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1.Ewcoyoyn

A.Ilgpiinyn (ota EAAnvViIKG)

2mv epyacio. auT HEAETOVIOL TO. OEPOOVVOUIKA YOPOKTNPIGTIKO €VOS HOVIEAOVL
dumhavov agpookdeovg. Katd v Tthon tov 0epocKosKAPovs dnpiovpyodviol 1060
dvvdpelg ot omoieg PonBovv 660 Kot OLVALELS Ol OTOIEG AVTIGTEKOVTOL GTNV Kivnon
tov. Avtég givan and v pio m dvoorn kor and ™V GAAN M avtictoon TPPS, M
avVTIOTOOT HOPENG KOl 1 EMAYOUEV] OVTIOTOOTN. XKOWOG TG epyaciog sivor va
pehemOndel mepopotikd n emidpacn ™C SWTOENS TOV OKPOTTEPLYIWV  OTA
AEPOOVLVOLIKA OTA QOPTIOL TOL HOVIEAOL Kol KUPiwg OtV €moyOUEVI] OVTIGTOON
kaO®c M pelowon avm pumopel vo emMPEPEL ONUOVTIKY HeiwoN otV KatovdAmon
KOwoipov, PBEATIOVOVTOS £TGL TNV OKOVOUIO TOV 0EPOCKAMPOVG KOl LELOVOVTOS TNV
ekmounn puomwv ot1o  mepPiriov. Emumiéov, emmpedler Vv oxedioom Tov
aePOCSKAPOVS KaBMG emiong kot TNV avénon ™ eupéretag tov. I'a Tov okomd avtd,
TPOYLLOTOTOOVVTOL TEPOUOTIKEG — UETPNOELS €VTOS OEPOOVVOUIKNG GNPAYYOS TOV
OAK®OV OVVAUEMV KOl POTMV, EKTYAOVIOL TO TEWPOUOTIKE SQAApaTe AOY® TG
EMOPACNG TOV TOYWOUATOV TNG ONPAYYONS, KOl YIVETOL OTMTIKOTOINGT TOL TESIOL

TOYLTITAOV TNG POTNG YOP® OO TNV TTEPVYCL.

B.Abstract(in English)

In this diploma study, we examine the aerodynamic features of a diplane model.
During the flight of the airplane, forces promoting as well as resisting to its motion
are developed. These are from the one side the lift and from the other side friction
drag, shape drag and induced drag. The purpose of the present diploma study is to
examine experimentally the effect of the wingtip shape on the aerodynamic forces
above and especially on the induced drag, the reduction of which would decrease the
fuel consumption a significant amount, thus improving the airplane economy and also
reducing exhaust fumes emission. What is more, it influences the design of the

airplane and increase the airplans range. For this purpose, experiments are carried out



inside a wind tunnel for the measurement of the total forces and moments,
experimental error due to the tunnel walls impact is estimated, and also the flow

velocity field around the wing is visualized.

1.1 H €€€MEN TOV 0.€POCKAPAOV

H agpodvuvapikn €xel TOpOVGIAGEL GNUAVTIKEG TPOOSOVS amd TNV €moyn mov o Lord
Kelvin anedeikvoe pe ovompd tpomo oty Boocthikn Akadipio tov Aovvdivov Ot
nrov  advvarn M TTNoN otV ATLOGEUTE COUATOV Popdtepmv amd TOV 0aEpa.
[liotebove my. emedn mAako (oepotopn) HECH OE MOPOAANAN pon Kol G ywvio
TPOGTTOCTG O VEIGTATOL AVEOCT AOY® TNG UETAPOANG TNG OPUNG TOV PEVLLATOS TOV
a€pa TOV Y TUTAEL Kot ovaKAGTOL 6T0 KAt pépog ™. H petaforn avm mg g
OpUNg €lvar avAAOYN TOV TETPOYMVOL TOL NUITOVOL TNG YOVIOS TPOGTTOGNS Kot KOTd
ouvvémelo Yo yovio npdontmong 5° ko taydtnTa. tov aépa 200 km/h mpokvmtet
dvvaun otV Hovado EMPAVELNG TNG agpoToung ion e 2 Kp/me, oniadn péyedog
TOAD HIKPO Yo Vo eMTPETEL GYESN TTNTIKAOV pnyavev. H Pacikn dpmg mapadoyng
™G TPONYOVUEVIG CVAAOYIGTIKNG , TOV €K TPMTNG ATOYNG POIVETOL GMOGTI, OTL ETEWN
1 OCUVEKTIKOTITO TOL 0€p0 ¢ amOAvTo péyebog eivor pikpr), o pumopovoe vo
ayvonfei, amotéleca emotnuovikd AdBog. Eivon ofjuepa yvootd 6Tt 1) GuvekTIKOTTO
TOL a€pa. amoteAEl TV attio EPEAVIoNg TNG KukAoeopiag YOp® amd TV TTEPLYA TOL

AEPOGKAPOVS TTOV GTN GLVEYEL OMUOVPYEL TN SVVAIKT GVMOGT TOV 0EPOGKAPOVG.

O mpdteg mpoomdbeieg Tov avBpdmov yio mmomn Pacilovtav Kuping oy amopipunon
™G Kinomg TOV TTTEPDOV TOV TOVAIDV KOl TO TPMTO AETTOUEPT GYXESN Y10 TETOLN
nmon éywov ond tov Leonardo da Vinci yopo oto 1500 p.X. mov @oiveton

TOPOKATE.



1.1.1 To auwponrepo oo Lilienthall

Me 10 mepacpa TV ¥pOVOV Kol e cuveXEIS TPOSTABELES 01 TPOTOTOPOL TG WOENG
TOV TMMOEOV avTIMeOncay 1 onuocio Tov BactKOv oepOSVVOIK®OV ToP AUETPOV
oV €voTdfelo TG TMoNg OTWG G YOVINS TPOGTTOGTS, TOL KEVIPOL PAPOvg Kot
TOV KEVIPOL THEGNMS, TOV OEPOOVVAUIKOD KEVTIPOU, TNG OEPOOVVOIKNG OVTIGTOONG KoL

TOV TOPUYDY®V EVCTADEWG.

O Ayyhog punyovikdg sir George Cayley fempeiton onpepa 0 Tpaypotikdc EQELPETNG
TOL 0EPOCKAPOVS Kol Totépag NG aepodvvopikng. ‘Hom oto €tog 1779 eiye
EYKOTOANYEL TNV 10£0 TOL 0pVIOOTTEPOL KoL £lxe GVAAGPEL TNV 1€ML TOV OEPOTKAPOVG
pe otafepn mrépvya Kot pe dkd Tov ovoTUO TPOWONS, evd to 1809 petd omd
TEPAULOTO CE HOVIEAN KOTAOKEVAGE KOl TETOEE TO TPDOTO GTOV KOGUO GUYYPOVNG

LOPPNG UWPOTTEPO.

To 1896 o Dr Langley oyediace kot Kataokebooe HIKPO GEPOTKAPOG dVO TTEPVYMYV,
UE EKTETOOUO 5 UETP®V TOL TO KIVOOGaV dV0 EAIKEG 01 0TToi0l Emanpvay Kivion amo
atpopunyavn. To aepookdeoc mov ekto&evdnike e kotamédtn, Sthvnoe , ywpic TAdTo,
amoctaon 1000 pétpwv. Apydtepa KOTOOKEDOOE OEPOCKAPOS O HEYOADTEPN
KMpako to omoio eixe ko mhodto. To aegpookdpog avtd katastpaenke o 1903 ot
QAo TPOGYEI®ONG AOY®D aoTo)idG TOL GLGTAUNTOG TTpocyeimong. H advvapio tov
TPONYOOULEVOV TPOGTOHEIDV VO TETOYOVYV  STNPOVUEVN] KOl OVTOVOUN TTHOT,
opeileTon TPOTOV TNV EAAEIYN EACPPDOV UNYOVOV LE ETOPKN OUMG 16Y0 Kot deHTEPO
€ Gyvolo 0EPOOVLVOUIKOV EVVOLDYV KOl TPOKTIKOV LECOV EMITEVENG gvoTdOElng Kot

eALEyyovTNG TTNOTG.



1.1.2  To «agpoopduwo» tov Dr Langley.

H mpdm mmon aepookdpovg pe cvomuo mpdémong éywve otig 17 AskepfPpiov 1o
1903 amd tovg adeppotg Wright, dmpknoe povo 12 devtepOrenta , TO AEPOGKAPOG
vyoOnke ota 3 pétpa amd 10 £00pog ko dmvuce andotacn 35 pétpov. H mmon
OKOTNKE yoti dgv LINPYE EMOPKNG EAEYXOS TOL OEPOCKAPOLS YOPO OO TOV

oplévTo eykdpoio a&ova.

1.1.3. Qwroypagio. ord tyv wpwty wthon, 17 Askeufipiov to 1903.



H mepiodog tov mpdTov maykoopiov morépov (1914-1918) amotehei mepiodo
oNUOVTIKOV eEeAEE®V 0T 6YediaoT Kol PEATIOON TOV TINTIKOV Y0P OKTNP ICTIKMOV
TOL OEPOCKAPOVS. XNV Tepiodo avtn gueaviomke pio peydin mowidior Kupimg
OTPOTIOTIKOV  OEPOCKAPDV, ONM®G LOVOTAAVO, OWmAGVE OKOUO Kol TPUTAGVQ

aEPOCKAQ.

Inuoavtikn etvar emiong ot eeAdiéelg 610 dAoTUa HETAEL TV 000 TOYKOGUimV
moAép@V. ZopPoin otig eEeAEelg avteg €lyav TA EPELYNTIKG OMOTEAECLOTO TOV
kévipav Epevvag g Naca kobmg kot 1 agpovavtikn exkmaidevon ota [avemotnpio.
XopoKTNPIoTIKG OEPOTOPIKA YEYOVOTU TG MEPLOSOV awtg gival n wtion tov Ch.
Lindberg pe to povomidvo Spirt of St. Louis an’cvbeiog ywpic evdidueco otabud and
Nea Yopkn oto Iloapict to 1927, 1o 1929 n ttion ndve ond 1o B.I16Ao, t0 1933
nmon yopw omd T yn o€ 7 Y2 nuépes, evod to 1938 10 YyeEpUOVIKNG KOTAGKELNG
agpookapog Messerschmitt pmopovoe va avortoéel tayvtnto 175 Km/h. £to 1935 ot
ToOTNTEG TTNOMG Exovv owénbel onuaviikd Kot yio TpOTN EOopd 610 eMPATIKO
agpookdpog DC-3 epoppdleton 1 omoBokhvig TTEpLYA. XT0 TEAOG TNG TEPLOSOL

OTNG TA 0EPOCKAPN elvon:

- LOVOTTAGVOL

- L€ OVOGLPOLEVO GVGTNLO TPOGYEIMONG

-EAOPPLYL OKTLVIKT LY OVT] ECOTEPIKNG KOOGS, AEPOIVVOLIKE KAAVIEVN
- éMKa eAeyyOUEVOL PrraTog

-VTEPTANPOTA

- LETOAAIKT] KOTOAGKELT] TPOEVTETOUEVTG EMUPOVELNKNG KATOUGKELNC.



114. Xoapoxtnpiotirg ogpooropnv A Toykoaguiov moléuov.



1.1.5. Xaparxrypiotixd aspookopnv wepiodov 1918-1939.
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1.1.6. Xaparxtnpiotikd cOyypovwy aepockapiy.
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O televtaiog mivakag 6 GUYKPION UE TOVG OVO TPOTYOVLUEVOLS delyvel TV oyedov
Kotd pio taEn peyéBovg avénom ™ EOPTIONG TG TTEPVLYOS GTO. GUYYPOVA
AEPOCKAPT YEYOVOS TOV VTOJEIKVOEL TIG TEYVOAOYIKEG PEATIOOES OTr OOUN TOV
aepooKaPovs (Kupimwg mTépuya) Kot ota VAIKA. Eriong deiyvel onuavtikny avénon tng

UEYITTNG TOYOTNTOS TTHOTG.

210 aKOAOVOO GYNUO PAIVOVTOL SLOYPOULATIKG TUTTIKES LOPPES OEPOCKAPDV OO TOV
TPMOTO TAYKOGLIO TOAELO PEYPL CUEPQ KO 0TO Otoia YiveTal eavepn 1 €EEMEN TG
OEPOSVVOUIKNG LOPPNG TOV OEPOCKAPOVS LE TNV EVOTOINCM TNG MTAPLYOS WE TNV
GTPOKTO TOL AEPOGKAPOVS, TNV EVEOUATOGCT) TOV GUGTIIATOS TPOGYEIMONG , TNV UN
Vmapén eKTEDEWEVOV HETOTIKOV EMPAVEIDY Kl TNV dLVOTOTNTO TPOGAPUOYNS TNG

KateLBVVONG TG OVOTTUCGOUEVIG TPOMGTIKNG OVVOUNG Yo KAOET amoyeimon.

1.1.7. Ilpwrog maykoauiog moreuog (1918).

="

P-51D

(]
]

&\ (7

1.1.8. Aedrepog mayroouios wodeuog (1945).

12



Convair XFY-1

1.1.10 Aepoorapoc Kaberns [poayeiwong (1978).

1.2 Ov O¢0€15 EQUPUOYNS TOV OVVIUEMY

Ot PBoaowéc dvvauels mov gpopuolovial 6to aepookdpog eivar 1 avoon (L), M
omcBérkovoa (D), 1o Bapog tov aepockapovg (W), ko n mpowatiky dovaun (T)

OTm¢ eaivetanl 6To akKOAovOO Gy

13



L Avmon A

@ 0OMWOT) =-- B ki,

T P

Avwon Tndaiiov

YBagoc W

1.2.1. ovvéuels mov eupovilovral 6to PO TKOPOS

H dvoon 610 0epookdpog mov opeileton 611 SLVOUIKT avTidPAoT TOV PO TAVE®

otV TTEPLYn QP aleTal ®G:

L==CpV?S
Omov C; 0 GLVIEAEGTIG AVMOONG TG TTEPLYOS, V 1 ToOTNTA TOL AEPOGKAPOVS Kot S
N EMPAVELN TG TTEPVYOS 1) 010l Be®peitan va EKTEIVETAL KOl LEGO GTNV ATPOKTO TOV
agpookdpovs. To onueio epaproyns ™mg davoons PpiokeTon 6To KEVIPO TIEGEWMV TG
ntépuyonc. H mtépuya Aoumdv tov aepookd@ovg amotedel T0 QOPEN EPAPLOYNG TNG
dvoong. Me mv  e&EMEN TOV  agPOCKAP®OV Kol OvAAOYQ HE TO TTNTIKA
YOPOKTNPICTIKA TOVG 1) TTEPLYO AP VEL S1APOPEG LOPPES, TOGO MG TPOG TNV KATOYN
0G0 KOl MG TPOG TNV TOUN TNG KaTd TNV KotehBuven Ttong, N Onwg aAAdg AEyeTon

™V 0EPOTOUN TNG.

14



210 akolovbo oyfua oaivovtol S1apopes KATOYELS TTEPLYAS OV OElYVOLV KoL TNV
eEEMEN ™G avaAoya e TNV TOLTNTO TTHGNG TOV 0EPOSKAPOVS, EEKIVOVTOG amd TNV
opBoymvikng kdtoyng mépuya tov adepedv Wright péypt tig ntépuyec tomov déAto

TOV GOYYPOVOV VIEPNYNTIKAOV 0EPOGKAPDV.

([ ] (vrromymrux)
=R |

¢ | = I e @

e
-
e =

A@monwmm (

1.2.2. EE&uén mrepbywv oepooropmv.

Al
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210 akOAovBo oynua @aivetal 1 e£EMEN TOV 0EPOTOUMV avVOLOYO e TNV ToOTN T
TTNONG TOV 0EPOCKAPOVS EEKVAOVTAC amd TV amAn ogpotopn Tov adepeav Wright

péxpt mv vepkprriky wépuya tov Whitcomb tov vrepnymtikod agpookapovg F-
104.

&> =

' \ adehgol Wright

‘ P-36 (vronynmurd)
e F-51 (vmommuxo)
.

F-104 (vteQmymrtiro)

1.2.3. E&Lién agpotouwmv.

16



210 axolovbo oynuo @aiveton 1 BEon TG TIEPLYNSG MC TPOG TO OEPOCKAPOS TOV

pmopet va gtvon ite EmGvo oV ATPOKTO, £iT€ GTO HEGO, €T GTO KATO HEPOS TNG.

c l ?7?—4 TOVOTTEQUYO OEQOORAPOS
L 1)

UECOTTTEQUYO (EQOOXAPOG

RATOTTEQUYO QLEQOOARAPOT

1.2.4.O0¢0n mrépoyas wg TPOSTNY GTPAKTO GEPOTKAPOVG.

H eniioyn mg Béong g mtépuyog g mpog v Atpakto £€opTdTor Kuplwg omd v
OTOGTOAT TOVL OEPOCKAPOVS Kot 1 KAOE OEoM Exel TAEOVEKTLOTO KO LLELMVEKTNLOTOL
1060 amd AETOLPYIKN OGO Kot omd aepoduvalky] arnoyn. H ntépuya géper mmddiia
KAiong (Ailerons) kaba¢ emiong ko to petamtepvya (flaps) 1 mpontepHya (slats)
KOUITOAOTNTOG Y10 TNV ELAVENGT TOV GLVIEAEGTI) AVMOONG OTIG PAGELS amoyeimons Kot
npocyeimwong tov agpookdpovs. H emedveln tov mndoriov kiiong kot toV
nrepLylov KapmoAdtog e€optdrol and to pnéyefog Kot To TITIKA Y OPOKTPIGTIKE

TOV 0.EPOGKAPOVG.

17



270 TOP OKAT® GO QOEvETOL [Liot TUTTIKT TTEPVYA LEYOAOV 0EPOTKAPOVG.

TTEQUYLO
TTEQLOTQOPNG
UETATTEQUYLO

UETQITTEQUYLO

1.2.5. ITtépoyes agpoorayovs Ue TIS EMPAVELES ELEYYOD.

18



H aepodvvopikn avtio tacn tov agpookdapovg (D) exppaletoun og:

D=-C,pVS

Omov C; 0 OULVIEAECTNC OVTIGTOONG TOL OEPOCKAPOLS Kol S 1 EMPAVEW TNG
ntépuyag. H aviiotaon tov agpooskdpovg £xel gopéa tnv d1evbuven g TaydTNTog
Kol TO oMUelo €QOpUOYNG NG €EAPTATOL OO TN HOPON TOL 0EPOGKAPOVLS. Tnv
agpoduvopikn ovt) avtiotoon (omweBédikovosa) vmepvikd (Yoo opllovtie OpOAN
TTNON) 1N TPOMGTIKY dVVOUN TOL TPOMONTIKOD GULGTAUATOS TOV 0EPOGKAPOLS. To
TPOo®ONTIKO CUGTNUE TOV 0EPOCKAPOLS Umopel va givar €hko. mov Kwveiton omd
unyovy  €cOTEPIKNG  Kavone  (cuvAnBog  pe  vmepmAnpwon) N Kow  omd
otpofrrokivnmipa (ehikotpoflokivntipag) ondte AopPdvetor Kot pkpn mpdshet
npowon &’ avtdpdosws (cvomuoa turboprop) 1 kabapdc kvnipac dpdong (jet) M
oToPhokiynTPOG.

