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«YrmeBuvn ARAwon pn AoyokAomn ¢ Kal avdinng mpoowrikng eudOvnC»

Me mAfRpn emiyvwon Twv GCUVETIELWYV TOU VOUOU MEepl MVEUHATIKWY SIKAWUATWY, Kal
yvwpilovtag T ouvéneleg tng AoyokAomng, dnAwvw unelBuva Kal evumoypddwe OTL N
napoloa epyacia pe titho [Mopeia SpopoAroynong miolwv — weather routing] amoteAel
TPOLOV AUOTNPA MPOCWITIKNC gpydolag Kal OAEC oL MNYEC and TG omoiec ypnolponoinoca
Sebopéva, 16éeg, dpaoelg, mpotdoelg | Aéfelg, elte emakplpwe (6mw¢ umdpyouv oto
MpwTOTUNIO N petadpacpéveg) elte pe mapadpaocn, €xouv SnAwbel katdAAnAa Kalt
eubldkplta oOto Kelpevo pe TNV KATAAANAR TOPAMOUNH KAl N OXETKN avadopd
neplAapPdvetal oto TUAMA Twv PLBAloypadikwy avadopwv pe mARpn neplypadh.
AvaAapBdvw TARPpWE, ATOWLKA KOl TIPOCWITLKA, OAEC TIC VOULKEG KAl SLOIKNTIKEG CUVEMELEC
mou Suvatal va mpokUPouV otnV MepIMTwaon KAatd thv omola anmodelyBel, Staxpovikd, OtTL n
gpyaocia auth N TUAKA TG Sev Lou aviKel SLOTL elval mpolov AoyokAomrc.

O/H AHAQN/-OYZA

Huepopnvia

Yroypadn
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Ovopatoloyia

o Yyog mAolou

B YPog KOpatog

Mo AntéSoon porEAaS

n, Metatdémnion KOPATog

n, Metatdrnion taddviwong
R Metatdrnion aviopwaong
n Displacement roll

Ns Displacement pitch

MNe Displacement yaw

s Propulsive efficiency

N, Hull efficiency

My Mechanical efficiency

N Relative rotative efficiency
' Peakedness parameter

\% Metatdrnion Oykou

v Kinematic viscosity

o) ZuxvoTNTA KUUATWY

o, ZuxvotnTa KopUdwong KUUATOC
T Méaon péyiotn replodog kUpatog
p Mukvotnta vepou

P Mukvotnta aspa

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 18:59:59 EEST - 18.217.200.173



£ lfwvla ¢pdong

C AvOpwon KOPATog
- MAdtog KOpHATOG
A, Eykdpolwa mpoPBAemduevn meploxn mAvw omd  thv

ypPoUuA MAeboNg

A, Added mass in heave

B IXNHOTIOUEVO TIAATOC

B., Damping in heave BWL Breadth waterline
C, ZUVTEAEOTAC CUOXETIONG AVTIOTACNG

C, Block-coefficient

C, JUVTEAEOTHC avTioTaong agpa

C, ZUVTeAEOTACG avtiotaong TPERAS

Cy ZuvteAeoThg Tou rholou Midship

C. YuvteAeotnc Prismatic

C, YTOAELUHATLIKOG ZUVTEAECTAG AVTLOTAONC
C, ZUVOALKOC oUVTEAEOTAC avtiotaong

C, Viscous resistance coefficient

Coa JUVTEAEOTHC avTioTaong agpa

Cow MpootBépevog CUVTEAEOTAG avTloTaoNnS
Cop ZuvteAeoTh ¢ avtiotaong Bdong mholou
H YPog KOpatog

H(o) Zuvaptnon petadopdg

H, Yyog kKUpartog
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J Advance coefficient

J Znueio mpowBnong os MAAPN KALpaKa

k ApLOUOC KUPATWY

Ky Torque coefficient pornc¢

K, Thrust coefficient wBnong

Lep Lenght per perpendiculars

Ly Lenght on waterline n Number of propeller revolutions
P, AOvapn ppévou

P AUvapn mpowOnong

P Effective power

Q Portr mporméAag

R, Reynolds number

Rua Avtiotaon avéuou

Raw MpootBépevn avtiotaon

Ruing MpootBépevn avtiotaon KAtd TV SIAPKELA AVEUWY
S Eprthoutiopévn g dveta.

S(w) ddopa Kbpatog

T ‘0NBnon nponélag

T MNeplodog kKUpaTOG

t Melwon wlnong

t Xpdvog mheliong avapeoa og 0o onueia / wpa
T, Méon neplodog kUpartog

T MNeplodog aypng KOHATOG
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Y TaxUtnta rmAolou

Vi ToaxUtnta MponeAag

V,, Toax0tnta avépou

w AmoteAsopaTIKA amovepa wake

ARO Xelplopog mpooTOgpuevng avtiotaong

BSFC KatavdAwon kavoipou brake specific

ECMWF Eupwraikd kévipo yia mpoPfAsPng KalpoU yla HIKEN
neplobo

FP Fore perpendicular

GCR B&Atiotn KUKALKA opeia

LCB Longitudinal kévtpo the mAelong

RAO TeAeoTAG VPOUC AmdvTnon

RMS Root mean square

TEU Twenty-foot, loodUvaun povada pétpnong.
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NepiAngn

H vautihwakn Blopnxavia sival éva smixepnuatikod tonio mou petafAROnke
mapa oAU Katd thv teAeutala Sskaetia ota XEpLA TAG TTAYKOOLOG OLKOVOULAG, TG
TILECELG TWV KAVOVIOUWYV Kol TNS 0Euvong Tou KOOToUS Kauaipwy. H avaykn Omapéng
ToU AoyloplkoU weather routing kat o e€opBoAoylopndg tTne Asttoupylag tou mAoiou
glval Loxupotepn amod noté. H onpaviikn alénon Twy TIHWY TwV KAUSUWY KATd TN
SldpKela TV TEASUTALWY SEKAETLWY KOl N EMMLKEVIPWGN OThV UTEpBEpavon Tou
TAQVATN £xouv odnynoeL ce peydAo svSladépov yla Thv Helwaon Kal to eidog Twv
Kauolpwy Kabwg koL otny pelwaon Twv punwy rou adopolv Tov TOHEA TS vauTIAlac.
H nébodog tou weather routing amoteAsl pa avayvwplopévn HEBodo, mou soTldlel
otnv HMelwon tng katavdAwoneg Kouoipou, KabBwe Kol oth HElWoN TWV EKMTOUTWY
pUMWV.

O KaBoplopde twv TaxUTATwY Kol Spoporoviwv yia éva mAolo amattel
oTAO Lo N TTOAAQTTAWY TTAPAYOVTIWY, TIEPIAAUBAVOUEVWY TWY SATOVWY — KOCTOC TTOU
adopd TNV VAUTIALOKA €Tdlpela, TV wpa the AdEng tou mAolou otov TeEALKO
TIPOOPLOHO TToU Ba KaAUTTTEL ToV HLeBwTH Tou rAolou, Kabwe kot To £ldog twv mAolwy
TTOU XPNOLLOTOLoUVTAL, OTTWE Kol TNV acpaAeLla tou doptiou Kal tou mAnpwpatog. MNa
Vol Umopgoouv va cuvBuaotolv OAoL oL TapATAVW TTAPAYoVTES Kal va BpeBel n
BéAtiotn AUon amapaltntn sival ol xpnon Siddopwv aiyoplBuwy mou peAstdve
OAoUC TOUG apamdvw mapdyovteg Kal urtodoyilouv thv BEAtiotn Swadpoun.

Autn n StatplBA mapouctdlst th Bswpla miocw amd to weather routing kabBwg
KoL TV MHEAETN Twv oTtolkelwv mou Xpeldletal Kot xpnolpormolel to Swabéoipo
AOVIGHLKS othv SutAwpatikh spyacia. Amookomnel emiong oto va mapdoxsL otov
ovayvwotn o Bacikf Katavoénon Ttou TL otolxela cuvBétouv Eva epyalsio
SpopoAdynong avdloya HE TIC KALPKEG CUVONAKEG TIOU €MIKPATOUV KaBWE Kal ta
QTOTEAEC AT TIOU avopévovtal va mapaxBolv amd tov dijkstra mou elval o
aAyopLlOuog tou Ba XpNOLUOTIOLNCOUE aThV gpyacia.

Ze aUTh TN SlatplBR o aAyoplOuog mou xpnolpomoleital £Xel w¢ oTOXo TNV
KOTOOKEUR £VOC VéEou gpyalelou SpopoAdynong mou Ba Baoclletal oTIC KALPLKES
ouvBnkec. To mpoypappa Spopordynong kabopilet tic Suvatdtnteg SpopoAdynong
Tou mAolou yUpw amd th yn, amodelyovtag KATAWISsS He ThV €rtdxuvon n
gnmifpaduvon kabweg Kal thv aflomoinon Tou KawoU Tmpoc Odelog HLOG
ghaylotormoinong ¢ KatavdAlwong kauvoipou. Emiong peAetd kat poag Sivel v
ropeia tou mAolou av n emhoyn gival pévo n o cuvtopn Stadpoury éco adopd tov
XpoOvo adLénc tou mAolou oTov TEALKS TTpoopLopd.
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1. Eloaywyn otnv 6popoAdynon twv nAoiwv e BAon TLG KOLPLKEG
ouvOnkeg

Katd tn Sidpkela twyv tedsutaiwy €Twv N mapakoAolONoN TNS EVEPYELAKNAC
anddoong twv mAolwy, n Spopordynon twv mAolwv pe BAON TG KALPIKESG CUVONKEG
KoL n tapoxn umootApEng otnv Andn anoddoswyv ev mw €xouv avadsixBel we ta
OHMOVTIKOTEPO TNTAMATA OXETLKA He TNV acPAAsla KaL Tthy aflomiotia twv BaAdoowy
petadopwy. Ta cuoTApaTa mapoxng umootnpéng oth ANWn anoddcswyv oXETIKA HE
thv BeAtiotonoinon the Stadpopnc evog mAolou pe BAon Tov KALpO KAl ThV KATACTACH
e OdAacoag amoteAoUv onpavtikd gpyalAsia yia th BeAtiwon tne aflomiotiag tou
Baldoocou sumoplou kat thv sfaoddAlon ThE Aveong Kal the aoddAslag Tou
TANPWHOTOC KOl TWV EMBATWY. & VEVIKEC YPAMMESG MLt BEATiotn Swadpoun
Slapopdwvetal pe Bdaon thv emBUPNT wpa AdLéng, TNV eAdxXLoTn KatavdAwon
KaUOLHOU Kol TNV Héyloth acddAsia. Autd Snuloupysel éva TOAUTTAOKO Kol Hn
VPOUULKO TtpOBANUa BeAtiotonolnong oto orolo npénest va BpeBel pia cupBLBactikn
AUon avdpeoa o€ AvTITOEEVOUC OTOXOUC.

Otav éva okddoc mAésl emnpedletal amd MoAAATAOUC TOPAYOVIEG TIOU
oxetilovtal pe TG Kalplkéc ouvBnkeg. Ta KOpOTH, O QVEHOC Kol Ta pelpata
gnnpedlouv TNV TaxUTNTA KAl ThY KATAVAAWGCH KAUGLHWY Tou mAoiou. O atdxog tou
Weather Routing sivat n e0pson pag Stadpopng mou Ba sAaxlotomolel To xpovo, Thv
KATOVAAWGCN KAUG{HWY Kol To cUVOALKO KOoTog tou tafldlol. To Weather Routing
Xpholuoroleital emiong yla va armokAslosl cuyKekpLEva S pooAdyLa Omou To mAolo
ektiBetal og SUoKOAA Kalplkd datvopeva waote va arnodeuxBolv mibavég INULEC oTo
oKkdadog, to doptio Kal To MARpwWHA. AvaAoya HE ToV TUMO Tou OKAdOoUC, Hmopolv va
xphotorotnBolv SladopeTikd Kpltnpla yla thy amodskti Swadpoun. Katd tov
oxedloopd tng Sadpoung sivatl onuavtikd va Ppebel pa wooppormio petaél tou
g\dXLoTOU XpOvou / TNV KATavAAwon KAUGTHWY Kal TV aroduyr KAKOKOLPLOG.

Meplkd cuotipata rmou unootnpilouv to weather routing umoAoyilouv tnv
BéAtiotn Swadpoun xpnotpomolwvtag MANPodoplee OXETIKA HE TIC TPOPBAEOUEVES
KOLPLKEG CUVONKEG, KAl HEPLKES POPEC TA YWWOTA pelATA, KAmola GAAA AapBdavouv
gniong unmoyn pn HETEWPOAOYLIKOUC TTAPAYOVTEG OMWCE TAV TN TwV KOWUGIHWY, Thy
taxUtNTa, TIC QMALTAOEL Tou charterer f Tov XpoOvo MAPAROVAG Tou TMAolou o€
Emission Control Areas (ECAs). Miwa akopa Stadopd Hetaél Twv cuoTnUATwY glval n
UALKOTEXVLKI UTOCTAPLEN TTIOU TPOoahEPOUV OTOUC SLAXELPLOTEG TOU OTOAOU: KATToLd
glval og Béon va rmapéxouv cUMPBOUAEG aToUC SLAXELPLOTEG yLa TN BEATLIOTN avaArttuén
TOU cuVOAOU Twv MAciwY TTou €xouv LTd Thy enormteia Toug, SeSopévou Tou gVpoug
TWV CUYKEKPLUEVWY QITOCTOAWY TIOU TIPETEL va €KTEAECTOUV KAl TNV EMKpatolod
EUTTOPLKNA KaTdoTtaon.

To Aoyiopikd tou Weather routing propel sUkoAa va sykataotaBsi wg pépog
TWV cuoTNUATWY TNE védupag. Eav to mAolo €xel mpdofacn oto Internet, TOKTLKES
EVNUEPWOELS HITopel va avapleTtadiSovtal oTov KATETAVIO GXETIKA HE TNV KATAOTAON
™S BAAACOAC KAl TIC KOLPLKEC oUVONAKeEG Tou To TAolo Ba avrlpetwriosl. Autd
KaOlotd Suvatd tov oxeSLao o Stadpopwy cUUPWVA LE TIE ATMALTACELG TG ETALPELAG,
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thv efaodaliost evoc acharols TalldloU Kal Tov aKpLBA UMOAOYLOMUO TNG WPAC
aroénAou tou mAolou waote va GTATEL TNV WPA TOU.

O Dr. Hans Christiansen et al. (2007) SAAwoe OTL oL Epyacileq TWV EUTOPLKWY
mAolwv ocuvABwe Slatpolvtal og TPelg TUMOUG: I YPAUULKES, o adpopoldynta N
gAeVBepa Poptnyd mAola KoLl oOf BLOUNXOVIKEC OTTOCTOAEC. 2TIC YPOHMLKES
eMXepnoeLg n Stadpopun elval otaBepn, Kat ta ALHdvia TTou MpEMeL va sTtlokedBel to
mAolo elval mpokaBoplopéva. Zta adpopoAoynta i eAsVBepa mAola, To mMAolo
akohouBel to SlaBéoo ¢optio, to mAolo Sev tnpel kKaBoplopévo &popoAdyLo.
ZuvhBwc sivat poptnyd mAoia mou vauAwvovTal ard Toug MAOLOKTATES TOUG, KATOTILY
VOUAOCUMDWVOU OE £va VOWWAWTAH TIOU UMO TOug Opoug tou oupBoAaiou ta
doptwvouv Kal KaBopilouv toug ALUEVEC TIPOCEYYLIONG HOPTOEKPOPTWONES HE TIG
mOaveég nepopunvieg katdmAou otov KABe Apgva. To SpoHOAOYLO AUTWY TWV TTAOLWY
KoL 0 aplOpoC Twy ALHEVWY TIPOCEYYLIONG e€aptdtal Kuplwe amd T Suvatotnteg
S1dBeong kataAMAAwv doptiwv. Blopnyxaviki vautidia onupaivel o6t o dopéag
EKUETAAAEUONG KATEXEL TOOO TO TTAolo 600 Kal to dpoptio. O oTOXOC TWV HETAPOPWY
pe gAeLBgpa poptnyd £lval N HEYLOTOMOLACEL TOU KEPSOUCE, AAAQ yLO TV YPOHULKN
KoL T Blopnxavikn vauTiia, o otdxog sival va edaxlotomnolnBel to kdotog.

OL TIHEC TWV KAUGTHWY Twv mAolwy £xouv peydAn smintwon ot BaAdooleg
HETAPOPES KAl OL TIPOTEPALOTNTEG TWV MAOLOKTNTWY aAAA{oUV avAAoya UE TNV TIUA
Twv Kavoipwv. Mpw and tnv netpelalkn Kpion the Sekastiag tou 1970, Baoctikn
potepaldTnTa elXav ol SLadpopeg Le BAon Tthv Xpovikn Toug Sdpketa. Qotdoo, dtav
Ol TLHES TWV KAUG{WV givatl uPnAég, N EAAXLOTOMOLACEL TNES KATAVAAWONE KAUGLHOU
gxeL uPnAotepn npotepaldTNTA.

H untnpeoia Weather Routing sivat téoo KaAn 660 Kal n tkavothta rnipoBAsdng
TOU KOLPOU KOL TWV HETEWPOAOYIKWY YVWOEWY Kol SefloTATwY ToU MapoOXou TNg
untnpeoiag. Qotdco, e TIC auavopeves PBeATIWOELS oTth CUAAOYA Kol avaAuach
Sedopgvwv oL mapoxol mpocdEpouy, PovtEAa Kal TipoBA&Pelg mou yivovtal 6Ao Kat
Lo €eALlypéva Kal akpLph.
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2818|182 |lal®
HESIEIEIERE
Service provider System sla|Cc|2|w|A|>
Aerospace and Marine Weather 3000, internet service, maps X X | X
International (USA) displaying fleet and weather
information
Applied Weather Technology BonVoyage System, on-board system X
(USA)
Deutscher Wetterdienst MetMaster, MetFerry, ashore routing X| X
(Germany) systems, advice on demand
Euronav (UK) seaPro, on-board system, software or X| X %
fully integrated bridge system
Finish Meteorological Weather and routing advice from X| X
Institute (Finland) ashore for the Baltic sea
Fleetweather (USA) Meteorological consultancy from X| X X
ashore
Force Technology (Denmark) SeaSense, real-time on-board decision XX |X
SUppOrt system managing
Germanischer Lloyd, Amarcon | Shipboard Routing Assistance System | X | X X | X|X
B.V. (Germany, Netherlands) SRAS
Meteo Consult (Netherlands) SPOS, on-board routing system X L | X X
Metworks Lid. (UK Meteorological consultancy from X
ashore
Norwegian met office, C-Map C-Star, on-board system X| X
(Norway, Italy)
Oceanweather INC., Ocean Vessel Optimization and Safety X|X|X | X
Systems INC. (USA) System, VOSS, on-board system
Swedish met and hydrology Seaware Routing, Seaware Routing X| X X1 XX
institute (Sweden) Plus and Seaware EnRoute Live,
on-hoard systems, and support ashore
US Navy (USA) STARS, on-board system b X X
Weather News International, VPS and ORION, combination of )
Oceanwaves (USA, Japan) ashore and onboard routing and
optimization software
Weather Routing Inc. (USA) Routing advice from ashore and X| X
Dolphin navigation program combined
with a web-based interactive site
Transas (UK) Ship Guard SSAS, on-board system, X[ X X[ X|[X
software or integrated to bridge
system
Table 1.1.: Routing services and support systems, Hinnenthal (2008)
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O mivakacg. 1.1 pag Sivel pla emokOmnon twv KUPpLWY TTApOXWY KoL TWV
untnpecLwV SpopoAdynong mou mapéxouv. O mivakag AndOnke amd tnv StatplpA tou
J.Hinnenthal (2008). Mia tumikf etailpia Weather Routing, mapéxel umnpeoieg
kaBodnynong toco otnv Enpd 6co kol el tou okddouc. H etalpeia ekdidel
oclotaon mpLy and TNV avaxwpnon Tou MAolou Kal mapakoAouBwvtag th Béon tou
TIPAYHOTOTIOLEL EMAVEKTIUACELS KATd TN Sidpkela tou taéldlou. MoArol opyavicpuol
MApEXOUV ETMIONG avAAuon HeTd Tto Tépag tou Ttafldlol, omou afloAoyolv TNV
ardSoon tou mAolou og oxéon e ThY TaXUTATA TOU, TV KATAVAAWGoN KAUGCIHoU Kot
TLC EKTTOUTTEC PUTTWV. Mg aUTEC TIC TAnpodopleg, 0 opyaviopodg pmopel va BeAtiwost
TIC CUCTAOELC TOU OXETIKA e Th BEATIOTN ASLTOUPYLKA KATAoTAoH Tou TAolou Kabwg
KOlL TOU TIPOYPAMUATOS GUVTHPNOoNS Tou. Alddopa €0vn TAPEXOUV UETEWPOAOYIKA
Sedopgva mou propolv va xphotpomotnBolv yia thv Spopoidynon twv miolwy. H
stalpela Weathernews Inc. sivat n peyadltepn OLWTIKA gTdlpelot oTOV KOOLO
TapoxS HeETEWpOoAoYIKWY SSopévwy, oceanroutes.com (2013).

1.1 lotopikn avadpopn

H éAguon tng ekteTapevng PO BAeYP NG KalpoU Kal N aVATTTUEN TNS ETUAEKTIKAG
kKAtpotoroyiag, Hall He LOXUPEC TEXVIKEG HOVTEAOTTOINONG TWV UTTOAOYLOTWY, £XOUV
KAvel ta ouothpata SpopoAdynong twv mAoiwv Suvatd. H kavétnta va
oUMBouAéPouv amoteAsopatikd ta mAola va emwdeAnBolv TIG UVOIKEG KALPLKES
ouVBAKeg mapepnodilotav oto mapsABov amd neploplopolc athv MPOyvwon Kal Thy
EMeLPN ATTOTEAEGUATIKWY CUCTNHATWY EMIKOWWVLAG.

H avamrtuén epyaclwv otov TOHEX TNC cUCoWpPeUong SeSopEvwY KoL TG
KAlpotodoylag €xel pla pakpd totopia. O Benjamin Franklin, w¢ avamAnpwtAg
AtsuBuvtic tayudpoeiov otig Bpetavikég amolkieg otn Bopela Apepikn, mapdyst Eva
S1dypappa tou PeOpartog tou KoAmou amd tig mAnpodopleg mou mapgxovtal amnd Toug
mAoldpxous twv dalalvoBnpikwy mAolwv the Néag AyyAlag. Auth n mpwtn
xaptoypddnon tou PeOpartog tou KoAmou cuvéBale otn BeAtiwon the unthpeoiag tou
tayxudpopeiou HeTAlL Twv BPETOVIKWY ATTOKIWY Kol TtThE AyyAlag. Ze oplopéva
MEPACUATA, N WP LoTLoTAG(aG HelwBnKe €we Kal 14 npépecg.

2ta péoa tou 19ou awva, o Matthew Fontaine Maury cUAAEysl peydAsg
TOCOTNTEC ATHOCHALPIKWY KAl wKeavoypadlkwy Sedopévwy amd nuepoAdyla Twv
mAolwv. Ma pwth dopd, N KALLATOAOYIO TWV WKEAVWY KAl TO PEUMATA TOU KOGHOU
Atav otn 81dBson Twv vauTtikwy. Autég ol mAnpodoplieg xpnolpomololvtal amod Tov
Maury ylo Thv avamtuén MoXIKWY TTPOTEWVOLEVWY S1ad powV yLa LoTloddpa Kol yia
T MPWTA aTpoKivAta okddn Katd to Seltepo HIod Tou 190U alwva. Ze TOAAES
TMEPUTTWOELG, TA Alaypdpporta Tou Maury anodeliytnkav cwotd armod Ti¢ PELWOELS OTOV
xpovo StéAeuanc. O péoocg xpovog SLeAsuonc amd thy Néa Yopkn otnv KaAlpopvia,
pHéow tne Stadpopng tou Cape Horn pewwBnke amd 183 nuépeg og 139 nUéEPeC He TNV
XPAON TOU TIPOTELVE LE TA ETTOX LKA SpopoAdyLa Tou.

2tn Sekaetia tou 1950, n évvola tou weather routing ota mAola t€0nke oe

Aettoupyla armd apKETEC LOLWTIKES HETEWPOAOYLKEG OUASES Kal artd To NauTIKO Twv
H.M.A.. Mg edbappoyn Twv tpoBAEPewv Twv SLABETIUWY EMLDAVELAKW YV KOl AVWTEPWY
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atHoodalpWY OF UNMEPWKEAVIEG aTMOOTOAEG, Atav Suvatd va cUpPBAAAouv
OQTTOTEAECHATIKA OTNV amoduy HEYGAWY KOKOKALPLWY, EVW OF YEVIKEC YPOUMES
gmAeav ot SlaSpoOUEC WKPOTEPEG amod O, TL oto mapeABdév. H avamtuén twv
urtoAoylotwy, To SLadiktuo Kal n texvoAoyla emKOWWVIWY EXEL KAveL To weather
routing StaBéoipo oxebo6v og dAouc.

1.2 AweOvii¢ Kavoviopoi IMO oxetika pie to Weather Routing

H rpaktikn T xpriong mpokaBoplopevwy Stadpopwy yla th vauTiAia elonxon
to 1898 Kkal uloBsTABNKE, yia Adyoug acdarelag, amod TIC VAUTIALAKES eTALpElEC TTOU
gkpetaA evovtal emBatnyd rmiola g dAo tov Bopelo AtAavtikd. IXETIKES Slatdielg
EVOWHATWONKAY 0T CUVEXELD TNV apXLkA ZUUPBacn SOLAS.

2x€dla Slayxwplopol KukAodoplag, Kal GAAa cuothuata kKaBoSAynong Twv
mAolwv £xouv AoV KaBlepwBOel oTIC MeEPLoCOTEPES TIEPLOXEC TOU KOGHOU UE HEYAAN
oupdopnon ot vautiAia Kal o aplBog TwV CUYKPOUOGEWY KAl Tpooapdéewy €xeL
pelwBel Spapatikd.

H guB0vn tou IMO yia thv 8popoArdynon mAolwv katoxupwvetal oth SOLAS
kedpdAaLo V, to omnolio avayvwpilel tov Opyaviopd we to povo Sebvég dpyavo yia thv
KaO1Epwon TETOLWY CUGTNATWVY.

O kavoévag 10 thg COLREG mpofAénesl th cupmepldopd Twv MAOLWY KATA TV
mTAOAYNoN Toug Héaa amo ta oxedla SlaxwplopoU KUuKAodoplag mou €xouv sykplBsl
artd tov IMO. OLguBUveg tou IMO kaBopilovtal emiong cUpdwWvaA pe T ZUUBACH TwWY
Hvwpévwy EBvwy yia to Alkato tne ©@dAacoag (UNCLOS), n omnola opilet tov IMO wg
«tov appodlo Sebvh opyaviopd" oes Bépata aocddAslag TNS vAUoUTAOLAG, TG
acddAelag thg Kivnong twv mAolwv Kal TN mpootaciag tou BaAdoolou
nepLBaAlovroc.

OL kuBepvAoslg mou mpotiBevtal va Kablepwoouv £va véo oUlOThUA
opyavwong tng BaAdooiag KukAodoplag, i vo TPOTTOMOLGOUV £Val UTTAPXOV, TIPETIEL
Vol UTTOBAAOULV TA TTPOTELWVOEVA HETPA OpyAvwaong The Baldoolag kKukAodoplag otnv
UTIO-eTILTPOTTH MAOAYNONC, eMkolvwviag, €peuvac Kal Stdocwong (EKEDE), tou IMO, n
ornolat otn cuvéxela Ba afloAoynosL Thy mpoTach Kat Ba Kdvel pla cUOTACH CXETIKA
HE ThV €yKplon tou . H clotacn auth oth cuvexela Ba mpémel va tepdostl amd Ty
MSC yia éykplon.

Ornweg ta oxédla Saxwplopol KukAodoplag, £€tol Kal ta GAAA HETpA
opyavwaong tne Baidoaoiag kukhodopliag mou uloBétnoe o IMO yia tn BeAtiwon tng
aocddrelag otn BdAacca mephappfdvouv apdidpopeg SLabpopES, TTPOTELVOUEVES
Sladpopég, Sladpopég yia Babid vepd (mpog 6¢elog Kuplwe Twv MACLIWY TWV omolwy
N LKavoTnNTa AlYHWV Tieplopiletal amod to ox£8Lo Toug), meploxég mpodLAaing (émou
Ta mAola pémnetl va mAonynBoulv e W8laitepn mpoooxn), Kol TEPLOXES TTOU TIPETEL val
amodeUyovtal (yla Adyouc sfatpetikol KvSUvou A W8laitepng svalcOnoiag Adyo
OLKOAOYLKWV KoL TLEPLBAAAOVTIKWVY AP AYOVTWY).
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Ta cuothuata SpopoAdynong Twv mMAoiwy Kat tThe Baidoaolac kukhodoplag,
oupneplAapBavopévwy  Twyv oxedlwv Staxwplopol kukAodoplag, mou E€xouv
uvloBetnBel amd tov IMO, nepléxovtal otnv npdéodatn Snpoaoisuon tou IMO, ta
“Ships' Routeing - currently 2013 Edition”, to omolo svnuepwveTal otav TaA
TIPOYP A LATA TPOTTOMOLOUVTAL 1} TtpooTiBevtal vEa.

H ékSoon mephapBdvel yevikég Slatdéelc yia thv SpopoAdynon Twv mAoilwy,
oL omole¢ amookomoUv otnv TUMomoincn tou oxedlaopoU, thv avamtuén, thv
xaptoypddnon Kal th Xxpnon the SpopoAdynong twy mAolwv cUdwva He Ta HETPA
Tou £xel uloBetnoel o IMO. OL Slatdéelc avadEpouv OTL 0 0TOXOC TNS SPOooOAdYNaNG
Twv mAolwv elval va «BegAtiwosl TNV acddAeld TNS vauoumAolag o CUYKALVOUOEC
TLEPLOXEC KL OE TIEPLOXEC OTIOU N TIUKVOTNTA TS KUKAOdoplag elval peydAn f 6mou n
gheuBepla TNC KukAodoplag Twv TAolwv dAvaoTEAAETOL AOYO TEPLOPLOUEVOU
Baldoclou xwpou yia pavoLBpeg, Uapéng spmodiwy otnv mAonynon, MEPLOPLOHEVO
BdaBoc | SUCUEVWY HETEWPOAOYLKWY CUVONKWY ».

ZTolela IOV ¥pholomololvtal e cuoThpata KaBodnynong KukAodopiag
neplAappavouy:

e X¥otnua Siaxwpelopou tng KukAodopiag: Eva pétpo SpopoAdynong mou
armockomnel oto SlaXWPLOUO TwV avtifetwy peupdTwy KUukAodoplag He Ta
Kat@AAnAa péoa kot tTh Snuoupyia Awpidwv kukhodopliag

e Awpida kukAodopiag: Mia meploxn evtog Kaboplopévwy oplwv oTthv onola
givat OXES Lo UEVOG £VacC HovOoSpooG. Qduowka gUodLa,
cupmeplAaBavopévwy Kol eKelvwy Tou amotelolv {wveg SLaXwpLoHoU,
prtopel va amoteAécouv £va 6plo.

e Zwvn Staxwplopov | ypoappi: Mia lwvn 1 ypauun mou xwpilel Awpideg
KukAodoplag otig omoleg kivoUvtal Ta mAola o avtiBeteg i oxedov avtiBeteg
KateuBuvoelg. Alaxwpilel tic Awpideg kKukhodoplag amd TNV mapakeipevn
Baldoowa mepoxn f TIC Awpidsg KukAodoplag mou €xouv oplotel ya
OUYKeKpPLEVEG KaTtnyopleg mAolwy mou Kwvolvtal mpog thv a kateLBuvan.

e KukAwknp kukAodopia: Eva onueio Slaxwplopol R KUKALKKAG Jwvng
Slaxwplopol Kol pa KUKALKA Awpida kukAhodoplag svtdg kaBoplopévwy
oplwv.

e Mapdaktia {wvn kKukAodopiag Mia kaboplopévn meploxy HeTall ToOU
XEPOOLOU OUVOPOU £VOC CUOTAUATOC Slaxwplopol KukAodoplag Kol thv
Tapakeipuevn akth.

e Juviotwpevn Swadpoun: Mia Sadpoun pe ampoodloploto MAATOG, yla th
SleukdAuvon twv Slepxouevwy mAolwy, n omola cuxva xapaktnpiletal amnd
onpadoupseg.

e Awadpopun BaBiéwv vdatwv: Mia Stadpopn evtog Kaboplopevwy oplwv mou
£xel pe akpifela xaptroypadpnOei o BuBoc kot ta BuBLopéva avTIKELMEVA.
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e [poduAaéng neploxng: Mia meploxr evtog kaboplopévwy oplwy, Omou ta
mAola mpémnel va mAonynBolv pe Slaltepn mMpoooxn Kal gvidg ThS omolag
prtopel va cuviotdral n kateUBuvon g pong the KukAodoplac.

o T[eploxég mou npénel va amnodevyovral: Mia meploxn evtog KaBopLopEvVwY
oplwv otnv omola eite n mAonynon sival Waitepa smikivbuvn 1 eival
g€ALPETLKA ONUAVTLKO va amodeuxBoUlv atuxaTta Kot n omola Ba mpénet va
amodeUyeTal and 6Aa ta rAola, f amd opLoEVES Kathyopleg mMAolwy.

Aette emniong: MSC/Circ.1060 Guidance Note on the Preparation of Proposals
on Ships' Routing Systems and Ship Reporting System:s.

1.2.1 Weather Routing

To 1983 o IMO &tébwoe to Pndlopa A.528 (13), clotacn OXETIKA HE TO
Weather Routing, n omola avayvwpilel otL oL Kaplkég cuvlOnkeg smnpedlouv thy
Baldooia kKukhodoplia Kal OTL Ta tAola mou slval edoSLlacéva e TETOLN CUTTAOTA
yla Thv anoduyr KaKwWV KoLpLlKwy cuvenkwy BonBolv Kal oTov TOUER TNE AP AAELAG.
JUVLOTA oTIc KuBepvnoelg va cupBoulelouv ta mAola mou ¢Epouv th onuaia Toug
OXETIKA He thv SaBeopdtnta twv rmAnpodoplwyv KapoU yla tnv PEATIOTN
SpopoAddynaon twv miolwy, WBlaitepa ya Tig mAnpodopleg mou mapéxovral And TIG
untnpeoieg tou Maykoéopouv Metswpoloyikol Opyaviopou.

1.2.2 EAGyloteg npodiaypadég yia napoxn unnpeowv Weather Routing

KdBe unnpeoia Weather Routing mou mapéxstatl yia Xpron oToug mAOLEpYoug
Ba IpEMEL va CUMMOPDWVETAL UE TG AKOAOUBEC EAGXLOTES ATTALTACELG:

1 O mAolapxoc mpérmel va edoSLAlsTal e HETEWPOAOYIKES TTAnpodopieg yia
Thv mpotelvopevn Stadpopun. OL mpwteg mAnpodopieg Oa mpémel, otav autd sivat
Suvarto, va rapgXovTal TpLy To mAolo amomAeUoel amd To ALUAVL Avaxwpnong yla va
Suvartal o mholapyog va mpoypappaticel to tafidt kal av sival amapaitnto, va
TpomornolnosL thv Stadpopn Ttou mAolou availoywe.

2 Ztov mAolapXo MPEMEL va TTOLPEXETAL N Tt Twy SgSopévwy, OTou auTo slvat
Suvatodv, koL va avadepstal to eminedo tng akpifelag twv Sedopévwy Kal n
mOavoTnTa GAAAYWY OTLC KALPLKESG CUVBNKEC.

3 OLmAnpodopieg mou mapéxovral MpEMeL va epAapuBdvouy yla thv Bdiacca
Kot ta “douckwparta tng” Sivovtag rmAnpodopleg oxeTkA Pe To UPOUG TWV KUMATWY
Ka, dv elval Suvatodv, thv katevBuvon tou “pouoKwpaTog .

4 OmolwadAmote cupPoulny SpopoArdynong Ba mpenstl va AdpBdavel MARPWS
urtodn thv TaxUTNTA KAl TO XOPOKTNPLOTIKA XslplopoU Tou mAolou. Oa mpémet va
S500el éudaon otnv wavdtnta tou mAolou va amodUysL KOLPLKA CUCTAMOTO TTOU
OUVLOTOUV ATELAN yia ThV aodAAELa TOU TTAOLOU Kol KLvoUvTal YpAYopa O CXEoN HE
TV TaXUTNTA TOU TTAolou.
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5 Mpwv amd thv avaxwpnon tou mAolou, Ba mpémnel va mapgxovral cadeic
odnylec otov mAolapyo yla ta Sltafgoipa KavaAla srmikolvwviog petaél tou mAolou
KOlL TNS LETEWPOAOYLKAG urthpeoiag SpopoAdynaonc.

6 Oa mpPEmeL va oPEXOVTOL CUBOUAEC SpoloAdYNoNE 08 TAKTA SlaoThpATA
avAAoya HE TIC KOLPLKEC CUVOAKEG, TV B€on Tou MAOLOU Kal He TNV MPoPBAsOpEVN
Sladpoun tou. To Sdotnua mapoxns cuuBouAwv Ba mpémel va HeTABAAAsTOL
oVudwva e To pUBUS peTaBOANC TwV cuUVBNKWVY.

7 H untnpeoia Ba mpemeL va eMLTPETIEL OTOUG TTAOLAPXOUG VO KAVOUV QUTHCELSG
yla tapoxn cupPBoulwy og evBildpeosg meplddouc.

8 To clotnua mou xpnoluoroleital mpémnel va sival apdidpopo. OAeg ot
mapatnpnoslg Twv cupBovAwyv amd thv umnpeoia Ba mpémnel va amaltoly pLa
ardavtnon ano tov molapxo. H eAdxlotn andvtnon npénel va meptAaufdveL tnv 8£on
Tou mAolou, thv mopsia kal thv taxvTnta tou. H popdn tng amdkplong mpémeL niong
va evBappUvel tov mAolapxo va tpododotrost micw mAnpodopleg OYETIKA HE TIG
KOLPLKEC UVOAKEC TTOU eTtKpatoUV otnv B£an tou. Ot mAolapyol Ba nipémel emiong va
gvBappUvovTaLl va UTTOSeIKVUOUY TNV TIPOTIHWHEVN Sadpopn toug AapBdavovtag
urton tThv EMAYYEALATLKN TOUG Kpion ocov adopd tnv acddAsla Tou mAoiov.

9 OLunnpeoisc mapoxng cupPoulwyv Weather Routing 8a ripémet va AapBdavet
urnoyn toug:

1. Ta oxetikd cuothpata SpopoAdynong rmou Ba va cuvavTHoeL To TTAolo
Katd Tt StdpkeLla Tou tatslov.

2. Tnv Umoapén oapketoU BaAdoolou Xwpou yia TO TAolo wWote va
géaodariost acPalsg mépaopa og 6Ao to TaiSL.

3. 'DAoug toug yvwoTtoUcg KvSUVoUS TS VOUGUTACLOG KoL TG SUGHEVE(Q
KOLPLKES CUVORKEC.

4. Tnv avaykn to mAolo va Asitoupyel cUUPWVA HE TOUG MEPLOPLOHOUS
o eMIBAAAOVTAL LA TNV TTPOOoTAGLAg Tou eptBaAiovtog.

5. Thv avdykn to mAolo vo Asttoupysel €vtOg TWV TEPLOPLOUWY TIOU
TPOKUTITOUV amod TN cUppopdwon He T AleBvng Z0uBacng Kat thy
vpouun ¢opTwaong Kat

6. Tnvavdaykn yla Tthv amapaitntn cuvtnenon Tou Aolou ou ennpedlst
thv aodadn Aswtoupyla Tou AN Kal propel va odnynoesl os
napapBiaon Twv nepBarroviikwy cuvenkwy.

2. NpdBAsYn kapol — Kapog
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H mpoyvwon tou Kkalpol otig HEpeg pag elval Stabéoipn, aAld neplopiletal
OTO TOCO MOKPLA oTo pEANOV Hmopel va poBAEY el Tov KaLlpd APKETA KAAX WOTE TA
QOTEAECHATA QUTA va JtopolV va xpnhotporoltnBolv w¢g Bdon &vtAnong
Sedopgvwv. Noyw tng EAehng aélomiotwy poBAEPewy, KATTOLO HEPOC TOU TatLSLoU
prtopel va xpelaotel va urtoAoyloTel e BACH TO CTATIOTLKA TTOU £XOUV ITPOKUPEL amd
tPonNyoU eV £TN VLA TA LETEWPOAOYLKA PALVOLEVA TTOU ETILKPATOUV O [La TIEPLOXA
avaAoya pE ToV Kalpo ou yilvetal to Tagist.

OLTIPOYVWOELS KALPOU TIAPEXOVTAL OO TOUC AEYOUEVOUC TTAPOXOUC KOLPLKWY
ouvBnkwv. AVo mapadsiypata mou pmopoU e va avtAjooupe Anpodopieg yia tov
Kapd sivat: to Zoundkd Metewporoyikd Kat YSpoloyikd lvatitouto, (SMHI), kat to
Metewporoylkd Ivotitovto tng Aaviag, (DMI). O mo ocuvnBLlopEVOS TPOTOG
gMIKOoWwviag mou adopd petddoon SsSopevwv Kalpol yla €V AW CUCTAMATA
Spopordynaong sival péow Tou nAekTpovikoL Taxudpopsiou.

H cwot) mpofAsyn tou KapoU, eival n mo chpavtikn HeTtaBAnth yia thy
gnitevén KaAlwv amoteAsopdtwy othv Sadkaocia the Spopordynong Twv mAolwv.
Eival TwtikAg onuaocilag pla vauTIALaKn etdalpela va €xel mpoofacn otig BEATIOTES
SlaBéolpec petewporoyikég poPAEPeis. Asv sival pévo n akpiBsla mou mokiAAet
HETAEL TWV TAPOXWYV TWV HETEWPOAOYIKWY Ssdopévwy aAAd  Kal ol TipoBAEYELg
Sladépouv alobntd and ndpoxo os mdpoxo. H avdAuon katlpol Stadépst mdvw amd
TOUC WKeavoUg aAAd untdpxel KAAUTepN avaAucn Kovid otnv aktr. Mua pgbodoc yia
VoL Kpatoel To HéyeBog Twv Sedopévwy XapnAo adol n amooTtoAn yla Ta mAola gv
AW ylvetal péow akplBwv cuotnudtwy Sopudoplkng emikolvwviag ovopdlstol
Coarser resolutions .

