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VOUTIKOV TopwV — IIpocopoimon

Anuntpnc Kovtooyidvvng
Topéag Yoatwmv [Topwv
EBvico Metoofio TToAvteyveio

Ewsayoyn otny tpocopoicvocn

I'evikég évvoreg

*

*

Ipoocopoicveon (simulation): teyvikn Uipnong evog TPaypOTIKOD GUGTHLOTOS, OTWG
avto eEediooetar oto ypdvo (Winston, 1994, 6. 23).
Movtého Tposopoimeng (simulation model): éva cuvoro vmobécemv yio ™
Agrtovpyio TOL GLOTNUATOG, EKPPACUEVOV VIO LOPPT LOONUATIKOV 1] AOYIKOV
OYE0EMV HETOED TOV OVTIKEILEVMV TOV GLGTHUOTOS (Kot GLVIONE KOOIKOTOMUEV®V GE
TPOYPOLLLLO DVTTOAOYIOTY).
AWIKpLoN HOVTELOV TPOGONOIMGTG:

e oToy0oTKA (aAlde: Monte Carlo® mepthopfdvovy Tuyaiovg aptBpovs) 1 VIETEPUIVIGTIKA

e Swkpurd (ot petafAntés katdoTaons oALGLOVY TY G SLUKPLTES ¥POVIKES GTIYLEG) 1 oLVEYN
Y KOOGS TNG TPOGOUOIMOG: LEAET TNG CLUTEPLPOPAS EVOC GLOTNILATOS (UE
«OEYUOTOANTITIKN» TEYVIKN), OTAV 1 EQAPLOYT OVOALTIKGOV LeBOdwV elvar avEépiktn 1
woitepa SLGYEPNG.
IMieovekTROTA TG TPOGONOIMONG:

e EvkoAia, apecotnra, veh&ilo

e Axpifeln oty TEPLYpOP TOV CLOTHLATOS (YWPIG ATAOTOTIKES VTTODETELS)
MEe1ovEKTIROTA TG TPOGONOIMOG:

e Apyn vmoAoyloTikY Sradikacio

e [Ilpoceyyiotikd anoteAéopara, eEapTOHEVA Ko 0o To pEyeBog g detypotoAnyiog
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Iotopiko ™S TPOGOUOIMGIS GTE GVGTIHATA VOUTIKOV TOPOV

¢ Ilpoiotopia: o Hazen 10 1914 ypnoiponoince yio mpdt @opd cLVOETIKES GEPEG GTNV VOPOLOYiN
o¢e peréteg a&lomoTiog voaTik®V TOpoV (eumelpikn pebodoc: PA. Grygier & Stedinger, 1990).

¢ Emompoviki Ogperioon: ) dekaetio Tov 1940, silodyetan omd Lobnpotikong Kot pUOIKong
(Ulam, von Neumann, Fermi, Metropolis) n pébodoc Monte-Carlo yia tn perétn gavopévov
TUPNVIKNS euotkng (Metropolis, 1989, Eckhardt, 1989), ) onoia aretédeoe T Paon kot yo tnv
avamTuén TC VOPOAOYIKNG TPOCOUOIMONC.

¢  Avamtoén Kot 0140001 oTNV EMOTIES VOATIK®V TOp@V (PBA. Grygier and Stedinger, 1990):

1954, Barnes: yévvion 0GLGETIOTMV ETHOLMV OEGOUEVMV LE KOVOVIKT KaTovoun o€ pio O€om.
1962, Maass k.d., Thomas & Fiering: yévvnon ypovikd GUCYETIGUEVOV OEGOUEVMV LIE ] KOVOVIKEG
KOTAVOULES.

1965, Beard, 1967, Matalas: yévvnon mapdAAnA@v ¥povocelpdv ce dtapopes BEceLS.

1970, Box & Jenkins: kukhogopio tov kKAaotkoy Biiiov Time Series Analysis mov TpoypoTedeTon
™V aviALoT Kot GOVOEST] TV XPOVOGELPAOV, TV TAEWVOLNGT TOV GTOXUOTIKMV LOVIEAMV KOl TIG
EPAPUOYEG TOVG GTNV TPOGOUOIWGT) KOl TV TPOYVMOGN.

1976, Matalas & Wallis: kmdikomoinon tov 510popmv HoVIEA®Y TOADUETAPANTIG GTOYACTIKNG
TPOGOLOIMONG VOPOLOYIKMV dlepyacidV (oto Khaowkd BiPAio Ttov Biswas Systems Approach to
Water Management).

1985, Bras & Rodriguez-Iturbe: kvkhopopio Tov kAacikob BipAiov Random functions and
hydrology, mov gufabuve 6N ¥pNHo™ TG OTOYACTIKNG VOPOAOYINGC.
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Tomow Tpocopoinec - Akpifelo aroterecpdTOV

¢ Tomow tpocopoimong (Winston, 1994, ¢. 1220):

Karolnxrikn mpooouoimon (terminating simulation): mpaypotomoteiton £vag aplBpog n
EMOVUAWYEWDV TNG TPOCOUOIMONG LE TIG 1018 apykés ouvinkeg (ko idteg cuvbnkeg
petafoAing mapapéTpwy, OGOV To GUOTNUA YopoKTNPileTon Ao [N OTACIHOTNTO) KoL LLE
v St cuvlnKkn teppatiopo (m.y. yio dedopévo ypovo).

Ilpooouoiwon uoviung xardoroong (steady state simulation): Tpaypotomroteiton pio
TPOGOUOImON peydAov (BempnTIKA GIELPOV) YPOVIKOD UNKOVE (EQOGOV TO GOGTNLUO
yopakpiletatl amd GTaCILOTNTA).

¢ AxpiPelo armoteleopudtov

H oxpifelo 1oV anotelecpldToV TG TPOCOUOIMONG SETETAL OTTO TOVG VOLLOVG TNG
GTOTIOTIKTG.

Mio TopapeTPOG TG EXIO00TS TOL CLOTHHATOS 6 TOL ekTidTon amd To eEaydpeva n
TPOGOHOLDGEMY TOV GLOTNROTOG (BewpdvTog 6Tl @ = E[X], omdte 1 6 exTipdton ©G 0 HEGOG
OpOG TV TPOGOLOIMUEVOV TIUDV X;), £XEL SLACTNO EUTIOTOGHVIG UNKOVG

22 4 y25¢/ 1%°
OTIOV Y 0 GLVTEAEGTNG EUTIGTOGOVNG, Z(; 4 4 /2 TO [(1 +7) / 2] TOGOGTNHOPLO THG KAVOVIKTG
KOTOVOUNG KO Sy 1) SELYUOTIKT TUTIKT] amOKALoT. AV T0 dtdotnuo awto sivor embountod va.
gtvar 10 moAD 2 ¢ 6, 61ov ¢ dedopévo KAAGLLO, KOt 0 GUVTEAESTNG HeTaPfAnTotTnTog Tg X etvan
¢, TOTE 0 OmOLTOVUEVOG aPlOUOG EmavoryE®Y glvon

n=(Zq11y/2 ¢,/ c)?

