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wipreg mpwreivee o1 Saxiviey Tob aofeotiou xal ol ouayetifovrar pe
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Thv vopdlond) dverdpurea. ‘0 dndtepos EpeuvnTinde pug oToY0S shvan ¥} he-
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TTOpeptg naTavhnor ol phhou Tol GupromhacpaTieol Sutiou oTOV Wi o-
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wiopd Saxiviong Thv vtov dePestion, wallhg ol 7 enidpusyn Tou oty
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wopBroneh, hertoupyia Hmd puolshoyxés xal maboioynes cuvbijxec.
3 ™ 5\
Suyxexptpéve, 7 dpeuvnmind) pog dudde dvédeile ) onpacia evig pi-
xpol woplou, The pwogohapBivne, ot eibuier ol wiwhou Tav lbvraw
doPeotion o1h cupromhaapatind Stetuo xal Thg xapdiaxiic Acvtoupylas. OL
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oradix The evivpatueic Srudiacine th ATPaong wod pertapéper 16 daPé-
6TI0 676 GUpXOTAXGRATIXG dheTuo ¥ath TH yaldpwar TS Kopdldc, EumAé-
®ovTHe TO popto aiTh GOg xipte pubuiety Thc wwpdiandic hertoupyiag. X¢
WETETEITaA pEAETEC MEpryodypane 1 1) puopolaufary gwogopvlidvetar ué
ralle yrimo tijc xapdias (1), pra araxdaivyn mod aretédecs Ty mpdiTy ané-
deekny Tijs onpaciag THS ovyxexoiuivys TowTEvNS xal T omovdmdTHTdS
THG 08 XUTACTAGELS AVTIODATS WIAANS 1] GUyTon.

2 mapahhnhes pehftes, T6 Epymathptd pog Exove hemtopepels wol
TPWTOTOPLAKES BLOYMLIKES HVUADGELS YLd THY ATOROVIGY] KL TOV JAPEATT-
plops mpwTeEivxGv xvaady, kel xal puopatasdv 1ol cxpromhacpe-
Tueoh Suetdou, wob pubpilovy o petagopa ldvtwy dofeotion xal ouvemdig
T yoehkpwar The vapdidc (2, 3, 4). Amodetiape STt ¥ wpwTEivIL: ®iveay,
mob pubpiletor amo 70 aoPéotio wul Ty xohpodouiivey sivar Seapsupivy
ot pepPpivy ol cupromhucpatined Suetiou xal 1t 616 pepfpavind adtd
ohoTue DTagrouy of TpwTeivinés pwopataces 1 xal 2 (Eix. 2). Aird
anotéieae Ty mowty dandoeEy yua iy Snaosy Evoc moivuepods diapie-
otopatomotuévor ovumidxon, ot poluiler avriotpenta Tov xixio TV
iovrew dafeatiov ord xétrapo. Ton auveysia, avantilape TpovTREves pe-
Badaug yix Ty avasloTaoy TV ATOLOVGOUEVGY TEWTEVGY TOU GREKOTAN-
opaTtixoh dtiou ot puopoiimtdika xuaTiow (D). 'k mpdTn pops amopo-
VOOLLE AELTOLURYIAG EVATUGTTHLEVD GUITTADKO LETHPUOES ibvTmv dafeatiou,
supfarlovtas £ToL 6TV AsmTopesr, xotavGran Tol pagaviepol xapdtanie
FAAED TS,

Ot hemropspeic in vitro Broynuxec pehéteg pag Emextalnuay ot in
vivo pehétee, mol anédetiay T onpacia T pwopoiapfavns 6T pustolo-
vloe THe napdidic, pe T Snpoupyin Kol TOV YAPAKTHPLGUS YEVETLRE TPOTTO-
oV Lovtehmy ovtuemy (6-20). O pedéteg adtic Snuodoynoay Ta
TRGITE LOVTELS ToovTuLGY (e Umepduvartns woepdios evtoupyle wal #8z1-
Eav 71 ) péyratn Siéyepor, Tol wixhou dcPeotion dmd 76 ouproTARGRLATING
8lntuo umopsl va whv elvoe EmiBrafic oty xapdid. "Eva oqpavrind népropa
aTth Tig mapamave pehétee, xallae wal amo peydio dpiud drhov Lotév
WOVTEAGY [LE GUYKEAPLLEVES UETHAAREELS, sivan OTL ) powopohapfidvn dmo-
Tehel avaaTohER THC napdiantlc uaTohie oty Phon wabe wupdiuanad yrinou,
evéd 1) Sréyepo amo P-aywviotic Sheubzpdiver Thv nopdia dmd TV dvarsTo-
Tien e Spaor. "Emimhéov, ddhayic ativ dvepréthTa Tic puwopoiapBvne
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L 4 r r by g b 3 N * ! b I8
LTTopoDY VoL 687y ATOUY ot xapdtaxy; ovadauror), emiPelotavevTag Tov pGho
o mailet dic pépro «xredin oy rapdie, Kara ovvéaew, EAéyyovtas Ta
2 F ) s b £ 1 4 3 1 A [ Ny ]
énimeda Tis gwapolaufdvys xal pdve, elvar dvvato va ovlpioe: xavels pé
dxolfieio 1) Aetroveyla Tijc xapdids gor davtidias (Kix. 2). T dvaxdioys
avTy Hrav g Exaractatixn avotopla xal fva mapdderypa o0 dilale
L (a Tijc Wapdwoloyias, xallis péym téte oi fmotijuoves Doay

W mooeia Tijc Kapdtoioyias, xabllws péyor 1 motijuoves Bewootoa
d11 1) gwogoiaufdvy jrav frag anioc deyloTns Tol xixiov TOV OVTWY
acfieation.

- ¥ L) S r s - 4 L Y 'd
Zuvarbhoula, érextelvape tic Epeuvéc pouc athv s wpdln xal dei-
Eope ming T mimeda Thg puopohaufavrg elvae ayeTind MnhdTepa o dobe-

i A o9 ' 2 5 L 1 - ¥ ! ol M
veiz wé wupdioy) dverdpxetx (Eix. 3), yeyovig 76 dmolo émBapiver Ty 787
wpoPinuatins Siyeioiey ThY vty dofizotiou xal Sushertoupyix ToU puo-

o ™ - #

vapdion. Hpdyuari, Enavagood 7S gUE0A0yixis OUOIGETATHS TOY (GYTwY
aofleatiov umopel va daodioer Ty xapdiaxy) Asitovoyia xai va drataler
Ty wapdiaxt) fAaPY, dnoypappilovras T onuacia i goopoiaufamg o
A %o p, broyoappiovras ) oy s googolaufiars g
- i [4 4 e -
Bepumevtizod ordyov. Adtod pds 68hynoe ath Sizpelvyon ol youdiou g
pwapohapBavne v Tuyby petakhdies mob pmopel v oyetilovian pe v
" A » I ) A} » L4 b # ) \ ™ A
watpSrooen, dvemaoneia. i thv oromd adtd, eietdonye yevetind Ty xedus,

- - A - - o g )L r ¥ e 5 af oy L = .4 "8“— ) B o
meploy Tob yowdilou ThHS puwopokapBavng, ot dlo peyaies opuades xollevay
gt e HITA »od miv ‘Eardda mob Enacyev dnd Swtatind puoxapdio-
mabeio, wad averohioupe ddo petahhdfzic of 8do Ehknvixec olxoyévetleg
né xopdrony; dvemdpxeto ¥hnpovopxol yugaxthpx (21-23). 'H petaihaln
T116G Zyer dg amotéheopa v eloaywys XWOXOVIOU TEPUATIGROD OTH
Béoyn 39 (L39stop) e PLN, &vé + Seltepy petdhhaln mporahel THy dma-

1 i i 11+ 1
rotgT Tob apvoiéog dpyivnv and T4 Béan 14 i PLN. X7 cuvéye, péow

% . o ‘
~Hie Snutoupylac Srayondiandv povréheov moviuady, Eietdouyus T GuvéTax
Thv petehidiewy abTav oTh hevtoupyia T #apdids nal mapaTrpYcuus
rapbpotes Suwtapayds dmmg otols dobeveic pe Suxtatind puorapdiondle

RE ’ [ " [ 2l N K ’ 5 o . ———

(Eix. 4). Té ebpfparta adti Smodeweviovy T cuayétior TGy petairdiemy
-h.l 4 _— LA - b "y b 4 2 " - - £
riic PLN pé mpodiglicoy vidk Srtarind puoragdionaliswn. Aoty oaijple xai 1)
Aoty anédetln Gte yevetinés alhayés of Eva yovidw mov oyerileTar ué Tov
wisedo Taw ibvrow aofleatiov oyerilortar ué 1) draratied) pvoxapdomdalea.

Abyer 100 anpavtiveh pbhou thHc PLN oty dpotbetacy tav iov-
v doPestlon wal tic mepopiopéves yvhioels oyeTed P Tig wpwTelves-
auvdéreg thg PLN, dpyloope 7 Siepedvron véwv ailniemdpasewy Tg
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PLN. Me =7 zpnon Broynuinéy mepapdroyv dvaxahidapes 6t 7 mpwrel-
v HS-1 associated protein X-1 (HAX-1) drotehel évav véo ouvdéry Tiic
PLN (24-26). [apbio wob ff HAX -1 82v eiye woté pehetrfel atd mhaiow
Tiic wapdaxiic Aertoupyiag, W YvwaTy dvii-amonTeTIN: THC dpdom, Abyw
7ol Evromopol e ot pwiToy6vdpia, B pmopoioe vk Eyel anpavTinds dmi-
Spaoeis 6Ty wutTape] EmiBlwey Gmt xavovirds 7 mabohoyindc cuvbiivec.
Exreveic pencres uds 6dhynooy ariv dvtomops tiic punpbrepne meproyiic
7ol guppeTEyel 6TV dAAvAenidpaon petall i HAX -1 (dpivofindc 04-
oetg 203-245) xal PLN (dpwvofee Oéoeic 16-22). "Emnidov Bpfuaps
7 pwegpopuiiney tc PLN § alfnoyn tic ouynévrsmeons wév lbvtev dofe-
otion mopspnodilony v dhhnreniBpaoy petaid tHe HAX-1 i PLN.
Greas oupBatver wal pe Ty dAAnhenidonay petall i PLN %ol SERCA2a.
bmodetviovtag T onpasio 160 mpwTeiviked cuunidzou HAX-1/PLN ot
pustoroyia/maopuaonoyia 100 xapdaxol puds. Magbho mob 4 wpwretvy
HAX-1 evromilerar ota puroyovdpia, of perérec pic #afav 671 mwa-
pousia tijc PLN &yet Gz amotéhespa 4 petatbmor tiic HAX-1 xal wov
ouv-evtomapt g pe v PLN 676 évdomhacuarind dhwtuo 1ol wutrapon.
Avaduen The avti-amontwtide dpderg wiic HAX -1 amoxdiude b1 mapou-
oigz e PLN adfdvetar 6 mpostateutinds Tng pbhog dvdviix 6Tov xuTTa-
puro Odvaro. Ta edgfuara witd dmodvhdvouy t6v mhavs pdio Tol mpwrei-
wrol gupmioron PLN/HAX-1 &7 pévo oth pbfuior tév tdvrev dofe-
atiou dhia xat o7y xusTrpued dmfiaoy. Tt edpmions PLN/HAX -1, xati
guverely, puivetu vi Eye onpavtiey dpdan oty pllpiey e dpodetaonc
Tév bvtwy dofieotion oTh supromhacuaTig Sivtue, pé mibavy) Enldoauar
wal 6T suvermaxdhoully dvaxataveps dofeotion otd witoyéudpeia. i vi
Srheundvoupe wepaitépw 1) onpaatx ThHe HAX -1 oty xapdud, Snpious-
yhoupe Srayondianx movtha wolb brepexppalovy tiv HAX -1, ‘H aifnay
Ty emmédoy Tic HAX -1 elye g dmotéhespa thv adEnuévy dvaatahtind
dpaan v7c PLN, péa abfnpéwne addmreniBpacic tne ué 4 SERCA, xal
®UTE GUVETIELR THY dvaGTOAY, TS vapdiaxiic Aetoupyixg (Eix. 5). ‘Qotéoo,
7 HAX -1 Beebyne va mponorareder hv xapds dmd Ty ambrnreen petd amd
KOTXGTATELS GTPEC.

