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MPOAOIOz

AVTIKEINEVO TNG DITTAWMATIKAG ATTOTEAEI N EAETN KaI N KATAVONON TNG ETTITUXIAG

ouoTnuAatwy SAT oTtov TeEXVNTO €PTTAOUTIONS UBPOYOPEWY, KOBWGS Kal n

eCaywyy ouptrepacpudTwy  Pe T BonBela Twv  Mtrelliavwy  SIKTUWVY

TTeTToiONONG.

H dirAwpaTIKA epyacia dopeitTal wg akoAoUbwc:

2710 1° Ke@AAQIO TNG epyaciag avagEpovTal Bacikd oToIxEia yia Tov TEXVNTO
EUTTAOUTIONO, EQAPHOYEG auTOU Kal EBODOI TTOU XPNOIUOTTOIoUVTal CHUEPQ,

ME €10IKOTEPN ava@opd oTa cuoTAuaTa SAT.

2T0 2° KEPAAQIO ava@épovTal T CUCTAMOTA TTOU XPNOIMOTTOIOUVTal OTNn
AN atmo@doewv Pe xprion neBGdwyv diIkTOwy, eoTialovtag ota Mtreudiavd

OikTUQ.

To 3° ke@dAAalo, KAvVOVTAG Xpron Twv PJEBOdwWY TToU TTEPIYPAPNKAV OTO 2°
KEQAAQIO, TTAPOUCIACEl TN YEVIKN OIAdIKOOIO KATAOKEUNG €VOG QITIWOOUG
MtreUiavou IKTUOU, QIOTTOIWVTAG TN YyvWon Kal EgUTTEIpia evog N

TTEPICOOTEPWV EIDIKWV.

210 4° ke@dAaio Trepiypd@eTal ouvoTiTiIkG 1O Aoyiopikd GeNle, TTOU
XPNOIMOTIOINBNKE OTNV TTapoUca Epyaaia yia Tnv avattuén Tou M1reudiavou

OIKTUOU.

2710 5° Ke@AAalo, TTou aTroTeAEl TNV «KapdId» TNG SITTAWUATIKAG £pyaaiag,
TepIypa@eTal n dladikaoia Kataokeung Tou atrAotroinuévou BBN yia épya
SAT. Tho ouykekpipéva, apxik& Trapoucidlovtal Ol TTapAyOVTEG TToU
eAQ@Onoav uttéywn Kal ol YETaEU Toug OXEoel. AKOAOUBwWG, TO POVTEAO
XPNOIUOTTOIEITAI VIO VA £EaXO0UV CUUTTEPACUATA AVAPOPIKA E TO POAO KABE
TTapdyovTa oTNV ETMITUXIQ TOU ouoTAUaTog SAT. TEAOG, TTPAYMOTOTTOIEITAI YE
TN Bonbeia Tou AoyiopIKOU avAaAuon €uaioBnoiag Twv TTOPAPETPWY,

TTPOKEIJEVOU VA EVTOTTIOTOUV OI KPIOIUOTEPES EE QUTWV.

2T0 6° KEQPAAQIO N epyacia OAOKANPWVETAI PE TA KUPIOTEPO CUUTTEPACHATA.



MNa Tnv ekmévnon Tng dITTAWMATIKAG €pyaciag Ba nBeAa va euxapioTriow Tov
emBAETTOVTA KOBNYNTH, K. Aapiyo AnuATtpio, AvatrA. Kaénynth E.M.I1., kai Tov
K. KoAiwpa Avopéa, Etik. Kabnynt E.M.I1., yia Tnv gutmoTtoouvn TTOU POU
£€deigav, TN ouvexn kabodriynon Toug Kal TNV cuvepyaaoia TTou avérrTugav padi
pou. Euxapiotw emmiong Tnv ka. Meveydkn Mapia, AvatA. KaBnyArtpia E.M.IT.,
MENOG TNG ETTITPOTING £EETAONG TNG DITTAWMATIKAG, VIO TO XPOVO TToU dIEBECE yIa

TNV agloAdynon Tng epyaciag.



MEPIAHWH

H AMyn piag amégaong atmmoTeAei éva ouvBeto TTpoRAnua. Zuxvd, UTTApXEl
QVAYKN yVWoNng Twv TTAPAUETPWY TTOU ETTIOPOUV OTO TTPORANUA Kal KPITIKAG
avaAuong autwy. AuTo To £pyo Oev gival KaBOAOU EUKOAO KABWG OTIG JEPES POG
Ta TTPORARPATA yivovTal oAoéva Kai TTI0 oUVOEeTa. ZnuavTiki foriBgia oTov Topéa
QuTOV PTTOPOUV VO TTPOOQPEPOUV TA POVTEAA VOEPAG ATTEIKOVIONG, TA OTToid
KUPIWG HEOW TNG KATAOKEUNG BIKTUWYV, TTApEXOUV duvaTOTNTA SIANOPPWONG KAl
eCétaong TOAWV oevapiwy, ouxva kal Pe TN PonBeia TG TEXVNTAG
vonpoouvng. Qg ek TouTou dlEUKOAUVETaI N diadikaagia AWng atrépacng av Kal

TIPOKUTITOUV EPWTNHATIKA AVOPOPIKA JE TNV ETTIAOYH TOU KATAAANAOU PovTEAOU.

2TV Tapolca €pyaoia, avayvwpifovrag Tn onuacia Tou TeXVNTOU
EUTTAOUTIONOU UTTOYEIWY UBPOPOPEWY OTNV TTPOCTACIA Kal 0pBr) dlaxeipion Twv
UTTOVEIWV VEPWYV, ETTIXEIPEITAI N KATAOKEUN VOGS HOVTEAOU AWNG aTTOPACNG VIO
€pya TeEXVNTOU EPTTAOUTIONOU PE TN HEBOOO SAT. To povTENo BacileTal O€ TTEVTE
KUPIOUG TTAPAYOVTEG, TNV KOKKOMETPIA, TNV UBPAUAIKI QywyluoTnTa, TO
TTOPWOEG KAl TO PUOIKO DUVANIKO ATToppUTTAVONG TNG OKOPEDTNG WVNG Kal TNV
TToIOTNTA TWV XPNOIPoTToIoUMEVWY AupdTwy. O1 TTapdyovTeG auToi eTTnpedlouv
TO puBud KatEioduong KAl TNV ATTOTEAECMOTIKOTNTA NG QUOIKAG
ATTOPPUTTAVONG Kal, CUVETTOKOAOUBA, TNV £TTITUXN €KBaon TOU TTPOYPAUUATOG

TOU TEXVNTOU EUTTAOUTICUOU.

To povtéAo avarmTuooetal Pe T PonBeia evog Mmeldiavou dikTUoU
memmoiOnong (Bayesian Belief Network — BBN), xpnoigotroiwviag To
e€e1dIkeupévo Aoyiopiko GeNle. Av Kal TO PHOVTEAO TTPOCQEPEl PIO OXETIKA
atrAoTToInuévn aTTEIKOVION TNG OUVOETNG TTPAYUATIKOTNTAG, ETTITPETTEI TN MEAETN
TNG €TOPACNG TWV ETTIMEPOUG TTAPAYOVTWY OTO TEAIKO QTTOTEAECPA Kal,
OUVETTWG, UTTOPEI va TTpoo@Epel Bondeia otn AAWn TNG TEAIKAG ATTOPAONG

EKTIHWVTAG TO BaBud emmiTuxiog Epywv SAT UTTO CUYKEKPIUEVEG OUVONKEG.



ABSTRACT

Decision-making processes hold certain difficulties, especially when dealing
with difficult issues. Often, there is a need to know the parameters that affect
the problem and critically analyze them. This work is not an easy task, as
modern problems are becoming more and more complex. Significant help in
this area can be provided by graph models, within which the relations between
the elements of the model offer a "mental landscape" and provide the ability to
configure and test many scenarios, often with the help of artificial intelligence.
To this end, the decision-making process is facilitated, although questions arise

as to the choice of the appropriate model.

The thesis, recognizing the importance of the artificial recharge of
underground aquifers in the protection and proper management of groundwater
resources, attempts to construct a decision-making model for managed aquifer
recharge projects by means of Soil Aquifer Treatment (SAT) systems. The
model is based on five key factors, namely particle size, hydraulic conductivity,
porosity and geopurification potential of the unsaturated zone, as well as the
quality of sewage used. These factors influence the infiltration rate and the
effectiveness of natural decontamination process and, consequently, the

successful outcome of the SAT system.

The model is developed based on Bayesian Belief Networks (BBNSs)
through a specialized software, namely GeNle. Although the model offers a
relatively simplified representation of the complex reality, it allows the study of
the impact of individual factors on the final result and can therefore provide help
in the decision-making process by assessing the degree of success of SAT

projects under certain conditions.



1 EIZArQru

1.1 TENIKA

To vepd atroteAei Tn BAon TNG Cwng oTn 'n Kal, wg K TOUTOU, AvaTTOOTTOOTO
TTapdyovta KaANG A€IToupyiag Tou olkoouoTHPaTog. MNapdAAnAa diadpauarticel
ONMAvTIKG POAO OTNV TTAYKOOWIA OIKOVOMia, KaBWGS TO YEYOAAUTEPO PEPOG TWV
udaTIKWV aTmoBeudTWY, ETTIPAVEIAKWY KOl  UTTOYEIWY, KOTAVOAWVETAl VIO
avlpwTTIVEG XPNOEIG, TT.X. Apdeucn, UdPEUOH, Yugn BIOUNXAVIKWY HOVAdWV,
K.ATT. ETTiONG, TTapéXEl OTOV AvOPWTTO UTTNPETIEG va avawuxig, aBAnTIouoU, K.4.

QoToo0 Ta dlaB£oiua udaTIKA aTToBEéPaTa gival TTEPIOPIOUEVA, KABWGS MOAIG TO
2,5% Twv udaTIKWV TTOpwV eival YAukd vepd. MAaAioTta, 10 68,7% TOU YAUKOU
VvEPOU OUVAVTATAlI € HOPPI) TTAYOU OTOUG TTOAOUG KaI OTIG OPEIVEG TTEPIOXEG, TO
29,9% eival uttoyela vepd Kal povo 1o 0,26% PBpiokeTal TTIQAVEIOKA OE AiPVEG,
ToTdpia Kal TapieuTApeS (Gleick, 1996). 'ETol, kKatd TIG TeEAeuTaieg OEKAETIES, N
paydaia alénaon Twv ATTAITACEWY Yia VEPO £XEl avayKAaoel TN oUyxXpovn KoIVwvia
VO QVTIMETWTTICEI TO VEPO WG €vav TTOPO UWNARG ¢ATNONG Kal OXI atmAd wg éva
QUOIKO TTOU CUVTNPEI TO 0IKOOUOTNHUA aTTO TO oTToio £€apTopacTe (MAIGKAg Kal
Alapavtig, 1998).

2.€ TTAYKOOMIO ETTITTEDO, ATTO TTAEUPAG XPrONG, TO UTTOYEIO VEPO KAAUTITEI TO
20% Twv avBpwWTTIVWV avaykwv KAt PEco O0po. QOTOCO, TTOAANEC TTEPIOXEG
XPNOIMOTIOIOUV TTEPICOOTEPO UTTOYEIA TTAPA  ETTIQAVEIOKA VEPA eV  AAAEG
BaoifovTal aTTOKAEIOTIKA OTA UTTOYEIQ VEPA yia TNV KAAUWN OAWV TWV avayKwv
ToUG. 'E0TW KaI TrepioTaciokd, 10 70% NG avTAOUUEVNG TTOOOTNTAG TWV UTTOYEIWV
VEPWYV XPNOIUOTIOIEITAI OTNV AYPOTIKN TTApaywyr, VW eKTINATAI OTI TA UTTOYEIQ
vepd KaAutrTouv etmiong 10 50% Twv aoTikwv avaykwyv (Giordano, 2009).
MaAioTa, o€ oplopéveG TTEPIOXEG, OTTWG N Aavia, To BéAylo, n AucoTpia kai n
2aoudikr} ApaBia, Tavw atmmd 10 90% TOU veEPOU TTPOEPXETAl OTTO UDBPOYPOPEIG
(Zektser kai Everett, 2004). EkmipaTal 8¢ 611 n BeATiwon Twv TEXVOAOYIWV OpUENg
Kal GvTAnongG 6a augrioouv TTEpAITEPW TN XPON TWV UTTOYEIWV VEPWV.

2€ avTiBeon ue Ta em@avelakd vepd, Ta UTTOyEIa vepd gival «a@avi» Kal Ta
TTPORAAMATA TOUG OPYOUV VA EKYPACTOUV E EUKOAA avTIANTITO TPOTTO (MEwpyiou-
lewpylavakog, 2017). Autd éxel ws atmoTéAeoua TNV uTTORABUION TNG TTOIOTNTOG

TWV UTTOYEIWV VEPWYV OAAG Kal TNG TTOCOTNTAG AUTWYV, Adyw TNG UTTEPAVTANONG.



AUTEG Ol ETTITITWOEIG €TTNPEACOUV TO CUVOAO TOU TWV OIKOCUCTNUATWY TTOU
Baoifovtal oTa uTttoyela vepd, KaBWG Kal TNV avBpwTrivn eunuepia. Tiveral
ETTOMEVWG EPPAVEG, €10IKA OTO TTAQICIO TNG AUENONG TOU TTAYKOGHIOU TTANBUCoU
KOl TWV TTOPAYWYIKWY KOl KATAOVOAWTIKWY OTTAITHOEWY TOU, OTI ATTAITEITAI
opBoAoyIKA xprion Héoa atro BIWoIPES AUCEIG, JE apoIBaia KOIVWVIKA, OIKOVOUIKA
Kal TTEPIBAANOVTIKA O@EAN, TTOU Ba IKAVOTTOIOUV TTOPOUCES KOl PEAAOVTIKEG

avaykeg (Mlewpyiou-Mewpylavdkog, 2017).

1.2 TEXNHTOZ EMNAQYTIZMOZ YAPO®OPEQN

Mia dia@aivouevn AUon oto CATnUa TnGg opBoAoyikAg dlaxeipiong Twv
udaTIKwV TTOpwWV Kal On Twv UTTOYEIWV @aiveTal va egival n atmobrikeuon
TTOOOTATWY VEPOU O€ TTEPIOdOUG TTOU QUTO TrEPIcoEUEl. MéExpl onuepa Ta
@pdyuata amotreAouv Tnv o diadedopévn Auon atrobrikeuong. QoTéoo, N
ETQAVEIOKN aTmoBAKeUOn O @PAYMATa  avTIUETWTTICEl BId@opa  TEXVIKA,
OIKOVOMIKA Kal TTEPIBAAAOVTIKG TTPOBAAUATA (TT.X. Ta @PAyuaTa dev JTTOPOUV va
KOTOOKEUOOTOUV O€ PEYAAEG TTEDIVEG I ETTITTEDEC ETTIPAVEIEG KAl O KATAAANAEG
Béoeic €xouv AlyooTéwel). Emopévwg civar avdykn va evraBei n umdyeia
atmmoBrikeuon Tou vepou, aufdvovtag £T01 TIC OlI0BE0IUEG TTOOOTNTEG TOU, ME

O1adIKOTIEG EQAPUOYNG TEXVNTOU EUTTAOUTIONOU.

O T1eXVNTOG ePTTAOUTIONOG (T.E.) diver duvapikry Auon oto TpoRAnua
EKMETAAAEUONG TWV UTTOYEIWV VEPWY, TTPOAAPBAVOVTAG 1] EAAXIOTOTTOIWVTAG TNV
UTTEPAVTANON Kal Ta ETTAKOA0UBA TNG. O T.E. TwV UTTOYEIWV VEPWV 1) OTTWG AEyETAI
TTAéOV Ta TeAeuTaia Xpovia, n dlaxeipion Tou €UTTAOUTIONOU TWV UdPOPOPWV
(MAR, management of aquifer recharge) ptropei va xapaktnpioBei wg pia
dladikaoia auénong TNG QUOIKAG PONG TOU ETTIPAVEIAKOU VEPOU TTPOG TOUG
UTTOYEIOUG UDPOYOPEIG ME TNV KATAOKEUN KATAAANAWY £pywv, TNV KATAKAUCH HE
VEPO I TN METARBOAN TWV QUOIKWYV ouvBnkwy (Todd and Mays, 2005).

O T.E. €xel xpnoiyotroinBei oto d1€bvr] Kupiwg Xwpo €dw kar 200 xpovia
TTEPITTOU, PE EAAXIOTEG £QapPOYEG oTnv EANGDa kaTtd TIG TeAeuTaieg OEKAETIES, O
éva eupu @acpa TrepITTwoewy, OTTwg (Franson, 1989) (Harpaz, 1971) (lihola,
1989) (Walton, 1970) (Wilson, 1985) (Todd and Mays, 2005) (KaAAépyng, 1986)
(Aronovici et al, 1972):



— Tn ouvduaopévn dlaXEipIon UTTOYEIWV KAl ETTIQAVEIAKWY VEPWV,

— TNV QVTIMETWTTION TTPORANPATWY TTOU €XOUV OXEON ME TV TTOOOTNTA KAl TNV
TToI6TNTA TOU UTTOYEIOU VEPOU Kal Tn dicioduon Tng 6dAacoag,

— TNV QvTIHETWTTION TTPORANUATWY KaBinong Tou £dAPouG,

— TNV emegepyaaoia Kal atrobAKeuon XPNOIUOTTOIOUNEVWV VEPWV TTPOKEIUEVOU VA
cavaypnoluotroinéouy,

— T dlatipnon A auénon Tou QUOIKOU UTTOYEIOU VEPOU WG OIKOVOUIKOU TTOPOU,

— TN Onuioupyia UTTOYEIQG ATTOBNKEUONG YA Ta EI0AYOUEVA OTNV  KATA
TTEPITITWON TTEPIOXN VEPU,

— TNV €€oikovounon A TTapaywyn eVEPYEIAG Pe T Jop®r {eaTou ) KpUou veEPOU,
TOV EAEYXO TWV TTANUUUPWYV,

— TNV AvTANON TTETPEAAiOU PE PIKPOTEPO KOOTOG,

— TNV avdamTugn KaAAIEPYEIWY,

— TNV aug¢non Twv TTOOOTATWY PONG TWV USPOPPEUNATWY,

— TNV au¢non Tpo@odoaciag Twv udpoPOpwV CTPWHATWY HETA OTTO £UPECa
emMCAMIa  avBpwTTivn TTapéuBacn (KaTtaokeur) OpOuwWV 1 agpodpouiwy,

OIEUBETADEIC XEIUAPPWY, KATAOTPOPEG DACWV).

MoAAEg péBodol T.E. €xouv avatrtuxBei, 6Tws (Todd and Mays, 2005):
— MéBodol eutTAOUTIOUOU aTTeEUBEiag otnv mm@Aveia

* Mé£Bodog Aekavng (basin method)

* Mé£Bodog Tagpwv Kal auldkwy (ditch and furrow method)

* Mé¢Bodog TAnupUpac (flooding method)

* Mé£Bodog d1euBETnoNng udpoppelpaTog (stream-channel modification)

* Emavevepyotroinon 1 auvgnon tng pong udpoppeupartog (stream flow

reactivation or augmentation)
+ MéBodog dpdeuaong (irrigation method)

— MéBodol eutTAOUTIOUOU aTTEUBEiag oTo UTTEDAPOG
* Mé£Bodog pe Quaoikd avoiyuata (natural openings method)
* MéBodog opuyudtwy (pit method)

+ Mé£Bodog avtioTpopng atrooTpdyyiong (reverse drainage method)



* Mé£Bodog pe yewTproeig eutTtAouTiopou (recharge well method)

* Mé¢Bodog pe yewTproeig amobrikeuong - aviAnong (aquifer storage and

recovery-ASR-wells)
* Mé£Bodog pe TTyadia otnv akopeoTn (wvn (vadose zone wells)
—  2UVOUOOHOI ETTIPAVEIOKOU KAl UTTEOAPIKOU EUTTAOUTIONOU

e 2UVOUOOMOG AEKAVNG EUTTAOUTIOMOU KOl  QTTOOTPAYYIOTIKOU  OIKTUOU

(combination of surface — subsurface recharge)

* 2UvOuaoudg Aekavwy Kal OPUYHATWY, EKOKAPWY 1 YEWTPROoswV (basins

with pits, shafts, or wells)
- MéBodol €Eupecou EUTTAOUTIONOU
+ Emaywyikég epttAouTiopds (induce recharge)
e ZUMTITWHATIKOG eutTAoUTIONOG (incidental recharge)
* Aigubétnon udpogopiwv (aquifer modification)
- MéBodol eutTAOUTIONOU [E eTTEEEPYATHUEVA AOTIKG aTTORANTA

* 2UCTAPATO QUOIKAG ETTECEPYOOIAg NECW Tou £dAQoUG-udpoopéa (Soil-

Aquifer Treatment Systems, SAT)

* lewtpnoelg uetd amd mponyuéveg diadikaoieg kaBapiopou (Advanced
Wastewater Treatment, AWT)



(a) (b) (¢) (d) (e)

D e
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IxApa 1. ZuoTAupata  euTTAouTIONOU  udpo@dpwyv o€  Oldgopa Padn: (a)
emeavelaki Aekdvn kartdkAuong, (b) Aekdvn kartdkAuong ueTd amod
ekokan, (c) Tappog eutrAouTiopou, (d) @pedTio guTTAOUTIOMOU OTNV
akopeoTtn Cwvn, () yewTpnon eutTAouTiopou (Todd and Mays, 2005)
(Bouwer, Role of Groundwater Recharge in Treatment and Storage of

Wastewater for Reuse., 1991).

H emAoyrf NG 1Mo KATAAANANG peBddou egival ouvapTnon Twv YEWAOYIKWY,
MOP@OAOYIKWYV Kal UDPOYEWAOYIKWY OUVONKWY TNG €upulTEPNS TTEPIOXNAG, TNG
dlaBeciudtTNTaG NG TEPIOXNG €@apuoyns Tou T.E., Tng TrpoéAeuong,
d100e01uOTNTAG, QUOIKAG KAl XNMIKAG TTOIOTNTAG TOU VEPOU EUTTAOUTIONOU, TNG
ommapéng 1 duvaTtdTNTaG KOTAOKEUNG TwV POCIKWY ATTAPAITNTWY  €PYWV
UTTOOOMNG OTTWG Kal TOU KOOTOUG XPHong Kal ouviipnong Toug, dIapopwv
OIKOVOMIKWY Kal VOUIKWYV TTapayoviwy Kai kpirnpiwv (KaAdiwpag, 2016). 210
TAQIOIO TNG TTOPOUCAG €PYACiOG, WOTOOO, TO €EVOIAPEPOV  ETTIKEVTPWVETAI
QTTOKAEIOTIKA OTO OUCTHPATA QUOIKAG ETTECEPYOOiag MEOW Tou €DAPOUG-
udpogopia (Soil-Aquifer Treatment Systems, SAT), Ta otroia Kal TTepIypd@ovTal

EKTEVEOTEPQ.



1.3 ZYSTHMATA SAT

Ta cuoTtApaTta SAT oxedidlovtal kal diaxeipiCovral £T01 WOTE OAOKANPEN N
TTOoOTNTA TOU ETTECEPYQOPEVOU AUPATOG TTOu OINBeital Péow TWV AEKAVWV
dINBnong va avakTdral ge aviAnon ammo YEWTPAOEIG, JEow OTPAyyIoNG 1 HECW

Oleiocduong o€ emiPaveIakd vepd (ZX. 2).

Zuvn epTAOUTIOHOY

TITTT T I IT 7T 7077777777077 772787 70777777777

IxAMa 2. Zxnuatiki TTapdoTtacn cuoTiPoTog SAT pe QUOIKR avAaKTnon Tou vepou
oe Xeigappo A AANo udatopeua, Aipvn 11 udpoAekdvn XaunAdTEPOU
uyopéTpou (A), ouhloyr| Tou vepou pe uttoyela oTpdyyion (B), GvtAnon
pHéow KevTplkoU @péatog (M) AviAnon pEow TTEPIPEPEIAKWY PPEATWV
(Bouwer, Role of Groundwater Recharge in Treatment and Storage of

Wastewater for Reuse., 1991).