Do mopaderypa, vy = 95% (z 1)/, = 1.96), ¢ = 1% o ¢, = 0.25, npoxvnrer n = 2400.
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2. Tvyatior aprOpoi
Ewcayoywkég évvoreg

*

Mia akolovBia apOuav x; Aéyeton axoiovbio toyaiwy apiBuwy dedouévyg
ratovoung F(x) av amotelel detypo g Tuyaiog petafAnmge X, n onoia £xet
cuvdptnon kotavouns F(x) (Papoulis, 1990).

H dwdikasio yévvnong toyaiov aptBudv sivat yvmotn Kot og dsryuatolnyia
Monte Carlo.

[No kéBe cuvdptnon Katavoung uropel va KaTooKELOOTEL Lo yevviTpIa
oyolwv apifuav (N Kol TEPIGGOTEPES).

H yevvitpro elvan évag adyopBuoc, cuvinbmg avadpopkog, o oroiog pmopel va
TapAyeL S0 KA 0GOVGONTOTE OPOLG TS TVYAi0S akoAovBiag. (XN TPAcn
VILAPYEL EVAL OPKETA LEYAAO, OALGL TAVTMOG TEXEPACUEVO, OPLO TLYOIMV
aplBumv Tov umopel va ddoel n akolovbio: Téve amd avtd To Op1o YiveTon
EMAVAAN YT TOV 010V aplBudv, dnAadn 1 akoiovdia yivetal meplodik).)

O1 tuyaiot apBpol dev yevvadvton otny oYY, 0AAA BAcEL VOGS avoTnpd
TPOGO0PIoTIKOD aAyopifov, o omoiog 0dnyel oy id1a akoAovbio aplBumv,
av Eexvnoetl pe Tig 1deg apyikég ovvOnies. (I'a To Adyo awTd ToVg TVY AoV
ap1Opovg peptkoi Toug ovopalovy wevdotoyaionvs.) Av OAAAEOVE TIC OPYIKES
ovvOnkeg Taipvoupe GAAN Tuyoio akoAovBia (akpiBéotepa AALO TUNLLO TNG
010G TEP10OIKNC akoAoVOiNG).
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I'évvnon aveCapTTOV TVYOLOV 0PLOp@V pne dgoopévn
ouvvaptinon katavomic (1)

*

OpoopopeN KOTOVOUN
o Tevvdvton ot aképatot aptdpol g; amd Tov avadpopKko TOTo
q;=(kq;_,+c)modm
omov k, ¢ ko m katdAAnec aképateg otadepéc (my. k=16 807, c=0,m=231—1=
2 147 483 647), o1 omoiot amoTeEAOVV TUYAIOVS OPLOLLOVG OLLOLOLOPPO KOTOVELUNUEVOVS GTO
dwotnua [1, m —1].
e YmoAoyifovton ot apBpoi

u;=q;/ m

OV OMOTELOVV TTPAKTIKA oKoAlovBia Tuyaimv apBpmdv cuveyovg THmov oto ddotua (0, 1).
Koavovikn katavoun

o Am\n pébodog: Adym TOL KEVIPLKOD 0plaKoy BempnioTog, To ABpolse TOAADY
OLOOLOPO®V TUYAL®V 0plOP®V (TPakTikd TovAdylotov 12) givor Tuyaiol aplBpol pe
KOVOVIKT] KOTOVOLL).

o Axpiéotepn nébodog: Av ot aptBpot u; kou v; etvon dradoyikol opotdpopeot toyaiot apBuot
o1o oaotua (0, 1), Tote ot apBuoi

w; = (=2 In v)*3 cos 2r u;), z;= (-2 In ;)% sin 27 u,)

ATOTEAOVV 010.00)1KOVEC OpovG akoAovBiag Tuyainv apBudy pe kavovikn katavoun N0, 1).
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I'évvnon aveCaptnrov TVY0i®V 0pLtOp@V pHe dsdonévn
ouvvapTnon Katavopng (2)
¢ Koartavoun yéypo
e T mapdpetpo oynuatog k > 0, 6mov k =k + 7 pe k = [k] ko 0 <1 < 1, vroroyileror n
axolovBia Tuyainv aptBudv w; e Tov axkéAovBo Tpomo:
& [evvavtal ot toyaiot apBuoi v; kou 7; e opoldpopen Koravoun oto didotnpa (0, 1)
s Ymohloyilovtar o apiBpoi a; = v\, b, = /(1 -%)

& EAéyyeton av a; + b, < 1. Ze mepintoon mov avtd dev cvupPoivet emavarapfévovron to
mpornyoveva PrinoTo pueEypt vo emitevyet.
& Ymoloyiletar o apOpdc w; amd Tov akdAlovbo THTo

w;=la,/ @+ b)lnu, = I,

¢ Tvyovoa katovoun
e Av Fl() n avtiotpogn cuvéptnon g cuvaptnong katavopng F(x), kot u; dtadoyikol
opotdpopeot toyaiot apBuoi oto ddotnua (0, 1), Tote o1 apBuol
w; = Fl(u)
OTOTEAOVV 31000)1KOVC Opovg axoAovdiag Tuyainy aplBudv pe cuvaptnon katavoun F(x).

e H nopamdvo mopotipnon Ppiokel Epopproyn OGOV UTOPEL VoL VTTOAOYIGTEL AVOAVTIKA M
F1() (my. katavopéc exBetikn, Gumbel, [AT).

e H fswpia mBavotntov mepilapPaver kon GALeG yevikéc peBodoroyiec mov Bpickovv
EPAPLOYN OE TEPIMTMGELG GAL®V KOTAVOUDV.
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3. MovopetafAnTtd 6TOYOOTIKA HOVTEAD

Tomkég kaTnyopieg
¢ Xtdoya (stationary) povtéha (Box and Jenkins,1970):
e Movtéla TOmov awtomaAlvdpounong (autoregressive — AR)
X-ad jtaX ot b X th),
OmoL X; 1 TPOG YEVVIOT| GTOXACTIKY OVEMEN (= TOGOTIKN EKPPOOT LLog HETAPANTG, T.X.
amopPONg, oTN SLOKPLTY T TOV XPOVoVL i), V; Bondntikn Tuyaia petofinty, aveEdptnn omd
Oheg TIG TPONYOOHEVEG V1, Vi 4, ..., KOODG KoL 0O TG X; 1, X; 5, ..., HE OEd0pEVN oTOdEPN
(aveEdptnTn TOL i) CLVAPTNON KOTOVOUNG, KO d}, Ay, - .., @, KOL b TopapeTpot pe otabepés
Tpég (ave&aptnreg tov i).
e Movtéla tOmov Kivntov pécov (moving average — MA)
X Vbl B o Dk
® Movtého THUTOV AVTOTAALVOPOUNCTG-KIVITOD HECOL (autoregressive-moving average —
ARMA)
Xi=a\ X, T X ,+..ta, X thV,thV, thV, ,+..1h
@ [leprodwd M emoytaxd (periodic or seasonal) povtéla
e Onmg t0 oTAGIHO, OALG [LE TAPAUETPOVS KOl GUVAPTAGCELS KOTAVOUNG TV V; mov
petafarriovror TepLodkd. o mapaderypo To unviaio LOVIEAO AVTOTOALVOPOUNGCTS Yio. TAEN 7
= 1 yiveton
X ax 10
OTOV 01 TOPALETPOL a; Kot b; Taipvouy SlapopeTikés THES Yo KGO prva (12 StopopeTikd
cOVoAa TIHAOV), EVD TO {010 GLUPALVEL YL TIC TAPAPETPOVS TNG CLVAPTNGNG KOTOVOUNG TG V.

