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ITPAKTIKA THY AKAAHMIAY AG®OHNQON

AHMOZIA EXYNEAPIA THE 3uz ®PEBPOTAPIOY 2011

XAOTIKOI 'AAAEIEX

MAPOYZIAYH THE EPTAZIAY
TON x.. TEQPTIOYT KONTOIIOTAOY KAI ITANOY ITATEZH

ATIO TON AKAAHMAIKO ». TEQPI'TO KONTOIIOYTAO

[MNEPIAHYH

Ot omelpeg tév yorabidy elvar wipara muxvétnrog, Snhady ol aoTé-
pec Sidpyovron Sk péoou TOV omELPHY GAAX THPHULEVOLUY TEPLOGOHTERD
1p0ve TAnaiov Toug, obTwE MoTE Ol OMEIPES ATOTEAOLY TRVTOTE WEYLOTX
muxvbtntos. Of tpoyidc tév dotépwv elvar év yéver dpyavmpéves ool
auviifieic ometpoedeic yoahagleg, daha elvor &v modholg yaoTinés GTolg po-
BSwtole omeatpoetdeis yohaklec. Ol oneipes tév paflwtdv yahabitv mod
Eenvolv amd T dxpo The paPdou axorovloby Tic dotabels dovpmTwTiég
xapmihes 16V dotalév meptodindv Tpoyrdv. Elver wipate muxvéthtog
ATOTEAGDLEVE ET0 YUOTIXES TPO)LéS.

Ol dorépec Toug mapapévouy Tpocxohhnuévol oTic omeipes (pouvipe-
vo XOAATIRGTYTOC) YLk ypovixd StacThpote peyaiitepo Thc NAkiog Tol
Tipmavtog, Tehumd buwe ol mepioadtepor dotépes Ui Sxpldyouy paxpid
amt tobg yahaklss,

1. EIZAI'QI'H

"Evor mpbPanpe mol anacydinoe idtaitepa tobe aotpovbpous Tl Tekey-
Tofes Senaetiec frov w6 &v dmdpyouy Exdnhdioes ydoue ot Sudpopx AGTRO-
vouxd govbpeve. i w6 Oépa aded, w6 Kévrpo "Epeuvév Aatpovoplog
e Anadnulag dpydvwos Sbo Siclvi ouvédpia T mponyolpeva &y, ol
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T TR TIRd Sxdslnray 6F S0 GyH@ATIC TOOUL %TO TG YVOMGTO EXAOTING
nize Springer Verlag (Contopoulos and Voglis 2003, Contopoulos and Patsis
2009) (Zx. 1).

ASTROPHTSHS AND SPALE STIENCE FROCEEDINGS

al k) o} 4 - F P Ll Al L ] ¥ L ) Al i
Ey. L. Mponried Zuvedploy 1ol Kévegou "Epeuveyv Astpovoploc »al 'BEonppoops-

veoy Mainuersery 0 Anadnulas Apuév.

"Fva eldundteps mpdfinue a1 dmoin N cupfodrs tol Kévrpou pag

Omfipie oot Fruy T6 ydos of yohables, Awmetooups Snhadd bt

ot ameisee Tov pafidoTiv varaiicv dnpiougyoelivrol 40 deTEpec 68 Yo~

oTixes Tpoytes (Ty. 2a mpaypaTinds pafbwtis yaraking, Xy. 28 wpogo-

uolwan pé N-copata). O avertdifovpe 16 Elsgm ottt Tovilovtag idui-
\

TERM TLC TEAE! '.‘.”"" ’-‘".-‘\ 3\-

Fivor yvests 6t ol © pmrsr_ﬁfrpm vohoElee gt Edumav Eyouv orelpeg
2. 3). Ard 10 dhdo u.spu: glvalL YYWOTG HTL 7] TTEQLETROGT) TGV TaAXILMY

—

clvae Srapopind], Snaxdy; of dotépes mob elvor wovtd 676 uévtpo mepoTpé-

L} 1 ) ' i) i) ] 1
GVTEL TEYUTERE AT ToLg paxpuvois aotépes. Kuta ouvémeix, peta awd
(1 f

3

i

i & B i LR ) [ T 5
Wyvo ypovo ol dotépes ol dpyixe dvinay ot Eva emiunues nopgwps (Sy.

o

§
E
—r N A VAR Y ALTEAT ATEln Lo=h T
o) TOAU TUVTOLLO o7, LLLOURYOUY LD OLTTAY] TJTELRXE [LE TV OLLPORLIY] TTEQL-

aTpopt} Toug (Zy. ’|;3, 1)
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Y. 2o PuPfwtds yohabins,

Hzasapaioan peflmtal yahukiou.

0i omeioec 16U Timou adtob dvoualovtor «iixéc oreipecy (material

arms). Adric uwe ol omeipec weprehlogovTor ToydToTe ol odvrope ®oTx
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Eyouy ToAD TG dvowetes omeipes (X, 3), dpx 8&v elvaw wlhiixds ,.:E;E:n.

H émupotolon Dewpte onpeps elvat Gt o oneipes ¢

MOULT TURVOTTTOG, Srhadrn d2v omoTeAolvTHL TOVTOT

1 3 ¥ 5 » & ¢ y i
AGTEDEC. ‘ 3:'_:],"_;_IZFJ'J'_' HITTEREL T:J".'urlfTLJ'___rJU'.f TLE OTELLE
SLTCO GLUTEL L:.’p‘ -.l’.f )y GARGL LLEVOUY OYETIAN EYXAUTEDG Y ROVO AOVTE GTLC
GTRELSES ML 70 "’;'T'r”.'f ""}'J.")'.l'f"J NOaGTRY R, LEVT TULANT T
1} ! - . g A ) ¥
wovtd oTic omsipes. Metd ame Eva ypovies duioTra,
EDYOUY oML A0 TIC OTELpES AAMY VEOL FOTERES EpYOVTOL XL TOUS GVTL-

waluwstobv, EToL Gote N muMvdTYTR oTiC oNElpes Elvait TAVTOTE UEYoANTERY

. ] . :
LT O, TL OTLE YUZ0) TTEQLUYES.
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2. H ©EQPIA TQN KTYMATQN MYKNOTHTOZ

Katt mapbpoto yiverar xal pe 7ig oneipes tov yahabidv. ‘H fewpla
TGV xupaTov TuxvbtrTos Stetumhbnue drmd Tov Toundo xabnynTd Bertil
Lindblad =6 1941 (Lindblad 1941), dah& % odyypovn popey wic Bewplac
ansTic dpelhetar atov xalnynti CC. Lin 1ol MIT (Massachusetts Institute
of Technology) »al Tov vd7e Boylé Tou Frank Shu (Lin and Shu 1964).

Qupdipor 67t Bproxdpowy oo MIT w6 1962, xai 6 . Lin pol elne dmu
oxomeve v Epyachel mave ot Dewpla Tév wupdTwv muxvéTrTog oTolg
yohaZies. Tol elma 611 70 Ofpo adrd o elye %80 dvarmtifer 6 xalbnynTic
Lindblad dmd 1) Zrowyoiwy. Karefinope howndy pall ot Bufhobiny tol
MIT xai 6 ». Lin davelotnue wapmogous dyxmdeg tduoug tol Aatepooxo-
wetow Tig Lronybhuns mob mepeiyayv Tic épyactes Tob Lindblad. KouBakh-
cope poll Tovg Tépoug adtole ot ypapeio Tob . Lin. Alyes fuépes duae
petd, & x. Lin pol elne &7 fray wohd Sdoxoho ik adtov vé mapaxohou-
Bfoer ) Oewpla ol Lindblad xai 0% mpompolos v dvantifer v Bewpta
amo Thv ey (e o Suwd Tou tpéme. Kol medypartt adrd Exave. "Extote 4
Bewpla Tév xupaTev muxvdTnTog elye peydhy dvamTuly xal mokiig EmiTu-
yies. "Eywav modiés Oewpnminés dpyaotes xab dppnminic mposopoimosig,
xablloe el Epapuoves g Bewplag adtiic ot molhols yvwotole yahakleg
mob Emfefainony T) onuacix g,

‘H Baswy wopeh g Bewplag adthg elvar ypoppued. Anhadd Becw-
polpe 611 % muxvbTne ¢ o6 Eminedo cuppertplog Tob yohailow dmorte-
Aelto gmo plon xatovops op(r) mod Exer dEovueh ouppetela Gg mpig To
wévtpo tob yahalou, obv ple pwuopd Swropayh of mob ¥xer oncipoady
woppi], dnhadi:

a(r,0) = a(r) + ai(,0) (1)

émou 0 elvan 4 yovie tic edbelug O pe Evay &Zova 00’ mod meprotpé-
peTot e THY Bt ywwiewd toaydmyte $ pe Tic oneipeg (Zy. 7). Té adrtd
10 abotnua didvev N poped The omelpag elvon dpetdPingTy dAha of ém-
pépoug dotépes wuvolvron e Sukpopes TaylityTes Yow dmd 16 wévrpo O.
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-30 =20 -10 n 10 n 30

Ey. 7. Of oneioec o S yohabio elvon meplmou suppstpds dg wpds T xévpo %ol Gu-
pbusves (trailing), Snhodd) 4 dmbotaoy r dharrdverar wolics adfdverar 7 yavia f.

‘H By pac oupfors oth) Dewpla Tév xupdrav muxvbTnrog fray o)
Sutimway i uh yeappkds Bewplas (Contopoulos 1970, 1973, 1979).
Awxmiotdlinxe §t ot dplouéves TepuTdicels ouvTovispel, 7 Swtapah wu-
wvérnroc o7 88v elvan pixpt) GAAK Yivetar peyodrepn &t Tiv diouppeTouc
TuxvéTrTe 0. O ouvrovisuot mpordmrouy oy of supvitrTes TRARYTAGEWY
Soeivindt (xord THY dtive 1) wod TeplaTpopua (xova T yovia f) Egouv gt
aéyo. TLy. Brav Erovpe Bho doerivinds Tadavthoes 68 ik TeptoTpogy Exou-
ue 70 ouvtoviopd 2/ 1 xad ol Tpoyiis eivan Eharmminés. Trig mepimTwOELG TGOV
ouvtonapdy yperdleton wia pi yeappoed Bewple, 7 omola elvon dmapaitnto
supTAhppe Tie Yeapuxtc Dewplac otic meployes Gy suvtovisuGv.

Oa deifw wive wie dpappoy thg uh yeouuuie bewplag. Ltod Lyfjua
8 #youpe mohhic meprodixec Tpoyiés ol dmoizg Eyouv Sdpopous TEoGXVA-
Tohopole xal dnpoupyolv Bdo omeipoadelc oupmuxvacse. OL Tpojég
adTéc oThv xevTpuey] meployd elvon mepimou Ehdeidec. Tt EZw, Gpwg,
of Tpoydc Telvouy v yivouv Tetpdywves. Exel Pploxertar 6 Guvtoviopog
4/1. Méypr 6 ouvrowiaud 4/1 ol tpoyiec dwaydouv tic omeipes. Il
¥, 6 mpogavaToopts ThV TpoyLdy dhadlel dmbTome xal ol Tpoyteg dev
dwiaydouy Tthéov Tig omeipes. AUt dpelheton oTa ) YPaLALKE PAIVOMLEVL
ntot Sppavilovrar xovtd xal e 4w 6 cuvtoviopd 4/1. ‘Ermopévas ol
omelpes Teppatilovrar mepimon o1d cuvtovieps 471, xal alto palveron va
gradmbevetar ot auvifeg yahafise mabd Egouv onpavtixés omeipes GAA
Bev Erouv pdPdo (Contopoulos 1985, Patsis et al. 1994).
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TFULTIEPLETROET,
CUYTOVLEULOE

4/1

TUVTOVLGILBE

6/1

Ey. 8. O meprodinds tpoyids ot Eva yadabla Eysuv Térowue mposmvatolusueic,
dhate va Snuioupyeiv 8be onelpee wéypt 6 cuvtoviops 471, Metd 18 guvto-
viopt adté, ol mepodixnde tpoyiic Sdv Buoydouv tic omeipee,

3. XAOTIKOI ZI1ETPOEIAEIE 'AAAESIEE

e 6 T mpomyodpevae moupadelypare yahaEidv 6 ydoc elvar ou-
vifloe dpehntéo. “Ymdpyouv pev Alyeg yootixes tpoyres ortobs Stapdpoug
suvtovapods, el adtéc 88y mailouy onuavtied pdho oth) Suvapind TéV
vohalridv. AdTe dpeldetan otd bt otods ouvillerg omeipoedels yoahaki-
e¢ (normal spirals) ol Swxrtapayec elvor puxpés, The tdiewe Tl 2-10%.
Ytobc pufdwtols Suwe yahakics (barred spirals), ol Stxtopayéc elver Tig
tabewe tob HO-100% ol modhéc tpoyies elvar yaominés. Mix amd Tig
TpiiTES YuoTinES Tpoyies ol UmoAoylatyxay ot Eva puPdwtd yorakle 3i-
Setar oto Ly7Tpax 9 (Kaufmann and Contopoulos 1996). Ilopatnpoipe 1
N TpoyLk Evioylel 6t dprety) Extaan Tl 800 omelpes dhhd xal 16 mepifhn-
o Tijg pafdou.
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Ty O, Mid yantond, Tpoyud mob Ewioyler Tig omeipes xal t6 meplfinuo tiig pafdou
i £ 1} TPOX P PLEAT
ot Evel pafiSwtd yahabia.

Apyirepn dume Sumotabnxe, xuplog dmd tov Béyhy (Voglis and Stavro-
poulos 2005, Voglis et al. 2006), &t ueydhn mheoyngla Té@v TpoyLdv Tod
amotehotv Tic omeipes elvan yaotée (Zy. 10). O oneipeg Eanohoulioly
v elvan whpoete TuxvbTToS, Snhadh ¥ peydhy TuxvbTNg XaTa pijkog T6V
oretp@v dpetherar ot Suxgopetinols dotépes xatd StapopeTixg ypovikd Sta-
oTY LT

Ol oreipeg adtis dnpiovpyobvron xovid otic dotaleis aoupmTwTIRS
xapmiiee mob dxpbovrar dnd dpiopéves dotalbels meprodindg Tpayiés mob
dupavilovrar xovta ot dxpa Tic pdBdou xal Svopdlovran mepLodixdg
tpoyiéc PLy, PLy. Of tpoyidc adréc mepfiddhouy & Aeybpeve dotalf
onucio looppoming 7ol Lagrange Ly, Lo ot &xpa tijc pafBdov. Amd o
onueio PLy éxglovrar %o dotabels dovumratinée xapmihes, 7 U natd
wixoc the omelpag xal f UU mob mepifddder o0 pafdo (Xy. 11). Avrl-
otoye Hrdpyouy dbe edotaleic doupmrwTicds xapmiies § nal SS. 0L
Tpoytéc mob apyilowy mave otig xapmiies U, UU elvar yootinés, dhha
émovépyovron o anpeio Tév Buwy xapmuddy, ke xal b poxpLd 4o Té
PLy, &tav M dxtwveey) Toydtra f=dr/dt pmdeviletar, dnhady) otd gmbxe-
vrpa wal aTd meptuevrpn Tév Tpoyev. Avriliéteg, ol Tpoytic mab dpyl-
Louv otig xapmiieg S, SS minorelovy ouveydic To onueio PLy.
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I i 4 i i

Dpyavapéves Tpoyiés Xaotixdg Tpoyiée

Iy 100, 'H warevops tév dotdpov o Eve povréhe pafSwtol yahaklon.
" B. O dpyovepéves tpoyiss Snptoupyolv 16 xipto aope i pdfdou.
y. Ob yantds tpoyiés Snuuougyniiv tic oreipeg wod 16 mepiflonpe iz pdPSou.

e

Iy 11 Tipes amd woe onpeia loopporine Tob Lagrange Ly, Lo, oté dxpe e pkPdou,
Umapyouy ol dotabels meproBinde tpoyiéc PLy, PLy. Amd altés duplovia of
dotallele doupmrwtings xauntiec U, U, U, T xatd uixkoc t6v onepév,
xal UU, UU, UU, UU oty mepupépea The pdPdou. O wapmires U, UU,
U, UU dvnigrorgolv otd dmdrevon tév tpoyéy, xal of U, UU, U, OUF
ot TEpinevTpa.
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H vevinr; xuxhogopio Tev dotépwy othyv edplitepy meptoyt] Thpw &mod
6 PLy elvar g 8E7c: T Swwdoyixd onueia #= 0 tév sotépwy Tig me-
proyfic mpooeyyilovy 6 onpeio PLy xatd pijnog xaumuidv TapdAiniwy
Ttpds 6 S 7 16 S5, xal Srav phioovy xovra otig xapmiies U 7 UU aro-
poxplvovral dmd T0 PLy oyeddv mugdiinia mpde ta U xal UU (Zy. 12).

Ty. 12, Oi xvfioeig v dotépayv mhneiov Tob dve onuelov PLy whnowlouv mpdg
& PLy oyediv maparinia wple tlg ebarabelc dovpmrotinés kapmiles §, S5,
xal watémiv ExTpémovral oxedty mapdddnha mpds Tic doTabsls doupmTw-
Tieg wepmikes U, UU.

Zy. 13. Of dovpnrwtxés xapmireg U, UU dnd w6 anueio PLy whnodlow 76 on-
welo PLg aynpatilovtas tedavrooss mapdhhnies mpoc Tic wapmiies U
LU gmd 16 PL,.
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‘H asvprrwtuey xapmidn U arnd 16 anpelo PLy &y oneipoetd) pop-
o), weypre brou ghdoer xovta oTd avtidiapetpixd enueio Plg (Zy. 13).
Kalore mhnordler 16 onueio PLy, % xepnihn U xdver tohavtaoers §ho
ReyaAdTEROY TARTOUS Ttapadhnhe ol XOVTE 6Tl ACUUTTWTIKES KL TOAES
U xai UL and 76 onpeio PLo. Kata wapbpoto tpémo, 7 soupntating
xoumody UU amd t6 PLy gbdver xovta o6 onpeio PLg xol érnlone xdver
ToAAVTOOELS Tapahinia xol xovta atic xepmiies U xal UU'. ‘Emopé-
veg, X6TEPES ToL dpyixa Pploxovror xovtd oTe &xpo TH pafbou (xovta
o1h onueio PLy) dxohouloby size =7 omepoadl xoumiin U w dmrd
™) pkfdo, elte Thv xapmiiny UU mob mepifdider 4 pdfdo, xal gldvouv
KOVTX OTO %&Tw &xpo The pafdou (PLg). Katémy amepaxpivovron dmd
16 onpeio PLy ot piinog ol xovie otTic doupmTwTinés xaumiies U
wal UU nul pbavouy mah xovtd 616 dpyind onusio PLy. "Etou duaty-
pettar N omeipoetdng Soud) Ty pafdwtéy yehaLibv vk peydia ypovika
SwxoTiuate, mwep GAov HTL ol Tpoyiés wob &motshelv Tig omeipsg slva

yooTikéc.
10 10
Ly L,
sk u s - u
Y o Y @
I u
_5 - __s -
L
()
PR 1 " 1
-5 0 B 10 -5
X

Ey. 14, Tpoyrtc mod Eexwvoiv mhnolov Tic mepodixdic tpoyiae FLy, oth) ouvéyeln
wldvouy xovtd o16 PLy xal watdmy sewvolvroe mpdg 16 PLy:
o mhnalov ThHe wapmbine U ¥,
B. whnatov tic wapmiing UL
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Tro Tyhpate 14a, B Slvoupe 800 mapodelypoata yootindv tpoyiéyv mol
Eenwvoliv xovre ot onpelo PLy. Of Tpoyies adréc ndvouv dpytas EpLKES TiE-
poTpopés yhpw gmd Thv meptodued) Tpoyx PLy mob dpyiler amd 16 orusio
PL{, nol saerémmy wvolvron wpoc to 8eEid, wovra ot orelpa U. "Orav obd-
couv xovte o6 PLy 7 mpdTy Tpoyk (Zy. 14a) mpoywesl mpde o dproTepd
70l PL, (BA. Zy. 11) xovek oh omelpar U xad gbdver xovrd otd PLy. ‘H
Seditepy Tpoyua (Zy. 14B) mpoywpet Myo Sekui xal mpde T& Thves &t 76 PLy
wad e oBdver xovta 616 PLy. "H yevil popgn tév omewpdv mol mpoxi-
TETOUV GTO TO gUVeho TGV Tpoytdy Sidetan otd EyFua 15.

10

By, 15. Treipec mob Squoupyolvro dmd mokids tpoyés mob doyilouy xovrd ot L.

4. TAXTTHTEZ

Mk &rdn mopathpnoy mwob yapuxtipilel Tic oneipeg Tév pafdwTdiv
voohaEuiy elve ¥ xaTavopd) TV TopuTTWY Xatd Lixog Tév Bpaytbvav.
Yy meplntwon tév pafdwtv oneipostdiv yahukidy, ol yaoTikes Tpo-
yiég Tév cwpatiov wob Beloxovtar éxi Tev Ppagrévey Stapoppavouy Eva
medlo TayuthTov mob elvan &v yéver nath wijros Ty amepev (Xy. 16a).
AdTh ) elnbve elvae Stxgpopeting and 1) pon) VAol otlc omeipeg T@Y xa-
vovix@®y onepostdav yaraLidy ol wpoxdnter dne ) ouvifly Bewpla Tév
wupdtov muxvetnTog (Visser 1980) (Zy. 16B). Xtd oyfjua adtd Brémou-
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I
L

e 4T 7 poty Tol Yo dxoroulst '.':epf-mu ghhermrinds TpoytEs YopMm AT
0 wévtpo Tob yaheklan. Ol exeiseg Polonovrar atd dndxevrpa abtrc The
i ¢ TEoL-

UEAREVTETINTIC poficn wal ol Sm"" ec BuEpyovTon péoo Amh Tic ameipe
1= 1= 5 = P
popévovTas b TEPLEGHTERD Y pHVo ROVTH 6TiS Grelpee.

Avtibigtag, othyv mepinTway tov paldwtéy srepoadan yulalihy &ou-
pE YuoTIMES TPoYLEs TEV 26Tépwy ol WVGlVTOL MXTE UTKOC TGV OTEphV.
Térow medle Touritoy xotd piixes Tév onewpdv Erow mopernerlel o
LLOYTEAR TparyLaTintv pafdwtéy smapoadiy yoralitv, dras 6 NGC 4314,
Yot Eyiipe 170 Brémoupe iy elndve o0 varaZiou adtol atd dyybe dmdpu-
Bpo. Tlapatnphoes o8 adte To phwn wipatos uic dmrpénouy Thy wg[’ir
exTipnoy Tob mediou "'(Tw Bapgutindov Suvapleemy xol THY MOTHOHEUR, ELHmL-
gty poviehey. 216 Tyfue 178 Sidetar fva povrdho mob dvanapiots o) pk-

a5 5 [ - ¥
Boo wal Tig omeipes 700 yohuiion atol (Patsis 2006). ‘'H pof wasd piung
TGV ThV GTIELey elver brwe 6Th ZyTua 16a.

o

16. Tl=diz —-x;m—i‘"uv'

w. o8 paf8wth owepoady) yahalin, wod

w

.02 wovovied omeupnsdd voldalin, Zthv 'rptb-r ﬁspr--mrsq 4 pod Tob
Ohuxol elvon waTh piuog Ty omepdy, dvi oth Sedteor ol detépes Sidp-
yovTaL S péany Thv omstphiv.
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Iy, 170 'H eindva 1ol yaralion NGE 4314 o1d eyyle bmipulipe,

L [ . - - = § =
__.I"I‘a /.3'.‘.'3'.'.";:).?" TOL ToLASILGL '."_I'T‘_'I‘J',P_'J'J Tf..flr.l'_r-'T:J.fJ'J TOOL ATROTE

G TeOO0N07

TEQ

f. "Euve povr

SPON KALTO GAINOMENO THE KOAAHTIKOTHTOX

5 ATAGYTEE

r A ] 4 b i r i} ’
'H évépyawn evic aoTtépus 010 meploTpEROUEYG alaTrne (T0 olaTrna
Lo sy ) i o e o k- A aind g ey i LR
GUVTETOUYLEVMY TIOU TEQLOTPEQETHL UE TH YWVLEXY, TayuTHTe THS pdfdou

wol oV omepiv) wolopller To Gpta T meployTc dmou elvon EmiTpETT
wivner. "Ozoy 0 Evépysio slval ayeTind paxgh, ol actépes wwvolvror gite

' ) ” i 54 [
AOVTE GTG )"“J‘"Z’.ﬂ wal Agy QEUTYOUN LEAGLE, ELTE ES0) MO ALK '\E'JTE\Z'J“ WX~

WTTUAT, GoTe dgv wmogolv va Ekllouy xwovta oT6 wévtpn (Zy. 18). Av fuec

o i~ s I = ’ - L] s
EVERQYELY TV OTEQOY WAL LLEYAAT, TGTE wToL oi T-".’T‘."'..:JEC LTI AT

] .
wwvnllolv &mo T4 ®évten gmeEpLOpLaTY :\:n: Te ELew, u,e;,-':'. 76 dmetpn. OL
. .

GTEE

JEC Ty I:’.I’_:.':"'lﬂ'i'__f']') ")’f’}' "l'j‘} C'J G‘ZU‘J','?,', ﬂT'ft‘f &L, {1 L] i

|
(5]
-0
o
o~
-

. —_— . ; . 5 - [
TOU YOAZCLOU, UMUTE OL WOTEQES LTTOLOGUN VI 'J".... Ok f.rC:'J‘.'“ N GTO ETELGG.
' = v

- A # . s ¢ s \ - iy
ot TERAYLLSLTL, EVY TTOO007TO LOTEQMY TUVEY (T f\".')‘.','b‘-“'r""' AT TO YVEALIL.

5 ; : ; G & il s e
Fvzndtows, ol ometpes Zolv Ewg mohka Susexatouuipie €71 wal ol -
Y ¥ r * 5 ] Fu A o

wuveEs stver mixpsc. AUTO OpelhsTar 0F v QuIVoUEvVe TTOU OvopslETHL

wxoAhnTsTngn. Anhedd] ol 26TEREC TUPEUEVOUY KOAATLEVHL HUTH wi-

’ 1 re
TOLON TROTO OTLC OTELPEC WAl SLUPEUTOUY LOVD LETH G700 TOAU [LEydhs
YOOV LT T LA T,

H moimn vwoots mepintwor sordymuotrtos Sumotdlne o 1971
(Contopoulas 1971). [assmalodexus tdte va Bootine T How uztebd dove-
3 3 I s V 3 = g
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Amayopeupévy mepLoyy

Zy. 18, T punpes ayetind evipyaizs oth mepuotpepdueve olotnus, ol wewioeg yive-
). - L | PES T ETLH SEYELES T MEQLITREDGL O GUSTTLE, oL HIVAGELS YLVG
vron elte évric Tic évwTepeiic wapmlihng, eite dutic Tic Hwtepieis xapmbine.

f L1 L i~ 3 - A b3 o 3 L) T 3 e L4 o~
VOUEVGRY Kol JAOTRGY TPoyLGY, dhAd Tar Bpra adta Hoav dougd. Yhpyay
Tpoyies oL galvovtay dpyavmpéves yia peydha ypovirnd StxoThaTx, A
apybrepn anorovloloay yuotiés Swdpopés. Emiv dpyd voploape &t 8ty
'i'_ - 4 L3 ‘_‘ F_f’j!: L ‘C_r}Lr ot it SA}‘.A\ lf_ ’; [ " N
Tray wody) v axpife TGV Umoroyiondv pog. Ak Gtav abffoupe ThY
axpifietx mapa mOAL SiamioTmoxus HTL T QUIvPEVD alTO TToY TTpoYLATIXG,
Ampady xovrd ot Bpra TGV Spyavepévay TpoyLiv UITTHpy oy YoeTIXES TPO-
KLEC Tl CUNTEpLPEPOVTAL GF GpYavmUEvES, Sk dpYhTEpx dopoaplivovTal
amo Tig fhkeg dpyavwpéves Tpoytis xatd Yoot Tpémo. To guvbpeve adtd
ovopaaTire WeorkngTedtnon. Muk Extetapévy pehétn tov Suxpbpav mept-
TRTWEEWY ROMTTIGTTOC Snposietlnxe 610 meprodixt International Journal
of Bifurcation and Chaos (Contopoulos and Harsoula 2010).

Apyidrepa Suxmartalinuay molhés nepintdoets xolhnTindtnzos. Mix on-
vty TeplTwey slvat ol omelpes Tav pafPdwtav yuhabiGv. [lap’ dhov 1
ol doTépeg TGV ometpdv adThv dxohouloly yaoTinds Toyiés, dvroltowe Ta-
POLUEVOUY AOVTO GTLS GTELPEC YLk MEYRAX Ypovixd StacThate ol 82v Suat-
pedyouy o€ peyahes anootaces. O ypbvol xodhnminétrtog Umepfaivouy T0
wypovo Hubblen, mod elvar loog pé iy Hlude Tob Zdumavrog. Z1d Zyfijua
192, B mapovealetar 7 wotavopr) Thv doTépwv ot SLAQOPOLE CUVTOVLGULOUS
ot EEmTepxa pepm Evic yxAxiiou, Omwe mpoxdmTel ant wix TPOOOPOL-
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1/3 ie fhoedag tob Edpmevrng 1 Y3 popés # Fhmlx Tob Ddpmovroc

25 e 25 — |
2:3 () | (B)
20 20
w15 w15 [
8 g ,
s s |
1.0 1.0
= -1:2 =
|
05 05 .
=2:1
0.0 | o L 0.0- .
4.0 30 -2.0 4.0 0.0 40 30 20 -1.0 0.0
q q

Zy. 19, Korovops tov dotépuv kovta of Sisgopous suvtowapols ot eEwrepins péon
éviic yedaEion (v E; = -1.250.000 (km/sec)® xed 2, =25 km/ (seckpce)):
o, a8 ypovo 1/3 tic Hhuxixng Tob Tdumavrog,
B. g2 ypbvo 1v2 popéc THv Nhawla Tob Zdpmavtoc.

won, N-swudtov. To Sckid dxgo Tob opfuaree (fmov q=0.0) dvriotoryel
6T dpioTept dxpo TG paPdou, 7 omolx slvar oplévria. ‘Emopdvec, &hot ol
korépes Tol oyfparos aitol elven otd Ewrepd Tufpara ol yahoEiou
%otk propotv va Sxplyouy &t yahakln oto dmweipo (odowXoTN O peyd-
A dmbotaon dptotepd). [k puxpode oyetind ypovous, ol dotépes elvon wa-
ToaveunévoL o8 Sidpopous cuvTovopols Tob eruetmvovtet oth Zyfiue 19«
To oyfue adtod dvtiotoryel ot yedve 1/3 tic Hhudag tol Edumavrog. "Oroy
6 Smohoylbpevos ypbvog gldoer widpiay gopd Thv Hhmdla Tol Zipmavrog
(Zy. 198), &var pépog tév dotépmv Eyouy Surpbyer dhhd wolhol doTépeg T~
PUULEVOUY EXGILY] KOVTE GTOUS GUYTOVIGILOUS Mol QEUYeUY WEVo PETa KTl TOAL
peyarbrepo ypdvo. ‘O Adyoc elvon b1u of doTépeg mapaypévouv xova oTlc Te-
ploytc T@v cuvtovtoudv Adyw xohinmindthTos. AlTH N ®olATxdTNG Sup-
Badder ot Sratipnon Téiv omepdv TGV YohaEiév Enl ToAD peydhe Y povixd
SuaoThpoTe, ®aitol ol TPOYIES TAV AOTEPWY ELVAL YROTLAES,

Havrog, perd ant pepxec Sexddes popec v Nxia ol Tdumavrog,
ol dotépes adrol Ba Spiyouy xal ol yahalles O suppuevablolv Spaatind.
Téhog, perd amd pepixés yuhddeg popes ThY T Tol Edumavrog, Shot ol
aatépes Tav yahakiiv 0% piyouv. "Evor el 6 Suedeg pag Nudaklac O Sroiwu-
Oct, nol 6 Hhaxd pag sbornupa Bk Tapapeiver dmopovmpéve ot Eva TepdoTio
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nevh [mavreg 6 "Hitog pog Ok Eyer offiost mohd md ypiyopa, o8 pepixd
Suoenatoppdpia E1v, SnAxdr of ypovixd SukoTnue pxpbTepo amh pin
popk TH onueptvh Hhuxla tob Zdumavrog, Ementavdpevo ot péiiov).

6. ZTMITEPAEZMATA

Awaemistooope bt orode yahakles ouvumdpyer 7 tdEn xol T ydoc.
Trapyouy, dnhady, dpyavwpives ral yaotinds Tpoyles dotépwy ot xale
yohagix. Xtobe suvhBewg omeiposideic yadables 10 moosooto 70U yaxoug
elvar pxpd. "Opag otods pafdwrals yahakies, mod dateholy mepimon T
/2 Tob guvohikoD dptbpol Tév yorabidv, t6 ydog elver mohd onpavtixd.

Ot yaoteds Tpoyies meptfdddouy ) pafdo ol yohaklou xal Snpioupyoiyv
Tig EEwTepixés omeipes. Ol dmohoyiopol pdc Selyvouy ém 16 peyohbrepo pé-
pog TV TpoyLédv oTig omeipes Thv pofiSwTév Yookl elvan yooTinée.

Adrés ol yaoTixés TpoyLes ouyxevtpdvovial xupleg ot bplopéves xopumi-
Azc onerpoetdolc popefic ol dvopdlovrur dotabeic doupmreTide wopmd-
Aec. Of tpoytég elvon woetdr wdmorov Tpbmo xohinuéveg atic wapmides adréc.
Té pauwvdpeve tic xoldnmindryros eEnyel ) poaxpoPibrnta TéV omelpdv.
[ap’ Brov 811 ol dotépeg Srapedyouy ouveyds amd tov wdbe yohabla mpog
70 dmerpo, Evrolrolg, Abye Tic xolknTidTog, ol onelpoedeis yohakies Oa
éLaxodovloly vi Omdpyouv éni ypovied Swxothpate mokd peyoidrepe dmd
v Nhxle Tob Ldpmovres.

SUMMARTY
Chaotic Galaxies

The spiral arms of galaxies are density waves, i.e. the stars pass through
the spirals, but they stay for longer times close to them, so that the spirals are
always the maxima of density. The orbits of stars are in general organized in
the normal spiral galaxies, but they are mostly chaotic in the barred spiral
galaxies. The spirals of the barred galaxies follow the unstable asymptotic
curves of the unstable periodic orbits. They are density waves composed of
chaotic orbits. Their stars remain stuck on the spirals (stickiness phenomenon)
for time intervals larger than the age of the Universe, but finally most stars will
escape from the galaxies.
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AHMOZIA ZYNEAPIA THZ 8ax ®EBPOYAPIOY 2011

DQE: ENA AYNAMIKO MEZO
I"A THN ENNIAYZH IIPOBAHMATON MHXANIKHE

OMIAIA TOY ANTEINIZETEAAONTOZ MEAOTE
x. EMMANOTHA E. TAOYTOY

IMNEPIAHYH

Avrieipeve tig mapoboug épyasing dmotehel 4 ypnaipenoinon Tob
PwThs Y THY Eniivey mpofAnudrwy Muyovixie. Metd dnd pio advropn
dvopopd 6To TveupaTind Phig, TO paig THE TioTews, TapovstdlovraL Tept-
Anmerind ol Baouxée Oewpleg yia 6 Shuxd gdc, pé Eppoayn otiv Hiextpo-
voryvntied] Oewpia. eprypdpetar 6 mokwypéve gég, tifetar 16 Paoud
mpofinue thc Muyavidic tob Tapapoppwstpos Tdpatos mod Eyxertor
GTOV UTOAGYLGLE T@Y E0WTEPLXGY Suvducny (Thoewy) TaY swrdToy, dTay
adTa Drofohhovrar of eEwTepued poptia, xal dvamtiogovtar ol Aoyiopol
Stokes xati Jones yia Thv mepLypapy) ol putds. Avapépetar 6 Puwrotace-
omtints Nopog, 6 6molog ouvdéer 1) petafors Tév daxtdv Sabidoswe
ortig Stevbivosic Thv wuplwv Tdocwy ohpatog mol YmofdiheTor o dvra-
TIKY] HATEOTOOY), KuL YpnNoLLomololvTor ol Aoyiouol Jones xxl Mueller
Y& THY dvdhuoy, Tol GTTinol GmoTeAéopaTos GORATOS EDPLEXOULEVOL
dvthic EmméBou xol MUAALKGD ToAWOLoKoTiou. 16 OmTIKG alth &moTéie-
o, T6 GTolo cuvisToTal ot xposools cupforiic, YpYcyLoTOLETTHL Yid TOY
npoadlopispd Tob medlon Tiv Tdoswy Tol swpurtoc. Téhog, dvapépovron
EQUPLOYES TTIC PWTOSAXGTIXOTHTOS Y& THY dvdiuay Tijg évratixig xo-
THOTEOEWS TOV COUATOV Kol SLATUTIOVOVTEL GUUTEPATLATX.
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1. TO INETMATIKO ®QX

T pdc dmotehel dnapauttnto atoiyeio ThHe Lwijc oTdv TARVITY g
Té péc ol "Hiou mapéyer 4 Bepudrnra mob dmoeteiton v va Lfoou-
ue Eueig ¥l T Léde, va dvemtuyBoliv Ta purd. Amotehel ) Bdoy mohhév
TEYVOAOYIXGY EQupROY@Y, OTTWS T.y. ol THhemkowwyies, 7 padloguwvia, A
THAEOPRAY), T) PLTOYPRPLE, 7] ERTIVOYPXPLE, TO TAYKOOWLLS oUGTHLE EVTOTL-
amng (GPS), 16 Suaxdixtuo, of dwtiveg Mlep, 1) perddooy) dedopévav. To phic
elvar cypado xal Bowpaatéd. [lépa dpwe ame ™ Dhd pidc, T0 omolo avridaiL-
PavbpaoTte (e TX LTI LS, TO «XTIOTO PON, 6mwg yupuxtnpileTar amd
matépes e GplodbEou dvatohudic Exndnolag, Dmapyet TO «AKTIOTO PaCH,
TO TVELRXTIXG @GOG, T0 PA¢ TTE TioTeme, T Omols dvrihapfaviuxoTte e
o pame Thg xapdiEs. "Onwe dvagpépet 6 Axadnuaixos A. I'. Xpiotogbpou
«Me 16 pic the plong dmewovilerar dpeoa 7 Eupeca O puoIKic ROGUOS
oo pdrtio kol o1 Sovbnod pac. Me 16 géic thg miotng EmutuyydveTar
Emuowvevia pag pé tov Oby [1]. Te @ mpéita aydmnoe 6 Oebe, droav
Snurotpynoe tév xéopo. Avagpépoupe drd 16 fufilo tiic Ievésewe:

|...] nol elmev 6 Qebe. yewbrrw @bic. xal Eyévero g, xal eldev &
Oedc 10 pog, Gt xahby, xol Sieyproey 6 Beds dva péaov Tob pwtds, ral
Gvd puéaov ToD oubToLS. Mol Exdhesey 6 Bedc O phic Nuépay, xal TO oubTog
duddece vinto. xal éyéveto Eonépa, wal Eyéveto mpul, Hupa wion.

I8raitepn onuacio E8wee o1d péc 6 yproTiovispic. Me 16 pég yopa-
wrnpiletan & Oede, 6 Xpratbe, ol ypiotiavol. Avapépovpe Evdeinting pe-
PIXEC TEPLHOTEG &TeO TN yptoTiovixy) Aatpeio:

«AbEx Zou 16 Seifovtt 10 g g [...] Ev 10 ol Zou ddbpeba pacy
(AoEohoyia).

«D@g éx pwtion (EduBohe tig [lioTewe).

«ElSopey 16 g a6 danlwévn (Ocia Asitovpyia).

«Ex Zob 7o [Motpic tév patwvy (Edyl Ociag Aeitovpylas).

«f..] Ty Ozoténov ol Myrépa 1ol Pwtde &v Upvorg mipdivres pe-
yehdvopevn (Axoioubia w00 "Oplpgov).

«® G ¢ thapdvn (Emidyviog Edyapiotia).

‘H 2En gic eppuvileroar £ popec oto Edayyého tol Edayyehiot
Maorthaiou, Evid dvdhoyes avopopés yivovton xal atols dbo dhhoug guverTe-
xobg Edayyehiotée. Avagpépoupe Tic dvagoptc altés, ywplc meparttépw oyo-
haapoic, Sedopévou b1 ¥ enuacia thg MEewe Tob pwTds slvon Tpogavic:
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«0 hade, 6 naljuevog év axdrer, elde péic péya’ xal toig xafinuévore
v o xat owd Oavdrtou, @ ¢ dvértethey adtolon (Math. 4:16).

«Ypelc date 10 pdic Tol wbopoun (Mazh. 5:14).

«..] ofitw hopddro 16 paic dudv Eunpocley tév dvllpdmwwn (Mard.
5:16).

«f...] €l olv 16 @ & ¢ 76 &y ool, axdrog Eotl, 10 oudroc whoov;» (Marh. 6:23).

«Kai perepoppnbin Zurpocliey adtév, xai rape 16 mpbowmoy altol be
6 fog T 88 lpdmio awdrol dyévero Aeund Gg 10 e on (Math. 17:2),

Tzt Edayyéno 100 Edayyehotd Tadwn 4 AEy gpdc dvapépetor Se-
®oEmTR Qopés, Mg LN

[..] =l A Towon v 76 e o dvbpormww (lw. 1:4).

o..] nod 76 @éic &v Tf] onotia guiver, xal 7 onotia adte ob xatéhafevn
(T, 1:5).

«'Evyévero dvbpounog dneoradpévoc mapd ®eol, dvopa adrd Twdvwrg.
Obrog ey elg papruploy, tve papruphior mepl Tob pwTéc, Tvaee whvreg m-
otedowot ot adToin (Tw. 1:6-7).

aOdw v dusivog 16 @ &g, SN fva papruphion wepl Tol pwthon (. 1:8).

«Hv ©6 gdic 76 dhnbvéy, & pwtiler mdvra dvlpwmov épyduevoy elg
Tov xéopown (lw. 1:9).

«Adtn 3¢ Eatv ) xplowg dti 76 @ 6 ¢ Efubey sig Tov wbaopov, xad Aydrr-
gav of &vlpwmor pidoy 16 ardroc, 7 16 g d¢' fiv Yop movnps adTév o Epyoen
(Te. 3:19).

«lléic yap 6 palha mphoowy, Lioel 6 ¢ kol odx EpyeTor wpog T0
phg, tva pi) Ereyy i) T Epya adtobn (lw. 3:20).

«'O 8¢ wordv thv drdleway, Epyeton wpoc T pder (lw. 3:21).

«Eyd elpe 16 @éic 1ol wdopou 6 dxohovbév éuol, ob pi) mepimatioel év
T4 onotia, a4 e w0 g @ ¢ the Lofion (lw. 8:12).

«'Oray &v 16 wbopw @, pdg eipt Tob xéopoun (lw. 9:5).

«Obyl Scbdexd elow dpon The Huépac; Eav Tic mepimety) &v i} Népy,
ol mpooudmrer 81t 16 P g Tob wbopov TodTou Bréwew (lw. 11:9).

«Eav 8¢ tic mepimaty] év i) vonri, mpooxdmrer 8 1O ¢ odx EoTiv
&v abtén (Tw. 11:10).

f..] "Ete pixpév ypbvov 6 @i pel dpdv ot mepimateite Ewg T0
p &g Eyete, Ive ) onotio dpdic xatadafy xol 6 wepimotdy év T oxotiy,
o0x olde 7ol Omdyern (Lw. 12:35).

«"Ewc 16 06 Eyete, motebere el 10 b, v viol pwtdc yéwnalen

(Leo. 12:36).



32 MPAKTIKA THE AKAAHMIAY AGHNON

E3 ) % s » 4 ! ] [4 o =~ £ L4 k] ] L]
«Eyo @ég elg Tov xéopov eafaula, lva wac 6 motedny el ue év

anotie i petvyy (lo. 12:46).

=1

Kaeivovrae 4 alvroun dvagopd pac o1d mveupatind, 70 dxtioto, 616
@b Tig mlatews, uropolpe va mobue Gt 0 g elvan 1 Cwh, 4 Sdvapr,
686c, 7 dnnbewa, W) yopd, 7 dppovio. AdTd 16 @i 8vyel Tov dvlipwmo oy
TEASLOTY T, OTHY ayvéTNTOL, OTHY dydTy, oTo dyxbd, eThv EmoTnuovich
ava o,

2. TO YAIKO ©QX

H glon 7ol putis, 160 Shinol 9 wtiotol gurhe, dmotéhess dvtiketpe-
vo Surtumidosws Srapbpav Dewptév dmd dpyarotatov geévay. Tt péic dmo-
Tehel yopoxtrptoTind mopadarypa thHe QPuokdic, fmou of Sudpopes Bewpleg
wob Srxtummbyxay xatd woupolc dvaousudotinay Srdoyd i 6 ypdvo
wol THY Gvarrahug véemy pavopivay, Ta orolx 82v Fray Suvetov v dpur-
veuboliv pé tig mponyolueveg Bewples. Euepa 7 xuplapyoion dmnolrn elva
6T 0 pic Eyel Buadt yopowthpe, dmoTehel SvAadY MAswrtpopayvrTind
wope wal copartido. Kul 6 pév Alextpopayynrinde yopuntipns Tol oot
$Emyel T uotxd Quvbpeve Tob guvevTEvTIL Xatd T Siddec Tob puTtie,
6 88 cwuaTiSuaxide yupuxtrpug EETYEl T QaIVAULEVE TIOD GUVVTEVTAL XATH
Tiv aiknhenidpaay Tol putos kal i Gine. O avagpépouue 1Y) cuvéyeia
g nupritepee Dewptes mod Erouv Suntumwbel vk ™) pdon Tol pwrés [2].

Hedror ol &pyaior "EXknves guhboogol, ety mpoonabed Touc va
Epunvedoouy Ti OTTTIXR Quivbueve, SieTimwany Sukpopsg Hmoléoec via
= pbon 100 potéc. O Edxieldne, 16 300 w.X., otd Bifiio tou Ontuer),
Umébese Bt o @ac Srdideton ot edfeleg ypappes xal mepéypale Todg
vhpoug Tie avaxhdoews pé pabpatied tadmo. O Aptetoréhng mpoarals-
oe va eEnynoer w6 pnyoviopd the alobioewe thHe dpdocws, nal whic 6
péic Epyetar ool I'F amo tole dotépec xul tov "Hhwe. Ol dnobéoeig tév
apyoiwv Eriveoy puiosbpuy nepl tiic gloene 100 putic, Adyw Eiheile-
g TELGAUATOY, fTuv gLhooogixel wepieyouévoy, xal dtv xatéplwoay vi
Snuovpyhoowy pla suetpatod) Bewple ol vi pmopel vi EEnyiost Tolc
vépoug Saddoewe ToD puTe xal Thg dAniemidpdosme Tou pg T UAY.

H wpdiy svatuet Bewpla wepl w0l pothe doelietar arév Nedtova,
6 Gmotog bmootipie 61 Tk puTEwvd copaTe Exméumouy cwpatidle Td Hmolx
wevolvron ebBbypaupe xol pe Ty Tayimyra 1ol potéc. "Eter & Nebrow Suux-
TUTweEe TH) Asyouevn Zopattduod] Oswplae o0 Dutde. Me 1) Oewpla adt)
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roatoplwos vi Epurveloet T0 PUIVOUEVD TG AVAXALTEWS TOU PWTOS, ATETUYE
fpwe otiv Epprvela Tol gawvopévon tig Suebidoeng (2 E5nyel w0 pavdpevo
&1 1) e duetive TAnowaler wpoc v xalety of Semipaverx, drov TH Qég
Sxdideton dmd obpa pe uxpd debxty Swwbidoswe oe ohpa pe peyaiitepo
Setuty Swlhdoews, xataifyer Spws ot cuumépaoua &1t W ToyUTyTe TOl
PWTHE 0TO dedTEps o elvan peyahiTERY TG THV To Ut TR T PUTOS 0T
TpGITO ohOuX, Tedye ol dvtiPaivel o1t melpaua).

Té 1678 6 Huygens Swutinweos v Kupatueh Qzwple, odppove
pe why omola t0 @ée dwadldetar péoa ot Eva péso pe T popey) Eyxapal-
@V HURETEOV, TPOXELLEVOL Vi Epumveloet TO QuIVOLEVD ThS ToMDoEwS Tob
pwtis. 'O Huygens Hmébeoe G 6 yhpog Sux Tol dmotou 10 pag Sudiderton
mhnpoUTot pe Eva iBialov pégo 16 dmolo dvipace ailiépa. Abye Tie peyding
ToybrTag Suxdoang Tol pwTthe, 6 alliépac 0k Empeme va Eyer peydio pétpo
EhaoTixdTNTG Kol oA piked) uxvdtrTe. Tétote péoo, bpweg, 82v bmapyet.
‘H Kupatied) Oewple 100 Huygens métuye va punvelost T poivope-
va Thg avaxhdoswes, Swxbidoswe, mokdoswe, oupfortc xal weplidoswe
700 puths, mpoaxrpoler Suwe aThv mapadoyd Evdg dvinapxtou Hrabetined
uégou, tol aibépa. 'Eniong, dev éEnyel ) dudkdoon 1ol putic atd Kevd,
apol dev Omapyet alfepacs.

Mezd v Kupatooh Qewpla, Sixtunadlngre dnd tov Maxwell 16 1864
7 Hiextpopayvnmins Qewpio, olupuva ue Ty 6mole 7 POTELVY EVEpyELX
SrodiSeTon pé v poppy) thexTpopayvTiedv xupdtwy. Qewmpavroeg Eva
wivodUEVD NAexTpivd ol Eva wwolpevo paywntixd medio, T Stavbopo-
T Tov omolwv elvar xaleta petakd toug xal xdbeta mpdc ) Siedluvoy
Saddoewe 1ol wdpatog, téte N ouwliuy dote 10 paywTixd nedlo va
yewatal amd T petofolr Tol Hhentpinol medlov xal avrioTpopa G8nyel
676 gupmépaaue 67U N TayuThTe dddoang Tol xipatog elvan lom pé Ty
Toybrnre Suadoans Tl powtéc. T cupnépaopa adtd cuvnyopel Omép Tig
ATOPENS TG NAERTROLAYVATIXTS PUOTE THY PWTEVGY XVLETWY,

Nedrepo mepopoting Sedopéve wol dpopolv oty dAhnemiSpuoy
70l pwtic pé v Uhn, fnwe 0 poTonhextpkd gouviueve (1 Grav 10 Qéic
TpooTinTel ot peTaAhner) Smupdvelx dmooTiivran HhexTpdvix, V) vépyein TGV
orokwy 8ev eaptiiton dmd T Evtaoy Tol QTS dAAX &Td TH) cuyvéTTe Tob
wOueTog), 6ev Hrov Suvartoy va oty pe v Hasxutpopapmmon Oewpio.
I miv EEnymon 7ol pwtonhentpinol pawvopévou, 6 Einstein (Nobel 1921)
Umebeos Bt ) paten) Evépyeio elvon wPavriopévn ot moxéta Evépyeiag xad Tom
wé E = hf, &rou h elvo, 7 otofepd 105 Planck Yo pé 6.63x 10 Js, wad f elvo
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i oupvbTrre Toh pwrevel wdpates. Te wmoxétan ) «déparon adta évep-
vewg dvopalovrar xBavta 7 potivir. ‘H Ozwpla év Patoviwy cupminpnbine
amt v Kupatopnyovd Qeswpla, cdppove ne mhy omote ot xdbe wvaduevo
Ol owpaTo evor Suvatdv Vi TPOCSAGOUUE YHPUKTY|po KOULLTOS, TO WiKog
A ab dmolow mapéyetar dmd Thy &mAn oyéon Tol De Broglie (Nobel 1929)
A= h/p = h/NZME = (h/mv) Y1-v*/c?, bmou p sivar 4 bpuh, E 4 xwvprxd
dvépyax, m ) pala o douvnote xod M 7 pale ot xbmom. Khaouo épappo
e Kuparopnyoovdic Oewptog 7ol Pwrde elvon 6 fhentpovind pixpoonbmio,
76 6700 YPNOULOTIOEL NAEXTEOVIA GVTL QGITOS YL THY THPUTHENOY [LKphv
gvrieeyuévev. To fhextpbuia Eyouv peyoditepy dppd) dmd Td QTOVN, TO
tfinog wipatde Toug elvar puxpdrepo (100.000 gopéc pxpdrepo ans w6 9hic),
ue ouvémewx va Eyoupe peyodirepn peyébuver nal dvdluey 61O TAexTpovixd
gmt 16 nowd wxpoaxbmio (peyébuven 2.000.000/avdrvor 0.2 nm yix 70
fhexTpovind puxpooxdmio, kel pevébuvern 2.000/dvéiven 200 nm i o
oW ULLXpOGHGTILO).

Té péic, Enopéves, Exer Suadixd yopaxthpa, xduatos xul cwpatdio,
xad elvae Suvaetov va meprypotgel dmd v Hiextpopayvtind Oswplo nal
™ Zopanduod Qewple. Eth) peréry tiic yenowonoiosne ToD uTHS
& ThY dvdhuen Tpofinudrey Myjyavixis dmesépyovrar wive puvdpeva
Tol guvdeovtan e TV dvdxhaoy, dukbiaoy, méhwon, mepibhacn xxi cup-
Borh o0 pwths. T puvéueve adti elvae Suvatdy va Epprvenliohv amd v
Kupartoo) § mhv Hiexrpopoyvnrey Oewple 100 Patde. Kai of 8bo adrec
Oewpieg Paotlovror othv dpy Tob Sravicpatog Tol gwTég, TO 6molo
maplotd 0 péyieto ebpog tic dovijoewe Tob Aol cwuaTidion xatd T
Stevbuver wal gopa Tig Sovisews oriv Kupatie Oewpla, 4 10 Sidvuapa
ol fAexrpixad 7 oD poyvytivol wedtou oty Hiextpopayvnminh) Ocwpla.
Té Budvuopn 100 puthc Tapéyet pho &mhd) kol Eromtind Eppmvelx TGV Ppat-
voudvay mob guvavtdvTor Xt T Sukdooy, Tol pwThs xal Bk yprowonow-
el ativ mapodon Epyousio.

3. TO NPOBAHMA THEX MHXANIKHE TOY ITAPAMOPO®QEIIMOY
ZOMATOZ

Baowxd mpdfhnua tihe Myyavidic tob [apapoppmetpou Zopatog ano-
Tehel 6 UohoTIoWSE TAY EowTERIKGY Suvdpewy (TdoEwy) Tl dvaTTiaaGYTHL
otd ompate, Gtav of adtdk Spuppoatel fva olotue ntepudv goptiwv.
T v dagody) oyedlacps TV XATHOHEUGY, 0L TUOELS 8&v TpEmet va UTEp-
Becbvouv xdmowa xptawy e, wob bmayopeleton Gt TO DAIKO TG KATROXEUT|C.
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[Ma tov dmoroyiopd Tév Taoewy 6Tig natoorevis ypvorpomotabvrot Bewpn-
Tiés, dvahutinés (Smwe ol pébodor 6y memepuopévey xal TGOV CUVOPLIKEY
atoyetwv), xul merpapatinég pébodor (rwg petpnrec mupapopphicenc,
fhentpounruvabpetpn, wil xotootpopixds pébodor). Merakd tév meipa-
patav pebddnv, Buitepn onpasio Egouv of drmixég pébodor mob Basilovron
oo phc. Ol Pacibrepes dntinde pélodor elvon 7 purtoshastixbrTyTe, of
puTo-ghaoTiveg emxadfers, B oo cupBold, 7 GAoypagpla, 7 pébodog
TV ®oUoTIHGY, H wigovikd cupPold (moiré), ) dmpuaxd dviduoy elxdvag,
ol dnminég veg. Ty nopodon dpyaata B dvarrifoupe ouvortia ) pébo-
3o thc puToehaoTiéTrTHe Yk THY dvddhuoy SdidoTatwy EvraTivév TRO-
Banudrwv. Tplv v dvimrulyn i pelédou Bi dvapepbolpe 616 mohwpévo
pidg xol oThY TEpLypae] Tou e Tolg Aoyiouete Stokes xal Jones.

4. TO MMOAQMENO ®OX

Toppava pé iy Hiextpopoayvmer Oewplio, xotvd 7 pi) worw-
wévo @bc elvoe 6 pdc oo Gmolo 0 axpuic onpeio Tob fhextpinol
-xal Tol poyvnrixol- Stavicpetog, xal emopéveg xoi Tol Sravicpotoes
tol gwthe, wwveitoe otd yGipo axoavovioto xal dév mopoucialel TpoTL-
unrén Sredbuver). "Otav eloaylel vamowx taln oy dxavévioty wivnor tol
Sevdopartog Tol pwtds, 6 phc dvopdletar mohwpwévo, To dxpato ov-
ueto 1ol Savbopatog Tol PwTOC oTH ToAwUive PO KIVELTXL GE TANPWE
wafopropéves tpoyiis pe xallopiopévy Siedbuvern. Ot Sidpopes poppéc 1ol
mohwpévou putis bpllavror dmd v xapmdlny omiv bmole xuveitar o
gxpolo onueio Tol Savdopartos 16l putic. Ol dmhodaTepes poppés xo-
urmuhév elvan ¥ ebbele, & winhog wal % EAhedy, mob dpilouv avriororye
T Ypappind, 6 xuxdixd xal 70 EAAELTTIXG ToAwpévo Qg XTd
Yoapuind rorwpéve @éc, 6 drdvucpe Tob putodg dév dihdler Stedbuvey
ugé 6 ypdvo, mapx phve péyeboc. o wuxhixk mohwuévo e, T6 wéye-
flog 1ol Swxviopatog Tol @wtdc mapapéver orabllepd pE TO ypdvo, dvé
7 ywvie xhiceas tou peraPdidetar ouveyde petatd 0 xol 2x. To pac
prmopet v mopaatalel ot plo cuyxexpudvy ypovih) oTIYLY U UL
wuhivdpueh Ehne, Ev@ ¥ Eyxdpoia Loped Tou, GTay TO PaG THPATNPELTHL
ratd T Sedbuvan Suadboewe ol xbpatos pe xatedbuvan mpds T pu-
Tewl} TNYH, chven wdhoc. Mmopolpe va Saxplvovue 6 efiiotpopo xal
T PLOTEPLOTOOPO KUKAKE TIOAMPEVD GG, avahoye e T &v 7) xivnor Tob
Sueviopoatos Tol patis, xabllde mapatrpeltar dmd wapatenTy) ol BAémer
xotd T Siedbuver Suadboewe Tol xiparoc mpde T gwTewd) Ty, elve
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ware T Sredfuven Tév Saxtéiv 1ol goroyiol ) watd Thv dvrifzTy Siedbuv-

3 ¥ ¥ - L 5 ¢ I L 4 i
o7, avtigtolye. Aviheye Gpiletor 6 EMhamTnd Tohopévo hg, oTH Gmolo
0 Suavuopa ToD PwTos xwvelton 68 ENhermTion xulvSpury) A

I Thv mepypoot Tob mohompévou oomTde, eivet SuveTiy vl ¥ oTaLLo-

poxep) pévou ¢ 2P75Y

mowlel 6 Suawuopatios hoyispds. “Etor, Eva povoypwportid ypoppmixd
mohwpéve ghc xeta ) Sedluvern tol &Eova x, 76 dmolo yewdtaw dmd
Suerapacyh) o petaBdihetar Hurtovoeddic ut T ypdvo xal T Siedlbuver
Tob &Eova z, pmopel va mapoatobel dnd To Sdvuoua tol gwrie &, mwod

BiBeron amnd ) ayéon [3],
t  z)\ 2z
rx=Ac052:r[—+—]1=Acns[mt+—Ji (1)
A | A

émou A elvar 16 ebpog, T ) meplodoc, 4 16 pijxog wigatos ol povoypw-
patxold putis, @ = (2r/T) ¥ yowoxs cuyvbtyre, xal i 76 wovadio
Stkvuopo xote Tov &Eova x.

Té wurhexd mohwpévo paic elvat Suvatdy v mapueotabel and t6 Sukvu-
oua Tol puTdc o, mob SideTat dmwd TH ayéom:

a =a:x1‘+a:yj (2)
a, = ARele™=/ 40V ] o - gRele = 0N s5_5 _5 —190deg (3)

Avticrolya, 6 EMhanTind mohopévo @ic maploTaton Gmo 1O Sidvu-
opot 7ol puTHS o, Brou ol guwoTdoes & xul o, Stdovrar dmd Tic oyéoes

a, =4 Re[e{“’”l"” 1-,5,);]’ a,=A, Re[e{mz”“"‘g”}] (4)

Arohelgovrag and i Eiwanees (4) Ty mosbmyra (wt+2rz/)), xatahh-
youpe oy axbrovly Elswen, # bdrola mapiati el

2 2
2
(ﬂ] *[iJ ~ 2% coss =sin’ 5 (5)
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5. [IEPITPA®H TOY [IOAQMENOY @QTOZ ME TA AIANTEMATA STOKES
KAI JONES

‘H dpyh 700 Savboparos 100 gatig Exe yprorpomounlel pe emruyla
ot mohid mpoPifpate ‘Ontindic mobd mpaypatedovron ) Siodo mohwpévou
pathc pésw Smrolhaotixdyv péowv | wv dmmikdv otoyeiwv. ‘H
RATEOTAEN TOMIGEWS ToD QWTHC Teptypdpetat TATpwe, Gtav oe xdbe Béan
woTe UAKeg TG Tpoydc Swdboewe TO Suivuspo Tol pwToE elvar YVWGTH.
"Evrodtoig, frav 6 delube v drntinddy ototyeiov elvar peydio, ol dmot-
Tovuever Ymoloylopol elvan poxpocxshelc wod eivor Suvatov va Hretaifouy
opdhpata. & 16 onomd adtd Exouv dvamtuylel mpoopopbrepes pébodor
Y13 THY TEPLYPOQT] TOD QeTHE Xl TGV AVTIETOLY WY LETHCYMULATIORGY, HToy
6 péig dépyeTon péow oelpls OtV oTotyelwy. o Edkplo atto i me-
prypadoupe Tig pebddoug mod Basilovrar ota Suvicuata Stokes xoi Jones
[3]. Ta Srovbopare adra pmopel va Bewprolv de o atoyyeln pntphoy
athing, nal elvon Suveetov ik ouvduaxoTolv pé pmTpwxd AYIGUS Yk THY
énthuay mpofinpdrey ‘Ontiedic. Aedopévou &7t & pyrpwinds hoyiopds slva
Bxitepo mpdagopos oTiv Nhextpovikd Umohoyiot, ol untpaixés pébodor
mepLyprafic Tob pwTtic mpoogépovta yidk TV Tayeln Enlhuon mpofinudtwy
Ontuedc péow Thextpovinol HTooYLOTY).

