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NOMOZX 439811929

«ITepl wvpdoemg xal tpomomotfcens ths dmd 18 Moptiov 1926 Zvvrantindis *Amoedoswme mepl
Spyoviopod THg Axadnuing TAOnvEYY
(0.E.K., ebyog A, dpi0. @di. 308)

BEAAHNIKH AHMOKPATIA

sy

"Fyovreg O’ dder 10 dpbpov 75 ol Tuvtdypoatos, éxdidopey tov Embpevov vépov Ynorchévra

Omd ThHe Bovdfic xal 1 I'epovsiog.

"ApOpov mpdTov
Kupobrar 9 and 18 Maption 1926 Zuvraxtind) *Anbgacts «mwepl dpyaviouol ths *Axadnulog

*ADgvésvn Epoveo obto:
EYNTAKIIKH ATIOPAZIE IIEPI OPTANIZMOY THX AKAAHMIAEZ AOHNQN

EAAHNIKH AHMOKPATIA

IS

AoaPbvreg O iy bt ol Emiothual, & yedppate xol ol téyvat, oTouyela drapaitnTe bylolc
nal otepedic dropyavdhoews mavtos Kpdtous, cuvteholow elg thv ebnhetoy ol Aopmpivovst Ty
alynny tév "Elvay,

‘Ot al émotial, To yedppata xal of téyvar, 1 Oepehadng abty xenwic, &9’ fg ornpile-
Tor 7 d0veey dvdmTuiig xod f) YAl edmuepla TéY Aady, pudwilovst Thy mpbodov xal Emdpdol
omovdatwg Eml Thg TUxMG adTGY,

Oty ab émotijpat, To Yedpuato xoul ol téyvat, 6 dxpoywviaiog obtog Albog Tol moATIoPoD
g abpwmbryrog, cive ouyypdvws & cogds obuPoviog Tol vopolétov, ) pwrelh Awumdg ThHS
ouveldnozwg ol Suactod, TO TddAov Tol xuBepvATon, 6 681Ydg Tob dnpoctov Aevtovpyod xol
6 BuWddoxarog Tol Sidaoxddov, Hror adtd tobro To Bepéhov Tob Kpdroug,

*Emibvpobvres,

No mapdoyopey mApn %al dvepydy Thv Tpostactay xal dmoothptiy the ‘Eaknvixie Anuo-
npattoug el ToG EMOTARAG, T& YpdupaTa %ol Tag Téyvag &v ‘EXAdSt, mpds mooaywyny THg dvo-
ntlews xol THe ednueptac ol ‘Ernvixod Aood,

Na cuvteréowpey elc Thy dvayéwnow adtév & T3 medty xoutidl Tov, drwg cuvtekéon
oy wal wdhw el Ty mpdodov Téy dvbpwmivay yvdeewy xal ThY dvamtuEy Toh molTiopol,

Oswpodvreg,

“OtL ) émetiuy, émhov mavicyvpov xal cuvtehestig THe vixng &v moléug, clve ouYLEOVLG
v elpvy Spyavov dmapaitnrtov mpoaywydic tHe Iewpylag, mpootdtng e Noawtthlag, odpfBov-
2os tic Bropmyaviag, Lwoybvog Sdvaurg tod *Epmoptov, mnyh mepotiopévne éxpetailedoews TéY
QUoKGY TopwV THe Xdpag,

“Ote 7 Spvoig Thg *Axadnuiac dv ‘Earadt elve "Elvinn dvdyxn éx t@v peyictov, 6mwg o=
TN %ol yewpaywy] Tog dnuostug Ymnpestug, ueketd xal xavovily & tHe “Ebvixic udv yAde-
ong, mapacxevdly xal cuvtdooy xal dnuoctedy Ty Lpappatindy, t& Suvraxtinoy xal te Acki-
%% adtiic, dpsuvd xal éxdidy dxpPdc Tolg weydhous “EAdnvag cuvyypapels, weAetd xal TeAeto-

moud} Ty Snuosioy dxmaidevow, amouddly xal dmoxedimTy TV euow The Xdpas, xafodnyf nal
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’ \ 3 ~ 3 A ~ oy 6 ~ A ’8 14 3 %o l ~ \
Qwtily v dmruyd dupetdilenoy T@Y guotdy fnoavpdy xol iS0TATOY wlTis, peAeTd xal
goeuvd iy Ernvueiy iovoptoy, voporoyiow %l Gpyaroroytow, oudéyn ol omouddly Td #Hn
wod Euser, 06 SreadnToug xal TV Yhweoikdy Onoavpby, Tdc maporias, Tovg wilovg xal Tog ma-
pudboeic, Thy Snuddn woveudy xal molnow, xul xabbiov té Tob Plov xal Thg Axoypagiug Tob
Tarnuinod Aoob, oeuenhaty véo §mhe doguistus, dnpiic xal 865ng Tob Kpdroug, &vlappivy xal

~ \ s 3 \ ~oW ~ N 3 V4 3 ’ b /7
Cwoyovy) Thg mveupatnds dpetds Tob "IOvous, Snumiovpyl xal dvadeuviy drpoiay xol aehoyi-
Covoay vewtéoay Ny Emotiuny xal &v yéver dEumnpetsi %ol mpodyn o peydho B0wd wal
O ouppépovte Tol TémO,

*Erifupolvres v ouvevdonpey i xowiy cuvadehpbrnTo xal xupmoedeoy cuvepyasiav, Tpos
mpoaywyly Tie Emothune, 7@y Teappdrev wul the Téyvns, wag xopuoatag 7ol "Elvong mvev-
poTindg Suvdiels,

N Swxplvorpsy Todg &v Tanddt mpoéyovrag &v T6 mvevpating Syévl %al TYLAGLEEY TovG

. o r o R ST T ) s s
TpwTepYdTag THe Stavolag dvudolvres adtodg elg To Smatov TAxadnpaindy dilwpe,

N& ouvdéowpey o dvopa e ‘EXmixdic Anpoxpatiog mpds THY mveLwatindy GvoryéwwnoLy
700 ‘Huerépov "Ebvovs: iSpbovreg *Axadquiay tév "Emornuéy, té@v Deappdrov xal w6y Ko-
-~ r ~ 3 i ) L) ~ e ! ~ A 1A 3 ~ ~
216w Teyvédy, Hror otadiov edyevobe Guiding tod mvedpatog, oTddlov EMLGTNLOVIXGY, PLAOAOYIXEY
%ol ROANTEYVIXEY Gydvmy, 6Tddloy, v & dywvilovrar xal droxehdmrovror ob iSwogulat, dxtvo-
Borel xal otépstar 1 peywhoguico, mpoxahobvrar, culléyovtar xal BpaBedovtor b dvoxoddletlg,
evlappivovtar xal modnyetoivrar al dmeTnuovinal Fpeuvar, xoAhepyoDlvTal T YPRRULHT, TROG-
yovtar %ol tehetomorobvron ol téyvar, Eréyyovror xal yenoumomotolyvral af épeugéoets, avaidumet
S e ovlnthoems 7 dmoTnuwovind dAR0ete, dvaedeuvietar vol Bpafedetar 7 Ixavbtns, B Epyo-
ol xol 7 dpeth S HOwdY xol Oy Ppofelov,

"Eyovtes O e,

Td drd 4 ’Tavovapton &.2. Awdyyehuo Ay mpds tov Tiknvindy hubdy, Stputdy nal Std-

v, & meTOS nol dmapeyxAitog Epapublopey, amepusicupey ol StuTdccopey:

A’. "T8puotg xol axomde thg *Axadnplec.

"Apbpoy 1.

ISpdeton &v *Abfvore *Axadnuioe tév "Emetnuéy, tév Tpoppdtov xal tédv Kodéy Te-
vy Do oV withov « Axadnule TAOpdve, Eovcn axomdy:

o) Ty xonnépysiay xal thy mpoaywyly tév Emetnudv, tév Deappdrov xal tév Ka-
2@v Teyviw xal xabblov Tév dvbpwnivey yvdoewy Sk fg cuyxevtphoems %ol T cuvepyasiag
@V Empavestépwy Elvoy Emotubvey, Aoyoypdeoy xal xodhteyvéyv xol ThHe pete téhv Eé-

, -
Vo Axadnuiév xal GAmy dmepdymy EmeTtubvey, Aoylwy xal xadTexvéy Emikowovicg.

&)

n

B') Ty Epeuvav TGy ototyeiwv xal T@vV Tpoidvrwv ThHe EXdquixiic yic xal xabbrou

perétng T @lscws TiHg Xdpag, Ty EmoTuovindy dmoethptEw xal dvloyvow Tig Tempyloc,

)
~ S32
2

; = N - o g s =
Bropyaviag, g Nawtiklag xal t@v howndy mhovtomapaynyindy xAddmy %ul Suvdpemy tob w6~

mon %ol &v yéver Ty mpouywyly the “Ebvixic Olxovopluc, xal
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Y') Ty Bt yvopoSothoswy, mpotdoewy, dmopdcsmy %ol uploewy Swpdtiow ol xafo-

dfynow elg & oyemina Foyo adtédv i KuBepvoewe xol t6v Erheov TApyéy ol &v yéver iy

gEumnpérnow TV oyeTindy wpog T dppodibtrta adtis Snpoctov val ISiwTnéy dvayxéy Tod

Tbmon.

"ApDpov 2.

‘0O oxomde THg TAnadnubag dmruyydvetar S dvaxowdoeny, oulnThoemy, udy xol 81-
poaievpdToy, S tis Bpdoews "Royastyplov dmornuovindic dpedvne xol v yéver S tiig dpyu-
vihoews, evbuppiveens xal evioydoewe i yewpydic, Propmyovindic xal xabérov Tig wabapdc
xol g épnpuospévne EmoTnuovindic pelivne Sk tHe dnteréoewg, mpovdfoews ) dvbappivoswg
SV, GVooxapdy, UEASTEY %ol dAhmy Foyove Sid mpoxnevieny Stuywviopéy xal &movouic
Gptotelny, yenuatindy Endbioy, HoTPoRLdY # AWy H0wEY xol Hidy Pealetwy xol dpolBiv:
B cuvedginy, dmosToddy xul Tavtds EARoL xetadlfhon Teds Todto wéoov YT’ adTic dropuct-

2

Copévon ) Eyrpwopévou.

"Aplpov 3.

I Avadnpia *ADgvésy E8peder xal ouvedpraler dv 76 &v "ADhvare peydpw the Swalog *Axo-
Snuiog, Té Od T@GY detpviotoy Sipwovos wal Tovyevelag Siva, mpdg droxdetaTiay yefiow adTiic,

\

aveyeplévre xal Swpndévee eig iy TdSa. Tod xripiov Todto, dvijxov elc Thv *Axadnuioy *Alny-

V&Y, xatd mATees iStoxtnotag Satlopa, Stattletar 97 adtiic perd Tob mepl adThY wATOL Rt

Bodvaney.

"Aplpov 4.

T Avadnuio "Abnvéy Eye i8loy vopuwdy mposwmindtyta, iSlay meprovstoy wal xovénTa
TPOg xAnpovously: clve dvebdptyrog xal dveEéleyntog &v Toig Epyolg adTHg nal émixowmvel mpog

w0 Kodros S1e tof Ymovpyelov tév Exxdgoraatinédy ral ths Aquooiog *Exmadeboews.

"ApOpov 114.

pde ehotacy ol dpydvooy the Axadnuiag *AOpvdy, Swptlopev G mpdte TowTivd

pENY adTig Todg EEFg:

3 ~
Ev 29 Modry Tdécuw
1) Tov vabqyneiy o Mavemornpion xal Aenluvriy 105 *Acteposxoneion, viv 82 ol Trovp-
Yoy &V "Exxinowetindy %ol tihe Anuosiag Exmotdedoews, AHM. AITINHTHN,

Tov mogny “Ymovpydy el émitipov 7ob Havemornuiov Siddxtope ®. NEFPHN,

3)  Tov xabnynriy 708 Hoavemorguion P. NIKOAA'T'AHN,
) Tov xalnyyeiv tob averiorrnuion I'. GQKAN,

Tov sabpynriv tob Tlavemotpion K. ZETTEAHN,
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Tov xabnyyehy tob IMavemomuion T. PEMOYNAON,

=)

)
7) Tov AwevBuvriy ol Ilohuteyveiov ATT. TKINHN,
8) Tov nabnynriy ol Ilavemioryuion K. KTENAN,
9) Tov nabnynriy wob Llavemotnuiov K. MAATEZON,
10) Tov nabnyntiy 7ob Iavemiotyuiov I. TTOAITHN,
11)  Tov xabnynriy tod Iavemornuwion K. TABBAN,
12)  Tov nabnyntiy 706 Hoaveniotyuiov T. TKAABOYNON

13) Tov nabnpyntiv 7ob IHovemiornuion EMM. EMMANOYHA,
14)  Tov xabnyntiv 7od Iloruteyveion AA. BOYPNAZON,
15) Tov nabnyntiv 7ob Iloduteyvelov K. BEHN.

Ev ©ff Acvrtépa Tafer

1) Tov xabnyntiy 7ol Iavermiotnuiov I'. XATZIAAKIN,

2)  Tov nabnynriy xol Ilpbtaviy tob Ilavemiornuion . MENAPAON,
3) Tov xabnyntiyv o8 Iavemiotyuiov M. KABBAAIAN,

4)  Tov xabnyntny 7ol Ilavemiotyuiov X. TEOYNTAN,

5) Toév K. TAAAMAN,

6) Tov Awevbuvtyy tic Zyorfc wév Karadv Teyvév I'. IAKQBIAHN,
7)  Tov xabnyntiv 1ol Ilavemiotnuiov I'. TQTHPIAAHN,

8) Tov xabnyntyy 7o Ilavemiotyumion K. AMANTON,

9) Tov . APOZINHN,

10) Tov xabnyntiv tob Ilovteyveiov B. KOYPEMENON,

11) Tov Ap. IIPOBEAEITION,
12)  Tov xobnyntiv tod Ilavemiotnuion ANT. KEPAMOIIOYAAON,
13)  Tov xolbnynthv od Ilavemotnuion I. KAAITSOYNAKHN,
14)  Tov AwevBuvriy t08 Nopiopatizod Movsetov I'. OIKONOMOY,
15)  Tov xabnyntiy od Iavemotuiov I. TQTHPIOY,
16) Tov xabnyntiy 7ob Ilorwteyvelon A. OPAANAON.

By v Tetry Tafer:

1) Tov’Apyrertioromov *Abqvév %ol Enitipoy xabnyqeiy 7ob TTovemiotnuion XPYZOETOMON
ITAITAAOITIOYAON,

2)  Tov téwg ‘Ymovpydv K. PAKTIBAN,

3) Tov xabnyqriyv 7o Ilavemiomuiov A. ANAPEAAHN,

4) Tov mpgny Ymovpydy ol émizumov xalnyntiy 7ol Ilavemomnuion tév Ilapiolwy  N.
IIOAITHN,

5) Tov xabnynrny 7ol Ilavemotyuion A. TANIIIOY AIAN,

6) Tov xabnynriy o8 IHavemornuiov ©. BOPEAN,

7). Tov xabnyntiv w08 Havemotnuion M. AIBAAAN,



EITETHPIAA THEX AKAAHMIAZ AOHNQN 13

"ApOpov 115.

Avopilopev lgbedpov e *Axadnuias *ADnvév Sia o Erog 1926 tov ®QK. NEIPHN,
*Avrimpdedpov Tie TAxadnubug Sie o #rog 1926 Tév I XATZIAAKIN,

Devixdy Dpappotén the *Axadnplog péypt téhove tob #rovg 1927 tov £. MENAPAON,
Toappoatéo ent v@v mpontindy The "Axadnuiuac tov K. TTAAAMAN péypr tob #toug 1928,
Tpoppatéo énl tédv Anpoctevpdrov the "Axadyuiag TOv T APOZINHN uéypt télovg Tod

groug 1928.

"Apbpov 116.

To 5@’ fudv doplelévra dvwtépm Taxtind péhn tie *Axadnploc 0o éxréfmoy dve &v ol

Te AoLTa ot T GVUPMVKG TG TopdvTl Opyoviopd adtlc xal ohtne dote ExacTov VEOY TarTL-
Sy ubhoc Exdorne TdE Y Stvore « T g it o ek b "
%oV péhog Exdotne Tdleme var Sdvatal vo ovppetéyn i Exhoyiic Tdv pet’ adtod Exieylncopé-

YOV ToxTin®Y pehdv g olxelag Tdlewmc.

Ev *A07voug tf 18 Maptiov 1926
OEOAQPOX [TATKAAOX

’Ev “Y8pa 77 16 Adyodotou 1929
‘O péedgos tijs Anpoxoatiug
ITAYAOX KOYNTOYPIQTIX
Oi “Ymouvpyol
Brel tév Olxovopxéy "Brt the Hawdetog whrm.
K.

. Moapfic Tévrixag
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A’. AKAAHMATKEZ APXEX

IIPOEAPEIO THX AKAAHMIAZ
IIPOEAPOE

NIKOAAOX APTEMIAAHZE
ANTIIIPOEAPOX
NIKOAAOX KONOMHEZ

TENIKOX I'PAMMATEYX

NIKOAAOZ MATEZANIQTUZX

TPAMMATEYX EIII TQN ITPAKTIKQN
APIZTTOBOYAOYX MANEXZHZ

I'PAMMATEYY EIII TQN AHMOXIEYMATOQN

MANOYTXO0OX MANOTXIAKAZ

IIPOEAPEIA TON TAEEQN

1. Tdgn tdv Betwedy "Emictnudy.

1. pdedpog TPHIOPIOL EKAAKEAX
2. *Avtimpdedpog AHMHTPIOE TPIXOIIOYAOX

o

. Tpappatede  TTANOEZ AINOMENIAHE

2. TdkEn tov Teapudtwy xal tdv Ked®dv Texvav.

1. Ipéedpog I'AAATEIA TAPANTH
2. ’Avtimpbedpog ATTEAIKH AA'TOY
3. Tpoppateds KQONITANTINOE T'POAAIOX

3. Taékn todv "HOwmGY xai MoArtik®dy "Emietudv.
1. IMpéedpog KQNETANTINOE APAKATOX
2. ’Avtimpbdedpog IQANNIIE IIEXMAZOI'AOY

3. Dpappareds EMMANOYHA POYKOYNAX

ITTKAHTOX THE AKAAHMIAY
1. To ITpoeSpeio 7c *Axadnptac.
2. ‘O Ipéedpoc 7ol mponyovpévou #rove (CEQPFIOX MHTEOIIOYAOE).

3. Oillpéedgor wav TdZewy,
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B’. ZYMBOYAIA KAI EINITPOIIEX THEX AKAAHMIAX

1. “Yrnpeorano ZvpBovito.
ITpbedpoc
Ménn
*Avormpopoatine péin (dvrioTorye)

"Exmpbowmor Tév Souentinéy OTedMiAwy  GQTEINIL SEPBOY, — NIKOAAOY TXIPMIIAX.

2. Texvuo ZvpRovito.

TTpbedpoc IIATAOZ MYAQNAX,

*Avrirpbedpog ANTQNIOE KOYNAAHZ.

Ménn KQNET. — AIONYZIOEX MITOYZAKHY., — ANAITAXIOZN
KQTEIOIIOYAOY, — AHMHTPIOY KOYPEMENOX, — NIKO-
AAOT KAAOI'EPAZ, — I'EQPTIOZ AABAAX.

Avarinpmpating P IQANNHY BAPAOYAAKHE, — IQANNHE KATEIKAABEAHE,
— AHM. MIIEXKOX.

Lpapporéag XPHETOX PEITAITHX,

3. ’Emtponi thv Anpootevpdtov.

—

. ‘O Ipbedpog the *Axadnutoc.
2. ‘O ’Avtimpbedpog.
3. ‘O Tevindg Dpappareds.

) o
4. ‘0 Teoppateds &ml tdv Anpocievpdtoy.

Ut

. Ob Toappateic w6y Takewv.

4 CEmtponi yud tyv Auedvi) ‘Axadnpainn "Evwaon.

Moy, Mavoboorag. — Muy. Sexehrupton. — Em. *Toxwpidne. — A0, Kapmdie.

5. CEmtpory yid 1o Atefvég ZuuBovito ‘Emiotnuovindyv ‘Evdcewy (@uotdy &mi-
STNUGV).
Kaloup *AheEbmovtag. — Oepior. Avaweridng. — Nue. Matoavidtng. — Nue. *Aptepiddng.

— II. Awyopevidng. — Dedpy. Kovrémovrog. — *Avz. Kovvadng.

6. Nopudh 'Emitpors.
My, Zroowiémoviog. — Tedpy. Myrodmoviog. — *Aptetéf. Mdveoqs. — “Lppay. Po-

rowvag.— "Avarinpopatinig: lodwig eopaloyrov.

7. Kedhireyvueh "Entitporty).
Mev. ITaardvrioc. — Zbhow Kudeviarne. — Xpbo., Xprnotov., — oy, Tézone. — Ilubhog

Murwvég,



10.

11.

12.

13.

14.

15.

EINETHPIAA THX AKAAHMIAY AOHNQON

Oixovopuny) "Eftitports.
Bev. Zolarog. — edypy. Myrobmovioc.— "ladwine Ileopaldyron. — *Apiotop. Mdveorng. —

Kowver. Apaxdrtos.

‘Entitportyy yid v éxdSoorn tod Corpus Vasorum Antiquorum.
Mov. Movodouxag. — Muy. Zaxerhapion. — Xpvo. XpAotov, — Xm. loxepidng (Hpdedpog).
— *ANE. Kapmitoyrou. — g ZepBouddnn. — Muy. Tiféprog. — ‘Eaévy Walter - Kapbdn.

"Emtitgomt) yud v €ndoon tob Corpus Signorum Imperii Romani.
Mav. Mavodcoxag. — Muy.  Zaxelapton. — Xm. “loxopidne. — *ANE. Kapmitoyrov. —
I'. Aovtdc.

’Entrtpony) Yk thv mpootacio tod meptBdAAovrog.
Oep.. Avawveridng. — Dpny. Enadrnéag. — K. Zregaviic. — Aqpare. Tewybdrovies. — Ilabnog
Murwvéc.

’Entitpony) yid tv ‘Iotopia 100 Aeutépov IMayxoopiov IToAépov.

Mev. ITedvriog. — Mav. Mavoboaxag. — Muy. Zoxelhaptov. — "Ayy. Brdyoc. — Kovor.

Acomotémovhog. — Twdwwng Heopalbyrov. — Habrog Muiwvig.

’Emtitpony) yid thy ‘Iotopia tiig *AvBpwmétntag (UNESCO).

Muy. Zaxedraptov (Ipbedpoc). — Mav.  Mavodooxag. — *Ayar.  Toomoavdxng. — Kwvor.
Acomotémoviog. — "Ayy. Brdyog. — Nux. Kovopfic. — Bao. Xgupdepag. — K. Mrovpalé-
M. — Mk, Xatlémovhog.

"Emitportny Hodelag.
Muy. Zoaxelaptov. — *Ayar. Toomavaxns. — "Ayy. Brdyos. — Kwver. Acorotdmoviog. —

Nuwx. ’Aprepiadng. — Nuwe. Kovopds. — Eppav. Pobrovves.

’Emtitponty) "Epevv@v.

Nue. Kovopdjc (ITpdedpog). — I'p. Znodnéaug. — Muy. Zaxehraptov. — *Todwng Znfodiag,
Myrpomonitng Ilepyapon. — *Avamdppopating péhy (dvriotorye): Ildvos Auyopevtdne.

— Nuw. Kovopfic. — BEupoav. Podxovvag,



16.

47.

18.
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’Emitporty) Kriplwy.
Iadrog Muievic (ITpdedpog). — Mev. ITedrdvriog. — Zéhow Kudwwidrne, — *Iodwng

onrés. — Nue. Marcavidrne.

Emiteor) yid v €xdoon tod Corpus Philosophorum Medii Aevi.
Mav. Mavodoaxas. — Kaver. Asomorémovrog. — "Afayv. Kapmdiing. — Emoryuovindg cvv-

epyatng: Atlvoc Mmevdxrne.

*Emitpory yid v “Axadnuio IIAdtwvoc.
Moy, Zaxedapton. — K. Aeomotémoviog. — Nux. Matoavidrng. — Ip. Snadnéac. — S, “To-

%0Bidne. — *A. Kapmritoyhov, — Iladhog Mudwvé.

BIITPOIIEY YHO THN AITTAA THY AKAAHMIAY

"EBvind) "Emirpond) *Epcoviy tod Aeotipatog.
Tedbpy. Kovrémoviog (ITpbedpog). — Ildvog Aryopevidng (*Avtimpdedpog). — Tecdpy. Béng.
— "Epg. Sappfic. — Kovor. ITovrdrog. — B. Towrdung (BEiS. Tpappotéog).

E6von) Mobnpatua) "Emtpony .
Nue. ’Aprepddne (ITpbedpog). — Ildvog Auyouevidns. — Dedpy. Kovrémovios. — *Avr.
Kovvedng.

"Emtitport) MeAétng tiig Hayxdoptag MetaBoAfic (IGBP-GLOBAL CHANGE).
Tedpy. Kovrémovrog (Ipbedpoc). — O. Avavveridng. — A. Tahavémovrog. — X. Zepegbs.
— Tedpy. Xpbvng. — Muy. Aexdepiic. — Kovor. ITovadxog. — X. Pemariig. — B. Tpt-

wdung (Tpapparéos).
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I". KATAAOTOX TOQN TAKTIKQN MEAQN THX AKAAHMIAZ
KAT APXAIOTHTA*

1 1952  ’Ampiriov 18 Zevopdy B, ZoroTog
2 1963  Matov & Katoap A. ’AdeEdmoviog
3 1968  ’Touviov 7 Miyonh A. Zraowomoviog
4 1970  DePpovapiov 6 Mevéroog I'. Tadhdvtiog
5 1974 Touviov 6 Tebpyrog Muy. Muyomridng-Novdpog
6 1977  ’Ampiriiov 14 Yéorwy I Kudwvidtng
7 1980  ’Iouviov 11 Todvwne A, Tlanmig
8 1981 ’Ampiiiov 7 Ocprotorhiic Avav. Awawwerldng
9 1982 Adyodarov 31 MavoScog *I. Mavobooxug
10 1983  Tavovapion 5 Muyzohh B. Zaxelaptbov
11 1983  Mopriov 22 "Ayyerog T'. Tehavémovhog
12 1984 DcBpovapion 15 *Ayamnrdg T Toomavdnng
13 1984  Mopriov 16 Tlabrog *03. Zoxeroptdng
14 1984 Mopriov 16 Kwveravtivoe 1. Ascmotémovirog
15 1984 Mopriov 16 Eddyyerog *Avaor. Movtebdmovrog
16 1984 Moctov 18 Nudrooe Twt. MatoovdTng
17 1985  Zemtepfpiov 23 “Ayyehos Xt. Brdyog
i8 1987  ’Tavovaplov 28 Nuxbrzog K. *Apteptddng
19 1987  ’Tavovopion 28 Téooe Muy. *Abavactddng
20 1987 SentepBpiov 2 Tebpytog I'. Myroomoviog
21 1989  ’Ampuriov 20 Tenybptog A. Zxahxéug
22 1990  ’OxtwBplov 29 Nudraog X. Kovopiic
23 1990  Aexepfpiov 24 Keovoravrivog "I Tobvrag
24 1991  ’Touviov 26 Xptoavbog *AB. XprhoTon
25 1991 SentepfBplov 25 Yripog B, TaxwBidng
26 1992  Adyodotov 10 Twdwng r. Ieopaléyron
27 1993 DeBpovapion 26 *AptotéBoviog "I Mdveonge
28 1993  Matov 17 Todwne A. ZmGrodhag, Mntgororizng Lepydpion
29 1993 *Touriov 7 Idvog *A. Avyopevidng
30 1993 *TovAtov 7 Hoavayidng 1. Térong
31 1993 "Tovtov 7 Mépxog *Avr. ZuoTng
* THMEIQEZH — ‘H dprardétnta kavovifetar oOpo@va pug thy Auepopnvia dnuociedoeng 100 Mpoedpikod

Avataypatog pé 16 Omoio EmiKup@veTaL T) EKAOYN.



1994
1994
1994
1996
1996
1997
1997
1997
1997
1997
1998
1998
1999
1999
2000
2000

1989
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AdyodoTon
*Oxtofpton
NoepBptov
Motov
*Tovitov
Maption
>Ampiiion
Motou
Motov
Motou
DePpovapion
TemrepBptlov
"Touviov
AexepBplov
Defpovapion

DeBpovagion

*Tovviov

19
14
30
14
22
18

10
10

Kovorovrivos N. Zrepavijg
*ANEEavdpos *Avt. Kapmitoyion
Kaoveravrivog X. T'pbéiog
*Alovdoiog Aewv. Kopmbing
ITabrog M. Mviovag
Tedbpyrog 1. Kovrémovreg
Aquihrorog Batov Navdmovog
Tondreta Toede. Lapdvy
Aqutrerog B, Tprydmoviog
‘Eppoavovih L. Podxovvag
Kovetovtivog I'ep. Apaxditog
*Ayyenxn B, Aatov
lonwBog Xr. Kopmovérng
*Avtdiviog N. Kovvddng
Hovoyrwwng A. Boxotémovrog

Basireros X. Hetpdros

MH ENEPI'A MEAH

6

l

Nuxdroog Bartinog
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1
1 (1)
2 (2)
3 (3)
4 (4)
5 (5)
6 (6)
7 (7)
8 (8)
9 (9)
10 (10)
11 (11)
12 (12)
13 (13)
145 (14)
2
15 (1)
16 (2
17 (3)
18 (4
19 (5)
20 (6)
21 (7)
22 (8)
23 (9)
26 (10)
25  (11)
2 (12
27 (13)
28 (14)
29 (15)
30 (16)
31 (17)
32 (18)
33 (19)
3% (20)
35 (21)

EIIETHPIAA THE AKAAHMIAL AGHNQN

TAKTIKA MEAH THE AKAAHMIAY KATA TAEEIZ
KAI XPONOAOTTA AIOPIZMOY

1963
1981
1983
1984
1984
1987
1989
1990
1993
1994
1997
1997
1997
1999

1970
1977
1980
1982
1983
1984
1985
1987
1990
1991
1991
1993

1994
1994
1996

1996
1997
1998
1999
2000
2000

. TdEn v Oetixdy "Emiotnpdv.

