia dedopévwv Xwpic Tnv
amoédoon 1B16TNTAG, dIAKPIVEl TN dIAdIKACIA TNG KN ETTOTITEUOUEVNG PABNONG atmd ekeivn TNG
ETTOTITEUOMEVNG. TN ONMEPIVA €TTOXN €XEl ONPEIWBEi oTTouddia TTPO0dOG 0TV KABapd Wn
ETTOTITEUOMEVN PABNoN, aAAd autr n TTPdodOG TEiVEl va AyVOEITAl ATTO TOUG ETTAYYEAUATIES
XPNOTEG, TTOU OUVEXICOUV Vva XPENOIUOTIOIOUV €va TTEPIOPICHUEVO OpPIOPG atrd dNPOYIAEIG
aAyopiBpoug, 6TTwg n  avdAuon kuplag cuvioTwoag (Principal Component Analysis - PCA)
Kal N avaAuon avegdptnTwy ocuvioTwowv (Independent Component Analysis — ICA) yia Tnv
€EAYWYNR XAPOKTNPICTIKWY Kal T PEiwon Tou aplBuou diactdoswy, Kabwgs kal o K-péoog, Kal
O1dpopeg GAAeg pEBODOI 1EpapPXIKAG opadoTToinong yia katnyopiotroinon (Jain ALK, Murty
M.N, Flynn P.J, 1999).

H pn emmotrreudpevn pdbnon ptropei va ekppactei wg €6AG: 'EOTW OTI X = (x4, ..., X))
gival pia auAoyni n dedopévwy (1 onuegiwy), 6TTou x; € X yia 0Aa 1a i € [n] == {1, ..., n} KaBWg
Kal 6Tl Ta onueia x; gival Tuxaia katavepnuéva oto X. O OTOXOG TNG PN ETTOTITEUOUEVNG
MaBnong cival va BpeBolv evdlapépouces OouEC oTa dedopéva X.

H un emmomreudpevn udbnon YTTopEi va TTpooeyyIoTEl atrd TTOAU DIAPOPETIKEG OTITIKEG
ywvieg, OTTWG TT.X. TN WuxoAoyia, Tn HNXOVIKA K.0. ZUXvA ovopdadetal "udaenon xwpig
0dokaAo”. Autd onpaivel 6T éva paBnTeuduevog AvBpwTrog 1 éva pabnteuduevo TexvnTtod
ouoTnpa TTapatnpEei 1o TePIBAAAOV TOu Kal e BACN AUTEG TIG TTOPATNPNACEIG, TTPOCAPUOLE! TN
OUMTTEPIPOPA TOU, XWPIG va Tou &ImwBei 1 va do0Bei evioA WOTE va CUOXeTioel TA
KATayeypauuéva 0edopéva e TIG ETTIBUUNTEG aTTAVTHOEIG (ETTOTITEUOMEVN MABNoN). ZuvhnBwg,
TO ATTOTEAECUA TNG PN €TTOTITEUOUEVNG PMABNONG cival pia véa €Enynon 1 TTapouciacn Twv
0edouévwy, n otroia oTn cuvéxela Ba odnynoel oe BEATIWHPEVEG HEANOVTIKEG ATTAVTNOEIS 1
OTTOPACEIG.

2TOUG TOMEIC TNG MNXAVIKAG PABNONG Kal Tng TeXvNTAG vonpoouvng, Mia TETold
TTapouaiaon aTroTeAel éva oUvoAo evvoiwyv Kal kKavovwy, TTou divouv pia cuudBoAikn €€iynon
yla T1a dedouéva. 2ta TNA, n TTapouciaon JTTOPEi va €ival dIa KATyoploTroinon Twv
oedopévwy 1 €vag SIakpITOG XAPTNG, TTOU €EnNYEi TN DOWPN TOUG KOl UTTOPEI va ATTOKOAUWEL TIG
uTTokeipeveg aitieg Toug (Oja E, 2002).

H pn emomTeudpevn pabnon, ammd tnv TTAEUpPd TNG PNXOVIKAG, €ival PIa €CQIPETIKA
IoXUpr Kal eATMIOOQOPa TTPOCEYYION OE OPICHEVA TTPAKTIKA TTPORANuaTa emeéepyaaiag
oedopévwy, O0TTWG N €60puén dedouévwy (Data Mining - DM) kal N avakdAuywn yvWoewv atro

TTOAU peydAeg Baoeig dedopévwv A ammd véoug TPOTTOUG aAAnAemdpdoewyv avBpwITou-
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UTTOAOYIOTH. ZTIC TIEPITITWOEIC QAUTEG, TO AOYIOMIKO TTPOCAPMOLETal OTIC QATTAITACEIS Kal
ouVnBEIEG TOU avBPWTTOU WE TNV TTOPATHPNCN TNG CUPTTEPIPOPAS TOU.

H o mpdogartn Taon TNG N €TOTITEUOUEVNG PABNONG €ival TA OTOXAOTIKA YEVETIKA
HovTéAa. H Baoikn uttdéBeon TG utTown TEXVIKAG ival OTI €dv cival duvatdv va dnuioupynBei
KAl va eKTINNBEI éva JovTéNo, TTou egnyei Ta dedopéva doov apopd os opIouéveg AavBdvouoeg
METABANTEG, pTTOPOUV Va An@Bouv BacikéG TTANPOYOPIES yia TNV TTPAYUATIKA @UON Kal dOuRA
Toug. KaTd OUVETTEIQ, TEXVIKEG Kal PMEBODOI Twv ToPEwY TNG TTPOPRAEWNS KAl TNG CUMTTIEONG
dedopévwy PTTopouV va yivouv 1o eUKOAEG (Oja E, 2002).

To KUPIOTEPO PEIOVEKTNHA TNG KN ETTOTITEUOHEVNG NABNONG £0TIAZETAI OTO OTI €ival TTIO
UTTOKEIPEVIKI aTTO TNV ETTOTITEUOMEVN, KABWG dev UTTApYEl évag atTAOG OTOX0G TNG avaAuong,
OTTWG N TPORAewWn piag amdvinong. EvrouTolg, ol TeXvikEG TnG uttown pddnong é£xouv
augavopevn onuacia o apkeTd TTedia OTTWS TO dlaXwWPICHS OPAdwWY A0BEVWV PE KAPKIVO TOU
MaoToU pe Bdon Ta yovidid Toug, Tn OIdKpIon OMAdwY ayopaoTwy atmd Tn CUUTTEPIPOPG
TTEPIAYNONG O€ IOTOOENIDES KAl TIG AYOPES TOUG KAl TEAOG TNV KATNYOPIOTTOINON TAIVIWY OTTO TIG
BaBuoAoyiec Twv Beatwyv (James G, Witten D, Hastie T, Tibshirani R, 2013).

Emmomteudusvn Mdadnon.

TNV eTTOTITEUOMEVN HABNON, 0 0TOXO0G €ival va TTPOKUYEI Eva HOVTEAO XapToypd®nong
(®nA. wia ouvdptnon) ammd To x OTO y, PE TNV TTPoUTTOBeon OTI TTaPEXETAI PIO GUAAOYN
0edopévwy udbnong atroteAolevn atmo Celyn (x;, y;). TUTTIKA TTPoUTTOBeON €ival OTI Ta {elyn
(xi,v;) AauBdavovtai Tuxaia amd pia katavouny (X,Y). H diadikacia kal 10 avapevopevo
QTTOTEAECA Eival 0aPWs KaBopIoPEva, eV ETTIONG N XapToypaenon UTTopEi va agloAoynBei
aTTO TIG TIPOYVWOTIKEG ETTIOOCEIC TOU HOVTEAOU PEOW CUANOYWV EAEyXOU.

H emromrreuduevn pdbnon eival pia diadikaoia punxavikhg gadnong, Tmou TTPoadIopiCel
MIa ouvdptnon amo Ta dedopéva ektraideuong. Ta dedouéva exraideuonsg Ba TTPETTEl va
atroTeAouvTtal ammd €va AVTITIPOOWTTEUTIKO OUVOAO EKTTAIDEUTIKWY TTAPAdEIYUATWY. TNV
ETTOTITEVUOMEVN MAOBNON, KABe Trapddeiypa civalr €va {elyog TTOu OTTOTEAEITAI OTTO €va
avTikeigevo €106dou  (ouvABwg éva didvuopa) Kal pia €mOuunt TP €¢6dou. 'Evag
OAYOPIBUOG €TTOTTITEUOMEVNG PABNONG, avaAlel Ta dedopéva eKTTAIOEUONG KAl EKTIMG HIa
ouvayoOuevn ouvapTnon, TTou ovopdadetal Tagivountig [av n €€odog cival diakpitr (1r.X. 0,1
KATT.)] A pia ouvdptnon TraAivopounong (av n €g¢odog eival ouvexng). H ouvayopevn
ouvaptnon Ba Tpétrel va TTPORAETTEl TN owoTh TIUA €€60ou yia K&Be éykupo didvuopua
€10000u. lNa va emTeuxBei autd, o aAyopiBuog paBnong Ba TTPETEl va £XEl TNV IKAVOTNTA

yevikeuong, dnAadn Baci{opevog ota dedouéva pABnong, va utroAoyilel TiNEG e€6dou yia
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oedopéva e106d0ou, TTou dev £XEl AVTIMETWTTIOE! Eavd, PE éva Aoyikd TpoéTro (Wang B, Zou D,
Ding R,, 2011).

Huiemorteuduevn Médbnon

H nuietrotrTeuduevn padnon (HEM) Bpioketal oto APIoU TNG dIAdPOoUnRg avaueoa otnv
ETTOTITEUOMEVN KOl TN KN ETTOTITEUOPEVN. ZTAV TTEPITITWON AUTH, TTAPEXETAI O OAYOPIOUOG UE
évav apiBud atrd dedopuéva €1I0000U XWPIG TO AVTIOTOIXO OTTOTEAECHO £6000U KOBWG Kal UE
évav apiBud oAokAnpwpévwy dedopévwy PABnong. AuTr €ival n TUTTIKN NUIETTOTITEUOMEVN
pMabnon.

EmmpooBeTa, cival duvaTtég Kal AAAEG POPQPEG PEPIKAG eTToTITEIOG. A TTApddeyua,
MTTOPEl va UTTApXOUV TTEPIOPIOHOI, OTTWG KATTOIO CUYKEKPIYEVA onpeia va €xouv (A va pnv
£€xouv) To 010 atrotéAeoua (Abu-Mostafa Y, 1995). ANol cuyypageic BAéTouv TRV HEM w¢
MaBnua xwpic emiBAewn TTou KaBodnyeital amd TeplopIoPous. ETriong aAAol BAETTOUV Tnv
HEM wg emBAerépevn pdbnon e TTpOCBETEC TTANPOPOPIEC OXETIKA PE TNV KATAVOUA TWwV
Tapadelyudtwyv x. H TeAeutaia epunveia  @aivetal va cupfadilel TTePIOOOTEPO  OTNV
TTAEIOVOTNTA TWV EQAPUOYWY, OTAV O OTOXOG £ival 0 iBI0G OTTWG OTNV ETTOTTITEUOUEVN PABNOoN,
onAadn va TpoAéwoupe pia TIPR €€6dou yia éva dedopévo x;. QOTO0O, N EpUNVEIa auTh dev
MTTOpPE va epapuooTei dueca €dv 0 apIBuOg Kal N eUoN TwWV KATNYopIwv Ogv gival yvwoTd K

TWV TTPOTEPWYV, OAAA TTPETTEI va guvaxBouv atrd Ta dedouEvVa.

4.5. AgoAdéynon tou MovtéAou Mnxavikng Maenong.

H a&loAdynon Tou povtéAlou pnxavikng pdénong, atoteAei ouoiaoTikd PEPOG KABE
£€pyou. To KABe povTéENO PTTOPET va TTAPEXE! IKAVOTTOINTIKA aTTOTEAETUATA OTAV OgIOAOYEITAI E
N XPAON €VOG KpIThpiou, yia TTAPAdEIYUA TOU JECOU TETPAYWVIKOU GOAAUATOG, OAAG UTTOpPEI
va dWaoEl JN IKavOTToINTIKA attoTeAéopata étav agloloyeital o€ oxéon Pe GANa KpITApIa, OTTWG
AoyapiBuIkn attwAsia, akpifela Tagivounong (TToocooTd CwOTWV TAGIVOUAOEWV) KATT. TIg
TTEPIOOOTEPEG POPEG XPNOIUOTTOIOUUE TNV OKpiBeia Tagivounong yia va PETPACOUME TNV
amoédoon Tou HOVTEAOU pag, woTéoo auth) atmd povn TnG Oev apKel yia va Kpivouue
TIPAYHMOTIKA TO UOVTEAO HAG. 2Tn CUVEXEID ava@épovTal KATToleG HEBOdOI agloAdynong Tou

MovTEAOU.

AkpiBeia Ta&ivounonc

Qg akpifeia Tagivopnong evvoouue To AGyo Tou apiBuoU Twv CWOoTWV TTPORAEWEWV O€

ox€on YE TO GUVOAIKG apIBud SelyPaTWY £10000U:
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AptBuds Ywaotwv lpofleYewv

AkpiBeta Taguwi =
kpipewa Tagwounang Zvvodikog AptBudg Ipofrépewv

O 0d¢iktng autdg Asitoupyei KaAd povo av uttdpyel icog apiBudg delyudaTwy TTou
avikouv o€ KABe pia ammd TIG Katnyopieg. MNa TTapddeiypa, €dv utrdpyxouv 98% Ociypata
KAGong A kal 2% &ciypata KAaong B otn cuAAoyn dedopéviwy ekTTaidEUONG, TOTE TO MOVTEAO
Ba pTTopoUcE va eTITUXEI EUKOAD 98% akpifeia oTnv ekTTaideucn, TTPoBAETTOVTAG OTTAWG KAOE
Ociypa ekTraideuong tmou avikel oTnv kartnyopia A. Otav 1o idlo povTéAo dokipdadeTal o€
ouloyn eAéyxou pe 60% Ociyparta katnyopiog A kal 40% odciypata karnyopiag B, 101 n
akpifeia dokIung pelwvetal 01o 60%. H akpifeia Tagivopunong eival évag KAAOg deikTng, aAAd
UTTApXEl N TMBAVOTNTA va TTaPoUCIAoEl Weudr eIkOva uwnAng akpipeiag.

To TpayuaTtikd TPORANUa TTPOKUTITEI 6TAV TO KOOTOG TNG €0QAAYévnNg TagIivounong
TWV OEIYUATWY TNG AIYOTEPO CUXVA ePPAVICOUEVNG KAAONG €ival TTOAU uwnAd. MNa TTapddeiyua,
Qv QVTIMETWTTICOUME MIa oTrdvia aAAd Bavatn@dépa aocBévela, To KOOTOG ATTOTUXIOG TG
d1dyvwong Tng vooou evOG appwoTou gival TTOAU uywnAdTeEPO atrd To KOOTOG TNG UTTOROANG

€VOG UYIOUG ATOPOU O€ TTEPICOOTEPEG ECETATEIG.

BaBuoAoyia F1
H BaBuoAoyia F1 xpnoigotroicital yia Tn gETPNON TNG akpifeiag evog eAéyxou Kal gival

0 MECOG Opog peTalU akpifelag kal avakAnong. To eUpog yia Tn BabuoAoyia F1 givar [0, 1]. H
uttown PaBuoloyia dieukpividel TTOC00 OKPIBEG gival TO UTTO agloAdynon HovTéAo (TTOOEG
TTEPITITWOEIG TAEIVOPEI OWOTA), KABWG Kal TTO0O a&lotoTo gival (dev XAveTal £€vag onuavTikog
apIOUOG TTEPITITWOEWV).

H uwnAn akpiBeia, aAAd n xaunAdtepn avakAnon, onuaivel €va eEaipeTIKA aKpPIREG
MOVTEAO, TTOU OUWG TTAPAAEITTEI €va PEYAAO aPIBUO TTEQITITWOEWY TTOU €ival BUOKOAO va
TagivounBouv. Ooo peyaAuTepn eival n BabBuoAoyia F1, T6go kaAUTepn €ival n ammédoaon Tou

MovTEAOU Pag. MaBnuarTikd, UTTopEi va EKQPAOTE WG:

BaBuoioyia F1 = 2

1 1
akpifeiax = avakinon

Me 1n xprion Tng Babuoloyiag F1 yivetalr Tpootrddeia va Ppebei 1I00ppoTTia avaueoa
oTnVv akpipeia Kai TNV avakAnon.
Qg akpifela voeital 0 apIBudS TWV CWOTWYV BETIKWY ATTOTEAEOUATWY SIOIPOUUEVOG UE
TO OUVOAIKO apIBPO Twv BETIKWY ATTOTEAEOUATWYV TTOU TTPOEBAEWE TO PHOVTEAO.
Ywotés Oetikéc mpoBAEYeEls
Ywatéc Oetikéc mpofléYeis + AavBaouéves Oetikéc TpofAéYels

Axpifeia =
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Q¢ avakAnon Bewpeital 0 apIBPOS TWV CWOTWYV BETIKWY aTTOTEAEOUATWY dIAIPOUNEVOG
ME Tov apiBud SAwv Twv OXETIKWV delyudTwy (OAa Ta deiypata TTou Ba ETTPETTE va £XOUV
TpocdloploTei w¢ BeTIKA) (Aditya Mishra, 2018).
Zwotéc Oetikéc mpoBlEYeig
20V0A0 OeTikwV Setyudtwv

Avakinon =

Méoo 2@dAua (Mean Error)

To péoo o@dApa cival 0 HECOG OPOG TNG DIAPOPAG PETALU TWV TTPAYHATIKWY KAl TwWV
TTPOBAETTOPEVWY  TIHWYV. Tlopéxel M OXETIKA avakpiBr] €vdeign TG atmokAiong Twv
TPOBAEWewY Ao TIC TTPAYMATIKEG TIMEC AANG péow Tou OceikTn autou eivar duvartd va
TPocdlopioTei N KaTeUBuvan Tou O@AAuatog &nAadny av ol TIPAYMATIKEG TIMEG Eival
MEYOAUTEPEG 1 MIKPOTEPEG aTTd TIC TTPORALWeIS (ai016008eg | ATTAICIODOEEC TTPOPRALYEIG).

YTtroAoyileTal pe Tov akdAouBo padnuatiké TUTTO:
n
1
ME == (%~ F)
n 4 4
1=

Otrou Y; o1 mpaypatikég Tipég kai F; o mpoBAéwel.

Méoo ATtoAuTo 2@dAua (Mean Absolute Error)

To Méoo ATTOAUTO Z@AApa gival 0 HECOG OPOG TwV ATTOAUTWY TIHWYV TNG  dIaPOPAG
METAEU TWV TTPAYMOTIKWV Kal Twv TTPoRAeTTOpEVWY TIHWYV. opéxel pia akpifr) évdeitn tng
aTTOKAIONG TWV TTPORAEWEWY aTTd TIG TTPAYMOTIKEG TIMEG, dNAAdN TNG AKPIBEIag TOU POVTEAOU,
WOTO0O0 BeV TTAPEXEI Kaia £vOEIEN yia TNV KOTEUBUVON Tou OQAAPATOG. YTTOAOYICETOI PE TOV

aKOAoUB0o pabnuaTikd TUTTO:

n

1
MAE == 1Y~ Fy
n

i=1

Omrou Y; o1 mpayuarikég Tiuég kai F; o1 rpoBAéwelg.

Méoo Tetpaywvikd ZedaAua (Mean Squared Error-MSE)

To péoo TETPAYWVIKO OPAAPa €ival TTOPOUOIO PE TO HECO ATTOAUTO OQAAUQ, UE TN Hévn
dlagopd omi To MSE Traipvel Tov pyéco Opo TOu TETPAYWVOU TnG OI0QOPAsg HETALU TwV
TTPAYUOTIKWY Kal Twv TTPORAETOMEVWY  TIMWY. Kabwg Traipvoupe 10 TETPAYWVO TOU

OQAAJATOG, TO QATTOTEAEOUA TWV PEYOAUTEPWY OCQOAPATWY YiveTal TTIO €VTOVO, OTTOTE TO
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MOVTEAO pTTOpEl TTAEOV  va  ETTIKEVTPWOEI TTEPIOCOTEPO OTA  WEYAAUTEPO  OCQAAPATA.

YTtroAoyileTal atrd Tov TUTTO:

n
1 2
MSE == (% — F)
n .
=1
Omrou Y; o1 mpaypaTikég Tipég kai F; o mpoBALwelg.

PiCa Méoou TeTpaywvikoU XedAuatoc (Root Mean Squared Error-RMSE)

H piCa Tou péoou TeETpaywviKOU OCQAAUOTOC €ival APKETA TTapopolIa PE TO HECO
ATTOAUTO OQAAPA, PE TN POV Ola@opd OTI TO OTTOTEAEOMUA TWV MEYOAUTEPWY CQAAUATWYV
yiveTal IO €vTOVO, OTTOTE TO MOVTEAO UTTOPEl TTAEOV VO ETTIKEVTPWOEI TTEPICOOTEPO OTA
MEYOAUTEPO OQAAMOTA, OTTWG KAl OTO PECO TETPAYWVIKG o@aAua. ETTimTAéov cival 1o dueca
OUYKpPIoIUN ME To PEoO atmOAUTO OQAAUA, ETITPETTOVTAG TNV AUECH avayvwplon UTTapéng f oxl

OQOAUATWY PEYAAUTEPWY aTTd TO PECO 6po. YTToAOyiCeTal aTTd TOV TUTTO:

n

1
RMSE = EE(YL- — F;)?

i=1

Omrou Y; o1 mpaypartikég Tipég kar F; o mpoBAéwelg.

Méoo AttoAuTo MooooTiaio Z@dAua (Mean Absolute Percentage Error-MAPE)

To péoo amméAuto TTOCO0CTIOI0 OQAAUa eival €TTiong €vag Oe€ikTnNG TNG aKpiBelag Tou
MOVTEAOU pE TN d1agopd OTI £XEl ATTAAEIPOE N KAIJAKO TwV TTPAYMATIKWY SEGOUEVWV KAl TWV
TPoRAEWewv. Me auTd Tov TPOTTIO ETITPETTEI TN GUYKPITIKI afloAdynon MOVTEAWV TTou £XOuvV

MEAETNOE o€ BloQOoPETIKEG TUAAOYEG dedopEvwy. YTTOAOYICETaI QTTO TOV TUTTO:

n
IO Y - F
MAPE =— ) ———— %100 (%)
nl
i=1
Otrou Y; o1 mpayparikég Tipég kai F; o mpoBASwelg.

2UPUETPIKO  Méoo  AtmroAuto  [MooooTiaio  ZedAua  (Symmetric  Mean Absolute

Percentage Error-sMAPE)

66
Kiuwv ZipAavrlhic & Aviwviog KaAaoulng



«H avarmruén diayvwoTiKNS Kai TTpoyVWOTIKAS QIA0CoQias ouvinpnons ouvesTwy uaThUATWY
ue v aéiormroinon tn¢ TexvoAoyiac NMAnpo@opikns kai Emkoivwviwy Kai ueBédwv unxavikng
uaénong.»