T Sudvuoux Stokes dmotehelvar &nd téoospa ororysix, Td dmola mwe-
pryphpovy TAfpwg T6 EAketwTig TToAwREVO @hic. Ta Téoospx alTa oTolyEln
S ;5 8, vtk s, Opilovron guvapTiioel Tev elpdv A xal A xal Tig Sxpopis
phoswg d TOV CLVLGTERGEY &, Wl a, Tl Suxvdopatog 1ol puric, »at dido-
VTHL BTTO TLG GYEGELG!

Sy=Ai+ Ay, 5,=A; - 4, 5,=24,A4,c083, 5,=24,4,5ind (6)

Elvar mpogavéc amd tic oydoeie adric b 6 oroyelo s, mapioti Ty Evro-
o7 T00 Tohwpévoy s, xal Bt T Gmbhoima oTouElx 8, 5, %ol 5, EYouv
Busrdeeis dvrdoewme Tol pute. Ta téooepn adra orouyeia, o8 cuvduaous pe

6 hoytops Mueller, Swutdooovrar of Sva Sudvuas aThlne G¢ E57g

S= (7)



38 HMPAKTIRA THE ARKAAHMIAE AGHNQN

A — y et ’ b1 3 ¥ i
’ Tn:. oToLyEix s, 5, 8, xol s, 100 Sravdoparog Stokes Sev eivar aveldpTTe,
M ixovororely o oyéon:

T Y
Sy =8 +5; +5, (8)

Tea Buavdopoara Stokes mod dvrigtoryolv o pio Sedopévy xatdoro-
o7 Tohwoews Tol QwTog elvar Suvatov va Umoloyiotolv elincha amd Tig
oyéoeg (6). Ta Srevdopora adra Yk tic mepimtooeg ol Gplévrion
Yoappd mohmpévon putée, tob dekibatpopou xal Tol dptotepboTpogoy
xuxhixd Tohopévoy putig mod Eyouy fvraay ton pe T povide, Sidovror
ant Tig dxdhovles oyéoei avrioTorya:

1
0
g (©)

1
0
of
1

= = =

-1

Té Budvuopa Stokes mhnpol v mpoohetiay ibryta, v Snhady b0
déopes putoc ue Suaviopata ' xal S" cupfddiouy,

5o 5o

s=|] ge|™ (10)
3'2 S?
S; 8y

Té7e 10 ddvuope Stokes S 100 ouvBuaopeb Tév dbo Seopdv Sidetal dmo

T oyEon:

56| |5 Sy +5,

R ) s 8 +8
S=S+8=|" [+ "= " (11)

8, 8, s, +5,

33 .5'3 SJ. +S]

[lpémer va onperdooupe btu T4 Subvuoua Stokes pmopet v yonouomoryisl
®od Yo TV TEpLYpapY) ) TOAWLEVOL T} REPIRES TOAWUEVOL GLITEC.
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Tt Siavuopa Jones drotehel Ever Suavuopa aThing Slo uryadindv atol-

yelwv Gg eEfig:
A f{r)-ﬂfl}
aa| *|= JrEi{uﬂ*}} ’u‘:m"'z—m (12)
o g A

¥

‘H oyéom (12) propet va ypogel Hmd ) poped:

cosBe'4/?)
, B=

sin Be'l¢"?) . 6=, -5,) (49)

AJ"
arctan—-
4

X

Té Braviopata Jones yix 16 Sefibotpopo xal apiotepbaTpopo xukhixa
mohwpéve e, S8ovron avrioTorye dmo Tig oyéoec:

~i i
1 1

SR A 14)
LT ] ‘
‘H Evraoy 100 pwtie I Sidetat dnt 1) oytom:
| A’
I=da=[ae® 4e®]| " |=g2+ a2 (15)
A.e™
¥

Té Srdvuopa Jones, dmws wal t6 Sidvuape Stokes, ixavemotel Thv mpo-
oty ISuéTyTa.

6. OI AOI'EMOI MUELLER KAl JONES

‘O hoyiopds Mueller yuk miv meprypapy) T7is S6Sou Tol mohwuévon pwTig
duax oelplic dneTindv ototyelov Basileton otd pnrpdio Stokes. T drwrind otot-
yeto Teptypdpovrol i prpia 4 X 4. "Evdsuwricd dvepépoupe b7 16 pntpdo
Mueller yid #ve ypappind morwth, ol émolou & xprog &Eovae oympactiler
yovio 0 pé tov #Eove x, Bi8evon dmd T oyéoy [3),

1 cos28 sin28 0

1 cos26 cos’ 26 sin2dcos20 0 (16)
" 2|sin20 sin2@cos20 sin®20 0
0 0 0 0
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gvé TO dvtioTouo pnTpGo Yk Eve ypappwxt emBpaduvry) pé dmTuo)
gmiBpaduvar O, xal ToU dmolov 6 Tayle &Zovag oymuatiler yovie O pe Tov
&Eove x, SiSeTon & T ayéan [3]:
1 0 0 N
|0 cos’ 20 +sin’ 20cosd  (1—cosd)sin20cos28 —sin26sind
" |0 (1-coss)sin26cos20 sin® 20 +cos’ 20c685  cos2@sinS
0 sin2@sind —cos26sind cosd

(17)

Zippwve pe 10 Aoyops Mueller, Gtov Eyoupe Eve olvolo GTTIKGY GTOL-
yetwv 1, 2, ..., n pé pnrpdo Mueller M, M,, ..., M dvtioToyga, xai Bewphoou-
pe dTi QoTew Ty Tob éxméumel @ic ol TEpLypdpETaL ARG TO Svucua
Stokes S eloépyetor Tpéito 676 drrTind ototyelo 1, o) ouvéyaa otd atoyelo 2,
xod olrw waBekTic uéypt wd orotyeio n, téte 16 Sdwuopax Stokes S ol puToE O
dmolo EE€pyeTon amo T0 Teheutado ototyeio n O Si8eton &t ) ayon:

S=M, .. MM§S, (18)

AvricTowya, otd hoyiopd Jones, T OTTIMG OTOLELX TEQLYPRGOVTHL UE
pntpéa 2 X 2, ta atotysio Thv dmolov elvan pryadixol apipol. Evleuetins
avorpépoupe HTL TO pyTpdio Jones ywx Evar ypoppixé mohwTh Tol Gmolou &
wiprog &Eovag oynuatile yavia 0 pé tov &Eove x 8i8eton dmd ) ooy [3],

cos’ @ sinfcosf
Py = (19)
sinfcos@ sin’ @
gvé) 70 dvtiotoryo pnrpdo yuk Eve ypapuwxd EmPpaduvry pe dmTix
emBpaduvern & xal Tol dmolou & Taybe &Eovag oymuartiler yovia 6 pd tov
&Eove x, BideTar ano T aygon [3]:
e’ cos’ @+sin’ @ (e*'"' - l)sin Acosd
(e"”' - I}sin fcosd & sin’ @ +cos’ @
Avtiotouyy oyéon pé 1) oyéon (18) loyder ol yuk 16 Aoyiopd Jones.

Mrzpdea Mueller xal Jones vy swpeta dntindy ororyelov Sidovrar a7

BiPAlo [3].
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7. 0 ®PQTOTAZEOIITIKOZ NOMOZX

Elvar yvootd 6t rov plo potevy) dxtive elogoyeton ot Eva xploTtodde,
SuxamiTon ot ddo detives, ol Hmoleg elvon ypoprpnek Tohwpéves ot ndleteg Sieu-
Oivoeig peTaEd Toug %ol SuxdiSovron pe Supopeninés Taydtrres, "H bt
oY TGV ®pUETEIAWY elvar YvwaTh) wg STTixY SimhobhaoTindTrTal

"Exe. maparnenlel 611, exT0g amo TOUC ®puoTAAAOUG, TO PUIVOREVD THIC
SumholhaoTindrnTas cupPaiver wol of Opuopéver W) xpUOTIAAMG XL GPYLHOL
OTTING LoOTpOTIE opaTe, BTy alTa Umofdhhovtal of xatamdvnoen. Ta ocohpa-
o Shady) oo, YO LT oVINT) RATATTOVNGT], CULLTIERLPEPOVTAL ()G XPUGTIAAGL.
‘H »puoradhuer ploy 1ol cwpxtog Suapxel wivo xata T0 ¥povo emifBotc Tév
popTiwv, xal Eapavileton oy T popria droponcpuvlolv. To pawvduevo adtd
avopaletor mpoowpivyy 7 TexvyTy SimhobhaotixbTyTe, wal dvaxe-
WipTre & Tov Sir David Brewster 76 1816,

H dvaxddudm Tol pawvopévou g mpoowpivic Simhobhaotindtnrag dvoile
70 Spbpo yid Thv dvdmrulyn widtc véas pelibdou mepapatindic dvedloswe Thv TH-
oswv, T pwToehaoTikd T Tas H avartuly tijc pebidou doyroe ol dpyés
7ol 2060 aldver ol cuveyileton péypr Tav fueptv pas. ‘H pwrochaotindry-
Tt amotehel pidk Suvapir) p£bodo Dmoloyiouel Tév Tdoswv otic xaTooxeués,

Zipgwve pe tic dpyés e Muyavidic Tol Heupapoppwaipon Zaparog,
7) EvtaTiky) xatdotagy of xabe onueio &vig ompatog elvan Suvatty v Tapa-
oralel pé Evav Tovuoth Seutépag tdEewe [4]. 'O Tavuotic adrde elvan Suvaetdy
vie Sueywviomorniel, Snhadd drapyouv tpeic Sieubiveeg dvi 8o xdbetes pe-
7ok Toug ol Gmoteg Sév dvamicoovton StrTwyTinds Thoets dhhx whvov Gpbig
Thoeie. L& 8bo pamote amd Tic Seulibvoei adrés, ol dpbiee Tdoeig haufavouy
T wéyoTn wod THY EhdytoTy T amo Tic 6pbig Tacels ot dmotxdmore HAAY
Siebbuvey 670 anpelo. OL Sieubiveeis abres kol ol dvtlotoiyes taaels dvopdlo-
vro wiprec drevflvoerg »al wbpreg taocers. Ol thoeg o2 Evo odpa
elvart Suvartoy vi amsioviatoly (LE 6 Aeybpeve eldetloetdic tol Cauchy.

Avriororge, 9 petafold pé th Sedlbuvan tob deintn Subrdoewe g
pipovixésg EmBairbpevne Tposwpwic SimhobiaotindTyTag TEY swudTLY
elvort Suvartoy va wopaatalel pe Evav tovuety) Seutépac Tdiews. ‘H peta-
Boin wol detwty Srabhdoecws elvar Suvartdv v dmeixoviaTel ue 16 heyduevo
Eherdoerdes 1ol Fresnel.

0 gurotaseomsinis vipoc e Tposwpwic dimhobhaatnbrntag Tiv ow-
pdtey cuvdéer Tov TovueTh Thic Tdoewe pe Tov Tovueth Tol Sebetr Sulhd-
oewg. ‘O vépog adrig dvartiyraxe drd Tov Neumann 6 1841, xed dvefdpryra
dmet Tov Maxwell 16 1853. Zdupwve pé 6 vépo odrd:
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1. Of xbpror &Eoveg T@v TavuoTév T4 Tasemg xol Tob debery Swubidosng
GULTILTTTOUY,
2. 'H Bwxpopa tév Seuetiv Subhdoswe atic wipeg Sieubiveeig elvan dvddho-
T pe ) Suxpopa TGV avrioTorywv xupiev taoewv. 'H SubtnTa adtd) Sua-
TummveTon amd Tig dubhoubee oyéoeis,

=M, =Cu(°'1 _‘72}- R, —Ry = Ca(ﬂ'z —0'3), n—m= Ca(o'a _0'1) (21)

éroy 6, 0,, 0, elvon ol wbpieg tdoeig, n,, 0, 0, ehvar ol xopot delnreg Sua-
Ordaec, evé C, dmotehet oralepa Toll HAuxal.

‘H watddinhy éxperddievey) 1ol putotaseontineh vépou émrpérel ov
areubeing mpoodiopioud Tév Sieublivoewy Tév xuplov Trsswy %ol TéV Sut-
Pop@v T@V xuplwy TRoEWY &Td TO dmTkd dmotéheau, TO dmoto AauBdveTo
brov 70 Supaves Soxluio Umd pryavixy) xatambvey, torobletybel dvtde Tol
émmédon 7) ol xuxhixol Tolweoxomiov, nwg dvanticostal 6T ouvéyeLx,

8. H ATATAZTATH ®QTOEAAETIKOTHTA

8.1. NENIKA

‘H Sidiorarn putochaotindtnre doyohsitor pe OV Tpocdoplowd Si-
SuroTatwy EviaTixGv TEdiwv PE T ypNon Torwpévoy pwtoc. H péledog
Baotletor oT0 Qouvdpevo ThHe Tpoocwewis 7 TepmThs Sumhadtaulidoswe, mol
CVETCTUY THXE OTO TROMYOUMEVD E0apo, ZUUpuVE UE TO uIvopevo aiTh, ol
whpror &Eoves Simhodulilidoews ol Smaplou, 6 bmolo cupmeppépeTan Gg St-
maobhootie) whakx OO eV xaTamGvna), cupTtitTouy pE Tolg xUpLoug
&Eoveg 7ol Snpoupyeduevoy evtanixkol mediov. [Nk Ty wepinTwoy SidukotaTwy
(enimedow) Evramndv mpolinpdtey, 7 ontiky) Sumhobhaotikbryre 4 (¢ Sux-
popak TGV SmTinGy Spbpewv xatd Tig Sieubivesig Téiv xuplwy Tdoswy), odupaw-

va e ) ayéor (21) w0l porotacsontinod vipou, Sideton o T oyfom,

5=C(0-|_0'2)d (22)

émov 6, xal o, elvar ol 0o xipleg Taoes, d T6 mhyog Tob Soxrpion, xal C

7 pwtotacsomtikyotabepd Tob HAtod Tol dexipiov.
8.2. TO ENIMEAO MOAQEIZKOIIO

‘O mpocdopiopds oy Sieubiveswy Tév wuplwy Tdoswy xal the Sunpopiic
Toug (6,-0,) TporypaToTOLELTOL P TOV avrioTotyo mpoadioptopd TdY xuptwv
dEovav SumhobhaotinbToe el tol peyébouc the SimhobrasTindtnrag 6
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7ol Soxplou, Nk 76 oxond adrd, 6 Soxipo Tomobereiton o1 dmtind wedlo
évog Lebyoug B0 ypapuxév wohwTdy, ol dfovec Tév bmotwy sivar xdbe-
Tou petald Toue. Té olotnua adté tév 8bo morwtdv dvopdletal éninedo
mohworexémio (Zy. 1). 'O ypapuinds mohotie wob Beioxretal xovte o)
puTewn TYN ovopdletoar TorwThE, évd 6 Sebrepoc ypapuixoe TOAWTG
dvopaletar avaridTyg. "Otav ordv mohets) ol émmédou morwoioxomion
TpooTésel paTeY dxtive, AMyw the xabetdryrag Tév wuptwy &Ebvav Tav
800 TohwTay, hapfdvetol oxotewsd medlo wépay ol dvaiiTy.

“Orov 10 Soxbpo Omé pwryovuey xatamdwayn tomolerrlel oté dmtind
medio Tob émumédou mohwetoxoriov (petafd morwT] wal dvehiTy), cupme-
pupepetor g dumrobhaoton mhdxe. "Eotw &t 4 dmrue) xaluotépnoy ot v
orpeio Thg Thdoeos elvan 4, xad ol 8bo wipror dEoveg aynpartilovy ywvix § xal
(B+90°) ue tov #Eove x (Zy. 1). "Ovov 6 &Eovac ol ooty elvon wataxbou-
pog, T0 érimedo mohamaoiondmio auvloTarar dmd To EETg drTind oTouyeia:

1. Tpappixd mohwth Py, Tol dmolov 6 &Eovag elvan xataxdpugoc.
2. Avmhobhaatoeh mhdxa (Soxiwe) Ra(d) pe drminy) emdpdduvey 6, tijc

omotog 6 Toybe &Lovag aymuatiler yovie § pe tov &fova x.

3. Peoppund morarm) (Gvekion) Py, 700 brotou & &Eover stvon 6plévrioc.

Oa avahdoovpe oth cuvéyewe Toli drtiols peTaoynuaTioRols of Golot
hopfdvouy ywpa oth Erninedo mohwotaxdmio e tobe Aoyiopots Mueller xad
Jones.

R

Zy. 1. Awdraln wév omriediv orouyelov 1ol érimedou mohwaoxonion pé oxotevd nedlo.
Daivovrar dmd dparepd: Entrnedog mohwic e wipo &Eove etk ) dwedbuvay
ol &Eove y, Soxdpe Omd warambwney, 6 dmolo looduvepsl pé Suthoblaoru)
mhdoee pé ol &Eove mob aynpaeilen yovie f pd tov #over x, wad Entredoc mo-
Aevths (dvohirng) pd wbpro #Eova soerde T Sreiluvan 7ol &Eove x.
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8.21 0 AOI'EMOE MUELLER T'IA TO ENITTEAO [HOAQEIZKOIIO

Té Suavuopa Mueller yia w6 pi) mohwpéve pig mob éxmépmeton dd
LOVOY pOUATIXY] QTEVH TNYY, 7 bnole Tomobetelton mépay 1ol mohwy,
Sidetan amd 7 oyéon:

(23)

== = =

Ta pnrpée Mueller Py, Ry(d) xal Py tol mohwtd, ¢ Stmholhe-
GTuijg Thdrag xal ToU avehdry, avrigrouye, Si8ovron dnd Tig oyéoac:

1 -100
S N A
Pyp=— 24
A h 0 % (24)
b0
1 0 0 0
0 cos’2f+sin’2f8cosd (1-cosd)sin2fcos2f —sin2fsind |
Ry(8)= : . 4 P (25)
0 (1-cosd)sin2fcos2f sin’28+cos’2fcosd cos2fsind
0 sin2fsind —cos2fisind cosd
1100
210 0 0 0
00 00

Zipgpomve ue 0 Aoytowt Mueller, ©6 pnrpéio Stokes S' Tob pwric 6
omoto EEépyeton & TOV dvahdry Sideton &md T oyéom:

S'=PyRy(8)PsyS (27)
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/|
s] [1 100
5, _1yr o 0
s;| 2(0 0 00
s, 00 00
1 0 0 0
0 cos’2B+sin’2f8cosd (1-cosd)sin2fcos2f —sin2fsind
0 (1-cosé)sin2fcos2f sin*2f+cos’2fcosd cos2fsind
_0- sin2gsind —cos2fsind cosd
1 -1 0 071 sin 2 #sin’(5/2)
1|=1 1.0 0§0| 1|sin*2psin*(5/2) (28)
20 0 0 Ofj0o| 2 0 .
0 0 0j0 0

H gurewvd Evraoy Tob dvertépem ptpmou Stokes Sideton amd 1) oo

1 g 26

I =—sin"2fsin" — 29

sin®2sin 2 (29

And iy dvetépe oyéon cuvdyoupe bt W) puted) Evraeyn prndevile-
to, I = 0, &rov:

ﬁ':ﬁ,%,...,n% 7 6=0,2x,.. 027 (30)

Ano o) oyéoy (30) ouvdyeton 671 ol yewpetpixol sémor Tiv onuelwy
100 Sowpiou vk t& Gmoln f = oralepd, dnhadd Té onuein molb Exouv
v e whion Tav xupiwy &Ebvwv, oynpatilovy oxotewols xpogaoic,
ol Gmolol dvopdlovron looxhivelc, &vé ol yewpetpixol témol TGV o7)-
pelov v ta omoie 8 = 2mn oymuatilouy oxotewvols xpogooie, ol dmoiot
ovopalovron Lobdy pwpor, 3edopévou &t Epouv 1o 1o ypbiua Btav ypnot-
LLOTIOLELTHL (LOVOYPOPATIXG GéC. Zuvdyetat, Emopévwe, 6Tt 16 énimedo mo-
Aworaxbmio Snuiouvpyel dUo olxoyévereg Sutiwy xpocody, TGV looXAVGY
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xol TGy looypduwy, ol Groies Bploxovtay ot émadinila. Kot ouvémew,
amt T Enimedo woAwoloxbmio elvat Suvetoy va TpoadiopiaToly ol Sieubiveeis
xatl 1) Srapopa (0,-6,) Tédv xuplev Toewy. Ao w4 Sbo adti oToygela tpoadio-
pilovra ol Tuues Tév xuplwv Tdoswy g, wai 0,, pE yphon oyeTxdy pelidwv
oL Exouv dvartuylel o) potoshasTibrTa [2].

8.2.2 0 AOI'EMOE JONES T'IA TO EINIIEAO NOAQEIZKOIIO
Té Sudvuopa Jones Tol ypapuind wohwpévou putds, T0 omolo efépye-
ToL &7l Tov ToAwTH Py, pé xataxdpugo drmixo dlove (Zy. 1), Siderar amo

0
-

Té unrpido Jones tig SimhofhacTtinis mhdas Ry(d) pe drerua EmBoaduv-
an) 8, Tig bmolag & Toyde dEoveg oynpactiler yavia f pt tov dEove x, dideTon
ol T oyéon:

T oy Eo):

Ry(5)= {e"; cos’ B+sin’ B (eiér —l)sinﬁcosﬁ:l 32)

- (e"a ~1)sin BcosB € sin® B+cos® B

Té pnrpdio Jones Tol dedrepou mohwr (kvahdty), Tob Gmotou & dmTindg
&Eovag elvan opuloviog, 8ideton &mo ) oyéon:

10
P,= [ﬂ OJ (33)

Lupr.cpmvut p.s T0 Aoyiopd Jones, T ;.L'q'rpmo Jones 2’ ol QwTéc Tob
gEépyeTon amd TOV dvorhiTy dideton amod T oyéom:

a'= PRy (8) (34)

‘H oyéon (34) Baoer tiv oyéacwv (31), (32), (33) ypdperaw:
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ho [e"’ cos’ B +sin’ B (e"" ~1)sin ﬂcosﬂ} 0
0 1

Z'=
0 (e —1)sin fcos B € sin® B+cos® B
(35)
(e"‘s - l)sin Bcosf
0
‘H Evraon 1ol putig mob didetar amd ) oyéon (35) elvau:
(% —1)sin Beos B
I=a'a'= [(e""f— ]}sin Peosf 0

0 (36)

=[2—(e” + ™ )sin* Beos? B = sinzg;sinzz,ﬁ.

‘H oyéon adry) Siupéper drd ) oyéan (29) wate tév mapdyovra Tob
vbc deutépou. Tolito dpelheton a16 yeyovie 6t 1) Hvraay Tol P mohwpévou
pwTodc ol yenawwonarifinxe vk Ty eEaywy) the oyéong (29) Hroav lon pe
Th povade, xol xats guvénein 1) Evraoy) Tol mohwpéven utog ol Eépye-
Tow G7d Thy mohwty) Hray lom pé Ever Sedrepo. Avrifeta, v Tiv Eaywyd
the ayéang (36) dmetéln 7 Evraoy Tol émmédou mohwpévou putic ToL
dEépyeton dmd TOv moheTy) elvan lon pe ) wovado. Kota suvénews, 4 Evra-
o1 160 pwtic mob EZépyetan amd TOV dvadlty, clupove e TO Aoyiouo
Jones (ayéon (36)), elvor Sumhdowx amd Tiv Evtaay Tob PWTHS oUppwve e
6 Aoyoptd Mueller (ayéay (29)).

8.3. TO KTYKAIKO IHOAQEIZKOIIIO

Té wuxhind mohwatoxémo mpoxdmrer gnt 6 énimedo mohwooxbmio
S Tig elowywydic Sdo miaxdv tetdprou pAwoug wdpatog, N GTIKY
¢mPBoaduvayn, v dmolwv elvor Eva Ttéraprto Tol pAxouvg wdpatog Tob
nposTinTovres pwTés. 'H mpdmn mhdxa tetdprou whnoug xbpartog Tomele-
TelTo HETX TOV ToAWTY kol ¥ Sedtepy moly THV dvehdTn (Ey. 2). Of tayels
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drerixol &Eoveg Tav mAaxdyv oynpatilovy yovia +45° ud tovg ¥Eoves Tob

ToAWTH ®atl dvehdTy avrioTora. “Otay of tayeic #Eoves Tév 8o mhaxdv

TeTdpTou phxoug xipatog elvar xdletor petalld toug, 16 drotéheopd Toug

ddnnhoeEoudetepdiverar, Gméte 16 oxotewd dmTikd wedlo 7ol EmimédSou

nolwotoxoriov axoloulsl vi mapapéver oxotewd. "Orav of Tayeic &o-

veg Tév 800 mAaxdv TETRpTOU pAKous wipaTog elvar mapdAhniot, TéTE TO

omTint Tedio Tob xuxhxol ToAwolonoTioy peToTpETETAL ATG OXOTEWO of

PLTEWVG.

Td xuxhixt mohwotordmo droteheiton amd Ta axdrovba dmTind oroL-

yetee (Zy. 2):

1. Ppappuxd mohwth P, Toll émolov 6 wiprog &ovag elvon ataxbpugoc.

2. Midxa Tetaprou pinous xdpatog Q,., Tic émolag 6 Toyde dEovag oyn-
potiler yovia 45° pe tov #Eova x.

3. Auwhobhaoruieh whdxa (Soxipe) Ry(d) ué sty émBodduvay 8, Tijc
amotag 6 Taybe dEovag oynuarilel yovia f ué tov dEova x.

4. TIdoce Tetdprou pijxoug xipates Q ., g 6molag 6 Tayds &Eoveg ayn-
potiler yovia -45% ue tov Eova X (Y& 76 wuxhixd mohwoioxdmio pd
oxotewd wedio), 7 yovie 45° pé tov ¥Eover x (v TO ®uxhixt ToOAw-
GLoX6TLO PE QTS Tedin).

5. Ppappind mohwth Py, Tob 6molow 6 xdprog &Eovag elvan 6pilévriog.

B dvoiooupe ot cuvéyetn Tobg drTiels peTaoynuaTiomols of Gmolo
hoBavouy ywpx o0 xuxhixt mohaatoxrbmie pé Tobg Aoyispobe Mueller kol

Jones.

8.3.1 0 ADI'EMOE MUELLER TIA TO KYKAIKO [TOAQEIZKOIIO

Té pryrpda Mueller vk Tl mhdxes TeTdpTou pfixous xipatog w6y Gmotwy
ol &Eoves oymuarilovy yovie +45° p vév &fova x, hapPdvovror dmd T
oyéov (25) Oévovrag 8 = 90° wad B = £45° dvrioroya. Ta pnrpdie adte O,
wal Q ., yudk B = 45° xal B = -45° Sidovron dmd Tig ayéoeic:

1 0 0 O 1 0 00
0 0 -1 0 0 01
Q = Q_ h =
s 00 1 of =15 0 10 (37)
01 0 0 0 -1 00
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Zy. 2. Audraby téiv dnminéiv orogeieow Tob xuxhinoh molwsioxorion uE oroTewsd medio.
Deivovran dmd dptatepd: "Enimeloc mohwmic pe wipo dova xatd ) dreiBuvorn
70l #Eove y, Mot TeTdaTOL phKeous xipatos e togh dEover Urh yovix 45° pe
téy dEover x, Sowiwo Omh eatamdunay, wob looduvapel ud Sumhobhaotu) Thdmna
pé drtueh emPedduvary & wod Togeh &Eovar mob oymuortile yovla f pé Tov #Eova x,
mhdua TeTkpTou wiKoug wipaTtog pé Tayd &Eova md yawvia -45° pe Tov dEova x,
wal Enimedo mohwT) (dvoddiTn) pé wipw dEove xavo o) Sedbuvay tol EEova x,

Thugava pd T Aoyiopd Mueller, 16 untpdo Stokes S' 160 QT TO
6moin eEépyeroe &md ToV dvahdTn didetar amd T oyfon:

S'= PyQ.4sR5(8)QusPonS (38)
)
1 1001 000
S':l 1 1 0 0f0 0 01
40 0 0 00 0 1 O
000 00 -1 00

1 0 0 0

0 cos’2f+sin’2f8cosé (1—cosd)sin2fcos2ff —sin2fsind
0 (1-cosd)sin2fcos2f sin’2f+cos’2fcosd cos2fsind
0  sin2fsind —cos2fsind cosd
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1 0 0 0 1-1 0 01

0 0 1 0 00 0 0f0

0 1 0 0 01 0 0f0

7
1—coséd
._11“0055 40
4] 0 ¢
0

‘H &vraom ol purrde mob EEdpyerton dmd Tov dvedimy Si8etan dmd o oyéory:

I = 1{1—:035)=Esin oy (41)

T4

And ) oyéon (41) mpoxdmrer 81u 6710 xuhixd TohwoLoXGTO GXOTEL-
vol medlou Aapfavovrar péve lodypwpor axepatoc tatewe. apatnpoiue
bri 610 wuxixd molwoioxomo amadelpovron ol looxhvels, ol bmoleg
Umdpyouv a1t éninedo mokwetoxdnio.

Avriotorye, Y 16 xuxhixd modwotoxbmio pwtewved Timou (: of To-
yeic &Eoveg v Bbo mAaxdv TeTdpTOL Wwijkoug xipaTog elvar TapdAAnAot),
hopBavoupe v v Evtao Tob gwtos ol EEépyetar and Tov dvaddTy:

I=i(l+ws§}=%coszg (42)

e ’ L8 b i - CA
H oyéon adth delyver &1 ot wuxhind mohwoioxdmio patewved Tirou
hopfavovrar povey ledypapot furoelag tdlews.

8.3.2 0 AOTIEMOE JONES I'A TO KYKAIKO NOAQEIZKOIIO

Ta pnrpéo Jones yix Tig mAdxes TETAPTOU WAXOUE WOUETOG, TV
émolwv ol &Eoveg oynpartilovy yovia £45° pé tov &fova x, hapBdvovtar
amo ) ayéan (32) Bérovrag 6 =90° wal f =+45° avrictoyye. T pnrpda
T el J . yid f = 45° xad f = -45° 3idovron dmo Tic oydosic:
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1[i+1 i-1| i+1|1 i
Q‘“‘:'i[i—l f+1]_T[;' J‘ (43)
i+l =G-1] i+l i
O"““_E[—{f—l) i+1 ] 2 |:—:' 1] (44)

Thpgwve we t6 Aoyiopd Jones, t6 pnrtpdio Jones &’ Tol pwtég TO
dmolo eEdoyeTat dmd Tov dvakdry 8i8etar dme T oyéo:

a&'= PﬂQ_.hRﬁ(a)G.ﬁa (45]
il
. 1 0 ﬂ 1 =i e”cnszﬂ+5in1ﬁ (efJ‘IJSinﬂCDS_B 11- 1 i|0
0 0 % 1 {eﬁ—l)smﬁmsﬂ e sin’ f+cos’ f i il (46)
ﬁ id
“"=1[e ﬁl] (47)
2l 0 :

‘Enopévac, 1 Evtaon tob patic mod EEépyerar dmd Tov dvaddtn elvaw:
e}
a'[—][ ] sin® > (48)

‘H oyéon (48) Suxgéper amd i ayéoy (41), % dmola cuviyln pe o
hoviaud Mueller, xote Tov mapdyovrta fva Sebrepo. ‘H EEfynomn tic Suxpopdc
adtiig elvan ) e, dmeg d6bnxe mpomyoupéves oy neptntwan Tol émmédou
TOMDOLEROTLO.

9. EPAPMOI'EX

‘H uéfodoc ic pwrtoehasminbtyrag mob dventiyly dvotépon Bk yonot-
pomourlst yid Tov Tpoadioplopd ol mediou TEV TaoEWY 6 duELEpLaTy Soxd
GavTouLTs Tob xaTamoveltal pé suyxevtpwpévo goptio ot péoov g [5]. ‘H
Soxde dmoteheiton dmd méhpata drrd olvlero Duxd pe iveg ypapitn 62 mhx-
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ol Wit vel Tugtva amh dppdides it PVC ué Thy dumopued dvopaata
Divinycell 250, Adye 1ol &1 w6 Ghind g Soxoh elvor adurpavic vy v
EpupuoyT) THE POTOEAAGTIROTYTOG, EmeliiTor ot doxd Sumholhootied
Sungpavés biuxd. Xpnowwomoeltor 0 xuKAd TOAGOLOXOTID SvonAXaTLHGD
Tomou, dnlodh) 1o péic SufpyeTar Amd TOV TOAWTA xol THY TAGXE TETEPTOL
uhxoug winatos, elofpyetar oo Sowipwe, dvonchitol gmt TH dempdveis do-
w0l ahvroutte-Sumholiiactinol Suegavalc Dhmol, nal otf ouveyeaix Siipyetan
G T Sedrtepy, Thdxa TETAPTOL WiKous wipatog ol Tov dvakdtn. “H yono-
pomoteduevn tepvind) anoterel T pébode tév Simdobhactinév Emuaiidenv.
T6 drerind medio wol mopatrpelton peta Ty dvahiTy cuvicTaTar ant louypom-
[AOUS %PUOTGONS, ol GTI0LOL ATOTEAOUY TOUC YEMPEToXOUE ThTouS ThY towy dua-
wopv ThY xuplewy Tdeswy (. 3). M2 whv allnay 17 tdEewe tév wpoaaiv,
7, poTEd EvTaon Tov Supdpay Ypwpdtay eiuctlevel. X wabs yodipa upuo-
600 GVTLGTOLYEL TO UTiKog ¥OUATOS TOD GUUTATPGUATINGD TOU YPOULTIC, TH
6moln dmoafévwuton 6Th Qaopa TEV Stpdpwy ypwustey o Asunol swTde.
Iaporneoiue T Suxdoyuch albfnem whc takews v looypdwy pé Thv obly-
o7 760 emPBodaduevoy poption. At 10 wedio TavV xpuoo@mv Tob Xy. 3, wal
ot ouvduasut pe Tic pebiddous Stymptapod Tav xupley Tasewy mob Erouv
avaertruylel ot gotoehasTidtgTa [2], SmituyydveTta 6 mpocsdopiapic TéV
TYLGY TGOV xuplev Thoswy.

P

A
P=3.0kN (652 b}

—— =

= 4.0 kN (390 Ih)

P=49kN (1103 Ib) P="5.3kN (1182 Ib)

Ey. 3. lsbypwpor 6t Stmholhastiés dmuodileiz 6f dupéoigty dond mol waramno-
veltol pé suyrevtpmuéve poptio ath péaoy e, vidk Sudoopss Tipde b donp-
neapéveu goptiou.
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10. EYMITEPAEZEMATA

iy mapodoa epyacie avertiyly mepnmrig % ypnowonoiney ol
PWTOS Y& TOV Tpoadioptopd Tl medlov Tév Tdoswv mpofinudtwmyv My-
yoviriic. Karedelyfy 61 7 meprypagh 1ol modwpévou putdc péow v
pntpwixdv pebddwv Mueller xai Jones Sieuxoiidver Ty émiiuoy dmrTidyv
npofinuatmv mwod cuvBéovtar pé 1) Siodo Tol putdc péow dnTidiv oToL-
yetwv. To éninedo odpa mo wyyavier) wotamdvney cuprepipépetal g
Simhobhaotinog xplotarrog, of wipieg Sieubivoeig Sumhodiabidoewe ol
omotoyw oupminTouy pe Todg wdpoug &Eoveg ol medlov Tév thoewy. Té ye-
yovog adth, ot cuvduaspo pe T ypfion Tol Emimédon 1) xurkinol mohwat-
oxomion, émiTpEnel TOV wpoodtopiops T@v Steubiveewy wal TEv Sragopdiv
TGV wipLwv Thoewv EmmEédwy EvtaTinev mpoPinudtwev. Katadeiwvietol
ot 7 pébodoc Tic purtochasTiRdTyTHG, 1) GTola yproLpomolel ToAwPLEVD
péig, amotehel Eva Al xol Suvapxd Epyaheio ik TOV mpoodloplond Tob
gvrativol medlou mpofhnudtamy Muyovixic.
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IMAPOYZIAZH TQON INOPIEMATQN THE OMAAAY EPTAXIAX THX
ENITPOITHE ENEPI'EIAY THE AKAAHMIAZ EIII TOT @EMATOX
«HAEKTPOITAPAT'QI'H ETHN EAAAAA: OPTKTA KATZIMA,
ANANEQZIMEE ITHI'EE ENEPT'EIAZ KAIL I1POOIITIKH
ENEPI'EIAKOY EGOAIAEMOY»

ATIO TON AKAAHMATKO ». AOTKA T'. XPIETO®OPOY

‘H "Emtpored "Evépyeiae tic Axadnulac Abnvév Oediproe G pix Gho-
Whmpapévy, emoTrovins xol Texwixd Texupiwpévy, obdétepy, uehéty Tob
Béuatos «Hiewtpomapaywyh otiv Eaddu: ‘Opuxtd xadowse, Gvavedoi-
eg Toryeg Evépyelng ol TPoOTTTINY) Evepyetaol épodlacpoln, bk Borbolsce
Thv ENve Tyeota oThv dvtipetamar xal tH oyedaous TV Evepyelaxmv
dvaynbiv The yopas. [ w6 oxond adté, 7 Emrpors) Evépyeues suyxpémoe
17pehd) bpade oyaoiog dmd "EXhnves umetpoyvmpoves ol elutols otd ye-
wixbrepo evepyetond Dépeta (ITiv. 1).

Kdbe péroc tic ‘Opddac 'Epyacicg mpaouhffixe vi dxpéper tie dmddets
Tou %ol vk xdver elonyioeg i tol Béparog, idtepa oTa dxdhoubo:

— "Evepyetant, xatdotacy othv Elndda ofuepa xal mpoPiédes yua

TO RENAGY.

— 0 pdrog tab Aryviey, xol mbavéic Tol Abavlpaxa, otic Evepyeraxds

dvdyxeg wal T Evepyelonh otpatyyen T ‘Eihadac.

— 0 pbroc tab guotxkod deplou.

— lletpéhoun yuk nahulm pesonpdbespwy xol poxporpdleopmy dvaryxdv.

— Avavediowpes mydc dvépyetas xol Ebvixol otdyor.

— Ipofréders v t6 peiypa t@v TpwToYevGV TVYGV EVEpYELLS GTO

Elmuint Bvepyeaxd clotnue wol TpoomTiky) Evepyetanol Epodia-
G100,
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A. MEAH THZ ENITPOITHE ENEPT'EIAY THE AKAAHMIAY AOHNQN

Xprorogpdpou Acuxss (Axadnuaindc)
Avyarmnridne lodwne (KAILE)
Kanopiic 'Eppavouni (EMI)
Xarlnapyupton Nudhaoe (EMIT/AEH)

R

B. EAAHNEZ EMIIEIPOT'NQMONEZ

IMavvitane Avaotéows (EKITA/EAIIE)
Zepfoc Apbobpoc (AEH)

Kamgog Mavrerds (EMIT)

Addog Avurrpos (EKTTA/TITEKA)
Mrepyeres lNedrpyrog (EMIT)

10. Mavaiic Pagoda (1. Tlpéedpog w0l EEEZ/Avrinpéedpog IOBE)
11. Hedenoyidvwne Zmbpoe (AEITA)

12, Hevdyoc Betdupos (PAE)

13. Hewadémouios My (AEEMHE)

14, Ilnpeparns [étpoc (av/pie Aut. Moxedoviac)
15, Tiyrae Kevoravriveg (KATIE)

16. Toxtgapavns MNewmpyrog (TUBerlin)

17. Toouteéine Xapdhapmos (7. Kalbnyntie EMII)

o Sl

v, 1. Edvbeor, e ‘Opddos "Epyaatag.

Ol éxbéoeig v perdv oulnrilnray otic 22 'Oxrefpiov 2010, ot xow)
ooy the ‘Opddag Epyaoctas xal 1 "Emitporndic 'Evépyaing oriv Avato-
Ay Albousa To0 Meydpou the Axadnuias Abnvev. Ta xelpever Téiv Exlicoe-
@V, TR TIPAATING THS ouwvdvtnoms xol Ta moplopata Tepthapfdvovrol oty
Exdoan i 'Emrporic Evégyeune Taexrponagaywyr) oty Elidda: Opvxra
Katowa, Avavedawues Hyyéc Evégyeiac xal Hpoomree Evegyetaxot Epo-
dacpot (Abjve 2011).

‘H "Emitpory 'Evépyetag emomuaiver o axdiovbe mopiopara g ‘Opd-
Sug "Epyustiog ént tol Béparoc.

1. AIATIIETQXEIZ

1.1. TENIKA

‘O topéuc THg Evépyeias cUWGTE oruavTIXd Tapdyevta avdmTuEne TG
ennnvitc otxovopias. ‘H onpepiv meplodoc amotehel Tuvjpe ping ponpds pe-
wafotiic phong mphe T «olkovopta yaurhol &vBgonon xal Ty adinuéwn
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mepifaihovrind) mpootacia. Awevplvovtar ol xawvotoples otig évepyelaxsg
Teyvoroyles, Uplotavran Gpwe cuyvés dddayic xatelfluvare xal Emioyie
aToY OV

e 6,7 dpopk THY HhexTpin® Evépyete oty Eilhddu:

— T4 ypovuehy mepiodo 5/2009-4/2010 mpoijibe dmd hwyvitny (48,9%),
Avavesarpes [Tnyéc Evépyewg (AITE, 17,0%), Quawd Aépo (PA, 16,9%),
netpéhono (9,4%) wad eloaywyéc (7,9% o 2009).

— 'H olxovopux, plor émépepe oofapt mraer e Lhtnome (e amotéhe-
opo vo mpoPhémeton Emapuewe péypr 6 2020, pé Evrakyn ot eboTnua Thv
OO naTHOKED) povdSwyv puowol deplou ®al TGOV VEWY AYVITIAGY Lovadwy
ol weoBAiémeTon vi Eyrataataboly.

— Meoompileoua slvar Suvatov va xohugplioly of dvdyres Mhextpueig
Evépyetag pe yenom Aryvitn wol eloorydpevou MbavBpoea, OA xai ATTE.

— Amouteiton abEnon ol Babpol anddaone tév Evepysiomav povadwy,
abEnan The yevomne Tob puokod deplov xul petwar Exmopmhy deptwv Oepuo-
KATLOU %ol XOGTOUE,

— "Ev8etxvutan 1 Togitepn Vhomolnoy tol mpoypdppatos Swxclvdearg
T6v viswy Tob Alyaiov o0 repeTing oloTwe xaxl 1) oUvleoy peTald Twv.

— 'H mopaywy) Hhentpnilc evépyewng EmmpedleTon dpwnming &mo
v EMhewn) otabepol vouuxol mhouctou ol ATO TIG TOTUKES XOWGWVIXES
svriBpdosts.

— "Emifidhietan 7] Expetdrheuar Tiic dvépyeiag ol dmoppimTeTal oT6 Te-
piBdhov dmd Oepuixolc oraluols xul 4 cuppetoyh TGV TOMIXGY KOVWLEY
OF TIPOYPALLIATE GUUTHRAYWYTIC.

— Oewpeiton dvaryxaie 7 Selaywyh oofapol Swddyou cuoTnpaTIKTC
Evppmone TeV Tomxev xowevidv o xalle Evepyernr mpwToPoulia elte
ot dgopd Tic AIIE, elre ) cuunupaywys, elre Thv éxpetdideuary véwy
HOLTROUETOV MyVETT,

1.2, EIAIKOTEPA I'lA TIZ [IHT'EX ENEPT'EIAE

(@) Avyvitye

Té &0vixd xabarpo, 6 Myvitye, othpile yia oyeddv EEvvra yedwia THY
Ahextpomupuaywyr, xahdntoviag maharbrepa péypt 16 80% wol ofuepa
nepl 16 H0% g Lhrnone vid ¢Bnud obwwond, dypotind xal Propnyovind
pelua, cg clyxpian we THv Ty Tob pedpaTos G6E mohhéc &hheg elpw-
ToiRES Y BPES.
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H hyveruen fhewrpomapoywyd) ocupldider oy dopdden Tob Evepyela-
%ol Epoduouol g Eihadag, £yer otallept wal mpofiédiuo xbotog EE6puing,
wal wpoopépel onpavting dotbud Béoewv épyactias. Elver Supwe eLavtifowog
QuaLXOE THOPOS KoL 6 GYE0T] 1E TO Puotd kEpLo TTpoxaAel alEnuévn ExmouT)
CO,. Méypr onuspa Eyouv EEopuylet 1,7 Sweraroupipr thver hyvity, mobd
tgoduvapotv Tepimou pg 215 éxatoppipur tovoug wmetpehaiou. H oy
avtipaon Yk ThHv avdrTuly vEWY MYVITIXGY HOLTOOUATOY EXTOC TGOV To-
paywenaewy tiig AEH o) Autied) Moxedovia xaliora Sboxohn v Snpe-
Tahheuayn véwy Arpwtinév medlwv, ‘H dméoupay péypr 16 2020, Aéyew ma-
roubrnrag ywnixdic loydog, 900-1000 MW wpofiéreran va avrixataotabel
pe dbo véeg povddes avrioTtouyne loyloc alyypovie Teyvohoylug (L& younhbTe-
gn exmouser CO,, wob Ba elvor dvrayovioTinde exelvew Tob @A, 'H mpodbinery
Tiv Epywv altiv, 68 cuvBuaops e T otadune drdaupar kuk dAAGY Tohaédy
Apntixdv povedwy AHZ pera 6 2020, Bk Emrpéler o) hertoupyla toug wéypt
76 2050, &mou mpofréretan % EdvTinem Tév dmobepdrav Ayl

M tl¢ mapolises Tipds wbatovg t6S CO,, ) Arywtiey KWh elvor mid
olxovoph) amd THY dvrioToun Tol A, Ard o 2013 xai eE7g, T0 wboTog
Toporyewy e fhentpixdic vépyetog dmd hyvity O émrpeostel dmd THv Emi-
Bordy tol sbotoug pinwv CO,, odppwve pé tie deopeboe i Ednddag
yux pelwon tév deplov beppoxnmion. M2 Baern o onuepva Sedopéver, wol
épdaov H Suxgopd xbaToug Tah Aryvitn mpog T metpéhato brepBaiver Ta 30
edpm dvi Téve loodlvawou metpehalov xol 6 wboTog pbmwy elvon mepimou
ota anpepvd Entmedo, of Avywmixol drtuonhextpixol otabpot (AHZ) elvon
vty vteTixbTepoL Exclvey Tl puaikel deplou.

‘H tmonardorasy AHZ, wob elvon otaluol Bhoewe, pe AIIE dgv eiven
Suvatd) Abyw T@v Stepopetinév suvlineév hettoupyiag Tév deutépwy ot 6,7
apoplt Thv ablomiotion wel THY dopEASIX TRPOYTE HASKTPIKTIC EvEpyaLas,

‘H mpofhembpevy xoataoueuy Tig Embueves Sexacties Slo véwv Arywrindiv
arabpdv, loydog 600 MW Exxotog, Ok Swtnpioe ) ouppetoyd) o0 Avyvity
T PP nouciemy Yk Toporywy ) HAsxTeNe evépyewng, Bu Emtpéda Tiv
gmopdupuvey Tohondyv Arywtikey otaludy wed O dvmiotabplos wdifosg
rboToug The whoBaTmpag d&mh SAhes oYL,

[ v Gplohoyund) ypnom wov diléoiiewy mooothTav Myvity ouvoTiTot
1) émaveléraoy dvdpeEng Tol Myvith pe woviomormnuévo eloaybpevae Aldvlpu-
wor hha wort Propaler.

Zuwortatar 1 Swpetdiieuay, ufpoug TG dmoppintépevne BepudriTag
atovg véoug ataluols vk trhebippoavon ral dhiec ypnoeis.
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(B) Duoixd aépro (DA)

Ard o Tpelg dpuntodg mhpoug (hyvity, metpéhato, DA) mob yenarpo-
moobvras Y& Hhertponapaywyd oty EadSa, 6 mhéov cuppépwy dvepyetaxa
woi. mepuPadhovring elvon 0 @A, O dpatacthoes TapaywYTs HASKTEITS
vépyeiag gt QA dmantoly pixpdrepo ypdvo nazasuevts, Erouv yupmhdre-
00 wbotog Eméwduome wal mapouadlowy Tig yaunidtepes Exmoumés CO,.

‘H Frexrpomaparyerh st & opavtindrepag xatoveherTis puotkol deplou
otiv Fdda, pt mosoaty 68,1%, 69,8% xud 73,7% <év elowybuevey mo-
sothtey 10 2005, 2007 xat 2009 dvriotolyws.

‘H alEnon téiv eloxywydv QA peyebiver mhy évepyeion eapmon g
yéhpog &red tplreg ydipeg, ol 8,1t adtd cuvendyetan G Tpds TV dopdhel
1ol QA »al 6V TGV ToU.

"Evdebevurar Stapoporoinen tév mryév elotdou tob PA.

Té LNG (Liquefied Natural Gas, “Vypomoinuéve QPuowt Aépio), dv xad
Eapritar dmd v mpdoPacy ot oraluoie ypomoroens xal Emaxbhouting
rmavaLeTaTpoTTG Tou ¢ dépLo, TopéyeL vepyelont) EAACTIRGTYTA %ol &TOA-
Aoy &md T& TpoBhfinaTa dopdheias dywy@y petapopic Tol PA.

H Suevepnpévn supmopoyays pé povades tév 20-50 MW wartd pijnog
w00 dywyod ®A pd SpactrpubTnres dupetddhevere tig OepubtnTag -
patvetor oixovopued xal griued) Tpog T TeptBiddov.

(y) Metpeharo

Avayvepilero ¥ meptopiopévn cuvelsgopd ToU TETpehaiou oTHY HhexTpo-
RupayeYh, Ut onpavTind Spnc pbro oTiv Tomy &opdhew Epodiaouol TEV
p) SLarouUVOESEUEVEY GUGTILLETEVY.

(8) Avavedawpeg [Inyec Evépyeras

‘H uéypr ohucpa dnpetddhevon tév onpaviixiy ATIE i ‘Earddac 8év
elvon. IxtavorovnTie.

‘H mpoypaupatiopény dweloduon tév AlIE oty fhextponapayoyh
(40%) uéypr w6 2020 xpiveton iSuxirepn Saromp) xod Slownoke ve Emreuybet.

‘H dkwomotia xud % adtovople Tig Ahentpomupaywyhc ame AIIE mpob-
nobérer Eoya DmoBoptic, xol eibidrepa Foyo dvtimoroTaplenang xel Sviayu-
ane ol ueriou.

‘H fwe ohpepa ouverogops tév AIE Basilerar xwplwg ota Hdpo-
nhexTpud, T peydha alohud mdpxe ol & poTofohTaind cueTipeTe.
"Evdeixvuton 4 Sicpedvnon yphone xal drarav doipey teyvoioyiv AIIE,
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frwe ol ‘Hiwoleppinde Suyrevrpowrinée Teyvohoyiee (Concentrated Solar
Thermal Power).

‘H énireuEn 1ol qurédoEou atdyou tob 40% tic HhextpomapaywyTs et
AIIE 76 2020 mpoimobérer onpavrixes dhharyés otic dmapyovoes Suduacies
adetodbnane, xabme xal custpati Evuéowar TV TOTURGY KOWGVLGY.

1.3. AEPIA OEPMOKHITIOY

‘H ‘Exd8a doether v& mepropioer vy aliEnoy tév dxmopnév CO, xats
6 Sdornpe 2008-2012 a2 25% ot oyéon ps vi énireda Tol 1990. OL ou-
vohuxds éxmopmés ot ydpo 16 2009 mapovaralovy abinon 24,9%, xal ol
éxmounes 0O, oty Fhextporapayeyy 10 2007 alfnon mepimov 35% ot
oyéon ue o 1990,

‘H petwon tév éxmopndv CO, oty frextpormapaywyt) elvar Suvatov va
dmreuyBetl pd o) ouppliveoy Tob pepdion Tob huyviry el Ty allnan éxsivou
160 DA wol tév AIIE 676 tehnd peiypa fhextponapaywyhe, xabos xol pe
) petwoy the Thrnome Ahextpueic évépyewre, pé drodoTinbrepn Epyoothoia
NAEXTPOTRPAYWYTIC Kol (L& TUUTAPEY WY

‘H pupuoyh v teyvohoyiiv Séopevans tob CO, EmpPupivel onpovtind
& olxovopns tév Depponiexntexdy povademy.

‘H #ewdn émapuols Tenunptworns ydpwv dmoliuevone xal 6 Sdmrd
wbatog Y& 10 Suxywplopd, T petogopd kel T anobixeven tol CO, xo-
Buototv iBaitepa mpoPhnuatich ) Séopeuay xal Thy amobixevoy (Carbon
Capture and Storage, CCS) o0 CO, v v Ehédo.

1.4. ENEPTEIAKH ETPATHITKH-ENEPTEIAKO MEITMA THE EAAAAAE

‘H adEnpévn afefordtnro mod yapaxtneller t0 peiov Tijg EAAVig
olnovoplog xdvel avayxata ) petafory) Paoiéyv dEdvev xal mposdiopt-
oGV Tapaybvtev Tob Siwpoppavouy Thv Elvuel) évepyetaxyn oTpxTn-
e, "Etou, 6 dvepyerande oyediacpoc mpémer va elve Ixavds vae dEtodoyel
v énidpauay xdle dvepyeranijc dmhoyiic otd AEII el 6 Snpdowo ypéog,
gvid mpémer va yopantnelletor dnd edehEix, dote olite va Snprovpyel
oratéhy morlTipeY Topwv o6f Tepintwey émarfbevong TévV pvnTiKGV
HmoBéoewy yia TV oixovopte, dhhe ofite ¥ dverndpxeia évépyelag v dmo-
tehéoe Tpoyonédn oty mepinTwer Enitevine Wmhdv pulpdy davartulne.
[poimélean yio iy EnlrevEn Ty Tehevtodwv slvar M) wpodfner Supbow-
TGV Ehhay @y, N Tposédxuoy Enevdutdv, N otalep) xal aliémoty vopo-
Beola, N aEromolnoy tol Suxbéorpou EAAVixol Suvarpixol xal %) dmopuyy
Brappotic &itwy EmoTnubévey 616 EEwTepLnd.
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"Eyel viebetnfel & otéyoc wob 20% yix tig AIIE, mod Eadixedeton o
40% omiv frextporapayey, 20% otig Oepuiréc AIIE xal 10% otd Pro-
wodoye. 2ty Edhada mpofrémerar 9% ELowovéumam évépyeag omiv Te-
Ay wacravdhwon 6 2016, EvBelxvorar vi Siepeuvnlel mepartépe ¥ onpacte
Tov Proxauctpav oo Evepyetaxd peiyus T Eahddac.

Té évepyeront peiype s ‘Eddac avapéveton va duxgpopomoinbel on-
povTued Evber Tév edpamaixév otdywmyv tob 2020, pé onpavroe) alfnoy
tov ATIE ddd xot o0 @A xad oldyypovy pelwon ot ypvion metpehaion
ok vyvioy.

‘H dopdrex épodixouol tig ytpns ot Hhextpxy) dvépyaa, Epboov gu-
veytobsl A tdom ypnone 1ol PA oy Hhentpomapaywyn, elvo o anuavTind
Pabud cuvdedepévn pe hy dopdisa Epodiaopol of guotkd &épto.

‘H ‘Eandda dmorelmeton dms 7,6% Ewe 9.8% ot dmodotindrnro yid thy
mapaywyy) fhentpopob kol Oeppédmyras, wuplwe Myw the Eherdng oupma-
payoryfs Deppdtrrag wol Hhsxtpiouol.

Av xal 7 teyvoroyie CCS dev Eyer mpotepandthta Hhomolnane ot yopo
uog, % ‘Exhado mpémer vie mapaxoonbel mhv teyvoroyie adth cuppetéyovTag
o EpEuviTIng Tpoypapata kol o8 mhotixe Epya the EE.

Zowwotitoe 7 mopuxoieiliney e eEénEng Ths mupmwikig Teyvohaylog
nrextpomaprywyis xol ¥ Snuovpyia Ematnuovixel xal Teyvixol wpocwTL-
%ol «eplowung walog,

"EvBeixvurar 4 avidoy evnuépmorne Ty mohitév Yk Sleg Tic poppig
NAEKTROTRPRYWYTIS, MoTe adTes va Thyouv ebpltepns xowwvixije dmodoyris.
"Evlehevuron, Enions, 1) mpocpopk xiviTpwy oTig TomxES xotvwviee.

2. ZYMITEPAZMATA

Kplverar avarysata wal Enelyouon v Suxpbppwoy suvohixol Evepysiaxol
ayediaouob v v enbpeva 10 Ewg 20 &, 6 omolog var Emnatpomoleiton o
TaxTi ypovird SuxoTiuate olppwve e Tig avdyxes xal Tig deopedoels TG
¥opas, 670 Thaiowo Tol omolou avapépovral To dxdhoulis:

* No 2Eerachel 4 ouvéyion i cupPorijc Tol dyvity dg Evepysioxoi
nouoipou Tig Embpeves dexacties of ouvduaopd pe v avdrtuln éhv AlTE
woel Tob DA,

* Na émbuwylsel Pedriwon tig dmddoone Tl hyvity pé émavampoo-
Sroptopd Tol pbhou Tob MbdvBpoxa o1 dvepyelond peiypa omiv mepinTwoy
T véwy Arywitieay AHZ.
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¢ Na Buxagoahalel 4 mapoyd) QA o6 perdov pé miv Ghoxhfpwoy Tob
wréTopTou dywyetn xal Téy oteludv LNG.

* N& Supogomoinfiolv ol mnyéc mpopileag A ol va dvamtuybolv of
oyetixéc Umodopés, Epdoov 10 DA natastel 6 Baced xadouo Yk THY Tu-
parywYT) NAskTpLehc Evépystas.

* No Efetaolel # émoyd 100 LNG, 3edopévwv téiv Suaxohidv tév
gywytv OA.

* N perwlel otaduxd ) xphon Tol merpedaion vk Hhextpomapaywys)
ward vi ordEnlet 7 Sietoduay wév AILE 61é vroud.

* Né naraonevactoly véx Epya avrinootautevone xol vi dmomepate-
fobv boo G8ponienTpins Exnpepoiv.

* Na éyraractaboly depootpifihor dvouerod wlxhou 7 povddec ouv-
Buaspévoy xixdou molhamh@v otpofihmv yio THY xohdtepy Swyeipion Tév
HETABOAGY THPAYWYTS TOV HIOAKGY TTHOKY.

* Nat émdrwylel oupmapaywyh Oeppéryrag wal fiextpiopol atig dndp-
youaeg povddes.

* Na abroroynlolv ke ol évepyesuaxec émevdioeic pé mporepoudryra
™ petwen 1ol Snudoou ypeoue xal o Snuupyin véay Béoswv dpyaciuc.
Na elayioromomnbolv ol évepyeionés Emevdiceig mol dueca 7 Eppeca dmi-
Bapivouy t6 Snubets ypéoc.

* Ni psialel 4 suupetoyd omiv mapoywyh Hhentpindic evépyeius Srelvwv
Ty TEyveloyiGv ol eblibvovion mepiostTepo Yk TV mapaywYy plmav (-
ywitinds wod meTpeholines Lovides).

* Na yiver 6 Swxaivdesy whv ui) Suesuvdedepévav wiglév pe 10 frelpow-
TIXO GUGTHLE THG YWpas KE TOv ToyUTepo duvaertd pulpd.

* Nit dvareruyOel péow Emdentined mpoypdupatog winpiic hipanxss N Te-
yvoroyioe CSP (Concentrated Solar Power), pbaoy elvar dour xod dmooydpevn
teyvohoyie AITE.

* Na évromonomnfoly ol érevdloec ot Epya AIIE pé paxpompdleoun
olxovopu BrmotpndTnTo.

* Na pehernfiolv Teyvoroyleg amolifixeuong évépyeins, Mhentpueijc nad
Bepuiniic.

* Na emavamposdioptortel T0 dvaryxraio pelypo xavolpwy vk Svepyetom
dveEaptoio.

* Na mpowblnlel Suvapind 7 éplodoyed yphon xol # Eomovbunom Tig
EvEpyELHS.
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3. EIXHI'HXEIZE

Mporetveron:

(1) 'H evdmeruly Epyewv vepyetondjs Umodouts, ) Eméxtaay TGV NASKTRIKEY
Suxtdwv petapopdc, 7 Swodvdesn vhiowy petoll toug ol pé 6 ArelpwTiG
oot wal 6 éxouyypoviapic Suetiwy Suvopic.

(2) O éravampoodiopiouos tob évepyetool pelypatos o TiE oUEplvEs
olxovoprds ouvBiixeg AapBdvovrog Hmddey Thv avdrruly, Thv abfnon Béoswy
gpyouotog ol THY Evepyslont dopdietx.