Moctov
* Arpuatov
Maptiov
Mopriov
Motov
>Tavovarpiov
>Amptatov
Noep.Bptov
*Tourtov
Adyodorov
Mopriov
* Armcpitov
Moatov

AexepBetov

DePpovopiov
*Arpiatov
*Touviov
AdyodoTtov
*Tavovapiov
DeBpovaplov
SentepBptlov
*Tovovorpiov
Mopriov
*Touviov
TenteyuPelov
*Tovrtov

’Oxtwfplov
NoepBptov
Motov

*Tovlov
Motov
Senteufpiov
*Touviov
Defpovaplov
DePpovapiov

22
16
18
28
20
15

7
19
18
10
30
15

6
14
11
31

5
15
23
28
29
26
25

7

14
30
14

22
22

3
1
10

19

KAIZSAP AAEEOIIOYTAOX
GEMIZTOKAHY AIANNEAIAHZ
ATTEAOX TAAANOIIOYAOZ
IIAYAOZ TAKEAAAPIAHZ
NIKOAAOX MATEZANIQTHZXZ
NIKOAAOZ APTEMIAAHXZ
T'PHIOPIOEZ ZKAAKEAZ
KQNZTANTINOX TOYNTAZ
IIANOZ AITOMENIAHZ
KONETANTINOZ ETEQPANHZI
TEQPIIOX KONTOIIOYAOX
AHMHTPIOZ NANOIIOYAOZ
AHMHTPIOZ TPIXOIIOYTAOZX

ANTQNIOE KOYNAAHX

. TéEn tédv Tpappdrtwy xal TGV Keddy Texvdv.

MENEAAOX ITAAAANTIOZ
TOAQN KYAQNIATHZ
IQANNHI ITAIIITIAZ
MANOYZOX MANOYZIAKAX
MIXAHA TAKEAAAPIOY
ATAITHTOX TEZOITANAKHZ
ATTEAOX BAAXOX
TAXOZ AGANAXIAAHZ
NIKOAAOX KONOMHZI
XPYEZANOOX XPHETOY
SIITYPOX IAKQBIAHX
IIANATIQTHE TETZHZ

AAEEANAPOZ KAMIIITOTAOY
KQNITANTINOZ TI'POAAIOZ
AOANAXIOTZ KAMIIYAHZ

ITAYAOZ MYAQNAZ
TAAATEIA TAPANTH

ATTEAIKH AA'TOY
IAKQBOX KAMITANEAAHZ
TIANATIQTHE BOKOTOIIOYAOZ

BAXIAEIOZ TIETPAKOX
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3. Tagn tdv "HOwmev xal t@dv Hohtindy *Emictudy.

36 (1) 1952 ’Ampuiiov 18 EENO®QN ZOAQTAX

37 (2) 1968  ’Touvtov 7 MIXAHA ZTAZINOIIOYAOZ

38 (3) 1974 ’Touviov 6 TEQPIIOY MIXAHAIAHE-NOYAPOX

39 (4) 1984 Mapriov 16 KQNEZTANTINOZ AEZIIOTOIIOYAOXZ

40 (5) 1984 Mopriov 16 EYATTEAOS MOYTEOIIOTAOX

41 (6) 1987 ZemtepPplov 2 TEQPIIOY MHTZOIIOTAOX

42 (7) 1992  Adyobotov 10 IQANNHE IIESMAZOTAOY

43 (8) 1993  ®@ePpovapiov 26 APIZSTOBOYAOX MANEXHE

44 (9) 1993  Matov 17 IQANNHE ZHZIOTAAE, Mytpomorltng
IIepydpov

45 (10) 1993  ’IovAiov 7 MAPKOE SIQTHE

46 (11) 1997  Muatov 30 EMMANOYHA POYKOYNAX

47 (12) 1998  DeBpovapion 5 KQNETANTINOS APAKATOX

MH ENEPI'A MEAH
TdEn tdv "HOwmGY xal t@v HoArtikdy *Emictnpém.

1 (1) ‘ 1989  *Touviov 6 NIKOAAOS BAATIKOX

EIIITIMA MEAIL

TdEn ©6v "HOmGY ol tév MoArtinéy "Emotudy .

1 (1) 1979 Muatov 25 VALERY GISCARD D’ESTAING

B (?) 1991 DePpovapton 28 RICHARD VON WEIZSAECKER

3 (3) 1996  ZemrepPpiov 11 7 A.0.I1. 6 OIKOTMENIKOE ITATPIAPXHE
BAPOOAOMAIOE

EENOI ETAIPOI

1. TdEn v Octindy "ETtiotpdv .

1 (1) 1975  Matov 13 PAVLE SAVI¢

2 (2 1975  Motov 13 DUSAN KANAZIR

3 (3) 1980  Mupriov 20 CHARLES FEHRENBACH
& (Y 1981  Matov 8 FRANCOIS GROS

5 (5) 1981  Metov 8 CHRISTIAN DE DUVE

6 (6 1982 *Touviov 2 WILLIAM JOHNSON
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)
12
13
14
15
16
17

18
19
20

21
22
23

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

1983

1983

1992

1997

EINTETHPIAA THEZ AKAAHMIAYL AOHNQN

YentepPeiov 13
ZentepfBotov 13
*Amptiiov 8

*OxteBplov 14

VICTOR HAMBARTSUMIAN

FRANCOIS LHERMITTE

MICHAEL E. DeBAKEY

RITA LEVI-MONTALCINI

Tagy tohv Mpappdtwy xal t@dv Kaidv Teyxvov.

(1)
(2)
(3)
(4)
(9)
(6)
(7)
(8)
(9)
(10)

(1)
(2)
(3)

(4)
(5)
(6)
(7

1975
1977
1977
1979
1980
1988
1990

1990
1992
1993

1970
1974
1981

1983
1983
1986
1987
1988

1991

*Tovrtov 29
*Tavovapton 19
*Touviov 17
Noepfptov 3
*Amgitiiov 2
Aexepfptov 19
*Ampuiion 2
Motov 31
*Touviov 19
Moctou 27

Moctov 13
*Tovovopion
"Tovvion 9
Moo 19
Moo 31
Mopriov 6
Moprion 16
Adyobetov 24

Aexepfptlov 18

ANTEITIZTEAAONTA MEAH

1. TédEn tv Oetindyv 'Emictnudv.

1
2

(1)
(?)

1964

1970

Adyoioton 7

Matou 18

HERBERT HUNGER

PIERRE DEMARGNE

WERNER PEEK

LEOPOLD SEDAR SENGIIOR
HOMER THOMPSON

GIOVANNI PUGLIESE CARRATELLI
PIERRE AMANDRY

JACQUELINE DE ROMILLY
BAXOX KAPATIQPI'HZ
NICHOLAS G.I. HAMMOND

. TéEn v "HOuGv ol tdv Hodrtindy "Emiotnudv.

HANS-GEORG GADAMER
MICHAEL RAMSAY

MAURICE SAMUEL ROGER CHARLES
DRUON

AMADOU-MAHTAR M'BOW
BERNARD CHENOT

JEAN GUITTON
NORBERTO BOBBIO

WASSILY LEONTIEF

GEORGES VEDEL

XAPAAAMIIOZ TATOZ

ITANATIOTHY KATXOI'TANNHZ
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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

(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)
(31)
(35)
(36)
(37)
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1970
1970
1971
1971
1973
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

Motou
Meatov
*Arpiriov
SenrepPplov
Moptiov
*Ampuiiov
*Arpuriov
Moctouv
*Tovviov
Mogpriov
Adyoborton
Moprtiov
Mapriov
Moaptiov
Mopriov
*TovAtov
*Tovovorplov
*Tavovorpiov
’Ampuriov
Adyobston
ZenteuPelov
*Tavovopiov
*Ampiitov
DeBpovapiov
ZemrepPelov
Aexep.Bptov
’OxrwfBplov
Matou
*Tovviov
*Touviov
AdyobsTov
Adyodotov
’Armptitov

’Touvtou

*Arpiiion

18
18
29
29
10
14
14

8
19

8
16
13
17
17
17
10
23
23
28
17

13

24

TEPAXIMOE KAPAMIIATZOX
HAIAX TY®TOIIOYAOZ
TEQPITOS MOYPATQ®
HUBERT CURIEN
IQANNHE APTI'YPHE
TIETPOZ APTYPHZ

ARPAD SZABO

LEYZTAGIOE MIIOYPOAHMOX
AAPIANOX MEAISTSHNOZ
EYATTEAOZ KANEAAAKHE
IQANNHE SEBAXTIKOT'AOY
IQANNHE MOXXOBAKHZ
IQANNHE HAIOIIOYAOX
IIANATIQTHE PETZEIIHE
AOYKAY XPIZTOOOPOY
MIXAHA AEPTOYZOX
EMMANOYHA APONHY
JEAN AUBOUIN

JEAN JADIN

RONALD RAVEN

OMHPOX MANTHZ
IQAKEIM-MAKHY TEAIIOT'AY
CHARLES SERIE

STPATHE ABPAMEAS
NIKOAAOZ I'ONATAX
ROBERT BLINC

LEON LE MINOR

GEORGES COHEN
KONETANTINOEZ AAGEPMOX
ALEX FAIN

AYZIMAXOX MAYPIAHE
PIERRE MERCIER
ITANATIQTHE KEAAAHZ

XAPAAAMIIOX MOYTZOIIOYAOX

AHMHTPIOX XEQEPHZI
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38 (38) 1990  ’Amptriov 2 | ANGIMOEL XPIZTO®OPIAHX
39 (39) 1991 Matov 28 NIKOAAOE AAEEANAPOTIOYAOS
40 (40) 1992  @eBpovaptov 7 MANATIQTHE IATPIAHE

41 (41) 1992 DeBpovapiov 7 IQANNHE SKANAAAAKHE

42 (42) 1992  AdyoboTou 10 IPHTOPIOY NIKOAHX

43 (43) 1993 ®eBpovapion 26 IQANNHE HATTATTANATIQTOY
&b (44) 1993 ’Ampirion 23 AHMHTPIOE QPAIOIIOYAOX

45 (45) 1994  Maprtiov 7 NIKOAAOE TAMIOE

46 (46) 1994  SemrepBpiov 15 AHMHTPIOS AAZAPIAHE

47 (47) 1994  Semrepfpiov 15 NIKOAAOS ETEGANIAHT

48 (48) 1994 ’Owtofplov 14 AGANAZIOE OEOAOTIAHE

49 (49) 1995  ’Ampuiov 26 I'EQPIIOY EMMANOYHATAHE
50 (50) 1995 ’Ampurtov 26 SIR NORMAN LESLIE BROWSE
51 (61) 1995  Semrepfolov 12 ETAMATIOE KPIMIZHS

52 (52) 1995  Semwepfelon 12 MIXAHA TPABBANHE

53 (53) 1996  DeBpovapiov 12 LOUIS FRANGOIS HOLLENDER
54 (64) 1997  ®eBpovapiov 7 TEQPTIOZ TAPIAHE

55  (65) 1998  ’Touviiov 9 AXIAAEYE AHMHTPIOY

56 (56) 1998  ’Touliov 10 API'YPHE EYETPATIAAHEZ

57 (57) 1998  ZemvepPpiov 24 XAPIZIOZ MIIOYNTOYAAZ

58  (58) 1999  ’Ampuriov 8 OQMAT YYHAANTHEZ

2. TdEn 16y Tpappdtwy xai 1OV Kaady Texvdv.

59 (1) 1964  ’Ampuniov 25 PETER VON DER MUHLL

60 (2) 1974  ’Tavovaptiov 9 SIR STEVEN RUNCIMAN

61 (3) 1975  ZemteuPptov 3 OLOF GIGON

62 (4) 1976 ’Touviov 19 EAENH AHRWEILER-TAYKATZH
63 (5) 1978 Matov 29 HUGH LLOYD-JONES

64 (6) 1978 ’Iovhiov 28 MIATIAAHE ANAETOS

65 (7) 1978 AdyodoTov 16 OLIVIER REVERDIN

66 (8) 1979 ’Tovilov 6 AHMHTPIOE OBOLENSKY

67 (9) 1980  *Ampuhtov 2 PATRIC MICHAEL LEIGH FERMOR
68  (10) 1980 ’Ampiriov 2 EMMANOYHA KPIAPAX

69  (11) 1980  Motov 9 NIKOAAOE MOYTEOIIOTAOS

70 (12) 1980 “Tovkiov 16 CHRISTOPHER MONTAGUE WOODHOUSE
7 (13) 1981 Iovovapiov 26 HRATCH BARTIKIAN

72 (14) 1982 Maptiov 8 STYAIANOS AAEZIOY

73 (15) 1983 Matov 31 NIKOLAI TODOROV

74 (16) 1983  Adyodorov 17 JEAN IRIGOIN

7% (17) 1984  *Ampiriov 27 NIKOAAOT OIKONOMIAHE




76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

(18)
(19)

(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)

(32)
(33)

(34)
(35)

(36)

(37)

(38)
(39)
(40)
(41)

EIIETHPIAA THE AKAAHMIAZ AGHNQN

1984
1991
1991
1991
1991
1992
1992
1992
1993
1993

1994
1994
1994
1995
1995
1997
1997
1998
1998
1998
1999
1999
1999
1999

*Touviov
Moctov
SentepPplov
SentepPelov

*OxrwBplov

*Tovvion
AdyobsTov

*Oxrofptov
*Tourtov
*Tovatov
DeBpovagpiov
DePpovagpiov
Motou
DeBpovapiov
DeBpovapiov
*Tovovapiov
*Ampinion

Defpovapiov
DeBpovaplov

ZenrepBplov
*Armpuiiov
*ArpLiiov

*Touviou

’Touviov

GERARD VERBEKE

VINCENZO ROTOLO

MARCELLO GIGANTE

BRUNO GENTILI

FRANCISCO RODRIGUEZ ADRADOS
TEQPI'IOX TTAAABAPHZ

GILBERT DAGRON

EZIIYPOX BPYQNHXZ
GEOFFREY STEFEN KIRK
RUDOLF KASSEL
CHRISTIAN MEIER

JOHN NICOLAS COLDSTREAM

HELMUT KYRIELEIS
ERIC WALTER HANDLEY

BORIS FONKIC

BERTRAND BOUVIER

SIR JOHN BOARDMAN
IQANNHE ABPAMIAHE
NIKOAAOX T'EQPTIAAHZ
MICHAEL JOHN OSBORNE
LOUIS GODART

TAKHE BAPBITEIQTHE
CHRISTIAN HERBERT HABICHT
ANTQONIOZ-AIMIAIOEZ TAXIAOX

3. TéEn tdHv "HOwmdY nal tdv MoAtrtindv Emtotnudv.

100
101
102

103
104
105
106
107
108
109
110
111
112

(1)
(2)
(3)
(4)
()
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)

1970
1970
1974

1975
1975
1976
1977
1977
1977
1977
1980
1981
1981

Moatou
SentepPptov
*Tavovaptov
Mo:tou
Motou
*Armpiatov
"Tavovapton
*Arptatov
*Touviov
*Touvtov
*Tavovapiov
*Touviov

*Touviov

13
30

9
23
23
14
14
18
17
17
21

RAYMOND KLIBANSKY
PASQUALE DEL PRETE

GEORGE PATRICK HENDERSON
JEAN GAUDEMET

FRANCESCO MARIA DE ROBERTIS
JOHANNES LOHMANN

VALENTIN GEORGESCU

JEAN CARBONNIER

KLAUS OEHLER

GEORGES BALANDIER
BAXIAEIOEX BAABIANOZ

O0TTO VON HABSBURG LORRAINE

ANAPEAX KAZAMIAZ

25



26

113
114
115
116
117
118
449
120
121
122
123
124
125
126
127

128
129
130
131

132
133
134
135
136
137
138

139
140
141
142
143

(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)
(13)
(14)

1982
1983
1983
1983
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
1999

*Tourtou
*Tovovorpiov
Motov
TenrepBptov
*Ampiiiov
*TovAiov
DePpovapion
Adyobetov
*Ampuaion
Adyodorov
Adyodoron
*Ampuiiov
*Amptiiov
*Amptiiov
AexepBptov

Moatov
*Touviov
DePpovapion

Moeton

Motov
*Ampuiiov
*Touviov

DzPpovapion
’Amtpiiov

Matou

ZentepuPplov

Yenteufplov
ZenrepBplov
’OxtwBpiov

Zenrepfplonv

Noepfpiov

26

26

27

30

14

14
11

11
11
14

5
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ROGER MILLIEX

MARIO MONTUORI
JUAN GARCIA BACCA

JOHN ANTON (ANTONOPOULOS)

KQONEZTANTINOX BABOYZKOX

MENEAAOX TOYPTOI'AOY

JOHN BRADEMAS

JOSEPH MELEZE-MODRZEJEWSKI

ANAZTAXIOZ ZOYMIIOXZ

OEOXAPHX KEXXIAHZ

DIETER SIMON

PIERRE VILLARD

KARL-HEINZ SCHWAB

FRANCO SARTORI

AAMAZKHNOXZ IIATTANAPEOY,
Myrpomorttne ‘ErBetiog

EDWARD GOUGH WHITLAM

FRANQOIS TERRE

IQANNHE KOYMOYAIAHXE

ANAZTAZIOZ TTANNOYAATOZE, *ApyLemi-
oxomog Tipdvew xal maong *AnBaviag

JOHN KENNETH GALBRAITH
MIXAHA AOYKAKHX
KOQNITANTINOZ KAKOYPHX
BAXIAEIOX MAPKEZINHEX

TEPEZA IIENTZOIIOYAOY-BAAAAA
MICHEL WOITRIN

XPYZOXZTOMOX KQNITANTINIAHE, M“q-
tpomorttne “Eeéoou

LUCIEN JERPHAGNON
MARCEL CONCHE
AXTEPIOZ I'EQPTIAAHZ
AAMIIPOX KOTIIPHX

®0OIBOX - AAEEANAPOX MOYPEAATOZ
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A'. YTITHPEZIEZ KAI KENTPA EPEYNQN THX AKAAHMIAX

TPAOEIA THY AKAAHMIAY
1. "Egopog &y Tpagpstwmy
2. "Empeintic tév Doogetnw ANAZTAZIA IEIPA.
3. Bonbot EPAXMIA PANIOY - SKPEIIETOY. — @AAEIA
MIIONOY - SANTOZA. — IIATAOE TIAMAZ., —
I'EQPTIA AHMOIIOYAOY.

4. Tpogeic MAPI. TIANNOYAAKH - T'TOKAPH. — BAENH
KAPA®QTH. — KAAAIPPOH KONTOR - KPATH-
MENOY. — XAPIKAEIA KATSIAONIQTIL.
Toagéag pe oyéon dpyustag STAYPOYAA KONTORE.
ST, Suxaton
5. “Odyqyée NIKOAAOE TKADIAAL.
6. Kinrijpeg OQTIOE MINITAE. — XP. ITATIAAIIMOYAHE, —
BIIYPIAQN PAMTHE (drmocr. drwd 6 Tldveto
Nocoxopeio).
7. Nuxtopdioxog OQTIOE PATITHE.
8. Kumovpig ANMIITPIOY TEEAIKIIE.
OIKONOMIKH YIIHPEXTA
1. AwevBuvrig IPEPAXIMOE AHMHTPAKOITOYAOX.
2. Olxovopuxol Hreddrgrot GQTEINH SEPBOY. — NIKOAAOY TEIPMITAZ.—
YOOIA KATEIKA - 3IQPOY. — ANOOYTAA ANAPE-
AAKIL
3. Teagele AMBPOXIOY KATITIOX.— MAPIA ANTQNIAAOY-

MAYPOEIAEA.—EIPHNI BIAAAH.—ITOAYEENH
EYESTPATIOY-IIAIITIA. — EAENI KAAOTEPAKII.
— MAPIA KAZOYPIL.
TPAOGEIO AHMOXION IXEXON (Tnrée. 86.43.104).
1. Eiduxdg ZbdpBoviog: IQANNHE TKAPENTZOX.
2. Toagéug pt oyéon épyasiog idiwt. Salov : ANNA AAZAPOY - AYPITZH

BIBATOOHKH THY AKAAHIMIAY

(Tn2ép. 36.43.067 - 36.00.207 - 36.00.209).
1.’Egopevtix® 'Enmt7pomA: NIKOAAOS MATEANIQTHE (Ilpbedpoc).—MANOY-
Z0X MANOYEZAKAX. — ITANOE AITOMENIAIE, — KONSTANTINOE T'POAAIOE. —
EMMANOYHA POYKOYNAZ.
cAvevbuvrhe:

“BiBriobygxové L oL: BAX, TEIOYNIH - ®ATEH (droom. 6td Kévrpo Aaoye.). —
AHMHTPA XOYBAPAA - KANAKII, — ZQH PQITA'I'TOY (¢moom. drd to Kévrpo Axoyp.)s

o

[JL]

&, l’pa@slg: AEXIIOINA TANIEAIAN, — EYATTEAIA IIANOYEIH - KOYNTOYPIQTOY. —
OEOA. STQTHPOITOYAOY., — XPHETINA I'TANNOYAAKH
5. "Brietyuovirde oLVepYdThHs: KQNET., KAXINHE, 7. Afvrhc.
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TPAOEIO AHMOXIEYMATON

1.
2.

(TnA. 86.12.182)

Toappatedg: MANOYEOE MANOYEAKAE.

Boy0ol: EYOPOSYNH APTYPIOY-TAPTZETAKH (dmoom. ovhv Ilpoedple i An-
poxp.). — EAENH MANINOY - SO®IANOTY.

KENTPA EPEYNQN THX AKAAHMIAZ
A’. Kévtpov SuvtdEewg tob ‘Iotopinod Acfinod tiig Néog ‘EAAqvuriis IAdaoong.

1.

(Acwq. Svyypod 129 xal B. Atmha 1, 117 45 *Abfver, wyA. 93.44.806. Fax 93.16.350)

Boopevrixy 'Brmitpomnth: Toxtxol: MAN. MANOYSAKAL (ITpdedpog). —
MIX. YAKEAAAPIOY. — ATAII. TEOIANAKHE. — AIT. BAAXOX. — KQNZT. T'POA-
AIOS. — A®AN, KAMIITYAHE.— *AvarAnpopatinds: SIYPOX IAKQBIAIL.

2. ’Enédmrnc: KONSTANTINOE I'POAAIOX.
3. Atevblvovoa: EAEYOEPIA TIAKOYMAKH,
4. "Epevvntécg: TTAYPOT KATEOYAEAZ. — XPISTINA MITAZEA - MIIEZANTAKOY. —

ATT. ADPOYAAKHE, — I'EQP. TEOYKNIAAY, — NIK. MOYTZOYPHE. — AIKATEPINH
TZAMAAH.

.Emiotnpovixol cvvepydtec: AHM. KPEKOYKIAY, 7. Althg. — IQANNHEZ

KAZAZHE, xolnynthe avemiotnpion Oeo/vinng.

.Tpapéag: AOANAZIOL KOTTIPAE.

B’. Kévrtpov *Epedvrg tijc ‘EAAnviniis Aaoypapiac.

(Acwe. Zuyypod 129 xal B. Almha 1, 117 45 *ABfve, tnrée. 93.44.811, 93.70.030).

.Egopevtix 'Exttpons: Tantxol: KONET. APAKATOS (IIpbedpog).— XPYZ.

XPHETOY.-— ZIIYPOX IAKQBIAHE, — IIANAT. TETZHE, — ITANOE AITOMENIAHE. —
A®AN. KAMIIYAHE., — *Avamipopatinds : KQNIT. TPOAAIOT.

2. ’Exémntmc: IIANOT AIMOMENIAHE,

3. Avev0dv7TpLoa: AIKATEPINH IIOAYMEPOY - KAMHAAKH.

4. Epevvyntéc: — I'EQPI. AIKATEPINIAHE, — EAETOEPIOX AAEEAKHE. — EAENH
YYXOIIOY. — AAIKH IMAAHOAHMOY. — MIPANTA TEPZOIIOYAOY. — ITANATIQTHE
KAMHAAKHE. — ZQH POQITA'T'TOY (dmoom. oth) Bifhod. g *Axad.). — BAZIAIKH
TZIOYNH - ®ATEH (dmoot. dnd ) BiBhod. g *Axad.).

5. ' Epevvntic povoixbg: MAPIA ANAPOYAAKH - SAKAPEAAOY.

6. Tpagpéoac: EYOHMIA MAYPIAOY.

I". Kévtpov *Epedvng tod Mesatwvueod xal Néov ‘EAANvicurod .

2.

(Avayvostoroion 14 xal  ‘Hpaxdelrov, 106 73 *AOAva, Tnh. 36.23.404, ./ Fax
36.11.647).

- Egopevtix® 'Enirpons: Turtxol: MIXAHA ZAKEAAAPIOY (ITpbedpog). —

MANOYZOX MANOYXZAKAX. — XPYZ. XPHETOY. — AOAN., KAMIIYAHE. — ATTEA.
AATOY.— ’Avamipopatinés : TIIYPOE TAKQBIAHE,
'‘Enénmtng: MANOYZOS MANOYZAKAE,
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3. ArtevBidvwy: KONSTANTINOS AATITIAL.

4 Epevvnrég: IIHNEAONH TTAOH. — POAH - ATPTEAIKH STAMOYAH. — OATA
AAEEANAPOIIOYTAOY.

5. 'Emormuovindg cuvepyding: AHM. SOOIANOE, 7. A/vrhc.

A'. Kévtpov *Egedvng tiic ‘Istoplag 100 ‘EAAnvied Auvtaicv.
(*Avayvestomodron 14xat ‘Hewadetton, 106 73 °Abfva, mh. / Fax. 36.23.565, 36.11.307).

1. ’Egopevtixy ’Emvvponsh: Tantixol : TEQPT. MHTZONOYAOE (ITpéedpoc). —
MIX. ETATINOIIOYAOE. — APISTOBOYAOY MANEIIHE. — IQANNIE ZHZIOYAAE, My-
tponoditne Ilepydpov. — EMMAN. POYKOYNAZ. — MENEAAOE TOYPTOI'AOY, —
*Avardnpowpatinds 1 AGAN, KAMIIYAHE.

2. 'Exémrnc: APISTOBOYAOE MANEXHE.

3. AvevBuvvrig: INANNHE KONIAAPHE.

4 'Epevvntéc: TEQPriOX POAOAAKHSE., — ATAIA IIAIAPPIIA - APTEMIAAM, —

AHMHTPA KAPAMIIOYAA.

E'. Kévrpov *Epedvng tiig ‘Iotopiag tod Newtépov EAAMVLGLOD.
(" Avayvarotomotilov 14 xat ‘Hooxdetrou, 106 78 *Abhva, yréo. 36.33.380, 36.10.716).

1. ’Egopevrtixy Ewmirpons: Taxtuol: MIX. TAKEAAAPIOY ([TpbeSpoc). —

MANOYZOZ MANOYZAKAS. — APISTOB. MANEZHY. — AOAN. KAMIITAHE. — ATTEA.
AATOY. — *Avamdnpopatixol : IRANNHE ZHZIOYAAY, Myteomoritns Ilepyduon. —

2. ’Eméntnc: MANOYEOS MANOYZAKAX.

AvevBdvTpLa: EAENH MIIEAIA.

4. 'Epevvntéc APISTEIAHE ETEPIEAAHE. — KAAAIOITI KAAATATAKH - MEPT:-
KOIIOYAOY. — EY®YMIOE IOYAOIIANNHE. — EAENH DIAPAIKA - KATSIAAAKH, —
ZQTHPIOE PIZAE.

5. TmdArnAog: MAPIA TIHAIQTOIIOYAOY.
6. ' Emtotyproviny cuvepydttda: BAT. IAATIANAKOY - MIIEKIAPH, 7. A |vtpla.

¢’. Kévrpov Exbdéoews "Epywy ‘EAMvwy Svyypapéwy &md téhv deyeiwy Ypévwy
péxpt Tiig dAMoews Tiig Kwvotavtivouréews.
(*Avayvasroroddov 14 xol ‘Hpaelrov, 106 73 AbAve, . 36.12.541, Fax 36 02 691).

1.’ Egopevtixy Emitpomny: Taxtxol: ATAIL TTOHANAKHE (IIpéedpog).—

NIKOAAOT MATZANIQTHE (I'ev. Ipoppatéag).— MIX. TAKEAAAPIOY.—KQNET. AEEIIO-
TOIIOYAOE. — TAXOEX AOANAXIAAHE. — NIK. KONOMHE. — EIIYPOE IAKQBIAHE. —
— IQANNHE ZHZIOYAAE, Myrpomoritng Ilepydpov. — KQNEIT. I'POAAIOE. — AGAN.
KAMITYAHE. — *Avarninpopatixot: EYAIT. MOYTEOIIOTAOE, — AALE. KAMIIITOIAOY.

2. ’Enémrtng: AOANAZIOE KAMITYAHX.

3. AtevBuvryg:

‘Epevvyntéc: MENEAAOE XPISTOIIOTAOE. — AOANAXIOE ITEGANHE. — KQNET.

OIKONOMAKOZ. — EAENTH ITATIIIA.

5. Ipagéac—OmedOuvog t15c BuPAtoOfnyg SHYPIAGN AUMHTPOYAAKHE
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Kévrpov "Epevvidy ’Actpovopiag nal *Epnepocpévoy Mabnuatindy.
(Avaryverstomovrov 14 xab “Hpoxdelton, 106 73 *AO07ve, i 36.34.452, 36.31.600,
36.13.589, (Fax) 36.34.667).

1. Egopevtiny "Brivpon?: Taxtixol: NIK. APTEMIAAHE (ITpdedpog). —
KAIXAP AAEEOIIOYAOQZ., — AI'T. TAAANOIIOTAOX. — ITAN. AITOMENIAHX., — T'EQPI.
KONTOMOYAOL.— Avaninoouatixbs OEMISTOKAHEL AIANNEAIAIL,

2. ’Ewédntync: PEQPIIOT KONTOIOYAOE.

3. ArevOvvtHg: KONIT. HOTAAKOX.

4. Epevvntéc: BAL, TPITAKHE. — BAY. [IETPOIOYAOY, — EAENIL AAPA— OKOAOX,
ZAXAPIAAIIX.

5.’ Eriotnpovixol cuvepydTeg: AVTIMAXOY MAYPIAHE, 7. Aweuluvrag —

IQAN. AYPITZHE, 7. "Kpeuvntic T8 Kévipov.
6. Npagpéag: ANNA ZOQIPAGAKII - KQETOIIOYAOY.

. Kévrpov "Epebvng tiic ‘EAAnvinfic Pilocopiug.

(Avaryvwortomoddon 14 xal ‘Hpoxhelron, 106 73 *A0fve, wniée. 36.00.140).
1. Toopevtinn 'Brnirpond: Taxtivol: KONET. AERSITOTOTIOYAOY (TTededpog).—
EYATT. MOYTEZOIIOTAOX. — TEQPI. MHTEZOIIOYAOY. — IQANNHE ZHZIOYAAX,
Mrytpomontrng Ilepydpov. — AOAN. KAMITAIE. — *Avamhnpopotixol: MIXAHA TAKEA-
AAPIOY. — KQNXT. TPOAAIOX,
‘Erémrng: ETATT. MOYTEOIIOYAOX.

