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Kupiec xal »iptot,
13 \ e / oo\ ~ ~ / 3
H onuepivyy 6pihio pov, Tpoidv molvetole mvevpatinol wéybov, amwo-
Tehel SLemioThovIXY) TPoGEYYLeT Evos mohuculnTniévrog Susyepolc Oé-
\ Pl ~oe / A / \ / \ / ~
patog 6Ty Epeuva Tob 6molov Ha Emiyelpow vo suBIiw —6To pétpo TOD
vvatol— pe 1) Bonleia adlevtin®dv yvoudy xopugalwy eldundy, loToptndy
3 6 6 5
TNYEOY (EToLwV TpwToenpovtlolEVeY), LYKV ETLETNULOVIXGOY EEehi-
) ) I

Zewv nal T Théoy Tphopatng oyeTixdic BLlAtoypaploc.

Etcayoy

‘H mpofanbeioo tov 180 alcve droln 6tu 7 Eddnvins vidooo avixer
\ b . \ 3 / o~ \ \ ey o \ €

oty Ivdosupwmaing olxovéverar Yhwoadv, xalhe xal 7 &rodrn bt 10 Eaky-
vir aApdfrTo eivor DowvinoonuiTindic TPoehedGEmS, ATETEAEGHY GV TIXELLEVY
ouveyLlopévey ey pL GhLEp EVTHVMY culNTHcEWY %ol aueLefrThoemy. Abo
Ocpoto ta GTotor 8ev TTpéTeL Vo VoY adLapopo xavévay “Ernva, deod To
3 4 4 b \ o~ o~ o~ e ¢ \
Wictne onpactioc ayalo thc moltiouixijs pag xdnpovoutds, 4 Erhnvue
YADGGL, TEOPOPLXY) XL YOATTY, GPENATMOS GUVOESEUEVY) LE TNV TAUTOTYTA,
1 Guvéyeto, TIV EmBlwan wal Ty oo Tob KAknviouol, elvar irdleoy)
Grey pog. BePalog xal 160 6pirobvrtog, Moywm Tic porpby povns Evasy 6Aney

poe. a “ G NOYQ TNG LAAPOY POVTG JLOMNGTG
nov pe Ty Exmatdevsy ol 1) cuvag apblpoypagio pov, ue v 6mola Eoty)-
AMrevoa tic 6AebpLeg vopoletineg Tapepdoeic 611 YAOGoR pog e TOv Yeude-

/ / 3 > ~ /

TYpopo yopaxThplod Toue ¢ Exmadeutindy Metappuluicewy. Aedo-
wévou 671 Ta 3Yo adte Oépata eiva SemiaTNLOVIXOD YopanTHEM %ol LIALGTA
QVTLXELLEVD TTOMNAGY SLLPOPETIXGY ETULGTHLMY, 7) &V TPoreLUEVe TtpocTaleld
Lo givat Vo Tapousldce adbllevtines YVMUES YAOGGOAGY®Y, &EYxLOAGY WY,
LoT0pxeY, avlpwToddywy, TahalovTordyoY, Hhote va yubel TeplochTepo @hic
o7 306 adTa Teplmhona xol orotewva dxbpy Ocuata Bacel xal TGY vemTépmy
ebpnudTov xal Ty Eerttewy oty avlodmivy Apyatovevetind) (aDNA) %ol
v nOuopioner) Deverind eEenibemv, ol 6moles dvétpeday 7) ol Emife-

Bolwoay Tpovevéstepes UmoléseLc.
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Ot amapyec thc Luyrprtindic M'wssoroyiac-"Etvporoyiog

210y Kpatino tob [Indtwvog, Tob amotehel Sighoyo yia thy 6p0otnTo
~ b} / 1 \ \ )\ A2 er al Py 7\/ _ 6 \
TGY OVoRATOY' pe cuvopiintes Tov Eepovévn, tov grhbcoro-palnpaTind
Kpatino (Ldputy) orthocoginiic oyoriic tov Ho al. 7.X.) xal T0v ZwxpdTy,
’ () \ ~ ~ / 2 \ o 5 ~ oy
Bplonovtal ol amapyec Tic Zuyrprtindic I'hwesoroyioc” 6¢ 6,71 dpopd Gvo-
uoto Paplapmy (dnhady drrochvidv) xal T suyrprtindic pebiodou (6cov
apopd Tl Stahéxtous T Eaanvixdc m.y. Alohxic, Awpwetc, Toviric,
Attt x.Aw.), xal itaitepa ol dmapyes the Erupohoyiog yid T6 The xo-
Oopiletor 7 6pb7 dvopatolétnoy (dvopatodosio) Tév ALewv (GvopdTmy
I { ’
’ N\ / / \ \ 4 \ \ \ A
pioeL 7 vopw. Zopgpwve pe tov guoer xabopiopns (xata tov Kpatdno)
OThpyEL ouULpoVia neTald Gvouatos (Mélewe) xal oD EvvoLoloyixol TepLe-
Y OLEVOL TG ETVLOAOYLXMS (ONAadY) LeTaE) G7ULALYOVTOG Kol GTLALYOULEVOD),
EVR oVULPmVa e ToV vouw xabopLepo Tdv dvopdtmy (AéLewv) 1) ovopatodé-
o eivor oupfatied. H E2 v yadooa elvar xat’ 5oy 7y evvotohoyixs
o\ / \ < / 3 /. 4 \ by ! /C
7 vonuatied), dnhady) Dmdpyel altiddng oyéor LeTald OvoudTmy-Aéiewy
ral TG ETuporoYindig ornpacias tous. Kota tov [Tadrwve (Keatiiog, 435d)
«...0¢ v o ovopata EmloTnTo, Entotachoul xal to mpdaymator. IpdToc 6
Aroviciog 6 Anapvaseeie (log al. ©.X.) 676 Epyo tou llepl cuvbécew
>

ovopstwy Dewpel tov [Inatwva Oepehioty) 7¢ 'E hoyi X :
. e pehoth e Erupohoyiag yedoovrac:
«Tov dep gruporoylog Aoyov mpditog elonyoye [Thdtwy morhayd wev ol
o, pdioto 8¢ év 16 Kpatdren. 1Mo miyv alio t7ic vonpatixic idu6-
o~ bd / e 9 / bl / . € / 3\ \ ~
TN TOV ovopdTov 6 ApteTotéhns Emerpaiver: «O Abyoc... v p) dnhol,
o) Towneel o Eautol Epyovn (TEyvy pnropixy, IV, 1404b), 611 cuvéyeto 3¢
etatper Ty Eanvind pe v gpacn: «Eoti 8 dpyt) tiic MLewe O ENNvi-
Cewn (Téyvy pnropexdh, 17, 1407a). AXra »al 6Tode vemdTepOLS ¥ pbVOLC 6
Peppoavic puoiroc-grhécsogpoc Werner Heisenberg (Bpafetio Nopren 1932)
elye dnhwoer: «H Onteto oty dpyolo Earngvier yaidooa Omijple 1) 6mov-
SaLbTERT TVELLATIXY OV AGXTGT. 2T YAOGGH DT LTAE)EL 1 TANPE-

GTEPY) AVTLOTOLY Lo AVAUESH GTY) AEET %ol TO EVVOLOAOYLXO TEEPLEY GULEVOD.

1. "Ovop.a elvae %8 Aeln p.& iy dmoloy Snhdvetar Tpbcwmov, (Hov, Tedyp.o
7 IOt TR DTGV,

2.”Ex t6v mpwtepyat®v i olvypovrc Xuyxertindic [wecoloylog eival 6
Beeravoe dunactig Sir William Jones (1746-1794).
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To Exrngvino argdfnto xal to Dowvixixo cbpuomva

Av 70 Tp®To aApaPrTo (AnpLPécTepa shoTLA YoupTig) Elvat XruLTi-

o 7Tl QAP P P NP YRAPYS e
ro@owvixtxb, xoal &v ol Volvixes (xAadog Zmurtindic QUATS oL SoxpllOrxe
\ 7 \ \ 3 / \ ~ b \ \ ¢ / \ \ 7
o777 VouTthlo %ol 6TO EUTHpLo) TO Thpay amo Tovs ‘KEfpatoug xal o peté-

8 \ (/E 3/ / b / o~ y A \
WOV GTOVG " LAANVES, EYEL YLVEL AVTIXELULEVO TOAAMY GLCTTYGEWY KAL KL=

/ ~ 4 \ A 3 \ / e 7

oLofnthcewy. ZuvaeT éuata mpog diepedvnoy civar t6 mhTe ol Dolvine
uetavaostes eyratactablnray o1 Dowvivy xal wolc ol apyatbtepes Emi-

\ N \ / ~ ~ ~ 3 / \
voopec 1) yoarta xeipeva 10U Powvininol moltiopol. AZiler vo mopoty-

~ o ey 5 v~ ~ ~ e ~
onlet 671 Ty Imdpyovca dmodn Tepl T xaTaywYTe Tob EaAnvixol dhgo-

/ b \ \ \ / \ D \ \ \ 3 ~
Brov 6o to «Dowvieind ypdppotan, dnhady et 10 Dowvinind odoractinde
«ouihafapLon, éothptlay ol «DovxleTEo) xLplwe 6T YVOGTY p7NeY TOD

p1o», o7 won wuplog 671 Yoot phot)

‘Heodétou: «OL 8¢ Dotvixec... Eonyayoy Sidacxdia ¢ Tovg "ENhnvac xal )

\ / 3 3/ \ 1 ¢ 3 \ /7 ¢ /
rol ypduppoto, odx e6vto mplv “Eihnol dc¢ Euol doxéew...n (Totoplio,
5.58,1). Anradh, 6 ‘Hpddotog Sxtumdver Tolto pe Empdraly («we uol
SoxrEELYN), AVAPEPOUEVOS BOPLOTMS GE YRULUAT, %ol O)L GTOL YEGULLLTO
GUYREXPLULEVTC YRoPTC.

Me v dmoyy dpwe tob Hpodbtou dev suppmvel 6 lotopinoc Aud-
dwpoc 6 Zixehortne (wep. 90-20 7.X.), 6 6molog Sreuxpuviler Gt T Aeyo-

/ ! \ 3 3 4 ~ / 3 \
ueve «Dowvirera yodupator 3ev eivar Epedpesy TV Dowixwy ahhe Suo-

\ ¥ / ’ . \ \ @ 4 5 !; k) o,
GXEVT) FAROV YPALLAT®Y, STAGVOVTHC: «...pucl Tous Dolvixac 0dx €€ dpyTic
ehpely, ahha Tovg TOTToUS TOV Yeauuwatny petaleivar wovov..n (Totopixy)
BeBrioOnsen, 5.74.1).

‘Wotéo0, éntorne nate tov Hpbdoto, obppwve e 16 Aelixo tov Lid-
dell-Scott, 616 Afjpnpo «Kddupoon, avagépetar énl Méfew: «& Kadpog Epepe
3 \ \ 7 \ \ e \ b / o~ / /
a6 ) Dowinn 10 oo Eapvins arealnto t@y dexagll yoappdtwy,
3 b 14 3 / \ K 8 a0 N @ N Joe 7 (H /8
g’ émov ovopdotray xal Koadusfio 7 Powwnio yedppoate (Hpdd.,
5.58, H9)" adta dpybrepa adEnlnpay e Thy Teochxy dAhwy dxTo Yeou-

/ ~ v/ > ~ o /
LaToV, TOV Erovopalopevoy Tovindy, 1, o, 0, ¢, Ty, &, I». Metayevé-
otepa (8oc 7. XL al.) mpocetélnoay tplo axbuyn yedumato (dlyopmo, xomma,
copwt), Tob apopédnray 1o 403 7. X. ‘O Axadnuoinoc xol gpyolodéyoc
Pewpyroc Murovas, 68 avaxoivosh tov oty Axadnuie Abnvey v Sy
Touviou 1958 (dnpociedtyne oty cepa ey Hpaypateiov, 23, 5, 1959,
1-33), réyer: «...duvapebo peta peyiotne mbavétnroc vo cupmepdvmpey
67 o O Tl Kaduov eloayHévra clc tac OnBac ypdppata dev foay Dot-

viexdn (6. 24).
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A¢ onpermbel 1 ol Dolvixee, dmme palvetol 4o Siagopes loTopLxes
wYée, gyrnatestabnoay oth) Dowiny (enuepwoc Aiavoc xol v péper
Supta), avaperyfévree pe todg adtdybovee Xavaavitee peraid 1200 xol
1100 =.X. Iparwre xelpeve 7) emiypagee yio t0v Dowvinind modtiopsd dev
gyouv ebpebel oth) Dowixy. lavroe, drowg avagéper 6 ‘ONavdog apyato-
Aoyog nal totopixog F. C. Woudhuizen (The transmission of the Phoenician
alphabet in the Mediterranean region, Rivista di Studi Fenici, 35, 2, 2000,
173-184), namorec émvypapes oL 8ov xal tol Tov al. 7.X. ebpébrnoay éxtoc
Dowixne ot arowiec wnc o) N. Tomavia (Almunécar, Morro de Mezqui-
tilla, Toscanos xal Cadiz), v¢ «mpotov To0 Dowvinixol Eumoplon xal Tig
eraxorovlnoacoc amowtomoinerey. ‘O André Lemaire dvagépel ndmoteg
Dowvixineg emypageg thi¢ weptodou 850-750 w.X. oty wpbopaty perétr
zou Levantine literacy ca. 1000-750 BCE, 676: Brian P. Schmidt (ed.), Con-
textualizing Israel’s Sacred Writings: Ancient Literacy, Orality and Literary
Production (Atlanta, Georgia 2015, 11-46). ‘Qetéc0, oi Dorvinixie adreg
ETTLY POLPES BVAPEPOVTOL GE LOLOXTNGLES AVTIXELUEV™Y %ol GLVETHG OV €y oLy
roYOTELVIXG  yopanThpa, 6Twe ol spyatdtepes EAhnvixéc Emiypagéc.
Yrdoyer xal w0 Boperosnuitind (Powvinixd) ogrvoeidec drpalnrto Tic
Odyxaprtindic Yhmeous, armoterobpevo ano 30 eouBoha (yYpappota), Tol
Beehnue 68 mhhwveg emypages (velpeva tc Ras Shamra) ypovoroyodpevee
petald 1500-1300 7.X. Ot émiypagec adtes avaxardobnray 6ty TepLoy)
7 Avtiedic 2uplag 70 1928 xal droxpurtoypagninxay 16 1932. [ldvrwme,
Ao THY 6RoLbThTY TOAMGY cLUPoAwy Thg Odyrapttindc ol &A@y G-
VoLp@Y ZNULTIXOQOVLXIXGOY YRoQ&Y Tpos ThY Apyatoxpntiny) Yooy (tepo-
Yhugued) nol yoouuied) A) cuvdyetal Bacel spyatohoyin®y ebpnudtwy %ol
YVOUGY %0puealny eldixdy értetnuovey (Evans, Dussaud, Reinach %.4.)
dru ol apyotor Dolvixes avréypadoy Tovg apyaioug Kefitee, ol 6molol elyov
erouxicel ) Dowixy mepl 70 3000 7.X. ol dpydtepa 70 1500 7. X.

Enioxémnen 1@y mhéov Tpbeepatmy ambemy yLo T YEVECT-TRMTY)
gngdvior To0 Dowvieinol ahgafrton, xabone xal Tov Tpbémo TposupPoYTe
Tov 677 pwvohoyia thc Erngvinic yhmeoas, didetar dnd tov R. Woodard
[Phoinikeia Grammata: An Alphabet for the Greek Language, 67é: Bakker,
E. (ed.), A Companion to the Ancient Greek Language. Malden: Blackwell,
2010, 25-46). Koo tov Sir Arthur Evans «7) yeagn e Keftne elvar
untne whe Qowwxdion (Scripta Minoa, 1, "OZ¢bpdy 1909, 89, 92, 94), évé

rota 7ov René Dussaud «ol ®Dotvixee elyoy mopahd el TpmLpbtoto 6 Gh-
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pafnTov Ty maps TV EARnvey, oltivee elyay Stapoppmest ToUTo x TTiC
Kenro-Muxnvainic yeaptcn (Liddell-Scott, At6dwpoc ZixehdTng, oA
ral Bradipnpoc 'webpynie, [Hoofrjuara tic Mvewixic I'hdooag, Zogua
1953). To Dowvinns dev eivor arpdfrnro dAAd «oLIERELOY Y wple Po-
vhevta, pe 22 edugwve xal ywels to odpgpwve =, O W 1ol Erinvixod
argofnrov. Adne xal xata w0 Kévrpo tob llavemistyuiov Irvine TLG
(Thesaurus Linguae Graecae) 6 Kpntixoc lotopinioc Aweladrng (cuyypddoc
iy ToTtuxd) Lotoplo Tc Kenhtre) avagépet 611 16 dhpalnto edpély amod Todg
Kerrac.

Béoer lotopindy Sedopévwy, Emiypapdy %ol TOMGY Gvagop®y 6
(Yvoora) xeipeva apyaiov Earnvov cuyypagimy, Eer drostnpry el aro
T EmeTHLOVLXT xowb T T 6L N EARnVIXd yeopT), DO popeny ernudTwy,
UTTpye lowg mply & Ty oyt Tob Tewwxob [Torépov (dev evvoolue )
vooppnh, A 9) B, olite Befalowg v dpyatdtepn Kpntind pnéow ideoypop-
patwy tepoyiuguxed yeagh). Hapadelypatog ydpw, otiy Taddo (Teprypd-
povca Tov Tewixd 1érepo) 6 "Oprpoc, avagpepbpevos 6tov Behhepopbvry,
vodper «onpata huypa yeabog &v wivaxt wruxtd Oupoelbpa Todran (Emi-
oton) Ipottouv wpoc wov wevlepd Tov, zov “Tofaty, Z 169). Externg 6
“Opnpos, xate oV @uhbroyo xal totopind ‘Helyto tov Miricio (Gog al.
w.X.), Eypade v Tadda «ody dpo 008 xata T6 cuveyés, xalbdmep oly-
reLTaL, GAN oadTOC eV EXAGTNY paymdilay Yeddoc xal Emdetidpevoc &v 76
TIEPLVOGTELY TaC TTOAELS TPOGTC Evexey amétmey...» (Aetixo Xovda ) Lovida).

O Teddpyroc Mistprwtne (wynpoveubpevog yia AdYous LeTopLxolg)
avagépet 671 6 ATorhGdwpoc (180-110 7.X0) pég yvwpilet 671 6 Olak, nata
oy Towwnd éhepo, Eypade iy eldnom tob Oavdrou To0 ddehgol Tou, Tob
Hohaundn?®, éndve 68 mddiio, ©6 6molo o Oahdooie xopate petépepay
6TOV TaTEPa ToVG, TOV Nadmhto. yetind) avapopd yiveTol xol amd 16 Ae-
Lo Xovdo ) Lovida 610 Mjppo «llahopndnon: «bomep Olal 76 Navmhien
vodoper 16 motpl tov Honaundn év dwnpdpoig madrarg xal pirrel elg Od-

rsooy, Gote wid vé Tt NawmAle Teptmeseivn.

3. Deperar 6¢ 6 Epevpétne o0 EArnvixol dreafnTon, otd yedppote Tol
Coion 23 o . 5 & TTuOarrbooc. 296 & Shovaoc <05 Ouh-
omolov Ewce petayevéotepa TV popery 6 [ulaybpag, &vé 6 daoxaiog o ‘Opn
pou [TpoTtavidne Tantomolnoe TpdToc TOV TPOTO YpuwTc, ToEGLOLO LE TOY GTLEPLYS.
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EvSragépovca elvat 1) Emotniovint avarolvemer) 10D Epeuvr T LTadpoy
Homapapvémovion xal T@v EXfvey cuvepyatdy Tou, thv 6molo Topou-
olaso 6 Anpéoa 2uvedplo 7 Axadnpiog (19 "Oxtwfetov 2017) pe titho

b \ A ~ / ~ ~ / \ ~
«AcTpovouxes ypovoroyroes Tob téhous Tob Towixol Tlorépou nal tic
emiotpogiic tob ‘Oduecéan (llpaxtixa tic Axadnuios Alypvév, 92 A’
2017, 119-142). ‘H qvoxolvewen natahhyel 670 cLUTEQOGUA 6TL TO TEAGS
700 Tpwwol Torépou ypovoroyeitor wpo tob 1200 7.X. "Eav mwpdyportt
OTpye veown welv amod o 1200 w.X., 1o Ymoctrelopeve T 370y ol
"Exnvec wijpay 16 odotrpa yeapTc (curhafapLo) arno todg Dolvixeg xio-
vilovror. BePatoeg 10 {htnpo adto Tapapével avointo EMheldet amodeifewmy.

‘O rodrapyog (Lvumociaxayv Hpofigudarwy BUn. 1) HpdBrmua B,

o~ \ \ A 174 \ / A 3 \
737-738) Oewpel dpehr) Thyv dmodn Gt 16 yedmpo «dhgoy eivor Powvinixo
pJ ~ 3/, A4 / \ ~ o~ / ~ 3 /
&% 100 (Adepn oL ovépaloy Tov Boby («mpdTov TihesloL Tav dvayralwwn).
Karta 8¢ 16 Méya 'Eruporoyinoy Aelixov 10 ypdppo «dApan Tpoépyetol éx
TOU pNUATOS (BAPY (= edplonw), SLbTL (TTRpMTOY Yo TMY EAAMY GTOLYELWY
ebpelny, &v xol TobTo dpoisBrreitor.

(H /6 /7\ _ /"_ o\ - \ \\ ) . \ (E)\)\ \ / '?'_\ \

#&0e TohG-%pdTOC 1) TEPLOY T GTOY GEY Ai%s VKO XOGULO ELYE TO
/ 3 7 \ \ \ 3 \ 3 ~ ~ b /
dunb TNC AAPALNTO (e LinpES TUPUAAXYES ATTO EXELVAL TGV JAAMY TTOAEWY).

\ \ ¢ D / 3 \ ) ~ b \ \ 7
To onpepwvd Errnvixs drpalnro elvar 10 Emnpatiiooy Tovino pe 24 ypap.-
pato oo 70 403 XL érml dpyovrog Edxaeidou. To Kopbroxo éniore dua-
Oéter 24 vodppoata, 16 Kenrins 21, w7ig Mukntou 24, 16 Xoaxtdino 25, o
70 67olov wpoTiMle 16 orpepvs AaTivind xatéTLY TROGAEUOYTIG ATTO TOVG

/ ~ / o~ b / e ¢ ~ € / \ /
ratoixove Tl Aatiov t7g lrahiog (ol 6Tolol, ¢ galvetal, T6 mapéhaBoy
a6 "Ernnvec thic Kdunce). Ao w0 ‘EXnvixo éxione drpalnto mpofiboy to
Etpovonixd, 16 Kupihhxé, 16 apyoato Oovyind, 16 drgalnto thc Auxioc,
70 Audind, 10 Appevind, 16 Komtind, 76 [Nothixd ».m.

Ot arapyee thc ‘EArnvixdc veapic

[Typyee yio tic amapyec thc ‘Errnvixidc yooptic \rdpyovy TOAAEG, pe-
7o2Y Ty omotwy: 1) ‘H mwvanida 1o Atemniol e Kastopric wod Epepe
o¢ i 70 1993 6 Kabnyntic I'. Xovppouliddne, wnv 6motay gpyatopétpec,
7660 "Ednvec a6 w6 Epeuvytind Kévrpo Anuéxprtoc, 660 xal 100 E£mte-
oxob, yeovohéynoay 616 5250 7. X, (&v xal tolto dugiefrreitar), 2) To
boTpano 6Thy Epnpovneida [odpa TV Lropddwy, T6 6Toloy edpiixe 6 dp-

1 oLoA6Yyoc-cTenhatohbyog Adopdvtioc Xapdov, Opétinog Kabnyntic tob
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[Tovemistruiov Alyalov [BA. Sampson, A., The Cyclops Cave on the island of
Youra, 676: Greece. Mesolithic and Neolithic Networks in the Northern Ae-
gean Basin (ed.), 2, INSTAP, Monograph Series, 2011], pe ‘Exanvies éme-

\ ~ \ 4 / / 3 o~ \ /
ooy, Tob HH00 w.X., 6ty 6mola Sraxpivovrol edxpvide To YELLLTY
A Y A, yoplc BePatng va elvar Yoot 1) gwyntied toug dkla, xal 3) To
botpoxo oty Heproyy) Hunnaro t7¢ 10axnc, ypovoroyoidpevo 6 2700 7.X.,
GTO OTTOLOY DTAEYOVY Y opaYUeve GUUBONNG GYNULATE THPOUOLYL UE DT
oy Mpoppinev Moagpidy A xal B.

N / S 7 \ 3 7 ~ 3 \

Ev mpoxaipéve, ebroya tiletor 10 Spdtnua: moe elval Suvatov ji-
nddec otiywy TOV Opnpindy ETOY Vo SLaTrpobyToL %ol Vo LETUOEPOVTOL
gl TOAAOLG alddves avarholwTol pe Bovpasts axptPera. ‘O Kabnynric Gil-
bert Highet dnhmver 611 éva wolnpa cay v Thddo elvor adbvatoy vo elye
mopadolel ywelc yoagr (‘H xiacuey rapadoor, éxd. MIET, AB7va 1988),
eve 6 ouyypagéac Horst Blanck (16 Bifrio atiyv apyatéryre, éxd. Ilama-
Shpo, ABfvor 1994, 148) Befardver: «Xqpepa Eva reyaho LEpoc GLAGAGY Y

7 \ \ € / 14 4 A ~ e ~ 3 ~ 3 3/
nAlver oo Thy U6leoy Gt M) Gdvraln TAY ‘Opnewndy Exdy elye Ao woto-
GTNGEL ATTOPaLTYTY T1) YPATTY) TaYLWwe™ ToU %ELEVOL... ol padmdol xoufo-

~ / \ \ / 3 / / b / € \
roboay pall Toug TO YeaTTO YELpbYEoEo avTiTuTd Touoy. 'KETtiong, 1) YvmeT
ennvicTera Jacqueline de Romilly dnadiver natnyopnuating: «Ounpog ol
oot cuvurtapyovwn (Mot ) Earddo;, Abhve 1999, éx3. To Actu, 28).
To Soervixo eEapetpo ota ‘Ounpxa énn Pactletor 67y Tposwdio (Loxps
ral Bpayéa @ovhnevta, Stmhd cdugpwva, diployyor x.aw.). ‘H &rody 61 ol

/ ! ! / A / c e Pl bd
Dolvixes ddversay wdmora cOLpwva xal apécws ol "Kainves Eypadov dplo-
Yoopmnuéva Ta €Tty 0V Eyel Loy upd ETLyELp T, GTTme dvapépet T0 Aelixo
Yoo 7 ovtdo (BA. «Dowvixy mwbhigy).

\ 3 \ e s \ ~ ~oe o~
Xopoxtnpratind eiva xol 7 vawopd Tob Apeptxavod laToptxol/puio-
/ / ~ / ¢ 7 ~ . .
GOQOL, GUYTAXTY) T7|G TAY®OGULAG LoToplog ToAtTiopol, William Durant:
«Ot Dolvixeg dev Hoay ol Epeupétal ToD AAPAB7NTOL, TO XURACEGETGAY LGV
3 \ / \ / \ 3 ~ 3 \ \ ~ \ \ / \
amo t6mo 6¢ t6mo. To endpav amo tovg Kefreg xal 10 petéopepay otiy
TYpo, o1th Lidmva, o9 BUBro xal ddhec whheig thc Megoyeion. “V'riplay
¢« / ” oy e > / ~ s ’ 3 > /

ol “yupordyor” xal Gyl ol Epevpétal Tob ahguliToun. O apyatordyoc-
emypapueos Ambotoros Aplavitémovios clye dniacer: «To drpafnto
bl / \ bl A L) ~ (7 bl 7 \ 5 \ b
émevomoay xal epnppocay ol Apyator "EXhnvec... Edwpioay 5 adto elg
o \ 3 / 3 \ ~ b ~ > / 3
gmasay Ty avlpwméTrTo Mg xowov xTTipa adthion (BA. Emiypapixd, exd.

Kovirobpa, 2 webyn, 1937-1939, i8lwg tebyog 1, 16-32).
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3 / 3 e /, "~ A 4 ~
[Tord évdragépouceg elvat ol dnhmeelg @y ey Hpoédpwy w7 An-
poxpatiog xal Axadnuainedv K. Teatoou xal M. Zracwémovion 160 1986,
oyeTd pE THY xatayoyT) Tob EXmvixod dhgoaliron. OL 8Yo adtol xopu-
patol dvbpmmor ToU Tvedpatog ETévicay GTL (TPETEL VO GVOLPEROVTUL GTA
\ 7 \ \ 7 3 \ 4 \ 14 3 \
oy ohna BLBhlo xal To vemTepa EMLGTNULOVLXS 0e80UEVa TTOL TTpoénuay o
QVEDPEGTY) TTAVELEY HLWY EVETLY pApwY Tiwvaxidwy 6Tlc dvasxrapes T Kentng
vl e v e Eaddoc, dmi v bmoley b o mpoi-
TEPLOY MV TTiG %806, ETL TGOV 6TTOLOY VTTAEYOLY GTUELL TEOL
otopwedic ‘EAAnvixtic voapTc mob elval TavoRoLOTUTIOL TROS TO YRRLLOTO
~ ~ ~ 4
70Y dhpalnTou thc Khaowdc Eanadoon™.
Y'rdpyovy prete LopTLPLEG LE KELUEVA dpY oMV LETOPLXGY XKoL GUY-
Yoapéwy petayevésTtepn Tic emoytc ToU ‘Opnpov (m.y. Abdwpoc Zixe-
/. \ e ~ € Y ¢/ < o~ \ ¢ \ A
MwTNg), Ta omola VrosTetlovy 6TL Umhpye yearth Erknviny yidooa
(Srapopog e Moappintic B) mepl 760 1200 7. XL, dnrady molv awo w6 Do-
\ ! € / / b \ \ \
oo ULTIXG GUANBRELo. ‘QeTéc0, Texphpla (7). EMLYpagEs) YLo ThHY
‘f/ a (E)\)\ ~ ~ \ 3 / b 3 \ \ / 8 8\ e / - \
Oroply TNVIXTG YRapTic TTOL avdyeToL 6 adTHY THY TEplodo d&v HTTd ey ouy.
Hdvrme, yopoxtnpteting elvar 7 Emierpover oD ey otoddyou xal Axadr-
) 1
paixob Zmuptdwvog Moptvdton 68 EmLeTULOVIXT) AVIXOIVWET) TOV VLo T Lu-
rnvoiixd) yeopn bt «Cnrhpata, o 6mola Elempolvto xeparatmdr dLiduato
THG EMLOTALYG, KATATUTTOVY AToTopmC xal avtibétme otrpilovrar véar Hro-
4 \ e / \ 3~/ b \ A / \ / / !
O¢oere, Tag Gmolog wpo OALyou 0ddele O tdapa va TpofBdan (Kadphe yodi-
pata, 6761 Emiomyuovie) Erxemypic t7c Orrocopixic Xyorijc tou lavem:-
oryulov Abnvév, mep. B') tép. 6, 1955-1956, 531-541).
F ? " \ — \ 3 A — 7\ / N )\ A \ ~ e )/8
VoD THY TNV AoUYXELTNG TEAELGTYTOG YAWGGH oL EUels ol IOLoL xa-
KOTOLAGAILE, V6 VLo ToLC Eévouc €A 5 L vA A6 ; el
GoLLE, yio oL EEVOUC EAATVLGTES %ol YAMGGOAGYOVE ATOTEAEL
avtixeipevo Bovpoacpnod xal pehétne, youpoxtnelotiny elval 1 Shhwen Tob
N 4 4 ~ ~ \ / "_‘\' b C /
Sranexprpévou eEMvietod Koabnymrol o1 avemotnuio w7c "OLgbpdng
Gilbert Murray (1866-1957): «...] ploe oxédn umopel va Srtumomlel pe
&veory nal ydpr oty Ed vy, avé yivetor Sdoxohn ol Boapts 617 Aati-
vix?), Ayyies, Dodnendy, Deppovies. ‘H "Eddngvind) elvor 7 tehebrepy)
YhoGoo, Eredr) Exppdlel Tig oxéels Tehetotépmy avbpmmmwn. O Suuxexpt-
wévog EMVLGTIC %ol YAwssohbyos Tomavie Kabryrntic ». F. R. Adrados,

exd67mc tob Apyoo-"Erinvo-Tomavinol Aelinol xal Zévog étalpoc Tijg

4. Mep. Aownde, . Noepetou 1986 (Eriore ép. MeoquBovih, 25 NoepPolou 1980).
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Axadnuioc Abnvov, Eyer Eravethnppéva dnhdoet 6ti ol Autixoevpwmaixeg
) 7 5 5
YADGGES ElVol NULEAANVLXES 7) #PUTTTOEANVLXES.
ALile eniomng va onperwiel §1u 6 Aprotopdvne 6 Bulavtiog (20¢ ad. . X.)
Bempeiton 611 mpdTog EMevince %ol EQNPUOGE TOVS TOHYOUG %ol T TTVEDULALTA.
270y «Stonov t7c Parstoln, yeovoroyoiduevoy epitou oo 1700 7. X.
( ¢ e ~ e /e — \ K / \ 8 \ ’/_\ 3 6 ~ /_\ / _
0 6molog evpeln oty Kenty xol dev &yel amoxpurtoypagriel péyp 67
uepa), @alvovTol edXELY®S «tuTtmpévoy ta yedupate B I A Y. Ol Michael
Ventris xol John Chadwick® YesthptZay yid mpmtn @opd 671 of mvaideg
3 A / 7\/ 3 \ \ 8 /,_ N )\ 7 X e ¢ ~ /6 \ \
@6 Ynpévo ko, amo T dedtepn yrhetio w.X., ol 6mole Bpelnnay oty
11920, 6ty Kvwed, otic Muriveg xal 8o pépn’, meptetyov Eannvixa -
- \ 7 - 3 \ \ 3 - ~ M‘ e\ B /)\ » T \ M _
veopa oL TpoépyovTay amo o apyato Muxnvaina Basiieton. Ta Muxy
voixd, HTtwe Tpbepata Etovioe 6 x. F. R. Adrados (v suveyelo &Ahmy), ftay
(E)\)\ A 7 \ \ /6 ~ 3 - ’ 7\)\ ~ ~ \
nvixd, yeoppévo e T Bornlela pidic dpyatog cuArafirtic yYpupTic oL
\ 4 A
oT1) cuvEyeLa LeydoTrxe.
Eriong, o¢ opunio tou 6ty Axadnuio Abnvev (8-10 Maption 2013)
6 StoxexpLpévos ADeTpLands YAWGGoAGY0g %ol Luxnvor6yos x. Oswald Pa-
nagl® dvéopepe ét1 ol Ge dve mvaxidec (Kvoood, TTHnou, Muxygvév) fray
appévec o wio doyéyovn mopadhoyt) T aeyaioc Earnvinrc, D00 yobvia
VPILUEVES GE Lo ARy EYOVY) TP Y1) TG G LS VLXTGS, 1P
TPOYEVEGTERY)C TOD YAMGGLXOD LOLdpatog TGV Oureindy Endy. 2uvende, 1
1povoroyio toug avayetor wepl 10 1300 7.X. [pbopata oty "Inhatve t7jg
Mesonviag (14 yap. amo iy 1Oro) 6 dpyorordyos x. Mo Kooupo-
movioc, Kabnyntie ot Havemorquio 1ol Milodpr t@v HITA (drebbuvog
3 o~ 3 \ \ \ o~ S / ~ 4 \ / \
avacxop®y oo 10 1998 610y ydpeo adto), Berixe «péca ot pmdlo xol

onouTidion TV dpyatbTepY Léypl ohpepa iy Tvoxido [Moappintc B,

5. Adrados, F. R., ‘H ‘Exxgvixs yAdooo, y0és, arusoa, adpro, Ipanting Zu-
vedpiov, 8-10 Moaptiov 2013, ‘Earnvud Mwoower Kinpovopid, éxd. "Evwora, 19-38.

6. Ventris, M. — Chadwick, J., Evidence for Greek dialect in the Mycenaean
archives, The Journal of Hellenic Studies, 73, 1953, 84-103.

7. Kota tov Swaxexprpévo eanviety, James Thomas Hooker, 7 poppind)
(cvrrafuen) Doogpn B éugoavictrre wplv dmo 10 1400 7. XL, ypovohoyia 6thy 6Tola
avapépovtal ol Tvaxides t7¢ Kvooob.

8. Panagl, Oswald, ‘H ‘Exxnviey yrdooa, y0éc, chucpe, adoro, Ilpantins
2uvedptov, 8-10 Maptiov 2013, ‘Exngvuery Mwcownd, Kinpovoptd, éxd. "Ewvora,
49-58.
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yeovoroyoipevy petald 1450 xal 1400 7.X. (&rodn tob J. T. Hooker: Ba.
vmoanw. 7), 6meg wol dyvapiae we oyetin émator tou’. [ldvrwe, 7 de-
A oLOTERY, AAQaf3nTINT) ETLYPaY) YopaYLEVY, GE THAWO dyyelo oThy «Oi-
voybn tob Awdroun elvor toU 8ou al. w.X.: «HOX NYN OPXEXTON
ITANTON ATAAOTATA TTAIZEI, TO TOAE KAN MIN... (8¢ viv opynoTtoV
TAVTLY ATohOTeTo Taller T¢ T6de...)n. V'Tdpyovy TOMES TEOTEVGLEVEG
gppmveleg (tovidytotov 20) Tic Emiypagiic adthc pe ducavdyvweTa T Te-
revtota yeappato (Binek, N., The Dipylon Oinochoe Graffito: Text or
Decoration?, Hesperia, 86, 2017, 423-442). T4c idloc weplmov émoytic aANd
extoc EMadixol ydpov elval, 6mog nob éyvapise 6 Kalryntie Mosco-
noviog x. Xp. Xapahapmdnne, 7 éntypoagy) wob Beélnxe 16 1953 otig [107-
novoeg 116 Tradlag (Neoropog mTothpLov).

Wo671660, HTo O PoC TGV TpoenTtelévTmv, 7 EmLypapr) adTT dev Tpénel
va elvae 1) spyonbtepn. AapBdvovtog by b1 néypl oNueEpe TOGOGTO Y-
%pbtepo tob b% tiic ‘Ennuiniic Toappateioc Fyer yiver yvootdy, civor
eBh0Y0 Vo avopéver xavels 6Tl 6T0 LEANOY vemTepa evpruata Oa péper o
P&C N dpyooroyiny) oxaravy. e th ph) Srapln Eagvieol argalnTon
aleves TpoyevésTtepa Tob Sou al. 7.X. elye Exgpacet TNV dmoplo Tou 6 Mi-
chael Ventris, xato tov Broypago tou Andrew Robinson (‘O dvlpwmos wou
amoxpuntoypapnoe ) Loapuixy B: %) iotople to0 Mdixd Bévroic, exd.
Motdnne, Abhve 2005).

Koo tov yhoosordyo Kalnynty) 6to [averiorhpio Charles Sturt =7)¢

Aderpaniog x. Newpyro Kavapdn !

, BdoeL TTic L6TopLoGUYRELTIXTC YAWG-
’ e ¢ \ ’ \ b A \ ’ 3 \ \ \
coroyiog «f KA s, vAdcoo dev avixer 68 xaplo 4O Tlg YAMGGLXES
6uddzc Tthc Tvdocvpwmaindic olxoyevelog %ol GUVETMIC KATATAGGETUL ME
pepovouévy yiweoo. (isolate) néoo 616 mhaloLo Thg GLOYAWGGLag AdTTON.
Ad7o Befaloe 8ev onpatver i 7 Ernvind dev avixer oty edpdtepy) Tvdo-

EVPMTAINT 0IXOYEVELL YAWGGGY, oL 6TTOLEC LTTopel peTabl TOUG VoL ATty oy

9. Erwowovie pe tov Kalnynmy ». M. Koopémovho péow fhextpovinod
Toyudpopeion otig 25 Tavovapton 2016 (éniore: Shelmerdine, C. W., 2012, Iklaina
tablet IK X 1, 676: Ftudes mycéniennes 2010. Actes du XIIle colloque intern. sur
les textes égéens, Sévres, Paris, Nanterre 20-23 sept. 2010, Pisa-Rome 2012, 75-77).

10. H Seoypoviny cupforn tic Erdnvixic oe dides yAdooes (Emiatnpovind)
empereio I Koavopdnng), exd. [amalicn, Abqve 2014.
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7povixd mohhove alkvee. OL dbo dpyatbtepes xol oruavtindTepes YAGDGGES
TTc 6ROy GGl adTiic amo Thevpds [Mpappatelog, yooppatindic ol cuv-
ToTedic Soudic elvoe 7y dpyatar EaAnvixy (EmBridvovca o peyanro Balud
amo Ty emoyy) Tob Ouhpov péypl onpepa) xal 1 Javoxprtiny) (dpyote Tv-
Suxr) oL GULAELTO 6TV Wwixed) Lepa oA TOV Tvdidy Mrevdpec). ‘H “Eany-
VLYY ATTOTENEL QULYGULEVO GUVEYELAG Kol Loy POVLaG, Bpol, EXTOC TAY JAR®Y,
ao TO 6UVoRo TGV AéLewy Tob ‘Ourperxod Aelihoylov emiPrdver wéypt 61h-
uepa Teplmou To v Tpito. ANk xal 6 dhhote Emixequiiic Tob ToTopixol
Ae&ixob tijc Néac Earnvixijc whic Axadnpioc Abnvay deipvnetoc Kabn-
vhe Nudraog Avdpiwtne 670 Aelixov t@v Apyaioudv 1@y Neoedrr-
vixev Awaréxrwv (Nikolaos Andriotis, Lexikon der Archaismen in neu-
griechischen Dialekten, Osterreichische Akademie der Wissenschaften, Wien
1974) anppoatoypagel 6.718 dpyalec Méleig mod axbpa xal cHULEp 3 pNGL-
pomotobvrot aro amiobs avbpmmoug tTi¢ braibpou. Exieyce, 6 Empavrc Ka-
OnynTie Moccohoyioag xal Tvdutic Ourohoyiog, Axadnpainoc ecdpyrog
Xorlddnee (1848-1941), yvwetoc d¢ matépas e ["hwesohoyiog othy
‘Endda, arnédeile dtu amo tig wepimov 4.900 rékeig thc Kowvije Awabnne
ETLBLAOVOLY LEYPL GNUEPX TTEPLTTOL OL ULGEC. 2T ZovorpLTiny YAWeoo €y ouy
Yoopel T dpymbrepa nelpeva tiic Tvdiic Doappareiac!! (frwe of iepol
Suvor t6v Bedov wept 16 1400 7.X0). ‘O daenpoc Neppavioc yhmssohbyog
Franz Bopp (cuvtantre tijc Luyxpetixie loappoatinge 1833-1852) épeb-
vrioe debodixa T ouyyévela Thc Loavoxprtindc pe Thv A vy xal dhheg
YADGOES, RATAAAYOVTOS GTO GLUUTEPAGULA GTL 7 XaToywYY) HAOY adT@Y
etvor 7 lawetiny, mTpaypo 6w wob Eyel dppielntnbel. "Eniore dmapyovy
avtittbépeveg dmodelg M Tpos TO xatd Thoo 7N Ehnviery dmeptepel Tiig
Savorprtindc. Znpetobfto 611 ta mpdhTo Emiypagixa pvnpele oL Epepe
68 Q&G 1) apyaLoloYLel) oxamdyy) 6Tic 1vdieg elvo Tor Teplpmua Stotdyporta
700 Acbxa 7oY 3ovu al. w.X.

‘O xopugatoc Siebvidc Yamssorbyoc-elnvietig x. F. R. Adrados, o2
avaxolvosh, Tov oty Axadnuie Abnpvov (8-10 Maption 2013, B

11.°O Anparerog Dadavie, Srampernhe "Erhnvac vdoréyoc (Ab7ve 1760-
Mrevapee 1833), petéppace amo to Zovorpitind 6to EAAnvina peto 6y 0hacmod
oM QLhocooLxd xelpeva MY Boaypdvov, mob éxd60nxay aro tov "Egopo tiic
Ebvixiic pog Bifhobixne Newpyro Kaldxo-Tumdrdo w6 1845.
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Omoenw. D), eine & ve Mivowitec «8ev £€ e va [tode] 6ot S
1. D), eime &t Tove Muwvwiteg «dev Eépovpe mide va [tolg] Gploovpe pé
axplBea, aana Tvdoeupwmalol 8&v Hiray — dev Hray Edpwrator ol dvbpwmoL
7oL Eypaday tov “Sloxo thc Poarstol”, olte adtol moL Eypadoy 1 Muxy-
vorird) yeopny. ‘H émupatoloa &moly, dvtifety éxeivne tob Sir Arthur
Evans (xota v 6moloe AtBuot xal Alydmtior petavastevoay oty Kp7nty
S5 ’ \ \ / 3 14 e / \ 3 A
avartifavres Tov Mvewixs mohtiops), eivat 61t ol Mwvoiteg d2v avixouy
\ A . \ \ AN 7 \ 3 A
6T0Vg YAwootxd Tvdosupmmairove TAnuspove Tod eroixicay thv Edpnmy
rawoe 0 NeonbOued) émoyq. dvrwe, 7 Epevvnriny 6pdda 100 Kabrynrold
Peverindic xal Tatpindic evetindic 670 [avemioripio G. Washington 'ewp-
viov Ztapatoyiawwémoviou (eldixevfeica 676 aDNA — ancient DNA), 62
/ \ VE)\)\ \ C / - b / 8 / ’8 /
cuVEpYaGLo e nvec xol £Evoug EMLGTNALOVES SLapbpmVy ELSLXOTNTMY,
amopbvwee DNA amd Mwowd dotixa dmoreippato 4.000 yobvewy xal xo-
Odproe Todg TOALLOPPLELOLE TOU utToyovdptaxol DNA, ol 6mtolol €youy Ta
\ ~ 3 . ~ ~ (3 \ ~
yopoxtnptoTing Tob Edpwmaivol minbuopod (H xataywyr téhv Maxe-
dovov. Totopla, Deverind) xal 70 Swadintvo, lpaxtixa tic Axadnuios
Abnvéisv, 85 A'; 2010, 267-290). "ELawpetind vdiapipovon civar Tpbooaty)
dnpocieusn tob 1dlov xal cuvepyatdy Tov pe titho «H TIanOuopioxs Neve-
Tuer) xol 7 Oewpto wepl 370y apavicpol t@v Erngvov tic [leromovvicou
rota Tov Mesalovor mob avaxolvosa oty Axadnpie Abnvay otic 27
Arpniov 2017 (Hpaxtixo t7c Axadnuios Abnpvav, 92 A’) 109-114), pe
"\ e / b 8 / — P/ﬂ_ € 117\ e‘ \ 11 \ o~ \ S _
v omoto amodexvdeto Gt 7y nOuopioey Mevetind) pmopel var Steuxpt
vioer onpavtiee Odpoata xataywyns nal iotoplag tol avbpmmivou mwAn-

Ouepob.

Tvdosvpmmator, Apyatoyevetiny ol evetiny) 16y ‘Eadnvoy

‘O 8poc Tvdoevpowmator elohy by t6 1813 dro tov Bpetavo yiwsso-
G0, latpo xal puotxd Thomas Young (1773-1829). ALiler va emionpaviel
Ot Ivdosvpowmainy) opoyrwosio dev orpaivel xot’ avayxny opoelvio, 8-
nod) Ty Otaply Tvdosvpmmaintic Quitc (1) uAGY). 'Erticnce, 7 Evtaly pidg
Yhooous oty 1vdoeupwmain olxoyévein dev amotedel Evdelln 7 Thnpopst-

\ \ 4 ; e A 3 \ ~ € \ e /7 e 7 3
oo v Ty Urtopln pthodene adThy @uATG. g puiy Gptletor Guado dv-
Doy e Evar GHVORO XAT)POVOLLOVLEYMY XOLVEY QALYOTUTILAGY Y ApOXTNEL-
oTI OV, Ev6 e EDvoc Gpiletat Eva 6Ovoro avlpmmmy e xoLva Y opan T el TLG
OToe T YAOGG, TOv ToATLepG, T1) Oonoxelo. Xto Bl Tou In search of
the Indo-Europeans. Language, Archaeology and Myth (London 1989, 317-
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322) 6 émpoavic lpravdog Yhwesoréyog . Jim P. Mallory, péhoc t7j¢ Baot-
nxtic Axadnuioc thc Tehavdiog, dvagpepbpevoc 6thy Ewola thg puAeTixi)
15 nptos e 1 Gy GVAPEPO] 6 077 16 PUAETLXNS
aveTepbTnTaS TTOL Yenotonolneay ol "Ebfvixocosianietee ot Meppavia,
~ e . Ay 7 \ ~ 174 3 \ e 7 3
napatnpeel §7us «...] 0& Arov 1d0og vo pavrasTobue d1u adth) 7 yeholo ideo-
7\0 14 \ — \ ’:[\ 8 _E 3 4 s/ ¢/ 'T"_ N 4 4 \
vioe yiee tovg Ivdo-Edpwratove 7, dnwe frav yvwetéTepol téTE, TOLC
"Aperovg Toy ATAGE SNLLOY o Sotog Nalin. e 3 TTR6-
PELOVC TyToy ATthGde SnuLodpyua pidg yodetac Nalin. X& oyetind wp6
cooTn wiheTe emiovevia pov'? pé tov x. J. Mallory 6 tedevtaioc Pe-
Bormvel xol AL 67t 7 Evola TEpL PATOLGULOD TTY TUAALOTERY) GO TOVG
?/\ e ¢ ~ 3 / \ 3 A
Nali (ol 6motor dpybrepa thy Expetarheblbnoay).

[ w7y mpoéhevon @y EAnAvewy elvar &ELo Laltepne pvelag T0 671-
LOVTLXG %ol EXTETOULEVD EpeuvnTIs €pY0, ULeoD %ol TAEOY aldva, T60 Yvm-
6700 avlpwmordyou (xul Brordyouv) Apy Hlovitavod, pe 16 6moloy dvtixpodel
71 Bzwplo ahpeparep vmostnpilovrac petalild drrmv: «OL "Exinves, o
LoTopwer) dmod, elvor adtéyfoveg xol 8ev fnbave oty ‘Exnado 4o danol

A / / / \Le / \
[...]n. 2e dvdroya cupmepdopata xatéhnie xal 1) TEOGHATY SLETLETYLOVLAY)
P4 \ \ \ ‘/ —_ o~ (E)\)\ / \ ’/)\)\ )\ ~ \ !
Epeuvar YL TY) YEVETIXY GUGTAGT TGV Ny nal @Y Aoty pe Bdo
oy poves nebbdouc Mevetintic (DNA) mod mpaypatomolneuy 4mo xowol ta
Hovemornpea [aBiog (lranio), Stanford (HITA), Boydatre, daha épeuvy-
\ / \ \ \ 4 A 7 e \
Tixa xévtpa, xabog xal 16 Apietotérelo [laveriothuio Wescarovivye 1o
oy KaOnynth Neverindic xal Mopraxiic Brohoyioc . Kovetavtivo Touav-
ToQUIALSY, GuyYpapéa oM dELbhoyoy oyeTiol moviuatoc. T why wa-
/ ~ / ~ v / s~y
ToVONGY) TV GLUTEPAGUATOLY TT¢ ELatpeTind Evdiagpépoucag adTrc Epeuvag
amontobvror yvoees evetindie, 7 omola ypnoLpomotel Suugpbpoug yevett-
®0LG Oelnteg avlyveusrs Thc BLoloyixdic L6Toplug, TEOEAEVGTC %ol LETHVE-
3 6 / )\ e o~ F \ \ ’; 8 14 b \ 6 / ~ _
oteuerg vipomivey Thnlusudy. e 16 EZetdixevpévo adto Bépa 6 ve
~ o~ \ e ;e \ / \ s /
veTix@y detnt®v o Omdplel 670 pLéEMAOY Gy ETIXY AvarolveeT).
H mpogopund) Erknvied yadooo, xato tov Sidomnpo dpyatordyo Colin

Renfrew (t7v 6mota amexdirese [lpwtoehinviny, Protogreek) »al todg Gray

12. Emwowvovie pe tov Kabnynmy ». Jim P. Mallory péce Hhextpovixod
Toyudpopeion otic 8 Lemrepolov 2015.

13. Towavropuinidne, Kovetavtivee, H levetriny) Iotoplo t7c ‘Earddog, o
DNA ©&v Eadvey, #x3. A. Kupraxidn, Ozccarovizy 2201 4.
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et al.'

& - \ 8 ’ \ (E)\}\ 8 \ \ N o~ \
, 4pyLGE VO SLLULOPPOVETAL GTOV adKO YEWYPAPLXS Y OPO TELY
a6 6.500 ypdvia.
Zioppove pe Ty «inbleor thc Avatoriocn tol C. Renfrew, ol Hro-
otnplyOnxe amo tov Gray ol Tol X i NeonOuxol L
10l 07 y ¢ cuvepydtes Tov, ol Neoibixol yewmpyol
~ 3 / 3 e . ~ \ b4 \ b
7 Avatoriag foav ol [lpwroivdoevpwmaior mob Epepav iy [vdoeupwm-
. \ 3 4 ~ \ AR ’ \ b \ / /
%) olxoyéveln YAwscovy 6ty Kdpdmy mely amo wepimon 8.700 ypbvia.
[Tévrwe, oyetins mpdopares €peuveg (Soares, P. — Achilli, A. et al.
Curr. Biol. 20, R174-R183, 2010 xat Herrera, K. — Lowery, R. et al.: Eur. J.
Hum. Genet. 20, 313-320, 2012) &Se:ay dtu 7 «imdbeon thc Avotoriogy
~ \ \ \ \ \ \ ~ 3
ey Renfrew xoal Gray (yie v xataywyh) xol Swucmops t7c Tvdoeupwm-
e~ 3 / s 3 \ \ b 4 3 / \
ToixTg olxoyévelag YAOGGHY amo TV Avatodln) eivar AybTepo TELGTLXT
oNuEpa, TEAYUa TOL 6ONYEL 670 cuumépacua 6Tt 7 xortida thc llpwro-
. . ~ ~ e / 4 e / / \ b
vdosvpwmainiic TAnbuoulaxtc 6pddoc, 7 6mole SiEdwoe v Tvdocupn-
ToEx?) GULOYAWGGLo, amolTel TEpalTEp® EpEuvaL.
Enione, 6 émooavie Kabnynric Mwoscoroyiag ». J. Mallory pob
3 /. \ ereS \ / \ 4 b e~ ~ €
eyvoproe o €ETg: «Aev TioTedw oty Ymaply Tvdocupomainic uitc. ‘O
Go0¢ Tvdosupwmaixnic eivor xalopdic Yrwoaixoc ol 8ev onpatvel 6TToLovd7-
mote aitepo Quond Timo. [...] umopel xavelg va xdver yprior dmodeifewe
\ \ 3 ~ \ \ 3 ’ 3 /. / 3 \ \
ue T6 apyalo DNA v vo aviyvedeer avlpmmives petavastedoels amsd pid
\ \ 3/ \ bl 4 3 \ e \ 4 A
mepLoyd) o &ahnp. [lond avdiagépovca civar xal 7 oyetind) dnuocicucy
5 ~ 3
Tou'®. Tuvaoeic elvar xal Sbo petlovoc onpastag Epyaacies 616 EmiaTruLovind
meptodind Nature (Nat: Article 2011, and Nat: Letter 2015) oyetixec pe
amhdely pécw dpyatow DNA via emextdoeis Thnfuopdy amd tic Pmoixeg
/ / \ \ \ \ \ \ 3 A 14 \
oTémes TO60Y dutixa Tpos TNV Kevrowen nal Avtied) Edpdmy 66ov xal Ava-
Tohxo Ol EGOL TAY AGLaTi®V 6TeT®V. «AVTH %) yevetixd) VToYpoQT
& ¢ : TN YEvVETLIAY) YexET
(signature) o) coauthy aivetor vo elvar Eva pelypo Tomixdy TAnuopov
oo TG GTETEG %ol YEVETIXOU TUTOU, O OGTTOLOG TMEOL ELVOLL TTOAD TUTILXOG 6T

obyyeovy Appevio. ‘H EXnado péypr teopa dev ametéhese xal peydho pépog

14. Renfrew, C., Archaeology and Language: The Puzzle of Indo-European
Origins, London 1987 Gray, R. D. — Atkinson, Q. D., Nature, 426, 2003, 435-
439 Gray, R. D. — Atkinson, Q. D. — Greenhill, S. J., Phil. Trans. R. Soc., 366,
2011, 1090-1100.

15. Mallory, J. P, Twenty-first century clouds over Indo-European homelands,
Journal of Language Relationship, 9, 2013, 145-154.
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adTTg TTic Epeuvag xal LTobéTw, cuveytlel 6 %. J. Mallory, «&tu adtd doei-
AeTOL 6TO YEYOVOS 6TL Ta EpyacThpLo OV €y ouy axbuy Tp6eBacT 68 xaTdh-
Nnho Selypato aro v Eaanvixd Emoyyy tob Xoaxol. [Mevixde, dmobétw
éniomc 6L, v Umdplel yeveTiny) DTOYPaQY) LETAVAGTEVGEMY oS THY A~
1&Sa (pete w1 NeonOuwer) Emoyy), adtd dev Oo elvar wodd peydhy, e dvTi-
Ocor Tpog Tov mAnOucs ol oy %07 eyratestrévos oty Eangda wata
\ / ~ ~ bl o~ e e 7 3 \ ’ \ Ad
w1 Sdpreta Tig NeonlOuxdc Emoy e, 7 6mola (dmoypagy) eatvetol vo potdlet
TOAD e Exelvy) Thg Yerrovindic Avatoldic xata 1) ddpreta T7jg NeohlOund
& N NS s TG KOTA 1Y) @ 1S YIS
ETOYTION.
e A ~ bl \ bl 4 \ \
Ot 3%0 tedevtaleg EpeuvnTines Epyacies 6T0 EyrpLto mepLodixs Nature
b 7 \ / \ \ \ e / ~ o~ S5
emiBefardvouy 6& peydiro Baluo 4 yvooty voleor tic Abovaviic dpyoto-
Aoyou Marija Gimbutas (1973, 1997) xarte v 6motay 1) Ivdoevpmmaing
’ A \ o~ 3 \ o € \ \ b \ \ ¢
vAweoo Lhh0nxe 16 TedTo Ao Evay HULLYOULASLKO Ao GO TTOAEULLGTES-LTT-
mels xal Booxovg oL Extilay Tapixove topBoue, o Kovpyrdy, ot omola
ouvnlme Aoy Oappévor Evag &vdpac pe tov inmo tou (BA. »al Mirabal, S.
et al: Eur. J. Hum. Genet., 17, 2009, 1260-1273). ‘H xottida. frov oty
meptoy? Tob Bopelou lévtou, o7ic oténee t7j¢ Notiov Pwstiac-Odxpaviog
nal 700 Avatohinot Kaloxstdy. Zpeiwlfro 611 6 moditionss év miufov
avartiyOnxe mepl 6 5000 7. X, Kato ) Ocwpla adtr, 7 e&npépmor tod
{mou nal 1 xaTUo%eELT) APUATOV (GYNIATWY UE TPOYOVE) GLEOUEVKY Ao
irmouc Edwoeay ) SuvatdtrTa ety aro 5.000-4.000 ypdvio petaxivhceme
Thnfuepion®y 6pddwy Tpog thv Kevrpur) xal Bépeia Edpmmy, v Kev-
\ 9 4 \ y 4 \ \ b / \ \ ~ e / /
Toued) Acta, v Tvdio xol 0y Avatohio, 67Tl TEPLOYES TMY OTTOLWY LETE-
pepay T YhOGoa xal tov mohtiops touc!t. H Tvdosupwmaind, dniadi,
olxovévela Yhwooov Oa mpémer vo Eyer Nhunia GyL mahowdtepn Tob 5500
7. X. Ot avortépm manluopiaxeg 6pddeg, opels ToD TOALTLGLOU TGY TR WY,
3 \ \ \ \ A ~ 3 A 3 ~ /
nebov oe emagy) pe Tpoehnvixa «piian Tol edpdtepou Eadixol xéopou
/ \ 3 A \ 3 / / \
voew 616 2200 7. X, dgopotmvovtag Tovg adtéyHoves xatolxove YhweoLxa
\ / \ 3 / \ / \ / 4 \
%ol TOMTLGULXG, UE GTOTEASGUA Vo TEOXDYOLY Ta SLapopo EAANVLXG
«pbron, dnradt ol Alodels, ot "Twvee, ol Awprele, pe tig avrtioTolyes Stahé-
ntoug (Alowed), Tovind, Aovpwn). TTdvrog, xate ) Oewpla e M. Gim-

butas, 7 énéxtacn xal ©poc ) NA Edpdmy, 619 Badxoavind) yepcbvnoo xol

16. Anthony, D. W., The Horse, the Wheel and Language: How Bronze-Age
Riders from Eurasian Steppes Shaped the Modern World, Princeton Univ. Press, 2007.
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Téhog Tpoc TV Erada yiem ot 2200 7.X. dgv émiPeBorcvetar amod Tig
3o mpoavagepbeloee épyacies 616 mepLodind Nature, SuotL, Emme avagépet
P PEPUELGES ERYAGLEG O P ) ) s Pep
6 ». J. Mallory, 7o yevetixa delypoto t7c Epeuvac adtiic Yo Ty EArLSa
3 \ / e / / \ \ / ~ 3 7 \
Tioov TohD Alya. Q6t660, cOpponve e Tig dvo Teheutales épyacies 6T6 Na-
e \ 3 . \ \ / \ \
ture, ol cpepwvol Edpwmaixol minbuspol —touhdyietov otry Kevrpuny)
Edpdmn— &rovv pepint) mpoéheusy dmd minbuspode G tode famnaya T7jc
b} ~ ~ ~os A \ ] e\ / 17 ¢ / \o
groytic Tob Xoahxob amo whv Edpomainy otéma'’. ‘H mpbouiln mwod Eyve
mepl 70 2500 7. XL dev yvwpilovpe whte Erafe ywpa oty Erndda. "Orwe
\ ~ Y A e \ \ A b \
3¢ ol eyvamprse 6 yevetiothg 616 [avemiothpio Harvard 8p. Toorne Aa-
/ 18 2 \ / / A \ (A 3 - /1
Copldnc'®, dv ol péypl ohuepa DTREYOVTOL YEVETIXG EVETLATA VTTOGTT L
Couv ThY TRoEAELGY) TOLAAYLETOY %ATOLLY 1VS0eLpOTHIXGY YAWGEHY, TO
/ ~ 5 / ~ 13 ~ ’ \ e \
Chenpae i gpedviorne i Hpoto-Erngvnic yadooac 6tov Exnadixe
~ / 3 / / \ e Y / ¢/ \ 3 \
16po Tapopéver avourtt. llposébese 8¢ 6 x. Aalopidng 611 peta amo
Eva-d00 ypovio Oo bmdpfouy yevetixa ebpruoata aDNA, Sibte Eye yive
gpunty) 1 Lehéty) 700 aDNA xal 68 oyetinde Hepua nalpotor.
Wotboo, & pvelog elvol (o GYETIXG TROCYUTY) %ol EXTETOUEVY)
, ~ 10 ~ ~
Zoeuva teaadpwy dpeuvytév!? (Chang et al. 2015), w03 Havemornuion T
Kangpboviag Berkeley, dnpocieviieioa 616 Siebvolc wdpoue meptodins Lan-
guage, vrootreilovon 67L 7 Hpwto-Tvdo-Edpwruiny yadeoo dev dads-
Onne amod v Avartorio whv meplodo 9500-8000 .X. (dmobesr Avatodiog
3 \ 3 \ \ b A \ ~ 4
C. Renfrew 1987), arnee amé thv edpdrtepn weployy) Tic GTETOC
[T6vrou-Kasmiog thv meptodo 6500-5500 7.X. [Séleor orémac: M. Gim-
butas (1973, 1997), J. Mallory (1989)]. <6 cupmépacpo adTo ®oaTahfyouy
ol peuvyteg adtol Epaupublovteg TV TEPLoptoUévrs Yevearoylag (GTotL-
\ 9 ! b \ \ \ ~ \ \
GTIXY)) QUAOYEVETLXY) AvahuGY) (&oyetn Tpoe T yevetixy) ToU DNA) pe )

/ / ~ 4
1eho7 Stapbomv pabnuatindy LovTEérmy.

17. Lazaridis, L. et al., Ancient human genomes suggest three ancestral popula-
tions for present-day Europeans, Nature, 513, 2014, 409-413.

18. Emwxowvemvia pe tov % T, Aalapidr péow Ahextpovinol tayudpopeiov
otic 6 Nogpfotov 2015.

19. Chang, Will — Cathcart, Chundra — Hall, David — Garrett, Andrew, An-
cestry-Constrained Phylogenetic Analysis Supports the Indo-European steppe hypo-
thesis, Language, 91, 1, 2015, 194-244.
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Exiroyog

Me Bdon 1o mpoexntelivra propobue v xatoadRiovpe oo axbhovla
GUULTIEPAGLOTOL

1.7°0 Indrwy Ebeoe 68 mpdytn poper) Tic Bacelg thc Erupoloyiac tiig
‘Enamvindic yhoooag, 0 6mota elvar xot’ E£oyny vornpatind (EvwoLoloyiny,

e Yhbooas, 4 %o’ Loy Ay vompaTi) o),
Snradh Ohpyel altidddne oyéomn petald Ty ALemv nal TG ETVLOAOYLRT]
[

oNULAGLOS TOVC.
2. "Epevvec péow 1ol aDNA &detfov dtu Omijplay Emextdoeig wAnOu-
o~ 4 / 3 \ \ \ 4 / \ \ \ \
opLaxdy 6padwy anod tic Pooires otémes 660 Avtind (tpoc Kevrpuwer »al
Avtind) Edpdmn) G660 xal Avarolwd thc Edpdmre péow t@v Actatindy

~ \ \ A \ \ 3 / \ 3
otemtdv. evetind) Omoypagy) petavacstedcewy poc Ty Erndda dev émife-
BordveTal péypt ohpepn, v duwe DTREEEL TETOLXL, XATA TOY XOPLEOLO

/ \ 3 \ \ 3 / \ \ 4 3
YAwesoroyo %. J. Mallory, Od elvor wohl pixpr) v oyéoel e Tov ToTE Eyno-
Te6TNLEVO 6TOV EAhadieo 1 &po mAnbucus adtoyHovamy.

3.0 8poc Ivdoevpmmaion eivar xabopd YAwooLog xal dev bodnhol
e 8 / \ A 3 6 /. (H 4 ; ’I 8 P ~
6T0LovdNTToTE QuAETLXG TUTTo avbpmmov. ‘H Graply Ivdocupwmainiic guitic
oL TelToL EVTOVmE Ao x0pLaLlous eldixolg ETLETHLOVES LE Bdor Tph-

\ 4 \ 3 / € \ bl . \
cooto yevetixd dedopéva. Koaipog eivar mhéov 7) modans Tvdosvpmmain)
utobeon vou agonpebel amo o oyohxa Bifiio 7 va tpomormorniel (K. Tod-
z60¢ xal M. Zracvémoviog 1986).

4.'H &vraln tic Hpwto-"Ermvinic otiyv Ivdocupwmainy opovinscio
dev appLofrTeltal, Tapapével BLmg EYVWETY 1) LNTERR-YAMGGL TTG OLo-
YrwoGlag adTig. Qotbeo, whe mpocteteln, 1 dngpavilopévy pwto-"Erny-
vt polvetal v TRomYETaL TAY VTOAOITOY YAWGeGoY (cuumepthouBovo-
UEVOY TGOV ZoVGRELTIXGY), T0 CATHRe Glms ToD 1p6voy EReavicems T7¢
670V ‘EMadine y&po mapapéver avorto (xate tov 3p. Twone Aalapidy).

e / / ~ o~ b 3 .. ~ e / 3
Ot 8%o onpavtindTepes YA®eoes t1¢ Tvdo-Edpwmainic 6poyinssiog elvol
e 3 / 4 \ / 4 \ ’ 3 ~ \
N apyoion Earnvend) (pawvbpevo cuvéyetag ol Sy poving, dmoteroboa %ol
ohHep avTIxelpevo 6moudTic xal Doavpacuol Tayrospiong) xol 7 Xavoxpt-
iy () Y enoLLoToLodpevy) ohuepa, 6utinleioa 6t pixpt) lepn) méAn Mme-

/ ~ ’I 8 ~ (Q / 3 \ \ e \ ~ 3 - 7 (E)\)\ ~
vépes Tov Tvdiav). Qotdoo, dhe mpog whv drepoy? i dpyaiog NVLXTG
EvavTt Thg Dowvenprtindig &y ouv Statumtmbel dvtippfoetc.

5. ALiler va émiomnpavlel Gtu meplPientta xelpeva Tic dpyotog Tvdixc
Poapporeiog Eywvay yie TpmTy @opa yvoeta 611 Aber yapLs 6Tl peto-

aoeic e Babuetdyacto ayoiacuo ToL Sampemoue Abrnvalov tvdorbyou
. \
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Anurnroiov [Nahavod, cuvtdxtov tob TpmTov Lavexpltino- EAAnvo-Ay-
vhrob Aelixol (Exdofévrog w0 2004 o tov mpéofu .1, xal hoyotéyvy
%. Bacireto Biroaly) dana xal é0vixol edepyéton, 6 6moloc xatéhime LEGw
Sobhung 670 ‘Ernvino Anuiéoio 10 fuiey i onpavtixol Hdove mtepLov-
oloag Tov, moL yenoipomornlnxe Yy TV avéyeposy, ol llavemiotruion
Abnvov. Tupovrae 1) wyfpyn xal w) cupoln Tou 6t Stddocr Tig apyolog
Tvduwedic Doappateiog 6 Afjpoc thc Kaaxodtag, xatémy mpotdcews Tijc
tote [poédpou tav Ivdiev Indira Gandhi, Edwoe 6 peydin Aewpdpo Tiig
Thhews 70 Gvopd Tou.

6. 2dppove pe tic Tedevtales adTec Epeuves, 6€ 6,TL BQopd TOV TOTO
ral yp6vo t7¢ Hpwto-Tvdo-Edpwrainic yAdscoas (Chang et al. 2015), 7
Omoleon g otémag [lévrou-Kaomiog (M. Gimbutas, J. Mallory) gotvetot
empatéotepy) Th¢ boleorg tiic Avatoriog (C. Renfrew).

7. 276y ‘Eaaduetd 3 opo, nal cuyrexpipéve oty Kehty, Enoaviletar
melv o 5.000 ypedvia t6 TpdTo sheTRe YeopTic ke oeoypdunate (lepo-
vauoLred), axohovlel ol aro weptmou 4.000 ypdvia 1) Dpappixs Doy A
(ol dev Eyel axduy amoxpumtoypagnlel), Thyv 6Tola StadéyeTor TEly Ao
3.500 ypdvia (150¢ al. 7.X.) 7 Poappwery pagry B (mepihapavovca xol
PWVNEVTA), TNV O6TTola dToxpUTTOYPagTce G¢ vy 6 Bpetavic dpyt-
téxtwy M. Ventris. Kota tov Suaenpo yAnscordyo-puxnvoréyo Oswald
Panagl ol mwexidec Kvweol xal Muxnvdv ypovoroyolvrar mepl 16 1300
7. X., T7¢ ¢ [Tohou tepl 16 1200 7.X., évdd 6 Srampemic dpyatorbyog x. M-
v Kospomovrog avexdrvye oty “Ixdawve (14 yaw. amo wiyv 11Oho) v
apyotbTeRn PE el onuepa AT Twvoxido Mpappindic B, ypovoroyoduevy
mepl 70 1450-1400 7.X.

