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NOMOS 4398/1929

«Ilepl xvpddoews xal tpomomoifoewe g &wd 18 Maption 1926 Suvraxtixiic *Anopdosws nepl
dpyaviopol i Axadnuleg *Abnvéivn
(®.E.K., tebyoc A’, dptf. gir. 308)

EAAHNIKH AHMOKPATIA

"Eyovteg 07’ 8der 1o &pbpov 75 tol Zuvrdypatos, éxdiSopey tov Emdpevoy vépov Yneishévra
Ond tij¢ Boulrfic xod tiic I'epovatas.

"Apbpov mpdTOvV
Kugobrar 7 and 18 Maptiov 1926 Zuvraxtixd) "Andoucts «mepl dpyoviouol g *Aradnubog
*Abnvavn Eyovoa obtw:

IZYNTAKTIKH ATIOOAXIX ITEPI OPT'ANIZMOY THX AKAAHMIAX AOHNQN

EAAHNIKH AHMOKPATIA

Aapbvreg O’ 8Py 8tt al EmoThar, Ta ypdupata xol al téyvat, orouyeio anapattnTa Hytodg
xal orepeds Sopyavdoewe mavtoc Kpdroug, cuvredobowy el v elxietay xal Aapmpbvoust thy
aiyhny tav "Ebvay,

“Ort ol émotiuar, & ypdupato xol al Tégvat, §) Oeuedtddne abty xpyris, ¢’ A otneile-
Tt 7 E0vixen dvdntuEig kol f) Ohued ednpeple @Y Aadv, pubutlovat v mpbodov xal Emdpdat
amoudatwg émi T Tixne adTdV,

“Ore al émothuot, Ta ypdpparto xal al Téyvat, & dxpoywviaiog obrog AlBog Tod moliTioped
tic dvBpwméryros, elve ouyypdvwe 6 cogds odwBovroc Tob vopobétov, N wTewh Awpmds THG
ouvedfiosws Tol dixactol, 7O mnddAlov Tod xufepvATou, 6 dnYds TOU Snuosiov Aettovpyod xal
6 diddoxarog Tod Sdaoxdion, Hror adrd Tolto o Oepéhov Tol Kpdroug,

’EmiBupobvrec,

Na mapdoywpey TANen xal évepydv Thy mpostactay xal dmoctiptéw i “Eldnvixis Anuo-
xpatiag elg Tag EmoThuag, Td ypdppate xal tag téxvas &v EINdSt, mpde mpoaywynyv Tig dva-
nrdfewe xal Tig ednueplac Tod ‘EAAnvixod Aaob,

Na& ovvreléonpey elg thv avayéwnow adtdv &v tff mpdty xouttdt Tov, 8mwe cuvteréoy
abty xal waiw elg ™y wpbdodov TV dvbpwmivev yvdoswy xal Thy dvdmTuEy Tob ToMTIGWOD,

Pewpolvreg,

“Or # émothwy, dmhov mavioyvpov xal cuvtelestig Tig vixng év moréue, elve Guyypdveg
&v elpvy Bpyavov dmapaitnrov mpoaywyhs e Iewpylag, mpostding i Nowtihiag, cvupou-
no¢ Tic Bropmyaviae, {woybvog Sdvapic tob *Eumopion, mnyh meputiouévne éxpetadheioens THY
puotx@v Tépwv Thc Xdpag,

‘O % t8puatc T Axadnuiac &v ‘EArdd. elve "Ebvixn dvayxn éx tdv peyistwy, dnwg po-
7iln xal yewpaywyl Toc dnpoctas dmnpeciag, peretd xal xavovily Ta tic "Ebwixiic Hudv yAdo-
ang, mapacxevdly xai ouvtdaoy xai dnpoctedy THv Ipappatixhy, 10 Zuvtaxtikdy xal & Aeki-
%x& adtiic, Speuvid xal éxdidy dxptBdc Tobg peydiovs "EAAmvac ouyypagels, mehetd xal TeAeio-
notf) v dnuoctay dxmatdevawy, omouddly xal dmoxakinty Ty @lowy Tig Xdpag, xabfodnyf] »al
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pwTily v EmiTuyh dxpetddievow T@Y Quowdv Onoawpdv xal iSothTwv adtic, welerq ol
épeuvd v “EXviniy iotoploy, vopoloylay xal dpyatoroylav, culdéyn xal omouddln & #6n
xal Eupor, Tag Srakéxtoug xal TV YAwaody Onoavpdy, Te maporpbug, Todg wiboug xal Tag o~
padbaeis, Thv dnuddn povsikny xol woinety, xal xabblov T& Tol Blov xal TiHg Axoypaglag Tol
‘Eavixod Aaob, opueniaty vée 8w dopaietag, duutic xal 86Eng ol Kpdroug, évbappivy xatl
Cwoyovf] Tag mvevpatikds dpetag tob "Ebvoug, Snuovpyd wal dvadewviy dnpatay wal oeayi-
Covoay vewtépay ENnvity "Emiethuny xal év yéver dEumnpethi xal mpodyy T& peydha 0o xal
Ohwa cuppépovta Tob Témou,

*Embupolvres v cuvevaoopey elg xowviy cuvadedpbta xal xapmopbpov cuvepyasiay, Tpog
npoaywyny Tie "Emotiune, t@v Tpappdrwv xal tic Téyvng, tag xopueatug Tob "Ebvoug mvev-
QaTIXAG SUVAUELS,

No Sraxpiveopey wobg &v ‘Eirdd. mpoéyovtag &v 6 mveupatind dyédvi xal Tiuficwmpey Tolg
TpwTEPYdTag The Stavolag dvudolvreg adtolds elg To Omatov Axadnuaixdv dflwye,

Na ouvdéowuey t0 dvopa i ‘EAmvidic Anuoxpatiog mpdg thy mvevpoatixdy dvaryévwnoy
700 “Huetépov "Ebvoug: i8pbovree *Axadnuiay tév *Emotquéy, tév Tpappdrov xal tév Ka-
1ev Teyvév, Hror otddiov edyevols aupidine Tod mvebpatog, cTddiov EmeTNUOVIXEY, QLACAOYLXEY
%ol XAAALTEXVIX@Y AYOVLY, 6Tadtov, &v ¢ dywvilovtat xal droxaibmrovrar ol tStopuiat, dxtivo-
Boiel xal orépeTar 7 peyahopule, mpoxalobvrar, culiéyovtar xal Bpafebovtar ai dvaxalders,
évBappivovrar xal modnyetobvral al émioTyuwovixal Zpeuvat, xaAMepYobVTOL TR YPALUATH, TPOL-
yovtan xal TeAstomorobvrat b Téyva, EAéyyovrar xal yenopomotobvrar ai Epevpéoelg, dvaldumet
de T oulnThcews 7 émoTnuovind) dndela, dvadeuevietor xal BpafBedetar # ixavétng, 7 Epyo-
ol xol 7 dpetn O NOwdV xal YAy Bpafeiwv,

"Eyovreg O’ &et,

To dmd 4 ’Tovovaplov €.8. Audyyedpo fuéy mpog tov “EXdnvixdv Aaby, Erpatdv xol XTré-

hov, & moTés xal dmapeyxhitog Epupubélouey, dmepucicupev xal Sixrdocopev:

A’ “Tdpuoic xal oxomds tic “Axadnuloc.

"Apbpov 1.

Idpberar &v *Abfvare *Axadnuic tév ‘Emotquéy, té@v Dpappdrev xal tév Kaéy Te-
xv@v o oV TitAov Axadnuie ABnvéve, #ouca oxomdy:

a') Thy xaihépyetay xal Ty mpoaywyny té&v "Emetnudy, tév Tpappdrev xat tév Ko-
16y Texviy xal xaBérov T@v avlpomivey yvdoewy Sk Tic ouyrevtpdoews xal Tig guvepyaatag
6y Empavestépwy ‘EMvov éniotnuévev, Aoyoypdpwy xal xoahhteyvéy ol Tig pete TV Eé-
vov Axodnuiéy kol EMwv Smepbywy dmiotnuévey, Aoylwy xal xaditexvéy Emikowmviag.

B') Thv Epevvav t@v crouystoy xal T@v mpotévrev Tic ‘EMmvixiic Yiic xal xabérov Tiig
perétng T @ioews tic Xdpag, Thv émotnuwovinny Smoatheby xal dvicyuewy Tiic Tewpylag, Tiic
Buopmyaviag, tiic Navtidiag xal t@v Aotwédv mioutonapaywyéy xAddwv xal Suvduewy Tob T6-

mou ol &v yéver THv mpoaywyly Tic “Ebvixfic Olxovoplag, xal
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¥') Thv 8ud yvepodothcewny, mpotdoswy, Gmopacsmy xul xplocwv Spmrtiow xai xabo-
3nymow ele ta oyetind Eoya adrdv thic KuBepvoems xal té@v &Mwv "Apydy xol v yéver thy

dEunmpétnoy T@V ayeTindv Tpoe THY appodibtnTa aitic dnuociwy xal IStwTindy dvoryndv Tod
Témov.

"Apbpov 2.

‘O oxomdc THs Axadnpiag émituyydvetar Sid dvaxowdoewy, culnTicewy, duthidy xal 31-
uoatevpdtwy, St tic 18pbocws "Epyactnplwy émotnuovinic 2pedvne xal &v yéver S THe dpya-
vioens, evlappivoewe xal évioydoswe THc Yewpyixdis, Bropunyavixiic xal xabblov THg xabapdc
xab Tic épnppoopévne EmioTywoviniic dpsivne: Sk Tig Exteléoewms, mpoxdioeng 1) évBappivasg
2peuvy, Gvaoxapdy, peketdv xal &Ahwv Epywv did mpoxnpdiemv Sixyovioudy xal dmovoudic
dpratetoy, yenuativéy éndbiny, SToTpopL@y 7 &AAwy H0w@y xal HAxéY BeafBetnv xal dpotBév:
31 ouvedplwy, dmocToAGY xal wavtde &AROY xotaAAfiov wpog TolTto uéosou O adtic dmopaci-

oy

Copévou 7 éyxpwopévou.

"Apbpov 3.

‘H ’Axadnuia *Abyviv edpedet xal cuvedpralet év ©6 &v *AOnvars peydpo tic Zwvatug *Axo-
dnutag, TG Y TéHV detuvioToy Sinwvos kot “Teuyeveiag Tive, mpde drorieoTixdy yefiow adTic,
aveyepBévtt nal SwpnBévre cic iy ‘EXdda. T xtiplov tobto, dviixov elc thv *Axadnuioy *Aby-
védv, xotd mARpss Itoxtnotag Sualwpa, Startbetar O’ adtic petd Tob mepl adTRY wNmwou xoT

Bovdnauy.

" Apbpov 4.
‘H ’Axadnuio *Abnvav Eye. idlav vopuxiy mposwmixétyte, idlay meprovsioy xal ixavétnra
Tpde xAnpovopeiyv: elve dveldptnros xal dvebéheyxtog év Tolg Epyols adTic xal Emuxovwvel TRog
75 Kpdrog 816 705 “Yrmovpysiov 1y "Exxdciactiéy xal tic Anuosing "Exnodeioswc.

.................................................................................

"ApBpov 114.

Ipde ovoTacty xal dpydvesty Tic “Axadnuiec *Abnvév, Sropifopev dg mpdTo TokTIN

uédn adtiic tode EEFc:

By toff Hpaty Ta&er:

1) Tév xabnyntiy tob [avemoryuiov xal AwevBuvtiy tob *Acteposxoneion, viv 88 xat “Yroup-
vov 16y “Exxdnotactiéy xoi tie Anuosiog ‘Exmardebosws, AHM. AITINHTHN,

2) Tov mpdny Ymovpydy xab Emitipov T0ob [avemornuion duddxrope @. NETPHN,

3) Tov xabnyntiy tob Ilavemotyuiov P. NIKOAA'I'AHN,

4)  Tov xabpymriyv tob Ilavemotyuiov I'. ®QKAN,

5) Tov abnynthy tob ITavemomnuiov K. ZETTEAHN,
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6) Tov xafnynmiv 7od Mavemistyumion I'. PEMOYNAON,

7) Toév AwevBuvriy 7o IToluteyvelov ATT. IKINHN,

8) Tov xabnyntyv 100 ITavemiornuiov K. KTENAN,

9) Toév xabnyntiv tob Iavemisrnuiov K. MAATEZON,

10) Tov xabnyntiv Tod Iavemiornuiov I IOAITHN,

11) Tov xabpymnv 100 Iavemomulov K. TABBAN,

12) T xabnpynriy 100 Hovemormuios I'. TKAABOYNON
13) Tov xabnynmiy 7od IMavemistnuion EMM. EMMANOYHA,
14) Tov xabnynmv Tob IToAuteyveiov AA. BOYPNAZON,

15) Tov xobnyntihy tod ITodvteyvelov K. BEHN.

Ev tf) Acvrépa Taker

1) Tov xabyynmiyv tob Iavemiornuiov I'. XATZIAAKIN,

2)  Tov nabpymmyv xoi pdtavy tod Ilavemotnumiov . MENAPAON,
3) Tov xabyynmiy tod IMavemiotyuiov M. KABBAAIAN,

4)  Tov xabnyntiyv tob Iavemornuiov X. TEOYNTAN,

5) Tév K. ITAAAMAN,

6) Tov AwcvBovtiy tiic Zyorfic t@v Kardv Teyxvév I. JAKQBIAHN,
7) Tov xabnyntnv tob Ilavemornuiov . IQTHPIAAHN,

8) Tov xabnyynthv tod Ilavemiornuion K. AMANTON,

9) Tév r. APOEINHN,

10) Tov xabnynthv tob IloAuteyveiov B. KOYPEMENON,

11) Tév Ap. IIPOBEAETTION,

12) Tov xabnynthv 7ob ITavemornuiov ANT. KEPAMOIIOYAAON,
13) Tov xabnyyriyv tob Ilavemornuiov I. KAAITEOYNAKHN,

14) Tov AwevBuvriyy 7ob Nopispativod Moveelov r. OIKONOMOY,
15) Tov xalipynriy 7ob Iavemiotnuion r. EQTHPIOY,

16) Tov xabnynrhv tob Iloruteyveiov A. OPAANAON.

‘Biv o5 Tpotcypy TdEsu:

1) Tov Apyteniononov *Abnvéy xal Emitipov xabnynmiy 7ol IlavemioTnuiov XPYEOETOMON
TTATTAAOIIOYAON,

2) Tov téwe ‘Ymovpydv K. PAKTIBAN,

3) Tév xefyyytiv to0 Ilavemioryuiou A. ANAPEAAHN,

4) Tov mpdny Ymovpydv xal émitywov xabnynthy 700 Ilavemornuiov té@v Iapiolwv N.
IIOAITHN,

5) Toév xafnyntiv 100 Ilavemornuiov A. HATIMOYAIAN,

6) Tév xabpyntiv 100 IMavemoryuiov ©. BOPEAN,

7)  Tov xabnynthv 700 Ilovemormulov M. AIBAAAN,
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"Apfpov 115.

Awopiopev Ilgéedpov tiic *Axadnpiag *ABqvév Sie 16 Eroc 1926 Tov ©QK. NETPHN,

*Avtimpdedpov Tiig ‘Axadnulag S1d 0 #rog 1926 TOV I'. XATZIAAKIN,

Tevixdv Tpapparéa i *Axadnulag péypt téhovg tol #toug 1927 Tdv . MENAPAON,

Toapparéa énl Tév mpaxtixdv Tic *Axadnuiac Tdv K. TAAAMAN uéypr 7ob Ztouc 1928.

Teappatéo énl tédv Anpooieupdatoy Tic *Axadnuwleg TOv I. APOLINHN uéypr téhoug Tod
groug 1928.

YAplpov 116.

Ta 59’ Hudv Soprabévra dvatépw Tantixd péAn g *Anadnuiac 00 &xréEwow dve &v ol
T& Aouwd ToladTa oupkpmves T¢ mapdvtt *Opyaviopd adiic xul obtwe daote Exactov véoy TaxTL-
%oy péhog Exdotne Tdfewe va Sdvatat va ovpuetéyy tic dxhoyfic Tdv pet’ wdTod xdeyOnoopé-
voy TaxTik@y peAév tic olxetac Tafewe.

..................................................................................

‘Bv *Ab7vaic 77 18 Mapriov 1926
BGEOAQPOX MATKAAOZ

................................................................................

‘Ev “Y8pa ~fj 16 Adyobortov 1929
‘O ITgdedpos tijc Anuoxpatiag
ITATAOZ KOYNTOYPIQTHZ
Of “Yrouvpyol
"Eni waév Olxovopixdy "Ent g Iowdelog »Am.
T'. Moapfic K. Tévrivag
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A’. AKAAHMA'T'KEEX APXEZ

ITPOEAPEIO THX AKAAHMIAX

IIPOEAPOX

TEQPTIOX MHTIOHNOTAOZX

ANTITIPOEAPOZ

NIKOAAOX APTEMIAAHE

T'ENIKOX T'PAMMATEYZ

NIKOAAOX MATIZTANIQTHEZEZE

FPAMMATEYE EII TQN IIPAKTIKQN

APIZTOBOTYTAOX MANEXIHZX

T'PAMMATEYX EIII TON AHMOZIETMATQN

MANOYXZOX MANOTIAKAZXZ

ITPOEAPEIA TQON TAEEQN

1. TdEn tov Oetiudy "Emictnudv.
1. Ipébedpog I'EQPI'TIOX KONTOIIOYAOE
2. ’Avtimpéedpog AHMHTPIOT NANOIIOTAOE
3. Tpappateds  ITANOT AITOMENIAHYE

2. Té&En tov Tpappdtwy xai OV Koddv Teyxvov.
1. ITpéedpog IIATYAOE MYAQNAZ
2. *Avtinpéedpog TAAATEIA TAPANTH
3. Tpoppoateds  KQNETANTINOZ I'POAAIOZ

3. TéEn t@dv "HOwmdY xai IMoArtivd®v *Emotnudv.
1. ITpdedpoc EMMANOTHA POYKOYNAX
2. *Avrinpéedpoc KONIZTANTINOL APAKATOX
3. Tpappateds  IQANNHEI ITEIMAZOTAOY

EYTKAHTOX THX AKAAHMIAX
1. To Ilpoedpeio =i *Axadnuioc.
2. ‘O Tpéedpoc 0B mpomyoupévou Eroug (ATATIHTOYL TLOIIANAKHE),
3. Of TIpéedpor tav TdEewv.
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B’. ZYMBOYAIA KAI ENITPOIIEEX THX AKAAHMIAX

‘Yrnpeoiaxd ZvpBovAto.
TIpéedpoc
Ménq

* Avomdmpopatixe wéhy (Gvrolotouye)

"Bxnpbowmot 7@ 1ot Tindy dreddhiov PQTEINH IEPBOY. — NIKOAAOL TEIPMIIAX.

Teyvind SvpBovAlo.

Tpdedpog NEPIKAHE OEOXAPHE.
*Avrimpdedpoc ITAYAOE MYAQNAZ.
Ménn A@ANAZIOE IIANATOX. — ANTQNIOE KOYNAAHE., —

KQNET. - AIONTZIOE MIIOYZAKHE, — ANAZTAZIOE KQ-
TEIOTIOTAOE. — AHMHTPIOE KOYPEMENOX.
*AvamAnpopoting wEAn IQANNHE BAPAOYAAKHE,
Tpapparéog XPHETOX PENTANIHE. — "Avaminpwp. EYATT. PIOKAPHE

*Emitpomy) TV Anpoctevpdtwy.

. ‘O IIpbedpoc Tiic *Axadnuics.

. ‘0O *Avtimpdedpoc.

. ‘O Tewixde Tpappareic.

. ‘O Tpappateds énl Tédv Anpocievpdtomv.

U B W o e

. Of Tpappateic tédv TdEewv.

’Enirponty) yid thv Atebvi] Axadnupainy "Evwon.
M. Mavoloauxas. — Muy. Saxelaptov. — Ermdpog "TaxwBidns. — *Abavdoiog Kapmdrng.

*Emitpony) yid 16 AteBvés SvpBovio ‘Emistrnuovindy ‘Evdicewy (puowmdv émi-
STNRAY).

K. *A)eEbmovrag. — Ilep. @eoydens. — Ocepiot. Arawweridne. — Nuw. Matoavidtng. —
Nuwe. *Aprepddne. — II. Avyopevidne — I'eddpy. Kovrémovroc.

Nopaxd) ’Entitpony.
Muy. Etacwémovrog. — I'ebpy. Mmrobmovros. — *AptatéBovrog Maveons. — "Eppavouia
Potxovvag.— *Avaminpwparixés: lodvwye Ileopalbyiov.

7. KeAhrexviny) "Emirporny).

Mev. ITadrdvriog. — Z6rwy Kudwvidrne. — Xpboavlog Xphortou. — Ilav. Térong. — Ilabrog
Murevac.
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10.

11.

12,

13.

14.

15.
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Oixovop.uty *Emitpony].

Bev. Zordrag. — Tedpy. Myrobmovros.— "Twdwng Meopalbyrov. — 'AptotéB. Mdveons. —
Kover. Apaxdroc.

’Emuitporty) yid thv €xdoon tod Corpus Vasorum Antiquorum.

Moav. Moavoboaxag. — Muy. Zaxehapiov. — XpdoavBos Xphiotov. — Embpog 'laxwBidng
(ITpbedpoc). — *AnéEavdpos Kapmitoyiov. — *Hdg ZepBouddnyn. — Muy. TiBéprog. — ‘Exéwy,
Walter - Kapidn.

’Emiteort) v thHv €xdoon tob Corpus Signorum Imperii Romani.
Mov. Mavoboaxug. — Muy. Zaxelapiov. — Emdpos TaxwBidne. — AréEav8poc Kapmi-
7oyAou. — Lempylog Aovric.

’Entitporty) Yy v mpootacia tod mepiBdAiovrog.

ITep. Ozoxdpne. — Ocp.. Aravverldne. — Dpny. Enodxéac. — K. Lrepavic. — "Abav. [le-
vayos. — Anuitp. Tpuydmovios.

’Entitrpory) yia v ‘Iotopia tob Aevtépov IMayxoopiov IToAépovu.

Mev. TTedAdvrtiog. — ITep. @eoydprng. — Mavoboog Mavodoaxas. — Muy. Taxelapiov. —
"Ayyehog  Brdyos. — Kowver. Asomotémoviog. — Towdvwne Tleopalbyrov.

’Emtitponty) yid thy ‘Iotopia tiig *AvBpwrnétnrag (UNESCO).

Muy. Zoxelapiov (IIpbedpog). — Mav. Mavoboaxrag. — *Ayar. Toomavixns. — Kavor.
Aeomotémovhoc. — "Ayy. Bhdyos. — Nux. Kovopdic. — Bac. Zgupbepag. — K. Mmovpalé-
wng. — Minr. Xatlbmovhog.

’Emtvrportyy Hoabelag.

Muy. Zoxeloptov. — *Ayar. Toomavdxnc. — Ayy. Bidyos. — Kwvor. Asomorémovres. —
Nux. *Aprepiadne. — Nix. Kovopdic. — "Eppav. Podxovvec.

’Emitporty) "Epevvdv.

Nuxbraog *Aprepddng (Ipbedpoc). — Ilep. Ocoydpne — Muy. Saxedhapiov. — *Twawne Zn-
Zrovag, Mytpomorbtyg Iepyapon. — *Avaminpwpatind uthy (dvriotorya): Kover. Tobvras.
— Nux. Kovopdic. — 'Egpavouni Podxovvac.



16.

17.

18.
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’Emitponty) Kripiwy.

Mlep. @=zoydpns (IMpdedpoc). — Mev. Iladvriog. — Lérwv Kudwvidtne. — *Todwng Marnnde.
— Nux. Marcavidytng. — Ilabhog Murwvic.

’Emitpory) yid thv &xdoorn) tob Corpus Philosophorum Medii Aevi.

Mavolicog Mavodouxas. — Kwver. Acomorémovios. — *Abav. Kapmidng. — Emomuovixde
ovvepydtng: Alvog Mmevdune.

*Emtitpomy yid v “Axadnpic IMAdrwvog.
M. Zoaxehrapton. — K. Aecomorémoviog. — Nux. Matoanditng. — Tp. Exaxéac. — Sr. “Ta-
%xwBidne. — *A. Koprttoyhov, — II. Mudwvéc.

EIIITPOIIEX YIIO THN AITTAA THXY AKAAHMIAX

’Ebvixn) ’Emirporh) "Epevvdy tod Awacthpatog.
TMep. @coydpne (Ilpbedpog). — Ildvos Avyopevidne (*Avtimpéedpog). — Tedpy. Kovré-
mwovdog. — I'. Béne. — Kavor. Ilovddroc. — B. Towrdune (EiS. Tpappatéas).

’EOviey) Mabnuatue *Enveportd .
Nux. *Aprepeddng (Ilpéedpog). — Ilep. Ocoydpne. — Ildvog Avyopevidyg.

"Emitpom) MeAérng tijg IMayxdopiag MetaBoAiis (IGBP-GLOBAL CHANGE).

Ilep. @coydeng (Ipdedpog). — O. Avavveridns. — A. T'adavémovros. — *ABay. Iavdyos.—
Pedbpy. Kovrémovhog. — X. Zepegéc. — Tedrpy. Xpbvne. — Muy. Aexrepiic. — K. ITou-
raxog. — X. Permaniic. — B. Tpirdung (Tpappartéog).
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I. KATAAOTOZ TQN TAKTIKQON MEAQN THE AKAAHMIAZ
KAT* APXAIOTHTA*

1 1952  ’Ampuriov 18 Hevopddy ZoidTog
2 1963 Maotov 4 Kaioup *AXeEbmovrog
3 1968  ’Touviov 7 Muyar Zracivémovdog
A 1970  DzBpovapiov 6 Mevéraog TTaArdyTiog
5 1973  Muaptiov 8 IIepuxAiic Geoydpng
6 1974  ’Touviov 6 Tedpyrog Muyomiidng-Novdpog
7 1977  ’Ampiriov 14 Térwv Kudwvidtng
8 1980  ’Tovviov 11 Todvwne Ilanmic
9 1981  ’Ampiriov 7 Ocpiotoxiic AvawveAidng
10 1982  Adyodotov 31 Moavoboog Mavodoaxag
14 1983  ’Tavovapiov 5 Muyoph Zoxelrapiov
12 1983  Mopriov 22 "Ayyerog Taravémovdog
13 1984  ®cPpovaplov 15 *Ayannrtog Toomavdxng
14 1984  Muaptiov 16 Tlobrog Saxedhapidng
15 1984  Mopriov 16 Kwvotavtivog Acomotémoviog
16 1984  Moaptiov 16 Eddyyehog Movrabmoviog
19 1984 Moctov 18 Nuxbhaog Matoavidrtne
18 1985  XemrtepfBpiov 23 "Ayyshoc Brdyoc
19 1987  ’Tavovuptov 28 Nwbraog *Apreptddng
20 1987  ’Tevovapiov 28 Tdoog *Abavactddng
21 1987  ZemrepfBplov 2 Tedpytog Mntodmovrog
22 1989 ’Ampuriov 20 Tenydprog Zxodxéog
23 1990  ’Oxtefpiov 29 Nubroog Kovopiic
24 1990  AexepBpiov 24 Kovoravtivog Tobvrac
25 1991 ’Touviov 26 Xpboavbog Xphortov
26 1991 Zemrepfplov 25 Enbpog "ToaxwBidng
27 1992  Abdyoborov 10 Towdvwng Ileopaldyrov
28 1993  ®eBpovapiov 26 *AptotéBoviog Mdveone
29 1993  Mautov 17 *Towdvng ZnGrodhag, Mntpomorityg Ilepyditov
30 1993 *Tovriov 7 IIdvoc Avyopevidng
31 1993 *Tovrtov g Tavayidtng Térone
32 1993 "TovAlov 7 Mépxog ZidTng

* THMEIQZH — ‘H dapxmoétnra kavovileral obppova pg v fuepopnvia dnpocieboeng 100 Mposdprkod
Avataypatog pé 10 Omoio &mikvpdhverar 1| &kAoyne.



33
34
35
36
37
38
39
40
41
42
43
&b
45

1994
1994
1994
1995
1996
1996
1997
1997
1997
1997
1997
1998
1998

1989
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Adyobdorov
’OxtoBptov
NoepBplov
’Ampritov
Motov
*TovAtov
MapTtion
*Armpuiioy
Motov
Moaton
Motou
D=Bpovapion
Zenreufpion

*Touviov

19
14
30
26
14
22
18
10

9
30
30

5

3

Kaovoravtivog Zreqavig
*ANEavdpog Kaprttoyhov
Koveravtivog Tpdhtoc
*ABavdotog TTavdyog
*ABavdotog Kapmbing
ITodhog Muimvéic
Tedpyroc Kovrémovirog
Aquirprog Navdmovdog
Tardterr Sapdvry
Anunterog Teuybmovhog
'Bupavouiih Podxouvag

Kovoravtivog Apaxdtog

"Ayyehuen Aatov

MH ENEPI'A MEAH

6

[ Nuwbraog Bodrinoe



20
1
1 (1)
2 (®)
3 (3)
& (4
5 (%)
6 (6)
7(7)
8 (8
9 (9
10  (10)
M (11)
12 (12)
13 (13)
14 (14)
15 (15)
2. Tdékn todv
16 (1)
19 (2)
18 (3)
19 (4)
20 (5)
21 (6)
22 (7)
23 (8)
24 (9)
25 (10)
26 (11)
27 (12)
28 (13)
29 (14)
30 (15)
31 (16)
82 (17)
33 (18)

EINETHPIAA THE AKAAHMIAY AGHNON

TAKTIKA MEAH THEX AKAAHMIAX KATA TAEEIZ
KAI XPONOAOTI'TA AIOPIZEMOY

. TdEn t6v Oetixdy "Emictnudv.

4

8

7
22
16
18
28
20
15

7
19
26
18
10
30

KAIZAP AAEEOIIOYAOX
TMIEPIKAHZ @EOXAPHZI
GEMIZTOKAHX ATANNEAIAHZ
ATTEAOZ TAAANOIIOTAOZ
ITIAYAOXZ TAKEAAAPIAHZ
NIKOAAOTZ MATEZANIQTHZ
NIKOAAOZ APTEMIAAHX
TPHI'OPIOZ TKAAKEAZX
KQNEZTANTINOE TOTNTAZ
ITANOZ AITOMENIAHZ
KQNEZTANTINOX ITE®ANHE
AOANAZIOZ ITANATOX
TEQPI'IOX KONTOIIOTAOZ
AHMHTPIOEZ NANOIIOYTAOXZ
AHMHTPIOEX TPIXOIIOTAOZ

Tpappdtwy nal T@v KeAdv Texvav .

1963  Matov
19783  Mopriov
1981 ’Ampuriov
1983  Mopriov
1984  Mapriov
1984  Moatov
1987  ’Tavovaptiov
1989 ’Ampuriov
1990  Noepppiov
1993  ’TouAfov
1994  Adyodorov
1995 ’Ampuiiov
1997 Mupriov
1997  "Ampuriov
1997  Matov
1970  DeBpovapiov
1977  ’Ampidiov
1980  ’Touviou
1982  Adyodorov
1983  ’Iavovapiov
1984  D=Bpovapiov
1985  Zemreufplov
1987  ‘Iavovaptov
1990  Mapriov
1991 ’Touviov
1991 Zemvepfplov
1993  ’TovAtov
1994  ’OxtwBplov
1994  NoepBplov
1996  Motou
1996 *Tovtov
1997 Muatov
1998 ZentepBplov

6
14
11
31

5
15
23
28
29
26
25

7
14
30
14
22
22

3

MENEAAOX ITAAAANTIOX
ZOAQN KYAQNIATHZ
IQANNHX ITAIIITAZ
MANOYZOX MANOTZIAKAXL
MIXAHA TAKEAAAPIOY
ATAITHTOZ TEOITANAKHE
ATTEAOZ BAAXOZ

TAZOZ AGANAZIAAHE
NIKOAAOZ KONOMHZ
XPYZANOOZ XPHITOY
ZIITPOX TAKQBIAHE
IIANATIQTHE TETZHZ
AAEEANAPOZ KAMIIITOT'AOY
KONETANTINOEZ I'POAAIOZ
A®ANAZIIOZ KAMIIYAHZ
ITAYAOE MYAQNAZ
TAAATEIA TAPANTH

ATTEAIKH AATOY



EIIETHPIAA THE AKAAHMIAX AOHNON 21

3. Tdkn tadv "HOwdY nal tédv MoArtindv *Emictnudyv.

34 (1) 1952  ’Ampuriov 18 EENO®QN ZOAQTAZ

35 (2) 1968  ’Iouviou 7 MIXAHA ITAZINOIIOTAOE

36 (3) 1974  ’Iouviov 6 TEQPTIOE MIXAHAIAHE-NOYAPOZ

37 (4) 1984  Mopriov 16 KONZTANTINOZ AEZIIOTOIIOYAOZ

38 (5) 1984  Mopriov 16 EYATTEAOEZ MOYTZOIIOYTAOE

39 (6) 1987  Zemrepfplov 2 TEQPTIOX MHTZOIIOYAOS

40 (7) 1992  Adyodotov 10 IQANNHE ITEZMAZOTAOY

41 (8) 1993  DeBpovaplov 26 APIZSTOBOYAOL MANEZHE

42 (9) 1993  Matou 17 IQANNHE ZHZIOTAAE, Mntpomoiityg
Iepydpov

43 (10) 1993  ’TouAiov /) MAPKOX ZIQTHE

46 (11) 1997  Matov 30 EMMANOYHA POYKOYNAZ

45 (12) 1998  ®@=Bpovapion 5 KQNETANTINOE APAKATOZ

MH ENEPT'A MEAH
TéEn tav "HOx®OV xal tdv MoAtiwév *Emctnpdv.

1 (1) | 1989 ’Towviov 6 NIKOAAOE BAATIKOE

EIIITIMA MEAH

TdEn T@v "HOuxdmv xoi tdv MoAtikdy "Emietnuéy .

7l (1) 1979 Moatov 25 | VALERY GISCARD D’ESTAING

2 (2) 1991  ®eBpovapiov 28 RICHARD VON WEIZSAECKER

3 3) 1996  ZemreuPplov 11 |  §HA.0.I1. 6 OIKOYMENIKOE IIATPIAPXHE
BAPOOAOMAIOZ

ZENOI ETAIPOI

1. TéEn tdv Oetivdy ’Emotnuodv.

1 (1) 1975  Maiov 13 PAVLE SAVI¢

2 (2) 1975  Matov 13 DUSAN KANAZIR

3 (3) 1980  Mapriov 20 CHARLES FEHRENBACH
4 (4) 1981  Matov 8 FRAN(OIS GROS

5 (5) 1981  Matov 8 CHRISTIAN DE DUVE

6 (6) 1982  ’Touviov 2 WILLIAM JOHNSON
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10

11
12
13
14
15
16
17
18

19
20
21

25
26
27
28
29
30

(7)
(8)
(9)
(10)

(1)
(?)
(3)
(4)
(%)
(6)
(7)
(8)
(9)
(10)
(11)

(1
(?)
(3)

(4)
(%)
(6)
(7)
(8)
(9)

1983
1983
1992

1997

1975
1975
1977
1977
4979
1980
1988
1990

1990
1992
1993

1970
1974
1981

1983
1983
1986
1987
1988
1991
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YentepBotov
ZenreuPplov
’Ampiitov

*OxrwBpion

*Touiov
*Tovtov
*Tavovepiov
*Touviov
NoepBptov
’Amnpritov
AexspBptov
*Ampriion
Moatov

*Tovviov
Moatou

Matov
*Tavovapiov

Tovvtou

Motov
Motov
Mopriov
Mapriov
AdyovoTov

AexeupPetov

ANTEIIIZTEAAONTA MEAH

1. TdEq v Oetndv Emietqpdv.

1

2

(1)
(2)

1964

1970

AdyobeTon

Mutov

13

13

8

14

29
29
19
17
3
2
19
2

31
49
27

13
9
9

19
31

6
16
24

18

18

VICTOR HAMBARTSUMIAN

FRANCOIS LHERMITTE

MICHAEL E. DeBAKEY

RITA LEVI-MONTALCINI

. TaEn tov Tpappdtwy xal t@v Kaddv Texvav.

HANS-GEORG BECK

HERBERT HUNGER

PIERRE DEMARGNE

WERNER PEEK

LEOPOLD SEDAR SENGHOR
JHOMER THOMPSON

GIOVANNI PUGLIESE CARRATELLI
PIERRE AMANDRY

JACQUELINE DE ROMILLY
BAZOX KAPATIQPI'HZ
NICHOLAS G.L. HAMMOND

. TéEn tdv "HOmdY xat tdv IoAtikd@y 'Emictnudv.

HANS-GEORG GADAMER
MICHAEL RAMSAY

MAURICE SAMUEL ROGER CHARLES
DRUON

AMADOU-MAHTAR M’'BOW
BERNARD CHENOT

JEAN GUITTON
NORBERTO BOBBIO

WASSILY LEONTIEF

GEORGES VEDEL

XAPAAAMIIOE TATOZ

TIANATIQTHE KATEZOTIANNHI




(3)

(4)

(5)

(6)

(7)

(8)

(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
(37)
(38)

EIIETHPIAA THX AKAAHMIAZ AOHNQN 23

1970
1970
1971
1971
1973
1976
1976
1976
1976
1976
1978
1978
1980
1980
1980
1980
1980
1981
1981
1983
1983
1983
1984
1984
1985
1985
1985
1986
1988
1988
1988
1988

1988
1989
1989
1990

Matov
Matov
*Amptiiov
SenrepPplov
Mopriov
*Ampriiov
*Amptibov
’Ampuiiov
Muatov
*Touviov
Maptiov
AdyoboTov
Mopriov
MapTtiov
Mopriov
Muaptiov
*TouAlov
*Tavovezpiov
*Tavovarpiov
’Ampurbov
Adyobdorov
Tenrepfplov
*Tavovapiov
’Amptaiov
DeBpovaplov
ZentepPplov
Aexepfplov
’Oxtefplov
Meatov
*Touviov
*Touvtov
Adyodetov
AdyodoTov
*Anpuilov

’Touviou

*Ampurlov

18
18
29
29
10
14
14
14

8
19

8
16
13
17
47
17
10
23
23
28
17
13
31
23
22
12
20
13

6
21
21
24

24
29
28

2

TEPAZIMOE KAPAMIIATEOX
HAIAE I'TOTOIIOYAOZ
TEQPIIOEX MOYPATQ®
HUBERT CURIEN
IQANNHE API'TPHE
IIETPOT API'YPHE
ZDENEK KOPAL

'ARPAD SZABO

EYZTAGIOS MIIOYPOAHMOXZ
AAPIANOZ MEAIZZHNOX
EYATTEAOZ KANEAAAKHE
IQANNHE TEBAZTIKOTAOY
IQANNHE MOZXOBAKHZ
IQANNHE HAIOIIOYAOXZ
IANATIQTHE PETZEIIHEZ
AOYEKAX XPISTO®OPOY
MIXAHA AEPTOYZOX
EMMANOYHA APQNHE
JEAN AUBOUIN

JEAN JADIN

RONALD RAVEN

OMHPOZ MANTHZ
IQAKEIM-MAKHE TEZAIIOTAT
CHARLES SERIE

ETPATHE ABPAMEAX
NIKOAAOZ I'ONATAZ
ROBERT BLINC

LEON LE MINOR

GEORGES COHEN
KQNETANTINOEZ AAGEPMOX
ALEX FAIN

ATZIMAXOXZ MAYPIAHZ
PIERRE MERCIER
IIANATIQTHZ KEAAAHZ
XAPAAAMIIOEZ MOYTZOIIOYAOX

AHMHTPIOX ZEQ®EPHXZ



24

39 (39)
40 (40)
41 (41)
42 (42)
43 (43)
4 (44)
45 (45)
46 (46)
47 (42)
48 (48)
49 (49)
50 (50
51 (51)
52 (52)
53 (53)
56 (54)
55  (55)
56 (56)
57 (57)
58 (58)
59 (59)
2. TdEn Tdv
60 (1)
61 (2)
62 (3)
63 (4)
6% (5)
65 (6)
66 (7)
67 (8)
68 (9)
69 (10
70 (11)
n(12)
72 (13)
3 (14)
7% (15)
75  (16)
76 (17)

77 (18)

1990
1991
1992
1992
1992
1993
1993
1994
1994
1994
1994
1995
1995
1995
1995
1996
1997
1998
1998
1998
1999

EINETHPIAA THX AKAAHMIAZ AGHNOQN

*Amptiiov
Matov
DeBpovapiov
Defpovapiov
Adyobderon
PeBpovapiov
*Ampritov
Mapriov
ZerntepBpelov
Zemrepfplov
’Oxrwfplov
’ Amptabou
*Anpuriov
TenteuPplov
TenrepBptov
DeBpovapiov
DeBpovapiov
*TovAtov
*Tovtov
ZentepPplov
*Ampuiion

9

10
24
8

ANOIMOX XPIZTO®OPIAHX
NIKOAAOX AAEEANAPOIIOYAOZ
ITANATIQTHE IATPIAHX
IQANNHXE XKANAAAAKHXZ
T'PHTOPIOX NIKOAHZX
IQANNHZ ITAITAITANATIQTOY
AHMHTPIOEZ QPAIOIIOYTAOZ
NIKOAAOZ TAMIOZ
AHMHTPIOZ AAZAPIAHZ
NIKOAAOX EZTE®ANIAHZ
ABGANAZIOX OEOAOITIAHZ
T'EQPI'IOX EMMANOYHAIAHZ
SIR NORMAN LESLIE BROWSE
ETAMATIOZ KPIMIZHZ
MIXAHA TPABBANHXI

LOUIS FRANGOIS HOLLENDER
TEQPTIOXZ ZAPIAHXZ
AXIAAEYE AHMHTPIOY
API'YPHE EYETPATIAAHZ
XAPIZIOE MIIOYNTOYAAX
OQMAY YWYHAANTHZ

Tpapudtwy xal tdv KeAdv Texvav.

1964
1974

1974
1975
1976
1978

1978
1978
1979
1980
1980
1980
1980
1981
1982
1983
1983
1984

’ Ampurtov
*Tavovapiov

*Tavovap tov
TentepPptov
*Touviov
Motov
*TovAiov
AdyodoTov
*TovAtou
*Ampriiov
*Ampriiov
Matov
*TouAtov
*Tavovetpiov
Muapriov
Moctou
AdyolsTov
*Ampiiiov

25
9

)
3
19
29

28
16

C=2N R R )

16
26

31
17
27

PETER_VON DER MUHLL
ARTHUR DALE TRENDALL

SIR STEVEN RUNCIMAN

OLOF GIGON

EAENH AHRWEILER-TAYKATZH
HUGH LLOYD-JONES

MIATIAAHZ ANAZTOZ
OLIVIER REVERDIN
AHMHTPIOZ OBOLENSKY

PATRIC MICHAEL LEIGH FERMOR

EMMANOYHA KPIAPAZ
NIKOAAOX MOYTEOIIOYAOX

CHRISTOPHER MONTAGUE WOODHOUSE

HRATCH BARTIKIAN
ETTAIANOXZ AAEEIOY
NIKOLAI TODOROV

JEAN IRIGOIN

NIKOAAOX OIKONOMIAHZ



78
79
80
81
82
83
84
85

86
87
88

89
90
91
92
93

94
95

96
97
98
99
100

(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
(37)
(38)
(39)
(40)
(41)
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1984
1991
1991
1991
1991
1991
1992
1992
1992
1993
1993

1994
1994

1994
1995

1995
1997
1997
1998

1998
1998
1999
1999

"Tovviou
Moton
Motou
ZentepPplon
ZentepBptov
*OxrwBpiov
*Tovvion
Adyodorov
’OxrofBptov
*Tovtov
*Tounrtou
DeBpovapion
DeBoovapion
Motou
DeBpovapion
DeBpovapton
*Tavovapion
*Anpiiion
Pefipovapion
Defpovapion
Zentepfpiov
*Ampuriov
*Arpiiiov

25
28

8

GERARD VERBEKE

VINCENZO ROTOLO

ENRICA FOLLIERI

MARCELLO GIGANTE

BRUNO GENTILI

FRANCISCO RODRIGUEZ ADRADOS
TEQPT'IOZ TTAAABAPHX

GILBERT DAGRON
ZIITPOZ BPYQNHZ
GEOFFREY STEFEN KIRK
RUDOLF KASSEL

CHRISTIAN MEIER
JOHN NICOLAS COLDSTREAM
HELMUT KYRIELEIS

ERIC WALTER HANDLEY
BORIS FONKIC

BERTRAND BOUVIER
SIR JOHN BOARDMAN

IQANNHX ABPAMIAHZ
NIKOAAOZ TEQPI'TAAHZ
MICHAEL JOHN OSBORNE
LOUIS GODART

TAKHY BAPBITXIQTHX

3. TdEn tdv "HOwm&Y ol t@dv IMoAttinév Entotnudv.

101
102
103

104
105
106
107
108
109
110
111
112
113

(1)

1970
1970
1974

1975
1975
1976
1977
1977
1977
1977
1980
1981
1981

Moo
ZenrepBptov

"Tovovaplov

*Ampiniov
*Tovovapiov
*Ampuiiov
*Touviov
*Touviov
*Tavovapiov
*Touviov

*Touvtou

13
30

9
23
23
14
14
18
17
17

21

9
9

RAYMOND KLIBANSKY
PASQUALE DEL PRETE
GEORGE PATRICK HENDERSON

JEAN GAUDEMET

FRANCESCO MARIA DE ROBERTIS
JOHANNES LOHMANN

VALENTIN GEORGESCU

JEAN CARBONNIER

KLAUS OEHLER

GEORGES BALANDIER

BAXIAEIOX BAABIANOZ

OTTO VON HABSBURG LORRAINE

ANAPEAL KAZAMIAZ



130
131
132
133

134
135
136
137
138
139
140

141
142
143

144

(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)

(30)
(31)
(32)
(33)

(34)
(35)
(36)
(37)
(38)
(39)
(40)
(41)

(42)
(43)
(44)

1982
1983
1983
1983
1984
1984
1984
1985
1987
1984
1987
1988
1990
1990
1990
1991

1992
1992
1993
1993

1993
1994
1994
1995

1995
1996
1996

1996
1996
1997

1998
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*TovAtov
*Tavovapton
Motou
TenteuPptlov
’Ampuiiov
*Touviov
*TouAtov
DeBpovapiov
AdyodeTov
*Ampuiton
Adyodetou
AdyobsTon
>Ampirtov
’Anptiion
*Anpiibov
AexepPptov

Moatov
*Tovviou
DePpovapion

Matov

Motov
’Amtpriiov
*Touviov

Defpovapiov

’Ampuiiov
Matov
SemtepPelov

Zenrepfplov
Zentepfplov
’Oxrewppton

ZenreypBplov

12

12
24

(8]

18

26

26

27

30
14
26
14
11

14
11

14

ROGER MILLIEX

MARIO MONTUORI
JUAN GARCIA BACCA

JOHN ANTON (ANTONOPOULOS)
KQNZITANTINOX BABOYZIKOZX
IQANNHX AEAHTTANNHZ
MENEAAOZ TOYPTOT'AOY

JOHN BRADEMAS

JOSEPH MELEZE-MODRZEJEWSKI
ANAZITAZIOEZ ZOYMIIOZ
OEOXAPHX KEXIXIAHZ

DIETER SIMON

PIERRE VILLARD

KARL-HEINZ SCHWAB

FRANCO SARTORI

AAMAZKHNOZ ITAITANAPEOY,
Myrpomoritng “ExBetiog

EDWARD GOUGH WHITLAM
FRANCOIS TERRE
IQANNHE KOYMOYAIAHE

ANAZTAZIOE TIANNOYAATOE, ’Apyteni-
oxomog Tipdvev xal mwdong *ANBaviag

JOHN KENNETH GALBRAITH
MIXAHA AOYKAKHZX
KQNITANTINOZ KAKOYPHZ
BAZIAEIOZ MAPKEZINHI

TEPEZA IIENTZOIIOYAOY-BAAAAA
MICHEL WOITRIN

XPYZOZTOMOX KQNITANTINIAHZ, NI'Y]-
Tpomoritns "Epécou

LUCIEN JERPHAGNON
MARCEL CONCHE
AXTEPIOX I'EQPTI'TAAHZ

AAMIIPOX KOTZIIPHZ



EIIETHPIAA THEX AKAAHMIAY AOHNON 20

A’. TITHPEZIEZ KAI KENTPA EPEYNQN THE AKAAHMIAX

T'PA®EIA THX AKAAHMIAT

1. "Egopog tév I'papetwy ETATTEAOX I'TOKAPHE
2. "Empedie tév Tpagetwv ANAETAZIA ZEIPA.
3. Bon0ot EPASMIA PANIOY - SKPEIIETOY. — GAAEIA

MIIONOY - TANTOZA. — ITATYAOE TIAMAZ, —
TEQPTTA AHMOIIOYAOY,.

4. Tpapelg MAPI. TIANNOYAAKH - I'TOKAPH. — BAENIH
KAPA®QTH. — KAAAIPPOH KONTOE. — XAPI-

KAEIA KATEIAONIQTH.
Toagéac pe oyéon épyactog ETAYPOYAA KONTOE - ®EAA.
ST, Sixaton

5. ‘Odyyéc NIKOAAOZ TKAOGIAAE.
6. K)m‘tﬁpsg DQTIOX MIIITAX. — XP. ITATTAAHMOYAHZ. —
IIIYPIAQN
PANOTHE (dmoom. &no 6 TCivero Nocoxopeio).
7. Nuxtogbdaxeg OOTIOX PAIITHE.
8. Knmovpée AHMHTPIOE TEEAIKHE,

OIKONOMIKH TYITHPEXIA

1. AwevBovric TEPARIMOEX AHMHTPAKOITOYAOS.

2. Otxovopixol HddApI0L ®QTEINH TEPBOY. — NIKOAAOT TEIPMIIAE.—
TO®IA KATZIKA - SIQPOY. — ANOOTAA ANAPE-
AAKH.

3. Tpogpetc AMBPOXIOE KAIIIIOEZ.— MAPIA ANTQNIAAOY-

MAYPOEIAEA.—EIPHNH BIAAAH.—IIOAYEENH
EYZTPATIOY - ITAIIIIA. — EAENH KAAOI'EPA-
KH. — MAPIA KAZOYPH.