[ ]

<o

ArvevlOvvthg:

4. 'Bpevvyn Técg: ANNA APABANTINOY - MITOYPAOTTANNH., — IQANNHE KAAOT'E-
PAKOZ, —T'EQPIIOX APAMIIATZHE. — MAPIA TIPQTOIIAIIA - MAPNEAH,

5. 'Bmiornurovixol cuvepydteg: AINOS MIENAKHE. — ANNA KEAEXIAOY

7. Atevluvrés.

Tpacpciov "Emtotnuovin®dy “Opwv xal Neoloyiopdv.
(Zbrwvog 84, 106 80 *AOAver, tréep. 36.42.688).

1. ’Egopevtix® 'Enxittponsf: Taxtwol: AIT. BAAXOE (IIpéedpog). — KON,
AEZIIOTOIIOYAOZ. — NIK. APTEMIAAHYX. — IQANN. JIEXMAZOI'AOY. — KQNXT,

I'POAATOE. — AGAN, KAMIIYAHE. —’Avarmdnpopatinés : ADATL. TEOIIANAKHE.
2. 'Brérmrtmnc: AIT. BAAXOR
3. AtevOuvvT?g: TITOZ I'TOXAAAX.
4. EpevvfTtpta: ANASTASIA XPISTO®IAOY.

5. Dpaoéac pe oyéon dpyoatus idior. Sualon : ETEAAA NEMTUA - PTUXIDPOTY.

Kévrpov *Epedvng @uowdig thg "Atpocpaipag wal KAlpatoloyiag.
(3ng TemrepPpiov 131, 112 51 "AbAve, tqréep. 88.32.048).

L. ’Egopevtinn BErnirpong: Taxtxol: KAISAP AAESOOTAOL (Ilpbedpuc). —
OEM. AIANNEATAHE. — ATT. TAAANOTIOYAOE. — ITANOE AII'OMENIAHY,— I'. KONTO~
ITOTAOX. — ANT., KOYNAAHEL. — *Avamnpopatinds : A, NANOTIOTAOL,

2. 'BErémrng: AIT. TAAANOIIOYAOX.

3. AvevOuvt9¢: XPHEZTOZ PEITAIIHE,
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4. "Bpecvvnrtéc: KONIT. GIAANAPAY. — IIAYAOE KAAAMITOKAY.
5.’ Emictnuovixdc ovvepydTtyng: XPHITOX ZEPE®OX, 7. Afvtig.

IA’. Kévtpov *Egedvng tiig "ApxaiétnTog.
(" Avaryvorstomodiov 14 xal ‘Hpoxetron, 106 73 *A0fva, toh. 36.00.040).

1. ' BEgpopevtixh ‘Emxttpon®: Taxmxol: MIX. SAKEAAAPIOY (ITpéeSpoc). —
ATATL. TEOIANAKHE. — NIK. KONOMHE, — ZIITPOX IAKQBIAHE. — AAEE. KAMIII-
TOTAOY. —’Avarmhnpowpoatixot : KONET. AEXIIOTOIIOYAOT. — XPYZANOOX XPHEITOY.

2. ’Enémrtmng: SHYPOE IAKQULIAHX.

3. Avev0dvTpro: MAPIA IIIIIIAH.

4. 'Epevvnréc: XP. MIIOYAQTHE. — ATAAT A OPOANIAH - FEQPITAANL. — AESITOINA
AANIHATAOY. — BASIAIKH MAXAIPA. — BIKTQPIA SAMIIETAT.

5. Briotnprovinde cuvepydtync: KONET. MIIOYPAZEAIY, ©. Alvifg.

IB". Kévtpov "Epedvng thig ‘EAAnvinils Kowvwviag.
(Zénwvog 84, 106 80 *AOfAva, mhée. 36.03.028).
1.’Egopevtinh Enitponn: Taxmxol: EENO®ON ZOAQTAY (IIpbéedpos). —
KQNET. AEZHOTOIOYAOY. — I. MHTEOIOYAOZ. — IQAN. IIEXMAZOTAOY.—
APIZT. MANETHE. — IQANNHE ZHZIOYAAZ, Myrpomohitng Ilepydypon. — Avarinoon-
poatizdg : KONST. APAKATOX.
2. 'Exémtyng: IQANNHE HESMAZOTAOY.
3. AtevOvvrtHc: TPHIOPIOL I'KIZEAHY.
4 "Epeuvvntéc: EYA KAATIOYPTZH - MIXAAOIIOYAOY. — MAPIA - M'EQPTTA
ETYAIANOYAH.
9. 'papéog: AIKATEPINH IIAPIEEH.

II". Kévtpo "Epevvag tii¢ Bulavtviic xal Metafulavtiviig Téxvne.
(" Avayvostomoiion 14 xal Heodeizon, 106 73 *A0fver, A / Fax 36.45.610).
1. Egopevtiny BErnitponsh: Toxrxol : MANOYEOZ MANOTEAKAS (pbedpoc).
— MIX. SAKEAAAPIOY.— XPYX. XPHETOY. — ZIIYPOX IAKQBIAHI.— AOAN. KAMIIY-
AHE, — AITEAIKH AATOY. — Avaminpopatixdg: ITANAD. TETZHX.
2.’Enénrync: SIYPOS IAKQBIAHS
3. 'LpevvhTporeg: IQANNA MIIIOA.— ETAMATIA KAAANTZOITOYAOT.

“I8pupa Kdora xal “Eévng 00pdvn ("O0wvoc 8,105 57° Abhva, t1.32.25.338,-F'ax-32.25.280).
1L.Avorxmntind SovpPobrio: TASOS AOANAXIAAHY ([Tpbedpoc). — TAAATEIA
TAPANTH (Avnimpéedpoc). — MANOYEOL MANOYEAKAY (Tev. Tpappatedc). —
ATTEAOT BAAXOYX. — NIKOAAOY MATEANIQTHE (Tevixde Dpappateds g *Avadn-
o *Afnvésy. — IAKQBOE KAMITANEAAHE. — OEOAQPOX KAPATZAE (Awouentihs “Elvi-
xfe Toonélne tHs TrndSoc).
2. AvevBuvTig: BATIAEIOS BAGEIAAHE.
3. T mé Ahyhot: PEQPIIA KAPAOANOY - XPISTOAOTAOY, — SOOI\ TTAXXAAINOT.
— IQANNIIY KAPABOKYPOX.
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®rocopnd) BiRAtodny "EAAng AapmpeiSn ("Ynidvrov 9, 106 75 *AOAve, . 72.19.587).
1. Enontixy ’Enttpon®: MEN. ITAAAANTIOS. — KQNET. AEZIIOTOIIOYAOX.
— EYAIT. MOYTZOIIOYAOE. — I'EQPT. MHTZOIIOYAOZ. —IQANNHE [TEZMAZOTAOY.
2. ' BEnitotnrovindeg cvvepydtng: AINOZ MIENAKHE.
“ISpvpa IatpoBloroymdy *Epevvdv (CAmdiiwvog 11, 10557 *Al0fve, tnh. 32.25.064).
Atotxntind ZvpBodiio: PPHIN ZKAAKEAY (Ipéedpog). — IIAYAOZ EAKEA-
AAPIAHE (*Avtinpbedpog). — OEMIST. AIANNEAIARY (Dpapporteidc). — NIK, MATEA-
NIQTHE. — K. STEQANHE. — “Avarminpopatind @wérog : ANT. KOYNAAHE,
Tpacpeio "Epevvag tiig NeoeAAnviniis Téxvng (Zdrwvog 84, 106 80 *Al#ve, tyA. 36.37.598).
’Enémtmng: XPYSANOOS XPHETOY.
*Entotnpovinds suvepydtne : IRANNHE TAAEPIAHY,
Tpacela "Epeuvidv tfig TdEewg téhv Gerimdv Emomuédy (Boudds 27x, 105 57 *Abfva) .
1. Tpatpeio "Epevvug tHe Qewpntindis nal Eopnppocpévng Mnyaviniis.
‘Boopevtixy Enitrponf: Kaloup *AdeEbnoviog, "Ayyehog Tohavémovdog,
II. Avyopevidne.
2. Tpapeio Puowdv xol Xnumdy Medetdv-"Epevvdv.
’‘Egopevtiny ‘Enirpon: Kaloap *AreEdmoviog, "Ayyehog T'adavémoviog,
Ocpior. Aroawveridng.
3. Tpacpeio Biodoyiudv "Epsuviv.,
‘Egopeuvtixyn 'Britponf: Oy Awwedidng, Nuw. Matoandrng, Anuhte.
Touybmrovhoc.
4. Tpoeio latpindv Meletdv.
‘Egopevrtixn Exwirpon?: Nu. Matoovdtng, Ieny. Zxadkéag, Kovor.
Tobvrag, Kwver. Zrepaviig, Anudre. Touydmovios.
'Endntync: Kover. Todvrag.
5. Tpapeio Egevvav tifjg ’Emiotipng i IMAnpopopwiic xai *HAextpovinfig
(Tnn. 33.13.242).
‘BEgopevtixn’Enttpond: Kaloap ’AreEdmovrog ([Tpbedpoc), Kovor. Todvrag,
ITdvog Avyopevidng ("Eménrng), Iedpyros Kovrémoviog.
6. Tpageio "Epevvag Ocwpnrindv Madnpatindyv
(Zbrwvog 84, 106 80 *AbBfve, Tnh. 36.43.317, Fax 24.33.210.
‘Brnérmtyng: N *Aprepddne.
7. Tpapeio siaxeipiong nol "ExperdAievong Awmtdwy IAnpopopixiis.
‘Enértyg Idvog Avyopevidye.
Zuvtovieths : Basth. Tourdune.
8. Tpapelo "Egevvag Bewpntufig Suoxig.
'Ernérntnc: Anu. Navémoviog.
Teagpeio "Epevvag Atebviv kol Svvtaypatindy Oeouéy .
(Zérwvog 84, 106 80 *AO7ve, wh. 36.34.597)
‘Eeopevrixy Exirpons: Tebpy. Mntobmovdog, *Aptorép. Maveone, "By~

wov. Podxouveg.
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E.” EYEPTETEZ, METAAOI AQPHTEX, AQPHTEX KAI AOAOGETEXZ

EYEPTETEX

TO EAAHNIKO AHMOZIO
ANAZTAXIOZ TEOYOAHZ

IQANNHX BOZOXZ

AHMHTPIOZ AQPIAHZ

EMMANOYHA MIIENAKHZX
AAEEANAPOX MAYPOT'ENHZ
ITANATIQTHE KAI IQANNA APIZTO®PONOX
H EONIKH TPAIIEZA THX EAAAAOZ
EAENA BENIZEAOY

EYATTEAOZ KONAYAHZ
AHMHTPIOZ KAI ANOH AII'INHTOY
ANAPEAX ANAPEAAHZ

OYPANIA KQONEZTANTINTAOY
NIKOAAOX KAPOAOY

AGHNA XTAGATOY

MIXAHA KATZAPAZ

EYOYMIA N. MEPTZAPH (t0 vévo; ANT. KTENA)
AHMHTPIOX AAMITAAAPIOX
AAEEANAPOX AIOMHAHZX
IIANATIQTHE, AIKATEPINH KAI I'EQPI'IOX II. OIKONOMOZX
EITAMEINQNAAX ITAIIAZTPATOZ
ZQTHPIOZ MATPATKAX

IIETPOX ATTEAETOIIOTAOX
BAZIAEIOZ KOYPEMENOZX

TEQPTIOX ®QTEINOX

ANTQNIOZ MANOYZIHZ

AHMHTPIOZ ®QKAX

MAEIMOX K. MHTZOIIOYAOZ
AMIAKAY AAIBIZATOX

EIPHNH AAIBIZATOY

ANAZTAZIOXZ K. OPAANAOZ

EAENH EANOOIIOYAOY-ITAAAMA
IZMHNH TI'EQP. IIETPOIIOYAOY
IQANNHX ZAPPAZ

BAXIAIKH BEKPH

TEQPT'10Z AGANAXIAAHXY - NOBAZX
DJIAQN BAZIAEIOY

AIIOXTOAOZ ZAXINHZ

IIETPOX XAPHZE
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METAAOI AQPHTEZX

TO KOINQOEAEEZ IAPTYMA AIAIAN BOYAOYPH
ITANATIQTHE 6. ATTEAOIIOTAOX

AQPHTEX

0 ZYAAOI'OZ IIPOX AIAAOZIN QO®EAIMQN BIBAIQN

H EIIITPOIIH EKATONTAETHPIAOEX AAAMANTIOY KOPAI
KONZTANTINOZ KAZIOITIOYAOXZ

IQANNHZ MYAQNOIIOYAOX

TO METOXIKON TAMEION TQON ITOAITIKQN TITAAAHAQN
NIKOAAOX OIKONOMOY

IQANNHZ M. KATZAPAZ

EPAZMIA MYKONIOY

KQNETANTINOX I. AMANTOX

ZQOPONIOX ETAMOYAHX MHTPOIIOAITHE EAEYTOEPOYIIOAEQE
MIATIAAHZ A. STAMOYAHZ

ANAZTAZXIA TI. KOKOAH

EAITIINIKH M. TAPANTII

ZQKPATHX B. KOYTEAZ

TEQPI'IOZ ITANOIIOTAOX

AHMHTPIOXZ T. NOTH MIIOTEAPHYX KAI AII'AH A. MIIOTXAPIH
KAPOAOZ KAI AIAH APAIQTH

ZO®IA ®PEIA. AOYZH

AIAY APAKOY

BAXIAIKH I'. NOTAPA

MAPIA A. KOKKINOY

ZOO®IA TOYAIQTH-NIKOAA'TAOY

EAENH K. OTPANH

TEQPTIOX ITAIIATPIANTA®YAAOY

KONZTANTINOXZ ®OYPKIQTHXZ

EAENH TPIANTA®YAAIAOY

ATPHAIA KOMNHNOY

ITANATIQTHE NIKOAH TIEAEITHE

OEQOAQPOX ZYVQMOXZ



EINETHPIAA THX AKAAHMIALY AOHNQN

AAEEANAPOX AOBEPAOX

HHAIAY MAPIOAOIIOYAOZ
ANAPEAX TIETPOIIOYAOX
KONZTANTINOX ITAITIABAXIAEIOY
EAENH MYKONIOY

APIZTEIAHY ITAAAAX
AOYKIANOX NIKOAATAHX

TO KOINQOEAEY IAPYMA «KATIIKQ KAI I'IQPI'HY XP. AAIMOX»

IIANATIQTHE PPAMMATIKAKHZ
IIANATIQTHY AHMHTPAKOIIOTAOX
TEQPI'IOX A. TEQPI'TAAHZ

IAPYMA KQXTA KAI EAENHY OYPANI
XYMEQN IHIAAOIIOYAOZ
EKAOTIKH AOHNQN A.E.

TO KOINQOEAEZ IAPYMA «AAEEANAPOX QNAXHZX»
TEQPI'IOZ MYAQNAZ

OIKOTENEIA PATKABH
AIKATEPINH KAKOYPH

NIKOAAOX KEIIETZHX

ZIITYPOX ZEPBOX

ION - IQANNHX TEATZAPQNHI

AIA II. ZEIIOY KAI AAIN II. ZEIIOY
IAPYMA A. . AEBENTH

T'EQPTIOX ZKOYPAX

NIKOAAOX K. I'EQPT'IOY

ANTQNIA KOYNTOYPH

IIATKOX NIKOAATAHX
ANAZTAXIOE KAPANAXTAXHX
EYTYXIA K. EYTAEIOIIOYAQY
IQANNHX II. AAATZAZ

AEAA T. MYAQNA

AHMHTPIOY X. IMMAHTAAHMHTPIOY
STEVE MOSHONAS

BITA KAAOIIIXH-EANOAKH
STEAIOE xol EAAH IQANNOY
ANAPEAX KAI EAENH MOYZOYAOY
EAATT MIXAAOIIOYAOY
IIPAEITEAHX API'TPOIIOTAOX
AXIAAEAX AIONTYZOIIOTAOZ

ENQEH EAAHNIKQN TPAIIEZQN
XIAAETAPA XHPA AEQNIAA ZEPBA

AIKATEPINI KEITETZH-KAYKIA
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EYPQEIENAYTIKH TPATIEZA (EUROBANK)
TEQPITOZ AEKABAAAAS
XAPIAAOY TAKEAAAPIAAHE
1IITIOKPATHE KAPABIAZ
BASIAEIOS KONTOAHMOXZ

®IAOI ATIAOZ TAMIIAKOIIOYAOY
ZAX. BAYZIAHE

MIXAHA KOKOAOTITANNHZE
IIPOAPOMOY EM®IETZOTAOY
IAPYMA ITAYPOY NIAPXOY
IAPYMA IQANNOY KQETOITOYAOY

ABGAOOETEX
00QON KAI AGHNA ZTAGATOY
KITZOX MAKPYI'TANNHXE
H TPAIIEZA AOHNQN
BAXIAEIOX AAMIIIKHZ
H EAAHNIKH AEZXH AAEEANAPEIAT
0 AHMOX AOHNAIQON
0 EAAHNOAMEPIKANIKOE ZYNAEXMOX «AXEITIA»
OEOAQPOX APETAIOZ
H TPAIIEZA THX EAAAAQOZ
H ETAIPEIA XHMIKQN ITPO'TONTQN KAI AITIASMATQON
AAEEANAPA XQPEMH-MIIENAKH
TO YIIOYPI'EION THX TI'EQPTIAZ
TAKHXZ KANAHAQPOXZ
H ATPOTIKH TPAIIEZA THX EAAAAOX
H EHNITPOIIH EOPTAXMOY EKATONTAETHPIAOEZ ENQYXEQSE EIITANHEIOY
H AHMOXIA EIIXEIPHXEIZ HAEKTPIZMOY
O OPTANIZMOX THAEIIKOINQNIQN EAAAAOX
EAENH OIKONOMIAOY

0 ZYAAOT'OX TON ®OITHZANTQN EIZ THN EYATTEAIKHN IXOAIN IMYPNHE
TO YIIOYPI'EION EPT'AXIAX

O AHMOX EANO@HZ

H EMITOPIKH TPAIIEZA THX EAAAAOX

H PETROLA (HELLAS) A.E.

EAAH MAAAMOY, AINA TZAAAAPH, SIIYPOX MAAAMOY

TO IEPON IAPTMA EYAI'TEAISTPIAY THNOY

0 AHMOX POAOY

NIKOAAOX AINAPAOZ

NEAAH KAAAITA
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KOQNEZTANTINOX KPONTHPAZ
H OIAOAATIKH ENQZIX AOHNQON
ATIZ ZAPAKHNOZ
TO AYKEION EAAHNIAQN
IQANNHE KAMBYZEAHX
TO EMIIOPIKON KAI BIOMHXANIKON EIIIMEAHTHPION AGINQN
APIZTOKAHY ANAPEAAHZ
H OPI'ANQZIX «EONIKH MNHMOXZYNH»
0 ZTAAOTOX TON EN ATTIKH: EYPQITINION
TO YIIOYPI'EION KOINQNIKQON YITHPEXIQN
TO TIAPTYMA AIKAIQMATQN TOY ANOPQIIOY
(KAHPOAOTHMA T'EQPTIOY, AHMHTPIOY KAI MAIHE MAPATKOIIOYAOY)
TAAATEIA ITAAAIOAOI'OY
TO IAPYMA IIPOAT'QI'HE AHMOXIOT'PAGIAY AOANAZIOY BAX. MIIOTEZH
O TET'EATIKOX ZYNAEXMOZ
ANAXTAZIA IEPQN. ITINTOY
TO KOINQOEAEX IAPYMA NIKOAAOY KAI EAENHE IIOPO®YPOT'ENH
H KOINOTHX BAMOY AIIOKOPQNOY
PENATA MIAT. ATAOONIKOY
H EXTIA NEAT TMYPNHXZ
O POTAPIANOXZ OMIAOXZ AOHNQN
O POTAPIANOX OMIAOZ T'AYDPAAAX
EPIKA AXTEP. NTAH
OEOAQPOX XINANIQTHX
AHAA KPONTHPA-NAZOY®H
AIKATEPINH KOKKINOY
EAENH KQNITANTOIIOYAOY
AHMHTPIOX ANT. KEPAMOIIOYAAOX
H AEZXH AATONZ AOHNQN
0 AHMOX AATKAAIQN
EIPHNH ZAIIKA
IAPTMA AIT'AIOY
INTERAMERICAN
IAPYMA XAPIAAOY KEPAMEQX

EATITAA MANTZQPOY
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MANOAHE KAI ETAMATIA BAAATTANNII

INFORMA A.B.E.E.

ETAIPEIA OPAKIKQN MEAETON

ZQTHPIOE ATAITHTIAHZ

AAZAPOE EQ®PAIMOT'AOY

IEPA MHTPOIIOAIZ KAAABPYTQON KAI AITTAARIAT

ITOAEMIKO MOYXEIO

ANQNYMOX EAAHNIKH ETAIPEIA TENIKQON AXOAAEION  «IT EONIKI»

TEQPTIOE TAPNATQPOXZ-ANATNQZTOY

EAAHNIKH APXAIOAOTIKH EIIITPOITH METAAHE BPETANNIAX

HPAKAHE N. ITETIMEZAZ

KONETANTINOX I. MOIPAX

ZTAAOTOX AIBAAIQTON AGHNAXL «I'EQPT'AKHX OAYMIIIOL»

BAZIAEIOE KAI EYTENIA AAAA

EIPHNH I. ITAIIA'TQANNOY

KQONEZTANTINOXZ EEZTEPNOXZ

ENITAIOX AHMOZIOTPA®IKOEZ OPTIANITMOX EIIIKOYPIKHY ASOAAILZEQXR
KAI TIEPIOAAYEQY (EAOEATI)

IMYPNH ®. MAPAT'KOY

H EOHMEPIE «EAEYOEPIA AAPIZHIN

TO TAMOYPKEIO IAPYMA

H TPAIIEZA MAKEAONIATL-OPAKHZI

0 AHMOYX MEIIHNHZ

EKAOTIKOX OIKOX AAEA®QON KYPIAKIAH

TO IAPTMA «AEQN AEMOX)

H KENTPIKH ENQXH AHMQON KAI KOINOTHTON EAAAAOZ

H EYPQIIA'TKH ENITPOIIH

AIZA TKOYZE

KOINOTHE AINAOY

AHMHTPIOZ I. TTPOKOBAX - OEOAQPOX A. ®PATKOX

COPT'ANIZEMOX ITOAITIETIKHE ITPQTEYOYZAS THE EYPQITHE-OELEAAONIKH 1997

NENET KAPAMIIEAA-AIKAIAKOY

KIMQON KAI AIKATEPINH ®APANTAKH

OMIAOX ZONTA AOHNQN

AMAATA-EAAH XZIIYP. MOTZENITOY

OEOAQPOT KAT OAT'A KAPATZA
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AQPHTEY BIBAIOOHKQN
0 BAZIAEYE I'EQPIIOX B’
H EN A@HNAIX EIIIZTHMONIKH ETAIPEIA
ZENOQQN XIAEPIAHZ
TIMOAEQN HAIOITOYAOX
ZOAQN GEOAOTOY
KAHPONOMOI XPIZTOY II. OIKONOMOY
TO TAMEION ANTAAAAEIMQN KAI KOINQOEAQN IIEPIOYZION
TEQPI'IOX APBANITIAHX
IIOAH I. TOPNAPITOY
ANGH A, AITINHTOY - AI’AH A, MIIOTZAPH
KQNITANTINOX KAPAGEOAQPHXI
TEKNA ANAZTAZIOY K. STAMOYAH
ANTQNIOX MANOYZIHX
AHMIITPIOZ HAIOIIOYAOZ
ITANATIQTHE APIZTO®PQN
NAAIPA ZKYAITZH
AAKIBIAAHZ I'TANNOIIOYAOZ
AEQNIAAY OIAIMNMIAHZ
INANATIQTHE ZEIIOZ
EPPIKOX TKAXIHZX
KQNITANTINOX TIATZOZ
I'PHI'OPIOX KAXIMATHZ
G®AINH XATZIZKOY KAI IQANNA BEPITOIIOYAOY
TEQPI'IOX AANIHA
HAIAZ MAPIOAOIIOTAOXZ
060QN ITTAAPINOZ
ETEDPANOZ ITATIATTANNAKHE
TEQPI'IOX IIETPOIIOYAOZ
TEQPTIOEZ MYAQNAX

EOH KAZIMATH
EENOPQN ZOAQTAX

MEPIKAHE OEOXAPHZ
KQNEZTANTINOX TOYNTAZ

ATIOLTOAOZ ZAXINHE
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1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959

EITETHPIAA THX AKAAHMIAL AGHNQN

¢/ TIPOEAPOI THX AKAAHMIAX AIIO THN IAPYZH

OOKION NEI'PHZ
TEQPITOE XATZHAAKIZ
KQNETANTINOE ZETTEAHZ
AHMHTPIOZ AITINHTHZ
KQETHE ITAAAMAZ
TEQPI'IOZ ZTPE'I'T
AAEEANAPOZ BOTPNAZOZ
KQONEZTANTINOZ PAKTIBAN
AHMHTPI0Z KAMIIOYPOT'AOY
MIXAHA KATZIAPAX
OEODIAOX BOPEAX
AAEEANAPOX MAZAPAKHZ
ANTQNIOX KEPAMOIIOYAAOZ
AHMHTPIOEX MITAAANOZ
MAPINOE 'EPOYAANOZ
TEQPI'IOX ZQTHPIOY
NIKOAAOXZ EEAPXOIIOYAOX
ITYPIAQN AONTAZ
KQNITANTINOX AMANTOX
TEQPI'IOX MITAAHZ
APIZTOTEAHZ KOYZHZ
IQANNHEZ KAAITZOYNAKHZX
KQNITANTINOZ TPIANTA®YAAOIIOTAOEZ
IQANNHE TIOAITHZ
ANAZTAZIOZ OPAANAOZ
TEQPT'IOX MAPIAAKHX
EMMANOYHA EMMANOYHA
IQKPATHEZ KOYTEAX
TPHI'OPIOZ ITATTAMIXAHA
TEQPTIOZ IQAKEIMOTAOY
KQNITANTINOZ PQMAIOZ
ITANATIQTHE IIOYAITZIAX
T'EQPTIOZ KOZMETATOZ

ZIITPOZ MEAAX

THX



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
2000

ENETHPIAA THE AKAAHMIAY AGHNQN

ITANATIQTHE MIIPATZIQTHE
IQANNHE TPIKKAAINOX
EIIAMEINQNAAY 6QMOIIOTAOZ
IQANNHE OEOAQPAKOIIOYAOZ
IQANNHZ EANOGAKHZ
TEQPTIOY AOANAXIAAHZ
KQONETANTINOZ TZATZOZ
MAEIMOX MHTZOIIOYAOZ
EPPIKOXZ TKAXZHZ

AMIAKAZ AAIBIZATOX

AEQNIAAT ZEPBAZ
ZIITYPIAQN MAPINATOX
TPHI'OPIOYX KAXIMATHX
HAIAX MAPIOAOIIOTAOX
AIONYZIOX ZAKYOHNOX
IIANATIQTHZ ZEIIOXZ
NIKOAAOXZ AOYPOX
IIETPOX XAPHX

MIXAHA ETAXINOIIOYAOX
KAIZAP AAEEOIIOTAOZ
TEQPI'IOX MYAQNAX
IQANNHZ KAPMIPHX
IIEPIKAHZ O@EOXAPHX
MENEAAOX ITAAAANTIOX
TEQPTIOZ MIXAHAIAHZ-NOYAPOZ
AOYKAT MOYXOYAOX
KQNZTANTINOX TPYITANHXE
KONEZTANTINOZ MIIONHZ
TEQPI'IOX MEPIKAX

ZOAQN KTAQNIATHX
TEQPTIOEX BAAXOZ
IQANNHE TOYMIIAZ
MIXAHA TAKEAAAPIOY
KQNEZTANTINOEZ AEXIIOTOIIOYAOE
OEMIZTOKAHE AIANNEAIAHZE
MANOYZOZ MANOYZAKAZ
IQANNHE IIEZMAZOTAOY
NIKOAAOL MATZANIQTHE
ATAITHTOX TZOIIANAKHE
TEQPTIOX MHTEIOQIIQYAQE
NIKOAAOZ APTEMIAAHZ
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Z." TENIKOI T'PAMMATEIZ

1926-1933 TIMOX MENAPAOZ

1933-1934 AHMHTPIOZ AITINHTIIZ
1934-1951 TEQPI'IOX II. OIKONOMOZX
1951-1956 AHMHTPIOE X. MITAAANOZXZ
1956-1966 ~ANAXZTAXIOX K. OPAANAOX
1966-1981 IQANNHX OEOAQPAKOIIOYAOX
1981-1984 KQNITANTINOZ TPYITANHZ
1984-1989 MENEAAOX ITAAAANTIOX
1990-1994 IIEPIKAHY OEOXAPHX
1995-1998  ITAYAOY TAKEAAAPIAHX
1998~ NIKOAAOZ MATZANIQTHZ

H.” TPAMMATEIZ EIII TOQN ITPAKTIKQN

1926-1927 KQXTHY ITAAAMAZ

1927-1934 T'EQPI'IOX II. OIKONOMOX
1934-1943 KQNZTANTINOX AYOBOYNIQTHXE
1943-1951 ZQKPATHX KOYTEAX

1951-1956 ~ANAZTAXIOX K. OPAANAOZ
1956-1963 EMMANOYHA EMMANOYHA
1963-1968 HAIAY BENEZHZ

1968-1969  AIONTYZIOX ZAKYOHNOX
1970-1971 00QN IITAAPINOZ

1971-1972 IIETPOX XAPHZI

1972-1975 IQANNHX XAPAMHZX

1975-1977 TEQPTIOEX MIXAHAIAHXZ-NOYTAPOZ
1977-1980 MENEAAOZ ITAAAANTIOZ
1981-1990 MANOAHY XATZHAAKHX
1990-1993 MANOYZOXZ MANOYZAKAZX
1994-1998 NIKOAAOX KONOMHEZ

1998~ APIZTOBOYAOZ MANEXHX

©.” TPAMMATEIZ EIII TON AHMOZXZIEYMATQN

1926-1927 TEQPI'IOX APOZINHZ
1927-1928 TI'EQPI'IOX PEMOYNAOZ
1928-1935 KONXITANTINOZ KTENAXZ
1935-1950 EMMANOYHA EMMANOYHA
1950-1966 IQANNHE KAAITZOYNAKHXE
1966-1994 IQANNHX EANOAKHZ
1994-1997 ATIOXTOAOX ZAXINHE
1998~ MANOTYZOX MANOYIAKAX
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1" EKAITIONTA MEAH THX AKAAHMIAY AGHNQN

Toantied MéAr :

1. "Ayyerémoviog " Ayyerog 1976 - 1995
2. *Alovaostddneg-N6Rog Iempytoc 1955 - 1987
3. Alywhrtne Basiielog 1952 - 1959
4. Alywahtng Anpitplog 1926 - 1934
5. PANPlaTog ‘Aptirag 1962 - 1969
6. "Apoavros Kovetavrivog 1926 - 1960
7. *Avdpeddne *Avdpéas 1926 - 1935
8. *Avtwviadng Xapdhapmwog 1994 - 1995
9. *Apyvpds Oduféprog 1959 - 1963
10. BopBapéoog Kupidxog 1936 - 1957
11. Boaouretddne IIérpoc 1979 - 1992
12. Bacreton Dirwv 1966 - 1983
13. Béng Kovotavrivog 1926 - 1963
14. Béng Nixog 1943 - 1958
15. Bevélng *Hilog 1957 - 1973
16. Bdyog I'empytog 1983 -1996
17. Bopéag Ocbpirog 1926 - 1945
18. Bovpvdlog *AréEavdpoc 1926 - 1954
19. Bpettdxog Nuwngbpog 1987 - 1991
20. Tewpydune *lodwng 1989 - 1993
21. Tepoudrdvog Mapivog 1933 - 1960
22. T'xlvng "Ayyehog 1926 - 1928
23. Anunteddns Kevertavrivog 1936 - 1943
24, Awoundng *AnéEavdpocg 1945 - 1950
25. Aovtéc Zmupidwy 1931 - 1958
26. Apooivne Tedpytog 1926 - 1951
27. Avofovvtatng Kwvetavrivog 1928 - 1943
28. "Bupovounhr *Eppovoun 1926 - 1972
29. "Efapyéroviog Nuxdroog 1929 - 1960
30. LEdotabedne Kwveravrivog 1978 - 1979
31. ZoxwOnvog Avoviclog 1966 - 1993
32. Zéyyerns Kwvoravrtivog 1926 - 1957
33. Zérog llovayrdne 1970 - 1985
34, ZépBac Aewvidug 1956 - 1980
35. ZepBog IMavayidrng 1946 - 1952
36. "Habmovrog Tiporéowv 1926 - 1932
37. Oezodwpardmovros lwdvvng 1960 - 1981
38. Bcoydpne Ilepuniiic 1973 - 1999
39. Quubmovrog Emapevdvdos 1945 - 1976
1929 - 1932

40. ToxoPtdne Tedpytog
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41.
42,
43,
44,
435.

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.
71.
72.
73.
74.
75.
76.
77.
78.
79.