To oupueTpikG pECO aTTOAUTO TTOOOOTIaI0 O@AAua cival €Tmiong évag Oe€ikTNG TNg
akpifelag Tou povTéAou, TTAPOUOIOG HE TO PECO ATTOAUTO TTOCOCTIAI0O G@AAUA, O OTTOI0G
Xpnoigotrolgital étav o1 TTPAYUATIKEG TIMEG gival TTOAU UIKPEG Kal TTPOOEYYICouv To YUndEv. Ze
QUTA TNV TTEPITITWON TO HECO ATTOAUTO TTOCOOTIAIO CQAAUA AaUBAVEI TTOAU PEYANEG TIUEG, TTOU
duoxepaivouv TNV agloAdéynon Tou povtéAou. 210 onueio autd Ba TTpéTrel va TovioBei OTl 0
uttown O€ikTng, TTapOAO0 TTOU OVOMALETAl OUUUETPIKOG, €u@avifel dla@opoTroinon Tou
TTOCOO0TOU OQAAPOTOG OTAV N TTPORAEYN eival heyaAUTepn aTTd TNV TTPAYUATIKY TIUE, O OXEON
ME OTav gival HIKPOTEPN, AOyw TNG UTTapgng NG TIWAG TNG TTPOPRAEWYNS OTOV TTAPOVOUACTH TOU

TUTTOU UTTOAOYIOUOU:

SMAPE =231 204 100 (%)

=1 Y+F;

Otrou Y; o1 mpaypatikég Tipég kat F; ol mpoBAéweig.

Méoo ATToAuTo 2@dAua KAipakac (Mean Absolute Scaled Error-MASE).

To péoo ammdAuto o@aAua KAipakag sival éva PETPO TNG akpifelag TG TTPORAsWNG,
TToU TTPOTABNKE aT1Td Toug Koehler & Hyndman 1o 2006 wg akoAoUuBwg:

Méaog 6pog ambAvtov o@dluatog vrd eéétaon novtélov

MASE =

Méoog 6pog amdAvtov opdluatos uebddov Naive

H péBodog Naive €ykerral oTnv Bewpnon wg TTPORAewn TG TePIGOOU i, TNV TTPAYUATIKA TIUA
NG TePIGOoU i — 1. AnAadn 1oxvel 611 F; =Y;_;. To MASE utroAoyileTtal atmé Tov pJabnuatikéd
TUTTO:

1
- ?=1|Yi — F, i|
n
MASE =

YizalYi = Yi4l

1
Omrou Y; o1 mpaypartikég Tipég kar F; o mpoBAéwels.

n—1

A6 Tov Tapatmdvw TUTTO TTPOKUTITEl OTI €dv MASE> 1, n mpayuatiky TTpoRAswn eivai
XEIPOTEPN aTTO O,T1 pIa TTPORAewn péow TNG peEBOdou Naive, o€ Opoug PEOOU ATTOAUTOU
OQAAUOTOG. ZnueiwveTal OTI N pEBodog Naive eival pia TTOAO OTTA KAl PE  PIKPEG
UTTOAOYIOTIKEG aTTaITHOEIG HEB0DOG. 'ETOI, £QV TO HECO ATTOAUTO GPAAPQ €ival TO OXETIKO PETPO
NG akpiBeiag g TPORAewngs (TTou e¢aptdral amd 1o TPoBAnua), To MASE> 1 utrodnAwvel
OTI N TPayuaTik TTPORAeWn TIPETTEl va aTroppIPBel uTTEp uIag a@eAolg TTPORAEwng, av
avapévoupe Ta HEANOVTIKG dedopEva, TTou Oev UTTAPXOUV OTn dEIYUATOANYIA, va gival apkeTA
Opoia pe Ta dedopéva aTo deiypa (eTTeIdn yvwpifouue pOvo TTOCO akpIBAG €ival pia a@eAAg

TPORAEYnN oTo deiypa, Kal Oyl £Ew atrd auTto).
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KEDQAAAIO 5: TMapddeiyua E@apuoyic AlayvwoTIKAC ZuvTriipnong-

MeAETN MNepiTrTwong MNMpoyvwaoTIKAG ZuvTipnong.
5.1 T[lapadeiypa E@apuoyns AlayvwoTiKAG ZuvtApnong: To
Mpoypaupa Avatrtugng OAokAnpwuévou AlayvwoTIKOU ZUCTANATOS Yia

Ta EAIKOTTITEPQA TOU MOAgpIKOU NauTikou Twv HIA.

To MoAepikd Nautikd Twv HIMA €ixe amd kaipd Béoel 10 oTdXO0 Yia BeATiwon NG
ETOINOTNTAG TOU OTOAOU Twv E/N péow TNG ammoTEAECUATIKOTEPNG OUVTAPNONG, TNV €EAAEIWN
TWV ATTWAEIWY CEPOOKOPWY Kal TTPOCWTTIKOU KAl T ONMUAOVTIKA MEiwon Tou KOOTOUG
ouvtipnong. O1 amraithoelg yia Tnv TTapdraon Tng didpkeiag Cwng Twv E/M kai o1 Trepiopiouoi
oTo0 avBpwTivo duvauikG €ixav augnoel TNV avaykn yia TNV TTPAYHATOTIOINGN auTwy Twv
avaBabuicewv. Mia kUpia aitia Twv atuxnuatwy Katnyopiag A (atmmwAEIa agpOTKAPUWV Kal /
TIPOCWTTIKOU) o€ eAIKOTITEPA Tou NauTikoU TTpoKaAoUvTal aTTd aoToXieg OTOV KIVATHPA Kal Ta
ouvapiké trapeAkoueva Tou E/IM (kUplo kai oupaio oTpo@eio, KIBwTia peTddoong KAT). H
avaykn yia akpiBrf evioTiono Kai didyvwan Twv TTPoRANUdTwY TTou gu@aviovtal G JNXavika
oucTAMaTa €ivar PeEYAANG onuaciag yia Tnv IKavotnTa Trepiopiouolu Twv BAaBwyv Kai
ATTOTPOTTAG EKTEAEONG UTTEPBOAIKNAG CUVTAPNONG.

To oloTnua Tou TEAIKA avaTITUXONKE ETTITUYXAVEI TA TTPOAVOPEPBEVTA PECW TNG
IKAVOTNTAG TOU va TIPORAETTEI TNV ETTIKEIMEVN aoToXia TOOO Twv OOMIKWY OCO KAl TwvV
OUVAMIKWY OTOIXEIWV TOU pnxaviopou kivnong Tou E/M kal katd cuvémela va TTpoodIopidel
dueca TIC ATTAITHOEIS VI CUVTHPNON KE BACN TNV KOTACTAON TOU CUCTAPATOG KABWG Kal va
EVNUEPWVEI TOV TTIAOTO YyIa TUXOV OUVBNRKEG TToU €TTNPEAlouV TV ac@dAcia TIToewyv (Hess,
Andrew , Chin, Harrison, Hardman, William, Gill, John , 1999).

Mia onuavtikp TTPoOKANon ATav n ouAAoyr Kai n diaxeipion PeyaAng TmoodTnTag
0edouévwy yia TNV aglIoAdynon TNG AEITOUPYIKNAG KATAOTAONG KAl TNG XPAoNG TWV CUCTNHATWY
Tou E/M.

‘Eva onpavTikd PEIOVEKTNUA TG EPAPUOYNG EUTTOPIKWY CUCTNHATWY TTPWTNG YEVIAG TO
1992, Atav n EAAEIWn TTpwTOYEVWY OeOONEVWY TTOU Ba GUAAEyovTav yia TNV €MIKUPWON Kal Tn
BeATioToTroinON TNG OAOKANPpwEVNG AeIToupyiag Twv ummown ouoTnudtwy (Integrated
Mechanical Diagnostic - IMD). Q¢ atmmotéAecpa, autd To CUCTAPATA TTAPOUCIiacaV WEeUDEIG
ouvayeppoug KAl OTToTuxieg  OIOTTIOTWONG  OUOAEITOUPYIWV KAl QOTOXIWV  Kal  Oev
OUYKEVTPWVAV CUCTNUATIKA TO UTTOOTNPIKTIKA TTpwToyevh Oedopéva TTou Ba eTTETPETTAV TN

BeATiwon TnG d1IayvwOTIKAG TOUG aKPiBEIag.
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H ouMloyn TpwToyevwy Oedopévwy  aTToTeEAEl  aTTapaitntn TpoUTTd0eon o€
OTTOIOOATTOTE TTPOCTIABEIO AVATITUENG TETOIWYV CUOTNUATWY, TTPOKEINEVOU va SIATTICTWVOVTAI
agIOTTIOTA Ol PNXAVIKEG AOTOXIEG KAl DUCAEITOUPYIEG, VO OTTOPEUYOVTAI WEUDEIG ouVAYEPUOI Kal
va avamTtuxBouv aAyoépiBuol XpAong Kal Katamoévnong Twv OOMIKWY KAl PNXAVIKWV
ouaTNUATWV.

To 1993, utroypdenke cupPBacn petagl Tou NauTikoUu Twv HIMA Kal piag ePTTopIkAG
ETAIPEIAG yIA TNV TTPOMPNBEIO BUO AEITOUPYIKWY 1I00DUVANWY OAOKANPWHEVWY BIQYVWOTIKWY
ouoTNUATWY. H eTaipeia TTEAECE va TTPAYUATOTIOINCEI CNUAVTIKA €TTEVOUCH OTO TTPOYPANHA
MEOW TNG TTAPOXAG EUTTOPIKOU AoyiouIKoU Kal UAIKoU (COTS). To ouoTnua XpnoIUoTrolEl éva
Blounxavikd TTPATUTTO AVOIKTAG OPXITEKTOVIKAG YIO va OIEUKOAUVEI T dIAPOPPWON Kal Thv
€lI0aywyr véou UAIKOU Kal Aoylopikou. H etaipeia digipeoe 10 ouoTnua o€ dUO KUPIEG
NAEKTPOVIKEG MOVADEG, MIa 080vn Tapouciacns  AEITOUPYIKWY  XAPOKTNPIOTIKWY TOU
QEPOOKAPOUC Kol HiIa  povada  TrapakoAoubnong Kol OUAOYNAG  TOAQVTWOEWV,
avdaAuorg Toug kal ouoTnua (uyooTaBuiong Kal euBuypAuMIoNG Tou Kupiou oTpo@eiou. H

APXITEKTOVIKFA Kal N por dedouEVwyY TTapoucidlovTal oTnyv €IKova 5.1.
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Eikéva 5.1: Apxitektovikry AlayvwoTikoU ZuoThpartog (Hess, Andrew , Chin, Harrison,
Hardman, William, Gill, John , 1999).

Av kai dev eival povada padikng Tapaywyng, n povada TrapakoAoubnong Kai
OUANOYNG TwV TOAQVTWOEWYV €ival aTTapaitnTn yia TN CUAANOYH TwV TTPWTOYEVWV DEQOUEVIWIV

TTOU givai avaykaia  yia TV TEKMNPiwon ™G  TEXvoAoyiag  didyvwong
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Kai TNV améKinon  €mapkoUg  yvwong yia TN ouviagn  Twv  €AAXIOTWV

OTTOOEKTWYV TTPOdIAYPAPUIV TTAPAYWYNAG.

5.1.1. Baoikég Apxég AlayvwoTikng MeBddou.

To emikevipo autig NG MEAETNG NATav N dlgpelvnon evog €upéog PAOUATOG
OIayVWOTIKWV HEBSdWVY TTou PBacifovial o OedOPEVA TAAAVTWOEWY, HE TPOTTO TTou Ba
odnyouce ot opBoloyikA eTTIAOY ASIOTTIOTWY TEXVIKWY HACIKAG TTapaywyng, Ol oTroieg Ba
OlI0B£TOUV  YEYAAN  IKAVOTNTA OTNV  OKPIBR aviXxveuon de YAPNA& T0000TA  Weudwv
ouvayepHWwyY. To oUVOAO Twv BeBOPEVWV Eival EYYPOPES WNPIAKWY XPOVOOEIPWY, Ol OTTOIEG
Kataypd@ovTal Tautoxpova HEXP! Kal o€ 32 kavaAla ue puBud 100.000 deiyuara avd
OeutepOAeTTo, yia 30 OeutepdAemtta. Autd TOo oUCTNUO  KATaypd@el TTEVTE OUVOAQ
TTPWTOYEVWYV OEDOMEVWV avA TITAON YIa avaAuon OedoPEVWY WETA TRV TITHON OTOV ETTIYEIO
o1aBud. O1 aAyépiBuol Tou Pnxavikou diayvwaoTIKOU GUOTAUATOG, TTOU TTapéxovTal atmd Tnv
avTiIouhBaAAbuevn eTaipeia, €ival KAaoikoi, Baciopévol OTO QUOIKO povTého. AnAadr, 1o
MovTéNo BaaoileTal kal XpnoldoTTolel Ta 1I010KTATA O£O0UEVA TG KATAOKEUAOTPIAG ETAIPEIAG TOU
E/M (Sikorsky) 6cov agopd oTtn Acitoupyia kar didyvwon PBAaBwv Twv ypavaliwyv Kai
pouAepdv. Aev atraiteital ekTTaideuon Twv aAyopiBuwyv yia Tnv avixveuon SucAesitoupyiag N
aoToyxiac. To ouoTnua OUPPBAAAEl O€ TpEIG ONUAVTIKOUG TOMEIC oTnv avaTmtuén Kal Tnv
eTTaAnBeuon TNG dlayvwoTIKAG HEBGSOU cuvTpnong yia Ta EAIKOTITEPA:

1. To ouoTnua atmokTd Tautoxpova dedopéva atrd OAa Ta kavaAia. Autd KaBioTd
ouvatn T Xprion TOANATTAWY KavaAiwy yia Tnv avaAluon evog pévo UAIkou, éva Baciko
OTOIXEIO yIa TN PEIWON Twv WPeUdWV ouvayePPWY. To uttown ouaTnua £XEl TNV IKAvOTnTa
KATaypa@ng TOU OUVOAOU TWV TIPWTOYEVWV Kal eTTeEepyacpévwy  dedopévwv yia TN
AeIToupyia Tou KivATAPO KAl TNG MeETAdoong kivnong. Etmiong  amobnkelel TTpwToyevh
Oedopéva atmd OAa Ta KavAaAia, cuuTTEPIAGUBAVONEVWY TWV TAXUMETPWY, Yia avaAuon kai
agloAdynon META TNV TITHON KAl JEAAOVTIKN) avaTTuén Twv aAyopiBpwy. Autd eAaxioToTTOIE
TNV TBavOTNTA PIa SUCAEITOUPYIa OTNV TTPOETTECEPYQTia Twv dedOUEVWY va HOAUvEl TN Bdaon
OedOEVWV.

2. To cuoTtnua éxel TN duvaTdTNTA AUTOMATNG TTPOCAPHOYASG WOTE VA TTAPEXEI
KaAfl avahoyia onuarog Tpog B6puBo yia O6Aa Ta kavaAia. To ouoTtnua &ekivd KaOe
KaTaypa@r) e aulAoyr) dedopévwv BIGPKEIAG EVOG BEUTEPOAETTTOU Kal pUBUICETAI QUTOPATA PE
Baon TO TTAGTOG METPNONG TOU ofuaTog Kai ME OTOXO v
jeyloToTroinoOn  Tou  QuvapikoUu  eupoug.  O1  puBuiceig  yia  KGBe  KavaAi

Kataypd@ovTal Je Ta TTPWTOYEVH OEDOHEVA YIa UEAAOVTIKN) avaAuon.
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3. TéAog, To ouoTnua duvartal va emeCepyadeTal Ta TTpwToyevh dedopéva €TTi TOU
E/M. H Aeimoupyia 6Awv Twv ypavadiwy, Twv POUAEUAY Kal Twv afdévwyv avaAlovTal Kal Ta
OIaYVWOTIKA ATTOTEAEOUATA KATAYPAPOVTAl OTO OpPXEio OEDOUEVWV TTAPAUETPWY AEITOUpYiag
TOU OEPOOKAPOUG OUPPWVA PE TO KABeOTWS TITAONG. Ta TTpwToyevh apxeia dedouévwv
MTTOpOUV va diatnpnBoulv ot pvAun RAM péxpl Tnv oAokAnpwon Tng avdAuong Kal oTn
ouvéxela va atmmoppipBolv av dev evioTTIOTOUV avwpaAieg atmd Tov éAeyxo opiwv. Edv pia
TTapAuETPOG BewpnBei, Baoel avaAuong, o1l BpiokeTal o€ KATAOTAON "aTTAITNONG CUVTAPNONG"
N "ouvayepuol”, utrepBaivovtag TTpokabopIcuéva OpIda YIo KATTOIO CUYKEKPIUEVO UAIKO, TOTE
Ta 0edouéva atrd OAa Ta ETTITAXUVOIOUETPA TTOU XPNOIKOTTOIOUVTAl Yia TNV TTapakoAoudnon
TOU KOBWG Kal atmd TO OTPOPOPETPO TOU OEPOCKAPOUG, ATTOBNKEUOVTAl WG TTPWTOYEVN
oedopéva  xpovooelpdg yia  avaluon petd Tnv  Ton. Otav  uttdpxouv  dedopéva
TTOU OUAAEXONKav KOTOTTIV EVIOANG TOU TIIAOTOU MECW EVEPYOTTOINONG OCUYKEKPIMEVOU

O10KATITN, TOTE eyypAPovTal 0TO OIOKO Padi he OAA Ta ATTOTEAEOUOTA TNG AvAAUONG.
5.1.2. Baoikég Apxég MpoyvwaTikng Mebddou.

Av kal gival guxvd OUCKOAO va OlaXwpIoTOUV Ol OIaYVWOTIKEG Kl TTPOYVWOTIKEG
EMOOCEIC 0t €va TIPOYPOUMA  OIacTTOPAG OUCAEITOUPYIWY KAl aOTOXIWV  OTTWG  TO
OUYKEKPIYEVO, €va atmd Ta amoTeAéOMATA QUTAG TNG TTPOCTTABelag ATav n €midEIEn TNG
OUVANIKOTNTAG Kal TwV ETMOOCEWY TWV TTPOYVWOTIKWY HEBOdwWV. Q¢ TTpoyvwoTIKA HEB0dOG
OuvTAPNONG opiCeTal N IKAvOTNTA €VOG CUCTAMATOC OUVTAPNONG VO TTApEXEl €yKalpn
avixveuan Tng TPOdpoung A/Kal apxIKAG KaTtaoTaong OuaAcitoupyiag o€ éva UAIKO 1 NG
KATAoTOONG AO0TOXiAG VOGS £EaPTANOTOG TOU UAIKOU Kal va SIaBETel Tnv TexvoAoyia Kal Ta yéoa
yia Tn diaxeipion kai Tnv TPORAEWN TNG €EENIENG AUTAG TNG KATAOTAONG BUCAEITOUPYIOG UEXP!
TNV acTtoxia Tou UAIKOU. H é€ykaipa avixveuduevn, "apxik" katdotacn OucAsiroupyiog
TTapakoAouBeitar kol dlaxeipiCeTal e ao@AAsla  KABWG egeAicoeTal ammd  pIa HIKPEA
OuoAciToupyia o€ peyaAuTepn BAGRN, £wg 6Tou BIKAIOAOYEI KATTOIO EVEPYEIQ OUVTHPNONG /KAl
avTikardoTacn. Méow autrig TnG £ykKalpng avixveuong Kal TTapakoAouBnong tng apyIika
TPoKANBeicag duoAsiToupyiag, n AEITOUPYIK KATAOTAON TOU UAIKOU gival yvwoTr o€ KABe
XPOVIKA OTIYUA Kal TO HEANOVTIKG ouuBdv acToxiag ptmopei va TTpoBAe@Bei ye ac@dAela oTo
XPOVO WOTE VO aTToPeUXOEi.

E@apudlovrag TTOAMOUG ammd  Toug idloug  aAyopiBuoug  Kal  TEXVIKEG  TTOU
Xpnoigotroiénkav  otn  diIayvwaoTIKA  ouvTiipnon kal  Bacifovial otnv  avaAuon Twv
TaAavTWwoewy, KatadeixBnke katd Tn OIGPKEID AUTWVY Twv OOKINWV Ot givar duvartév va
emTeuxPei pe onuavtikl PefaidtTnTa n TPORAEYn MIog aoTtoxiag. H  TEXVIKA  TTOU
XpnolgoTroiEiTal yia Tnv TPORAEYWn Tng aoTtoxiag €vog UAIKOU e€ival n TTPOEKPBOAN Twv

KOTAYEYPOUMEVWY CUXVOTATWY TOAQVTWOEWY, TWV OTATIOTIKWY TTOPAMETPWY /KAl Twv
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Tdoewv Twv dlayvwoTIKWY deIkTwy. Eivalr BERaia ammapaitnTto va UTTAPXOUV KATAYEYPOUMEVA
oedopéva atmd aioBnTAPES, aAyopIBuoug Kal dlayvwaoTIKOUG OEIKTEG, O OTTOIOI VO Eival ApKETA
€uaiodnTol Kal akpIBEiG WOTE va eVTOTTICOUV TNV TTPOdPOUN N TNV apXIKA WIKPR ducAsiToupyia
Tou UAIKoU. Eival egioou onpavtikdé va uegiotatal pio aglotmoTtn Baon Oe£dopévwy, JE
TTaPAdEiyuaTa TTAPOUOIWY TUTTWV OUCAEITOUPYIWY, OUTWG WOTE VA YiveTal KaravonTtég o
pPUBPOG €EENIENG TNG duoAsIToupyiag. XpnOIUOTIOIWVTAG TN YVWOT TTOU TTPOEPXETAI ATTO TNV
KATAYEYPAUUEVN EUTTEIPIA TNG UTTOWN Bdong dedouévwv KABwG £TTioNG Kal T KAtavonon Tng
€EENIENG TWV DIaPOpWYV TUTTWV DUCAEITOUPYIWY, KaBioTatal EQIKTA N KATAAANAN puBuion Twv
opiwv g1do1T0iNONG. Eival kKatavontd OTI OTIG TTEPICOOTEPEG TTEPITITWOEIG, TA OpIa €100TT0INCNG
000V a@opd OTnNV ac@AAsla TNG TITAONG (TTpocidoTroinon Twv TAGTWY Tou E/M) Ba cival
onpavTikd uwnAoTepa atd 6,7 yia TV OTTAITNON TTPpayuarotroinong ouviipnong. H Béotrion
QUTWYV Twv opiwv eival éva atrapaitnto BAua yia Tn PEAAOVTIKR uAoTroinon Tng TTPORAEwnNg
MIag acToxiag kai Tn duvartétnTta TTPoyvwong mNG. O KaBoPIoHOG PEGAICTIKWY Opiwv
€1doTT0iNONG, aTaITel TNV UTTAPEn Miag ekTeTapévng Pdaong dedouévwy 6oov agopd oTnv
eCENIEN Twv OuCASITOUPYIWYV TWV UAIKWY HEXPI TNV aoToyia Toug MECOW KATAYPOQRG
TIPAYMATIKWY aoTOXIWV A/Kal HECW DOKIMWY PE EUPUTEUAN SUCAEITOUPYIag OTTWG OTO UTTOWN
mpoypappa Twv E/M SH-60. Ze dIaQOPETIKA TTEQITITWON O KABOPIOPOS Twyv UTTOWN opiwv
kaBioTaTal a1rd TToAU dUOKOAOG £wg aduvaTocg.