2.1 Napapetpol kapou — Weather routing

Ac SoUE TTOLEC TTAPAUETPOUCS XPELCCOUAOTE YIO VO EXOULE L CwoTh poRAsyn
YLOL TLG KALPLKES CUVONKEC IOV Ba eMLKPATOUV OTNV TMEPLOXN TTOU o evlladEépst:

e Taxutnta Kot SltebBuvon AVEWVY.

e AlebBuvon KUMATWY — UPoC KUPATWY — TTEPLOSOC KUMATWV.

e [lpoodatn Taxvtnta Kat StevOLVVON KUUATWV.

e Katdotaon mayou: [Mdxoc mayou, Tmapoucia maydBouvwyv Kot
TLEPUTAQVW LLEVOU TIAYOU.

MetewpoAoyLKA OTOLXELD YOl TOV AVEMO KAl TO KUpATOL.

H mpoBAen yia tov aépa meplAapBavel avd meploxf tTnv Héon KateUBuvaon
KoL évtaon tou avépou. To (8o wxVeL yia thv SlebBuvan, thv éviaon Kal tnv
CUXVOTNTA TWV KUUATWV.
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To petewpoloylkd otolxela, yia TS mpwteg 15 wpeg mou Sivovtal amd Tig
gtalpieg elval amotédeopa anod thy enefepyacia twv Sedopévwy ou cuAAEyouv armd
TOUC TOTILKOUG HETEWPOAOYLIKOUG oTtaBole, ue Bdon to Hovtélo mpoBAEPewy mou
£XEL ULOBETAOEL KAOE OpYAVIGHOC KAl KAAUTITOUV TTEPLOXES 2 TETPAYWVLKWY HALwY. MNa
thv niepiodo mpoBAedng amd 16 wg 72 wpeg ta Ssdopéva amoppeouy amd ta S
pHovTéAa poBAsng mou Sadépouv SpwS amd autd Twy 15 wpwv Kal KAAUTTouv
TLEPLOXES 6 TETPAYWVIKWY HALWY.

* MepBarrovikoi Napdayovreg

OL ntepBarrovtikol mapdyovteg mou £xouv onpacia yla to weather routing
ota mAola gival ta otoeia ekelva tng atpdodalpas KoL TWV WKEAVWY TTOU Hrtopoly
Vol TIPOKOAECOUV [ aAAayh OTnv Katdotaon thg SLEAsuong twv mAolwv. Ith
SpopoArdynan tou mAolou, AapBdvovtatl urtdyn ta otolxeia mou adopo Uy Tov AVeEUO,
TIc OdAaoaosg, Thv opixAn, Tov mayo, Kol ta peUpata. Evw 6ol ol meplBaiiovtikol
TapAyovTeg elval onUAvTkn ya thy grmloyn the Stadpopng Kal Tthv mtnpnon, n
BéAtiotn Spopoddynon Bswpeital OTL EMITUYXAVETOL EQV OL EMLSPATELS TOU QVEUOU
Kol ThS BdAaocoag propouv va BeAtiotonolnBouv.

Avepog: H enidpaocn g taxUTNTAC TOU aVEUOUL othv anodoon twy mAolwy
glvat 80okolo va nmpoadloplotel. Ze edadplolc avépoug (Ayodtepo amd 20 kopuBouc),
Ta mAola xavouv Taxutnta os Kovtpa avéRouc Kal Kepdilouv Alyo taxvtnta otav
akoAouBoUv toucg avépoug. MNa vPnAdtepeg taxlTNTEG AVEROU, N TaxUTNTA TOU
mAolov pewwvetal 1000 aToUC KOVIpa 600 Kal OTav akoAouBoUlv Ttoug avépoug. Autd
odeidetal otnv avénuévn Spdon twv KURATwy, n omola oényel os auvénuévn
omoBéAkovoa armno Tig Slopbwoslg pe To TIHoVL Katd tnv e€étaon Tou avépou, sivat
gniong anapaitnto va yvwpiloupe to epBaddv tou mAolou. loxupol dvepol Ba €xouv
TMEPLOCOTEPES APVNTIKEC €TUSPACELS Ot €va Heydlo, TANpwS doptwiHévo TAolo
EUTTOPEVHATOKIBWTIWY A HeTAdOPAC QUTOKLVATWY armd &va MANPpWS GopTwHEVO
Se€apevomAoLo TTAPOLOLOU LIKOUC.

Ygog Kopatog: To UWog tou KUMATOG eival Paclkog mopdyovtag Tou
gnnpedletL thv amddoon tou mAolou. H Spdon twv KUpdtwy eival urmteLBUVN yLA TIG
KWWAOELG TwV TTAolwy N omola HELWVEL TIC MPOWOELS TNE TIPOTTEAQC KOl TIPOKAAOLV
auénuevn avtiotaon otig Slopbwoselg pe To TLHOVL H oxéon thg taxUtnTag Tou rmAoiou
He TNV KateVBuvon Kat to VP og Tou KUUATOC lval mapdpoLa e EKELVN TOU AVEUOU.
Kévtpa KUpa HEWWVEL THY TAXUTATA Tou TTAOLOU, evw Otav akoAouBoUpe to pella n
taxUtnta tou rAoiou avédvel eAadpwe EwE Eva OpLoHEVO ChELD, TTEpa armd To omolo
Ba to emIBpadlvouv. Itnv Tapayuévn Baiacaoa, akplBn anddoon sival SUoKoAo va
npoPAedBel, AOyw TWV AVAIPOCAPUOYWY TNE Topelag Kal ThG TaXUTATOG YL TOV
XELPLOMO ToUu TTAolou Kal TNS dveonc. Av Kal n enidpacn tng 8dAacoacg sival moAv
HeYaAUTEPN YL TA HEYAAA EUMOPKE OKAdN amd otL ival n taxTNTA TOU aVEUOU,
glvat SUokolo va Slaxwplotolyv o pLa SpopoAdynon mAolov.
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OuixAn: H opixAn, evw dev ennpedlel apeoca tic embooelg Tou MAolou, Ba
TPETTEL vaL artodelyeTaL 600 To SuVATOV EPLOTOTEPO, TIPOKELEVOU va SlatnpeitaL n
Kavovikn taxutnta oe aocdarelc ocuvOnkeg. EKTETAMEVESG TTEPLOXESG OMIXANG KATA TN
Sldpkela Tou KaAokatplol pmopel va amodeuxBolv pe TV Aoy oG SLadpounS
o€ XapNAdTeEPO yewypadLko TAGTOC and skeivn mou Baciletal AmoKAELOTIKA OE AVELO
Kot BdAacoa. Av kol n Stadpoun propsl va elval peyadltepn, o xpodvog SLEAsuang
prtopel va sivat Atyodtepoc s€artiag oto otL Sev xpeldletal va PelwBel n taxvtnto Adyw
HELWHEVNE opaToTnTaC. EMUTA£oV, N KOTTWGN TOU MANPWHATOC AOYW ThS AUENUEVNG
gnaypUnvnong KWopsl va pelwBel.

Enidpaon tou Bopelov Teixoug (North Wall Effect): Kata t Siapkeia tou
dOLvonwpou Kal Tou Xelpwva oto Bopeslo Hulodaiplo, ta vepd ota Boépela tou
PeUpatog tou KoAmou, oto Bopelo AtAavtiko, sivatl oto Puxpdtepo Toug, Evw To (S1o
to PeUpa tou KoAmou mapapevel os otabepny oxetikd {eothy Beppokpacia. To
TEPACUA HLaG Loxupd KpLag agplag Halag prpootd N miow ard to Pebpa tou KOATou
obnyel otV avamtuén evog MapAKTLOU CUCTAMATOC XAUNAAG Ttieong. ApKetd cuxvd
ApPKTIKOG aEpag OmoTpofLETal OTA AVOLKTA TWV HECW-ATAQVILKWY OKTWV TwWV
Hvwpévwy MoAttewwy Kal mavw armd ta {gotd vepd tou PeOpatog tou KoAmou. Autdg
o Yuxpodc agpac Bepuaivetal kabwg Stépxetal mdvw armnod to Pebpa tou KoAmou, pe
amotéAeopa thv taxeia kat évtovn epBdaduvon Tou CUCTAMATOC XAUNARG Ttleong Kot
vpnAdtepoug amd TNV Kavovikn eripdvela avépouc. YPnAdtepa KOpata Ko
OUYKEXUMEVN BAAacoa amoppéouv amod auTtolS Toug avépouc. Otav autol ol dvepol
avtitaxBolv ota BOopsloaVATOALKA TOU PeUKATOC, TO ArmoTtEAsopa elval auénuévo
UPog KUUATOG KoL cUVTOELGN TNE TteEPLOSoU Tou KUKATog. Av to avtiBeto pebpa eival
EMOPKWCE LoYXUPs, ta KUpata Ba ormdoouv. Autd ta dalvopsva sivol CUANOYLIKA Kol
ovopdlovtal «Emidpacn tou Bopelov Telxoug (North Wall Effect)”, mapamnéumnovrag
OTNV IEPLOXN HE TNV TILO Spapatikh evaAlayr Beppokpaaiog petaél tou KpUou vepoU
ota Bopela Kal Tou {eoctol vepoL tou Pelpartog tou KoAmou mpog ta votia. H mio
gmikivbuvn mtuxn tou ¢avopévou autol eival OTL oxupol dvepol Kot g€AlpeTIKA
vPnAq, arntdtopa KUpata epdavilovtal o Lo TEPLOPLOEVN TTEPLOXT Ta omola pmopel
va avarntuxBolv xwplc mpostdoroinan. Etol, éva mAolo mou Adn mAgeL o oxedov
BueAAwbelg BOPELOUC AVEUOUC KAl TPIKUWSENG BdAaocaoa, mpoxwpwvtag os Bopsla
nopeia, propsl Eadpvikd va avrlpeTwrtiost oAU SuvatoUc avEoug Kal erkivéuva
vdnAd amdtopa kKOpata. MoAAd sival ta mAola mou vavdynoav ota aVvoLKTA TS
Bopelac Apepikig kaBwe mpoacéyyilav thv B€on tou Bdpelou Toiyxouc. Eva mapdpolo
dawvopevo cupBaivel oto Bopelo Epnvikd kovtd oto PeOpa tou Kuroshio kat tng
NotloavatoAlkng adpLKaVIKAC AKTACS Kovtd oto PeOpa tou Agulhas.

Qkedavia Pebpata: Ta wkedvia pevpata Sgv mapouotdlouv CNUOVILKO
npoBANpa Spopoddynaong, aAAd pmopel va sival £évag KaBopLoTIKOS mapdyovTag yla
thv emdoyn SLaSpopng Kal eKTpomng. Autd ocuvhABwg oxVel otav ta onpela
avaxwpnong Kol mpooplopol Bplokovtal og oxeTkd XapnAd yewypadkd Adtn. OL
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onpovtikol mapdyovtee Tou TpEmel va aflodoynBoulv eival n Swadopd NG
amooTaong HeTall oG HeYEANG KUKAWKAS Sladpopnc Kal piag Stadpopng mou
gTAEyETAL VIO BEATIOTO pelQ, He ThV avapevopevn alénon tng taxvtntag amnod Tto
akoAouBoUuevo pelpa, KABWE KoL N HEWHEVN TIBAVOTNTA ULAC EKTPOTAG g€attiag
TOU KalpoU Kal ThG BAAACOo0C 0TO KATWTEPO YEWYPAPLKO TTAGTOC. MNa mapddsiypa, pia
Sladpoun mou mepvdel kovtd amd tov Gfova tou lonueplvol uropel va esival
TPAKTLKA, SO0TL N auénuévn amootaon avriotabuilestal and suvoikd pelpa. H
KateUBuvon Kal N TaxUTNTA TWV PEVHATWY TWV WKeavwy eival o mpofAsPLpoL and
TOV dAvepo Kol TS BdAacoeg, aAAd Kdmola petaBAntdtnta pmopsl va UMApXEL.
ZNUOVTIKA WKeAvVLIA pelpaTa prmopolv va SlatapaxBolv yla AdpKETEC NUEPES amd
TIOAU €vTova KALPLKA CUCTAKMATA, OTTWE TUDWVEC KAL aTtd TTAYKOT LA GALVOUEVA OTTWE
To EA Nivio.

Nayog: To mpoPAnUa Tou mayou gival S1ttd: emumAéovta mayoBouva Kal tayog
OTO KATAoTpWHA. Edv elval Suvatov, TIC TEPLOXES TwV ayoBouvwy Ba TPEMEL va TIC
amodelyoups AOyw tNE SUOKOAlOG TNG avixveuong Kal thg mOavotntag tng
oUykpouong. O MAYoC KATAOTPWHATOC Mrmopsl va TpoKaAeltal amd YApNAES
Beppokpacieg mou oyxetilovral pe €va peydAo clotnpa Kalpol. Evw we emi to
TAsloTov elval Evag EVOXANTIKOC apdyovtag o€ HeydAa mhola, propel va mpokaA€éost
OHMOVTIKA TtpoBANHATA OTNV 0TABEPAOTNTA TWV HLIKPWVY OKAdWV.

2.2 Tuvorntikn Extipnon tou Kaipot

Muwa untnpeoia SpopoAdynong mhoilou Ba mpémnet va KatsuBuvel Tig Se€ldtnteg
TGS otnv MPoPAsdn yia TV armoduyn A Tov MEPLOPLOUO TNE EMISPACNE TWV KALPLKWY
Kol BoAdoolwWY cuVENKWY TIOU CUVSEOVTOL HE UTIEP TPOTILKA CUOTAMATA XOMNANS
mieong ota pecaia Kol peydAa yewypadkd TAATN Kol TO TPOTILKA CUCTAMOTA OF
HUIKpA yewypddlkd mAdtn. O smoxlakog Kalpdg n poucwves sival smiong évag
mapdyovtag athv ertdoyn TN SLaSpoUnE KAl EKTPOTIAG OE OPLOUEVEC TIEPLOXEG.

Mapd tnv mpoooxn Kol SnHocldotnTa mou SLveTal 6TOUG TPOTILKOUS KUKAWVEC,
cuoTApata XaUNANG rtieong os peoala yewypadkd mAATn mapoucldlouV YEVIKA TTLO
SUokoAha mpofAnpata ce (o umnpecia SpopoAdynong mAoilou. Autd odeiletal
Kuplwg oto yeyovdg OtL ta peydia mAola KukAodoplag mov mAéouv petavactelouy
o XaNANG nileong cucTtAMaTa, Kol n rlbavn €KBeon og £vtova KALpLKA CUCTAHMATA,
€18 1KA TO XELPWvA, elval ToAD peyaAltepn.

ZuoThpata XapnAng mieong pe acBevéotepn €vtach amd toug BueAAWsEeLg
avépoug (dvepol Ayotepo amd 34 kOpuPoucg) Sev sival éva cofapd mpdBAnUa ya Ta
neplocotepa mAola. Qotdoo, Eva oxeTkd acBevég clotnua propel va Snuouvpynost
plo mapatetapévn neplodo Bakacocotapaxng rmouv evbéxetal va mapepnodilel thy
Kavovikn Asttoupyla twv mAoiwv. To weather routing propel cuyvd va meploplosl Tig
OKANPEC OUVONKEG 0g GUVIOMO XPOVIKO SLACTNMO KoL VO TIOPEXEL TIEPLOTOTEPES
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EUVOIKEC TUVBAKEC yla TO HEYAAUTEPO HEPOC TNEC SLEAEUONG. IXETIKA MIKPA OKAdN,
PUMOUAKQ, okdadn avapuxnc kot miola e svaicBnta doptia pmopolv va
EMNPEACTOUV ONHAVTIKA ormd acBOevéoTepa KALPLKA CUCTAMATA Qo TNV £vtaoh
B0eAAac. Xpnolpomouwvtag pia urthpeoia SpopoAdynong propoUUe va eVIGXUCOUUE
T000 TNV aoddAsia 600 KAl TNV OMOTEAECHATIKOTNTA. OUeAAec (Avepol 34-47
KOuBoug) kat koatowyibeg (Gvepol peyoAltepol amd 48 KOUPBoUC) OTAV AVOLKTH
BdAacoca prmopolV va Snuloupynoouv oAU tapaxwdng i douckwuevn BdAacoa,
Slaitepa otav eva avtiBeto pelpa, onmwe to Pelpa tou KOAmou sumAéketal. Auto
prtopel va avaykAaoesl og pPelwon thg TaxUTNTAC TIPOKELUEVOU VOl TTOKTACOURLE HLOL TILO
avetn Kot aocpain odnynon. E€attiag tng ektetapévng yewypadLkng mePLOXNS TTOU
KaAUmTeTal armd £va KAAQ AvarttuypHEVo cuoTnpa XapnANg tieong, adol n tayxvtnta
Tou mAolou pewwBel n IkavoTnTa yia BeATiwon TS KATACTACNE TOU TTAOLOU HELWVETOL
ocoBapd. Etol, n £€kBeon os mBavn BAABN Kal Kivbuvo auvfAvetal GHUOVTLKA.

Muwa cUotacon yla pLot EKTporh amd thv unthpecia SpopoAdynong moAl mply
armd ta évtova Kolplkd dalvopeva Ba meploplost th Sldpkela the £kBeong tou
okadoug. Eav elval amoteAsopatikn, n taxvtnta tou mholou Sgv Ba pewwBdel kat Ba
SlatnpnOel pa tkavormonTikA mPoodog AKOKA KAL AV N AOCTAoN TTOU ATTOKEVEL yLd
TOV TPOOPLoMO pac auénBel. O ocuvoAkdg xpdvog Siéheuong sival cuvRBwg
HULKpOTEPOG amd OtL av Sev yivel alhayh tng S1adpoung Kal to Aolo mapapeivel oTig
Suopeveic KalplkéC oUVONKEG. 2 EPLKEC TIEPUTTWOELS OL EKTPOTIEG Yivovtal yla TV
armoduyn SUCHEVWY KOLPLKWY oUVONKWYV Kal ylad cuvtopeuon tng Sadpounq
tautdxpova. Autd prmopsl va odnynost o onuavtiky séokovopnon xpovou Kol
KOGTOUC.

2e oAU £vtova CUCTAKATA XA UNANG Ttieonc, e loxupoUg AVEROUE KOl HOKPAS
Sldpkelag, Pouokwuéveg Bdhaocosg Ba SnploupynBolv og HeEYAAEC QMOCTACELS.
AKOMN KoL pe pla ektporthy, slval SUokolo va amodeuxOolv AMOTEAECUATIKA OL
Suaopeveic cuvBnkeg.

Autd dalvovrtal oTa MapaKATW oXAMATA yia Tov Elpnvikd wkeavo:
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Mevikeupévn ouxvotnta WwolPwy Twv BueAAwdwVv avépwy yia tov lavoudplo

HEXPL TOV AmtpiAlo.

Ma va amodUyoupe TNV EPLOXN HE ONHaVTLKEG BUEAAEC oTOV ATAQVTLKO QIO
tov Oktwfplo pExpL tov AmpiAlo, to yewypadikd TAdToc SLEAsuong slval YeVIKA
XAUNAOTEPO QIO TOV TPLAKOTTO TtapaAAnAo.

OL TteEpLOXEC, OL EMOXEG, KAl N mBavotnta TNG OVATTUENG TWV TPOTILKWV
KUKAWVWV ELVOL OPKETA KAAG TTPOCSLOPLOUEVOL OE KALUATOAOYLKEG SNUOCLEVOELC. Z€
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poakporpoBeopoue  oXeSLAOHOUE, ONUOVTIKO  TTAEOVEKTNMA  MITOPOUHE  va
QITOKTACOUME HE TOV TIEPLOPLOUO TG £kBeong pag oe mibavouc kKwdOvoug Twy

TPOTIKWY CUCTNUATWV.

2to Bopelo Elpnviko, armodeYoU LE TIC TIEPLOXES UE TN HeYaAUTeEpn BavoTnTa
OXNUATIOMOU TPOTILKOU KUKAwvA. Amodelyovtac TOUG UTIAPXOVIEC TPOTILKOUC
KUKAWVEC LE LOTOPLKO 24 wpwV N TIEPLOCOTEPO ATO £EAWPEC TIPOELSOTIOLNOELS OTIC
TIEPLOOCOTEPEC TIEPUTTWOELC ELVOL OXETIKA aAmAd. Qotdco, Otav SLEPXETAL ATO TNV
TLEPLOXN TIOPAYWYAC TPOTILKOU KUKAWvVA, TO TAoio umd SpopoAdynon Hmopel va
TIAPEXEL TNV TTPWTN €KBeon yLa TIG epLBAAAOVTIKES CUVONAKES UTTOSELKVUOVTAC AV Lo
véa Slatapayr avarntUooeTal. 2To avaTtoAlko Bopelo Elpnvikd n meploxn mapoywync
yia €va. upnAd mocootd TPOTIKWY KUKAWVWY Elval OXETIKA TIUKVO (oxAua).
MoapaHEVOUV VOTLWE TNC YPOLUKAG TTOU EKTELVETAL GO TO YEWYpad KO Adtoc: 9°-14°N
KoL pkog 90°-115°W.

NEIPOFYPREPUIE ISP S .

Meploxn avixveuvong uvdynAol mMoocooToU TWV TPOTIKWY KUKAWVWVY TTOU
apyotepa avartuxdnkav og tupwva, 1957-1974,

Jto Sutikd Bopelo Elpnvikd eival okomipo va peivoupe Bopeiwg tou 22
Bopeiouv mapdAAniouv, émou eival yvwotd OtL §EV UNAPXOUV TPOTILKA CUOCTHUATA.
Agite To OYAMQ.
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MNeploxn avixvevong vdnlol mMOCOOTOU TWV TPEOTILKWY KUKAWVWY TOU
apyotepa avartuxonkav oe tudwva, 1946-1973. Ztov ATAQVTIKO, MAEOUUE KOVTQ
otov dfova twv Bepuoldwv mpog Boppd yla va armodUYOUUE TRV TIEPLOXH TOU
OXNHATIOUOU TWV TPOTILKWY KUKAWVWV.

‘Exet amodeixBel e€loov emwdeAAC va XPNOLUOTIOLOUHE TTAPOUOLEG EKTLUNOELS
yia tn Spopoldynon OTIC TEPLOXEC TWV HouowvwV Tou [vlikolu Qkeavou Kat Thg
OdAacoag tneg Notwag Kivag. Autd eTUTUYXAVETOL ME TNV Ttapoxn Sladpopwy Kot
mapakdpudewy ToOU yeviKA amodelyouv TIC UYPNAAC CUXVOTNTOC TIEPLOXEG ME
BusMwdelc aveépoug Kal tapaypéveg Balacoeg 6co to Suvatdv meplocotepo. Ta
mAolal HITOpoUV OTNH CUVEXELR VO TIAPOUELVOUV OE LKOVOTIOLNTLKESC CUVOAKEG HE
TEPLOPLOUEVN alEnon tn¢ andotaonc Stadpopng.

Avdloya HE TA ONUEla avaxwpnong Kol TPoOPLoMoU, umapxouv ToAAol
ouvbuaopol Stadpopwyv mou propolv va XpnotpornotnBolv otav SLEpXOHAoTE Ard To
BopeLo Ivbikd Qkeavo (Apafikn @dAacoa, KoAmocg the BeyyaAng) kat th ©@alacoa tng
Notlae Kivag. MNa mapadswypa, otnv Apafikn ©dAacoo KAtd TN SLAPKELD TWV
KoAOKaLpLWY pouvowvwy, SpopoAoyla amd Kal mpo¢ thv Epubpda ©dAacoa, oto
Avutikd Elpnviko, kat to avatoAko Iv8iké Qkeavo mpéEmel va eival oAU KOVTd oTtov
lonuepwo. MAola pe mopeia otov MNepokd KOAmMo katd tn SLEPKELX QUTHAC TNG
TEPLOSOU KLvoUVTAL VOTLOTEPA KAl SUTIKOTEPA WOTE VAl EXOUV TIC GOUPTOUVIACUEVEC
Balaocosc otnv mpUuKvn otav Siepxduacte amod tnv Apafikr @dlacoa. Ta rAoia ou
kateuBUvovtal avatoAlkd Kol avoayxwpolv amd to [epoikd KoAmo pmopolv va
TIPOXWPNOOUV YEVIKA OVATOALKA-VOTLOOVATOALKA TTIPOC TNV LVELKI UTIO-NTIELPO, KAL OTN

CUVEXELO VOTLA, VIO VA TIEPACOUY BOPELR KAl AVATOALKA TwV $OUTKWHEVWY Balacowv
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vOTLOSUTIKG TN ApaBLkng O@dlacaoac. Ta mAola mou KateuBUvovtal SUTLKA armod tov
MNepowkd KoAmo vy to Akpwthplo KaAfg EAmidag daivetal va €xouv sAdxLotn
Suvarotnta emAoyng g SLadpopEG, EKTOC KAl av TPOcOECOUE GNUAVTLKA armdaotaoh
otn SléAseucn HE TEPACHO QVATOAKA amd TG POUCKWHEVEC BAANCOEG. ZTOUG
XELHEPLVOUG Houowveg, SpopoAoyia rtpog R and tnv EpuBpd OdAaocoa yla to SUTIKO
Elpnvikd kat tov Ivilkd Qkeavd mpayuatonololvral Bopesdtepa otnv ApafLkn
OdAaocoa yia va arnodsuxBolv ol douvokwueves BdAhacosc. MAola pe mopeia otov
Mepokd KOAo amd to Sutikd Elpnvikd Kat avatoAko [vikd Qkeavo Siatnpouvtal
TEPLOCOTEPO TIPOC AVATOAAS Otav mpoxwpolv Bopsla otnv ApaBikn O@dAaocoa. Ta
mAola mou avaxwpoULV armod tnv neploxn tou Mepoikol KdAmouv Ba £xouv onuavtikd
Ayotepn SuockoAla amd OtTL KAatd TN SAPKELX TWV KAAOKALPLVWY HOUCWVWVY.
Mapdpoleg okéPelg pmopolv va §08o0v atnv SpopoAdynan mAolwy mou Kivolvtal
Ttpog Kat arnd tov KOAmo tng BeyydAng.

2tn ©dAaocoa tne Notwag Kivag, ol Stedeloslg péow tou Mepdopatog Palawan
cuvIoTWVTaL otav oxupol, kKovtpa dvepol kot Badlaocoeg mpofAémovral. Autd sival
Slaitepa aAnBég otn SLdpKela Twv XELMEPIVWY Houowvwy. Katd reptddoug, 6tav n
KUpla pofj Twv poucwvwy glvat xaAapn, ta mAola propolv va XpNGLUOTTIOLACOUY TN
CUVTOMOTEPN SLASPOUN OCO EMITPEMOUV Ol GUVBAKEG.

2.3 Extipnosig Exktaktwy Katpwkwv kat Nepparloviikwv Qowvopévwv

EKtOC amod TG CUVOTTIKEG EKTIHACELS TOU KalpoU oto weather routing tou
mAolov, umdpxouv eSIKA TEPLBOAAOVTIKA TPOBAARMATA TIOU  WTopoUV  va
armodeuxBolv e TIC AKOAOUBEC CUOCTACELS KAl TIPOELSOMOLACELS TWV UTNPECLWV
Spopoddynong mAolou. Autd Ta TIPOPAAMATA KAAUTITOUV VEVIKA HLKPOTEPES
vewypadLKEG TTEPLOXES Kal elval smoxlkoU xapakthpa, aAAd eéakoAouBoUlv va sival
OHMOVTIKA yLa Thv SpoploAdynon Ttou mAolou.

2Ztov Bopelo AtAavtiko, Adyw TS Bapldc vauTIALOKAS KUKAodoplag, cuxva
Kakn opatdtnta amd Bpoxn A ouixAn Kal meploplopévn mAonynon, Kuplwg ota
ovaToALKA Tou Ztevol NtoBep, KAmolot vauTtikol tpotioUy thv SLéAsuon mpog R ard
th Bopela @dAaocoa pécw tou Pentland Firth, mepvwvtag Bdpsia amd ta Bpetavikd
VNOLA Kat OxL HESw Tou AyyALlkoU KavaAloU.

To weather routing ota mAola yevikd amodeUyYeL TIG IEPLOXES TTUKVAG OUIXANG
He xapnAn opatotnta otnv neploxn tou Grand Banks ota avouwktd tou Newfoundland
KoL TV Teploxn avatoAkd tng lamwvicag Bopeiwg twv 35° N. Ta aAlsutikd okddn
otouc 8U0 autoUcg topelc mapéxouv mpocBeto KivBuvo. AuTh n Katdotaon UTApXEL
KAT& KUpLo AOyo armo tov loUvio HéXpLTo ZeMTEUPpLo. ApKTIKA rAola epodlacpol kad
'086v amd tic AvatoAkeg aktég twy HMA otnv meploxn tou otevoU Davis-Baffin Bay to
Kadokaipt cuxvd emidéyouv n StEAeuaon Toug va yivetal éow Tou Ztevol Cabot kal
Tou XtevoUl tou Belle Isle, émou neplocodtepa BonOnpata mhonynong sival Stabsoua
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Kot n kivnon twv nayofouvwy sival xaptoypadnuevn. Ta nayoBouva sival évag
ocadng kivbuvog oto Bopelo AtAavtikd armo ta téAn OeBpouapiou €wg Tov lovvio, Kat
HepLkéEC Popeg apyotepa. O kivbuvog amd enumAgovta nayofouva oe cUVSUAGUO HE
TNV TIEPLOPLOMEVN opatdtnta Adyw opixAng eival ocuxvoc. OL avadopseg Kot
npostdorolnoelg the Atebvng MNeputoAiag Maywyv £xouv evowpatwBel oto oxedlacud
wv Swdpopwv vy va amodsuxBolv pe aocddAela  erkivBuveg meploxEC
nayoBouvwy. Elvatl cuvnBweg anapaitnto va peivoups votia touAdylotov twyv 45° N
HEXPL KAl vOTLoaVATOALKA Tou vholoU tou Newfoundland. To ypadeio SpopoArdynong
tou NavtikoU twv HMA oto Nauvtkd Kévrpo AtAavtikol, Metewpoloviag kot
Qkeavoypadiac oto Norfolk Siatnpel éva meplBwplo acdaleiag TovAdyiotov 100
HAlwy amd mayoPfouva mou avadépBnkav amd thv AleBvAg MeputoAia Maywv.
Ertiong, og éva Splul xelpwva, to Ztevd tne Aaviag propsl va kAsiost pe mayo.

2TO XELLWVLATIKO Bopelo nulodaiptlo, éva woxupd cbotnua cvotnua LPNAAS
Ttieong mou Kiveltal voTloavatoAlkd amod ta Rocky Mountains dépvel KpUo agépa tpog
Ta KATWw o€ oAOKANpN tnv Kevtplkn Apepikn Kat to Sutikod KoAmo tou MeéikoU omou
mapdyovtal BueAAwdeLg dvepol oto KOATo tou Tehuantepec. Mia mpooappoyn athv
mopeia tou mAolou propel va amodUyel emITUXWCE TIC POUCKWHEVEG BAAACOEG TTOU
ocuvbéovtal pe thv «Tehuantepecer." MNa tn StéAsvon petaél the Alwpuyag Tou
Mavapd Kat Twv BopeloSuTtikwy Alpévwy tou ElpnvikoU, Alyn smutAéov amootacn
amatteital yia va amodeuxBel auth n meEPLOXA TO XELMWVA TIOPAMEVOVTAS VOTLA
TouAdxLotov Twv 12°N katd tn SiEAsuon Twv 97°W. Arntodelyovtag TIC GOUTKWHUEVES
BdAaocoeg, Kamoleg SUCHEVAS CUVONAKES IMOPEL val CUVAVTACOULE VOTLA aTtd AUTH TN
vpauun. Miola ou Sigpyovral petaél tne Awpuyag tou Mavoapd Kot Ta AUAVLIA TNG
SUTIKAC akTNC TS Bopelag ApEpPLKAC KmopoUV va pelvouv Kovtd oTLC OKTEC TOU
KéAmou tou Tehuantepec yia va amodpUyouv TIC TPLKUKIEG KOTd th SLdpKeELd TG
B0eAAag, aAAd pmopoUV va e€akoAouBoULv va avtipetwitilouvv SuvatoUg UTTEPAKTIOUG
QVEHOUC.

To kaAokaipl, T NUI-pOVIHA cuoTApata UPNANG mieong mavw amd Toug
WKEAVOUC MAPAYOUV LOXUPEC POEC TIPOC TOV LONKEPLVO KATA UAKOC TWV SUTIKWY AKTWVY
Twv Nreipwy. AUTO TO XAPAKTNPLOTIKO £lval Mo cadnES OTA AVOLKTA TWV AKTWY TS
KaAwbopviag kat tng MoptoyaAiag oto Bopelo Hulodaiplo kal Katd pRKog the XAAgG,
AutikAc Auotpaliag, Kal voTloSutikd the AdpLlkAC oto votlo nuwdaiplo. Otav
Slepxdpacte amd TIC TIEPLOXEC QUTEC SnuoupyoUVTOL HEYAAEC TPLKUMIES Ko
Bewpsital onpavtikdg mapdyovtag otny emdoyn SLadpoUAg 1 EKTPOTAG.
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3. Concept of weather routing — fuel consumption

To weather routing, eilvol pla dtadikaocia unoloylopol tng BEATIOTNG
Stadpopng Kot evBeXxopEVwG, TOU UTTOAOYLoHOU TG BEATLOTNG TaxUTNTAG Tou MAolou
yo éva tafidt Aappdavovrag unown tov kawpd. H kUpla xpAon tou, sival yia tov
urtoloylopd TN mopelag Twv epmopkwy TAoiwy, aAd XpnNOLUOTOLETAL KOl OTNV
aktomAoia. O kUpLog otdxog Tou weather routing eival n eAaxLotonoinon Tov KOCTOUG
KOlL TOU XpOVoU KaBwg Kal n aKePALOTNTA TOU EUMOPEVULATOC KATA TNV SLApKELA TOU
taéblov. Agyovtag elaylotormoinon tou Koéotoug piag StEAeucnc £VVOOUUE val
Teplopicoupe Ta £€o8a TIou TIPEMEL va yivouv, yla mapddsiypa tTa Kavolud, To
TIANPWHA KAl TO KOOTOCG KedaAaiov. I autod to kedalalo Ba avadepBolpe yia otnv
g\aylotomnoinon Tng KATAVAAWaoNG TOU KAUGLHOU.

AUTO To KEPAAALO £XEL WG OTOXO VOl SWOEL OTOV QVAYVWOTN KLot ETILOKOTNGN
tou weather routing. Eotidlel kal aoxoAsital pe Ta oTolXEla MOV arattouvTaL yla va
yivel owoth ipoBAedn g mopeiag tou mAoiou KaBwe Kal TG MTPoKAATELS TTou EXOLV
Vol QVTLUHETWITigoUY otav mpoomnaBoUv va PeAtiotonolnocouv ta SpopoAdyla Twv
mAolwv.

Ag TAPATNPHCOULE TO TIAPAKATW SLAYPUUUA VIO VA TIAPOUKE ML VEVIKA
£lkOva artd Toug apdyovtec rtou ennpedlouv tnv SpopoAdynon Twy mAoLWY Kat TtV
e0peon TNS KAAUTEPNG — Lo anmoteAeopatikng Stadpounc. (swkova 1).

A

rr
Algorithm

.

( )|
' Constraints I { Fuel Factors J l Generic Input I l Case Input ]
A 3

' 3 A

b 4
ECA's Ship & Cargo Safety| \—[ s~ ~I Sea Charts J k—f”“' ’;‘m“““”l
l Pracy Land Ave \_{ Resnsm‘:r?::anor: \_’ Weather ForecastJ \_[ Fuel C:'r;s;aeimpmn
[ lce I—‘hﬂ Arrival on Time ] h{ Sea Currents I “I Great Circie Engine I L| Ship Responses l
\—g Fouling ‘-HWsather Uncertainty I ‘—{ Main Parameters I
\—l Shallow Waters I h! Risk Analysis _I

A
J

Avadepopevog otnv Ewkdva 1, o KUplog oToXog TG Elvatl 0 UTTOAOYLOUOC KABWC
KoL Tat oTolyela mou maipvoupe yia tnv Stadpopn mou amattel eAdxLoTo KOoTOC -
kauoipou. lNa va emiteuxBel autd, £vac alyopiBuoc BeAtiotonoinong uAormoleitat
AapBavovtag urodn Swddopoug napdyovies. H BeAtiotonoinon unopei va BewpnBet
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OtL Bacoiletal og TE0oEPLE KUPLOUC TOUELS, TteEpLOpLOpHOUE, TTOU lval MApAYOVTEG TTOU
gnnpedlouv ThV KATAVAAWGN KAUoipou. Zg meplmtwon mou oL meploplopol
TePLAABAVOUV TOUG LBLALTEPOTNTES IOV UTTAPXOoUV o€ pia Stadpouny, SnAadn to eidog
TWV KOUCLHWV TIOU ETITPENETAL va XpholpomolnBoulv, toug mneptBaAAovtikol
mapdyovteg, KabBweg Kol Ta enimeda skpong Sofediou Tou AvBpaka TOU
gnutpémnovral. Mevikd Sedopéva sival ta Sedopéva mou Ssv adopolv to MAoio Kal
el81KkA Sedopéva autd mou adopolV To TTAOLO KAl TO GUYKEKPLEVO TAELSL.

H avtlleTwriion twy Mo YeEVIKWY oTolXxelwy OXETIKA HE TNV TTAOAYNON TWV
mmAolwVv N N XPACSH TWV VAUTIKWY XOPTWV TIPEMEL va avadEpovtal. AUTA TToU slval Lo
ouXVA evowpaTwvovtal oto clotnua ECDIS (Z0otnpa MAnpodoplwyv NAEKTPOVLIKAC
arekoéviong xaptwy). MéxpLpdodarta, Atav araitnon and toug urteLBuvoug dopelg
VOl UTTAPXOUV OTO OKADOC EKTUTIWHEVA aUTd Tta Staypdppata. Ta cucthpata ECDIS
pall Ke Ta peSPIKA CUCTANATA TOUC £lval TWPA TILOTOMOLNMEVA KAl KATAAANAQ yia
TV XPNoN Toug oto okddoug xwplc thv amaitnon twy TUNWHEVWY SlaypappdTwy. Ta
Slaypdppata ECDIS mou xpnolpormoloUvtadl 7o ouxvd sival ta  Asydueva
Slaypdppata dopeic . Ta Ssdopéva mou eival amoBnKeUpéva we SLAVUCUATIKA
Sedopgva rov Slabétel to 1810 to Sldypappa popéag, Propolv va mApoUsLAcToUY
oe éva gupL paopa kKALpdkwy. OL mAnpodoplieg amd ta Staypdppata popeic propel
VoL XpNoLHomoLloUvTal KAl va eppnvelovtal oTo AoYLoULKO SpopoAdynong. Znpaviikol
LA PAYOVTEG TTOU AdUBAVOVTAL KOl ooV apXLKEC TTAnpodopieg elval to BdBog tou vepou
KaBwe kal n Oéon tNg OTEPLAC Kal MrmopoUv va Xpholdorownfolv wote va
amodLyoupue thv Enpd. Etol Snuoupyeital i kaAkltepn Stadpopn n onola popsl va
urtoBAnBetl site oto cLothpa Spopordynong i oto cvothpa ECDIS , Le amotéAsopa
val elval o eUKoAN N xpRon Twv mANPodopLWY artd TOUS KATIETAVLIOUG.

Ztnv MAoAynon n AoyLkn tou “téAslou KUKAOU ™ elval n kaAUtepn péBodog yia
thv €0pECN TAG CUVTOMOTEPNC armodoTtaong petatl 80o onuelwyv os a odalipa. MNa
MOPASELyHd, OTO OEePOMAGVo N suBelat YpaUUAR avTUmpoowrelsL THY MKPOTEPN
amoéotaon petaél 8Vo onuelwyv. Qotdoo, oe pa odaipa, o “TtéAelog KUKAOG™ elval
HULKpOTEPN amdotacn Hetall SVo anpelwy, av Kat n yn Sev eival tedselwg odalpikn,
oAAG auth N pEBodog sival Katd mpocéyylon oAU amoTteAeoHATIKA otnv Stadikacia
e elpeong tng PBéAtotne Swadpounc. Ztnv vautilla n mpofoAn Tmou
XpholJorotnOnke ywa thv glpeon tng BeAtiotng Swadpopng sival n mpofoAn
Mercator. H mpoBoAfy Mercator slval pia KUALYS pLkn tpoBoAn, e TNV LKavotnTa va
QVTUTPOCWIEUOUV OL YPAMUEG TNG HLla oTaBeph Ttopela, OV glval ywwoThH wE VPO MUES
TTou evwvouv N loxodromes, onwce suBeisg ypappég pe kKAion 90 polpeg mpog Toug
peonuBplvole. To mapakdtw oxApa Selyvel To téAelo KUKAO Kal tn guBsia ypappun
mou evwvel SVo onuela cOpdwva pe tnv tpoBoin Mercator.
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D =arccos(sin(lat, ) -sin(lat,) +cos(lat, ) - cos(lat, ) - cos(lon, —lon, ))3440nM
3.1 MovtéAo KatovaAwong KAucipou

‘Eva povtéAlo KatavaAwong Kauolpou €XeL €UUECn oOXEon HMeTafl NG
ETITUYXAVOUCQC TOXUTNTAC KAl TNC QVTLOTOLXNG KatavaAwong Kauvoipou. Emiong
OpPKETOL TTapayovteg SlapopdwVouV aUTH TNV oXEon Taxlutntac — KatavaAwoncg. To
TIOPOKATW OXM MO TILPOUCLATEL KATTOLOUE artd aUToUE TOUG ITOPAYOVTEC:

‘_Cam Water Resistance

Figure 2.4: Ship fuel factors and components in the fuel consumption model

Ship fuel factors and components in the fuel consumption model.