80.
81.
82,
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Towontdng Kawveravrivog
*Twoxeipoyrov T'edpyrog
KopBadtag ITavayiic
Kotroovvdung *Tedving
Karopolpneg Mavéing
Kapmodpoyrovg Anpntpelog
Kavearémovrog Ilavoryraytng
Kapoyrodvne Tempytog
Kopoabeodwpet] Kwvetavrivog
Kapuipng Tmdwne
Koapoblog Xpfiorog
Koowpdrng T'pnyberog
Karoapsc Muyonh
Kepapbmovrrog *Avrdiviog
Kénxwvog Avoviarog
Kovtdg ITétpog
Kooueratog Poxdc Tedpylog
Kovyéag Zwxpdtng
Koblne *Aptarotéing
Kouvxovreg Datdwv
Kovpepévog Baciietog
Kovpouniwtns Kovoravrivog
Kpwunde Baotielog
Kreviig Kwvoetavtivog
Kuprandg Tedpyrog
Aapraddprog Anunhtelog
Avfadsic Muyonh
AodBapigc Nubraog
Aolpog Nuxbhaog
Avxoddng Ztvavdg
Moalopdnng *AréEavdpoc
MeabOiémovrog Tlabhog
Mordpoc Basiietog
Motélos Kawvatavtivoe
Mapiddxig Teddpyrog
Mupwitog Zmuptdwv
Mogprorérovrog *Hhbag
Méyag T'eddpyrog

Merdg Enbpog

Mevapdog Zipog

Mepixag T'edpyrog
Mnroémovhog MdErpog

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
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83. Mobooviog Aouvxdc 1977 - 1993

84. Mmroddvos Anuftplos 1931 - 1959

85. MmroAfic Tempytog 1931 - 1957

86. Mmrdvns Kwvortavrivog 1978 - 1990

87. Mmrpatoidtng ITlovorytdhtng 1955 - 1982

88. Muvrwvig Tedbpyrog 1970 - 1988

89. MupiPhdne Zrpartfic 1958 - 1969

90. Néypne Poxinv 1926 - 1928

91. Nucoratdng Piyec 1926 - 1928

92. NipBdvag ITadlog 1928 - 1937

93. Eavidxng "Twdwwne 1955 - 1994

94. Eevémovrog T'pmydprog 1931 - 1951

95. Evyybmoviog *Avpéag 1966 - 1979

96. Olxovdpog Tedpyrog 1926 - 1951

97. *Oprdvdoc  ’Avastdctog 1926 - 1979

98. IMeropdc Kwortiig 1926 - 1943

99. IMowvéyog *ABavdotog 1995 - 1999

100. Iavralfc Iecdpyrog 1970 - 1973
101. Toamaddwng *Twdvwyg 1983 - 1997
102. Ianadémovros Xpvsboropoc, *Apytemionomnog 1926 - 1938
103. Hamotwdvvon Kwvoravrivog 1960 - 1979
104. Tlamopyahn Tenyderog 1945 - 1956
105. ITaravodroog Eddyyerog 1980 - 1982
106. IMoravrwviov Zayoplog 1938 - 1940
107. Hararedvng Iavayidhrng 1968 - 1976
108. Hanmodhog Anuhtelog 1926 - 1932
109. Iletpidne ITérpog 1959 - 1977
110. Ieroddmec-Aropndng *A0. 1977 - 1995
111, TTuadvng Anuntetog 1966 - 1968
112. Toxtrne “Tewdvng 1926 - 1968
113. Ilorirng Afvog 1980 - 1982
114. TTorlrne Nuxbroog 1926 - 1942
115. IMovlitous ITaveyiding 1947 - 1968
116. ITpeRerdnng Mavreriic 1977 - 1986
117. TpoBeréyylog *Aptoropévrg 1926 - 1936
118. TTudapvdg Oy 1966 - 1990
119. Poxtifav Kwvetavrivog 1926 - 1935
120. Pdaine Kwvertavtivog 1929 - 1942
121. Pepoivdoc Tedbpyrog 1926 - 1928
122. Poucoémovrog Nixbiaoc 1973 - 1980
123. Popaioc Kovertaviivog 1945 - 1966
124. Popatos Kwvetavtivog 1980 - 1992
1926 - 1929

125, ZdfPag Kwvertavrivog
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126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
156.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
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Soytvne *Amnébortorog
Yegeptddne ZTuAlavog
Zroaproréfog Zmvpidwmv
Zndoone ‘Epplxog
Zulmme Zothptog
Zuhafobvog Tedpylog
Zovrne leodvwns
Zrvpdmovdog Twdwvng
Zropatdxog Todving
Zrepavidng Muyahh
Zrpéit Tedrpyrog
Zwtnewddne Tedpyog
Zwtnptov Tedpytog
Xdyog TAvtdviog
Tevexidng Tedbpyrog
Tepldung "Ayyehog
Téumpog Meuyoin)
Toburog "Todvwng
Totevrapuirémovios Kovetavtivog
Toueranwoe *Todvwwng
Tevrdvng Kwvetavtiveg
Tooarodic Tempylog
Todrooc Kwvetavtivos
Toodvrag XpHorog
Dannpéag Baoog
Dunrnidne Xpdoavlog, *Apyeniononog
Dondic I'epdoipog
Dundg Anuhretog
Dorrewvds ecrpyrog
Xapapdc "Twdvvneg
Xapng ITérpog
Xoprrovidng Xapitwmy
Xatlnrvprarog-I'nivae Nuibroog
Xorlnddwne Movding
Xatldanig Iedpyrog

Xopéuns Kovetavrivog

Mpooedpo MéAn :

N =

I'edec>v Mavoun
Tewpyardic Tedpyrog
Zodorwetag  ITérpog

Mavovoaxns *Eppavouii

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



EINETHPIAA THZ AKAAHMIAY AOHNON

5. Mopaitidng *AréEavSpog 1928 - 1929
6. Odpdvy ‘Frévy 1970 - 1971

"Ertitipa MéAT :
1. Eisenhower Dwight 1959 - 1969
2. Munrpémoviog Anuntprog 1933 - 1960
3. Iomavikordon I'echpyrog 1957 - 1962
4. Koapapaviie Koveravtivog 1991 - 1998

Zévor ‘Eraipot:
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. Beck Hans-Georg 1975 - 1999
7. Calogero Guido 1976 - 1986
8. Chantraine Pierre 1974 - 1974
9. Croiset Maurice 1933 - 1935
10. Devambez Pierre 1975 - 1980
11. De Vries Hugo 1933 - 1935
12. Déolger Franz 1963 - 1968
13. Doerpfeld Wilhelm 1933 - 1940
14. Duke-Elder, sir Stewart 1969 - 1978
15. Einstein Albert 1933 - 1955
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AXTPONOMIA. - Doppler shifts in the Solar Transition Region, by C. Gontikakis,

H.C. Dara*, dix tob "Axadnpaixod x. Tewpyiov Kovrorovhou.

ABSTRACT

We consider the problem of the apparent redshifis of the UV lines in the transition region. We
give a review of the basic observations during the last decades, especially the observations of the last
few years from satellite observatories. Moreover, we revise the most popular theoretical explanations
for the motions in the transition region. This review is a contribution to the understanding of the
physical processes in this important layer of the solar atmosphere and it points out the open prob-

lems.

1. Introduction

One of the biggest enigmas in solar physics is the apparent redshifts of the
ultraviolet emission lines in the transition region. This phenomenon was first
observed in the early seventies with Skylab (1973) by Doschek et al. (1976) and
shortly after with the Orbiting Solar Observatory (OSO 8 satellite by Bruner ef
al. 1976, Roussel-Dupré et al. 1976, Lites et al. (1976). In the last decades the
phenomenon has been studied again with Sklylab data and data obtained from
the missions that followed it. From Skylab data, Doschek et al. (1976), Feldman

* K. II. TONTIKAKH, E.K. AAPA, Meratonioei; Doppler o petabomix Gwvn tod Hhiou.



66 ITPAKTIKA THY AKAAHMIAY AOHNQN

et al. (1982) concluded that the measured redshifts, which were less than the
thermal width of the transition lines, do not necesserely imply that there is net
downward mass flow. They suggested that there is a possibility of faint upward
motions, unresolved because of low spatial resolution. Doschek e al. (1976), mea-
sured negligible Doppler shifts from limb observations and realized that the
plasma motion was mainly radial. The correlation between Doppler shifts and
intensities in the quiet sun network structures was investigated by Lites et al.
(1976) and later by Gebbie et al. 1981 with Solar Maximum Mission (SMM) data.
The previous studies concerned time averaged spectra and found steady flows
(see also Roussel-Dupré and Shine 1982 with OSO 8 data). However, Bruner e/
al. (1976) detected implusive downward motions in the transition region over a
sunspot. The SMM, the High Resolution Telescope and Spectrograph (HRTS)
and the Laboratory for Atmospheric and Space Physics (LASP) EUV Coronal
Spectrometer missions with their enhanced technical capabilities, higher angu-
lar, temporal and spectral resolution, improved our knowledge about the impul-
sive nature of plasma motion (Porter et al. 1984 with SMM, Cheng 1991 with
HRTS), as well as the spatial varation of the measured Dopper shifts, both red
and blue (Athay and Dere 1989, Brekke 1993, Kjeldseth-Moe et al. 1993
Brynildsen et al. 1996 with HRTS data). It is important to realise that the tran-
sition region redshift dominates after averaging over a statistically meaningfull
part of the solar surface. The relation of this average redshift with the formation
temperature of the corresponding emission lines has been studied by many
observers. The difficulty in finding a reliable method for measuring absolute
velocities is obvious in all these studies (Athay and Dere (1989), Brekke (1993),
Achour et al. (1995) with HRTS, and Hassler et al. (1991) with LASP EUV data).
The data from the Solar and Heliospheric Observatory (SOHO, Domingo et al.
1995) obtained with the Solar Ultraviolet Measurements of Emitted Radiation
(SUMER, Wilhelm et al. 1995) and the Coronal Diagnostic Spectrometer (CDS,
Harrison et al. 1995) have given us the possibility for new investigations on this
subject. Redshifts in the transition region, apart from being a Solar characteristic,
were also observed in the spectra of large age stars from the International
Ultraviolet Explorer (Ayres et al. 1983) and recently from the Hubble Space
Telescope (Wood et al. 1996, 1997). Therefore the problem is of general interest.

In section 2 we present the observations, including the more recent ones
from the SOHO mission as well as the techniques used to get calibrated Doppler
shifts. In section 3 we discuss the theoretical simulations proposed for the expla-
nation of the redshift phenomenon.
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2. Observations

The difficulty in studying the motion in the transition zone is the lack of
absolute calibration in the instrumentation. The most widespread method for
absolute calibration is the use of chromospheric lines as a reference. Chromo-
spheric lines have a redshift corresponding to an absolute velocity of 1 km s
(Samain, 1991). This value can be considered negligible compared to the veloc-
ities of 5-10 km s deduced from transition region lines (Doschek et al. 1976,
Athay and Dere 1989, Brekke 1993, Brynildsen et al. 1995 Achour et al. 1995 and
others). If there is a chromospheric reference line within the spectral range we
use, we attribute its wavelenght to the pixel of the spectrograph corresponding
to the peak intensity of the reference line. Thus, we get the relation between
wavelength and pixels in A /px and we determine the wavelenght of the peak
intensity of the transition region line. The Doppler shift can be found by com-
parison with the wavelength of the line emitted at rest. The reliability of this
method is based on the number of reference lines present in our spectral range
and on the accuracy of the laboratory measurements. For the neutral atoms,
which are the common emitters in the chromosphere, the measurements in the
laboratory are reliable. However, the accuracy of measurements of multi-ionised
atoms, as the ones in the transition region, is not reliable. Chromospheric lines
are present in the 900-1600 A spectral range, so the method cannot be applied
to transition region lines with wavelength lower than 900 A. As we will see this is
the cause for many contradicting results.

Another method of calibrating is to consider null motion at the limb, since
the flow is perpendicular to the solar surface and, statistically, the horizontal
motions towards and away from the observer are canceled (Doschek et al. 1976,
Hassler et al. 1991). Therefore, the redshift amplitude depends on the angle 6
between the line of sight and the normal to the solar surface. We insist on the
statistical nature of the cancelation of motions, since many observers occasional-
ly mention non zero redshift at the limb (e.g. Brekke 1993). The LASP instru-
ment, which flew on a sounding rocket mission (Hassler et al. 1991), used for cal-
ibration a platinum spectrum from an on-board hollow cathode, which was very
accurate. It was the only measurement of transition region Doppler shifts which
used on board absolute calibration.

There are two additional causes which make the task of absolute wavelenght

measurements even more difficult: The low signal to noise ratio in the emission
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of the hot, upper transition region of the quiet sun (e.g. Teriaca et al. 1999a
could not measure the Doppler shift of the FeXII 1242.0 A line in the quiet sun),
and the presence of line blends. A well known blend, mentioned by Brekke (1993),
is the wing of the Hydrogen Ly a 1216 A with the O V 1218 Aline, which results
to zero redshift in the O V line. This misled some observers (Dosckek et al. 1976)
to the conviction of zero redshift for emission temperatures larger than 100 000 K.

There has been an effort to correlate the redshifts to parameters like tem-
perature, magnetic field and line intensity, so that theoreticians could use some
constrains for their models. The redshifts seemed to increase with temperature in
the region between 2x10* and 10° K, with a maximum for the logarithm of the
temperature (log T) varying from 5.1 K (Achour et al. 1995) to 5.27 K (Peter &
Judge 1999), depending on the author.

However, for formation temperatures higher than log 7' = 5.2 this relation
has not been clarified yet. Doschek et al. (1976) claimed that the redshift in this
region is decreasing abruptly, due to the Ly a blend we mentionned earlier.
Later on, measurements of HRTS and, recently, with SUMER, which observes
lines of ions with formation temperatures up to 10° K in the quiet sun, showed
that, for the mentioned temperature range, there is still a measurable redshift,
but smaller than the one corresponding to 10° K (Achour et al. 1995, Brekke et
al. 1997, Chae et al. 1998). This year, the scenery has changed for the upper part
of the transition region. The spectrum emitted for log 7 > 5.7 was measured to
be blueshifted (Hassler et al. 1999, Peter & Judge 1999, Teriaca et al. 1999a, Te-
riaca et al. 1999b)! The new results are different becase they are based on the change
of the estimation of the rest wavelength of a Ne VIII line emitted at Log 7= 5.7.
The recent value is 770.428 A (Dammasch et al. 1999) while the previous one was
770.409 A (Bockasten et al. 1963, Kelly 1987). Let us note that Sandlin et al.
(1977) had observed blueshifts in the coronal line of Fe X11 1349 A, result which
is in agreement with the recent ones and which had fallen into oblivon until
recently. In section 3, we will discuss some theoretical models which find blue-
shifts in some line profiles.

In Table 1 we present the measurements of Chae et al. (1998) and the most
recent observation of Teriaca ef al. (1999a) and Peter & Judge (1999). log T is the
logarithmic temperature where the ion abundance is maximal (Arnaud &
Rothenflug 1985). We should remark here, that while the redshift measurements
of the low temperature region do not change significantly, for formation temper-
atures of the order of 10° K, we can see the change in the sign of the Doppler shift.
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Table 1. Temperature versus average Doppler shift (km s1) in a quiet solar region*

Ton log T (K) (km s (Km s

Chae et al. (1998) (1999) Results
G 3.90 1.5 0.0 + 1.5 TBD
o1  4.00 1.8 -0.1 (1.3) = 1.4 TBD
Fell 4.15 1.8 0.0 + 1.6 TBD
Si I1 4.20 2.6 1.8 + 1.5 TBD
CII 4.35 4.2 5.3 + 1.9 TBD
Silll  4.70 5.3
SiIV 485 7.8 7.4 (10.6) = 1.4 TBD
CIV  5.00 9.6 4.9 (10.7) = 1.2 TBD
O1V 5.20 11.0 8.0 + 1.2 TBD
NV 5.25 11.3 9.8 + 1.6 TBD
SV 5.25 12.8 # 1.2 TBD
S VI 5.28 11.6 8.8 * 1.5 P
(OY% 5.3b 10.6 7.0 % 1.5 TBD
OVI 542 8.7 8.7 (12.7) £ 1.9 TBD
Ne VIII 5.80 5.3 -1.9 + 2.0 TBD
Mg X  6.05 3.8 (5.9) -4.5 + 1.3 PJ

The magnetic field relation to the Doppler shifts was also studied by Bry-
nildsen et al. (1996). They compared magnetograms and cospatial transition
region images. They found a correlation between the C IV line redshifts and the
magnetic field, with timescale of 50-100h, at the supergranulation boundaries.
However, they did not find any correlation of line shifts with the weak intranet-
work field, which has shorter time scales. Klimchuck (1987) found that the red-
shifts in active regions occur in regions where the field is strong (B>100 G) and
that blueshifts are found in weak magnetic field regions.

A constraint probability analysis of th HRTS data, in the C IV line, showed
that the redshift is more probable for higher intensities and line widths, whereas
the blueshift is less probable (Brynilsden et al. 1995, 1996). A similar analysis has

* NOTE: TBD means measured from Teriaca et.al. 1999a and P] from Peter & Judge (1999). Chae
et al. 1998 estimate that their error bars are lower than 1 km s whereas for the other authors the
error bar is noted. The value in parenthesis for the Mg X line in the third collumn is the measure
obtained neglecting the blends. In the collumn, some ions have two Doppler shift values (the one in
parenthesis) measured from different spectral lines. We present them when they show discrepancies
larger than the error bars.
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been carried out with the CDS and SUMER data in higher temperature lines
(Brynildsen et al. 1997 and Brynilsdsen e al. 1998b) and has confirmed the rela-
tion between redshifts and intensity for other spectral lines (He I 584.33 Aov
629.76 &, O 1V 554.5 A and Mg IX 386.6 A from CDS and Si IV 1393.7 4, C IV
1548.2 A, NV 1238.8 A, O V 629.76, O VI 1031.9 A and Ne VIII 770 A from
SUMER). This study had been carried out for the quiet sun, as well as for active
regions. In the quiet sun this relation comes from the fact that the redshift is
stronger in the bright network. However, the variance of the distribution of red-
shift is large and the intensity-redshift correlation is evident only if we consider
a large amount of datapoints.

The calculated Doppler shifts vary with the kind of solar structure. Achour
et al. 1995 compared the redshifts above active regions with the ones of the
quiet sun. They found that there is a more important redshift above the active
regions which becomes maximal for lines with formation temperatures of 10°
K. However, Brynildsen et al. 1998a, measured the average value of the

Doppler shifts above a sunspot region and found it less important than the one

Fig. 1. Image of the quiet sun in the O V 630 Aline of the transition region, observed with
the CDS/NIS. We can clearly see the bright features which outline the network cells,
inside which are located the dark ones. The dark structure in the center of the images is
a filament.
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presented by Achour ef al. 1995 and Brekke et al. 1997 for the quiet sun. For
coronal lines, the redshifts were the same above the active and the quiet sun
regions. For the quiet sun structures, the analysis of observations with SUMER
had shown that the redshift in the network bright lanes is more pronounced
than in the dark features in the center of the supergranule (Judge et al. 1997).
Gontikakis e al. (1999), with a different method and data from CDS (Figure 1),
confirmed this result calculating, moreover, the values of velocities of the
bright network features relative to the dark ones in the low transition region
lines.

Measurements of Doppler shifts have also been carried out in coronal
holes. Rottman et al. (1982) studied an equatorial coronal hole, using spectro-
grams in the O V 629.73 Aand Mg X 624.94 A lines. They found that the mate-
rial was blueshifted relative to the quiet sun and concluded that the mass flux
was consistent with the proton flux at 1 AU. Hassler e al. (1999) studied the
network velocities in a coronal hole using SUMER observations in the Ne VIII
(770.428 &) line. They found that the observed outflow was stronger in the net-
work boundaries, especially at the intersection of the network cells. Their
result is in disagreement with previous work of Dupree et al. (1996) who found,
using the He I 10830 A line, that the outflow in the coronal holes was pre-
dominantly at the center of the supergranular cells. However, it should be
mentioned that the association of the wing asymmetries of the He 1 10830 A
line, whose formation is very complicated (Andretta and Jones 1997), with out-

flows is difficult.

3. Theoretical efforts

There has been a lot of effort for a theoretical explanation of the observed
redshifts in the transition region. If these redshifts corresponded to net down-
flows, they would empty the coronal structures in half an hour, which, of course,
is out of question. Therefore the different theoretical approaches admit that the
total mass flow across the transition region should be zero, neglecting the
upward flow corresponding to the solar wind. We present some of the most out-
standing models which show that, even with a zero total flow, the observation of

the redshift may dominate.
The common procedure followed is the solution of the hydrodynamic equa-
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tions, considering a frozen-in approximation for the plasma embedded in a
coronal loop. The deviation from the state of ionization equilibrium plays also
an important role in the study of plasma flows in a steep temperature gradient,
like the one of the transition region. The best way to compare the models with
the observations is to calculate the line profile of the resonance spectral lines. In
the tenuous transition region and coronal plasma, resonance lines are excited
with electron collisions and emit light by spontaneous radiative decay. This is
called the coronal approximation and, as the plasma is considered optically thin
for these lines, the line intensity as a function of frequency is described by the

equation:

hl/12

I, = —=
4

/ 60 () ne i Cua(T,) ds (1)

This equation calculates the average light emitted from a spectral line by
integrating the emissivity of the plasma along the line of sight ds. kv, is the ener-
gy of the transition from the level 1 to 2. In the integral, @v is the emission pro-
file described by a gaussian function of the frequency with thermal broadening,
n, is the electron density and n; is the density of the emitting atom i with a
degree of ionisation j. The function C,, (T,) of the electron temperature 7T, is the
collisional excitation coefficient from level 1 to 2.

One of the first proposed models was based on the idea of loops with uni-
directional (siphon) flows. The feet of these loops are anchored in the bright
edges of the supergranules. The estimated distance between their footpoints is
of the order of 11 arcsec (Mariska 1988). The embedded plasma, which is at
10%-10° K temperatures, has a low filling factor, due to the small width of the
transition region. Therefore the loops are unresolved in the transition region
lines, and one can observe only the average effect of a number of loops. A heat
source at the foot of the upward motion is responsible for the flow. Due to this
local heating the loop has high (coronal) temperatures at the foot with the
upflow and lower temperatures at the foot with the downflow (Mariska and
Boris 1983, Mariska 1988). Thus, the upflowing plasma in one of the feet is at
coronal and high transition region temperatures, while the downflowing plas-
ma is cool material at low transition region temperatures. The result is that a
redshift is observed at the low transition region temperatures and a blueshift
for temperatures 7> 10° K. The plasma flow is of the order of 10 km s! and
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crosses the ~100 km thickness transition region, as it moves up, in times short-
er than the ionization and recombination characteristic times of ions which give
the observed spectral lines. As the temperature increases by two orders of mag-
nitude in the transition region, the ionization equilibrium will be perturbed.
Spadaro et al. (1991) included this effect in their asymetric loop computations
and found significant departures from equilibrium for ions like C I1I, O III
and C IV. They mentioned that C IV shows overabundances in the upflowing
foot, leading to an average blueshift of the C IV lines. The fact that this model
gives blueshifts, for lines at C IV (1548 A), and O 1V (1218 A), disagrees with
the present observations. Another problem of this model is to explain the exis-
tence of a localized heat function that produces the steady flow along the loop.
Moreover, this conception concerns steady flows, whereas observations, with
good temporal resolution, show a dependence of the transition region phe-
nomena on time, with time scales less than one minute. This was the reason
why models including impulsive events were developed for the explanation of
the redshift phenomenon. However, the discussion of steady flow solutions has
not been settled yet. Chae et al. (1997) presented recently a simulation of the
low transition region with flows of ~7 km s'1. They computed the partial hydro-
gen ionisation concidering optically thick effects (Ly a). They found that the
transition region is brighter for models with upflows than for models with
downflows.

One of the models with an impulsive mechanism is based on spicules.
Spicules are chromospheric material accelerated up to the corona and only
one percent of this material is believed to contribute to the solar wind. The rest
should return to the chromosphere. Pneuman and Kopp (1978), as well as
Athay and Holzer (1982) suggested that redshifted lines originate in the spic-
ular material, heated to transition region temperatures, which falls back to the
chromosphere. Cheng (1992a, 1992b) proposed a numerical simulation for
the acceleration of the spicular material by a single quasi-impulsive acoustic
wave. The wave pulse evolves to a shock followed by an oscillating wake. The
interaction of the shock fronts with the material imposes a periodic vertical
motion upwards, simulating a spicule, which desappears gradually in time.
Cheng calculated the average gas velocity at the temperature of formation of
the C IV jon (10% K), which is one of the most observed lines. The oscillation
of the gas in Cheng’s model includes short time upflows, due to the plasma

acceleration caused by the acoustic pulses. Then, long duration downflows of
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high velocity follow, due to the falling, because of gravity and radiative cool-
ing, material. Therefore, the temporal average of the velocity is in the direc-
tion towards the solar surface (redshifted), even if there is no total mass flow
in this direction.

Hansteen and Wikstgl (1994) have reproduced, with their numerical simu-
lation, a spicule rebound shock model, similar to Cheng’s. They computed the
gas velocities and the Doppler shifts of the transition region spectral lines. The
mean profiles, averaged over time, presented by Hansteen and Wikstgl are
weighted by the density of material according to equation (1). They realized that
the upflows, due to the passage of the acoustic pulse, correspond to dense mate-
rial producing bright profiles. On the contrary, the downflows, even if they have
a longer duration, concern low density flows with faint emission. The mean pro-
file calculated over time is blueshifted. So, even if the mean gas shows a down-
flow, the line profiles are blueshifted. This conclusion is in desagreement with
the observations, therefore this spicule model cannot explain redshifts.

Another theoretical mechanism is based on nanoflares, a candidate also for
the solution of the coronal heating problem (Parker 1988, 1991). Nanoflares are
supposed to occur in coronal loops and are the cause of dissipation of small
amount of energy, of the order of 10%-10%° erg, due to magnetic reconnection
in subarcsecond angular scales, below the resolution limit of today’s instrumen-
tation. A considerable number of these events can explain the X-ray emission
observed in coronal loops. Hansteen and Maltby (1992) and Hansteen (1993),
modelled the triggering of acoustic waves by nanoflares at the crest of the coro-
nal loops. They studied the interaction of these pulses with the transition region
plasma and computed the line profiles of the C 1V 1548 A, O 1V 789 &, O VI
1037 A and Ne VIII 770 A spectral lines. As the acoustic pulse crosses the tran-
sition region, the compression of plasma produces velocities towards the solar
surface, while the relaxation corresponds to outward motions (Eriksen and
Maltby 1967, Hansteen 1991, Hansteen and Wikstgl 1994). This results in a red-
shift of the transition region spectral lines. The propagation of pulses through
the transition region, the reflection of part of them back to the corona, as well as
the change of the level of the transition region due to heating and cooling by the
nanoflares, are the factors that influence the line profiles. The mean Doppler
shift that Hansteen (1993) deduced, corresponds to velocities of ~1 km s
towards the solar surface. The same model, including magnetosonic waves trav-
elling with Alfvén velocities (Hansteen et al. 1996, Wikstgl et al. 1997) gives red-
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shifts closer to the observed ones, and blueshifts for the Mg IX 368 A line.

Roumeliotis (1991) modelled the low transition region as being formed by
cool loops with maximum temperature lower than 3x10° K, located in the net-
work features. This picture of the low transition region as consisted of small cool
loops rather than open magnetic field funnels, (which is the standard way to
describe the transition region, Gabriel 1976), is presented in Dowdy et al. (1986).
In those small loops, the thermal conduction must be negligible, due to the fact
that the magnetic field lines close before they reach the hot corona. The domi-
nating thermal mechanism presented in this work is the Joule dissipation of elec-
tric currents, produced by the shearing of the magnetic field wherever the loops
interact with each other. The author found that above a critical value of the cur-
rent, the radiative losses cannot balance the Joule heating. This leads the loop to
a hot state. He modelised the transition from the cool to the hot state, using one
dimensional hydrodynamic computations and deduced that the gas expands
due to the energy deposition by Joule heating at the top of the loop. This pro-
duces a symmetric mass flow from the top to the legs of the order of
~ 10 km s1. However, when there is a transition from the hot to the cool state
the upward flows are slower. According to this picture, an observer would see
the average effect of hot and cold loops and would detect redshifts, due to the
transition, from cool to hot loops, whereas he would not perceive the opposite
transition from hot to cool loops, due to the low line shifts it produces. Bry-
nildsen et al. 1996 critisized this model, wondering how it is possible that the
described electric currents do not evolve to tangential discontinuities implying
reconnection of the magnetic fields.

