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IeprypdyTe TOVS TAPIKAT® THTOVS AVOAVOVTUS AETTOREPAS TA GTOLYELN TOVG.
ZOUTANPAOGCTE VIOYPEOTIKG KOL OVOAVTIKA TNV TPOTI YPOUUT] TOV 0T0OIOEL TO GTOLYELO Y10 TOV
VTOAOYIGILO TOV 07T010V YPNCLUOTOLEITAL O TVTTOC,

Rf .
Cs :
Rf=
2
Cr*As ™ (p/2) * V
[0.4] Ag
[\
V:
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Heprypayte TOVS TAPIKATM TOHTOVS AVOAVOVTOS AETTOREPADS TA GTOLYELN TOVG.
SOUTANPAOGTE VTOYPEDTIKG KOL OVOAVTIKA TNV TPOTI YPOLUT TOV 0T0OIOEL TO GTOL(EIO Y10 TOV
VTOAOYIGHO TOV 0TTOI0V YPNGLUOTOLEITHL O TVTTOC.

el

epl =

w *d) [(W*GM) |w

[0,4] d
w
GM :
BML N
BML = ICF / V
[0,2]
Icr
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Heprypayte TOVS TAPIKATM TOHTOVS AVOAVOVTOS AETTOREPAOS TA GTOLYELN TOVG.
SOUTANPAOGTE VIOYPEDTIKG KOL OVOAVTIKA TNV TPOTT YPOLUT TOV 0T0OIOEL TO GTOLY(EIO Y10 TOV

VTOAOYIGHO TOV 0TTOI0V YPNGLUOTOLEITHL O TVTTOC,
Rts
R, = Rfs
Ry + (Ron— Ry) * 77
0,4
[0,4] o
Ry
y)
EHP :
EHP = R, *V
0,2
(0,21 o
V:
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Heprypayte TOVS TAPIKATM TOHTOVS AVOAVOVTOS AETTOREPAOS TA GTOLYELN TOVG.
SOUTANPAOGTE VIOYPEDTIKG KOL OVOAVTIKA TNV TPOTT YPOLUT TOV 0T0OIOEL TO GTOLY(EIO Y10 TOV
VTOAOYIGHO TOV 0TTOI0V YPNGLUOTOLELTHL O TVTTOC.

GG,
GG] =
1 *p vypov'/ w J i
[0,4]
P vYpov
|14

Avagpépate Ta

KpiTijpio
gvorabeiog

[0,3]

Avagpépare TIg
OUVIGTOES THS
VOPAVAIKIG
avTioTaocns
POUOVAKN OGS
[0,3]
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To Cw &idetan amd tov | M/ (BXT)

TOTO A/(BXT)

[0,1] A/(LXB)

To onueio toung g evbeiog evépyelog g AVIOONG
otav to TAoio dev elye Khiom pe TV gvbeia evépyelog
™me Gvtoonc 6tav to mhoio mapet khion 30°

To onueio toung g evbeiog evépyelog tov Papovg
Metdakevtpo M eivar otav 1o Thoio dev giye KAlomn pe Vv evbeia evépyelog
[0,1] oV Bapovg dtav to mhoio mapet khion 7° - 10°

To otafepd onueio toung g evbeiag evépyetag e
dvtoong otav 1o TAoio dev eixe KAMom pe Vv gvbeia
evépyelog e Gvtwong 6tav to mholo mhpet kKhion 7°

- 10
H odEnoT Tov HHKOVC AvEdver v avtictaon TpPng
OV TAOTOV Agev enmpedlel v avtiotaon TpPng

[0,1] Mewhver v avtiotoon Tpiphg

H aAlayn PuBicpatog tov mhoiov yio mpocOnkm evidg
TOVOL

Tévor avé. Lovasa To Pdépoc mov mpémer va mpootebel yio aliaym
BoBIoTC H Bubicpartog pog povaoag pKovg LETaPAAAOVTOC Kot

(0.1] NV Oly®YN TOV TAOIOV
’ To Pdépoc mov mpémer va mpootebel yio aliaym
BuBiocpatog og povadag piKovg ywpic petafoin