Y1dapxouv kal GAAO onUavTIKA pyaAgia yia Tnv €TTITUX UAOTTOINON TNG TTPOYVWOoNG
Miag acToxiag. ‘Eva a1rd autd €ival n TTpoyvwoTIKr TTPogtyyion PE BAon QuOIKa povTéAa. Ol
TEXVIKEG TTOU BacifovTal o€ QUOIKA HOVTEAQ ATTAITOUV AETTTOUEPR KOl OKPIRr KaTavonon tng
UTTOKEIPMEVNG QUOIKNAG TOU CUCTHHATOG OO0V apopd oTov TPOTTO E TOV OTTOI0 AsIToupyeEi éva
OUYKEKPIUEVO OTOIXEIO, oUOTNPA ] PUNXav O€ KavovikéG ouvOnikeg A uttd duoAcitoupyia. H
oUyKpIoN METAEU TWV TTPAYUATIKWY KATAYPAPOPEVWY OeOONEVWV KAl auTOU TOU aKpIBoug
MoVTENOU, €TMITPETTEI TOV AvA TTACQA OTIYUR TTPOCOIoPIoUS TNG KATACTAONG TOU UAIKOU TTOU
TTapakoAouBeital.

‘Eva aAAo gpyaleio atroTeAei pia ocipd TTPOCEYYICEWY Kal TEXVIKWYV yia Tn dlaxeipion
TNG SIACTTOPAG TWV BESOPEVWY KAl TWV WEUDdWV €100TTOINCEWV. MePIKES aTTd TIG TTPOCEYYIOEIG
TTOU €QapPUOOTNKAV YIO TNV AVTIMETWTTION TNG €YYEVOUG SIa0TTOPAG TWV OeDOUEVWY KAl TN
dlaxeipion weudwyv €idoTroINoewy TTEPIAaUBAvOUV TEXVIKEG aoa@oug AoyikAg (Fuzzy Logic),
veupwvikwyv OIKTUwV (Neural Networks), ouyxwveuon dedouévwy Kal atraitnon TautdXpovng
Utrapéng TTOAAOTTAWYV evdeifewv (TTPOEPXOMEVES €iTE atmd qioBNTAPES 1 atrd aAydpiBuoug)

TTOU aTTAITOUVTAI TTPIV aTTé TN dnuioupyia PIag €100TToiNoNG.
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5.1.3. A§iloAéynon Tou lNpoypduuarog.

To E/T SH-60 emAéxOnKe yia 170 TTPOypapua autd, dedouévou OTI TTPOCEPEPE TNV

KaAUTEPN OI1aBeCINOTNTA OOKIUACTIKWY OCUCKEUWV KOl EYKATACTACEWV Kal TO uywnAdTEPO
ouvapikd uttooThpIENg Adyw Tou peydAou oToAou agpooka@wy oTo MoAepikd NauTiké Twv
HIMA. To cuoTtnua peradoong kivnong Tou E/M trepidapfavel duo kivntripeg General Electric
T700, 1O KUpIO KIBWTIO PETAdOONG TAXUTATWY, éva Wuyeio AadioUu Kal To oupaio ocuoTnua
METAdOONG Kivnong.

Na va efaoceahiotei pia  oAokAnpwpuévn TTPOOTIABEIN, O TIPOYPAMUATIONOG
yio auté TO TTPOYPAPUO OOKIMWY TTPAYUATOTIONONKE HE TNV UTTOCTAPIEN ATTO ATOMO KAl
opyaviopoug TTou aoXoAouvTav pe 1O oXedlaopo Twv E/M SH-60 kal Twv diayvwoTIKWV
OUOTNHATWY. H opdda aveETTTUEE Kal KaTEypaye To TTPOYPANKA SOKIPMWY. O TTPOYPANHATIONOG
OAWV TWV OOKIPMWY UAIKWV HE TEXVNTA TTPOKANBEioeg duoAsiToupyieg ouldnTnBNKE PE TOUG
MNXavIKoUG TNG KOTAOKEUAOTPIOG ETAIPEIAG TOU OUOTHHOTOG HeTGdoong Sikorsky.

O a&IéTmoTOG EVTIOTTIIONOG CQOAPATWY aTTd TIG KATAYPAPESG Kal TNV avaAuon Twv
TAAQVTWOEWY ATTOTEAET £va KOAG TEKUNPIWUEVO OAAG BUOKOAO €pyo. Z& TTOAAEG TTEPITITWOEIG,
KaTéoTn duvato va KatadelxOei OTl pia dedopévn SladIKaCia YTTOPEI va avayvwPIoEl ETTITUXWS
Eva OQOAPa 0g Mo oKIUN MIKPAG KAiMakag. H padikry xprion TéTolwv peBodwv katd tnv
ETTIXEIPNOIOKN AEITOUPYia TTOAUTTAOKWY CUCTNUATWY HE TTOIKIAEG AEITOUPYIKEG TTAPAUETPOUG, Ol
oTT0iEG dlapopoTToIoUVTal UE TO XPOVO, €Xel atTrodelxBei TTOAU 1m0 OUCKOAO va €QAPUOCTEI
XWPIc va gppavifovtal Yeudeig TTPOEIDOTTOINCEIG KAl ATTOTUXIEG AVIXVEUTEWY OUTAEITOUPYIWY.
Mpokeipévou va peyioTotroinBei 70 duvnTIKO OQENOG, atmoQacioTnke atmmd TOAU vwpig aTnv
apxr Tou TTPOYPAUMOTOG, TO dIAYVWOTIKO oUOTNUA va gival éva ouyXpovo oUoTnua cUANOYNGg
kal emmegepyaoiag dedopévwy. O1 oTdx0l Tou TTEPIEAGUBavay TN GUAAOYH TwV TTPWTOYEVWV
oedopévwv Kal Tn xprion Toug wg Bdon yia Tnv opBoloyikh €mmAoyn kai agioAdynon
OIAYVWOTIKWV TTAPAPETPWY OTTWG 0 PUBPOG CUANOYAG dedopévwy, TO péyeBOg Tou deiyuaTog,
O ATTAITOUEVOG BaBudg emKAAUWNG TwWV BEIYUATWY K.ATT., KABWG KAl O EVTOTTIONOG TwvV
QVWHAAIWVY TToU 0dnyoUuv 0€ aoUVETT atTdéd0o0n ToUu CUCTHUATOG. To oUCTNHO KATaypagng
TWV TAAQVTWOEWY Kal PETAdOONG TNG Kivnong ouvdudoTnkav yia va dnuioupyrioouv éva
MovadIKé OAOKANPpwWHEVO OUCTNUA PINXAVIKAS BIdyvwaong.

To TIPOCWTIIKO TTOU CUMUETEIXE OTO TTPOYpapua &ekivnoe katd Tnv évapén Tou
TTPOYPAPUATOS va GUAAEYEI UAIKG TOU OUOTAUATOG PETABOONG Kivnong, Ta OTToia UTTEPIEIXAV
OuoAciToupyieg. AuTd Ta UNIKG KpiBnkav €KTOG AEITOUPYIKWY opiwv Katd Tn d1adikaoia yevIKAG
EMOeWPNONG TOUuG Kal CUAAEXBNKav yia va XpnolgotroinBouv  yia OoKINEG avTti va
TTpowBnBouv yia didAucon. H TTpakTIKA auth TTapeixe mn duvatdTnTa TEPACTIAS £0IKOVOUNONG

KOoTOug OIOTI aTToQEUXONKE n ayopd €eUXPNOTWV AvTOAAOKTIKWY, OTa  oTroia  Ba
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TTpoKaAoUvTav TEXVNTEG OUOAEITOUPYIEC yia Tn Xpon Toug o€ OOKIYEG, evw TTapAAAnAa Ta
UAIKG TTou TeAIKG OoKIJAoBnKav Trepicixav QuUOIKA OnuioupyoUpeva SEiyuaTa aoTOXIWV.
EmmmpooBeta, yia TRV TTPAYMOTOTIONCN TWV QOKINWY Xpnoiyotroiménkav uAikd atmmd tnv
KATOOKEUAOTPIa €Taipeia  Sikorsky, Ta oTroia €ixav UTTOOTEI €AEyXOug agloAdynong Tng
AEITOUPYIKAG TOUg KaTAoTaong. AuTd Ta €EapTAMATA ATAV KATAAANAG POVO YIO OTOTIKEG
OOoKINEG ekTOG  E/M, KaBwg gixav uttooTel OUVOAKESG UTTEPBACNG TWV OPIWV AEITOUPYIOG TOUG
KATd TN SIAPKEID TWV EAEYXWV AGIOAOYNONG Toug. Baoi{ouevo oTIG TTpoava@epBeioes TTNYEG TO
TTPOYPAPUa TTETUXE VO OUAAEEEI TTAVW aT1rd dUOo TTARPN OUVOAQ CUCTNUATWY HPETAdOONG
Kivnong Ta otroia dev Tav KatdAAnAa yia xprion o€ E/M. Z1a uttdywn avTaAAaKTIKG UTTAPXE N
duvVaTOTNTA VA PUTTOPOUV VA EPPUTEUOVTAI DUCAEITOUPYIEG TEXVNTA.

O £€Aeyx0g apXIKA ETTIKEVIPWONKE OTO oupdio cuoTnua PETAdOONG Kivnong yia va
eTTaANBeuTel n Asimoupyia kair n amoédoon Tou OlayVWOTIKOU CUCTAMUATOG. 2Tn OUVEXEID
TTpaydaToTToIfenkav dokIyéG ae OAa Ta UAIKG TOU GUOTHAMATOG METAdOONG Kivnong, Ta OTToia
TTEpIEiav TOO0 TEXVNTA EUQPUTEUPEVEG OGO Kal QUOIKA TTapoucialopeveg duoAeitoupyieg. Ol
ouvOnkeg OokIung TrepiéAaBav  dladoxikd peTaBaAAOueveg puBuioelc TNG 10XUOG TOU
OUOTAMOTOG o€ OAO TO EUPOG AEITOUPYIQG TOU.

ZuuTrEpaouaTikG, eival  amapaitnto  va  yivel katavonTth n  euaicbnoia  Twv
OlayvVWOTIKWY aAyopiBuwy 1600 wg ouvaptnon Tng METABOAAS TNG 1I0XU0G TOU CUCTAMATOG
peTadoong kivnong 6co Kkai TG Bepuokpaciac epiBdAAoviog. lMNa 10 OKOTTO aAutd Ol
emMOPACEIS TNG METABOAAS TNG Bepuokpaciag TePIBAAAOVTOC £xouv CUUTTEPIANGOEI oTnVv
avdAuon Tou TrpoypdupaTtog. ETriong, n ouAloyh TOu TTPWTOU OUVOAOU TTPWTOYEVWV
0edouévwy aTmd KABe dokiur TTpaypaToTTolIoUVTaY TTPOTOU BepuavBei To AddI TOU CUCTAUATOG
METABOONG KAl VW TO cUOTNUA AsIToupyoUoe o€ XaunArf 10xU0, TTpoKEIWEVOU va dnuioupynBei
Mia Baon 6edouEvwy TTOU va JTTOPET va CUYKPIBED e OUAAeyOpeva dedopéva KATA TIG OOKIUEG
€dAQOUG yia uTTopoNBNON TWwV E£PYOCIWV CUVTAPNONG Of TIEPITITWOEIS ATTOKATACOTOONG
BAaBwv.

‘Eva dAAo TTpoBAnua tTou KataBARBOnke TTpooTrdBeia va eTTIAUBEI e Tnv TTapolca
MEAETN ATav n diaxeipion TNG UTTOAEITTOPEVNG CWAG UAIKWYV PeE oxediaoud opiou (wNAG. ZTn
oUyxpovn £TTOXN Ol TIPAYHATIKEG WPES AEITOUPYIAG yIa Ta AgPOCKAPN KAl T 6APTAMATA TWV
UTTOOUOTNPATWY TOUG OUVABWG ETTEKTEIVOVTOI TTOAU TTEPQ aTTO TNV APXIKI OXEDIAOTIKY {wn
TOUuG. AUTA n TAoN €xel auéndei Ta TeAeuTaia XPOvIa AOYW TWV PEIWPEVWY TTPOUTTOAOYICHWY
KOl TwV augavouevwy AEIToupyIKwyY attaitiioewy. ‘ETol, dnuioupyeital éva meoTIKO TTPORANUO
000V aQopd aTov TPOTTO BEATIOTNG dlaxEipIoNg TNG AvoxnG {NUILYV € £va OTOAO AEPOTKAPUWV

TWV OTToIWV N NAIKia au&dvertal.
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‘Eva amd ta onpavtikétepa {nTAuata avoxng ¢nuiwv gival n akpiBAg Kataypagrn tng
XPNong o€ UAIKG pe oxedlaouod opiou Cwng. O1 agpoaTpofidol, Ta KIBWTIO TAXUTATWY, Ta
OUYKPOTAHATA OTPOYPEIWV EAIKOTITEPWVY Kal AAAQ DOUIKA £CAPTHHOTA TTOU UPIoTAVTAl UWNAEG
KATOTTOVHOEIG UTTOKEIVTAlI Ot OXeDIAOUO TreTrepaopévng didpkeiag wnig. O duvatoTnTeg
OuNoynG Oedopévwy Kal Kataypa®Ag Tng xpnong Twv dia@épwv eEapTnudtwy Ao
OlayVWOTIKA CUCTAUATO QUTOU TOou TUTTOU TIapéXOuvV Eva  €CalpeTikG HPECO yia TNV
TTAPAKOAOUBNON TNG CUCCWPEUONG OUCAEITOUPYIWY KAl TNV ATTOTEAECUATIKA dlaxeipion g
UTTOAEITTOMEVNG CWNG TWV £EQPTNNATWY OE AgPOOKAPN TTOU AUEAVETAI N NAIKIO TOUG.

‘Eva dAAO onuavtiké TpoBAnua avoxAg Cnuiwv €ival autd TNG QVTIMETWITIONG
deutepoyevwy Cnuiv. O1 dlayvwoTIKEG duvaToTNTEG TTOU TTAPEXOVTAl OTTd Ta OUCTHPATA
QUTOU TOU TUTTOU MTTOPOUV VA €VTOTTIOOUV HIKPEG OUOAEITOUPYiEG Kal  EAATTWUATA TWV
eCapTnUaTWY VWIS, TTPOTOU KATOOTOUV ONUAVTIKOI OUVTEAECTEC ETTIPPONG GE CORAPOTEPES
OEUTEPOYEVEIG AOTOXIEG.

To umméwn dIayvwOoTIKG oUoTnua ammédeige TNV IKavoTNTa Tou va eVvTOTTiCEl TOTTIKEG
OuCAcIToupyieG O€ opIouéva EEAPTANATA TOU CUCTHNATOG PETAdooNg Kivnong tou E/M SH-60
KaBwg Kal va avixvelel KATaoTPOPIKEG aoToxieg Twv ypavadliwy. O1 o cofapég amd auTég
gival ol aoToxieg 1Tou TTpokalouvTtal amd KOTTwon otn pifa Tou ypavadiou Adyw KAuwng.
Avaioya pe 10 oxedlacud Tou ypavaliol, autdg o TUTTOC PWYHMWY UTTOPED €iTe va Ol1adoBkei
MEow TOu OOVTIOU TOU ypavadioUu TTPOKAAWVTAG ATTWAEIX TOU A JECW TOU KUPIOU CWHATOG TOU
ypavaliol Pe atmroTéAEoua TNV KataoTpo@ik BAARN Tou ypavadioU kal TTfavh aTTwAgla Tou
E/M.

‘Evag  T1pdTTOG  TTOU  XpnoldoTroigital - otnv - koivétnta Twv - BN yia va
OIEUKOAUvVEI TNV €épeuva  O¢ TETOIOU  €iOOUG  aOTOXieG, €ival va  ATTOOUVOUWOElN  TO
OO0VTI Je Tn dnuioupyia PIOG EYKOTTAG OTn pifa Tou dovTiol Tou ypavadioU Pe Tn Bondeia piag
NAEKTPOVIKNG MNXaVvAg EKKEVWONG (EDM). Autn n evépyela
onuioupyei Vile} TOTTIKA OUYKEVTPWON Tdong oTn pica TOU dovTiou
o¢ pia TTpooTrdBeia va &ekivrioel pia pwypn. H opdda tou uttdwn TrpoypduuaTtog eixe
TIPOCTTIOBACEI GE TTPONYOUNEVO XPOVO TNV £QApUOoyr auTAg Tng peBddou oe dAAa ddvTia
ypavadiwy, aAAG XWpIig EITUYXIiO. AkoAouBnoav oulntnoeIg ME TQ
THAMATO OXEDIOOUOU TwV CUCTNPATWY PETAdOONG Kivnong Tng Agusta kai Tng Boeing, Ta
otroia PBori®noav Tpoadiopidovtag Tn BEATIOTN TOTTOBETNON TWV €ykoTTwyv. H €kdva 5.2

TTApouCIAdel pia Topr) Tou evildueoou KiBwTiou SH-60.
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Eikéva 5.2: Touy Evdiduecou KiBwrtiou Metadoong Kivnong E/M SH-60 (Hess,
Andrew , Chin, Harrison, Hardman, William, Gill, John , 1999).

Katé pnkog tng pidag Tou dovtioU £vog ypavaliol atmo evolduecso KIBwTIoO ueTddoong
Kivnong (IGB), eu@uTtedTnkav dU0 €yKOTTEC HEOW PNxavriig EDM ( 0.25" pnkog x .006" MAdTog
X .040" B&6og). H TotmoBe0ia Twv eyKOTTWYV €ival Kpioiun KaBWg OTrn CUYKEKPIYEVN TTEPITITWON
EUQUTEUTNKAV EKET OTTOU N TAON KAPWYNGS TWV PICWYV TOU dOVTIOU gival HEYaAUTEPN.

H Odokiu diggnxdBn oc 100% 10x0 TOU oOUupPQiOU TUAMATOG VIO GUVOAIKA
2 €KOTOUMUpPIO KUKAOUG. O1 doKIPEG TEpUATIOTNKAY, Aiyo TTPIV ATTO TV aOTOXia TOU KIBWTioOU
METAdOONG Kivnong, OTav pia YeydAn aAAayry 01O KaTaypa@OUeEvo @Aoua Kataypd@nke atrd
TOV avoAuTt] @AoaTOoG. MeTd TOv TEPUATIOUO TNG SOKIPAG TO KIBWTIO peTddoong Kivnong
atmoouvapuoAloynenke kal emMBOewpndnke. To ypavddl €i06dou pe 170 dOVTI TTOU ACTOXNOE,
TTaPOUCIiacE PIa PWYMA TToU &ekivouoe atrd Tn pia Tou dovTiou, ekTeivovTav dIauécou Tou
Kupiou pépoug Tou ypavadiol Kal oTapatoloe OTNV €0WTEPIKA BIAPETPO UTTOCTHPIENG TOU

€dpavou. H gikova 5.3 TTapouciddel TO CUYKEKPIPEVO Ypavdall oTo TEAOG TNG DOKIUNG.
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Eikéva 5.3: Pwypatwpévo Mpavdadl Evdidueoou Kifwtiou Metddoong Kivnong (Hess, Andrew
, Chin, Harrison, Hardman, William, Gill, John , 1999).

Mapatnpeital emmiong €va kevo oTo GKPO Tou dovTioUu, OTToU éva PEYAAO TURMA TOU
oovTioU €0TTa0E, KAl MIO pwydn TTou diatrepvd OAO TO KUPIO PEPOG TOu ypavadiou Kal
ekTeEiveTal PEXPI TN OIGUETPO UTTOOTAPIENG TOU €DPAVOU. ZnuElwvETal OTI &gV TTAPATNEBNKAV
pivioparta r} GAAa oToixeia oTov avTioTOIXO €VOEIKTN TOu KIBwTiou peTddoong Kivnong.

Mia  avaokdéttnon  Twv  OlOYVWOTIKWY  atmmoTeAeoudtwy  dgixvel o1 ol
aAyopiBuol Tou dIayvwaoTIKOU CUCTAUATOG, oI oTroiol Bacifovial 0TO QUOIKO HOVTEAO,
avIXVeUoUV WE ETTITUXIO TNV TTapoudia acToyiag dovriwv ypavadiwy. Or eikéveg 5.4 kai 5.5
QVTIOTOIXO TTAPOUCIAZOUV TOV TTPWIYA KAl TOV OYIUA QVTOTTOKPIVOPEVO DEIKTN KOTAOTAONG TOU

UAIKOU, OTTWG TTPOEKUYE aTTO T DOKIWT).
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Eikéva 5.4: Mpwiya Avrtatmokpivopevog Aeiktng Kardotaong pavaliou (kuptwon) (Hess,

Andrew , Chin, Harrison, Hardman, William, Gill, John , 1999).
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Eikéva 5.5: Oyiya Avratrokpivopevog Agiktng KatdoTtaong Mpavaliot (RMS) (Hess, Andrew ,

Chin, Harrison, Hardman, William, Gill, John , 1999).

2tnv apxXA TG OOKIUAG Kal yia OidpKela TTePITTOU 267 AeTITA (01 TTEPIOCOTEPEG

Kataypa@ég dedoUEVWV TTPAYHOTOTTOINONKAY PE XPOVIKN atmméoTacn 15 AeTTwv) gu@avieTal
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€va UYIEG ypavadll. ZTn ouvéxela, Ta eTmeda Twv SEIKTWY augnonkav oTaBepd yia Ta eTOUEVA
139 AemrTd, Kai akOAOUBWG eu@Avicav EVTOVEG UETAPRBOAEG PEXPI TOV TEPUATIOUO TNG OOKIUAG
oTa 548 AeTrTd. Ta atmoTeAéoPATA TWV DOKIPWY ATTEIKOVICOUV OTI N CUUTTEPIPOPA VOGS dOVTIOU
ypavadiou, TTou €xel UTTOOTEN eykoTT a1rd pnxavr) EDM, eival opola Je Ta YEITOVIKA dOVTIO
MEXPI TN XPOVIKI OTIYMR TTOU TO BOVTI eu@aviCel KOTTWON KAl EKIVA va avatTUooETal Hid
pwyun. H pwyun amoduvauwvel o€ peydho Pabud tTnv avroxr o€ Kauwn Ttou OovTiou,
TIPOKAAWVTAG TNV AVION KATAVOUR TOU QOopPTiou PETALU Tou uTréwn SoVTIOU KAl TWV YEITOVIKWY
Tou. AvaAoya pe Tn diadpopn TNG pWYHAG, EkdNAWVOVTAIl Kal GAAEG DUVANIKEG AVWHOANIEG.

Mépav Twv avwTépw TTpaydartotrodnke kar pia dokiyf diddoong pwyung Adyw
KOTTWONG PE KAPYN TNG pidag evog dovtiol o€ éva ypavddl €i06dou, evog KUpIou KIBwTiou
METAdOONG Kivnong. AUt N dOKIWN atrodeixBnke Hia o0 dUCKOAN TTPoCoTTABEIa yia SIAQOPOoUg
Aoyoug. TMpwtov, n KUpia povada peTadoong cival €va PeEYOAUTEPO Kal TTIO TTEPITTAOKO
ovotTnua atd 1o €evdidueco KIBwTio peTddoons. O B6puBog Tou TreEPIBAAAOVTOC Eeival
MEYOAUTEPOG Kal N MBavh acToxia Ppioketar Babid péoa oe €va PeyaAUTEPO TTEPIBANMO.
Etriong n popen tou ypavaliot Atav diapopeTikr). To ypavdadl Tou evOIAUECOU KIBwTiou
METAdOONG €XEl éva PEYAAO KUPIO TUAMA, EVW Ta OOVTIO TOU 0OOVTWTOU TPOoYXoU TnG KUPIOG
povadag PETAdooNng €ival MO KOVIA OTNV KEVTPIKN YPAMMN Tou dfova Kal KAt OUVETTEIQ
TapéxeTal YeydAn utrooTtnpign otn pia tou dovTiou. AuTEG o1 TTapaTnpPAoEIS odriynoav Tnv
oudada Tou UTTOWN TTPOYPAPUATOC Va dIEPEUVACEI TIG IDIOTNTES DIAdOONG TG PWYMNS OTNV TTIO
Ioxupn Mopen ypavadiou.