Reale et al. (1996, 1997) developed a mechanism where 2-D isobaric pertur-
bations in the low transition region cause redshifts in the computed spectral
lines. These perturbations, estimated to be of the order of sub-arcsecond, have
high density and low temperature and propagate downwards. Briefly, the top of
the perturbation is heated by the hot upper part of the transition region, while
the low transition region below, is cooled because of the blocking of the thermal
conduction from the cool perturbed material. The perturbation is displaced
downwards. The computation includes different model parameters correspon-
ding to active regions, as well as to the quiet sun. As these structures are unre-
solved we ignore their spatial distribution over the solar surface, as well as their
temporal spectrum. A question to be clarified is how these thermal instabilities

are produced by the low transition zone.
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4. Discussion

The redshifts in the low transition region spectral lines seem to be present in
all the observed solar structures, with the exception of the coronal holes.
However, the models proposed for its explanation are concerned only with some
particular solar features. Spicules are structures observed at the chromospheric
network boundaries and are absent in active regions. Nanoflares are expected to
be present in coronal bright loops which are mainly found in active regions, but
also in coronal bright ‘points” at the quiet solar network boundaries (Habbal
1991). The models with steady flow loops are also located in the network bright
patches of the quiet sun. The region which seems not to be considered in these
models in the dark internetwork (Rutten 1999) region. However, redshifts are
also observed there, even though they are less intense.

The proposed models have many difficulties. First, they cannot be directly
compared with observations. With the exception of spicules, which are a well
studied solar phenomenon, the nanoflares, the thermal instabilities and the
loops with steady siphon flows are supposed to be smaller than the limits of
today’s spatial resolution. This has as a consequence that observations may give
the mean effect of a large number of events, whose spatial and temporal distri-
bution we ignore. Despite this, we can examine how well the models explain
some essential observations. To start with, the variation of the average redshift
with the line formation temperature can be explained in different ways depend-
ing on the theoretical approach. This must be in conjunction with the new
(1999) observational results.

The models of siphon flows in assymetrically heated small loops, compute
that the upward motion in one footpoint takes place at coronal temperatures.
This shows that the coronal lines with formation temperatures greater than 10°
K as the one of O V 1218 A, should be blueshifted. Recent results measure
blueshifts for plasma hotter than 10°7 K, so this model is still in disagreement
with observations. However, one should be cautious with the observations since
they are derived from averages along the SUMER slit which scans all the region
and not just the bright network patches.

The fact that the redshift is decreasing when we observe lines with forma-
tion temperatures higher than 105 K, is explained by Hansteen (1993) as a
result of the circular geometry of the loops. The direction of propagation of the

acoustic pulses at the crest of the loop forms an important angle with the line
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of sight, while near the feet, in the transition region, this angle is nearly zero.
This means that the projection of the plasma motion along the line of sight, at
the crest of the loop, which has coronal temperatures, is weaker and therefore
the measured redshifts smaller. The passage from redshits to blueshifts can also
be predicted by a new version of this model (Hansteen et al. 1996) which
includes the effect of MHD waves. The computed Mg IX (368 A) line is found
blueshifted by 15 km s™! which is still too high in respect with the recent obser-
vations (see Table 1).

Chae et al. (1998) suppose that the downflow along a vertically oriented flux
tube is weakened in its coronal part, due to the increase of the cross section of
the flux tube with height. They calculated the steady flow along a flux tube with
variable cross section and their results are in agreement with the variation of
redshift with formation temperature (see Table 1) of the spectral lines observed.

The various mechanisms take place inside flux tubes, like loops or spicules,
which means that the magnetic field seems to be a necessary condition. The
only exception is the model of Reale et al. who use isotropic thermal conduc-
tion, which implies plasma motions without the influence of a magnetic field.
The fact that many observers find a correlation between high intensity magnetic
fields and strong Doppler shifts, in the quiet sun as well as in active regions,
reinforces the idea of including the magnetic field in the theoretical simula-
tions.

The relation between observed intensities and Doppler shift is an observa-
tional result that is commented in theoretical works (Hansteen 1993, Reale et al.
1996, 1997). However, the comparison with observations is not possible because
the modelled structures are too small to be detected individually, as mentioned
above.

As a final remark, let us note that the theoretical studies give a geometry of
the magnetic field in which the transition region plasma is embedded in a coro-
nal loop or in a funnel anchored in the network, and extends upwards to the low
corona. In this picture, considered as the ‘standart model’, the energy balance
includes two terms: The thermal conduction from the corona along the mag-
netic field lines, which heats the plasma, and the radiation losses which cool it.
However, this model fails to reproduce the radiated energy in the temperature
range of 10105 K. This energy is higher than the emitted by a thermal con-
duction heated plasma. This means that the low transition region is not in ther-
mal contact with the corona. To overcome this difficulty the low transition



78 ITPAKTIKA THX AKAAHMIAY AOGHNQN

region could be described by low altitude, cool loops, where the thermal con-
duction is unefficient (e.g. Antiochos & Noci 1986). These authors propose other
mechanisms for the heating of the loops besides thermal conduction.
Roumeliotis” (1991) model is the only one which follows this alternative view for
the transition region structure.

A lot of work has been carried out since the pionner work of Doschek et al.
(1976) regarding observations and theoretical computations of the redshifts in
the transition region. However, the mechanism responsible for this phenome-
non is still unknown. As with the coronal heating mechanism, which is certainly
connected with the redshifts of the transition spectral lines, the answer must by
searched in the observation of small features still unresolved by the current gen-
eration of instruments. For both problems higher resolution observations will

significantly contribute to their solution.

Acknowledgments

We are greatfull to Prof. G. Contopoulos for the critical reading of the text

and his comments.

REFERENCES

Achour H., Brekke P., Kjeldseth-Moe O. and Maltby P.: 1995, Astrophys. J., 453,
945

Andretta V., Jones H. P.: 1997, Astrophys. J., 489, 375

Antiochos S., Noci G.: 1986, Astrophys. J., 301, 440

Arnaud M. and Rothenflug R.: 1985 Astron. Astrophys. Suppl., 60, 425

Athay R. G., Dere K. P.: 1989, Astrophys. J., 346, 514

Athay R. G., Holzer T. E.: 1982, Astrophys. J., 255, 743

Ayres T. R., Stencel R. E., Linsky J. L., Simon T., Jordan C., Brown A. and
Engvold O.: 1983, Astrophys. J., 274, 801

Brekke P.: 1993, Astrophys. J., 408, 735

Brekke P., Hassler D. M. and Wilhelm K.: 1997, Solar Phys 175, 349

Bockasten K., Hallin R., Hughes T.: 1963, Proc. Phys. Soc. Lond., 81, 522



YYNEAPIA THX 24 ®EBPOYAPIOY 2000 79

Bruner E. C. JR., Chipman E. G., Lites B. W., Rottman G. J., Shine R. A., Athay
R. G., White O. R.: 1976, Astrophys. J., 210, L97

Brynildsen N., Brekke P., Fredvik T., Haugan S. V. H., Kjeldseth-Moe O.,
Maltby P., Harrison R. A., Pike C. D., Rimmele T., Thompson W. T.,
Wihlelm K.: 1998a, Solar Phys., 179, 279

Brynildsen N., Brekke, Fredvik T., Haugan S. V. H., Kjeldseth-Moe O., Maltby
P., Harrison R. A., Whilhelm K.: 1998b, Solar Phys., 181, 23

Brynildsen N., Fredvik T., Maltby P., Kjeldseth-Moe O., Brekke P., Haugan S.
V. H., Harrison R. A., Wilhelm K.: 1997, Proceedings of the fifth SOHO
Workshop: “The Corona and Solar Wind near Minimum Activity’, Olso
Norway, ESA SP-404

Brynildsen N., Kjeldseth-Moe O., Maltby P.: 1996, Astrophys. J., 462, 534

Brynildsen N., Kjeldseth-Moe O., Maltby P.: 1995, Astrophys. J., 455, L81

Chae J., Yun H. S., Poland A. 1.: 1998, Astrophys. J. Supplement Series, 114,
151

Chae J., Yun H. S., Poland A. I1.: 1997, Astrophys. J., 480, 817

Cheng C. C.: 1991 in Proc. Internat. Conf. Mechanisms of Chromospheric and
Coronal Heating, ed. P. Ulmschneider, E. R. Priest, & Rosner (Brlin:
Springer), 77

Cheng Q. Q.: 1992a, Astron. Astrophys., 262, 581

Cheng Q. Q.: 1992b, Astron. Astrophys., 266, 537

Damasch 1. E., Wilhelm K., Curdt W., Hassler D. M.: 1999, Astron. Astrophys.,
346, 285

Domingo V., Fleck B., and Poland A. I.: 1995, Solar Phys., 162, 1

Doschek G. A., Feldman U. and Bohlin J. D.: 1976, Astrophys. J., 205, L117

Dowdy J. F. JR., Rabin D., Moore R. L.: 1986, Solar Phys., 105, 35

Dupree A. K., Penn M. J., Jones H. P.: 1996, Astrophys. J., 467, L121

Eriksen G., Maltby P.: 1967, Astrophys. J., 148, 833

Feldman U., Cohen L., and Doschek G. A.: 1982, Astrophys. J., 255, 325

Gabriel A. H.: 1976, Philos. Trans. R. Soc. London A., 281, 339

Gebbie K. B., Hill F., Toomre J., November L. J., Simon G. W., Gurman J. B.,
Shine R. A., Woodgate B. E., Athay R. G., Bruner E. C. JR,, Rehse R. A.,
Tandberg-Hanssen E. A.: 1981, Astrophys. J., 251, L115

Gontikakis C., Dara H. C., Alissandrakis C. E., Zachariadis Th. G., Vial J.-C.,
Bastian T., Chiuderi Drago F.: 1999, Proc. 9th European meeting on Solar
Physics’, 297

Habbal S. R.: 1991, in Proc. Internat. Conf. Mechanismus of Chromospheric



80 ITPAKTIKA THE AKAAHMIAY AOHNQN

and Coronal Heating, ed. P. Ulmschneider, E. R. Priest, & Rosner (Berlin:
Springer), 127

Hasteen V.: 1993, Astrophys. J., 402, 741

Hansteen V.: 1991, in Proc. Internat. Conf. Mechanisms of Chromospheric and
Coronal Heating, ed. P. Ulmschneider, R. R. Priest, & Rosner (Berlin:
Springer), 347

Hansteen V., Maltby P.: 1992, Comments on Astrophys., 16, 137

Hansteen V., Maltby P. and Malagoli A.: 1996 in Magnetic Reconnection in the
Solar Atmosphere, eds. Bently R. D. and Mariska J. T., ASP Conf. Ser., 111,
116

Hansteen V., Wikstgl @.: 1994, Astrophys. J., 290, 995

Hassler D. M., Dammasch 1. E., Lemaire P., Brekke P., Curdt W., Mason H. E.,
Vial J.-C., Wilhelm K.: 1999, Science, 283, 810

Hassler D. M., Rottman G. J., and Orrall F. Q.: 1991, Astrophys. J., 372, 710

Harrison R. A., et al: 1995, Solar Phys., 162, 233

Judge P., Carlsson M., . Wilhelm K.: 1997, Astrophys. J., 490 L195

Kelly K. L.: 1987, J. Phys. Chem. Ref. Data Suppl., 16, 1

Kjeldseth-Moe O., Brynildsen N., Brekke P., Maltby P., Brueckner G. E.: 1993,
Solar Phys., 145, 257

Klimchuk J. A.: Astrophys. J., 323, 368

Lites B. W., Bruner E. C. JR., Chipman E. G., Shine R. A., Rottman G. J., White
O. R., and Athay R. G.: 1976, Astrophys. J., 210, L111

Mariska J. T. and Boris J. P.: 1983, Astrophys. J., 267, 409

Maiska J. T.: 1988, Astrophys. J., 334, 489

Parker E. N.: 1988, Astrophys. J., 330, 474

Parker E. N.: 1991, in Proc. Internat. Conf. Mechanisms of Chronospheric and
Coronal Heating, ed. P. Ulmschneider, E. R. Priest, & Rosner (Berlin:
Springer), 615

Peter H., Judge P. G.: 1999, Astrophys. J., 522, 1148

Pneuman G. W., Kopp R. A.: 1978 Solar Phys., 57, 49

Porter J. G., Toomre J., and Gebbie K. B.: 1984, Astrophys. J., 283, 879

Reale F., Peres G., Serio S.: 1996, Astron. Astrophys., 316, 215

Reale F., Peres G., Serio S.: 1997, Astron. Astrophys., 318, 506

Rottman G. J.: Orral F. Q., Klimchuk J. A.: 1982, Astrophys. ., 260, 326

Roumeliotis G.: 1991, Astrophys. J., 379, 392

Roussel-Dupré D. and Shine R. A.: 1982 Solar Phys., 77, 329

Roussel-Dupré D., Shine R. A., Chipman E. G., Bruner E. C. Jr., Lites B. W.,



ZYNEAPIA THXE 24 ®EBPOYAPIOY 2000 81

Rottman G. J., Orral F. Q., Athay R. G. and White O. R.: 1976, Bull. Am.
Astron. Soc., 8, 312

Rutten R. J.: 1999, in 3rd Advances in Solar Physics Euroconference: ‘Magnetic
Fields and Oscillations’, ASP Conference Series, 184, 181. ed. Schmieder B.,
Hofmann A., Staude J.

Samain D.: 1991, Astron. Astrophys., 244, 217

Sandlin G. D., Brueckner G. E., Tousey R.: 1977, Astrophys. J., 214, 898

Spadaro D., Antiochos S. K., Mariska J. T.: 1991, Astrophys. ., 382, 338

Teriaca L., Banerjee D., Doyle J. G.: 1999a, Astron. Astrophys., 349, 636

Teriaca L., Doyle J. G., Erdélyi R., Sarro L. M.: 1999b, Astron. Astrophys., 352,
L99

Wikstgl @., Judge P. G., Hansteen V. H.: 1997, Astrophys. J., 483, 972

Wilhelm K., Curdt W., Marsh E., Schuhle U., Lemaire P., Gabriel A., Vial J.-C.,
Grewing M., Huber M. C. E., Jordan S. D., Poland A. 1., Thomas R. J.,
Kuhne M., Timothy J. G., Hassler D. M., Siegmund O. H. W.: 1995, Solar
Phys., 162, 189

Wood B. E., Harper G. M., Linsky J. L., and Dempsey R. C.: Astrophys. J., 458,
761

Wood B. E., Linsky J. L., Ayres T. R.: 1997, Astrophys. J., 478, 745

[TEPIAHYH

Meraronioei Doppler ot petabatixn {ovn o0 Hhlo

“H napoioa émoxémnem meayuatedetor 10 TObANU TG TEPATNPOVUEVNG (E-
ToTomiane Tede TO Spulpd TV gaopaTix@Y Yeumkoy The Metabatiene Lovng, 1
omota Exmépmer 16 Umepides. Ilapouaialovros of mapaTnenge TMY TeAeuTaiwy e
RAETLY, SaiTepa O TV TAPATNENTEWY THOU EY0UV YLver o TEAEUTALGL TT) GO Op-
Yava o8 Sopugbpoue. "Emimhéov, avantiosovro of émpartéatepes Bewpnrineg Epp-
Veleq yix Tie xwoeie mol mopatnpoivas o Metabatuan (ovn. H émandomnon ad-
T GUEAIher GTIY XaTAVbTGT @Y GUIK®Y SdiXaTtY TOU AauBavouY Y Wet TT0
TNUAVTIRG AT GTEMML THE HNaTE GTpboeapas, Ve TopEl N ETonuaive. To

9 \
ot axown Oépata.



82 [TPAKTIKA THY AKAAHMIAY AGHNON

‘0 *Axadnpainoe x. T'. Kovtdmoudog, mapousialmv my dvaxoivwar, eine T
eEg:

“Bva 4o 1o dhuta mpobhuarta g puaxiic Tob “Hiou evou ) 0dmAn Beppo-
xpagio OV GVATTUGTETAL TTO GVWTEPD TUTUA TTG ATUOTPRIOAS TOU, TO GTEWUAA.
Bve 1) emgaverd tou, 010 Enimedo Tig wTocpatpas, Geloxetar ot Deppoxpastia
6.000 Kelvin, ot ypewuispapa 7 Oeppoxpastio avebaiver ata 20.000 Kelvin, eva
mepteeg exartovtades yhopetea mo Ynia graver o 1.000.000 Kelvin.

o \'[ITI I { T O | lﬂ[
\
L \
\ — 1014
\
1.000.000 = \ Sréiia
ud \
E \ — 1013
C \ =
i } 5
3 - \ 1012 5
= L o g
"§ \"| MeraBamikn Jwvn 3
a 100.000 — g
g = —10tt 3
S = =2
g n 5
* - 5
- — 1010 2
>
" E
= 0 £
10.000}— e S 3
£ Qwrooeaipa e
r Xpwpoopaipa “~~e_— 108
¥ - "1'”] Lol | IVI|(1D
100 1.000 10.000 100.000

“Yyog (km)

Typa 1. Awypappa petaboric e Oeppoxpasiag (ouveyrs Yeauun) xal T7g TuXvOTHTOC
(Sroexoppevn Yoapun) ue o Uog alppwva pe Eva DewpnTind povtého yix Tov Tipepo Tk,

‘O pmyaviapwog mou elBivetar yi© adtny TN paydaia alinoy T Oeppoxpaciag
elvar &YvwaTos xol Tpémet va dvepyomoteitan o petaborminn Lovn, 1O AT @
TG MNAXTG ATUOTPopas MeTakD YPWIOTEUENS Kol CTERPIATOS, TO OTIOI EYEL VP0G
LOVO  UEQIXMV EXATOVTASWY YINOUETOWY. LTNV TapoUoa EpYadio YiVETow Ma
AVATHOTNGTN TTIG REYPL TOpa ReAETNG TG teTabartiene Lmvrg.

H petabortinn {ovn axtivobohel xuplwe oy Ueptndn meptoym 10U gaauartoc. L
T0 AOYO QOTO CUGTNUOTIXY TRpATNENGT| TNG EYEL YIVEL Ta TeAeutadd TN &m0
Sopuopous. Xapaxtnolatine TG TEpIoYTG AUTIG EVOL Of TRQOTNPOUUEVEG TUTTYUAATIXES
wetaTomioelg TPog To Epulpo, ol omoles avTiaTorouy g€ xabodieg TaylTnTes, SNA. TEoG
v émgpavein to0 “Hhou, mepimou Séxa ythopétpwy 0 Seutepdhento. ‘H qupmepipopa



XZYNEAPIA THE 24 PEBPOYAPIOY 2000 83

alTh elvas adivarto va EEnymBel e suvolin ximan ToU Uhixed Tpoe Tov ko, St fa
poxaholae THY Exxévwan 700 oTéppartos ot Sdorei piaTc (ous. '

H petabatinn Lovn, 0mwe xal 1 Yewrospotpe, XaNITTETOL A0 AUATEG SOUES
700 aympartiCouy dixtuo. “Omwg gauvetar gty eixova 1 g mapoustalopene Epya-
atag (aeh. 70), of hapmpol oynpamtopol 00 SkTUoU TEPIRAIOUY TIEPLOYES (MXPOTEPTS
&vtaong. Ipdopateg mapatnenoets, petabl TGV OTOIY KoL [MA € CUMAETOYY) TAV X.
Toveidnn xad xag Adpa, Smatwmvouy T Evtoveg petartonioet Teog To Epulpo TV
NYLTP@Y GE TYETT) € TOUG TXOTEVOUG GYNUAATITIOUG.

Ot Bewpnrineg épyagieq 6asilovrar gty Tapadoyy) 6Tt ¥ GUYONXT pOT GTT) UE-
rabortinn Covn eivan pndév. H yewperplor 100 payvntinot medlou mov etvou dmodex T
yia TV petabatiet) Love), AVTITTON(EL GE GUYXEVTRWAY] TGV AAYVNTIXGY YRRUMLDY
atic hapTpeg meptoyge Tob Sxtuou. Of Suvayuxes ypourres T00 rayvnTixo TEdiou
amoxhivouv ué TO Uoc. LTO GTEMUME OPIOUEVES PAYVITIXES YPAUUES GUVOEOVTXL
reTabl Toug, ayNUATilovVTag RaYVTIXOUS BROYOUS.

MayvnTikog Bpoxos

NavoékAapwn
(C Cx) )

- == - I addadind. ity

_____________________________________ -t

-

KaBobikég kivijoeig (HeTaBean mpog 1o £pubpd)
Avobikég KIVAGEIG (PETGBEDT) TTPOG TO 1BES)

. , ; ) a4
Tynpa 2. “H yewperpla évog Sodidatatow bpoyov. «Metwma xupatog» SadidovTat amo

\ ’ -~ \ \ 2 / - g 4 ¢ /4
TNV %0pUQY|, 6TIOU SMLOUPYOUVTAL Of VavoeEXAILPEL, TTPOG TV ETILQAVELR TOU Hhiou. Ot Oeoerg

TG YpwmbTpatoas, petabatikie (wvng xal ToU CTELLATOS Sev ayedialovion UTO *Apaxa.



84 ITPAKTIKA THX AKAAHMIAY AOGHNQN

Mia amo 7ig o Elmdogopes OewpenTinég Epumnveleg TOU QUVOPEVOU TGV WeTa-
TOTUGEWY TP0G TO Epulps AVapEpETAL GE KOYVNTONXOUTTIXG XUPATA Ta OTTOaL o=
pioupYoUvTar amo pxpes exhapers (vavoexddpeie) atic xopuges Ty Gpdywy, xo
Suadidovran mpog TN petabatiny Lovr. [lpoxertar yia xdpata supnicone (Grwe ta
mend) mov Sdidovion mapddAnAa TEoG TO payvnTixd Tedlo, e TV TayUTNTA
Alfven toU mhaspatos. Kabwe 0 mhdopa cupmeleto, xivettar mpog ta xdtw, eve
1) avoBuen) RIVNGY) GURTILTITEL PE TNV Gpatoot) Tou. To muxvotepo mAdopa evas Ao
TpOTEPO Xl EEL UEYAAITERY) GUVELTPOPX 0TO TYMNUATITUD TG PATUATINTG YOAMETC.
"Erat, xavta péso Gpo, N petotomion Doppler ehvon mpog o pulipd, av xai 1
quvohixT) pom elvou pndév.

Abtn 7 Oewpiar, xafmg xou dhheg Bewpruinee Epumveies, Bagiloviar ot Umo-
Betixeg Nhoxeg Sopeg mov v Exouv axdum mapatnenlel (6mwe of vavoexhduber).
‘Emopévig TpEmet v Yivouy cusTnartineg Tapatnenaels e T peytaty Suvarty S
%L kot T By otelfuver adTy) cupbahouy of TPOTPUTES GUITYUATIXES
TapaTNENTEG Ao S0puPopoUS, aTiG OToleq TUPETEXOUY 6 x. [oviixdxne xal ¥ xa

Adpo.



ITPAKTIKA THX AKAAHMIAYX AOHNQN

ZYNEAPIA THX 16H= MAPTIOY 2000

nPoEAPIA NIKOAAOY APTEMIAAOY

MHXANIKH. — A breakthrough in visualizing the Theocaris interphase with thermal
atomic force microscopy*, by Matthew S. Tillman, James C. Seferis**, cor-
responding member of the Academy of Athens and Pericles S. Theocaris,

Academy of Athens.

ABSTRACT

Previous work in the characterization of interphase regions in thermosetting composite systems has
focused on the inference of an interphase layer from effects noticed through macroscale mechanical
and thermal testing. With the development of atomic force microscopy and active thermal probes for
this technique, it is now possible to examine material thermal properties on a much smaller scale.
Variations in microscale thermal properties of a aerospace grade thermosetting resin system were
evaluated for carbon and glass fiber reinforcement using the modulated local thermal analysis mode
of a Thermal atomic force microscope. The variations observed clearly demonstrate the presence of
a soft interphase layer in the glass material, and underline the importance of fiber/matrix interac-

tions during the formation of the interphase.

Introduction

For many years, the study of fiber reinforced composite materials has
focused on the structure-property relations that could be developed to describe
the heterogeneity that existed in these materials. With the development of the
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process-structure-property methodology by Seferis and Theocaris in the 1980’s
[1], the focus of material evaluation changed to include the effects of processing
parameters on the final characteristics of polymeric composites. To this end, the
evaluation and characterization of microscale material structure-property
changes with variation in processing conditions has led to an increased under-
standing of the effect of the interphase region on the performance of composite
materials.

The reasons for the formation of this interphase region have been examined
in depth by many researchers. Several inclusive reviews of this material are pre-
sented by Hughes, as well as Shorthall and Yip [2-4], while a comprehensive pre-
sentation is given by Theocaris [5]. It is in this volume that Theocaris presents
his models for the development of interphases in composite materials, one of
which is presented in Figure 1. In this model, which represents the interphase
as a cylinder around the fiber, the resin properties vary in the radial direction
in the interphase layer. However, the boundary conditions of the layers are such
that the fiber and matrix properties do not vary with radial position.

Py

Pl(r)

Pr

Figure 1: Transverse schematic of the three layer interphase model proposed by Theocaris.

Interestingly enough, a considerable body of work has been amassed regard-
ing the inference of fiber interphase properties from the measurement of
mechanical tests [6-11]. In some cases, these mechanical tests have been related
to thermodynamic/kinetic models that provide a theoretical description of resin
property variance near the fiber surface [12, 13]. While no clear evaluation of
the structure of the matrix interphase had been performed, there was evidence



ZYNEAPIA THX 16 MAPTIOY 2000 87

to support variation of resin structure near fibers. This came primarily through
the use of infrared spectroscopy of substrates coated in epoxy based resins [14-
16]. While this type of isolated evaluation does not provide the structure for
interphase regions within laminated structures, it clearly shows that carbon
fibers have a measurable effect on the curing kinetics of epoxy based resin sys-
tems.

With the development of the atomic force microscope (AFM) [17], new tools
were added to the evaluation of interphase phenomena. This methodology,
based on the use of mechanical force to probe the structure and properties of a
specimen, has found widespread application in nanoscale materials science. In
analysis of composite materials, the use of normal stiffness measurements to
evaluate the resin modulus near the carbon fiber have been very successful,
showing a clear link between the formation of the interphase layer and the
mechanical and structural properties of the resin [18, 19]. The growth of addi-
tional applications for atomic force microscopy has resulted in a large body of
research focusing on the acquisition of microstructural knowledge of various
materials.

The development of Scanning Thermal Microscopy (SThM) has allowed
researchers to evaluate the microscale thermal properties of materials. The use
of a passive thermal probe to evaluate heat generation in small-scale devices has
been very successful [20-24]. This technique uses a nanofabricated thermocou-
ple to evaluate variations in temperature with a resolution of less than 100 nm
[21, 23]. While this technique has found numerous applications in electronics
research, it is limited due to the passive nature of the scanning probe. As such,
it is not able to detect property-based variations on the microscale.

The development of an active thermocouple probe for use in SThM by
Dinwiddie and coworkers has revolutionized the field of microscale materials
analysis [25-27]. Using an SThM probe manufactured of wire made by the
Wollaston process (5 micron diameter platinum core surrounded by a 75 micron
diameter silver sheath), the developers produced a device that acted as a minia-
ture thermocouple and a resistive heating element simultaneously. When this
probe is coupled with an atomic force microscope, it is possible to resolve mate-
rial differences based on thermal properties instead of mechanical force.

As in the case of traditional AFM, the probe is held in contact with the spec-
imen using a feedback control loop to maintain a constant load on the surface.
Using a separate feedback loop to maintain the probe at a fixed temperature

[28], it is possible to raster the cantilever over the surface of the specimen and
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generate a thermal map of the material. This provides information about the
localized thermal conductivity of the specimen, and allows for visualization of
the microscale heterogeneity in composite materials. This method is referred to
as two-dimensional thermal scanning (2DThS).

In addition, 2DThS can be used to examine the subsurface morphology of a
system. Through a modulation of the probe temperature in the 2DThS mode of
operation, Reading and others found that the thermal probing depth could be
varied by changing the frequency of modulation [28, 29]. This type of analysis
has been used to examine metallic structures beneath the surface of polymeric
materials, and to observe dynamic behavior in polymeric blends.

Once the microscale morphology of a specimen has been evaluated, localized
variations in thermal properties can be evaluated using Local Thermal Analysis
(LTA). Local thermal analysis involves modifying the probe temperature accord-
ing to a programmed thermal ramp. By comparing the response of the active
probe to a reference probe, differential thermal analysis (DTA) can be per-
formed on a sample with a size of several cubic microns [30]. Much like macro-
scopic thermal analysis techniques, a sinusoidal variation in the temperature can
be superimposed on the nominal temperature profile, resulting in a modulated
LTA (m-LTA). This addition of a sinusoidal modulation to the linear tempera-
ture ramp allows a lock-in amplifier to increase the signal to noise ratio, making
data analysis easier. A distinct difference exists between macroscale thermal
analysis techniques and the use of LTA, since the thermal probe acts as both a
heating element and a temperature sensor, while the two are separate on a DTA
or a DSC. As is the case with macroscale modulated thermal analysis, the phase
angle and modulation amplitude play a role in evaluating materials.

Craig and others have used m-LTA to examine microscale transitions in var-
ious thermoplastic materials and pharmaceuticals [31-35]. Using the onset of
troughs and peaks in the first derivative of the modulated temperature phase,
they identified the glass transition, recrystallization, and melting of the materi-
als. The results of these experiments correlated well to similar experiments per-
formed using DSC. In addition, the use of 2DThS in these two-phase systems
allowed the researchers to evaluate the phase morphology of the materials.

The development of active probe SThM technology provides an exciting
new method for the analysis of composite materials [36, 37]. Through the com-
posite methodology developed by Seferis [1, 38, 39], an understanding of the
processing-structure-property relationships in a polymeric composite relates
material properties in the laboratory to the performance of those materials on
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the manufacturing scale. Since micro-thermal analysis allows microstructure
exploration of the processing-structure-property relationship, it has become a
useful tool in understanding polymeric composites.

In this respect, the thermal atomic force microscope is a unique instrument.
The experimental techniques described above provide a method of simultane-
ously accessing both the processing-structure and processing-property relations
through the use of two-dimensional thermal scanning and local thermal analy-
sis, respectively. The additional ability to analyze microscale changes in material
properties such as the glass transition temperature (T,) and thermal expansion
unlock a new level of information for the study of interphase behavior.

The purpose of this work was to evaluate the interphase properties of a com-
mercial aerospace composite system using active thermal atomic force
microscopy. This was realized through the exploration of process-structure-
property relations on the microscale, and the relation of observed effects to ther-
mal analysis performed on the macroscale. Finally, the resulting interphase
analysis was interpreted with respect to the life-cycle performance of composite

materials in the aircraft environment.