8. X7 Méon Avatory, xal cuyrexpipnéve othy mpwrny Dowvixy, Eunpo-
viletor mept 16 1150 w.X. 70 xododpevo Dowvinixocnuitind cheTHmLe
YoopTic, TO 6TTOL0 OEY elval AAQPERNTO, GRS GUAABAELO Y MELE WYNEVTH (LE
22 obpgwve (ota 6molo dev mephapfavovror T EXmvixa edppwve
Z, O, %), Kata 16 2ekixo Liddell-Scott, 16 mpmro Earnvinsd drgafnro eiye
apyntde 16 yeappato (xanbévra Kadutio 7) Qowinnio). X217 cuveyeia
wpootélnray xal 8 Tovind. Add xal xate tov Abdwpo ZixehudTy), To
Dowvixina ypappota 8ev 7oy Epedpesyy Dowvinwy, ahha Siacxeut) Earnvo-
Konruedy: &modn pe iy 6molay ouppmvoly xal 6hyypovol EMLGTALOVES

(ApLavitémovioc, Murwvae, Tedtsoc, Zracvbémoviog).
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9. To mpddto 6honhnpOUEVO dAPALTTO 6TOV %660 elvat T0 Erhnvind
\ 9
700 Sou al. . X. Apynddc elye 27 yodppota, amod 0 10 403 7. X. 24 vodp.-
LOUTOL LETOL TNY APULPEsY) TOD Slyoppa, ToU xémma xol ToY copnt. (Qetdoo,
DTty oy 60Papeg evdeifeic Baoet loTopi®v T y®y (Opnpixa Emn, Amok-
Mdwpoc, Atbdwpoc Zixehwtne, Liddell-Scott, Panagl ».4.) xal dpyotoho-
~ e / 14 \ € \ 3 / 7, AN ’ b 4
VGV e0pnuaToy 6L 10 EAAvins dhednTo elvat Told dpyatdTepo, dvorys-
uevo mlavitata ot yedvia 100 Towirolb Tlorépou, mord de mhavitepo
elvorr T ‘Oumpina Emn vae elyov mapadolel ypartade (Highet, Blanck, de
Romilly). "Av Smhpye veawr xate tovg ypbvous ol Tewwxol Tlorénon
) )
(dnnad) ety amo w0 1200 7.XL), 7 dwéleor d1u ol "EXinvec wijpay t0 60-
~ ! 3 \ \ / / A
otnuo YeapTe (curhaPaplo) amo tobe Polvixes xhoviletar, 6Tepoduevy
dEromioTioc.
’E s/ o~ 6/ 3 b 4 € /_\ ~ 8 — _
v 8er T@v mpoexteléviwy elvon avaryrala v cuvéyier tiig SiemioTnuo
wixc Eoeuvac, TG 6GTTOLoG TO GUUTIEPAGLLATA TGV SLLGORETINGDY ETLaTN LMY O
TRETEL VO GUYXALVOLY StaiTepa AbY Q) TMY paydalewy E2ehilemv TTc Apyotoye-
.o N N
vetuedic ol T7c Inbuspiontc [Mevetindc.
H Exnnvuer yhoooo, gowvépevo cuveyetog xoul axtvooiios, e5uxo-
novbet va elvae avtixeipevo Boupoaspol xol 6ToudTc amo xopugalovs YAOG-
7\/ ~ (7\)\ \ \ 8 / ~ K ,_\ \ \ o 14 - _
GoAGYOoLG, EAATVLETES %ol dravoovpévoue. Kata pév tov mayrosuiog yvew
otov ety xol Kalbnynti) Mosccoroyiog x. F. R. Adrados, 1 ‘Earnvixs
b4 / 3 ;/ \ / 9 14 \ . \
Erev Oéoer avelivnhn 14 cppayida e o’ Bhec tic Autixosvpmmaixig
~ \ ~ e \ N\ 7 \ \ \ 3
YA Goeg oL Dempobvtot NLLEAAGVIAES 7) XPUTTTOEAATVLXES, XoTO OE TOV ETtL-
wovyy eMniethy, Kabnyntn oto Havemotipio t7c "OZ06pd7e Gilbert
Murray 7 ‘Eaanvind) elvoe 7 tedetdtepn YAOGo0 10U %660,
Mpdypaty, 7 ‘EXgvied yadooa, yeartd »al Tpogopx?, ATOTEAEL
éritevypa tob avlpwmivou mvedpatog vtuwetantc TehetbTrnToC.
Tererwvovrag, rat’ ELalpesy e &v mpootple Tic GpLhiog décpeucihc
wov v Tapoustace anlevtives yvdpes pévo xopugaimy Sebvic eldixdv,
Oewpd ypgoc 1ov Vo Exppdom %ol Pl TROGMTLLY Loy &Todr: cUVTAGGOUaL
ex00pwe pe Ty xowr) dnroworn 0 1986 —ddhe xal ohpepo Eminotpn— TV
seLpvieTov Axadnpainey xal tewmny [poédpwy t7c Anpoxpatioc K. Tod-
toou xal M. Zracwvémovion mepl 1 xataywyiic Tob Eamvikod drgaqrov
%ol THG GVAY TG BVoLpopdls 6To Y 0hxe BLBAlo TGV VEmTEPMY EDpNULATWY %ol
gEeMEemv TMY GLVAPHY ETLETNULOV.

20 edYopLETE.
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Edyoprotiec

Mera v enl modeg Senacticg evasy oAney wov ne ) ¢ 0ivov oo wo-
pela TS YAWGGue pag %ol T4 cuvaey) emxprtixy apblpoyeanioe pov, idual-
Tepa Ao TT¢ Wpvsewe ¢ Earnvixiic Mwoouetic Kinpovoprae to 2001,
e omolag Exw ThY TLn o elpo puTinG péhog xal Kritipog péedpoc,
1o 3607xe 7) ednatplo pe Gpopul) THY TopolGa OULALY VoL ETULROLYOVNG®, Vo,
avtahhdEe amoleis 7 xol vo cuvepyacla pe xopugaiove Sielvide 05t -
x00¢. Ao 17¢ Oéseme 8¢ adtiic engpalm tic Oeppbotepes TMV edyopLoTLOY
wov YL Tig ToAITLLES UTTodelEels, THY XAAGTILGTY XPLTLXT) %ol TO EVVOIXAL
Gy oM, LOLAiTEPX GTOVS LVNLOVELOLEYOUS GTO %ELLEVSH LOV: YAW GG OG-
you¢ E.R. Adrados, J. Mallory, O. Panagl, I". Kavopdnn, Xp. Xaparopmdrr,
M. Tlavzena (T. L. G., Univ. Irvine, Ca., USA), Tow. Mavorésoou (IANE),
tov apyoatoréyo M. Koopbmovho xal tove yevetiores I Eraparo-
viawvoovro, I Aaloptdn nal K. Teroavraguinidy.

Entionge, atohdvopar idiaitepa edyvodnmy 6Ty EmperntoLo x366EmY
ropto Edyeviow Zopdvtn yio thyv empéheto T@v dontploy xal tic ebotoyeg
mopatnencels tc. Téhog, Oeppeg edyaproties ameulive Tpog Tov ExdoTins
oixo EIITAAOD®OX ABEE via whyv empéheia t7jc 6inc endécewme.




O véoc lobedooc t7c Anadnuioc AOnvisy . Avrcivioc Kouvddne (aototeon
f ( f L ) i P %

\ e

xal 6 amepyopevos Hpdedpos x. Novxds llamadijpos (dekid).
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NETPINA KAT HAEKTPONIA/TIOZITPONTA:
OI' AOMIKOI AI®OI KAL O KATAAYTEX TOY XYMITANTOX

ENISTHMONIKH ANAKOINQEH TOY AKAAHMATKOY
% KOANZTANTINOY BAT'ENA

21y dnpooia cuvedplo tic 287nc Moaption 2019, 6 dxadnpoainoc

%. Kovetavtivog Bayevig Exave émiatnpovind avaxoivosn pe Ozpo: «Ne-
/ \ 3 / 7 / . ¢ \ / \ ¢ ’ ~
totvo xal Ahextpbvia/molitpbvia: ol Sopuxol Atbor xal of xataliteg TOD

2 movToo.

[apovorastrne Lo Emondmnen T TELOVEUS KATAGTAGYS TOD TTRO-
THTTOL TAY TEpLoTREPoUEVLY Aemttovioy (Rotating Lepton Model, RLM), 76
omolo gpoaviler onuavTvbTaTL TASOVEXTHUATY O Ttpos T0 xaliepwuévo
mp6TuTo (Standard model) TGV copaTIdimY xal TLENVIXGY Suvdpewy. T6 véo

/ 7 \ \ / o~ 7 3 /7
LOVTERD TEpLYpaEL T Sowt) cuVbéTwy 6ToLyELmd®Y copaTdiwy (&Spovimy
ral proloviov) axorovlaovrag 1) pebodoroyio Tl wpotimou Bohr yie 70
&ropo tob H, dane pe w1 Baputind EMEn g nevtpopdho Sbvour.

To véo mpbrumo eEetdler Tplo TEPLETPEPOUEVA GYETIXLGTLIAG VETPLVA, )
Evor TtEpLoTPEQPOUEYD Gy ETIXLoTIXG Ledyog e - veTplvou, oL %Lvobvral o€

\ \ / —_ ~ 174 ; X 7, — \
KURAXESG TPOYLEG MOY® TTc Baputixdic Tev EAEne. XproLuoTotdvTas Ty
Eiduery Zyetibdrnro, tov Paputins vopo tob Nedtove, thv apy tig Loodu-
valog g adpavetandic xal Tic PBaputindic wdlag, xal v éicworn Tl

/ / . e / \ 14 \ / e
uhrovs xopatog de Broglie \modroyilel navele §1i, mpoc xatdminiy, ol we-
PLGTPEPOUEVES BOPES TGV TELOY VETPLV®Y Eyouy T7) palo %ol Tl SAheS LOLG-

o~ / 3 o~ e \ ~ / ~ +
TnTeg TGV Bapuovieoy, Eve ol Sopdc TGV mEpLeTEEPoUEVLY Leuydv et - ve-
Tplvou 7 TGV TEpLeTEQoUévmy TpLddwy €' - e - vetpivou Eyouv i) pdla ol

Tig dheg WdibTTee T@Y W* %ol Z° proloviwy avticroLyo.
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To wpbTuTo TGV TTEPLETREQOUEVLY AeTtTOVIWY delyvel To¢ 7 BopdTrTa
dnurovpyel walo %ol EmiTpémel TOV LTOAOYLGUO TMY Laldv TGOV adpoviwy
wol umoloviwy pe dxpiPeia tiic tane tob 1% ywelc xapio mtpocuppols-
nevyy otabepa. "Exiore émitpénel tov Umohoyiouo 1oV Bacix®y eppoduve-
@Y LBLOTHTOMY TOV Sopdy adT®OV. TNy ETLoROTYGT) GUVOPLeTYXE 1) Tpé-
70VGa XATOVONGY TOD LAy avieol Tic adpovorolnere (7] Papuoyévesrc),
raflorg xal 70D TOAD 6NULavTIX0D KATHAVTIXOD POAOU TGV HAEXTEOVIOY %ol
ToliTpovimy.

Te dmoteréopota to0 RLM Setyvouv 61t 7 Toyven Advayuy elvar Xye-

\ A \ / 3 o~ () \ / 3
TiteTied) Bapdtnro petald vetpivey, vé 1 Asbevig Advaprn elvat Zyett-
XLGTLX'Y\" Ba ‘/ E’\ / \ ’)\ 7 N ?/ 7 A, \

) Bapdtnro petald vetplvov xal Hhextpovimy 7 molitpovimy. AdTo
607YEL 68 Evoy GNUAYTIXG ATACDGTEPO TTLVOXa GTOLYELWOMY cwuattdiwy 68
14 \ \ 4 / \ \ \ e / ol /
oyéon pe 7o xabepmpévo Tpdtumo (SM) xal 6¢ pia amhodotepy Tafovopio
TGy oTotyetwd®y ouwvbitey copatidioy, ol palec TGOV 6molwy pTopoly
Aoy va voroyiebody amo tig Pacixéc dpycc g Puoinic ywple noapio
&yvwetn otabepd.

14 bl \ 14 3 174 e / 7 ?/ /

Evo 8o orpoavtins cupmépacpa eivor 6tu ol péypl Tmpo hoyLlopeves
€ 4 ! o A 3 3 ¢ / / A
¢ téooepts (4) duvdpers thig Phomg clvar, €8 owv palveto, povov dvo (2),
7 Bopdtnro xal 6 'Hiextpopoyvyricuoc.

Varenas, C. G. — SOUENTIE, S., Gravity, special relativity and the strong force: A

Bohr-Einstein-de-Broglie model for the formation of hadrons, Springer 2012.
Varenas, C. G. — SOUENTIE, S. — Fokas, A. S., A Bohr-type model of a composite

particle using gravity as the attractive force, arXiv:1306.5979v4 [physics.gen-

phil; Physica A, 405, 2014, 360-379.

Varenas, C. G. — Fokas, A. S. — GriGoriou, D., Catalysis and autocatalysis of chem-
ical synthesis and of hadronization, Appl. Catal. B, 203, 2017, 582-590.
Fokas, A.S. — Varenas, C. G. — Grigoriou, D. P.; On the mass and thermodynam-

ics of the Higgs boson, Physica A, 492, 2018, 737-746.

‘H pyaosio adty o dnpocievlel 6e extevéstepn pnoper) 670 OO Ex-
Soom BLBMo ug titho Neutrinos and electrons/positrons: the building blocks
and the catalysts of our Universe.
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EYOYH XYETHMATA METAOOPQN

ENIXTHMONIKH ANAKOINQXH TOY ANTEINIETEAAONTOX MEAOYX
». PEQPI'TOY A. T'TANNOIIOYAOY

1. Eicayoyr

1.1 Baoixes évvoteg xal 6pLopol

H adZavépevyy xuxhogoploxt) cunebercr GTIC AGTIXES XVPLKC Te-
PLOYES BAMY TMY Y wp®Y Tponahel 6hogva xal adfavopeve pneyeln ypbvoy
Lo dpoWTic, %OGTOVG LETAXIVYGYG, TEPLBAANOYTIXTC PUTAVGTY)S, ETLTTTOGEMY

\ \ b / e ~ b / 3/ e \
GTNY KALLOTUIRY) GARXY T, 68xGV druyquatey x.&. Ol tapadoslans mpo-
GEYYLOELS VLo TNY GVTLUETWTLGT) TGV GYETIXGOY TPOBANUAT®Y TToy (O Lo~
TOXEVTELXED), OS] oxbTEVaY 6TY) SteunbAuveT) TTic xivnore Tév xdfe gl-
dovg OynuaToV xuplwe TV IX adtoxwvntov. Ol mposeyyloeis adteg

! \ / e ~ \ e ~
TEPLAILBAVOY XATUGKEVY) TEPLEGHTERPWY GOLXGY %ol FMwY UTodoudy Me-
TOQPOPOY %ol TALTHYPOVE LETEA YL T1) LELMGY) TTIC XUXNOQPOPLAS TGV O)7)-
patwy, 6moc weploptouol 611 otabueucy), welodpopnoels, ATOXAELGLOC
edalolnToy Teploy Gy Ao T wuxhogopla GynuaToy. "Eywve Gume oto-
Sroxd Qoveps HTL 0L WOy NULATOREVTELXESY ADTEC TTPOGEYYLGELS Elval TEALXA

)

3 4 \ 3 7 IN/ 14 ’ \ / / ¢
atehécopeg xal avépixTtes, WOlwe GTav yivovtor og peydhy whipoxo. OL
#0pLoL hGyoL YU adTo Elvat TO LEYIAO RGGTOG RATAGKEVT G, 1) ENheLdr) Y Mpou
Ay ~ / b o~ 3 o~ \ 3 \ e / b \ \ \
vio Evtaly) TOV PEYIhwY adT®Y DTTO00UEY GTOV AGTIXG LT, GAAG %ol TO
YEYOVOS GTL 1) Topoy Y} LEYHAITERNG XUXAOPORLAXTIC YWPNTIXOTNTUS LEGH

~ ~ / e ~ ~ ’ / \
THC RATAGKEVTIG VEWY DTTOS0ULMY TEOXAAEL PeyahbTepy) «CATNGN YL LeTo-

WA \ € 4 3 \ .. / \ 14 / \ 0Ny ~
LVTGELG KAL 1) VEO 0TY) CTTTNGN RANITUTEL G ALYSL Y QOVLY THY aDENGT) T7)G
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KURAOQOPLUXTC LLaVOTN TG AOYQ TGY VEMY DTO00ULMY, e ATOTEAEGULA THY
,/8 oy \ )\/ n \ / 1
tOtor 7) xol LeyahdTERT) XUXAOQOELAXT) GULPGETGT] .
¢ A \ o~ o~ 3 7 / \ \
H o0y povn mohitind) t6v Metagop@y émirevtpmvetal 6Npepe 68 pid
TepL666TEPO (BVDpmTOoXeVTELXT) TPOGEYYLGT, TOL 6T plleTol GTNY Tapoy ™
«Brooiune wvnTixdTrTacy (sustainable mobility) 6e atopixs énimedo, dO7-
\ \ / \ 3 / \ / o~ / \
Aadh) TTOL KUADTTEL TLG AVAYHES VLY LETOXLVNGY) TGV UETAXLVOVUEVGY %ol
Gyt TV oy sty toue. Toviletor 61L 7 Tposéyyien adTr EmLyELpel Vo TTo-
oéye To embupnta Emineda dTopindc wwvnTindTHTHG LE TROTO PBLwsiuo,
dnrad? cupato pe 6 mepLfBdArov xal Tl UTtdpyouces VTOdoPES Xal LG
(FanNonoraox 2015).
¢ \ A / . / \ / o~
H mapoyy «Brdoiune xwvnrindtrnragy mpobmoliter w0 Afdy pidc
GELPAG LETPMY %l TNV EuppoYr) TolTx®v oL Oa propoboay va takvo-
unbodv 67Tlg TopaxdTm TEVTE TEPLOYEC:
1. Zviroyy xal emebepyacio oe moaypaTins ypovo aSLOTIETWY GTOL-
/ \ / b ~ \ 3 4 A |
yelowv xoat dedopévomv. Agopd Ty (adTopatomolnuévn) GLAAOYTY, YrjpLo-
TOLNGT, NAERTEOVIRY) LeTdd00T), amobixevey nal énelepyasio widc ceLpdc
/ \ [ / vy 79 /
dedopévmy oyeTind we tic petanivnoels xal tic Metagopéc™. [apadeiypata
4 4 3 ~ \ / \ / \ /
TETOLWY OES0ULEVMY GOOPODY TV ®UXAGOOPLY GTo JLLQopo LETAQOPLXA Ol-
rruo (vuplme Ta 60xa), T Stdpopo ouEBavTa (7T.y. GTUYY ), TIC TTAN-
pLos ) Pop { L JNRATAL), TLG TCAT)
cogopleg Béong xal Stadpopdic TV OyMudTwY SMLOGLOY GLYXOLVWILHDY
/ \ 73 \ 7, / / .
r.0.x. Hpbxerrar yio nat’ Loyt mepintdoeis «peydiny dedopévovn («big
datay), T®v 6molwy 7 emelepyasio amuLTel OLALTEQN TROTYUEVES TEYVOAO-

vieg UmnpLaniic Enelepyasiog ol GVIALGTC.

‘ N / 0 N NS
1. H Bociwd) adth Sramiorworn Sieturmblnxe yid Tpw™) @opd 6Tic dpyes The
8 ’ N760 b4 \8" ! [ \ 7\ ’_.‘\ \_ WA 7\/ —«
exaetioc 100 60, Erav dnuociedtrre 16 EuBrnuaTind kol —cAuepa TAEOY— (TTRO-
- ~ —— e ~ .
nTixd» Tovnpa tob xalnynTi Colin Buchanan xol t@&v cuvepyatdyv tou Traffic in
Towns (BucHANAN ET AL. 1963). ITépacav wepimou 40 ypdvio &mo thHTe yid vo xo-
Orepwboby oo xal vo Epapuostoly 68 maynicpie xhipaxo ol idéeg xal 7 A
pw0ady TAnpme % ©appocTobY 68 TayrdG UL Kok AR RN
PLAOGOGLo GYTLLETOTLEYG TOU ASYOUEVOD %LUAAOQOELIXOD TROBANULATOC GTLG BGTL-
%EG pog TEPLOYEC, ToY elofyorye T6TE T0 BLPAo adTh.
2. Xwd Embpeve Y enoLhomoleltol 6 600G (UeToxlvNeT) Yt Vo ExppdoEl T
UETOXIVNGY ATOLOVY %ol 6 HP0C (UETUPOE) YL VO EXPPAGEL T1) LETUPOPG EUTIO-
PELILATOV.
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2. Awyeipron Tijc xuxdogoploc TGV CyHuATGY e 6TGY0 TV aT6d06T)
/ \ 14 o~ \ o~ \ \ !
TROTEPALOTNTAG 670 LEGa Lalln®V %ol QLAXGOY TTpoc T0 TteptBdAroy Meta-
oGV %al TEPLOPLGULO TTC Lo Trelag xal yenore IX adtoxvhtov 68 TepL-
\ b / / \ / b \ ) / \ \
Borhovtixa edalolrree meptoyéc. 2tny xotnyoplon ad Ty avAxouy xal Gho To
uétpa %ol ol HTOdoUES TOL dpopoly THY Tapaxohodlney, (monitoring) xol
BehtioToTolney, (optimization) t7¢ xuxhogoplog Oy NUAT®Y 6T AVTLETOL o
dixtua (60uxd, oLdnpodpopind, evadpta, Doandoota).
3. Bertioromolnoy tdv Synudtwy Yo dvesy) xol dopdieton — XuoTh-
4 / ~ ¢ / / / \ 3 /
pota Vroforbnone tic 687hynons Stapbpowy Labuidwy xal adtovoulog.
’E ! ’8 ~ e /6 )/8 ~ 3 \ \ 3 ;" \ 3 )\ \ \
vrdocovtor 86 ol xdbe eldoug Epapuoyic ol dpopoly THY acpuhy) %ol
BehtioTomolnuévy Aettovpyia TGOV oynuaTtov xoul Ty LTofonineyn Ty
607GV 6TV 637167 Toug (Advanced Driver Assistance Systems — ADAS),
7oL gbavel ohpepo Péypl TNV TANPOS ADTOLATOTOLULEVY, 68Ny NeY (dTh-
YORLOL OYALATE — OYNLATL Y WPELS 6O7Y6).
/ \ \ € fard / /
4. Awpbppwon xal mpoopops «Orypectesy xivyTixotnTacy. Hpbreiton
VLo THY AVETTLEY %ol TROGPOEG VTTNPEGLAY ALVTIRGTYTOS TTOY GTUEP OEY
ogpyovy. Adtec o dpopoly xuplwg avdmTuLEy xal TEOGPOEa (TaXETWY
OTTNPEGLAY LETAXLYNGYE) TIPOGARULOGUEVGY GTLE ATTALTTGELG Kol TLG VALY %es
70U xabe petaxtvoupévou.
s \ , ~ / \ \
5. Hiextpovixs) mAnpo@bpncy Ty UETAXLYOUUEYWY GE TEOYUATIXO
/ 3 \ / \ /. ¢/ ~ 3 / \
y06vo — Haextpovixy) cuumifpowaoy xal Stoaxlvyoy Gawy T6v Eyypdpwy ToL
oyetilovrar peé pia peToQopd.
\ 4 \ 4 \ \ A ~ / 3 \ \ /
To pérpa %ol ol mohitixes wod Ha Emheyoly péoa amod Tlg ToPATAVR
KT YOPLEC EVTAGGOVTOL GE GAOXATPWUEVS %ol GUVEXTLXA GYEdLa TTOL ELvaL
Yoot ke T tvopn «Xyédio Biooiune Aotindic Kuwvnrinbdryroag — ZBAK».
H Swxpbppworn tév EBAK Zyer Oeopoletnbel and wnv EE xal elvor Hmo-
ypeewTiey) Yo 6o T xpdtn-péln the. ol EBAK &youv éxmovniel xol
oty ‘EANSa, cdppove ne cuyxexpLéves TEOdLYPAPES TTOY EYOVY KATO-

yuewlel xal vopoleTind e wov vépo 4599/19 (GEK 40 A/19)°,

3. ITanpogoplec xal Stoepxiic dvnpépman yud to EAknving XBAK o717y lotooe-

AMSo www.sumpnet.gr 2 edpwmaixnd énimedo Eyouvy éxdolel Enlone oyetinec Tpo-
pnet.g P 98 1S oL P

oy paee 660 Yid T Bracipn wvntied Tt dtopemy (WEFERING ET AL, 2013) 660

xol yLoe T Stavopd) Eumopeupatoy (AMBROSINO 2015). TIanpogopieg xal cuveyic
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¢ Ghec Tig Tapamdvm mepLoyée, To Kigui Yvotiuata Metagopdiy —
EXM (Intelligent Transportation Systems — ITS) elvo T0 avayxolo EpYaAELo
gpapuoyic. To Edour 2Zuethuata Metagopdv dptlovtar t¢ «mponyuéveg
Epapuroyéc ooy Topéa T6y Metawopdy xal Thc xuxdogopias, T7c TANPOPO-
OLXTC, TGV THAETIXOLYWVLEY, TEGY TEYVOLOYLOY cLALoYT¢ xal armobhxevorg
0ed0UEVDY %ol AVIAGTE TGV 0edouévmy adTdY, Ue ypron aryopluwy xal
uebédwyv teyvytijc edpuiaon (Exranaiko KoiNoBoraio 2010). ‘O etéyog
oy EXM elvar noptog 7 VAomolnen T6v 6yedimv Bioeiune xuvntindTrrog
ral N BértioTny GLLoTmolney) TG LTAEYoVGHE KUXNOPOPLAXTIC Y WETTIXG-
TG, ONAadY) Ty VTTapyoue®Y LTedoumdy Metagopmv. Kot énéxtacy,
Oy ouy Tor 2uvepyatina 1) Awxcuvdedepeva Edoui] Zvotruate Meto-
pop&v (Cooperative Intelligent Transportation Systems 7 C-ITS), to 6molo
optlovrar (¢ «7) Stacuvdedeuévy) Aettovpyio xal cuvepyacio Letald 0V )
reptocotéowy Ebgudy Yvotyudatwy Metagopdv 616 mAaloto t6v Zuvep-
yotiedv - Avacuvdedeuévamy Luotyudatwy Metagpopdy — Cooperative Trans-
port Systems» (Evponaiku Emrrronn 20168). 2téyo¢ tov C-ITS elvar 7
TepalTEP® [BENTLOTOTOLNGY) TOD GUGTHUATOS XUl 7) TEOGPOPG GAOXAT)PO-
UEVOY (TOXETMV VTTNPEGLAY XIVNTIXGTNTAC) 6TO TAALGLO TMV TeoBAeTd-
UEYOY EVOTIOLUEVMY DTINREGLMY BLmdeciuye xvnTixdtnTog (sustainable mo-
bility — Mobility as a Service — MaaS).

H 2pappoyrn tov Edpuev Zuetnudtoy Metagopov 6tiv EE xabopi-
Ceron hemropepde amo v ‘Od7nyia Tl Edpwraixod Kowofoviiou xal o
ZupLovitov Yrovey®dv thc 77¢ Tovaiov 2010 (Exrenaiko KoiNoBoYAlO
2010). 2 peydro Babud, 7 Epapuoyn thv EXM (ITS) svurinter pe v
mohTind), i BE v 10 «dmgrans pélrovn 6tov topéa tv Metagopdy,
dnpradh v mponlnen thc xabolindic yenhone TGy Unplandy TeyvohoyLéy
ot 6houg Tovg Topelc Tmv Metagopdy. ‘H molvtier) adtd amoterel Turpo
e yeviotepne TolTindc thc EE v xalohund yenomn t6y Yrnprandy te-
Lvohoytov oty Edpdmy 68 Shoug tovg topelg (Eypenaikn Enrrrornn
20160, 20168, 2018).

Evnpépmar YL T BLdotn xvnTindThTe 6Ty Lotocerida th¢ European Platform
on Sustainable Urban Mobility Plans — ELTIS www.eltis.org/mobility-plans
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1.2 Talivéunon xal évdeixtixa mrapadelypato EXM

To EXM propoly va ta&vopnloby 68 mévre peyoheg natryoplec:

1. 2uadoyy) ototyelowv xol TAEoeiency TMHY puetaxtyouuévwy (Advan-
ced Traveler Information Systems — ATIS).

2. Berriotomoinoy xuxdopopiaxol EAEYyov xul Oloyeiptons The xu-
xlogopiac (Advanced Traffic Management Systems — ATMS).

3. Vroforlnen tob 6dnyed xut Ereyyoc ToU Sy ruaros (Advanced Driver
Assistance Systems — ADAS xat Advanced Vehicle Control Systems — AVCS).

h. Avoyeipion actinddv éumopeupatindy davoudy ral logistics (Com-
mercial Vehicle Operations — CVO).

5. Awayelpion cuaTnudTomy dpociwy cuyxowvwviay (Advanced Public
Transportation Systems management — APTS).

[Mwa var yiver mepLochTepo xatavonTtod T0 edpog xal 1) odslo Thv EXM,
SivovToLL TULPAXATO GELGEVE EVOELRTIXG GG XUl Y APAXTNELETLNA ToLPAdELY -
pote Eoapuoy&y Tod dvtdasovtal ota EXM:

‘Odixes Metagopeg

— 2uhhoyh-amofireuer-avdiveT «peyahwy 0ed0ULEVMV) GE TPy -
TR0 Y pOVO, TOTILA T) XEVTELAY, VLo TLG LETAXRLYAGELS Xol TNV XUXAGC-
woplo.

— Hapoyr mpocHTOTOLNULEV®Y TATPOGOELAY GTOVE PETARLYOVLEVOLS
1) o dooug O€houy va petanvrloby — Multimodal trip planners.

— "Egapuoyec oric Anudores Xuyrovwvies yud:

O Apopohbynor 68 TRAYLATING Y PGV,

O MMpotepardtnro otic drasTavpmaets.

O Manpowdensy xowol 6Tl 6TaceLs — EVNULEPMTT) Y pGVOL doLEne
ETOLLEVOD OYNULATOG .0 K.

O Mpoypoppatiops Siadpopdy %ol Spoporoyimy.

<

b \ A ~ 3 /
Haextpovina cuethpate TAnpwETc lottnplov.

4. Mud cuotnpatind) xol GvahuTind] Teplypogr) TMY GUYYP0VLY EQoopnoYdy
Edguiy Zuotrnpdrtemy Metagopdy yio tic 6dixeg Metagopec Bploxovral ot mo-
padotén ToD Epyou CAPITAL (Epeuvntind Epyo tob H2020, gpeih. Zdufacrg
724106). Tlepiocdtepa oyeting e Ty Hhextpovind) Thatedpua (e-learning plat-

~

form) o3 Zoyou CAPITAL ik 16 EXM 619y iotosehida https://its-elearning.eu
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— MeraBnyra pnvdpate xabodnynene xuxhogpopiog — VMS.
— Edoui] cuetipata Sodlomv xol ypéwore yio eloodo 68 mepLoycc
mepLBarhovTixdic Tpostasioc (Road User Charging — RUC).

Oordooresc Metagpopeg

— Awcdvdecr) nal Stayelolorn TOV GLUYEAALYGY LeTaED TOU GUVOAOL
Ty gumhexopévey otic Hurdeoies Metagopec (ob amoteholv 10
Aeybpevo «Zoumieypa Ouhacoiov Metagopdv — Maritime Cluster»)
UEGW AVATTLENG %ol AELTOLEYLAG NAEXTROVIXGY TAATPOPULMOY G6TO
drdixtuo (e-platforms).

— Amhomolnoyn Tév draduact®dv ot Awpdvie. Ol oyetineg Epappoyes
70y EXEM dpopobyv xuplme T4 SteuxbhuveT xal BeATLETOTOLNGY) T@Y
AVTaARLY OV LeTabl TGV ey evog Port Community System («xot-
VOV EUTAEXOLEV®Y 6TT) AerTovpyio evog Mpéva). 'Kvdeintind, ol
dumhenbpevor gopelc 6& éva Apdve eivar: ‘Opyoviopol hpévev /
Amosrtoheig dumopeupdtoy /| Amodéxtec dunopevpdroy / Kror-
peieg logistics / Noawtiaxee erarpeieg / [lpaxtopeioeg / Terw-
velo / Adhec dnuboreg dmmpestes | Metagopinds Etapeieg . 4.

— Adtbpoty aviyvevsy, tautéTyTog xal Oéene wholov — Automatic
vessel Identification System (AIS) vyig mopanorodOner ol Ereyyo
TYi¢ Topelag TMY TAGLOV.

— Edoui) cuetipata pdbuiere thic xurhogoplag Ty Tholwv — intelli-
gent Vessel Traffic Management Systems (iVTMS) yué:

Amoguyt) cuyrpolcemy.

"Edeyyo xuxhogoploc TGV TAGLOV.

Acgaheta Tic vousLTholoc.

YroPonbnen wic mhonynene.

Y'rnpeoies Zpeuvac Stdomwaorc.

SO OO

[Tapaxorob0nern woptiov xal aTdiov.
|

Evaéprec Metapopec
— Arouvdedepévy xal adtopatortornpéve mapaxorollney, hettovpyia
%ol ENEYY0C TGV GYNLITWY TOL EUTAEXOVTOL GTLG GEPOTTOPLUES LETU-
4 \ 3/ 3 / \ \ b4 by A 3 /
wopEc, 6TOV Gépa (aepomhdva) ol 10 Edapoc (dyHuota Eddpouc).
Xthyoc 7
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0 Beltwpévn diomistio otic mthcee (Opeg dvaywphoewmy/dpt-
Lewv, petwor xabueteprioemy).

O ADEpévy ywenTinbdTrTa 8epodpoulny xal depodladpbrmy.

O Melwen xboToug Aettovpyloag HAMY TMV 6TOLYELWY TOD GLUGTH-

LOTOG.

2. Avorutixd mapovsiosy Tv EXEM dve xatyyopto

2.1 Yvotipata culroyic xal énebepyaciog dedopuévewy

3 \ S \ 3 o~ o~ 3 3/ € /

H meproyd adty épappoydy t@v EEM elvor iowe 7) meptocbtepo 67)-
LOVTLXY) %L XPLOLILY VL& T AELTOVRYLL TGV GUGTHUAT®Y BLOGLULTC AGTIXTC

/ ~ / 3 ¢ / ~ 3 A \
rwvnTxoTTog o0 wéhhovtoc. ‘H lxavétrto cuiroyie, amobirevsne »al
AVIAGTG DESOUEVMY GYETIXA E TLE LETUXLVTGELS, TNV XLUXAOQOPLYL %ol TO
obetnpo Metagpop®v yevinbrepo €yel Yivel 6NPepa TOAD TLO EQLUTY) KoLl
S \ S \ 14 3 \ / ¢ 4 \ b
amoterecpaTind) oo 6,70 oy 616 mopehbov. Ol pebodor mod dxorou-
Bobvral cnpepa yenoLLoToloby, TEpa Ao T1 16T TOV GULRBATIXGY LEGWY
WLOYVNTIXT]G, LN avixTic 1) &AM €ldoug TeyvoroYLiag (T . pavTdp), %ol TTLo
G0V POVES TEYVOROYLEG OTLTLXTIC VYV MELGTS (AVEALGY) ELXOVAS), Gy VEVGT)S

o~ S \ \ / 3 \ \ / \ /

ocuoneu®v bluetooth dihe xal prvuudToy Gro T dtdoopo xovmvixe di-

rruoe. 1o suyxexpipéva xal xvodpevor amod Tl Tapadoslaxss Tpog Tig Lo
oUY L POVES TEYVONOYLES GUAROYTC BESOUEVMV, AVAPEROVUE TLG ESTIC!
Y7.poves Teyvohoyies (7ic Bedopdvey, dvapépops Tic EEfic:

— AlsOntiipeg aviyvevore oynudtwy Sapbpmy TeYVohoYLOY GTOE:
LoyvnTLol (670 6866TEMMUA), LLUPOXVULALTWY, TEYVOROYLNG PUVTAP, GTTTLXOL
(video image processing), \épubprg axtivooriac.

— Xp7om dedopévov xvntiic Tniepoviag (cellular networks handover

i I

\ \ \ ~ 14 / \ / \
data), 6¢ GUVSLAGPO PE LT XALaxas LETPNOELS 6TO dInTLO %ol TTPoXa-
TUGAEVAGLEVE LOVTEAR YpoLrTc TToAwdpbunere (DEMISSIE ET AL. 2013°
BHAskAR — CHUNG 2013).

— Xp7om oynpatmy ToY xwobvrol 670 dixtuo (floating cars) éZomh-

I I
ouévey e eldireg suoxevgs évromiouod (On Board Units — OBU).
— Xp7om «ouvdedepévmvy oynuatny (Connected vehicles) 616 whai-
I
GLO TOV (GLVIESEUEVOV-GUVERYATIXMYY GLGTNLATWY Metapopdv (WRIGHT
ET AL. 2014).

To amotérespa Tig ypNoNG TGOV TUPATAVEG TEYVORGYLDY ELval Vo

Odpyer onpepr Srrbécinog Evag TepdoTiog Yo TEMTOYEVGY dedoUévey
\ o \ ~ o~ o~ \ / 3 / \ 3 \ \
o¢ 6houg Tovg Topels TV Metagop®y, oL cuvddouy ambhuTta Pe adTo TOL
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EyeL yopaxTnELeTel Og (peydia dedopévarn. Ta dedopéva adta cuAAEYOVTAL
1) petatpémovtal 6t YrpLaxd) Lopgr ral anofinredovral ot terabytes 7 peta-
bytes amobfnreutined ydpov. Amo éxel xal netd, 1) (AALELET %ol GVEAIGY)
TGy dedopévey adThV amartel Tponypéves nelddoug xal aryoptbuovg ava-
UGS, TOL xal adTol amoTEAODY Tijpa TV EXM 6tov Topéo adtov. Xou-
povo pe éxtipnoets e Edpomaindc "Exitpontiic, 7 mapaybpevy minpo-
popla —6& 6hovg ToLg Topelc— advtdvetal we pubpole TeTpaThdclo Ao TO
uéco AEIL t7c (mayxboptacg) olxovoplog xal avtioTolyo 7 DTOAOYLGTIXY)
SOvopy) o amalTElToL Yid T Sy elplar) Toug adEAvVETOL LE EVWEATIALGLOLG
evbuode (Erranaiko KoiNooraio 2018).

H manpne xol xaborwnd aliomolneyn @y peyahwy 3edopévmy Tod cui-
Aevovron 670y Topéa Ty Metagopmy amortel va Omdpyel «oupBatdTrTon
ot 6o to émimedo. ‘H Sradinacio ELacpahiorne cuppatdtnToc TepvdeL amo
T1) SNULLOVEYLA XOWVE ATTOSEXTMY TPOTUTTMY, T660 MG TEOS T7) dou) AToT)H-
TWENG TGV Oed0UEVOY TTOY GUAAEYOVTUL, 660 %ol (¢ TEOG T7) GNULAGLOAOY LN
Tovg. Ao a6 Ta TAEOY YYOGTR TETOLL TRHTUTA (TTOL Gpopoby T S6UY oY)
rol petddoor) dedopévmv 6Tov Meo TV Metagpopdy xal t7¢ xuxiogoploc)
givo 6 DATEX T %ol TPEG. T Datex 11° eivau 4 edpwmoiny mpodioypog)
Lo T Sty elpten xol petadooy) Sedopévewy Gy ETIG e THY xUXAoQopla ol
o Edgui Zuotipata Metagpopdy. Avamtiybnre xal cuvtrpeital xoto
&7o TV «SuTeélan Tob meoyeduuatoc BEasyWay® t7ic EE. ‘H EE &yet #37
gxdmaer 3o Od7yiee, tic 885/2013/EU xal 886/2013/EU, pe tic dmoleg
OTCOY pEMYOVTAL To %pdTn-péln va viobethoovy t6 mwpdTuTo DATEX II 7
Tuyov Leodlvapd Tou. To mpbrumo TPEG (Transport Protocol Exchange
Group) dvagépetal 677 UeTddocy, ®ol GVToAlLyY) Sedouévmy YLd TV 68
TRAYLATIXO Y pOVO TANPoQbeTeT TGy peToxwvovpévmy (Traffic and Traveler
Information — TTI). Avartbyfnxe dro iy TISA (Traveler Information Ser-

5. To 8vopo DATEX mpoépyetal 4o odvtuney TV hébewv Data Exchange.
"Evnpéewon yio w6 mpbturo DATEX IT 679y iotocenide https://datex2.eu/

6. Aemropépetes yio 6 by pa e EasyWay xol ta Eml népoug Epeuvntind Tov
oy oty ioToceaide  http://www.its-platform.eu/highlights/easyway-programme

-2007-2020-and-its-projects
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vices Association) %ol ¥ pNGLLOTOLEITOL GE TTLYROGULEL XALUAXS O T) TEYVO-
novio Bdomng yLo L oeLpd amod &Ae oyeting mpbTuTta. 1660 T DATEX 11
660 xal 70 TPEG &youv miatomorniel amo tode 800 xupLbtepous dpyaviopnoe
mpotumoroinene CEN xal ISO (TISA 2014).

2.2 Beltiotomoiney xuxlogoptaxol EAEYyov xal Otayeioions
T7¢ xvxAogoplog

O xurhogopLanoc EAeYy0c 68 Eva GTTOLAGONTIOTE XATY)Y0PLOLG XUl LOPPTIG
di%TVO LETAPOPIMY VTTOSOUMY Elval I6WE 1) TEPLOYT) TOD GLOTNUATOS e TLG
o Tporyréves xal dadedopéves teyvohoyieg EXM 62 yornon ofuepo. AdTo
APOEAL GE SLUTVLAL LETAPOPLLGY UTTOSOUEY EA®Y TGV PETAoptxdY pécmy. Mua
Boorer) heLtoupylo ToU xuxho@opLaxod ENEYY 0V 68 Gha Ta SlxTtua elvarl 6 EvTo-
oo e Déane tév dympdtwy. O dmodopes yie tov évromiouo e Déarnce
EVOG OYAUATOC ELVOLL XOLVES VLo DA TO LETOQOPLXY PEGH %ol TTEPLALBAVOLY
RPEVOC TNV TANPT %ol AETTTOUERT, YNPLOTTOLNGY) TOV LETAPOPLLGDY SIXTH™Y %ol
QPETEPOL T1) YPAGT D0PLEORIKMY GLUGTNUATWY EVTOTLGLOD GTME Elval TO
edpwmixsd avotrue Galileo xal T6 Guvodeutins Tov abvetnuwa EGNOS (Euro-
pean Geostationary Navigation Overlay Service), 7 <6 auepweoavins GPS
(Global Positioning System), ) t6 xwelixo BeiDou. Zuyxexpipévo, ave topéa
Metagopdy, Tapatnpobvros T dxdhovbo:

Yrig Doandooieg Metagopée, ta ohyypova «edpui» custhmate pv-
uLemG TG xurhogoptag TGV mholwy (intelligent Vessel Traffic Management
Systems — iVTMS) 7076070100 Yep6ala 7) S0pUQOELUY GUGTHLLTH EVTOTIL-
opol xal padiomhofynorns (LORAN-C, Long Range Aid for Navigation),
GPS (Global Positioning System) 7 RADAR (Radio Detection And Ranging)
Yo EAEYY0 TTIGC nUXAOQOPLaC TGV TAOLWY, dcpaheta TMY Duhasoiwy Meto-
PoPGY (ATOPUYY) GLYXEOVEEMY LETAED TAOLWY GE TEPLTTMGELS XAXTG Gpo-
TotnTag), vroBohineyn thc Thon Yo, Yrrpesice Epeuvac-Siacweng, To-
poxohoVbney goptiov ) 6T6A0L %.0.%.

Yric aepomopinés Metagopée, 7) Stacuvdedepévy ol adTopatomoLy-
wévy mopaxohollney xal hertovpylo xal 6 EAEYY0C TTE ®UXAOPOPLLE TMOV
GEPOTALY®Y GTOV GEpa TPOGPEpeL PBehtimpévy dLiomietio 67Tl TTAGELS
(Bpeg dvory wphoewv/dotiewy, pelwon xalvetephioewy), adlnuévny ywenti-
®6TNTOL AEp0SpOUlmY, adENUEVT YN TIXOTHTH REPODLASEOUL®Y, LelmET ®b-

GTOVC AELTOLEYLAC TOU GUGTNLATOC %.&. LOUEWYA UE TEOCOUTT LEAETT) TOL
)
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SESAR Joint Undertaking’ vyt 7ig pehhovtinis mpoontinés TV ESM 67a
gmiyetor xol EVaplar dinTuo BEPOTOPLRMY LETAPOPMY, GVaAQEPETaL GTL Ol
b} \ 5 A\ ] / / ~ / ~ q \
gpapuoyeg antee Oa Emipépouy Pertimeeis Tic Tdlrc Tob 38% o1 ywenTL-
/ ~ b ~ ’ \ \ S5 / .
#OTNTL TOD REPOTTOPLKOD Y MEoy %oVt 6To aepodpbute (TMA — Terminal
Airspace), 33% 671 ywpnTixbTnTa 16D HTdoLmon vadoLon depoTopLol
ywpou, 11% oti) ywenrinbdtnra 16v depodpopiony %.&. (SESAR 2017).
210V Topén TGV 6Ld7podpopndy Metagopdy, 7 Swuyelpior Tiic xuxho-
POPLIC TMV GLPULMY ELVUL EpETXT GUVIEDELEVY) LE TNV UrpLaxT TeyVohoYia
nplog 6710 oleThRa oy elptane THE ®¥UxAoQoPLas %ol 6TO GVGTNHLL TGV
TOAMGEWY ®oL TANPOPOENGNG TOU %ol xal TGOV petoxtvoupévey. To
edpwmaind obotnue ERTMS vy 19 Sayelpion Thg »uxhogoplag 6ToLG
o1d7podpbpovc (European Railway Traffic Management System — ERTMS)
elvat Evor GO T TEPLEGHTERD TTPONYEVAL, TEYVONOYLXA, TETOLN GUGTHALLTO
670v 2660, Avarttdy Onre o ) suvepyasio dxte Edpwmainy xatacrevo-
~ ~ e ~ € ~ / \ A
6TMV GLONEOSPOULXOD DALXOD, ETULPELRY THAEQmving xal dAwy Bropryo-
VLGV ToU ®A&dov pe thv bosThetEy tie Edpwraintc "Evwene. To ERTMS
GTOYEVEL VO QVTIXATAGTAGEL To dLapopetind o6& xabe y oo cueThpaTo So-
YELPLONG %ol EAEYY 0V TTIC XUXAOPORLUS GUEULEY GE EVa GLOT)POSPOULXS BlXTVO
\ 14 € o~ \ b / \ 3 . \ A / \
ue &vor évialo xal améiute cuuPatd edpmTuint cdoTtnue. MdisTo TO
ERTMS &yeu mheyel yio EQoppoyr) xol Ao 6Ld7p0dpoptxd dinTtuo EXTOC
¢ EE, .. otic y®pec Kivar, Tvdio, Taifav, Nétia Kopéa, 2. Apafio.
\ 4 / / \ \ A ~9 /
Tlg 60réc, Téhog, MeTagopec To GUGTALATE XUXAOPOELAXOD EAEYY OV
(Advanced Traffic Management Systems — ATMS) wob gpapuélovtal T660
\ 3 \ 14 \ \ e \ 4 \ / /7 \
6To AGTIXA 660 ol 6TA VTEPAGTIXG GOxa Olxtua PBucilovtal 68 TponY-
wéveg Egpappoyes EXEM xal Yneranic teyvoroyiog. ‘H avamtuiyn xal wope-
/ 4 o~ / 3 / \ 5 \ 3 \ \
mépa Bertiwon Ty cuoTudTey ATMS dvapévetar va elval pLe &mo Tig
/ N \ b4 \ D / — ; \ \ / ~ M
(xploLpeg) TTepLoy s Epeuvas xol avaTTLEnG 676 (YreLaxsd) wéhhov Thv Me-
tapop®yv (Tr 2019). Bascwoc nowog 6téyoc 6hmv TGV 67eTindy Epop-
LOYGV ELVOLL VoL YIVOLY 0L OOLXES UETUPOPES TTLO AGPAAELS, ATTOTEAEGLATIXEG,
3 \ \ A e A 4 ~ ~ bl /
amodoTixés xal Bidorpes. "Eva olotnua 600l xuxhopoplaxol ENEYy oL

suvicTatal 68 wévte Pacindc weployic/hertovpyiec:

7. Single European Sky ATM Research — SESAR. (ATM = Air Traffic Man-
agement.)
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1. Aviyvevor tic nuxhogoplog OyNULaTOY %ol GUAAOYT Oedopévey
(Gvagpepbnxrape ot Tponyodpeva).

2. ’Emuotvovio xoal avtoadioy) LOTTOLYUEV™Y BES0UEVMY GE TTpaY-

A A

LaTIO Zp6Vo UeTall TMV OYNuaTey, TOV LTOS0UGOY %ol TMV *EVTPOV
S~/ ~ / \ ’ > ~ = \ ~ ’
ENEY YOV TG nuxAoQoplac e yeNoT Emovmitdy DG xal ToU Stadietdou
mpaypatwy (Iol — internet of things) (Trs 2018b). [pdxerrar yio tic «ou-

\ \ / \ ~ 7 .
vepyaTinegn xal «suvdedepéveen Metagopes ol péihovrtog (cooperative
and connected Transport), wob 0o xdvovy ypN67 GLUBATIXGY TEYVOROYLHY
6mwe Wi-Fi, Bluetooth, Wi-Max x.&., gk xal véwv, ToL %37 avartic-
covtor e Paor 16 cbetnue GPRS (General Packet Radio Service) yua ta
Stwrua HGS.

3. Xpnon dryopifpov xdbe eldove, yia thv avdivey (o8 Tpoypotins
706v0) TGOV Sed0pEvmy %al GTOLYELLY TOL GUAAEYOVTOL %ol T S7ULLovpeYLio
BehtioTomolnuévey 6y edlmy ENEYY 0V TTG xuxhopoplag 1) Yo TANEOGPGENGY)
TV LETARLYOLULEVOV.

4. Avdmruln nal Aertovpylo xEvTpmv EAEYY 0V TTIC XUXAOPOPLIC.

5. Zuvthpnot ol /f) dvavéwen TGV GyeTndY HTOSOoULGY.

l I l {
Tow tehevtalo déxo xal ThEoY YpdVLE T& GUGTALATE GOLXOD XUXAOQO-
pLoxol Eéyyou Eyovv dvartuylel xal Pertiwbel orpavting — wavte 670
/ ~ sy z ~ 5 ~ / ~ 13 5 e~
ThaloLo Thg avamTuing TV Edgpuav 2uetuatony Metagopdv. ‘H alyu tc
Epeuvag xal avaTTLET S 6TOV Topén adTOV GUEpa lva TTPOG TNV xatelbuve:
I3 3 / / 4 \ ~
o. Anprovpyiog dEtémietov Beoyvyedvimy Teolrédemy, dnAad? TMy
~ ~ \ ¢ / (g S\ / / \
nunhoopLax@dy cuvbnxdy eta endpeva 15, 30 7 meptoobtepa hemta, %ol
3 / ~ ! \ \ ’ 3 \ \ / o~

B. Exirere Ty Oepdrov ol o mpoxbovy amo thv xuxhogopio Ty
oLVdEdELEVLY %ol aDTOHVOULWY OYNUETMY.

o, 3 ~ \ ~ € / / 3 3 ’

Ocov dgopd t0 me®T0, 7 Beoyuyedvie Tpofhedy elvar amoritwe
QVOYXOLO  GUUTANPOUY TGOV TRONYUEV®Y GUGTNUETMY XUXAOPOELIXOD
ENéyyov (ATMS), yrotl pea dxplfng meoBreyyn tob wae Oa eZehuyboly ol
rundhogoplaxes cuViiinee e Eva 6816 Sivtuo ota Embpeva 15, 30 %) ol 60

\ / \ 3 ~ / o~ o~ ’ 3 4 3 \
AemTo Slver TOV avoryxolo Y ebvo TROGHEUOYTIC TV Gy edlwy EAEYY 0L Ghha
®otl EYRALPNG —GE TEAYULATLXG Y pOVo— EvNLépwaTg THOV LeTaxtvoupévoy. H

TpoPAedy) yiveTor cuvhfiog ue ypren xhacik®y cTaTioTinGy pehodmv xol
P vny VoG Ye Y7o ‘ {

8. Tlpodraypagpec SAE J2735, IEEE 1609.2, IEEE 1609.3, IEEE 1609.4 ol
SAE J2945/1 yué éminowvmvia V2V.
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TEY VROV HTTOC Y povixdy celpdv (WILLIAMS ET AL. 2014), ¢idtpmv Kalman
T o) ) ) /4 = /
(OKUTANI — STEPHANEDES 1984), p.ovtéhmy ypapuixiic mohvdpbunens (SUN
ET AL. 2014) ».&. “V'mdpyovv bpuwe xol 7o ptlocTacTINEG (L) YPOUULULXES
uébodor TpoPredme Buctopéveg .. 611 Dewpla talvéumeng (ATTOOR ET AL.
2001) % 0 Oewplo ToU ydove (CHEN — WANG 2004) 7 w7y avdiucy vevpw-
vir@y Suetdmv wavelet [EpeuvrTind mpoomdleio o dpyLoe RO elxocaeTios
nepimou (HE ET AL. 2002) xod suveyiletan péypt ofpepa (L1U ET AL. 2019)].
“Ocov agopd thv Epeuva T@v Oepdrwy mod Ha Tpoxdlovy amé 7y xu-
#hOQPOPLAL TV GUYSESEUEVMY %ul ADTOVOUL®Y GYNULATOY, To oyeTind Dépota
apopolY TNV Evtaln %ol EVeOUATMETN TMV OYNUATGY ADTAY GTHY V-
70VGa xUXAOPOpLa GLULBATIXGY OyNUETLY xol d&v elval T660 TEYVOAOYLXY
660 xuplog SrotxnTindic 7 vopoletindic picewme (.. Oépato xddua 63uxtic
/ /7 s / 9 \ / 5 \
rundogoploc, Bépata acpdiore x.0.x.)”. To xuptétepo lowe Teyvoroyixo
Bépo mpoc avtipeTmTLen 6TV TEpLoy ) adTY elva T0 Bépa T «ewBepvoa-
spanetacy (Cybersecurity). Ta cuvdedepéva xal adtévopa dynpato o Aet-
TovpYoby xol O xwvodvral 671 Bacy dedopévwy xal TANpopopLiy moL Ha
\ 7 3 \ \ ! 14 ~ / /
ToVg peTadidovtal amo 1O TEpLBAARGY TOVE LEGK TGOV TPONYULEVGDY SixThwY
THAETLROLVWILGY, nal ET6L xaxbBovies «Emtbéceion 610 AoyLopind Toug 7
\ / \ ~ \ 4 A b4
Tig Trhemxowvwvies toug Oa pmopoloay vo mpoxahécouy xdbe eldoug het-

TOVPYIXES avmpahieg kol xvddvoug (GARCIA ET AL. 2015).

2.3 Arayeloton éumopeuuatindy dtavou ey xol logistics
| /

Mie snpavtinbraty meproy Epappoydy TV EXM elvor ol (dotine
)
#0pLmC) BLavoES EUTTOPELILATMOY xol OLIYELPLETS TGOV GLUYALGHY LE aDTEG
e o~ . . m / \ \ \ pJ A € /
venpectev logistics. Tautdypova e pia petagopd Eumopedpatos, Hdpy et
/ \ / \ ~ \ / \ \ A

T
TRVTOL LG TELPEAANAT, pOT) TTANEOQPOELGOY Xl 0ed0pévey TToL T7) cuvedelel
%ol TOL RPOopdL:

— lplv ano ) peragpops/ueraxiviory: tig Spactnelbtnres Yo 16
Y RELGLLO TTC TTopayYEALOLG LETOPORAC, THY EDPECT) TOD XATAAANAOL LETAPO-

I ’ 1

~ / ~ / o~ ~ € / \ \ bd ’ N
eLxob éGou, Th¢ xatdhhnhrc Sradpowutic, Trc Etatpelac od O dpyavmoet 7]
EXTENEGEL TT) LETAPOPE, T1) GCUUTANPWGT) TOV GYETIXGY EYYPAP®Y %.&.

— Koo ) Sudtpxeia tijc perapopdc/petaxivnons: iy émiowvmvio us

\ A 3 3 \ AN 14 N 2 7 \ A 4
tig nabe eldoug dpyec oL EumAénovTaL 1) ENEYHOVY TN LETAPOPA 7) LETOUXL-

9. Mua hemropepnc meptypady) oty dvagope GARCIA ET AL. 2015.
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VNG, TN SLEXTEPALWGY) TAY GYETIMGOV EAEYY WY 6To cVVopa, ThY %xabod7-
YNo1 671 Sadpoph, THY TUYOY TANPOUY XOLIGTEOY %.&.
\ \ \ /. . \ bl / \ \ /

— Mera ) perapopa/peraxivyen: iy dvnpépwon yie Thv Tapddocy
TMV EUTOPEVPAT®Y, THY TANPOWY) 7) ATOTANEWEY VLo T7 LETAPOPO %.&.

Ol pogg adteg TANPOQOELHY %ol dedoUévmy xal 1) GLUTANPWGY) %ol dLo-

poee ¢ TTATIPOQOP (o | OVUTATR(GY)
®Non TGV GYETIXGOV EYY QY Elvol (LLd LEYAATS GTaslog Xol 6TTOUdaLG-
/ 3 \ \ \ b \ \ 7
Trro hertovpylo. H xatd t0 Suvatoy Ahentpovint) —YngLond— Suuyelpio)
TGV EYYRAPOV aDTGY ELVaL 1) TAGT VL& TO pEANOY, dedouévou GTL 7 onuepLyT)
wh Yneraxyy dwayelpior) Tovg amotehel YT rafuetephoewy nal Aafdv.
Hopdannia 1 6y Sradiactio T7c Stavopdc amotehel TpOBAua PeltioTto-
/ \ o ~ / ~ \ o / /
Tolneng xol ebpene TGV XaTAMNAGTEPOY Stadpopdv 6 Evar ixtuo — Oépa
e ~ 5 ~ / ~ \ \ \ ~ 5 ~
T0 O0Tolo amoTteAsl avTixelpevo TV EXEM yio tv weployr TGV AoTIRGY
EUTOpELULATIXGY ULeTapop®y xal logistics. Ildvrme 7 petdBoacy oty Y-
prant) Sy elplor) TGV EyYpdgpmy elval Iome 1) TAEOY ETELYOVGH Kol Y PNGTIXY)
4 \ / o~ ~ / o~ 1 \ N \ S —_ /

Sradixasio 670 Thatso thc xabohxdic yenong Ty EXM ethy meproyq adty.
To Yngromornuéve Eyypapo LeTapopdc TEETEL VoL ELVOL TTLETOTOLYULEVOL ol
amodexta 4o 6h Vg EUTThERS L 1 idtact Tlg SLd

0 HAOLE TOVC EUTAERGULEVOLG POPELS, %al LotalTepa Tig dLopopes
se \ \ e / S~ 7 5 \ vy / v 10
gbvixeg nufepvrTineg Omnpecieg ENEYy oL Ghha xal Tic Tedmeleg .

[wae mv mpodiney xol xabohwnd yenorn T@y Ineuandv Eyypdopwy tic
gumopevpatineg Metagopéc, 7 Edpwrainy Exitpony) Subpree w0 2015 pia
e / 3 \ / 3 \ ¢/ o~ 3 A \ \ bl /
opddo amo 100 wepimou eldixode HAmv TGV eldoThHTwY PE TNV dvopacio
oo Dépovp Metagopmv xal Logisticsy (Digital Transport and Logis-
tics Forum — DTLE)'. Tlapdanre, w6 2017, oviv elduied) Suhpepn ouvdy-

. ~ . . s 2
o 676 Tallinn 3¢ Eoloviac p.é vitho «Tallinn Digital Transport Days»'?,

10. To mpdPanpo elvor iSuaitepo 650 otic Selvelc eumopevpatines Metago-
pgc, dedopévon 6L Exel \Tdpyel xal ) SdBacr cuvbpwy. LIUEwve LE EXTIULAGELS
7ic Edponaixdc 'Emtponic, 16 99% t6v Stacuvoplandy petaoopdy dvtoc thc
EE yernotpomotel axdpo xdmolo nop@r) EvTumng TAneogoplas 7 Eyypdgpon xol nove
76 1% ocuvodedetar drd TApwe YngLomornuévy ol AhenTpovind) GvTadhoyl) -
p0QopLeY kol Eyypdeny (Exrenaikn Enrrronn 2018).

1. Ardoaoy &pif. C(2015)2259, Arpirrog 2015.

12. T suprepdopate Tig cuvavtnong adtiic 6Ty ioToceiida https://ec.eu-
ropa.eu/transport/modes/road /news/2017-11-10-digital-transport-days-declara-
tion_en
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TOVIGTNXE TO ETELYOV TTC EVUPULOVLETC TV EYYPAP®Y LETUPOPAS AVAULEGH
6T %A T -PENY ol TTC YNPLoTolneTis Toue, Eve TV I8t ypovia 70 Kdpw-
moixd Kowofodio oe eldixd Yrgiopd tov xarese iy Exitpond v émi-
omedaet Ty xabolued yphon Ungromorquévey dyyedpmv!?. e dvramdxpion
adTMY TRV AToPAoEnY %ol Yneteuatmy, 7 BE é2édwoe w0 2017 wa mpdty
‘Odnyio oyeting pe v Epaproyy) To0 Aeyopevou «Edpommaixol [hatsion
Arorertovpyixdtyracn (European Interoperability Framework), émou xafo-
otlovtor, netald dAhwy, ol évépyeteg kol SLadLxaGles YL THY AVTLUETWTLGY)
TRV onuepv®Y TRofBAudTey oT1 Swxivien YngLoTolnuévey Eyypdepwy
petagopdc (Kryranaiku Enrrronn 2017). Te Basixa mwpofrfpote mol
mwpoomabel va avripetoniost 1) Od7nylo adty) elvor:

1. 'H xavoxeppoaticpévy vopolesio petald 16V xpat@dy peidy mo
Oéver wry ovpPoatec petald Toug LTOYPEDGELS GYETIN LE TO NAEXTEOVLXG
Eyypopo oL elvorl amodenTo wol EMLTEETEL OLULQOPETIXEG SLoLerTIEG SLadL-
rooleg Epaproyiic xol EAEYY oL, %ol

2. To ph) oupfoatd meptBdhhov TGV GLUGTNHUATWY TANEOPOPLLTIC LEGH
670 6molo Oa wpémer va Stoaxtvnfody T oyetina wrvdpata xal dedopévar.

pbogoarta, 7 Edpwrauint Enitpony) é£édwee nal oyetine Kavoviopo
GYETIXO LE TNV HAEXTEOVLXT SLaxlvNGY) TTiC TTANPOQOELUG GTLE EUTOPELYLOL-
tixée Meragopec! (Evponaikn Enrrrornn 2018). Avricrouyec dvépyeteg
rdver ol 1) Otxovopiny) 'Ervrpory) yio thv Edpdmn 10U OHE (edpebet 617
Develn), 7 6mola #éSwoe t0 Emxatpomotuéve Tpwtoxoiho CMRY yig iy
NAEXTROVLXY) SLoxlvnor) TGV EYYpapmY 6Tlc EumopevpaTtixés Metagopéc, T6
Yvooto G e-CMR. To Tpoténodho adto Eyel Ymoypagel #d7 amo 40 ydpeg
(meprhapfoavopévre Tic ‘Earddoc), ol 6molee wpémer va Deopobetnoovy xal
70 avtioTolyo E0vixd Touc vouxs Thalolo Y THY TANEY AstTovpyio TOD
oueThpatoc e-CMR. Xty ‘Eanddo 7 wpdtn Epoppoyy) (TLAoTixn) Hiextpo-

13. Whoropo o0 Edpomained KowoPouiion gpd. 2017/2545(RSP) <ii¢
18/5/2017.

14.°0 Koavoviopoc adtoc Eyive yvwotoc o¢ eFTI (Electronic Freight Trans-
port Information).

15. Mpbxerrar yiee iy loydoven drd 16 1956 ZouBasy tob OHE yid v
6Oty petagopa umopeupdtwy — Convention on the Contract for the International
Carriage of Goods by Road (CMR).
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@Y EYYedeny yia eumopeupatineg Metagopeg Eyive 10 2017 pe iy Ex-
doom The YneLantic QopTOTIXTC TOL TEOBAETETOL GO TNV EMLXALPOTTOLY)-
uévy adpfact e-CMR. Méypu ofpepa ta Oépnata t7c Yngraxtc dvayeipiore
TV Eyypapnv otic (dielvele nuplweg) Eumopevpatiee Metagopec ta
wpowlel, oty ‘Eandda, 7 °Opvdvwen Goptrydy Adtoxwvytietdv Ernddog
(ODAE) ot cuvepyasio pe 4 Aebvr "Evewer ‘Oduixdy Metagpopov (IRU).

/ / / ~
2.4 Avayelpion cuoTyudTmy ONUociey GUYXOLYWYLEGY

“Evog &og Topéac mon elvar iStaktepa suvdedepévos pe to EXM elvon 6
Topéag TV walxedv Anuosiwy Zuyxowewiev. Ol oyetineg Epuppovec 6Tig
Anp.boreg Luyrovmvies elva TOMNES %ol ATOGXROTODY 6T7) AeLToupyind) dva3dh-
ULGT) TGV TTROGPEPGULEYMY VTTNPEGLEY EVOS QopEa ANULOGLeY ZUYAOLVWILEY.

Ol nupLétepeg Epaproyic 6Tov Topén TV Lalixey Anuociomy (6Tdv)
ZUYROLYOVLDY GVLQEPOVTAL GTOVEG TOUELS:

— Hopaxoroblnern ¢ wivnoneg »al Siayeipion 00 6TéAoL TGV Oy7-

paTwY (Aewpopelo, TPOAEL, TEOWL, GUPLOL).

— Ianpopbdoncy T6v ETLBatdy 6TlC GTUGELS GE TEAYLATIXG Y POVO.

— "Eyratdctacy xoal Sty elplor fhextpovixod xopleteou (Ue Tpocm-

TOTTOLNUEVEG EEUTIVES RAPTEC 7) TATPWOUT LEGK XLVYTOD THAEQPOVOL).

— "Eyratdctasy WiFi eta oyfpora.

— Behtworomolnoey xal thener o0 TRoYpoLLaTo ol TGOV Sp0UoAoYioY.

— Avayelplorn TGOV xauGlpomy.

— Wgrod, Saycelpion Eyypapmy, potic EpYaoL®Y, ETLYELPNGLAXGY

? | Y |

THPOY %ol TPOCHTLROD.

Evyratactacn xoal Swuyelpion x€vtpmv EAEYYOV YO TV GUYTOVL-

oév ETLyeLpnotaxy) AetToupyla 100 HA0L GLUETALATOG.

/ ~ b / \ ¢ / ~ o ~
2.5 Bedtiotomolnon 1@y oynudtey xal drofonlney ol 6dnyol

To dyppoata o¢ xdle Sivtuo Metagopmv clvar Basixd oToLyelion ToY
GUGTARATOS TGV EDPLUMY PETAPOPMY GTOV avTioTolyo Touén. To dyfuato
7oL Oa yenoipomorobvrar yid Tl petaxivnoels Tob (GyL TOAD paxpLvol)
LENNOYTOC:

@\ b4 ’; / 3 o
— Oa Zyovv adEnpevy «edgoutian.
\ / € \ e / 14 \ /
— Oa &ypovv peydin dmoroyioTind avétnTo (667 %ol Evag peydhog

NAERTPOVIXOG VTTOAOYLOTYIG GHLEQDL).
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\ 7, 14 \ \ / b o~ \ \

— O elvor cuVdedepéva StadieTuoxd 68 SLxTuo ETLROLYWILGDY %ol TO

internet (IoT).

— Oo eivar «xabopdr.

‘Orocg elne 68 mpbopaty GuLhio Tov 6 Tpoedpoc T7jc Daimler-Benz Di-
eter Zetsche, ta. oy fuoate toU péhhovrog O elvar oty odolo Hhextpovixol
3 \ \ r 16 e p) / v / b} L.
vToroyLeTes 6e Tpoyovs . ‘H dvowpdrtwen xal éyxatdotach «edguiocy
GTO OYNULATA ATOGXOTEL ®uplwe 6TV acpahete xol Thyv Vroforiney Tol
e ~ \ e A 3 \ \ \ A / ~ b4 7 \ \
60700 6TV 68N YNGY), GARL %ol TNV TANEY, GUVOEGY) TMY OYNUATWY UE T
Oérotrto. EXM (cuvdedepévo EXM/C-ITS). Tlond dmd to susthpoata 6Ty
rornyopto adTy) Gvopdlovral xol «susThate VoPonbnene Tol 6370y 7
ADAS (Advanced Driver Assistance Systems). OL wpoomtizeg avantulng
v ADAS gfdvouy péypr tiv mANen %ol Ghoxknpon Ty avaknyrn T xi-
VNG7E TOU OYALATOS GTTO TOY DTTOAOYLGTY L WELE GLULUETOYY) ToD 687Yol (87-

\ \ S 7 LA 17
rad7) To adThvopa Gy o).

Hopadeiypota Epappoydy EXM, ota doyfuato t6v oSy Meta-
PoPGY, ElvaL:

— Adtbpotn aviyveuen T Evapyetog Tob 687D nal TG IxavbTnTIC

NN, ~ ) /
TOV Vo 60N YEL PE AopaAEL.

«BEdgurnon mposappoyh The Tay by TG ©lvnoTg Yid Stéheucy) e TO
TEAGLVO wDUa 7) Yo Yoo TepLBaAAOYTING ATOTOTMULL.

Hponypéve susthpata dmolonlnene tic Thonynene xal ebpearc
Sadpoptc.

16. Zvvévrevth tov tov Alyovsto tob 2017. Zdppove pe wov ». Zetsche, ol
TopadocLaxes adToxynToflopnyavies, v OV TEOGHELOGTOLY GTLS GTALTNGELS
«@dQutae» TMY oy NuaTov Tous, O xhetoovy xal 0o dvtixatactaloby dmo erarpeleg
Teyvohoviag 6mwe 7 Tesla, 7 Apple, 7 Google x.0.x. 'V adtd ol to terevtalo
7povia ol mapadoctaxss adtoxivnTofLopnyavies ELayopdlovy cuvey s ETolpeles
O Teyvohoyiog.

17."H87 égacpanrilovral ol drapalitnres Teyvines HTodopes Yo 7o cuvdede-
UEVEL DY AT TOD LENNOVTOG LE TNV AOEL08OTNGT %ol EYRATAGTAGT) ETLROLYMYLEY
DSRC (Dedicated Short Range Communications) xal ) dtdfeor t@v dvtioTolywmv
cuyvotitov (70 MHz at 5.9 GHz oty Apepiny, 20 MHz oty Edpmmy wol mpé-
TuTo petddoorc o IEEE 802.11p).
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— YroBonineyn tic dpatdrnToc Tob 687100 (68 naxec xaLpines GuV-
O7nec 7 0 viyTo 7 67 epelo 6o 6 637 Yoc dev Eyel xoky) GpaTh-
ThTL).

— Aviyvever xal mpoctasia t@y edmabldv yeneTdy ToU 63ixol Si-
xthou (weldv).

— Adtbpoty evnuépmern %ol eldomolneT 68 TEPLTTWETY ATLYALATOS
(black box xal e-Call).

— Hapoaxorobbnen the wnyovindc xatdctasng To0 oy HLatos xol To-
eéufocn v Ty acpakt 687y ney (w.y. Anti-Block — ABS, Elec-
tronic Stability Control — ESC %.0.%.).

— Adtévopy dmoguyr olyxpousre (Collision Avoidance System —
CAS).

— Adrompocappolbpevo olotnua Eréyyou ToylTrTac (Adaptive
Cruise Control — ACC).

— Awgopor Balpol adtévoprng 687ynome, amo wndeviny) péypl THv

/ > _ s 18
TANPWE ADTOVOUY ©.

3. Atapnbpoomom %ol TpoGYopa (HTNEEGLHY XLYNTLXOTNTLL)

H Smopln nal herrovpyla Tiv EXM idime otic 63ivec Metagopec diver
1) SuvaTOTYTO Yo T LEANOYTLXT GVETTUEY) Xal TTPOGPOPG GTOVS LETOKL-

VOLULEVOLEC TMY AEYOULEV®LY (OTTNReSLMY xvnTixotnToc» (Mobility as a ser-
W S YO ne ) nTog

18. Zbpowve pe thy tabvouney tiic SAE (Society of Automotive Engineers),
o mévte Emimedo avtovouns 687 ynone sivar (SAE, 2018): 'Exizedo 0: Kaplo
adzovopto / Enimedo 1: adtovoplo pepovopévmy Aettoupyiév (.. émitdyuvern 7
, , v\ T ) L9 o . .
Swrhpnon toydtnros x.&.) [ Exinedo 2: Tuvdvacp.oc 2 7 neptocbtepmy adtévo-
LY RELTOVRYLOY UE LEPLXY) ATELTTAORT TOD 637700, 6 6Tolog Huwe E&axohovlel va
CN o~y , <y T , ~ e Ny
O37yel nad o xareuliver w6 Synua / Exinedo 3: Avvardrnro 05 631v0D va dep-
. o sy ey sy P e , o2
TAKEL TANPWE GO THY 6OAYNGN GANG LOVo %dTw s Gplopéves mtpobmolécete
20 h0QopLandV cuVOHaY ol TeptBalhovtiney cuvlnxdy (w.y. o6& adTonwvrTo-
/ \ A e e \ \ 4 o~ \ Y > \ 7
dpopove ywple Sractanpmeels) — 6 6770 dev 6d7Yyel T0 Sy o dAhe slvor stand-
by vé avardfer dpéowg whiig ypernotel / Eninedo 4: mhihpne adtovoptio 6t Sheg
Tic cuvlTjnec 4G 676 Aeybuevo «operational design domain (ODD)», dnhad?) o7ic
, s vy , - - o E. o ; /
mpofhenbpeveg &md 0 oevaplo adto ouvifixes / Exinedo b mihpne adTovopin
NN , - <y , S o s s
#dTw oo omoteadfmote cuvhinec. To Synuo dvtinabiota TARpme TOV 637Y6.
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. e e 4 5 \ 6\ / / \ ’; 4

vice — MaaS). Ot bmypestec adtec Oa oroyebouy xuplmwe oty EEumnpétyoy
TOY UETAXLYAGEMY GTOLOV (Ao THETH G TOETH) UE TROTO EQAULAAG
bl 7 \ / \ S / e 4 / / \
éxelvou oL mpocépel 10 IX adtoxivyro. Ol «dmypecies xivnmindTynTac) Oo
TROGQEROVTUL GO EEELOEVPEVES (ETaLpeleg nwvrTixbThTag) mov Oa Tig
Sropoppavouy xal Stalétouy ooy «maxéTon VTEEsLHY (AVAAOYOLY UE Ta
(TTORETA THAETUROLYOVLOXMY VTTNPEGLOHYY oL Stabétouy enpepa ol Etot-
pEleg %YNTTC THAEQPwYLag 6ToVS Terdtes Toug). OL bmnpesiec adtec Oo yo-
poaxtnpilovror amo v xaborwer yenon dynuatov mob O clvar xalopa

4 3 \ 9\ \ e / / \ \ / \
(nvptme HAenTewd 7 & U8p0YOV0), cuvdedeuéva (e Guvey T ETLXOLY ™YL %ol
avTodhayr) dedopEvey 6Th (JadixTvo TGY TpayusaTwvyy — Internet of
Things, IoT) »xal «&Eumvon (ELomhicpéve pe peydhn DTOAOYLGTIRY) Lhavh-

\ D / b / Z\ ,; / \ \ A

T xal avdhoyous ahyoplOuoue). Xe adkavipevo pubus td ypnoLnoToLe)-
wevee oot o elvo xal adtdvopa. "Krot, yio tle a6TIXES TOLALYLGTOV
ueToxtynoelg nog, 0ev O ypeialetar TAEOY VoL XA TEYOVILE LOLOXTYGLAXS TO
duxé pog adtoxivyto yiotl O EZumnpetodmelo xandtepa (ol olxohoyins-
Tepa) oo TN UTtaply TOV VTTEEGLMY XN TIXGTY TS TOL TRoavapéplnray.