m

m I—m
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4. AmthG molopeTafinTtd 6TOYOOTIKG HOVTELD

Baowkég e€lomoerg
€ Movtélo avtomalvépopneng Taéng 1 (AR(1))
X'=aX"'+pV

omov ¢ Seixtng mov cvuPoriler ypovikn Béon (nepiodo, m.x. £10¢), X' S1GVLGLA 11 TPOG YEVVIOT GTOYOGTIKMV
LETOPANTOV TNG TTEPLOSOL 7, E£0PTNUEVOV HETAED TOVG KOL LE TIS OVTIGTOLXEG LETOPANTES TTPOTYOVUEVOV
nepLodmv, V' didvoopo n fondnticdv Toyoinv petaPAnTtdv Tne TepLodon £, aveldpTTov HETAED TOVE Kot oo
TG netaPfAntés X Kot V mponyodpevov meplodmy, Kot a kot b untpoa topapétpov, frot

! ‘ ap ap Ay by by - by
Xl Vl n n
1 t
. X . Vs az1 dx °°c Qo by by - by
X = . b V = . b a: . . . . > b - . .
X[ l‘/t . . . .
¢ ¢ apl Ap2 Ay bnl bn2 bnn

€ Tleprodké povrédo avtomaivdopopneng taéng 1 (PAR(1))
stasXsfl +bsVs
omov s deiktng mov cupPoAilel ypovikn Béom (vomepiodo, m.y. PRVA), Kot ta voroura peyén Exovv v idio

oNUocio OTMG TOPATAVE, LLE TN SLPOPE OTL TOL LNTPDO. TOPAUETPOV EEPTAOVTOL HE TEPLOGIKO TPOTO OO
TNV VIoTEPiodo s:

S S s bS bx bS
s S apip ap o diy i1 912 Uiy
X 7
s s S S S bx bS bS
X, Vs a) a» = Qo 21 9 = Dy
XS: 2 2 VS: 5! o 4 . . . . i b: . .
- . : s 2 2
Xn Vn s s s s N s
Apl Ap2 " Apy bnl bn2 bnn
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Y TOTIOTIKEG TOPAUETPOL TTOV OLATI|POVVTUL

¢ Xt povtéha AR(1) kot PAR(1) dwatnpeiton (avamapdyetotl) To ELdyI6TO GHVOLO
0VGI®ONDYV GTUTICTIKAOV TOPUUETP®V (QEWMAN XPNON TOPAUETPOV — parsimony of
parameters) mov mepthapfavet tig akdAovbes katnyopieg:
® [lapouetpol twv meplBnpiwv coVoPTHEE®Y KaTavoung kale uetofAntng
(1) Mcéoeg Tyéc tov petafintav.
(2) Awomopés TV petafAnTav.
(3) Zvvreleotég acvupETpiog TOV HETOPANTOV (KoL, KATO CUVETELD, TPITEG
POTEG).
® [lapoueTpol TV oo KOIVoD GOVAPTHOEMY KOTOVOUNGS TWV UETOLANTOV
(4) ZvvteleoTég ETEPOCVGYETIONG e UNOEVIKO YPOVIKO Prina peta&d
petafAntav dtpopetikng Béonc.
(5) T To pHOVTEAD LE SYDVIO PINTPMO a: ZUVTEAECTEG AVTOCVOYETIONG LE
povadiaio ypovikd Prpa peta&d petafintav g idag Béonc.
(5a)) oL T0 poVTELO e TANPEG UNTPDO a: LVVTELECTEG OVTOCVOYETIONG LE

povadiaio ypovikd Prpa peta&d kobepds pLetafAnme Kot OA®V TV GAA®V
peTafANTOV.
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I'paguki) emenynon ToV 0V61MOOV GTUTIGTIKAOV YUPUKTN PLOTIKAOV
(0) IleprOopra Yo.PpOKTNPLOTIKA

18 2 , ; , ,
| — Xpovooeipd oTn Béon 1 H vmapén apketdv Todd yniov Tipov,
| —— Xpovooeipd oTn Béon 2 TAV® 0o TO EMIMESO TNG PEOTG TUUNG GLV
i TNV TUTIKY] OTOKALGT), KO 1] ATOVGio TOAD
12 1 YOLNADV TIUDV, KAT® omd TO ETITESO TNG
10 1 PEGNG TIUAG ANV THV TOTKY AITOKAIGT),
8 1 glvar eVOEIKTIKN NG OETIKIG acVpupETPiag
6 -
4
2 i
18
T T T T T T T T T T T 16 | MéYIOTn Tlpﬁ
9 1011121314151617181920 = ¢ ° " = = = =\
14
Ot b0 ypovocelpég -
TPOEPYOVTOL AT 10 | Méon TiuA ouv TUTTIKY aTTOKAION
OTACLUES AVEAIEELS 8 1
(o€ 600 Béoeig) 6 1 Méon TipA
N
E 7 4 .
nﬁ&ﬂgmcn v ) | EAGXIOTN TIUA
TEPODOPLOV GTATIGTIKOV 2 - = L E s e
z Méon Tiur) TAQV TUTTIKA aTTOKAIoN
XapaKTnplG'[lK(DV G’[n 0 B e e e e

0éon 1 1234567 8 91011121314151617181920
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I'pa@ucn} enelnynon ToV 0V61MOMOV GTUTICTIKOV YUPUKTI|PLETIKAOV
(B) XvvteleoTég 0VTOOVOYETIONG

16 4 — Xpovooeipd atn 8éon 1
—— Xpovooelpd atn 8éon 1,

1 Ue peTakivnon 1 xpovikou

12 A Bruarog Tpog Ta Se€id

Avtd paiveTon KaAdTepa av
OTELKOVIGTOVV O TIHEG TNG
UETAKIVIUEVTG XPOVOCELPAG
GUVOPTNCEL QVTMV TNG OPYIKNG

e T e e e e P T

1234567 8 910/112131 5161718192021

To yeyovdg 611, av 1 Ypovocelpd
petaxivnBet 1 ypovikd Prpa mpog ta
de€1d, 1o YpAeN LA TG TOPAUEVEL
KOVTA GTO apyLKO, £lval EVOEIKTIKO L10G
OTUOVTIKNG TG TOV GUVTEAEGTN
QLTOGLOYETIONG Yo voTéPN o 1