Experimental

To evaluate the microscale presence of interphase regions in aerospace com-
posites, materials were chosen to enable the effects of resin variation to be elim-
inated. To accomplish this, a commercial aerospace grade material was used that
is available with a single resin impregnated into a wide variety of fiber types.
Two twenty ply laminates were constructed of this material with the fiber rein-
forcement as either an 8 Harness Satin 7781 style fiberglass or a plain weave
Toray T300 carbon fiber. To prevent the formation of voids due to air entrap-
ment, the laminates were debulked between plies during lay-up. These lami-
nates were cured simultaneously in a Lipton autoclave as per the manufacturers
curing recommendations, which call for a pressure of 310 kPa (45 psig) and a
2.78°C/min (5°F/min) ramp to 177°C (350°F), a two hour hold at 177°C, and a
2.78°C/min cool down to room temperature.

To ensure resin consistency between the two materials used, laminates were
examined for their macroscopic thermal behavior using a TA Instruments 2980
DMA. To evaluate the glass transition temperature of the materials, the instru-

ment was used in a single frequency oscillatory mode with a temperature ramp
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of 5°C/min from room temperature to 250°C, a frequency of 1 Hz, and an oscil-
lation of 10 pm. The glass transition temperature was evaluated from the onset
of the drop in the storage modulus.

To evaluate changes in the glass transition temperature near the fibers in
these materials, cross-sections of each laminate were polished. Final surface pol-
ishing was done using 0.3 micron Al,O, grit. The polished specimens were then
examined using a TA Instruments 2990 Micro-Thermal Analyzer (WTA) with a
TopoMetrix thermal probe (TopoMetrix model number 1615-00). Probe tem-
perature calibration was performed using room temperature (23°C) and the
melting points of PETG (Tm = 165°C), Nylon 6 (Tm = 210°C), Nylon 6,6 (T |
= 247°C) and Nylon 4,6 (Tm = 277°C). A linear interpolation of probe resis-
tance as a function of temperature was used to provide a calibration curve over
the temperature range of interest. Using the modulated local thermal analysis
mode of the Micro-Thermal Analyzer, the probe temperature was ramped from
50°C to 350°C at a rate of 25°C/sec. For all experiments detailed in this paper,
the LTA temperature was modulated with an amplitude of 2°C at a frequency
of 2.2 kHz, and data was collected at a rate of 150 data points per second.

Suitable locations for interphase analysis were selected on the basis of sever-
al thermal and topographical scans, conducted at a temperature of 100°C, a
scanning frequency (scan velocity/scan length) of 2 Hz and a resolution of 200
lines per scan. These focused on the edge of fiber tows that was near a pocket of
resin in the cured laminate. From these scans, fibers were selected if they were
near a resin rich region that could be evaluated easily using local thermal analy-
sis. It was important to select fibers near these resin rich regions so that a bulk
T, could be obtained to normalize the glass transition temperatures near the
fiber.

A series of these experiments was performed on each laminate. Glass transi-
tion temperatures were obtained by evaluating the onset point of the drop in the
micro-TMA signal, corresponding to a softening of the matrix material. These
temperatures were then normalized based on each specimen’s bulk T . (Tg pun)
as determined through pTA measurements far away from the fibers. This
accounts for probe and specimen based heat transfer effects that shift the mea-
sured T, to higher temperatures than the actual T, [37). To normalize the T,
values, equation 1 was used.

L

g,normalized =
Tg.bulk (1)
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Following this, the distance from the center of the fiber was normalized
using equation 2. Distances were measured using the position coordinates of the
selected LTA locations (X| 1, and Y, 1), the coordinates of the fiber center (X
and Yy ), and the radius of the fiber in question (R), which was determined using
topographic feature measurement functions integrated in the pTA controller

software.

L - \/(XLTA "Xfc)2 +(YLTA “ch)z @
R R

Results

To ensure that the matrix material from the two systems had the same con-
stituents, the results from the DMA analysis were evaluated as compared to the
manufacturer’s product specification. As shown in Figure 2, the DMA results
indicate that the materials have identical L values when evaluated using a
macroscopic thermal analysis technique, and that this value corresponds to the
glass transition temperature provided by the manufacturer. However, the glass
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Figure 2: Measured glass transition temperatures for commercial aerospace resin system

on glass (solid gray) and carbon (crosshatched).
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transition temperatures obtained using the pTA are shifted to a higher temper-
ature than those obtained using the DMA. This is the result of contact area dom-
inated heat transfer effects on the microscale that artificially increase the tem-
peratures measured using the pTA [37, 40, 41]. As discussed previously, this is
the reason for normalization of the measured glass transition temperatures
obtained using the micro-thermal analyzer.

Using the 2DThS mode of the pTA, it was possible to visualize the structure
of the cured carbon and glass laminates near the edges of fiber tows. As shown
in Figure 3, the carbon and glass materials have different sizes and packing den-
sities in the cured composite. Also, it is worth noting that while the region of car-
bon reinforced material shown below would make an excellent candidate for
LTA (due to the large resin region to the right of the fiber bed), the presence of
transverse oriented fibers prevents LTA from being performed on the glass

materials.

788 nm
394 nm

Onm
1100 pm

Figure 3: Topographical analyses of experimental laminates with glass (left) and carbon

(right) reinforcement.

The evaluation of the glass transition variation with radial position from a
fiber in the glass fiber reinforced material is presented in Figure 4. As shown, the
glass transition temperature of the material drops near the fiber surface to
approximately 85% of the bulk value. This result supports the soft interphase
theory presented by several authors [6, 12, 13]. While most research in the past
has focused on the development of interphases for carbon fibers, Tsai and
coworkers have found evidence for a soft interphase in glass fiber materials [6].

In the case of the carbon fiber material, presented in Figure 4, the inter-
phase is not as evident. While there is a small drop in glass transition tempera-
ture near the fiber, this is most likely due to scatter introduced through data
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Figure 4: Observed decrease in Tg near glass fibers for commercial aerospace resin system.
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Figure 5: Observed decrease in T, near carbon fibers for commercial aerospace resin system.
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normalization. Since no clear interphase behavior was observed, the logical con-
clusion must be drawn that the interphase dimension is smaller than the mini-

mum probe resolution for this technique.

Discussion

In evaluating the importance of this finding, it is understand these results in
relation to the end uses of these materials. As such, development of an under-
standing for the role of composites in the aircraft environment has been crucial.
With the lower T, of the resin matrix near the glass fibers, we have evidence that
this aerospace resin system displays a long-range, soft interphase when it is
impregnated and cured in glass fibers. In terms of durability, a soft interphase
would result in lowered mechanical properties near the fibers in a laminate [42].
Since the matrix material nearest the fibers is expected to transfer the load from
fibers to bulk matrix when the material is stressed, a lower strength and stiffness
in this region will lead to reduced load transferring efficiency and possibly fail-
ure near the fibers. Of course, any failure near a fiber will tend to propagate
down the length of the fiber at high speed, causing large scale fibrous delami-
nation and part failure.

In addition, since the interphase region around the glass fibers is of lower
crosslink density than the bulk matrix, it is more susceptible to moisture ingres-
sion. Unfortunately, this will also lead to a lowering of the mechanical proper-
ties, and hasten the failure of a part. As such, intimate knowledge of the inter-
phase region’s properties, and the subsequent ability to control those properties
is of paramount importance in designed composite structures.

Alternatively, in the case of the carbon material, one expects the loads on the
composite to be transferred more uniformly, and with greater efficiency. Since
the interphase is relatively small, and regions close to the fiber exhibit the same
Tg as the bulk, the interphase region must have less of an effect on the mechan-
ical performance of this material than it does in the case of the glass reinforced
material.

On a broader scale, since the soft interphase region is large, and less efficient
at transferring loads, the overall mechanical performance of the part will be
decreased. As such, it is important to understand the phenomena that lead to the

formation of interphase regions in composite materials, and thereby tailor the
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interphase for maximum performance. Now that the technology of active ther-
mal atomic force microscopy has been utilized to evaluate the presence of the
interphase, characterization of various material interphases is no longer a mat-

ter of inferring their presence from mechanical tests.

Conclusions

In this paper, the interphase thermal properties of a commercial aerospace
composite resin system were evaluated. It was found that fiber type plays a sig-
nificant role in the generation of the interphase. Micro-thermal analysis was
employed to provide an effective method of measuring variations in glass tran-
sition temperature in near fibers in the cured laminates, and this data confirmed
the presence of a soft interphase near glass fibers, but did not reveal the pres-
ence of an interphase near the carbon fibers. Collectively, this work provides a
new methodology for directly evaluating the interphase thermal properties of
composite systems, and clearly demonstrates the degree to which these systems

can affect the performance of composite materials.
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avantuln TETOIWY Lovadwy TTIY TEPLPEREL XAl THY OpYAVWEY) SIXTUOU ETElYoUTaC
BEQOPETAPOPOS TV IOAULTEPA TIPOBATAATINGY VEOYVDY.
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Ilivarac 1

NEPITENNHTIKH ONHXZIMOTHTA %o

1 1983 | 1998 MEIQEH
FENIKOZ AEIKTHEZ N.0. % 10,5 = 56%
OWYIMH EMBPYIKH %o 11,5 58 | 50%
MPQIMH NEOTNIKH %o 12,6 4.7 62%
EIAIKOIAEIKTEEZ N.0. %o
ANA BAPOZ STHTENNHZH (ypapudpia) *
kGto ané 1500 761 401 47%
1500 0 g 2500 50 | 49%
antd 2500 kardve 3 : 63%
ANA AIAPKEIA KYHEHE (eBouadeg)
KGto and 32 551 |, 318 42%
32 60 g 37 35 55%
amd 37 Kardve 3 63%

Spavties) Enlorg pelwar onpemlnxe atols Oavdtoug Aoyw avokiag (amo 8%o
ot 3%0), 7 bmoia duwe, &v xah SuvnTixa pmopel va amogeuyel, EEaxolouler var
amotehel T wlpta adtiar epryewnTinod avdrou. To 1983 ot Oavarror Aoyw avokiag
dapopoboay o€ togoato 40% veoyva yapnhob bagoug ot Yéwnan xat g€ 60% guato-
Koyl 6apoug veoyva. To 1998 1 mosdatwan abt dvisteagmxe. Ot favaror Aoyw
dvoiog ot og0at0 40% veoyvaw guatohoyixod bapous, Setyvel bektiwan, GAAGL Tow-
hypova Imodenevier anueio mapdubasme WMiiie mpotepmbTyrac. (Ledgnua 3).

Y16 B0 cupmépaapa 63vyeTon xavele Ay GUYXEIVEL TTIUERE TIY TIEQLYEWWITIXT)

Tpagnua 2
EIAIKH ANA AITIA IL.O. %o
[11983
1998
0\"‘&‘\

BvnoyotnTa oty Elhada
U Exelvn GAAWY TIROTYUEVWY
xeatv (Feapnua 4). Me
FUYRQITT) alTY) ST TWVETAL
6m 1 ‘ENdda mh 15emia mov
Téoage xANPE TNUAVTIXY)
Stapopd GO ABTHY TOU T
ywetle &mo Ta GAAL XpaT,
U nopn UoTEQEL Xal ou-
VETG 1) GUVEYLTY TOU EPYOU
e mapepbacng Bewpetta

TN
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Tpagnua 3
ANOZEIA
1983 (8%o)
2500+ grams <2500 grams

<2500 grams
b

Tpdgnpa 4

ATAKPATIKH XYI'KPIXH 1998

1998 (3%o)

2500+ grams

Y
y
60% 60% ‘

9,1

7 71 7.3
57 6 7
4,7
4.1
SRSy (\"‘ NS SR ‘\\‘" WP
b\m‘* ‘\o‘&“\ AP S N

Maiguon
]
Ot xoucapixes Topeq a-
Enfrxay xataxopupa amo 13%
\ \
a¢ 31% (Lpagnua 5). ’Ano o
GUVONO TV ROUTAPKDY TOUDY,
E ’
0L [MTES TTAY TPOYPUMAATITUE -
VEC %o AYTITPOGWTEVOUY TTOGO-
a6 15,5% <o toxetav. Ilpo-
xAnar Tob ToxeTol SlamaTe-
fxe oe mogosto 31,5%. “Eva
TEITO TEPITIOU TGV TEPITTWOE-
WY ATV XATAATYOUV GE ETEL-
yousa xaugapxr) topn (10,5%).
3¢ &vav otovg Slo ToxeToug M
o % > o
evapln evan avtopaty). Opwe
\ /- k) ’ \
oyedov OhoL ETLTAYUVOVTAL UE
OXUTOXA XL OTAGROAUTIRA

PapUaAXA.
YUVOUR GV YEWOUY E ATOAUTA

"Erot wovo 6% tov

PUTLOAOYIXO TEOTEO, ONAadY Pe adToORaTY) Evapkn %ol Ywels TN X0PNYNTY) QUOULAXWY
(Fpagrpa 6). Tow mososte adto SlopopoTOOUVTHL TNPAVTIG GVEAOYR e TIY XolTo-

YWY TG (NTEPAS, TOV TOTO YEWNGNG Xl TOV TUTIO TOU HAULEUTNPIOU TI0U YIVETOL O
toxetos. i mapaderypa 0 TOT0TTO TAY KAUTAPKDY TORGY Ve XATE TON DYNAG-
tepo atic “ENnvideg (33%) Evavtt tiv aihoaniv (24%), oty mepioyn *Abyvav -
Heparde - Oesoatovinng (38%) ot alyxpian pe v mepupépeia (27%) xat téhog

Tpdgnpa 5
TOKETOX -

KATAAHEH %

I:I 1983 -1998

10
-

KOAMIKOZ YNOBOHOOYMENOZX

KAIZAPIKH TOMH

TTO eV IDUDTIXG U=
e (39%) Evavtt Tav
umohoimoy (29%).

H tatpnn napepubaon
ot Stdixacio ToU TOXETOD
amodevieTal xal Gno TNV
ROTOVOPY) TOV YEWNTEWY
(8xtoc TV TpoYpALUATL-
TUEVOY XAUTAPIXDY TOULMDY)
oTie Gpeg TG Mppag xal
Tic Nepec TG 6dopmadag.
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Tpdgnpa 6
1998
ENAPEH %

TOKETOZX -

ENITAXYNOMENOZ

Tpagnua 7

KATANOMH I'ENNHXZEQN

0 1 2 3 4 &6 6 7 8 ﬁ1011111314161!17181?20212223

2TO 24mpo

Awmistwvetoar cagne abénom
TV YEWTTEWY XaTa TG EpYd-
e bpes (8 T, Ewg 2 p.)
xal onpavTiny petwon Tig Ku-
PLAXES Xl TIG APYIES, QoUvOUE-
Vo TOU TEopaTNEElTOL YL (OVO
oty “Edadda (1983, 1998)
alha o€ pixpotepo Gabpo Sie-
v (Ipagnua 7 & 8). Eivu
TPOQAVES OTL 0L SLoPOPES AUTES
OpelAovTaL GTNY (TP TTd-

cepbaaT).

Buopetoixa  yapaxtnptotina
TOU YEOYYVOU

Mapa v Evtumwaotaxy
KElwaT) TG TeptYEWTIXT)G Ovn-
CUAOTNTAG, TA BLORETEIXA (A~
PURTNPLTTIRA TMV VEOYVV [LAG
—60p0g aTT) YEWNGY) %al Stop-
XE XUNGYC— TAPOUTLATAY G-
ynien) EEeNEn. Yrnple cagre
UETATOTLTY) TTPOG TO APLTTEQR

0AOXANENG TG XaPTOANG TOU Bapoug T YEVWNGT], SAadn Tipog (ixpdTERD Bapog, ot
ayéam pe 10 1983, pe dnotéheopa ) aTaTIoTIMG CNPAVTIX abbnen TOU T0G0aTOD
TOW yopnAhol Gapoug veoyvaw (<500 yeappapa) amo 5% o 1983 oe 7.5% 7o
1998 (Iedgnua 9). "Avdhoya ebprparta SamaTminray cYETHa Ue TN XATAVOUM)

Tpagnua 8

KATANOMH I'ENNHXZEQN
LTIX HMEPEX THX EBAOMAAAX

A Y

| KAGHMEPINEE Bl KYPIAKEE 7Z 28n OKTQBPIOY

1998

e Sapxetac xUMame, EVD 1O
TOTOGTO YEWNTEWS TEOWEWY
veoyvav (veoyva <37 ébdopa-
Swy xinane) abbnbnxe amo
7% ce 10% (papnua 10).
‘(¢ amotEAETPA TV TPOAVA-
pepbevtmy alha xat tTg Sade-
TULOTNTOG TGV LOVASWY EVTO-
Tixne voonheiog veoyvey (eb-
%A %ol GPeaT) TEOGBAGT)), TaL
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Tpagnpa 9

KATANOMH BAPOYX NEOI'NQN

p<0,001

Tpdgnpa 10
KATANOMH AIAPKEIAY KYHXHX

p<0,001

Q¢ mbava aita BewpnBnpray:

VEOYVQ TOU PETAQEPOVTOU TE
alTEC Ty eSOV OTAAGIATTNRAY
6o 7,8% ot 14,4%.).

‘H amohutny aptunixn
xal mosooTiala avkneY TGOV
ENPPUTEPWY XA MXPOTEPWY TE
NNxia XUNGNG VEOYVDY, WaC
TIEOXANETE EVTOVO TROBNNUATL-
opo. Metaboln) tdv Gropetor-
DY YALOAXTNPITTIXGDY (MAS PU-
M et amifavo vo oupbel oe
TOGO GUVTOQO YPOVIRD OLAGTIL
yople TNy Emidpasn xabopioTi-
%00 ekwyevoue mapayovta. Té-
Onxe homov o gpwrnua: Ta
VEOYVE (oG elvat younhol 6a-
poug Aoyw ENNmole évdopn-
Tolg GvaTTUENG 1) YTt elvar
TEOWPA;

‘H amavinorn otnptydnxe
oe ouyxexpuéveg Umobéaels.

a) ‘H duapoperier) aivbean toU dvarmasayewyixod manbuouod. Of dhhodamie wntépes xa-
AImTOUY GvTg Evar auavTRG pépog Tou, AR T 6o T YewnaT xad 7 Sidpxetar
rimang Ty veoyvy Toug Eugavilouy SEaupeTiny xatavoun) %ol uahaTor e o

popoi TV veoyvaw Tav “EXknvidwy 100 1983 (Ieagnua 11).

6) ‘H adtnon t00 xanviouarog
oty Eyxupoouvy. To 1983
0l XATVIGTOLES ATOTEAOUTAY
0 4% 70U avamapaywy-
xou TAnBuopol xal amo
alTEC PJOVO Rio TTiC OXTW
cuveyle va xamviler xata
TN SLApXELX TTG EYXUMOTU-
WG, Znpepa oL XATVITTOLES
Eyqouv ayedov SimAactacTel

\ 2
XKoL GVTITPOCWTEUOLY  TO

Tpdpnua 11

LYT'KPIXH KATANOMON BAPOYX

NEOI'NQN 1998

| p<0,001

EAAHNIAEZ

AAAOAANEZ
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Tpagnpa 12 41% 70U avamopaywynol T
KAIINIEMA ETHN ETKYMOZYNH %710, AN TO TPAVTIXOTERO
etvar Bt ot paaee (0%) guveyi-
1983 Cowv 9 GhamTiey) alTY ou-
vnleto xal xata TV Sdpxeia
¢ eyxupoouvng. ‘H otaom
21% alT) SNAWVEL PETAGOAT GTT)

76%

/ \ \ [ \
i vooTpoTia xal e eva 6afpo
adragopia TEOE TO RVNAA TOU
’ /
[ MH KATINIETPIEE QEQOVY (Fpagm';/xa 12 & 13)
HK b3 ~
R Ta veoyva mov yewiolvTar Gmo

Thdgnpa 13 UNTEPES Ol OToleg XaTvilouv

KATINIEMA YXTHN ETKYMOXYNH

®ato TN SLOPRELA TG EYRUUO-

glvne elvar Ehagputepa ATo

EXEVOL TV OTOLWY Of UYTEPES

dev xamvilouy, alha 7 Spopa

adTh PTopel va EENYNoEL UEPog

wovo e mapatnerleioas metw-
ang ToU 6apoug T YEWNIT).

S y) bavy) xabuotéonon aryy

W KATINIZTPIES avantuln ToU xujuatos Ev-

dopntoiws. “H ocuyxprtinn

avahuam g évlopnotas avanTubng metakd 1983 xod 1998 ava e68opada ximamng

dev Edetke atatiaTing anpavten Sapopa (pagpnua 14).
Kara suvéneia 0 uxpdtepo bapoc ot yéwnam meémer va amododel xuplwg oe
Bparyitepn Srapxea ximane. ‘H Omobean abty embeboumbnne aro w1 Sanictwar ot

0f TPOYPAUUATITUEVES XAUTUPIXES TOUES YIVOVTOL GE (XEOTERY MAXIL XUNTYG &AT0

Exetvn oL cupbatvouy o al- 14
Teagnpa

MEXO BAPOX / EBAOMAAA KYHXHY

TOROALTOL TOXETOL. LUYREXQULE-
va, 31% Tov mpoypouyrmaT-
TUEVWY XAUTAPIXDY TOLGY Yi-
v:;*cat g€ ﬁhxipoc xénm}g wpr(’)— __:_ ;ggg ‘,}
tepn amo 38 e6lopades quyxpt- } a{ {

txa pe 10 18% dv adtopa-
twv toxetdv (Lpdgnua 15).
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Tpapyua 15
LYI'KPIZH KATANOMQOQN
ATAPKEIAYX KYHXHZX 1998

= AYTOMATOZ TOKETOX
s [IPOT PAM. KAIZAPIKH

Supmepacpara — Néow aroyor

1. “"H peydhn pelwen tig neptyewntixdls Ovmorpotnrag amodideton xarta x0pto Adyo
aT1) GEATIOET) TTG TIEQLYEWNTIXTIG QPOVTIONG Xal GTTY XANUTERY) GUVERYATLRL (hait-
EUTNPWY XU TAUSIATEWY-VEOYVOROY V.

2. ‘H aliEnam tdv mpotpmv %ok aunhod 6apouc veoyviv elvon TAATUATI, GTOTE
Aeopa TG TEOWENG ALEUGTG TOUS e xaugapxy) Topy). ~ Erot eényeiton xal 70
YEYOVOG OTL GEV EY0UV Ta ELOVEXTNATA TGV VEoYVOY e xafustepnom oty vio-
pnTeto evam by

3. ‘H ywea pag Eye xaver peyaha bnpata ©po000U GTOV TORER TTG TEQLYEVWTIXTS
ppoVTISaG GAA UTTEREL GXOWY) CUYRPLTIXG UE BANES TIQOMYILEVES Y DPES Xail ETOUE-
YOG UTtapyouy anpavtixa Teptdwpta mepaitépw Gehtimang.

Ta ebprpata ¢ Ilavelhqwae Iepryevwnrintc “Epeuvag o0 1998 anpatodo-
TOUV VEOUG GTOYOUS Y& TNV TEPALTER® GEATIWTY TG TEQLYEWNTIXTG PROVTIdag aTm)
YOO PG, O KUPLOTEROL TG OTLOLWY €L
o Ilepoutepw petwar Trg avobiog, IBiaiTepa TTo TENEIOPINA RO XAVOVIXOD 6APOUS VEOYVAL.
® "Emibinoy mepiaaotepwy veoyvay pe bagog 1500-2500 yeourrapiow xal Sidpneta

»Unamg 32-37 e68opadwy, ) ool e UVSEETAL PE TNV TIOLOTNTA TG TEEQLYEV-
VNTIRTIS QpovTISaS.

o Ileptoptopo TNy TAPERBATY) XAUTA TOY TOXETO POV GTIG TEQUTTUGELS TTOY UYL
anoluTy Evdetby.

® Ax0Tn) TOD XATVITUATOS XOTO T1) SLAPXELR TG EYXULOTUVNG.

c [ -~ ’ -~

H araheia yphiwv veoyvav xabe ypovo xata Ty Tepryewntiny meptodo wmoper
va. Teptoptalet xata 50% mepimou, Gmwg Seiyvouv aToryEia Ao Tic TAEOY TTROMYUEVES

~ ’ ~ ~ / x5 ~

roees. ‘H pelwan g mepryevwntindle Ovnoumotnrog etvar H0ixo xod é0vixd xabnxov
wiotng mpotepaotnTag. To xabfxov adto ogeilouy va émitelégouy oo Gxépato
TpwTioTws of “EAnveq poucuthpes xal mandlatpor GAAx xal M Eyxupovoloa
¢ ’ ¢ ’ N 5 4 ) ~ A ’ ¢ ’
EXvida. “H moluteta Sev etvou apoton e0bBuvdv xal xuplwg Uoypemaewy.
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SUMMARY

Perinatal Care in Greece during the last 15 years.

Lack of linkage between birth and death certificates in some countries as well as

in Greece necessitates the conduction of population based national studies in

order to estimate the Perinatal Mortality Rate (PMR) and detect changes in
perinatal indicators over the time.

The first National Perinatal Study (NPS) took place throughout the country
during April 1983, enrolled 11059 consecutive births and showed a PMR as high
as 23.8 %o. The analysis of this database imposed several targets for
interventions. After 15 years (1998) the second NPS was conducted to identify
probable modification in biological characteristics of newborns, social factors of
the family, obstetrical practices and perinatal outcome. A sample of 14549
consecutive births throughout the country was studied.

Comparison of these two nationwide, population based, cross-sectional
studies showed:

1. Perinatal mortality rate has been decreased by half (24%o vs. 10,5%o),
concerning mostly early neonatal deaths (18%o vs. 5%0) and newborns of
gestational age = 37 weeks and birthweight = 2500 gr. (8%o vs. 3%o).

2. A significant (p<0,001) shift of the birthweight and the gestational age
distribution curves to the left was found (singletons only). It was mainly
attributed to the sharp increase (5% vs. 15%) of elective Caesarian section rate
(31% of which was performed before the 38% week of gestation) as well as to
the significant increase of smoking during pregnancy (3% vs. 20%).

3. Obstetrical intervention increased greatly as the total Caesarian section rate
was doubled (13% vs. 31%), induction of labour was found to be 32%,
augmentation of the first and second stage of delivery reached 47% of the
total. Only 6% of women gave birth without any medical intervention.

4. The demographic characteristics of the reproductive population changed
remarkably since 15% of the mothers were of non-Greek origin (mostly

Albanians and other economic immigrants).

Conclusions

Considering that the biologic characteristics of greek neonates lose
eventually their favorable distribution, the fall of Perinatal Mortality in Greece
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can be attributed to the improved perinatal care. Despite the sharp decrease of
perinatal mortality, there is still ample room for improvement. The new targets
for intervention can be summarized to the following:
® Further decrease in the incidence of anoxia.
® Survival of more neonates with gestational age 32-37 weeks and birthweight
1500-2500 grams.
® Obstetrical intervention should be strictly limited and applied only when is
really indicated.
® Decrease of smoking during pregnancy.
These results justify the conduction of the two population based nationwide
studies and imply the importance of a better registration of vital statistics in

order to maintain surveillance on perinatal indicators.
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POEAPIA NIKOAAOY APTEMIAAOY

ATA®OPIKH TEQMETPIA. — *Eni évog Oewprpatos 7@v E. Rembs xai W. Siiss, Uro
700 &vremiotéNAovTog méhoug x. N. K. regavidn™.

Ot Ediard Rembs xai Wilhelm Siiss 6p7xay, 6 évag dvebaptnTa Gmo Tov GAloY,
o &g avdiagpépoy OEQPHMA!. Avovrar of Emupdvere
F:X=3%(u,v), P*:X*=%*(u,v)

bprouévee aTov 10 &mhde suvagn tomo D 1ob (u, v)-¢mmédou. Ymobezoupe: a) O
Emgpdveiee eivar Tiic xhdaewe Sapoporpdtnrag C3. 6) O xdbetor Tdv Entgaveliv ot
&vtioTorya ol Toug eivar mopdd kAo, ) “Tayder

Ri(u, v) + Ro(u, v) = Ri(u, v) + Ra(u, v) V (u,v) € D,

* e k4 ’ ~ \
6mou Ri xai Ri, 1= 1,2, elvar of TpwTevougeg axtives xapumuAotnras Ty F xal F*
2 ’ !’ ¢ - ’
avtiototyws. Tote: ‘H empavera

y:xX(u,v)-x*(u,v) (u,v)eD

et EharyiaTix.

Yo Arxgopint) Tewpetpla tiv Emgavelayv Umdgye: wa getps XAATIXGY TUTOY,
aolg dmoloug TepovTal TapaaTATES TTG Teitng Bepehiwdous oy, Snhadn Thg
ueTPIXTC The TgeTc eixbvog T emupdvetas. Me ypnon T@v tomwy adTey divou-
Ue 0T Embpeva pior G xod cUvropy amodeltn Tol avageplevrog Bewpnpatos Ty

Rembs xat Siiss.

* N.K. STEPHANIDIS, Uber einen Satz von E. Rembs und W. Siiss.

1. Rembs, E.: Flichen mit gleichen Summen der Hauptkriitmmungsradien. Arch. Math. Bd. 8, 469-471.
Siiss, W.: Eindeutige Bestimmung von Eihyperflichen durch die Summe ihrer Hauptkrim-

mungsradien. Arch. AMath. Bd. 8, 352-354.
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1. "Eortw {€1(u, V), €9(u, v), €3 (0, V)} &va dpbopovadiaio (6pboxavovins)
xorh BeTina TpogavaTohaPEvo auvodelov Tptaxo TT¢ Emipavetas F. Y'mapyouy Siagpo-
oéc popgec Tpmtou bafinod (popgis Tob Pfaff) o, oo, wyi,j = 1,2, 3 , yia Tig
omoteg ioy Vel R R L s
dx = o1€] + agee, dey =j£:1 Ojgj 1= 1,2,3 .