Ot oyetineg vodopec xal EXM yid T0)V Tpo6Qopt (OHTT7pesL&OY ®LvnTL-
ROTNTAC) EY0VY Bpyloel v avartTiceovTal xal vo eyxaldictavral 68 Todeg
aoTireg TepLoycc 6¢ Kdpdmy), Apepind) xal Acta. Méoa 611 dexaetio 2020-
2030 cvapévetar vo émextalloly onuavTind xol Vo ATOTEAEGOUY XEVTELXO
6TOLYELD TGV (EELTVOV) TthAewy TTig dexaetiag 2030-2040 (Ertrac 2011).

"H87 6 Oavpastoc adtoc véog xbopoc!? —Basiopévoc ote EXM— #e
b 7 \ e ~ \ 3 /
apyloet vo homoeltat. XapoxtnpeLotines evdetbele:

_ CH bl / (( ‘! oS )) \ e ,7\ — N \ 8 A 8 ~ ,_\ _

EYXATAGTAGT (EDQULAE) %ol 1) TAEXTPOVLXT St UVOEGT TGV OYY)

UATOV PE To OLXTUa ETTLXOLVWILGY Eyel 107 qpyloel xal émenTtelvetol 6To-
droxd 6TlE TEPLEGOTEPES Y MpEeg nal HOY) EndLdovToL TROSLAYPUPES VL& TNV
avaledpnem TGy oy eTIXGY LEAETGY %ol 6y ediwy yia T Dedprom i xatd-
otaerg oL dwapopenvetat (EMAMI ET AL. 2018 Nasem 2018).

— H weyvohoyioa tév adtévopwy dynudtwy Eet MELRdceL %ol ETaiT-
Oeulel pe exartoppdora SortpacTindy yLhoLETE®Y. ATOREVOLY XVPLKG TA

/ \ \ \ / \ \ A A

Oeouind, vopina xal Stowerntine Oépato yioe 0y TAMeY ye1or The (KALTEN-
HAUSER ET AL. 2018).

19. T va Oupn & tov izho 1ol yvwetob pubistopnuatoc Brave New World
7ol Aldous Huxley.
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3 bl / 3/ 3 7 \ 3 7 ~ \
— ‘H 7hextpoxivion Eyer dpylost va EEamidvetor TavTol 6TV
E\’)pdnw‘m, v Apepined) vl (vuplwe) v Kive, aana morhe BApota péve
\ / S 7 \ \ \ ~ 5 ~ oy 21 ¥,
VoL Yivouy dxbpo v Ty Topary oy xobapTic fhentoindic evépyeiac . Alheg
rafapec poppec evépyetag, nuplme o Proxadeipa dedtepne yevide xal TO
08p0Y6v0, Epyovral 6Tadtaxd 6T6 Tpocxvio. To K8poYovo, G xadeiuo, 6&
uYEheg ®owGlLovy 7 %ol adToVGLO, AVUUEVETOL V& ELVOL TO %a)GLULO TOD
21ov alwve (I'anNonoraox 2017). e v Edpmmy, dmohoyiletor 611
péyer 76 2040 76 50% tév adtoxwhToy 68 dotinds Teptoyes 0 elvan «xa-
Oapon (Fhextpixd 7 O8poybovov), &ve ot dexaetion ToU 2050 76 ToG067TO
) 9
b \ 6\ 3 1 \ 1007 \ \ )\/’_ 14 - \ 3 \ ’/_/
o070 Oa dyyiler to 0, L& TO LeYah)ITERO LEPOC TOLG Vo Elval %ol odTh-
vopo (Evponaikn Enrreornn 2016vy).
3 / /. / 3 7 \ b I \
— Yrypeotee Brmoipne wvntixdthTas dpyilovy ve gugavilovral 6e
apneteg whhelg thig EE. 2ty ‘Ernada &y ovpe, dmoc %87 avagpépbnxe mporn-
voupévoe, exmovnuéva Myédia Bidowune Aotixijc Kivyrixéryros (EBAK)
yio Tle TEpLeohTEpE doTinég pog meptoyéc. H Epappoyr ol Hromoiney
~ - 8/ b ~ 6\ / \ ()\7\ \ /7\ \ \ \ 3 \ o~
TGV oyediov adtev o pépel Tic ENNVIXES TOAELS TTLO XOVTa GTNY ETTOYT) TGV
EXM, anhe 7tpoc t6 Tapov 1) Epappoyn toug xabuetepel. lldvroe pepovo-
wévee UTTypesies nvTIRGTY TG Xol QLALXS TEOG TO TTepLBdAlov péoo —HTme
b A Y4 8 / N LD \ 7 Pl 3
T TAERTPOVLXA EVoLxlalbeve TOONALTE ) NAEKTELRA ToUTLVLL— E)OVY G-

/ \ INd \ € \ /
yioet xol ELEaviCoVTaL GTLG EAATIVIXES TTOAELS.

20. Avetuyég xal 8@ 7 yopeo poc elvor terevtale. Ltov deixty Electric
( (
Vehicles Readiness Index tob 2019, 7 ‘Eandda eivoe 6ty mpoterevtaio Oor, n.e 10
BoOpode Evavt 34 Babuidv g Tpwtyg, moL elvar 7 NopBnyie. Yrdpyovy povo
115 onpeio géptiong oti yodpa (&mo o 13.000 mob Smoroyiletor b Od ypeto-
~ bl o~ 4 ! / ks 4 3 o~ ~ \
GTOLY), €% TGV 6Tolmv (Lovo 6 elvol Ty ueopTLeTEG, Vi xuxhogopoloay (T6 2017)
, a0 2o N O v Vo v
repimov p.évo 300 Arextpwes adtoxivytal Odotactind xivyteo yid TV dyopd Hhe-
ATELXOD ADTORLYATOV OV VTTLEY 0LV,
\ \ A\ ~ \ ~ bl o~ bl /4 bl ad —
21. T why mopary oy eOnviic xal xabopiic Hhextpueiic Evépyetag Epvdlovron
IS ol e , , oy , LS LR CH o
137 ol mepLochTepes edpwTaines wuPepviicets, xal idxitepa 7 EE. ‘H maporywy)
) o 3 sy o , ; / N ;s ,
NhenTpLndic vépyelag G Tl heYOUEVES AVaVENGLUES TNYES (Tho?, alohxh, Yem-
Oepuint) nal dddec) yivetal cuvey o To @Onvi) xal dxorovlel dvdhoyy mopelo pelm-

615 T0b %6GTOUE THEAYWYTIC U Exelvn Thv Enebepyastdv H/Y mob mpoavépepa.
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h. ZOUTEQUGLATIRES TOPATNPTGELS

Beiorbpoacte chipepa 670 xatd @l Ldc véog ETOY TG (ETOVAGTUTIRMY)
KAWVOTOULOY 6TOY Topéa TV Metapopdy Tob 6npatodotoly (6710 meyohi-
Tepo UEPog Toug) ta XM tob uédrovtoc. To EXM tpogodotobvrol cuvey e
ATTO ETLTUYNUEVS. OLXOGUGTAUATI KULVOTOULNS TTOU EEATADVOVTOL TOVTOD —
TOAD Tépay TTic Yoty Silicon Valley (GiannorouLos — Munro 2019). ‘H
#0pLoTERT lome vderly) yio T pedhovTind) Lop@l) ThV bTTpectev EXEM érwmg
adTEG GRLAYPAPOLVTAL E3G) %ol THY TANPY) GUVAETYGY TOUG UE Tl YrpLaxss
Teyvohoyieg elva 1) adfavbpevy, Tapousio, 6Tov Topéar TV Metagophv, T@my
UEYHAMY ETALRELGV YNpLaxtic Teyvohoylag xal xawotoplus 6mwe 7 Google, 7
Microsoft, 7 Apple 7 ol xwelixéc Baidu, Tencent, Alibaba ol dahec.

O1 éronpeleg adTeg ®dvouy TepdoTies EmeVdNaeLs ol dyopalovy GUVEY (G
Ouyatpixes oL Erouy avamtifel eldixd GuGTALATH %ol TEYVOAOYLEC GTOV
topéa Ty Metagopiv. [1.y. 7 Google (mob avixer poall pe dhies Buyatpines
oty etapeio holding Alphabet) &yeL émevdicel Sioenatoppbpta Lo Vo YnpLo-
TowhoeL UTTpesies 6Tov Topéa TV Metagopdv, ue TphToug Tovg YVKGTOLG

/ ~ / < 3/, 3 / \ € ~
yapeteg e Google. Tautdypova, 7 Google &yel ayopacel TOMES EToLpELES
gfetdixevpéveg ot elduna Bépato Metagopdyv, dmme (evdeting) T4 Waze yia
To TROYPAU T ThoN YT oG ol 76 Android Automotive, t7) Waymo yia To
Ocpata adtdvoune 687ynome (1) Etanpelo adTy) Tpdrertal va Lexlvicel xal Tig
Onpesieg adTovopmy Tkl oty Apuléve tiv HITA), w7 Labs Sidewalk vyio ta
Ocpato palindy aeTIRGY GUYXOLVOVLGY %ol JAAEC.

Agv Omdpyer apgiBorio GtL T0 péARoy 670V Topéa TV Metagopdy

7, \ \ b \ \ o A I3 \ \ e \ \ <
elvol Yot xal «edpuee) o6& Gho ta emimedo. o tic 6diec Metagopes 1
TROOTTTLNT ADTH) EXPPUGTIAE XATH TOV TAEQY Y APAKTYPLETIXG TROTTO ATO T1)
/ \ 3 /. ~ 4 \ 3 4 b \ e
P& (TO alToxlvyTo ToU néAovtoc 0o elvon évas Hlextpovixos DodoyL-
\ \ 4 € / A \ \
o1 o€ Tpoyouon (Bh. bmoomu. 16). Betoxbuacte onpepa 61 petooting)
éxelvy) @dor 6mou amo 0 cuuBaTtind —«avaroyixon Oo t6 Tposopolalo—
, ~ ~ ~ \ ’ ~ ~ sy
Thaioto Selayoyiic @y Metagopdy xal petaxiviiceny 1o 2000 aldva
7 \ ’ \ ~ 21 ~ 37 \ I
petafaivovpe 670 oOyyeovo «ngLaxoy» tob 2100 aldve, wod PBaciletol
ruplwe ota EEM. To mhatoio adtod O yopantneiletor amo tnv xabohun:

1. «Edpuian — o1 Stoyelplor TMY AeLTOLEYLOY TOD OYALATOS, TTIG
®UXhoQoptag %ol TG neTapopdc/peTaxnivnens yevinbrepo.

2 ((Z 8 / )y — \ \ ’)\ 3 / \ _

. (XVYOEoLUGTTON — e GUVEYT TAEXTPOYLXT ETTLXOLYMVLA GE TTPOLY

UATIXO YOO VLo GvToAAYY) OE00UEVGY %ol TANPOQOELMY TMV GY LTV
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ueTab) Toug xal e TIg VTTOS0UES, 7] TGV OYNULATOY %ol TOV VTOSOLEY e Ta
KEVTPOL EAEYH OV RLUXAOPOPLAGC.
\ 3 7/ \ / ~ / ’ b

3. «Kabopy évépyeiomn — pe yenorn xabupdy xavsipomy xuplong fHie-
ATELGLOD %ol VIPOYHVOL.

/. 3 7 \ / \ 3 \ /

4. «WVppromolnomn eyypapmy xol dedopévmwn — yLo NAEXTEOVLXY) dLoxi-
VNG TGV EYYPAPOY LETAPORIS.

5. «llopoyy) STnpectdy xtvnTix6TNToC) — LE GUYAREXPLUEVES UTTTPEGLES
AVNTIROTITOG VLo EELTTNEETYION ATOULXGY UETAXLYAGE®DY OO TOETH GE
TheTo, IOlWe 6Tl AoTINES TrEpLOyEC.

To 674310 676 67olo Beronbuucte 6APepa 660V APopd TNV TAT)PY) Vo

\ 3 \ ~ \ 3 4 \ 3 /
7TTuEY nol Epappoyr Ty EXM 67Tl doTinés pag mEPLOyES Elval TTEplTou
aVEhoY0 e TO 6TddLo dvarmTuine To0 cusThpatos TV Metagpopdy Tol Te-
PUGUEVOL alMVa —TOL O YVOGTOV BaGloTNXE 6T LNy ovl) ECWTEQLRTIC
radene— THY e ypovind) meplodo ety amo 100 ypdvie (Snrad? 16 1919-
1920). Zuyrpivovrag iy tepdotior TeyvoroyLxr EEENET xal avdmTuEY TOL
elyav ol Metapopec pe dynpota unyovey écmtepindc xadorns 616 HbhoLmo
700 2009 almve, Blme xote T6 3edTepo LG TOL, LTOROUULE VO QUVTAGTODULE

\ 3 4 \ 3 /; D \ \ \ 4 \ \
Tic avtioToryeg Teyvohoyineg eEentbele nal dhhayes oL 0a mpemer hoyina vo
avapévovtal —pe Baor Goa oxlaypaghinray ote Teonyodueva— Tpog To
/ N \ / ~ 3 7
uéca 1) to. Téhr) Tl 21ov aldvo.
‘H “Exddo axonrovlel tic EEenileig adtec wuplmwe péco amo Tig ToAL-
\ \ \ € \ / ~ 3 / 174 3 \ /
Tixés ol TNy Vtoy pewtixd) vopolesio t7ic EE. ‘H mopela Spme adti) yiverar,
o~ / \ A \ \ 4 / \
dueTuy e, Twavta pe xabuoteproeie, SioTaypmoe xal aBEBoa PrApate. Asy
~ e \ 3 7 ~ € ~ / / \ e
Bonloly ol StownrTines dyruidoeLs T EANTVLXTG dnuboLag Stolxreng xol 1)
YUY TTOLOTNTOL TAY Uy ovteldv ANdme xal —ruplwe— HAOTOLMGTE TMY
amogdocmy, Dépata duwe o 6mola dev amoTeholy avTixelpevo T Epyo-

olog adTYG.
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Axohovbel avaxolvewsy) amo Tovg dxadnuainos x.x. Avtavio Kouvddr
ral Mavonny Koppé, xalome xal amd w6 dvremiotéhhoy néhoc ». AvastdoLo
Kwrouémovio pe Oépa «'Evxpion tic EZaperote Awmovpyinic Enitporniic
YL T Y eNLaTod6TNGY TGOV Epymv The Anadnulug (Evveampopo xThpLo Tl
T®v 600V Brocapimvog xal Live, xal DTTOYELL XATAGREVT GTOY ARIAVTTO

~ ~ 7 3 \ \ b .. \ 7 3 / \
16po 100 Mevdpon) ano v Edpwmainy Tearwelo Avasuyrpdtnone xol

AvartiZneon.

‘O %. Kouvddne hapfover tov Abyo xal Aéyer to &7t

«Kipre [Tpbedpe, nuplec xal xdplol suvadehgor,

Ebploxopon oty edydpiotn 0éon vou 6dic yvmplow dtu v Ttepacp.év
Hopaonevt 29 Maptiov cuviipbe 7 eZapernc Awmovpywer "Erirpory o
v lpoedpla To0 Avtimpoédpov thc Kufepviceme ». I'. Apayacdry,
“Yrovpyol Oixovopiog xal Avdmtulyg, yio vo amoQasicel ToLd 4o To Tpo-
TELVOULEVEL GTTO SLapbpoVG PopELs Epya TANEOUY Ta Ey&yyuo i vor evtary oy
670 vopxo xabestme ZAIT (Zuvepyastia Anupostov xal 18iwtiveld Topéa),
mTpoxeLévou va yenuatodotnloby ano v Edpwmainy Tedmelo Avaouy-
rpbTnene wol Avamtuing (ratacxevy, éLomAicuos, cuvtheney). [loaa
althpate arepplolnoay, eve 7 wpbtact the Axadnuloeg yio to (¢ dve
Eova eynpllnxe Gpbomva amod Tovg &L TapLtaTapévous 617 cuvedplo Y'movp-
voug (I'. Apayasdxne, A. Xapitene, K. 'afpdyrou, Ed. Teaxardroc, I
Zrofdnne, X. Lriptlng). ALiler va tovislel Gtu 1) Eyxprtind) adt ambpacy
mpaypatororiinxe Dotepa amo Emimoves xal &vroves mpoomdleteg, moL
Sufprnoay mepteobTepo oo Evay ypbvo. [lponynbnroay drhemddinies émi-
rowvwvieg pe tov apubdio Kiduweo Poappartéa tvic Avelaptntne Apy e ZAIT
%. N. Mavtloboa, 6 6molog Extipumoe 4mo Ty TpmTy) EmLnovmyle ToL elyo
pall Tov 671 16 Epyo adTo elvar Ebvixis onuacios, v adTod xal Lic TopésyE
mordTipes oupfBovies yie T oOvTaly TG GYETXTC TROTUGNG TEOS T
Poapporeto TAIT xal w1 Awmovpyixd Erxitpony, xol suvaxdrovlo yia thv
OofBony) Tob avrictoryou gaxérov. Axorollnee 7 obvraly xol xatdlesy
¢ Merétne Znompbdtnroc wpog 1) Movipy Doapparteio SAIT, 677 cuvé-
yewo Eywoy emagec pe 10 Y'movpyelo Y'modopdyv, Olxovoploag xol &hha
Yrovpyele, emapes pe Tov oVLBoVAO El TOV olxovopoteyvindy Oepdrtov
70U “Y'rmovpyeiou Oixovoplag xal Avartuine x. A. Kovrogaxa, tov pop-
patéa Tob Y'movpyelov Y'modopdv x. I'. Aéde xal todg teyvixode Stevfuvree

v 5L Y'rmovpyelwy. Axorollnoe 7 Holony) cupminpwpatinds Pehtiw-
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~ / v o 3 ~ \ \ . / e e 7 \
TIxdic TP6TAGTS 67 6, TL APOopd TOV TEALXO TROVUTOAO VLGS, 1) O6Ttola ol ETuye
T7c Eynprone Tiic ELapeholc Awmovpyindc Enitpontiic.

Oewpd ypéog pnov o Tob Brnatoc adTol vo edyapLeThew ATTO Kop-
duag tov Eidueo Mpappatéa x. N. Moavtlodga yia v dvextipwytn cupfoiy
\ \ / o~ ~ / 3 / ~oy) b /

ToL 68 G Ta 6TAdL THG Laxpds Stadiracias Eyxploews Tol épyou. 'Eriorg,
\ 3 / 3 ’ \ \ \ b / o~ A
Ocppec edyapiotieg ameubivovrar nal Tpog Tov Avtimpoedpo g KuPepvi-
oewe . I'. Apayasénn, 6 6Tolog %07 amod ThHv TeMTY GLYEYTNHGT THY 6TTolo
elyo pall Tou dyrndiace pe aitepr Ocoun 6 E0vintic mpaypatt onpasiog
b \ ~ 3 /7
adTo EpYo Thc Anadnuiac.
3 5 ERY ~ ~ s ~ 5 ~
H &yxpron adti) t7ic Awmovpyindic 'Enmitporniic amotehel 16 onpoavTi-
/ ~ \ \ / ~ o Ny ~ A (7
®67ep0 Bhua yio Thy TpoypatoTolney Tob Epyou (O Eneya suvieTa To 90%
ral TAEOY), 1) Sradieasio ToU 6rolou Epeliic elvor xabopdic YpapeLtonpaTindig
PUGEWG, ATOULTODGH LEYHAO Y pOVIXO dLoeTrUa UEyeL ThY Evaplr dnpomped-
wnone 100 Epvou. Mapadeiyuortog ydpewy, yie 76 véo ntipo CEZatopixen-
wévng latpixtion mod Oa dveyeplel 616 IIBEAA (%ol 76 6molo éxtehelton pe
/ \ \ \ ~ m b \ o~ 3 ~ 3 7 ~
Baom t6 vopuro xallestme ZAIT), dmod ¢ Eynprtindic amogacems thc Aw-
movpyedic "Emitpontiic péypl onpepa Exovy mepdoet 80 xal whéoy &t %ol
\ P4 3 \ 4 \ A 3 ! / ~ ~
70 €pyo adto Pploxetar 68 @acy avddellneg pécw Sebvolc daywviopol
/ e 14 3 / \ \ 3 4 A b \ \ 4 / \
mévte Dodnglov dvaddywy Yo Ty Extéhesr) Tou, Amo Tovg GTotoug O
EmAeyoly Tpels xal &v cuveyela 6 avadoyog Tol Epyou.
H ouvonund d&ia To0 Epyou thc Axadnuios (Tephapfovopévony Tig
Samcdvne tol ELomAlopol xal ToD %66TOLE GUVTY . 25 ypeovia) 00
amtavne Tob ELomAtopol xal ToU %beTous GuVTNeNeTc Y 2D ypebvia) O
3 7 \ \ o~ -~ e 3 / \ e ~ \ b ’ \ / \
avérblel 610 Toss TGV 72 éx. edpw, T 6olo Oa drominpdioe e dboeLg TO
Eargvint Anuéoro pe émitdno 2%, qpyic vevouévne amo Tov émbuevo
/ / s~ \ / \ \ Pl ;
1p6vo mapadboeme Tob Epyou, dnhady) 26 yebvio peta TV Evapln noto-
OXEVT|G TOL.
Od mapoxaréicn Twpo Tov Avtimpdedpo ol Teyvinol Zupfoviiou
m \ ) ~ b / 14 !
(T.2.) xabnyney Apyrrextovindic x. A. Kwtouémovio dnwe mtapovsciacel
UEGW SLapaveELGY TH60 T0 EpYo 6T Ywvio TOV 636V Brooaplovos xal Zive
o \ \ e / \ 3 / o~ ~ / ~ b N /
860 nal Tig VTTEYELEG GTOV AXAALTITO Y MDE0 TOD peYdpov T7c Axadruiog xu-
tacxeves (Lovoeto, BuPhobnuy w.w.). Xt cvveyeia Oa mapaxarécwm tov

nerog 100 KAX %ol pérog ot T.2.,

v

ouvadehgo xalnynTh Apytrentovinic,
\ o 3 / \ \ 7 b / \ \ \ I3

%. M. Koppe dmwg éxléser nal tic Suxéc tou ambdere yie 70 Epyo, xal idtal-

TEPOL VLA TLG UTTOYELEG KATUGAEVES GTOY AXINITITO Y GBPO TOD VEOXAAGLXOD

peydpov i Axadnuioon.
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X1 ouvéyeta, hopPaver Tov A6yo 6 x. Kotobmoviog xal Aéyer ta

Sl

«l. To péyapo e Axadnuloc Abnviv drotehel w6 Eva amo o Tpla
wépn i Aevopevne “Alnvainic Tonoyiad” CEOvixsn Bifaolhxy — [ave-
mLeTHLo — Axadnuie) xol oyedidotnne 16 1859 amo 1ov Aavd dpyrténtova
Theophil Hansen (1813-1891). ‘H dvéyepon t00 veoxhaoixol pueydpou Tic
Aradnpiog ol 6 YALTTIXOE %ol Loy papLnos SLErOGLOS TOV TRUYLATOTOLN -
Onne yopn 617 Swpea Tob E0vixol edepyéty Zipwvog 2iva (1810-1876).
Xrig qpyec tob 1861, 1) éxtéhesn TGy dpyLtexTovin®v oyedinv ol Hansen
aveteln otov wabnth Tol Hansen dpyrtéxtova Ernst Ziller (1837-1923). ‘0
YALTETIXOG OLdxoooc Tol weyapou avetéln otov yAdmTy Aswvida Apber
(1843-1882) xal 6 Loypagpinoc Sianocuoc 6tov Adetprans Loypagpo Chris-
tian Griepenkerl (1839-1916). Tév Mdptio 100 1926, 76 180 Eroc pe iy
tdpuon e, 7 Axadnpie Abnvdv éynatactaldnure 61 péyapo Live.

H Axadnpio Abnvev Oreijple 6 TpdToc EpeuvnTinie Qopéag TG Y MEaS.
Méypr ofpepa 18p00nnay xal Aertovpyoly oty Axadnuie ok Epguvy-
TIXGL XEVTPOL XOL YPOLPELXL EPEVVEIY, TO OTTOL XAADTTTOLY TV Epeuva 6Tls Dem-
onTixeg xal 6tig Oetinee Emotiipes. Hopddhnho, 7 Axadnuio AOnvéy cup-
petéyel Evepydc ot Stebvi] EpeuvnTind Tpoypdp T, EVE GULBOAN TG 6TV
gpeuva elvae %ol 70 Stelvodc mapovsioc “I8pupa Tatpofioroyixdy "Eosuvay
(ITBEAA), 76 67c0lo oteyaletal 68 avelopTnTo ®T7pLand GLYXROTHLAL.

‘H BLprobnnn lwdvwwne Zuxovteicn e Axadnuiag Abnvodv idpd-
Orpre 76 1926 nal cuyrartaréyetor otlc Tévte neyahdtepes PLfrtoffines tiic
‘Ernadog. ‘H cuihoyy tne meprhapaver touldytotov Tovg tithoug 220.000
BiBriwy xal 3.500 meproduedy (cuvorxa mepimou 500.000 tépoug). Arote-
Kelta 4o Ty xevtpuen) BLBaoliny, mod oteyaletor 616 Méyapo thc Axa-
dnploc Abnvev, nal mopapthpate o ereyalovror ote Kévrpo "Koedvrg
. ‘H Bihobnny evmmpertel mpotiotog Tig dvayres TGY EpeuvnT®dY TOY
Tdpdparoc, elvat dvounty) buwe xal 670 edplTepo xows. Axdua, 677 BLto-
O7nn puadocovtar adthypapa oovdalmy Aovoteyvidy xal Aoyiwy, xabag
%ol TTOMITLLES QLY ELAKESG GUAROYES LGTOPLXOD, YAWGGLXOU, AdoYpopLiod %ol
&Anov HALxOD.

2. Ano to Pacindtepa mpofaApata 6th) hettovpyloe Thc Anadnplog
AOnvedy elvar N ENherdr) Emaprddy Y OpwY Yo T1 GTEYAGY TGOV dpaGTrELo-
TNHTOY TG, LE ATOTEAEGLLA AEXETOL axadNULotxol va w1 StabéTouy ypupelo,

j%4 3 14 \ e 7 o~ / \ ! 3 /
OTo¢ EmLoTe %ol 1) TOALSLAGTIAGY) TGY SpaGTNPLOTAT®Y TNG GE SLdpopa LdL6-
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Eixévo 1: Té péyapo thic Axadnuioc ADqvov.

o 1) evorntalbpeve wThpLa, TEPaY TMY 000 Bacie®dy ®TNplov TN, O1-
od7) 100 xevTexob peydpou thc ADnvaindic Teuhoylag xal Tob cuyrpoTh-
noatos tob I3pduatoc latpofroroyiney "Epsuvdy, 616 omolo émicme
puroevobvrar Moagelo xal Epevvntine Kévrpa tiic Tdine tédv Octindv
Erietnuov.

[Tocpdhhnhor, Todha dvtinelpeve ioTopLxTc dhlog 0ev elval TEOGLTA 6TO
rowo £ altioc tic EMedne éxleclanod ywpov, evé dev Omdpyel orpepa
SuvartdtrTo va extelody pe acgaiels atpocputpinés cuvlines To TpwTH-
TUTTO YAUTTTE TOU ThoVGLon YALTTIXOD SLaxboUo Tob peydpov, £¢’ Goov
avtieatastaboly 6Tl anueptves Béoeic Toug amo avtiypago. Avahoyo Tpo-
Brnpato YTapyovy xol pe onpavtinsd aptus Bifiiomv, Aoyw Toh mepLopt-
GLEVOL YoV %l TT¢ TohudLdeTasTs Tiic BLBAolnnnc.

To mwpofrnuate adte 637YNoHy, Ao Tlg dpyEs ThC dexaetiog TOY
2000, oty idéa TTjc SnLovpYLag EVOC EVLALOL GUYXPOTALATOC LE XEVTRO TO
uévopo thc Axadnuloc, dg’ evog pe aitomolnen Tol idloxThTou oixomwédon
6T Yovie T@y 636y Liva xal Brooaplovos xal a¢’ Etépou pe ) dnui-
ovpyla, 617 Bépeta Thevpa TOL oixnomédon The Axadnumlog, pLdg HTTOYELNS
(68 oyéomn pe 70 Enimedo thc 6800 Axadnuiog) dAra TANP®S QOTLLOLEVTC
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Eixéva 2: ‘H 0éom tihv 800 véwy ntnproandy povedwy.

oo voTLoduTixd dLwpopne TTEpuYas WU 6Too ol LTHYeto BorlnTindy
LOPOY KoL EYRATACTAGEDY.
2y répuyo ad Ty Teoaémeton va dnpLovpey el Bifriolxn xal pou-
oelo Tiic Axadnulac, pe mTeoomTixy) Vo cLYxevTpwlel éxel 6 peyalitepo
/ ~ ~ ~ / \ ) / /
UEPOC TGV GLAOYGY T7c Axadnuiog 68 YALTTE, avTlypago, Tivaxes Lo-
o~ ’ ! / b A \ / 3 \ ~
voapuedic, BLPAle, omdviove topove x.&. [opddinhe, 616 xtheLo énl Tl
0lx07tédou TMY 683GV Liva ol Bresaplomvoc mpofaéretar vo Snutovpyroly
LOpoL EXTALOEVGTC, GELLYALPLOY %.&., GTTWE %ol YPAPELAXOL Y DPOL YLd T7)
GTEYUGT TRV YPAPEL®Y aradnuaindy, cuvepyatev TGV Kévrpmv Eeebvrc,
o~ A b 4 4 € DAY / /
BonbnTinedy ywpwy ».&. Hlpofrémetar, Téhoc, 1) xataorevy) Hbyelng cov-
~ A S o~ 4 A 3 \ \ S \ 7 o \ / ~
de67¢ TGOV 800 ADTGY XTNPLOY, XAT® Ao THY 680 Ziver, HTE T0 GHVOAO TGV
LOpwv Thc Anadnuioc vo Emovmvoly TApwe wetald TouG, eV Gruay-
7o LE€poc Toug 0 elvat avoirto 670 %owb, EuThouTtilovTas TOV TOALTLETLXG
15077 ToL %évTpou Ty Alnviv.
3. To 787 oyedracpévo xal ddelodoTruévo xThHpLo exmtaldevorg xol TTo-
MTLGULOD e YpapeLaxolg ywpeovs T7ic Axadnuiac Abnvay, wod wpofiéretol
\ 3 ~ \ / 3 / b \ ~ e o~ / \ /
va aveyepbel 676 1BtbxTyTo oixdémedo el TMY 60MY Liva xal Brocapiwvoc,
elvol AmoTélespo LEAETNG — M TE®MTO Ppafelo dpyLTexToVIXoD SLaymvL-
orob— ToU dpyLtextovinod yeagelou Sparch (Péva Xaxehhopidon, Méppw

[Tamavixordon), ue aduBovio Tov goyLTéntove %ol axadnuoixo Nixo Bai-
9
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Eixéva 3: To nthpro poveeton xal BiProlnnng xal 6 x7imog — vevun xatodn amwo
bna.

capdxr. ‘H wafeng perétn tob xrmptou 6hordnpmlnxe 6 2013 xal Exe
exd00et olxodopint) &deia ol loyler péypL w6 2023.
To xthpLo dmotehelron &mo LoGYELD XKoL LEGOTATON, ETTY GPGPOUC
\ 4 e / by / \ I3 < / \
ral Té6oepLs UTTHYELoug 6pbgoug. Ta tola bbyela (20, 30 xal 4o) xotodopm-
! j%4 \ P14 ~ 3 14 \ ! 7 A
Bavouy 8An Thv Extasy Tob olxomédou xal mepthauBdvouy ywpovs cTdh-
©evere, eved 670 1o brbyelo, O xohdTTTEL THY ETTLOAVELX TOD UTTEPAELULEVOL
xtrptov, Tomobletolvrar Nhextpouryavoroyinés eyratactdoct. 1o Eu-

Badov ol oixomédou civar 358,62 p?, &6 7 cuvolixd) émipdvets TéhY xHpLY
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E) 4 4. T\ N / 3 /8 )\ ;\4_‘ \‘\ 4 5 \ )/'
edvor & To wthpLo exmaldevene, Toltiopol xal Ypagelmy — vurtepvy) 8.

yopwv elvar 1.571,73 p2, wév Bonnridy ympwy 105,42 p? xal 6v 7 dhpwy
otdOpeuone (24 Béoewv) 1.086,27 p2.

H écorepunt) Gpydvworn TGV Gpbowy yivetal elte pe T0 Aeybuevo open
plan, &ote va Emitpémeton 1) péyioty edehtiio, eite LE T dnuLovpyin —pécwm
5 ~ ~ / \ 5 ~ / /
ENpp®Y Sy wELeTIXGV— Yeagelwy xal albovs®v sepvapiwy. Tlpofré-
metot Entore atbovoa Exdnhdocmy 670 lobyelo, exbleslandc yMHpoc 6To pe-
somatmpa, xaboc xal xabieTind, dvayvmethplo xoul xuiixelo 6Tobg Teley-

7 A 3 / o, e / ~ 3/ 4 \ \ \
Tatoug 8%o Gpbpouc. "Ohot ol xipLol y&eot Eyovy Oéa, puoxd pwTios %ol
aeptoh. XproLLoToLobyToL XoVQOUATH dAoLULYLOL we Sapavels Oeppopo-
YOTIXOVG DAAOTILVAXES, YLAALVEG TEPGLOES Lo AGYOLE TALOTROGTAGLOG %ol

! ~ \ 3 ~ b 7 \ ~ ~ Y o~
yudawa otrfatn otovg EEmates. 'Eniorce, Paciksd otolyelo Tob vepyelanol
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Eixdva 5: To nripro éxmaideusre, moATLGROD %ol YPAQEL®Y GO T7)V 630 Zive.

67 EOLAGLOD ATOTEAEL 1) TTROBAEYT GLUGTALATOS GRLAGNG LE Y PO TLEPLETPE-
POUEVOY GRLASLDY STTO LAPLLALEO.

4. THY TRORATOPRTINT GEYLTEXTOVLRY) LENETY) YL T7) VEXL DTTOYELL TTTE-
ouya Thg Anadnuioc cuvétale aptsil to 2003 peretnTing 6pdda pe tov
ralnynm A Kortotbmovho, tic apyiténtoveg K. Zovpmouaidou xal A.
[Tdvovu, suvepyartides tig apyrréxtoveg A. llwatidou xal M. Toopodyy, xol
ue obpfovho Ty dpyLtéxtova mpotoTapevy Tthe Teyviedc Y'mrpesioag Tic
Aradnpioac O. Harmadqunrteion. ‘H wporatapxting dpyrrextoviny) peréty)
TY¢ véag TTépuyac mpocaprbeTnxe, 0 2018, 6t véa dedopéva oL SnuL-
ovpylnray pe v GhoxhNpwer Tic perétre Tol %Trplou ETL TGOV G6OGV
Brooapiovog xal Zive. "Etel, mpofrémovrar 61t véo mrépuyo

(o) BuBniobOnpen pe avoweto xal xhetoto BLAtoctacto, Tposlaciuy ol

a6 T0 xowd, 617 otalun -1.70.
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EMINEAD 4

e SR A N / , )
Eix6vo 6: To xtipLo éxmaidevore, moltiopol xal yoogpelnv — xdrolr dov dpbgov.

(8) "Exbecronoc yopoc (noveelo) e xatdotrnuo xal xUAxelo, Enilorce
Tpooacipoc xal amo o xowbd. Mépoc Tol poveeiov mpofAénetal vo EyeL
Odoc mepimon 8 . xol va pwtiletor R QUOLXO PGG ATO TNV 6p0YY), 6T
otdfurn -5.20.

(v) Xopor Swotxnene xal hotmol Bonbrtinol Yool yio Tig Topamdve
yenoets, bwe amobijxec, dpyacthpia x.Ax., 68 dhec Tic 6tdlupes xat, idiwe,
oty otabun -8.20.

(3) Zreyaospévoe y&pog otabueucng ywenTindtnTac 46 adtoxviTmy
otic 6tdfpeg -2.50 xal -5.20, wposlacipoc pe pdumec.
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Eixéva 7: Té nrhpro poveeion ol Bfrobixne — xdrofr -1,70.

H véo mrépuya mpofrémetal va €y el GUVOALKY) ETTLOAVELL XUPLLY Y ME®Y
1.810 p?, émpdvein xhetotdy Bonbnmndy ydewy 1.086 w2, fuwmaifpiong
ywooug (a70gc) Empaveiag 310 u? xal Spbpove, mhextvyx, pdumes %.AT.
émpavetag 1.992 p2 "Olor ol wdprol yGpor mpoPhémetar vo pwtilovroL
TANPWE e QUOLXD QAC ATO TY) VOTLOOUTLXY 6Tod %ol &7o skylights Tol
putepévon dopatos. [apdrrnia, 16 wtipro dev Oo elvor Gpats o ToVC
mepLBarnovreg dpbpoug, eve Oo elvor wohg GvTLAnTTO &mo TOV %hTo TTG
Aradnuloc.

5. Me mhv edxotplo T SnpLovpyiag T6v 800 VEMY %TNELax®Y LoVESwY,
TEOBAETETOL 6 YEVIROS GVAGYESLAGLLOS TOU aDAELOL Y MEOL %Xal TOU X7ATOU
70U peyapov g Axadnpiog, dedopévon 6TL 7 oNUEPLYT LopQT) TOU ®NTTOV
dev oupfBadiler pe Tov yopanthpo Tol pweyapou. Me tov véo oyediacpo Emi-
yerpelron vor avadety Oel xaddtepa t6 péyapo Tmv Hansen — Ziller, va armo-
300<l 6 y Hpoc adToc 6Tove TELoLe EmtonénTes, var dnutovpyrloly véeg Thleg
ele6dov am’ edlelag 67 véa povade, LéGe ULaG xevTpLxc ThaTelog e Gve-

EaptnTn eloodo otov alen yopo, va xatopynlody ol enuepvec Oéoeig
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Eixéva 8: Té nthpro poveeion ol Bfrolinng — tops.

otdlpevene dynudtwy 6Tov meplfBolo Tob peyapou xol va petoxtvnoly
670V véo ctalpo adtonwitov Goo oynuate the Axadnuieg otaluedovy
onuepe 6T0v 17jmo. ‘O xfmog adtog TpofrémeTar va xahder TO peyaliTepo
wépoc Tob omuepvol olxoTtédon g Axadnuiog, dELOTOLOVTHG %ol TO GYE-
Salbpevo otpdpa Edapous eitevsrg oy ovs Teptmou 1,5 w. éxl ol Sd-
natog Tijg véug wrepuyac. "Oca 8évdpa Boloxovtar 611 Lovy Tic véag woto-
oxevtic, xuplwe EraLbdevdpa, mpolrémetal va petaputeuoly TposweLva 7
uovipa ¢ véeg Béaeie ol Oa mpoPrémer 6 Aemtopepric Emavasyedasoc ToU
abretou ywpeou xal Tl xamou. Téhog, yia va suvdelody hettovpyina T6 pé-
vopo thg Axadnpiog Abnviv ol ol 8o véeg ntnpLaxéc novddes, Tpolré-
meTon g’ Evog 1) dnptovpyio véas THATS 6TOV abhelo Y &po ToU peydpou Entl
T¥¢ 630D Ziva, 68 TOAD WLXpT) ATOGTUGY) Ao THY El6odo Tob xTrplou TC
6000 Breoaplwvoe, xal ag’ etépou 7 Snptovpyio VTOYELAS GHpAYYHS GUV-
deane T6V 300 %TNPlwY.

6. ‘H mpbrooy yia tic véeg nrnpLanie povades tijc Axadnuiog Abnvdy,
ue Aertovpyles Lovseion, BLBaobnxre xal, yevindrepa, xntaldeuorc xal To-
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Eixdva 9: To wtnpro poveelon xal Pifrelinne — 6 yopoc 1ol Mouseiov.

MTLGLOD, 0l 6TToleg TPOBAETETL GTO UEYAAVTEPO LEPOS TOVUS VoL ELVOLL TTRO-
OLTEC 6TO %owb, Eyel xat apynyv Eyxpllel amod v dppddo Awmovpyixy
Erirpony, dote va Yromornlel p.e w1 Stadixacio Lopmealng Anubciov xal
I3wtinol Topéa (ZAIT). [TpoBrémetan 7) évepyomolnoyn adTiic T7c Sty wve-
oTindc Stadixaciog TO ToyVTEPO Suvatéy, UE TE®To Bua TG GyETLXES
eyrploeis 4o Tovg dppbdtoug gopels (Y'movpyelo Hloitiopod, Afpoc Aly-
volwy %.AT.), Gou adTec 0y &y ouv %07 dolein.

Ténog, opunel énl Tol Oépatoc 6 x. Koppee xal Aéyer ta androvla

«To6 Thrnpo thig SnpLovpylog vEwy Y hpmv YL T1) 6TEYNGT) dpacTnpLo-
ThTov The Anadnuloc 68 dpecr Yertviasr o TO LETopIXG PEYIPO adTTG
elvol ToAD 60Bap6, 660 xal wahots. “Etol, wepl t0 1940 6 B. Kovpepévoc,
CNUAVTIXOTATOC AEYLTERTWY %ol ATT0 L3pVeewme Thg Anadnuioc néhog adtiic,
elye EXTTOVTIGEL LEAETT SNULLOVEYLAG VEOL TELMEOPOL KTNPLOV UE LT®0g 4D .
gl T 600U Xivar, &yov 0 Bbpeto mépag TANGloy Th¢ 6000 Axadnuioc (To

4 /. p] 3 7 ~ 4
o7€d0 patarmbnxe €€ altiog ToD ToAEUOL).
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Xhpepa 6 6ThY0G ONULOLEYLIG VEWY Y DPOY ELVOLL EQLLTOC L WPLE LETO-
\ ~ ’ / ~ e ~ ’ ~ ,
Lo tob éredbepou mepLBdanovroc ToU LoTopwxod xtrplov. Tolto ydotc
GTTY TEYVOLOYL TENEL®Y DYPOULOVMGEWY, TTOY ETLTEETEL dOUTGT Y MEMY XV-
7 / € \ \ ! ~) 7 b / 3 \ \
olac ypnoeme Vo TN 6tdlun oY Eddgoug. "Expetadrievbpevoc adtic Tic
véeg SuvatHTYTEG 6 sLVEdedpoc %. Tacloc Kotolomovhog, xalbnyntic ApyL-
Textovindic e €pyo Oebviic dveyvwplopévo, Exmtbvnce oy édio xTrplov pE Ta
elTic yoponTnpLoTInG: ETiUXEs ®oTa U0 TTiC Tl Th 6800 Axadruiog
3 o~ ~ A / by /. b \ \ b A !
Otxodopixic Doappic, pe émurnnn dpboymvia adhy) 67tov dZove xal Emd-
7 € / .8 / \ ’ ! \ \ 4 ~
Anhovg 1 wpous exatépmbev: DimbTepouc 68 dbo atdluec Tpoc TO Lépoc TTig
e ~ \ / / \ / \ 3 / / \
6800, yLo xbpLec SpacTnELoTYTES, Mol yapnhbTepous 670 avtibeto pépoc yia
otabpeuen adtoxvTov x.Aw. Ol Tpo6TENLGELS ADTOXLYTTMY EVTAGGOVTAL
670 TEPLRBAANOY PE XUTAMAAES SLaLOpPGELS, EVE) LTTOYELOS dLadpoog
\ / e \ \ S \ / A 14 \ / \ \ 4
oML péTpa VTTO TV 680 Ziver Oo émitpémel Aertovpyix 6bvdesy) nE T0 véo
®TNPLO 6T Yovio TGOV 636V Ziva xal Brocaplovog, 1) xatasxeuy tol 6molov
Bacel TOV EYrexpLLEVOVY GYESlmY Tou elval wovo Lhtnpa yebvou. O pécw
e adATc PUOLKOC PuTIoUOE Oo elvar dmheTog nal %) aToXATAGTAGY) TOD
OTCREYOVTOC XNTOL TTAT) PG, ETELYT) ETAV®™ GTthd T7) véo xataoxeut) Od 6tpmbel
L OUa Ty oVe LETPo, Ghote va amoxatastaloly 6ty dpyier) Oéen Toug Ta
< ! 4 N \ ~ 14 / € A 3 / ~
OTeapyovra 0évdpa 7 vo puteufoby véa. Tavtoypdvme 1) mapodca eixbva oD
xheov Ba Bertiwbel dmoritme, Emeady) dev Oa ) Statapdcoovy, bmwe Thpa,
\ \ ~ 4 / b / e 4 o~ 3
To petald Ty 0évdpmv otablpeiovra adtoxivyta. Ol hemropépeies g ap-
yrrexTovixdic Sidmhacrc The Empnous adAfc, 7 omola Oo Aertovpyel g
4 )/6 \ e \ / 6 \ / 9 \ \ 3 "~
purbZevo aiflpro e Oehxrind Prdotyror), 0o cuvéyovrtal appovixa pe exeiveg
~ 4 /, \ A \ 3 ~oe 4 3 A\ e /
Ty TEplL ydpwv. To cdvoro Oa dmotelel emopévwe apyrrentoviny) evé-
~ e 7 [ \ / ~ \ / ~ /
T, TG OTT0log Ol GPETEG PalvovTal XAAGDC 6TA 6y ESLY TOD TPOLXLGULEVOL

4 \ \ e ~ 4 \ \ ! 3 /
GUYASEAQOL, TTROC TOV 6TOL0 Tpépw Davpacud xal weydhn extipncn.
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YITOAOXH TOY ANTEITIZETEAAONTOZ MEAOYX
». PHILIP ENGLAND

[TPOZOQNHEH AITO TON [TPOEAPO
% XTEOANON A. HMEAAON

H Aradnuio ADnvev Smodéyetor oipepa pe idialtepr iy tov xalr-
v yewhoyiag Tol Haverietyuiov t7¢ ‘OLebpdne ». Philip England, tov
omotov 7) ‘Ohopéhero EEerekey avremioTéAhoy péhog xata 70 €tog 2018 atov
rx1ddov e Newhoyiog, oty Taln 16y Oetindv Enietnuov.

‘O x. Philip England yew70nxe 70 1951. "E)afe mruyio puoiriic amo o
[overmiotrpiov 1ol Mrpiotoh xal Stduntopixd dimhmpo 617 Yewhoylo 4w T0
[overiornprov t7c ‘OLebpdne. Aetéhese Tpbedpoc tic Ly ohtic 'ewnoyiog t7ic
"Opbpedne xal elvar wérog t7ic Basihrie Erawpeiog o0 Hvopévou Basiielov.

Eivor 6 xot’ €20y v «Bempntindon Yewhdyoc Ty ®VAGEMY TMY TEXTO-
i@y Thaney e g xal Eyer avamtifer Tayrocuing dvayvoplotpo dve-
oTLed podnuoTind LovTENS VLo TG TUPULOPPUOGELS TRY TTAAKGV.

To ebpoc Tmv Epeuvdv Tov eivar dEloonuelnToy xal TepthapBdvel dvo-
Mol yid

— v avdidwer ol OLfer,

\ \ \ 6 \ 8 \ ~ o~ 6/ \ A

— 11y wyovexd, xol Oeppineny Sopd) 16V Lovev xataPubiceme ot 6b-
VOPOL TV TEXTOVIXMY TTAAKMY,

— Ty gEEnEy TOY NouleTelwY

TNV &S 1T NPxLGT )
\ b / b \ \ / \ / o~

— T aviyvevoy) 4o 1) otpatoypapia xol Mlohoyio TakatocelGUGY

/ / A o~ = \
TEEYC .
ueyéboue dovioeme peyaritepre Tob 7.5, ol

— 17 dnpLovpyia toouvapl 6th Meobyeto.
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To ouyypaginby Touv Epyov elvar idialtepa TAoDGLO xal TepthopfBovel
mepLochtepa amto 120 émotruovins &pbpo, wod dptbpoly wepimouv 14.000
avapopes 617 Bacr dedopévov tol ISI. Tovhdyiotov wévte dmo Tic dnpoct-

’ pY4 / 3 \ 3 \ 4 7 \ /
eboeLs Tou Eyovy wepleattepeg ato 1.000 avagopec exdacty ot Bdor dedo-
uévmyv tol Google.

€ o1 A \ \ \ \ / ~

O . Philip England 7ipnfingre 6 2015 pe 0 ypuso petdiiiov tijg
Basunxtic Actpovopiric ‘Eratpeioc, dniads 10 avrictoryo pe 16 Apiotelo
e Axadnuioc. To 2018 wob amoveundnre 16 Bpafelo Bucher amo iy
Apepieavint) lewguont) "Evwen yie tic Epyacies tou, Tod GSAYnoay 68
Bacixec YvmeeLg yio Tov holov thic e xal w1 Mbdogarpo.

Oezwpeltor €vag amo TOLC TEVTE %0PLPALOVE YEWAGYOVE TESLOL GTOV

/ Pl 3 I3 4 \ \ 3 7 \ 3 174 3 \ \ 3 !
r66po, Eyel altepy oyéon ne iy ‘EardSo xal elvar Evag dmod Todg ErdyL-
3 \ / \ 7 ~oe ~ /
GTOVG ELBXOVE TaYXOGULLWE 67Tle Topapopencels Tob Karnvixol TéoZou.
/ \ e / \ ~ 3 A \ 7 ~ /
Zhuepa othy opthioy tou O pag EEnyhoy Tlg mapaLopp@oELs TOD TUH-
~ ~ ! ¢ / ¢ e /
LaTOG THG TEXTOVIXTC TTAdXaS, 6o Beloxetor 7 Eanddoa.

€ Pl / 3 o~ \ / ~ /

O . England &yt cupfaiet 006t086¢ 677 dnuLovpyie To0 Tpoyped-
natog Earthquakes Without Frontiers, évoc mpoypdppatoc wob croyedel

\ 3 / ~ \ o~ \ \ \ b A
GTTYV EMLULOPPWGY) TOMTIXMY %ol ®aTaoxevacTOV 670 OuBer xal e
AGLATIXES Y DPEC GYETIXG UE TNV Evicy ey nal TNy avtisetopxy Hwpdxiey

~ \ \ o ¢ 3 \ 3 \ \ Pl ~ e
rotacxeudy. [opd 16 671 6 axpfre dptbpoc dev €yer wpoadiopshi], Hmoho-
/ ¢/ \ / 3 \ / ! v 4 \ \ 3
vileTow 671 T0 Tpbypappa adTo Ecwee Sexddec yLhades Lwéc, mob Oa elyay
1007 &v Sev OmTpyev M) TpoeTOLLaGlo Kol T TROTAPUGKREVY) TG TOALTLXTG
TPOGTAGLOG GTLG Y DPEC AVTEC.
A AN

Kipre suvadehgpe,

3 3 / b ~ ~ I3 3 | \ D) / \ \

H Axoadnuio Abnvév ciic xadmwoopilel arndde pe Sualtepr TLus »ol
edyaploTnen vl oic dmevfivel Oeppeg edyec yio Tnv Emituy T cuvéyLem Tob
P4
gpyou o,

206 ®oAG TR VLo VO 6OC ETLIWE M TO SITAGUA TOU AVTETLGTEANOVTOC
uéhoug 1ol 18pdparoc.

Mopoxard tov axadnuoains x. Kovetavrtivo Zuvohdxr va wpocéiby
670 Brino %ol Vo Topoustder) TO EpY0 %ol THY TROGMTLXOTYTE TOD VEOL GU-

VadEAQOL.
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HAPOYEIAZH AIIO TON AKAAHMATKO
% KONXTANTINO XYNOAAKH

B)d 6og TarpoLGLAG® ALyo TLo Gvahutixd o Tov [1pdedpo "Huerro 16
P ~ ~ / ~ / ~ / o1
govo 100 xalnynTol Newhoyiag tob [avermiotyuion t7¢ *OLgbpdnc Philip
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THE CHANGING SHAPE OF GREECE

EIZITHPIOXZ AOI'OX TOY ANTEHIXTEAAONTOX MEAOYX
». PHILIP ENGLAND

Mr President, Vice Presidents, Academicians, LLadies and Gentlemen,
Colleagues, Friends: it is an enormous honour and pleasure to be here, and [
thank Professor Synolakis for his kind words of introduction. Many of my
happiest scientific experiences have come from working in Greece, with out-
standing friends and colleagues, so it is natural for me to focus on that work
in this address. As I shall show, measurements of Greece’s changing shape are
central to the modern understanding of tectonics: the processes that build the
structures of the Earth’s crust. The principal measurements that support this
understanding are those of satellite geodesy and it gives me particular plea-
sure that Professor George Veis, a founding father of satellite geodesy, is here
and that I can pay tribute to his fundamental contributions.

1. Statement of the problem

Plate tectonics is often spoken of as the theory that provides a unified
understanding of the processes that cause mountain chains, volcanoes, earth-
quakes, and all the motions of the earth’s surface. Yet it has been evident since
its earliest days that the fundamental principle of plate tectonics, that the
surface of the earth is split into a small number of large rigid plates, does not
apply to the continents. The idea of plate tectonics arose from observation
that earthquakes generally occur in narrow bands (a few tens of km wide);
these earthquakes were regarded as taking up the relative motions between
otherwise rigid plates — the earthquake-free portions of the earth’s surface
(McKENZIE — PARKER 1967; MORGAN 1968).

Although plate tectonics provides a reasonable description of the oce-
anic portions of the earth’s surface, earthquakes in the continents are spread
over zones that that are hundreds to thousands of kilometres in width (e.g.,
MoLNAR ET AL. 1973; McKEnziE 1977; MoLNar 1988); it is clear that the
continents constitute an entirely different physical system from the oceanic
plates. Several hypotheses have been advanced as to how that system oper-
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ates, but discrimination among them has taken decades because of the diffi-
culties in measuring the deformation of the huge, and often inaccessible, re-
gions involved.

This problem is not simply of academic interest; it is of direct relevance
to societies around the world, because of the rapidly increasing risks asso-
ciated with earthquakes, which are a direct consequence of that deformation.
The problem is particularly acute in Eurasia, where over a billion people in
low-and middle-income countries are exposed to risk of devastating earth-
quakes. Since 1900, approximately 1.5M people have died as a result of earth-
quakes in the continental interiors, the overwhelming majority of which
occurred on faults that were either previously unknown, or whose threat had
not been recognized (ENGLAND — JacksoN 2011; STEIN ET AL. 2012; ZHANG
2013). A prominent example of a zone of distributed continental deformation
is the Aegean realm, where damaging earthquakes occur over 500 km from
the plate boundary (Figure 1c, d). Here I discuss how studies of this defor-
mation have illuminated both the mechanics of continental deformation, and
the associated seismic hazard.

2. The mechanical system

The continental counterpart to the oceanic plates is the lithosphere,
which is the uppermost part of the Earth, containing the crust and a few tens
of kilometres of the mantle. The continental lithosphere resembles the oce-
anic plates, in being stronger than the convecting upper mantle beneath it,
but differs from the plates in that it deforms (Figure 1). At depth, the litho-
sphere deforms in a ductile fashion'; rocks of the continental crust are gener-
ally ductile at temperatures above 300-400°C, which are attained at depths
greater than ~ 15 km. At colder temperatures, the rocks usually fail in earth-
quakes. Within Greece, earthquakes are restricted to the upper 10-15 km of
the crust, except at the south, where the Nubian plate plunges beneath the
Aegean Sea (e.g., Jackson 1994).

1. T shall use the term “ductile” to refer to the permanent deformation of rocks
in a fashion that resembles a fluid: that is to say, without macroscopic fractures.
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Figure 1: Sketches of ideas about the tectonics of the Aegean. (a) The continental

lithosphere consists of Blocks, Faults, and Ductile lower lithosphere, after
MorNAR (1988). Between earthquakes, the faults remain locked and the
crustal blocks accumulate elastic strain, which is eventually released in
earthquakes. (b) An idealised vertical cross-section through the Aegean li-
thosphere. Repeated earthquakes on the faults have broken up the upper
crust, and tilted the blocks (B), causing the characteristic landforms of
Greece (e.g., GoLpsworTHr — JAcksoN 2000, and see discussion of Fig-
ure 3). (¢) The Aegean as a single “microplate” (McKEenzie 1970). Black
lines show the proposed outline of the microplate; grey lines indicate the
approximate extent of seismic damage if earthquakes were to occur only on
the microplate boundaries. Black dots show the epicentres of earthquakes
shallower than 30 km, and having magnitude greater than 5.5, in the in-
terval 1900-2012. (d) As for (c), with the Aegean and western Turkey re-
presented by 7 blocks (after REILINGER ET AL. 2006).

The continental lithosphere may be regarded, at the most basic level, as

having three components: elastic blocks of the upper crust, the faults that
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separate them, and their ductile substrate, the lower crust and/or upper
mantle (Figure 1a). Each component of the lithosphere requires a character-
istic level of stress to make it deform at a geologically relevant rate. Given
that blocks are stronger than faults (B>F, Figure 1), there are three possible
modes of deformation:

1. The faults are stronger than the ductile lower lithosphere (B>F>D).
In this case, the motions of the blocks resemble plate tectonics (albeit on a
smaller scale), so should be described by the angular velocities of rigid bodies.

2. The ductile layer is stronger than the faults, but weaker than the
blocks (B>D>F). In this case the motions of the blocks are driven by the
underlying ductile layer, but are complicated by the details of their shapes
and the way they interact with each other; a useful analogy is the motion of
ice rafts on a river (MOLNAR 1988).

3. The strength of the ductile layer exceeds that of the blocks (D>B>F).
In this case the deformation of the upper crust would follow closely the
motions of the lower crust, with new faults forming as deformation evolves.

Each of these modes of deformation has been advocated by influential
theories about the deformation of the continents. Early studies postulated
that continental deformation resembles plate tectonics, with the term “micro-
plate” being used to indicate a region several hundred kilometres on a side
which, although much smaller than a conventional plate, was nevertheless
rigid in its interior, with earthquakes concentrated at its edges. Such plate-like
behaviour (B>F>D, Figure 1a) was suggested by McKenzig (1970), who
proposed that the Aegean and Anatolia are micro-plates that move in response
to the convergence between the larger Eurasian, African, and Arabian plates;
the extent of the Aegean microplate is shown in Figure 1c.

If continental deformation were dominated by the motion of large rigid
blocks, then the risks associated with earthquakes would be confined to rela-
tively narrow zones around the edges of the blocks. If all the major fault
zones were identified, then this approach would provide a useful guide to the
distribution of seismic hazard. If, however, significant faults were to remain
undetected, then the estimates of hazard would be dangerously misleading:
hazard would be over-estimated near the boundaries of the blocks, and under-
estimated in their interiors. These ideas are illustrated in Figure 1c, d. Most
of the damaging earthquakes in Greece have magnitudes in the range 6-7,
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with serious damage being rare outside a distance of 20 km from the earth-
quake. The width of the grey lines in Figure 1c shows the approximate
damage range associated with the boundary to the Aegean microplate. It is
clear that many earthquakes occurred hundreds of kilometres from the boun-
dary of the proposed microplate. Indeed, the 9 July, 1956, Amorgos M7.2-
7.4 earthquake (AMBRASErs 2001; MakrorPoOULOS ET AL. 1989), among the
largest in the region over the past 100 years, took place almost in the centre
of that microplate.

Because of these observations, and similar ones in other parts of the
world, it became difficult to sustain the image of a few large micro-plates. For
example, models involving 4 (NrsT — THarcHer 2004) and 7 (REILINGER ET
AL. 20006, see Figure 2d) micro-plates were proposed for the Aegean, but
these models also had difficulty explaining the observations of earthquakes
and faulting (e.g., AKTUG ET AL. 2009; FLorD ET AL. 2010). Similar problems
were encountered in other regions of active continental deformation: as the
density and precision of GPS measurements increased, regions previously
regarded as rigid were revealed to be deforming, and were —conceptually—
split into smaller sub-units that are now usually referred to as blocks. Opin-
ions remain divided upon what is the size of these blocks, and on the appro-
priate mechanical analysis to apply to them. One school of thought holds that
the mechanics of continents should be described by the motions of a large
number of rigid blocks (B>D>F, Figure la, e.g. Nyst — THATCHER 2004;
McCarrrer 2005; REILINGER ET AL. 2006; MEADE 2007; WALLACE ET AL.
2007; HaMMOND ET AL. 2011). An opposing view is that the upper crust is
weak enough that it deforms pervasively (D>B>F, Figure la, e.g. ENGLAND
— MoLNAR 1997; AxTuG ET AL. 2009; FLorD ET AL. 2010; HAMMOND ET AL.
2014; ENcLAND ET AL. 2016; WALTERS ET AL. 2017). The first of these
interpretations implies that it is possible to identify areas of greater or lesser
seismic hazard within a region but, as just discussed, this approach is poten-
tially dangerous to the affected populations: it overestimates the hazard asso-
ciated with the identified faults and neglects the hazard elsewhere. The alter-
native interpretation holds that the entire upper crust may fail under stresses
applied by its ductile substrate, so that all parts should be considered liable
to faulting and seismic hazard.

I now discuss how the observations of deformation within Greece relate
to these issues.
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3. Strain and earthquakes in Greece

Earthquakes result from the deformation of the crust, therefore measure-
ments of the changing shape of Greece are fundamental to understanding the
seismic hazards. The oldest surviving set of measurements of Greece are from the
1890s, when the Austro-Hungarian army carried out a survey of the country, as
it was then (Figure 2a), using precise measurements of angle (triangulation). The
reasons for the survey are unlikely to have been altruistic but, whatever their
motivation, the measurements were of the highest calibre, with uncertainties at
the level of 2.5 parts per million (HartL 1911, inset to Figure 2a).

There were many subsequent triangulation surveys, by the Hellenic Mil-
itary Survey and by the National Technical University of Athens (e.g., VEIS ET
AL. 1992), but measurement of tectonic strain was revolutionised by satellite
geodesy, and in particular by the Global Positioning System of satellites
(GPS). As with many other technologies (including the world-wide seismo-
graph network) GPS has been exploited by the earth science community in
ways for which it was not designed. Instead of using GPS for navigation, we
use it to determine the position of marks on the Earth’s surface. These marks
are placed, with some care, in places that we have reason to believe will move
at rates that are representative of the crust beneath them. At sites that are
occupied continuously (Continuous GPS), velocities may be determined with
a precision of 0.1 mm/yr. CGPS is expensive and has come to prominence
only within the past decade. Many sites are occupied for a few days on occa-
sions that are years apart (campaign mode); velocities of such sites typically
have a precision of about 1 mm/yr.

Because George Veis was central in the development of satellite geodesy,
it is no surprise that the first use of this technique to measure deformation
across a whole zone of continental deformation was carried out by the Na-
tional Technical University of Athens in 1988. Nor, given NTUA’s leader-
ship in all forms of geodesy, is it a surprise that these measurements took the
form of reoccupation of sites from the nineteenth-century Austro-Hungarian
triangulation (BiLLiris ET AL. 1991). This experiment, and subsequent
reoccupations of other monuments of the 1890s survey gave a coherent 100-
year measurement of the deformation of Greece (Figure 2b). I, and other UK
scientists involved, count ourselves as extremely fortunate to have been in-
volved in this project.
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Figure 2: A hundred years of geodesy in Greece. (a) The triangulation of Greece
1890-94; circles show the locations of stations occupied, and the lines in-
dicate angles observed, as reported by Harrtr (1911). The inset to the
bottom left indicates the distribution of measurement errors in seconds of
arc (b) Arrows show displacements of 46 surviving monuments, relative to
the stable Eurasian continent, as determined by BiLLIRIS ET AL. (1991);
VEIs ET AL. (1992); Davies ET AL, (1997). (c) Arrows show velocities,
relative to Eurasia, of sites within Greece and western Turkey determined
by GPS (Frorp ET AL. 2010). (d) Rates of strain as determined from the

velocities in (c); contours show rates in units of parts per billion per year.

In the following decades, many other scientists from around the world
have also benefitted from the expertise, and friendship, of George Veis and
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his colleagues — particularly Haris Billiris and Demitris Paradissis. As a re-
sult of this generosity of spirit, Greece is now one of the most densely mea-
sured regions of continental deformation on Earth. Figure 2c, shows the ve-
locities of approximately 250 GPS sites in the Aegean. Most of these sites
were occupied in campaign mode and, although some were occupied over
time intervals of only a few years, most were occupied over one or two de-
cades, and have uncertainties in velocity below 1 mm/yr (FLorp ET L. 2010,
Figure 2). The density and precision of these measurements allows us to es-
timate the rate of strain within the Aegean (Figure 2d).

Rates of strain are derived from spatial gradients of velocity and, in
geological contexts, are usually expressed in parts per billion (ppb) per year.
As an example, consider the supposed original marathon, of a nominal length
40 km. Figure 2d shows that the rate of strain in Attica is approximately
20-40 ppb/yr (20 — 40 x 107%/yr). Most of this strain is expressed as stret-
ching (extension) of the crust. Extension by 30 ppb/yr would cause a line of
length 40 km to lengthen by 3 m in 2,500 years. In other words, piece of land
over which the original marathon was run is now 3 metres longer than it was
in 490 BCE~

Of more serious relevance, the relation between strain and earthquakes
can be summarised by saying that the strain associated with an earthquake is
—approximately— 30 parts per million (30 x 107%) (e.g., WELLS — COPPER-
smiTH 1994). We might, therefore, expect, in a region where strain is occur-
ring at 30 ppb/yr, that earthquakes would happen approximately once per
thousand years (30 x 1079/30 x 107"/yr). This argument, however, leaves
open the question of how many faults there are in a region, and how they are
distributed.

4. The relation between dynamics and hazard

In section 2, I outlined the evolution of the idea that the upper crust of
the continents is split into rigid blocks, separated by faults. Over the past few
decades, the number of proposed blocks has increased while their sizes have

2. This difference is, however, very small in comparison with the adjustments
in length made more recently, to suit the requirements of the Olympic movement.
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decreased accordingly — a process that has been likened to the use of Ptole-
maic epicycles to preserve the doctrine of circular motion (MorLNAR 2010). Tt
must be the case, at some scale, that the crust is split into elastic blocks that
are separated by faults — otherwise there would be no earthquakes; the ques-
tion is: how large are those blocks?

Studies by AKTUG ET AL. (2009) and FLorp ET AL. (2010) show that the
dense GPS observations in Greece and western Turkey cannot be explained
by block models, unless the blocks are small in comparison with the thick-
ness of the lithosphere (30-60 km); a full description of the 500 x 500-km
region in these terms would require of order 100 blocks. In another example,
HaMMOND ET AL. (2011) measured the velocities of 224 sites in SW Nevada
and proposed that they described the motions of 60 blocks, of average size
30 x 30 km; to scale this approach up to the whole of western North America
would, again, require hundreds of blocks.

These examples draw attention to the possibility discussed in section 2,
that the upper crust is weak in comparison with its substrate. There are two
reasons for investigating this possibility. The first is purely practical: the
motion of each block is described by three numbers (the three components of
its angular velocity), which require 3-10 sites per block for an accurate deter-
mination. Measurement programmes required to track hundreds of blocks
are expensive — prohibitively so in many of the low-and-middle income coun-
tries where the earthquake risks are highest. Secondly, if the motions of the
upper crust do indeed follow closely the motions of the deeper lithosphere,
then it is likely that the deformation can be described by a relatively small
number of parameters.

The appropriate description for continuous deformation of the conti-
nental lithosphere is that of a thin sheet of fluid under gravity (e.g., ENGLAND
— McKenzie 1982; HousemMaN — ENGLAND 1986). A useful image of the
nature of this deformation can be obtained by imagining the continental li-
thosphere as resembling a blob of syrup placed on a plate. The syrup spreads
out under its own weight; another way of saying this is that the fluid moves
to a condition of lower gravitational potential energy.

Figure 3a shows the velocities of Figure 2¢ plotted in a projection that
emphasises the fluid-like behaviour of the Aegean lithosphere. The toothed
line on this figure represents the position of the boundary between the Nubian
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Figure 3: (a) The velocities of Figure 2c in an oblique Mercator projection which em-
phasises that most of Greece and western Turkey moves towards the Hel-
lenic plate boundary (shown by the toothed line). (b) Black lines mark the
location of major faults within the Aegean realm from the European Data-
base of Seismogenic Faults (SHARE 2013). Grey shades in the background
represent strain rates from Figure 2d (scale at top). A and B mark, respec-
tively, the estimated epicentres of the 365 CE and 1303 CE tsunami earth-
quakes.

plate to the south —the Hellenic plate boundary— and the lithosphere of Eur-
asia. The ocean floor south of Greece is the location of lower surface height
(3 to 4 km below sea level) and hence lower gravitational potential energy with
respect to the continental lithosphere of the Aegean and western Turkey (where
surface heights, averaged over a few tens of kilometres horizontally, are be-
tween —0.5 and 1.0 km). Unlike the blob of syrup, the Aegean is confined to
its east, west, and north by surrounding continent, but it is free to move south-
ward and westward over the ocean floor of the Nubian plate.

These ideas also explain the pattern of strain rates (Figure 2d): the crust
stretches more rapidly where suface height, hence the gravitational potential
energy, is high (for example in central Greece and western Turkey, and more
slowly in lower-lying regions, such as the Cyclades and the southern Aegean).
This qualitative statement is supported by the detailed quantitative analysis of
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ENGLAND ET AL. (2016), who show that the approximately 400 GPS velocities
available to them at the time could be fit to within 3 mm/yr by the deformation
of a homogeneous sheet of fluid, described by only four free parameters. Fur-
thermore, the distributions of earthquakes, and types of faults, in the region are
consistent with the pattern of deformation to be expected if the upper crust is
following the deformation of this fluid. Indeed, ninety percent of the energy
released by earthquakes of the past hundred years in the Aegean took place
within regions whose strain rate exceeds 30 ppb/yr (Figure 2d).

5. Closing remarks

Measurements of deformation in the Aegean, dominated by decades of
effort by the geodesists of the National Technical University in Athens, have
contributed substantially to modern understanding of the tectonics of the
continents. They reveal that, far from being a rigid plate, or a small number of
micro-plates, the Aegean lithosphere behaves like a highly viscous fluid. The
viscosity of that fluid is approximately 10?*Pa s, perhaps ten times higher than
the viscosity of the convecting upper mantle (ENGLAND ET AL. 2016). This
fluid flows from the highlands of eastern Turkey towards the region of low
gravitational potential energy at the Hellenic plate boundary (Figure 3). This
analysis appears also to explain distributions of the large earthquake of the
region, and their associated faults. Our analogy is a blob of syrup spreading out
under gravity with a thin layer of sugar crystals on top of it. As the syrup drags
the sugar along, the individual crystals jostle each other, with each slip of one
crystal past another corresponding to an earthquake.

I close by discussing briefly how these ideas relate to the issues of
seismic hazard and risk®in the Aegean. My remarks concern Greece and

3. A hazard is a phenomenon that can potentially cause harm, for example to
people, buildings, or the environment. A risk is the harm caused if a hazard occurs.
Earthquake hazards include ground shaking due to the earthquake, liquefaction,
landslides, and tsunamis. Risks include collapse or burial of buildings, inundation,
economic losses, and loss of life. In the present context, the risk depends both on the
severity of an earthquake, and upon the vulnerability of people and buildings to its
consequences.
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western Turkey, which shares many tectonic characteristics with Greece; [
exclude the North Anatolian fault and its extension into the North Aegean
Trough, which more resemble conventional plate boundaries than the distrib-
uted deformation that I have been discussing.

It is now recognized that seismic hazards are much more widely distrib-
uted than would be predicted by the block models discussed above, but
significant problems still remain. The European Seismic Hazard Model
(WOESSNER ET AL. 2015) offers a variety of maps which show probabilities
that a given level of ground shaking will be exceeded in a given interval of time
(http: //www.efehr.org/en/hazard-data-access/hazard-maps/). Such maps are
commonly used by policy makers, who need a basis for specifying civil engi-
neering codes, or by insurance companies, who seek to quantify their expo-
sure to financial risk, but my concern here is to speak to the individual, or
community, that wishes to take control of their own exposure to seismic risk.
In that context, it is important to emphasise that these maps often do a poor
job of characterising the true hazards, because the assumptions that underpin
them are incorrect (e.g., STEIN ET AL. 2012).

For example, the European Seismic Hazard Model explicitly assumes
(i) that future earthquakes will occur near to known past earthquakes, and
that larger earthquakes are more likely to occur, (ii) on faults that are known
about, and (iii) on faults that slip rapidly, than on slowly-slipping faults
(WOESSNER ET AL. 2015, 3568). Although this Model is significantly more
elaborate than the practice of assigning hazard to the edges of blocks (sec-
tion 3), it is not clear that it leads to significantly better estimates of risk.