Tiur oT1o Xpovo t + 1

0 (e e e Ea e s R
0 2 4 6 8 10 12 14 16 18

Tiun oto xpovo t
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I'paguki) emenynon ToV 0V61MOOV GTUTIGTIKAOV YUPUKTN PLOTIKAOV
(7) XovtereoTE ETEPOGVOYETIONG

35 Avtd paiveTon KaAVTEPO OV
31 — Tumomoinuévn xpovooeipd OTELKOVIGTOVV O TIHEG TNG piog
2.5 gniben | XPOVOGEIPEG GUVOPTACEL AVTMOV
2 4 —— Tutomroinuévn Xpovooeipd
15 oTtn 6éon 2

o

To yeyovdc 011 T0 YpanHoTe TV 600
YPOVOGELP®V gival KOVIVA (pOCOV
TumomonHovV e apaipeo g LECTG
TIUNG KoL PETA LUE OLOUPEDT) LLE TNV TUTLKN
amoOKAoN) givan EVOEIKTIKO EVOG
OTLLOVTIKOD GUVTIEAEGTY| ETEPOGVOYETIONG
Yo UNSEVIKN VOTEPNON

TiynA NG xpovooeipdg otn Béon 2

T T T T T T T T

0 2 4 6 8 10 12 14 16 18
Tiyn TNG xpovooeipdg otn B€on 1
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Extipnon nopopétpov tov povréiov PAR(1)
(o) MnTtpoa mapapsTpmy
@ [TApeg uNTPdOO TOPOUETPOY a

a=Cov[X X' |{tovix ' % ||

omov pe Cov[E, ¥] cvupoiileton T0 UnTpdo GLVINGTOPOY HETAED 6V0 OTOIVONTOTE SLOVUCUATMV TVYAIMV
petapintov E kot ¥, ot

Covlz), #] CovlE, P] - Cov[E), ¥l

. . . T T COV[Ez, l111] COV[Ez, 51/2] COV[Ez, Y’n]
Cov[E, ¥] = E{(E- E[E]) (¥ - E[¥])} = : . . .

CovlE,, Y1l CovlE,, %] - CovlE, ¥l

evo pe E[ ] ovpPoAiletar ) avapevopevn Ty.
€@ Awyovio pnTpdo TopaUETPOVY a (EVOALIKTIKY ATAOVGTEVUEVT TEPITTMOT))

s 1

a = diag (Cov[Xi, Xi ']/ Var[Xi ], ..., Cov[Xa, Xi ']/ Var[Xi 1)

€ Mntpho mapapétpov b
b b’ =Cov[X, X]—a Cov[X' ', X' ']a’

O mPocdI0PIGRAE TOL PNTPGOL b 0md T0 YVOeTH amd TV 1o Tave sicmon unTpdo ¢ =b b:

o civan Yvootog og eEoymyn g TeTpaymvikig pilog Tov ¢

o amotekel advvaro TpdPAnua (Kapio Aon) 6tav to ¢ dgv eivor Betikd opiopévo:

o amotekel adpioTo TPOPAN LA (Gelpeg AVGELS) OGOV TO ¢ givart BeTikd opLopévo: VITdpyovy 600
d10dedopévorl aiyoplipot yia Tov Tpocdlopiod dVo Avcewv (0. amocvvheon o€ TPLYWVIKO UNTPOO LE TOV
alyopiBpo Cholesky, kot B. amocbvheon oe TANPES UNTPDO LLE XPNON TOV 1310010VUGHATMV TOV ¢), KOOGS
KoL £VOG YEVIKEVUEVOS aAyOpO oG Tpocsdlopiopoy g Bétiotng Avong (Koutsoyiannis, 1999).
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Extipnon nopopétpov tov povréiov PAR(1)
(B) Pomég tov pondntikov perafintov

*

M¢éoeg tipéc:
E[V]=b ' {E[X7-a EX'" ']}

@ Awomopéc (€ opropon 1):

Nar[VI-[I, 1]

@ Tpiteg pornéc:

S.

L 4

*

-
wslV1=b0) (X - pafa X'}

omov e (3[E] ovpforiletar 1o S1GvuoHo TOV TPITMV KEVIPIKMOV POTMOV OTOLOVONTOTE OLOVOGLOTOG TVYOIOV

e . = - = 3 . , . .
petaPAnTéV E, ot u5[E] = E{(E — E[E])’}, kan pe b ovpPolriteton to pntpdo, to ototyeio Tov omoiov
glvon o1 kvPot twv otoryeiov Tov b.

EvaAAlakricd, yo dlay®@vio untpao a

-
wlV1=(b®)  {[XT - a® X'

Inueimon 1: Ta napoardve keddmtovral Biprioypoeikd and tovg Matalas and Wallis (1976, c. 63)- Salas et
al. (1988, o. 381)- Salas (1993, c. 19.31)- Koutsoyiannis and Manetas (1996)- Koutsoyiannis (1999).

Inueimon 2: o 1o otdoyo poviého AR(1) epappolovion kat’ avoroyio ot idieg El0MOELS [ LOVO Qopd,
S€J0LEVOD OTL Ol TOPAUETPOL TAPAULEVOLV GTODEPEC.
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Opro ¢ TPOoGONOLOGS

Ta wpocopotwpéva (cuvheTikd) delylaTo VOPOAOYIKMOV LETOPANTOV GE Koo
TePITT®OON SEV VTOKAOIGTOVV TOL IGTOPIKE OELYHATO, VOPOAOYIKDOV UETPHICEDV.

H emAoyn evog GUYKEKPIUEVOL GTOYOGTIKOD LOVTEAOD KO 1] EKTIUNGT TOV TOPOUETPOV
tov PBaciletor Tdvta 610 S100€c10 16TOoPIKO delypa, To omoio amoteAel T Lovn
TPMOTOYEVN TNYN TANPOPOPIOC.

H yévvnon cuvBetikdv ypovocelpdv (e cuvnOioéVo uNMKog TOAAATAGGLO TOV PNKOLG
TOV O10BEGILOL 1GTOPIKOV OELYHOTOG) OEV TPOGOETEL OVGIACTIKT TANPOPOPia, 0VTE
EMAVEAVEL TN OAPKELNL TOL GLYKEKPUEVOL 1GTOPIKOV OEIYLLOTOC.