H KoTaokeun €vOC MOVTEAOU KATAVAAWONG KOUGIMOU Wrtopel va yivel
xpnowormowwvtag T Bswpla yevIKAG XpAONG, XPNOLUOTOWWVTAG TTOAUTTAOKEG
ueBb68oug, LECW UETPNOEWYV Kal HOVTEAOTIOLNONG TWV TTAOLWY, | WG Kal cUVSUACHO
Twv dVUo mapandvw mapayoviwy. To eninedo tng moAumAokotntag npoodilopiletal
oo TNV IocotnTa Twv SlaBéoiuwy tAnpodoplwy yia to mAoio. MNa va emiteuxBel Eva
KAAO HOVTEAO KATAVAAWONG KOUOLLWY, OL EKTLUACELS TNG KATAVAAWONG TPETEL va
BaoiZovral og oTolyeia mMou TPOKUTTTOUVY Ao HETPHOELG.

H katavdAwon Kauoiou EXEL OXEON LE TNV QTALTOUMEVN Tapaywyn Loxvog
KOLL TNV KaTavaAlwon Autaviltkwy Aadlwy twv Kvnthipwv. Ta povieda rnou adopouv
tnv anodoon wxvog KaBwg Kal TNG KATAVAAWONG KAUCLHOU, TIAPEXOVTOL OO TOV
KOTOLOKE LUQOTH TOU KvnThpo Kat Bacilovtal oe ektetapeveg SokLES, aAAd popetl vo.
XPELOOTEL oL Kwvntrpeg va utoPANBolV og SokuéG TARPNG KALLAKOC OL OTToLeg lvall

arnapoaitntes Katd tig SOKLUEC TOU oKAdouc.
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3.1.1 AnoteAeopatiki LOXUG

H amaitnon ywa thv mapaywyn oxUog, A amoTteAECHATIKAG LoXVOoG, Umopsl va
npocdloplotel pe BAon Toug UMOAOYLOHOUC TTOU YivovTal yia TNV avTtoxn Tou mAolou
O€ KOVOVIKEC CUVOAKEG KOL OTNV CUVEXELD VAL TIPOCOETOUIE AVTLOTACELS QVAAOYQ HE
thv aAhayn Twv cuvBnkwy. OL aAlayég Ba mpootiBevtal amd thv akdéAoudn sficwon,
n omola 8gv Aappavel umoyn to poptio Tou mAolou, Kat oxetiletal HOVO UE THY

avtiotaon: P.=R__-V.

total ©

H amo8186uevn L1ox0¢ propel vat UoAoYLOTEL artd ThV AITOTEAEGHATLKNA oYXV cUdwva
pe tovtumo: P =R.-1,

ormou M. : ZUVOALKN avtiotacn: 1. =NyNaNNs -
1, : AnoteAeopatikotTnTo KUTOUG.

N, : ATIOTEAECUATIKOTNTA O€ NPEUQ VEPQL.

Mg @ ZXETIKA TEPLOTPODLKNA amodoTikoTnTa.

1, : AnoteAeopaTikoTNTA peTddoong LoxUog.

OL katvoUpLeg pEBobol mou mpoteivovTal yia TI¢ KTIHAOELG auTég (Kristensen
and Lutzen, 2012), kal BaocilovtoaL os mponyoUHEVEC €PEUVEC, TIPOTPEMOUV TNV
EVOWHATWON OAWV QUTWY TWV TOPAYOVIWY O €va HOVIEAO WOTE va aralteltal
Alyotepn yvwon yla thy Slapopdwon evog anoteAsopartog, SnAadn minpodopleg —
Sedopgva mou agopoLv To mAoio kol cuvABwe aAAAlouV APKETA YPAYOPO KAVOVTOC
TIC SOKLUEG SUOKOAEC va Ttpaypatonolnfouv.

3.1.2 Avriotaon mAoiov

Mo vol UMOPECOUKE VA UTTOAOYLICOUUE TNV mapayopusvn S0vaun, TpEMeL va
EKTIHACOUUE ThV mapayopevn avtiotaon. H avtiotaon rou Snuoupyeital ota mhola
glval amoteAsopa vog peydio aplBud mapayodviwy. H avtiotaon nmpoépxetal TOco
ard ta NPepa vepd, oAAQ UTTAPXEL KAl n TipooTlBspevn avtiotaon avdloya He TIG
oUVBNAKeC Tou erikpatoLy, SnAadh ennpedletol and ta KUpATA, KaBwe Kol amod Tov
A&vepo.

H avtiotaon svog TumikoU mAolou mou Kuveital oth 8dAaocoa, cOpdwvaA HE ThY
(Larsson kat Raven, 2010), odeilete katd 20% otnv Snuloupyia KUPATWY KABwWG Kal
OTO OTIACLHO TWV KUKATWV. To urtoAouno 80% odeiletal otnv KoOAAWSN avtiotaon. Ze
ouvBnkee Balaocootapaxne n avtiotacn Mropsl va sival peyaAltepn AdSyw Ttwv
HEYAAUTEPWY KULATWY KAl TOU TILO €VTOVOU aVEROoU. ATtd €peuveg Tou €xouv yivel
KATAARyoUule OTL N TpooTOgevn avtiotaon eival tou peyéBoug tou 15% —30%.
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3.1.3 KUploL mapayovteg nov eNNPEAlouv TNV KATAVAAWGON KAUOioU

Ektoc amd toug mapdyovieg mou avadEépBnkav ol omolol ennpedlovv thv
KATOVAAWGN KAUGLHOU UMdpxouV IToAAoL akoOun oL ortolol Ba ripémet va avadepBolv.
H akéAouBn nmapdypadoc Ba aoxoAnbel pue oplopévouc and autolc.

Kat ot V0o mapdyovieg OMwe 0 AVEHOC Kol Ta peUHATA Artd Ta KUPATA £XOUV
dpeon emnidpacn otnv mpootBépevn avtiotaon, aAAd L €ppecn snibpacn otnv
avtiotaon nailouv oL MAPAYoOVTEG Kal oL SUVAUELS TIOU £XOUV KABETEC CUVICTWOEG
oTo mAolo. AUtég mpokaAoUV TOco omloBEéAkouoa KABwES Kol EKTPOTH Tou TAolou N
orola He T oelpd the odnyel o mpooTIOEuevn €AEN Kal we K ToUTOUL avtiotaon athv
Kapiva Tou mAolou kat ato mnddAlo, Adyw TNE KIvNRoeLlg tou indaiiou mou amattsital
yla Vol KpaTAogL To TAolo og pa emBupnTn mopsla.

To squad effect slval to uSpoSuvaplkd ¢atvdpevo Katd To omoio éva mAolo
TIOU KLveltal yprAyopa og pnxd vepd, Snoupyel pla €ktacn HElwUEVNS Ttieong mou
£XEL WG amotéAsopa To mAoio va glval mo kovtd otov BuBo the BdAacoag armod 4, T
Sladopetikd Ba Atav avapevopevo. Autod to dalvopevo pokaAeital étav o vepd
TIoU Oa £MPETE KOWVOVIKA val pEEL KATW ard To KUTOC ouvavtd avtiotaon Adyw tng
oTeVAC eyyLTNTAC TOU KUTOUC pog to BuBd tng 8dAacoag. H apxn Bernoulli mpokaAsi
To vepd va KvnBel mo ypAyopa, SNUOUPYWVTAC HLa TTEPLOXA XAUNAARC Ttieong pe
XAUNAWMEVN emtinedn emudpdvela tou vepoU. Auth n enidpacn MpoépxeTal amd To
ouVSUao S Tou KABeToU BUBIoHATOC TOU GKAPOUCE KAL TNE LOOCTABULONG TOU KAl L
aAAayn o€ autoUg TOUC MOPAYOVTES Umopel va tpokaAéost Bubioel Tou mAolou mpog
thv mMpOUvN A Tpog thv mMAwpn. To Squat effect sival mepimouv avdroyo pe to
TETPAYWVO TNE Taxvtntag Tou mAolou. Etol, pe T Melwon thg taxytntag Katd To
AULOU, N emidpacn HEWWVETAL KATA €va ouvteAsoth Téooepa. H smiSpaon yivetal
neploodtepo alodntr cuvABwe étav n avaloyia B&Boucg / Baldoaoiou pelpaTog eivat
Alyotepo amod técoepa | OTAV To OKAPOC TTAEsL Kovid og aBadn vepd. Mmopsl va
o8nyNoelL og anmpoodOKNTES KATAOTACELS Kol o€ SUCKOALES XelpLlopoU. Mioteletal otL
Atav Mia amd T autieg yia tnv nmpoadpaén tou Queen Elizabeth 2 (QE2) oto vnol
Cuttyhunk otic 7, Auy 1992. Elval eniong yvwotd OtL Atav €vag mapdyovtac ot
oUyKpouon twv mAolwy petadopdc xUdnv doptiou Tecam Sea kal Federal Fuji oto
ALpdvL Tou ZopéEA, Kepmek, tov Amnpidto tov 2000.

Q¢ pumavon tou KUToug Tou mAoiou oplloupe thv pookdAAnon BaAdooiwy
OPYOVIO WV OTNV ETILPAVELA TOU KUTOUC n omtola auédvel TRV TpaxUTNTA TN YACTPOS
KOlL WG €K TOUTOU ThV avtiotaon péod ato vepod. O KaBaplopog Tou KUTOUG A N EK VEOU
Badn tou mpaypatonoleital £éw amd To vepod o otabBepd XpoviKA Slaothuata. Ta
TIPOYPOMMATIOHEVA aUTA SlaoThpata propel va pnv gival ta BéAtiota duvatd pe
Sedopgvo OTL N taxvTNTA He thv omola epdaviletal n pumavon tou KUTOUC o €va
OUYKeKpPLEVO TTAOLO TToLKiAsL avdAoya e Tov TOmo Badng rou €xeL xpnoLponolnBel,

36

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 18:59:59 EEST - 18.217.200.173



TIc Teploxég Tou tafldelel to mMAoilo Kal Ttov XpoOvo Tou To TAolo TapEHEVE
aykupoPoAnpuévo f Sepévo oto AtudvL.

Ektog amd tn pumaven tng yaotpag, n unmofabuiwon tng Asttoupyiag tng
TIPOTEAQG €TioNG MEWWVEL TRV arddoon mpowong. H pn BéAtiotn Asttoupyia tng
niportéAac odpeiletal oTnv emidaveLloKn TPaXUTNTA TG N Ortola SntoupyeLtot and tnv
pookoAAnon BaAdooiwyv opyaviopwy otnv emibdvela tTng, tnv dlaBpwon kat tThv
Snuoupyia kothotATwy otnv emidaveLla TG KaBwg emiong Kal amod tnv otpéBAwan
TWV Mtepuyiwy TG Adyo pookpoUoewV . H Un ocwoTth ouvtApnan The MPOTEAAC, N
emikaAudn g pe Badn tou kOToug, n unepPoAlkn Aslavan TG Kol oL TOOKLOUEVEG
AKPEC WITOPEL EMiong va HEWOOUV TNV QTTOTEAEC HATLKOTNTA TNC. AV KOl N GPVNTLKNA
enidpaon eni e anoddoong tou mAolou A umofaBULCUEVNS TPOTEANG Elval
MLKPOTEPN OO ML PUTIOCHEVN YAOTPQ, MIopel va aufnoel TNV KATavAaAwon
KQUGIHOL Katd mepimou 6-8%. Ma va ylvel Katavonth n enUTtwon TG KATAoTacnS
TOUu KUTOUG KOL TNG TIPOTEAQC OTNV KatavaAwon Kauoipou, gilval anapaltnto va
artopovwBoUV Ta AITOTEAECLATA OXETLKA E TNV KATAVAAWGON KAUCLHWY HE Bdaon TG
TIAPAETPOUC TIOU HEeAETApE. AUTO yivetal kuplwg pe T ouMoyn apxeiwv
KOTAVAAWONC KAUO(HoU ot eAeyXOUeEVEG N emavaAapBavopeveg ocuvBnkeg. Amo ta
Sedopéva TToU CUYKEVTPWVEL adalpeL TIC EMUTTWOEWY TIOU £XOUV OTNV KATAVAAWGN
Ta pevpata Tng BdAacoag , n Lootdbpion Tou TAoiou, 0 AVELOC Kal Ta KUpATa, ) T
OUYKPLVEL PE TNV KATAVAAWON TOU TTAOLOU OE TtapOOLEG CUVONKEG O MAAQLOTEPEC
Sokipaoieg. OL mAnpodopleg AUTEC OTN CUVEXELD TTAPOUCLAIOVTOL OE QKATEPYAOTN
popdn, N xpnoipomotoUvtal yia tov urmodoywpd tou drydock ka out-of-service
KOOTOUG yla TNV TMOpOoXN CUMBOUAWVY OXETIKA HE TOV BEATLOTO MPOYPAUHATIOUO
ouvtipnong. Elval mAéov skaBapo otL N anwAsta anddoonc npowong Tou mAotlou
€XELAMEDN OXEON KE TNV TPaXUTNTA AGY0 pUMAVGE NG TOU KUTOUG EMTOUEVWG N EKITOVNON
Tou BEATioTou mpoypappatog kabaplopol kat oTiABwong tou mAolou €xeL peyaAa
OLKOVOULKG 0£AN . To oxnpa 2.6 Seixvel TIC eMISpACELS TWV akaBapoLWwyV O OXEON HE
TV taxvtnta.

SRanEn

Speed %
1

|
bhesss
TITHTHTICE

=Y T 2D oz Ban om0 eomm 0008

Ta cUCTAMATA OVAKTNONCS BEPUOTNTAC I OVAKTNONC EVEPYELAC Ao To Beppd
KQUoaEpLa €XoUV eMdpacn oTNV KATAVAAwWaon KAUoipwy. AUTA N EVEPYELA UIOPEL va
xpnowportolnBetl ywa tnv mapaywyn NAEKTpOpoU 1 vo eriotpadel oto cuoTNUA

mpowBnong HEow €VOG KlvnTnplou afova auvfavovtag TNV LoxXU ToU TTAPEXETAL TIPOG
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tov d€ova. H avdktnon Beppotntac and ta andBAnta sival ePLKTA o€ OPLOEVES HOVO
TepLOXEC. AuTd Uropsl vat 08NYNOEL O [ CNUAVTLKA METABOAR ThE KaTavdAwaong
Kauoipou tou mAolou Kal propel va srtpedel Tnv amariayn and tic fondntikég
VEVWNATPLEC.

‘Evag akdpa mapdyovtag mou npootiBetal oTtnv mMoAUMAOKOTNTA TOU HOVTEAOU
yl0 TOV UTIOAOVIOMO TWV KAUGlHwy, slval pla yevwAtpla dfovag, n omola otav
Aettoupyel Mewwvel TNV oxL mou mapadidstal oto cvothpa mpowdnong He
armotéAeoa va auédvel thv armoddoevn WXL tne KUpLag Unxavne. H amddaon ya
thv Astoupyla autoU Tou dfova AAUBAVETAL OE OPLOHEVES TIEPUTTWOELS AVAAOYA KoL
E TLG KALPLKES CUVONKEC.

OL moAAarmAég MNXovéS dufdvouv ThV TTOAUTIAOKOTNTA TOU HOVTEAOU
KatavdAdwong Kauvoipwyv. Me 80o kivntApeg Ttou Blou tumou n Swadkacia
UrtoAoylopoU TS katavdAwong sival pdAdov amAn, aAAd autd Sev LoxLeL otav
UTTAPXOUV TIOAAEC TTEPLOOOTEPEC TTOAUTIAOKEG gyKataotdosls. MNa napadsypa 800
ZeUyn KNTAPWV HE TNV Aeyopevn Sdtaén «matépag Kol yog». Exovtac éva rAoio to
omnolo sival og Béon va mAelosl He Siddopoug Tpdmoug Asttoupylag, n avdiuon
TIPETTEL VOl TtpayHaTomoLeital pe oKomd va UMTOAOYICOUUE TOV TILO QTITOTEAEGHATLKO
TPOMO ot oxéon He tnv  amodbopevn oxV. Autd pe th Olpd TOu TPOoBETEL
TEPLOCOTEPN TIOAUTTAOKOTNTA 0TV EMLAOYH KAMTUANG KATavE@AWo NS Kauoipou, émou
0 aAyoplOuog propel va xpelaotel va Kavel smidoyh the BEATioTng KapmUAng i va
KAvel evaAlayn KapmuAwv oavéloya pe ta Sebopéva. EmutAgov, akdpa TTLO
TIOAUTTAOKOG YIVETAL OTIC HEPEC HOG O UTMOAOYLOMOE THG KATAVAAWONG AOYW TWV
KwntApwyv SutAoU kauoipou mou €xouv spdaviotel otnv ayopd, afLOMOLWVTOS
Sladopetikd kabaa Pe SLadopeTIKN KATAVAAWSN KAl KOoToc. H cwaoth cuvtipnhon
EXEL ApeOn Emppon oth oxeon HMetall tne mapayopevng SUvAUNG Kol TG
KATavaAWGong Kauoipdwy metpeAaiov. ALadOpeTIKES EMIOKEVES NXAVNUATWY, KUPLWCS
OTIC KUPLEC KOl BonBNTIKES HUNXavVES, £xouv Kal SladopeTikn smiSpaon otnv oxéon
auth.

Zuvoyilovtag, He PBdon Tt otowxeia evog mAolou sival Suvatdév va
SNULOUPYNOOUUE £Va EKTETOLUEVO HOVTEAO OXETIKA ME TNV TAXUTNTA TOu TTAolou o€
oxéon Me TNV Katavailwon kKauoipouv, AapBdvovtag unmddn UETPACELS TTOU Sgv
CUMIEPLAQBAVOVTOL OTOUC UTTOAOYLIGHOUG VLA TIC QVTLOTACELS Tou vepoU. Otav Sgv
gXouv TpayuatorolnBel sktetapeveg Sokipee n Sev elval SlaBéolpeg TETOLEG
HETPAOELS, MITopel va amatteital £va TETOLO HOVTEAO UTOAOYLOHOU TtaxUthtag —
KatavaAwong Kauoipou, akopn Kat av Bacilletal og KATA TPocEyylon £lCWOELC.
AuTO, BEBaLa, £XEL WC ATTOTEAECUA, N UTTOAOYLOHEVN KATOVAAWON KAUGLHOU yLd piLa
mARPN SLaSpo A va NV AVTATTOKPLVOVTOL TTARPWCE 0TV MPAYUATIKA KATAVAAwon.

3.1.4 Avtiotaon oc npepa vepa
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Yridpxouv apKetég BewpnTikéC HEBoSoL yla Tov UOAOYICHO TNE avtlotaong
ToU mAoiov dtav erkpatoUV G UGLOAOYLKEG CUVBRKES 0TO vepd TS BdAacoag, Orwe N
pHéEBoSog ITTC-57 kabBwg kal oL Bswpleg tou Holtrop and Mennen. Otav ot
mAnpodopiec Kal ta SsSopeva mou €XoUpe armd To TAOLO £lval TIEPLOPLOUEVES N
pHEBobSocg ITTC-57 eival mpotipdtepn amnd thv BeAtiwpevn péBodo mou mpdtevay ol
Kristensen and Lutzen, 2012, n ortola AapuBdvel umtdyn thv entidpaon and ta BoABwdn
toéa (bulbous bows) rou Bpilokovtal prpootd otnv Kapiva, ta onola elval umsvBuva
OTO vd BeATIwVoOUV TNV por tou vepoU KAtw armd to mholo. Opwe otav €Xoups
neplocotepa Sedopgva amd to nmAolo n mpotipudtepn HEBoSog slval auth mou sixav
nipoteivel ot {(Holtrop and Mennen, 1978).

3.1.5 Avtiotaon nou odeidete ota KUpATA

H mpootBsuevn avtiotaon mou mpokaAsital amd ta KOpata Mropel va
povteAdornolnOel péow ekTETAEVWY SOKLUWY N HE Mot Bewpla mou avadépetal otov
npocdloplopld avuPwosws tou okddoug amd th BdAacca pe Bdon thv omola
prtopoU e va umoAoyilooupe thv mpootBépevn avtiotaon. Mua tpitn emloyn Ssv
QTTALTEL YVWOoN TWV YPAMMWY TOU OKAPOUG KOl £TOL KAOLOTA £DLKTH, MO TILO VEVLKN
HEB0S0 yLa TN CUYKEVTPWON THS TPOCTIOEUEVNC AvTIoTACNC, AV KoL N akpiBela popstl
va teplopiletal og cVyKpLon He Tig avadepBsiosc peBddoucg, Adyw the SuokoAlag Ttng
povtedomnoinong tng ¢uong twyv Kupdtwy. Mia tétola péBodoc meplypddetal oto
(Kwon, 2008), kat cuvoiletal ota akoAouBa tuRuata. Auth n nEBodocg AapBdavet
urtoyn téoo ta KUATA 0G0 KAl TOV AVEUO TAUTOXPOVA.

3.1.6 Avtiotaon nou odeiAetal oTov AVEO

O dvepoc pokaAel HkpdTEPN avtiotaaon, n onola ival e§lcou onUAVTIKA HE
thv avtiotaon nou odeiletal ota kKOpata. H emidpaon tne avtiotacn and tov Avepo
glvat  Swaitepa  onpavtiky vyt Tt peyaAltepa mAolat petadopdg
EUMOPEVHATOKLBWTIWY Kal Kpouallépag.

‘Evav armAd tpomo yia Tov UTTOAOYLOHO TNE avtiotaoh and tov Avepo, elxe mpoteivel o

(Holtrop, 1988), kat tov gixe mapoucidoeL oto ITTC-78 wg: R, :%-pa -V, -A.C

air

R,, : Elvan 80vaun avtiotaong, n onola eivat and oplopol n cuvictwoa thg Suvapng

TtPO¢ TNV KateLBUvVEN TNE TaxUTNTA.
p, . N TUKVOTNTA TG HAlaG Tou apal.
V: ntaxutnta Tou mAolou og oX£on JE ToV AVEO.

A, n meploxn avadopdg.
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C,, : Elval o ouvteheotng avtiotaong, SnAadn elvat o cuvteAeoTrg Mou oxXeTIeTAL e

Th yewpeTpla tou mAolou Kat Aappdvel umoyn téoo thy TeLBN e emidbAveLaS Tou
oKAdoug aAAd KoL Th popd Tou mAolou.

Opwe, UTApPXeL Kal pa 1o sEeAtypévn pEBodocg mou mpoteivel o (Fujiwara et
al., 2006). H peBodoc Baciletal og SokIpES TOU yivovTal 0ThV agPOSUVA LKA arpayya
kaBwc emiong meplhapBdavel Kot SOKLUEG pUHOUAKNONG Kal armoteAsl pa e€EALEN TG
pHeBbSou mou eixe mpoTelve MEvVE xpodvia vwplitepa o (Fujiwara et al., 2001). Zto
(Kristensen kat Lutzen, 2012) mpoteivetal pa mo gktevr Alota thg aviiotaocng Tou
aépa, we 816pBbwon, He tn pEBodo ITTC-57.

2to (Andersen, 2013), n katsVBuvon Kal n ToxUTNTA TOU OVEHOU €XEL
peAetnBel v mhola petadopdc sumopsupatokiBwriwyv (cargo ships). Edw
mapouotdletal OtL n tomoBétnon Twv container, oL ¥pnolHomoloUvVTaAL yLa Ta TAola
peTadopdc sumopsUpaToKIBwTiwy mallel onpavtikd poAo otnv TPOCTIOENEVN
avtiotaon TOU dgpa KOl KATA CUVEMEeLa odnyel og &va emumpodcBeto eminedo
TIOAUTTAOKOTNTAC 0TOUC UTtoAoYLoHoUC av AndBel utoyn.

To cupepdopata mou poskuPayv and tov Andersen, 2013 Ba mpoomabrcoups va
ta cuvoPiloouvpe edw:

e AM\ayéc otnv TomoBEtnon Twvy container oTo KATACTPWHA EXOUV HeYAAN emibpacn
oTO MEyeBog TNE avTioTtaong KATA KNKOG TOU KATACTPWHLATOC .

* Mia tuxaia tomof£tnon Twy container pmopsl va auvénosL tnv avtiotaon cnUAvVTLKA.
MeyaAeg mapaturtieg, omwe MoAAES Keveg Béoelg pmopsl va auéAosl TNV SLAUAKN
avtiotaon kata 70-100%, oe oUyKplon He To MANPWS GOPTWHEVO TTAOLO 08 OXETLKO
&vepo amnod Oe,

e EfopBoloyiopdc tng tomoB£tnong Twv container OTO UMPOOTWVO UEPOG TOU
KOTOOTPWHOTOG EXEL LLKPH ETILPPON OThV SLOLUAKOUG avtioTaaon.

H peAétn napoucldlel OpLOUEVEG EELCWOELS YLO TOV UTTOAOYLOMO TNE QVTLOTACNE TOU
avépou viwa TIc Slddopeg meputtwosl Poptwong twv container, aAAd Segv Ba
oulntnBel mepattépw edw.

‘Ooo yLa ta KUATA, N ETTLPPON TOU aVEUOU TOCO arod TIg KateuBUvoelg 600 Kal
armd tg taxvtnteg StadEépouv Kol ptopolv va peAetnBolv meplocdTeEpo HECW
SOKLHWY. ZUYKEKPLUEVA, HEcO amd OSOKLUEG otnv aspoduvaplkn ohpayya. Ta
QTTOTEAECLATO WTOPOUV OTH CUVEXELA val emektaBolv Kal va povielomotn8ouv.
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3.2 Enidpaon anod ta wKeAvia psupota

OL ermSpACEIC TWV PEUVMATWY, MITOPEL Ot OPLOUEVEC TIEPUTTWOELS Vo
EMNPEACOULY TNV TaXLTNTA Tou TTAolou, SnAadn va auénoouy f va HELWOOULV TN HEON
taxutnta tou mAoiou. MNa mapddelypa KATA UAKOC TWV AKTWV TNG lamwviag, Yrnopel
va urtapxet avénon Vo KOUBwVY otnv taxvtnta tou mholou (Chang et al., 2013). H
£€£TAON TWV PEVUATWY, TOCO TTayKOOULAG KALpHaKAC peupdTtwy KukAodopiag 6co Kal
TIAALPPOLOKWY PEVUATWY, Ttapoucidlouvv evdladépov yia T Spopoldynon Tou
okadouc.

To mapaKATw oxn e SELXVEL LLOL YEVLKT ETLOKOTINGCN TWV MAYKOO LWV KALUOKAC
PEVUATWY KUKAOdOpLac.

Figure 2.5: Overview of global surlace currents eourtesy of ULS, National Occanic and
Atmospheric Administration

Ta moAlppolokd psUpata mpokaAoUvtal amd tn Paputikn emidpacn Tou
deyyaplol, Tou AALOU KoL TNG TEPLOTPODNC TNS ync. Elval eldikd pevpata, Adyo Tou
TpoOmou tou alAdlouv KateLBUVON KATA TN SIAPKELS TNE NUEPOAC. ZE KATTOLES TIEPLOXEC
vrnapxet upnAn rakippota SVO GoPEC TNV NUEPA KOl OE OPLOUEVES HOVO pia opd. Ta
pevpata mou dnploupyouvtal and nailppolakeg Suvapels Stadepouv alobntd os
OANn tnv udpodyelo. Ze Pentland Firth, petaéd e Ikwrtiag kat tng vAcou Orkney to
pelpa propel va umepPaivel toug 10 kOpPBouc o oplopéva TuRpata tTng subeiac.
AUTO KatadelkvUEL ETTLONG TNV Avaykn yio ebappoyn TwV pEULATWY O€ Eva epyaleio
Spouoodynonc.

OL embpAoel; TwV KUMATWY, Uropouv va AndBolv umodyn oto poviedo
urtoAoylopoU TNG KATavaAwong Kouoipou HEcw tng aAllaync toxVog mou amatteital
va apaxBel amod Tov KvnTrpea, £T0L WOTE va Tapapeivel otabepn n TaxutnTa Tou
mAoiov. MNa rmapadetypa, av Eva mAoio BEAeL va kivnBei pe taxvutnta 2 KOUBwy, TOTE
o KwntApag Ba mpénet va Sdwoet peyailtepn SOvapn €T0L WOTE va EXOUUE TNV
srmBupnth taxlTnTa mavw ortd tnv emnupavela the BdAacoac. Autdc O TPOTOC
AapBdvel unddn pOVO TAV CUVIOTWOO TOU PEUMATOC TIOU UTApXel Sixwe va
urtoAoyileL KOt TIC AIWAELEC TTOU uTtapxouV arto to drift mouv Snuloupyolvtal ard Tov
Klvnthpa.
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3.2.1 levikd- Extipnon mBavotntag KATtavopng tng toXUTNToG AVENOU

Ma Tg avaykeg eKtipnong thg emidpaong Twv KAlpLKWY cuvenKwv athv
arddoon tou mMAolou Kol KAtT eméKTaon oto Xpovo Sladpoung amd to onpeio
TPOEAELONC EWC TO onelo TpooplopoL, aralteitol o MPoadloploldg evog cUVOAOU
OLVELOAOYLKWYV TIOPAUETPWV.

Baolkég tétoleg MapdpeTpol amoteAoUV n pHéon Ttaxutnta KoBwg Kol n
S1ebBuvan Twv AVEWV.

O dvepocg anoteAsl Tn yevecloupyd attia pLag oslpdg Spdoswv rmouv emibpolv
otnv mAselon Kal othv anddoaon tou mAolou. Autég ol Spdoelc cuoyetilovtal apLYWS
HE TIC TOPATIAVW  QVEHOAOYIKEG Ttapapétpouc. H avtiotaon tou avéuou eival
oUVAPTNON TOU TETPAYWVOU TG TaXUTNTAC TOU OVEUOU, OMOTE N avénon Tng
taxltntag tou onuatodotel peyaAUtepn SuckoAia otnv mAebon tou TmAolou
(Papavtavng, 2009). Entiong, pe tv epddvion tou avépou Snpoupyolvtal BaAdooia
KUMaTa, Ta onola peyaAwvouv cUpdwva e TNV alEnon TNE TILECNE TOU QVEHOU KoL
HeTaKLvoUvTal Katd tn StebBuvan tou, aAAd pe TaxUtnta oadwe HLKpOTEPN TNS
taxvtntag HETAS00NAS ToU.

Onwe elvat gbMoyo, mpokelévou va AngBolv umodyPn oL aVEUOAOYLKES
oUVBNAKeS otnv elpean tneg BEAtiotng Stadpoung evog mholou sival amapaitntn n
peBodoloyia sktipnong twv xpdvwv Sladpopng, mou amoteAsl éva amd ta
npoBAnparta otnv Stadwkaocia tou weather routing. H amotUnwon thg HeTaBoARG Twy
TOPATIAVW TIUPOMETPWY KOL CUVAMA N CUVemayopevn HetaBoAn thg taxUTnTog
Aeltoupylacg Tou mAolou. Zg autd To MAALCLO, ATTALTOUVTAL HOKPOXPOVLOL OVE LOAOYLKA
otolxela oAOKANpNg tng meploxg tou Siktlou, ta omola xpsldletal va yivouv
QVTIKE{EVO OTATIOTIKAC smefepyaciog wote va efaxBel N cUVSUAOTLKA KATAVOWA TNG
m@avotntac spdAvions Twv Sladdpwv TLHWY TAS TaXVTATAS KAt Tthe StevBuvang tou
QVEUOU HECQ OTO XPOVO.

Bdosl twv mapandvw, o KATA& TOMoUS UTTOAOYLOUOC TOU ALOALKOU SUVALLKOU,
ot Mo gUpUTEPN TIEPLOXA HME ONUOVTLKEC XWPLKEC METABOAEC TOU avepOAOYIKOU
tpodiA cUVLOTA TN XPAOH EKTETAUEVWY, HOKPOXPOVIWY KOL AVOAUTIKWY HETPACEWVY.
0 6yKog, OpwCE, Twv Sedopévwy Kal ThG emakolouOng Sadikaciog oTATIOTIKAC
enefepyacioc o cuVSULAGHO e TNV EAAELPN HETPACEWY YO TIOAAEC TtepLoXEG odnysl
oTNV UL0BETNON NULEUMELPLKWY HOVTEAWY, TIOU TEPLYpAdOoUV TNV AVEUOAOYLKA
KOTAOoTAoNn HLOC TEPLOXNEG HE Bdon HIKpoU aplOpol MopapéTpwy Kol ETPACEWV.
Baolkég KATAVOLES TTUKVOTNTAG-TTILOAVOTNTOC TTOU XpholpomoLouvTal cUVABWCE yLa Tov
UTTOAOYLOMO ToU alloAlkoU SduvapikoU sival n katavoun «Weibull» kot n katavoun
«Rayleigh». Kat ot 800 autéc Katavopég eival oUVABDELG OTIC TIEPUTTWOELS
UTTOAOYLOHOU THG ALOALKAG EVEPYELOS MLAC TIEPLOXNACS, adoU cuvioToUV Mo TTOAU KaAn
TIPOCEYYLON TG TIPAYUATLKAG KATAVORAC TS GUXVOTNTAC ThS TAXUTNTOG TOU AVELOU.
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3.2.2 AvepoL KoL IPOKANGCN KU LATLOMHWY

OL kupatiopol the BdAacoag, mou eival umebBuvol ywa ™ Sléyepon TG
Suvaulkng cupneplpopds Twv mAolwy, Snuloupyolvtal and tov dvepo. O AVEUOS
KATA To Xpovikd Sidotnua mou ¢uodel mavw amd tnv emdpdvela the BdAacoag i
YEVIKOTEPA MAVW amd KABe uddativn smipdvela petadepel oto vepod éva pHEPOC amod
TV evépyeld tou. H petadopd auth evépyelag yivetal HECGW CUVEKTIKWY SUVAEWY
Kol SuvApewY KABeTNC Ttieong otn SLaxwpLloTkA emiddvela Twv 800 peUoTWV KoLl £XEL
oav CUVETELA Th Snuoupyla emidavelakwy KULATIGHWY 0To vepo. Zg avtiBeon pe thy
g0KoAn meplypadn tng smidpavelag £vog amdol kKUpatog Baputntag, N Hopdn TS
EMIPAVELNC TWV KUMATWY avEROU 8gvV TMAPOUCLATEL KOl KOvovikoTntad, oAAd
HETABAANETAL CUVEXWC TOTILKA KOl XPOVIKA, ME amotéAsopa va elval adVvarto va
MeEPLYPAPOUHE UE TIC CUVNOLOUEVES AVAAUTIKEG KAl TIPpooSLOPLOTIKES HeBOSoug ta
KUpata avépou (wind waves).

OL10aAdoaolol KupaTIopol tou mpokaAsi o dvepog elval pévo pia amo tig attieg
mapapdpdwaone the emipdvelag the Bdlaccac. AMol kupatiopol odeidovral oe
dawvopeva Baplintag Kl meplotpodc the vng (moAippoleg, Apmwtng Ko
TANMUOPEG), o ocelopoUc (tsunami) Kot yewduokd dalvopeva. Emedn duwg ot
oUXVOTNTEG TWV BOAGCO WY KUMATIGHWVY TToU 8V MPoKaAoUVTOL AECA aTTO TOV AVEUO
glvat moAU pikpécg, To mAolo armokpivetal Peudd otatikd (quasi-static) o’ avtoUg Kot
oUVENWCE ol Kupatiopol autol Sev mpokaloUv Suvaplkn cupmnepipopd tou mAoiou.
Ao TNV MAEUPA TWV UEYAAWYV CUXVOTATWY EXOUHE Ta TPLXoeldn KUpata (capillary
waves) Tou TpokaAoUvTal otav o avepog apxilel va puod mdvw amd pla Apepn
£KTOON KOIL OTO OXNUATIONS Toug Itailel pdAo n emidavelakn taon. Emeldn éxouv oAU
HIKpO Uog Kal pAkog Sev emnpedlouv thv SUVAMLKA cupmepldopd Tou TAoiou
(PoUooog, 2007).

Toug BaAACCLOUC KUMATIOHOUGC QVEHOU Tou emnpedlouv Tt SUVAMLKA
ouumneplpopd Tou MAolou toug xwpilovpe os SVo Katnyopleg: TiIc OdAacosg (seas) Kat
¢ dovokoBalacoiég (swells). O oXNUATIOMOC KUMATWOMWY Twv SU0 QUTWV
Kathyoplwv puBuiletal and tig Suvdpelg Baputntag. Otav n smidpaocn Tou avépou
gfakolouBel va efaokeltal MAVW OTOUC KUMATIOMOUG, AEUe OTL €XoUpe «BdAacoa»
KoL OTAV Ol KUMOATLOHOL £Xouv amopakpuvBel amd thv meploxn tThS ATUOooPALPLKAS
Slévepong, Aépe OTL Exoupe «poucKoBaAATO LA,
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3.2.3 Anopeiwon taxutntog MAoiov AGyw KUMATLOUWV

Katd tn Sidpkeila evdg taéidlol otn 8dAaocoa n taxUtnta evdg mholov pmopsl
va HewwBel. H pelwon auth pmopel va elval ekoVola (voluntary speed loss) i akoUcLa
(involuntary speed loss). H akobaola peiwon te taxvtntac odeidetal otnv mpdobetn
avtiotaon Adyw KUMATIOHOU, AVEHOU KAl Helwong TS SLattBépevng loxVg Tne Kuplag
HNXOVAS AOYW TWV KIVACEWVY TOU TTAoLoU Kal Tou avénuévou doptiou otnv EAlKa . H
nBsAnuévn peilwaon tng taxvTnTag YIVETOL HETA ATtO €VIOAR TOU KATETAVIOU OTav
davopeva omwe n Stafpoxn tou katactpwiatog (deck wetness), n odupdkpouan
npwpacg (bow slamming) kaBwc¢ kat dAAa Bétouv oe Kivduvo TG0 Toug EMIBATEG KoL
TO MANPWHA OGO Kal To PpopTio Kal Thv idla th BlwotpdTnTa Tou mAoiou.

MNa ta mneplocdtepa sUmoplkd mAola n  afloddynon NS SUVAMLKAG
CUMTTEPLPOPAC TOUG EVKELTAL OTAV LKAVOTNTA SLathPNong The TaXUTNTAS KOVOVLKAG
Aettoupylag og Suopeveic Kalplkég ocuvBAKeS. H Satipnon autng tTng TaxUTtnTog
CUVETAYETAL TV aodaAn Kal EyKalpn HETAdopd Tou MANPWHATOC Kal Tou dopTiou,
yla pokaBoplopévo SpopoAdylo. O KATIETAVIOG TIPOKELMEVOU va Slachaliosl To
mAolo Kal TNV amoctoAn Tou npofaivel oe nBeAnuévn peiwon the TaxvTnTag étav oL
aoKploelg Tou mAolou oe SUCUEVEIS KAlpKESG oLVONKeg urtepBaivouv Kdmola dpla.
Tétola Opla adopolv Kuplwg oto Xpovo mou AapBdvel xwpa n Siafpoxn tou
KATOOTpWHATOG KaBwe Kal n opupodkpouan (Sen & Padhy, 2010).

O tpoadLoploog TS Helwang Thg TaxUTNTOS TOU TAOLOU, Adyw TWV KOLPLKWY
ouvBnkwy Sev amotelel gUKoAn umdBeon. Ze aoBevelc avépoug (pe taxvutnta
HIKpOTEpn Twv 20 KOpPBwvy), Ta mAola xAvouv TaxUTNTA Of TMEPUTTWON TOU Ol
Kupatwopol eival avti@etol tng kateLBVvong Tou mAolou (head seas), evw n taylTnTa
Toug auédvel eAadpwg dtav ol KUMATIoHoL elval opdpporol Pe TN KateUBUVOH Toug
(following seas). Ta peyoAltepng évtacng avépoug, aveédptnta tn ¢opd Twv
KUMOTWOMWY, N taxltnta tou mAolou pewwvetal. Autd odeldetal othv auénpévn
Spdon Twv KUMATWY, OKOMO KAl OTNV MEPUTTwon g opdppornng HUe To mAolo
KateUBUVONC Toug, adoU smiSpolv oTthv ALENcN TS avtiotaong mou eKENAWVETAL O
autod amnod tig ocuvexeic Slopbwoslg mopeiag, umtodnAwvovtag He auTtd TOV TPOTO TN
onpoocia twv BoAdoowwv ocuvBnkwv othv amddocn Tou TAoloU. ZNUAVTLKOG
napdyovtag amoteAel emiong kal n katdotaon ¢optwong (eldog, emipdveLa Kat OYKog
doptwaong) tou mAolou. loxupol dvepol €xouv UeyOAUTEPEG EMUMTWOELS O &va
peydAo, MARPWS PopTwHEVO TAoLO peTadopds spmopevpaToKIBwTiwy | og mAolo
HETAPOPEA QUTOKIVATWY O OXECN MHE £va TARpwS doptwpévo Sefapevomiolo
(tanker) tou i8lou pAkoug. Auth n enidpaocn elval o gpdavig, cuvABWE KATA TN
Sladlkacia mpooéyylong tou mAolou oto Aléva, KaBweg Kal othv meplmtwaon mou
TIVEOUV Avepol K&Betol otny mopeia tou mAolou (beam seas) yLa EKTETAHEVO XPOVLIKS
Sldotnua. Ito mapdkKATw Sldypappa daivovral ol KApmUAse amddoong mAolou
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(speed performance curves), oL OMOLEC XPNOLULOTIOLOUVTAL Yld TNV EKTIMNON TNS
TaXUTNTOC TOU EKACTOTE MAOLOU, AVAAOYA E TIC ETILKPATOUCEC KALPLKES auvankec. Mo
OUVYKEKPLUEVA, urmodnAlwvouv tnv enidpacn GAwWV TwWV TOPATIAVW TEPUTTWOEWY
OVEUOAOYLKAG KATAOTAONC OTNV TEALKN TAXUTNTA TOU TAOLOU, OE CUCKETIOUO ME
Siddopeg TpEC Tou LWoug kKUpatog. BéBala, kabe mhoio Slabétel Siadopetikn
KOUTTIUAN amodoong, n omola e€aptdtal amd Tov TUTO TG Kapivag tou mmAolou, To
LAKOC TOU, TO OXNHA Tou, TNV LoV Tou KaBwg Kol Tn XwPNTKOTNTA Tou (tonnage).

To Staypappa mopouotdalel TNV KAUMUAN TaXUTNTOC EUTTOPLKOL TTAolou pe
TaxutnTa Asttoupylac 18 KOUBwWY Yo voL EXOULE MLA TTPWTH ELKOVE Ao OTL €EnyHoaE

oTa MApPAAvVW:

Following seas

Ship speed (knots)

"

A S S - T Y O R ¢ N
Wave height (ft.)