0O Avasrohréuc-1 (Inhibitor-1), &vac dvactoréac Tie mpwrTeivinic
pwaprtacne Timou-1 (type-1 protein phosphatase, PP1), dmotehel dhhov
evay publuiet) Tiic kertoupylae Tic puopohapPlvnc xal wat’ éméutaay e
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e i - .J' r
wapdisic. O Avasroréac-1 dvepyomoteitan &m0 T QeEQOpUALWGT, THE UETE

.
i mpwreivikic wwvdong-A nal adthd g g guvémsia THY AVHCTORT TS
Sedane THe PP val cuvemandhouly, aldney tiic pwspoupuiinars tijc PLN
(Eix. 6). é v& éEerasonpe tov pbho tob I-1 oy xapdid, Squoupyiorus
et cetpd dmd Srayovidand povréha movtinol (17, 27-29). 'H ypovix re-
oéuwonoy, wic pupbdtepns of péyelos poppic Tol I-1 (7 dmoia mepiéya
wbvo i dpevobéa 1-65 tic mpwretvng I-1), xafidse wal tiic auveydc dvepyiic
(T35D) popofic tob I-1 (I-1c), #abav & 4 I-lc mapateiver Thy Sppd-
vion, Omeptpopluag xol xabuotepel iy Exdfhwar rapdiuxic dvemdprerac.
"Enixhéov, Exppacy o0 I-1c ouyxenpiuéva pove oty xapdia Hmedele 67
# I-1c adfdver iy napdioh) Aevtovpyla, péog v adinuévey dmmedwy
owagopuilmens T7c PLN.

32 xatacthoei otpic (bnwe Eyndpota oTévaay ThHe &opTic 7 in vivo
loyapla/dnovopdrwan), % oupPatud 7 dmaybpevy Exppaar Tob I-le
ayetioTray pé Ty Imaply adbquévns pecpopuriosne Tijc PLN xui -
Mitepne uetaopic ibvtwy doPeation 6T capxomhaspating dixtuo. Ao
efye dig dmotéheopa T Behtiopdvy dvnipetdnioy Spsbicudrwy mpduknans
Smeprpoplac, Tiv wabuatepnpivy EEEnEn <ic meptpoping of nopdiond)
dvemdprera, xaldc ol Detinde émmtdioeis oty wutTapxy) Emplwen o
auvbiinec otpée. ‘H mporteivy 1-1 amorehel mbavh atdyo yid Ty dvripetd-
e The wapdladc dvendpxeias, o Tic ELarduneupévg hertoupying TNg
o1t piBuiey The dpaore Tic PP1 676 supromincpating dixTuo.

[pbowara dvaxaripape b1t 7 mpwrelvy PP1 pubpiletar dvaarohting
ol &mh T4 puxey) heat shock (Hsp) mpwreivny 20 (Ebe. 7). o o Srahed-
wovan, 705 abhou ThHe Hsp20 otiy wopdid ol 7@y pogaxdy pnyonopdy mob
Siémouy tie Spdoeic Tne oty Saxivnay, bvrev defestion, yprolwomotfoupe
Swpoperinds in vitro wait in vivo mposeyyises (30-38). Te amopovepdva
wopSrand witrapa, ¥ ofeta abfnen Tév Emmédev 7 ¢ hevtoupying Thg
Hsp20 ouoystictaxay pé evioyuan Tic xapdianic alomasyg, ehphipata To
&moia SmocTreilovrat wal dmd pehétec of Suryovidiand povréha TovTiNeD LE
wopduoet; hreepénppaay i Hsp20. Ttk movriue aded, ) adgnuévy Enppuct
=7ic Hsp20 otiv xapdi elye g dmotéheapa Ty wxhdrepn hertovpyla Tig

e ) L] 1 » TR | N ) i ] LS TR -
nopdidc, vallig wal Thy xahiTepY) SLAKIVYIGT] LOVTWY XCPEGTION GE ATOULOVE
uéva puordtrapx. O shhayis adtec oyetioThnay ue Thy aiuevn pucpopy-

& ; S |
rewarn, T PLN, mob siye dg dmotéheopa thv shevllépuor 7jg avagtartinye
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wrz Spdons ot SERCA2a. 'Eriniéov, 7 Hsp20 8p& mpostareuting evavria
iy napduax; Bhafy mob mponaheiton dmh loyoupla/inavarpdrwoT, oy

)

=]

3

woLpdun, :wstr?o[_uqcrq mol dmépyeTar péce Tev B-dywvieTtdv, xabde xal
oTiy antmTaarn, dvadsuvbovtas Etol Svay dmmpbatieto phho Tig Hsp20 v
o hertoupyix Thg wapdiie. O pubpiotindc adwis Spaosi 77s Hsp20 émiruy-
yhvovear péae T avastahtindc herroupyiag oy PPI/PLN. llepatépn
‘U.E'J\.E"'E..j wic Omédetfuy T4 oyéoy petall TGV TpLTEIVGY I-IspZ{l PP1 xai
PLN. Suyxexprpéva, amodetfope &1 f Hsp20 didnremidpi pé v PP,
wal g oo Tov Tphdmo suppetéyal ot puliey Thg Suxbimorg Tav WvToy
aoPeation. Ta mpwrtonopraxd adtk ehpfuate, pall ud Tov TposTaTeuTING
obno mob Eyer 7 Hsp20 oriv xapdid, Smodzuedouy 16 Sumhd bpehog wob Oa
umopoioe va Exet % Hsp20 b Oepamentinic atoy0g Yid Ty AVTILETOTLOY]
ThE #apdlantic viao,

Emmpbafera, dEetdonpe dv yevetiric Suxpopés 616 yovidio w7jg Hsp20
drnpedlovy TH mpoaTateuTInd e Spday ol wdvouv TE pLoXITTARX O
shatclinro ot EmiBhafeic mupayovree, Avaxandbope uudk perdhialy (C59T)
a7t $Edwia-1 iz Hsp20. ¥ émofa arraler 74 Sopd; 7 Hsp20 mpwrelvne,
dmioépovTas onuavTin Uelwar 671 peopopuiiney The. 'H petaihaly adty
avrioTebost THY vTi-amonTtetial opxoy the Hsp20. Ta dmoteréopata
izt Dmedeuewiouy 611 dollevelc mob oépouy Th yeveTind) adhayr, P20L 670
vovidro 7¢ Hsp20 miblavag ’s':,{_ow vetwpévy iravéryre vi dvreneiéaiouy o2
RATXGTAGELS XUTTAPLROD 6TpEc The xapdidic (38).

Emumhéov, dvaxahibeaps 67 f mhotow ot lotdivy mpeTeivy mol cuv-
SéeTar pé doPéomo (HRC) dmotehel Evav véo puburety tic mpbahnire
aopeation, amolifneuone wal dneheubipwoic Tou amd TO CAPROTAATUATIXD
SixTuo (39-42). :ﬁ.nw{nw_ﬁmx& movriviy mol Sqpiovpyhnray dmd iy 6pada
woe xat & Hmoia Smepenppalovy thv HRC oty xapdia mapouatdlovy pet-
wpévo publus medehnlng ol doPeotion 6T capromhaopaTind Kol TapaTe-
caudvy Suroweix tol mapeh zofestion 6Tk puowdtTapx, ywpic Spmc
dnhayes ot péyiota nimedu Tob makpoh asPeotion (Ca transients) ¥ pop-
tiou 165 doBestiou (Ca load) 676 supromhacpatind dixtue. H pewwpivy
dmovaposk Tob 2oleation amd T4 capromhacpaTind dlxTuo glye G¢ amoTe-
jeoux THv duodvier Umeptpopluc wal wupdaxiic dvaddunore, u cuvémeix

v S RG] GULPOENTIXTS napdlanTs avERApHES.
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Ot perérec poag oe deiypota DNA mob amopovelnguay ard 123
"Eninves dableveic pé Srotatied puoxapdiomabers (AM) 687 ynoay otiv
EvTomious il yeveTuwdc ahhayis atd vovidie thic HRC, 17 Ser96Ala
(41-42), % Smaphy the dmotag ouayetiotane pid dmeivmixde i ) Lwv

- 4

wonthanic appulpiee atobe Imo nehéty aobevels (Eix. 8). Ta anotehespata
A Mo Lo Y J.n'\ i ool ™ a_r_‘1r'_

adtd dmotehelv TAv mp@Ty Evdaly susyétione yovidiou Suexlvrans ldvTwy

dafeotion Tol cupromiacpatixed duwetlon pe v pgavioy xoxotfloy

appubpidy ot defleveic pé AM. ‘H onpacix tol edpfuatns Eyxertar ot

3,

T avadetvier Ty HRC dig dvelaptnto mpoyveatind Seivty edonolyalac

ot Epgdviar, appubpiév ad dolleveic pe AM. OL peiérec adzéc Oétouw 76
gpcrTrio oL elvort TO TATIPES PAGLLI TGV LOBLIKGY LA AVITLEY LETE TGV

tmoiwy 7, HRC puluile. thy Gpoibotaoy aaPeotion otriv wapdx. [lagdio
mob ) HRC &yt Bpebel vo dinpemidpd ue v tpradivy, va envpealel )

guyyéverx ToU modayéa Tie puavesivie Yk 1:—}‘ puavadive Kol Vo GUUME-
téyel E1an oty ameheubipwey) doPeation ant 10 capromhacuaTins SlxTuo,
ol Spdiozic Trg wbtic amd péveg Touc B8y doxolv yid vi EEx Y7 oouy T& TTRo-
avapepBévia amotehéopate amt & Stayonduexd movrinia tHs HRC xal
7obg doleveic ug AM. Méow pidig asipiic ano in vitro psiétes, anodeliope

£ i

it ) mpwretvy HRC dddnhemidpd ot pe v SERCAZ2a wal Gt A ahdnhe-

v
5

¥ ¥ L e 1 b e 2o L i 1 ¢ !E Lo R . | i
widpooy adtd EmnpealeTon amwhd TH ouyrEvTpwor koBeatiou, 'Evé amo T4
ik wheupd 7 abbnon tHe auyrévipwars dofeotion oysTiaTyxe pE anpay-
Twen petwor ot ouvdean i HRC pé w4 SERCAZ2a, arnd v &Ahy slye
70 dvtifete dmotéheopa oty dhhnhenidpacy thHc HRC pé v tpradivy,
Ta ehpfpate adte dmedgrcvouy &1 | HRC Siadpapatilet onpovtind piho
oth) polptey thc Swaniviere @y Loyt dofeation aT6 CAPHOTAARGUATING
SixTun péow tév drkghembpaceav e pé T SERCA2 xal tiv tpuxdivy,
= 5 14 A ! B = ol ke r 4 o ;\ Pt ™ ™
wol pé TOv Tpimo wlTh pecoiafel 6TV Emuovwvia RETREY TEV Suxduno-
oL@y mpbohnlme %ol anehevlipwerc dafestiou dmh T6 GauproTIAGULATING
dintuo ThHe napdias.

Adbve tol pbhou mol mailer % Sxivror Wvray deBeotiou otiv rap-

St Brdfn péoq loymplac/Enavapdrwone, ietdoaps tov mbavd pého

A P
<7ic HRC oty loyapla/imavapdtooy. Th dmoteidopats poug dvade-
- 4 A g e

wwiouy Gt adinuévy Exgeacrn tic HRC oty xapdid Spd mposratey-
e 4 A S 5 = fr - B, i |I'II'1' s A )

Tied Ty xapdiod Bhafn Adye loyouplad/Emavapatmweng, oupaliovtog

GtV wakdTEpY, dvbnTran The napdiandc Aettoupyiog xal aTiv Epoaviey
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pepdtepou Epgpaypatoc. Dolvetor hotmow &nt ) HRC elvae modd anpoy-
Tuh, 6t mabohoyines wataoTdosis TH ®updiic wal vk OV Adyo wdto O
umopolhae vi dmotehéaet mohdTiwo mlave Bepameuting atdyo.