TG Staymyng
To yeopetpkd KEVIPO NG 1GGAOV EMPAVELNG TOL
. . wAoiov
Kévtpo mievotomtog Cr — - -
cival To yeopetpwd xévipo tov Pubdicpévov 6yKov Ttov
(0.1] TAoilov
’ To onueio epappoyng g cvvictapévng tv Popov
TOL TAOIOV
Etvot o mpiopatikdg cuvteheotic
Amodidel T0 TOCOGTO TOV TMEPIYEYPUUUEVOL OTN
To CM , , .
[0.1] yvaotpa  opboywviov  mopoAAnAemutédov MOV

KOTOAOUPBAVETAL OO OVTN

Eivat 0 cuvtedeotng péong toung

GUVOAO 6 AéBoc cWOTA
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To vyog eEdAmv
wpoPAémeTon
[0,1]

[Na v ernitevén tov  emBovuntod  Vyovg
KOTOOTPOUATOS OGTE VO OLELKOAVVETOL 1) POPTOON)
TOV TTAOIOV.

INa v efacedion ¢ amapaitng €QEOPIKNG
AvTOOoNG

Mo v e€aocediion ™G amapaitnTng avioyns Tov
wAoiov

To xatdoTpoOpQ
[0,1]

AmoteAeiton omd €AMACUOTO TOL EMIKOAAOVVIOL GTO
EMAVO UEPOC MG KLYEAMTNG KOTOOKELNG 7OV
amoteleiton amd Tic £0peg ko o, Luyd

AmoteAeiton amd €AMAOUOTO TOL EMIKOAAOVVIOL GTO
EMAVO 1N OT0 KAT® WPEPOG HOG KLWEAMTNG
KATOOKELNG TOV amoTeEAEiTAL amd TIG O1000KidEC Kol
T {uyad

Amoteleital amd ELAGLOTO TOL EMIKOAAOVVIOL GTO
KAT® PEPOC UG KLWEAMTNG KOTOOKELNG TOV
aroteleiton amd T1g oTafUideC Kt TIC O1000KI0EG

Kévtpo dvtmong B gival
[0,1]

To onueio epappoyng e cvvieTapuEvng TV Papov
OV TAOTOV

To yeopetpkd KEVIPO NG 1GGAOV EMPAVELNG TOL
wAoiov

To yeopetpkd xévipo 1oV Pudicpévov OyKov TOL
TAoiov

O 1Hmo¢ Ttov AyyAkov
Noavapyeiov eival

EHP = W?*y3/C* L

SHP = W*#Vv3/C

[0,1] SHP=W2/3*V3/C*L
O Zvvieheotic Reynolds | V- L /v

didetat ord Tov TOTO V /(g * L) 12

[0,1] Vv /(g* v * L) 172

Awyoyn ovopdleton
[0,1]

H ocvunepipopd tov mhoiov Katd tnv TAevon

H dwopopd petald tov Pudiopdrov e 0egidg kot
NG OPLOTEPNC TAEVPES TOV TAOIOV UETPOVUEVOV GTN
Heo Toun

H d1apopd tpmpaiov kat tpovuvaiov Pubicuotog

cOVOLO 6

AGBog cmoTA
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Kataotpopa avioymg
elvan

To xotdoTpoOU TOV  KOATOAYOUV Ol GTEYOVEC

QPOKTES KO O PPOKTEG OVTOYNG

To KaTAGTPOLO TOV KOTAAYOUV Ol PPOKTEG OLVTOYNG
aveEdpTnTa amd TO oV VTEG Elvol 6TEYAVEG 1) OYL

0,1

ol To xatdoTpopo amd 10 omolo peTphpe TO VYOG
eEbAV.