MNa 10 okoTrd autd, dnuioupyrBnkav duo eykotrég atmd unxavy EDM otn pia evog
dovTioU Tou UTTOWn ypavadiou Kal ekTEAecav TN SOKIUA yia 12 ekaToPPUPIa KUKAOUG KOTTWONG
ME 10XU 110%. XTn Ouvéxela agaipecav Kal €mbewpnoav Tov 0d0oVIWTO TPOXO  Kai
0KOAOUBwWG dokipaocav 10 ypavdadl yia okéun 10 ekaToppUpia KUKAoug. Metd atrd 12
EKATOPMUPIA KUKAOUG, SIOTTIOTWONKAV HIKPEG PWYHES HAKOUG WIKPOTEPOU atrd 2 XIANIOOTd, Ol
OTTOIEG TTPOEPXOVTAV ATTO TIG YWVIES TWV eyKOTTWV. H €IkOva 5.6 TTapouaidlel 1o ypavadl petd

atrd GAAoUG 10 ekaTopuUpIa KUKAOUG.
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Eikéva 5.6: Pwyupatwpuévo Mpavaldl Kopiou KiBwrtiou Metddoong (Hess, Andrew , Chin,
Harrison, Hardman, William, Gill, John , 1999).

ATé TNV eikdva dIatmoTWVETAl OTI éva PeYAAO PEPOG TOU DOVTIOU, OTO OTTOIO €iXav
onuIoupynBei 01 EYKOTTEG, €XEI OTTACEI KAl MIO PwYMN €xel d1adobei KaTd PAKOG Tou dovTIoU
TTPOG TNV AKPn TOU Kal TTPOog Tn pida Tou, YEXP! TN PAon oThpIEng Tou edpavou. Kal og auTth
TNV TTEPITTTWonN Ogv TTapaTnenénkav pivioyarta rj GAAG OTOIXEia OTOV AVTIOTOIXO EVOEIKTN TOU
KIBwTiou YETAdOONG Kivong.

H eikdva 5.7 deixvel TIg KaTtaypa@eg 0edOPEVWVY TNG DOKIUAG CUPPWVA PE EVaV OEIKTN

TNG AEITOUPYIKAG KATAOTAONG.

80
Kiuwv ZipAavrlhic & Aviwviog KaAaoulng



«H avarmruén diayvwoTiKNS Kai TTpoyVWOTIKAS QIA0CoQias ouvinpnons ouvesTwy uaThUATWY
ue v aéiormroinon tn¢ TexvoAoyiac NMAnpo@opikns kai Emkoivwviwy Kai ueBédwv unxavikng

uaénong.»
LR ey Tyl T el P e PERINT e Y D | I BT F

Y
|

Eikéva 5.7: Karaypagég Asdopévwy Aokipng Kupiou KiBwrtiou Metddoong (Hess, Andrew ,
Chin, Harrison, Hardman, William, Gill, John , 1999).

O1 apiBuoi dokipwy atmd 1 €wg 206 eival dedouéva atmd To TTPWTO KIBWTIO PJETAdOONG
TTOU OuvapuoAoyrRBnke, evwdy ol uttoAoiTol aplBuoi eival amd 10 deuTepo KiBwTio. Mia
evolapépouoa TrapaTipnon eival T ol Bacikoi OeikTeC ammoTUTTWONG TNG OUCAEITOUPYiag
Karéypawav POVO TO NMIOU TOu €TITTEOOU TINWV OE OXEON PE TIG TIUEG TOU €VOIGUECOU
KIBwTiou petddoong. Autd amoddébnke oTo yeyovog OTI n acToyia Trapoucidletal BabuTepa
MéOa OTO KIBWTIO PETAdOONG, AAAG €TTIONG Kal OTO yeyovog OTI Ta UTTOAOITTA ypavadia Tou
KUpIOU KIBwTiOU METAdOONG TTAPAYOUV UYIEIG OUYXPOVIOUEVEG TOAAVTWOEIG Ol OTIOIEG
ETTIKAAUTITOUV Kal TTAPEUTTOBICOUV TNV aTTOKPIoN Tou &EiKTN.

H amétoun avénon TTou Trapatneeital oTiS TINES TWV TAAAVTWOEWY TNG €IkOvaG 5.7,
MTTOPEl VO atmodoBei cite 0Tn Bpavon Tou dovTiou Tou ypavadiou gite oTn d1Adoon TNG PWYHAG
OTO KUpIO owua Tou ypavadiou. Eivalr TTpayhaT eviuTTwoIakd TO yeyovog OTI To dOVTI dev
QTTOKOAANBNKE TTANPWG attd TO ypavddl, AauBdvovTag utrdoywn TV KATdoTach Tou Kabwg Kal
TNV UWNAR @OPTION OTNV OTTOI0 UTTOKEITA.

AuTEG 01 BOoKIPEG KaTESEIEAV OTI O aAyOpIBUOoI Tou BIayVWOTIKOU CUCTHHATOG TTETUXAV
TNV éykaipn avixveuon Twv OucAeiToupylwyv Adyw KAPTITIKAG KOTTWONG Tng pifag Tou
ypavadiol, €vw Ol QVIXVEUTEG PIVIOPATWY Oev gival agiémoTol yia Tnv diamioTwaon Twv
KAQOOIKWY aOTOXIWV TWV OOOVTWTWY TPOXWYV, TTOU TTPOKAAOUVTAI ATTO KAUTITIKI KOTTWOTN.

Etriong o1 o1 pwypég TTOU dnuioupyouvtal Adyw TETOIOG KOTTWONG TNG PiCag  ypavadiwy,
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OTTWG aUTWY TOoU Kupiou KiBwTtiou peTddoong, PTTopouv va OladoBolv Pécw TOu Kupiou
TUAPATOG TOU ypavadiou Kal va KaTaAAouv O€ JIa KaTaoTPOYIKI aoToXia.

Omwg mmpoava@épinke AdN, N aoToXia AOYywW KAMTITIKAG KOTTWONG OTO ypavadl Tou
evdldpeoou KIBwTIou peTddoong, Trapeixe eEAIPETIKA atroTeAéopaTta ooV agopd OTn
duvaTtoTNTA avixveuong dUCAEITOUPYIOG Kal OTNV EKTIMNON TNG KaTdoTaong Tou ypavadiou. Ol
€IKOVEG 5.4 Kal 5.5 TTapouciddouv TIG TIUEG BUO BEIKTWY KATAOTAONG, 01 OTToiol KaBopifouv Tnv
Aeitoupyiky  katdotaon Tou ypavadiou. O deiktng IR4  Kurtosis Trapéxel  éykaipn
TpocIdoTToincn yia TNV UTTapén TOTTIKAG duoAsiToupyiag ota dévTia Tou ypavaliou evwy O
0¢cikTnG IR1a (RMS), TTapouciddel peyGAeS TINEG OTAV N pWYUA OTa OOVTIA TOU ypavadiou £XEl
¢Odaoel o€ KpioIuo onueio. Autoi o1 deikTeG Ba YTTOpPOUCAV ETTOUEVWG VA EVOWNATWOOUV OTO
OlayvwoTIKG oUoThUa w¢ OeikTeg éyKaipng TTPOoeIdoTToinoNG UTrapgng duoAsiToupyiag Kal

ETTIKEIMEVNG KATACTPOYPIKAG AOTOXIOC avTioToIXa.

5.1.4. Aidyvwon BAaBwv kai Actoxiwv ot TpiBeic ko Agoveg TOU
Oupaiou ZuoTtApaTtog Metddoong Kivnong.

MapdAAnAa pe Ta avwTépw €¢eTAOTNKE N dUVATOTNTA TOU TTPOYVWOTIKOU CUOTANATOG
ylo TNV avixveuan OUGCAEITOUPYIWV Kal aoToxliwy o€ TpIReic kai &Eovec TOu oupaiou
ouoTAMaTOG MeTa@doong kivnong. lMa T omipi€n Tou oupaiou eAikodépou GEova
Xpnoigotroigital éva ouykpoTnua edpdvou. To KupidTEPO €EAPTNUA TOU OUYKPOTAMATOG
edpdvou artroTeAcital ammd €va o@PAyIOUEVO POUAEPAY, TO OTIOI0 OuvdéeTal ME €vav
aTTOORECTAPA KPAdACHWY Kal oTnpIfeTal o€ éva TTEPIBANKA TO OTTOI0 TOTTOBETEITAI OTO BOUIKO
mAaiolo Tou E/T1. To pouAepdv avapéveTal va UTTOKEITAI g€ XapnAR @opTian dedopévou OTI dev
EXeEl oxedIaoTel yia va QEPEI OTTOIOBNTIOTE ONUAVTIKO AKTIVIKO 1 afoVIKO QopTio, TTapOAo TTou
O€ OPIOUEVEG TTEPITITWOEIG, KATA TNV ETTIXEIPNOIOKA AgIToupyia, dnuioupyouvTal uWPnAd gopTia
Aoyw EAAewng CuyooTdBuiong ry/kal e0@aAuévng eubuypduuiong Tou oTpo@eiou. Asdopévou
0TI 0 aTrooBeoTAPAG BpiokeTal oTn SIAdPOMN UETASOONG TWV TOAAVTWOEWY, UTTHPXE avnouyia
0TI Ba ptTopoucE va avaoTeilel TN PeTGdoon Twv UYWNANG CuXvOTNTAG TAAQVTWOEWY OTTé TO
£0pavo oTov aIoBNTAPA KPAdATHWV.

MNa TNV eKTEAEON TNG BOKIUAG XPNOIKMOTTOINBNKE £va POUAEUAY, TTOU aQaIPEBNKE aTTo ev
Asitoupyia E/MM. 210 pouAepdv UTIAPXE MIO TTOAU WIKP PWYMA OTNV ECWTEPIKN ETTIPAVEIX
KUAIoNng, n otroia BewpriBnke OT €ixe TPokAnBei ammd tnv Ummapgn CEvwv CWPATWY OTO
EOWTEPIKO TOU. H dokiun TTpayuatotmoiftnke yia 12,7 wpeg AEIToupyiag Tou OUCTAUATOG

MeTAdOONG Kivnong Kal CUAAEXBNKav 129 povddeg dedouévwy. H eikdva 5.8 TTapouciadel pia
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QVTITTPOCWTTEUTIKA  KATAypa®r Twv TOAGVIWOEWV TOU UTTOWN pPOUAgudv yia OI1d@opeg
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Eikéva 5.8: Aiaypappa ddaopatog ZuxvotAtwy amd Poulepdv Oupaiou Afova TTou £XEl

Aacatoxnoel (Hess, Andrew , Chin, Harrison, Hardman, William, Gill, John , 1999).

‘Eva o@aApa eppavidetal oapwg atrod TIG UYPNAEG TIUEG O€ ETTITTEDO OUXVOTHTWYV, TTOU
avTioToIxei o€ BAGBEC TNG €OWTEPIKAG KOl EEWTEPIKAG ETTIPAVEIOG KUAIONG KABWG Kal TNG
TaXUTNTOG TTEPICTPOPAG TOU GEOVA KiVNOoNG. ZUYKPITIKA, T AVTIOTOIXO POUAEPAYV Xwpic BAGRN
Oev ePAvIcav UWPNAEG TIHEG O€ OUXVOTNTEG EAATTWHATIKWY ETTIPAVEIWY KUAIONG. O &€ikTng TNG
€IKOvVaG 5.9 TTpoépxeTal atrd TIG TTANPOPOPIEG TTOU TTEPIEXOVTAI OTO PACHATIKO SIAYPAUMa Kal
TTapouciddel dedopéva atrd TEooepa SIOPOPETIKA POUAEUdv TTou TOTTOBeTABNKAV OTNnV B¢on

No2 Tou OUYKPOTANATOG £dpAVOU.
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Eikéva 5.9: Evépyeia Ecwtepikhc Em@dveiag KUAiong amé PouAepdv Oupaiou Afova (Hess,
Andrew , Chin, Harrison, Hardman, William, Gill, John , 1999).

Ta dedopéva ammd 1o POUAEPAV TTou aTToppipBnke atrd TO €v Aermoupyia E/M eival
€UKOAQ avayvwpioipa PETaEU Twv aplBuwyv dokipwy 199 €wg 325. Znueiwveral 6TI N avnouxia
€€aoBévnong Twv PETAdIBOUEVWY TOAAVTWOEWY AOyw TNnG UTTapéng Tou atroofBecTthpa, o€
dIammoTWONKE OTNV TTPAEN.

MeTtd TNV OAOKApwaon TNG OOKIUAG TOU POUAEPAV TTPAYUATOTTOINONKE €AEYXOG Kal
emOBewpnan Tou, n otroia £6€1EE OTI 0 EOWTEPIKOG DAKTUAIOG €iXE pwyuaTwOEei, OTTWG PaiveTal

oTnv eikéva 5.10.
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Eikéva 5.10: Katdotaon EcwTepikng Em@dveiag KuAiong Poulepdv Oupaiou AEova TTou £xel
AcoToxnoel petd amd Aokiun (Hess, Andrew , Chin, Harrison, Hardman, William, Gill, John ,
1999).

Etriong, 10 £dpavo Bpébnke va £xel Trepitou 1,5 ypauudpia ypdoou, To OTToio €ival
EVTIOGC TOU @QAOHATOG TTOOOTNTAG, TTOU KOVOVIKG BPIOKETAI O€ POUAEPAV TTOU  €XOUV
AeIToupynoel HEXPI TO XPOVO TNG YEVIKAG TTIOKEUNG Twv 3000 wpwv. AvTioToIXa POUAEPAV UE
EOWTEPIKEG AOTOXiEG €ival yvwaoTo OTI TEAIKA atmoBaAAouv OA0 To ypdoo PEOwW TNG PWYMNG,

yEYovog TTou odnyei o€ uttepBEpuavon, aoTtoxia kal Trrwon Tou E/M.
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5.1.5. Aiayvwon BAapwv kai Aotoxiwv oe TpiBeic tou Kupiou
2uoTtiuatog Meradoong Kivnong.

To utdyn TIPOYPAPUO €iXE WG OTOXO va agIoAoynoel Kal Tnv IKavotnTa TOu
OIayVWOTIKOU CUCTAUATOG OTNV avixveuon BAABwy o€ pouAepdv Twv KIBWTiWV TOU Kupiou
OUCTHMOTOG HETABOONG Kivnong.

To eviaio pouAepydv (P/N SB 2205) Tou Kupiou OuOoTAUATOG METAdOONG Eival TO
OUVAMIKO TTAPEAKOUEVO TO OTTOIO ATTOTEAEI TNV TTIO KOIVA QITiO IO TV a@Aipecn Tou uttoyn
KiBwTiou ota E/M SH-60. H acTtoxia Tou uttdywn UAIKOU €ivalr SUOKOAQ avixveloiun Kabwg
Bpioketal BaBid péoa oTO KUPIO oUOTNUO PeETAdoonG. lMa Tnv €KTEAEON Twv OOKIPNWYV
agaipédnke ammo ev Asimoupyia E/M €va kwvikd ypavadl, To otroio cuptrepIAauBAvel Kal To
eviaio pouAepdv (P/N SB 2205) kai TomroBetriBnke oto 0e§ié ouoTtnua petddoong tou E/M
OOKIJWYV. 2TIC €IKOveS 5.11 Kal 5.12 TTapoudidlovTal N AEITOUPYIKA KATACTAON TOU POUAEUAY,

OUPQWVA JE TIG KATAYPAPES TOU APIOTEPOU Kal OEEIOU ETTITAXUVOIOUETPOU AVTIOTOIXO.
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Eikéva 5.11: 'Evdeign Kardotaong Poulepdv P/N SB2205 atmé Aeggid EmimayxuvoiopeTpo

(Hess, Andrew , Chin, Harrison, Hardman, William, Gill, John , 1999).

O 8¢g16¢ KUpIog OeikTnG KaTdoTaong petaBaivel oe BEon ouvayepuol OTav n duoAEIToupyia
EUQPUTEUETAI KATA TOV APIOUO BOKIUAG 254 Kal eTTIOTPEQPEI O€ KAVOVIKE £VOEIEn, OTav apaipedei

n ducAeiroupyia Katd Tov apiBuo6 dokiug 300.
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Eikéva 5.12: 'Evdeign Katdotaong Poulepdv P/N SB2205 atmé ApioTtepd ETTaxuvoiOueTpo
(Hess, Andrew , Chin, Harrison, Hardman, William, Gill, John , 1999).

O aplotepdg KUplog OeikTnNG €ival €TTiong €uaioBnTog oTnv €u@AvIon autig TNG
duoAeitoupyiag eTeId 0 apioTEPOS aIoONTAPAG €ival TOTTOBETNPEVOG €TTAVW OTO iB10 BOMIKO
oToIXeio Kal £xel TTeEpIoTpagei kKatd tepitTrou 90 poipeg o€ oxéon Pe Tov OeI6 KUPIO aloOnThpa.
21NV TTEPITITWON auTr O apIoTEPOG BEIKTNG AsiToupyei wg emPBeRaiwon Tng KardoTaong Tou
0e€lou ouoThuatog petadoong. H katayeypappévn petaBoAn Tng KUpTwoNg €ival To KUPIO
XOPOKTNPIOTIKO, TTOU XPNOIKOTIOIEITAl yIa TNV agloAdynon TnG AEITOUPYIKAG KaTtdoTaong Tou
pouAepydv yia autr) Tn duocAcitoupyia. ‘Eva Bacikd GToIXEIO yia TNV ETTTEUEN OUCIGOTIKWY
OTTOTEAEOPATWY PE QUTAV TNV TEXVIKN €ival va dnuioupynBouv KATAAANAEG KOTAypa®ES TNG
METABOANG TwV TIHWV yIad KATAAANAO €UPOG ouxvoTATwy. To €UPOG OUXVOTATWYV TTOU
XPNOIMOTTOINBNKE O€ auTH TN MEAETN TTPOOCBIOPIOTNKE QVOAUTIKA KABWG Kal euTrelpikd. Ol
eIkOveg 5.13 kal 5.14 Trapouacidlouv TIG TIMEG KUPTWONG Tou O€gIoU Kal TOU apIioTEPOU

aio0nTpa, avtioToixa, 6cov apopd aTn dUcAsIToupyia Tou pouAepdyv P/N SB-2205.
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Eikéva 5.13: Tiyéc Kuptwong Aeggiou Emraxuvoiopétpou Poulepdv P/N SB2205 (Hess,
Andrew , Chin, Harrison, Hardman, William, Gill, John , 1999).
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Eikéva 5.14: Tiyég Kuptwong Apiotepou Emitaxuvoiopétpou Poulepdv P/N SB2205 (Hess,
Andrew , Chin, Harrison, Hardman, William, Gill, John , 1999).

H mrpoyvwaoTiky avaAuan Ba utropoloe va eQapPooTEl aTTOTEAEOUATIKG OTNV agToxia
TOU ouykekpiyévou UAIkoU. H duoAeitoupyia oto €dpavo utmd P/N SB2205 eCelicoeTtal pe
eTavoAapBavopevo TPOTTIO atmo [Ia MIKPR, TOTTIKA BAGRN o€ pia peyaAlTtepn, n oTroia TeAIKA
KOAUTITEl éva PEYAAO TUAMA TNG €0WTEPIKAG BIAUETPOU KUAIONG TOU POUAEPAV. £TO Onpeio
QuTd, O QVIXVEUTNG PIVIOPATWY Ba dwoel pia évdeign BAGBNG KATTOU OTo KIBWTIO PETAdOONG
XWPIg va givalr duvatdg o TTpoadlopioPdg NG Béong 1 Tng Baputntag Tng BA&GPng. Ao tnv

GAAN TTAgupd, o1 &¢ikTeg TTou Bacifovral ae QUOIKG PovTENO TTpoadiopifouv TNV UTTAPEN TNG
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BAGBNG otnv apxn g €EENIEAG TNG. MapakoAouBwvTag TTPOCEKTIKA TNV €EENIEN AUTAG TNG
BAGBNG, n ouvtpnon Kal O TTPOYPAPUATIONOS TNG ATTOOTOAAG PTTOPOUV va diegaxBouv pe
QTTOTEAECUATIKO TPAOTTO KAl O I TTPOYPAUMOTIONEVOG XPpOvog KaBhAwaong Tou E/M ptropei va

MEIWBEI onUavTIKA.

5.1.6. Xprion Tou AlayvwoTiKoU ZUuOoTAMATOS VYia Tnv  ATTouovwon

BAaBwv Tou Kupiou Kipwrtiou Metadoong Kivnong.

270 Oonueio autd KpiveTal OKOTTIMO VA KOTOYPOQPE( Kal €va OKOPA TTEPIOTATIKO TTOU
PAVEPWVEI TIG AUENUEVEG dUVATOTNTEG TOU OIOYVWOTIKOU CUCTAUATOG OTNV OTTONOVWON TwvV
BAaBWV pe TTANBOG EUEPYETIKWY ATTOTEAECUATWV.

2710 TTAQiCIO TOU UTTOWN TTPOYPAUMATOG, Ta OEOOUEVA TAAQVTWOEWY TWV CUCTNHATWY
petadoong Tou E/MT SH-60 Serial Number (S/N) BUNO 164176 kataypd@nkav oTIG 22 Kal 23
Maiiou ka1 oTig 30 AuyouaoTou 1995. '1810u €idoug dedopéva cUAAEXBNKav €TTioNG Kal a1rd GAAQ
Ouo E/IT SH-60 xpnoigotroiwvTag 10 id10 cUoTnUa CUAAOYNAG Kal Kataypagng. Ta dedopéva
QTTOKTABNKAV KUPIWG yia TNV UTTOOTAPIEN MIAG DIayVWOTIKAG TTPOCTTABEING ETTOPEVNG YEVIAG,
TToU BaoifeTal oTNV TEXVOAOYIO VEUPWVIKWY BIKTUWV KAl OVOUAOTNKE TTPOYPOUUA QVATITUENG
AlayvwoTikoU ZuoTruaTtog Aepookagwy (AVDS). H TpdBeon ATav va kataypagouv dedouéva
TaAavtwoewyv ammd E/MN xwpic BAAGRN, Ta omoia Ba Ta Xpnoipotroioucav wg Baciko TTiTTedo
TIHWV yIa Tn dladikagia uéddnaong Tou veupwvikou OIKTUOU.