Miax gnbuyn véx wateiBuvar 616 2pyaatipld pog dpopd T Surhedravay
tHe suvepylog petall wadahnyrg xol amcheubépnans 6V Wivtav agfeatiou
27T 70 gapromhacpatikd dlxtue. Elvar abwonueiowro dti mpdapara delfaue
AME ¥ AEWTENY TOT CAPXOTAATHUTIOT dixTiov junctin Asitovpyel s Eva
THHOPTIXO Goévo yia Tov taodoyéa Tic pvavodivis. Aldayis oty Aeirovpyia
g Eyovr @ anotédeaua Exixivdvves yia Ty Jony xaodiaxis apovlipies (43).

"Eron, ovveyilovue va xdvovue disiodvtizéc Epwnijoets mdvew aty) Aet-
roveyla Tic dpotdaracys acfeatiov oty xapdid, EmdidhxovTas Ty xaTa-
véyon tis dmoxeiperye molvnioxdryTac adTod Tob GrOTHUATOS Xal dvoi-
yovtag vées mepioyés dispebmane ya vy Mopiasey Kapdoloyia. Zxoméc
pas elvar va copfdiovps oty dvasxdaioyy véov lepameotizanw otédywy yua
vt Exavoplldiaovue T diataoaypéry opodotacy Tol acfeation oty xap-
deaxny avexdoneia (Eix. 9).
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MATHEMATICAL MODELING OF THE STRUCTURE
OF PROTONS AND NEUTRONS

OMIATA TOY AKAAHMATROY 3. KONETANTINOY BAMENA

A new model is presented for the structure of hadrons, such as protons
and neutrons. The model follows the Bohr H atom model methodology, but uses
eravily rather than electrostatic attraction as the centripetal force. The model
considers three fast neutrinos caught on a circular orbit due to their gravita-
tional attraction. By accounting for special relativity, for Newton’s universal
gravitational law, for the equivalence principle of inertial and gravitational mass
and for the de Broglie wavelength expression, one finds that, surprisingly, the ro-
tational states formed by the three neutrinos have the mass and other properties
of baryons such as protons and neutrons. The model contains only fundamental
equations and no adjustable parameters. It appears that quarks can be modeled
successfully as relativistic neutrinos and that the strong force can be modeled
successfully as relativistic gravity. It also appears that more than 99.999% of the
mass of protons and neutrons is due 1o the kinetic energy of their constituent
relativistic particles.

1. Introduction

Models have always played a key role in the development of science. A
model is a representation (reconstruction, imaging) of a natural phenomenon or
system in a structured set of elements.
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Typical examples were the geocentric model of Ptolemaeus and the helio-
centric model of Aristarchus and Copernicus for our planctary system.

Each model consists of two parts:

1. the physical model, which is the image we create in our mind in order
to describe the phenomenon of interest,

2. the mathematical model, which follows from the physical model and
consists of a set of mathematical equations, the solution of which provides a
description of the phenomenon of interest and allows for predictions and for
comparison with experimental results.

Depending on their origin, these mathematical equations are termed (1)
fundamental when they follow directly from fundamental laws of nature, such
as conservation of energy, momentum or electric charge or the law of Cou-
lomb, or (2) constitutive (empirical) when they have no fundamental theoreti-
cal background but are known to be in good agreement with some experimen-
tal facts.

It is obvious that the quality of a model can be assessed by two factors:
1. the minimization of the number of empirical equations and unknown (ad-
justable) parameters,

2. the good fit to experiment.

2. The Bohr model of the H atom

It is exactly a century ago that the great Danish natural scientist Niels
Bohr published his exemplary model for the structure of the H atom [1]. This
deterministic semiclassical model provided as good a description of all the es-
sential experimental features of the H atom as the full quantum mechanical
treatment based on the Schrodinger equation some twenty years later.

The Bohr model considers an electron rotating around a proton at a ra-
dius R. The mathematical model is obtained by considering first the corpuscu-
lar nature of the rotating electron and using Newton’s second law for circular

motion

2

L'
F=m — 1
m, % 0

in conjunction with Coulomb’s law of electrostatics

2
e
eR?

2
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where F is the centripetal force, m, is the electron mass, € is the unit electric
charge and e(=4mne = 1.11-107'% C? / Nm?), where &, is the dielectric constant
of vacuum.
Upon combining equations (1) and (2) one obtains
2
Rt | 3

2
Em_v

In order to solve for R and v, a second equation is needed. Bohr obtained such
an equation by assuming that the angular momentum of the electron, L=m vR,
is quantized, i.e. that

m_vR = nh (4

where n is a natural number and # (= h/2n =1.054-107* Js) is the reduced
Planck constant h. This empirical equation was at first criticized, but was
shown ten years later [2] to be mathematically equivalent with a fundamental
equation due to de Broglie, ie.

st T )

m_v

obtained by assuming that the radius R is an integer multiple of the reduced
de Broglie wavelength & (= A /2n =/ m,v) of the electron (Fig. 1).

ll

© (I

Fig. 1: Bohr model of the H atom: The electron is viewed both as a particle rotating around
a proton, p, on a circular path of radius R, and as a circular standing wave with a
wavelength A given by the de Broglie equation A = #/m_v and assumed to equal
R /n, where n is a positive integer.

The de Broglie equation, A = h/ p, relates in general the equivalent wave-
length, A, of a moving particle, viewed as a standing wave, with its momentum
p(=m_v)and thus expresses in a concise manner the corpuscular (m_v) and the
ondular (wave) (i) nature of a particle.
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Combination of equations (1) 1o (5) leads to the well known results
2

v=-§£—ﬁ-=uc«’n 6
nzh 4
R= p - nla; (7)

where a (= e’ /ech=1/ 137.035)is  the [fine structure constant, and
a(=h/ame=0.5292: 107" m)is the Bohr radius.

From these equations one can then compute the electron kinetic energy,
T, its potential energy V(= -2T), as well as its Hamiltonian, H, which is the
sum of T and V:

T=(1/2)m_v* = (1/2)m_c* (e’ / n°) (8)

V=-¢'/eR=-a’me /n’ )

: RSN RS [

H=T+V==(1/2)a’me" /0" =—— eV (10)
n
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Fig. 2: Graphical solution of the two equations of the Bohr model, ie. of the classical me-
chanical equation v et famER leg. (3)] and of the de Broglie wavelength equa-
tion, for n=1, v: = p*/ rn:RZ [eq. (5)]. The kinetic energy, T, is computed from
T =(1/2)m,v?, a_is the Bohr radius &/ m .
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Equation (10) was found to be in excellent agreement with the spec-
tral data obtained previously by Lyman, Balmer, Paschen et al. [1]. Similar
was the success of the quantum mechanical treatment of the H atom via the
Schrodinger equation some twenty years later which led to the same basic
result [eq. (10)].

For many years both the Bohr model enriched by Sommerfeld to in-
clude elliptical orbits [3] and the Schrédinger treatment were considered as
viable alternative description of the same physical reality. However today the
Schradinger treatment, with its wave functional description of the probability
W'W for finding the electron at some position in space, has dominated, and
the Bohr model is used primarily for instructional purposes.

Figure 2 provides a graphical solution to the Bohr model, i.e. 1o equations
(3) and (5) for n = 1. The graph shows the line corresponding to the classical
mechanical equation (3) and the line corresponding to the de Broglie wave-
length equation (5). This figure underlines that the Bohr model accounts for
the dual nature of matter by giving equal weight to the corpuscular and to the
ondular (wave) nature of the electron.

Special
relativistic
mechanics

General
relativity

Mewtonian
mechanics

de Broglie
wavelength
expression

Quantum
mechanics

Fig. 3: Synthesis of Newtonian mechanics or special relativistic mechanics with the de
Broglie wavelength expression: sought synthesis of general relativity and quantum
mechanics. The present model belongs to the area marked with a questionmark.

This is also depicted in Figure 3, which shows that the Bohr model for
the H atom results from the synthesis of Newtonian mechanics and of the
de Broglie wavelength expression, which was the historical basis of quantum
mechanics. At the beginning of the last century, Newtonian mechanics were
generalized by Einstein to the Special Relativistic Mechanics, which are uni-
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versally confirmed and accepted. Based partly on special relativity, Einstein
also formulated the gravitational theory of general relativity, which is the most
successful and well known among a plethora of gravitational theories. Thus,
while there is no alternative to Special Relativity (which is a generalization
of Newtonian mechanics), General Relativity is still a theory which includes
open research areas and open questions (such as the value of the cosmological
constant). It is definitely a very successful theory but still not a unique gravi-
tational theory.

As shown in Figure 3, the research area of Quantum Gravity seeks for the
synthesis of General Relativity and of modern Quantum Mechanics, which
originated historically from the de Broglie wavelength equation. The question-
mark shown in Figure 3 denotes that the new Bohr-type model presented here
for the structure of baryons results from the synthesis of Special Relativistic
Mechanics and of the de Broglie wavelength equation.

3. Models for the internal structure of baryons

Protons and neutrons are baryons which, together with mesons, consti-
tute the class of hadrons. Their masses are of the order of 1 GeV/c?. It is well
established experimentally (e.g. via inelastic electron scattering on protons [4,
5, 6]) that hadrons have a substructure and contain point-like constituents
which are today called quarks. There are three quarks or antiquarks in a ba-
ryon and a quark-antiquark pair in mesons [4].

A second important class of subatomic particles is that of leptons such as
the electron (mass ~0.5 MeV/c?) and the neutrino (mass ~0.04 eV/c?[ 7], ie. 107
times lighter than electrons and ~10' times lighter than baryons). Neutrinos
are, however, extremely numerous and it is estimated that their total mass in
the universe may be larger than that of hadrons.

According to the Standard Model of Elementary Particles, quarks have
fractional charges, i.e. (2e/3) for the u(up) quarks, (-e/3) for the d (down)
quarks, Protons are «uud» particles and neutrons are «udd» particles (Fig. 4).
In addition to quarks, protons and neutrons also contain gluons which are
massless relativistic particles. They mediate the strong force which keeps the
components of hadrons together. Gluons belong to the class of bosons, i.e. of
particles which are thought to mediate the natural forces. Thus photons are
believed to mediate the electromagnetic force, gluons are believed to mediate
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the strong force, W and Z bosons are thought to mediate the weak force and
gravitons are thought to mediate the gravitational force [4].

e by s rnstrisn o TR DICTlB wees 10 (7 SCRO4L.

e the guasrki snd EiecTiens would Be ke Than 0 1 =m in
 waw pnd Bhe geiivn sdom woull be about 10 bW scmeR.

Fig. 4: Current standard view (physical model) of the structure of a He atom, including

its nucleus.

The strong force, which keeps the constituents of hadrons together, is
roughly a factor of e (~137) stronger than the Coulombic forces in the inte-
rior of hadrons and exhibits two very distinctive characteristics: confinement,
which implies that the strong force increases with distance, and asymptotic
freedom, which implies that the gravitational force tends to vanish at very
short (< 1 fm) distances.

The prevailing Standard Model image for the interior of hadrons is rather
complex [4, B, 6]. According to the model, «Quark-antiquark pairs are pro-
duced and annihilated as virtual particles from the gluons in the field of
the strong interaction. They are called sea quarks» [6]. It is clear that simpler
models might be useful.

One important experimental fact about quarks and gluons is that they
cannol be isolated. Nobody has been able to isolate and study a quark or a
gluon individually [4, 5, 6]
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4. Requirements for a successful structural model
for protons and neutrons

A satisfactory model for hadron formation should fulfill several require-

menis:

1. Tt should involve three constituent particles for the case of baryons
(protons, neutrons etc.) and fwo constituent particles for the case of
mesons. The presence of these constituent particles was first deduced
experimentally from inelastic hadron-electron scattering experiments
[G]. These constituent particles are known as quarks, a term first intro-
duced by Gell-Mann. The term partons had been also introduced by
Feynmann for the same particles.