TPADEIO AHMOZION SXESEON (Tyiép. 36.43.104),

1. Eidwixos Zdufoviog: IQANNHE TKAPENTZOX.
2. Toagéuc ut oyéon épyacing idiwt. dixafov : ANNA AAZAPOY — AYPITZH

BIBAIOOGHKH THX AKAAHMIAX

(Ty2ép. 36.43.067 - 36.00.207 - 36.00.209).

1.’ Egopevtix® 'Emitpony: NIKOAAOL MATEANIQTHE (IlpbeSpog).—MANOY~
Z0X MANOYZIAKAZX., — TTANOX AII'OMENIAHE, — KQNETANTINOZ TPOAAIOE, —
IQANNHX ITEZIMAZOTAOTY,

2. AvevBoyvrhe:

3. BuBatobyxovbpor: BAS, TEIOYNH - PATEH (dmoom. o1d Kévrpo Aaoyg.). —
AHMHTPA XOYBAPAA - KANAKH, — ZQH POITA'T'TOY (&room. &md 76 Kévrpo Axoyp.).

4. I‘poccpel'g: AEZTIOINA TANIEAIAN. — OEOA. IZQTHPOIIOYAOX, — XPHETINA TIAN
NOYAAKH.

5. 'Emiotnuovinds cuvepydtne: KQNET. KAZINHE, 7. Ajvric.
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I'PA®EIO AHMOZIEYMATQN
(T 36.12.182)

1. Tpappatedc: MANOTZOZ MANOYZIAKAX,
2. Bonfoti: EYOPOZYNH API'YPIOY-TAPTZETAKH (dmoom. oty Ilpoedpla tic An-
uoxp.). — EAENH MANINOY - SO®IANOY.

KENTPA EPETNQON THX AKAAHMIAZ
A’'. Kévtpov ZuvtdEewg tod ‘Iotopixod AeEwwod tijg Néag ‘EAAnviniis I'Awoong.
(Acwp. Svyypod 129 xal B. Almia 1, 117 45 *A0fva, tnA. 93.44.806. Fax 93.16.350)

1. Epopevtixy ’Emittponyn: Taxtiwol: MAN. MANOYZAKAE (IIpbedpog). —
MIX. ZAKEAAAPIOY. — ATAIl. TEOIIANAKHE. — AIT. BAAXOZ. — KQNEIT. TI'POA-
AIOZ. — AGAN. KAMIITAHE.— *Avamhnpopoatikds: EIITPOT IAKQBIAHE.

2. ’EwédmTnc: KONZTANTINOE T'POAAIOE.

3. Atevfdvovoa: EAEYOEPIA I'TAKOYMAKH,

4. ’'Epsvvntéc: STATPOL KATZOTAEAZ. — XPIETINA MIIAZEA - MIIEZANTAKOY. —
AIT. AOPOTAAKHE., — I'EQP. TEOYKNIAAY. — NIK. MOYTZOYPHE. — AIKATEPINH
TZAMAAH.

5. ' Entorypovixol cuvepydTteg: AHM. KPEKOYKIAZ, 7. Althc. — IRANNHE
KAZAZHE, xafnynrhc IMovemotnuiov Oco/vixng.

6. Tpapéac: AGANAZIOE KOTZIPAZ.

B’. Kévtpov ’Epedvng tijc ‘EAAnvixijc Aaoypaplac.
(Acwep. Svyypol 129 xal B. Almha 1, 117 45 *Abfva, yrée. 93.44.811, 93.70.030).

1. ’Egopevtix® ‘Emxitpomny: Taxtxol: KQNET. APAKATOE (ITpéedpog). — ATT.
BAAXOE. — XPYZ. XPHETOT.— EITPOX IAKQBIAHE, — ITANAT. TETZHE. — ITANOZ
AITOMENIAHE. — AOAN. KAMIYAHE. — ’Avaminpopotixéc : KQNIT. TPOAAIOL.

2. ’‘Exdédmntync: IMANOTZ AITOMENIAHE.

3. AtevBdv7Tpo: AIKATEPINH IIOAYMEPOY - KAMHAAKH

4. 'Epevvntéc: ANNA IIAIIAMIXAHA - KOYTPOYMIIA. — I'EQPT. AIKATEPINI-
AHE. — EAEYOEPIOX AAEEAKHZ. — EAENH ¥YXOTIOY.— AAIKH ITAAHOAHMOY. —
MIPANTA TEPZOIIOYAOY. — ITANAT. KAMHAAKHE. — ZQH PQIATTOY (&moor.
ot BiPAof. tic *Axad.). — BASIAIKH TEIOYNH - ®ATEH (&moom. &md thv BifAue.
e *Axad.).

5. 'Epesvvnthc povoixébc: MAPIA ANAPOYAAKH - TAKAPEAAOY.

6. Tpapéac: EXYOHMIA MAYPIAOY.

I". Kévtpov *Epevvng tobd Mecatwvixod xal Néov ‘EAAnvicpod.
(*Avaryvwotomodrov 14 xai “Hpaxdetrov, 106 73 *Abfva, tnA. 36.23.404). 36.11.647, Fax
1. '/Egpopevtixy 'Emtrponn: Taxmixol: MIXAHA ITAKEAAAPIOY (ITpéedpog). —
MANOTZOXZ MANOYZIAKAZ. — XPYZ. XPHEITOY. — A®AN. KAMIIYAHZ. — AITEA.
AATOY ’Avamijpopatixés : LITPOE IAKQBIAHE.
2. ' Enéntneg: MANOYZOEZ MANOYZIAKAZ.
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3. AtevBbvwv: KONSTANTINOE AAIIITAZ.
4. Epevvntéc: IIHNEAOIIH ZTAOH. — POAH - ATTEAIKH STAMOYAH. — OATA

AAEEANAPOIIOTAOTY.
5. 'Emtatnuovikds cuvepydtne: AHM, SO®IANOE, 7. A/vrac.

Kévtpov *Epevvng tijc ‘Iotopiag o0 ‘EAAnvikod Awaliov.

(*Avayvootomodrov 14 xol ‘Hpaxdeirou, 106 73 *Abhva, tnrée. 36.23.565).

.BEgopevrtixny Emitrpon®: Tuxtmol: I. MHTZOHOYAOE. (IIpbedpoc). —

MIX. LTAZINOIIOTAOE. — APISTOBOYAOX MANEXHE. — IQANNHE ZHZIOYAAZ, My-
Tpomoritne Iepydpov. — EMMAN. POYKOYNAL — MENEAAOX TOYPTOT'AOY. —
’Avaminpopatinds : AOAN., KAMIIYAHE.

2. ‘Emwdédmrnc: APISTOBOTYAOZ MANEZHE.
3. AtevOuvrHc: IRANNHE KONIAAPHE.
4. 'Epevvntéc: TEQPIrIOT POAOAAKHE, — AYAIA TIATIAPPHTA - APTEMIAAH, —

AHMHTPA KAPAMIIOYAA.

E’. Kévtpov "Epebvng t1i¢ ‘Iotopiag Tob Newtépov ‘EAAnvicp.ob.

q

(" Avayvwotomoddov 14 xal ‘Hpaxeiton, 106 73 *AbAva, Tniép. 86.33.380).

.Egopevtixy Ernttpond: Toaxtxol: MIX. TAKEAAAPIOY (ITpbedpog). —

MANOYZIOX MANOTZIAKAZX. — APIZTOB. MANEZHZ. — AOAN. KAMIITAHE. — ATTEA.
AATOY. — Avarminpoyatixol : IBANNHE ZHZIOTAAZ, Mnteomorttne Iepydpou. —

2. ’Enbdmrnc: MANOYZOE MANOYZAKAE.
3. ArevObvTpLa: EAENH MIIEAIA.

B pevvyT é¢¢: APILTEIAHE ETEPI'EAAHE. — KAAAIOIIH KAAAIATAKH - MEPTI-

KOIIOYAOY. — ETOYTMIOX ZXOYAOTTANNHZI. — EAENH TAPAIKA - KATXIAAAKH, —
IQTHPIOZ PIZAX,

5 TmdAAniog: MAPIA EITHAIQTOIIOTAOY.

P

‘Emiornpovixd) cvvepydttda: BAT. IIAATTANAKOY - MITEKIAPH, 7. Alvrpta.

¢'. Kévtpov ’Exdéoewg "Epywyv ‘EAMvwy Zvyypapéwv amd t@v dpyoiwy Yeévwy
wéxptL Tijg dAwoewg Tiig Kwvotavrivounéiews.

(*Avayvaotomoirou 14 xal “Hpaxdetzov, 106 73 *Abfve, tnA. 36.12.541, Fax 36 02 691).

.'Egopevrixy Emttpony: Taxtivol: AUAI. TEOIIANAKHE (IIpéedpog).—

NIKOAAOEZ MATEANIQTHE (Iev. I'paprpratéog).— MIX. SAKEAAAPIOY.—KQNET. AEZIIO-
TOTIOYAOE. — TAZOX AOANAIIAAHE. — NIK. KONOMHE. — SIITPOZ IAKQBIAHE. —
—IQANNHZ ZHZIOYAAEZ, Myrpomoritns Ilepyduov. — KQNET. I'POAAIOE. — AGAN.
KAMIYAHE. — ’Avarhnpopatixol: EYATT. MOYTEOIIOTAOE. — AAEE. KAMIIITOTAOY.

.’EnémTnc: AGANAZIOE KAMIIYAHE.
.Arevbovrhg:

’‘Epevvyntég: MENEAAOE XPISTOIIOTAOX.— AGAN. STEOGANHE.
Toagpéac—bmedBuvog 79¢ BLBArioOyxnec EIIYPIAQN AHMHTPOTAAKHE
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Kévtpov "Epevviv "Actpovouiag nal 'Epnppocpévwy Mabnpatindy.

(" Avayvworomoddon 14 xoi ‘Hpoxdetrov, 106 73 *Ab#Ave, wnA. 36.31.606, 36.13.589).

1. Egopevtixy 'BEnirpony: Taxtxot: IEP, 0EOXAPHE (IIpéedpog). — KAITAP
AAEEOTIOYAOE. — ATT. TAAANOIIOYAOE. — NIK. APTEMIAAHE, — ITAN., AIT'OMENI-
AHI. —TEQPT. KONTONOYAOZ.—AvamAnpopattixds OEMISTOKAHI ATAN-
NEAIAHE,

2. ’'Exndédrtnc: TEQPIIOX KONTOIIOYAOX.

3. AvevfBuvthc: KQNET. IOTAAKOX.

4. 'Epevvytéc: BAS. TPITAKHE. — BAS. IETPOIIOTAOS.— EAENH AAPA.— OEOAOX.
ZAXAPIAAHE. —IQAN. AYPITZHE.

5. ' Emitotnuovixol cuvepydTeg: AYSIMAXOXL MAYPIAHE, 7. AwvBuvric. —
KQNET. TOTAAS.

6. 'papéag: EYATTEAIA IIANOYEH - KOYNTOYPIQTOY.

H'. Kévtpov 'Epedvng tiic ‘EAAnvixiic ®irocoepiag.

1%

("Avayvostorodhov 14 xoi ‘Hpoxdettov, 106 73 *Abfve, tnhép. 36.00.140).

1. Egopevtixy 'Enxttpony: Tuxtixol: KONET. AESIOTOIOYAOE (ITpéedpog).—
EYAIT. MOYTEZOIIOYAOE. — TEQPI. MHTEOIIOYTAOX. — IQANNHE ZHZIOTAAE,
Mnreomoritng Ilepydpov. — AOAN. KAMIIYAHE,

2. 'Erdémrtneg: EYTATT. MOYTSOIMOYAOX.

3. AvevBuvzhe:

4. 'Epevvytéc: ANNA APABANTINOY - MIIOYPAOTTANNH. — IQANNHE KAAOTE-
PAKOZ.— TEQPIIOZ APAMITATZHE.

5. ' Emitotnpovixol cuvepydrteg: AINOS MIIENAKHE.— ANNA KEAEZIAOY

7. AtevBuvréc.

Tpacpeiov "Enmtotnuovi®dy "Opwv xai NeoAoyiopdv.
(Zérewvos 84, 106 80 *ABfva, tnrép. 36.42.688).

1.  Egopevtixd Emttpon®: Taxtxol: AIT. BAAXOE (IIpbedpog). — OEMIET.
ATANNEAIAHE. — KONET. TPOAAIOE. — KQN. AEZIIOTOIIOYAOX. — NIK. APTEMIA-
AHE. — IQANN. TIEEMAZOTAOY. —’Avamdmpoparind : ATAIL TEOIIANAKHE.

8]

. 'Exémrnc: AIT. BAAXOE

3. AtevBuvTHc: TITOTZ I'TOXAAAS.

4. 'Epecvv#Tpta: ANASTASIA XPISTO®IAOY.

5. T'pa@éacg ut oyéon épyacing tdiwr. duwaiov : TTEAAA NEMTEA - TYXHPOY.

Kévtpov "Epetvng ®Puoxfig tiigs 'Atpocpaipas wai KAwpatoloyias.
(3ng ZemrepPpiov 131, 112 51 *Abfva, Tyrép. 88.32.048).

1. BEgopevtixn ’Emirpont: Taxtxol: KAIZAP AAEEOIIOTAOX (IIpéedpog). —
IEPIKAHE OEOXAPHE. — @EM. AIANNEAIAHE. — AIT. TAAANOIIOYAOE. — A@AN.
IIANATOE. — ’Avarhnpwpatixés : TANOL AITOMENIAHE,

2. 'Exénryng: AIT. TAAANOIIOTAOZ.

3. AtevOuvvtH¢: XPHETOZ PEITAITHE.
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'‘Bpeuvnréc: KQNET. BIAANAPAS. — [TATAOE KAAAMIIOKAE,
5. ' Emtotnprovinds ocvvepydtng: XPHSTOL ZEPE®OE, 1. A/vths.

IA’. Kévtpov *Epedvig tiig "Apxandtnros.
(*Avayvworomoiron 14 xal ‘Hpaxdkeltov, 106 73 *Abiva, tyrée. 36.00.040).

1. 'Egopevrixy ‘Emitponm®g: Taxmixol: MIX. TAKEAAAPIOY (IIpbedpog). —
ATAII. TEOITANAKHE. — NIK. KONOMHE, — IIIYPOT IAKQBIAHE. — AAEE. KAMIII-
TOTAOY. —AvarAnpwypatixol : KQNET. AEZIIOTOIIOYAOE. — XPTEANOOE XPHETOY.

2. ’EwdédrmTtnc: SOYPOY IAKQBIAHE.

3. AvevBbvTproa: MAPIA IIIIIAH.

4 ’Epevvntéc: XP. MIIOTAQTHE. — AI'AA'T'A OPOANIAH - TEQPTTAAH. — AEETIOINA
AANIHATAOY. — BASIAIKH MAXATPA. — BIKTQPIA SAMIIETAT .

5. Emtornpovinds cuvepydTyc: KANIT. MIIOYPAZEAHE, 7. Alvtg.

IB'. Kévtpov ’Epebvng tiig ‘EAAnviniis Kowwviag.
(Xbrwvog 84, 106 80 ’Abhva, tniée. 36.03.028).
1. ’Egopevrtixn 'Exitzponn: Taxtxol: EENOOQN ZOAQTAL (IIpbedpog). —
KQNIT. AEZIIOTOITIOYAOZ. — T. MHTZIOIIOYAOXE. — IQAN. TIEXMAZOTAOY.—
APIST. MANETHE. — IQANNHE ZHZIOTAAE, Mnrpomorttne Mepydyon. — Avaminpwm-

patindg : KONET. APAKATOZX.

2. ’Exdrmrtn¢: IQANNHE IEXMAZOTAOY.

3. AtevBvvrthc: 'PHTOPIOL T'KIZEAHE.

4. 'Bpevvntéc: EYA KAATIOYPTZH - MIXAAOIIOTAOY. — MAPIA - 'EQPITA
ETYATANOYAH.,

5. Tpapéoac: AIKATEPINH ITAPIZEIH.

II". Kévtpo "Epevvog tiig Bulavtivijg xal Metafulavtivijg Téxvne.
(’ Avayvwotomodov 14 xai ‘Hpaxdetron, 106 73 *Abfva, tnh. ~ Fax 36.45.610).
1. ' Egopevtixmn Enmittpomny: Taxtinol : MANOYEOEZ MANOYZAKAE (ITpéedpoc).
— MIX. TAKEAAAPIOY.— XPYS., XPHETOY. — SIIYPOX JAKQBIAHE.— A®AN. KAMIIY-
AHE, — ATTEAIKH AATOY.—’Avarminpouatixdc: ITANAT. TETTHE.
2. ’Emémtng: TINYPOX IAKQBIAHE
3. 'BEpevvhTpreg: IQDANNA MIIIOA.— EITAMATIA KAAANTZOIIOYAOY.

“Ispupa Koota xal ‘EAévng Odpdvn ("O8wvog 8,105 57 ° Abhva, t02.32.25.338, Fax 32.25.280).
1. Atotxntind ZvpPodito: TAZOL AGANAXIAAHE (IIpéedpog). — IAAATEIA
SAPANTH (‘Avrimpéedpog). — MENEAAOT TTAAAANTIOE (Tev. Tpapparedc). — MA-
NOTEZOX MANOTZAKAX, — ATTEAOX BAAXOXZ. — NIKOAAOX MATIANIQTHE (FEVL-
x0¢ Tpapparede e *Axadnuing "ABnvév. — OEOAQPOT KAPATZAT (Awoixnrig Efvi-
»¥ic Teanélne tic “Edrddoc).
2. AvevBvvTc: BASIAEIOE BAOEIAAHE.

(=L]

.TmadAAniot: TEQPTTA KAPAOANOY-XPISTOAOYAOY, — ATITEA. XATZHETE-
AIOY. — ZO®IA ITAEXAAINOY. — IQANNHE KAPABOKYPOE.
4 KAnthpac: OEOXAPOTAA TIOAKA.
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P1rocopueiy BiBAobxn “EAAng Aapmpidn (“Ydnidvrov 9, 106 75 *AbAver, =nh. 72.19.587).
1.’Emontix? EmitTpon®: MEN. ITAAAANTIOE. — KQNET. AEZTIOTOIIOYAOZE.
— EYATT. MOYTEZOITIOTAOE. — TEQPT. MHTZOTIIOYAOX. —IQANNHE IIEZMAZOTAOY.
2. Emiotrnpovinds cvvepydTyg: AINOE MIENAKHE.
“ISpupe IatpoBlodoyndy Epevvdv (CArnéiowvos 11, 10557 ’Abhva, i 32.25.064).
Artotxntixd ZvouBodAiro: P’PHI. TKAAKEAY (ITpéedpog). — OEMIZT. AIANNE-
AIAHE. — II. TAKEAAAPIAHE. — NIK. MATZANIQTHE. — K. STE®PANHE. — ’AVO(TCK'ﬂp(J)-
potind pélog : AGANATIOE TIANATOE
Tpacpeio "Epevvag tiig NeoeAAnvixiig Téxvng (Zérwvos 84, 106 80 *Ab#Ava).
’Erxémtnc: XPISANOOZ XPHEITOY.
Tpacpeia "Epeuvdv tiig TdEews t@v Oetindv Emiotudy
(Bovrfis 27a, 10557 ’Abvva).
1. Tpacpeio "Epevvag tiig Oewpnriniis nal 'Ecqpnppoopévng Mnyavixi.
(TnAéep. 32.43.419, 32.43.410. Fax 32.43.570)
‘Eoopevtix® 'Emitpon f: Kaloxp *AkeEdmovrog, Ilepixriic Ozoxdpmne, "Ay-
Yerog Tadavémovhog, II. Avyopevidne.
Enédrmrne: Iepudiic Ocsoyderne.
Toagéac: "Awx Zoypapdrn-Kostomodion.
2. Tpapeio Puowdy ol Xnpudv Meretdv-"Epevviv.
‘Egopevtiny Enittpony: Kaioup *Akekdmovrog, "Ayyeros Iaravémoviog,
Ocprot. Arawwertdneg, *Abav. [Mavdyoc.
3. Tpacpeio Bloloyidv *Epevviv.
’Egopevtixy 'Exitpon®: O Awwwwerdng, Nue. Matooavidne, Anunte.
Teuybmovhoc.
4. Tpaceio 'Tatpixdv Meletdv.
‘Eeopevtixyn 'Emtrponyn: Nw. Matoavidtng, Teny. Zxairéas, Kovor.
Tobvrag, Kwver. Ztepaviic, Anuare. Tetybmoviroc.
‘Erédrmtnc: Kover. Tobvrac.
5. Tpaceio 'Epevvav thig ’Emictipng tiig IIAnpopopixiis xai ‘HAentpovixiig
(tnr. 33.13.242).
‘Egopevtixn Enitpoont: Kaitoxp *ArcEdmovrog ([Tpdedpog), Iepinrfic Gco-
yaemns, Ilabloc Zaxerhaptidne, Kwvor. Tobvrag, ITdvog Aryouevidng (Emémrng).
6. Tpacpeio "Epevvag Oewpnrin®dv Madnpatiedv (tmi. 36.43.317. Fax 24.33.210).
(Xdérwvog 84, 106 80 *ABve).
‘Emnémrtmne: Nuwx. *Aprepmddne.
7. Tpacpeio Owaxeipiong xoi "ExperdAievons Awmtdwy IIAnpocpopixiis.
’Ew 6w tng Ildvog Avyopevidng.
ZuvrovieTs ¢ Baoih. Terrdxnc.
8. I'papeio "Epevvag Alebvadyv xol Svvtaypatindy Oecpdv.
‘BEgpopevtixd ’Emitponth: Iedpy. Mynrobmovdos, *AptstéB. Mdveons, 'Bu-
uav. Pobxovvac.
9. Tpacpeio "Epevvag Oewpntiniis Puoiniis.
’‘Exéwmtnc: Anu. Navérovrog.
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E.’ EYEPTETES, METAAOI AQPHTES, AQPHTEZ KAI AOAOBGETEX

EYEPTETEX

TO EAAHNIKO AHMOZXIO
ANAZTAZIOZ TEOYPAHZ

IQANNHZ BOZOZ

AHMHTPIOX AQPIAHZ

EMMANOYHA MIIENAKHXI
AAEEANAPOZ MATYPOTENHE
ITANATIQTHE KAI IQANNA APIZTO®PONOX
H EONIKH TPAIIEZA THE EAAAAOZ
EAENA BENIZEAOY

EYATTEAOX KONATAHZ
AHMHTPIOEZ KAI ANOH AITINHTOY
ANAPEATX ANAPEAAHZ

OYPANIA KQNEITANTINTAOY
NIKOAAOX KAPOAOY

AOHNA ITAGATOY

MIXAHA KATXZAPAX

EYOYMIA N. MEPTZAPH (7 Yévo¢ ANT. KTENA)
AHMHTPIOX AAMITAAAPIOZ
AAEEANAPOX AIOMHAHZ
ITANATIQTHE, AIKATEPINH KAI I'EQPI'IOE IT. OIKONOMOZ
EITAMEINQNAAX ITAITAZTPATOZ
ZQTHPIOZ MATPATKAXZ

IIETPOX ATTEAETOIIOYAOX
BAZIAEIOZ KOYPEMENOX

TEQPTIOZ ®QTEINOZ

ANTQNIOX MANOYZIHX

AHMHTPIOXZ OQKAX

MAEIMOX K. MHTZOIIOYAOX
AMIAKAYX AAIBIZATOX

EIPHNH AAIBIZATOY

ANAZITAZIOX K. OPAANAOX

EAENH EANOGOITIOYAOQOY-ITAAAMA
IEMHNH TI'EQP. MTETPOITIOYTAOT
IQANNHE ZAPPAX

BAXIAIKH BEKPH

TEQPI'IOZ AGANAXIAAHX - NOBAX
OIAQN BAZIAEIOY

ATIOZTOAOX ZAXINHZ
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METAAOI AQPHTEZ

TO KOINQOEAEEL IAPYMA AIATAN BOTAOYPH
IIANATIQTHE 0. ATTEAOIIOTAOZ

AQPHTEZ

0 ZYAAOTOZ ITPOX AIAAOZIN Q®EAIMON BIBAIQN

H EIITPOITH EKATONTAETHPIAOXZ AAAMANTIOY KOPAH
KONITANTINOXZ KAZIOITOYAOZ

IQANNHZ MYAQNOIIOTAOZ

TO METOXIKON TAMEION TQN ITOAITIKQN YITAAAHAQN
NIKOAAOZ OIKONOMOY

IQANNHZI M. KATZAPAZ

EPAZIMIA MYKONIOY

KONEZTANTINOX I. AMANTOZX

ZQOPONIOZ ZTAMOYAHY MHTPOITIOAITHEI EAEYOEPOYIIOAEQX
MIATIAAHXY A. ZTAMOYAHZ

ANAZXITAZIA TI. KOKOAH

EATIINIKH M. ZTAPANTH

IQKPATHXI B. KOYTEAZ

TEQPI'IOX ITANOIIOYAOZ

AHMHTPIOX T. NOTH MIIOTEAPHE KAI AI'AH A. MIIOTZAPH
KAPOAOZ KAI AIAH APAIQTH

ZO®IA ®PEIA. AOYZH

AIAY APAKOY

BAZIAIKH I'. NOTAPA

MAPIA A. KOKKINOY

ZODIA ZOYTAIQTH-NIKOAATAOY

EAENH K. OTPANH

TEQPTIOX ITAIIATPIANTA®YAAOY

KQNITANTINOZ ®OYPKIQTHEZ

EAENH TPIANTA®TAAIAOY

AYPHAIA KOMNHNOY

ITANATIQTHE NIKOAH TEZEAEITHZ

OEOAQPOZ ZYYQMOZ
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AAEEANAPOX AOBEPAOX
HAIAY MAPIOAOIIOTAOX

ANAPEAT ITETPOIIOYAOE
KQNETANTINOS MAITABAXIAEIOY
EAENH MYKONIOY

APISTEIAHE ITAAAAX

AOYKIANOE NIKOAATAHE

TO KOINQOEAEE IAPYMA «KATIIKQ KAI T'IQPI'HE XP. AAIMOX»
ITANATIOTHE I'PAMMATIKAKHE
ITANATIOTHE AHMHTPAKOITOYAOX
TEQPITOE A. M'EQPTTAAHE

IAPTMA KQXTA KAI EAENHE OYPANH
TYMEQN HIAAOIIOYAOE

EKAOTIKH A@HNON A.E.

TO KOINQOEAEE IAPYMA «AAEEANAPOX QNASHE»
TEQPIIOE MYAQNAX

OIKOT'ENEIA PAT'KABH

ATKATEPINH KAKOYPH

NIKOAAOY KENETZHE

LIIYPOX ZEPBOX

ION - IQANNHE TEATZAPQNHE

AIA I ZEITOY KAI AAIN II. ZEIIOY
IAPYMA A. I'. AEBENTH

TEQPIIOX TKOYPAX

NIKOAAOE K. I'EQPIIOY

ANTQNIA KOYNTOYPH

IIATKOX NIKOAATAHE

ANAXTAZIOE KAPANASTAZHE
EYTYXIA K. EYTAEIOIIOYAQY
IQANNHE II. AAATZAZ

AEAA T. MYAQNA

AHMHTPIOE X. ITATTAAHMHTPIOY
STEVE MOSHONAS

BITA KAAOIIIZH-EANOAKH

ITEAIOE xot EAAH IQANNOY
ANAPEAY KAI EAENH MOYZOYAOY
EAAH MIXAAOIIOTAOY

IIPAEITEAHY APT'YPOIIOYTAOX
AXIAAEAY AIONYZOIIOTAOX

ENQIH EAAHNIKQN TPATIIEZQN
XIAAETAPA XHPA AEQNIAA ZEPBA

AIKATEPINH KEIIETZH-KAYKIA
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EYPQEINENAYTIKH TPATEZE (EUROBANK)
TEQPTIOE AEKABAAAAE
XAPIAAOSYEAKEAAAPIAAHE
INIIOKPATHE KAPABIAE
BAZIAEIOE KONTOAHMOE
®IAOI ATIAOL TAMITAKOIIOTAOY
ZAX. BAYEIAHE
MIXAHA KOKOAOTTANNHE
AGAOGETEX
00ON KAI AOHNA ETAOATOY
KITZOX MAKPYIIANNHE
H TPATIEZA AOHNQN
BATIAEIOL AAMIIIKHE
H EAAHNIKH AETXH AAESANAPEIAT
0 AHMOT AOHNAIQN
0 EAAHNOAMEPIKANIKOE EYNAEIMOE «AXEITA»
OEOAQPOE APETAIOE
H TPATIEZA THE EAAAAOZ
H ETAIPEIA XHMIKQN IIPO'TONTQN KAI AITTASMATQN
AAEEANAPA XQPEMH-MIIENAKH
TO YIIOYPI'EION THE TEQPITAT
TAKHE KANAHAQPOE
H ATPOTIKH TPATIEZA THE EAAAAOX
H ENITPOITH EOPTATIMOY EKATONTAETHPIAOE ENQEEQE EITANHIOY
H AHMOSIA EIIXEIPHEIZ HAEKTPIZMOY
0 OPIANIEMOX THAEIIKOINQNION EAAAAOE

EAENH OIKONOMIAOY

0 ZITAAOT'OEX TQN OOITHXANTQN EIZ THN EYAITEAIKHN EXOAHN EIMYPNHI
TO YIIOYPI'EION EPI'AXIAX

0O AHMOX EANGHZ

H EMIIOPIKH TPAIIEZA THEX EAAAAOX

H PETROLA (HELLAS) A.E.

EAAH MAAAMOY, AINA TEAAAAPH, ZIIYPOX MAAAMOX

TO IEPON IAPYMA ETATTEAIZTPIAY THNOT

O AHMOX POAOY

NIKOAAOXZ AINAPAOZ

NEAAH KAAAITA
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KQNZTANTINOX KPONTHPAXZ

H OIAOAAZIKH ENQIIZ AOHNQN

ATIZ TAPAKHNOZ

TO AYKEION EAAHNIAQN

IQANNHE KAMBYZEAHZ

TO EMIIOPIKON KAI BIOMHXANIKON EIIIMEAHTHPION AOHNQN
APIZTOKAHZ ANAPEAAHZ

H OPI'ANQZIIEZ «EONIKH MNHMOZYNH»

0 ZTAAOT'OX TQN EN ATTIKH: EYPQETINION
TO YIIOYPT'EION KOINQNIKQN YIIHPEZIQN
TO IAPTMA AIKAIQMATQN TOY ANOPQIIOY

(KAHPOAOTHMA TI'EQPTIOY, AHMHTPIOY KAI MAIHX MAPATKOIIOYAOY)
TAAATEIA ITAAAIOAOTOY
TO IAPTMA ITPOATQI'HE AHMOZIOT'PA®IAY AOANAZIOY BAX. MIIOTEZH
O TETEATIKOX EYNAEIMOX
ANAZXTAZIA IEPQN. ITINTOY
TO KOINQO®EAEX IAPTMA NIKOAAOY KAI EAENHE ITOPOYPOI'ENH
H KOINOTHE BAMOY AIIOKOPQNOY
PENATA MIAT. ATAOONIKOY
H EZTIA NEAX IMYPNHZ
O POTAPIANOZ OMIAOZ AOHNQN
O POTAPIANOZI OMIAOZ TAYQ®AAAX
EPIKA AXLTEP. NTAH
OEOAQPOZ ZINANIQTHX
AHAA KPONTHPA-NAZOY®H
AIKATEPINH KOKKINOY
EAENH KQNITANTOIIOYAOY
AHMHTPIOX ANT. KEPAMOIIOTAAOZ
H AEZXH AA'TONI AOHNQON
O AHMOX AATKAAIQN
EIPHNH ZAIIKA
IAPYMA AITAIOY
INTERAMERICAN
IAPTMA XAPIAAOY KEPAMEQX

EAITIIAA MANTZQPOY
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MANOAHZX KAI XTAMATIA BAAATIANNH

INFORMA A.B.E.E.

ETAIPEIA OPAKIKOQN MEAETQN

ZOTHPIOZ ATAITHTIAHX

AAZAPOX E®PAIMOTAOY

IEPA MHTPOIIOAIE KAAABPYTQN KAI AITTAAEIAX

IIOAEMIKO MOYZEIO

ANQNTMOX EAAHNIKH ETAIPEIA TENIKQON AZ®AAEION «H EONIKH»
TEQPTIOX TAPNATQPOX-ANATNQEITOY

EAAHNIKH APXAIOAOTIKH EIIITPOITH MET'AAHEX BPETANNIAX
HPAKAHX N. IIETIMEZAX

KOQNEZTANTINOZ I. MOIPAX

ITAAOTOX AIBAAIQTON AOHNAX «(I'EQPTAKHXI OAYMIIIOZ»
BAZIAEIOZ KAI EYT'ENIA AAAA

EIPHNH I. ITAITATQANNOY

KQNITANTINOX EEZTEPNOX

ENIAIOX AHMOZIOTPA®IKOX OPTI'ANIZMOX ENIKOYPIKHY AXOAAIZEQX
KAI ITIEPIGAAYEQE (EAOEAII)

IMYPNH ®. MAPATKOY

H EOHMEPIEX «EAEYOEPIA AAPIZHI»
TO TAMOYPKEIO IAPYMA

H TPAIIEZA MAKEAONIAX-OPAKHXZ

O AHMOX MEIXHNHZ

EKAOTIKOX OIKOX AAEA®QON KYPIAKIAH

TO IAPYMA «AEQN AEMOX»
H KENTPIKH ENOQXH AHMQON KAI KOINOTHTQN EAAAAOX

H EYPQITA'TKH EIIITPOITH

AIZA TKOYZE
KOINOTHX AINAOY
AHMHTPIOZ I, ITIPOKOBAX - OEOAQPOX A. ®PATKOX

COPI'ANIZMOZX ITOAITIZTIKHE NMPQTEYOYEIAX THX EYPQITHE-OEXZTAAONIKH 1997

NENET KAPAMIIEAA-AIKAIAKOY
KIMON KAT AIKATEPINH ®APANTAKH

OMIAOX ZONTA AOHNQN
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AQPHTEZ BIBAIOOHKQN

0 BAXIIAETXZ I'EQPTIOZ B’

H EN AOHNAIXZ EIIIZETHMONIKH ETAIPEIA
ZENOD®QN XZIAEPIAHZ

TIMOAEQN HAIOIIOYAOZ

Z0AQN OEOAQTOY

KAHPONOMOI XPIZTOY II. OIKONOMOY

TO TAMEION ANTAAAAEIMQN KAI KOINQOEAQN ITEPIOYEION
TEQPI'TOZ APBANITIAHZ

IIOAH I. TOPNAPITOY

ANGH A, AITINHTOTY - AI'AH A. MIIOTZAPH
KQNZITANTINOE KAPAGEOAQPHZ

TEKNA ANAXITAZIOY K. ETAMOYAH
ANTQNIOZ MANOYZIHX

AHMHTPIOZ HAIOIIOYAOXZ

IIANATIQTHXZ APIZTO®PQN

NAAIPA ZKYAITZIH

AAKIBIAAHZ I'TANNOIIOTAOZ

AEQNIAAZ OIAIMIIIAHZ

ITANATIQTHX ZEIIOZ

EPPIKOXZ ZKAXZIHZ

KQNIZTANTINOZ TZATZOX

T'PHI'OPIOXZ KAXIMATHZ

PAINH XATZIZKOY KAI IQANNA BEPIIOIIOYAOY
TEQPTIOX AANIHA

HAIAY MAPIOAOIIOTAOZ

0OQN IITAAPINOX

ITEPANOZ ITAIIATIANNAKHX

T'EQPI'IOX IIETPOIIOYAOZ

TEQPTIOX MTAQNAZ

EQPH KAXIMATH
ZENOD®QN ZOAQTAZ

IIEPIKAHX OEOXAPHZ
KQNITANTINOZ TOYNTAZ

ATIOZTOAOX ZIAXINHZ
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¢/ IIPOEAPOI THX AKAAHMIAZ AIIO THN IAPYEH THZX

1926 @®QKIQN NETPHZ

1927 T'EQPT'IOX XATZHAAKIZ
1928 KQNEITANTINOX ZEITEAHZ
1929 AHMHTPIOX AITINHTHX
1930 KQXITHI ITAAAMAZX

1931 TEQPTIOXZ IZTPE'I'T

1932 AAEEANAPOX BOYPNAZOZ
1933 KONITANTINOX PAKTIBAN
1934 AHMHTPIOX KAMIIOYPOT'AOY
1935 MIXAHA KATIAPAX

1936 OEO®IAOX BOPEAX

1937 AAEEANAPOX MAZAPAKHZ
1938 ANTQNIOE!KEPAMOHOYAAOE
1939 AHMHTPIOX MITAAANOX
1940 MAPINOX I'EPOTAANOX
1941 TEQPIIOX ZQTHPIOY

1942 NIKOAAOX EEAPXOIIOYTAOX
1943 ZITYPIAQN AONTAX

1944 KQNITANTINOZ AMANTOZX
1945 TEQPI'IOX MITAAHZ

1946 APIZTOTEAHZ KOYZHX
1947 IQANNHX KAAITZOYNAKHZX
1948 KQONITANTINOX TPIANTA®YAAOIIOTAOZ
1949 IQANNHZI ITOAITHZ

1950 ANAXTAXIOZ OPAANAOX
1951 T'EQPTIOL MAPIAAKHZ

1952 EMMANOYHA EMMANOYHA
1953 ZQKPATHX KOYT'EAX

1954 T'PHI'OPIOZ ITAITAMIXAHA
1955 TEQPTIOZ IQAKEIMOTAOY
1956 KQNITANTINOX PQMAIOX
1957 ITANATIQTHZ IIOYAITZIAX
1958 TEQPI'IOX KOXMETATOX

1959 ZIITPOZ MEAAX




1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

EIETHPIAA THEZ AKAAHMIAY AOHNON

HANATIQTHE MIIPATEIQTHE
1QANNHE TPIKKAAINOZ
ENAMEINQNAAT @QMOIIOYAOX
IQANNHE OEOAQPAKOIIOYAOX
IQANNHE SANOAKHZ
TEQPITOT AOANAZIAAHE
KONETANTINOE TEZATZOX
MAEIMOX MHTZOIIOTAOX
EPPIKOX ZKAZEHE

AMIAKAE AAIBIZATOE
AEQNIAAY ZEPBAZ

SHOYPIAQN MAPINATOX
I'PHI'OPIOE KASIMATHE
HAIAY MAPIOAOIIOYAOX
AIONYZIOE ZAKYOHNOX
HANATIQTHS ZEIIOE
NIKOAAQOX AOYPOX

NIETPOZ XAPHX

MIXAHA ETAXINOIIOYAOZ
KAIZAP AAEE0IIOTAOX
"TEQPTIOEZ MYAQNAZ

IQANNHE KAPMIPHZ
NEPIKAHE @EOXAPHE
MENEAAOZ ITAAAANTIOZ
T'EQPIIOS MIXAHAIAHE-NOYAPOE
AOYKAE MOYXOYAOX
KONETANTINOE TPYIIANHE
KONEZTANTINOE MIIONHE
TEQPIIOE MEPIKAY

LOAQN KTAQNIATHE
TEQPTTOZ_BAAXOZ
[IQANNHE TOYMITIAX

MIXAHA SAKEAAAPIOY
KQNETANTINOE AEZIIOTOIIOYAOE
OEMIZTOKAHYE AIANNEAIAHE
MANOYEZOX MANOTZAKAX
IQANNHE IIEZMAZOTAOY
NIKOAAOX MATSANIQTHE
ATAIIHTOZ TEOIIANAKHE
IEQPTIOZ MHTEZQIQTAQE

#



42

1926-1933
1933-1934
1934-1951
1951-1956
1956-1966
1966-1981
1981-1984
1984-1989
1990-1994
1995-1998
1998~

ETIETHPIAA THEZ AKAAHMIAY AOHNOQN

Z. TENIKOI TPAMMATEIXZ

ZIMOX MENAPAOX
AHMHTPIOX AITINHTHX
TEQPI'IOZ II. OIKONOMOZ
AHMHTPIOZ . MITAAANOZ
ANAZTAZIOX K. OPAANAOX
IQANNHEZ OEOAQPAKOIIOTAOX
KONZTANTINOX TPYIIANHZ
MENEAAOZ ITAAAANTIOXZ
IIEPIKAHY OEOXAPHZ
IIATYAOX ZAKEAAAPIAHZ
NIKOAAOZ MATZIANIQTHZ

H." TPAMMATEIZ EINII TQN ITPAKTIKQN

1926-1927
1927-1934
1934-1943
1943-1951
1951-1956
1956-1963
1963-1968
1968-1969
1970-1971
1971-1972
1972-1975
1975-1977
1977-1980
1981-1990
1990-1993
1994-1998
1998-

KQEXTHX ITAAAMAX

TEQPTIOX II. OIKONOMOZ
KQONITANTINOZ AYOBOYNIQTHXZ
ZQKPATHI KOYTEAXZ
ANAXITAZIOXZ K. OPAANAOZ
EMMANOYHA EMMANOYHA
HAIAX BENEZHZ

AIONYZIOX ZAKYOHNOX

00QN IIYAAPINOX

IIETPOX XAPHZ

IQANNHE XAPAMHZX

TEQPI'TOZ MIXAHAIAHE-NOYAPOZ
MENEAAOZ ITAAAANTIOX
MANOAHZ XATZHAAKHZI
MANOYZOX MANOYZAKAX
NIKOAAOX KONOMHZXZ
APIZTOBOYAOX MANEIHZ

0." TPAMMATEIZ EIII TON AHMOZIEYMATQN

1926-1927
1927-1928
1928-1935
1935-1950
1950-1966
1966-1994
1994-1997
1998-

TEQPI'IOZ APOZINHZ
TEQPI'IOX PEMOYNAOX
KQNITANTINOZ KTENAZ
EMMANOYHA EMMANOYHA
IQANNHX KAAITEOYNAKHE
IQANNHZ EANGAKHZ
AIIOZTOAOX ZAXINHE
MANOYZOX MANOTZIAKAZ
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I EKAITIIONTA MEAH THX AKAAHMIAY A®HNQN

Toaxtind MéAy :

1. ’Ayyehdmovdog “Ayyehrog 1976 - 1995

2. *AbBavaciddng-NéBag Iedpytog 1955 - 1987

3. Alywhtne Baosietog 1952 - 1959

4. Alywhte Anuntptog 1926 - 1934

5. *AnBilaroc “Apiixoac 1962 - 1969

6. "Apavroc Kwvetavrivog 1926 - 1960

7. *Avdpeddne *Avdpéog 1926 - 1935

8. ’Avrovadng XapdAuumog 1994 - 1995

9. *Apyvpds Odupéproc 1959 - 1963
10. BopBapéoog Kuptdxog 1936 - 1957
11. Boaothewddng IIérpog 1979 - 1992
12. Baotheion Dirwy 1966 - 1983
13. Béne Kowvortavtivog 1926 - 1963
14. Béne Nixoc 1943 - 1958
15. Bevélne ’Halog 1957 - 1973
16. BAdyoc I'eddpyrog 1983 - 1996
17. Bopéaug Oedgurog 1926 - 1945
18. Bovpvdloc *AréExavdpoc 1926 - 1954
19. Bpetrdxoc Nuixngdpog 1987 - 1991
20. Tewpydxng "Toavvng 1989 - 1993
21. Tepovhdvog Mapivog 1933 - 1960
22. Txivye "Ayyehog 1926 - 1928
23. Anunterddne Kwveravrivog 1936 - 1943
24, Awopndne *AréEavdpog 1945 - 1950
25. Aovtac Zmupidwv 1931 - 1958
26. Apocivne T'edpytog 1926 - 1951
27. Avofouvviddtne Kevertavtivog 1928 - 1943
28. ’Eyppavouni *Eppoavouni 1926 - 1972
29. *Eapybémovios Nuxdhaog 1929 - 1960
30. Edotabuddne Kwvetavrivog 1978 - 1979
31. Zoxvbnvog Atovidctog 1966 - 1993
32. Zéyyerns Kwvetavtivog 1926 - 1957
33. Zémog Iavayidtng 1970 - 1985
34. ZépBac Aswvidoc 1956 - 1980
35. ZepBoc ITavoryrdng 1946 - 1952
36. "Hawémovhog Trporéwv 1926 - 1932
37. Beodwparémovios Twdvvng 1960 - 1981
38. Oopémovios "Emopewdvdog 1945 - 1976

39. “Toaxwfidne Tedpytog 1929 - 1932



40.
41.
42.
43.
4h,

45.
46.
47.
48.
49.

50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
7113
92
73.
74.
75.
76.
Jifls
78.

79.
80.
81.

EIMETHPIAA THE AKAAHMIAYL AGHNQN

Tooaxidne Kwvoravtivos
"Twaxetpoyron Tedpylog
KapBadiag ITaveryiic
Kavroovvdxne Twdvvrg
Karopoipne Mavéine
Kapmodpoyrovg Anurrptog
Kavearémrovrog TTavayrddytng
Kapoyrodvne Tedpyrog
Kapabeodwpsi Kwvetavrivog
Koppipne *Todvwng
Kopoblog Xpierog
Kaowpdrne Tpnyderog
Katoopic Muyanhi
Kepapbmourroc *Avriviog
Kénxwvog Avovidorog
Kovtdg ITézpoc
Kooperitoc Qwxdc Iewpytog
Kovyéaeg Teonpdrne
Kodlns ’Aptototéhng
Kovxovreg Datdov
Koupepévog Basiietog
Kovpountdrtng Kwvetavrivog
Kpiundc Basihelog
Krevag Kwvetavrivog
Kuptaxsg Tedpyrog
Aapraddproc Anuntetog
Ao Muyohh
AodBaprg Nuxdrxog
Aobpog Nuxbraog
Avxoddng ZtvAtavdg
MoZapdxns >AréEavdpog
Mabiémovrog TTadrog
Moardpoc Basiietog
Martétog Kwvotavrivog
Mopiddnig Iedpyrog
Mapwarog Xmupidwv
Muprorémoviog *Hitog
Méyag Teddpyrog

Mexdic Xmbpog

Mevapdog Zipog

Mepixag I'schpyrog
Mnroémoviog MdEuuog

1949 - 1959
1929 - 1979
1926 - 1928
1926 - 1966
1945 - 1962

1927 - 1942
1959 - 1986
1984 - 1990
1926 - 1950
1974 - 1992

1955 - 1967
1968 - 1987
1929 - 1939
1926 - 1960
1950 - 1967
1940 - 1941
1945 - 1973
1929 - 1966
1932 - 1961
1951 - 1956
1926 - 1957
1929 - 1945
1960 - 1965
1926 - 1935
1934 - 1954
1928 - 1950
1926 - 1931
1960 - 1961
1966 - 1986
1939 - 1958
1928 - 1943
1949 - 1956
1970 - 1973
1926 - 1951
1941 - 1979
1955 - 1974
1966 - 1991
1970 - 1976
1935 - 1966

1926 - 1933
1977 - 1996
1955 - 1968




82.
83.
84.
85.
86.
87.
88.
89.
90.
ik
92.
93.
94.
95.
96"
97
98.
99.
100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
944.
142,
113.
114.
115.
116.
4617,
118.
1419:
120.
121.
122.
123.
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Movaovrog Aovxdc
Mraddvog Anunretos
Mrariis Tecdoyrog
Mmnévne Kovetavtivog
Mrparoihtys avayiwtg
Murwvig Tedpyroc
MuptBhing Zrpatic
Néyone Poxiov
Nuxoratdne Pryas
NipBdveg IMabhog
EavBdxne Twdwne

Hevbroviog Tpmydprog

Evyydmoviog *Avdpéag

Oixovépog Tedpytog

’Oprdvdoc  ’Avastdotoc

TMorapsc Koortiig

Havralic Iedhpyrog

Tomaddxne *Iwdvnyg

IMaradémovrog Xpuobortopog, Apyteniononoc
ITomaiwdwonr Kwvetavtivoc
IMarapwyahr Tenydprog

Iamavobtoog Eddyyehog

Haravrwviov Zayaptog

Tarwaredvne Mavayrdrg

TTarrodtag Anunrerog

ITevpidng Ilérpog

ITerodinc-Avophdne *AS.

ITwerddvne AnpAzpros

Iorttns "Iewdvvng

IToAitng Atvog

TToAitng Nuxdraog

IToviitoas IlaveyidTng

IpeBerdnns IMavrertic

ITpoBeréyytog *Aptotopévng

TTviapvdg "Obey

Poaxnifov Kwvoravrivog

Pddane Kwvoravrivog

Pepotivdog Tedpytog

Pousadmovhog Nuxbraog

Popoatos Kevetavtivog

Popatog Kewvortavtivog

Z4BBas Kawvoravrivog

1977 - 1993
1931 - 1959
1931 - 1957
1978 - 1990
1955 - 1982
1970 - 1988
1958 - 1969
1926 - 1928
1926 - 1928
1928 - 1937
1955 - 1994
1931 - 1951
1966 - 1979
1926 - 1951
1926 - 1979
1926 -~ 1943
1970 - 1973
1983 - 1997
1926 -~ 1938
1960 - 1979
1945 -~ 1956
1980 - 1982
1938 -~ 1940
1968 - 1976
1926 ~ 1932
1959 -~ 1977
1977 - 1995
1966 ~ 1968
1926 ~ 1968
1980 ~ 1982
1926 ~ 1942
1947 ~ 1968
1977 ~ 1986
1926 ~ 1936
1966 ~ 1990
1926 ~ 1935
1929 - 1942
1926 - 1928
1973 - 1980
1945 - 1966
1980 ~ 1992
1926 - 1929

45
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124.
125
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139,
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
154.
155.
156.
157.
158.
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Seayivye *AméoTorog
Zegeptadng LTuAtavdg
Tnaprarélos Zmupidwv
Zundoone “Eppixog
Zximne Zwrthpog
ZxhafBobvog Tempyrog
Zévrne “Tewdvwng
Zrvpbroviog “Teodwns
Zrapatoxos "Twdvvne
Srepavidne Muyani
Zrpéit Tedbpytlog
Somerddns Tedpytog
Zotyptov Iedpytog
Tdyoc Avrdviog
Tevexidne I'ecrpyrog
Tepldung *Ayyshog
Téumpog Muyon
Tobdurae *Twdvwne
Telavtapuirémovios Kwvetavtivog
Towxxarwvoc Twdvwng
Tevrdvns Kwveravrivos
Toatods I'echpylog
Todroog Kwvotavtivos
Toeobvrog Xpfiorog
Dodnpéac Bdoog
Dunnridne Xpdoavlog, *Apyterionoros
Dwndc Tepdorpog
Doxdc Anpiretog
Dwytewos Tedoyrog
Xapaptc Tadvwne
Xdprne TIérpog
Xaprrwvidne Xepitwy
Xarlnnoprdnos-I'nixae Nixdraog
Xorlnddxne Mavéing
Xorlddurg Tedpyrog
Xopépne Kovatavrivog

TIpécedpor MéA :

il

.