O1 Aekaveg dInBnong TTAnpouvTtal dloKEKOPPEVA Kal kaBapifovtal TTEPIodIKA.
O puBudg diNBNoNg cival TUTTIKG pePIKG OEKATA TOU PETPOU avd nUEPA KaTd TNV
dIdpKeIa TNG KATAKAIONG, Kal o€ €TAOIO Bdon o péoog puBuog dinénong esival

mrepitrou 50-100 m3 avd €10¢. Me auTod Tov pubuod diNdnong, pia Aekavn dinnong



€KTAONG €VOC eKTApPioU UTTOPEl va dindricel atd 0,5 éwg 1,0 Mm3/étog (Bouwer,
1993).

H Aeiroupyia evog ouoTtriiuatog SAT e€apTdTal atrd TNV TTEPIOXN EQAPHOYNAG
Kal €XEl oX€Oon PE TNV TTOI0TNTA TTOU AaTTORArTOU, TO £€00QOG, TNV UdPOYEWAOYia
Kal TO KAipga. O1 duvaTég ETITITWOEIS OTNV UYEIQ TTOU PTTOPE va €XEI N XPron Twv
ETTECEPYATHEVWV UYPWV ATTOBARTWY TTOU XPNCIKMOTTOIOUVTAI VIO EMTTAOUTIONO TWV
UTTOYEIWV UDPOPOPEWY, agloAoyrnenkav o€ pia Epguva TTou €yive oTnv KaAipdpvia
Twv HIMA 1n dekaetia Tou 80 pe OKOTTO va avatrtuxBouv KpITAPIa yia Thv
emegepyacia Twv amoPAATWY OTAV XPNOCIYOTTOIOUVTAl VIO EUTTAOUTIONO TWV
udpoopiwv. H £peuva TTepieAAuBave Tnv TToIGTNTA TOU vEPOU, Tn dINBNoN, TNV
utrapén 0edopévwy atro Tnv €KBeon Tou TTANBUCHOU Kal TNV £mdnuioAoyia. To
KUPIOTEPO CUUTTEPACHA OTTO TNV £peuva NTav Ot OV avaPEPONKAV JETPOUNEVES
APVNTIKEG ETTITITWOEIG OTA UTTOYEIQ VEPA ) OTNV UyEia Tou TTANBuCUoU, attd TNV
epapuoyn emeCepyacuévwy atroBAATWY yia euttAouTioyd (Asano and Levine,
1996). '’ autd o€ TTEPIOXEG OTIG OTTOIEG OEV £XEI EPAPPOOOEl TTOTE £va ouoTnua
SAT, gival avaykaia n eyKatdoTacon TAOTIKWYV I TTEIPAUATIKWY JOVAdWV TTPIV TNV
eyKaTaoTaon Twv Povadwy gupeiag epapuoyng, yia va aglohoynBei n duvatdétnta
eQapuoyns kal va oxediaoTei To ouoTtnua SAT yia optimum Aeitoupyia. oAU
TIPOCOXH TTPETTEI VA O0BEI 0TO CWOTO OXEDIAOUO KAl AEITOUPYIA TOU CUCTHPATOG

ETMECEPYATiag TwV ATTORBAATWY.

Me Baon Ta ammOTEAECHATA EPEUVWDV VIO TUXOV €MIOPACEIS OTNV AvOPWITIVN
uyeia, €éxer Tpotabei otnv  Kahipdpvia Twv HINA  kavoviopdg yia Tnv
ETTAVAXPNOIYOTIOINON TWV ETTECEPYAOUEVWY  UYypwV atmoBARTWY  €IBIKA  yia
EMTTAOUTIONO Twv udpo@opéwv (AyyeAdkng k.a. 1996). O TrpoTEIVOUEVOS
KAVOVIONOG avTINETWTTICEl TO BEua pe Baon TIC Bpaxuxpovieg aAAd Kal TIG
MOKPOXPOVIEG ETTITITWOEIG OTNV UYEia. AETTTOPEPAG avapopd didETAl O€ PIa OEIPA
QVTIKEIMEVWY, OTTWG: (a) €Aeyxog TG TTNyNG, (B) diadikacia emegepyaciag Twyv
uypwv atroBAATwyY (Y) Ta standards Tng peBOdou emeepyaaiag (8) Tn péBodo
EMTTAOUTIONOU (€) TNV TTEPIOXN EPTTAOUTIOMOU (OT) Tnv améoTacn dIAavoigng
YEWTPAOoEWV Kal () Ta @pedTia eAéyyxou TToI0TNTag. O Kavoviopog kabopilel £va
OUVOAO OuvONKWV TIoOU aTTraIToUvTal Yia €va oTTodekTO OXEDIO TEXVNTOU
EMTTAOUTIONOU pE eTTECEPYaOUEVA uypd ammoBAnTa. To Pacikd OTOIXEIO TTOU

KUPIOPXEI OTNV £QAPUOYI TOU EUTTAOUTIOHOU TWV UBPOPOPEWV E ETTEEEPYATUEVA



uypd atroBAnTa givail o1 moaveg apvnTIKES ETTIOPACEIS OTNV UYEIQ ATTO €l0aywyn
TTaBoyOovwy 1 IXVOOTOIXEIWV A TOEIKWY OTOIXEIWV OTA UTTOYEID VEPA Ta OTToid

KatavaAwvovTtal wg TTociua atod 10 Koivd (Asano and Levine, 1996).

Ta ocuoTtApaTa SAT ekPeTAAAEUOVTAI TOUG QUOIKOUG HNXAVIOUOUG Twv
uUTTOYEIWY  UBPOPOPEWY YIa ETTECEpyaOia, armoBrikeuon kai Odlakivnon Twv
emmegepyaocpévwy atroBARTWY. To £6a@Oog Kal Ta XapaKTNPIOTIKA Tou udpoopia
gival o1 KUpIOTEPOI TTAPAYOVTEG TTOU ETTNPEACOUV TNV ETTIRIWON TWV TTABOYOVWV.
I’ autd n ekAoyn TG Béong e@apuoyng evog ocuotriuatog SAT Ba TTpéTTel va
AauBdvel utTOWn OPIoUEVEG OUVONKEG KATAAANAEG yia To €0a@og Kal Tov

udpoopia.

H BeATiwon NG TTOIGTATAG TOU VEPOU TTOU TTPOEPXETAI OTTO ETTECEPYATUEVA
AUpaTa €mTUYXAVETOI KABWGS TO veEPO KIVEITAl dIa HEOCOU TNG aKOPEOTNSG {wvng
(vadose) Tou udpoPopéa TTPOC Ta UBPOUACTEUTIKA Epya (Bouwer, 1993). Otav 10
€00QOoG £xel Ta KATAAANAQ XOapakTnPIOTIKA, pe Tn dladikacia Tng OInénong
atrouakpuvovTal 0Aa Ta oteped, BOD kail o1 JIKpoopyaviouoi, N TTAEIoVOTNTA TWV
META-QWO@OPIKWY KAl  ONUAvTik  Tmoootnta  alwtou. H  diadikacia
ATTONAKPUVONG TOU QCWTOU KOl TWV HIKPOOPYAVIOWWY TTPAYUATOTTIOIEITAI OTO
OINVEKEG, eV AANA oUOTATIKA, OTTWG TA PETAAAQ KAl T QWOQOPIKA, PTTOPEI va
OUYKEVTPWVOVTAlI OTO €00QOG Kal 0TV akopeotn (wvn. Qotéco, 0 pubuodg
OUYKEVTPWONG gival HJAAAOV apydG Kal iCwG va aTTaIToUVTAl OEKAETIEG I KAl AIWVEG
yla va €TTNPEACOUV TO TTOPWOEG KAl TRV UOPAUAIKI aywyIhoTNTA TOU £€DAPOUS Kal
ETTOMEVWG TNV IKavOTNTA OINBNONG TNG AKOPEDTNGS Cwvng. Na autoug Tou Adyoug

Ta ouoThpaTa SAT €xouv ouvABwg pakpd didpkeia wnAg (Bouwer, 1991).

Ta ouotAuata SAT amaitolv diaTrepatd €da@n Pe uywnA diNBNTIKOTNTA,
aKOPEOTN CWVN XWPIG TTEPIOPIOTIKEG OTPWOEIS | AAAa TTpoBARuaTa, OTTWG
PUTTAOMEVEG CWVEG N ME QVETTIBUUNTEG XNUIKEG OUCiEG TTOU gival duvaTov va
uttooTOUV £€KTTAUCN. O Uudpo@opéag TIPETTEI va gival ATTEPIOPIOTOC ME KAAR
ToIOTNTA VEPOU OTNV avwTepn oTdbun. Mia 1davikr emi@dveia edA@oug gival
OMOIGUOP®PN, ME XOVOPOKOKKO oM WOTE va £Xel uPnAn dINBNTIKOTNTA aAAd Kal
ME AETTTOKOKKO OUCTOTIKA VYIa va €XEl  IKAVOTTOINTIKA  @iATpavon. Tiuég
dINONTIKOTNTAG a1rd 25 mm/h i uWNASTEPES €ival avaykaieg yia Taxeia diRdnon.

I’ autd emeavelakd €daen aAtrd AUPWOn TNAG, TTNAG 1 AETTTOKOKKO GUPO Kal



XaAikia gival TTpoTiudTEPa yia Ta cuoTAPATa SAT. MNoAU xovOpOKOKKOG GNUOG Kal
XOAikia dev gival KatadAAnAa, SI0TI emITPETTOUV Ta ATTORANTA va dIEpXOVTAl TTOAU
ypriyopa atrd 1o £TMIQAVEIAKO OTPWHPA TOU £€0AQPOUG, OTO OTTOIO UTTAPXEI N KUPIA
BioAoyikn kal xnUIk dpaocTnpioTnTa. Ouoldpopea £daen pe BABog Tavw atrd 3
m gival Ta TTA€ov KaTdAANAa (Reed et al., 1995). OpifévTia A utTo-0pICOVTIa £DAEPN
gival emBuuNTa yia Xpnon oTig Aekaveg dInBnong, d10TI avAOKAPEG-ETTIXWOEIG
MTTOPEI va ETTNPEGCOUV AVTIOTPOQPA TNV OINBNTIKAOTNTA TOU ETTIYAVEIAKOU £0APOUG

ouvioTaTal n KAion va givar JIKkpoTepn Tou 5%).
( n kAion MIKpGTEEN

H emBefaiwon €da@ikwy TTAPAUETPWY KAl KUPIWG TNG dINBNTIKOTNTAG OTNV
UTTO OXEDIQONO BEon PE ETITOTNIEG UETPNOEIG €ival UTTOXPEWTIKA yia Tov 0pB0o
oxedlooud Twv ouoTnuatwyv SAT. Ta va eivalr duvatdg o €AeyxXog Tou
emegepyaocpévou atmoBAnTou PETA TNV emmi@aveloky dindnon kai dicioduon dia
MEOOU TOU PNTPIKOU €D0APOUG, N oUCTACH TOU UTTEDAQOUG KAl TO XOPAKTNPIOTIKA
TOU UdPOQOPEA TTPETTEI VA Eival YWwOTA. H yvwon Twv INXaviopwy KUKAOQOopIag
TOU VEPOU OTO £DAQIKO TTPOQIA Kal oTOV UdpOoPopPEa Eival avaykaia TTpIV aTTo To

oxedlaouo Tou cuoTAPaTog diINbnong (Reed et al., 1995).






2 XPHZzH AIKTYQN 3E ZHTHMATA AHWHZ AITOOASHZ

H Ajyn atmmo@docwy gival pgia TToAUTTAOKN dladikaoia KaBwg atraiTei ouxvd
yvwoelg amd d1Adopous KAAdOUG, CUMPMETOXN attd TTOAAOUG EUTTAEKONEVOUG
Qopeig, dedopéva aTTO TTOIKIAEG TTNYEG KAl OIAPOPETIKEG ETTIOTANES. APKETEG POPEG
Ta  onuavtikétepa  TTPOPAAUOTA  o@eidovTal  OTnV  UTTAPEN  OIAQOPETIKWV
OUPQEPOVTWY KOl OTTOYEWV PETALU TWV EUTTAEKOPEVWV QOPEWY, UE CUVETTEIQ TN
OIAQOPETIKNA OTITIKA YwVia Twv TTPORANNATWY TTOU TTPOKEITAI VA AVTIHETWITIOTOUV
KAl TwV AUCEWV TIOU TIPOTEIVOVTAI TIPOG TNV KOTEUBUVON QUuTA. X& GAAEG
TTEPITITWOEIG, OI OQUOKOAIEG UTTOPEI VA TTPOKUTITOUV ATTO TNV TTOAUTTAOKOTNTA TOU

TTPORAAMATOS KaI TNV AVAYKN CUVEKTIUNONG MIAG TTAEIAO0C TTOPAPETPWV.

Ta TeAeutaia xpovia uttdpxel Eva auéavopevo evdlia@EPOV OTn XPRon
YPOPIKWY HOVTEAWV YyIO TNV avarmrapdoTacn Twv TTPORANUATWY Kol Tn
dleUKOAUVON 0TN ANWN PIag atroQacns. AKOAOUBWG avagEPOoVTal EV CUVTOMIA TIG
TPEIS MEBODOI TTOU XPNOIKMOTTOIOUVTAI OTNV KATEUBUVON AUTH): O YVWOTIKOI XAPTEG
(Cognitive Maps), 1a TtoloTikd mBavoloyikd diktua (Qualitative Probability

Networks) kail Ta prreudiava diktua TretroiOnong (Bayesian Belief Networks).

2.1 TNQSTIKOI XAPTEZ

O yvwoTtikoi  xapteg (ev  ouviopyia CM) eivar  dlaouvoedepéva,
Kateubuvopeva, Aoyikd ypa@riuaTta TTou atroteAouvTal atrd KOPPBOoUG Kal akuéG /
BEAn, Ta oTTOIa XPNOIMOTTOIOUVTAI KUPIWG yIa TNV avAAuon aTTOWEwWY evOg aTOUOU
I MIAG OpAdag, SIEPEUVWIVTOG QITIWDEIG OXETEIC ETALU OXETIKWYV evvolwv (Kosko,
1986), Kandasamy and Smarandache, 2003) kai €xouv wg PAon €xouv Tnv
Octwpia Npdewyv TTou diatuTrwaoe o Euler To 1736 (Hasiloglu and Cinar, 2008). Q¢
€K TOUTOU, Ol YVWOTIKEG XAPTEG TTAPEXOUV MIA EIKOVA TWV OXECEWV AVAUECT OTIG
OKEWYEIG Kal Ta yeyovoTa o€ éva cuoTnuaTikd tTAaiolo (Chandra & Newburry,
1997).

O1 yvwOoTIKOi XAPTEG €ival XproIuol OTnVv:
e [vwaoTotroinon-AvraAAayr 19wV

e 2xediaon MIag TTOAUTTIAOKNG OOPNAG (MOKPOOKEAR KEeipeva, UTTEPUEDQ,

MEYAAEG I0TOOENIDEG K.ATT.)



e EmKoIvwvia piag ouvBeTng 10€ag
e YTroBoABnon TNG EKNABNONG EVOWMATWVOVTAG TN VEA PE TNV TTAAIA yVWOn
e AtloAdynon karavénong kai didyvwaon TNG Jn Katavonong

O1wg avaépbnke, o1 YVWOTIKOI XAPpTeG artroTeAouvTal atmrd PETABANTEG
(k6uBoI) kKal aImwdeIg oxEoeIS (BEAN). KABe peTaBANTA cuvdéeTal e pia GAAN pe
BeTIKN 1 apvnTIKA TTOAIKOTNTA OTO XAPTN. H TTOAIKOTNTA PIag ox€oNnNG UTTOPE va
KaBopioTei BéTovrag Tnv akOAoubn epwTtnon: n aitia €xel OETIKA 1 apvnTIKA
eTidpacon €1 Tou atroTEAEopaTog; Mia BeTIKA TIPR YETAEU Twv evvolwy 1 Kal 2
onuaivel 0TI hIa augnon otnv évvola 1 augdavel aimoAoyikd Tnv évvola 2, evw Hia
apVvNTIKA TIPA METAEU TWV gvvolwy 1 Kal 2 onuaivel 6Tl yia avénon otnv évvola 1
MEIWVEN aiTioAoyIKa TNV évvola 2. Mg Tov TPOTTO QUTO, PTTOPEI va avaTtrTuxBei pia
Ouadikfl @OpHO CUYKPIONG TOU YVWOTIKOU XApTn, OTToU KABe MPETABANTA

OUYKPIVETAI JE PIa GAAN oUPQWVa PE AITIWOEIG OXETEIS (BA. TT.X. ZX. 3).

To POVTENO €VOG YVWOTIKOU XAPTN OpPIel ETTIONG £vav UNXAVIOWO £Laywyng
OUUTTEPACPATWY TTOU ouvioTatal oTnv 01adoon Twv emdpdcewyv. AUTH N
dladikaoia €EAYWYAG OUPTTEPOOPATWY atroTeAei TN Bdaon TG diadikaoiag
UTTOOTAPIENG aTToPdcewy. QOTO00, Ol  YVWOTIKOI  XAPTEG  PTTOPOUV VO
avaTTapacTabouv PJOVOo ypaPIKA Kal O TTPOAYOUV HIO ATTOTEAECUATIKA aITiIoAoyia
KaBwg o1 UTToAOyYIOTIKEG avaAuoelg dev uttoaTtnpifovTal Otav To POVTEAO Oev
ETTEKTEIVETAI JE HOBNUATIKEG OUVAPTAOEIG KAI TTOOOTIKA OTOIXEia. [1poKeIuEVoU va
CETTEPAOTOUV TA PBACIKA MEIOVEKTAPATA TWV YVWOTIKWVY XAPTWV (avAaykn yia
avaAuTIKOTEPN aITIoAoyia), uTTpée évag aTrd Toug Adyoug OTTou OXeSIAOTNKAV TA
TToI0TIKG TTIBavoAoyikad dikTua (Qualitative Probabilistic Networks) (Axelrod,
1976).
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Advertising expense

Remuneration +

Business performance

ZxApa 3. TMMapdaderypa yvwaoTikoU Xaptn (Allard-Poesi, 1996)

2.2 [1OIOTIKA NIOGANOAOTIKA AIKTYA

Ta 1oloTIKA TTBavoAoyikd diktua (QPN yia cuvtoyia) €ival BaciKd TTOIOTIKES
atmmodooeig Twv BBN, ta otoia mepiypd@ovTal apyoTepa. ZXedIAOTNKAV YIa va
OIEUKOAUVOUV T YVWOTIKI XapToypdpnon HECW TNG £EQYWYAG CUPTTEPOATHATWY
ME aimioAoyikd dlaypduupata  Tou  PBacifovial o onuadia. Ta QPN
XPNOoIJoTToINeNKav Kal yia va BEATIWOOUV TNV TaXUTNTA KOTAOKEUNG KAl TOV
UTTOAOYIOHO TWV PTTEUCIOVWYV BIKTUWYV, ME YVWHOVA TO CUYKEKPIPEVO ATTOTEAEC Q.
Ta QPN eionxbnoav amé tov Wellman (1990) kai oxnpoTikG egival €va
KATEUBUVOUEVO, AOYIKO ypA@NUA TTOU ATTOTEAEITAI ATTO KOPBOUG KAl AKYEG TTOU
TTEPIYPAPOUV TIG METAEU TOug oxéoelg (Wellman, 1990).

‘Eva QPN aTtroteAcital atréd €va akukAiké diaypapua G = (V (G) - A (G)) 610U
10 V €ival To oUVOAO KOUPBwWY OTO yYpA@NUa TTOU QVTITIPOCWTTEVEI TIG METABANTES
TTOU XapaKTNpPifouv Tov UTTO £¢£Taon TOUED PEAETNG. To aUvoAo Twv akuwy A (G)
MOVTEAOTTOIEI TIG AVECAPTNTEG OXETEIG PETALU TWV PETABANTWY, opifovTag Ta QPN
w¢g OlaypdupaTta  eTidpacng OTou Ol apiBunTikoi  TTivakeg  OavoTnTag
avTiIKaBioTavTal atrd TTOIOTIKEG TTIBAVOAOYIKEC OXEOEIC HETAEU TWV PETARANTWV.
AuUTO TO PoVTEAO gival 0 OUVOUACHOG METAEU TWV TTOIOTIKWY ETTIOPACEWYV KOl TwWV
OUVEPYEIWV TTOU QVTITTIPOCWTTEUOVTAI OTO YPAPNUA PE TIGC APECEG OKPEG KAl TIG
UTTEP-OKMPEG avTioToIXa, O0TO ypaenua. MNa va mpoodiopioTei éva QPN, Tpétrel va
dlaKpIBoUV TPEIG TUTTOI TTOIOTIKNG TTIBAVOTIKAG OXE0NG: Ol TTOIOTIKEG ETTIOPATEIS, Ol

OUVEPYEIEG TTPOOBETWYV Kal oI ouvépyeleg TTpoidvTwy (Wellman, 1990).
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OAEG 01 TTOIOTIKEG OXETEIG £XOUV TN HOPQPr] CUVONKWY OTH CUYKPITIKA KATAVOI)
mOavoTATWY PIag JETABANTAG TTOU TTaipvel dIGQopeg TIUEGS. 'ETOI, KABE peTaBAnTh
€XEl WIO aBpoIOTIKA OouvapPTNON KATAVOMNG TMOavoTnTag WG ouvapTnon Twv
TTponyoupevwy PeTaBANTWY. ZT1a dikTua QPN, pia TToIOTIKY) OX£0N TTEPIEXEI TV
TIUA QUTAG TNG OUVAPTNONG XWPIG va TNV TTpoodlopilel e akpieia. Autdg o TUTTOG
TTOU OVOUAZETAI TTOIOTIKN ETTIOPACT, TTEPIOPICEI TIG OXETIKES TINEG UIOG OCWPEUTIKAG
e€apTnUéVNG ouvAPTNONG KATAVOMNG TTIBAVOTATWY MIag PETABANTAGC KaTd Tnv
METABOAR pIaG aTTd TIG TTPONYOUMEVEG.

Mia oxéon TTPOCBETWY OUVEPYEIWV ATTOOKOTTEI OTO VO OUVEKTIUACElI TO
YEYOVOG OTI pia augnon o€ dUo peTaBANTEG padi €xel peyaAuTepn emmidpaon o€
uwnAoTepo etTitredo. Me dAAa Adyia, n cuvduacouévn eTidpaon NG avénong Twv
METABANTWYV €ival peyoAUTepn ammd TN AQWn Twv OUO  QVveEEAPTNTWV
ammoteAeopdtwy. MNa mapddeiypya, n koiwv emidpacn Twv A kai B oto C
uttodnAwvel 0TI n BeTIKN ouvépyela Twv KOPBwvY A Kal B o€ éva koivé kéupo C
(child) eival peyaAutepn a1rd TO AOPOICUA TWV LEXWPIOTWYV ETTITITWOEWV TOUG,
aveEdpTnTa atrd otroladATToTE AAAN Gueon etidpacn e1ti Tou C.

TENOG, Y10 CUVEPYEIQ TTPOIOVTOG ATTOOKOTTEI OTO VO KATAYPAWEI TO YEYOVOG OTI
MIa augnon o€ pia ueTaBANTA €xel heyaAuTepn €mmidpacn oTIG TINEG EvOG AAAOU
KOuPou, o€ uwnAdTeEpa eTTiTTEdA TTIBAVOTATWY, OTAV €ival YyVWOTH N TIUA yIia €va
Koivé kOpBo (child) oto diktuo. MNa TTapddeiypa, o€ PIa CUVEPYEIQ ApVNTIKOU
TTPOIGVTOG TTOU eP@aviCeTal aTTd TOUG KOUPBOoUG A Kal B oxeTIka pe Tn dobcioa Tiun
c0 yia Tov Kolvo k6uBo C Ba apatnpnBei 611 uPnASGTEPEG TINEG YIa TOV KOUPBOo A
KaBioToUV TIGC uWnAOTEPES TIUEG YIa TOV KOPBO B Aiyétepo mBavég, aveEdptnta

atro oTToIECONTTOTE AAAEG ETTIOPACEIG 0TO B KaI avTioTpoga.
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2.3 MNEYZIANA AIKTYA NENOIOHIHS

2.3.1 Oplopog

Ta pmetdlava diktua TreTmoiOnong (ouvotrmikd BBN) eival kareuBuvoueva
OKUKAIKG ypa@AuaTa TTOU TTAPEXOUV WIA OTITIKA avaTTapdoTach TwV APNECWY Kal
EUUECWYV AITIWOWY OEOPWV METAEU TwV OUVOAIKWY HeTaBANTWY. O1 kéupol
QVTITTIPOOWTTEUOUV TuxaieG METABANTEG Kal ocuvdéovTal HPe [PEAn, O OTTOIEG
QVOTTaPIoOTOUV APETES TTIBAVOTIKEG! ECAPTACEIG METAEU TWV PETABANTWY, TTPOG Hia
KateuBuvon. AvOAOYywG PeE TO TTOOEG METABANTEG €TTNPEAleEl dia evOeEXOPEVN
METABOAR TNG TINAG TNG MIOG METABANTAG KAl TOU AVTIKTUTTOU TTOU €XEl OTO TEAIKO
atmmoTéAeopa, TTpoadlopileTal av n METABANTA €xel heyaAn n uikpry duvaun
emppong (strength of influence) (Pearl,1988). Me Aiya Adyia n doun evog
Bayesian dIKTUOU €ival hIa ypAQIKK], TTOIOTIK ATTEIKOVION TWV AAANAETTIOpACEWY
METAEU TWV OUVOAIKWYV PETABANTWYV TTOU SIANOPPUWIVOUV TO BIiKTUO.