2. It should provide an explanation about why quarks (whose masses are
estimated to be in the 4-400 MeV/c? range vs 938.272 MeV/c? for the
proton) cannot be isolated and studied independently.

3. It should provide a binding mechanism for quarks which are currently
considered to be held together by the exchange of gluons. This binding
mechanism is the cause of the strong force.

. This binding mechanism should be able to explain both asymprotic
freedom and color confinement, i.c. the fact that the strong force is

=

weak at very short distances (< 1 fm, asymptotic freedom) and increas-
es dramatically with increasing distance, thus causing quark confine-
ment.
5. It should be able to predict that the strong force is roughly a factor of
a”'(=137.035) stronger than the Coulombic force in the fm distance
range. The constant a (= ¢’/ ech) is the fine structure constant.
It should be able to predict that the condensation of these constituent

6.

[

particles (quarks and gluons) to form hadrons occurs at a temperature
termed OCD (guantum chromodynamics) transition temperature of
~160-220 MeV in the kT scale, which corresponds to an individual
constituent particle energy of about 160-220 MeV at the QCD con-
densation transition. This energy is also frequently termed QCD scale.

/. It should predict the existence of excited states and of the baryon mass
spectrum, i.e. the existence of A, =, {1 etc. particles.

8. The model should also be able to predict hadron magnetic moments in
the £2-3 y1 (nuclear magnetons) range, i.e. in the range of £10%J/T.
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9. Tt should also be consistent with the experimental hadron spins of
1/2, 3/2 ete. [4].

10. The magnitude of the dipole moments, L, of the hadrons and all their
excited states should be of the order of h(mg / MeV)® [4].

I1. The lifetimes (fast decay) of the unstable baryons should be around
5-107 s [4]

12. Ideally such a model should also provide a mechanism for mass genera-
tion, i.e. a mechanism for baryosynthesis or, equivalently, for hadroni-
zation, i.e. a rationalization aboul how the mass of baryons and other
hadrons, and thus the mass of our universe, was created starting from
some initial conditions involving practically no baryonic mass and
only high, very high, energy.

It will be shown that all these requirements are met, without any adjust-

able parameters, by the new model.

5. The three neutrino model

The physical three-neutrino model is shown in Figure 5. Three neutrinos
or antineutrinos lie at the corners of an equilateral triangle and rotate on a
circle of radius R. The centripetal force for their circular motion is the gravi-
tational attraction of the other two neutrinos [8, 9, 10].

The mathematical model contains again only two equations, one account-
ing for the corpuscular nature of the neutrinos, the other accounting, via the
de Broglie equation, for their ondular nature.

In anticipation of relativistic velocities for the neutrinos, one must usec
the relativistic equation for circular motion:

2

Feym,— (11)
where y is the Lorentz factor (=(1—“—;)'”2) and m, is the rest mass of the
neutrinos. The centripetal grawitati(}—m’lit force can be expressed using Newton’s
universal gravitational law and the gravitational mass, m,, of each rolating
neutrino. According to the equivalence principle [11], the latter equal the in-
ertial mass m,, thus it is

FeF, -G (12)
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where the -JE term is obtained by noting that the distance, 7, between the
rotating neutrinos equals V3R and that the gravitational force F, equals xlr_":Fc,
where F (= Gmt2 / £?) is the force exerted between two individual neutrinos
(Fig. 5).

Fig. 5a: Schematic of the three rotating neutrino model with two of the three corre-
sponding model equations, i.e. m = 3ym , and eq. (22) for n = L. The third model
equation is eq. (200, which can be also rewritten as R = (imo'ys f(\ﬁcl}

3

Fig. 5b: The three particles move at a constant tangential velocity v in a circle of radius
R around their center of mass. They are equally spaced. F, is the attraction force
between two particles at distance £ = 3R and F is the resultant radial force.

It can be shown [10] that the inertial mass, m,, is always related to m, and
¥ via

— (3

In order to prove this, one first considers linear motion, using the defini-
tion of inertial mass
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m, = F/(dv/dt) (14)
and of force as the time derivative of the momentum, p. Thus one obtains after
some short algebra [8, 9, 10] that

F=d_E=dWmuV)=Y3mDE (15)
dt dt dt
and therefore from (14) it is m, =y’m . This result was first obtained by Ein-
stein in his pioneering Special Relativity 1905 paper [12].

For arbitrary particle motion one considers an instantaneous frame, S
moving with the particle with a velocity, v, relative to a laboratory observer in
S, and examines a small variation, &v, in v, which causes a small variation 3F
in force parallel to v. After some mathematical transformations (Appendix A
[10]) one obtains

OF = v’m _d(dv)/dt (16)

thus again it is m, = ijn. This very important result has already been used
recently [8, 9], but the first rigorous and elegant proof outlined above and
given in Appendix A is due to Professor Athanassios Fokas [10].

Combination of egs. (11), (12) and (13) gives

v? Gmi*{“
TMoR = JAR?

which, upon using the definition of vy, gives

(17)

- 2
(_l'ﬂ'ln 5 Y

v@c” ‘(2—| (18)

Upon using the definition of the Schwarzschild radius, Rg(= ZGrnufcz},

R =

this equation takes the form:

e o
R/R,=—pry"—— 19
8 2\5? ?z+1 ( )
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Fig. 6: Plot of eq. (19) for R values up to 10 m (top), as well for values near R, (bottom).
R, denotes the minimum value of R. The m axis is constructed from m = 3ym with

m, =5.1-107 eV/c* . For each R it gives the mass of the rotational state.

Note that R_ expresses the radius (event horizon) of a black hole with
mass m,. A plot of equation (19) is given in Figure 6. One observes that for
R values above 2.343 R, these exist two y values for each R. The low vy value
corresponds to Keplerian orbits (where dy /dR > 0, thusdv /dR > 0), while the
high v value corresponds 1o relativistic orbits, where, interestingly, velocity
and force increase with increasing radius. For these high y orbits, equation
(19) reduces to
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R/Rg=(1/243)y° (20)

or, using (18), to

Gm
R=——0y’ @1
NES
This constitutes the “corpuscular™ equation of the new mathematical
model. The “ondular™ equation is obtained directly from the de Broglie equa-
tion:

(2Zn-1)A . (Zn-1)h

ym v ym ¢

R(=X)= (22)

where n is an integer. Using (2n—1) rather than n in (22) is motivated by the
fact that it leads to good agreement with experiment regarding higher baryon
masses, as shown in Section 6. Solution of equations (21) and (22) gives
12 6 (he/ G)"
y =3"12(2p - yre BET ) ”3’ ‘ (23)
m

Therefore, upon using the definition of the Planck mass, m, (= (he 1 G)'"™),
one obtains

v =3"2(2n-1)"* m} /m!? (24)
and thus
m =3ym, =3*2n- 1" m?*m}; (25)

where m is the rest mass of the bound state formed by the three rotat-
ing neutrinos. The best estimate of the highest neutrino mass is currently
m, =0.051£0.01eV/c® [7]. Upon substituting the value m_ =0.051 ¢V/c? in
(25) one obtains:

m = 1041 MeV/c? (26)

which differs less than 11% from the neutron mass, m_(=939.565 MeV/c™).
Exact agreement with the neutron mass (m=m_ ) is obtained for
m_ =0.043723 eVic.



104 NPAKTIKA THE AKAAHMIAT AGHNON

R/m 0.630 fm
10%  10¥ 107 107 107 10"/ 107
10°° T T T T L T 110"
da Brogli
1 el 1 { 938 565 Mevic?
[ R SR Lt - o newon)
7 163108 mass
F 1
103r ‘!1UT —
~
F 1 g
L 10k 110 @
T = 5m, r 1 -
10y q10° E
F 1
10° 110'
3 { 3m.=0 131 eVic=
th i
1 110_,( reen:':su:nnas
L 1 1 L i i
1 10" 10® 0™ 10® 10*  10¥

R/IR,
Fig. 7 Plot of egs. (19) and (22), for n = 1, and graphical determination of the mass of the
neutron.

The corresponding y factor, denoted by y , is 7.163-10°. This is a very in-
teresting result: Three rotating neutrinos of total rest mass 3m = 0.132 eVic*
form a bound state with the rest mass of a neutron (~1 GeV) which is a factor
of 7.163:10° larger. Thus the rest mass of this state is to 99.9999999% due to
the kinetic energy of the rotating neutrinos [8], which is in agreement with
recent numerical computations based on QCD [13]. This has led to the term
«mass without mass» [14] and to the conclusion that, even if the bare masses
of the quarks could somehow vanish, this would have a very small effect on
the masses of hadrons [14].

A graphical solution of the two equations of the model (egs. 19 and 22) is
pravided in Figure 7 by plotting y vs R from these two equations. The second
y axis provides directly the mass of the bound state formed via m = 3ym,. One
may observe the great similarity of this figure with Figure 2 of the Bohr model
for the H atom.

6. Comparison with experiment

Since the good agreement between the experimental mass of the neutron
and that computed, without any unknown parameters, from equation 25 could
be fortuitous, it is important to compare with experiment as many other prop-
erties of the bound rotational state as possible:
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Fig. B: Comparison of the masses, my, of the uncharmed baryons, consisting of u, d and

s quarks, [4] with eq. (25), i.e. m

(a) Masses of baryons

106
= TR {Zn - ]] » where m_is the neutron mass.

Equation (25) predicts a (2n-1)"* dependence of the masses of other bary-
ons, which happens to be in good agreement (better than 3%) with experiment

as shown in Figure 8 and Table 1.

Table |: Experimental [4] and computed via eq. (25) baryon masses

Baryon Iiawrimcn!?l_mass o m, (2n—1)"®
_ value Mel7e’

\,.{;J 938272

/ 939 565 |

" 939.565 %

A 1115.68 11283 2
E' 1189.37

g 1192.64

- 1197.45 12226 A
A 1232
=4 1314.8 ’
=" 1321.3 125D 4
z* 1385 1401.2 6
=" 1533 1534.7 10

1672 1665.3 16

.
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(b) Energies of the bound state

The total kinetic energy, T, of the three neutrinos in the rotating state of
radius R is:

T(R) = 3(y = )m ¢’ (27)
Their potential energy, V,,, can be computed starting from the force expres-
sion of equation (17) and using equation (20) to eliminate y and thus obtain
&)

e 2
i e T (28)

0

Integration of this equation [8, 9] gives

V, (R) = -5m ¢*(2v3)"S(R /R . (29)
which accounting for equation (20) gives
V. (R)=-5ym¢* . (30)
R/R(n=1)

o[ ot o R | AT [ L0 1 10°
B b b B B B B Bhi, T B B

(313)

Energy / m,¢?

sl s soed sl sl sl sl saned ssend sl osd siaesl

0% 1w0? 10"* 10" 1:?15 10"
R/m  Rp=1)=131,

Fig. 9: Plots of eqs. 27 (also using eq. 20), 29 and 22, the latter for n = 1, showing the depend-
ence of the kinetic energy T, of the potential energy AV, and of the Hamiltonian
(total energy) AH (= AT+ AV, ), on the rotational radius R. It is AH <0 for all
R, indicating that the formation of the bound state is exoergic and thus occurs spon-
taneously, The total energy E of the bound state equals 3Ym“c1and thus practically
coincides with T, which equals 3(y - l}m“cz . Note that the —AV; vs R curve exhibits
both asymptotic freedom (—AV; — 0 for R — 0) and confinement (—AVy —»
for R — =)



AHMOZIA ZYNEAPIA THE Za= ATIPIATOY 2013 103

Figure 9 shows plots of equations (27), (29) and (30) and also shows the
dependence of the Hamiltonian H(=T+V) and of -V(R) on R. The last plot
(from eq. 29) shows clearly both confinement, i.c.

1{in-n;—*vﬁ{‘l{]}= o (31)
and asymptotic freedom, ie.
%in; (=V5(R)=0 . (32)

This figure also shows that H is negative for all R, which implies that
the bound states are stable. It also depicts that the binding energy, BE(= -AH),
equals 2ym ncl,which gives via m = 3ym _, that

BE = -AH=(2/3)me’ . (33)
Consequently the BE per particle is (2/9)m¢” = 208 MeV/c? in good
agreement with the QCD estimated particle energy of 150-200 MeV/c® at the

transition temperature of QCD [15] and in even better agreement with the
OCD scale of 217425 MeV [16].