H mpocopoimon dev £yl vomua yio amAd TpoPArLoTo 6ta omoia ivat duvotn 1
avoALTIKY Avon. [ mapdderypo, 6to TpoPANHa TG EXTIUNONG TG TANUUOPOG
EKOTOVTOETIOG GE CLYKEKPLULEV BEom ToTaoD, Yo TNV omoia vapyet dostypa mw.y. 30
ETAV, M YPNOOTOINGTN CLVOETIKAOV YpovoceEp®mv dgv e&umnpetel o€ timote. (H
exTipnon pe oLVOETIKES ypovooelpég Ba ivat 101 pe TV dpeon ektipunon, tnv onoio
dtvel  cvvdptnon katavoung mov £xel vVioBeTnBel o T cuykekpyLEVN LeTaPANTY.)

H yprion cuvBetikdv ypovocelp®dv amoktd vonpa otov e&etalovtol aAAnAoeEopTdueva
peyén mov cuvovdlovtal o€ £va 0PKETE TOAVTAOKO GUGTNLLO, TOV OTOlMV 1
oLVAPTNON KOTOVOUNG dev Umopel va Tpocsdloptotel avorvtikd. Khaowkd mapddstypa
glvar | TEPITTOGOT CLGTHUATOS TAPEVTNPAV (1] AKOUT KO EVOG LELOVOUEVOD
TOLLELTIPA), OTOL EVOLOPEPEL 1) CTATICTIKN KOTAVOLUT TV OTOAMYE®DY, Ol OTO1EC
e€OpPTAOVTOL e TOADTAOKO TPOTO OO TIC EIGPOECS, TIG KOTAVOAMDGELS, TOVG KOVOVEG
Aertovpyiog Kok.
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6. To povrého SMUSH
O R ||

*

To poviého SMUSH
(Amro TloAvuetofinto sMUSH - Simple MUlvariate Stochastic Hydrologic model
2royaotiko Yopoloyiko Wersion 2.0

Lovtého — Simple Developed and coded by D, Koutzoyiannis - 1999, 2000

MUltivariate Stochastic
Hydrologic model) yevva
OLVOETIKES VOPOAOYIKES
YPOVOCELPES.

‘Exet ) dvvatotnta yévvnong unvisiov cuvOeTIKav ypovoselpav peyédovg péypr 2000

1@V (24 000 pnvav) yuo S Béogrg T0 TOAD.
Baociletor oto povtého PAR(1) oe mAnpn Ko amAomompévn Lopon.

Ewdwotepa, oy amromompévn Lopen, He 6TdYO0 TOV TEPLOPICUO TOV aPOoD TV
TAPOUETPOV, EYEL YiVEL 1| TTOpadOYT| 0TABEP®V GE GAOVG TOVG UNVEG TILAOV TMV
OUVTEAEGTMOV LETAPANTOTNTOGC, ACVUUETPIOG, OVTOCVLOYETIONG KOL ETEPOCVGYETIONG

‘Exet koducomombei oe yhdooa PASCAL «ou diveton o popen PipAiobnkng dvvapukng

ovvoeong (SmushLib.dll) dote va pmopel va kKAnOel amd omotodnmtote dALO TPHYPOLLLLL
(m.x. EXCEL).

>vvodevetar amo apyeio EXCEL (SmushTest2.xls) pe mpdcobeto kdoka o€ yYAdooo
Visual Basic ywo tnv KA10n TV DTOAOYIGTIKOV S10OKAGIOV KOl OLOKATPOUEVHL
TopadElyaTa yio T yp1on TovG.

A. Kovtooydvvng, Ydporoyikri afefotdotta ota cuothpate vdatikdv topeov — Ilpocopoinon 16

Eico0601 Tov povrélov

¢ Kopieg vmoroyiotikég dradacieg

e ModelParametersE: Yrnoloyilel T1¢ TopapéTpous Tov HovieAov.
e GenerateE: ['evvd Tic cuvBeTikég ypovooelpés.

¢ [evucéc elcodot

e ApBuog Béoewv (n): axépoatog, amd 1 éwg S.

Méoeg Tég Tov 12 n pnmviciov petaAnToy Tov TpofAnuaTos.
Yuvtereotég petafintoémrag (Tumiky| amdkAion / péon Tun).
YVVTEAEGTNG ALCLUUETPIOG.

YVVTEAEGTIG AVTOGLGYETIONG TAENS 1.

YuvteleoTég etepoovoyétiong Tééng 0.

¢ Euwwad yro  dwdikoacio GenerateE

® «Zmopocy (seed) Tuyaicv aplOudV.
e EmbBuuntdc apfuog etdv cuvOETIK®OV YPOVOCEIPDV.

A. Kovtooydvvng, Ydporoyikri afefotdomra ota cuothpate vdatikdv topov — Ilpocopoinon 17



"E€o00t Tov povtérov

¢ Awdikacio ModelParametersE
e Mntpoo TopopETpmy as.
e Mntpoo mtapapeTpoy bs.
e Awvoopoata pécomv Tinav fontntikav petafintov E[ V] (éva avd pnqva).
e Alaviopoto TPtV KEVIPIK®Y POTMV (= CLUVIEAEGTMOV AGVUUETPIOG) BonOnTikdv
netaPANTOV 15[ V] (éva avé prva).
¢ Awdwaocio GenerateE
® [evva T GLVOETIKEG XPOVOGELPES Y10l TO GHVOAO T®V BECEMV, ETMOV KOl UNVOV.
O1 ¥povosELPES AVTEC UITOPOLV VO 0vOKTNOOUY GE PUALD EpYOGIOG TOV
EXCEL péoon tov akdAovdmv cuvaptmoemv (6ivoviatl 610 GUVOIEVTIKO
apyeio SmushTest2.xls)
e Generate: Xvvaptnon VBA mov kaAei t dwdwkacio GenerateE
e SyntheticAll: Avaxktd T0 GOVOAO TV XPOVOGEPDOV.
e SyntheticLocation: Avaktd ™ ypovooelpd oG dedopévng B€omng yior GAoVS Tovg
pvec.
e SyntheticMonth: Avaktd Tuqpo g xpovooselpdg pog B€ong mov amoteleital and
T1G S1000YIKEG TYLEG TTOV OVOPEPOVTOL GTOV 1010 UIVaL.
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7. EQappoyn 1S TPOGONOLMGS GE HEPOVOUEVO TUULEVTIPO
Baowkég e€iomoerg
Yrepyeihon, ¥

S=8_1+L—R—-Y~L ’ S>
. . . - Qoeéhun yopntikomra, K
R-mmp. S+, ry . . . . N = > =

Y;=max(0, S+ 1, —L;—D,—K)

OOV
S; T0 amdBepo GTOV TOULEVLTIPO GTO YPOVO ¢,
1, m xaBopn elopon (= olikn| lopon| peiov
amdAELES EEATIONG, VIOYELNG SLLPVYNG, KTA.),
D;n tnon, mov Bewpeiton dedopévn (otabepn 1 peTafinty)
R, n mpoypotiken amoinym,
Y; n vrepyeihon
L, n vmoyeia Sopuyn Kot
K n o@éhiun yopnTikoTNTa TOL TAUEVTHPAL.