(3) ‘H peréry eloaywyic amiv ‘Eandda, wuptws 1o voouk 1ol Notiou
Aivyatou, Hioleppindv Zuyxevrpotinay Movadwy,
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AHMOZIA EYNEAPIA THX 175z MAPTIOY 2011

ANATTEAIA GANATOY

‘O Mpbedpog x. Amborohog [Newpyiadng dvayyérde 10 Bdvato Tol Avre-
moterhovtos Méhoug tiic Axadnuiac Eppavounh Apd vy xal dvoyi-
yvooxer onpelopa ol k. Kavotavrivou Bayev& oyetind pe 1o Blo xal 16
Epyo 7ol Exhimbvroc,

«'0 Kabpymoic 'Eppavounh Apavne yewigue o6 Zidvei 6 1932,
yovos ‘Exngvey petavaotév dand ta Kibnpa, Zmodduce pe xpatiny) imo-
tpopla ot [Navemothuo ol Tidver, bmov dpyioe v Si8doxer amd w0 1961
ot Tufpe Xnuetas. "Hrov Sucexpipévog avbpyavog ymuixde xal doyoniin-
*E xuplewg pe T peréty) The poproiic Soudic T@Y ynuxdyv evesewy. “Eyi-
ve ‘Evoipog (Fellow) tijc Adotpahaviic Axadnuing wal i Royal Society
of Chemistry ol Aovsiveu. [lpbogepe modda athv ENvue) xowbtnTe: Tije
Aletpanlag, tHg dmolug irefjpEe EEéyov atéheyooy.

H "Ohopeherx tnpel vic Aemtob ouyT) €ig uynyv To0U EXALTOVTOS.






ITIPAKTIKA THX AKAAHMIAZ AGHNQN

AHMOZIA SYNEAPIA THE 10uz MATOY 2011

IAIAZOTZA @EQPHEH THE EEEATIKTIKHE ATAATKAZIAY
AllO TH ®YZEIKH KAI THN ENNIETHMH THE [TAHPODOPIAZ

OMIAIA TOT AKAAHMAIROY ». [IANOY A, AITOMENIAH

1. TO MONTEAQ HD: MIA ITPOTAZH I'lA ENA AEITOYPI'TKO EYMITAN

Zrhy neplodo tijc avantulne Sapbpwy iBehv oyetndv pe ™y dvro-
hoyued) Eppnveia Thc KPavrueis Oewplag, 6 Werner Heisenberg mpéretve
(1958)! &va @urocopindic ixavomomTnd wovtére yie v EEehtie S~
Sueaota Tob xbopou pag. TNuepx, ol meplosdTepol EmioThoves ol émi-
Unrolv pise hoyura ouverd) aveihndy 7ol guowol xbopou, galverar vi
gomalovror Tig 1dec Tol Heisenberg.

Ba emiyepon €86 ) datinwor e Bulovoug Dedpnong Tév
Sradinaoiédv mob wafopilovy thv EEchktiny mopela Tol xbopov pag. ‘H
Dedpnon adTh mpognude ano v enelepyacia xxl T4 ovleoy tév dvro-
Koy 18eév xal dmblewy Tob Werner Heisenberg, 00 Aptatotéhy, ol
Karl Popper, tol Paul Adrien Maurice Dirac, 1ol Wolfgang Pauli, tol
David Bohm, tol Alfred North Whitehead, xoi tév cuvaxéhovllwy i8edv
e mpaypaTioTife Yuyohoying Tol William James, xofldsg xal pe dvo-
popd oTig xplowpes mpbopates EEehifeig e Kpavtixiic Oewmplag xal g
Oczwplac the MManpopopuetic. ‘H dxpifne totopud) xaraywyh adtie g
avrohoyiuts Oedpnong wob elvan dyvworty. Oa Eleyn whg ol Paoixes idéeg
ot Swxtumdfnay otd Pifiie tob D. Bohm Quantum Theory (1951), pali
pé oyxeTwnes puhscoguxés ambeic ol K. Popper, fioav xabopiotinés yua

1. W. Heisenberg (1958), Physics and Philosophy, ch. [1I (New York: Harper and Row).
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) popgomoinay) Tév idedv Tol Heisenberg mepl «hvrixeipevinidv Emppe-
Tetdv) xal TN guoyéTich Toug i THY dptototehud 18fx Tic «Suvauen
xatacTdoewe 160 EEehioabuevou ouaixel xbopou.

Sy otota g, % xevrpuey i84x ol Heisenberg, dvioyuuévy dmd tig
gmberg Tob Dirac xol dmd i8éec tév Popper, Wheeler xal &Aiiwv, elvos
g T «roxTomixd cwpatiSian, 7 wwpatooopatidom, Sniadl T
«oTouyeLmdyy kBavting pawvbpevan Tol pixpbroopou, dEv agopolyv of
umpaymaTixd garvéuevan pE THv Evvora Tc puotkiic mpaypa-
TixéTNTAg, fMwe abTh dmwoppéel dwo THv Eumerpla Qo

‘H puotneddng Spaotrprétnta TovV Hmoatopixdy patvoévay poive-
To TTOrg elvae Aoyexd dodpfaty pe i iBéTrTes «tiic Tomxdic Spdomen el
g Whvaywyikic mpoaéyyianey’, Tic émoieg Sixanoloyel 7) dumetple pog
ol Umootnpiler ) whaowy Quoued. ‘H fpprvela tév mepapaTindy de-
Sopévesy drmuntel Ty wAnpopopraxy émebepyacia TaAY AetToup-
vix&yv wopedv tHc xivnene xat tig cuvdeTixoTnTaC.

Avagepbpacte ot admiv Ty dvtohoyind) Dedpnorn Tig Eehxmixiic wo-
petac Tob wbapov pag Gg «Movréhe Heisenberg-Diracy, # év ouvropia g
«Movtého HD».

2. H ONTOAOT'IKH ITPOTAXH TOY HEISENBERG

‘0 Werner Heisenberg® mpdtewve fru adtd mob Od dvopdlape wpuowy

b wdmotou guyxexpiévou QuoLkol

rathaTon Tob Evepyol mepiPaiiovrog
PAVORLEVOLN GVHQERETL G Evol GUVOAD (AVTIXELLEVIXGY ETLPPETELGVY,
Eva eldoc dpiaToTehueic «duvdpetn xatactdoews Tol évepyol mepifaiio-
vrog tol éfehioobpevou guoikel gouvopéven. Agopd THY xuvAtbpe-
vy idubtnTa THc «SuvnTixdien oyéccwg Tol «mplvn pé To
;

CRLETED.

Me adtv Thv mpbraay, 6 Heisenberg aiialer 76 torio tHg eEehmTinds
Sadixasioc Tol xéopou wac. T uéhhov 8ty Paoilertar mhéov of adté wmod

2. TLA. Avyopevidne, H plodda toi feolroxov (Eoquxa [pappore, 2002).

3. W. Heisenberg, £.4., anp. 1.

4. Tt advepyd meptPdidovn 1ol puaixod puvepévey xalopiletar xata mepinTo-
an &t THY xukibpevy urposeyyiatu) GproBémyon» Tol pavopévou (xep. 9, onu. 6).
Avorposappéletar of yhpo xol ypbvo dvoddyws mpde Thv natk mepinTweoy éEeh-
wty Sradueaaio ol pouvopévou.
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elvawn, dnhodd ot maperldv. ‘H ekt Sixduxacia «dév ompdyveror
Tuphdn & 16 moperoy dihd EEapTiTor dmh adTo «wol wwopel v elvoun.
Té pérhov 82v elvar dedopéve, brwe Ok Eheye 6 Ilya Prigogine. AdTo o
0% oupPel mpoypatind «Eixetor Syplovpyind o TO pEAAOW, &pol T0
auvapen elvar axabbprioto péyper thv ExPaoy, dpol T0 uékhov pridyveTor
dpevpetind ot xdbe Aentod Thc eehunmindic Sraduaciag. Od Eheye xavelg
moag ol EEedinTinég emppémeteg i Piarg xabpeprilovy ué xaroiov Tpdmo
wric uvijpes ob pédhovrogn. Kpateiote admiv ) Oepehimdy Sragpops o716
vol ooz

‘H 8ubtnra Thg Eyyevols «dmppemoic ouvdetixdrytacy (mapLotdve-
T pé w6 obpPoiro V), Snhady % SbtyTa tHg «SuvyTdion ayfoeswg Tol
wmplvy pé 6 «petdn Ty drola wpbteve 6 Heisenberg, wpodixypdpet Thv
xoravoun Ty mbavorhtey «rdv év Suvdper EEehiTindy SUVATOTAT@YN
nol B Sixpoppdiaouy Thy EEehuxetiny mopelo Tol Tomixol weptBiiovrog.

‘Egapudletar ot Bheg tig whbpaxes, dwd tig dmoaTtopwineg xhipa-
xec Tob pixpbroopou péypt Tic xAipaxec woAuvmAoxdTh-
tag ToHvV avlpdmivey xotveviéy. Adtés ol Eyyeveic avtixepevindg
Emppémetes wob dgopoly Tie «Buvdpew EEehintinés tdoeg Tol puoixod
pavopévou 8év elva TapaTnphioties, sivan pévo CTATIOTIXG TROGLOPLGL-
uec, xxl dgopolv Tic py dvaeotpéiues petaPdosic dmé 6 «duvdpen
oo «dvepyelgn. O Babuol Spastxbryrag e «émippemoiic suvde-
TixbTNTHLY petplvror amd dvtiotoryouc Pabuode mbavétrras. ‘H
éxdatore dEchintiny) ExBoaay Tol puokol goawvopévou, drpdflenTy) Ex TV
mpotépwy, xxboptletar pé oratoted dxpifeia dnd 0 Pdon «plyvovtag
wh priacypéve Chpix Tron, dv Oehfioer xavels va yprioipomotioEL abThv
v Exgppaon G¢ dmdvrnor ot Yvwst épwtnoy Tol Einstein yuk 6 dv
Bvtwe «f Do malle Lhpron. ‘H petafoascy dmd 6 «Buvduen 616 «évep-
velgn elver ik Eyyevie mpaly «hertoupyikd xareubuvbpevnn, brwg. ba
eEnyTiooupe oY quvéyela.

“Eva oqpavtind dvtixeipevo Egeuvag tic Puodic xal i 'Emethpne
tiic Nhnpogopuntic ofjuepe elvar va Bpolpe pé mords Suxdikasics xal pe
motodg xovbvee wgTudyvovrar T Cdpue Tie Pdonen, dnAxdy vi mpoo-
Swoploovpe pé mords Swdixacies Emhéyovror ol xatavopis thv miba-
vorhzwy wob xaboptlovy Tic «duvyminde EEehuenixds dmhoyeg Tijg Plangy.
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3. ZYNTOMH INEPITPA®H THE ONTOAOI'IAZ TOY MONTEAOY HD

3.1. KINHZH KAI SYNAETIKOTHTA

Ta orouyendn ouortaring ol xbopov pug elvon A xivnon xel § cuvde-
TindrTon "Ohe Tor Dmdhoume, G Gvrireipeve xod puokée Stadaates, 6
H6pog xai & ypévog, elva mapdywye Wivnong wal cuvdeTbTyTan.

Kivnon: Zta Eoyata pux thg dvalfitnene tév wotoryeiwddy ou-
otaT®v ThHe OAngn Pplowoupe pévo v duiy xivvon. ‘H xlvnoy elven
7 Eoyory abvio BAwv Tev Elehuinéy pavopévev Tol xbouou pus. LTo
Bépo adre mpémer va mpooéiovpe Gt ol Bepchiddeic Ewvoreg ota Spdpeva
Toll puxpdrocpon 8év elvar Ta «owpatidien, elvon of petamthoeic xai ol
petaoynuatiopol, dniadi elvar o @xfavtinsd cupBdvran, elvor % xivnoy
wal Byt To dvrexelpeve. AbT) ) dmavastated) dvatpomy) ot Seomdlovon
vootpoTia wis Aéet mog «wtd yiyveolar mponyeitoan Tol elvown, dpol wrd
yiyveolawn, Svhadh % xlvnon, mailel droguoiotind pého oTiv xataokeus
7ol welvawn, Tol atoryerdhiovs cwpatidiou.

Kat’ énénrooy Ty napatnpfiocwy adrév pmopolpe v molue mhde
welvoun 3év Eyer vénpo yople 16 wylyvesBuwn, xol mdg xal adth % 18éx
Thg «hmapbnen Bév Exer vinpa ywpls ) SuvatdrnTa The dhhayTic, Snhady
Awplc TV xbvney. Av t6 xahooxeprel xavelg, odty 7 dmody, mépa dmd
amoTnAss peTopuotnis xal puoTiiaoTike Emextdoeis Tig dmoleg wmopst va
bmeviooetor, elvar Depehiwddc Wnomnuovindn. "Towe v dmotehel pid
wod) dpyd) Y v xatavoficoupe THY xBoavTind) cupmepLpopd Tol yaoTixed
KOGLLOU oG,

ZuvdeTindryra: O Bavpaotic wbopog poug dpetier thv eEehuetiey
dnuLovpYGTHTE Tou xol THY dmépovty molumoikihie Tou xal oty &hAn
eyyevy) idbTnTa T¥jg Emippemols ouvdeTinbTyTag g Plare.

Méoa dmé «riv mhnpopoplans avriindy ol yiyveshu, 6 xbouog pac
dev elvar pbvo adtd mob patvetar, Snhady Eva morbmhoxo Suvapixd Béatpo
DALGV dvtietpévoy xal puotk@y Suduaoiéiv. ‘0 xbowos pag elvar, athv
olola, Eva ameptpLoTo ToAYTAOKO Suvapixd Emixowmvioaxd Théypa éwe-
Eepyaoiag, épprveloc wal émxowvwviag «poppdv xivione xal émppemoic
GUVBETIROTY TGN,

Mmopobue vo wobpe, fru:

«O dvrihnmrde xbopoc elvan 7 uh) avrhngnth dpydvoan kivyong
wol Emippemolg ouvdetikdrrraey. T Buowd dyals Tie Emxown-
Viakijg avrahhayc elvoe 1) whAnpopoplo.
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Mrnopobpe dudupo v& mpoobhécovpe 6t dv xdtt Sev xuveltar, 8-
Aadq 8&v airaler, 4 3ev cuvoyetiletar, 8&v cuvdéetar pe xdTu
&Aho, Thte 3ev Omdpyer. H Ewvorn t7c «inmapiney, dG¢ &vialo
ouvextixd «bhovn, dvayvwpiletoar, dniodn amwontd «ravtdTy-
Toan, pbéve ot oyéon pé t6 weptfaiiov.

3.2. ETAAOTIKOTHTA

"Oha Ta «puotd gotvbuevan, Ta HAtd dvrixeipeve xal ol puatxeg Su-
Suxaotes, Snhady Bheg of 2EehinTinds poppéc Tol xbopou poc, Eedimidivouy
Thv mpocwpivy, Umapiraxy Jtadpopd Touvg oTd cuuBatind
yebvo wal y&po, xal dumiéxovron ot ik dréppovy iepapy iy GLA-
Aoyix® mwAnpogoptaxy émefepyaoio wul dmxowvavia, pe abinoy
ThHg moAuTAOROTTIG Kl THG Emxovemvtaxig SixTiweTe.

‘H mnBuopnay Spaoy tiic mhnpogpopuantic énefepyaciog xal Thc Eme-
xotvwviog TGV popedy, Snhadn A «oulhoymbtytom, yapoxtrpile mavrtod
iy eEehuetiny) Sradiaoio Tob wdopou pag. Mé dmha Ay, 6T Quowks xbopo
uag, T wpdpocy Eyper vénpa nbvo ot oyéen ud Ty «SRETTIY .

‘H énefepyasia tiic mhnpogoplog xai 7 auveyc eEchuetiy Emuovmvia
TGV poppdy Tol xbapou pag droterolv 1 wiyevh i eEénEne. Elpaote
ot Oéan va Sraxpivovpe v mayxbopia éEehnrier Swdieastio Tol «ylyve-
oo deg wa lepapyina dEehioadpevny Suadukacio (dyrdedwuévay tpado-
notfioewy xal Sukyuong povopévev-yéoo-ce-gaviuevan, HTo T Enidpa-
a1 Toméy vrorgtapévey medtwy Suvauewy émppenolic ouvdetudTrTag,
W, mob Snuiovpyolvrar éyyevie oty Dber. OL Suvapers émppemoic
ouvdeTinbTnTag dmoxtoly (Siaitepn onpacia otic bpadonoinoeie Tij¢
avlpamivng xowwvias.

Elvar anuavtind v Suyweoet xavels &v 7 éEs}.m’rm‘a’] mopeia 700 xbopou
wag uorouBel xdmote (mwrsuﬂwup.swm emppery) ouvdeTindTyTan, ) Grola ﬂ&
LT0p0DGE Vi THY TTROLXOB0TAOEL [AE KATTOLE CoXROTRLOT T,

3.3. OMAAOIOIHEH KAI EFKAEIAQZH + AIAXTEH

[ p.r.a'. p.zyoc}r.-; woTryopio Suvaikdy patvopévay Tob lerrnupyuuv o=
wpia o looppomia, «pixpés, dubpr ol drepoehdytoTes, SoTapuyes pmogel
va ewayuboly xal v wpoxahéoouy peydia 7 xol xataaTpogd dmoTerécLo-

5. M¢ udmotov tobmo abrd 1o dElope Bupile: w0 yaparthpe Tig puatkieTidc
wothosoglag Tév dvatohuwdy Bproxaitiv.
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ta. Térotx whorabin Suvapued poawvipeva elvon eldinol Evdragépovtog, dgol
Slvervron v Snpiovpyfoouy vées Lopgec puivopévmv.

Trdpyer mhnbapa petantwtinéy gowvopbvay ytovestiBadecy ot
Doy xal otig avlpdmives xowvavies, Ta omole pehetavrar. [lapxdetiypoara
éxtetvovron (1) otic avBpdimves xowvwvie, drweg ol Susavihoyes émBodastg
Peudiv eldNoswy oTHY TOMTIAT 7] 6T0 ¥pYRaTioTe, (2) oty xohnmduwyé-
vo xbopo Tig Teyvohoying, fmme ol Exnmpovtixol fyol wol mwapdyovtar 4md
SuntdEers peyapovay xul puxgopovey ot aillovoss durélewy, xul (3) o)
Do, b ol dnpbopeves xataoTpopes mob propel vt mpoxahésel v 6o~
htévio (Toouvdue). Amd Tapdpotes Eumelpieg LOPPOYEVETINAS CULTEPLPOPES
pooeptd &mo THY loopgomin dmoppéer xal N maslyvewetn @dinyopla wob
SvapEpETaL 6TV TETHAoDSo, ol Umopel pe T SweTopayy] oL TeoxAAEL TO
yrlmonpe Tév grepdv g o1t Xovyx Kévyx va mpoxahéaer drpoopoipin)
Berhe oy Abfve. X Téroleg mepimTioeis xdvoupe Adyo vk «sdatabny
eEdprnon &t Tig dpyixes auvlifjxeon.

[evindrepa, M EmoTnpovins naputhpnon wic Exer amoxaidfer wanbhpa
nepintwoewy Gmou mAnluouol custatixév peplv petanintouv 6t wou-
wpof'qpévs.; nol Eyxhetdwpéveg dpadomornoeen Hme TV Emidpaoy) medlwmv
Suvdpewy, xaTw amd wataAhnies ouvBiines «dvouy g Evepyelaxiic Emuot-
voviog pé 1o mepufidddov Toug, paxpa oo Oeppoduvepy isoppomian.

‘H &vrova Sutvwpévny oudhoyidtyre, 7) manbuopiaxy) dpadomolinoy
xal évratixomolyoy tijg mAvpogoplaxic Eénelepyaoiag xal émxovevisg
peTaEl TOV LopPdy TOD KGCUOU Ras, YopaKTYpLlel Tig W) AVTILGTPETMTES
Eyyeveic EfehinTinds Sradinacies 6 Hheg Tic xhlpaxes Tol ywpoypbvou xal
Tg TORUTAORGTN TS TOD TOAUTOLKLAOY KOGLLOU [LUC.

Xapoxtnprotines elvae ol wowiheg wdpadonmorfoeig xal yxiedhoeigy
Biaitepe otov EpPio xbopo, pi Tic dpadomoviosis Lhvtwv Spyavicpdy,
e Qapidy, mTnvay, pupunywidy, 7 avlporwv, whvrote Hmd Y
entdpooy medlwv-Suvapemy (EmLppETols CUVBETIROTYTACY. ETHY TEpLTTM-
on ThHe xowvevixds opadomoinone avlpdmey mepthapfavovror wal Suk-
npocwmird medla ahhnhemdpdoeny, drwg elvon ol Suvdpers dydmne, otho-
Solag, Exdlunong, nhm.

3.4 DOOPA KAI MOPOOTENEZH

Zhuepn, &v ToAhols, Eoupe xaTavonoel T ouvebinky plopic xal wop-
poyéveane ati) Poen xal oy avbpamvny xowmvix, dviady v Eigoppo-
mnuévn Spdayn Bbo dvrioTourwy eiehtindy mediwv. O awoeis plopiic xal
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HoppoYEVESTS GUYTEAGDY TouToypbvme otV amoddunan xal THY Avavéw-
an. [pémer v& onpedoovpe 886 g, pe AV Tautdypovy cuvekéhEn THg
@bopdic wal Tijg poppoyéveons, 7 avaduoy Tig TOMTOWAGTTAG VEWY
Sopdv wal oupmepLpopdy Tpodyouy TH ASLTouEYLKOTYTE TOU XOOUOU LXS.
"Oréudnpog 6 xbopos tic péovoas xivnone xal T suvdetinbrntag,
6 nbawog med Bhémoupe, mod dyyifoupe xal yvwpilovpe, elvor T mwpoiow
adthv Thv 80o xabopratindy pevpdrav the Anuoupyilac. Me &hha Ayra,
fx pmopolioe xavelc va el mog 6 xbopog poag «EnidveTory wEoE T TioW
ol whpuiveTonn mpog T Eumpde.

[lég pmopel v tonpralovy oo EEchuinetind mwhalowo Tol wbopov pag
adtic of 8lo dvaynaiee ouvelehntinés Siepyasies ol maynbopion yiyve-
afa; Tléig, pe v dppovinry cuveléhln tav Suadiaaiév e pbopic xai
The wopgoyéveore, xatagpépver B Vioy va Svurovpyel v amepiépiaTy
romontAdTyTe véwv Sopdv xal cupmeppopdy; Elvar ompavting va
guihdPoupe  Spapa ol Evappoviler adtes Tig dlo dvayrales xal cuvep-
yatide Suedinaaieg tiic Plore.

Tiarl v Aerroupyel N ofopd xai 6 Bdvatog pall pe ) Svuovpyne
$EENEY; Miimog elvon yearl 6 whwhog wyéwnan-plopa-Odvaracy ELaopaile:
Thv GmapattnTy dvexbrdwaoy e Draple oty mayrbapa Suaduaota 700
viyvesBay; Ti pmopst va eEacpaitler, xul tf pmopel va dmodnimve 7 ypo-
vixd évtomiopévy, memepaouévy kot TEoswRvY (BLoTpo)Ldn TGV RopPiv
tol xbapov pag xol tob avbpdmou, anbun xal Tob (8o Tol Zdpmavtog,
oyeTiedk pd T guotoyvapie Tob xbopou pag; Tt Toumay wod Lolpe &ha
Eyouv ple fuepopnvie Mtewe.

‘H Eehuxtind mopeta Tig puowniic mpoypatixbryTag wposavatoAlle-
7or ol Pploxer 16 Spdue The dvepydivrag péoa amd Evav adToavapopiksd
«Bpbyo dvepyerantic wivnane mpbe ta dumpdon xal wivadpaoTixfe TAY-
pogoplaxiic xivneng mpbc T& wown, dmwe meprypdpeTar oTig dxbicubeg
eixdvee ouuPolndy dvamapaoTdocwy Tév Evwotév Tig eEshuetintic Suadi-
wacboch.

6. Avarbovrot oo Ut Exdoaw BiPilo pou 1o Seploddiopa Tov feplroxov.
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3.5. E'TENEIE EEEAIKTIKEE AZIEE KAl KAINO®ANELE IAIOTHTEZ

Ot evdeifeig mob Umapyouv yid v ekt lotopla ol Zdpmo-
vtog, 6mwg duvkpeba va oupmepdvoupe GO TR PUOLKE AYVAPLX TOD Trot-
perlidvrog, elvar 7t 6 puoude wbopoe Exer dnolovlifoer plo adudiermty
EEehwTiny) mopela, &wd 76 ydoc TAV TpHTLY oTLYRGV THe Avuiouvpyiug
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uéyot v dmeptopioTon mouuhdTrTog 6t SuTion Kol AstToupyRGTYTR QuU-
6uh wbopo mob dvtiapfavépacte afpepr. Me v mpaty Eupdvier thv
apyéyovmy sustetixéy thc Uhng, T omola 6probétroay xal xaldpt-
aav tic fvoieg Tob ydpou xal Tob ypdvou, 6 dumav inédaile wul ou-
veyiler va émdeivier i orabepd pomn) wpoc odvbesy), mohumhondryTa
®al Sragogomolney,.

ATt Th TEMTH GTIOLY THC LOPDOTEVETIXTC EEeheTindc adinaalag TTol
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axododlnee o Meydhn "Expnin, uéoa dmd Eva évepyeromd peiypo yaous
THC TRPOYEMUETPIATC TIEPLOB0Y, Kul METH, WK TO Do wpLoUs TGOV Tedlov
Suvdpenv ol matebetar i dpelieton 68 pis andTopn SweTold Tob ywpls
olvopo xal ywple xévrpo Simhwvipevoy wympoun, mpaypatomouhpoy ol
Siadinacics ahhnhemidphoewy ThY rpyEYovGV SUGTATIRGY TS dxTvoBoiies
& . b 3 3 3 ! | = Ll |’J & v ﬂ . |

wal The Ohng, pé iy émaxdhoully vouxkeoowvlesr, T oivllzay atopwy,
ROpLeV %oty Evaoewy, xul UE THY lepapy s avamTuly The TepdoTias
Totrthbog TGOV Sopi@y ol (ASIToUpYI@Y) Loppiv T1 bhng, TGV «Eyyeviv
EEchTinaiv &EuGivn,

EZénEy, Tob EGpmxiroc Xptwc
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To avartucotpevo dhuotdmTo TASYRa TOY EYYEVGY AsLToupYLLGY Kol Bo-
paxdiv iStopoppéiv Tol niopou pag, Tig Gmoleg avapépoups bg Eyyevels Eehi-
wrgs ableg, apopi xatnyopies edoTtaldy adtocuvtpolipevey pLopphv
Leporpytna adEavbpevns TOAUTTAGKROTTHG, &7t To oTolyeLmdn cwpati, Tolg
TUPTIVES Xl Ta ATOpK TOU PUKEOXOTUOY, LELEL TOUS AOTRILONS Oy TIATLOMOUE
700 SuxaTpatos xal T Pohoyna eidy, Tov wivbpwmon xal «rig avllphmves
xowwvieg Town (Eb. 2, 8edtepy omiin dmd dpratepd)’.

Of &yyevelg éEehuuminee dEleg yapoetnpilovron dmd adfavipevy wolu-
TAORGTNTOL KoLl EVBOETLROWGVLEKT] BIXTUWET,,

[N vae dhordnpliooupe adThv T ouvorTid Tapoustaar TGOV EyYEviv
eEehntiediv &by, 0% dvapeplobue emypappatina xal oty Eehintiny)
avaduon TV xvopaviy eldomotdy ISot)Tevy Tod druitpémouy Thy &fe-
hwried) dvarTuln véwy eldGv wal xatnyopt®y DAy dvtixepévov (Ebx.
2, TEWTY OTHAN &ATO dpLaTepd).

N mopaderypo % alinon e mohumhondrnrtoe ol ThHe évdoeminot-
voviordic Suethnane Tav poptan®y EEehuTinGy TpoibvTwy Tpoxdlese, o
BaBog ypbvou, v dvdduey tijc «otepebmnragy. ‘H dviduoyn g xowvogpa-
vollg iBtéraroe tie ortepedtrrag dmérpede Thv dEchitind dvdmTuEn véwv
KOTHYOpLGY, TGV (oTepedv cwpdtwwn. Molovét. ofuepa EEnyolpe xal
KATOVOODIE TIG ASKTPOUAYVATIXES (LOPLaxes Suvapels Tol TTpoxaholy THY
Bbtnree T atepebrnroc, alth Sév Ok propolioe vi mpofhepbel dg dEehu-
®Ttx Tpoity THc Topelag Tob TiumavTtos At UGVe TH YVMOT TGV LopLaxdy
Bothtov. Té 8o loyler xal yid &Aeg dubtpomes bhtotines idbtee, Thv
OypbTrTe, Th Lo, ) vinen xal ) cuveldnoy.

Na onueiwbel &, péoa amd &va ypovo-xuvibpevo Ppbdyo adto-
aveepopdls®, ol dyyeveic Eehimtinds dkleg ol wbopou pag xivyromotoly ol
roeteubibvouy Tov 180 Tov Eyyewy) pyaviopd wemhoyiien Tig Plang, atov
omolo avagepbfixape ot oyéon ue ) Sutdnwan tol Zehmtined povrélou
HD, xul 6 6moiog pe ) ostpd Tou T Statnpst, Tig wpodyet, xal Tig Gva-
Boubuiler. 'H apofata oyéarn arhnhentidpuons waitiov xal drortehéoputoon

-

7. Kot mhy mhatwwny) &moly doopolv Tig t8eatic Sdhoxinpdoets the xa-
Tyoplag Tév dvTiepévay.

8. "Ohot pag ywwptlovpe tig mapafeves ouvimease tév Bpdywv adTosvapopis wob
morytetou T vomo, dpol f «drfBeian Tous suvemayeTar THY wkvainbedy
TOUG.
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petakd Thv Eyyevav EEehiuTindyv Erdv xol thv EmhoydY THC
Diong yewwi xal vareubiver 6 Ouvpastd, Goo el alveypating, xéopo wag.

Amé iy mapathpnor vl THv Epunvela Tol ywpoypovikol mhéypaTog
iy EEehnTintv «dELdvn 1ol Tidpmavres wal &wo T4 wehéty Tie dvddu-
ang TV Crawopavey IBTHTOYN Tob dvapépaue, cupmepaivoups 6T 7
ouvepyasiax ThHe dhoxdnpwoipne xutatyteTIxdc dpacTrpLoTTas
ol pixpbroopou e To gorvbpeve Tol guokol xbapou Tic epmetplog
Tapdyet EVoy TREPLOGOTERD UAELTOURYLIXGY KOG,

3.6. « AEITOYPTTKOTHTA» - APXH THE ITPOATQIHE KAI AEITOVPTTKOTHTAZ

‘H pehémy tic dEehuerindic Snuovpylag tév Sopuxéy xal Tév Aettovp-
yidv poppév Tob puoiked xéouov, ot Pabllog ypdvo, Hredniave bt 6 So-
et ol Aertoupyind mpoglh Tol puatxod xbopov 8&v xivelTton Tuyaior, AR
&1, ot Pdbog ypdvou, péer pé thon wmpoaywyTc Tiic AStTOURYLKGTHTAC).

* ‘H «rettovpyixndTnTan tol guoiwol xdouou opiletar o1t ebpiTe-
oo mayxdoue ywpoypovind Béatpo i eEehutind]c wopelac Tol Tdpmo-
vtog, xul 7 TpoaywyY TNe éndnhmvetar ot Bdllag ypdvou pé TO tepapyind
Eedimhwpa xal ) ouvduaatin dhdnienidpacy xat dveBabuion Tév yopo-
®INPLETIRGY Tayrbaulwy SEehinTindy iBopopedv, Tic dmoieg dvopdlovpe
ugyyeveic eEeitnTinec akiegn.

Ob 2yyeveic efehumivee afleg, mobd yapartnpeilovy 76 SEehinmind
mpopih Tl xdopou pog, émdeueviouv iepapyuwr) wpoodeutind aliney
e noAUThoxSTNTRS %ol THe Svdosmixowmviaxic cuvdeTtxbThTag TV
wdyrherdwuévown pepdv Toue. [lpodyouv T hevtoupybrnra tob &fe-
MOTOUEVOL KOGUOU LUE Kol TPOCPEPOUY EVTUTIOOLAKES TTROOTITIXES VLG THY
waTavenan Tl Tedmou we Tov dmoto éiehicoeTar 16 Tdpmay.

* ‘H &modm iy émolo mapovsidlovpe 886 Gmootnpller 6m 7 éfe-
Avetind, mopeta 7ol guoikol xdopov xabodnyeitar amd To
wpmyaviopon pric Beperrddoue, wpooavatohtoTinds dpy ¢
«mpoayYwyYTs THE AsttoupyixbéTyTacy Tol Zhumavrtog (<A>),
% 6mola mwpoodiopiler pé oraTioTiny cuvémeto TV xuAibue-
vy éyyevy Srapbpgpuey Tév mlavorhTwy Tic Tomikig Emip-
pemolc ouvBetixbrnrag ¥, tol puoikoed mepifaiiovrog, wob,
ué tH cetpd toug, mpoodiopilouy xal wposavatoArilovy THy
¢EedxTiny mopeta 6AdxAnpouv Tod guoitxod xdéopou. 'Evde-
yopévwe 1 <h> mhourtiler pe vénua v EEEMETN Tol gQuot-
xob xbopou (Eix 3).
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‘Emippemneis i“‘ K
uvBeTid TR TES i

Ebe. 3.

* Ao Thv mapathpney xal Tiv Epunveta 1ol ywpoypovixod mAéypaToc
Tév eEchuntingy &Ei@v Tol Tbpumavrog pmopolye vi oupmepdvouue 8z 4
mpoaywYl Tig mayxbopag Aertovpytdtrtas Tol xbopov pac mapdyer
€vay TEPLEGETEPD (AELTOLPYIXGN PUTIKD Xbao”.

"Ohar adrde péype w6 xarphe Tig dppdvions e avbpdmvng frapkne,
xatt mob ouvéBn péhig xatd T Tehsutala dvodapl Tiic wapbypovie
nal pavtaspeayopiniic Eehntixdic mopelag Tév mepimon Sexamévre Sioena-
toppupleoy E1év g ¢EénEng toll wéopou poag. H dvdduoy xal dvdrruby
Tis «Cwiien, Tol «voln xal tic «ouveldnonen ouvéBy ndpa wohd Tobopu-
o 078 ThavnTed «Beppoxdmion tic D, xal mbavéic xad ot morhdk Eiha
Tétota mhavnTied «Beppoxvimian ol Ldpmavroc.

3.7. ZXEZH MIKPOKOZMOT KAl ®TEIKOT KOEMOT

To Movrého Heisenberg-Dirac dmodi8er ) Snpiovpyio xal thyv ek
wruen Swdinaota ol Quaikol xbopou 6Tl poppoyevetixds suvepyasies
ol pugTnpledoug wixpbroopou pé té puod xbopo Tig éunepluc.

Trd tobg mepopropols Tiig émotag Brubéorune meprypaspiic Tob oror-
yermdoug xfavrinol porvopévou, Bétovue To & l-:pm‘nqp,-x 1é¢ Oa propéaou-
LE V& guoyeTicoupe TI) Bpxampzém*rm TAV aivypaTindy oTouystmddy
®Pavtinéy guwopévey pé Ta mopatnpodueve Qauvopeve, SnAxadd ué Ti
Dhuwa avrielueve xal Tic 2Eehiuminds Swedinaclec <ol pampooxomxod
puotxol xbapov Tiic éumeipiac; Ilag 4 Spadomolnen xel dyxieidweon tév
pawousvwy Tob puotkol xbouou umopsl v oyetiletar pé Tic mapddofec

9. O& pmopolees v& drostyplie xavels Sm % Sudomuy xal povaduch i8éx o
Aapfivou yid Thv Eehintind Sduasia tiic Dbane pé émpBlwoy tob RaTEAATAGTE-
poun elvon obawxartied ik elduey mepintoon dvie yevrbrepou vhuoy wob dvagpépetar
oy Eyyevi ekt Téoy tiig Plome 1id Thv «dmBlwon To0 SuvnTuck Théoy et
ToOugYTLKOUN,
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GURLTEPLPOPES TMY aToLyEtwd&Y xPavTixdv puvopévey 1ol pixpbrosuov;
Amt moud dvoryxrendTnTe, 7 Omola mopoével dxbuy xol ohpepa wépa dmd
THY xatavdnor pag, T6 orToryetideg xoavtind povépeve Tpoxdmrel bg )
mhéov Oepehuadng Siepyaaia ot Snuiovpyle thc puowdc mpoypatinbrn-
Tag wal Tiie EEehnTindic Brxdixaotuag Tol puoikol xbopou; “lowe 7 Epeuva
mob Od Eeoxemacer v adviypotied dveryrondtyTo TEY oToyetwddy xBa-
VTGV povopévav pilg amoxehier «dva drro Zdpmavn, xal Evdeyopévag
VI TPOLKLTEL TOV XOOPO oG (e ‘vomue.

AdTo elvon Ever Baoind dpdytnpa. [ mhv xaravdnoy, xal évdeyonévag
v tov Eheyyo thv Sdueacidv cuoyétions tol pixpdroopou xal Tod
poaxpbrogpon, e mpéner v dvantifovpe i loyupy xal dmoteheopaTiny)
wouvduastinl Aoyvrotixdn. To xohoooraio adtd pabnpoatixd medPhnpa
elvan TepdoTiog onuacioc Y THY watavbney thHe eEehtueic Aettoupytag
70D puoLkol xéopou.

3.8. TA OPIA THE EZEAIKTIKHE AIAAIKAZIAY

Té Movrého Heisenberg-Dirac fewpel &t va Spur tig #Eehixmindic Suadi-
raatog Beloxovrar oy alénen e molumhoxdTntas xul 6TV TEoXYWYT TS
AerToupYibTTag TEV Eyyeviv dEL@Y xol TGV xovopuvév iStoThTwy, xod Syt
oe Y wpoypovixd cUvopa 1ol SusTeAhdpevou SuaThpatog, Tol lhwoTe alto-
nepiey bpevou Lopmoavrog ol Sev Eyer Spua 7) xévrpo.

Ta onpepwo bpx Tol EEehioobpevon nbopov pag Belowovrar othv
avlpmivny xowvewvio, Av adth) xai ol dhheg i8éeg tijc Balovcag Oepn-
amg emupwiotv pe pabnuaronol cuvéneia xal pé rapaywyuol cuoyétion
pe T TapaThpven, wol pé dhhes Emnuvpwpéves Bewples, diote va pwo-
poliv va otnpilovy ek véx xal Swxpopetind dvtikndm vk thy EEehuetinn
Srxdunasia, Tote ol dmmrdosig athy Juyohoyie pag, oty prhocopia xel
) feodoyia Od mhpouv pid xouvetopd Tpomh. Thpepx pmopolue pévo
va molipe g ol Evdelferg wob bmdpyouv e v arnlogpdven tév 8edv
adtdy sivon evBappuvtinée.

4. EDAPMOTEZ KAI [IAPATHPHZEIZ

Eivon dpérpmreg of Suvardtnreg Epapuoydic Tol Movréhou HD., lawe
vo uhv propéooupe ote v mpoPaddoupe pé duplfBeia wal pd mhnpdtnTe
76 perhov T mhnbuopiaxijc EEehntindic Suadinaoiag. Opwe, mpémer va
YPMOLLOTIOMAGOVYUE Tig Yvmoelg ol To brohoyiotued péoa mod Sraxbérovpe
yia vo TeApooupe pwua pluer) dvaledpnon tév mepropiopévay dvtiie-
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wv mob Eyouv Suxtrenlel d¢ Tig pépeg pog oyeTiva pé ) bBewmpnom Tic
eEehmtindic Srudinactiog Tol nbowou poc, oyetind ue v iSubpoppo yo-
paxthpe Tol gawopévou tie Lwfg, oyeta pe v Idurepbrhre TG
avBpdymivng Umaplne péox ot Proroywwd EEEMEn. 'H iduurepbryra T
avlpaymivne mapovsioe dv mepopiletar ot gowbueve e Lofe. To
uvathpto the dvipamvng mapousiog 8év elver 11 dmdpyoupe, dhha STt
yvwpilovpe, xal dxbpax meproadrepo 61 Bavpalovpe, d11 Exouvpe
cuveidnon. Elvar xaipde va éxtipnooupe Tle xowwvikes EmnTtaoels mol
B mporidouy amd adthv THv dvabedipnoy.

Kol xdr dndpo ol dpopd v watedluvor tijg eEehntindic Sixdixaoiog
g nowwving poug. ‘O dvBpwmag 68nyMlnee 6e wia dmepionentn wupapyio
o710 meptBddov Tou, xal cfuepu dmetheitar dmo T Pla, TH melvae el Tov
Shellpo. Zolpe of Eva pinpd mhaviitn pé memepaouévoug mhpoue. Me énbyve-
o Tov Gplwv, mpémer va cuverdnTomorficovpe 6T1 Eptace W) dpo TGV Emt-
Aoy v,

Eriv dpyh 1ol 210u aldve, 7 xowvwvio tav avbpdmwy Exer peyoiire-
o Svdywn dmd fyérec-dpapaniotés, mob B Swampivouy v mbavd mopeia
the avipomivne mepuméreing vl B dvolfouv Tole dpllovree v émi-
Aoydv mob Eyovue, Tapd ot voprehioTes EmioThoves. Etic wépeg pag M
gvermdpneio adTY elvor EvTuTTwatox)!

Ta Ay mwob elrope ofpepe frov émhextind cyediacuéve. Amevbi-
vovTon Teptoattepo ot Eva cldog Opnoxeutindic mlotng mapk oty Emiyel-
enuarohoyuy mebd. Xric pépec pag, Ok pmopolice vi xatynyoprnlel 7
‘Emworipn 6 Snprovpyel pia véo Beodoyia mod dpopd v Elehi-
wtued) dvrohoyle, dudpyn xal anbdlews yid v mpoéhevon T Lwdc xal 10
pého Tol avBpdimou. “lawe Bivoupe thv évrinwe &t Egoupe droppider )
publodoyia Tic oupPatixic Bpnonelas, pévo yid va Thv dvrivatasThoou-
pe dmwodsyduevol Wi axowy mo dnbpaxpy Opnoxela, ¥ dmole Exppdlel
fvay émioTrovixd pucTixtepns mou Basiletar otic Bavpactic awo-
warifers tic KBavrixiic Qewplac, thc yewniic Oewptag tic Zyerixbry-
g, The KPavrindic Koowohoylag xal tic Gewping tijg [TAnpogopiag, ol
meplaabTepes dme Tig dmoleg elvan nwt’ odelav Sdype mob ev elvan
SuvaToy TTOTE Vi UTOGTEL TOY WELPUUATIRG EAEYYO.

I afpepa, O meproproToiie vo molpe G7u elvet dvaryxn TGOV xaLpdy,
wal Towe elvor pud dveu mporyoupévou ednatple, va mapuxwnlel % Beo-
Aoyio xal 6 Opnoxeutinde atoyaopde, pall ué ™) priocogio, Thv évépacT,
o yphppato xal Tic Téyves, Yk v Porlfcouy oY TvEURaTIX GvETTASL-
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oy Tev emoTrovikdy Oewpdy yid Tv mpaymaTiedTTe, Yid TO Quotxd
wGopo xaxl yid T0 poro Tob avllpdmou pEox o€ alTov TOv ExmAmxTing kol
aobyrprTns OpopEIds (RVTON pag, Tov 6molo TpEmEL TAVTH vo xothhEp-
rolpLe,

Zrpepo dvaeyvoptletor elpéwe &t adfdver ¥ dviynn va avadelfoupe
76 Pubbrepo vimpa tol guatkol xdopou, tle mveupatiés Slaatacels ThHe
ampaypaTibTnTacy, xol iBitepa, Tic UmeparolinTic suoyetioec Tol
avlpdmou pé ) ®ion. ‘H Emiorhun elvar o Béarn va mpoogpéper mokid
oty xatedbuven adth. Avayvepileton 6t 6 Emothpoves, pe cuvémeio
®al yopls Aoy dvtipaoy, umopel vi cupfdist ativ avalhtnem T
wahBeaey ywple v dpveitan v Omopln 1ol Oob. Mg v oudddfou-
we v Ewotx THe mparypaTixbTTag, ThHe eEehinTinds mopelag Tol puatkol
wbopou nal tHe Sikotacne Tol ypévou mod bmoypuppiler Ty «hmapiny,
npémet v oulebfovpe v Epeuva Tév Oetindv EmoTrpay, iBuritepa Tig
Duowdic, tiic Minpogopuiic xal thHe Buohoylag, pe tic avlpwmotingg
oroudée, T Praocopta xal 71 Osoroyio.
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H EHMAZIA THE EKTAEZHE TOY XEIPOYPTIKOY TPATMATOX
ETO KOIAIAKO TOIXQMA XE EXEEH ME TON TPATMATIZMO
TOQN ZMAAXNQN KAT H EIITQEH TOT £TO ETPEX

[MAPOYEIAXZH EPTAEIAY TON w.x. I'P. ZKAAKEA,
ITAN. KAPATIANNAKOY, I'P. KOTPAKAH KAI I XPOTZOT

ATIO TON AKAAHMATKO ». TPHTOPIO EKAAKEA

EIZATQI'H

Ytpec elvon 7] XATHOTHON XATX THV OTolK dretheiton ¥ GuoléoTosy) ToD
bpyovopol xod Sdvaetar va SpetheTor ot duyohoyikd 7 cwpaTikd oiTwer, T
otpecoydve dpebiopare. To yerpovpyind otpic dgslheton Téou ot cuvanshy-
uoTid 600 kal cwmuaTid ot wob mepthapfdvouy 6 TpoEYYEETTING EYy(0C,
TH yEIpoupYKs Tpaliie, TOV TOVO, TV TOTLG, AVOCOAGYLC Xal QAEYROVGSY
gveidpaon w.d. Elya dmootnptie dmd v Sexaetia tob 60 &1 6 yeipoup-
it oTpés, TEpay TGV ouvaalnuaTuedy xal dhwy aitiov Tou, dpsiieTon we-
PLEGGTERD GTOV TRAUUATIONS Tob Tpoxathel 7 SukvorEy Tol xothiool ToLymp-
Tog %ol AryGTepo aTOV TpoupaTiopd Tév omhdyvew. H ol with elye yo-
panrnowoliel Téte e Aavlaopdvy. H hamapooromnd yewpovpyued], 7 Gmole
rpowpatiler Ehdpiota O ®othomd Tolywus, & cuwetd iy B émépfa-
on &ml Thv omAdyvey, dmédefe s Gt ol dudnhdosg Tol oTpig elvon
amoditewg Hmbtepeg dmo 6,1 &l dvouetic yelpoupyeis, Smemg dmoseuvieTat
&t 10 pewwpdvo ypbdvo voomaelas, ™) ypfyopy wwnTomoingy xal cition &mh
TO aTépe, TH peluévy) Topopovs oTh vosoxepelo, Tov Nimbtepo movo, xullde
wol THY meproptopéve xataBohmd avtidpaa,.
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AZOENEIZ, TEIPAMATOZQA, ITPOQTOKOAAA KAI ME®OAOI

Az iy ambddaly, tolrou peretifinue oepa dobievély, ol dmoion UmoBh-
oy o2 dvowenyy 7)) homapoouome) yohoxuotextous, &vi Eyve nol TAApEG
Eheyydpevo metpapa ént 20 Smiixwy yolpwv. Lrole yotooug uahuote, TapdAhs-
Ao uE TR yohowuoTexTop’, mpaypatomorfue wod Erspbmicupy Emveppude-
®TOUY g amoTélscux TAEov TpaupaTns eyyetpnong. "Olsc of émepfdosig
610G yolpoug Eyvay T6 Tpwi xal Urd Tv I aveuatinolo.

. Aeiypora alpatog Enfplnooy pa fuépa mpiv dmd ) yetpovpyna énépfa-
o7, kuéowe Tply &t Y TouT, xdbe 15 Aemta xark ) Suprela e yewpoup-
yodiic emépPacms, peta T olyrheton Tol Tpadpatoc, xafag xol 16 Tpwl g
TPWITYG LETEYYEWPTTIXTS Tepas. Zto Setypate petphlinoy of cuyxevtpdioes
the wopmilding pe ) wélodo ELISA #/xaxl tév woteyohapiviv adpevahivng
wal vopodpevahivne pé HPLC xal fhsxtpoynuin dviyveusr,.

AITOTEAEEMATA

Zrobg avBpimous, xat T OdpxElr THE AXTHEOOKOTIUXTG YELPOVRYIXTIC
wol TV TopdbTY) LETEY(ELpNTINT) MpEpa, T& Emtineda ThHe xopTloAng TTay capdis
FounAGTEp® GO Exsiva Tev aaleviyy mob UmaPanlnxay of dvowTs yohoxu-
sTExTOUR A Byt oTamioTieGe onpevtied (Eix. 1).

Zrole yolpoug, oo oriy dmveppdextopd) (Eix. 2, 3) fgo xal o) yoho-
wootextoud] (Eix. 4, D), ol ouyrevtpioeis g Emveppivie nal vopemvepplivg
TAAGULATOS TTOY GTRTIOTINGS oNpavTind youunAbrepes ot ) Sukpxelx Tc
hamopooromxT)s yerpoueyiTe emenfluare. Ol Suepopss frav SviummouxsTtepes
oThv emveppdexntouy, fmou ol xateyohapives TAdouxTog frav pwéyet 40 popes
Odmhbrepee watd T Sikpxern The dvetiic yepovpyuerc Eméufoone (Eix. 2,
3). Adv mapatneffigre onpovticd) Supops oTh EimeSa TOV KATEYOAXLVGY
peTaEh v 8o THmwY EmEUfBdoTev RaTH THY TIRGTY) LETEYHELRYTIY] TEPL.

Zrolg yoipous ddv mapatnenlinee peyddn Suxgpopa otk Eminedu g xop-
Tlbhng TAdopoTog LETRED AXTIXOOOKOTINGY Kol GVOLKTGV YOAOKUGTELTOLEY
(Eix. 7). "Ouec, 7o énimeda tiic wopmilbine frov onpovtes yopnidTepn
atig hamopooxomixég Emverppidentopés, oo wotd T Sidpueio TGV YELpOULP-
yiév enspfdocwy 8o xal xotd THY TpATY peTeyyep T uéea (Ebe. 6).

YYZHTHXZH
Ta amoveréopata pac dsiyvouv 81u 7 &vdooxomixd ystpoupyixd)
emépPoon Eyer moAd wixpdrepy Sieyepmind) Emidpuoy 6T aloTua GTPES
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TG THY GVOLeTY, Yelpnupyuer Enduluay, wupleg AGve THe drgopiic aThv
Extaon Tol yetpuupyieot tpadpates Tob TotrapaTos the xovhdc. ‘H Sux-
) 3 L = e co\r # 3 [l 3 P i L] M;_
Popa AT UEeTOZL TGV SU0 TUTWY emeppacswy EmiTelveTal we TV abiy-
an 7ol yeLpuupyinol TpadeTos Tol xothuuxol Toryopates. H adinuevy

1
L

wol mopareTapévr dvepyomoinen Tol &Eove TovV émveppdiny mwob mapo-
THEEITHL OTAY AVOLLTY] yelpoupyind Eméufacr pmopst va oupfdikel oTic
Suakohics wal TV mopaTeTapéve RaTABOMGUO TOU TRLETTPOUYTAL GTV
peTeTyELpnTINT] Topeln peydAmy dvorrtév yetpoupyintv énsplacswy.
"Orewz yvopilovpe ofpepe, 6 Tpoudationss Tob xothaxolh xal Guogoa-
#OU TOLYOUATOS GBTYEL GTIY TRAEHYWYT] IVOTOAYIAGY LOpLwY, GTTME 7 tvres-
heuntvr-0, o Gmoly mporaholv Siéyepsr tob dZova Smobudapou-imhpuenc-
emwveppdiny, xallos xol vevgsmentmdioy, Gmws 7 Gguovny CRH, 7 olsola
P wai # Gppdvny CGRP, xal mdlov, fros ol mpostayiavdives, ta Gmoln
Sreyelpouv T hertoupyis TROGEY@YGY VElpwY TOU EvepyoTolnhy TR xévTpu
ol guaThatos ToU oTpéc ooy Eyxepaie (Eix. B). Zuvends, 7 dvaalnzo-
TOLNGY] TOU KOLALKXOT TOLYUETOS OTHY TTEPLGYLT] THE FELPOUSYIXTC TORTS Ttnh
Eompuolupe arolc dolleveis pag wal 4 fridTepn peTsyyeipnTING TouC TopElx
gZnyeiton WALOY (g Tig ampepives yvmoeis e Nevpoevdoxpwvohoyias,

] human, cholecystectomy 4 |aparoscopy

cortisol
B
.

- A |
2] * -. ] 2
15 4 . =
104
5
i
T T T T T T
before 1 2 3 (5] o2

Eiv. 1. Koprlinn mhaouatoc (pe/dl) delizviy of dvowrd xal Aomagooromny
yokovustextopys, (beforer mposyyetprmina, |t Swswiivoss, 2 petd iy
eloodo éiv Lrocards [Aamapoexamuic], 7 werd f hamrparond, [dvowerd], 3
amaseiivasy, D1 mpaty peteyyrapntoey fudpn, D2 Ssitepn peteyyst-
pTod fugon).
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6000 —
1 Adrenalectomy
5500
H000 4 —e— Laparoscopy
4500 | = Open
= 40001
E
S 3500 -
o 3000 T
= T
= 2500 -
& 2000+ *k
E=] 1 **x
<< 1500 2
1000 I
- **
500
4 I —— Ly
0- T T s
before 0 15 ag day 1

Eix. 2. Adgevahlvy mhdspatog (pe/ml) mepaperdlony of dvonesd nel hamapn-
muomi) dmwvepgidextopy (before: mpoeyystpnmnd, U: dpdowe malv &md ThHy
£ [ Yy F - - s ¥ i
o, 15 wal 30: dentd wara i Sukpree THg yetpoupyieiic Entpfaarc, day
5 [ -
I: mpwi thic mpwtyg pereyyEpyTLTc Nittpac).

5000 o

4500 Adrenalectomy *k I —w»— Laparoscopy
4000 - Ty = Open

3500 4
3000 4
2500
2000 -

1500 &

Noradrenaline (pg/mi)

1000 +

500 — 1 ' _— _I(____~—~—f

-
T
ay

T T
before 0 15 30 d

1

Sin. 3. Nopudpeverivy mhaopatos (pe/mi) mEtpouaTolowy 6 dvourts kel Axmo-
goavomued] dmwvepodensopd (before: moneyyeorTing, (0 dubewe mplv dnd
iy wops, 15 sed 300 hemrd wotd T Sudpuein Tig yetpoupyixtic dnéplaare,
day 1: mpel thz mpditys peTeyyetpnTieic Npdpns).
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3000 - Cholecystectomy
2800 -} '

2600
2400
2200
2000 -
1800
1600 4
1400

—=e— |Laparoscopy
= Open

Adrenaline (pg/ml)

5
0

T
before 15 day 1

iin. 4. ABpevoiivn mhdopatos (pg/ml) mopnpetélony of dvoutd kol Axmago-
oxomd yohorustextopy) (before: mpneyyepytina, U auéowe mpiv gt Ty
Topd, 15 wel 30: Aemrd woro T Stdpreix Tig yetonupyinTc Endpfaomg, day
1: mpwi tic mphiTne peTeyyelpnTIdc NUEpRS).

Cholecystectomy —e— Laparoscopy
800 = Open T
.__E__ GO0 -
E 4 ]
: :
400 —
=
E ) | |
=
8 \
= 200+ -
%
5 ’ — ;
befora i} 15 30 day 1

Eix. 5. Nopabgevahivy mhgopatos (pg/ml) nepepatélonwy of dvouers xol homo-

pugknmiky yohonuotextopy (before! mpoevyeiprming, (0 opéowe mpiv dmn
i topd, 15 et 30 Aemwro wote ) Srdpree THC yetpoupyieic EngpBaancg,
day 1: mpwl Tijg mpoythg peTeyy ElaNTITC HEpac).
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Eix. 7.
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Adrenalectomy
30 <
{ & = | aparoscopy
- v Open
b *
5 7 —_
=4 : T
T 154 I \
2 5 &
8 i
5 !
0 T T L) T T
before a 15 30 Dt

Kognlohn mhdspartos (pe/dl) mepapatdlnmy of dvouts) xai hamapogun-
ok Emweppidentop (before: mpneyystonmna, () dpéowms mmpiv amt THY TowT,
15 wod 30: hemree woerdr o) Sudprern e yewpougyieiic Enépfaane, D1: mowl
Tiic Tt TG peTeyystpTIngs Hudpus).

-~ m - Laparoscopy
I —w»— Open

cortisol pg/dl
&
Il L

T T T T T
Before a 15 30 D1

e

Kopnildhn mhdoparos (pe/dl) mepaparéloo of dvowt) wal hamsgoeeno-
Ty, yohowugTexTops (before: mpoeyyeipnTnd, () dpéowe mpty dmd Thy Tous,
15 sed 30 hemwrs woers ) Srprair e y=mpovpyues emepuane, D1 mawl
THic mpaTYG METEYYSLEn TS Fiképas).
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CNS

ﬁ

p Cytokines

Neuropeptides
Cytokines PGs
Neuropeptides F
PGs
ACTH

F \

o CRH i

RH

L&

Namuposromind Toabna . . i 53
e Avnueth) notiand) Emiufincy

Eix. 8, Evdaxprs, wwi veupued dvridpaar of hamapooxomus (dpiotzpd) 7 dvnuetd
wothLant Tpoupa (Befid).
CNS: Kevmput Neupaes Edotrpa, Cyiokines Kutnxives, Neuropeptides: Neu-
pomerrridr, PGs: Tpoatayhadives, F: Kopmilénn, ACTH: Kogruotpomivy, CRH:

Kopriompommn-sniuTog, Gpudvr,.
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TIIOAOXH TOY ANTEIHIZETEAAONTOZ MEAOYZE
% AGANAZIOY O@EOAOTH

MPOZGONHEH AILO TON ANTIMPOEAPO THE AKAAHMIAE
». PEQPT'TO KONTOIHOTAO

0 x. Oecohdyne yewhbnue oty Abfva 16 1944, gpoltnoe oty
Avewrdty Newmovis Tyorn Abnvév drd 6 1963 Ewg 16 1967 xal Era-
Be 10 Bimhwpa tol yewmdvov. Kata ta teheutala &ty T@v amovddv Tou
ovdolnue Epeuvnming o1o "Epyastipro Quatohoyiag Dutév xal tuufinxe
ué BpaPeia xat Hmotpoplec. Metd 4 otpatiwriny) Tou Oyrelx dveydpn-
oe & tic HITA, &mou dnd w6 1971 Zwc 16 1972 omeddace Buoynpela
Ourav otd Tlavemoripe tijg California oté Los Angeles xaxi EAafie peta-
mruytaxd Titho eldixevone xai Sidaxtopid Simhwpax 0 1977 oth Bio-
ynueta Durév. Tty ovvéyer Omiple MetadiBaxtopnds Epsuvnmic oto
Havermotiuo e California ot6 Los Angeles xal at6 [lavemoriue Tob
Stanford. “Yrnpérnoe 1 fvo Sibomqua otd Iavemotiuo Washington o716
St. Louis (1984-87), xai tedued éyxataotdlnxe oty California. Awétpeke
theg Tig Pabpideg tiic nabnymrucilc otadodpopiag.

Thuzon 6 . Georbyne ebvon [lptoedpoc Kabhpynmic (Adjunct Professor)
700 Tufpatog Bodoyiag Qutiv xel MixpoPiov ato Havemotiuo tic
California otd Berkeley, xai Kipiog 'Epeuvntiic (Senior Scientist) o7to éxel
wévtpo Epeuviiv Tiig yowduocis Exppacrg T putiv Tob Tmoupyeiou ewpyiag
wiv HITA. "Eyet 806 gopic mipmBel pd Bpafein 100 Ymoupyeiov ewpylag
wév HITA e tig Epeuvés Tou, xaflig xai drd w6 “[8pupa Kumho tic Zeolh,
uall pt &Ahouc peuvnTéc, Td THY dmoxwdixonoiney Tl yowdubparog Tol
puTob Arabidopsis thaliana (tob mpditou puroll Tob dmoxwducomorirxe).
‘0 % Ozordyne Eyet 93 wiprec pevvyminde dnpomeioes, dpxetds dmd Tig



92 [TPAKTIKA THE AKAAHMIAE AGHNON

Gmoleg Exouv Snuocteulel of mepodued peydhou EmaTuovxol wipoug, xal
éxatovrado mepinou dvoxowaaewy. ‘O dpflude avagopiv atig dpyaaieg Tou
avépyetoar mepimouv o 5.000. Tlpéopata 6 x. Geohdyng iehéyn péloc Tic
Axadnuias vav Emamuév tév HITA.

e dvaryvarplon ol Emathuonxol tou pyou, | A’ Takn tis Axadnulec
Abvéiv epdreve v Exdoyr Tob x. Ozoidyy dg Avremioréihovrog Méhoug
xal 7 ‘Ohopéea Thc Anadnpiog dvéxgve v oy Tou.

Kai tdpo mopaxodé tov dowdnuoind w. Kowrd v mopovatdast hemro-
uepéorepa TO Emiotrpoving pvo ol ». Oeoddyy.

IMAPOYEIAZH ATIO TON AKAAHMATKOD ». KONETANTINO KPIMIIA

Eipo iiadrepe edtuyhic Si0m ovepe, XETOTY ETOPACEWS THE BUYHATTOU
Thg Anadnutoas Abnvav, Erw Thv T Vi TREoLGWEGW THY TROGWITILLGTATY Kol
70 £pY0 TOU véou avtemoTEMovTes mEhous The Axadnuing Abnvay Koabyyrrol
%. Abovaoiou Ozordyrn, Tov dmolo yvwplle amd & & TGV omwoudav Tou oTh
emovopalbpeve afpepa ewmovind Tovemotiuo, Svpady dmd i péox g
Senaetiag Toh 1960, mepimou mevivra . Kad 6w dmd w0l Bhpetos Todrou
V& TOV oUYYXPE YLk TNV TROOPATY ExAoyh Tou G¢ pehous Thc Ebvuic
Axadnpiog Emerquéy téhv HITA (National Academy of Sciences of USA),
T v omote hyol "Elinves aEuobnpay.