The great majority of earthquakes in continental interiors that caused
significant death tolls took place on faults whose hazard was previously un-
recognised (ENGLAND — Jackson 2011); assumptions (i) and (ii) above there-
fore seem unsafe. Assumption (iii) is also probably incorrect. The most rap-
idly deforming part of the region is Central Greece, particularly the Gulf of
Corinth. The magnitudes of earthquakes since 1694 in the Gulf of Corinth
have not exceed 6.8, probably because the length of individual fault segments
there are limited to about 20 km (AMBRASErs — JAcksoN 1997). The much
more slowly deforming region of the southern Aegean experienced the 1956
Amorgos M7.2-7.4 earthquake (AMBRASErS 2001; MAKROPOULOS ET AL.
1989). It is dangerous to assume that, just because deformation in a partic-
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ular region is slow, devastating earthquakes will not occur there (e.g.,
ENGLAND — JacksoN 2011; Zuanc 2013).

So what should be the attitude of a member of the public who is con-
cerned about their exposure to seismic risk? Sections 3 and 4 suggest that
damaging earthquakes can occur almost anywhere in the Aegean realm; they
are more frequent in places that deform more rapidly (see discussion of Fig-
ure 2d) but it would be unwise to regard anywhere as safe. It is important to
emphasise that the current state of earthquake science is unable to predict the
precise time, location, and magnitude of any future earthquake in such a
fashion as to save lives (e.g., GELLER 1996, 1997; Kanamor1 2003; HoucH
2010). It is therefore sensible to take responsibility for one’s own seismic risk.
Rather than attempting to interpret maps of the probability of ground shaking
or —worse— waiting for an earthquake prediction, the individual or com-
munity should ask themselves questions such as:

— Where are the nearest active faults to where I live? [The digital data-
base of active faults produced by the National Observatory of Athens (GANAS
ET AL. 2013, https: //arcg.is/04Haer) provides a map that is considerably more
detailed than that used in the European Seismic Hazard Model, and the
authors plan to update it as new information becomes available.]

— What intensity of ground shaking is my home designed to withstand?

— Do I know who built the building in which I live? Do I trust them
to have constructed the building in accordance with the seismic regulations?
If not, what actions should I take to mitigate the risks of a future earthquake?

Finally, I turn to the risks of tsunamis in the Aegean. It has been well
known for decades that great earthquakes (M > 8) to the south of Crete gen-
erated tsunamis that caused destruction as far away as Alexandria in 365
and 1303 CE (e.g., AMBRASErs — SrNoLAKIs 2010; PApaDIMITRIOU — Ka-
RAKOSTAS 2008; PIRAZZOLI ET AL. 1982; SHAW ET AL. 2008; STIROS — DRAKOS
20006, see Figure 3b). The risks of such very rare high-magnitude events are
frequently ignored; policymakers and stakeholders alike usually have more
pressing demands on their resources. The M7.2-7.4 1965 Amorgos earth-
quake reminds us, however, that there are smaller and more frequent events
that are nevertheless potentially dangerous. That earthquake generated a
tsunami with run-ups of several metres on the islands of the Cyclades, and
over 10 metres in some locations (AMBRASEYrs 1960; AMBRASErS — STNOLAKIS
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2010; OkalL ET AL. 2009). In 1956, the beaches of the Aegean were free
from the hordes of tourists who now teem upon them; if such a tsunami were
to recur in daytime during the summer months, tens to hundreds of thou-
sands of people would potentially be exposed.

A detailed assessment of the risks of tsunamis associated with earth-
quakes within the Aegean Sea is yet to be carried out. In the meantime,
however, there is some simple advice which anybody who visits the coastline
of the Aegean ought to bear in mind:

— If you feel the ground shaking for ten seconds or more, or if you see
the sea suddenly retreat, then you should assume that there is a risk of a
tsunami.

— Move as fast as you can to ground that is ten metres or more above
sea level. Travel on foot. Do not, under any circumstances, try to travel by
car: you risk being drowned in a traffic jam.

— Don’t panic. You will probably have at least ten minutes in which to
walk or run to safety.

In conclusion, I hope that I have given a reasonably accessible account
of the changing shape of Greece, and why it is of importance to the geolog-
ical community as well as to the people of Greece. | thank you for inviting
me to address you on these issues — and for listening so patiently.
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raprvixo Kévrpo tob idiou [averiotypiov, 6 6molo Babporoyeitor de Eva
b \ \ o~ b \ / o~ b o~
a6 to xopugata Avtixapnivina Kévroa t7ic Apepiiic.

4 \ ’ 7 3 3 A S / b \

O Kabnyntie Oinrmroc Tolyhne elvot edpdtato avaeyvmploévos amo
w1 Stelvy) EmieTnpoviny xow by To Yia TO EpeuvnTins €pY0 TOL, TLC TEWTOTO-

I I { I I )

PLIKEG UENETES TOV %ol T GLULBOAT TOL GTNY %uTavoYeY TMY SnTHOY 67)-
notod67neme 7oL pLOKILouy T BLohoyie THY QUGLOAGYLRMY XL KAERLVLXOV
KOTTAPWY %al, uéow avTic, THy avantusy otoyevovcey Depametdy Yo T9y

b 4 ~ /. \ v k] 4 > ~
AVTLULETWTILGY) TOV XXPXLYOU Kol AAAWY OCV@OOJTCLVCL)V OCGGF.'VSLCL)V.
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Eruypappoatina

1.0 Kabnyntihe Ginrmrmoc Tolyhne yaproypdernse w6 6yxoyovixsd du-
VOLULXO TGOV PETROLMY GTY) YEVETLXT TEQLOYY) TV LOXOGY TEALXEGY AAANAOU-
FLBY %ol TEOTELVE TO TPOTUTO OYXOYEVEGTC SLo (TMV ELGAYOYIKMDY LETOA-
MEewyy, avadeevdovtas Yo TeoTy @opd 6th owehvyy Biloypaplo )
1PNoT TOV peTodAdiewy adTAY (¢ EPYAAELO VLo TNV Gvaxsludr xal TOv
LOPLOXO Y OLPAKTNPLELG TGOV GYROYOVLILOV.

2. Avaxdgrule pie oetpa 6yxoyovidimy wod wollovy enpavting p6Ao
o1 yeveTind) ol eémiyevetind) pOluter thc Enovtng xal EnintyTng dvoslog,
e pheypovie, The alpomolnene xal Tic xapxwvoyévesne. Mepind dmd wa
oynoyovidie adta, 6w to GFI1 xal GFIIB, MAP3KS xal KDMZ2B, £y0uv
ueretnlel extevade o tov Kalnynth) Tolyhn xal &hovg épeuvrtéc, ol
omotoL avédetfoy TOV xevTpinsd phAo oL wallouy Ta GY®oYovidie adTe 6T
evlutem the wutTapuedic Aettovpylog. Xuyxexplpnéva, ta GFI1 xal GFIIB
AWOLXOTIOLODY TOVS GULONGYOUE LETOYPAPLLOVS RATAGTOAELS, oL 6TToloL Sto-
Spapatilovy onLavTIiG PGAO GTHY aDTOUVAVEMGY) %al TV OLLQOPOTOLTGT
TOV oLLOTOLNTIRGY BAXGTOXLTTAP MV, xabmc ®ol 68 JANES VEOTAAGLOTIXES
drepyaotiec. ‘H MAPIKS nwdixorotel wiyv wwvéaer TPL2, 4 omola mallel o1-
LaVTLXG POAO GTNY ELQUTY) %ol ETIRTYTY GVOGLo, TH) QASYLLOVY) %ol TOV Xop-
%vo, Eve ) KDMZB xmdurnomotel 0y 6povuuy amopeburdern, 7 omola mallet
CHULOVTIXG POAO GTHY ADTOAVAVEMGY) TOY BAAGTOXRVTTAL®Y, THY KUTTHELXY)
SLaPOROTOLNGY) XL TNV RUPALVOYEVEGT).

3. Avaxdiude 16 oyxoyovidio AKT, xotadetwviovtog dti 1) evlvpotind)
hertovpylo TG ®vaGTe TOL %mdoTotel To Yovidio adto puluiletor amo
v PI-3 »waen, pécw thg aANMAETLOpUGTS PMGPOLVOGLTLILLY TOL Topd-
vovtaL & Ty PI-3 nweer), we iy meptoyr) PH toU dyxoyovidion AKT. ‘H
AKT xwiaorn Eyer tpelg toopoppéc, tic 1, 2 ol 3. O Ap Toiyhne émife-
Batwoe Gt ol Tpels Loopopges SLapépouy AeLToupyLxa xol amédetie 6Tt ol
AELTOLRYLES SLLPOPES TOUSC GPELAOVTAL GE GNLATOSOTINES SLAPOpEC.

4. Znpepa o EpyaothpeLo 100 Kablnynth ». @. Tolyin Epeuva tddc ta
ornpatodoting povordtia puluilovy iy Emiyeveting) ToU xUTTAPOL, TOV pE-
taforepd ToU RNA xal 100 xuttdpov, xabaog xal v avosta. ‘O otéyoc
o0 Kalnynti) eivar va ypnoipomorncer 1o amoteréopato adTdY TOVY
EpELVRY, 6 GUYBLAGULO UE TO VTIAEYOVTY OeS0UEVH GTTh TToPOLOLEG UEAETEG

ral pefodonroyiee, yio va eppnvedoet, vo EmenTelVEL %ol VO Y PN GLLOTIOLTGEL
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\ 7 b4 o~ \ 3 ~ \ / ~) 7
TOV PLeYdho 8Yro TANPopopLeY ToL apopoby T Brohoyin Tol dvlpdmivou
/ € / b \ / \ \ / \ \
xopxivou. ‘O 6tbyoc adtoc oupPadiler we ) prhocoglo o TOV yoporTh-
/7 \ (/)\ \ 3 8 . \ / e ¢ / 3 I3 A\ );/ ~
otler 6 6 TV dxadnuoixy Topelo Tov, 7 6molo avaryvewpilel Ty alio Tob
cLYBLAGPOD GTpaTNYLX®Y Epeuvac oL PBacilovror 611 Blohoyio GueTY-
ULATWY %ol GE AETTTOUEQELS BV OYLXES AVUAVGELS.
T6 gpevvntine €pvo tob Kalnynth ©. Toiyhn Erer Snpootenlel oo
%0PLELY LTEOBLOAOY LG TtEpLodLXd TOD %66 LoV nal Eyel Thyel edpelog Ao~
o~ \ b A 3 \ o~ 3 \ \ / \
Soydic wal avaryvderene. AdTo moTomoteitar oo 1) Tl TpoouArceLg Yo
€ / \ b4 ~ 3 \ A b ’ bl \
opiiies mob Eyer deylel amod [Mavemiotauia, "Opyoavicuods, "Eepsuvrtina
Tdpdpato xal enpavting cuvédpra Tob xhddou Tov, 2) tic 28.672 uvelec amd
)/7\7\ b /_\ —\ P4 \ \ 3 7\/ — 8 / 3 /.\ o~
&rhoug EpeuvnTec 670 £pyo Tou %ol TOV DYMAGTATO SelnTY ATAYNGNG TGV
gpyaot®v tou (H-factor: 78), 3) 16 611 &yl Stateréoet tantind néhog Emi-
TROTY AELOAGYYGTG EPELYNTIRGY TTROTAGEMY YL ¥ P7LATOSOTNGT &0 TO
EOvixs Ivetitolto Kapxivou tév HITA, 4) 6 611 eivor péhog thc cuvto-
ATIRTIG ETLTPOTING GHLAVTIXGDY ETLETTULOVIXMY TTEPLOSLLGY TOU ©AAdOU TOV,
8mwe tév Journal of Virology, Cancer Biology & Therapy ol Signal Trans-
duction and Targeted Therapy, 5) ©0 67u elvot péhog tol «Faculty of 1000»,
uLds OTEPEslog EpELUYNTAY %ol XAWIXGY oL 67 0Aalovy, GELONOYOLY ol
Tofvopoly xate oelpe abfovcas oruacioag Tlg EpYuGleg EMLGTHULOVLATG
P4 3 e / b \ ~ e / \ 3 / )
Zoeuva. ‘H dmnpecio adty) Aertoupyel g ©ihtpo Tob dviyvedel xol dvader-
nvdeL T Lo ornpavties &plpo 6TovY Topca TMY BLoroyikdy EmLe TG, 6) TO
OtL onpepa £pvaleTon OC TPOGHUEXANLEVOS ExdOTNE VLo TNV %3067 Vo
avebaptnTov T6pov 1ol Current Topics in Microbiology and Immunology, p.e
Tig Tphoates Eehtielg oY) Broroyio ToU avldmov AKT-nwaer), 10 6molo,
14 / b / e 9 \ / \ 14 3 \
Omtwe Tpoovapeplnre, dvaxdiude 6 idoc, xal téhog 7) TO GTL elval %pLTIC
EQPYAGLAY YLOL TG XVPLOTEP TTEPLOOLXY TT)G LATPLXT|C EMLETALNG %ol Th¢ BLo-
roylog.
O Kabnynrne Oinrmoc Tolyhne Eyer aafer mafifoc Suanploswy xol
e ~ 14 . / b \ AT ~ e ~ ~
IToTPogLMY dTtme: YoTpogla amtod T "I8pupa Keatindy YrotpogLidy g
‘Enadoc ¢ gortymig 1 latpwdc, dmotpogia amo thv Apepurovin)
"Evwon v 0 perétn tic Aevyonpiog 0 1985, xaloe xal w0 Bpafelo
Stohlman t7j¢ Apepiravixic "Evwone yia 16 3o avrixeipevo o 1988, To
I
2002 dvayopedlnxre KaOnyntic Alpatoroyioc/ Ovxoroyiac oty #5pa Jane
F. Desforges 676 Tufts University School of Medicine, w6 2008 2Zehevyn
wéhog ¢ VYol xipous "Evwene Apepwavady Tatpdv, mod aptbuel pévov
500 pérn oric HITA, 76 2009 &nofe 16 Bpafelo «Zucker Family Research
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Prizen, 76 2012 dvayopedlnxe Enttipoc Adaxtopac t7i¢ Tateixtc 2y ohiic
700 EOvixol xal Kamodiotproxold [lavemistnuion AOnvév xal o 2014
Ernitipoc Awddxtopac tic Tatowdc Zyontic tob avemotyuion Kphtye.
T 8o Eroc 6 [1pbedpoc thc ‘Enhnvintic Anpoxpatiog dmeverpe otov Koly-
v . Tolyhn w6 Sdenpo «Talidpyne wob Taypatog 1ol Qotvixa» xal 10
2018 Enofe 70 Bpafeio tob Araxexprpévon Amogoltou To0 exmatdeuTinsh
meoypoppatos Tob Topga Iaboroyiog Tol Baylor College of Medicine.

opee w7y Evrovn peuvntind tov épyacia, 6 O. Tolyine agpiépmos
1OV GTH Y MEL oG, TOGO O UENOG ETLTROTMY AELOAGY NGNS EPEVVTTLNGY
meoypopdtwy 1oV Haveriotnuiony Keftne xal Ozcoahovinyg, 660 xal cg
UENOG EMLETHLOVIRTIG ETLTPOTTTC oL cuyxpothinxe dmtd v [lpoedpla T7jc
Enmvindic Anpoxpartiog e 6tyo Thv Topoy ) cLLBoLAGY Yo Thv avofeb-
ULGT) TG EpeuVTTIXT)C UTTdoUTc THig Y Wpas, xallwe xal M pehog Tig emwTe-
owxiic oupovieutindig émitportiic Tol Idpduatog Brointpindv Epsuviy tic
Axadnpiog ADnvedv xal thc davricToryme cupfovievtindc Emitponic ToL
Tvotitodtou Mograxic Broroylag xal Broteyvohoyiog 100 [lavemiotnpion
Keftne. 'Enione frav péhoc 7 mpbedpoc Emitpomtady Lo thv éxhoyt) Atev-
Ouvtiv Epevvyrindy Kévrpov, tmwe tob Ivetitodton Teyvoroyiog xal
"Kpguvag (ITE), 705 Ivetitodton Mopraxiic Bioroylag xal Bioteyvoroyiog
70b Hoavemomyuiov Kentye (IMBB), xafiog xal 1ol "lvetitodtou Buoermt-
otnuedy xal "Egopuoyov 1ol "Ebvixol Kévrpou "Epeuvae Ouoixddy K-
oTNLOV (AnubxELToo).

Ténog 6 Kabnynig Tolyhne &yel éxmordedost elxoot tpelc (23) "E-
Nnveg BLohbyous xal Latpods, Ex TGY 6TTolwy 3V0, Evag LaTpoc kol pio BLo-
NOY0G, ExTondelovToL 6TO EpYAGTNHELO TOU g TOY TopOVTH % p6vo. Aeratés-
oepLe (14) amd Todg exmandevbévres oo peuvntina EpyactipLo woL Sredfuve
6 %. Tolydng xateyovy nalnynrines Ocoeig oe enhnvixa xal Eéva [Mavert-
oThLe, TEELS (3) xatéyouy Swanexnprpéves Oécelg 6e EAnvixes 1) Eéveg pop-
noxeutingg etatpeleg xal évas (1) xatéyel Oéon Emotnmovinod SiowerTinos
meocwmnod 670 KOvixd 'lvetitolto Kapxivou tév HITA. Kalrnynrixee
Ocoerc oe ennnvixa [avemotapio xatéyovy ol Apieteldne ‘Hiomovhog
(Kabnynie nal Arevbuvtig tob Tuqpartog Brohoyiag oty Tatpies Xyon
700 Hoavemiarnuion Abnviv), Xetiotoc Toatedvrg (Kabnyntig oto Tudjue
Kawwnedic Xnpetog, Havemomnuio Kentne), [Néeyog Zovpfives (Kaby-
vneie "Epvastnpiaxic latewxdc, lavemotauio Kontne), Avtovne Mo-
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xetic (Avortepog "Epevvntic-Kabnyntic 616 Ivetitolto "Egapuocpévey
Buoemiomnuédv ot Oeocaroviny), Twdvwae Mapovraxon (Kabnyhrowr Ie-
vetwedc 670 Anuoxpitero [avemothuio Opdxrc), Muyaine Bovkyapéing
(Kabnyntie Alpatoroyioe i latpwdc Zyoific tob llavemorypiov
ABnviv) ral Zothene Kapmpdvng (Avarinpwtic Kabnyntie Bloympetog
670 Havemiotnpio Kentng xal 76 Havemotquio tic Komeyydyrc).

ATTO THY TEPLATTLNY TOEOVGLAGTY) TTIC ETLGTYLOVLXT|C TopELog %ol TOD
TpwTtoTuToL EpeuvnTixol Epyou ol Kalnyntd Oinmrov Tolyiy yiveron
TOGLPAVES GTL TO VEO GVTETLETEMOY wéhog TTic Axadnuioc Abnv@y Ha whov-
tioel 10 EmoTnpovixt e duvapxsd xol T Sebvr ey Tl AvdTatou
Ivevporinod [dpdpatog thc ydeas pac. 'Evo 0ého va edynid orov Oi-
Mo vou Eyell Dyelor %ol Vo GUVEYLGEL TNV TEWTOTOPLARY) EPEVVNTIRY) TEO-
6p0pd Tou TPoOS Speroc TGV acleviy. Téhog HBéhw vo Tov mapanarécn va
ouveyloet Thy éxmtaldevoy TV Eavoy Boemiotnuévoy xol thy Tpocgpopd
ETLETNULOVIX®Y GLULBOLAGY ot dmoto "Kpeuvntins “ISpupa g ydpac pog

3 ~ \ A !
abrelron T Bonbei Tov.
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TA ITANTA PEIL: BIOAOTI'TA KAT TATPIKH
2E ENA ITEPIBAAAON MTOY ZYNEXQXE AAAAZE]L

EIZITHPIOX AOI'OX TOY ANTEIIIZETEAAONTOX MEAOYX
»x. OIAITIIOY TEIXAH

\ 4 \ / ~ 3 / 4
Agv xatetélyn 16 nelpevo tob elortnplov Adyou.
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AHMOXIA 2YNEAPIA THX 8nx OKTQBPIOY 2019

YIHOAOXH TOY ANTEHIZTEAAONTOX MEAOYZX
». AHMHTPIOY AHMHTPIAAH

[MTPOXPOQNHEH AITO TON ITPOEAPON
». ZTEGANON A. HMEAAON

‘H Axadnuio ADnvev Smodéyetar opepa pe idialtepn Ty tov xalr-
v Xewpovpyindic Tob Havermiotyuiov t7g Nétioag Kadwpdoviog x. Anurn-
Tprov Anunteuady, tov omolov 1) ‘Olopédein eEéheley avTemioTéMoY LéAOG
otic 14 Defpovapiov 2019 6tov xhddov thc Ereivovoas Tatpintion, oty
TéE7n TV Oetinev ' Erietnudy.

O »alnynmhe Anpnreros Anpnteddng yewnbnxe oty Kimpo. Aro-

/ 3 \ \ b \ N \ ~ / b ~ \ /
wottneey amo Ty lotpud) Xyod) tob Hoavemornuion ADnvedy xal cuvéyioe
\ / \ \ \ 7 ~ / b o~
Tlc 6T0LSEC Tov 6T yeLpovpeYLKY) 670 oy dvespmovpyx Tiic NoTiog Aopuxic.

(O A 7 / \ b .. / / \

% Anpareddng Lexivioe Thy axadnuainhy tou mopetae 676 [lovernt-
A ~ . \ / 14 14 \ b /
othpeov ol Witwatersrand 676 [Moydvespmovpyx, dmou [Spuoe xal Gpyd-
\ ’ / m A \ Y / \ o~
vooe pLe 6Oy eovn Movdda Teadpatog xal "Eyravpdrtwy 616 Nocoxopelo
Baragwanath, 7 6molo dmotedel opepa Eva amo o peyaddTEpo ®EVTEN
AVTLUETOTLGEMS TETOLMY TIEPLETATILGY QVE TOY XOGLO.
YuvéyLee TNV avoduxeny Tou Topeta oty Apepwet), 616 [lavemiothpLoy
~ / / ¢ A A o~ \ / 3 \ !
7 Némag Kowpbpviag, i8pbovtos wal éxel pia adyypovn tatpind) pnovada,
TO peyaddTEPo %EVTpov Tpadpatoc otig HITA.

€ \ / / 53 \ 7 i3

O xabnynrie Anphteroc Anunteiddrng elvat YvweToc Tay®oGUlws O
6 &vhpmmog-EémioThLOVIG, 6 GTTOLOC EYEL GUVELGPEREL GULAVTLXE GTO TTESLOV

TOU TOUDLATOC XL TNEC YELOOVOYIXTIC EVTATIAT ovTidac, ElodyYovToc Vée
) ) -
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nebodoue xabloe xal mpwromoplaxdg avrihgeis 6Ty avtipeT®TLeN TO0 Go-
Bopol Tpadpatoc.

Kdpre Anunrperady,

H Axadnpio Abnvedv cdg xahowcopiler andle pe Saitepn Ty xol
yoepoy ol 6aic arteufiver Beppec edyce yia Thy Emituy T cuvéyLeT Tob pyou Gac.

20%¢ %ok TOP Vo 63S EMLIMG® TO SLTAMUY TOD AVTETLGTEANGYTOS
uéhoug 1ol 18pdparoc.

Moporxand tov anadnuoainoy x. Xapdhapwov Polocov émwe mposéiby
670 Brio xol Topouetder) T0 Y0V %ol THY TROGWTLXGTYTO TOU VEOL GUVIL-

déngou.

HAPOYEIAZH AIIO TON AKAAHMATKO
»x. XAPAAAMIIO POYZX0

Eivow peydinn yopo xol Tt vo mopousldcem chuepo Tov ELalpeto xol
~ ’ \ /

duebvolc prumne xabnynth ». AL AquyreLddy.

€ \ / ~ \ 3 ~ \ \ /7

O »abnyntie A, Anprnrewddng Sueatobton va amoxdnlel e tov Titho
T 0D TPmTOTOROY 6TV AvTLpeTOTLGY) Tpodpatoc. T Tpalya drotehel

\ 4 \ / \ 7 b 7 b /7 \ 7

uia Aabhartor o pastilel ToLg véoug avbpmoug, Lalitepa 671 ywpo poc.

O AL Anparerddng yewhlnre otiy Kirpo. Anogoitnee amo iy la-
ot} Zyohd) tob llavermiorypion AOnvév w6 1976. Eiducedtnre ot yei-
poLEYLXT %ol ATERTYGE TO dLdaxTopLnd Tou dimhwua 676 oy dvespmovpyx,
670 [avemiotnpio Witwatersrand t7j¢c Nétiog Agpuxic.

\ 7 / b \ \ 3 e\ 7 ~ /
21 cuvéy el mépace oo Tig axadnuaines Babuideg Tob [lavemotnuion
3 ~ \ \ \ \ / ~ ~

adTolb nal Eywve Tontinog xalnynTic xoal wpdedpog thg Xewpovpyintic K-
virdic 70 1991. 'H supfoiy tov Onfiple xafopioting oy dpydvmen tiic Mo-
v&dag Toadparoc wol "Eyxavpdrmy 10U Nosoxopeiov Baragwanath t7jc Né-
Trog AgpLndic, T 67010 elval Evor GO To LEYAADTERO XEVTPOL GVTLULETOTILGNG
TETOLWY TEPLETATIXGY 670V %6600 xal Sabérer 3.700 nhivec.

‘O xabnyneie A Aqprnreddne oyedioce xal cuvéBaie ot dnuLovpyio
EVOC GUYYPOVOL TUALATOS ETELYOVGUE AVTLLETMOTLGETS Xol AVIVNYNS ATTH TO
Toabuo, xaboc xal puig slyyeovne Movadas Eyxoavpdrov, droterodpevng
ATTO YELPOVPYELD, EPYAGTAPLO XUTTAPOXIAALERYELGY, xalbme nal Eynatactd-

3 7 ) 7 b \ 7 bl / Pl
oeLg amoxatdotacts xol exnaldeuong. Adty | Movdda Eyxavpdrov Eyive
e \ A \ 3 \ \ / 3 ~ b \ 14 \ /
7 7o odyyeovy oty Agpwxd xal deybdtav aclevelc ano dan i Nétia

Agourt) xal Tlg YELTOVIXEG Y BPEC.
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To 1993 wpoceriobn dno 6 Haveriotipio w7 Notiag Kanrpdpviag
\ \ \ / ~ ~ ~ ~ \ \

670 AocAvtledee, 617 0éom) ToU Toetinod xalnyr i Xewpovpyindie, yLo tnv
3 / ~ A A b / ~ \
avadiopydvasy tob Tunuatos Teadpatos, 'Emelvovsae Xerpovpyinic xal
Evratindic Ozpaneioc. To Tatowo Kévrpo 7 Notrag Kahrpbpviag (LAC
+ USC Medical Center) elvat 76 peyoaditepo ®évtpo Tpadpatos 6ty Koi-
pboevia xal tic ‘Hvopévee [loireles xal Oewpelral w0 vévtpo avapopds Tic
b A A \ \ s/,
avtLpeTmmlerg Teaduatos 616 Adg Avtlehec.

Y7o v 7fyesio tov, 7 K, Toadparog, "Ereiyovcac Xerpoup-
vxdic xol Movddag Evratixic Oespareioac 10U Havemoryuion t7c Néotuog
Kangpbpviag e2eniyOnxe oc €va amd ta mpmTombpa xévtpa Tpadpotos 6Tl

-
‘Hvwpeévee Mohuretec.

Teo wehevrotor 15 ypbvia, adto 6 Hpdypappa Teadpatog tév Hyvo-
uévov lloiretdy (USC Trauma Program) €yev dvpociedost mepiochrepec
pJ / 3 \ e A b A / A \ 3 A [ /
gpyacieg amh 6TTOLOdNTOTE FANG %EVTPO Tpadpatos 6TV Apepint. O amo-
portor adTol Tol Teoypappatog € ouy éEehiy el 68 nopugpalovg EmioTALOVES
6E oA GvaryvepLpéve tavertiathple 67ig Hvopévee [lontreleg —mtwe 6
rafnyntie Newpyroc Béhpayog ot6 Harvard— xal e modieg y&pec tiig
Edpmmne, ovpmepthapBavopévre tic ‘Eanddoc, arne xol otov Kovada xol

= ¢ I ’
ot yopec e Notiog Apepndic ol thc Aclag. Adto 1o [poyeappa Toad-
3/ ~ e / \ \ 3 \ \ ~ 7
natog Eyel wpofhnlel de wpoTuTo 68 ToAAG dpepiravind xal Sielvi uéca
palindic evnuépmwone, 6mmc otovs Los Angeles Times, 6716 'Efvixo Anuéoio
Padiéomvo (tév HITA), w6 BBC, 16 CBS, ©0 Los Angeles Magazine »ol ©0
xwvelixo Discovery Channel.

To 2004 76 Tatpind Kévrpo ¢ Notiag Kahwpdoviag, 6¢ otevy) cuvep-
vooto pe 76 [Hohepind Navtins t@v Hvopévoy Holreldv, xabiépmes 16
péypappo "Exraidevsne otiv Avtiperonier Toadpoatoc 100 Nowtinol

o~ ¢ 4 o~ \ 4 3 \ 4 \ ’ 3 \
oV Hvopévey [oiretdv. To wévtpo adtd Tapeyel 76 xipLo exmordeutind
TEOYPALLLLL YL TNV GVTLLETOTLGT TeauUdTwy 670 Nowtixd yie 0y Ape-
\ \ 3 / ! b ~) ~ ~ \
pund) xol Eyel enmondedoet yuhddes dropa Tl Apeptxavinod Nowtinol. Ta
Tplor TEAGLTALO Y POVLO TO TROYPUUUY TTUPEYEL ETTLOYG EXTIALOEVGTY) GYETLXY)

ue 16 Tpabue othy Toponive Apuve.

"Keeuva

7

270V Topéa TTig Epuva xal TOV ArASNUAIXDY SPUGTNPLOTNTOY, O %o~

Onynie Anurrewddne dnposicuse mhgov Ty 650 PubMed émiotyupovindy

y
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uehetov (ol Buhoypapineg dvapopes eivar wove aro 21.000, xal 6 h-dei-
®TNe elvor 73) xol elval 6Npepa 6 YELPOLEYOE TPAVULATOC UE TLG TEPLEGH-
tepec dnpocteloelg atic HITA. O apifpol adtol Eyouy idiaitepn dlio yia
Evoy yLoTpo TG Emelyovsag xal EvtaTindig laTpixdic oL 6 Ehellepog ypbvog
Tou, TEPAY TN LOLALTEPMG XOTULMOOLE XALXTG ATTaGYGANGYG, Elval AYoC
ral xeppatiopévos. ‘H ixavétnro adty, Tl va elval TahovToly o6 xALxOG
YLALTPOG XL TRUTOY POVWE TRMTOTOROG EPELYNTYC, ELVaL IOLO YAPLEUATIAGY
avbpnmov. "Evag tétotog Spme latpbds, EmioThoveg xol EpeuvnTic elval 6
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HISTORY OF TRAUMA:
SUCCESSES, ERRORS AND CHALLENGES

EIZITHPIOZ AOI'OX TOY ANTEHIZTEAAONTOX MEAOYX
». AHMHTPIOY AHMHTPIAAH

Mr President, distinguished members of the Academy of Athens, distin-
guished guests, it is a great honor and privilege standing in front of you to
deliver this presentation! I feel both honored and humbled, having in mind
the stature and major contributions of all the elected Academy members who
stood at this podium.

I should like to thank Professor Roussos for his kind introduction and
support of my candidacy. I also want to acknowledge the presence of Pro-
fessor Vasilis Golematis, a great academic teacher who played a major role in
the advancement of modern surgery in Greece. Many academic surgeons, in-
cluding myself, owe a lot to Professor Golematis, for his mentoring and help
to further the education of many University of Athens graduates in top uni-
versities all over the world. T also want to acknowledge the presence of the
research fellows who trained with me, and now hold leadership positions in
Greece and Cyprus.

The topic of my presentation is the history of trauma, highlight some
successes and failures and focus on the current challenges we face. This sub-
ject is of particular importance for Greece and I know that Professor Roussos
is in the process of planning some significant changes in the organization of
emergency medicine and trauma care in the country and I hope that this
presentation will provide some support to this effort.

History of trauma

The history of trauma care is a paradox! In the 2nd millennium BC,
trauma care started the transformation of medicine from magic to science and
planted the seeds of modern medicine. Four thousand years later, trauma care
has not kept up with the advances of other major medical disciplines!

The Eber Papyrus from ancient Egypt (1500 BC) describes 700 magical
remedies to treat diseases and ward off bad spirits to protect health and is
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based on superstition and magic! On the other hand, the Edwin Smith Pa-
pyrus from the same period describes 48 cases of injuries, fractures, wounds,
and dislocations and is based on good science, applicable to modern surgery!
It describes objective examination, diagnosis, prognosis and treatment op-
tions. It emphasizes wound washing and describes wound suturing, bandages,
splints, and immobilization. It describes prevention and treatment of wound
infection with vinegar, honey, and moldy bread. Acetic acid (vinegar) is still
the most effective antiseptic in pseudomonas wound infections! Honey is
known for its antiseptic properties and mold is the basis of penicillin!

Hippocrates of Kos (460 BC-370 BC), the father of modern western
medicine, describes the modern principles for the management of recent open
soft tissue wounds: Clean the wound with clean hands, wash with water after
boiling it and mixing with wine, suturing of the wound, dressing with linen
bandages soaked in water, wine, oil or vinegar.

There is no doubt that since antiquity, most of the greatest advances in
trauma care originated from major military conflicts. In the Roman times we
see the first organized trauma centers (Valetudinaria), which were either per-
manent structures, built in fixed fortifications, or mobile units in marching
camps. In the 19th century, during the Napoleonic wars, Dominique Jean
Larrey introduces and applies on a big scale the principles of modern military
battlefield trauma surgery. He establishes field hospitals and a system of rapid
response and transportation ambulances. Larrey’s “Flying Ambulances” were
manned with trained crews, corpsmen and litter-bearers. The response time
was less than 15 minutes and he performed amputations in the battlefield,
dramatically reducing mortality due to hemorrhage from 75% to 10%. Larrey
introduced the modern principles of triage, giving treatment priority of the
wounded according to the severity of their injuries, regardless of rank or na-
tionality. Enemy soldiers were treated as well as French soldiers. His reputa-
tion gained him immense respect even in enemy armies. In the battle of Wa-
terloo in 1815, the Duke of Wellington ordered his soldiers not to fire in the
direction where Larrey was observed taking care of the wounded. Later on,
he was taken prisoner by the Prussian army and was condemned to death.
However, when his identity was recognized, he was treated with the utmost
respect, and not only he was freed but he also was escorted back to France.

In recent history, during the World War 1 there were significant ad-
vances, including blood transfusions, crystalloids and portable x-rays. During
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the World War II there is air evacuation of the wounded on a big scale, blood
banks, and penicillin. During the Korean War we see field blood transfusions
and vascular repairs, resulting in a dramatic reduction of amputation rates in
vascular injuries. The Vietnam war built the foundations of the modern
pre-hospital care. The recent global wars on terror had a huge impact in the
development and widespread use of many of the modern approaches which
are credited with improved outcomes, such as the widespread use of damage
control resuscitation and surgery, massive transfusion protocols, liberal use of
decompressive craniectomy, the development of new hemostatic agents, walk
in blood banks, and safe long distance transportation of critically ill casual-
ties with “Flying Intensive Care Units”. These changes resulted in the lowest
war-time casualty death rate in history, from about 30% in World War II and
about 24% in Vietnam to less than 10% in Iraq and Afghanistan.

Despite of these significant advances, currently trauma care lacks be-
hind other medical disciplines in most countries. The most important reason
for this discrepancy is the lack of organized prehospital care and trauma
centers. Other factors which slow down progress include the practice of dogma
instead of scientific evidence, the slow pace of accepting proven scientific
evidence and sometimes unexplained haste in accepting flashy but unproven
practices! These are the issues I will try to cover in this presentation.

Trauma centers

The greatest modern advances in civilian trauma can be credited to two
actions: the adoption of lessons learned from the recent military conflicts and
the introduction of trauma centers and trauma systems.

The widespread introduction of trauma centers was triggered by a report
by the American Academy of Sciences in 1966, with the title Accidental
Death and Disability: The Neglected Disease of Modern Society. This report
laid the groundwork for what would eventually become trauma center desig-
nations, as well as the emergence of the specialty of Emergency Medicine.
Early results showed that trauma centers reduced early mortality by 30% and
late mortality by 60%. I want to share with you my personal experience in
starting the USC trauma center. In 1992 I was recruited by the University of
Southern California to establish a level I trauma center, accredited by the
American College of Surgeons. The process required significant financial
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Nanshan Hospital , Shenzhen

Figure 1: Nanshan Hospital, Shenzhen, China: Establishment of an organized
trauma center reduced mortality following severe trauma (ISS>15) from

47.8% to 15.4%.

and human resources and it was not easy! However, the outcomes more than
compensated for this investment! In severe injuries (Injury Severity Score>15)
there was a reduction of deaths from 30% to 24.5% (p=0.02) and in critical
injuries (Injury Severity Score>25) from 73% to 54% (p=0.002) (1). An-
other personal experience, at an international level, which demonstrates the
value of trauma centers: In a recent joint project between the University of
Southern California trauma center and the Nanshan Hospital, Shenzhen,
China, 1T was asked to coordinate the introduction of an American-style
trauma center in Shenzhen, a large and wealthy city in China, with a popula-
tion of 18 million. The process was supported by the Chinese government and
required significant infrastructure investments, introduction of standardized
clinical protocols and close monitoring of compliance with the protocols, ini-
tiation of a trauma registry, an intensive performance improvement program,
compulsory Advanced Trauma Life Support (ATLS) certification, training of
a large number of Chinese physicians as observers for 3-6 months at the USC
trauma center and regular 2- week visits in China by USC faculty. The results
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were dramatic and made national headlines in the news medial Within 4
years there was a major reduction of deaths in patients with severe trauma
(Injury Severity Score>15) from 47.8% to 15.4%.

Establishment of trauma systems and centers requires commitment and
support by the national academic institutions, the central and local govern-
ments, and the public. In the United States the public support for trauma
centers has been very high for more than 30 years. In a Los Angeles ref-
erendum in 2003, 73% of the residents voted to increase property taxes in
order to support trauma centers.

The severely injured patient is the most likely to suffer diagnostic and
therapeutic mistakes, because the trauma team works against time, often there
is no medical history, often the emergency situation does not allow time for
radiological or other diagnostic investigations and there is no preoperative
preparation. Unfortunately, the severe trauma patient is the least likely to
survive mistakes because of reduced physiological reserves and small mis-
takes can carry a heavy price. The incidence of preventable or potentially
preventable deaths after admission to the hospital in places without trauma
centers is alarmingly high! Numerous studies from advanced countries, such
as the United Kingdom, Australia, Italy, Spain and Canada, reported that up
to 20-30% of in-hospital trauma deaths may be avoidable! Regions in the
United States without trauma systems experience excessive preventable deaths.
When compared by mechanism of injury and Injury Severity Score (ISS), re-
gions without trauma systems have much higher mortality, in some studies
two times higher, than regions served by trauma centers. The most common
cause of these preventable/potentially preventable deaths is the lack of organ-
ized trauma centers. In American level I trauma centers this incidence is only
about 2.5%.

In the United States there are currently 1,675 trauma centers, including
203 level 1, 271 level 11, 393 level 111, and 765 level IV trauma centers. It is
recommended that for every 750,000-1,000,000 population there is one
level I or II trauma center. Level IIT or IV centers have limited capabilities
with a primary role to stabilize and transfer to higher level centers and usu-
ally serve rural or small communities.

The designation of trauma centers is done by the American College of
Surgeons and the individual state goverments and is a rigorous process, espe-
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cially for level I and II centers. The designation is made according to specific
criteria on the basis of hospital infrastructure and capabilities, training of
doctors and nurses, maintenance of an accurate trauma registry, an effective
quality improvement program, injury prevention programs and research. The
designating authority is responsible for determining the number, level and
geographical location of trauma centers.

Level I centers are almost always university hospitals and require a min-
imum trauma volume (>1200 trauma admissions, >240 patients with Injury
Severity Score >15), sufficient research in the field of trauma (>20 peer re-
view scientific publications in trauma over 3 years), and capabilities in man-
aging any complex trauma condition, such as extremity or finger reimplanta-
tion. Level I trauma centers have the responsibility for providing leadership
in education, research, and system planning in a trauma system.

Level II trauma centers may not be able to provide the same care as a
Level I trauma center in complex injuries and these patients may have to be
transferred to a Level I center. In addition there is no volume or research re-
quirements.

If one Type I deficiency or more than 3 Type II deficiencies described in
the Resources for Optimal Care of the Injured Patient book, published by the
American College of Surgeons, classified into type 1 or type 2, according to
significance. If one Type I deficiency or more than 3 Type II deficiencies are
identified at the verification visit, which is done every 3 years, the hospital is
not accredited as a trauma center (2).

A trauma registry is compulsory for all trauma centers and the quality
of data entry is controlled by the Department of Health Services. It is re-
quired that there is a full-time trained registrar for every about 500-750 ad-
missions. Each trauma center submits trauma registry data to the National
Trauma Data Bank of the American College of Surgeons. The registry should
be used for continuous performance improvement programs, prevention ini-
tiatives, research and comparison of outcomes with other trauma centers on a
national level. Risk-adjusted mortality, overall major complications, and spe-
cific complications compared to other centers nationally should be monitored,
areas of strengths and weaknesses are identified and corrective actions should
be taken. Failure to perform this function is a type I deficiency and automat-
ically disqualifies the accreditation of the trauma center.
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Figure 2: Trauma Quality Improvement Program (TQIP) of the American College of
Surgeons: Individual hospital benchmarking of risk-adjusted mortality and
serious complications (overall, in blunt trauma, penetrating trauma, pa-
tients in shock, brain injuries and elderly patients) as compared with the
rest of the trauma centers in the USA. The estimate and confidence interval
for the individual hospital are shown on the black box plot. The red line
represents the median. In addition to median and quartiles, the modified
box plot shows minimum and maximum estimates for the entire TOQIP
sample as well as 10th and 90th percentiles of the hospital-level estimates.
The lower the decile, the better the outcomes as compared to other trauma

centers.

I should like to describe an example of a quality improvement project at
the University of Southern California trauma center, which demonstrates the
effectiveness of the program. The standard national criteria for Trauma Team
Activation at the highest level include systolic blood pressure <90 mmHg,
heart rate >120, Glasgow Coma Score <9 and gunshot wounds to the neck or
torso. In these cases the trauma team assembles before patient arrival, the
patient is monitored aggressively from the moment of arrival until final dis-
position, takes priority for CT scan, angioembolization, operating room and
intensive care unit admission. As part of the Morbidity and Mortality review,
we identified two elderly patients in their mid-70’s, involved in auto versus
pedestrian injuries, who were hemodynamically stable on admission and did
not meet the highest-level activation criteria. These two patients died within
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24 hours of admission. This event prompted a trauma registry analysis which
showed that of 883 trauma patients older than 70 years, 63% of those with
severe trauma (Injury Severity Score >15) and 25% of those with critical
trauma (Injury Severity Score >20) did not meet the standard hemodynamic
criteria for the highest level of Trauma Team Activation (2). As result of this
finding, the Trauma Team Activation criteria were modified to include age
older than 70 years, irrespective of hemodynamic findings. This simple
change of policy resulted in a significant reduction of deaths in this age
group, from 54% to 34% (P=0.003) in the group of patients with Injury Se-
verity Score >15 and from 68.4% to 46.9% in patients with Injury Severity
Score >20 (p=0.01) (3).

A trauma system should be supported by an effective prehospital care
program, which ensures a rapid response, scene management and timely
transportation to the appropriate level trauma center. The prehospital system
requires effective communications and protocols for triage, transport destina-
tion, and trauma team activation. Medical direction of the prehospital trauma
care may be provided by preexisting protocols and in the appropriate cases
with physician-directed direct communication. The trauma centers should be
actively involved in the training of prehospital personnel, with activities pro-
grams such as Prehospital Trauma Life Support (PHTLS), trauma confer-
ences, and case reviews.

Current status of trauma problem

In the 21st century, trauma remains a major international epidemic. It is
estimated that there are about b million deaths every year or about 13,700
deaths per day due to trauma. Every year 1.35 million or over 3,700 people
die from traffic accidents every day. During the period 2013-2016, there was
no reduction in road traffic deaths in any low-income country. The number
of deaths increased in 104 countries and there was some improvement in 48
middle- and high-income countries, including Greece (4). In Europe, in se-
lective countries, the road traffic mortality per 100,000 population was 12.3
in Turkey, 9.7 in Poland, 9.2 in Greece, 7.4 in Portugal, 5.6 in Ttaly, 5.1 in
Cyprus, 3.1 in the United Kingdom, and 2.8 in Sweden.

In Greece, although there has been some significant reduction of road
traffic fatalities over the last few years, the fatality rate still remains one of
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WHO Report: road traffic deaths/100,000 population (2016)

Turkey 12.3
Poland 9.7
Greece 9.2
Portugal 7.4
Italy 5.6
Cyprus 5.1
Israel 4.2
Spain 4.1
Germany 4.1
Holland 3.8
United Kingdom 3.1
Sweden 2.8

Table 1: Road traffic death mortality per 100,000 population in selected European
countries (WHO 2016).

the highest in Europe! In addition to intensifying prevention efforts, I believe
that the introduction of the medical specialty of Emergency Medicine and
the establishment of strategically placed accredited trauma centers should be
a top national priority in Greece. The benefits of these programs will over-
compensate any financial costs, in terms of saved lives, reduced complica-
tions, improved functional outcomes, and alleviating human suffering.

In the United States, despite of the advanced trauma system nationwide,
trauma still remains a major health problem and accounts for about 148,000
deaths and about 500,000 permanent disabilities every year. About 40% of
Emergency Room visits are trauma related. Large rural areas are still under-
served. A recent report by the American National Academies of Sciences,
Engineering, and Medicine (2016), identified trauma as the leading cause of
death for Americans under the age of 46 (47% of all deaths), with a financial
cost in 2013 of $670 billion in medical care expenses and lost productivity.
The Academy estimated that with optimal trauma care, about 20% (30,000)
of the 148,000 U.S. deaths from trauma in 2014 were possibly preventable.
The Academy’s report Achieving Zero Preventable Mortality in Trauma
made the following recommendations: a) Improvement of the continuum of
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WHO Report: road traffic deaths/100,000 population (2016)
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Figure 3: Road traffic mortality per 100,000 population trends, in Greece and Cy-
prus, during the period 2007-2016 (WHO Report 2016).

care, from point of injury to hospital, rehabilitation and beyond. b) Standari-
zation and use of best practices in all phases. ¢) Standarization of trauma
training requirements. d) Collection and use of data including prehospital
trauma care and long-term outcomes. The trauma data should be used for
performance improvement at the prehospital phase, facility, system and indi-
vidual provider levels. e) Close collaboration between military and civilian
sectors. The civilian sector to learn from the Iraq/Afghanistan trauma care
experience and advances. The military to maintain trauma skills during peace
time by close collaboration with civilian trauma centers. The White House
should lead the integration of military and civilian trauma care to establish a
national trauma care system (D).

Challenges in trauma training and maintaining trauma
skills in the military

Good trauma skills are essential for all military physicians and per-
sonnel. Although the military gain significant experience and make advances
in trauma care during conflicts, these skills are lost during peace times and
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departure of experienced personnel. In a 2016 report, the National Acade-
mies of Sciences stated that “Sustaining needed expertise and capacity in the
military trauma care system is simply impossible absent integration with ci-
vilian trauma care systems”. In response, the American College of Surgeons
and the Department of Defense established the Military Health System Stra-
tegic Partnership (MHSSPACS) program, to establish and formalize partner-
ships with civilian academic and large Level 1 trauma centers. The USC
trauma program has been the official national trauma training program for
the US Navy since 2003. Since its inception, the program has trained more
than 4,500 Navy personnel prior to overseas deployment (7).

Failures in trauma: dogma vs scientific evidence

A major obstacle in making progress in trauma care is the adherence of
the trauma care providers to dogma, ignoring strong scientific evidence. The
mentality of “this is what I was taught, this is what I do and this is what [
teach” or “it is written in the textbooks” or “this has been the standard of
care for decades” is often deeply rooted in the medical community. It is our
responsibility as leaders to educate young physicians to have inquisitive minds
and question and challenge practices not based on solid scientific basis.

The management of abdominal gunshot wounds is an example of such
dogma, and I should like to share with you my personal experience in this
field. The practice of routine laparotomy for all abdominal gunshot wounds
was introduced during the World War I, remained the standard of care during
the World War II and continued for the next few decades. In an editorial, in
1969, Dr Shaftan suggested that “.routine exploration for penetrating
wounds of the abdomen is not justified in civilian practice” and “..routine
exploration is a dogma no longer valid for penetrating abdominal injuries”
(7). This suggestion was ignored for the next 20-30 years. Dogmatic strong
statements by experts, such as “..mandatory routine abdominal exploration
for all gunshot wounds is advised” (8), “No attempt is made to identify a
specific indication for laparotomy other than the presence of a gunshot wound
that appears to have penetrated the abdominal cavity” (9) or “Laparotomy
should be performed regardless of physical examination or estimated trajec-
tory” (10), perpetuated the dogma, despite of numerous reports that 20-30%
of laparotomies were not therapeutic and the incidence of complications with
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this unnecessary operation was unacceptably high. In 1991 my colleagues
and [ investigated the role of selective nonoperative management in a prospec-
tive study of 146 patients with anterior abdominal gunshot wounds. Overall,
23.3% of the study patients were successfully managed nonoperatively. The
study concluded that many carefully selected patients with abdominal gun-
shot wounds can safely be managed non-operatively. The manuscript was re-
jected by a few journals, with strong negative comments by some of the re-
viewers. The manuscript was finally accepted by the British Journal of
Surgery (12), but was largely ignored by the trauma community. In 1992 I
was recruited by the University of Southern California to direct the trauma
program at the Los Angeles County and University of Southern California
trauma center. We performed again a large prospective study with 292 pa-
tients with gunshot wounds to the anterior abdomen, 30% of whom were
successfully managed nonoperatively. The manuscript was published in the
Archives of Surgery in 1997 (12). In the same year we published another
prospective study of 192 patients with gunshot wounds to the back, with 65%
successfully managed nonoperatively (13). In 2001 our group published an-
other study with 1,856 patients, in the Annals of Surgery, with the conclu-
sion that routine laparotomy for abdominal gunshot wounds is no longer the
standard of care (14). By this time the trauma community noticed the changes
and cautiously accepted the new practice. In a 2012 survey 74% of American
surgeons practiced selective nonoperative management of abdominal gunshot
wounds (15). In another survey of 183 surgeons from 4 countries, 30% of
Canadian surgeons, 45% of Brazilian, 71% of United States and 100% of
South African surgeons practiced selective non-operative management of ab-
dominal gunshot wounds (16). This practice has now been adopted by most
American trauma centers and has become part of the published guidelines by
the national trauma societies (17).

A similar practice of mandatory operative management for penetrating
solid organ injuries (liver, spleen, kidney) had been the standard practice in
the United States and internationally for many decades, although selective
nonoperative management for blunt trauma of these organs was universally
accepted. In 1986 we challenged this practice and in a prospective study we
reported that one third of patients with penetrating liver injuries were suc-
cessfully treated nonoperatively (18). In 1999 we challenged again the con-
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Figure 4: Isolated gunshot wound toliver Figure 5: Isolated gunshot wound to the

successfully managed nonoper- left kidney successfully man-
atively. aged nonoperatively.

ventional practice of mandatory operation in all diagnosed gunshot wounds
to the liver and reported that 21% of isolated gunshot wounds to liver were
successfully managed nonoperatively (19). However, these reports went
largely unnoticed by the trauma community. In 2006 our group presented at
the American Surgical Association conference and subsequently published
in the Annals of Surgery a prospective study of 152 patients with penetrating
solid organ injuries, 27% of whom were successfully managed nonoperatively
(20). The concept of selective nonoperative management of isolated gunshot
wounds to solid abdominal organs has now been widely accepted by the
trauma community in the United States and has become the new standard of
care. In a recent National Trauma Data Bank study of 4,031 patients with
isolated gunshot wounds to the liver, 1,564 (38.8%) patients were managed
nonoperatively. Nonoperative management was independently associated with
fewer complications and shorter hospital stay (21). In a similar National
Trauma Data Bank study of 1,329 patients with isolated gunshot wounds to
the kidney from all American College of Surgeons accredited trauma centers,
459 (34.5%) patients were managed nonoperatively. Nonoperative manage-
ment was protective against overall complications, against nephrectomy and
acute kidney injury, and was associated with significantly shorter ICU and
hospital LOS (22).

It took more than 20 years for a scientifically unsupported dogma to be
taken down but it was a great personal satisfaction to see it happening!
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Failures in trauma: quick to accept flashy but scientifically
questionable practices

Although the trauma community is often slow and hesitant to accept
new evidence-based practices, not infrequently it is quick to accept new prac-
tices with very little or no scientific evidence. Intense marketing, “expert”
opinions and limited options for difficult trauma conditions contribute to
this phenomenon. This can result in some spectacular failures, often at great
Ccosts.

One such spectacular failure was the use of Factor VIla for traumatic
hemorrhage. The use of Factor VIla in trauma was born in 1999, on the basis
of a case report (23). Very quickly it was described as a miraculous cure for
traumatic bleeding, and was introduced and extensively used in both military
and civilian trauma, despite the prohibitive cost of about $17,000 per patient
treatment. An editorial in a prestigeous journal labelled the FVIIa as a pos-
sible magic bullet in the treatment of major bleeding (24)! At one stage the
supplies in the civilian sector ran very low because of massive military pur-
chases, in preparation for the war in Iraq. This enthusiasm came to a complete
stop in the late 2000’s when a large randomized clinical study showed no
effect on mortality at 48 hours and 30 days (25).

The new challenges: training in trauma surgery

Training in operative trauma is a major challenge, for both civilian and
military younger generation of surgeons. The operative experience in the
United States has been diminishing over the last few years, because of
changing trauma epidemiology, the widespread use of nonoperative manage-
ment for both blunt and penetrating trauma, advances in interventional radi-
ology, resident work-hour limitations, and the limited exposure to trauma
between wars of military surgeons.

A recent review of ACGME data collected from general surgery resi-
dency programs showed that the overall trauma cases per year declined from
78.28 in 1990 to 38.73 in 2010. Laparotomies for trauma cases fell from
9.97 to 4.85 cases/resident (26). Another analysis of the ACGME Case Log
Database showed a reduction of open extremity vascular procedures from 21
in 1999 to 7.6 in 2013 and aortic operation from 7.4 to 1.3 cases (27). The
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Aortic arch

Figure 6: USCFresh Tissue Dissec-  Figure 7: Exposure of the upper mediastinal

tion Lab: Exposure of the vessels in a perfused human cadaver.
brachial artery and me- (CCA =Common carotid artery,

dian nerve in a perfused IV = Innominate vein,

human cadaver. Note the SCA = Subclavian artery).

quality of the soft tissues
and the artery.

hard reality in trauma training is that very few civilian and military surgeons
can acquire and sustain life-saving surgical trauma skills! Training in skills
labs and simulators is probably the most practical solution to alleviate this
serious issue! Various courses using inanimate body molds, animal or cadaver
models have been developed to teach surgical exposures and procedures in
trauma. The ideal system should be as close to the real trauma scenario as
possible, cost effective and reproducible on a large scale.

The Definitive Surgical Trauma Care (DSTC) course is a pig model, de-
veloped by the International Association for Trauma and Surgical Intensive
Care (IATSIC) of the International Surgical Society, and is a useful supple-
ment to the ATLS course for surgeons. The Advanced Trauma Operative
Management (ATOM) course of the American College of Surgeons uses a pig
animal model and teaches operative management of penetrating chest and
abdominal injuries. The Advanced Surgical Skills for Exposure in Trauma
(ASSET) course was developed by the American College of Surgeons and uses
human cadavers to teach surgical exposures and complex injury repairs.

We have developed a unique Fresh Tissue Dissection Lab (FTDL), which
uses donated fresh human cadavers with vascular perfusion and mechanical
lung ventilation. The femoral vessels are cannulated and perfused using a
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cardiac centrifugal pump
and a novel perfusate. The
trachea is intubated and the
lungs are mechanically ven-
tilated. With this model,
there is dermal and micro-
vascular perfusion and the
skin and soft tissues bleed
when incised, and the ar-
teries pulsate like in alive
bodies. This vascular model

is ideal for training in cen-
Figure 8: Left lung in a mechanically ventilated tral venous catheterization

human cadaver. with or without ultrasound
guidance, for surgical exposures and open or endovascular procedures. The
model is perfect for training in lung resections because the tissues bleed or
leak air when incised. The system can be calibrated to simulate various hemo-
dynamic conditions, such as various degrees of shock (28).

This model has been integrated into the USC General Surgery, Cardio-
thoracic Surgery, Neurosurgery, Plastics, Vascular Surgery, Orthopedics, and
Emergency Medicine curriculum. It plays a central role in the US Navy
Trauma Training Program, which is located at the USC trauma center and
has been adopted by the German Armed Forces. It is financially sustainable
and can be used on a large scale. In 2018 the program used 136 fresh cadavers
for 7,039 procedures by 2,093 users.

Conclusions

Trauma is a major international health epidemic, affecting advanced
and developing countries. Reorganization of the national health services to
create organized emergency departments and accredited trauma centers is the
most effective way to address this problem. This is particularly important for
Greece, which has one of the highest road accident death rates in Europe. I
strongly encourage the political and academic leadership in Greece to sup-
port Professor Roussos’ efforts. From my personal point of view, I will be
honored to participate and help in any way I can!
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Trauma care has seen some very significant advances in recent history,

often as the result of cross fertilization between civilian and military experi-

ence. In the process some major errors slowed down progress, often for many

decades. It is important to educate and encourage young doctors to challenge

dogma not based on solid scientific basis and be prepared to question what

they learned during their training. It is important not to be the last to adopt

new but scientific proven concepts and not be the first to adopt new, flashy

but unproven concepts. Civilian and military trauma training methods need

to be reassessed and consider new trauma training approaches.
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[Tpoowmixd, elyo Thv Toyn Vo GpYavVOG® TO %XEVTRO TPADLATOG GTO
oavemiorueo t7g Notioe Kangbpviag 616 Aoc Avrlehes, mod elvar 671)-
\ / \ / \ \ / ~ /
uepa T0 peyahdtepo oty Kalipdpvia. Xe yp0vind Sidotnue TpLedv 1pbvmy
amo T dnuLovpyie ToU %EvTpou Teaduatos, 1 OvnolnbTrTa Moy cofBupod
Toabuatoc (injury severity score >15) Ehattdbnre xata 18,3% xal Moyo
7oA 6ofapod Tpaduatoc (injury severity score >25) xata 26%. 116 wpb-

GQOTO ELY oL THY TOYY) V& GUVTOVLG® T7) SNULLOLEYL XEVTPOL TRPUVLATOG, 6T
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Shenzhen t7j¢ Kivog, pidic peyoarodmorne ne 18 exatoppdpra xatoinovg. 2
/ / / e / / ~ ’ .
gt TEGTEPmY Y povmy, 7 OvnonétnTa Moye cofapod Tpadpatoc (in-

jury severity score >15) ghartdlnxe dro 47,8% o2 15,4%.
‘H Snprovpyio xévtpwy tpadpoatoc dmartel Eumpoxty) VT06TNELEY TOT
LoTELXOD XOGLOV ATTO THY TTOALTLXT Xal TNV AxodnLoiny) NYesio.
€ / 3 3 / \ e \ /7 o~ \
O mohutpaupatiog elvo exteleipévog 6e HYNAG %vduVo StoryvmETIRGY ol
Oepameutiny lotpiny Aoy, SuoTL divertal pia Guvey g Loy n LE TOV Y p6V0 xal
TOMES ©OpES ®ploLues amopaseLs mpémet vo Aneloly Tohd ye7yopa, ywels T
/ o~ 3 o~ \ 3 ! ~ e
Borbera orpovTinev dxtvoroyindy xal dAhwy etdsemy. Austuyde, 6 ToAL-
Tpawpatiog elvor 6 acleviic pe tic Mydrepes mbavbtrTeg EmfBlmeng cuvenely
tatpu®y Aoy, Abyo Teptoptopévey guatoroyiney arolepdtov: dpo, ik
107 propel v Eyouy pevdio tlumpe. TToaheg perétes amo dvemruyuéves ¥ Hpes
oy §11, 68 mepLoyec ve W) 6oy ¢ ¢ ) 20-30% &
, PLOYEG e T OPYOVOULEVD %EVTEO TPoOUaTOG, 20-: TGV
Bovarov pete Ty eloorymy) TGOV TpowUaTL®Y 6T0 Yosoxopelo Ha uropobooy va
b ~ ¢ / \ \ \ ~ \ b ~ pJ /
arogevyboby. Ot Odvartor wod Suvrtina 0o prmopoloay va amogeuy oty enép-
/ / N\ 4 / N\ / ' \
yovroL My xabustepnuévre 7) havlosuévng dweyvwang 7 Oepameloc! e dpyo-
VOUEVS ®EVTPOL TRAVPLATOS, T0 T0606To TeV Oavdtmy wob Suvytine Oa pmo-
~ A e ~ 3 4 / \ 2 q
poloay vow arogeuy oy avépyetar Ttepimov 676 2,5%.
2tic HITA Smapyovv 1.675 névtpa Tpadpatog, petabd t@v 6molwy 203
emmedon | ol 272 ¢mmédou 1. Ta dmoroira, Emmédon [ xal 1V, eivar
TIEPLOPLOULEV®Y SUVALTOTNTWY %ol VTTNPETOLY Uixpés, cuvAlme dypoTines xotL-
/ ~ 14 / / b / N \ /
voTnTES. ZuvieTatal €va xévtpo Tpadpatos emmédou | ) 11 vk xdle
750.000-1.000.000 xatotxove. ‘H mistomolnen t6v xévtpmv tpadpatoc
vivetor oo 0 Apepweavine Koréyio Xerpovpyov xal tig [lonreteg. Ta
KELTNPLE VLG TILETOTOLNGT] TMY XEVTPMY TRAVDLATOS ELVILL ADGTTPO XL TEPL-
YoedoovTal AemTopep®s 6To eyyetpldto Resources for Optimal Care of the
Injured Patient ©ob Apepiravinob Koreviou Xewpovpyav. ‘H misromolnoy
3 A / ’ / 3 \ ! bR ed / 3 o~
avavedvetar xale Tolo ypbvio dmd povdda eEedinevpévemy Emtbemontdv.
Aemtopepd] wal dxpl] Gpyelon Tpodpotog elvot DTOYPEWTIXG VLo GAL
T ®EVTPOL TPAVULATOC XOL VLo TV) GUVTHPYGY) TOL ATToLTELTOL Evor ELOLd Ex-
modevpévo &topo Yo xdle H00-750 eloaywyec tpadpatos. To dpyelo
TPUVULATOC Y PNGLLOTIOLELTOL YL TOV GYEOLAGULG TTROYPALLATOS BEATLMGEWS
~ / A / \ ¢, \ 3 ~ A
Tic molbthTag mepthdidewe, by xal Epeuve. “Ola o qpyela Tpod-
nwatos cuvdgovtar pe T E0vixo qpyelo Tpadpatog (National Trauma Data
Bank) xal ta amoteréopata (Ovnoipndtrta, Emmhones) nale xévtpon cuy-

%PLVOVTOL PLE ToPOLOLYL XEVTRA GTNY UTTOAOLTTY Y MO,
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Toalpo 67ov 210 aldva

Xrov 210 almve, 0 Tpadpa Topapével Eva 6oBopd THYXOGULLO TR6-
Banpo byetoc. Y'moroyiletor dtu xabe Hpépa ToU ypdvov orpeLdvovTaL Te-
7 1‘3 700 6 / 3 \ \ \ ”’_/ 7\ /
plmov 13. AVOLTOL GO TPULUATIXES olTiES, GUUTEPLARULBAVOULEVKV
3.700 Bavdrov amd tpoyalo Sustuyuate. Xthv ‘EardSe, wopd T4 Peh-
/ \ / \ ~ / e / 3 \ ~
tlwern oL apatneninne To TeheuTalo ypdvia, 7 OvnoLnbTnTo Ao Teoy Al

ue 9.2 Oova-

SueTuyuaTe Topapével ato Tig DYmAdTepes oty Edpwmmy,
7oug avee 100.000 xatoixove, cuyxrpwiépevny pe 5.1 ety Kimpo xal 3.1 676
‘Hvopévo Basireio (Etouyeta Hoyrbopiou Opyaviopolb Yyetag, 2016). ‘H
SNELovpEYlo GEYAVWUEVOD GUGTHLATOS %ol XEVTPMY TEAVULALTOS Elval ETel-
vouoa E0vind) avdynn. Lric HIIA, mtape w7y Smoplyn mpoywpnuévey 6ueTy-
UATWY %ol XEVTPOV TRUDULATOC, TO TRADLN THPUUEVEL EVOL GNUAVTIXG TTR6-
Brnuo Oyeloc. Xe wie mwedoaty Exbeor tic Apepuravindic "Ebvixic
Axadnpioc Emietnuey (2016), émenuaivetor §1u w6 tpadpo elvor Hmed-
Ouvo yi& 47% =av Davdrwy otic Hhies xdtom TGV 46 étdv %ol 6 olxovo-
o x66706 10 2013 fray 670 Sioexatoppdora Sorrdpro.

H Axodnpio Eece G¢ E0vixd otdyo «undeviny) mpohnmtéa Ovnopnsd-
T 670 Teabpan xal elonyhinre dtL adto pmopel vo Emiteuyfel pe Evay
cuvduacuo D Spdcewy: o) Bertimer Thc TolbThTag TapoyTc Teptbaneme
ATTO TY) GRNVY) TOU TRADULATOSC LEYPL TO XEVTEO TOD TPaDUATOS %ol TGV %EV-
TPOV ATOXATAGTAGEMGS, [3) EQaproyy) TMY xAAITEPMV AT0SESELYLEVGLY T~
®xT®v 6& G o otadio weplhahdeme, v) Tumomoiney Tic Exmaldeucmg
TEAOULATOG, ) GUANOYT AETTOULEPGDV TATPOQOPLAY 68 GA To 6Tddl Te-
etdnfeme xal yenoipomolney adtdy TV TANEOPOELOY Yid cuveyy) BeA-
Tlwor T TolbTrTag Tapoy e weptbdilene, €) otevi cuvepyacsio petald
e oTpaTILTIXTC %al TS uh otpatiwTixdc weptdhleme Tpadpatog xol
AVTOHAALYY) YVOGEWY. L& TEPLOSOLE ELPTIVNG TO GTPATLOTING TPOGMTILRG T~
coy T meptbdhleme Tpadpatos vo Satrpetl Tig dekioTnTéG TOU GTNY AvTLUE-
TOTLEY TOD TPADUATOG, UE GTRUTNYLXEG GUYVEPYUGLEG WE WEYRAX XEVTPX
TEADULUTOG.

H &xbeon adti) amd whv Anadnpio Erietyudy elye dc amotéhecpo )
dnpLovpylor TEOYPALLATOV GUYERYAGLHG UETal) GTPATLOTIXGY LoVAdwY
TEAOULUTOG ol GXANUAIRGDY %EVTPWY TPadUATOS, WUE GLVERYAGLo TOD
“Yrovpyeiov Apdvne xal tob Apepiravinol Koreyiou Xelpovpydv.
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Avacraltivol mapdayovreg oty eLehly T @povTidac
TPADULUTOS

"Evog onpavtines GvasTahTinos TapayovTog 6THY Tetodo @povtidoug
Tpadpatoc, elvar 7 Tpocxb ey 68 dbypata Tol mwapeAlbdvroc mob oTe-
polvtan Emtatnuovindic Bdocwe. ‘H vootpomio «adto Stddywrxa, adTo xdve

\ b \ / N b4 3 4 \ / o\ b \ 3 4
xol adTO Suddonwn 1) «Etol elvor ypoppévo ot BLBAton 1) «adTy) elvor 7
\ \ A 4 3 \ 7 \ b \ /
TponTind) Yo denddeg ypbvian elvar Pabia pilwpévy oty latpued) xowb-
k3 3 ’ / ¢ 3 . ~ / s ’
o Biva e000vn Sued) poe, o dxadnuaindy Sacxndhwy, va evbappivovue
TOVG VEOLG LULTROVG VoL ELVELL GvoLy TOULLaAOL %ol ETOLULOL VO AULLEBNTAGOLY Ue
Epeuva, TEaTIXES TTOL OevV 6TYpllovTal 68 EmLeThoviXeSs BdoELe.

“Evo tétolo mopddetypo elvar 7 LoToplo AVTLUETOTLGEMS TGV %O0L-

7\ o~ / 8 \ /7\ 14 )\ \ € - \ 7\ /

L@y TALUATOY Sid TUPOBOAWY ETAMY UE DTOYPEMTINY AATAPOTOULH,
3 \ \ ’ / / 14 \ / \ \ \ j4
aro 1oy A" Hoyrbopio ddrepo uéypr mold mpdogata, Tapd T0 yeyovos H1t

~ ~ 3 b / / \ 3
20-30% <&v hamapotonéy Tty dpvntixée. Iapduote moantins doapuo-
Loty 6& Gho To SLoTLTEOLVOVTOL TPADULATE GUUTAYDY XOLAAXGY GEYAVGDY
(Mreop, veppbe, GTTARY), ToLpd TO HTL ETLAERTIRY) GUYTNEYTINY) AVTLUETOTLGT,
AUPAEOY TRALPETWY ADTEGY TMV 6pYAV®Y NToY GTOdEXTY YL dexaeTies.
\ pl4 \ 3 \ bl \ 9 \ \ 4 / /

[Toramhes Epeuvec ol elnoGaeThg ETLLOVY) A0 THY GULAdK TPOLLATOS
tob llavemoryuion tic Néotwag Kohpbpviae avétpeday tehind adtd 10
dbypo xal oHREPR T A0S0y Y] TG ETLAEKTINTIC GUVTTPNTIXTIG, U1 EYELET)-
TIXT|C AVTLUETOTLEYNG ADTGOV TMOV TpouUatoy Eyel yiver xalohny xal amwo-

TEAEL LEPOC TMV GPEPXovi®Y E0ViXdy TpmTOXGAA®Y TpadLaTos.

Neeg mpoxhnoeie: Exmaldeusy Eyyelpntin®dy Teyvix®Y
TEAVLOTOC

‘H éxmaidevoy o éyyeipntineg Teyvines TpodoTOG ELVOL (ALY KOLL-
vouEYLaL, LEYEAT TTROXANGT), THGO Y0 GTPATLWTLXOVE G0 %ol VLo Y1) GTEL-
TLoTeons yratpode. H éyyetpnting eumerplo otlc HITA dhhd %ol 6 Todheg
&ahec yMpeg & <t VTS THY TEN loe § Lo, A6 -

1opeec Eyer pewlel onuavtie v tedevtalon dexaetion, My &
Aoy @Y TN ETLONULLONOYLOL TRADLOTOC, TNV EXTETOUUEVY) YENGY 1) EYYELEY)-
Tindc Oepameiog 6¢ GBI %ol StottTpalvoy Teabpo xol Tlg LEYHAES TEOs-
dovg Thc EmePaTindic GXTVOAOYLNG GTNY GVTLLETMTLEY) TG olLoppayLas.
Me ~i¢ mapoboes cuvlijnes, EAdyLoTOL VEOL YELPOVEYOL ATOXTOVUY TlE GTToLl-

A \ 8 4 \ ~ ' F \ \ 6 ~ 3 \ \ 4
Todpeves yelpovpyines delibtnres 670 Tpadpa! e va Aubel adto 0 mpd-
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BAnpo, peYaro LEpog TTG EXTaLdElGEMmE YiveTaol 68 EpYasTrpLo OEELOTATMY
\ 5; 4 (H S /8 A ~ H 4 ~ N/ K _
ral EZopotwtée. ‘H 6pdda tpadpatoc ol Havemotyuiov t7jc Notiag Ka
Mpboviag 670 Adg Avtlereg avéntule pua emavactatiny nébodo 7 omola
yenorpomotel avbpdmiva chpata amo ddteg, T 6ol SaTnEoly THY alud-
TLEN 6pYIVeY ol LeThv pe T Bornbeia puydrevtpou xapdiaxiic avThlag,
%ol XOTO TN OLEPXELY YELPOLEYLXGY ETELLBAGEWY %ol TROGTEAAGEMY 0L LGTOL
alpopparyobY %ol €0V TNV ELAVLEY) LOVTaV®Y LoTOY.

’E 8 N \ 8 7\/\ \ —— \ e /,_ 8/ \ A
vO0TpoyELIRY) SLACWANVMGY) %ol TEYVITY) ALUATOGTY) dlveL 6ToVE Tvel-

v \ 3 / b \ \ / 3 3 o~ \ 3 /
povee Lovrovy Eugpovie. AdTd 10 wovtého elvan 10eddec 6Ty Exmaldeucy)
tomobethcenme ayyetoxev xaflethpomy, dvorytec 1) vdayyetaxig enepfpaceLs,

SVGAROAES Y ELPOLEYIRES TTROGTEEALGELS xal ETTeBAGELS 6TOVE TTVEDLOVEC.