A6 10 E/T1 S/N 164176 eAA@Onoav ouvoAikKa 46 EeXxwpPIOTEG KOTAYPAPEG DEOOUEVWV
o¢ OIOQPOPETIKEG OUVOAKEG TITAONG, CUNTTEPIAAUPBAVOPEVWY TNG €KTEAEONG EAIYMWV OTO
£00QOG, TNG AIWPNONG EVTOG TNG ETOPACNG KAl E€KTOG TNG ETTIdOPACNG TOU (POIVOUEVOU
eddagoug, eubeia kal opigévTia TITAoN Kal KABodo. H 10XUG Twv KIvATHPWY KUPAvVONnKe ammd 28-
100%. MMepitrou é€va pAva petd Tnv Kataypa®n Twv dedopévwy Tou Maiou amd 1o E/M
164176, 1O TIPOOWTTIKO TOUu UTIOWN TrpoypdupaTog TTAnpo@opnBnke o1 10 E/M  €ixe
KATAYEYPAUUEVO I0TOPIKO aPG TNG TTPOEIBOTTOINTIKAG AUXVIAg TOU avIXVEUTH PIVIOPATWY OTO
KUplo ouoTnua petddoong kivnong. Ta cupBdavta Tou avixveuTh pIviIoPdTwy TTpokdAsocav tnv
évapeén pIag avaAuong Twv 0edoUEVWV TOAAVTWOEWY TToU CUANEXBNKav aTrd 1o E/M 164176,
XPNOIUOTTOIWVTAG TOUG OIayVWOTIKOUG aAyopiBuoug Tou umtown Trpoypduuarog. H idia
avdaAuaon d1e¢AxON etmiong o€ €va atmd Ta dAa E/M, dnAadn oto S/N 162326, yia TNV TTapoxr
€VOG Bacikou eITTESOU TIHWYV WOTE VA OUYKPIBOUV JE TIG TIWEG Tou E/MN 164176. Z1IG €IKOVEG
5.15 kai 5.16, mapoucidletal TO QACUA TWV TIMWV TWV TOAAVTWOEWV CE OXEON ME TN
ouxvotnta, Tou PBaocikou emmédou TiHwv (E/M xwpic BAGBN) kabwg kai Tou E/M Tou

Tapouaciale BAGRN, avtioToixa.
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Eikéva 5.15: daopa Baoikwv Tigwyv Tahavrwaoewv (E/M xwpic BAGRN) (Hess, Andrew , Chin,

Harrison, Hardman, William, Gill, John , 1999).
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Eikéva 5.16: ®dopa Baoikwv Tiywv Tolaviwoewv (E/M pe BAGRN) (Hess, Andrew , Chin,
Harrison, Hardman, William, Gill, John , 1999).
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H BA&Bn evromiCetan ue cagrveia aommd TIG UWNAES TIMEG OTIC OUXVOTNTEG TTOU
QVTIOTOIXOUV OTO POUAEPAV TOU KWVIKOU ypavadiol Tou Kupiou CUOoTHPOTOG pETadoong (SB
3313) 1600 0TO0 dOKINACTAPIO, OGO Kal TTi TOU E/TT.

H avdluon €deige pe cagAvela Tnv Otmapgn BAGBNG ota kuhidueva pépn Tou
KUAIVOPIKOU pouAeudv Tou ypavadiol €100d0U Tou OegIoU KEVTPIKOU CUCTHUATOG PETAdOONG
utmé P/N SB 3313 kai ammoTéAece avnouyia yia Tnv ac@AAgid TG TITAONG O€ TTEPITITWON
ouvéxiong xpnong Tou. Mepaitépw empBepaiwon ™G Béong Tng BAGRNG d6BNKe atmd Tn
PACMATIKA avdAuon pPIVIOYATWY, TTOU TTPAYMATOTIOINONKE ATTO TNV KATOOKEUAOTPIO ETAIPEIa
Sikorsky Aircraft, n otroia diatioTwoe OTI TO UAIKS Twv piviopdaTwy Atav xdAuBag CBS 600,
KATI TO OTToio £deIxve OTI auTd TO £dpavo ATav Wia atmd TIG TTOAAEG TTBAVEG TTNYEG Twv
piviopaTwy. Me Bdon Tnv avdAuon, n oudda Tou uTTOWN TTPOYPAUUATOG CUVEDSTNOE EVIOVA Va
otauatioouv ol ITAcelg Tou E/IM S/N 164176 kal To KUPIO GUCTANA PETAOOONG va aPalpeDdEi
Kal va oTaAgi oTo OOKIAOTAPIO yia TTepaITépw Ookiur. Ta dedouéva TTou oUAAEXONKav aTo
mepIBAANOV Tou OoKiyaoTnpiou ouykpiBnkav pe Ta Oedopéva Twv TITATIKWY  OOKIPWV.
EmmAéov, n emeiyouca avaykn amoudkpuvong Tou KiBwTiou peTadoong Kivnong amé tnv
EMYeIpNOIaK AciToupyia ATav amoTéAeopa TnNG afloAdynong Tng oupddag Tou uttown
TTpoypAauuaTog o1l n mmapoucia Tou @pdyuatog Aadiou (P/N 70351-38124-101), ditrAa oTO
POUAEAyV, atroTeAOUCE EUTTODIO OTN PETAKIVAON TWV PIVIOUATWY. AUTO a@evOg eUTTOdIOE TOV
QVIXVEUTI] PIVIOUATWY va eP@avioel TNV TTpaypaTiky Baputnta tng e€EMIENS TG BAGRNG Kal
QQETEPOU BNUIOUPYNOE WIA CUYKEVTPWON PIVIOPATWY £VTOG TOU KIBwTiou petddoong, n otroia
MTTOpOUCE va emmTaxOvel TRV €CENIEN TNG BAGPBNG. 2TN ouvEéxEla TTPAYUATOTTOINBNKE apaipeon
TOU KIBwTiou PETAdOONG, ATTOCUVAPUOAOYNON Kal £TTIBEWPENOT Tou, n otroia emBeRaiwoe O
13 amd Toug 23 KUAIVOPOUG OTO POUAEPAV eixav uttooTel ooBapég PBAABES, OTTwG QaiveTal
oTnv €iKéva 5.17. H emBewpnon ammrokdAue pia JeyAAn TToooTnTa PIVIOUATWY, TTOU Eixav

EYKAWPBIOTEN atrd 10 ppdypa Aadiou, emRepaiwvovtag TNV uttoyia NG ouddag.
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Eikéva 5.17. O 1piféag P/N SB 3313 (Hess, Andrew , Chin, Harrison, Hardman, William, Gill,
John , 1999).

5.1.7. Zupmrepdopara kai Mpotdoceig amd 1n Xprion Ttou AlayvwaoTIKOU
2UOTANATOG.

AUTA n ouvepyaTikn TTPOOTIABEIa yia TNV avdaTTTuén S1ayVWOTIKOU CUCTHUOTOG TTAPEIXE
ONMUAVTIKEG WQENEIEG OTIG KUBEPVNOEIG KAl TIG EPTTOPIKEG KAl TTAVETTIOTNUIOKEG OPYAVWOEIG
otig HIMA, Tnv AuoTpaAia kai Tnv AyyAia, pe mn pop@n uiog mAouoiag Baong dedopévwv
TAAQVTWOEWY Kal JIAyVWOTIKWY EKOECEWV KAl  OAOKANPWHEVWYV EUTTEIPILOV OTTO TO UTTOWN
TTPOYPOMMA.

Ta apyeia TTPWTOYEVWV YWNOIOKWY OedOPEVWV  XPpovooelpds cival éva TTOAUTIYO
OTOIXEIO yIa TNV agloAdynon Twv emOO0ewv TwV OIOYVWOTIKWY KAl TTPOYVWOTIKWYV
aAyopiBuwy Kal gival ammapaitnTa yia Tov evIoToNd TTPORANKATWY TOU CUCTHHATOG TTOU
odnyouv o¢ Weudeig cidotToINoelg. Ta dedopéva EMTPETTOUV TNV AVATITUEN TTPOOBETWV
OuvaToTATWVY avAAUCONG Kal EAEyXOU TOU CUCTAMATOG YIa TNV QTTOQUYH TMOavwy WeUdwv
OUVAYEPHWV Kal TTapEXouV Tn duvatdTnta Kabodrynong TnG cuviipnong Tou CUCGTAMATOG.

H Ttexvoloyia yia tnv TTapakoAoldnon kai 1 Sidyvwaon Twv CUCTNUATWY TwV
QEPOOKAPWY UPioTaTAl OTN CNPEPIVA ETTOXN, AAAd N a&IOTTIoTN dIAYVWOTIKA KAl TTPOYVWOTIKI)
avdAuon Twv ToAavTWoewv TIPOUTTOBETOUV TN duvaTtdTNTA  KATAYPAPAS TTPWTOYEVWV

0edouévwy yia Tn dnuioupyia TIHWY BAonS yia dIAPOPOUS TUTTOUG GEPOCKAPWY KAl UAIKWY,
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TIPOKEINEVOU va  TTPocdIopiaoTolv o1 KaTdAAnAol aAyopiBuol  kal Ta 6pia TIMWY TNG
QUOIOAOYIKNG AgiToupyiag.

H opdda T1pdTeive oI DOKIPEG VO OUVEXIOTOUV OTO OOKIMAOTHPIO YIA ETTEKTACN TNG
Baong dedopévwyv Kal BeATiwon TNG OUOXETIONG METAEU Tou MPeyEBoug TnG PBAAGBNG e TO
ETTITTEDO TINWV €GOV TOU aAyopiBuou yia Tn puBuIon Tou opiou TINWVY €1doTToinong ota E/M
SH-60 kal H-53E. ETriong TpoTeIve:

- Na cuvexioTei n BeATiwon Twv dIAYVWOTIKWY AAYyopiBuwy Kal n TTEPAITEPW £QApUOYN
TOUg oTa cuoTAaTa Twv E/M.

- 2uvéXIon TwV dOKIJWY TWV KIBWTIWV JETAdOONG, TTOU ATTOPEITITOVTAI AOYW E£UPAVIONG
TAAQVTWOEWV I PIVIOHATWV.

- 2uvéxion TG OOKIUAG ypavadiwv Kal TpIBEéwv OTa oTroia dnuioupyouvTal TeXVNTA
eykotég e unxavr) EDM yia kataypaen Tng e€EAIENG Twv BAaBwy oTo SOKIMACTAPIO.

- MpaypatoTtroinon OOKIJWY € CUOTAPATA PETAdOONG Kivnong PETA atmod dnuioupyia
EMTTPOCBETWY TEXVNTWYV BAaBWv.

O1 dokIUEG yia TNV agloAdynon Kail mMKUpWan TNG agloToTiag Kal atrodoTIKOTNTAG TNG
avaAuong Twv TOAQVTWOEWY OTO DOKIJOOTAPIO TTapEixav €va TEPAOTIO UTTORABPO yia TNV €Ig
Babog katavénon Twv XAPOKTNPIOTIKWY TwWV TAAAVTWOEWV TWV OUVAMIKWY CTOIXEIWV Tou
ouoTiuaTog ueTddoong kivnong Tou E/M SH-60. O1 peA\ovTikéEG TTPOCTTABEIEG DOKIUNG Ba
TPETTEl va BETouv wg TTpouTtdBeon Tn dnuioupyia Bacewyv OedouéEVWY AgIOTTOIVTAG TO
oUoTnua Kataypagrg TTpwToyevwy dedopévwy. ETtiong TpoTtdobnke:

- H avaBabuion Tou doKiJaoTnpiou TTPOKEINEVOU va KataoTei duvartrh n OOKIUN Twv
TTapeAkopévwy Tou E/INT CH-53E o€ TAfpn 10%U.

- H 1rpayuatotroinon SOKIJWY TOAAVTWOEWY KATA TN YEVIKH ETTIOKEUN TWV UAIKWV WG
évag €leyxog dlac@daAiong TroidTnTag evw TTAPAAAnAa Ba  Trapéxetalr n duvaréTnTa
onuIoupyiag evog apxikoU Bacikou TTediou TIMWV TOAAVTWOEWY YIa TO €KAOTOTE oUOTHUA
MeTAdOONG TO oTToi0 Ba Xpnaoiuelel 6Tav To0 oUoTNPa ToTToBeTNBEI £TTi TOU E/T1.

Téoo n duvnTik) 600 Kal N TTPAYMATIKN €@apuoyr Twv dlIa@opwy dIayVWOTIKWY Kal
TTPOYVWOTIKWY TEXVIKWV ETTIOLIXONKE e eTTITUXIO KATA TN SIAPKEIQ AUTOU TOU TTPOYPANUATOG.

H oupdda Bewpnoe amapaitntn TNV TTEQAITEPW QVATITUEN KAl €MKUPWON NG
TTponyMévng avaAuong, Tou Bacifetal 0TO0 QUOIKO POVTEAD, TN CUYXWVEUON OESOOPEVWV KAl
TNV €@apuoyr EmMTPOCHETWY TEXVIKWYV YyIa Tn HEiwon ni/kar v  €EaAeipn Weudwv
€I00TTOINCEWV TTPOKEIUEVOU VO  KATAOTEI dUVOTA N avaTtugn TTARPOUG TTPOYVWOTIKNAG
IKAVOTNTOG.

O1 duvatdotnTeg dIayvwoTIKAG avaAuong Kal TTapakoAouBnong Tou UTTOAEITTOUEVOU

Xpovou AgitoupyikAg Cwng, yia KIvNTAPES, KIBwTIa HPETAdOONG Kivnong Kal GAAa SOMIKG
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eCapTAMATO, €ival QVEKTIMNTN TIPOKEIMEVOU va  avamTuxBei n duvardtnra diaxeipiong
mpoBAnuaTWY avoxns PBAaBwyv, ocov a@opd 10IaiTEpa O OTOAOUG EAIKOTITEPWV KAl
QEPOOKAPWY TWV OTTOIWV augaveTal N nAIKia.

TENOG, N OPAdA £TTECAHUAVE OTI ATTOKOMICETAI HEYAAO OPENOG KAl KaBioTaTal avaykaia n
dlECaywyr CNUAVTIKWVY DOKIYWYV PE dnpioupyia TexvNTWy BAABWYV TTPOKEIEVOU VA avaTTTuxOEi
MIa CUAAOYI EUTTEIPIAG VIO TN PEANIOTIKI) PUBUION TWV OPIiWV TIMWYV TWV TTPOEIBOTTOINCEWY KAl
TV Katavénon Tou puBuol eENIENG Twy BAaBwyv. H KAtdAANAn katavonon tou puBuou
eCENENG Twv BAaBwv yia didgopa eCaptiuata atroteAei TTpoUTToBeon yia TNV TTAAPN

£QAPUOYN TNG TTPOYVWOTIKAG avAAuong.

5.2 MeAétn Tllepimmmwong EkTipnong m¢ YAZ oe Kivntripeg
Aepooka@wv pe AAydpiBuouc Mnxaviknc Maenong.

270 TTAQiCIO TNG TTApOUCcag OITTAWMATIKAG Epyaciag Kal yia Tn Olepelvnon €QApPUOYAS
TNG TTPOYVWOTIKAG QIAOCOQPIag CUVIAPNONG, TIPAYMOTOTIOINBNKE MIa MEAETN TTEQITITWONG
eKTiHNONG TNG YTToAeImmouevng AEIToUpyIKAG ZwrG € KIVNTPEG AEPOTKAPWY HE aAyOpIBuoug
MNXavikAg panong.

Ta TpwToyevr] dedopéva TTou Xpnaoldotroienkayv, avalntAdnkav oT1o dIadikTuo oTNV

IotooeAida ¢ NASA  https://ti.arc.nasa.gov/tech/dash/groups/pcoe/prognostic-data-

repository/ kai gixav Ta akdAouBa XapakTnPIoTIKA:

2U0voAo dedopévwyv Pe Ovopa FDOOL. ApiBudg kivnthApwy ota dedopéva pdbnong:
100. ApiBuég kivnmApwv oTta dedopéva eAéyyxou: 100. ZuvOnrkeg Acimoupyiag: EmiTredo
BaAhaocoag. Mpooopoiwpévn BAGRN: YTToRdBuion cuptrieoTh uwnAAg trieong (HPC).

Meipapatikd oevdpio: Ta cuvola dedopévwyv atroteAouvtal ammd 100 XpovikéG OeIpég
TTOAATTAWY  PeTABANTWY Ta oTtroia dnuioupyABnkav atrd TTPOCOPOIWGCN  TTPAYUOTIKWY
ouvlnkwyv. H opdda dedopévwv ywpileTal TTEPAITEPW O€ UTTOGUVOAQ €EKTTAIdEUONG KAl
OOKINAG. KdBe xpovooeipd TTpoépxeTal atmd OIa@opeTIKO KivnThpd, dnAadrn Ta Oedouéva
MTTOpOUV va BewpnBolv OTI TTpoEpxovTal aTrd £va aTOAO KIvNTAPpwWY Tou idlou TUTTOU. Kdbe
KIvATAPAG apxilel ue BIaQOPETIKOUG PBaBuolg apXIKAG @Oopdg kal TTapalAayng KATaoKEUNG,
TToU €ival dyvwoTog yia Tov XpAoTn. Autr n @Bopd kal TrapaAlayr) Bswpeital Kavoviki,
onAadn dev Bewpeital ouvlnkn duoAsiToupyiag. YTTAPXOUV TPEIG AEITOUPYIKEG PUBUIOEIS TTOU
emmnpeddouv onuavTika Tnv amodoon Tou KivnTApa. AuTéG ol pubpioelg TrepiIAauBavovTal
etmiong ota dedopéva. Ta dedouéva gival poAuopéva e B6pufo aiodnTipwv.

O k@Bt kivnTApag Acitoupyei Kavovikd oOTnv apxf) KAOBe XPOVIKAG OeIpdg Kal

avaTTuooel CQAAPa o€ KATTola oTIyHN Katd Tn didpkeia TNG o€Ipds. 210 oUVOAO eKTTaiIdEUONG,
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TO 0@AAUa auidveTal oe PEYEBOG PEXPI va aoTOXNOEl O KIVNTAPAG. 2T GUAAOY dedouEVWV
OOKIMWY, O XPOVOOEIPEG TEAEIWVOUV KATTOIO GTIYMN TIPIV TNV ATToTUuXia Tou cuoTruarog. O
OTOX0G TOU TIPOPRARuaTog cival va TTPoBAe@Oei 0 apIBUOSG TwV UTTOAEITTOUEVWY KUKAWV
AgIToupyiag TTpIv atrd TRV AoToxia TOu KIVNTAPA OTN CUANOYR TwV OEOONEVWY DOKIPWY. 2TA
oedopuéva TTapéxovTal €TTioNg O TIMEG TNG TTPAYUATIKAG UTTOAEITTOPEVNG AEITOUPYIKAG (WG
(YAZ) yia Ta dedopéva dOKINWY.

Ta dedopéva TTapEXOVTAl WG apxEia KelEvou (.txt) oupTTiEoUEVa PE Zip hE 26 OTHAEG
apIBPWY, XWPIoPEveG HE Kevd. KdBe oceipd eival €va OTIYUIOTUTTO Twv O£DOPEVWY TTOU
AauBdvovtar katd Tn OIdpKeEId €vOG POVO AEITOUPYIKOU KUKAou, K&Be OTAAN eival pia
d1a@opeTIK) PETABANTA. OI GTAAEG AVTIOTOIXOUV OF:

1) apiBuds KivnTHpa

2) Xxpbévog Asitoupyiag, o€ KUKAOUG
3) Aeitoupyikr puBuion 1

4) AeiToupyikr puBuion 2

)

)

5) AeiroupyikA puBuion 3

6) yétpnon ailcdntpa 1
)

7) yérpnon aioBnthpa 2

26) yérpnon aiobnthpa 21

MNa v mPORAewn Twv {nTolpevwy TIHWY YAZ TrpaypaTtotroiiénke avaAucn Twv
0edouévwv  PE aAYOPIBUOUG UNXAVIKAG MABNoNG péow TnG TTAATQOPUAS aAyopiBuwyv
Mnxavikng péddnong WEKA. H utéwn epapuoyn cival dwpedv mTpooBdciun péow Tou
oladikTuou Kail divel TN duvatotnTa XpAong Sla@opwyv  aAyopiBpwy, OTTWG YPAPMUIKN
maAivopounon, KNN, Decision Trees, TNA, Support Vector Machines kaBwg kai aAyépiBuoug
ouvduaopoU aAyopiBuwy, 6TTwg Bagging, Stacking kATT. MapdAAnAa Tapéxetal n duvatoTnTa
PUBUIONG OPICHEVWY TTAPAUETPWY KABE aAyopiOOU TTPOKEINEVOU VA BEATIWVETAI N IKAVOTNTA
TTPOYVWOTG TOU 0€ KABe GuAAoyN dedopévwv.

H &iodikaoia TTou akoAouBronke yia Tn TIPaydaToTTOINON TNG TPORAEWNS ATAV N
akoAouon:

- Apxiki ETre€epyaoia Twv Aedopévwy - Fpagikr ATreikdvion.

- EmAoyr XapaktnpioTikwy pue AAyopiBuoug Mnxavikng Maénong.

- EmAoyr) AAyopiBuou ue Tig KaAutepeg ETOOOEIS.

- PUBuion Mapauétpwy AAyopiBuou.

- Atrobrkeuon MovTéAou kai ExTipnon tng YAZ.

- >2U0ykpion ATTOTEAEOPATWY eKTiUNONG YAZ PE TTPAYMOTIKEG TINEG YAZ.
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5.2.1. Apxikn Emregepyaoia Twv Acdopévwy - I'pa@ik ATTEIKOvVION.

Omwg TTpoavapépBnke Kal avwTépw Ta dedouéva eAeBnoav ce Poper apxeiou

Kelgévou (.txt) kal kwdikotroinon ASCII, 6TTwg @aiveTal 0TV €IKOva 5.18.