MNa mapdderypa, oto ZX. 4, 0 KOUPog A etTnpeddel Tov KOPPBo B kal 0 KOUBOg
A kai B ernpeddouv Tov kOupo C. O kopPog A ernpeddel Tov kOupo C dueoa Kkal
¢UuECa HEOW TOU KOUPBoU B. To A avagépetal wg yovéag Tou kKOuPBou B kai I, 10
B ava@épetal wg TTaudi Tou kOuBou A kai yovéag Tou kOupou C, 1o C gival To TTaudi

Twv A Kkai B. O kéupog A cival o K6uBog €106dou, 0 kKOuRog C n £€£0d0g.

ZxApa 4. [Mapadeiypa aAAnAemidpaons BBN

T TBavoTIKOG: OXETIKOG ME TIG TOAVOTNTEG, TIOU APOPd dUVNTIKG EQIKTO €UPOG PEAAOVTIKWV
eKQOXWV yeyovoTog, TTOU agopd eUpog TBavwy ekPacewv Pdoel alyopibuou i Baoel
OUMTTEPAOMATOG  aTTO  TTponyouueva  avriotolxa  yeyovéta, o  Bacioyévog  OTnv
mBOavoTiKA Bewpia (Pswpia mOavotATWy) 1 TNV TOAVOTIKA GUAAOYIOTIKN (Aoyikn, @IAogogpia,
emoTrueg) (MaB.mBavoAoYIKOG)


https://el.wiktionary.org/wiki/%CF%80%CE%B9%CE%B8%CE%B1%CE%BD%CF%8C%CF%84%CE%B7%CF%84%CE%B1
https://el.wiktionary.org/wiki/%CE%B4%CF%85%CE%BD%CE%B7%CF%84%CE%B9%CE%BA%CF%8C%CF%82
https://el.wiktionary.org/wiki/%CE%B1%CE%BB%CE%B3%CF%8C%CF%81%CE%B9%CE%B8%CE%BC%CE%BF%CF%82
https://el.wiktionary.org/wiki/%CE%B8%CE%B5%CF%89%CF%81%CE%AF%CE%B1
https://el.wiktionary.org/wiki/%CF%83%CF%85%CE%BB%CE%BB%CE%BF%CE%B3%CE%B9%CF%83%CF%84%CE%B9%CE%BA%CE%AE

2.3.2 Ekpa®Bnon 6oung

Ta mMOavVOTIKA YPAQPIKA YHOVTEAQ ATTOTEAOUV HIO HEYAAN KATAYOPIO JOVTEAWV
TPORAewng doung. EidikéTepa, Ta BBN kal Ta Tuxaia Tredia eival eupEéwg
XpnoigoTtroloupeva yia tnv emtiAucn TpoBAnudaTwy TPORAewns doung o€ éva eupu
QAOPO TOPEWV eQapuoywVv. AANOI aAyopiBuol kal pgovTéAa TTpoRAewns SouAg
TePIAaPBAavouv eTTayWYIKO AOYIKO TTPOYPAPUATIONO, AOYIKA TwV dIKTUWYV Markov,
UTTO TTEPIOPIOUOUG UTTO ouvlnkn PovTéAa K.G. MMapouoiwg PE TIG TEXVIKEG TTOU
XPNOIMOTTOIOUVTAI EUPEWG VIO ETTOTITEUONEVN PABNON, Ta PovTéAa TTPORAEWNGS
OouNAG ouvnBwG ekTTaIdEUOVTAl HECW TTAPATNPOUNEVWY BEBOUEVWY, OTA OTTOIA N
TIUA TTPAYUATIKAG TIPOBAEWNS XPNOIUOTTOIEITAI YIQ VO 0pIcB0UV Ol TTAPAPETPOI TOU
MovTéAOU. AGYwW TNG TTOAUTTAOKOTNTAG TOU HOVTEAOU Kal TIG AUOIBAiEG OXETEIG TWV
TTPoREPANUEVWY PETABANTWY, n dladikacia NG TTPORAEWNnS ME XpAon &vog
EKTTAIOEUPEVOU POVTEAOU Kal TNG KATAPTIONG TOU €QUTOU TOU E€ival ouxvd,
UTTOAOYIOTIKA, AVEQPIKTO KAl XPNOIKMOTTOIOUVTAI HEBODOI TTPOCEYYIOTIKNG ETTAYWYNG

OUNTTEPAOPATWY Kal Jabnolakég péBodor (Appavitng, 2015).

Ta BBN éxouv yivel dnuo@IAA yia TNV IKavOTNTA TOUG VA EVOWMUATWVOUV ThV
yvwon €I8IKWYV o€ £va EUTTEIpo ouoTnua. MaAioTa, £€xouv avatrtuxOei uEBodol TTou
EMTUYXAvVOUV Tn udéBnon Ttwv BBN amdé Oedouéva TOoU  gival apkeTd
ATTOTEAEOUATIKEG O€ oplopéva TTPoBAAPaTa avaAuong dedopévwy. YTTApYXOUV
TapOAa autd ApPKETOi TPOTTOI avaTTapdoTaong yia €va TTpoBAnua avaAuong
0edopévwy, OTTWG Ta BEVTPA, Ta VEUPWVIKA OiKTUA, KABWG Kal apKETEC PEBODOI
yla avaAuon dedopEVwY OTTWG N EKTINNON TTUKVOTNTAG Kal N TTaAivdopounon. Ta
XOPAKTNPIOTIKA Opwg TTou diaxwpifouv Ta BBN atmmd 1ig uttdAoimmeg pebddoug

gival ot

1. Ta BBN ptmopouUv €UKOAO va QVTIMETWTTIOOUV Ta €ANITT) OUVOAQ
oedopévwy. OTav KATTOIEG TTAPATNPEAOCEIS Oev gival YyVWOTEG, TOTE Ol
TEPIOOOTEPEG HEBODOI Bivouv pia AavBaopévn ekTipnon yiaTi dev JTTopouv
VO EVOWMOTWOOUV TO OUCXETIOWO HETAEU Twv  ETTEENYNMOATIKWV
peTapAnTwyv. AvtiBeta Ta BBN mpoc@épouv éva @uaoikd TpOTTO va
QVTIUETWTTICOUV TETOIEG EEAPTAOEIG.

2. Ta BBN emTpéTTouv va €€ETACEI KATTOIOG TIG QUTIWOEIG OXETEIG HETAEU TWV
MeTaBANTWV. AUTO eival TTOAU onpavTiké yiati Bonbd agevdg otnv

KaAUTEPN Katavonon e€vog TTPORARUATOC KAl AQETEPOU OTO VA YivovTal
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TTPoBAEWeIC KaTa TN didpkela TTapepPacewy. H onuacia tng TpdTeEPNS
yvwong €ival geydAn, €1dika 6tav ta dedopéva gival otravia - akpipa.
Kartrola ouoTAPATA PTTOPOUV PAANIOTA va @TIOXTOUV QTTOKAEIOTIKA aTTO
TTPATEPN YVWOT.

3. O1 Bayesian pébodor oe ouvduaoud pe 1o BBN kai dAAoug TUTTOUG
MOVTEAWV TTPOCQEPOUV UIO IKAVOTTOINTIKI KAl BACIKA TTPOCEYYIoN WOTE Va

atro@elyeTal n utTEPPOAIKN Xprion dedouévwy.

2.3.3  ZUUMEPAOHOG N TIAPATNPNCLUWY HETABANTWY

Etreidn éva BBN eival éva oAokANpwpéVo POVTEAO yia TIG HETABANTEG Kal TIG
METAEU TOUC OXEOEIG, UTTOPEI va XPNOIKOTTOINBEI yIa va ATTavTioEl € Pia oEipd
ATTO EPWTANATA OXETIKA PE TNV TTIBAVOTNTA EUPAVIONG OIAPOPWY KATACTATEWV.
MNa Trapddeiyua, 1o BBN ptmmopei va xpnoigotroin®ei yia va exkTiunBei n
EVNUEPWHEVN YVWON TNG KATAOTAONG €VOG UTTOOUVOAOU TwV WETABANTWY OTAV
TTOPATNEOUVTAl OUYKEKPIPMEVEG KATOOTAOEIC O AANeG peTaBANTéC. Auth N
d1adIKagia UTTOAOYIOPOU TNG €K TWV UCTEPWYV KATAVOUNG TWV PETABANTWY Bdoel
atrodeigewy, ovoudadeTal TTOAVOAOYIKOG CUMPTTEPAOPOG. H €K Twv UOTEPWV
Katavopr divel Jia KaBoAIKr ETTOPKI OTATIOTIKA YIA EQAPUOYEG avixveuong, oTav
KATTOI0G B€AEl va €TIAECEl TIMEC yia €va UTTOOUVOAO METAPBANTWY, Ol OTTOIEC
eEAQXIOTOTTOIOUV KATTOIO OUVAPTNON QAVAPEVOUEVNG ATTWAEING, OTTWG  YIa
Tapdadelyya n mlavotnTta €0@aApévng amogaong. 'Eva BBN, ptropei va
BewpnOei Evag unxaviouog TTou epappolel autépaTa To Bewpnua Tou Bayes o€

ouvleTa TTpoBAAuaTA.

H xprion Twv aimwdwv BBN €xel évav onuavtikG oTtoxo: yvwpioviag Tnv
aImwdn dopn evog mpoAuatog To BBN divel T duvaTtdTNTA UTTOAOYICHWY TWV
mOavoTATWY dIaQopwyV KaTaoTdoewv. 21a BBN o1 aimwdeig dopég fonbouv oTn
Awn Xpnoigwyv TTAnpogopiwy, OTwg T Ba ocuvéBaive av peTaBaAAdtav n
KATAOTOON MIOG OUYKEKPIMEVNG TTAPAUETPOU. AUTO ETTITUYXAVETAI JE TNV GAAayR
TNG TIUAG TwV UTTO €&ETAON METARANTWY Kal TNV €gaywyr Twv TEAIKWV
OUNTTEPACPATWY WE TN BorBeia Tng Bayesian oTaTIOTIKAG, OTTWG TTEPIYPAPETAI

OKOAOUBWG.
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2.4 TIPOZEITIZTIKH ENATQrH 3YMNEPAZMATQN

2.4.1 Oswpnua tou Bayes

To Bewpnua (4 kavovag) Tou Bayes yia €va dlauepiond yeyovotwy A, i = 1,

2...N, kai éva yeyovog B divetal atrd Tnv akoAoubn oxéon:

P(B|A;)P(A;)  P(B|A;)P(A:)
P(B) >N, P(AB)

P(A:|B) =

otrou: P(A||B) cival n deopeupévn mBavoTnTa Tou A; dedouévou Tou B f aAAIwg
€K TWV UOTEPWV TOavOTNTA aPoU eEapTdaTal atrd Tn dedouévn Tiur Tou B, P(B| A)
gival n deopeupévn mOavoTnTa Tou B dedopévou Tou A kai P(A;) kai P(B) ival n
EK TWV TTPOTEPWV YVWOTEC TOavVATNTEG TOU A; Kal Tou B TTOU €ival avecdpTnTeg

METALU TOUG.

2.4.2 Mneidllavr cuumEPACHATOAOYIA

Mpiv atmé Tov kaBopiopd Tng MTeldiavig cuuTTEpacaToAoyiag Ba TTpETTEl va
e€eTOOTEN TO €UPUTEPO CNTNUA TNG OTATIOTIKAG OUUTTEPaCPaToAoyiag. MoAAoi
opIopoi gival duvartoi, aAAG o1 TTEPICOOTEPOI KATAAYOUvV OTNnV apxn OTl n
ETTAYWYIKI OTATIOTIKA €ival N €MOTAPN TNG AWNG CUUTTEPACHATWY OXETIKA HE
TOV «TTANBUCPO» aTrd éva «deiyuay, yia OTOIXEiO TTOU TTPOoEPXovTal aTrd Tov
TTANBUo S autd. Autd aTrd PNOVO Tou eyeEipel TTOANG EPWTANOTA OXETIKA PE TO TI
onuaivel 0 6pog “TTANBUCPOC’, TTWGS TO dEiypa ouvdEeTal e TOV TTANBUCO UG, TTWG

Ba rpétTel va yivel delypatoAnyia K.ATT. (MeAiykoTtidou, 2008).

MNa TNV KAAUTEPN KATAVONON TWV TTAPATTAVW, OG UTTOTEDEI OTI €€eTACETAI Evag
TTANBuOuGG O OX€Oon ME KATTOIO OUYKEKPIUEVO XAPAKTNPIOTIKO. ETTeidn dev
MTTOPEI va An@Bouv HPETPAOEISC TOU XAPOKTNEIOTIKOU atrd OAo0 Tov TTANBUCO,
EMAEyeTal €va Ogiypa POvo atmd n Atopa auTtoU MPE Tuxaia OglypatoAnyia,
BewpwvTag 611, av O gival n avaloyia Twv aTOPwWV Tou TTANBUCHOU TTou £XOUV TO
XOPAKTNPIOTIKO, TOTE KABe ATOpO OTO Octiypa Ba €xel TO XAPOAKTNPIOTIKO,
aveEdpTnta a1rd O6Aa Ta dAAa, pe mOavoTnTa 6. ZupPBoAidovtag ue X Tnv Tuxaia
METAPBANTHA TTOU AVTIOTOIXEI OTOV APIBUO TWV ATOPWY TOU DEIYHATOG TTOU £€XOUV TO

XOPAKTNPIOTIKO, Ba XpNOIKOTTOINCEl N TTapatnpnicica Tipn X = X, yia va €¢axOci



€va OUUTTEPOOMA OXETIKG e TNV TTapdpeTpo 6 Tou TANBuouou. Autd TO
OupPTTépacpa Ba utTopouce va AABeEl TN POPO®A EKTiUNONG OnuEiou Ki €vog
SIa0TANATOG EUTTIOTOOUVNG (CUVHBWGS 95%) OTI TO B BpiokeTal 0To dIACTNPA AUTO.
Eriong, 6a pytmopouoe va TpayuatoTroinBei Evag EAeyX0g OTATIOTIKNG UTTOBEONG
(hypothesis test) 611 8 cival peyaAUTePO, PIKPOTEPO 1 i00 PE KATTOIA TIUA. Z€ KAOE
TEPITITWON, N YvVWOon TnNG TrapatnPouuevng TIPAG, Tou OciydaTtog, X = X,
XPNOoIJoTIoIEiTal VIO va €€axBoUv cupTTEpACUATA YIa TOV TTANBUCHO WG TTPOG TO
XOPaKTNPIOTIKO 6. AuTd Ta cupTrEpAopaTa Yivovtal KaBopilovrag éva POVTEANO
molavoTtATwy, f (X | B), TO oTTOI0 OpPICElI TOV TPAOTTO UE TOV OTTOI0 KATAVEUOVTAI Ol

mOAVOATNTEG TWV JIAPOPETIKWVY TIHWV Tou X.

2ZXETIKA PE TNV KAACIKA TTPOCEYYIOTIKA ETTAYWYNA TO TTI0 BACIKO oneio givail oTI
N TTAPAPETPOG B, N oTToIa EVW OEV €ival YVWOTH AVTIMETWTTICETAI WG TETOIA TTAPA
w¢ Tuxaia. To yévo Tuxaio oToIXEIO O AUTO TO POVTEAO TTIBAVOTATWYV €ival Ta
oedopéva. Av epappooTei n diadikacia “TTOANEG @opéc’, TOTE Ta dlaoTAuUATA
EMTTIOTOOUVNG TIOU KaTaokeudfovtal Ba TrepiExouv 10 8 oT10 95% Twv

TTEPIOCTACEWV.

To yevikd 1TAqicio o010 otroio n Mteldiavr) cupTTEpacPaToloyia AEIToupyei
gival TAUTOGONMO PE TO TTAPATTAVW. YTTAPXE! MI TTAPAUETPOG TTANBUCOU O yia Tnv
oTroia TTPETTEl va e€axBouv oupTTEPACHATA, KAl €vag unxaviopog moavotntag
f(x|8), o omoiog kaBopifel TNV TBOAvVOTATA TTAPATAPENONG OIAPOPETIKWV
KATOOTACEWV X, KATW aTTd DIAQOPETIKES TINEG TNG TTAPAUETPOU O. H BepeAindng
dlagpopd cival, woTéco, OTI TO B AVTIUETWTTICETAl WG MIa Tuxaia PETABANTA,
odNywvTag OE MIa  OUCIaOoTIKA OIAQOPETIKI) TIPOCEYYION OTn  OTATIOTIKA

MOVTEAOTTOINON KAl CUUTTEPACUATOAOYIA.

21NV ouadia, To cuptrépacpa Ba Baoifetal oto f(B]x) avti Tou f (x|8), dnAadn
oTnNV Katavoun meavoTnTag TNG TTAPAUETPOU EDOUEVWV TWV OTOIXEIWY, TTOPA O€
QUTAV TwV OToIXEiwv Oedouévng TNG TTapapéTpou. MNa va emreuxBei autod,
waoTd0O0, €ival aTTaPaiTNTO va KABOoPIOTEl IO €K TWV TIPOTEPWYV KATAVOWN
mlavoTtnTtag, f(B), n otToia Ba AVTITIPOCWTTEUE! TIG TTETTOIONCEIG OXETIKA PE TNV
KOATAVOWI] TOU B TTPpIV UTTAPEEI OTTOIAdNTTOTE TTANPOPOPIa OXETIKA PE Ta OEQOUEVA.
AuTh N évvola TNG €K TWV TTPOTEPWYV KATAVOMNG YIO TV TTAPAUETPO B BpiokeTal

OTO ETTIKEVTPO TNG OTATIOTIKAG CUMTTEPACATOAOYiOG KaTd Bayes.



2.4.3 Napadetypa amAov BBN

To 2x. 5 atreikoviCel Eva atrA6 BBN 10 0o110i0 TTPOBAETTEI AV VA QUTOKIVNTO Ba
¢ekivoel ) oyl uéoa ammo pia ammAotroinuévn ekdox TNG TTPAYMATIKOTNTAG. Z€
autd TO TTapPAdEIyUA, N €KKivnon Tou Kivnthpa €£xel dUo KOuPoug-yoveic: (1)
Ymrapxel kauoipo kai (2) Ta ptroudi ival kabapd. Ze auTh TNV TTEPITITWON, KABE
METABANTHA €x€1 dUO KATAOTAOEIS (TT.X. AANONG Kal WeUdnG). @a prropolcav OPwG
VO UTTApYXOUV KOPPBOI / PETABANTEC HPE TTEPICOOTEPESG KATAOTAOEIS OTTWG Yia
Tapddelyua n ueTaBAnT) «Kauoigoy» Ba utropouce va TTapel XapnAfl yeoaia Kai
uwnAn TiuA. ZT0 TTapAadelyua yia To av Ba EEKIVAOEl TO auToKivnTo YiveTal N
TTapadoxr 611 010 95% TWV TTEPITITWOEWY TO AUTOKIVNTO €XEI ETTAPKEG KAUCIUO
Kar 611 oto 98% Ta ptoudi cival kaBapd. Kdabe kouBog-mmaidi (o€ autd 1O
Tapddelyua uttdpxel povo €vag) ouvdéeTal Pe éva oUVOAO TTIBavoTATWY,
TpoadiopifovTag TNV TTEToiONoNn i TNV TOavoeTNTa OTI Pia PeTABANT BpiokeTal

O€ JIO OUYKEKPIYEVN KATAOTAON BEBOUEVNG TNG KATACTAONG TWV KOPPBWV-YOVEWV.

O Fue? . O Clean Spark Plugs?
True 85% | True 58%
Fase 5% =) False 2%

. SENERE &

- Car Staris?

|True_ B4%
False 16% =

IxAua 5. ATTAG TTapddeiypa Bayesian dIKTUOU

O Miv.1 Tmapouaoiadel To aUVOAO TTOAVOTATWY TTOU QVOQEPETAl WG TTIVAKAG

molavoTATwyY (CPT) TOoUu KOPBOU EKKiVNONG.

Nivakag 1. [ivakag mBavotATwy (CPT) Bayesian diktuou
KaBapd ptroudi AAn6ég Yeudéc
Kauoipo AAnbég Yeudéc AAnbég Yeudéc
Ekkivnon: Nai 0,9 0 0 0
Ekkivnon: Oxi 0,1 1 1 1
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MOAIG kataokeuaoTei éva  OiKTUO, MWTTOPEI va  Xpnoiyotroindei yia TNV
TTapouciacn TwV ATTOTEAEOUATWY OEDOUEVNG MIOG OUYKEKPIUEVNG KATAOTAONG
€1I0000U | OEVapPIOU. 2TO TTAPAdEIYHA EKKIVNONG TOU QUTOKIVATOU, TO AUTOKIVNTO
Ba ¢ekivioel (OnA. n katdoTtaon gival "aAndng") katd 90% edv TO AUTOKIVNTO EXEI
KQUOIPO Kal Ta Ptroudi eival kaBapd. YTrapxel kal pia moavotnta 10% 611 dev Ba
EEKIVIOEl aKOUa KI av €XEl KAUOIPO Kal Ta utroudi €ival kaBapd Adyw GAAwv
ouvOnkwv (TT.X. MTTOPEi va eival XEIMWVOG Kal va pnv éxel ptrarapia). To
autokivnTo dev Ba gekivioel (dnAadry 100% TmlavoetnTa n KATtdoTaon va pn
EEKIVINOEI TO AQUTOKIVNTO va gival "WYeudnig"), eav dev £xel KAUOIWO I Ta UTTOUdi €ival
Bpwpuika. To Zx. 5 o&cixvel 611 n mBavOTNTa £vOpPENG TOU QUTOKIVATOU,
utroAoyiféuevn atd Tov Trivaka CPT kal Tn yvwon Pag yia To auTokivnTo (0TO
95% 611 TO AuTOKiVNTO £X€EI KAUOIWO KAl TO 98% OT1 Ta pTToudi ival kaBapd) Baocel

Twv Bayesian mBavoTthTwy cival 84%.

‘Eva oAokAnpwpévo SikTuo i yovTéAo atToTeAeiTal atmd 1o douIKO oxedIaouo
TWV KOUBWV Kal Twv AIMwdWV OUVOECUWY, TWV TTOPAPETPWY (OnAadh Twv
KOTAoTAOEWYV) Kal TOug OAoKAnpwuévoug Trivakeg TmBavothtwy. O1 CPTs
QUEAVOUV €KBETIKA ME TOV aplBud Twv KOPPwWV-yovEwv, TOV OpPIBPUO TwV
KATaOTAOEWV KABE KOUPBOU-yovEa Kal TOV apIBud TwV KATAOTACEWY Tou KOPBOouU-
TTaudiou. O1 TBavoTNTEG UTTOPOUV Va eiocaxBouv atreubeiag oTov Trivaka aTod évav
€101KO, a1rd TN BiIBAIoypagia ) atrd Kdatoia GAAa dueca diaBéoiua dedopéva i
MTTOPOUV va €gaxBouv pEow €vOG aAyOpIBUOU eKPABNONG aTTd aKATEPYAOT
dedopéva, KabBwg o1 apiBuoi gival pia avamapdoTaon TwY KOIVWY KATAVOUWY

TOAVOTATWY QUTWYV TWV OESONEVWV.