Kabapn etopony, 1

QoeéMpo anobepa, S Andinym, R

Aoy, L NeKkpOg 07K0¢

Inueioon 1: O ypévog ¢ Bewpeitor dtakptrog Kot To peyédn Dy, R, L, Kot ¥; avapEépoviat 6To YPOovIKO
duotnua (1, £]. Oha ta pey€dn exppdalovtal o€ PovAdeg OYKOL.

Inueioon 2: H mopoandve mepintmon ivol amlomoimpuévn. e TpayHotikoDs TOMUEVTHPES
VIEIGEPYOVTAL KOL AAAOL TEPLOPLIGLLOL TOV TPOKVITOVV OO TNV TAPOYETEVTIKOTITA TOL VOPAYMYEIOV,
amo t1g mepPAALOVTIKES OVAYKES K.0.
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Métpa emidoonc: ASlomoTioo g TPOS TV KAAVYI TOV 6TOY0V
¢ Erninedo alomoTiog o€ etoto Bdon = mBavorta kdhoyng g {nmong oe xpovikn Béon 7= 1 €roc:
ar=PR;=Dy)
o6mov a 10 eninedo alomotiog, R, wpaypoatiky oamdAnyn (Bempodevn og toyaia petapint) otnv
nepiodo T = 1 érog xou Dy m {Rnom oty i6wa wepiodo, evd pe P(.) ocvpPorileton n mbavoémta. Epmelpicd
vroAoyiletat g 0 AOyog k'/k 6mov k” giva 0 aplBpog TV ETHCIOV TEPLOd®V GTIG OTOIES IKOVOTTOLEITOL 1)
{ftnon ko & 0 GuVoAIKOS apBIOS TV TEPIOS®Y TPOGOLOIMOTG.
¢ Emninedo alomoTtiog o€ faon ypovikov Pripatog (m.y. pnviaio) = mbavotro kdAvyng e {fmong o€
¥poviK Bdomn ¢ = 1 VTOAOYIGTIKG YPOVIKO Pripie:
a,=PR,=D,)
6mov a, 1o eninedo aglomotiog, R, N TPAYRATIKY) ATOAYN GTHV TEPIOSO ¢ EVOG VITOAOYIGTIKOD YPOVIKOD
Bpatog (.. pva) kar D, n {ftnon oty ida mepiodo. Euneipucd vroloyiletor mg o Adyog n'/n émov n’
givon 0 aplBpog TV Ypovikadv Pnudtov oto onolo tkovoroteitor n {Rtnon kot 7 0 GLVOAMKOS aptBudS TV
YPOVIKOV PNHATOV TPOGOHOI®MONG.

¢ Oyxoperpiki] ékepaocn alromotiag:
a. FIR| D
6moV a, 10 eminedo agomiotiog, R, n wpaypatiky amdAnymn (Bsmpovpevn wg toyaia petafint) oty
TePl0d0 ¢ EVOG VITOAOYIOTIKOD YPOVIKoD Pripatog (m.y. pva) kot D, n {iTnon oty idto mepiodo, eva e
E[.] ovpPoliletan n avapevopevn tipn. Epmepikd vrohoyiletor g o HEGOS OPOG TOV TPOYLATIKOV
OTOAYEDV GTO GUVOAIKO OPLOUO TV ETNOLOV TEPLOSWOV TPOGOLOIMONG.
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Métpa emidoons: Actoyla MG TPOS TNV KAAVYN TOL GTOY0V

¢ IhBavétnTa actoyiag oc eTrowa faon:
b1 a PR <D}
Eumepucd vroroyiletonr og o Adyog k' '/k dmov k" givon 0 aptOpog TV ETHCLOV TEPLOSWMV OTIS OTOIEG dEV
wavoroteitol n {NTnon Kot k£ 0 GLVOMKAG aplOIdG TV TEPLOdOY TPOGOLOIMOTNG.
¢ I[hOavétyra actoyiog cg Pacn ypovikov Pripatoc:
p.=1-a,=PR,<D)
Euneipikd vmoroyileton wg o Adyog n”’/n dmov n”” givar o ap1Buds tov ypovikdv fnpdrov (Lnvov) oto
omoia dgv wavomoteitor n {NTon Kot 72 0 GUVOAKOG aPLOLOG TOV YPOVIKOV PNUATOY TPOGOHOIMONG.
¢  Oyxopetpuké pétpo aotoyiog:
b l-a.- 1_E[R]/ D,
¢ [IIepiodog emavapopds ekkévoong (recurrence time of emptiness)
151 o)
¢ Xyfoeig netolv TOV 10QOPETIKAV PETPOV oilomoTiag / acToyiag
ar<a,<ap 1N 16080vaLLL Brzp, =Py
(dedopévou 611 M Un wavoroinon g {tmong o€ €va £€toc, de onaivel 0Tt ekteiveton og OAN T ddprela

TOL £TOVG, KO 0KOLLO, KOTO TV TEPI0O0 OV OgV kavomoteiton 1 (o, 1 ambdAnym dev givor undevikn
0AML 0 <R < D).
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Tomka mpofipota

*

Ta dedopéva VEPOAOYIKA YAUPAKTNPLOTIKA ELGPODYV, 1| ot
a&lomoTio. GLUVAPTATOL AUECO LE TV OPEAUN XOPNTIKOTNTO
Tov topuevtpa K kot pe tn {mon D. 1= . . .

Katnyopieg mpofAnudrtev

(1) Awotactordynon: Agdopéva D, a — Zntoduevo K.

(2) Aertovpyia: Agdopéva K, a — Zntodpevo D.

(3) Acrtovpyia: Agdopéva K, D — Zntodpevo a.
216Y0G TG TPOCOHOIMOTNG VOl 0 TPOGIIOPIGUOS TNG OYECTS 5 D D
TV TpLdV peyeddv, dnhadn g aélomotiog (1), 10oddvapa, T 1 2 3

pLov peyebov, nhadh me of s, pa, mg K

TOaVOTNTOG AOTOYINC), TG MPEMUNG YOPNTIKOTNTOS KoL TNG

Chnone.

AOY® TG LobNUATIKNG TOAVTAOKOTNTOG TOV TPOPANLATOC, 1| OYEOT ot deV givar duvatd va,
TPOGOLOPLoTEL Pe avaALTIKEG LeBOd0VS (ekTOC amd e€atpetikd amAég Tepimtdaoelg). EEaALov ot
EUTEPIKEG/YPAPLKES TPOoEYYioels (.. abpoloTikég Kapmores) eivar eEaupetikd avakpiBeic. ‘Etot, n
1EB0S0G TNG TPOGOUOIMONG TOPAUEVEL T ATOTEAECLLATIKOTEPT LEBOSOG 0p1OUNTLKOD TPOGIIOPIGLOY
VNG TNG OYEOTG.