Avalntioape ya va BpoUue Tov pabnuatiko tomno nou Ba urmopolos Vo Hag
Swoel KAmola armoteAécpaTa Vo thv emidpoon Tou avéuou otnv taxUTnTo Tou
mAolou. MNa autd to Adyo Ba xpnowpormotlnBel plo UL EUMELPLKA oXEon, N ormola
urtopet va arnodwoel ) peiwon taxVTnTAg Tou MAoiou Adyw cuvduacuevng dpdong
KUHATWY KoL OVEUWVY HE TIPOCEYYLOTIKN akpifela. Mia tétola e€icwon StatunwOnke
arto6 toug Townsin & Kwon (Kwon, 1981), yia Staddopoug TOmoug Aoiwv.

JOudwva pe touc Townsin & Kwon, n ouykekplpévn efiowon mapexsl
LKOVOTIOLNTIKG  OITOTEAEOUATO 000V adopd OTNV EKTIMNON TNC akololag Helwong
taxutntac rtAoiou (involuntary speed loss), XpNOLLOTIOLOUMEVN KUPLWE VLA TIPAKTIKOUC
okormoUc. Baoiletal oTov UMOAOYLOMO TNG CUVOALKAC TtpocBetng avtlotaonc Kat The
arattoVPeVNS abénonc TNC WoXVOE AOYW TWV KUHATWY, oVAAOYQ LE TA TEXVIKA

XOPOKTNPLOTIKA TOU TTAOLOU,

H pelwon tng taxvtntag, onwg skdpdletal amd to Adyo, adopd otn
Suoueveotepn  mepimtwon SielBuvong tou avépou, SnAadn avtippora NG
kateLBuvong Tou MAoiou
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(head seas). H mapadoxn tne avtippornng dteBuvong TOU AVELOU LOXUEL KAl Yot TO
umto e€étaon Siktuo Spopoldynong, wote n poPAedn Twv xpovwy Sladpoung va

EVTAOOETAL 0TO SUGHEVESTEPO, ATtd AVEOAOYLKAC artodng, mAaioto.

AwGgypappa peiwong tayvtnrag — Evraon avépou.

NOXOITIAIA ANQOAEIA TAXYTHTAZ
AV/V (%)

Onwc daivetal kat amd 1o SlAypappa, N oMWAELR TAXUTNTAC Yo XaApnAn
£€VTaon Tou avépou sival oxedov apeAntéa (BN<4), evw yia peyallTepeg TIHEC TNG
évtaong o pubuog peiwong tng taxutntag auvéavel onupavoka (BN26). MNa Tiuég
gvraong Wiaitepa uPnAeg (BN28), n taxltnta, BAcEL TNG NUL-EUMELPLKNAG G OPLOUAQL,
LELWVETOL QIIOTOMA KOl £vTova, adoU n emidpacn Twv KUMATWY gival Kuplapxn os
cUYKpLoN HE TNV eniSpaon tou avépou. BéBala, n akolola anwleLa taxutntog sivat
ALYOTEPO ONUAVTIKA OE QUTO TO e0POC TIHWY OE OXEON ME TNV eKoUOL QIMWAELAC
TaxutnTac, mov epappolel 0 KATIETAVLOC TOU TAolou yla Adyouc aodalelac Kat yia
aUTo Tto Adyo Sev unodoyiletal n anwleta taxotntac cupPwva pe Touc Townsin &
Kwon (1983) yia medio tipwy TaxutnTag avépou mavw and 18 m/sec.

Ze auto to edio, uTtepTEPEL N EKOUCLA AMWAELQ TIOU, OTtWG onNHELWBNKE, elval
SUoKoAo va kaBoplotel ek TwWV MPOTEPWY To UYoG TG, Sebopévwy Twy LELALTEPOTATWY

TN¢ KABE mepimtwonc.

3.2.4 Extipnon mBavoTikig KAToVourG yLa Toug Xpovoug Stadpopurng

Onwg é€xeL emwonuavOel kol oto kepalaio tng meptypadng, Paciko

XOPAKTNPLOTLKO ToU e€eTAlOMEVOU TIPOBAALATOG ATMOTEAEL O OTOXOAOTIKOC XAPAKTH PG
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Twv Xpovwy Stadpounc. Asv Bewpolvtal SNAadn vieTtepVIoTIKOL, aAAG AapuBaveTal
urtodn n emidpacn Twv KALPLKWY oUVONKWY oTov KOBOPLOHO TOU AmALTOUREVOU
xpovou taéibiov. Mevikd, o xpovoc SLadpoung avapeoa os SVo KOUBouUC, aveédptnta

D..

™ ¢Uon tou mpoPApatog, uroloyiletal amod Tov tomo: t, =—=, émov, i elvat o
i

KOUBog mpoéAeuang, j o KOUPBog mpooplopol, o xpodvoc Sadpouns Hetall i,j , n

ardotaon Hetafl Twy i,j, N TaxvTnTa Asttoupylag Tou mAolou ath Stadpoun i,j.

Evw oto vrteteppviotiko mpdBAnpa, n taxvtnta Asttoupyiag Bswpsitol
otaBepn Kal propel va kaBoplotel ek Twv potépwy, g prnopel va BewpnBel to (8o
OTNV MEPUTTWON TG OTOXAOTIKAS SpopoAdynong omou n taxUtnta tou mAoiou eival
ApECA EEAPTWHEVN ATIO TIC KALPLKEC CUVONAKEC, e TOV TPOTO ToU TeplypddpnKe oto
nponyouUpevo keddAato. Q¢ ek Toutou, n Taxvtnta 8& pmopsl va AdBeL pia TLp aAAd
akoAouBel pia katavoun mukvotntag nibavotntag. Puoko emakdAouBo Kal o xpovog
Sladpouneg petaly 800 KOMPBwv va un AapuBdvel pla otaBepn TR, aAAd va
Sladopormolsital cUpdwva pe gva mBavotikd mpotumno. H katavour auth Ssv sivat
EK TWV TIPOTEPWY YVWOTH MLOC Kol g€apTdTOL amd Ttov TOAUTIAOKO KNXOVIOHO
aAnAsntipaong avépou-rAolou adevde, adetépou oxeTileTal e TA KATA TOMOUG
HeTABaAAOUEVA QVEUOAOYIKA XOPOAKTNPLOTIKA. Aapfdvovtag umoyn tdoo thv
katavoury Weibull ywa thv meplypadn tou avepoloyikoU nmpodiA tng kK&Be meploxng,
000 Kal TNV NHLEUTELPLKA oxéon Twv Townsin & Kwon{1983) yia tnhv enidpaon twv
QVEUWYV oTNV TaxuTnta Tou mAoiou, Ba edapuootei pla Sadkacia mpoocéyyiong tng
KOTOVOUNAS TNE TAXUTNTAG Tou TAOloU Kal KAT EMEKTAON TOU XPpOvou SLadpopng
HeTAEL 2 KOUBwWVY Tou Siktou. H Bacikn Aoyikn authc the avaAuTtikng Stadikaciag
ocuvictatal oto tpimtuyo:

a4 N

Extipnon
KOTAVOWNC AVEUOU.

-

)

\.

J

\.

Extipnon katavoung

Tayutntac mAoiou.

~

4 N

E€aywyn Katavoung
Xpovou SLadpopnc.

)

J

\.

J

3.3 lewypad ki anotunwon ¢ Stadpourg

Eival Adn yvwotd, OTL Ta OTATIOTIKA XOPAKTNPLOTIKA Tou avéou Sladépouy
O€ TOTLKO £Tinedo, Ue amoTtéAeTa KATA T Sidpkela the Stadpopng evog mAolou va

pnv sivalr Suvaty n ameuBelag ektipnon Twv AVEHOAOYLKWY CGUVENKWY TNS
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Sadpopne, aAld amotteltal 0 MPooSlopLoHOC Tou TPOMOU Kal tou Babuol
ouvelodopdc TOU KABe Eempuépouc TUAMATOSC TNC SLASpPOUAC OTO OCUVOALKO
avepoloyikod ripodiA. MNa autd to Adyo, BEtovrac we povada peAétng tnv K&be mibavn
akun tou Oiktbou, SnAadn tn Swbpoun petafl kaBe lebyoucg mpogAsuong-
TIPOOPLOHOU, EPEVVATAL ETTL XApTOU N edLkTh Baddooia Stadpoun.

H g0peon tng BaAdooiag Stadpopunc yivetal pe tn BorBela tng texvoloyiac AlS
(Automatic Identification System), n omola xpnotpormotleital oto Aoylopiké Marine
Traffic. To Aoylouiké Marine Traffic eival eAeUBepo oto Siadiktuo Kol TAPEXEL
TAnpodopleg TPAYUATIKOU XPOVOU Yl TA ALMAVLIA KOl TIC KWVACELS TwV TAoiwv. a
kaBe leLyog pogAeuonC-ipooplopoU, Le T BonBela tou Aoylopikou, svrorniletal n
Baldoola Stadpopny MOu oKoAouBsital Oe TPOYHOTIKEC CUVOBAKEC eite amd ta
erLpatnyad elte Ao Ta EUTOPLKA TTAOLA, TIOU TNV EXOUV EVOWUATWOEL 0TO SPOUOAOYLO

TOUG.

A TapaTNPrCOULE EVal TIAPASELYLA YL TO TIWGE ELVOL TO CUYKEKPLUEVO AOYLOULKO:

-5

* Manchester

Hettinghan N e Sl

Petesdomugh

3.4 YrnoAoyiLopog Katavopng mukvotnTag-nibavotntag toxutnTag avépou ya Kabe
EMPEPOUG THRHA TNG SLadpopung

Arod to nponyolpevo otadlo poadloplotnKay ta YEWYPAGLKA TUALATO ot

Ta orola SiEpxetal kaBe ouvdeon lelyouc TIPOEAEUCHC-TIPOOPLOKOU. ZE QUTO TO

48

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 18:59:59 EEST - 18.217.200.173



otddlo cuoxetiletal To KABs TUAMO HE TO AVEUOAOYLKA TOU XOPAKTNPLOTIKA. Mo
OUYKEKPLUEVA, PBacel tTnG KwSIKAG Tou ovopaciag, kabe tunpa Aappdavel TG
TtPOKABOPLOPEVEC TIHES TwV TtapapeTtpwy Weibull, énwe autéc Swatumwvovtal otov
TivoKa TwV OpOoloyeVWY avepoloylkwy {wvwv Tou Stapopdwdnkav mapamavw
(Mivakag 5.2). Me ™ BonBela Twv MapapETPpWY aUTWY gival Suvatodv va KaTapTLoTEL
yla kaBe {wvn, n OTATLOTIKN TEPLypadr) TwWV Ve LOAOYIKWY cuvBnkwv, akoAouBwvtag
to nBavotikd npoturto Weibull.

Katd autdv tov tpomo, Siapopdwvetal yia KABE EMLUEPOUC TUA LA N KATAVOLN
TIUKVOTNTAG-TLBavOTNTAG TG TAXUTNTAG TOU QVELOU.

VvV [m/sec) | Vibesaufort) Flv) F(v) 0.3
(ExrjAn 1) (ZxriAn 2) (ExiAn 3) (ExriAn 4)
5} o o 0
1 1,12684059 | 0,23884377 | 0,283460 Do
2 1.7B874794 0.17113904 0. 486583
3 2,34392288 | 0,12262648 | 0,632121 =
a 2,83946035 0,087865713 0,.726403 &=
s 3,20490187 | 0,062958534 | 0,811124 g 0.2
6 2.72074564 0.045111761 0. 8649665 'O—
7 4,1934543 | 0,032323686 | 0,903028 =
E 4,50736235 | 0,02316115 | 0.930517 éllb
9 4.87555606 | 0.016595689 0.,950213 =
10 5.23033069 | 0,011891321 | 0.964326 =
11 5.57345208 | 0,008520511 0,974438 % 0.1
iz 5.90631555 0.006105213 0.9816849 =
i3 6,23004786 | 0,004374576 | 0,986876
14 6.54557553 0.0031349521 0.990596 0.05
15 6,85367208 | 0,0022459082 | 0,093262
16 7.15499174 0.001609317 0,995172
17 7,45009418 | 0,001153126 | 0,996541
18 7.73946282 0.000826251 0.997521 o

o 10 20 30
TAXYTHTA ANEMOY (m/sec)
Exfpa 5.8 Karavopr syuinteg avipou yue o Twvn 2.5

Itov mapanmdvw Tivaka gpdaviletal otnv mpwtn otNAn n taxltnTa Tou
avépou og m/sec, otn Seltepn otAAN n évtaon Tou avépou otnv KAlpaka Beaufort,
otnv tpitn otnAn n mBavotnta eudaviong KABe TLUNG TaXUTNTAG TOU QVEHOU, EVW
otnV teAeutaia otnAn npoodilopiletal umoAoyiletal n abpolotiki miBavotnta. Ta
16l otoeia kataypadovral yia kabe Tunpa tng Stadpounc.

3.4.1 Ektipnon ouvoAlKri§ KOTAVOMNAG TNG TAXUTNTAG TOU GVEMOU ylot To {eUyO0G
NPOoEAEVONG — MPOOPLOUOU

Metd tov UTIOAOYLOMO TNG KOTAVOMAC TuKvVOTRTAc-TiBavotntag yia Kabe
EMIUEPOUC TUAMA TNCG SLadpopng METAlU TPOEAEUONC-TIPOOPLOOU, QTTALTELTAL O
TPoaSLOPLOUOC TNG YEVIKAG KATAVOLAG TOU avéuou ava dtadpoun. O mpoodloplopog
QLUTOC ETITUYXAVETOL CUVEKTLUWVTAC TA TIPOPIA TWV ETMLUEPOUS TUNHATWY KaBwe Kot
TO TTOCOOTO CUMUETOXNG TOU K&Be Turuatog otn Sadpoun petafl tou lelyoug Twv
KOpBwv. To tooootd cupBoAng k&Be tuApatog toAarhaoidletal pe tnv mbavotnta
gpudaviong f(V) (ZtnAn 3 tou mponyoUHEVOU TIivOKA) KoL TQ ETILUEPOUG YLVOHEVA
OUVLOTOUV TN VEVLKH KATAVOWH TOL avéuou yia th BaAdooia cOvEeaon tou uTtd e€€taon
lebyouc kOpBwv. H véa (V) SnAadr mpokUTEL WG YPAUMUIKOS cLUVEUACUOC TWV
ETILUEPOUC f(Vv) pe ™ avtiotoLya nocootd CUMMETOXNG:
V) =0, - £ (V) + 0, -6 (V) +.+a, - £, (V).
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Onou, «, : elval To moocootd cupBoAng tou kabe TpApatog evw f(V): n mukvotnTa

mBavotntag KABE TUAUATOG.

3.4.2 Tpoodloplopds tng anwAslag TaxutnNTog KoL EKTUNON NG CUVOALKAG
KATOVOMNG TaxUuTnTag tAoiov

AeSopévou OTL €xeL TPOOSLOPLOTEL N KATavoun Ttou akoAouBel n taxvTnta Tou
avépou otn Stadpopn petall §0o Awpévwy, og autod to eninedo npaypaTonoLeitaL n
petdfaon artd TNV KOTAVOLN TOU AVEHOU OTNV KOTAVOH TNG TaxUTNToS Tou mAoiou.
Onwcg €xeL avadepbel o mponyoluevn evotnta, n enibpacn TOU GVEHOU OTNV
tax0tnTa tou mAolou ival po Suvapikn Stadikaoia, n orola ota mAaloLla AUTAS TS
epyaociog neplypddetal and tn NPooeyyLoTIKA oxéon twv Townsin & Kwon (1983).
Emopévwe, yla TIC TIHEC TNC TaxUTNTAG TOU OVEUOU Tou avadeépbnkav ota
nponyoLueva otadia tng OSladikaoiag, umoloyiletal n TmocooTlaio AMWAEL
ToxUTNTaC. OEToVTag piat apxikn TR TaxuTntag Asttoupyiag Tou mAoiou, n omola
€apTATAL QULYWE OO TO TEXVIKA XOPOKTNPLOTIKA Tou TAolou avadopdc,
urtoloyietat n teAkn taxutnta tou TAolou yia kaBes svdexouevo €vraong Ttou
OVELOU.

KaBwg umelogpxeTal Kal N KATAVOUN TTUKVOTNTAC-TILOavVOTNTAC TOU QVEHOU
eUkoAa poodiopiletal Kot n CLUVOALKR Katavopn tng taxvTntag tou mhoiouv. Zto (Slo
potifo pe to tponyolpevo MapdSeLlypa, Katd thv edappoyn the Stadikaciac yia éva
{elyog npoélevong-ripoopLopol rpootiBevtal oL otAAeS 5,6,7. To mapddetypa adopd
T oUvbeon petafl SU0 KOUBWV TPOEAEUCNGC-TIPOOPLOKOU, HE TIapadoxn OPXLKAG
TaxUuTnTag Asttoupyiag mAoiou, toug 12 kéuBouc/wpa:

Nivamag 5.7 Mibawdoyon epdsinaos binddpun ngie topimyrag nhoiou

| - < Tehs
vowiee) | vissosiort| 1 | 1 | oeapens s Srsvin 03
(Bxidnd) | [Eeidn) | (Toida3) | (Eoidnd) | (knota) | oorp o | (knoba)
Trrihn 5) [ZriAn 7)
] 00000 | 00000 | 00000 | 120000 | 00000 | 12,0000 _ g
1 1.1268 0,0980 0.0633 12,0000 0,7889 11,9053 2
2 17887 | 01300 | 01798 | 120000 | 12548 | 118494 % 02
3 2,343 01384 | 03156 | 12,0000 1,6564 11,8012 =
3 2,8395 01318 | 04516 | 12,0000 20419 11,7550 E
B 3,2949 0,116 | 05762 | 12,0000 2,4492 11,7061 E 0,15
6 3.7207 ope7t | oesm | 120000 25192 11,6457 g
7 41235 00772 07703 12,0000 3,5001 11,5800 ; 01
B 45078 | 00589 | Da3sz | 120000 17298 11,4900 E
9 48756 | 00432 0,8891 12,0000 51365 113716 g
10 52303 | 00308 | ne2se [ 130000 | 6501 [ 112152 2 005
11 55735 | 00213 09518 12,0000 82524 11,0097 E
12 59063 | 00143 | 09693 | 12,0000 104781 10,7426 o1 } i
13 82300 | 0.0093 09805 :ijm 13,3348 10,3998 0 7 4 5 3 10 1 14
" 65456 | 00059 | 09884 | 12.0000 | 169539 99655 TAXYTHTA AGIOY [KNOTS)
15 68537 0,0037 09931 12,0000 21,4809 94223
16 74550 | 00022 | 09960 | 12,0000 | 270753 | &,7510 |
17 74501 0,0013 09977 12,0000 139117 7.9306 Ifpasg 1 ) popdd mb f | mhaloy
18 77395 00008 | 09987 | 120000 | 421797 68384

H ZtAAn 5 mapouaoialel TNV apxlkn Taxutnta AEltoupylag Tou mAoiou (rou
avtiotolxel yia évrtaon avépou 0 Beaufort), n ItiAn 6 mapouoidlel TNV amwAEsLa
ToXUTNTAC OMWCE QLUTH UTTOAOYIOTNKE ATtd TOV ULOBETOUUEVN TIPOCEYYLOTLKY) OXECN KOl
n ZtAAn 7 Tnv TeEAKn taxUTnTa Tou mAoiou yia KaBe mibavotnta epdavionc.
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4. BeAtiotonoinaon Kol mPonyoULEVEG EPEUVEG

H BeAtwotomnoinon sival gva mebio Twv £pAPUOCHEVWY HLAONUATIKWY TIOU
xphotuorolel padnuatikd povtéda yia va kaboplotel n kaAUtepn Suvath Abon o éva
npoBAnua, Lundgren et al. (2010). Ztnv BeAtictonoinon, o otdxog eival va Bpolue
thv KaAUtepn AVon f thv KaAutepn Suvatr AVon. Av n KaAUtepn AUon Sev sivat
Suvatod va kavorolel pla oelpd amd Kptthipla, N KaAutepn Suvath AUon Beswpsital
Kot n KaAUtepn. Tpelg mapdpetpol eival onupavtikol otn BeAtotonoinon: n
OVTIKELMEVIK ocuvdptnon, ot petaBAntéc amddaong kKol ol meplopwopol. H
OVTIKELMEVLKA CUVAPTNON lval  CUVAPTNON TTOU EAAXLOTOMOLELTAL I pleyloTornoLeitat
wote va BpoUpe th PéAtiotn AVon, max f (X). H avtikeldevikn ouvdptnon
neplAapBavel pla A meploodtepeg petafAntéc amddacng, To X, TO ormolo
HeTaBAAAeTAL, TTpOKELUEVOU va BpeBel n BEATioTn AVon. H avTlkelHevIK cuvdptnon
ouvNBw¢ uoBAAAETAL O pLa OELPA TiEpLOpLowWV. OL teploplopol opllouv thv ediktn
TLEPLOXN TNS cLVAPTNONG, KAl Tteplopilouv Thv TIUA Tou X.

H BeAtiotonoinon £xel mMoAAEC edbAPUOVEC. € QUTEC CUMMEPLAABAvovTaL O
T(POYPAUMATIOMOG TG TTOPAYWYNG, oL petadopég Kal ta logistics, o oxeSlaouog Kat o
TIPOYPOUATIOMOC TIPOYPAMUATWY. 2 auth) thv Statplfn Oa mapoucldcoups thy
Spopordynaon we pEpocg tng BeAtiotonoinong. O Christiansen et al. (2007) opilel tpeig
Topeic Omou n BeAtiotonoinon xpnolpomoleital evrdg T vauTAag. ZTov oTpathyLko
oxebloopnd, Omou elval 0 HAKpompOBeCUOC TIPOYPAUMATIOHOC eVOC TTAOLOU | VoG
OTOAOU, HE XPOVIKO opllovta apKETWY TwV. AUTOC meplAapPBdveL To oxeSLAoUO TOU
mtAolov, To £i8o¢ tou mAolou kal Tou $poptiou Tou , To oXeSLAGHO Tou SIKTUOU KAl TO
HéyeBoC TOU OTOAOU. ZTOV TAKTLKO OXeSLAOHO, O Omolog €XEl ULKPOTEPO XPOVLIKO
opllovta katl cuvRBwg ektelvetal og Alyoug HRVeC. AUTOC mepAaUBAvVeEL ThV avarmTuén
TOU 0TOAOU, ThV 8popoAdYNon TwV MACLWY KAl TOV TTpoypapaTIod, tTn Staxsiplon
Twv mAolwv Kat thv Sakivnon ¢optiwv. Télog otov emxelpnolakd oxedlacuod, o
ornoloc oxed1aleL TIC eMOUEVES NUEPES N Eva TAiSL. AuTtdg eplhapBdvel Tthv TaxUThTa
mAeliong, Tnv Sladkacia popTwaong Tou mAoiou kal to Weather Routing.

Yridpxouv tpelg pEBodol mou xpnoLponolovvtal kKuplwe oto Weather routing. Auteg
ol uéBobol Ba mapouciaotoly v cuvtopia edw.

4.1 Tpononownpévn uéBodog Isochrone

H néBodog Isochrone sival pa péBodog mou xpnotlpomnoleital cuxvd ota
Aoyiopikd Weather Routing. H péBodog auth mpotdBnke apxlkd amd tov James
(1957). O Hagiwara (1989) tpomomnoinos thv péBodo kat n péBodoc sival Tumikd
YVWoTH w¢ tpormorotnpévn puéBodog isochrone. Mapoucicos pa péEBodo pe TpELC
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SladopeTikég sPAPHOYEC: TAV EAAXLOTOMOLNGN TOU XpOVoU, TWV KOUGIHWY 1 Tou
KOOTOUC. H QVTLKELMEVIK CUVAPTNON TIOU TIPETEL va sAaylotorolnBel yia tov
gAAXLOTO XpOvo SpopoAdynong Ue TNV Tpomorolnuévn pebodocg Isochrone sivad:

I
J = jA(X,U,z)dHB(zf,zs)

ly

Orou A (X, U, t) elvatl n petaBAnt) amddaons, aviuipocowrnelsl TNV WP TOU €XEL
taélbéPeL To mholo, to X elval n B£on tou mAolou kat to U gival to Stadvucua eAgyxou
To omolo cupnepAapBaveL Tthy mopeia tou mMAolou Kal Tov aplOud mepLoTpodwy ToU
gAka. H B(z,.¢,) elvau pua petaPAnth motvAg, ko eival peyaltepn anoé pundev, v to

OKAPOC PTACEL OTOV TPOOPLOUO TOU HETA QO ThV TMPOYPAUATIOUEVN wpa ddLEnc.
To to elval n otypA tThe avaxwpnong, to ts slval n mpoypappatiopévn wpa adEng
KoLl To tr elval n mpaypatiki wpa adEng. H petafAntn anddaong ya tThy eAAxLoTn
KatavaAwon Kavolpuwy sival F, kat C yia to eAdxloto kKdotog. Katl autéc e€aptwvtal
artd TLg 1Sleg mapaETpoug Omwe Kat n A. H mowvA kaBuotépnong MOLKIAAEL YLOL TLG TPELS
S1adOPETIKEG AVTLIKELUEVIKES cuvapTAoELS. Tla thv SpopoAdynon UE Thv gAAXLOTN
KatavaAwon KaUoiuwy LoXVELOTL B(f,,1,) = yid £, > 1, KaLyla tnv SpopoAoynon pe

TO £AAXLOTO KOOTOC EXOUME OTL B(tf,ts):w(tf—ts)2 ywa f, >t 6mou w elval pa

gmAeyuévn otaBepd.

Q¢ wodxpovn oplletal pla ypappn og €va XApth A €va SLAypappa TTou cUvBEEL
Slddopa pépn ota omola maipvel tov iSlo xpovo ywa va taéibédetl éva mAolo. H
HEBobSoc isochrone Asttoupyel pe Tov € ¢ TPoOMOo: OL LlodXpOVES YPAUKES oxedidlovTal
pe gva SeSopévo xpovikd Oplo armd to onpeio avaxwpnong. OL LoOXPOVES YPOUMES
gxouv SLadopeTikd GUCIKO UAKOC, OE VOUTIKA HiAla, Adyw TN SlakOpavong twy
avtlotdoswyv otoug Stddopoug Topeig tou mAolou. H toxU¢ tou Klvnthpa Stathnpeitot
otaBepn Kal n toxltTnTa petafdAietal pe thv avtiotaon. NEeg LloOXPOVES VPO MUES
oxedldlovtal ota TeAlkd onpela twv mponyoluevwy Wwoxpovwy. OL L.oOXPOVES
vpaupég oxedialovrtal pe (8o Tpomo péxpL va GTACOUUE GTOV MPOOoPLoUd Tou TTAoiou.
Otav n mpwtn WoXpovn YPOUMA cuvavtd Tto onuelo mpooplopoU, n PBEAtiotn
Sladpoun éxet Ppebel. Eva mapdSeya KATAGKEUAC LOOXPOVWY YPAUMWY dalveTal
otnv ew. 4.1.
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A North

Ewova 4.1 Kataokeun wwooxpovwy ypoupwy cUpdwva pe toug Szlapczynska kot
Smierzchalski (2007)

4.2 YrtoAoylopo6 twv petafoAwv

H p€Bodog umoAloyiopol Twy petaBoAwv mpotddnke apxLlkd ard tov Haltiner
et al. (1962). Ou Nanaddkng kat Mepakng (1990) avéntuéav tnv péBodo nepattépw,
Kal Atav og Béon va Bpouv tnv Stadpopn Kot Tt pubuioelg toxbog tou okddoug. Ot
Mepdikng kat Namaddkne (1989) eméktelvay eniong tnv péBodo wote va gival Eykupn
O€ £Va XPOVIKA, e€apTw EVO TIEPLBAAAOV.

O umoAoylopog TwV METABoAwWV Elval pla AVAAUTLKH TIPOCEYYLON Yyl TNV
gUpeon tng BéATotne Stadpopnc e BAon TIG KALPLKES cuVBNKeS. Oswpel TNV mopela
KoL TNV £€060 LoYVELS TOU KLVNTHPA Tou TAoiou w¢ peTaBAntég anodaonc.

H avtikelpuevikn ouvaptnon og auth th pEbodo Siapopdwvetal we eENG:
b | 1
g 25
J :j — 1+ )2 dx
X V

(4.2)

Otav to onpeio gkkivnong opiletal wg (x,,y,) Kol To TEAKO onueio opiletal wg

(x.¥,) Ko

V =[P(H)+Q(H )cos(u — D)|R(p) (4.3)

‘Ornou V eivat n taxvtnta tou Aoiou, to H SnAwvet to UYog Tou onRAVTIKOU KULOTOC,
1o @ elval n kateBuvon Tow KU pATOC KoL U elval n rmopetatou. Ta P kal g elvol BeTikeg

ouvaptnoelg tou H kat to R gival pia Betika avfavopevn cuvaptnon Twy pubuicswv
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woxLog. Ie avtiBson pe tnv tpomormolnuévn HEBoSo isochrone, auth n pHEBodog
ETUTPETEL HeTABOAEG OTNV LOXU TOU KlvnThpa. H kateBuvon Twv KUpATwV Kot To 0Yog
TWV KUMATWYV LVl YWWOTEC CUVOPTHOELS TWV X KaL y. O otoxog elval va BpoUe TV

KatdAAnAn Swadpour, y, , n omoia eEAAXLOTOMOLEL TNV QVTIKELHEVIKA cuvaptnon J.

H péBodog urtodoyiopol twv petafolwv Bewpel to npdPAnua Spopolodynong
Twv mAolwv wg éva cuvexeg mpoPAnpa BeAtotomnoinong. Otav yia thv eniluon tou
npoPAnpatog SpopoAdynang xpnotonoloUpe autn thv pEBodo, n mpwtn Stadpopn
eival tuxaia. H BéAtiotn Siadpoun Bploketal mpoocapuoloviac TV MOPELa KoL TIG
puBuioelg LoxVOG. AUTO YIVETOL LUE LLO OELPA OTTO TIEPLOPLOUOUG, £TOL WOTE N BEATIOTN
Stadpopn va eival psailotikn. Yrapxouv 0o tpoémol yia va BpoUpe tn Abon: eite e
tnv e€lowon Euler Hamiltonian, 1 pe éva cUVOAO YPAUHLKWY EELOCWOEWV.

4.3 Auva KOG POYP AU UATIOMOG

AUVOULKOC TIPOYPOUUATIONOG Elval o oTpatnylkn BeAtiotonoinong 6mou n
KUpla 16€a elval va Slapéoel To MPOBAnUA o TTOAAA UTIO TTPOBARHATO TTOU UITOPOUY
va AuBoUv avetaptnta. To mpoBAnpa xwpiletal os otadia, omou Bploketal n BEATIoTn
AUon yia évav aplBuoé umnod npoBAnudatwy, Lundgren et al. (2010). Mia katdotaon oto
Suva ko mpoypappatiopd opiletal n mBavn Abon gvog otadiou, yla mapddelypa n
B8€on tou mAoiou. Kata tn xpron tou duvapikol mpoypappaticpov oto Weather
Routing, mpokaBopilovpe éva mAéypa. To mMAEypo ormoteleital amd yswypadikd
onueia mou kaBopilouv T KaTAOTAoELS Kal Ta otddia. Kabe onueio oto mAéypa
TEPLEXEL TTANPODOPLEG OXETIKA ME TA KUMATA KAL TOV AVEMO. H moapakdtw ElKova
Selyvel éva tumikd oxedlaopuod tou Sikthou, 6rmou ta oTtddila armoteAoUvTal Ao Eva
oUvolo onueiwy, aplBunuéva and 1 €wg kat 16, KAt oL KATAOTACELC £lval Ta onuEela
oe KabBe otadlo.
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Ixnua 4.2 .: Ixeblaon mAéypartoc 6nwce opiletal amod tov Zhao et al. (2012)
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O Shao et al. (2012) opilet wg umd mMPOPANHA TOV UMOAOYIOUO TNG
KatavaAwong Kavoipou petaél SVo otadlwv. H BéAtiotn katavaAwaon Kauoipou
Bploketal aBpoilovtag ta KaUGLUC TTOU KaTavaAwvovtal HeTaéL Twv otadiwv Ewg thv
ohokAnpwon tnc Swadpoung. Mpokelpnévou va KaBoplotel n PéAtiotn Alon,
xpholloroleital évag aAyoplOpoc mpog ta eumpog. Otav xpholpormoleites €vag
aAyOpLOUOC TTpOoC Ta EUTPOC, We BEATIoTN AUon opiletal n €€ng: Mwa Stadpopun sival
n BéAtiotn edv Ko pévo £dv, yo omolovdnmote evlildpeco otddlo, n emloyn TG
ponyoUHevNE 8L poAG NTav n BEATLoTN yla To otddlo autod, Lundgren et al.(2010).
AuTO onpaivel OtL Katd TNV aéLoAdynon Tou KOGTOUG VLA [La KATAoTAoN 0To 3 0Tdd10,
Ba mpenet va aflohoynBel to cuvoAlkd kK6oTog amd to 1 otddlo Kal OxtL povo armod 1o 2
otad1o. H avrtlkelplevikn cuvApTtnon 6To SUVALKO TIPOYPAUUATIONO lval:

ft(St) = l’l’iin[ct (St:'xt) + Z C; (Si:xi)] = n}}n[ct (St:'xt) + ft—l (St—l)] (4.4)

i=t-1

Ormou to t opileLto otadlo kaLn £, €lval n avtkelpevikn ouvaptnon yia to dedopévo
otadlo. s, elvaln katdotaon, SnAadn to onpeio and to onolo fekivape oto t. x, eivat
n petapAntn anodaong, To onpeio oto onolo talidéPape oto otddio t, kat ¢, (s,,x,)
glval to kdoTog, N otnVv SIKA Hag eplmtwon, N KAtavaAwon KAuoipou HeTafl Twv
onMelwvs, Kot x,.

‘Evac aAlyoplBpog mpog ta punpog sival repiimAokog, Kol Ssv Ba mapouotaotsl
eSw. Ze autn th SlatpLPn Ba XpNOLUOTIOLACOUE VAV GUVTOUOTEPO aAyOpLBLIo yLa va
BpoULe tnv SLadpopn He ThV EAAXLOTN KATAVAAWON KAUGLHWY, N HE€Bodog auth slval
mapopola He T SUVAMLKA HEBO0SO TPOYPOAUMATIONOU, aAAd o aAydplBuog mou
xpholuoroleitatl sivat Stagopetikoc.
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5. Y6poduvauikn nmAoiwv Kot oTATLOTIKA KU LATWV

Mpokelpévou va mpoaSloplotel n BéAtiotn Swadpopn petall Svo Alpévwy Ba
TPETEL val yvwpilloupe tnv avtiotacn Kat thv amddoon tou okddouc. Otav éva
okadoc sival ekteBelpévo ota KOpATA KoL ToV Avepo n avtiotacn Ba molkiAel, Kal to
oKdadoc Ba urtoaTel HeTAKLVAOELS Kal erttaxUvoelc. H avtiotaon rmou 8&xetal to mAoio
oplletal w¢ n avtiotaon APEUWY vepwy athv orola mpootiBetal n avtiotacn Adyw
KUMATWVY Kal N avtiotacn Adyw Tou avEpou. Z& auto To KEDAAALO TTAPOUCLATETAL TO
OKA$OC TOU XphoLHomoleiTal yia Thv povtehomoinon tou npofARpatoc eUpeong TNG
BéAtiotng Sladpoung He Baon Tic KalplkéS auvBnkeg. Meplypddetal n Oswpla micw
artd ToV UTOAOYLOS TG avtiotaong mou S€xetal éva Aolo, Twv amokploswy gvog
mAolou Kol Twv UMoloylwopwyv Tmpdwonc. Emiong mapoucidlovtal Kol HEPLKA
QOTEAECATA UTTOAOYIGHWVY Tou ShipX.

To ShipX elvat éva Aoyiopikd mou avamtuxBnke amd thv MARINTEK kot
xphotuoroleital oto oxeSlaopd Kal TNV avaiuon gvog mAoilou. To TpdYypapa EXEL
ToAAQ plug-ins kol prtopel va ekteAéost StadopeTikoUg UTTOAOYIGHOUCS OE OXECN HE TO
seakeeping, Thv avtiotacn, Thv POCTIOEEYVN avTioTaan, Thv THphon evog otabpou
Kol TToAA& dAAa. To ShipX xpnotpomnotsital yla Tov UMTOAOYLIOHO ThE MPOCTIBEUEVNG
avtiotaong Kal TG Asttoupyleg amodkplon tou okddouc. AUutd ta armoteAéopata
XpholomoloUvTal apydtepa oTo TPOYPAUMA vl va mpoadloplotel n PBéAtioTn
Sladpoun.

5.1 Napouciaon Tov MAOIOU OV XPNOLLOTOLELTAL yLa TN povTeEAOToinon

To mAolo mou xpnolpomoleital yla thv povtsdomoinon eivat éva mAolo
petadopdc sumopsupatokifwtiwy, 3500 TEU. Q¢ Bdon twv Ssdopévwy Tmou
aratoUvtal naipvoups pila SOKLUA-povTEAo Tou mpaypatontoinos n MARINTEK to
1995. Adyw EUTMLOTEVTLIKOTNTAG TS SOKLUAG-HOVTEAD, OL ASTTTOUEPELEC TIG SOKLUAG Sgv
Ba mapoucLaoTtoUV TTapd HOVO OL YEVIKEC SLOTACELS TOU TAOLOU KOl TA KUPLOTEPA
QOTEAECATO OE 0X£0N KE TV avtiotaon Thg mMpowaongc.

O yeviKEg SlaoTtdoelg Tou mAoilou apouctdletal othv KapTtéAa. 5.1.

ONOMA 2YMBOAO | MONAAA TIMH
Length on waterline Ly, m 226.27
Length per perpendiculars Lpp m 233.00
Breath molded B m 32.20
Breath waterline By, m 32.20
Draft T m 11.00

Volume displacement \Y m3 47202.48
Prismatic coefficient Cp - 0.602
Block coefficient Cp - 0.584
Midship coefficient Cy - 0.971

56

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 18:59:59 EEST - 18.217.200.173



Longitudinal center of buoyancy LCB m -6.78
Wetted surface S m? 8973.03

Mivakag 5.1 Mevikég Slaotdoelg Tou mAolov.

To povtélo Sokipdotnke Kat yiat 11 aAAd kat 12.5 m pgOpa. H npokaBoplopévn TN
ToUu pelpatoc Atav ta 11 m Kat we ek Toutou, OAoL ol UTtoAoyLopol ekteAolvTaL e
QUTAV ThV TLUA.

ONOMA ZYMBOAO | MONAAA TIMH
Propeller diameter D m 7.5
Pitch ratio at 0.7R P/D - 0.9482
Number of blades Z - 5
Blade area ratio A, 1 A, - 0.75
Cord length c m 2.617
Thickness t m 0.0906
Mechanical efficiency U - 0.98
Brake power Py kW 28710
Brake specific fuel consumption BSFC g/kWh 166

Mivakag 5.2 Baowd Sedopéva mpowaong tou mAolov.

H 80vaun nmédnong eival n ektlpwpevn oxU HETA T SOKLUA-HOVTEAO, KOL N
KOTOVAAWGN KAUGIHOU yla TO GCUYKeKpLUEvn TéEdnon, BSFC, smAéysl petd amod
afloAdynon pnxavwy pe Thv emBupntn woxv, WartsilaEngines (2013).

To amotéAsopa and th SOKLUA-HOVTEAD 6oV adopd thv TaxUTNTA MAELONC
KoL TIC oTpodEg Tou EAka avd Asmttd (RPM) elva:

V=23,78Kn kat RPM = 114,7 [rev / min]
5.2 Avtiotaon RPEUWV VEPWV

2Th VAUTINYLIKA Blopnxavia n HeAétn tng avtiotaong tou okddous o NPsUa
VEPA Xpnolpormole{tal yia va tpoodloplotel N amdéSocn Tou GUCTAKATOS MPOWGCNC,
oKOUN Kol av To ItAolo omavia Aettoupyel o Apepa vepd. O Lee et al. (1985) avadépst
otL N mBavotnta Apspwv vepwy oto Bdpslo AtAavtikd eival 0.7 Tolg eKatod, evw N
mOavotnTa Npepwy vepwy oto Bépelo Epnvikod 1.3 tolg ekatd. Exovtag autd unoyn,
prtopel va dailvetal meplepyo to yeyovdg otL n anddoon tou mAolou og Apepa vepd
glval 0 0TOXOC YLaL TOUG TTEPLOCOTEPOUC YLd ThV BEATIOTOMOINCN TOU KUTOUG KAl TNS
npodéwaong. Qotdco, autd odeiletal oto 6tL  cUUPBACH Mou UTtoypddEL O TTAOLOKTATNG
e TO vaumnyslo mepAapBAveL KAl pATPA OXETIKA He tnv ermBupnt) PBéAtiotn
tayvtnta mAebong. H BéAtiotn taxvtnta mAsvong kaBopiletal o Apepa vepd, ylatl
ot SladopeTikn Katdotaon the BdAaocoag eival UokoAo va mpoodloploTel.
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Na va mpocdloplotoUV OL QVIIOTACEL Tou TAolou O RApespa  vepd
ipayHaTomoleltal pa 8ok pupoUAKNGoNG. ZTOXoC TS SOKLUAS pUMOUAKNONG slvat
val tpoaSLoploTel évag otaBepds CUVTEAECTAC YL THY OTATLKA dvtiotaon tou mAolou
WOTE va XphotpomnownBei otov UMoAoYLoO TS CUVOALKNAC avtiotaong tou mAolou.

H avtiotaon mnpoodopiletal xwpic tnhv xpnon OSiactdoswv Tou TAolou
XPNOLLOTIOLWVTAC AUTOV ToV TUTTO:!

R
1/2pSV?

(5.1)

Omnovu R eival n avtiotaon, p €ival n MukvOTNTA TOU VEPOU, TO S elval n Ppexopevn
enmidAavela Tou KUTOUC Kal V gival n taxuTnta Tou okddoug.