Zhpepx 6 %. Geohbyns elvar Opdripoc Kabnyntigc (Adjunct Profes-
sor) Tob TpAuarog Buodoyiae ®utav xai Mupofiov ot6 [Mavemoripio
Kahipbpvizg oté Berkeley, nai "Epeuvntic (Senior Scientist GM-15) o1d
Kévrpo "Egeuvav wic lNomduanidlc "Exgpoone tév Qutav tob “Troupyeiou
lNzwpyiog tév HITA (Plant Gene Expression Center-PGEC, US Department
of Agriculture-USDA). "Eyz. tuprnfel 8do gopés pe Bpafieix 7ol “T'mouvpyeion
lewpytag wév HITA i tig Epeuvég tou, xaldg xad dmd 76 "I8pupa Kumbo
the Zeobh pall pe drhoug EEL Epeuvirec ol mpoéfnony otV dmorwmdixe-
motnon ol yowdibpatog Tob @utol Arabidopsis thaliana, ol mpdiTou QuTol
ol amoxwdwmononinxe xal elvan v To puTi TO dvrioTougo TS SpoadpLing
vy T e, dmoteAsl Snhody tév dmoderypatind dpyoviopd otls Epeuves Tijg
poplaxic yevetindje Toug. O L &v Mdyw Epeuvnteg ynlmuay Exatoviadog
mepimou EpeuvnTiv Tob Emtéhecuy 1O pyrpetddes adto Epyo. ‘O n. Ocodbyng
Eyel 93 wipieg EpsuvnTings Snpooiedoeis xal Exato meplmou GUVTOPES Ava-
rowaoets. 'Ex tév wuplev tou Snposiebosny Déhe va Emenudve &t dpretes
Eyouv dnpooieulel of meplodua peydion EmoThpovinel xipoug, Hmwe 2 oto
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meptoduet Nature, 2 o106 weptodint Science, xafog xal 11 616 Proceedings
of the National Academy of Sciences tév HIIA. "Evdetxrinde elvar 6 dpibudc
Gvaupop@y Thv Epyaciiv Tou, o avépyetae otig 5.000 meplmou.

‘O %. Oeokbyne yewhbnue oviy Abfva w6 1944, polmioe oy Avertd
Pecomovindy Zyord Abnvéy (viv Newmonnd [lavemothuie) dno 76 1963 £wg
16 1967 nai Ehafe 6 dimhwpo tol yewmdvov. Koatd o tehevtoia En thv
omoudiv Tou dpydolinue peuvnmid ot “Epymothpie Puowhoying Putév,
dievbuvduevo dmd Tov giho xal ouvkdshgd wou, deipvnato webyynTh
Kovotavrive Nwfs. O . Qeordyne muwnlnxe téte pe fpofeio wal
UmoTpopies, TO 8¢ Teheutadn SukotTrue Sievéheos Eunafiog Ponbog Epsuvaiv,
mpdyua 1o 6molo tov Benfinoe v dvtipetwnioer Tic olxovopinds amaiThHoElS
il vie Tig dhoxinpioer. Meta T orpartiwti Tou Onrela dveympnoe ik g
HIIA, émov dmd 10 1971-72 snoddase Buoynueix Quriv ot [avemotiuio
tie Kohpdewiag otd Adg Aviledec (MSc). "EEaxchailinee va épyaleton xod
vi amouddlel ot o mavemoThLO, GTh T6 dmoto EAxfe TO SiduxTopind Tou
Simhowpa 10 1977 ot Buoympele év ®utév. Tic omoudés avripetdimios
olvovopuxd pe Omotpopies naxd Eupisla Suaxtika xabxovre. Metadida-
wTopds Epeuvnthc Omiiple o1t o mavemotho (1977-79) xod 676 IMocve-
mothwe Stanford, mposhnglels o "Epeuvnmic (Research Associate, 1979-84)
a1t Epyaothow Tob A. Kornberg, mod nipffiqee w6 1959 pe w6 Bpafieio Nobel.
Axorouldvrag T adluyh Tou, yuvourorbyo xel Tdpe xabhpyriTeie ol Tededgo
0l avtiaTogou Tufuatos T latpudic Zyordic atd Adg Avrledes, brnpérnoe
v olvropo ypovind Sukatnue oto [levemotiuo Washington ot St. Louis
(1984-87), uéypr 4 powuh, Ttoug eyratdortacy oty Kodupbdpwe. Awtpele
e tic Bobuidec Thg dpeuvnmindic oradiodpoptuag wal THe walbnyyrrdic, xad
imnpétnoe Gg Sevfuvtic Tob fpeuvminel wévrpou ot Gmolo ofpepe Eaxo-
houllel va gpyalerar. “Opwe 16 whpro évdragpépov Tou Eomialeton othv Epeuva,
amo Thv omote oldémote dnomaxpiviige pg StoueqTinds 7 Extetapévec Sida-
ATIKEG DpaoTHHLOTYTES,

Té peuvntind ou Epyo elvar évtumwataxd, dpyfc yevouévng dmhd T
Sudatopueh), Tou SwxrpP. e admiv mpditog mpoodibpiae T wnyaviopd
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EIZEITHPIOZ AOT'OE TOT ANTENIETEAAONTOE MEAOTE
u. ABANAZIOYT OEOAOI'H

THE ROLE OF ETHILENE IN PLANT BIOLOGT

THE ETHYLENE MOLECULE

The gas ethylene (H,C=CH,) is the simplest unsaturated hydrocarbon. It
is the most produced industrial chemical in the world and its global pro-
duction exceeds 110 million tons annually. It is manufactured by catalytic
cracking of petroleum products. Ethylene is also a unique plant hormone be-
cause of its gaseous nature. It is one of the simplest organic molecules with
biological activity. It is the fifth member of a group of small organic molecules
known as the “classical plant hormones” (auxins, gibberrellins, cytokinins,
abscisic acid and ethylene) that coordinate various aspects of plant growth
and development. This hydrocarbon gas, known as the fruit-ripening hormone,
profoundly influences the growth and development of plants. Its effects include
inhibition of growth, loss of geotropic sensitivity, onset of epinastic curvatures,
acceleration of respiration, initiation of rooting, and modification of leaf and
fruit pigments. Because large losses of fruits and vegetables are incurred
annually (billions of dollars worldwide) due to ethylene’s effects on plant
senescence, the significance of a means to control the ripening process and
prevent spoilage is clear. Ethylene production is also enhanced by a variety
of external factors, including wounding, mechanical stimulus, hypoxia, viral
infection, elicitors, hormone treatment, chilling injury, drought, Cd* and
Li* ions, O, SO, and other pollutants. Enhancement of ethylene production
serves as a signaling mechanism with profound physiological consequences.

The tremendous advances in our understanding of the biology of ethylene
the last 100 years coincide with the development of new techmnologies in the
various fields of experimental sciences. This obeys the dogma that Technology
Advances Plant Biology and vice-versa. Two model plant species, tomato and
Arabidopsis, have been used for understanding the biology, biosynthesis and
perception of ethylene the last 30 years (Figure 1). Tomato has been primari-
ly used for understanding its biosynthesis and the regulation of fruit ripening
while Arabidopsis has been responsible for elucidating its signaling pathway
and the regulation of ethylene production by isolating mutants. However, other
plant species such as banana, apple, avocado, pear, peas, carnation, rice etc have
been extensively used for understanding the mysieries of ethylene biosynthesis
and action.



s HPAKTIKA THE AKAAHMIAY AGHNGN

Figure 1. Arabidopsis and tomato are two plant model systems most often used for ethy-

lene research

A HISTORICAIL PROSPECTIVE

Folklore says that sealing fruits in a bag encourages them to ripen. [t is correct-
the bag traps ethylene released by the fruit, and ethylene enhances ripening. The
earliest record of human manipulation causing fruit to ripen is in the Old Testa-
ment: the prophet Amos described himsell as a “piercer” of sycamore fig fruit. The
CGireek philosopher Theophrastus later recognized that sycamore figs do not ripen
unless they are scraped with an iron claw. Twenty-three centuries later, we know
that wounding induces ethylene production, resulting in fruit ripening. It has
long heen known that smoke can accelerate fruit ripening: this observation led 1o
the practice in China of ripening pears in temples filled with incense smoke. We
now know that smoke contains ethylene, which is produced by plants to promote
fruit ripening. Furthermore, figs found in ancient Hgyptian tombs show marks
from where they were intentionally gashed,

The spectacular and commercially important effects of ethylene on plant

growth can be found in the scientific literature as early as the 19th centu-
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ry, when the toxic effect of “illuminating” gas on plants was described: trees
growing near broken gas pipes were severely injured; In 1901, at the Botani-
cal Institute of St. Petersburg, Dimitry Neljubow recognized that the growth
of his etiolated (dark-grown) pea seedlings grown in laboratory air contami-
nated with illuminating gas showed a radial swelling of the stem, inhibition
of stem elongation, and absence of normal geotropic response (the “triple
response”). Neljubow proposed that an unsaturated hydrocarbon, a compo-
nent of the illuminating gas, is the causal agent of the “triple response™. In
1924, Denny identified ethylene as the component in combustion fumes from
kerosene stoves that caused lemon de-greening in California and described it
as a ripening agent. Ten years later, in 1934, it was conclusively shown by
R. Gane that ripening fruits produced ethylene; he collected an air-stream
containing the gaseous products from 60Kgr. of apples” over one-month period,
from which he purified a small amount of ethylene. In 1959, Stanley Burg and
Kenneth Thimann developed a gas chromatographic (GC) method for identifying
and precisely quantifying ethylene; GC still remains a key method used in ethy-
lene research. Eight decades later, Neljubow’s seedling “triple response” phenotype
was used as the basis for the genetic dissection of the ethylene response pathway
in Arabidopsis; providing insight into the molecular mechanisms of ethylene
signaling.

BIOSTNTHESIS OF ETHYLENE AND ITS REGULATION

Ethylene is produced by plant tissues in amounts ranging from almost
zero up to 500 nl/g per hr. Shan Far Yang and associates at the University
of California at Davis elucidated the pathway for ethylene synthesis in 1979.
The pathway is a beauty of biochemical design and its elucidation was a major
contribution to plant biochemistry (Figure 2). Ethylene is made from methionine
(Met) via S-adenosyl-methionine (AdoMet). The enzyme AdoMet synthase
is responsible for AdoMet synthesis from Met and ATP (reaction 1 in Figure
2). Subsequently, AdoMet is converted to ethylene by a two-step biosynthetic
pathway shown in Figure 2. The rate-limiting step in the pathway is catalyzed
by l-aminocyclopropane-1 carboxylic acid (ACC) synthase (ACS). Tt converts
AdoMet to ACC, the immediate precursor of ethylene, and 5-methylthicadencsine
(MTA) (reaction 2 in Figure 2), an oxygen independent step. The final step
conversion of ACC to ethylene, HCN, and COZ, is catalyzed by ACC oxidase
(ACQO; reaction 3 in Figure 1), an oxygen dependent step. The pathway is
designed to allow high rates of ethylene production without high intracellular
concentrations of methionine (a less abundant amino acid). This is achieved
by recycling 5-methylthioadenosine (MTA) to methionine (Figure 2). The
overall result is that the ribose moiety of ATP gives rise to the 4-carbon skeleton
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Figure 2. The ethylene biosynthetic pathway of higher plants: AdoMet, S-adenosyl-1.-me-
thionine; ACC, l-aminocyclopropane-1-carboxylic acid; KMB, 2-keto-4-methyl-
thiobutyrate; MACC, malonyl-ACC, MTA, &-methylthicadenosineg; MTR, &'-
methylthioribose; MTR 1-P, MTR-1-phosphate,

of methionine from which ethylene is derived. The methylthiol group, however, is
conserved for continued regeneration of methionine. Thus, with a constant pool
of the methylthiol group and available ATP, high rates of ethylene production
can be achieved. ACS is the key regulatory step of the pathway. Numerous
inducers, including hormones and environmental stimuli, enhance the activity of
ACS by transcriptional and posttranscriptional regulatory mechanisms (see step 2
in Figure 2).

ACC SYNTHASE (ACS)

None of the ethylene biosynthetic enzymes have been purified to homoge-
neity because of their low abundance. It was molecular cloning and heterologous
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expression that allowed the isolation of the genes encoding AdoMet synthase,
ACC synthase (ACS) and ACC oxidase (ACO). A cDNA encoding ACS was
cloned from zucchini using immunochemical approaches, and its authenticity
was confirmed by expression in E. coli and yeast by Sato and Theologis in
1989, Immediately thereafter, ACS was cloned from a variety of plant species.
ACS is a cytosolic enzyme with a short half-life and requires pyridoxal phosphate
(PLP) as a cofactor. The enzyme functions as a homodimer whose active site is
formed from the interaction of residues from the monomeric subunits, similar
to AspAT. ACS is encoded by a multigene family in every plant species examined.
The sequencing of the Arabidopsis genome revealed nine genes that encode the
ACS family of proteins. Eight of them form functional homodimers; one forms a
non-functional homodimer. The carboxylic end of the nine ACS proteins, which
is the most variable, is a regulatory domain responsible for posttranslational
regulation of the enzyme the non-variable amino terminus harbors the catalytic
domain. The ACS proteins are normally very unstable, and we now know that
they are actively targeted for proteolysis as a means of maintaining a low-level
of ethylene synthesis. Specific sequences at the C-terminus of some ACS isoforms
contribute to a rapid proteolytic degradation by the 265 proteasome. Under
some conditions the proteins are phosphorylated by one or more protein kinases,
enhancing their stability. This regulatory pathway was discovered by Joe
Kieber's group through analysis of gain-of-function ethylene-overproducing
(eto) mutants in Arabidopsis.

In addition, the subunits of all isozymes have the capacity to form active
and inactive heterodimers in E coli and in planta. The ACS polypeptides
can potentially form 45 homo and heterodimers of which 25 are functional,
Functional heterodimerization enhances the isozyme diversity of the ACS
family and provides physiological versatility by being able to operate in a broad
gradient of AdoMet concentration in various cells/tissues during plant growth
and development. Furthermore, recent findings with high order loss of function
ACS mutants revealed that ethylene-mediated processes in Arabidopsis are
regulated by a combinatorial interplay among the nine ACS subunits, which
can form forty-five different dimeric isoforms. This interplay provides a
combinatorial code that determines the relative ratio of homo- and heterodimers
(active or inactive) in a spatio-temporal manner and is the central regulator of
ethylene production during plant development. In addition, the lethality of
the ACS null mutant, in contrast to the viability of null mutations in key
components of the ethylene signaling apparatus, strongly support the idea
that ACC, the precursor of ethylene, is a primary regulator of plant growth
and development.
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ACC OXIDASE (ACO)

The enzyme ACC oxidase (ACO) is constitutively expressed in most
vegetative tissues and is induced during fruit ripening. Don Grierson and
colleagues first cloned the first eDNA encoding ACC oxidase from toma-
to fruit in 1985 Its authenticity was confirmed by antisense experiments
in transgenic plants and by expression experiments in yeast and Xenopus
cocytes in 1991, ACO is a dioxygenase that belongs to the superfamily of
Fe+/ascorbate oxidases. It is a monomer and is encoded by small multigene
family in all plant species examined.

ETHYLENE SIGNALING

Plants can sense as little as 10-100 nl C,H,/1 of air. They achieve this
using a linear signaling pathway shown in Figure 3. Much of our knowledge
about ethylene signaling comes from studies in Arabidopsis. The “triple response”
provided a rapid and easy screen for mutants that either fail to respond to
exogenous cthylene (ethylene insensitive; ein mutants) or constitutively respond
(ctr mutants), even in the absence of ethylene. Double mutant analysis was used
to identify epistatic interactions, allowing their order of the various genes in
the pathway. The laboratories of Anthony Bleecker, Caren Chang, Joseph Ecker
and Elliot Meyerowitz in the USA are responsible for the elucidation of the
ethylene-signaling pathway.

In Arabidopsis and other plant species ethylene regulates expression of genes
responsible [or the response to ethylene via a protein kinase cascade that results in
transcriptional activation of genes responsible for specific responses to ethylene
(Figure 3). Extensive genetic analysis of ethylene sensing by Arabidopsis has
established a linear signal transduction pathway connecting five membrane-
bound, copper-containing receptors to a single negative regulator, CTR1 and to
two key downstream positive regulators, EIN2 and EIN3. The ethylene receptors,
which are similar to two-component histidine protein kinase receptors, are
negative regulators of ethylene signaling. In the absence of ethylene the receptors
inhibit ethylene responses through CTR1, a Raf-like (MPKKK) protein kinase
ethylene binding to the receptors prevents them from inhibiting ethylene responses.
CTR1 negatively regulates ethylene responses by inhibiting the positive regulator
EINZ2, an Nramp-like integral membrane protein that transduces the ethylene
signal to the transcription factor EIN3 by an unknown mechanism. EIN3 and
its close relative EIN 3-like (EIL1) are plant specific nuclear transcription factors
that initiate downstream transcriptional cascades responsible for ethylene responses.
Ethylene-regulated protein stability of the receptors and EIN2 and EIN3J is
central to the operation of the signaling machinery.
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Figure 3. The ethylene signaling pathway (from Current Biology, vol. 8, no 24, 875-5878).

ROLE OF ETHILENE IN WHOLE PLANT PROCESSES

Ethylene participates in many diverse processes [rom germination
through fruit ripening, senescence and pathogen-mediated cell death. As yet
the molecular details of many of these processes remain to be resolved. Here 1
would like 1o highlight some spectacular effects of ethylene on plant growth and
development of highly agronomical importance.

HOOK FORMATION

In dicot plants like peas and Arabidopsis, a unique mechanism has evolved
to protect the delicate shoot meristem while the seedling makes its way
through the soil towards the soil surface. During germination of the seedling,
a hook-like structure is formed at the apical part of the hypocotyl or epicotyl.
The apical hook is maintained until the seedling emerges and upon exposure
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to light, the hook opens. The process is irreversible; once the apical hook
has opened it cannot be reformed. The establishment of the apical hook is
orchestrated by the differential elongation rates of cells within the structure.
The coordination of differential cell growth in the apical hook is regulated
by light and the plant hormones ethylene and auxin.

ETHYLENE AND DISEASE RESISTANCE

Ethylene greatly contributes to the plants defenses against pathogens. This
was convincingly illustrated in a study in which ethylene-insensitive tobacco
plants were sensitive to diseases caused by normal, soil-borne non-pathogenic
fungi; the plants’ most basic defenses were eliminated. It was found that ethylene
is necessary for the induction of defense-associated genes. More recently, it has
been shown that high order loss of function ACC synthase mutants in Arabi-
dopsis that produce low levels of ethylene are sensitive to pathogens.

ETHILENE IN EPINASTT AND DEEPWATER RICE

Ethylene production is stimulated under various forms of abiotic stress.
The roles of ethylene in flooding responses have been studied extensively. Under
optimal conditions, roots exist in moist but not waterlogged soil, allowing them
to take up water and dissolved ions but also oxygen through the air spaces
in the soil matrix. When plants are flooded, they become hypoxic (oxygen
deprived). Plants have several responses to flooding and hypoxia. A long-
term, morphological change that occurs in roots of many plants adapted to
flood-prone regions is the formation of aerenchyma - air-filled channels that
run through the root system. Like the ventilation shafts of underground subway
systems, oxygen moves through the aerenchyma to provide oxygen to the
submerged tissues. Aerenchyma formation is induced by ethylene produced
in the root cortex tissues due to elevated expression of ACS. Under severe
hypoxia, the ACC synthesized in the roots cannot be converted to ethylene
because the ACO reaction is oxygen dependent. In these cases, the ACC can
be transported into the shoot tissues. Ethylene production in the shoot induces
a pronounced leaf drooping response called epinasty, which is thought to reduce
light absorption by the leaves (stressed plants can’t process light energy as
quickly and are prone to photo-oxidative damage). Some plants, including deep-
water variecties of rice, respond to flooding by an ethylene-induced shoot
elongation. This response can be very dramatic; deep-water rice plants can
elongate by 25 cm per day, and can reach heights of up to 15 m.
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ETHILENE IN SEX DETERMINATION AND FLOWER SENESCENCE

In the Cucurbitaceae family (which includes cucumber [Cucumis sativus)
and melon [Cucumis melo]), ethylene contributes to sex determination. Although
most plants produce hermaphroditic flowers, which have both male and female
reproductive organs, many Cucubitaceae produce various combinations of
male, female and hermaphroditic flowers. Ethylene has long been recognized
as a promoter of femaleness, with exogenous ethylene treatment converting
flowers that would otherwise be hermaphroditic into female, or male into
hermaphroditic plants. Flowers also make non-sexual organs, the sepals and
petals. After pollination, these organs are no longer useful, and usually either
abscise (fall off) or wither. Several studies have shown a very specific induction
of ethylene biosynthesis in the petals and sepals that causes their senescence.
A better understanding of these processes also has tremendous commercial
potential; how much more would you be willing to pay for cut flowers that
were guaranteed to stay fresh and beautiful for more than a month?

ETHYLENE AND FRUIT RIPENING

Ethylene regulates fruit ripening by coordinating the expression of genes
responsible for enhancing a rise in the rate of respiration, autocatalylic ethylene
production, chlorophyll degradation, carotenoid synthesis, conversion of starch
to sugars, and increased activity of cell wall-degrading enzymes.

Fruits like tomato, pear, apple and banana are climacteric fruits, in
which there is a ripening-related burst of respiration and ethylene production
that coordinates ripening across the fruit. At least ten percent of the tomato
genome is expressed during fruit development, with different genes involved
in the early (maturation) and later (ripening) phases. During the ripening
phase, ethylene positively regulates ethylene production, destabilizes some of
the ethylene receptors, and induces expression of many genes associated with
ripening. Some of these ripening-associated genes include genes involved in
synthesis of pigments, aromas and flavors, sugar production from starches,
and cell wall changes associated with fruit softening. Efforts have been always
made by plant biologists to modulate ethylene synthesis or response in order
to delay ripening, so that fruit is more tolerant of long-distance transport, or
accelerate ripening to shorten the time to fruit harvesting. [t has been estimated
by the US National Academy of Sciences that 5% of fruits and vegetables
are lost due to ethylene-induced senescence.

BIOTECHNOLOGTYT OF ETHTLENE

It has always been a goal of Plant Scientists to delay fruit ripening in a
reversible manner and to prevent flower senescence. Various methods have been
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employed, such as ventilation with air under hypobaric pressures or use of
inhibitors of ethylene action, such as silver ions and carbon dioxide. Inhibition
of flower senescence using STS (silver thiosulfate) has been a horticultural
practice the last 30 years. However, these approaches are expensive and fail to
prevent fruit and flower senescence satisfactorily. Furthermore silver is quite toxic
and may damage the human nervous system. A more desirable solution would
be the construction of a mutant plant whose fruits do not ripen until treated
with ethylene or mutant plants whose flowers do not sense ethylene. The cloning
of genes in ethylene biosynthesis and signaling allowed the construction of such
mutants using recombinant DNA technology. Tomato fruit ripening was success-
fully inhibited for the first time with antisense-RNA of a fruit specific ACC
synthase or ACC oxidase. The antisense phenotype can be reversed by exoge-
nous ethylene. Carnation flower senescence was also successfully retarded with
expressing the dominant mutation (efr1-5) of the ethylene receptor ETR 1.

FUTURE DIRECTIONS

The Plant Biologists of the 20th century discovered the spectacular effects
of ethylene on plant growth and development, elucidated its biosynthetic and
signaling pathways, and were able to inhibit for the first time ethylene-regulated
plant senescence. They were able to achieve these goals by utilizing all the
technological advances of their century. Recombinant DNA technology and
the introduction of Arabidopsis molecular genetics were among some of the key
weapons for all these achievements. There are still many outstanding questions
about the regulation of ethylene synthesis and perception to be answered.
Understanding how the ethylene biosynthetic and signaling pathways are
coordinated with the other hormonal biosynthetic and signaling pathways in
a cell and tissue specific manner for mediating plant growth and development
is a major goal for the future. It will require the development of new technolo-
gies. Such knowledge will contribute to the long-term goal of Plant Scientists
to construct new plants species with superior agronomical qualities in order to
feed the ever-increasing human population of the planet earth.
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EYEYNOITH IHAPOTZIAZH TOY METAPOY THE AKAAHMIAZ
ME THN EYKAIPIA THE ANAKAINIZHZ TOY

AIIO TON AKAAHMAIKO ». ANTONIO KOYNAAH

[Mord ouvertins, oyeTud He THv Tapodoa dvaxoivacy, wc [lpdedpog
160 Teyvinod ZupPouriou, Bk éxbécw ta mapaxdrtw, agol o1t péiiov o
viver Exteviic dvagopt oty dvaxaivion tol Meydpou tijc Axadnuiag pe
eiduen Exdoar).

‘0 Bepéhoc Mboc t65 Meydpon tic Axadnuioc tébnee 16 1859 xal
watoorewy] Tou oAoxknpwlnxe 6 1886, Suiprece Snhadd 27 ypdvee. 'H
doyrTenTovier LehéTy Exroviinpe dod tov Aave doyrténtove Ostpiio Xdvoey,
ug T otevh ouvepyaaia Tol ntong Empavoie apyitértove Epvéatou Tellhep.
To gpyo yenuatodoriliue dnd tov Papéve [empyro Ziva, Feving TlgdEeva
téte Thg ‘Enadoc ot Biéw, plho 1ol Otpuion Xavoev. Meta 16 Odvato
ot Newpylou iver, ¥ ypnparteditner cuveyiotrue amd tov yib6 tou Tigwve
Tiva. Td Ewrepind 1ol Meydpou elvan xatoorcuacpéve gmd mevrehind
wdppapo xal N toryomotia dnd mwwpditbo. Ol povadiol wddhoug Touyo-
veapies oty ailouon abth mapoucdloww oxnveg ant 6 pilo 7ol Tlgo-
prlewe. Ta yumre tol detdpartes The wposilens, xatasxkeuacyiva Eniong
&t TrEVTEALKD dppoon, peyding xakhitevaerc ablog, xaliig wod o dryddyrato
Thig Abfmviig vt Tol Amdihwveg, elvar Eoya ol yAdmron Aswvidae Apbor.

T4 &ha Egyo péypr v dpy iy Tob 2000 ohowxaTtinde 8ev elye cuvtyprbel.
Aéyw odoworiéc, Subt elyav yiver wdmoteg pinpoemepfaoeis, dmwg Adyou
yhen of dpopdva Teuwtd tig otéyne, xelbe xal ¥ ouvthpnoy TGy xepa-
LGV YAUTTTOY G TepuxdTa oTd GrTG) MR AETGUETH GO TOV deipvy-
oto Dy Morrd pd BonBs <oy yadmrn ». Hpakiréhn Tlavounive. "Eta,
7 Eewn odowatindc ouvTnproews eixe dnuioupyioet cofupd TpoBifua-
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o, apol &me Sukpopa onueia The ovéye elodppeay Ppdyva vepd Evtic Tob
Meyapou. Ztov mpollahapo, paiata, the alboborng odtig lyav tomolernlel
HrpEs GxAQES T1& T cuyxévTpwen Thv Ppbywey 8dTwy. H Hypasla xdrm
et Thv xepapooxemy) otéyn elye dwfodoe xdmowx leuwtd, dmd & dmoiax
wpéuovray Papdrates waditeyvinds dpogés. "Omue O Hbupsiore elyauc
TTOOES TUNRETOY TGV Spogdv, Tieo o Autua] Allousa tol Meydpou,
600 %ol oty Avarohd), yopls edtuybic Bbpata, Si6T adtic of wrdoe Eyi-
vy a2 Gpeg Tob 3ev hevtoupyooe 7 Axadnule. "Enione slyope dmoxoiidoeic
peydhwy Enitorey pappdpvey dmgoverdv oty Albousx Tehetév, ddhk
el wrdan ppol TpuaTtos Ths SpogTic The, mob Eywvay ehtuydic ot dhpeg )
hertoupylag Tig Anadnpiag. "Entong, ol omavies toryoypagpies tic alfousag
abtic elyoy Omootel onpavTinds dAhothaeis &t Ty sloodo Bpbywav 18dTwy
uéow T Gpuév tic eEéyovaus EwmTepinis Toryomoting,

"Ev e Ghaw aréiv, ydien otic mpoondbiees Tob Suxexpyudvon suvadéigon
#. Penyopiov Tuodacte G Avmimpdedpou wal &v ouveysia Gg [lpoédpon e
Axadnping, Exspuriorixe dnt Ty Edponsich "Evaory uéow tob Hepupe-
pewkpyn pidk onpavtoe Emyopiymen Doue 1,6 Swexatopuvpiov meplmou
Spayeov, Y&k ThY dmoxartdotucy BhafBav 100 Meydpou Myw saoudv Pdost
puig okt exbéaecg mob elya ouvrdler dg Avnimphedpog o0 Teymnol Zup-
Boudiou. Me ) yenuatodbnoy abmh) dvaravicTixe ertone 0 Méyapo éow-
Tepuxade nal SEwtepikbic, pe dmotéheopo vie Eovofoel of peyido Pablud Ty
mohede Tou Adud). “H dxtéheon 1ol Epyou adroh 8tv B pmopolioe v mparyma-
romorlel yoplc Thy Smaply Teyvindic drmpestag, mob 8v 8iélete ) Axadrnuio.
Té mpbhnua absd diovbon ASbrxe 1k i oupoh Tic Teqwodic Tronpentes
700 "Tarpoforoyinel Kévrpou, Emepaiis Tob dmolou Frov —dhid nul elvou—
7 apyrvéerev x. Nrdpa Hamadnpnrpion, ud cuvepydmn me ov mohmnd -
Fourt x. Xefoto Adfuou.

Iepl té Téhn tiic dvoxouvioses ¥ xpatool Thhedpaan, petd o guvewwdy-
on pe tov aetpvnoto Pevnd Dpappatéa Nuixdhao Matoavdty, waraousio-
oe pud olvropns Sukpxews Touvie, Ty dmola Ok Seite 200l dudowmg, xat Ty
omole ol Suexpruévor quvddehgot xax. Saxeshhapiou xol Xpiotou, xalie wal
6 OWAGY, TarpaAnBinay vie Tpolayicouy.
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TTIAPXEI XAOZ ETIE MEAANEY OIIEZ;

IHAPOTEIAEH THE EPTI'AZIAY TON wa. FEQPTITIOYT KONTOIIOTAOY
KAI F'EQPT'IOY AOYKEE-TEPAKOTIOYTAOY

AIIO TON AKAAHMATKO ». TEQPTTO KONTOITOYAO

1. EIZATQI'H

OL pehovée oméc elvon Evo amd T& TASGY dtpoior povipeve ol Eyet
npafhéder ) Devinyy Oewpla e Zyennbdrnroc (Misner et al. 1973). Trdpyouv
anuepe wohhig Evdeifewg yix TV Umaphn pehavév omév oth dkoTrpe, of
Telyn dotépwy wal ot xévrpa yohaliév (Schutz 2009, Babak et al. 2011).
Xt wévtpo ToMGY YahaEubv mapathpsiton i Evtovy exmopm dxrivoBohleg
ae Ghor ToL AT wOPATOS, &t padoguwvind péypt Tis dutives v. "Eto £youpe
tobg Evepyole Nahafranote TTupfves (Active Galactic Nuclei), ol o€ dupaieg
mepiTmaes Tobg Hptaotéges (Quasars),

Qewpeitar modd mbavd bt v dpxotrpbtyta adT dgsiheTal oTiv
UmapEn Omepueyeliv pehavédv dm@v ota wévrpa TOY yeraEidy adtéiv.
BeBaiwe elvar yvwatd &1 ol pehavéc dnéc dmoppogolv xdble ductivo-
Porio xol xabe swpdtio mol mpoorinrter of adtéc xul S&v dutivoforolv.
‘Evrodrolg, ol pehovic drnic énnpedlovy onpoavtind 10 meptfdihoy Toug xel
mpoxaholy éuuéosns TV dxtvofohrin, elte Paputind) elre Hhextpopayvy-
i), oL opelheton oTig aevijoeig cwpatiwy yopw dmd xdle pehavy oy,

‘H wbvnoyn tév cwpatiov Eer dpeon oyéon pé 16 ghopo Thv ou-
yVoTHTLY TG dxmepmbpevrg axtwvoBoiiag. [k v Adyo adtd elvan Svdragpépov

*'H durvofioile Hawking, wob dpelherar otig xfavminds Bbmyres tév pehavilv dmiv,
elva, &v yéver, dofpovTy.
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v pehetnlolv of tpoyids cwpatiow, cupmephapfovoudvey Tov putoviey
Mol PLEYHALY GUULTTYGY CLPATOY, YHow drd uehavig dneg. O tpoyteg adrég
etvor Suvardy va elvon elte dpyavaudves eite yaotuds. ‘Enoudvas mapou-
awalovron 8bo mpofifuara. [lpéitov, méte ol tpoyiis sivon dpyovewueves wal
note yootikés. Koi delregov, wéic elvon Suvarrdy vie vyiver Suixpioy petakl
6w do adTév Timwy dnd TepaTrphoets.

Zipgpove p Eva Pacuxs Dedpnua thc DNevindjc Bewplag g Syetindtn-
tog (Misner et al. 1973), 6 ywpbypovos yipw dmd pie otabepy pehavd omd
yopaxtnpiletar povo and tpeic moobthres T walo, T oTpogopuy xul TO
poptie e ehavig oS,

Av ¥ pehoovd) o) Sev Eyen poprio wul S2v mepiotpdpeton, 6 ywpdypovic
Tng meprypopeTon dmd T4 petpuer) Schwarzschild (1916). Av 4 pehavy) dmy)
EyeL mepuaTpopd) GG Byt goptio, Thre mepryphpeTar dmo TV petpuer) Kerr
(1963). Tehroc, pier pehavy) ool u& mepraTpopy) kol poptio TepLypdpeTaL &md
) petpuwd) Kerr-Newman (Newman et al. 1965). Adtéc ol pehavic dmeg elvon
Ghoxdnpictues, Smhady of Tpoyidc yhpw dmd adric elvor dpyavopéves nal
dev mpousalowy yaoc.

‘H mpayrn Dewprrueh, E8eln yid oy Smoep ydove oo Nevined) Bewpla he
Zyetndrroc 360nxe drd tov Chandrasekhar (1989), 6 dmolog Smohdyuse Alyec
Teo)tEs swuatiwy ot fva clotrua dbo otabepiv pehoviv drdv. Té mpdBinua
adto Eye ihuitepo evduxgpipov i T [Mevied ewpta thic Eyetudrnros, dibtt
10 gvriotoyo woowd mebfhnpa, 16 medPinue Tév 8o atalizpdv xevtpwy,
elvor. Ghoxhnpwotyo, dpx 8ev Exet xallddou ydoc. ‘O Chandrasekhar Ppfixe pe-
ptues Tpoytec mob Hreodebewuoy TV Umapln ydoug, AR wd Aemopepnc peAsTY
TEV yaoTdy TpoyLdY oT0 TEdlhnpa aitd Eywe dmd uds, wol amodeifupe
671 ol mepuoatTepes Tpuytds elvan yootikés (Contopoulos 1990, 1991). Apydre-
pot, Tohhol dAhot PeTiey ydoc ot Surpopa mpofifpata e Nevinrs Pewplag
the Zyetdtyrog (Moeckel 1992, Bombelli and Gazetta 1992, Varvoglis and
Papadopoulos 1992, Dettman et al. 1994, Hobill et al. 1994, Darian and Kiinzle
1996, Suzuki and Maeda 1997, Chicone et al. 1997, 1999, 2000, Podolsky and
Vesely 1998, Barrow and Levin 1998, »au.).

T mpdPhnpa the dxtwvofohrlus Téiv pedaviy dmiv Exet Evduxpépov,
BubTi Ta Exmepmdpeva Baputing xdpata Pploxovior 6 meproyes ol pdoua-
10¢ oTic omoleg sivor evaiolntor ol v hewtoupyla cwiyveutss Boaputindiv
wupatey (Schutz 2009). "Eve épwg Basid Thrnpe elvon vie EdéyEoupe dv 6
L wpbypovec Yipw &rd Tig pehaves dméc meptypdpeTal dmd T4 petpuid Kerr
7 Gy ‘Emopévag elven evdagpépov vi Eetdooupe ywpdypovous Tol dmoTe-
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Aoy yevixeloelg Tav pehavav drav Kerr. “Eva tétoto yeviud povréio elvou
<6 povtéio Manko-Nonikov (MN) (1992).

‘H mpaytn perémn tpoyiév ott poviého MN Eywe dnd ol Gair et al.
(2008). "Eusic wdvope ms susthuetind wehéty tév tpojitv 616 pwovtéio
odth wal Omodetfope mwhic 0k wmopodoope &md mapaTnpfices THe dutwvo-
Bollag Bopltyrog vi cupmepdvoupe v maphn yaoug, Ta dmoteiéopatd
uote Snuooelfnrey ot meprodind Physical Review Letters (Apostolatos, Lukes-
Gerakopoulos and Contopoulos 2009), xallig xxi ot0 meprodued Physical
Review D (Lukes-Gerakopoulos, Apostolatos and Contopoulos 2010).

iy mopoton dpyosia Sivoupe pik wepthndn TGy mponyolinevmy dmote-
AEGUATOY el GVETTIGEOUNE Lk AETITOUERT GvdAuaT TGV TeoyLév a2 Sudkpo-
pec mepimTsers Tob povréhou Manko-Novikov. Té tehund pag ovumnépuopa
etvo Bre, &av maepartnpyfolv sdpara Bapdtyrag (m.y. dmo v dopugdps Lisa
[Bender et al. 1998] 6 émoiog Umohoyileron f1u O wtoleulel pera o 2013)
GTO oUGTHATH REAvEY OmaY ol cuvedév pE dupaio Adye pdlag —nad
TéTol oueTApTY GvapéveTon vor Topartyerloly of xévrpa yahaEiGv—, TiTe
maparorovlavroe v e£EMEN Tav cuyvethtay ToY wupdtey adtdhy Ok pro-
polUE Vit cuuTEpavoLpe &y 7 Y Toug Gpelleton oy Emidpoaar pudg pe-
haeviie Omtic Kerr 6mou 88v Omdpyer ydoc, 7 of s popeh mapduote e admi
00 Manko-Novikov fmou 76 ydog elvon dppavés.

2. TPOXIEE XE MEAANEY OIIEE MANKO-NOVIKOV

Té poveého Manko-Novikov gmotehel i Aoy tév iioangemy mediou
o0 Einstein pe doxetd moidmdonyr, wopgn. ‘H popod tic perpuiis dideto
otic epyaaies Tév Gair et al, (2008) xoi Lukes-Gerakopoulos at al. (2010). ‘H
Wion ot yeproernptleta dmd ) pwale ToD wevTool cupTayols GOLKTOS
M, 76 spin S xol pio wopdueTpo q, 7) Omole Siver THY EXTPOTY TG KETPUKAG
MN dnd whv avriotoyn petpual Kerr. "Orav g=0, 4 petpur) MN dvdeye-
ToL o) petpued Kerr, ¥ dmola mopiotavel Eve memAaTuopéve EAdeloedis pe
ouLeToin we e Tov &Eova z. "Ovav ¢>0, ¥ petpu) Manko-Novikov Exzu
LLLREOTERY] TETPATOAY) POty &rtd T4 et Kerr.

Ot wpoytéc Umoroyilovrat oo pearuPevt éntnedo (o, 2) mod SuépyeTar dmd
wov &Eover 2, xal g elvau ¥ andoTaoy aro TOv &Eova z. O TgiTrTeg ¢ = dp/dr,
# =dz/dr, rou T elvon 6 WBiog ypbvog, Enadaledou pia Eloway Tig wopeic:

S+ )+ (p.1)=0 (1)
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Gmou 10 Vegr elvor 16 &vepyd Suvapuind ol mpoxdnrer amd Tic eEradastg
Th¢ petpiric Manko-Novikov.
‘H xivnam yiveton o7l meployée mou Verr <0, &vi A wopmiin

Verr=0 (2)

avougletor Kapmdiin Mndevinic Taydrnroc (Cufye of Zero Velocity, CZV).
Koarwrépn dmohoyilovpe tpoyiés Srav M=1, &vé 7 adutotarn mapdpetpog
Tob spin elvar ¥=S/M*=0.9 xai ¥} éxtpomh) The petpuiic MN e ) pe-
tpueny Kerr elvan q=0.95. ¢ xdfle tpoyia dmapyouv dbo droxdnpdiporo e
wwvigewe, ¥ evepyeix B xal ¥ otpogopu L, weeta tov &Eova z. vy petpud)
Kerr Umapyer éva dnduy Ghoxdfpous Tis wvAcsws, T6 6moto ovopdletan
ohoxinpope Carter, &ihd o) petpuer; Manko-Novikov 8ev Umdpye. Tpito
oo fpwua. Katd ouvénea, dvé) oy mepintway Kerr fieg ol tpoyig elva
Gpyavopives, omiv meplntwon Manko-Novikov dmdpyouv Téoo dpyavmpéves
Tpoyiéc (Zy. lo) Boo nal yootieée (Eyx. 18).

(o) (B)

Lo by oo e Boa oy ...|._,_ Al iagoa MR N A
4 6 8 10 12 14 0.8 L2 L6 2
II

Zy. Lo Tpeis dpyaveopbuee Tpoyids wovtd of dvriototyes elotalels mepodnds Tpoyiés
B. Miz yootied spopud (E=0.95, L,=3).

Ot dpyavewutves Tpoytis (Zy. 1a) dpethovron o8 winpds oyetind Entponic
amd ehotabels mepoduds Tpoyiéc (Zy. 2). o Zyvpoe 2 Omdpyouv Tpsic
weptoBikes Tpoyiés: () 7 tpoyux z=0, (B) 7 Tpoyud up, 7 Gmolx Téwver TOV
dEova 2= naliérwe of Eva ompeio, xol (y) wix Tpoyue cuvtovispab 2/3, #
breolor extehel o Tohavraioets wati TOV &Zover p xal Tpelc THAXVTOOEL HaATA
Tov &Eova z. 'EZddhou, ol yaotixés tpoyiéc yepilouv pd dxovéwisto Tpémo
peyahes TeptoyEs Evile ThG XapumuATe wndevixile ToodmyTog (Zy. 18).
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Zy. 2. Toeig elarabeis mepiadinds tpoyrés (E=0.95, L,=3).

"Evag wardddhnhog tebmog Ytk Th pmeréty tol ouvbhou Téiv TpoyLiv elvon ué
THY ATOTUTWEY] TEY [YvEv TEV TRoYLGY GE Pl (Empdvels TOURC) aTe JMpo
Tév phoswv (p, 2, g, Z), & dmoloc mepaPdver Tic ouvretaryuéveg (o, 2) ol
i Tarydrnreg (6, 2). Tuyrexpiudve, orpeidvoupe 6Tt éminedo (o, §) Tig ouvte-
Torypéves (g, ) oy z=0 wal 250, bmou o 2 mpoxdnrer dmd Ty loweon (1).

T2 pix dpyovepdvy Tpoyud, To Segﬁox:‘x&. orueia (o)) Peloxovron move
68 wid WhpetdBrnrn xapmiig (Zy. 3, 9 snole oty dmhoborepy mepinteo-
o elvar pla wheto ¥apmidy Yopo e Sva onpeio vy, TOL THPLOTAVEL THY
mepLodued] TpoyLd vy Tob Tyfuatec 2, N bnolx Téuver t6 éminedo z=0 ot Eva
wévo anueto. "Oheg of duetdBhyres xopmdhes meptdhhovror amd pl Gpraxy
wapreihn (boundary), # émolx mapietd Ty tpojyed z=0. ‘H tpoyud z=0 od
Eyfparog 2 (E=0.95) elvor edatabiic.

Zy. 3. 'H 2Ewrepunt) dmupdvera toptic omiv mepintwoy B=0.95, L,=3.
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'H péorn yovia petekl téiv Sudoymov Seulivoswy ugl, up2 wir. dvopale-
To. yeovie TepLoTpopc (rotation number, rot). "Ovav 7 yevie mepotpogis
givar pryroe aptfude (my. 2/3 Snwg otd Tyfjua 3), tére Erovpe dbo mepro-
Suxes Tpoyids Timon 2/3, pia edotaly wad plo dotolh, mod mapioTdvovTon dmd
Tptx onusion aviv smpaverx topde. ‘H edotalhic Tpoyia mepiBdddeton dmd Tpeig
wneides ehotdleixs waul ol dvrioToryes TpoyLds Exouv [ixpec ExTtpomis amh THY
edoralh) meprodua) tpoyid (Zy. 1a). "Ohec ol tpoytds tév wisidav 2/3 Eow
Tov o dpbpd mepotpogic 2/3. Tro Tyfjue 3 dndpyouv érione 8o Tedyy
wnotdwv Tob dvmiaToryolv ot cuvtonous 1/2. "EEdihou elvan yvwetd ém ol
Tpoyids xovta otis dotalelc meproBinds Tpuyidc of ) ShoxknpaoLpe cuGTHG-
To. mapauoalouy Alyo 7] mepioobrepo yaog (Contopoulos 2002). Of toptc wév
YROTIHEV TpoyLhv pé T Eminedo Toutic elvan SukomapTo orpeta, fmwg potveton
awt Zyipa 6 xerotion.

0 dpBude mepiotpogiic, cuvapmios: Tig amootdasng p (yw p=z=0), poive-
Tou g X ouvETS ouvdETYoY ToD p, A Evtdg TGV woidwy edotabeg 6
&ppde meptotpogic slvon aralepbe (Zy. 4). Zriv mparypomiebrrTe, 7 ®otmwohy
TepoTpogTc Fyet dmeipn axsdondTx, Eva of xabe pyto apud mepeTpogT,
ol dvopdleran wreapminy ol SwBdhow. "Owpeme wo enbiypoupo Tpfuere Tév
cuvTowepGy dvetépas Tienmg elvar moAD wikpd, xol pdvo 6 cuvtoviopsg 2/3
elva Spoovig ot Zyfus 4. Mdvrawg ¥ Uroupln wév oxedomaritv adtdv slva
TOAD orpovTueh STt TaporTreeiTon nhve 68 W) GADKATPOGLILL CUCTLT, V6
ot Bhoxdnpaaa cuoThwata, Breg Tol Kerr, 8&v mupatnpolvron oxahomdtie.
Adtd 10 yeyovdg T piig EmiTpémel Vil SLUTILGTMGOUNE (& TUPATYONOELS &V
Sy olioTrua elvon Ghaxdapaows ) Gy (BA. xatwtépw, xep. b).

0672
0.67F

0.668]-

rot

o686

0,664 -

0.662 -

RTINS TROY IO LR (N kY T ST UI IS [0 L T |

L [ =
' 395 4 405 4.1 415
p

Zy. 4. Tufjpe tic wopmiing mepuotpogpic. ‘0 dpbude mepustpogiic rot pudic duetdfin-
g wapmiing Ehortoveto kafldic 6 p Ehartdvera, dxtle dmd T mEpLOYY THG
vnoidec fmou mopepdver otaliepbs (rot=2/3).
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3. TYTIOI TPOXIQN I'A AIA®OPEE ENEPT'EIEZ

Y1k émdpeva Swxtnpobue T otpogopy; Ly otalepr (Lp=3), xal
¢Zetalovue Tig Sidpopeg wepLoyds TpoyLiv Y Sidkpopes Evépyeiee E.

Y16 Dyfua b, 4 évépyew elvon ton pe E=0.95. "H xapmidy wndevinijc
TaybTrTog dmoteAsitar dd 8o hestis xapmires (CZV) xal mévre pixpee
woumireg wob gldvouy otdv &Eova p=0. Tpoyiee mod Esewvolyv pdoa dmd tig
mévte altég xapmihec pldvouy atdv bpilovra Tic uehavijc omijc ol ydvovto
gvtdg adriic.

4 Y

2 -

L CZV .

:’é ]
s -
j I ol

My .

_aL i
g |
bR e e a0 T i LETS i B

0 2 4 6 8 10 1z 14
I

Zy. 5. Kopnddee pndeviniic taydryroc (CZV) yna E=0.95 (L,=3). Enuerdvovrar
emtane ol dpyide suvbiixes Thv mepoduedv Tpoyrdv by wal uy, '

Elye heylel (Gair et al. 2008) &1u ol tpoyrés dvric thic EEwtepiniic CZV
elvou, Bheg dpyovwpéves, &vé ol Tpoyies dvtdc i domrepintic CZV elvon fheg
yootés. Evrolrow, Selfape ém péoa otic wrepmes CZV Lmdpyouy xud
yaoties Tpoytés (Lukes-Gerakopoulos et al. 2010), wal ouyxexpyiéva yoo-
Tixdc eivon ol Tpoyids xovtd atig dotabels meprodiee Tpoyiée (my. 2/3 wod
1/2 ot Zyvpa 3), nabdbe xal &nu péon otic éowrepinic CZV Hrapyowy %ol
dpyovepéves Tpoyiés (Zy. 6).
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{0 TN T T T O T T O T T T T T O O 0 A

el g ol sl sl saabisolivy

1. 1.2 14 16 1B 2
P

Zy. 6. 'H Eowrepno) émpdvers Topne e E=0.95, [,=3. aparnpeiton wlo dpyovepén
neptoy ) yopem tmd T up. AdT mepiBddderon dmd plo peydin yaotuen mepoyh, 7
tmola gplidver péypn w6 Ewrepd Ban The SowTepiiiic mepLoy e Tol Tyfiuetog O,

Mpdeypart, at6 Tyfjuo 6 Omdpyer e dpreta peydhy vnotda edotabiy
meplodikddv Tpoytéiv, kol ot xévrpo g Umapyel pia ebotabic meprodin)
Tpoyte up. Ymapyouv énione wohd wixpes wnoidec edortdlewxe, dvwtépug
taEewe, oty Yooty Teptoyh Tob Zyfuatoc 6. "Ortav E=0.95, 14 ydoc »u-
plapyel oty Eowteptnd] vioida (Zy. 6). v mepintwon adth, % dowrepund)
tpoytd z=0 elvar dotabre. "Onwe Bk Solipe Buwe xatwtépw, Yo pixpdrepeg
Tipeg Thg evepyewxs E, 7 tpoyid z=0 elvon edorabiic.

Kaflese w6 E adZdver, ol 800 mepioyis CZV 1ob Zynuatog b évdvovron
orav E20.9504 (Zy. Ta). OL mepodineg wpoyies up xat up eLaxoioufioly va
Umtdpyouy, Evi petall adtdy Ondpyer pu dotebhic meprodu Tpoyd (x), 1
dmoloe Snpovpyeiton o ateypsd mod, kaxlog adfdver w0 E, of o xopmiies
CZV axovpmoly xal evevovrar (E=0.9504). Kovrd oty tpoyuk x %ol péoo
amo 0TV xuplapyoly ol yaoTixes Tpoyles, &vé Ehw aml adTv wupxp-
FoUv ol dpyavampéves TpoyLés. Zrnv EEwTepiny] TEPLOYT) TIHpATYPEITHL FAOG,
wuplewg xoved oty dptaxh) xewmdhy (boundary) (Xy. 7B), of &ve Saxtinw
mol mepthapfdver Tig duetdfinres wopmikes ylpw dmd 6 anpeio ug. To
ydog odtd dpeiheton ath &1t ) Tpoyrk z=0 omiv mepintwoyn abth (E=0.96)
elvan aotabic. Tlpdyparn, dmdpyer movrote ydog xovrd otlg dotalels me-
prodixee Tpoytés, Evéd Umdpyel Taky xovra otig edatabels mepodixdg Tpoyiée,
axopy) xol péco GTl YooTIES TTEpLOy L.
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(a) by

Dlosiduunlonibonalanibis¥ anliialag
0 2 4 6 B 10 12 14 16 18
P n

[ 7 PP R e |
2 4 6 8 1012 14 16 18

Ty 7o, Koumides pndeviedic togrimnmos, g E=0.96 (L,=3). Of dbo Buowds wapmiles
CZV ol Eyfpatoc b Eovv tvalel oe plo.
B. 'Empdverr topdic (2, £) mob meprhapPaver dpetafinres xapndies yipw dnd
v TepLaBiid TpoyLd Uy wol yooTikds Tpoyés (SuromapTe onwelx).

"Oray Srdpyouwy ddo Eeywprates nopmbies pdevixic Ty imyrog (CZV),
1 eEwtepuoy Tpopk z=0 clvor elotabhic v M éowrepund Tpoyua z=0 elves
aorabhc. "Otav dpws of 8% xapmireg CZV dvabotv (E>0.9504), 4 évopéwm
wpoyi z=0 elvar dortaltfc. "Eve dvidoyo mapaderypa dmov pla Sadddoo
e Teoyudic z=0 63nyel dmd edordbein ot aotdbew eiye Sobel mahoubrepa
(Contopoulos 1968).

"Orav 7 évépyera E yiveron pixpérepn dmo 0.95, 7 eEwtepuey) meproyy)
CZV pexpatver, wol ye E<0.9321 Eagavilerar. ‘Enione Eapovileron
1) mepoduer TpoyLk ug, doob Exguiiclel ot Eva opeio. Mo puxpbrepa E
imdpyer wévov ) Eowtepien meproyh CZV xal 7 meproduc) Tpoytd up dvrog
antiic. Té Eowrepixd oo adtiic i CZV moapapéver mepimou orubepd
(5=0.72). Tt Ewrepind Epro puxpabver uéypre dtou 0 mhyoe Ap pundewiabiel,
v E=0.28, &6 na punpbrepa E 16 SEwrepind Bpro adaver (Zy. 8).
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- Inner Boundary
o B NS MO BT (S5 (- - | o1 vt N Al S [N M P B S
0.189 0.19 0.191 0.192 0.193
E
Zy. 8. Xapawriprotivés Sopdpuv TEpodev Tpoyicv fimeus ol uy, up, vy wol Dpr.rsu,"vmv

h-.atx.f\otémrsemu e up (173, 1/2, 2/3, 1/1). O eletufleic tpopés mapurrdvo-
oo ud Guveyeic wapmikes, &vi of dotalleic Tpoyiis ue teheies. 'H Suoenoppivy
Yourpud TootoTdver 0 mpliTo duoxkvixs orpels the up e walle Bl Ta fpe iz
Emmn:pr/_f.: waepmikne CZV (inner - outer boundary). i z=l), mapiorivovToe s
rz;n ¢ youpiée, 'H ywplle meproyy, dpuoteph mepyer Tpoyiss Swpuyiic, &vé )
A.VM:.K.WF] u_pm,rr, mepthaafidver Tooyide moU Swpelvouy dpétws TpLe TH pehavh
fmh. O pipis Teheies naptoTdvouy FooTES TooYIEC,

"Orav 6 B vyiverow wnpdrepo and 0.95, 16 ydoc Ehartavetar. [Ly. ya
E=0.7, 10 ydoc ebon grdgnoto (B 9u). e pxpbrepe B 4 "‘O('a)‘tt'} z=()
ol T prn-r-ivs:w amh TH I:"-’.:)T’;JMO figwo (boundary) elvor edotafc ol
Sev Umdpyer yowe TATolov The. XTo ._.;T[m Qo mopaThpolpe xovtx oth de-
Ei6 ourpm 60 Ewtepnol bptou ple piod vrotde. AvTh mepfdileTar amd
wyo ydoc. Kalloe 4 evépyan E vyiveron Myo pmuxpbrepy amo (L7, 7 wnoida
alth) cuppueviveton ot Sva arueio Tob efwTepuol Gptou xad yavetar. Torte
sxprféde 7 Tpoyrk z=(), o dvnimpoowmeleTan At TH EZwTepLnd E-pm, riveTon
storaliic wal mapauever edatalie yie papdTepee Tipis Tob E, péypr mepimon
E=0.19015. "EZd)hou, dtav 16 E yiveton peyordrepo drd 0.7, 4 wpoovepep-
fefon et violBo apywa peyohdver, xol Spoupyelviay dvrig althc Seu-
Tepetnuses Sdhadmosis. "Onoe v peyordrepn E, A mepoduon ooy 670
wévtpo ThHe wxptic vnoidog yivetow aotalhs, xal yipw g 6rmoup'rswm. Enve-
-—-xp_éw yaoc. ILy., yid E=0.95 dmapyouv pdvey tpeic puxpés vroideg omiy me-
pLod o, Yhow &mo wis Tprmhd Sunchadilbusv mepteduer ooy (X 6).
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To Eyfpa 8 diver tig yapantrpiotives Tév Sixpdowy mepLodixév tpo-
ye@y, Bnhads tic Tipde ol p (v z=0) dg ouvapthoeig Tic évépyewac E.
‘H wuprbtegn meprodued) tpoyia elva ¥ up, 7 drole elver edarabie.

“Otov 160 E ylver punpdrepo amd E=0.19236, dnpiovpysitar éx tod
pndevog Eva Lelyog amAdy meptodixdév Tpoyiév, éx thv bmolwv % wple
elvor edotabe (ug) wel A #Ahy dotabhe (ug) (Zx. 8). Té gawvbpevo adtd
dvopaletar dpamropeviny Stuxiddwar (Contopoulos 2002).

“Orav E=0.192 (Zy. 9B), # meprodund) tpoytd uj mepifddrerton amd plo
winph) violda up, Evéd 1) dotabhc meptodueh Tpoya uy Eye Bde douvpmTo-
kg xopumres, evotaly xal dotoldy, ol dnoieg mepiBdihouvy ThHv edaTald
vnoido xal TERvoVTHL Yk TRWTY Qopd 6t Eva Guoxiivind anueio dplaTepd
antd 6 ug. To dpoxdinnd onueix Bploxovrar ot Swumexoppévy xopmiiy
h ot6 Zyfue 8. Kovrd otic dotabelc mepiodinde tpoyiec uj xal xovta
oTo GpoXAVIKG oYLELX DTdpyEL AlYo Ydoc.

KabBdg 6 E puxpaiver (Zy. 8), 7 vnolda ybpw amd mhv Tpoyrd uj pe-
YohtveL, BAAG peyohdver xal TO ko Yipw amtd Thy dotaly Tpoys v (Zy.
9y). 'Enione, xabaoc 6 E puxpoiver, Soodadilovron dmd v tpoytd u) Sidgpo-
pec Tpojes cuvtoviopol, Brwe of tpoyes 1/3, edoralhic waul datalic (Zy.
8). ‘H elorabic tpoyue 1/3 yiveraw xad adrh) databfhic vk puxpbreps E. 1o
Zyiine Dy Omdpyouv meployEs yaous xovtd ot Sukpopes dotabels meprodinds
tpoytés. ‘Evredtolg, of yaoTinés adréc meployes ywptlovron petakd toug gmd
apeThfinTes xopmiies ol wepLBIANGUY THY TROY UL U

“Oray E=0.1912, Sundadiletor amd v uj pla edorabic tpoyd Sumhig
mepiodou 172 (Zy. 8), évéh W tpoyx upy yiverow aotabic. [Iinoiov ig uj
Urdpyouv 0o vnoides mol mepBdidouv T Sdo enpeix Thg meplodiic Tpo-
yudic 1/2, mob dvikowy otiy Bux tpoyud. IMid Aiyo pixpdrepe E, 7 uj yiverow
maoh evotabiie, Snuoupydvrog ud Sadhddwon wk doteb mepodugl Tpoya
Bumhfje meptodov, 7 omola d&v onpewdveton oto Zyfpa 8. D pupdrepo E
Sndadilovror So Tpoyids 2/3, wad vk Sva dndp wixpbrepo E # ug yivetou
mooh aotalng e Ever pnpo Sdotne TGV TANGlov Thg Tune E=0.19045,
Snuuoupydvtas dho meproBuede Tpoyds fomg mepédou (1/1) (Zyx. 9y). Axn-
pueovpyolvrae Tkt 8bo wnotdee Sekudk wod dprotepa ol ug, AR ot TH popi
admic mepiBdihouy Sto Suxpopetindg wpoyidc 1/1. Of waidec 1/2 o1t Tyfjua
Dy Eyouv amopanpuvlet Sekia xal aprotept &mo 0 onueio uj. O yoomuds me-
ployes oThv TEpiTTwon Tob Lyfuatos Yy elvan ywpiouéves amd apetdfinTes
HOPTIOAES TIOU TEpLRAAAGUY THV TROjLL U).
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Ot wnoides 1/1, 2/3, 172 épgovilovion Emiong ot Zyfua 93, v
E=0.19015, 2 Suxdoyuxd peyohirepec dmootdosie amd Thv xevrpuey wolda
Yopw dmt 6 ug. "Opwe, omiv meplmrwon adwh, ol yuoTiés mepoyds Yipw
ano Tl dovabels Tpoyidc uj, 173, 1/2, 2/3, 1/1 Epowv évelbel. Elva
évdiapépoy 7t 70 ydog addver mapa mohd, woblds ¥ vépye petafBdiheTar
gmt E=0.19045 ¢ E=0.19015. Of mepioyic tob ydoue mapiotdvovron pé te-
Asieg ato Zyfjua 8. MMapotnpolpe b, xabdc 16 E yiveronw wimpbrepo dmd
E=0.19045, %) yaotuc mepuoyy;, peyshmve, aréTopo.