=
To tehevrolor ypbvio T6 EpYaGTHPLO ADTO EYEL YIVEL 6 TLRTVOLG JELROVP-
o~ 3 A \ 3 \ \ ~ / o~ /

vixdc éxmandeloews oty latpund) Zyony 1ol [avermiotyuion w7c Nétuog
Koangpboviag nal yeroiponoeitor o xalquepvy) Boor amd yeipovpyode
A0V TRV eldoTTOY %ol latpdy Emelyoucag latpwetic. Katéyel xevrpuny)
Oéom oty exmaldevey Tpadpatos 670 Apepuravins Navtinsd xoal Tpbopota
&ye viobetnlel dmo tic yeppavineg oTpaTimTINEG LaTpinEs UTtypeaiee. Kivar
EQopbGLo 68 peydhn xhipaxa xal T0 2018 10 EpyacthpLo yeroipnoToLn-
papuboLo 62 peydin x| : pYaoThpLe YpnGLpOTOLY

Onne amo 2.093 yptiotec yio 7.039 énepfdoetc.

2OUTEQAG LT

\ \ \ 4 ~ / ~ \ ~
[Mopar tic onpavtinés Tpoddous T@MY TEASLTALOV SEXAETLRY, TO TEALLY
TopoLULEVEL Evar LEYEAO TTROSBA Oyel twe. ‘O mo dmoTel -
oot peydio TebLAnue Hyetag Tayrocpiong. ‘O mo drotelespa
TIXOG TPOTOG AVTLLETMTLGNG TOU TEofBAnuaToc adTol elval 7) avadiopyd-
~ € ~ e / \ ) \ / \ \ / 3
YOGT) TGV DTNPEGLOY VYelag 6t E0vind Eminedo, pe 1 SnuLovpyio eEeldineu-
UEVMY XEVTPMY TROLLATOC.
Adth 1) dvadiopydvmen Eyer idaitepy onuacio yie v Eandda, 1
e ’ 3 174 3 \ \ e / \ / \ b / 3 \
omota EyeL Eva o o VYNAGTepa TocosTe Davdtwy oty Edpmmy dnd tpo-
~ 3 A 3 e 4 ~ 3 / o~ b ~ b /
yoor atuyhuote. H viobérnon thic éxbéseme tc Apepnavinic Axadrnuiog
Eriotnuey v «undevixode Oavdtove Moym teadpatos amo adtods Tov
uopoly va TpofBheplolvy xal 1) EQoppoy? TMY GLUGTAGEMY TNG VLo TOVC
TpOTouE EmLTebieme adTol ToD 6ThY 0L AToTEAEL oNUavTIXG BTjua TEoC T

cwoty) xarediuver.
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ANATTEAIEZ GANATOY

‘O pbedpoc t7ic Anadnuioc x. 2régavog A. "Huehhog avoryyélier tov
Odvato 700 dxadnuainod Ilavou Avyopevidy, tob Zévou étaipov Nikola
Hajdin xal t@v avremiotelévtov pehdv thc Axadnuine Aqurntelov

ANalopidn xalAytiréa Tovpravrtavy.

211 cuvEyelo AaBavel Tov A6Y0 6 dxadnuainoc x. Xpfotog Zepepoc
ral Méver yia tov avo Avyopevidy ta €&

«Tov avo Avyopevidy yvoptoope otny ‘Eandda aro o portrTind
nog yeovia ¢ emtoxéntn xalnynTy 670 Tutpe Oueindc tob [averioTy-
wiouw Abnvov, T660 Eym doo xal 6 cuvadehoos Anuntene Navorovioc. Tov
yvmploape Gpomg Extoc amo xalnynTy) xal og dvbpmTo, dpydtepa 82 xal (g
ouvdderpo oty Axadnuie Abnvov. "Hrov 6 xabnyntic pe 6 yopdyeho,
TROGNVNG 68 HAoVS %ol TTavToTE EToLog va Epvaclel ot véeg 1déec.

Xroddace 677 Pusiropalnuotiny Zyond tob Haverioryuion Abnvev
KoL TTEOYLOTOTIOLNGE UETATTTUYLOAXES GTOUOES GTNY NAEXTPOVLXT ETLGTNUT,
ral 1 euox?) atic HITA, 676 [lavemiothpio Stanford, ol 6motou dvayo-
pelTrxe duddxtopas. Koydatnre Mg gpeuvntic 617y IBM xal dietéhese xo-
Onynrig oto Havemiothpia Stanford, UCLA xal Maryland, émou Sundfuve
70 EpeuvnTixs Epyacthplo Cybernetics Research Laboratory. Aietélese
avtimptedpog t¢ Caelum Research Corporation xal teyvixoc cbpoviog
TOMGOY EToLEEL®OY ol Onuposiwy Gpyavicpedv diebvide. To dnuocievpévo
emoTnovixd Tou Epvo UTTTpke dELOAGYO %ol dpopolGE ®Lplme TOLE TopELS
TG TEYVHTIC VOTLOGUYNG KL THY AVEATTTUEN %ol EQUPULOYY) TGV VELPOVLLEGY
S ThmV %ol TMY YNPLax®y LTTOAOYLETOV TNV LULTELRY, TLC TNHAETLXOLVMYLES

ral ) Bropyavie. Tipnlnxe pe wanldpa Sraxploewy, 6we Distinguished
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Professor of Electrical Engineering, Outstanding Educator of America »ol
Ford Foundation Fellow. Taxtixo pnéhoc t7c Axadnpiog ADnvev e£enéyr ©o
1993 xat dundbuve w6 Dpagetov "Emietiune i HIhnpogpopixtc »al Hie-
xtpovindic oty Axadnuie ABnvdv, dmov Selayovtay xvplog Epeuvec Lo-
TGV Epappoyev. Téhog, Sietéhese xal [Tpbedpog thc Anadnuiog ADnvddv
76 &toc 2009».

217 cuvéyeto hopfdver Tov A6Yo 6 axadnuainog x. Avroviog Kou-
v&dng xol Aéyet yia tov Nikola Hajdin <o e€7jc:

e bl \ 4 e ~ o~ b /7 3 o~ \

«O ey Eévog etalpoc g Axadnuiac Abnvov o 2005, xabn-
vieie ot Zyohy Hontiedv Myyovinev tob Hoavermiotyuiov 1ol Behypo-
dlov xal éml geLpa ETOV TpOEdpoc Thc LepPindic Axadnuioc Emiotnudy ol
Teyvov, ameBiooe otic 17 1ol maperlbvroc “lovkiov 6g faxio 96 Exddv

A \ / \ A /
ueto o Bpoyelo xal coPopd acbévela.

‘O Nikola Hajdin bwijpbe moyrocuion guféreiog Epeuvntig, Eumven-
GULEVOC GYESLUGTIC Kol LEAETTTYG YEQUEMY UEYIAMY GVOLYULETMY, AVT)pTY)-
uévoy amo enhiypapmo xarddir. Atetélese wéhog i Me dve Axadnuioc,
3 / / \ / \ / / \ / €
avTLTtp6edphe g Yo 9 ypdvia xal wpdedpde e yra 12 ypdvie. Qe xalin-
vrene Zdnpmv Koataoreu®v 676 [lavemothpto w0l Behvypadiov donoe
Emoyh, T660 ¢ EEEYmV SLdAGHRANOE HGO RLELOTATH (MG XOPUPULOS EPEV-
VIThG, Yo T ooyt 0tebvy cup oy Tou oty Extinmen TTig b popeng

~ / o~ 3 \ 3 \ / / ol
oupTepLpopds DPouévmy Leh®v Ao avolyTeg AeTToTOLYES StorTopés. Tuy-
KEXPLUEVOL ETLETUYE TNV ETERTAGTY) TG EpEuVNTIXTiC adTY|C TTepLoyTic, Tl Bd-

o~ e / 3 / e ~ b \ \ \ A
oeLs g omotag giye Ooer 6 Pdoog Epzuvytiic V. Vlassov, wpog Ty xoted-
Buver Epappoyiic Toue 6t yepupomotia. [lpdypartt, To onuavtins edpfpota

\ 4 b4 NV A / 3 \ \ 3 \ o~

Tov, 7oL meptédafe 6 Eva Sitopo clyypauus Tou éxdoley otig dpyEs TG
dexaetiog To0 70 amo Tov yvowoto Sielvy) oixo Springer — Verlag, petou-
clwoe 68 Tpdkn Epapublovtde T EMLTLYMS GTIV RATAGKEVT) LETAAMAOV
N )\ 8 —_— ~ - /)\ b ,’F ’A;/y 3 / ~ \ N \ 6 o~
YAAOOLOTOV YEQUEGY LeYIhwY avoryuatoy. ALilel enlorng vo wynuoveulel
7 oupford Tl N. Hajdin oty Eniduey mtpofhnuatony otpédems (68 ywpla
TUYOVGTG YEMUETPLUC) UE UEPLAEG OLAPOPLXES EELGOGELS EGEK GUVOPLUXMY
()\ ~ 3 /. (H /6 8 3 / \ e 7 3 / ; ~

broxhnpwTindy Eismoenv. ‘H puéhodog adth, iy dmolay dvémtule TpMToC
adtog 0 1954, Ozwpeitar mpddpopoc T cuyyeovou pelddou tdv cuvo-
ptax@®y oTolyetomv (boundary element method), prc nebédov Aoy amotehe-
CUATIXTG GHPEpa Yo TNV ETTLALGT duGYEp®Y TEORBANUATOY SLOLAGTATOY

p] ! ¢ 3 \ \ ¢/ 4 s 1. 3 \
évtdoeme. Ol épevvytinég meptoyec 6o 6 N. Hajdin elye onpoavtiny cup-
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Bo, pe tic 200 xal whéov dnpoctedoets Tou, elvar ol E&7jc: "Y' moAoYLoTIXES
ral aptbumTinég pébodor 68 mpolrnpata Oewplag EhacTindtnTog %ol do-
puTindc b ot mpofnipara Oewplag ShaoTixbryToc %
windic pnyovixdic, Dewplo AemToTOlY OV XATAGHEVDY, AVIALGT YEQLEMY KoLl
PEAYLITWY, GLUUTEPLPOEX TAY AATAGAEVODY GE xpovaeTixd optio. Afux

/ ;\ 3/ 53 e / A \ \ \
wvelog, petald &rrmv, elval 1 dnpocienst) Tov 6o dielivec weproduns Inter-
national Journal for Numerical Methods in Engineering (4, 1972, 523-539)
ue tirro «Mébodoc ‘Oroxdnpmtiniic 'ELicdoemg yio whyv Emiiuey Tpofir-

/ o~ ~ \ \ A / R A \
UATOV GLYORLIXMY TLLOV 677 dopuxy) pnyavexd. Mépoc 11: "Exreimrinee
\ \ ’; A \ / b A3 / A / \
uepieds Sapopines Eitcioeon. T4 pébodo adty) Eofppoce pe emtuyio e
D3poduvapra Epya (LeTabb TGOV 6TTolmy Telo LeYdA @iyt 6TT 2epflo)
P { pro lpheTas pLoc ey pexT 071 ~&p
3 \ /. \ \ / \ \ ~ o~ /
AN KVPLOTOTO VL& T1) LEAETT) XL XATAGHEVT) RPELAGTOY YEQLEGY (T6G0
68096pwy, 660 xal cLdnpodpopixdv) we e0liypappo xah@dio. Metald
adtov aEiler iaitepne pvelag 7 xataoxevashelioa otiyv woiy Novi Sad
TV 4Tt Tov ToTops Aodvafy) Tepl to Tl Thg dexaetiog Tob 70, Ilpd-
\ \ e / \ 4 3 \ S ’ 7 3 \
KELTOL YL L 680Q6R0 %pepacTh Yépuoa o edbbypappa xahdda, dhha
UE LOVY) GELPGL TTLAMYMY XaTo TOV &E0VaL TTG YEQUENS, TIRPAY L TTOV GUVETE-
YETOL SUGYEPELXL AVUAIGEMS MOV UELWPEVT)S AVTLETAGEWS 6E 6TREYTY), LoLal-
Tepa GRme olxovouirdc xal alslhrtinde ol Guopgre. ‘H petohins adwi
vépupa elye éhedlepo dvorypa 351 w., Tod oy T6TE TO pLeYahdITERO GTOY
%OGULO VLo TNV XATTY0PLOL XPELAGTOV YEQLEGY adTT T7c LopeTc. ‘H mpoy-
LOTLXG polo adTY) YEQUEOL, %Ol GUYXEXPLLEVE TO LEGHLO TNG BVOLYLOL, %ol
Tepploln, SusTuydc, xatd TH Stdpreia TV TeheuTalwy BouLapdioudy ToD
NATO wov Alyovoto 100 1999. Tav xatapprobeico adth veoupa —pwTo-
Yoopla Tic oTolag elye dnpociedoet ) Kalyueptvi— emonéplnuo peto 10
mépog TOV Poulapdiopdy pe ToOv cuvepydTy) wov avamAnewTy) xabnyrT)
% Twawidy, ratémy Tpooxdicems e LepPntc Axadnuiog Emietnuéy
ral Teyvedv, mpoxepnévon v Stepeuvicovpe P GLOAGYOLE oG TTROGPOPOLG
TpoToue dmoxatastacems the. "H¥n N vépupa adty dvaratasrevdslnre
07T TV EniPBredn) Tob xabrynTod N. Hajdin, pe ypnpatodétnen tic Edpw-
moixfc ‘Evoocewe. "Empbreito mepl Suoyepole éyyetpnpotoc —duoyepé-
GTEPOL Ao THY € VTTapY TiC RATUGKEVT THG YEQUPAS—, dd0LEVOL §TL 1) ATt~
rnatdotact The wpobnélete Ty dxplfh Extlpnem The YTdpyoLGas AVTOY TS
¢ peta Ty enerloboa BAdfy 61 Souind e oot
1 petd T ) pxd Tng GHGTIUL.
ALiler axbpo va pynpoveubel Eva o onpavtins €pvo Tou, 1) 6LdMpo-
Spouind) Yépuoa TV ATTO TOV ToTao Sava 6T Behiypddt, 7 6mola elvor 1

TEWTY 67OV X660 6LO7p0dpouLXT YEépupa raTacrevacielion e T0 Tpoava-
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pepley chotnua avapthceme. A tou peréty Erafle otig dpyec Tob 2000
70 Tp&To Poafelo dielvole Staymviopol Yid THY ®ATAGREVY ULES YEQUEAS
3 ~ ~ / / 3 \ \ \ ’ \ / o~
o070l Tol THTOL Thvew Ao TOv ToTaps Biotolha oty wéhy Plock ¢

[Torwviac.

‘O N. Hajdin &rvye peydine Sielvolc avayvmplosme yio 16 Epguvrtins
ral Emoyyelnatind Tou Epvo. Y'riple Eévog etalpog EAAmY AxadnuLdy, xal
Tp6edpoc 1) wéhog debviv EmioTrpovin@®y Emttpont®y Entt Hepatmv yepupo-

/ A 4 \ / / ; 4 ~ € o~
mottog. Atetédese TeyvixOe GVLBOVAOG LEYIAOY EEVMV TEYVIXGY ETOLEELDY
VL0 TNV RATAGAREVT) YEQUEMY G dLdpopes Y Mpeg ToL x66poy (dmwe Tvdieg,
Kavada, ‘ExBerio, Beetavia, [lohwvia x.ax.). "Edwoe sepivapro 1) Sroné-
Zelg 68 YVOoTa TovETLETAWLL %ol WeTiTolTe, 6mee 670 ‘Opocmovdiaxs
‘Tvertitolto Teyvonoyiag tic ‘ErBetiog 611 Zuplyn xol 618 Awldvvy, 676
University College 7o Aovdivou, cta llavemotiuia [lpdyoc, Mmport-
ordPoc, Tiuisodpac, routyrapdns, Apécdne, Awolépou nal Aayey, 6ta
Tvetirolra Myyavixedy 7 Kahrodrae xal 7 BouBdne, otiv "Evooy
Adotpranedv Myyavindv ot Biéwy, 1o [avemiothuio ¢ Bayddrne,
oty Axadnuia Dei Lincei oty Popyn, oty Kweluey Axadnpio "Emi-
ooV 676 Hlexivo, 676 "EOvine Metsdfio [loruteyvelo x.am.

To 2000 w6 EMII tév avaybpevce émitipo Suddxtopa. ®o mpémel
3 / \ ~ e ¢ / 3 \ pJ A AN/ / /
axbpo vo Tovielel 611 6 EEéy v adtoc EmoTmY, oL amohduBave LeYahng
EXTLLAGEMS GO TOV TEYVIXO X660 TTG Leplag, Staxplveto Yo ThY xaho-
6Uvn Tou xal T6 adapdvtive B0oc Tou. V' hele Oeppoc QLAérAny xol Stotpd-

A ~ e ~ ~ / 3, \ e /
GLOG ®NPLXAG TOD EMNATVLXOD TolTiapol. Alie pvelog elvar %ol 1) Loy

\ 3 / ~ 3 / 3 / \ 3 /
Tou TNV avaybpeusy) dtampendy EAvov Emiotnuévey 6 avTtemioTéN-
nhovTo LEAT), TorTixa LENY) 1) Eévous ETalpoug T Zepluetic Anadnuiog K-
o6V nal Teyvdv, petald tédv 6molwy 6 aeipvnetoc xalnynTie wol dxna-
dnpainog 1. Ozoyapre, ne Tov 6molo elye Lo poxpo %ol YOVLLO GUYEPYGLa,
o opthev 16 1997, gpvorepa 7 Ayyehnd) Aatov ol 677 cuvéyeta 6 %. 11
Boxotémovioc.

"Ac eival alwvio 7 vt 1
c %) LYALY) TOLD.

Kazdmwy hapfavel tov héyo 6 axadnpoairog x. Xoapddaprog Movtes-
Tovhog xal hével yia tov Anuitero Aalopldn to et

«O Anprrerog Aalapidng, opbtinoc xalnynic tiic Tatpintc Xyoiiic
70b Aptetoteietov Havemiotyuiov xol dvremiotélhoy péhoc T7ic Axadrpiog

AOnvedy, arogoityoe 6 1942 pe Babud «dproton o iy lateixnd Zyohy
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70b Havermiotynuion Abnpvev. Ao 10 1942 wg w0 1946 eldixedtnne o)
yerpovpywed xovta 67ov xabnynth [érpo Kouxahy. Ty {8t weplodo cup.-
petelye otov amerevlepmTind dydva dvavtiov Ty dpy @y tic Katoytc
OTTNPETMYTAS M YELpoLpYos TTc 8nc Mepapyiog o0 EAAX. To 1947 Enofe
TNV eldinb T T TOU YeLroD JELpovpY ol %ol GTY) GUVEYELN DTTYPETHGE (MG ETtL-
perntic 6ty A’ Xerpovpyind) Khwvier) wob [Mevixod Kpatixob Nosoxopetov
Herpondrc. Ao 16 1948 Ewe 70 1951 éxmfpwoe tic Doy pemoeLs Tov 6TOV
ENNVLXO 6TPaTO %ol Guécwe neta doplatrxe drevbuvtrc T7jc Xetpovpyiniic
Kawredic o0 Nosoxopetov 'Edésarc, Oéov oty dmola dmmpétnoe pe idiai-
Tepy) émutuyio wéypet w0 1953, To 1951 dvayopedtnne diddxtopac tic la-
Tpwedic Zyohtc tob [Havermiomyuion Abnvev xal 76 1953, mpofaivovrac o
TpwTN opa 6TV EANLSa 68 EmiTuy ) dyyeLopag) TTic BeoyLbviov dpTrplacg,
exhéybnre avremiotéhhov pwéhog tiic ‘Errnvixic Xewpovpyinic Erovpeloc.
Kozo iy mepiodo 1954-1958 petexmaldedtnne 670 Lwrepind, amo 10
1954 €wc 10 1955 670 Aovdivo xal 617 cuvéyein otic HITA, oty Kapdio-
Owponwery Xerpovpyind) Ky 1ol [avemiotnuion Hahnemann <7jg ®i-
rdéngetag. To 1958 énéotpede otny ‘EARdSa nal Epvdotyne doyind g
durchoc cuvepydrne tic Xerpovpyindjc xal Kapdiohoyindic Kiwvinte tob
Ixroxpareion Nosoxopeton Abnvay. To 1961 Swopiotrxe mpoictapevoc
700 Tuquaroc Xerpovpyintic Owpaxoc tob idiov Nocoxopeiov ol 16 1962
exéy e mopdmneel venynThe the Xewpovpyixic tob llavemisTypiov
AbBnviv nal Sopiotnre Srevbuvtic 617 veosustabelica Kapdioyeipovpyin)
Kawwery tob ‘Inmoxparteion Nocoxopeiov Abnvay. To 1969 &Zeréyyn to-
xtinoc xobnynmic thc Xepovpyindic xal drevbuvtic g A’ Xewpovpyiniic
Kawnedic 1ol Havermomyuion Ocsoarovivne 616 Nosoxopeio AXEIIA.
Kowo m) Sudpnera w7 xabnyesiog tov 6 A Aalopidng dnpiobpynoe «Xy ol
Xetpovpyixdion 677 Oscoonoviny. Yrfple and ToLg TpdTOUE, LETA TOV
RELUVNGTO Zxahréa, TOL TRAYUATOTOLNGOY UETOUUOGYEVGT, YEPEOD GTNY
Enado xal cuvéBade 6thy E3palmen TOV VEQELX®Y LETULOGYEVGEWY GTT)
ropa poc. [powbnee thy xapdioyetpovpyiny) ot B. ‘EadSa 1dpbovrac 16
1984 wiyv mpwty Havemiotnuions Kapdioyetpovpyint) Ky tol Apioto-
tehetou [Havemiotnuion 671 Occoanoviny. Avadiopydvmes 6 TeLpaLoTind
yeLpovpyelo thc Kvixdc xal avémrtule moxileg SpactnpLdTyTeg ol Tpm-
T0BoVALEG GTNY TPOTTTUY L) LoTpLeY) ExTtaldeuay) ol 6Ty ExmtaldeusT 6Thy
eldubrrTo Tic yetpovpyixdc. To Epeuvntind Tou Epyo avadewvietor péca

3 \ \ \ bl / ¢ ¢ ~ A \
amo Tl 36D cuvola Epyaciec Tou, ol 6moleg dnuostebbnray ot Eyrupn
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Suebvi) xal Ennvixs meprodixa. To Sitopo cdyypapps tov, Extacng 2.000
Teplmou 6ehldwy, UTTO OV Titho MeTamruytoxy) yetpovpyixy) ATOTENEGE 6T -
UELD QVoLQOPAE YL TOY JELPOLEYG, VM GTHY xhvixy) Tou exmovhlnray 29
dudantopinee SatpLfec nal 15 bonyesiec. ‘O A. Aalapidne Sietérese amo T0
1981 Ewc 70 1982 xocunropac tic latpixic Lyohfic ol Aptetoteleion
[ovemistyuion. lpooxrflnxre d¢ émonerntne xalnyntie otic latpinee
Xyohéc 10U llavemoryuion Hahnemann ot Ouaadérgeia (1979), wob Har-
vard 677 Bootdvy (1980), 7600 Mount Sinai 677 Néa YVépxr (1981) xal 7ol
Awbfepov o1 [Meppavia (1983). Awetéhese mpdedpoc Tijc cuvTanTIXTC EmtL-
TpOTYE TOL TepLodwol Earyvexy) Tatouxy) xol LENOC TGV GUVTAXTIXMY ETTL-
TpoTtdY Ty Teptodixdy World Journal of Surgery xol International Angi-
ology, 7ob ‘Emistypovixot Zvpfoviiov tol Apepirxavixol Koheyiou
[obn6ewv Odparog, To0 Entetypovinoel Zupoviiov g Aebvole Xer-
povpyindic ‘Ertatpeioc xal moAhGY Moy Sielvidy ol ENANVIXGY LaTpindy
etonpet®dv. Kot v meplodo 1976-1978 Sietéhece mpdedpoc wob A2 t7jg
Torpuedic ‘Erowpeioc Ococahovinne. Tupnlnxe pe 16 ypueod petdino A’ Ta-
Zews 100 Meyahopdprupoc Avyiov Anuntelov xal 10 ypvso Beafelo Tol
Tdpdparoc “lwavvrne xol Avva Beddidn”, Erafe 8¢ xal morhd dhho Bpofeto
%ol TLLTTIXEG SLaxploels oo ETLGTHLOVIXEG EToLpeleg xal dhhoug wopele. To
1989, peta v agurreétneyn tov ano to llavemotiuio Gescadovixyc,
exhéytnne opbTinog xolnyntic. To émotéyacua thc avayvapione Tob
Eovou nal i Teocpopds ToU A. Aalupldn 6Thy laTpind) ETLGTALY Xl GTNY
®oovia froy 1) Tewdreel exhoyn tov 10 1993 dc dvremiotéhhovTog pé-
novg T Axadnuiog ADnvov.
Arefimoe Thnene Hrepdv v 22a Tovviov 2019.

‘H pvnwn tov dc eivar alwvion
wvnuen T ¢ .

271 ouvéyelo AapBdver Tov A6Y0 6 dxadnpainoc x. Anuntelog Gdvog
nal Aéyer yia Tov Ayéa Tovpxovtdvy to €7c:

«O Aynéac Tovpravravne, 6potipmoc xalnynmie e Tatpwdc
Xyorfc w0 Aptetotereion [lavemiotyuion xal dvremiotélov péhog Tiic
Axadnpioc Abnvev, yevwnnxe otov BapvdBa Attiedic 70 1935. "Erafe 16
wruylo i latpixdic amo to [Havemiothpio Abyvady 6 1961, Ano tov la-
vouapto T 1962 Eme wov OxtadBero Tl 1963 pydolnxe dc eldixevibpevog
Bonloc o1 Oepameutiny; Kiwvind 1ol Tavemotnpion AOnvidv. Ao tov
OxtaBero 100 1963 péypr wov Aexépforo tob 1965 épyachnne oty A’
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Hobonoyinn Havemornuions K 1ol "Eievbéoou Haverioryuion tod
A. Beporivou o¢ bmétpogoc i Ymnpestog Axadnpoindy Avtohhoydy
e Peppovindic KuBepviioseme. To 1965 dvannpdyfnxe Siddntopac tob
Hovemiomyuion Abngviv. To 1966, xatémy mpooxhncewe, petély oty
Hobonoyind Monvxhvind thc latpindic Zyortc tob Havemiotyuiov Frei-
burg, émou apyLxa Epydcehnre ¢ domwrepinic Ponbic, anorodlng g emipe-
MTie %ol Téhog G mpoicTdpevos Tob Tunpatog Teyvntod Negpol xol
Negpuedv Metapocyeicewv. To 1970 éxnéybnxe Sonyntig amd wny la-
oty 2y o) tob [avemiotyuiov Freiburg xal Alyo apyérepa petéfy oto
Aovdivo, 676 Negporoyino Tufjue tol Guy’s Hospital, 7o wapaxorod-
Once oepvaplo yia Tl veppixeg petapocyeioets, tig nebddous lotooupBa-
TOTHTOC ROl THY EQUPLOYTY) AVOGOXATAGTANTINGDY QUOUIKOV.

Tov Tobho 100 1971 nal peta amo mpdtacy tc latpintic Xyohiic Tol
Hovemiotypiov Freiburg, wob yopnynlnxe dmotpogio yio petexmaldevoy)
ral Epeuva 6Tl Hvopévee [lohrelee tic Apepuetic. "Eoydshnxe 616 Uni-
versity of Washington 76 Seattle, 616 University of Georgetown 77 Wash-
ington D.C. xal 676 Boston University. Mehrétnoe Oépata alpoxdbfoporc,
VEQELXTIC UETALOGYEVGTG, APTNpLaxTc DTTEPTAGTC, GEElag ol JpoVLaG ve-
PPLXTIC AVETAPUELC.

To 1972 éxnéybnue eninovpoc xabnyric thic latpindic Zyohtc tol
Hovemiotypiov Oeocadrovivne, w0 1975 Extantoc xabnyntie xol Siev-
Buvtie thc A’ Haboroyindic Khwvidic to0 Apiototedreion xal 76 1980 <o-
w7inoc xobnynTie xal Stevbuveie w7 A’ [aforoyietic Kawviedic. Tav K-
vt by Sundfuve éxtl 27 cuvarta €. [poéln athy Thney avadiopydveme
6 nE Ty pue véwy Tunuarwy, Eidudy Movddwv Nocnieioc, Koeuvn-
Tix®v Epyastnolov xal Eidudv EZwmtepindv latpelmy. 2t ypovint) we-
otodo 1975-2002 doxnbnray oty Khwvied mod Sundbuve yio w1 Aqdy tod
Tithov eldubTyrog Tabohoyiag 185 latpol xal &ahol 119 &ihwy dmoetdixo-
TtV TT¢ EcwTepntc mafloroyiag.

Atetéhese mpbedpog o0 Tufparoc Tatpwdc, Stevbuvtic wob Topéa
Hobonoyiac, péhog t7ic Zuyxafrou tob Apiototeheion [avemiotnuion xal
TOMOY ETLETNULOVIXGY ETatpet®dy, xabme xal mpbedpog Enl moAha ¥ povLa
TGV EEeTaCTIXGY ETLTPOTOV YI& T1) L 0p7YNo™ ToU TitAou eldwbTnToc To-
Bohovyiag xal vepporoyioc.

To gpeuvnmins Tov €pyo avadeinvietal péoo dmo 38D Epyaciec ol 6Toleg

dnrocLetinray 6e Sebvh »al EAANVLXG ETLOTNILOVING. TTEQLOSLYA KOl TOo-
uociedlinxay o K ) CTUOVIKE Tep %ol



126 ITPAKTIKA THX AKAAHMIAY AOHNQN

xTind cuvedplov, xabme éniong xol amd dvaxowvmoels 68 EAATVLXS ®ol di-
eOvi] cuvédpra. 2ty whwvid) Tou Exmoviinxay 4 SwateLBec nl Doryesio xol
34 Sudaxtoprés SratpLféc.

"Etuye ToAAGY TLu TGy Staxploenmy oty EARLSa xol 6 EEmTepLnd.
To AX. 700 Nocoxopeion AXEIIA pe 6pbpovn drnopach Tov Gvopace thy
mwrépuya 6o oreyaletor N A’ aboroyuery Khwviery to0 AIIO “I1<épuya
rafnynTod Ayunéa Tovpravtavy”, ot Evdelly Tiutic xol dvayvmpeLeng Lo
TV TONITAELEY) %ol onpavTiny) oLUBolY Tou 6Ty dvaBabuien TGV voor-
AeLTIX®Y DTTYPEGLAY %ol TGOV ExTaldeuTindy dpastretothitonv Tol 18pi-
LOLTOC.

To 2005 7 Axadnuio Abnvev tov eEénele avremioTéhhoy LENOC TY)C
670V xhado 7 mafohoyiag.

AreBilooe w1 127 Adyodetov 2019 6& fhxio 84 tdv.

‘H pvipn tov dic clvar alwvion.

¢ € 4 ~ e \ o~ \ 3 A o~ 3 /
H ‘Oopéhein Trpel évoc Aemtol 6Ly el VUV TGOV EXALTOVTWY.
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H ITPOXTAXZIA TON MNHMEIQN THX ITOAITIZETIKHZ
KAHPONOMIAX KAT TON MNHMEIQN THXZ OYXHE
AI1O THN ANOPQITOI'ENH KAIMATIKH AAAATH

ENNSTHMONIKH ANAKOINQEH TOY AKAAHMATKOY
». XPHETOY ZEPE®OY

To depotor noLpind Qovbueve xal 6 GVTIRTUTTOC TAY SUGULEVGDY KALLYL-
‘ pLedt Qv g 7 7
T &V ouVbdy paxpomtpbbesua nmopoby SuvnTind va Bradouy erpavTId
TV TOMTLETIXT %ol Quexd) xhnpovoute. Eoav d&v évepyhoovpe duesa, 7

nupLee pmopel va elvot 1) avosTpédL).

H ‘Exnnvind Kuépvnor, pe Bobio gvnouyio yie wov dvtixtumo T7ic dA-
MY Tie ToU wAUATOG GTNY TOMTLGTING KoL QUGLKT) XNTPOVOLLY, DLOPYAVMGE

Yii pazos o7 ) %ol uowe) xhnpovousd, Sopy
Tov mepacpévo lodvio diehvy) émietruoviny) dudoxedn pe titho «Climate
Change Impacts on Cultural Heritage: Facing the Challenge», 677y 6olo cup.-
UeTely oy ETLOTNOVES ATt 43 yopeg (AD7va, 21-22 Touviou 2019).

To supmepdopata T60 cuvedpiov adTob cuvodiclnxay 6 xowr) Teo-
tocn thc ErndSac pe tov Hoyrbopro Metewporoyins 'Opyavious (WMO)
»al v UNESCO pe titho «Addressing climate change impacts on cultural
and natural heritagen. ‘H mpbtaoy adty éneréyyn ano tov evixs [Mpop-
notéa 100 OHE vo oupmepihnebel petald tov wwéa eufBrnuoatindy Oepo-
TI®Y GLULLAY LY oL elyay HO7 cuoTabel eldued yie Ty Xidvodo Kopueig

\ \ / ¢ / 3 \ 3 ~ 14 / 4
viee 760 Kiipo. Ot mpotdoeig adtec amotehoby €va GUVOAO GUYAEXPLLEVGWY
dodoewy, 68 cuLowvie Ue Tove atdyoue Thc Bidhoitune Avamtuine, tov

’ ¢ 0 =0
otoyous TV Hapiolwy xal tig Tpotdees Tob WMO xal t7c UNESCO.

To “Yrovpyelo 'ELotepindy, péow e dpprodiov Tpésfews wuplag Aod-

P @ ) ‘ P P G ®VP
7o, peptpvnoe Hote va Topovstaclel 1 wowr mpdtasy Eaddoc — WMO —
UNESCO 6t eiduer) éxdnrme, ET6L O6Te 1) TpdTasy) v THYEL T7)6 VTTOGTAHEL
I ) 1 7P pé G ISt/
TOMDY %paATGOV-LeADY ol Stebvadv dpyaviopdv. Ty mpdrasy Tapovsiacay:
4 \ / ~ ~ ~ ~

— 6 yevog ypoppatéas tob Aelvolc Metewporoyinod ‘Opyaviouos
(WMO) professor Petteri Taalas,

— 7 vmovpyog [lontiopol xal AOantiopold xupta Alve Mevddvy,

e e \ / \ / / / /

— 7 Omovpyoc Howdetlag xal Opnoxevudrtmy xupta Nixn Kepapéwe,

— 7 avaminportete yevind) devbivroia Emietyuév t7ic UNESCO Dr.
Shamila Nair-Bedouelle,
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— 0 yevog yeoppatéos Duoinol IlepiBdrnrovroc xal “Y'dartmv xabn-
vihe Kovetavtivoe Apafworc,
— 6 devbuvtrg Tl Kévrpou yia 1) Biwowpn Avarruly xal XdpBoviog
70U I'THE i todg 2tdyoue Buborpre Avarruirg professor Jeffrey Sachs,
— 70 péhog tob Extehestinod [Npagelov t7¢ Europa Nostra professor
Paolo Vitti, ol
— 6 ouvtovethc Thc ‘Opddac "Eeyactioc yie v whipotind) dAhoy)
%ol T TONTLETLXY) ©Anpovoptd T65 ICOMOS %. Andrew Potts, 6 6molog xol
GUYTGVLGE TNV TLPOVGLAGT).
3 / b4 3 / 3 ~ / 3/, ! 3 \
H rapovsiasy Eruye edpitatng amodoyiic Subtt Eyivay TapepBdoets &mod
Tov eldnd amestahwévo tol I'THE yia 16 Climate Summit, wpésu tob Me-
Zuweob, %. Luis Alfonso De Alba, xafcg »al amwo tode dmovpyove [eptBan-
rovtog [ohwviag, 6 6molog Arav nal wededpog thc COP 24 (Katofitoe, Ae-
#epforoc 2018) t7¢ UNFCCC, ». Michal Kurtyka ol Kdrpou x. Kwvetavtivo
Kad7, 6mwe xal amo tov dmoveyo Emuoateioc moos 76 1ooédow thc Nixa-
’ v i i I
edyova %. Paul Oquist Kelly. "Exiore, odvropy mapéupacy mpaypatonolnce
6 ouuBoviog tiic Hmovpyol [lohtiopol xal ADayticpel x. Kovetavtivoe
Kaprdnme.
Ot opnnree ornelybnxay oty Tethoyio Tod cuvtdybrxe dmo iy émt-
pLATTES TPl U Y TpLAOY sl I
\ 3 \ \ e / 3 \ \ e \ Y ~ o~ ey
oTRoVIXT EmLToTty) oL Gplolnxe dmd Tov Ymovpeyd ELontepindv tic K-
Do, pe TpOEdPo TOV axadnuaine x. Xetioto Lepepb, endmtn Tob Kévrpou
5, 2 mpbedp ] & pe, 0 g
"Epeivne Quowetic e Atpoosgaipag xal Khpatohoyioe v Axadnuiog
AOnvedv, xal i) StafodheusT yio THY %o TIANEY GTO KOO EYYPLPO UE TOV
I ’ | l I v ¢
WMO xal w7y UNESCO. ‘H mtpbrasy cupmeptérafe thyv dvdyxy Tpoctaciog
70U Quoxol TepLBarnovTog, xalag xal T6hv pvnuelov. "Orwe elye tovisbel
@ g &, xalog %ol oy pypetov. ‘Omog gye Tons
\ /Q ~ ~ / 5 ’ ~ e ’ ~
670 6uVESpLo Thv ADnv@dy Tapovsia ExmposmTwy 48 xpatdv, 1) oyéen TGV
UVTUELDY TG @UGTC e Ta LVHUELL TTiG TOMTLOTIXTC XANEOVOULLAC ELverl
b \ \ e o~ \ o~ o~ ~ N \ .o o~ \
&peom. Acv O Hmrjpye 16 Mavtelo T@v Achodv v 0ev mpolnipye 0 wvr-
UELD THG @UENE TTOL EVaLl T8 YEMAOYLXA Y oparTNELe T Ty Aehpdv. Olte
Oc elye eyypapel 6 Hapbevmvac ot cpalpa tic Téletag appoviag, pe )
YVOGTY Gvaxdhulr TG Y eLGTiS TouTg, &v dev mpolrheye 6 Tepoc Bpayoc
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vooppd wetolfd ‘EandSoc xol AXPBovicg xal pe o Epubpa Bély paivovror ol
3 7\ \ 8 8/ /ﬂ_ 174 \ 7 M 7 \ 4 14 \
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[TANHI'YPIKH 2YNEAPIA THX 24ns OKTQBPIOY 2019 137

Xdpwne dp. 1.

‘H Aecvtépa [lepiodoc dpyroe tnyv emopévn 147 Noepfplov xal Eonpave
TNV ATOAELX TTG TEWTOROVALLG 8Tt TALEAS TTaAGY nal Thv dvdiny Emt-
Oetinddy Emiyeipoewy o Tig duvdpels pag 68 6ho TO UT%0G TOU LETMTOL.
‘H meptodoc adty Sufprese el Eva Sipnvo mtepimon, péy et thv 67 Tavovapion
1941. Tay weptodo adth yopantneilet 7 émbetindtyra TMY Suvdpemy pog
ral avrioTouyo 1) avertituyne wpoomdlein Ty Ttahdv va xpatnloly maey
Ouoia oe Sradoyixee yoappee audvne. Me t6 téhog tic mepLbdon, lotepa
amo vrepavlpwres wpooTabeleg xdTw AT TOAD SUGULEVELS RALPLXES GLV-
O7nec val 6¢ Edapoc (g Eml T TAELGTOY GPELVG, 0L SUVOLUELG [LoLG ELY oY BTTE-
revbepioer ) 177 NoepBelov v "Epcéxa, v 220 1ol idlov punvoc o
Aeoxofine xol mhv Koputed, tiv 37 Aexepfeiov wnv [pepety, thv 87 Ae-
repfptov 10 Apyvpbractpo, Thv Tpwtebousa TT¢ Bopeiov "Hrelpou, eved
TNV TRONYOVUEVY), Népa Tovg Avioug Xapdvto. Me w1 aniy tic mepLédov
Ty émleTind®y Emiyepnocmy, ) Yooy Tob peTmmou meptéhafe GAn T
Bépero "Hrerpo xal elye 6mmg 670y ydptn dp. 2, Arot arwo w1 Xewpwapo voTLo

Ewe 10 [1oypadete Bopera. X7 adtod 10 6muelo Tg 6ULAlag, ®upleg xal xHpLoL,
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Xdptng ap. 2.

opelhm va avolle pa Topévlesy xal va el Gt adt) 7To ) TelTY amelen-
O¢pwaon ¢ Bopelov Hrelpov amo tov Ennnvino otpatéd. ‘H mpmty Eyive t0
1912-1913, 8rav 6 anPoavoc Nyérne lopani Bidpo avexnpuie v A-
Boavioe adtévopy. Téte 0 Ennnvint wufépvnor Siétale v TpocTacie To0
EMVLoD TANOLGLOD xal 6 6TpaToE pog Epoymence ey el ToL Uloug TTig
Adrevoc. Apyétepa dmectplnoay ol Suvapeie pog xol Emavéxapdoy yio
dedtepy gopa 6 1914, o yie thv wpooTasioa ToU ENVIxoD TAnHuopol,
UE T GVULPWVY YYOUT %ol TV cuppaywy (eiye gpyioet 6 A" layrbopioc
[Ténepoc). ‘H Telry elvor adtyy oty 6ola avapepduebor.

H Sieicduoy t6dv ENNnvinev Suvapenmy elye éva Babfoc xupatvépevo amo
50 Ewc 70 yunbp. edbeloc yooputic. Méya 10 xatdpbwpa, yopts 676 HYnro
H0es TOV pay TGOV, 6THY nahy) Nyecio nal SLolxr T 68 Ghor To KALLIALYL KoLl
6TOV 60oTO Emiyelpnotaxs oyediacut. ‘O Bopde yetpdvas, T Gpevo ToD
€ddpoug, 1) ENNeLdr) SpoLoNOYLOY, Ol ATOAELES LAY TMY GTO TOV &Y MVO Kol
70 Sprd Yhyog %ol ol ENheldelg oL &pyLtooy Vo TPOLGLALOLY TR TAGTNS

POGEMG DAXG %ol To TLPopayLxd ETERahay THY avasToly) TT¢ émtletindic
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2ovtod, 670V 6TT0lo ypémoe THV amotuyle, wE Tov otpatnyo KaBaiiépo

’ M pa: I JATTI paTY )
7oL 770 6 TpLlTog dtadoy s SLokN TG TOU LETMTOL éGa 6 Y pbvo Do Te-
PLTTOU LNV,
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pewy xal Thy énitevin tob eLapyTic 6Toyov Tic eloBoATc ®al XATIXTNGYC
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ENNTVIXTIC Y ERGOVAGOL, aDTO AxpLB&c TToL d&v ely o xatapépel ol GOLILY oL

toug Tronol. Meta xal thv ey dmotuyle t7g Enpvijc avrenibesne T@vy
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Bzpo TOV ERANVLXO Y Gp0o 677 Stdfecr) ToD GvTimdou, YLk TV Hpo xuplme TG
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rata i Pwcloac éxifieor, t0 yvooto 6730 (Mrapurapbosan, dpytoe
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(O 6 \ e / \ 3 8 N \ 3 I3 Z )\/ \ 7\
rafinynTic lotoplag xal axadnuainoc gelpvnetos LBohGTovAOG

gpelvroe TG TGV ETeV To apyela The Emitpontc Péumeptooy xal mpoéfy



[TANHI'YPIKH 2YNEAPIA THX 24ns OKTQBPIOY 2019 141

\ \ 3 / 3 \ 3 A ~ \ ~ 3 3 / \ ~
68 GYETXY) AVaXOlYOGT) aTto adTo E36 70 Brue. ‘H émitpony, pe Emixegontic
Tov totopind Pourmeprtoov, elye ouotabel armo w7 Bpetavind) wuépvnon Yo
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enThetd Tov 670 Umpa Kapaprr 6 1dioc 6 Movsorive. Tic irahineg emibé-
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660 xol thc [ohepndic Agpomoptlog pac. Kol ol 800 adtol xaddor wav "Evo-

! 7 € A \ e \ \ 7 3 /

Thwv Avvapedy pog DTecThpLLay e Npmlopo xal prboxivduveg Emuyelph-
GELS TOV JEEGULO QY MVXL, THY GGQIAELN MUEVMY %ol TOAEOMY, TLC GTEUTLO-
TIXEC PETAQOpE, TOV Duhdosoio xal evaépLo y@po tijc Hatpidog xal elyay t6

/8 / \ b 6 7 e \ 3 ’ € / 3 o~ o~
uepidit Toug otle avbpmmives xal Vxes amdiretes. ‘O ypbvoc adtic Tiic
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e ’ \ ~ 3 / 3 \ b \ \ / 3 \ b \ 3 b
OULALG BEV [LOLG ETILTPETEL EXTEVY) AVULQOPG. GTT) dPAGT TOUG, GAAL ADTO ET
0VOEVL LELMVEL T LEYRAY) GUVELGPOQRY TOUG, GVOLYVWELEUEVY) ATTO A AN
%ol 3o ToLG EEvouc.

X adTOY TOV TOAEUO, 0VOELG UTTOPEL Vo TO appLeBnThceL 6TL 6 EAAY)-
o Aaog E8mwoe TOv xahhitepo €autd Tou. "Kdeile Gheg Tic TpoyovLxes
QPETEG: TV UEYGAY) ®AN)POVOULXY) TROLxa THG QUATIG" T7) QLAOTATElo, TNV
3 ! \ \ b / \ 3 / \ ~ 3 / \ 3
oy Tpos Ty Ehevleplo, Thv avdpeio, 0 Tvelpa adtobuciag, ThY GAAT-
reyyon. ‘H opévora xal w0 @povipo Ty Erivov 6tov Gdisto Babuo xo-

’ \ / \ ~ ¢ \ \ \ \ o~ /

Tnb0uvay Tic Tpakets Toug, 68 TVebpa dpLhag Yo TO ToLos Oo povel xohi-
’ \ e / / \ \ 3 N ~ \ \ ~
TEPOC TUTELOTNG. Agv DTty ovy A6yl yia va arodolel TioTa TO peyahelo
~ 4 o~ o~ 3 / 174 / \ / C \ \ e
T EMVLTic YuyTic. Y'apy oy Bume YeyovoTa xol Ttedkels ToL TO GLLOAG-
YOOV xota TOV TAEOY elYAmTTO TEoTo. Od dvagpépw xamota xal gocic Oa
%pLVETE.

Y& pea depopayto, 6 “Ednvac depomtopoc Zaxehhaplov Siepfoitce Eva
LTOAXO Lo T)TLRO GEROGXAPOG Xul QUGLYA %o TéTesay xal Epovedinooy xal
ol 8%o mhdToL. "Otav Ephace w0 OnPepo dyyerpwo 6Tov Tatépa Zoarehho-

7 bl

y \ 7\ / 6 b4 8 ! \ 4 ,—\ plA — / b4
olov, adTog xhelolnxe 6 Eva Swpdtio xol péoa 6Tov dgato mhvo Tou Eypale

\ e

70 &7 Eheyelo:

Vs gmd To Midwveve vy dyyéron @ldver / Etotpace matépa
1A% o7 pwvn ayy P ® e
\ ! ! \ 3 / / o~ /
L.oL T daEvvo atepdavt / Tig ddehpéc pov piAnce, THC LIvag Loy
\ / / \ / / \ / / / \
76 yépt | atdoou ot 0éom pov methe, 676 ndle 0éhnud T / nal
/ € A ’ 3 \ \ ; / / \ 3/ / €
Tég TG VTEPNPave TTPMTY avTY) v Eépel [ mme &Y wdver, 7

Eandce, pe xpdtnoe xovtd THON.

Arep.foropo gy Opuxol depoonagoug elye mitiyet xal &Ahog depombpog
uog, 6 Moapivog Mytpanéine. "Evépyeia oxdmipov EuBoiionol poynrinol
AEPOGAAPOVE OV £y el GUULPBEL G& TOAEULRES ETTLYELRTIGELS TTAYROGULWC.

e 30N TEplTT™eT), TUTEPaS LE TO HVopo XopahdkTtous, oL elye d%0o

\ \ 4 3/ 3 \ b \ \ 14 \ ~ ~ \ A
YLoUG 6TO PETOTO, Ehafie EMLGTOAY) &to TOV Evay oL Tol {nToloe T7) died-
Buver ToU ddedpol Tou 670 péTmTo Yid va Emixovmvicel pall Tou, %ol 6
Totépas, wEco 6TV Them AT Tou, dmavta: «llowdl pov, wol Cntdc )
dredfuver) Tob adehgol cou. Lol T Ypapw xal celie THY xopdid Gou...
[Tévhz0v ‘Hodbwwn.

H pnrépa Erévy Toawidon, deol Erafe 10 dyyeipo tol Oavdtov evig
aTTH TOVG YLoVg TS TOL LTTNPETOLGAY 6TO YETWTO, Eypale ETLGTONT) GTOV

Tpwiumovpyod Kopuld), &ovoa @¢ &7 «Kpre mpmbumovpyé, 6 uibe pou
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Eddyyehoc Toavidrne drwhésh cic toc emiyeproeie t7c Kietsodpag. [la-
/ 3 \ 14 >/ € ~ ~ /, A
eNyyeha glg Tove Téasapag oY) LTnpetobvtac Xetiotov, Kootay, 'edp-

\ / A 8 6 ~ \ 6 / ~ ) 8 ~ "~ 3 3
yrov xal Nixov va éxdixnfodv tov Oovato 1ol adehgod Twv. Kpatd elc Epe-
dpelay dhhovs Técoapag viode, xhdcewy 1917 xol vewtépmv. [lapoxahd
Omog ¥ A6 GvopacTIXGE ®al 00ToL, ELG TAGHY TEPLTTMOGLY AVAYXYS TT)C

7 o\ \ 3 /. \ e 14 4 / € /
Hotpidoc, 7 Tuyov amdietas xal 7€pon Téxvou pov. Zhto 7 [atpion.
\ ~ \ 3 14 \ \ b / 3 \
Oa propolon v avopépem %ol TOAL AN TEPLETOTLIAG, EVOELXTIXA
700 DYNA0D QpovARaTog ToU Aol %ol yevixd adTob TToY 6vouslovPE (TTvelLa
7ob "40». ‘H &pvnom g ‘Eaddoc va dmotaybel otodv etatlpo Tob anTTrTOL
¢ t6te ALova Popre-Bepohivou 8ev firav amposdbnntn o¢ otacy tol
3 ~ ~ ~ e ’ ~ 3 ~ ~ 3
eEMvixod haol. Trpoloe tic dmayopedoeis T7c Rt xAnpovourdc tou. ‘H
/ ~ e / / \ / ~ o~ \ ~
vixn t6v EXvov péca 670 TAaioto TGY TOMTIXGY Xl GTRATLOTIXGY de-
/ / \ b e\ ~ \ 3 / 3 \
Sopévmy ThTE, 6TOV EdpWTAIXG Y Mo, O&v elye povo Niuocuvarshnuoatind
\ b \ 3 I\ \ < \ \ \ A 3 \ \
rol EpYuyoTiey) Eidpact 6Tobe DTG yLTASELXY) xaToy Y hoolg, GAAG %ol
\ ) 7 N \ bl 7 ! \ / \ \
TPUXTIXOTOALTLIRY) EidpacT, dnAady) Emidpacy mhvew 617 6Tdor ®ol 67Tig
3 / ~ ~ - \ \ \ 3 14 ; ~ 4 14
ATOPAGELS TOV %pATOV GyYeTixd pe Thy E2EMEy Tob mohépou. Birémope 8-
\ \ 3 / o~ 3 7 \ / \ JN E \
rad7y peay ampobupia tic Tomaviag va mpocyweroet 6tov Afover, pio cro-
Oz &pvnom tiic Tovpxriag va eloéhber 670V THAeRo 676 Thevpo T7c Neppo-
viag, ampobupio 76 v g Mé AvaTohT] L Tig Al
¢, ampobupio T@Y ywedv thc Méong Avatodic, xuplwe tic Alydmrov,
! \ 14 \ 3 / ~ / \ ! \
%4l oL GuVEBahe 6TV aoTuy e ToD XITAER VO TAGLAGEL TG LEGUYOLTO-
Mxo meTpéhata, oY ToD fTay amohdtoe anapaithTe. Ol Emimtdces TTg
ENNVLXTIC Vixng 88y oy pévo adto ToL Exw 7107 avapépet, ONAwdY ) Gvo-
QU 15 1Tav TO TOV £ 1|07 PEPEL, 0nNA%OY T} &
Bold) tic Huepounviag énibecng xata tic Pwolac pe tic yvwotec cuvéretéc
. Ednuiobpynoe 0 ENAnvied) vivy modhamwhes avtidpdoeis — ol 0ev EmL-
~ € \ \ 3 3 / ~ / b ~ 3 \ /
#ahOURoL EAANVIXEG TNYEC G AGOetsn ToD YeyoviTog adTol ahha Eévn
Ty, T AeyOevto amd Tov Néeh Mradinep, drovpyo tote t7ic Ayyhiog, To
nac Stvouy pea xafap?, edpbtepy Sidotacy i onuaciac Tic vixne. Aéyel
6 Mraiixep: «Av 7 ‘Edhdc évédide 670 tehesiypagpo to0 Movcohiv, xavele
\ \ 3 \ 4 \ \ A \ / b / 3 o~ /
dev Oa elye 76 Suatmpa va Ty xatnyopnoet. To Aéyw adtd, v yvmptlope
ToTe nol yvoptlope ohuepo axdpa xarhitepo T 0o cpatve YL watg ol Lo
\ 9‘\// e 6 7\/‘\/ ’,_/ (O )/AC 6\ 3 3 \ /_/ ”_\
OV ay@ve pag ) ouvbnxoréynen adT. Zovac Oa elye amod téte o)
/ / ¢/ \ 3 /, \ A / \ \ ~
duabesn tov Gan vy Edpmmy yio ve dvarmtilet Tl Ypoes TGOV GLYXOLV®-
~ A / \ \ e A ! \ ~ Pl 3 \
vtev Tov. T depomhdve xal to doBpelytd Touv O xuptapyoloay Extote dmo
Tig axteg i ‘Eaadoc ot 6hdxhmer i) Mesbyero. T6 Epyo tiic dpuvie pag
oty Alyurto Oo yvétoy Tohd Susxoidtepo. ‘H Zupta, 76 Tedx, 76 Tedv, 7

Kimpog O narahopfavovray amd tov AZova. ‘H Tovpxio Oo xuxhwvézay.
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Ot wetpehanomnyec T Eyyie Avatoric O fioav 671 dabes? wou. ‘H ome-
obio Bopa 700 Koawxdoon Oo avorydray yi” adtév. Agv Susrohevbpoacte va

\

motégovpe Gt Oo ydvope 6hdxhnen 1) Méor Avatory, lowe xal adtov Tov

A

/ / \ € \ ) 7 ~ / e \ A
mwhhepo. Xdpts 6NV ENLXT avtioTacT wic 860nxe 6 xalpdc vo amorpoi-
GWPE %ol Vo GLVTPLYmpE EerTo THY LToAx) 6TpaTLd, oL xwhinxe dro )
AwBi7 évavtiov Tic Alydmrou, va éxxabapicovpe thv Epulod Odracsca amd

A \ ~ \ 14 \ 3 \ A \ \ 3 \
o &y Opinc Thole, v petapépmue TNy apepteovixt Borbeta Tpoc Thv Eyyie
3 \ \ A A P4 \ b \ 3 \ 3 7 \
Avotoht) ol va ELovdetephompe Etol Thv &y bpunt) dmelhy) évavtiov tng. Ta
amotehécpato The EMVLXTC avTicTasye yivovtor alolnta dxdpo xal 6h-

\ e

\ 3 o~ N \ / / ~ /
uepa 6Tovg aydves pog. "Av 16 Zrdhvyxrpovt xal 6 Kadrasog xpatody 67)-

7 3

5’_\ 8\ 3 b \ \ ()\7\ \ ) — \ \\ e /
pepa, adTO B8V elval &GYETO TTPOC THY EANTVLXT AVTLGTAGY), Ao THY OTTolo
3 / P4 \ o 3 \ \ / A e / 3 ~ €
grmeerovpacte €tol ol B6Tepa Ao TNV TEEodo 8V0 GAGxAnpmy ETMY. ‘O
®66R0C TpaypaTIxd 88y Stxatoltal vo Ancupovicel to xatopbopate t@y
(E / \ \ e \ 3 7 / s/ / € \

MAVOV xote THY LeToped) Exelvy otiypny. Eyer onpoacio 7 ypovien
\ \ 3 3 \ \ / \ 3 / / \ /
GTUYWY) TOL elme adTY) TN 6TToudala GTEATYLXY) EXTLLYGT) TOU, GE Y phVo
dnhadi) oL Hoay Gpata To 6ENY) TG EANVLTc vixne Tob 40-"41. "Otay
\ 3 3 / € 3 I3 4 \ \ \ / \
Lo ELYE QpyLOEL 7 AVTLETPOQY LETPNGT VLo TLG YEPUAVLXES OUVAUELS GTO
4 ~ / 3 \ \ \ / ~ / 3 ~ \ \
uétwro thc Pwolag, dhhe xol 616 pétoro tic Bopelov Agpuxijc, neto )
/ \ ’E)\_ 3 )\ 4 T \ e 7\ /‘\ ( \ 3 / / — b \ ) 3 \ 8 _
vixn 670 aropéwy. Ty 6poréynoe (thy Extipnen Tov adty) amo padio
pavov 70 1942, Ty lotopuen) fpépa T7ic 281c 'Oxtmfoetov. ‘Opohoyia Zévou,
OyL wowyGLohoyio Six? Lo.

Adti) elvol QLo GvTixeLpeviny), 6TpaThYints 6nuaciog exTinyney mo
Eywe 670 PEGOY TOD TOAEUOV %ol xaTadelxviel 6& 61 T1c TNV ExTocT T
Oezier) oupond) Tiic vinng Tl 40 676 edpomaing Hatpo Tob Torépov. Kivor
Aoy The annfelag 670 pésov Tob gofepol mohépou, THV Gpa TG Ly,
L ople Vo DTTPETOlY oxoTLL6TYTEG *al TtpobéseLc.

H pixpe ‘Exnag Eruye téte 1ol amépavton Bavpaspol drov tob xé-

3 7\/ \ \ bl )\/ e 14 ’7\)\\ \ ;\4 3. e ~ @ \
GOV, EUTOAEUOV %ol 1) ELTONEL®Y, NUETEPWY ahha xal ToU Exfpol. Ba
~ \ 3 4 A \ / \ \ 3 7
UTOROVGH VI AVXPERM TTOANL EYHMULAGTIXG GYOALX XUl TTOAAOVG ETTALVOUE
Zevemy NYNTépmy, TOMTIXGOVY xol 6TpaTiwTix®dy. Einat BéBatog dtu to yvo-
/?’ \ ~ 8 ! / 14 \ 3 / 3 \ \ 7 ~
otlete. Oa cdc dafdcw pévo Eva pixpd ambomaspa amod 0 Bifiio Tod
Avyyhov cuyyeapéwe Koumrov Moaxévle pe titho Aveuoc érevbepiog — ‘H
totopla ¢ xata thc ‘Earddoc eloforijc t6y Suvapewy tol Afovos 1940-
1941. Tpdper exel ta €57c: «X& pea xopuery ¢ [ivdou 8¢ SYwbel tepa-

\ ~ ~ \ € ! \ / A \ ~oef

67106 varog dwpixol pubuod, Tod 7 6Téyy Tou Vo xahidr Ta 6ot Tob “Ea-

9/, ’ ¢ b4 o~ A 3 \ \ \ ~ A
rnvo Ayvestov Ztpatiotr. H adpa 1@y yipw amo tov vao Pouvidv dg
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/. ! \ 3 14 / S / \ / ~
GUYXEVTPMYEL TTAVTA GE QTEAELWTY Tapéhacn GAOxAnen, 1) Dewplo TéV
Neohov, Avyrov, Agowavey, [lorwvev, Pocowy, Exedlepwv 'dirwmy,
Ornavdov, Bérywy, Noplnydv, xal 6ty xopuer) wic mapataing dig tebel
14 / \ / / ~ 3 / \ € /
EXnvog mohepiothe, 70 yvnotétepo ténvo ¢ Erevleplac, o 7 xpouy
tou AEPA Oa avrryel elc todg aldveg, emave amo o Bovve xol tic Oa-
ALGGESY.

Kupteg xal ndprot, xahide coptdlope 16 OXI 1ol "40. “Y'rdpyovv mohhol
AoyoL oL 6 EmLBdirouy. ‘O o onpavtinoe elvat vo oxegbel 6 xabévoe pog
Tl &yeL amopelver opepa ao adTo 7oL drmexdhesa... «llvelua tob 40N,

A
Zxegbeite To.







ITPAKTIKA THYX AKAAHMIAY AOGHNQN

AHMOXZIA 2YNEAPIA THX 26ux NOEMBPIOY 2019

H EIIITPOITH ENEPT'ETAY THE AKAAHMIAY AOHNQN:
O ZKOIIOX KATI TO EPI'O THX

OMIATIA TOY AKAAHMATKOY
». AOYKA I'. XPIZXTOOOPOY

1. Eicayoyr

To &roc 2005 4 Axadnpie ADnvev cuvéstnoe iy Emirpony) "Evép-
vewns (EE) pe oxomo va Stadpapotioet 6uLBoVAEUTIXG pOAO GTo EVEpyELaXd
Ocpoara 7 ‘Ernddoc. "Extote, 7 EE mapéyer Eyxvpn yvdorn xal minpo-

/ \ LA / 6 \ \ 3 ; / \ 3 \
p6emen otov "Elngva mwohity, naloc ol aveldotyty nol EmieTrpovixa
TEXUTPLOLEVT YYorod6TNe oty [lodtelo yio Tic évepyelaneg mnyée,
3 / \ \ ~ an / 3 N \ 3 / \ /
avdyres ol mwpoonTixés th¢ ‘Eanddoc. ‘H Eritporny) émtuyydver tov oxoméd

\ / b \ o) \ ;/ 3 \ \ € \ 3 / b
e ne pehéteg amo "Elmveg xal Eévoug eldixode ota o EEéTacT évep-

\ 4 € / 4 / pJ / /; / A \
veoxo Oépato, Muepldes, opades Epyasiog, draéiels, dertio THmOL %ol

7\/ ll N ~ o~ € /8 \ ~ e /8 pJ / \ e o~ 8
BuBnia Hpoxtindv 76 fpepidwy xal T6hv 6pddwv Epyacioc, ta molo Sto-
VEULEL EVPEWE.
\ 17 \ / \ \ \ \ 3 A ~

Oa cuvodicw ta Béparta, Tode oxomove xal Tig eloryrcelg tiic EE,

OTwe TepLYpdpovTaL 6TlG NLepldes xal Tl HLadeg EpYaclag TOY GpYAVMGE,

vt Dewp® G1L Etol yiveTor xahdTepa xaTovonTO TO €DpL €pY0 TV,
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AKAAHMIA A@HNON

EONIKO METEOBIO MOAYTEXNEIO

Mpaknkd npepideg pe Ofpa:

“EEOIKONOMHZH ENEPTEIAL”

3 Nozpjiplow 2006
0 Kévrpou ke Eprivin
g dnping Alhyvay

Eixéve 2.1: "EEdbguino 10U Bifiiov tov [poxtindv tiic peptdag pe Ocpo CEZor-

rovéur o evépyelaon, 2006 (o. 256).

2. Hpeptdeg nal opddec epyacioc ¢ Emitponic Evép-
vewag: Depata, oxomot, elonyneeig vol Bufiia Hpaxtindy

2.1 ‘Huepido pe Oépo EEotxovéunoy evépyeiacn, 2006
T6 2006 1 EE dpydvmoe Hueptda pe Ocpo CELowovéurorn evepyetoon.

2romos TG Nepldas NToy 1) EL0LrovOUNGT EVERYELUG GTNY TLRUY WY, [LE-
Tapopd, dlovopt) xal ¥ eNey Thg evépyetas oty Eandda
QOpx, &1 APNOT) TN EVEPTYELAG 6T :
‘H 2Zowxovbunon Evéoy VULTTE 7 EE, el ¢ LiuLd
unoy évépyetas, ouumépave 7 EE, elvar 6 omoudatbtepog
pJ \ / ~ ‘_4\"_ (E)\)\ /8 - E?/ 3 — \ € ’; 14 o b 4 _
gvepyeLanos Thpoc TG adoc. Elvar émitontind) 1 EZoovépmey &vép
\ 3 / / \ / \ \ \ \ 4
verog oty Eanddo xuplwe ota wthpLa, 6Tle LeTapopes nal 611 Broprnyovio.
‘H EE 9médeile todmoue &u 2t : o c, 6 A TOV
, Ze TpoTouc dpeors eLownovounerg evépyelas, 6Twe Ay 6TO
/ \ / \ \ \ o~ 3 /. o~ 3 /
POTLOUS, Xul TOVLGE T GLAVTLXY) GULBOAY TMY AVAVEDGLL®Y TNy HY Evép-
Al \ 3 / 3. 7/ \ \ \ \ 4
veag (AILE) oty EZowovépmor evépyelac, xablome xal tov onuavtind pbro
TAY VEWY VALXGY, 6o glvot To vavolhind (DALxd hE SLUGTAGELS LepLLGY

SLOEXATOUULPLOGTMY TOD LETEOL).
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THE ACADEMY OF ATHENS

ENITPOITH ENEPTEIAL THE AKAANMIAZ ABHNON

ENEPTEIA KAI IIEPIBAAAON

MPAKTIKA HMEPIAAL

4 Ampehio 2008
Axabnpia Ay

&

ABHNA 2008

Eixéva 2.2: " EEmouiro 1ol Bifriov tov poxtindy tic uepidac pe 0épo CEvép-
vewo ol wepLBdanrovn, 2008 (ISBN: 978-960-404-126-8, 6. 204).

(H EE 3 / V — \ e /8 " \ \ ’V / ’z / ~9 _
gneonpave 6Ty NULepldo adTh THY dvdywr dilomolnemng Tol émt

GTNLOVLXOD %ol TEYVOROYLXOD Suvapixod T7c EANGSoc xal T7) cuvepyasio pe

b o~ \ \ \ 3 C 14 ~ 4 / b 14 j4

drnee yGpec, xafag nal v airomolineyn thc welpog Tov. Tovice Entone 611

e e / / ?’ A A 174 / 3 \ / 3

7 ‘Ean&So y peraletor vo avamtidZet Eva abyypovo elvind mpdypappa E&oino-

VOUTGTNG EVEPYELAC.

2.2 ‘Huepido pe Bépo CEvépyeio xal weptfarrovn, 2008
To 2008 4 EE Swpydvmoe fuepido pe 0épa «Evépyeio xal mept-

BAANOYY, BVTIXELUEYVO TH)C OTTOLOG Moy 1) ETLOPUGY) THG TUPAYWYTS, THG LE-
TOPOPAS %ol THG YPNONG TG EVERYELNS 6TO TEPLBAAAOY %ol THY XALLOTLXY)
AN T), wol TO PETPOL VLG TNV EALTTWGT adThe The Emidpacrne. TNy Ne-
oLl TOVLGTIHE HTL ) TOULPAY WY, LETATPOTY, LETAPOPM Xal Y PNGY) TG EVEp-
velug Emrpealony TO TEPLBAIAROY ol TO Ao 60 %avEVUS HNNOG TTULPAY WY.

‘H EE cupmépave Gti amortodvror:
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— nadorpo pxpod 1) pndevixol avipaxixod drotuTmparto,

— EyxatdoTocy, Véwv amodotindtepwy Oepuonhexntoindy povadmy
TOEAYWYTG NAEXTPLOULOT,

— EméxTocT ThG VOPONAERTEIRTIC EVEpYELas (XVPLME TAY ULxp@Y VOpO-
NAEXTRLRGY),

— ab&nom e yehone Tic Yewbepplog xal @y Broxausipomy,

— EEoLrovouT oY) EVERYELAG, XVPLMC GTLC LETAPOPES XAl 6T XTHPLA.

Arorteltal, cvpmepave 7 EE, xandtepr xtipnen tiic Siwomopic T6v
aeplwy POTOV 67T Y OPo (oG %ol VEEG TEYVONOYLEG KATARPATICNG GTEREMY
coPatdlonv Lixpod peyébove. Arartelton enlorg evuépwon xal Exmaldeucy)
700 "EXgvee mohity xal mopaxorotlney thic Yromolnere tév oyedimy xol

TOV 6TOY WY GTHY %LU wdTH TEPLOY T TTiG EvEpyetag xal Tol TeplBahhovToc.

2.3 Opado soyaciac pe 0épo «llvpnviny évépyeio xal évepyero-
xes avayxes ti¢ ‘Eiradocn, 2009

T6 2009 4 EE cuyrpdtnoe 6pddu Epyaciog amo “Kalnve elduirole evtoc
A3 \ ~ ¢ / \ \ 4 ~ 7 \ 3 4 \
ral Extoc the ‘Eanadog yio ) peréty tob Oépnatog dlvpnviny évépyeio ol
bl \ b / o~ 3 / \ o~ 4 ’ 3 e / ~
Evepyelanes avaYres ThHe TEAAS00). 2noTtos Te NUEPLOos TToy 1) LEAETN TS
EMLGTNLOVIXTIC YYOGTE %ol TMY JESOUEV™Y VLo THY TTLRTVLYLY) EVEQYELR KAl V)
3 / A \ 4 \ \ 3 \ 3 / ~ e /
GELOAGYNGT TOUG O GYEGT) ULE TG EVERYELXES avay%es The KA doc.
(H (() &8“ bl 4 / lb \ / 7\ A \ \ N ’
uddo Epyaciog mepLéypabe T wdpLor TASOVERTNLOTO ol To XVELa
LELOVEXTALLATO WDTTIC TTIG TN TIG EvEpyeLag, 1) OTola eiva &v Todholg ehedlepn
amo exmopmes droferdion Tob &vbpaxa (CO,). Ta wdple mheovexthpata Tic
TVENVLRT]G EVEQYELAG ELVOLL 1) EVERYELUXT, GGQAAELR xal 1) LelwGn TGOV deplwy
7o Oeppoxnmion. To wdplar petovertipota elvor xivduvol oL deopoly 6Thy
3 / \ / o~ ~ / \ \ ,; /
aG@ddeLo, T Sy elpLor) TGV padievepy®y xataholmmy, Ty Tlavy eZdminey
TGV TLENVIXGY HTTAMY %ol ETTiong TO DUNAG GpEy Lo x66ToC.
‘H 6pdda epyastiog t6 N GNUAGLOL 8P’ EVOG LY /A Tic akLo-
( pYaGlog TOVLGE T1) oNUacla ag’ EVOG ULAG PEXALGTIXTS A5L0
MOYNONG TGOV EVEPYELAR MY AVaYxGY %ol 6ToYwv T7c EAGSoc xal &g’ ETépou
TG QVIALGTG TGV SLVATOTNTOY %ol TGV TPOBANUAT®Y GAwY TGOV TNYEY
bl / y / bl A e \ ~ 9\ e \ 3 /
evépyeras. EmiBdaieron, erneonpave 1) EE, va xpi0et &v 7 mupnviny) evépyea
UTCOREL VO ATTOTEAEGEL GLILGTMGA TOD EVepYeLaxol pelypatos th¢ Earddoc
KL VO AVTIXATAGTAGEL ETCL GNUAVTIXG LEPOS TMOV GPUXTGY xawsipov. Ki-
A ey \ \ b4 / \ \ A N\ \ ~
onyhinxe 0 Enitpory) thv Evaply Stahbyou yia T yenomn 1) L) TC TueY-

VIXT|G EVERYELAG GTOV EAATVLXO Y (0.
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Eixéva 2.3: " EEdguiho 70T Bifiiov tév Hpaxtindy tic 6puddog epyaciog e Oépa
W lvpnvund) dvépyeia nal dvepyetaxesg avdyxes i Eanddocn, 2009
(ISBN: 978-960-404-140-4, c. 234).

2.4 Huepido pe Oéuo « Yauxo yua évepyetaxes épapuoyécn, 2010

2romog e Nuepldog adTic Toy ) xotddelln Tob %ploLou pbAoL TGV
ODMXGV GTOV LETAGYNUATLGUO TTG TRWTOYEVODG EVEPYELILG GE NAEXTOELGLLO
rol Ozppbrnro, xaloc xal oty dmolfxeuey, petagopd xal yenon Tig
evépyeras. ‘H Epeuva xal 1) teyvohoyie T6V VAXGY elvol avoryralo Yo T
Behtiwon TTic evepyelandic amodotindtnros 6ty Kahdde, h.y. 6Thyv amwodo-
T LETOTPOTY) TH)G TTPWTOYEVOUG EVEpYELag 68 NAExTELoWS, Yoty Oep-
wotnTa, amolixevoy wal petapopd Thg EvépyeLas.

‘H EE idiairepa emecnpave:

— T onpacie TMY YAXGY Y TNV EE0oviT oY) EVEPYELUS GTOY Q-
TIPS, TG NASKTEIRES %ol NAEXTPOVIXES GUGHEVEG KAl GTO KTNPLAL,

— 7OV OGN0 THiC ETULOTNUYG %ol TG EMLETNLOVIXTIC TEYVONOYLLG TGV
VOVOUALKGY %ol THY AVEY%Y) ETLGTALOVIXTG Xal TEYVOAOYLXT S UTTodouTe,

— 0 Oedpnomn Tig dvondnhwerg Gg Aoy Yid dvdxtnor évépyeLag.
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Eixéva 2.4 EZmouiio 1ol BiPaton wav pontindv w7ic fuepidag pe Oemo « Yo
Lo dvepyelones Epappoyésy, 2010 (ISBN: 978-960-404-165-7, 5. 138).