H ouvoAikr avtiotaon tou mAoiou eival to dBpolopa twv dLapopwy CUVIOCTWOWV
avtiotaong. O Steen (2007) opilel Tnv OUVOALKA AvTioTAON WG:

C,=Cr+C,+C,, +Cyz, +C,
(5.2)

Onou C, elval o unoAenopevog cuvtedeotng avtiotaong, C,, elval o cuvteleotnq
avtiotaong tou wdoug, C,, eival o cuvtedeotng avtiotaong tou agpa, Cp, elvato
ouvteAeoTng avtiotaong tng ormoBéAkouoag tng Baong kat C, eivol o cuVTEAEOTAS
OUOXETLONG TG avTiotaonc. O UMOAEUTOUEVOS CUVTEAEOTAG AVTIOTAONS OTO HOVTEAO
KAlpaka Bswpeital OtL elval (00C e TOV UTTOAEMOUEVO GUVTIEAEOTH AVILOTAONG OF

MARPN KAlpaKa. Autdg o cuvtedeotng uropel va Bpebsl amd to povrtéAo-Sokiun
XPNOLOTIOLWVTAC ToV aKOAouBo turo:

Crai =Cpry —(A+k)-Cr. =C s — Cppus
(5.3)

Orou k gival o cuvteAsotAg popdng tou mAoiou. O cuvteAeotnc Hopdhc euBiveTal
yla tnv avénon tg avtiotaon Aoyw TPIBNAC He TNV alEnan TN TAXUTNTAG TOU VEPOU
yUpw armd to kKUtoc. H cuvoAikn avtiotaon sival n petpolpevn avtiotaon.

H 8okl pUMOUAKNONG TOU XPNOLUOTOLE(TAL O QUTAV TNV avdAuaon
TIPAYHATOTOLAONKE yia TaxUtnTeg HeTtaL 20 Kal 26 kKOUBoUG. Zg AUTh tThy gpyaocia,
UTtoB£Toue OTL n taxUTNTA Tou mAolou propel va eival pikpotepn tTwv 20 KOUBWVY
otav 1o okadoc elval ekteBellévo o Tpkupia. H kaprmbAn avtiotaong, wg ek ToUTou,
TPETEL va emektafel kol oe yapnAodtepeg taxUtnteg. Autd yivetal Slvovtag pia
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EKTIHWHEVN TLUA OTOV UTTOAEUTOEVO CGUVTEAECTH QVTIOTOONE WOTE VA UTTOAOYICOUHE

TOUC CUVTEAECTEC QVTLOTAON TIOU QTTOLEVOUV.

OLtipég yra to €, UAAEyOVTOL QO TOL ATTOTEAETHATA TWV SOKLUWY, KoL O TUTTOG TNG

ekBeTKAG MaAwdpopnong C, = 0.0052¢"°*”" xpnowomnoLeite yia Tov UNOAOYLOUOS TNG

KOUTTUANG TNE QUITOUEVOUOaC aVTLoTaonC.

Residual resistance coefficent curve

Velocity [knots]

Ixnua 5.3.1 KaprtdAn uoAEUTOUEVOU CUVTEAECTH QVTIOTAONCG

O ouvteAeotng avrtiotaong tng omioBéAkovoag tng BAong, 0 GUVTIEAEDTNG
avtiotaong Tou a€pa Kol O CUVIEAECTNC CUCXETLONG TNG avtiotaong Mmopel va
urntoteBel ot Sev petafardovral pe tnv taxvtnta. H aveiotaoncg tng omoBeAkovoag
¢ Bdong sival n avtiotaon mou mpokaleital ard tnv BUBwWN g npduvng. O
CUVTIEAEOTNC OCUCOYETIONG &£lval évag ouvtedeotnc SwopBwong all inclusive mou
AapBavet utdodn Aabn mou mpokUtovv Adyw tTng povteAomoinong. O ocuvteAeoTnC
popdnc tou mAolou KoL Ol TPELS CUVTEAECTEC Tou avadEpOnKay mapamdvw £xouv
urtoAoylotel otn SOKLUA-UOVTEAD, Kal WTopoUV va XpnolugorownBouv dpeca otnv

TIPOEKTOON TNG KAUTTUANG TNG avtioTaonc.

O oguvteAeoTtng avtiotaong tou wbdoug og ANRpnN KAipaka vtoAoyiletal wg eENG:

Crs =(1+ kX Cpg +ACy)

(5.4)
To rpdturto ITTC yia Tov UITOAOYLO O TOU CUVTEAEODTH avtiotaong TPLPAC elval:
.= 0.075 .
(logR, —2)"
(5.6)
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Onou R, eivat o aptBpog Reynolds.

R - Vs Ly,
(5.7)
v elvat to Kvnpatiko wdeg. To AC, eivat:
AC, =(110.31(H -V)**' —403.33)C2
(5.8)

Omovu H eivat n emdavelakn tpaxvTnTa Tou KUToUC. MLa TUTILKN TLUA yLa autd eivat
150y (103mm).

I va urtoAoyiooupe TNV oAKN avtiotaon 6AoL oL CUVTEAEOTEG UmopoUV va eloaxBouv
otnv efiowon 5.2, kal va urmoAoylotolv €k véou o Newton XpnoLUOTOLWVTAC TNV
gflowon 5.1.

Calm water resistance [kN]
2500

2000

1500

Rr [kN]

1000

0 5 10 15 20 25 30
Velocity [knots]

Ixnpa 5.3.2 Ektipgnon tng kapmOAng avtiotaong
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5.3 MNpoéwon

Na va PBpolpe ™ SUvVAPn TMESNONG AMALTELTOL Vo UTTOAOYICOUUE TOUG
mapdyovteg the Tpodwong. Mia Sokiu avolktwy vepwv, elval otav n €Alka
SokLpdleTal o pla onpayya N os o Se€apevr pUpoUAKNONG XWPLE ThV ETILPPON TOU
oKAdoug. Mia SOKLUA AVOLKTWY VEPWY EKTEAEITAL UE OKOTIO Vol TTPooSLloploToly Ta
XOPOKTNPLOTIKA ThS MporéAag. Katd tn StdpKela tThg SOKLUNAC MPayHATOmooUvToL
HETPAOELS OXETIKA He TV porh Q, thv wlnon T, Tov pubpd twv meplotpodwy n, Kol
e taxuTnTa mpowbnaoncg VA, Steen kot Minsaas (2013).

H andédoon ¢ éAkag o Apepa vepd urtoloyiletal and thy e€lowon 2.8.

K, J
n s
" K, 2x
%
(5.8)
'Orou o cuvteAeoTn¢ pomng sival:
P
o 2 5
pn-D
(5.9)
KalL 0 ouvteAeoTC wONoNg eivat:
T
Ky =—5—
pn-D
(5.10)

D eival n di1apetpog tng €Alkag. O ocuvteAeotng mpowBnong umtoAoyiletal we e€NC:

V,
n-D

J =

(5.11)
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Ta amoteAéopata and tnv Sokwr povtédo tng MARINTEK napoucidlovtat
oto ox. 5.3. Na éva dgdopévo ouvteAeotr mMpowBnNong UTopoUKE va UTTOAOYLCOULE
TNV WOnon Kal tn pormn Kal va kaBoplooupe TNV amoSoTKOTNTA TG IPOMEAQS.

OPEN WATER DIAGRAM FOR PROPULSOR

% °““\‘\\\“~w ‘:\ ; = T
0z ‘ .\-\‘1 - - "
« ‘\“\- -

0.0
00 01 02 0.3 04 0.5 0.8 0.7 o8 o8

—8— Thsust cosffiziant Xo —8— Torqus coafficiane 10-Xg
— A= Opan Watas EIficiency ne

IxAHa 5.3.3 AOKLUA OVOLKTWV VEPWV

Ze pua oKL aVOoLKTWY VEPWYV N Ttaxutnta ¥, eival ion pe V. Qotdoo, dtav n
npontéAa eykabiotatal niow arnd to kUTog, n ydotpa Ba emnpedosL tnv TaxTNTO TOU
vepoU Tou péet yUpw ard tov éAka. H taxutnta npowbnong ennpedletal Kot anod to

amovepa.
Va=V(-o)
(5.12)

Onou V eivat n taxbvtnta tou TMAOIOU KOL TO W €ival TO AMOTEAECUA TWV
andvepwy. Mia Sokiury mpdwong npaypatonoleitar pe okond va Kaboplotel o
Babudg mou ta andvepa ennpeaouv tnyv TaxLTNTA, TNV peiwon g wbnong t, kat tou
onueiou mpoéwong mAnpoug kAipakag J*. H amoteAeopatikdtnta tng nponelag o
nmAfRpn KAlpakag Bpioketal and tov kaboplopd Tou onpeiou MPOwaong MANPOUS
kAlpakag. To onpeio J* kaBopiletal anod tnv ebpeon Tou onpeiov Topng petasd K,

katJ? . O Adyog petafl tou K, kat J? Sivetal ano tov napakdtw tomno:

K}" = RTS
J* ps-(1-1)-DV}-(1-w,)
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(5.13)

O puBuoée meplotpodwy TG porEAag urtoAoyiletal we eENc:

p=4-0) 7
D J
(5.14)

Antd tnv SoKlpn MPOwoNG n QNOTEAECUATIKOTNTA TOU KUTOUG 77, KOL N OXETIKA

MEPLOTPODLKN amoSoTikéTNTA 17, HopoUVv va BpeBolv wg e€ng:

1-1¢

(5.15)

(5.16)

Ormou 1o Q elval n pomA tng €Akag ard T SOKLUA avoLKTWY vepwY, Kot O,
glval n pormn tou €Aka Ticw amno to okadog. OL CUVTEAESTEG 17,, KAl 1, €SapTwvTaL
artd thv TaxLTNTA, aAAd N petaBoAn toug Adyw tng aAAayng taxutntag elval pikpn.
Otav to mAolo €xel xapnAn SlakUpOVON TG TAXUTNTOG OL GUVTEAECTES 71, KOL 7y,
ouxvd, Bswpolvtal otabepol. OL Nakamura kat Naito (1975) avadépouv OtL h

ouvteAeotég Sev emnpedlovial ChHOVTLKA amd Ta KUpATA, ormote 8gv Xpeldlstal va
£€TACOUVE TNV TS PACH TWV KUUATWY KOTA TOV UTTOAOYLOKO TWV CUVTEAECTWV.

H 80vapn nédnong P, , yla 1o ok&dpog propsl twpa vor UNIOAOYLOTEL e TLG akOAouBEeg

geflowoslg
P
P, =L
Ry,
(5.17)
P
p =L
np
(5.18)
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(5.19)
Ry =Ny Ay Ay

(5.20)

P, gival n Svvaun mpoéwaeng, 7, elval n pnxavikn arodoon, n, eivat n mpowbntkn

amodotikoTtnTa KaL TNG A elval n anoteAeopATIKN LOXUG.

H 8ok povtého mapéxel OAeC TIC OXETIKEG TANPodOpieg, TIPOKELHEVOL VaL
UTTOAOYLOTEL N LOXUC TTOU QtaLtelte yia TV édnon too0 yia ApEpa VEPA aAAG KoL TnV
artattolpevn oxL yia pa Sedopévn katdotaon tng 8dAacoag. Zuvdudlovtag Toug
urtoAoylopég NG avtiotaong kat tng mpowaong to ShipX £kdidel tnv akdAoubn
ipoPBAedn Twv eMSOCEWVY VIO NPEMT VEPA:

Vs = 23.80 knots

Pb = 28709 kW
RPM =115.0

50000 150

40000 / 120

3
o
15
£3 P L0 =
= 30000 - 90 S
o o ] o o] — e o o—— 2
o = =]
e z
z B / 5
o 2
= 20000 0 £
@ /’ 5
[
(=9
/ e
/ *
10000 — = 30
.«“"""'—
0 0
% 17 18 19 20 21 22 23 24 25 26

Ship speed [knots]
Ewkéva 5.3.4 MNpoBAedn anddoong os npepa vepda.

MropoUpe va SoUpe OtL pe ox\ nédnong 28.709 kW n taxUtnta mAsbong
urtohoyiletat otoug 23,8 kOouBoug Kat ot RPM tng mpoméAag eivar 115. Ta
arnoteAécpata and 1o ShipX cuvpdwvolv pe ta amoteAéopata amd tn Sokipn
HOVTEAO.
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Ze aUTH TNV gpyaocia, utoBEToupe OtTL To oKAdoc MAEsL Pe pla otabeph Lox0
nédnong, £€tol wote o KUplog otdxog elval va Bpebel n edwktn TaxvTNTA Yot pLa
Sedopgvn katdotaon the OdAkacoag. H ox0 médnong £xel oplotel wg otabepn yua
TPAKTIKOUC okomoUC. O kKwnthpag sival oxeSlaopévoc WOTeE vol TIAPEXEL OF
OUYKeKpLEVO Poptio tnv BEATIOoTN WoXU , OtV 0 KNTApag Asltoupyel o autod To
ONMELO TIAPOUGCLATEL TILO OLKOVORLKN KatavdAwon Kauoipou Kat Alydtepeg {NULEC.
Ertiong, eival mo gUkolo va Siatnprooups otabepr thv mapayopsvn woxL Tou
KntApa amnod 6, Tt va puBuiloupe thv LoXL Tou wote va SlathpAooupe otaBeph thy
taxvtnta tou mAolou. H amodoTikdtnTa Tou KLVnTAPA KAl i CUVOALKN avtiotacn Tou
mAolou, cupmepAapBavopévwy TS avtioTaons NPEUWY VEPWY, TOU QVELOU KoL TNS
avtiotaong and ta KOpata, EapTwWvTal armod TV TaxUThTa Tou okddouc. Ebpeon tng
BéAtiotng taxutntag elval pa smavaAappavopevn Swadkaocia 6mou n CUVOALKN
avtiotaon, N taxvtnta Kal n amodotikotnta urtoAoyilovral pexpt va Bpebsel n akplBAg
LloxU médnong.

5.4. ZTaTLOTIKN HOVTEAOTIOINON TWV KURATWY

Mo va EpeUVACEL THY KLvnaon KoL T avtlotdoslg rou emidpolv og éva mAolo
Ba TpETEel va HEASTACOUUE TA OKOVOVLOTA KUMOTA. Ta KOUOTO TTApAyovToL OTav
otaBepoc Avellog puodel mavw amd pLa riepoxn. H xpovik mepiodocg mou Ppuodst
dvepog avadepetal we SLAPKEL, EVW N TIEPLOXN Omou ducdel 0 dvepog avadEpeTal
w¢ dépwv. Eva eviaio kOa amoteAsital Kuplwe amod To KUMATOC TToOU IapAyeTaL amd
TO PV O TOU QVEUOU KaL TO poUoKWHA the BdAacoag. Q¢ doloKkwpa the Bdlacoag
oplloupe Ta KOPATA TIOU TTOPAYOVTAL QIO TOV AVEUO HAKPLA artd Th CUYKEKPLUEVN
Baldoowa meploxn. Zto TUHAMA autd Ssv Ba meplypdoups thv Shploupyia Twv
KUMATWY KOl TOU Aavépou, dAAd TLg 8LOTNTEG Kal TIC £hAPUOVES ThS Bewplag Twv
AKOVOVIOTWY KUMATwY. H Bswpla og autd to TuApa oAAd Kol oTo TUApA 2.5 €xsL
kuplwg mapouotaotel amnd toug Lloyd (1998) kat Faltinsen (1990).

Mwa mpoBAsPn KUHATOC cuvOwWE MePAAUBAVEL TO ONUAVTIKO UYog Tou
KOpotog Hy , tTnv KOpla mepioSo tou kOpatog 7; kat tnv péon katevBuvon Twv

KUMATWV.
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‘Eva turiké mpod i avuwang akavoviotou Kupatog daivetal oto o). 5.5.

/ /\/\ &

T,

Ixnua 5.5 Mpod A akavovioTtou KOPOTOC,

Mia e€nynon twv Stadopwy MapaETpwY Tou KUpatog Sivovtal otov rivaka. 5.3.

IouBolo Oplopuog Emeériynon
: ; Xpovikn rteplodoc oe Sgutepodienta
T Mepiodog KUUATOG P nER , 8 , 4
METOEL KUMATWY
- , , , Meon neplodoc peTadl aKavOVIoTWY
IA Méaon nepiodog kUpatog il Sh . §
KUMATWY
- , , , Méooc xpovoc petafl S0o Stadoxtkwy
Ty Méon mepiodo at :
’ n mep XHAG -
- , A Mepilodog axuAg Tou GAcaTOC TOU
T, Mepiodog at
’ piodog auxung o
T Meplodog pndevikou Meplodog petall KUPATWY PE
® gruredou pndeviko v opeTpo
y ’ ; i 2n
10 TUuXVOTNTA KU PATWY TuxvOTNTA KUPATWY OF rad /s o = =
; : Tuyvotnta kopudng tov GAacpaToc
@, Zuxvotnta Kopudng ;
TOU KUMOTOG
; : AvOpwon kOpatog yla pia edopév
¢ AvOpwaon kOpATog ] HaTos yia i il
CUXVOTNTA KUUATWY
b EUpoc kOpatog ‘Eva e0poc KUPATOC
H 'Ypog KUparog ‘Yog kOpatog o pétpa H =24,
g . Mé ¢ 1/3 AC
H. B\ Dl RUCIEEE €00 OYPOC TWV ' /3 vdbnAdtepwv
KUMATWY
Eed ) Extipnon tou onpavtikol UYoug
Hyyy Kl’fl-lriﬁf'l cn] TR kOpatog H petpwvtag ta 0Yn Twv
Upoug KOpATOG ; ,
KUMATWY
, , KateBuvon oe poipec, 0° eivat
B KatevBuvon kbpatog i 2E p .
UETWTILKA KaTeLBuvon

Mivakag 5.3 MNapapeTpol KUUATOC
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Me aUTEG TIE MapapETPOUG ptopel va povtehomolnBel n katdotaon the OdAaccoag,
val UTtoAoyLoBel n peon mpooti@épevn avtiotaon KaBwe KoL oL AVTIOTACELG TTOU
enidpoUv to oKAdocC.

5.5 Evepyelakd $AcHA TWV KUPATWV

Q¢ avuPwon evdg KUPATOC 0g akavovioTn BdAacoa mopsl va oplotel to cUVOAO TWV
TOKTIKWY KUPATWYV ta ortola StadiSstal katd prikog tou Betikol dfova X.

é/(t) = ié/An COS(a)nt + 81/1)

(5.21)

Onovu 1o t avtutpoowrneUeL TO XpOVo KAl & £lval n ywvia ¢aong yia eva dsdouévo
KUpa. H katdaotaon tng Balacocag umopel va meplypadel site anod éva $pdoua
KUpatog, S(w), elte amd to MAATOC TNG POCUATIKAG EVEPYELAKAG TTUKVOTNTAG TOU
KOpatog. To ¢daopa meplypdPel TNV KATAVOUN CUXVOTNTOS TOU KUMOTOC Yo KL
Sedopgvn katdotaon the Odlacoac. H dacuatikh teTaypevn opiletal wg:

So)= ;AAa)

(5.22)

‘Exouv avamtuxBel apketol Siadopstikol TPOMOL TUMOMOLACELS TOU PACUATOC TOU
KOMaTOC,

To pdopa JONSWAP (Joint North Sea Wave Project), avamtioxBnke wg éva
TOAUEOVIKO TIPOYPORUA TTAPATAPWVIAS TNV Katdotaochn thg OdAaccag oto
VOTLOQVATOALKO TUAHA TS Bopelag BdAaocoacg, Myrhaug (2007). To pdopa JONSWAP
glval éva oddopa SVo mopapéTtpwy, TO OnMolo onuolvel OTL, TPOKELWMEVOU va
tuntortolnBel Ba mpémel va yvwpiloupe 10 Ppdopa the mMepldSou AlXHAC KAl TOU
onpavtikoU UPoug tou KOpatog. To ddopa JONSWAP Sgv avtutpoowrnieVeL TV
TTAAPWS QVETTUYHEVN BdAacod. Q¢ MAAPWE avemtuypévn BdAacoa oplloups pa
BdAacoa mou €xel ekteBel o8 agpa 0 OMOLOC TVEEL TAVW ATTO ULA CNUAVTLKA HeYAAn
éktaon tng Oaiaocoag . To pacpa JONSWAP nepidapfavel eniong pia mapauetpo ¥
n orola mapéxel mMAnpodopleg OXETIKA LE TO WG EVA HEYAAO HEPOG TNC EVEPYELOS
CUYKEVTPWVETAL YUPW ATtd T cUXVOTNTA QX UAG.

To ¢pdopa PM (Pierson-Moskowitz), slval kat@AAnAo yla TARPWES AVETTTUYHEVN
BdAacoa, kat Baociletal os otoxeia amod tov Bépelo Athavikd. To ddaopa PM sival
gva ¢paopa plag mapapétpou. Na to dpdopa PM auth n mapdpetpog sival n taxutnta
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TOU aVEMOU ota 19,5m navw ard tnyv enwdpavela tng Bdhacoac, Auto to paopa eival
oo pe to dpaopa JONSWAP, otav y =1.

0.050 7
C.0¢5
C.040 |
0.035 |
£.030

C.025 |

S@)/H. T,

0020 |

C.010 |

0005 |

C.000
D5 06 07 OB ©0C 1 11 12 1.3 14 15 16 17 18 148 2

© 0,
Ixnua 4.4.1 ®aopa JONSWAP yia 7 =1.

To napandvw oxrpa deixvel to dacpa JONSWAP yia 510 OopeTIKEG TLUEG TNG
napaperpouv ¥ . O Faltinsen (1990) avadépel 6t to 17° ITTC (International Towing
Tank Conference), ocuviota tnv xpnotlyonoinon tov pacpartog JONSWAP. MNapakdtw
akoAouBel pia o Aenttopepn €€nynon Tou TPOmMoU UTIOAOYLOHOU Tou GAoHaTOG.

_ 4 - 2

3 (u.” 1 ooy |
S 2

4l @ a ooy )

S(w)=ag’o e /4
(5.23)

Onou a eival n daopatiki MapapeTpog, g elval n emtayuvon tng Baputntag,

®, €lval n ouxvétnta axpng, y eivar n napapetpog peakedness kat eival n

TapApPETpOC Tou daopatikol MAATOUG.

H2
o =5,061—(1-0,287Iny)
T
P
(5.24)
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H napdpetpog tou pacpatikol gUpouc Stadépst avdAoya He T TLUH TOU W:

0,07 yw o <o,

0,09 w0 > o,

(5.25)

MNvwpilovtag TIC GACHATIKES TIHES Yo SLOPOPETIKEC CUXVOTNTEG KUMOTOC,
prtopoU e va BpoUpe TIC PACUATIKES OTIYHES, TTou opilovtal we n Staklvpaven tne
akavoviotng Bdkacoag. AUTEG mopolV va Xxpnoponolnfolyv yla TNV eKTipnon g
nepldSou Tou KUMATOC KOl TOU ohpaviikoU Uoug tou KUpatoc. Ot PpaoHATIKES
OTLYHEC prtopoUV va UTIOAOYLOTOUV E ThV EVOWUATWON ToU PpAopHAToC KUUATOC:

m, :IO o"S(w)dw

(5.26)

'Orou 1o 7 oouTal e 0 yia Thv SlakLpavon Thg avopwong, 2 yia th StakOpaven te
taxvtntag Kol Je 4 ywa thv grmedyuvon the Stakbpavong twy Kupdtwy. Exovrag
UTtoAOYLOEL TIG OTLYMEG, KABwWG Kal TOom, Ol EKTIHACELS Yo TIG EPLOSOUG Kal To

onpavtiko Uog exouv we e€AG:

L)
m,
(5.27)
T,=2x el
m,
(5.28)
1. =2rx L]
m,
(5.29)
H, = 41/m0
(5.30)
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Onwg €xoupe avadépsl MPONYOUREVWS, K TpoPAsPn KUMATOC TUTLKA
ropéxel to 7, Kol to H_, CUvENwG ywo va tunornownBel to ddopa mpénel va
urtodoyiZetar pa Tpn ya to 7,. O Lloyd (1998) mapéxel pia oxeon petafd Tng

OACUATIKNAC TIEPLOSOU ALXNAC KAL TNE HECNCE TTEPLOSOU TOU KUUATOG.
T, =1296T,

(5.31)

Me auth TV oxéon, WtopoU e va UTTOAOYICOUE ThV cUXVOTNTA KOPpUPNC KoL
1o dpdopa wopsl va TurtonolnBel yia pal ETAEYEVN TTOPAUETPO.

5.6 YépoSuvapiki Twv KUPATWY KOL TOU AVEOU

Otav éva mAolo Aettoupyel og KOpATA Kol Avepo prtopel va urmoBAnBel téco
oe gBs)lovTikl 600 Kal og akoUola amwAswa toaxvtntag. H sBghoviikh amwAsia
taxvtntag odpeiletal otnv anddacnh Tou MAOLAPXOU va HELWOEL TV TaxUTNTA, AOYW
TWV KWACEWV Kal ThG grtdyxuvong. H akolola amwAsta taxutntag odeiretal otnv
PooTBEEVN avTioTAoNn TOU AVEHOU KOl TWV KUUATWY. ZTO TPWTO THAKA AUTAS TS
napaypddou Ba eEETACOULE TIG KLVACELS KOIL TLG ETILTAXUVOELG OTLC OTTOLEG UTTOKELVTOL
o mAolo, evw oTO €mMoOueEVO TUAMO Ba MAPOUCLACOUUE ThV aKoUGCLO amwAsLd
tayvtntag.

5.6.1 KIVAOELG KAl EMITAXVVOELG O aKAvOvioteg OdAaoosg

H afloAdynon twv Kwnoewv evog mAolou og akavoviotn Bdiacoa Atav yua
TIOAAQ xpovia Eva SUOKOAO €pyo. MéxpL TpoTLVOC AmAOTOLOUCAE TNV KATACTAGCN TNS
BdAacocac kol Bswpoloape OTL UMAPXAV HOVO TAKTIKA KUpATA, autd Opwe Sev
MapelXe Ml PECQALOTIKN OMEKOVION TWV KWACEWV Tou TAoilou. TIg teAsutaleg
Sekaetieg, oL epeuvnTEC £xouv avamtuésl PeBdSoug yia Thy avdAuon Twv KIVACEWY
Twv mAolwv Kal og akavoviotn Bdiaocoa. ZUpdwva pe toug Denis kat Pierson (1953)
N AVTAIOKPLON TOU TTAOLOU WITOPEL va avTIMETWTTLOTEL oav éva avaloylkd diltpo.
Autod onpalvel otL n esicobogc tou ¢iAtpou sival ta KOpaTa HE SLOPOPETIKES
ouXVOTNTEG, Kal N £€080¢ elval oL KIVAOELS KL OL ETITAXVVOELS TOU TtAolou.

Ma va eKTIACOVUE TNV cupnepldopd Tou mAolou os akavoviotn BdAacoa,
mpwWTa Oa TIPEMEL VA KATAVONCOUUE ThV CUMMEpLPopd Tou TAOlOU OE TOKTLKA,
METWTTLKA KUATA.

H Bswpla otnv mapoloa evotnta Baciletal o oploUEVES BACLKES apaSoxEC:

e Edappoletal ypappikn Bswpnaon. Autd onpaivel OTL UTTAPXEL LD YPORULKA OXECN
HETAEL TNE AVTATIOKPLONG TOU TTAOLOU KAl TOU TTAATOUG TOU EUMTAEKOUEVOU KUUATOC.
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e To okdadoc sivat Aemtd. To MAKOC TOU KUTOUC elval TIOAU HEYRAUTEPO ATtd TO TIAATOC

TOU KoL To pelpa tne BdAacoac.

e Edapudletal Bewpia katdtunong. To okAdoc UMopel va XWPLOTEL OE TUAHATO Kol
OL OUVOALKEC SUVAMELS TIOU AOKOUVTOL OTO TIAOLO MrtopoUv vol UTIOAOYLOTOUV

aBpoilovrac TIC EMPUEPOUE SUVAELS yLa OAO TO HRKOC ToU TTAolou.

e Edapuoletal Beswpla unoBéoswv. To vepd Bewpseital OTL Elvol AKAVOVLOTO,

aouprtieoTto Kat undevikng TpLBAC.

To mAoio opileTal wg AKAUTTo cwia Tou eival eAeVBepo va Kiveital og £€€L Babuolc.

heaue‘mk > N

Ixnua 5.5.1 MAoto pe €€ BaBpolc eheuBeplag, Faltinsen (1990)

Onwcg daivetal oto mapandvw oxAUA N HETATONION £VOC MAOloU avaAvsTtatl

OTLG KWYROELG Adyo Tou KUpaTog (1), TG Takdvteuons (1,), kat tng avoywang (1)

ylot TNV X-, y- KoL z KateLBuvon Kol OTLG YWVLAKES METATOMIOEL TOU CUOCTHHATOC

CUVTETAYHEVWY AOYO TNG MEPLOTPOPNG (77,), TOU KAUSWVIOHOU (125) KAl TNG EKTPOTTAG

(n,) . KaBe kivnon onoloudnmote onpeiov oto mAoio pnopel va neplypddet wg:

s=(n +2zn; — ynﬁ);+ (ny—zn, + xn(,)}' +(n; + yn, — xn; Yk
(5.32)

Ormou ta x. v kat z €lval B€oelg oto okadogKal 7, j kat k €lvat povadaia Stavuopata

KOTA LAKOG TOU X-, Y- Kal z-dfova. OL cuvapTnoELS anokpLong opilovtal we e€AC:
n,=n;,cos(wt+¢,) j=12,..,6

(5.33)

Onov n,, eivalto eVPOG Kivong KaL & N ywvia ¢aong.
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Onwe n ouxvoTNTA TOU KUHATOC, £TOL KOl CUVOPTACELG AITOKPLONG e€apTWwVTOL o
TV TaXUTNTA KAl ThV KATeLOULVON TWV KUUATWV.

O amokplioslg Bplokovratl Abvovtag thv e€lowon Kivhong AKAUMTWY CWHATWV:
6 .o .
_ iof
D (M + A )i+ By mi+Cyn]=Fe
x=1

(5.34)

Onou M, elval o yevikeupgvog Tivakag padag, 4, eival o npootiBepevog mivakag
ndlag, B, elval o mivakag ypapuikig andofeocng, €, elval to mivakag Suokaubiag

ko I elval to SLdvucpa MAGTOUG TwV SUVAHEWV KAL TWV POTIWYV TOU KUHATOG,.

H xpnolpomoliosl cuvaptRoswy HeTadopds yIa ThY afLloAdynan TwV KIVACEWY
Tou mAolou amoteAsl Kol TpakTikh. Q¢ cuvdptnon HeTadopdc YL TOV AVTIoTOLKO
BaBOuod shevBeplacg opiletal o Adyog TnE anmdKpLon MPOg TO TAGTOC TOU KU HATOC.

(24

(5.35)

H ouvéptnon petadopdc H(w) kaleital kal response amplitude operator, RAO.

H amékplon tou okddouc og akavoviotn Bdilacoa Bploketal cuvdudlovtacg tn
ouvaptnon petadopdc pe to ¢dopa Tou KUpatog, BAéme efiowon 2.26. Katd tn
Slepelivnon g kivhong evédg okddoug othn Bdiacoa slval oclvnBeg va mapatnpoU e

TNV TUTIKA amtOKALON TNG ATOKPLONG, o, =+/m, , OOV TO 1 OVIUTPOCWTEVEL TG

n ?

SladopeTIkEG KLVAOELS TOU TTAoloU. O UMOAOVIGHAC Yol TNV TUTILKN QIOKALON o TNG
neplotpodng Sivetal amd tov akdAovbo tumo:

ol = [ S()|H (o) do

(5.36)

2tn 8dAaocoa n TUMIKA amdkAlon tng meplotpodng Sev mpémel va umnepBaivel
OPLOMEVN TN YLa va eéaodailotel N aoddAela TOU TANPWHATOS KAl Tou dpopTiou. To
KPLTAPLO aUTO £APTATAL artd TOoV TUTTO TOU OKAPOUG Kal Tov oKomod Tne smixeipnong.
Z0udwva pe to NORDFORSK (1987) ta Kpithpla seakeeping yla epmoplkd mhoia sivat

0
Groll <6
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O UTtoAOYLOUOG TS CLUVAPTNONG METAGOPAC VIO TIG OXETIKEG KABETEC KIVAOELG
glvatl Alyo mo moAUmAokog. AsSopgvou OtL n kivnon silval otnv katsvBuvon -z,
XPNOLUOTIOLELTAL N £éKPpaon ToU avtioTolkel oto Stdvuopa k  otnv efiowon 5.32. To
onpeio mou afloloyeital cuvABwe BplokeTal otnv KEVIPLKA YPAMUA TOL TTAolou, To
omolo 8ively = 0. H cuvdptnon LETATOMLONG VLA TIG OXETLKEG KWVNOELS elval n g€Nc:

— _ __—ik(xcosS+ysin )
Np =N; —XN5 —€

(5.38)

—ik(xcos f+ysin f3) , , ,
meplypddeL TNV pN KATavepnpévn aviopwon tou

Onouto €
KUpatog og o 8eSopevn B€aon, to k sival o aplBuds twyv KUpdtwy Kat B sival n
kateVBuvon tou KUpatoc. OL ocuvapthoslg Hetadopdc Sivouv we amoteAéopata
HlyadilkoUc aplOpolc, He €va mpayHatiko Kol éva davtaotikd pépoc. O Kreyszig
(2006) mapexel pLo pEB0So yLa Tov UTIOAOYLOUO ThE CUVAPTNONG TS OXETIKNAC KABETNG
petatonmong. OL amapaitnteg OXEOELC Yl TOV UTIOAOYIOUO TNG CUVAPTNONG
mapoucLdlovral MaPaKATW.

— i@]-
Ny =r€;
(5.39)
) ) imagianary
r.= \/ real” +imaginary> 0. = arctan /
J J J J veal
].
(5.40)
7”38193 . xrsezes . e—ik(xcosﬂ+ysmﬂ)
Hyp(o)=
>
(5.41)

Twpa WMOPOUPE vaA UTOAOYIOOUME TNV OXETIKA TUTIKA amdkAlon 1Ing
KATakOpuPNG LETATOMLONG, TNG TAXUTNTAS KAL TNG EMLTAXUVONC.

YXETLKA TUTILKA amnOKALon Katakopudng HETATOTLONG:
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ol = j: S()|Hy(o) do

(5.42)
ZXETIKNA TUTILKA amtOKALon tax0Tntag:
2 ) 2
ol = jo 0’ S(0)|H (o) do
(5.43)
ZXETIKNA TUTILKA QITOKALON EMLTAXUVONC:
2 © 4 2
ol = jo 0*S(0)|Hy (o) do
(5.44)

O NORDFORSK (1987) 8lveL SLadopeTikd KpLtApLa yia Thy KABeTn smitdxuvon.

RMS v kaBetn acc 6e FP <0.247gyio L <100m

RMS vy k68etn acc oe FP <0.050g yiuw L <300m

5.6.1.1 MBavétnta slamming

‘Eva dAAo datvdpevo mou poTIHoUpE va drnodelyoupe oth 8dAacoa sival to
slamming. Slamming, sivat éva pawvopevo rou nieplypddel poptia pe VPNAEC ALXMES
nieong. Autd ta doptia gpdavidovral otav Eva okddog XTumd to vepd e udnAn
taxvtnta. Ta doptia autd Tou MPOKUTTOUY Artd TA XTUTTAMATO TOU VEPOU HImopouV
VoL £XOUV CUVETIELEC VLA TO TTARpWHA Kol To doptio, Kot av elval apKetd, propel emiong
VOl TIPOKOAECOUV KOTwoN KoL apapdpdwaon tou KUTouc. H mAwpn tou mAolou sivat
TO HéEpOoG Ommou TéTola popTia eival To o mBavo va edavioTtoly, Kol we K ToUToU,
auth elval koL n meploxn Omou ekteAolvTal ol UroAoylopol. H tumky amdkAlon
XPNOLLOTIOLEITAL WE KPLTAPLO ASLTOUPYLKOTNTAS VI TIE amokploglg Tou mAolov, svw
Katd thv e€£tacn Tou slamming sivatl dpucloroyiko va urtoAoyiloupe T mBavotnta
TPAYHATOTOLACELG slamming yla éva 8edopevo ddopa KOUpATOS. ZUpdWvVA UE ton
Faltinsen (1990) pmopoUpe va umoloyicoupe tnv MIBAVOTNTA TIPAYUNTOTOINCELS
slamming wg g€nc:

2 g2 J
24 2
205 20

P(slamming)=e {
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(5.45)

Ormou d eival to pebpa kat ¥ elval n oplakn taxutnta.

v, =0.093,/gL

(5.46)

Ta kpttpla tng NORDFORSK (1987) yia to slamming sivat:

P(slamming) <0.03 yio L <100m

P(slamming) <0.01 yia L <300m

5.6.1.2 MBavétnta NPAacivou VEPOU OTO KATAOTP WA

MapdtL ta peydAa KOpata propel va wlnoouv tn yaotpa £éw amd to vepd
propel emiong va mpokaAécouv poR LUSATWY OTO KATAOTPWHA Ttou TAolou. To
dalvopevo autd avadEPETAL WE TTPACLVO VEPO N LYpPACia TOU KOTAOTPWHATOS KoL
prtopel va mpokaAéaosl Inud oto doptio, Kal va Bécel og kivbuvo to mMARpwpa. To
vepd OTO Katdotpwpa Ba pmopoUos emiong va emnpedost thy suotdBsla tou
OKAPOUG VYl AUTO h owWOoTA amootpdyywon sival {wtikAg onuoociag. Ma va
urtoAoyiocoupe thv mBavotnTa mpdolvou vepoU, Ba rpémel va yvwpl{oUpe TNV TUTTLKNA
QTTOKALON TWV PETATOMIoEWV.

P(water on deck)=e
(5.47)

Onov d o vt Vv mepintwon givor to Hyog Tov freeboard Tov Thoiov. I'evikd,
ue tov 6po freeboard yapoxtnpilovtol To 0patd UEPT TOL TAOIOL OO TNV IGOAO KOt
Tovm, ONAadn amd v empdveln g Bdhaccag otav autd TAgel (uyootabuicuévo M
Bpioketon oe npepia. AvtiBetog 6pog eivon ta Voo 1 Ppeydueva. Me tov 1610 6po
"gEaha", m¢ péyebog o Eva Eupopto mAolo yapaktnpiletor 1 amodoToon UETAED TG
16GAOV KOl TOV KLPIOL KataoTp®duatog, €€ ov kot ovopdleton "katdotpmuo, eEdhnv"
(freeboard deck). H amdctoon avtn ovoudletor vyog eédhmv (freeboard) kot amoteiet
1010{TEPO GTOLYEIO GTNV UGPAAELD, TOV TAOIOV.
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To ehdyroto Byog freeboard, (ko 6T TPAYUATIKOTNTA TO HEYISTO EMTPETOUEVO
Bobiopo) xéOe mAolov katd emoyéc Kol yemypagikéc (oveg kabopileton amd €101KO
miotontomTikd (load line certificate) mov exdidovv ot Nnoyvopoveg M GAAeG
KuPepvntikég apyéc, Ty n E.EIL.

To kpumpro seakeeping tov NORDFORSK v1a 10 vepd 610 katdotpopa eivat

P(water on deck)<0,05

5.6.2 YTOAOYLOWOL METATOMIOEWV KO ETUTAXUVOELS

To Plug-in Veres tou ShipX £xeL moAAég sdappoyég, Hila amd auteg elval o
UTTOAOYLOMOC TWV KIWVACEWY Tou TTAolou 0g ApEPN KoL akavoviotn 8dlacoca. Mmopel
gniong va xpnoLpomolnBel yla Tov UMOAOYLOHO TG MPoaTIBEéUevng avtiotaong Adyo
Xelplopwy. To Veres meplhapfdvel TEooeplg postprocessors ToOU TOPEXOUV Th
Suvatotnta UMoAoYIoHOU TWV KWACEWY O AKAVOVIoTA KUMOTO, KaBwg Kal thv
g0pecn TNC TEPLOXAS AELTOUPYKOTNTAC ToU oKAdouc. Me tov Kaboplopd gvog
Kpltnplov, yia napadetypa tou slamming, to ShipX propel va mapéxel minpodopleg
OXETIKA LE TO TIEPLOPLOTIKO Uog KUpaTOC 1 Thv epiodo. MNa Toug okomoUg AUTAG TG
gpyacoiac to yevikO dpxelo thg ouvdptnong petadopdc sival n avdivon Veres.
QoTtd00, OL TMPO-UMOAOYLOMOL YLot TOV UTTOAOYLOMO TNG AELTOUPYLKOTNTAG KAl TLG
EMUTTWOELS TWV OKAVOVIOTWY KUMUATWY slval XpACLUOL yla Tn oUyKplon Twv
UTTOAOYIOHWY TIOU €KTeEAoUvTal ©To Tipdypappa. Ol cuvapthoel petadopds
napoucidlovtal og éva apxelo Kelpévou Tou MePAABAVEL TO TIPAYHATIKO Kol TO
dAVTAOTIKO HEPOC TNE CUVAPTNONG HETATOMIONS v €EL BaBpolg sAsuBeplag. OL
ouvapTNoeLg urtoAoyilovtal yia StadopeTikéC TayUTNTES KAl KateuBUVOELC.

Ol ouvapthoslg petatomniong urtodoyilovtal yia ¥V =16knots kol V = 25knots pe
BAua 1knot kat yia T = 2s éwg T = 27s pe BApa 1s. Ou kateuBOvoelg KOUATOC
untohoyilovtatl oe pia meploxn amd 0° éweg 180° pe PApa 30°. Mpokelpévou va
g€aodaAlooupe TNV AKPLBEL TWV TLHWY TNE TUTILKAG AIOKALO NG O& TTEPLOSOUG ALXUAS
NG TEPLOSOU TOU KUMOATOC TIPOYHATOMOWOUKE MpdaBeToug umoAoylopoug. Ma tn
Bopsla ©dAaocoa, n meplodog axung sival cuvnOweg petald 7 Kat 13s, EMOMEVWG
npdoBeta BApata thg taéng twv 0,5s mpootiBstal otoug umtoAoylopoUg tou Veres. OL
ouVapPTNOELS avOPwaong Kat KAuSwvLopoU Sev eaptwvtal amod to UPog Tou KUHATOC,
ot avtiBeaon pe tnv neplotpod ki Kivnon n omola e€aptdrtal. Zuvenwe Oa mMpEnest va
SnuloupynBolv SLadopeTIKA apXEia TIPOKELMEVOU VAL UTTOAOYLOTEL CWOTA N TUTILKA
QTTOKALON YlO TV TIEPLOTPOPLKA HeTATOMNoN. Ol CUVAPTACELG HETATOMIONS VLA ThY
neplotpodn vmoloyilovratL yia H = 2,4,6,8 kat 10 pétpa.