(¢c) Radii
The computed radius (equation 22) for n = 1 is R(l)= 3h/m c=0.630 fm,
which is in good agreement with the estimated radii (~0.7 fm) of neutrons and
protons. For higher n values the model predicts
R(n)=(2n-DY*R(D) . (34)

(d) Lorentz factor y and Planck scale

The y value computed for the n = 1 state, denoted vy, is 7.163-10° and

fulfills the equation
y,=m/3m, . (39)

This vy value corresponds via E = Tmucl to neutrino energies of ~313 MeV
and thus masses of ~313 MeV/c?, which happens to be in the quark mass range
[4]. It is useful at this point to compute all the masses of the rotating neutrino
in the circular state (Table 2).
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Table 2: Rest. relativistic, inertial, and gravitational mass
of the neutrino constituents of baryons

Symbaol Value
Rest mass m, 0043723 eV
Relativistic mass ym, 313188 MeVie
Inertial mass or gravitational mass Yzm“ 1.60692: 10" GeVie'
Confined state baryon mass (n =1) m=3ym,  939.565 MeVic®

One therefore observes that, while the relativistic neutrino mass in the
bound state is in the quark mass range, its gravitational mass is in the Planck
mass range. The latter is in agreement with grand unification theories (GUT),
which predict that gravitational and strong forces are unified at the Planck
energy (and mass) scale [4].

(e) Lifetimes and rotational periods

The period of rotation t(n) of the neutrinos in the bound state is
2aR /v =2aR /¢ and thus, using equation (34), one obtains

wn)=(2n-1)"2aR(1)/c=(2n-1)"*6.6-107" s . (36)

The time ©(n) provides a lower limit for the lifetime of the bound states,
as the latter can be defined only if the neutrinos complete at least one revolu-
tion. Indeed all known lifetimes of baryons are not much shorter than this
estimate. The lifetime of the A baryons, which is the shortest, is 5.6:107's [4].

(f) Spins

Neutrinos are fermions with spin 1/2 [4] and thus one can anticipate spin
of 1/2 or 3/2 for composite states formed by three neutrinos. Indeed most ba-
ryons have spin 1/2 and some have spin 3/2 [4, 5].

(g) Charges

Several baryons are charged, such as the proton. Others, such as the neu-
tron, carry no net charge but are known to have an internal charge structure,
positive near the center and the external surface, negative in between [4]. One
can only speculate about the exact location of charge in the rotating neutrino
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model. It has been discussed [8, 9] that positive and negative charge may be
generated via the B-decay reaction:

n—>p'+e7+¥, (37)

Bven if this is the case, the exact location of charge in the proton and
neutron remains open. Two possible charge structures are shown in Figure
10. In the proton case, the positive charge is due to a positron (e') residing in
the center of the rotating neutrino ring. This positron can induce electrical
polarization of the three neutrinos which are polarizable | 7] and thus gener-
ate charges of —e/3 and ¢/3 on each of them (Fig. 10). For modeling purposes
one may assume that the three —e/3 charges are neutralized by the +e positron
charge, so that the only charges 1o consider macroscopically are the three e/3
charges residing on the rotating particles.

Similarly, in the case of the neutron one may assume that the electron
charge is divided between the already polarized three neutrinos, thus generat-
ing charges of —-2¢/3 and -¢/3 on them and thus maintaining electroneutrality
both for the entire structure but also for distances below the rotational radius
(Fig. 10).

In the former case in Figure 10 one may assume that the spin vectors of
the three neutrinos are parallel to the angular momentum vector, L, of the ro-
tating proton state. In the latter case one may assume that one of the three spin
vectors is parallel to L and that the other two spin vectors are antiparallel to L.

I
» L i L
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H v i i ‘ %
R | S I A | S
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L 4 8 N r
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Fig. 10: Schematics of possible simplified structures of a proton and of a neutron compris-
ing the rotating three-neutrino ring and a positron in the middle. The partial
charges on the neutrinos are due to the polarization caused by the positron (left)
and by the positron-electron pair (right). See text for discussion.
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The charge model of Figure 10 is of course highly speculative, but can
in general account for the non-integer (2/3 and -1/3) charge values of quarks
[4, 5] and also allows, via Coulomb’s law, for an estimation of the difference
in potential energy and thus in the mass between a neutron and a proton
(~1.3MeV/cH) [9]. Tt also leads to good estimates of the proton and neutron
magnetic dipole moments as described below.

(h) Magnetic moments

Using the definition of the magnetic moment, [(=(1/2)qRv), and the as-
sumed proton and neutron charge geometries of Figure 10, one computes that
for the proton it is

M, =(1/2)3(e/3)Re=(1/2)eRe =3, =15.14- 10727 It (38)

where [, (=5.05-107" J/T) is the nuclear magneton. This value differs less
than 8% from the experimental value of 2,79, (=14.10-107" J/T).
Similarly for the neutron one computes:

W, =(1/2)eRe[(-2/3)+(1/3)~(1/3)]=—2py =-10.09-107 JT  (39)

which is in excellent agreement with the experimental value of
~1.913 p, (=-9.66-107" J/T).

(i) Angular momentum

A central experimental finding about the strong force is that the normal-
ized by # angular momentum L(= mvR) of practically all hadrons and their
excited states is roughly bounded by the square of their mass measured in
GeV [9]. This is also described by the model upon considering equations (22)
and (25), which yield that

(L/h)/(m/GeV) =1.13 (2n-1)*"3 (40)
and show reasonable qualitative agreement with experiment for small integer
n values.

(i) Gravitational and strong force

The strong force is generally estimated to be a factor of a™'(~137) strong-
er than the Coulombic force at distances of the order of 1 fm [4, 5]. It is there-
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fore interesting to compute the gravitational force in the rotating neutrino

states where the radius is given by

(2n-1)h

P i

(1)

From equation (11) and accounting for v =c¢ one obtains

F;R= ym_¢* .
Combining with (41) one obtains

F, =(2n-1hc/R*

(42)

(43)

which upon using the definition of a{= e’ / ech) can also be written as

E;= [{Zn o™ ] ET;

(44)

which shows that indeed the relativistic gravitational force has the same exact-

ly magnitude as the strong force: Its coupling constant (magnitude) is indeed
a factor of a'(~137) stronger than the Coulombic force in the rotational

baryon state.

Table 3: Properties of the gravitationally confined three-neutrino states

(using m_ = 0.0437 eV/e® [9] for the neutrino mass)

Experimental value

Property Value predicted

by the model
Neutron rest mass 935.565 MeV/c?
Baryon binding energy 208 MeV
Reduc.cd de Broglie wave-length 0.631 fm
or radius of ground state
Minimum lifetime 6.6x107 g
Proton magnetic moment 15141077 1T
Neutron magnetic moment 10090107 1T
Gravitational mass ijﬁ 1.607-10" GeVic®
Angular momentum 1.13 (m/GeV)® i~ h

935.565 MeV/c’
~ 150 MeV*

- .7 fm

5.6x107 s
14.10-107 1T
—9.66-10" 1T

1.221:10" GeVie’
{Planck mass)

~h

*: QCD predicted value at the QCD transition temperature [ 15]
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(k) Consistency with general relativity

The rotating neutrino model presented here uses the direct combination
of special relativity and of Newton’s universal gravitational law, to express
the gravitational attraction between the fast neutrinos. This leads to equa-
tion (24) which implies that for n=1 the term y° equals 3"*
huge number (~1.35-10"") and expresses the ratio between the actual attractive

mil Imi which is a

force between the rotating neutrinos and the force they would experience at
vanishing velocity. Interestingly, as shown recently [10], the same result about
the ratio of these forces, i.e. 3" my, /m’ =1.35-10”, can be reached using the ef-
fective potential of the Schwarzschild geodesics [17] of general relativity [10].
Thus the treatment of the three neutrino model using general relativity leads
to the same numerical results [10] as the treatment with special relativity and
the equivalence principle.

Table 4: Standard model for particles and neutrine model [9]

Standard model Neutrino model

Force Strong force Relativistic gravitational force

F.=-Gm, m, /1
3 G 148~ 28
Force expression i
==06m, m, ¥Y:/r

Hadron constituent Quark Fast neutrino

AT Inertial{=gravitational) mass
Property determining Color charge

the force magnitude ';-r-'rne
Mediating particle Gluon -

Predicted baryon mass (Model parameter) 039 MeV/c
Neutrino mass zero 0.043723 eVic®

“m, , and m,, are the gravitational, thus also inertial. masses of two bodies; m, and
i, , are the corresponding rest masses and 7y, and y, are the corresponding Lorentz

factors computed from the velocities v, and v. of the two particles relative to the
laboratory observer,

In general the agreement of the results of the present model with experi-
ment is quite good as shown in Table 3. This is noteworthy because, unlike
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the Standard Model which contains a large number of unknown (adjustable)
parameters, the present model does not contain any unknown parameter. A
comparison with the Standard Model is given in Table 4, while a direct com-
parison of the Bohr model for the H atom and of the present Bohr-type model
for the neutron is given in Table 5.

Table 5: Deterministic models of the formation of the H atom and of the neutron

Bohr model Bohr madel
for the H atom for the neutron
Electron as particle MNeutring as porticle
) 2 2 20
v e 1 vo _ Gmyy
M = —— e N A o
o - =
R )’ R 3R
T 1 T T
MNewton's Coulomb Relativistic MNewton's gravitational law
2" law law equation of accounting for
mation for

special relativity (m; =¥ m,)
and for equivalence

circular motion

principle (m, =m,)

Electron as wave Neutrino as wave
h fi fr
- R £ = R
ITIu\I' ]’!TIDV ‘_g'mﬂc
De Broglie De Broglie
{for n=1) {for n=1)
Results Results {with m, = 0.043723 eVic')
V=g 3 ']l:i v=C J ?:?_]63.!00
R= A = 0.5292-107""m R= = 0.630-10 " m
m ¢ m,c
V. =-272eV Vi =—(5/3)m,c” =-1565.9 MeV
T=136eV T=m, ¢’ =939.565 MeV

H=T+V =-136eV :
*Ve € H =T+V, =—(2/3)m ¢ =—626.4 MeV

A(RE)= Ame” = T=(1/2)e’m ¢’ =13.6 eV > 2
FRgemSine (iDerme” =6V | 5 RE) = Ame® = T'=m,c? =939.565 MeV

Per particle:

T, =313.2 MeV
'J-L'p =-208.8 MeVh
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7. Conclusions

It appears that Bohr-type models can be useful not only in Chemistry to
describe the H atom (Table 5, left) but also in Physics to describe a baryon
such as the neutron (Table 5, right).

The good agreement between experiment and the present rotating neu-
trino model leads to three main conclusions:

— first, that quarks can be modeled efficiently as relativistic rotating neu-
trinos,

—second, that the strong force can be modeled efficiently as the relativ-
istic gravitational force,

— third, that apparently, more than 99.9999999% of the mass which sur-
rounds and constitutes us is due to the kinetic energy of neutrinos bound in

gravitationally confined baryon states.
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APPENDIX I: A NOTE ON THE INERTIAL
AND GRAVITATIONAL MASS OF FAST PARTICLES
FOR ARBITRARY PARTICLE MOTION [10]

We consider a particle with rest mass m, and instantaneous velocity v
relative 1o an observer in a reference frame S, and we focus on an instantane-
ous reference frame S moving with the particle. The instantaneous inertial
frame §' is uniquely defined by the instantaneous vector v and thus, for this
instantaneous frame, v is a constant [18]. Let &v be a small change in the ve-
locity in the same direction with v. Then,

v =bvv 8]

and since v is constant,

d._

Zv=0. (2)

dt
Hence, denoting by 8F the corresponding colinear change in F, we find

the following:

F+5F=%[mnw+ SY)(v+dv)]

d d
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Thus
OF =m %[Yﬁv +oyv] . (4)

The definition of y implies the following:
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Hence
= -yi-'f3ﬁv+£)(ﬁv}2 : (6)
C
Substituting the above in (4) we find

8F =m, i[yﬁﬁ' +L~fam}
dt v

=m, i‘i’rﬁv + V: fﬁv} V. M
dt c
But v and y are constants, thus the above equation becomes
\"2 % d A
8F=mﬂ{7+—j'{ I—ﬁv)v. (8)
c dt
Consequently
3 d

and \rjmc_ is again the inertial mass,

Since &v and &F can be taken to be infitesimally small, it follows that
this result, i.e. m, = vgmn, is valid for an arbitrary motion of the particle under
consideration with an instantaneous velocity v,

It is worth noting that both &F and &v are parallel to v. The fact that 8F
and v are parallel implies that the force §F is invariant [18], i.e. the same force
is perceived in the instantaneous frame S and in the laboratory frame S.