(=)

3

ﬁ.'-‘;Z 0.74 0.76 0.78

b Wl T

\ A L
‘12 141 L s )
0.74 0.76 078

Zy. 9. Empavetes topdic vk dpuopéves yopaxtnpiotinds Tieés ol E:
o. B=0.7: "H tpoyiz z=0), ¥ dmola mapiorveror pe 70 eEwrepnd Spto Tol ayhuo-
vog (boundary), yivetor ebotofhic xalicog pvpaiver 0 E, vid E Abyo poepbrepn
s E=0.7.
6. E=0.192: Méhig Exer Snpoupynlsl w8 Lelyog mepioduddy Tpoyiéiv uj,ujp.
v. E=0.19045: M2 moldéq punpic meproyie ydoug.
8. E=0.19015: Of yaotide meproyis slvar Evepdves.
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Kaflisg ) evépyaia E paxpaiver dxdyn, Eovpe pua aneplx Suohadnoe-
ev 1/2 wal 1/1 wab perofaoewv the uj Evadddf ot dotdlewr %ol edordber.
Zuyyptves duowg, 1) neplodoc g ug adbdver wad telver ot dmego (Zy. 10).
Térog, brav E=0.1901, % CZV ol meptPadder Tiv mepoyy) Tv Tpoyiiv ol
SndadloTyxay amh Ty uy fvovetan pe Tic EEwTepikes xapumiieg undevixds
toydryrog ol @bdvouy otiv Gptlovra g=0, nad ¥ mepoduay Tpoyk up EEa-
povileton, Anhady) moder va elvou mepLodiun xal G8nyeiTon o) pekav) 7. X0
Tyfiua 8, 7 yopoxrnpoTueh wepmidny e up pldver o yuptla mepoyn wob
mepEeL Tl Tpoyies SuapuyTic, Snradn Tl Tpoyies ol Suxgpelyouy évide TS
uehaviic orciic. ‘O repuatiopdc Tic olxoyévewns mepiodnidv TpoyLev u) Yive-
Tou Grov ) meplodog T—oo, Adtd elvon adppove pe ) Bewpla tob Stromgren
mepl TeppaTiopol TV Teptodindy Tpoyuiv (Szebehely 1967). Mio mapdpot
neplnTwoy meplodndic Tpoytdc, N Gmola maler v Omdpyer xalblig # meplodbc
g phdver ot dmewpo, elye Smotwbel mahaudrepa dmd Tole Contopoulos and
Zikides (1980).

0.6F “
0.55F
0.5
0.45 :
= D4
0.35F
0.3
0.25
0.2E

T

e

0.19 0.1905 0.191 0.1915 0,192
E
Zy. 10. 'H meplodoc thc tpoyric vy cuvapthoe: Tol E.

4. TPOXIEZ ATA®YTHE

“Orav ) evépyex E yiver purporepy amo E=0.1901, 7 wopmiing pndevics
TacybraTos (CZV) yipw dmd mhv edartab mepiodud Tpoyie up slvan Evopévn pe
tic 3o mepiPaidovoes wapmides ol meptEyouy Tpoyes ol Suxpelyouy Tpie
1 pehovd 6. Tére mohhég Tpoyréc mod apyilovv oriv dEove z=0 Suxpedyouy.
"Eva mopdderypa, yioe E=0.1201, elvee  wpoyud 1ol ZyAuoaroc 11. 'H tpoya
alred) Sreubiiveran dpyink mpls T dvw, dAkk xatbmiy oTpépeTat TROE TR XETw
wal TEMa Srpeliyel Tpde T dproTepd, Grou Pploweton 1) pehavy) o (p=0).
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ELRLELL L BLEL B

LLLELRE L L R

RN Y T Y T T

0.6 0.65 0.7 .75 0.8
P

Zy. 11, Mix tpoyed 4 drole Supedyer mpde o pehavy dmd (E=(L1901).

"Evtottowg, 7 Teoyre uy fonoroulel va elvan edotalhic i E=0.1201 o
ol yarrowirég TG Tpoytés dev Supeiyouv. "Eniong, ol dotabels tpoyies uj xou
ol Sudadiosig The vy, evoTaleic xol aotalels, dtv Sunpeiyouv (Zy. 8).

Té Zyijue 12 eivor plo émodvern topfic (g, 5) yo E=0.1901, mob me-
prhoufdver pud peyddn meployd TeoyLev Spuyic, xabdic wod ple peydin
TEpLoyY) dpyavewévey TpoyLiy Yigw &t THY meptoduer TeoyLk up (dpioTepdt
waborg wal Lo dmd T Bpue Tob oyfneres). H meproys Suxpuyiic dmoteheitoan
amo wio xevtpiny) weployy, oo v Gmolx ol Tpoyes Suxpeldyouv dpéowg
amd o dvotyporte the CZV, évé ylpw amd abriy elvonr yaotids meptoyée
(Sikomapra anueia), mold mepiEyouv TpoyiEc ol Gmoleg Suapeiyouv peTd dmd
ueptnes Topes pe T Empdveaa z=0.

TTTTTETrTYrTTeT
v “ %

2f3 3N

TITTTTITTITITTITT
lddaiidiinianiiidl

=2p i

A A

-l; 1y *" X, -

. Gy 5 2
1I|".|Lu||’|'$lr!{'|l’lff? I.|l||l||-I{!IJII!':lllllllll
0.74 0.75 0.76 [y 0.78

P

Clioistiiiasdsidiidiiiiiariad

Zy. 12, Envgaverx topdic (p, g), btav apyilouy va brdpyouy Buguyis (E=0.1901).
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Méoa otic yoomiis meployes Tob Lyfuatoc 12 Gmapgyouv Opuouéveg
pieoge wioideg ebotdbziog mob mepfdidovy edotallels meguodinis TpoyLeg
oL SundadloTnxroy GO THV TEpLOdAT] TROYLL Uj YLK HATOLE UEYHADTERY)
) Tob E xal éEaxohoulioly v Gmkpyouv v pxpérepa E. "Etol BAémoupe
XpuoTEpd THG mepLoyTc StapuyTic wioldee Tav ouvtowopay 1/2, 2/3. "Eni-
oG UTREYOUY TPELS OYETIKK WEYHASS Woidec Evbg Tpimhol guvtovisuol, ol
omoiee mpotiAfay pé Swodddworn s iy tpoyk 1/1, wal Sekio pia voidu
1/1 mob mepiPdddetor md Tpeic pwinpds woldes ouvroviopal, nalidic nad puix
vnaide 1/2. “Oheg of vnotdeg eivar mord xovra aric dvtiotoyes woideg ol
Zyfuaroc 98, Sedopévou b1 ol Evépyeaies Thv Tynudtov 12 xel 98 elvon ma-
parchnoreg (E=0.1901 xod E=19015 dvriotoryx). Ot tpoyes wol dvriaror-
yobv oTic wnotdes 8&v Suapedyouv., T xévrpa Tév wioldwy mapiatdvouy Tig
avTioToLYEC TEpLodiKes Tpoyiés, ob omoies EEaxoioulloly var elvon edoTabel
Eiubrepa  tpoyik 1/2 elvor edataliic, uéyer ovhdyroroy w6 E=0.189 (Zy.
8). MMdvrwe oty mepintwan ol Eyfuates 12, 4 wepoduch) tpoyue up Eyer
dvriatoatalel dmod pix Tpoyd Supuyiic.

Kafdag 16 E pixpaiver, Sheg ol edoralels tpoyrec yivovrar dorabeis.
0L dortaleic mepodikéc Tpoyids 8ev Suxpedyouv, ol yertovinés toug dpame
Tpoyiee Supelyouy &v yével mpoe Tov dptlovra Tiic pehavic onfs.’

5. ZYTKPIEZH ME I[IAPATHPHZEIZ

Kaboe Eva aipa wwvelton yipwm gt pid pehavi 6, 7 évépyeta Tob
E xoi # otpopoppy tob L, perdveron ddioBatind (Snhady Ppadéwc),
Myw T dxmounic Paputikév xupdtov. ‘Emopévec ol tpoyiéc othv
TpayLaTib T Yivovtar o¢ Evo ypovind petofaiidpeve medlo. Av me-
proptaflolipe atic dpyavapédves tpoyiée, adtec Paubpraia ddralovy wai dv
Dewpihaoupe Tic Topés Toug of pla émpdvelr Topde, nweg 6td yfjua 3,
32v 0% Eyouvpe onpeio dxpiPéic mhve of ple dpetdPinTn xopmiin dhhd
T Sedoyins onpein Oi Pploxovron o pla omepostdy) xopmihy mob Bi
mepvael ®xove dmt Swwdoywdc apetdBhnrec wapmihes. AsSopévon b1
% dwtwvoPoria Baplrnrog elvan puxpd, 7 éxtpomd thc omelpag dmo Tig
wheroteg nopmihes elvot pixpy.

Td pawdpeve adrd elvar mpopaveg Epdoov 1 TpoyLd ToPAULEVEL ROVTE
ot dpetdPinres wapmdies mob xhelvouv ylpe &mod THv mepiodxy Tpo-
i up Tol Lyfparog 3. "Otov Spwg M Tpoyie wAncukost o Eva GuvTo-
wiopd, bnwg elvar 6 ouvtowiopss 2/3, téte 7 Tpoyid maydedeTon i Eva
SikoTrpe xovrd otic Tpeig woldeg Tol Zyfuatog 3. Adtd Siapxel povov
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Eptoov v evipyean xal 7) oTpopupy) elvar Tétoleg, Gote # Sedouévny Tpo-
yro va avtigTolyel atic wiotdes. Ahha wallhc 7 evépyaia nal 1) otpopopuT
ardlouy, peta ant Abyo ypive modouv va loydouv of euvlifxes guvtov-
ool wal 9 Tpoyd Taer vit elvo mayideupevy, ot vioideg xal suveyile
va wwveitor dxohoulldvrog wdil omaigoady wapmiiy xovtd of Suxdojyinic
guetafBhyTes napmikes Yipe Ao THY wepLodukd] TROYIR Uy

Zrt Zydpe 13 Eyouvpe pla meplntwoy tpoyidic mob mayidedeTtar yid
" A 3 fa 2’,‘4’} H e L iz i ¥ 4
S Suotrue otig vioideg 2/3. "Eyoupe oyedidoe ) violdn xovtd ooy
W - 4 h) ¥ Al = i . # 4 A -
&Eova 5=0 vz 800 Sxpopetinotc ypovoue. [Na mhoo ypdvo Bk mayideutel
i Tpoyte EEmpritor amd Tov pulpd axTwvoPolriag PapiTrTos WOl ko-
fOopiler Tovg pubuots petaBolic the évépyanc E nal T¥c atpopopudc L,
75 wibe Tpoyidc.

0.1 A

0.05 o

- 0.{'5 I~

Zy. 13, Ta Sudoyins onuela voufe wide tpoyids pe ddueflating uetaPailopeva
€

E nai L, (paden ypopus), &vé # dvriotoyyn vwoldo peToxiveital mphs Ta

™A 5 5 - 4 ¢
"_'FE-'ELG\'. TG LLTTAE O AUAKIVG,

Yzl Eyfue 13 Eyovpe pé pmhé yobuo 4 visldx otiyv dpyd the ma-
e o EYDULE P ITRhE FRIILE. B VoL v oopym THE T
BEhmEMe Hal E HOWKIVG YoMUx T Vrolde oT6 TEAGC TR mavtlziosoc.
A vhacd, i 1 1=

[apatrpoiue &t ¥ vnolda petatoniletar mphe o defua, dmov Pploxetar
L b ) L ¥ o b 5 b oo Y s y
7 meptodiey) tpoytd uy H podpn ypappy) 8&v elvon Tpojyu chhd guvdéia i
Sradoyind onusia TopTe plag tpoyis, walle gupd mod tépver 0 Eninedo z=()
ROVTR GTHY apLeTERT) vatda, Onhad walle Tpelc Topdc pé 1o Entmedo z=0.
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Apyind 1) padon ypopp) Epyeton ant v xdte dekuk yovio Tol oyfwe-
Tog Tpde Tk debuk THg dpyuniic vnolBoc, kol Tehwd M wnoldx mpooTEpva T
pohom) Yoo H ol xarémy péver Alye dpiotepa ame ) woide. Te Sua-
Soyued onpein v oTh Yeoppd adth wwabvron apyxd (BEw dmt ) wnet-
8a) Bebiborpoga G¢ mpos T6 onusio up, SnAad wotd TN @opi TGOV SEKTGV
10l @wpohoyiou. Kafloe # tpoywk maydedetar, o Swxdoyiea onuein toutc
TG Tpoyldc Snptoupyelv Sbo Ot xovre o woide. Katdmv T onueix
pelyouy Tpdc T& wdtw Befidk, Svpadh pi apiotepdoTpogn popa G TRoE TO
anueio up, avrifiern mpbg T4 popa Tév Setév Tol Mpohoyiou.

‘H mayiBeuoyn tic tpoydic wovra ot pla wioldx amotummveror otic
ouyvéTnTes Tig dxetvofolrlag Bapbrrtog (Xy. 14). OL suyvityres petafdido-
vton pd 16 ypdve ol Exmépmovron Boputind wipere, wel 7 petafold)
Tév ouyvethtoy elvan ddafartver, Sniadd Bpadeia. "Extoc suvtowopdv, 6
Ayog TV cuyvethTev dihdler xal abtog adButind, xal oty TEpinTwa
100 Zyfuatog 14 paoveron. "Opwe xare ) Sutpren g maydedoswg ot
ouvtowoud 6 hdyos TGy oupvothTwy, dnhady 6 aplude mepiotpogic rot,
mapapéver atafeptc oty TN 2/3 tol ouvtowtouod, pd wixpds wévo petu-
Bokéc hyw Tig peTaxvioems Tob oopatos xovt ot yoide. H mayideuoy
ooy Bév mapatrpeitor ot pio pehovi) orh Kerr dudre d2v mapyouv xabbdiou
vnoides ouvtouapol.
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“Orav mopatnenlotv xdparte Bupdtytog (Bender 1998) dpeihdpeva
oe xwhoele copdtwy Yipw &md ple pelavh dmd oTh wévrpo &vdg ya-
AuZlou, avapévetar 61 v suyviThTH TGY XuRdTWY adTdy v yéver 0o pe-
TaBdiheton xot 6 Aéyog Ty cuyvothtay émione 04 perafddieTar. Av 4
vetafory odty) elvar ouveysc ywplc plateau cuvroviowol, téte Ui Eyoupe
evdelfets b ) pehovy) drh elvon tomou Kerr, dmére 3dv dndpyer xabdéiou
yooc. Av dpwg 7 cuyvétnta Eyxst mepibdoug otabepomoinang, Téte Oa
Eyoupe oofapis evdelfere 611 ) pehawd) om elvan p) dhovdhnpdioipn, fmag
elva 7 yevixesupévy peravy) 6wy Manko-Novikov, éméte ylpw dmd 4 ye-
vixELUEVY ALTH LEAXVY] OTTY] DTTdpyEL Y &OG.

SUMMART
Is there chaos in the black holes?

In the centers of many galaxies there are supermassive black holes that
govern the motions of the bodies (eg. stars) around them. These black holes
may be described by an integrable metric (the Kerr metric), or by a gene-
ralized solution of Einstein’s equation like the Manko-Novikov(MN) metric.
We study the orbits of stars around a MN generalized black hole and find the
regions covered by ordered orbits around stable periodic orbits and by chaotic
orbits. We find the characteristics of the main periodic orbits as we change
the energy. As we cross a critical «escape energy» most chaotic orbits escape to
the black hole.

In the MN case we find several «islands of stability» that do not exist in
the Kerr metric. The moving bodies change gradually their energy (and angu-
lar momentum) by emitting gravitational waves. Thus their orbits change and
may be trapped [or some time in islands of stability. Future observations of the
frequencies of the gravitational waves may be able to find whether such trappings
appear, in which case the system is nonintegrable and contains chaos.

BIBAIOI'PA®DIA

Apostolatos, T. A, Lukes-Gerakopoulos, G. and Contopoulos, G: 2009, Phys. Rev. Lett.
103, 111104,

Babak, 8., Gair, J. R, Petiteau, A. and Sesana, A.: 2011, Class. Quantum Grav. 28, 114001,

Bender P, and the Lisa Study Team: 1998, Laser Interferometer Space Antenna for the
Detection and Observation of Gravitational Waves: Pre-Phase A Report, MPO 283
(Garching, Max-Planck-Institut fir Quantenoptik).



AHMOZIA EYNEAPIA THE 214z OKTQEPLOT 2011 127

Chandrasekhar, 5: 1989, Proc. Roy. Soc. Lond. A, 421, 227,

Contopoulos, G: 1968, Astroph. J. 153, 83.

Contopoulos, G: 1990, Proc. Roy. Soc. Lond. A 431, 183.

Contopoulos, G: 1991, Proc. Roy. Soc. Lond. A 435, 551.

Gair, J. R, Li, C. and Mandel, 1: 2008 Phys. Rev. 2 77,02403.

Kerr, R. P: 1963, Phys. Rev. Letr. 11, 237,

Lukes-Gerakopoulos, G. Apostolatos, T. A. and Contopoulos, G: 2010, Phys. Rev. D 81,
124005.

Manko, V. S. and Novikov, 1. D: 1992, Class. Quant. Grav. 9, 2477,

Misner, C. W., Thorne, K. S. and Wheeler, J. A: 1973, Gravitation San Franciscor W. H.
Freeman and Co.).

Newman, E, Chinnapared, K., Exton, A. Prakash, A. and Torrence, R: 1965, J. Math. Phys.
6. 918,

Schwarzschild, K. 1916, Sirz. Konig. Preuss. Akad. Wiss. 1, 424,

Schutz, B: 2009, A First Course in General Relativity (Cambridge University Press).







IIPAKTIKA THX AKAAHMIAY AGHNQN

AHMOZXIA EYNEAPIA THEZ 8uz AEKEMBPIOY 2011

EKAHAQZH T'TA TON EOPTAZMO TQN AEKA XPONQN AEITOYPTTAY
TOY EUROPEAN ACADEMIES SCIENCE ADVISORYT COUNCIL
(EASAC)

NAIPETIEMOE ATIO TON ITPOEAPO x. AIIOETOAO 'EQPI'TAAH

H Axadnule Abnviv ouiofevel ofuspa wal alpo 86 oto Méyapo Tig
Axadnuiuc 6 ouvéieuar tob European Academies Science Advisory Council.
Me v ebnanpta adeh; 9 Axadnuio Abnvey Eopraler dmdle, amd xowel pé w6
European Academies Science Advisory Council , ta 8éxar yplviax dred Thy 1puet)
Tou, Teplodo aruavTIKic TEOsPopis TMY AXASTLLGY TGOV YwpPMV-REAGY Thg
Edpwmaindic "Eveong mpbe miv fyeota T xabac wal mpbe Tolg mokiteg g
EE oz émotnuovied ot teyvohoyued Béuato waipiag onpaciac.

Yuyyatooupe w6 European Academies Science Advisory Council ol Tov
[1z6edpd Tou Sir Brian Heap vyt Tiv obowoTiny) Tpoopopd Toug xol ey ous-
GTE MOhT) GUVENELAL.

NAPOTEIASH ATO TON ANTHIPOEAPO x. TEQPTI'TO KONTOITOTAO

I would like to welcome you to this Meeting of the Academy of Athens and
EASAC on the occasion of the celebration of the 10th anniversary of EASAC.
The European Academies Science Advisory Council is formed by the European
national science academies to enable them to collaborate with each other and
provide advice to the European policy-makers on scientific matters. Thus it pro-
vides a means [or the collective voice of European science to be heard. The view
of the academies is that science is central to many aspects of modern life and
the scientific dimension is a prerequisite for a wise policy-making. Furthermore
the academies recognise that their advisory functions should extend beyond the
national level to cover also the European level.
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For this purpose EASAC uses the best of European science in carrying out
its work. Its views are completely independent of commercial or political bias.
Its aim is to deliver advice that is comprehensible, relevant and timely. EASAC
covers all scientific and technical disciplines, and its experts are drawn [rom all
the countries of the European Union. It is funded by the member academies or
by contracts with scientific bodies, but has no commercial or business sponsors.
The expert members of its project groups give their time free of charge

- EASACs activities include reviews and advice about policy documents,
workshops about major policy issues, and short, timely statements on topical
subjects. The EASAC Council has 25 members, namely the national science
academies of every EU Member State, the Academia Europaea and ALLEA, ie
the organization of All European Academies. [t has a professional secretariat
based on the German Academy of Sciences. Its Council agrees the initiation of
projects, appoints members of project groups, reviews drafts and approves reports
for publication.

The president of EASAC is Professor Sir Brian Heap a renown biologist, fel-
low of the Royal Society of the United Kingdom. Sir Brian Heap was born in
1935 and earned his BSc and PhD at the University of Nottingham. He also has
a MA and a DSc degree from Cambridge and Honorary DSc degrees from Not-
tingham (1994), York (2001) and St. Andrews (2007). He has served as Head of
the Department of Physiology (1976), Head of the Cambridge Research Station
(1986), Director of the Institute of Animal Physiology and Genetics Research in
Cambridge and Edinburgh (1989-1993), Director of Science (1991-1994) and
Director of the Babraham Institute (1993-1994). He was Master of St. Edmund’s
College at the University of Cambridge (1996-2004), and Special Professor in
Animal Physiology at the University of Nottingham since 1988. He was elected
as a fellow of the Royal Society in 1989, and held the post of Vice President of
the Royal Society and Foreign Secretary from 1996 to 2001. He is a founding
member of the International Society for Science and Religion.

Today we will be happy to hear Sir Brian Heap give the main lecture of
this evening under the title Towards Sustainable Production and Consumption
[MMpde Prararuy maperywyr ol xotavdhwe)].
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OMIALA TOY [TPOEAPOY TOY EASAC SIR BRIAN HEAF

TOWARDS SUSTAINABLE PRODUCTION AND CONSUMPTION

INTRODUCTION

In this lecture, I examine the implications of consumption - a topic which
lies at the heart of present and future challenges.

The top 20 % of the world’s rich consume 85 % of total commodities. This
situation led Professor Mohan Munasinghe to say recently that “we now have
Millennium Development Goals (MDG) for the poor. We should extend that to
the rich and make sure they consume more sustainably’. Mohan Munasinghe, an
expert on sustainable development and climate change, shared the Nobel Peace
Prize of 2007 awarded to TPCC.

Two years ago we celebrated the 200th anniversary of Darwin’s birth and
the 150th anniversary of the publication of the ‘Origin of Species’. We revisited
Darwin’s great new idea aboul natural selection as the agent of evolution, the
phenomena of competition and adaptation, and how they are central in the
struggle to survive in a changing environment. Darwin’s insights were formulated
in the heat of the industrial revolution when the key incentive was the pursuit
of profits. Firms competed by investing in mew technologies and by reducing
costs of production. It resulted in a form of capitalism that stimulated human
creativity and aggression in ways that produced immense benefits to humankind.

Tet, says Nolan', capitalist freedom is a two-edged sword and there is now a
ferocious international struggle underway to secure access Lo SCATCE TESOUICES.

Therefore, we will examine three propositions for policy makers:

1. Do consumption patterns present a challenge to development?

2. Is sustainable consumption and production (SCP) a new strategy for

development?

3. Is there time to adapt and make the necessary changes to lifestyles?

1. CHALLENGE TO DEVELOPMENT

Everyone favours the idea of development, and many forms of consumption
have risen with the global increase in the number of people on the planet which
has placed great pressures on the finite resources of the planet. World population
started to grow exponentially about 200 years ago, it doubled in the past 50

1. Capitalism and Freedom (2008) - Peter Nolan (author), Director of the Chinese Big Business
Programme (CBBP), Judge Business School, Cambridge.
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years, and will reach a medium figure of about Y billion by 2050, Growth will
eventually stabilise or crash, as Malthus envisaged, either because of lertility
control, socio-economic factors, or exhausted ecosystem services. Therefore,
decisions taken now will determine whether we reach the UN high projection
of 10.5bn, a medium of Ybn, or a low of 7.8bn.

Global prosperity (Fig. 1) has had a long record of providing more goods and
services and it has been a driver of global consumption and production. Over the
past Ol years global economic growth (H-fold) has been greater than the increases
in energy (4.4), food (27) and population (22) Market-driven consumption
particularly in high-income countries has been driven by a seemingly unlimited
source ol financial loans as greater numbers than ever belore have aspired to a
lifestyle advertised as the American dream.

8 GDP high
8 Poverty

0
1820 1980 2020

Figure b Prosperity is increassing (Musser, Scientific American 2005,

The challenge to development becomes even more apparent when we consider
the two-edged nature of this capitalist freedom and its effect on the environment.
Economic growth in high-income countries has been associated with a 300
increase in global concentrations of greenhouse gases in the atmosphere since
the time of the industrial revolution. This has been caused by the burning of
fossil fuels, deforestation, intensive agriculture and other land-use changes. (O
persists for over 100 years in the stratosphere and heat that has been trapped in
the earth’s atmosphere means that further planetary warming is inevitable. Even
if we stabilise greenhouse gas concentrations at their present values today, which
may be beyond us, global warming is expected to continue,

fet, consumption does not necessarily make people happier. According to
the Basterlin paradox published in 1974 (*Does Feonomic Growth Improve
the Human Lot? Some Empirical BEvidence™) increases in low levels of personal
income predicted improvements in happiness, but above a threshold of about
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$15,000 further increases appeared to have only a modest effect. Research in the
USA and Switzerland showed that rich people were only slightly happier than
the less well off. In fact, the highest income recipients reported a lower well-
being than the income group immediately below. Clearly, there are many reasons
why higher income and material prosperity do not simply translate into greater
happiness. Individual well-being does not increase with income because aspiration
levels adjust to the rise in income (hedonic treadmill effect). People compare
themselves with others and their relative rather than their absolute income is
what becomes important. Therefore, people get used to the higher income level
which then produces less happiness for them than they would have enjoyed if
no such adjustment had taken place. For example, lottery winners are very happy
after winning but their happiness levels revert back near to the original level alter
some weeks. Therefore, what is clear [rom research into well-being is that the
relationship between happiness and per capita income across countries is complex.

Stevenson and Wolfers® have re-assessed the Fasterlin paradox using data
from a broader array of countries. They established a clear positive link between
average levels of well-being and income across countries, but they found no
evidence of a satiation point beyond which wealthier couniries showed no
further increases in subjective well-being. An apparent inconsistency was in the
United States where there has been no discernible increase in happiness over
the past thirty-five years (and indeed, happiness among women has declined).
A possible clue may be found in annual surveys of more than 20,000 students
entering colleges in the USA. An increasing percentage said that it was very
importani to be very well off but a decreasing number said that it was very
important to develop a meaningful philosophy in life.

So, we can see that unsustainable production and consumption are a challenge
to development and that they affect the poorer more than the richer nations of the
world because the former lack resilience and the ability to adapt quickly enough
to climate change. Population increase and poverty from unemployment continue
to present major threats to societal stability as we see in the tribal heartlands of
Pakistan, the streets of London, and even in Athens.

2 SUSTAINABLE PRODUCTION AND CONSUMPTION (SCP)+
AN ALTERNATIVE PARADIGM

Is there an alternative paradigm to a pattern of high consumption that would
make us feel better about the pursuit of consumption and the type of world we are

2. Stevenson, B. and J. Wolfers, Economic growth and subjective well-being: Reassessing the
Easterling Paradox. Brooking Papers on Economic Activity, Spring 2008,
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handing on to the next generation? No one denies that development is essential
but there is mounting evidence that unconstrained consumption and production
adds little to human well-being and may even impede it. Three exemplars illustrate
where science and new technologies could help to achieve patterns of more
sustainable consumption and production, two of which are the focus of current
EASAC studies. Acceptability and the impact on SCP, however, will depend on
many factors including perceived consumer benefits.

(I} EFFICIENCT - FOOD PRODUCTION

Global food production has become unsustainable. Over the past b years
production has increased three-fold by the adoption of new technologies. But
pressures now exist to move towards more sustainable methods of food production.
In the future, more people will be wealthier creating demand for more varied,
high-quality diets that require additional resources to produce. Competition for
land will increase, and the effects of climate change will become greater. We live
in a very uneven society where 925 m people experience hunger, another 1bn are
thought to suffer from ‘hidden hunger’ because of mineral and vitamin deficiency,
while another 1 bn overconsume leading to obesity and type II diabetes.

Among a range of possibilities, new advances in plant breeding (including
genetically modified crops) would help to improve yields, reduce the chemical
burden on the environment, diminish waste, pollution and labour, and provide
greater safety for farmers (many of whom are women) by lower exposure to
pesticides. In China, insecticide use has fallen by 156 million pounds after the
introduction of GM cotton, equivalent to the entire amount of spray used in
California each year. Opponents argue that GM plants could harbour unknown
risks and pose a threat to human health, the environment and biodiversity, and
this has created a strongly negative position in the European Union. But more
than 20 years experience of growing GM crops in North America has shown
that fears about GM are largely unfounded with impacts that are less than the
blanket spraying used in organic agriculture. In this century 500,000 children
will become blind, and 22 m will die every year from vitamin A malnutrition.
This could be prevented with GM rice -so-called Golden Rice. Yet Europe’s
opposition has disadvantaged thousands around the world.

(IT) INNOVATION - ENERGY

Energy presents one of the greatest challenges for a paradigm of SCP since
energy usage has been mainly about non-renewable unsustainable consumption.
Energy infrastructure in the EU has started to go down the path of greater
efficiency and carbon for energy needs has been reduced by (.75% per year (eg in
2002 1.1 Gt of carbon was utilised to produce 49 exajoules (1x10') of energy).



AHMOZIA EYNEAPIA THE Snz AEKEMBP1IOT 2011 135

Final Energy
W Glecrricity
B Uguids
W G 49 B
W sokis
- e
e

& g3

197 2002 2050

% 0w

28 per 50000 100G 100 TOWeod 100 IGWal 100 TG 100 HOW 100 oW 100 1GW 30 milon S0mifon 10 Hdwect
vearsoke B winsd coal power  ststions wilh pow it bomet of  gus powd i ksat hydin/ tedal  velscls el it el wye
lrbeel  stallom  HQUESTAtON  sEatons wate statnny plints arothesmal e b

Diagramme |: Energy infrastructure in the ELU-25 (taken from Shell scenarios).

(Each symbol in the diagramme equivalent to 100 1 GW coal power stations;
100 1GW oil power stations; 100 1GW biomass or waste stations; 100 TGW gas
power stations; 100 1GW nuclear plants; 100 1GW hydro /tidal /geothermal; 10
EJ direct fuel use; B0 million vehicles; H) million efficient vehicles; 2 EJ per year
solar; H0O,000 H5MW wind turbines). Over the next DU years that rate of change
will need to double which means in practical terms finding alternative sources to
provide for basic necessities.

Concentrated solar power (CSP) systems are altracting much interest as
they use mirrors and tracking systems to focus a large area of sunlight onto
a central receiver atop a tower. The Solar Tower in Daggett, California and
the Planta Solar 10 (PS10) in Spain are representative of this technology,
Concentrated Solar Thermal Power (CSP) is the main technology proposed for
a cooperation to produce electricily and desalinated water in the arid regions
of North Africa and Southern Burope by the Trans-Mediterranean Renewable
Energy Cooperation DESERTEC. This technology was the subject of a special
EASAC workshop held at the Academy of Athens the following day.

(111 ADAPTATION - CONSTRUCTION

The International Energy Agency says that buildings worldwide aceount
for more than 40% of primary energy use and 24% of greenhouse gas emissions.
The construction industry has started 1o experiment seriously with ways to
improve energy cfficiency by the use of new materials and processes to reduce
the carbon footprint of new and existing buildings. One example in the UK is
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the Beddington zero energy project organised by Bioregional, an environmentally
friendly housing development in the London Borough of Sution.

These exemplars, of which there are many more, remind policy makers that
science and technology can provide ways towards sustainable consumption
and production. But they are not sufficient. We also need economic, fiscal and
behavioural change instruments if we are to avoid repeating the mistakes of the

past.

3. ADAPTATION - AN ANTIDOTE TO COLLAPSE

Mismanagement can terminate cultures so that adaptation to SCP has
become a primary and urgent issue. Stewardship of shared resources has become
essential if we are to avoid the ‘tragedy of the commons’ — the exploitation and
overconsumption of the ecosystem services we take for granted - air, water,
oceans, natural resources and reserves.

Jared Diamond in his book Collapse has analysed how societies have dealt
with crises. Some have succeeded while others have not. In Easter Island, collapse
was largely because resources were overexploited; in the Tucatan peninsula it was
population explosion and socio-political failure; in the medieval Viking colony
on Greenland there was a failure to develop stable trading partnerships with
Native Americans and adapt to their culture; in Rwanda genocide was mainly
because of the impact of overpopulation. Yet in Guifu in China, Montana in the
USA, and new accession countries of the EU, co-operation, support systems and
adaptation have been prominent.

Success stories of behavioural change do exist. The change in human
(industrial) behaviour after the discovery of the ozone hole is one of the best
examples with the phasing out of dangerous refrigerants and new agreements
being established. Lloyds of London, the international insurers and one of the
most conservative businesses in the world, published ‘Adapt or Bust’, a report
that stressed the importance of investment in the reduction of unsustainable
practices and the need to adapt to the consequences of climate change. Demands
to strengthen the Kyoto Protocol, the Emissions Trading Schemes, and National
Adaptation Programmes have become increasingly important. Modern success
stories are 1o be found among global industries which have steered towards SCP
as a result of the actions of non-governmental organizations. Even one global
luxury perfume industry has reconfigured its marketing!

These examples serve to show how a strategy of sustainable consumption
and production is about using collectively all the tools available. It is a strategy
that could be more strongly promoted by the EU, but it is also an opportunity
for business leaders and the private sector to take seriously Corporate Social
Responsibility.
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But we can all think of examples where there is little evidence that SCP has
ever been considered seriously. Dependency on the use of plastics in modern
living, and the tardy response of the chemical industry to come up with more
acceptable alternatives and safer additives is a salutary example of where society
and business lag far behind in the principles of SCP both in the recognition
of environmental impact and in the realization of a new business opportunity,
respectively.

The sustainable consumption and production practices are fundamental 1o
the future success and planetary survival of humankind and these practices have
to be informed by value systems that speak about stewardship, responsibility
and things we really value. The core idea is that there are problems with
unsustainable patterns of consumption and production, not least in their low
impact on individuals’ well-being and happiness, and that we should see what
contribution would be expected of us as ‘reasoned agents” of change rather than
‘needy patients’. The EASAC seeks to contribute to the debate by emphasising
how science can assist with evidence-based policies that focus on ways to achieve
SCP, a crucial requirement for the realisation of EU's Florizon 202() and for
future economic revival and stability which, in Jared Diamond’s language, has to
be subjugated to group - rather than self-interests.
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ANATTEAIA GANATOYT
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Aietéhese Areufuvic ol [pagetou "Egeuvév wal “Tmohoyioudv hg Axe-
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aotépwy, T dopd) Tob [ahakiou, Tig oyforis Mhwmdv ®al YHvey Qovouivey,
76 Boputind xot 10 paywnmid medio e Mg xod ) Sukdoon g HhexTpo-
porywrruedle axvofoiiag om Ywvy atpoapouoe. Anuooieuce Tolkés Epyaates
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atee Depoto abrae wad Eypale avriorourn Puffhio yid tole gortnrée. To ém-
aThpoving Tou Epvo sliye abrbhoyr Suebhvi dvoryviipio.
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‘H ‘Ohopéhere tnpel Evig Aemrrob oy,
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ZEIEMIKH AXTAOEIA EIIONATAQTON KIONQN
[EARTHQUAKE RESPONSE OF MULTIDRUM COLUMNS]
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ATIO TON AKAAHMATKO » NIKOAAO AMBPAZH

[MEPIAHYH
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alrepa Thv YapurTrpLoTIKGY TS aeiouts Siéveparg bnohelmeTar wotik oD,

* T4 §oBpo elvar auvdye mperyoduewne Snposisuens Tav suyyprpduy (Ambraseys and
Psycharis 2011).
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Oaiveron, émopéveme, &1 Omapyer dviywn dvdmrubne pebbédwv wod wi
pmopeiv v AdPouv Omhduy Toug Tic iStbTHTeg Thv DAtediv el TV mparypa-
TIKY) HATOOTHGY], TGV Xbvewy, xol pé xotdhhnies Tapadoyes vi watohnZouy
ot qupmepdopate mob Od cuppavoly ue Tic Emirinies TapaTneoes.

EIZATI'QI'H

"Evéd pd tig Opuordpeveg pelédoug dvddwong elvon Suvatov ofjpepa vo
bmohoyiotel pd bovomounmel dxplfere 1) cetopned dmixplon s peydAng
alyypovig xataoxsutic, 7 Ewtipnoy Tig cupmepupopds Evog Ehellicpn ioTdusvou
TohuoTévdulou wlove Tic whaowiis dpyondrrTac elvar Efatpeting Sloxoh.

0 dvrioeiopds oysduopdc @y AYTEGY KATHROKEIGY TANY TV
wovey, brwg migywy xal SwetunTdy Tolywy Tugmuidv dvmidpaothowy,
Baailerar ot ywoateg Bbreg dvroyiic, mhnoTiudTTeg ol dmoppberevg
évépyeig ThvV Dhaedv watuoneutic xal thg Oepehlwone xel oty mbevbrrTa
ImépBucre The cetopxiic Evtaone o xabopiletor dmhd ol xavowisuols. ‘O
oyeduopis pmopel vk Behrtwlel meputépw Do Phvovrac Hrddy metpuporTind
amoTeléouata wal Ty Eumetple ant Tpovyelievous oeLoLols.

Iy mepinTeon TOV kAo WoVWY, T ®ATEOTRCY) Ebver TOAD o
otvfern. Ta pwqpsie, Srav dvaxadbebnray dnd tole olyypovous Epeuvirée,
waTéypopay 107 mohkotg abbves Cwhe xal T6 DAxd xaxtoaoxeut Toug xal 7
Oeperioon elyoy 787 Omootel onpavtinds dhowmosis, Byu udvov dmb oe-
apolc dhhd xal &md SuPpwoy, avbphmves Emeufhoeig xal Bavdakiapois, pe
drotéheopa vi Dmdpyovy onuavtide &fefouibtyreg oyetixd pd Tig WbTrTig
zove. ‘H dvddwer, Emopévws, Th ceiopxiic TOUC GUUTERLPOPHS TIPEMEL Vi
Eexwder gt T Sepedvnoyn Thg xatdetacye oty dnola Boloxovrar. ‘H on-
e wodataay] Evg xlove diver ooV pyyovixed T SuvartbdTTo Vo dvTiAY-
olel Byr phvov Ty mohumhoxd Tt THE AmOXpLENE KDITEY TEY RATAGHELGV
ot oeuoueg dieyépasts, dihd emlong Tig afefandtyTee TV TopapETpwY TTOL
Emnpedlouy TH GUUTEPLPORE TOUG.

Mpémer v onpernlel Bt 8dv pmopel va el xoveig pe Befandryro oy
ol Tnuids mob dupavilovran o onuepv xaTaoTaoy Evog xiove cuvéPnoay
frav abthg amoteholoe Sowxd otoryelo Thg xatacuevilc ol Epepe T popTio
i avedopts 7 &ty Frav Ehellepa iothpevos petd THV xatdppeusT TG
untpiic wataoueuic. 'Enlovne, of onuepvic Prdfec elvon 0 susowpeutnd
gmoTtéhecuo TepLacbTEpWY Tol Evig gelopiY, GULTEPLAXLBOVOUEVWY CELOILEV
7ol cuvéProuy petd T Eyxatdhewy Tol dpyouodoyxol Ypou &mo Tobg
xoetoluoug Ty Yipw TERLOYGV.
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ITAPATHPHEEIZ

“Eyouue énopévac 16 xhaowd mpofinue: (1) meparipnay yeyovitay,
(2) Hmbbeon, xal (3) mhpropa. Metd v efayoyh Tol cupmepropaTog
dmattolvral véeg Tapatrpfosic vk v dwmiotwbel v 6 OzwpnTind
oupTépaope EmPePatmveta 7 By

Ot &edbepa iotduevor wloves dmoteholy T6 TUMa THC XPYIUAC XATH-
oxeufic Tob Emélnoe peTd THY XaThppeusd TG &b celopd, xal 1 Siepedvy-
on THe xetdeTaong aviy omota Pplonovron pmopel v Sdeer mnpogoplec
oyeTind pd Tic aitieg oL mpoxdhesay Tic BrdfBes mob éupavilovron xal Tov
zpéo Tod supmeptpépliue 1) nataoxed) oTh oewoud. Ant pla térowx Eéta-
o wropel v et xovelg pé dpxerd) Aemtopépeix 6 eldog xal 70 Babus Brdfne
ol Eyouy UmooTel 6 oTuhefaTre, T6 xpnmidopa, ol amdvduiol, T KLoVOKpN-
v wal T Smotiie, xaldic xal mokhds Tomxds Dnuids otols omovdlhous ol
Eyowv mporhnlel dmt wpodoelg petall Toug wal ATG XTUTTApTH AT dAAa
Sopind atotyein mob xaréppeuosay xati T dudpxeawx Toll oeopel.

Tlpémer v& onpetwbel St ol xloveg Epouv Umootel Dnuids Byt pwove Aoye
T Tahdvrwohg Toug xaTd T Sudkpxewr THg cuiopxiic ddvnomg, dhha wuxl
amh Ty oo Soxdv ol hhwy Sopxdy oTouyelwy 7 kubuy xal Stmhavév
wévev. ‘H Sudnpron petald abrév t6v Tnpedv Sev slvor mdvroTe mpogavic.
Ernione, otic nepoabteges mepimthioets, 8ev elvon oapes éav of BAdfeg 7ol
Brémouue ofipuepa mpoxdilnay Grov ol wiovee dmoTeholooy Tijua Tob votol
xol Emepay T8 poptia THE 6TEYMS 7] petd TV xaTkppeuay ToU vaeh, Grov
stéxovroy hedfepor. Emmnpboleta, elvon Sboxoho vé wel navelg v xdmoteg
Gt adteg Tie Prdfes mpoxdneay dmd dvfpdmves évépyaee. ‘H xatdora-
o TepLmhéxsTar dxbun TepiacbTepn v, ool aldves ol dxokolfioay Ty
TpmTo celowh, of Ehedllepn loTduevol wloves dméomoay mpdoletes BAdfes o
Embusvoue aaiouods, dool of PAdBec elvi cusowpeuTixég xol yewxbi 8ev
umopoiy vi amodoliolv ot fva pbvo celopd.

“Ocov dpopd xloves mobd #youv xatappedost, éxtdc &md Thv Evrow
Taddvrooy, cvae mlovdy 7 xatdppeuon va ouvéfy xal Emady) ol eméviuior
SméoTnoay coPapic Dnuwdc watd T Sukprewx Tl oeopol. Katdppeuor évog
wbover pmopel vi Tepoxhnel xod &b Bpaden omovdirwy xata T Sudkpxeix Tol
vtopol, $av T Uhxt elvon pixpTis dvroyiic xal ouupel dotoyin Aoyw TGOV
xpovocwy. Emopévog, map’ 61 6 dvromopds Prxfdv wob va pmopoly va
gmodobolv pd PeParétrra of gewouols 88y eivan elnohog, 7 Siepsivnoy g
duepotbrTog T6v Sopxdy otouyslwy xal Tév STty Tol Dol umopel
vi 68nyfoe ot oupmepgopaTe i Tig alties THg naTkppevans Tous.
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i Ty aEohdyman T6v EMTOMIWY TopaTNPficEwY TEETEL Vo CEXIVYGEL
wovels &mo T Stepeivioy; The dvtoyTic xal THg dxepundTrTag TGV Albhveav So-
v atoryeioy, Tnuovtedg slvon 6 dvtomopds DOLGTAUEVOY pwyRdy, of
moiec 3v eivon mavrote dugaveic, dpol Tolkec popic Sév Suxdidovtol uéypt
Tig EAelepeg Emupdveieg Thv omovdliwy. Xe alTég Tig TEPIRTMOELS Ny NTIKES
uélodor pmopoiv va yenaponorniody yid Tov éviomond Touc.

IMineogopiss oyetinéc pe thv mobtyre tév Albvev Sopumdyv atot-
yetov xal Tév Tnuedy mob Exouy mpordknlel dmd sopolc 7 ano avlpe-
mavyevelc mapdyovtes pmopoby v dvtanlolv kol dnt pwTeypapiec wakij
rotbthTag wob Epouv Angplel Omé Bidgopes yoviee xal o Sagpopetirie
dpeg TG Nuépxe natd THY AmoTimeey Tob pvhuetou,

Eav dmdpyouv Sixpités Strymvies pwyués, shvan mpopaves 6Tt auTeg
mponkifhnnay word T Sukpreia Tol uewouol, iBuitepa Siv 6 xlovag mopou-
oudler wol GRUAVTIXES PETHTOTLOELS GROVOUAWY ol HLOVOXPOVOL TOL &m0~
Seneviiouy oyt ToAdvTeaY kote T7) Sudpxeta Tol cetopol (. e
o [1, 14, 37, 41, 45 wod 47]). Zric meprosbrepes mepuTTUIGEL:, 6 AMVIGUOG
mpouahel fOpadan Tév dxpcv T6Y omovdlhiay woTd WTKog T TEPLULETPOU
Emaptic wé Tobg yertowxols omovdlious 7 TO oTuioldTy. X Gpopéves me-
pImTéIaRS, of AmeTpuos covBlAmY Goethovtar xuplwg oT [UXEY) KvTOY)
7o MOou xal Aybrego 016 péyeBos 1év goptimy ol dvarrisgovror xaro
) Sidpnewr o0 Axwiopob (my. Syduars [4, 10, 11, 27, 35, 42, 43, 44,
47, 48, 50 %ol H1]). To wpfpa mob droxbrretar propel vi elves HeYdho ol
ot ucpinds mepmtioeie ghdver 0 Eva Térapro Tob fHyxou Tol omovBliou.
[pérmer Gpewe vi onpewlel 6 opnoadels dmoTpiose TUMRATOY 6TOUE
rathTepong omovdlioug pmopsl va piv dpethovron oty dmbxpron Tob xio-
v RoTd T Sukpueia Tol ceropol Ghhg vi elvon amotéheaua avBpumoyeviiv
drepPhoswy yid Tov mposToptops Tob wehdfSou Tév Eumokinv.

Yot Eyfua [1] amemovilovrar ol poypés évic xiova omiv [lepsémoin
alupava pi Sva oyédio Tl 1840, &véd ©6 Zyfpa [2] detyver v mpocopoin:-
o The ambxpione Evbe dvtioTorou omovduhwTtol Ehevbepou wiova xatd T
Sudpueia Evoc loyupol aetopod, ué tobdg omovdliioug v Awevilovton xold
va ohtgbaivouv perakd rtoug. Ilodhég Suxgopetivés poppes pnypatmoswy
elvou Eppaveig atobg omovdbious, pé Evroves Tig Surymwies pwyues o Lo~
Sacvouy SwtumTing sotoyie Adye TGV THGEWY Ol AVETTUGEOVTOL KAT
w0 Auevioud. Tuviflog, of paypds mol Snuoupyelvror mepropilovrar oty
¢mpdvern wdfle omovdihov xai 8ev Swxdidovrar 62 yertovixole omevdLlous.
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Mropoiv v Boelolv 6¢ iotdpevous ¥ meopévous moruomdwdulous xioves,
G Hy ot poveibixols xioves.

Téroeg Sydivieg pwypes dvromilovian ot modkds dmewxovicels lotdue-
vy %l Teaudvev ubvey, of broieg dpog ddv dmodidouy mavrote v Tpay-
uaTibTyTe, ool cuyxplosic oyedlov pé putoypaples wal Emrbmes mogo-
Thphoe Selyvouy 611 ol wahhitéyves elyay THY Thon va mpoalitouy puypis
ot oyédk Tous. "Etol, mokidc hemropépeies mob godvovon of mivaes, At
Boypagiss ) oniton pmopel va iy dvtioTo oy o8 Inptfr amoTiTLEY TGV
Tnpsdiv, 600 va mpduertan Yid owids wad puoc dmoypdioeis 160 Aflou mob
grmodofnoy ut wepioabTepn Spapatind TE6TO Ah THY XoAALTELVT.

O& mpéme Suwe vé anpewlel G Surydvieg pwypts wol Selyvouy amo-
yorThueve TuAuaTe omovdiiey conoedolc LoppTc cugc TapATELTOWY O
Sty dotoytx Adye Tol Aonopol. Metpfioei of v Seiypa 29 me-
prethoewy $3etke Gt 7 wuplapyn yYovia xhiong B e pwypic ®g mpog THY
wotodoupo cvar 30° (Ey. 5). Of perphioere adtic Eyway 6t gutoypagplies
wo, oyedux, ok Abyee emirémec. Elven dftomepiepyo b1 ol poypic wob dmer-
wovilovron otd oyédix TV ehhteyvév Epouy xiior lov) pe ot ToU wvTi-
arouyel ot Suxtpuen dotoyta Tob Alfou. Elvar, Emopéves, uanhov arnifiavo
Bhec adrtic ol Baydwes poypds Tob armaxovilovrar ot oyédx xal Albo-
veaptes vi TpooTébnuay adbaipeto dwhd Tole kaAMTE VES.

TMapoxdren yiveton plo mopovsiosy optopcvav amd tlg émmémes Tupo-
Trgfioee, wob Selyvouv &t of Surydvies poypds Eyouv mpoxknflel mpogavéic
grt heviopd. O maparnpvjoeie Fyvoy 6t meploydc ué Evrovn Textovuen Spo-
oTRELbTRT GNAL %ol of TepLoyds wxphc caisuxbTTaC. Tyedov Gheg ol me-
ouTdioer; Cnpiev ot amovdbhoug Exouv Peebel othy Toupria, 0 lpdv, Tiv
Topdavta wot Ty Exnddo, dvéd woAd eybrepeg i AvydTepo mpogavels Exouy
Boebel omiv ARBovia, 7 Boviyaptia, thv Alyurto xad oy Akvyeplo. Ta pyy-
peio ol Ennplnony bl gutvovran otév [livesa [1].

[TPOZOMOIAZONTAZ TIZ HAPATHPHZEIZ

"Ornog wpowdnret 4o Tio THEUTNPNOELS, UTAEYOUY TIOAAES TopRUETEOL
o ermpealowy T ostepnd) ombxpior Ehevbepa lotdpevay widvwy, dmws ol
eunlxes Beperiowarns, ol IBdTrTes v Dty TGV omovdiAny kel 10l aTu-
20B4Tn 6TV xaTdoTaon ol Pplonovran ovjepe, TH YXEEXTNELGTING TGV
Stemupoveréiv Eraptic Tous, ouumepthaBovopEvey TEY GUYTEASGTMY OTUTIRAS
xorl wivnpaedic e, N émppod Tuydy SuToAieV, TR YUPAXTYPLOTIXG TV
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edaqurtic nivnong, N Emppor TOV xpoloswy petalh TaV omovdliiwy, koydpe-
veg pwypés xul Opaboeis atols omovdiioug Wi,

Mo’ G7v 8w elvorr Suvarttv var AneBoly Sméduy Breg adtde of mapdperoot
o Swtimeey, ol mpofiAuareg, sivar onuavTixd v vyiver win mowoToh
Siepeivnen Thg Emippotic Touc otV dmbxpiay, dote vk propéost wavels vk
eEnioe. Tic PrdfBec mol mapatnpobvroe. Mé adtdy v Tpdmo dmodenondeTon
6 ol cewspol gmroteholy v mbavitepy adtie mpbduhnore Tnuiév Tol Timou
7o gadveton ova Zyfuara [3], [4], [9].

OL gmdvduhor Tév xiovev dev ouvdéovton petald Tous xal Emopéveg
umopoly va Ghalivoouy wal va AivieToly woti T Sudpxeta ioyupdv ost-
oy Sovicewv. Me 4 pélodo tav Sumpirdy ortorysiov (DEM), v
Anglolv dméduy pé dmhomowpéve tpbmo ol mapamive mapkpeTpor, wmo-
polv vit Stratoroyrfoly dvedutind ol Cnuiéc mod mapatrpobvron xal va
Sigpeuvrfoliv of cuvlijxec Omd Tig Gmoisg oupfaivouv ol pwyupés oTolg
oTovaUAOUE KO T XATEPPELET TOV Xibvev xoTd T7) dukpxsla gelopv.

O hxewiopde elvar 7 woplapyn pwoped Tahdvtwarns, vé # Silslnay
osuvifloc meplopiletar 6T6 dviitepo Tufiua TéY wbvev frou dvarnticoo-
wTo EmLTayUveEls dpxeTd peydAes date va Dmeprepdoovy TRV tpufih. O
Muviopoe T6Y w6V UTopEL Vit Yivel e TOAAES SLpopeTINES (LOBHECH
Taddvtworg, wob Efaprhvror dmd T mARlog T@v dpudv mod dvoiyouw
TauTéypove ol TH popd ThHe xivnong xale tuhpatog (Zyx. HT). T iy
i) mepintwoy) tob éninedou Auviopol Bbo atepedv cupdTwy Hrdpyouy
TéGaepls poppic ToAdvtwens (Zy. B8), 6 dpfude Spwe tév mlblavév
poppdv Tardvtwere weyahmvel exletina pé wov aplbpd téhv omovdiiwy.
Emimpéalera, o8 omovdirous xushudig Statopdic elvat Suvartdy v HrdpEer
xok xOhtom (wobbling) watd T4 Sidprere Tol Axviopoh.

Kota o dudpxeix 1ol Auvigpol, ) Empdvein Enagiic TGV omovdilny
uetwvetor anpavtind. 16 uPaddv tng eEapritar md THY THpALOpEM-
orudThnre 700 VAol Tév omovdliev. Xt Oewpnried meplnrwon dmo-
prubppmTey amoveihay 7 oThptly éxgualletal ot «onpei.

Abyo Tig pxpfic émpdveing émaghc, otiv dmolax pertapéperar TO
Bapog Tic Umepkeluevng xatooxeutic, kol ThV xpoloswyv ol gupBaivouy
®oTa T Oudpred ToU Anvigpol, dvamTicoovTon peydhes Tdosts, of Gmoleg,
giv UmepBolv TV dvtoy) Tob Ohxol, mpoxadolv Swxyovies pwypdsc mob
owiflog Suadidovron 68 memepucuévo pixoc ywple GmoxoTr TUNUATGY TGV
omovdiAmy. Adth pudveton xal ot tpraBovinde Suxpdc of pdppago, Gmrou of
pwypes dev petadidovrar fwg tig helfepec empdveies. Ztic mepiootTEpes
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repimrdoels 1 aotoyin dpyiler Moyw dmépPacre e SpelnuoTindc avToys
wal, Gao ) Opadon mpoywed o¢ Paboc, peratpémeTal ot SutpumTon) aotoyla
pd T popeh ol dupaviletan ote pwnuein. Typerdvertor 1 sivar mbaviy
Sprotdpeves TéToteg puypds vi iy elvan Sloneprres Ay tic dufpwang TGV
émpovetdv. Ze adtec Tig TEPUTTOOEL; WInpoly Vi EVTOTLOTOUY PE YEWQU-
ouée, P nataotpopueés pebddous.

Koo 17 Surprerar oD Aueviouol eivar mblavdy va omaoouv ol durpés Tav
arovdiAey 7 dudun xol peyeditepa noppdrie. Adto apriiton 4t T dvroy)
wad TV Guotoyévaia Tol Do Tav orovdiiey. O pnyevixds iBubtyres Tob G-
%ol Mdlouy pé 16 eldog Tol metpdparog (ypavithg, pwdpuopo, aofestiibog
Suagpdowy Thmwy xAm.), &vé Omdpyer wal onpavted Staxbitovey oto eninedo
buowyéveras Tl Dhxol, e duoteyevés, supmaryés, fwe Evtove SufPpmpéve xad
KOTOUEQUATLTLLEVD TTOY TIEPLYPRPETAL BTTh T6 ®prThplo actoyiog Hoek-Brown.

‘H wnyovoey Tig Opadorg Exer perernlel metpapotied vk podppopo
Cararra wob elvat ayetied mhdotpo Ohxd, Ttk ZyAuate [60] xal [62] ma-
pouowlerar ¥ oupmepoopd Tob adfevrieol Dhumol. Td Zyfuere [61] xed
63 dpopolv wxoxromorguéven Hhd. e adthv v mepinTwor, TE dowipa
Oeppavbinray ot Ui Oeppovpacio yi vie amkoouv ol Seopol petald T6v
wbrnov xal vé npocopotastoly of ouylijres mob Emputolv otic Siempdver-
e¢ prypatwpévon Bedyou. Zlyrpion Thv AWOTEAEOUATWY TO Topouatalo-
vt ot yAuete [62] xal [63] Selyver fm omiv mepinTwon 100 (toxxomoL-
NLEvouN LapApoy UeLmVETOL SpacoTied T EPEARLGTIN AVTOYY), EV& UTTdpyeL
®ol ooyt petwarn Tic povexEovindie Ohumtindic avroyTe.

Kol otig %0 mepunraioeic of wapmihes dotoytac eivar pi) ypauumés. ‘H
Ty TiG ouvoyTic ¢ xal THe yeviag Eswmtepuiic TeBc @ wmopel va Extiunlel
amt Ty dpamropdvn Thc mepdihaucag Tév wixhwy Mohr. Ta amotehéops-
v StSovron otov [liveneax [2] xod ova Dyfpara [64] el [65] dvedoye pe
iy TR g opbiic thome. ‘H ) mob dvmioToryel ot adbevrind pappo-
po Cararra GUVLGTETOL VO Y PYCLLOTIOLELTAL YIG T7) REYLOTY vToyY) nal ¥ TuLy)
ol dvTiaToLyEl 0Tt wxronxemornuéven Cararra yid TV EVATOUEVOUGR AVTOYH.
"Omwg pauivetor dmo Th Telprpatind dmoteréouate wul dmwe avapépbnxe
%ol apomave, Umdpye Evamopdvouse dvtoyd) dnedy) ol pwypds 8ev Suwxdido-
vron Ewe Tig Shetifiepe Emupdvates wal 8y supBalver droxomy TunpaToC.

Sty meptmTwan YpowTdy, ¥ dvtoyh TGV Seopiv petoll TOV ®OxteY
glvo onuovTed pixpdTtepn 4o TV Gvroyy Tev Blwv TOV xourwv xal
1 Opalion yiveror of dmupdvetes petald Tév nbuxwv. Ethv mepintooy Tol
uopudpon, Bues, N svtoyd Thv xbxxev slvon wixpbrepn ot olyxplon e
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adh) ol ypoity xad of Siemipdvees elvon wohdt ouyroiinpéves. Emopévac,
ol émgpdveies Opadone mepthaufdvouy xal Bpadasis Tév WBiwv Tév whnxwv.
H wposouotaorn téroiwy Bpmboewy elvar afjpepa Suvarrs) Aéye Thc ouveydic
abfavbuevns uavbrrrag Tév HTOAOTIOTIHGY TROYERULATEY TTOL LTopolv Vi
A Bouy Dby wed T Bpadon ot éninedo wbwxou.

‘H dvdduen The cumeptpopiic TeptmASKETHL dxGiLY TEpLeahTERn, Sav Angboly
rebibey nod of wpodeeig petalh Tév omovdliiny xate T Sudpxew Tol Auonopol.
¢ adriv v mepimtawoy, 1 Suvague dvtoyd Tob Alfleu adidver G oL ou-
veydeves npotoei Ttpuxotholyv dvtifleto dmotéheopa. Evlemmnd amotehéapat
6w %pousTGy Suvdpemy ol dvartisoovton petalEl lou xad 200 omovBiiou
7ol xbove oD dyddhpartog Tol Amdihwve g Axadvpiae Afgvév magovaialovron
010 yfiua [66) 1o 6 ceiowd 10U 1999 (razorypagh) Zuvrdyparos) peyelupiv
ot péyoty mrdyuvern 0.19 g. Ta amotehéopara adta Epouwy mpoxider &nt
dvahioeig e 6 mpbypuuus 3DEC (Itasca Inc, 1998), ol Pastletar o) DEM.

“Omeg pokveton amo 6 Sudypoppa, 7 dvdmruln Tig péyiote Sivayrng yive-
T 68 oA elvtopo yeovind Sudoraue, mepimou 0.005 sec mod, v Gpropdva
Shued GO0 Syt i papuapo wmopel v elvon doxetd ik va mpoxhrlel Evaply
fpaione. Tidwpove pé Thy dvihuoy, To Suvequxd poptia mob AvamTisoovTaL
oTobe dvbTegous omovdlioue elver xata 70% peyoritepa téiv dvrisTorywv
oToTy, Evé wovta a1 Paoy elvon wori 20% peyadiirepe. T poprio adra
vepyoliv of wixpds émupdveiss Emogiic Aye ToD Anoncpol, E GTOTEASTUX VX
dvamTiooovtan peydhes Tdoesg Tob of dpoudvoug Mboug pmopolv i Tpo-
wohéaowy Bpadon, Tt Eyfjue [67] qoiveton  ypovaiotopia Tév Gpbav nal Taiv
Burtrmndiv Tdoeay ol dvamTicoovTon oF Eva oTueln ThHe dxtic ToD apuol pe-
o Téw amovdiiov (1) xod (2) 1o wlove 7ol Amddhwve nocre: T Sudkpreta The
ioyuptic oetopxic ddvnane. Of uéyotes Taoes brepfaivouy Ty Ty 2.0 MPa.

Triv mepimraway wibvey peydhov Suotdoswy xal Bhpoue, of Gmolow elvor
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EARTHQUAKE RESPONSE OF MULTIDRUM COLUMNS

ABSTRACT

This article aims at clarifying perceptions of likely needs and develop-
ments of methods for the assessment of the earthquake response and the vul-
nerability of real multidrum free-standing columns* It is written with the en-
gineer in mind. It puts on record field observations and case histories that
demonstrate the necessity that such a method should take into account ob-
served earthquake effects and the actual material properties of columns.

During the last two decades, there have been papers dealing with the seismic
response of multidrum columns and with the rocking design of structures.
However, as with other multidisciplinary engineering problems, there is an im-
balance of knowledge of how to estimate the seismic vulnerability of extant
classical columns. Numerical methods are highly developed and amenable to ra-
tional analysis, at least in theory, whilst knowledge of the material, foundation
properties and in particular of the design ground motions is still lagging behind.

It seems therefore that there is a need to devise a method that could take
into consideration the actual material properties and integrity of the columns
and make assumptions likely to be satisfied from observations. Such assump-
tions may best be regarded as indicators of the extent to which a particular
conclusion would be supported by the data.

INTRODUCTION

While it is now possible, theoretically, to estimate with fair accuracy the
seismic response, say, of a large-aspeci-ratio construction at the design stage, it
is difficult to predict the response of an extant classical free-standing multi-
drum column Lo a future earthquake.