O Zvvieheotic Froude | V.L/v

didetat od Tov TOTO V/g.L) 172

[0.1] V.L/v.g

Metaxeviptkd Dyog
[0,1]

Ovopaletonr N owdOCTACT TOV KEVIPOL AVIMONG Omd
TO LETOKEVIPO

Ovoudletar | amdctoon TOV KEVIPOL PBApovg amd To
LETAKEVTPO

Ovoudletar | amdctocn TOV KEVIPOL PBApovg amd To
KEVTPO AVIWMGONG

Ovopaleton n amdGTACT) TOV HETAKEVTPOL amtd 10 K

MéTpo apyikhc To BG

evotdBelog eivar To GM

[0.1] To KG

O tomog W X GM X nud | Tov poyroPpayiova apyikng evotdbdetag
Sive Tnv ponn eravagopdg

[0,1]

Tnv pomn petafoAing daywyng

Me 10 0VG106TIKO
nelpapa evoTAdELOG
KkaBopilovpe

[0,1]

Tnv dropnkn gvotdbeto Tov TAoiov

To gykdpoio petakevtpikd HYog Tov TAoiov

Tnv eykdpoia HeTOKEVTPIKTY OKTIVA TOV TAOIOV

Kotd v extéleon tov
TEPALATOG EVGTAOELNG
[0,1]

To mhoio elvor deuévo ko €xel TIC UNYOVES GE
Aertovpyia

To mhoio eivon ehevBepo, dev AerTOVPYOVV OL UNYOVES
Kol OA0 TO0 TAP®UO Elval oTig BEGEIS TOVC

To mhoio eivor ehevBepo, dev AerTOLPYOHV O1 UNYOVES
Kol 10 mApouo (TAnv  ehayioctwv) eivon ekTdg
mwAoiov.

oOVOAO 7

AGBog owoTd
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Metaxevipikn axtiva
[0,1]

Ovopaleton n owdCTACT TOV KEVTIPOL AVIOONG Omd
TO UETAKEVTPO

Ovopaleton 1 andotocn Tov KEVTIPOL Pépovg amd to
KEVTPO AVIWOGONG

Ovopaleton 1 andotocn Tov KEVTPOL Pépovg and to
UETAKEVTPO

Ovopaletonr N owOCTACT TOV KEVIPOL AVIOGNG Omd
0 K

Avvopukn evotddeia
ovoudleran
[0,1]

H 6Ovaun mov anaiteiton yio va mwépel To mloio yovia,
KMomg

To épyo mov amatteiton Yoo vo wpel 1o mTAoio yovia
KAMong

To ywbéuevo 1Oov  péylotov  poyAoPpoyiova

evotafeiog ent To ekTOMICUO

Elev0epec empbiveleg
ovopudlovrat
[0,1]

Ol 0KGAVTTTEG EMPAVEIEC TOV KOTATTPMDUOTOG

Ot emedveleg TV VYPAOV TOV 0KOAOLOOVV TNV KAiom
OV TAOTOV

Ot emeAveLEg TOV VYPAOV TOL TOPAUEVOLY OPILOVTIEG

O elebBepec empaveleg
[0,1]

Yvvavtovtor poévo oto TAolo  HETOPOPAS VYPOV
Qoptiov

Agv cuvavVTOVTOL GE TAOTOL LETOPOPAG
EUTOPEVUOTOKIPOTIOV

YVVOVTOVTOL GE OO TOL TAOTOL

O elebBepec empaveleg
[0,1]

Emidpovv Betikd oty evotdbeta tov mhoiov

Agv €youvv kopio emidpoaon otmnv evotdbeio TOL
nAoiov

Emdpodv apvntikd otnv evotdbeior tov mAoiov
LEWDVOVTOC TO LETAKEVTPIKO VYOG

H eyxdpoia petatomion
@optiov 610 TAOIO
GUVETAYETOL

[0,1]

Eykdpoia yovia kiiong yopic petafoin tov G

MetafoAn tov G kot eykapoio yovio KAIong

MetapoAn Tov eKTOTIoUATOC

6OVOLO 6

AGBog cmoTA
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H xapmdin evotabeiog
dtvel
[0,1]

Tov poyroPpoyiova evotdbelog ce oyéon HE TIC
yoviec «KAlong Tov  mAolov Yo GUYKEKPUEVO
EKTOTICULOL KOl KEVTPO BAPOLG