21n BiBAoypagia, éva Baocikd BBN ava@épetal €1miong Kal wg dIAypappa
ETTIPPONG, Kal €XEl ETTITTAEOV TUTTOUG KOPPBWYV, KUPIWG KOPBOUG atrdé@aong Kai
XPNOIMOTNTAG KAl ETTITPETTEI TNV ETTIAOYR MIAG EVOAAAKTIKIG ATTOQOCNG TTOU €XEI TN

MEYOAUTEPN WEEAEIQ.
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2.5 2YTKPITIKH ANAAYZH METAZY TON TPIQN TYNQN AIKTYQN

2€ QUTA TNV €vOTNTA TTPAYUATOTTOIEITAI I CUYKPITIKA avAAuOon PETALU Twv
TpiIwv  TUTTWV  dIKTUwvV (CM, QNM «kai BBN). Ztov akdAouBo Trivaka
TTOPOUCIACOVTAI Ol GNUAVTIKOTEPEG OUOIOTNTEG KAl DIOPOPES WG TTPOG TN OOMN, TO
TTEPIEXOMEVO, TN @QUON Twv KOPBWV Kal Twv OUuvOéoPwy. AKOoAOUBwG,

TTAPOUCIACOVTAl EKTEVEOTEPA Ol DIAPOPES AUTEG.

Mivakag 2.  Kupldtepeg opoIdTNTES KAl SIAPOPES TWV TPIWV TUTTWY SIKTUWV

CM QPN Bayes Nets
Aopn AikTuo AikTuo AikTuo
Mepiexépeva MpoowTTIKA KaTavonaon MpoowTTIKA [NpoowTriKA Katavénon
TWV ETTIPPOWYV TWV Karavonon Twyv TWV UTTOBETIKWYV
EVVOIWV EVOG ETTIPPOWYV TWV EVVOIWV QAVEEQPTNOIWY TWV
TTPORAAUATOG €VOG TTPOPBANUATOG EVVOIWV €VOG
TTPORAARUATOG
XapaKTNPIoTIKA O1 képpol O1 kool O1 képBol avatrapioTouv
TWV KOuBwWV AvVATTaPIOTOUV £VVOIEG avaTapioTouV TUXaieg HETABANTEG
OIATETAYUEVEG
peTaBANTEG
XapaKTNPIOTIKA 2UVOECHOI ETTIPPOWV 20VOETOI ETTIPPOWV 2UvOETOI Yia
TWV UTTODETIKEG
OUVOEoHWYV aveEaptnaoies. MNa
aimwdn dikTua Bayes
EXOUNE AITIWOEIG
ouvoEoelg
Kartavénon Kartavénon Katavonon O1 mBavdéTNTEG KAVOUV
SuoKoAIwWV TTPoBARuATOG: TTpoBAjuaTog: TNV KaTavonon
Tdon yia Tapoxn Tdaon yia TTapoxn EUKOAOTEPN
TTPOCWTTIKAG OTITIKAG TIPOCWTTIKAG OTITIKAG
Aopn EUkoAn (Aiyeg ZUAANWN atro €10IKO 2UVOETN KABWG OPKETEG
duokoAiwv AVOPOPEG) QVTITIPOCWTTEUTIKEG
pTTOpOUV Va
KOTOOKEUOOTOUV

(El abri, 2013)



2.5.1 AMnAemdpaoelg petatt CM kat BBN

O1 CM eival 1oxupd ypa@IKa POVTEAQ TTOU PTTOPOUV VO OTTEIKOVIOOUV TIG
KPIOEIG, OKEWEIG ) TTETTOIBNOEIC EVOG ATOPOU 1) MIAG OPAdag yia éva OedOuEVo
mPORANua. Qotdéco, n eCaywyrny ouutrepacudtwy atmd CM, €dikd otav T0
TPORANUa ival TTOAUTTAOKO, UTTOPEl va pnv €ival e0koAo €pyo. O KUpIog Adyog
auTou Tou TTEPIOPIoUOU oToug CM cival 011 dev PTTOPEi EUKOAQ va Yivel aTTeudEeiag
TTOOOTIKI]  €KTiUNON TG TBavOTNTAG TTAPATAPNONG MIOG  OUYKEKPIUEVNG
KAaraoTtaong. Av 0 0TOX0G TNG avaAuong gival autog, ToT1e Ta BBN, 1TOU atroteAouv
IO YPa®IK avarrapdoTacn TG YVWonNG €vog 1 TTEPICCOTEPWYV  EIDIKWV
XPNOIMOTIOIWVTAG TN Bewpia TWv TMOAVOTATWY ATTOTEAOUV MIO TTPOTIMOTEPN
emAoyn (Nadkarni & Shenoy, 2001, Sedki & Bonneau De Beaufort, 2012).

2.5.2 AMnAerubpaocelg petatu CM kat QPN

O Van Kouwen (2009) 1rpoTeIve pIa véa TTPOCEYYION yia TNV UTTOOTAPIEN
AMwng atro@doewy, TOo gpyaAeio Quasta, wg ouvtoupoypagia NG @pAacng
«TTOIOTIKA €kKivnon» pe PBdon 1ta QPN. O otdoxog civar va diepeuvnBei n
OUpPuETOXIKA O1apBpwaon otnv etmiAuon TTPORANPATWY PECW TNG YVWOTIKAG
XapToypAenong TTou UuTTtooTnPICeTal a1rd UTTOAOYIOTH. To €pyaAeio emmITPETTEl
TTOIOTIKN £€epelivnon oevapiwy Pe TauToxpovn TTPORAewn Kal backcasting?. To
epyaieio Quasta BonBda Ta evdiagepoueva PEPN va OUVEIONTOTTOINOOUV TIG
aImMwoeIC oxEoelg Kal emTPETEl TN dlEpelvnon TMOavwy oevapiwyv. ETTITAéoy,
TTPo0dIoPICel TNV avAykn yia TTEpAITEPW (TTOOOTIKA) yvwor. To Quasta ouvdudadel
TNV a1TPOOKOTITN dounA TNG AsitoupyikdTNTag Twv CM pe TNV avaAuTik agia Tng
TEXVIKAG Movtedotroinong Twv QPN. ‘Etol, avri va uttdpyxouv OpPKETEG
OIAQOPETIKES EpUNVEiEC atTd pia aTrAf avayvwaon evog CM, 1o epyaleio auTd opidel
Mia  povadikry KaTeuBuvon avayvwong oAAGlovTag TIG KATEUBUVOEIG TWV

emMOPACEwWY TwV PeTaBANTWY auTtépaTa (Le Dorze et al., 2013).

2 MéBodog Trpoypapuatiopol (planning) tTou Eekivd pe Tov TTPoadiopiopd evog emBuunToU
MEANOVTIKOU TTAAVOU Kal ETTEITA TTNYAIVEI TTPOG TA TTIOW YId VO avayvwpioel TIG TTOMITIKEG KAl TO
TTPOYPAUMATA TTOU Ba GUVOECOUV TO GUYKEKPIPEVO PJEAAOV [E TO TTAPOV.



2.5.3 AMnAerudpaoelg peta&t QPN kot BBN

O1 Doan et al. (1999) mapouciacav £vav TUTTO dIKTUWY, Ta UBPIBIKG Bayesian
dikTua, TTOU CUVOUALEl Tov TUTTIKO @opuaAioud Twv BBN ue ekeivov Twv QPN. H
MOP®N TOUG ETTITPETTEI OTOV EPEUVNTA VA LEKIVAOEI PE TOV KABOPIOUO POVO TwV
TTOIOTIKWV OXECEWV Kal, OTN OUVEXEIQ, VO TTPOCBECEI TTOOOTIKEG TTANPOYPOPIES
eQoOoov gival OI00£0IPEG. TO HOVTEAO UTTOPEI VO OUVAYEI KATAVOUEG O€ TIMEG N
TTPOOBIOPICOUEVWY TTIBAVOTHTWYV BOCI(OUEVEG O€ EKEIVES TTOU KaBOopiCovTal Kal ETTI
TOU TUTTOU TNG TTOIOTIKAG £TTiIOpacng, e XpHon KatdAAnAwv aAyopiBuwv. To
2005, o Lucas aglotroince 1600 TNV aImiwdn aveg¢aptnoia 6co kai Ta QPN otnv
avATITUEN Kal avAAuon dI0G OUAAOYAG TTOIOTIKWY, QITIWOWY  ETTIOPACEWV
aAAnAetTidpaong, TTou ovouddovTal TTpoTuTTa QC. AuTd €ival EUTTAOUTIONEVA ME
OPIOUEVN TIOIOTIKA) ONPACIOAOYIO KOl OTTOOKOTIOUV VA TTPOCQPEPOUV OTOUG
EPEUVNTEC Eva onuEio ekkivnong uywnAou emiTTédou KATA TNV avdaTtrTugn Bayesian
OIKTUWV (Lucas, 2005).
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3 2XEAIAZMOZ MPADIKQN ZYSTHMATQN BAZIZMENQN 3TH TNQ3H

2.€ QUTO TO KEQPAAQIO TTAPOUCIAZETAI CUVOTITIKA JIa EBODBOG yia TNV avaTTTuén
KATeUBUVOUEVWY Ypa@nudaTwy Baciopévwy OTn yVWorn. ZTnV KaTeuBuvon auth
XpnoigoTtrolouvTal PEBodOI TTOU TTAPOUCIACTNKAV OTNV TTPONYOUMEVN €VOTNTA,
KAOE Jia €K TWV OTTOIWV £XEI TA TTAEOVEKTAUATA KAI T JEIOVEKTAMOTA TNG. H yEVIKA
QPXITEKTOVIKA) OounA, TTEPIANOUPBAVEI TNV KATAOKEUN €VOG YVWOTIKOU XAPTN
QgIOTTOIVTAG TN YVWON KOl EUTTEIPIO EVOG 1] TTEPIOCOTEPWY EIDIKWYV OTOV TOUEQ
MEAETNG KOl KATAANYEI OTNV KATAOKEUN €vOg aimiwdoug BBN. To 2x. 6 cuvouyilel
TNV TTPOCEYYION auTr], TTPOOdIoPICoOVTaG Kal TNV KATAAANAGTNTA TNG KGBe @dong

WG TTPOG TNV AITIOAOYIQ 1} TRV OTITIKOTTOINON TOU TTPORARMATOG.

Visualization P.easoning

=t —
____________________________

———{ From CM 10 QPN |

<

( From QPN o BN |

e N RN L LT = i

ZXApa 6.  ZxnuaTikg avatrapdoTacn Tng Tpooéyyiong (Le Dorze et al., 2013)
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3.1 TEPIFPA®H THZ AIAAIKAZIAS KATASKEYHS

3.1.1 ®aon 1n: Kataokeun Tou apxLkoU yVwaTlkou Xaptn

H diadikaoia cuvioTaral TTpwTIOTWG OTNV KATAOKEUN VOGS YVWOTIKOU XAPTN.
Ytmdpyxouv OUO OnUAVTIKA BAMATA YIA TNV KATAOKEUR YVWOTIKWVY XOPTWV.
MpwTtov, n €mAoyn TG TTNYNS TTANPo@opIwy. Autd To Briua TrepIAaUBAvel Tn
ouAhoyn dedouévwy atmd Tn BIBAIoypagia yia Tov TTPoadIopIoHO TwY dlIaPOpwV
EVVOIWV, TTPOKEIPEVOU Va Yivel kKaTavonTo o€ BABog To Tedio €peuvag. AKoAouBEei
N CUA\OYN TWV AITIOKWY OXECEWV OTTO EPTTEIPOYVWHOVEG, Ol OTTOIEG TTEPIEXOUV
pNTA HIa OXEon AITIOU-ATTOTEAEOUOTOG KAl OUVOEOUV BUO BIAQOPETIKEG EVVOIES
MEOW €VOG AITILWOOUG CUVOETHOU OTTWG KEAVY, KYIOTI», «ETO1», «WG» KATT. MOAIG
TTPOCOIOPIOTOUV Ol AITIWOEIG OXETEIG, HETATPETTOVTAI O€ AITIWOEIC PPACEIS YIA VO
TTEPIYPAYOUV TNV ETTIOPACT YETAEU TWV EVVOIWV WE TN YAWOOA TTOU XPNOIYOTTOIET
o €I0IKOG, auénon(+), ueiwon(-), kapia mmidpacn) Kal AaKOAOUBwWG, TO OXNAua
KWOIKOTTOINONG TTOU TTPOEPXETAI ATTO TIC PPACEIG AITIOG KAl ATTOTEAEOUATOG.

MNa TRV KaAUTEPN KaTavONon TWV TTaPATTAvVW, akoAouBei éva Trapdadeiyua CM,
0 oTT0i0g OoTNnpEifeTal AIMIWOEIG OUVOEDEIG TToU TTapouaialovTal atov Miv. 3. O CM
TOU 2X. 7, KOTAaypA@El TOUG TTAPAYOVTEG TTOU UTTOPEI VA ETTNPEACOUV TOV KivOUVO
€VOG AUTOKIVNTIOTIKOU aTuxruatog. Me Baon Ttoug €181IKoug, Bewpeital 6Tl JE TNV
KATOOKEUN MIOG vEAG 0doU Ba peiwbei 0 aplBuog Twv atuxnudaTwy, aAAa Ba
dnuioupynBouVv apvnTIKES TTEPIBAANOVTIKEG ETTITITWOEIG AUTOKIVATOBPONOG UTTOPEI
va dlaTapdEel TN CIWTI OTAV TTEPIOXNA TNG QUONG. ETriong, ekTiudral OTi 01 OTPOPES
Ba peIwBoUV pe TNV KATAOKEUR TNG véag €OVIKNG odou, dpwvtag BeTIkd oTn
MEiwon Twv aTuxnudTwy, Kabwg ol dpduoI Je OTPOPES autdvouyv Tnv TeavoeTnTa
ATUXNMATWYV. Ta atuxiuaTa JTTopouV ETTITTAEOV VA PEIWBOUV PE TNV aUgnon Twv
TIPOCTINWY YIa TTapafiacn Tou opiou TaxUTNTAG K.O.K.

O CM Trapéxel pia moloTikr) cUAAOYIOTIKR. QoT1doo, atrd Tnv atrAr avayvwaon
Tou CM putropouv va mTpokUWouv TTOAAEG BIaPOPETIKEG ETIOPACEIC KAl oevapia
TTOU KOBIoTOUV TNV avaAuon TTIo OUOKOAN, €10IKa o€ €va TToAUTTAOKO CM,
duoxepaivovTag TN AQWn ammoQAcEwWY Kal TNV EQYWYH CUPTTEPACHATWY. AuTO
oupBaivel, o€ peyadho BaBuod, yiati OAeG o1 eETABANTES TOUG £XOUV TO idI0 ETTITTEDO
BapuTtnTag, €ite BeTIKG €ite apvnTIKG. ETTopévwg, €ival atmmapaitnto va atrodobei

OTIG METAPBANTES £VOG CUYKEKPIPEVOS BaBPOG BeBaidTnTAC.
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Mivakag 3. KatdAoyog aimioAoyikwy cuvdéouwy oto CM Tou TTapadeiyuaTog

Cause causal connector Effect

cloudy lead to + bad visibility

rain if-then + bad visibility
. if-then + .

rain slippery road
. because of +

rain > cloudy
- S0 - .

highway —_— sinuous road
. reduced -

highway uced by secondary road

. negatively affect - .
highway » silencenature

conservation area

highway reducedby -, fine for drinving fast

can cause +

sinuous road
accident
accident

secondary road
Bad visibility
slippery road

can cause +

-

can cause +

- . . increase + .
fine for drinving fast ———— accident

- can cause + -
sinuous road 2 accident

B

(Chauvin & Loiseau, 2011)

Accident

Silence an.dn:im.re Fne for dniving =
conservation area fast

e

I Highway

Secondaryroad

ZxApa 7. TMapdadeiypa Tou agopd Tn d1adikacia KATAOKEUNG VOGS apXIKoU

yvwaTikou xaptn (Mnyr: Chauvin, 2011)
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3.1.2 ®aon 2n: Ao TO YVWOTLKO XAPTN oTa TOLOTIKA TiBavoAoyika Siktua

A6 Tov CM ptropei va yivel kataokeur) evog QPN TpOTToTToIwvTag Tov apxIiko
CM. TNa ™ perdBaon oto QPN nteital atrd Toug €10IKOUG va SIEUKPIVIOOUV TIG
oxéoeig aitiou-atroTeAéoPaToG €EQAEiPOVTAG TUXOV KUKAIKOUG PBpdxoug oTo
XapTn. EmmAéov, umtdpyxel duvatdtnTa va dnuioupynBouv VEEG ETTEKTACEIG TNG
atmmAig doung Tou QPN T1rpooBétovrag TTpOoBeTEG TTANpOQOpPieg Ye Baon tnv

TTPWTN CUVEVTEUEN.

BAua 1: EE&AsIwWN TWV KUKAIKWYV OX£0EWV

Omrwg avagépbnke, Ta QPN cival kateuBuvoueva akKUKAIKG ypa@ruara.
AvTIBéTwGg, oToug CM uttdpyxel duvatotnTa dIANOPPWONG KUKAIKWY OXECEWV.
AUTEC O KUKAIKEG oOxéoelg TTapaBIafouv TNV AKUKAIKN ypa@ik dour TTou
atraiteital ota QPN ki, €TTOPEVWG, €ival ETTOPEVWG ATTOPAITNTO va £EAAEIPOOUV.
Mpokeluévou va yivouv auTd gival atrapaitntn n d1akpion dUO TTPOCEYYICEWY TTOU
TTEPIYPAPOVTAIl TTAPAKATW: Ol ETTAYWYIKES KAl O ATTAYWYIKEG TTPOCEYYIOEIG.

s AIGKpION METASU ETTAYWYIKAG KAl ATTAYWYIKAS GUAAOYIOTIKAG:

H emmaywyikr) cuAAoyIOTIKA Eekiva pe Tnv emPBeRaiwon evog yevikou kavova

KAl TTPOXWPEA OTTO €KEI O€ €va CUYKEKPIMEVO CUNTTEPaCHA. H AoyIKn KiveiTal

ato TIG AITieg OoTa atmmoTeAéopaTa, dnAadr oTnv KaTeuBuvon TNG AITIWOOUG

ouvdaeelag. MNa mapdadelyua, n Bpoxr oto TTapddeyua Tou CM gival n aitia Kai

0 OANIoBNPAGG dpOUOG To aTToTEAEOUA. Apa OTNV ETTAYWYIKA CUAAOYIOTIKR «n

Bpoxn dikaioAoyei o 0TI 0 dPOUOCS gival 0AIoONPOS». H amaywyn €ivalr pia

MEBODOG GUANOYIOTIKAG OTNV oTToia KATTOI0G £TTIAEYEl TNV UTTOBeon TTOU Ba

MTTOpOUCE, av gival aAABeIa, va eENyRoel KOAUTEPO TA OXETIKA ATTOTEAECUATA.

AnAadry, n OouAAoyIOTIKA KIVEITOl ammd TO aToTéAeopa otnv aitia. lMNa

Tapadelyua, otav Traparnpouue o1l 0 dpOuoG eival oAioBnpog Kal uypog,

OUMTTEPQIVETAI OTI BPEXEL. ZTNV ATTAYWYIKI CUAANOYIOTIKA Ol KATAOTACEIG eV

EYYUWVTAI TO ATTOTEAEC Q.

ATTO TTAEUPA YPAPIKAG TTAPAOTACNG, N d1apopd YETAEU TwV dUO GUAANOYIOUWY

givar 611 n kateuBuvan TNG CUAAOYIOTIKAG €ival TTPOG TNV KaTeUBuvon Twv

BEAWV, KABWG Kal TTPOG TNV avTiBeTn KateuBuvaon. Mg Aiya Adyia autd onuaivel

OTI, OTAV XPNOIYOTTOIOUV TNV TEXVOTPOTTIO QUTH YyIa TNV ££epelivnon OEvapiwy,

Ta QPN p1opouv va xpnoigotroinbouv 16c0 yia TTpORAewn 0o Kal yia
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D)

backcasting. H backcasting €ival pia cuAAoyIoTIKA aTmd Toug 0TOXOUG TTPOG TA
ox€01a dpdong: EEKIVWOVTAG aTTO TOV TTPOCDIOPIoHUS OPICHEVWY OTOXWV YId TO
MEANOV Kal TOV KaBopIiopwo Twv OpACcEwv TTOU TIPETTEI va Yivouv yia TNV
ETTEVEN AUTWV TWV OTOXWV (Van Kouwen et al., 2009). O1 aimwdeig dnAwoeIg
TTOU aQOPOUV TNV atraywyikr) CUAAOYIOTIKI UTTORBAAANOVTAI E0PaAPEva O€ Evav
YVWOTIKO XApTn ammd éva 160 ammd tnv emidpacn oTtnv aitia. Mia TéToia
TTAPATTAQVNTIKI) TTAPACTACH UTTOPEI ETTIONG VA 00NYNOElI O€ TTEPITTEG KUKAIKEG
OXE0€IG HETAEU TWV PETARANTWY OTOV AITIWON XAPTN TTOU ONMIOUPYEI BPOXOUG.
Aidkpion HETOEU AMECWYV KOl EUHECWY OXECEWV:

Katd 1n didpKela TG TTPWTNG OUVEVTEUENG ME TOUG €IDIKOUG, TTOAAEG Bev yiveTal
OI1GKPIoN PETAEU TWV AUECWYV KAl EUPECWY OXECEWV PETAEU TWV PETARBANTWV.
Qotéo0, n dIGKpPION aQUTA €ival ONPAVTIKA yia TOV TTPOCOIOPICHO TwV
aveCdpTNTwy TTPOoUTTOBEcEWY yia Tn OeuTepn dour Tou OIKTUOU. H €AAEIyn
O1dkpionNG METAU Aueong Kal EUPEONS Oxéong MPTTOpEl va dnUIoUpynRoEl
KUKAIKA dour OTTwG QaiveTal oTo 2. 8 Kal yia To AOyo auTo €ival ONPAvTIKA N
OIGKpION METACU AUECWV KOl EUUECWV OXECEWYV, TIPOKEIUEVOU VA
TTPOCdIOPIOTOUV Ol UTTOBETIKEG QVELAPTNOIEG METOEU TWV METABANTWY TOU
TpoBAAuaTog. AnAadry, n KUukAIKA popery oe éva CM ptopei  va
AVOTTOPACTABEI ATTO WIa TTOIOTIKA ETTIOPACN AV N OXE0N METAEU PETARANTWYV
givalr aueon kai €av pia dedouévn NeTABANTA eTTNPEALE! pia OeUTEPN METARBANTH
MOVO PEOW MIOG TPITNG METARANTAG, KAl TOTE YTTOPOUUE VA AVATTOPACTOOE e
éva OIOKEKOUMEVO BENOG TTOU AVTIKATOTITPICEI Ia ouvEépPyEIa TTPOIOVTOGS (SedKi
et al., 2012).
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Cognitive Map

Qualitative influence

Bad visibility ]

IxApa 8. Aidkpion PeTalu duecwyv Kal EPuecwy oxéacwy (El abri, 2013)

2710 2X. 8 mapoucidlovTal dUO TTIBAVEG TTEPITITWOEIG OTTOU KABE TTEPITITWON
eCaptdral kaBapd atd Tov €10IKG TTou TTPpoadiopilel TIC oxéoelc. Eav n oxéon
METALU «BPOXNG» KAl «OCUVVEQPIAGY Eival TTEPITTH, UTTOPEI va a@aipeBei TO BEAOG
METACU AUTWYV TWV OUO PETABANTWY dNUIOUPYWVTAG HIA TTOIOTIKN £TTIOpaACN. Av n
«Bpoxn» emnpedldel TN «OUVVEQPIA» MOVO HECW TNG METABANTAG «KAKA
opatdTNTa», TOTE ONMIOUPYEITAI MIO OUVEPYEIQ TTPOIOVTWY. To 2X. 8 Ocixvel

cexwplotd atrAd QPN pg pévo TToIoTIKEG ETTIOPATEIG.