The earthquake-resistant design and construction of slender structures other
than columns, such as towers, shear walls and nuclear-reactor control rods, is based
on well-known strength, ductility and energy-absorption properties of building and
foundation materials, while, in addition, building codes for the likelihood of future
earthquakes specify a probability of exceedance. The design can be improved
further by learning from laboratory or full-scale tests, not to mention occasionally
by applying lessons learned from real earthquakes.

In case of multi-drum classical columns, things are more complicated. Monu-
ments, when they are first discovered by modern researchers, are already many cen-

* The article is a sequence to the paper by Ambraseys and Psycharis (2011).
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turies old and their material properties and those of their foundations are imperfect-
ly known to say the least, having quite often been affected not only by earthquakes
but also by weathering, human activity and vandalism. Therefore, a prerequisite for
their proper modelling of the earthquake response is to start with the examination
of the condition in which they were first found on site. The final state in which a
column is left after an earthquake gives the engineer the opportunity not only to
visualise the actual complexity of its response to ground motions, but also to be-
come aware of the uncertainties in the variables involved in the system.

Note that it is not always possible to say whether the observed damage to a
column occurred when it was a structural element carrying a load or when it was
free-standing after the parent structure had collapsed. Damage can also be cumu-
lative, namely from more than one earthquake, including from earthquakes that
happened a long while after the abandonment of an archaeological site.

OBSERVATIONS

Thus, the problem takes the classical form: (1) observation of facts; (2) a
hypothesis; and (3) deduction. Having drawn a conclusion, one has to take
the next step, which is to make observations to see whether the theoretical
conclusion is recognizable.

Free-standing columns are usually the surviving structural elements of
temples or colonnades that collapsed in an earthquake. They are often found
in a tolerable state of preservation, so from their examination one can discern
the way in which they responded to the earthquake and the reason why they
were damaged. Starting with the examination of the condition in which columns
are found on site, here one may see in some detail the degree and kind of damage
sustained by their stylobate, crepidoma, shaft, capital and architrave as well as the
many different forms of scarring of the shaft caused by impact and by incipient
failure of the stones.

It is necessary to think that columns suffered damage not only from the earth-
quake shaking bul also from the falling beams among falling structural elements
and even other falling columns and capitals, adding scars that are difficult to
distinguish from those caused by the earthquake shaking alone. In most cases, it
is not easy to say whether the damage we see today was caused by an earthquake
when the columns belonged, say, to a temple, supporting architraves and enta-
blature, or by an earthquake after the temple had collapsed when the surviving
column was free-standing. It is even more difficult to say whether the damage
was assisted by human action. Matters may become complicated even further if,
during the centuries that followed the first earthquake, free-standing columns
were damaged again by one or more earthquakes. Damage is cumulative, thus it
cannot, in general, be attributed to a particular earthquake.
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Columns that have been seriously damaged are more likely to be found pros-
trated on the ground. Finding telltale scars that can be attributed to earthquakes
from the remnants of collapsed columns is not easy; yet from their examination it
is still possible to see the degree of their integrity and the cause for their collapse.
Toppling may be brought about not only by excessive rocking but also due to the
low strength of the supporting stone of the drum, which can fail by impact during
rocking. Therefore, any method that provides an insight into the real response of
columns requires that their material properties be also taken into consideration.

Beginning with field evidence of damage, one must start with the investi-
gation of the integrity and inherent strength of the structural elements made
of the stone. Checking the quality of the stone is necessary because flaws on
the smooth or rough surface of drums are not always marked as cracks of in-
cipient failure, which do not always propagate to free surfaces. In some cases,
sounding techniques may be used even when, at first sight, the stone shows no
visual signs of overstressing.

The integrity of the stone of columns before restoration is easier to identi-
fy when details can be seen in good-quality photographs taken from different
angles and particularly at different times of the day. This information may
be gleaned from reports and drawings of columns showing the state in which
they were found. It is possible then to see details and the pattern of earth-
quake damage caused during their lifetime, in addition to the effects of hu-
man activity, vandalism or weathering.

‘Where genuine diagonal scars are visible, the rocking solution to the question
of the source of such scarring is obvious, particularly when the column shows
also severely dislodged upper drums and capitals, which is to say that the column
was once rocking away without restraint (viz. Figures [1, 14, 37, 41, 45 and 47]).
In most cases, the effect of rocking results in crushing the rock at the edge of a
drum all around the periphery of contact with adjacent drums or the stylobate or
higher up in the shaft. In some cases this is more due to the low strength of the
stone rather than to excessive loading during rocking (viz. Figures [3, 4, 10, 11,
27, 35, 42, 43, 44, 47, 48, 50 and 51]). The piece of broken stone can be large,
in some cases a quarter of the volume of the drum. However, failure of a wedge-
shaped piece of rock at the edge of a bottom drum due to rocking is sometimes
difficult to distinguish from anthropogenic damage caused by deliberate hewing
off of the bottom drum, probably for the lead of its dowel.

Figure [1] shows the actual {ractures of a column in Persepolis drawn in
1840 and Figure [2] shows the simulated response of a multidrum free-standing
column subjected to a strong earthquake with its drums drawn in the act of
rocking and sliding. Many different forms of scarring are visible on drums,
with the prevalence of diagonal scarring on the columns suggesting shear
failure, the trace of which is usually confined to the side of one drum, not
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Fig. [ 1} Damaged column in Persepolis.  Fig. [2] Column drums in the act of sliding and
rocking. Simplified representation of the delor-
mation during rocking,

Fig. [4] Diagonal cracks of drums. Fig. [ 4} Diaganal cracks of drums.

extending to the adjacent drums. Similar patterns of diagonal cracks can be
found in standing columns and in remnants of collapsed multidrum columns,
but not in monolithic columns,

These diagonal cracks can be seen in many standing or prostrated columns,
but the phenomenon is nothing like as universal as it has been made oul to be by
a number of artists who have drawn the site soon alter it was discovered. By
comparing such drawings with photographs and views with the naked eye one
can even prove that they were adding extra chips and cracks.
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The problem with images is that some of the details seen in old paintings, litho-
graphs and sketches might not always be an accurate record of damage; rather, they
may be due to artistic licence employed by the artist to create some dramatisation of
what in fact are shadows or merely natural flaws of the stone.

One particular detail shown as diagonal cracks separating a wedge-shaped
section of the edge of a drum, which is often marked on drawings, seen in pho-
tographs or measured on columns, clearly suggests incipient shear failure of the
edge of the drum due to impact from the drum above it during rocking. A sample
of 29 measurements of the angle 9 formed between traces of incipient failure and
the vertical shows that its predominant value is 30, Figure [5] These measurements
were made on photographs and drawings, and a few in sifu. It is rather strange that
artists could show so many scars and diagonal cracks on their drawings due to
“artistic licence”, with angles that unknowingly are in fact close to the expected
angles for incipient failure of the rock. It is unlikely that all these traces have
been added to early draﬁings and lithographs by artists.

b NS

10 20 i} 40 50
Angle - degrees

Fig.[5} Frequency distribution of the angle § of incipient failure from 29 ohservations,

In what follows we give a summary of some of the field observations
showing that, where genuine diagonal scars are visible, the rocking solution
to the question of the source of such scarring is obvious. Observations have
been made in regions of active tectonics as well as of low seismicity. Almost
all cases of damaged drums we know have been found in Turkey, Iran, Jordan
and Greece; such instances are far fewer and less evident in Albania, Bulgaria,
Egypt and Algeria. The monuments considered are shown in Table [1].
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Location MName Cnt Flut  Stone Hm D@m H/D N E

Ajzani** Zeus 2 yes marble 92 1 88 3949 2962
Andigonia 2 -3  yes  conglm 4010 20235
Apamea® Apameia limest - - - 3542 2640
Aphrodisias *  Aphrodite -1 yes marble 93 37.71 2873
Apollonia Poseidon ? yes 4074 1947
Athens** Apollo Acad. 19 yes marble 153 1.2 13 3798 2373
Baalbek** Bacchus 3 no  limst 200 L7 12 3400 3622
Bassae** Apollo - yes  limesL 508? 12 49 3740 2185
Cendere’ bridge 3 no  limest 95 3794 3861
Claros* Apollo -4 yes marble 91 1.5 641 3801 2719
Corinth* Apollo -6 yes limest 78 18 43 3792 2294
Didyma** Apolloa -3 no  limest 197 2 98 3735 27.23
Edessa Urfa 9 limest. 173 15 12 3715 3879
Jerash ** Artemis 2 no  limest 16 15 11 3218 3585
Karakus* Nymphaeo -1 no  limest ) 2 45 3787 3860
Nemea* Zeus a -3 yes  limest 102 15 68 3782 2267
Olympia* Zeus -5 yes  limest 104 22 47 3764 2160
Olympieion*  Athens 2 yes  limest 17 19 89 3797 2373
Palmyra** limest. 34556 3827
Pergamon™** Demeter no  marhle 53 06 88 3913 2718
Persepolis** Apadana -5 yes  limest. 18 14 13 2993 5288
Pompeiopolis~  Soloi -1 no  limest 3678 34.54
Prieni* Athena -4 yes  marble 114 13 88 3765 2732
Sardis” Kybele 2 no marble 177 2 89 3830 2803
Sounion Poseidon -5  yes  marble 37.67 24.02
Theseio* Hephaestus -5 yes  marble 6 1.4 56 3798 2372
Thrasyllos W** Choregic 4 no  marble 81 07 12 3797 2373
Thrasyllos E**  Choregic 4 no  marhle 9.3 08 12 3797 2373

** site investigation

*  cursory study

- not visited

Table [1]: List of the monuments considered.
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CASE HISTORIES
ATZANI, ZEUS

The Temple of Zeus at Aizani, near Cavdarhisar in western Turkey, was
discovered in 1824 and its excavation began in 1926 (Figure [6]). It is regarded
as one of the best-preserved Roman temples in Turkey, built on a low artificial
mound that covers underground vaults that form the basement of the temple.

Early in the nineteenth century some of its columns near the stylobate had
been cul away at bottom level so that only about half their base was sitting on the
plinth. This seems to have been done deliberately by hewing off part of the base
of the column, presumably for the lead of its dowel, a practice encountered in
other parts of the Middle East (Figure [11]). Sometime in the 1930, probably in
about 1937, the damaged drums were repaired with concrete pillows that replaced
the missing parts of limestone (Figure [9]).

Bl

Fig. [7] The Temple of Zeus after the earthquake of 1970), which caused the collapse of the
three columns shown standing on the left of the temple in Figure [G].
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Fig. |8} Fracture of toppled monolithic  Fig. [9F Concrete repair corner pillows of
columns caused by the earthguake of 1970,  bottom drums of the temple of Zeus at Ajza-
In the background can be seen the ruined
village of Cavdahisar,

ni detached from their columns due to their
rocking caused by the earthquake of 197(),

The earthquake of 1944 is said to have caused some damage to the temple,
but from what we know about its effects at Cavdarhisar this should have been
trivial in comparison with the damage done by the earthquake of 1970 that
followed. The new damage to the repairs carried out in 1937 was fixed again,
probably sometime between 1963 and 1968, a time period known from a coin
found in the concrete pillow when the damaged drums were again repaired.

The earthquake of Gediz of 28 March 1970 (M_ = 7.1), which occurred 25 km
from Cavdarhisar, aggravated the existing damage, This time, three of the repaired
columns which were connected with an architrave collapsed (Figure [7]), and all
the reinforcing concrete corner pillows were detached from the shafts (Figure [H)).
The monolithic columns that collapsed were all fractured at right angles to the shatft
(Figure [8]). In addition, the bottom drums of a number of columns had their edges
fractured due (o excessive rocking on the stylobate (Figure [ 1O]).

Fig. [10} Typical corner
fracture of the lower part of
bottom drums of columns of
the Temple of Zeus at Aiza-
ni due to rocking caused by
the earthquake of 197()

Fig. |11} Characteristic damage to
columns ol the Temple of Zeus at Alzani
caused the deliberate hewing off of its
bottom drum for the lead of its dowel.
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The site was visited a number of times alter the earthquake in March
1970 and again in 1971, and the damage caused to the structure by the earth-
quake was mapped. The interest here is that, because the temple is founded
not on the ground but on a semi-basement consisting ol vaulted structures, its
response Lo Lhe earthquake was quite different from that of similar structures
founded on firm ground (Ambraseys 1976).

Local information to the effect that during the earthquake the columns of
the temple were seen swaying seems to be a figment of the imagination, since
the event occurred at midnight (Ambraseys and Tchalenko 1972 Naumann
1971; Rheidt 1977).

ANTIGONIA

Excavations in Antigonia, a site ncar Saraginiste in Albania, were begun
in the early 1960k, The free-standing monaolithic columns shown in Figure [ 12]
were re-erecled, probably in the early 1970s. They belong to the original Helle-
nistic settlement dating from the early second century BC (Korkuti 1971: Zachos
2006). In spite of the poor quality of the stone and the seismicity of the region,
there is no evidence of earthquake damage before they were re-erected.

Fig. [ 12} Monolithic columns at Antigonia.
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AFAMEA

Eixcavations al the site of Apamea began in the 1920k The city was badly
damaged by series of earthquakes, in 130, 526 and D28, when it was rebuilt. It
was again almost totally destroyed by the earthquakes in 1157 and 1170 and
once again rebuilt. There is a considerable number of freestanding columns here
for examination, but all of them have been re-erected and it is too difficult to
identify with certainty those that have been damaged by the earthquakes.

The problem is that, of the over 1000 originally collapsed columns, those that
still stand have been re-erected, some of them perfectly well but many not so well.
These in the vicinity of the Roman Villa have been restored and strengthened
with conerete. Also the columns on the site of the Temple of Zeus have all been
re-erecled, as well as some hundreds along Colonnade Street, these being columns
erected in the second century but in part demolished by the earthquake of 1157,
Also the series of columns with twisted [uting has been re-erected and their
capitals and entablatures have been put back in place.

It was lound extremely difficult to identify with certainty standing or
prostrated columns that had not been restored during the period 1950-1965.
'et, almost all of them show signs that at some time when they were load-carrying
structural elements they had been damaged by what can only have been rocking
during earthquakes (Figure [ 13]).

Fig. [13]: Typical damage of drums Fig. [ 14} A column (No. 2) of the peristasis of the
of the Colonnade near the northern temple of Aphrodite st Aphrodisias, showing in-
baths in Apamea. cipient failure of one of its drums.

APHRODISIAS, APHRODITE

The Temple of Aphrodite in Aphrodisias, near the village of Geyre in Asia
Minor, was first found in the early eighteenth century and first excavated in
1904, Repeated earthquakes at various times, particularly the earthquake in 240
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AL, should have caused serious damage to the stone buildings of the city. Another
earthquake on 22 February 1653 should have caused somewhat smaller damage, but
its effect on the columns is not easy to identify. This and later earthquakes helped
put an end to Aphrodisias, after which the city fell into disrepair.

The main sanctuary of the city, the Temple of Aphrodite (Figure [14]),
has 14 columns of the lonic order of its peristasis as they were found after
the conversion of the temple into the city’s cathedral in circa 500 AD. It was
altered when it was converted into a Christian basilica at the expense of the
building material taken from the ruins for its construction.

To the east of the temple eight columms of a propylon have been newly exca-
vated and re-erected, while south of the Temple of Aphrodite is the Odeon and
Agora enclosed by Tonic porticoes on three sides. A series of these columns is pre-
served in the south-eastern corner.

Some drums of the few standing marble fluted columns with remnants of
their capitals found originally do show diagonal cracks suggesting incipient
failure due to rocking. There is no evidence that the drums had been hewn
near their base or elsewhere for the lead of their dowels (Akurgal 1969).

APOLLONIA, POSEIDON (7)

The solitary column, presumably belonging to a temple of Poseidon, is lo-
cated beyond the site of Apollonia, on the hill of Shtyllas near Fier in Al-
bania. Figure [ 15] shows a drawing of the column made in 1813 by Holland
(1815), and Figure [ 16] shows the column after its cleaning in 1960 (Korkuti
1971). The site was not visited, but references to the state of preservation of
the column do not suggest noticeable carthquake damage.

Fig. [ 15): The column as found in 1813 Fig. [ 16] The same column in 1960,
(Holland 1815).



162 NPAKTIKA THE AKAAHMIAE AGHNGN

ATHENS, APOLLO, ACADEMT

The columns of Apollo (Figure [17]), and Athena of the Academy of Athens
were built of marble and carry the statues of Apollo and Athena, respectively.
They were shaken by the earthquake of 7 September 1999 (M, = 59) at an epi-
central distance of 10 km, which caused no damage 1o the columns but merely
brought about sliding of the statues on the base by a few centimetres (Figure [ 18])
(Ambraseys 2010a; Ambraseys and Psycharis 2011).

Fig. [17} Column and statue of Apollo of the Academy of

Athens.
s
:'!-h Fig. [15]: Displacemeni and rotation of statue caused by
i the earthquake of 199K,

BAALBEK, TEMPLE OF BACCHLUS

The Temple of Bacchus in Lebanon is a second-century-AD construction.
lts columns are made of hard limestone and they have an aspect ratio of 85,
The earthquake of 25 November 1758 in the Litani Valley of M_ - 7, which
was associated with a surface fault break 5 km from the Temple, almost totally
destroyed Baalbek, demolishing the ancient ruins (Figure | 19]).
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The site was visited in the autumn of 1968 Between the south-west corner

of the peristyle and the colonnade of the vestibule all the columns of the tem-
ple have collapsed, except for one whose fall was arrested by the wall of the cella
(Figure [20]), which was damaged by the impact of the fall (Figure [21]). The way
in which this column fell over suggests that during the earthquake the base of the
stylobate moved southwards before the ceiling of the peristyle could collapse. This
caused the column to break into two pieces and fall northwards.

Fig. [19} View of the Temple of Bacchus from
the south-west in 18901

Fig. [20} Column of the south peristyle of
the Temple of Bacchus in Baalbek thrown

onto the cella wall of the Temple by the
- carthquake of 25 November 17559,

Fig. [|21]: The column of the south peristyle Fig [22} The final position of the column of
of the Temple of Bacchus leaning against the the south peristyle of the Temple of Bacchus,
cella wall of the temple, which was damaged showing the crashed edge of its bottom drum
in arresting its fall. resting on the stylobate ( 1968),
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What is interesting here is the small size of the contact area of the cracked
edge of the column which supports it on the stylobate, which is sufficiently
large for the stone to carry the load from the column above it (Figure [22]).
This shows the ease with which drums of hard rock can stand on their crashed
edges, in this case not instantaneously, as in the case when the column is rocking,
but for hundreds of years (Diener 1886).

BASSAE, APOLLO

The Temple of Apollo Epicurius at Bassae is a mid-fifth-century-BC construc-
tion of external Doric order. Its columns are of limestone about 6.0 m high with an
aspect ratio of H.7.

The temple was discovered in 1765 and its structure was seriously affected
in 1812 by the demolition works for the removal of parts of its sculptures.
Figure | 23] shows the remains of the temple in 1814, with one of its columns
leaning noticeably against the column next toit.

Fig. [23]: The ruins of the Temple of Apollo at Bassae,
1810 (Haygarth 1814). The leaning column shown
must be a “slip of the brush™

Fig. [24} A solitary column, next to the missing
column of the south colonnade, leaning by
17 em to the south in 1965,

Fig. [25} Damaged architraves of low-quality
stone, which had already broken before the
earthquake (looking up).

The site has been subjected recently to two not very strong earthquakes.
The first occurred on H April 1965, and the second on 1 September 1966,
causing peak ground accelerations less than 10% g.
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The site was visited after the earthquakes in 1965 and 1966, and again in
1975. Much of the observed damage was found to be due to the dismantling of
the temple for the removal of sculptures. In the first visit to Bassae in July, short-
ly after the earthquake of April 1965, a cursory inspection of the temple showed
that the south part of the western colonnade with its architrave was leaning
noticeably to the east by 2° and the north part by 1°to the west (Figure [24]).
The eastern colonnade was leaning to the east by about 1°. Also some of the free-
standing columns of the north and south colonnades were found to be leaning
over to the south by more than 2° (Figure [25]), and some of their heavily eroded
architraves were on the verge of collapse. Small pre-existing breaks from the base
of a few columns were noticed, with no chippings left on the stylobate.

There was no other visible damage to the structure, except to two drums,
which were displaced by about 1 cm, exposing the top surface of the drums
below. However, the exposed surface showed the same degree of weathering
as the sides of the drums, suggesting that these displacements had taken place
long ago. Local information from the nearby town of Andritsaena confirmed
that the earthquake caused no noticeable changes in the pre-existing inclina-
tion of the columns, except that two architraves, which were already broken,
opened up a little, threatening collapse (Figure [25]).

A second visit, after the earthquake of 1 September 1966, and after some
small repairs had been made before the second earthquake, confirmed that the
shock had caused absolutely no structural damage and no measurable change in
the tilting of the columns. There was some indication that, as a result of the loca-
tion of the temple on the hump of a small catchment area, the foundation of the
west part of the temple was in places eroded. Columns on relatively good-quality
stylobates but founded on eroded material had settled, causing these columns to
lean over.

A third visit in October 1975 led to the conclusion that much of the dete-
rioration of the temple was due to causes other than earthquakes. Erosion,
particularly of its architraves, and differential settlement of its foundations
were the main causes for the tilting of its columns. A painting of the temple
in 1814 shows the excessive tilt of one of its columns (Figure [23]), which
can be attributed to foundation failure. Also the few cases of displaced drums
in some columns may be associated with the dismantling of the fabric of the
monument.

Although the quality of the limestone is not very high, there is no evi-
dence of damage to columns due to overstressing caused by rocking, except
that two architraves, which were already broken, opened up a little, threatening
collapse (Figure [ 24]) (Haygarth 1814; Ambraseys 1976; Ambraseys, [.emaire and
Marchesini 1976) (viz. Psycharis et al. 1996).
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CENDERE

Of the four columns erected early in the third century
AD by the Romans, three are standing on the abutments of
the bridge spanning the Cendere River near Arsameia, in a
region of high seismicity in the cast Anatolian fault zone in
Turkey (Figure [26]); the fourth was probably removed by
the Romans. Some of the limestone used for these columns
came from the dismantling of the columns that are now
missing from the Karakus tumulus (Akurgal 1973).

Fig. [26]: The Cendere column on the left abutment of the bridge

CLAROS, APOLLO

(a)

Fig. [27] The Temple of Apollo, Claros: (a) a drum showing anathyrosi, multiple dowels and
(b} missing parts of the edge of the stone, presumably due to rocking (Akurgal 1973, Arisoy,
Nuhoglu and Ercan 2011).

CORINTH, APOLLO

The Temple of Apollo in Corinth is a sixth-century-BC Doric-order construc-
tion, built with fluted monolithic limestone columns about 80 m high and of near
1.7 m diameter on average, with an aspect ratio of about 4.3.

The first image we have of the temple is from a drawing made in 1751, that
is nine years after the destructive earthquake of 21 February 1742 in the region
of Corinth. The drawing shows that there were 12 columns standing with their
epistyles, with no visual evidence of damage (Figure [28]). Also no mention of
damage to the temple and to the surrounding buildings was found in contempo-
rary Ottoman or occidental sources (BBA.ADVN.808; Stuart and Revett 1751).
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Drawings and paintings of the site dating from between 1776 and 1800
show that in the intervening period four or five of the columns and their epi-
styles had been removed and that only seven columns were still standing. We
know, however, that the missing columns were blown up with gunpowder by
the owner of the piece of land on which they were standing in order to use the
material for the enlargement of his new house (Figure [29]).

Figure [32] shows the view of the remains of the temple after the site had
been excavated in 1927. From 1751 up to 1898 the site had been visited and
described by 39 travellers, who do not mention any earthquake damage. They
note, however, that, as a result of the earthquake of 21 February 1858, the
columns had their capitals and entablature somewhat displaced and also that
an earlier earthquake had caused one of the columns to split diagonally. In
fact this was a pre-existing crack that was enlarged by the earthquake of 1856
(PRO FO:32.261.123 (Athens)). Some superficial damage to the lower parts
of some of the surviving columns that can be seen is for structural connections
when the columns were part of the houses built on the site (Figures [ 29], [30] and
[31]). Tt is only on the drawing made in 1801 that the artist adds diagonal cracks
in one of the columns of the temple (Dodwell 1819) (Figure [30]), the same view
of which is not drawn by other artists. The seven columns of the Temple of
Apollo in Corinth remain as they were found.

In January 1851 Flaubert notices that the capital of the Sth column had been
displaced considerably to the right (Flaubert, G. 1948) (viz. Psycharis et al. 1996).

Fig. [28]: The first image of the Temple of Apollo in Old Corinth in 1751 viewed from the
south-west: notice the houses built on the site (Stuart and Revett 1751).
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Fig [2Y]} A view from the south-west of the columns left standing, showing the house buill on
the site {Williams 1516).

- A r
5 = BT

Fig. [31}: Corinth in 1883 (Smith A 1884),
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Fig. [32]: A view of the temple from the east after it had been excavated in 1927,

DIDIMA, TEMPLE OF APOLLO

The construction of the temple of Apollo at Didyma, near Miletus, started
in the fourth century BC and continued until the first century ADD, but it was
never completed. Its lonic columns, a few of which stand today re-erected, are
20.00 m high and have an aspect ratio of 9.7. It is very probable that the site
was seriously damaged by many earthguakes. One of these should have been
the event which on 18 October 1493 ruined the island of Kos and damaged
seriously the nearby Halikarnasus, for which we have a historical record.

The only indication that some of these columns toppled because of excessive
rocking comes from drums of fallen columns that clearly show shear failure of the
bottom drum (Figure [33]).

Fig. [33]: The stump of a column that failed in shear.
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EDESSA, URFA

Nothing is left of the buildings of the city of Edessa at the time of Abear
the Great. Of Abgar's palace and the mansions all that survives are two columns
standing high on the Cathedral Mount among ruined towers and fallen debris
(Figure [34]).

The two columns are on bases that were subsequently reinforced. The style
of their Corinthian capitals assigns them to the late Roman period, which date
is conlirmed by the script of the Syriac dedication to Queen Shalmath on the
one further to the east. The bases are of dimensions 415 m x 507 m and 3.75
m x 390 m, The total height of the columns, including the bases, eapital and
coping, is 17.25 m and their diameter is 1.45 m (Segal 1971).

Fig. [34}F The shaft and capital of
one of Abgar’s columns. Note the
employment of hall drums used
in pairs with separate dowels for

the construction of the column.

JERASH, TEMFPLE OF ARTEMIS

The Temple of Artemis in Jerash was built on a raised platform sur-
rounded by a line of columns, 11 on the long sides and six on the short sides.
Underneath was a barrel-vaulted crypt, which meant that the floor inside the
temple was of uneven height. The main entrance faced east. I1 was marked by
a colonnade three columns deep. Eleven front columns are still standing, having
survived the earthquake of 746 AD, which seems to have caused extensive damage
in Jerash, and other shocks later.

Most of the columns in Jerash standing today show the damage they have
suffered from past earthquakes, which were strong enough to cause intensive
rocking, and also sliding between drums that in most cases resulted in the
fracture of large pieces of rock from the edges of drums (Figure [35]).
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Many of the damaged drums have lost so much stone from their edges that
they can sway in high wind. The movement of these columns can be seen to-
day by wedging a twig between the drums and watching it move up and down
as the columns sway. These “dancing columns”, as they are dubbed, have sur-
vived many earthquakes and high winds because of the exposed position of
the temple. Nevertheless, on wise advice they have not been stiffened, an in-
tervention that could have been counterproductive.

Almost all of the surviving free-standing columns in Jerash show in some
way the effects of rocking from earthquakes by having the fluting between
drums chipped off or shattered (W harton 1995).

Fig. [30F A contre-lumiére view of columns in Jerash, showing the loss of stone due to
rocking. The movement of these columns can be seen today by wedging a twig between the
drums and walching it move up and down as the column sways.

KARAKUS COLUMNS

The burial mount ol Karakus that marks the memorial graves of the fe-
male Comagene roval family was built early in the first century AD. It was
surrounded by Doric eolumns, three of which, 9 m high, survived the demoli-
tion in the second century by the Romans for their limestone blocks, which
were used for the construction of the columns that decorate the Cendere
Bridge further to the north.

The Comagene graves are located in the east Anatolian fault zone in Tur-
key, a region of high seismicity.
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An eagle 2.5 m tall (Figure [36]), a lion and an inscription top the three
surviving columns,

'S
T RO >
Fig. [36]: The three Karakus columns.

NEMEA, ZEUS

The ruins of the Temple of Zeus at Nemea in the north-eastern Pelo-
ponnese have been known since the mid-eighteenth century, and the three
columns of the temple left standing are original. The temple was built on
Holacene gravels and clays about 30-50 m thick of the floodplain of the Ne-
mea River, now canalised only 10 m to the west.

The earliest drawing of its three standing columns was made by Pars
(1797) in 1766, which, like many later paintings, shows no details. The only
drawing that shows some details was made by F. Préaux in 1801, in Clarke
(1812) (Figure [37a]).

Already in the 2nd century AD the roof of the temple had fallen in and
in the years that followed the rest of the ruins were used as building material
for the construction of a Christian Basilica and of other structures, leaving
only three of its columns standing.

[t is said that the Temple was overthrown by an earthquake (Hill 1996) for
which the first author could find no justification when the first author visited the
site in the winter of 1972 The region of Nemea is of relatively subdued tectonic
activity and the field evidence points 1o the use of the site over a long period for
building materials, deliberate damage and from weathering.

The free-standing column is made up of 13 drums, each cut from bedded
limestone, not of the best quality. All three columns as drawn by Préaux show
diagonal cracks across the bedding of the drums. There, traces of diagonal fractures
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in the drums of three columns of limestone can be seen in the drawing made by
Préaux, clearly cutting across the bedding of the stone of drums, but not ex-
tending to contiguous drums (Figure [37b]) (Gell 1810) (viz. Psycharis et al. 1996).

Professor Miller believes, most probably righily so, that these traces of diagonal
cracks are nothing more than the product of the artist who made the drawing or the
printer who adapted it for publication, which is possible. He considers that these
traces on the lithograph are largely due to “artistic™ licence based in some small
degree on the natural flaws in the stone that can be seen in a recent photograph. He
agrees, however, that there is a diagonal crevice in the stone about where Préaux’s
“crack”™ begins at the upper left, which he thinks is a natural flaw in the stone that
does not continue through the whole of the second drum from the top of the
column (Figure [37¢c], personal communication 7 August 2009, Miller S. G. 1936).

It is rather unlikely however, that the eight diagonal traces cutting across
horizontally bedded stone which we see on the three columns are all due to
“artistic” licence. They are more likely to be the weathered traces of incipient
cracks produced in the low-quality stone of the drums by an earthquake when
the temple was still standing.

Fig. [37} The three standing columns of the temple of Zeus in Nemea, drawn by F. Préaux

in 1801, in Clarke {1512).

OLIMPIEION ZEUS

The Temple of Olympieion, of Corinthian order, was completed in 132
AD. Of its columns only 16 have survived, of which 15 are still standing: 13,
with their architraves in a fair state of preservation, in a group at the south-
west corner of the site, and two others to the south-west. The latter group consi-
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sted of four columns until 1759, when the Turkish Governor pulled one of
them down to provide lime for the mosque he was building. The fourth column
was blown down in the great storm of 1852 and it is alleged that this was because
of foundation failure,

However, it is evident that its collapse was caused by excessive tilting and
fracture of its lower drums. As Figures [38], [39] and [40] show, the tilt of the
foundation plinth does not agree with the tilt of the rigid foundation block
on which the column was standing, which remained horizontal.

On examination it appears that the column prostrated itself only after
fracturing of the edge of its lowest drum, a fragment of which lies next to it
(Figure [40]), as well as of drums higher up the shaft (Figure [41]).

Incipient fractures and chipping or flaking off of sides of drums appear
in many of the standing columns, most of them probably the result of earlier
carthquakes.

It is said that the two remaining columns were caused 1o sway by the earth-
quake of 20 April 1894 in Atalante, 80 km away from Athens (Télle 1994).

Fig. [35]: A view of the column
blown down in 1852, which most
probably fell owing to failure of
its base plinth.

in Figure [38], showing possible failure of its foundation
plinth.
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P e
Fig. [ 40} Corner failure of the bottom drum Fig. [41): The first drum under the capital of
of the column; the missing piece lies on the the column of Olympieion Zeus in Athens
ground. blown down in the storm of 1852, showing

a diagonal trace of incipient failure.

PALMIRA, TADMOR

Fig. [42] Pillars of the colonnade with statue brackets in Palmyra,
Tadmor. Most of the upper drums are dented al the edge.

PERGAMORN

Fig. [43}: A contre-lumiére photograph showing clear- Fig. [44] The Pergamon sanctuary
ly the state of displaced drums of the columns on the of Demeter.

Acropolis of Pergamon with their edges missing.
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PERSEPOLIS

The Palace of Persepolis (Takht-e Jamshid) was discovered early in the
seventeenth century. The various buildings stood on a platform, partly built
up on the eastern side and partly excavated in the west. Originally the colon-
nade of the Apadana Hall, which is located on the eastern part ol the site,
consisted of 36 limestone fluted columns about 18 m high with a diameter of
1.4 m and an aspect ratio of 128

In 1619 there were 20 free-standing columns, whereas in 1840 there were
only 13 (Flandin and Coste 1851), which is also the number of columns that
remain upright today without their enormous double bull protomes.

The columns were found in different degrees of preservation, standing up
to about 18 m high, made up of only three to five drums of diameter about 1.4
m. The heights of their base, shaft and capital, excluding the massive protome,
are about 1.4, 155 and 1.9 m, respectively. The diminution in the number of
columns is attributed to fires and deliberate demolition, for which there is literary
evidence, and also 1o earthquakes, regarding which, although historical evidence is
totally missing, there is no doubt that they had played a significant role in the
demise of the site.

The damage to the columns can be seen in the drawings of Flandin and
Coste and in descriptions by later travellers that show the actual condition in
which they were found in 1840 (Figure [45]).

In most of the columns in Apadana there can clearly be seen a diagonal
fragmentation pattern of their drums, a pattern typical of incipient failure of
the edges of drums caused by the impact due to rocking. These fractures were
probably caused when the columns were still supporting the heavy double
bull protomes, while other fractures may be due to earthquakes that occurred
after the protomes had toppled.

One has to keep in mind, however, that many different forms of scarring
are visible and that the prevalence of diagonal scarring on the stone columns
of the Apadana Hall was nothing like as ubiquitous as it is made out to be
by Flandin. Above all, by comparing Stronach’s drawings with Flandin’s left-
hand column one can even prove that he was adding extra chips and cracks.

Nonetheless, where genuine diagonal scars are shown, one can say that the
rocking of drums having been the cause of such scar strikes is eminently reasonable,
Furthermaore, Stronach’s drawing of the column shows a severely dislodged upper
drum and capital. To say that this column was once rocking away completely
without collapsing would hardly seem 1o be an exaggeration. Evidence of diagonal
fractures of all sizes can be found also in drums of columns that collapsed and in
loase fragments (Figure [46]).

The site was visited after the earthquake of April 1972, which caused only
one or two columns to sway. The 13 columns in the Apadana Hall were found
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standing with no damage whatsoever, bul in appearance were very different from
that carefully drawn by Flandin and Coste. The columns all looked brand new,
their relatively recent restoration concealing much but not all of their damaged
fabric. The little detail that is known about the restoration work on these columns
does not explain how the fabric of the columns and their foundations have been
strengthened or whether restoration meant merely a repair of the original damage to
the shafts.

It was possible to model the observed damage, much of which can be attri-
buted to the impact of drums during rocking (Figure [47]) (Flandin and Coste
1851; Schmidt 1953; Tilia 1972; Stronach 1978 Pasargadae (Apadana);
Mousavi 2002 and references in Farsi therein).

Fig. [4D] Columns in Persepolis at Apadana drawn in 1851,
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Figures [40-47): Stronach’s column in Persepolis in 1961 after restoration (right), still showing
the pattern of damage in 1840 (left).

POMPEIQPOILIS
The ancient Roman town of Soloi-Pompeiopolis, near the city of Mersin.

PRIENE, ATHENA POLIAS

The Temple of Athena Polias in Priene is a fourth-century-BC construction
in the lonic order, which was not completed before the second century BC.

Priene was built on the north—-south slope of the flank of Mt Mycale. The
town is built on tiered terraces, well above the Meander River, and il is one of
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the few towns of that period built on hilly topography. It runs east-west becausc
thus the ground is level, while in its narrower north—-south part the ground is
quile steep, in places reducing streets to stairs, with most of its public and private
buildings facing south.

The site was first visited in 1765, and archaeological excavation did not
begin before 1896. Not a single column of the Temple of Athena was found
standing. In recent years five columns of the north colonnade of the temple
have been re-erected, Figure [49]. The temple, for which local marble was used
as construction material, is built on a platform.

The temple would seem to have been heavily damaged by earthquakes,
for which there is no literary record, and parts of it rebuilt or repaired many
times; it has also suffered great destruction in a lire.

Examination of the drums of the re-erected columns and of those on the
ground shows that the site scems to have been shaken by strong earthquakes.
The damage that can be seen to pedestals and drums, and the loss of parts of
their plinths, suggests the effects of severe rocking (Figures [50] and [51]).

There is some evidence of tilting of stubs of columns, but this can be easily
explained by the fact that the Temple of Athena is one of those in which the
stylobate is tilted outwards, though not curved, presumably for drainage.

There is also some evidence of permanent ground deformations, which
may be due to the location of the site on an incipient old slide on the flank of
M1t Mycale.

Finally, it is alleged that the original site of Priene was destroyed by an
earthquake sometime in 350 BC. This may be so, but it is more likely that the
town had suffered severely in the Fersian wars, possibly to the extent of being
razed and depopulated.

. R il
Fig. [44} The five columns of the Temple of Athena Polias at Priene were re-erected in 1965-6
from rubhle.
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Fig. |50} Priene, fractured base.

Fig, [51): A lower drum of the Temple of Athena, broken all
the way around on the bottom and at the base (Alunel 1998),

SARDIS, ARTEMIS

Most of what remains today in Sardis dates from the second century. Only
two complete columns and a few partial ones still stand. Almost all of them
show denting of the edges of drums.

Fig. [02): The Sardis Temple of Artemis seen from the west. The
capital surmounting the left-hand column dates from the second
century BC.

THESEION, HEPHAESTUS ATHENS

The Theseion or the Hephaesteion in Athens is a temple of Doric order built
on a hillock. It is very well preserved externally, owing to its having been converted
into a church,

On the short ESE and WNW sides it has six multidrum columns, and there are
13 along the NNE and SSW sides, all carrying the architrave, frieze and pediment.

From Figure [53] we notice that the drums at mid-height of columns 4 and 5
and, to a lesser extent, of column 6 {on the north face of the temple counted from
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east to west) have been displaced to the north-west without any indication of the
slightest disturbance to the drums of the columns of the rest of the colonnade. Figure
[54] shows a detail of the displaced drums, a feature that can still be seen today.

These observations have led seismologisis to believe that the deformations
and also the cracks seen today in the walls shown in Figure [55] are the result of
an earthguake, an assumption that is not tenable.

The structure stands on a slight rise on a 25-m-elevated platform of unequal
thickness on its east and south sides (Figure [53]). With the exception of columns
4 and b, the remaining 34 columns show no signs of relative displacement or
damage to the edge of their drums. The en échelon pattern of cracks in one of the
internal walls, shown in Figure [56], suggests right-lateral differential settlements
of the foundation of the western part of the temple (the left part of the temple in
Figure [53]) rather than earthquake loading. None of these observations supports
the effect of an earthquake. It is unlikely that this was the work of an enemy; an
invader in temporary possession of a site seldom has the power and leisure for
destruction equal 1o his will.

[t may be that what we have here is the result of an unsuccessful attempt in
the fifth century AD, a period of purification of the pagan temples, to pull down
the structure, starting by first trying to pull out two of the central columns of the
north colonnade where the ground was level. This would have caused a retrogres-
sive collapse of neighbouring columns and part of the cella wall. The method they
used unsuccessfully is difficult to define. The small height of the displaced drums
above ground excludes the use of horses or oxen, that could pull out the columns
one by one, in which case they should have gone for the first or second drum.

Another method would have been to wedge dry massive timbers between
columns and then drench them to make them swell, thereby forcing the columns
apart. Bul this should have pushed the drums in the opposite direction, which is
not the case (Figures [54] and [55]).

[t is not known what really caused the observed displacements of the drums.

Fig. [53] Temple of Hephaestus in Athens in 174Y, viewed from the north (Dalten 1791),
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Fig. [54} Columns 4-6 of the north face of  Fig. [5G35} The temple viewed from the
2 I

the temple in 1935 north-east in 1977

L

s

Fig.|56]: The pattern of wall ¢racks in one of the internal walls,

ACROPOLIS
Evidence for corner incipient failure of the rock of drums due to the ten-

dency of the column to rock can be seen in many cases, such as of the first
drum (anathyrosis) of the NE column of Parthenon after the earthquake of

1981 in Figure [57].
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Figure [D7]: First drum (anathyrosis) of the NE column of Parthenon after the earthquake of
1981 showing incipient right-lateral shear failure most probably due to rocking.

MODELING THE OBSERVATIONS

We may now look into the various parameters identified from observations
that enter into the formulation of the earthquake response of free standing
classical columns. These are: foundation conditions; material properties of the
drums and stylobate in the state in which they were found; type of contact
surfaces beiween drums; static and kinetic friction between drums; effect of
central or lateral dowels on the response; criteria for the appropriate selection
of ground motion; transient loading and impact between drums and stylobate;
effect of impact on drums; incipient failure and fracture of drums. Of the many
parameters mentioned above, of major importance are the material properties of
the drums.

While it is not possible to take into account all these parameters in the
formulation of the problem, it is important to examine qualitatively their ef-
fects on the response, since one can thereby explain, at least in principle, the
kind of damage we observe in the field. That alone should make earthquakes
not the explanation of last resort but rather one of the first suspicions to come
to mind when we look, for instance, at the damage in Figures [3, 4, Y).

Multi-drum columns are made of individual stones (drums) that are
placed one on top of the other in some cases without any connection between
them. As a result, they rock and/or slide during strong earthquakes. The ap-
plication of the DEM in parallel with a simplified modelling of the above-
mentioned parameters may provide an explanation for the observed damage
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and provide a more realistic simulation for the conditions that lead to the
cracking and toppling of columns during rocking.

In structures, such as columns of classical temples or colonnades, rocking
is the dominant mode of response, while sliding is usually restricted to the up-
per part of the column where the developed accelerations are large enough to
overcome friction resistance.

There are many rocking “modes” in which a multi-drum column can respond.
For example, there might be simultaneous opening of many joints, or some blocks
might respond without opening of the intermediate joints, thus behaving as a
single block (Figure [58]). In Figure [59), the four possible rocking modes of a two-
block assembly are shown for planar (2-DD) response. The number of the possible
rocking modes inereases exponentially with the number of drums. Additionally, for
drums of circular cross section, wobbling occurs during rocking.

(b)

Figure [D8]: Farthquake response of multidrum columns: (a) free-standing columns with joint
opening at many plages; (b) two columns connected with architrave with joint opening at many
places; (¢) two columns connected with architrave with joint opening at few places (Psycharis

2005).
MEODE 1 MODE 2 MODE 3

Figure [ 59} The four modes of rocking of a two-block assembly for planar response (Psycharis 1990,

MODE 4
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During rocking, the weight of the upper part of the column and the super-
structure is supported by the small contact area of the two drums, adjacent 1o the
opening joint. The area of contact depends on the deformability of the material
of the drum. The stiffer is the stone from which the drums are made the smaller
is the area of contact. In the theoretical case of perfectly rigid blocks, the area of
contact degenerates to a single point.

Due to the small size of the contact area and the impacts that occur, high
stresses are developed, which can produce cracking. In drums of columns that still
stand or they have collapsed, the existence of diagonal cracks indicates that the
strength of the rock has reached its residual value. The lailed material does not
just fall out since many of the cracks propagate limited distances along quite com-
plex paths before they stop. This can be seen clearly in triaxial tests of granu-
lated marble (viz. Lan, Martin and Hu 2010), in which most of the cracks do not
propagate to free surfaces. In most cases, failure starts in tension and, as fracture
propagates into the stone, ends up in shear, which is in fact the failure pattern
observed in the field. Note, however, that traces of old cracks that propagate
10 the surface of the drum can easily become indistinguishable from the rest of the
surface, due to the weathering of the stone. In such cases, geophysical non-
destructive test methods may be applied to confirm the integrity of the stone,

Whether rocking may bring about failure of the edge or ol a larger part
of a drum will depend primarily on the inherent strength of the rock itself
from which the column is made, as well as from the degree of its ageing over the
centuries. Material properties may vary with the type of rock which can be granite,
marble, limestone of different kinds, travertine even cemented conglomerates. The
integrity of the drum material may also vary from solid and homogeneous to
heavily joined and weathered described by the Hoek-Brown failure criterion
(Hoek and Brown 1980a and 1980b).

The fracture behaviour can be seen in relatively ductile rocks such as mar-
ble. A plot of typical test results for intact Cararra Marble specimens is shown
in Figures 60 and 62 [4-5] (Rosengren and Jacger 1968; Kovari and Tisa 1975
Georgiannopoulos 1978).

SRNRRN
AN \\ .a\&,

Fig. |60]: Intact Cararra Marble. Fig. [61]: Granulated Cararra Marble.
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Fig. [63]: Granulated Cararra Marble.
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Table [ 2} Properties of Intact and Granulated Cararra Marble.
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Fig. [65]: Plot of data in Table [2].
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Figures [61] and [63] show the result from a second set of tests, which are
particularly interesting, since in an attempt to simulate the failure of jointed
rock masses they were carried out on “granulated” marble. The specimens were
heated at a high temperature to induce anisotropic thermal expansion, which
was sufficient to break the grain boundaries. This resulted in cohesionless
but perfectly interlocked mass of angular particle, which is what many rock
masses look like. Comparison of the results presented in Figures [62] and [63]
shows that the tensile strength of the granulated marble drops dramatically, as
does the uniaxial compressive strength.

Note that both of these failure curves are highly non-linear. In order to esti-
mate the cohesion ¢ and angle of friction ¢ for different normal stress levels we may
take tangents to the Mohr envelope, using the program RocData (www.rocscience.
com) (Hoek 1990). The results are tabulated in Table 2 and plotted in Figures [64]
and [65] These Tables can be used to decide at which normal stress level one wishes
to work. It is suggested that the Intact Cararra Marble resulis should be used in
the analyses as peak strength and the Granulated results as the residual strength,
As shown in the granulated marble tests and, also, as discussed above, there is a re-
sidual strength because many of the cracks do not propagate 1o [ree surfaces and the
failed material does not just fall out.

In the case of rocks, such as granite, the grain boundaries are significantly
weaker than the grains themselves and the overall failure process is dominated
by grain boundary failure. However, in more duetile rock such as marble, the
grains are relatively weak (compared to granites) and the grain boundaries are
well cemented. Hence, overall failure may include both grain boundary and
intact grain failure.

Modeling of such fractures has been made possible by the increasing power
of computer software and the ability to model [ailure processes at the grain size
scale, Lan, Martin and Hu (2010) have used the ltasca program UDEC 1o model
grain boundary failure in granites. These analyses were being carried out in
order to study the explosive fracture propagation in brittle rocks which, at a
high enough stress level, can lead to rock bursis.

The analysis is complicated further if we consider the effect of the rate of
impact on increasing the dynamic strength of the rock while, in general, succes-
sive impacts have an opposite effect. Figure [66] shows a sample of the time
history of the impact loads P(t) and H(t) between drums 1 and 2 of the column of
Apollo of the Academy of Athens ealculated for the ground motions of the 1999
carthquake recorded at Syntagma (SGMB) magnified to maximum acceleration
of 0.19 g (Ambraseys 2010a). These results were obtained using the code SDEC
(Itasca Inc. 1998), which is based on the Diserete Element Method (IDEM).
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Figure [66]): Time history (zoom between 1=9 sec and t=14 sec) of the normal and shear forces at
the joint hetween drums 1 and 2 of the column of Apollo for the Athens (Syntagma B), 1999
earthquake, magnified 10 pa =019 g,
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Figure [(7] Time history (zoom between 1= sec and t=14 sec) of the normal and shear stresses
at the right corner of the joint between drums 1 and 2 of the column of Apollo for the Athens
(Syntagma B), 1999 earthquake, magnified to pga =119 g.

We notice that the duration of the application of the maximum loads on the
edge of the drums is almost instantaneous with rise and fall off times as short as
(0.005 sec which, for certain rocks, but not for marble, is sufficient long to initiate
fracture. According to this analysis, the impact loads during rocking in the upper
drums are in excess of the static loads by as much as 70% and near the base by
20%. These loads act on surfaces, the size of which may be small enough to cause
over-stressing. In Figure [67], the time history of the normal (blue line) and the
shear (red line) stresses that are developed at a point on the edge of the joint
between the drums 1 and 2 of the column of Apollo during the strong-motion
part (t = 9 to 14 sec) of the earthquake is presented (Ambraseys 2010a). The
maximum stresses exceed the value of 2.0 MPa.
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It is evident that for columns of large dimensions and weight, which during a
past earthquake might carry additional loads from a supersiructure (depending on
the condition of the monument at the time of the seismic event), the siresses that
could have been developed could be large enough to produce cracking or fracture
of the drums which may be extremely complex and may terminate within the rock
mass, not visible on the surface of the stone. Additionally, it is possible that impact
loading due to rocking may bring about further cracking or even failure of drums
that had been cracked already by previous earthquakes. Note thal increased stresses
are developed in columns made up of drums with anathyrosis, where only a fraction
of the stone surfaces has any structural function.

Of course, the cause of cracking or failure is not only a matter of the magnitude
of the impact load, but also depends on the strength of the drum. What seems to be
the most common cause for first-time cracking of drums is the low quality of the
rock. The extent to which the high stresses that are developed during rocking
and the related impact loading may bring about the chipping off of the stone
and incipient or total failure will depend, among other things, on the strength
of the rock, on its homogeneity, jointing, layering, dynamic fracture tough-
ness and on the number of successive cycles of impact (viz. Zhang, Kou, Jiang,
Lindgvist 2000,

Note that fracture of the stone does not happen instantaneously. It starts
with incipient fractures which may leave their traces on the sides of drums in
the form or cracks of a pattern that can be quite complicated due to the non-
homogeneity of the rock material and the amount of the pre-existing intlegrity
of the drum. Then, depending on the strength mobilised by the drums and on
the magnitude of the applied load, the edge of one or of both of the contiguous
drums may fail in shear or may be shattered.

The analytical investigation of this phenomenon is very complicated for
the above-mentioned reasons, the complex geometry (cylindrical drums in most
cases) and the uncertainties in the actual dimensions of the contact area and the
inclination of the force at the joint. Preliminary results on the stresses that are
developed at a cylindrical drum, when static eccentric vertical and horizontal
loads are applied al a part of its top surface, are shown in Figure [68] Gray area
denotes the region in which the maximum tensile stresses are developed. It is
evident that, if the stresses are large enough and the strength of the drum’s material
small enough, a crack can be created at the top surface, close to the border ol the
area of the load application, which will propagate downwards, on an inclined plane,
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Figure [6i8]: Horizontal tensile stresses developed at a drum for eccentric application of a static
vertical load and a horizontal one equal 1o 1/10 of the vertical. Gray area shows the regin of
the maximum tensile stresses,

Due to the limited time that the impact loads act (Figure [67]), the erack
propagation will probably stop at a certain depth, since unloading will occur
before the full phenomenon is completed. It is possible, therefore, that rocking
may cause only cracking, bringing the rock close 10 its residual strength with
visible signs of incipient shear failure, but with no part of it falling out, which
is consistent with the field observations,

The variation of the coefficient of friction . with the rate of sliding and contact
pressure between drums, capital and statue is another important consideration. Its
bearing on the results has been touched upon in a previous study (Ambraseys and
Psycharis 201 1). Tt must be pointed out, however, that in columns made up of drums
with anathyrosis only a fraction of the stone surfaces has any structural function.

Very important is also the choice of the design ground-motion time history
which would be appropriate for the assessment of vulnerability; this must be
based on a statistical estimate that would be acceptable to those concerned with
the preservation of the monument. The ground-motion time history to be used to
estimate the worst in a range of years to come and the probability of such an
occurrence has a strong bearing on the results, particularly on the uniqueness of the
solution, which is a problem yet to be resolved in numerical methods. The response
of a multidrum column is also sensitive 1o the duration of the time history of the
imposed ground motion, particularly from close in, multiple shocks.

The seismic design force demands must be based on an acceptable level of
risk. Since we want to preserve a historical structure for “eternity”, it might be
intuitive that the risk acceptable for it should be smaller than what codes prescribe
for normal structures, but that would be tantamount to saying that we cannot have
a scientific basis for the preservation of cultural heritage. Even if this were not the
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case, the solution would place the onus on the engineer to assess a priori design pa-
rameters that, even after an earthquake, are difficult enough to estimate.

The selection of the ground motion to be used in any method including the
DEM is a recurring problem. In fact, the problem arises among those preoccupied
with the preservation of the structure, who dislike risk or losses of any kind, and
are reluctant to undertake conservation measures based on risk. Much of this has
been discussed in a previous study (Ambraseys and Psycharis 2011).

CONCLUSION

While there can be no objection to modelling and calculating the seismic sta-
bility of columns as well as we can, due to the many uncertainties in the input
data whose accuracy for predictive purposes is little known, there is a degree of
precision beyond which analytical refinement becomes pointless. Moreover, a nu-
merical model that is too sophisticated carries with it the danger that its weak-
nesses and assumptions might not be appreciated. Conversely, a model that is too
simple may be discredited just because it exposes the underlying assumptions too
clearly. A simple model in which the variables include the state of integrity and
the material properties of the column is justified and preferable.

The foregoing brings out a number of points that should be taken into
consideration when dealing with multidisciplinary problems such as the preser-
vation and conservation of historical monuments. It is apparent that the methods
employed for the assessment of the vulnerability of historical structures hitherto
have frequently been found lacking. This has often been due to the interdiscipli-
nary nature of this field of study, requiring numerical analysts to tackle problems
of preservation of historical monuments and civil engineers to glean information
from earth sciences and rock mechanics. This is of no technical consequence,
provided that the end-user is aware of it.

In recent years, considerable progress has been made in the solution of inter-
disciplinary earthquake problems, which has increased awareness of the need for
collaboration among archaeologists, geologists, engineers and workers in other
disciplines, both for understanding the effects of an earthquake at the site and on
account of the information they can provide about the nature of the earthquake
implicated.
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"Eye muunfel pe dpxeta Siebvi] Boufeln, bmwg t6 Outstanding Achievement
Award tic Awefivolic 'Hhenrpoynuiniic Eraupeiag (ECS) yie v dvauediu-
b oD awopévou the M7 Dapavrainis Hiextpoymuuedc Tpomomoinone
tiic Katdhwarg, 10 Bpafeio Xnuelac tic Axadnpios Abnpvév, 10 Metddo
Wason vk v ¥peuvd Tou oTiv meployd Thc ynpelag Tol oxupodépatoc,
poli pé ov xabnyynm) My, @opdi, xaboe wal t6 Bpoafeio Dreyfus Teacher-
Scholar Award.
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Eivow émotuovide &démng tiic yvwariic oewpdc PPricv Hiextpoym-
pelog Modern Aspects of Electrochemistry xal &xet ouyypdder 3o Pifiila otole
EndoTinols aixoug Springer ol Marcel Dekker. Téhog, #yet 2mfBréde 35 SiSu-
utopixds duxtpifés, dvéd 12 dmd Tole Sidduropes adtole Eyvay wafmynric b
Entnvind waxd Eévor mavermiathipa (HITA, Kive) %o peuvrmng xévrpa.

Kipre ouvddehge, 1) Axadnuion Albnvév elvan elruyic mod odic xahwooptle:
ol odg dmeuBiver Tig xodklrepee elyec vk cuvéyon Tiic dmoTruovindic %ol
EpeuvnTInTlG TIpoopOpds oug, Topx Aoy xui o6 Thalgo TGV oxomGv T
Avoednpioe Abnyév.

g vk vi okg TEpBdhe pd 16 peyddo Suomue tob T8pduaroc.

Kai tahpor maporahéd tov Anadnuoind . Abavioio Daxk vi dvéibzr oth
Bijpa wad v Txgovaidoe 6 Epyo Tol véou Axadnusiot.

MAPOYZIAZH ANO TON AKAAHMATKO ». AGANAZIO GOKA

‘0 % Kwotavrivos Bayevig yewifhpue amiy Abhve w6 1950. Ooimnoe o1
B Pupvdore Abvuiv, o6 DMupvdowe Teowerediv wad o) BapBisews [pbruno
Zyorhi. T 1968 elofiile mpmtoc ot Tyoks Xnuxdv Muyavikéy toi Ebwi-
%05 MetooPiov Tlohureyveion xal métuye 0 Selrepo peyarimepo Palud ob
bhec Tig oyohéc toli EMIL. Atetérece dBiqmic atifou wol Tlaveliviou péyp
76 1969 ol dvedelyby [oveddnvioviiene omiv xarpyopta MNaideov w6 1966.

[apéueve dmitpopag ot IKY yia 8heg Tic omoudée tou aro EMIT xad
0 1972 métuye 16 peyaidrepo Baubpd (9,23) Shwv tév oyorév tad EMII. Té
1973 Epuye pe mifpy motpopio e w6 [overmothuws Rochester wév HITA
frou Tehelwoe ) Sduxtopues] Tou StpuP of Tpla ypbduvia pd Tov xabhpynT
Saltsburg. Z#) Swxtpfd) Tou ypnowomoifine & TpGTH opk Hhextpoyn-
pela y T perétn Tol pnyeviopol watodhutiév dvnidpdozawv. Té 1976
npogexinlly dg Emixovgos Kabpymoie otd Tufjue Myyonxdic xol Eopogp-
woopévns Emoriung ol [avemomnuiov Yale. Tév éndpevo ypévo mposerddfi
a¢ 'Enixovgos Kabprmis ot Tpfjpa Xquuwéy Muyavacév wob MIT. Meta
amt 8o pdhig ypdvie mpofylly ot Avamdnpwrh Kabpynrh. Kerk v mopa-
povi Tou 676 MIT Eaafe 8do gopic 16 Bpafeln "Efopetintic Adacuahioag 3ol
"Epeuvarg ol Tuvuaros Xyudv Myjavixcv. Era mévre ypbwa mapgapovic
wou 670 MIT Eméfhede téooepa SiSaxtopxi xal S0 &nd Tobe pabnréc Tou
Eywoy el wabnynres oo Tlavemorhuo Berkeley xal ot Apistotéhew
[Mavernothpo Qesoohovinne.
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T8 1980, pg thv sxdoyh Tou Gg Toaxtinol Kehpyrol oy 88pa X
Myyovndic ol Toavemornpion Horpév, apyilel ) dodnpainh oradiodpopio
tou oy ‘Exddda. "Hrav tére 6 vebrepog wofhpymic oy ‘Endda. [lpw-
TooTdThoE e dAhous cuvadéhgous Tou, ol énleve ylpoav dmd Thv Ape-
pued) Thy BB Emoyh, oty xabidpworn &l oelpd ETdiv wol TovAgLaTOY PLEYEL
6 2004 1ol TpAparos Xnpunéiv Muyavxdv 1ol Heaversmyplow Hatpév o
10l Sedrepon amiv Edpdimn tufpetog o8 dptbud Snpociedoewy dva xalhpynm).

‘0 % Bayevdic ¥yer Gronpetiioe. G Ilpdedpos tob TpAperos Xnuxde
Muyavindic 0o gopéc, de Koopdtopue e Iloiuteyviniic Tyoddic ol
Hoveratrulon Matpév el de Avampitovns ot [avemomuiov Matpév
ént 8o ouveysic Onreieg (1997-2003). "Eyer éniove Swreréoe [lpdedpog xal
Avrimpoedpog 1ol Ebfvicol Tdpbuartog Egeuvaiv.

Té épeuvnrind Epyo 7ol x. Bayevi elvon Svrwe évrunwstand, téoo ot 6,1
dpopd v edplrytd Tou Boo xed 10 Paboc tou. Merald i Sipopetindiv
$MTLOTHLLOVIXGIV TEEpLOY &V GTiG Ttoleg EYEL GNUAVTLN] GUVELGDOPH MVaPERE THY
Eozuvd Tou oyeTid pé Ty pebmuatuel povrekomolnoyn Gplopévav puotkoyn-
PGV pavopévey, Yik THv 6mole Tob dmovepniinxe 16 Boxfeio ThHe Apepuea-
wochic Erapelog Exvpodéparoc.

Té &vopa tob % Beryeva Ok mapopeiver omiv lotopla T Xnpelag ouv-
dedepévo ug 8o onuavtinde avoxahilers: [lpaitov, Bepehinwoe Evav véo nal
AETOULO TOUER oTO Yewxd YGpo ThHe Xmuelag, T Aeybpeve topgn Thg Xv-
winvie Zupmapaywyiic, Snhadh T yevion Nhextpoynueiag Yk Ty TauTdypovn
TPy WYt AEKTEIXTG Evépyetag Mol ypvoLemy Yy Tpotdvrtey. Asdrepoy,
H Epeuvrprue, Tou Guddu métuye T olvlison Tijg Evepoyevolc xaTahuomg wad
g Hhentpoynuetog, dvanarinrovrag Eva EvTehdc LY dvouevipEve otvbuevs
wod Gvopdletar "Haexrpoynuuy, Teomomolgen tie Katowrudle "Evepydm-
toe. T ouvbpeve adto dvapépetan énione wg Mi Depovrains "Hienrpo-
ynuuen Teomomobnen the Koarahutidic "Evepyotnrag. Adm) ) Sedtepy dvo-
paate Toviler T omoududtnrd Tou, dpol ToukdyloTov Emupavetons patveTal
e pf) oupfoats pe o Néuo toll Faraday. T tig avertépn 8o davaohilets,
ol Gmoieg Erouv dnpomeuliel ot Sdo dpllpa o160 Teprodus Science xal o 8o
Gpbpa 076 mepLodind Nature, 6 ». Boyevis Eyer tiunlel pe w0 Bpofsio "Efo-
petinol Emrelypoartos the Hhieutpoynuindic ‘Eroipelug. "Enlovg, mpoopatos
dvaenplybnue Evog dmd tols Sexatéooepis wivo mayroouloug Etaipoug T
Aefivolic 'Haexrpoymuunis Eropelac.