Teded>v Mavounh

2. Tewpyurds IT'sdpyrog
3.
4

Zodoxdotag ITérpog
Mavovedxne "Euppavouni

1984 - 1997
1933 - 1951
1981 - 1991
1955 - 1977
1945 - 1952
1926 - 1954
1980 - 1982
1955 - 1972
1959 - 1968
1938 - 1957
1927 - 1948
1926 - 1942
1926 - 1965
1965 - 1975
1986 - 1990
1974 - 1979
1968 - 1974
1979 - 1995
1933 - 1966
1947 - 1980
1974 - 1993
1974 - 1987
1961 - 1987
1926 - 1934
1976 - 1979
1939 - 1949
1926 - 1937
1960 - 1966
1954 - 1958
1967 - 1978
1969 - 1998
1946 - 1954
1974 - 1994
1980 - 1998
1926 - 1941
1958 - 1966

1929 - 1943
1939 - 1980
1928 - 1941
1946 - 1968
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5. Mopaitidne *AréEavdpog 1928 - 1929
6. Odpavy ‘Erévy 1970 - 1971
’Entitipa MéAn :
1. Eisenhower Dwight 1959 - 1969
2. Mnrpdmoviog Anpitptog 1933 - 1960
3. Hamavixerzov I'ecrpyrog 1957 - 1962
4. Kapoapaviie Koveravtivog 1991 - 1998
Zévor ‘Etaipot:
1. Abderhalden Emil 1938 - 1950
2. Arangio-Ruiz Vincenzo 1963 - 1964
3. Battifol Henry 1979 - 1989
4. Bea Agostino 1965 - 1968
5. Beazley, sir John 1963 - 1970
6. Calogero Guido 1976 - 1986
7. Chantraine Pierre 1974 - 1974
8. Croiset Maurice 1933 - 1935
9. Devambez Pierre 1975 - 1980
10. De Vries Hugo 1933 - 1935
11. Délger Franz 1963 - 1968
12. Doerpfeld Wilhelm 1933 - 1940
13. Duke-Elder, sir Stewart 1969 - 1978
14. Einstein Albert 1933 - 1955
15. Evans, sir Arthur 1933 - 1941
16. Faure Edgar 1982 - 1989
17. Fleming Alexander 1952 - 1955
18. Georgiev Vladimir 1978 - 1986
19. Grabar André 1981 - 1991
20. Grégoire Henri 1963 - 1964
21. Hale George 1933 - 1938
22. Herriot Eduard 1933 - 1957
23. Hiller von Caertringen Friedrich 1933 - 1947
24. Jaeger Werner 1953 - 1961
25. Jaspers Karl 1963 - 1969
26. Jonguet Pierre 1947 - 1949
27. Jorga Nicolas 1933 - 1940
28. Kaser Max 1988 -1997
29. Krugman Saul 1987 - 1996
30. Kithn Othmar 1964 - 1975
31. Kunkel Wolfgang 1963 - 1981
32. Lacroix Alfred 1933 - 1960
33. Lallemand André 1969 - 1978

34. Lavagnini Bruno 1974 - 1992
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35.
36.
37.
38.

39.
40.

41.
42,
43.
&4,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
5773
58.

59.

60.

64.

62.

63.
64.
65.
66.
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Lemerle Paul
Lesky Albin
Levi Doro
Meritt Benjamin

Messeliere Pierre de la Coste
Millet Gabriel

Montel Paul

Morandiére Léon-Julliot de la
Moravesik Cyula
Murray Gilbert
Oberhummer Eugen
Ostrogorsky Georg
Page, sir Denys
Painlevé Paul
Philippson Alfred
Picard Emile

Picard Charles

Planck Max

Pottier Edmond
Radojéi¢ Svetozar
Robert Louis

Rohlfs Gerhard
Rutherford, Lord Ernest
Scheltema Herman Jean
Zoxorme Twdvwng

Stille Hans

Van der Waerden Bartel Leendert

De Vischer Fernand
Volterra Vito
Wilcken Ulrich
Wilhelm Adolf
Wolters Paul

’AvtemiotéAAovra MéAn :

4.
2.
3.

*AreEavdpidng Kdpohog
’AreEbmovrog Kwvotavrivoe

"Avastactadne “Twdvwng

1967 - 1989
1967 - 1981
1974 - 1991
1967 -~ 1991

1973 - 1975
1948 - 1953

1964 - 1975
1963 - 1968
1966 - 1972
1956 - 1957
1937 - 1944
1967 - 1970
1977 - 1978
1933 - 1933
1933 - 1953
1933 - 1945
1947 - 1965
1933 - 1947
1933 - 1934
1976 - 1980
1966 - 1985
1966 - 1986
1933 - 1937
1978 - 1981
1933 - 1937
1964 - 1966
1976 - 1996
1963 - 1964
1933 - 1940
1933 - 1944
1933 - 1950
1933 - 1936

1961 - 1977
1978 - 1986
1970 - 1988
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. "Avdpdvixog Mavérng
. "Avtoviddon Xogpla

. "Avrwvomoebron “Erévy

*Apyéving @ilmmog
Adyepiwdg Xpfiotog
Ashburner Walter
Balogh Elemer
Bagémoviog T'eddpytog
Baud-Bovy Samuel
Bulouxidne Ilepuariig
Bhraordc Tenyboros
Boywtlidne Twdwvng
Bonner Robert
Broneer Oscar
Browning Robert
Tordvne AnuArerog
Tevwddrog *Tewdvvng
Tewpytddne Opacifoviog
Clotz Gustave

Teapupatindune Iavayidng

. Dakin Douglas

Danielou Jean
Daux Georges
Delatte Armand
AehBdvns AnunteLog
Demangel Robert
Demus Otto

Afpov Poganh
Diehl Charles
Djuri¢ Vojislav
Dugas Charles
Rupuy René - Jean
Eitrem Sam
Emerson Haven
Edeuyévne Anpiteroc
Freshfield Edwin

1980 - 1992
1950 - 1972
1940 - 1944
1947 - 1974
1969~ 1977
1933 -

1950 -

1980 -1996
1967 - 1986
1951 - 1956
1988 - 1991
1947 - 1961
1933 -

1976 - 1992
1982 - 1997
1950 - 1966
1929 - 1932
1974 - 1977
1933 - 1938
1980 - 1985
1971 - 1995
1970 - 1974
1983 - 1989
1964 - 1965
1984 - 1997
1947 - 1952
1982 - 1991
1964 - 1968
1933 - 1946
1976 - 1996
1947 - 1957
1987 - 1997

1951 -
1933 - 1976
1984 - 1986
1933 -

49
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40.
41.
42,
43.
44,
&5.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
7d.
72.
73.
74.
75.
76.
97
78.
9.
80.
81.
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Zotpn "Edeovdrpa
Ziebarth Erich

Zielinski Thaddéaus
Hauptmann Gerhart
Hesseling D. C.
KopRadlag *AréEavdpog
Kohapdvog Anuftetog
Kapéhn Zon

Cataudella Quintino
Ciccoti Ettore

TdxwBoc KhebpBportoc, Myrpomoritng Mutidfng
Collinet Paul
Condurachi Emil
Koschaker Paul

Kozlide T'edbpytog
Koovidrdme Nubraog
Kretschmer Paul
Kuproidng Zrirmwv
Kovetavtividne Ildpig
Aodig Zrépavog

Laurent Vitalien
Lejeune Louis Aimé
Avyvog *Avtdviog
Muaporyxds Tedpyrog
Meillet Antoine

Merlier Octave

Méptliogc Kwvotavtivog
Miller William

Modwoe IIérug (ITonddwpoc)
Montrale Eugenio
Mraxohdxne Tedpytog
Mmrobxovpag Kwvetavrivog
Mmrpiorag Zwthprog
Nassau ’Idcwv

Noailles Anne comtesse de
HovBoudidne Erégavog
Olliver Gabriel
TTavaytwtdron *Ayyehuxh
ITavayrowrémovrog ITaveyrdtne
Ioroytavwne Muyani
TTamaiondwour Oebdwpog

Tamaxvpraxbdmovrog XpiioTog

1971 - 1982
1933 - 1944
1933 - 1944
1933 - 1946
1933 - 1941
1940 - 1971
1947 - 1949
1982 - 1998
1974 - 1989
1933 -

1986 - 1987
1933 - 1939
1982 - 1989
1933 - 1951
1974 - 1977
1977 - 1997
1933 - 1956
1947 - 1964
1976 - 1999
1940 - 1976
1972 - 1974
1951 -

1948 - 1956
1981 - 1985
1933 - 1938
1964 - 1976
1950 - 1971
1933 - 1945
1985 - 1988
1977 - 1981
1980 - 1991
1935 - 1935
1953 - 1954
1960 - 1965
1933 - 1933
1928 - 1928
1976 - 1981
1950 - 1954
1989 - 1998
1980 - 1998
1936 - 1940
1964 - 1976




82.
83.
84.
85.
86.
87.

88.
89.

90.
4.

92,

93.

94.

95.

96.

97.

98.

99;
100.
101.
102.
103.
104.
105.
106.
107,
108.
409,
110.
444,
142.
143,
114.
145,
116.
4407,
118.
1419,
120,
124.
122.
123.
124.
125.
126.
127.
128.
129.
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Topaoxevémoviog *Tewdvvng
Mooyding Anpirelog
Pertusi Agostino
Terpidne Iabrog

Pfeiffer Rudolf

Pontani Filippo Maria

Pontemoli Emmanuel
Pouillux Jean

Renz Karl

Podoxavdxng *Eppovouih
Rostovtzeff Michel
Rougemont Denis de
Roussel Pierre
Podacog Anpochévnc
Sauvi Alfred

Schiro Giuseppe
Schweitzer Albert
Schweitzer Bernhard
Schwyzer Eduard
Sciacca Michele
S1depidne Eevopdv
Irvptddxne Kwvotavtivog
Srepavémovrog Iedpytog
Tanaka Hidenaka
Tagpanriic *Opéomg

Tlwprlatoc BopvaBug, Mnrtpomoritng Kirpoug

Thompson Stith

Tovar Antonio
Toovpovrtobyrov Ztalpog
Turyn Alexander
Daxatoéing Nuixdroog
Dpayriotag Xapdhopmwog
Dpovtleandnne Pwrieov
Florovsky Georges
Xapoaviic érpog
Xotlniwdvwon Kupudxog
Xxwpds *ArEEavdpog
Vavilon Victor Sergeevich
Vessiot Ernest

Vicomte de Roton Marie Alex. Gabriel
Volterra Edoarde
Wackernagel Jakob
Weiss Egon

Weitzmann Kurt
Wenger Leopold
Westerink L. G.

Wolf Erik

Wolff Hans Julius

1949 - 1951

1929 - 1944
1977 - 1979

1939 - 1949
1973 - 1980
1974 - 1983

1933 - 1956
1975 - 1996

1932 - 1951
1933 - 1934
1933 - 1952
1977 - 1985
1940 - 1945
1933 - 1938
1989 - 1990
1975 - 1985
1965 - 1965

1964 - 1966
1933 - 1943
1974 - 1975
1929 - 1929
1951 - 1976
1939 - 1949
1951 - 1974
1933 - 1938
1982 - 1985
1974 - 1976
1981 - 1985
1939 - 1966
1954 - 1981
1970 - 1980
1933 - 1976
1964 - 1992
1965 - 1980
1978 - 1985
1983 - 1997
1976 - 1982
1992 - 1999
1935 - 1952
1953 -

1975 - 1984
1933 - 1938

1933 -

1982 - 1993
1933 - 1953
1990 - 1990
1976 - 1977
1975 - 1983
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TA’. AIEYOYTNZEIX KAI THAEGONA THY AKAAHMIAX
TPA®EIA — YIITHPEZIEX THE AKAAHMIAX

KENTPIKO METAPO THX AKAAHMIAY (ITavemiotnuion 28, 106 79 Abnva).
Trrepovixd Kévrpo : 3602-117, 3600-207, 3600-209, Telefax 3634-806

TEOGEBEOG . + .« v v s emnnaiasaioeansaimeainennessionoosass s ssssssslosiossessess 3626-721
IReuiee TOnsOREaGs . e o om (s + (s + 576+ 57 57675 55 ruEeRRT R PR ot Sfvats oo o ) alors 3626-717
Toappatéog TGV ANUOCIEVIATOV vttt ittt et eeeeineieeennnnn 3612-182
0o TOUMBGARHUR. . . . . orecviee oo 5, sl #ressl eSS AR s 35 i 3601-163
Erpedmis 1@y Tpagelev «.ovn e e 3614-552
i 5 T ‘ 3600-207
P00 K0 Ipopartelorg ovvvvn et { S
A o o e T T e o T e AR 0 S A 3602-117
NURTOPOREKAG « ¢ v v vvvteaneeteeseeeeeettnnnnnnaeneeeeeeessesnnnnnnnnnnns 3600-209
BuBarobuen:

e T R 8 s 5 D O e 3643-067
3600-207

IHCHOTRRIORN. BN .+ ore opi's i stmterons 8 550 s seare s ot s RN TETT A RO) _e {
3600-209
Otxovopunhy “Ymmpeolo (Zérwvog 84, 106 80 *Abhva) Telefax ................. 3642-918
(RO B, o (i e e R = 1 55 (e & e B A e 3613-815
D TBEITTEAG! 0 el et mas oo el s 55 5 & 5 a5 o 315 5 97§ e Tebe e Utotabelababe ots et atel { gt
3642-918
Toageio Anpostov Zyéozwv (Zéhwvos 8%, 106 80 *Abfva) .................. 3643-104

KENTPA EPEYNQN THX AKAAHMIAX

Aewep . Zuyypod 129 xail B. AinAa 1, 117 45 *Abfjva
Telefax 9316-350

Kévtpov Zuvrdlews 70d ‘Iotopixod Aekuxod tiic Néag ‘Eaquiriic I'hdoong .. ... . 9344-806
9344-811

Kév *Eeed T EAIMIIANG ATOVRHPIHE o oo v sieis s 0isie s sunioie aioie s iois s sros s
tpov “Epebvng tiigc ‘EXmvixiic Acoypagploc { 9370-030

’Avayvwotomovdov 14 xai ‘HpaxAeitov, 106 73 Abrva
Kévrpov "Epeivng tol Meoarwvixod xai Néov ‘Exinviopod :

FETEC oY e B, BN S e s e 3 i, sl shale s SRt e Ty R (Fax) 3611-647

AtevBuvtig. — "EpeuvmTée .o e 3623-404
Kévrpov *Epedvng tiic ‘Iotoplag 700 “EXAnvinol Aweabov .......ceoviuneennn... 3623-565
Kévrpov “Epedvng vijc ‘Totoptag tob Newtépon ‘EMMuiopod ........ooovennn... 3633-380
Kévtpov *Exdéoewc "Epywv ‘Evey Svyypagéwy :

BITROTOTNIG e + oo o ate v oo aia s sia s e s aoe e aie e win e aie s e s ale s s ale s el s hle e siee ales e 3639-332

Arve0Bovic: —HIGEOVITES 55 =15 o+ v s os o sis o aiais mie s ain s sl aae o me 3612-541. Fax 3602-691
Kévrpov "Epeuvév *Actpovoptec xal *Egnppoouévey Mabnpatinéy :

IBITVOTITNIG e » 5.+ ¢.515 8 5ip 5 51 o beer v 4110 o o a s wins o e 2w o rela o e el o' sl arm s e are o e w e 3631-606

AgOOOUTHG. — TBEEBOUNTES - o ccia wros + oo w515 6 oo o w75in 6 svor s Sl olel s alsl e olare alael e ure 3613-589
Kévrpov "Epebvng tiic “EAMniic BUAOGOPEAG « v v v v veeeeieen e eenannnn 3600-140
Kiévraoy, Boetune THET INBHORGTITOR vve « os « wivs /o o ois s s 1o o olals s s Slatararats s sio o atst o 3600-040
Kévrpo "Epeuvag i Bulavruvije xal MetaBulavriviic Tuvng « . vovveenneennn. 3645-610

BUBWPEEO -+ o v ee et e v vieie s vie e aneaesonnnneioesissaslasonsnssensesnnansss 3601-638
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3n¢ ZentepPpiov 131, 112 51 °Abhva

Kévrpov *Epedvng Duoiniic tiis *Atpocpatpug xal Khpatoroylog voovvvnnnnn.. .. 8832-048

ZéAwvog 84, 106 80 *Abvva

Kéyzpov *Bosbwne e ‘ENmunciic KOWMVIRE . o« o o uie e viovsiosoios oioinsabsaios s 3603-028
Tpageiov "Emornuovindy “Opev ol NEOAOYIOUEBY ..o vvvvvvinniiiiinnnn... 3642-688
Tpageio "Epeuvag Ocwpnrinév Mabnuatindy

b0 R R 70 G s s S TS D R 3643-317, Telefax 2433-210

BovAsig 27a, 10557 *Abfva

Toageio "Epevvag tic Oewpnrinijc xal ‘Eompuosuévne Muyavixis

30 e e S O i S ISR it e o o T MBI 3243-419
AN At 0 0 000 0000 08 008G DE0 080 - BB Con C IO 3243-410, Telefax 8243-570
Toageiov *Epewvév tiic *Emorauns i Impopopixniic xal "Hhextpovixiic ........ 3313-242

’Emvponn Epeovdv (BovAiic 27« 105 57 *Abhva tyiéep. 32.33.662).

Nubhaog *Aprepddng (IIpéedpog). — Ilep. Oeoxdpne. — Muyonh Zaxelapiov. — ‘Twdvwng
ZqGoddag, Myrpomorttng  Ilepydpov. — ’Avamdnpwpatixe uéhy  (dvtisTtoyxa): Kovor.
Tobvrag. — Nuxbraog Kovoptic. — *Eupoavouid Polxouvvag.

Tlpoiotduevog pappatetag : Tonydprog Trléhne.
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IB.” AIEYOYNZEIX TON MEAQN THX AKAAHMIAZX

Toartiu®y peAdv

. *ABavasiadne Tdoog

2. *AXeEbmoviog Kaloup

w0

© % 9 o o g

11,
12.
18,
14.
15.
16.
17.
18.
49.
20.
24
22.
28.
. Mrnreérovhog Iedrpyrog
Muyoniidne-Novdpog ecbpy.
Movurobénoviog Eddyyerog

25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

37.

. *Aptepradne Nixdhoog

Bdyoc "Ayyehag
Todavémovhog “Ayyerog
Tpéanog Kwvoravrivog

Aecmotdmoviog Kwvortavtivog

Awvveridne Ocpiotoxrdic

. Apaxdtoec Kwvaeravrivog

10:

ZnCrovhag *Twdvwng,
Myrpomoritng Ilepydpov
Zorotog Hevopdy
Ocoydpne Iepuuriic
TaxwBidne Zmdpoc

Kapritoyrov *AréEavdpog

Kapmdine *Abavdetog
Kovopiig Nuxdraog
Kovtémovrog Tedpyrog
Kuvdwvidtne Zéhwv
Aotov "Ayyeruxn
Avyopevidne Tlavog
Méveons *AptotiBovrog
Mavodoaxag Mavodsog
Moaroavidrrne Nuxbhaog

Mvrwvag ITabrog
Navbmoviog AnuAretog
ITadrdvtiog Mevéraog
Havayog >ABavdoiog
Hoarrdg *Iwdvvng
Heopatbyrov Twdwng
Podrovvae "Eppavouih
Zaxelhapidne ITadrog
Saxelhaplon Muyanh
Zapavry Loaddrero
Zwatne Mépxog

Twdv. Apocomodhov 83 (112 57 *Abfva), wmh. 8642-804
IIdrwvog 11 (154 51 N. Yuyuxd), wni. 6715-697
Mey. ’AxeEdvdpou 169 (186 71 Oporopaxedbves),
i, 2431-938

Bao. Zogplag 55 (115 21 *Abfva), wnA. 7217-171
*Anadnpioc 25 (106 71 *AOAva), i, 3613-042
Kapveddov 8 (106 75 *Abfva), Tnr. 7229-118
Hparivov 99 (116 34 *AGAva), wnA. 7210-989
*Alwévne 89 (175 62 II. ®dinpo), wi. 9831-358
K. Ilonaworéyon 8 (145 63 Knepuord), Th. 6203-914.
ITav. Toarddpn 20 (145 61 Knousid), tnr. 6207-168

Awov. ’Apeomayitov 25 (117 42 *AO#va), gk, 9241-100
Nupéwc 43 (175 61 II. ®dinpo), wmr. 9827-708
Tadxwvog 4 (106 75 *Abfva), A, 7222-517
Zoyoptroo 23 (117 41 *Abqva), tmA. 9243-256
Kopddn 78 (106 74 *AB#ve), Tnh. 7231-768
Hoamapréoso 10 (157 72 Zwypdgov), tnA. 7719-775
Mavemomyuiodmory (157 84 Zwypdapov), Tni. 7243-211
Y¢mrdvron 39 (106 76 *Abfva), wnA. 7230-900
Doppiwvog 33 (161 21 *Abnva), tnA. 7214-443
Dpdvne 4 (146 71 Kaorpl), A, 6250-911

Tow. Tewadiov 14a (115 21 *ABfva), w0, 7210-644
*Acvdnmiod 65 (106 80 *Abhva), i, 3642-438
Aedqyrdvvy 112 (145 62 Knouowk), tnh. 8019-848
MMootte 13 (115 21 *AbAva), A, 6427-666
Avxafnrrod 25 (106 72 *Ab7va), wnA. 3623-884
Yymrdvrov 40 (115 21 AOfve), A, 7251-212
Woa 6 (10557 *ABfva), A, 3232-043

Zepipov 6 (112 54 Abfve), Tmr. 2023-105
Nyenidwv 14 (116 34 *Abfve), A, 7238-219

Y1p. Zuvdéopov 23 (106 73 *Ab7va), A, 3618-094
BeovuMiSou 2 (106 73 *Abiva), 3603-147

Neogitov Bdyfa 6 (106 74 *Abfva), woh. 7212-458
Xxéng 30 (157 72 *Ab#Ava), TnA. 3615-812
Twaoepidy 7 (154 52 Foywd), i, 6715-430
Y¢nrdvrov 43 (106 76 *Abnva), tnA. 7215-456
Koandpopton 87-89 (106 83 *Abnva), A, 8217-593
Papwe 5 (115 21 *AG%va), A, 7217-938




38.
39.
40.
41,
42,
43.
(%

45.

)

=~ W o

10.
1,
12.
13.
14.

15.
46%
17.
18.
495

20.
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Zxoaxéag Tpnybperog

Zragciémoviog Muyanh
Zreqavije Kwvotavtivog
Térone Hovayidrneg

Todvrag Kwvotavrtivog
Towyérovros Anpiretos
Tooravixng *Ayomntdg

Xphorov Xpboavbog

Neop. Bdufa 1 (106 74 *Ab7va), tnh. 3642-880
Tabyérov 7 (154 52 II. Wuywd), mqh. 6713-197

Bas. Zoplag 72-74 (115 28 *Abyva), tnAr. 7217-763
YYnidvrov 57 (115 21 *Abhva), A, 7234-837
*Axadnutiog 8 (106 71 *Abfva), A, 3614-345

Bac. Zoplag 90 (115 28 *Abfva), tm). 6461-831

IToand Zoppoyunn 636¢ 101 (555 35 ITudata Oco/vinng),
wnh. (031)301-791

Bas. Bovhyopoxtévou 49 (114 73 *ABfve), th. 3843-886

’AVTETTIOTEAAGVTWY PEADV .

. ABpapfac Drpatiic

. "AkeEavdpbmoviog Nixbraog
. *AXeEiov Zruhiavdg

. "Avdotog Miktiddne

. Anton John

. Ahrweiler-I'\bxatln ‘Erévy
. PApydeng “Tewdvvng

. "Apybeng Ilévpog
. Apdivng *Bupovouii

Bopoboxog Kwvortavrivog
BopBirotwtng Tdxng
BhoBravdg Basideiog
Brademas John
Bpudvne Zmdpog

TondBaong Tempyrog
T'drog Xapdhapumog
Tewpyddne *Actéprog
Tewpytddns Nixbdraog
TiavvovAdtog *Avactdotog,
*Apyrenionomog Trpdvev
xol waone *ANBaviog
Tovatdic Nuxbhoog

Institut Pasteur, 25, rue du Docteur Roux, 75015
Paris, Cedex 15, France

Xabvov 10 (452 21 *Twdwviver), Tnr. 0651-48086 xal 98565
*Apyvpdxn 4, “Hpdnhero Kpfrng (71201), tnA. 081-281880
10501 Wilshire, BL. 2101, Los Angeles, California
90024 U.S.A.

Dept. of Philosophy, University of South Florida,
Tampa, Florida 33620 U.S.A.

28, Rue (Guynemer, 75006 Paris, France
Institut fiir Statik und Dynamik der Luft. 7,
waldring 27, 7000 Stuttgart 80, Deutschland
Bao. Zoglag 52 (163 41 “Ayio Ilapooxevn)
School of Chemistry, University of Sydney, Sydney
N.S.W. 2006, Australia

Mey. *Axekdvdpov 35 (546 42 @eooatovixy), i 814.066
‘Eyvatie 108 (546 22 Oeo/vixn), wnA. 271-875

100, Dellwood Road, Bronksville, N.Y. 10708, U.S.A.
70, Washington Sq. South, New York, N.Y. 10012,U.S.A.
The Speros Vryonis Center for the Study of Hellenism
3140 Gold Camp Drive Suite 50. Rancho Cordova
California 95670.

*Axonedv 40 (151 25 ITonddpocov), Tnh. 6812-815

20, Indian Hill Road. Weston, Mass. 02193, U.S.A.
ITodrov Mer& 40 (@eooatroviny)

5 Campden Grove, W8 4JG London, England

T. Zegépm 33 (154 51 N. Puyixd)

Pfaffen-

University of Pennsylvania, 454 Johnson Pavilion - 3610
Hamilton Walk - Philadelphia, PA 19104-6079.
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32.

33.
34.

36.

37.

38.

39.

40.

41,
42,

43.

44,
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. TeufBdvne Muyan:
. Tuprémovrog *Hatog

Aagépuog Kovoravriveg

. Aedpyidvwne 'Twdvwng

Aeptodloc Muyoiph

5. Anunrpion *Ayueds

*Eppavounitdne Tedpyrog
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Mmrpomoritne "Egécon
Aalopidng Anuirerog

1002, Oxford Rd. Atlanta, GA 30306, U.S.A.
Massachusetts Institute of Technology, Dept. of Nuclear
Engineering, Cambridge, Mass. 02139, U.S.A.

87, Woodbury str., Providence, RI 02900 U.S.A.
N. Acovriddov 10 (552 36 @eo/vinm), Tr. 341-708
Touxdiwe 17 (106 73 *Abhva)

Cedars-Simai Medical, Dept. of Surgery, Suite 8215
8700 Beverly Boulv., Los Angeles., California 90048,
tel.: (310) - 855-5884

4619 Browndeer Lane Rolling Hill estates, California
90274, U.S.A.

Department of Genetics and Development, Columbia
University, Russ Berrie Medical Sciense Pavilion 1150
St. Nicholas Avenue New York, NY 10032, tel. (212)
304-7159

Doayxomodhov 10 (145 61 Knpiowd), wnr. 8074-152 xal
061-997-551 (Ildrpa).

138, Windsor Court New Brighton, MN 55112 U.S.A.
Indiana University, 3400 Broadway, Gary, Indiana
46408, U.S.A.

*Ayyshndpo 3 (117 42 *Ab7va)

Zxovpd 52 (106 72 Abiva), Tni. 3635-588.

School of Medicine, Department of Pharmacology,
Sterling Hall, Yale University 333, Cedar Str., New
Haven-Conn. 06510, U.S.A.

Michigan State University, East Lausing, Michigan
48823, U.S.A.

Mount Sinai School of Medicine, The City University
of N.Y., 5th Ave. and 100th str., N.Y. 10020, U.S.A.
Mayo Clinic Dept. of Urology Rochester Minnesota
55905, U.S.A.

‘Inmdvaxtoc 29-33 (117 44 *Abfva), tgh. 9023-643
Awoviooy 25 (14563 Kygioud), A, 8015-571

Ball State, University Dept. of History. Muncie,
Indiana 47306-0480, U.S.A.

*Ayyehdun 1 (546 21 Ocoourovinn)

613, Cobblestone Court, Silver Spring, MD 20905-5806,
U.S.A., wnr. (301) 384-8945

A. Tlocedévos 19-20 (174 55 “Ahepog), tnr. 9826-352

ITAareto *AptoTotéhovs 3 (54 624 Oco [vixn), tnr. 271-982
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nomy, Tate Laboratory of Physics, 116 Church Str.
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27 Barrow Road, Cambridge CB2AP. London
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University of Rochester, Dept. of Physics, Rochester,
N.Y. 14627, US.A.
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MeroéBov 20 (106 82 *Abpva), i, 8221-640
University of California, Dept. of Mathematics, 405
Hillgard Ave., Los Angeles, California 90024, U.S.A.
10, Acacia Ave., Berkeley, California 94702, U.S.A.

The Ohio State University Division of Cardiology

1654 Upham Drive Colombus Ohio 43210 U.S.A.

PoBéporov T'xddhr 26 (117 42 °ABfva), ). 9238-227
CP 231 Bld du Triomphe, 1050 Bruxelles

Touyeveiag 76 (176 72 KodhBéa), i, 9560-958

282, rue de Lausanne. 1292 Chambesy, Généve-Suisse

Mnrpomoritov "Twonp 5 (546 22 Ocafvixn), ). 264-912
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Bell Telephone Labs. Room ID-358, 600 Mountaine Ave.,
Murray Hill, New Jersey 07974, U.S.A.

Brookhaven Lbt. Associated Universities, Inc. Upton.
Long Island, N.Y. 11973
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Karolinska Institutet, Solnavégen 1, 104 01 Stockholm,
Sweden

Polymeric Composites Lbt. University of Washington.
Seattle, Washington 98195 U.S.A.

35, Collier Rd. N.W. Suite 315, Atlanta 6A 30309,
U.S.A.
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A 0396-22416.
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T.0. 30277 (100 33 *Ab#ve), P.O. Box 457, Northport,
N.Y. 11768-0457, U.S.A.

Exp. Physics Division CERN CH 1211 Geneva 23
Switzerland

410, West 10th Avenue, Columbus, Ohio 43210-1228
Post Office Box, X. Oak Ridge, Tennessee 37830, U.S.A.
399, Bathurst str., Toronto-Ontario MST 258 Canada
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ZYNEAPIA THX 2[Hz JANOYAPIOY 1999

1iroEAPIA TEQPI'IOY MHTZOITOYAOY

AXTPONOMIA.— Taén xai Xdog 616 Xdpo 16v Daccov, tnd tod > Axadnuaixod

I'. Kovtémoviov xoi t6v ».x. N. Boyydn ol X. EdOvudmoviov*.

1. Eicayoyn

O avapephd oo Epyo 16 6molo Eywe xatd TO0 Tepaawévo Etog wé THv Evi-
oyvon g 'Emirponiic *Epeuvév tic *Axadnuing. Ta dmoredéouata i Epeuvag
adtijg elvow Omé dmuocteuan ot 6 gyactes:

1. Contopoulos, G. and Voglis, N. (1999),

Contopoulos, G., Efthymiopoulos, C. and Voglis, N. (1999).
Voglis, N., Contopoulos, G. and Efthymiopoulos, C. (1999).
Efthymiopoulos, C., Voglis, N. and Contopoulos, G. (1999).
Efthymiopoulos, C., Contopoulos, G. and Voglis; N. (1999).
Contopoulos, G., Voglis, N. and Efthymiopoulos C. (1999).

"E3é B Sdhoovue pbvo pla oldvodn tdv dmotedeopdrwy T&Y b modTwy dpya-

> O o

oLiV, %ol VEOTEp oTOLEl oL O8v Eyouv axbuy Snuocteubel.

"Ev mpddrols ypog Tdv paoewy elvar 6 ydpog wob mepthapBaver Tig cuvteTaypéves
xol wig Togydryree. Thy. dv &povpe 2 cuvrertayuéveg, X xal ¥, 6 %Gpoc TGV phocwy
elvar 4 Sordoewy ylatl mepaoufdver xal Tic ToydTYTEG Uk, Uy, Ok Ozwpvoouvpe

U 7 \ ’ \ el A O S (2
ouoTHuaTe doTneYTIxd, SnAady cusThnaTe Tod Sixtneodv THv dvépyawx. "Erot of
dwuoracels EhatTavovtan ot 3. "Av tdpa mapovpe pia dmipdvetn Toudc, wod Téuver
e Tic TpoyLés, Epovpe Eva y@po 2 Swxotdsewy. Adtoc elvan 6 yBpog TEY pdoEwY

oL PEAETODYE.

* G. CONTOPOULOS, N. VOGLIS, C. EFTHYMIOPOULOS, Order and Chaos in Phase Space,
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Abo mapadetypara Empavady Topic dtvovrar ato ax. 1 (a,b). To oy. 1a avri-

GTOLYEL GTHY TUTIXY &TELXOVLGY)

X'=x+y' (mod 1) (1)
y' =y + £sin2nx

6:av K= 10, &vé& 76 oy. 1b dvristonel oty dmewdévion tol Hénon
x'= 1-K' X~y
y'=x

érav K' = 7.407

(mod 1) )

2. Acvpntonikéc kopndres kai @aopato Siactohilc kai EMk®oswmc.

Mave oty émipdveta Topdjc of mepodixds Tpoyids maploTavrar cdv onueia.
Il.y. 70 onuelo (x, =y, = 0) oty Tumxn émedvion elvar wia mweptodnd) TpoyL
meptédov 1. Ly dmewbvion tob Hénon % meprodind Tpoyta meptédov 1 Bplonerar
676 onuelo (Xo =y, = 0.256444). Oi tpoyids adréc elvar &orabelc. Ta oyfuate
1a, 1b Sivouwv ti¢ dotaleic aovumTwTinds xaumblec amd Tic amAés meprodixic
Tpoytes meptédouv 1. "Omwe Prémovpe ol douumToTingg xoumdies xal otic ddo mept-
TTWoe; Yerilouy 6oy ToV ydpo TEY Qdoswy, GG xaTk TOAD StapopeTixd Tpdmo.

"Av mhpovpe Eva pixpd Sudvuoupa €1 TAVG OTHY ACLUTTOTIEY %aUmTON] Xl
%OVT& OTHY TepLodiky Teoytd, ol dwdoyixés Tou elxbves elvan &y, &;.....En. ‘Opt-

Tovpe téte dbo Baocwxd mocd: (a) TOV «GptBud SxoTorTig»

O = BB, 1 3)

mol elvor 6 Aoydptlpog Tod Adyou TGV wétpwy TGV StavuoudTtwv L1 %ol &, xad
(B) Thv yovix @, ol Stavdopatos £, pe Tov &Eova X, Tod Aéyetan yovia EAxmozoc.

Ot xatavopés Tév apbudv Sixctodfic xal TGV Yovidyv Elxdoewg Stvouy Ta
avrioToryo paopate. Zta oyuarte 2 divovpe v xatavopy 10.000 eixbvwv Tod
i8tov apyixod onpetov (x = 0.1, y = 0.5) o™y Tumnn dmedvion xal oTHY &mer-
xovien Hénon (oy. 2a,b), xal ta avrictoiya gdopata tév aptbudv Sixstodis (o).
2¢,d) xal TEY Yowdy EAboswe (oy. 2e,f).

Mapatnpobue 8t 9 xatavopd) TéV onuetov ota oyfuoate 2a xoul b clvar word
Buote ol paiiota powdler mohd pé pia Tuyate xartavopd. “Ouwe T pdopate TEY
appdy SueoTodTc ol TEBY YoVdy Elxdoews TGY dVo ameixovicewy elvor TOAL
Suxpopetixd. Elvar yvword (Voglis and Contopoulos 1994) 8t 4 péon Tiun tod
apBuol Staxstodfic elvar tom pé Tov yapaxtyptotind defud Lyapunov tob cuety-
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(a) K=10

0.0 0.2 0.4 0.6 0.8 1.0

- ':‘rr‘r :
0.0 0.2 ; 0.6 0.8 1.0

(b) K'=7.407

0.0 0.2 0.4 0.6 0.8 1.0

IS T  ) 1  o eer e o e 2d llllJ_LJILAlllllllo

1.0

0.8 - 0.8
0.6 0.6
e
0.4
0.2 0.2
0.0 AR UL RE L0 I, )] 0.0
0.0 . : 0.6 )

X

Sy. la-b. Ol dorabeic dovpmroTids xaumihes dmo Ty mepLodix TpoyLe weptddouv 1 otig
repurtdosic (a) ThHe Tumiis dmewovicews (1) ik K =10, xal (b) <¥c dmewovicewg Hénon

(2) & K = 7.407,
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() (d)

2.0 2.0 7
1.5 1.5
— P
IR S107
[75] 0
]
0.5 4 0.5 ]
i
0.0 R T T T 0.0 T T T T T
-20 -1.0 00 1.0 20 30 40 -20 -1.0 00 1.0 20 30 40
a a
(e) ()
0.12 5 0.08
0.10 3
3 T,
3 0.08 -
S-0.04
(%)
0.04
0.02
0.02 3 1
]
]
]
0.00 7y ey 0.00 Frrrrrrr ST
-180 -120 -60 0 60 120 180 -180 -120 -60 0 80 120 180
17 ®

Zy. 2a-f. ‘H xavovopd 10.000 onuciov tpoyidc mod dpyiler dmd 10 onpelo (x = 0.4,
y =0.5) (a) othy tumuel dmewdvion (1) yie K =10 xal (b) omhv dmewdévion Hénon (2)
v K' = 7.407, xaldg xai t& dvriortouye gdoparta dptbudy Stustoriic (¢ xal d) ol yowdy -
xtoews (e xal f).
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warog. Xric dbo mepumtadosg mod pehetobpe K= 10 xai K' = 7.407 & &pibude
Lyapunov elver 6 806 LCN=1.620. *Ev volroic % xaravopd) tév dpludy S
oToMje Yopw dmd iy Ty LCN elven modd Swgoperind.

"EE &Ahov Ta pdopata puig Tuyatag watavoudic elvar dvtehds Stxpopetind ol
amd i ddo xaravopes 2¢,d xai 2e,f. Mpdypatt & yapaxtnpiorindg debuds Lya-
punov wuig Tuyaiag xatavouiic elvat dmeipog, €vé of ywvies Eaxdioews elvar Tuyaice,
%ol %ATO GLVETELX TO QAGUX TGV YOGV Ehxdoswg elvar plo edfsin mapdAhnin

mpog Tov &Eove @ (oy. 3).

S(¢)

6
Zy. 3. ‘H xaravoud 1a@v yovidy éhxdocas S () cuvapricet tol ¢ b pla tuyate xata-

voT,.

"Otay ) wapdperpos K tijc tuminijc dmeixovicews petafdiietar, # woped tob

AOPOL TEY QAcEwY UeTaBIAAETAL.
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210 o). 4 cuyxpivoupe Tig xatavopss tév 10.000 onuetwv wids yaotixiic Tpo-
70 we Tic deg apyixts ouvbijxeg (x = 0.1, y = 0.5) xai K=2,3,5 xat 10. T
oxeTidds puxpa K dmdpyouv peydhes Aeuxts meployds mod &vrioTolyodv ot vyoideg
eborabeiog otic dmoieg 7 yooTnn Tpoyid 38V pmopet va cloéhber. Kabog 16 K pe-
yohdver ol vnoideg pixpatvouv. Tly. yie K= 3 dmdpyer pla wévov wnotda ( wiom

€

patvetar 6TO xdTw pépog Evad 1 EAAY wion otd dmave pépog). I K=5 4 wotda

(a2) K=2
0.0 0.2 0.4 0.6 0.3 10

0.0 4 T T P AT T TR A T e 0.0 AT T T T T T Y e 0.0

0.0 0.2 0.4 0.6 0.8 1.0 “o0.0 0.2 0.4 6.6 0.8 1.0

Zy. 4a-d. Kotovoun 10.000 cnuetwv widc tpoyrdg pé dpyxés ouwvbijneg (x=0.1,y=0.5)
othy Tomen dretxbwion dtav: (a) K=2, (b) K=3, (¢) K=5, (d) K=10.

adth Swomatar o 2 loeg wotdec, ovpuetpivdés G¢ mpog TO xévtpov. Tédog vyia
K=10 oi 2 vnoideg &youv eagaviclet. ‘Ymdpyovv Suwe anduy pixpooxomxis vnot-
deg ol 38y Eeywpilovv 676 oyfjua adtd. ‘H xatavoun tév onuetov mdvrog slvar

oyedov Tuyaio.
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Ik peyardrepa K 9 xoravous 1év onuetov tijc yaotixijc tpoyids elvar mohd
dpotx wpdg THY mepimTway K=10.

I v é€erdoovpe Aemropepéortepn ToV Y&po T&Y Qacewy divovpe 61O oY
5 tlg qovpumTwTicdés xapmdies The aotabols meptoduniic Tpoyuds (x =y = 0) 11
dikqopeg Tiwes Tl K. Hapatnpolpe btt ol xapmideg adris darralovy xabdg o K
adbaver. ILy. yie K=2 of xapmddes adréc dphvovy peydda xevd, Ta 6molo wixpat-
vouv xabag w0 K peyaraver.

“Orav 70 K yiver modd peydro (w.y. K= 50 % K= 100), ol dovpntwrints xapmd-
Aeg Epouv modAa Tpfpate oxedov ebbypapua, wavrote Suwe &ovy onuela peytotou
% élaylotov, mod mpoxaholv avTLoTPORY THE Topeing TG doLUTTWTIG xauTOANC.

Ta gacpara TGV Yovidy Elxdosws (oy. 6) mpoxdmrouy dueon dmd T wopey
TV ACVUTTOTIXGY xapmAdY (oy. D). Hapatnpolue mpdrov &t EAa o QdopaTe
Epovv i cvppetpio 180° dg mpos @. Adth opelheron ot Eva Baoid yapaxtypl-
OTIXD TEY ACLUTTOTIXGDY XaUTLAGY, dnAadh 6Td &Tu ol dvadimimoels TGV doup-
TTOTIXDY xauTUAGY dnutovpyoly, xovte o6& xdle T6Eo pidic xapmdine, T6Ex Toapdh-
Mo wob Suaypdpovrar xata THY dvrifery Siedbuven. Adty 9 iSibtye d&v dmdpyer
&v yéver ot paopata dpyavwpévey tpoyuiv (Contopoulos and Voglis 1999). Té
yeyovog &tu ) idibtye adty Eupaviletar ota @dopata TGV oyMLetey 6 clvon pix
am6dely 67 Td pdopaTa adTE AVTLGTOLYODY 68 YaoTikS TPOYLES.

Acbrepy, mapathpnon elvor 8tL ta @hopata Tob o). 6 yapaxtypilovrar dmd
dVo Lebyn peylotwy. To peyarbrepo uéyioto dvriotouyel omiy dpyind) ywvie dieu-
Bdvoewe g dovunTwTiRie xaumdine mpdg T defix xal mhvw, mwobd elvar ¥ mi-
xparoboo Sievbuvey ota oxfuerte 5. ‘H yovie adty elvow Alyo pixpbrepyn amod
45°, To debrepo (uixpbdrepo) péytoto Sugaviletan ot pla yovia Alyo peyodbrepn
amd 45° xal dvrietouyel ota T6Ea xaTa T& dmola EmiaTpépouy ol xapumiAeg ol Tapdh-
Mnheg mpds THv ey SiedBuvern. Kabdg w0 K adéaver, 1o 4 péyrota yivovtan SEbH-
Tepe. xol TANGL&louy Exatépwbey oth Ywvia ¢ = 45° xal oTi) yovie @ = 45° - 180°
= -135° Adto dgpeihetar otd Gt yia peyare K # Siedlbuvey tév dovpmrotindy
#roapmUAGY Tnotaler mpdg Tig ywvies 45° xal —135°.

“Orav 70 K elvor pixpd (K= 2, 0. 6a) ta wdpra péytota, mob dvriotouyodv 6y
sy Stedluven Tie dovumTeTIie xamding xal TV avrileoy Thg, EEaxohovbolv va
Oredpyouy, bmdpyouv Bung 2 dxdpy deutepebovta péyiota “Opwe xal adtd EEnyolvral
av Tapaxorovdicovpe TpooERTIRG T WoPPN THE doLuTTLTIXTG %apmdAnG (o). Ha).

T& @dopato Tév dpbudy Siwotoriic divovtaw ot oy. 7. Ilapatnpodue &étu
v peyara K (oy. 7e,f) Zypovpe S0 Baowxa péyiota yue peydha Oetind a xal moAd
xovta petad Ttoug. [k puxpdrepa K Eypovpe mepiocérepa péyrota (ox. 7a,b,e,d).
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0.8 0.6
D=
0.4 0.4
0.2 0.2
0.0 T TrrTTYTTTYTYTYTYT T A 0.0
0.0 0.2 0.4 0.8 0.8 1.0
(d) K=10
0.0 0.2 0.4 0.6 0.8 1.0
1.0 1.0
0.8 0.8
0.8 0.6
9
0.4 0.4
0.2 0.2
0.0 A 0.0
0.0 0.2 0.4 0.6 0.8 1.0
X
(f) K=100
0.0 0.2 0.4 0.8 1.0
1.0 L ‘
0.8
0.6
5
0.4
0.2
0.0

Zy. 5a-I. Oi dotabelc dovpuntwtinég xaumdies Tie meprodiniic Tpoxudc (x=y=0)
Tumxil dmexovicews Stav: (a) K=2, (b) K=3, (c) K=5, (d) K=10 (e) K=50,
K=100.
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(b)

73

0.08

vy

0.05 3

0.04 3

S@)

0.02 o

0.01

-

0.00 T
-180 ~120

(d)

~&0 0

- J J

K=10

0.00 i
-180 ~-120 -60 0

(f)

0.40

léO 180

B
0.30

0.20 4

S@)

0.10 1

K=100

ol

-180  -120  -80

80

120 €0

Sy. 6a-f. Ta edopate TGV YV&Y Sundoswg yooTwdY TRoIeY ThHe Tumkiic dmeuovi-
cewe drav (a) K=2, (b) K=3, (c) K=5, (d) K=10, (e) K=50, (f) K=100.



74 INPAKTIKA THX AKAAHMIAY AOHNQOQN

(a) (b)
5.0 ] 5.0
K=2 K=3
4.0 4 4.0
3.0 { 3.0
— 3 ~~
© <
S el
n n
2.0 3 203
&s
4
1.0 1.0 %
0.0 T T T T 0.0 7
-1 -05 05 1.5 285 33 43 55 -1.5 -05 05 15 25 35 45 55
a a
(e) (d)
5.0 5.0
K=56 i K=10
4.0 4 4.0 4
3.0 4 3.0 4
~~ _—~
« «
— —
©n 0
2.0 4 2.0 7
1.0 4 1.0
Oty T T 0.0 Hrrrifs e :
-15 -05 05 15 25 385 48 55 -1.5 -05 0 1.5 29 wa 48 65
(e) a (%) a
5.0 5.0
K=50 K=100
4.0 4.0
3.0 3 3.0 3
(o) —~ 1
© o 1
== —
75] 2] 1
2.0 o 2.0 3
1
1.0 4 1.0 7
0.0 T ,r,,L,ﬁ 0.0 S st . Y,1L
-15 =05 05 15 25 35 45 55 -1.5 =05 05 15 25 35 45 55
a a

Zy. 7a-f. Ta qdopara Tév &plBudv SiaaTodfic yooTixdy TpoYL@V THG Tumixkic dmetxovi-
oswg dtav (a) K=2, (b) K=38, (c) K=5, (d) K=10, (e) K=50, (f) K=100.
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(531

Pevixa o gaopate peratomilovroar mpdg weyohbrepe a dtav 10 K adfdver.
Adrd dvtisToryel ot peyehitepous yapaxtneloTinods apfuods Lyapunov xai ot
peyahdrepese idtotipde THe mepLodixiic Tpoyds (X, = ¥, = 0). Ol adbfioerg adrig
elvar dvapevbpeveg dubtt vk peyoahbrepa K 4 ph ypappxbdtne ol ocusthuatog
xal TO avticTolyo Yo elvaw peyoAdrepu.

I ve EEnyhoovpe ta éml pépoug péyiota Tob pAcuatos TGV &ptudy Siasto-
NG yerorponotnoaue Eva Sudypappa (a,9) wod diver Tov aptBud SiaoTorlic a cuvap-

ThHoeL TG Yoviag Ehxdoeng ¢ (6. 8). Ta onpela tol Siaypdppatog adtol elvon

(b)

2.0 1.5

o104
n ]
i
0.05 - { i
JJL)
e 000 160

Iy. 8a-c (a) ‘M xaravouy 40.000 onueiov wdc yaotixiic Teoxilic otd Sdypapux (p,a)
rol o paoporte (b) Tdv dplBudy SuxoToldic xal (¢) Tév yovdy Exdosws. Of edfeies ypaupés
7ov ouvdéowy Ta oyfuara (b) xal (¢) pé to (a) Seiyvouy tic dvricTouyleg T@Y ueyioTwy TGV Qu-
oudTv uE Te péyloTto muxvdTTOS 6TO oyfpe (a).

ouyrevrpwpéva o€ pia Lhvy mobd meplopiletar dmd Opiopéves Opands xapmiies,
plo xdtow (BE) plo 3k (ED), uia dproteps (AB) xol d%0 émdves (AC) xal (CD).