BrAua 2: AIG@QopeC eTTEKTACEIC TWYV TTOIOTIKA TTIBAVOTIKWY OIKTUWV

lNa va karaokeuaoTei 70 2X. 9 kaBopifetal 1o aApvnTIKO 1 BETIKO €vOg
TTaPAYoVTa €TTi TwV AAAWYV, YE MIa aca®n TIMA yia KABe dlacuvdean, aPou EXEl
BewpnOei 6T UTTApPXEl KATTOI0G BABPOG AITIOTNTAG PETAEU TwV TTapayovTwy. lNa
va uttdp&ouv KaAuTepa atroTeAéopaTa ot oxediaon Tou BeATiwpévou QPN (Zx.
10), YTTOPOUV Va XpnolhoTToinBouv TTepiocdTepol aTTd évav €10Ikoi. Katd Tnv
QVTIOTOIXION TWV TIHWV TIPETTEl va €CeTAlETAl TTOOO 1I0XUPA €TTNPEACEl €vag
TTapayovtag X; ato évav ahho X;. KaBe ox£on HeTagUu Twv TTApayovIwy £XEl EUPOG

TTOU KupaiveTal getagu [-1,1].
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Accident

Silence 1n_dmm.te Fine for dnving
conservation area PR

| Secondarvroad

ZxAua 9. Aiktuo QPN pe duvdpeig emppong Yetagu Twv kéupBwv (El abri, 2013)

2710 2X. 10 n dour Tou apxIKoU CUCTANATOG €ival TTI0 BEATIWUEVN KABWG £Xouv
KaBopIOoTei 01 UVTEAEOTEG ATTO pia opdada €1diIkwy oTa diaoTAuata [0,1] yia BeTIKA
emmidpaaon, [0,0] yia undevikn etridpaon kai [-1,0] yia apvnTikn emTidpaon (Nadkarni
& Shenoy, 2001).

Silence and nature
conservation area

ZxApa 10. Karaokeun BeAtiwpévou QPN (El abri, 2013)
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3.1.3 ®aon 3n: Ano ta nototika mbavoAoyka diktua ota BBN

MNa va TpoodlopIioTouV ol TTapaueTpol evog BBN, otnv TrepiTrTwon 1mou gival
dlaBéoiya OAa Ta Oedopéva, uttdpxouv OUo péBodol. H uéBodog TTOU
Tapoucoidletal  akoAoUBwg eival n  amAouoTeEPn KAl N MO EUPEWS
XPNOIMOTIOIOUPEVN KOl KOAEITAI OTATIOTIKA EKTIUNON. ZUYKEKPIPEVA, €ival n
EKTIUNON TNG MBAVATNTAG EVOG CUMPBAVTOS BaCICOPEVN OTN OUXVOTATA EJPAVIONG
TOU OUMPBAvVTOG 0€ MO PAon OedoOpEVWY. TNV TIEPITITWON auTh Oev gival
aTTaApPaAiTNTN N EKTIKNON a1TO €10IKOUG. H TTpocEyyion auTr) ovouddeTal YEYIOTN

meavoTnTa:

Nijx
Y Nijk

otrou N gival o aplBuog Twv oupBaviwyv otn Baon dedouévwy yia Ta oTToia n

P(X; = xilpa(Xi) = x;) = OMV ;5 =

METABANTA X; BpioKeTAI OTNV KATAOTAON X KOl Ol YOVEIG-KOUBOI BpiokovTal oTO

OIOHOPPWHEVO X;.

2€ QUTA TNV evoTtnTa, TTOPOoUCIAleTal N dladikacia KAaTtaokeuns evog BBN, n
oTroia atroTeAciTal ammd dUO ONUAVTIKA BAPATA. ZTO TTPWTO BrKaA TTPOTEIVETAI va
oikodounBei o BBN amd 10 petaoxnuatiouyd tou QPN Trou €xel ndn
KataokeuaoTei. MNa 1o OKOTTO auTtd XPNOIUOTTOIOUVTAl O TTANPOQOPIES TTOU
TTapéxel 0 €18IKOG yia Tn dnuioupyia Tou QPN (6TTwg emmppoég, TUTTOI, Babuoi
oToudaIoTNTAG KATT.). 2Z€ QUTAV TNV TIEPITITWON UTTAPYXOUV NN QPKETEG
UTTOTTEPITITWOEIG avaAoya pe Tov TUTTO QPN TToU TTpdKeITal va uyetatparei. H
TTPWTN UTTOTTEPITITWON €ival va petaTpatrei To atmrAd QPN poévo ue Tig emdpdaoelg
(+) kai (). Aut n dladikacia gival TTaPOUOoIa PE TOUG UTTAPXOVTEG aAyopiBuoug
yia UTToAOYIOUO OpiWV 1} DIOCTNUATWY TWV ETTIBUUNTWY KATAVOUWY TTIBavOTNTAG.
ANG auTég o1 péBodoI giTe TTpoTEiVOUV évav opIoud TNG TTOANATTAQCIOOUEVNG
EMTTWONG OTAV Ol TTANPOQOPIEG OXETIKA WeE TN OUvaAPn MIOG ETTiIOPACNS
gpunvevovTal WS Pia TIPA TBavOTNTAg, €iTe Bacifovial OTOV UTTOAOYIONO TwV
opiwv Twv dedopévwy TTou Agitrouv, o€ éva CPT pe duo kKOuBoug Kal Tov TUTTO
NG emiTTwong. H diadikacia autr) armreikovifetal oTo TTapakdatw 2x. 11. H
MeTaBANTA Bpoxn = 'R' €xel dUO KATAOTACEIG: aoBevAG Kal £vTovn, N METARANTA
Cloudy = 'C' €xel 600 KaTAOTACEIG: METPIO KOl TTUKVA, KAl N METAPBANTH KaKA

opatoTnTa = 'BV' éxe1 U0 kataoTdoeig: val kal 0xl. Katd tn petatpotri Tou QPN
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oe BBN Trpétrer va 1poodiopioTouv o1 moavotnTEG OAWV TWV dUVNTIKWVY

KaTaoTdoswy oTov Trivaka CPT.

Qualitative mfluences Causal Bayesian Network

Badvisibility

c R [PBV=yesCR)
average |small 0.43
Average | heavy 0.98
very small 0.22
very heavy 0.53

ZxAua 11. Metatpori QPN og BBN

H delTepn uttoTTEPITITWON TTApouCIadeTal 6Tav To BBN dnuioupyeital atro Eva
BeATiwpévo QPN, dnAadn éva QPN eptTrAouTIOPéVO PE TTPOCOETEG TTANPOYPOPIES
OTTwG: impact strength (+/- n), MBavoTNTEC SIACTAPATWY, CUVEPYIEC TTPOIOVTWV
Kal TTPO0BeTWV. O1 EpEUVNTEG ECETACOUV TNV TTEPITITWON CUVEPYWY OTTOIOUDATTOTE
UTTOOUVOAOU KOPBWV-yovEwy, €TTEIBN AUTH N gpyacia gival HAAAOV TTEPITTAOKN.
210 OeUTEPO Priua xpnoiyotroigital n Pacon Oedopévwyv OTNV OTToia £XOUV
ammodnkeutei Ta dedopéva ammd Tn petatpory Tou QPN oe BBN, Tta otroia
aglotrolouvTal yia va dnuioupynBouv ol Bayesian trpooeyyioceic. To BBN Tou
OeUTEPOU PBripatog €ival TTAOUCIOTEPO Kal TTIO OKPIREG KOl ETTITPETTEI TTIO
atroTeAeopaTIK) oUAAOYIOTIKA. AQOoU n dour Kal ol TTapdueTpol Tou BBN eival
KOAG KOBOPIOPEVEG, UTTOPEI va XPnoIdoTToiNBei To PovTéAo yia va eEaxBouv
oupTTEPACPATA Kal va An@Bouv atroQAcEl§ yia TNV €TTIAUCH €VOG OUYKEKPIPMEVO
TTPoBAAUATOG hE BAon peEBOdOUG Kal ahyopiBuoug cuAloyioTIKAG (Renooij et al.,
2003).
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4 EizArQrH 1o GENIE

To GeNle cival éva TmepIBaAAov epyaciag yia Tn Onuioupyia ypa@IKwy
ATTOQPACEWV-0EWPNTIKWY  POVTEAWV  Kal  €ival  TO  TIPOYPOUMUa  TTOU
XPNOIMOTTOINONKE 0TO TTAAiCIO AUThG TNG OITTAWMATIKAG. To GeNle dnuioupyrnbnke
Kal avatTtuXbnkKe oTo EpyacThPIO CUCTNUATWY atmo@dcewy Tou lMavemmoTnuiou
Tou Pittsburgh petagu 1995 kai 2015. To 2015 dnuioupyndnke n eTaipeia
BayesFusion LLC atrokTwvTag TNV ddcia yia 1o GeNle atd 1o lMNavetmioTriuio Tou
Pittsburgh. Mapéxetal dwpedv oTnV akadnuaikr) KOIVOTNTA yIa EPEUVNTIKOUG KAl
OI0OKTIKOUG OKOTTOUG  yia Tnv  TpowBnon BewpnTikwy peBOdwY  AAYNg
ATTOQACEWY OTA CUCTAMATA UTTOOTHPIENG atTopdocwy. To GeNle avarrTuxonke
apxIKad w¢ Paoikd epyaleio OiIdaoKaAiag Kal €peuvag Oe  akadnuaikd
TEPIBAAOVTA KAl €XEl  XPNOIYOTTOINGEl  O€  €KATOVTAOEG  TTAVETTIOTHMIA
TTAYKOOMiWG.

To 1oxupodTepo oToixeio Tou GeNle, To otToio TO dlakpivel aTTO €va PeEYAAO
apiBud dAAwv ypa@ikwyv epyaAciwv povtehotroinong, €ival n dlETTagr HeE TO
xPnotn. To GeNle emTPETTEl TNV KOTAOKEUN JOVTEAWV OTTOIOUDATTIOTE PEYEBOUG
Kal TTOAUTTAOKOTATOG. Ta povTéAa TTou avatrtuooovtal e Xprion tou GeNle
MTTOPOUV VO EVOWMPATWOOUV o€ OTTOIadNTTOTE EQAPMOYH KOl va eKTEAECTOUV O€
OTTOIAONTTOTE UTTOAOYIOTIKR TTAAT@OpUa. AGYyw TNG eueAIiag Kal TNG agIOTTIOTIOG
Tou, T0 GeNle gival 1Id1aiTEpa dNUOPIAEG, EIDIKA OTOV OKAdNUAIKO XWPEO, EVW EXEI

XPnoihoTtToIiNBei kal atrd TTOAAOUG AAAOUG QOPEIG.
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4.1 BASIKA ZTOIXEIA TOY XQPQY EPTAZIAS

O xwpog epyaoiag Tou GeNle TrepihauBdvel OAa ekeiva Ta OTOIXEIQ TTOU
EMTPETTOUV TNV KOTAoKeur Kail emmotrteiac BBN pe TTOANOUG  €VOAAOKTIKOUG
TPOTTOUG. O1 BaCIKES ETTIAOYEG TTPOBOANG Eival:

e [lpoBoAn ypapripatog
o Aevdpoeidng TTPoBoAN

2TNV TTPOROAN YPAPHPATOG TO HOVTENO PTTOPET va dlapBpwOEi 1IEpapPXIKA OE
UTTOONGOEG. To pevou OIATAENG KAl TO KOUMTTIA OTN YPOUMN €pYaAEiwv
MOP@POTTOINONG MTTOPOUV va XPNaoiuoTroinBouv yia va aAAdGEouv TIG aioBnTIKES
1I016TNTEG TNG TTPOROANG ypapnuATwy. O1 €VTOAEG yia TNV €U@Avion 1 Tnv
ATTOKPUYN TOU TTAEYMOTOG Kal TNV €UBUYPAUMION TWV OTOIXEIWV OTO ypdenua
MTTOPOUV va BpeBouv oTo pevou Layout. H Mpapun epyoAgiwy pop@poTToinong €xel
KouuTnid yia Tnv aAAayr TG YPOUMUOTOOEIPAG, TOU XPWHATOS KOl TOU PEYEBOUG
TWV ETIKETWV TWV KOPMBWVY KOl KOUUTTIA VyIO TNV €KTEAEON TwV EPYACIWV

€UBUYPAPUIONG O€ KEIPEVO KAl OTA OTOIXEIO TOU YPAPHHATOG.

B Gellle - [Netwarkl: main model] - 8 X
#] Fle Edit View Tooks MNetwork Node Lesming Disgnosis Layout Window Help

DEH S AhPooomeo/A|lfmE|FImaRBm | F$B

A W B | EEE|S-LAL S

Tree View X

Ready [ No evidence F3 No targets

ZxApa 12. Apxik 086vn tou GeNle

34



TNV TTPOROAN ypa@AUATOG UTTOPOUV va €i0axBouv Ta akdAouba oToixeia
MovTEAOU:
o Kobppol
e YTropovtéAa
o To6Ca
e KouTtid Kkelpévou
Otmrwg avagépbnke, To GeNle Tapéxel pia evaAAakTIKA péBodo TTAorynong
MovTéAOU yVWOTH ws devdpoelidn TTpooAn. H TTpoBoAr auTh givail TToAU TTapduola
pe TNV auTh Twv Windows. Epgavilel pia iepapxikni Aiota, ge aAeapnTikn o€ipa,
OAwv Twv OIKTUWV TToU gival avoIXTa Kal OAwv Twv KOPBwv Tou dIkTUOoU. Ol
TTEPIOOOTEPEG AEITOUPYiEG TTOU gival BIABECINEG OTNV TTPOROAR YPAPHPATOG
MTTOPOUV va €KTEAEOTOUV Kal oTn 8evOpoeldr) TTpoBoAr. OtroieadATTOTE aAAAYES
yivovtal atnv TpofoAf autr, eu@avifovTal auéows oTnV TTPOROAN yPaA@NATOC.
H devdpoeidng TTpoBoAr PTTopEi £TTioNG va XpnolyotroinBei yia TTAoriynon otnv
TTPOROAN YPAPANATOG, VIO TTAPABEIYUA VIO VO avoiEoupEe TTapdbupa UTTopovVAdag.
‘Eva dANO onuavTikd XapokTnpIoTIKG TNG OevOPOEIdOUG TTPOROANG Egival OTI

MTTOPOUV Va PETAPEPOBOUV KOPBOI HETAEU DIAPOPETIKWYV UTTOPOVADWYV Kal SIKTUWV.

4.1.1 TunolkopBwv

To GeNle utrooTnpicel Toug akdAouBoUG TUTTOUG KOUPBWV:

1. Toug kOPPoug TMBavVATNTAG, TTOU €XOUV OXNMO WOEIBEG KAl UTTOBNAWVOUV

apBéPaleg PeTaBANTEG.

2. Toug TTPoCdIoPIOTIKOUG KOUPBOUG, TTou ouvnBwg oxediddovTal wg OITTAoi
WOEIBEIC KUKAOI KAl QvTITTIPOOWTTEUOUV EiTE OTABEPES TIMEG €ITE TINEG TTOU
kaBopiovTal aAyeBpPIKG atTd TIG KATAOTACEIS TWV YOVEWV TOUG. Me dAAa Adyia,
€AV 01 Agieg TWV YOVEWV TOUG €ival YVWOTEG, TOTE N agia evog TTPOCdIOPIOTIKOU
KOuPBou eival etmiong yvwoTti pe Befaidtnta. O1 TpoodiopioTikoi KOPBoI
TTpoodiopidovTal apIBUNTIKA Ouola Pe Toug KOpPBoug mlavotnTag. H povn

dlapopd eival OTI 01 TTIVAKES TTIBAVOTATWY TOUG TTEPIEXOUV JOVO PNdEV Kal €va.
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3. Toug kO6uBoug atrdéeaong, TTou £xouv opBoywVIo OXAMA Kal UTTOBNAWVOUV
METABANTEC TTOU €AEyyxovTal Q1O TOV UTTEUBUVO ARWNG atmo@Acewv Kal
XPNOIUOTTOIOUVTAI VIO TN MOVTEAOTTOINCN TWV €TMAOYWYV O¢ Hia amoégacr). Ol
kKouporl ammégaong oto GeNle gival Tavra diakpiToi kal kaBopifovTal atmmd pia

AioTa pe mOavEG KATOOTAOEIG / EVEPYEIEG.

MNode3

4. Toug apIBUNTIKOUG KOUPBOUG TTOU £XOUV £EAYWVIKO OXNUA KAl UTTOdNAWVOUV
METABANTEG TTOU TTEPIEXOUV TTANPOQPOPIEC OXETIKA HE TOUG OTOXOUG TOU
utTeUBuvou Afwng atmogdacswyv. Ek@pdlouv TIG TIPOTIUACEIG QUTWV TWwV

ATOPWYV OXETIKA UE TA ATTOTEAECUATA EVAVTI TWV TTPONYOUPEVWV.

Kavovikd, éva 16¢o o€ éva BBN 1 éva didypaupa eTIpPong UutTtTodnAwVEl pia

412 Toka

emidpacon, dnAadr 1o yeyovog 6T 0 KOUPBOG oTnV oupd Tou TOLou eTTnPedlel TNV
TiuA (A TNV Katavopur meavoTATwy OTIG TTBAVEC TIUEG) TOU KOUPBOU OTNV KEPOAAN
TOoU TOCoU. Ta T6¢a autd oxedIAlovTal WG CUNTTAYEIG YPauuES. Opiouéva TOEa oTa
dlaypduuata €TMPPONG €XOUuv KABapd aImiwdn onuacia. ZUyKEKPIYEVA, MIa
KateuBuvouevn dladpourn atmd évav KOUPOo amogaong o€ évav Tuxaio KOuPo
onuaivel 0TI N oUyKeKPIPEVN atmé@acn (OnA. £vag XEIPIOPOG TOU ypa@riuaTog) Ba
ETTNPEACEl auTOV TOV TUXAIO KOUBO OAAGZOVTOG TNV KATAVOWN TNG TTBavoTNTOg
TOU.

Ta 16E0 TTOU €lI0€pXOVTal OTOUG KOPPBOUG atroQacng €XOuv OIaPOPETIKO
vonua. Eteidn o1 kK6uPBo1 atro@doewy gival UuTTd Tov EAeyX0 TOU UTTEUBUVOU AYWNGS
ATTOPACEWY, QUTA Ta TOEA eV UTTOBNAWVOUV ETTIPPOEG OAAG PHAAAOV XPOVIKN
TpoTEPAIOTNTA (UTTO TNV £VvvOla TNG PONG TTANPOPOPIWY). Ta atroTeAéopaTa OAwV

TWV KOUBWV 0TV oupd Twv TTANPOPOPIOKWY TOEwV Ba tival yvwoTd TTpoToU
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ANQOEi N aTTdQaOT. ZUYKEKPIYEVA, EQV UTTAPXOUV TTOAAATTAOI KOPBOI aTTOQPACEWY,
TTPETTEl va ouvdeBOoUV OAol pe TETola TOEA. AUTO QVTIKATOTITPICEI TO YEYOVOGS OTI Ol
amo@doelg AapBdvovtal Ye oeipd Kal TO QTTOTEAECHO KABe atmé@acng eival
YVWOTO TIPIV ATTO TNV €TTOUEVN atTo®acn. Ta 16¢a TTANpo@opiwy oxedIAlovTal Je
OIOKEKOPUEVES YPAMUEG.

4.1.3 Ewovidia kataotaong Kopupwv

KaBe koOpBog otnv TPOoROA ypa@APATOG ETTIONPAIVETAl HPE €va N
TTEPICOOTEPA EIKOVIDIA KATAOTOONG KOUPOU. AUTd €ival T PIKPA €IKOVidIA TTOU
eMeavifovtal otV KATw O€e€Id ywvia Tou eikovidiou KOpBou. YTTapyxouv E£E)
OlaQOpPETIKA  €Ikovidla  KaTdoTaong KOPBwv: Trapatnpouueva  (observed),
emonuaopéva (implied), eleyxoupeva (controlled), otoxoBetnuéva (targeted),
éykupa (valid) kai un €ykupa (invalid). Mapakdrw etmeényeital To vonud Toug o€

atrAd TTapadeiyuaTa.
4.1.3.1 lMapatnpouuevo ewkovidlo kataotaonc — Observed status icon

To TTapaTnPOUNEVO EIKOVIOIO KATAOTAONG EUPAVICETal OTAV O XPROTNG EI0AYEI
oToixeia o€ évav KOUPo Kal utTTodnAwvel ATl 0 KOPPOG gival Evag KOPPOG aToIxEiwv
(evidence node). O k6upog Expert forecast oto TTapokdTw POVTEAO gival Evag

KOUPBOG OTOIXEIWV KAl ETTICNPAIVETAI JE TO EIKOVIOIO KATAOTAONG TTAPATAPNONG:

Success of
the venture
i
Expert
forecast

4.1.3.2 Ermonuacuévo ewkovidlo kataotaonc — Implied status icon

MepikéC QOpEG, N TTapaTAPNon €vOG KOUPBOU UTTOONAWVEI TIG TIUEG GAAWV
KOUBwvV. Mapadeiypuatog xapiv, TaparnpewvTag 0Tl €vag acBevig gival avdpag o€
ITPIKO OUCTNUA UTTOOTHPIENG ATTOPACEWY, Ba onuaivel 0TI dev gival £yKUog. AUuTO
givalr duvatd etredny 1o TPOypauua avTIAapBdverar o1l yia évav avdpa n

gykupoouvn gival aduvarn. To GeNle onuatodoTei Toug KOPPBOUG TWV OTTOIWY Ol
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TIUEG uTTOVOOUVTAl aTTd TIC TTAPATNPNOEIS AAAWV KOPPwWVY attd TO €IKOVIdIo
katdoTaong Implied. To cupBoAo TnG Epgaviféuevng katdotaong givail 10 idIo YE
TO €IKOVIBIO KaTAOTAONG TTAPATAPNONG, AAAG €XEI KITPIVO XpwHa. ZTO0 akOAoubo
TTOPAdEIYUA, TO QUAO TOU A0BeVOUG £XEI TTAPATNPNOEI OTI Eival APOEVIKO KAl N TIUA

NG METABANTAG pregnancy £xel kaBoploTei atmd 1o GeNle va gival yeudnc.

4.1.3.3 EAeyxouevo ewkovidlo kataotaaonc — Controlled status icon

O €Aeyxog TNG TIMAG €vOG KOUBOU gival SIaPOPETIKOG ATTO TNV TTAPATHENON
Tou (dla@opég oTn ouvéExela). Otav eAéyxetar €vag koupog, 10 GeNle 10
emonUaivel e TO €IKOVIOIO KaTdoTaong eAeyxopevng pubuiong. O koéuPog
Communications o©TO TIOPAKATW MOVTEAO €xel TpOTTOoTTOINOEl KAl  €XOuv

EMONUAVOEi WG EAEYXOUEVOG.

Generator
Communications
[

Command
Center

4.1.3.4 Zroyodetouuevo elkoviblo katdotaonc — Target status icon

Antenna
Structure

MOAU ouxva og éva ouoTnua UTTOOTHPIENG ATTOPACEWY, NOVO évag HIKPOG
apiBuég  petaBAnTWV  evdlagépel Tov  xpriotn. Otav 10 poviéAO  TTOU
XpnoIJoTTolEiTal atrd To oUCTNUA €ival HEYAAO, TO TTARBOG TwV UTTOAOYICUWV Yia
TNV evnUEPWOn OAWV TwV MPETABANTWYV WTTOPEI va €ival ATTAYOPEUTIKO KOl OE

pMeyaAo pépog axpnoto. To GeNle emTpémel va 100UV oI PETARANTEG TTOU
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evlla@épouv  Tov  XPHOTN w¢g oToxol. O1 kouBolr 110U OoTOXO0BETOUVTAI
EVNUEPWVOVTAI ATTO TO TIPOYPAPUA Katd Tn OIdpkeld TNG  OIadIKACiag
evnuépwaong. ANAol KOOI, OnA. KOOI TTou BeV £XOUV OPIOTEI WG OTOXOI, UTTOPEI
va  evnueEpwvovTal 1 OxI, avaAoya MPE TO EOCWTEPIKA OTOIXEIQ TOU
XpnoigoTtroloupevou aAyopiBuou. Otav dev opioTouv KOUBOI wg oToxol, To GeNle
UTTOBETEI OTI OAEC 01 HETABANTEG OTO POVTEAO EVOIOPEPOUV TOV XProTn, dnAadn

oMol gival otéxol. O k6upog Success of the venture éxel emonuavoOei WG oTdX0G

Success of
the venture
Frilv]
Expert
forecast

4.1.3.5 Eykupo/Akupo eikovibio kataotaonc — Valid status icon

OTO AKOAOUBO PovTEAO:

To PN €yKupo €IKOVIBIO KATAOTAONG ONUATOOOTEI AUTOUG TOUG KOUPBOUG TTOU
xpeldlovTal evnuépwarn, dnAadr ol TINES TOUG (1] o1 KaTavouEéG TTIBavoTATWY) gival
Akupeg. To PN €YKUPO Orfua JTTopEi va ep@avioTei padi ue 1o onua Target, aAAG
TOTE PE TA TTAPATNPNMEVA KAl UTTOONAWUEVA Ofuarta (va onueiwBei o1 otav
TTapartnpeeital évag KOUPoG, N TiuA Tou gival yvwaoTn). MNa va yivelr €ykupn n Tiun,
ATTAWG XPEIAZeTal VO eVNEPWOET TO HovTENO. 'Evag KOpPBog BEAEI evnuépwaon éTav

OTO ONPATAKI KATW BEEIA £xEI EPWTNUATIKO (?), eV OTaV evNUEPWOEI AapBdvel To

Success of
the venture

Expert
forecast

oApa V.