Tov poyroPpoyiova evotdbelog ce oyéon UE TIC
yovieg kMong tov mAoiov aveEaptmra amd 1O
EKTOMIGLLOL

Tov poyloPpoyiova evotdbeiog oe oyéon HE TIC
yovieg kAlong Tov mhoiov aveEdptnra amd 10 KEVTPO
Bapoug Kot Y100 CLYKEKPUEVO EKTOTIGLLOL

H mowotta g

Eivaw mapdyovroc mov emnpedler v aviiotoon
Tping

ﬁi ?i)]cousvng ETPAVELDs Eivon mapdyovtoc mov dev emnpedlel v aviiotoon
e
Eivon eldyiota peyarvtepo and 1o GM

To GM, , . . . .

[0.1] Eivon kotd modd peyarvtepo and 1o GM
Eivan ico pe 10 GM
Opcireton otig opBég mécelg mov mapovotdlovral
aveEdptnto amd TNV Vmapén GLUVEKTIKOTNTOS GTO
VYpo

H Avtictaon tpiprg Opcidetor ot  €QAMTOUEVIKEG  TAGES — TOL

[0,1] TOPOVGIALOVTOL GE TPAYUOTIKE VYPa
Ogpelletar o1l  €QAMTOUEVIKEG — TACES — TOL
napovctaloviar  aveCdptnta  and v Omapén
GUVEKTIKOTNTOG GTO LVYPO

H éxctoon e Eivoc} TopAyoviag mov EmNPeAlel TNV avticToon

Bpexonevng empaveng | LPNS : :

(0.1] Ewoc} TapAyovTag mov 0gv emnpedlel v avtictoon
TpPe
To pKpob Thyovg GTPOUN TOV HOPI®Y TOL VEPOL TA.
omoio Kwvovvtoun poll pe to mhoio.

Opoppovg tpiPng eivan | To otpdpe netod T TPOUVNE Kot TS EMKOG TOL

[0,1] TAOIOV
To oplokd otpdua PETAED TOL TAOIOV KOl TOL VEPOD
OV £MNPEAGTNKE OO TNV VTTOPEN PELUATOV

GUVOAO 6 AGBoc cWOoTA
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Eivaw mapdyovroc mov emnpedler v aviiotoon

H popen mg ydotpag | tpiBii
[0,1] Eivor mapdyovtog mov dev ennpedlel Ty avtictaon
e
Eivaw mapdyovroc mov emmpedler v aviictoom
H popen g porig Tping
[0,1] Eivon mapdyovtog mov dev ennpedlel TNV avtictaon

Tp1Ng

Kopepvrap ovopdletot
[0,1]

O yopog mov mpoopiletar Yy v EOAAEN TOV
OTOGKELMOV

O kevdg ydpog HETOED TV JEEAUEVAV VEPOD Kot
KOLGIHL®V 610 dutvduevo

O Kevog y®pog petad 600 KLTOV

H avtictaon tping
opeileTan o€
[0,1]

Tppn tov emtepkod mepiPAnuatog tov mAoiov pe
TO VEPO

Tpn petald tov popiov Tov vepod GTOV OUOPOL
PPN TOL KWWOUVTOL UE OLOPOPETIKY  TOYLTNTA
LETOED TOVG

XV aduVOUIO TOV  PELUOTIKOV YPOUUDV V.
0KOAOLONGOVY TNV LOPPT| TOL TAOIOV

To durvBpuevo dyeton
[0,1]

Yopootatikég mMECES Kol TMECES (OPTIOV GTOV
eEmteptkd mobuéva

[liécelg @optiov «koi, o€ mepimT®ON  PIYUOTOC,
VOPOCTOTIKEC TEGELS GTOV ECMTEPIKO TLOUEVQL

[Tiéoeig poptiov otov e€mTteptkd TuOuEva

H enidpaon tov
erevBEP®V EMPAVELDV

oTNV €voTadeln
[0,1]

E&aptdton amd v mocdHTNTO KOt TO £101KO PAPOG TOV
VYPOv

ECaptdton oamd v yeopetpia ™G €AlevBepng
EMUPAVELNG Kot TO €101KO BApog Tov vYpoD