Ot xaumddes adreg divovrar dvadutixa xal Epovv Tig IBbtyreg T@Y *avoTIXEY %ap.-
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mwuA@dv (Contopoulos et al 1999). Oi 3%o xapmireg Tob peyiorou (AC) xal (CD)
wépvovton ol cuveyilouv péoo oTHv Teptoym moL xaAUTWTETHL GTO TA onuele THG
TPOYLAG.

‘H muxvérne 76v onuetov elvan péyiotn (o) xovtd otig xawoTinds xal (B) xvpleg
rote pixog T@v Sieubiveswy ¢ mod dvticTolyolv oTa uéyista Tol QacpaTto EM-
%0Ooews (Ypappts mwod dmoteholy énéxtacy TéY edlaidy TGV peyloTwy &md TO oY
8¢ péoa 676 oy. 8a).

Exel wod ol ypapués t@v peylotwy muxvétytog Tépvovtar 6T oy. 8a Eyoupe
HEYLOTO 6TV TOTLXY GUYREVTPWEY TEY onuetov xal adTd dxpiBdc T& péylota Tpo-
Baarovrar oTa péyteTa ThHe xaTavoudic TGV dptbudy Stastoris (oy. 8b). "Erc &n-
yolUvtar T péytoTa TEY Qaopdtev TGV &pllpdy disTolic.

‘H uébodoc mod meprypddape EEnyel T xlpra YopaxTnpLoTING TEY PUGUATEV.
‘H mampogopta yio mhv €Eqynen TGV pacudtov Sivetar &md Tiv Sown Tod yGpou
TRV paoEwy %ol eidibTepa ATO THY LOPPY THG ACLUTTOTING XoUUTOAG TG GmAo)-
oTepYG TEPLodixiic TpoyLdc mepLédov 1.

‘H pébodog adriy pmopet va Epappocbel yevinmrepa o€ xdbe Suvapixnd cbotnume
2 Babudv revbepiac. Mia éméxtaon Tic pebbédouv adtic ot cuotTiuata 3 Babudy
éhevleptag Pploxetor ot 2EENEN.

"Ewg tdpa dvapepbixape pnévo ot yootints tpoyés. *Avahoya ioydouy xal ot

dpyavwuéves TpoyLes dmog elye Peebel mahwébrepr (Contopoulos et al 1997).
3. ‘H AtEnen tod Xdovg

"Eve mpofAnue peyddne onuactag sivar w6 mée eloépyeton TO Y&oG 6t Evar w
yvooupixd Suvapind cbotnpa. Elver yvootd 6t ydog Smapyer &v yéver xovtd &
aotabels meprodinés Tpoytés. “Opwe T mwpdPrnua clvar mac ol dukpopeg yuoTinds
meptoys Emixowmvolv petafd Toug xal Snuiovpyoly peyddeg meployds ydouvs. XTd
oy 9 Slveron pia mepLoyl Tol ypov TGV QacEwy oIV TuTLKY Gmetdvion (1) pé
K=5. ‘H meproyn adth mepdapBaver tpio pépn: (o) pio vyoildo edorabeiag yopw
amo Eve xevtpund onueio wod meptBdAleTan GTd xAeLoTEC dpeTdBANTEG Raumdhes xol
dudpopeg devtepebovoes wotdeg, (B) wmia peyddn yootiny Bdracoa mob Exrtetvetar of
peydin Extocy yopw amd i) vioide, xal (y) pia weproym «olkyTindtnrooy (stick-
iness) émou plo TpoyLk TapopEVEL YI& UEYAAO YEOViXd QkoTHUe TElv Staplyel oG
™y éEnTepuny) yooTiey Odhacoo (oxiepy meproyy oL mepiBdAAer T vnotdx). Of
Tpoytec adTés patvovron (rodnuéveoy ata 8o Tic vnotdog, melv @youv Tede T
€w. To mpdPfrqua clvar wég Emowwvolv of TeoyEs Tig meptoyii xoMAnTIRéTYTOG

pe Ty peyddn wtepn Bdraooa.
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Kdbe queraBinm wapminy (4 xapmidn KAM, dro tods  Kolmogorov, Arnold
»al Moser) &yeu éva Gptopévo «gpBpd meptotpogion mod elvon loog pe v péoy
yovia arpogiic TGy eibeidv mod cuvdéouv To xevrpud onuelo i vnoidog we Ta
Suadoywec onueia widlc Teoyds mAve oTHY dueTdBAMTn xapumOly (yovieg Emog

ol 0y, 6, 010 oy. 9). "Otav &povpe pla Seurepedovon weproduey Tpoylk péoo oty

.55 0.60 2.65 0.70 0.7
5 )

5
o)
IIXLIAIII_I'IFJJ_IIIJ e e Y O S M O TR e @45

®

()

03]
11|_v1‘.4|1.111_1111v T & S

N
&

@.2@ .‘ﬁl;lrlllr‘[lllelﬁ’T_i;fTVI|ll|.l_r.Tll‘T.:|\llﬂ B.
P

.55 0.60 0.65 9.70 0.75
X

Sy. 9. “H Sopd tiic mepLoyfic ToD ydpov TGV pdaewy xovtd oI whae &wod tig Baaurés vioi-

deg ThHe Tumiii dmewovicewg ya K=5.

ynotda, xal wie dxolovbia amd vnoideg, tére 6 &pude mepiaTpogic clvar pnTés.
M.y. oto oy. 10a, yie K = 4.79, Egovpe yipw dmd t6 xévtpo 5 woideg mod avri-
otoyodv ot apfud mepiotpopiic 2/5. "Efw &md Tig 5 wyoidec Umdpyer wix Te-
revtada xepminny KAM mod mepiBdder tic 5 wnoideg. ‘H xapmidn adrn KAM
piler T Bprx THe peydhne vnotdog xal dév dmitpémer Tiv Emowwvia T Ew-
tepxiic yaoTixdic OBdhacoac pé 6 Eowrepxd THg vnoidoc. “Etol, map’ 8hov Gr

uetald Tév b voldwy dmdpyel wla wevramdy dotabng mepoduh Tpoyik oL ouve-
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dedetar amo 5 wikpds yaotixds meployée, Sy Smdpyet Emuovwvia perald TévV yuo-
TGV adT@Y Teploy @y xol Tod EwTepnol ydoug.

“Orav 8poe 16 K peyaddoe Alyo (ay. 10b yia K=4.8), %) Ewrepuen xaumidy
KAM mod mepiBdMe tic 5 wnoideg #yer xataotpapel xal t0 Ewrepind ydog dicto-
der otic 5 meployde petafd TGy 5 vnotdwv. Tére | tehevtaia xaumidy KAM mol
6piler Ta Bprax THG xevTpixdic votdog clvar péoa amd Tic b vnotdeg ol dpo TOAD pixp6-
TepY &mo TV Tehevtala xaumidy KAM ¢ mepinrdoews tob oy. 10a.

Elvar yvooro (Greene 1979) 611 #) tedevtato xapmidg KAM &ye éva «edyevip

aplpd mepuoTpopiic Snhady va apbud, a, mod ypdpetar ooy cuveyds xAdop

e R )
& v ==
a, +

as+...
6mov Ta. a; yu peydAe i (i > Ny xdmoto Sofév N) elvar loa pé povade. ‘O apfuoc
TEPLOTPOPTG YPXPETAL

a = [a;,29,8g,...] (5)

“Oray 7 tehevrate xaumidy KAM xatactpagel, yiveror évag Suxtirog Cantor*
pe dmepeg dméc.

Mederhoaps v xartastpopl T6v «edyevdvy xapmurdv KAM xol iy Snpiovp-
vio T@v dvrieTolywy Sexturiwy Cantor.

270 oy. 11a &povpe pla e weproyn Tod ywpov TEY pdoewy 6T Gplx TG
peyains vnoidog mod Setyver pé peyalitepn Aemropbpela wog yiveroaw 7 alfnon Tol
x%ovg dmo o oy. 10a 616 oy. 10b. Ttd oy. 11a,b Prémovpe mdver dproTepd v
peyehn yaotieh Oddacon xal xdrew Sebik pla yootiny meployy xovta ot v doTu-
02 onueio Tig meprodindic Tpoydic 2/5. Xtd oy. 11a Siaxpivovpe Sidpopeg edye-
velg xapmideg KAM érwe mpv [2,1,1,2,1...] (of Teheleg onuaivouv i ho ol dpibpol
a;, avotépas taEewg elvan toor put 1), v [2,1,1,3,1..] »al v [2,1,1,4,1..]. Zvy-
1pdvers Sramietdivovpe 8t of edyeveig xaumdres [2,1,1....] xad [2,1,1,5,1..] &qouvv
rotocTuel ol Egovv yiver Saxtilor Cantor.

Kabawg 10 K peyordver dmd K=4.790 ot K=4.7915 Brénovpe 670 oy. 11b 6

&ovv xatacTpapel xal of edyeveig xaumireg [2,1,1,2,1..] el [2,1,1,4,1..] amo

*H xapmddn KAM dvtiotoiyel ot &va Saxtiho (torus) ot 3 duxsracers. “Otav xato-
otpapel 6 daxtiAtog, Exet pia dmepla amd oméc, wéver buwme Evag duetdPintos Saxtdiog Cantor
(cantorus). 'OvopdGerar énlone cantorus 5o duetdPinto cdvoro oty Empdvelo Topfic ue &mel-

peg oOméc.
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1 Wy -k KouTuln KAM
@.3(%1 - e, Fe.de
2.253 S Fe.2s
e.2e ~ Fe.ze
e.1aiﬁj...1,].,......,..‘..”...T,”ﬁ,..,.te 15
.55 .60 .65 2.70 0.75
X
(b)
0.55 .60 .66 5 0.75
0. 4Q fis s s Sl .f..., Lo 49
0.359 KOTAROTROPT
] T TNS TENEUTALAS
E F koumuins KAM
2.304 F0.30
> 1 2
0.254 F2.25
e.223 FQ.2e
2. 153 e AR T . e.15
.85 Q. 60 9.65 2.7@ Q.75
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Sy, 10a-b. ‘H meproyh widc Pacuriic viaidos wt 5 dsurepebouoes vnoldes brav (a) K=4.79

#ai. (b) K=4.8.



80 IPAKTIKA THX AKAAHMIATZ AOHNOQN

(a) SaxTUAOS Cantor

2.1 001,.0) (170 1 6120 O |

K=4.790

KYUTUNES

0. 342
Meyadn Moorien KAM
Darsocue
[2.1,1.3.,...]
@.335
[R4.400,.]
[2.1.1.5.1....]
" Sak 1 UNOS
»0.330 e
2.325
d L W
@.320 A - ./—Pu Py AR |
0.634 0.630C ©.636 0.637 0©.638 0.639 0.640
(b) Sok1uhow Cantor
[2.0.1.1.1...]] [2.1.0.2.1....]
K=4.7915
2. 340 KOWUTIUAT)
3 Meyahn Xaoricn KAM
] aAagoa s [0,
@.3354
] Rttt
] SoKTUNOL
1 Cantor
: [ 1:80.1)
.
P-0.330.

- A B SR e e
8.634 0.4635 R.636 B.637 ©.638 ©.639 0.0640

X

Ty. 11a-b. Mia meptoyn ove Gpra Tig Paoix¥c vnatdog mod meptéyer edyevels duetdBan-

veg xaumdreg xal daxtuhlovs Cantor dwav (a) K=4.790, (b) K=4.7915.
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v Ew xal ™y péox mhevpa avriotorya. ‘Emopévas to ydog adfdvel téoo Ew amo
v Tedevtate xaumddny KAM [2,1,1,3,1...] 8c0 xal péoa amd adth. Téhog érav
K=4.792 xai 7 tedevrata edyevic xopmdly (tedevtaie KAM) &yel xartactpagpel
xal 70 EEmTepnd ydpog Emixowmvel pt O yxdoc ylpw dmd THY dotabdi Tpoyu 2/5.

“Eva tehevtalo onueio mwod Sieuxpuvioape slvar T0 TwAG yivetaw 7 Siélevoy)
TV TPOYLAV GO Ta ydopaTe THV cantori tav xatacTpagel xol 7 TeAeuTalo Ko-
morn KAM ot ploe meproyn. Méypr tdpa 7 dukyuon S péoov tév cantori gvri-
petonilovtay oav &va oTaTloTId Qawvdpevo, ol Ebewpeito Tuyeio. *Ev Tolroug
Borape &1t oty Sudyvoyn péow Tav Saxtulwy Cantor bmdpyst adetney vopo-
TéheLa.

Zuyxexpipéve peleTicape ™)V dlodo Tpoytdy Sua péoov Tol Saxtuiiou Cantor
a=[2,4,1,1..] érav K=5. Xty mepintwon adt) dv SuxdPovpe Tov edyevi) &pbuod

a=

1 6)
i
44—
1+....

ot ddgpopa Emimeda Eyovpe Tovg dpibpole

T T T T s ‘ 0

Of meprodinés TpoyLes pé apbuods wepLoTpoptic Tig droroubing (7) clvar edota-
Oclc xal meptBaMhovTar &mwd vnoidec.

Ao adtéc of vnotdeg 1/2,5/11,14/31 elvon péoe amd tov Saxtimo Cantor
(Tpdg TO %évtpo TH peydAng wotdog, mob elvar Sekix xal Ew dmo T oyifiux), Eve
of &Mheg watdeg elvan Ew amd tov daxtiiio Cantor. Mepuxde and tic wnotdes adres
patvovrar 670 oy. 12a.

Of avorépag tabews apubpol T axodovbias (7) avriororyelv o& aorabels
TepLodings TpoyLEs ol elver TOAD xovta 6Tov daxtdo Cantor. Tto oy. 12a dbo o
Tig Tpoyiés adtéc maploTavrar u dorepionoug Grav elvar péow xal wE TETpEYWVA
gw amo Tov daxtOlo Cantor xai elvor Téoo xovra wpodg Tov Saxtdro Cantor
dHaore 6ptlouv xatd TPOGEYYLGN TR oL TGOV LAGUETWY TOU.

T v& Sobpe Thpo madg pio Tpoyix Swxoyiler Tov Saxtiito Cantor dev gpxel

va. dmodoyiooupe pie Tuyata Tpoytd mov apyiler uéow dmo Tov daxtihio Cantor xul
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%.6429 . 0.6425 GTEﬁBG 9.6ﬁ35 Q. 6440

"""'f8.37®
=

4
]
{1  Meyain
D.754 y
1 Xeomuen
] OGoiaooa
Q. 360

9.385

S8 T T WO T AT o T W O O o . (O s
f

ZOWTEPLKO
i Xxos
,/:
0. 33 AT @ 350

0.6420 0.6426 3.6432 @. 6435 9. 6440

X

(b)

0.00 .20 9. 40 2.60 2.80 1.00
L0 ‘ﬂAW[Ml\LI“[H‘VIIALI“lM s e
] 4 :
3 // [
o 31' S/ // ) —-'1 o)
- /- S . Meyaan i
A S o
1 77 /7 : , Bakas &
e.s'a-]_ z & o SR _ﬁe.éa
g A ' : = E
S 1 g e T :
9.463 ' 2. 40
{ :
3.:>9§ : . Fo.20
. e.ae*.‘.. e
2. 0.20 .40 .60 2.80 1.00

X
Ty. 12 a,b (a) ‘H Stodoc Siax péoov 7@y yaoudrev &vdg duxturion Cantor dmd iy dovp-
TTWTIY XA Wi dowtepuic dotabole mepodiniic Tpoytdc i K= 5. (b) "Otav &mexto-
Bt % dovumTeTud) xaumily @idvel ot peydles dmootdoels wéow Ty peydhn yooTiy Odhaccn
mod meptBddier Tlg vyoideg edarabelug.
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/ 3/ 3 \ 3 /4 \ \ \ \ \ . 2 \ 4 12 A
xotodyer Ew &rd adtéy, yietl xate TV oTiypd oL 7 Teoyid Sixcyiler Eva ydope
700 Saxturiov Cantor 2v yével To onueio THg TeoyLds clvan EEw &nd T Enimedo Touds.

"Erat Omodoyicaue v dpeTaPinyTn xapmwdln wis aotabols mepoduxiis Tpo-
ydc (thc 97/215) mobd elvon péoa dmod Tov daxtido Cantor. To dpyixd onucio

k \ \ (4 3 \ 4. 3 \ ! \ \ ! \
elvor 76 O, xal 7 dovpmTwTINg ®ouTOAY doyixd devBlivetal TPOG TR XATW Xal dpt-
orepd. ‘H aoupmrotiny woapmdhn ®dvel Uepintc TRAVTAOGELS, GELOTERR %ol XATW
aro 6 O mob elvanr capés dmd T Eowtepny mAevpd Tob daxtuhiov Cantor. Kato-

14 ! \ \ b4 \ \ A 3 ! \ ’
T ueg Seubivetar Tpog T dve xal Ol xdvovtag Emiomg peplnés TaAavTO-
oeic %ol Byaiver capds amd Ty EEw mhevpd Tod daxtuAitov Cantor.

"Av cuveyicovpe TOV UmoAoYLOWRS THG GOLUTTWTIXIG XKAUTOANG YLk LeYXAITEQO
1p6vo (Sprady peyoarbrepo uixoc), BAémovpe 6Tt N xapmOAY xdvel TOMEG Tahav-
Thoeg péoa xal EFEw ano tov daxtdio Cantor, tehxa Suwg myyaiver 6¢ psydhes
amoctdoels Fw amd adtoy. Ymohoyicape &7t Eva pinog AS = 10710 xovre ot pin
aoToli meploduen Tpoyuk péoa &md Tov daxtdho Cantor ypeialetar 6 wepLédoug

\ \ A \ 3 \ \ A
v v @bdcer oty EEwTepun yaotind) OdAacoo.

Zto oy. 12b Brémovpe Tl do Pacixés wnoideg Tol ywpov TGV QEGEWY
xol ve TPRue THC ACUUTTOTIXTG xapmlAe Tépav Tob ompeiov Q. BAémovpe bru
) AOLUTTOTX XoUTOAY] %AVeL TP@MTE (io TEPLOTEOPY WE TUAAVTMOELS YOPW GO
v ek votda. Meta pebyer mpdg T& xdTw kol cuveyiler Aéyw Tob modulo 1 T
> 4 3 \ \ p ] 2 \ o~ /] \ 2. \ 3 A
ametxovicews (1), amd Thv Emave TAsvpa ToD TETpay®VOL %al TELBXAAEL THY ETAV®
3 \ N »n {3 ! > 7 / \ 3 \ !
apLoTepd voida. "Av Gmohoyicovpe dxbun TEPLEGETEPO TV AGUUTTOTINY XALTVUAY),
adTh Tehwd yewiler 8ho TO x@po ToD TETPAYMVOL YWELG V& TUNGEL TOV EXUTGY TNG.

Mg dv tpbémo adtd Exovpe T TpdTO Tapaderype THe duxoyicews Evog Suxtu-
Mov Cantor, mob 68nyet oty Sidyuey TEHY TEOXLEY Xl GTNV EVOTOLYGY) TOU YHOUG
péoa amo Tov dantihio Cantor e i peydhy yaotiny Odhacon Ew dmo Tov duxTiALo.

“Otav 70 K pixpatver, pbdvovpe ot pio xptowuy tipd) K= 4.9974 mob 6 Soxtid-
nog Cantor (cantorus) yiverar xoavovixdg SaxtOAtog (torus) Snrady xAetoty) rour-
N KAM. Tk K pxpdrepa amd Ke dev dmapyer xapupto Sudyueyn teoytéyv mpog
76 #w. “Otav 70 K clvar Ayo peyoldtepo émd 16 K Smdpyer didkyuon mpog ta
o, as admy elvar oAb Bpadetx. “Otav K= 4.998 (oy. 13) mapatypolue 6t
1 GovumTeTn xepmody Sweyiler Tov Saxtido Cantor uperd dmd 9 mepiddoug,
Gana Béret 10% meprédoug yia va gldost oty ool Odhacow, dnhadyy TOA peya-
Mitepo ypedvo am’ 8,1 oy mepintwon K= b.

To mapdderypo adtd wikc detyver 87t elvar Suvatoy ot xafe py ypapuind duve-

xd cloTnme v mogaxorovBfcoupe THY popeh Tob ydovg xal TV EEEMEN TAV
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XXOTUXEY TPOY L&V Eray TO ydog adEdver xabmg adbdver ) uh YpapwxbTne Tob oueTi)-
HaToc.

Ta ovpmepdopata i peréryg adriig &povv Epapuoyds ot Sidpopoug %AdSoug
s *Actpovoplag, dmd T6 mhavnTind pag cbomnue uéyer Tods yarabieg xal To op-

Ack TUNLOS
Cantor \

0.3741

1 Meyodn -

1 XaeTikn -

1 Gohaooo. .. | EowTepike
Xolos

0.3736

&/‘

O RS T ) 0 Wl (8 G 5% (O 1O e B

0.3731

0.3726

0.6450

Zy. 13. Alodog dia péoov &Y yaopdrev évog Saxtuiiov Cantor amd Ty dovumTOTIM

xapmidy wids dowtepinic dotabole meprodikiic Tpoydg i K = 4.998.

may 6AéxAnpo. "Exouvv Suwg dndpn dpapuoyic oty Duowd) 7ol mAdopatog xal
ot Quond) 1AV EmiTayuyTdy &k xal 6t &Ahoug xAdSoug THg dmioTHuG, STwg oTHY

Xnpete xai ) Buodoyia.
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SUMMARY
Order and Chaos in Phase Space

We study the relations between the asymptotic curves of simple periodic
orbits of a dynamical system and the spectra of stretching numbers and
helicity angles. As examples we consider the standard map and the Hénon
map. The main characteristics of the spectra are explained by the form of the
asymptotic curves. When the nonlinearity parameter is large these systems
appear as random; however their spectra are very different from the spe-
ctra of a random system. Then we study the increase of chaos by the
joining of various chaotic domains. We give for the first time figures that
show the crossing of destroyed invariant tori (cantori), by asymptotic
curves of periodic orbits, that lead to a large degree of chaos.
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MPOEAPIA TEQPI'TOY MHTZOIIOYAOY

ATKAION.— Ilopoyi} xivijTpev 6tovg «pnvoovieey otd Polaviive dikoro. *Emi-
Prdeoeic o¢ perafolavave kai vedtepa vopoletikd keipeva, Yo Tob S Avre-

meTéNovTog péhoug %. Mevédaov Tovpréyrov*.

‘H mapoyy éx pépovs Tic moAitelag xuviitpwy, Smd Th popen Syt wovov xem-
PaTIXGY GuotBdv, dAAa xal KAAGY edepYETHUAT®Y, 0TOUG xaTaYYEMAOVTEG &YVe)-
oToug Spdetes GoPapdv Eyxdnuatwy N mwedkewy xal mapueiPewv oL TpooBdA-
hovy Cwtixa olxovopixd cupgépovta Tob Snuoctov, d&v dmotehel yeyovdg dovvnli-
670 67olg xapods pag. Ki adtéd, mapahiiwg pt thy wowwn e00dvy Exeivou 6 dmotog
Yvopiler pedetdpevoy xaxodpynue 3 Tob 6motov ¥ éntéheon cixe %3 dpyioer xal
oL Tapohetnel Vo TO xoTayyether oy &y, mepl Tob 6mofov mwpoPrémer T &pbpo
232 7ol ioydovrog mowixod x@dixal. "Etol, ot mepimtwoen Siampdews oTuyepod
EyxApoTog oL Exer GuYRAoViGEL THY xowd] YVoOUY %al Tob 6motoy of dpdoTeg mapa-
pévouy dyvwetor 7 doVAATTOL, TpoxnedoceTal cuvnfwg &md THV ToArTeto yEeNwo-
T apotBy yio €xeivov 6 6molog Oo #3ide oTic dpuddieg dpytc mAMpopopies ixavég
date vo 6dnyNoovy oty uyvinon xal oty dvaxdiudy TEY EyrAnpaTiév.

Nopoberins €Eovotodbtney yid ™V Tapoyn YeNEaTx®y &uopdv otic mepL-
nrwoelg mwob Od €xplveto Tobrto dvayxalo mpoopépouv Tedevtatx of Siatdelc Tod
vopov 148119842 mob Jivouy otov Ymovpyd Anpocstas TdEews 1o Suxatwpo «d
TpoRNEOGGEL Yenpatines auolBEs YL Tapoyy aTolyetwy xal TAYPoPoPLEY 68 GTrotov-

dNmote Tl mapéyer wob Od 63nyNoouy oty EEuyvicon coBupdv EyxdnudTev xol

* MENELAS TOURTOGLOU, Mobiles fournis aux «plaignantsy dans le droit byzantin.
Subsistances dans les textes législatifs post-byzantins et modernes.

1. e buoles &pBpa 4 tod N. TOA’|1871 xal 9 oG N. 1300]1982 (®EK 129A’).

2. ®OEK 152A. "Apbpo 39 § 7 (¥xev mpootelel pé 7o pbpo 1 § 9 7ol N. 1590(1986).




TYNEAPIA THX 4 ®EBPOYAPIOY 1999 87

v dmoxdhudn kel cOMNYn TV SpacTdy TGV EyxnudTov adbtév®. Tlpog iy (e
rarebfuvey mapoyic xwhTewY wwolvrar xal ol mwahwbtepes Sxtdbels Tol vépou
TOA' /1871 yu. cuyxexpipévo bpwg Eyxhmue, T Aoteta. "Etor T &pbpo 2 7ol vépov
adTob Tapéyel dmadhayy Gmd Tiig Towiic 6Td A cuppoplag AoTaY (& TEd  TTAaNG
MoTeuic Tpdkewg 4ToaTEGL TG EVOcEmS Xl GuUVLa xaTayYeiAwat adTvnd. Zuvaed
elvon %ol T edepyerpata oL TpoBAémovral dmd T &plpo 24 Tob vépov 1729/1987,
bnwg adtd éyer avtixataotabel pé o dpbpo 21 7ol N. 2161/1993, vk iy xata-
moMépnen Tiic Siddoans vaprwTingy xAmtn®. Me tic Suatdbeis Tob &pbpou adrol wapé-
yetar ) Suvatéryra otd TupBobhio IIiquperciodinéy va Sutdooer pe Bodhsupa
v dvactody doxydetong mowindis dwEews xata Tob Vmatiov sloaywyie ¥ EEa-
Yovis, dyopdc ) mwMosws, Tapacxeviic 7 Swbéscwg wAm. vaprwTnGvS Epdcov
«mbavohoyeitar &ti cuvtélece pt Sy Tov mpwroPovdic otV dvaxdhvgm ) EEdp-
Opwan ovpwopiag Stoxwvioews VaprwTX®Y % 6Ty Gvaxdivdy xal UMY weya-
Aepmbpov vaprotidw. ‘Edv 8% év cuveyela émBefarwbel 9 cuuBodn Tov abTi,
Tobto ouvieTd EAappuvTixd) meploTtacn xal ddvatar TO dxactipio va Srrdber xal
TV dvaoTtohy Extehéoewe The mwowdic yuk dukoTnua 2-20 Erdv. *Axbun xal peta
TV TUYOV GueTddyTy xatadiny Tob Ymoutiov, T SxacTind cupPBoldlio umopel va
SrutdEer xod THY dméhucy Tov &md Tic QuAxts bTo Bpoug, Epboov xpivel tu %) Bpa-
3vTnTd Tou V& dmorahbder aTic dpubdies Gpyds Ta cTotyeta oL YvdpLle frav Sikato-
Aoynpév.

Mapoyy bpws xwirpwy &ravtd xol 6& @oporoyixods vépovs. "Etol 1o &pbpo
50 0¥ vépov 2065/19927 mpoBrémer Ty dmakhayh Tob émrndevpatio 7 &AAov @opo-

Aoyovpévoy &md mpboTipa, TRocuvETcElS Kol TOWIXEG XVPGGELS, TOU GUVETYOVTO

3. IIpPr. o) cuvéyete dmbpaon Tod “Ymovpyod Anumoctug TdEng tic 8ng Matov 1996
(PEK 320B) pt v émola petafiBdler thv dpuodibtntd Tov adt) otdv "Apynyd tic Exmwi-
*7ic *Actuvoplag.

4. ‘H Sudratn adth Sév 80tym obugpova pt 76 dpBpo 471 ILK. xal &Zaxoloulel va ioydet
2o’ éoov Bty dvrinettar of dAheg vedrepeg Stardbels (mpPA. xal &pbpo 16 Tob i8iov vépov). Adv
oupBatver pag To 180 pd 16 véuo TQAXT'[1911 «wepl Lwoxtoniic xal Lwoxtoviagn, wod xai
adTdg TapelyE YeNUaTHd) duolpl oTdv dvaxaddmTovra «Cwoxkdmoy %) Lwoxtévovn (&pbpo 10), yiatl
rotneyffn pd 6 vépwo 1300[1980 (dpbpo 11).

5. ®EK 119A. TIpPA. xal A. Kappfdon, Té mpbBinuo xal % xotamoréunen TéY VaprwTi-
%Gy (End. Zuirbyov mpdg Auddoowy ‘Qeeripwv BiBiiwy), *ABfve 1988, c. 156-157.

6. BA. d&pbpo 5 7od N. 1729|1987, 8nwg Exst tpomomornlel pé to &pbpo 10 7ob N. 2161|
1993. Ty dvactod) pmopet va Siatdber xal 10 Sixaotnpio (&ebpo 24 § 1).

7. ®EK 113A130.6.1992.



88 TMMPAKTIKA THE AKAAHMIAZ AGHNON

napafdcels Tovg g poporoyiniis vopobeatug, 2pbaov Hlehe xatayyerlel amo adTole
xod amodeuyfet i dmdddnhog THg poporoyoelemng dpyiic clye Lntioet Swpodoxnuara
YL TV oLYREALYY TAY TapaBdcewy adTéy. *Axduy woénel va mposTelel St pE TO
3o vopobBérua® ot mepimtdoeg Gmov Elnuidby coBaps To SMubslo amd peyding
extdoews Qopodlapuyn kol mod Siemiotdly and Omeddnrovg Tob Ymovpysiov TaV
Oixovoundv, ué mpoopopd Toug duwe SmepBaivovsa t& cuvily dpto @y drnpecta-

%GV Toug xalrbvTey, TpoBéneTar SuvaTéTTe TaHEoYNE 6° adTols dvaibyoy dpotBic.

Oi Topoysc Gpwg XWNTPWY YLk THY TEOKGTULGY YEVIXOTEPOL %PATIXOD GUU-
EpovTOG dEV amoTeholy SMulovpynpe Tie émoyig wog. ~Amavrodv xal otd Bulav-
Two mapehdov. To Pulavrvd xpdtog pe mapdupole pétpa mposmadolos va dvtipeTo-
TOEL AVAAOYES XUTAGTAGELG. JVYREXPLULEVAL, EXTOG &Td Tic yevixgg Statdberg ToD Bulav-
Twob Suxalov Tod TpoéBhemay Tic weptmTMOELS xeives o ytveto (mwposayYEMA»
%ot Y Exopacy TGV Bacthxdv? 616 dmpéoto, ol Bulavrivel adToxpdTopsg évo-
pobétnoay pe =ididc duutderg xivytpa, Tapéyovres qpolPy otods «umviovteen. OL
Abyor of 6motor Srraybpenay THY ToEoYY adTY TEY AWATPWY APOPODCAY XVELKE 6T
mepLppodpnen elte The Mpoctag Tdewe clte TGV oixovouxdv cuLEEP6YTWY TOD
dnuoctov. Ilepl adtol upoprupolv ol Emdpevec mepiwtdioeig Tapoyis «Emdbiovn,
Snhadn apolBic, 6Tobg xaTayYEAAOVTEG GpLopéve adtunpaTo T Py povedovTaL 6TiG
Bulavtives vopixes mhyés.

o) Sdpewve pt dtaln ey Basthindvl? Sméxerro otov Kopvijhio vépo xol
«6 Tpog aTiutay Twog BiPAiov yeddac, 7 cuvlels, 7 Exdedwxnmg, 7 36hov morncug £’
& 7L TobTy yevéslar, el xal dvépatt £Tépov %) avevidpws EEéSmxevn: buotws ol
6 ToLdY Emiypdupate, 9 étepov dypapov Teog aTiptay Tvog TEopEpwmy, %ol 6 Tpo-
Ofver %) dyoposOijvar o Tolabta Tapacrevdlwmvy.

Oi éyxhnuatinés adtic mpdkels ol 6motec wpooéParhov TV TN %ol THY HT6-
nndm Evdg mposmmov 0zwpolvro Bapdtates dmo o Bulavrive Sixato. Tolto xorre-
dewxviouy oyetines duwetabeis of bmoisg yopnyodv «Emallovn oTOV xaTapnVdOVTL
THY TEAEGY TV ASUNLATOY aDTEY %ol ETENUAiVOLY TO EMWPEAEs TG xaToryyehlog

v T0 dnuocto cuppépovil. “H dupotBy 8¢ tob xatayysthavrog, eite adrog Hrav EAcd-

8. "ApOpo 51. ITpBA. Suews xal tig Swutdéelg Tob dpBpou 73 7ol N. 2238|1994 (EmiBpd-
Beven elixpuvetogn).

9. 56.2.1 (=Dig. 49.14.1), Synopsis Basilicorum K. IV, 2. Zémwy J.G-R, 7. 5, 5. 329.

10. 60.21.5 xal oyého (=Dig. 47.10.5 § 9, 10).

11. dnubordy T yphorwoy &x Tadtng, ovpPatver i xaTaunvicswey (Bas. 60.21.5 oxbiio).
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Bepog cite dolihog, cuvisrato oTiv mapoyy TuMuatos THg meprovatag ToY wwTadt-
racévrog mob émedindleto dnd T6 Sixasth. Tty TepinTwON pdloTA TOD 6 KaTOY-
yethag Frav dobhog, umopolce Evdexouévarg va Tob mrpaoyehetl xal ) Srevbepia Tou.

B) ‘Opolng dudraln tév Bacthndy mpoBiénel mapoyy dpoiBijc otdv xoroy-
yelhavta Sodhoug Spameredoavtec!?.

v) Eiducbrepa drav ol xaroyyélhovres fioav Soblor 16 mapeybuevo 6@ adrolg
wlvyrpo, oxedov maying, Hrav 7 éheubepta tovs. "Etor SuntdEerg THe Bulavriviig
vopolesing mpoéPhemay dg «Emabhovn Thv magoyy TiHg hevbepiag oTodg Sovhoug
Tovg pmvbovteg THY Goayly deomérou!s, Tovg volebovres voplouaral, Tolg dpma-
vee mop0évavld xal Tolg MmoTaxTicavteg oTpaTLTECLS.

0) Hapoxh wwirpwy dmavtd éniong xal otig axéovleg S0 Neapis Buloav-
TIVEY adTOXPATORMY.

‘H mpdtn Neapa elvor 7ol *Adekiov Kopvyvolb od &rovg 108217, ‘H Neopo
adTy) Exer mpogavéds O el TN mpoyevéotepn 7ol Kwveravrivou ITopgupoyev-
vTov, éxdolelon petald @y érdv 945 xal 9598, ut mhv dmole ppubuichncay Ta

77 ¢E adiabérov Sadoyic TéY «dmaidwvn.

12. Bao. 35.16.25 (Dig. 29.5.25).—A&iler vo onueiwbel &1 mapoyh duolPiic mpoPAémet
rol Suataln T6v Mavdextdy (49.14.13) ot éxcivoug mod dpohoyodv &7 xatéyouy 9 &7t Todg xore-
helpBn mpliypa mobd 8&v émitpémerton V' dmoxTHGOUV.

13. «'O Sodhog xatapmvicas Thv ceayny Tob deomdrov Ehevfepog yiverar, g dvrl émdOAmy
Tiig unviocews mapeyopévns adTéd Thg Ehsubepiug, Tob dpyovrog dmopuivopévon, Eedbepoy adTdv
elvoawn. (Boao. 48.18.1 %ol oydho Ocadmpov). Cod. 7,13,1.—Prochiron auctum XXXIV, 21 xal
23. Zémwy J.G-R, 7. 7, 6. 251. "Enavaywyy («EBloaywyh»), 37, w'. Zémwv J.G-R, 7. 2, 6.
349.—Ilpdysipog Néwog 34,15. Zénwy J.G-R, 7. 2, 6. 202. — Apuevémovios 1.18.33.

14. «Ot doBhrot of Tovg iy mhasThy povAray mololvrag dmedéyyovres EhedBepot yivovTaL.»
(Bao. 48.18.2 xai oybiwo). Cod. 7.13.2. «Kal 6 pnvdmv xpurmtiy wovitay Sobiog elg dAeubepiay
dvayerawn (Prochiron auctum XXXIV, 22, Zénwr J.G-R, 7. 7, 6. 251. *Enavayeyh («Eloo-
yoyam) oyxbéio B, Zénwv J.G-R, 7. 2, o. 349).

15. «Eav 3oblog &pmayny mapbévon xatapmvicn Eiedbepoc ywésbo, ) 2oy iy %39 cuy-
yopnleioay dreréyEn» (Bao. 48.18.3). To 8¢ éni t¥c Swrdfews adthic oybitov Tob Bureraion
dreuxpwiler 6t 7 Srdraly «od mepl mhong dpmayic elmev, A& Tepl dpmayig wévov mapbévov.
gav obv elg &MY yuvaixa el dpmoyh, od xdpa Th SixtdEewn.

16. CEdv 7ov Mmotoxthcavta 6tpaticdTny dobloc unvion, 6 Soblog Eebbepoc yivécOwn
(Bao. 48.18.4).

17. Zémwv J.G-R, 7. 1, o. 297, B'.

18. Zénwy J.G-R- 7. 1, o. 285 &m.
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Dopeove pé tig Satdberg Tig TeheuTalag adtig Neapdc T6 dnudoiov Exaleito
¢ xAnpovéuos éml Tic xataherpbelone meplovotag Tob dvev Srabfung xol Téxvey
amoBuoavtog xol 8% 070 «dlporpont? adtiic, éo’ 8oov Eatepeito cuyyevév. TApyé-
Tepa 70 duxadlwpa TolTo Tod Snuosiov xabwpichy oTd Teitov THe wAnpovoutag EoTw
%ol &v Umfpyav ouyyevels Tod xAnpovopouuévou20, By mpdky Suwe, érwe pulvetal,
Gptopévor Emrndetor éopetepilovro T ayordlovoa xAnpovouxl) TEpLoVGt, YL THY
ool dev Umijpyay xhnpovépot, Tpdg peyddy Lnula Tol Snuoctov mob elye én’ adriig
vopLpo xAnpovope Siatduate.

Ipo adric e xataostdsewe, 1 Neapd tob *Adeicv Kopvyvod yia va mpoota-
teboel Tig dmanToelg Tob dnuociov, xatagedyet 6TV TPoGPopd xvnTpwY. IV adrd
nel EBéomice 6L 6 xaTaunVIOY TO cpeTeplopd THG xAnpovouuric meplovsiag ol
EmlmTTe To olxovouuxd cvugépovta Tol dnpociov, 00 Sucaobtar duoBic dvepyo-

uévne oto dévatov TGV «mpocuyyerfévrwynl,

19. «el mic addberog tehevtoet xal waldwyv ody VwévTwy 7 of TodTov ouyyevelc % unde
TobTLV dvtwy 6 dnubctog xahoito el xinpovoptay, Thc cuyrepadatovpévrng Evrebbey dmdong Umo-
6tdoens TO 8¢ utv Stuolpov 1@ éx vépwv duaddye, cuyyevel Tuyxdy 7 dnpocie, 7o 8¢ tpitov Hmip
cwtplag 100 adiubétwg tedeuThoavtog dveicBn 0ed, Tig Statiufosng v BePuatw TV Eheubepou-
Uévmy olxeTdv, T@ cuyxinpovuéve uépet ¢ 0@ culhoylopévnen (Zémwv J.G-R, 1. 1, 6. 237).
‘H Neapd: adtiy pvnpovedetor ol ot petayevéorepes vopuds Pulavtivic mnyds (Prochiron Au-
ctum, 30,56. Zénwv J.G-R, ©. 7, 0. 225. Ilelpa 14,6* 48,1 xal 11. Zémwwv J.G-R, 7. 4, c.
44, 194 ol 196. Appevémoviog 1.18.22 %ol 5.8.78). ‘Opolws dvapépetar xal Hmwd ol MiyahA
Werhod, oty. 1407 én. (Heimbach-Witte, ’Avéxdota II, Leipzig 1840 (=Darmstadt 1969)
6. 264), moTovpévne Etor Tic loydoc Tng xal xate Todg perémerta ypdvovs (I Maoiddxy, To
*Actixov Abxarov &v taic Neopaic tév Bulavrivév Adtoxpatdpmy, *ABfvar 1922, . 279). TIpf.
%ol Ty émopévn Neapa Tod IStou adroxpdropa (Zémwv J.G-R, 7. 1, 6. 239) 7 émota Suwg v
dmavtd ot perayevéotepeg vouuds myee (I Magiddxen, #98° &v., c. 279, onu. 16).

20. To adrorehés winpovopixd adtd Sixatwpe oD Snumostou, mod Zxauleito «dPrwtiniovn,
¢otnpileto of Srumiacheicn cuvifein xatd Tovg TeAsutaiovs molv &mO THY xatdAvey Tob Bulav-
Twod %pdTous, alédveg 1) 6mola elye dvatpédet, ot0 onueio adtd, Tl vriBeteg Oetindg SrardEers
7iic Bulavtvijc vopobesiac. BA. éxtevée Mev. Tovordydov, T «dBiwtiniovn. ZuuPory) elg 1o Bu-
Covrvoy Kdmpovoprndy Afxonov, Béviov, Festschrift fiir P, J. Zepos, <. 1, Athen-Freiburg/
Br./Kéln 1973, 0. 643-644, xal 7ol ’Idlov, Iaputnphoeis éni Tiic pepopévic g «Neapdic 26»
700 Avdpoviov B’ ITadarordyov, IMpaxtind e "Axadnuiac *Abnqvéy, 7. 70, v *Abfvorc 1995,
c. 74 ém.

21, «.. .&repor 8¢ adrovépwg EEiSodvrec xal opetepilovre TV undbAwe dviixovoav ToL-
voug éxetvoy Dmaply, xal otepeitar & Snudolog TdvV Suxaley Abyw &puolévrev adTd... el xotd
v pqwbeln 96 Tvog dg totobrov, Adetar Th SexdTny pepida Tdv mpocuyyeABévTev & THY TPo-
gayyehloy moweapevoey (Zémwy J.G-R, 7. 1, 6. 297, B).
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‘H 3edrepy mepintwon mapoyiic xwhitpwy émonpaiverar 6& Neapa To0 Mavovii
Kopvnvold 7od Zroug 116622, ‘H Neapa adth dvriperwniler v mepintwoyn tév
TpooPevYdVT™Y 6Ty Exxhncto Exousimy Qovény, ol omolol odugwve pé Newpd Tod
Koveravrivou Tlopeupoyevwnrton (945-959)23 Jiégevyay w1 OBavaties mowd, 9 tod
TepLoptopob24 énl Tév vtipwvn govéwy. & adtodg EmeBdieTo 7 Emientic TOWY TG

3 ! \ ~ -~ 3 Y \ o ~ / 6’ o £
«gevpuyiog, dnhady Tic diqverolc Loplag, wouxpav Guwe Tol toémov W &y yé-
yovey 7 TAnpuédela T Qovikod (LLAGPaTOO).

Oi dmayopeoeis Spwg i Neapdg Tod K. TTopgupoyevviron 3&v gaiveror &1t
érnpodvro oty wpdn. Adtd paprupsitar &rwod T pvyuovevbeioa Neapo T00 Mavouii
Kopvnvod, 7 omole avayxaletar v dvripetonicer iV wepinTwey o0 Toopuy6v-

\ b ! 4 A 7 ~ \ \ ! A 3 / 3 ! b
To¢ oty éxxanate ovéws, 6 6molog, mapa THY xatadixn Tov ot ioofia opla, H0che
Tuyov «edpely] &vetog éumepimatdv Evla Tov gbvov clpydoaton. Ilpdc 16 oxomd
adth, SwtdeceToar T GUMYN TOV AT TOV (TEdRTOPo» %ol T ATOGTOAY TOV decuion

\ ! 4 \ b ~ (3 e A 3 4 3 ~
o7l Basiiebovoa. “Oca 8¢ meprovstand atoryeio edpeloly otodv dmodpdouvra éx tig

Mapbpora xtvyroo patverar 811 mapelyoy xol Sutdies Tob Peverinod Suweaiov. "Erot, 6 Hmo-
detbog oyordlovoo xAnpovouie yid thy 6molo dmedewevieto 6Tu S&v Omijpye xovels xAnpovépos,
oméTe norehoupPaveto Hmd Tod dnuociov, Eduxatobro dpolBiic Gvepyopévng otd 1|3 THe xAnpovo-
uloc. (Bh. M.1. Mavoboaxa, " Ayvwoeta dpyvpdBoviie 700 Qwpd IMohatodbyou xol avéxdote Beve-
o Eyypopo v ToVg @eovdadikovg Beopolds 6Ty @payroxpatoduevy, Bulavtivi) xal Bevetoxpo-
tobpevy [lerondvwnoo, Tlpaxting tiic *Aradnuiog *Adnvéy, t. 59, &v "Abfvaig 1984, . 348 ém).
“Ocov dpopd ot Bevetoxpatovuévy Kenty edputdtn frav 9 éx pépovs tiic Slouxcewsg yenot-
pomolnen xatoeyyehodotédy. Ltols xatayyéhhovtes 3¢ Todg Wl cuRpoppovUévoug Tpds Tl duo-
TdEetg THe EEovotac mapetyeto quotB A dmote cuvnBug droteroloe Tfipa tiic EmBuriopévne noTo
TGV ToapaBotdv yeNEaTxic Towie. L& mepintwon 8¢ mwod 6 xutayyéMwy ftav Bukidvog pmo-
police va dmoxthcet xal thv Ehevleplo Tou, dv 76 émbupodos, dvrl e apofiic ot yefua. (BA.
cyerintds Xo. Marélov, Katayyehodbres oty Bevetoxpatoduevny Konty wov 140 al., «Podwvien
(Tepn orov M.I. Mavovoaxa), ©. 2, Péfupve 1994, o, 299 éx.). Kivnreoa duotwe mupelyovro xal
oty ‘Entdvnoo otols xataddres Tdv «Kappovibrwwn. Anhads éxetvov mod cuvémpafoy 7 &wAdds
cupmaboboay Todg Snuoxpativods I'ddovg. Tuyrexpipéve 28i80vto «rdhhapa Exatdy ik tov %ad’
&von (ratadérty). BA. A. Boavodon, *I8eohoyinéc Lupmoeig xal cuyrpovoeis, « Iotopla tob “Exin-
wixob "Efvouey (‘Exdoten *Abnvév), ©. IA', 6. 449.

22. Zérnwv J.G-R, 1. 1, o. 407, &'.

23. Zénwv J.G-R, 7. 1, c. 232 ém.

24. «IToAhy Stapopa EEoplag xal wepLoptopod’ 6 pév yop TepLoptopds xal THY TOALTElay %ol
Thv odatay dwédher ) 8¢ EEopla Exdrepoy uAdtTel, &l wh Idudg dnuevdiin (Bus. 60.54.13). Bh.
%ol Bus. 60.51.47. Synopsis minor, ®. 26, Zénwr J. G-R, 7. 6, 6. 539. ITévnua *Attadetdron
XXXV, 6. Zénwv, J. G-R, 7. 7, o. 488.
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¢Eoplag Qovéa, va ta peptlovton 2 fuicsiag 6 mpdntopag xal éxelvog 6 Gmotog TOV
roTEUNVUGE2D,

Téhog d&iler va onperwbel 87 xal otov Kdduna tig MoAdaBiug dmavrd mopey.-
pepne dataln mapoyic uwiTewy, 6Tav d0iyovto xpaTied olxovouixd GUELGEROVTH.

“Etot ot mepintwon avevpéoews Bnoavpol, xate o dtxowov ol Kddua adrod,
6 ebpebelg Onoavpoc Euepileto ioopcpdic petald Tob deombrou Tod Témou, Tob ebpéty
xal The «&Eovolagy. “Edv uwe 6 edpérng 8ev dpavépwve Tov dvevpebévta dmd adrov
Bnoavpdy, pt 1OV Tpogavi oxomoy va Tov oixctomowniet £ dhoxdnpov, edvéyTy fTav
N {nple vod Snpoctov, deod dnestepeito Tol Suardpatés Tov &ml Tol Evog TpiTou-
Ly mpostacta axpdc THV Satwpdtoy Tob dnuociov améBirerme # Sudtaln Tol
Keduxa?® adtol mod yopnyoloe d¢ apoBy otdv xatapnvicavte THv aveldpeoy, To

avijxov otov ebpéty pitov Tol Oncovpod.

*And Goa EEetélnoay yiveton Qovepd &ti 9 mapoyd wwATewY Yik TY EEryviacm
coBopdv Eyrhmudrtmy 9 Yid TV TEepLppodency 0ixovouEY GULPEROYTGY Tob Snuo-
olov 8&v dmotedel alyypovo QuLvbp.evo.

‘H mponynlcica Fpeuva natédaibe, vopilo, émapnds, 6t #07n of Pulavrivol
bpplopevor amd Tobg Idwoug dxpLéc Abyous elyov vopoDethosr dvdroye xivnTpo.
‘H mapoy 38 adth) Té&Y wwvirpov d&v Sexbmy p v xatdiuey tod Bulavriov. Zuve-
%60y nal petayevéorepe Bmwg adtd poprupsiton dmd SutdEerg petafulavrivev

%ol veoTépwy vopoletindy xelpévev.

25. Zémaw J. G-R, 7. 1, . 407, &'

26. «Edv 6 edpetig d&v pavepdoyn Tov Onoavpdv adroberirams, va 3007 elg thy Stxzpogphy
TEV dppavidy TO dvijxov eig adTdy peptdiov, &y QuvepwBf xatd Thyny: el 08 xai paveodoel adTov
Ghlog, va 00bi] eic dxeivov. (Zénwy J. G-R, 7. 8, 5. 75, § 531).
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RESUME

Mobiles fournis aux «plaignants» dans le droit byzantin. Subsistances dans les
textes législatifs post-byzantins et modernes.