H mpowotikn avt dvvaun T yivetor dektd 6T £xl @OpEa PUPLOYNG TOV OLOUNKN
dEovo. TOL OEPOCKAPOVG KOl TOAAEG (QOPEG YO OMAOVGTELCT TOV OCYETIKOV
VTOAOYICUMV EMIOOCNG TOV OEPOCKAPOVS YIVETOL 1 TOPOTEPA omAomoinon OTL o
dwpnkng agovag cvumintet pe v katevBvvon kivnong tov aepookdpove. Ot Béoelg
tomofEmong Tov Kivntpov mpowong eaptovratl and 1o péyefoc Kot o TTNTIKA

YOPOKTNPIGTIKA TOV aePOSKAPOLS, O1 Tumikég avtéc B€oelg paivovtal 6to akdiovBo

Sy
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£vag
HLVNTNQOS

|
§ Spitfire &
dvo Phantom
HLVNTNOES P-38

F-104
F-4
S

H
Trident

SM-79
TQELS

HLVNTNOES
Viscount

TEOOEQELS Boing

HLVNTNOES 707

JTOANOL P
HLVNTNQES

1.2.6.@0n kivyTipwv oT0 0EPOTKAPOG.

Mo ™ pelém mg oTaTIKNG Kot SVVOUIKNG CUUTEPIPOPAS TOV OEPOCKAPOVS £ivar
amopaitnT 1N YVOON T®V SVVALEMV Kol TOV POTMOV OV EVEPYOVV GTO OEPOGKAPOS
KoL TOL GLVNO®G AVAPEPOVTOL GE GVGTNUO GUVTETAYUEVAOV GTAOEPE CUVOEDEUEVOV LE
T0 0EPOCKAPOC OTMG PaiveTol 6T0 akdAovBo oynua. Xto akdéiovBo oynuo eaivovton
EMIONG 01 0PIoHOTL S10POPMV HeEYEDDOV OO POTMOV, TUYLTTOV, YOVILKOV TOYVTHTOV,

AMOKMGELS EMPOVELDY EAEYYOV K.TA..

20
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Z

1.2.7. Xbornuo oovierayuévawy yio. SovOUEIS Kol poTE.

O G&ovog TV X cvpumintel pe Tov dpnkn dova Tov aepockdpovg (mov PBpicketor
OV ©TO EMIMEDO GULUUETPIOG TOL OEPOCKAPOVLS) Kol pe Oetikr) xorevBovvon v
katevBvvon g nmong. O £yKApe1og AEOVOG TOL AePOGKAPOVS Y, ival KABETOC 6TO
eninedo ovupeTpiog Tov, Tepviel amd 10 KEVIPO PAPOVE TOL AEPOCKAPOVS e OETIKN
katevBovvon v 0e€1d oG mPog Tov MAOTO. XTo 0kOAOVOO GYNUO QaivovTol Ot

YOVIOKEG OTOKAGEL.

()]

1.2.8. KaBopiauog ywvicrv mpoortmons, amoxAons Kol TEPIoTPO PHG.
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2. H pon yOopo améd agpotopn

2.1 MOpp®o1-0vOpa.TOAOYI0 ALEPOTO RAV

AgPOOLVOLIKNG LOPPNS SOUTH LTTopovV Vo BempnBodv ta cdpoto ekeiva 6To omoio

N d1dotaon N kaOet oy KatevOVVGT TG PONS givar PIKPO TOGOGTO TG H1AGTACNG

Katd mv katevBovvon g kOPg por|, Ve O€, M EMPAVEIL TOVS €V TOPOLGSLALEL

OLVEYEIEG. AEPOTLVOUIKTG HOPPNG COUATH €ivon kol M aegpotopn] Tng omoing To

TPOGO10 TUNUA TTPOG TN POT] EIVOL GTOYYVLAELUEVO (Y10l VTONYNTIKEG TTTEPVYES) EVA TO

micw uépog g KatoAnyel o€ o&gla ypapun. Avo sivor ta Pacikd ctoyeio popemong

™G 0EPOTOUNG: M KOPO®ON TG WECNG YPOUUNG Kol 1 SWVOUT TOVL TAYOVS. XTO

akoAlovBo oynua eatvovtol To GTAS LOPPMGCTG TG 0EPOTOUNG. Xe kdbe onueio ™

HEONG YPOUUNG TNG OEPOTOUNG Kot KAOeTOL TPOG TN WECM YPOUUY, TPOcTiOETOL

ekatépofev e HEGG YPOUUNG TO GO TOV TTAYOLG TG OEPOTOUTS.

C= YOO AEQOTOUNG

IMavw otn péon yoouun ®xotl exatéomdev rnoOETwe
TTEOG AVTN TTALQVOUNE /2 UNKHN ROl OYNUATICETO

TO JTEQLYQOUULOL TNS AEQOTONGS.

MEYLOTO TTAxXOC
= Mndeviry) »Aion
Méon yoopuun

N5 O
Nl 7.4

AT IT 3oANc / ]
AR TTQOOCPROATC xOQdN Axpn Quynig

Xt
X(ye)

)

2.1.1Mopewon acpotourg.

f= pévyrotn ®veTtdTNTA

P= O¢on puéyLotng »votéTnTog

Ouey.= HEYLOTO TTAXOG, CUUUETOUXRY] SLAVOUTY TTAXOVS
Xm= 0fon péyLotov téxovg
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JOVETMC M aepotoun pmopel va yapaktpilotel amd pio dwvoun méyovg kor pio
dtavoun PEAOLG NG HEONG YPOUUNG ovnyHéEva oTn Yopdn g aepotouns. Emumiéov
peyétn mov kaBopilovv ™ GLUTEPPOPA TG OEPOTOUNG HEGH TN pon €ival | Yovia
TPOoTTOONG, ONAad M yovie mov oynuotiCet n YopoN NG CEPOTOUNG HE TNV
Katevhuvon ™G en Amelpov TayvTNTOG, Kot 0 opBpdg Reynolds g pong mov opileton
LE YOPOKTNPOTIKO WUNKOG ovoPopds Tn xopdn 1Tng aepotoung ko kabopilet

OVLGLOGTIKA TN YOVio am®AEL0S oTPIENG.

2.2 Iotopucn eEEMEN TOV 0.EPOTTONOV

H popowon tov tpdtov 0EpOTOU®V £YIVE EUTEIPIKA LE TNV OATOUUION TS LOPONS
TOV TTEPVYOV TOV TOVA®V. [1’00TO Kot 01 0EPOTOUEG QVTEG TOPOLGLALOVY UEYEAN
KOUTOAOTNTO HESTS YPOUUTS, elvar de e€oupeTikd Aemtég. Ot aepotopés avtég eivon

KOTOAANAEG Y10 YOUNAES TOYOTNTEG.

Inuovtikd dApa ot Bedtioon kot EEMEN TV 0EPOTOUDOV OTOTELECE 1) ELPAVICT) TNG
Oewpiag Tov agpotopdv Joukowski pe ™ ypnomn Tov GLUUOPPOV HETAGYNLLOTICLOD.
H Bewpia avtn enétpeye ™ cLGTNUOTIKN Kot oveEAPTNTO LEAETN TNG EMIOPOOTG TOV
ThYOoVG TNG OEPOTOUNG KOL TNG MEONG YPOUUNG NG TOVEO OTO OEPOIVVOLLIKE
YOPOKTNPIOTIKE TNG OEPOTOUNG OT®G o TA EKPPALOVTOL LLE TOVG GVVIEAEGTEG VOO

Clxo porig Cm. Ot cuvtedestég antoi opifovtatl mg:

L M

m=P, 2
EUooSC

, OOV

-L 1 (cvvoAikn) dVvoun Téve 6TV 0EPOTOUT] OTMG TPOKVTTEL ald TV OAOKANP®ON

™G O10VOUNG TOV TECEMY GTO TEPTYPOLLLLO TG OEPOTOUNG
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-M 1 pom TV SUVARE®V EK TIEGEMG MG TPOG TNV OKUT TPOGPOANG TNG AEPOTOUNG
—U n em drepov tayd o tng eAe0Bepnc porg

-C 1 YOPON NG OEPOTOUNG KoL
-S 1 emedvela Tng.

2V TNUOTOTOINGT TOV YVAOGEDV TIve oTiS aepotopnés anotéhece 1 oelpd NACA 4
ynoeiov mov moapovcwotnke to 1913. X1 ocepd vt t0 UEYIGTO TAYXOG TNG
agpotoung Ppioketon oto 30% ™G YopdNG, M 0 péom ypapun anoteieiton amd VO
TopofoAéc pe Kowvn epantopévn 6to onpeio Topng tovg. Iopdpetpotr mov kabopilovv
povoonpavto TV oepotopun) €ivar m 0€om g HEYIOTNG KLPTOTNTOG, T WHEYIOTN
KLUPTOTNTO TG HECNG YPOUUNG KOOMG Kot To HEYIGTO TAY0G TG aepoToune. H mhéov
YVOOTH AEPOTOUT TNG OKOYEVEWS VTG eivon 1 agpotoun 4412 ta ynoeio g omoiog

ONAdVoLV:
4 4 12
f=0,4c p=0,4c 8,e,.=0,12C

H dwvoun moyovg kaBmdg kot m dvopr] tov BEAOVE NG UEOMG YPOUUNG YO TIC

0EPOTOUEG TNG OIKOYEVELNS oG divovton amd Tig akoAlovbeg oyéoels:
Ve = ‘Sg—oy [0,2969 \ff - 0,126~ - 0,3526 (7)* +0,2843 (©)* - 0,1015 ()*]

y f

&:L - Y2 f -
L @px-) g Z<p 2= L

Cc

[(L-2p) + 2px-X2] yio = 2p
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Beltioon tov agpotopdv 4 yneiov ™mc NACA amotéhece m gpedvion tov
AEPOTOUMV S yMEI®V. XTIC 0EPOTOUES OVTEG M BEoM TG HEYIGTNG KLPTOTNTOS TNG
HEONG YPOUUNG HETAPEPONKE KOTA TO dLVOTO UTPOCTA Yo va avénbel o péylotog
GUVTEAECTIG VOGNS TNG 0EPOTOUNG, 1 € dlavouT TaXOVS Y, mapépetve 1 idto. o o
010 mhyog wor wvptédmTa M oagpotopr] S ymeiov €xer 10%-20% peyoivtepo
GLVTEAEGTN AVOGTG GYETIKA e TNV agpotoun 4 ynoeiov. H miéov yvoot) agpotoun

avTNG ™G oelpdg eivar 1 agpotoun 23012 ta ymoeia g omoiag dSNAmvovV:

2 30 12
;=302 p=03R2c 8 ey, =0,12¢

Omov C}; 0 6VVTEAESTHG AvoNG GTNV WOVIKT YOVio TPOCTTOONG.

Olec o1 0gpPOTOUEG OV AVOPEPONKAY TPONYOLUEVDG Vol OTOTELEGLLO. EUTEIPIKNG

oyedl0oNG KoL EKTETOAUEVOV TEWPUUATOV OE AEPOSVVOUIKES CT)POYYEG.

Ot agpotopég 6 ymoeiov mc NACA eivar o1 Tp®TEG 0EPOTOUES TOV GYEOAGTKAY
Beopntikd ®ote va €xovv dedopévn dwvoun mieong. H dwavopn avt etvon t€too
MOOTE VO O1TNPEITOL KOTA TO OLVATOV GTPMTH PON YOPW OO TNV GEPOTOUN Kol AP
YOUNAOG GLVIEAEGTAG OVTIOTOONG NG 0EPOTOUNG, KaODG emiong wor vo givon
avénuévoc o kpioog apBpdc Mach. ‘Etot ot agpotopéc avtég €xovv 10 uéyloto
Téy0G TOLG Alyo TPOG TOL TGW GYETIKA LE TIG AEPOTOUEG GAADV CEPDV HE GKOTO TNV
kabvotépnon ™¢ petdfoong ™ otpotie pong o€ tupPddn. To otabepn TN
QOPTIONG TOV OEPOTOUMV OVTMOV KT TN Yopd1n, M €&lowomn g HEONS YPOUUNG

dtvetar omd ) oyéon:

Ye — Ci x X ad X A
?_-7[(1-;)|n(1-;)+;|n(z)] , 6OV
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C;; 0 GLVTEAEGTNG GVEGNG TG OEPOTOUTNG GTV WOOAVIKT YOVia TPOCTTOOTG.

Eivor @avepd 611 n exhoyn tov cvvieheot| C;; kabopiler T péon ypopun, a&o o
mapatnpnong &ivar Ot ot TeETOyUEVEG ™G UEOMG YPOUUNG €tvol avAAOYEG TOL
ovvieheotn| Cp;. Ot ogpotopés mg owoyévelog owmg yapaxktnpilovrar and 5 yneia. H

agpotoun 64-212 mwov amoteAel emTuynUéVN EKAOYY TG CEPAG VTG €XEL T €ENG

YOPOKTNPIGTIKA:
6 4 2 12
NACA cepd 6 0éom eléyiomg ;=02 Gy, = Uyl

nieong 0,4c

210 oYU wov axkolovBel @aiveton pion TUTIKY UETAPOATN TOV GLVIEAESTY| GvmOONG
C, pe ™ yovio TpOCTTOONG Y. EVIOTICHO Pocwdv peyedmv. XZvpmepacpotikd,
UTTOPOVUE VO TOVHE OTL SWOMICTOVETOL 1) YPOLLUIKOTNTO TOV GUVIEAEST Gvaong C; pe
™ yovio TpdoTTong o, eviomiletal 1 yovio undevikng avaong a, (6mov €;=0), kot
YoOVio ATOAEWS CTAPENG Agrqy, OOV EPPOAVICETAL O PEYIGTOG CLVIEAEGTNG AVOOTG

Ci max TPV OO TV EULOAVIOT OMOAELOG GTAPIENG.
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16 = i G s it e (XHI(L))»ELG m‘_
I
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a=0
0

YOV UNOEVIXNC
avomong
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i
|
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| |
- 8F | |
| |
12} | |
aovnTrd | II
_ 1.6 L oTOAGQLONC | | O
1 ] Y 1 Y J
-24 -16 -8 0 8 16 o 24

2.2.1. Torikn petoffodn ooVtedeots Gvwons Kol Y VIog TpOoTTworG.

210, akOAovBa oynpota dtvovTol To 0EPOSVVOUIKE Y OPAUKTNPIGTIKA TPUDY OEPOTOUMY
NACA 4412, NACA 23012, NACA 64-212 6nmc mpoékuyov omd TEPAUOTA TNG
NACA. Xta 1o oynuate mopovctdloviol emiong amoTeEAEGUOTO Yo TNV EMLOPOOT)
Tov opBpod Reynolds g pong oToVE GUVTIEAESTEG GVMONG KOl OVTIGTOONG KoL
EWVIKATEPO OTN YOVI OTOAEWS GTPIENG KOt GTOV UEYIGTO GUVIEAEGTI GVOOCTG.
Emiong yivetor o@avepn m emidpacn g OomOKAIONG TOL UETATTEPVLYIOV GTOVG
AEPOOVVOLIKOVG GUVIEAEGTEG AVAGTS, AVTIOTOONG Kol pomtng mpdvevong. H ypapikn
TOPACTACT LETAPOANG TOV GULVIEAECTN OVTIOTOONG (G GLUVAPTIGCT TOL GULVIEAECTY|
dvmong ™G aEPOTOUNG, OV KOAEITOL KoL TTOAKY] OVTIGTAGTG, PAVOLPOVEL TNV VTTapEN
eldyiomg NG ovtiotoong Cy; o€ kbmow yovio TpOSTTOONG @; , KAOMOS Kot N
oxedOV mopaforikn adENCT TNG TWNG TOL Yo YOVIEC TPOCTTIMONG €KTOG KATOL0G

TEPLOYNG YOPW OO TNV 1O0VIKT YOViK TPOGTTOGNG.
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Ov mponyovpeveg agpotopés Yoo apluods Mach peyodvtepovg tov  Kpiciov
Tapovctilovy onuavtikd ovénuévn aepodvvapikny avtictacn. H onpovtikny oavm
avénon G avtiotoong oesiletonl 6To AmOTOUO Kol 1oYLPO KOO KPOVUONG TOL
oynuotileTon 610 WAV® HEPOG TNG OEPOTOUNG, UETE TO OTMOI0 1 LIEPNYNTLKY POon
petatpénetal o€ VoMM TIKY. Ol VIEPKPITIKEG TTEPLVYEG avamTOYONKov amnd ToV
Whitcomb kot moatovcidlovv 10 Pooikd mAeovéKTua TG METAPaong  TNG
VIEPNYNTIKNG PONG GE LIONYNTIKN UEGH acBevdV KLUATOV GVuTieons. Amotélecuo
avToV €tvol N LELOUEVT] OEPOSVVOLLIKY] QVTIGTACT OV T OPOVGIALOVV Ol VITEPKPLTIKEG
aEPOTOES o€ vrepkpioovs apBpodc Mach. Ov vrepkpitikég avtég 0epOTOUES
amodelytmke OTL Tapovcd{ovy TOAD KOAG YOPOKINPICTIKE OKOUN Kol GE YOUNAES
toVTNTeS. Tétola PacKd YopaKMPICTIKA £ival N YOUNAT 0EPOSVVOUIKT avVTIoTOON
KaBdGg Kot n opoAn andAgln oTPIENG o€ peYdAeG Yovieg TpocTtoons. Mia té€to1n
agpotopn, mov yapaktnpiletar and ta apywd GA(W) (General Aviation Whitcomb),
édwoe e mrepvylo Fowler yopdng 30% tng aepotoung HEYIGTO GUVTIEAEGT AVOGNG
C, = 3,8 ko ywpic ntepOylo KAUTLAGTNTOS GTNV OKUT TPOGPOANG 1 EAEYYO OPLOKOV

GTPMOUOTOC.

270 oMo TOV 0KOAOVOEL PaivovTal TUTTIKEG LOPPES S10POPOV OEPOTOUDY, EVD GTO
emdpevo yivetar ovykpion piog GA(W)-1 agpotoung pe aepotopuny NACA cepdg 6,
oyed00V 1Biov Thyovg Kot PELOVG LEGNG YPOLLUNG.

& o

Clark-Y-15

o - e TIVETD

NACA 2412
S WhitcOmp-VTEQXRQLTLAT) AEQOTOUT|

NACA 23012
NACA 16-212 NASA GA(W)-1

2.2 .3. Tomikeg HOPPES O10POPDY CEPOTOUDY .
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NASA GA(W)-1 airfoil
O NASA standart roughness
a NACA standart roughness
NACA airfoil, NACA standart roughness
0| ———65,-415
655—-418 H0—
1.6 ool
2 \
<
12 - ~K P
. la : Y
// A
0.8 n/“ 2 4
0 2
04 +
-l’
/ 4
0 L
/
-04
y-
sl
0.1
0 C,, Aela aggoToun
G o }' —— =
0.1} = S\l
)
-0.2

-12 -8 -4 0 4 8 12 16 20 24
a, deg

2.2.4. Xoyrpion piog GA(W)-1 aeporouc ue aeporousy NACA oeipic 6.

INUOVTIKY EMOPOCT) OTOVG GULVIEAEOTEC EXEL 1 TPOYVTNTO TNG EMQPAVEWG TNG
agpotopng. I tn perén mg enidpaong g poyd ™ T0G 6T0VG GVVTELESTES C) Kou Cy
&xovv tpomomomBei d1dpopeg Tpayvmrec katd NACA 1 NASA, 6nwg avdioyn fTav

KO 1) TpOTonoinon e tpaybTtag Tov coAnvev kotd Nikuradse pe kdkikovg dppov.