E&aptdton amd 10 PdBog xor ) B€om g de€apevig
670 TAO10

cOVOLO 6

AaBog cOOoTh
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Eivatl o€ 6Aa to 1010

MetafdAieton oamd TG GKpeS MPOC TO KEVIPO

H emedveio pog ” ) ) )
(ow&aveton) Yo ao@AAELD. G TEPIMTMON LETATOTIONG

GUUPOTIKNG PPOKTNG ,
anoteleiton amd poptiov : : :
0pLLOVTIEC GTPOGEL AvEdvetar amd T KATAGTPOUA TPOS TOV TLOUEVA Yo
ELAGLETOV TOV OT0ImV e€aoOAMOT TNG AVTOYNG EVOVTL TOV VOPOCTATIKMV
10 méiyoC MECEWY , , ,
[0,1] AvEdvetar and tov muhuéva TPog TO KOTAGTPMLLO Y1l
b
eEac@AAoN TG AVTOYNG EVOVTL TV VOPOCTATIKDV
TIEGEDV

IMo va glvan mo guypnoteg

Ot SSQGMS’V?ZG xopiloviar [ g va avéfoovpe v emidpaon Tov ehedbepmv
HE QPOKTEG EMPAVELDV

[0,1] o vo pewwcovpe v emidpacn tev glevbepmv
EMPAVEIDV
H eAdyiom oamoctaon petacd SV0  oTEYOVOV
KoatakAvowo pnkog QPUAKTAOV
ovopdlerat H péyiom amdotaomn peta&d d0o oTeyavav @PoKTOV
[0,1] H andctaon peta&d g mpopaiog Kot e mpuuvoiog
GTEYOVNG PPOKTNG

Avtifeta pe v avtictaon tpiPng e€aptatol and to
oYU TNG YAGTPAG TOL TAOIOV

H vroloumn avtictoon | Onwg kot avtictoon tpiphg dev eEoptdral omd to
[0,1] GYNLO THC YAGTPOG TOV TAOIOL

Onwg ko avtiotaon tping e€optatol amd 10 Gynuo
™G YAoTPOS TOL TAOI0V

210V KupaTIoUO TG Bdhacooc AOY® KOpov

H avtictaon

KOLOTIGLOD OQEINETOL 210V KopaTiopd ¢ Odhaccoc AOY® pevpdtmv

[0,1] 210 KOUATO TOV dNUOLPYOVVTOL OTd TNV Kivnor Tov
TAoiov
Tov ocvvteheot) mpaypatikng oAioOnong pe V v
O tomog OYETIKN TOYVTNTO PONS TNV EMKQL
Sa=1-(V/p*n) Tov cuvvtedeotn) Qovouevikng odicOnonc ue V v
aod1dEL aOAVTN TOYVTNTO TAOIOL
[0,1] Tov cuvteleoty) Qavouevikng odModnong pe V v

GYETIKT TOYVTNTO PONG GTNV EAIKA

GUVOAO 6 AéBoc cWOTA
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T1 mpocodopilet o TOmOG
Ry =R + (Ryn — Rpm) -
7\’3

[0,1]

Tnv vtdéAoumn avtictacn tov TAoiov

Tnv olMkn avtictaon PLHOVAKNGONG TOL TAOIOL
vroAoyopevn pe ) Pondeta tpothnmv

Tnv avtictaon KVUATIGHOD TOL HOVTEAOL

¢ mhoto Container
[0,1]

Mog evowapépel 10 oynua ¢ Ydotpag yloti To
TO0GOGTO TNG avTioTaoNg TPIPNG Eivon TOAD peydio

Mog evowapépel 10 oynua ¢ ydotpag yoti Tto
TOGOGTO TNG LIOAONG avTioTaoNg €ival HEYOAO o€
oyéon Le ovTo NG avtiotoong Tpp1s.