‘H Axadnuic Abnpov, xatd iy &xdoyn) véwyv peréyv, PBaciletor of
dbo wuplog wprrhpe: Modrnra Epyou xad ffog. Thpepa, otic Muwépes Tiic
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ueyiotne xplovc dfitv, otig Npépeg mob M ‘EXddu drd dmapaudin atiy
mayxboue lotopla Snwioupyos éwoidlv, Bedv xol molimiowol xxtéimbe
mopdSerypa Tpoe Gmoguyy, clvar Ay orpavTind yik Thv Axadnpla Abnvév
vie vatopbdver vi dxhéyer péhn Te brole pmopolv v dmotehéoouy mpdTuTa
v T véa yewd. Méhn ol pe 10 Epyo Toug xad Ty év véver otdon Lwiic
Toug, TpbPahay wix &y mopela, Ty mopela g dEtoxputing, Tie dvediu-
wie, 00 Floue. Méoa of adté 10 mhaicw Bewpd b ) Axadnuia Abnvéy,
ue v oy tol Kavatavrivos Beyevé, #Frpafe mifpwe w6 walixoy me.
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EIZITHPIOE AOI'OE TOT AKAAHMATKOT ». KONETANTINOY BATENA

ANAZHTQONTAZ TH EYNOEZH THE KATAAYIHZ
KAI THE HAEKTPOXHMEIAZ

Emifupd wotapyds va éxgpdcw Tig Geppérateg ehyupiotiec pov
oty Axadnuia Abnpvév e o) peydhn mip wob pol Exave &xdéyovric
pe g toxTed e péhoc. Elpor edyvdpov xal dméoyopar b7 Bk xdve
8,71 pmopd yik vé dvramoxplé otic mposdoxies The. Edyaptetd éxieng
fBeppa tov [pbedpo Thc Axadrplac x. Ambotoro Newpyradyn dahx nal tov
Axoadnuainsd k. Oaviaorn Poxd e v ToAld yewabdwer eloayonyh Tou.

AlcBdvopar mac % tipd) wob pob Eywe dvixer wpwtioTwg oToug
cuvepydTes pou, othv syl oty Apepued wal xatémy, ané 16 1981
atiyv [arpe, 616 Tpfipe Xnuuav Mygavieav. Me tode quvepydreg pou
doyooThrape oxhnps yid mohhd ypéwia xul suyva uro gvrifoeg quvbijrec.
“Opwg yden ot avtayoviotixd mpoypppata tis [TET xat tic Edpw-
naindis “Evwang ratopbdoape v dmPudooupe Gg pin evepyn psuvntind)
oudda wol Auastoy Tuyspol ve Tioouue pall dpxetec popes Th yapa THS
Smueovpylag xai 800 7 Tpeic popds TH yupk ThHe dvoxdAuyme xal abTo
elvor xdte mob B% mpoomabion v potpashd amide pall aog.

0 tithog Tie moapoustaofc pou eivor «Avalyrevtas ) edvbeoy
tfic Katdrvone xat the Hiextpoynuelacn, xal brwe elvon dvtdnmto
0a EZetaooupe mphita 1 elvar adrtic ol o weproyde The Xnpelag, xoi
eidwdrepa The Puowmoynueiag, xal néc &ouy énvpedost xol Envpedlovy
™ Lofy pag,

1. KATAATZH KAT HAEKTPOXHMEIA

Eexwdvrag amd THv xatdiuar, Epoupe dbo meployés dmou of xataku-
Tixde Biepyaaics Eyouv mutber ol onpavtind pého otv Twv poac:

(1) Mpéitov, omhv mapoywyh Lnuxéy mpotdvtav. Kiaowms mapddery-
wo elva 7 dvtidpaoy odvbeare Tiic NH; amé Ny »al Hy pé xatedity Fe
# Ru. Of ouvBijxec Tijc avridpaarne elvan Evroves (450°C xad 300 atm wle-
an), *ol 6 oyeSiacpdc TGV TemTwY Bropmyavikey dvTdpxoThpwy ESat-
petind Sdaxohos. I'é abtd of Haber xal Bosch miusfinxay pe w6 Bpafelo
Nobel 6 1920. “Vroroyiletar &1t ywplc ™ odvleon Haber-Bosch, mol
dmitpéme. T Séopevon Tol deplov Ny xal T petatpony Tou Tehixd gt
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NHy, NO ol aletobye hmaopate, 6 manluouds e M pug 0% Fray
afuepr 76 1/6 10l onuepvol minbueped.

marluauas (ge 8ig)
8. P e
HABER
6
4.
2
0
o o o [=] [=] =] o o =]
Ly o Ly [~ [Fa) = Ly o Ly
r~ (=] @0 h h o (=] — —
- — - — - ™~ ~ ~ ™~

Ey. 1. Rardhoar: Eridpxan whe edvlleons tic dppoviag (Méhodos Haber-Boseh) mriv
manfuaud whe e (hup/fwww.idsiach).

Adh potverar ol dmd 16 Lyfjper 1, wob Sebyver v EEéhkn Tol mhnbu-
auel g Mg ot volg teheurulove ad@ives. To Erug 1999 of dvaryviseTes
00 mepodnn’ Nature Yiigiaoy iy dvtidpuss eivlesnc w7z NH, Haber-Bosch
Ge T enuavTbTesn EmoTipovixd Snireuyus tob 2003 aldve, o) ovpa-
VTIKOTERD 4T TV Epeipeay] TV UTohoyieTiv ol Ty dvasdinl Tol DNA.

(2) Aetrepov, otrv mposTactix Tob mepfiddovtos. b Tyfua 2 patvera
Evotg XAUTHALTINGE PETHTEOTERS AdTOXVATOL, A7t6 adTolg ol rdgyeuy TThéoy
aviy EEaTpLen, Ghev 6780V TGOV KITOAVT TV,

TPIOAIKOZ
KATAAYTHE

HC, €O, NO,

Zy. 2. Raxdiueyn i iy mpostaata mepfidiiovrog (http:/ /www.aalear.com).
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‘O tprodunds, Smmeg héyeton, wataadTne, Snrady vevoxplotaiio. Pt
Rh xai Pd ornplépevor o &vay oledind gopéa, SmiTpemet THY xato-
atpogh Thv #éptmy pitwy 8poyovavliptrey, CO xai NO.

Tronroyiletor G xdble ypdve 6 xarrcmu'rwm, peToTpoTEns ool mepl Tig
1.000.000 Cede xai b1 nabe Epevvnthc mob aoyoheiton pe ) f
woTohuTIoD peTaTpoTEn, GTtwe ol suvegyaTes Tob ouvaSElpou .

2] e Tl nezn wah SO i Tatic ExnTh o [j (D ——
T Mmoo, GO gL Watle f DUVG TEQL TOUC DXKTH GUNVENUDEITIOUE T0U.

CaHg + 302 — 2C0p + 2H0 |
C,H

0O, NG:&VC&_Z

H,O

By, 3. Moz weteiutinr avtibpron mpooteoing o0 nepflaiiavios,

Yoo Tytue 3 oalvetor oynuating ple xotohuTIR GVTIOpNGY TPO-
TO Lyphuo 3 golvetol oynLaTied U UTLRT] OVTLOY ] TR0
L

ataciag Tob weptfdidovros, N 4Zeldwoyn tol CH; mive ot xatoiiry Pt

i\ -~

arnplopeve of Evay oZeidind pogia. "Eve xowve yrpurthplaTing TGOV xo-

L |

TaAUTIRGY avTidpdosmy slval OTL EYOUUE UNBEVIKY] LETHPORE TASKTEIXOT
poption, kot avtilleon pe iy 'Hisutpoymuels.

L] LI & ' £ L) 3 £y A = = i ¥

H 'Haextpoynueta mailen xol Oo mallel xol RelAovTiNg GTULXYTILOTY-
0 poAs oTh Loy pas ot tpeic xupling meptoyéa:

(1) Nedrov, athv mapeyoys, pruméy pe frextpoiver. Hodhi péron-
ha, B 0 Al, 76 K xod ©6 Na pmogoby vk mepay oy pévoy fhsktpoin-
mixd. 'H mopayoyh Al G yvootty elvar xol pix amd Tig onuavTixGTepes
Bropmpavies w7jc yopus pas. Klver osuges G ywplg Al 7 Tov poag Do fray
TohD SrpopeTuen dpoh, Adyou yaor, dtv O Frav Suvat) f watuacuew] de-
POTTALYMY.

(2) Astizegn orpovruer meproy) w7c Hientpoynpeiog elvan ol prataples,
Fwpic Tig omolse T Led) wag O Yitav axdprn mo Suexoky, eite mpoxeiTaL yio
atTontvTe, SaTqubmio T Bruateddtec.
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¥, 1 -
LWL

U‘J-Tf TG KU IJEAL GV MEualLoy TToh Siva [ATROLTOSLEC

(3) Tpten T':.pru'{.:; 2
GUYEY LS AELTOU ""I:.i{" '.f—f.i‘.i WATONEA (')Vﬁ‘ v '/Cf."JJ'—UJ.r) Yy II e _.."J.-:. 4 f TR~
LRLG BTG JEERe

wTieh) Toug ypnor mepwptleta ot SoTrpimhou, G[.-l,(.d’ avorpéveTos Gt fa
matZouy oruavTinG pGAG oTH PEAAGYTIHN TopaywYT) fhewTpwic Evépyelas

A} I3
Mive To0 DUmhol ouvtEhes Ty anhdoars ol Exouy,

Té Zewivrpa Tijc []f.;;'oofrr_t tag Fhafe yopx yiow ota 1800,
Eumvedusvos amt v spyh e Thv dmole th Fhentoumed yEua dvarticoouy
oA peydhes Supopis Suvsxol, dve Tév D00 V, watd piues tob oopo-
The TOUE, O A[u\sandm Volta dnuiodpynee iy wpoty Boktaixr othin mol
amuTeheiTal amd Sloxoug evaihaootpevous Cu xul Zn pe Bva Uypd lonopo
avapesy Tous Tob B8pd e frextporitrs. Eiven dvduoépoy vk erpeidoou-
He 7t oTe hextpia yEhat, Extog ant o D00 V 1oy, mob mryalouy dmd
mepimon D000 arouyziddn xehd-mhdxes ouvdedepéva 6 sepd wotd pixoc

6l owuates o0 yehGh, Exovue el pelipa (.83 A worl dpor Loyl mepbmon
weats kKW, lxeoovd, v povebozr Evay frmo, ‘H f'ur:r'q JEL Aoty BrpLoupyiGet
Evor EEaLpeTING GTOTEAEGUATING 'F?.sx-'o;f'rp'zo orhe. Edruydic ol zvﬂpmm—
vee Epmpunyes the Hiewrgopnpeins Erouy brdpler mavrote elpruinés

Alessandro Volta Luigi Galvani Andre-Marie Ampére
(1745-1827) (1737-1798) (1775-1836)

Zy. 4. Volta, Galvani xai Ampére.

L

- - & iy 4 af LA
a6 (Ey. 4) Brdmoups Ty Alessandro Volta, moh Edwos 16 Svopd tou

o povede THC Hhertpuedc taorc (volt, V), walldz xai tov Luigi Galvani
mou ety wal abtos fvae amt tols Oepeiiwrmic 1Fc “J‘E/"‘n‘{ru.:tah;
Mall toug Prémoupe xal tov Dadhe puoied Ampere, and tov Gmoio Ehafle
b} af i L4 L) —~ * - il ¢ 5 i
T6 Hvopd Thc 1) povada Tol fhextpixol pedpatos, T6 Ampére.
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Basic elecirochemical terminology as introduced by Faraday:
L. Electrode: Fhewtpov, and H8ds, a way.

2. Anode: dve, upwards, and G842, a way.

3. Cathode: xeta, downwards, and 6842, a way.

4. Blectrolyte: Fhextaoy, and abom, solvo.

H. Anion: dvidy, that which goes up.

6. Cation: waetidy, that which poes down.

[Michael Faraday, Experimental Researches in Electricity,

Seventh Serics, 11: On Electro-Chemical Decomposition. Philo-

sophical Transactions of the Roval Society 124 (1834), 77-122].

Ty 5.0 Pasieds Oepchiwtiic iz Hienzpoynpueing Michael Faraday (1791-1867).

3 ‘ o y - o - ’ % '
O arpoavtieoTEpos G Ua:;x:—:f.r.(,.}"r.'"‘: whe Hiextpoynueisns 7tovw o
X ; o g g ORREE ., foey h it .
Michael Faraday (Zy. D), 6 omeioc Swxtimwes xal tov meplgnuo Nowo ToD
; \ ” i ; - ; X ) Bk \
Faraday mol O oulnmnlel natwrepm, xal 6 dmoiog Eyvaplle apreta Ehhnvina
o Y 3 ¥ v A P\ T o 3 3 | B = \J_I-
taTe v stowysyer pe Baor 1o Bl toug Pagwous Ggous Tig Hiexntpo-
V - 5 v de P [ i ™ 33 N » -
yauetaz, Snpadh 0 fhentoddo, Thy dveds (mdvtote 6feidwon), Thv xaleds
’ b ] Y ¥- = (O i ) [ 5 ¢ y
(mavToTe dvarywyT), THv ThseTpahliTe, T6 dwdv (dpvrTing upTIoUEVs i0Y), TO
3 13 i
waenhy (Detind poptiopéve Gv).
e avtillson pe Ty xeTdhueY, TO FOPRMTAPLOTIAG TV TASATOOY Y-
; .

= b i3 b
wirGv dvnidpdoswy elvar ¥ LeTHpups PopTiou.

CsHs + 60° — 2C0O; + 2H0 + 12¢

C,H,
RETHAVTHS C2H4

-r',i.s:/_*:_; diL 02
___—¢o,
L84 H20

Néupac Faraday: m=Q/F, 7. 52 Suxpopued], popyh, r=dm/di=1/F

. ® = ™ b - ¥
Y. B, Hisswrgoynpns, dEei8wearn atlivieviou.
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"Eyoupe dowmoy 86 (Zy. 6) avri o popén Svay fhewtgordtn, Hyet
7, otepsh, mol dyst Nhentouks pelpa pE xivaoy vtav, othy mpoxeipdvr
nepimtwoy Wbvtav GEuydvou.

Zrig dlo mheupis ol fhextpohiTr Eroupe T 8o Fhextobdux, Thv dvo-
o wod v wablodo, Gmou apx Zeywprotd SufiBalovpe T dvmdpavia. Loy
gvodo Suoyetsioups 6 xadowe, &v mpoxadve CH,, oty x2bedo Suyetebou-
e aépa 7 Oy wob dvdyeton ot Mvte O 1d drola petavaotebowy péon e
pepfpavne atiy dvodo xol hapfidver ympa v dvtidpasy, uetagonic goptiou o
patveton 616 Tyfina 6 pe mapayoys CO, wad HO. Toutoypivme mapdyeta
Thentpint pelpax ol év mpoxsyéue Suyeteletor of pix EwTtepuds, dvtioTaor,

'O Nopog tol Faraday pdiz Méyer i,

Q/nF (1)
I/nF (2)

m

_|
Il

trmou m ¥ pala Tob maepaydpevon CO, Q 16 goptio, n 6 apbpde v
avTaAhagoopevey Thextpoviwy, 1 6 pubuds mapaywyTc tal COy 1 10
pelpe xxl F F otalleps Faraday (96500 C/mol).

Mes monne bmooybuevn dpapuoyh e Hiextpoynpelag, drmapattym o
T heybpevr oixovoptis Tob G8poydvou, siver ol wuléhes wauaipon ol sivan
PTETHElEs GUVEXOUS AEtToup NG PE GUVEYT HATONIAGIGT KauGLLOL.

Ot swuléhes  wouoipou  mohuuepefc  peufpdvre  (Proton  Exchange
Membrane, PEM) Basilovror oty dyomy mpotoviey péen The moAUEptc
pepfoovne mob elvan & Hhexrpordrs pog xat Eetalovron y1a o HhexTpued
airoxivira. Asttougyotv o8 Oeppoxpasics péypr 100°C.

H dvodoz tmou dZaddveton ©6 H, elvan ple mopmdne Sops svlposna e
orptlipevous vavorpuataddites Pt, xal mapbpote elvar wod 4 xalodog Gmou
yivetaw ) dvoryayh Tl O,

"Evag d1hos olyypovec Timog xubdine waustpon, Saadic 2v mpoxetpévn
Bzguonpaaioc, dver tév 600°C, yenowonoel Ghg Mhextpohdty 0 heyduevo
I'SZ, mob elvo piypa GEediou ol Zr, wol 700 1 wed ehvor dywyde lbvrwy
Oy Manora yenowomasiton xel otode alaltntiipes O, mob dmdpyouy Thpx
atis eEaTpioeis Bhwy TGV alTORVATON,

2, XHMIKH EYMITAPATQI'H

Pevixa atic wuhéhes vansipon Egovpe Th quverh mopaywys HhcxTpundic

)
h * 1 L = £ h) r L4 i b
SVEPYELUS LLE THUTOYPOVY] XATUNKALIGY) EVOE TOAUTLLOL wauatuay, Gmwe 16 H,
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n 5 o ’ - ! ~ o r y - Y
noll TRpAY WYY WES AyoTepo morlTs yuxdc Evaorg frwe 16 HLO. O
5 N X

firov EZoupeTind dv prmopoloaUes v EQous THRRYWYT) TAEKTPIKTS Evégyetuc
& e 1 A —otmh swhe wllrvdmzony avtidoovToe, & -+ NH 5 2
pe TouToypovrn petatporny) evis plyvitegoy avtidpdivroe, nwe 7§ NH., 62 Svx
* [& ¥ el o 3 T, ] Y 1) !rrr o r \ = A
axputTepo mROGY Gmme w6 NO ot w6 wrpmd 650, Gmwe viveray oth i
Pt i le p Y v R k3 o 3 s N I o A
Prowryavie. Tolro paivetan ohddolo elva Suws Epuetd, Selopévou fn oo
& 1] 4 - 5
L Propryavion ol piedc Toukdyiotov aviidpaoss siva wmbspuse, v
v axpifea sEmepyes, wal Spa pmopoly va yenowuomouboly ik THY mapo-
I | Ly} IO S i T—u s L b L s L] 3! !
Yy Hhewtpmils vépyewrs. Tolte pdc E8woe whv 8éx pe Tolc quvegydres
pou 0 1980 1o hevdpevne yrpmfe oupmaprywyic, Snaadd The tautdypo-
VIS TIOUYWYTS TIERTpUKNg EvEpyetag ol ¥oroiimy FhHLXGY TpoitvTLy.
Abo mapadeiypota ynpiic cupmapayeyic uivovTor 6Te oyhLETY
7 »ai 8. Ty mpdrty meplmtwey (Ey. 7) &épix NH; Sioyetedetar otiv
-~ Ly - ! 5 o B »
eawTepnt swinve Zr0, (YSZ), mob eivon dywyic vty O, o186 Ewmte-
& - - ¥ ™ # y - Ll A ¥
puet ToD owhrve StoyetedeTal agpos W Oy, 10 GOl PE TV LOPPT LGYTWV
®ivelTon TpoE TO ecwTEps ToD Gwifve xul mapdyer NO pué tautdypovr
THpoY WY FASKTOTC EvEpyEins.

O + de” —20%
2NHs + 50 — 2NO + 3H-50

e —»

. 7. Bupmraparoryy; Thewtpunc Svésreuns wod witpuenl GE€og [C G, Vayenas and R, D

Farr, Science 208 {1980} 593].

Mg Setrepn xal onpavtiniTepy lowe émituyla he yrumic oupma-
puywyfis, wob wol alTh Snuociedlinee 6té mepodind Science, sivon )

O

= e - =
sewdwTind adleuln 7ol CH; mpog CHy, wob slvar idbrepa onpavtind

o

™ # w* § i 4 4 ~ PR 1 3 3 e
sdopgvou 6Tt w0 CH; elvar 16 Baond sustatind 1ol guaunl deplou dvé
i - B =1 i
o CyH; givaw ) Baan tie metpoynntc Bopnyavicc.
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2CH4 + 6 O3 — CHy + 2H.0

o

Reactants:

CH,:201kPa

O, :#2F=26x108molof
atomiz O par sacond

Products:

CH, : 0.64 kPa

CO, - 1.76 kPa

CyH,: 851 kPa

CyHg: 0.27 kPa

CH,

g

T Hg

| S

Raactants Products

Zy. 8. 0Zeidwruen odlzuly toi pebaviou [T, Jang, L. V. Tentekakis and C. G, Vayenas,
Science 2G4 (1994) 1563],

'

Edé (Zy. 8) Brémouue 8o dépia ypopatoypughpato mob deiyvouy
v avahuey ThHe Tpogodosins (avnipdvtov) xal tic L4830y (Bnhadd Thv
mpoitvrtay). [apatrnpolpe 1 oyeddv mosotuen (88%) wetatpory tob
CH; mpog C.H,; pe ehayrota muparnpotovia CoHy ral CO,.

3. HAEKTPOXHMIKH ENIEXTXZH THE KATAATIHE
Eferaloupe hoimby tapa 16 dedrepn wal tedeutodo Déua pas (Zy. 9),
ol elvon 7 ouvbear) xatdiuene ol "Haextpornuetac. "Evamolétoupe houmty
Evoy wopwdY) waTordTh Ag mdwe of Evo oTeped HASHTROAITY, TO YVWETH
nag 7o YSZ, dywyd dvtey O, Kol Bi gfetanoupe o o 7 oivle-
o aTh THe wataxhuone xoul the Hiewtpoynuetag 680yl athv dvamddudy
Ev6e vEou Yol gavepévo, Yvaatol oty Bfiloypapia G2 wgorvouivoy
ThHe frerTponurc Siayuane The vatdhuanon, 1 wpavoudvey NEMCA» 7
TAS MAEATROY LTS & Auarc TrC TOANGRCN, ) WRGLNGLLENGL % ; i
«EPOC», 08 povel et
Bo yorowponoricovps tHv xatardty Ag wob péhic eldaps vk v
- ot N () Ll ¥ L4 i Mmoo = k; L)
rataautoer 6Eeidwan tob CH,. "Eyovpe dnobéaer oty dhhy wheupa xai
gvae adpaveg atpopa Au. 'O pulpte mapayeyic CO, amd tdy xatahity
mapapéver atalleptc 6Th ypdvo, dpdoov div petafdiioupe Tig guvlijxeg
™ ’ < Y ( i ¥ '1_.- r' L e ’ A LN = _\ ’ 2
tpogodosins xal Oeppoxpasios. 'EmpBdiiovps thpx wd fhentous oy
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(Droepopa Suvapiixol 1V) avapess otov xatahdTn pag wal 16 adpaves Bonli-
- yoE

Tt fhewtphdio. ‘Ermopdves hapliver yhpe mapaihfhas ®ol 7 frewtouyn-
e, svtidpaor dietdwarne ol CH,.

Tcoz

Moz

Faraday
Ar, = I/GF

CH,+ 60 — 2C0, + 2H,0 + 12¢"| time

By 9 Hhkewrpoynueeh Svtayusy whe watdivene Té puwdpeve NEMCA 7 EPOC,
Avapévoupe dowmoy Gt 6 pullpde mapaywyvz CO, O elvan o0 #lpoiopa
bl S b L] o L4 o el . I i 5 b b » ] A}
v 8Uo puludiv xal 671 % alfnon ol pubuel Ar 0k clvan Ton pd add wod
wpofiémer & Népoc ol Faraday, 8nhady 1/6F, émou F elvan % orafzpa ol
Faraday. Avrillétoc, adth mod mapotrpsiton siven pla snuavtud peyahisepy
3 .y i v h 0 L] |
HE
alEne.
L pi] ’ 5 > 7 Ay ™ [} - ¥’ 3 r
I'o pouwvipeve elvor avriotpentd. Me Suomy) ol peduatog Eravepybp-
6T GTHY dpyuer) watdotaar. “Eyoupe ooy pia gowvduevy mapaflagy tol
Néuou 7ol Faraday. Advyew tic napafilaane altic, mob dmwe Ok pavel pmo-
pel va slvar wdpet TOAD UEYIRY, TO Qowvipeve oiTO Eival YVGIOTH Xl pi TH
axpevipo NEMCA, Snhady «pd papoveaind flentpoyqumy) Tpomemolna
THE MATHIUTIRT S EvepyhTrTooy, 7 « EPOCY, Sniady «fienspoyrmuues dvioyu-
¥ THE RUTHAEDY,
b N | w x4 " ~ ) ] 4
2to ourypappe antt (Zy. 10) napatqeolue Svo mpoymating mweigopo
amt Th SBawtopud Sutpl Tol téte portath pou wal viv euvadéigou oy
w. B. Mreunéin, dnrady maparqpobye moh w0 pulins xatavdhaore r tob
C,H; () o0 O) Gz owvapthen tob gapdvou. Tlelv miv dmpPord tob pedpatoc 6
.n L] fid > i s | i WX ’“‘ 3 : JE -._} — 4 3 4 Oy
pulpac Exer oy iy s 1,. ME v Emifold) ol pedpatog adfdveron 26
wopéc (2600% ofifnem), wal 6 hiyoc Svleyuone p, Gplducvoc &md T ayéar
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£
51 8 Bl 2a Ll 230
o 13 rg= 18 10 mol (g -
= 4i=385 108 mol s Jasg B
E ! P (F—— -
- i

r{ EL] W] | '?
E - : ] 180 =
e g 1 : et =
£ |3 i ! E
é-’ T \ { ' Jae €
. O Z
g 'Of ! 1 L 2
= 1 W L
L3 m : : B da &8

1 | 4

i i

I ]

| 1 300

oL o | i i M it
] 2P 2 an 1 1%
Thire: | min

Posavrains dmodngr:
S. Bebelis and C.G. Vayenas, J. Catalysis 118 (1989) 125.

Zy. 10, Haenzpoynuund dviayuan i wasdhvone Té puwdpeve NEMCA § EPOC,

p=r/r,, Sahadn & Thextovewayuiuevos pubute Stk dpyinol pubpol matover
=i T 26, Toauroypdwc ) pogavroind, dmbédean, dolbuevn dmog mhvin dg
70 TG THe dhdayTic Tob publpeh St Tel puluel mapuyTc vty AEuydvou,
makgver TV T oG 74000 vd, otk Faraday, B #rgeme v ioolron pe 1.
Tobro Gmodnhol finy vallz v O mob Swoyerederon pd Thy EmpPold sedpatog
GTOV waTaADTY, Tpoxahsl Ty avTidpasy 74000 dmmiéov atdpev O pd T
CoHy. Nugarnpeizon howmty Eva oAb evtumwataxt gavbievn.

"Eva &0, mokd mb mpdogrtn mapkderyun, gaivetat ot yiux 11, wov
qpopd 62 Lk ARG ooyt dvTidpaar TepLbaihovinol SvdtapéoovTas, THY
6Eeidman ol CO ot Pt omgldpevs 6t YSZ. Toapurrnpobpe Gmu pd mBoir
Srapbpey peupdtmv umopobue vi drnpedloupe wat Podinon 6 pullus tic
roeToahuTindic dvtidpaans pd dvaotpentd Tobmo.

"Eyovpe howwiy pe v Hiextpoynuelx mhfpn Eheyyo thg warahu-
e Spaoewe, dnhady Tol ratahutinot pullpol B leodivapa tob pulluni
avaastpogic toU Asyopdveu TOF, péowx Snhadd CO mol dvtidpolv dve
emupavelaxt &topo Pt dvi s, X1d watw pépoc the eindvag maparnpolipe
Tig dvrioTotyse petafords Tob Suvapinol.

Av hourty amexoviooups w0 pullud r The xamodutedc Spaorg g cuvipTron
e Taaqe Uw, 7 e Smépruane 1, maparnpolye abviy ©) youupnd, ayéor
dvapeae 60 Aoyaetbie ol r xed the Sréptaane (Zy. 12).
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12
3x107|. 1-0kPa CO +5.0kPa O, T=320°C
= 19
=
2x107 la F
£ 1x10 ;3 'HO:
o 0
08
s |
T o4
:lE 0
-0.4
500
t(min)

Zy. 11, Okelfwan ol CO g¢ P1/YSZ [M. N. Tsampas, F. M. Sapountzi, C. (7. Vayenas,
Catalysis Today 146 (2009) 319],

HAEKTPOXHMEIA: Ln(I/Ig)=aaF7/RT(Butler-Volmer)

Uy, (M}
-200 i} 200 400 600
100 T + T - 10°
1.0kPaCO +5.0kPa 0,
#
r o =045 7 4100
10t 410%
2 o W =
3 E 10 w
= 3] 8
._U
1 107
¥ 41
A T=320:C
0.1 L -~ 1 i L "34
a 200 400 600 800 1000

n{mv)

HAEKTPOXHMIKH ENIZXYEH: Ln (r/r,)=anF(q-7*)/RT

Zy. 2. EZgpraoy w0l fheerpuynuuend (1) wad of watodummed pullued r, amd 6 Suve-
wid Uwg, 7 ohv Umépraan 1 (=Uwr-Usywg), fmov Uy © Suvepuud ol xe-
Todin (W) dig mpds T fientpbde dvorpopis (R) o ouvlijes dvoueroll st -
tog. Hapatnpotue oy dpodtore i Hiexrpuynuetog wal The Thentpoynuuedc
Svlsyuanz The waerdduorns [M. N. Tsampas, F. M. Sapountzi, C, G, Vayenas, Catalysis
Today 146 (2000) 319].
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Tavzéypove, G yvwotiv and ) Pucwy) Bewptx T7c Hiewtpoyyn-
petac, ovppuva pd Thy éicwayn Butler-Volmer bmapyet éntong yvpoppwixn
oyton petakd Tol Reyapluoy ted peduutog xal the Smépraorns. Maxpe-
Trpolue Aotmov Ty duotbtyTe Tév 8do Efisdisewy, thc Hiextpoynueiag
wol Tig HAerTpoynus Evioyuong Thg xatdAuvarg.

Té pouvédpeve g Fhextpoynuixiic dvisyuone d&v meproptletar o ypihon
oTEpEMY TASKTROAITGY dhAd mextelvetar ol oAy meptoy The UypTic Hhe-
wrpoynuelag pe o yevon UdaTikdv Sdwpdtov. Meretavras v SEeidwan
700 Hy 68 fhextpédio Pt péon o8 dduothintd Suidupa pé ouvtpogodoato H, wol
Qy, mapanpsl xavels 67t ol Emaybueves dnd 10 pelpa petaforis ato pubud
watovheworns Tob Hy sl 1ol Oy elvor mohd peyahdrepeg (~600%) dmd v
T 7ol dvecpéveton pe Paorn o Népo 7ol Faraday.

‘H Epyasio adth Snpootedlnue o106 mepodiné Nature [S. Neophytides,
D. Tsiplakides, M. Jaksic, P. Stonehart and C. G. Vayenas, Nature 370 (1994)
45]. N Buritepn yapd b1 o &md Tode suv-ouyypaoeic pou, of ..
Toumhonidne nai Neoguridng elvor ohpepa pall pog oto angoatipto.

0.6 1;_F’t electrode
300°C

041

o
35
T T

AD /eV
o

1l
Qo
(o]

T

06 04 02 0 02 04 06
eAUpwr / eV

Ty 13, Tooduvapia Suvapmni-Eoyou 480y [C. G. Vayenas, S. Bebelis and S. Ladas,
Nature 343 (1990) 625]. Bpaficio Auadnplac Abqviv o) Xquela (1992),
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"Eva Baouwd Bfiue oty xatoviney Tol gawvopévou Tic HAerTpo)m)-
windic evioyuavg Omipke v mapatiprey &t watd T petafolrd) ol du-
vopxol U Evde xatoddty ot émagpd né Evay Mhextpority petaPaiieron
Toutdypove xol 16 Eoyo EEbSou @ 7ol watehdTy, el pdhoTa pE dve-
noyie 1:1 (Zy. 13). To Epyo 2680y elvan 7 EhdyioTy Svépysta mod dmaL-
teitat o THY Eayayr) évig fiextpoviov ame Eva pétarie (Gmwg lowg
Svbupodpeba and 10 pwTonhextod gowvipeve toh Einstein). Apa pe-
tafBdiiovtag TO Suvapxd pe Evov TOTEVELOOTHTY], UETHBAAAOUUE Tou-
Toypbvs T Epyo 8E6Sou Tol wavaddTy xal dpa Tic poprTines ol o~
Tohutinée tou iBibtyres. AlEnen Tol Epyou EE48ou ompaiver dabevéoTepy
pbeonarn Tob GEuydvou, EhdtTwey Tol Epyou EEGSou Ganyel oe Loyupomoiy-
a1 1ol Sespol pbonene Tol dEuydvon.

Biémoupe howmdy 8@ ) aulevkyn tijc Hiewrpoynpeiog (U) xal T
Katddveng (P). MetaPariovrag 10 Suvapnd Eréyyoupe 16 Epyo eEddou
160 watardtn. Kol 4 épyacte adtd clye Snposieubel oté meprodind
Nature wal elye Ppafeulel dmd hv Axadnuio Abnvév 16 1992, xdr v
76 6molo sipoote Eonel edyvapoves. Tiferor howmby t6 fpdtrua pé mowo
wnyoviopd petxfdiietar 6 Eoyo $E630u Evbe xatahlTy), wel Yyid va 1O
GmavTiiooupe yenaLponoonpe Eva oteped MAextporityy BU-AlO; wob
elvar dywyde bvtwy Na. [dve otd oreped Hhentporbrn Exer ouvdelel
gvag povoxpiataiiog Pt. Xprnowonorolpe ThHY Teyviny) Thg pixpooxomiog
anpdyywons (Scanning Tunneling Microscope, STM), mob Pastletat othy
wBavropnyenwd] onpdyywoy, Hhewtpoviev amd ple axide oto Selypo
wag. M2 v Teyvied adth mapatnpobue dmeubelag ta dropa, yuk adtd
ol Rohrer xoi Binnig mod dvémruEay iy teyvied) oty Sexaetia tol 90
Ty vé 76 Bpafeio Nobel Quaucic.

Yy mepinrwod pag mapatrpobpe amevbeiag e dtopa O, mod elvar
npoapognuéve oty dmupdvera Pt (111), el Brémoupe miv Eaywwnn Sopd.
Yiyoupa 6 Aghurmog wol 6 Anpdxprrog o fioav wohd yapoduevor pe adrég
i elndveg mod dmadnfiedouy Thv dropxy) Oewpla tieg Uhne. T ouvéyew,
ut EmpPory dpvnrivel Suvopuxoel, Omoypecvoupe dropa Na va petove-
oreboouy &t Tov Hhextporltn oty Empdves Tob xorradTy. Avoeplvovron
elupvidg T dtopa Na, to émoloe elvon emxabiopéva o8 Bl Ty Empavea
ToD KpuoTHAAGU ol Exouv peTovaoTENGEL EXEL GO TO GTERES NAEKTPOANTY).
Té Wio maporrpsiton xol froy dvninatasThooupe Tov &ywyo Wvroy Na pe
aywyt tvrev O, ™) yveot) pag ZrO,, YSZ.
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Fh(lj e c.“.f. rJ:"u'r“' HETI’.KUTJI E".‘il[.l.ﬂl'.""}': E' QULLE '-.LETIVO".'GTE"JGT E.'E‘JT(A]‘J ;JE‘J'
J L] 3 . [} N i =
":"‘;'J!J'-J -3'.']'?’) TF_I‘J Tj}.EZTPU}.'J".—q !T'._.I‘FI‘J é'.".:[.’.'P.'.i'.‘-‘ELﬂ T‘.’JG KIT‘T}\'—ET&, ;;T:UU- ".'.'.;f_ ;:.r‘)‘JT‘I
* b} A L b g ¥ b ™ i L3 L3 ¥ * & A
atte aynuatilowy moe e efayevind) Sous. 'H Soud adth, meb avrisTor-
yEL ora Ldvte GEuyhvou, cuvumdoyst pé @ik dAkn Asmrhrepnc "Jq)ﬁ:_ B
Tob avtiatotyel of dToua wol Gy lovie GEuydvou. H ouvimapin wév 8o
Sopéy galvetar xal 6Ty avaiuey Fourier 1ol pdouatos, xallos wal oty
wote Fourier avaroaoreuacudvn ewdve, bmou 1 adpr Oof avriotoiysl o8
idvra Tob r’)p-‘_auv ic swr—,{u—a THe YJ""JU-'J(TP]._ wolk o ety Dod of dropo 0.
Ogelhetor hotwdy 6 vEo alto pavbpeve Thc 'f,-f-.s:f.*.pu'_;{j@:mx‘ﬁ; Sayuore ThHe
HOTHALGTC GTAY FASHTpOy M Smarybusyy LweTavaaTeuay mpewmiinTedy yid
THV Mo TEALGT, tvTeY GTHY Emupdvels T RoToAGTY,.

Yrhv mwpoardbey Tiv TeheuTtaiov ETG6Y YIX THY TRAMTILR ¥ oNGLLOTIONNGT
700 QUIVOlLEVDY TTIS TAEXTROYMUKTC Sviay uanc EYOULE GVUTTIZEL, GF GUVER-
- e [ TS . S
vaaio pe 0 EPFL 17z Aewldvne wal oy "Exarpeia BASF, <dv eleowldpsvo
L = 1;1_'\ . X & I3 1‘.[ !‘
610 Zydue 14 avnidpastipa, yveettd topn ot Bifhoypugio G Moverbud
Hisvrpoypnuina "Eweyuiusve Avndgastros (Monolithic Electrochemical
Prv.mmtcd Reactor, MEPR). E& «i76 Tpato0Tathoey 0L GUVERYRTES LOU

v 2. Mrahopévou, A Towmhaxidne set A, Ketsoodvre.
P - "//
i - * -~ % ,,-"/’
TTENEOS NAERTO0ADT S g -
4 mm
Catalyst Element
Pt

wEoapRG TR Py
s0mm AITIOGAET o0

B VA Movopabzts "Hrswrporquivs Ewayudpeve: Avtidpaotions (MEPR) (S, Balo-
menou, 1. Tsiplakides, A. Katsaounis, S. Thiemann-Handler, B. Cramer, G. Foti,
Ch, Comninellis and O, G, Vayenas, Applied Caralysis B 52 151 (2004)].

Neonoworowlvrg, Asmtes Thaxes oTepenl TAEXTEOAUTY), &V TIPUMELLEVG
ISZ, 7ol tomolletolvror oe eldmd Suxproponpévo Ug énuyic ,c;oocgym meplBhn-
wa. Watsdhumed fhentpddia dvamotiflevtor atic 8l mhaupic T6v Thaxdy pz
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£ ¢ o L f 3= R ) i LI N y
TéTowov TRimo GoTe wi SmTuyydveTon HhskTpue] Emogy] RE Gho T TASKTEOS
yenowomottvTag phve Blo Fwteptnd olpuata. Ky mporative Eyoupe -
zandTeEs Ptonal Rh.

L , +50 mA &
2f +— 3500C L
50 0.5% CoHy
- [ 15% 0, 1 '
{
2 POr %1-5— Fy=5 lI/min , '
— L E |
$ ol 'Y ¥ =
J_z L 5 Y PP
Famr 8 1 |
I osf COs~ 5
Ky iy XCOZ=1'BO 2
r = P e 4
o,_ o L e i 1 L i 1
] 50 100 150 200 250

Ty, 15, Nodirzz Sowde dertoupyizg o ayvnidpeoties MEPR i tiv dEeldwmg CH,

& = 3 f 5 e[ v i I | i P
[S. Balomenou, D, Tsiplakides, A. Katsaounis, 5. Thiemann-Handler, B. Cramer,
(3. Foti, Ch. Comninellis and C. G. Vayenas, Appited Catalysis B 52, 181 (2004)].

'E86, o1 Zyfipe 15, Brémavpe womole qmd td TpddTo AROTEAEGLTY
atiy 6Eeidoar tou CyH,. Neparnpobus o oqpaviid aliney ol puluod
—=6 o eivan DY, Eroupe Snaadd 490% alfnon tob pulpal pe o pelipe.
‘H pupavrainr, anddooy civor 180, Snhadd 180 gopés peyaidrepn amo
.71 O& mpoéfrene 6 Nbpoc Tol Faraday.

4. EYMITEPAZMATA

1. Ot wudéhec nausipou Emitpémovy w1 ovpmapaywyd, fhsxtointic
EvEpyEtas wal YpNGLALY LhHULLGY szr.uo‘.'-mv

2. 'H ’I-]lzm, poynpetn Emitpémar TV dvepyumolnon THe £tepoyeveisc
watdauans (puvGpevo NEMCA).

3.0 Néuoz =0l Faraday loylst parpoonomud, Ep6aoy 88 AupBavouy
FOIP% AATHAITILES AVTIOLAGELD GTAY ETLGEVELYL TOIV NASRTHOSLWY.
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Edyapioté Oeppa Tode ouvepydres pov o teheutain Tpdvra ypdvia, wod
#ioay of J. Michaels, M. Ztouidne, M. Manton, P. Debenedetti, X. Mreunéine,
2. Neoguridng, 1. Tevrexdune, E. IMamaddune, E. Kodupéme, A. Smop-
twie, 1. Towmdpas, A. Toonidng, X. KapaBasting, E. Kagaowi#, A, Karo-
iawne, M. Mg, Jiang 1i, K. [Thdyxog, M. Marwood, S. Wodiunig, J. Nicole,
IT. Merporénas, . Mnpbovra, A. Toumhanidne, . Mrdoas, K. Pérme,
®. Mrddas, A. Katonoldvne, A, Opovilic, E. Mrahouévon, 1. Kavetavrivou,
A. Puxvvixog, A. Apyovra, K. Koutgodbvrne, A. Hammad, ®. Xamouvtl7,
L. Zovevrle, M. Toapric, A. TpeaBitne, E. Manaiodvwou, A, Ochepliye,
Z. AwPove xal M. E. Maxed), xafidic xal miv ént eixooiéle ypbvia youp-
paréa 7ol Epyaotnpiov pag x. X. Ilkien. "Ernione, todg ouvadérpoug oté
eEwrepind ol cuvepyasthxaue éxl ompd dtéiv. Embuud vi xdve iSi-
abrepn uvelo arobg x.x. X. Kopvnvéian oto EPFL %ot B. Beplmiou ativ
dwpa, # Bofbeix v dmolwv Iniple xabioprotins. Edyapiotd énlonc
Bepua ol ypnuatodites pag, mob mepthauPdvouy 4 I'TET, miv EE xud
hv ESA, xalog xol miv Axadqule Abnvév mod pic Pedfeuses o 1992,
Téhog, elyapiota Tobe yovels pou, ha T& péhy THe olxoyéverde pov xal
Tolg plhoug, Tole gilous Tobs mid mpdogatous ol Exavey TOV k6o v
Eflovy dmd v [ldtpa 4 xal drd md popud, xal Tode olhouc Tobe mu-
holc TGV PoLTYTIRGY Kol YUUVUGLEXGY Lo ptvey Tob we Tiwolv ué Ty
Tepousio Toug ofuepa 880, xal Tov xubéva dmo dodig Eeywptot wob pé
TILYoaTE [LE THY TapouGia xal Ty TpocoyT cuc.




EKOEZEIZ NEIIPATMENQN
TQN KENTPQN EPETNHZ






EKOEZEIZ

KENTPON EPETNQN AEZTPONOMIAX
KAl EOHPMOXMENQN MAGHMATIKON

To KEAEM xata 16 Etoc 2011 ocuvéyiee tic moldamiés Spootyn-
orbryrés Tou ud dErbroye dmoTnuovikg dmotehéopoata ol Snpooteibn-
nov o mepodind Sielivolc xdpoucg, Suebveic cuvepyacies, amostohés of
et tol EEwrepinol xal éBdopadiaie oepuivapla pe 6pihnTes dmd THY
‘Exnado ral to eEwrtepind.

Kota 76 2011 mpofybnoav ariv A’ Balpida 6 x. X. Edluptémovieg
nol ot B’ Bafpida 6 x. H. Bayevic.

‘Enéntne tob Kévrpou elvan 6 Axadnpainde x. [ewmpyroc Kovrémou-
hog, 1) B¢ auvbeoy tol mpoocwmixnel etk w6 2011 Arav:

¢ [larong [ovog: Aevbiveav, Epsuvnrig A

* EdQupomovios Xefotog: 'Egsuvntic A'.

* Kovtémoviog Twdwrne: Epsuvntic B'.

* Bagihdnog Emipoc: "Epeuvnrrs B

* Novriedune Kovatavrives: "Egeuvnmic B'.

* Bayevic 'Hhilac: 'Epeuvytic B'.

* ewpyodhne Mavaing: "Egsuvntie IV,

* Xopoodre Migérhra: Entotypovixd [lpocwmixd.

* Carvalho Sofia, Aolxec-I'epandmoviog MNearpyrog, TUérliov Kwvoro-
vtivog, Zravgomovios ladwng, Toovtong [ldvog Metadidaxtopunol
'Epeuvntéc.

* Adpa ‘Enévyy, Zoyopradns Oeoddarne, Tortanne Busiheos: Emory-
powixol ZuvepydTes.

Zothas Mavarns: Tegunde “Tredbuvos.

Avyyehomothon Newpyla: lNpappatiag.

* Aghiic Ninog, Kavoovizae Matlaiog, Tovyupidy Awve, [Todpn Abmva
Troyhpior Addxtopes.

o Zapméhn Adapavria, Zuvreafic llérpog, Xazldnovroe Zwthpng Me-

TamwTuLaKol QorTnTes Tpog dméxTvon Metamtuytened Authdparog

Eidixevane.
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Kata o Sudpreter toh 2011 émonépbnnay 76 KEAEM &6 Kalnynric
Tol  avemomquion Osooxrovinye x. A, llaradérovios (cuvepydrne
7ol %. I. Kovrémouhou) xal % Monica G. Bobra, Méhog 7ol Solar Dynamic
Observatory (SDO), Ilavemothuro Stanford - USA (ouvepydtic tob . [e-
wpyoihn). 'Entone, dhvyofpepeg émaxéleig mpaypatomoinoay of Kafyynréc
A. Valentini, Department of Physics, Clemson University - USA (ouvepydtng 100
%. EdBupdmouvion), J. Silk, Iavemotiuo i 'OZpbpdng, »al N. Mavromatos,
King’s College - AyyAla (cuvepydolhnpeay pé tiv x. E. Bastiduo), xal 6 Ap.
G. 1. D. Petrie, 'Egeuvntic, National Solar Observatory - USA (guvepydtyg
700 %. [ovrudnr).

‘H Zpevva 100 KEAEM éotidolinue ota axdhovla mévre Emotnuo-
vind medto:

* Oewpnrind ol Maparnonaiosch TahaEoon Avvop.

* My Dgopupien) Avvopen xod Xdoc.

* Hhwoons) Puonr,

* Mayvnreibdpoduvoiins,.

* Kooporoyix-Bapitnta.

Ot dpasyprétrreg ol KEAEM xata 0 #rog 2010 Hrav of eEvc:

1. EPEYNHTIKA ITPOI'PAMMATA

1. «Marie Curie International Reintegration Grant». Terpaetec mpdypou-
uox g Edpamaixdic ‘Emrporntc. “Yreibuvae: I'. Kovrdmoudog. Kiotog
Epeuvnmic: E. lewpyobine. Zupperéyer 6 Meraddaxropindc "Eeeu-
viohe K. TOétlou. Zuvohds mpobmeroyiopés: 100.000 edpdr yis
Téaagepa ET1).

2. «Xdog omh Zyennbrnre xol Thy Kospohoyian. [ebypapua i "Emi-
rporthic Epewvév tiic Axadnplac Abnvav (200/735) (I, Kovrémovhoe,
E. Baowaxnog, I'. Aobrec-Tespaxdmovioc).

3. «M# yoopuns povépeve ot yodoEuoods Sloxougy. Tpéypuppa Tic
Ervrporiis "Epeuwiv g Anadnuiong Alvév (200/739) (I Kovrdmou-
hoc, 11 A, Térone, M. Xopooiia, M. Kerooavixag, E. Tovyopid).

4, «Exprenueg Spasthpidtrra el Oéppavan wév xévrpov Spdong otdy
"Huon. Hpbypappea i Exttponic "Egeuviv tic Axadnpios Abnvéidy
(200/740) (I". Kovrémovhoe, E. Newpyoding, K. Dovridnene, E. Adpa,
L. Kovrémovhog, I1. Zuvreris).



9.

10.

11.

13.

14.

15.
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. «lodabroond)  Swvopuehn.  lpdypoppae i ‘Emtporfic "Epeuvéiv

i Axodnuixe AbBpév (200/716) (I, Kevtémovkog, I Aolixec-

Depaxbmovioc).

. «Audyuorn peuvnmindv dmoteheopgraw. llpbypappa i Emtporic

"Epeuvéiv thig Anadnutag Aluév (200/758) (I'. Kovrémoudog, M. Ka-

TEoVIMIC).

. «T6 gauvbpevo g xoldordrrrag Tav Yooty tpoyiivn (I Kovrd-

mouhog, M. Xapoodha). M yenuatodotodypevo.

«Avvapieh weréty pehaviv omawvn [, Koveémovhog, I Aolinec-
Depuxdmovrog, ©. Amostohdros (Exmixoupog Kabyymrig IMove-
mothion Abnvév)]. "Evioyibnxe olxovopuxa armd iy «Erhnuxs
Kévtpo "Epeuvag Metaihwv A E.».

«H Sop) ob paoixed ywpou 6t yapitoviavi cuotipara 3 Babpdv
Shewbepiacn (11, Mdrone, M. Katoovixac). "Evisyifxe olxovopa
grt iy «Enpund Kévrpo "Epeuvag Merdddwv AE.n.

«The stellar and gaseous flows in galactic disks» [I1. Tlétong, P. Grosbol
(European Southern Observatory - ESO, Mévayo), K. Kehamobapdroc,
A. Towyopidn). Té mpbypappe adtd Smostnptybnxe olxovopuux dmd 7o
ESO i &v udoet gmd iy «Edmunts Kévrpo "Egeuvag Metddhwv A.Eon.
«Theoretical and observational studies of two pattern speeds in the
disks of barred-spiral galaxies» [I1. [ldzenz, D. Kaufmann (SouthWest
Research Institute, Boulder - Colorado, HIIA), P. Grosbol (European
Southern Observatory - ESO, Méveuya)]. M7 ypnpatodotoipeve.
«wApplications of Nekhoroshev Theory in the solar system and in
extrasolar planetary systems» [X. Edfluptémoviog, C. Lhotka (Metadi-
Sanropinds "Epsuvnrhc avemorqutou Papne I1)]. "Evieyibxe olxo-
vouuxs oo 10 [avemothe Poung I1

«Merétr adtoouveriv Baputindv cusTpatev N-coudrew (X. Edbu-
wibmounog, K. Kehamobugdonog, [1. Toobrang, I'. Aolnec-Iepaxdnovioc).
M+, yprparodotodyevo.

«Zuvronopol xal Sudyveon oto Atxtuo Arnoldy» (X. EdfBupidrouiog,
M. Xagoobra). M4 ypnuatedotedpeve.

«KPavtinee oo xiviong xol ypévor dpZnon (I Kovrémou-
roe, X. Edfupidmovios, N. Ackfic). "Eviayibnxe olxovopxd &rnt iy
«Ernnpnxd Kévrpo "Epevvag Mezdddov AEox.

«Xapnhodudorator Thpot wal Evegyeloands Evromapos ot dhusides Fermi-
Pasta-Ulam» [X. Edfupémovkos, A. Mrodvere (Kabhprafe Tavem-
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18.

19.

21,
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omuion [latpév), E. Xpwrodouiidn (MetadiSoropuey "Epeuvip
[avermarnuiou Padova)]. M4 yenpatodotodpevo.

NASA High-End Computing Program «Simulations of 3D Pulsar
Magnetospheres» [D. Kazanas (NASA, Avremotéidov Méhoc
s Axodnuing Afmvév), . Koviémoures, K. Kodamolapixog
(NASA), A. Xpiotododhou (University of Massachusetts), 1. Gabuzda
(University College Cork - [ phavdia), Houshang Ardavan (Cambridge),
Nwéhaog Kuhagne xat Tadwne Koplvre (Movemotiunon Kpfitre),
nal Anuirpioe Namaddrovros (Havemotipo Ozaoahovixnc)]. My
1oTpaTosoTolpevo.

«Particle Acceleration and High Energy Radiation from Pulsar Magneto-
spheres, 2011-2014». A. Harding (PI), I. Contopoulos (Collaborator):
Merém adroouvenay poryviTocpuipiuy LovTéhwy pulsars ol alyxpL-
on pe mapathpvoes LYMAGY dvepyedv [Avpoolivne Koaldvoes wal
Koveravrivog Kaharolegdros (NASA /Goddard)].

«The Poynting-Robertson Cosmiec Battery». I. Contopoulos [ouvepydrseg
oi  Anuosléwe Kaldvas (NASA/Goddard), A. Xpiotodeliou
(University of Massachusetis), D. Gabuzda (University College Cork,
Tehawdiz), N. Kuidgrng (Ilavemoripio Kefmne), xai A. Momadbmou-
rog (Havemotiue Oesoahovixng)]. M) yprpatodotodypevo.

«Using starburst galaxies to trace the cosmic accelerationn [X. Ba-
auhdxnog, M. [Dewdvne (Aweubuvric "Egeuvéiv, Aotepoaronsio Alimvéav),
R. Terlevich (Instituto Nacional de Astrofisica, Optica y Electrénica
- INOAE, MeEuxd xal Tlavemoripwo Cambridge)]. IMpdxerroar s
owvepyaaie. Tol KEAEM pe 6 "Ebvixé Actepooxoneio Abpvév, 1o
Ivemiroiite INOAE 160 MeEol xod 7ol IMavemoryuiou Cambridge.
Ewayberan olxovopuxd dné 16 INOAE.

«Mehéry g Suvaundic tav spicules ot Umepiaide dmd TapaTEToEL
ue w6 tniesxbmo tév 30 em 1ol TRACE of suvduaoyus pe #Ma
dpyavan [ K. Tovrindnne, @. Zoyapddne, K. Ahuooavdodacns (Kalin-
g Havemomuion Toawivay)]. My yenpartedortoipeve.

. «Thomolnoy 7ol SuoTnuixel oteppatoypdooy ASPIICS», vk whv

mapathonon tob ‘Hilow dmd toév elpwmaing Sopupbps PROBA 3.
Zuvrowstig The Eadnvixdic buddac ol [lpoypdupatos elvor 6 Kaly-
g tob Havemomuion Alviv . K. Tolyxovoc. Amé mhv mhevpa
ol KEAEM euupetéyou ol E. leapyoltng xod K. Tovrucdune. My
AENULATOBGTOOULEVD,



26.

27,

28.

30,

al.

EKSEZEIZ 2

. «T6 mapddoko Tig drdhes whnpopoplag otic pehnveg oméon [H. Ba-

vevic, D. Singleton (California State University, Fresno - HITA)].

. «KBavruede Swopbdoeic Myw g yewreupévne dpyfic e dPePardty-

Tag gt v emoyy Planck £wg afjuepan [H. Bayevic, S. Das, A. Farag
Ali (ITevemathps ol Lethbridge - Canada)].

. «Solar Dynamics Observatory (SDO) Feature Finder Team (FFT)».

Arelveéc consortium Epeuvnrdv Omestnplopeve amo h NASA, ps
oxomt THv abrduaty émelepyosin tév Sedopdvev T amosTolTC
SDO (Sudpxeto: 2008-2012). Amd tiv mhevpd Tl KEAEM ocup-
petéyel 6 k. E. lewpyolidne.

«The fundamental instability of coronal magnetic fields». lpGypop-
po 700 Living With a Star (Guest Investigators) tfic NASA [E. I'e-
woyouine, N. E Raouafi, D. M. Rust, P. Bernasconi (Johns Hopkins
University Applied Physics Laboratory)]. M+ ypnpatodotodpeve.
«Space Weather at APL (SpW@APL)». 'Eowtepint mpbypapua tol
Johns Hopkins University Applied Physics Laboratory, ot6 6molo oup-
petéyer 6 E. Newpyolhng ot ouvepyaoio pe tobs Ap. Larry Zanetti,
Ap. Simon Wing xai Ap. Nour-Eddine Raouafi. My ypruatodotoiyueve.
«Working group on inferring magnetohydrodynamic velocities from
solar magnetogramsy. Eupperoyy tob E. Dswpyoing of Subvi) dpudada
oyaoing pé Epeuvnrec amt TavermoTAe xol vetitolte tédv HIIA,
i Temwvixg wod i Kivag, pé oxomd tov xoetde w0 Suvertiv duepufin
Smohoyiopsd Tol medlov TayuTATey Toh TAdGUATOS GTAV ALK
pwtéopuge. M7 yenuatodotoiuevo.

«Working group on comparing vector magnetograms from different
instrumentsy. Zuppetoyr tol K. lewpyolin ot Suebvi) 6pada Epyaciac
ud Epeuvntéc dmd movemotimx xol ivoritolre tév HITA pe oxomnd
T alyxpion xoi T PehricTomolney) TGOV THASTIOROTIRGY PETPHOEWY
ol Nhwaxol payvrrieol wedlon. M4 ypnuertedotolpevo.

«SREM-Solar Particle Events Scientific Analysis Extension»n. [lpéypop-
wa Trg ESA ol ouvtovileton ot 10 IAET 1ol "Efvixod Agtepooun-
netou Abvvav. Zvpperéyer 6 E. lewpyodine dg Kipiogc Epeuvnmic.
Xenuarodorodpevo ame Thv ESA /ESTEC.

«Emurrdosis ThHe whpamindic GAhayijs oTOv EANguxG xad edpldtepo
yopo Tig Avarohudic Meaoyeioun. Zuvrowstic: B. Terrdnene. Xon-
natodbThon gt 10 Maprohomeliewn T8pupa, éxtéheoy and v Em-
7po7) International Geosphere-Biosphere Programme (IGBP).
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«Edpwnoird Mpéypappa ERANET /CIRCLE». Zuvrowstic: B. Teura-
wng (Magrohomodiets "T8pupx).

2. AHMOZIEYXEIX

Kaa 76 Erog 2010 Snpomedlnuay # Eywov Sexrés mpde Snuosicuan 49
epyaotes, & TG omotwy 39 6 meplodind pé adomua wprdv. Suyxexpupéva
ol Snuoacebsets slva:

2.1. AHMOZIEYZEIX £E AIEONH NEPIOAIKA ME KPITEZ

1.

9.

10.

11,

Contopoulos, G., Lukes-Gerakopoulos, G., Apostolatos, T. A, (2011),
Orbits in a Non Kerr Dynamical System. Int. J. Bif. Ch. 21, 2261.

. Contopoulos, G., Efthymiopoules, C. (2011), Galactic Dynamics. Scholar-

pedia 6 (5), 10670.

Apostolatos, T. A., Lukes-Gerakopoulos, G., Contopoulos, G. (2011),
Searching for Non-Kerr Objects. J. Phys. C. 8. 283, 012002.

Harsoula, M, Kalapotharakos, C, Contopoulos, G. (2011), Asymptotic

Orbits in Barred Spiral Galaxies. Month. Not. Roy. Astron. Soc. 411,

1111.

Katsanikas, M., Patsis, P. A, Contopoulos, G. (2011), The Structure
and Evolution of Confined Tori near a Hamiltonian Hopf Bifurca-
tion. Int. J. Bif. Ch. 21, 2321.

. Harsoula, M., Kalapotharakos, C,, Contopoulos, G. (2011), Diffusion

of Chaotic Orbits in Barred Spiral Galaxies. Int. J. Bif. Ch. 21, 2221.

. Chatzopoulos, S., Patsis, P. A, Boily, C. M. (2011), A Taxonomic algo-

rithm for bar-building orbits. Month. Not. Roy. Astron. Soc. 416, 479.

. Katsanikas, M, Patsis, P. A, Pinotsis, A. 1. (2011), Chains of Rotational

Tori and Filamentary Structures Close to High Multiplicity Periodic
Orbits in a 3D Galactic Potential. Int. J. Bif. Ch. 21, 2331.
Katsanikas, M., Patsis, P. A, (2011), The Structure of Invariant Tori
in a 3D Galactic Potential. Int. J. Bif. Ch. 21 467.

Contopoulos, 1, Kalapotharakos, C., Georgoulis, M. K. (2011), Non-
linear Force-Free Reconstruction of the Global Solar Magnetic Field:
Methodology. Solar Physics 269, 351,

Plionis, M., Terlevich, R., Basilakos, S., Bresolin, F., Terlevich, E,
Melnick, J, Chavez, R. (2011), A strategy to measure the dark energy
equation of state using the H II galaxy Hubble function and X-ray



12.

13.

14.

15.

16,

17.

18.

19.

20,

21.

22.

23.

24,

25,
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active galactic nuclei clustering: Preliminary results. Month. Not. Roy.
Astron. Soc. 416, 2981.

Jesus, J. F, Oliveira, F. A, Basilakos, S, Lima, J. A. S. (2011), Newtonian
perturbations on models with matter creation. Phys. Rev. D. 84, 063511.
Grande, I, Sola, I, Basilakos, S, Plionis, M. (2011), Hubble expan-
sion and structure formation in the wunning FLRW model» of the
cosmic evolution. J. Cosm. Astropart. Phys. 08, 007.