’
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4.2 ANEIKONIZH ITOIXEIQN

H eilcaywyn €IKOVIKWYV TTapaTnPRoEwV gival TTapOuoIa e TNV ATTAR E1I0aywyn
oToixeiwv. H kupia diagopd cival 611 avti va TTapatnEeital N Katdotaon €vog
KOuPBou, €IcAyeTal pia KaTavour Tmeavotntag yia OAEC TIC KOTAOTAOEIS TOU
KOuBou. H atreikdvion otnv TTpagn TTpayuaToTrolEiTal KavovTag Oegi KAIK OToV ev
AOyw koupo (Expert forecast) kai emAéyovrag 1o Set Evidence egpgavicetal n

emAoyn Virtual Evidence (Zx. 13) . To ammotéAeopa Ba ival To €¢AG:

™ Virtual Evidence: Expert forecast L C X
|E=] 1‘E u G@“
Outcome Probabiity |
» [l Good 0.33333333]
[ | Moderate 033333333
] Poor 0.33333333
<]
=<
1 02 03 04 05 06 07 08 098 1
[ Clear vitual evidence | | OK ] [ Cancel ]

ZxAMa 13. ATTeIKOvIOon OToIXEiIWV yia Tov KOUROo TTPORAEWnNGS Tou €18IKOU (expert

forecast)

H armeikdvion Twv OToIXEiWV WTTOPEI va yivel apiBunTiKa 1 ypagikd,
XPNOIMOTIOIVTAG £vav TPOoXO TBavoTATWV 1 €va diaypauua paRdwv (O6TTwg
ameikovifetal oto 2XAMa 13). Or1 €IKOVIKEG QTTEIKOVIOEIG €ival PIAd KOATAVOWUN
mOavoeTNTAG YIA TIG KATAOTACEIS TNG TTAPATNPOUNEVNG METABANTAG. O aTOMIKES

mOavoeTNTEG TTPETTEI VA £XOUV dBpoioua povada.
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4.3 AYNAMH ENIPPOHZ

Me 10 epyaleio strength of influence, ep@aviCetar n ypauurn epyoAeiwv
emppong (Influence Toolbar) kai aANGCel N epeavion Twv TOEwV oTo dikTUo. TO
TOEO €xEl DIAPOPETIKO TTAXOG, avAAoya pe Tn dUvaun ETMPPEOAG METALU Twv
KOUBwvV TTou ouvdéovTal (ZxAMa 14). H duvaun Tng emppong uttoloyileTal TrTévTa
armé TOV TTiVOKA KATAVOUNRG TOavoTNTag TOU KOUPBOU-TTaIdi KAl OUCIOOTIKA

eEKQPAlel kartrola popenr diAoTaoNG METAEU TWV KATAVOUWYV TTIBavOTNTAG TOU

KOuBou-TTaudi TTou e€apTATAl ATTO TNV KATAOTACT TOU YOVIKOU KOUBOU.

==

\

O Hepatic steatosis

O Hepatic fibrosis

preasent 10%
absent S0%

ZxApa 14. Ala@opeTikd Taxn BeAwv avaloya e Tn dUvaun eMPPONIG TWvV

Av TO TTOVTIKI €ival TOTTOBETNUEVO OTNV KEQAAR Tou BEAOUG, Ol TTANPOPOPIES

OXETIKA Pe TN dUvaNN TNG ETTIPPONG eP@aviCovTal o€ Eva TTAAICIO OXOAIWwV OTTWG

QaiveTal TTOPaKATwW (ZX. 15).

present 4%

(] Carcinoma

present 6%

oo absent 94%
>  Chronic hepalitis () Cirrhosis
active  13% gag
persistent 5% compensate 2%
absent &2% abzent 92%

OuUVOEDEPEVWV KOPPBWV.
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'ﬁ' Arc

Hictory of . History of hnsFitaIization -= Injections in the past
hospitalization ] Influence sign: not calculated
- Influence strength: 0.536732

**" ’- o Upper
. abdominal pain
Obesity History of Injections in
transfusion the past
\ a ki alcohol abuse
[7]
J©  Hepatic steatosis ©  Hepatic fibrosis S ——
present1ﬂ%|i
present 4%

t 6%|]

absent 90% ] e T — /presen
T i e ST absent 94% l2aH

ZxApa 15. TMAnpogopicg OXETIKEG Pe TN dUvaun ETTIPPONAG.

H ypapun epyaAciwv €mmppong ep@avifetal Je TO TTATNUA TNG ETTIAOYAG
Strength of Influence ka1 €xel TNV popery OTTWG 01O 2Xua 16.

Influence @
|[.P«\remge "l N || Euclidean - @ D | ||

ZxAua 16. Mpauun epyaiciwv emppong (Influence Toolbar).

4.4 'EAEMXOZ TIMQN TQN METABAHTQN

21a  mmBavoloyikd  povTéAa  UTTApXEl  MIa TTPOOBETN  KaTnyopia
OUNTTEPOCPATWY TTOU QQOPA OTIG TIPOPRAEYEIG TWV ETTITITWOEWY TNG EGWTEPIKAG
TapEéupaong. 1o TAdiolo Twv BBN, o uttoAoyiopdg Twv ETMOPACEWY Twv
TTOPATNPEACEWY  ETTITUYXAVETOI HE evnuépwon Tou OIKTUoU (update) agou
oploToUV Ta oTolxeia armoTeAéopatog (set evidence) yia TIC TTAPATNPOUPEVEG
MeTaBANTEC OIKTUOU. To amoTéAeoua TnG TrapéuBaong, ammd TNV AAAn TTAcupdq,
gival pia aAAayry otn dopr) Tou SIKTUOU, TTOU OXETICETAI UE TOV ECWTEPIKO XEIPIOUO
TOU OUCTAPATOG TTou OxedIdoTnke atmmd 1o OiKTUO, akoAouBoupevn atrd TOV
KOBOPIOWO TwV TIMWV TWV XEIPIOUEVWY KOUPWV KAl TWV  EVNUEPWTIKWV
TTETTOIBR0EWV.

210 TTapadeiyya Tou 2x. 17 egerddetan éva POVTEAO yia TNV KATAOTAON
AeIToupyiag evog kévrpou dloiknong. To kévipo dloiknong egaptaTtal atd TNV
KATAOTOAON TWV ETTIKOIVWVIWY Kal TOU pavTdp. To pavtdp €EapTtdralr amd tnv
KEpaia Kal Tnv 1I0XU TTou TTapéxel N yevvnTpia. O1 emkoivwvieg Baailovtal oTnv
IOXU TTOU TTapéXETal ammo Tn yevvATtpia. H yevvATpla BacifeTal otnv TTapoxn

KQUGOIPOU YIa TNV TTapaywyr] eVEPYEIQG.
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ZxAua 17. Bayesian dikTuo yia TNV KaTdoTaon AsiItoupyiag evog Kévrpou

Aloiknong.

OtwpwvTag 0TI TO HOVTEAO gival KEVTPO dloikNoNG evOg £XOpoU Kal 0 0TOXOG
TOU UTTEUBUVOU AAYNG aTTOQACEWV €ival va diatapddel TIG AEITOUPYiEG TOU, N
TTOPEUPACN OTIG ETTIKOIVWVIEG, VIO TTOPAdEIYUQ, MUTTOPEI va TTpayUaTOoTTOINOEI
TTaPEUTTOBICOVTAG TO £CEPXOUEVO ONPa pE BOpURO. AuTO pTTOpEl Va BewpnBEi wg
MIa €CWTEPIKNA TTapéuBacn TToU €XEl WG ATTOTEAECUO Ol ETTIKOIVWVIEG va PNV
AgIToupyouv, dnA. ouciaoTIKG va TEBEI n TP TG HETABANTAG «ETTIKOIVWViEG» OTNV
KATAoTOON «aTTOUCiay.

O1 emkolvwvieg Ba eival «atmmoloeg»> avedpTnTa atmmo TIG TIMEG GAAWVY
MeTaBANTwWY oTO OiKTUO (KaI, I0IKOTEPQ, TN UNTPIKN METABANTH, «levvATpIar). H
TIUA EAEyXOU XPNOIYOTIOIEITAI YIA VA JOVTEAOTTOINOEI TETOIOU €id0UG KATAOTACEIG.
lNna tov éAeyxo ™G TIUAG Tou KOPPou «ETKoIvwviesy yia Tnv KardoTaon
«aTrouaiay, akoAouBouvTal Ta akdAouBa Brpata (Zx. 18):

1. 210V KOUPO «ETiKoivwvieg» emmAExBNKe n emiAoyry Control Value até 10
avVOQUOMEVO UEVOU TOU KOPPBOU TToU eP@aviCeTal.

2. EmAéyeTal n TipR «Atrouadia» atrd 1o uttopevou Control Value.
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MNode Properties

Rename
Command

P Change Type *

Marginalize

Delete

5et Evidence »

Control Value » Present 0.84125
Clear Evidence Absent 015875

Set Target
Clear Target

Sensitivity Tornado

Layout 3
View as 4

Resize to Fit Text

Locate Parent r
Locate Child k
Annotation...

IxAua 18. Aladikacia eAEyxou TIUAG TNG METABANTAG «ETTIKOIVWVIEGY

Aedopévou 0TI N KaTaoTaon evog eAeyxopevou KOPPBou dev eCapTdTtal Atro Tnv
TIUA TWV KOUBWV YOVEWV TOU, UTTAPXEI MIO TTPpOcwWpEIV) aAAayry otn doun Tou
OIkTUOU. 210 GeNle auTd @aiveTal e TN PEiwon TNG QWTEIVOTNTAS TOU TOEOU TTOU
OUVOEEI TOUG YOVIKOUG KOPPBOUG PE TOV EAEYXOUEVO KOUBO. ZTNV TTEPITITWON TOU
TTaPAdEIYMOTOG, TO TOEO TTOU CUVOEEl TOV KOUBO «[evvATpIa» Kal TOV KOUPO

«EmmKoIvwviegy gival axvo 0TTwe @aivetal TrTapakdaTtw Zx. 19.
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IxAua 19. Bayesian dikTuo yia TNV KartdoTaon Aeiroupyiag evog Kévrpou
Aloiknong £TreITa atrd TNV eKTEAECT TNG EVEPYEING EAEYXOU TIMNAG

NG METARANTAG «ETTIKoIVWViESY.

MeTd Tov éAeyxo oTnVv TIP Tou KOUPBou «ETkoivwviegy, 10 GeNle opilel Tnv
TIUA TOu €AeyxoOpevou KOPPou OTnv TIWA TTOU KaBopiletal atmmd To XEIPIOHO.
Etropévwg, n Tipn Twv ETIKOIVWVIWY £XEI OPIOTEI 0 «ATTOUCEG». 1A va @avei OTI
0 KOMPoG cival eAeyxouevog, To GeNle gpgavilel 1O €Ikovidio KataoTaong (KAatw
0e€Id) oTov KOPPO. MNa va yivel EAeyX0G TwV ATTOTEAECPATWY TNG TTApEUPaonG, Ba
XPEIOOTEl va evnuepwOei TOo povréAo. MeTd Tnv evnuépwon Tou MOVTEAOU,

@aivovTal ol TIUEG KABE KOUBou.

4.5 ANAAYIH EYAIZOHZIAS 3E BBN

H avdAuon euaioBnoiag civar ouciacTikG dia diadikaoia Pe Tnv oTroia
avadnTouvTal Ol CNPAVTIKOTEPES TTAPAUETPOI YIa TO HoVTENO. To GeNle epapudlel
évav aAyopiBpo trou Trpoteivetal atrd Toug Kjaerulff kail van der Gaag (2000) 1rou
eKTEAEI aTTA avdAuon suaioBnoiag ota BBN. Z¢ yevikég ypappég, AappBdavovTag
uttown €va oUvoAo oToXoBeTnuévwY KOPPBwY, 0 aAyopiBuog utroloyilel €va
TTAAPEG OUVOAO TTAPAYWYWV TWV UOTEPWYV KATAVOPWY TTBAVOTATWY Twv
oTOX00eTNUEVWY KOPPBWYV yia KABe pia atrd TIG apIiBuUNTIKEG TTAPAPETPOUSG TOU
BBN. Autég o1 TTapdywyol divouv pia €voeign TNG oTToudaidTNTAG TNG OKPIBEING
TWV  apIBUNTIKWY  TTOPAMETPWY TOu OIKTUOU Vi TOV  UTTOAOYIONO  Twv

TTPONYOUPEVWYV TTIBAVOTATWY TWV OTOXWV. AV N TTapAywyog gival ueyAaAn yia pia
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TTOPAUETPO P, TOTE PIA MIKPN OTTOKAION OTO p MTTOPEI va odnyAoEl O€ UIa PEYAAN

dlaQopd OTIC METAYEVECTEPEG TTIOAVOTIKEG KOTAVOMUEG TWV OTOXOOETNUEVWV

KOuBwyv. EQv To TTapdywyo €ival JIKPO, TOTE aKOUN Kal HEYAAES ATTOKAIOEIS OTNV
TTAPAUETPO TTPOKAAOUV HIKPN dlapopA.

H avdAuon euaioBnoiag evepyoTrolEiTal UE TO TTATNUA TNG ETTIAOYNG Sensitivity

analysis TNG ypapung epyaAciwy Kal akoAouBei 0 XpwHATIONOGS Tou OIKTUOU O€

KOKKIVO Xpwpa (ZX. 20).

History of

) Surgery in Choledocholthotomy Galistones Amylase Hepatotoxic
Diabetes hospitalizatior the past medications
(7]
Flatulence Upper Fat intolerance ql
. abdominal pain
History of Injections in
] transfusion the past History of o
History of viral alcohol abuse FIEZETEEE
hepatitis upper quadrant
v
dhtd 5%
v
IS Functional hyperbilir...
Total
trighycerid = 55 /prmnt 7%(1
t 38% 52 i
e [zl [ absent 93% T | Anorexia
antibodies to T se absent 62% Ev
HBcAg in blood
Presen_c_e of ALT Pain in right cate Nausea
hepatitis B INR Total EsR upper guadral
Prezence of antigen in blood AST T
antibodies to Platelet
HCV in blood count Hepatomegaly
Antimytochondrial
Fatigue Alcohol Alkaling rm:hud'
intolerance phosphatase antibodies
Enlarged Hepatalgia
TRl spleen Joints
hepattis B surface Total A swelln
antigen in blood proteins Total bilirubin g -
Edema Haemorrhagie Hepatic
Wascular diathesis Musculo-skeletal encephalopathy
Presence of spiders pain
antibodies to Irregqular - . Increased
X " Liver palms. . Yellowing of
HBsAg in blood liver edge ¥ Htching e st _—— liver density
Irrequiar ki
liver Jaundice )
Albumin Ascites Im;_ualred
CONSCIoUSNESS

ZxAua 20. Moper Tou dikTUoU £TTeiTa atrd AvaAuon EuaioBnaoiag.

O1 KOuPoI TTOU £X0UV KOKKIVO XPWHA TTEPIEXOUV ONUAVTIKEG TTAPAUETPOUS. H

ToTTOBETNON TOU O€ikTn TTAvWw OTTO TOUG MENOVWMHEVOUG KOUPBOUG eugavilel
OUVOTITIKEG TTANPOQOPIES (ZX. 21).
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Upper
abdominal pain

Pressure in
UppEr quai

Maze 0.436

Avg: 0.017

S

ME TO BaBuo euaioBnoiag TwWv CuvOEdEPEVIWIV

METABANTWV.

MNa Tapadelyua, pe dITTAG-KAIK oTov KOUBo Cirrhosis epgaviceTal n TTapakaTw

KapTéAa (ZX. 22). O XpWHATIONOG TWwV HEMOVWHEVWY OTOIXEIWV  OEiXVEl

MEMOVWUEVA TIG TTAPAPETPOUG TTOU €ival onuavTikEG. H TOTTOBETNON TOU BEiKTN

TAVW atmd OTToINdATTOTE aTTO TIGC PAPROoUG deixvel TIC OKPIREIS apiBunTIKES

€UQIOONCIEC YIO TN OUYKEKPIYEVN PTTAPQ. 2TO ZX. 22, TO YKPI 0pBoywvio deiX Vel

TIG TTAPAUETPOUG IO TRV TTPWTN UTTdpa atmd tnv kopu®n: (Cirrhosis = absent |

fibrosis = absent, Steatosis = absent).

™ Mode properties: Cirrhosis [ = éj
| General | Definition |0bsenration Cost | Format | Documentation I User propertias | Value |
3. Add Seinsert Ix |Bo |4 (= 1E |l | @ E |
Hepatic fibrosis_| present ahsent
Hepatic steatosis | present absent present absent
» [decompensate | 0.56 049 0.35
compensate 0.24 0 0.15
absert 02 03 03 Max node sensitivity: 0.866079

Cirrhosis=decompensate s=0866079 (a=0.866079 b=0.0530493 c=0 d=1)

Cirrhosis=compensate s=-0.000866946 (a=-0.000866946 b=0.0236023 c=0 d=1)

Cirrhosis=absent s=-0.865213 (a=-0.865213 b=0.923348 c=0 d=1)
carcinoma=present 5=0.242217 (3=0.242217 b=0.06381 c=0 d=1)
carcinoma=absent s=-0.242217 (a=-0.242217 b=0.93619 c=0 d=1)

[ ok ][ cancel |

"

ZxApa 22. Kaptéha opiopuou Tng petaBAnTrg Cirrhosis pe XpwuaTiopo Tng
oNUAVTIKOTEPNG TTAPAUETPOU KOI PUE EPPAVION OPIOUNTIKWY TIMWV

UTTOAOYIOHEVWV TTAPAYWY WV
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O1 1m0 guaiocdNTES TTAPAPETPOI EPPaviCovTal AVAAUTIKA PE TV EVEPYOTTOINON

Tou Tornado diagram OTTWG QaAivVETAl TTAPAKATW (ZX. 23).

™ Tomado Diagram |. (=] ﬂ_hj

Target outcome: [thnsts - decompensate v]

Sensitivity for Cimhosis=decompensate
Current value: 0.0539153 Reachable range: [0.0501981 .. 0.0971327]

0.06 o007 0.08 0.08

1: Cimhogis=absent | fbrose i, Steatosiz=absent
2: ChHepafitis=absent | transfusion=absent, vh_amn=absent, injections=absent

3: Cirrhosig=absent | fibrosis=absent, Steatosis=present

is=decompensate | fibrosis=absent, Steatesiks=present

is=decompensate | fibrosis=present, Steatosis=absent

7. fibrosisspresent | ChHepatitis=active

8: Steatosk=present | obesity=absent, alcoholism=absent

9: Steatoskg=present | obesity=absent, alcoholism=present

10: alcohofism=present

Double-click on the tomado band to edit the parameter under study
Show Top: Parameter Spread: E 10% of cument value [ Copy ‘ [ Close ]

ZxApa 23. Tornado diagram yia Tnv o euaioBnTn pyetaBAnth (Cirrhosis).

To didypappa deixvel TIG TNO UAIOONTEG TTAPAPETPOUG YIA MIO ETTIAEYPEVN
KatdoTaon Tou KOpPou «Cirrhosis» Tagivounuévn atrd TIG TTIO €UAioBNTEG OTIG
AiyoTepo euaiobnteg. O pubpIOTAG OTO KATW PEPOG TOUu TTapabupou diaAdyou
EMTPETTEI VA TTPOCOIOPIOTEI TO TTOOOOTO UETABOAAG O€ OAEG TIG TTAPAUETPOUS (N
TrpoetTIAoyn gival 10%). O opidvTiog agovag Oeixvel TNV ATTOAUTN JETABOAAR OTNV
mOavoeTnTa TToU £€eTACETAN OTAV KABOE pia atrd TIG TTAPAPETPOUS aANAlel KaTd TO
TTO00C0TO QUTO.

To OTOXOBETOUPEVO €UPOG TIMWV OEiXVel TIG €ANAXIOTEG KAl TIG MEYIOTEG
METayeVEDTEPEG (posterior) TIUEG TTIBAavVOTNTAG YIA TO ETTIAEYPEVO ATTOTEAEOUA (OTO
2. 23, cival n kardotaon «decompensate» Tou KOUPou otoxou «Cirrhosisy).
AUTEG 01 EAAXIOTEG KAl O1 JEYIOTEG EK TWV UCTEPWV TIMES TTIBAVOTNTAG EEQPTWVTAI
aueoa a1rd 1O €mAEypEVN EKTOON TNG TTapauéTpou (Parameter Spread, BA. ZX.

23). To eupog TnG TTapapéTpou (Parameter range) epgavicel Tnv eAAXIOTN Kal TN
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MEYIOTN TIMA TTapapéTpou. MAAI, auTég ol TINEG €xouv dueon €€ApTnon atmo Tnv

€KTOON TNG TTAPAUETPOU.
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5 KATAZKEYH ANAONOIHMENOY BBN TIA'EPTA SAT

210 KE@AAaIo auTd TTapouciadeTal n avarmTugn evog BBN, ue Tnv BorBegia Tou

TTpoypdauuatog GeNle, yia Tnv ekTipnon TNG MITUXIa VOGS £pyou SAT.

5.1 AOMIKA ITOIXEIA TOY BBN TOY'EPTOY SAT

O1 BaoIKEG TTAPAPETPOI TTOU ETTIOPOUV OTNV (success) VO Epyou TexvNTou

EMTTAOUTIONOU TNG CUYKEKPIPEVNG KATAYOPIOG Kal O OTToieg AN@onkav uttdéywn O0TO

atrAotroinuévo povTéAou eival o puBuodg kateioduong (infiltration rate) kai n

amoteAeopartik atmropputravon (effective purification) Twv deutepoyevov

AUPATWYV TTOU ETTITUYXAVETAI OTNV OKOPEDTN {Wwvn.

O1 800 aUTEG TTAPANETPOI ECAPTWVTAI JE TN OEIPG TOUG ATTO TOUG AKOAOUBOUG

wévTe (5) BaoIKOUG TTapAYyOVTEG, Ol OTTOIOI Kal atToTEAOUV TOUG KOPPBOUG-YOVEIG

Tou atrAoTroinuévou BBN:

Ydpomepardétnra (Hydraulic conductivity): H udpotrepardtnta n
udpaulikf aywyiuétnTa (k) xpnoiuotrolgital otTnv udpoyewAoyia yiaTti T0
peuoTO eival To vepO. ‘Eva péoo €xel udPAUAIKA aywyiudTnTa ion JeE TN
povada, otav petaBiBadel otn govada Tou Xpovou KABeTa otn dieuBuvon
TNG UTTOYEIOG PONG, TN HOVAdaA Tou Gdykou vepou atrd povadiaia dIaToun Ue
udpauAIK KAion ion Pe TN povada Kal TNV €MIKPATACN TOU KIVAUATIKOU
IEWOOUG. To KIVAUATIKO 1§WOEC OXETICETAI PUE TNV €OWTEPIKA TPIRA, TNV
avtiotacn OnA. Tou uypou ot porfl. H udpauAiky aywyinoTnTa
utroAoyiceTal atré Tov vopo Tou Darcy.

Mopwdeg (Porous): To TopwdEeS (n) ) oAIKS TTOPWOEG gival Eva HETPO TWV
OIaKEVWY (TTOPWYV, KEVWV, PWYHWYV) TTOU UTTAPXOUV O€ £va TTETPWHA )
€000 Kal ekPPAeTal ue T0 AGyo TOU GUVOAIKOU OyKou Twv dlakévwy (VK)
TIPOG TOV OUVOAIKO OyKO Tou TreETpwaTog/edagoug (VoA): n=Vk/VoA. To
TTOPWOEG XAPOAKTNPICETAI TAV TTPWTOYEVEG ONA. TO TTOPWOAES TTOU OPEIAETAI
oTa didkeva TTou dnuioupyndnkav KaTtd Tn OIdpKEId OXNUATIOWOU TOU
TTETPWHPATOG KAl WG DEUTEPOYEVEG ONA. TO TTOPWOEG TTOU OQEIAETAI OTA
Oldkeva TTou  dnuIoupyABnkav Adyw TEKTOVIOWOU, a1moodBpwaong,
d1dAuong, dpaong Tou EuPiou KOGopou K.G. To TTPWTOYEVEG TTOPWOEG

eCaptdaral atrd ™ dIATALN, TO HEYEDOG KAl TN HOPP TWV KOKKWV.