Ta akolouvBa otoweia mpokLmTouv amd tov ShipX postprocessor Kot
gudavilouv tnv TUMLKA GOKALON yld TNV TIEPLOTPOPNA KOL TIE OXETIKEG KABOEeTEC
armokploslg og akavéviotn Bdiaocoa.
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(B) V=23 knots

Zxnua 5.8.: RMS neplotpodngyia H =4

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 18:59:59 EEST - 18.217.200.173



26
T t’/c/ i g
& u \'x\_
22 Y 5 e L] -
[ I W -
A —~ lm
20 o =
| NP Vo ok | b
E 184~ = il P |
. A
= A
= 16‘[\ 38
B Ve
@ _% i | N
S Wi - 3
[ = o [ —— .
o L 1% [ [~ it s
e 12 v Tl =
) 4 o s s
3 10 r S
© ¥ 1 = o M‘*—a-
= 48 e L
w = —_—
v
T Wy
085S
e
04 =g
+ -’_"‘.'--_..__
“'1?-‘_._ 7 5
02 - - — - &
0-0 + + + "
10 11 12 13 14 15 16 17 18 19 20
PEAK PERIOD, Tp [sec]
—#— Hs4 ;i 23.00kn 0.0°%; Max. RMS = 2.447444 [m)]
— B - Hsd4 ; 23.00kn 30.0%; Max. RMS = 2.421551 ([m]
==+ -- Hsq ; 23.00kn 60.0°; Max. RMS = 2.202444 [m]
—4—- Hs4 ; 23.00kn 90.0%; Max. BMS = 0.546100 [m]
— % Hsd4 i 23.00kn 120.0°; Max. RMS = 1.516083 ([m]
—+— Ha4 ; 23.00kn 150.0%; Max. BMS = 1.398854 [m]
— + - Hs4 ; 23.00kn 1B0.0°; Max. RMS = 1.402702 [m]

(a) Metartomion

Institutional Repository - Library & Information Centre - University of Thessaly

19/05/2024 18:59:59 EEST - 18.217.200.173

79



18
f Siie Sf VW — =
/‘,‘lf_;,.--f‘—"l‘h .‘ktr»m
16 E | ~ — el
A 1a. (. “Q\\‘
n T, =
1.4 A a = “"\“\
gl o — .
. L M
o . "‘l\.\‘\
.g. 12‘ Ak N 4
. st R
o | A
< \ 8 e
£ 1.0 s v :\“t
AR S I
K] ‘k:"“-“ﬁ::-_-__‘* ~y i |
: a3
z e
° 051L 'Nr'.-—u_t_
el T _‘_';"‘-*—-r_-_,_
04 Y % =
i [~ .
i =
*-_9
~ig.
T
02 iy ——
*-e-—o
0.0 + + +
10 1 12 13 14 15 16 7 4 18 19 20
PEAK PERIOD, Tp [sec]
—®— Hs4 ; 23.00kn 0.0%; Max. BMS = 1.664744 ([m/3]
— B - Hs4 ; 23.00kn 30.0%; Max. RMS = 1.694723 [m/s]
--4-- Hsd ; 23.00kn 60.0°; Max. BMS = 1.725426 [m/s]
— -~ Hs4 ;i 23.00kn 90.0°; Max. BMS = 0.626971 [m/s]
— ¥ Hs4 i 23.00kn 120.0%; Max. BMS = 1.047879 [m/3]
—#— Hsz4 7 23.00kn 150.0"; Max. BMS = 0.910311 [m/s3]
— + - Hsd ; 23.00kn 180.0°; Max. 3MS = 0.896918 [m/s]

(B) TaxOTnTat

Ixnua 5.9.: RMS oxetikng kaBetng petaromong yia H =4
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[m/s?
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Rel. Vert. ACC.

Std. dev.
(¥%]

1 ﬁ_;,.:'

--4-- Hsd

21.00kn 0.0°%;
21.00kn 30.0°;
21.00kn &0.0°;
.00kn 90.0°%;
.00kn 120.0°%;
21.00kn 150.0°;
21.00kn 180.0°%;
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(a) V=21 knots
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-671950
-976360
-334624
-915806
-313346
.303488
.036026

[m/at]
[m/s%]
[m/s%]
[m/s%]
[m/s%]
[m/s%]
[m/s%]

81



12

1

10 \
9

[mis?]
o
P

-

Std. dev. Rel Vert. ACC
(3]
» _’.ll

-

»
,.'
] K

1
|. rl‘
1

¥ | &:‘—* b ='—:t-———.':—*-;:'—"4 = :—".L-_:_! —— - -l -
10 1 12 13 14 15 16 17 18 19 20
PEAK PERIOD, Tp [sec]

—%— H=4 ; 23.00kn 0.0°; Max. RMS = 11.007775 [m/3*]
— B - Ha4 ; 23.00kn 30.0°; Max. BMS = 5.017008 [m/=%]
-~ -+ Ha4 ; 23.00kn 60.0"; Max. RMS = 4.744€%4¢ [m/s%]
— 49—~ Had ; 23.00kn 90.0%"; Max. RMS = 0.917069 [m/s%]
== Ha4 ;7 23.00kn 120.0"; Max. RMS = 0.32843% [m/=2f]
—#— Hs4 ; 23.00kn 150.0°; Max. RMS = 1.740085 [m/=%]
— + - Hsad ;i 23.00kn 180.0"; Max. RMS = 2.667693 [m/s%]

(B) V=23 knots

Zxnua 5.10.: RMS oxetikng kaBetng erutayuvong yia H, =4

H avaAuaon tou ShipX Sgixvel OTL UTTAPXOUV UEYAAEC AIMOKPLOELS TOU TTAolou
otnV meplotpodIkn HeTatomnion oe Bdlacoa Soung (sea beam). Mwa Bdalacoa
S8éoung etvat étav n kateLBULVON TWV KUPATWYV glvat KABeTn otn ypappr tou tafdlol
oag. AUuTo fTav avapevouevo kabwe ol Suvapelg otnv kateuBuvon y elval onuovTika
vdnAotepeg og Badlaocoa Séopung. Mropel ertiong va napatnpnBel 4tL pelwvovtag TtV
taxltnta katd 2 kopBoug n meplotpodikh amodkplon tou okddoug ya S =120
avéavetal og TR vpnAdtepn and to kpitiplo Asttoupykotntag tng NORDFORSK.
Autd onpaivel 6TL pe PeElWON TNG TAXUTNTAS, TIPOKELUEVOU va LELWOOUV OL ATOKPLOELG
Sev gival evepyetikn pEB0SOC yia TNV nepLotpodr).

lNa va umnoloyicoupe TNV miBavotnta tou slamming kalL Tou vepoU oTO
KOTAOTPWHA, UTIOAOYL{OUHE TNV CUVAPTNON TNG OXETLKAG KATAKOpUdNG LETATOTLONG.
H oxetikn katakopudn HETATOMLON KAl N TUTILKY artdkAlon g taxvtntag oto FP oe
akavovioteg Bdhaocoa daivovtal oto o). 5.9. Zto ox. 5.10 daivovral oL enttayUVoELg
oto FP yia 800 SLadopeTikeg TayuTNTEG.
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Ta otoweia Seixvouv OTL oL KIVACELS KAl OL ETLTOXUVOELC HELWVOVTAL LE ThY
avénon tnheg meptdédou aypng. H pelwon thg taxvtntag tou mholou Ba HEWWOEL TIC
Katakopudeg amokploelg, aAAd to amotédeopa Sev sivatl uPnAd yua peiwon povo 2
KOuBwv. OL erutayVvoeslg unepPaivouv to Kprtnplo tou NORDFORSK vy Tig
TEPLOCOTEPES ATIO TIC TIEPLOSOUC AXMAS HE KaTeLBuvon petall 0 Kot 60 polpwv.
Qotd00, Ol OXETIKEC KatakOpudeg smitaxVvoelg umoloyilovtal pe SladopseTikn
HEBoSo oto ShipX amd auth mou mapoucidletal o auth th SatpPr. OL OXETIKES
KABetec ertayVvoelg urtodoyilovtal oto ShipX cUpdwva pe to npdturno 1ISO 2631/3 -
1985. H pébodoc auth xpnoLHOMOoLE(TAL e GTOXO TOV UTTOAOYLIO MO Kal TNE vautiac. To
ddopa kivhong xwplletal os SwotApata cuxvotntag Omou n ouxvotnTa Tou
XpholUoroLeital oTov UNMTOAOYIOUO £lval CUVAPTAON TS CUXVOTNTA TOU KUMOTOC KoL
Tou ektelelévou xpovou, Fathi (2012). AsSopévou 6tL n péBodog umoAoylopol Twv
grmtayVvoswyv sival Swagopetikn oto ShipX amd 6, tL 6To UMOAOUTO AUTAS TNS
SLatplBncg, oL TIES Sev pmopoUV va XpnaoLponolnBolyv mepaltépw, aAAd N tTdon propsi
va aflodoynOel kal va cuykplOsl He Tal ETAYEVECTEPQ ATITOTEAEC AT,

5.6.3 Mpo6oBetn avtiotaon Adyw KUpPATWV

Otav éva mholo Kiveital HEow KUPATWY N avtiotaon motkiAAsL. Autd odelretal
OTNV aVAKAQON TwV KUHATWY aAAd Kal ota KOpata tou Snpoupyolvtal and thy
kivnon tou mAolou. T tnv avdAuon Kal TOV UTIOAOYICHO Twv SUVAMEWV TOU
aoKoUVTaL oTo IMAoLo XpnoLpomnoleital Bewpla KATATUNONC .

5.6.3.1 Mpo6oBetn avtiotaon and TAKTKA KOpOTA

H néBobocg autn mapouvaidotnke amod toug Gerritsma kot Beukelman (1972).
loxUeL poévo yia petwrikd BaAddoota KOpatd, odAAd ol AOUKAKNG Kal ZKAafoUvog
(1978) yevikevoav tn péBodo wate va LoxLeL yia SLadopeTikolc TUMTOUS KUUATOC.

H npooti@¢pevn avtiotaon yla PeTwrikd KOpata urtoAoyiletal XpnoLOMOoWVTAS TV
akoAouBn stlowon.

_k D) d opy) ;2
RAW—%L B33 +U£A33 Vo, (X)dx

(5.48)

Onou k givat 0 aptBpdg kupdtwy, w ivat n ouxvotnta twv Kupdtwy, B2 kat 4ASP
glvat n Statopn andoPeong Kat mpdobetng Kalag os taddvtwon, V elval n taxvtnta
Tou mAolou kat ¥ elval to mA&Tog TnG Kivnong petadu tou mAoilou Kal Ta KUpoTa.
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To mAdrtog 7, unoAoyiletal amno tov akdAouBo turmo:

I4

V., =m—xns—Vn,—C
(5.49)

Ormou ny KAl ng lval N HETATOMLON TAAGVTWONG Kol EKTPOTIAG avtiotoya. & eivaln

QTTOTEAECATLK KATaKOpUdN HETATOMLION £VOE KUMATOC yia pia Statopn. O teAeleg
Seixvouv tnv mapaywyd wg pog Tov Xpovo.

r k o kz
' = I_ZI—TW dz

(5.50)

Ormou ¢ eivaln avowon tou kupatog, T elvatto pebpakat y, elvalto pod mAdrog

NG loaAog ypappng o éva e8opévo pelpa. Autog o TUOC ayvosl ThV aVTAVAKAAGH
TWV KUMATWY arod thv MAwpen, Kal uoB€tel mwg To mAolo slval Aemto.

OL Aoukdkng kat ZkAafolvog (1978) vy va pmopéocouv va umoloyicouv thv
avtiotaon Twv KUPAtwv He Sladopsetikéc katsuBUvoslg £AafBav umoyn thv
KateVBuvon Tou KUMATOC ¢

R,y :|RT cos,B|

(5.51)

Onou B eival n katebBuvon tou KOpatog. H avtiotaon R, meplhapfavel moArolg

urtoAoylopoUg, tou Sgv Ba mapousciactoly edw.
5.6.3.2 Mpo6oOetn avtiotaon o€ AKAVOVIOTA KOMOTA

H péon mpocBetn avtiotaon ywa pa Sebopévn katdotacn e BdAacoag
urtoAovyiletal xpnoLpomolwvtac thv otabepd mpooBeTig avtiotaong.

C _ RAW
AW — 2
o
(5.52)
H otaBepd auth kaieltal emiong kol mpocBetn avtiotaon xelpltopwy, ARO.
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H péon mpooti®gpevn avtiotaon mou odeidetal og OAa Ta KUMATO TTOU CUVAVTA TO
mtAolo oto dAGHA TOU KUMATOC:

Raw =2 j:CAWS(a))da)

(5.53)
5.6.4 Mpo6oOetn avtiotaon AOyw TOU AVEUOU

H avtiotaon mou nmpooBétel o agpag o éva okddog odeiletal téco otnv
taxUTnTA TOU MAolou 600 Kal oThv TaxUTNTa Tou avépou. H avtiotaon autn propsl
va Slaxwplotel og agpag KoL oty avtiotaoh tou agpa. ZUpdwva pe tov Lioyd (1998),
n avtiotaon Adyw tou aépa propel va oplotel we:

1
Ry =Cp EIOAVzAT

(5.54)

Onou C,, elval o cuvtedeotng tng omoBéAkouoag Tou KUToug mdvw amd thv ioalo
ypPoppn, o, €lvaln mukvotnta tou aépa, V eival n taxutnta tou mAoiou kot A4, elval

N eykdpola ripoBaArdpevn meploxn.

O cuvteAEOTAG TG OTLOOEAKOUGAC YL TOo oKAdoc propel va BpeBel and tnv extéAeon
HLoG SOKLUAG 08 Lo dgpoSUVA LK GApayya ThE evog MO KALHA povtéAlou. Ot Steen
kot Minsaas (2012) avad£pouv OTL TUTILKEG TLUEG VLA TO CUVTEAEOTH aUTO elval amd
0,5 £w¢ 0,8.

Zupneplhapfavovtog TV TaxuTNTa Tou avépou ¥, , n avtiotaon, 1o0 yia Tov agpa

000 KOl TOV AVEUO VLA HETWTITLKO AVENO YiveTAL:

Ry

wind —

1
Cp EPA Wy +V) 4,

(5.55)

Me tnv e€aywyn Tou oToLXelou Tou avépou amnd tnyv e€iocwon 2.55, Slaniotwvou e otL
n npootlBéuevn avtiotaon Adyw Tou avépou givat:

Ry

1
wind — CD EIOA(VV; + 2VWV)AT
(5.56)
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V; €lvaln toxutnta TG CUVIOTWOOG TOU AVEUOU Tou edappoleTal Tpog Ty avtiBetn
kateVBuvon tng Kivnon tou akdagdoug. Otav to okddog slval ekteOelpévo oe dvepo
ard aAAec KatevBUVoeLg, SLOPOPETIKES OO TOV HETWTTKO AVELO, O CUVTEAECTNC TNG
omoBéAkovoac aANGleL.

5.6.5 AntwAsia taxvtntog AOYyo KUMATWY KOL TOU AVELLOU

To plug-in tou ShipX, Ship speed kal Powering kupiwg xpnotponoleital yia tov
UTTOAOYLOUO TNG AVTIOTAONS 08 NPEMA VEPA KAl ThE Ttpdwong. Qotdoo, to plug-in
prtopel ertiong va urmtoAoyiosl Tnv anwAsta taxUTNTAG AOYo KUUATWY KAL TOU AVEUOU.
Aebolévou OTL N SoKLUA HovTéAo mapéxel MAnpodopleg oxeTK& Ue TV avtiotaon ot
APEMA VEPA Kol ThV TPOwWon, O UMOAOYIOMOC THG OMWAELAC TS TAXUTNTAC
mapouoLdleL Leydlo svSladépov. Ma va To KAVOU E QLUTO TOV UTTOAOYLOMO Ba pémel
VO TIPOYUOTONMOLACOUKE €vav UToAoylopd Veres oupmeplAapfavopévng tng
TPOoTLBEEVNC avTioTACNC.

To npdypappa UTTOAOYLOLOU TTOPELAG OE TIPOYPOLUHATLOTIKO TieptfdAlov C Ba
TPETTEL vaL elval og B€on val AELTOUPYNOEL Yo OAOUG TOUG WKEAVOUC KOl 08 OAEG TIC
enoxec. To apxeio €€68ou tng anwAsilag taxvtntag and to ShipX sival to apxeio
gl0680u oto mpoypappa Weather Routing, to omolo opilel kat tTnv eIkt Taxvtnta
TOoU oKAdoug ot pla Sedopévn Katdaotaon tThe 8dAaccac, cupneplAapBavovtag OAeS
TIC TBAVES KATAOTAOCELG TG OdAaocoag otic omoleg Hopsl va ekteBel to mAolo. To
gbpogtou H, elvatand 1 éwg 12m pe éva BApa Im.

To evpog NG 7', eival amo 2 ewg 20s pe éva BApa 1s. To katevBuvon tou

KUMaTog elval n i8la émwe Kol yia Toug umtoAoylopoug Veres.

Vmd =

win

(5.57)

Otav n taxvtnta tou avépou unoloyiletal amsuBeiag amnd to VP og KOpATOG,
urtoB£Toue OTL n KatevBuvon tou avépou sival n Sla pe tnv KatevBuvon Twv
KUMATwY. O ouvteAeoThC ThG omloBéAkoucag efaptdTtal amd Tov TUMo Tou oKAdoug
KoL Thv KateLBuveon tou, énwc dalvetal oTo MAPAKATW CXAMA
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Wind resistance coefficient, Cx

15

1.0
" i,

05 .

| 0.0
dilannnnse 2 =

-1.5

0 30 60 90 120150180
Wind direction off bow (deg)

Ixnua 5.11 .: Jtabepd avriotaong Tou avépRou Vs KateUBUVGN TOU AVEUOU

‘Exoupe mmAéov OAeg TLG TTAnpodopieg MOV AraALTOUVTOL Lo TOV UTTOAOYLOHO TNG
anwAeLag toxvtntag. H £é€odo¢ and to ShipX meplapBavel tdéoo tnv ediktr TaxvTnTa
ota KUpata Kal Tov Avepo, KaBwg kat tnv arattolpevn S0vapn yio poe Sedopévn
kataotaon BdAaccag. H ediktr taxutnta yio S1adopeTikeS epLOSoUC KUMATOC Kal
kateVBuvong pe onpavikd Udog kupatog 4m daivetal oto oy. 5.12.

Attainable speed in waves [knots]

21 T
20+ + + + + + + + + + + + + + + + + +
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Tp [sec]
—%— Heading 0.0°; Hs 4.0m — B - Heading 30.0%; Hs 4.0m
--4 -- Heading €0.0°; Hs 4.0m — 4—- Heading 90.0%; Hs 4.0m

. Heading 120.0%; Hs 4.0m —+#— Heading 150.0%; Hs 4.0m
— + ~ Heading 180.0"; Has 4.0m

IxAHa 5.12 .: Ediktéc TaxUTnTEG OTA KULATA KOlL TOV AVEUO
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To oxnpa Selyvel OTL OL TILO EVEPYETLKEG KATELBUVOELG glval Twy 90° Kot Twv
120°, omou pe 0° opiletal n petwrtikh 8dAacoa. Katd thv mAonynon svog okddoug
glval emBupuntd va akoAouBoUpe pla amd autég TG KateuBUVoELL  yua TIC
MEPLOCOTEPEC Ao TIE UVABELS epldSouc kKUpatoc. MNa B = 180°, n edkth taxvTNTAC
yla 7, =8seival mohl xapnAn. Autd eival Stadopetikd amo o, t Ba avapevotay,

KaOwe n akolouBoUpevn Bdlacca Oa €mpeme Kavovikd va Sivel xapnAn
npooTBEpevn avtiotaaon, Kol w¢ ek toutou uPnAn Lkt Taxvthta. Qotodco, dtav
géetdletal To apxelo HeTATOMIONG Yo ThY MPooTiBspevn avtiotaon, n ARO yua B =
180° siva udnAn ya 6Aeg Tig TaxUtnTeg mavw amnd 19 képuPBouc. Ma puoikn e€nynon
yL 'autd Sev elval mpodavicg Kot yla va yivel katavontod Ba pEmMeL va HEAETACOUE
TOUC UTOAOYLOHOUG tThE ARQO pe HeydAn Asmtopépsla. Autd Opwe elval moAu
XpovoBopo, Kal yla Tov AOYO aUTO Ol TIHEC TNG ePLKTAC taxLTnTac yivovral amAd
ATTOSEKTEC KOLL XPNOLUOTIOLOUVTAL TIEPALTEPW GTOUCS UTTOAOYLGHOUC.

Y, 16 | 17 | 18| 19 ] 20 [ 22 [ 22 [ 23 [ 24 | 25
B=180°| 24 | 09| 16 | 53 [ 11,7234 | 285 | 30,5 [ 32,5 | 34,0
=0° | 13 [ 12 [ 12| 10 20 09|08 |08 ] 07] 07

Mivakag 5.4: ARO yia T=8s

Amd ta amotsAéapata tou ShipX propsl va g€axBel to e€A¢ cuumépaocpa: H
Kplowun katevBuvon 6oov adopd tnv K&Betn emtdyuvon sival 0° 30° kot 60°. H
kplown kateLBuvan 6cov adopd thv neplotpodn elval 60°, 90° kat 120°. Mapdio
mtou ot RMS yia thv katakopudn emtdyuvon pelwvovtal eAadpwe He Th Helwon tne
TaxUTNTAC, OL TLHEC TIC TTEPLOTPOP S aufdvovtal onuaviikd. Mmopei va davel and ox.
2.12 4tLn 1o gugpyeTikn KateLBuvon 6cov adopd thv mpooTBEpevh avtiotaon elvat
90° kat 120° autd pmopsel kal maAL va Swoslt oAU uPnAEC armokploslg otnv
neplotpodn. AsSopévou OTL uTtdpxouv ToAlol mapdyovteg ou MpEneL va AngBolv
urntoyn, éva anotedeopatiko epyaleio BeAtiotonoinong elvatl moAL xpnopo.
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6. AAyopLOpog BeAtiotonoinong dSiktuou kaw SpopoAdynong

e auth th SwatpBn o otdxoc sival va slaxlotorolnBel n Katavaiwon
Kauoipou yla éva ouykekplpévo taéidl. Autd yivetal pe t BeAtiotomoinon Ttou
Siktvou. M mARpnG meplypadn the HeBOSou Kol Umokeipevol cAyoplOpot
napouotdlovral og autd to KedpdAalo. Onwe avadépetal otnv napdypado 1.5 éva
HovtéAo BeAtiotornoinong meplAapBavel cuvABWCE Lo AVTIKELUEVLKR cuvdpThon, Kia
N ePLOCOTEPEC HETABANTES amddacng Kal £Vl GUVOAO TTEPLOPLOUWY. H AVTLKELUEVLKN
cuvaptnon opiletal wg:

min FC(a)
(6.1)

Orou FC sival n KatavdAwon KAuoipou w¢ ouvdptnon thg Mopelag o Tou
mAolov. Ymdpxouv OSiddopol mapdyoviec Tou ennpedlouv TNV KATAVAAWGN
Kauoipou, ormwe n amdotacn Kol n taxutnta, n onola saptdTal Arnd ThV KATACTAON
e BdAaocoag. Ztnv 81kN pag meplmtwon, N andotach Kol N Katdotaon the BaAdoong
gxeLtpokaBoplotel Kal N povn mapApeTpog tou prtopel va aAAdésL sival n Sadpoun,
5nAadn n mopeia tou mAolou. Autd opilel To a wW¢ TNV HeTaBANTA anodacng og autd
To HovTEAo BeAtiotonolnong. H avtikelpeviky cuvdptnon UMoBAAAETOL OF plLa oslpd
TEPLOPLO MWV Klvhong:

MBavétnta slamming <Kpitrplo slamming

MBavdtnta vypaciag KataoTpwiatoc <Kplthplo vypaciag KATACTPWUATOS
RMS nteplotpodrc <Kpitrplo meplotpod g

RMS oxeTikng katakopudng emtayuvong <Kpttplo emtdyuvong

Ma va gival éykupn n teAlkn Stadpopn Ba mpémeL va LKAVOToLoUVTAL auTtol oL
neploplopol. Otav n Bdhacoa sival moAl Tapaypévn sival mBavod va pnv sivat
Suvatov va kavormolnBolv auTd Ta KPLTAPLA, KAl TO ArmoTéAeocpa Wtopsl sival
géalpetikd Samavnpn Swadpopun, BAEns kepdAawo. 3.2.4. Autd Bétel og Kivbuvo To
pHovtéAo, Kkal meplopilel thv edappoyn tou. Edv Sev slval Suvatd va Bpebel
Sladpoun mou LKAVOTIOLEL TOUG TEPLOPLOUOUG, OAAG ML TtpoTelvopevn Stadpoun
gfakolouBel va sival emBupunth, Ba MpEnMeL va MpocaplocToUV Ta KPLTAPLA.

6.1 BeAtiotomnoinon tou diktvou

Katd tnv Snuwoupyla evog mpoypdppatoc Weather Routing sivat xpnoiuo va
g€TACOVUE TO TPORANUA W £va TPOBANMa PeAtictonoinong Siktiou Kol va
spappocoups €vav aAyoplOpo cuvtopdtepng Sadpouns wote va PpoUpe thv
gAAXLOTN KATOvAAwon KoUGLoU R TNV mopeia mou amaltel To HIKpOTEPO XPOVIKO
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Slaotnua petafl tou onueiou €vapéng Kol TOUu ONUELOU TEpHATIOHOU. Auth n
TIPOCEYYLON €lval mapopola pe tnv HEBoSo mou akolouBolpe otov SuVAULKO
TIPOYPOMHATIONO, oAAd  eival amAolotepn. O SUVAULKOS TPOYPAUHATIOHOC
XpnoLuormnoteital Kupiwg otav to mpoPAnua sivatl SUokoAo va poadloploTel. & autn
Vv nepimtwon 6Aeg ol TAnpodopiec OXeTIKA e T Sladpopn lval TipoKaBopLloUEVEG,
KOBLOTWVTAE TNV KATAOKEUN €vOC OlktUou Tio eUKOAn. Itnv uéBodo tng
BeAtiotomoinong, to diktuo opiletal wg £va ypddnua To ormoio amoteAsital amnod
KOUBoug Kal Toa. Ze oAAA TpoPAnparta BeAtiotonoinong, ot kKOpBol opilovral wg
VEWYPAPLKES TIEPLOYEC, VLo TIOPASELYHA EVKOATAOTACELC TIAPOYWYNE, KATAOTH AT
otaoelc Aswdopeiwv. Ta to6€a opilovral we povordtia HeTafd Twv KOpPBoug. To
KOOTOC MUIOPEL va ennpeaotel and tnv amootacn, thv HEBodo petadopdc i to
TPOCcBETO KOOTOC yLa TNV eMMioKEYN TWV KOUPWV pe pUn BEATIOTN OELpa.

Eva ypadbnua G =(N,B) nepthappaveLtto c0Voro Twv KOUPBwWY N = {n,.n,.n;...}
Kol Twv To€wv B = {b,.b,.b;....} . Eva 160 Hmopel va elvat pocavatoAlopévo, To omoio
onuaivel otL SwaBétel Sedopévn apxn Kol TEAOC 1 Mmopel va pnv  eival
T(POCAVOTOALOEVO KL VA ETILTPETEL TN PON KAl TIPOC TS SUo KateuBUvoeLg. Av OAa Ta
10 Tou ypadAUATOC €lvol TPOCAVATOACHEVO aAvaPEPOUACTE OE QAUTO WG
TIPOCAVATOALCUEVO Ypadnpa. To pdBAnua the SpopoAoynonc elvat KAtdAANAo wote
XPNOLUOTIOLCOUME E€VA TIPOCOVATOAOHEVO ypadnua Sedopgvou oOTL TO TmMAOLO
TaéSeVEL Ll CUYKEKPLUEVN KATELBULVON, KoL WC EK TOUTOU, SEV ETLTPEMOVUE OTA TOSQ
va €Xouv pon Kol mpog T duo katevBuvoelc. Eva mapddelypa tétoou Siktou

napouciace o Lundgren et al. (2010) kat Sivetal oTo MOPAKATW OXN KA.

Ixnua 6.1. Mapdadelypa mPocavatoAloHEVoU SLKTUoU
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2e aUTO TO SLKTUO £XoUUE EEL KOUBOUC Kal SEka TOEA Ue CUYKEKPLUEVA KOOTN.
To cuVTOOTEPO HoVOTTATL artd Tov KOUBOo 1 éwg tov KOpPBo 6 siva: 1-3-2-5-6.'Evag
OAYOpLOUOG TIOU ¥XpNOLHOTOLE(TAL Yia ToV TIPooSLoplopnd auToU TOU HOVOTATLOU
mapoucLdleTal otnv eNoOpeVn evoTnTA.

6.1.1 AAy6p1Bpuog Dijkstra

O aAyop1Bpuoc Dijkstra mapoucidotnke ard tov Dijkstra to 1959, kal eivat évag
aAyoplBuoc avalntnong os ypadbnpa. O alydéplOpoc Dijkstra pmopel va
xphotuorotnfel yia va Aboel éva mpoBAna cuvtopdtepng SLadpopng, otav to Siktuo
amoteAe(tal amd KOUBoug Kal TOEa HE N ApVATIKO KOoTOoC. Autd LoxUeL ota
npoBAnpata Spopordynang, edopévou OtL Sev Ba UTTAPEEL TTOTE APVNTLKOG XPOVOS
A APVNTIKA KatavaAwon Kauoipou yia taéibia and tov éva kKéUBo otov dAho. To
amoTéAeoa autol Tou aAyopiBuou sival to cuvtopdtepo HovomdTt petaél tou
apxKoU KOUPBoU Kol Tou KOUPBoU mpooplopoU, To omoio mapoustdletl Toug KOpBoUG
TIOU €ETMIOKEPTAKOME KAl TO GUVOALKO KOoToC. Ztov AAyoplOpo 6.1 o Ssiking i

npocdLopileL Tov kKOUPo mou BPLoKOHAGTE, TO j OpileL Tov emopevo kOpPo kat ¢; elval

To KOOTOG TNG SLadpopng and tov kopPo r, 6Tov KOuBo ;.

AAvopLBuoc 6.1 AhyépBuoc tou Dijkstra

BApa 0: Autd sival to apxko BApa. To obvoAo twv KOPPBwv xwpilovtal os Suo
urtooUvoAa A = {searched} kat D = {non searched} = N, yia mapadsiypa 6Aoug Toug
KOUPOUG. Itov MpwTo KOUPO, 1., AVOBETOUHE pLa ETIKETA (p,,y,), OMOU p, glval o

nponyoUpevog KOpPBOG TOU €MIOKEDPTAKAME KAl y, TO KOOTOG Tou KoOpPou.
(p,.y,)=(=,0). 2e 6AoUg Toug AAAOUG KOHBOUG eKTOG artd Tov apyLko, Sivoupe apyLko

KOOTOC loo pg w0 .

BApa 1: Zto umoouvoAo D, mpooSiopiloupe tov KOUPBO |E TO XAUNAOTEPO KOOTOG.
Opiloupe autdv ToV KOUPBO WG 7, .

Bripa 2: E€etaloupe Ao ta tofa mou Eekvouv amd tov KOUBo .. Av To KOOTOG, G\

YLOL VO TTALLE OTOV EMOUEVO KOMBO OUV TO GUVOALKS KOGTOC TS SLavud pevng Stadpopng
a6 tov kopPou i, y,, elval pkpotepo amd To TPEXWY KOOTOG Tou KOpPOU j, 0 KOpUBOG
1, TOpVEL LD VEQ ETLKETOL (pj,yj) =(i,y, + cl.j). Av o k6pBog 1, avAKeL oTO UTIOGUVOAO

A Tov JeTakwoU e oto urtocVvolo D. Otav avabétoups og éva KOUBo véo KdoTog Ba
TIPETTEL VL eTTAVEEETACOUE OAa TA TOEA TTOU £KTivovTal artd Tov KOUBo auto.

Bripa 3: MetakivoU e Tov KOUBo n, amd to urnocUvolo A oto untocvoAo D

BApa 4: Av A = N, SnAadn av €xouv gleyxBel 6AoL oL KOUPoL, oTtapatape. Av OxL,
gniotpEdoupe oto BAua 1.
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O aAyopLBuog ou xpnotuoroleital yia to diktuo mou daivetat oto o). 6.1:

Bripa 1: Zekvwvtoag Tov €Aeyxo amod tov KOUBo n, PAEMOUHE OTL O 1, TALPVEL ETIKETA
(1,6) kat otL 0 ny; maipvel etikéta (1,2). O n, elvat o kOPBOG He TO EAAXLOTO KOOTOG,

OTIOTE O 1, YIVETALO 7.

Bripa 2: MNpoomneAdaoipot kopBoL anod tov n, eivat ot 2,4 kat 5. To GuVOALKS KOGTOG TOU
TIPOKUTTTEL YLa TOV n, €lvat 4 kat o kKOpPog naipvel etikéta (3,4). O n; maipvel eTikéTa
(3,8). O kOpuPOG n, £XeL amd To MponyoLupevo Brpa etikéta (1,6), aAlld mapatnpov e
OTL TO KOOTOG TOoU TafLdloU HECW TOU n, €lval XAUNASTEPO, EMOMEVWS O KOUBOS n,
aMalelL sTikETa Kat yivetatl (3,5). Kavévag ard toug kOpBouc mou €xoupe Gtaoel Sev
£xeL eheyxBel, omote OAoL oL kOpBoL elval oto utoolvoio D

Bripa 3: MetakivoO e Tov kOppo 3 amnod to untocuvolo D oto urtocUvolo A

Bripa 4: Emiotpédoupe oto Bripa 1 kat emAEYOUHE TOV KOUPBO HE TO EAAXLOTO KOOTOC:
Tov k6pBo n,

To mapakdtw oxnpa Seixvel To SIKTUO PETA TOV ITPWTO EAEYXO.

(3,5)
THe) (3.4)

(1,2) (2.8)

Zxnua 6.2 Mpwtog €Aeyxoc tou Siktvou

ITOV TETAPTO EAEYXO MAPATNPOUUE OTL O KOUBOG ny MALPVEL LI VEQL ETIKETAL.
Ztov Seltepo €Aeyxo o n, eixe eTikéta (3,8), adAd otav enavefetalovpe tnv Stadpoun
Qrod ToV n, UMOPOUE va SoUHE OTL N SLadpopn mpog tov KOUBo 7, HEOW TOU n,, EXEL
XOHUNAOTEPO KOOTOG KAl N VEQ E€TKETA TOU n; elvat (2,6). H Swadikacio auth

ouveyiletal £wg O0tou efeTdocoupe GAoug Toug KOpPBouc kal Bpebel n tedikn BEéATiotn
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Swabpopn. H teAwkn Swataén katL n ouvropotepn Swadpoun yia to Siktuo
napouctaletal oto oy. 6.3.

(3.,5) (3.4)

(1.2) (2.6)

Ixnua 6.3 Zuvtouotepn Stadpoun
6.2. AAyop1Buog SpopoAdynong

Ze auth TNV gpyaocia, oL KOpBoL opilovtal we YEwypadIKEG CUVTETOYHEVEC, T
t6€a gival oL tBavec Sladpopéc pe Tig ommoieg prtopel va Ta el to mAolo petafl
TWV KOUBWV Kol W¢ KOOTOC TwV Tofwv opll{oupe TNV Katavailwon Kavoipou. H kipla
por Tou aAyopiBpou SpopoAdynong eivat:

AN Y Y )

, Ebpeo
Kaﬂ?pmuoc AvdiBeon Glaéi)opnr']q
IxeSLoOpOC oWy kdoToUG OF gAaxLotng
KOUBwy “etfm" v )| o 160 [ KaTaVEAWONC
KOpBuwv Kauaipou
«  J " J ___J \ /

Ixnua 6.4 AAyopiBuocg Spoporoynong

Kd&Be éva arnd auvtd ta BApata neptAa UBAVEL TTEPALTEPW UTTOAOYLOHOUC, TOUC OTtoioud
Ba mapovaldcoupE AEMTOUEPWE OE QLUTA TNV EVOTNTA.

6.2.1. MAorjynon

Katd tov kaBoplopd pac dwadikaoiac Spoporoynong Ba mpenel va slpaote
Alyo e€olkelWwEVOoL e KAToLoug 0poug mAonynong. Katd tnv mAonynon oe pa odaipa
€xoupe SUo emloyég, prmopoupe va mAonynBoupe pe Aoodpouia r pe OpBodpopia,

Bowditch (2002). H Aoodpouia,( loxodromes), mapouctdletal oto XAPTN WE M
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guBeia ypappn. Eav n yn Atav eninedn, n ypapun avty Ba Atav n cuvtouotepn
Sadpoun petall SVo onueiwv. Me Tov VOUTIKO O0po Aofodpoplkn mAslon n
Aofobpoutkdc mhoug 1 arthovotepa Nofodpoula (plain sailing n Mercator's sailing n
Rhumb line)* xapaktnpiletal adevog pev o MAOUG EKELVOC TTOU TTPOAYLLATOTIOLEL Eval
mAoio amd éva onueio ¢ 'ng og dAAo, mMAovtag pe otabepn mopeia akoAovBwvtag
£TOL Lot KAUTTUAN, KoAoUpEVN Ao&oSpopiLkn KaUrtUAR, TTOU TEUVEL TOUG HeanUBpLvolc
UTto otabepn ywvia, adeTEPOL N KAT £VAVTLA TOU QVELOU TTAEUON KUpiwe Lottodpdpou
Ttou akoAouBel mopeia TeBAACUEVNC YPAUUNG KOWwWwC Asyouevn "pe BoAteg" R "ue
AoUyka PBoAtec" N kKot ToAalotepo Aeyopevn "toka-proupiva mmou moAAol v
TIPOKELHEVW TNV Xapaktnpilouv emionpa wg mAayiodpopia (povo yia totiodopa).

(*) Ektoc Twv AyyAwY OL TIEPLOCOTEPOL VALUTLKOL Aatol xpnotpornolo v Tov EAANVIKO 6po
"Loxodroma".

Ixnpa 6.5 Nofodpoutkoc mAoug arnd toro A (peonpuPBpwvo) og tomo B (peonuPpvd)

H xpron tng Aofodpopiag Katd tnv mAonynaon €xeL To 6delog OtTL o TtAoiapxog
Urtopel va kpatnoel pia otabepn katevBuvan,.

Q¢ opBodpouia (orthodrome) opiletal n cuvtoudtepn ypapun petall Svo
onueiwv og pa odaipa. Q¢ ek touTOU, yla Npepa vepd, n opBobdpouia sival n
S1adpon HE TNV MLKPOTEPN KATOVAAwON Kauoipwv. Qotdoo, KAatd th Xpnon Tng
opBobdpouiac otnv vavouthoia, o mAolapxog Ba mpémnel ocuvexwg va aAAalel Tnv
KateBuvon tou okadouc.
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Ixnua 6.6 Z0ykplon OpBodpopiac, Nofodpoplac arnod onpeio A oto B

QOrthodrome

Loxodrome

‘Evac kaAodg tpodmog mAonynong €ilval va XpnoLuomoloUue évag cuvSuaouod
petagl tng AofoSpopiacg katl tng opBodpopiag. Me tnv emidoyn LEPLKWY CNUEIWY KATA
punkog tne Stadpounc tng AofoSpopiag, o mAolapxog WTOPEL val XPNOLUOTIOLOEL TV
Aofodpopia petall Twv onueiwv autwy Kal va aAAdEeL TNV opeia Tou Aoiou poévo

Alyec dopéc katd t Sidpketa tou tafldLoU.

Q¢ alipovBlo opiletar n ywvia petafl Tou Boppd Kal TNG TMOpPEsiag TOu
okdadoug. O mpaypatikoc Bopdg (True North) €xet alipoUBlo 0° kal ot TIUEG TOU

aufavouv kotd T dopd Tou poloylol, onwc dalvetal oto Ix. 6.7. H ywvia tou

allpoVBlou lval ONUAVTIKA WOoTe va BpoUpe TNV OXETIKA Topela peTafl ToOu

OKADOUC, TWV KUMATWY KoL TNG KatelBuvonc tou avépou. Autd meplypddetal otnv

napaypado 6.2.4.

2700
West
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180"

South

Zxnua 6.7 Twvia alipovBlou

90°
East
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6.2.2 IxedLaopog KOpBwy

Mpoketpévou va eKTEAEGOUUE TOV aAyopLB o tne BeAtioTonolinong mpéneL va
oplooupe éva MAEYHA HE KOUPoUC. Ze auth TNV epyacia, o oxedlaopdg tou Siktlou
elval eUnVeVoPEVOC arto o pEBodo rou napouotdotnke amod tov Lee et al, (2002). H
ekt TEPLOX Yo To okadog Ba kaboplotel péow tng opBodpopiac. MNa va

KaBoploou e To cUVOAO TV KOUBWY akoAovBol e ta akoAouBa BApata:

Aly6plBuoc 6.2. AAvoplOuoc oxedlacuol Koupwv

Bripa 1: Bplokoupe To KEVTPLKO onpelo kata pikog tng Stadpoung tng opBodpouiag,
Xe

Bripa 2: YrtoAoyiloupe tnv mopeia a , HeTal TOU KEVTPLKOU onpelov KaL Tou onueiou
TIPLV OUTLO TO KEVTPLKO onpeio, X ;.

Bripa 3: Opilovpe pia kaBetn ypappn mavw oto SLavuopa Tng mopeiag a

Bripa 4: Zxedialovpe onpeia, C t i, mavw otnv KABeTo U pla eTAEYUEVN amoaTaaon,
S, , HETAgL TWV onpeiwv.

Bripa 5: YrioAoyiloupe tig Aofodpopieg petagu touv onpeiov évaping kat tou TeAkol
onpeiou yla kaBeva ano ta KEVIPLKA onpeia

Bripa 6: Opiloupe €va cUvolo onpeiwv katd prkog tng Aofodpopiag.