S G hoyeapia Goloxovtas of Bepehddelg EEomaeg TRV ToEAYOYWY TTG TUVAETY
sewe X = (U, V) %ol 0f quvlijxeg GAORAPWEAOTNTOS (RE YPTTY TMV THAYWYWY —
Pfaff V,, Vo O Tpog Tig poppes 1, Qlo. . “Yrdpyouy mévte ouvaptiaels a(u, v),
b(u,v), c(u, v), Q(u, v), Q(u, v), ol 6Toleg IXAVOTOLODY TG TYETELS
o] = 0®3; + boge, oo = bwg) + cwse ,
dwg; = Quz1 A 039, dwgy = Q32 A ©31,
omou A cupboAiler tov eEwTEpX0 TOMNNATAAGIAGIO TMY SLAPORIXWY LOPPDY.
Supboriloupe e 91, do Tig TapAYWYOUS (S TIPOG Tig RopPEG W3], W3z . O Tapayw-
you xod i=1,2 cuvdovTar pe Tic oyETELS
d1 = aVi + bVy, do =bV; + cVa
[Tpoxdmrouy ot €T oyeaelg
dx = (a3 + bws) €1 + (bvs + coa)er
de; = (Qws) + Qusg)es — w31 €3 »
de2 = — (Qws1 + Qo)1 — O3 €3
des = si€1 + Ones |

Ot quvBifixee GAoxANPWGLOTYTOC TOD nponyoup.svou TUITARATOS EvaLL

82Q+81Q OF= Q -1=0,

d9a-91b + 2Qb - Q(a—c) = 0,

dob+3d1c —2Qb - Qa—c) = 0.
Supboriloupe AY' 7 SelTepo TeAeaty) ToU Beltrami o mpog T petpuxn THG Tpak-
et eixovog T Empavetag F, Snhad) (¢ mpog T peTpixy)

III: = 0 + 0%

‘H guvaptnen otnpibews w(u,v) g énpaveiag F elvar

W(u,V) = ;(U,V), §3 (uy V)>,

1 K \ 2 \ -~
omou <, > GURBONEL TOV ETwTERIRO TOMATAAGIATIO Stavuapatwy. Me yenon Tdv
TIPOMYOUREVOY TUTWY ATTOSEIXVUETAL O YVWAETOG TUTIOG
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(1) Agw+ 2w =R;+ Rg (J. Weingarten),
60U elvou g dw A dx dx >
Al = W31 O3 ’
W31 A 032
Snhadn

u P
Aow = 0101w + 0odow — Qalw - Qdaw.
~ " > o<
"Ano tov tumo (1) ToU Weingarten mpoxunter: “H émpaveir F elvau dxplb tote
EhayoTin otay ioylet

AW =2w +2w=0 V(u,v)e D.

2. "Anodeldn 100 Oewprjuatos Rembs-Siiss: Tlposavatohilovpe Ty eémpaveia F*
¢10t date 10 xabetind T Sdvuopa va ebvar 10 1o pe To xabeTind Sdvuopa tic F,
Sihadn € (u, v) . Eivau

dy = dx - dx *,
<dy,&>=<dx,8>-<dx*§>=0

-

xal Emopéves to €s (W, V) elvau éniong xabetnd Sdvuopa TG EmGAVEIS Y = X — X *
“Oore of émghveee F, F* xol y Eyouv Ty o ogoupied) eixbva, doa %ok wiy i
oty Oepehuwdn popen 11, Zupboriloupe pe wilu, v), we (u, v), ws (u, V) Tig cuvap-
oelg atnptiews Tav F, F*, ; avtioTolyws. ~ Eyoupe

Ws=—<y, 8> =-<X-X*E5>=-<X 8>+ <X*E>,

W3= Wi— W
"Amo Tic oyEoelg Ry + Ro= R, + R

AY'wi + 2wi = Ry + Ry,
A¥ws + 2w =R} + R;
%l Gmd T Yok ibTnTa Tl teheath) AS mpoxUnTel
A (w1 = wa) + 2(w1 = w2) = 0,
Snhadn

111
A9 wi+2wi=0

~ = N3 2 /
xad GUVETGRYG 7) Emtpaveto Y(U, V) etvor EALOTIRTY).

Mapampraeg 1. Min &k amodety 100 Bewpnpatog tiv Rembs xai Siiss €xoupe
Swaet pé yenam Tob oAoxhnewTixou Tuntou ToU H.A. Schwarz
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j ngd;=—2” H €5 o1 A O,
a D

6mov H elvau 1 uéom xopmuddtnra Th¢ émpaveiag xai D 10 aUvopo Tob tomou D
(B). N.K. Zreqavidn, Awgoptnn Newpetplor topog 1, aeh. 275-276).

R.°0 Z. Zraparanng oty épyasta tou: Der 2. Beltramische Operator der dritten
Grundform einer Fliche des E® (Proceedings of the 4th International Congress of
Geometry, Thessaloniki 1996, geh. 392-396) anodemnvier petakd Ay Tov TImo
@) A¥'x = grad” R-Rg;, R=Ri+ Ry
Yuvenax 1) émipdveia eivon dxptbog ToTe EhayaTie], GTay igyUet

AY'X=0 V(u,v)e D.
Me ypnom T6w cupbohwy TTow YencuonomEaE, 6 TuTog (2) o0 Srapartany) YedgeTol
@) A%'X = ~[0(R1 + R9)] &~ [9a(R1 + R €+ (R1 + Ro) &
H Sagpopa tdv mposey atole timoug () xai (3) dpeiheton atov Stapopetins mpo-
covaToNOUS ToU cuvodelovtog TNV émpdvela Tpidxpou. Eivar mpogavée, Gt gty
amodetn) 10U fewpnuatos Rembs-Siiss mob éxfesape mponyoupévme, wmopel va yom-
auomofel 6 tumog (3) vt Tob timou (1) 00 Weingarten.

3. *Ano ov timno (3) mpoxinTe

g =

(4) < A3 x, €3> =R;+ Ra

"AnoSevieta, 67t of tumor (1) %ot (4) elvou igoddvaor.

ZUSAMMENFASSUNG

E. Rembs und W. Siiss haben unabhingig voneinander folgenden Satz
bewiesen: Gegeben sind die Flichen
F:x=x(uv),F*:x=x*(,v) (uv)e D.
Es wird angenommen, dall die Flichennormalen in entsprechenden Punkten

von F und F* parallel sind. Gilt ferner fiir die Hauptkriitmmungsradien
Ry, Ri=1= 1,2 der Flichen F und F* die Bezichung
Ri(u,v) + Ra(u,v) = R} (u, v) + Ry (u,v) V(u,v)e D,
so ist die Differenzfliche ; =X (u, V) —x * (u, v) eine Minimalfliche.
In dieser Note wird ein kurzer Beweis dieses Satzes, unter Verwendung der
klassischen Formel von J. Weingarten
111

Aosw + 2w = R; + Ro

gegeben, wobei w die Stiitzfunkion ist.



ITPAKTIKA THX AKAAHMIAYXY AOGHNQN

ZYNEAPIA THX 195 OKTQBPIOY 2000

POEAPIA NIKOAAOY APTEMIAAH

OYZIKH. - Semi-reducible Einstein' Spaces of dimension n = 4, by J.P. Constanto-

poulos*, S t00 axadnpaixot ewpyiov Koviomouou.

ABSTRACT

Semi-reducible properties of Einstein Spaces are systematically examined for any dimension n=4
and for arbitrary signature. In particular, the equations of semi-reducibility are introduced and then
solved for many special cases. The results are presented in certain series of solutions. It is also shown that
the aforementioned series are divided into two classes, each class displaying a different pattern of behav-
ior. The essential features of each pattern are discussed in detail and new solutions for n=5 are present-
ed. The Newtonian limit of the S*-subseries is also considered.

1. Introduction

The purpose of this paper is to present and classify as far as possible the locally
semi-reducible? Einstein spaces for any number of dimensions n=4. Spaces of this
particular kind have been considered in the pioneering work of Brinkmann (1924,
1925) and they include Einstein spaces that can be conformally mapped on Einstein
spaces. These solutions are non-trivial (i.e. not spaces of constant curvature) only for
n=5. De Vries (1954) has also suitably generalized these solutions. In the same line
of thought the author has also presented solutions of the vacuum field equations for
n=6. These solutions are Einstein spaces which are also V(0)-spaces® and which sat-
isfy the criterion of Kundt for gravitational waves (for the definition see

Constantopoulos 1993).
In all the above cases an intimate relation between the dimensionality of the

* IQAN. II. KONSTANTOIIOYAOY, “Huavaydyyor x@pot Einstein pé n=4 daotase.
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underlying manifold and the «type» of the solution is suggested. Further to this point
the various constraints induced by the notion of semi-reducibility have never been
considered seriously. In order to get better insight to the situation we recall that the
(type-D) static solutions of the vacuum (subclass A and B) are of the semi-reducible
type (Kramer et al, 1980), but they can not be related, in any particular way, to the
above mentioned cases. Besides, we do not even know if these well known solutions
can be extended for n>4. In exactly the same way, the Kasner’s solutions are also
semi-reducible, but we do not know how they behave as n incrases beyond 4.
Questions of this particular type are also related to the possible values of the cosmo-
logical constant and they suggest a systematic examination of the semi-reducible
Einstein spaces for any arbitrary dimension n (n>4).

Increasing the number of dimensions to n>4 implies that the standard classifi-
cation tools can not be used any more. For example, type D, which implies two dou-
ble roots?, is meaningless now. On the other hand the new condition of semi-
reducibility introduces different types of classification, as we shall see in the sequel.
Furthermore the number of possible signatures increases rapidly with n. Thus, it is
at least desirable, to work in a way which is independent of the particular signature
although the physically interesting cases correspond to the Lorentz signature exclu-
sively.

In the light of the above this paper is organized in the following way. In section
2, we consider the g-analysis of the semi-reducible spaces and in section 3, we recon-
sider a special class of semi-reducible spaces that are very important for our analysis,
namely, the V(K)-spaces. In section 4, we present the differential equations which
prescribe the semi-reducible Einstein spaces for any n=4. To the best of our knowl-
edge this set of equations has never been considered, but although they look tough
they give us plenty of information about their solutions. In particular, our method
reduces the original system of the vacuum field equations to a new set of equations
that refer to a space V, of a lower dimension. The rest of the original set reduces
automatically to a subset of auxiliary conditions. Besides, the form of these condi-
tions enable us to rediscover in a convenient way all the solutions that are V(K)-
spaces. In particular, a new class of V(K)-spaces (K#0), which are not included in the
solutions given by De Vries is presented. These solutions have a threshold dimen-
sion 5p+4 for any p=I and they are not equivalent to the solutions given by
Brinkmann.

The net result of our analysis is that there are essentially two different classes of
solutions, which follow different patterns of behavior for n>4. According to the first
pattern, solutions exist, that can be constructed in a way, which is independent of the
dimension of the space. In particular, these solutions depend only on some of the
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details of the g-analysis under consideration and not on the particular way the
dimension of the space is partitioned among the various slices of the aforementioned
analysis. Further to this point an unexpected new type of solutions, for n>4, is pre-
sented. These solutions are said to be of the N-type and they are essentially different
from the V(K)-spaces considered previously. We conjecture that semi-reducible spaces
of the N-type and the V(K)-spaces are the only solutions that exhibit the aforemen-
tioned properties.

Last but not least in section 6 we present extensions of the Kasner’s solutions for
n>4. In addition, extensions of the type-D static solutions are treated in detail in sec-
tion 7. All these results are summarized, together with the known solutions of De
Vries and Petrov in a particularly flexible classification scheme (see table I) which can
be further elaborated in those regions, where solutions of unknown type may exist.
The special feature, of our classification scheme, is that we sharply distinguish those
sub-cases, where the Einstein space is also a V(K)-space, from those where this does
not happen. The main reason for this discrimination is that Einstein spaces which are
also V(K)-spaces are of less interest from the physical point of view®. A possible excep-
tion to this comment are the new V(K)-solutions mentioned previously the threshold

dimension of which is n=9.
2. Semi-reducible Riemannian spaces

A Riemannian space will be called semi-reducible, if to a suitably chosen coor-

dinate system, its metric ds? can be written in the form,

(1) ds? = ds? + o2 ds? +"'+G<21 dsg, (0,#cop, a#B, c=constant),
where, _
(1a) ds:‘:=giaja dx'adx)z, (a=0,1,...,q)

Here, each one of the appended metrics ds, (a=1, ..., q), depends only on the
coordinates {xa}, while the funtions o, depend only on the coordinates {xo} of
the fundamental part ds? of the above metric.

The above analysis, is called the g-analysis of the semireducible space V,
(n=3) and the terminology will be the same as in the case of the V(K)-spaces,
which are defined in section 3 and consist a special class of semi-reducible spaces.
Thus, the principal part of the above metric ds? is called the kernel of the g-analy-
sis, while the additional metrics are called appended metrics or slices of the
analysis under consideration.

In general the g-analysis considered above is not unique (Kruckovic 1957,
1961 and 1963). It also occurs that the very same metric allows more than one g-
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analysis, each one with a different ¢. However in all cases the particular g-analy-
sis implies a corresponding partition of n, l.e. of the dimension of the underly-
ing manifold. In fact, we have the condition

q
(2) n=p+3 n,
a=1
which correlates the dimension of the space n and the dimension of the kernel p to
the lenght q(p) of the semireducible analysis. It is worth noticing that in our case triv-
ial appended metrics (i.e. 1-dimensional slices of the the g-analysis) contribute to the
total length of the analysis and that they are not absorbed in the kernel®.

The above mentioned partitions prescribe the type of the g-analysis under con-
sideration, which can be represented as a sequence of arbitrary integers with some
multiplicity. For example, the sequence

1p; kys 2(ky) .14
represents a space, the semi-reducible analysis of which has a kernel of dimension p
and at least three appended metrics of dimension &, k, and k, respectively.

Although ¢ may be not unique, our conventions (see footnote 2) enable us to
define always a ¢, <n-1, which represents an invariant of the underlying space. The
g,,-analysis may not be unique but we can always prove’ that in all these cases p can
be chosen in such a way that p=p,_. or p . Thus, ifp, . #p ., the triplet (b, ., P
() 15 invariant and it can be used in all cases, providing us with a convenient clas-
sification tool. On the other hand, if p,, =p,. ... then the pair (p, g,,) is a sufficient
tool for the characterization of the aforementioned analysis.

It is worth mentioning that the g-analysis (1) becomes trivial if and only if one,
at least, of the functions o, is a constant. In this particular case, the underlying space
is reduciblei and not semi-reducible. Einstein spaces that are reducible are well known
for any dimension n=4 (Fialkow 1938). They are trivial cases of our subsequent

analysis.
3. V(K)-spaces

A special class of semi-reducible spaces are the V(K)-spaces. Many of these spaces
appear as solutions of a certain differential equation (see De Vries 1954) but their
geometric properties and their identification as a more or less special class of
Riemannian spaces, is due to Solodovnikov ( 1956).

In a V(K)-space the kernel is always a space of constant curvature, but in addi-
tion the functions o, are not arbitrary any more. In fact, they are determined by the
conditions
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(3a) Oz = — Ko g,
and
(3b) A (o, 0y) = =Ko oy, (azb)

where K is an invariant constant, characteristic of the space under consideration.
Here g;; is the fundamental tensor of the kernel of analysis (1) and®

(3¢) Ala, 0 ) = gijaioaajob.

The g-analysis of a V(K)-space which satisfies the above mentioned conditions is a K-
analysis. However, it is worth noticing that although every K-analysis of a I/(K)-space
is necessarily a g-analysis, the converse is not in general true.

It is essential for our analysis to notice that the solutions of Brinkmann and De
Vries, mentioned in our introduction, are V(K)-spaces. Furthermore, the solutions
presented by the author (Constantopoulos 1993) are also V(0)-spaces’. However, the
important point is that the aforementioned cases do not exhaust the V(K)-spaces,
which are Einstein spaces too.

4. Semi-reducible Einstein spaces

We consider the general Einstein space E,, which can be regarded as a solution
of the vacuum field equations in the presence of a cosmological term. The condition
that this particular solution is of the semi-reducible form (1) leads after some algebra

to the following set of equations,

q
R
(4a) RO = R 40 1 3 000,
a=1
(@)
(4b) R = R g
Y (1
R(a) R 5 q A
(4¢) il + (n~1)A0,+0,A,0,+0, Y, 0,04 (0, o).
bza
(4d) A0 = gijo;ij.

Here, R and Rf (@ represent the Ricci tensor of the kernel and of the various slices
respectlvely whlle R/n is the cosmological constant of the total space and R are the
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scalar curvatures of the appended metrics which are, for the moment, quite arbitary.

From the above equations combining (4b) and (4c) we get that the coefficients
R@ are necessarily constants. In fact contracting equation (4b) with the metric ten-
sor 7@, we conclude that the scalar curvature of the slice V, is a function of the {x }.
On the other hand, equation (4c) demonstrates that R@ should be a function of the
{x,} and this proves our previous assertion. Now, if n,>3, the corresponding
appended metric is that of an Einstein space. For n,=2 and n,=3 our previous proof
implies that this metric is that of a space of constant curvature.

Summarizing our previous results we conclude with the following result.

Theorem 1 If an Eimnstein space is semi-reducible then each non trivial (i.e. not 1-dimen-
sional) appended metric is either that of a space of constant curvature or that of an Einstein
Space.

The significance of this theorem is obvious. It reduces the problem of finding
the semi-reducible Einstein spaces to that of finding the appropriate, in each case,
kernel and then solving, by any available method, equation (4a). In all cases, equa-
tions (4c) can be regarded as the compatibility conditions, which restrict the possible
solutions.

Using equation (2) we may recast equation (4a) in a more convenient form

namely,
0 0 g Oajj
o (R - p-DKg? ) = 3, (%0 + Kgp),
a=1 Oa
where we have replaced the cosmological constant R by the constant K through the
substitution,
(5b) R=n(n-1)K.

Equation (5a) suggests that solutions of the system of equations (4a,b) may exist
which do not depend on the n, and consequently do not depend on the dimension n of
the space. In particular, an unexpected new class of such solutions can be discovered
in the special case, where the kernel of our g-analysis is not flat and the o, are solu-
tions of the equation!?

(6) Ou,ij = 0’

where again the indices i and j refer to the kernel. From equations (6) and because
of our assumption that the kernel is not flat and not reducible, we conclude that it
admits 7<[p/2] mutually orthogonal fields of parallel null vectors (Eisenhart 1938).
This remark fixes the possible o, and g,,,,.. In all these cases g, = [#/2], where [] indi-
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cates the integer part of p/2. Furthermore, combining our previous remarks with

(4b) and (4a) we conclude that
(7) R@ = R=RO = (),

in all such cases. Hence, both equation (5a) as well as the conditions (4b) are satis-
fied, which proves our assertion.

These solutions, although very similar to V(0)-spaces, are of an essentially dif-
ferent nature and they exist only for p=4. They are said to be solutions of N-type
and they form the N-series, each member of which is completely characterized by the
values of p and ¢, where ¢=<g, .. In principle N-series should exist for any n=5.
However, the proof of our assertion depends on the existence of kernels with the
aforementioned properties, which actually exist. In particular, any four-dimension-
al solution of the vacuum field equations of general relativity which satisfies the cri-
terion of Kundt can be used as a kernel, to generate spaces of the N-type through
the solutions of equation (6) (e.g. the Peres solutions, the Takeno solution etc.).
Further to this point, for any p>4, solutions which satisfy our requirements exist
(Walker 1950) and they can be used in principle, for the construction (see also
Constantopoulos 1992). Hence, N-series of solutions exist for any p=4.

The cases p=1 and p=2 are of a special interest. Thus, for p=1 the equations
(4a) and (4b) reduce to a system of ordinary differential eqauations while the left-
hand side of equation (5a) identically vanishes. The case p=2 is more interesting. In
fact, in this particular case equation (4a), far from being trivial, is considerably sim-
plified. The reason for this simplification is that every two-dimensional space is an
Einstein space. Hence, instead of equation (4a), for p=2 we have an eqation of the
form

d nR? (xo) - 2R
(8) a§=:1 nmoo’lomij = (_(én)—_ gi(jo),

where the scalar curvature of the kernel is not a constant any more. Another special
case of considerable interest results when the kernel is flat, but the space itself is not
a V(0)-space. All these cases will be considered in detail in the sequel.

5. Solutions of the V-type

Our first task is to prove, that solutions of the set of equations (4), which are
V(K)-spaces, exist for any p and any ¢. Since K in (3a) is arbitrary it is sufficient to
replace R by K using (5b) in equations (4a, b). In this case, taking into consideration
that the kernel is necessarily a space of constant curvature and using (3a), we con-
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clude that (4a) is automatically satisfied for any p and ¢.
The compatibility conditions (4b) are more delicate. But (3a) admits a first inte-

gral of the form,
(9a) A (o) + Ko? =k = const.

where k, are artitrary constants'!. Thus substituting (9a) in (4c) and using (3a) we

conclude that
(9b) R@ = n (n-1)k,,

which proves our assertion. In fact, for any K#0 and for any £, associated with a given
solution of the equations (3a), through the first integral (9a), we have a V(K)-space
which is also a non-trivial Einstein space. The final step, namely, that of identifying
the appended metric ds,? is completely at our disposal the only restrictions being
those implied by Theorem I and the conditions (9b). This means that the n involved
in the construction are quite arbitrary, which can be also verified directly from equa-
tion (ba).

Our proof is independent of the values of p, ¢ and ¢,,,.. In fact the value of ¢,
is an intrinsic property of the V(K)-space under consideration. In some cases ¢, =
e (P)> while in other cases g, is independent of p and in addition unbounded
(compare Kruckovic 1961, Constantopoulos 1993). The question about the possible
values of ¢, is still open and it is closely related to the existence or not of solutions
of the equation (3a) which are non-trivial V(K)-spaces. However, the only fact that is
important for our analysis is that for K#0 and ¢, =p+1, V(K)-spaces exist which are
not solutions of the equation (3a) (Kruchkovic 1967). Combining this remark with
our Theorem 1, we conclude that there are two classes of Einstein spaces which are
also V(K)-spaces namely, the spaces of the V1-type which are solutions of equation
(3a) and those of the V2-type which are not. In the second case, from equation (2)
using the fact that ¢, =p+1, we find that the threshold dimension for the spaces of
the V2-type is n, =5p+4 (p=1). These solutions are essentially different from those
considered by Brinkmann and De Vries. They form a new class of Einstein spaces,
which can not be mapped conformally on other Einstein spaces (see footnote 3). The
first representative of this class, for n=9, will be given explicitly in the Appendix.

The net result of this section is: two different series of solutions of the funda-
mental equation (4a) and (4b). In the Vl-series, each solution is characterized by p
and ¢. In this case the well-known solutions of Brinkmann and De Vries are redis-
covered. The solutions of the V2-series depend only on p and they are essentially of
a new type, having different properties. In both cases the distribution of the n in (1)
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and consequently the total dimension of the resulting semi-redicible space are quite

arbitrary'?.
6. Solutions for p=1

The only solutions possible for p=1 and ¢=1, are those prescribed by Brink-
mann. In our formalism these can be rediscovered immediately from equation (3),
which is now reduced to an ordinary differential equation of the second order name-
ly, the harmonic oscillator equation. The only conditions required because of (3a)
and (3¢) are, (5b) and (9b), where now n,=n-1I. The case where p=1 and ¢=2is much
more delicate because now we have to consider simultaneously both the linearly
independent solutions of the aferementioned equation. The resulting two solutions
(depending on the sign of K) are the first of the V2-series to be considered and they
introduce a threshold dimension of n=9 as we have already explained. The details
of these solutions are indicated in the Appendix.

For p=1, R? = (, the particular sub-case prescribed by the rest of the condi-
tions (7) is immediately solvable. In this case (4a) and (4b) can be written in the form

q
(10a) 0=3 no/q,
a=1

q
(10b) 62=00,+0,0,3, n, 0,76,
b=1

where, in general, some of he n, are not equal to one!3. Now substituting in the above

set of equations the expressions,
(11) o, = G tPq,

we reduce the system of differential equations (10a) and (10b) into an algebraic set

of conditions namely,

q q
(12) Ynpl=3 np, =1
1 1

where again the n, are completely arbitrary.

If n,=1 (a=1,..., g) our results are a generalization of the well-known Kasner
solution, for any arbitrary n (see also Petrov 1946). However our analysis for an arbi-
trary set of n , some of which are different from 1, reveals new and unexpected fea-
tures. For ¢=2 and n,+n,>2, the equations (12) have either a unique non-trivial
solution, or two distinct solutions which, combined with our Theorem 1, prescribe
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the K1, K2-series of special Einstein spaces (R=0). For ¢=3, the situation is essen-
tially different because now the resulting K3-series may include members which are
reducible (e.g. if g=5 and p,=0). If we exlude this possibility, e.g. requiring that p #0
for all a=1,..., ¢, the resultint K3-series involve, for each possible combination of the
n,, an infinity of solutions. If n, <4, the corresponding slice V, is necessarily flat,
hence the appended metric is unique. In all other cases this metric is that of a spe-
cial'* but otherwise arbitrary Einstein space.

Examples of each case can be easily obtained. Fixing n,=1, we have a special K1-
series of solutions prescribed by equation (10), where

3-n 9

(13a) p; = E, ps = 1 (n=4).
Another interesting Kl-series results for n,=n,=p, where p>1I. The threshold
dimension here is =5 and each one of the solutions corresponds to an odd integer
(n=2p+1). Again our solution is prescribed by (11), where

(13b) PLo =

So far we have considered only special Einstein spaces. However, the situation
changes dramatically for a nonvanishing cosmological constant (R#0). In fact solu-
tions of the form (11) are no more possible. Following Petrov (Petrov 1946, 1969) we

)

where A and i, are arbitrary constants. Substituting in (4a) and (4c) the above solu-
tions we conclude with a set of algebraic conditions which are the analogous of equa-

introduce the solutions

(14) 0,(t) = sin}(t)tanka (;

tions (11) in the case of a non vanishing cosmological constant namely,

(15a) n(n-1)A?

R =

q
2
a=1

q
(15¢) 3 ngp2 = (-DA(1-A)

a=1

(15d) s
n_
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where 7 is the dimension of the space. These conditions generalize the results of
Petrov (Petrov 1946) in our case and they introduce the P-series in complete analo-
gy with the K-series considered previously. The crucial point here is that although
we have a non vaninshing cosmological constant R>0, the scalar curvatures of the
appended metrics systematically vanish. The case R<0, is exactly the same as before
but sin and fan are now replaced by their hyperbolic analogues.

7. Solutions for p=2

The case p=2 is rather special as we have already mentioned (see equation 5).
In particular, for p=2 and ¢=1 our original set of equations (4a) and (4c) reduces to

the equations

a ©)
(16a) R _ (n—4)R+nR Pz,
(n—2)(n=3) n(n-2)(n-3)
nR%x) - 2R
(16b) g. = —L)——— Ogi(j())

& 2n(n-2)

where again the covariant differentiation and the indices [, j refer only to the two-
dimensional kernel. The essential point here is that R is not a constant any more.
Equation (16a) has been studied in many cases and by many authors. However, from
De Vries (1954) we know, that in the above case there is only one solution, if and only
if R = R© (g). Further to this point it can be easily proved that equations (16a) and
(16b) are compatible if and only if, R (¢) satisfies the ordinary differential equation

(17) RO (0)+(n-1)RO (0)o! = % Ro'!

where the dot indicates derivatives with respect to the unknown function ¢. Equation
(17) can be immediately solved, the solution being of the form,

2R

0) — ,sln
(18) RY (6) = a0 +n(n—l)

where a is an arbitrary integration constant. Since we now know precisely the form
of the function R” (g), we can easily integrate our original equation (16a). In partic-

ular, we have

(19a) ds,? = g, di2 - - dr?,
where
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o a 3—n+ R 2
k) 8% homd)  nm-n O
and
(19c¢) o(r) =r.

Here, C is an integration constant which is very important for our analysis. In fact
using equation (16b), we conclude that C prescribes the scalar curvature of the

appended metric namely
(19d) RM = (n~2)(n-3)C,

where n>3 is the total dimension of the underlying space. For n=4, C=1 and a=-2m
we have the Schwarzschild solution as this has been generalized by Kottler in the
presence of an arbitrary cosmological constant. Further to this point C can be always
normalized to the values 1 or 0, fixing the scalar curvature of the corresponding
slice to positive, negative or zero. Thus the S-series of solutions, induced by the equa-
tions (19a) to (19d) include naturally, for n=4, all the static solutions of the vacuum
of type D (Kramer et al, 1980). In order to complete the proof of our assertion it is
sufficient to notice that in (19a) the choice of the signature was quite arbitrary. Thus
readjusting the signature in all possible ways and computing g,, for each case sepa-
rately we recover (n=4) all the aforementioned solutions. Thus, we conclude with
three distinct sub-series of the S-type, S*, S~ and S° corresponding to the three pos-
sible values of the normalized constant C.

Clearly, our previous analysis does not exhaust the various possibilities even for
p=2. In particular, special solutions for p=2r (r=1) always exist, assuming only that
the kernel is flat and requiring the appropriate!® signature. In this special case the
flatness of the kernel guarantees that equation (4a) is considerably simplified to the
form of a differential equation with partial derivatives which can be easily satisfied
for ¢22. Further to this point, choosing the flat kernel and the o, in the form

(20) ds?) = 2dxdx™+! + ... + 2dx"dx?"

f
(21a) o, {5, &%) = ¢os (Z o, XS + cb), (b=1,...,k)
1

r
(21b) o, (Xr+1’_,., x2r) = cosh (Z (‘)bsxrﬂ*'cb)’ (b=l<+1,...,q)
s=1
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we have the conditions (4c) automatically satisfied while the equation (4a) reduces to

the equations
(22) Rr-i—sl,r+s2 = O,

which, because of the particular choice of the o-functions, degenerate into algebraic

conditions among the » namely

k q
(23) ) 1}, W, Opgy = b7 i Ny Wbs; Pbsy = 05
+

S= —

wheress;, s, = 1,...,7.

The resulting F-series depend on r=1 and on the particular distribution of the
n,. Solutions of this particular type exist for any n=4 but only the first member of
this F-series is known for n=4 and r=1 (Petrov 1967). In our case and for r=1 an
unbounded number of solutions can be generated by the following prescription,

(24) q=2k, 0, = 0y, 0y = 04, (b=1,...K)

Cu 7 C (P=a).
This particular class of solutions forms the F,-series the properties of which, in an

abuse of language, imitate the properties of the V-series.

7. Conclusions

Our analysis demonstrates explicitly, that the solutions of the Einstein equation
in the vacuum, which have the extra property of being semi-reducible, display two
different patterns of behavior for any n=4. However, this difference becomes trans-
parent only for dimensions n=5. Thus, solutions of the V-type and the N-type can
be constructed in a way, which is entirely independent of any distribution of the n,
and which is compatible with the dimension n. We have also shown that there are
sub-cases where this phenomenon is realized only for dimensions n=9. Further to
this point equation (5a) suggests that the V-series and the N-series are the only cases
where the aforementioned phenomenon occurs. Although arguments based on the
equation (5a) are very strong, a rigorous proof of this conjecture is desirable. The
rest of the solution given in this paper is classified into series of solutions and the
members of all these series depend explicitly on the distribution of the n,. The solu-
tions presented here, which belong to the same series, have certain properties in
common. However, the essential point is that they all have a representative, or cer-
tain (degenerate) representatives at dimension 4. For both patterns and for suffi-
ciently large dimensions the structure of the slices is more or less irrelevant assum-
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ing only that it satisfies the requirements of our Theorem 1. The essentials of each
type are summarized, in a compact form in table I, where the first column indicates
the value of the cosmological constant possible, for the particular type under con-
sideration.