Karteioduon (infiltration): H kartcioduon atroteAei TN onuavTikOTEPN
dlepyacia yia Tov KaBopioud TNG UudPO-OIKOVOMIAG MIAg TTEPIOXNAS YIaT
OUMBAAAEl oTNV avavéwaon TWV aTTOBEPATWY TWV UTTOYEIWY UDPOPOPEWV.
AVTITTPOOWTTEUEI TO PHEPOG EKEIVO TWV ATHOOQPAIPIKWY KATAKPNUVIOUATWYV
TTou dlatrepva TNV emi@dveia Tou €dd@oug (agou KATTola TTooo0TNTA
OeopeuTEl WG vePO Kal POBAvel oToug UTTOYEIOUG UBPOPOPOUS OPICOVTEG
TIPOOTIOEPEVO OTA ATTOBEUATA TWV UTTOVEIWV VEPWV KOl METEXEI OTIG
KIVAO€EIG Tou uTtdyeiou vepou. H ikavétnta kateioduong (infiltration
capacity) e¢aptdral ao tnv uypacia Tou €ddgoug, Tn AIBoAoyia, Tnv KAion
Kal Tov TUTTO Tou €dA@oug, Tn BA&GoTNon, TNV €viaon Kal KATAVOMN TwV
BpoxomrTwoewyv K.AT. METpo TnG Kateiodbuong €ival O OUVTEAEOTAG
Karteioduong, 0 OTT0i0g EKPPALEI TO TTOOOOTO TOU VEPOU TTOU KATEIOOUEI O€
ox€on UE TNV OAIKY BpoxOTITWOoN K.4.).

Quoikdé Oduvauikdé atropputravong (Geopurification): 10 @uoikd
QUVAUIKO aTTopPUTTAVONG QVOQEPETAl, OTO TTAPOV UOVTEAO, KUPIwG OTa
XNMUIKA KAl OPUKTOAOYIKA XAPOKTNPIOTIKA TnNG OKOPEOTNG (wvng TToU
ETINPEAGCOUV TOUG HNXOQVIOPOUG TOU QUOIKOU QUTOKOBapPIoPoU (TT.X.
TTPOCPOPNOT, ATTOPPOPNON, IOVTOEVAAAQYT), K.ATT.).

MoiétnTa Aupdtwy (Quality): ava@épetal otV TTOIOTNTA TWV AUPATWY
TTou arroTiBevral otn Aekdvn (AUparta deutepofaBuiag f TpIToBAduIag

ETEEEPYQATIAG).

5.2 AOMH KAI ANANTY=H TOY BBN TOY'EPFOY SAT

5.2.1 Aopn Tou HoVTEAOU

210 akOAouBo 2x. 24, TTapouciAdeTal N OUVOAIKT) dOUR TOU ATTAOTTOINUEVOU

BBN yia Tnv ekTipnon NG emTuxiag €pywv TEXVNTOU eUTTAOUTIONOU SAT. OTTWwg
TTEPIYPAPNKE OTAV TTPONYOUPEVN €VOTNTA KAl QTTEIKOVICETAI KAl OTO 2X. 24, O
BaBuodg NG emiTuxiag Tou £pyou, €€apTdrtal atrd TOo PUBPO KaTteioduaong Kai TNV
ATTOTEAEOUATIKOTNTA TNG aTToppUTTAvVONG oOTnv akopeoTtn Jwvn. O puBuodg
Karteioduong Pe TN oEIpd Tou TTNPEACETAI ATTO TNV KOKKOUETPIA, TO TTOPWOEG, TNV
USPAUAIKA aywyIiudTnTa Kal TV TToI0TNTA TWV AUPATWY (N TeEAeuTaia €mdpa oTA

@aivoueva clogging). AvtioToixa, n atroTEAECUATIKOTNTA TNG ATTOPPUTTAVONG OTNV



aKOpeoTn Cwvn €CapTATAl ATTO TNV KOKKOUETPIA, TO TTOPWOES, TNV UOPAUAIKN

AYWYIMOTNTA KAl TO YUOIKO OUVAMIKO ATTOPPUTTAVONG.

L] quality
standard 0%
high 100% =
[ granulometry
lowr 0%
maoderate 100%
high 0% =
\ ]
=} IR
O porous ow  10%]]
low 0% medium 60%
medum 0% nigh _ 30% I p\
high  100% =
L 4 SUCCEeSS
 hydraulics conduct... " effective purification Expected utility 54_375
low 100% [ L ow 5]
medium 0% " | medium90%
high 0% = high  5%|| &
) geopurification
low 0%
medium 0%
high  100% =

IxAMa 24. TeAik doun Tou atmmAotroinuévou BBN yia ta épya SAT

5.2.2 Avarmtuén Tou HovtEAou

H avatmtuén tou poviéAou BBN, wg TTpog TIG €TTIUEPOUG ETTIAOYEG TwV
KOUBwWYV, TTpAyUaTOTTOINONKE CUPQWVA UE TIC AKOAOUBES TTAPadOXEG:
o O T1eNIKOG KOuPBOG TNG emmiTuxiog Tou €pyou SAT opioTnke wg €vag
KOuPBog xpnoipotntag (utility node), o otroiog duvartal va AapBavel
TIuEG atro 0 €wg 100.
e O kbuBog Tou puBPOU KATEIOCBUONG MTTOPEI VA EUPAVIOTEI PE TPEIG
OIAPOPETIKEG KATAOTACEIG: UYNAOG, HECOG Kal XAPNASG.
e O KOPBOG TNG ATTOTEAECUATIKOTNTAG TNG YUOIKAG ATTOPPUTTAVONG OTNV
aKOPEOTN CWvn EPQAVICETAI JE TPEIG KATAOTACEIG: UWnAr, péon Kal

XAHNAn.



O kOuBog¢ TnGg TOIBTNTAG TWV AUPATWVY eu@avifeTal pe  duo

KATaoTAoEIG: oTAVTapT TToioTnTa (OcuTepoPdbuIa eTTegEpyacTia) Kai

avwTePN TTOIOTNTA (TPITORAOUIO £TTECEPYATIQ).

e O KOUPOGC TNG KOKKOMETPIAG WJTTOPEI VO EPQPAVIOTEI ME  TPEIG
KATOOTAOEIG: JEYAAN, HEON KOl XAMNAR KOKKOUETPIA.

e O kbéuPog Tou TTOPWSOUG PTTOPEI VO EUPAVIOTEI JE TPEIG KATAOTACEIG:
MEYAAO, HEOO Kal XauNAS TTOPWOEG.

e O KOPPBOG TNG UBPAUAIKAG aywyIUOTNTAG UTTOPEI VO EUPAVIOTE E TPEIG
KATAOTAOEIG: HEYAAN, MEON KAl XAPNAR UDPAUAIKY aywyIhoTnTA.

e O kéupog TOU OBUVAPIKOU @QUOIKAG ATTOPPUTTAVONG MTTOPEI va

EMPAVIOTEI PE TPEIS KATAOTAOEIG: JEYANO, HECO Kal XOUNAS duvauiko

atroppuTTAVONG.

O1 mOavoTNTEG EPPAVIONG Kal Ol TINEG KABe kOPPBou-TTaidiol €ioixOnoav
péow mvakwy mOavotATwy (CPTs). 'ETol, yia Tnv emituxia Tou épyou SAT o
avrioToixog Trivakag CPT tepiAapBdver 9 kehid, kabwg e€aptdrar amd duo
KOMBOUG-yoVveiG KABe évag €k TwV OTToIWY €XEl TPEIG TIBAVES KaTaoTdoelg (32). O
mivakag CPT tou k6uBou Tou pubpou kartcioduong mTepIAapBavel cuvolika 162
OIaPOPETIKA KeAiQ, KABWG €xel TPEIS DIOPOPETIKEG KATAOTACEIG, KABE Hia €K TWV
OTToIWV TTPOCOIoPICETAl ATTO TECOEPIG DIOPOPETIKEG TTAPAUETPOUG, TPEIG EK TWV
oTToIWV guPavifovTal PE TPEIG KATAOTACEIG Kal Yia pe dUo kataoTaoelg (33 * 21).
TéNog, o mivakag CPT Ttou kéuBou Tou duVANIKOU QUOIKAG aTTOPPUTTAVONG
TepIANaUBAvEl CUVOAIKG 243 dI0QOopPETIKA KeAia, KABWG €xel TPEIS OIAPOPETIKES
KATOOTAOEIG, KADE Wia €K Twv OTToiWwV TTPoadiopileTal aTTd TECOEPIC DIAPOPETIKES
TTAPAUETPOUG, Ol OTTOIEG EP@aviovTal IE TPEIG KATAOTATEIS (34).

To6oo 0 TUTTOG Kal 01 KATAOTAoEIG KABe peTaBANTAG 600 Kai o1 Trivakeg CPT
KABe kKOuPBou-tTaidiou, kaBopioTnkav Pe TN BornBeia €1I8IKWY oTa £pya TEXVNTOU
EMTTAOUTIONOU SAT Kal eAEyXONKaV WG TTPOG T CUVETTEIO TWV ATTOTEAECUATWYV
Tou BBN. O1 mivakeg CPT TtrapartiBevrar avaAutikd oTto [llapdptnua Tng

OITTAWMATIKAG EpyaTiag



5.2.3 Xpnon tou povtélov BBN otnv e€aywyn CUUMEPACUATWY

‘Exovtag kataokeudoel 1o BBN yia Tnv eKTipnon Tng €TMTUXiag evog €pyou
TEXVNTOU EUTTAOUTIONOU SAT UTTO TO TTPIOUO TWV CUYKEKPIMEVWY TTAPANETPWY,
uTTdpxel duvartoTnTa va €Eaxbouv CUUTTEPACUATA VIO MIa OEIpd Oevapiwy,
UTTOBETIKWY 1 Kol TTpayuaTtikwy. AKoAoUBwg, TtrapatiBevral, yia Adyoug
TTapousiaong Twv dUVATOTHTWYV TOU JOVTEAOU, TO ATTOTEAEOUATA TNG EKTIMWMEVNG

ETTITUXIOG TOU £PYOU YIa TIG £ENG OKTW OIOPOPETIKES TTEPITITWOEIS (OEVAPIQ):

MNepimTwon A:

e [loiétnTag Aupdtwy: oTavrapT.

o  KoKKOMETpIa: YEYAAN.

o [lopwdeg: pyeyalo.

o  YOpauAikh aywyIiuoTnTa: MEYAAN.

e  Auvauikd QUOIKNG aTToOPPUTTAVONG: HEYAAO

MepimmTwon B:

e [loidéTnTag AUPATWYV: avwTEPN.

o  KokkopeTpia: geydaAn.

o [lopwdeg: peydAo.

e YOpaAuAikh aywyIiuoTnTa: JEYAAN.

e Auvapiké QUOIKNAG atroppuTTavong: YEYAAO

MNepimtwon I:

e [loidTNTAG AUPATWYV: OTAVTAPT.

o  KoKKOMETpIa: XauNAR.

o [lopwdeG: XaunAo.

e YOPAuAIKA aywyIiuoTATA: XAUNAR.

e  AuvapikO QUOIKAG aTToppUTTaVONG: XAUNAO.

MNepimTwon A:

e [loiétnTag AupdTwyV: avwTepn.

o  KOKKOMETPIA: XaUNAn.



o [Topwdeg: XauNAo.
o  YOpPaAuAIKA aywyIiuoTATA: XAUNAR.

e  AuvapikO QUOIKNG aTToppuUTTIaVONG: XaUNAO.

MepimTwon E:

e [loidTNTag AUPATWYV: OTAVTAPT.
o KokkoueTpia: péon.

e [lopwdeg: péoo.

e YOpaAuAikh aywyIigoTnTa: héon.

e Auvauiké QUOIKAG atToppUTTavong: XaunAo.

MepimTwon 2T:

e [loidTNTag AUPATWYV: OTAVTAPT.
o KokkoueTpia: péon.

o [lopwdeg: péoo.

e YOpauAikKA aywyIiuoTnTa: hEON.

e Auvauikd QUOIKNG aTTOPPUTTAVONG: UWNAO.

MepimTwon Z:

e [loidTNTAG AUPATWYV: UYNAR.

o KokkoueTpia: péon.

e [lopwdeg: péoo.

e YOpauAikh aywyIigoTnTa: héon.

e Auvauiké QUOIKAG atToppUTTavong: XaunAo.

MepimTwon H:

Mo16TNTOG AUPATWY: UYNAT.

KokkopeTpia: péon.

Mopwdeg: péoo.

YSpauAikA aywyiuoTnTa: yéon.

Auvapikd QUOIKAG ATTopPUTTAVONG: UWNAQ.



5.2.3.1 Nepimtwon A

2TNV TTEPITITWON A, BETOVTAG TNV KOKKOUETPIA, TO TTOPWOEG, TNV USPAUAIKA

aywyiuétnTa Kail 1o duVAuIKO QUOIKNAG atToppuTIavonG OTIG MEYIOTEG TIUEG TTOU

MTTOpOUV va TTAPOUV, XPNOIMOTTOIWVTAG TTAPAAANAG pIa TUTTIKA  TTOIOTATA

OeuTEPOYEVWV AUPATWY, N TBavOTNTA va KUMAiveTal 0 puBuog karteioduong o€

upnAd emitreda gival peyadAn (80%) evwy uttdpxel Kal pia pIKpOTEPN TBAVOTNTA

(20%) va kupaivetal oe PETPIEG TIMEG. AVTIBETWG, N OTTOTEAECUATIKOTNTA TNG

QUOIKNG atToppuTtravong £xel ToavoTnTa 85% va Bpebei oe xapnAd emitreda. To

OUVOUOOTIKO ATTOTEAEOUA TwV OUO AUTWYV TTOPAPETPWY AVTAVOKAATAl TEAIKG OTN

METPIO ETTIOOON TOU CUCTAHMATOG WG TTPOG TNV ETTITUXIa TOU (Success = 43,2).

O

granulometry

lowy

high

moderate 0%

0%

100% =

-

porous

low
medium
high

0%
0%
100%

ik

_) hydraulics conduct...

low

high

medium 0%

0%

- quality

standard 100% ||

high 0% =
¥

o R

low 0%

medium 20%

high 0% I -

low a5 [

100%

iH

_  geopurification

low
medium
high

0%
0%
100% =

" | medium 10%

" effective purification

high 5%l ™

\

RRENNARE.

2xApa 25. E@apuoyn Mepirtwong A oto GeNle

&8 SUCCESS

Expected utiity 432[l [
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5.2.3.2 Nepintwon B

H Mepimrwon B diagopotroicital wg mpog tnv lepimtwon A povo otnv
TToIOTNTA TWV AUPATWY. OETOVTAG OPOIEG PE TTIPONYOUPEVWG TIMEG OTIG UTTOAOITTEG
TTOPAPETPOUG, O0€ ouvOUAOUS HE Hia ApioTn TToI0TATA AUPATWY (TPIToRd&duIa
emegepyaaoia), n MOavoeTNTa yia To pubud Kateioduong va QTACEl TN YEYIOTN TIUA
Tou gival 100%. QoTéo0, 6TTWG Kal oTnv MepitrTrwon A, n mOavoTnTa va Bpedei n
ATTOTEAEOUATIKOTNTA TNG QUOIKAG ATTOPPUTTAVONG 0€ XauNnAd etTitreda gival 85%,
KaBwg ival aveEdptntn atro TNV ToIdTNTA TWV AUPATWY. Q¢ TEAIKO aTTOTEAEC A,
n emTuyia Tou ouoTpaTog SAT augdvel katd 10% TrepitTou, Kal AapBavel TiuA
46,5.

[ quality
standard 0%
high 100% =]
[ granulometry
lowy 0%
moderate 0%
high  100% =
¥
[ R
L] porous — 0%
low 0% medium 0%
medium 0% high 100% -
high 100% =
L SUCCESS
) hydraulics conduct... ) effective purification /Expected utility 45.5
Iow 0% - ow  85% |
medium 0% medium 10%
high 100% = high 5%l m

(] geopurification
I 0%

medium 0%

high 100% =

IxAua 26. E@apuoyn Mepimmrwong B ato GeNle
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5.2.3.3 Nepimtwon T

21NV TTEPITTITWON I, N KOKKOPETPIA, TO TTOPWOEG, N UDPAUAIKI) aywyiuoTnTa
Kal TO OUVAMIKO QUOIKAG atroppuTTavong OTIG XOUNAOTEPEG KATAOTAOEIG,
d1IaTNPWVTAG TTAPAAANAQ pIa TUTTIKA TTOIOTNTA DEUTEPOYEVWV AUPATWY, €XEI WG
ATTOTEAECOHA TNV EUPAVION XAUNANG KaTdoTaong OTo PuBpsd Kateioduong He
mBavétnTa 100%. AVTIBETWG OUWG, N OTTOTEAEOUATIKOTNTA TNG QUOIKNAG
ATTOPPUTTAVONG EUVOEITAI ATTO TIG XAUNAEG TIMEG TNG KOKKOUETPIAG, TOU TTOPWAOUG
KAl TNG UOPAUAIKNG aywyluoTNTaG KI epaviCel mlavotnta 85% va AdBel uwnAni
TIuR, 10% va AaBel pétpia i Kal 5% va AaBer xapnAn (n mlavoTtnTa dev eival
MNOEVIKA KaBWS TO duVaUIKG QUOIKAGS attoppuTtavong AauBavel xapunAn Tiun.

[ quality
standard 100% |
high 0% =
[ granulometry
low  100% [T
moderate 0%
high 0% =
\ ¥
] IR
] porous low  100% I
low 100% [T medium 0%
medum 0% high 0% E\
high 0% =

L _J SUCCESS

) hydraulics conduct... ) effective purification /Exp&ct&d utility 37.25
low 100% [ | L ow 5%l

medium 0% " | medium 10%

high 0% = high 85% 7

( geopurification

low  100% ]

medium 0%

high 0% =

ZxApa 27. E@apuoyn Mepirrwong IN oto GeNle

Q¢ ammoTéAeopa Twv TTapPATTAvVW, N TOAvOTATA ETTITUXIAG TOU CUGCTHHUATOG

SAT trepiopietal oto 37,25.




5.2.3.4 Nepintwon A

H Mepitrrwon A diagépel wg mmpog Tnv lNepimmtwon [ otnv TToIdTNTA TWV
XPNOIUOTTOIOUMEVWY  AUMATWY, Ta oOTroia Bewpeital OTI TTPOEPXOVTAl  ATTO
TpITORGOuIa  emmeepyania. AlaTnpwvtag OAeG TIG GAAeG peETOBANTEG OTa
XAPNAOTEPA ETTITTEDA TIMWV KAl OIAQOPOTIOIWVTAG TNV TTOIOTNTA TWV AUMATWY,
TIPOKUTITEl Mia pIKpr BeATiwon oto puBud kateiocduong, KaBwG augdveral oTo
20% n mlavéTnTa va TTapatnenOei pia péon karaotaon. H atmroteAeopuartikotnTa
TNG QUOIKAG aTTOpPUTTAVONG TTOPAPEVEI APETABANTN, KABWG gival avegdptnTn TNG
moIéTNTAG Twv AUPATWY. O ouvduaoudg Twv dUOo PETAPANTWY, Tou pPuBuoU
Kateioduong Kal TNG ATTOTEAEOHATIKOTNTAG TNG QUOIKAG ATTOPPUTTAvVONG, odnyei
O€ augnon Tng TINAG TNG etmiTuxiag Tou ouoTtriuatog SAT oe 43,8 (BeAtiwon katd

18% TrEPITTOU).

(] quality

standard 0%

high 100% =
] granulometry
low  100% [T
moderate 0%
high 0% =

b

] R
O poous ow oo I
low  100% [ medium 20%
medium 0% Jhigh 0% m
high 0% =

L 2 SUCCESS

> hydraulics conduct... " effective purification Expected utilty 43.3
low 1007 I o]
medium 0% " | medium 10%
high 0% = high  85% ™
(] geopurification
low 100% I
medium 0%
high 0% &

ZxAua 28. Egappuoyn Mepimmwong A oto GeNle



5.2.3.5 Nepintwon E

2TNV TTEPITITWON E, N KOKKOUETPIA, TO TTOPWOES, N UOPAUAIKH aywyIhnoTnTa
Bewpeital OTI PpiokovTial o€ pEON KATAOTOON KAl TO OUVOUIKO QUOIKNG
aATTOPPUTTAVONG 0€ XAPNAS £TTiTTEdO, Kal TTAPAAANAQ XPNOIUOTTOIEITAI MIO TUTTIKK
TTOIOTNTA DEUTEPOYEVWV AUPATWY. AUTA Ta OEDOOUEVA £XOUV WG ATTOTEAEOUA TNV
eMQAvion péong KatdoTaong oto pubuod kateioduong pe mOavotnTa 80% Kai
XaUNARG pe mlavotnTa 20%. H a1roTEAECUATIKOTNTA TNG YUOIKAG ATTOPPUTTAVONG
éxel mBavotnta 90% va AdBel péon TiuR kar 10% va AdBer xapnAn mipn. O
OUVOUOOUOG QUTWY TWV ATTOTEAEOUATWY Oivel PETPIA ETTITUXIO TOU CUCTAUATOG
SAT (tiun = 42,8).

(] quality

standard 100% [ |
high 0% =

O  granulometry
low 0%
moderate 100% | |
high 0% [

] R
O porous ow  20%]l
low 0% medium 80% |}

medium 100%| high 0% =
high 0% g

L 2 Success

O hydraulics conduct... QO effective purification //'Expected utity 42.8[0 &
low 0% low  10%]]]

medium 100% | .‘medium90%|7|:

high 0% E high 0% =

O  geopurification
low 100% [
medium 0%

high 0% =

IxAua 29. Eg@apuoyn Mepimmrwong E ato GeNle

60



5.2.3.6 Nepimtwon 2T

H Mepimrwon 2T diagépel ammd tnv lMepimmtwon E wg mpog v TiuR Tou
QUOIKOU OuVaMIKOU atroppuTTavong TTou Bewpeital 0TI Bpioketar o€ uwnAd
emimedo. KaBwg 10 QUOIKO Ouvauikd atropputravong emmnpedlel yévo tnv
ATTOTEAEOUATIKOTNTA TOU OUVOUIKOU QUOIKAG atmopputravong, O puBuog
kKateioduong TTapPAMEVEl QUETARBANTOG, €V N QTTOTEAEOUATIKOTNTA (QUOIKKG
armmopputravong epgavi¢el 10% mlavotnTa va Adper uwnAn Tiun kai kai 90% va
AGBel pétpia. H emruyia tou cuotApaTtog SAT aufdvel katd 8% Trepitrou, Kal

AauBavel Tiun 47,3.

- qualtty

standard 100%[T]

high 0% =]
o granulometry
low 0%
moderate 100%|
high 0% =

4

] R

© BOfous ow  20%|ll)
j -
ow 0% " {medium20% | ]
medium 100% (¥ ' high 0% %
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[O hydraulics conduct... O effective purification Expected utiity 47.3
low 0% plow 0%
medium 100% ] medium 90% | |
high 0% = high  10%| =

O  geopurification
low 0%
medium 0%
high 100%

ZxAua 30. Egapuoyn MNepitrrwong ZT oto GeNle
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5.2.3.7 Nepintwon Z

21NV lMNepitrtwon Z, N KOKKOUETPIA, TO TTOPWOES, N UOPAUAIK aywyIhnoTnTa
BpiokovTtal og péon KATAOTAON KAl TO OUVAMIKO QUOIKAG ATToppuUTTIavVONnG O€

XOUNAG €TmiTTedo, evwy n ToIOTNTA TWV AUPATWY Bewpeital uywnAn, KaBwg

TTPOEPXOVTAI

OUVANIKOU QUOIKAG atropputravong eugavifel 90% moavoTnTa va Bpioketal o€
péETpIa emTireda kal 10% o€ xaunAr. O puBudg kateioduong eupavicel 10%

mOavoTnTa va AdBel uwnAn TiuA kai 90% moavoTtnTa va AdBel ETPIA. ZUVOAIKA,

amoé  TpIToPdbuia  eTTECEPyQTia.