In summary, the longitudinal mass Y:'mn is the inertial mass not only for
linear particle motion but also for arbitrary particle motion. Consequently,
according to the equivalence principle, vy 3’mn is also the gravitational mass for
arbitrary motion, including cyclic motion.

We recall that for circular motions, where v- % =0, but also for elliptical
and other cyclic motions, one also defines the so called transverse mass ym,
as the ratio of F and dv/dt [18]. However this ratio, which actually equals the
relativistic mass, cannot be used as the inertial mass, since in this case force and
velocity are not parallel and thus the force is not invariant [10, 18].
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e oupmepipopion Blohayiedy Spymvioudy otic wowavies Tav oo,
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vagmotous Tpbmouc v Emdpntv o1h TAKe copa pag xal GTOY GUOLKE KOG,

Kol & téoozpa yapurtnpioting wavouy T6 mpbPhnua ¥ aycons 1o)
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4. D. FolLrspaL, Mind and Language, Clarendon Press, 1975 (zduog A', nep.
A08, w¥c azipiic « T yiyvechiom).
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TEEZEPIZ AIEONEIZ ENQEEIZ AKAAHMIQN ENTZETHMQN
ETIZ OIOIEEZ EYMMETEXEI H AKAAHMIA AGHNON
QY ENEPI'O MEAOZ

ENIETHMONIKH NAPOVEIAZH TOT AKAMHMAIKOY
x MOTKA XPIZETO®ROPOY

Kipte [pbedpe,
posnp
Kuptes xod Kiptow Axoadrpaivot.

H maoouaiast oy dTmoGHOTEL 6THY EVLESWTT GXS TYETING e Tig TEo-
f i | it el A

SR, 3 ﬂ.‘ H_"-“ fF ¢ g ’J« 8 ~ !E_ g ‘-‘ ‘.’ L1 o~ " o llq v

oeprg Aeveic ‘Evaoeic Axadnuay Emotquev otig dmoleg ouppeteyet )

Axadnpir Abnvév Gbic evepyo péhoc:

— 16 MAglvic Zupfodie ‘Emeriune (Axadnuéy xal "Emstrpovny ‘FEva-
gzewv) (International Council for Science, ICSU ),

— 76 Awebvic Zupfodien Axadnpiav (InterAcademy Panel, IAP),

— 10 Zupfodie Axadnuiey tov Xepév the Edgwmne (All European
Academies, ALLEA), »al

— 10 Supfovieutind Zupfodio Axednuiev Ememiuey e Edponainis
"Evwerng (The European Academies Science Advisory Council, EASAC).

Xxomdc
H #Zromolnon tol dmathpovxol Suvapixol tov Axadnuey Exworquiy
vid Thy énthuorn Tév mpofhnpdtey ThHe xownving vl THY TRoKeYT Tis EmL-

aTARIE.
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f

Oi Axadrpiec eivan qvelaprrra Bpbpata, mnyec elpelug ol EZedr-
XEUUEVNS YVOEGTE, TOU GUVOALKE XohUTTTouY 6 Gaops SAwy TMY EMaTYWGY.
"Eyouv ©# Suvatdrrata vi mogdayouy Entotruovids yvmar ol aupfBouiis

iy moAtTeln, oTols Sebvele dpyaviopolc %ol oty xowwyia.

Ot Axeadnuize guvepyalovron ini ouveyols Bdoewe %ol ouyvi auupe-
TELOUV GE woOLVG TTpOYpdupaTY: EmBleKeuy aTevy, auvepyasia petall Touc,
ug Ty mohtele xal iy xowvevin, xel Tpocedpouy Thv dvayraia droTi-
QoL YVOGT Tive athv Gmoelx oTpilovran of xuPepviosic wat of Siebveiz
OPYOVIGUGL Yo AToGacels, TpovpaupaTiont ol vopolegin. "ExdiSouv
Snuootebpata pehetdyv, Yngplopata nl moikéy Depdrov Emetrwovined/
TELVOROYLRON, ahhd wul wowwvinel xul dxmadeutined mepeyopévou. Ta
Srpoatedpata Toug atnsilovton ot SxteTapéves xal dumepioTaTmpévee dmt-
OTTOVIKES EAETES eldindv xal EmiToommy XpLTGiv. T 82 Ynolopatd Toug
cuvuToYpRpovTal Eynptvavton amt T peky (tic Anadnpiec) mply Snpooio-
mourflolv. ‘H Suer pog Anadnpia Siavéper tig pedéreg adric wal Tig dvapTa,
raflac wal wo bnplopata, ety lotosehida 7c Anadnuiac.

"Eriorz, ol Emotnuovxec adrég Opyavaaeie svoopBovou, mpownbody
warl xaBopilovy Siebivi] Emotpovid mpoyodppata wuptwe Yevixol Tepieyo-
REVoU wal Lanpdc ypovieTs Sapnelae.

1. duefivic Zoupoitiio Emtorjunc (Axadguidy
zal Karotyuovizar Evidoewr)
(International Council for Science, ICSU)

Ta ICSU 8pifinxe w6 1931. "Eyer thv €8pa tou otd [lapion.

Lvpuetoy
Hayxbdouwe (141 yaipeg):
— "Ebvires Avadnuise uéhy (ne Suealwpa dhgou): 121,
— Avamhnpouatizd péhy (scientific associates) (ywplc Sualmpa Yioou): 22,
— Awebveiz 'Emorquovinds 'Opyavaoers (pe Suadwpa dhgou): 30.

Extés dnd tig yewxde ouvehedasic (v toretia), Eyet mepipepetanols
whadoug, yix mapaderypa v Opada tév edpwnaizbiv ywptv pwehdv Tob
ICSU, mob ouvepyeton pio pops T6v ypbvo xal doyoreiton pé Béuata ICSU
(edpwmainon xuptns Evdixgipuvtoc.
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:“1?{{)07’0‘21}
Evioyuon tic Sielivoiic émothipns yis 10 wouhd Ths nowvwving (Strengthen
International Science for the benefit of Society).

Foyo
Mg T exmifipwoy ToU oxemol Tou:
_— 1-[ H - A . I = :,P‘l\ !__ ’ e ~ e JS . L -
powbsl T guvepyoola petall EmoThudvey Bhemv Tév xhdSay wal Shay
TV Y.
— Noooduopiler wal peretd Béuate mob doosely THv émetr wn ®al Tie ayéasic
h i f i fldd saf -

THG EMOTHUTS L TAY xowwvie, kol yvepodotst nl adtéy.

f—

I ) g ) b O T A T SN e LA 4 A ’
— Aiver aveZaptny aupfBouid, ént émotnuovxév Bepdtov oTiy mohitela xa
aThv xowvewvia, dpopohoyel Suahoyo petail T EmMOoTHRLOMATC ROVGTTXS
wol TGV xuflspvrioswy xpotéy, Stelviv dpyavioudy xalidic xal Snpdauwy/
LBLOITLLEY DOPEWY,
= TSunitepn mpowbei:
™1 ) ,; fo o kel L b r L k) A e r
v aElomolnoy e EmTHRNS o el mohiTiedc and xufepvioeig
vk Suelhveic dpyavispols, 6nes & Hywpiva "Ebw,
otk St ¢ opyaviopes., bmwe T Hyopéva "Ebvy,
B TRV GIXOUUEVIXOTT T THE ETLGTHNG,
® of, Srelvi) peuvnmind cuvepyacio wuplme of mayxbopia whipaxa, Srwe
v mapaderyux thy Koo Addeyd, 70 Aebvic MNewpuond "FEroc
(International Geophysical Year, 1957-58), 70 Awbvic [lohixd "Etoc
(International Polar Year, 2007-8) xai, teheutaio, 16 véo mpbypappa
«H I'7, o0 Méirovrogn (Future Earth), 676 dmolo 4 Axadnuic Abnvév
¥ - 3 i A ? ™. . | -
gxmpoowmeltot % tov Axadnuains x. Xpefore Zepegd.

Zvvegyaaies ICSU xal Axadypias Abmvan
e 3 ~ = i

—H Aseadqpio Abrvédv, poll pé o Fadhoes, Axadnpin Emarquéy xol iy
Trahies, Avadnpia Accademia Nazionale dei Lincei, dpydvaoay 76 guvé-
dgto «European Science Dayn 677 Py ata wiv éxel Mevier; Zuvéreuar
Tob ICSU 76 2011.

— T4 ICSU ouppereiye o6 Acdrepo Awbivigc Zuundsio mob Siopydvewee 7
Axadnpia Alrvey pe Oépa «Science, Technology and Human Valuesy
oty Abiva 76 2007,

H Axadnpic Abgvov mpdrewve ot Devend, Zovédeuey 1ol ICSU mob
[ 1 [ i i
afm L Y\ I b = A L P 3 o & &
Enufe yopx othv Kiva w6 2005 ) olotacy povipng émrpemniic Yk Thv

‘Evépyeta. 'H Entrgoms dnpovpyhbligxe w6 2011.
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H Axadnuio Abnvév, ot cuvepyasia ue tic Edpomaines Anadnples
'Emotmnuév ywpv pshév tob ICSU, mpdteve ot Devuey Euvéheuor tob
ICSU mob #aafe ymoa ot MolopBiey t6 2008 vi mpowbnbel Suvapind
wavoix Ty mpboPacyy (open access) oy EmioTovixy] Pifhioypaolx wal oo
EET:!.GT?“.LUVLK&. 8530[;.!.?’.\'0{. a_‘léﬁ"f;l(E 'EJTE(:IO_;(EG_I'J 5".’1. ﬂ&. 1:)71.'UGT.\']1{}L;{BET“;] TE{.%{'}T:)LGTJ
aTh PEAAGY, Brme wal Eyve,

H Axadnpio Abnvev Ehafe Evepyd pépoc ot molhic oulnTiosis Eml émt-
oThuovik®dy xul dhhwy Depdtwv, Grweg Adyou ydewv eyetea ue o doc Tig
auvpoptic Thy Axadnpiév xal ) Papdtrta The Yngou thc ndls Axadquiseg
avdhoye pg 6 ddos Tic euvdpopc e,

H Axadvpia Abgvisv suvepydletar pe 'Emeotnpovres 'Opyavdiozic,
pénn ol ICSU.

@3 propobos wavelc va mapaTrpios 6Tt dpxetic popic ol mpoomabeies
70l [CSU 82v elvo nahd EoTixouéves vl 676 alvort Tou 6 ICSU Bev avro-
moxplveTal Emaprdis 6Tle avayxes Tov Axadnpidv peiév Tou LploTovTl
pohioTa mpofhfpata Aiye Tav Sugosetiedy euvllgrav xal tav Suxpope-
TGV amoaTohv xul emdiniswy Thv Axednuiew ol tahv Emierquoviedy

"Eveigzem.

2. Migbvég Zvpupfodiio Axadnuiir
(InterAcademy Panel, IAP)

eviza

)

— Méhn vou elvar 106 Axadquiss ant 6hiuknpo TOv xoGUs, £x Tv Grolwy ol
10 givar wmaperhprnweon.
(3 o 5 b T ) ol b = o ’ 1

—'H &dpx tou sivar gtry Tepyeotrn Tig 'lrohiag, Gmou [Bpiowetor ol
7 Axadnpia Emotrquey tév Omo Avantuly Xwpav (Third World
Academies of Science, TWAS).
v L by A} We . ¥ 4 ¥ § S b

— Zuvepyaletar pe tole dhhous 'Emotrpovixoig ‘Opyavicuoug 6 ot
T.,'PQ'I’PC:'_[,L{,IITR V,Q'.E, f;(p){.a':é.; (PQ.G"E.; Slﬁné":a'. '."O‘:Jg i“ﬂ“{n&iouq "J!‘.)E.OV'D!LLV.'U':J.'.:
THROUS.