_tin 10001 - eyt —— WY

Apyeio  Emetepyodio Mopgri Mpofoli  Borfea

.1 -0.0007 -0.0004 100.0 518.67 641.82 1589.70 1400.60 14.62 21.61 554.36 2388.06 9046.19 1.30 47,47 521.66 2386.02 8138.62 8.4195 0.03 392 2388 100.00 39.06 23.4190 .
)01 100.0 51B.67 642.48 1592.32 1397.77 14.62 21.61 554,34 2388.02 9059.13 1.30 47.36 522.32 2386.03 8132.32 8.3974 0.03 392 2386 100.00 39.10 23.3774 1 8 -0.0034 0.00
i7 643.07 1582.19 1400.83 14.62 21.61 553,44 2388.12 9046.82 1.30 47.38 521.85 2388.08 8128.10 8.4152 0.03 393 2388 100.00 38.93 23.2757 1 14 0.0009 -0.0000 100.0 518.
(587,56 1400.35 14.62 21.61 554.18 2388.04 9053.99 1.30 47.40 521.89 2388.03 8129.13 8.4321 0.03 391 2388 100.00 38.80 23.3464 1 20 -0.0037 0.0001 100.0 518.67 643.04
1,39 14.62 21.61 554.00 2388.02 9054.16 1.30 47.36 522.56 2388.02 8136.61 8.3917 0.03 393 2388 100.00 38.95 23.4288 1 26 0.0000 0.0002 100.0 518.67 642.16 1589.08 1396
'1.61 554,13 2388.08 9058.78 1,30 47.41 521,95 2388.06 B8125.28 8.4104 0.03 392 2388 100.00 38.94 23,3353 1 32 0.0005 -0.0003 100.0 518.67 642.33 1591.38 1400.36 14.62
+.63 2388.07 9055.44 1.30 47.29 522,29 2388.04 §131.95 B.4142 0.03 392 2388 100.00 38.99 23.4352 1 38 -0.0018 -0.0002 100.0 51B.67 641.93 1589.60 1399.50 14.62 21.61 5
1,03 9057.88 1.30 47.32 522.74 2388.09 8127.22 8.4068 0.03 392 2388 100.00 38.99 23.3148 1 44 -0.0001 0.0002 100.0 518.67 641.93 1586.94 1401.20 14.62 21.61 534.15 238
.30 47.22 521.37 2388.04 8135.48 8.4151 0.03 392 2388 100.00 39.06 23.4498 1 50 -0.0032 -0.0001 100.0 518.67 642.77 1588.49 1403.62 14.62 21.61 553.92 2388.06 9048.60
) 522.11 2386.02 8134.10 8.4071 0.03 392 2388 100.00 39.06 23.3567 1 56 0.0007 -0.0002 100.0 518.67 642.49 1586.33 1400.76 14.62 21.61 553.98 2388.01 9042.42 1.30 47.2
188.09 8131.66 8.4264 0.03 391 2388 100.00 38.89 23.3638 1 62 0.0004 0.0001 100.0 518.67 642.17 1581.59 1399.54 14,62 21.61 554.45 2388.10 9053.62 1.30 47.28 522.19 23
)7 8.3925 0.03 393 2388 100.00 38.97 23.2910 1 68 -0.0018 0.0000 100.0 518.67 642,51 1582.06 1404.42 14.62 21.61 554.04 2388.10 9051.78 1.30 47.36 521.72 2388.07 8132.
).03 391 2386 100.00 39.03 23.3975 1 74 0.0027 0.0001 100.0 518.67 642.96 1584.65 1401.48 14.62 21.61 554.03 23B6.07 9045.85 1.30 47.58 522.25 2387.97 8132.67 8.4135 0
.00.00 38.90 23.3121 1 80 -0.0002 -0.0004 100.0 518.67 641.94 1591.96 1393.58 14.62 21.61 553.01 2388.06 0043.67 1.30 47.64 521.52 2388.10 8134.66 8.4235 0,03 392 2388
. 23,2840 1 86 -0.0012 0.0004 100.0 518.67 641.84 1586.80 1403.56 14.62 21.61 553.69 2388.10 9047.26 1.30 47.38 521.82 2388.09 8130.06 8.4173 0.03 394 2388 100.00 38.9
. 92 0.0010 -0.0002 100.0 518.67 642.89 1590.03 1400.77 14.62 21.61 553.81 2388.14 9048.36 1.30 47.45 521.91 2386.05 8131.39 8.3982 0.03 392 2388 100.00 38.99 23,3522
).0004 100.0 518.67 642.00 1591.11 1404.56 14.62 21.61 552.75 2388.06 9045.49 1.30 47.37 522.31 2388.06 £127.89 B.4012 0.03 391 2388 100.00 38.96 23.2554 1 99 -0.0005
. 100.0 518.67 642.29 1590.63 1406.25 14.62 21.61 553.66 2388.08 9044.73 1.30 47.34 522.38 2388.09 8131.89 8.4021 0.03 392 2388 100.00 38.96 23.3393 1 105 0.0024 0.000
0 518.67 642.55 1590.01 1401.27 14.62 21.61 554.08 2388.13 9051.40 1.30 47.55 522.01 2388.12 §127.16 B.4638 0.03 393 2388 100.00 39.06 23.2951 1 111 0.0008 0.0004 100
i7 642,64 1580.31 1401.99 14.62 21.61 554,40 2388.08 9049.71 1,30 47.43 521.60 2388.05 8134.46 8.4059 0.03 394 2388 100.00 39.03 23.3512 1 117 0.0005 0.0004 100.0 518.
1,30 1593.68 1413.97 14.62 21.61 553.43 2388.15 9042.39 1.30 47.60 520.92 2388.12 8131.81 8.4256 0.03 393 2388 100.00 38.86 23.2793 1 123 0.0016 -0.0002 100.0 518.67 6
103,87 1407.06 14.62 21.61 552.74 2388.13 9056.59 1.30 47.62 521.96 2388.16 8132.08 8.4413 0.03 393 2388 100.00 38,85 23.2641 1 129 -0.0033 0.0003 100.0 518.67 642.41
i2 1402.67 14.62 21.61 553.20 2388.11 9046.16 1.30 47.75 521,52 2388.13 8131.30 8.4293 0.03 393 2388 100.00 38.68 23.2833 1 135 -0.0017 0.0001 100.0 518.67 642.45 1585
408,36 14.62 21.61 552,15 2388.17 9055.85 1.30 47,51 521.27 2388.05 8130.27 8.4397 0.03 393 2388 100.00 38.82 23.3704 1 141 -0.0023 0.0005 100.0 518.67 642.39 1590.02
}.82 14.62 21.61 552.60 2388.12 9045.99 1.30 47.63 521.13 2388.12 8120.19 8.4312 0.03 392 2388 100.00 38.68 23.3233 1 147 0.0047 0.0001 100.0 518.67 642.25 1594.85 140
4.62 21.61 552.62 2388.18 9043.90 1.30 47.72 520.39 2388.19 8119.00 8.4572 0.03 395 2388 100.00 38.77 23.2369 1 153 0.0011 -0.0004 100.0 518.67 642.99 1589.17 1414.56
! 21.61 553.19 2388.20 9049.22 1.30 47.68 520.88 2388.22 §126.33 8.4368 0.03 394 2388 100.00 38.75 23.2894 1 159 -0.0006 0.0001 100.0 518.67 642,89 1589.54 1420.37 14.
61 551.90 2388.17 9048.92 1.30 47.70 520.63 2388.28 8124.63 8.4803 0.03 394 2388 100.00 38.62 23.1761 1 165 0.0010 0.0004 100.0 518.67 642.76 1597.03 1408.09 14.62 21

Eikéva 5.18 Mépog Asedopévwv Mabnong o€ apxeio .txt

H epapuoyri WEKA atraitei Ta dedouéva va eival ge yopery apxeiou .arff, To otroio
gival éva apyeio .csv (comma separated values) pe Tnv el0aywyn €vog TITAOU TTOU TTEPIEXEI TO
Ovoua TOU OpPXEiOU Kal Ta OVOUATA Kal TO €i00G (apIBPOG, OVOPO KATT.) TWV XAPAKTNPIOTIKWY
Twv dedopévwy. MNa va TTpayhaToTToinBei n YETATPOTI aTTd apxeio Kelpévou (.txt) o€ apxeio
CSV xpnoiyotrobnke 10 Tpdypapua MS Excel. Z1o onueio autd kpivetal OKOTIHO va
emonuavBei ot eTeIdn Ta apxikd dedopéva eival oe Kwdikotroinon ASCII, n utmodiacToAR
eMavifeTal wg TeAgia kal Ox1 wg KOPpa. Otav 10 apxeio petarpatrei o€ .xIs, o1 TeAgieg
avTikaBioTavral atrd kOuPaTa. ZTn cuvéxela To MS Excel ytropei va armmobnkeloel To apxeio
atreuBeiog oe popery CSV, TOTTOBETWVTAG OUWGS avTi yIa KOPPA, epwTnuaTike. ‘Eva akdun
TPOBANUO TTOU QVTIMETWTTIOTNKE ATAV OTI O0TO apxeio CSV, 1a Oedouéva TIPETTEl VO
dlaxwpifovtal Pe KOUUA, VW TaUTOXPOVA N UTTOBIACTOAR OTOUG OekadIKoUg aplBuoUs aTo
EAMNVIKO cUOTNUA OTTEIKOVIONG, CUUPBOAICETal £TTiIONG PE KOPWA. TMa T AUON TwWv avwTEpw
TTPORANPATWY TTpayyaToTroifenkav Ta €€ng: Metd Tnv elcaywyn Twv dedopévwv o1to MS
Excel, 6Aa 1a Ocdouéva Eyivav aképaiol apiBuoi Pe WeETakivnon TnG UTTOdIACOTOAAG Kal
TPOOTEONKE WIa akoua PeTaBANnT, n YAZ (RUL). ZTn ouvéxela TO apxeio amoBnkelTnke wg
CSV, éyive PeTa@OpTWOoN Tou oTnv epapuoyry WEKA (arff viewer) kal amoBrikeuor Tou wg

ARFF. Z10 onueio auTto, emmeidn ommwg Trpoavagépdnke o MS Excel amoBnkelel 1o apyeio
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CSV diaxwpifovtag 1a dedopéva Pe epwTnuaTikd, n epapuoyry WEKA dev avayvwpioe Tnv
UTTapén 26 xapakTnPIoTIKWV, GAAG €vog, To otroio AduBave wg TIPEG OAa Ta dedopéva. MNa Tn
016pBwan Tou UTTOWN TTPOPRAAUATOG, £YIVE TTPOOTTIEAAON TOU OPXEIOU PE EQPAPUOYN KEINEVOU
(MS Word), avTIKatdoTaon TwV EPWTNHATIKWY JE KOPUATA KAl TTPO0BNAKN TWV TITAWV Kal TOU
€idoug  HETABANTAG TWV XAPOKTNPIOTIKWY. Znueiwvetar 61 n WEKA AapBdvel  wg
XOPAKTNPIOTIKG KaTnyoplotroinong f TTPORAswng Tnv TeAsutaia peTABANT TWV JEDOUEVWV.
21NV TTPOKEINEVN TTEPITITWON TeAeuTaia PETABANTA TEBNKE TO XapakTnpioTikd RUL, dnAadni n
UTTOAEITTOMEVN AEITOUPYIKE Cwr).

MapdAAnAa pe TN PETAPOPTWON TWV dedopévwy oto WEKA TTpayuaToTroinénke uia
apxIKn agloAdynon Kal ypa@ikr ateikévion Twy dedopévwy Je Tn Xpron Tou Ms Excel, 6TTwg

paivetal yia TTapddelyua oTnv €Ikéva 5.19.

SENS 3

1610
1605

1600

1595

1590 &

1585 -y
1580

1575

1570

1565

1560

00N ANOOMONNSTI 0! AN D
SN AN <N N ONMNOOOO

106
113
120
127
134
141
148
155
162
169
176
183
190

Eikéva 5.19: Mpagikr MNapdotaon Twv dedopévwy Tou aiobntipa No. 3 o€ oxéon PE TOug

KUKAOUG AgiToupyiag Tou kivntripa No. 1.

ATTO TNV uTTOWN agIoAGyNnan dIaToTWONKE &TI UTTHPXAV TPEIG KUPIEG OPABEG XAPAKTNPIOTIKWY
OedOEVWV:

- 2TV TTPWTN opdada TTEPIANPONKAV  XAPOKTNPIOTIKE Twv OTToiwvV N TIUA
TTOPEPEVE EVTEAWG APETARANTN OTO GUVOAO TWV OTIYMIOTUTTWY Kataypa@ng. H oudda auth
aTtroTeAouvTav aTTd Ta XApaKTNPIOTIKA: Setting 3 Kai TIG kKaTtaypa®Eés Twv aiodntipwy No. 1, 5,
10, 16, 18 kai 19. Ta umoywn dedouéva atraAeipOnkav ammd 1o auvolo 81T Ba TTpocébeTav
OTTQITACEIC UTTOAOYIOTIKAG 10XU0G OTA €TTOMEVA PBRAPATA, XWPEIC va TTpoo@épouv KATTola
TTANpoopia doov agopd oTnv ekTipnon TNg YAZ, KaBwg n ocuoxETior Toug he Tnv YAZ Atav
MNOEVIKA.
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- Mia GAAN opdda dedopévwy TTapouaiale ypauun Taong oxedov TTapdAAnAn pe
ToV dfova Twv X (KUKAOI A&IToupyiag) eUTTEPIEXOVTAG Kal oNUavTIKG B0pufo. ZTnv opada auTth
QVAKOUV Ta XapaKTNPIOTIKA: Setting 1, Setting 2 ka1 o aioBnTApag No. 6. Ta uttown dedopéva,
TTAPOAO TTOU ATTO T YPAPIKA TOUG TTAPACTACT QAIVETAI OTI OEV £XOUV PEYAAN CUOXETION UE
v YAZ, dev ammaleipBnkav ammd tnv apxf aAAd €ioAxBnoav otn diadikaoia €1mIAOYNG
XOPOKTNPIOTIKWY, TTOU Ba avaAuBei oTnv eTTOUEVN EvOTNTA.

- 2TV Tpitn Kol TeAeutaia opdda Ta  XOAPOKTNPIOTIKG Twv OedOPEVWV
Tapoucialav peydAho B6puBo atrd TN Mo TTAEUPpd, OAAG TAUTOXPOVOA UTTHPXE EUKPIVAG
OUOXETION TNG TAONG TOuG PE TNV YAZ, OTTWG yia TTapddeiyua @aivovtal otnv eikéva 5.19 ol
Kataypagég Tou aioBntApa No. 3. ZTnv oudda auTh QapPOcTNKAV o GAYOPIOBUOI PNXAVIKAG

HABnong, 6TTwG Ba avaAuBei TTapaKAaTw.

5.2.2. EmAoyr XapaktnpioTIKwV e AAyopiBuoug Mnxavikng Maenong.

Aedopévou o1 TTAEov UTTNPXE €va apxeio ARFF pe Ta dedouéva pabnong, Eekivnoe n
Oladikacia €mMAOYAG TwV KATOAANAOTEPWY XOPAKTNPIOTIKWY VYIQ TNV €KTTaideuon Twv
aAyopiBuwyv pnxavikng udénong.

MNa tnv umméwn diadikacia xpnoiyotroinénke n epapuoyy WEKA pe dUo pebddoud.
v mpwTtn MEBodo (Correlation Attribute Evaluation) uttoAoyiletan n ouoxETion KAaBe

XOpakTNEIoTIKoU pe TNV YAZ. Ta atroTeAéoaTa TTOU TTPOEKUWAY ATav Ta akOAouBa:

=== Run information ===
Evaluator: weka.attributeSelection.CorrelationAttributeEval
Search: weka.attributeSelection.Ranker -T -1.7976931348623157E308 -N -1
Relation: 1.3 TRAINING DATA 5145 INTEGER
Instances: 14053
Attributes: 18
SETTING1, SETTING2, SENS2, SENS3, SENS4, SENS6, SENS7, SENS8, SENS9,
SENS11, SENS12, SENS13, SENS14, SENS15, SENS17, SENS20, SENS21, RUL
Evaluation mode: evaluate on all training data
=== Attribute Selection on all input data ===
Search Method:
Attribute ranking.
Attribute Evaluator (supervised, Class (numeric): 18 RUL):
Correlation Ranking Filter

Ranked attributes:

98
Kiuwv ZipAavrlhic & Aviwviog KaAaoulng



«H avarmruén diayvwoTiKNS Kai TTpoyVWOTIKAS QIA0CoQias ouvinpnons ouvesTwy uaThUATWY
ue v aéiormroinon tn¢ TexvoAoyiac NMAnpo@opikns kai Emkoivwviwy Kai ueBédwv unxavikng
uaénong.»

0.702 11 SENS12

0.6846 7 SENS7

0.6585 17 SENS21

0.6514 16 SENS20

-0.013 1 SETTING1

-0.0163 2 SETTING2

-0.0832 6 SENS6

-0.3242 13 SENS14

-0.4066 9 SENS9

-0.5637 12 SENS13

-0.5657 8 SENSS8

-0.6039 4 SENS3

-0.6263 3 SENS2

-0.6283 15 SENS17

-0.6725 14 SENS15

-0.7071 5 SENS4

-0.7297 10 SENS11

Selected attributes: 11,7,17,16,1,2,6,13,9,12,8,4,3,15,14,5,10 : 17

AT6 Tnv €€€Taon Twv TTApATTAvw ATTOTEAECOUATWY TTPOKUTITEI OTI, OTTWG QAVNKE KOl
atd TIG YPAPIKEG TTAPACTACEIS Kal TTapouaiddetal otnyv eikéva 5.20, Ta XApAKTAPIOTIKA TNG
0eUTePNG opadag (SETTINGL, SETTING2 kai SENSE) €xouv TTOAU XaunAr] ouox£Tion We TNV
YAZ (-0,1<Correlation<0,1).
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ZuoxEtion Xapaktnelotikwv Asdopévwv pe YAZ

COOPRNONDPO

0006 ocpopo

TTSN3S
7SN3S
STSN3S
LTSN3S
C¢SN3S
E€SN3S
8SN3S
€TSN3S
6SN3S
YTSN3S
9SN3S
C¢ONILL3S
TONILL3S
0¢SN3S
TZSN3S
LSN3S
CTISN3S

Eikova 5.20: Zuox£TIon TwV XOPAKTNPIOTIKWY TwV dedouévwy PE TNV YAZ.

MNa empBefaiwon Tng ummdwn TapatTiPENong Eyive epapuoyr Tng HeBOdou Learner
Based Feature Selection, n otroia eTMIAEYEI UTTOOUAOEG XAPAKTNPIOTIKWY, LETPAEI TIC £TTIOOCEIG
TOUG Kal 0TO TEAOG TTpoTEivel TIGC KaTaAAnNAGTEPEG (Jason Brownlee, 2018). Ta atroteAéouaTta
TNG UTTOWN PEBGOOU CUPPUVNOAVY WE TIG TTAPATNPHOEIG TTOU £yIVAV aVWTEPW, OTTWGS QaiveTal

OKOAOUBWG:

=== Run information ===
Evaluator: weka.attributeSelection.WrapperSubsetEval -B weka.classifiers.trees.J48 -F 5 -T
0.01-R1-E DEFAULT ---C0.25-M 2
Search: weka.attributeSelection.BestFirst-D 1 -N 5
Relation:1.3 TRAINING DATA 5145 INTEGER - weka.filters.unsupervised.attribute.Remove-
R1-2,6
Instances: 14053
Attributes: 15
SENS2, SENS3, SENS4, SENS7, SENS8, SENS9, SENS11, SENS12, SENS13, SENS14,
SENS15, SENS17, SENS20, SENS21, RUL
Evaluation mode: evaluate on all training data

Q¢ ek TOUTOU ATTOPACIOTNKE va ATTaAEIPBoUV Kal Ta dedopéva TnG deUTEPNG OUAdAG
Kal va Trapapeivel yévo n Tpitn ohdAda XAPOKTNPICTIKWY YIa TN OUVEXION TNG OlodIKOOiag
HNXavIKAg patnong.
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EmmpooBera, MeTd amd  avadAuon Twv  oTToTEAEOPdTWY  TTOU  avauévovTal,
olamoTwonKe 611 N avapevouevn YAZ kupaivetal amd 7 éwg 145 kukAoug. Q¢ ek ToUTOU
ATTOAEIPONKAV TA OTIYMIOTUTTA KATW a1rd 5 kal Tavw atmmod 145 kukAoug yia Adyoug
UTTOAOYIOTIKWY QTTAITAOEWY, £TTEION dEV TTPOCPEPOUV ETTITTAEOV DEDOUEVA OTO HOVTEAO YIA TIG
EMOIWKOUEVEG TTPORAEWEIG KABWG Kal eTTEIOA TTAVW aTTO Toug 145 KUKAOUG YAZ, N CUOXETION

TWV O0£DOUEVWY PE TNV YAZ peiwveTal TTOAU, OTTWG @aiveTal Kal atrd Tnv €Ikova 5.19.

5.2.3. EmAoyry AAyopiBuou pe TiI¢ KaAutepeg Emdooeic kai PUBuion
MapauéTpwv.

Metd Tnv emAoyy Twv KATOAANAOTEPWY XOPAKTNPIOTIKWY HE Tn Oladikagia TTou
TTpoava@épOnke, akoAouBnoe n diadikacia €TTIAOYAS aAyopiBuou. To KpITHPIO €TTIAOYAG TOU
KataAAnNAGTEPOU aAyopiBuou ATav To PIKPOTEPO RMSE.

EmAéXONkav TTEVTE aAYOPIOUOI uNXaVIKAG JAdnong, ol oTToiol TTapoudiddouv UWNAEG
emddoelg (Jason Brownlee, 2018), kaBwg Kal dUo cuvduacoTIKOi aAyOpIBuoI, ws aKOAOUBWG:

- Linear Regression (functions.LinearRegression)

-k Nearest Neighbors (lazy.IBK)

- Decision Trees (trees.REPtree)

- Texvntd Neupwvikda AikTua (functions.MultilayerPerceptron)

- Support Vector Machine Regression (functions.SMOreg)

- Stacking (meta.Stacking)

- Bagging (meta.Bagging)

Ta apyik@ atroTeEAéoPATA EQAPUOYAS TWV AAYOPIBUWY UE TIG APXIKEG TOUG PUBUIoEIg
Kal ektTaideuon 010 66% Twv dedopévwy, ATav Ta akdAouba (RMSE og KUKAOUG AgIToupyiag),
OTTWG TTaPOUCIAdovVTal OTNV €IKOva 5.21:

- Linear Regression: 23,08

-k Nearest Neighbors: 30,17

- Decision Trees: 23,47

- Texvntd Neupwvika Aiktua: 23,98

- Support Vector Machine Regression: 23,33.
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Apxkeg Emibooelg AyvopiBuwv (RMSE)

30,17
35 23,08 23,47 23,98 23,33
30
25
20
15
10
5
0
Linear k Nearest Decision Trees ANN SVM Regression
Regression Neighbors

Eikéva 5.21: Apxikég emdooelg alyopiBuwy (RMSE).

EmAéxOnke n ekmmaideuon o1o 66% Twv Oedopévwy Kal Ox1 n OloCTAUPWTIKN
ETMKUPpwOnN O0edopévou OTI UTTAPYXOUV BIAPOPETIKG Oedouéva eAEyXou yia va HETPNBEI n
amoédoon Twv aAyopiBuwy oe dyvwoTa dedouéva Kabwg Kal TG UTTapéng peydAou apiBuou
o0edouévwyv pdbnong.

2Tn ouvéxela akoAouBnaoe PETABOAA Twy TTAPAPETPWY TWV AAyopiBuwy pe emdiwgn Tn
Meiwon Tou RMSE oupgwva e Tn BiBAIoypagia (Jason Brownlee, 2018). ETAExBnkav Aol
o1 aAyopiBuol kaBwg dev UTTAPEE onuavTikr 81a@opd oTa GOAAPATA TTOU TTPOEKUYAV.

‘ETo1 dnuioupyABnkav dU0 véeg OeIpEG dedoPEVWV PE XPrion KaTaAANAwWY QIATpwY TNG
epappoyng, pia tutrotroinuévn (eAdxiotn TiwA 0 kai péyioTn 1) KAl PIO KOVOVIKOTTOINUEVN
(M€oog 6pog 0) yia xpAon oToug aAyopIBuoug TNG YPANMIKAG TTAAIVOPOUNONG Kal Tou Support
Vector Machine avrigToixa.

O1 BEATIOTEG TIPEG TTOU TTPOEKUYAYV HTAV OI AKOAOUBEG:

- Linear Regression: 23,08 (&ev utripge BeATiwon Pe T Xprion TUTTOTTOINKEVWV

OeOOUEVWV).

- k Nearest Neighbors: 21,99 pe k=21 kai PS Manhattan.

- Decision Trees: 23,33 pe MinNum=7.

- Texvntd Neupwvikd Aiktua: 21,32 e decay=true, Learning Rate=0,2 kai

Momentum=0,1.

- Support Vector Machine Regression: 22,33 pe KavovikoTroinuéva dedopéva Kal

pUBuIoN Twv TTapauéTpwy kernel og poly kar exponent=2.

21N ouvéxela €yive OOKIUN TwV OUVOUAOTIKWY OAyopiBuwyv pe Ta  akdAouBa

atroTeAéopara:
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- Stacking: 21,38 pe meta classifier Tov linear regression kai classifiers Ta TNA,
Linear Regression kai k Nearest Neighbors, pe TIC puBuioceIC TwV TTAPAPETPWY
TTOU TTPOAVOPEPOVTA.
- Bagging (meta.Bagging): 21,43 pe puBuion Tou iteration oto 100.