210 oynua mov akoAovBel @aivetar oakpPdg avt) M emdpocn. AvENoM ™G
EMPAVEIONKNG TPOYDTNTOS TNG OEPOTOUNG €YEL G OMOTEAEGUA TNV av&NGM TOV

35



OLVTEAEST OVTIGTAONG, TTPAyLa oV dev givat emBountd, oALL cLYYPOVEOSG avénon
TOL UEYIGTOV GLVIEAESTN GVOONG DG OmOTEAESHO KOOVOTEPNONG TNG OMOKOAANGONG

™G poTg.

0.04 asa GA(W)-1 airfoil tL
& O NASA standart roughness
d BNACA standart roughness
0.03 NACA airfoil, NACA standart roughness
; —— — 65,415
65,418 I}L(
0.02 | o
= b //. Pl
~— ., -
0.01 X
0
-12 -8 -4 0 4 8 12 16 20 24
G
1 1 1 I 1 1 I 1 1 I T 1 1
- NASA GA(W) — 1 airfoil -
Roughness off Roughness on
NACA airfoil, roughness off
- --=-=-65,—-415 —== 4418 -== 2412 n
22 L —= 65;-418 23018 =
Clma\' D___.r—-—"" P
1|
2.0
A
1.8
"/ ]
/ - —“*
1.6 c,// e
/"r’/ /,’ [ — =]
AT 17 -~
1.4 A s P
2 Iﬁ =
14
,7
12 —3K
1.0 6
0 2 4 6 8 10 12 14 x 10
AoLOuog Reynolds

2.2.5. Ermiopaon tne tpoyirnrac kar Reynolds erovg ovvredeotés Cy kou C 4 agpotousc.
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Televtaio, petd to €tog 1973, dpyoe va eetdleton 10 mPpdPAnua ebpeong g
aEPOTOUNG €KEIVNG TOL TTAPOVGLALEL TO UEYIGTO GLVIEAESTH GvmONG Kot €AGY1GTN
aepodvvapKn avtictoon. To mpdPAnua 0dNyNoce G AePOTOUES TOV TTAPOLGLALOLV
copOG PeATiopEVE YopoKTNPIOTIKA. O1 TEPIGGHTEPEG TOV OEPOTOUDY OVTAOV EMELON
emwvonOnkav and tmv Douglas Corporation amoteAovv Tvevpatikn g 110KTNoio.

210, akOAovOa GYNUOTO TOPOVGIALOVTOL TO AEPOSVVOLUIKA Y OPAKTPIOTIKA OVTOV TOV

OEPOTOUMDV.

—
3T Re = 3.0 x 10¢
Re= 3 x 10° -
C, = 1.35 dC
-2 ta = 9,2° Cn da = 0-12/deg
— = 12.5% 5
cp max
-1»-
0 { | L1 1J.0
X 0.5
C 0 ‘o
0.01 0.03 0.05~_0.07
1 __;-0.2 1 1 ; @ E

4 8 12 16

2.26. Awwvoun Tieons yopw omo oEPOTOUN,. 2.2.7. Agpodvvouixoi ovVIedeaTés oEPOTOUTNG.

XapoKTNPIoTIKO TOV 0EPOTOUDV AVT®OV givor 1 dlavoun ™G mieong 610 Endve LEPOG
™G OEPOTOUNG EIval TETOLO MGTE TO OPLOKO GTPM® LA VoL BpickeTOL GYXEOOV GTO OPLO TNG
amokOAANonS. ‘Etolr ehayiotomoteitar o ocuvvieAeotng avtictaong Adym  Tpipng.
Avtifeta, 6t0 KOT® HEPOG NG OEPOTOUNG, O OLVIEAEST| Tieong eivon mepimov

otadepdc.
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2.3 leprypaen Tng pons YOP® amd agpoToun

Mia TomiKY] LOpON TOV YPOUUOV pONS YOP® amd OEPOTOUT POIVETOL GTO OKOAOLOO

oynua yw ogpotop] NACA 0012 o€ yovia tpéocntwong 0 kot 8 popmv.

2.3.1. T'pouuéc pong yopw amod aepotoun oe ywvia xpoorwtwons 0 kair 8 poipwv.

[Mopampodvtog ta, OT®g TPOKLATEL AO TH GUYKAIGT TOV YPOUUL®OV POTS, LTOPOVLE
Vo JmICTOCOVUE TNV VTOPEN ONUEIOV OVOKOTAG OV OKUNY TPOGPOANG ™G
QEPOTOUNG KOl EMLTAYLVON TNG PONG OT0 UTPOGHI0 UEPOS TG OEPOTOUNG. XNV
TEPLOYN OWTN Kot 1O10UTEPO GTO EMAV® UEPOG TNG OEPOTOUNG, OVOL LEVOVTOL 0P VITIKOT

cvvieheotég migong C,. Metd dwmotdvetan emfBpddvven tne pong, omoKAon Tmv

YPOLUOY pONG Kot OpaAn £6080 TG PONG Amd TNV aKHT YLYNS TG AEPOTOUNG.

210 akdAovBo oyuaTo GoiveTal piot TUMIKN SLOVOUT TOXLTNTOV KOl GUVIEAECTMOV
mieong vy pony Yopw omd agpotoury NACA 0012 oe 0 ko 8 poipeg yovia

TPOGTTOGNG.
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2.3.2. Mivour ovveeleotiig migong Cp yio yovio mpoontwons a.=0°, Re=7,6 105.
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2.3.3. Miovour ovvredeotig migong Cp yia ywvia wpoorrwons o.=0° Re=7,6 105.
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Onwg @aivetor Kot and TO TEAELTOIO GYNUO, VIO TIS TEPIGGOTEPEG OEPOTOUES M
avénon g yoviag tpdontwong péxpt 8 M 10 poipeg dev ovverdyetar alloyég otV
TUTKY LopeN TG Otavoung g mieons. O ovviedeomg Gvoong eokorlovbel va
UeTAPGAAETOL YPOAUUIKAE pE T YOVIO TPOCTTOONG. XTIG HEYOAES OUMG OVTEC YOVIES
npoontwong  apyiCovv vo  gppaviCovtor Kot vo  €mOPOVV  TO  QOIVOUEV
GUVEKTNKOTITOS TOV PELGTOV GTN SOUOPPMOGST TOL IOV PONg. ZVYKEKPEVO GTO
eMavm PEPOG ™G aepoToung apyiletl va epeaviCeton amokOAANoN TnE PONG &ite TOMIKN

(Lopen PuCoOAAIDOG) eite eKTETAREVN (TANPNG OTOKOAANOT)).

H gpodvion ™g amoxdAinong aildalel pilikd T Slovop ToyLTHTOV Kol TECEMV
YOPW OO TNV CEPOTOUT OTMG KOl TO GVVIEAECTN AVMOONE TOL TM PO EIVOL LIKPOTEPOG
aVTOD TOV KPOKVUTTEL e TNV VIOBeoN NG SLVOUIKNG PONG (YPOUMKOTNTO GYXECTG
dvoong-yoviag tpocntoons). O cvviekeot|g dvoorng eaxolovbel vo avédvel pe
mv adénon mg yovieg mpdomtOong pEXPL OpOG WIOG MEYIOTNG TWMNG TG Y®VIOG
TPOGTTOONG, 1 0moio KoAAeiton yoVvio andAEWG GTHPIENG TS OEPOTOUNG. TN YO Vi
VT TPOCTTOONS O GLVTEAESTNG Gvmong givor o péywstog. Toapamépa adénon tng
yoviog TpOcTT®mOoNg 00NYEl 6 Pel®ON TOV GLVTIEAEST AVOONG AOY® OAOKANPMOTIKNG

TAEOV OKOAANONG TG PO OO TO ETAVA PEPOG TNG OEPOTOUN.

Y10 000 axolovba oynuata divetat n dtovoun g mieong yopw omd agpotouny NACA
0012 o¢ yovia tpoécTtmong 12° mov Bpioketor Kovtd ot yovio andielog otpiEng
kabmc emiong kor 1 dwvopun mieong oe 20° yovia mpdéoTT®ONG OTOL AMO TNV

oVYKpPIoT dlomeTdvovTal ot Plikég S1apopEg avaloya e T YOVIio TPOGTTOONG.
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2.3.4. Movoun ovvredeotij migong Cp, 1oy vio mpoomrwong 12°
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2.3.5. Awowvoun ovvredeorn micong Cp ka1 ypouués pong yia aepotoutj oe ywvio mpoomrwong 12°

Mia ogpotopr] YeEVIKE eMOIOKETAL VO EXEL YOUNAO GULVIEAEGT OVTIGTOONG Yo €val
UEYOAO €0POC UETAROANG YOVIOV TPOCTTOONG KOVTE GE OLTOV TTOV OITOLTELOTOL Y10
nmon dpkeiag. Eniong o péyiotog cvvieheomg dvoong va givar 660 10 duvatod
UEYOADTEPOG YiveTow youti ovTOC £Yel Gpeom emOPACT GTN TOYOTNTO OTOAEWS

ompigng (L€yebog Pacikd yoo TV amoyeiwon TOL AEPOGKAPOVE).
Awxpivovton yevikag tpia £i0m anoAelidv otpiEng:
-Tomog 1: Andietn oPIENG OKUNG UYTS.

Xe aUTO TOV TUTO OMOAEWG oTNPIENG N KOUTOAN AvOONG OTNV TEPLOYN OTMOAELG
ompiEng etvar otpoyyvAevpévn kot 1 am®AEl oTNPENG eivon opodn. Ot agpotopég
aVTEG EYOLV UEYIOTO GLVIEAESTH Gvwong yYupw oto 1,5 1o omoio eivar Betkd. To

puéyeboc ™G amokOAANONG HEYOADVEL UE TN YOVIO TPOCTT®GNG Kot apyilel amd TNV
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aKun euYNG Yopw ot 10° 6mov o cuvtedeotg dvoong givar 6to 1 kon t0 péyebog
av&dvel péExpt mov 1 amokOAANoN eBavel 6to 50% ™ xopong. [epartépo abEnom g
YoOVioG TPOCTTOGTG 001Yel € avENOT NG AMOKOAANULEVNG TEPIOYNG Kot pelmon Tov

GLVIEAECTN AVOOT|G.
-Tomog 2: AndAieia opiEng oxpUng TpocsPorng.

Y& owtd 10 TOMO OMOKOAANGOMG Ol 0EPOTOUES EUPOVICOLV EAAPPADG LEYOADTEPO
UEYIOTO CUVIEAEGTH AVOONG OAAG CMUOVIIKA T10 OTOTOUN MTOGCYN TOL GE YWOVIEG
TPOCTTOOTG UEYOADTEPES TG Yoviog omdiswg ompiEns. To @awvdpevo oavtd
amodidETOL 6TV ATOKOAANGT TOL ePLEOVILETON GTNV aKUT TPOGPOANG TNG AEPOTOUNG
Kot OQEIAETOL TN WIKPN OKTIVO KOUTLAOTNTOG TNG. Z€ YOVIEG TPOCTTMONG KAT® NG
yoviog andAelog oTpIENg N omoKOAANon Tov cuuPaivel oty akun TpocsPoing etval
TOTOV PLGOUAAIDAG ONAAON TO OPLOKO GTPAO LA TNG OKUNG TPOSPOANG OV gfvan GTPOTO
QTOKOALATOL KOl KOTOTY EMOVOKOAAGTOL GTO EMOV® HEPOG TNG OEPOTOUNG POV
petonécel oe TvopPades. o peyaAvtepeg yovieg mpOGTTOONG 1 ATOKOAANCT TNG
aKUNG TPOGPOANG €lvol OLOKANPOTIKY Y®PIS €MAVOKOAANGCT TG PONG Tove otV
agpotopun). O TOTOC AMOKOAANGNG NG OKUNG TPOocPoArc elvar Aydtepo emBuuntdg
and Tov TOMO OMOKOAANONMG TNG OKUNG QLYNG, epeaviletor 0 yevikd oe AemTég

aePOTOES TTAYOVG HKpOTEPOL 0md 12%.
-Tomog 3: AndAieto oTTIENG AETTAG OEPOTOUNG.

O tHmog owtdg AmoKOAANGTG £XEL TOAD HKPOTEPO UEYIOTO GUVIEAEGT GVOONG KOt
yopoktnpilel AenTéG 0EPOTOUES TAYOVS KAT® TOL 9% e pIKpNG KOUTLAGTNTOS OKUN
TPOcPOANG. AdY® TOV YOPOKINPIGTIKOV OVTOV 1 OTOKOAANGN TNG POonNg omd TO
EMAV® UEPOC TNG OEPOTOUNG EIVOL EKTETOUEVI] LE OTOVOUKOAANGCT KOVIQ GTNV OKLUY|

EKQLYNG Kot cvpPaivel 6e PLIKPES YoOvieg TPOSTTOOTG.
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3. H po1 yOp® amd TNy TTéPuyd 0.€POOKAPOVS

3.1 Meprypaen TS po1s YOP® amd TTEPVYA ALEPOCKAPOVS

H ntépuya eivar 11 tpuqpa ekeivo 100 0€POCKAPOVS GTO OMOI0 OVOMTOGGETOL KoL
epoppoleton n dvoon. H pon tov aépa yOpw amd v ntépuya givol Tp1oocTaTH, TO
d¢ peVoTo gival CLUTIEGTO Kol GLVVEKTIKO. [0 TOVG VTOAOYIGHOVE OU®G TNG SLOVOUTS
TOV TEGEMV Kol KOTO CUVETELN TOV SVVAUE®V TG Gvmong Kot ™G omeOérkovoog
oV €vEPYOVV GTNV TTEPVYA TOV OEPOCKAPOLS, YIVETOL KATUPYNV 1 Tapadoyn OTL To
PEVLOTO iVl AGLUTIEGTO KOL LT GUVEKTIKO Kot EMAVETOL TO TPOPANUA TG dveomng.
Xm ovvéyelo yivovtor ot dopfdCEC A YO GLUMESTOTNTOS KOl GTI) GULVEYEW TO
pevoTo Bewpeitor cuVeKTIKO Kol VIOAOYIleTal 1 AvTioTOON TNG MTEPLYOS HE TNV

vdBeon OTL yevikd 1] cuveKTNKOTNTO OEV ENMPedLeL TNV AvoT).

Mia agpotopr] onpovpyeitor and pio HEon YPOUUN Kot Uit KOTOVOUY TiYovs. X
HECT YPOUUT KoL GTN YOVIO TPOGTTOONS OQEIAETAL 1 AVOGT), EVA 1) KATOVOUN TAYOVG
TPocoidel oTafepodTTA GTN POT), KAOVGTEPEL TNV TOKOAANON TG, KVPIWG GTNV OKLUY|
TPOSPOANG Kot YEVIKOTEPA EMTPETEL PON XWPIG KPOVGEL G€ pio evpOTEPT TTEPLOYN

YOVIOV TPOGPOANG YOP® OO TNV WOOVIKT YOVIO TPOCTTIMOGCNG.

Me avtf] TN AOYIKN pUmopovpe va movUe OTL 1 (TPoddoTartn) TTEPLYN UTOopel va
BewpnBei 6T dOnpiovpyeiton amd P emMEAVEL ‘UECOV YPOULOV KOl Pio TPIGOIICTOTN
KOTOLVOLLT] TTAYOLG YVOP® ootV péon empdvela. Eivar pavepd 6t n popen tov pécmv
YPOLU®V Kot 1 YoOVio TPOSTTOoNG Umopel voo LETAROALETON KOTA TO GVOlyHo. TNG
TEPLYaS. Xe pio TpodioToTn TTEPVYA, oV PpickeTal o€ yovio TPOCTTOONG LEGH
€ TOPAAANAN POY|, OTO EMAVE LEPOG TNG EMKPOTOVV YOUUNAOTEPES TEGEIS OE OYECELS
HEe TO KAT® WEPOC NG TTEPLYOS OMATE TO PELOTO TEivel va mepdoel amnd To
OKPOTTEPVYLN GTO EXAVD HEPOS TNG, OVOTTOGGOVTAS £TCL Wi €YKAPOLO KVKAOQOPia,

omoTE KoL EEICOVEL GTO AKPOTTEPVYIL AVTT| T S10POPA TIECEWMV.

210 akdA0V00 GyNU PAIVETAL T LOPPT| TOV YPOULDOV PONS TOV OVOTTOGGOVTOL.
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3.1.1 Avamroén eyrdpoiog Korlopopiogs.

Amd to oyfuoaTe aVTé LTOPOVLE VO HOTIGTOGOVE OTL GE OTO0ONTOTE CNUEID TAV®D
oTNV TTEPLY A TO PELGTO £xEl avTifeT KotevOLVVET Katd Tov dEova Y Yo >0 kot z<0,
ONAad” oV KAT® KOl TNV TAVE EMPAVELD Ol EYKOPGIES TOYXVTNTEG TOL PEVGTOV
etvar avtiBeteg. H kivnon avt tov pegvotov pmopei va Bewpnbel 6TL dnpovpyeiton
and ypopun 6tvng n omoia ekeevyel and To oNueio A ™G aKUIG QLYNG TNG TTEPVYAS

ko €xel karevOvvon ( yo X>C(y) ) mov CVUTITTEL e TNV TaOLTNTA THG TAPAAANANG

poTiG.

H ntépovyo Aomdv pmopei va avikoatactobel and £vo cuoTUa dSIVOGOANVOV, TOV
Bplokovtar mdveo oe plo emedvela mov opiletor omd TG HEGES YPOUUES TOV
OEPOTOUMV OO TN YPOUUN QLYNG TNG TTEPLYOS KOl OO TNV €T AMEPOV TOYVTNTA,

Om®G QaiveTal Kot oTa akOA0VO GyNLLaTOL.
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Ot dwvocwAnveg mov akoAovBovv v TTépuya (EAevBepotl divoocmANveg), ot omoiot
EKTEIVIVTIOU GTO GMELPO, EMAYOLV GTNV EMPAVELN TNG TTEPLYOS TAYOTNTA W 1 0ol
€Yel Kol cVVIGTOOO W Kotd v d1evBuvon v kabetn oty endmepo toyvtnta U, .
Amotédecpa avtod oL YeYovOTog €ivon 1 peETaPoAn ™G yoviag TPOCTTOONG o
(YE®UETPIKY YoVio TpdonTmong) Katd T mocotnto (W/U,), dnwc ¢oivetor 6To

akolovBo oynpo, omdTte N TPOYHOTIKY YoVio TpdcTTOONG Elvon 1 &,

a,=a+wU,

3.14. H yewuerpixn kol Tpoyorikn yovio. Tpoomtw org.

Q¢ ocvvémew ™G oAAayNG TG YoVia CTPOCTTOONG AOY® ETAYOUEVNG TOYVTNTOS, M
SuVaUIKN Avemon o€ 6ToyEdEg avotypo dy givatl KAOET 6T CLVIGTAUEVT TAYD TN T

(Uoo ,W)'

oT I ) T { ) oT o TOYOTNT tvau 1o
H ctotyeimong ovva, ov elval kabe v e’ dmepov tayvtra U, givon 1 €

dL, pwpdtepn g dL".

dL=dL" {1 - (WU, 2} % ~dL’
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To G&lo mopatpnong oty nepintmon avth gival 6Tt 10 oTorEW®dEG TUa dy Tng

TTEPLYOG EREaAVICEL aepodvvapikn avtictoon domn pe dDi

dDi = dL w/U,,

H avtictoon avt) koAeitol emaydpevn, €ov kot o deiktng i (induced=emoydpevn)
Ko vl amoTéAEG LA SLVOUIKOD aLTiov, TG AveGoTg Kot Ol TG CUVEKTNKOTNTOS TOV

PELGTOV.