Zxomol

—"H mpodlinoy thc ouvegyaaiac avapeon otic Axadnuisc "Emomquéy 1ol
HOGPLOU.
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—'H oulftnor émornuovixéy Bepdrtov wolb dntovtal mayxdouLwY TRO-
] Y. _E ’ - 3 ¢

Brnuatemv xat ¥ Mly oyeTGy dTopacemy.

—"H &xdoan Yrpropdtey xai yvopodotrsewmy 6t abounmdn Béuata mol ago-
poliv TAY EmoThY, TAY xowwvio wal THY TohtTel.

—"H mpoopopk oixovopeic xal dakou eidoug Porbeiag atic Anadnuics yia

# £

HOLVGL TEPOYPRILANTO Kol YL GUUPETOYY ot cuvedplx Tol dlopyavever 1]
guvdiapyavavet 7o LAP,

Pplopara mob F1ouw ouvuToypapel dmd THY TASLOVGTYTL TGV LAy Axa-
Snurev, mapadelypatos yapuv:

— Buwmowhérnra (Biodiversity ).

— Awdaonario tic EEEhEnc (The teaching of evolution ).

Hooyoduuaro (yupurtnpiotind topadsiypote)

— Nevetind petadhayuévor doyanapot (Genetically modified organisms).

— Avnipetdmarn guowmay xatactpopay (Natural disaster mediation ).

— Mgbafaan otiv EmoTnuonxy, wAnpugopie (Access 1o scientific
information).

— Awebiviic Anadnpin Néwv Emerquévev (Global Toung Academy).

— ALwomolnoy, Tiic dmatiung v Budeyuy avarmtuly wal eZakenly Tic pTa-
ysvag mayxoopiws (Science for sustainable development and poverty
eradication).

—Emtorruownd éxmaideuoy, (Science education ).

— Evépyea ("Exdoon pe epo: Oaic).

Xvvegyacio ué viy Axadquia Al

— Zuppeteiye ato Achtego Arsvic Zuvédorn tiic Axadnpiog Abnvav pe Depa
«Science, Technology and Human Valuesn (2007) wat ypnpatoditrnoes o
GUULILETOYH OF ATO EMGTALOVEY A0 TLE AVETTUGGOIEVES Y MHPES.

—"Eviayuoe aixovopund w7 cuppetors thc Axadnuiag Abnvév otig lNevineg
Zuveheigsts Tou TAP.

* H Axadnpio Alquév Seviuel 671¢ ToxTied Tre péky Hho Ta rotopata mol

L \ 5 g s T
wahciton va ouvumoypdder ol Tobg Dnti i T Eyxplvouy, v Ti dmoppidouy ¥ va Ta
TpumoTotficouy Svthe TaxTic ypuviis maolesuias.
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3. Zoppodiio Axadnuiaov tav Xwpov tic Edpdang
(All European Academies, ALLEA)

Topiltpe ©6 1994, Agyina elye iy £€8oa ¢ o7 Royal Netherlands Acad-
emy of Arts and Sciences, 676 Aporegvrap. And 10 2012 peragiobnus amiy
Brandenburg Academy of Sciences and Humanities o760 Bepohive.

M

93 Axadnpicc Ematipov xal Avlpomoniney Emoryudy (Sciences

and Humanities) oo 40 yopec mic Edasamne (6mac abtr 6olletar amd mhv
[} i i = f| = i

UNESCO). Zupmeprhapfover mepioabrepec and plo Axadnpiec dnd xabe
S Wp% Kotl AROGHROTEL GTO va guumepthdfer duduyn meproabtepse Anadnuise.

Lieomds
—'H dvrodhays mhnpogopiin, yvaens xxl dumsipéy petall Thv pehd
avTodhay TAnpogopi, Yveore xol dumeipéyv petall Thv peddv
Avadnurém.
’(" b} I ™ ; et ol > - a A 4
=0 xabopropoc xavévay Sielayoyfc THe émotrnpovindc £peuvas wal afio-
- L b4 ’
Aornons The EmatThuTs.
. ] & b [ i F 5 g 3 I A I
—'H émarnpovind; Exmaideuo xal § mpoagops Thc EmaThuns oThy TohtTeln
®ok GTHY ®Owmvle 68 slpwTHing Eninmedo.

L, | b L)

Mepuxa amd ta Ofpara® pe o omolx Eyer xoTomaatel elvo:

— Edpamatng motnuoviey Epeuva wal Eumaideuay,.

— Amonchpata mveupaTRg ot atus.

— Koy émstnpowns suumepipopa (Scientific misconduct) xal émstypo-

R # W - s x .
i) aregonoThTe (Scientific integrity ).
— Aoyoxhomix (Plagiarism) xal 70wa wortipix (Ethical standards) xate w7

1

Srefavays i dmoTnuovinTc Epsuva

o

— Emetiyy wal 70u.

* Xra Oepote advd wxl otlc Devixée Zuverelosig s ALLEA oupueteiyzay
gpretd pékn thc MAsadnuine Alpvov (frwe of Axadnuaixol wx. B, Pobuowvag, T
Kovrdmovdoe. A. Xgwazondgou, A, Qandc wat A, Masvdur).
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— Avowetd) npbofaay oty EmaTruovies) fuioypugin wol Baceis Sedopévav.
— "Hbuxy) Sudotany tHs EmoTrhponndc cupPouliic mpds THv Tohitelo.

'H ALLEA suppeteiye dvepya ata 8o Sielvi ouvédpia w7ic Anadnuiac
Abinvev 16 2004 wol 76 2007 wol dmaverhnpuuéve pic mpoétpse var Guveyi-
aoupe adtd T cuvédpia ud Thv dvepyh GupuEToYR THC.

H ALLEA émduciner v éotiacs xaddtepa 6 £pvyo Thg amé 6,71 676
mopehDiv wal xiveltan mpoe Thv kazelluver T7c ouvepyaolas petall T6v xol-
vy xal evllpumioTiedy EmoTuey dpevos xal Thv Detuedv meTndy
spetépou. Eniarns, mwe ehéyly, Sieupivetor amodeydpevy viss Axadnuiee,
dog pékn, amwd Tic Suhpopes yhipes nal meproyic tic Edpamme.

4. Xoppovievrtino Xoupobito Axadyprov Kaietyuaov
tijc Edpwaaixic "Evwonyc

(The European Academies Science Advisory

Counecil, EASAC)

Tootlinze vo 2001 (& mpwTofiounin 77 Royal Society za. 77 Royal Swedish
Academy of Sciences) xuxl ouvicTaTon %t Tic Axadnpizs Emomqpéy tév
ywpév pehéiv tic Edswmaindic "Evwane. Apyns 7 Edpa Tou frav ot Royal
Society: 6 2010 4 €8x tou petagpépbnxe othv German National Academy
of Sciences Leopoldina o77 Halle.

Méiy
T EASAC &yet 28 péiy (gupmepihapfavopévrs xat tig ALLEA).

Zxomoi

— Matpéyear Eynonpy, aveloptnTn wol EMGTAROVIXG TEXUNPLOUEYT, GULBOUAT
gmi guyrexoipévay Emotnuovikev teyvoroyedy Hepdtov atiy moriTs,
Nyeote The Eldpamaixic "Eve votwe tHe Edpwmainfc "Emtpord
frecie the Edpwmainic "Eveeorne, nuplwe e Edponainfc Emtponyc
(European Commission ), yid ©# My mokiTinév amogdszoy (science for
policy).

—Zuwetd T cuvohief Qovi Thc eslpwrainfc Emothurns of Emimedo
Edowmnaixic "Evacng. 'H dmoctohd tou dvtovexhdd Thy &moly bt 7 ém-
aThT elvat xevTpunTic onuaciog vk ik COOTY EMLOTALOVINT, TOALTIKT, Kol

o ToAhES GBSl TIOMTIAGY KOl XOWGVLAGY ATOPAGEMY.
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Hapadetypara ematnpovindy pshetov ol omoiss auvéflalay atd yopufyn

enpwTaiTc ToMTIKTC ¥ ThHY Emvpéucav®

— Metadotines Agfiéveree (Infectious Diseases).

— Edpwratinn; Anuéare Vyete vl oietied Kawvetopta vid Metadotiede
Agcflévaizec (European Public Health and Innovation Policy for Infectious
Diseases).

— Maverines Aveypvwstinds Méfador (Genetic Diagnostics).

— ZuvBetien Brohoyia (Synthetic Biology).

— OQixoglatnux xal Biomewwidtyre (Ecosystems and Biodiversity).

— ToZwbrhra Navoiihuweew (Toxicity of Nanomaterials).

— Khpazues, Ankoysy vzl [posupuoys (Climate Change and Adaptation ).

— Bidoupx Buoraiowa (Sustainable Biofuels).

— Metapoppavovtag 6 Ebpwmatind Aftvrue Mapoyfic 'Hiextpiopot (Trans-
forming Europe’s Electricity Supply).

— Zuyrevtpatings Hivebeppinge Teyworoyies (Concentrating Solar Power).

— Kisthaog Mupnuino’ Kausipou (Nuclear Fuel Cycle).

— Zhphndm wat Amobhiueuay CO; (Carbon Capture and Storage), ».4.

Odahdne ovvegyaaia ué o Axadnuia Abypwaw: Hapadelypara Lvvepyactas
— 0 Axadnuaines ». Xpiotogbaou eivar péhos toU Zupfouiion 165 EASAC
wot Emione péhoc the 'Exteheatindic Emrpornis 1ob EASAC.
—'H Axadnuin Abqvéiv suppeteiys 68 molric pehérec 100 EASAC pd
i | = E“l
5 # e & L i = £
EATIPOGWTOUS TS ELBLXOUE T Lo perety BEpoTo:

¢

" Troyeie "Vdata avd Nina Edgamny (Ground Water in Southern
Europe), Kaflpyfizpue wuple Mapto Acilidou, EMII,
" Tuyrevrpatiees Hawobleguinse Teyvohovies (Concentrating Solar
Power), Koafbpyvthc ». Havoe leamoprawondrovios, [oavermotiue
¥

Ko#tae, pehoe wic Emrponic Evépyaine thic Axadnping Abgvav.
® Metadotinis Acbiveree, TNwbraos Mataavidtae, 7. Nevindg Mpop-
’

* 06 drpootziseg mive ate Dépare altd oréavovton oty Axadqule Abquav,
SravEpLovton avahdyras xol dvapTenvTa oty iotoosiide THo Axadnplec.
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* Buwsipétrre Oaisoons Zotc (Marine Sustainability), Kafnygrng
w. Kdorae Buvordoune. llpéedpog xai Awvluvtic tol Eahnpuxod
Kévroou Ouidsaiwy Egeuviv, EAKEOE.

» Kawotoples atiyv Evépyzio Xapnhoh Avlloaxa (Breakthroughs in Low
Carbon Energy to 2050), Axadquainic x. Koveravsivee Bayevie,

* [pooappoyy ot Axpaicc Kaginic Zuvbives (Adaptation to Extreme
Weather), Axadnuoindc ». Xpfotoc Zepepic.

® Peverinde 'Efetacsic Gc Eovardo [lpdhnlne Adlevertiv (Genetic
Testing as an Instrument of Disease Prevention: Evaluation of
Policy Issues for Direct Consumer Access). Kaflnynraic ». Apyipns
Edszpatiadne, IBEAA.

Ts EASAC

— Yuvedpiace athv Axadnuic Abnvév 76 2011, 8oy wal yioprace pali pe
iy ‘Oropéher i Axadnuing iy dnézato v 10 76y dmo Ty Bpuat;
TOuU.