Ta ammoteAéopaTa Twv SOKIPWY TTapoucidfovtal oThy ikéva 5.22:

TeAwkeg emidooelc RMSE peta amod pubulon mapapeTpwy

aAyopiBuwyv
23,33
23,5 23,08
23 22,33
22,5 21,99
22 21 32 21 38 21,43
21,5
21
20,5
20
Linear k Nearest Decision Stacking Bagging
Regression Neighbors Trees Regressmn

Eikéva 5.22: TeAlkd atroTeAéopaTa PICag HECOU TETPAYWVIKOU CQAAPATOG UETA atTd DOKIUA

Kal pUBUION TTAPAUETPWY AAYOPIBUWY.
Emiong, 10 apxik& pe Ta TEAIKA OTTOTEAEOUATA, CUYKPITIKA, TTapoucidalovial otnv
eIkéva 5.23:

ApXIKEG ETLBAOELG O OXEON HE TEALKEG EMLOOOELS AAYOPLIOMWV HETA TN
pLOuLon (RMSE).

35 30,17
30
55 23,08 23,08 21,99 2347 3333 23,98 23 33 9933 2138 21.43
20
15
10
5
0 e — e — —
Linear k Nearest Decision Trees M Regression Stacking Bagging

Regression Neighbors

i APXIKEXZ EMIAOZEIZ  HETEAIKEX EMNIAOZEIX

Eikéva 5.23: Apxikég emmdooeIg oe oxéon Pe TEAIKEG emOOOEIS aAyopiBuwy PETE TN pUBJIoON

TWV TIOPAUETPWY TOUG.
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5.2.4. Amrobrkeuon MovTtéAlou kal EkTiunon NG YAZ.

Me Bdon Ta avwTépw ATTOTEAECUATA OTTOQPACIOTNKE N XPAON Tou aAyopiBuou Twv
Texvntwv Neupwvikwv AIKTUWV MPE TIGC puBpiceig TTou TTpoavagépBnkav (decay=true,
Learning Rate=0,2 kai Momentum=0,1), kaBwg¢ 10 amoTtéAeapa Tou RMSE rfjtav TToAU KovTd

oTto o@aAua RMSE Tou stacking kai Ta TNA amairolv PIKpATEPN UTTOAOYICTIKA 10XU Kal

7
XpPOoVvo.
Test output
Tester: weka.experiment.PairedCorrectedITester -G 3,4,5 -D 1 -R 2 -5 0.05 -V -result-matrix "weka.experiment.ResultMatrixPlainText
Inalysing: Root_mean_squared error
Datasets: 1
Resultsets: 1
Confidence: 0.05 (two tailed)
Sorted by: -
Date: 25/10/2018 5:24 pp
Dataset (1) functions.Multil
'1.3 TRRINING DATA 5145 I (10} 21.32(0.21) |
v/ f*) |
Key:
{1) functions.MultilayerPerceptron '-L 0.2 -M 0.1 -N 500 -W 0 -5 0 -E 20 -H a -D' -5990607817048210779

Eikova 5.24: AtroteAéopata oQAAUATOG KAl TUTTIKAS aTTOKAIONG.

2Tn ouvéxela xpnolgotoinbnke o Experimenter tou WEKA yia va uttoAoyioTei Kai n
TUTTIKA] aTTOKAION TOU OQAAPOTOG, OTTWG QaiveTal oTnv e€ikova 5.24. To o@AAua TeAIKA
uttoAoyiotnke ae 21,32 pe Tutmmik ammokAion 0,21. Ta dedopéva ATav TUTTOTTOINWEVA KAl Ol
puBuiceig 6TTwg TTpoavaPEPBNKav.

2Tn ouvéxela akoAouBnodnke n diadikacia opIOTIKOTTOINONG Kal aTTOBrKEUONG TOU

HovTélou pe Tov WEKA Explorer, 0TTwg @aivetal otnv £ikéva 5.25.
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E Weka Explor = 2
( Preprocess T Classify T Cluster TAssm::iate T Select attributes T Visualize ]
Classifier
Choose |MultilayerPerceptron-L0.2-M0.1-MN500-vY0-S0-E20-Ha-D
Test options ~ Classifier output
(®) Use training set Attrib SENS11 -0.18041974126040297 -
i 2 = - 12 - r
O Suppliedtest set Sat Avtrib SENS12 0.20174305471215517
Avtrib SENS13 -0.05227894840091676
() Cross-validation Folds 10 Attrib SENS14 0.7863988064230483
L . = Attrib SENS1S -0.13955155069863193
‘S P ERE Bl 55 Attrib SENS17 -0.01206686775703971
m— Attrib SENS20 0.11603553098747355
L a J Attrib SENS21 0.09673867393176874
Class
e Input
(Mum) RUL - Hode 0
Start 5
e . . Ti taken to build model: 28.4% d.
Result list (right-click for options) ime Taken To bui mads sssends
17:33:34 - functions. MultilayerPerceptron === Evaluation on training set =—
Time taken to test model on training data: 0.13 seconds
—— Summary ———
Correlation coefficient 0.8518
Mean absolute error 16.4007
ROOT mean squared error 21.2711
Relative sbsoclute error 46.6557 %
Root relative squared error 52.3915 %
Total Number of Instances 14053
v
- Y-

Eikéva 5.25: TeAikn Exmraideuon kai AroBrAkeuon MovtéAou TNA.

Auté TO pOVTENO pTTOPEl va @opTWOEl apydTepa Kal va xpnolgotroinBei yia tnv
TTPORAeWn vEwv dedouévwy. MTTOpoUE va XPNOILOTTOICOUME TN YECN TIUN KAl TNV TUTTIKN
aTTOKAION TNG aKpPiBEIOg Tou POVTEAOU, TTOU UTTOAOYIOTNKE OTNV TeAeuTaia evoTtnTa, Yia TNV
TTOCOTIKOTTOINCN TNG QVAPEVOUEVNG PETARBANTOTNTAG OTNV EKTIMWHEVN OKPIiBEIa TOu PovTéAOU
oe véa 0edopéva. Etiong yevikd avauéveral 61 n pifa Tou PECOU TETPAYWVIKOU CQAANATOG
Tou Povtédou oe véa dedopéva Ba eivar 21,32 ouv 1 peiov (2°0,21) 4 0,42. AnAadn 6a
Kupaivetal atré 20,9 éwg 21,74 KUKAOUG AsIToupyiag.

MNa va mpayuarotroin®ei n mpoRAewn, Ta dedopéva eAEYXOU ETTPETTE VA PETATPATIOUV
oe apxeio Excel, otn ocuvéxela CSV kal 1éAog ARFF emAéyoviag poOvo To TeAeuTaio
OTIYMIOTUTTO dedopévwy KABE KIvNnTrpa, To 0TToio Ba avTicToixei atnv YAZ.

MeTd Tnv umOdywn METATPOTT TWV OOOPEVWV EYIVE QOPTWON TOU HOVTEAOU TTOU
aT1ToONKEUTNKE KABWG Kol TwV BESONEVWV EAEYXOU Kal TTPAYHATOTTOINONKE N TTPORAEWN OTTWG

Qaivetal oTnVv €IKOva 5.26.
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‘Weka Explo =

" Preprocess T Classify T Cluster TAssoclate T Select attributes T Visualize ]
Classifier

Choose |ZeroR
Test options ~ Classifier output
L_J) Use training set 79 108.489 &
3
(®) Supplied test set [ Set J eo £7.581
81 20.915
() Cross-validation Folds B2 16.17
83 103.644
i) Percentage split B4 38.605
B85 115.77&
[ More options J e To ;;5
] 70.
87 111.218
= 88 113.951
(Num) RUL F 59 574
80 15.437
| Start | Stop g1 16.764

Result list (right-click for options) 12.433
45.453
118.484
115.48
59.695
72.221
110.912
31.994

15:21:44 - functions MultilayerPerceptron from file ‘RAW_ANMN_MODEL. model’

B R N Y
w
@

W W W M R W R W R W W W R

=== Summary ===

Total Number of Instances 0
Ignored Class Unknown Instances 100

7

LS Y-

Status

Eikéva 5.26: Mpayuarotroinon YroAoyiopou NG YAZ ue 1a Aedopéva EAéyxou.

O1 ekTIUACEIS OTTOBNKEUTNKAV OE OPXEIO KEIYEVOU KOl OTN OUVEXEIQ E£YIVE €10AYywWY
TOUG O€ apyeio excel yia va mpayuartotmoin®ei avdAuon kal oUYKPION ME TO TTPAYMATIKA

atroTeAéopara.

5.2.5. AmroteAéopara pe E§opdAuvon Aedopévwy.

Aaupdavovtag utmown o1l ota dedopéva pabnong uTtmpxe TOAUG B6puBog, OTTwG
QaiveTal Kal amd TNV €IKOva 5.27, KatapfAndnke TTpooTrddeia €OPAAUVONG TWV TIMWV Kal
ETTOVEKTTAIOEUONG TWV OAYOPIBUWY PNXAVIKAG PABNong ota véa dedouéva, TTPOKEINEVOU VO
ecetaoTel 0 Pabudg emppong Tou BopuBou oTa atroteAéopaTa. lMa Tnv egoudAuvon
XpPnoigoTroinénke n HEBOdOG ToU KIVOUUEVOU PEGOU OpoU. APXIKA UTTOAOYIOTNKE O KIVOUUEVOG
MEoOG 6pog Pe Bripa 9 dI6TI OTA APXIKA OedOUEVA TTAPATNEEITAI PI ETTAVAANYWN TOU [OTiBou
TWV PeEYAAWY atTOKAICEWY TWV TIHWV O€ TTEPITTOU 9 KUKAOUG. ZTn CUVEXEIO UTTOAOYIOTNKE O
OITTAGG KIvOUueVoG Péaog 6pog 3X3 yia va aTTaAeipBei n Tuxaidtnta atd Ta dedopéva. Q¢ ek

TOUTOU TTPOEKUWE TO BIdypappa 5.28, 0TO OTT0I0 ep@avideTal OnUAvTIKN Peiwan Tou Bopupou.
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SENS 3

1610

1605

1600

1595

1590 A

1585 “UTRRATWNIY 1T

1580

1575

1570

1565

1560

T2l IR ERRES 330NN RST N8 EY

Eikéva 5.27: Ipagikn MNapdotaon Twv dedopévwy Tou aicbntipa No. 3 oe oxéon Pe Toug

KUKAoug Agitoupyiag Tou kivntripa No. 1.

KMO SENS3 9X3X3

1605
1600
1595
1590
1585
1580

1575
SN MM ON A NMOnm N ®M O N N
T A N MmN S N O ONNOOONO

103
109
115
121
127
133
139
145
151
157
163
169
175
181
187

Eikéva 5.28: Npagikn Mapdotaon Twv dedouévwy Tou aioBntipa No. 3 og oxéon Pe Toug
KUKAoug Acitoupyiog Tou kivntriipa No. 1 petd amd egopdAuvon Kivoupevou péoou Opou
9X3X3.

EmmpdoBera dokipdobnke, wg péBodog eEoudAuvong, o UTTOAOYIOPOG Tou OITTAOU
KIVOUPEVOU PEOOU Opou 9X9, OTTWG TTapoUsIAdeTal oTnV eIkOva 5.29.
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AKMO SENS3 9X9
1605
1600
1595
1590
1585
1580

1575
AN M ON A NN N A NOM N N
A H N MmN T TN O ONNOOOOD

103
109
115
121
127
133
139
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Eikéva 5.29: INpagikn MapdoTtaon Twv dedouévwyv Tou aiobntipa No. 3 oe oxéon Pe Toug

KUKAouG Acitoupyiag Tou KivntApa No. 1 yetd amoé eEopdAuvon Kivoupuevou Péaou 6pou 9X9.

ATé Tn oUuykpion Twv dlaypaupdTwy 5.28 kal 5.29 trapatnpoupe OTI dev UTTAPXEI
MEYGAN Odiagopd upeTalu Toug. QoTéCO TO OIAypauua  KivoUuevou Méoou Opou 9X9
TTapoucIaZeTal Mo €CopaAupévo. KaTd OUVETTEIQ UTTAPXEI MEYOAUTEPN CUCXETION PETAGU TWV
TIMWV TOU QIOBNTAPA KAl TWV KUKAWV AEITOUPYIOG KAl WG €K TOUTOU QVAMEVETAI PIKPOTEPO
OQAAUa oTnV TTPORAeYn NG YAZ.

‘ETol1, uhotroinBnke pia mpoBAeywn NG YAZ, Bacel TnG TTpoava@pepBeicag diadikaoiag
MNXavikng udénong, pe xpnon tTwv dedopévwy YeTd atrd egoudAuvon Kivouuevou péoou 6pou
9X9 (KMO 9X09).

ApXIkad uttodoyioTnke o KMO 9X9 twv &edopévwv Pe Tn Xprion Tou MS Excel. Z1n
ouvéxela To apxeio upetarparnke oe .arff, ye ™ peBodoAloyia TTOU TTPOAVAPEPBNKE KAl
TIPAYHOATOTTOINBNKE Kal TTAAI ETTIAOYA TWV XAPOKTNPIOTIKWY, KE TEAIKH KOTAANEN va €TTIAEyoUv
Ta b0 XapaKTNPIOTIKA TTOU XpnoiyoTroindnkav kair otnv d1adikagia pdénong Twv apyIKwy
OedONEVWV.

2Tn OUVEXEID TTPAYUATOTTOINONKE SOKIUN TwV AAyopiBuwy OTTWG £yIVE KOl OTA aPXIKA
oedopéva. O1 BEATIOTES TINEG RMSE 110U TTpoékuyav Atav ol akOAOUBEG:

- Linear Regression: 22,26 a1o 23,22 (apxIKa dedouéva).

- Support Vector Machine Regression: 22,33 ammo 23,33 ye KavovikoTroinuéva

oedopéva kal pubuion Twv TTapapéTpwy kernel og poly kal exponent=2.

- k Nearest Neighbors: 3,84 a6 21,99 ue k=1 kai PS Manhattan.

- Decision Trees: 16,33 amo 23,33 yg noprunning=true.

- Texvntd Neupwvikd Aiktua: 20,34 amd 21,39 pe decay=true, Learning

Rate=0,1 kai Momentum=0,1.
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2Tn Ouvéxela €yive OOKIYA Twv OUVOUAOCTIKWY aAyopiBuwv pe Ta akodAoubBa
atroTeAéouaTa:
- Stacking: 5,12 amé 21,38 pe meta classifier Tov aAyépiBuo kNN kai classifiers Ta
TNA, Linear Regression kai k Nearest Neighbors pe TG pubuicels Twv
TTAPAUETPWY TTOU TTPOAVAPEPOVTA.
- Bagging (meta.Bagging): 4,86 a6 21,43 pe pubuion Tou iteration oto 100 Kkai
classifier Tov KNN.
ATIO Ta TTpoavapepBivTa atmoTeAéopaTa TTPOKUTITEN OTI O €MIOS0EIG TTPORAEWEWV YIa
OAoug TOouG aAyopIBuoug TTapouciadouv BeATiwon, evw yia Toug k Nearest Neighbors,
Stacking kair Bagging n BeAtiwon cival TTOAU peydAn. Tnv KaAUTepn €Tmidoon TTApOUCIAdel
TAéov 0 aAyopiBuog KNN pe RMSE=3,84. 210 onueio autd Ba TTpétrel va dobei TTpoooxn
MATTWG UTTApxEl UTTEPPROAIKN e@apuoyr oTa dedouéva pabnong Kal wg €k TOUToU MEiwan TNG
YEVIKEUONG TOou aAyopiBuou, KT To oTToio Ba gavei atrd Tn oUyKpIon Je Ta dedopEVa EAEYXOU.
EmmpooBeta uttoAoyicbnke To RMSE kai n TUTTIKr atrokAion Tou aAyopiBuou KNN ue
TN dladikacia cross validation pe amotreAéopata RMSE=2,99 ka1 StdDv=0,75, 6TTwg @aiveTal

Kal oTnv €Ikova 5.30.

Test output

Tester: weka.experiment.PairedCorrectedITester -G 3,4,5 -D 1 -R 2 -5 0.05 -V -result-matrix "weka.experiment.ResultMatrixPlainText
Enalysing: Root_mean_sguared_error

Datasets: 1

Resultsets: 1

Confidence: 0.05 (two tailed)

Sorted by: —

Date: 30/10/2018 12:55 up

Dataset (1) lazy.IBk "-¥ 1

'1.7 TRAINING DATA INTEGE (10) 2.89(0.75) |

v/ F*) |

Key:
(1) lazy.IBk '-K 1 -W 0 -& \"weka.core.neighboursear ch.LinearlNSearch -& \\\"weka.core.ManhattanDistance -R first-lasti\\"\"' -30801860

LS -

Eikéva 5.30: AmroteAéopata  O@AAUATOG KOl TUTTIKAG aTTOKAIoNg atro  1n  diadikaoia

ekTTaideuong ota dedopéva PeTa TNV eEONAAUVON.

2Tn OUVéXEIa TTPAYUATOTTOINONKE TEAIKA €KTTAi®EUCTN TOU HOVTEAOU OTO OUVOAO Twv
o0edopévwy PETA TNV €EopAAuvan, uttoAoyiopdg Tou KMO 9X9 ota dedopéva eAéyxou Kai
ekTipnon TG YAZ pe 10 V€O PJOVTEAO.
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5.2.6. ZUykpion ATTOTEAEOUATWV.

Ta amroTEAECHOTA TWV EKTIMACEWY TWV APXIKWY HN €CodaAupévwy dedopévwy, O€

oUyKpIOoN KE T TTPAYMOTIKG dedouéva, TTapouaidlovtal oTny eikéva 5.31.

MNpaypatikn vs Ektipwpevn YAZ
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e [IPATMATIKH YAZ e EKTIMOQMENH YAZ

Eikova 5.31: MNMpaypartik) o€ oxéon e ekTiunBeioa YAZ.

To péoo o@daAua Twv TTPORAEYWEWY uTToAOYIOTNKE O€ 4,28 KUKAOUG, TO HECO aTTOAUTO
OQAAda og 16,1 KUKAOUG Kal N pifa Tou PECOU TETPAYWVIKOU o@AAPaTog o€ 21,10 KUKAoUG
(®nA. evtdg Tou dlaoTAPATOG TTOU €iXe TTPOPRAePBei Katd Tn diadikaoia Tng ekTTaideuong Kal
OOKIUAG Tou aAyopiBuou). ATTO TOV UTTOAOYICHO QUTO CUMTTEPAIVOUME OTI YEVIKA Ol EKTINAOEIG
gival o ouvtnpnTIKES (MIKPOTEPES) atTd TNV TTPayPaTIK YAZ, dnAadh cival atrd TNV ac@ain
TTAEUPd, YEYOVOG TTOU QaiveTal Kal oTnv €IKéva 5.31, KaBWG n KOKKIVI YPAPKA (EKTIMWHEVN
YAZ) oTIG TTEPIOCOTEPEG TTEPITITWOEIG €ival XaUNAOTEPa aTTd TN WTTAE (TTpayMaTiky YAZ).
EmmpdoBeta maparnpeital 011 KaBwg peiwvetal N YAZ, n KautOAn G ekTipwuevng YAZ
TANOCIGCel TTEPIo0OTEPO OTNnV TIpaydaTikl YAZ. Q¢ ek ToUTOU eKTINATQI OTI N uTTOWNn
pueBodoAoyia duvartal va XpnolIhoTroindei aTnv TTPOYVWOTIKA avAAuon, KaBOaov Pe TN CuveXn
TTapakoAouBnon NG YAZ trpooeyyideTal o€ IKavoTToINTIKO BaBud n TTpayPaTikh.

Ooov agopd ota atmoteAéopaTa pe Ta dedopéva TTou gixav e€oualuvBei, TTapoAo TTou
oTnVv eKTTaideucn o aAyopiBuog trapouciale uwnAég emdOOOEIG, TO ATTOTEAéOUATA MPE TO
oedopéva eAéyxou dev ATav eioou evbappuvTikd, KaBWG o1 ETTIOOC0EIS TOU ATAV UTTODEEOTEPEG
O€ OX€0nN ME eKEVEG OTTO TA APXIKGA OEOOPEVA. ZUYKEKPIYEVA TTOPOUCIAOTNKE PMECO OPAAUQ
-1,79 kUkAoI, Yoo ammdéAuTo o@dAua 22,15 KUkAoI Kal pia YECOU TETPAYWVIKOU COAALATOG
30,1 kUkAoug. Omrwg Tpoava@épbnke kal otnv evotnta 4.3.2, dedouévng Tng UTTapéng
uwnAoU BopuBou ota apxik& dedouéva, eav To HOVTEAO TTPOCOPUOOTEI TTOAU KOAG O€ auTd,
TOTE €ival TBAvO va TTPAYUATOTTOIOUVTAl GTWXES £TTIOOCEIS AOYW TNG UTTEPTTPOCAPHOYNAG, KATI

TTOU EKTINATAI OTI CUVERN OTNV TTPOKEIPEVN TTEPITITWOTN.
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KEDQAAAIO 6: Zuptrepaocuara — MNpoTdoeic.

6.1 Zuptrepdopuara.

AT1é TNV avaAucon Kal TTapaBeon TTANPOYOPIWY TTOU TTponynenkav katadeixdnke ot Ta
apxEia  TTPWTOYEVWY  WnOIoKWY Oedopévwv  Asitoupyiag Twv  dIa@épwy  cuoTnUATWY
ATTOTEAOUV €va TTOAUTIMO OTOIXEIO KOBWG KAl TTPOUTTO0ECN YIa TNV £QAPHOYT dIAyVWOTIKAG KAl
TIPOYVWOTIKAG QIAOCOYIAG CUVTAPNONG.

Ta dedopéva autd Ba TpETel va atroBnkevovTal Kal va agloTrolouvTal KAaTGAAnAa.
Etriong €ival TTOAU onpavtikd Katd Tnv Kataypa@r Toug va Aaufdvovtal 6Aa Ta avaykaia
METPO WOTE VA ATTOPEUYETAI KOTaypa®r Bopufou, KaBWwg pe Tov TPOTTO AUTO HEIWVETAI TO
TEAIKO OQAAUA TNG €KTINNONG KAl ATTOKTOUV HEYOAUTEPN OKPIBEI O TTPOYVWOTIKEG KAl
O1ayvWOoTIKEG HEB0SOI. AuTO uTTopEi va eTTITEUXOEi e dUO TPOTTOUG:

- Me Tnv avamTuén dIKTUWV aioBnTApPwWY, oI OTToiolI Ba PITTOPOUV va EKTEAOUV HIa
apxIKn emmeCepyacia Twv OedOUEVWV HEIWVOVTAG ] agaipwvtag To B0pufo, TrepiopilovTag
TTAPAAANAQ Kal TIG ATTAITAOEIS O€ UTTOAOYIOTIKR I0XU TwV CUCTNUATWY TTou dlaxelpifovTtal TIG
Baoeig dedouévwy Kal

- Me tnv emAoyn KatdAANANG B£ong yia Tnv TOTTOBETNON Twv AIoBNTAPWV.

Ta mpwrtoyevr) dedouéva atmoTeAouv eTTiong TTPoUTTé0eon yia Tnv afloAdynon Twv
eMOOCEWY TwV OIAYVWOTIKWY KOl TTPOYVWOTIKWY aAyopiBuwyv Kal €ival armapaitnta yia Tov
eviomoud TTPoBANUaTWY Twv cuoTNUATWY. Ta dedopéva auTd ETITPETTOUV TNV QVATITUEN
TTPOCOETWY SUVATOTHTWY avAAUONG Kal EAEYXOU TOU CUCTANATOG yIa TNV aTtToQuyn TTBavwy
Weudwyv ouvayepuwy Kal Trapéxouv Tn duvaTtétnTa Kabodhiynong Tng ouviipnong Tou
OUCOTHHATOG.