L’attribution, de la part de I'Etat, de récompenses sous forme d’argent ou autres
faveurs aux individus dénongant un criminel inconnu ou livrant des informations qui per-
mettent d’élucider certains crimes graves, n’est pas une invention de notre époque. Ce
procédé se rencontre également dans le passé, a ’époque byzantine. L’Etat byzantin tentait
de contrdler des situations analogues par des mesures législatives semblables a celles en
vigueur de nos jours. L’étude des textes juridiques byzantins montre que les principales
raisons de Pinstitution de telles incitations sont liées soit au maintien de Pordre public,
soit & la défense des intéréts financiers de I’Etat. Ce type de mesure ne fut d’ailleurs pas
suspendu apres la chute de Byzance: de tels mobiles continuaient d’étre fournis plus tard,
ainsi qu’en témoignent les dispositions de certains articles de loi post-byzantins et modernes.
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XYNEAPIA THX 48z MAPTIOY 1999

1POEAPIA TEQPI'IOY MHTEZIOIIOYAOY

®IAOXODIA.— ‘O xare IMiétove Pikésopog, Hmo Tod *Axadnuaized x.

Kwvoravrivov Aszomotdmoviov.

‘O Umarog puhboogoc, *Aptotonhiic 6 *Aplatwvog, Yvwotdg apyendley dg Tha-
TOY, AR Tedypatt wé dptoto xhéos! mepBAnuévos oty ‘Totopia Tic @rrecogplac,
Loy yéhher xdmewg THY dmxeipevy ouyyeaen Suhbyou pd Béua tov pildoogoy (IToli-
T, 257a, c. IlpPA. Zoguotns 217ab, 356b), dore %ol va ovuminpwlel Tprho-
vio: Zoguotijg, Iloltixds, Diddoopos. *ANhe. 6 EEayyehwévog adtdg Sikhoyos w
Oépo Tov guAdoopor B&v gaivetar va ouyypdenxe moté xafde Gy wévov dev dmdo-
YEL GTHY EToyN pag, G %ol SV pvmuoveletan ot dpyaio xatdhoyo TGV Fpywy Tol
Mdrovos. *Amd ta modhd Spowe Sudomapra ot Sudpopa Epya Tov, xal dadtepa oIV
Holwrela, onpavrind mepl @rhocboov ywpie, clvor duvatdy pe oply Spuymvela Toug

’

\ - ~ ~ e o / : ~ !’ 3 A\ ’ 3 3 14
v cuvorylet, whs 6 bmatoc @uAdsogog Evvooloe, Tt eivor %ol Tt aEilel 6 QLAboogoc.

I
"Ag apyloope dmtd T6 T Sdonuo ywpeto Epyov Tod Thdrwvoe, [Todireia 473c-e:
‘Eay i, i 0 éyad, 1) oi gpildoogor faciledowow év Tails mélecw 1) oi facileic TE

vy Aeyduevor xal dvvdotar gilocopricwat? ywolns Te xal ixavds, xal TodTO &ig

s 4 —

1. ITplv &md adwdy, 6 Ilepixdiic 6 Eavlimmov, xatd EEnvramévre ypbvix mpoyevéstepds Tov
grodnfeve xal adtdg 6,71 mwposhuatve TO ExppacTind mepicasiag xhéoug Evops Tov, Ilept-wAfig
mapadday? Tedg T nopddrepo, elxdlw, Tob dvépatog Meyo-urfic. Yrevbupifw, Meyoxiie
dvopaldray 6 &dehpos TiHe pntépag tov Ilepuxhéous *Ayaplotng, molTindg Tayds tév *Abnvaiwy,
%xafdg xal 6 mpomdmmog Tob Ilepuxhéoug, matépag 7ol Sidonuov KietsBévoug, vopobéton xopu-
patov hc &0nvainic Snuoxpatiog.

2. TIpBr. 502ab.




TYNEAPIA THX 4 MAPTIOY 1999 95

Tadrov Evuméon, Obvauic te moluting xal plocopia, T@Y 08 VOV TOPEVOUEVWY YwOIG
ép’ éxdregov ai moldai gpboeis €& avdyxne dmoxieidOdow, odx EotL naxdv maiia
Taic moAeat, doxd & 0B0¢ T dvlowmivy yéver, 090¢ alty 1 molireia wi) moTe mwod-
TEQOY QU] TE &G TO dvvaToy xal @ds fHAlov 10y, Hy vy Adyw oweinlibapey (moPh.
487e, 499b, 500e, 501e* xabmg xal Nouor 711 cd, 712a, ’Emcroln Z' 325¢-326d).

PATo T ppdom 0dx 0Tt naxdy matla Taic médeot, doxd O 0V T avlowmive
yéver votapatvetal, 6Ti 6 moOATIxdg Stxhoyiomos (473e, 369a,c) xal OpopaTiopog
(592b) tod Trdrwvog Eyer wpoomTind Syt GmAGS EAAVOXEVTOLRT), GAAL %ol TTxvo-
Opdmivy.

Kbpio vénua 7tob yowplov elvar # Sruxpulyn, 8t yie 77 Suvatdryra xal Thy
TERYUITOCN THG Wwe TOV hoyiowd dramAacpévng moditelas, xal yid v Exhewy obo-
Tore TV dewdv oTig molews xal GAa 6o avfodmwo yévog, yeeidleTol dmapot-
T 7 doxnon Tie okt EEousiag Ao prhocbgoug cite pLiocopuévous Koy ov-
tec? (mpPA. 485a). *AMa xal pé mwoAAy Eupacn Snhdvetar, éTu elvan dxatEAAnAoL
i Thy 6p0% doxmen ThHg mohiTixdc EEovsiag GooL Amh TOV QUKL TROLKLOWO TG
Juyig Toug Eyouv povopépeld TACEWY %ol iXavOTATWV eite Tpog TN QLAocogix O
rofapn Bzwplo cite wpde THV TpanTxy wévo TiHg moMTikic (%@l TodTO &ig TaVTOY
Evpméoy, dtvauis te molTixy xal qgilocopia, Tdv O viv mopevousvwy ywols ép’
&ndrepoy ai moldai gboeis & avdyxms dmoxisioldow. IlpBA. 484d, 519c). "Eyel
Suog 6 IIatov éntyveoon g dxpag Yk T6te Topadobiag 7ol Pacikol wdTod woAL-
Tixol altiparog (473c, 473e-474a), dAha %ol THg peydhng omoudutdTnrag GTwg
%ol Quoxohlag Tov, &v kol d&v au@iBdAiher 6Tu elvar duvatov (473c: 0d uévror oo
ye 000¢ gadiov, dvvatov O¢. TlpPA. 473a, 499cd, 502¢, 540d, 541b, xal Nopor 711c-
712a).

‘H éntyvooy e dxpac téte mwapadobiag Tob aithpatos adrod xal Tapaxwvel
zov IIMdrova oty éxtevéotaty (474 x.éw.) mpoomdfera va Sievxpivicel, Thg Evwvoel
Tolg QLAoGbPoVs (oTe va ToUG xpivel pévoug &ELoug YLk TNV &onnoY TG TOATIXTS
¢ovatag: dogicacat... Tods plocdpovs Tivas Aéyovres ToAuduey pdvar dsiv doyew
(474b).

‘H Siefodueyy adty dvalnryon, Tt clvar guidcogos, otic oeAideg thig [lodeias
474a-480a, dmorfyer otd ovumépacpa, 6Tl ot dvtidlacToln Teode Tolg @riofeduo-

vag xal Tolg @uAnxdovs, dmoxAntéovs cuAMBIYY guio-d6bovg, wovo Todg avTo...

3. By K. Aconoromotiou, Holrixs) Pihocopia toi ITidrovos, (1957) 19802, xat C. Despo-
topoulos, La philosophie politique de Platon, 1997 (Ousia, Bruxelles).
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énacroy 10 & domaloudvovs gLioadpovs... xintéor (480a). Ti oyuaiver adTo éxa-
ooy 10 O domalouévovs, dmocapnviletar xat oyny ot ke ywplo, to 490ab.

2o atpeto adtd yoplo, dmoxetpevo elvar § ye dvrws giiouabijc, Snhady o
@iAdoogpos. Elye molv 6 Twnpdye, xVpto mpbowmo tob Stahbyov, dvopdost oV QLAG-
coQov coplag... Embvunript (475b), xal ciye avmimapabéoet Tov grioualij ol PLic-
copor® mpde Tov mepl Ta wabipara dvoyepaivovra (475¢), xabhg xal medg Ho0UG
elvar amddc guioleduoves cite pulijxoor (wpBA. 476a,b), xal elye elpwvevbel xamwg
Tobg euTépoug adTols, pE TV TapaTNENGT, BTL TEOS uey Adyovs xal TotadTny dia-
ToUfTY Exdvres ovx dv 80éAowey EA0et, domep 0¢ dmopsutolwxdtes Ta dTA Emaxov-
oar wAYTwY Yooy meoBéovar Tois Awovvaiows ofite Taw navd molels oPre TAY xaTa
xopag amoleimduevor wal tye Sy wptiscet éniong Todg priocdpovs and Tovg dAlovs
TOLOVTWY TWdY pabnTinods xal Tods T@Y Teyywdplow, xal clye mpomdvTwy Emido-
Ot o2 Qickodinds avadoerg yid vo Sraxpiver v ddéay xal T6 dvtixelpevé Ty &mod
THY YOO 1) yvduny 1 EmoTiuny %ol To dvtixelpevd Toug, xabhg xal amd TV dyvw-
alav 7 dyvowaw (475e-480a).

"800 76 &Ealpeto adtd ywplo: “Ao” odv 0d uetolws dmoroynoducha 6T moog
70 Oy meqpuras ey quiddclan 8 ye dvraws prlopalbiis, xal odx Emuévor éni Toig doa-
Couévois elvar moddoic éxdovoig, dAL Tov xal odx Gufidvorto 090 dmolijyor ToD
&owrog, moly adrod & otw ExdoTov THg @iosws dyaclar @ moooixel Yuyijs
épdnrectar 10D TolobTovs: mpooijxel ¢ Evyyevelt & minovdoas xal uryeic TH Gvte
vras, yewijoas voiv xai alijfeiar’, yvoin te xai aAnbis Cdn xal Toéporto xal otTw
Mjyor @divos, molv & oB®; — Q¢ oldy 7°, Epn, uerodrara (490ab).

To ywplov adrtd Evéyer cuvaywyl cUUTEPAGUATOY GO TiG TEONYOVUEVEG TOV

4. Kol paiota: ob i wév, tijc & ov, dida mdons. IlpPA. 475c: Tov 0é 07 evyeods
E0éhovra mavtoc uabijpatos yedecbar xal aouévews éml o upavbdvew idrta xal anijotws Eyovta,
ToiTor & év Olxy qricouer @LAdoopor.

5. 475c. IIpBr. 376b, 581b.

6. ITpPa. 532ab: drar 7ic T Siakéyeobar dmuyeiofi dvev macdv alobijoewy Oua Tov Adyov
£’ avTo 6 Eotww Exactov doudv, xal ur dmoatij moiv dv abro 6 EoTw ayafor avtij vorjoel Adfy,
Em’ avT® plyvetar 1@ Tob vonrov Téder émiomg Daldwr 65e-66a,67a.

7. IIpPr. 517c, drna xoal PiAnfos 65cd.

8. IIpPhr. 485ab: Toiro pév 81 tdv @riocdpwr gicewy méor 6poioyelchm nfuiv, dre pabi-
phatds ye del éodow, 6 dv avroic Snloi éxelvng Tic odolas THe det oons xal py mAavwugvng
6 pevéoews xai plopds: émione 484b ) %ol 524de- xabog xal Paidoog 249be, DiAnfos 58a,
N xal Zvumdoror 204b, e xal Daidwy 6ie, 65¢.
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avantigels yia Ty plow olov dvdyxn pivar Tov xaldy e xdyalioy éoducvor (489be-
490a), Snhadn Tov wélovra v& yiver QuAdgogog, 9 wEAov TOV TpoLKLGUEVOY GTTO T
pbon Tou pe yaplopara xol wpodiubésels, dHote va Fxer ™) SuvatbryTo va Yiver UAG-
cogog. Kai ol dvantidfeic adrec xatéhqyav: “Hyeito & abrd... modrov uév aij-
Oeta, iy dudxew adroy mdvrwe xal wdvry e, i) dAaldve dvre pmdaud] uereivar gilo-
oopiag ainbwijc (490a. TpBA. 486e: 77 uediodoy Tob dvrog ixavis xal Tedéws poyi
uetaiijyeola).

“Yorepa, Aowwdy, dmd Thv mponyoduevy adty #apon tihg dAnbeiag, Gg 6A6-
guye xal mavroubtpome EmStwxtéag dmd TOv &Eov va yiver @uboogog, FoxeTal 1)
avdhven T Yuyotponiag Tob yviclov griouabods, AL xol TepLypdpeTaL 1 TVEL-
poateh) TeoPacy Tov mpde émitevtyn Tie dhnbetag. Kol i30d % dvadven adth %ol
TEpLYpapy adTh, W dpemyeio T uotxy mpodikbesy Tov.

‘O gihopabne sltvow dmd ™ @lon Tov mpowtouévog pt T Skbeon v &ywvi-
Cetow Y1 ) 6OMANYm T0d dvTos (meds 10 &v mepuxas ein duAidofar). Kal % yve-
olaxy) mpoomabelk Tou d&v arapatder 6o xdbe TL GId T TOAAX voprllyeve Bt elvar
(0d% émpuévol énmi Toic dofalouévors eivar modlois éxdorols), & cuveyiletar 7
7poPacy Tng Emipova kol 1) xwvnTpLe Sdvaph e, ¢ Fpwg, — bmeg dvopdletar 6
TveLpaTIX0g Suvatopos Tol avbpmmov — d&v Eacbevel xal v mader vo dvepyel

>

(AL Tov xal odx dupiivorro 088’ dmodijyor Tod dowros), melv EmTlyet TO Eyyryne
s odotag Tob xabevée, Emewe tmdpyer adtd xal’ Eantd, (molv adrod 6 EoTw ExdoTov
Tijs pboews dpachar). To &yyrypo Spwe adrtd émiredelton Syt dmd v Yoyl 6A6-
%ANpY, AN pévo amd T dppddio uépog g (§ mooaijxer woyis épdmreabar Tob
T0100T0v). Kot 0 Tpovoptaxnd adtd pépog tiig Yuyiic yepontneiletar ouyyevind g
phoewg éxdotov adto 6 Eotw (moooruer 8¢ Evyyevel).

Me ©h gpdon mpoorjxer 0¢ Evyyevel® mapeuPdetar petaguoney EEnynay THe
odupue we Tov dvlpwmo ixavémyTag vk SmépBacy g Produyueiic Tov Vmoxel-
pevixbtyTag ol TeésBacy wpos TO MrTws dv, tmapxtd xal’ cautd, diywe EEdpTnom
Inhady dmwod v Tpds GOAMMYA Tou TvevpaTin dvépyetn Tod avlpdmov: 6 dpp.d-
3o upog g Yuyiic Exet o TpovbuLo THE SuvaTbTyTas Eragiic ue To drtws 8v, xabox
€xouy xowy pife xataywyic (Svyyevés), dote va slvon 4 Emagy Toug EpueTh G
olovel émavelpesn THg apyixiic TOUG %OWOTYTAG.

‘H éragy Sung t@v ovyyevdv petakd Toug, uépoug Tiic Yuyiic xul dvraws drvrog,

< /. e 2 N L YL \ 3 \ : o ~
ohoxAnpmvetal 66 puTiey) Evaoy. Kal and thy pwtiny adtny Evwen yevviolvrat

9. IlpPa. 611de: wg Svyyernc odoa @ te Oele xal dfavdre xal Td del vre,
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oborouye véney %ol aMlea (@ adnoudoas xai puyeis T vrwg dvti, yevvijoag voiy
xal diijfetar). Nénoy houmdv xal ddffeia Sdv dmdpyovy ywpiotd, cuvemirehobvrat
nal cuvuTdpyouy G¢ Sbo oroiyela wids quluylac!®. IMpotmbBean yid T civdpouy
Yéwnoy Toug elvan ) érmipovy Chmom Tob drros ué mpbBuon mede adtd EpwTukh,
dnhady pe 6AGYuyn bpun. Kal olite ) vénon dvaBriler wévn orhy Smoxeipeviny Sud-
otacn TéY wblpomvey cuveldiocwy, Sywg dnhadl dvthnon xal othply dmd o
EEw-bmoxelpevind ) pokhov brep-Smoxetpevind Hrrwg &, obte % dMiPeaa dmdpyet
€royy € amo Tig ouveldfiostg ooy va Hray GrTws v, AL ubvo dvartédiet 6TO GvTi-
xeyevind wedio Tév dvlpwmivey cuveldoewy d¢ ofovel dxmpbowmoc Tob drTwe drrog
xol yévwnua Tiic EpwTindic pé adtd Evdoeme Tl o edyevinod pépoug T dvbpwmivig
Juyiic. *E& &Arov, uévo dool tehesqopiicel, pd T odvdpowy yévwwney vohoewe xal
arfferas, 9 yvwoiaxy mposmdlea, Tod @rlopalods, H Yuyued adth Tmopovd dmd
vénan wai ddifeia émpéper yoakivy oy Gmapky Tov, xabde dmotedel yvdon xod
yvhole Lol %ol TpogN, dote, xal wévov Téte, maber Vo Saxaréyetar 1 Yuys Tov dmd
*&TL 64y Tévo ToxeTol (yroin Te xai aAnfis Cdn xal Toéporto xal oftw Mjyor Bii-
vog!t, moly & 0%). ‘H yvwouaxy) dpa mpoomdbeia Tob mhaspévoy yid vo yiver @uib-
copog elvan Omapluaxy Tov dvdyxn BabBdBruety xal dvamédpactyl?. ’Aciyacrog

L k4 1 \ \ A ~ p1J o o 3 ~
THPALEVEL O EQWG TOV YLK TN YVWON TOU 0vT0g, €wg 6Tov ExmAnpwiet.

II

"Ev 6 petabd otic oeMdeg 484a-487a émiyeipeitar 1) yapantypoloyta Tol &ELov
va yiver QuAdsogog, ut avalnTyon Tév Socuévev amd TOV uotkd Tov TpoKLeWwd Suu-
Bésewv xal ixavorfrwv. Kal drotelel cuyreparatnsh Toug ndmawg to ywplo 487a:
"Eotw ody dry péuyer towodrov émmijdevpa 6 wij mot dv tis olds e yévorro inavis
émrndedoar, &l un @doer ein uvipov, eduabic, ueyalomoemis, edyapis, ilos Te
xal Evyyemct3 ainbelas, duxaroodvne, avdeiag, cwpoostvnsts; — 038’ dv 6 Mauog

Epm, toye TowdTor pduypaito.

10. IIpP?. Oecairnroc 156bc.

11. IIpBA. Ocairnroc 148e, 151ab.

12. X2 Gvrifeon mpds adtdy, ol Yeutopirdoogor yapaxtnpilovrar slpwvind oty *Emiotods
Z’ ~ob IIMdrwvos: magaxovoudrwy Euuector Ty xara gulocdopiar (338d), dviws uéy piy guid-
oogot, 06Eais 0¢ Emneyowouévor, xabdmep oi Ta oduara Smo TGy fHiiwy émnexavudvor (340d).

13. TIpPA. 490b: mpooijxer 6¢ Evyyevel.

14. TIpPA. 490c, 491ab, 494b, 503c,
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Xopoxtyptlerar dventdexto poppic (080’ dv 6 Mdauos... uéuparto) Tolodror
émridevpa, 7 phocopie Snhady. Kol obyypove tovilovtar of dvayraics mpoimo-
Béoeic vy v 6pBY) dounoy) Tou: dpopéveg Srabéoeic %ol inavétyreg, Soopévec dmd
™) @Uov (6 p1) moT’ dv Tis 0lds Te yévorto inavis dmrndedoar, i wy pioet ein). "Av
ol mpoiimoBéserc adrc Hmdpyovv Socuéves dmd T ploy, TéTe, xal ubvoy The, & dTo-
%66 Toug elvar Suvartdy va yiver &Etog phboopoc. Anhady ut THy xaToyh Toug GTAdG
32y elvar dxbuy PLhéoopos, arrd ypetalertar xod TV xatdhnhy Toudeta, Smwe %ol
™y mp6odo Tig huxtag: Tedewwleioe Toic Towobrows madela Te xal Hluxia (487a).

"I80b Noumdy Td yaplopata Eoa & Tpoopouévog YLk @LAboopog Teémer Vo Eyet
amo TOV PUGIKO Tpowtawd Tov (485Ha).

Hedriora mpéner 6 &Erog yio puhboogos va elvar umjuov!® xal eduabris, G
xal @idog Te xai Evyyemjs alnbeias. Tlpémer Sqradl vé cuvumdpyouy ¢ adtdv &mo
) @Uon Tou ol Edpaieg Tpolmobéoelg TveupaTIRTg edudpetag xul TpaxTIXTG edBuxpL-
olag, drwg elvan 7 loyvpd pvArn xal 7 edxorta xal TpoBupio yid uddnon, i xal Y
emwonon!S, xabmg xal 7 éx Babéwv xhion xal wiyle oyxéon mpog v dndela.

"Eniong mpémet 6 &ELog yid praboogog v elvon peyalomoemiis, dnhady &yt pwinpo-
npentng xobog 1 opxpoloyia, Eudhhwoy avelevbepiac!? clvan xdtt dvaytidTaron...
Yoyi] uerioboy Tod Slov xai mavrog dei émopékeatau Oelov Te xai dvbowmivov (486a).

"EE &Mhov, N peyalongéneia ol ) Oewpia mavros uév yodvov, mdons 0¢ odoiag
(486a) ouvemdyovrar xal dEtohbéynoyn Tob dvbpwmivov Biov i cav va slvar wéya
718, %ol Foa dmepvimoy Tob péPov Tod Oavdtov, dote xal dmedhayd dmd THv aitix
Thc dewhles (486ab). Exi waéov, 6 ueyadompemis civon xdomos nal 3&v elvon olite
alalaw obre quloyoruarog, dnhady obte dmAncroc Yk %Thoy &yuddv oixovo-
iy, dote xal 8&v clvon dvobdufolog 7 ddxog (486a). ‘H Pabiduyn ueg
TPooHAweY Tob yvneiov guloualodc amd Th veavied Tov HAle ot {htnen mdomg

3 0 ’ .4 \ ! N \ 3 1 ~ p} ) 58 \19
ainblelag, ouvemdyerar kol pelwon % xal apaviopd TH TEdE cwpaTied NSovi

15. IpBA. v Eapon Tig wviuns, Ocaityros 189d, omiv mapddoon € dArov 7ol Aloyd-
Aov xal Tob ZdAwvoc.

16. IIpBA. 455b, 8mov Aéyetar 8tu 6 edpuns dmo Poayelas pabroews émi mokd evpeTinog
&in of Eualber, A& ol 8tv Td TOD oduatos ixavds vmneeTol Tij Stavolg Tov.

17. HpPr. Beaitnroc 175€: v Svre v éAenbeolq e xal oyodfi Teboauuévov, 6v 8% qi-
Jdoopoy xalei.

18. UpPA. *Amoloyia Zwxpdrovs 23ab, Ilokteia 604b, Néuow 644d, 716b-d, 803c, 897b.
B, xai K. Aeomotomodiov, Dedocopia wijc ‘lorogias xara [TAdrwva, *Abfvar 1982, ceh. 59-63,
C. Despotopoulos, Philosophy of History in Ancient Greece, Athens 1991, ochA. 81-83.

19. TIpBA. Paidwy 64d, 66dc, *Lmotodsy Z° 326be, 335b,



100 TIPAKTIKA THE AKAAHMIAZ AOGHNON

poriic, dote nal Tie OmmpeTiiic g ouhoypnuatias, pt cuvémeix cvoTaTixé TOD
YopaxTHpo TOU V& elvor xal %) cwgpocdvy (485de. ITpBA. 490c).

AN 6 puoixds ot yaplopate mpowmiopés ToB dEov ve yiver @uibcogog Sév
dhoxdnpdveran ywpls alobnrind meds Toic dAdois ydptopa. ‘O Thdrwy d¢v dmorel
mpdg TO ENMVIXd Tvebpa, dextind ThHg Swxoviae dyr wévo &V Movsdv, G el
oy Xapitwy. ‘O &Etog Aowmdy Y1k @uAbsogoc Tpémer va elvat &mO TH QUG TOV
edyapis Emione. Kol 10 alolyrind adtd ydpiopa Sppnvederar G¢ cbppwvo 7 %ol
¢ Exyove &Ahov orotyciov Tob ENVixod mvebpartos, Snhady tic Euuerolac®, yapu-
xtnpLopévg pdhota Gg Evyyerods tiic aAnbelas (486d), yevwiuartog, d¢ i Aoupo-
vobpe, g EpwTinic émagiic e Yuxiic pé T dvtws év (490b). Ebhoya mpoPdh-
Aetow G¢ ovpmépaopa: “Euuctoov doa xal edyaow {nrdusy mpos toic dAdows dud-
voway @doet, v émi Ty Tod dvrog idéay ExdoTov TO alToQUEs eddywyor magéel
(486de).

E&nyetton, dpo, THG 6TOV QUGG TTPOLKLGES TOD TPOOPLOPEVOD XATGG Vo YIVEL
puAdcogog mpéme vo mepthapPavovran Syt ubvo o yaploparta TEog LMY vonuo-
obv), breg Ta Exppacuéva pi Tic Meis umijpwy, eduabis... pilog Te xal Svyyevns
GAnlelag, GAML %ol o yoplopata mede 0wl ovyxpdtnen, Smwe T Exgpacpéva
pé Tig MEeg pidos Te xal Evyyevijc... duxaroadvng, dvdoeiag, cwpooovne, xal Emi
mAéoy TO ydptopa Tpdg Smapbrany dpeth, Exppacpévn pe Th MEn ueyalompemic,
%ol TO Ydpropa Tpog Wbty alebnTucy, Exppacpévy p Ti ALY edyaols.

"A¢ ouyxwenfet vo émonudvope Thv #Fapon amd tov [Ihdrwve g dAnbeiag
&g GElag, cuvemayopévne ) yopeta TGV NOwdv dpetdv, T cuvdpaven &po Emi-
omnpoclvng %ol Hfuwdmrac. ‘ISod dwote xal pnth Exppacy, EmBeBatwTien THe
olovel dvayxatag cuvapthicews dAnbeiac xol dperdv xal Tol dmoxielspob GuvuTE-
Elag Thg mpos Ty dnbeia @ullac xai ovyyevelag pE Ndgopes xaxieg: “Hyovuévng
07 GAnbeiag, odx &v move, oluar, paudy advij yopov xaxdy dxolovbijoat... ALY
dSpiée te nal dinaiov fjlos & xai copgostny Emecbout (490c). Elvar dmhynoy tijc
alorbSoEng yvdume 7ob TwrpdTovg Y& Tpoéhevay TG xoxtug dmd &yvorn?? (Iow-
Taydpas 352be, 3HHab).

20. IIpBA. Bidnfoc 6he: petoudrrc ydo xai ovuuetola xdAlog drjmov xai aoeTr) TarTA)o?D
ovuBatver piyvealau... xai pip hjbedy ye... év Tif nodoet pepeiyfar 65a: xdiler xai GuppETElR
xal aAnbeiq.

21. TIpBA. 586e-587a: Td guiocdpw doa émopéwmc dmdons Thic yuyis =al wi oracia-
Codons éndote 1@ pbost Smdoyer eic ve Tdlla Ta favrod modrTew xai duxaiep eivat, xal 1) xai
Tag fdovag Tag avrod Exactoy xal Tag feArioras xal eig 76 dvvarov Tag ainbeordrac xagmovolat.

22. TIpBA. 586¢: ob pap éxv duugrdrer,
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Zrig eldues Spwe dvamtilelg yik T wpoodvTa, Gon Tpémel V' ATOXTGOUY ol
prhdcopoL O &pyovres, 0&v Eumiotetetar 6 IIAdTwy amiéc Thy 6Aéduyy TpoohAwe)
TOVG TPOG TO GvTwg Ov xal TNV dvtioTouyn xatoyy Tic dAnfelag, pdAicTo Epmhov-
Tiopéve %ol pE orouyela mpoxTixic éumetploc ToAdypovne, GMA& ol TpoBaivel
oth Ofomion adotnedv Beopdv, dmotpemtindv NOinic mapexTpomic TV xoTamL-
otevpévey pE v molimixy éEovcta QLAocbpwv?d xal TpoTAVT®Y, YiX THV 6Ao-
xhpwoy ThHe Tbo-EmoTnroviniic Toug émdpxeiag, Taps THY Emidocy Toug %3y
ot Oadextiz?t, Extiudpevy G¢ TEdopopY V& ToVg StamAdcel TROE THY copiay )
@podvnow?s, dpwg dEudver v Tobg Gpruovs adTods Lhocbpous, PTacuévous xal
ot fhxto meviyte TGV, VO TPOGATOXTAGOUY THY X0PUQUic TVEULATIXY GVETHGY),
mépav %ol g SehenTindlg, meog TO dyafoy adrd, Tyl xabodikod Quwricpod xal
TONTLLOV unveloewy Yk T1) 8pde) TovG: arayxactéoy dvaxAivavrag Tiy Ti Yoy
adyny &g adro dmofAéyar TO mdor @ds magéyov, xal iddvras To dyaboy adrd,
nmagadelyuate yowuévovs Exelvw, xal wolw xal ididras xal Eavrods xoouslv TOY
énidowmov Biov v uéoer sxdorovs (540ab). AwfBrémer dpa 6 TIAdTwv, Eruxdtt &hho
GO TN VOGN AmAdG ol THY e adThY xaToyNy Tie dAnleluag elvar % woArtieonOuxd)
edbuxprata?®.

*Opbfodoyiomin; pdiov eivar 7 weoBaAhbuevn &Eqymon ThHe &vdpstag %) wa)
Seihlag Gg TavTioTéug oyedov pE Thy Omepvinnon Tob @éBov Tol OavdTov??, Bepe-
Mopévn o) Oswola mavtos uév yodvov, mdons 0¢ odoiag: Snhady, xabig 7 fewpia
7ol Guvbrov Tod ypbvou xal Tig odolag Empépel Th énlyvawon, étu 6 &vBpwmog elvan
%4t oyedov undapivé, cuyxpLTixd TEOG THY &TEPAVTOSUYY THG olotug xal ToD xbouov.
‘H dpBoroyioriny; adth EENynen e avarywyijc omiv avdpeia 3&v mephauBaver Ty
xplown cupBolh Tol &-hoywol orouyeton Tig Yuyijs, Tol Bvuoetdods, T pyTa Suwg
Enppaopévy o1d ywpto 442be: dray adrod T0 Ovuostdés diacdly dud Te Avmdy xal

23. Bar. K. Aeomotomobion, HHolwuxy) ®ilocopia toi ITAdvawos, Abfvor (1957) 19802,
ceh. 79-80.

24. Ba. K. Acomotomoddov, 6. dv., och. 121-122, xal Pilocopia tot IIAdrwvos, *Abfvar
1997, oeh. 53-65.

25. Anpady Thy fyeTind) dpeth: coplay 08 Ty EmcTatoioay Tavty Tf meder EmoThiuny
(443e-444a).

26. BA. K. Aeomotomoddov, IToluzixyy Pidocopia tob ITAdrwvog, ém. &v., och. 86.

27. TIpBA. Paldwy 64c-68d, 8mov éEnyeitar SwwpopeTied # Omepvixnon 7ol @dBov  Tob

Bavdrov, Gg xafpro Emitevypo oD @LA0GAPOL.
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700vay 16 Smo TV Adywv magayyelley dewdy Te xal wi?® (mpBh. 429c¢d, 430Db).

‘H 2Efymon i ayoyic mpoc ™) cwepocdvy (485de) mpobmobérel g Secdo-
uévy amo To ywpeto 442cd thy Evvorr T cwppoalvig, we Toviowd éxel THe Evdo-
duyixiic Aertovpylag Tng, xplotpa SpacTixic Yo THY Evapubvie cLYXEGTNEN THG
avbponivyc mpocwmxbtnrac. "EE dM\hou, &v yevixa N cwppoclvy &motehel dmu-
paitnTo N0d ydplopa yik TOV LAdoogo, eldixdTepn ik TH amoudy Tic diadexti-
#ij¢ amopaltyTo Y&pLope slvar 6 xbopiog xal otalepds yapaxtipug??, ot dvrifizom
TPOG TOV EpLoTIXG, SLUTLETMGLROG 6TV Gplun HAxie, dote vo dmopedyeTor ®oTd-
%eNoM THE avtidoylag xal Tob Eéyyov, Teptaywyinl) ot dxpato oxemTiiopd (539bce)
B wol N0 pndeviopo (538d-529a).

Mepixa pévo Oepehwtiny the Sicawocivne clvar 7 Bpaydroyn devntixny dvo-
@ope ¢° adTV pe Tl MEeg amidg dmy dv dvobvufoviog 1) ddixog, HodnhwTineg
gEwTepinbTTog RaAOY TG cuumepLpopds Tpolmobétel Suwg ThY Exgpacyévy 6Td
yoeto 443c-44ha (mpfh. H89ab) cuvextiny dowtepixa THg avlpdmivne Tpocw-
TdTYTHG Gépony) AELTOVEYiR THG dxotocVVNG, (G GUVOAXTG GPETHG, GUVTUXTIXTG
TGV TELOV pepdV ThHe Yuyig, xol cuvbeTindic TGV dvtioTo WY TELEY doeTdY, coplag,

avdpelac, cwepocivne3d.

I

Méric 6 guoxds ot yapiopate Tpowiopods Tob &Elow va yiver LAéooQog Ex-
peaclnre S orépatoc Twrpdroue xol chvdpopa dyrwuikstyxe 6e GYmrd Tévo Tb
avricTowye émridevua, i uhocopta, émaxorovlel duk ordpatoc *Adsipudvron, TEWTO-
Toxov &dehpol Tob IAdTwvog, % medg Ty ideaty adt) elxdva ToD QLAoGbPoy GvTL-
wapafBory ThHe dwdopévne oTiv TéTE HowwVid YVOENE YLk TOLEC QLAGEQOVE, O
APV GAAONGTOVG F) %ol TOUTOPIQOVE, T TOLALYLGTOV, YL& TOVG STUELXECTATOVS O0-
xotvrag, ©¢ ayerorovs tais méresw (487d. IlpBxr. 490cd, 495c, 499b)3L.

‘H apoiophtygen adti &md mhy xowy] yvoun tis délag t@v grhosdpwy, €6Te
nol pE TOV YopaxTnelowd AmAGG dyerotovs Taic mdAeow, évéys. pulin aviibeoy

TEOG THY GmO TOV TwxpdTy) TEQLypael THe Yuyixic idocuotaciag Tovg xal THY

28. Bi. K. Aeorotomodiov, Meietijuara Pidocopias, *Abfver 1978, oeh. 129-132.

29. Bi. 539d: 70 tag @ioeis xooufovs eivar xal oraciuovs, ol Tic peraddoet Ty Adywy,
®al gy &c 19v 6 Tydy xal 000y mpoorxwy EoyeTar En aiTd.

30. Bx. K. Aecomotomobiov, dm. dv., oed. 113-119,

31. IIpBhr. Daldwy 64b, EbOvonuos 304d-305c.
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#apam g TeaxTIKTlG &moGTOATG Toug, xplotung Yk THY dplh &oxnen Tig molTi-
wiic ¢ovatag. Ebroya, houmby, Enaxoovdel éxtevéotaty mpoomdfeia yia Ty eroTL-
why dvtinpovsy tév Swdopévav othv xowl yvouy wapekyyhocwy 6O Tpdg THY
odoto ol THy GEla TGV @Lhocbowv.

Sty Extevéoraty dmdviney mpds Tolg GmabiwTieods TG THY ROWd YVOUY
YopaxTypLomode ol prhocbpov duaxplvovtar of TwepimTdoelg TEY xpwlouevwy  GOg
dyorfjotoy Tals modeow xoi TGV xWOPEVGY O¢ TAUTOVHOWY.

Iric oeMdeg 487e-489c &Emyeiton, whg cvuBatver xal elvan mpdypatt dyon-
oTol Y1 Tig whhewg oi dmeinéoraror T@w v priocopia, xul dmodidetar N €00V yia
™y dyonotia Tovg dyL oTods Idlovg, GAAL GTHY XaTEGTHGT TGY TEASWY, GOV PLAG-
Sokot xal dverdfpoveg ol idtoteels xal avixavor Sroyxwvifovron pe Gha 7o wd &Oua
wéoo Yk T vopy) Tig molmixic EEovatag, xal gL uéve dev mpoapelyouy orolds Emi-
eixeordrovg, &Etoug v& xvBepvhigouy dpBd, A& xal Todg dmoxAeiovy &md Thy doxnen
e mohTniic éEovatag (Tijs pévror dyometias Tods un yowuévovs xéleve aitidoba,
dAda pr) Tods dmewxeis, 489b).

St oehideg 489d-496a Eyyeitan, whe Siapoppdvovrar site wpoxlTTOUY ol
1 apoetyprlbpevor &g maumdrnoor @uhboogol, xol Selyveron 8tu 38y elvan THg movn-
olac woug Ymaitie N QAocopta: Tic 08 TAY mOAADY movnolag... TO peTd TodTOo OLéA-
Owuey, zai bt 090¢ TovTov grAocogia aitia, dv dvvduela, mewpalduey deitar (489de).

Avoxplvovrar 8oot Exovy puotxd mpoutaud Yuyiic, Tedopopo Yidk vé Yivouy QAs-
cogot, GA& Stapbetpovron dmd T6 &0Mo xovwvixd TepLBdANOY xal dmoBaivel pdTatog
& Yuynde mootkiowds Toug, xal doot, Av xal &vdEtol &wd TOV GUOIKD TPOLKLGWS TOUG
yi va ylvouv girboogol, Buwe eiomndolyv oth riocogia xoi yivovrar YeurtopAd-
cogot, xal Sucnuilovv dpa ) @urocoplia (490e-491a).

Yrevlopiletar vt wapadéiipo xowa (wwds 1juiv duoloyrjoet, 491a): 8t oma-
vidTota yevviobvtar, xol &po elvan OAlyot, 8oot Eyxouv Tov &pTio &md TV @boY Toug
Juyed mpowtopd péhhovrog @Lrocdgon (491ab. TIpBA. 495b, 503c, Paidgos 250ab).

‘Qc airia, Smoxaiwevind), e Bl dvaywyiic ot dmbwods guhogbpovs dvbpm-
oy &yt ampotxiotov pd yaplopara Eoye, cuoTaTixd THE @UcEWS TOD PLhocbpoy,
¢monpalverar 8Tt xdle dva TEV yapiopdTwy adtdv Evdéyerar vo Emipéper Sux-
@Bopa g Yuydic Tod xatbyov Tov xal dmdomacy Tov &md T grhocopia (491b- meRA.
495a)" 6,71 Entong EvdéyeTon v& Empépouy xal Tk Aeydueva dyadd, T dpoppLd, 6 TAGT-
Tog, N CLpaTl PdEN, N xowwvixy EmBoAn Tig oixoyévelds Tou, xal TE TAPETG-
wevé Toug (491c: wePh. 495a). Aweuxpwiletar 6 wapddobog abTdg ioyvplowos Yk

LETAOTEORY TGV YaplopdTey, pt Thy éntxdnen ol edpbrepne loydog vépov, 8T, 8oo
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€Eoyoc clvar 6 Suvapiopoc TGV EuPrav dvtwy, T660 adte yeetdlovrar idiaitepn TEOG-
popo &dapoc, xal 671 N doloTy @lowg, dv Bpebet ot mepiPdAlov &mpOGPOPO, HoT-
MhyeL ot Sraatpogy) peyahitepy Tapa Boov 6 Teviypdg Teoulawdg ot yaptoupare (491d).
Kol toviletar ovumepacpatind: 745 poyds... Tas edpuectdras xoxiis matdaywylas
Twy0vTas OlapeodvTms xaxds yiyveolar... dobevij 08 @bow ueydiww olre dyaliy
otte naxdv aitiav mové Eoeolaur (491e mpBAr. 495b). "Apa xal yie v 10D @Lio-
odpov glow elhoya cuvdyeton: dv uev... pabroews mpoonxovons Toyy, eic mdoay
GoeTiy avdyxn adEavoudvmy apuxveichar, éav 08 un v i mpoonxoboy omageica
xal gurevbeioa Toépnrar, €ic mdvra Tdvavria ad, dav wij Tic adri fonbijoas Bedv
woyn (492a. TIpPA. 493a, Paidoos 250ab). Anhady, mpémer va cuvtpéyouy xal doi-
oty o ol Pektiorn mudelad?, dote xal wpdopopo xowvwvixd meptBdAlov. Xwplg
goyov amd T @don Yuyixd mwpotiowd, lvar pdrown el % o Empelnuévy ToL-
Setor (xdmt OMBepa mapayvopLopéve oV Emoy pac). Xwpic mpbopopn, wudAloTe
xal woAdpoyOn moudetor (wpBA. 494d), 6 dptorog EoTw dmd T @lem Yuydg TTROL-
#1opog dmoPalver dxapmog, 3) xul 6,7t YElpbTepo: 6 obupuTog ut adtov EEoyog Suva-
piopde, Omodavhiouévog amd xaxd moudelo, of xowwvixd weptBdirov  Siugpbo-
b, amespydletaor yopaxThpa ixavd peydhne xaxovpytac (491e. ITpPA. 495ab).
PAMe 88y mapadetmer 6 [Adtwy, Sk oTépatoc Lwxpdtouc, %ol Vo EASEVOAOYNOEL
Ty xowwvia Tig moyiic Tov, étL (¢ ToudeuTind meptBdAtov elvar TOMATAGG TAPE-
yov Saphopdic yie Todg véous Tods TpoLxLoUEVOLE g puatxd Yaptomata YuyTic oy,
ot Babud Gote va elvar apehntéa cuyxpLTia 1 Spdon amAd TEY copLeTdv (492ab),
GARd ol &7t mwpoBatver xal 6& ATNVECTATOUS StwYROVE TEY AVUTOTARTOY TVELUL-
T o Pavawey, Soypatiey, abrohoyia e (Tov uy melbduevov dripiais Te xal
yorjuact xal Gavdrows xoddlovor, 492d) &vés, 2E &hrov, dmpbBupoc va Seybet dbpan-
ot vopoTédela, émionpatver xol T SuvarénTa Exguyiic dmd Tic oMébplec émiSpd-

oe1c 10U %owwvixol mepiBdihovtoc (ouixody 0¢ Ti dxpedyer, 490e. TIpPA. 492a,e,

32. "EE &ov, &vdéyetar v’ dmofel aitia Stactpopiic mpotxicuévov Yk Ta QLAccoplo, xol
SwxPoliic dpo Thc @uiocoplug, N TEbwen TLxOV, dNAadn &md Nl uergaxioxov dxndum, oo~
ypnoTinn Emidocy) TOL GE XPLTLIXY YLX THY XELTixY, ué cuvémein v meptéhfst of dxpato oxe-
nTitopd Eog undeviopd, xal va Sucenuiost xal ) @uhocopia: ...8umintovow eic To undér ryei-
obar Gy modtegor: x TovTwy O avtol te xai o SAov quiocopias mépr SiaféPimyrar (539bc).
> Avrigetpo to0 IIhdrwvog mpdg Tov xivduve adtdv BA. elg 539a xatl 539d. (BA. xal dvertépw,

bmos. 29).
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496a-c), dote xol va &Enyeitan ) mpocwmky Tov Teplowen TEdG T pLAsGoLa,
6mwg xal Téowv AWV xal ToD TwxpdTous TPMTLGTA.

‘H omhitevon tijc dvri-mandelag Thg donoduevnc téTe amd 70 xowwmvIKd Tegt-
Barkov avamticoeTar xol pé eldixic TUPATNPNGELS.

Katayyéherar 9 Sudmhiaon xol didaoxadio Yeudo-imoryuovinic ideohoylag,
GTOTEAOVPEVNG G cupTiAnua SovAompeméoTaTo GUAAEY VLY embuptdy xol dofu-
oLiv xal dpyidwy dvtidpdoewy EtepbuAiton mANboug avBpdmewv oyl fbovg, &fe-
oavioTa Eppovicuévey ooy vo slvow ahnbwve dyale xal xaka (493a-e), dote 6
radg, mapacupuévos xal Gmd v Detuagtiey adthy idcodoyix, vo. TepLépyeToL GE
3 ! \ bl 7 \ \ ~ 3 £ \ 3 ~ \ -~ 9 @ \
aduvapia TeOg Emiyvesn xod mapadoyy Tie xad ExuTiv dpoppuic xal Tol xad’ Santd
ayabob el 7i¢ odoiag xabe dElug xal Syr TdY ToMAGY Empdosdv Tg (493e-494a),

\ 3/ 7 A /4 /4 ! \ y 4 / / \ \
ral &pa Bubiopévog ot Téhpo Tétolag vootpoming va Srabérer Ybyo wbvo ik Todg
QLhoobeovs, bTws xal ol dpuaywyol xbraxss Tob haol (494a).

Katayyéhetar 8pog énione xal 7 dpeon Suwotpentiny tob #foug %l dmo-
TPEMTINY GO TH QLA0COQLo CLUTERLPOPR OixElwY %ol GUUTOMTGY TPOS TOY &Tmd
™ @boy Tpowiouévo yik va yiver gudoogoc. ‘H dmd thv mouduen fuxia Tou dpt-
orelo Tov petald TGV GuRAixey Tov Ymoxwel cuumohritec xal oixetovs, doTe moo-

7 \ / \ 74 3 ~ 74 \ A
xaradaufdvovres xai mooxolaxebovres Ty uéAloveay adrod Sdvauw, pi cromodv
adt® yoijolar, éneday mpeofitepoc yévmran, énl Ta adrdw modyuara, ve EmiSu-
duiedowy 6¢* adroy ToANEG Tiuds ol Vo dmoBéTouy 6 adTdy TapaxMoEL Y1 TO uéh-
2ov (494be). Kai tére, 6 mpowxiopévoe adrdg véog, dv pddioTa Exel xul coORATIX

7 \ Z 3 \ f: / \ 3 hY b 7/ \ ~ \ A
Joptopote, xol EVL o0 MEYRAY) TTOAY %al &0 oixoyévelo e TAoUTO xal Tapddooy
3 4 A \ 3 / \ \ !’ N \ ’ \ \
ebyévelag, xwduveder vo ohobifcer mpog T Quotwon xal T peyahopavie xol THY
nevy) Emapan), Siyws ppovtida v xodépyeta Tob vob (494cd), dMAk xod pE drmpo-
Buplo va sioaxodoet, 6Tt vois obx &veorw adrd, detrar 04, T6 02 0B xryToY M1 dov-
Aevoavte T] wrrjoer avrov (494d). *EE &\hov, &av Tuydv ot cuveldnon Tol mwpol-
xiopévou adrol véou Emixpatel mapk Tabta 6 mébog mpdc T @uhocoopix, Tére
boor wuBrémovy Bt we Thy Ekued Tov Amd T @rhocopla ydvouy Tic Avauevé-
peveg Ommpesieg Tou xal T @Al oxéon us adrdv, pmyavedovrar 6, dfmore, yik
ve. OV &moTpédouy Tov Loy, dANL xal Yo va 2EoudeTepdoouy TOV yelpaywyd TOV
\ \ ! \ 1 / 3 ' 3 A 3 ! VY A\ '
TpOG TN QLAscopio xal e xaxdBovhes Evavriov Tov IdtwTinds dvépysies xal ut xivnon
i@y el Papoc Tov (494de).
Kol 80 7 tedevtata EERynon tic StafBoliic e @uhocogiac: *Agol Exninmrovy

amo T @uhocopia Téool, dAiyor EoTw, mAaoupévor YU adThyY, V) cuvémeln civar Gy
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amAide bru Lobv of tdwor pt Tpbmo atatpiasto Yy adrods xal &yt yvhiclo, dAAd xol
6t éyxoatadeimovy T @uhogopla Eonun xal dppbvricTy, pE mepautépw ocuvémEL
vé. éneisélfouy 6° adthy, Smwe ot Wk dppavi oTepnpévy &md cuyyeveic, dAdot...
avd&ior xal vo THY xatancydvouy xal v ddaovy Aafiy atodg dverdiopos, bt Goot
acyoholvrar pé adtyy elvan site yux Timore &Ewor eite, of mwepioobTepor, &Etor yio
moMa xoxa (495be: mppA. 487d).