SOUTEPACUOTIKE UTOPOVUE VO TOOUE OTL 1) MEMEPAGUEVI] TTEPLVYO TAPOLGIALEL

EAAPPADG LEW®UEVT] OVVOUIKT BV O AALL CLYYPOVOG KoL ETAYDUEV AVTITTAOT).

4. AEPOAYNAMIKH ANTIEXTAXH AEPOXKA®OYX

4.1. Evoayoym

H oepodvvopikn oavtictaon tov oepookdeovg pmopel vo yoprotel kvupiog o€
avtiotaon Tp1Png, o€ avtiotaon popeng Kot ce emayopevn avtictaon. H mpom
avVTIGTOOT OQElAETAl OTNV AVATTUEN JWTUNTIKOV TACE®MV TAVEO OTIS OTEPEEG
eMPAveleg AOY® TG GLVEKTIKOTNTOG TOL 0EPO KOl TNG YVOOTNS OLVONKNG un
oAicOnonc. H avtiotaon popeng ogeideton 6TV 0GOUUETPN S10VOUT TECEDV YOP®
oo TO 0EPOCKAPOG OV OiveEL GVVICTOGO dSVHVOUNG avTIOET TPOC TV KaTe®OLVGT) TOV
agpookdpove. Téhog, n emayduevn avtiotoon opeiletal ot dopopd wicong petaly
TOV KATM KOl TOL TAVO TUUOTOS TNG TTEPLYOS KOl OYETICETOL AUESH LE TV AVOON
T0Vv agpookdpovc. H koatavolokopévn 0Oe evépyewr Yoo ™V VIEPKIVIGT NG
OVTIGTAGTG OVTNG AMTOTEAEL OVGLOGTIKA TNV KIVITIKT EVEPYELD TOV KOAOVOOVVI®V TO

aEPOGKAPOG GTPOPILmV.
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4.2. Emoyopevny avrictaon.

Eivar 1 agpodvvopikn ekeivn ovvoun 1 omoio. OVTIGTEKETOL OTNnV Kivion Tov

0EPOCKAPOVS GTOV AEPOL.

evvaton and v oAAnAemidpacn Kol TNV ETAPN EVOC GTEPEOD CMOUOTOS LLE PEVCTO
Kot oyetiCetatl aueca pe v HeTashd Toug dtapopd tayvroag. Edv dev vmapyet kivnon

N ETOQEN TOV GTEPEOD LE TO PEVLGTO OEV VIAPYEL KO ETAYOUEVT] OVTIGTOON).

[To cvykpyéva n eraydpevn avtictaon dnpovpyeitor amd Ty Hapén ™me Avoong.
Avto ovpfaivel emedn  Por| KOVIA GTNV GKPT| TOL TTEPLYIOL EIVOIL TTOP APLOPPOLLEVT
KOTQ PUNKOG TOV EKTMETACLOTOG (MG AMOTEAECLO TNG OLPOP (S TTIEGTS KOTA UKOG TOV
ntepvyiov. Etot dnpiovpyovvton diveg ot omoieg mapdyoviol miow amd o TTEPVYI0 Kot
o1 omoieg givan TOAD dvVATEG KOVTA GTIG GKPEG TOL Kol LEIDVETOL KOOMDG KIVOOLLOGTE
pog ™ Paon tov mrepvyiov. H yovia mpdcTtwong tov ntepuyinv avéavetot amd Ty
EMAYOUEVN QTN PON TTPOGHETOVTAG £TCL GAAO £€VAL GUGTOTIKO GTNV OEPOSVVOLLIKN

dvvaun mov dpa 6e GAO TO TTEPVYLO.

H enayopevn avt avtictaon wg dvvaun eivar dtovoopatikd péyebog 1 KatehOvvon
™G omoiag gtvar avtiBetn 61 Kivnon tov agpockapovg kot to uEyedog g e€aptdron
and TNV Gveoon Tov dnpovpyeitol oto TTEPVYIN KOOMS emiong Kot amd TV Ye@UETPiaL

TOV TTEPLYIMV.

4.3. Opropog emayo LeVI|S VTIoTOOG.

H enaydpevn avtiotaon (F, ) vroroyiletar and tov tHnO:
Fy=¢ppcos6 dA+ pt,sinbdA
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Kot umopet va Bewpndel ¢ cuvieTapévn 000 dSVVAREWDV:
-tng omcbEdkovoag mieong, Fp,
F,,=¢ppcosf dA

H d0vopun Fp, ogeiketon omv mieon p, Ko eGoPTATOL GUECO OMO TN HOPPN M TO
oynua tov coporog. H omeBéhovca mieong eivor cuvapmon tov peyéBovg g
TlEoNG KO TOL TPOGAVOTOMGLLOV TNG EMPAVELNS TOVED GTNV omoio evepyel n dOvaun
nieong. o mopdodetypa, n dvvaun micong v omoia eaokel 0 pevoTd o KAOE
migvpa piog eninedng TAAKAS mapdAANANG TPOg ™V KLP d1evBVVGT pong Hropet va
gtvar TOAD peydn, aArd dev cuvelspépel kaBolov oty omcOEAKOVS, emedT| evepyel
KaBétwg mpog v d1evBvvon g toyvmrag U, . Amo to dAlo puépog, | duvaun mieong
piog eminedng midkag kdBeTC mpog v Kupla d1evHBvvon pong etvon ekeivn mov divel

™V OMKY| oo OEAKOVGOL.
-G omoBErKkovoag PG, Fpr
Fpr= b1, sinfdA

H dOvaun Fpr ogeiketon oty 1EDM datuntikn tdom, 7,,. H omcBérkovoa tpifng
elvor  ovvéptnon Oyt povo tov peyébovg g TOONG T, OAAA KOL TOV
TPOCOVOTOMG OV TNG EMPAVEWG TAve otnv omoia evepyel. Av m emedvela eitvon
TOPOAANAN Ttpog TV ToyvmrTa U, , | dwtuntikn dvvoun eivon exetvn mov divel v
oA omicBEéAKovGa. AvtiBeta, av 1 emedvela eivon kB mtpog v Tayv T U, M

SoTUNTIKT OVVOT OEV GLVEIGPEPEL KaBOLOV GV omcBEAKOVTQ.

Xmv artpipn pon 1 téon 7, = 0, Kot ©¢ ek T0HTOL deV VIAPYEL omIGOEAKOVG A TPIPIC.
Eniong, n omcBéikovsa micong kata tnv dievbuvon g pong, e€icopponeitan amd
pia ion dvvaun kotd v avtifem d1ehOvvon Kot T0 OAOKANP® LA THG OTICOEAKOVGOG
Fp, glvor pndév. Apa, omv eE0TEPIKN PON WOVIKOV peLoTdv, 0 Bubiopévo oto

PEVGTO GOWA, OVEEAPTNTO OTO TNV LOPPN TOV, OEV VEIGTATOL KO OV TIGTOOT.
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Onwg avaeépnike Kol TPOoNyoLHEVMG, amopaitnT) Tpovmdheon ywoo 0 BewpnTikd
VIOLOYIG O TG omsBEAKoVGaS F , etvon va gfval yveooTd To GYfLe TOL GAOOTOG Kot
n Kotavopéc g tdong T, kor mieong P. Ov mpovmoBiceg  awtég, Ouwmc,
IKOVOTO0V VIOl G€ EAAYLOTEG LOVO TEPMTOGELS eEMTEPIKNG pons. Etot oty mpdén, ot

oo 0EAKOVoEG OVVALELS VTTOAOYILOVTOL GYEDOV TAVTO TEPAUATIKA.

4.4. Ilopayovtes mov emMPEALOVY TNV EXAYONEVT] AVTIGTOON.

Yrdpyovv moiroi moapdyovieg mov emmpedlovv ™V EMAYOUEVN OVTIOTOGT WOTOCGO

UTOPOVILE VOL TOVG KOTIYOPLOTOLGOVLE GE :
) AVTOVG OV GYETICOVTOL LLE TO GTEPED ,

B) avtovg mov oyetilovton pe TNV Kivom tov GTEPEOD PECH GTO PEVLCTO-AEPD |,

Y)W ToVG OV GYETILOVTOL LE TO PEVGTO-AEPA OTOKAEIGTIKA.

[To cvykekpyéva :

a) To otepeo. H vyeopetpio tov €xel tepdotio emidpoacmn o©10 TOGO TNg
emayopueVNg avtiotaong mov dnuovpyeitar. Ommg kol oty Aveon , £T01 Kol 0T
e€aptator ypopukd omd to uEyebog TOL OVIIKEWEVOL TOL KIveitol HECOH OTO

pPEVGTO.

B) H kivnon tov aépa. H emaydpevn avtiotaon , 6nwg ko n dvoon , e€aptdtor amd
T0 TETPAYOVO TNG OYETIKNG TOoVTNTOG UETOED TOL ©TEPEOL KOl TOv afpa. Evd
emmAéov 1 KAIom TOL OTEPEOL OTN pon TOv oépa emnpealel emiong to pEyedog

mg.

v) I610mreg tov aépa. H emayouevn avtiotoon eEaptdron auecso omd ™ pdlo Tov
peVoTOV Péca 6To omoio Kveital. Emiong e€aptdron , ue éva mepimhoko tpomo , amd

000 GAAES 110TNTEG TOL AEPO. TOV E1vaL TO 1EDOEC KOL 1) GUUTIEGTOTITO TOV.
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OLot avTol 01 TOPAYOVTES UTOPOVV VO EKQPAGTOVV OTO GLYKEKPILEVO GUVTEAEGTN KO
e&lomon 1 omola pag 6tvel Tn SVVATOTNTO VOL VTOAOYICOVLLE TNV ETAYOUEVT] OVTIGTOON

6€ JOOUEVO OO0 KoL PEVGTO Kot 01 01oiot B avorlvBodv TapakdTm.

4.5. Xovreleoti|c emayopevng avrtiotaong Cd

Mo pon yopo omd copoto Pubicpéve 6TO0 KIVOOUEVO PELGTO O GULVIEAEGTIG
avtiotacng Cd eaptdrol omd 10 oyNUe 10V GOpaTog, Tov apud Reynolds ,tov

apldpd Mach, kot TV GYETIKN TP oOTNTO TG ETUPAVELOG TOV GO LLOTOG.

4.5.0 EEaptnon tov Cd a6 10 oyfpa T0V CORATOG.

O ovvteheomg EapTaTon Omd TO GYNLLO TOL COUATOS KoL KUPIMG 0o TN LOPPY| TOV
nicow tunuorog tov. Emiong, egoptdton amd to ov 10 copo eivorl 416d100TATO M
Tp1oddotoro. o chpata ta omoiar £xovv oyNuo 01POPO TOV GPAPKOD , eivon
amopaitto vo mpoodopiletan 10 p€yebog , TO YEOUETPKO OYNUO Kol O
TPOCOVOTOMGUOS TOV CGAOUATOS G TPog TV kupw dtevBvvon pong. o tov
KaBopIGUO TG HOPPNG EVOG UN COOPIKOD COUATOG EKAEYETOL Lio d1A0TOOT MC TO
YOPOKTNPIOTIKO UNKOG , Ol GAAEG O€ CNUAVTIKES OGTAGELS TOV GOUATOS O TVOVTOL MG
AOyol mpog v exkAieyeica d1dotactm. Ot Adyor avtoi ovoudloviol CUVTEAEGTEG
OYNUOTOGC. XTO oyNua mov akolovbel divetar o cvvteleomc Cd w¢g cuvdpon tov

GUVIEAECTN OYNUOTOS Y10, OCVLUTIESTN pon YOpP® omd emimedn TAGKA Kol KUKAMKO
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KOAWSpo. Ta 6vo copata eivar €161 Tomobetuéva M®oTe 1 kKateLBVVGET TG POTS VO

elvon kaBetn otV TAdKka Kot 6Tov GEova Tov KLAIVOpO.
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SUVTEAEOTNG OXNuaTog, €/d

Sy 4.5.1.

o ocopato to omoior dgv €YOVV KOVOVIKO GYNUO KOl OEV VTAPYOLV Yol OLTA
dwbéoa mepapatikd dedopéva , pmopodv va BempnBodv cav KOAdpol cpaipeg N
dlokol avdAoyo pe v T TOL ovvteEAeoT oynuatog l/d ko axoAovBwg va
YPNOOTOMOoOY TO LITAPYOVTO FEGOUEVA Y10 TO OLVTIGTOLY O GAOATO TOV KOVOVIKOU

oynuratog. Awkpivoope tpia €idn copdtov:
a ) poxpooteva (pe Aoyo 1/d>10),

B) Bpayéa (ue Aoyo l/d=1),

v ) memhotvopéva (ue Adyo /d<<1)
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~XHMA POH Cp EZXHMA POH Cp

HMIZPDAIPA KONOX 60°
0,42 o0
1517 %
0,38 &
i 0.50
KYBOX KYKAIKOX AIXKOX
¢ . 1.05 1,17
TETPAI'QNO
0.80 1.18
AEPOAYNAMIKO XOQMA AAEZEINIT2TO
0,04 \\\1/7/ 1,20
KYAINAPOX EAAEIWOEIAEX
€/d Cp €/d Zrtomtn TvoRwong
T 0.5 1,15 < ¢ . 0.75 0.50 0.20
7 3 1 0.90 7 1 0,47 0.20
d 2 0,85 ¥ 2 0,27 0,13
¥ 4 0,87 4 0.25 0.10
8 0.99 8 0,20 0,08

4.5.p E€apton tov Cd amo tov apOpo Reynolds.

270 OLAYPOLLLLOL TTOV (POAVETOL TOPOUKATO TAPIGTAVETOL 1) GYXECTN LETAED TOV CUVTEAECTN
Cd ko tov apBpov Reynolds yio acvumieotn pon yopw omd Acio o@aipa kot Agio
KOAWOpo ameipov pnkovg. O kOAWdpog elvor €161 tomoBetnuévog , OCTE 1|
KatevOvvon g pong va givan kdBetoc otov dEova Tov. Ot petaforés g KAiong tov
KOUTOUA®V o€ Odpopovg apiBuods Reynolds , eivar 10 amotéleocpo g
OAANAETIOpACTG OPOP®Y TOPAYOVTOV Ol Omoiol €AEYYoLV TNV omcOélkovca
dvvaung kot mv omeBérkovoa tpifng. o mv mapakoAovOnon tov emd pdoemv
avTOV , Bo avartoovpe TV TEPITTOO™N NG Pong YOP® amtd Tov KOAWOPO. Ao 10
Sypappo mov akolovbel tpeig meployés twdv opBpod Reynolds. Xty apd
nepoyn (Re<l), m pon yopoktnpileton amd amovcioa Owdv , ot OgbTEPN
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(1<Re<10*4), ovpuPaivel oynuotiopdg kol amdomact Owdv, ot Tpitn 7TEPLOYN

(10*4<Re), 0mokOAANGN OPLOKOD GTPAOLATOS OO TV EXPAVELD TOV KLAIVOPOL

100

o

SuvteheoTng orobeAkouoag, Cp,

001 L |
107" 100 10 102 103 10* 105 108 10

ApiBuog Reynolds, Re = u..d/v

. 4.5.4,

4.5.y EEaptnon tov Cd am6 tov aprOpo Mach.

Av 1 oyetikn TohTNTO TOV PEVOTOD MG TPOG TO GAOMO Eivol APKETH HEYOAN , TO
QAVOUEVO GLUTEGTOTNTAS apyilovv va yivovton onpavtikd. ‘Etot, o cvvteieotg Cd

eKTOG 0o tov appd Reynolds e&optdon kon amd tov apBpd Mach.

M=u/c
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Omov U givor 1 toyd T TOV PEVGTOV KO C 1) TOYOTNTO TOV NYOL GE Eval HESOUEVO
onueio tov wediov pong. H axpipng eEdpmon tov cvvtereot) Cd and tovg apiBpong
Re kar M givar apketd moAvmAOKT. 210 S1dypappa wov akorlovbel divovton ot Tég
TOV GLVIEAECTN OMIGHEAKOVGOC MC GLVAPTNGT TOV OPBUod M Yo LTONYNTIKN Kot
VIEPMYNTIKY po1| YOP® omd Tpia dopopeTikd cdpata. [lapatnpodue 6Tt yio TIHEG TOL

M=<0,5 o ovviereotig omcoHELkovcOg Kot Yo To. Tpio codpata £xel 6TadepT TWN.

Oupog v twég tov Mach kovtd omyv tuqn M =1 (ymukn pon) , ot TWEG TOV
OLVIEAECTOV OLEAVOVTOL OPOUOTIKE. XNV TEPLOYN] TNG VIEPNYNTIKNG PONS , 1M
kopumoAn Cd epopaviCer péyioto , n 0éom tov omoiov e&aptdrol omd T0 GYNO TOV
UTPOGTIVOU HEPOVS TOL cMOWUOTOS. [0 copata 6mov T0 UTPOGTIVO PEPOS avTO Elvarl
potepd 10 PEYIoTo awtd Ppioketon kovid oty Twn M=1. H peyoAvtepn tiun tov
OLVIEAECTN OMICOEAKOVGAG YO VEEPYNTIKEG TOYOLTNTES , OPeileTanl otV VIOapEN
KPOLGTIK®V KVUATOV To. 0moia dnpiovpyohv Hovo TPOGHETO UNYOVIGUO OVATTUENG

ome0EAKovoag dHvoUNG.
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Zy. 4.5.5.
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4.5.0 E€apmon tov Cd am6 ™ oyetiki TpaydTnTO.

10 oynua mov akolovBel divovtor ot TiréG Tov cvvieheot Cd wg cvvaptnon Tov
apBuov Reynolds yio acvumieom pon yop® amd ceoipo Le TAPAUETPO TN GYETIKN
TpoyvTNTOL TG emeavelag tmg. [apatnpovpe o6t 1 avénon g TpoydTTOS ™G
EMPAVELNG TG CQAIPOG TPOKAAEL LEIMOT TG TG TOL GLVIEAESTN OTIGHEAKOVGOC.
Otov 1 pon 6TO 0PLOKO GTPMLLO LETATPETETAL OO GTPMTH G€ TVPPDOT TO £VPOG TOVL
oAko¥O meplopiletor  onuOvVTIKA. ALTO  GUVEMAYETOL OMUOVTIKY UEIwoNn ™G
omoOéAkovoag mieong pe pkpn Gvodo ™G omcBéAkovcag TPPNG, OAAL O

6VVOLAC LGS TOVG 0OMNYEl € Peimon TG GLVOMKNG OTIGHEAKOVGOG.