Basilakos, S., Plionis, M., Pouri, A. (2011), Generalized evolution of
linear bias: A tool to test gravity. Phys. Rev. D. 83, 123525,
Basilakos, S., Tsamparlis, M., Paliathanasis (2011), Using the Noether
Symmetry Approach to probe the nature of dark energy A. Phys. Rev.
D. 83, 103512,

Basilakos, S., Plionis, M., Alves, M. K. §, Lima, I. A. S. (2011), Dynamics
and constraints of the massive graviton dark matter flat cosmologies. Phys.
Rev. D. 83, 103506.

Paliathanasis, A., Tsamparlis, M., Basilakos S. (2011), Constraints
and analytical solutions of f(R) theories of gravity using Noether
Symmetries. Phys. Rev. D. 84, 123514.

Carvalho, C. S. and Tereno, [.(2011), Real space CMB lensing recon-
struction with point source masks. Phys. Rev. D. 84, 063001.
Sherwin, B. D, et al. (+ Carvalho, C. 8.) (2011), Evidence for dark energy
from the cosmic microwave background alone using the Atacama Cosmology
Telescope Lensing Measurements. Phys. Rev. Lett, 107, 021302,

Das, S, et al. (+ Carvalho, C. S.) (2011), Detection of the power
spectrum of Cosmic Microwave Background Lensing by the Atacama
Cosmology Telescope. Phys. Rev. Lett. 107, 021301.

Alberto, P, Das, S.,, Vagenas, E. C. (2011), Relativistic particle in a
three-dimensional box. Phys. Lett. A375, 1436. '
Majhi, B. R, Vagenas, E. C. (2011), Black hole spectroscopy via adiabatic
invariance. Phys. Lett. B701 623.

Ali, A. F, Das, S, Vagenas, E. C. (2011), Proposal for testing quantum
gravity in the lab. Phys. Rev. D 84, 044013.

Chemissany, W, Das, S, Ali, A. F, Vagenas, E. C. (2011), Effect of the
generalized uncertainty principle on post-inflation preheating. J. Cosm.
Astropart. Phys. 1112, 017.

Das, S, Vagenas, E. C. (2011), Quantum aether and an invariant Planck
scale. Europhys. Lett. 96, 50005,
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26. Dimitropoulou, M., Isliker, H., Vlahos, L., Georgoulis, M. K. (2011),

27,

Simulating flaring events in complex active regions driven by observed
magnetograms. Astron. Astrophys. 529, 101.
Tun, S. D, Gary, D. E, Georgoulis, M. K. (2011), Three-dimensional
structure of a solar active region from spatially and spectrally resolved
microwave observations. Astrophys. J. 728, 1.

2.2. APOPA YTIO EKTYTIQEH I11OY AIATIOENTAI HAH XE HAEKTPO-
- NIKH MOP®H

1.

Efthymiopoulos C, Contopoulos G., Delis N. (2011), Wavepacket
approach to particle diffraction by these targets: Quantum trajectories
and arrival times. Annals of Physics.

Contopoulos, G., Harsoula, M. (2011), Chaotic spiral galaxies. Cel. Mech.
Dyn. Astr.

. Georgoulis, M. K. (2011), Comment on resolving the 18(0° ambiguity

in solar vector magnetic field data: Evaluating the effects of noise,
spatial resolution, and method assumptions. Solar Physics.

Georgoulis, M. K. (2011), Are solar active regions with major flares
more fractal, multifractal, or turbulent than others? Solar Physics.

. Martens, P. C. H. et al. (+ Georgoulis, M.) (2011), Computer vision

for the Solar Dynamics Observatory (SDO). Solar Physics.

2.3. APEPA 110T EXOTN I'INEI AEKTA NPOX AHMOZIEYEH ZE
MMEPIOAIKA ME KPITEZ (IN PRESS)

1.

on

Delis N., Efthymiopoulos C., Contopoulos G., Quantum vortices and
quantum trajectories in particle diffraction. Int. J. Bif. Chaos (2011,
in press).

Patsis P. A, Structures out of chaos in barred-spiral galaxies. Int. J.
Bif. Chaos (2011, in press).

Kalapotharakos, C.,, Contopoulos, I, Kazanas, D, The extended pulsar
magnetosphere. Astrophys. J. (2011, in press).

. Kylafis, N. D, Contopoulos, [, Kazanas, ID. and Christodoulou, . M.,

Formation and destruction of jets in X-ray binaries. Astron. Astroph.
(2011, in press).
Basilakos, S, Mavromatos, N. E, Mitsou, V. A,, Plionis, M., Dynamics
and constraints of the Dissipative Liouville Cosmology. Nucl. Phys.
(2011, in press).



6.

jA
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Basilakos, S., Bauer, F, Sola, J., Confronting the relaxation mechanism
for a large cosmological constant with observations. J. Cosm. Astropart.
Phys. (2011, in press).

Elyiv, A, Clerc, N, Plionis, M., Surdej, J,, Pierre, M., Basilakos, S. et al,,
Angular correlation functions of X-ray point-like sources in the full
exposure XMM-LSS field. Astron. Astrophys. (2011, in press).

2.4. AHMOZIEYZEIZ XZE [IPAKTIKA ETYNEAPIQN KAI AAAEZ

[44]

6.

EPTAZIEE

. Patsis, P. A, Kalapotharakos, C. (2011), Ordered and chaotic spirals in

disk galaxies. Memorie della Societa Astronomica ltaliana Supplement

18, p. 83.

. Fukumura, K., Kazanas, D, Behar, E. and Contopoulos, 1. (2011),

Probing emission and absorption processes in AGNs with MHD
accretion-disk winds. Bulletin of the American Astronomical Society
(American Astronomical Society, AAS Meeting #218), 43, 327.17.
Chdvez, R, Terlevich, R, Terlevich, E, Bresolin, F., Melnick, I, Plionis,
M, Basilakos, S. (2011), Constraining the dark energy equation of state
using alternative cosmic tracer. XIII Latin American Regional [TAU
Meeting, W. J. Henney and S. Torres-Peimbert (eds.). Revista Mexicana
de Astronomia y Astrofisica (Ser. Conf.) 40, 9.

. Georgoulis, M. K. (2011), Pre-eruption magnetic configurations in

the active-region solar photosphere. In Physics of Sun and Star Spots,
Proc. TAU Symp. 273, 495.

Georgoulis, M. K. (2011), The Solar Dynamics Observatory Feature
Finding Team (SDO/FFT): The First Massive Computer Vision
Effort. Hipparchos 2, Issue 8, 11.

Carvalho, C. S. (2011), The cosmic microwave background radiation:
The memories of the universe revealed. Hipparchos 2, Issue 8, 31,

2,5. AHMOZIEYZEIZ ¥THN EAAHNIKH

1.

I'. Kovrémovhog (2011), 'H perhovrien EEEnEn 7ol Eldumavroc.
ewpa [atepue) Bifiiobien 26, 173 (Tepa Edvodog tiic 'Exxinatoc
¢ ‘EAradog).

I'. Kovrémoviog (2011), Té tehevtato Pifiio 1ob S. Hawking 7%
Zbunay xai 6 Avbpwnos. Telunvn Exdooy the Evasewe Elfvay
Duaexdy, Ty, 41.
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3. I'. Kovtémouhog, 1. A. Marong (2011), Xeotixol Naraklies. Hpa-
wtixa tic Axadnuiac Abnrav T. 86~

4. I'. Kovtémovdosz, I, Aobxes-I"epandmoviog (2011), Trapyer ydog
otic pehavéc dmée; Mpaxtixa tijc Axadnyuiac Abnrav . 86*.

3. AIOPTANQXEH ETNEAPION

‘0 . Newpyoihng Sopydvewee émtuyéc w0 130 Lvvédpio Evpwnainijc
Hlaxijc Pvowxijc (ESPM-13) oty Pédo (12-16 Zemtepfpion), 10 omoio
dwayibinue olxovopuxd dmd v Axadnuie Aftpvév. Td Bifiio tév mepiifye-
ov émpeinbpaoy of K. TCé6tlou xad K. Tovroduene (ISBN: 2-914771-70-3,
Europhysics Conference Abstracts). "Enlanc & ». Dewpyoldne Frav péhoc
e EmoTnpowxic dpyaveTikiic émitpomtiic Tol Zuvedplou JENAM-2011
(St. Petersburg - Pwota, 4-8 Touriou 2011).

Té KEAEM ouppereiye 8k tob ». EdBupdmoviov ot Sropydvwoy
700 10ov Zvvedgiov tiic Eldnviniic Aoteovopunis Evawpeios oo Todvi-
vee (4-9 Zemrepfpiov 2011), 6 dmoio evioydfnue olwovopund dmd oiv
Axadnpio Abnvav.

4. ZYMMETOXH ZE ETYNEAPIA KAI OMIAIEE!

I KONTOHOTAOZ

1. Chaotic spiral galaxies, [lgosuexdnpévn e ot6 Sth Alexander von
Humboldt Symposium on Celestial Mechanics (Bad Hofgastein, Salzburg
- Adorpla, 23.03.2011).

2. Avalyrovrag Thv apyn tob Zipmovrog. Opdie oté  Tlaverkivio
Zuvedpo g ‘Elapudc Xewoupydic Erwpelag oo LIB.EAA.
(2011).

3. Xaotweol Dorabiec. Hpaxriea tijc Axadnuioag Abnvav, 1. 86",
2011 (pe 7ov . I1. [dren).

4. Operle othv TipnTued Exdhhowoyn i tov K. AkeEdmovdo ot [la-

vemothpo Algvav (31.3.2011).
. Trdeyer pdoc otic pehavie dnée; oaxtina tijc Axadnuias Abmvan,
7. 86", 2011 (peé wov ». I'. Aobres-I"epandmovio).

o

1. Of dpirfec tév perav toui KEAEM ota gepuvipia tol Kévrpou dvapépovrar
THpadTE 070 oyeTed Tivaro.
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6. DodaBrooh Suvapuner. ‘Opdia o1o mhadoto Tol petamtuylonod pobipe-

tog (EEwyshaEroay Aotpovoplan ([lovemotiue Abmvéyv, 27.1.2011).

I1. MATEHE

L.

Structures out of chaos in barred-spiral systems. ‘Opile otd Zuvédplo
Assembling the puzzle of the Milky Way (Le Grand Bornand -
loadhio, 17-22 Ampirion 2011).

Modeling the morphology of disk galaxies by means of orbital theory.
Mpooxewdnuévy 6uihio otd 100 Awbvic Lvvédowo tiic EAdnvixns
Adarpovopuxiic Erapeias (Twdvvva, 5-8 Zemrepfipion 2011).

‘O pbhog tiv Gmodoyot@v oth alyypovy Yohabwoo) Speuve. Tlgo-
oxexinuévy ouiia ot 100 Awbvéic Tuvvédpo tijc Eddmvuerc Aotpo-
vopuxiic Eroaupelag, eiduch fpeplda i Exmoudeutivols (Todwwive,
8.9.2011).

The flow of material in the spiral arms of disk galaxies. Ordered or chaotic
motion? Ilpoouesdmpévy 6uidla 616 European Southern Observatory
(ESO} (Garching - Mévayo, 6.12.2011).

. Building models of disk galaxies using the orbital theory. Ilpooxe-

whnuévy dpiite otd [avemorhpo tob Movdyou (7.12.2011).

X. ETY@YMIOIOTAOE

1.

Canonical perturbation theory. Chaos and diffusion in Hamiltonian
Systems. Tlpooxexinuévy osips SrxhéEewv (10 Gpév) oto 3rd La
Plata School on Astronomy and Geophysics (La Plata - Apyevtivy,
Todiwee 2011).

De Broglie-Bohm Approach to electron diffraction and the interpretation
of quantum-mechanical arrival time measurements. [lpoorexdmuévn
opthia ot Awefivéc Zuvédpro CUPI 2011: New Frontiers of Quantum
Foundations, mob opyavathxe amt 6 “lvotitobto Perimeter (Clemson
University - USA, Magmiog 2011).

Kolmogorov normal form and low-dimensional tori in partly or fully
isochronous systems. [lpoonsxdnuém dpiiia ot Euvédpwo Sth Alexander
von Humboldt Symposium on Celestial Mechanics (Bad Hofgastein -
Adarpio, March 2011).

. The speed of Arnold diffusion. [lpoorexinuévy duwila o6 oe-

pwdpto ol Tunpatog Qewprtixév xol Egappoouévey Mabnue-
miév ([avemotiuio Padova, Mdiog 2011).
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5.

6.
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®ewpla de Broglie-Bohm xaxl 6 pbiog toli ydouc (EKEDE Anuduor-
tog, Ampihoe 2011),

Eloaywy o) Oewpla the Eyetindryrag. Zyoheio mponyuévay dwordy
Duouriis i "Evwong Exdvav Quawév (Zdxuwboc, Todviae 2011).
Peviey) Eiloayoyd) oté Avvapina Zvothpate. Tolwpy Sidreln ot
petamtuytoans pabnua «Eidua Oépata ydovg xal molumhoxdrn-
Toey. Awtpnpotind peramtuylaxd wpbypaupe ot pabnumetie)
npotumonoinay (EKEQE Anuéxpiroc, 'OxtdBpiog 2011).

[. KONTONIOTAOZ

1.

10.

Evidence for a Cosmic Battery. lgooxexhnuévy dpnia, Tufue u-
ouefig Tol [lavematnuion Ocooaiavinne (11.3.2011).
poseyyilovras wiv mpoyparinh payvntéopotps Tév pulsars. [1po-
axexhnuevy ouhla, Tpdua Queixdc ol Havemarnuion Abyvav
(3.11.2011).

Avarataoweud] ol peepwnmixnod wedlov ol Hhuoeol oréuparos. [lgo-

‘oxexhnuévy) ouinie, Tufjue Puownedic ol Ilavemornuion Abnvév

(25.11.2011).

. Evidence for a Cosmic Battery. Ilpooxexhnpévn dpihia, Institute of

Astronomy, Cambridge University (16.2.2011)
Evidence for a Cosmic Battery. Ilpooxexhnuévy 6uunio, NASA/
Goddard Space Flight Center - USA (22.3.2011).

5. Bvidence for a Cosmic Battery. Ilpooxexhnuévn buihia, Purdue University

- USA (23.3.2011).

Evidence for a Cosmic Battery. Ilpooxexinuévy 6uinia, ITC Center
for Astrophysics, Harvard University (25.3.2011).

The theory of the pulsar magnetosphere. ITpooxexhnuévy dpinia o1o
Avebives Zuvedpio Physics of Neutron Stars-2011, lveritotito loffe -
Avia Hetpadmony (11-13 Tovitou).

Formation and destruction of jets in X-ray binaries. ‘Optila 016 Aweflvec
Zuwvédpwo High Energy Phenomena in Relativistic Outflows I1I ([lowve-
motiue Bapxehavne - Tomavia, 1 Touilou).

Nonlinear force-free reconstruction of the global solar magnetic field.
Duiria o6 1o Haveldivio Lwvédpro tijc Eddgyiniic Aotoovo-
uoeiis Erapeias (avemotiuo Toawivey, 7 Zerteufpiou).



11.

12,

13.

14.
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Towards a realistic pulsar magnetosphere (Poster). I0o [lavediijvio
Zwvédpto tijc Eldninilc Actoovouixijc ‘Erapelas (Ilavemotiuto
Twavvivewy, 6-9 ZemrepPolou).

Eyé 16 popnér: Teywnrh vempocivy xal cuveldnrétyra. Ilpooxe-
whnpévy opihie oto Ozpvt Zyoheio "Eveone Eikqvaov Quoixév
(Epérpiax, 26.6.2011).

Ta Gprx tv puowmey vipwv. [gooxexdnuévy duhic oto Zyohelo
"Evaeng ‘Einvov Quoway (Néa Dradéhpeaa, 10.12.2011).
‘Haextpoduvapins, tov pulsars. 20 Xewwepwo Xyoiein Aotpogu-
oz (12-16 Aexepfpion).

K. TONTIKAKHE

1.

o

Nanoflare heating of coronal loops in an active region triggered by re-
connecting current sheets. ‘Opidia o6 Zuvédpio i "Elnusiic
Aotpovopunts “Evoupsiag pall pe tobe S. Patsourakos, C. Efthymiopoulos,
A. Anastasiadis, M. Georgoulis (lewdvweve, 7.9.2011).

On the shape of active region coronal loops observed by Hinode/EIS
(Poster: P. Syntelis, C. Gontikakis, C. Alissandrakis, M. Georgoulis,
K. Tsinganos). European Solar Physics Meeting-13 (Rhodes, 12-16
September).

. The initiation of a Coronal Mass Ejection as observed by STEREQ/

EUVI (Poster: P. Syntelis, A. Vourlidas, K. Tsinganos, C. Gontikakis).
European Solar Physics Meetingl3 (Rhodes, 12-16 September).
Study of a microflare observed with SUMER and TRACE (Poster:
C. Gontikakis, A. R. Winebarger). I0o Awelvéc Zvvédpeo tijc FAln-
vxfic Aorpovopusiic Erawpetas (Todwva, 5-8 Zerrepfptou 2011).
The initiation of a Coronal Mass Ejection as observed by STEREO/
EUVI (Poster: P. Syntelis, A. Vourlidas, K. Tsinganos, C. Gontikakis).
100 Awebvéc Zwvédpio tiic Eilngrixiic Aotpovouxiic Erawpelac
(Twavwive, 5-8 Zemrepfplon 2011).

Z. BAZIAAKOE

L.

Testing gravity at cosmological scales. Tlgooxexinuévn duikla otd
Zuvédpo thic ‘Elnvixiic Actpovounis Eroupelas (Twdwiva, 5.9.2011).

2, The physical properties of the cosmic acceleration. Ilpoaxexinpévy

ouhie 676 'Ebvixd Aortepooxoneio Aliqvév (29.10.2011).
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3. The physical properties of the cosmic acceleration. [lgoounexhnuén
owrior 676 Tpfue Puewiic w0l [lavemarnuion Abyvav (1.12.2011).

4. The physical properties of the cosmic acceleration. Ilpooxexhnpévy
ouehia 610 Tpfpe Quoudjg Tob IHavemernuiov tic Bapxerdvrg
(14.12.2011).

5. The generalized evolution of linear bias: A tool to test gravity. [lgo-

oxexhnuévy ouiia otd Zuvédpio Cosmology Workshop Montpellier
17 (3.11.2011).

E. FEQPT'OTAHE

1. On our Ability to Predict Major Solar Eruptions. [lpoaxexdmuéve dulo
oto Zuvedpio JENAM-2011 (St. Petersburg - Pwotar, 4-8 Toukion 2011).

2. Flare-Predictive Parameters of Solar Active Regions: Progress and
Challenges. Mpoosxexdmuéwn opihle otd Zuvédpie European Space
Weather Week (ESWWS8) (Namur - Béiyuo, 28.11.2011-2.12.2011).

3. The Role of Electric Currents in the Sustainability of Intense
Photospheric Polarity Inversion Lines. [lpoorexhnuévy ouihia oto

- Zuvedpo 4th SOLAIRE Network Meeting (Teistungen - Deppovia,
9-13 Matou 2011).

4. On the resolution of the azimuthal ambiguity in partially resolved
Solar Vector Magnetograms. Ilpooxexdnuévy opidie oto Zuvédpro
13th European Solar Physics Meeting (ESPM-13) (Pé8og, 12-16
Zenrepfplon 2011).

5. Awotnpikog xonpbs xal Eminmtaoes atd Yo meptPaidov. [lpoone-
xinuévn opihia ot TEI Toviawv Nvowv (Zéovlog, 20.5.2011).

M. KATEANIKAE
1. The structure of the phase space in a 3D autonomous hamiltonian

system of galactic type. ‘Opiiie ov0 Zuvédpwo Jrd La Plata School on
Astronomy and Geophysics (La Plata - Apyevrivi, ‘lodhog 2011).

Térog, ot N. Aediic, I. Aolneg - Tepondmovog xal A. Tavyapidn mope-
xorotfinoay tig épyuotes ol Awelvole Zuvedplov i Eaknuixiic Actpove-
nuetic "Eroupeiog wob Sebhyln oo Tadwive (Zenréufetog 2011).
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5, ZEMINAPIA

Tt KEAEM, anooxomavrag ot ocuveyy) évnuépwon 000 TV Epeu-
wnThv 6060 Kol TGV LeTomTUyLEKGY poTrThY ot alyypove Oéuata Epeuvac,
Gpyoverver ERSopaduaia oepuvdpia oL ypruatodotolviar &v pégel dmo TV
Axadnule Abgviv xatdmy oyetindc amopagews the Zuyxhitou. Katd 7o
2011 mpayparomoufyray ote Kévipo ospvapia avagepbpeva os Oépara
Aatpovouing, Actpoguowmic xal Muyovindic. Tt ogpuivdpue cuppeTeiyoy
0¢ OphnTés, ExTOC TGV EpeuvTav xol portnTav Tob Kévrpou, dxadnpaixol,
wabnynres wel Suoexpipévor dmotipoves and Sukpopx maveTIOTAWLL Kol
gpeuvixd xévipa The Eahddac xal tol EEwrtepixol. Axchouvllel 6 mAvovg
KATHACYOS TOV oeptvaplev ol mporypatomoubxey.
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HM/NIA OMIAHTHE TITAOZ

20.12.2011 | Dr. Constantinos Gontikakis Particles acceleration, nanoflares and
(Research Center for Astronomy | coronal heating,
and Applied Mathematics of the
Academy of Athens)

13.12.2011 | Dr. Manolis K. Georgoulis Solar Energetic Particle (SEP) events:
(Research Center for Astronomy | Their origin and environment, from
and Applied Mathematics of the | Sun to the Interplanetary Space.
Academy of Athens)

6.12.2011 Andronikos Paliathanasis The Riemannian Kepler Ermakov
(Dept. of Physics, Section of system.

Astrophysics Astronomy and
Mechanics, University of
Athens)

29.11.2011 | Dr. Spyros Basilakos The physical properties of the cosmic
{Research Center for Astronomy | acceleration: A new scalar field or a
and Applied Mathematics of the | modified theory of gravity?

Academy of Athens)

22.11.2011 | Dr. loannis Contopoulos Mposeyyilovras v mpaypating
(Research Center for Astronomy | payvntéogalox T@v pulsars.
and Applied Mathematics of the
Academy of Athens)

15.11.2011 | Prof. George Contopoulos The limits of determinism.

{Research Center for Astronomy
and Applied Mathematics of the
Academy of Athens)
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(National Observatory of Ath-
ens, [nstitute of Astronomy and
Astrophysics)

HM/NIA OMIAHTHE TITAOXE
8.11.2011 Prof. Apostolos Mastichiadis The hadronic model of Active
(University of Athens) Galactic Nuclei.
1.11.2011 Dr. Thanassis Katsiyannis Gireek participation to the Extreme

UV Imager (EUT) development.

25.10.2011

Dir. George Lukes-Gerakopoulos
(Research Center for Astronomy
and Applied Mathematics of the
Academy of Athens)

Searching for non-Kerr compact
objects.

{Computational Intelligence
Laboratory, Dept. of
Mathematics, University of
Patras Artificial Intelligence
Research Center)

18.10.2011 | Dr. Christos Efthymiopoulos Normal forms and the representation
(Research Center for Astronomy | of Arnold diffusion.
and Applied Mathematics of the
Academy of Athens)
27.9.2011 Dr. Gordon Petrie Measurements and models of Solar
(National Solar Observatory) Active Magnetic Fields.
9.9.2011 Prof, Joe Silk Do we understand how galaxies
‘ (Dept. of Astrophysics, formed?
University of Oxford)
21.6.2011 Dr. Markos Trichas The nature of far-infrared emission
(Harvard University) from Active Galactic Nuclei.
14.6.2011 Dr. Thanos Manos Chaos and order in systems with long-
|Center for Research on Applied | range interactions: Applications to a
Nonlinear Systems (CRANS), | Hamiltonian Mean Field model and a
University of Patras & School | barred galaxy system.
of Applied Sciences, University
of Nova Gorica - Slovenia
7.6.2011 Prof. George Contopoulos Artificial intelligence and conciousness.
(Research Center for Astronomy
and Applied Mathematics of the
Academy of Athens)
31.5.2011 Prof. Antony Valentini Beyond the Quantum.,
{Clemson University, Dept. of
Physics and Astronomy)
24.5.2011 Prof. Michael N. Vrahatis Studying the basin of convergence of

methods for computing periodic orbits.
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HM/NIA OMIAHTHE TITADE

17.5.2011 Prof. Tassos Bountis Complex statistics of multidimensional
| Dept. of Mathematics and hamiltonian systems with applications
Center for Research and to Galactic Dynamics.

Applications of Nonlinear
Systems (CRANS), University
of Patras]

10.5.2011 Dr. Antonis Georgakakis What drives the evolution of Active
(National Observatory of CGialactic Nuclei?

Athens)

3.5.2011 Dr. Georgia Tsiropoula 0 phrog wiv Fhév YrnoiBuy ath
(National Observatory of opnuaTiops  dhe  lopbos,  peywn-
Athens) Tutiig owig wod porpvnTieol Bdhou pé

Aefion, mapxTAEToEwY Tol pacyvhT-
wol medlou wed The ypoppic He

19.4.2011 Dr. Tassos Fragos Understanding the formation and
(Harvard Smithsonian Center | evolution of black hole X-ray binaries.
for Astrophysics)

12.4.2011 Dr. Nektarios Viahakis Rarefaction acceleration in magnetized
{University of Athens) gamma-tay burst jets.

5.4.2011 Dir. Christos Tsagas Large-scale magnetic fields in
(University of Thessaloniki) Cosmology.

29.3.2011 Dr. Nikolaos Tetradis Cosmological matter perturbations
{University of Athens) and the model of the Universe.

22.3.2011 Prof. Kostas Kokkotas High frequency sources of gravitational
{University of Thessaloniki- waves: Recent progress.

University of Tuebingen)

15.3.2011 Dr. Kostas Tziotziou The dynamic solar chromosphere:
({Research Center for Astronomy | Recent advances from high resolution
and Applied Mathematics of the | telescopes.

Academy of Athens)

8.3.2011 Dr. Manolis K. Georgoulis Automated data analysis for the
(Research Center for Astronomy | Solar Diynamics Observatory Mission:
and Applied Mathematics of the | RCAAM’s participation.

Academy of Athens)
1.3.2011 Prof. Elias C. Katsoufis First year of operation of the accelerator

(National Technical University
of Athens)

LHC and of the related experiments at
CERN.
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HM/NIA OMIAHTHE TITAOZ

22.2.2011 Dr. P. K. Pavlakos Ergodic theorems and applications to
(University of Athens) Classical and Quantum Mechanies.

15.2.2011 Dr. Konstantinos Superstring Theory: A journey to a
Anagnostopoulos multidimensional universe with unified
(National Technical University | interactions.
of Athens)

3.2_.2'911 Prof. Nikos E. Mavromatos Quantum gravity and the dark sector
(King’s College London / of the Universe.
CERN)

1.2.2011 Prof. Nick Kylafis Are magnetars really magnetars?
(University of Crete)

25.1.2011 Dr. Despina Hatzidimitriou Study of X-ray populations in local
(University of Athens) group galaxies with XMM-Newton.

18.1.2011 Dr. Constantinos. Gontikakis Study of the radiation scattering
{Research Center for Astronomy | in the spectral lines at 1548A and
and Applied Mathematics of the | 1550A, emitted by the carbon four

o Academy of Athens) {CIV) ion, from a solar micro flare,

11.1.2011 Dr. Padelis Papadopoulos Cosmic rays and interstellar matter:
{Argelander-Institut fiir New initial conditions for star
Astronomie, University of formation in galaxies.
Bonn, Germany)

6. AIIOZTOAEZ-ENNIZKEYEIZ ZE IAPTMATA TOYT EEQTEPIKOY

I1. [TATEHE

0 x. Marorng émorépbnue xarémy mpoorifioewne 16 European Southern
Observatory (ESO) ol 16 [lovemoriuo o0 Movayou (Aexépfproc),
fmov elye ouvepyaoio pe tov Ap. Grosbol xai tév Kaftpynrh Burkert o
Bépata mapaTnphioewy omepoediv yoaraEGv 610 €yyls dmépubpo wal
dnuiovpylog nol EEEMENG yohaEandy dloxwy avrioTorga.

X. ETeTMIONOYAOZ

‘O ». Edfuprdmoviog emoxegplnre watdémiv wpooxhnoswg 0 [lave-
motiute 1hs Padova (Mdtog), &mou elye ouvepyooia pe tods Kaby-
ynvec G. Benettin xai A. Ponno otd wpéfinpe tév ahveidwyv Fermi-
Pasta-Ulam.
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I. KONTOHOYAOZ

‘O x. Kovrémovhog émoxépbnxe xatémy wpooxhoewy 16 Institute of
Astronomy (Cambridge University - Ayyita, ®cBpovdproc), 6 NASA/
Goddard Space Flight Center, 16 [lavemotfuio ol Purdue »el 6 ITC
(Center for Astrophysics, Harvard University - USA, Mépzioc).

Z. BAEIAAKOZ

‘0 x. Baouhaxoe Erafie exmondeutiny) &detx (sabbatical ) xal Emioxeqtrn-
®e watoémiy mpooxhficews 0 Tpfpx Pueskic tol [lavemomnuiou
*7ic Bapxerdivne oty Tonavia &né tov Mawo Ewg tov Noduflpio ol
2011, 6mov ouvepydotnxe pé thy 6pada tob KoabnyntH Sola o Bépa-
<o Koopohoyiag.

M. FTEQPTOTAHE

‘0 % Fewpyobing, xard 0 Sukpxewe Tol Etoug, Ehafe pépoc ot téoge-
ptc ouvavthoels Spyaoiac Tig ESA/ESTEC oyenixés pé 1o llpdypappa
«SREM: Scientific Analysis Extensionn.

7. ENIZETHMONIKEZ [IPOTAZEIX

Kata o Sudprera 1ol 2011 yprparodothinuay éniong ol dxdroubeg
émoTnuovixgs mpotdaslg otig dmoleg ouppetéyouv uéiy ol KEAEM:
1. Té KEAEM oupuetéyer omiv mpbraon ol mpoypiupatos «Budiic:
Hellenic National Network For Space Weather Research» (Zuvrovietig:
Kafl. A. B)yoc, ovemothiue Oeooatovivng), 7 omole Eynplbnxe
npbogara (E. Mewpyoling, K. Novrudong).
2. "Eywpifinue altnon tic ». E. Tovyapidy v évioyuam tiic Epeuvac mod
dieEdryer Umd Ty EmiBhedm Tol . Ildton pe Béuax «Movréha dmixpr-
ore oneipoediv yohaLidvy amo 6 "I8pupe Aefiévim (3.000 hpw).

8. METANITYXIAKA AIITAQOMATA EIAIKEYEHE KAI AIAAKTOPIKEE
AIATPIBEZ

Zt6 KEAEM épyalovrar éxmovavtag tig Swxtpiés Toug UmovgL-
oL Sidxtopes wal peTaTTUNLAXOL QOUTTES Yid THV dmduTeY SimALpATOV.
"Erntong ol égeuvnrec 1ol KEAEM ouppetéyouv of éfetaotinég émrpomés.
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Zuveyilouv va Exmovoivron Omd thy Enifhedn uerédv 100 KEAEM of
Subantopinig Statprfic Tdv:

1. M. Katoavixe, «H Bopy 100 gaowoeld ydpou of yapuitoviovd

ouothpate Teuiv Pablpdy Erevbepiogn (Emfiérov: I1. [latong).

2. E. Tovyapidn, «M#) ypoupmind gorvbueve ot povréhe dmdxpione Suone-

ewdav yoraZioivn (EmpParénow: [1. arong).

3. N. Ackii, «Mehérn oroyaotmindy tpoytiv o Wi ypound Suvoeris

ouathpaton (EmPiénov: X. Edfvpibroviac).

4. A, Tlodpn, «H perémy i @done tic oxotewdic évépysiac ypnet-
pomoravres EEwyarationdc myyss Sdmrdv evepyadvy (EmpPiénwy:
Y. Baoudxoc).

‘0 ». H. Baryeviic supyetéyer o) oupfovkeurtued) émrpom Tol drodmerou
Sddxropa x. Mukmiadyn Etdpon a16 Havemorhuo [ehomowhoon, xal &
%. X. Baowdxog ot oupfovdevtiny énttpord tob noforon Suddxtopa
*. Kavertavrivov [lapoien-"0pbédeLon, éntane otd lavemomiuo [leho-
TOWAGOU.

Trd v énifheln perdv 100 KEAEM, ) A. Zapnéiy dhodfpwos pd
emeruyto ) Statpuf Tie il dmbxmnom Metamruytanal Armhdipartog Eidtreu-
ang 676 "Ebvixt Metadfio Mohuteyvelo pe Bépa «Axrvoforia Hawking pé )
péliodo Tdv Paputiedy dvepohéw (Emfiérav: H. Bayevig).

‘0 » Z. Basuhdxoc suppetéye ot supfovieutue Enrpor) Tl x. AréEav-
dpou [amayewpylov vy mhv Exmbwnon petamtuyaxdic Swerpffc oto Move-
maTio Abgvév.

'Eniong 6 ». Newpyoling ouppetéye o cupfovieuties émitpony) Tig
Simhapatixdc Epyastiac to0 A. eovhwud 616 llevemothue [lepound p
Bepa « Touodutotary dvamaprotacy poaypvnTikey tedlowy ot opapds ouvte-
TOHYLEVESH,

9. AIAAKTIKO EPI'O

Ot épevvntec w0l KEAEM E3woay setpd pabnudtoy ot petomruyLond
TAVETUO TG TUNUXTH, OF CELVEpLL Yo porTnTes %ol épeuvnric %ol o
cyoleia mob Sopydvmooy EMoTHovKEs Eviioes.

‘H Si8aoxaiio tol peramruylonod pabfuerog «My Tpopuwed Avve-
wuehn tol Topéx Aotpovoplac, Astpoguodic xal Myyaviedic tol [oavem-
ernpiov Abnvéiv, xara w6 2011, Fywve and tov ArevBivovra 1ol KEAEM
®. I1. azoy.
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‘0 ». Edbupiénovhos 8iduke oté petamruyioand pdlnpo «Eidua Oepo-
To ydoug xal morumhoxbTytacy wob Siekdyerar o100 EKEDE Anudrpitog
(OxzdiPeroc). 'Entone 3i8uke otd Zyoheio [lponyuévey Ewoitv Puoxijc
Tiic "Evwane ExiAvewy Puowiv oti) Zdxuvbo (Todveog).

0 x 1. Kovrdmovhog Sidafe v pabnua «Hiexrpoduvapuxs tév
pulsarsy a6 20 Xewepwd Zyodsio Aotpoguakijc, to dmoio Erafe ydpa
a1y Ozoouroviny (Asxépforog). Entone 8idafe i Gepvt Lyokeio Tijg
“Evwarne ‘Exvvev Quawav otiv ‘Epérpia (Todwiog) xal 676 syoieio ijg
tde Evwong ot N, Duhadérgeia (Aexépfpiog).

10. IPOQOHIH THE EKAAIKEYEZHE THE AXTPONOMIAX

Oi Zpevwrec 100 KEAEM Edwoov xatémv mpoouhioewy moAAES
&daixsutinee buimlec 6d ayolela péorne Exmutdeuorc xal 6t Exdnhmeslg
yi& 16 Thotd *oLvd.

* I1. [Mdrone: Min dpinie, Nupvdoio-Adueo Actrepng Edxonpioc, KoadiOea.

* X. EdfBupidmovioc: Mia 6puie, “18pupa Ocoyopdny.

* . Kovrémovhog: "Efr dpihieg, Tyokeio 1. N. Kowvoewg Ozotixon
(Anpoc), Tevnd Adnero Mehootwy, 1. Mown Ayiwy Hévray Enetodvy,
"I8pupa Oeoyapdonn, Eroupeia ®ihov Aaob xal 120 Anporied IMugadac.

* K. Dovrindoeng: Mio dpedia, "ISpupa Osoyopdnn.

* H. Bayeviic: Awpydvewon ey, optiie 616 Devixd Adreis Mehastav
wo pioc Gphio 016 Afjpo Keheparac.

* E. Newpyodinz: Abo duiiieg, 20 Adxeio Mehoolov xal “18pupe Osoyupduen.

* M. Xapootra: Mia duihie, "ISoupa Ocoyapdnn.

1. EYMMETOXH XE EYPQOAIKEE KAl EAAHNIKEZ EHNITPOIEZ

Oi épeuvnric xal of émorruovixel cuvepydteg Tol KEAEM oup-
uetéyouv gt E0vixdc xal edpwmainec émitpoméc. "Olov elvar wédy tijc
Erdnuindic Aotpovopundic ‘Erapeiog (Hel AS.) xoi tic AreBvolic Aazpo-
vopudic ‘Evaoew (IAU). 'Emniéov auppetéyouv otic €L¥jc 'Emrpomec:

o ‘Exqviet) Aotpovopned Eropeta: X. Edfupiérovioc, Mérog ol AX.

* "Evaan ‘Ediivwy Quowdv: X. Edfupbmovios, Méhog tod ALZ.

* Awxyerptotins 'Emrpond (Management Committee) tfc Edpomainic

Apaans COST MPNS MP1006: Fundamental Problems in Quantum
Physics (2011-): X. Edfupiénoviog, 'Ebvixec Exnpicumos.
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* International Coordinating Committee 7ol Aielvolic Zuvedpiou 12th
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* ‘Elavur) ‘Eronpeiar Zyetindtyrag, Bapbrnrag xal Koopohovyiag:
H. Bayevic, INpappatéoc.
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O x. Tprwdxne Bafe pépoc dic Exmpbowmoc g Erddac oo Sth
Plenary GEO Meeting, mob Suebiyby ooy Kavetavtvelmohn atic 16 wat 17
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Ténog, 8ot ol Epeuvnres w00 KEAEM elvon xpitéc ot Siebvi dmomnuo-
vixd Teptodind xlpous, dvé pepurol elvan aEchoymec Sielvidv Emotuoviniv
TPOTACEWY ol GUULUETEYOLY oTd ExdoTied cupBodiu Siebvév meprodudv,
O »x X. Edbupuérovroc elven Associate Editor 7ol mepiodiol Celestial
Mechanics and Dynamical Astronomy (Springer) xaxi 6 ». H. Bayevig elvou
Editor 7ol mepiodxol Central Furopean Journal of Physics (Springer) ol
éhoc Tob Editorial Advisory Board ol meprodieol The Open Nuclear &
Farticle Physics Journal (Bentham Open).

[MTéavos [ldrone - Aeubivev ol KEAEM]
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V. Thouret), ‘Epeuvnrixd Kévrpo Juelich - eppavie (A. Volz-Thomas),
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motho Qesoahovinng (A. Mmdne, A. Merde, A. Mrarfic, I1. Zdvne,
K. Touvpradn), 'Ebvixd Merabfio [ohvreyveio (A. [amayidvwrc),
Ebvixé Actepooxonsio Abgéav (E. DMepaodmoviog, X. DMavwardmou-
hog, A. Qovvra, . Kalavrlic, B. Aupopidne), Maveriothuo Abnpvév
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tiic EYAAII 616 miaxiowo thic [laynbopae ‘Hyuépac Nepoh pt Béuo
Ydarwol mopor xal xAyparuve) dldayr]. Zbyypoves mpoxiijoeic yia ic
éraupeies dwayelpions vepot (Abhver, 22.3.2011).

. ZLepegbs, X., «llayxdopa xhposiuer petafors xal of dmmrdoeg

. Ophia 616 mhaiow wév Hadevtixav Aaidywv (Nabmaxtoe,
13.3.2011).

Zepepic, X., «Tpeic aldves supariedc dddayiic o) Autud) ‘Exdse
(190¢ - 210¢)». 'Exdfhwon 100 Afpou tig Tepiic [Méhews o Meao-
Aoyriou o2 cuvepyastx pé whv Aotpovopuns) wal Actpopuouey Eru-
petar Avtinijc EAdSac, 16 Popéa Awxyelpione Awuvobdhasoas Meso-



17.

18.

19.
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royyiou-Altwhxod xal 10 Tpfue Altohoexapvoviag tob Teywnxob
"Empehyrrplos ExSag (Mesoréyyr, 14.3.2011).

Zepepic, X., «Axpoies xoupines nataothoets ott wille xal oty mpay-
pomixbdrgran. ‘Owdie otiy Erwpele Medémne Apyaiag EXnwxic
Muforoyiag (Abve, 4.3.2011).

Zepegbe, X., «Khpatind ahhoyn xai téqvnn. llpbypappe Awsdo-
vy Mobnparov Tépm xal Hokimouds g ‘Exnwnsc ‘Erapetog
vy v Ipeostosia Tol Mepfdddovroc wai tol Ilohutiopel (AB¥ve,
7.2.2011).

Zepegbe, X., «H xpion o1d drpoogupud wepfdirow. Duoroyinde
Tinnoyoe Mapvaosote (Abhve, 2.2.2011).

6. ANTATQNIZTIKA EPEYNHTIKA ITIPOTPAMMATA

6.1. NAVARINO ENVIRONMENTAL OBSERVATORT (NEO)

Té mpdypappa «NEO» («Navarino Environmental Observatory») sivat
pio ouvepyaotio petall tre Axadnuiag Abnvav, tob [avemomyuiov g
Zroxybhune xal thg Erapelag TEMEX, Agopd ot Snpiovpylo xal her-
Tovpyla vie meptfadiovrined mapatrevTrpiov oTiv meployy) ti¢ Meo-
anviog pe xabopiopévoug Epeuvnrinods xal Exmoardeutinods otdyovs. X1
TAXLOLO TOU TROYPRMUATOS, ¥ opada Thg Axadqyuing Abnvév wxata TO

groc

2011 mpaypatomoinos t& axbhrovbe:

Tév Mépmio ot 2011 éyxataardfnue o6 Etafusd Navarino Environ-
mental Observatory ypoppd) derypatodnlog déprwv xal cwpatidiaxdy
pummv oThv Gpogr Tol yweou ol Swxtélnxe amowkeioTind Yix THY
Eyrotdotacy Tol otabued.

Tév Mdprio tot 2011 Shoxinpdifnue N nataoxeun ThHe mhaTedppos yio
THV EYXATAGTHGY) TGV UNYONPATEV pETPNoNG Sapbpey oUVGTOERHY

TG Hkeoes axTvoPoitag.

Mopaiimra Ghoxknpotinuay of Swduactes ouvthonorng xol Bobuoviyn-
ong Thv wnyewnpdtev e ALA. wob petagpépovton %87 oté Navarino
Environmental Observatory.

Apoporoynfinxre W dyopx véou pyyevipatos mapaxohedlinons g
breptiBoug axtivoBorlag xal tic dpubinuarddoug déove.
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« Tov Amplieo 1ol 2011 rmpayparomorifinee ¥ éynatdatacy tob mpdioy

EEomhtopol xal Eexivnoov ol mpdites petproec.

* Tév Todwo o0 2011 Erafe yopx 7 Eynatdoracy tol gaopatopadiope-

Tptxol EEomhopol atdv dvriotoyyo atalud.

« Kab' &hn v Sidpxern 100 Eroug mapaxohovbeitar # Aettoupyla <ol

otalpol, wataypagovror xel dvadbovrar ol oyetinds petpolpeveg
THphpETEOL.

6.2. EPEYNHTIKA TIPOTPAMMATA EEQTEPIKOY

1.

o]

4.

6.

[péypappa thc EE «Climate Change and Impact Research: The
Mediterranean Environment (CIRCE)». “Vmebbuvog mpoypdppatoc:
A. Navara. ‘Epsuwnthc: X. Zepegpic.

. Hgéypappa e EE «Global Earth Observation and Monitoring

(GEOMON)». “Twmebbuvos wpoypapuates: S. Godin-Beekman.

"Epevvnmie: X. Zepepic.

Ipéypappa <ic EE «Monitoring Atmospheric Composition and
Climate (MACC)». “Yrebfuvac mpoypdpuatoc: A. Simons. Epsuvnric:
X. Zepegibc.

[Mpéypoppor tol European Strategy Forum for Research Infrastructures
(ESFRI), Anuovpyio "Ebvixod "Epevvrrinot Anerdou yid mhv Edpamano
"Egevwrrued) “Ymodops COPAL. “Yrelbuveg Mpoypduparog: Alufuidng
Mmridene. "Epeuvnrés: X. Zepegic, I'. Toghoddrg.

. Iptdypappa tiic EE «Health Risk from Environmental Pollution Levels

in Urban Systems (HEREPLUS )». Zuvrowoptg amo 1o [Mavemothue
Sapienza tijc Popne. “VTredbuvoe [lpoypduparos: F. Manes. "Epeu-
vitig 1. Kedaprdroas.

Mpdypappe iz ESA «Building consolidated climate-relevant ozone
data sets in the framework of the ESA’s Climate Change Initiative
(ESA CCI)». “Yredbuvog mpoypdupatos: Michel Van Roozendael.
"Epevvnthc: X. Zepegibc.

Ipbypappe tfic EE «Data Repositories and Computational Infrastruc-
ture for Environmental and Climate Studies in the Eastern Mediterra-
nean (DARECLIMED )». “Yreifuvoe mpoypdppatos: Manfred Lange.
"Epevwtiic: X. Zepepdc.
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8. Ilgbypappx thHz EE «Monitoring Atmospheric Composition
and Climate Interim Implementation (MACC II)». “Tredluvog
npoypappatos: A. Simmons. 'Epevwnric: X. Zepegic.

9. Mpéypoppa i EE «EU Cloud Intercomparison, Process Study and
Evaluation Project (EUCLIPSE)». ‘Egeuvnréc: I, Toeholdns, A. Kdvota,
I'. Kabopevdonne.

10. Ilpéypoppa tic EE «InfraStructure for the European Network for
the Earth System Modeling (IS-ENES)». "T'relluvog mpoypappatos:
S. Joussrme. "Epevvnréc: . Toehiotdng, K. Acufiie.

11, Hpbypappe ic EE «Pollution of air in the extended region of Athens:
Space-based Nitrogen Dioxide (NOZ2) observations and their comparison
with remote and ground-based measurements and modeling simulations -
PARTHENO2N». “Trebfuvos poypappatoc: X. Zepepds. 'Epeu-
vieine: M. Bpexolone.

6.3. EPEYNHTIKA IMTPOTPAMMATA EZQTEPIKOY

1. Zvvepymoia o1 mwhxicwe o0 "Epeuviminol [lpoypdpparos i Emi-
tportfic Epewvév thc Anadnplas Abpvéy «Mehéry g waronbpu-
YNNG HATAVOUTC Tpomoopupkod Glovrog omiv Avatohus; Meodyewo
wol adyrpion pé v Kevrpueh Edpomy pe Bdon tic depomopixis
petphoes tob Edpomaixot llpoypapuarog MOZAICYH, “Yredbuvog
Mpoypdppatos: 1. Avyopevidne. 'Egevvnris: T, Kohapmwduas.

[XeTiotog Z. Zepepds - 'Endntne 100 KEPAK]
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KENTPON EPEYNQON GEQPHTIKQN
KAT EPHPMOZMENQN MAGHMATIKQN

‘H Epevva 700 KEOEM éotidlerar o) Snuiovpyle arydptbumy dvexe-
Taoueuc letpindc elxdvog (image reconstruction). AdtTh # Swxdiaoia elvo
amapalmyty e o) Snpovpyle Topoypaguxiic sixdvag ota abyypova dmet-
xoviotixd cuothuate PET, CT xai SPECT. 'Enértyg tol Kévrpou elvar 6
Axadnpaindg . Abavasiog Puxds, 16 8¢ mposwmxd, oiv Txpolosr Paay),

amotereiton gnd tov Dewpyro Kaoth, Epeuvnm) T Babuidac, otiv émoio

Eyer avatelel ) mpogwp Sebbuvay Tol Kévrpou.

Korta i Sudprewx adrol b Eroug, 16 KEOEM elye tic audroubec Spa-
aThpLGTHTES:

Avarcthylnue Evog dveduminog dhydplpog Baowopeévog of splines, yu
THY GVEKTHOXELY) ThG eixdvag ToD Topoypapuxol omuvinpoypagie-
Tog exmoumilc povipous gpurovioy SPECT (Single Photon Emission
Computed Tomography). ‘O diydpifuog Basiletor omiv dvtistpopy) Tol
eEaclevnuévou petaoynuatiopot Radon (Attenuated Radon Transform),
Tol 6motou ¥ dvakurtueh May Eyet Sobel mpdopata dmd Tév Axadnuaind
*. Abavioio Qexd.

"Opyavaligre 0 Snuovpyle evie Epyaatnplov dmemdvors dctivav-y
e pinps Lo o ouvepyaotia pe 0 Center for Gamma-Ray Imaging
(CGRI) 7ol University of Arizona ol 10 “I8gupa 'latpofrokoyindv
Epeuvav tic Axadnpiang Abpév (LIB.E.AA)). 'H drewoviotio
y-wapepn Eyer mapoywpnlel dwpekv dmd 6 CGRI. ‘H ouyrexpipév
auvepyasio pag Siver T Suvardrnra va Soxpalovpe Todg diydptdoug
Gvdhuong ®al dvaxataoxeuns elxdvag ot mporymatind TeptBdiiov. -

To KEGQEM &ye1 ouvdder ouvegyaotio pe 1 xatwb Tdpdpata:

Epyaomipro Tatpific Puowdic tob 'evixol Noooxopeion Abmviv
«O Edayyehwopbon (oudroys whwvixédy Sedopévay dmd 6 abotnpa
éxmopmic molitpoviwv PET /CT mob Suxféter t6 vosoxoueio).
Epyaotipio Tatpuedic Duowxdjc tol Ilavemomuianol 'evixold No-
coxapelon Tlatpév (oukhoyh whvixdv Sedopéveyv dmd 6 oborTrua
SPECT/CT wob Suxfétel 16 vosoxopeio).
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Centro d'Imatge Molecular Experimental (CIME), CETIR Centre Medic,
Bapxerdvn-Tomaviee (ouihoyy Sedopévev amd &ve PET/CT Odmiiic
Sraxprrixdic ixavétnrag, eEetdinsupévo ot dmexovioeig pixpdv Lhwy).

IMpageto Bustarpuedic Teyvoroyiag, "I8pupa Tatpofioroyiniy Epeuvéiv
e Axadnuleg Abyvév (Monte Carlo Simulations, cvaxatooxeuy)
laTpundic elndvog).

Universidad Politécnica de Madrid, ETSI Telecomunicacion, Dpto.
Ingenieria Electronica (dvaxatoorevy latpixic elxdvag).

Center for Gamma-Ray Imaging (CGRI), University of Arizona - Tucson,
AZ, USA (doviyveutes antiveov-y).

A" Kool "Evrasinile Oepomelog, "Ebuxt xel Kamodiotpiand Tlave-
mothuo Abgpév, Devixd Nogoxopsio Abmpév «O Edayyehapdon
(Gmeendvion wuxpdv Thev).

AHMOZIETZEIZ ZE AIEONH [IEPIOAIKA ME KPITEX

1.

4.

Lenells and A. S. Fokas, Boundary Value Problems for the Stationary
Axisymmetric Einstein Equations: A Rotating Disk. Nonlinearity 24,
177-206 (2011).

. D. Mantzavinos and A. S. Fokas, The KPII Equation on the Half-Plane,

Physica D 240, 477-511 (2011).

A. S. Fokas and A. Himonas, Well-Posedness of an Integrable Generali-
zation of the Nonlinear Schrodinger Equation on the Circle. Lett. Math.
Phys. 96, 169-189 (2011).

D. G. Crowdy, A. S. Fokas and C. C. Green, Conformal Mappings to
Multiply Connected Polycircular Arc Domains. Computational Methods
and Function Theory (in press).

. A.C.L Ashton and A. 5. Fokas, A Non-Local Formulation for Rotational

Water Waves. J. Fluid. Mechanics (in press).
A. 5. Fokas, I. Lenells and B. Pelloni, Boundary Value Problems for the
Elliptic sine-Gordon Equation in a Semi-Strip. J. Nonlinear Science (in

press).

. A. 5. Fokas and E. A. Spence, Synthesis as Opposed to Separation of

Variables. SIAM Review (to appear).

A. S. Fokas and B. Pelloni, Generalized Dirichlet-to-Neumann Map in
Time-Dependent Domains. Selecta Mathematica (to appear).

A. S. Fokas and D. Tang, On a Novel Class of Integrable ODEs Related
to the Painleve Equations. J. Biff. and Chaos (to appear ).
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13.

14,

16.

17.

18.

19.

21,

22,

24,
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A. 8. Fokas, O. Hauk and V. Michel, Electro-Magneto-Encephalography
for the three-Shell Model: Numerical Implementation for Distributed
Current in Spherical Geometry. Inverse Problems (to appear).
A, S. Fokas and T. Kurylev, Electro-Magneto-Encephalography for the
three-Shell Model: Minimal L2-norm in Spherical Geometry. Inverse
Froblems (to appear).
G. Dassios and A. S. Fokas, Electro-Magneto-Encephalography for the
three-Shell Model: A Single Dipole in Ellipsoidal Geometry (submitted ).
A. S. Fokas and D. Tang, A Novel Approach to Elastodynamics: I. The
Two-Dimensional Case (submitted).
A. S. Fokas and D. Yang, A Novel Approach to Elastodynamics: I1. The
Three-Dimensional Case (submitted).

S. Fokas and B. Pelloni, The Dirichlet-to-Neumann Map for the
Elliptic sine-Gordon Equation (submitted).
A. §S. Fokas and A. Nachbin, Water Waves over a Variable Bottom:
A Non-Local Formulation and Conformal Mapping (submitted).
M. Dimakos and A. S. Fokas, Linearizable Nonlinear PDEs in Multidi-
mensions (submitted).
S. De Lillo and A. S. Fokas, The Burgers Equation on a Fixed and on a
Moving Boundary (submitted).
M. Dimakos and A. S. Fokas, Davey-Stewartson Type Equations in 4+2
and 3+1 Possessing Soliton Solutions (submitted).
M. Dimakos and A. S. Fokas, The Poisson and the Biharmonic Equations
in the Interior of a Convex Polygon (submitted).
A. 5. Fokas and K. Kalimeris, Eigenvalues for the Laplace Operator in
the Interior of an Equilateral Triangle (submitted).
A. S. Fokas and J. Lenells, The Unified Method: I Non-Linearizable
Problems on the Half-Line (submitted).

. J. Lenells and A. 5. Fokas, The Unified Method: II NLS on the Half-

Line with t-periodic Boundary Conditions (submitted).
J. Lenells and A. S. Fokas, The Unified Method: 111 Non-Linearizable
Problems on the Interval (submitted).

EKAOZEIE THE AKAAHMIAE AOHNON

1.

A. Dandc - I'. Kastiic, Avahvrtinde dhydpibpog yixe tov Topoypdgo

‘Exmopri [olirpoview. MHpaxrixa tijc Axadnpiag Abypiv, t. 854

(2010).
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AHMOZIEYZEIX XE AIE®ONH ITNEAPIA ME IIAHPH ITPAKTIKA
EPI'AZION (PROCEEDINGS)

1. P. E. Barbano, A. S. Fokas and C. B. Schonlieb, Alternating Regulari-
sation in Measurement and Image Space for PET Reconstruction. 9th
International Conference on Sampling Theory and Applications (Singa-
pore 2011).

2. P. E. Barbano and A. S. Fokas, Multi-Resolution Inversion Algorithm for

. the Attenuated Radon Transform, IEEE (China 2011).

3. G. A. Kastis, A. Gaitanis, T. Skouras, A. S. Fokas, Evaluation of a Spline
Reconstruction Technique for SPECT: Comparison with FBP and OSEM.
2011 IEEE Nuclear Science Symposium and Medical Imaging Conference
(Oct. 2011).

ATAAEZEIZ KATOIIIN ITPOZKAHZIEQE

O ’Enénmig 7ol KEOEM mpaypatomolnee Tic dnbhoubes dpiriec
xeetd t0 2011:

1. Diachronic Role of Libraries (Zappeion, Athens-Greece, January 27,
2011).

2. A Unified and Effective Method for Integrable Nonlinear PDES. ESF
Mathematics Conference Completely Integrable Systems and Applications
(Vienna-Austria, July 4, 2011).

3. Integrability, Medical Imaging and Boundary Value Problems (Technical
University of Crete-Greece, July 28, 2011).

AIAAEEEIZ £TO KEOEM

Tov NoéuBpro tob 2011 mpaypatomoribxe % Sidrekn wé titho Small
Animal Gamma-Ray Imaging: Instrumentation and Applications, &mé tov
npooxexhnpévo Tol KEGEM Dr. Lars Furenlid, Kafnynt) Axtworoyiuc
xal 'Ontixév ‘Emoryuéy 1ol [avemompion e Arizona.

[ABavdorog Dande, 'Enéntne toti KEOEM -
ledipyrog Kaotiie, AcuBivev 103 KEOEM]



EYPETHPION KATA ZYTTPA®EA

AMBPAZHZE NIKOAAOZ - YYXAPHE [QANNHE, — Zetopues aotabae
omovBuiwtdv udvwy [Earthquake response of multidrum columns] . ..

BATENAY KONETANTINOZ. — Avayyeria 1ol Devdron tol dvremt-
arélhovrog péhous tiig Axadnploc Eupoavoutih Apdvn . ..ooovven. ..

BATENAZ KONZTANTINOE., — Avalnrdivroag T oivlles tie xardduang
wod 7iig Haenrpoynpelas. Elottiptog hbyos 7ol duadnpainod watd thv
breodoy) Tou oy Asadnlot - L.

FAOYTOZ EMMANOYHA. — ®éc: “Eva Suveepixs péoo yia tiyv énlivey
mpoPanpdrey Myyeviefig. con v it il ia i s e

FEQPI'TAAHE AMOZTOAOZ., — Xarpettouds tob [lpoédpou otiv

Sudfhweoy, vk Tov Eoprogud TAV Séumx ypbvwv Asttoupylug Tol
European Academies Science Advisory Council (EASAC)..........

IEQPPIAAHE ATIOETOAOE. — Mpoopdwnon 705 Tpotdpou xark why
ooy Toh dxadnuaixol x. Kavotavrivou Bayevi oy Axodnuix. . .

ZEPE®OE XPHETOZE. — "Exleorn nempaypévav w0l Kévrpou Epeivre
Duaiiic tHc Atpoopalpas xal Khpatohoylag . ooovvioiiis,

OEOAOIHY AGANAZIOZ. — The role of ethylene in Plant Biology.
Eigirfipiog Adyoc toli dvremistéihovros péhoug xota thv Umodoy?
17 1 B IV e £ G e S e e D e R e LS S R

HEAP BRIAN, SIR. — Towards sustainable production and consumption.
"Opnlee 1ol Ilpoédpou 7ol European Academies Science Advisory
Council (EASAC) otiv éx8hhwoy yia Tov EspTacud Tohv Séxa ypdvav
BRACOUENEOE T 20w s o w5 SR 526 0 K956 99

KONTOIIOTAOZ M'EQPTIOZ. — llpoopavney tol Avtimpoédpou xoti
Thv Ymadoyd Tol dvremortéihovroc péhoug x. Abaviacion Oeodbyy
O BB i e e R R R A e T

KONTOIIOTAOZ 'EQPI'IOZ, — Tlapgovsiaoy tob Egyou ol European
Academies Science Advisory Council (EASAC) athy Exan?xmu-q yLi
Tév fopTaoud Tav Séxa ypbvmv AetToupyiag Tou . i R T

Zeh.

141

65

199

29

129

195

239

131

91

129
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KONTOITOTAOZ 'EQPI'TOZ. — Avayyerla ol Bavitou tol dvremt-
oTélhovtog péhoug Tig Axadnulag Avotpoyou Moaupldn . ...o.... ..

KONTOIIOYAOX TEQPTIOZE - AOYKEZ-TEPAKOIIOTAQZ
FEQPTIOZ. — Trapye: ytos ol pehoves 6mwée; . .ovvvvennnnnnnn..

KONTOIIOTAOZ TEQPI'IOE - ITATEHE ITANOZ. — Xaotiuol
ORI L ottt

KOYNAAHZ ANTQNIOZ. — Edobvonty napovsiaay tol Meydpou tiic
- Axadnpiog pe whv eduonpla THg svaadviofig Tou ... Ll

KPIMITAY KOQNETANTINOE. — Tagousiasy w00 dvtemoréihovros pé-
houg x. Abavacton Oeordyy xard Thv Smodoyd tov oy Axadnula . .

AII'OMENIAHE [TANOZ. — I8udZovoa Oedenen tic eEehuxrinsc Sua-
Sikaaiag &md ) Duowed xed whv Emethun tig [Dnpogoplas ... ...
[NATZHZ ITANOZE. —"Exfeay nenmpaypévey 1ol Kévrpou Egeuvév Aatpo-
voulae xal ‘Egnppocpévey Mafquanxéy ... ... ...
ZKAAKEAZ 'PHTOPIOZ - KAPATTANNAKOZ [TANAT'TQTHE -
KOTPAKAHEZ I'PHI'OPIOXE - XPOYZOX FEQPTIOZ. — 'H oy-

paote Tie Extaomng Tol yewpoupyea’ Tpadpatoc oTd wothiaxd Tolywpa
a¢ ayéon pé TOV TPRULATIORS TEV oTAEYVeY Kol 1) ETiTTweY Tou 6T6

PR i m  S  S RIIIO  cc witi as
DOQKAY AGANAZIOE. — lopovolxon Tob dxadnuained x. Kwvatavrivoy
Boryeva xatae v Smodoyy) tou oty Axelnpio .. ..ot

GOKAL AGANAZIOE - KAEZTHE M'EQPI'IOE. — "Exbeay memporyué-
vav tol Kévrpou "Epeuvév Bewprminicv xal "Eovpuoopévev Maby-
ERTICEY S e s e v R B Rl i e R S pE e aean

XPIZTO®OPOY AOTKAZE. — IMupousiaar tév moptopdtay the Ouddas
‘Epyaatas g Emrponiic Evépyaxg i Axadnulug éml ol Gépatog
«Hiexrpomapaywy oriv Eddada: 'Opuxtd xadorpa, dvavedouues oyés
Evépyewng ol wpoomTIxT Svepyeloxol EPOBAGROTN L ...l
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