Ot dAdot adrol avdéior mapeicoxTol %ol ) xataloyLyTiXy THe @LAocoptas Spdsn
Toug Teprypdpovtar adotnea: Kaboodvres yag dAlor avbowmioxol xeviy Ty ydoav
TabTNY Yryvouévny, xaldv 0¢ dvoudrwy xai moooynudrwy peoTiy, ...douevor xai
odToL éx TaW TERVODY Exmnddow eic Ty @Llocoplay, of dv xouydrator Svres TUY-
oot meol o avraw Teyviov (495¢d). "Qote of xatarsyuvTXol Tig grhocogiug,
maumovneor Yeuto-pradcopot yapuxtnptlovrar ¢ dbowmioxor, pt Oyreta mplv émi-
Toxnuévy o xdmore Bavavoy Téxvy, TpoceAxuopévor aTd TV QYN xal TO Y6NTEO
76 @uhocopias. ‘H mposéanven toug Eupavileton va aitioroyeltar amd v Hmepo-
LAY THe PLAocoiag 68 x0WmVIXd Y6TEO GUYXELTIXG TPdS Tic PAVaVGES TEYVES, TEoLpo:
v Satropévy Swxovia ™ Kol 10 xowwwixd adrd yénrtpo Ehnder mpdg admiy
avBpamoug, Siywe Eoyxo dné ™ @lon Toug Yuyied mpokiowd, dAAe xal pé SueTtha-
ol Yuydv xol copdtwy, Exyovy Tie Pavavens Epyactac toug (495de). Ednoya,
Aoumhy, Ta Tapdywyd Toug (¢ AetTovpydv 3ifev THg prhosopiag elvan wélig copio-

uata ol Tiwote ywjotoy obite ppovicews ainbwic éxduevor (495a).

v

Ztov Qukhoyo Daidgos, youppévov VoTepr &md TV ouyypagl Tob Stahbyou
LloAwveia, EEatpeton, pt Bpog moryrixo-pubind (265¢° mpPA. 247¢), 7 &Eie Tob qLho-
o6pov woramAk. Mynuovebeton mpdtog 6 Blog Tob @Lrocbpov oty TEdTYy &b Tig
éwéa Babptdec Tijc lepapyiag @V avbpwmivey Biwv (248bc). Kai suvaxbrovbo tovi-
Cetow, 811 duxaiwg udvy mregotrar 9 Tod @iloadpov dudvoia: meos ydp Exelvols del
ot pvijun xava Gdvauw mpoc olomep Ococ v Ocids éovwy (249¢c). AnradH, p.bévov
6 QuAboopoc Exet T ydet Tob mvebpatog vo BploxeTon pé THv OmepBatiny ActTovp-
yio ThHe pviung dévaa 8o T6 Suvatdy Eyyle Exelvowv meds oiomep Oeog v Beids doTiy
xal @ 7ov eldey fudv 1 oy, ovumogevbeioa Oed xal dmepidodoa & viv elval pauey
%al @raxdyaca &ic 10 dvrws 633 (249c). *Emitereitan dowwdy # Eapon e dtoc

33. [pBxr. 249a.
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7ol @LA0a6Qoy, e avaops pucticopulue ot Bempnuo e arauvijoews, moofy-
uévo 781 otove Suhdyoug Mévaw (81b-86b) xal @aidwv (72e-76b). Kol Sreuxpt-
viletaw 7 Stxqopa ToU uAocdpou dmd Telg dAoug avlpdimous: *Evé Hmotibetar bTu
ndoa uév avbodmov yoyn gioer tebéarar Ta dvra 7 odx av Ay eic Tdoe 1o Ldov
(Daidgos 249c), dnrady cuotatinh ThHe dvbpwmivéTnTac clver % odpEuTy pE THY
oyl Tob avbpdymou, olovel mpo-yevélhia xal mpo-2vdoxoopunt, Yvwerple ™ p& Ta
ovta, Emionuaivetarl dpws, &t OAlyes pwovo Yuyds othy Ev3oxocuiny Toug VTHGTAGY
dratnpolv dGpxeta loyupy avapvney TéV drtow, kol &t avtileta ol moAAeg Juyds
oty &vdoxospixy Tovg VéeTacy 38y SrabéTovy edyépela TPOG AvAUVYGY TGV BvTwY,
elre yatl Bpayeio pévo elyoy wpo-évdo-koopiny) vatéviay Toug elte Lot &dvotd-
XNOOY GO XATOLEG GUYAVAGTPOPES oThHY évdoxocuixn Toug Dmapln, dote va Tpo-
by oThy aduia xal va meptéAbouy o€ ANn Tdv mpo-Evdoxoopind EvaTeviouivmy
igodv: avauywijoxectar 08 €x tawde Sxeiva od gdowoy amdoy, otte doaw foayéws
eldov tdre Taxel, ot al detoo mecovow, ddvoTdynoar dote, Vd TWwY SUMDY
ént 1o ddurov tpamduevar, Ajbny by tote eldov iepdw Eyew SAiyar On Aelmovra, als
70 THG wvijuns ixavis mdpeotw (250ab. IlpPA. Iokwela 491ab). *1800, Aowmov,
aitio Srapopiop.od Tol @rhogbpov &md Todg dAroug &vlpdmovg: 1 loyuey VmepBa-
T PV Tov, SmAady #Eoyy mveLpaTixy PGWY TOL.

ZopPatver dpwc 16 ERc: ‘O mpowiopévog adtog dvlpwmog ue loyved wviun
TGV Tpoyevébhia yvdpLudy Tov drTaw cite isodw, dv Tnpct 6pbN ypnhom Toug, eldvet,
xal pévov adtéc, ot tehedtyTa: Toic 0é TovTowg avio vmouvipacty GoBds yow-
uevos... téleog dvrws pdvog yiyvetaw (249¢). EE dhov, cvpBaiver érmicne, dore
T TVELRATIXY) TOV peTapolwoy Tpog TO Oelov wal ) cOvdpoun Tapapéinen TEHY cuvy-
Ouopévov pedudtoy, ve Tapéyel otodg Todhols Ty &vtumwey, 6Tl 6 évboveialwy
adTos 88y Eyer cwog Tag pévas: dEloTdueros 08 Tdw avbowmivewy omovdacudrwy
xal woos T® Oelew yryvduevog, vovleteitar wév Smo Ty moAADY i TmaAPAUXYDY,
&fovardlwy 0¢ AéAnber tods moAlods (249cd)34.

PANA %ol pE Aoyiopd vMeaho, diywe mounTIxEs peTupopds ciTe LUGTLXOUY-
O orouyeia, atpetar f délo Tob QLrocbpov, oty AetTovpyixh TOv SbTYTA GG
dwadextinod: *Edy twva dAdoy fyrioouar dvvatov gic & xal &l molda mepurdc Goav,
T00TOY dtdxew xatrdmole uet’ tyvov dore Oeoio (266b). “H mposédxvon Tob @uro-

cdpov Tpdg THY Otadextwey oltiodoyeitow pE THY Tapadoyy THe Tepl adThv dei-

34. IIpBAr. Bealityrog 172¢, 174a-175b.
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vétyrag (g Tpoimobécews ik TV ixavémyTa &b Aépew xai pgoveiv (266b): évéd €L
dMhov 7 ypon Tob Bpov dtadextinds yupantnptleTon Gg XATL TPOGWEWO, UE Gupl-
BoAn edoToyle (266b). "Acyeta b mpds THv dotoyte Tl Bpov, N dtadexTiin
&¢ mapovsta 7ol Cwvraved mvebpatog, — xal Syt Tol dmoAwuévov mvebuatog,
GLGTATIXOD TGY EpywV TGV Aoyoyedpwy, TV TOMTOY %ol TGV VOUOYQAPWY —, TTEO-
Baetar (¢ mpobmbleon Tie délac TAY pnTépwy, TGV TMOWTAHY xai TEV vopole-
76v. Kal 8morog elvar oixeloc tiic diadextixijc elvan Suxarolyog Y Thyv Emwvupia
cogds. Kabig Spwg copdy, & Daidoe, xaleiv Euotye uéya eivar doxei xal Oed puove
noémew (278d), dmoppimretar N duetpy adrh yik dmwowov dvbpwmo Emwvoplia, xual
mpoTiudToL 7 mevuple guidoopos: To 08 7 @rAdcogov i TowiToY TL pallov Te Gy
adt® doudrror wai éupeleatépws Eyor (278d).

‘O Trdrwv dev clvar houmdy Soypatixds olite @g mpoc Tov po @uideogog,
¢ dMhov bpwg Empéver oty BePalwen §tu 6 guAdoogos amotehel pérpo Vméprato
xol YL TV GElo T@Y AsiToupy @y EAAwY Tpémwy Tod Tvedparog, 6Tt dnAady 6 eidi-
%0¢ G& %&motov Tpémo Tol Tvebpatog dtv Emitelel yYviota xal pTie 6,7t TEATTEL )

8,71 molel, dv d&v elvon urocognuéves dvbBpwmos.

Vv

Trov Stdhoyo ZoguoTiig, Yeoupévo pie dexastion xal mAEov oTep” AT TV GUY-.
vooph Tob SwAdyov IloArela, ol gurdcogpor yapaxtnpilovron Beior (216a. TIpPA.
Hodreia 500cd) amd tov %pdtioro pabnuatind Obdwpo, &vé &£ &ANov xol &mod
Tov pepdpevoy G prhocopuxmtatoy (216a) Févov, olovel éxmpbowmov Tig Eheati-
®ic puiocoplag, Ealpetar 7 mepLwm) oD PrAocbpou, AN xed TovileTat 7 peydin
Suoyépeto TV TOMAGY va évvofigouy TV odolav tou: ‘O 6 ye guAdoogos, T TOD
dvrog del dua Aoyioudy moooxetuevos 08¢, da To Aaumoody ab Thg ywoas ovda-
uiss edmets 6pbipar Ta yag Tic T@v moAAdy wvyic duuara xaoTeQEly P0G TO
Ocior apogdvra addvara (245ab).

"T30b Aoumdy 670 ywplo adtd xdTt cdv 6pLopds Tob QLAosbpov, EoTw weptkdg:

(d1e hoyioudv moooxeluevogy «(del) (tij Tod dvrog idéan dnhadl Beloxetow 6 QUG-

35. IIpPh. @eairnrog 174b, 8mov Aéyetan &7t 6 @urdoogog... Ti € mor’ éotiv dvbgwmos xai
7l T] TowatbTy @boer mpoorxer Sudpogoy T@Y dAAwv mowely 7 mdoyew, Cnrel Te xal mpdyuat

dyer Suegevvdhuevos, § xal Paidges 229e-230a.




ZYNEAPIA THX 4 MAPTIOY 1999 109

60906 (1€ ToUg AOYLapoUs Tou GdukxoTe aTpapuéves TTpds THY idéa ToD Evroc. *AMa
670 180 ywplo xal Toviletar, 8t 6 @uAbsogog elvar Suabedpnrog dmd ol moAlod,
xabog 6 yépoc 700 dvrixaipuévon TEV loyioudy Tov xatohdumer, xal TO BAéppc
The Yuyiic Tév moAAdy B&v dvtéyer va Eupéver omiv Evaréwiam Tob Oclov (ITpP.
216bc % xal Daidpos 249c) xal va Sméyer v Tpoueph Adudy TOb ydpov Tov.

VI

‘H ppaon tob Srardyov Zoguotis (6 06 ye giidoogos Tfj Tod dvrog del dua Ao-
VIOUDY TPOOKEUEVOS 106q)), %ol WAMOTH UE TN GUVEYELL TNG (OO TO AGumooy ab
TG eas 0ddauds edmeTns dpbiraw), Tapéyel v évtimwey, 6Tt 6 puidcogog Bei-
oxeTal xAsloUévos oTov Ehepavtivo mhpyo THe xabupc Oewplag xal clvar &Sidpo-
pog v Tolg cuvavlpdmovg Tou xal yix TV wohtete. ‘H 2vrimwen Suws adri,
mpoxhnuévy 2€ dMAov amo gpdon Tob Zévou xal &y Tob TwxpdTous, dtv dvTamoxpi-
vetar dxépona TpdS THY wepl @LA0sHPov Yvapn Tob IIAdrwves, TV éxgpacuévy otV
Hokreia iSiaitepa, %ol cdupwvy dAAwoTe wedg Thy 7Ol cuumeptpopr Tod M-
%pdToug, 6Tt adth Exppaletat &md TOv idov amiv *Amoloyia Zwxodrovs (29ab):
dwc mep dv éumvéw nai olog T @, 0b un mavoouar prlocopdy xal Suiv magaxeievd-
uevos e xal Evdewvipevos Stw dv del Svrvyydve VuavS.

*Exgpactixdrato yid Thv Evepyd oyéon TGV dmieindv, dpo xal Tob @LAGEROY,
P0G TO doxew, Evonpévy M¢ cupPBoll) oTIV TRoYwYN TPOG edduLpovia ToD cuvéAcy
76V avbpamwy THe molTixdic xowoviag (497a, 499b), elvan to ywplo THe [lodwreiag
347cd: ol émewneic Eoyovrar émi To doyew ody ¢ éx’ ayalbdy Tu idvres 000 ¢ edma-
Brjoovtes év adt®, AL @¢ &n’ dvayxaidv Ti xal odx Eyovres favrav felrioow émi-
TOEWar 0B0€ ouoiois. *Avadéyovton dnhadn vo peTéyovy othy oo THG TOATIXTG
¢Eovoiag ol aAnbva 0ol &vbpwmol, Hote TpdTIoTR 0L QLAbGOQOL, Byt amd (rhodolin
Tpos TO ToATIxd aElwpa ) uE wposdoxia vo dpernbodv, A& pévo dmd cuvaicinon
rafnovrog, 2pboov dev Eypouvv &Ahoug abwtepouc 3 €otw iodErods Toug Yk va& Tolg
¢umoreuoly Tpde dounem dp0n Tie mohitixiic EEovsiac (mpPA. 517c¢d, 519-521b,
539e, 540Db).

*EE &M\ov, éxgpactixmTato clvan émiong To ywpelo 496d-497a, dmov EEyyeitar

70uea 7 évouveldnm oy amd THy dvepyd ToliTin, dAA %ol dEohoyeiTan HOwd, G¢

36. IlpPA. 28e: gilocopoivtd ue deiv Cijy xai ééerdlovta éué xal tods dAlovs' Iokreia
368bc: dédowxa yap iy 008 Gotov 1] magayevdueror Otxarootry xaxyogovuéry dmayooetew xal

iy Ponbeiv Ex dumvéovta xal dvvduevoy @héyyechar.
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wapodexty ut N Eyxaprtéenom, dmd pépuuve TEdG dmoTpomy) Tod duhol xwvdivou:
Tig ouvépyelag o€ &dixeg mpdkels, 1) THE averperng i TOV 18to xal Todg &Ahoug GTm-
hetag THg Cwijc: odte Evvadixeiv 80éhwv olite inavog aw els mdow dyolows avréyew, molv
TLTIY OAW 7] plAovs Gvijoaw meoamoAduevos arwpelns adTd Te xai Tois dArows dv yé-
V0170, TaDTO WAVTA AopLopd lafidw, fovyiay Eywy xal Ta abTod mpdrrwy?’...00mY Tods
dAAove xatampmAapévovs dvouias, dyandg el wy avtog xafaoos ddixias Te xai dvooiwy
doyawv Tov Te évldoe flov frdoetan’s. Kol oyohdletar d¢ xdtt Sy i) cmwovdaio
Nwa 7 dmoouyn adty avifene oupmepipopdc ooy Emiyeto Blo: *AAAd Tou, 7 0 bc,
0% Ta éldyiota dv damoalduevos dmalddrrorro. Kol avrisyohaletal Suwg 7 dmo-
Oetiny amhédc HOwn adry éntrevly: 0908 ye, eimov, Ta uéyiota, uny Toywy molirelog
OGN ROVENS" v Yap TEOoNHOVGY abTds TE udAov avérjoeTar xai peTd Tav idiwy To
xowa owoer Inhadn yoepoxneiletar de uh &proty TAnpwon Tig Cwiis, Epdoov dev
elvar %ol Betind A0y TAMfpwon Ting, vi xal amodidetar % Eewdn adty Oertiea
N0dic ovumepLpoplic aTic AmPdopopes xovwVIxo-TohiTines TepaTdaels (OBOé ye...
Ta péyiota, uy Toyow molirelag mweoonxovons): udhiote xel TovileTon BT pué Tebo-
POPEG XOLVOVIXO-TIOALTIXES TrepLoTacels (v yag mpoonxoven) Do Hrav EQuetyy %ol
N avartuén 1 N0udc Tol Quiosbpou TposwTbTYTAC (abTds TE udAdov adéijoe-
Tar) xel 7 cOv3popy cwaTixd dpden Tov SmEp THE owwviag xal bmEp Tob idixod
Tou GUUQEpovTOC (xal peta TAY dlwy xal TA xowd odoeL).

‘H yvoun yie v Betinn oyéomn tod @rhocbgon Tpog v okt #6Tw %al &V 1)
oyéon adT Exdhdvetar xdmote OTO THY THEGY TOV XOVWWXGY TEPLOTAGEMY (G
amoyyy dmd Ty dvepyd mohitind], 88y yxatodeimeron dnd Tov IIdTove obre xal oTd
borata ypovie i Cwi Tou, xal peta dnhadh i cvyypopn Tod Stakbdyov ZopioTig
6mwe patvetor xal ot ywpte e *Emotodiis Z', yeoupuévng dmd tov ynpowd ITha-
Tova, € xbpto Oépa EEmyNceic yid v olovel moAwixn 6Ty ZixeAio Spdon TOU
%ol TONTINEG Topalvésele Tpog ToUg Exel ouyyevelg ol @ithous Tol Soropovnuévoy
Alwvog, Tpowtopévon %ol dpoctopévon paldntih xul dmadol Tov. *Exepastivdrato
clvar 0 yowplo 328 c: & moté Tic Ta davonbévra mepl vouwy Te xai moliteiag amo-

Tedelv Eyyeionoet, xal vov melpatéoy gival... Tavty uev 01 Tij davoia Te xal TOAuN

37. pPr. *Anmoloyla Zwxpdrovs 3lde: &b yap lote, & dvdoes *AOnvaiot, el éyw mdia
X , ; 5 v s e N gl S e el e 5o
éneyelonoa modrrew Ta moMTixd modyuata, wdiar Qv dmoldin xal 0T dr Vuds dpeixn ovdéy
o0T’ dr éuavrdy.

38. IIpBAr. Nduor 803ab.
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dnfjoa oixolev... aioyvviuevos uéy éuavtov ©o uéyiotov, uiy 66Eaul more duavtd
mavramact Adyos udvov dveyvas elvar Tig, doyov 8¢ 0ddevos dv mote Excw dvbdypa-
ofar... (mpBA. 329b). *Exgpactixdrato elvar émtong 70 ywpto 331ed: ravrov oé
xal el modews adTod dwavooduevov yon Ciy Tov Eupoovar Adyew uév, & wi) xa-
ADG adTd @aivorro molirebeolar, el uédder pite paraiws doetv wite dmobaveioOar>?
Jéyav, flay 0¢ mareide mokireiag uetafoldiis wy mooopépew, 6tay dvev guyijs xai
opayijs avdpody w1 ovwatov 1) yiyveslar iy doiotny, fovyiay 6¢ dyovra ebdysobar

\ 3 \ {2 ~ \ ~ 4
Ta ayafa adt®d TE nmal Ti molet.
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*Eporarar #8n: “Oca ypaget 6 IThatwy yie Todg mwapstcantovg, avabiovg, ot
QLAGToQLe, 1) %ol yix Tovg NOuxomvevpaTind TaAavtolyoug, dote dEloug TH Ao~
puhocopla, %) xal Y ¢ 7B @ x Aovg, Gote &Eroug TG rho
cooiug, GAME ExmTeToue GTo TV Saxovie Tng, 88v clvan ot ixavd Paulwd Emixanpo;
Mhroc, 26 &ahov, d&v expépovran xal ybpw pag xploeig, 871 d&v ypmotushouy of
PAOGOQOL GTHY TONTINT), OC GTEPNUEVOL GTO TOV varyxalo YU adThY TPaYRATIoWG;

m\ ~ 3 ’ 3 4 > ! bA A A / 3 ’

I' mpdito Epirmnua Emdéyetar amavrney &veto xatootiky. 10 deiTepo Epd>-
Tue Bpmg Hodnhdver TapayvapLeY THg weyahootive Tig 6p0a Evvonuévng moki-
TG nol TV HOo-TveupaTxGY TpocdvTLY Soa pé Tpdolepa xal TpaxTIKTG EpmeL-

’ LY = 3 € A \ 3, € ’ b i o~
ptag abiwve 6 TIAdtwv va Zyxouv ol molitixol, &vdpeg eite yuvairec.

Ebhoyo, & &Ahov, civar xal 76 dpdtyua: Ilécor dmd todg Sidonuovs othv
‘IoTopta THc @urocogiog xal wedypatt omoudaiovs @LAocbPoUs AVTaToXEivOVTAL
axépoua oTOV TEoPAuévo Gmd Tov [Mhdrwva WBeddn timo @urosbpov; ‘H dmdv-

é A % ’II 3 A -3 3 \ \ é ’
oy meéner va clvon: “lowg Ehdyrotor, xal adrol xatd Twposéyyien wovo.

Mopa Tabra, % xore Thdrwve Evore Tob @uhocdpov mapapéver Eyxvpy mav-
tote: xabog 38y slvar mPoidv cuvayLYRg &mwd THY loTopixy TEaYRaTIkGTHTE Xl
waMov elvor adetned atmpa medg TV loTopixy mpoypaTIXbTYTX.
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puAboopot, dhhe xal pubuiletar % mpde T @rhocopia maudela Toug. “Eyet 6 IMha-
Twv éniyvoon T aduvapiac @y dvBpwmivey mpaypdtwy va Tavtiebolv mpog To

13e®dec xal ypdoet dti pow Eyer mpabw Aékewe frrov dAnleias épdanreabou (Iloii-

39. Ippnr. *Amodeyia Zwxpdrovs 3led. (Bi. ar., dmeo. 37).
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rela 473a), dev mader bpwe vo Cyrel dmd Tovg avbpamous THv mpoomalel yudk T
péyioty Suvaty mpocéyyien Tob idemoug (433ab).
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amnyhoelg év uoden @rlocdpw pepavrevuévay Adywr (Biinfoc 67b) amd Tov Snui-
ovpyd THe med g dva v Olxovpévy Axadnules.
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®YZIKH. — Quantum Gravity and the Constancy of the Velocity of Light,
by D. V. Nanopoulos*, of the Academy of Athens.

Abstract

A satisfactory theory of quantum gravity may necessitate a drastic modification of
our perceptian of space-tim . by giving it a foamy structure at distances comparable to the
Planck length. It is argued in this talk that the experimental detection of such structures
may be a realistic possibility in the foresccable future. After a brief review of different
theoretical approaches to quantum gravity and the relationships between them, we dis-
cuss various possible experimental tests of the quantum nature of space-time. Observa-
tions of photons from distant astrophysical souces such as Gamma-Ray Bursters and labo-
ratory experiments on neutral kaon decays may be sensitive to quantum-gravitational
effects if they are only minimally suppressed. Experimental limits from the Whipple
Observatory and the CPLEAR Collaboration are already probing close to the Planck
scale, and significant increases in sesitivity are feasible.

Almost a century has elapsed since Einstein proposed his General Theory of Re-
lativity, in which the curvature of space encodes the classical gravitational field. Somewhat
later, first quantum mechanics and then quantum field theory were formulated. All of
these theories have been individually tested with great accuracy. However, a consistent
quantum version of gravity still eludes us, and it is often thought that quantum gravity must
lie beyond present experimental reach.

Attempts to quantize General Relativity may be fitted into three major categories.
One tackles the quantization of the gecometry of space and time within the framework of
local four-dimensional field theories and (non-trivial) extensions thereof, using a
canonical formalism such as the loop-gravity approach [1], in which the states of the
theory are represented as functions of spin networks, lcading to a ‘polymer’ structure of
quantum space-time.

*AHM. NANOIIOYAOZ, ‘H xBavtueh Bapdtnra xel 7 stefepdunra i Taxdtnrag tod gw1ds.
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The second major category posits a foamy structure of quantum space-time [2{ in
which Planck-size topological fluctuations resembling black holes, with microscopic
event horizons, appear spontancously out of the vacuum and subsequently evaporate
back into it. The microscopic black-hole horizons are viewed as providing a sort of
‘environment’ that might induce quantum decoherence of apparently isolated matter
systems [3, 4]. These are described by density matrices ¢ with ‘in” and ‘out’ states that
evolve in a manner reminiscent of the quantum mechanics of open systems [3]:

Op = ilp, H) +JHp (1)

where H is the Hamiltonian, and the matrix (y H which has a non-commutator structure,
represents collectively quantum-gravity effects. In this picture, as in the canonical
approach, Lorentz covariance may be lost in the splitting between the matter system
and the quantum-gravitational ‘environment’. Such a breaking of Lorentz covariance
could be considered a property of the quantum-gravitational ground state, and thercfore
a variety of spontaneous breaking.

The third category includes string theory and its non-perturbative D (irichlet)- brane
extension [5]. The discovery of new non-local solitonic structures (membranes) in sring
theory has led to a new interpretation of the quantum space-time: D-brancs appear as
space-time defects, which give rise to a ‘discrete’ cellular structure in the space-time
manifold, in a spirit reminiscent of the loop-gravity formalism. Mutliple D-branes may
overlap and interact via the exchanges of open strings with ends attached to the brane
surface, yielding a non-commutative geometry of space [6, 7).

Further intriguing possible connections between these apparently disparate appro-
aches to quantum gravity have emerged recently. For example, there are conceptual and
possibly observational similarities between a ‘weave’ state in the loop-gravity approach and
one formulation of space-time foam [3]. Moreover, the latter may be reformulated wn the
D-brane approach [8]. This is because the scattering of ordinary matter, in the presencc of a
microscopic ‘singular’ fluctuation in space-time, requires a quantum treatment of the
‘recoil’” of the corresponding space-time defect. In string theory, one represents matter as
closed string and the defect as a D-brane [5], whose recoil is not described simply by a
conformal string background, but rather by a change in the background [3, 9] over which
the string propagates. The resulting string thcory becomes ‘non-critical’ [10], flowing from
one conformal background to another. This flow is a ‘non-equilibrium’ process, which
allows for the formation and evaporation of black holes in a string theory framework [8],
and a loss of coherence as argued previously in the framework of space-time foam. This
point of view is in agreement with the argument of [11], in the context of the D-brane
approach to black holes [5], that pure quantum states cannot form black holes, implying
that the formation and evaporation of black holes must be understood within the
framework of quantum decoherence.

The central feature of non-critical string is the appearance of a Liouville field on the
world sheet, which we identify as a dynamical renormalization scale that we can mn tum
identify as the physical time [8, 7]. Quantum fluctuations in the space-time background,
that arc represented by couplings on the string world sheet, induce renormalization via the
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Liouville field. The corresponding renormalization-group equation has precisely the form
(1) postulated previously in the space-time-foam approach. Moreover, the elevation of
time to a quantum variable leads to non-trivial uncertainty relations between Liouville
time and the collective space coordinates Y' of D branes, paralleling and extending the
non-commutative geometry of [6].

In the rest of this talk, we explore whether it may be possible to test experimentally
such ideas abcut the quantum-gravitational structure of space-time. We are interested in
signatures that are characterized by deviations from conventional quantum mechanics
and quantum field theory, that would presumably be suppressed by some power or
exponent of the Planck Mass M, ~ 10" GeV. As we discuss below, several such effects
may be at the edge of observability if the suppression is just by a single power of M,,. This
might indeed be the case, since the extra term (7 H in [1] may have the generic magnitude
O(? /Mp) [12]. Similar estimates have been made in the contexts of black holes and D-
branes [13, 8], and in the loop-gravity approach [14].

We discuss first the possible effects of a quantum-gravitational environment of the
propagation of a massless particle such as a photon. The recoil of a massive space-time defect,
modelled as a D-brane, curves space-time, giving rise to a gravitational field of the form [8]:

E
@~ Wy * O('M—P') 2

where E<< M, is the photon energy, and 7, is a flat Minkowski metric. The most

important effect of such a distortion of space-time is the appearance of a induced index
of refraction: the effective (group) velocity v of photons in the quantum gravitational
‘medium’ depends linearly on energy [15]

E
—_— (1 - O(MP)> 3)
where c is the light velocity in empty space, and the minus sign reflects the fact that there is
no superluminal propagation in the D-brane recoil approach to stringy quantum gravity
[7, 15, 16]. Such an index of refraction has an energy dependence that is quite distinct from
that in a conventional electromagnetic plasma, which decreases with increasing energy.

An analogous effect may arise in the loop approach to quantum gravity [1], if the
gravitational degrees of fredom are in a “weave” state |A >:

1 )
< A]GablA >= Mab + O (m)
where A is a characteristic length scale of the system [14]. Maxwell’s equations for the
propagation of ordinary photons are modified in the presence of such a weave state (4),
leading to a modified index of refraction of the form (3). Novelties in the loop-gravity
case (4) include the possibility of superluminal propagation and a dependence on the
helicity of the photon state, which could lead to characteristic birefringence effects.
Finally, we note that photons with the same encrgy (frequency) might travel at
different velocities, as is suggested by higher-order studies in stringy quantum gravity
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[16]. This would provide a second possible source of dispersion in a wave packet,
beyond that associated with differing frequencies.

It is exciting that the existence of a non-trivial index of refraction or other possible
modification in the propagation of photons, due to their interaction with a quantum-
gravitational medium, might be testable in the near future, if a suppression E/M,,; is
valid, with M,; ~ M,,. The figure of merit for such tests is (L X E)/ At, where L is the
distance of a source of photons of energy E which exhibits structure on a time scale of
order Az. As was pointed out in [17], gamma-ray bursters (GRBs) may have particularly
large figures of merit, as some exhibit microstructures around a millisecond, they may
emit ¥ rays in the GeV or even TeV range, and many are now known to be located at
cosmological distances. It was estimated in [17] that GRB observations might already be
sensitive to a quantum-gravity scale M, ~ 10" GeV, and suggested that the HEGRA
and Whipple air Cerenkov telescopes might be able to improve this sensitivity. The
Whipple group has now applied this idea to observations of the active galaxy Markarian
421, establishing a lower limit M,,; > 4 x 10" GeV [18]. A possible HEGRA observation
of high-energy~y rays from GRB 920925c might be sensitive to M,,; > 10” GeV [19], and
sensitive future tests could be made with the space experiments AMS and GLAST.

Laboratory experiments with elementary particles may also be used to probe the
possible quantum nature of space-time, as parametrized by the modified time-evolution
equation (1), for example in the neutral kaon system [3, 8, 20]. Data from the CPLEAR
collaboration have been used [21] to set upper limits on the possible decohering effects of
the quantum-gravitational environment at the level of 1/ (10" to 10*) GeV, and there are
prospects for improving these limits in future experiments on neutral kaons and mesons
containing bottom quarks. It has also been suggested that interesting limits might be
obtainable from experiments on neutrino oscillations [22].

Finally, we point out the possibility that the non-commutative structure of space-
time induced by multiple D-branes [7], as well as modified uncertainty relations, might
be detectable in atom interferometers [23]. Based on the description of topological
defects in space-time as D-branes [8, 7], and the non-trivial connection between D-
particle recoil and diffusion in open systems [8], it seems that the non-commutativity of
space-time might indeed be testable in experiments of the type discussed in [23].

The above examples indicate that experimental tests of some ideas about quantum
gravity might not be so difficult as is often thought. We have sketched in this essay an
embryonic experimental strategy capable of putting stringent bounds on quantum-gravi-
tational effects, at least in certain approaches. The challenge for theorists now is to explore
further the existing models, and to construct new ones that could provide a more complete
guide to our experimental colleagues. The challenge for experimentalists is to prove these
ideas wrong, which may not be too difficult. The beginning of the next millennium may
already provide exciting opportunities to seck quantum gravity.

This work has been done in collaboration with J. Ellis and N. Mavromatos.
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I[TIEPIAHYH
‘H xBovrtixy; Bapdrrta xal v stabepdrnta 17g toaydtntog Tob owtog

“Eva xavorotnmied npdrumo KBavtixdic Bupdmnrag, Yowg xpetootel va dAN&Eel
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Abstract

This study examines the ENSO - induced ozone anomaly patterns during the 1997/98
large warm event. The observed anomaly pattern is in qualitative agreement with earlier
studies, with large N-S gradients around 160 W from tropical Pacific to the Aleutians,
following ENSO events. At selected ozonesonde stations, ENSO-related statistically si-
gnificant ozone anomalies are found a few kms above the tropopause, with positive de-
partures (+5%) per SOI unit over Coose Bay and and Hohenpeissenberg and negative
(-6%) per SOI unit departures over Hilo, Hawaii.

1. Introduction

The ENSO phenomenon is aperiodic and its effect in total ozone does
not show zonal symmetry but rather follows a wave ~ train propagation, known
over the northern hemisphere as the Pacific-North American (PNA) telecon-
nection anomaly pattern (Wallace and Gutzler, 1981; Zerefos et al., 1994;
Randel and Cobb, 1994; Kayano, 1997). ENSO relations to total ozone varia-
bility have been reported for the equatorial region, (e.g. Shiotani, 1992; Hasebe,
1993), and major ENSO warm events have been suggested as partly respon-
sible for the observed negative ozone departures in 1982-83 (Bojkov, 1987).
The «centers of action» of ENSO in total ozone are manifested by deficiencies
as large as ~59; while cold ENSO events are associated with total ozone depar-

* TOYPIIAAH K., X.Z. ZEPEQOY.— Mehétn 1@V Swetapay®v tiig xataxopuens koi opi-
Covtiag xaravopiic Tob 6Loviog oyxetiloptévov pé 0 @oivopevo El Nino kota 10 yeypdva
1997 - 1998.
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tures which mirror the global pattern of the warm events. These ENSO -
induced patterns of changes in total ozone are closely associated with upper-
air circulation anomalies which can be traced to a wave train propagating
from the tropical pacific into the winter hemisphere In this study we report
new results on the ENSO - induced anomaly patterns in total ozone and its
vertical distribution.

2. Data

a. Total ozone global data

Total ozone data used are monthly mean values on a 5°x10° grid from
TOMS instrument on board Nimbus 7 (version 7, November 1978 through
May 1993). Global satellite total ozone data have been updated as follows:
from Meteor 3 TOMS (1993/3 - 1994/11), SBUV/2 (1994/12 - 1996/7, kindly
provided by R. Nagatani) and EP TOMS (1996/8 - 1998/3) The satellite
records in the years after 1993 were adjusted for continuity with TOMS on
Nimbus 7 (version 7) and with the ground based stations by using a global
scaling factor of -1, -2 and -1% for TOMS on Meteor 3, SBUV/2 and EP
TOMS respectively These represent the average systematic bias between the
satellite instruments and their differences with a well calibrated ground based
network used in the ozone assessments (WMO, 1994). Revised ground-based
data at selected stations are from the WMO-WOUDC Center

b. Ozonesonde data

Ozonesonde data from a limited number of stations, deposited at the
WMO - WOUDC data base, which correspond to criteria of long records and
homogeneity. Stations have been selected according to the following criteria:
(1) The station should provide ozonesonde observations at least since 1975.
This is because we are forced to exclude years with ENSO events coincident
with the voleanic eruptions of El Chichon (1982) and Pinatubo (1991), to avoid
volcanic interference to the ozone anomalies (Angell, 1997). (2) Ozone sounding
should have burst levels over 20hPa and correction factors between 0.9 and
1.2. (3) The number of soundings should be at least 3 per month, satisfying
criteria (1) and (2), and have not any one month or season systematically
missing

The stations meeting criteria (1), (2) and (3) were Edmonton (53°N, 114°
W), Goose Bay (53°N, 60°W), Lindenberg (52°N, 14°E), Hohenpeissenberg
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(48°N, 11°E). Additionally, use is made of the ozone sounding record of the
tropical station at Hilo (19.8°N, 155°W), even though its duration is shorter,
because of its vicinity to ENSO center of action in the tropical Pacific. It
should be noted that data sets at these stations have been recently revised
and we have made sure that Bass and Paur absorption coefficients apply.
The Canadian stations records have been adjusted to account for disconti-
nuities due to the ozonesonde type change in 1979/80, as described in Bojkov
and Fioletov (1997). The altitude of different pressure levels was calculated
from temperature profiles and ozonesonde data were stratified every km to
the height of the thermal tropopause (WMO, 1992).

c. Ancillary data

Equatorial zonal winds at 30 and 50 hPa from Singapore (1°N, 104°E)
are used as indices of the QBO. The 10.7 ¢m solar radio flux (#10.7,in 10-22
W m-2 Hz1) describes the solar activity and the widely accepted Southern
Oscillation Index (SOI), namely the normalised pressure difference between
Tahiti and Darwin, is used to describe the ENSO events [Trenberth, 1976].

3. Method of analysis

In this study we employ statistical analysis to filter out periodic natural
oscillations (such as the QBO or the solar effect) on ozone, by the use of the
following simple statistical model:

0Z(i,j) = S(i,j)+ Q(@,j)+ SO(,j)+ SE(I,j)+ T(@,j)+ residual
where i denotes the month and j the year of total ozone (OZ) and its compo-
nents, the seasonal (S), the QBO (Q), the ENSO (SO), the trend (T), the solar
activity effect (SE) and the “‘noise” residual term

Linear trends were removed at a given location by linear least squares
fit, for every month of the year and for every 1 - km layer in the case of the
ozone soundings. The satelite total ozone dava were deseasonalized by the
long-term monthly mean calculated from 1979-1990. For the ozonesonde
data, the priod 1975-1990 was used to calculate the mean ozone at each
level except for Hilo, where the whole period (1982-1990) was used.

4. Results and Discussion
a. Observed ENSO - anomaly patterns in total ozone in 1997/98

Figure 1 shows the observed total ozone anomalies during the winter/
spring 1997/98, calculated from EP TOMS after filtering out the linear trend,



122 TTPAKTIKA THEX AKAAHMIAY AOHNQN

the QBO, the seasonal and the solar activity components. Isolines are drawn
at steps of 2%, as departures from the mean winter/spring (Dec through Mar)
value, calculated in the absence of volcanic effects during 1979-81 and 1984-
90. Dashed lines indicate negative anomalies, shaded when they are below-
3%. From Figure 1 we see generally negative ozone anomalies prevailing at
latitudes south of 30° N, peaking to (-6%) over western extra tropical Pacific.

Figure 1. Total ozone changes (in %) for the winter|spring period 1997(98. Seasonal,
QBO, and linear trends filtered. Contour interval 2%;: the 0 line is thickened, negative
contours are dashed (shading <-3%).

Positive anomalies, interrupted by smaller regions of negative anomalies,
prevail to the north exceeding 2¢ over Alaska and Siberia where the peak is
+109%. Earlier studies (e.g. Randel and Cobb, 1994; Zereios et al., 1994; Kayano
1997) have proposed ENSO pattern in ozone anomalies in qualitative agree-
ment to the pattern in Fig. 1. These studies, also Chernikov et al., (1998),
and Fig. 1 show that negative ozone anomalies coincide with regions of wind
divergence at 200hPa during ENSO events, while positive anomalies with
convergence regions (Rasmusson and Wallace, 1983). The largest N-S total
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ozone anomalies are found along the meridians between about 120W and 180.
Fig. 2 (solid line) shows the observed ozone anomalies and+16 bars expressed
n (%) as departures from the mean winter/spring as above, along the meri-
dian 160W. Ozone anomalies for DJFM 1997/98 and the same meridian as
estimated from regression analysis using actual SOI values and the long-term
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Figure 2. Total ozone anomalies and 41c bars expressed in (%) for the winter|spring
1997(98, observed (solid line) and statistically estimated (dashed) along the meridian 160W.

SOI - ozone correlation at each grid are shown by the dashed line. As it appears
from Fig. 2, along the 160W meridian, observed and estimated ozone anomalies
agree over a wide range of latitudes (4-35) and qualitatively over the rest of
the northern latitudes in that meridians. However, the large differences over
middle and high southern latitudes reflect the limitation imposed to such
analyses in the southern hemisphere summer.

Examples of such correlations are shown in Fig. 3, where 12-month running
monthly mean total ozone anomalies at three stations located in Canada, the
topical pacific and Europe are compared with corresponding SOI time series.
From Fig. 3 it appears that at Mauna Loa ENSO - ozone anomalies are posi-
tively correlated (r= 0.4), even during perturb periods from volcanic eru-
ptions (shown by the vertical lines). At the other two stations, the correlations
are negative and statistically significant (*Goose=:32, "Honen=.41) if we exclude
the volcanic activity periods during which the correlation is reversed.



124 TIPAKTIKA THEX AKAAHMIAY AOGHNQN

If should be noted, however, that not every event of the Southern Oscil-
lation, either warn or cold, is manifested in total ozone anomaly pattern over
exactly the same location or with the same amplitude, because of the large
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Figure 3. 12-month running mean of long tcrm total ozone changes over Goose, Mauna
Loa and Hohenpeissenberg. Vertical lines indicate large volcanic eruptions.

number of factors influencing the ozone amounts which vary from year to
year and may interfere and even distort the ozone anomaly in amplitude and
pattern. For example, the winter of 1997/98 has been warmer than the pre-
vious three winters, and unusually high stratospheric temperatures prevailed
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over high latitudes (European Ozone coordinating Unit, report on the Winter
1997/98). This climatic anomaly in the stratosphere, whether or not linked to
the 1997/98 ENSO, resulted to fewer PSCs and to less ozone destruction over
high latitudes, therefore enhancing the positive ozone anomalies there.

b. Vertical ozone distribution

In this study we restrict our analysis of vertical soundings to the northern
hemisphere, because ozone sounding records in the south do not satisfy the
criteria set in the data section. The selected stations fall closely to regions
of total ozone anomalies. Lag correlations between SOI and ozone anomalies
at various heights were used to select the lag of highest correlation at every
km level, stratified to the height of the tropopause.

Figure 4a shows the profile of ozone anomalies in (%) of the long-term
mean per SOI unit for every km, along with the corresponding 2 error bars,

20 20
£ 15+ — 15 -
£
2 4 5 4 L
o
8 104 ™ 10 =
(s}
o
g i i ] (
g 5§ b= 5~ —
@ - - 2
8 11
[
3 0 - 0~ =
e
@ [ 1 (b) T
R i ) st T s S
20 %5 10 -5 0 5 10 15 20 0 40 80 120 160 200
% change per SO! unit mean ozone vertical distribution (nb)

Figure 4. (a) The ENSO effect in % per SOI unit over Hilo. Horizontal bars indicate 2 o
levels. (b) The long term mean vertical ozone distribution.

for the station of Hilo, Hawaii. The mean ozone profile is also plotted for
comparison (Figure 4b). The ENSO - related significant anomalies at Hilo,
are found in the vicinity of the tropopause, exceeding 6% per SOI unit. Du-
ring a strong warm event of the oscillation, such as the one of 1997/98, when
the seasonal winter/spring value of the SOI was less than -2, the effect should
be double the one shown in Figure 4a. For a cold event, the sign of the
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distrurbance will be the opposite. The sign of the effect on the vertical dis-
tribution is the same as expected from the location of the station, when com-
pared to ENSO effect on total ozone.

Figure ba shows results from the long-term analysis for the station of
Hohenpeissenberg, where the change per SOI unit is estimated to reach over
+59%, with the highest anomalies found a few kilometers above the tropo-
pause. The mean ozone profile is shown for comparison in figure 5b, while
figure 5¢ shows the observed change during the last winter/spring 1997/98
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Figure 5. (a) The ENSO effect in % per SOL unit over Hohenpeissenberg. Horizontal
bars indicate 2 o levels. (b) The long term mean vertical ozone distribution and (c) the
ENSO effect in % of the long term mean, for winter|spring 1997(98 (dashed-black dots).

ENSO event, seen as dashed profile of black circles. The anomalies for this
last large event are very close to those estimated from the analysis of the long-
term record. The analysis for Lindenberg and Goose showed response of the
same sign and amplitude as for Hohenpeissenberg while the station of dmon-
ton, which falls at the zero isoline (Figure 1), showed response of the same
sign and at the same height, but smaller than the others.

Summarizing the above, all stations examined show consistent results
with the total ozone anomaly palterns caused by ENSO events seen in Figures
1 and 3. The ENSO signal in the lower stratosphere appears with reversed
polarity relative to the upper troposphere, indicative of geopotential height
field perturbotims drcaying with height (Yulaeva and Wallace, 1994). The
warming of the tropical troposphere, reduces the static stability near the
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tropopause level, enhances the potential vorticity gradient, and the distur-
bance moves away from the region as a train of dispersing nearly stationary
Rossby waves. The dynamical effect in the lower stratosphere would be evi-
dent near the tropopause region. Variations in the tropopause height explain
a large portion of total ozone variability (e.g. Schubert and Munteanu, 1988).

Figure 6 provides an epilogue to the anomalies induced in the thermal
structure of the troposphere and lower stratosphere by the interannual varia-
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Figure 6. Tropopause height anomalies (seasonal and linear trend effect filtered) over
Hohenpeissenberg (solid line). The SOI (dashed line) time series is plotted for comparison.
Vertical dashed lines indicate periods with enhanced volcanic aerosol.

bility of the Southern Oscillation and its implications in regional ozone surplus
or deficiency. The figure shows statistically significant positive correlation
to exist between the tropospheric height anomalies (linear trend removed)
over Hohenpeissenberg, and the time series of SOI, excluding the periods of
voleanic interference, since volcanic effects (dynamical and radiative) in the
tropopause are capable of masking the ENSO signal. The tropopause ano-
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malies - SOI correlation (r= 0.4) is significant at the 95% confidence level
and independently agrees with the findings discussed before.

In conclusion, the ENSO signal in the vertical ozone profiles over north
Pacific, north America and the European region, is statistically significant
at the 959 confidence level as evidenced from the longest available ozonesonde
records deposited at the WMO/WOUDGC Toronto data base. The signal con-
sists of positive (or negative) anomalies exceeding 26 near the tropopause.
Peak departures are expected to occur few km above the tropopause reaching
469, per SOI unit over Hohenpeissenberg and Goose Bay. At Hilo, the negative
departures of - 59 per SOI unit just above the tropopause result to significant
ozone anomalies over that center of action during periods of ENSO events.
Anomalies of the opposite sign are expected during periods with cold events.
Finally, the qualitative agreement between the ENSO patterns in earlier and
in this study (Randel and Cobb, 1994; Zerefos et al., 1994; Kayano, 1997)
and those observed over the northern hemisphere during the 1997/98 winter/
spring period need further verification with future large events, undisturbed
from competing signals as for example large volcanic eruptions or other non
ENSO related climatic anomalies.
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ninTowy pd meployds olyxhions. Haparneodue énlong 8t 9 peyohdrepy dovpperpla
nal ol peyaddtepes Staxvpdvoels kot Tov &Eova Boppa-Nétou ugavilovrar xata
pixog T@v peonuBevdy mod mepikhelovy Tov Elpnvind *Queavé.

Adry) dxpiBéic ) dovpperpla dmeoviletar yapaxtnploTing oo Zyijua 2, oTd
omolo mapovstalovtar of mocooTiaies peTaBords Tol Hhxol 8lovrog (¢ wocooTo Eni
Tolg Exatd i wéong e, (%) xara Thy Juyed) weptodo dmd T Aexéufpro Tol 1997
péxpr 6 téhog Mapriov tod 1998, %ol xatk uijxos Tob peonuPpeivod 160 Sutixk 1ol
Greanwich. Ot petaforis adric #xouv tmoroyislel Enlong dmd Ty dvdivey Tév do-
puPOPLKEY TapaTENcEWY Tob GAxol 8lovrog xal Eupavilovrar ¢ cuvexhe Yeouuy
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ot0 Zyfpe. ‘H avrictoryn éxtipnoyn tév petaPoldy, dmwg adty Smoheyiletor &mwo 10
oTatioTixd povrého, Exel oyediaclel dg Svanexoupévy yooupd. Ot xabereg ypoppes
InA@vowy 16 oratioTied cpaipe ( 116).

Ta dmoredéopata THe dvardoens TGY Sopupopkdy TopuTNENcEMY ToU 6Mx0D
tlovrag elvar 6t cuppovie pé ta droteAéopata Ti Wing pebodoroying bmwg adty
epappbolinre ot dedopéva o dmola mpoépyovran amd Emiyeloug otabpods petphoews
onxob 6ovrog. Zto Zyijua 3 mapovardlovron of Swdexdpmvor péool xviibuevor Gpol
TV Loxpoyedviov petaBordy Tob 6hixod §lovrog ik Tolg émiyeioug atabuovg Goose
Bay, 6 6molog Bptoxeran otov Kavadi (53 B), 76 orabud Mauna Loa, 6 6motog Bpt-
oxetar 670 cbumAeypa Tév viowy Hawaii 6tov tpomind Elpyvixo "Queave (20 B),
#ol Téhog 670 otabud Tob Hohenpeissenberg, 6 émotog clvar dpewide stabpdg (975
wétpo HPduetpo) oty meproyh Tic Bavaptag ThHe Kevrpuxdic Edpdnyg (49 B). Ot
raleres yoapuss dnhdvouv TV ypovohoyle TEY peydAwv NPuioTelandy ExpnEewmy
t&v neootetwv El Chichon xai Pinatubo, ta #rn 1982 xai 1991 dvristoya. ‘O
npoovagepbelc deixtng ThHe Nériag Kduavene /| ENSO &ye oyeduacbel dg Sroxe-
ropuévy yoauun. "Amd t0 Zyfiua 3 yiverow dugavic &t ol Staxvpdveeg ToD GAxoD
8%ovrog ot Mauna Loa, otov tpomxd Elpnvind "Queavd mapovsialouvy Oetind) cusyé-
oM wé Tic perafolds Tob deixty Tie Nétiag Kbpavors /| ENSO, 4 émola cusyérion
elvar oTatioTnd) onpavtie ot énireda peyoditepa Tod 95%;, évé of dho dAhot arabpol
mapovaLdfouv aevnTiny cuayétion, énleng oTaTioTivd oNpavTixy GTay mapaetpfoly
oi ypovixeg meplodor xata Ti¢ Omolec mapeuPdiovrar of fparcTelants Expniels.

Mpémer vo toviahel 8t T émeraddix g Nériag Kopavorng [ ENSO 8ev Epopa-
viCouy Tdvra dxpiBéic To {80 mosooTd énidpaang, xal adtd & alrlag Tol weydiov
apBuol mapayévray of émolol émmpealouy To GAxd 8lov xad of émolol petafdihov-
o &md Erog ot Erag. ‘O yewpdvag Tob Eroug 1997-98 Hmiicke Bepudrepog dmd Todg
yerbives THg Tehevtalag mevtaetiag, ut dmotéhecua Ty Eupavicn wixpotépou dplh-
wol Moy Zrpatocpaipixéy Nepdv, ta dmoia elvor maywuéve vépn ol upo-
vilovraw xuplws TO yELL@VE OTX peydlo YEOYprQuxd TAXTY xal T& Omole Gup-
BdAhouy %atd x0pLo AbYo GTHV xaTAGTEOPH TOD aTpmuatos Tod &ovres. ‘H pelwon
e Eupaviong Ty Iohwxdv Zrpatocpaipinédv Nepdv clye Emouévwe g &ueon
GUVETIELL (IXPOTEPY XATHGTPOPY TOD BLOVTOG GTR UEYGAX YEWYPAPIXE TAXTY 70U
Bopetov furoganplon xatd 7o yepdve 1997-98.

Ao THV dvdluon TaV petafordv Tig xataxdpueys xatavoudc Tob 8Lovtog
otolg 3 émeypévoug ortaluodc mpoxdmrer 8t 7 énidpacy 7ol ENSO otd 8fov

dupaviletor onpavriny, ut péyioto oTHY mEpLo)l GxplBdc TAVW GO THY TEOTG~
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mawen. ‘H xaredbuven tic éntdpascne adrije, Oetinn %) dpvyrind), Bploxerar ot dméd-
Aty ovppwvia ué Tic avapevdpeves Detings 3 dpvnrinds dmoxioeis Tob 6Axol 8lov-
TOG GTNV GvTioToLyn YewYpapLky TepLoyy oTHV Omola dvixer 6 xdbe orabpde.