‘H EE elonyeitor vo evioyulet 7) Zpeuva xal 7) teyvohoyioe Ty DAY
Lo EvepyeLanes Epapoves oty KNG Sa nal va airomtoiniel T0 EmoTro-

YLXO %Ol TEYVOAOYLXO SUVAULLXO THIG MRS GTNY TEPLOYT TGV DALXMY.

2.5 Opada épyacioc pe Oéuo Hlrextporapaywyyn oryv Eire-
dot: COUXTA XAUGLU, AVAVEWDGLUES TNYEC EVEQYELUC Xl TLRO-
onTixT) évepyetaxol Epodiacuoin, 2011
To 2011 4 EE cuyxpdrtnoe 6pdda Epyastiog yio ) peréty tob Oépatog

CHaextpomtapaywyh) otiyv Eadda: dpuxta xodoipo, GVavEDGLLES TTYEG

gvépyetag xol TRoOTTTIXNT) Evepyetaxod Epodiaspotn. Kiploc oxomoc tijc Nue-

oldac Fray 7 Entlymor TGV TEELOVGMY Evepyetandy avayrdy Tic Eanddoc
ral ol wpoextacels Toug 670 pédrov. ‘H olxovopuen) xpter oty Eardda
gmépepe 60Bopn TTOGY ThE LNTNENGE NAEXTPLXTIC EVERYELAC.

tH 3 / b} / ’ o S5 ’ .
opado Epyactiug ToVLoE GTL EvdelnvuvToL:
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Eixbva 2.5: " EEd@uiho 7ob Bifiiov Ty [paxtindy g 6pddog gpyaciag yio 9
perétn tob Oépatog CHrextpomtapayowyry otiy ‘Eanado: dpurta xod-
GLUOL, GVOVEWDGLULES TINYES EVEQYELUG XAl TIPOOTITLXY) EVEPYELAKOD EQO-

Sacpotn, 2011 (ISBN: 978-960-404-199-2, 6. 214).

— 7 EXPETAMAELGTY] TTG ATopELTTOUEVTc evépyeac &t Oeppixole
otafpole fextpomapaywyTc,

— 1) oTadlont) LELWGT) TG Y ph6NG TOU ALyViTY %ol T TeTpehalon xol
7 ablner thg yenomne Tov AlLE,

— 7 abinon e yphome Tol @uotxod aeplov (NG) xal tol dypomoun-
uévou puaixol geptou (LNG),

— 7 LELWGY) TOD %H6TOVG TG NAerTELXTC Evépyetag oo Tic AIIE,

— 7 diromietion TYg NAexTpomapaywYTic and AIIE pe Eoya dmodouc
(6Ttwe M) avThneLoTaplensy) xol 1) Evicyuer Tob StxTbon).

‘H EE Ocwpel avayralo 1) Stapnbppmaer cuvohixol évepyelaxol oy edto-
ool xal Thy avarTuly Epymy evepyetaxdic bodoutc. Kplhnxe enlome ond-
Ty 7 SLepedvne TiC L eNome HALDepun@®Y GUYXEYTPOTIXMY TEYVOAOYLMY
oty ‘Ernada.
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Eixébva 2.6: Concentrating solar power: its potential contribution to a sustainable
energy future (EASAC Policy Report 16; ISBN: 978-3-8047-2944-5,
November 2011) (Workshop of the Energy Committee of the Academy
of Athens and the European Academies Science Advisory Council —

EASAC on concentrating solar power, 2011).

2.6 Workshop on «Concentrating Solar Power» organized by the
Energy Committee and the European Academies Science
Advisory Council (EASAC), 2011

T6 2011 7 EE dpvdvwae workshop pe Ozp.o «Zuyrevrpmrines Hitolep-
ULXES TEYVOAOYLES). XKOTOC THEG GUVAVTNHGNG aOTHG NTay 1) GLLATYGY TOV
TeheuTolwy EEEMEEWY GTLC GUYXEVTPWTIXES NALAXESG TEYVONOYLES %al 1) du-
YUTHTITO Y NGYE TGV TEYVOROYLEY adTdY 6Thy A doe.

Av %ol 6 GLUTEPAGLY Tty HTL TEETEL Vo StepeuvrDel 1) 7 pNoT) TGV NALo-
Deppinddv cuyxevTEWTIXGY TeEVoroYLRY 6TV EANSw, ®uplne 68 vl Gme 1
Koty ol 1) Pédoc, dev Sungaivetar Sustuy e va Eyet yivel mpdodog 68 TéToleg

bl 7 \ \ 3 \ 3 \ \ \ 3 /
EYXATAGTAGELS TTapaL TOV 8y txs vbouctacus xal Tic adelodoTrceLc.
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ENITRONN ENEPTEIAL THE AKAANMIAL ABIINGN

ENIMEAEIA

AOYEA I XPIETOROPOY

ABHNA 2012

Eixéva 2.7: "EEd@uino tol Bifiiov tév Hpaxtindy thig Huepidog pe Oépo «Eihy-
vixol V3poyovdvlpaxes: amd v €peuva 6TV Expetdiieucny, 2012

(ISBN: 978-960-404-250-0, 6. 246).

2.7 Hpepido pe 0fpo « Exrnvixol Vdpoyovavbpaxes: amo iy
goeuva 6Ty Expetdirevenn, 2012

\ e 3 7 e 7 \ 4 13 \ e 7
To 2012 4 EE dpydvewee fuepido pe Ocpo «Exanvixol H3poyovdv-
Opoaxec (Y'/A): &md Ty Epeuva 6Ty dnpetddieusny. Lxomode Thc huepldoc
Troy 1 ot Bdloc culhTnon TGOV Epeuvdy, LeheT@Y, TEYVOAOYLOY ol Gy edla-
o6V dvtomiopod xal xpetdihevane 1'/A oty EadSa xal 4 éxtipnon tob
{ I et R
pevéboue xal 10D Suvapnod adTdV TGV EvEpYELAN@Y TN YMY.

To cuumépacpo eV eldindy dmotnuévey/buintédy frav ét1 6Ty
Enado dmapyovy ol amapaitnres Tpoimobéseig dmaplne abibroywy xorta-
/ \ / \ ~ 4 \ ~ / A
ouatwy V'/A o2 Sudpopec Teptoysc Tol yepcaion xal Tob Duhdaaion yokpou
T7c ‘EandSoc, Saitepo ot Autiny) ‘EANLSa ol voTLor %ol voTLoovaToAxs
e Kehtne. Avetuydic ) néypr afpepa Epcuva xal Expetdihevsr /A otiy

‘EnndSa elvar wepropropévy,.
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Tévioav ol elduxol emtatipoveg dti EmBdiheTol 1) SpacTnpLoTolney e
\ \ 3 / \ P4 \ \ bl A \ \ e
6%0m6 T dvalhTneT, iy Epeuva xal Ty éxpetahiensy V'/A, xalog xal 7
EanplPwon tiic bmaplng xortacpdtwy Y'/A xal 6 Tposdiopionoc ol weyé-
plBwon Tiic braping [ posBLopiose Tob pey
Oovg Tv. VY roypappiotnxe Eniong 6TL EmBdhetol TeptBahhovTiny ddeLo-
d6tnen wdbe SpactnpLbTyTog Yo THY TpooTasle TOL TEPLBIANOYTOC %al
EXGLYYPOVLOLOG TT)G 6y et vopolesiac.
Zopne Tray 7 elofynet th¢ EE §tu elvat dvoryxato 1) dpesn 6tehéymo)
e ‘Eagvindic Awyerprotindic ‘Erarpeioag Y'/A (EAEY), % dvochipuin xal
oprobfétnen i Amordestindc Olxovopixtic Zovne (AOZ) tic ‘Eanddoc,
/ \ ¢ 4 \ 14 \ \ b / \ \ A \ \
nuplec e bpLopéveg TepLoyec brwe pe Ty Trahio xal 1) ALBiy, xabog xol

7 GAOXANPWGY) TTS cupemvlag LE ThY AAPavie.

2.8 Huepido pe Oéuo «Avavedioipes wnyec évépyetac: mpolmo-
Oécers palinic dreicdvons atiyv Hiextoomapaywyh», 2014

Xnomoc adthc The Nuepldac Nray 7 ot Bdlog culATrnon TMY Epeuvidy
G 1S TG NUERLOAS NTAV 7] 5 17167 P )
UeEReT@Y, TEYVOAOYLGY %ol duvatoThTwy palinic dielodueng Tic avaven-
oLUYG &vEpYeLas GTNY TAexTpomapaywYY) The Eahadoc. Adty 7 dieloduoy,
TGY dvovewoLtpov TYeV evépyetac (ALE) 617 ywpo mpémer va yiver ywplg
odnha olxovouira xivyreo. ‘H paluer Sieicduon todv AIE dmoartel éné-
A \ / ~ A ~ ~ b ~
RTOGN oL AGQUAT, heLTovpylo ToD GUGTHLATOC UETAPOPS TTG AAERTELXTG
evépyeag, xallog xal ocuvtoviops tiic mapaywyrc and AIE w7 cuveyolg
drleorubr (intermittent), pe <7 7N : o0t
woTYTOC e ent), we THY xatavdAwen wésw amolbirevong
b 4 \ / A ~ \ ~ /
gvépyetog %ol xaTIAANA®Y SixTtdmV petapopdc xal Stavopdc. evixdrepa,
b ~ b / ~ / ~ 3 / \ \ 3 . \ A
amaLtelTo avamTLEY) TGOV Stacuvdésemy thc EANdSoc pe o edpwmaing 60-
oTHRO %ol EToVaTTRoGOLopLGR.0S ToL Deapinol Thatgiov Twy.
‘H EE elonyetroL
A ’ \ \ e / e 9 A 3 4 \
— Vo dvowpatmveral xol Vo broctnptleton 1 amolfxeucy) vépyetac ota
DoLeTdpeve %ol 6To perhovTind vopolethpata ol dpopoly Thy evépyeLa,
\ ~ e/ \ \ 3 ~ e bl 7 7
— v wpowinlel 7 Epsuva ol va avarruyOel 7 Eyympra Teyvohoyia
P4 A
EEumvov Sntdwy,
— VO XOTOPTLGTEL GUYORLXY) %Ol LIXPOYPOVLE EVEQYELUNT) GTRATTYLXY)
veoe Ty ‘Eandda. Adti 7 elonynor thc EE yio T0v %otopTiopsd cuvoiinod
/ 3 ~ ~ \ \ 3 ! pJ !
paxpoy povLou évepyetaxol oyediacpol yie Ty Eanddo EmavahapBdveral

TOMES Qopeg xal yenlel Tic mposoy e Tic [loarelac.
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AkAAHMIA Q AGHNAN

EITMONH EXEPTEIAL THE AKAAHMIAL ABHNIN

ANANEQXIMEX ITHI'EX ENEPIEIAX:
MMPOYHOOEXEIE MAZIKHE AIEIXAYEHE
ETHN HAEKTPOITAPAT'QIH

ENIMEAEIA

AOYEA I. XPIETO®OPOY

ABHNA 20014

Eixéva 2.8: "EZdguiro 1ol Bifiion wav [Mportindv tic fpepidac pe Oépo «Ava-
vewoipeg TYeg evépyelas: mpobmolices palintc dieloduorng otiy

Mhextpomopaynyny, 2014 (ISBN: 978-960-404-281-4, 5. 208).

2.9 ‘Huepido pe Oéuo «Avoyeipion xal evepyetaxy) eéxpetdleu-
o amofrhTwy otyy Earadan, 2015
To 2015 7 EE dpydvewoe fpeptdo pe Oépa «Awoyeipiorn xal Evepyetony)

EXPETIMEVGY) Ao TOY 6Ty EANLSan. Znomtos adTiic Thc Nepldag ray
) TLPOLGLALGY) KoL T GLLHTNGY) TMY TROYPALUATOY, EUTELPLGY, OLUVATOTHTMY,
TPOOTTTLXGY KoL TIROTEQULOTNTMY YL TNV ATOTENEGUATINY) OLoyElploy) %ol
EvepYeLox T EXUETAMEVGY) TMY AmoPATwy oty Eaade. ‘H EE cupmépave
14 3 ~ 14 / ~ ~ 3 / \ 3 7 j%4
§71 dmontelton pelmer 1660 Thc TapaywYTic amofBiTov oty ‘Eadda, dco
\ ~ ’ ~ 3 ’ \ ’ ~ > ~ 5 7
%ol TGV TOGOTATOY TMY AToBA|TOV 68 ympous Tagie. Amarteltor Enloyc
énelepyasio TGV GTOBANTOV (T.7. ROLTOGTOTONGY %ol AvoxdxhweT)) %ol
3 ! A < o~ A 14 / \ ~ ¢ ! . \
avexTNGN Yehotwy DGV xal evépyetac. Kiplog oxomog i ‘Eanddoc: va

/. \) / ~ > /
Yiver pia xovmvic undevindy arofAlTmy.
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EMTIONN ENEPTEIAY THE AKAAHMIAL ABHNEN

AIAXEIPIEH KAI ENEPI'EIAKH
EKMETAAAEYZH AITOBAHTQN
XLTHN EAAAAA

ENIMEAEIA

AOYEKA I XPIETO®OPOY

ABHINA 215

Eixéva 2.9: " EEdbouiio 1ol Bifriov oy Hpaxtinddy t7ic nueptdag e 0épa «Ava-
yelplon xol évepyetond) Expetdhhevcy, dmolihtwy oty Eaddon,

2015 (ISBN: 978-960-404-292-0, 5. 188).

T6 7060670 ATOLAAT®Y 6& Y DEOVE VYELOVOULLXTIS TROTG GTY) L ME0L LS
civar peydho (>80%), # Siaycipion Ty dmnivduvwy drofiftoy civar -
NI %ol 1) Topary YT Brooeplon ey elvat ixavomolnTiny.

Zougwve pe v EE évdeixvutor:

— 7 GELoTolneY) TG EVERYELAG YEWRYIAGDV-KTNVOTPOPLLGDY VTTOTTPOIOV-
Ty, 7 Tpowlner SwehoyTic amoBANTOY TNV TNYN ol 1) Amahhayr) oo
TOG Y WpoVG AVEEEAEYHTNG TUPTIC ATOPPLLLATWY,

— EAEYY0C TGV GVOXLUAOVULEV™Y VALXGV, 7) aVETTTLET TGOV AY0pGY TOUC,
rafme xal 1) mpodlney yenone Seutepoyeviiv xavsinwy ot Bropnyavie,

— Oeperioon e Kuxhindic Oixovoplog xal Sidhoyoc xufepvnrindy
POPEMY AL TOTLUMDY GEY V.
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ENITPOIH ENEPTEIAE THE AKAAHMIAL ABHNGON

FINMEAEIA

AOYEA T. XPIETO2OPDY

ABHNA 2016

Eixdva 2.10: "EEbouino tob Bifriov tav [Hpoxtinav <7c fuepidug we Ocpa
CEvépyeia xal dvamtulioxos oyediacpos oty Ernddar, 2016

(ISBN: 978-960-404-307-1, 5. 150).

2.10 ‘Huepida pe Oépo «Evépysioa xal avarmtviiaxcs cyedio-
opoc oty Earsdan, 2016

2romoc TVc NUepldoc adThC NTAY ) TUPOLGLUGT TMY PEAETGOV Xol TGOV
ambbenv Ernvoy eidiedy yie tov avartuiioxe oyedacpo tic Ernadog
ue Bhom Tlg EvepyYElaxrEs avayxes xol SUYATOTNTEG THC Y MOPoE — Ol Evep-
YELUXES SUVATOTTTES (G LOY GG BVATTTLEYG.

H fpeptdo t7i¢ EE elonynOrxe:

— va feomiohel ZupfLodio "Ebvidc "Evepyeioxic Tlohtinde xal va
rotoptiolel dvamtuiiond mebypouuo 6TOV Topéa ThG evépyelns (elvar 7
ToANOGTY) Qopa oL 1) KE &xave adtiy Ty elornymon),

— va évioyubel M) xowvotoplo-Tteyvohoyixt ahhoy ) xol Vo Yivel GueTY-
paTiny) ETEVOLGY) 68 TEYVOAOYIXES EEEALEELS GTOV Topén TTi EVERYELUG YLd

abEn6n TG TopAY O YLRGTY TG,



162 ITPAKTIKA THX AKAAHMIAY AOHNQN

— va mpowinlel 7 peuva xal 7 avdmTuly 6TV Topéa T Yembepuinic
dvépyerae, xabig %ol 6Tov Topda TGV TeYVoroYIXEY EEuTvey SxTiwy!,
— Vo xaToGTEL 1) EEOLKOVOUTNGY) TTG EVEPYELAG XVPLYL TTROTEPALOTNTO

T7c Ebvixdic oTpaTryInTic.

211 Hypepido pe Oépa Evépyeio xal petagpopes iy Eirddo:
wpoirmolliéoeis xal pértpa yra xollapn xol Brooiuyn evépyeia
oTic petapopéon, 2017

210T0¢ TTG NLEPLOKG NTOY TOGOTIXG GTOLYELN Kol TTPOTAGELS G ETLIA

ue 70 pnéyeboc xal ta eldy t7c Evépyetag oL ¥ pNGLLOTTOLOUVTAL GTOY ToUEN

~ ~ ’_\ (E)\)\/S \ \/_ QS 4 e )\/ \ 8 _
TRV LETAPOPOY GTTY ado, & Eupact ol 6ouwéc, Dandocieg xal 6187
POOPOULLXESG LETAPOPES.

¢ / 3 / \ \ \ aay / 3 e /

H xoravehwen évépyeiag otic petapopes othy ‘Eardda elvar SYmiy.
T& 2014 dvaroyobee 616 ~ 41.6% tiic Tehniic natavddwong dvépyeloc %ol
I Y iic ic 7S EvEpYeLag
e00%veTon y1o mepimon 76 28% tob éxmepmépevou CO,. ‘H Ahextpoxivioy
Beloxetor ot Eufpuins ninedo.

Z \ 8 8 \ \ p] 8 14 )/C ~ - / ~

Tlg GLOPOdROULXES UETaPORES EvdeinvuTal alline Tic yphone ToD
’7\ S~ \ \ AHE A\ e o~ / \ 1 7\“’ 14
NAEXTELOULOY Ao Tig rol xofop@y xowclpomy xal xulehdV xowsinmy,
pJ o~ _\ € 8 /’_ S S \ \ e 7\ A \ 3 8 7
&ve oTlg 6Ouréc, cdmpodpomixic xal Hahdcolec petagopec evdelxvuvrol
wétpa yLo adEnpévy yenorn LNG xal CNG.

Arowreltar pelmor Ty deplwy ol Oeppoxnmion xal thc yehone Tod
metpehaton, xafag xal mapaywmyr H8poyévou amd AIIE xal yenem tou 6ta

P ) S pay YT VOROY £eNo7
uéca Letapopds. Amarteltal Eniorg avamTuLy) edQUGY %al GUVIEdEUEVLY
GUGTNULATWY LETAPOPGV.

Oezwpeltar dvoyxale 1) GAaYY) THC xoWwILTc GLUTEPLPopds (A.Y.
uetwen g yenorng tob 1.XL), 7 Omaply pubutetinol mhatslon, xivyteo xol
< \ D / \ \ \ 14 \ ) \
UTT080PEC VLo NhenTEoXVNGY), xabme xal 6TpatnYins 67 EdL0 %ul EvepyeLoxT

TONTIRY) GTLG LETUPOPEG.

1. "EZurmve Sixtua Evompatdvouy Tic Teyvoroyles Mhextowntic Evépyelac,
TANPOQOPLXTIC %ol THAETUAOLYOVLADY' GUAAEYOLUY TANPOQOPLEG VLo T hetTovpylo
TV petall TopaymYTic xul xaTtoavdhners ErebepyalovTol Tl TATPOQopLes adTES
raol AalBdvouy dmogdosie Yik 1) Behtimen T Aettovpylag Tov.
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FITITPFONE FNEPIFIAL TIHE AKAANMIAL ABKNIY

ENEPIEIA KAI META®OPEL XTHN EAAAAA:
MPOYIOOEZEIE KAI METPA TIA KAGAPH
KAI BIQNIMH ENEPTEIA ETIE META®OPEE

EIUNEAKLA

AUYKA [ XPIZTO®OPOY

ABHNA 2017

B ¢

Eixévo 2.11: " EZdouino o8 Bifriov tiv [pantixédv tic Auepidac pe Ocpa
CEvépyera nal petagopec oty Eanado: mpoimoléceig xal pérpo yuo
xalopt) %ol Brociuy evépyeta otlc petapopeen, 2017 (ISBN: 978-
960-404-319-4, 6. 206).

212 Oudda épyaciac ue Oéua «Evepysiaxes mpoomTines T7)¢
Erradoc o 2030 pe cpilovra o 20500, 2018
To 2018 4 EE suyxpbdtroe 6pdda épvasioc ne 6xomod ) Sapbppwoy)

ETLGTNLOVIXA XUl TEYVOROYLXI XATOYVPOUEVMY TEOTAGEWY TTpog TN [Tohi-
Telo YLo TLG EVERYELANES TIROOTITIXES TT)6 KARLS0g ol TOV axpoy pbvLo dva-
ULl GYESLUGPO THC Y Opog pe BacT Tl vepyelanéc TNG SuVaTHTNTES
%ol T €l80g TMY EYYWELMY EVERYELAXGY TN YOV TNe ke 6ptlovta To 2050.
H opdda epyaciog Emeornpave 671 T TUYROGULO EVERYELAXD TOTLO Le-
TodhheToL, ®xuplwe 67OV Topéa Tob Hhexteiopob xal t@v AlE. Odeua-
GTIXOC TAPAYWY GVUSELUYVIETAL 6 POAOC TRV XATAVAAMTOV %ol T7¢ amobdr-
®evuene Hhextowdc évépyeac. 10 xbotoc ToU Ayvity xal 10 mwpbebeto
7epLBUANOVTIXG TENOG TOU GVOLTPETOLY TO TTAEOVEXTYLA AVTHY OILGTLXOTYTAG
Tov %ol TpocdLopllovy TN WELODUEYVY) Y e7GT TOV. LUavTIXOG EVERYELAXOG

Thpoc TapaEvel 1 ELoLrovoLToY) EVERYELXG.
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OMAAL EPTATIAL THE ENITPOTHE ENEPIEIAL
THI AKAAHMIAL AGFINGN

ENEPTEIAKEZ TPOONTIKEETHE EAAAAAL
T0 2030 ME OPIZONTA TO 2050

ENIMEAFIA

AOYEKA I. XPFIETO®OPOY

ABTINA 2018

Eixéva 2.12: "EEbouino 1o Bifriov tav [poaxtinev <7c fuepidag we Opa

CEvepyeranss mpoontinés thg Earddag w6 2030 pe 6pilovra t6

2050, 2018 (ISBN: 978-960-404-335-4, 6. 230).

To perhovrins évepyeioxo petypo Oo xabopiletar amo v dopaieta
EpodLacpol, T6 x66T0C ToV nal TN TpocTasia ToU wepLBahiovroc. [lpofré-
meToL oNULovTiXy oLLLeToy ) TOV AIIE oty fhextpomapaywyr) xal abiney
TTc ouppetoytic Tob DA oTiv Hhextpomapaywyh. H tuyov dvaxdiuly ol
dEromotney onpavtindy xortacpdtov 1'/A 0d dnnpedos anuovtind t6 EA-
NTVLXO EvepyeLaxs TOTLo.

H opada epyaciac xal 7 EE elonyovroL:

— petowor tob YUMol xbeToue Thc Nhexteindc vépyelac oty K-
Aado (Eva o o peyaddTEpa %661 6Tls Y Gpes THc Edpwmaixic "Evmerc),

— oTadLny) ATOGLEGT) TV MYLTIXGY Lovadwy T ‘Einadoc,

p] / \ ¢ / \ 3 o~ 3 o~ 3 o~
— EmevdloELs 68 GAGXANPO TO EDPOC TAV EVEPYELAXGY DTTOSOULGV.
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ENITPOII ENEPEEIAL THE AKAANMIAL ABHINGN

EPEYNA XTON TOMEA THE ENEPTEIAL
ITHN EAAA4A

EMIMEAEIL

AOYKA T. XPIETO®OPOY

ABHNA 019

0
( AEAAHE @ OENA

Eixéva 2.13: "EEbouino 1o Bifriov oy [poaxtinav <7c fuepidag we Opa

«'Epeuva 670v Topéa T dvépveiag oty Earadar, 2019 (ISBN:

978-960-404-357-6, 5. 208).

2.13 Hypepido pe Oéua «'Epsvva 6tov Topéa tic Evépyetas oty
Erradan, 2019

To 2019 4 EE dpydvmoe fpepldo pe 610 ThY Gvacr6Ty oY T EmtL-
GTNLOVIRT]G EPEVVALS Xal TG EPELVYTLXMY TTEOOTITILGY GTOY TOUEX TTG EVER-
\ 3 / 3 / b \ \ / /
verog 6ty EIndSa. “Y'rdoyouy dpnetd xahd TEOYRALLAT Y pNLATOd0TON-
b \ \ 3 . \ 3 ~ 14 3 \ \
peve amo v Edpomainy "Evosr (EE), drottolvral dpmng dmodopée xal
evioyvon tic Baocweiic, Epaprocuévne xal Broprnyovinic Zpeuvas &mo TNV
[Tonvreto.
3 3 \ 3 \ 3 7 o~ / \
H 2vepyeioms) Epeuva oty Eandda Spastrplomoteitar xuplme 6Ty
e \ \ \ 3 3 / A e / \ / / \
ThLoxn) wol THY alohuer) dvépyeta, T U3p0YEvVo, Tic xudEles xaGlLmY, 6TV
3 / 3 / \ \ 3 \ \ 3 \ 3 / 3 3
gEowovbpnon évépyetag xal To DAd yid dvepyetaxss dpapupoyés. ‘H En-
AadoL, wuplme ) ENNVLT) Bropnyavio, Teémer vo EmevdloEL GNULAVTIXY GTNY

Epcuval xal GTNY XALVOTOULY TT)G EVERYELXG.
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ArortobvroL:
S o~ 7 A ~ 3 / AN \
— abinom Ty dpociov ol Siwtix®y Emevdicenmy Yo Epeuva GTOV
Topé TTc EvépyeLluc, xal xuplwe 6T Brownyavia,
— DhoTolney, VToSou®y YL TapaywYY, amobnxevcn xal dcpouly)
A e / \ \ \ \ \ 3 / 3 7,
167 H3p0vbvou, xabdg xal yie Thv Tapaywyr/dmelhneusy dvavedoiung
NAexTpLXT|c EVEpYELaC,
S o~ 3 A A 7 3 7 A
— ab&nom T@v Emevdicemy Yo NAerTRoXVYoY) %ol avaTTuLEY SikThMmY.
Oezwpodvral Eniore amapaltyto 1) DTocTHELET TGOV TAVETLETHLLWY xol
TGY EpeuvnTIn®y %évtpnv TT¢ Erhadoc e yvodpova v aplotelo xal Ty
aZroxpartion, xobme %ol o xilvnTpa Topapovic TGV ETLGTHLOVGY GTAY
EandSo.

2.14 Hupepida pe Oépo Evépyero xal Gdwp otry Taradon, 2019

2xomog adThc The Nuepldag, wod Tpoypaupatiler 7 EE yio thv 299
Nogpetov 2019, givar % 6¢ Bdlog perétn xal oulntnen Tév evepyelandy
mruy®y 100 Udatoc oty Eanddo: 7 mpbdoPacy e olxovouixs mwpooLtod
U3wp, 7 Tomeind) Aerbudplo, xuplog 6Ta vioLd, %ol 7 Suvaixr oy éor Bdatoc,
vewpylag ol evépyetac. O Yo xupLbtepol Topele, ol 6motol edlbvovrar yia
T peYdhn natavdhwen Bdutoc 6ty Eadda xal Sielvaig, civar 7 yewpyla
nal 1) evepyeLa (Tapaywyn %ol Y eNoT TG).

3. Muxpec npepldec 6thy emapyla

2%0Toc 7 ¢ TpwToBoviiac adthc the EE sivat:
I v
— 7 éragn th¢ BE t7¢ Axadnuioc Abnviv pe wiyv Erapyia,
— 7 edplrepy) Evnpépma YL T £pv0 Tiic Anadnuleg 6TOV Touén TG
Evépyetag ol ToY TepLfdAlovToc,
4 4 \ e S \ k) / \ 3 \ 7
— N TANPOQGENGY ®al T AvTaAAYT) amodemy ot Evepyetaxa Oépoata
TOTTUOD EVOLaQEQOVTOG
— T TTOPOYT) EMLOTNLOVIXY TEXUNPLOUEVNS YVWGTS GE GUYREXELUEVY.
bl \ / I 3 ~9 4 14 € s e
évepyetaxa Oépara pnellovoc E0vixol evdagépovroc, 6mme 1 « Epeuva H3p0-
/ \ 3 \ / . \ \ A \
vovovlpdumy oty Avatoiuer) MesbyeLo: mpoomtines xal TpoxAficeLo), oy
ATTOTEN 0 whpto 0g e Neptdag oty Exdni ov’l A ;
motéhese 0 xpLo Oépa thc Huepidoc oty Exdniwen © WoVWIYOY THY

117 Tovviov 2018.
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b MHepthndy

epthnmrindg, 16 xdpro Epyo thc EE tic Axadnuiag Abnvidy oto te-
revtato 15 ypdvia elva 70 EE7jc:

— ‘H Ervrpond) xanvle onpovtinsd ebpog tob évepyelaxol @aopatos
¢ ‘Eanddoc.

— ‘Exoarovtddeq emiothoves GULLETEL oY EVERYO GTT)V EXTENEGT] TOV.

— Xunddeg "Ennnveg moliteg Tapaxnohodlnoay tic Exdnhmaosts Trg nal
ogehninroay amo adteg nal ta Bl tre.

— ‘H Iohwreto évnpepmbnre mowrotpdbmwe yie ta xplolpuo &vep-
veaxa Oepato w7 ‘Ernddoc.

To mhodolo xal EmeTnuovind Texpnplopéve Epvo ¢ EE xal ol uy-
rexnpluéves elomyroels tne wpoc Ty Hlohitelo Ennpéacay Tpogave Tic wo-

MTWES AToQdoELs, byt Suwe ooy Babuc mod Oo avepévero.

5. ‘H Emvrpony Evépyeiac thc Axadnpiag Abnvay

Zzov [ivaxo 1 avaypdgovrar o ovépate tév 12 perdy tic EE 10

2008.

IIINAKAX 1{:
APXIKH XYNOEXH THX EITITPOITHE ENEPTETAX

Xpotogbpou Aovrdc (ITpbedpoc)
Kovrémovrog Nempyiog
Kovvadne Avtdviog
T ApLedlne Nubhoog
Zepepog XproTog
Avarnridne Twdvvng
Kaxopdic "Eppoavouni
Kovtlobxog Nedpyroc
[Toroyrovvoardmovhog HoavayiwmTre
T Hoscedov Xphorog
Toavaxac Anphtorog

Xotlnapyvetov Nixdraoc
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Yzov Hivara 2 dvaypdgovror to dvépata tév 19 émietnuovey mod

oLY%POTOLY TN onuepLvy) EE.

ITINAKAX 2:
H XHMEPINH 2YNOEXZH THXE EIIITPOINHY ENEPI'EIAX

Xptotogbpou Aovxdc (I1pbedpoc)
Kovrémovrog Nempyiog
Kovvadne Avroviog

Zepepog XproTog

Bayevae Kwvetavtivog
[Mavvémovrog Nempyiog
Avarnridne Todvvnce

Kaxapdc Eppovouni

Kémpoc Havrehig

Kovogdyoc Hrlog

Kovtlobxog ['edpyroc

Acovidov Anquatelog

Mwveiic Pagan
Horoyrovwvaxdmovhog HavayiwmTre
Homoxwvetavrtivou Anuntelog
npafaxne Hérpoc

Teoovtpérne Xapdhapmog
Dopavrodperne Nubhaog
Xotlnapyvetov Nixdraoc

“Orae avelorpétomg ta pwéhy tiic EE Epydotnray, to whelota o 15
/ 3 \ \ \ \ ~ \ \ \ o~ b / \ o~
1eovie, aptsli pe evhovotaopd xal Ciho yia 6 xahod T7g Axadnuios xol ¢
CF)\)\ / 8 Z \ f/)\ 3 / \ S A N \ \ 3_\ /
Aagdoc. 2 Ehoug Exppdlo T edYVOROGHVY %ol Tl €Dy apLeTieg Lov.
Tenwnd, wupleg nal xHptot, Dewpd xab7xov pouv va Tovicw dtu 16 Epyo
e EE t7c Anadnuiog clvar Epyo morhev avlpdmwy, todg 6Ttolovg edyo-
I = v )
PLOTE.
Edyopro76 nol §h0ug E6dg oL i TyLdTE dthle e TV Topousia Gog E56.
)
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TEXNH, MAOHMATIKA, MHXANIKH

EINETHMONIKH ANAKOINQEH TOY AKAAHMATKOY
». EMMANOYHA E. TAOYTOY

Hepinnyy

\ 3 / 3 \ / \ / \
Yriyv éoyacto avty) mopovctdlovTon XAAMTELVIXO ONULOVEYHULATO TTOU
/ > \ \ 4 \ \ / \ \
TpoxUrmTovy ant palnuatinés oyéoeig xal yewpetoixd oyfpata, xalog xol
aro mepapato unyoavixie. Méoca 616 mialoto adtd, avarticoovral év Guv-
/ 4 \ k) / i< S / . . \ / . . 2 . ¢
Toupla %) yoevct) avaroyia, 7 axolovlio Fibonacci, t6 telywvo Sierpinski, of
yrovovpddes Koch, 6 advoro Mandelbrot xai o civodo Julia, o 6ot 607-
~ \ / b4 4 S / A 4 /i
yobv o1y Snuioveyla Eoywy téyvne ameipov xaldove. Térog, mopoutilevrol
/. 2 ~ ~ \ ¢ ~ 3 / \ \ 4 ~
Sixtua looypwuaTiney xpocadv To 6rota EMelncay ue ) néhodo Tic pw-
/ \ ¢ ~ 4 ~ / \ \ /
TOEAXGTIXOTYTOS, TO GTTOLN, TTEQAY THC CYUAGIOG TOUS GTI)Y TELQOLOUTLRTY) AVH-
/ ~ ¥ \ \ ~ o ~ \
Ao meofAnuatwy wryovixis, eivor Suvartov vo Dewoenlet 811 mooxaroly 9y
3 \ > / o~ k) / \ \ b \ 3 \ / 3 /
atolyrins) avramoxpion o0 atduov. e o omtind adto wedla émagpleTton
GTOV VoYV GTr Vo xpivel &v Tol palvovtow weplepyo 7) acuvilioto 7) évtumm-

N

ATl 4 N ~ ~ \ b ~ / N ¥,
oLaxa 7 dipopovpeva, 7 &y Tob dnuLovpyoly v alcbney Tol xaldous 7 Gyt

Elcayoy

3 3 \ 3 7 \ b /, N € / b4 4 \ \
H »at’ apyny aravrnen 6to epwtnua &v 1 t€xv €Yl 6YECT UE T
\ \ 3 3 / 3 14 ~ 124 / \ 4

pabnpotiee Oa Aoy dpvnrien. "Ev véver, Oewpodpe 611 mpdxertor yia do
/ 3 ! 3 / 3 A \ \ P4 3

Teheloe avelaptrTes ovtothTec. Ev todtole, ta palnuatixa €povy énn-
7 \ 14 \ 14 3 \ \ € / \ / !

pedoeL To LEYLETO THY TEYVTY, Ghha ol ) Téyvn ta pabnuoatind. Meydior

Coypdpor xal yadmTee ypnoiponolnoay palquatinés avahoyies ot Epya
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Toug, A xal dwerpol paluatixol Eumvedotynay awo TV TEYVY 67T
S oL LoUn (o N 7 v TEYVY 0T
Satdimwey TV pabnuatidy fewptdv Touc.
3 Pl ~ ! ~ 3 ~ 14 \ \ 3 A
H &wvoua toD ndhhouc, tiig bpoppLic, Beloxetal o€ Tora Epya Eangvov
, ~ ~ ’ 3 / ~ %
pLrocbpwy Tiic mpocwrpatixiic wepLodov. ‘O [ubayépag Oewpolos 1
OTaeyeL 6TeVh 6y Letald wdhovue ol nalnuatinody. ‘H doyate deyite-
mhpye oTevi) oydon peTald xdhhoug xal pabnparindyv. H deyalx doyir
wrovet) BactloToy 6T AVahoYIdTNTL TOV GVTIXELLEVMY GOUQOVE UE T
yevot) Tour wol T evppetpla. ‘O Galileo Galilei 676 €pyo tou I Saggiatore
Evpade: ([T abumav] elvor yooppévo 611 YAmooo t6v palnpotindy, xol ol
FOLPARTTIPES TO ELVOL TELY WYL, XOXAOL %ol HIAL YEWUETPLG GYNULLTI.
Ao spyatotatmy yebvev T pabnuaties Exmeéalay v téyvy. ‘O
yrorTe Hondxdertoc 6tov Ho aldve w.X. dvagépetal 6NV dvaroyio 142
\ \ ’8 \ 3 8 \ ~ (O - \ 7\/ P4 - 6 ~ "_\
yioe T0 avixod avdpixd ochpo. ‘O ypuooe Abyoc Eyel yernotpnonornbel ot
YALTETLRY) %L GTTY GEYLTEXTOVLRY) GO QY ULOTATMY Y eOV™Y. 2TNY LToALXT
3 / e . . \ / P .
Avoyévvner, 6 Luca Pacioli, oty mpaypateia wou De divina proportione
1509 3 4 \ - / . ~ )\/ \ \ /_\ (O - !
( ), QVaQEPETAL GTT) YPNGT TOD %pueol AbYyou aTthy TEYVY. ‘O yopdxTrc
Albrecht Diirer €xave modeg avagopes oto palquatixa 676 €pyo Tou Mel-
encolia I. Khwotobgavrovpyixa oyédia, mhekipato, OQOVeELS, TATNTES
&y ovy Ennpeactel anod Ta Lobnuatind.
271 ohyypovy Emoy, 7 avamTuly T@y fractals 6 cuvdvacUs pE Todg
b \ < \ P4 e / \ \ A
NAEXTPOVIXOVG DTOROYLGTAS €Y 0LV OONYNGEL GE XANALTEYYLXG ONLLOVEYT-
pato EEotpetinol xahhove. Lougmve pe thy wubaydpeto Ewola g appo-
/ ¢/ \ / / 3 \ \ 3 A e \ 3 e /
viog, Gha 67 @ien pubutlovror amo Tove dptbpoe, 6 Ococ elvar 6 péyag
tTone Tob %6 («ITe s Eheye TOv Oeov gel v
YeOUETPNG TOU %OGLOL o¢ [ndrwv Ereye tov Ocov del yewpetpeivy,
j%4 ~ 3 / e H)\ /,_ "_\ pY4 ’E — / ~
6o avagépet 6 [Thodrapyoc 676 Epyo Tov Epwtioetc).
\ 14 \ 7 ~ \ \ \ e \ o~
X7 ouvéyeta Oa Setfovpe mwhe To pabnpotins wal 4 wnyovixd pwopel

va SnuLovpyfeouy Epyo Téy Ve LYLETOL nIAAOUC.

1. "H ypven avaroyia

/ A \ \ / \ \ b / o\ \
Abo guoixol apifipol a xal b Bploxovrar 68 ypuey) dvahoyie 7 1 eLGo
AoYo GTav 10 Thinoy Tob dfpolopatic Toug e Tov peyanitepo amh Tolg
3o looltor we T TNAlxov 100 peyaduTépon pe Tov wixpdtepo. Tolto yia
N /. A \ \ bR o4
a > b dwntummvetal pobnuatind arno Ty Elicwor

_at+b _a _ 1 (1)

a6 T Ao T omolag Tpoximrel ¢ = 1.6180339887...
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‘O dpbpoc ¢ eivar dpprnroc, dnrady Eyer dmelpa Sexaduws Yrplo %ol
dev elvor SuvaTOv vor Ypapel UTTO TV LopPT ®hAGULATOG. 2uEBoAtleToL, no-
oY TpoTdoeme T wabnuativel Mark Barr (1871-1950), pe t6 yeduppo
@ meog Tty To0 Dedio, 6 6Tolog TOV Y P7NGLULOTOLYGE GTo GYIALATI TOV.

‘O dpbpoc ¢ propel vo ypagel HTTO T LopQT)

90:1+1:1+ 11:1+ 11
[t

v 1+

(2)

NI e A \ — \ 3 el ~ E 3 7\ /8 /_\ A pIN \ )\ _
albnpotinol o Ty Emoyr) Tob Kdxdeldy péypr onpepa Exouy pehe
TNGEL TLG LOLOTNTES THC Y PUGTIC AVahoYLag, GuUTERLALBovoLEVNC TTC ELpa-
VLGNS TNG GTO XAYOVIXO TEVTAYmVo %ol 6Te Tohdywve tob [Iagrtwve. ‘H
\ 9 / b / A / 3 / 3 \ \
revot) 7 Octo dvoroyio xalod7ynoe xadhitéyveg xal dpyLTéxTovES Ve TOVG
aleves — amo tov Pewdior xal tov Leonardo da Vinci p.éypt tov Le Corbusier.
~ \ \ 14 e . . \ 7 14 /

Ozwpelror xota Tohhods 6ti 6 da Vinci 1) yeroiponoinece drav Loyeaprle
1) Méva Atla xal 6 Salvador Dali §tav dnpiovpyolce 10 gpLtetodpeymnud Tov
«T6 pvuotnero tob Mustinol Aetmvoun. [Torhol xoriitéyveg oty Avaryév-
o SnpLoLeYneay To EpYo TOUG GOV LE TV JEUGT) avahoyloe Lo T
\ ~ bl ’ € \ . . e /y 14 e
nop@y) 7eveob 6pboywviov. ‘O xabnyrntic Adrian Bejan dmoctypiler 6tu 6
3 ’ b \ 3 e \ \ e ’ \ 3 / \ /
avlpmivoc dpbahuoc elval ixavog vow Eppmnvedet wio elnbvor oL Y opaxrTrpei-

C — b \ \ \ 3 7\ / ’ b Yy o — \ 4 8 A ,/7\7\
eTal Ao TV pUGT dvohoylo ToydTepa g 6,7t pid 6ToLadNToTE JAAY).

’ \ \ . € \ 3 7 b / \ A
Yoppmve pe tov Bejan, 7 ypuet) avahoyin dvtimposmmedel Ty xahbTepT
avahovior YL TH WETHQOEX £ixnbvoc meoc Tov Eyxéoaio. ‘Omwe tovilel:
Yio yi& T peTagpog ¢ Tpoe xépoo. c :
3 \ 3 e / \ / \ \ 3 / 3 \ \ /

«AdTY elvo 1) xohdTepy) po7) SLapbpEmGne Yo TG ElXGVEC ATTh TO GYEdL0
6TOY EYREQUAD %al ExdAmvETOL GUY VA 6€ avlpMTouS TTOL T Gy AT TOVE

divouy TNV EVTUTLGY) GTL ELVOLL XATAGREVAGUEVAL [LE TT) YPUGT) GVAAOYLO).

2. ‘H axorovbia Fibonacci

‘H dxorovbio Fibonacci elvo pioe ceLpo puoedy dptbpov wod apyilet
ue tovg aptbpove 0 %ol 1 xal xdfe emduevoc dpbpoc tic oelpic elvor 10
&bpotopa ToV S0 wponyoupévey. Keeupéln to 1202 p.X. aro tév Leo-
nardo Bigollo Pisano, yvewoto xal é¢ Fibonacci. ‘H gxorovlio Emexteiveror
670 &merpo. Ol mp®ToL 16 dptfuol t7ic dxohovbiog eivar:

0,1,1,2,3,5,8, 13, 21, 34, 55, 89, 144, 233, 377, 610

\ 14 5.9 3/
NOL GUVEYLLEL ETT ALOPLGTOV.
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0+1=1
1 +1=2
241 =3
21 3+2=5
5+3=8
34 8+5=13
5 13+8=21
13 21 + 13 =134
\i_ 34+2]=55
55 +34 =89

0,1,1,2,3,5,8, 13, 21, 34, 55, 89, 144... 89+55=144

Zyrpe 1: Avadoyind tetpdyomve pe Theupsg Tovg aptbpodg Fibonacei 1, 1, 2, 3, 5,
8, 13, 21, 34 ol 7 Enxa Fibonacci.

¢ 3 \ . . 1Y \ \ \ / € / ~

Ot apiBuol Fibonacci oyetilovror pe wov ypucd Aéyo. ‘O timog Tod
Binet éxgpdlel tov n apbus Fibonacci cuvaptnoer 100 n xal 100 %pv660
Noyou. Ao tov TOTTo adTod GuveTtdyeTal 6Tl 6 A6Y06 000 Stadoyte®dv sty

. . / \ \ \ / ¢/ \ b ! \ ~ 4
Fibonacci telvel mpoc T0v puso A6y0 GTov T0 1 adaver. 210 Xy Tipa | pol-
YOVTaL Ta SLad oy ted TETPpAY WY UE TTApEs Tovs dptbuove Fibonacci 1, 1, 2,
3,5, 8,13, 21, 34 »al 7 wepLBddhovoo xapmdiy, ) Yvwotd @ EAtxa Fibo-
nacci.

Ot gptBuol Fibonacci ugoavilovror cuyve oto pabnpotins. MdhioTo
< ! \ 3 \ / \ . . \ 3 4 \
OTtagpyeL kol eldino meptodind, to Fibonacci Quarterly, wob dvagépetal 611
uehéty toue. Koappoves tav dptbpov Fibonacei meptrapavouy aayopll-

3 o~ \ A by y / A . + 9 /
LLOVG DTTOAOYLETGOY xal Ypaphuote ovopalopeve xOBotL Fibonacci. "Epgovi-

pJ 4 \ 4 j24 /, 14 \ € /
Covrow émtiome ot Broroyio, 6Tme Staxhadnhoets dEvdpmy, 670 HALOTEOTLO,
\ A / ! e 14 ¢ \ 3 \ ~ !
7oL ta aviiAALE Tou oy muatilovy Téheieg Ehneg, 6Tov dpLlus TGV TETIAWY
€ \ bl \ 14 ~ / \ /7 \ \ NI ~
evoc dvbovg, 670 xEhpoc Tob cuhlyxapoy, oTic pllec xal To xhadid TGV
SEVTPMY, GTOY BVOVE, GTLE XOUXOLVEPES TMY TTEVXMY, GTLG Y%Vapes %.&. H
axohoulia Fibonacci pmopel vo évromiotel 6760 DNA pag, wob weptéyet di-
mhec Enxec. [lepay Todtov, ol Eaxec Fibonacci éppavilovrol 6tovg yoho-
Zleg, 6ToVg nuxh@ves, .. To Zyfuate 2-9 woptetoly v Enxa Fibo-

. \ \ \ \ \ / \ ~ \ \

nacci 670 QuTIxs %ol 670 Lwxd Bacihelo, 6ToLG XUUADVES, 6T SarTLALKA

3 A \ /
ATOTUTTOULATA, GE EPYUL TEYLVNC.
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2y 2: Avboc Hnotporiou. T avBiIng Tov oyrmpatilovy Ehxes T axolov-
Ot Fibonacci.

Zyduo 3: Kdxeroc. To av00anid tou oynpatilovy Enxeg t7jc axorovliog Fibonacci.
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Zympe b Kéhoog detpaxocedols 6
\ ()\/ —_ S )\ _
LopQT ENX®Y TTG G%X0A0L

Otoc Fibonacci.

Zydpe 6: Motifo Basiopévo otiy -
%0etd) xop.mdAn Fibonacci.

Do 8: Agpuen. To meptypauud g
gxohovlel Ty Enxoedn) o -
oy Fibonacci.

Zyfua 5: Motifo Baoiopévo oty Eh-
%0eLd) xopdAn Fibonacci.

Dy o 7t Dohiynopoc, Saxtulixd &mo-
Timepo. Axorovloly Ty En-
%oed) xopmiin Fibonaccl.

w9 Tuodvae. To meplypappd

7o axoiroulel iy Ehxo-
ed7) xop oAy Fibonacci.
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ot

3. To zplywvo Sierpinski

To tplywvo Sierpinski xataorevdletol amo Eva LobTAELEO TELYWYO Sid
SradoyLntic dpoutpéseme ToLyY VMY (¢ EETc: Aolpobpe T6 LobTheupo TELYwvo
ot Técocpa toa LixpbTEpa LoGTASLP TRLYWVE %ol APaALPODUE TO XEVTELXO

/ b ! \ / b \ \ 4 3 \ \ A
Tplywvo. ErxavahapBdvovpe 1) Stadicacio adth) we xabéve amo o mponid-
wrovta Tplywve cuveyde (Zydue 10). ‘O gptbuog w6y tprymvov ot xabe
B adlaver pe Evay cuvtehest 3, OnAad? 616 Zyfjua 10 Eyovpe 1, 3, 9,
27, 81 (palpa) tplymva.

‘H émipdvera mod péver peta gt wdbe Emavdhndy civar Tom pe o 3/4

~ / 3 A ~ S o~ \ N \ 3 ! 174
TTic Tponyoupévne Eravahnbews. Tobto 607yel 6t wndeviny Extgpdveto oy
6 dptbpoc @Y Emavarnemy telvel 670 dreLpo.
Me 7oV ypouations TGOV APALPOVUEVMY TELYMY®OY O7ULoLEYoLvToL

~ 3/

opata Epya téyvne (ZyTpa 11).

AL L8

w100 Awdoyixs Bapote o thv xatoenewy) 100 TpLymvou Sierpinski.

Zytua 11: MoziBo pe &vtovy mapoustio tol terydvou Sierpinski.
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4. Ot yrovovieddeg ) xaumdin Koch

Stoge 0

Stage1

Stage 2

Stage 3

Stage 4

s

Continue....

Zype 12: Kataoneud) w7 xopumding
Koch pe gqoetnplo edleio
VP

OL yrovowipadeg 7 xopmirn Koch
UTTOPODY VO XATUGREVAGTODY &V Eext-
vhoovpe amo pioe edfelo yoopus dg
€7 Awatpodpe Ty edbelo yooppt o8
Tl loor TUNUATO, Aol KOUTUGHEVY-
Covpe &va loooneles Tplymvo ToL va
EyeL Pacyn TO pecalo TUTpa ThG €0-
Ocloc ol vo xatevfiveron mpoe Ta
Ew. 'H Sadwacio adty Emavodopm-
Bavetal yia x&fe TpoxdmToven edbela
owvey o (Zyfipa 12). ‘H Siadieastio
oy npatiopod e xaumiine Koch yua
THY TEPLTTMGTY TELYMVOL  QolveTol
670 ZyTpe 13.

[l v mepintowoyn tol tpt-
vovou, xabe Emavarndy dnuLovpyel 4
popec mepLocbTepa el ypapma TUN-

LT GTTO THY TTROYYOVUEVT) ETovd-

b, e pinos xdfe Tufpatog 7o 1/3 Tob pinous Tob mporyovpévou Tpl-

patoc. ‘Eropévoe, t6 piinog thc napmirine Koch adfdveror xatd 4/3 o2

r&0e émavdrnly. Metd amod n Emavarnders 10 pinoc th¢ xapmiine Koch

Oc elvar (4/3)" =7, > U dpy ol DVO! L Oo ret ¢
16 TEPLULETPOU TOU oy Lol TeLywvou, xul o Telvel 6To

&mepo GTov TO 0 Telvel 670 dmetpo. Ky tobTolg, 1) Emipdveta EvToc TTiG no-

umong Koch elvat wemepaspévr,.

Ot yrovovipddec Koch pe xatdddnho ypwuaticps 6871yodv 68 Gpole

Eova Téxvne (Xyhrata 14, 15).

AN G ¥R X

e 13: Kataoneud) tic xapmiine Koch pe dpetnplo iodmrevpo tplywvo.
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Do 14: MotiBo Baotopéve ol wo- Do 150 Motifo Baoiopévo otic wau-
morec Koch. morec Koch.

5. To 6dvoro Mandelbrot

To tptywvo Sierpinski xol ol yLovovipddec Koch yapaxtnpilovron o
7 3 / / b / \ ! 4
wio EmavoaBovb ey Sradirastio (adTto-opotbtnTo) 68 SLdpopes wAlLaxes.
Aviprouy 6Ty xatryople TV Aeyouévoy yempetowdy fractals. Teo fractals
elvor IStaltepor TEPLTAOK Y GYALOTO, %ol LTTOPEL xavels va Ta peyebbver 7) va
\ A \ \ / ! \ ~ \ \ / !
To opLnpUveL xal va Bploxet whvto T0 1to oy Tjne. Hlapo thv mohvmhondtnTa
\ ! 5/ \ ’ 3 /
Toug, To fractals xataoxevdlovror ebxoha pe plo EmavarapmBovopevy drodL-
roolo.
To oOvoro Mandelbrot avfxer 6Ty xatnyoplo TGV Aeyouévmy dhye-

By fractals. Zynpotileton ano v ELlcmor)

Znew = Z%ld +C (3)

14 [} \ 3 7
d7eov ol apLlpol z,ey, Zog, C elvar pryadixol.

Do proe wepay 700 C nal yid pia tipn) woY zyg Oohoyilovpe Ty TLum
70U Zpew- T omoletolpe Ty 1L} ad ) 70U Zpey 6TNY TLLY) TOU Zyg, %ol VTT0-
roytlov ) vé ) ToY Av ol St > 2c oY M

vilovpe T véor TLUh TOD Zyey AV 0l SLadoyineg TLES TOU Zpey GLYXALVOVY,
t6te 16 C avnxer 676 obvoro Mandelbrot. "Av ol Stadoytxes Tipnes 100 Z,0y
amoxhivouy, Tote 70 C dev avixet 676 ahvoho Mandelbrot. "Olec ot TLpeg T
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portional
hich the

Zyfua 16: “H meproy) Tol suvbirou Man-
delbrot pe pabpo yedp.

C mob avhxowy 616 clvoho Mandel-
brot oynpoatilovy v TepLoy? TOL
GUYGAOL.

IL.y. ©6 onueto C =1 vy 2,y = 0
dtver ) Swadoyyy tév aptlpov 0, 1, 2,
5, 26, ..., 7 omolo Telvel 67O dTmeLpo.
‘Eropévoc, w0 onpeio C = 1 8 avirer
676 cVvoho Mandelbrot. Avtileta, 76
onueto C = —1 6dnyel otn Sradoy
oy qplpiv 0, =1, 0, -1, 0, ..., 7
OTToloL €LVl TIETEPUGUEVT), Aol ETTO-

/ \ o~ — 3 A \
uévems to onpeto C = —1 gvixer 670

suvoho Mandelbrot. “Opota, 76 onpelo C =1 (i lvoe 7 QavTocTLed) Lovado)

o0nyeL ot Swadoymy tév aplluev 0,1, (-1 + i), —i, (-1 + i), —i..., 7) 6Tcolo elvort

TETEPUGLEVY) %o, ETOUEVLC, TO oruelo C =i avhxel 670 clvoho Mandelbrot.

Mio ypoagund) Tapastocsy Tob suvérou Mandelbrot gotvetol 676 2y 7o

16. To Zyppara 17-21 mapietoby Eyypmmo Tipato SLo@bpmy TEpLoy OV

70U cuvohou Mandelbrot pe Gpiopévoug yapaxtreiopole. Eivor évdeixtino

TO LEYLETO XANNOG TRV GYNUATDY ADTGHV.

Zymno 17: T nevrownd dxpalo onuelo t7¢ «odpdc tob Oudacalov {mmouy.
] ]
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Zyrpe 19 Kalbéva dmd 1o otépparta dmoteleitor 4o fpotes «odpeg

/ o \ \ ’ 5 79 ¢
Oahaooiov immovn. Xtd xevtpwnd pépoc éugaviletar 7
#apdioetdric Tob cuvdrov Mandelbrot.
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Zydua 200 Avcheg Ehxeg pe Sopugbpous Seutépas tdleme. Avdioya
ue Tobe «Daddooioug (nmougy ol dimiec Ehneg pmopel Vo

EpUVELTODY (¢ LETabpOWETY) TG (xEpalocy.

Zydpo 21: Nyod.
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6. To odvoro Julia

To cbvoro Julia propel va dnp.-
ovpynlel amod v B Eicwon (3),
émwe xal T0 aYvoro Mandelbrot. Eivo
SuvaTov v TOUTOLS VO Y P7GLULOTIOLY)-
Oobv xal &hiec ¢iomaeic. T cdvoro
Julia dvapépetor 68 pLd GUYREXELUEYT)

v e~ ~ v ’
it tie otafepac C xol éetdlovral
Ol To opele Tob puyadixol Emi-
4 . \ \ S o~ e 3 /

médov z = x + iy i T oTole 1) EEL-
cwor (3) v telver 6716 &mewpo. Ta
onpelo o)t Zz =X iy ToU pryadinol
pJ 4 \ \ \ ~ ~

gmumédon yia e T tig otabepac C
avirowy 670 cdvoro Julia. X xdfe

nipn i otafepac C dvtioTolyel xal

Zyfuo 22: Zdvoho Julia yie t6 orpeto
C =10.355 + 0.355i

&vor gbvoro Julia. Zuvnbeic cuvapthceis mépav t7c Eiiomeewme (3) elvat xal

ol €7

Zyp =720+ C(m =23, 4,5, ...)

Zn+| = Csin (Zn)7 Zn+1 = C exp (Zn)7 Zn+| = Ci cos (Zn)7 Zn+1 = CZn (1_ Zn)

To Zyfpora 22-35 mopLotoly ypapxd amexbvicy suvbhwy Julia.

Zyfino 23: Zdvoro Julia yid 6 orpelo
C=-0.4+-0.5%

Zyfipo 24: Zdvoho Julia yie 6 orp.elo
C = 0.355 + 0.355i
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Dy 25: 2dvoro Julia yio t6 ompelo Dy 26: 2dvoro Julia yie t6 ompelo

C = -0.54 + 0.54i. C=-0.4+ -0.59.

Sydine 27: Xovoro Julia (cuvdptyon z°).
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Sy 28: Xovoro Julia (cuvdptner z°).

2ydue 29: Zdvoro Julia (peyébuvey 2ydipe 30: Zdvoro Julia (peyébuven

2 2
v T ouvaptnen z© + C). v T ouvaptnen z© + C).
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Zydpo 31: Zdvoro Julia (xpuetadhind) Sopq).

Zydpo 32: Ldvoro Julia (pilo @utol).
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Xyfpo 33: Zbvoro Julia (dionog).

=
{fffsﬂ(f:’ il

Zydpo 34: Zdvoro Julia (@repmtd).
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Zyfuo 35: Lbvoho Julia (woydve).

/ bl \ / ~
7. Dotochastindtne - looypopating wedla pOTOEALGTIRDY
%P0OGGHY

Metald tav dmtindv pebodmv T pnyoviedic Oa émievrpmlobye othy
TopolGa Epyacla 6Ta 0TI TEdla oL dnpovpyobvTar we 1 wébodo Tiig
/ ¢ / b \ o~ / ~ \ 14
potoshactindTnroc. ‘H pébodog adty yenoipomotel mohopévo oo xal Bast-
Ceraw 6tov Depehicdddn vopo 671 to Stopavi] cdpato Toy QopTLETOUY LeTaTpé-
TOVTOL 8TC0 GTTTLRGC LEOTROTL 6E OTETLXGG avtahTpoTta. ‘H dmtiny) dvicotporio
Sraprel bvo xota To ST TTi6 EMLPBOATE TG poptimv. ‘H oty dviso-
pxel : 1 T 7ic Tév poptiov. ‘
TROTUA TGV COPUATLY ETLTRETEL T SNULLOVEYL XPOGGEY GULLBOATS HToy Bpe-
Oobv 676 omTIns medio S0 ToAWTIXGY TAaxGV. T6 Zyfiue 36 mopiota Ty
hd \ 8 A ; —_ ~ ’ \ ¢ o~ 3 ~ 3 \ 8/
o) Stdtaly ol wuxAxol TOAMGLEXOTLOY, TO 6TT0T0 doTeAElTaL ATto SVo
/ \ ! \ \ \ \ 3 ’ \ 3 \
SLGToUEOLUEVEG TTOMWTINES TIAAXES, TOV TTOAMTY %ol TOV GvohdTY), %ol &0
300 Lo GTAVPOVULEVEG TTAAKES TETAPTOV LTHOVS XVUATOC.
‘H pébodoc tic pwtochactindTyTog Enttpénel amo T AapBavopeva
pébodoc Tiic o rog émug , ppovbp
7edior %poGGHY GLUBOATIC TOV TELPUUATING TPOGOLOPLGLO TTG E6MTEPLRTIG
EVTATINTC XATAGTAGEMDG TMY cwPdTmy. Ta 300 xuptmtepa Sixtuo Ta GTTola
rpBavovror 617 rébodo g pwToshasTindTyTOG Elvar TO dinTuo TGV L6o-
LPOL®Y %ol T6 3ixTLo TGOV Leoxhvev. T TpdTo dmoTerobY ToLE YemLeTpL-

%0VG TOTOVS TAY GNUELWMY G6TA 6Ol 7 dLoPopa TMY ®VELMY TUGEMY EYEL
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Direction of
Polarization
1st principal . Light
strain 1/4 Wave - source
~

Plate

' L
2nd principal

strain - " Polarizer

1/4 Wave

Fast axis
plate

Direction of e
polarization Specimen
Y under load
- . Slow Axis
- ~
e
-
Observer Linear Polarizer
or Camera (Analyzer)l

Zyfipo 36: Omrind) Stdraln xunhixnol TOAOGLEXOTLOL.

otablepa Ty, eV To Sedtepa dvapépovtal 6To GTELR EXELVY GTA GTTOLA OL
/ ! P4 \ b4 / \ 4 ~ 3 o~

wOpLeg Tacels Eouy TOv 1o mposavatohows. To Sixtuo TGV looxhvidy
ATTOTEAODVTOL TAVTOTE GO LadpPOUS %p0GG00E, Evi To dixTuo TGV L6o-
LEOL®Y BT Lo)POVE XPOGGOVS GTUY Y PTGLLOTIOLELTOL LOVOY PWUATIXO QOC,
KL GO EYYPOUOVE XPOGGOVE GTOY Y p7|CLLOTIOLELTOL AeUXO @Ms (25 0l ol 1
ovopactio Toug). Ol xposcol cuBoltic Erouy SLapopeTins yp®duo AVaAoYL
UE TO WA%06 ®VULUTOS THG Y7 oLLoToLoLUEVTS axTvoBoitag. Aedopévou 6L
TO AeU%O QOS ATOTEREL GUYOLAGLLO BAMY TMY Y POUATWY, ERpavilovTal Ey-
LEWULOL %p0GG0L GULLBOATC.

211 ouvéyewa Do mapabicovue Sintua looyphpomy (Laboa 7 Eyyemus)

N L o o ‘ 1Pl QoLEA 1 EY Y POM
\ / 3 14 3 /. ) ~ \ 14

xol Sixtuo ETAMNALOULEV®Y LGOYPOUOY %KoL LGOXAVEY GE GUYAEXPLUEVO
TpofrApate payovidc (Zyfuato 37-49). Acv Omapyet apoLBoiioa 6TL pe-
PLXOL BT TO PWTOEAAGTING DT TTESLe TTPOXaAOLY TV aloOnTiny) dvromo-
rptor) 1oL atépon. Hpémer v todtolg va TovioTel 611 dpelhovpe va Stogpopo-
TOLNGoVUE €Vl QTOENAGTING Tedlo ToY elval Teplepyo 1) acuvilisto 7
p] Ao\ 8 / o\ \ 8 ~ 7 /)\ N\ 8 6 A 3 \
EvTUTTOGLIO 1) Stpopodpevo, 1) oL drpLovpyel Ldan 7 Yeudarslfoeis, dmo
&va tedio T6 67Tolo elvor Gpato. ‘H dpopgLe pmopel va uiy elvo wdvtote pLa

/ 6 / P14 \ \ ’; o~ 3 \ \ 3 6 \ ¢ /
TS)\SL(DQ AOUOQRLGLEVT) EVVOLA KAL VO ECARTATAL ATTO TT)V ALGUTNTLAY) LAAVOTT T
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2y 37 Tooypwpatinol xpoccol cup.-
~ \ / /

Boltg 68 WoVOTaXTO TEGBOAG

uetafAnthe dwwtoutc YofBui-

NOUEVO GE GUYKEVTPWEEVD QOo-

7o 670 &xpo Tou.

~ ~ 3 \ e !
TOD TOEATNETTOV, AAA VTR EL,
QN g \ g \ \
%ol 08V LTTOEEL VoL TUUTLGTEL PE TO
acuvibicTo, pe T dnuiovpyia
] » v onuLovpTYLla
/ \ W\ 8 ; / N \
oo, pe Ty TopadoloThTo 1 e
v ommed)  Yevdaiclnen. e
TOMG Ao Ta omTixe wedio Oa
GQNGOVUE  TOV  GVOLYVOGTY Vo
%plvet &v 160 SnpLoupyoly Thy al-

I~

obnem Tol xdhhove 7 GyL.

N Q. R \ \ o~ A, AL NN 2 2 \
Zyfuo 38: Tooypopatinol xpoceol cuLPoiTc 68 Soxd Ue MUK EYROT 68

xapby (a) nal o Epehnuous (b).
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Zyfpo 39: Tooypopatinol xpocsol cunforic 6& mhalslo Dmofaihbuevo 6& Guy-

HEVTOWUEVD ©0OTLO 6TO LEGO TOoL.
v

Zydine 40: Avloc: “looypmpotixol 2po66ol YHpm Ao xunhixd, 6T EvTos Sionov

7oL VTTO%ELTOL GE Lo ovixd) GLOLGLOR®Y GOPTLGT).
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Dy 4l Apafodpynue: Tooxhivels nal ooy pmpatinol xpocsol Yhpw atod wiTen
O GLEELKVODTAL &0 TEGGEPX EYrhwfiopoTa.

o)
.AQ e

L - AR 4
' -7,

o

Py OV
=1
[« V2N -T.

o@
A

Zyrpe 42 2rhhog totép. Tooypwpatinol xpo660l 68 Awplda EAaGTI%oD ToL elvol
GUYROAATLEYY) KOTO UTROG TGV TASLPMY T7)6 68 drauTtTes pdfBdoug xal
GLEELXVODTAL.
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2y 43: Mpwwd dotpo. Pwtewvd medlo looypopmy & oteped wpowlny 6

OTTOL0G VTTORELTOL GE OLLOLOWLOPYT] TELEGT).

Zyfiuo 44 Nuntepvo &otpo. Zxotewd medlo looypmpmv 6¢ 67eped wponlnt) 6

OTT0l0¢ VTTOKELTOL 6 GLOLGLLOPYY TTleaT).
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Zyfino 45 M) pe ayvoeic. Kotrafé pe xatdpoara. looypopatinol xpocssol ot

70 h0B8wn &pbowan mrepuylon Tovpuwivac.

® "

2y 46: Porbr 1ol dverutol wav tdoswy. Pdocig Suddoewe xdpatos 68 nu-

#hn dlono Tod HTOKELTOL GE XPOVGTLXE QOpTLaL.
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s iy S

Sy dpo AT Eguddtne. Ohoypapund, omeinbvicn TV poppdy Sovicewy TAGKoC
aTO GAOVULLVLO.
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Dyt 48: Guudbe. looypopatixol Zyiipee 49: 1vdied potiPo. Ohoypopunn
%p0660L & EvleTa Evtog GTEAAVLGT) TEY LopOmY So-
GUPPLAVOLULEVTG 1) TRUG. VAGEWY TAIRAS GO GAGU-

pivio.
Eriloyog

Od xhelow ThHY OULALa LoV LE TOV 6pLGUO TOD XIANOUS, THGC GLopQLIC,
a6 Tov Zoxpaty eig Tov PinnBov, T0v yvwetov Gg 6 «repl Hdovic 70oon
[51b-d]:

2. avv pev 0y 0dx €00 07d Eatiy & Aéyw, meLpatéov uny dnAoDv.
ymudty Te yop xdAoc oy Grep dv DmoldfSotey of TOAAOL TELPG UL YDV

Aéyery, 1) Loy 7 Tvey Loyoaprnuatewy, ail’ el t Aéyw, onaly 6 Adyoc.

Ol TTEQLQEVEC Xl ATTO TOUTWY 07) TO TE TOLC TOOVOLE YLYYOUEVO ETLTEDS TE

X0l GTEQES %ol T TOLE xavbaL xal Ywvinte, et pov povhavers. Tabta yop 0vx

elvat To6c TL %o Aéyw. xalbameo dhra, ail’ aet xodo xol) adta mepuxdvol

xal Tivoe Ndovac oixeloc Eyely, 0UOEY TULS TMY XYGEWY TEOCPEPELS — %ol
4 \ ~ \ / . A \ 4 \ S ’ 3 A
qetuata 07 toltov Tov timoy Erovta xaAd xal fdoves ail’ apo povld-
Vouev, 7 mie;
2¢ pertagpasn M. Avdpbvirou:
2Q. "Oca 2w dev elvar BéPato xabopa edlbe duéome, ahha Tpémet va
\ / \ \ p] o~ \ / /. \ b4 \
7o Eexalapiow. [paypotina dev émuyeipd vo pthnicem Tdhpo YL GLopQLa

oynedTwy, trwe 0o 1) Oewpoloe 6 ToAe xoop0c, elte TV Lhwy dhadT
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3/ / V ~ b4 . 3 \ b o~ \ ’6 / / [ / \
elte xamotwy Loypapudy Epymy aAla evwod t)v evlelo (Aéet 0 Adyog) xal
\ 4 \ \ b / \ \ / \ / 3 b
TNV XOUUTTUAY) %ol Tor ETTimEda xol GTEQEN GYHUATA TOU TPOEPLOVTHL AT
adTES xal YivovTar e TOVG TOPYOUS Xl TOVG yHpaxes xal Tor Tolywver, &y
7 \ S \ \ / \ 3 3/ \ \
raorafBaivng. Natl adwo dev mapadéyopar mag elvar Suoppo ayetind pe
XATL, 6TTWE GAA, TOUPa ATTO T7) QUGT) TOUS EYOLY TAYTOTLYY) GULOPOLY GTHY
3 / \ ¥ / 4 \ N / ’ 3/ \ \
oUolo Toug xal Erovy xamoleg HOoves dixés Toug, Tehelmwg doyeTes UE Tig
NO0VES TG Qoryolpos” HlLoLe DTTREY0LY %ol Y PMUATH Gale ToY £y oLy adTa
\ \ \ 5 \ \ e / b \ ’ b N
TO Y oLPAXTHPLETING %ol aDTES Tig Ndovés. AMha ratodafaivovpe dpaye )

&g avtlppmoT);

Edyoapiotieg

Zyhuoto QOTOEAGTIXGY OTTIXGY Tedlov Ennglncay aro Epyacieg
~ Y A / ~ ~ . €
T0Y getpvieTon dacspov xalnyntod Myyavixic A. J. Durelli. ‘O ouyypa-
pede, 6 6TTOlog 88y elye TNV THYT V& YVWELGEL €% TOD GUVEYYUS TOV XEXOLUY)-
4 b4 \ / ¢ e / / \ \ 3 ~ 3/,
wévo, ebyetor nal mpocedyetal bmme 6 Kiprog taket whv Yuymy adtol «&vha

[N > ’
oL SLMO(LOL OVATTAVOVTAL).







ITPAKTIKA THYX AKAAHMIAY AOGHNQN

AHMOXTA 2YNEAPIA THX 3ux AEKEMBPIOY 2019

YIHOAOXH TOY ANTEHIZTEAAONTOX MEAOYZX
». [QANNH EAEYOEPIAAH

[TPOZOQNHXEH AITO TON [TPOEAPO
». ZTEGANON A. HMEAAON

H Axadnuio Abnvev dmodéyetal ohpepo pne Saltepy Tipn tov xoby-
L I el |
vnoh) KopdoOwponintic Xewpovpyiniic ol [avermioryuion Yale ». Todvvr
"Exevlepuady, tov 6moto 1) ‘Ohopéhera eEéhele avTemioTé oY LEAOC KATA TO
Tpéyov €Tog 6Tov xAddo Clatpines Emiotijpeg — Kapdioyeipovpyinny, ethy
A ~ ~ s ~
taln Tiy Octindy Emietnudy.

O Ap. Toavvre "Exevbeptddne yevwnlnre ot Ouradérpero tiv HITA
a6 "Erknvec petavdotes. Lmoddace, dpyind, QUGLXT), YA %ol Yuyo-
rovio 670 mavemioTApLo Yale xal, 677 cuvéyeln, 6T6 I8L0 TOUVETLGTNULO Lo-
TEY, UE eldixena 6T yevind) ol 6Ty xapdtobwponixd yetpovpyLx).