H ouyxpovn TexvoAoyia TTANPOQOPIKAG KAl ETTIKOIVWVIWV TTAPEXEI TTAEOV dUVATOTNTEG
EYKATAOTAONG OCUPHOTWY QIOBNTAPWY O€ UQPIOTAUEVA OUVBETa NAEKTPOPNXAVOAOYIKA
ouaTtiuata. Me Tov TpOTTO QUTO KabBioTatal duvaTh n KaTtaypagr] Kai cUAAOYr TTPWTOYEVWV
0edouévwy akdPa Kal atrd ouoThuaTa, Ta oTroia dev gixav oxedlaoTei eEapXAS ME auTh TN
ouvatdéTtnTa.

O1 duvatdtnTeg BlIaYVWOTIKAG avaAuong Kal TTapakoAoubnong Tou UTTOAEITTOUEVOU
Xpovou AgitoupyikAg Cwng, yia KIvNTAPES, KIBwTIa MPETAdoOoNG Kivnong Kal GAAa SOMIKA
e€aptiuaTa, €ival QvekTiuNTn, TIPOKEIUEVOU va avarTuxBei n duvatétnta dlaxeipiong
TPOoRANMATWY avoxAg PAaBwy, 6cov agopd 1IBIaiTepa o€ OoUVOETO OUOTAUATA, OTTWG OF
OTOAOUG EAIKOTITEPWYV KAI AEPOCKAPWIV TWV OTTOIWV auédveTtal n nAIkia.

Auvatal va atrokopioTel ueydAo 0@eAog atmd Tn diegaywyn SOKIJWY Pe dnuioupyia

TEXVNTWV BAABWV O€ €LapTAUATA, TTPOKEINEVOU VO avaTrTuxBei pia gulAoyr dedopévwy yia
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TNV Kataypa®r Tou puBuou e€téMIENg Twv BAaBwyv. H kataypaer) Tou utmréywn pubuou yia
oldpopa eCaptApOTa atmoTeAei TTPoUTTOBEON yia TNV TTIARPN €Qapuoyrl Twv aAyopiBuwv
TIPOYVWOTIKAG avaAuong. MapdAAnAa, péow autwv Twv OOKIJWV KabioTatal €QIKTOG O
TTPOCOIOPIOUOG TWV AEITOUPYIKWY XOPAKTNPIOTIKWY TWwV CUCTUATWY KaTtd Tn ouvion
AgiITroupyia Toug Kai 6Tav ugiotaral Katola BAAPN, EMTPETTOVTAG TNV AVATITUEN dIAYVWOTIKAG
@INocoiag ouvtipnong. MNa 1o oKOTO auTd €ival ATTOPAITNTN N ouvepyacia PETAEU Twv
XPNOTWY TWV CUCTNUATWY, EPEUVNTIKWY I0PUUATWY Kal TTIBavOV Kal TwV KATOGOKEUACTWY TwV
uttéwn ocuoTtnudtwy. QoT1600, N €papuoyr aAyopiBuwyv duvatal va TTPayuaToTroindei Kai
XWPIC TNV €KTEAEON Twv UTTOWN OOKIJWY, OAG poOvo pe TNV KaTtaypory Oedouévwv
TIPAYMATIKAG AEITOUPYIOG TwV CUCTANATWY. ZTNV TTPOKEIPEVN TTEPITITWON OUWG, Ba eival TTIo
apyn N oAoKANpwon TNG avatTugng Tng SIayVWOTIKAG Kal TTPOYVWOTIKAG PIAOCOQIag, Kabwg
Ba cuAAéyovTal e HIKPOTEPO PUBG dedopéva yia TIG TTIBavVES BAARES Twv CUCTNUATWY.

H d1ayvwaoTIKR Kal TTPOYVWOTIKN @IAoco@ia cuvTApnong dAANAOCUUTTIANPWYOUV N JIa
TNV GAAN, KABWg OTTWS QAVNKE Kal atmd TNV HEAETN TTEPITITWONG, n TPoyvwon TNg YAZ
EUTTEPIEXEI KATTOIO TTOOOCTO OQAAUATOC. QG ek TOUTOU, €I0IKA O€ CUOTAUATA, TWV OTTOIWV N
ao@AaAcIa gival Kpioiung onuaciag, 0TTwg T.X. OTA AEPOTKAPN, 0l U0 PIAOCOYIEG Ba TTPETTEI
Va UAOTTOIOUVTOI TAUTOXPOVA.

Téoo n ouvnTik 600 Kal N TTPAYMATIKY €@apuoyr dla@opwy dIaYyVWOTIKWY Kdal
TTPOYVWOTIKWY TEXVIKWY KATAYPAPNKE O€ QUTA TNV £pyacia. H TTpoyvwaTIKr avaAucn PTTopEi
va e@appooTei o€ TTOANG Kal OIAQOPETIKA €idn PNXavnuAtwy 1 ouoTAUATWY PECW TWV
OAYOPIBUWY UNXOVIKAG PABNnong, TTou agopolv oe TTaAivdpounon. Emiong, n SlayvwoTiKn
avaAuon gival duvaTtdv va eQapuooTEi TOOO UE TTPOYPANMPATIOUOS EIOIKWV aAyopiBuwy, epocov
gival yvwoTd Ta etmieda TTPoeIdoTToinoNG Kal A0TOXIOG OUYKEKPIMEVWY XAPOKTNPIOTIKWY TOU
KABe uttd e€&étaon ocuoTANATOG 600 Kal WE AAyOpIBUOUG PNXAVIKAG PABnong Tagivéunong,
XWPIG va aTTaITEITAI €K TWV TTPOTEPWYV O KABOPICHOG ETTITTEDWYV TTPOEIBOTTOINONG KAl A0TOXiaG,
OAAG pévo n UTTapén TTpwToyevwy OedOUEVWY AgIToupyiag Tou cuoTAPATOg uTTd BAGRN Kal
Xwpig BAGRN.

MapdAAnAa, €dv ol opyaviopoi ekPeTOAAEUTOUV TRV TaXUTNTA ETTEEEPYATiag Twv
uTTOWnN OAYOPIBUWY UTTOPOUV VO £QAPUOCOUV QIANOCOYIO TTPOYVWOTIKAG Kal dIayVWOTIKAG
ouvTAPNONG OE TIPAYMOTIKO ] OXEOOV TIPAYUATIKO XPOVO (ONUEIWVETAI OTI PETA Tnv
ekTTaideuon kal pUBUION TWV TTOPAUETPWY TOU OAYOPIBUOU PNXOVIKAG PABNoNng, n otroia
XpeladeTal KATToI0 onuavTikd XpOvo, OTTWG avaAuBnke oTnv evotnTa 5.2, o uttoAoyIopog TNG
YAZ TrpaypaToTrolgital Taxutara -0€ XPOvo TnG TAENG OEUTEPOAETTTWYV-) HE €vav KOIVO

ouyxpovo H/Y.
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Omwg katadeixBnke amd Tn PEAETN TrepITTTwong TN evotnTag 5.2, o1 pébodol
MNXavikng udbnong Tmapouaidlouv Ta akOAouBa TTAEOVEKTAMATA:

- KabBioTartal TTAéov €QIKTH N APEON €@apuoy Twy uttToywn aAyopibuwyv Kal aTrd
AToda €UPUTEPWV ETTIOTNHOVIKWY TTEdiIWV, XWpIig va ival amrapaitntn n o€ Ba6og yvwon
TTPOYPAPUATIONOU, KABwG £xouv dnuioupynBei KATAANAEG epapuoyég ol oTToieg dlaBéTouv
YPOQPIKO TTEPIBAAAOV aAANAeTTiOpacng Kal gival QIAIKEG TTpog To XproTtn (WEKA, MS AZURE
ML KATT).

- ATTaIToUVTAl OXETIKA AiYEG TEXVIKEG YVWOEIG TOU UTTO £E£TAON OUCTANOTOG (dev
QTTAITEITAI QUOIKO POVTEAO) KABWG KAl TTEPIOPICHEVESG OTATIOTIKEG YVWOEIG YIA TV EQOPHOYN
TWV UTTOWN OAYOopPiBUWY Kal TNV TTPAyuaToTToinon ekTignong Utrapgng n KN ducAsimroupyiag
KaBbwg kai TNg YAZ.

- O1 aAy6piBuol punxavikng pdaenong mmapoucidlouv OXeTIKA KaAf akpifeia kai
Taxeia Tapaywyr atmoteAeopdtwy. ETTiong 10 TTpoUTTOAOYICONEVO OQAAUA HECW Twv
MEBOSWVY €TMKUPpWONG Kal OIOOTAUPWTIKAG ETMKUPWONG, €ival TTOAU KOVTG GTO OQAAUa TwvV
TTPORAEWEWY O€ OXEON WE T TIPAYMATIKA ATTOTEAECUATA.

- Me Tn peTdBaon TG @QIAOCOYIOG CUVTAPENONG aTTd TTPOYPAUMATIONEVN 1)
OUVTAPNON aTTOKATACTAONG, O dIAYVWOTIKN KOl TTPOYVWOTIKA, ME XPrAon TS UQIOTAPEVNG
Texvohoyiag TME, kaBioTtatal €@IKTA n €€atodikeuon TNG CuvTPNONG O KABe unxavnua i
ouaTnua, avaloya ue Tn Xprion tou. H utréyn petdBacn Tapouaidlel TToAG opéAn 6TTwg Tov
£YKAIPO TTPOYPAMMaTIONd TnG OouviApnong, Tn MHEIWON Tou XPOVOU ETTIOKEUNG Twv
OUCTNMATWY, TN MHEIWON TOUu OUVOAIKOU KOOTOUG AEITOUPYIAG TOU CUCTHAUATOG KAl TNV
£TTAUENON TNG A0PAAEIag XPrRONG TOU.

- EmmpooBeta, Aaupdavovrag utmdwn Ta  ammoTEAéOPOTa TG MEAETNG
TEPITITWONG, KATABEIKVUETAI OTI 01 aAyOPIOUOI PNXAvIKAG PABNong atmmoTeAouv €va TTOAU
I0XUPO £pyaAcio, yia va KATAOTEN EQIKTH N EEATOMIKEUPEVN OUVTAPNON OUVOETWY CUCTNUATWY,
OTTWG TT.X. Ol KIVATAPEG TWV AEPOCKAPWY, HEOW EeKTIUNONG TNG YAZ. ZnuelwveTtal OTI N
ouvaTOTNTA QUTH UAOTTOIEITAI XWPIC TNV TTPoUTTOBe0Nn UTTOPENG PUOIKOU HOVTEAOU KaBWG
€TTIONG XWPIG va aTTaITEITal 0 TTPOCBIOPICHAS TNG PUOIKAG £VvOIag TOU KABE KATaypa@Ouevou
XOPAKTNEIOTIKOU. TO yeYovos autd atroTeAel Eva TTOAU ONUAVTIKO TTAEOVEKTNHA TNG MNXAVIKAG
MaBnong, kKaBwg TnG divel TN duvaTtdTNTa XPAONG OE OTTOIOONTTOTE TTPORANUA TTPORAEWNS N
KATNYyOPIOTToiNONG, O¢€ éva eupU ETTIOTANOVIKO TTEDIO.

Quoikd, Ba Tpétel va An@Bouv utTdYn Kal oI avTioToIXOl TTEPIOPIOUOI XPAoNG Twv
uttown aAyopiBuwy, OTTwg n TPoUTTOBeon OTI n akoAoubia kai 0 CuvOUACHOG TwV
KaTaypo@opevwy  Oedopévwv O OxE€On We  Ta  amoteAéopaTa, Ba  TpETel  va

emavaAapBavovtal kal oTo HEANOV KaBwg Kail 6Tl oI aAyopiBuol gival SUoKoAo £wg aduvaTto va
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EKTIMAOOUV TNV KATAOTACT TOU CUGTAHUATOG O€ TTEPITITWOEIG EMPAVIONG EIBIKWY YEYOVOTWY YIa
Ta oTToia OgV €XOUV EKTTAIDEUTEI (TT.X. TTWG €TTNPEAGLElI TNV YAZ €vdg KivnTAPa Pia TTpOCKPOUC

TTNVvoU i pia Bapid TTpooyEiwon).

6.2. [lpotdoslg.

Omtwg Tpoava@épBnke, n OlOYVWOTIKI KAl TTPOYVWOTIKA @IANocOia ouvTtApnong
TTapPouoIAdel TTOAAG  TTAEOVEKTAPATA Ot OXEon WE TIGC TTOPAdOCIAKEG QIANOCOYIEG TNG
TIPOYPAPUATIONEVNG OUVTHPNONG Kal TNG attokatdotaong BAaBwyv, O6TTwg eEaTopikeuon Twv
EPYACIWV Kal €YKAIPO TTPOYPAUMATIONS TNG OUVTAPNONG, MEIWON TOU XPOVOU ETTIOKEUAG TWV
OUOTNHATWY, duVaTOTNTA TTPOETOINOCIAG TWV ATTAITOUPEVWY TTOPpWYV, HEIWON TOU GUVOAIKOU
KOOTOUG Ag€ITOUpYiag TOU OCUCTAWOTOG Kal €TTAUENCN TNG aOQAAEIaG AsiToupyiag Tou, ME
OUVETTEIA TN JEIWON TV aTUXNHATWYV r/Kal Twv SIAKOTTWV AEITOUpPYiag Tou.

Me Tnv TTapouca epyacia TTAPOUCIACETAl PIO TTPOTEIVOUEVN HEBODOAOYIA TTPAKTIKAG
€QapUoyYnS SlayVWOTIKAG Kal TTPOYVWOTIKAG QIAOCO®IOG ouvTipnong amo Toug dId@opoug
OpYQVIOHOUG Kal ETAIPEIEG YE TN XPON aAyopiBuwy Pnxavikng padnong. Mpoutrobéoeic yia
TNV uTtéYn €@appoyn ammoteAoUv n cUAAOYN Kal ETTEEEPYATia TWV TTPWTOYEVWY OEBOUEVWY,
oivovTag 181aitepn BapuTtnta oTNV amo@uyrn Kataypa@ng BopuBou kar n Utrapén KatdAAnAa
EKTTAIOEUPEVOU TTPOCWTTIKOU yIA TNV €QAPMOYR TEXVIKWYV €EO0pUENG OedoNEVWY, TEXVNTAG
vonuoouvng Kal PNXavikAg patnong.

AkOpa Kal oTnV TIEPITITWON TTou Ogv UPioTaTAl dUVATOTNTA KATAYPAPNS DEDOUEVWV
Aoyw  €NAelyng aioBnmipwyv, n ouyxpovn Texvohoyia T1E, Trapéxel TN  duvatotnTa
eyKardoTaong acUpuaTwy alodnTipwy, YeEyYovog TTou KaBIoTd Tn ouAloyry TTANPOQOPIWY
EQIKTI], EUKOAOTEPN Kal ypnyopotepn. MapdAAnAa TTapéxetal n duvatdtnTa XpAong EEuTTviov
alIoONTApWY, TTOU EUTTEPIEXOUV UTTOAOYIOTIKA KUKAWMATO, WOTE VO TIPAYHATOTTIOIEITAI WId
apxIKN eTTEEEpyaTia Twv dedOUEVWV TTPOTOU AKOWPA YiVEl N ATTOOTOAR TOUG O€ KATTOIO KEVTPIKNA
Bdon.

Me Bdon Ta TTpOaVO@EPOEVTA, TTPOTEIVETAI O OPYAVIOMOI KOl Ol €TAIPEIEG, TTOU
evlla@épovTal va BEATIWOOUV TNV QVTAYWVIOTIKOTATA KAl TNV aOQAAEIa AsiToupyiag Twv
OUCTNHATWY TOUG, va KaBopioouv KaT apxfiv wg oTpatnyikd oTOX0 TOUG KAl 0TN CUVEXEIQ va
UTTOOTNPICOUV HE OUYKEKPIYEVEG OPAOEIG, TN METEEENIEN TNG €QAPUOCOPEVNS @IAOCOYIag
OuvTAPNONG, OgIOTTOIWVTAS TIC dUVATOTNTEG TTOU TTAPEXOVTAl ATTO TIG VEEG TEXVOAOYIEG
TTANPOPOPIaG KAl ETTIKOIVWVIWY KAl EI8IKOTEPA AUTEG TwV AAYOPIBPwWY pnxavikAg nddnong kai
£V YEVEI TEXVNTAG VONUooUuvng.

MNa tnv etmmiteuén Tou avwTépw OTOXOU, Ol UTTOWN Opdoeig Ba TTPETTEl va GTOXEUOUV

OTNV a1TOKTNON TWV KATAAANAWY TEXVOAOYIKWY KAl avOpWITIVWV TTOPWV, YIG TNV EQAPUOYN
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NG akdAouBng peBodoloyiag avdamTugng OSuvaTtdTnNTag TIPOYVWOTIKAG 1 OlayVWOTIKAG
ouVvTAPNONG ME aAyopiBuoug unNXavikAg paBnong (f ev yével TeXvNTRG vonuoaouvng):

1. Avatrtugn katdAAnAou dIKTUoOU a1oBNTAPWY yia CUANOYR KAl KATaypagn Twv
TpwToyevwy dedopévwy. TMpootdBeia  peiwong karaypagrs Bopufou. Edv mdpauta
eppavioTei B6puog oTa dedopéva, dUvATal VA TTPAYHOTOTTIOINBEI apXIKn ETTECEPYATia TOUG yia
atraAoipn Tou.

2. Xprion eQapuoywy Yia OTITIKOTTOINON TwV OEQOUEVWY.

3. Xprion KatdAANAwV aAyopiBuwy f/kal epapuoywy yia Ta akoAouba:

a. ESaywyn XOpakTnEIoTIKWY PE TN Xpnon oTaTioTIKWV PeBSdwV KaBuwg
KAl JETAOXNMATIONO TwV OEOOPEVWV PETAGU TWV TTESIWV TOU XPAVOU KAl TWV CUXVOTHATWV.

B. ETTAOYA TWV XOPAKTNEIOTIKWY TWV OES0PEVWV TTOU TTAPOUCIAlOUV TNV
uwnAOTEPN CUOXETION ME TO {NTOUMEVO ATTOTEAECHA. ZTO OTAdIO AUTO, yia TOUG aAyopIOuoug
OlayvWOTIKAG ouvTpnong, Ba TTpETTEl va TTPOCOIOPIOTEN TO ETTITTEDO TIMWV TTPOEIOOTTOINCNG
yla eTTIKeipevn ekdnAwaon BAGRNG.

Y. EmAoyA Twv aAyopiBuwv PUnNXavikig patnong Pe To PIKPOTEPO OPAAUT
EKTiUNONG, yia OIayvVwOoTIK Kal TTPOYVWOTIKA avdAucn. ZTn Oouvéxela pubuion Twv
TTOPAPETPWY TOUG YIa 600 TO dUVATOV PEYOAUTEPN HEIWON TOU OPAAUATOG.

4, AmoBrikeuon povTéAwv aAyopiBuwyv KAl TTPAyUATOTIOINCN  EKTINACEWV
OlayvwoTIKAG  (eKTiunon Trpocidotroinong kal  €kdNAwong PAAPNG) Kal  TTPOYVWOTIKNAG
ouvtipnong (extipnon YAZ).

5. 2U0ykpion atroTeAeopdTwy Pe TTpayuaTtikG dedopéva, PEow €eCEIBIKEUPEVWV
OOKIJWY O€ PNXAvAPOTA i KAataypa@ng TG AEITOUPYIag Twv CUCTNPATWY Yid IKOVO XPOVIKO
oldotnua (o€ auTh TNV TTEPITITWON ATTAITEITAI VO UTTApXouV eTTapkn dedopéva, 1600 yia TNV
KQVOVIKI] A€IToupyia TOUu OUCTAPOTOG WEXP!I TNV TEAIKA aoToXia Tou, OCO Kal yia TN
OUMTTEPIPOPA TOU, YE UTTAapEN SUCAEITOUPYIOG i AOTOXIAG KATTOIOU UTTOEEAPTHATOG).

6. EmavaAnwn Twv Bnudtwy 1-5 péxpl Tnv €miteuén tou emBupuntol emimTédou
OQAALATOG TOU BIayVWOTIKOU /KAl TTPOYVWOTIKOU aAyopiBuou, avaloya Pe T PEYIOTN QVEKTN
mOavoTNTa ACoTOXIOG TOU CUCTHUATOG.

7. E@apuoyn tou povtéAou d1ayvwaoTIKNAG ouvTipnong (aAyopiBuog tagivounong)
yla dnuioupyia Trpocidotroinocwy, Oidyvwon PAaBwv & OSUCAEITOUPYILY — OTTOPOVWON
BAGBNG.

8. XpAon Tou POVTEAOU TTPOYVWOTIKAG ouvTipnong (aAyopiBuog TTaAivdépounong)
ME oKOTTO TNV ekTipnon TG YAZ, tnv poBAswn BAaBwyv kal TNV avaAnyn Twv KaTtaAAnAwv

EVEPYEIWV (TT.X. TIPOYPANMATIONOG EPYOCIWVY KAl OTTAITOUPEVWY TTOPWYV CUVTHPNONG).
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9. EmavéAnwn Twv Bnudtwy 1-8 o€ TeQITITWOEIG EHPAVIONG EIBIKWYV YEYOVOTWYV N
vEWV akohouBiwv dedopévwy  €106doU  yia Ta  oTroia Oev  €xOuv  eKTTAIOEUTEN T
XPNOIMOTTOIOUMEVA MOVTEAQ.

Ta BAuata 7 kal 8, epdoov £xel oTaBepOTTOINOEI TO HOVTEAO TOU XPNOIUOTTOIOUEVOU
aAyopiBuou, gival duvaTtov va eKTEAOUVTAI O€ TTPAYUOTIKO | OXEDOV TTPAYUATIKO XPOVO HECW
QVATITUENG OIKTUAKWY EQOPUOYWV.

2NUEIWVETAI OTI, OTNV TTEPITITWON OUVOETWY CUCTNUATWY, Yia Ta OTToia UTTAPXEI avoxn
MIKPAG TMBavéTNTaG aoToXiag (TT.X. 0EPOOKAPN, MOVADES TTaPAYWYNG TTUPNVIKNAG EVEPYEIOG
K.0.K.), ol JeBodoAoyicg TG dIAYyVWOTIKAG KAl TG TTPOYVWOTIKAG CUVTAPNOoNG Ba TTpETrel va
ouvduadovTal, WOTE va UTTApXouv duo WEBodOI TTapakoAouBbnong TnG aKePAIOTATAG TOU
ouoThpaTog. Me TOov TpPOTTO QUTO, Qv KAl ATTAITEITAI PEYOAUTEPN avdAwaon Topwy,
EMTUYXAVETAl UPNASTEPN TMBAVOTNTA ac@AAOUG AEIToUpyiag Tou.

AvTiOeTa, O€ TIEPITITWOEIS TTOU N OIKOVOMIa TTOpwV E€ival TTIO ONPAVTIKI atmod Tov
TEPIOPIOUS TNG TMBAVOTNTAG ACTOXiAG TOU CUCTHMATOS OE TTOAU XAUNAEG TIUEG, €ival duvaTov
VA avaTrTucoETAl JOVO N TTPOYVWOTIKA QIAOCO®Ia ouvTriipnong, JE OTOXO TNV EKTiUNON TNG
YAZ Tou cuoTAuaTog, KabBwg n utrown @iAocogia duvaral, JEow TOU TTPOYPANMATIONOU TNG

OUVTAPNONG, VA £XEI CNPAVTIKOTEPA OIKOVOMIKA OQEAN O€ OXEON ME TIG AAAEG.
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