270 GOUOTO AEPOOVVOUIKOD GYNUATOS , I OTIGHEAKOVGA dVVOUT QLEAVETAL YEVIKMG
pe v adénong g TP oyLTNTOS TOL TNG EMUPAVELAS TOL CMUOTOS, AOY® avENONG TG
TpayVTNTOS TN omcBEAKOVGOS TPIPBNS. Ao TV GAAT , Yoo COUATO TOV £XOVV TOAD
HEYOAN OVOKPOLOTIKY €MPAVEWL , OM®G po emimedn mAdka kdOetn mpog TV
katevBovvon g kOplog porg , M omcBéAkovsa dvvaun eivon aveEdptTn ™G
EMPAVEIONKNG TPOYLTNTOS , EMEWN 1N OWTUNTIKY TACN O&v evepyel kotd TNV

Katevhuvon g pomg Kot ¢ €K TOVTOV 0€ GLUPALEL KaBOAOV GtV omicOEAKOVGA.
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2. 4.5.6.

4.6. M£00601 peimong s Enayopevng avtiotoone.

Onwg avapépOnke Kol TPONYOLUEVOG 1] ETAYOLEVT OVTIOTAOT ONUIOLPYEITAL AITO TNV
vmapén ™m¢ avoone. F'evvdton omd T diveg mov dnpovpyodvial GTo AKPO, TOV
TTEPLVYIOV £VOG 0EPOCKAPOLS Ko TO 1eEYeDog g eEaPTATAL O TO TOGO TNG AVOGNG
ov dnuovpyeiton amd o TTEPHyla KaOMG eMioNg Kot T0 oy kot o péyebog twv
ntepuyiov. [ho ocvykekpyéva poxpld , Aentd mrepvylor £x0VV YOUNAY €moyOUeEVN
avVTIoTOOTN , €VO KOVTO TTEPVYLO UE UEYOAN YopdN £€YOLV LYNAN ETAyOUEVN

avticTtaon.
To gpdpa elvat TG pmopel 1 EmayOUEVT 0L T AVTIO TOGT) VO LEIWOETL.

Mmropobpe : o) vo avENCOVIE TOV TTOP AYOVTOS OTOTEAECLATIKOTNTOAS € (CUVIEAEGTNG

OV AQUPAveEL VIOYN TO PUNKOG TOL EKMETAGATOG Kot Ba avaAvBel 6t cuvéyeln) 6Go
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10 duvatov yivetor mo kovtd oto éva (e=1) , B) va avénoovue to dvorypa TV

TTEPLY®V (ONA. TO EKTETAGLA) , Y) VO AVENGOVLE TO EAEVOEPO PEDLLA TOYVTNTOG.

H gmayopevn avtictaon eivon pio pikpn cuvictd@ca 6 VYNAEG ToOTNTEG Ko GYETIKA
acnuavtn kobag amotedel poMg 10 5%-15% g GLVVOMKNG OVTIGTACNG GE AVTEG TIG
ToOTNTEG. AVTIOETOG G YOUMAES TOOTNTEG , OM®G OTN TMPOCYEIMON Kol TNV
amoyeiwon , elval GKpwG CNUAVTIKT] CLVIGTOGCO KOODG petpdel dve tov 70% g

GUVOAIKNG OVTIGTOOTG.

O moapdyovtog amoTEAEGUATIKOTNTAS € Kol TO EKTETAGLO EIVOL QUGTKOL TOPAYOVTES
OV UTOpPovV va eAeyyBovV amd T KATOAANAN katackevn. Eva oegpomidvo pe
UEYOADTEPO EKMETACHO TTEPVYOS , KOl KOTO OUVEMEW Kot vynidtepo AOYo
EKTETAGLLOTOG, £XEL YOUNAOTEPT EMAYOUEVT] OVTIGTAGT KOl MG €K TOVTOL KUALTEPO
amotéAecpa. 'ETol o1 KaTaoKELOOTIKEG EMAOYEG Yivovior £vog KOPlog Tapdyovtag.
‘Eva moAd Aemtd ko poxpd mrepvylo amontel pion Popid kotoaokevn Yyl vo 1O
vrooTNPi&et , Kol ekel yevvdrtor 10 epdOTNUO Y10 TO OV Ppioketan to onpeio exeivo
6T0 Omoi0 TO OPVNTIKE OMOTEAEGUATO TOVL OLEAVOUEVOL BAPOVG TNG OOUNG OV
OmOLTOVVTOL Yo TV oENoM TOL EKTMETACUOTOS €E0VOETEPOVOLY Tl OETIKE TNG
peioong ™G  emayouevng  avtictaong AOy®  TOV  UIKPOTEP®V OOV IOV
onuovpyovvrot. ‘Etor yuoo tnv emitevén tov PBEATIGTOL amOTEAEGUOTOS TPEMEL VO

cvvumoAoyilovpe TAN00c TopaydVI®V.

Oocov agopd v adENoT TOV EKTETAGLATOS TPEMEL VO CTUELOGOVUE OTL PE avénon
katd 10% tov exmetdopotog g mrEPLYAS mopatnpeitar peiwon kotd 10% g
EMAYOUEVNC OVTIGTAGTG YIO0. GLYKEKPNUEVN TayvTnTa. Kou dveoor. H pébodog opmg
avT 0gV YPNOITOLETOL EVPEOS KAOMDG oEAVOVTOG TO EKTETAGHA OLEAVEL KOl TO
Bapog TOL GEPOCKAPOVE WE OMOTEAEGUO VO, £YOLUE UEYOADTEPO KOGTOG KoL

TEPIOGATEPT KOTOV AAMGT KOWGTHLOV.

Ooov avapopd otig un cvpuPatikeg 10€eg oyediaong TTEPLYOV, LEPIKES OO TIC OTTOTEG
eKpeTaALgvOVTOL TNV UN cvuPartikn yeopetpio oyediaong ywo va BeATiIdGoVY ™ doun
TOU GULGTNUOTOG TNG TTIEPLYOS, UTOPOVV VO TETOHYOLV HEIWOTN TG EMAYOUEVNC
aVTIGTOOTNG EUUESO YPNOLOTOOVTOS T PEATIOUEVT VTN douT Yo va eEacPaAiGOVY

UEYOADTEPO EMETG LA YW PTG EMUTAEOV SOUIKO PAPOG.
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"Evag evoagépov 1pdmog yio ) peimon g emaydpuevng avtictaong ivot pe ) ypron
TAOKOV 1 de&apevadV oTa AKpa TOV TTEPLY®V. Mg awtd TOV TPOTO EMYEPEiTOL VO
avaotaAel 1 dnuovpyia SdvV 6ta dKpo TOV TTEPVY®V. O1 TAAKES AVTES dPOLV OTMG

axpPdg Kot 1 OENCN TOV EKTETAGLOTOG.

Mo éva tonwd wtepvylo 1o TUNUO TPOGPOANG TOL Umopel Vo TOKIAEL KOTA TPELS
Eexwp1roTog TPOTOVG Katd pnkog tov. Ilpdtov, 10 néyebog 1 t0 UNKOC T™C YOPONG
umopet va aALalel, 0€0TEPOV , TO GO TOL TUNHOTOG TPOGPOANG Hmopel var oAAGCEL
KaBdGg KAmoog Kveltar KoTd HWiKog Tov mTepvyiov, Ko Tpitov, N yovia enibeong tov

TUALOTOG TPOSPoAng pmopel vo aAAALEL

Y& MOAMEC KOTOOKEVES TaL PTEPE OTvoVTOL TEPIGTPEPOEVA £TGT DGTE 1| YO Vi emiBeomng
Vo TOKIAEL KaTd UNMKOG Tov ekmeTdcpotog. H peiowon g yoviog eniBeong oty dxpn
oV Trepvyiov ovopdleTon Katmpevpa eved ovtiBeta n avénon avme avopevpo. H
YEDUETPIKY] GLGTPOPN EKPPALEL piar YeOUETPIKN HEB0JO TOV Vo dALALEL I KOTOVOUT
™G Aveong, VO 1 0EPOOVLVOUIKT] GLGTPOEN OALALEL TNV Aveon HE TNV ¥pNoM
OLOPOPETIKAOV TUNUATOV TPOGPOANG KOTA UNKOG TOV EKTETACLOTOG , ivar dnAadmn po
aepodvvopkn HEBodog Tov var dALALELS TV KATOVOUN TG AVOOTS KATd KOG TOL

EKTETAG LOTOG.

Mo va €yovpe v eAdy10TN EMOYOUEVT] QVTIOTOOT O GLVTEAESTNG € Tov AauPdavel
VTOYN TO UNKOG TOV EKTETAGLATOG TPEMEL VL Eivart 060 To kovtd oto €va (1) yivetar.
Avt gival n Tepintoon pog EAAENYO0EIO0VS KATAVOUNG Gveong . Ydpyovv 01d.popot
TpOTOL Pe TOVG Omoiovg umopel va emtevyel N EAAEWPOEIONG QT KOTOVOUN TNG
dvoong 6mwe pe 10 Vo UETAPAAOVIE TO UNKOG TNG YOPONG Katd TNV katevhuvoTn Tov
EKTMETAGUOTOS , oL £€xel ofloonueionta omoteAécpato , kKoB®OG emiong OT®G
avoQEPONKE KOl TPONYOLUEVMOS LUE TN YEOUETPIKN] CLGTPOPY, TNV CEPOOVVOLLIKN

GLOTPOPY] 1] AKOWA KOl GUVOLACHOS OAWV OVTAOV TV HEBOS®V.

‘Eva. mtepOylo pe ehdewmtikr] popen €ivor moAd OVOKOAO VO KOTOGKELOGTEL Kot
emumAéov €xel VYNAO KO0TOG. ATO Amoyn KOTOGKEVNG O KAADTEPOG TOTOG TTEPLYIOVL
gtvar n opBoywvikn ttépuya ypis cvotpoen. Eival onpavtikd emiong to yeyovog 0t
épevveg Oelyvouv OTL éva TTEPVYIO HE TETPAYOVEG GKPeG €ivor mapdpolo o

Aertovpyia pe £vo OV £YEL EAAEUTTTIKN LOPOPT).
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4.7. Inpooio peEimons TG En0yOUEVI|S UVTIOTAOTG.

H peiwon mg emoyopevng avtictaong unopel va emeEPEL GNUOVTIKTY peiwON 6TV
KOTOVOA®GT] KOWGIOL Kot dpa otV olkovouia Tov 0epockidpovg kKobw emiong ko
oV TPOcTaGict TOL MEPPAALOVTOS. AVTO OMUEWDVETOL KLPIOC GTOL EUTOPIKA
0EPOCKAPN GTO. OO0 1 EMAYMUEV] OVTIOTACT OMOTEAEL v PLEYAAO TOGOGTO TNG
avTicToong Katd T @dorn mAsbong (tepimov 1o 10%) kon emopévamg n peiowon tng Oa

glye onuavtikn enidpaon.

Emmiéov, pmopodpe va katorafoope mv afio peloong me emay®UeEVNS avVTIGTOONS
oV OVOAOYIGTOVLE OTL QT €ivail TOAD CNUOVTIKNY OTIS YOUNAES TOYVLTNTES, OTTOL KoL
anoterel 10 80%-90% ™G GLUVOAIKNG AVTIGTOONS TOL OEPOGKAPOVS Koo TNV GvodO
oe kploweg ovvOnkeg amoyesimong. Kow eved mn amoyesimwon omotedel éva pikpo
TOGOGTO TNG GLVOAIKNG TTNONG Ol GUVONKESG OV EMKPATOLV GE OVTN ERNPEALOLV
ONUOVTIKE TN 6YE0100T TOV AEPOCKAPOVS KOOMDG KaTA TN SLAPKELD AVTNS OUTOLTOVVTOL
cvvOnkeg péyiomg dvoons. 'Etot, a@od ot cuvOnKeG 01 GYETIKEG e TN UNYOvI KOTo
™mv owpkew TG omoyeiwong omoteAobv cuVHO®C KPICIOVS TAPAYOVTEG TNG
oyedloong Tov aEPOcKAPOVS, OAAAYES OTIG EMOOGE TOV AEPOGKAPOVS GE OVTES TIS
ovvOnKeg emnpPealovy T CUVOAIKY] oYedINOT Kot EMOUEVAOG £YOLV EUUEST OALA

ONUOVTIKTY ETIOPACT GTNV AOO0GT TOL KATH TNV TAEVGT TOV.

Téhog, a&iCel va onuewdel 6Tt N kata 1% peiwomn g avtictaong AOY® Gveong
pmopel vo. Peltidoel 0 Adyo dvoong mpog avtiotaon L/D katd 0,4% pe omowa
emidpoon oy euPféreta kot n Pedtioon g emidoong KoTd TNV avappiynon pmopel
va éxel oav amotéAecpa TV enitevén anoyeiowong pe 1% mepiocotepo Papog, yeyovog
mov odnyel 6 onuavtikn ovénomn g eUPELENC TOV AEPOCKAPOVS LE POl HKPT

avénon tov Aoyov L/D.

Yvvoyilovtog Aomdv, HTOPOVUE VoL TOVUE OTL 1] HEI®ON TG EMAYOUEVNS AVTIGTOONG
emmpedlel TV KATOVOLOW®GT] TOL KOVGIHOV, TV GYXES100T TOL OEPOGKAPOVS KAOMG

emiong kot mv avénon g euPéretog tov.
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2 ovvéxeln Bo  avoQEPOVLLE  LOVTEAD. OEPOCKOPOV TO OTOiol £YOVV MG
YOPOKTNPIOTIKO TNV UEWWUEVN emoyopevn ovtiotoon kot Pacifoviar eite oty
SopOpPmoN TV TTepHY®V (Y. SmAGva), £iTe 6T GYESIOCT] TOV OEPOCKAPMV LLE UM
ovuPaTiKovg TPOToVS e oKkomo TN PEATIOON TOV ETOOGEMV TOVG, TNG EVOTADELNG Ko
™G €£oKovOUNoNG KOWGIL®V (TTY. U1 ETAVOP®UEVA 0EPOGKAPT)). AEPOGKAPT) ONANOT
To. ool £YOVV €QPAPUOGEL TPOTOVG TNG HelMoNG ™S avTicTOoNS OTMS AVUPEPALLE

TPONYOLUEVAG.

48. TIolvmlava

H gmaydpevn avtiotaomn evog molvmAdvov givar pikpdtepn amd 0TL 6€ Vo [LOVOTAGVO
{00V eKTETAGLATOG KOl VOGNS, 010TL TO U cLUPATIKO cVGTNA UToPEl VoL ETNPEdsEL
neplocotepn pala aépa, Tpocddovtag oe ovtn ) pdlo piKpoOTEPN Katd HEGO OPO
peTaforn ™G ToyLTNTOG Kot Gpo piKpOTePn evépyela Kou ovtiotacn. Edv oe éva
OmAGvo M KOTakOpLEN amOCTACN UETOED TOV TTEPLY®V givar peydAn, kdbe pia
népuya emMPopOVETAL PE TN WICT TNG GLVOAIKNG AVOOMG, EMOUEVAOG 1) EMAYOUEV
avtictoon kabe plog mrépuyas eivon 10 Y4 g avtictaong oy mepintmon g piog
nEpuyas. Apa m emayduevn avtiotoon evog dumAdvov eivar iom pe ™ pion evog
povomhdvov. Tl€pav g pelwpévng emayOpevng avtiotaong 1 GAANAETIOpacT TV
000 TTEPVYOV VOGS SUTAAVOL LLE TIC OVO TTEPLYEG GE KOVTIIVI amdGTaoN PEATIOVEL Kot
TN GUVOAIKN Agltovpyeian Tov aepookdeovs. To yeyovog OTL | 1 ToLTNTO GTNV OKUN
EKQLYNG TNG TPAOTNG TTEPLYOS eivor pikpdtepn ™G elevBepng pong oAAd kot m
Omapén TOoL  VEOL 0PLOKOV  GTPOUOTOS KOTAVTL TNG TTEPLYNS, WUTOPOVV Vi
EUETOAAELTOVV KO PEPIKEG amd TIG OVGKOMEG Ol OMOIEC TPOKVMTOUV AOY® TV
younilov Reynolds ota duthdva, oyt woévo vo umopodv va EEmepaotodV GALG aKOLLoL

KOl V0L LETATPOTOVV GE TAEOVEKTILLOTOL.

To JutAdvo aVIIIPOCOTELOLY TO TPMTO TOPAOEIYHATO TOV U1 GLUPOTIKOV

TTEPVYOVKOL Ol TPMTOL AEPOOVVOUICTES OEV £€XOCHV TO EVOLLPEPOV TOVG YloL TNV
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SLVOLIKT TNG HelmoNG ™G EMAYy®UEVNG OVTIGTACTS. YTTOOETOVTOG EAAEITTIKY QPOPTION
og kGOe pio and g ntépuyeg, 0 Prandlt kotéAnée oe pia amkn ékppacn, ™mv omoia
YPNOYOTO0VGOV Y10, TOV KAOOPIGUO TNG EMAYOUEVNS OVTIGTAONG EVOG OUTAGVOL e
TOPOUETPOVS TV KATAKOPLPT OMTAOGTACN TOV TTEPVY®V Kol Tov AOYyo emunkovg. H

e&lowon avt Tov dmAGvVoL givar :

Di=LI>/qrbl2+2 L1 L2 6 /qnbl b2+ L22/qn b2

O ovvteleomg aAAnAemidopaong 6 €ival cuVAPTNGT TOL AJYOV TOV EKTETUCUATOV
TV 600 TTEPLYMV Kol TG KOTAKOPLONG andotacns TV dvo mtepbymv. Edv ot dvo
TTEPVYEG £YOVV TO 1010 EKTMETAGHO Kol GEPOVY TNV 1010 AvVMON KoL 1 KATOKOPL ON
amdGTACT| TOVS tvon LeYOAN TOTE 1) EMOYOUEVN QVTIGTAGT] TOV dUTAGVOL givat mepimov
ion pe 10 50% g avtictaong evog LovomAGvov, e 1010 EKTETAGILO KOl GUVOAIKY
dvoon. Kabdg m omdctoon petad tov mrephymv  eAATTOVETOL TOTE OLTEG
TPOGEYYILOLV TN GLUTEPPOPE P0G Kol LOVOOSIKNG MTEPLYOS LE GUVOAIKT OmtOd00T

eKneTdopatog 6to 1.
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4.9. Mn enavopouéva aePocKaQn

Mn enavdpouéva evoépla oynuato ( Unmanned Aerial Vehicle ) ovopdlovtot to
OYNUaTO To OOl eV PEPOVY avOPOTIVO dLVOUIKO OAAG givol THAEKATELOLVOUEVO.
Eivaw eite mieyeipillopeva 1 metdve avtévopo Paciopéva oe Eva TPOGYESGHEVO

0Y£010 TTNONG 1 6€ o GHVOETO SVVULIKA GUGTHLOTO O TOLLOTIC LOV.

To un emavdopopéva aepocKAPN UTOPOLUE VO TO KOTNYOpPlOTomcovpe BAacn Tto
puéyebog, to PApog, T HopEY|, TNV TOOGTOAN, TIG EMOOCEL KoL TO GVCTNUA Kivnomng

TOVG.

[pénet va onuewBel 6TL TaL 0EPOGKAPN OVTA ¥PNGLOTOOVVTOL KOTH KOPLO AdY0 GTOV

GTPUTIOTIKO TOWEQ.