Solutions with a non-flat kernel for p=2 and ¢>1 exist. This can be proved indi-
rectly in the following way. We may start with a 6-dimensional member of the S*-
series. Then we may replace the arbitrary so far slice of this space by the Kottler solu-
tion (this particular choice is permitted by Theorem I). Now, rearranging the vari-
ous terms we end with a new g-analysis which is of the type {2, 2(1), 2} and this
proves our assertion. However, this is nothing more than a special S*-solution writ-
ten in a different form. Thus the possibility of new series of solution for p=2 and ¢>1
is still open and this is indicated by the black region of table I. In the same way the
shaded area indicates the range of our ignorance as far as the values of ¢, are con-
cerned.

Among the extensions presented here, the extension of the Schwarzschild solu-
tion has some interest. According to Theorem 1 from n=4 to n=5 the extension is
unique!® but this additional dimension, however curved it may be, leads to an
unphysical Newtonian limit. This is derived from equation (19b) for R=0, where
now a=-2m. In fact, the Newtonian potential derived from this expression behaves
like 7. For n=5 this behavior is quite unphysical as we have already mentioned. If
n=6 the addition of any spatial dimension has the same effect, destroying the
Newtonian limit of the theory. Now however, the extension is not any more unique
and our previous argument may not be valid any more.
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Appendix

We present the first member of the V2-series (Le. p=1, g, =2 and n=9). This par-
ticular solution is of the form

(Al) ds? = edx? + 0%ds} + s3ds?

where ¢==+1 and x is a general variable that may be an angle, a cartesian coordinate
or even time. Here, 0, and 0, are the solutions of (3a) subject to the condition (3b).

In our case (p=1) equation (3a) is reduced to
(A2) 0 + eKo =0

There are two distinct cases for the solutions of (A2) namely,
I) K=+eA?, x=6, 0,=cos(A0), 0,=sin(A6), k,=k,=+€A*
1) K = -)2, x=u, 0,=ch(Au), o,=sh(Au), k,=-€A?, k,=€)?,
where k; and k, are the constants that appear in equation (9a). The appended met-

rics are of the general form
(A3) ds? = ggz;adxiadxia, (@=1,2), (i j, = Lwsd)-

Now, according to Theorem 1, both the appended metrics should be non-trivial
Einstein spaces, otherwise the solution (Al) degenerates either to one of the solutions
prescribed by De Vries or to a space of constant curvature. The cosnelogical con-
stants of the aforementioned metrics are given by equation (9b). Now, the minimal
choice, as indicated by (A3), is n,=n,=4, which introducesn=9 as a threshold dimen-
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sion. It is worth noticing that this is nof a unique construction, because of the arbi-
trariness implicit in the choice of the appended metrics. This particular feature is
characteristic of the V2-series.

Table I
C.C | Kernel [p] | Length [q] Qs Type/Series Comments
R 1 1 2 V1 Brinkmann Solutions
R 1 2 2 V2 New Solutions
0 1 =2 K1, K2 Extension of Kasner’s
Solutions
0 1 23 0o K3 Extension of Kasner’s
General Solution
R 1 =2 = P1, P2 Extension of Petrov’s
Solutions
R 1 23 o0 P3 Extension of Petrov’s
Solutions
R 2 1 1 St Extension of the Type D
S 8P Static Solutions
R 2 =92 =2
R =2 V1 De Vries Solutions
R =2 V2 New Solutions
0 2r =2 oo F New Solutions
0 =4 =910 [p/2] N New Solutions
List of the various solutions
[TEPIAHYH
‘Hwavayoryysor ydpot Einstein pe n=4 Sordoe
Ot iBiotres MuavaywypoTnTag 16V ywewy Einstein éEeralovton sustnmarind v xade
Sustacn n=4 xal Y omowdimoTte €idog signature. Eiixotepa eloayovran of ebiomoerg

’ \ \ ’ 2 ’ \ / \
MMAVAYWYUROTNTAG XAk GTT) GUVEYEL ETLAUOVTAL O Slagopeg eidiee Tepmtaoels. Ta

>

ATIOTE,

14 \ L4 ! N
Aegpata OV TIPoXUTTOUY Tapouatalovion oav axohoudiec Maewy. "AnodexvieTal

o or ¢~ ~ \ ~ \ , .
0Tt 0Aeg 0L Augelg Pmopolv va ywetatlolv gt Slo Sapopetins xatnyoptes, M xabe wia amo

\ ¢~ 5 ~ o N & 7 &
TIC OTOlEG AMOTEASL €V SLOPOPETING «UTOSELYMa TUUTEQID0RaS». Ta olotwdn yapa-
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\ K ~ ~ a3 ~ ~
RTNPLOTIXG AUTOV TWV GU0 Xatyoptwy culnroivrar defodtxa xal mapouaialovron véeq
’ \ Y / 2 ! \ X ’ ¢/ ~ ’ \ 9 / \
Ngeig yian=5. "Eéeralerar eniamg xou 10 Neutivero Spto 1w Mgewy mod avixouy oty

St Uroaxohoudic Nisewy.

AaBow oy Moyov 0 "Axadnpainog x. T'edpyrog Kovromoudog, eine war éEnc:
Ot y@por tovg omoloug pereta 6 x. Kwvatavrémoudog elvon yevixelsoeis yvomatav
Ywpwy, 6mtwg To0 yweou Minkowski e Eidixtie Tyetixotnrog, Gnou 10 aroyeimdes

wixog ds Stveton amo Tov TUTO
ds? = dx2+dy?+dz>-c?d¢? (1)

"Edo dx, dy, dz et puxpés drootdsei tob auvifious yweou 3 Suatdaewy xai dt evas puepd
dasTnpa yeovou (4n diaraan). ‘0 imog Tob Siver T0 atoryeides o ds? eivas yevixeuam
oe 4 Susracer tou [Tubayopeiov Bewpruartog xai ovopaleton «ueTpxn» Tob YWeou.
Ty Cevoen) Zyeninotnta 1) petpmn yivetou
4 4
ds? =% ) gdxdx; 2)
i=1j=1
omou g, el GUVRPTTTELS TGV X, Xy, Xy X, X0 GT0TENODY 0 «etpind TovuaTiy. O
8; el Maee Tav Sapopinay éEiatoewy 00 Einstein
Gy ;= xT, 3)
&mou 6 Gy el 6 tavuaTe ToU Einstein, ol mepiéyer o 8; xol TP@TEG XU CEUTEPES
mapaywyous Ty g, ‘H T050TNG A xohelton «xospohoyen atadepar» xal o T; amoTeENEL
TOV TAVUGTY) «EVEPYELNG-0pIATIC» XOU YapokTNELLeEL TNV XaTavopd) T1G UANG Xou EVepYelag
a0 yweo. ‘H x eivar wa otabeps dvodoyiag.
"Av Tij=0 TavToD, $XT0¢ Ao Evar anpelo, o Aon T eenoewg (3) (ue A=0)
etvau ) Ao 700 Schwarzschild

2
ds? = Tdr—a + 12 (d0%+sin0 dg?) - (1- 2 de? )

r

ToU TopaTaver o ToMxeq ouvteTaypéves i «ehav 6mn». H mosérng a el
axTiva TG ehaviig oG,

‘0 %. Kwvotavtomoudog, y(enotromoimvtas xprtnpla NaveywYkotnTas, botxe 0o

anopn Noeg g aonoeng (3) pe TiJ:O:

2
ds? = -9 4 12(d62+sinh% dg?) - (2 - 1) de* (5)

r
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xod ds? = rdr? + 12 (d02+d¢?) - % de? (6)

o b / ’ o [ 3 A ¥ A ’ 7 ’

Opwg dpydtepa Samictose 6 of Mot alteg Aoy 1oy Yoot Kot npoyw-

\ ’ \ / / < ~ \ < ’ \ 8/ \ d 2

onoe ¢ Noewg e mepaadrepeg daatases. Of ydpor (Snhadh of Tumor o Sivouy 7o ds?)
ol TpoxUTTOUY &mo Ty Eklowan (3) Srav T =0, Aeyovrar «ympot Einsteiny.

Ot y@por Einstein tolg omotoug efetaler 0 x. Kwvortavromouog evan g mopgne

ds? = dsy? + 0,2 ds? +...+cq2 dsq2 (7

dmou dsy? evor 10 «Bepehddes Ty Thg peTpuior xal ehar p SlaaTdoEwy, V6 T8
dslﬁ...dsqg VoL «TPOTUPTNIEVES HETPIXESH BIGTATEWY 1, ... n,. “Orav ot suvaptoelg
0y...0 bapTvTar povo Gmo Tg p ouvteTaypéves To0 fepehwdoug TuMpatog TG
etone, ToTe 0 Yopoe (7) Myetar «uavaymytroo» Eve 6Tay o, ...0. e otadepte 6
peTpne e YeTon <chpaaorydyy ey 0
YOPOC AVTOG NEYETAL KAVAYWYULOGY.
Yo mapaderypa 6 y@pog Schwarzschild eivas fuavaydypos 1 deog e Oepehiddeg
T
o o2
d = 4 (8)

1-2
r

pe p=1 (Gnhadn pia povo Bepehiwdn petabhnmi, Ty 1), vid of ydpot

ds? =d6? + sin%0 d* xa ds} = de? 9)
elvan mposapTIUEVOL Y Beot SlacThgewy N =2 xal n,=1 avuistoiywe. "Edo eivou
o =1?,03=-(1-2) (10)

Srhadn v g, 6, e suvrpTATELS Wvoy Tiig baoikic peTabhnTiic T

‘0 x. Kwvoravtonovhog 6pnxe modhee véee NHAAYOYes MNaee Tov eEigwoewy
Einstein, mou eite anoteholy yevixeloe, yvwatay Moewv (.. 1@y Aoewv Kasner,
Petrov xAm.) 1) elvow &vtehdde véee Mioetc.

0 Tehog Ti Epyaciag Tou xdver i ouoTpaTie) Takwbpnen Shwy Ty Noswy,
YVWTTOY %ok VEWY.

Ot Wiserg 70b 2. Kevaravrtomoulou 8w Eyouy duean douppoys ot quatms TpobANpaTa,
dev amoxheleman G va Goefouy tétoies dpapovic eic o ENloy Xl pohoa oty Bewpla
oy Umepyopliv. Eidmotepn magyow dvielfer bm bpiopéves Noe 100 x. Kovoroy-
omoulou eva y@por Cartan, mod eha: cnuavTixol Ty Bewpntien Quonen. Kata guvéneia
et hemtopepeaepn peEheTn Tav Kioewy mob Avagéeaye 0% Ty Buaitepa Yo,
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TPOEAPIA NIKOAAOY APTEMIAAOY

OIAOZODIA. — TTpoheybpeva eig piav Néav «Suyypagiv» e Tomopiag e Pdooopiag,
om0 100 Avreniatélhovrog Méhoug tie "Axadnpiag x. *Avastastov Zodpmou*.

2 o I 2 [ & \ K4 \ / \ ’ ’
Ev ) ratotépw avaxowase: Ba fchov Sa Gpaywy var magatnenow Tva,
< 5 ~ 2 AJ ? \ 2 ~ \ \ ¢ \ ol ’
dTvar Gpopolv elg Tolg wENNovTaG va acyohnbolv TeEpt TOV LITOPXOY TYG PLAOTORPLaG
K 3 \ e ¥ ~ \ ! ~ 9/ ’ ¢ ~. 7
®A&Sov" g YYWITOY 1) &yet TOUSE GUYYPaPT BIBNWY ToU €ldoug TouTou UTTjekey aglo-
vog xou xuptwe xata Ty teheutaioy 80etioy.
) ~ \ ; A9 A \ \ ’ o ~ 1
Evtatfa Sev mpoxettar va ablohoynomw xol Vo AVYOVEUSH Ta EQYR TAUTA ,
86Tt 6 axomog TG TapolaTg evar TavTY) ddpopos.  Emerta 1o xad’ nude mpobh-
e ~ ~
wa evat, Eav aNuepoy 1) Ex0eatc PLAOTOPIXBY CUTTNUATWY ATTO TGV GEYMUOTATWY
wéypt TV xal Nudc yeovwy arotel]] cupboAny g TV EmaTHUY TG laToplag
=~ ’ 2 ’ / ~ 9~ N Ly / ¥4 4
e @hogoglag, apyouevou pakota tob 21ou atwvog, M oyt. Kivar yeyovog, ot ot
ToAUOTEPOL TUYYPAPELG elyov Teeptoptalin] elg TNy avaypagry Twy ENnpwv TANpogo-
o \ -~ ’ ~ / \ ~ ’ -~ 14 L
eLV, Tept TOU blou, The Spacews xal TG StdackaMag TWY PLAOTOQWY Xal TN
! ~ ~ T
Youpévame of éxdbtan TV Fpywy TovTWY EuoyONoay XUpLOAEXTIXMS, BLOTL 0UTOL
b4 ~ ~ i~
mpene WOV Vo EeTATOUY, EaTw xal TPOYEPWE TG, Ta THG UANG Gaael TV
% ~ o~ -~
Uy 0UT @Y TOTE TNY®Y Xal ETELTA V& GPYITOUY THY TUYYPAPTYV TAY TEWTWY EXEL-

A ~ ~ 3
vov 66Ny, viote S¢ dveu iatopixie Twvog peBodou. Towltov Eoyov Vto Aav

* ANASTASIOS ZOUMPOS, Prolegomena in a new Writing of the History of Philosophy.

1. Tlepl t@v avowtépm B¢ &v Lehrbuch d. Geschichte d. Philosophie, Uno Windelband, Tiibingen
19501 o. XIT (&v eivaywyt).
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SUanohov, STt he Eéyopey anpepov, S&v Umfipye ToTe 1) oTwadnToTe «Wwdtomoi-
NGte» 700 iaT0px0l Grhogogueol TobTou xAddou, xai evan Gviwe GEloL TyATIG ol GuY-
Yeageic obtor, Tap” Shag Tag ENketPerg Tag dmolag Evéyouy Ta Epya alT@Y, g Ay
0f TO Te@TOV EmyEIONTAVTES TNV CUYYPagNY T@V xatwtépw: Th. Stanley, The
History of Philosophy, London 1685. — ]J.J. Brucker, Historia critica philo-
sophiae, topor 5, Leipzig 1742. — ]J.G. Buhle, Lehrbuch der Geschichte der
Philosophie, topot 8, Gétingen 1796. — D. Tiedemann, Geist der spekulativen
Philosophie, topot 7, Marburg 1791. — De Gerando, Histoire comparée des
systemes de philosophie, 2* tetpatopog éxdosic, Paris 1822. W.G. Tenne-
mann, Geschichte der Philosophie, topot 11, Leipzig 1798. — J.Fr. Fries,
Geschichte der Philosophie, topot 2, Halle, 1837. — Fr. Schleiermacher,
Geschichte der Philosophie aus dem Nachlass, év f] oepa T@v « Anavtwv»,
III, 4, 1 Berlin 1839.

‘H avantube éneta 1OV ¥ AotV oToUd@Y Xal €V YEVEL THG EVPMTALXTIC
émaTiung Tpoetoalouy To UAov 2@’ o) Ba atnpifouy dpydrepov o Bepehiddn
avteyv Epya ot E. Zeller, K. Fischer, F. Uberweg, W. Windelband, R. Falcken-
berg x.&. Ilepittov va tovicw, 6Tt ta Epya Tabta, xaitor memauwpéva, E5axo-
houBolv €v TouTolG Va TapauEvouy ETt ok 68nyol Tig onepov. Ta viv éxdidopmeva xa
AVOLPEROLEVEL EIG TNV L3TOpLAY TNG Qrhosoplag, 1) StaTnEoly TNV Kopey StSaxTIX®Y
EYYEEBlwY %al ETOUEVWG BEV TIaREYOUY ETTTNROVIXY Twvar GUBOATY, 1) TalTa
avThoUY XaTa T0 TAEITTOV €X TG TaAMAS «TOPIAC» TMV AV TER® Uynuoveudévtwy
EpYOV.

Kaf® fuae 1o mpobhnua, 6mep 86ov va draayohian ToUe ViV eidixole eivan To
eETle” S YVWTTOV TAvTa Ta prhoToprpaTa elvan émavaknels TEoTERWY GAOGOPTUG-
TWY TROTNPROTUEVWY TAVTOTE XOTE TO EXATTOTE TOU Prhogdpou mvelpa. “Exastov
PLAOTOPNAA PEPEL TA TTEPUALTA TOU TEROYOUREVOU ATOD otk TEIVEL V& GUITEANEMAT)
o mponyniév. “H avatohuen pubohoyio Béter o mp@ta alrfic wetaguad dowth-
parto xou 1) ENNVIXT axeYg Amavtd ele TalTa Xal SUYYEOVRS Snuougyel Ty véay
alTig «xoopolewpioavy” ol petaryevéategot Ypbvor @Y edpwTAX@Y Aa®y TeptAeiouy
TG EaUTOV xeVElg elg Ta «EANNVIXG ipdTiay. O NBUVATO TG Vet iayuptaf] G 0d8eY
Gy(£d0v ETITEVYIA TOU VEWTEQOY TVEUMATOS UTAEYEL, TO OTiolov Sév Evéyer Bepehudiderg
ENNUIRaG EWOlag" O aveuplorwy Emopévs Ta dAGTEIL oTomyEia Evie IAOTOIOD
FUSTHATOS GtohoYEL TOV grAdTogoy did TN Exhoyiy altol, 4o’ 0b ovToc EMpOTYAT-

= ms E oW 5 = y
g€ TOUTO 1) EXEV0 TO GLAOTOPTAL, EVE TUYYROVIS Xpiver ol guyxpiver B0 GUTTAUA-
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o, 800 xapoug. AN xal G0 Tt O Muvauny va TposlEsw: 1) Eppmvela TOU GLA0-
gopnpatog Oa yivy TANPEoTEPY Kol TPAYMATIXY), €y CUYNODUEY VO EUPWUEY TNV
\ / 9 4 & b ’ (o ! \ ’ K} ~ 9 s \
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o ~ ~ -~
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SUMMARY
Prolegomena in a new Writing of the History of Philosophy

This communication aims at reshaping the established content of the
History of Philosophy, which has to be enriched with new chapters that will
include new contributors who produced at various times commentaries and
presented new forms and interpretations for the established knowledge. These

contributors first discussed this knowledge and then through their interpreta-
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tions and comments changed the hitherto prevailing ideas, which, at the same
time lead to new problems and considerations regarding the content of the
philosophical history exposition. The Greek philosophical history writing needs
greatly the contemporary classical philologists who can reveal new findings

enriching the present day established knowledge.
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™ yowdiaxn avwpalic mou fewpettar UmedBuvn i Tig xhvixeg Exdnhwaes TG
I ¢ \ -~ ’ ’ -~ \
vogou. ‘O xafopiopos g aygame pavotinou-yovotimou Unrpke xad guveyilet va
3 ’ T \ ’ \ \ i~ ~
evau pio Sradixagio enimovy xau paxpoypovia. L' tov xafopiaps abthe e ayéone
’ \ 2 ~ \ ’ \
yperaaTne o eBaxooudel va ypeialetar aTeV), GUVTOVITUEVY) XAl GEUOVIXY) GUVER-
& \ \ -~ . b \ \ o~ -~ -~ -~ ~ -~
yaoia pe 0 Leuyog Seidman amo 7o Tunpa yevetxne g latpie Tyohng Tob
Harvard.
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Supmepaopating Zyoha

> \ ’ ’ \ \ ’ \ \ -~
Eyoupe, xata cuvernea, xabopiger to yeveahoyino Sevdpo oe 9 yevesq wiag
oixoyeverag Ieppavixilc xataywyfg ué xhnpovopun) v6ao mou Tposbdlet t6 alaTy-
pa xohmoxothaxilg aywyte xol to puoxapdio. To dvapaio yovidio, Imebbuvo yia )

V050, EvTomileTon oTO XEVTEIXO (éPOg TOU Ypwuoswuatos 1.

Ao T paxpoypovi UEAETN) TR eidixtle abThe poppTc puoxapdionddeiag
wropoUe va xatahnEoupe ata EETC cupTEpdTpaTAL
— Khnpovopuxa vosrpata pmopel va éxdnhwdoly mohd &eya ot Lo,

o \ I \ \ ’ \ \ 4 7] e N > /

* — Ka tarmpixn meptbahdm xat mpomavtog gpovtida yia t6 xdfe dabevi) elvar dmapai-
TNTA Yo TN REAETY) XANPOVOUIX DY VOTWY.

. \ ~ ~ ’ \ ~ ’ ’ 1%

— ‘0 xabopiopog tav xhvi@v Exdniwsewy, Snhadn 00 gavotinoy, xuplng GTay
a)TES elva TOMNAATIAES, GITOLTEL (LokQOYPOVIOL, ETUTTAUEVY) X0t GUGTNUALTIXT XAVIXY,
TAEATNETET).

— Ztevn), GUVTOVGEV) Xal GppovixT) GuvepYasto petakd Bastxiie xod xhwixtie Epeu-

VX ~ ~
Vg elvar aTOUYEI ATapaUTNTAL Yia TOV xafoplo s TG aYEaNG PavVOTUTOU-YOVOTU-
T0U.

Tehog, The Ohio State family drotehel €va mpdTUTo Y Tig rehéteg xANpOVo-
(MA DY VOTNATOY.

- 5 =

Oewpolpe 07t 970 TposeYES PENOV O elvar Suvartoy va mpoxabopiabel 1 puatk
2 [ / 9 [ 4 ~ 2 4 \ -~ ] \ \ \ 4 \ \
ekehEn xafe atopou TG oixoYEvelag PE TTOUER GO TO Yeveahoyio 6vSpo ol e
YEVETIXT) AVAAUGT), TPl Xy ExSnhmbel 1) vosog.

«Time present and time past. Are both perhaps present in time future. And
time future contained in time past. T.S. Eliot». «ITapov xai mopehbov mavov xod
o 800 Gplanovion ot wehov. MéNhov Suwe dumepiéyetar ato moapehovy. “Acod
mpoxafopicoupe TN quatxy EehiEn e vooou Y xabe dtopo, bactkoc oxomoe O
5 ’ v ’ \ ’ >~ Ay ’ /
evar TAEOV vau aAAaEoupe TNV Topela aUTTG e Eyxatpn TomobeTnem Bnpatodot,
ahTopaToy GTISWTY xal QappoaxeuTint dywyn. Meta tov xafopops 00 Yowdiou,
1 avartutn SyoviSioan @y (wixav meoTinwy, oY O Gonige: oty xahTepn arto-
Vonam Th oYETNG puvoTimou-yovotimou, Oa elva 10 Embpevo Aoy 67pa. Téhoc,
(4 / ~ / \ \ ~ ’ \ \ 3 \ \ 5 ’

N mpohndmn TG vosou pE peTabohn Tou yowdiou Thavoy O etvar Suvath oo drwTe-

00 UENAOV.

‘0 xaboprapog v ToMATA@Y xal TOATAORWY pyaviaay ol pubuilouy )
TYETN YOVOTUTOU-QauvbTUTIOU EXxTOG GO TNV Mo Tapév Epeuva Grantel xal Sroparti-

’ 5\ \ \ \ \ [ ’ [T ~ ” .
XOTNTOL ATO TOY XAWVIXO Xl TOV 6agixo EpeuvnTy). Lo €pyo Tol René Magritte, La
Clairvoyance, (Eixéva 2) 6 xahhtéyvne moporneel eva adyo s Lwypapile: S

3
moull. “Omwe 0 xodtéyme elye ) Sopartixdtnra va culhdber 61t 7 Brohoyx)
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€EENEn Tob alyol 08myel oTo ToUN, TaL wt O peuvnTne, XAWixoS 1) agxde, eivou
ATAPALTTO VO XATOVOEL xal Vo TobAETEL TNV GAANAoekkpTNoT TTOU Umapyet reTaby
YoVSlaxg avmpahiog %ol xAvix@v gouvopevewy. “Ent mAgov, 6 xhvixdg EpeuvnTne
Tpémet va elvan ¢ Béam V& 68nYel TO baoind EpeuvTh TN cwaTY xaTelluva, Y THY
EQUTVELSL XAVIXDY QOUVOUEVWY, YIOUTL OV alTOg EYEL TNV ATONUTY YVOTY THG XAt
VIXTG €XOVaG Xal TV Tpobhnuatwy TT¢ dabeveiag. Movo pe adto Tov tpémo 6 dpeu-
TG, *hvixog xod Bastxde, Oa elvon ae Oéan va xabopioe: midg dxptbac Aertoupyoly
e 30.000 zepimou yovidia mou Umdpyouv oo Yovidtaxs xwmdxa xal xabopilouy Ghec
Tic Aettoupytes o dpyaviopol. Bt pévo Oa umopéaouy va Swaouv araviney yia
TeWTYN Qopa g€ Bagwa EpwTpata TG BloAoyiag dmwe Ty TG GTO TO WAEL
avantigoeton 6 avlpwmog, mag Aertovpyel O avBpwnvog Eyxépatog, YTl 6 vt
dropo Stapepel Ao TO GNAO X.0.%.

Kipte Tlpoedpe, eivou pgaves mox orpepa 1 yeveahoyia &yer suvavthoer )
yeverxn). [hotedo max pe ématapénm Epeuva, Siopatixbrra, ol Ted ToVTOE GTEV)
guvepyasia petald 6aoixol xol Aol EpewvnTi), N Yevetinn cuvtopa Do eivan o

fean vo GANGEeL 1) yeveahoyia.

SUMMARY
Genealogy Meets Genetics: The Ohio State Family

We have established a pedigree from 9 generations of an Ohio family of
German origin with autosomal dominant heritable cardiac conduction and
myocardial disease with gene defect that maps to chromosome Ipl-1ql.

Clinical manifestations at different stages included sinus bradycardia, atrial
arrhythmias, atrioventricular block requiring pacemaker, and later congestive
heart failure; ventricular arrhythmias requiring defibrillator, and sudden death
also occured.

Autopsy demonstrated that interstitial fibrosis and myocyte degeneration
were more severe in the atria than in the ventricles.
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The Ohio State Family
Multiple Phenotypic Expressions

Sinus bradycardia

Atrial arrhythmias
(Atrial myopathy)

Atrioventricular block
(Conduction disorders)

Congestive heart failure
(ventricular myopathy)

Time

Xynua 1. The Ohio State Family. IlodMardéc éxdnldse wns vooov. “H vigos apyiler pé xol-
) bpaduxapdia xal pixpol 6aluol SlaTaoayES TG XOATOXONAXTE AYWYSTNTAS, Ue TV
TGp000 TOU YpOVoU G XATAATYEL g€ xapduxy) averapxeia. Alpvidios Oavartoc pumopet va éméA-

Oet o€ oroodrimote oTablo TG VOTOU, TG TUYVE TULERIVEL GAWS TTIC THO baIES LopPES aUTIG.

The Ohio State Family

Father Mother
b. 1803 b. 1805
9 Siblings

Zopa 2. The Ohio State Family. I'eveadoyixo devipo tav Slo mpwtwy yevewy. "Agpev pulo dei-
JYETAL TYNUATIXG (€ TETRAYWVO, AU QUAoy deiyveTan e xUxdo. ‘O matéoas Tic mpdTng ye-
veag yewnlinxe o 1803 xai 1 pryréon w6 1805.
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The Ohio State Family: Sibling 5

: fan )

Syiua 3. Teveadoyind Sévdpo w00 méumtou adedpod. "Ewéa yevees (Generation). Tetpaywva

; y v / / L , M - \
detyvouy dopey xai xuxhot OnAv gudov. Sxiayoagmueva aluboda deiyvouy dropa mou éxouv T1
vogo, évi xeva cuubola dtopa mou Gev Eyouv T1) voso. ZUuboda moU SacTaUPWYOVTAL UE (LK
yoap 1) Jelyvouy droux mou éyouy anoblaet.

“The Ohio State Family”

The Ohio State Family
Cardiac Conduction
System and Myocardial
Disease

Chromosome
1p1-1g1

2ynua 4. The Ohio State Family. To yovidio uredOuvo yia ©1) vioo évroniletar o6 xevoues puéoog
ToU ypwuoswpacos 1(1p1-1q1).
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Giencration Sibling 5

VI
VIl &
SP)
Vil
4 Heart Failure

P

.§ Ventricular tachycardia

g Cardiac arrest

2 Defibrillator

e . AV-block

= Pacemaker

@ Minor AV

E "

S conduction

g abnormalities

@ Atrial premature

beats
J»———/ £ >
1939 1983 1989 2000
Birth 43 45 50 + 55 60 61

Zynpa 5. Have pépos. Tunpa w00 yeveadoyixod dévrpou ToU méuntou ddedpod. “H mopeia vic
aatevoiis pe wa apyixa BK gatvetar a6 xatw puéoos 00 ayrjuaros. Mé tv ndpobo tie Hhixiag
(coilevriog dEwv) 7 baplrnra Ty ouunTwudtwy avkaver (xabetoc dEwv).

Sibling 5

VI

il

Vi

sp A RK

Ventncular tachycardia

o o
5 s Cardiac Arrest
8 Pacemaker + Defibrillator ) '
3 amaer S e g Pacemaker + Defibrilator
i i
2 2
< Atrial tachycardia g
= = Atriai fibrillation
2 Minor AV 2
2 conduction g
£ ebnomalies 13 Atnal premature
2 Atnal premalure 0 beats
beats
p > — -
1958 1989 1995 2000 1960 1985 1997 2000
Birth 31 34 37 39 a1 42 Birth 25 32 37 38 39 40

Zyua 6. Have pepos. Tuiua 00 yeveaoyixod dévdpou Tou méuntou adedpo. H mopeia tiic
aalevods SP (xdon w7 acbevolc BK) xai tob dobevoic pé va doyixa RK (yide tiic dobevoic
BK) gaivovias o6 xdw pépos ol ayruaros. "H baplrnra iy oupmrwudtwy adfiver ué wiy

Tapodo TN¢ nAueiag.
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Eixova 1. “lotodoyuer) ébévacm dootepos xdhmou (Gprorepa,) xat apioTepas xoNag (Sebia) dmo
aglevi) ue ) vooo wou arebiwae. "H Sdpeaos fuwam owoy deiatepd xbhmo elvar mo Eupavic ano
0,7t TTNY o,

e

Eixova 2. René Magritte, 1936. La Clairvoyance 1977 C. Herscovici, Brussels / Artists Rights
(ARS), New York.
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ITPOEAPIA NIKOAAOY APTEMIAAOY

AIKAIO. - "Eheyyoc oebaapol v cupbatixdv Umoypewoewy e ‘EXhddog &nd o
Edpwndixt Aactipo tév avlponivey Sxawpdtoy, Uro 100 "Axadnuaixod
%. "Eggavounh Podxowva*. (Suvepydrig peuvag xa “Ehévn Miya).

*H avaxotvwarn 0o Snposteudny oo Topo 76, Tedyoc A (2001).
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