N emTuxia Tou cuoTApaTOg SAT augdvel kal Aaupavel Tiun 49,9.
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ZxApa 31. E@apuoyn Mepimtwong Z oto GeNle

success

Expected utiity 49.9
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5.2.3.8 Nepintwon H

H Mepimrrwon H dia@€pel atrd TNV TEPITITWON Z WG TTPOG TO OUVAUIKO QUOIKNG
aTmoppuUTTavVoNG, To oTroio Bewpeital uwnAd. O pububdg Kateioduong eueavicel
10% mBavotnTa va Adpel uwnAn TiuA Kol 90% mlavoTnTa va AABeEl JETPIA KAl N
ATTOTEAEOHATIKOTNTA TOU OUVOUIKOU QUOIKNAG attopputravong eu@avifel 90%
mBavétnTa va PBpioketal oe pétpia emimeda kal 10% o€ uwnAd. Qg TeAIKO
aTTOTEAEOHA, N ETMITUXIA TOU CUOTAPATOG SAT KUupaiveTal 0€ PHETPIA TTPOG UWNAdD

etTitreda Kal AapBavel Tiun 55.

o quality
standard 0%
high 100% [l

[e»] granulometry
low 0%
moderate 100%| |
high 0% =
¥

(] IR
L] porous o 0%
low 0% mediquEl%\F
medium 100% | high  10%]ll &
high 0% =]

L _J SUCCESS
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2xApa 32. E@apuoyn Mepimrrwong H oto GeNle
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5.2.3.9 Eupeon cuvOnkwv BéAtiotng anddoong

Kal OTIG OKTW TIEQITTTWOEIG N mOavoetnTa  €mMITUXiaG TOU  TEXVNTOU
EMTTAOUTIONOU KUpaiveTal o€ METPIA eTTiTTEdA. KATI TETOIO €ival AVOUEVOUEVO
KOBWG N KOKKOUETPIA, TO TTOPWOES, N UDPAUAIKA aywyiuoTnTa dnuioupyouv
avTippoTreg OUVAMEIC OTIGC METAPANTEG TOu pubpol  Kateioduong Kal TNG
QATTOTEAEOUATIKOTNTAG TNG QPUOIKNAGS atropputravong (dnA. otav eugavifovtal ol
MEYIOTEG TINEG TOU puBpoU KaTteioduong, eggavifovtal ol EAAXIOTEG TIUEG OTNV
QATTOTEAEOUATIKOTNTA TNG QUOIKAG ATTOPPUTTAVONG Kal To avTioTpo@o). QoTdoo,
METAEU TWV TTEPITITWOEWY TTOU €EETAOTNKAV gU@avifovTal dIaQopES, Ol OTTOIEG,
METAEU TNG XOUNAOTEPNG Kal TNG UWNASTEPNG TIMNG KUUaivovTal o€ TTITTEdO AvVW
ToU 30%.

5.2.4 Avaluon evawoBnotlog pe xprion Tou povteAou BBN

Mépav TnG exTipnong Tng emituxiog e€vog épyou SAT umtd 1O TIpioua
OUYKEKPINEVWY OUVONKWV YIa TIG METABANTES €10000U, TO JOVTEAO, e TN BonBeia
Tou Trapéxel 1O Aoyiopikd GeNle, ptopei va xpnolgotroinBei yia TNV
TTPAYHATOTTOINCN aVAAUCEWY €uaIoONaiag.

2T OUYKEKPIPEVN TTEPITITWON KAvOovTag avaAuon euaiocbnoiag oe kKABe pia
amd TI¢ TlePIMTTWOEIC TTPOKUTITOUV Ta €¢AC OKTW dlaypduuarta, Ta oTToid

armreikovifovtal ota Zx. 33 £wg 40.
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Sensitivity for success
Current value: 432 Reachable range: [359.8887 .. 45.7133]

40 41 42 43 44 45 45

1: effective_purification=low | granulometry=high, perousshigh, hydraulics_conductance=high, gecpurification=high

2. success | R=high, effective_purification=low

3: IR=high | granulometry=high, porous=high, hivdraulice_conductance=high, quality=standard

4: success | IR=high, effective_purification=medium

5. IR=medium | granulometry=high, porous=high, [hydraulics_conductance=high, guality=standard
&: effective_purification=medium | granulometry=high, pereus=high, hydraulice_conductance=high, gecpurification=high
7. effective_purification=high | granulometry=high, porouskhigh, hydraulice_conductance=high, geopurification=high

& success | IR=medium, g¢ffective_purification=low

5 success | IR=high, effective_purification=high

10: success | R=medium, effective_purification=medium

11 success | IR=medium, effective_purification=high

Parameter Spread: 10%

ZxApa 33. Aldypaupa euaioBnoiag Tornado Mepitrtwong A

Sensitivity for success
Current value: 45.5 Reachable range: [42.8187 .. 50.1833]

43 44 45 45 47 43 49 50

1: effective_purification=low | granulometry=high, perousshigh, hydraulics_conductance=high, gecpurification=high

2: success | R=high, effective_purification=low

3. success | IR=high, effective_purification=medium

4: effective_purification=medium | granulemetry=high, poerods=high, hydraulics_conductance=high, geopurification=high

5: effective_purification=high | granulometry=high, porouskhigh, hydraulics_conductance=high, geopurification=high

§: success | IR=high, effective_purification=high

Parameter Spread: 10%

ZxApa 34. Aidypappa euaioBnoiag Tornado Mepimtwong B
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Sensitivity for success
Current walue: 37.25 Reachable range: [35.125 .. 38.375]

36 v 38 39

1: success | IR=low, effective_purification=high

2. effective_purification=high | granulometry=low, poroug=low, hydraulics_conductance=low, geopurification=low

3. effective_purification=medium | granulometry=low, porogs=low, hydraulics_conductance=low, geopurification=low

lowe, hydraulics_coenductance=low, geopurification=low

4: effective_purification=low | granulometry=low, perou

5 success | IR=lgw, effective_purification=medium

Parameter Spread: 10%

ZxApa 35. Aildypaupa suaioBnaoiag Tornado Mepirrwong I

Sensitivity for success
Current value: 43.8 Reachable range: [41.18 .. 45.42]
42 43 44 45 45

1: IR=low | granulometry=low, porous=low, hydraulics_conductance=low, quality=high

2. effective_purification=high | granulometry=low, porocug=low, hydraulics_conductance=low, gecpurification=low

3: success | IR=low, effective_purification=high

fiective_purification=high

4: success | IR=medium,

5. IR=medium | granulometry=low, porous=loy, hydraulics_conductance=low, quality=high

§: effective_purification=medium | granulometry=low, porogs=low, hydraulics_coenductance=low, geopurification=low

7. effective_purification=low | granulometry=low, perousklow, hydraulics_conductance=low, geopurification=low
2. success | IR=low, effective_purification=medium

5. success | IR=medium, effective_purificatiocn=medium

10: success | IR=medium, pffective_purification=low

Parameter Spread: 10%

ZxApa 36. Aldypaupa euaioBnoiag Tornado Mepimmtwong A
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Sensitivity for success
Current value: 428 Reachable range: [40 28 . 45.32]

41 42 43 44 45

1: success | IR=medium, effective_purification=medium

2: effective_purification=medium | granulometry=moderate, poroug=medium, hydraulics_conductance=medium, geopurification=low

3. IR=medium | granulometry=moderate, porous=mediufn, hydraulics_conductance=medium, quality=standard

4: |R=low | granulometry=moderate, porous=medium) hydraulics_conductance=medium, quality=standard

5. effective_purification=low | granulometry=moderate, porous

medium, hydraulics_conductance=medium, geopurification=low

6: success | R=low, effective_purification=medium

7. success | IR=medium, ¢ffective_purification=low

Parameter Spread: 10%

ZxApa 37. Aidypauua euaiodnoiag (Tornado diagram) Mepitrtwong E.

Sensitivity for success
Current value: 47.3 Reachable range: [44 73 .. 45 82]

45 46 a7 48 49

1. success | IR=medium, effective_purification=medium

2: IR=medium | granulometry=moderate, porous=medium, hydraulics_conductance=medium, quality=standard

3 effective_purification=medium | granulometry=moderate, porou

4: IR=lowe | granulometry=moderate, porous=medium,

hydraulics_conductance=medium, quality=standard

E: zuccess | IR=medium, gffective_purification=high

&: effective_purification=high | granulemetry=moderate, porous:

7. success | R=low, effetive_purificatien=medium

&: success | IR=low, effective_purification=high

=medium, hydraulics_conductance=medium, geopurification=high

medium, hydraulics_conductance=medium, geopurification=high

Parameter Spread: 10%

ZxApa 38. Aildypauua euaiodnaoiag (Tornado diagram) lMepimtwong ZT.
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Sensitivity for success
Current value: 439 Reachable range: [47.065 .. 52 735]

48 49 50 o1 52

1: success | IR=medium, effective_purification=medium

2 effective_purification=medium | granulometry=moderats, poroug=medium, hydraulics_conductance=medium, geopurification=low

3. IR=medium | granulometry=moderate, porous=medgium, hydraulics_conductance=medium, quality=high

4: success | R=high, effective_purification=medium

5. effective_purification=low | granulometry=moderate, poroussmedium, hydraulics_conductance=medium, geopurification=low
&: IR=high | granulemetry=moderate, porous=mediym, hydraulics_conductance=medium, quality=high

T: success | IR=medium,

ffective_purification=low

8 success | R=high, effective_purification=low

Parameter Spread: 10%

ZxApa 39. Aidypaupa euaiodnaoiog (Tornado diagram) MepimTwong Z.

Sensitivity for success
Current value: 55 Reachable range: [52.165 .. 57.835]

53 o4 55 56 57

1: success | IR=medium, effective_purification=medium

2: IR=medium | granulometry=moderate, porous=medium, hydraulics_conductance=medium, quality=high

3: effective_purification=medium | granulometry=moderate, poroug=medium, hydraulics_conductance=medium, geopurification=high
4: zuccess | R=medium, gffective_purification=high
5. success | IR=high, effective_purification=medium
&: IR=high | granulemetry=moderate, porous=mediym, hydraulics_conductance=medium, guality=high
7. effective_purification=high | granulemetry=moderate, porous:

medium, hydraulics_conductance=medium, gecpurification=high

&8: success | IR=high, effective_purification=high

Parameter Spread: 10%

2xApa 40. Aidypaupa suaioBnaoiog (Tornado diagram) Mepitrtwong H.



To diaypaupa Tornado deixvel TTOOO0 PETABAAAETAI TO EUPOG TNG METABANTAG
«EmTuxiay, yia Tn ouykekpigévn €mOuUNTA KatdoTaon (n oTroia eKpAdleTal atmo
TNV TIun TTou AauBdvel oto oevapio Bdong). To eUpog TNG KABE opIlOVTIOG UTTAPAG
dcgiyxvel To TTOo000TO YETABOANG TNG METABANTAG «ETTiITUXiON», OTAV YETABAAAETAI N
TIUA TwV UTTOAOITTWYV TTapaPéTPwY. Ooo PeyaAUuTEPO €ival TO €UPOG, TOOO TTIO
euaioBnTtn cival n «EmTuxia» otn ouykekpigévn petaBANTA. O1 ptTdpeg civai
TOTTOOETNPEVES ATTO TN YEYAAUTEPN TTPOG TN MIKPOTEPN ATTO TTAVW TTPOG TA KATW,
€€ OU KaI TO Gvopa Tou ypa@ruartog. Eav Tpétrel va yivel oUyKpIon OTITIKA TTOAAWV
METARANTWYV Kal €ival avaykn va TTpo0dIOPIOTOUV O ONUAVTIKOTEPES €€ AUTWYV, TO
didypapua tornado atreikovilel TIG HETABANTES TTOU OUUBAAAOUV TTEPICOOTEPO OTO
€0UPOG TOU ATTOTEAEOUATOG, KAl WG €K TOUTOU €ival QUTEC OTIC OTTOIEC Ba TTPETTEI va

000¢i peyaAuTePN TTPOCOXN.
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6 2YMMNEPAIMATA

Ta TeAeuTaia Xpovia aoKoUvTal OAOEva KOl MEYAAUTEPEG TTIECEIG OTA
amoBéuara Twv UTTOYEIWV VEPWY avd Tov KOOHO, €iTe AOYyw TTOIOTIKAG
uttoBdaBuIong, atd onuelokEG Kal OIAXUTEG TINyEG puTTAvVONG, €iTe AOyw
uTTEPAVTANONG. Mia diagaivougvn Auon oTo {ATnPa TNG opBoAoyIKAG diaxeipiong
TWV UdATIKWV TTOpWV Kal &n Twv UTTOYEIWV @aiveTal va gival n ammobrikeuon
TTOOOTATWY VEPOU, O€ TIEPIODOUG TIOU QUTO TTEPIOOEVEI, OE€ UTTOYEIOUG
udpo@opeig, pia dladIKaoia yvwaoTr wg TEXVNTOG EUTTAOUTIONOG TWV UTTOYEIWV
vEPWV. YTTapxouv Odldgopeg HEBODOI TeXVNTOU €gPTTAOUTIONOU. QOTOCO, N
KATaAANASTNTA KGBE PeBOBOoU e€apTdTal atrd TTOANEG TTAPAPETPOUG, OTTWG TT.X. TO
€i00GC Kal Ta XOPOKTNPEIOTIKA TOU UdPOQOPEA, N TroldTNTA TWV VEPWV TTOU
XPNOIUOTTOIOUVTAI VIO TOV EUTTAOUTIONO, K.ATT.

H tTapouca dImMAwUATIKA epyacia divel €ugacn OTa CUCTAUATA TEXVNTOU
EMTTAOUTIONOU pe Tn péEBodOo SAT. Mo cuykekpiyéva, oTOXOG €ival n avdaTTugn
EVOG povTéAou TPOPAewns TG OuvNTIKAG ETTITUXiag Tou ouoThuaTtog SAT,
AauBdavovtag utroywn TIG TTAPAUETPOUG TOU YEWAOYIKOU TTEPIBAAAOVTOG (KUPIWG
NG akOPEOTNG CwvNG) KAl TAG TTOIGTNTAG TOU VEPOU TTOU OIATIBETAI OTIG AEKAVEG
kateioduong. To povréAo avamTuooeTal he TN pop®r evog BBN. Ta BBN, 61Twg
YEVIKOTEPA TA MOVTEAQ VOEPNG ATTEIKOVIONG ME TN Hop®ry JIKTUWYV, TTAPEXOUV
ouvatétnTa dlaudpPwaons Kal eEETaoNG TTOAAWY aevapiwv Kal SIEUKOAUVOUV

onuavTika tn diadikacia AYng amépaong.

To BBN 10U avamTtuxbnke otnv TTapouca epyacia, ye tn Porbeia Tou
e€e1dikeupévou Aoyiopikou GeNle, Baoiletal o€ TTEVTE BACIKOUG TTAPAYOVTEG: TNV
KOKKOMETPIA, TNV UDPAUAIKI aywyludTnTa, TO TTOPWOES KAl TO PUOIKO OUVAUIKO
ATTOPPUTTAVONG TNG AKOPEOTNG wvnG KAl TV TTOIOTATA TWV XPNOINOTTOIOUUEVWV
AupdaTtwy. O1 mrapdyovteg autoi eTnpedlouv 1O puBud kKarteioduong Kal TNV
QATTOTEAEOUATIKOTNTA TNG QUOIKNAG aTToppUTTavonG Kal, OUVeTTakOAouBa, Tnv

EMITUXN €KBaAon TOu TTPOYPANMATOS TOU TEXVNTOU EUTTAOUTIOHOU.

2UVOAIKA €CETAOTNKAV OKTW OIOPOPETIKEG TTEPITITWOEIS CUVOUAOHWY TwV
Baoikwv TTaAPAyOVTWY. Z& OAEG TIC TTEPITITWOEIG N MOAvATNTA ETTITUXIAG TOU
TEXVNTOU EUTTAOUTIONOU KUpdaiveTal o€ PETPIA €TTITTEDA. TO ATTOTEAEOUQ AUTO

e€nyeital ammd 1O YyeEyovog OTI N KOKKOMETPIa, TO TTopwdeG, n UdPAUAIKA



aywyiuétnTa dnuioupyouv avTippoTreg OUVAUEIG OTIG METABANTEG TOu pPubuou
Kateioduong Kal TNG ATTOTEAECUATIKOTATAG TNG QUOIKNAG atropputravong (dnA.
otTav eu@avifovral ol PEYIOTEG TIUEG TOU puBuou kateioduong, eugavifovTal ol
eENAXIOTEG TINEG OTAV ATTOTEAECMATIKOTATA TNG QUOIKAG aTTOPPUTTAVONG Kal TO
avTioTpo@o). QoTd00, YETAEU TWV TTEPITITWOEWY TTOU £6ETACTNKAV EU@avifovTal
ONMAVTIKEG BIAPOPEG, Ol OTTOIEG, METALU TNG XAMNASTEPNS Kal TNG uwnAdTEPNG
TIMAG KupaivovTal o€ eTTireda avw Tou 30%.

2UMTTEPOACUATIKG, av Kal TO MOVTEAO TIOU avaTITUXONKE aTToTeEAEl pIa
ammAotroinuévn  POp®R TG OUVOETNG KAl  TTOAUTTAOKNG  TTPAYMOTIKOTATAG,
avadelkvUel TIG OUVATOTNTEG TTOU UTTOPOUV va TTPOoCc@EPouV Ta JovTéAa BBN oTn
dladikaoia Afyng amégacng, o€ yia ocipd atrd TpoPARuaTa. TO CUYKEKPIPMEVO
MOVTEANO QTTOTEAEI HIa TTPWTN TTPOCTIABEI OTNV KATEUBUVON AUTH KAl UTTAPXOUV
ONUAvTIKA TTEPIBWPIA BEATIWONG YE TNV TTPOCOAKN ETITTPOCOETWYV TTAPAUETPWY,
TOV TTPOCOIOPICUO TTEPICCOTEPWY KATAOTACEWV Yia KABe TTapdyovTa, K.ATT.
Emriong, oe PeANOVTIKEG €peuvnTIKEG epyaciec Ba ptTopouce va e€EETAOTEN N
OlauépPPWan avTioToIXWV HOVTEAWV YIa GAAEC HeBGOOUC TEXVNTOU EUTTAOUTIONOU
| AKOUN Kal N KATaoKeun evog MOVTEAOU yia TnV €TTIAOYH TNG KATOAANASTEPNG
MEBGOOU TEXVNTOU EUTTAOUTIONOU CUVAPTACEl TWV ETTIKPATOUCWY OUVONKWYV O€

KAOe TTEPITITWON.
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MAPAPTHMA

Mivakag mlavoTATwy PubBuou karcioduong - CPT of Infiltration Rate

granulometry low low low low low
porous low low low low low
hydraulics_conductance |/ow low medium medium high
quality standard high standard high standard
low 1 0.8 0.9 0.2 0.8
medium o 0.2 0.1 0.8 0.2
high o o () () o
low low low low low low low
low medium medium medium medium medium medium
high low low medium medium high high
high standard high standard high standard high
o 0.9 0.25 0.5 0.25 0.2 o
1 0.1 0.5 0.5 0.5 0.8 0.8
o o 0.25 o 0.25 o 0.2
low low low low low low medium
high high high high high high low
low low medium medium high high low
standard high standard high standard high standard
0.8 o 0.5 o o o 0.9
0.2 1 0.25 0.6 1 0.3 0.1
o o 0.25 0.4 o 0.7 o
medium medium medium medium medium medium medium
low low low low low medium medium
low medium medium high high low low
high standard high standard high standard high
0.5 0.5 o 0.6 0.1 0.5 0.25
0.25 0.5 1 0.3 0.6 0.5 0.5
0.25 o o 0.1 0.3 o 0.25




medium medium medium medium medium medium medium
medium medium medium medium high high high
medium medium high high low low medium
standard high standard high standard high standard
0.2 o 0.25 o 0.2 0.1 o
0.8 0.9 0.5 0.5 0.8 0.6 1
o 0.1 0.25 0.5 o 0.3 o
medium medium medium high high high high
high high high low low low low
medium high high low low medium medium
high standard high standard high standard high
o o o 0.4 o 0.2 0.1
0.5 1 0.2 0.6 1 0.8 0.6
0.5 o 0.8 o o o 0.3
high high high high high high high
low low medium medium medium medium medium
high high low low medium medium high
standard high standard high standard high standard
o o 0.4 o 0.25 o o
1 0.3 0.6 0.6 0.5 0.5 0.7
o 0.7 o 0.4 0.25 0.5 0.3
high high high high high high high
medium high high high high high high
high low low medium medium high high
high standard high standard high standard high
o o o o o o o
0.2 1 0.2 0.4 0.1 0.2 o
0.8 o 0.8 0.6 0.9 0.8 1




Mivakag mlavoTATwy AuvauikoU Atropputravong - CPT of Effective purification

granulometry low low low low low
porous low low low low low
hydraulics_conductance |low low low medium medium
geopurification low medium high low medium
low 0.05 (o] o O.1 (o]
medium O.1 (o] o 0.3 0.3
high 0.85 1 1 0.6 0.7
low low low low low low low
low low low low medium medium medium
medium high high high low low low
high low medium high low medium high
o 0.3 0.2 o 0.2 o o
0.2 0.5 0.5 0.6 0.3 0.4 0.3
0.8 0.2 0.3 0.4 0.5 0.6 0.7
low low low low low low low
medium medium medium medium medium medium high
medium medium medium high high high low
low medium high low medium high low
0.3 (o] o 0.2 O.1 0.05 0.2
0.5 0.7 0.6 0.8 0.9 0.9 0.4
0.2 0.3 0.4 o o 0.05 0.4
low low low low low low low
high high high high high high high
low low medium medium medium high high
medium high low medium high low medium
0.1 o 0.1 0.2 0.05 0.8 0.7
0.5 0.6 0.9 0.8 0.9 0.2 0.3
0.4 0.4 o o 0.05 o o




low medium medium medium medium medium medium
high low low low low low low
high low low low medium medium medium
high low medium high low medium high
0.6 o o o 0.15 o o
0.4 0.5 0.4 0.3 0.8 0.9 0.6
o 0.5 0.6 0.7 0.05 0.1 0.4
medium medium medium medium medium medium medium
low low low medium medium medium medium
high high high low low low medium
low medium high low medium high low
O.1 o 0.05 O.1 o o 0.1
0.8 1 0.9 0.8 0.9 0.8 0.9
O.1 o 0.05 0.1 O.1 0.2 o
medium medium medium medium medium medium medium
medium medium medium medium medium high high
medium medium high high high low low
medium high low medium high low medium
o o 0.5 0.4 0.3 0.2 0.1
1 0.9 0.5 0.6 0.6 0.8 0.9
o O.1 o o 0.1 o o
medium medium medium medium medium medium medium
high high high high high high high
low medium medium medium high high high
high low medium high low medium high
0.05 0.2 0.4 0.3 0.8 0.6 0.6
0.9 0.8 0.6 0.7 0.2 0.4 0.3
0.05 o o o o o 0.1




high high high high high high high
low low low low low low low
low low low medium medium medium high
low medium high low medium high low
0.1 () o 0.2 0.15 0.05 0.7
0.2 0.2 0.1 0.8 0.8 0.9 0.3
0.7 0.8 0.9 o 0.05 0.05 o
high high high high high high high
low low medium medium medium medium medium
high high low low low medium medium
medium high low medium high low medium
0.8 0.9 0.15 o o 0.5 0.4
0.2 0.1 0.8 0.95 0.9 0.5 0.6
o o 0.05 0.05 0.1 o o
high high high high high high high
medium medium medium medium high high high
medium high high high low low low
high low medium high low medium high
0.3 0.8 0.6 0.6 0.9 0.8 0.7
0.7 0.2 0.4 0.3 0.1 0.2 0.2
o o o O.1 o o O.1
high high high high high high
high high high high high high
medium medium medium high high high
low medium high low medium high
0.9 0.85 0.8 1 0.8 0.85
0.1 0.1 0.2 o 0.2 0.1
o 0.05 o o o 0.05




Mivakag mlavoTATWY TNG ETTITUXiAG TOU TEXVNTOU gUtTAOUTIONOU - CPT of
Success of artificial recharge

R low fow low medium  |medium  |medium  |high high high
Effective purification  |low medium ~ |high low medium  |high low medium  |high
Value 15 35 65 50 15 65 ] 100
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