O Ap. Erevlzpiadng clvar xawvotdpoc tic %opdloyetpoupyiniic ®ol
AVaALPERETUL GUY VA GE SLapopa EYrupo TTEPLOdLXd TTG Apeptxiic (¢ Evag Gmo

\ 7 A \ o~ b4 / \ \ /
7oV Séxa xahdTepoug YLatpovs Tév HITA, &y wévo yie 16 TpwTomopLaxs

P4 \ N \ / b \ \ \ \ A
Tou Epvo 6TV xapdiofmponixt) yeLpoupYIKT), GANL %ol Yo TH) YoUELEUATIXT
Tou TpocwTmnoTnTe. [lposraieitar cuyve Gh¢ xdpLog GuLAnThc 6 ddpopa
ONLOVTLXS GUVESPLY 7 (¢ ETLonéTTye %oy nTic 68 mavemioTy LA VOGO-

~ 3 \ \ / b / 3/ 3 INJRA / 3 ~ \
®opelo. ava Tov xbopo. Emmiéov, Eyer exmardedoer denddec latpddv oThy

\ / \ 3 \ o \ \ 3 7
®opSLOYELPOLEYLXT TOG0 6Thy Apepwxd) 660 %ol oty Edpdmy, cuurepiiopm-
/ \ ¢ A 3 ~ ¢ € ~ 3 ~ / bl ~ \
Bavouévmy xal ‘Erfvov latpdy, ol 6molor mnpetoly olpepn €36 6Thv
‘Eanddo.
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To ouyypapixs €ovo 100 véou Guvadéhgou elvat, Emione, TAOVGLO %ol
mepthafBaver TAnbmpa BLBAlwy, dpbomy xal nehetdv.

Kdpre "Eaevleprady,

H Axodnuio Abnvidy cac xahwoopiler amble pe idaitepy Ty %ol
yopo ol oog dmeubiver Deppeg edyce yio Thv EmTuy Y GLVEYLGT TOD Epyou
Goc.

20¢ %MD VLo Vo 60G ETLOMG® TO SLTAMUL TOD AVTETLETEANOYTOC PLé-
noug tob Tdpdparoc.
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Dear Dr Elefteriadis, in my opinion, medicine is a calling based on
empathy and the quest for knowledge. I have no doubt that you provide a
great exponent of both of these fundamental characteristics. For this reason,
the Academy of Athens welcomes you with honor. Personally, I greet you
with very warm feelings of gratitude and friendship.
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THORACIC AORTIC ANEURYSM:
READING THE ENEM IS PLATBOOK

EIZITHPIOX AOI'OX TOY ANTEHIXTEAAONTOX MEAOYX
». IOANNH EAEYOEPIAAH

Introduction

Imagine if a sports team —be it basketball, soccer, football, or other
sport— had the opportunity to read the opposing team’s playbook. What an
advantage that would confer! In thoracic aortic aneurysm and dissection, we
find a virulent foe. This powerful enemy has many techniques at its disposal
to hurt or kill our patients. Over the last three decades, at the Aortic Institute
at Yale, we have been engaged in vigorous efforts to elucidate the behavior of
thoracic aortic diseases — “reading the playbook™ of thoracic aortic aneurysm
and dissection. This effort has yielded a wealth of information and insights
that are reviewed, in a roughly chronological order, in the present monograph.

We are all aware that the main “plays” of thoracic aneurysm disease are
two: rupture and dissection. As we will see, concerted attention to the clinical
behavior of thoracic aneurysm reveals much about when, how, and why rup-
tures and dissections occur.

Epidemiology of aortic disease

Thoracic aortic aneurysm (TAA) is fairly designated a “silent killer” due
to its insidious and virulent naturel!l. Indeed, in the absolute majority of pa-
tients, aneurysms of the thoracic aorta cause absolutely no symptoms!?l. Often
the first manifestation of TAA is either death, or a major complication (aortic
rupture or dissection) that threatens to produce death unless an emergent
surgical operation is performed!.

In the United States alone, aneurysms of the aorta are responsible for
approximately 10,000 deaths annually!”. This makes aortic aneurysm the
20th leading cause of death, and the 17th leading cause of death in individ-
uals over 65 years!*l. However, even these numbers are likely severely under-
estimating the true burden of aortic disease on the survival of the population,
since many aneurysm-related deaths are sudden in origin and, without a post-
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mortem examination, are likely to be falsely classified as a “heart attack”
(myocardial infarction)l”). This viewpoint is supported by data from large-
scale autopsy studies of sudden death patients, which show that aortic rupture
and dissection accounts for a staggering 8% of all out of hospital sudden
cardiac deaths!”®l. This raises aortic disease an order of magnitude above the
previously suspected incidence.

Natural history of thoracic aortic aneurysms

Aortic Growth Rate

One of the most important parameters that defines the natural history
of aortic disease is the rate of growth of the aorta. Estimating aortic growth
rate is not a simple calculation of the difference in aortic size at the same
anatomic location between two time-points divided by the time between these
points. Many different factors need to be accounted and controlled, such as
imaging modality, interobserver variability, and measurement error, among
others. Therefore, sophisticated statistical methods have been developed to
accurately assess the rate of aortic growth™!"l, Our early studies revealed that
the aneurysmal aorta grows slowly — at a mean rate of .10 cm per year!!!-?],
This figure is an incidence-weighted average of the 0.07 cm/year growth rate
of the ascending aorta and a (.19 cm/year rate for the descending aortal''~?l,
However, our more recent study on a larger number of patients from our in-
stitution revealed higher growth rates: 0.20, 0.26, and 0.23 cm/y for the as-
cending aorta and arch, descending aorta, and thoracoabdominal aorta, re-
spectively!"l. Another notable finding is that the growth rate of the aorta
increases with an increase in the size of the aorta in all three anatomic loca-
tions!!4l,

At what size does the aorta rupture or dissect?

Another very important characteristic of the natural history of thoracic
aortic disease concerns the risk of developing adverse events, such as rupture
or dissection (or death from either of these) at different aortic sizes. This can
be presented as either the lifetime risk of adverse events or the yearly risk.

Analysis of the lifetime risk of experiencing an aortic catastrophe re-
vealed that (for the ascending aorta) 34% of patients will have suffered a
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rupture or a dissection by the time the size of the aorta reaches 6.0 cm!'1217],
This size of the ascending aorta represents a “hinge-point” in its behavior.
Prophylactic surgical interventions should be carried out prior to the aorta’s
reaching this size, in order to prevent potentially lethal complications.

Our initial studies on the natural history of thoracic aortic aneurysm,
conducted in the late 1990s, included only several hundred patients. Today,
our database at the Aortic Institute includes almost 4,000 patients, which
permits a dramatically more granular re-analysis of the natural history of this
disease. Consequently, in a recent study we analyzed the lifetime risk of ad-
verse aortic events for the ascending aorta as a function of aortic size. Due to
the richness of the data, we were able to analyze in 0.25 cm diameter incre-
ments. Interestingly, we now found, for the ascending aorta, in fact, two sep-
arate hinge-points — one at 5.25 cm and the other one at 5.75 cm!'%,

Yearly risk of rupture, dissection, or death is also a very useful indicator.
The annual risk of an adverse event with an aneurysm of a certain size is an
easier concept for discussion with patients. Analysis of the yearly risk of ad-
verse events showed a step-wise increase in risk with increasing aortic size
(Figure 1), The maximal risk is found in aortas greater than 6.0 cm. At 6
cm, the yearly risk of rupture, dissection, or death in patients with ascending
aortic aneurysms is 15%!'°l. (Of course, not all these deaths are aortic-related,
but for many individuals, the aorta is the cause.)

Based on these studies describing the risk of adverse events for patients
with TAD, we articulated evidence-based intervention criteria which are still
in use today and included in the formal Guidelines for managing patients
with thoracic aortic disease. For the ascending aorta, prophylactic surgery is
recommended when the aorta reaches 5.5 cm, and for the descending aorta
at 6.5 cm!"*!'7l. When surgery can be delivered at low risk (as at experienced
centers), it is appropriate to drop these criteria to 5.0 cm for ascending and
6.0 cm for descending aneurysms. All of these intervention criteria are in
the process of being “personalized” based on which specific causative mu-
tation obtains in an individual patient. For patients with Marfan syndrome
and other syndromic connective tissue disorders, the recommended criteria
are slightly lower than for the general thoracic aortic population — specif-
ically, 5.0 and 6.0 cm for the ascending and descending aorta, respectively
(Figure 2)'3171,
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Figure 1: Average yearly rates of the composite adverse event endpoint of rupture,
dissection and death related to ascending aortic aneurysm at various aortic
sizes. [Reprinted with permission from Zarar, M. A. — L1, Y. — Rizzo,
J. AL, ET AL., Height alone, rather than body surface area, suffices for risk

estimation in ascending aortic aneurysm, J Thorac Cardiovasc Surg 155,

2018, 1938-1950M161 ]

The Yale Center for Thoracic Aortic Disease
Recommended Surgical Intervention Criteria for
Thoracic Aortic Aneurysms

1.  Rupture 4. Documented enlargement

a. Growth =1 cm/yr or substantial

2. Acute aortic dissection growth and aneurysm is rapidly

a. Ascending requires urgent approaching absolute size criteria
operation :
b. Descending requires a 5. Absolute size (cm)
“complication-specific approach”
Marfan's Non-Marfan's
3. Symptomatic states Ascending 5.0cm B5cm
a. Pain consistent with rupture and Descending 5.0cm B.5cm

unexplained by other causes

b. Compression of adjacent organs,
especially trachea, esophagus, or
left stem bronchus

c. Significant aortic insufficiency in
conjunction with ascending aortic
aneurysm

Figure 2: Size algorithm for intervention for asymptomatic thoracic aortic aneurysm.
[Modified with permission from Coapr, M. A. — Rizzo, J. A. — ELEFTERI-
ADES, J. A., Developing surgical intervention criteria for thoracic aortic an-
eurysms, Cardiol Clin 17, 1999, 827-839171]
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Role of Body Surface Area and (or) Height

Although the intervention criteria mentioned above are designed for
general use, adjustments are necessary for extremes of body size. For example,
for a 7-foot-tall basketball player, an ascending aorta of 4.4 cm might actu-
ally fall within a normal size range, given the large body and commensurate
circulatory demand. On the other hand, a 4.4 cm aorta for a petite b-foot-tall
lady would represent a very significant enlargement and put her at high risk
for adverse aortic events. Therefore, body size needs to be included into the
risk calculations for adverse events for very large or very small patients. We
generated a table that provided specific risk level for patients of varying sizes,
based on their body surface areal'®. The risk is stratified into annual risk
categories: low (~4%), medium (~8%), or high (~20%)'®. This data per-
mitted “fine-tuning” our traditional intervention criteria that based on the
person’s body size.

Applying that logic further, we wondered whether body weight, specifi-
cally, really has any impact on aortic risk. Height certainly is an important
metric, but, we wondered, how does the aorta know, or why does the aorta
care, if body weight has increased. In fact, we have recently determined that
height alone suffices for aortic risk stratification. So, we now use height alone
in risk estimation!'’l. See Figure 3 for a nomogram of estimation based on
height.

What causes thoracic aortic aneurysm and dissection?

Is this an inherited disease’?

The genetic nature of aortic aneurysm disease is currently well recog-
nized. In the mid-1980s, in a landmark discovery, Tilson and colleagues first
described the role of genetics and family history in abdominal aortic aneu-
rysm!'"2%, However, it was not until the late-1990s when the familial nature
of non-syndromic thoracic aortic disease was discovered?'??l. For a long time
Marfan syndrome was the sole recognized genetic defect that explained tho-
racic aortic aneurysm. This syndrome was described in 1896 by Antoine
Marfan and is characterized by dolichostenomelia (long, thin extremities),
skeletal abnormalities, ligamentous redundancy or laxity, ectopia lentis, as-
cending aortic dilation, and incompetence of the aortic or mitral valves®’.
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Aortic Size (cm)

35 40 45 50 55 60 65 7.0 75 8.0

Height
(inches) (m)
55 1.40 2.50 2.86

57 145 241 276
59 150 233 267
61 1.55 226 258
63 1.60 219 250
65 165 212 242
67  L70 206 235
69 175 200 229
71 1.80 1.94 222
73 1.85 1.89 216
75 190 184 211
77 L9S 1.79 205
79 2.00 175 2.00 .
81 205 171 195 220 244 2568 293 3.1
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Light green area indicates low risk, yellow area indicates moderate risk, ovange area indicates high risk, and
red area indicates severe risk.

Figure 3: Risk of complications (aortic dissection, rupture, and death) in patients
with ascending aortic aneurysm as a function of aortic diameter (hori-
zontal axis) and height (vertical axis), with the aortic height index given
within the figure. Light green indicates low risk; yellow, moderate risk; or-
ange, high risk; red, severe risk. [Reprinted with permission from ZAFAR,
M. A. — L1, . — Rizzo, J. A., ET AL., Height alone, rather than body sur-
face area, suffices for risk estimation in ascending aortic aneurysm,

J Thorac Cardiovasc Surg 155, 2018, 1938-195011%1]

Further studies showed that Marfan syndrome can explain less than 5% of
all cases of thoracic aortic aneurysms and dissections, leaving many other
aneurysm families unexplained®"%],

At Yale the search for a possible heritable pattern of thoracic aortic an-
eurysm and dissection was initiated after a family was identified in which
Type A aortic dissection had occurred in three consecutive generations, in-
cluding a 12-year-old girl, who was the youngest person to die from an aortic
dissection at Yale-New Haven Hospital*". We immediately went to work at
the Aortic Institute at Yale to study carefully many families of patients with

thoracic aortic disease in order to determine whether other family members
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(apart from our patient) were affected. We were able to show that in 21% of
patients thoracic aortic disease was familial, meaning that at least one other
family member was known to be affected by aortic diseasel*!l. (It is important
to recognize that for a family to be classified as “positive” for a familial pat-
tern, aneurysm in the family members had to have been demonstrated by
imaging or surgery. The true rate is probably much higher, as we did not carry
out any clinical screening of family members.) Importantly, a very similar
study conducted independently by Dr. Diana Milewicz at the University of
Texas had shown the exact same percentage of familial aneurysm — 21%%2.
Referencing these studies on Mendelian genetics of TAA conducted at
Yalel?'2% as well as the ground-breaking Milewicz work ??/ the current
Guidelines for the Diagnosis and Management of Patients with Thoracic
Aortic Diseasel?”) recommend: 1) aortic imaging for first-degree relatives of
patients with TAA and/or dissection to identify those with asymptomatic
disease (Class 1, Level of Evidence B recommendation), and 2) aortic im-
aging for second-degree relatives if one or more first-degree relatives are
found to have thoracic aortic dilatation, aneurysm, or dissection (Class 2,
Level of Evidence B recommendation).

In the present era of molecular genetics, multiple genes have been dis-
covered that cause thoracic aortic aneurysm!*?>2%2% To date, more than 30
genes are known to play a role in thoracic aortic aneurysm and dissection!*],
and new candidate genes are discovered with regularity. These genes encode
regulatory molecules for the extracellular matrix (FBN{, FBN2, COL1Al,
COL1A2, COL3A1), the cytoskeleton in smooth muscle cells (ACTAZ,
MYHI1, MYLK), and the TGF-§ signaling pathway (TGFSB2, TGFBRI,
TGFBR2, SMADJ3, SLC2A10). Most of the currently known mutations in
these genes predispose the patients to aortic aneurysm formation. However,
there are certain genes that are either exclusively involved in aortic dissection
(the MYLK geneP ), or cause aortic dissection at small aortic sizes (the
ACTAZ2 genel®'*)). This poses additional challenges in terms of counseling
patients regarding the most appropriate time for preventive surgical interven-
tion. Knowing that certain genetic mutations alter the “normal” natural his-

el 121518 makes genetic testing of patients with

tory of thoracic aortic diseas
thoracic aortic aneurysm and dissection important for determining the appro-

priate personalized treatment strategy for individual patients.
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Bicuspid aortic valve disease and associated aortopathy

Bicuspid aortic valve (BAV) is the most common congenital cardiac
anomaly and is estimated to affect 1-2% of the population* %!, Many pa-
tients with BAV also develop ascending aortic aneurysm (as part of bicuspid
aortopathy). Although the exact frequency of aneurysm formation in BAV
patients is hard to determine, multiple studies estimate this figure to be in the
broad range of 20 to 84%!*). A study from the International Bicuspid Aortic
Valve Consortium found that the risk of aneurysm development is 80-times
higher than in the general population®. There is some equivocal evidence in
the literature regarding whether thoracic aortic aneurysms in bicuspid pa-
tients behave in a more malignant way than regular aneurysms. They grow
faster — 0.19 cm/year vs 0.13 cm/year for patients with a trileaflet aortic
valvel’’l and are known to play a major role in the causation of aortic dissec-
tion?®3%1. Also, a higher proportion of BAV patients require surgery for their
aneurysmal aortas (72.8% vs. 44.8%) at a significantly younger age (48.9 vs.
63.1 years)?’l. Despite the seemingly more aggressive course of aortic disease
in BAV patients, recent studies have demonstrated that with appropriate diag-
nosis and care the outlook for patients with a BAV is no different from the

general population! -],

How does an abnormal gene lead to destruction of the aortic
wall?

For decades significant efforts have been undertaken to elucidate the
pathophysiology of thoracic and abdominal aortic aneurysm formation>2-471,
This process is complex and includes multiple components, such as inflamma-
tion, proteolysis, matrix injury, and dysfunction and necrosis of smooth
muscle cells in the aortic wall, frequently in the setting of fundamental ge-
netic abnormalities!"”, The interplay between these various cellular and mo-
lecular mechanisms leads to the degeneration of the medial layer of the aortic
wall, producing an aneurysm.

A family of proteolytic enzymes called matrix metalloproteinases
(MMPs) has been implicated as a major player in the deleterious medial de-
generation process. MMPs are zinc-dependent enzymes that degrade elastin,

fibrillin, and collagen — the main structural proteins of the aortic walll*’l,
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Such medial degradation is part of a physiological matrix turnover process,

regulated primarily by macrophages!’’].

Under normal conditions, MMP
tissue activity is regulated by co-existing tissue inhibitors of metalloprotein-
ases (TIMPs), which prevent excess degradation of aortic wall proteins. How-
ever, in the diseased aorta, activity of the MMPs is markedly elevated, while
the activity of TIMPs is reduced. This leads to a significant imbalance be-
tween synthesis and degradation of the extracellular matrix of the aorta (fa-
voring proteolysis), which subsequently leads to weakening of the aortic wall
and aneurysm formation.

Currently, MMPs have been proven to play an important role in the de-

1950l and thoracic aortic aneurysms!*’-*!'°1 The

velopment of both abdominall
family of MMPs includes more than two dozen enzymes. However, MMP
types 1, 2, 3,9, 12, 13, and 14 have been most prominently associated with
aortic diseasel”l. In investigations conducted by our group, we looked specifi-
cally at the profiles of proteolytic enzymes and their tissue inhibitors in the
aortic wall of aneurysm patients and compared these profiles to those of
normal individuals. We found a marked elevation of two subtypes of MMPs
—2 and 9- and a marked depression of the inhibitory enzymes (TIMPs) in
ascending aortic aneurysms and dissections”*>l, Our current belief is that
aneurysm patients are genetically programmed to manifest excessive MMP
activity, leading ultimately to degradation and thinning of the aortic walll®"!,
This is shown in Figure 4, where the wall of a patient’s aorta has become so
thin that a ruler placed behind the aortic wall can be read clearly through the
tissue. It is hard to imagine how such a thin structure was containing the
blood flow to all organs of the body and not rupturing under arterial pres-
sure. Recognition of pathophysiologic mechanisms of aneurysm development
raises the potential for innovative drug therapies, such as administration of
matrix protease inhibitors, aimed at slowing or halting of the evolution of
thoracic aneurysm disease.

Another important contributor to the pathophysiology of aortic aneu-
rysm is inflammation®’]. Specimens of surgically removed aneurysmal aortic
tissue often show powerful excess of inflammatory cells within the aortic
media and adventitial*®*® including macrophages, monocytes, plasma cells,
B-lymphocytes, and T-lymphocytes. However, the exact role of each of these

cell types in the process of aneurysm formation remains unclear, although
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Figure 4: An intraoperative image of a 6.0 cm ascending aorta, which became so thin
that the writing on a ruler can be read directly through the aortic wall. It
is sobering to think that this was all the tissue restraining the bloodstream
and blood pressure in this patient. It is presumed that MMPs participated
in the underlying destruction of the aortic wall that resulted in such loss
of substance. [Reprinted with permission from ELEFTERIADES, J. A., Tho-
racic aortic aneurysm: reading the enemy’s playbook, Curr Probl Cardiol

33, 2008, 203-2771]

some studies have identified T-helper 1 and T-helper 2 lymphocytes as impor-
tant participants in the immune responses leading to aortic aneurysm forma-
tion>%>9,

Inflammatory cytokines (IL-1£, IL.-6, IL-8, INF-y, and others) and loss
of smooth muscle cells have also been shown to contribute to the process of
aneurysm development®*®l. Inflammatory cytokines act by attracting and ac-
tivating macrophages and other immune cells, which in turn release MMPs.
In inflammatory situations, an abundance of MMPs are released, leading to
excessive medial degeneration. The loss of smooth muscle cells has been
shown in abdominal aortic aneurysms, where a 75% loss was seen in aneu-
rysmal aortas compared to normal abdominal aortas!®l. Two primary mecha-

nisms are thought to contribute to smooth muscle cell loss!*:
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1) First, increased apoptosis in aneurysm smooth muscle cells, possibly
due to release of inflammatory cytokines and mediators from inflammatory
cells, which initiate programmed cell death. Previous studies have shown a
threefold increase in apoptosis in aortic aneurysms!®!-%%,

2) Second, reduced growth capacity of smooth muscle cells in diseased
aortas (based on observations of the abdominal aorta)%4l.

In summary, proteolysis via MMPs, inflammation with participation
various cell types and inflammatory cytokines, matrix injury, and loss of
normally functioning smooth muscle cells are all important contributing fac-

tors in the pathophysiology of aortic aneurysm development.

How does aortic dissection pick a date and time to occur? It
is Random?

Although natural history studies provide an accurate estimate of the
size at which a dilated aorta is likely to dissect or rupture, until recently the
precipitating events that cause a dissection to occur at a particular time were
unknown. In fact, aortic dissection was previously considered to be a com-
pletely random event that could occur on any day and at any time. However,
there is now evidence that occurrence of aortic dissection is not random;
rather, certain predisposing and inciting factors instigate occurrence of aortic
dissection to occur at one particular moment. In Figure 5 we provide a sche-
matic (based on many clinical observations and studies) that depicts our cur-
rent understanding of the mechanism of how an aortic dissection is likely to

(2561 This includes a sequence of five important components: 1) Ge-

occur
netic predisposition to TAD; 2) Degeneration of the medial layer of the aorta
(via MMP action); 3) Weakening of the aortic wall and aneurysm formation;
4) An acute hypertensive episode (sudden spike in blood pressure); 5) Aortic
dissection.

The importance of blood pressure increase in inciting aortic dissection
is currently well accepted, with antihypertensive drugs constituting the first
line of medical management for patients at risk. However, this relationship
was not as obvious a decade ago until the phenomenon of aortic dissection
was discovered in weightliftersl® %7l Through an experimental study on vol-
unteers, our group was able to show that during severe weightlifting the arte-
rial blood pressure can exceed 300 mm HgY. Such extreme blood pressures
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One Point in Time to Occur?
P Emotionor
AMMPs B e
Medial Hypertensive
Degeneration Episode
Genetic Aneurysm Aortic
Predisposition Formation Dissection

Figure b: Schematic presentation of possible relationships underlying the instigation
of an acute aortic dissection at one particular time. (Reproduced with per-
mission from Hatzaras, I. S. — BiBLg, J. E. — KouLLias, G. J. — TrRAN-
QUILLI, M. — SINGH, M. — ELEFTERIADES, J. A., Role of exertion or emotion

as inciting events for acute aortic dissection, Am J Cardiol 100, 2007,
1470-1472151)

are not commonly seen even in such acute environments as the cardiac inten-
sive care unit, where hypertension is a very common condition. Furthermore,
the significance of a hypertensive episode in aortic dissection was further
supported by a study that showed that extreme physical exertion (moving
furniture, shoveling snow, etc.) or emotional stress (loss of a loved one, news
of an illness, extreme work-related stress, etc.) preceded aortic dissection in
67% of our patients with this condition!®. Although not as intuitive as phys-
ical exercise, emotional stress too can provoke a serious spike in blood pres-
sure, enough to incite aortic dissection®®. The role of hypertension in in-
citing aortic dissection is also evidenced by studies that have found a higher
rate of occurrence of these events in the winter months and in the morning
periods of the day, when the blood pressure is known to be highest!®-72],
The hypothesis depicted in Figure 5 is based on the widely accepted
assumption that the dissection starts with a tear in the intimal layer of the
aorta. However, this assumption has recently been challenged by Humphrey
and colleagues!”*7%. who have postulated an alternative hypothesis that the
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dissection actually starts within the medial layer, at the sites of pools of gly-
cosaminoglycans and proteoglycans. Medial delamination follows. In this sce-
nario the intimal tear is the result of an initial degradative process within the

media, rather than being the initial event of the dissection!”*7,

How do we put this all together?

Putting together all the predisposing and inciting factors that interplay
in the development of aortic dissection, the following summary of events can
be made:

As a result of a genetically programmed predisposition to thoracic aortic
disease, an aneurysm develops that is mediated, among other means, by excess
MMP activity. Furthermore, under the influence of an acute hypertensive
episode, either from emotion or exertion, the tensile strength of the aorta is
exceeded and an acute aortic dissection occurs.

How does this correlate with biomechanical properties?

It is important to note that the natural history data described above,
which are based on imaging studies and clinical observations, are largely
supported and confirmed by concurrent bioengineering studies that assess
the mechanical properties of the thoracic aorta. These studies have shown
that the biomechanical properties of the thoracic aorta deteriorate markedly
as the aortic size reaches 6 cm — the exact same size at which our natural
history studies show the risk of adverse events to increase dramatically. As the
aorta enlarges and reaches 6 cm in diameter, it loses its distensibility and
elasticity, thereby resembling a non-distensible rigid tube that has been
stretched to its limits!””l. Therefore, in a large, non-compliant aorta the entire
force of each cardiac contraction is directly translated into wall stress, since
the aneurysmal aortic wall cannot stretch elastically!””. The larger the aorta
gets, the higher is the wall stress. In fact, at 6 cm the wall stress of the aorta
has the potential to exceed the ultimate tensile limits of the aorta (800 KPas-
cals) if blood pressure reaches 200 mm Hg, resulting in dissection and/or
rupture®”!, Overall, our sophisticated bioengineering studies are consonant
with the natural history findings and provide additional scientific justifica-
tion for the current size criteria for prophylactic aortic replacement.
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What else are we working on?

Genetic testing via whole exome sequencing (WES)

The concept of comprehensive genetic testing for thoracic aortic disease
is quite new. Such testing has traditionally been done by multiple tests, for
each specific gene. However, such testing data is static and cannot be revisited
later, should new genes be discovered. Therefore, in 2012 at the Aortic Insti-
tute at Yale we initiated a clinical program of routine genetic testing of pa-
tients with TAADPY via comprehensive whole exome sequencing (WES)
(DNA sequencing the exonic (coding) regions of all genes in the genomel”%)).
We believe that genetic testing via whole exome sequencing has a number of
advantages, among which are the following:

1) WES is comprehensive, testing for all known aneurysm-causing mu-
tations simultaneously;

2) Exomes of the entire genome are sequenced, which gives the opportu-
nity to reanalyze these data in the future if and when new genetic mutations
are discovered to cause TAAD;

3) WES is becoming rapidly less expensive and more cost-effective than
conducting multiple syndrome- or gene-specific tests in different laboratories
at distant geographic locations;

4) WES provides genome-wide data that can be “mined” for new vari-
ants and genes.

Based on this ongoing clinical program of genetic testing of TAAD pa-
tients, the Yale Aortic Institute is on a mission to identify new unreported
variants in TAAD-related genes and to identify completely novel genes that
underlie this lethal disease. Such efforts will contribute to composition of a
“dictionary” of specific genetic aberrations (both novel and previously re-
ported) that are seen in patients with TAAD — which describes the particular
behavior of aneurysms in patients with each specific mutation.

Guilt-by-Association

The vast majority of thoracic aortic aneurysms (TAAs) grow without
any symptoms, making detection before rupture or dissection extremely chal-
lenging. TAAs have earned the moniker of “the silent killer”, because the
very first symptom is usually death or a devastating complication (such as
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aortic dissection or rupture) that threatens to produce death. Despite their
lethal potential, TAA’s grow slowly and have a good prognosis if they are de-
tected and repaired before rupture. Early diagnosis is therefore essential. His-
torically, this has been left to chance — a patient has a computed tomography
scan or echocardiogram for another reason, and a dilated aorta is found. This
unsatisfactory situation has led clinicians to search for other methods to iden-
tify those at risk of or harboring silent TAA.

Recently, we postulated the Guilt by Association concept!’”"® which
leverages a series of seemingly unrelated clinical markers to identify silent
thoracic aortic disease. These markers include intracranial aneurysms, aortic
arch abnormalities, abdominal aortic aneurysms, bicuspid aortic valve, renal
cysts, a positive thumb-palm test, family history of aortic disease and giant
cell arteritis. Many of these conditions are thought to share similar genetics
or pathophysiology to TAA development. TAA has an increased incidence in
patients with these “guilty associated” conditions. We recommend that, when
clinicians discover one of these related disorders, imaging of the thoracic
aorta should be done.

RNA-signature

Another avenue that we have been actively exploring regards specific
RNA profiles of patients with thoracic aortic disease. If we think about the
DNA as the blueprint for the structure of the human body, then the RNA can
be considered the “worker” molecules which execute the blueprint!**. Given
the genetic nature of many diseases, various RNAs have been discovered to be
up-regulated or down-regulated, depending on the diseasel*". Therefore, we
sought to investigate whether detection of up- or down-regulation of certain
RNA molecules could serve a diagnostic tool for TAAD. The idea for this
study originated from a desperate need for clinical biomarkers””®" that
would be able to detect silent thoracic aortic aneurysm prior to rupture or
dissection. We investigated 33,000 RNAs in patients with TAAD and their
spousal controls. We identified 41 RNA molecules (highly up- or down-reg-
ulated, relative to controls) that were highly accurate in predicting presence
of thoracic aortic disease. Using this test, we were able to predict with an
80% overall accuracy whether the patient had a thoracic aortic aneurysm or
not™™l. We call this our “RNA-signature” test. Interestingly, the RNA-signa-
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ture was also very accurate at distinguishing between patients with ascending
and descending aneurysm, and also between patients with familial and
non-familial disease®'l. More recently, the validity of the RNA-signature test
was validated in a separate independent patient population, as well in pa-
tients with acute aortic dissection and patients with Marfan syndrome (un-
published data). We feel that the RNA-signature test has the needed accuracy,
simplicity, and potential to serve as a screening mechanism for detection of
silent thoracic aortic aneurysm**, Additional replicatory studies are nearing
completion.

Silver lining of Thoracic Aortic Aneurysm

Much of what is known about thoracic aortic aneurysm has negative
consequences for the patient. However, we seem to have stumbled upon one
specific consequence of aneurysm disease that might actually be positive for
the patient — a “silver lining”, so to speakl’l. For years we have been aware
(from intraoperative observation) that, for some reason, patients with as-
cending aortic aneurysm have very clean femoral arteries, often without any
visual or palpatory signs of arteriosclerotic disease. Given the advanced age
of many patients in our ascending aneurysm population (with a mean of 65
years, two thirds male), this seemed quite unusual. These observations trig-
gered us to investigate the extent to which patients with ascending aneurysm
are affected by arteriosclerosis. First, we evaluated the carotid intimal-medial
thickness (a well-studied early marker of atherosclerosis) in our patients. As-
tonishingly, we found that patients with aneurysms of the aortic root and
patients with Type A (ascending) aortic dissection have a much lower inti-
mal-medial thickness than even the normal population™. Second, in a sepa-
rate study we measured the total body vascular calcium, a late indicator of
arteriosclerosis. This study also showed that patients with root aneurysm and
Type A dissection had significantly lower levels of total body calcium score
compared to the normal population™l. Third, we evaluated the incidence of
myocardial infarctions in patients with thoracic aortic aneurysm and found
that there is a significantly lower incidence of coronary artery disease and
myocardial infarction in patients with ascending aortic aneurysm compared
to controls®!l. We feel that all these studies are providing strong evidence that
ascending aortic aneurysms (particularly annulo-aortic ectasia) protect pa-
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tients from systemic arteriosclerosis”. We hypothesize that matrix metallo-
proteinases implicated in the pathophysiology of aneurysm development play
a dual role: on the one hand they are pro-aneurysmal, but on the other hand
they are anti-atherogenic!® %,

Conclusions

The pieces of the puzzle in the “playbook” of thoracic aortic aneurysm
are coming together:

— A genetic abnormality predisposes to aneurysm development.

— The MMPs participate significantly in a complex aneurysm patho-
physiology.

— Definite family patterns prevail.

— Mechanical properties of the aorta are dramatically altered.

— Aortic dissection and rupture tend to occur at or above 5 cm aortic
diameter.

— Exertion or emotion are acute inciting factors for aortic dissection.

— Specific genetic mutations (single base change in single genes) are
being identified in individual patients via modern whole exome sequencing
(WES).

These advances in understanding put aortic specialists in a better posi-
tion than ever before to combat the silent, virulent, and capricious disease of

thoracic aortic aneurysm.
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TITOAOXH TOY ANTEIIIETEAAONTOX MEAOYX
». HANS JOACHIM SCHELLNHUBER

ITPOXOQNHXEH AIIO TON [IPOEAPON
»x. ZTEGANON A HMEAAON

‘H Axadnpio AODnvev dmodéyetor onpepo we idattepy Tius tov xoln-
vroh) ». Hans Joachim Schellnhuber, ‘Opétipo Atevbuvty) tob “Ivetitodtou
Epeuvay Khvparoroyiag ol Potsdam, tov 67olo 7 ‘Ohopéhera ebérele Avre-
meTeoy Méhog xata 76 tpéyov Etoc otov xhado tiic «Duoiniic thig Atpé-
opotpag xol Khpatoroyiooy, othy TdEn t6v Oetindy 'Emetnuy.

‘O xabnyntie Hans Joachim Schellnhuber yevwnfinxe o 1950 616
"Oprevpmovpyr tic Deppaviag. Xmoddace Mabnuatins xal Ouoind xal,
GTY) GUVEYELXL, ATEXTNGE TO OdaxTopixd Tov dimiwpe 611 Oewentind
Duower aro to TavemioTApLa Tob Péyrevopmovpyx xal 108 "Optevpmovpyx.

‘H &peuva 100 %alnynty) Schellnhuber éotialetor 7o Y opoxnTnELETIXG
TEOBMARATE, TOY EYOVY GYEGT e THY IANAETLOPUGY] TTG GUGTAGEMS TTG
arpbooatpas, e Odracoug xal TGV BLoyevdy EXTOUTOY ATTO TOY TAXVATY)
pac. Me 70 émiotnpovint tou Epyo Eyel GuUURBAAEL 6TV xaTavdTeT TGV Yo-
%pOYPOVIWY LETABOAGOY 6Ty atpbopapa. Téhoc, €yel cuupetdoye Gg
EUTELPOYVO LY 6Tl TAEOY SLdomueg EmTpoTés, oL xabmptcay xal xabo-
otlovy 10 LEANOY TGV ATtpocalpiney Erietrnudy.

Kdpre Xuvddengpe,

H Axadnuio AOnvédv cac xarmoopiler andde e idtoltepn T xol
edyaplotnen nal ol ameubiver Oeppeg edyec yio Thyv EmLtuy T GuvéyLey ToD

gpyou coc.
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2oc noahG TMEo YL Vo 64¢ ETLIMGm TO SimAmpa ToD AvTemieTéA-
novtog Méroug tob I8pbparoc.
O Axadnpainog x. Xpfiotog Lepepoc amovotdlel Moyw Emoyyehuo-
TGOV oy pemoey Tou éxtoc Eaaadoc. [lapoxard Tov cuvddehgpo
o~ / 14 4 \ ~ \ / \
%. Kovetavtivo Zuvordny 6rog wapehln 6to Bripa xol mapoucidsr 16 £pvo

ral Ty TpocwmesTr T Tob Apog Schellnhuber.

IMAPOYEIAXH ATTIO TON AKAAHMATKO
». KONXTANTINO XYNOAAKH

Kipue [1pbedpe, xupleg xal xdptot,

¢ / / \ 3 4 A e 3 /

H veyoardtepn mponiney wol avtipetoriler onuepr 1 avlpwmdrnro
elvar 7 Omepléppavey tob mhavATy. Av EZeydcovpe yid pio oTLYWY) TiG
ATELAES TTIG YELTOVIXTIG (LG Y OPAG 1) THY 0LXOVOULXY) %ploY) %ol E6TLAGOVUE

\ \ 3 / \ /. \ b4 3 / \
oThV xhpatied) addayy, Oo StamisTtwoovpe moe #dn elompdtrovpe 6T
L Opo g, dAAa xal (¢ avlpwmmdtnTa, Tic cuVETELES THC.

O Tpdpevos elvor évag o TOLE X0PLYALOVES ETLGTNUOVEG TOU %AL-

’ / \ / ~ A \ \ 3 4
uotog Toyrocping. Katarafalver 10 whipo 700 mhavhTy ol Tlg aAlayES
7oL %o h)TEP Lo (S AT TOVEC TTEPLGGOTEROVG JANOVS ETLGTTLOVES, GXbLLY) xol
mopopolon eildiol Bdpove. ‘H Bacwes touv wposgops oty avbpwrdtnTa
3 € 3 / ~ / 3 / . . . \ ~
elvat 1) avoxdiudr 6y onuelwy amoxhiere (tipping points), d7Axad? tév
GUGYETIOLMY LApOXTNPLOTIXGDY (ToUPAUETPWY) QUGLRMY QALVOULEVMY, GTA
6olor AL TS T, L EVOC GLGTY, c. I va 6aig ¢8n-
CeL onpovtins ) GLULTERLYOPG EV0G suaThaToc. [id va 6dc €8y
YHGo ThElvol T oNUEL ATOXALGNG, GXEQTELTE GTL &y Eyete Evar ENaTNPLO %ol
TO TOPALLOPPWGETE ALY0, adTo Oo Emavénler athy mponyolpevy xatacTtact

-\, \ ’ \ \ / ~) ~ e 7 \ \
Tou. "Av 10 TapapLop@®OceTe TOAD %ol TEpay ToU EAacTixol Gplov, dev Do
3 / / \ / \ / / \ ~ 3 \
avoxapder moté, o pelver v mhvrta Tapapoppwuive. To onuelo (Enacting
HpL0) peto TO 6TOLo Oev UTTopEL VoL dvoxd el TO EAATHPLO EIVOLL TO GTULELD
3 / / ~ b / 3 [ /. 14 ~ ~ ~
ambrene. Térota anpeio dmonhiorg elvol 7) dmmielo GAwy TGV dac6vy ToD
Apaloviov 7 1) ThHEn TGV TayeTOvey T Avtindc Avtoprtindc.

To guowed cusTApaTo elvot TOAD TTLO TOAITAOXS %ol To GTUELN GTTo-

bl ~ S5 \ e / / \ D / \ \
w676 EEopTMYTOL ATO EXATOVTASES TTopaéTooug, ot avtilesy pe iy To-
eoLbpPWaGT) TOY Ehatrplon ToL ELapTATHL LOVO GO Lio TopdUETEo. AdTa
o onpele amontere pag Bonlnee v dvayvopioovue 6 Trpdpevos. " Hrav 6

Te®Toc oL #dN amo t0 1995 —Etav EMdyLoToL LIAODGAY VLo KALULATLIAT
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AR N — ElyE TTopaTTPNGEL GTL 7 REYLETY ablnen Tol nésou bpou thc Oep-
uoxpastoag wob 0o Arav, xatd waca mhavotnTe, dvextdy v 1) Lwr) 6Tov

/ 5 e o \ e 51 ~ 0 5 _ ~ o ~
Thavi Ty pog eivoe ol 2°C. Anpadd 4 abiner tév 2°C amotelel éva orpelo
3 / 14 . . . 3 \ \ ¢ ~ \ \ 3 / AL
ambrhienge, Eva tipping point, & 6 67olo dev 0o avaxdpdovpe xol 7 wo-
peton Tob ATy pog O elvor dvebéreynta, arrd TpofrédLpa SusdpesTy

\ o~ \ e / \ ~ \ \ \ 3 4 \ 3 / /
xol Lopel vo 687 yNoeL 6 cuvbijxee mob dev Oa émitpédouvy Ty EmiBimey

/ 14 \ 1Y \ e / \ 3 / 14 \

nag, ToLALYLeTOY dTme 1) Yvwpllovpe. Kal 6 Mdyog dev elvar pévo d1u Oa
7 / / / \ / b \ ¢ \ \
LeoTovbposte Myo Topamdve T0 xahoxalpl, aAid ol whavés nospoyovinee
3 \ \ / \ 37 ’ A\ \ b / 7 \ \
arhayes ota Dadooia xal dépra peduoarta ol Oa arrdlovy plocTacTing 16
whlpo e yc. Agv yvwpetlov 5 INAXYE O GAOKALY

v e g, Agv yvwpllovpe Tapdpotes GhAaYEE 6T0 GAGRALYO.

To Gpro v S0 Babudv abdinorne tic Oepponpasioc violetnhnxe
TEMTOL ATTO TY) Yeppovind) xul3Epvnor), peta ano thy Edpomainy "Evoor ol
6TY) GUVEYELL, LeTa TN cupenvin The Komeyyayme 70 2009, b mayrbopLog
6TOY0G VLo THY ATTOQUYT) AVEEEAEYXTOY %ol 1) TROBAEYLULLY GUVETELGY.

Od 6dc TepLypado TEPLANTTIXG THY TOPelor ®ol THY ETLETHLOVLXY)
stadodpopto toU Hans Joachim Schellnhuber, yvowotol e 6hovg Tobg ol-
hovg xal cuvepydtes K¢ John.

‘O Hans Joachim Schellnhuber smobdase Mabnuatina xol Ouoiny,
3 /. \ \ \ \ b \ \ A
amoxtmvTtas ddaxtopks 611 Oewprntiny Puower) aro 6 [lavermiotipto
7ob Regensburg 76 1980. To 1981 &yive petadidaxtopinic 676 Tvetitodto
Ozwpnrindic Puoxdc (ITP) tob [Havermiotnuiov w7 Kahpdpviag (Zavro
Mrdppmapa), xol épyactnre ne tov Walter Kohn, wod &yive xal pévropdc
Tou. To ypagelo tob John 7oy Simhia oto ypageloa T6v John Bardeen ol
John Schieffer, ol 6molor avayvwpiotyray pe 10 Bpafelo Népmeh yia )
Oewpto thic DrepayoypbdtyTac. ‘O Walter Kohn Beafedtrxe pe to Bpafelo
Noépmer Xnuetoag 70 1998. Mécw 100 Bpafelov, 7 emiotymoviny) xovoTtng
AVAYVMPLEE TOV TPOTAYWILGTIRG pOAO TOL 6TV avdmTuin thc Asttovp-
vt Oeowplag unvétyrog, 7 omolo Emétpede Tov LmOAOYLOLG TTig
Mhextpovixdic doutjc pe éiowoets g KBavtietic Myyovintjc. 2t Zdvro
Mrdopmapa, 6 John &ruee iy icwor ol Schrodinger yio w7 Xopwthto-

I I
viavy) 70U Fibonacci —ta orouyelo adta mpogpyovrol amo Sidgopes BLoypa-
plec TOD TLLOPEVOL 6TO dLadinTuo.

To 1984 énéorpele ot Neppavio xal &pyioe vo eEetdlel 1) Aertovpyio

4 / \ \ 3 4 / \ \ /
owlETmv susTudTeOY (complex systems) xol T7yv EZEALEN TOUG TEOS TO Y doC.
ZuvepYaoThxe, LIAGT, e Tov Benoit Mandelbrot, yvwmetd yia 1) Qzwplo

1= 24 i
&y Fractals.
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To 1989 6 John &ywe xalnyntie Oewpntinic PDuciniic xal 677 cuvé-
yetee Arevbuvtie 676 ‘Tvetitobto Xnuelag xal Buohoviag 100 Gardsoion
[eprpanrnovroc 676 lavemiotnuio tob Ortenburg, d7ov pehétnce Thc ol
mTalppoteg Emnpedlovy to wapabardooia olxocueTHuaT 68 Topahies we
uwepny xAto (tidal flats). Xpnorpomoiwvrag tic éxtevels pabnuatinés tov
YVOGELs avETTuie povtéda Pactouéva 611 Oewpta Ty Fractals. Ta wopo-
Oondooio olxocueTHLATL Ty %ol TO TEOGWTLXG TOU GNUELD ATOXALGTG
a6 ) Qzwerntind) Guownd wpoc iy Khportier, Arhoyy.

To 1991 iSpuse 16 "Ivetitotto Potsdam yioe v Khwpatind "Epsuva
(PIK) ol &yve Arevluvtic touv 76 1993, Odclactine 6 é&énle amo 16
UnOEY 6& EvaL ATTH TO TAYROGLLWE YYOGTOTEPR EQELVTTLXG XEVTPX VLo TO
rhipa, pe mepimov 300 émotipoves. Xto Ivetitobto, yvoweto og PIK, clye
70 180 ypagelo e tov Albert Einstein, ol yprnotponolobee 6 810 xthpLo
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CARBON, CLIMATE AND CIVILIZATION

EIZITHPIOZ AOI'OX TOY ANTEHIZETEAAONTOX MEAOYX
». HANS JOACHIM SCHELLNHUBER

1. The Grand Setting

The chemical element carbon (C) is quintessential for life on Earth and
its co-evolution with the global environment over more than 3 billion years.
I use the word ‘co-evolution’ deliberately since all organisms are shaped
—to a certain degree— by their ambient conditions. For example, extremophile
bacteria thriving in submarine hydrothermal vents have a very specific
amino-acid composition, while lions hunting in semi-arid regions have a very
specific physiology. In turn, the living matter can shape —to a certain degree—
its environment. For instance, tropical rain forests create their own humidity
conditions by recycling much of the regional above-ground water in semi-
closed loops. Life can even exert planetary-scale influences as epitomized by
the ‘Great Oxidation Event’ (GOE) that happened in the upper Paleo-
proterozoic era (some 2,400 to 2,000 million years ago). This massive oxygen
enrichment of the atmosphere was caused by photosynthetic activities of
myriads of marine cyanobacteria and by the geological burial of vast amounts
of organic matter. Thereby, a net flux of molecular oxygen (O,) to the Earth’s
atmosphere arose and triggered a series of profound changes in the ecosphere,
including the eventual emergence of multicellular organisms. The overall
topic of planetary co-evolution is discussed in depth in two interdisciplinary
books, namely Earth System Analysis for Sustainability (SCHELLNHUBER ET
AL. 2005) and Revolutions that Made the Earth (LENTON — WaTson 2011).

Carbon, which abounds on, below and above our planet’s surface, is the
key player in this monumental drama. The element comes in various guises
and fulfils many roles. In its appearance as atmospheric CO.,, it enables the
benign greenhouse effect that notably guarantees the existence of liquid
water in the oceans and on the continents. In its appearances as organic
molecules of widely differing complexity, it provides the stuff from which all
living creatures are made. In its appearances as coal, oil and gas, it stores the
solar energy trapped by plants over hundreds of millions of years.
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These fossil resources would rest in the ground for many more eons, was
it not for an outrageous recent twist in the co-evolution story on Earth:
Homo sapiens evolved from the species pool by natural selection some
300,000 years ago and developed a technical civilization that began in the
late 18th century to tap, burn and utilize those carbon resources massively
and on a large scale for industrial production. This ongoing process
re-oxidizes the subterranean carbon stock and re-injects tremendous amounts
of CO, into the atmosphere. One is tempted to compare that man-made
alteration of the global environment to the GOE in the Paleoproterozoic, but
there is one critical difference: While it took cyanobacteria about 400 million
years to bring about planetary change, humans are taking only three centuries
to fundamentally modify the radiative balance of the atmosphere! Except for
major asteroid impacts, there is nothing in the geological records that matches
contemporary anthropogenic interference with the climate system in terms of
speed and scale.

As a consequence, a new field of interdisciplinary research has been
established over the last b0 years, called ‘Earth System Science’ (SCHELLNHUBER
1999; SteFFEN ET AL. 2020). It capitalizes on the insights offered by many
disciplines, ranging from physics to sociology, and specifically explores the
interactions between nature and humankind. Of course, the potential
destabilization of the global climate system by fossil-fuel extraction and
utilization is a prime topic in that field, but issues like worldwide biodiversity
loss, soil degradation and pervasive environmental pollution (through
particulate matter, toxic chemicals, plastics etc.) are other important foci
(RocksTROM ET AL. 2009; STEFFEN ET AL. 201ba). In fact, the anthroposphere
(i.e., all human beings plus all their products, activities and interventions)
became an important sub-entity of the Earth system after WW2, which is
now beginning to exhibit traits of systems dominance that transcend the
climate dimension (for a recent appraisal of the concept see WATERS ET AL.
2016). In a way, this is reminiscent of cancer conquering a parental body.

The contemporary planetary agency of our technical civilization can
—and arguably should— be expressed in less negative terms though. I recall
very well the exclusive scientific retreat in Cuernavaca, Mexico, in 2001,
where Paul J. Crutzen, a 1995 Nobel laureate in Chemistry, proposed to
perceive post-war modernity as a new geological era and to name it the
‘Anthropocene’ (see also CRuTZEN 2002). In the following, I will discuss the
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critical tangle, which the interactions of carbon, climate and civilization have
brought about in the Anthropocene.

2. The Rise of the Human Project

Earth System Science is currently developing a deep understanding of
how past carbon dynamics in the crust, oceans, atmosphere and biosphere of
our planet influenced the development and behaviour of the climate system
over time scales ranging from billions of years to centuries. This is achieved
by first gathering and evaluating an amazing collection of paleo-archives
such as the data encapsulated in the ice cores extracted from sites in
Greenland and Antarctica (HAMMER ET AL. 1997; PETIT ET AL. 1999). Rapid
advances in process analysis and simulation modelling then allow to weave
those data properly together and to produce a consistent narrative of what
really happened on Earth. The eternal partner of carbon in that narrative is
radiative forcing by the Sun, especially the insolation of the high latitudes of
the Northern Hemisphere.

The precise amount and spatiotemporal distribution of sunlight
impinging on our planet purely depend on astrophysical parameters, namely
eccentricity of the Earth’s elliptical orbit, tilt of the Earth’s axis, axial and
apsidal precession, and orbital inclination. These parameters, in turn, are
purely determined by the combined gravitational pulls of the Sun, Jupiter
and Saturn, and exhibit quasi-cyclical variations with ‘periods’ ranging from
approximately 20,000 to roughly 400,000 years. Most of this was discovered
and quantified by the Serbian geophysicist Milutin Milankovic and summa-
rized in his oeuvre Kanon der Erdbestrahlung und seine Anwendung auf das
Eiszeitenproblem (1941). Today, in spite of the nonlinearities involved, we
can precisely calculate the orbital parameters and the resulting insolation
over millions of years back and forth in time with the help of super-computers
(see below).

Note that Milankovic’s theory only derives insolation at the top of the
atmosphere. The multiple radiative processes and heat fluxes within the
atmosphere and on the planetary surface depend on greenhouse gases, water
vapour, aerosols, cloud cover, surface albedo and other factors in a complicated
manner. This was the terrain of the other early-days giant of climate science,
the Swedish polymath Svante Arrhenius. He won the Nobel Prize in Chemistry
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in 1903 ‘in recognition of [...] his electrolytic theory of dissociation’ (NOBEL
Prize 1903), but his greatest feat was probably the analysis of the quantitative
relationship between atmospheric CO, and Global Mean Surface Temperature
(GMST). The latter was derived through a number of ingenious steps and
published in a seminal paper in 1896. Ever since humankind knew, in
principle, that the burning of fossil fuels would eventually result in a massive
perturbation of the planetary environment, but flawed experiments, shoddy
theories, vested interests and outright lies have kept on challenging Arrhenius’
fundamental insights to this very day (for some recent insights see ORESKES
— Conwar 2011; OreskEs — Conwar 2010). In a sense, destiny’s reparation
has recently arrived in the shape of young climate activist Greta Thunberg, a
distant relative of the great Swedish scholar.

The interplay of orbital variation, tectonic forcing and carbon processing
has sent the Earth on a billion-year roller-coaster journey, where snowball,
hothouse and chaos episodes alternated with relatively stable eras. For
instance, as a consequence of the Great Oxidation mentioned before, our
planet may have been (almost) completely covered in ice during the so-called
Huronian Glaciation more than two billion years ago. Many geoscientists
maintain that the Earth repeatedly entered similarly extreme states between
750 and 600 million years ago, caused by runaway ice-albedo feedbacks.
Very high levels of atmospheric CO,, originating from volcano outbreaks and
other crustal sources, seem to have ended those lock-downs and triggered
catastrophic meltback events (but see ALLEN — ETIENNE 2008 for a critical
assessment).

A fascinating insight into geosphere-biosphere interaction on Earth was
recently provided by my colleague Georg Feulner, who reported on extensive
computer simulations of carbon dynamics in the late Carboniferous/early
Permian period (roughly 300 million years ago) using a coupled climate
model (FEULNER 2017). At that time, most of the coal deposits which we
utilize as fossil fuels today were formed from buried rainforest debris. This
process led to a massive net extraction of carbon dioxide from the atmosphere
and brought the CO,, concentrations down to about 100 ppm in the earliest
Permian. Considering the calculated concurrent orbital parameters, Feulner
concludes that our planet only narrowly escaped another ‘snowball’ episode.
In other words, the forces of nature struck the fine balance of laying the
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resource foundations for our technical civilization without slowing down
evolution towards an intelligent species.

About 55 million years ago, the reverse happened, namely a surge of the
GMST by up to 8°C that lasted for some 200 millennia. This event is known
as the Paleocene-Eocene Thermal Maximum (PETM) and was probably
caused by the release of huge amounts (12 Gt) of mostly volcanic carbon over
approximately 50,000 years (GUTJAHR ET AL. 2017). I am mentioning the
PETM here since it can serve as a benchmark for contemporary anthropogenic
global warming (see below). Note, however, that the current carbon-emission
rates as caused by human activities are roughly two orders of magnitude
bigger than the geogenic ones at the Paleocene-Eocene boundary.

After the PETM, the atmospheric CO,, content embarked on a long-term
descent, dominated by weathering processes that eventually generated carbonate
sediments on the ocean floor. This draw-down was significantly accelerated by
the dramatic collision of the Indian plate with the Eurasian continental plate.
The ‘crash’ evolved over several stages between b0 and 25 million years ago; it
created the mighty Himalayas as well as other high-rising mountain ranges
and the vast Tibetan Plateau. These ‘fresh’ surfaces were specifically prone to
erosion and weathering, so more and more carbon dioxide was extracted from
the air. This reduced the natural greenhouse effect, lowered the GMST and
instigated, probably in conspiracy with other geological developments (such as
the opening of the Drake Passage; see, e.g., SCHER — MARTIN 2006) the growth
of big ice sheets on Greenland and Antarctica. Finally, about 2.6 million years
ago, something unprecedented happened on Earth, namely the establishment
of a planetary oscillation between alternating glacial and interglacial periods.
An entire lecture could be dedicated to this stunning flip-flop pattern, but I
will focus here solely on the insight that the timing of glacial inception can be
explained by appropriately combining Milankovic forcing and the Arrhenius
effect (see above).

This was corroborated in a recent paper, which I had the pleasure to
co-author (Ganororskl ET AL. 2016; see Fig. 1). Using paleoclimatic
constraints and simulation-model runs, we derived the critical atmospheric
CO2—Value, C.

insolation at 65°North, which is a common metric for orbital forcing: If the

L as an exponential function of the maximum summer

actual carbon-dioxide concentration drops below that value during an
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Fig. 1: Variation of critical CO,-concentration as calculated from insolation (black)

and of real CO,-concentration (blue) during the last 800,000 years. Ten crossings

causing glacial inception in the past can be identified (see light blue bars while

noting that a drop of the empirical CO,-concentration below C_, is inconsequential

crit
within a glacial period). The curves are extended for 100,000 years into the future
for four emissions scenarios, ranging from O (blue) to 1,500 (dark red) Gt in terms

of the cumulative carbon amount released (adapted from GANOPOLSKI ET AL. 2016).

interglacial (i.e., warm period), then the Earth System starts to slide into a
glacial (i.e., cold period).

On close inspection, this figure and the underlying data tell many
fascinating stories, but let me highlight only two here: First, our planet
narrowly missed another ‘ice age’ in the past, which could have started just
before the Industrial Revolution —if the CO,-concentration would have been
some 40 ppm lower and the orbital eccentricity a bit higher. Second, without
human interference, the Earth would experience future glacial inceptions in
about 50,000 and 100,000 years from now, respectively (see the blue-black
crossing on the right margin of Fig. 1). Yet even with a moderate anthropogenic
injection of carbon into the atmosphere (orange), these intersections are
obscured. In other words, human interference will most likely suppress large-
scale glaciation of the Northern Hemisphere for at least 100,000 years and
possibly for much longer! This means that our technical civilization is about
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to stop the mighty glacial cycle that made the environment in which our
species emerged and thrived (see below). This finding is arguably the strongest
illustration of the concept of the Anthropocene, which science can provide
thus far.

The human project, which eventually may have become too powerful to
last, began with the development of Homo sapiens as a special branch of the
taxonomic family of Hominidae, which, in turn, evolved throughout the
Quaternary. In another article I co-authored (DoNGEs ET aL. 2011), our
research team argued that high paleoclimatic variability in North and East
Africa during the Early and Middle Pleistocene (in particular, during the
periods of 2.25-1.6 and 1.1-0.7 million years before present) may have
boosted hominid evolution by exerting significant adaptation-selection
pressures. The drivers of that variability are still the subject of hot debates
(for some examples see CLARK ET AL. 2006; RAVELO ET AL. 2004; SARNTHEIN
ET AL. 2009; TrauTH ET AL. 2009). However, there is solid evidence that a
combination of major geological events (such as the shift of ocean currents
and the reorganization of the Walker circulation in the tropics) and strong
glaciation dynamics in the Northern Hemisphere (see above) have heavily
contributed to the exceptional volatility of ambient conditions in those eras.

The human project took off about 11,000 years ago when the last glacial
period gave way to the so-called Holocene, which is characterized by benign
and remarkably stable environmental conditions — at least in comparison to
the vagaries of most previous ages on Earth. This was the golden opportunity
for our species to develop a sedentary-agrarian culture in a collective
disruptive innovation known as the Neolithic Revolution. The earliest traces
of the latter were found in the Middle East, especially in the ‘fertile-crescent’
region extending from the Eastern Mediterranean shores to the Persian Gulf.
Besides reliable winter rains alleviating the hot and dry summers, this region
had many more comparative advantages, such as fertile soils, open grasslands,
and species of plants and animals that were well suited for domestication.
These factors were related to the topography and climate of that area, but
also (directly and indirectly) to the legacy of glaciation dynamics that had
helped to shape its natural make-up. For instance, cryogenic abrasion from
the southern slopes of the Taurus Mountains was one of the major sources of
the Mesopotamian sediments that were accumulated downstream by the
rivers Euphrates and Tigris (HoLr 1984). Unfortunately, the overall nexus
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between glaciation and civilization is not well explored and would deserve
in-depth analysis by interdisciplinary teams of scholars in the future.

The human project span into a new orbit during the Industrial
Revolution (see above), which spread from Lancashire (England), where
mechanization and combustion met for the first time, across the entire globe
by about 1900. Tt created a cascade of disruptive innovations that were made
possible by the virtually unlimited availability of fossil fuels. Ever since, the
world economy has operated in an extraction (or ‘gold rush’) mode, even
further accelerated by the cheap oil that swamped global market in the 1950s
and 1960s (STEFFEN ET AL. 2015b). And in spite of many rumours and
projections, fossil energy resources will not be exhausted in the foreseeable
future. So where is the problem?

3. The Context Strikes Back

When I was a little boy, I was struck (and terrified) by the sight of black
fumes emanating from the smokestacks of big factories, which we occasionally
passed on our weekend family excursions. One day, | asked my mother why
nobody seemed to care about this abominable practice. She replied that it
would cause no harm whatsoever since the high-rising smoke spread so thinly
in the air that it could not have a damaging effect. ‘But I'm not entirely sure
about this’, she added, after a pause.

When Svante Arrhenius did his famous 1896 calculations, he concluded
that it would take thousands of years of coal burning until the growing
CO,-load of the atmosphere would turn into a dangerous interference with
the climate system.

Both, Arrhenius and my mother, were wrong. They underestimated the
scale and rate of the respective anthropogenic intervention. While the
air pollution emerging from industries and infrastructures caused, inter alia,
widespread acid rain and forest die-back on the Northern Hemisphere in the
1970s and 1980s, the greenhouse gases released from fossil-fuel burning
since the onset of the Industrial Revolution accumulated at a breath-taking
pace. In particular, carbon-dioxide levels have now transgressed the 410
ppm-mark and are almost 50% higher than the maximum value realized in
the huge glacial oscillation over the last 800,000 years. In both cases, the
context stroke back: The natural matrix, in which human activities were
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embedded, was not an infinite and indifferent reservoir that would absorb all
the waste without batting an ecological eyelid. Unfortunately, the Earth is a
rather small planet, and our planetary environment is a tenuous, delicately
balanced entity, which can react quite nervously when disturbed. In fact, the
ecosphere that supports all life and culture may be compared, in many
respects, to the human body (SCHELLNHUBER 1999). The latter is both robust
and fragile, resilient and vulnerable, and thus provides an illuminating
metaphor for the global climate system.

I began to use this analogy in my own research and communication
on the mechanisms and impacts of anthropogenic planetary change around
the year 2000. Especially the guardrail concept, which argued that
GMST-increase should be limited to maximally 2°C (see PErscHEL-HELD ET
AL. 1999, and the references therein), becomes easily understandable when
couched in terms of physiology: Everybody should agree that a long-term
increase of our body temperature by more than two to four degrees centigrade
would pose a serious threat to our health and life. And everybody should
agree that the hyperthermal deterioration of our physical constitution would
unfold through the damaging and eventual destruction of vital organs. With
this in mind, I introduced the notion of tipping elements in the Earth System
and shared an embryonic version of Fig. 2 with the scientific community in
a lecture given at Oxford University in early 2001 (SCHELLNHUBER — HELD
2002). The figure is a cartoon-style map of the ‘vital ecosphere organs’, i.e.,
of those sub-continental-scale parts of the planetary machinery that keep the
whole system going, yet may be destabilized by relatively small perturbations
at critical points in key parameter space.

In a recent publication (SCHELLNHUBER ET AL. 2016), a Potsdam-based
research team provided a literature-guided assessment of the stability of the
respective elements under GMST forcing. Although the error bars involved
are still large in most cases, there is overwhelming evidence that many vital
entities would be tipped into complete destruction if global warming exceeded
4°C. Yet some of them are at risk already if GMST rises by slightly more
(e.g. Greenland Ice Sheet) or slightly less (e.g. Great Barrier Reef) than 2°C.
This insight was corroborated and updated in a Nature Comment (LENTON
ET AL. 2019) just a few months ago.

So even moderate global warming will cause individual tipping dynamics
on Earth. In most cases, this will happen in a relatively quick and largely
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Fig. 2: Stylized representation of planetary tipping elements, which can be classified
as atmospheric (e.g. dynamical patterns), hydrospheric (e.g. circulation systems),
cryospheric (e.g. ice sheets) and biospheric (e.g. mega-ecosystems) entities. All of them
are prone to disruptive change in response to human interference (adapted from
LENTON ET AL. 2008; PIK 2017).

irreversible manner, but there may be exceptions. For instance, the release of
greenhouse gases from the marine methane-clathrates stocks on the
continental shelves can take thousands of years, yet cannot be undone at
comparable time scales. By contrast, the Arctic summer sea ice is likely to
disappear by 2050, yet could be restored by any cool episode within weeks.
While this constitutes a fascinating field of complexity science, the ultimate
question to be answered is whether the entire climate system might also
behave in such a nonlinear way. In other words, is it conceivable that some
sort of run-away global warming dynamic can be instigated by human
interference?

Yes, it is conceivable, although not likely. Scientists used to shy away
from this subject for two main reasons: First, no-nonsense results in this
context require a non-trivial understanding of the stunningly intricate
behaviour of the total climate system. Second, everyone who dares to
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investigate such an existential threat to our civilization will be quickly
disparaged as an ‘alarmist’ —by fossil lobbyists anyway, but also by certain
colleagues who ‘don’t want to do drama’. This explains why the pertinent
literature is rather poor. As a consequence, the Intergovernmental Panel on
Climate Change IPCC was never able (or willing) to perform an in-depth
assessment of arguably the hottest topic in the entire field of climate-change
science.

A fundamental rethink may be happening now, however. It is justified
and motivated by new insights into the highly volatile climate dynamics of
the distant past as sketched in the previous sections. Yet the biggest difference
was probably made by the ‘Hothouse Earth’ paper (STEFFEN ET AL. 2018) that
we published in the late summer of 2018 when large parts of Europe were
suffering from a severe drought. This study explores the potential future
trajectories of the global climate system in critical parameter space, including
a hypothetical path where the anthropogenic excursion from the Holocene
state might self-amplify through teleconnections of sub-systems and positive
feedback loops. For instance, the Jetstream separating cold Arctic air masses
from temperate-zone air on the Northern Hemisphere is likely to be weakened
by the rapid warming of the Polar Sea through ice-albedo feedback
mechanisms. This is favouring the creation of huge quasi-stationary Rossby
waves (PEToukHOV ET AL. 2013; MANN 2019) that can lead to unprecedented
heatwaves and wildfires in Canada, Alaska and Siberia (PETOUKHOV ET AL.
2018). These extreme events, in turn, accelerate the permafrost melting
already caused by ‘ordinary’ regional warming, and thereby boost the
resultant release of greenhouse gases. The latter closes the vicious circle by
inducing even bigger temperature increases in the Arctic. Steffen et al. (2018)
explicitly list a number of teleconnections and feedbacks discussed in the
scientific literature and also consider potential cascade dynamics involving
different interacting tipping elements. All these effects may conspire to bring
about GMST-change in the 6-12°C range by 2500, turning the Earth into a
hothouse, at least for life and civilization as we know it.

As indicated above, the paper does not provide evidence that such an
outcome is a probable one, yet what matters is the fact that it cannot be
scientifically excluded on the grounds of current wisdom. The immensity of
the possible scale and speed of the contemporary anthropogenic interference
with the climate system, even without run-away effects, is succinctly portrayed
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Fig. 3: GMST variation since the Paleocene (‘Pal’) as reconstructed from various
geological archives, and over the next centuries as calculated for the so-called RCP
emissions scenario family. Note, in particular, that global warming in response to the
RCP8.5 pathway (red fan) might result in temperatures matching the exceptionally
high values of the early Eocene, some 50 million years ago. For details, see the
original article (BURKE ET AL. 2018).

in Fig. 3. This figure has been reproduced from a recent paper (BURKE ET AL.
2018) that searches the Earth-System past for analogues of scenario-based
projections of future global climate states. The authors have performed an
ingenious compression of geological time in order to parade the highly
distinct stages of climate behaviour over more than 60 million years within
one single chart. It reveals that humankind could push back the climate by
many eras in an ‘Barth System instant’.

4. Meeting the Challenge

It goes without saying that our civilization would not be able to thrive
under hothouse conditions. In fact, large areas of the planet could rapidly
become uninhabitable under anthropogenic climate change. This has been
demonstrated in the last few years by several studies that examined the
ambient limits to the physiological survival of human beings. A seminal
paper by Sherwood — Huber (2010) used the so-called Wet-Bulb Temperature
(T'W) as a criterion for the combined stress exerted by heat and humidity.
Their dramatic finding was that under the ‘business-as-usual’ scenario
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(RCP8.5; see above) large tropical and sub-tropical areas of our planet would
become no-go zones for homo sapiens for entire seasons or even all year
round! Outside of air-conditioned buildings, that is. The TW approach was
corroborated and refined in the last few years, only to confirm the worrying
previous results (see, e.g., RArMOND ET AL. 2020, and the references therein).
And a brand-new article focusing on temperature only (Xu BT AL. 2020) tries
to determine the ‘human niche’, i.e., that part of the Earth’s surface where
environmental conditions allow our species to be well and creative. The
authors show, on the one hand, that this niche was rather small and amazingly
stable throughout the Holocene. In fact, human populations of the past
especially thrived in those areas where the mean annual temperature resided
in the 11-15°C range. They argue, on the other hand, that the niche will be
rapidly displaced in geographic space if anthropogenic climate change
develops along the business-as-usual path. In fact, one third (!) of the global
population is projected to experience annual mean temperatures above 29°C
under those circumstances —unless people move to cooler places.

In other words, if we are not able to confine global warming to the Paris
corridor, then the facilitated and orchestrated migration of billions of humans
to habitable areas is not only a response option but most likely a necessity. It
has always been maintained that both mitigation and adaptation are strategic
responses to the climate challenge. However, almost nobody so far has dared
to say that transboundary migration is the most powerful of all adaptation
measures at the civilizational scale, if global warming exceeds a certain level.
It is about time to make this proposition a key concern of multilateral
diplomacy. In this context, I have introduced the idea of a ‘climate passport’,
reminiscent of the famous Nansen Passport. This latter document allowed
millions of people, who were stripped of their citizenships in the post-WW1
chaos, to find new homes and jobs in more than 50 countries across the
globe. Evidently, all human beings who will be deprived of a habitable place
to live or whose national territories (such as low-lying island states) may even
be eliminated by man-made climate change should be entitled to citizenship
in luckier countries. Not least because those lucky ones are generally also the
ones responsible for climate-system destabilization (VINKE ET AL., under
review in Nature).

Actually, even such a bold approach transcending the nation-state
fixation of modernity would be doomed to fail if global warming crossed the
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red lines defined in the Paris agreement, since severe climate impacts would
strike across the entire globe and heavily reduce the absorptive capacities of
almost all countries. Without strong mitigation, i.e. quick and massive
reduction of greenhouse-gas emissions worldwide, the limits to effective
adaptation will be reached in many regions in the second half of this century.
Hundreds of scientific papers have been published that specify the pathways,
measures and instruments, which are supposed to stop global warming at the
2°C-line or even at the aspirational 1.5°C-limit. I myself was involved in a
study that tries to paint the big picture of the required efforts and to provide
a simple, yet truthful narrative of the unprecedented task our civilization is
facing. The article that summarizes our insights is titled ‘A Roadmap for
Rapid Decarbonization’ (ROCKSTROM ET AL. 2017).

Three main points are made. First, we explain the word ‘rapid’ in this
context by a rule of thumb, namely the so-called carbon law (as inspired by
Moore’s law for the progress in IT hardware performance): From 2020
onwards, the CO,-emissions from human activities worldwide need to be cut
in half each decade. This would reduce emissions to a couple of gigatons per
annum around 2060. Second, the most relevant sectors (power generation,
transportation, heavy industries, infrastructures, agriculture etc.) are explored
in some detail and the most crucial innovations (technical, institutional,
cultural etc.) are identified. This listing includes many well-known options
for decarbonization (such as decentralized renewable energy capacities,
electromobility, hydrogen-based metal production, green digitalization or
improved dietary behaviour), but also ‘brainers’ (as opposed to ‘no-brainers’;
see below).

Finally, the other frontier in the fight against devastating global
warming is highlighted. The wider public and most decision makers are not
aware of the critical role of the biosphere —and particularly the terrestrial
vegetation— in this fight. On average during the last decade, only 45% of the
CO, emitted by socioeconomic activities remained in the atmosphere; the rest
was mainly absorbed by the oceans (22%) and the vegetation on land (30%).
This means that without the free carbon-storage services of various ecosystems
our planet would already have warmed significantly beyond the current
increment of 1.1°C. Yet instead of honouring this help, humankind keeps on
killing our natural allies through deforestation and other land-use-change
practices! This is a double folly, since additional greenhouse gases are released
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in the conversion process, and the absorptive capacity of the terrestrial
biosphere is further diminished. Scenario analyses accounting for the
combined effects of the direct anthropogenic destruction on the ground and
the pertinent impacts of man-made climate change (temperature increase,
shifting precipitation and storm patterns, CO, fertilization, transformed fire
regimes and pest dynamics, etc.) even argue that the terrestrial biosphere
quickly approaches a tipping point, where it turns into a net source of carbon
(e.g. for tropical forests, HuBau ET AL. 2020; RammiG 2020).

I will not much elaborate on the first and the second point here. Let me
just re-emphasize that anything short of a near-complete elimination of the
CO2—emissions from contemporary production and consumption activities by
the middle of this century will fail to stabilize the climate system in a
manageable state. The pertinent evidence has been summarized a couple of
years ago by the IPCC (IPCC, 2018a). Figure 4 below is taken from the
Special Report, which attempts to achieve two things: justifying the highly
ambitious 1.5°C-guardrail through an interdisciplinary overview of the
damaging climate impacts caused already by incremental global warming
beyond the current level and demonstrating the feasibility of this GMST
confinement through a laborious scenario analysis supported by various
types of integrated-assessment models.