To mapakdtw oxnpa opilel To CUVOAO KEVIPLKWVY CNUELWV.

IxNpa 6.8 KaBoplopodg KEVIPLKWY ONUELWY
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‘Eva mapadetypa tou mAéypartog divetal oto oy. 6.9.

IxNua 6.9 Ixedlaopoc KOUBwWY, mapAdeLly o TIAEYLOTOC

H ypapun aviutpoowrneUsel tTnv opBodpopia, Ta KOKKlva onpeio eival ta
KEVTPLKA OnMEela KoL Ta WITAE onueia cuvdéouv Ta akpaia onueia Pe TA KEVTPLKA
onuela. H emAeypévn amootaon MeTall Twv KEVIPLKWY onpeiwy gival 1°, kol ta
onpela Katd HAKog tng Kabe ypappng elval, emiong, o anootacn petafl toug 1°.
AuTO avtiotowel og mepimou 60 vauTika piAla. Mo To okddog mou XpNOLUOTIOLE(TAL O
authv tn BeAtotonoinon n taxutnta Ba sivat kavovikd petad 20 kat 23 kOuBwy,
avaloya pe TV Katdotaon thg Bdlacoag, mpdya tou onuaivet 6t o Aolapxog Tou

nAolou, evbexopévwe, Ba aAldlel Tnv opeia tou mAolou KABE Tpeic wpec.
6.2.3 KaBopiopog tofwv

Mpokelpévou va thonynBoU e arnd tov Koo avaxwpnon otov Koppo adién
Ba mpénel va kaBopioou e toa petatl Twv KOPPBwWV. O KaBopLopodg Twy TOEwV HeTAEU
Twv KOpPwv Silvel tn Sduvatdtnta meploplopol tou mpoBAnuatog uoBETovrag OtTL
HOVO £vag TIEPLOPLOUEVOS aplOpOC Twv KOUBwWV eival MPOOTEAACLUOC Ao £vav
TposeTiAeyUEVO KOMBOo. Eva mapdadslypa kOpBwv katl tééwv Sivetal oto mapakatw
OXNHA. Z€ QUTO TO TTAPASELYHO EXOUE TIEVTE KEVIPLKA onpeia Kat emtd otadia. ‘Eva

otadio oplletal we pLa oelpa KOPBWY n ortola €xeL To 1810 Xpoviko BrApa.
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Ixnua 6.10 Aiktuo §popoAdynong

Zg auTn TNV gpyacia, ta Tofa Xwpilovral oe gubeia tofa, Sela TOfa Kat
apLOTEPA TOEA. AUTO onpaivel OtLyia évav KopBo péoa oto Siktuo, SnAadn ektog amnod
to KOpBo évapénc kal ARéng, €xoupe tn Suvatotnta va mMAape o U0 1 TPELC
Sladopetikolc kKOpUBoug. MNa mapdadsilyua, amod tov KOpBo 4 prmopoUpe va TIAUE OTOUG
kouBoucg 8, 9 kat 10 . Katd tnv afloAdynon tTwv mMapamavw £KOVWY WTopel va
daivetal mMePLOCOTEPO CKOTILUO VA OpLooUE Ta Tofa we Bopela, votia N lowa, adou
avadePOUOOTE O TIPAYHOTIKEC VEWYPADIKEC OUVTETAYUEVEG. Qotdoo, To SikTuo
urtopet va cuotaBetl yia tafidia nnyaivovrag avatoAkd, Sutikd, Bopela Kol voTLa,
WOTE oL mpayHatikée kateuBuvoelg Ba Stadépouv ya kabe Siktvo. MNa va eival
XPNoTika ta Sefld Kal aplotepd tofa to ypadnua Ba npénel va oxedLaotel pe tov
KOpBo avoxwpnong otnv Kopudn, Kot tov KOpPog adléng oto KAtw HEPOG TOU
ypaduartog.

To Siktuo €xeL otnBel étoL wote va meploplotel to MPOPAnUa. Otav évag
KOuBog prtopet va dtdoel povo 800 A Tpelg AMoOUC KOUBOUG 0 XPOVOG UTTOAOYLOHOU
elval meploplopévog. MmopoUpe akdpa va urmoBécoupe OtL €va Siktuo pe Tolo
QITOUOKPUOEVOUC KOMPBoug Sev Ba pag dwoel kat kaAUtepn AUon oto poBAnua,

Sebopévou OTL N yewypadiki arndotoon eival peyain.
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6.2.4. AvaBeon kootoug o€ KGO T6¢0

To kdoTOC yla KABe TOE0 oplletal we N KATavaAwaon KAUGLHoU Tou MAoilou wots
val TaébEel and tov Eva KOUPBOo otov emMdpevo. H KatavaAwon KOUGiHou yla eva
Sedopgvo t6€o propel va Bpedel amd tov tuMo:

FC=byf.-P, -t
(6.2)

Ornou b, /. elval n e8Ik KatavaAwon kavoipou nednong oe [g / kWh], P,
glvat n SVvapn mednong kat t elval o Xpovog og WPECS oL XpeLAleTAlL TO TTAOLlO woTE
va TIAgVosL avdpeoa og Vo kOpBoug. H S0vaun médnong Swatnpeital otabepn. H
petaBAntn b, /.. elval emiong otabepn, €toL To povVo dyvwoto otnv eélowon eivat o
xpovog t. MNa va BpoUe tov xpodvo t Ba mpémnel va yvwpllou e To IARKOG Tou TOEoU Kal
TV £dIKTH TaxUThTa Tou okddoucg. O xpdvoc t Sivetal amod tov TUMo:

(6.3)

'Orou d sivatl to PRKog TG opBo8poltkAG Ypa NG, ZUpdwva pe Tov Bowditch (2002)
n andéotacn d opiletal wg:

d = cos”'(sin @, sing, +cos, cosp, cos A1)- R
(6.4)

Omou ¢, Kot ¢, €ival ta onpeia yewypadikol MAATOUG avaxwpnong Kat
adleng, AL elvaln dtadopd pnkoug petafl twy dVo onueiwy Kal R n aktiva tng yng
(R~6371Km ). Akdua kL av oL kopPol oto Siktuo opllovtal cUudpwva He TV
AofoSpopia, n amdéotacn tou mMAolou othy MpPAYHATIKOTNTA eival  opBoSpopuLkn
arodotaon. Q¢ ek TOUTOU, 0 UTITOAOYLOHOC TOU XPOVOU TToU XpeldleTal yia va TaldEPsL
TO OKAPOC HETAED TV KOUBWVY TTpaypatonoleital He TNV XpAon TS opBodpoltkAg
VPOUMUNG. Oa mpérel smiong va chpewwBel otL 6tav n Suvaun nédnong i Statnpseitat
otaBepn KAl N MOV TOPAMETPOC ToU aAAAlel slval o xpovog, WmopoUpE va
urtoBéooupe OTL auth N néBodog umopel va emiong va BswpnBsl we pla péBobdog
Spopordynaong eAdxLoTou Xpovou.

Ma va BpoUpe TNV edIKTA TaxLTNTA Tou oKAdouc Ba mpemet va ywwplloULE TN
oUVoALKA avtiotaon tou mAolou og Apepa vepd, TOV AVELO KAl Ta KUpata. H cuvoAlkn

avtiotaon pmopsl va PBpebel yvwpilovtag to onuavtikd UPog KOMATOS, TN HECH
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nepiodo tou kVpatoc, Ty KateLBuLvon Kot TaxUTNTA TOU AVEHOU KABWCE Kol Ttnv
katevBuvon kat tnv taxltnta Tou okdadoug. H glpeon tng taxUvTnTag £lval pla
Stadikaoia emavaindng.

YroB&toupe TNV TOXVUTNTA MEXPL N CUVOALKN avtiotaon, n toxytnTa KoL n

TIPOWOTLKN améSoon va pag dwoouv thv emBupunti LoxL nédnong.

H toxbtnta tou avépou divetal wg U- Kal V-cuVIOTWOEG Tou avépou ota 10
HETPA TEdvWw artd Tnv emiddvela tne Bdlaocoac. H U-cuvictwoa Sivel tnv taxvTtnTa Tou
aVEQOU otnv x-KateLBuvon, &nAadn avatoAwkd, kat n V-ouviotwoa Sivel tnv
Taxutnta otnv y-katevBuvon, SnAadn Bopela.
North

L)

r

Wind velocity

» East

4
"

Ixnua 6.11 AvdAuon avéLoU 0€ CUVIOTWOEG

H mpokUntouoa ToUTATA TOU AVERIOU Kol N ywvia glvatl:

AN ]

(6.5)

(6.6)

Qot600, yla va BpoU e T OXETIKA TTopeia Petal TOu MAOLOU KOL TOU avEou,
n ywvia Ba npenet va oplotei we allpovdlo, pvowvrag o pia katevBuvon petad 0°
kot 360°. Auto yivetal amAd pe tnv pooBrikn 90°, 180° kat 270° oto y, avaloya pe
1o edv U kat V givat Betika  apvntikd. Otav o avepog puodel amo Sutikad, to U €xel
aPVNTLKN TLUA, KoL otav Guodel armo votia €XEL TO V apvnTIKn TLA.
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To endpevo Bripa otnv eUPEC TNE CUVOALKNG avtiotaong elvat va urtoAoyLotel
n OXETKN ywvia peta&l tou mAoiou Kot tou avépou. O ywvia tou altpovBlou yia tov
Aavepo opiletal we y, n mopeia tou okadouc opilleTal WE a KAl N oXETIKA ywvia petall

TOU TTAOLOU KaL TOU GVEHO KOl TWV KURATWY opiletal we B.

Ixnua 6.12 KatebBuvon avépou- 4,

Onwc¢ dpaivetal oto oxfpa Ix. 6.12, to B cuvavrd to nmAoio unod ywviay — 180° .

Ztnv napakdtw e€iowon mapouoLaleTaL o TPOTOG UNOAOYLOOU TNG OXETIKAG MOPELaS
TOU QVEUOU.

|;V—a:| av 0’ <y<180°

ﬁwr’n = ' :
¢ |;V—a—180°| av 180" < 7 <360°

(6.7)

H oxetikn mopeia tou avépou petaBdaAel Tov cuVTeAEOTH ¢ onoBéAkouoag,
KoL TNV nMpootBepevn avriotaon Adyw TOU QVEUOU UITOPOU E VA TNV UTIOAOYICOUE
Xpnowponowwvrag tnv e€iocwon 5.56.
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H péon mopeia tou kOpaTog otnV npdyvwon tou katpol opiletal wg Orou EpXETaL TO
KUpa. AUTO onUaLVEL OTL TO KUPO CUVAVTA TO OKAGOC OTWE OTO TOPAKATW OXA HAL.

Zxnua 3.13 KatebBuvon kOpatog- 3

wave

H kate0Buvon tou KUPATOog A, HITOPEL va UTTOAOYLOTEL artd ToV TUTO:

wave

ﬁu-'m?e = Jaz + },2 - 20"7/
(6.8)

MNvwpilovtag Tnv OXETLKN MOPELA TOU KU LATOG, TO ONUOvVTLKO U0 KU PATOG Kal
™ péon nepiodo, Propol Pe va UTTOAOYICOUHE TN PEOT TTPOCTIOEPEVN avTioTaon yla
kaBe té6o xpnotponowwvrag t péEBodo nou neplypadetal oto kedpdhato 2. Exovrag
TIPAYHATONOLOEL TOUG TIPATTAVW UTIOAOYLOHOUE MITOPOUKE VA UTIOAOYIOOUUE TNV
taxUtnta tou mAoiou yia tn dedopévn kataotaon g Bdhacoag kat va avabéocoupe
o€ kaBe 160 TO KOOTOG TOU.

EKTOG amod tnv mpootiBEpevn aQvTioTaon, 0 AQUTH TNV EPYQOLA TIPOTELVOU HE Kal
pa pébodo wote va anopuyovpe kataotdaoel tng Bakdoong mou odnyolv o€
peyaleg amokpioelg tou okadoug. OL seekeeping umoloylopoi mou ektehovvral
AapBavouv unodn v neplotpodn Tou MAOLOU, TNV OXETLKY KaTakopudn EMLTaXUVOn,
TNV LYPAOCIia TOU KATOOTPW HATOC KAl To slamming yia kaBe to€o. Av To KOOTOC TOU
toou unepPaivel kamolo amnod ta Kpitipla seakeeping, To k6otog yia to dedopévo
to¢0o opiletal otoug 1.000 tOVOUG KaUTipou. AUTO onuaivel OtTL auTto To TOfo £ival
noAU akptfo kat dev Ba eniheyel and tov alyoplBuo BeAtiotonoinong.
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7. YAomoinon

e auth tnv ¢don mapouctdlovpe TNV SnuLoupyla TOU TPOYPAMMOTOG
xapaéng tng BéAtiotng Sladpopng evog mAoiou.

10 OuyKeKplpévo Tpoypappa Sivetal n Suvatdtnta otov xprotn vo emilégel
avdpeoa o Tpeic emloyEg avalitnong tng BEATIOTNG Mopeiag:

1) Me OpBodpopuikr mAelon
2) Me No§odpoptkn melon

3) Me Aofobpopikn mAslon ouvurmoloyilovtag TIG ETLKPATOUCEG KOLPLKEG
oUVBNKeG.

210 apov KepAAaLo XpnoLHOoLoU e TNV HOVIEAOTIOING TOU TTAOLOU IOV €XOULE
mapoucLacel oto Ked.5 oXETIKA HE TIG SLOOTACELG KAL TO TEXVLKA XOLPOKTN PLOTLKA TOU.

It 600 TPWTEC TEPUTTWOELS TO {NTOUMEVO €lval n €UPECN TNEG CUVOALKAG
SlavuopEeVNG amdotaong Kol Twv evOLAPeowyY onueiwv armd ta onoia Ba S1éABeL To
okdadog plag kat n taxutnta Bewpeital otabepn. Ztnv TeAsutaia neplmtwon, 6NwWE
avadépape kal oto 6° Ked. n amdotacn petatl twv KOUPwv eival Sedopévn Kal To
{ntoUpevo elval n TaxUTNTA Tou MAOLOU BACH TWV KALPLKWY CUVBNKWV.

Q¢ onpeio avaxwpnong opiloupe to Atpdve tng Bootdvng Kol CUYKEKPLUEVE TO
Conley Container Terminal pe cuvtetaypéveg (42.33797, -71.02669) kai onpeio
adLeng to Awavt tg Awwoafovag kal ouykekpipéva to Administragdo do Porto de
Lisboa pe cuvtetaypéveg (38.69925, -9.17445).

#H. 0 @)
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7.1 OpBodpopkn mAevion

OpBobpoutkn mAelon R opBodpoptkdg mAoug N amdovotepa OpBodpopia
(spherical sailing, i great circle sailing). Onw¢ avadépape Kol TPONYOUUEVOUS, WG
opBodpopia xapaktnpiletal o mAoug ekeivog mou mpaypatomoleital os THEO
HLIKpOTEPO Twy 180° emi Tou Heyiotou KUKAoU (tng smiddvelag the e - BdAacoag)
TIoU evwvel U0 TOMmoug, Kal ou TeAKA sival n pkpdtepn HETOED AUTWY TWV TOTTWY
amootaon. Onwe sival yvwotd amd tn Itepeopetpia, TOEo HeyloTOU KUKAOU HETAEU
800 onueiwv e emdpdvelag Lag odailpag sival n cuvtopdTtepn amdotach Hetall
Twv onpeiwv avtwv. Etol to €idog autd tng mAelong emedn cupPaivel entil peylotou
KUKAoU KaAeltal kat "mAoug peylotou KUKAoU™". To &g pETpo Tou opBodpoitkol Tofou
ekdpACTHEVO O TPWTA TNE Holpag amodidel akplBwg Ty anmdotaon o€ VOUTIKA pHiALa.

To xapaKkTnpLoTiko The opBodpopiag elval OTL auth otpédel To KUPTO TG ITPOS
TOUC ITOAOUC, KOIL TO KOLAO TNE TPOg TOV LONKHEPLVO EVW TEUVEL TOUC HecnUBpLvoUg urtd
Sladopetikég ywvieg, agdol oL peonuBpivol tng e dev sival mapdAAniol, aiAd
oUYKALvovTag TévovTal atoug MoAoug.

e H OpBodpopia oto Mepkatoplkd XApth mMaploTATOL WE KOUTTUAN YPAUMN, HE
TO KUPTO TNC OTPAUMEVO TIpo¢ Tou¢ MoAouc. ZUVEMWE TEUVEL TOUG
(mapdAAnioucg) peonuPBplvole umd SladopsTikn ywvia, ormd onueiou
avaxwpnong HEXpL onpelov adieng, oe avtiBson g Nofodpopiag mou
naplotatal os (810 vautikd xaptn we subsia.

e H OpBodpoukn mAslon £XeL TO ONUAVILKO TASOVEKTNUA TS Sldvuong
TNC CUVTOMOTEPNEG AMOOTACNS AMd TOMO €KKvAONG 0To TOmo AdLing, aAld
CUYXPOVWE KOl TO HELOVEKTAHA TNS ouvexoUS aAAayng Ttng mopsiag og Taktd
XPOVLIKA SlooTAMATA.

e [l UKpEG amootdoelg, n Stadopd petaéh OpBodpopiag kal Nofodpopiac
glval apeAntéa. Etol adol to képdog Sev sival ovolwdeg mMpoTHdTAL n
AofoSpoutkn mAelion He To MAsOVEKTHHA TS Slathnpnong otabepng mopelag.
ZUVNRBwWE yla Ta pEca yewypadikd mAdTn péxpt 600 v.u. n mAebon eival mavta
AofoSpouLkn.

e H OpBodpopia kol n Nofodpopia cuurmintouv otn mepimtwon mMAdwy el
Tou lonuepwvou, KaBwg kot el Twv peohuBplvwy, SnAadn yia mopsisg 000° R
180° yia tn Seltepn nepimtwon. To yeyovog autd EXEL W CUVETELR OE TIAOEC
TIOU O TOTMOC TPOOPLoHOU €xel UKpn "Sltadopd yewypadikol pAkouc”, AA,
(Selte oxeTIKA 20 UTTOAOYIGHO OTO yewypadlkd otiypa) Kol aveédptnta Tou
vewypadLkoU mAdtoug akolouBeital n Aofodpopia. I nopeieg mAolwyv mpog
ArtnAwwtn (A) N mpog Zédupo () mapatnpeital n peyalltepn Sadopd petalL
Nofobpopiag kat OpBobpopiag. H Siadopd auth aufdvel cnUAVTIKA HE ThV
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alénon tou yewypadikoL mAdtoug. Etol étav ol U0 témoL avaxwpnong Kat
npooplapol Bplokovtal mAnciov tou lonpeplvol auth va eival apsAntéa.

Emtionpaivetal otL ol opBodpoptkéc mAsUoslg SiEpyxovral amd uvPnidtepa
vewypadLlkd TTAATN He CUVENELX TIOAAEG dOpPEC va eyKupovouvtal Kivduvol atnv
aocddAela Tou TTAoU (T.X. opMixAgg, mayoBouva, Tplkupia K.ATT).

Ertlong n emdoyn tne opBodpopiag n Aofodpoplag os cUYKeEKPLUEVO TTAOU
peyaAltepne amodotacng Twv 600 vautikwy HAlwy, TToAAES dopég Sev elval Kot
gUKoAn untdéBson, S16TL puropel pev v’ amotelel, ek thg ocUyKplong, n Stadopd Twv 8Uo
QMOCTACEWY, Baclkd mapdyovta €MIAOYACG, TANY OUWE N aodAAsLa TOU TTAOU KAl h
ouvtopeguon autol sfaptdrtal Kol arnd GAAoug apdyovteg, .. TpOPBAsdn Kalpou,
Katdotaon BaAdoong, Umapén tudwvwy, K.AT. TToU Ba TIPEMEL va HEASTWVTAL UE
npocoxh ¢ apdotepa ta £i8n mMAslong MPOKELHEVOU V' aKOAOUBNGCEL N TEAKA
anoddaon eMAOYAC ITAOU.

7.1.1 Napouciaon unoAoyiopwv OpBodpopkng mAevong
7.1.1.1 Anéotaon otnv OpBodpouia

O mapakdtw tumoc pac Slvel thv amdotaon petaéL SVo onpelwv otav
akoAouBoUue mopsia peydAwv KUKAWY, opBodpopia.

Law of cosines: d = acos( sin ¢1 - sin $2 + cos p1-cosd2-cos AA) - R

JavaScript:

var ¢1 = latl.toRadians(), $2 = lat2.toRadians(), AA = (lon2-lon1).toRadians(),

R = 6371e3;

// AiveLrtnv andotacn og pétpa.
vard=Math.acos(Math.sin{$d1)*Math.sin(d2)+Math.cos(d1)*Math.cos(Pp2)*Math.
cos(AN))*R;

Ma to mapddelypa otnyv mapolod gpyacia n andotach unoroyiletal ota 5128 Km
7.1.1.2 Awdnttevon

KaBwc¢ to mholo Ba akoArouBel pia Stadpopy peydAou kKUkAou, opBodpopia, n
teAKn Sudrteuon Ba SladEpel armd Thv apxLkn Katd Siddopoug Babuolc avaioya He
ThV amdoTach Kal To YewypadLkd mAdToq

O mapakdtw tUmog umoloyilel thv apyikn Swomrtevon (Ueplkéc Popeg
avadEpeTal WG TPOC TA UPdE altpolBlo), n omola, edv akolouBeital oe subsia
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VPOUUN KATA HUAKOG VoG TOEoU peydAou KUKAoUL Ba pag petadépel and to onpeio
gkkivnong oto onueio teppatiopou:

TOmocg: 6 = atan2( sin AA - cos $2, cos $1 - sin d2 - sin ¢1 - cos $2 - cos AN )

orou &1, Al elval to onueio ekkivnong, 2, A2 to teAkod onpeio (AX sival n Stadopd
OTO MAKOC)

JavaScript:

(OAec oL ywvieg og aktivia)

vary = Math.sin(A2-A1) * Math.cos(¢2);

var X = Math.cos(¢1)*Math.sin{(¢2) - Math.sin{¢p1)*Math.cos(d2)*Math.cos(A2-A1);
var brng = Math.atan2(y, x).toDegrees();

Eneldn to atan2 emotpedel TLHEG 0TO €UPOG -TT ... + L (SnAadn, -180 ° ... + 180
° C), via va €egEoMOAUVOURE TO QITOTEASCMA Yl VO MIMOPECOUME vd  TO
xpholuorotooupe og pia amAn muéida ( ebpog 0 ° ... 360 °, oL ApvNTIKES TLUEG Ba
TIPETTEL VAL eTaTparoLV og gUpog 180 ° ... 360 °), LeTATPEMOUUE Ta AKTivia o8 polpeg
KoL 0T CUVEXELD XpnolpomoloUpe tov turmo (8 + 360)% 360, érmou% sival (floating
point) modulo.

Ma to mapddsiypa otnv mapoloa gpyacia wg apxikn Siomrevon vmoloyiletal n
072° 42' 36" kol wg tTeAkn n 115° 15’ 55"

7.1.1.3 Evéiapeco onpeio

O napakdtw tUmoc Kag SIvel TIC CUVTETAYHEVEC TOU evSLduecou onpelou Katd
thv opBodpopia petall S0o onpeiwv.

Tomoc:

Bx = cos 2 : cos AA

By = cos ¢2 - sin AA

dm = atan2( sin 1 + sin 2, V(cos ¢1 + Bx)? + By? )
Am = Al + atan2(By, cos(¢1)+Bx)

JavaScript:

(all angles in radians)

var Bx = Math.cos($2) * Math.cos(A2-A1);
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var By = Math.cos($2) * Math.sin(A2-A1);
var ¢3 = Math.atan2(Math.sin($1) + Math.sin(¢2),

Math.sqrt( (Math.cos($1)+Bx)*(Math.cos($1)+Bx) + By*By ) );
var A3 = A1 + Math.atan2(By, Math.cos(¢ 1) + Bx);

To yewypadikd pnkog pnopel va kavovikornownBet og -180...+180 pe TNV Xprion Tou
tornovu (lon+540)%360-180

Eneldi n apxikn mopeia tou mhoiou Stadépel amnd tnv teAkn, To eVSLdUECO
onueio propel va pnv sival tormoBetnuévo akplPwe otn péon Tou yewypadilkou
pAKoug/mAdToUG.

Mo to mapddsypa otnv nopoloa spyoacia w¢ evOLAUECO OnUelo TPOKUTMTEL TO
44°53' 22" N, 039° 10’ 08" W (otov xdptn mou akolouBel epdaviletal pe KOKKLVO
Xpwpa)

ot TOV UTTOAOYLO WO TWV CUVIETAYHEVWY TWV UITOAOLUTWY onpeiwy g
Stadpoung emavahapBavoupe tnv Stadikacia eOpeong evildpeoou onpeiou petafl
evllapeowv onueiwvy.

Eninedn ansikdvion
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Idalpikr answkovion

7.2 Noodpopikn mAevon

Me tov vautikdé O6po Aofobpopikrnp TAsUon 1 Aofodpoulkdg mAoug N
amAovotepa ANofobpouia (plain sailing  Mercator sailing n Rhumb line)*
xopaktnpiletal adevog eV o mMAoUC EKELVOG TTOU TipayHATOMOLEL £va TTAoLo artd éva
onueio g Mng oe &A\o, mAéovrag pe otabepr) mopsia akolouBwvtag €ToL pia
KaurtUAn, kaloUpevn AofoSpoptksy KaprtUAn, mou TERVEL TOUG peonpBpvolg umnd
otaBepn ywvia, adetépou n Kat' evaviia tou avépou mAelon Kupiwg Lotlodopou ou
oakohouBei mopeia teBAacpévng ypa NG Kowwe Aeyopevn "pe BoAteg" A "pe Aolyka
BoAtec" 1 kot maAalotepa Asyopevn "toka-pmoupiva” mou moAAol eV TPoKELUEVW TNV
xapaktnpilovv enionpa wg mAaytodpopia (Hévo yia otiodopa).

(*) Ektoc twv AyyAwv oL teploadtepol vauTLkol Aaol xpnotpomoloUv Tov eEAANVIKG 0po
"Loxodromes".

OswpnTikd@ n Aofobpopia avepxoOpevn oe HeydAa yewypadlkd TTAATN
oxnuatilel omneipa mou oudémote Spwe PpBavel otoug MoAoug, adol TapapEVEL
aolurtwtn. Mevikd amd SVo onpeia tng emuddvelag tng Mg diEpxovral AMELPES
Aofodpopieg ekeivn OpwC ou evdladEpel TNV vauoutiola ival ekeivn mou eVwveL
art’ euBelag ta SUo cuykeKkpLéva onueia xwplg va neplotpédetal epi tn Mn.

OL amnootdoelg eni ™G AofoSpoplkAC KApmUANG ovopdalovral AofoSpouLKES
QAMOCTACELC.
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H Aofobpouia kat n OpBodpoplia amotsAoly ta SUo KUpLa Kol Bacikd eidn
mAeUoewV Twv TAolwv e8LKA o€ HeyAAEC ATTOCTATELC.

e HAofodSpouia oto Mepkatoplkd xdptn naplotatal we suBeia ypappn, epocov
TEMVEL TOUG (mapdAinAoug) peanuPplvolg umd thv auth ywvia, amd cnueiou
avaxwpnong HExpL onpeiouv agdléng, os avtiBeon thg OpBodpopiag mou
naplotatal os (810 vaUTIKO XAptn WS KAUTUAN.

e HAofoSpouikn mAelon €XEL TO ONUAVTLKO TTAEOVEKTN LA TNE TAPNONG 0TAOEPNC
nopelag amd tomo skkivnong oto tOmo adLing, arAd ocuyxpdvwe Kal TO
pelovEKTN A TNE Stavioewg peyallTePNS ATOoTACNC.

e [l ULKpEG amooTdoelg, n Stadopd petatb Nofodpopiac kat OpBobpopiag
glval apeAntéa. Etol adol to képdocg Sev eival ouoclwdsg MPoOTIUATOL N
AofoSpoutkn mAelon He To TAEOVEKTNUA TNE Slatnpnong otabephg mopelag.
ZUVNABWC yLa Ta PECA yewypad LKA TTAGTN HéxpL 600 v.u. n mAelon elval mdvta
AofoSpouLkn.

e H OpBobpopia kat n Noodpopia cupnintouv oth neplmtwon MASWV el Tou
lonuepvoUl, KaBwe Kal el Twv pecnuBpvwy, Snkadn yia opeisg 000° R 180°
yla th Seltepn neplttwaon. To yeyovog duTto €XEL W CUVETIELN OF TTAOEC TTIOU O
TOMOG TPOOPLoHOU EXEL Hkpn "Sladopd yewypadilkol pAkoucg", AA, (Seite
OXETIKA 20 UTIOAOVICHO oTo yewypadlkd otiypa) Kal aveédptnta Tou
vewypadLkoU mAdtoug akolouBeital n Aofodpopia. I nopeieg mAolwyv mpog
ArtnAwwtn (A) A pog Zédupo (A) mapatnpeital n peyaitepn Stadopd petalL
Nofobpopiag kat OpBobpopiag. H Siadopd auth aufdvel cnUAVTIKA HE ThV
alénon tou yewypadikoL mAdtoug. Etol étav ol U0 témoL avaxwpnong Kat
npooplapol Bplokovtal mAnciov tou lonpeplvol auth va eival apsAntéa.

Av kal o 6poc AofoSpopia sivatl eAAnvikocg, evtoutolg Sgv KabilepwOnke amd
tou¢ EAAnveg aAAd amd tov MoptoydAo yewpétpn Mévtpo Nwovvt (R Nolviog) mou
oxnMatioe autdv amod TIC sAAnVKEG A€felc Aofdg kal Spopoc. Kal touto To
PoodLOpLoE €€ AVAYKNG VLA TOUC HAKPLYOUG TTADEC, TOUG Asyoevoug "AoUyKo KOpoo™.

7.2.1 Napouciaon unoAoylopwv AofoSpopikrg TAsUoNG

KAeldi yia toug umoloylopoUlc katd tnv AofoSpoukn mAebon petaél Suo
ohpelwv Tou gvwvouy glval n avtiotpodn cuvdptnon tou Gudermannian, n omola
Sivel to UYog oe éva xdptn mpoBoArg Mercator svdg Sedopévou yewypadlkoU
nmAdtoug ¢: In (tand + secd) A In (tan (rt/ 4 + ¢ / 2)). Autd BéBata teivel oto Amepo
otoucg moAoug (cUpdwva e tnv mpoPBoAry Mercator). Ta peyaAltepn akpifela,
UTTAPXEL AKOMN Kal o eAAelpoeld €kSoon, N « LOOUETPLKA YEWYPADLKOU TAATOUGH !
U=In(tan(mt/4+/2)/[(1-esind) /(1 +esind)] €/ 2), A éva akdpa kaAlTEPO UTTO
ouvBnkn woduvapo: Y = atanh (sind) - e-atanh {e-sind).
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O timog yla TV HETATPOT Tou odalplkol yewypadlkol MAATOUC Kol MAKOUG Of
CUVTETAYHEVEG eVOC XApTh ipoBoAnc Mercator sival

E=R-A
N=R:In(tan(rt/4 + ¢/2))
7.2.1.1 Anéotaon otnv Noodpopia

Z0pudwva pe tov AofoSpoptkd mAou, n mopeia mou akoAouBel éva mAolo yia
va petafel and to onpelo avaxwpnong oto onpeio AdLenc amsikoviletal mdvw oTov
eninedo xaptn mpofoAic wg pia guBsia ypappn mou evwvel ta Vo onueia. H
amoctaon Hetall SUo onuelwv Katd PAKOS TNE AOENS VPO UUAS elval To HAKOC TNS
VPOUUNG TTOU MUIMOpoUE va ThV UTIOAOYloOUME He TN Xpron tou MuBayopsiou
OQswpAMATOC. Oa TPEMel OUWS va cuvurmoAoyiooups Kal thv otPEPAWCN TG
nipoBoAng n omola Ba mpémel va avtlotaBpLoTel.

Ze pa otaBepn yewypadkoU mAdTouc mopeia, omdu to niolo taéldelel amd
AuTKG Ttpoc Ta AVATOALKQ, OTIWE 0To A pAdelypd pag, n arolnuiwon auth sival amid
ouvd. Itn yevikA niepittwon, sivat Ad / A émouv AP =In(tan (/4 + $2/2) /tan (rt
/4 +d1/2))(n «npoPAentdpevn» Stadopd yewypadikol mAATOUE)

Tomoc:

Ap=In(tan(nt/4+d2/2)/tan(n/4+ 1/ 2)) («rtpoBoAikr)» Stadopd yewypadLkoU
TAdToug)

a=A4¢ /A (A cuvd yia tnv A-A ypauun)

d=/(A@® + g*-AX?) - R(MuBaydpelo Oewpnpa)

ormov ¢ elval to yvewypadkd mMAATog, A sival T0 yewypadlkd HAKOS, w¢ AA
Aappdvoupe tnv cuvtopdtepn Stadpopn (<180 °), to R eivar n aktiva tne Mg, In eivat
0 dUOCLKOC AoyapLOuocg.

JavaScript:

(OAec oL ywvieg og aktivia)

var A = Math.log (Math.tan (Math.PI /4 + $2 / 2) /Math.tan (Math.PI / 4 + 1/ 2));
var q = Math.abs (A)> 10e-12; Ad / Ag: Math.cos (d1);

// Av dLon mtavw ard 180 ° AdBouv ULKPOTEPN YPOUUA TIOU EVWVOUV OAn ThV QVTL-
pHeoNUBPLVO:

if (Math.abs(AA) > Math.Pl) AA = AA>0 ? -(2*Math.PI-AA) : (2*Math.PI+AA);
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var dist = Math.sqrt{(Ad*Ad + g*q*AA*AN) * R;
Ma to mapddelypa otnv mapolcd gpyacia n andotach unoroyiletal ota 5242 Km
7.2.1.2 Awdnttevon

Mua AooSpoikn YpaUp TTou evwvel Suo kKOpBoug sival pa euBela ypappn
TAVW o€ &va xaptn TmpoBoAng Mercator, pe pla ywvia otnv mpoBoAn lon He th
dépovoa nuéida.

Tomoc:

AP = In( tan{r/4 + 2/2) / tan(rt/4 + $1/2) ) («rtpoPoAikry» Siadopd yewypadikoU
TAdToug)

0 = atan2(AA, AY)

ormov ¢ elval to yvewypadkd mMAATog, A sival T0 yewypadlkd HAKOS, w¢ AA
AapBdavoupe tnv cuvtopotepn Stadpouny (<180 °), In lval o puoLkdg AoydpLBLog.

JavaScript:
(OAec oL ywvieg og aktivia)
var A = Math.log(Math.tan(Math.Pl/4+d2/2)/Math.tan(Math.Pl/4+d1/2));

// Av dLon mtavw ard 180 ° AdBouv ULKpOTEPN YPAUUA TTOU evwvouv OAn thv avtl-
pHeoNUBPLVO:

if (Math.abs(AA) > Math.Pl) AA = AA>0 ? -(2*Math.PI-AA) : (2*Math.PI+AA);

var brng = Math.atan2(AA, A).toDegrees();

Ma to mapddelypa otnv mapovoa gpyacia n Stomtesuon umoloyiletal n 094° 25’ 37"
7.2.1.3 Evéiapeco onpeio

O napakdtw tUmoc Kag SIvel TIC CUVTETAYHEVEC TOU evSLduecou onpelou Katd
thv Aofodpopia petafl SVo onuelwv.

Tomoc:

ém = (p1+d2) /2
f1 = tan(r/4 + $1/2)
f2 = tan(r/4 + $2/2)

fm = tan(rt/4+dm/2)
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Am = [ (A2-A1) - In(fm) + A1 - In(f2) = A2 - In(f1) ] / In(f2/f1)

onou ¢ eival to yewypadlkd mAdtog, A slval to yewypadtkd pAkog kot In eival o
duakoc Aoydplopoc.

JavaScript:

(OAecg oL ywvieg og aktivia)

if (Math.abs(A2-A1) > Math.Pl) A1 += 2*Math.PI; // §1éAeuon avti-peonuBptvol

var d3 = (p1+d2)/2;

var f1 = Math.tan{(Math.P1/4 + $1/2);

var f2 = Math.tan{(Math.P1/4 + $2/2);

var f3 = Math.tan{(Math.P1/4 + $3/2);

varA3 = ((A2-A1)*Math.log(f3) + A1*Math.log(f2) - A2*Math.log(f1) ) / Math.log(f2/f1);
if (lisFinite(A3)) A3 = (A1+A2)/2; // vyewypadkdg mapdAAnAog

To yewypadkd pAkog prtopel va kavovikomolnBel cbpudwva pe —180...+180 pe
Thv XpAon thg oxéonc (lon+540)%360-180.

MNa to mapddswypa otnv mapoloa spyacia wg evdldpeco onpeio mpokUMTEL TO
40° 31' 07" N, 039°40' 51" W (otov xdptn mou akolouBsi spdaviletal pe KOKKLVO
Xpwha)

Mo Ttov UTOAOYIOHO TWV OCUVIETAYHEVWY TWV UTOAOUTWY OnUElWV TG
Sladpoung emavarapBavoups tnv Sladikacia ebpeong ev8LApECTOU oNUeloL PETAEU
evBldpeowyv onpeiwv.
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7.3 Noodpopkn) mAsvon ouvunoAoyilovtag TG EMKPATOUOEG KOLPIKEG CUVONKEG.

Onweg avadépape Kol otnv dpxn tou kKedpoaAalou, othv meplmtwon tng
AofoSpoutkne mAslong cuvumodoyilovtag TIG EMLKPATOUOES KALPLKEG CUVONKES, n
amoéoctaon HeTall Twv KOUBwvY Bwpseital otabepn kot to {ntoUpevo elval n ebpeon
e BEATIoTNG Mopeiag Tou oKAPOUE WOTE va EMITUXOULE TV ULKPOTEPN KATAVAAWGN
Kauoipwy .

QUULIlOUE OTL N AVTLKELHEVIKN ocuvApTnon opileTal we:
min FC(a)
(7.1)
'Orou FC elval n katavdAwon KaUclHou wg ouvdptnon thg mopeiag a tou mAolov.

7.3.1 Ixebla0U10G KOUBwWV

Onwce avadépape oto 6° Ked. n e0peon thg BEAtiotng mopeiag Tou mAoiou
amawtel v xpAon Ttou oAyopBuou Dijkstra. O oxebSlacpog twv  KOUBwvY
npaypatomnoleital cUUdwva e Ta avadepBevta otnv napdypado 6.2.2.

MNa to mapddelypa TG gpyaciag pag onwe unoAovicaue otnv mapdypado
7.2.1.2 n andotacn petafl twv onpeiwv avaxwpnong kot ddng pe AofoSpouLkn
mAeUon silval d = 5242 Km, thv omola yia va thv KaAUesl éva mAolo pe otabepn
taxvtnta Vs = 23,78 knots amattsital xpovikd Sidotnpa epimou 5 nuepwv.

Ztnv Tmeplmtwon thg Nofodpoplkng mAslong ouvumoAoyilovtag TIg
ETKPATOUOEC KALPLKES CUVONKEG, O KALPOC £lval 0 KUPpLapXOG MapdyovTag ylo Thv
£MAOYN TG TTopelag Tou TAoloU EMOMEVWCE KATA TV SLapKeLa Tou Taéslol Ba mpémet
vol AQUBAVOULIE CUVEXWS EVNHEPWOELS Yot TNV MeTABOAR tou KalpoU. To tafidt
Ywplletal o 6 Baclkd otddla, €va ylo kdBes 20 wpeg taéldlol, ywa ta omola
oxedlalovpe to Baclkd mMAEyHa cUpdwva pe Ta éoa avadépape otnv mapdypado
6.2.2.

H anéotaocn petafl twv KOUPwv sival dx = d/6 = 2524/6 = 874 Km. koL to
vpadnua Ba mapouatdlel Thv MOPAKATW ELKOVA.

114

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 18:59:59 EEST - 18.217.200.173



Eninedn ansikovion

NIOYSAOYNTAANT
KALAAMNPANTOR

ONTARIO KEMITEK
‘/\_ Orafa Movepe i
O‘IIHwa Mclntr!a‘
Topovto MUN \
KONEIN
MITEITKAN Tocnig // )
J )
Elt:«.m { POOYNT
INDI oA NENEYABANIA -AIAANT =
INTIANA L}
NTEAAFDYER ~

KENTARL: BIRTZINIA

o BOPEIA
T 3
EREW KAPOAINA
NOTIA
1
il KAPOAINA
ARAMNEMA
TEQBIIA
SADPINTA

Koipa

Pixo

.ﬂopwwﬂvn
.ﬂr| Hoxpatia

MNouépto

Gocogle

Institutional Repository - Library & Information Centre - University of Thessaly

19/05/2024 18:59:59 EEST - 18.217.200.173

it ctl
i 9 @ %
Hvuwpevo

<, Baoiketo
Iphavbia Aovbivo Ohha
Lar;dun ¢
e
“‘3(;_“-5.
L (t
i
b
MNapiow
Paris.
FakAio |
.
S Bapkei:
. - B B Mabpitn _Barcelon:
¢ Madrid
- L] { @
. 5, lomavia
. -
: ¢
L]

_____ | Alyenin
A
AuTikg e
Apt [ X +
~ \ .
f | .
| \ " -
e— =k
Mavpitavi = o
8 =BE -

L) MaaL I
Aeboyéva xaptn ©2016 GoogleINEG!, . Opot  Anootohf cxohiwy 500 XAOUETPOL— i

HvwpEvo
Bagileio
SLre

FaAMa % Itakia

115



Kata tnv Siapkela kaBe otabdlou, kaBe nueEpac, AapuBAVOULE HETEWPOAOYLKA
Sebopéva kabe 2,5 wpeg pe anotédeopa kabe otadio tou tagdlou va xwpiletal o 8

ETULUEPOUG oTAdLa — KOUBoUG. To ypddnua yia Ta eMpépoud otddla oTig npwteg 20
wpec tou Tafdlol napouotdlet TNV akdAoudn eikdva.
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7.3.2 AvaBeon kdotoug o KABe toéo

To KooTOG¢ Yo KABe tofo, Omwe avadEépstal Kal otnv mapdypado 6.2.4
oplletal w¢ n KatavdAweon Kauoipou tou mAolou wote va taéldéPel amd tov Eva
KOuBo otov gnodpevo. H katavdAwon kaucipou yia éva Ssdopévo tofo pmopsl va
BpeOel and tov tuMO:!