H £&€Mén TV un eTavopoUEVOV GEPOCKAP OV

Xmv npomtn 0éon g KAipokag twv  UAV  €yovpe ta otpatywd UAV  upeydlov
vyopétpov Ko axtivag opdong (HALE). Kopvopaio og avtrv tnv kamyopia givat to
RQ- 4 Global Hawk, 10 omoio o 2001 £ypowye 1otopior 6TOV TOpEN TG AgpoTopiag
petafoaivovtag and tig HITA omv Avetpoirio.

3.4.9.1.

H mpom mmon tov Global Hawk dwe&nydn ot 28 defpovapiov 1998.
Kotookevdletow and 1 Northrop Grumman Teledyne Ryan Aeronautical yio

hoyopucpud ™ Ymmpeoiog I[lponyuéveov  Apvviikeov  Ilpoypoppdrov — tov
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[evtayovov, g yvoomg DARPA. To 0gpookdpog KOTOGKELAGTNKE GTO TAOIG10
€VOG TPOYPAUIOTOC AVATTTUENG EMYEPNOIOKNG PILOCOQI0G Kot ETIOEIENG TPONYUEVOV
teyvoroyiwv (ACTD) g DARPA oyetkd pe ta UAV. H ¢uhoco@io Tov
TPOYPALUOTOC NTOV AVATTUEN TEXVOAOYIOV «YNAOD piocKOL - HEYOA®OV KEPODVH
(high risk - high payoff), kdti mov enétpeye v e£EMEN Kot ™ dnuovpyia tov Global
Hawk péoa oe técoepa porg ypovia, avti yio mepimov 15 mov Ba dwpkovce éva
ovpPatikd tpdypappa avantoéne. To Global Hawk die&nyoye tnv mpd ™ T0L TTTHON
néve and ™ Pdon ‘Eviovapvig g Kokipdpvia. H dbpkewn g mrtnong Nrav 56
Aemtd kol T0 PEYIGTO VYOG, 610 omoio £pBace 10 aepookapoc, Nrav 9.800 pétpa
(32.000 m6o10). O vromtépapyos Kéved Topaeh, devBuvng tov I'pageiov Apvvrikng
Evaéprog Avayvapiong tov HITA (DARO), yapokt)pioe TV TNon 0¢ «€vo 1I6TOPIKO
YEYOVOG, TO omoio avoiyel Tov dpopo y o pHEALOVY. Opiopévo piKpompoPAata
TOPOLGIAGTNKOV GTO GUGTNHO EAEYXOV TTEPPAALOVTOC TOV OEPOGKAPOVS KOl GE [0
acpdAelo ot Oupida TOV aPLETEPOD CKEAOLS TPOYMDV, 1 omoia dev acpdAice. To
Kkovovpyo wponypévo UAV tov HITA €xetr Bapog 9.072 xihd ko avorypa mtephymv
35,3 pétpa. Katd ™ owbpkeia pog tomkng omootong tov 1o Global Hawk Oa
olovoet omootaon 4,827 yAul., Ba mopapuével otov aépa yio 24 dpeg kot Oa K oAvTTEL
pe TEPAoTIOL EKTACT], TOAADV OeKAd®V YAMAdwV ymouétpov. H péyiom axtiva
opaong etavetr ta 13.500 vovtwkd piha, pe emyepnoioky] opoen 65.000 Toddv Ko
ovopooTiky avtovopic mmong 41 opov. Katd 1 ddpkeln pog  TOTIKNG
OVOYVOPIOTIKNG OTOGTOANG, Ba pumopel va kaAvmtel po omdotact 3.000 vouTikodv
pMov péxpt va petafet omv meployn dpdong tov, Bo emtnpel £vo xOPO £KTAONMG
40.000 TeTpOYOVIKOV VOOTIKOV HWAIoV kol katémy Oo emotpépel ot Pacn tov,
dtavvovtag Eova v andotaon twv 3.000 vovtikdv pidiov. Katd ™  Sidpkeia
™G omocTtoAs authg Bo  mopopével ev ot Yoo 24 ®peg, kATt mov dev Ba
umopovcoe v, mPALEL KAVEVOL ETOVOPMOUEVO  HOYNTIKO, av Oyl Yo KaveEva GAAO

AOYO, €& artiag TG KOT®OMNG KOl TV OVOYKDV TOV TATPDLLOTOC.
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2x.4.9.2.

310 mAaic10 TOL 1010V TPOYPAUIATOS, amOTOKOG Tov omoiov vp&e o Global Hawk,
avorTVecOTaV Eva akoun mponyuévo UAV, 10 péALov tov omoiov eivon akoun BoAd,
av Kol pmopel Vo GUVEIGQEPEL CMNUOVTIKG OTIC OMOGTOAEG <«TOPOYNG TOAEUKNG
yvoong»y yw 1 Apepwavikég ‘Evomheg Avvapelg tov péhlovtog. Avtd eivon to
stealth UAV Dark Star, 1o onoio avanticceton otig eykataotaocels Skunk Works tng
Lockheed Martin. To mpdto mpwtdtumo tov Dark Star xortactpdenke xotd ™
0e0TEPN OOKYOOTIKY TOV TTNGT, Tov Ampidto tov 1996. "'Hom mhvtmg Exovv apyioet

T0L QOKILOOTIK A TECT Y10 TNV EMAVEVOPETN TOV TTHGEWV.
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2x.4.9.3.

2x4.94.

Tnv dvoitn tov 1998, 1 DARPA avébeoe oty etoipeia Teledyne Ryan Aeronautical
ovpBorao a&iog 110,8 sxatoppvpiov dorapimv, T0 0moio TPoEPAENE TV KATAGKELN
POV UN ETOVOPOUEVOV KOTAGKOTEVTIKMY OEPOCKOPOV UEYOANG OLTOVOUiOG Kot
vynAng enepnowokng opoeng Global Hawk. To debtepo mpmtoTUMO 0160€TE TOV
Boaokd eEomMopd emmpNnoNg, 0 0moiog GLVOLALEL PAVTAP GLVOETIKNG OMEIKOVIONG

(SAR) pe ovomua evtomicpol Kwvobduevov otoyov (MTI), pe nAeKTpoonTIKES Kot
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vrépubpeg kauepes. To pavidp SAR tov Global Hawk katackevaletor omd
Raytheon Systems Company (nponv Hughes Aircraft) xon vnopAndnke oty npd™
Tov dokiun ev mmoel, tomofemuévo oe agpookapog A-3 Skywarrior. TToAAd
NAEKTPOVIKA EEUPTNUOTO TOV POVTAP TPOEPYOVTOL amO TO «OAOKANPOUEVO VTN
Emmpnong kot Avayvopwong g Hughes» (HISARS), to omoio mpoo@eépet
YOPTOYPOUPIKY OTEWOVICT] TOV EOAPOVS, KATA TN SIPKELD TTHONG TOV AEPOGKAPOVC.
To poavtap éxer Papoc 290 xkd ko Agrrovpyel omv umdvio X. H wavomto
avilvong eBdavet ta 0,3 pétpo oe avAALGN TEPLOPIGULEVOL YMDPOL KAl TO VAL LETPO GE
Slopdpemon empnong  evpeiog mepoyng. Zyetikd pe TG wovomteg MTI
EVIOMIGUOD KWVOUUEVOV GTOY®V, TO GUCTNUO UTOPEL VO EVIOMIGEL AVTIKEILEVA TOV
KVOOVTOL HE EAQYIOTN TOYLTNTO TECGAPOV VOUTIKOV WAIov Vv ®pa. Extdg opmg
and 10 pavidp SAR 1o Global Hawk 0a d10étel kon omtikd (optronic) eEomhopod, o
omoiog Oa amoteAeiton omd Kauepo Oepuikng amewdviong mov Bo cvvdvaletor pe
opoaéovikn (CCD) niektpoontiky kKdpepa. O nhektpovikdg eE0TAIGUOG AVTOAULVOG
TOV O0EPOCKAPOVS OMOTEAEITON OO TO PUUOVAKOVUEVO GUGTNUO TOPOUTALVIONG
AN/ALE-50, 10 obompa mpoedonoinong eykAwpPiopod pavidp AN/ALR-89 wou
nopeuforeic. H ntépuya tov 0epookdpovg d1obétel 600 Popeis LeTapopds popTiov,
KaOe évag ek TV omoimv £xel TV wKovoTNTO pETaPopds poptiov 450 kihwv. Eriong,
N apepwovikn etaupeio Northrop Grumman kou 1 evponaikny moivedviky EADS
TPOCPEPOVV OO KOWOD Yo TNV eVpOTAIKY ayopd to Euro Hawk, 1o omoio eivon éva
Global Hawk epodacuévo pe pavidp ocvvhetikng omewoviong mg EADS.  Zto
HEAAOV EVOEXETAL VO EVOOUOT®OOVY GTO  0EPOCKAPOS CUGTHUATO GLAAOYNS
niextpovik®v onuatov (SIGINT), ocvokevég mopoyng ewovag (IMINT), kabmg
Kol GLOGTAUOTO TOL B0 TOL EMTPEYOLV VO AETOVPYNOEL MG EMKOWVMOVIONKOS KOUPOG
(communications relay), mailovtag tov pOAO VTOKOTAGTOTOV THAETIKOLVOVINKOD

dopLPOPOL.

To Euro Hawk pmopei va eivar avénuévov dvvatotntov ce oyéon pe 10 Poctko
povtéro tov Global Hawk. I'a mwapdostypa, Ba pmopel va £xel avtovopio 36 opov,
enyepnolokn opoen 65.000 Toddv, evd t0 PApoc Tov Poptiov mov Bo pmopei va
petapéper €xet ovéPer and ta 907 ota 1.360 kihd. H Apepwavikr Agpomopio

e&etdlel emiong véeg amootorés yo to Global Hawk.
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.4.9.5

Meta&d tov dAAov peietdtor 1 dvvatdmra va yprnoonombel yioo tov eviomiopud
ITTAUEVOV 0EPOCKAPDV, TPOTOTOLDVIAG TO POVIAp oLVOETIKNG amekovions (SAR),
KkaBdg kot 1 tonobEéTnon vepeacpotik®dv ocOntpov (hyperspectral sensor imaging

/ HIS), ot omoiot Ba evromilovv 6Ttdy0vg He KOPOVPAGS 1) KAT® 0O QOAA® L.

To agpookdpoc pumopel va mepipépetar oe VYoOpeTpo 60.000 TOdDV Yo 20 dpeg Kot
HETAPEPEL  €va. PACIKO POPTIO NAEKTPOOTTIKMV Kot VITEPLOPOV GOINTHP®V, KOODC

kot éva pavtdp SAR yio evtomiopud yepoainv kivodpuevov otoywv (GMTI).

Yuc 23 Ampihiov 2001, to UAV  RQ-4A Global Hawk 61e&nyaye pio 1otopiky
o, teTovtag ond ™ Paon Evtovapvtg oy Koaledpvia oy agpomopikn Bdon
‘Evtivumovpyk 611 Notio Avotpoario, 0mov Eptoace VoTepa amd 22 MPEG KoL apov Eiye
dwvvoer 12.000 yAp. To Global Hawk evdweéper tovg Avotporodg ywor vo
eléyyel v mAdtoug 200 pwikiov {dVn OmOKAEIGTIKNG OIKOVOUIKNG EKUETAAALEVONG TG
Avotpoliog.

Ot Avotparol Ba peremoovy katd tocov to Global Hawk pmopei va evraybel o o
EVPVTEPT) TANPOPOPIKT| APYLTEKTOVIKT], GTNV OTOI0 GUUUETEYOLV KOl GALO GUCTILLOTO
acONTPOV HEYOANS eUPELEINS, OTOC TO PAVIAP AVAYVOPIoNG TEPAV TOL opilovTog
Jindalee kou ta 4 peAdovtikd wrdpeva pavioap MESA mov Oo tomofetovviar ce

agpookden Boeing 737.
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H evioyvon tov otolov tmwv UAV 10v Avotpaiiaveov Evémiov Avvapemv
EVIAGOETOL GTO TAMIGLO TOL Tpoypappoatog Joint Project 2062 (JP 2062). Extydron

011 Ba amokBOoVV T€ccepa EmG £EL aepOCKAPT.

INUovtikd poOAo oMV OOKTNON KOl TOV TPOGOOPICHO TMV OMTOGTOAMY Kol TOV
yevikdtepov poiov tov Global Hawk oto ecwtepikd tov Avotpoiovov Evomiov
Avvapeov émone pwoo oglpd  peEAeTdV Tov  gyy®pov  Opyovicpod  APVVTIKTG

Emotung ko Teyvoroyiag.

>ta Global Hawk ¢ Avotpariog Ba tomoBembodv véor awcOntipeg mov o€
onuavtiko Badpd Ba Paciloviat 6o eyydpra avortucscopevo povtdp SAR Ingara. To
pavtap o td Ba ypnoyomomBel yio mapdKTio Kot OaAGcs10 EMLTPTON KO EVIOTIGUO
Boldociov Kivodpevov otoymv. H tehkn €ykpion yio v mpounbewn tov Global
Hawk oavapéveron vo yiver 1o 2004 1 to 2005 wor or mp®dTEG TOPUIOGEL VO

Eexwvnoovv to 2007.

To mpdypoppa tov Global Hawk 6o cuvdovactel pe 1o Joint Project 129, to omoio Oa

TPOCPEPEL TO XEPC OO TUNLLO EVOG TAVEOVIKOD SIKTHOV EMTNPNONG.

M dAAN D pa Tov Exet emdeiEet evorapépov yia to Global Hawk eivon to Iopank. H
apepwkavikn etoupeion Northrop Grumman ko 1 wpaniwvny TAL €povv de&dyet
Slmpaypotevoelg oxetikd pe mv ovvdegon tov UAV RQ-4A Global Hawk ko
Heron-2 yw avtmopovAiikn auove. To Heron-2 eivar po mponyuévn €kdoomn tov
otpatywod UAV Heron. H c0levén avtr mpoPrénetl tov gpodiacpd tov Global
Hawk pe ontikovg acOnmpeg o poavtdp. To Global Hawk o evromiler pe tovg
aeONTpeg avTovE TV £KTOEEVTEG TLPAVA®V Kot Ba kKateLBVVEL EvavTiOV TOVG TO

Heron-2 1o omoio HBa tovg KatasTpEPEL.
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‘Eva Ao UAYV, 10 omoio gvdéyetat va avtayoviotel 1o Global Hawk oto péddov,
elvan to ScanEagle tng Boeing, 10 omoio mpaypatomoince myv TpdTr TOV TTHGT| GTIG
19 Tovviov 2002. To aepookdpog exto&edeTonl amd Katamédtn, £xel unkog 1,2 pétpa,
dvorypa mtépuyog 3 pétpa kou pmopet va metder pe toydnTa péxpt 68 KOuPwv.
[IpoPArémeton va €xel avtovopio 15 wpdv, metdviag oe Vyog 15.000 moddv. Oa

peTaoidet dedopéva o€ TPAYLATIKO YPOVO GE EMiyE0 GTAOUO.

21.4.9.6.

A&iler BéPoua va avapépovpe 6t AOYD TV owénuévov dvvatotitov tov UAVS
TOALG amd avtd Tpoopilovton kot Yo Kowvevikn xpnon. o cvykekpnuéva £xovv ™
dvvatdmra va givorl eE0mMGIEVA e NAEKTPOULAYVNTIKOVS aucOnmpeg (0mTikd Qaoa,
vePLOPES  POTOYPOPIKEG — UNYOVEG, GCULOTAUOTO  POVIEP, MAEKTpOUOy VN TIKOL
OVIYVEVTEG KOUOTOG OMMG oncONTAPEC LIKPOKVUATOV Kol DITEPUDOOVS OKTIVOPROAOG),

Broroywcol asOnTpeg (Yo ™MV aviyvevomn Tapovsiog dpoOp®Y KPOOPY AVIC LAV KoL
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GAL®OV PLOAOYIKOV OVCIOV GTOV GEPQ) KOl YNUKOVS ocONTAPES TOL YPNGLOTOOVV
™V acpotookomio Laser yu va avaldcouy Ty GUYKEVIPOOT TMV GTOYEIOV GTOV

aEPOL.

‘Eto1, kxou evdd dmwg avoapépOnke n ypnomn toug eivor Kupimg GTOV GTPATIOTIKO T,
EKUETAALEVOLEVOL TIC dVVATOTNTEG EEOTAMGOV LE TOL UNYOVILOTO TOV ovo.pEpOnKaV

YPNOLOTO0VVTOL KO Y10, TOVG 0KOAOVLOOVG GKOTOVG:

-EVIOTIG OGS TOL®V Kot {OmV Tov BploKoviol o€ EKTAKTI avAyK).

- LETEMPOAOYIKOL GKOTOT ONA0ON TPOPAEYT OKPOIOV KOPIKDOV QAIVOUEVDV.
-€Leyyog kon avaivon g pOTAVONG.

-£YKO1POG EVIOTIGLOG TUPKAYIDV.

-EPEVVITIKOVG GKOTTOVG.

- LETAPOPE AVTIKEYLEVOV.
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5. Ierpapatikd pépog

5.1. leprypaei povrérov.

ATPUKTOG
Kvpw sopa:
Awropn Tetpayovikn pe yovieg opheg
Mnxkog 1100 mm
Marag 130 mm
Yyog 150 mm
Yho Alovpivio
Piwyoc:
Zynuo [epimov nuicpoipikd, axtivag 130 mm
YAko [ToAvpepeg
Itépuya
Avo nTépuya OpBoyavikn
Exnétacpa 1300mm
Agpotour| NACA 4415
Xopdn 180mm
T'ovia ceveong 0°
| YAk Balsa, eTiKaAvYN «ULOVOKOD
7 A Fo T W
AGTW Hopu e RALOUURMLVT |G
Exnétoopa 1300mm
Agpotopn) NACA 4415
Xopdn 180mm
Tovio omedoxkMong 45°
Tovio cenvaong B 0°
YAk Balsa, emtkaAvyn «LOVOKOD)
Avdraén axpontepuyiov Kabeta tunuata, pe oTpoyyvAepéva axkpa,
gVAVOLV o GKpo. TOV Vo TTEPLYDV
| ¥Ako Baisa, emKaALYN «LOVOKOD
5.1.1  Xapaxtnpiotikd Tov TEPOUOTIKOD HOVTELOD.
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5.2. Ontomoinon mEdiov TaYLTHTOV YOHP® G0 TTEPLYA.

Me ™ PBonPewa punyaviuoatoc ue ypnon laser onotikonomoaue 1o nedio ToyLTRTOV
YOP® OO TTEPLYA Y10 TNV TEPIMTM®OT OVO LOVIEAWDV, TPMOTOV Y10, TNV ATPOKTO LE TIG

000 TTEPLYEG Kot SEVTEPOV Y10 TV ATPOKTO UE TIS dVO TTEPVYEG EVMUEVEC.

To medio anTd TOYLTHTOV EaiveETal GTA oKOAOLOO GYNLLOTOL

5.2.1. Iledio ToyvtHTemv yi0. THY GIPAKTO KL TIG ODO TTEPVYES 1N EVOUEVEG.
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5.2.2. [1edio ToyvTTamv 10 THY GTPOKTO KOl TIS 0DO TTEPVYES EVIWUEVES.