Tt embdpeve oyfuata 4 xal b mwapovcidlovror Ta dvo md onpavrikk &moTe-
Mopoata THe avdhuens TEY petaBoAdv THE *aToxbpuens xatavopic Tol &fovrog,
v Tovg otabuods Hilo xai Hohenpeissenberg, otév tpomxd Elpnvind xai otiy
Edpony avrictouye.

2o Zyfipa 4 (a) mapovordletar % Emidpaon T Némag Kduavene [ ENSO
otov orafud Hilo. ‘O craludc adrdc Beloxetar émiong 6td cdumieypa TGV vicwy
Hawaii 67ov tpomixd Elpnvixd *Qxeavd, kol ot yewypapind mhdros 20 B. ‘H éxi-
dpaon ol ENSO mapovoialerar ¢ mosostiaie petaBor) (%) dve povada peta-
BoAtig Tol delwty tHe Nétag Kdpavong | ENSO. Of 6pulévrieg yoaputs dnidvouy
T& émimeda Tol Sumhdorov THg Tuminic dmoxhicewg TGV TpdY (2 6). Std Zyijua
4(b) mapovcialerar 7 poxpoypbvia xaTandpuey xatavoud) Tob Covrog ot nanobars,
Ao cvyxpicewe.

Zto Xyfjua 5(a) mapovoidleton % EntSpacy tic Nétag Kduavens | ENSO
OTIY %axanbpuey xatavopd Tob &lovrog orov etabud Hohenpeissenberg. “Omewg
mpoavapéplnue, 6 oTabuoc adrdc elvon dpewvds oTabudc Tig xevrprilc Edpdmyg,
xal Bploxerar ot Bépeto mhdrog 48 B. ‘H énidpacn i Nétiag Kipaveng | ENSO
mapovstalerar Gg mocooTixle petafoly (%) dva povada peraBoric Tob detxry. Oi
0pLiovTies Ypapuds Snhdvouy Ta émimeda Tod 2 o, &vd ord Zyfjua 5(a) mapovoid-
Ceror 7 popoypdvie xataxbpuen xatavouh Tob &lovrog of nanobars. Xtd Tpito
Tpiue Tod Zyruaros b, (e) mapovcialeton N Emidpacn TiHe Némae Kdpaveye |
ENSO oty xataxdpuen xatavops tod 8lovrog, yia v Puyen meptodo dpytc Ae-
xeuBplov 1997 - wéhy Maupriov 1998, &¢ mocootiate petafolry) (Exaroctiaio mo-
60070 THg paxpoypdvias péone TLLig).

ATd o Sbo adtd Tyhuata, maparnpolue 6t 6 piv otabuos od Hilo wapov-
oulet pelwon tol 8lovrog oy mepLoyl g Tpomomadoews, 7 émota phdver ot Toco-
ot puxpdrepa T00 —69 dva povdda tob Setxty Tig Nériag Kdpavene | ENSO,
évd 6 oralpoc tod Hohenpeissenberg mapovoidler Oerind) dméuhioy, ot abénoy
7ol &lovrog pepuxd yhbpeTpa waVL &md THY TPomémavcy, xatd Teplmov 5% dva
povdde Tol Selwty. Adrtd onuatver 81, otiv meplmrway évdg loyupol émeisodiov,
brwg yuk wopdderypa adtd tob 1997/98, Smov ) Ty Tob Sebwty nara THv Puyeh
neptodo ol 1997-1998 Epluce 6 (-2), of mocooTialeg adréc petaBords Simhaoctd-
Covran, Snhadh @Bdvouy oty mepintwon ol Hilo o -12%, évé ord Hohenpeissen-
berg 5 +109%.
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To ofjua 17 Nériag Kdpavong | ENSO oty xatdrepn orpatéopaupa upa-
vileton avrifero dmd 6,7t oy &vdTEpn Tpombopaupn, dvdekTinG SuTapuydY 0T
nedio Tdv yewduvapidy HYév, ol dmoicg EEaclevolv ue to Goc. “H Oéppavayn g
TpoTIXTiG TPomdoPaLpng, XopuxtNeLeTXd TMV Ospudv éneicodiowy 1ig Nétiag Ki-
pavorns [ ENSO, peidver 77 ooty ebordbeia oty meproyy) Tiig Tpomomaboen,
ué Suvapixd drotéhespa i) perafBorn ol Oloue Tiic Tpomomadoewe kol wdhiaTe T
«ovpplxvwen» ol arpdpatos Tol lovrac.

Ot peraforts tob Oouvg g Tpomomadoews, ol omoleg %ol cuoyertlovran pé
wa émeiobdia g Nériag Kopaveng [ ENSO, cuverspépouv dpeoa otlg Sratapayds
700 6ol 8Covrog. AdTd yiveran Eugoveg oo Zyijua 6, otd émoto mapovaalovran
ol petafolrég Tob Glovs ¢ Tpomontaicews, 6¢ uétpa 66 oTalpd Tob Hohenpeissen-
berg, ot omoleg mapLoTdvovTaL ue TV ouvexd Yeauun otd Zyfue. ‘H éthoia pera-
BoM) %ol N paxpoypbvie xhuwortiey Taon Eovy aparpedet. ‘O SOI (Selxne g Né-
g Kopavone [ ENSO) Eyer oyeduacel yid olbyxpion, dg Saxexopuévn yeoupd).
Ol xdberec Stanexoppéves ypopues SnAnvouy Tic Expiieis 1év fparsretwy El Chichon
xal Pinatubo (évy 1982 xai 1991 dvricroya). Iaparnpolue ému Gmdpyer mpdy-
pott Oetuien) ouoyérion perabd Tol Gdoug T Tpomomaisewe xal Tob SOI, 7 émola
elvon. oTatioTxd onpavtiny ot énimedo peyahdrepo ol 95% Grav EEapodvrar of
meplodor xatd tig omoles Ymdpyer ioyvph €midpacy Tav Yparcteioandv ExphEewy.
Ta droreréoparta adrd cuppwvolv dréluta wé Td dvrioTorye edpfmurte T& TEoepy 6=
peve dmo v avdAuen téoov Tol GAuxol 8lovrog 8oo xal TiG xaTaxbpueng RaTAVO-
uiig Tov.

Zuvoyilovrag Ta mponyodueva mapatneolue 8t oy mepimtwoyn 1ol GAxod
8lovtog, Ta dmoteréopata mapoustdlovv cuupuvia wé mponyodpeves Epyacieg pd
TV EuQdvicy) peYdA®V ACLRUETELEY xotd Eijkog Tob &Eova Boppd - Nétou ortdv
tpomixd Eipnvixd "Queavd, ot Sidpxera T@v unvév of émolor Emovron peydiwv
énetcodtov g Nétiag Kbpaveng [ ENSO.

"Enione, ot émeypévous otabuols petprioewy Tic xatoxbpugns xoaTavoui
70D 8Govrog, Eupavilerar Entdpaoy tic Nétiag Kbuavens [ ENSO, eratioried onuay-
Ty, LepLnd YLAdpETR TEVe &Td THY Tpomomoinoy. [lpémer va Tovichel T xaTe
76 dvricTpoga émetaédia Tig Nétiag Kduavone [ ENSO, yvaota xol dig duypd éret-
o6dux %) émeroédie La Nina, émog yie mapdderypo éxsivo tob 1988-89, of perta-
Bores mov mapaTpolvrar Téoo 0T GAd 8lov doo xal aTHV xatorbdpuen xaTavouh

tov éugavilovrar pe avrifeto ofjua.
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®IAOZODIA. — Kaipog ij 10 kpioypov éhayetov otig ’Emortijpeg tiig Diceng
K010 10V *Aprototédln, Smod Tob Axadnuaixod k. Eddyyerov Movrabmrovdon *.

*Apeodverar oty uvijun
T00 xalnynrot Nixoldov Aifaddoa

To @rrocogund TedPhnua Tl xarpod avripeTomiotyxe T TpdiToy, éoTw %’ du-
péowg, dmd Tov Anubupito, 66 mhaisto The x pépoug Tou YeNcews Tob mpobfpates
£6-1 76 6molov mpoodiopiler &va pérpo mob Téoo Ayo OmepBaiveran, dote Emdpd
edpevéic éml Tiic mparypaTibTTog TV 6motay yapantnptler pérpov mob Eyypdpe-
Tl GG %otpdc xt O¢ StoxptBworn, %ol wod EmBdMeTaL GG TO dxupbTaTov GpLov dvo-
x7ic? mod mpovyeitor i cloforiic Tob dyay omv mpaypaTikéTnTa Exelvyy. ‘H S
adTy Evvora Tl xopob O peretndi E36 g wpog ™Y onuacia ™ oTd Epyo Tob “A-
proToTéNOVS, E6Tw xal BT Yoviay xdmwe oteviy. [pdypart, dEiler wavrote v’ ava-
péperar xavelc 670 Epyo Tl Zrayeipirov, To émotov EEaxoroulel v xvprapysl Eml
T chyyeove EmeTNRoviKiic oxnviic, Eo0Tm %L ApWTIXGC, 6TO TAwlco TG «QLho-
coglag Tob &y, xare tov Bachelard.

& dbo mpomyobueveg GvaxovGoElg pov mpooTdlnou va mposdiopicw THY -
paota xol Ty omovdatbtnTa THe Evvolag Tob xalpod xatd Tov *ApieToTéy, TedTov

%ol cavtvd Uotepa, h¢ wpoc Thy dvbpdmivy ovpmepipopdt. X’ Soa dxolovboly,

* E. MOUTSOPOULOS, Kairos ou le minimum critique dans les sciences de la nature selon
Aristote.

1. II8. E. Movtaodmovrog, Elvar 7 70uxd) tod Anuoxpitov #0ue) tod xarpol; Moaxtia toi
A’ Avebrotc Zvvedglov yia Tov Anpdxgiro (1983), ©. 1, Edvlyn, 1984, co. 317-326.

2. TIB. Tob Ad7ob, Tolérance et équité, Diotima, 27, 1999, oo. 159-161.

3. IIB. Tobd Adrob, La fonction du kairos selon Aristote, Regue Philosophique, 110,
1985 /2, cc. 223-226.

4. IIB. Tob Adrob, Kairos et comportement chez Aristote, Zuvédptov Aristotle. On Mé-
taphysics, émp. T. Ilevtlomobrov-Bakadd, Xt. Anuémovdog, Oecoudrovivn, Apterotédeto ITa-
vemiothuto Oeoocorovivng, 1999, oo. 21-26.
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0’ avapepbd otd xplowpo pépoc mod 6 xoupdc Sradpapariler évroc Tol dpioToTeil-
%00 oroyacuol &rav adrdc dpopd otic émieTiines T pboews. ‘Opulbpevos dmwd Tov
*ApioTotéln g (o b &v ypbvend, dAAd x. dvadvbuevos e THY onuacic adTiy g
mAeloTa Ywpta ToD &v yéver Epyoud Tol LrayeipiTov, 6 xoupdc wpoBdider dg TO TPoidY
pidis avadounoews Tig ypovinéTnrog. Ilote dév Oa emonuavbij énapndc ooy M id€x
THe ypovixdic cuvexslag druredel, oty woaypaTixbtyTa, dmotelng o6& wiay xabopd
vonTiey, oupBatiny Bedpnon xat’ odolay omneilépevny énl widg Sudoyiic dmobeti-
#&Y noTacTdoEwY oL Exppalovy avrioTolywe Tl xatmyopiec Tol moiv, ol xava
%ol Tod perd: Swadoyiic mod émPaiderar B adoTNEdTYTH EVTEAGS ETLOTYROVIXTY
6Ty, €oTe nol apeeBnrodusvny, TEd TOD YPWLUATOS, XoQTEGLOVIY GVEAVGY TOD
meaypoTinot?, xal Tobto 62 onuciov dote va Exel Imootneuy b, ot medlo T vew-
TepNG QUoLXTic, TOE 6 Ypdvog, TEAA, dAko SV elvar Tapa Eva (poAbYLOY Ex GuVape-
oA0YNGEMS %aTEGKEVAGUEVOY TTOD, TO TOAD, oxomdv Exer va pic dmevbupiler Tig ov-
vovTacels pacs.

Mupbpota Goréoo Oewpnon tob ypbévov mpobmobérer piay émiomypovind cuvel-
IMow i3edddn Evreddg dmeomacuévy AT THY TWpoypaTikdTTe, % 7 6mola dpd Bi-
wnv &mhol mapatnenTed ThHe éxtuhifews T@Y pawvoubvey, EoTw xi dv yivel dmode-
%TO TOG N TapaTNENGY Tapapével qvekdptyTn Wwidic wpobeTixdtyTog oL pudg dedo-
névng mpobéscwg THe ouvedhoewe. *Amevavtiag, 3&v LploTatol xautdoTacy mewy-
poatixd) 8mov ¥ cuvetdnoy, OewpnTind) ) mpaxTnd, d&v orpatedeTor Evavt TG Tooy-
paTiebTnTog TV 6molav mapatneel »’ &ml g omolug ddidxoma mpoomalel va émép-
Bet, Gote xahbrepa vo THY cuAAEPe xal va Ty ENéyEer. ‘H ordom adm) 6dyst oy
Bedpnon Sud véwy xatnyopLdv mod, oThY cuveldnoy, xat odoiay mponyolvral TEY
TELDY YPOVIXGY xaTyopLdV ol 6moieg dvepépbncay mponyouubveg: mpbxetTaL TEPL
&Y xaTNYopLéy Tob ofmm xal 7ol odxére, mob cuvieToly, Tpdmov Twd, TO Sienuov
oyfike 6Td 6molov dvdyetar TO TploNWoy xeivo oyfjua mod dmoteroly ol mwpoyyou-

uéverg pvnuovevbeloee ypovirés xotvyopiee.

5. *HO. Nuxou., A 4, 1096 a 26° *HO. Edd., A 8, 1217 b 32° 37- 38.

6. IIB. Ay *Aval. mo., A 36, 38b 35° M.7.¢., A5, 985b 30- 9, 990a 23+ H3, 1043b 25- M4,
1078b 22+ *HO. Nuxou., B7, 1108b 7- IToir., M8, 1269a 28- 19, 1272a 26+ I'3, 1276a 31- H16,
1334b 35- 1335a 41.

7. H. Bergson, L’évolution créatrice, Oeuyres, Paris, P.U.F., 1959, ¢. 657 II8. E. Mov-
reomoviov, La critique du platonisme chez Bergson, 5n &x3., Athénes, I.P.R., 1997, . 30-31.

8. IIB. Tob Adrob, Korpds xai iatopla, Moaxtixa vijc *Axadnuias *Abnpdy, 59, 1984, co.
532-551, idlq 0. 536.
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Ot {3ieg adreg Sud xatnyoples Tpoodioptlovy v EAdyLoTy Exclvyy Lavyy bmov
vomofereiton 6 xoupbs, xat’ dpyiv dvemavdAymrog, WO TOV 6TOLOY GUUPMVGS T
cuveldnoig Sdvarar vo EmepPativer xotd TV Sidpxela TGY cupBotvévTmve.

"Av dvatpédope TV dnbuvy TN ¢ TpaypaTidThTog, TéTE B GEYLXd RoUpL-
%67nG dmoxahdmreTan O N Avaddunoy Tij¢ ypovixbdtyroc: pécw Tol xawpol, f cuvel-
e éyrabioTarar, dvricTolywe xal xata mponyNow, uéoa 6T Emepydpevoy (slvar
7 meplnrwoy Tob odnw) 4, xad’ Sorépnow, péoa otTd mapeyMuévoy (slvar 7 mepl-
mrwoyn Tob 09xéte)0. Tlpoxeipévng e Tehevtalag adtis mepimrdoeng, xal Tpov-
pévev Tév dvaroydy, 6 Husserl éuihet, mepl évog ovyxpatoduevov mapbyrog T6 6-
mwolov dvTioToLyel TPOG TO dvamolodpeve Tapypévoy Tév mouTév. “Olol adTol
ol mpocdiopiopol Expilvoay dmagaityror O¢ sloaywyirol othy wpoPAnpaTind mod
0Oc éxbésw. Zmeddw va xabnovydow avayvdoTog %t drpoatds pov: 8&v 0d xatapiyw
ot oeLpay apnenuévey DewpLdy, dAhk 0 meploploTd 6TV GvdAvcy Wi celpds GUY-
7expLpEVRY Ywplwv: dvaivey 7 6mole dmobérw mog Od xatacticel mpogaves TO
émioTypodoyind wedlov ml Tob 6motov 7 Evvore ToU xatpol dmoPaiver SpaoTixd v
7ol dproToTedinol oroyacuol, meproptlbuevoe, brwg 8 E3NAwon, ot Dépura oye-
T oG Tig EmioTiines THg pYcEwme.

At dmody pelodoroynny, 6 *Apiotoréhng Oewpetl o f Exbeoy Seurepeudy-
TOV TPOBANUATOY avapepbuevey o6& xdmwoto xbpo Oépa mpémear dmaputtirog v’ dvo-
anebf éxtdg Tob mhawslov g erdoswe Tob Tedevtatov adrod, mpdc amepuyNY
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kairos, Revue des Travaux de I’Académie des Sciences Morales et Politiques et Comples
Rendus de ses Séances, 131, 1978 /1, ao. 1-20.

11. Mevewg., A7, 344b 26.
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adorned. Oladimore mpdipyn # xabuotepmuévy EuBeilic éEéracy évig dedouévou
0c EBramte THy adotnebdTnTa Tl oyediov adrod. “Ymegfolinds évwols »* vmepfo-
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AN pOVOY Qouvopevit). Zuyxpivouy T0 Qouvdpeve adTd TEoE TO QuLvopeve Tob 31~
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nry. Qodverar yap 70 G3wp amostiABov THg vuntés. Obtwg &v 1) vepédy, pamlopévon Tod Sypod,
v govtactay THg Aapmpdtyrog elvar THY doTpaThvy.
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2ol 88 %ol "Opmpog, oltm mpbopatog &y, d¢ elmely, mpds Tée Totadrag weraBords. "Exsivov yop tob
Tomou (se. Tév OnBav) motel wvetay dg olmm Méugrog oliong i) 8hog ) TnAmadns. Tobro 8’ eludg
obreg oupBaiver. O yop xdrwbey Témor Tév dvwbev BoTepoy OxicOnoavy.
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RESUME

Kairos ou le minimum critique
dans les Sciences de la Nature selon Aristote

Le cadre dans lequel la notion de Kairos est mentionnée par Aristote re-
lativement aux sciences de la nature rappelle celui de la «philosophie du non»
chez Bachelard. Dans le découpage temporel de la réalité, en avant, pendant
et apres, la conscience s’intercale par ses deux catégories propres du pas-encore
et du jamais-plus... Aristote est bien conscient du caractere opportun de Kai-
ros, essentiel au développement systématique de la science. ‘A partir du niveau
méthodologique, la notion de Kairos passe au niveau épistémologique propre-
ment dit, ou elle permet de se rendre compte du mouvement critique dans la
constitution des théories scientifiques de ’antiquité. Moyennant des exemples
tirés de la physique et de la biologie aristotéliciennes, ’acception ontologique
de Kairos rejoint la notion de la mesure et sa valeur pratique. Le Kairos ne se
distingue pas de I'intentionnalité du savant en confirmant I’existence d’une
homologie entre le monde-objet que la science étudie et la conscience. Ari-
stote ful le premier d’insister sur la nécessité de cette homologie.
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®YZIKH. — Quantum Brain?, by Dimiti V. Nanopoulos'>, Andreas Mershin',
and Efthimios M.C. Skoulakis**.

ABSTRACT

In order to create a novel model of memory and brain function, we focus our approach on the
sub-molecular (electron), molecular (tubulin) and macromolecular (microtubule) components of the
neural cytoskeleton. Due to their size and geometry, these systems may be approached using the
principles of quantum physics. Quantum physics relies on arguably the most successful scientific
framework of all time - quantum mechanics.

We identify quantum-physics derived mechanisms conceivably underlying the integrated yet
differentiated aspects of memory encoding/recall as well as the molecular basis of the engram. We
treat the tubulin molecule as the fundamental computation unit (qubit) in the quantum-
computational network that consists of microtubules (MTs), networks of MTs and ultimately entire
neurons and neural networks.

We derive experimentally testable predictions of our quantum brain hypothesis and suggest
and perform experiments on these.

1. INTRODUCTION
1.1 Overview of the Field

During the last decade or so, it has become increasingly popular among researchers
to look for manifestations of quantum physics in neurobiological processes associated
with brain function. Recent works in this field by Penrose [1,2], Hameroff [3], Mavroma-
tos and Nanopoulos [4,5] and others [6] as well as earlier research (as early as 1968) on
coherent excitations by Frolich [7,8,9], have been seminal to this new approach to brain
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function research. The arguments for the necessity of this unconventional approach have
been greately elaborated upon in the literature by its advocates and yet the very existence
of “quantum brain” effects is still challenged by physicists and biologists alike. To date, at
least to our knowledge, experiments targeted to investigating the existence of neurological
quantum phenomena have not been performed. Most of the research has been of
theoretical and computational nature [10,11,12] and as a result, there has been no clear
answer. The nature of the subject under investigation is interdisciplinary and consequently
the target audience has widely varying scientific backgrounds and expectations. The effort
described here has included research by experts in both fields and aspires to unite
experimental and theoretical scientists from both disciplines.

Understanding memory will bring us one step closer to finding out how the external
world is coded in the microscopic structure of the brain and eventually, we will be able to
appreciate how unique experiences make unique individuals even though the basic
genetic, molecular and physical processes are shared by all.

1.2 Problems

There are certain aspects of brain function that appear to have no obvious
explanation based on traditional neuroscience. There exist many biological models of
memory function but all call for some sort of “Differentiated Yet Integrated” [13] (DY)
function. Anatomical and neurobiological evidence clearly shows that specific memories
are not precisely localized in the brain. Although certain structures such as the
hippocampus [13,14,15] have traditionally been implicated in memory formation more
than others, it is clear that individual components (for instance correlated visual and
auditory memories) are stored at macroscopically separated regions of the neural
network. This is the “differentiated” part of memory. During recall, large numbers of
neurons fire in tandem to produce an “integraed” picture. By extension, we expect that
during the initial recording of a memory, a process which results in the engram, there must
also have been correlations between distant neurons. This lies at the root of the binding
problem where a single stimulus activates neurons located far apart from each other
“simultaneously” or at least faster than chemical neurotransmission allows. To date, what
all proposed biological memory models lack in common is a plausible mechanism for
establishing these fast connections between distant neurons and explaining the speed at
which information is processed. This is a feeling shared at Ieast by some biologists who
have started looking for non-neurotransmitter based communication pathways, such as
electrical [16] and phase couplings [17]. It is our purpose here to suggest another, quantum
physics-derived mechanism for the DYI operation of memory. The property of non-
locality exhibited by certain quantum systems may produce a solution to the binding
problem as well as to the speed problem.

Learning and memory are manifested as modifications of behavior produced by
experience of environmental stimuli and they reflected the function of the brain. Although
it is generally accepted that changes in the biochemical properties of neurons (especially
their synapses) mediate changes in brain function and memory encoding, we have yet to
have a satisfactory understanding of how molecular events effect or influence these
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changes. This is the molecular engram problem. A prediction of our quantum approach
gives the neural cytoskeleton and its associated proteins a major role during engram
formation and thus proposes experimentally testable molecular mechanisms of memory
formation.

Classical approaches to digitally simulating biological neural networks (each neuron
roughly playing the role of a switch whose connections/synapses to other neurons are
“weighted” according to past experiences) have so far proved insufficient to adequately
explain how the biological efficiency of recall occurs as well as the observed complexity,
capacity and versatility of a biological brain. On the other hand, new developments in
theoretical quantum computation, learning, storage and retrieval algorithms, have shown
that by using quantum bits or qubits, one resolves the capacity problem of classical
computers as well as speeds up these processes [18]. By modeling the brain as a quantum
computer we envision to resolve the problems of recall, complexity, capacity and
versatility.

Assuming our suggestion that quantum phenomena underlie biological function is
correct, it is yet unclear at exactly which level the transition to classical, purely biological
processes takes place. With virtually no experimental data in this field, it is impossible to
precisely define the model but certain testable predictions can nevertheless be derived.

Our quantum mechanical model of brain function differs significantly from the
classical approach to conventional neural networks but it is not in competition with the
well established neurobiology of chemical and electrical neurotransmission, synaptic
function etc. The main difference is that in our model, a single neuron is upgraded from a
relatively simple (yet adjustable) switch to a device capable of information processing. In
addition, within the context of our model, at least some neurons are capable of launching
fast connections fo establish correlations with distant neurons using the principles of quantum
entanglement and | or photon interactions (both discussed later).

1.3 Why Use Quantum Mechanics?

The connection between quantum physical events and biological function has been
studied for quite some time, for instance Frolich’s [7,8,9] work on protein conformational
changes linked to quantum level interactions/events such as dipole oscillation and electron
mobility in a protein’s hydrophobic pocket. As discussed in great detail in references 8 and
19, electron density localization inside a hydrophobic pocket dictates protein conforma-
tion. This should come as no surprise as the van der Waals forces arising from a change in
the electron localization will push/pull against the charged parts of the molecule. As such,
this process seems of limited physical interest since analytic solutions to Shrodinger’s
equation for such many-body systems are extremely difficult to obtain. Motivation for
work on quantum mechanics and protein conformational changes comes from a defining
property of quantum systems discussed later, namely their ability to be in a superposition
of states i.e. being in two (or more) states at once.

In particular, the tubulin protein, the structural block of microtubules (MTs), has the
ability to switch (“flip”) from one conformation to another as a result of a shift in the
electron density localization from one resonance orbital to another (figure 1). The tubulin
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system has only two possible basis states labeled |a> and |b> according to whether the
electrons inside the tubulin hydrophobic pocket are localized closer to the a- or p-
monomers. These two states are distinguished from each other by a flip in the electric
dipole moment vector of the tubulin molecule [6] by 29°.

Individual tubulin

Electrons inside hydrophobic
" pocket responsible for
conformational change

Individual tubulinin a
superposition of states

Fig. 1 Relation between microtubule and tubulin. Tubulin can undergo a conformational change from the | a>

(black) to the |b> (white) basis state depending on the localization of electrons in its hydrophobic pocket. A
schematic representation of the superposed state is shown. Modified from Ref. 19.

The tubulin system described above could easily serve as a textbook example of how
a biological qubit should look like! The two tubulin conformations make for a simple
binary qubit with the ability of entanglement with similar neighboring qubits/dimers in the
protofilaments giving us a quantum memory register! The timescale for the spontaneous
conformational changes in the tubulin dimers is of order 10" sec.

Once in an entangled state, a “measurement” or interaction with the environment
will collapse the state into one of its basis states leaving each tubulin in either the la> or
[b> conformations. Yet, the correlations are communicated instantaneously among the
tubulin qubits as described in Section 4, spanning entire MTs or conceivably whole
neurons or neural networks.
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1.4 Coincidences?
Alzheimer’s Disease

Damage to neural MTs resulting from hyperphosphorylation of tau (t) which is a
microtubule associated protein (MAP), results in memory loss in Alzheimer’s Disease
(AD) patients [20] suggesting a connection between MTs and memory. Neurofibrillary
Tangles (NFTs) are bundles of twisted MTs that are no longer held apart by their MAPs.
Post-mortem histological examination of AD patients shows a clear direct correlation
between NFTs and duration and severity of the disease [21].

Anesthesia

It is a rather remarkable fact that general anesthesia can be induced by a large
number of completely different substances of no chemical similarity whatsoever, from
ether to chloroform to xenon. Purely biophysical studies on the mechanisms of anesthesia
[22,23] have shown unequivocally that the long debated action of anesthetics is not on the
lipid membrane proteins but on the dynamic conformational functions of proteins (such as
ion channel operation, receptor activation and cytoskeletal function). An extension of
these findings [24] has produced computer simulations strongly suggesting that anesthetic
molecules bind to the hydrophobic pocket of the tubulin dimer. This is directly relevant to
our suggestion regarding the role of the tubulin conformational changes as follows.
Binding of an anesthetic molecule to the hydrophobic pocket of the tubulin dimer may
have the effect of preventing changing the electron orbitals i.e. the tubulin’s ability to flip
thus shutting the whole system down. Therefore, in our model, it is just the electric dipole
properties of these substances that need to be similar (which is the case) and not
necessarily their chemical properties. Furthermore, if the general anesthetic concentra-
tions are not too high, complete reversibility of anesthetic effects is possible, indicating
that the temporary van der Waals blockage of the crucial tubulin electrons has ended and
conformational changes are free to occur again.

Geometry of Microtubules

There has been speculation for quite some time that MTs are involved in information
processing: it has been shown that the particular geometrical arrangement (packing) of the
tubulin protofilaments obeys an error-correcting mathematical code known as the
K,(13,2°,5) code [25] (K-code). Error correcting codes are also used in classical computers

to protect against errors while in quantum computers special error correcting algorithms
are used to protect against errors by preserving quantum coherence among qubits.
Furthermore, it has been recently suggested that the geometric curvature of MTs may also
play a role in information processing [26].

1.5 Our Motivation

On the one hand, protein conformational changes are directly related to quantum
level phenomena and on the other, those same protein functions are directly related to
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system-wide phenomena such as anesthesia and (potentially) memory. Therefore, it seems
reasonable for us to look for the effects of quantum processes on neuronal (and) brain-
wide function. Lastly, recent theoretical and experimental advances in the field of
quantum computation call for molecular switches-qubits, the parameters of which fit
nicely with the proposed role of tubulin dimers. The anticipated quantum memory
registers also sound very much like the MT protofilaments.

It seems credible that we have uncovered the elementary components of a quantum
computation network inside the biological brain.

1.6 Our research Approach

Our target system has been the microtubule. We claim that the long and
characteristically ordered MTs that comprise the bulk of proteins in the axons of neurons
are the microsites of computation.

During the last few years, physicists have been investigating MTs as physical systems
applying the principles of Electromagnetic, Quantum and even String Theory [4,5,10,11].
In the model under discussion here, the MTs periodic, paracrystalline structure,
augmented by the K-code, makes them able to support a superposition of coherent
quantum states among their component tubulin dimers. This quantum supersposition may
collapse spontaneously [4,5] or dynamically through interactions with the environment
such as neurotransmitter binding and action potential firing. As a result of quantum
mechanical entanglement interactions, the MT network in the neuron’s axon acts in an
“orchestrated” or “coherent” way possibly setting up fast communication pathways among
neurons that do not depend directly on chemical or electrical synaptic signal transmission.
When the quantum entangled state collapses, the result can be synchronous synaptic
release of neurotransmitter molecules, and/or feedback information about each neurons’
environment. The combined effect of such events may be translated into orchestrated
action and changes in large parts of a neural network.

Entanglement-based communication would allow MTs to work in tandem and it is
conceivable that coherence might span macroscopic distances for long times in the brain
within the context of a particular environment. Although there is a suggestive theoretical
background [4,5,10,11] to justify such assumptions, more experimental data is needed
before we can say with certainty that quantum coherence is preserved for more than the
spatial extent of a few tubulins.

1.7 Phenomenology of the Quantum Brain

As the main areas where we expect to see direct manifestation of quantum phe-
nomena are memory encoding, storage and retrieval, these are the points our research
concentrates upon. If MTs are indeed quantum computing devices, then memory
encoding would have to be affected by their dynamics. We envision that the role of the
MAPs, especially MAP-2 is to “tune” the MT network, allowing individual MT states to
entangle and collapse in specific ways. We expect a redistribution of MAPs to be one of
the results of memory encoding. We have named this the “guitar string model” (GSM) of
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memory encoding as MAPs can be thought of as the fingers on guitar strings (MTs).
Changing the binding sites, which in our model represent distinct memory encoding
events, we change memory encoding (the engram). This is in analogy to different finger
configurations on guitar strings producing different chords while the strings and fingers
remain the same. This model predicts a redistribution of MAP-2 concentration in neurons
as a result of learning. This has never been conclusively shown and is the goal of our
experiments described in Section 4. The model also predicts MAP-2 production and
breakdown as a result of learning and there is some preliminary evidence from other
groups that this is indeed the case [27,28].

1.8 The Quantum Brain Hypothesis

What follows is a qualitative description of the proposals of our model in their

entirety. These are justified later in the text but are included here for completeness.

® We propose that the tubulin dimers comprising MTs act as molecular binary
switches (qubits) and the two conformations of the tubulin dimer are the
equivalent of a 0 and 1 in a binary quantum computer.

® We propose that information can (at least temporarily) be stored as patterns of 0’s
and 1’s corresponding to the conformational states of the tubulin dimers. We
propose that protofilaments and whole microtubules act as memory registers
analogous to RAM (Random Access Memory) in digital computers.

e We propose that the cytoskeleton and particularly axonal and dendritic micro-
tubules are the microsites of information manipulation via electromagnetic and
quantum mechanical interactions between tubulin dimers, protofilaments, MTs
and MAPs. We further propose that at least part of an intermediate or permanent
memory trace (the engram) is achieved by means of a redistribution of
microtubule associated proteins along the cytoskeleton. The pattern of MAP
binding is the engram.

® Following engram formation, neurons that have been simultaneously restructured
are expected to share similar patterns of MAP binding. During recall,
neurotransmitter activation of key neuron(s) by a stimulus results in in-
stantaneous co-activation of most or all other relevant neurons containing a
similar cytoskeletal geometry (MAP distribution) via quantum coherence
phenomena. Thus, large numbers of neurons relevant to a particular memory
trace can be activated synchronously after which ordinary neurotransmitter-
based communication sets in.

To summarize, these are the problems we will be addressing and the quantum-

physics derived paths to their solution that we propose.
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Problem

Relevant quantum property

Research approach

Binding problem including

Quantum coherence, non-

Theoretical investigation

Section 4.3

the DY aspect of memory | locality and entanglement. yields testable predictions.
Section 3 Sections 3,4
Recall Quantum coherence, non Testable predictions
locality and entanglement. derived.

Sections 3,4

Capacity, versatility, speed

Quantum entanglement.

Quantum computer-like

operation of biological
brain.

Section 4

Investigation of quantum-
computing algorithms
shown to maintain
coherence, increase capacity
and speed up recall.

Section 4

Molecular basis of the
engram

Quantum effects in neural
cytoskeletal function.
Tuning of MT network by
MAPs

Sections 1-4

In-vivo experiments
involving associative
learning in fruit-flies are
underway.

Section 5

Table 1. The problems faced by current biological memory models and the novel quantum- physics derived paths

proposed towards their solution.

1.9 Where does our Model Fit in with Classical Neuroscience?

Existing biological memory models can be complemented by taking advantage of the

processes suggested in our quantum brain hypothesis. For instance in her experiments
using rats, Nancy Woolf [28,29,30] observed degradation of MAP-2 in the brain following
an associative learning task. This can be interpreted as follows: MAP-2 degradation is the
first logical step required for the redistribution of this protein along axons and dendrites.
Such a redistribution will alter the local geometry of the cytoskeleton and this is important
for our proposed quantum coherence mechanisms. Regrettably, Woolf’s analysis was
complicated by the multitude and complexity of neuronal connections within the
mammalian brain, the lack of defined genetic background of the animals and the lack of
mutants to investigate the mechanisms and interactions with biochemical pathways known
to be operand in learning and memory.
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Traditionally, memory is thought to be manifested as Long Term Potentiation (LTP).
LTP is the process by which a synapse is potentiated meaning that the probability of Action
Potential (AP) initiation by the follower neuron is increased for given excitation of the
sending neuron. Our proposed additional role for MAPs in memory encoding is not in
discord with the LTP hypothesis. It is conceivable that the altered dendritic and axonal MT
geometry affects synaptic weight and efficacy of signal transduction and thus, effects LTP
and memory plasticity as an emergent property, necessary for consolidation of memory.

1.10 Structure of this paper

In Section 2, we give a brief account of fundamental relevant concepts in neurobiology. In
Section 3, we offer a simplified, qualitative explanation of the formation of coherent quantum
modes in MTs. In Section 4, we present an elementary introduction to some pertinent concepts
of quantum computing and quantum mechanics while maintaining the focus on the biological
connection. In Section 5, we present our experimental design and some preliminary results.
Finally, in Section 6 we summarize our findings and address discussions of this work by others.

2. FUNDAMENTALS OF NEUROBIOLOGY
2.1 Cells of the Nervous System

Neurons are polarized cells which are highly specialized to receive, process, transfer
and store information. They are subdivided into three major parts. The soma contains the
nucleus, the dendrites are relatively short, multiply branched extensions and the single
axon is a long extension that branches at its distal end. This differential architecture
reflects functional differences between the two types of projections. Information is
generally received by the dendrites and transmitted through the soma to the axon where it
is relayed to the dendrites of neighboring neurons. Multiple neurons may be stimulated by
one axon and one neuron may receive multiple axonal stimulations in each of its dendrites
(see figure 2). This complexity is directly correlated to the vast capacity of the brain as a
whole to receive, process and store information.

_—Dendiite

W /— Dendritic Spine/Synaptic Receptor
X Spike Initiation Zone
(81Z)

e
Membrane | Anon

Microtubule

Microtubule Associated Protein

Fig. 2. Schematic representation of a neuron. Dendrites, MTs, MAPs and the SIZ are shown. Modified from
Ref. 19.
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2.2 Neuronal Signaling

Neurons relay information to each other via specialized structures at the dendritic and
axonal termini known as synapses. The number of synapses and efficacy of information flow
through them is a function of the frequency and “importance” of information exchanged
between these neurons. This neuronal property is plastic in the sense that the number of
synapses and their efficacy changes as a result of prior and frequent use and this reflects
memory at the cellular level. These structural changes are mediated by biochemical signaling
pathways that relay the information flow to various areas of the cytoplasm and the nucleus,
which in turn responds by altering gene activity to mediate the aforementioned events that
underlie neuronal plasticity. The evidence supporting this classical neurobiological model is
overwhelming. However, despite the vast number of possible connections within the brain, it
is still difficult to explain the amount and speed at which information is processed and stored
within this tissue based purely on amount and strength of synapses available. The hypotheses
and proposals presented here are not in competition with the well-established
neurobiological properties of cells. We hope that most if not all observed neurobiological
phenomena can be explained as emergent properties of our model. Our proposals extend
traditional findings by focusing on the generally neglected role of the neuronal (microtubular)
cytoskeleton and its accessory proteins during information storage and retrieval.

2.3 Cytoskeleton and Microtubules

Neurons as well as all other eukaryotic cells are internally organized and held together
by a scaffold made up of a network of protein polymers called the cytoskeleton. The
cytoskeleton consists of microtubules, actin filaments, intermediate filaments and
microtubule-associated-proteins (MAPs), which among other functions, link parallel
arrays of MTs into networks (Fig. 3).

The MT’s cylindrical walls (outer diameter 25nm, inner diameter 15nm) are
comprised of 13 longitudinal protofilaments. These protofilaments are constructed from a
series of subunit proteins known as tubulins (figure 4). Each tubulin subunit is a polar

Fig. 3 Photograph (micrograph) of flagellar microtubular netowrk. Neural MT networks have similar
geometry. Modified from Hirokawa [50].
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dimer of length of about 8nm and it consists of two slightly different classes of a 4 nm,
55kD (kilo-Dalton) monomer known as o and p-tubulin. The tubulin dimer subunits
within MTs are arranged in a hexagonal twisted lattice, and helical pathways that repeat
every 3, 5 and 8 rows (Fig. 4).

Microtubules are major components of the cell’s cytoskeleton and are involved in a variety
of functions such as mitosis, axonal protein transport, signal transduction and —we claim—
quantum computation. These processes are dependent on the distinctive structure of the MT.

We will concentrate our analysis on axonal MTs of neurons. The axonal MT is
typically long (hundreds of nm) (figures 2 and 3) and also it is characteristically stable
(compared to other cytoskeletal MTs which exhibit high dynamic instability). We have
compelling theoretical indications that MTs are ferroelectric [31] and experiments are
currently underway to confirm our predictions.

Fig. 4 Segment of a microtubule showing tubulin dimers. The structure has been derived using x-ray
crystallography (Amos and Klug, 1974). Tubulin subunits are 8 nanometer (nm) dimers comprised of alpha
and beta monomers. Modified from Amos & Klug [51].

Furthermore, it has been suggested [5] that the ordered arrangement of water
molecules provides isolation from thermal oscillations, and other potential decohering
mechanisms, thus creating an environment that can support quantum entangled states of
the component tubulin molecules. This is discussed in more detail in Sections 3 and 4.

2.4 Microtubule Associated Proteins

There are many types of MAPs each with different roles in cell function [32]. We are
particularly interested in MAP-2 and MAP-tau, as in our model, MAP-2 phosphorylation
(breakdown) and de-phosphorylation seems to play a major role in memory encoding and this
has been suggested for some time [33]. MAP-2 consists of a pair of high molecular mass
(280kD) proteins (isoforms a and b) and a low mass (70kD) polypeptide (isoform c). There is
experimental evidence that MAP-2c may be dephosphorylated following contextual memory
training in rodents [28]. Phosphorylation of MAP-2 decreases its co-assembly (binding) to MTs
[28,29,30,32] thus enabling cytoskeletal restructuring and favoring (dendrite) plasticity.
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3. FORMATION OF COHERENT STATES IN MICROTUBULES
3.1 Ordered Water and Superradiance

There is evidence that the hollow interior of MTs may be capable of supporting a
very special state of “ordered” water molecules both inside and outside the MT [5,31]. We
also notice that it has been recently confirmed experimentally that at the exterior of the
MT cylinders, there do exist thin layers of charged ions, of thickness of order 7-8 A, in which
the electrostatic interaction energy is larger than the thermal energy due to the interaction
with the environment [34] meaning that electrostatic interaction effects are dominant. In
view of such results, we have previously conjectured [5] that similar layers might also exist
in the interior of the MT cylinders, which provide us with the necessary thermal isolation to
sustain quantum coherent states over time scales comparable to the dynamical timescales of
neural cells, namely of order 10*-10” sec. This would make the MT interior act as a
waveguide to photons of special frequencies and would also thermally isolate the MT
interior from the environment, so that it may act in a laser-like way —a property called
superradiance [35,36,37]. Due to the strong suppression of such couplings in the disordered
states of regular, liquid water this is not ordinarily observed. It is however quite plausible
that such behavior characterizes the ordered water molecules that exist in the interior of
MTs. The presence of unpaired electrons in the tubulin molecule is crucial to such a
phenomenon. If true, then this coupling of the tubulins’ electric dipole to the quantum
radiation will be responsible for the appearance of collective quantum coherent modes [31].
Such modes are termed ‘dipole quanta’. This mechanism has been applied to microtubules
[37], with the conclusion that such coherent modes cause superradiance, i.e. create a
special quantum-mechanical ordering of the water molecules with characteristic collapse
times much shorter than those of thermal interaction and thus make the interior of MTs
transparent to photons of certain frequencies. This has been conjectured as early as 1978
and MTs have been theorized to play the role of “dielectric waveguides” for photons [38].

Such a coupling implies a “laser-like” behavior. The interaction of the dipole-quanta
coherent modes with the protein dimers results in an entanglement which we claim is
responsible for the emergence of soliton™ quantum coherent states, extending over large
scales, e.g. the MT or even the entire MT network. An explicit mathematical construction
of such solitonic states has been made in the quantum field-theoretic model for MT
dynamics of Mavromatos and Nanopoulos [10,11] in 1997, which was based on classical
ferroelectric models for the displacement field discussed in other works [6]. The quantum-
mechanical picture described here should be viewed as a simplification of the field-
theoretic formalism, it is however sufficient for qualitative estimates of emergent
properties including expected decoherence times.

* Solitons are special pulse-like waveforms that have well-established yet unusual physical properties
including non-dispersion over large distances of propagation. Solitons are extremely resilient to noise and
propagate unaltered even after interaction with other solitons.
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3.2 How is this relevant to information processing?

To summarize, at least theoretically, there exists a credible mechanism for the
formation of quantum coherent modes in the water in and around the MT, inspired by
earlier suggestions of ‘laser-like’ behavior of the water [35,36,37] arising from the
interaction of the electric dipole moments of the water molecules with photons of specific
frequencies (i.e. selected modes of the quantized electromagnetic radiation). This is
important as it provides the needed isolation from environmental noise to preserve the
delicate quantum coherence between the qubits/tubulin dimers.

3.3 Possible Role for the Photons

This is a variation of the mechanism suggested earlier to establish fast (speed of light)
connections between distant neurons and integrate information processing inside the MT
network of a single neuron or a network of neurons. In this scenario, entanglement of
neural cells over macroscopic distances is not required. Conceivably, photons emitted by
MTs can be absorbed by distant neurons that are ‘tuned’ to receive at specially modulated
frequencies. Again, the tuning/modulation can happen via the binding of MAPs which
brings us back to the GSM model of memory encoding. It is exciting to note that in most of
the various suggested quantum computer designs, photons are used to communicate
information from qubits to detectors.

3.4 Why no data?

Whether this is the case in all cell MTs, or only in certain areas, such as the
characteristically long and stable neural MTs, is something that cannot be determined
presently. Questions like these can only be answered once detailed information at the
atomic scale, becomes available on the structure of tubulin dimers, on the precise magnitude
of their electric dipole moments, and on the detailed structure of the water interior to MTs.
As a first step in this direction we mention the atomic resolution map of tubulin, which
became available only recently by means of electron crystallography [39].

4. BASICS OF QUANTUM COMPUTATION
4.1 Why Quantum Computation?

In our quantum brain hypothesis the brain is modeled as a vast network of
interconnecting neurons which have the potential of isolated and parallel quantum
computation. As a result, in order to understand this hypothesis it is necessary to grasp the
basics of quantum computation.

The possibility of creating quantum computers is being thorougly investigated by
numerous research groups around the world both theoretically [40,41] and expreri-
mentally [42] (for a review see Preskill [43]). Quantum computation envisions quantum
computers utilizing qubits rather than conventional bits. Some of the advantages of
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quantum computers of the future are better speed, gigantic memory capacity and
immense computing power. The most intriguing aspect of quantum computers is their
ability to perform tasks that are simply impossible using classical computers. The two most
celebrated such abilities are efficient factorization of large numbers [40] and search
through unordered data lists in times faster than allowable classically [41]. Behind both
these feats lies an integrated and “delocalized” way of handling data that makes the
machine capable of retrieving stored information in much the same way the human brain
does during pattern recognition. Furthermore, the existence of a quantum-error
correcting code is needed to protect the delicate coherent qubits from decoherence. This
has been the major problem of quantum computers until the works of Shor and Steane
have idependently shown that such a code can be implemented [40,44]. We conjecture that
the K-code apparent in the packing of the tubulin dimers and protofilaments is responsible for
keeping coherence among the tubulin dimers. By simulating the brain as a quantum
computer it seems we are capable of obtaining a more accurate picture than if we simulate
the brain as a classical, digital computer.

Although based on the well-established physical principles of quantum mechanics,
quantum computers are yet to be experimentally realized. This has not deterred
theoretical work in the field and even the writing of “quantum software” in the form of
mathematical algorithms that take advantage of quantum computers yet to be developed
[18,40,41]. Note that recently there has been progress towards creating the necessary
apparatus that will ultimately provide us with quantum logic gates [42].

4.2. Quantum Mechanics and Quantum Computing
What's so different about quantum computers?

The main difference between classical, digital computation (on which the traditional
approach to simulating the brain using neural networks is based) and quantum computa-
tion is the latter’s usage of quantum bits rather than ordinary bits.

In our approach, we treat the tubulin dimer as a quantum two-state system which
represents one qubit i.e. the building block of a quantum cluster. Tubulin protofilaments
that make up MTs play the role of quantum clusters and whole MTs can be thought of as
blocks of clusters.

What's so different about Quantum Mechanics?

For three quarters of a century, quantum physics has been universally accepted as the
most accurate account of the phenomena of the microcosm and arguably the most accurate
theory ever. Atoms, nuclei and elementary particles can be correctly described only by using
the mathematical framework of quantum physics called quantum mechanics. The name is an
analogy to classical Newtonian mechanics, which can be derived as an approximation to
quantum mechanics when the objects of study are large in mass. Newtonian mechanics has
been used for centuries to adequately explain the motion of everyday macroscopic objects.
However, it proved grossly inadequate with the discovery of the atom.
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Introduction to quantum mechanics

The account that follows has been written in the fashion of an introduction to the
subject, requiring no more mathematical ability than elementary algebra. It is intended to
give a “first taste” of the quantum mechanical approach and discuss the relevance of
entangled states to fast communication of correlations. A complete, fully mathematical
treatment of MTs can be found in a number of sources [4,5,10,11]. Due to the special
properties exhibited by microscopic systems, special jargon, often counterintuitive to the
unseasoned reader must be employed.

Quantum systems have two modes of evolution in time. The first, governed by
Schrodinger’s equation (see below) describes the time evolution of quantum systems
when they are undisturbed by measurements. ‘Measurements’ are defined as interactions
of the system with its environment. As long as the system is sufficiently isolated from the
environment, it follows Schrodinger’s equation. If an interaction with the environment
takes place, i.c. a measurement is performed, the system abruptly decoheres i.e. collapses or
reduces to one of its classicaly allowed states.

In what follows we will employ Dirac bracket notation, where the ket la> is
analogous to a column vector ( Zj ,and the bra <a | is the complex conjugate transpose of
|a> which means it is a row v\ecgtor where all entries have been complex-conjugated (a*,
b*).

Time evolution of quantum systems (in the absence of measurements) is described by
the Schrodinger equation: :;37] Y=g | %) where H is the Hamiltonian (energy) operator
(see below), i=V-1 and h is Planck’s constant divided by 2.