H avtictaon tppng
[0,1]

EppaviCeton  avtiotaon tpng Kot vmwoOrowm
avTioToo™ 6€ 160 T0GOGTA
ECoptdton amd6 tO oyfua Mg YAoTpOC KoL

TPocOlopileTal e LETPNOELS GE LOVTEAN TAOT®V

Eivon xotd tov Froude ion pe v avtictaon mAdkog
i0ov gupadov kot punkovg kot vroloyiletal pe tov
TOTOo

Cr xS x(p/2)V°

Eivoaw avédroyn mpog tov «OP0 ™G oYécems T®V
YPOULKOV O10GTAGEMY LOVTEAOL — TAOTOV.

H tayyvra tov mloiov
[0,1]

Eivaw moapdyovroc mov emmpedler v aviictoom
PLUOVAKNONG

Etvol mapdyovtag mov dev enmpedlel v avtiotaon
PLUOVAKNONG

H npayportikn woy0
H PHP eivan P y e X, > .
[0.1] H 1oy0¢ mov amodidetor oty EMka
H mrodovoun d&ova
O cvvteheotg amdd0oNg TPOMG
O Abyog EHP/SHP sivan 1?g 5 s TPOOnS
[0,1] O cvvtedeotng TPOMONG
O ovvtedeotg petddoonc kivnong
AvEnon taydmmrog Adym pelowong g vmoOAomng
Ye mhoio pe vynio CB | avtictaong
TapoTnpEiTOL Advvapio  avémtoéng vynAdv  ToLTNTOV  AOY®
[0,1] ahENONG TNG VITOAOITING AVTIGTOCNG
Kavéva and ta dvo
oUVOAO 7 AGBog omwoTd
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Otav otpépetar avtibeta pe ™ Qopd TV SEKTOV
TOL POAOYLOV YO TOPATNPNTH TOL TOPAKOAOLOET
TpOUVN eV TG EMKOG Kivel To TAoT0 TPOC®

AplotepdoTporn Otav otpépeton Kot TN QOpPA TOV OEKTOV TOL
Kodetton pio Edica 6Tav | poloyod  yuo  mapatnpNT MOV TOPAKOAOVOEL
[0,1] npmpadev TN EMKkac Kivel To mhoio TpdGw®

Otav otpépetor katd T QOPE TV JOEIKTMOV TOL
POAOYIOL YW  TOPOTNPNT TOL  TAPUKOAOLOEL
TpOUVNOeV TG EMKOC KIVEL TO TAOT0 OVATOON

Otav n mieon o€ £va onueio Tov trepvyiov, AOY® TG

av&ENUEVINC ToYDTNTOS TNG PONG, Yivel LkpoOTEPN amd
H Zmniaioon opeiletar | tnv migon atpomoinong tov vepon

o1 onovpyia Ortav n wieon o€ éva onueio Tov mrepvyiov, AOY® TG
PLGAAISWV aEpo Ko LELOUEVNG TOOTNTOG TG PONG, YIVEL HIKPOTEPT OO
OTHOV TNV TECT ATUOTOINGNG TOL VEPOL

[0,1] Orav 1 wieon o¢ éva onpeio Tov mrepLyion, Adym TNg

aLENUEVNC TOVLTNTOG TNG POTG, YIVEL pEYOADTEPT OO
TNV TECT ATUOTOINGNG TOL VEPOL

GUVOAO 2 AéBoc cWOoTA
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OGS ovopaleTor
KOPTOAY,

Thv amodidel  kapmOAn

I'o woreg v Keg

Sl O

[0,6]

XopuTANPOOCTE TO TOPOKATO AVOPEPOVTOS TL HOS 0T0didEL TO KAOE onueio NG
KOUTOANG, 6€ ooy dEova owufaletar (x n y).

AmooideL

A
AwBalerar oTov aEova TOV
AmooideL

B
AwBaletar otov aEova TOV
AmooideL

C
Awpaletar otov dEova TOV
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| Heprypayre kon eénynote 0 mapokdto diéypappo [0,8]

NP.K

Avaépate Kal TEPLYPAYTE TOV TPOTO VTOAOYIGLOV TNG OAIKTG OVTIGTAOTG TOL TAOIOV
pe v ypnon tpotonov [0,8]
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