[Ipémel va onUeEIdGOVLE OTL KO OTIG OVO OMEIKOVICEIS Ol GLUVTETAYLEVES TNG KOPLONG
™G endve mtépuyog sivar (55,-35), evd o1 HETPNOELS Eyvav Yo YOViO, TPOVELONG

8°kau ToyvTNTO TG EAEVOEPNG porg 10M/s (mepimov 60Pa).

Onwg pmopovpe vo mapamprioovpe oty Oedtepn €kdvo 0 oTpOPhog  eivorn
UIKPOTEPNG €VTaoNG Omd OTL otV TPOTH. AnAadt), evdvovtoas TiC 600 TTEPVYES Ol
ToOTNTEG NG pong pewwvovror kKord 60%. Emmiéov, pmopovpe egvkolo va
dlakpivovpe pio Letatdmon tov TupNvae ToV 6TPOPIAov TPOg TNV HEPTH TNG OTP AKTOV

(mpog ta de&ud).
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5.3. lewpopatikn owdkacia.

H mnepoporikny dSwdwacio €hafe yodpo o€ onpayyo KAEIGTOD KLKAMUOTOG
opBoywvikng dtaroung 1800mm (opilovtiog) x 1400mm (koBétmg). Eviog g
onpayyoc owtig eiye tomoBemOel 10 povtéAlo v o€ Eva Pnovicpd dvo afdvov,
ocuvoedepévov pe apBpwon, o omoiog €dive ™V dvvortodta PETAPOANG ™ Ywviog
npdomtoons. O évag ek v 0Vo aEdvev (aTafepds) epopprdlel oy KAT® TAELPA TNG
onpayyas, eved otov dAlo (Kwvoduevog) ompiletor 1o poviéro. TlopdAinia ctov
otafepd dEova vmbpyer évag KoyAlag mov Kwveitow pe v yxpnon eE®TEPIKOV
niektpokvnTipa Kot pe ) Pondeta evdg mepikoyriov petaeépel mv kivinon ctov
Kwvoopevo GEova otov omoio etvar kot tomofemuévo 1o poviého. Me tov tpdmo owtd
EMTVYYAVETAL 1] OAAGYT TG YoVviag TpoécTtoons. H pétpnon mg yoviag tpdvevong
yiveton pe pio kAipoxo wov givol torobetpévn otov otabepd dEova OTmS QaiveTon

670 akOAO0VO0 YN

EmmAéov, yio v emitevén g petafoing g Yoviog drotyicod Tov HoVIELOL
yivetar  ypfion  evog  (evyovg  ypovalidv Ko €vog  mAektpokuvntipo. O
NAEKTPOKIVN TP O KIVEL TO TNVIOV eEMTEPIKTG 03OVTMONG Kot TO TNVIOV avTd KIvel To
YPovAll ECMTEPIKNG 00OVTOONG KOL [LE TOV TPOTO UTO yiveTon 1 LETAPOAN TS YO Viag
mov emBopodpe. Ot punyoviopor oAdoyng yovioag TPOVELONG KOl OLATOL(IC OV

eoivovtal 6To akOAovbo oynuLa.
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2x.5.3.1.

Télog, ypnowonombnke cwinvog prandlt ce ardcTacn 500mMm avavit tov poviéAov
UE OKOTO TN UETPNON TNG OLVOUIKNG TTEONG (%pU 2) ko Gpo TG TOOITAC TNG
eletBepng pong. O coOMpVOC 0VTOG NTOV GLVOESEUEVOS LE YOPNTIKOD TUTOV
LETATPOTEN TECTG, EVA TEAOG YpNOLoTOMONKE Kot Eva OEPUOUETPO Yo TV HLETPNON

mg Beppokpaciog mg porg.

5.4. Tkomdg 10V TEPAPATOG

O okomdg Tov TEWPATOG gtvonl M KaTtaypaer] TG METAPOANG Tov Tapovstalohv ot
GUVTEAEGTEG AVOOTG KoL avtioTaons Otav oAAAlel TO GYNILO TOV GTEPEOD GMUOTOG
TOV HOVTEAOL 7OV YPNOYOTOMTOL KOOMDG €MioNg Kot 01 d1APOPES YWVieG TPOVEVOTG

Kot d10To 116 LOYD.
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Ot dwtdéelc — povtéda mov ypnoyomomOnkay etvon ot 1g:
*Atpaktog (dokos)

* ATPOKTOG KOl KAT® TTéPLya-omceokiwic (delta)

* ATpOKTOG KO Ave TTépuya-ophoywvikn (opBoymviko)

* Atpaktog Kot Tig 600 ntépuyeg evopéveg (box)

* Atpaktog Kot Tig 600 nrépuyec un evouéveg (double wing)

5.5. lleprypapn mEPANOTIKNG OWLOIKAGIOG

Mo kKa0e pio amd TG mopamdve SOTAEES EYVOV UETPNOEIS TOV OAKOV OVVALE®V
dvoong kot avtiotoong Yo yovieg mpovevong amd -2,5° péypt 20° pe Puuo 2,5°

kaBdg emiong kot Yo yovieg dwatoryiopov 0°, 10°, 20° ko 30°.

H nepopaticr dwdwkacio eixe d¢ e&ng: Apywkd puBpilape mv yovio Tpdvevong Kot
dlotot i oy ov BEAaLLE Vo XL TO LOVTEAO GTO GLYKEKPNUEVO GET HETPNCEMV. XM
ocuvéyew puBuilope g oTPoPE Tov aveunotpa otig S00rpm Kou peTpdyope Pe to
Bepudpetpo m Bepurokpacio viog g onpayyas. Télog, kataypdpape Tig evoeielg
YL TIG QVVALELS OVTIGTOONG Kol GVMGTG GTIS YOVIES TTOL OVOPEPOLLE TOPATAVE® KOOMC

EMIOMG KoL TIG EKAGTOTE LETPNOELG TOV LOVOUETpOL o€ Pa.

Ba mpémel va onuedoove 6Tt AOYm g oAicOnong mov mapovsialov To LeETPNTIKA
opyovo KOOe OET PETPNOE®V YWWOTAV OV0 (QOPEG £TCL (OOTE VO TETOYOVUE TN
peyaAvtepn dvvary akpifea, evd T€A0c AOYm TG oAicOnomg avtig voAoyilovtol Ta

axoAovBa cEAALOTO OTIC LETPNOELS LLOG :

l'owvio wpdvevong +£0,25° , yovia owotoryiopod =1°, mieon +2 Pa wor Tté€Aog

Oeppoxpacio £0,1°C.
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5.6. Awodwkacio enelepyaoilog PETPOEMV

['o ToV VTOAOYIG O TOV TEPOUATIKOV TILOV TOV GUVTEAESTOV avtictaong (Cd*) ko
avoong (CF) dwpéoaue T tpég tov avtiotoyov dvvapewnv (Fy , Fz) pe to
’ 1 2 , 1 2 ’ , ’ )
yvopevo EpU S , Omov ;pU N UETPOVUEVN SLVOUIKN TIEOT KOL S 1 EMPAvELD
ava@opdc tov povtélov. Ilpémer va onuewwdel 6t Yo vV QTPOKTO Yoo VO
dopbdcovpe Vv ToOTNTA TOL EAEVLOEPOL PEVIATOC YPNOYLOTOOVUE TOV OYKO TNG

Ko 0L v ipdvela ™mg. 'Etol mopakdte oaivovtol ol EKAc TOTE VITOAOYIGLLOL:

0

081

110°

5.6.1. Awaotdoeis poveéiov.

*drpaxtog (dokos)

['a tov 0yKo TG aTpdiKTov TO PHYYOS TOL HLOVTEAOL BepnOnKe g NUICEAiplO Kot

£TG1 TPOKVTTEL

$=0,034 m?
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* ATPOKTOG KOl KAT® TTéPLya-omcokiwnc (delta)
c0s35°=0,65/x
x=0,7935 m
sin55°=y/0,18
y=0,14745 m
S = 2x(xxy)=0,234 n?
* ATpaKTOC KOl Ave TTépuya-oploywvikn (opBoymvikd)
s=1,3x0,18=0,234n¢
* Atpaktog Kot Tig 000 ntépuyes evopéves (box)
s =0,234+0,234=0,468 nv
* Atpaktog Kot Tig 600 nrépuyec un evouéveg (double wing)

s =0,234+0,234=0,468 nm?

5.7. AvopOOGEIS TEWPUIRATIKAOV OTOTEAECUATOV

H Ymoapén tov otepedv TotyOUdTOV TG onpayyos emPedletl To YOPAKTNPIOTIKA TNG
pong. H mapovcio toyopdtov odnyel omyv avamtoén oplokod GTPOUOTOG KOTH
UNKOG TOL TUNWOTOG HETPNONG Kot €161 TO eUPadd ™G dlatopung g eAebBepng pong
petwvetat. Avtd, copemva ko pe v e&icoon Bernoulli, odnysi omv adénon g
ToOTNTOG TG €AEV0EPNS poNS Yo dedopévn Tapoyn Ko dpo LETAPOAN TNG GTATIKNG
TlEoNG KOTO UKOG TOVL TUNUOTOS LETPNONG. ATOTEAEG LA LTOV TOL YEYOVATOG £lvor M

avartuén piog opiovriag dvvaung avtictaons to péyebog mg onolag etvon apeAntéo
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V0L KOVOVIKA HEeYEOT LOVTEA®V KOt OTAV TO EKTETAGLO TNG TTEPVYOS VOl LIKPOTEPO

0L 80% TOL TAATOVG TOV UIKOVS HETPNONG.

[To ovykexpyéva Ba avapepBodpe avolvTiKOTEpA 6T dNpovpyic SVO PUVOUEVEV
tov “solid blockage” xou tov “wake blockage” xabmbc ko oty pébodo mov Ha
YPNOYOTOMGOVLE e TNV ool Oa amaAelyovpe oo TO TEWPAUATIKA OTOTELEG LATO

TI§ GLVETELEG TNG VIOPENG TOVG.
1. To gawoduevo “solid blockage” kot 810pbwon g enidpaocng tov:

Q¢ “solid blockage” ovopdletar n avénon g taydTTog (AU) g pong tov aépa
OV omd T0 LOVTELD. AVTO OQEIAETOL GTIV TOPOVGIN TV TAEVPIKAOV TOTYOLATWV
N omoia mapdyel Evav TAELPIKO TEPIOPICUO GTNV AVATTLEN Kot SUOPO®CT TNG
pong yopw omd éva copo. H mapovsia tov poviéAov o6to TUUO HETPNGNG
LEWDVEL TOV YDOPO GTOV OMOI0 0 0EPOG UTOPEL Vo PEEL KOl CUVOMVO UE TNV
e&lomon g CLVEYXEWS 1 TOYVTNTO TOL AP AVEAVETAL KAOMDG 0 0EPOS PEEL TOV®
and 10 poviéro. To péyebog g emidpaong tov e&optdror omd TO TAYOG TOL
HOVTEAOV, TNV Ol0vOUTn] TOL TAYoVLS Ko To HEYEHOG TOL HOVIEAOV, EVM OgV
e€aptdton amd TNV KOUTLAGTNTO TOV. X £va KAEIGTOD TOOL TUAUO HETPNONG
0o “solid blockage” sxdnidvetoar ocav pic avénon tng Svvaukng mEoNG,
YEYOVOG TTOL aVEAVEL TV TN OA®V TOV HETPOVUEVOV SVVALE®V KOL POTMOV Y10
OE00UEV YOV TPOGTTOGTG. X€ £VOL avOLTOV TOTOL TUNUA LETPNONG TO UEYEDOG
ToL gival apeANTEO AoV TO pevuo TOV afpa givol ehevBepo va drevpuvOel pe

OULOAD TPOTO.

Mo tovg Adyovg Aotdv avTovg, OTMS AVOPEPULLE, 1 TaVTNTO TG EAEVOEPNG pONG
, 0NV omoia tvat exktefeévo to LovtEAo, ivat peyoldTepn ard TV LETPOVUEWN.
H avénon (AU) g petpoduevne-mepopatikng tayvmroag (U) pmopel va
exktiunOei pe ™ pébodo twv Rae xar Pope. Apyikd 6o vmoloyicovpe ) petofoin

AU . . . . ,
(7) OV APOPE GTNV ATPOKTO TOV HOVIEAOL KOl GTI) GLVEXEW TN UETOPOAN
sf

AU . . . . , .
(7) TOL 0POPE GTNV EKAGTOTE TTEPLYA TOV HoVTEAOV. ETot éyovpe:
sSw
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* ATpOoKTOG

H petapoin dtveton amd tov tHmo:

AU __kzTqV .
— - — 3 ,OTOL
sf

u cz

-k5 , cuvtedeoTiG 0 omoiog e€opTdrat amd TO G TOV CAONNTOS SNANST 0O TOV

LOY0 1OV ThOVE TPOG TO UNKOC Tov cmporog (d/l) .

INa opboymvikng dratopng odpata OTmg 10 d1kd pog og d Aaufdvetor n péyom
2

16000vapun vVIpavAKN dapeTpog Gpa vroloyilovpe wg d=2 \/% omov pe b

ovuporilovpe TO UKOG TG TAEVPAS TG TETPAYMOVIKNG OTOUNG OTOTE TPOKVTTEL

d=0,1693 m ko g | Aappdvetat to apoicpo 0V HNKOVE TOL KVPIOV GMOLOTOG

™G ATPAKTOV KOl TOV UNKOLG TOL pOYYove ondte mpokvmtet | = 1,23 m. ‘Etot and

tov Adyo d/l mov €yovpe kar pe v Pondeln oL SloyPAIATOG TOV OKOAOVOET

AouBavovpe yo v mepintmon pog 6tt K =0,921.

1.10

086 S ;
.04 008 0.12 Q16 020 024
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-T;, GUVIEAEOTNG MOV €&opTdTOl OmO TO GYNUO TNG OWTOUNG TOV THUNMOTOG
pétpnong OmAadmn tov AOYo TOV TAGTOVLS TNG OWTOUNG TOL TUNUOTOG WETPNONG
po¢ 10 vyog g (B/H) xobmd¢ emiong kot omd Tov AOY0 TOV EKTETAGLATOC TOL
povtélov (2b) mpog to mAdtog g onpayyog (2b/B) mov yio tnv mepintwon pog

€xouv TG aKoOAovBeg TYLES

B _ 1286
H

22 = 0083
B

‘Etot kon pe ™ BonBeta tov axdrlovBov daypdppoarog wpoxvner 7,= 0,836

1.1 ‘
B/H=20
! 7 \\
1.75
3 —— .
oo 1 - —2
E 3 1""‘ f
0.7 -~ -~ ”~ a -~ - = o
o U.e U.s v.o v.e 1.0
Model geometric span _ 2b
Tunnel breadth B
Z.5.7.2.

-V, 0 yKOG TG ATPAKTOL Y10l TOV VITOAOYIGLLO TOL 0TIV TO PUYYOS TOV LOVTEAOL

BewpnOnKe ¢ Nuiceaipto kot ot Tpokvrter V = 0,034 m3

-C, 10 guPadd g d10Topung TOL TUNOTOG HETPTOTG TO OTTOI0 GTNV TEPITTOON LOG

givon C = 2,37 m?
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"Etol mpokvnTel TEAKA

k
(A—U) =54~ 0072
U/sf c2

[Itépuya

H petofoin dtveton amd tov tomo:

AU _ kqTqV
— = 3 , OOV
sw

u cz

-k, ovvteheotg mov e€apTdTon 0mmd T0 AOYO TOV HEYIGTOL TTHXOLG TNG OEPOTOUNG

7pog T yopon (/¢) kabm¢ emiong kot 0 100G TG BEPOTOUNG.

t .
Xmv mepintoon pog o= 0,15 ko 10 €idog eivon 4-digit. Me avtd to dedopuéva
Kot and 1o ddypappa mpoxvmret k= 1,036.

-T;, OLvteAeotg mov Aoufdvetor amd TOo Swypappe Onwg  e&nynoape

nponyovpéveg kot yioo B/H=1,286 kot 2b/B=0,722 éyovpe 7, = 0,878.

-V, elvan 0 dykog ™¢ miépvyns. ['a Tov TPOocdIopIGHO TOL VIOAOYIGTNKE TO
euPfadd mg agpotoung to omoio mpoceyyvotikd eivon E=0,002 m?. Emopévog

GTNV TEPITTOON
A) dvo ntépuyog : V=0,002x1,3=0,0026 m3
B) kéto ntépuyag 1 V=0,002x(2x0,7935)=0,0032 m?

I') kot o1 8vo ntépuyeg : V=0,0058 m3.
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"Eto1 mpoxvmnret:

A) bve wrépuya ; (ﬂ) = 0,00064819
U /sw
AU
B) kdto ntépuya : (—) = 0,0007913
U /sw

I') ko o1 8Y0 padi : (ﬂ) = 0,0014
U/sw

["a to povtéAo cuvorikd AoV ( ATPOKTOG Kot TTEPVYA ) 1] GUVOAIKT aENGT TNG

elevbepng pong oty omoin ektiBeTon T0 PHOVTEAD AOY® ™G emidpacng tov “solid

AU AU AU
blockage” eivar to dfpoiopa (—) = (—) + (—) .
U/s U/sf U /sw

Apa ylo OAEG TIC TEPUTTMOCELS TV LOVTEADV EIVOL:

A
A) dvo Ttépuya : (FU) =0,0078
S
B) x4t ntépouya : (%) = 0,008
S
T') ka1 o1 560 podi : (%) = 0,0086
S

A) drpoxTog : (%) = 0,0072
S
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2. To eawodpuevo “wake blockage” ko 610pfwon ¢ enid paong Tov:

Q¢ “wake blockage” ovopdletal n enidpacn TV TOIYOUATOV TOV EKONADVETIL
cav o ovénon g avtictaong tov povtédov. Ilo avolvtikd n mapovsio TV
TAEVPIKAOV TOYMUATOV TAPAYEL VOV TAEVPIKO TEPOPIGUO GTNV AVATTLEN Ko
OLUOPPMOON TNG PONG GTNV TEPOYN TOL OUUOPOL TNG PONG. XTNV TEPLOYN TOV
OUpOpOL M péom ToyvTNTO €lvor PIKPOTEPN OO aVTY ™G €AgLOEPNC PONG.
Enopévmc, chpemva pe tov vopo g cuvéyeag 1 toydTnTa TG pong £€® amd v
TEPLOYN TOV OUUOPOL , G EVO KAEIGTOV TOTOV TUNHO LETPNONG, EIval LeyordTEpT
amd avT ™G eAeVBepng pomg kon Gpa M migon eivon pikpotepn. H pelowon ovm
™¢ mieong B€tel to poviEAo Vo KAlom mieong pe omotéAespa TV avénom g

ToOTNTOG TG PONG TAV® GTO LOVTEAD, OTWG PAIVETOL KOl GTO TOPUKAT® GYNLLOL.

. Velocity > v
od
c

|
=T
T

K 1

S

2.5.7.3.
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To “wake blockage” av&daver pe avénon tov peyé0ovg tov opUOPOV-AVTIGTAONG
TOL POVTEAOV, VD TELOGC, elvar GUVIOMG AUEANTED GTO OVOLYTOL TOTOV TUTLLOLTOL
pETPNONG, amd TN GTIYUN ToL To pedpa aépog givar elevBepo va diepevvlet e

OUOAO TpOTO.