Linear superposition is a generalization of the familiar mathematical principle of
linear combination of vectors. Instead of using three orthogonal axes as a basis, quantum
systems are described by a wavefunction | W> that exists in a multi-dimensional “Hilbert
Space” [45]. The Hilbert space has a set of states |cpi> (where the index i runs over the
degrees of freedom of the system) that form a basis and the most general state of such a

system can be written as }‘?> = Z CV“P;) . The system is said to be in a state | W> which

is a linear superposition of the basis states |cpi> with weighting coefficients c; that can in
general be complex. At the microscopic or quantum level, the state of the system is
described by the wave function | w>, which in general appears as a linear superposition of
all basis states. This can be interpreted as the system being in all these states at once. It is
known that the tubulin dimer undergoes conformational changes as a result of a shift in the
localization of the electron orbitals in its hydrophobic pocket. Therefore, a superposed state
of the tubulin dimer would have the interpretation of the dimer being in both of its allowable
conformational states at the same time —something which is not allowable classicaly.
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The coefficients c, are called the probability amplitudes and |ci |2 gives the probability

that | W> will collapse into state | ¢.> when it decoheres (interacts with the environment). By

simple normalization we have the constraint that Zl°‘ = 1. This emphasizes the fact that

the wavefunction describes a real, physical system, which must be in one of its allowable
classical states and therefore by summing over all the possibilities, weighted by their
corresponding probabilities, one must obtain unity. Further, this fact stresses that
quantum mechanics is not simply an alternative treatment of such two-state systems as
tubulin dimers but rather it is the correct mathematical treatment. A quantum mechanical
treatment of the tubulin dimer does not rely on approximations contrary to the case when
a tubulin dimer is treated using classical electrodynamics, thermodynamics and statistical
physics (which is the norm in biophysical investigations of protein molecules).

Note that at the macroscopic or classical level, a quantum two-state system can only
be in a single basis state. For instance, the quantum position (energy) of an electron can be
in a superposition of two different orbitals (energies) while in the classical case this is
impossible. Equally, the tubulin dimer can only be experimentally observed (measured) in
one of its two allowable conformations.

4.3. Role of Coherence & Entanglement in Recall & Binding

A quantum system is coherent if it is in a linear superposition of its basis states. If a
measurement is performed on the system and this means that the system must somehow
interact with its environment, the superposition is destroyed and the system is observed to
be in only one basis state, as required classicaly. This process is called reduction or collapse
of the wavefunction or simply decoherence and is governed by the form of the wavefunction

|ws.

In this notation, the probability that a quantum state | W will collapse into a basis state

] @,> is written in terms of the inner or scalar product | <@, | w> | which is analogous to the

familiar dot product between two vectors (@’ ® B). The simplest system which would be
analyzed as described above, would be a two-state system. For instance an electron (spin -1/2)
system, where we are interested in measuring the electron’s spin in a specified direction
(customarily the z-axis). The general notions of the simplified mathematical treatment that
follows can also be applied to the tubulin dimer’. The actual experimental setup for
measuring the orientation of the spin of an electron is called a Stern-Gerlach (SG) apparatus
described in detail in a number of sources”. When inserted into an SG magnet, the electron
can either register as spin-up ( | 1>) or spin down ( lo> ). In this system, the wavefunction is a
distribution over the two possible values and a coherent state | W> is a linear superposition
of | 1> and | 0>. One such state can be

)= 11+ [0

As long as the system remains in a coherent state, we cannot say that the electron is in
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either the up- or down -spin states. In a counter-intuitive sense, it is in both states at once.
Classicaly, the electron can only be in one state, so if measured, the system decoheres to give
spin up with probability:

2

%(IV“’)IE - (?F—] =80%

w

and spin down with probability 20%.

This simple two-state quantum system is used as the basic unit of quantum computation
and is referred to as a quantum bit or qubit.

In classical, digital computers, the basic unit of computation is a bit. A bit can have the
value 1 or 0. Digital computers encode information using arrays of bits in the form of billions
of solid-state transistors integrated to form microchips. The voltage at each transistor can take
two values making it a 1 or a 0. Computation i.e. manipulation of information, is performed
by logic gates which follow Boolean algebra rules. In quantum computers, the logic gates are
replaced by quantum operators. Operators on a Hilbert space describe how one wavefunctiion
is changed into another. An eigenvalue equation shows the action of operators. For instance,
an operator A acting on one of its own basis states | ¢> will produce the same state

multiplied by its eigenvalue a,.
A|(pi> =a, |(pi>

The solutions of the eigenvalue equation | ¢,> are called the eigenstates and can be used

to construct a basis. In quantum mechanics, we assign operators to all the physical properties
of a system (such as position, momentum, energy) and the eigenvalues of these operators give
us the allowed physical values of those properties.

While interference is a commonly observed classical wave phenomenon, it has also been
experimentally shown to apply to the probability waves of quantum mechanics.

For a simple theoretical example, consider the initial wave function for the spin-1/2
electron system described earlier.

Using the conventional vector assignment,

we can rewrite our state in vector form as,

~
N
=

)=

1
NN
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When acted upon by some operator A, where A is defined to be,

RN
g =

the result is,
ool 6l

Note that as a result of the action of A on our initial state !111>, the amplitudes of the
spin-up and spin-down states have changed. The operator has made the wavefunction
interfere with itself and its constituent parts experienced the analogue of classical interference
-the up state interfered constructively while the down state destructively.

Entanglement on the other hand, is a purely quantum phenomenon and has no classical
analogue. It accounts for the ability of quantum systems to exhibit cormrelations in
counterintuitive “action-at-a-distance” ways. Entanglement is what makes all the difference
in the operation of quantum computers versus classical ones. We will present a short
mathematical description here without using density matrix formalism.

If we wish to describe the state of two spin -1/2 electrons (or equally the state of two
tubulin molecules) we may use Dirac bra-ket notation where the first entry in a ket refers to
the state of the first electron (conformation of first dimer) while the second entry refers to the
second electron (second dimer). For instance, let us take a quantum state | X> made up of
two electrons where the first is in the spin-down state with certainty while the second is in a
coherent state of spin-up and spin-down with equal probability.

1

*ﬁl‘”)

%) %

1
= —=100
7™
another may be state |w>

|w)=7‘_2—}00)+.}5|11)

and a state |§> could be

1£)=5100) 5o+ =11

where all states are indexed by the state labels 00, 01, 10, 11.
These three states are different fom each other in the sense that although [X> can be
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factonized using normal tensor product (®) as follows:
1
%)= l0) 00+ 1)

| W> cannot be factorized. States that cannot be factorized are said to be entangled
states. Note that |?;> can be factorized in two different ways but not completely. There are
degrees of entanglement as states can be less or more entangled, depending on whether they
are completely, partially or not all factorizable and the three states |‘P>, |C> and |X>
demonstrate this.

Entanglement gives “special powers” to quantum computers because it gives quantum
states the potential to exhibit and maintain correlations that cannot be accounted for classically.
Correlations between bits are what make information encoding possible in classical compu-
ters. For instance, we can require two bits to have the same value thus encoding a
relationship. If we are to subsequently change the encoded information, we must change the
correlated bits in tandem by explicity accessing each bit. Since quantum bits exist as
superpositions, correlations between them also exist in superposition. When the superposition is
destroyed (e.g. one qubit is measured), the correct correlations are communicated between
the qubits and this communicatioin allows many qubits to be accessed at once, preserving
their correlations, something that is impossible classically. “Software” that makes use of this
possibility has already been developed in the form of factorization [40], sorting [41] and
learning and memory [18] algorithms. This communication of correlations is a manifestation
of the well-known Einstein-Podolski-Rosen (EPR) paradox. A simplified example follows.

Consider the case of the pion (r’), a neutral elementary particle of spin 0 (i.e. internal
angular momentum 0). Pions decay spontaneously into two oppositely polarized photons.
Photons carry angular momentum in their helicity. Since 7’ decay is spontaneous i.e. no
external forces have acted on the system, angular momentum conservation requires the decay
products to have the same total angular momentum as the decaying particle — in our case a
sum of zero. This means that if one photon is detected with helicity +1 the other must have
helicity -1 to conserve angular momentum. We can write the entangled state of the two
emerging photons as |y1, Y,>,

1 1

71,72} = 7_5}~ 1,1) +—J2=[1,—1)

where the subscripts 1 and 2 refer to the first and second photons respectively and the
+/-1 entries in the kets refer to each photon’s helicity. This state is completely entangled as it
cannot be factorized to give separate states for each photon. This indicates that if the product
photons are isolated from the environment and separated macroscopically (say by letting
them move apart inside an optical fiber) measuring one photon’s polarization will imme-
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diately determine the polarization of the other by collapsing the entangled wavefunction
instantaneously and non-locally.

5. EXPERIMENTS

5.1 Experiments

Our novel phenomenological approach to understanding the role of MTs in information
processing has produced several theoretical predictions, which we aim to support with
experimental evidence. Ideally, we would like to test our predictions in vivo by examining the
effects that learning and memory encoding have on the MTs of a living animal. However, it is
impossible to use animals that harbor mutations that change functional aspects of MTs. This
is because the MTs’ correct function is essential for the viability of an organism. Instead, we
have designed and are performing several indirect neurobiological experiments. We
anticipate to obtain the first-ever experimental results designed to test the quantum
properties of living matter.

5.2 Description of the experimental system

We utilize a well-established, olfactory conditioning protocol to teach Drosophila
melanogaster fruit flies to avoid certain odors contingent upon negative reinforcement by
electric shock. Following behavioral conditioning and ascertaining acquisition of information,
the flies are fixed, their heads sectioned and stained (immunochemically) for the distribution
of tau, or microtubule-associated-protein-2 (MAP-2) in the mushroom bodies (an area of the
fly’s brain essential for information correlation and memory function). We are interested in
determining whether, as predicted by our model, the distribution of tau and/or MAP-2 will
change as a result of memory encoding.

5.3 Why Use Drosophila?

The Drosophila melanogaster fruit fly has long being favored by experimental biologists
for numerous reasons including its relatively simple genetic makeup (genome) and quick
generation time, powerful classical and molecular genetics and their ability to learn and
remember a variety of tasks. However, Drosophila is simply the ideal system for our research
for a different reason. In order to track redistribution of tau and MAP-2 in the neurons we
must be able to differentiate between the various parts of the neuron such as the dendrites,
axons, axonal projections and somata. In humans and other mammals, the neuronal
organization is such, that multiple neurons and neuronal types are involved ip a given process
forming an extensive complex network of axons and dendrites. As a result, it is very difficult
to locate specific parts of individual neurons and stain selectively to track changes in
distribution of a particular protein. In Drosophila on the other hand, mushroom body neurons
represent a highly ordered, tightly packed bundle (see figures 5 and §).
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The mushroom bodies are bilateral clusters of about 2500 neurons, situated in the dorsal
and posterior cortex of the Drosophila brain (figure 5). The dendrites of all mushroom body
neurons aggregate to form a distinctive structure just ventral to the cell bodies where inputs
arrive conveying sensory information. The axons of these neurons bundle together
(fasciculate) and project to the anterior of the brain. There, they bifurcate, with some axonal
processes extending medially and others projecting dorsally [46] (Fig. 5). Flies that lack
mushroom bodies are able to smell, but totally unable to learn the olfactory associative
learning task [47,48].

Figure 5. A schematic diagram of a saggital section through the fly brain. A: anterior and D: dorsal, AL:
Antennal lobe. PS: Posterior Slope. P: mushroom body perikarya. Ca: mushroom body calyx. The lobes are
labeled a, B and y. The hypothetical flow of information is represented by the arrows. O: Olfactory informa-
tion. M: mechanosensory information from thoracic ganglia. TO TG: information output from the posterior
slope to the thoracic ganglia.

Therefore, the Drosophila system enables us to target a particular set of neurons easily
identifiable and well described in their properties. This is essential for our analysis of bulk
movement of microtubule-associated proteins within neurons.

5.4 Conditioning Protocol

A qualitative description of our protocol [46,47,48,49] for training wild type Drosophilia
Melanogaster fruit flies follows. Drosophilae are naturally attracted or repulsed by different
odors with a variety of affinities. We use the standard, negatively reinforced associative
learning paradigm which couples olfactory cues with electric shock to condition flies. We used
two equally aversive odorants: 3-Octanol (OCT) and Benzaldehyde (BNZ). The training
apparatus consists of a training chamber and a selection maze. The maze is normalized by
adjusting the concentration of odorant. Once normalized, wild type, naive (i.e. untrained)
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flies choose to enter one of two identical tubes smelling of OCT and BNZ respectively, with a
probability of 50% since they avoid both odors equally.

Training, or rather conditioning, of the flies takes place as follows. A batch of wild type,
naive flies (numbering between 50 and 60) are collected under light anesthesia (using CO,)

and 12-14 hours later are left in the dark for one to two hours. The entire procedure of
conditioning the flies takes place in a temperature - and humidity- controlled darkroom. This
is done in order to isolate the effects of olfactory stimulation from visual stimulation. Once
the flies have been acclimated to the darkroom, half are interested into training chamber A
whose walls are electrified by a signal generator set to 92.0 V. The flies receive twelve
electrical shocks (of duration 1.25 sec each) for one minute. During this time, the chamber is
filled with air containing OCT. The flies are given 30 seconds to rest while the air is being
cleared of odorants and are then given the opposite (control) odorant (in this case BNZ) for
another minute in the absence of electrical shocks. A rest period of 30 seconds follows after
which the flies are tested for acquisition of information. They are inserted into the selection
maze and given the choice of entering a chamber smelling of OCT or an identical one
smelling of BNZ. For control and consistency purposes, the experiment is done
simultaneously in apparatus B with the shock-associated and control smells reversed while
everything else remains identical. We define a “trained” fly as one that has chosen to go into
the chamber filled with the control odor after given the choice for 90 seconds. The procedure
is illustrated in figure 6 below.

It is observed that following training, a good percentage of the flies choose to avoid the
smell that was present when they received the electrical shocks. The percentage is calculated
as a normalized performance index (PI) where PI = {(trained-untrained) / total}x100. Typical
PI values for our experiments have been between 75 and 90 giving us confidence that the flies
have truly learned to associate the stimuli. This procedure alters the probability of response of
the flies to the stimuli. Re-testing the flies that made the correct choice producing a PI of 90
will not result in 100% of the flies avoiding the shock associated odor, but rather will result in
a distribution producing a PI of 90 again. Therefore, the behavioral changes of the flies
parallel the probabilistic response of neuronal firing.

The procedure we followed is typical of associative learning “Pavlovian” conditioning
for behavioral experiments involving a variety of animals and more details can be found in
the literature [28,49].

5.5 Fixation, Sectioning and Staining

Once the flies have made their choice, those that made the ‘correct’ choice are
immediately killed by submersion into a fixative solution without subjecting them to anesthesia.
An equal number of naive flies that have not been exposed to the training apparatus but are
otherwise identical to the trained ones are also fixed. We used three different fixing protocols
of different fixation strength each [49]. Following fixation the flies were dehydrated through a
series of ethanol baths (0-100%) and Methylbenzoate preparing them for embedding in
Paraffin, decapitating and sectioning. It is clear that this experimental approach is likely to
capture differences in the distribution of tau and MAP-2 between trained and naive flies and
consequently provides us with a way of testing whether their distirbution is affected by
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Figure 6. A schematic diagram of the training and testing apparati and schedule for the negatively reinforced
olfactory conditioning protocol.

training as predicted by the quantum brain hypothesis and also suggested by recent studies in
rodents [32]. There are however, a number of complications. In order for the distribution of
microtubule associated proteins to be seen in the microscope, one must bring it up from the
background by immunochemical methods which use in sifu chemical staining reactions to
indicate the localization of the proteins within the cell. This involves obtaining antibodies
which are proteins that selectively and specifically attach to tau or MAP-2. Following
standard immunochemical procedures, the antibodies become linked to chromogenic
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(staining) substances that allow visualization of the distribution of the protein under
investigation in the tissue of interest.

Note that there is an important underlying assumption here: the fixative solution is
required to fix the tissue as it was at the instant of death so that all proteins in the neurons are
permanently bound to their last location before death. It further assumes that embedding in
Paraffin will not affect the binding of MAPS to MTs or the structure of MAPs themselves.
Such changes may alter the structure of MAPs in ways that will make them no longer
identifiable by the antibodies. Historically, fixation complications have been circumvented by
using a variety of fixatives and fixation conditions with good results despite the lack of
complete theoretical understanding as to the exact action of the fixatives.

Furthermore, due to resolution and staining limitations, it is not possible to directly test
the GSM (guitar string model) unless there is sufficient relocation of MAPs. At least in this
modus operandi, we have had no choice but to assume that the training has been sufficiently
intensive so that the result of encoding this memory was to dramatically change the MAP-2
distribution in a large number of neurons.

5.6 Results

We have been succesful in our initial experiments to train flies and test their learning
and memory for up to 6hrs. This is an essential point as we are not certain of the exact timing
of the proposed redistribution of microtubule associated proteins. However, our initial
attempts to localize MAP-2 within the fly brain have been unsuccesstul. It must be noted that
in our experiments, we used monoclonal antibodies which only recognize one binding site at
the target protein and if that site is “buried” in the secondary structure of the protein, the
antibody will not bind. A solution to this problem is to use polyclonal antibodies, which have a
number of binding sites on their target protein. We are currently in the process of trying a
number of anti-MAP-2 polyclonal antibodies to select the one that best reveals the MAP-2
distribution in the fly brain.

A more interesting interpretation of these initial results is that the antibody binding sites
on MAP-2 are “masked” due to its interaction with the MTs, but upon training and during the
proposed re-distribution, these sites may become available for detection. We are in the
process of addressing this possibility by training flies and fixing them at different times (0 to
360 minutes) past training, to investigate whether these proposed sites become available
which would be evidenced by immunological staining.

5.7 Experiment #2 Basics

Tau is another microtubule associated protein. In humans, it plays a role similar to
MAP-2 and it seems that tau is of paramount importance in keeping axonal MTs parallel and
aligned.

We have obtained transgenic flies that will express human tau-protein in their
mushroom bodies. This is important as tau has long being implicated in the encoding of
human memory and it has recently been shown that mutations in the human NC-17 tau gene
are one of the causes of Alzheimer’s Disease (AD) [20,21]. In fact, earlier theoretical research
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by this group has led us to assert this prior to it becoming well accepted. We had claimed that
subneural abnormalities such as Neurofibrillary Tangles (NFTs) and abnormally phosphory-
lated tau are the main causes of AD symptoms, rather than the other way around. NFTs are
axonal MTs that have lost their structural integrity due to the inability of mutated or
hyperphosphorylated tau to hold them in parallel and as a result have been tangled up and
are unable to function properly.

5.8 Motivation, Relevance to Alzheimer’s Disease

By inducing flies to express the human tau-gene specifically in their mushroom bodies,
we anticipate that we will in fact be replacing, at least to some extent, the MAP the fly
actually uses to hold its MTs together by human tau-protein. We do not know a priori what to
expect, as the flies can exhibit an increase or decrease in learning performance or there might
be no overt phenotype. In the case that there is observable phenotype in their learning, we
will be able to deduce something about the role that MAPs in general play in memory
encoding. We already know that the introduced tau gene is not lethal and a preliminary
investigation does not indicate anomalies in general feeding, mating, or circadian behaviors of
the flies. Furthermore, assuming that tau will play a similar role as it does in humans, we will
be able to test whether overproduction of tau in older flies makes them susceptible to
“dementia” in the form of a neurodegenerative disease such as Alzheimer’s. In the case that
the flies exhibit learning deficits, we will examine their brains for histological hallmarks such
as NFTs. Alternatively, the introduction of human tau may reduce or eliminate the observed
age dependent decline in the learning capability of fruit flies.

5.9 Protocol

How does one go about persuading a fly to create a human protein in its brain? This
process is called directed gene expression and uses genetic engineering to force the expression
of genes in specific tissues, even if they are alien to the organism. This method also allows
turning gene expression on or off at specific imes. The main idea is to have two genetically
manipulated lines the first of which contains a gene of choice (human tau in our case) fused to
and under the direction of an upstream activating sequence (UAS) activated only by the
presence of its unique, selective and specific activator protein GAL4 in the same cell. To
generate lines expressing GALA, the GALA4 gene is inserted randomly into the fly’s genome
in front of various genes expressed in specific tissues at specific developmental times
(temporal control) due to the action of their native enhancers this expression pattern. The
GALA4 transgene “usurps” these native enhancers, resulting in its tissue and temporal specific
expression. A GALA4 target gene (UAS-tau) will remain silent in the absence of GAL4. To
activate the target gene, the flies carrying the UAS-tau are crossed to flies expressing GAL4
and thus in their progeny, the UAS-tau transgene will be expressed in the tissue and temporal
specific pattern specific by the GAL4. This is illustrated in figure 7 below.
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Figure 7. Schematic illustration of genetic crosses to generate flies expressing human tau in their mushroom
bodies.

5.10 Fixation, Sectioning and Results

This experiment is currently underway. To ascertain that we have flies expressing
human tau in their mushroom bodies we must first test whether the GAL4 “driver” line
directs expression in the mushroom bodies as advertised. To do this, we cross flies that
contain the GAL4 gene with flies that contain another gene whose activity can be readily
monitored (reporter gene) by histological methods. We have used the bacterial beta-
galactosidase gene (UAS-LACZ).

Flies that are the progeny of GAL4 x LACZ will have beta-galactosidase activity in
their mushroom bodies visualized as biue pigment. This provides us with a simple test of where
the actual tau-gene is going to be expressed once activated in a GAL4 x tau cross.

The sectioning procedure employed here is different from the one for experiment #1.
The naive fly heads are cryo-sectioned by freezing to -20°C and an embedding gel is used
instead of chemical fixation which would destroy the activity of the reporter gene. The
staining is provided by the activity of the reporter LACZ gene which converts a colorless
substrate into a blue precipitate within the tissue where the reporter is expressed. The results
of this preliminary experiment are encouraging as it is seen beyond doubt that the mushroom
bodies as well as certain other sections of the fly brain do indeed express LACZ indicated by
the blue color in the sections. This is illustrated in Fig. 8 below.

The next steps of this experiment are to first investigate the learning phenotype of the
GALd4xtau flies and then proceed with the sectioning and staining methods described for
experiment #1 using anti-tau antibodies to visualize potential changes in the distribution of
tau immediately after training and at later times to assess changes due to memory formation.
Fig. 9 shows our preliminary immunohistochemical results where the dark staining
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Figure 8. Frontal cryo section of fly brain expressing LACZ. Dark (blue) staining indicates directed
expression of the LACZ gene. The stained structure is histologically identified as a mushroom body.

corresponds to expression of tau. The flies used for this were naive, i.e. have not been exposed
to the training apparatus.

6. SUMMARY, DISCUSSION AND CONCLUSION
6.1 Summary

This review gives an overview of the new field of quantum physics motivated
neurobiology. A biological model of memory was presented that stressed the role of the
cytoskeleton in encoding memory. The quantum brain hypothesis was outlined and some
phenomenological aspects discussed. Some fundamental aspects of cell and molecular
neurobiology were presented, concentrating on microtubules and microtubule-associated-
proteins. The reasons why we believe quantum coherence is a realistic possibility even at the
scale of MTs and even at temperatures of order 37°C were outlined in Section 3. Quantum
compulation was discussed and a brief example of entangled states of qubits was presented in
Section 4. In Section 5, two experiments targeted at indirectly testing the phenomenological
predictions derived from our quantum theory of brain were described and some preliminary
results presented.

6.2 Discussion

It cannot be stressed enough that this line of research is suffering from a total lack of in
situ, direct quantum mechanical experiments. Recently published [33] and some yet
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In Drosophila the axons, axonal projections (i.e. the synaptic fields),
the dendrites and the somata are macroscopically separated.

Sections stained
for MBs, Axons Mushroom bodies
and Dendrites (axonal projections)

Dendrites

The “Mushroom Bodies” are the fly-equivalent of the
human brain structure called the “Hippocampus™ which is
known to be involved in memory storage and retrieval.

Fly orientation

Figure 9. Results of transgenic, tau-expressing fly-brain sections and tau-staining.

unpublished efforts by Zioutas et al. concentrate on showing that MTs are indeed
ferroelectric. They use detection of hypothetical ferro-to-paraelectric state phase transitions
due to temperature changes to investigate the conjectured ferroelectric properties of MTs.
They employ a novel approach where they try to detect electromagnetic radiation (of order
some GHz) emitted by MTs as a result of the expected phase transition.

The theoretical aspects of this work have been criticized by some physicists claiming that
quantum coherence is impossible in the 37°C biological environment [12]. It has been argued
that if one sets up a wavefunction describing a whole neuron including its membrane and the
surrounding ions it will decohere with decoherence times no longer than 10"s due to
collisions between ions and H,O molecules as well as long range Coulomb interactions. This

certainly seems plausible and biological manifestation of quantum mechanical effects will not



176 IIPAKTIKA AKAAHMIAY AOHNQN

be observed since the biological dynamical timescale is of order 10°-1s. This argument is
flawed in assuming that the entire neuron must be in a coherent state of “firing-and-not-
firing” and thus for a typical axon up to order 10° Na* ions must be in a superposition of being
in-and-out of the axon and in coherence with each other and the membrane. The firing or not
of the neuron is an emergent property and it seems likely that quantum mechanics will apply
directly to the generation and propagation of APs let alone the bulk dynamics of extracellular
ions. Our model does not suggest superposition of ions and membrane.

Further, it has been argued [12] that even MTs will have difficulty sustaining coherence
and an estimate of the decoherence time is given to be of order 10™s. The dominant
decoherence mechanism for these considerations is assumed to be Coulomb interactions with
closest neighboring ions. Screening effects are not considered by arguing that the closest ions
will be the ones doing the screening and they are also the ones effecting decoherence. This, it
is claimed, does not allow information propagation by the mechanisms suggested. However,
as described in Section 3, the particular ordered arrangement of H,O molecules inside and

outside the MT as well as the presence of the K-code may well protect MTs from such
decohering mechanisms [5]. It is an ongoing effort [6] to further unveil how these properties
will affect decoherence-time estimates. Decoherence may well be effected by strong
electromagnetic interactions resulting from neurotransmitter binding and this is exactly the
kind of decoherence mechanism which should be most favored by biologists since
neurotransmitter action and consequent AP propagation along the membrane must
somehow “reset” the system to where it can receive the next “information package”. It
remains to be seen if by further theoretical analysis and biophysical experimentation, the
decoherence time can be conclusively brought up to match the dymamical time scale.

A natural extension of the quantum hypothesis is that there is place for quantum
coherent effects in other, non-neural cells. In fact anything with a cytoskeleton-like structure,
any protein whose function depends on electron mobility (and this includes all known
proteins) can be treated as a fundamentally quantum mechanical object. Whether there are
observable emergent properties depends on the system at hand but it seems that the
difference between neural and ordinary cells is made by the characteristically ordered and long
MTs in the axons and dendrites. It remains to be seen what role quantum mechanics is going
to play in the molecular biology of the future.

6.3 Conclusion

This review is an account of the initial steps of what we expect to be a long process of
theoretical and experimental research in this field. What we have achieved so far is to design
and conduct the first ever experiments capable of indirectly testing some of the predictions of
the quantum brain hypothesis. It cannot be stressed enough that the experiments described
here can only tell us whether the quantum hypothesis, at least in its present formulation, is
wrong. Even if all of the theoretical predictions are shown to hold in the laboratory, these
results can have other, more conventional, interpretations. For instance, if we are able to
show a definite redistribution of MAPs as a result of learning, it can be argued that this
changes neural cells in ways which do not directly depend on quantum coherence e.g. axonal
transport can be altered thus affecting synaptic weight and effectively training the neuron. As
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discussed earlier, in order to discover at which level the transition from quantum to classical
takes place, direct quantum mechanical experiments on the MT system are needed but those
seem to be quite far ahead in the future.

What we have succeeded in doing is to show that the quantum hypothesis is
experimentally falsifiable. We have made the first step in the phenomenology of the
quantum brain and this has opened up the way for more experiments and will hopefully
make this hypothesis more attractive to mainstream theoretical and experimental physicists
and biologists.

It certainly is an astonishing premise that neurobiological processes taking place in a fly’s
brain are fundamentally tied to quantum events and this brings us full circle to the long
conjectured connection between quantum physics and human consciousness*.
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p0¢ wbAToc %L T dptoTepk xohia Sev pehethOnray elg Tov tdo mAnOuops. Aty clvor
Emopéverg YVooTd Towd elvar % mpwTy petaforn wob énépyerar elg TO xapdroayyeto-
%0 cboTnua pd ™y mpodo Tic Nxiag. ‘O oxomds, xatd cuvémeia, TG UEAETYG Yag
adriic frav vo xaboploer T4 ypovoroyuey aelpn TGV Statapoy Gy Tod Enépyovrar eig
70 napdrooyyetand chomnpa we v Tapodo THe HAutlug.

Mexethfnray 181 dropa Rhutog 22 dg 65 Erév. “Oha Hrav dyuy) brwg wpoéry-
nTE GO TO TMAFpeg loTopxd, TV Aemropsph xAwind) EEéracy, TO fhextpoxapdioypd-
P, TO Hyoxapdioypapnue xol T Doppler #fyoxapdioypapynue.

PAmd Tov yoxapdioypapied Eeyyo (Syfue 1) perphnxav ol Sdwetdseis, 7
puind) pdloe xod 7 Aettovpybryra Tod doraTepol xbAToL %ol THE GpLoTEPAG %OLAAC.

’And 16 Doppler #yorapdioypdenue g pitpoctdobs ParBiSug dmoroyictnxe
) Tyt pofic xata i) Ndkpxera THg xoAmixTc GuGTOATE, Shady | TaybdTTX PoFig
7ol wdparoc A (Zyfjue 2).

*Amd Tov dyxo meApol Tol &ptaTepod xbATov %ol THY TaydTyTe Tob xdparog A
dmohoylotyue i wvnry &vépyera, Selxtng Tob Epyouv ol dpiorepol xéAmov, Bhoet
7ol TUmov Tob Tpoxdmrer dmwd TO véupo THe xivnone Ta@v waldv Tod Nedrwva: wwy-

Ty evépyern = 1 /2 (zodeyrar)? X pale.

* HARISIOS BOUDOULAS, Effect of Age on carbiovascular parameters.
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Syijpa 1. Xpfon hyoxapdioypapuxdy weddSwy yik t péronon Tév Synwv tob dototepol xéAmon
xal e dproTepds xoMog xobdg wal Tig putric pdluc Tie dploTepds wothiac.
LA Q

Phono

nsmitral
Flow
Velocity

ECG

Sy 2. Karaypaeh tiig taydrnros pofic ué Doppler 8 péoov tijg prrpoetdoly BarBiSag xate:
T Sudpusia Tiig noAmIXTG ovoToMTs (xdpa A). ‘H puirpoaidic BaABida pulverar oxpuatind perabd
aprotepds xotMag (LV) xal dpiotepob xéinoy (LA). Phono = gurorapdioypdenua, ECG=7iex-
Tpoxapdoypdenue, Transmitral Flow Velocity = raybyra gofic u& Doppler 8 péoov g
wrposidols PanBidag.
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T 79 peréry Tév Shaotindv iStothtoy tHe doptig &ywve TauTdypovy xaTo-
yeapy Doppler tic Sebitig xapwtidug xal tic dekide pnproxic dpryplac. Térog pe-
Tonfnre 7 amboTaoy petabd T xapwtidug xal THg unplaiag dptnplag %ol petpy-
Oyxe 6 ypbvog ol dmentnBunre ik T petddocy Tob cRUYWIXOD XVUATOG ETO THY Ko=
porida péyor T pnerate dprypta (dmd T6 onuelo A péyer 16 onpelo B, Zyfjua 3).
>ATd T ypbvo el TV dmbetacy Smoroylotyre % ToxdTyTa Tl cpuymxod xdue-

\ 3 ~ 3 P ! o~ 3 ~ b ’ ~ 3 ~
Tog, ol dmotelel dibmiaTo delxnty TdY EhaoTindy iSoTNTWY TG dopTiC.

Carotid Femoral
Phono ’

Doppler

ECG

B
l/z._
8

Pulse Wave Velocity Velocity of the pulse wave

from point A to B

Syfuwe 3. Doppler tig dekitic xaportidug (carotid) xal e dekidic unpratag dprplag (Femoral).
‘H toylmnra 100 couymxod xiuatog droloylomyue dmd To ypbvo mod amarthbnre vo phdoet o
oQUYLIXD xhue &Td ThY xopeTidu ot unelxta detnpte 8mwe petpnfnxe pé Doppler xal Tiv
dmbotacn petal) xapwtidug (onueto A) xal unpratac dprnplas (snueio B). Phono = pwroxapdio-
yodonua BECG = Hhextpoxapdioypdpnus.

Ot mapdperpor, émopévag, mod petpnbnray # dmohoyicTnray Hrav: 7 ToyvTyTL
70Y opuypiol xdpatog, N xvyrind) dvépyeta Tob dplotepol xbhmou (Seixtyg Tol Ep-

you 105 dpiotepod xbhmov), § TaydTyTe Tob wdparos A, 7 cusTohuxd dpTypLom)
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wieon, ) Aerrovpybdryra Tiig dploTepdic xotMag (%4 AD), 6 péyiorog yxog 7ol &pi-
oTepol xGAToV, 6 cueTohdg &yxog TH¢ dploTeplic xouhlug, # Suxpopiny wieon, 6
byrog Tol dpLoTepol %OATTOL GTNV &y TG ®OATXTG CUGTOMTS, 6 ENdyLoToC EYxog
70D dprotepol xbhmov, T6 Epyo THG dploTepdlc ®OUAtaG, 7 StaeTONXY &PTYELHX] Trie-
on, N puixy pale ThHe dpLoTeplic xouNag, T0 xhdope EEwifcens Tig dptoTeplig %ot~
AMag, 6 SrasTohnds Syxog THg dpLoTepdic xothag, xal 6 dyxog mahwod. “Oleg adric
ol mopduetpol cucyetioTnray, 6Tl cuvéyela, u€ Ty Ghuie TGV dTduwy wod uele-

oy (Zxfpe 4).

Correlation of Various Cardiovascular Parameters with Age

Parameter r o]
Pulse wave velocity (m/s) 0.51 0.0001
LA kinetic energy (dyne:cm) 0.42 0.0001
A wave velocity (cm/s) 0.38 < 0.001
Systolic blood pressure (mm Hg) 0.24 0.001
Acceleration time 0.21 <0.05
% A diameter 0.21 < 0.01
LA maximal volume (cm®) 0.18 <0.01
LV systolic volume (ml) -0.18 <0.05
Pulse pressure (mm Hg) ORI <0.05
LA volume P wave (cm?) 0.16 NS
LA minimal volume (cm?) 0.16 NS
LV work (Joules) 0:12 NS
Diastolic blood pressure (mm Hg) 0.11 NS
LV mass (g/m?) 0.10 NS
LA ejection fraction (%) -0.07 NS
LV diastolic volume (ml) 0.06 NS
LV stroke volume (ml) 0.04 NS

Txfpe 4. Of mapduetpor mod pekethfnuay xal 9 cvoyérion wod &youy we Ty Hamie. LA =
dproTepds xbAmag, % A diameter = % Bpdyvvon Tiic dowrepuniic Stouérpov TG dprotepdic xouklag,
LV = gpiorepa xotdtx, LA volume P wave = &yxog dpiotepol xbAmov otiy dpyd) Tiig xoAmt-

#¥ic oveToMig, NS = cratioTinds ui) onuavtind) Slupopd.

Nopdpetpor mwod oyetilovray xohdrepo ue v Nhxia frav 7 TaydTyre Tod
opuypxol wopates (Selutng vév EhaoTindy idothrev Tig doprig T = 0,51, p =
0.0001), %o H wivnTnd) vépyela Tod dptotepob xohmou (Setntng Tol Epyou Tol dpt-
67epob xéAmov T = 0,420, p = 0.0001). “H pvixd) pdle, oi &yxor, 1 Aerrovpyurd-
e, %ol o Epyo TH dploTepdc xothiag dev elyouy xappie ovoyérion pe TV Hhuxia.



184 IPAKTIKA THEZ AKAAHMIAY AOHNQN

*Emione dmdpyer oyéon pevald e Taydiyreg opuypinod xdparoc xal ThHe %i-
vmixiig 2vépyetag ol dprotepol xbrmou (r= 0,380, p ( 0.001). "Oco «dEdver 7
TaydTTe Tob oeuypzed wdpatos, dhadl Goo Elartdverar 1) EhacTbTTH THG
Goptiic, Téoo adkdver 7 xwnrTied) dvépyeia, Shady T Epyo Tol dpioTepol kOAToL.

T vo: xaBopraBel mepartépe, morol mapdyovreg cupBditovy dvebaptnTa 6THY
abEnon e TaydmTag Tol cuypxol wdpatog xal THe xwytixic évépyelag Tod
dpLotepol xbhmov Eywe dvdiuoy Ty EEFc dml pépoug mapaydvTwv: Tie MAlag, Tie
copatinic gmpdvelag, T xopdtaxiic cuyvétyTag, THE deTyptaxiic Tieove, TGV
dyrwv, e palac, the Aettovpywbmyrag kol Tob Epyou THe dpraTepdc xothiag, xalde
xotl TAY Byrwv, Tig AertoupybdTyTag %ol Tob Epyov Tod dprorepod x6Amou. ‘H dva-
Aon adth #3aike éru pbvo 6 mapdywv Hhxia cupBdAdet, dvebdotyTa dmo Tig &Ahes
mapapérpoug ot wetafol e TaybrnTag To ouypmxed xbyparog, xul 8t wévo 7
Hxbo xal f TaydmyTe 100 cQuypinol wdpatog cupPdAlovy, dvebdoTnTo 6TY UeTH-
BoAh e wwyTindic vépyetag Tob dpLoTepol xbATo.

‘H Aerrovpyumdrnra, Emopévars, Ti¢ doptic elvar f TpdTy TapdueTpog Tob -
pealeror & v Mamioe. ‘H fhwlo gaiveroar d7u xofopiler ™) Aerrovpybdmta g
GopTiic, %) avriorpopa, 7 dopth xaboptler Tiv Ahula Evdg dréupov. "Emeldy 4 dopm
elvou 16 wpdro Spyavo ol Emmpeedletar dmd THv Al xol Enedy N Suokerrovpyin
¢ &opThg umopel v #yer Suopevy) émidpaon ot GAxAnpe TO xapdloayyslaxd G-
O, O EMITTAOGELS GTO TV) GXAPUYEY THG GopTHE 68 adTd TEPLYPRPOVTHL TEPL-
Mmried: “H guotodoyind dopth ot xdbe ouoTtody) 1iig dprotepdic xothag xmriceoe-
T nol, %t cuvénei, Aertovpyel ¢ pia dmwobnxn alparoc. Kard ) Sixovolh tiig
dproTepdic xouhtag, N opTy Emavépyerar oTic dpyés Tnc dxoTdoels xol TO alue,
mob elye &vamolnxevlel o” adryy Swoyeredetoar wpde Thy weprpépera. ‘H pov), Emoué-
vag, Tol abparoc dmd T Sidkgopa Gpyave elvon cuveyne, Tapd TO yeYOVOg Gt 7 Kop-
dd ouoTéNeTor ot ‘H qopt), wol #yeL amohéoer Tig EAacTinés Tng idubTyTeg
éunrbooeTor EhdyLoTo 1) 00d0AWE 0TI GUGTONXY QAGY THG xapdlaxic Asttovpylug
%ol xord cuvémern weplopiletar onuavtina 1 dmobyxevtind g IxavéryTe (ZydFjua 5).

Mg 3 cveToM) Tig &ptoTepdic xouhtag, Extdg Tob Bru adEdver ¥ EvdoxothoTixd)
mieon, dMprovpyeitor Eve whua atparog mede THY mepLpépeta, TO GpuyLLxd xdpe. ‘H
ToydTnTe Tod cQuypxol wdpatos elvar Téoo peyordrepy oo mid dvelasTixd elvor
70 dopTind Tobywpa. ‘H peyddn toydrnre tob cpuypixed xbpatog e bg dmoté-
Aeopo THY Toyeto ExmTuEy TEY TepLpepx®Y dpTnptodtwy (ZyfHua 5), wod Tpoxael
BAaBn oTa pixpa adtd dyyeio xol xot éméntacy otd LwTind dpyave woL alportd-

vovToL amo adtd, mag elvar 6 Eyrépatog, ol dpludpol %ol ol veppol.
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“Oray 6 opuypnd wduo pldoe. oric mepupepunds dprnpics, dvravarhita, pé
amotéheapa T Spovpyia Evde moAivdpopov opuypol xipaTos, T dmoio dmoavée-
AETar amé Ty mepipépera wpde TV Exgueyn TG dopTiic. Xt guotohoyixd dopTHh,

Aortic Function

Arteriole
— e
o

Arteriole

5

Zyfua 5. ME th ovarodh) Tiig dpiotepic xouhlag #) Quotoroywl doptd) (normal aorta) éxnricoerol
brag paiveron pe T Swxexoppévn yoouud xal yenorueder de drobixn alpatoc. “H dopth wob Eyet
damoréoer tic EhaoTunés g idubtyreg (stiff aorta) éxmrdsoetor mokd Avybrepo pi Th GLGTOAY THg
dpLaTepiic xoAlag U onuavtiey EAdTToon TAY drolnxeutindy g tothray. T puxpd Bérn det-
xvovy oxynuaTixd Thy Exmruly Tiic dopii mod Emaxoroubel Ty alifnoy THe nieons. ME T cusTol)
Tii¢ dproTepdic xothlag, dnuiovpyeltar Evar wbpar, TO SRUYIKD wdWa, T TapdTyTe Tob bmotoy elvat T6-
00 peyohitepn boo mo oxdnen elvar % doprh. T dmyinn Békn dmd ™) pila Tic doptiic mpde Tic
pnpraies dpnpieg Selyvouv oyuatid TV ToaybTHTE TOD oRUYMKOD xduaTos Tod elvar ueyahdTepn
ot oxdnet doprh (stiff aorta). Tvh puotohoyued dopth & dpTneLbina (arteriole) éxnticoovrar
ut Emavépyovrar otV dpyixh Toug Béom Suard, évé otV cxdnel dopTy A weydAn ToybtnTe T
opuymxod xduatog Eyer o drotéicopa T dmbroun ExmruEn xod Thy Toreto mdvodo Tév dptn-
prodley oty dpyuch Toug Béoy (oynuariel Tapdotacn otd Sekid wépos oD oyhuaToc).

énady i ToprdenTa Tob cQuypod xipaTog xal Tol Tahivipoumou cQUYRIXOY xbpa-
Tog elvar iy, To Tahivdpopo opuywixd xbua @Bdver ot plle THe doptiic otiy
apyh Tic SiaoTolijc xal dnuiovpyeitar T6 Siaorohind wbpa 6 émoio SmoBondel orhy
abEnon e orepavialuc pofic, Bibrt, rwe elvar yYvwors, w6 wuoxdedio alpaTdveTol
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rave T Sretohuh wuplog wepioda. "Oray GopT) dmoréoer Tig EhaoTinéc TN
idTyTeg, 9 ToybmyTa ol opuypixod wopatog xol 7ol Tahivipopou cpuyYLIXoD %)-
porog elvar peydhn, ué dmoréheopo o Tahiv3popo GpUYLXD whpo ve. gbdver oty
et g dopTiic oTd Tého THg GuoTolTic. Tuvémein adrod clvon 7 abEnon i ovato-
Aueiic dpTnprandic mheong xal 1) cuveraxkéioudy abEnom Tob Epyou Tiic dpLoTeplc xoL-
Mag %ol g puindie wdluc od wooxapdiov, &vé 7 apdvion Tol SircTohunod wduu-

Tog EharThver T alpdraoy Tob uuoxapdiou (ZyFuo 6).

Aortic Function

Diastolic
Wave

proti C m?#ﬂ‘??ﬁﬁ

Diastolic
Wave

Stiff
Aorta T e

T [ R )

Zyfjpo 6. "Oray td cpuypind wdua ebdset elg thy mepLpépeta, GvTavaxhitar xal dnuLovpysitar T
mobvdpopo opuypixd wipe (Exoetdy Béhy). Tt Puotodoyixy) Gopty, éretdh % TaydTnTa Tob cPUY-
%ol xduaroc xol ol mecivBpopon cuYLod wduatos slvan wixgd), T ToAvdpopo GpuymKd b=
pow @dver eig T pila THg doptiig elg ThY dpyh Tiic StasToddc Xal dnurovpyeitat T6 SrcTohxd RHpe
(diastolic wave). "Ovav 4 dopw) ydoet tic Eaotixée g I8ibrrree, 7 To TN T TOU GPUYLLXOT %h-
patoc xal 7B Tahivipouou cpuymod wipatog elvar peydiy, ud drotéheoua To mahivdpopo cpuy-
pxd wbux vé @Bdver elg T pifa Tiig dopriis slg T8 Téhog Tiig ouaToTic. AdTd 6d7yel ot alEnon e
auaTohuixiic dpTnetaniic mieans xal ot EEugdvion Tol SixaTolnol xiuatos.
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€ € - 4 3 P \ o 8. af ~ ~ ’
ROV TR o L0l o
H uxio énmpedler onpavrid 8ha v Spyave tol xapdioayyeianod susrhua

og. To mpdito pyave g wob Spletarar thy énidpacy g Hhumiug elvar 4 dopr),
3 o 4 3 \ / A 3 /4 Lo ~ 3 ’ 4 =& >
axorovlody 6 dploTepds xdhmag, Ta dpTnetblie Tév LoT@y dpydvey xal ¥ deloTe-
pa xothie. *Emi mhéov dpac % oxhpuvey g dopriic dmnpedler ) Astroupyla oyeddy
oAoxnpou Tol xapdioaryyetaxol susThuatos xal dmitetver Ty ntdpaoy mob Eyel )
Nkt ot adTé.

"Edv. émopévas, émirbyoupe va EmiPoadivovpe i axtipuven tic doptiic mol
éméoyeTar p& THY Thpedo g Hhutac, dvapéverar 671 0% EmiBoaduvbel %ol % entSou-

oxeTar g 0 : 0 § énidp

on wed Eyer  fhxla 6td napdioayysiaxd cborTnua.

Effect of Aging on the Cardiovascular System

|

\J
| Elastic properties
of the aorta

Y
\> T LA work

y
Vascular /
organ damage

Y
LV hypertrophy

o 7. Xpovoroyixd) Enidpuoy Tiic fhudag 670 xapdrowyyelond ciotyue. Td mpéto Bpyavo mob
Opiorartar v Enidpuon g Hhulag elvar 7 doptd ( elastic properties of the aorta) dxorouBoiv
6 dpLoTepds xéamog (LA), 7 dyyelo Té@v {omxdv épydvey (Vascular organ damage) xol h dpL-

0

otepa xothbo (LV). "Ent madov 4 axdfpuven tiig doptiic émmpedlet T Aettoupyle 6Axineon Toi
nopdroayyetoanol ovothuartos xal émireiver Ty ntdpaoy mod Eyer f Hxia elg adTé.

‘H Saoribryra tic dopriic apriton dmd moAols mapdyovres, xvplwg é-
pog Eupriiton dmd Ty dvodoyie ToT xolhayévou xai Tic Ehacrivig wod Srdpyouy
otd Tolywpa tic dopriic. To oyfiua 8, wob mpoépyetar dmd uehéreg mwobd xdvape ot
ovvepyasta pg tov Kalpyyey - *Axadnuaizd x. Zxodxée xai vov Kabnynt ». Ko-
poytavvdxo, Sebyver T oyéon xoMayévou xal Ehastivg ot guotoheyind dopth. M
TV mdpodo THg Nhuelac ) Ehaorivy Eharrdvetan xal T xorhayévo adtdver. ‘H oyéay
xoMharyovou [Ehaativic oty doprd) Exprlitan dmd yeveTinolg dAAX %ol TapdyovTeg
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w08 mepBddhovrog. ‘H xaravbmoy Tév pyyeviepdy med cuvtedodv oThv abbney
0B xohhaybvon ué Ty mdpodo T Hhuiag B Exer d¢ dmotéicopa TV dvacToln
wHe abfnehc Tou, T Swrtheney TEHY PhaeTidy yupaxTnpioT®Y THG dopTig ol
iy emBedduven Téy Suoueviy dmimtdoswy mob Eyxel B il 0T xapdioayyelond

cloTn L.

Proximal Aorta

S

Elastin

Coliagen

7 Z 3 Z

SyFue 8. IMeprentinbrnra hactivng xal xohhayévov o€ Quotodoyixi] dopT.

"Ev ovumepdopatt, N fawle Ee onpavrinds dmdpdoeis 670 xapdioayysiand
obomqua. ‘H dopr) elvon 7 mpéto dpyave mob Splotarar Ty émidpuch TG p& dre-
Aew T&V EhaoTixdy BothTey e “Enl mhéov, #) exdhpuven Tol Toyduatos Tijg
Goptiig émiraybver ) Sucpevy nidpaon mod Eyer # ki ot GAbxAnpo O napdony-
yeland GUCTNUX.
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D wiv xaddrepn nartavénoen T6v émdpdoswy mod Exer 7 HAxia ard %xpdio-
ayyelaxd obortnpe Gmarvelte ) olyypovy xal TauTéypovn werémy OAbxAnpov Tol
rapdroayyeionod ovetipatos. ‘H xatavéyon Ty punyaviepdy wod cuvrelolv otig
petafores Tob xapdoayystoxod cuoTiuatoes xal T6Y dNMhosTdpdoEwy Tod Hmdp-
x0uv peragd doptijc xal @V &NAwy dpydvey B Bonbicer oy Tebhnln TGV émi-

dpdoewy g Hxing 670 xapdoayyeiaxd cdoTnpe.

SUMMARY
Effect of age on cardiovascular parameters

Previous studies have shown that elastic properties of the aorta decrease,
while LA dlmensions, the contribution of LA systole to LV filling and LV mass
increase with age. In most studies however, aortic function, ventieular and
atrial parametere were perfomed in different populations, and thus, the
earlilest manltestations of aging in the cardiovascular system is not known.
In 181 normotensive subjects age 22 to 64, LV mass, volumes, function
(echocardlography) and work, pulse wave velocity (PWV, carotid to femo-
ral artery, Doppler); and left atrial kinetic energy (LAKE) were measured
simultaneously. Regression analyses were performed to correlate all mea-
sured cardiovascular parameters with age. PWV (r=0.51), LAKE (r=0.42),
and transmltral A wave velocity (r=0.38) were correlated to age, while LV
mass, fuction and work were non. Multiple regression analysis among 10
dinical and echocardiographic parameters demonstrated that only age con-
tributed independently to PWV; only age and PWV were contributed inde-
pendently to LAKE; and only age contibutad independently to A wave
velceity. The data demonstrated that age-related alterations in aortic function
and LA work (LAKE) can be defined prior to defeclable LV structural and
functional changes.
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