All pathways are broadly in line with the ‘carbon law’ introduced above.
In my view, the only plausible —yet downright aspirational— scenario in the
bunch is P2. The others either assume an unrealistically sharp decline of
positive emissions after 2020 or an unrealistically steep increase of negative
emissions after 2030. In the latter cases, the bets are focussed on a black
horse, namely the so-called BECCS scheme. The acronym stands for ‘Bio-
Energy with Carbon Capture and Storage’ (AzAR ET aL. 2010), indicating
the consideration to remove huge amounts of atmospheric CO, by growing
biomass at scale and extracting its energy content while sequestering its
carbon content by appropriate techniques. At the end of the day, BECCS is a
geo-engineering approach to climate action (see, for instance, the excellent
recent review by LAWRENCE ET AL. 2018). Unlike most other schemes in this
hotly debated field, it does not come with major incalculable risks to social
and environmental security, but with considerable costs: The expert estimates
on this still involve large error bars, but a price tag of at least 100 US § per
ton of CO, tucked away probably sits in the more optimistic camp. Similar to
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Breakdown of contributions to global net CO2 emissions in four illustrative model pathways
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Fig. 4: Illustrative net CO,-emissions scenarios for holding the 1.5°C-line (IPCC
2018, 14).

ordinary carbon capture and storage (CCS) as an option to reduce emissions
from technical facilities utilizing fossil fuels (such as coal-fired power
stations or steel-producing blast furnaces), the profitability of BECCS would
therefore heavily depend on public incentives and subsidies (as realized, for
example, by a properly designed carbon-certificates system).

So, let us focus on the general approach epitomized by pathway P2. In
terms of emissions avoided, it is slightly less ambitious than the carbon-law
proposal but reflects a deep decarbonization strategy nevertheless. A recent
report by a high-level expert group, which the EU Commission asked me to
chair, explains in some sectoral and regional detail how this decarbonization
could be achieved through accelerated climate innovation in Europe
(EurorEaN Commission 2018). Scenario P2 also qualifies by carefully
considering the partial ‘undoing’ of the non-avoided greenhouse-gas output.
Negative emissions are expected to arise, at comparable scales, from two sets
of measures, namely (i) better management of land systems, especially in the
sectors agriculture and forestry; and (ii) BECCS. It goes without saying that
destructive land-use changes like the conversion of tropical rain forests into
pasture have to be ruled out in this scenario, while the reforestation of
degraded areas is seen as an important measure.

In my view, one can do even better than P2 with respect to CO,-
absorption. The invention of trees by natural evolution some 385 million
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years ago (Middle Devonian) is key to all this. Planting billions of them on
appropriate land, i.e. without impairing biodiversity and food security, is
clearly a multi-win strategy: In addition to atmospheric carbon extraction by
photosynthesis, many other environmental and sociocultural benefits could
be generated —improved on-site water availability, restored habitats for flora
and fauna, shelter areas and livelihoods for local communities, etc. Of course,
it is by no means easy to identify, allocate and reforest sufficiently large areas
across the globe. The recent scientific literature on this topic reflects the
opportunities and challenges involved (BASTIN — FINEGOLD — GARCIA —
GELLIE ET AL. 2019a; BastiN — FINEGOLD — GARCIA — MOLLICONE ET AL.
2019b; Lewis BT AL. 2019; RoE ET AL. 2019; SKIDMORE ET AL. 2019). Yet
there are already encouraging initiatives underway in many places, such as
the ‘Farmer Managed Natural Regeneration’ approach (FMNR) pioneered
by Tony Rinaudo (see BircH ET aL. 2016; Rinaupo 2001). Based on his
scheme, more than 200 million trees have been planted in the Sahel since the
1980s. Another fruitful site could be the Indian subcontinent that was once
covered with monsoon forests enjoying the abundant summer precipitation as
guaranteed by the exceptional topography. It would be possible, in principle,
to re-establish significant parts of those forests without doing economic harm
to the overwhelming majority of the population.

Quite generally, it is possible to extend the forested territories on Earth
by considerable areas if the best available management strategies, which
necessarily also account for anthropogenic climate change, are deployed.
This would draw down huge amounts of CO, and increase, as a consequence,
the supply of wood for all types of purposes. Previous assessments advocating
‘nature-based solutions’ used to stop exactly here, omitting the crucial
demand-side aspects. However, the latter becomes obvious when one takes a
careful look at the built environment in the decarbonization context:
At present, roughly 40% of global CO,-emissions arise from the construction
and operation of buildings and infrastructures. This contribution is bound to
grow during the next three decades when the world population reaches 9-10
billion, who need to be accommodated and serviced. The related economic
developments could actually consume 35-60% of the remaining global
‘carbon budget’ as compatible with the 2°C-guardrail (MULLER ET AL. 2013).

This dilemma arises especially due to contemporary demand for the
climate-damaging construction materials concrete and steel, which pre-
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dominantly built post-WW2 modernity. The fabrication of these materials
generates COz—emissions in two principal ways. First, vast amounts of fossil
fuels —in particular, coal— have to be consumed in the pertinent production
processes (such as iron smelting and lime burning). Second, in the same
processes, stoichiometric chemical reactions release a fixed number of
CO,-molecules through the conversion of a certain number of molecules of
the respective precursor substances (such as Fe, O, or CaCO,) with the help
of carbon. These two major industrial greenhouse-gas sources would be
eliminated if wood (of adequate type, in proper shape, cleverly combined
with other materials) became the master construction matter of the 21st
century. Most importantly, this substitution would not only avoid vast
amounts of CO, emissions by deviating from business-as-usual but could
create a planetary-scale carbon sink in addition! The simple idea underlying
this win-win-win strategy is to grow and harvest wood not for energy
extraction (as in the BECCS scheme), but to produce timber that can store
carbon for centuries to come. In fact, even if a wooden building is demolished
after a long while, its construction materials can be recycled quite easily.
Hence, wood-based architecture can provide multiple environmental benefits,
not to speak of its aesthetical and sociocultural advantages.

This leaves us with the all-important question about the practical
feasibility of that approach: Will the forests of the world offer enough suitable
timber in a sustainable way? What are the costs along the entire value-chains?
Will this type of architecture satisfy the strict building codes and safety
regulations of today? Will there ever be wooden skyscrapers that deserve the
name? How quickly and at what scale can this alternative to conventional
construction deliver climate relief? And so on. Fortunately, we were able to
provide fairly reasonable and robust answers to most of these sub-questions
in a brand-new publication (CHURKINA ET AL. 2020). The respective results
will not be listed here since I think it is really worth reading the original
article. Let me just highlight the following three points.

First, our paper demonstrates that ‘a global carbon sink by construction’
is a realistic option. The technical problems involved (such as fire safety) can
be solved, either by already available schemes or by imminent innovations.
Most importantly, wood-based construction is a value proposition satisfying
fundamental societal demands (various forms of accommodation) at tolerable
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Fig. 5: Left panel: Over millions of years the carbon pool on land was formed and
CO, concentrations in the atmosphere slowly declined because of various processes
including organic carbon burial, rock weathering and so on. Middle panel: Urban
and industrial growth prompted by the industrial revolution have gradually depleted
land-based carbon pools and increased atmospheric CO, concentrations. High-
reaching and heavy-load-bearing urban buildings constructed from concrete and
steel, produced with raw materials and fuels extracted from ever deeper layers of the
Earth’s crust, were intensive in both energy consumption and greenhouse gas
emissions. Right panel: Cities built from bio-based materials such as engineered
timber and bamboo can serve as constructed carbon sinks. Storing and maintaining
carbon in these densely constructed carbon pools will help replenish the terrestrial
carbon storage, thereby reducing current atmospheric CO, levels and offsetting
future emissions. Ma, million years ago (CHURKINA ET AL. 2020).

costs. Positive climate effects arise as environmental windfall profits in this
narrative.

Second, let me illustrate the order of magnitude of that option through
a quantitative scenario: Between 2020 and 2050, the urban population is
projected to grow by about 2.3 billion, who need to be housed. If we assume
that 90% of the required new buildings will be constructed from timber
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during the period in question and project a moderate average living area per
capita, then, in comparison to an unmitigated concrete and steel-scenario,
some 27 Gt CO,, would be avoided. In addition, some 24 Gt CO,, originating
from the atmosphere would be safely stored in the wooden material used.
On balance, this results in a net CO,-reduction of 51 Gt CO, against
business-as-usual in the construction sector. Note that the remaining carbon
budget for humankind till 2050 amounts to roughly 360 Gt CO, under
the prescription that the 2°C-line is held with a probability of 75%. Thus,
about 14% of that budget would be saved/compensated by timber-based
architecture alone in such a scenario!

Third, and lastly, the conversion of the built environment into a vast
carbon store would heal, to a certain extent, the man-made disruption of the
global carbon cycle, a disruption which virtually exploded in the Industrial
Revolution (see above). In fact, this scheme could be the starting point for the
reconciliation of civilization with the natural Earth System in the second
stage of the Anthropocene. This may sound far-fetched, but have a look at
Fig. 5, where the big picture is sketched.

The figure is a scientific cartoon (like Fig. 2) and tells a grand story:
Over hundreds of million years, huge amounts of atmospheric carbon are
(1) turned into terrestrial vegetation through photosynthesis; (2) converted
into an underground C-pool through geochemical processes; (3) extracted
and re-oxidized through fossil-fuels utilization; (4) re-captured through
sustainable forest management; and (D) sequestered into an above-ground
C-pool through wood-based architecture. In short, the natural groves of the
past are eventually transformed into artificial urban jungles of the future.

This may sound like science fiction, but it can be turned into technical
reality. And we urgently need more ‘crazy ideas’ of that calibre if we want to
prevent the Earth from sliding down the hothouse slope.

5. Afterthought

Science has come a long way in perceiving the Earth System as a complex
whole and in understanding the defining components, processes and patterns
of this planetary machinery. Some 20 years ago, I was invited by Nature
magazine to provide one of a dozen ‘epoch essays’, summarizing the critical
accomplishments and challenges in the most relevant research fields at the
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dawn of the new millennium (SCHELLNHUBER 1999). I argued there that we
are now experiencing something like a second Copernican revolution, which
begins to reveal the apparently singular status and character of our terrestrial
civilization in the overall evolution of the universe. The element carbon is
the magic potion in this greatest of all conceivable cosmic dramas.

Twenty years later, I co-authored a review article (STEFFEN ET AL. 2020),
which featured also the recent advances made by Earth System Science to this
day. For the introduction of that piece, I proposed to my colleagues that we
present the following, quite stunning fact: The cumulative brain mass of all
human beings currently living on Earth represents just 2 quadrillionths of the
total weight of our home planet. And yet this grey substance has now taken
control —deliberately as well as inadvertently— of crucial dynamics in the
global environment. I cannot think of any stronger nonlinearity than that.

My co-authors found this insight a little too eccentric, so it did not
make it into the final publication. In my view, however, it epitomizes the
Anthropocene concept in a perfect way. So, I am glad to incorporate it into
my inaugural contribution to the Academy of Athens. I dare say that Plato
would have loved that observation.
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Eixéva 5: "Epevveg mediov Kwvertavtivov Zuvohaxn xal gorrntidy.
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6/7’ A ’ ~ 6 / ’/E \ 6 7\ / A ~
raBilnom xal avidwen wob mubpéva. "Etor, 10 Bardooio xdpa wpoymeel
TpGTH oy wHP AViIYwerg Teoc THY xatedbuver o Ydpy et avidmer Tob

6 / \ \ 3 / \ \ bl /e e, ¢~
mulpéva, xal 0 dvtioTpogo wpog TV dAAY xatebbuver. “Orec ol Ldveg

’ ~ ~ ~ \ ’ \ / ~
rotaB00ieng e yiic dnpiovpyoly dimolua wdpate, SMAadY pelwoy Tiig
otabure 6tic xovTvoTepeg Tapahies xal aviYwer Tiic 6tdfune ot Tapaiieg

Y \ 5 \ ~ s ~ N ~ ’ /
paxpLd, & THY ST TAELpa ToD @xeavol. Ay 6g gulvetal TOAMITAOXO,
dev elvat, aARe anbpy) xol ol eldixol 8ev 6 xataddBoivoy t6 1993, érav t0

TPWTOTAPOVGLUGH.
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3 ’ . ’ 3 /7 ~ ~ 7 \ A \ \
Eixéva 6: 'H péyiotn dvapplynoyn tév Simohnéy xopdrtwy. Ta wdpate pe iy
xatofobiorn prposta dvappLy Gvtol oy edov SimAdoLa &To T AVTloTOLY o

\ \ > 4 /
pe Ty avidwen umposTd.

¢ 4 14 A \ \ \ \ ¢ € 14
H véu Oewplo tapaxodvnoe o vepa (petagopina) ol 7 EBSopadtole
epnuepido g Apepuravinic Newguowic ‘Erowpeloc iy mtapovsiace o
4 bl ! \ \ 3 / \ ~
mohuséldo &plpo, cupmephapfovovtas xal Tic améleis TOAD YVLGTEY
emoTnovey. Ay nal Epyotay og avtilesr anduy xal pe thy mpoyevésTepT
/ ¢ e 4 14 / ~ 3 A \ \ 73, !
Suxn) wov —1 6molo LéypL TOTE YENGLLOTOLEITO eDEVTATH %ol e ELyE %AveL
3 \ / \ ! \ 3 bl 4 3 A ~
BLEAET YVWGTH—, TTONNOL GUVEIEAPOL OV TV ETLPUAAXTLXOL, GAAG BLYEVELS.
EvOupobpot xabnyrnreg dndprn xal tol Caltech mob Eheyay 6 cuvédpra 6L
3 o~ \ b4 \ \ / / € / A 14
elyo tperabel. Ty (S ypovie T0 Aeybpevo natestnuévo étoipnale dplpo d1u
14 / \ ~ ~ 3 7 \ 5 \ 3 \
TéTot wdpoTeL, TOL SNULOLEYODY Tp®MTH AuTOTLd, dev elvor cTablepa o
wabnpatietic dmodne dote va Tpoxahésouy xabodo tiic 6tdlung 6Tic Topa-
Aeg Tplv o Ty 8vodo, xal 6Tl ATAGDE oL AdTOTTES UAPTUPES D&Y ToPoTh-
ENooY %ohd TL YVETOY 1) EVTUTOGLALOVTOY TTEPLEGOTERD ATTO TV GUTMTLIA.
\ \ € A ! \ A N 3 o~ N \ P14
Kapie gopo 1) toym Bonbaer tode tohumpoie, 7 ke, &v 0ev €yeLc
AYOPAGEL Ny VO LNV TEEPLUEVELS VoL %EPOLGELS TNV XANpwaT). v péow adTévy
TMY AVTLOPAGEMY TGOV TLeTMY TTi xhaoixdic Hewplouc, T0 1995 évac celopo
P e 1S ) S pog
/6 8 ; 7 ¢ 7\ \ A 3 e \ 8\ ~ \
pevéboue 8 mpokévnoe éva makippotaxsd xdue alchnto oyedov mavtod ot
Sutied) sty ol MeZixol, xovta 616 Moavlaviro. T6 wdpo mpoxdhese

TeMTL THY ATHoLEGT, TG Topahlug, TTOeY dnrad? Tic otdlunc Tiig
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Eixdva 7: Mavlovino, Mefixd, 9 lovniov 1995. ‘H modty pwroyeapio evic dimo-
MxoU TahlppoLaxob xDpatos, 0nAad? adTol ToL mpofevel dpmdTLON

(petwon i otdlung).

Eixéva 8: To vavotsouvapr tpéyet
O YP7Yop% Gmh TOUg
3 4 \ \
avlpdmove xal Terxd
otaver 6& Ydoc 2 p. To
toovvapt Tl Moavla-
viho Troy hiyo peyohi-
TEPO GO TO TGOLVILL

oty Ko 6 2017.
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Odrasoouc. "Evac tovplotac to mepiéypade oto New lork Times otig
10°OxrwBplov 1995 d¢ €T «Hroav 6oy va &deiale pid Tovahéton.

Méoa 6e 300 pépec talidedo 616 Mavlavino pe Suo pabnréc pov' 6 évac
3 / / \ o~ / s/ /
oy peypet meotvog Arevluvtig tob Tufpatog "Eynarpre [poedomoinere
w1 "Ebvintic Metewpohoyintic Y'rnpesiog tev HITA (National Weather Ser-
vice). "Exel Bpinape pro olxoyévero Neppav@y Tovptetdy mod elyoy {hoet 10

/ b \ \ 3 A \ \ ~ ~ \ = \ / e 3
QaLvoUevo oo Ty dpyh. T otiywr ToU cewopol, otig 9.35 16 mpwml, 7 olxo-
vévela Emalpve TO TRwWG Tc 6 Evay EEDaT, xouvilnray dpxetd, dev TavL-
roaA0nray, nal pete eldav ) Odhacoo vo amotpafiétor xal EByahay T
owtoypaple i Kixdvag 7, 7 omole delyver t6v nohwiono tob Moavlaviro

\ \ 3 / A / 3 ~ \ / ~ 3 \ \
L 0PLE veps — elval dVoroho Vo ExTipnoeTe €86 To Bdboc vepol, ahid 670 dxpo
7 otalun elye wéoer 1 p. wepimou. "Erxaviiile peta dmo Ayo herro xal 7 Og-
3 A \ ’ \ 3 7
rooo avapplyinxe xol ThnpudeLee TV Evdoy wpo.

Xy mhatetoe tob Mavlaviio Beioxdtay 6 [léne, o movholoe Topti-
vieg, 6 %ot avohoyloy ToTminos xoviovpetlng. Méig eide ) Odracoo va
amotpafLétal, ThYE 6TO oTiTL Tov, Slmhe, nal THEE TV QOTOYPAOLLY) TOV
wnyovn, wie Kodak. "Orav ydpioe, 71 0dracea 81 wovo elye émiotpédet dana

3 b / \ b o~ 3/ b4 \ / o~ 3 /
elye apyloe va avapprydtat. "Etol E8yaie Ttic gwrtoypapies thc Eixdvoc 8.
ADTo oL TopaTYpelTE elvart GTL TO TAALPEOLAXG XD OEV ELVaLl TELY0G VEROD
QARG PLG TCOAD AETTTY) YAWGGO TTOL GVaLppELY LTl GOy YN Y0eY) TTANLLLELSH
pLoc 7 T Y AWGG pevL oY YRYY0RT TANLVpLOA.

\ b \ \ 3 ’ \ / \ ~ \ / \ A
Kavelg amo tode avlpmmoue ol PAérete d&v pumopodoe vo tpéket o ypi-
Yopo &6 TO wHpa adTh, ol T0 BAETETE 6Ta TOALA TOLG, LTTPOGTY TOUG.

\ 3 \ ’ bl C 3 ! / A 3 \ \

To émotnpovins xhipo dAhake auécwe LohLg dNULocLedcape adTeg Tig
PWTOYPAPLES XAl TNV AVAAVGT] (LOLG. ZaQYLX GAOL AVOPOTLOVTOVGAY YLoLTL
dev 70 elyov oxepTel Tp®To adTol nal LoyvetlovTovsay GTL Ty ULk TRo-

\ A \ / b / [T b4 174 \ A
paviic mopathenoy). Mepind ypbvia dpydrepa ol 1ot Ereyoy H1L 70 Yvo-

7 \ / \ 3 \ 4 b \ \ \ 3 \ D /
orloty TTONAGL 7 pOVLAL TEPLY GO EUEVOL ARG OEV TO ELYOY TTOTE AVUKOLYOGEL.
’Ega) 6& 6" 07\!‘ 7 o e (}\)\ A\ 7 7\ \ A Y\
LORAGE GTL 7 ERNTVLXT) GYOLAGLO (TTOUALPROLIXG XD, TTOL
AVTLETOLYEL 6TV ayyhund) «tidal waven, elvor dxptBne yid Tov peyahiTepo
L VIV LYYALKT) ) pLENS Y uey P
3 e \ — /"_ \ / \ A e Ad \ 7\\ N 4 3 A 8
apL0uo TéToLwy xuRdTLY, ToL cuVHbwe wotdlovy pE TOAD Tayeln duThTION
7 manppupida. To telyoc vepol mob oavtalbpacte Gty oxepTbpocte
TGOLVAULL ELVOLL GYETLXA GTIAVLO, AL GLLLBalvet.

Apvorepa, otic 17 Tourion 1998, mooxhnOrre modippotansd xduo oo
174 \ 14 \ / Ly \ / / \ / ~
Evay oyetind PéTpLo oetoo peyéboug 7 oty Néa Novvéa — vl Bopera tijg

Adotpaiog wod xatoxeltol o adtoyoves, ABopivivec. "Kretdr) tig pnépec
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\ 3 A \ € o~ \ / 3 e 3 \ \ b \
7oL axohodlncoy 3ev HrTijpy oy GUYXKAOVLGTING VEX —TTaY 1) ETOYT) TRLY &TTO
\ / / ¢ / / e / \ 4
wov [pbedpo Todpn—, 6 mayrboproc THmog eotiace 677 GuyrexpLLévy xo-
To6Tpogr. Zxotdlnxay 2.200 dvbpmmor, dxpwrnpidcTynay exatovtddes
Movo Ennewne dpeorng latpindc Bonleag ol DYraey Oeppoxpactidy xal
hades Epewvay doteyol. lpdtn gopa évac oyetina pétplog 6eLouog e
EMinevTpo 6TV Epa Tpotévroe wipa oL EpTace 6g avapplynor o 15 .
¢, ’ 4 / 3 174 4 \ / \ e
Onoc Swmstdoape, 6 Aoyos Aoy 6Tt 6 6eLGpoc mpondiese pid Hrolo-
Moo xatohiclner, wal adth) pe ) cetpd Tne dnpLodpynoe Eva ToTLxd
YiyovTLoto wopo oL Eotale TEPLGGGTERO e TELY0G VEROD TTopd. e YP7Y0PT,
TN ULV PLO.

€ \ \ \ \ A ~ / / b /

O ceiopog nal 16 maippotand wipe th¢ Néoag [Novwvéag amotéhecay
agoppd yio T EOvixd VYrnpestio "Qxeaverv xal Atpbdogpopag tohv HITA
(NOAA) vo enévler tig mpofaédetg To0 bTohoytoTinod xmowa MOST dvo-

\ \ \ / b / it A / ~ ~ ! €
poptxa e T Sadooy), EEENEY xul avapply T TMY Laxpdy xupdtov. ‘O

A . . 3 \ s/ / \ 7 \ \ /
uolntic pov Vasily Titov x éym elyope ypadel tov xmdixa yio Ty wpb-
Bredmn 16V cuveTtet®Y TGOV ToouvdL xal uatxd 0éhape va Solpe THeo xahd
AeLtovpyobee, Gyl L6vo EpeuvnTind AL xul émtyelpnotaxd. 1o standards
Yo EmLycLpmotaxnss TeolAédels elvar TOAD TOAD VYMAL, axplBhe EmeldT)
emnpedlovy avlpwmives Lwés. ‘H mpwty mpoPredy tic NOAA g wdpo
otov Eipnvins Qreavo Eywve 6 2003 xal Aoy idalrtepa Emituyic, Paot-
GLEVY) GE LETPNGELG ATCO TGOLVALLOYPAPOVG TTOL ELY OV TTOVTLGTEL G GTRUTY)-
vieo onpelo 6tov Kipnvind. Auetuy@dec 88y AeLToupyoloay TEOUVALOYPAPOL
o7ov Tvdino "Qureavo.

To mahppotans xdpa t7ic Ivdovroioc T7c 26mc AexeuBpiov 2004 dmo-

/ \ \ 3 \ \ ~ / / \ \ \ A
TéheGe nol THY 006G TN SoxLy) TTg véag Demplog i o Stmohues wdpaTo.
Avtina a6 0 dmolordcoio pfiypa (dnhady) mpoc Xl Advra, MardifBec xal
Agowen)) 10 wdpo elye T gocr avibonene Tewty, dnhady) Teog v Tvdo-

/ \ / \ \ P / b o~ 3 \ 7 \ /
vnoto, ) Marowsto xol iy Tathdvdn, Evéd avatolms TedTn T QoY xo-
7ofY0erc. Meta 6 Toouvdpt tol 2004, Snhadn déxo ypbvia petd T7) dnp.o-

’ ~ ’ \ \ \ ’ ~ ~ 5y o~ ’ \
olevem g Dewplog yio w7 Sumoluey) @hoT TGV Laxpdy adT®Y xVLATOY, 0eV
OTCTPYE YEWETULGTALOVALG GTOV TOUEN (Lo TTOL VoL L1y ThY Eyel amodey Del.

¢ s 4 \ \ / ~ b / ~ \

Ot Zpeuveg wedlov, pete 10 Toowvdul i Tvdovrolag tob 2004 wol
on6twee meptmou 240.000 avbpdmoue, pe 6871y noay doyind o) Ll Advxa.
Kol man edyopiotd dnpécia 1) oOluyd pov Katepiva ol dev onéplnne

S/ \ \ \ 3 \ ~ A ; ~ / \
oVt pid oTLY T TNV GvoBoRy) ToD YouALou Ta ool — TUVTEEVTARAUE GTLE
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30 AexepBpiov 2004, téooepic pépeg ol Ao TOvV peyaseiopo peyéboug
9,2. TouhdyroTov 8ev avafaiape TOv Yduo, xatl moL culnThoape — wog Ha
3 \ \ 7 j%4 \ / ~ e 3
Trroy Suvartoy va yLoptdlape, 6tav 1 otode 15.000 xatoixove tijc viic elye
mebovel 6Ty o peyddn lome QUELKT XATAGTEOPY) TOU TEAELTALOL alkVa
a6 mAevpds Oupdtwy.
“Orav Epraca 610 Mravra "Atee tov Pefpovdpro tob 2005, 76 orjueto
\ \ / 3 \ \ 3 / \ € ~ 3 /
undev otr Zovpdten, 30 yAp. amo To Emixevtpo, dev LTy Ay AdTOTTES
paptupes. Ol mepLocbtepol oL elyov Sel T6 Talppolaxd xdua elyay me-
Odver. Tepimou 76 90% &y xatolnemvV 6THY TANLULELGUEVT TEPLOYT GXO-
/. b ~ 3 / \ b / \ A3 7 ~
Tobnpay, eved, avtifeta, oty Tarmwvia 6 2011, pe dvriotolyec ouvbijxec,
76 7060670 Nty 10%. Xti) Tl Advra yihddec elyov ydoer p.éhy tiic oixo-
YEVELIG TOUG ol ETGL 1) %aTUGTROPN TToy YL wag o amty. 1o Mmdvra
)/A 3/ v \ ~ € Z \ A ! \ 8/ /_\ ¢/ /_
Toe gpotale pe vexpotagelo, 7 Zpl Advro e wedlo way e Gmov TepLpé
POYTO TRPULUATIES AVAULEGH GE TTMUATOL. 213G OELY VM UEPLRES QOTOYPAPLES
3 \ \ P4 / \ \ \ \ !
amo Thy Epeuva wediov 670 Atee xal ot Zpl Advxo.
X1 Zovpdtea ol o1 el Advra xatddafBo adté mwob elyo Sel
Yoy vovrag Yo Lyve Tob pvoxod maklppotaxod xdpatog 670 Hakairastpo
oty Avatolwxd, Kentn, Myo Bépera aro 1 Zaxpo. Eixalétay 67 10
ULVOLXO TTUALTL XATAGTPAPTAE GO TO TOUALPEOLIXG XOUXL TTG LovToplvrg
3 \ 3 \ \ \ ! € 3 / \ /. b /
gretdy) frov oA xovta 61 Hahacso. ‘O dpyaloddyoc xal ey ExdTTNg
t7¢c KvowooU Sandy Mc Gillivray pob elye dmodetler éva 6tpdpa 670 Oé-
dapoc LE cTacpéve dryyelo xal &Aha xteplopate, oL 00uLle Tov Tpbmo pe
0 ) >
TOV OTTOLO TO QVTLXELLEVE TGOV HTLY MV %XaTolxwv 6Tle Tapahics e 2pl
Advro elyov dvorateubel amod iy avapplymen To0 wduatog. Savaydpteo
\ / \ / \ ~ \ A \ ~
670 llahaixacteo xal cuvéyion v mposmald va xatardfBw o tyvny Tijc
rotacteogtic. Mall né cuvadéngoue Wnuatordyous xol gpyalodbyous E51-
vhoope Tl elye yivel LaAhoy Exel, 6& EMLGTNULOVIXES dTLoGLeNGELS GhAG %ol
6¢ Thpo TOMAG vToxLpavTEp. Bacel adt@dy TGV 6ToLyElmv Lopodoape TAEOY
va Stoxplvovpe, &v pépel, PeTald SLa@bpmy GEVaplmY VLo TO SEY s ®DULo
\ t il ¢ \ 3 A \ \ 7 3
7oL Tpokévnee 1) Expnin, vou avaxaibbovue dNAadT TOLO GEVAELO GVTLTEO-
GWTEVE XUA)TERY TLG LETPT|GELC.
[Moporxand deite adty) 1) cOVTOWY ®IVnPATOGYESLINY) Totvio ToL dei-
1 A
\ ’/ 3 \ \ @ / \ \ ~ \ \ K A T\ ~ _
%VEL TO xDpo oo 1 Ofpa vo Tpoy weel Tt Ty Kentr. To otpdpe oo
o7pogtc 670 Hohaixastpo (Eix. 9, 10) dev eivor whéov aporafnthoipo. Ta
€ / ~ 3/ j74 \ A ~ \ / 3 \ \
ebppota pag Emetsay 6L T0 xdpe tob 1628 X, mod wpoxhbnxe dwo v

’8/% 'Y'; —N’_Z / b4 b4 )\ a \ 6 )\/ A\ !
PNET TNHG LoVTORLYYS OVTWE EMATLE T ToRADAALCGLOL LLYWLAK AVAKTOPA.



276 [TPAKTIKA THY AKAAHMIAY AOHNQN

Eixéva 9: Avalnravras tyvn 100 pveirol moippotaxol xdpatos 676 Hahaina-
6700, othy Avatolwer Kehty.

A 1 . / . \ ~ R Y \ \ \
Eixéva 10: Hoahairaotpo: To 61pdpe xatasteogiic &mo 10 LvmLxd TahlppoLaxd

xHpL.
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’E 7 ~ 3 / \ o \ A / \ b / \
Ttlomng pog emétpeday ot Evay Babuo va dvabewmphoovpe Tic ExTipnoeis yio
\ 4 6 ~ ~ b4 C ‘\ /. / 3 / — ’A \ /7\ (f/
70 péyebog tiic Exprine, mol péypl ToTe Exvpalvovto. Ao peydn (6w
TTOY YVOGTY TELY GO TG EPELVNTIXES LG ERYAGLES), TNV RAVAUE TILO Le-
varn —t6 2006 Efewpeito 7 peyandtepn Expnin wod yvoptlovpe cThy
Edpdmn—, évéd mpbogaty dnposicucn 6t mepLodixd Nature thv mapov-
/ 3 / / o\ 7 Pl \ / € \
oloce dxbwy peyalitepr. Ay cuveyloovue ET6L, 68 ALYO 7 pvouxy) Exprniy
~ / \ ! \ 4 ¢/ \ bl ! \ \ /
T7c Zavtopivne Oo Zemepvder og péyeboc Shec tic dhhee, xdtL oL dev pai-
vetow prima facie émiotnpovixa cweté. ‘Onwednmote pnic ypetdlovral ol
b / ¢/ 3 o~ \ \ ~ e / o~
&rhee petpnoeic. "O6ov dpopd THY %aTAGTROPT THV DTOAOLTWY LLYOLXDY
avarThpwy, Vdpy el 7 Temollney GTL xatasTedERaY ATO pEYAAO GELGUS.
"EroL, iy tehevtala Sexaetio Yhyve yio Ta Ly vy peydhov celspol 6o NA
Alvalio.

Konprdvrag otiv mopanin w7 Pédov mod €yer 16 Gvopa Avtow
Kouiv, mply amo mévte dxpLoc ypdvia, elda Evay oynuatiops o ol Hi-
utoe pia avtioTolyy elxove oty Kehty. Adv ypetdletal va elote yewent-
GTHLOVES VLo Vo xoToAdPBeTe HTL adTh E8G 7) YPoUUT ELVOL THAXLOOXRTO-
vooun, dnrady btu xdmote 7 6tdbun i Bdhacoag Eprave b éd3a. H
UETAPOPO TTIC ARTOYPAUUUTIS TTROC To %ATM ELVAL YLoUTL EYLVE TEXTOVLXT BV)-

\ 3 ~ 3 o~ \ \ 3 o~ \ ~
Ywor oyedov axaptate, aihie 0ev Oo elyov Siucwbel ta tyvny T Tahowo-
o~ \ \ 4 \ Y ~ ! ~ ! .
oxtoypapuiic. M7y 16 prepdédete pe &vodo tic otdbune g Oarascag
\ 14 bl 8 6 \ 3. ,_\ 3 /6 3 /)\ 8 )\ 8 \ \ e
wae tétota dvodog O elye 0 dvrifieto dmotéhespa, dnprady T Lyvny Tiic
.y N
mohatoypatic Oo elyoy yalbel.
Mz 3u6 suvadérpoug xal pihoue, tov Philip England dmé wrv 'OZ¢bpdy
\ \ 3 \ \ / 3 / \ \ 7,
xal Tov James Jackson amo w0 Kalpmpitl, épeuvhicape yid va Stamiotmoouye
N 3 7 5/ € / / 3 / \ / 3 \ \ /
av elye yiver 431 1 mopathono). Nad, elye viver, xol pdiioto 4o Tov Leydio
veogpuotxo tob [Havemornuiov Hatpdv Zrabn Xrelpo, dane dev Omtjpyay
GopELs Gvah)oELS Lo T1) Y povohdyren Tou. Ot England xodl Jackson eivor i6og
oL %oA)TEPOL YEWAGYOL TTEBLOV 6TOV X660 %ol ELOLXOL GTY) GUUTERLPOEX TOD
eEMvLxod t6Zou. Kol ol 800 pihobv Ennvind, xal ol 890 @épvouy Tlg TpoTTL-
yroxgs Takelg yewhoylog e ‘OLpbedne xal tob Kalumpeitl 6710 Aovtpdnt,
\ A \ \ 7 / / \ \ \ ! 7
o7l Ozppomies ol 677 Zavtopivy) xabe ypbvo yia va Tode pabouy yewhoyia
\ \ 4 N ~ ~ 8 1Y \ \ ’ SA 8\ \ Id 3
xol THY TEY VN TOU e Stafalel xavelg T0 Tomlo. Ay 8 tobg yvmpilete, slvan

\ \ ~ A ~ 3 ~ \ 3 / \ / € /
yLotl 88y nopoly v avtarymvietoby Eudic otry EXdda 6¢ timote — 1) wovy
ouvévtevty, oL Edwoe 6 Philip England o¢ "Exnve Snpocioypdpo Sexdny
oy GhoxAnpwbel, dtay dhimwoe o v TioTedel GTL ol GeLGpol TEOBAE-

TCOVTAL.
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Eixéva 11: 0 ceiopog >8,2 1ol 365 p.X. oty Kenty. Ano tode SHAW ET AL.
(2008).

[Thyope nowmov 6t P6do pe tov x. Kadhyéprn xal tov x. Zxova) wol
Yakope va Bpolue pixpotpeimes ano Abogdyove ot Podyto. Ot Mbogdyor
3 / / ¢/ ! \ 3 ~ ! (4
avolyovy tpvmes dtay webdvouy — tic amooly pxpoxopdiie. “Otoy Zop-

\ 7 € \ 3 A \ ! 8\ 3 )\ / < 6 7\ !

vixa ylvel 7 textovied) avdYme), to Bedyle dev elvar mhéov Dmobardeoia,
Byaivouy o T6 vepd, xal ta pixpoxopahhie mebaivouy — mapapévouy pme
uéca 6Tlg TpUTES TToY elyav avoifel ol Abogayor. Me dhha Moy webaivouy
T GTLYWY) TOD GELGUOD, ol yi) adToV TOV AGY0 elvor dpLoToL SElnTEC YLi
padLoy povorbyneY. Duoixa elvar wwod SVoxoho vo Bpelte WinpoxopdAALe
4 \ / 3 v o 4 A3 /, 3 A 4 \ !
péco 68 pLxpoTEUTES AT 6,1 Bedbva 68 dyupdve, ahha aEilel ThY TpooTTd-
Ozio. "Otay tehetdonpe, elyope dpxetec petpnoets Gote va tposmabdnoovue
va extiuncovpe To wéyehoc Tol oelouod ol TPOZEVNGE TNV TEXTOVLXT) G-
Ywor moL eldate, xal bdpyovy Stdpopa mhave cevdpla — adTog elvar tome
O TILO TOUAALOG GELGULOG VLo TOV GTOLO EyEl YIVEL TETOLXL YEWAOYLXT TOUTO-
rolnen oty ‘Eandda.

Mera mpocopotmeape to xdpato woL dnuLoveyninxray awo Tov selows.
Te amoteréopata Ty TpocopoLOGE®Y i Bonlody va ndvovue ExtipnroeLg

Y0 LEAROVTLXG TOPOULOLY TEPLETATIXG, ONAdT cetopove peyéboue 8 xol
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Eixévo 12: ‘H 226810 mopm 700 Meydrouv Arelavdpov bmme ) pavtdotnne 6

190¢ aldvag. ‘H Arebdvdperia xatactpépetar pe 10 xdpa tob 365 p.X.
%ol GUUTTOUATING TOV 40 al@ve 6Topatoby ol dvapopec 6ToV T80 ToD

Meydrou AdeZdvdpou.

peyaddtepove. BAémete xal olyxpLer 670V dmdnyo adtol Tol celopol nE ta
amotehéopato oY cetowol ol 365 w.X. Ilpoxertor v t0 peyoaritepo
TeouvduL oL Yvwpellovpe 6T TEpLoy N pag, votiodutixa e Kentng, to
omoto mponAninre aro ceops weyéhoug mepimou 8,7 (Eix. 11). ‘O seiopoc
adtog mpokévnoe avibwern g Kentne, 68 pepwa onpeta péypr xal 10 w.
To toovvapr ratéotpeye v apyaio Aheldvdpeia, 6mwe dvagépetal ot
ToMeg apyateg meptypagéc. ‘O thpog Tol Meyanrou AreLavdpou (Eix. 12)
eCopaviletor LAANOY peTo THY TAUUDE, 08V SvopEpeTol SMANdT Gt mte-
ornyrTec %ol lotopweods. Ot England xal Jackson Omodoyilouv 6t tétolon
cetopol yivovrar wepimou xdfe 600-800 ypdvia xal 6 Teheutalog Tod Yvwpl-
Covpe &ywe 10 1303 p.X. Thv €pevva yio T0 pijypo oL Tpokévnce TOV
cetopo peyeboue 8,7 oty Nt Koty iy Zexivroe 6 delpvnotog mpond-
Toy6s wov Nuwbhaos Apfedlne, évéd v €peuva mediov ol England xol
Jackson. Xdc Selyve €36 &va 6y E8Lo Tob prhyRaToC.

“Evo evdrapépoy Epdtrpa wob tilletal dgopd tov avtixTuTo: dv elye
viver dnhady) adtog 1) mapbuolog celopoc oTr ornuepwy) Konty, molge Oa
Tray ol mepLoyeg oL O manppderlov. Me tove gortytéc pou Nivo Kaihe-
véorn nal Edayyerio Dhovpt] navape Tpocopolmwoets R tov xmOtxa MOST
ral Exot dnpiovpyhinray yaprteg EmuivduvbTnTog ToLAYLGTOY Yid T Xowida
ral 76 ‘Hpoxdero. Adrtol ol yaptee ypnoipomorninuray 6e o peydhy doxner

ToOMNTXTC TRosTaGLaG YL ThY 6Tola T0 [lohuteyvelo Kontng suvepydotrxe
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Eixéva 13: Eixdvec dmd w1 Zavropivy pete tov oetoud thc 2oc Toviiov 1956.

2Ty ®#dto @wTo galvetal T0 Toouvdu tob 1956 oty Xytela, pe de-

/ \ \ / bA
xadec «beategn oL xvduvebouy dpeca.

ue wov %. Nixo Koapmavy arno w0 ITE. Mg v mpornyodpevy EBdopdda
Eywve xal 3AAY &orNGY), TOL GUVTOVLGE 6 WETAUTTTUYLAXGS L0V QOLTNTNG
%. Baoihne Zxavafne. To dv 7 okt postacto eunédwoe to pnvi-
pato Oo T0 Solpe, kg pe dvneuyel 671 8ev Eyovpe Y apTeg ETRLYOUVGTY TG
yio TO peyahiTepo pépoc i ‘Eaadac. "Eyovpe yia i) Pédo, touhdyiotoy,
av xal pofobuatl §TL ol AvTLypapes Ao Eid0L0ue VEGTEPOLE TGOLVOLOAG-
youg oL yenuetodothinray adpo amo v [lepipépeion Awdexavioon xol
oy Afuo Pédou dev elvar doxeta axpifelc olte oav davtiypagés. "Ocov
apopd thv Ky, propelte va Sette Ty tawvie wod Selyver 1t 0o supfel 670
ToAto hpave Xoviov &y Eravarnelel 6 ceiopoc to 365 w.X.

Ol guoiréc xatacTpoges cuVERaLvay yio ExatoppbpLo 7 e6via xal O
gLoxorovboly va cupfaivouy 6o bmdpyet M v, Ac amavticwm €3G cThy
gpwtnon Ay cupaivouy Toovvapl oty Avatohny) Mestyero. Ztov yapty

adTov Brémete onpela oL 6 aelpvnetos Nivbdhoos ApBealne Siepedvroe 6
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(L A o~ \ AN 4 \ / 8 / \ 2010
GTOPLAGL GPYELO %ol TIOD GVOLQPEPOVTAL GTTY XOLVY) oG SNLOGLEVGT], TO ,
%) OTTOLoL GLY VO %L TIPOXANTIXA EYEL AVTLYPAPEL — SUGTUY MG 0L AOYOXAGTOL
dev avTLYpdpouy TRoGERTIXY, %ol dnpoctelcels Basilopéves 6Tl Suxés TOu
TepLEy oLy o0GLaGTLXd AdD).

[To2ec o Tic loTopines avapopes oL dtepedvnoay ol duo delyvroToL

/ - / F / \ ,/X / 7 \ b ~ \
npoxdroyol pov Nakavémoviog xal AuBedlne dev apopoby Tpoypmotind To-
APEOLIXGL XDLOTO ARG XVUATO GTTO UETEMPOAOYLX QULVOUEVOL 7) TTANUL-
udpee. Mevixa mpondmrel 671 xota nésov Gpo yivovtar wepimou va pe dbo

! / ~ \ S ’ / ! 14
ToouvapL Stagpbpwy neyelov oty edpdtepn meproyh pag xdfe 100 ypbvio.
T6 tehevtato peyaro wipa mpotille 16 1956 aro 16 prype w7 Apopyod,
év(‘;) 7 _ \ / 7\ /6 3 \ \ \ 2009 \ K /ﬂ_ \ \

uivi-toouvdut Teoxhninxay 4o celepole 6 oty Keftn, xal 70

\ / 3 / \ / \ \ o~
peTve xohoxalp Enlore 671 Aécfo xal oty K.

To manpporons xdue e Apopyold T Lerétnoa AemTonep®s, &v %ol
b4 \ ~ \ / 3 ~ \ 3/ 4 \ \ ~ ~ ~
Eywve moly yewnid. Od xdvew 36 pie &y mapévlesy) yio vo 6dic TTh TAC
b4 \ b4 / \ \ ~ ~ 3 ~ \ by /
EpTaco 6TV Epeuva wov i T0 pryra The Apopyoel. To 2000 deyavwea

\ 3 \ b \ \ \ 3 / \ o~ \ ~ b
ULd ETLETHULOVIXTY) AT0GTONY 670 Vol Odvipdx, T6 Te®dTo viol T@v Alsou-
tiwv N7cwy Sutixa t7jg yepoovicou thc Ahdoxac. Exel, 10 1946, évo ma-
AppoLaxd xOpo &o Evay GYETIXd ETPLO GELGULG 7,D dvapptyfnre Tovw
amo 30 p. xal xatéctpeye Evay oNUELAXs PARO GROTOVOVTHGC EEL QUEOQD-
raxeg. To toovvapt od mpolévnce 6 cetopoc Eptace oth Xafdrn, dniad)
68 ATOGTUGY) D YA, EVE) 670 XL, T7, NS A7) TOU Gpy LTTENS

N D Y., Ev6 616 Xiho, T peyardtepr TOAN T00 oy LTehayous,

/ = 3 /.
oxn6Twee 159 avlpdmouc.

Yrrpyov avaopes 6L t0 wipa Eptace o) o [lohuvnsla, Tic
4 ’ \ ’ \ 53 e .. A e / \ /
6molog T0 peyardtepo vrol elvar 7 Toit?h. Ol wepiocbrepor 1) yvwpilovy
3 \ \ / ~ . \ / o~ ~3 /
a6 Tovg mivaxes Tol Paul Gauguin. 216 Bépeto tudjpo To0 GpyLmehdyoug
Betonovrar oi Mapxneior Nijoor, dnrady 7 Xifa "Oa, 7 OB o), 7 Gatov
XiBea, 7 Oba Xodro ol ) Nodvxov Xifa. Ao éxel Zexivroay to Eepeuvr-
Tixd toug Taidio ol [Tohvvnelor xal tehixa émotxioay T4 XafBdr. To 2000,
dnhadi) D4 ypbvia dpyétepa, pall ne tov I'aiho cuvadehgo Emile Okal,
; / \ ~ b / / \ 3 \ o / \
Zexwhoope vo Bpolue adtémtes pnaptupes. Metd amo Evay uive oty llo-
7\UV /7 3/ )\ / \ 47 b C'\' - y\ )/8 b '\"_ \

nelo elyope piinosl pe 47 Emldvree, mod ESwoay dxplfelc TepLypapic
e Thnppdpac. Ot mepiocbrepor eiyav yevwnlel armo 16 1920 o w6 1937.
O mepLypages 68NYNGay 68 PeTenoeLs, apob ol ndptupes Dupbvrovoay pe
gvapyelo 6 TOLO omUEln elye @Tdoel TO wope. Ol petprhoeie we ) celpd
Toug pac Bonlncay vo xatardBovpe TOGOTIXG TOV LAY AVLGLO YEVEGTG TOD

toouwvdue (Eix. 16). Kavele dev elye émioneplel 16 Odvipox amo 16 1946 —
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Kixdva 14: ‘H dvasiviesyn tav émmtdoemy 1o madppotaxold xdpatos tob 1946
Eywve Suvaty) yder otic natalices TAY adTOTTEY LapTipmy, DA yebdvia
devotepa. ‘H 1o Teyvinn Epappbotnre yio v dvaciviesy tob »i-

patoc T Apopyol tob 1956.

George Plafker Emile Okal’ . Costas Synolakis

Eixéva 15: Metpmvrac whv dvapplynor tob teouvdut 616 Odvipex tév Areovtiony
N7owy. 216 vnol adto dev Hmtdpyovy dévtpa, Lovo dprobdes nal &l

~ / \ A ~ \ ~ \ 4 \ \

Cea. Mbvo 16 toouvapt To0 1946 Oc propoloe ve petapépet Tov xopud

o Obuetpo 31 w., cdupmva e T oyeTind) e0vohb Y GT].
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Eixéva 16: T anpwthpro Zxote Kar 676 Odvipex s Ardoxac. ‘H minuuden

gotace og DlopeTpo 44 p. — H Oéon Tl wdpov mob xatacTpdenxe
amo 6 wipa tol 1946.

3/ \ ~ \ / b \ 3 ~ b o~ \ e /
EMwoTe 38V xaToxelTal Tapd wovo amod dpxobdes. 'KExel d&v bmdpyouv
dévtpa. "Ortav Aoty Berxape noppove o Wbpetpo 31 ., Eépape 67t
M 0ay pe 70 wdpa tob 1946 (Eix. 15). 1o evdagépovoeg Hrav dpwe ol
TIEPLYPULPES XATOIXMY GTO TEASLTALO XATOLLNUEVO YWPLO GTY) YEPGCOVNHGO
Kivyxe Kéooup (Eix. 14) 7wod Elnoav tov oetops xal 16 wdp.o.

3 3 / \ . \ \ \ 3 / \ 14 [ A

H 2pvaotio pov oty Toits xol 67y Ahdoxa pé Ereioe d1u ol dvauvi-
GELG ADTOTTTMV LLapTORMY TUAALOGELGLGY LTT0p0DGaY V& To60TLxoTtornloly.
s / \ / s ~ ~ e~ s ~ \ ’
Etot, Eexivioa va Bplonm adténtes T00 oetopol thc Apopyod xal pikyca

\ \ 3 /. \ / \ ~ 3 /7 AN ~
cuvolea e 88 avlpmmoue 6 dtdpopa vioLe tob Alyalov ol evhuuolvro
\ \ \ \ / 4 3 \ 3 \ ~ 3 / \ \ ~

Tov Gelopo xal 0 wipa. OL 61 o adtove pag Hrédetbay 6e mod Gnp.elo
elye @racel ) TANLULDE, Ve ol HTTOAOLTTOL EL00Y TO KOO Xl ATTOLEXEVY-
Onpeav 9) 76 TopaThHETGUY ATTH ATHGTAGY). RTOVE YAeTES aDTOLG BAéTeTE TO
Odog 1ol ToouvapL Tic Apopyol ol nataypadape exel xol 6Ty AcTumd-
roon. Emtiong BAémete 10 vevesLovpyo pTjyRo oL TP0EEVYGE TO TGOLVALL
ral Lo palnuatind Tpocopolwoy i Siddoorg Tol wipatoc.

Yuveyilovrag ) oulhTnen YL peydhovg cetapovs 6ty EandSa, cac
3 / 14 \ \ 3 o~ / 174 / \ \
avapEpw 6TL T BeveTing dpyEle TEPLYPAEOoLY Evay neydio oetous o 1303
w.X., 6 6molog €mhnie nuptowg 6 ‘Hpdxhero, mpokevdvrac peyoro mahip-
POLOKG KDL KL AATAGTREPOVTAG VL& L& axOWUT ©opd ThV AleEdvdpeto.
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3 / . / b \ \ A b / \ \ \ ~
Eixéva 17: ‘H poyvnrosnérnen awo whv Kesevodpa qpéswe nets tov oetopd tod
2011, v 6molo mosoTioTOLGOUE Yid Vo Bpolue Tic Tay T TES TOD

b
1Opatog xal 70 TeouvaLoYpaenue. (T0 Bivieo wwopel va dvevpelel 670

dradinTu0).

3 ! 3 \ ¢ \ / Pl 14 3 \ \ / \
Yrdpyovv dvapopes 6t 676 Kdupo Enecay pivapédeg amod ) Sévnern. Xt
Pédo gaiveron 671 xatastpagpnxe pepwdc 10 Kdotpo tov Inmotdy —10
OTTOL0 ETLOAEVAGTILE TO ETOUEVRL JPOVLO—, L WELE MGTHGO VO AVAPEPETAL
67Tle TYES TO alTLo TG KATAGTEOYTC.

‘O cuyrerpLpévos oeloog Tapopével alviypatinis. Ky o meprathoel
ue tovg pabntéc pov dexadec yuhbpetpo oty NA axty) thc Kentng ba-

\ \ \ € A b 4 3 ! \ ~
LVOVTAG YL GYNUATIGLOLG oL DTTodetxvbouy avilmern, i dev Beira
timote. OL giatator England xol Jackson 7a0av ve pe BonOnoovy pe pie
wixpl) 6pado orttnTéy oo Ty ‘OLgbpdn nal 10 Kalumertl, arh dev pro-
/ \ ~ \ D 7 () / \

péoape vo Bpodue metoTind tyvn ol gmodeifet. Ol Ayyhor cuvéyioay 6
Kéapralo xal Kdoo dxorovbmvrag Suxéc poag Hmodellfers, nal éxel 10 pu-
6TNpLo yiveTol axnbuy o muxvhd. To wovo mol pmopd v 6ag 7o ivo Gt ol
Epeuveg cuveytlovTot

bl ~ \ / 4 3 o e \ 53 4 / 3 \

Exetvo mod gaivetar BéRato clvat 671 6 oetopoc elye péyebog mave amo
8, 2oy TouhdyLeToY AELOAOYT ic & > BV AT OLd@o-

, i YHGOVUE TLG GVOQOPES KATAGTROPMY Gt SLdPo

¢ \ \ 3 o~ ~ / 3 \ \ o~ 4 j4
poug LoTopuxods xal dpyelo T7c meptdou. H xowr) hoyind) pac Aéer Gt

/ \ ~ \ € / ~ \ \ / \
yeetaletar v Bpodue t6 Dobardoolo pfypa Tod ToOV TEoLévnce, xol po-
®&pt ®dmote vo oupfelt lome Gray xatahdBovpe HTL To EpEUVNTIXG XEVTP
OTTRPYOVY VL& VO DTTNPETODY TO %pATOS %L TLG AVAYKES TOV %ol Gyl TO QVTi-

GTROYO.
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Eixévo 18: Te vae yiver mocotinomolney tol @lap ypeialetal LIDAR. Ta dbo adte

rripta BpLonbvrovcay 616 Bivreo.

~ / 3 A \ ! \ \ 3
Yoc mepréypabo &v mepthfber pepinode peydhous celspog oty K-
Ado. AdTo TToY v oo eima eiva T ypetalbuacte yio Eyratpn Tpoedo-
TOUNGT GYETIXG P& ATT0L0 TANULULLELXO Qovbuevo. ‘H teyvohoyioa Théoy pac
emutpemel va Eyovpe extiumoets Yo 10 Bdlog potc nal oV ypbvo xatd TOV
4 ~ 6 \ ‘( / ; e / — — / 6 P/O 3 o~ \ )\ / -~ 3 \
omoto Oo Omdpler 7 péyiotn otaluy. "Ocov dgopd Tic mhnupwdpes amod
Bpoyec 7 Tup@MVES, DTTAEYOVY YPUPLXES GTTELXOVLGELS UE EXTLUNGELS VLo TTY
’z/xi ~ /\ \ ‘_\ 7\'\/ ‘(8 / F\ /8
eEénEn tob gawvopévon, To heybpeva Vdpoypagrata. [Md Tapdderypa,
deite tig exmipnoers thc NOAA vy ) Bpoyy) xota Tov Tuedve Harvey xal
1 s C
Tig exTipnoeLs i 1) otaluy tic TAnppdpag ot cuyxexpLpevy tomolesio
TOVALYLGTOV TPELG Mpeg Ttply — TTOAAES Qopec xal 12 Gpeg vowpitepa pmopoly
\ / 3 / 3 A \ \ / \ 4 \ e ~ 3 \
va ylvouy aéLomiateg extpnoets yio T otdluy. To yrorl Sev Oriipyav adra
\ e \ 3 ~ \ b4 / \ \ A ~
7o DooyioTind Epyaheia 670 Gpog llatépa, 6Tl povineg TAnuuwdpeg TOL
2017, &ote vo wpofrémovror o Babn potic, elvor dxatavénro — pwTiioTe
’ [ 1=
Tovg xalnyrnTeg nal Todg EpeuvnTic VIporoYiac.

[ ta wohtppotand xdpato L6Vo TORD TROGPUTO XATUPEPAULE VO TTo-
POLYAYOUUE TO BVTLGTOLY O TEOLVULLOYRAPALAT TGV VOPOYPAPNULATOY. Bd
~ 7 174 / C/ \ / A o~ b / \
coc Taw Eva Yphyopo Tabidt 6Ty oA Kesevolpa ¢ Tamwmviag. Xty
Eixéva 17 Brémete &va Bivreo amo 16 toouvapt tob 2011, “Otav emione-

Onro Ty oy, Elaa v Bpd wol elye yupLoTel T6 xAT BoTE Vo LTopé-
S ) S (€ YUPLOTEL T pop
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Eixévo 19: To mpidto Hdpoypapnuo minupdpas amo maippotoaxs xipe. [lapotn-
phoete amo v Kesevobpa g Tarwviag w6 2011. T pedpora clveat

~ A\ A 3 \ 3 \ \ A \ 9/ \ =
TpeElg Qopec peyaliTepa 4o adTe oL petphoape 6to Atoe to 2005.

GOLWLE VO TTALPOVPE TOGOTIXES LETENoELS. 'L onpatver adtd; "Otay mopaxo-
novleite 16 Blvreo dev pmopelte va Extipfoete Tl ToyOTNTES POTC 1) TO
Baboc tic TAnpudpas. AdTo oL ypetdletal elvar vo HToAoYlGETE TG ATTO-
oTdoels TOV Stapbpwy otallepdy onueloy oty YngLoxy elxdve xal va Tic
UETUTPEYETE GE GUVTETAYLEVES G EVOL XUPTEGLAVO GUGTT L.

To veapnuoata otiv Eixdve 18 Seiyvouy i ol ouvepydres pouv pé-

\ b / \ . \ o~ \ 3 / \ /
Tencwy TlG AmosTUGELS e LIDAR nol TG LETH EXTLUNGAULE TLG T VTYTES
cotic. ‘H Sradueasio eivor dboxohy vl ypetdletor va Bpeloly o natan-
Mo OPRATIOL TOD QLA 67T0 OTTOL ) YoV OV XOUVLETOL, XKoL LETOL V&
o~ \ \ 4 \ 3 \ \ A € 14

ouvdelobv. [N 0 ouyxexpipévo Al aro v Kesevodpo 7 Siadiracio
dufprece meplmou €5 piveg, dAAG TO amoTélespa wic amolnuimece. ESG
BréTeTE TO TEGATO TEOLVALOYEAPTLAL 7] VOPOYEAPTUG TAALPEOLAKOD %)=
noatoc Basiopévo o petprocts (Kix. 19). [lposéie é11 matpvel wepimou 12
nerro yio ve adEnlet 7 oty tiic Odhacoag xate 12 p. 616 cuynerpipévo

o~ / 3 \ \ 4 \ 3 \ \ N
onpeto, mepimov D0 w. amo v wporvpalo, dnhadh 1 w. dve Aewto — dv

A 5 \ e /| b \ / \ 4 y o b / \ /

Thnupdetle adty 7 atbovca amo toouvapt Oo véuile &g émdve 6 mepimou
oxtm Aemta. Thpa ol Eyovpe adTO TO TOAITLLO VIPOYRAPNLAL TTROGTO-
OoUpe vo xdvoupe LehhovTines ExTLumnoels Yia tie meploy s Tmv HITA yio tig

4 o~ e / / 3 14 4 ¢ \ 14 4
6Tc0lEG UTTAPY0VY YapTeg emxtvduveTyTac. llistedw 811 68 mepimon déxa
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TURKEY RIVER AT GARBER

Universal Time (UTC)

152 152 152 152 152 152 152 152 152 152 152
Sep21 Sep22 Sep23 Sep24 Sep25 Sep26 Sep27 Sep28 Sep29 Sep30 Oct 1

| Latest observed value: 2427 ft at 10:15 AM
| CDT24-Sep-2016. Flood Stageis 17 ft

a:loam'loim'luim'l m 10am 10am 10am 10am 10am 10am  10am
wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat
Sep21 Sep22 Sep23 Sep24 Sep25 Sep26 Sep27 Sep28 Sep29 Sep30 Octl
Site Time (CDT)
---- Graph Created (10:45AMSep 24, 2016) —o— Observed —s— Forecast (issued 10:00AM Sep 24)
GRBI4(plotting HGIRG) "Gage 0" Datum: 634.46'| | Observations courtesy of US Geological Survey

Eixéva 20: “Ydpoypagnpo dnd tov o7alus otoé Turkey River at Garber xota tic

T pdees Tob 2016.

1e0via ol mpoetdomornoetg yia tic HITA Oo &youv adtec tic hemropepelc whn-
popoples o THY Tay LT T Avedou Tiic atabure tiic Odracouc, bmwe -
Aw6TE €Y 0Ly H07 VLo THY TEPLTTOGT TANULULDPOG GTTO DTTERY ELALGT) TTOTOLULGY.

Acv elvor Suvartov v ury avapephd 6tlc peydhes TAnuudees 616 TéZug
Tov ZenttépfBpro tol 2017, xaboc xol 670 mpbopato dpbpo pov otry Kaby)-
pepLvy) Yo T V3poYypapHuata. TNy Kixdve 20 Brénete va tétolo Gmo 0
Turkey River at Garber a6 w0 2016, pio awo tic wepimov 50 tomobesie yio
Tlg 6moleg LTy ay éxTiunoes Tic otdlung the TAnuudeac, xdbfe Tpeic
opeg. ‘H teyvohoyio elvor Tovdytetov D0 ET@my, dev Hmdpy et napLo dixono-
royilo v ey 1) Srabérovpe oty ‘Eanada.

Av Dromornoovpe THY TopaywY? UOpoYeapnudToy oty Einade,
tmtwe oty Edpomy ol otic HITA, &v xatapépovpe vor petapépovpe thy

TEYVOAOYLo EXTIUYGTG 68 MYGTERD Ao TOV TpayLatixs ¥ e6vo tob Baboug
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)\ ‘/ - 7 6 \ 6 / \ )\\ )\ / 6 A — \ 7\)\ \

TAnupLpoc, olyovpa O Opnvicovpe Tohd hybtepa Bbpata 6t perrovrineg
)\ ‘/ _ 8‘ — Nf' pl4 N /ﬂ_ € ’)\7\ \ —_ ;\' 7\/ — \ e

TALLLpES — SuaTLY M EpyovTaL YELPGTEPN, 1) GANYT TOU XAUaTog ol

abinen e otabune e Odracouc Oa emdevmeovy erpavtine Tic Guvé-

TeLeg GAmv TOV 6EEMY V80RO YLXGY xal Hahacsimy govopévov. Edd Bénem

v TOViGw %ol THAL HTL TO YELpbTEPO Uépag Gmou fa propoloarte va Bpebeite

) \
6t TeplmTLoY TANULUIPaG Elval PEGH GTO aDTOXLYNTO — To ATOTEAEGLLOTA
dev elvar wote xaha ol yLhades dvbpwmor webaivouy xdbe ypdvo mayLdeu-
) .

UEVOL GE aDTOXLVYTO TTOL TTOEAGVEOVTAL GO OPUNTLXE VERX.

H oraem wod Erovpe (e xovmVio ATEVAVTL GTLE XATAGTROPES Xul GTLG
QY HETOYPAPNTEG GUVETELES TOLG, Tply adTEC ouBoly, Bupilel T6 Tapddoto
700 Zifvovog. Mud yehdvo xol 6 Ayihhéog Eexwvody aywva Spépou. e va
avtietabuiotel 6 handicap t¥jg yehwvag, 6 Ayidiénc wpémer v Tpékel TO
ULGO TTIC ATOGTUGY)G AL VO GTOUUATTGEL ATELPOEALY LG T, LETA TO HANO ULGO,

\ \ \ 4 \ / 3 /. 3 o~ ~ /
peta o dAho uieo péypel o téppa. H yehmva amhidc wpoyweel orafepa.
270 Téhog pravel TpwTy. T mopadolo dev elvor mapddofo yio T obyy pova

6 / ’\ — )\ / —_ \ AR ~ / 7\ b4 j%4 (O
palbnpotine, oL xatahalalvovy T eyt The olyrhers ¢ Eva Spto.
Ayinéac Oo grdost Tpditoc, dAAd 8yt 6T LLaks dowy otafoly 617 Aemto-
pépelo Ty peptxedv abpotspdtov. Avrictolya, 6Tlc TEOETOLLAGLES YL (LE-
YoAEG %ATAGTEOPES, ) UeYdAn eixbva elvol vo Ol xavels T Téppor T
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mepLoduea. To KEAEM Stopydvmee eniong oeLpo Evvén EXAAIXEVTINGY OLL-
Moy oty Avatohuer) Atbovsa tg Axadnuioc Abnvév, pe dooppr) ta 100
ye6via o Thy i8puey Tiic Awebvodc Actpovouintic ‘Evasenc (IAU). Téhoc,
ol gpzuvntes Tob KEAEM E8woay oelp 6ULALOY 68 exmordeutind [Spduota
\ \ 2 7 \ \ / s/ 3 / / \ 3
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NEO (Navarino Environmental Observatory)

To mpbdypappo «NEO» («Navarino Environmental Observatory») eivoe
uia cuvepyasio petald thg Axadnuiog Abnvav, tob [lavewiotyuion T7jc
Zroxyonene vol whc ‘BEratpeiog TEMEX. Agopd 671 Snutovpeyio ol T7) het-
tovpyte IleptParnrovtinod [apatnerntnpelov oty meployy) tic Mesorviog
ue xolopLopévoug EpeuvnTinods xal xmatdeuTinode 6oy ovs. 16 Tpbypap o
ouveyiletar yia Thv wevraetio 2020-2025.

Eeoeuvyrixa mpoypappata ano to éEwteptno

1. Hpbypappo EITAVEK EXITA 2014-2020 «Panhellenic infrastructure
for atmospheric composition and climate change — PANACEA». “Y'tedluvoc
mpoypappatos: Nuixbhaos Muyarémovhog. Epevvnréc: Xptiotoc Zepegic,
Kaotag Erevbepdroc.

2. Hpbypappo i EE «EuroGEOSS Showcases: Applications Powered
by Europe-EuroGEOSS». “Y'medOuvoe mpoypdupatoc: Mathieu Reboul.
Epevvnréc: X. Zepegbe, . Kayopevarne, A. Aquyretddou.

3. Hpbypappa 7 EE «Copernicus Atmosphere Monitoring Service
CAMS-84: Global and regional a posteriori validation, including focus on the
Arctic and Mediterranean areas-CAMS-84». “Y'medfuvog mpoypdupartoc:
Henk Eskes. "Epeuvntéc: X. Zepegic, . Kadwpevdxrce.

4. Hpbypappa Horizon 2020 «SMart URBan Solutions for air quality,
disasters and city growth-SMURBS». “Y'medluvog mpoypappatos: Nicola
Pirrone. "Epeuvntéc: X. Zepegbe, . Kadwpevaxne, A. Anurreddov,
"H. Tloduypdvy.

5. Mpbypappa w7 EE «Copernicus Application Facility for Environ-
mental Effects on Health and Comfort-CLAIRE». “Y'rwebfuvoc mpoypduumo-
tog 1. Kepapirabyrov. 'Egevvyréc: X. Zepepic, T. Kadwpevaxrc.

6. [Tpéypappa LIFE «Boosting the implementation of adaptation policy
across Greece: LIFE-IP AdaptlnGR». “Y'redbuvoc mpoypappatog: X. Zepe-
poc. 'Epsuvntéc: 1. Korapmdxae, K. Ouavdpas,T. Kadwpevarre.

7. Hpbypappo ERASMUSH «Strengthening Education, Research And
Innovation For Climate Smart Crops In India-AdaptNET». ‘Y'rwebOuvoc mpo-
vedupatoc: A. Bohovdanng. "Eeevvntéc: X. Zepepic, . Kadowupevdxrce.
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8. Hebypappa thc EE «EIT Climate-KIC Hub Greecen. “Ymedluvy)
mwpoyedppatos: O. Kovvroden. Epeuvnréc: X. Zepegic,l. Kadopevinrnc.

Eocvyntina wpoypdppato Ao T0 EGWTEQLXO

1. Hpbypappa tic Meprpépeiac [leromovwioou «llepipepeiand Xyédio
veee iy Hposappoyn oty Khporier Ahhoryry — HeZITKA ehomowwrnooun.
Yredbuvoe mpoypdppatog: X. Zepepic. Epevvnric:’l. Kadopevaxnc.

2. Hpbyeappa thc Ieprpépeiog Attintc «Kataption 1ol [leprpe-
petaxol 2yediov yia thv Hposapuoyyy oty Kiwparier Aoy — [TeXITKA
Artindion. Vredbuvny mpoypdppatoc: X. Kaipdur. Epeuvnréc: X. Zepegic,
T. Kadowpevdune.

3. Hpbypoppo CEOvins dintuo Epeuvas yLo ThHY vALLATIRY GARLYY) %ol
Tlg emmTooes tNen. Y'moépyo 3 Ttob Epyou «Y'modougc Bvindv Epeu-
VNTIX®Y SeTOmV 6TOLG TOUELs THG laTpixdle dxplfelac, TGOV #Povtindy
TEYVOROYLOY %ol TTg whpatindic ahhaytion. Y'medbuvoc mpoypappatoc:
M. Thetdvre. "Epevvnréc: X. Zepegpbe, 1. Karapmonag, K. Oundvdpac,
T. Kadwpevdxrne.

KENTPON EPEYNQN
OEQPHTIKQN KAT EODHPMOXMENQN MAOHMATIKQN

‘H gpeuva 700 KEOEM éotialetor 6t Snptovpyio aryoetbumy dvoxa-
TaorevTic latpLedic elxnbvag (image reconstruction). AdTy 7 Siadixactio elvor
amopalTn T YL T dnptovpylo ToRoYPapLXTIC EXOVUS TR GUYYPOVE ATIEL-
roviotina ouoTthpate PET, CT xal SPECT. 'Enértrne ol Kévrpou eivar 6
Axadnuoinds x. Abavdorog Dwxdc, drevbivmy 8¢ 16 Kévrpo elvar 6 ['emp-
vroc A. Kaotijc, épeuvntie A’ Babuidoc. Hapddinia, 616 KEOEM éxmo-
voly 17 Sudaxtopinh Toug StatpLB) ol dxdhovlor Siduxtopixol gortyTéc:

1. Beoynawtne AréZavdpoc, [lavermiothuo Matpdv, Zyony Enxiety-
uev Yyetag, Tutjpa Tatpuedc.

2. Tlapmalidov Edayyerio, 'Ebvixo xal Karodistpraxs Haverioty-
uto Abnvev, Zyord Ozt Enietnuoy, Tufue OGueixic.

Erione, v gpeuvntinyy dpactnpiétyta tob KEOEM émixouvpody ol

3 /

> \ / .
ax6rovbol EmLeTrLOVIXOL GUVERYHTEC:



EKOEXEIX 317

1. Mpwrovotdproc Nuiwbdraog, Sidaxtopixd dimhopa 6ta Eguppocpéva
Mobnporind.

2. Xpfiotog Edvlne, ddaxtopind dimhwpe oty [Ianpogpopnr) pe
gpapuoves 611 Brotoarpuer.

3. Avdpéac Aovobétne, petamruyions dimhwpa oty latpur Ouot-
N -ARTVOQUGLXT.

T6 2019 éxnéybnnay 676 KEOEM ol dxdrovlor véor Epeuvrtec:

1. Nudbhaooc Aweatoc, gpeuvrtig I Babuidag, pe yvwotind avrixeipevo
Clorper Amewbvieny, xol
UE YYOOTLXO

2. Kovoravtivog Kahnuépne, gpeuvntie I Boluidac, |
3 / b 4 3 /
avtixetpevo CEooppocsuévn Avédiveny.

Avapévetor 1 amnhepouct) SLoptelol toug LE ThY ExdocTn ToD G6yETIXoD

OEK oty Egnuepida t7ic KuBépvnore.

Kota ) Sdpxeto 700 2019 o néhy ol KEOEM elyov tic axdrovheg
dpacTnpLbTYTEC:

1. Anpociedfnxe 616 Eyxpito meptodino Transactions of Mathematics
and its Applications &p0p0 tob Enémty 100 Kévrpou x. Abavasion Pwxa to
6T0L0 TTapOVGLALEL LY TTPWTOTUTY) GTEATNYLXY YL T7 ADGT ToD %haGixol
pabnpotinod TpofAquatoc oL elvar Yvweto kg «H Eixasta toU Lindelof.

2. Anpoocieblnre 616 Lifrlo Mathematical Analysis and Applications
700 xdoTinob oixou Springer T6 xepaiolo pe TiTho: «A new approach for
the inversion of the attenuated Radon transformn.

3. Anpociedbnre, og cuvepyasio pe 16 'NA «O Edayyehispoon, 7
uehéty pe tirho: Interleukin-10 affects the control of breathing 676 &yxprto
mepLodind American Journal of Physiology-Regulatory, Integrative and Com-
parative Physiology.

4. Hopovordotrnxre tov mepacpévo ‘OxntdfBeto 7 pehéty e titho: A
spline approach to parallel-hole collimator deblurring for aSRT-reconstructed
SPECT images 676 Aievec Zuvédoro «(IEEE BIBE 2019».

Teroc, =0 KEOEM cup.petéyel 6o peuvrtind Tpoypdppate The K-
tpomtiic "Epeuvav «Avtictpoga [lpofrquoarta ol latpwes Ameinbviony,
«Avdrruln nal AZworéymon véov Tedidetaton Alyépbuov Avaxato-
oxeutic Tatpindic Kixdvag PET» xol (Avdmtuly xal ALordy7o7 10D MR-SRT,
evoe Néov Anybpilpon Avaxataoxeutc latpindc Kixdvag MRD).






EYPETHPION KATA 2YTI'T'PAOEA

BAT'ENAY KQNITANTINOY. — Netpiva xal Bhextpbvia/molitpbyio:

ol Sopxol Allor xal ol xaTah)ITeC TOD GUUTTAYTOG uueiiiiiiiiiiieeieeeeeeennn.
FAOYTOX EMMANOYHA. — Téyvn, palnporind, wnyovind) .eeeee.....
I'TANNOITOYAOZ TTEQPTTOZ. — Edgui} custhpote Metogopdv ......
AHMHTPIAAHY AHMHTPIOZX. — History of trauma: successes, errors

and challenges. Elottrploc A6y0¢ 100 GvTemloTéANOVTOS LEAOVG KaTO

TNV D080 7] TOU GTIY ARSI wevvveviiiiiieeeeeeie e

EAEYOEPIAAHY TQANNHZX. — Thoracic aortic aneurysm: Reading the
enemy’s playbook. EicithpLoc Aéyoc 10U dvtemtoTéMovTog PEéAous 1aTo

TNy U1t08077% 70U 6THY ARSI oo
ENGLAND PHILIP. — The changing shape of Greece. Eicitfpioc hbvoc
T0D AVTETLETENAOVTOC LEROLE XoTd THY UT000Y T ToL 6Ty Axadnuie.
ZEPE®OX XPHXTOZX. — Nexporoylo tob gxadnuairod [ldvou Avyo-
BLEVEDT) 1ttt ettt e e e e e e e e e e
ZEPE®OX XPHXETOX. — ‘H wpostacio TGV wynuelmy T7¢ TOATLGTIXTS
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