Meovéxtnpa g ueboddov givar o yeyovog 0Tt ) Tpocopoimon xpetdleTon va enektabel og oo ()
YIAMAO®V ETMOV, S1ACTNLLO TO 0molo e&apTdTal amd TO ENinedO ASLOMIOTIOG 1) TO HETPO A0TOXI0G fr 5 TO
OTOLTOVEVO TOGOGTO OKPIBELOG ¢ KO TO GUVIEAEDTH EUTIGTOGUVIG P, CULOMVA LIE TN OYEON: )

n=(2q4ps! e (1/ pr—1)
Hapaderypa: Ty =95% (24 45/, = 1.96), ¢ = 10%, 6 = 0.01 = n =38 000.
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8. EQappoyn ¢ Tpocopnoi®c)S 6€ GUGTN O TORLEVTH POV
H nepintmon pepovopévov KaTavoioTikod 6T0)0v

4
*

O1 Baocikég e&iomaoelg 16oluyiov mapaévouy ot idteg yia kdbe Tapevtpa

H Baocwn dtopopd £yKeLTol 6TOV EMUEPIOUO TNG ATOAYNG GTOVG EXUEPOVS TAUEVTIPES TOV
ocvotuatog. O empeptopdc avtdc mapovoldletl Paduove ekevbepiog (= apduog tauevmpov — 1).
Aoyo tov dbéoipov Babumv erevBepiag, vapyet amelpic AOCEMV (EKTOC OPLOKDV TEPUTTOCEWDYV,
T.Y. O€ TEPITTOOT TOV OAOL Ol TOUIEVTNPES EKTOC OO EVOV EYOVV AOELAGEL) Kal EYEL VONLLO O
TPOGOI0PIGHOG TNG PEATIOTNG AVONC.

H dpeon BeAtiotonoinon g mpog Tig amoAqyelg K6 ypovikolh fNpatog ot TAaiclo Vg
LOVTELOL TTPOGONOIMONG €IVl 1010iTEPA TOADTAOKT AOY® TOV TOAADY HETURANTOV amdO@OoTg
(.. yio Tepiodo mpocopoimong 1000 etdv pe punviaio Pripa kot 3 TOUEVTNPES Ol LETOPANTEG
amdeaons Oa frav TovAdyiotov 1000 x 12 x 3 = 36 000 pe axdun TEPIECOTEPOVG TEPLOPLGHOVG).
IMo v amoeuyn TETomV KOTasTAcE®V €XEL ETLVONOEL 1| YPNON EVPETIKAOV KAVOVOV AELTOVPYiOG
7OV L€ TN XPNOM TOLS amoPevyeTar 1| Bedtiotonoinon (mt.y. kavovag Néog Y opkng, xmpikde
Kavovag).
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O kavovag Néag YOpkng Kot 0 yOPLKOS Kavovag

Kavévag véag Yopxng (Clark, 1950, 1956- Johnson et al., 1991): AmodeikvieTor OTL Ol AVOLEVOLEVEG
TIUES TV VIEPYEMOEMV EAAYIOTOTOOVVTAL OTAY 01 THAVOTNTES VIEPYEIMONG Etvat 10€G Y10t OAOVS TOVG
TOUIEVTNPES, NTOL

P(ZIL; = K; — S;) = otaBepn yio 6Aa Ta
omov XI; 1 aBpoloTikn £16po1| 6TOV TOUIELTNPA i (O TO TEAOG TNG TPEXOVCAS TEPLOOOV UEYPL TO TELOG
g mePLOSOVL YEUIGHOTOG), K; 1) YWPNTIKOTNTO TOV TAMELTHPA £, Kot S; TO amdOELLa TOL TAPLEVTHPOL 1 .

Xopkog kavovag: Me v vobeon 6t 1 Katavoun g petafintmg X, / E[Z]] (6nov E] | copfoArilet
avapeVOEVT TIUN) glvon 1810 Yo OAOVG TOVG TAEVTNPEG £, 1| kKavovag Néag Y opkng Taipvel v
axorovdn popoen (Johnson et al., 1991) :

N

Y K-V
K-8 77
Bzl

Y E[=1]

I

H nopandve xppaon elvar yvoot og yopukoc kavovag (space rule), kot ekppalet pobnpotikd tnmy
aVOAOYi0 TOV KEVOD YMPOL TPOG TNV OVOUEVOUEVT aBpOIGTIKN E1GPON G€ KADE TapEVTPO.

Ynueioon: N vOBeoT IGOTNTAG TOV KOTOVOU®Y TV petofintav Xl; / E[Z];] dev eivar vroypewtikn. [Ipaktikdg oto 1610
GUUTEPAGHLO (L€ EALAPPDG OLOPOPOTOMUEYT TEAKT EKQPACT) 00NYOLV Kot AAAES EVOAAAKTIKES VTODECELS OTT™G TT.X. M
vo0eom O6tL Oha to pueyédn X axorovBovv karovour Gauss (Nalbantis and Koutsoyiannis, 1997).
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E@appoyn tov ympikov kavova

Ioodvvapn ék@pacn Tov yOPIKOY Kavéva:

*

Si=a+thlV

£ * r ¥ 7 . r 4 ¥ 4
omov S; 10 amOOENN-6TONOG OTOV TOUEVTNPA. £, V T0 cLVOAIKO amdOEL0 6E OAOVG TOVG TAIEVTIPEG KO
01 TOPAUETPOL a; Ko b; divovtar amod Tic eEI6DoELS:

a':K'_b:sz > b =
N
2 E[CQ]
=

Epooov ot tapientnpeg Bpiockovral o€ meployés He mapOHolo KAUOTIKO KaBeoTde, o1 Aoyol b; dev
S10PEPOVY CNUAVTIKA OTO UIVOL GE UNVA KOL £TGL Ol TOGOTNTES a; Kou b; pumopet va, BewpnBodv otabepég
o1o ypovo (Nalbantis and Koutsoyiannis, 1997).