['a Tovg AGYoLg OOV IOV AVOLPEPULLE 1) TAPOVGIN TV GTEPEDV TOLYMUATOV EXEL
cav amotélecuo Vv peiwon g mieong g pong €@ oamd TV TEPOYN] TOL
OUUOPOVL TOVL HOVTEAOV, YEYOVOG TOV 0dnyel ommv avénomn g ToydTNTOS TNG

elevBepng porg oty mepoyn avt). H avénon avt) g toxydmmrog pmopel va
extun0el pe m pébodo mov meprypaper o Maskel. Apywd 0o vroloyicovpe ™

. (AU . . . .
petafoin (7) OV OPOPE GTNV GTPOKTO TOL HOVIEAOVL KOL GTT GULVEYEWL TN
wf

, (AU ’ / . .
petafoin (7> TOL 0POPE GTNV EKEGTOTE TTEPLYO TOV LOVTELOV.
ww

* ATpOKTOG

H petapoin divetor amd tov TOMO:!
AU S s .
wr =1+ ? CHY2-1  omov

-€, GLUVIEAOGTAG O 000G Y10l TPLGOACTATO CMOUATA £XEL 0L TUTIKN TN

e=25
-S, 10 gufadd ™G TPOPOANG TG EMPAVEINS TNG OTPAKTOV GTO KOTAKOPL(OO

eMinedo. Apa

S5=0,145%,145=0,021 m?
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-C;, 0 NLETPOVUEVOG-TEWPANOTIKOG GUVTEAESTNG ovTticTaong g atpdktov. H
EKTIUNOM owTOL €yve pe v vdbeon OTL N AVTICTOOT TOV COUATOV, OTMG
Kot ovtd ™G oTpAKTOL, Of MeTOPOAAETOL oucONTd pe oAdoyn g yoviog
TPOSTTOGTG (070 €DPOC TOV TDV TOL £yvay Ta TePapoTa). Etot yuo

aplOpd

pVl
Reynolds=2—=1,6779x106
I

=1,7757x1075 ~9_
msec

Kol AOYO VOPOVAKNG OWUETPOL TPOG TO OCLVOAIKO UNKOG TNG OTPAKTOL

d/1=0,12 , mpoxvmtet 0md 0 akOA0VH0 d1dypopLpLe OTL

C;=0,00424

©
6

RO
oM O

.mooe o ¢
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* [Ttépuya

H mapovcio tov mAevpikdv Toy®UATov mopdyst Hio LETABOAT GTNV TOTIKN
YOvVi TPOGTTOONG KATO WUNKOG TOV EKMETAGUOTOC WIOG ATEPLYOS. 2TOL
KAEWOTOH TOMOL TUNHOTO UETPNONG N YOVi TPOCTTIWGTNG KOVIQ GTo
OKPOTTEPVYLN €VOG LOVIEAOVUE PEYAAO EKTETACUO OVEAVEL VITEPPOAIKA, LLE
OTOTEAECLOL GTNV TEPLOYN OVTH 1| PON Vo amokoArdtor vopis. H emidpaon
aUTH G€ avOLYTOoV TUTOL TUNUata givatl akpPadg avtiBetm, dnAadr Kovid oo
OKPOTTEPLYIDL M OMOKOAANGCT NG pong kabvotepel. e kdbe mepimtmon
Thvtog M enidpact eloylotonoteital 6 pHeydrlo Pabud av To EKTETAGLO TOL

povtérov etvan p ikpotepo Tov 80% Tov TAATOLG TNG GNPOYYOS.

A) T Tpooskolnuévn pot}, Katackevdiovpe 10 dbypoppe C; - C? 10
omoio Yo Vv meployN mov EgTdlovpe P@avICet Lo YPOUUIKOTTO.

['o v meproyn avtn 1ovEL 0 TOHTOC :
AU S
(F)WWZO,ZSE CZO , OOV

-S, 1 EMPAVELL AVOLPOPAS OTMS AVOALONKE TOPUTEV®
-Cjo> O CUVTEAEGTNG TNG LETPOVUEVIG AVTIGTAONG Y10 LNOEVIKT GVOGT, 1) TYY

0V omoiov vVoroyicke and o Sihypappa C; - C;2 (dnradf yo C;?=0).

B)["o amokoAAnuévn pon, yio Toug AOYOVS OV OVOPEPULLE KO TOPOTAV®, LLE
avénon Tng yoviog TPosPoANg M TN TG AVEOONS HEIDMVETOL X€ OVTH TNV

TEPITTOON 1IGYVEL O TUTOG:

AU S ok 1,25s % " N )
(F)WW:O’ZSE Cd0+( C )(Cd _ Cdi - CdO) ,OTLOV
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-Cj, CLUVIEAECTAG TNG LETPOVUEVNG (TEPOPLOTIKE) ETAYOULEVIG AVTIGTOOTG

O 06poc (C;—Ch —Cjp)  mepryploest ™V S10QOpa ™G TEWPALOTIKNG
OVTIGTOOTG TOV KOTAYPAPIKE oo v T oL Oa elye av EMOANOEVE TN YPOLLLIKY

GLVAPTNGT| TOV LIOAOYIGTNKE GTO KOUUATL TNG TPOGKOAANUEVNG POTIG.

['a 10 povtého cuvoAkd Aowmdv ( ATPAKTOG Kot TTEPVYA ) | GLVOAIKY| avENGN

™G eAevbepnc pong oty omoia ektifeton T0 HOVIEAO AdY® TNG EMOPACTG TOV

AU AU AU
“wake blockage” eivai 1o dOpoiopa (—) = (—) + (—) )
U/w U/wr U/ ww

H ovvoAium adénom mg tayvmtog g eAe0Bepng pong, oty ool ektiBeton

10 povtélo (GtpokTog-mTépuya), AMoyw tov emdpdosmv “solid blockage” kot
(AU ) _ (AU) (AU)
- - | — + - .
U /sw U/s U/w

‘Eto1 Y tov vmoloylopd tv cuviedeotdv avtictaong €, ko dvoong C;

“wake blockage” sivau:

AapBavovtag v’ oy TG ToPAmave S10pODGELS, d1POVLE Ta VTTOAOYIGHEVTA
and Tig mepapatikég Tpég € xan € pe ta avtictora (1 + (%) )2.
sw

(Tov C,;" tov éxovpe tovovpevo yoti 0mwg Ba deifovpe ko TopakdTo Ba

vrootel Kot pio akdpa dwdikacio S10pbmong.)
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3. A&iler va avaeépovpe Kol GAAEG EMOPACEIS TOV TAEVPIKAOV TOYY®UATOV,
TOPOLO OV eivol AlyeC Ol TEPMTOGELS OOKIUDV GE GNPAYYO GTIC OToiec Oa

TPEMEL VoL ANPOOVV VI OYNV OAEC OVTEG.

Avtég etvou:

A) H mopovsio 100 motdpoTog KOl TG 0poeng mepopilel TNV KOVOVIKY
KuptOTTO TG EAEVOEPNC poTG, M omoia epeaviletol YOp® amd KAfe avooTIKO
CMUO, Kol TO GON Qaivetal va £xel mepocdTePn Kopmvidmra (tepinov 1%
v oovOn peyédn poviédAwv). H emidpoaon avt €xel dg amotéiecuo o
GUVTIEAEGTAG POTNG, N AVAOGCT] KOl 1 YOVIO TPOCTIOONG TNG MIEPLYNS VL
aVEAVOVTOL GTO. KAEIGTOV TOTTOL TUMUATO UETPNONG KOl VO LEDVOVIOL GTO
avolytov Tomov. EnutAéov, mapatnpeitatl n dnpovpyio piog petafoing avavt
™G TMTEPLYOG HE OMOTEAEGHO. 1 UETPOLUEVY] OVOCT Kol OvVTIoTOOT Vo
EUTEPIEYXEL COOALLO. 2T KAEIGTOD TOTOL TUNUOTO LETPNONG 1) EMIOPACT) AV
eKONADVETOL ooV avénon e dvoong Ko peimon g oviiotaong yio
dedopévn YEMUETPIKN YOVIK TPOCTTOGNG. XTAL OvVOLXTOV TOTOV TUNLOTA TNG

pETPNOoNG N MO pacT TN £YEL T AV TIOETO AMOTEAEG LOTOL.
[To cuykexkpnuéva :

1. AwpbBwon me dvoong

[paypoatomoeiton pe ™ 0160pBwon-adénon ™ HeTpOLUEWS YOVIOG

TPOVELONG 0 CVUE®VO e TOV TOTTO:
o= a*+57,38% C, , 6mov

-3, ouvteleotg mov e€optarar omd a. Tov Adyo K tov exmetdopatog tov
povtéAov mpog to mAdTog, B. To oynuo ™C STopng TOL TUNUOTOG
pétpnong, kot y. To Adyo tov mhdtovg mpog to vwyog (WB) . Zmv
neputtoon poag Egovue k=0,72 , opboymvikn dwrtoun ko h/B=0,778 .

‘Etot and 10 akdrovbo didypappa Aappavoope 6t 8=0,126.
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0.14
L.-]
33 Rectenguler jet
= 013 i- 0.778 B ,‘
g Octagona jet 5 P
5 F=0778"\ y
> 0.12 et : )/
3 \
=
3 3
0.11 I
o 03 04 05 05 10
- Span
Jot width
2y.5.7.5.

2. Awpbwon mg avticTaong

[Ipaypatomoleiton pe 016pOwon-odENon Tov UETPOVIEVOV GULVTEAEGTN

avtioTOoNG, COLPOVA LLE TOV TOTTO:
— (1485 r2

B) H petoforr mov mopornpeitol 610 KAT® pedpo NG TTIEPLYOS HE
OOTEAECLOL 1 LETPOVUEVY] GTOTIKY ELGTAOELD Lo EUTEPLEYEL GOAALD. XTOl
KAE16TOD TUTTOV TUNULOTA PLETPNONG TO LOVTEAO £xEl TOAD awénuévn evotdbeia
Kol 1 TEePoyn Tov oppdpov tomobeteiton mpog To mhve. T avtifeta
ovupaivovv ota avorytov TOToL TUNHATe pETPNonS. A&ilel va onuelwBel 6TL
EMOPOOT GTNV EVGTAOELD TOV LOVTEAOD Efvorl peydin

I') H petoforn oy avantoén kat Sopdpemon me pon €10 OGTE 1) Ot
POTEG €M TOL HOVTEAOV Vo gival TOAD HEYOAES GTO KAEIGTOV TOTOV TUTLLOTOL
UETPNONG KO TTOAD UIKPEG GTOL OVOLYTOV TOTTOV.

A) H petafornn omv avamtoén kot Sopopeoon ™me pong yopw amd ta
TTEPVYIR, TOL VLWOPAAAOVTIOL GE OCUUUETPT QOPTICT, TETOW (DOTE Ol
EMOPACGELS TOV TOYOUATOV VO EIvol AGOUUETPES. AVTO £YEL WG ATOTEALEG LA O1

OLAPOPES TEPAUOTIKES TILES VOL EUTEPLEYOVLV GOAALLOL.
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5.8. llewpopatikd amoteréopata,

2toug  okOAovBovg TivoKeg (@OIVOVTOL TO TEPOUATIKA OTOTEAEGUOTO KoL 1|

enefepyacio TOVG, OTOL TPEMEL VO, VALOEPOVLLE TO TL delyvel kdBe otAn. Etot €yovpe:

A: Ohikn dOvaun avtictaong (FY)
B: OAum dvvoun avoong (F2)
C: Avvopikn migon
D: Empdveia avapopdg (S)
F:C
G: (2
H: C;
AU
J: (T)WW
. AU
K: (F)Wf
. AU
AU
M: (7)5
. AU
N: ()
P: uetpovpevn yovia tpoévevong a
Q: ¢
S: dvpbwon yoviag Tpdvevong o
T: C, tehikod

U: C; tehucod
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2TOV¢ TAPOUKAT® TIVOKEG PAIVOVTOL CLYKEVTPMOTIKA T OTOTEAEGLOTO TOV EKAGTOTE
HOVTELOL Y10 TIG O16POPES YOVIEG SLUTOLYIGLOYD.

* Atpaktog

1.\.)
o

Cd

w

No

=¢—ROLLO
=i=ROLL 10
==ROLL 20

H
g

H

=>¢=ROLL 30

Cl

N\

=4—ROLLO

=i=ROLL 10
===ROLL 20
=>&=ROLL 30
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*  Azrpaxtog kai kKdTo nTépvya-omahoriivijs (delta)

cd

[1EY

[e»]

15

20

25

=¢—ROLLO

== ROLL 10
=== ROLL 20
=>¢=ROLL 30

cl

5 10

15

20

25

=¢=ROLLO

=i—=ROLL 10
=== ROLL 20
=>&=ROLL 30
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* Atpaktog Kai ave nrépvya-oploywvikij (opfoywviki)

=¢=ROLLO
=@—=ROLL 10
===ROLL 20
=>=ROLL 30
\°/F a
-5 0 5 10 15 20 25
=¢=ROLLO
=—ROLL 10
====ROLL 20
=>¢=ROLL 30
0O
r A\ T T T T 1 a
-5 0 5 10 15 20 25
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* Azpaxtog kat Tig 060 mrépuyes un evouéves (double wing)
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* Atpaktos Kat Tig oo wrépuyes evauéves (DOX)
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5.9. Xvumepdopato Iepopotikov Antotereopdrmy

Ewayoywd, vo avapépovpe ToA OTL T0 TEWPALATO LLOG APOPOVY GE:
- ntépuyo NACA 4415

pVl
 0piBu6 Reynolds:%:2,455><105

- AR=6

[MopotpdvTag To OTOTEAEGUATO TOV HETPNCE®V WITOPOVUE VO GUUTEPEVOVUE TO
e&ng: og kaBe poviého Otav apyiCovv va gpgavilovtor eovoueva oamoKOAANoNg M

T tov C; PEWdVETOL VO 1 KAMGM TG KopmOAng tov C,; owédvet.

Apyikd av GLYKPIVOLUE TN OTIYUN EQPAVIONG TOV POIVOUEVAOV OVTOV HETAED TOV
OL0P OPETIKOV HOVTEL®V (Yo Yovia dwetoriopod 0°) , umopodue va avapEPOvUE

T €ENG:

Garvopeva amoKOAANGTG CUVAVTOVTOL VOPITEPA OO KAOE LOVTEAO GTNV ATPOKTO LE
TIS OVO MTEPLYES EVOUEVES (0TS 12° yovia Tpdvevong). AkoAovbel 1 ATPOKTOG LE TIC
000 mTEpuYEG Un evopéves (otig 14° yovia mpdvevong). Mropodpe vo modpe dnaoon
OTL M TOPOVGin TOV KAOETOV TUNUATOV 5T SLOUOPPOOT TV VO TTEPLY®V, EYEL GOV
OMOTEAEG O TNV TOYVTEPN EUPAVION QOIVOUEVOV OTOKOAANONG ™G pOoNG kobmg

EMIONG KoL TV pelwon oty SUVOUN OvVTIGTOGNS KoL AVOONG.

21 ouvéxel ToL ouvopéEva avtd eppaviCovror oty opboymvin ntépuya (otig 16°
yovia Tpdvevong) evd TEAOG GTNV OmGHOKAWVY, OV KOl TOPATNPEITOL GNUOVTIKN
peimon tov puOpod avénong tov cvvtedeot) Cl petd tig 16°, puéypt kot t1g 20° yoviag

TPOVELGNG OEV CNUEIDVOVTOAL POLVOLEVA OTTOKOAANGTG.
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Xe OTL £YEL VO KAVEL PUE TNV EUOAVICT] OLTAOV TOV QOIVOUEVOV 6TO 1010 POVTELO
UTOPOOUE Vo TOVUE OTL OGO OVEAVEL 1 YOVid, OTOYICHOD TOGO TIO YPNYOPO
TOPOTNPOLVTOL TOL QOLVOUEVO, OVTO. AVTO  QOIVETOL YOPUKTNPOTIKE Oomd Ta
OLYKEVIPOTIKG Oloypdupota mov €yovpe Kavel. [To ovykekpipuéva umopovpe vo

OAVOPEPOVLLE T EENG:
-0 TyY dTpoKTo.

Agv TOPATNPOVVTOL PAIVOLEVO OTOKOAANGTG, EVED 0G0 OEAVEL 1 YOVIOL O10TOL(IG OV

TOGO QVEAVETAL ] AVOOT] KO KOT EMEKTAGT KOl O GUVIEAEGTNG AVAOGTS.

-0 Ty dzpokto kai Ty omicOokivy TTépvya.

Edd mapatnpodpe 6t yia yovia dwrotyicpot 0° kot yio yovia Tpovenong Léxpt Kot
20° dev mOPOTNPOVVTOL QPOLVOUEVOH, OMOKOAANGNG OV KOl TOPOTNPEITOL OMULOVTIKTY
peimon tov puOpod avénong tov cvvieheotm Cl petd tig 16°. Téhog yo Tig vTdAoOUTES
yovieg droryiopov (10°, 20°, 30°) T orvopeva avtd  epueaviCovtonr otig (17°,

18,5°, 19°) ymvieg mpodvevong tayvtepo ONA0ON 0ALY Le (ikp1| dopopd.
-l10 Ty dtpoxto kai Ty oploywvikny wrepvyo,

Xmv mepintwon ovtn mEPA amd TNV Kovn mapadoyn yio 10 6T 660 avédvel  yovia
O0TOYIGLOV TOGO 1O YPNYOP O CTLELDOVOVTOL TA QOVOUEVO OTOKOAANGOTG, a&ilel va
aVOQEPOLUE  OTL TAPATNPELTOL LLiol TEPLOYN LETA TNV OOTOUTN TTMOGCT TOV GLUVTEAEGT

dvmong katd v omoia avtdg apyilet ToAL va avEdvet.
-I'100 GTpokTo KoL TIG 0DO TTEPVYES N EVWUEVES

HopampdvTag ta dypapLoTe LTopove Vo TOOUE OTL GE QLT TV TEPIMTOGT OTOV
avédvel 1 yovio otatovyiopov katd 10° (0°, 10°, 20°, 30°) to @oawouevo
amokOAANGoNG epeavifovial o€ Yovia Tpoveveng mepimov 2,5° pikpdtepeg (14,2°, 12°,

9,2°, 6,4° avtiotoya)
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100 THY ATPOKTO KoL TIC ODO TTEPVYES EVWUEVES.

Ioyvovv ta GYOAMO TOL KAVOLE KOl TPONYOLUEVMOE Yol TNV GIPOKTO Kol T OVO
TTEPLYEG UN EVOUEVEC KO ToL onueia eivar yia yovieg dtororyopod (0°, 10°, 20°, 30°)
pe avtiotoryo onueio epedviong omokoAAnong otg  (12,3°, 9,8°, 9°, 6,4°) ywvieg

TPOVELONG OVTIGTOLY 0.

[Mopapodpue térog, OTL 100 HOVTEAD LE TIG OVO TIEPLYES, EVOUEVEG N UM,
Tapovctifovy KPATEPT] Gv®OTN Kol ovticTaon amd To aviictoyo obpoicuato
dvoong ko avtictoong g kdbe mrépuyoag Eexwprotd, OAAEL map’Ola avTh

ELEAVILOVV GYETIKA VOPIC POLVOUEVO ATOKOAANOTC.
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