FC=byf.-P, -t

(7.2)

Mo TIC aVAYKEC TNG OUVKEKPLUEVNG egpyaciag Beswpolpe O6tL N €Ki

KatavaAwaon kauoipou meEdnong b, 1. Tou mAolou Satnpeital otabepn kat Aoyiletal

wg 166 g/Kwh. Ertiong n Svvaun nédnong P, Statnpeitatl otabepn kat Aoyiletot wg

28.710 Kw. EtoL to pévo dyvwato otnv eélowan sival o xpovog t. MNa va BpoUple tov

Xpovo t Ba mpénet va yvwpllovupe To PAKOS TOU TOEOU Kal ThV £PLKTH ToxUTNTA TOU
okadoug. O xpdvocg t, oe wpeg, Slvetal and tov ToNO:

(7.3)
'Orou d givat to uAkog the AooSpo kg ypaung oL Sivetal amd to MuBaydpslo
Qswphpa

Ap=In(tan(nt/4+d2/2)/tan(n/4+ 1/ 2)) («rtpoBoAikr)» Stadopd yewypadLkoU
TAdToug)

a=A4¢ /A (A cuvd yia tnv A-A ypauun)

d=/(A@® + g*-AX?) - R(MuBaydpelo Oewpnpa)

(4.4)

ormov ¢ elval to yvewypadkd mMAATog, A sival T0 yewypadlkd HAKOS, w¢ AA
AapBdvoupe tnv cuvtopdtepn Stadpopn (<180 °), to R ival n aktiva tne Mng, In eivat
0 dUOCLKOC AoyapLOuocg.

H ekt taxiTnta tou okddoug eMNPEATETE ATTO TIE ETUKPATOUCEC KOLPLKES
OUVBNAKEC, OMWE 0 AVEUOC Kall Ta KUpaTa, aAAd Kat and ta Baidoowa peUpata. H
edLKTH TaxUTNTA TOU TtAolou Sivetal amd tov TUmo:

VR = VShip + VWind + VWave + VC

eal urrent

(7.5)
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MNa T avaykeg tne mapoloag epyacicg 8a Bswpricoupe 6TL Ta KUMATA KAl TA
peLpata Sev emnpedlouv thy TaXUTNTA TOU TTAOLOL Omote BswpoU e 6Tl

Ve =Veurem =0,

ave Current

Ma tThv TaxUTNTA TOU AVEUOU EXOUE TOV TUTTO:

VWind = Vw ) |COS IBW| ) Cx (7.6)

Orou Vw gival n tayvtnta tou avépou oe Km/h, ,BW n ywvia tng oxeTikAg mopeiag

TOU QVEHOU Ttou UrtoAoyiletat and tov TUmno:

|7/—0¢| av 0" <y<180°

ﬁwil’l =
¢ - -180" av180° <y <360’

(7.7)

omou a n mopeia tou mAoiou Kat y n katevBuvon tou avépou kat €y n otabepd

avtiotaong Tou avépou Tou gfapTdtol amd Tov TUMO Tou NMAOLOU KOl ThV CXETLKA

ywvia ¢ petal tng mopeiag o Tou MAolov, TG OXETLKAG ywvlag Tou avépou ,BW KoL

TNE KateUBuVoNG Y TOU AVELOU .

H ywvia ¢ Sivetal amd tov tumo:

p=180" -8

(7.8)
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Ma tov tUnou mholou Tou mapadsiypatog pag, n otabepd avtiotaonc 5 Sivetal amd

TOV TivaKka

0 | 0.58 | 50| 0.56 | 100 | -0.05 150 -0.52
51062 ]55]| 048 | 105 | -0.11 155 -0.55
10| 065 (60| 04 | 110 | -0.18 160 -0.58
15| 071 | 65| 0.37 | 115 | -0.27 165 -0.54
20| 078 | 70 | 0.25 | 120 | -0.36 170 -0.5
251076 | 75| 0.17 | 125 | -041 175 -0.47

301075 (80| 0.1 | 130 | -043 180 -0.45
351073 (85| 005|135 | 045

40 [ 0.7 | 90 0 140 | -0.46
45 [ 0.67 | 95 | -0.02 | 145 | -0.49

(7.9)
7.3.3 Edbappoyn aAyopiOpou Dijkstra

Ma va edpappdécoups tov alyoplBpo Dijkstra Ba mpémet va KATAOKEUAGOUUE
gvayv mivaka o ormolog va armoteAsltal arnd TIC EMITPENMTES HETAKLVACELG TOU TTAOLOU
KOlL TOL KOOTH TIoU £XoU e avaBéosl og KABe TO€o. MNa vol KATACKEUACOUE TOV
mtivaka akoAouBoU e Ta MOPaKATW BAKMATA.

1) Emeldn to mAoio Sgv propsl va tald£el mpog ta miow, EMOUEVWCE UITopEl va
petafel poévo otouc KOUPBoUC Tou BploKkovtal UMPOCTA TOU, EMITPEMOULE ThYV
kivnhon tou mholou puévo otoug KOUBoUC tou Bplokovtal oTnV EMOUEvVn OTAAN
artd auth ou Bploketal to mAolo.

2) Nappdavoupe ta petewpoloyikd Sedopéva yia kaBe otAAN KOUBwWv ava 20
WPEG yla ThV KateLBUvVaN y Kal Thv TaxvTnTa Vw TOU QVEHOU OTNV emdAvELd

e BdAaoaoac. Xpnolponowwvtag tov tumo 4.7 utoAoyiloupe to ,BW yla

K&Bg t6€0.
3) YmoAoyiloupe TNV OXETLKA Yywvia ¢ He Tov TUTTO 4.8 KoL TV CUVEXELD TNV

otaBepd avtiotaong avépou €y pe Bdon tov mivaka 4.9

4) Ymoloyiloupe tnhv andotaon petall kdBe {gVyoug KOUPBWY oTOUC omoioug
ETUTPEMOVUE TV HeTdBaon He Tthy xphon the e€lowong 4.4

5) XpnowomoloUpe tov tUmo 4.2 yla va urtoAoylooupe To xpovo t rou
XpeLdletal to mAolo yia va Letafel oTov eMOpEVO EMTPENTO KOMBO.
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6) Oewpwvtag OTL N e8IKN KATAVAAWGN KAUoipou mEdnong b /. Tou TAoiou
Siatnpeital otaBepn kat Aoyiletal we 166 g/Kwh onwc emiong otL n dUvapn
nédnong P, Swatnpeital otabepr kat Aoyiletal wg 28.710 Kw,

XpnotporoloUpe tov turo 4.1 kot urtoAoyiloupe To KOOTOG K&Be TOEoU.

I TIC avayKeg TN mapoloaG Epyaciag Kot xwpic BAGBN tn yevikotnTag
urtoAoyiloupe tov akoAouBo mivaka AapBavovtag we LETEWPOAOYLKA OTOLXEL TNV
UEan TaxuTnTa Kal kateBuvon Tou avépou yia kabe 20 wpeg tou Taédlou avaloya
LLE TNV TIEPLOXN TIOU BPLOKETOL TNV CUYKEKPLHEVN NUEPA TO TTAOLO.

Mivakag petewpoloyikwy dedopévwy ard 30/11/16 éwg 5/12/16.

Avepog 20 wpec | 40 wpeg | 60 wpeg | 80 wpeg | 100 wpeg | 120 wpeg
KatevBuvon | 330° 120° 180° 0° 30° 200°
Toyvtnta | 41km/h | 26km/h | 36km/h | 34km/h | 28km/h | 35km/h

Xdptng avépou otnv erudaveia tng OdAaccag
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7.3.3.1 Nivakag sdopévwv ava Koppo

Anootaon | Mopeia | Avtiotaon | Taxvtnta FC
KépBotr | k6pBwvd | mhoiovu o | avéupou M\oiou M\olou
km HolpeC Cx V Km/h | og tévoucg

0-1 861,6 76,16 0,2 46,3 88
0-2 848,2 86,39 0,38 50,9 79
0-3 862,4 96,57 0,5 56,2 74
0-4 902,8 106,37 0,68 59,2 66
0-5 966,4 115,16 0,73 68,6 67
1-6 822 83,31 -0,47 34,2 115
1-7 838,5 98,08 -0,57 30,3 132
1-8 905,2 111,24 -0,49 31,4 138
1-9 1012 122,21 -0,46 32 151
1-10 1149 131 -0,5 31,5 176
2-6 862,4 73,22 -0,44 36,2 114
2-7 840,3 87,36 -0,5 33,1 121
2-8 870,4 101,41 -0,58 29,7 140
2-9 947,6 114,09 -0,47 31,8 142
2-10 1062 124,21 -0,46 321 158
3-6 926,8 64,23 -0,4 38,3 116
3-7 869,7 77,26 -0,45 35,4 117
3-8 861,9 91,29 -0,53 31,9 129
39 904,6 104,58 -0,54 30,5 141
3-10 991,4 116,41 -0,47 31,8 149
4-6 1011 56,42 -0,28 40,8 118
4-7 924 68,12 -0,42 37,3 118
4-8 880,6 81,24 -0,47 34,5 122
4-9 886,5 95,1 -0,55 31 136
4-10 941 108,2 -0,52 30,8 145
5-6 1109 50,18 -0,18 42,4 124
5-7 999,3 60,1 -0,36 39,3 121
5-8 924,7 72 -0,44 36,3 121
5-9 892,8 85,14 -0,49 33,5 127
5-10 913,9 98,38 -0,57 30,2 144

Institutional Repository - Library & Information Centre - University of Thessaly

19/05/2024 18:59:59 EEST - 18.217.200.173

121



6-11 810,6 90,47 -0,01 44 87
6-12 862,6 106,53 0,42 42,8 9
6-13 972,1 120,15 0,36 37,5 124
6-14 1122 130,3 0,43 34 157
6-15 1300 138,1 0,46 31,7 196
7-11 847,8 76,2 0,16 45,4 89
742 839,5 92,4 0,01 44 91
7-13 897,2 108,4 0,17 42,2 102
7-14 1009 120,5 -0,36 37,8 127
7-15 1161 130,42 0,43 34,5 160
8-11 932,4 63,47 0,38 50,1 89
8-12 868,7 78,33 0,15 45,1 92
8-13 868,3 94,24 0,01 44 94
8-14 931,1 109,11 0,11 42,7 104
8-15 1046 121,25 0,28 38,8 129
9-11 1053 53,43 0,5 54,7 92
9-12 945,3 66,02 0,35 49,1 92
9-13 889,8 80,38 0,1 44,6 95
9-14 896,7 96,03 0,03 43,9 98
9-15 964,4 110,48 0,18 41,7 110
10-11 1199 45,53 0,67 60,9 94
10-12 1059 55,47 0,56 55,4 91
10-13 958,5 68,11 0,32 48,3 95
10-14 911 82,37 0,07 44,3 98
10-15 924,6 97,36 -0,03 43,9 100
11-16 826,8 98,06 0,07 44,3 89
11-17 895,1 111,42 0,3 47,7 90
11-18 1005 122,51 0,44 52 92
11-19 1145 131,34 0,58 57 96
11-20 1305 138,16 0,68 61,2 102
12-16 842,4 81,38 -0,04 43,8 92
12-17 851,5 96,11 0,07 44,3 92
12-18 912,1 109,36 0,25 46,8 93
12-19 1015 120,5 0,4 50,9 95
12-20 1149 129,45 0,56 56,1 98
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13-16 921,8 66,53 -0,25 40,6 108
13-17 873,4 80,16 -0,05 43,7 95

13-18 876 94,22 0,05 44,1 95

13-19 929,2 107,36 0,2 46 97

13-20 1025 118,54 0,39 50,3 97

14-16 1051 55,05 -0,41 36 139
14-17 956,4 66,08 -0,2 41,2 110
14-18 903,8 79 -0,06 43,6 99

14-19 900,3 92,4 0,02 44 98

14-20 946,3 105,42 0,17 45,5 99

15-16 1213 46,09 -0,44 33,6 172
15-17 1086 54,48 -0,41 35,9 144
15-18 990 65,25 -0,27 40,2 117
15-19 933,5 77,47 -0,07 43,5 102
15-20 924,1 91,03 0,01 44 100
16-21 870,3 105,13 -0,11 43,2 96

16-22 921,8 113,07 -0,03 43,9 100
16-23 988,6 120,04 0 44 107
16-24 1068 126,05 0,02 44,1 115
16-25 Y157 131,13 0,15 44,8 123
17-21 853,1 90,56 -0,36 39 104
17-22 873,4 99,43 -0,18 42,2 98

17-23 912,9 107,56 -0,07 43,6 100
17-24 969,3 115,19 -0,02 44 105
17-25 1040 121,49 0,02 44 113
18-21 888,5 76,58 -0,44 35,5 120
18-22 876 85,38 -0,41 37,5 111
18-23 883,7 94,2 -0,28 40,6 103
18-24 911 102,42 -0,15 42,7 102
18-25 956,2 110,26 -0,05 43,8 104
19-21 970,8 64,43 -0,5 32,5 142
19-22 9292 72,23 -0,45 34,7 128
19-23 905,5 80,37 -0,43 36,3 119
19-24 901 89,06 -0,37 38,7 111
19-25 916 97,3 -0,2 41,8 104
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return min_index;

}

// Function to print shortest path from source to j
// using parent array

void printPath(int parent[], int j)

{
// Base Case : If j is source
if (parent[j]==-1)
return;
printPath(parent, parent(j]);
printf("%d ", j);
}

// A utility function to print the constructed distance

// array

int printSolution(int dist[], int n, int parent[])

{
int src = 0;
printf("Vertex\t  Fuel Cost\t Path");
for(inti=1;i<V;i++)
{
printf("\n%d -> %d \t\t %d\t\t%d ", src, i, dist[i], src);
printPath(parent, i);
}
}

// Funtion that implements Dijkstra's single source shortest path

// algorithm for a graph represented using adjacency matrix
126
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// representation
void dijkstra(double graph[V][V], int src)
{
int dist[V]; // The output array. dist[i] will hold
// the shortest distance from src to i
// sptSet[i] will true if vertex i is included / in shortest
// path tree or shortest distance from src to i is finalized
bool sptSet[V];
// Parent array to store shortest path tree
int parent[V];
// Initialize all distances as INFINITE and stpSet[] as false

for (inti=0;i<V;i++)

{
parent[0] = -1;
dist[i] = INT_MAX;
sptSet[i] = false;

}

// Distance of source vertex from itself is always 0
dist[src] = 0;
// Find shortest path for all vertices
for (int count = 0; count < V-1; count++)
{
// Pick the minimum distance vertex from the set of
// vertices not yet processed. u is always equal to src
// in first iteration.

int u = minDistance(dist, sptSet);
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// Mark the picked vertex as processed

sptSet[u] = true;

// Update dist value of the adjacent vertices of the
// picked vertex.
for (intv=0;v<V;v+t)
// Update dist[v] only if is not in sptSet, there is
// an edge from u to v, and total weight of path from

// src to v through u is smaller than current value of

// dist[v]
if (IsptSet[v] && graph[u][v] &&
dist[u] + graph[u][v] < dist[v])
{
parent[v] = y;
dist[v] = dist[u] + graph[u][v];
}
}

// print the constructed distance array
printSolution(dist, V, parent);
}
// Fuel Cost matrix
int main()
{
/* Let us create the example graph discussed above */

double graph[V][V] = {{0, 88, 79, 74, 66, 67, 0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0, O,
0,0,0,0}
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5
dijkstra(graph, 0);

return 0;

7.3.3.4 AnoteAéopara AAyopiBpovu Dijkstra

B " "C:\Users\User\Desktop\Weather routing djikstra.exe"

Fuel Cost
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Process returned @ (exe) execution time
Press any key to continue.

OO

ch O

BéAtiotn mopeia: 0>4—>6—>11>18—>25->26
JuvoAlkn améotacn: 5609.5 Km

ZUVOALKN KatavaAwon kauoipwyv: 543 tones
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7.4 TUyKkplON OMOTEAECUATWY

MEGOACS SYNOAIKH MESH SYNOAIKOS |  SYNOAIKH SYNOAIKO
MAEYzHE AMOZTASH TAXYTHTA XPONO2 =1 KATANANQZH KoxTO2
TAZIAIOY KYZIMQN KAYZIMQN
OPOOAPOMIA 5247 Km 23,78 Kn 119,3 h 568t 318.080 €
AOZOAPOMIA 5133 Km 23,78 Kn 116,7 h 556 311.360 €
NO=OAPOMIA
ME WEATHER 5605 Km 26,8 Kn 112,9h 543t 304.080 €
ROUTING

Mapatnpwvtag TPooeKTIKA Ta Oedopéva mou mapouctdlovtal oTov
Tapartdvw riivaka yivetatl yprnyopa/s0kola avtiAnmtd 0Tl f GUVOALKH armdoTach mou
Slavlel to mAolo yia to Sebopévo TtalidL elval cuvtopdtepn av emAé€sl thy
AofoSpoukn mopeia. Aappdvovtag umdPn TO OUVOALKO XpOVo, TN GCUVOALKN
KATOVAAWGCN KAUG{WY Kal KAT €MEKTACN TO GUVOALKO KOOTOC auTwy, Tou sivat Kol
1o {NTOUEVO, CUMTTEPALVOUE OTL N SLdpKeLa Tou TAELS10U Elval CNUAVTIKA HLKpOTEPN
av to mholo emAé€el Tnv AooSpoLkn topeia pe xprion tou mpoypdupatoc Weather
Routing.

ErtumpdoBeta, n avénon the taxvtntag tou okdadoug sfattiag thg BEATIoTNS
mopeiag mou napéxet to ev Adyw mpdypappa (Weather Routing) Slvel tnv Suvatdtnta
OTO TAOLO Vol OAOKANPWOEL TO CUYKeEKpLUEVO TaéibL 4 meplmou wpeg cuvtoudtepa
CUYKPLTLIKA pe Thv AofoSpoptkn mopeia. Ev cuykpliost 8¢, pe tnv opBodpopikn mopeia,
n Stadopd otoug xpovoug AdLEng oTov TEAKO TIPOOPICHO, AVEPXETAL O 6,5 WpPEC.
ATTOKOAUTITOVTAC CHHOVTIKA XOPOKTNPLOTIKA TwV S£S0UEVWY TOUG, N EKTLUNON VLA TO
CUVOALKO KOOTOC KAUGIWY TOU GUYKEKPLUEVOU TTAOU TipooSLopilleTal LKpOTEPN KATA
niepimou 7,000€ e xprion tou Weather Routing os oxéon pe th AofoSpouikn mopsia
Kot 14,000€ o< oxéon pe tnv opBoSpoikn mopeia avtiotolxa.

Zuvurnoloyilovtag oto KOoTog Asttoupylag tou mAolou Kal TIC EMUEPOUS
Sarmdveg KGBe erumAéov wpac TaldloU, kabiotatal cadng n ekBetikn avénon tou
OUVOALKOU  KOOTOUG  OAOKARpwoAc/mpaypatonoincic tou. [Mapabétovrac/
avadepovtag evOeLKTIKA Ta £€08a cuvtrpnong Tou tAoiou, To kKdaTog o oxetiletal
HE TO TANPWHA Tou, TLg TtOavEg InMieg aAAd Kal TLS BAVES PATPEC TTOU EXEL ETTLRAAEL
o charter ywa t™v pn thpnon thg mpokaboplopevng wpag ading tou mAoiou, n
gfolkovopunon xpnUatwy mou propel va emiteuxBel pe th XPNoN TOU MPOYPAUUATOS
Weather Routing amodsikvistal falpeTik@ ONUAVTIKA Kol N XpAon Ttou

smBeBANUEVN.
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8 AwaBéopa cuotipara SpopoAdynong otnv ayopda.
8.1 INMavTiKOTEPA GUOTHHATA OTNV AyOopd.

H sloaywyn twv smideypévwyv stalplwyv Baciletal os mAnpodopieg mou
Bplokovtal otig avtiotolxeg LotooeAibeg Toug. MLa emokomnon Twv SUVATOTATWY TOU
AoyLo KoL rapouaidletal otov Mivaka 3.1, Kuplwe pe Bdon Ta epwTnUATOAOYLA.

AWT (Storm Geo) — Bon Voyage

H AWT mapéxsl mAnpodopieg yia tnv mopsia tou mAolou pe Bdon thv
ghaylotomoinon tou xpoévou taéLldLou A Thg Katavalwong kaucipou. Bon Voyage sivat
AWT yla Aboelc mdvw oto okddog, To omoio mapéxet La ypadLkn emadh Tou XpAoTn,
AapBdvovtag os gvav Aoydplacpd TNV emupaVELAK TIECOH, TOUG QVEHOUS , T V
gnupdvela KoL To UPog Twv KUMATWY, TIC TPOTIKEC Katalyibeg, mdyo, thv Tpéxovaa
Beppokpacia otnv emdpdvela tng BdAaocoag, Kal oAa napadidovtal oto cVoTHUA
HECW TOU hAgKTpoVvIKOU Taxudpopeiou.

Force Technology — Sea Planner

To Sea Planner sival éva cUoTnpa Mou avamtUxBnke Héow TS cuvepyaociag
petaéL tne FORCE Texvotovyiag kat the DMI (uninpeoia Oaldooiag petadopdc). To Sea
Planner mpoocdépel kal Ssixvel el tou okddoug tnv mopeia tou, thv omola thv
urtoAoyilel B£tovtag we atoxo, ite ) TV eAdyotn Sidpkela tou taldlov, f fixed ETA
pe otaBepry 80vapn, R fixed ETA e BeAtiotormoinpuévn taxvtnta, N fixed ETA pe
otaBepn RPM.

Jeppesen - VVOS

H Jeppesen elval pepog tne Boeing pe €8pa tigc Hvwpéveg MoAwteleg. To
AOVIGLLKO TIOU XphoLpomolel yla va urmoAoyilel tnv mopeia tou mAolou ovopdlstal
VVOS, (Vessel and Voyage Optimisation Solution)To Aoylopikd xpnotpomolst
nAnpodopliec ard to mAolo yia va urtoAoyiosL ThV KATAVAAWGC N KAUGLUWY, TIC KLVACELS
Tou mAolou, TNV KOMWon Tou oKAdoUug KABWCE Kal Tov KAlpd KAl TI¢ CUVBAKES tng
BdAaocoac.

MeteoGroup - SPOS

To MeteoGroup’s eival Aoylopikd SpopoAdynong emi tou okddoug Kal to
AoyLo LKk ovopdZetal SPOS (Ship Performance Optimisation System). Exst oxeSiaotel
yla va AapBdvel urton 8LKA XapaKTNELOTIKA Tou mAolou. H mopeia mou Bydlst to
POYPAKa yla To mAolo PBaciletal og SU0 HETEWPOAOYIKES TIPOBAEYPEL KAl Ta
tpéxovta Sedopéva oTov WKeAvVO.

SeaWare (StormGeo) - Enroute
133
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H SeaWare tn Enroute sival piwa coundikr etalpeia mou aocyoAsital pe

AOYLOULKO yLa TOV UTTOAOYLOMO TNG Ttopeiacg mAoiwy . H SeaWare sival pua etatpeia

Storm Geo.H SeaWare sival evowpatwHeEVn oto Aoylopikd DNV-GL DNV-GL rmAonyo.

‘Eva armod ta blaltepa XopaKTNPLOTIKA TOU AOYLOULKOU E{val OTL TO HOVTEAO UITOpEL va

Kavel tpoBAen yia parametric roll.

Mivakag: AvaAuon SuvatoTiTwy Tou AOYLOLKOU

Zuvtopoypadisg: Ind:Eppeca. TBI: mpénet va
Feature StormGeo  Force Jeppesen  Meteo StormGeo
AWT Technology Group SeaWare
Name of software  BonVoyage SeaPlanner VVOS SPOSs EnRoute
Power opt. Yes Yes Yes Yes Yes
Surface currents Yes Yes Yes Yes Yes
Tidal currents Yes Yes Yes TBI ?
Ice avoidance Yes Ind. Yes Yes Shown
Ship dynamics Yes Yes Yes Module  Yes
Graphical weather Yes Yes Yes Yes Yes
Length of forecast 16 days 10 days 15 days 9 days 15 days
Optimisation time 15s ca. 1 min Minutes  Minutes  15+4s
Pirated waters Yes Yes Yes Ind. Yes
SECA’s Yes Yes Yes Yes Yes
Wind on speed Yes Yes Yes Yes Yos
Waves on speed Yes Yes Yes Yes Yes
Hull fouling Ind. Yes Ind. Ind. Ind.
Propeller fouling Ind. Yes Ind. Ind. Ind.
Shallow water No Yes Yes No TBI
Draught & trim Yes Yes Yes Yes Yes
Algorithm No info MC* 3DDP. In house  GA
Weather provider GFS DMI Several In house ECMWIE/
RTOFS
Coastal routing Yes Yes Yes Yes Yes
Forecast res. span  2/0.125 0.5/0.1deg  cal deg ? var. /0.125

8.2 Applied algorithms.
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H xpnon moAAwv Stadopetikwy aAyoplBuwy BeAtiotonoinong nopelag éxouv
napouotaotel Tig teAsutaleg Sskaetiec. H xprion evog kakoU alyopiOpou propel va
EXEL HEYAAO OdENOG OXETLKA LLE TRV TTOLOTNTA TS ALGNC TTou mapéxetal. Mapakdtw Oa
aVOAUGOUE TOUC TILO gUXVOUC TPOTOUG TTOU XpNOLUOTToLloUvTal OTLG HEPEC pag: O 3
Dimensional Dynamic Programming, O GA (Genetic Algorithm) kat o Dijkstra
algorithm.

3DDP

H nuéBobog autn umoloyilel pia Swadpopn pe Bdon av to mholo mpémel va
emPBpadlvel N va eMITAXVVEL, TIPOKELUEVOU va gfolkovopnBel kalolpo. Me thv
HEBoSo 3DDP, palvetal OTL UMAPYEL CNHAVTIKNA Eolkovopnan Kauoipwy og cUyKpLon
pe tnv o kowvn péBodo (2DDP). H pnéBodog mou mapouoidlstal otnv (Shao et al.,
2006) 8ev AapBdavel umoyn thv afefaldtnta TWV KALpILKWY cuvBnKwy, aAAd xelpiletal
HOvo Ta oTolyela mpoBAedng Tou KapoL Gueoa.

NAgovekTApata

‘Eva peydAo TMAEOVEKTNMA TOU SUVAHLKOU TIPOYPAUMATIOHOU WE TIPOC TOV
tPomo emiluong tou weather routing elval 6t mpoomnadel va cupnephdfel otov
TPOTO UTMOAOYLOHOU TOU tuxaieg Kol ampoPAsmteg amd petewpoAoyia TOTUKES
HeTaBOAEC TOU KalpoU, KAaBwg Kol TIC amdtopec petafoArsg tou. Eva dAho
TTAEOVEKTNMA TOU glval OtL elval ypnyopotepog amd 1o calculus of variations. Zg
avtiBeon pe to calculus of variations o SuVaUKOC TIPOYPAUHATIOHOC EVOWUATWVEL
£va NXOVICHO amodAoEwY OTNV TEXVIKA Tou, armokAsiovtag moAAd ohnpeia ta onola
OTIC GAAeg HeBOSoLG mapapévouy we miBavd. Onwc kal oto calculus of variations, o
SUVAULKOG TTIPOYP O UATIOUOG topel va edappooTel og TOAAA TipoBARLATA.

Melovektripata

H Suvatotnta va mepidndOei to Tuxaio Tou KapoL elval Eva TTASOVEKTN LA TOU
SuvaulkoU mpoypappatiopol. Mapoha autd peléteg €xouv Seifel OtTL o KalpdS
aAGlel cVpdwva pe tnv aAucida tou Markov. Etol katd th popdomnoinon auvtol
auédvetal Spapatikd n moAumAokoTtnTa Tou aAyopiOpou. Eva akdpun pelovéKTn o Tou
SuvaulkoU mpoypappatiopoU sival otL anattel moAl umoAoyiotikn woxy. H akpifsla
e Abong thg HeBo68ou Baoiletal otn ASMTOUEPELD TOU TIAEYHATOC pHag. AuEdvovtag
TNV AETITOUEPELA QUTH AUEAVOUUE EKOETIKA Kl TO XpOvo UToAoylopoU thg BEATIOTNG
Sladpopunc.

Dijkstra

O (Mannarini et al., 2013), meplypddel TNV avamtuén &vog MPWTOTUTOU
HovtéAou mou othpliletal og Lo tpomornoinon tou aAyopiBuou Dijkstra. H péBodog
AapBavel untddn povo to UYPoC TV KUMATWY, Thy eplodo alxpng, kabwe Kat thv
kateVBuvon toug, pall pe Toug meploplopoUlE acdalslag pe BdAon AUTES TIC
mapapétpous. H pébBobdoc 8 katd to otddlo mou meplypddetal oto Apbpo
EVNUEPWVEL VLA TLG EBEAOVTLKES ELWOELS THE TAXUTNTAG.
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O (Padhy et al, 2008) &ivel (e AAAn HEBOSo yia tn SpopoAdynon
XPNOLLOTIOLWVTAC YL Tportormoinon tou aAyopiBpou Dijkstra. Kot og auth th pébodo
n pelwong tneg taxvtntag eival emiong duvath. H pebodocg AapBdvel unmdyn thy
ETIPPON TIOU EXOUV TA KALPLKA PalVOpEVA O GXEon He TNV TaxUTnTa Tou TTAolou Kat
prtopel emiong va xelplotel tic LWVeE MepLopLOUEVNES PO Bacng, OIWE N yN, HECW TNS
oAAAYAS TV Bapwv TWV AKpwV.

NAgovekTApata

To peyaAUtepo mAsoveéKTNA TS HeBOSou sival n amAdtnta ¥xpNoLponolnong
t™Nne. To mepIBdAlov sloaywyng, aAAd Kal sEaywyng Sedopgvwy gilval amdoVoTtepo Kot
TtoLo eVXPNOTO Og oxéon He AAAeg pebBddouc.

Melovektripata

To BAOLKOTEPO UELOVEKTNUA TS HEBOSOUL glval OTL oL KAlplKES cUVONKeC Sgv
aAGlouv katd th Stadikacia tou taéldlov. Otav autd cupPaivel o aiyoplBpoc Ba
npémnel va Tpefel €' apxNg Kat va AdPel cav onpelo adetnplac to onuelo mou
Bploketal to mAolo tnv mapovoa xpovikh oTyun. H péBobdog amarttel tn Snpoupyla
TAEYHATOC YLa Thy eneepyacia Twv Sedopévwy. Ooo mLo mMUKVO auTd TO MAEYHA, TOCO
KaAUTEPN KaL N TEALKA TipoaéyyLlon ths BEATIoTn g Stadpoung. Avotuxwe Opwe 600 TLo
TTUKVO TO TIAEYHA TOCO N araitnon yla UroAoyLoTLIkoUg opoug ausAveTal eKOETIKA.
‘Eva akopa HelovEKTN A The HeBOSou elval 6TL Sev WTOopoUHE VO LELWOOUUE GKOTILUAL
TV TaXUTNTA TOU TTAOLoU

8.3 Genetic Algorithm

OLmAnpodopieg mou AapBavoupls amod ta mAola KaBwe Kol oL TIEPLOPLOOL TToU
UTApXOUV  £Xouv  HovtedorolnBel, xpnolpomowwviag Touc opeilg Tmou
avtanokpivovtal ta mAola. e AutAv thv mpotswdpevn pEBodo, oL otdyol TG
BeAtlotonoinong tng mopelag tou mAolou yivetatr pe PBdon tnv peiwon tng
KatavaAwong Kavoipou kaBwce kal thg BeAtiotonolnong tng taxvthtag ue Bdon twv
Kavovwy tou LoxLouv (ETA).

Mo rapddelypa, yo tov Bopelo ATAavtiko, xpelaldopaote Touldyxlotov 9 netaAnTEg
yla TIc TaxUtnteg Kat 7 ywa thv nopeia tou mAolou ya va moU e OtL oL mAnpodopleg
TIoU £€XOUME elval achaAng.

NAgovekTRpOTA.

136

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 18:59:59 EEST - 18.217.200.173



O GA elval oxeTkd 1o arAog oth xphon. O aAyoplOuog pmopsl va oTapathost
avd tdoa otypn av Bpebsel pa BéAtiotn AUon mou mapdyestal pe BAon thy Katdataén
Pareto. Méow karmolov g€elSikeupévwy dpopéwv o alyoplOpog eivat moAv mbavd va
OTOMOTACEL O TOTUKA eAdxlota. Amd ta METwra Pareto o XELPLOTAG €XEL TN
Suvatotnta, HECW TWV MAPAMETPWY KATATAENG, Vo eTIAEEEL TNV KATAAANANR AUon He
Baaon tnv ETA, Tnv KatavdAwon Kauceipou Kal tThv aodAaAsLa.

Melovektrpata.

H wpa dadleng koL n sAdylotn KATav@AWGCN KOUGLHOU TIPEMEL va YiveTol
tavtdxpova. O aAydplBlog Ssv s€acdalilel th BEAtiotn AUon, aAAd LdAAov Ba Swost
HLoL TIPOCEYYLOTIKA BéATIoTn Abon pe TNV avénon twv enavaifipeswyv. H péBodog GA
Sev gival oAU ypnyopn, 8edopévou oTL e€aptdtal amod to Heyebog Twv mMAnpodopLwy
TIOU TtApEXEL TO TTAoLO TToU 000 auvédvovtal, AUEAVETAL Kol 0 XpOVOC UTTOAOYLGHOU.

9. Emtidoyog.
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H xaptoypddnon thg mopeiag twv mholwv (weather routing), mapdoxstl L
KQTtovonon TwV CHHEPLVWY QMALTACEWY TOU Tpoypdppatoc SpopoAdynong. Exel
ATTOKAAUEL TLG TPEXOUTES TACELS — ATTALTOELS TNG AYOPAS, CUUTEPLAABAVOVTAC ThY
PEOYVWAON Tou Kopol KaBwe Kol GAAWV KALPLKWY uvBNKWv TTOU ETMLKpATOUV OL
ornoleg mailouv onuavtikd pdAo otnv SpopoAdynan tou mAolov.

To weather routing sival éva onpavtkd epyaieio yia thv vavoutiola, KaBwg
nipoBAémel Kal gAéyxel 800 onUAvVTIKOUC TApAyovTeg ylad TV vaucutiola, thv
KATovaAwaon Kauoipwy KaBwe KoL Thv EKTOUTH pUMTwY, Ttou mai{ouv onuaviikd poio
otnv emoxn Hac. H Suvatotnta tne BeAtiotonoinong tng taxutTnTag yio to taéidt €xst
vivel amaitnon via ta gpyaieia poporoynong mopsiag twv mAolwv. AlAILOTWVETOL
OTLTA AOYIOHLKA Spopordynong sival og Oéon va poteivouy SladopeTiké SLaSpoUES
yla to mAolo mou avadEpovtal og oTolKela OnMwg: n BeAtiotomoinon thg TaxUTNTOS
Kol €£LlooppOINGNE TOU KOGTOUC, TNV wpd ddLEng, KaBwg Kal oTolKela yLa To TAoLo Kal
thv aoddAeLa Tou dopTiou.

[Slattepn mpoooxy Slvetal otoug aAyoplBuoug BeAtiotomolnong mou
XPNOLLOTIOLOUVTOL OTA AOYIOULKA SpopHoAOYNoNG aVAAOYA HE TIC KALPLKES CUVONKES
0t AUEon CUCXETION ME TNV €peuva Tou yivetal ylwa thv BeAtiotonoinon tétowwy
AoVIoHIKWY. To oupmépacpa eival OTL oL Alydtepo mponyuévol aAyoplOpot
£€a00gvoUv oTaSLaKA KAl UTtEPTEPOUV TA TILO TIPONYHEVA AOYLO LKA OTTWG OL EKEOOELG
tou 3D AuvapilkoU Mpoypappatiopol Kat o Fevetikog AAyoplBuog. Autol ol rio
mponyuévoL aiyoplOuol amodidouv KaAUtepa OTav O XPOVOC UMOAOYLIOHOU sival
TLEPLOPLOUEVOC.

OL nteploxég SECA, napoucldlouv oTIC HEPEG MaG, HeydAo sevBladépwy oTov
ToMEQ ToU weather routing. KaBwe og aUTEC TG TTEPLOXEC N KATOVAAWGH KAUG LWV Kol
Ol EKTIOMTTEC pUMWV TwV TIAolwv TIPEMeL var eAéyxovtal. Emlong, mapatnpolue otL
appoSloL opyaviopol emBAAOUV KUPWOELS — TTPOOTLHA OTLC TALpEieg TToU SLEpovTal
HEoQ Amd QUTEC TG TIEPLOXEG 1N GAAOL TIC OswpolV ATOYOPEUUEVEC TIEPLOXEC KalL gV
ETUTPETOUV OTIC Talpeieg va SLepyovrtal and autég. H bmapén autwy Twv reploxwy,
TIOU KLvNTPO €XOUV VA KPATAVE TLG EKTTOMTEG pUTIWY O XapunAdtepo eninedo n yia va
HELWOOUV TOUS pUTOUC o€ XapnAdtepa emineda, pmopolv va xphotponotn8olyv amnd
TIC sTalpeiec w¢ otowelo KoWwVIKAS Kol TteplBarloviikig suBivne. Emopévwe,
kataAafBaivoups OtTL autég ol rmeploxéc Stadpapatifouv onpaviikd pdéio othv
SpopoArdynaon tou mAolovu.

H afeBatdtnta mouv umdpxel LEXPL KAl CAUEPA YO TNV TIPORAsPN TOU KopoU
KaBwe KoL yla To Xpoviko Sidotnpa mou Ba Swapkéocel pa mbavh Kalplkn cuvenRKn
mapoucldlel peydAo svlladépov yla TIC stalpeieg mou aocyololvtal Kal sivol
urneUBuveg va xapdfouv Wia 1 meplocdtepeg Mopeieg yia To mAolo KaBwe emnpediel
dpeca thv acddiela tTwv Tapayopevwy Sladpopwyv. Autd to TPOPAnMa €XEL
Snuloupynoel Tnv amnaitnon yia mepstaipw £psuva KaBwe Kol cuvepyacia HeTaly
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TWV HETEWPOAOYLKWY KEVTPWY KOl TWV ETALPELWY TIOU £lval Ut VBUVEC yLa ThY XApaén
Kol HeAETn TnE BEATIOTNG Topeliag tou mAolov.

H éwola tou weather routing €xeL okwaypadnBel péoa amd ta povieAa
TLEPLOPLO WYV TIOU UTTAPXOUV yLa va Byel n mopela twv mAoiwy, ya mapddSelypa ta
HOVTEAQ KaTavdAwong Koauoipou kabwg Kal dAAwv Baclkwyv oTolelwv Tou
amattolvtal (Kawplkd dawvopeva). Eva Backd poviédo KatavdAwong Kauoipou
propel va SnploupynBel kat propsl va xpnowonolnBsi wg Bdon otav Sev sival
SlaBéopec peydheg moodtnteg mAnpodoplwy mou adopolv to mAolo.

Baolkdg otdxo¢ Twy OTOLKEIWY TTOU XPNOLUOTIOLOUVTAL O Eva TIPOYPAUMA
weather routing slvatl va givat 6co to Suvatodv amiolotepa R va UTTApXEL Eva £i8og
povteAomnolnong twy otolxeiwy yla Tnv eUKoOAN XpAoh TOUG. Z€ €va TETOLO HOVTEAO N
afeBatdtnta maillel cNUAVTIKO pOAo, OMWE N EKTLMWHEVN KATOVAAWGN KOUGipouv,
5ilwg av AndBolv umdPn ol emippoéc amd TNV avtiotaon Tou AVEUOU KOl TOU
KUMATOG, TIOU N £peuvd elval akopa og e€€ALEN. O 0TOXOC TWV VAUTIALOKWY ETALPELWY
yla tThv armAoUoTeuoh Twy HovtéAwv tou weather routing £xeL w¢ amotéAeopa va
UTtapXeL akadnpaiki Eépeuva ylo Thv eUpech TOU aKPLRECTEPOU OVTEAOU, TIOU QUTH
TV OTLYUN Sev propel va epappootel Blopnxavikd.

O XelplOMOC Twv TEPIBAANOVIIKWY TIEPLOPLOUWY glval HeydAng onpaciag,
adou eival autol mouv mpocSlopilouv ToUE MAPAYOVTES YIA TNV EVpECh TNE BEATIOTNG
nopeiag, mou av epappoctoVv AavBaopéva i Sev akoAouBnBolv tote B€TouV o€
kivSuvo to mAolo, To doptio, To MANpWHA AAAG KAl Thy acddAela Tou epBAAlovToc.
O xelplopog kal twv Svo mapayoviwy ( ETA — meptfdAAov) ylvetal pe TRV Xpnon
DIRECT aAyopiOpou pe moAU amAod tpodmno.

OL véoL Kavoviopol Kat Stataéelg mou €xouv npotabel oto mAaiolo tou IMO,
MSC1. Circ 1228 (IMQ, 2007), petd amnd SokLUES oe oKAdn EXOUUE KaTtaAAEsL OTL povo
oL TtLo avti€osg Kalplkég cuvOnkeg odnyolv og MeploplopoUc otnv SpopoAdynong Tou
mAolov. H moldétnta avtwy twv SoKLpwy elval akopa und apdlofAtnon Kot £€Xouv
avaBewpnBel mpdodarta, Spwe Sev €xouv SoklpaoTel eKTEVWC WOTE va TipokUPouy
véad aodalr cupnepdopaTa.

H Swaoddiion tou doptiou eival peilovog onpaciag, kol €metal POVo TG
aodAAELAC TOU TANPWHATOC Kol Tou okddouc. Ta mpoypdupata weather routing
XpholomoloUvTal Katd KUpLo Adyo amo rmAoio petadopdc EUmopsuHATWY Kol edpocov
gUopelHATA OMwWE containers egfakolouBolv va xd&vovtal otnv BdAacocaq, To
svBLadépov tng £peuvag yia to weather routing e€akoAouBsl va eival peydio akdpa
Kol og akadnuaiko smnimedo.
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