Evoopdtmon tov yopikov Kavove 6€ HOVTELO TPOGONOIMONG:

1. Extipnon tov cuvolikov amoBépatog V 6to TEA0g NG TpEYOVOAS TEPLOJOV (e TNV LTOBEST OTL
KOADTTTETOL 1] GLVOAIKT (TGO KO OEV VITAPYOVV VIEPYEIMGELS)

2. Extipnon tov 6yKkav-otéxov S; yio K4Oe Tapsvtipa amd o xopikd Kovova

3. KabBopiopég tmv amoyemv ard KaOe TapIEuTpo 68 TPOTO OGTE VA IKOVOTOm B0V 01 0YKOol-GTOYOL
(1 va. Tpoceyy1oTovV 660 T0 SVVUTOV KAADTEPA, 0V AGY® PLGIK®OV TEPLOPICUMOV OEV VAL EPIKTN N
1Kavomoinon).
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9. EvoALoKTIKEG nEB0O0LOYIES AVTINETMOTIONS GUCTIULATOV
VOUTIKAOV TOPOV

Bektiotomoinon

(xprion Ypajiukoy 1 Suvopukoy Ipocopoicon

7‘}‘3979“};“0‘“0“0” M Bewpiog BédtioTov (xp1om EVPETIKMY KovOveV Aettovpyiog )
EAEYXOV

Mieovektqpara: [Tiot) avorapdotoon

I & : B¢ )
Agovérpa: Beniom Adon ToV cvoTHHaTog — EQiktn epappoyn oe

Mewovektiporta: YrepPoAikd peyahog ) ]
apOudc petofrntdv (avépuetn Ao yio TOAOTAOKO, GUGTAHHOTO,

TOADTAOKA GUOTAUATA) — ATAOTOMHEVN Mewvéktnpa: Mn Béktiom Aoon
TEPLYPOLPT) TOV GLGTILUOTOG

Hoapaperpomoinon-Ilpocopoicen-Bertictomoinon (I111B)
(XpNoM TOPAUETPIKAOV KOVOVAOV AEITOVPYIOG KOl EKTIUNGT TOV
ToPapETPOV pe PelTiotonoinon evog delktn emidoong, o
omoio¢ voAoYileTat L TPOGOUOIMOT))

Mieovektipara: ot avamapdcTocn TOL GUGTUATOG —
Epw epoppoyn oe moAdmAoka cvuotripota — Mikpog
PO HeTOPANTOV

Mewvéktnpa: Ipocéyyion mg Bértiomg Avong (Aoyw
avOaIPETNG TPOATOPAGICUEVIS LOPPTG TOV KAVOVOV
Agrtovpyiog), ANV OU®S TOAY wavoromtiky (BA.
Koutsoyiannis and Economou, 2003)
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6. To yeviko oynuo III1B
I'evikn neboooiroyio

¢ Ilopopetpomoincn Tov GLOTHNATOS HE TV EIGAYMYY] TUPUUETPIKAV KAVOVOV
Aerrovpyiog. Ot TOPAUETPIKOL KAVOVES OTOTEAOVY LOONUOTIKEG OXECELS TOV GLVOEOLV
TIG AOANYELG OO TOULEVTNPES LE TIG LETAPANTES TTOVL TTEPLYPAPOLV TNV KATAGTUGT TOL
oLoTNUATOG (.Y, amobépata TapeLTP®V). Ot 6YECELS aTEG TEPAapPivouy Eva
ap1Oud TopaPETP®V, Ol OTTOIEG AMOTEAOVV TIC TPOG PeATioTonoinon petafintés (avti
TOV ATOANYEDV).

¢ Agmtopepng TPOGONOIMG TG AELTOVPYINS TOV GVoTHNATOS. To LoVTELO
TPOCOLOIMONG OVOTOPIOTA UE TGTO TPOTO T AELTOVPYIO TOL GUGTNUATOG LLE
KOVOTOINGT OA®V TOV PUGIKOV Kol TOV ECOTEPIKOV AEITOVPYIKMV TEPLOPIGILDY TOV.
H Aertovpyio Tov TpoiimobéTel Tov KaBopiopd TV TGV TOV TOPOUETPOV TOV
TOPOUETPIKMV KAVOVOV.

¢ Beltiotomoinon Tov dgikTn £Mid0oNg TOV GVoTHRATOS. O deikTng EMid0oNG
ouvvogetal, avaroya pe to eetalopevo TpoPANLa, Le TV aElOTIGTIO TOL CLGTHUATOS 1
LLE TO OKOVOUKO OPEAOG artd T AELTOVPYin TOV (EVEPYELOKO, OPOEVTIKO KTA.). XTO
LOVTELO BEATIOTOTOINGNG UTOPEL VOL DTTEIGEPYOVTOL KOl EEMTEPIKOL AEITOVPYIKOL
TEPLOPICLLOL, M TKOVOTOIN O™ TV 0oV dev pmopel va eheyyBel amd to pHovtéro
npocopoiwong. Amo t Petiotomoinomn (Ue 1 YOPIC TEPLOPIGUOVGS) TPOKVITTOLV OL
TIULES TOPAUETPOV TOV GUGTILLOTOG.

Inpeiwon: To opiua €xet elocaybel and tovg Nalbantis and Koutsoyiannis (1997) yio tv ovTETONION CLOTNUATOV TOUEVTNPOV OTAOD

OKOTIOV, VO §YEL YEVIKEVTEL KO EQOPHOOTEL 08 cvoTHHaTa ToAATA0D okomol (1t.y. Kovtooyiavvng, 1996- Kapafokvpdg k.6., 1999-

Evotpatiadng kon ZepPoc, 1999). A&oroyndnke pe Betikd omoteréopato 6 GEPE TPOPANUATMV TOV OVOPEPOVTOL GE GUGTILLOTOL
Topevmpov omd tovg Koutsoyiannis and Economou (2003)
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E@appoyn o€ cvotnoto TORELTI|P@OV 0TA0D GKOTOV

¢ Koaviovag ekkiviong: Xwopikog Kovovog
¢ T'evikevon - [lapaperpomoinon
S —atbh 1V

1

omov S;* 10 amdbEUA-GTOYOG GTOV TOUEVTNPO. Z, ¥ TO GUVOMKO amdbe(a GE GAOVG TOVG
TOPEVTNPES KO @; Kot b; TOPGHETPOL TPOG TPOGOIOPIGHO.
O ap1Buods TV TPOog TPOGIOPIGUO TAPAUETPOV Elvar LoOvo 2 k, 6mov k o aptBpog Tmv
Tapevpov. Me m Bedpnon tov oxéoemv X, a,= 0 ko X, b;= 1 0 apBpoc tev
napapétpov yiveton 2 (k — 1). (MédAota, Omwg Exel epmelptkd ostytel, umopel va tebet
xopig ovo10deg cPaiua a; = 0, omoTe 0 0PSO TOV TPOG TPOCOLOPIGUO TAPAUETPOV
pewwvetor o kM k- 1).

¢ Acgiktng emidoong: Eninedo aomotiag (Létpo alomiotiog og etnota Baon 1 faon
YPOVIKOV BUOTOC 1) OYKOUETPIKN Bdon 1] — TPOTYOTEPO — GLVOVACUOG TWV
SLPOPETIKMV HETPOV OEIOTLOTION).

¢ Xnpeioon: O Topomdve KavOvos 6T YPOLLUKT TOV Hopen TopoBlalel Toug Tpopaveic
TEPLOPIGLOVG

0<8 =K

omov K; n yopnticoémra tov tapevtipoa i. Ot Nalbantis and Koutsoyiannis (1997)
&xovv mpoTteivel d1OpOBmON TG YPOULUIKNG eElomONG, OTOTE N TEAIKT LOPPT] TOL KAVOVOL
Aertovpyiog ivat pn YPOLKY.
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