— Suvdiogydvese ut iy Avadnuix Abgvey Hpeoldo (Workshop) pe Oepa
«Concentrating Solar Power» to 2011 a7y Axadruia.

—'H ’Extereatied 'Emtpons, 100 EASAC (The Bureau) ocuviale oty
Axadnpio Aluév tov Zentéufpro w0l 2013,

‘H quvepyaata ths Axadnuing Abnpvév pz w6 EASAC elvar atevi, ober-

Ja_ e % L] @l 3 rri} g
wone nal apotPuio wpEhiLy.

Zybiwo: Amd Tic téooepre Awebveis ‘Evdiceis Axadnuay Exotipéy mob
dvaépbinuay, 76 EASAC, xata Thv &modd pou, elvar 76 mhéov émtuyis, ué
[ ’ % i - W A ™ I 1 Y 1 ’ 1

tomiaaudvo wal avaledes £pyo, oteve ouvdedepévo pé tic Anadruisc ol Ty
monrein. Kathpbwos v péper wiv elpwmainy EmoThuy #ovid GTic L6OpES

. Ll aa Ll -y b -

uénn tic Edpwnainic "Eveosre vl wiv Edpwmaind Emrpoms (European
Commission ). ‘V'rfipZe 2Eatpetins Emruydc 616 vi Emhéyet odorwdy Dépara
wak Topsic mol Eyouv duser Enidpasy xal oruacix 677 Laf) 7@ edpwmainey

v wal won Eyouv oUGLOST ERIGTHLOVLT GUNLGTOGR GTHY ERLAVGT; TOUS.

Tevieds Lybiwo: Torelben do 7 dvepyde ouppetord Ths Anadnuiac Abpvéy
i 4

oTic Téooepic Sielvelc ‘Evdioeis Avadnudy Emotquday wob avapplinray
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5 3 r A N - % R 1 ! A ¥ v b ) b}
elvon, avoryxador Yo THv mpoford Tiic Axadnuine otév edpumaixd wal 670V
Buebiv, yapo. Evdelxvuror v cuveyrablel wol va émentalel, moups tig emi-
wpotolioes avrifoes oixovopxés ouvbifxes, ot adto elvon wpog Spelog e
Anadnuing woi t7c Elnadoc.

L I3 b1 by % - ~ L] o » i e

H suvepyasia pac pe tic Axadnpiec TéGv Arebviv adtv Opyavicudv,
ut gmbpaan Tob % Nevixod DMpappatéo (vol thc Zuyridston), Spopohoyeital
uése 160 lpapelon tob ». Nevinol xal Epod.
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H EINIETHMH THEZ ITAHPO®OPIAZ
KAI H ENOTHTA THE 'NQEHXE

OMIATA TOY AKAAHMAIKOTY . ITANOY AITOMENIAH

Kallypeptvérnra xai yvaoy

Erd ot ypbvia mod poite mépaoay 6Ty iaTopla dvartiybnray mapd-
Eeveg nal Depchiwdie ouvapmaotinds 18dec yia wov yépo xal Tov ypdvo, yia
i Ok xal Ty avtikndyn Thc mpaypatindthTas Tob xbopou pag. Ttig pépag

3ond -

neg, ol dmavastatines idec The dvayewrauaniic adTic meptedou praveuy xal

7

i

- L - LA -~ i ~ ; T e el I Fo—— I

616 ehpitepo wowvd, Spws pall pe thv avdmtuly wiic aféfaune, Bloavne xal
mokimhonne owveviae.
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Oa vazavergoups v Sopd) xal ThHY Asrtoupyin ThY cusTHLATWY ToAU-
ThorbTrTog kol 76w Sty ol suvdéouv xal cusyetilouy Ti mavTa, dpuet
) r & i ) ¥ I na » 4 [
o BLaTrprjgoupe Tic 300 amapaityTeS moLbTTEC THG Epeuvac, THY Teptépyeia

A b1 1 4 ) b * k] b ¥
rat 7o vlouaaont v o6 mapddolo xul 6 xavolpto.
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TTTOAOXH TOY ANTEHNIETEAAONTOZ MEAOYY
» PEQPTIOY I'TANNOITOYAOY

MPOZGONHEH ATIO TON [IPOEAPCQ
«. ZIIYPO A. EYATTEAATO

‘H Anadrnpio Abnvév dSmodéyeton ofipepn pe iSiitepn yopd xol Tipy dg
vTEmtaTEMAOY uEhog v Tov . ['edevio Diewdmovhe, dudtiws walnynmh e
¢ i y ML (R et/ e 1
Zuyrowonantc Teyvnidc 100 Apreroteheion [Tavemarquion Qegoxiovinne,
Tov oroio 1) ‘Ohopéheia EE€heke wata t6 Tpéyov ETog ooy xhade T7ic Emiethuys
v Metagpopdv wal Zuyrovaviiiv,

O ». Nawémovhog yewibhgee ove Méyapa. Anopoitioe amo 16 Efvid
Metoéfio Tlohuteyveio wwi, otd ouvéysia, ciduwedfinre otdv Lyeduuoud
ey Metagopy xal wiv Kudogpopiand, Teyvind, o6 Imperial College ol
Aovdivou,

"Eye Snpooieioe: mave awt 200 Ematnuovied pehethpata ol 10 adzo-

- T« SO (P ) o 4 f - I o L - & Booobe Ak 2
Tehels exdooets, 6Ax ot Oepata Metagopav nal Kuxhopopiag, Eva Eyet dxmo-
vijaes 7, &yl hafe pépoc of mapx morkds pehétec 7 dpeuvnTig TpoYyoduLaTaL.
0 . Navwdroviog elvae Srelvide dvayvwpiopévny mpocumindrnza aTov Topde
Tow Metapopdv el Exe Boafienlel p mornd Sievi Bpofeio xal Sruxploee.

Kipte ouvadehgpe, 4 Axadnuin Abnviy elvar edtuyfic mob odc xahwon-
piler, nal odic ameuliver Deppic edyéc e cuvéyion 7ol dmoTnpovined nal
EpeuvrTixol aug Epyou.

Ziig wahG yro vor 5og Embmom T0 SimAnya Tol IVTEMOTEAOVTOS HEADUS
765 T8pdparos.

Kal Tepx mapaxarés tov dxadqpains x. Xefoto Zepepd v avéhlel atd

- LY - i~ b L s -
Brjue xal va mapoucLasel Aemtopsp®is T6 £pyo Tl véou deadnuaino’.
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MAPOTEIAZH ATIO TON AKAAHMATEO
». XPHETO ZEPEDO

Me iBxitepy yopa Umodeyopmorte oTolg uohmoug ThHe Axadnuiog
5

Abvév v walpynth ». Deagyio Dawérouvio Ge dvremotédhoy péhoc
alths. Mewd ta slonywyws oTouysia Tol Bm*(ompmoﬂ Ta Gmola elye Ty
rohooive v sxbiécer 6 wigog [lpbedpoc tic Axadnuing Abnviiv, O #0zha
i GO GRLAYPRPFGL GpLopéves andets v T6 EmaThpoving oo Tob xaby-
vt Diewwdmouiou.

To Epyo Tol xalnynth NMavwimovhou yapatyailovy Tpeis ypovinie me-
oiodor: 'H madity meplodos Zenva 76 1973, £roc amovopsc ol Sidaxtopirnod
Sumhaipotoc ant 76 Imperial College to0 Aovdivou, péypr w6 Exoc 1982,
wol elvare T6 Etog Exhoyhic Tou Gig tanTinel xabryntel otd Apototéden
[ovemiotiyio Ocasorovinng. Kata tiv neptodo adth dnposieuae dploo wai
épyxaies 68 elpwmaind, wuplag, EmtaTrpovind Teptoduen xal siys mg wipla
EmieThovied dvtinelyeve:

i. Ty aviduon Sutdemv xal THY EXTILROT KUZADEOSLEAGY ETLTTO-
aewv. 0 dvvapixis xatapepouoc tijc »vxlogopias (Dynamic Traf-
fic Assignment) sivan wepLoyy) Gty Gmola 7Ty %TH TOLC TRWTOUS
TOU EpYAGTHXAY Kol TUPAYAYAY ATOTEAEG LA T,

ii. Tic mepBoddovrinds émmrwoes xuxhogoploaxéyv guliuicewv xal
wupiwe melodpopfoemy — FTay dmd Tole TPWTOUS GUYKOIVWILO-
Abyoug o oy o lnxoy pe to Bépate adto. Me Egappoyr pdiota
T7c mapamave uelédou Suvapieol natapepiopot The xurhogpoplas
mopfyave pebidous extlunene Ty xurhogoptaxdy xal meptfai-
AOVTIAGY ETUTITOOEMY GUYKEXSULEVGY dhAxyey of Eva 68 Bi-
%Tuo xUXhopopiae of aoTiEg Teployés, Tic dmoisg xal Eprppoce
oThy wpdln, ue eEéyovra mapadelypata Spxpuoyév TH dxriuray
Tév EmmTLoEwY aml T pepied melodpburnoy the Oxford street
7ol Aovdivou xod v melodpdunoy tév 68év Bouxoupsation/
Barawgizou orry Abqva.

iii. T Bewprtiy Siepeivron TGV FapasTrploTinGy TOV LETHRIV-
oewy, pe wipo Ssiypa ThHY Epyacio Tou vk Tic waTovopds (xop-
TUAGY TUTTOL (YN} T0T wécou whkous petariviars ot oo LE Thy
ameoTeay awo 0 %évipe (CBD).
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‘H 8ebrepn meplodog xokbmrer thv cixocuetia 1982-2002, wotd v

6_!3 .l. *J‘ F’- \B.! L} e E"‘"E v

mota Snpocicuss dpyasies 6t Bépata Eoappovév Edoudv Zuetqudtoy
Mezagopav (ITS) wai épumopevpatinév Metagogéiv. Ethv meplodo adts
fitay wabnyntic ol Tphpates Hohtivay Muyovieav toi AIO %o
ArevBluvtic atd Epyacthpie Tuyxewvmviaxic Teywudic, 16 drolo Sugiluve
uéyot The ouvtablodoThose Tou.

H veheutatia meplodog tautiletar pe v Snpovpyin Tol Ivetitodtou
Bidoiprne Kivgruedmyrag ol Awetdov Metapopiv 100 "Elfvixed Kévrgou
"Epeuvas xal Teyvohoyinsic Avamtuing (EKETA) xaxi thv Exhoyy Tou
we Areufluvtod tou (dmd 16 2001 2we ofpepa). Katd thv meplodo adts,
ol Epyaoies TOU dARG Mol T EPEUVYTIXK TIROYPRWLLATI [E T OTOLX dayo-
heltoe &gopolv wuplwg oty mokwtnyy vav Metapopdv ot Gha Ta emineda,

L , L3 : =13 - (T
wal T hevopevn «Buwatpry wwvnTiedtrta (Sustainable Mobility ), Snhady,
Sl b o] L] \.. iy 4 a3 ¥ 3. L e . L f: =
reptfodhoviina cupBatéc Metagopic mpocamewy xal syaldy wal mepifoh-
hovriea gmodexts pulpioy ThHe wwdhogopies. Eiver yopoxtrpietis Tig
Eppuorns mwob £8was ot Bépata ot ) wpbdagaty didayd 160 TiThou 1ol
a ¥ A} F 3 A ¥ ~ 7 m Y ¥ -~
lvetitodtou mob dunbbuve amd «lvetitolito Metawasdvn a2 «lvatitoite
Budswune Kwvgrindrnrag wod Auerdwv Metagopéivy.

"Extic dmd 6 mholoto suyypapued tou Egyo ol iy xabednymon xad -
Bhredn Sexadwy vewy Sibaxtiowy xal égeuvntdv, 6 wabyynthc Diewimouiog
= f{'}_ M 4 e A ) r r ot ‘—\ b1 b5 g Bt r {i‘) b 3 ey )S.rw
sunfinue pe ospx Suxploswy, xuplwe dmd 70 elwtepnn. O dprestd 836

h) 2 r [ AJ r A b fJ r e
voo avaepépw TEooeplc ToAD mpoagutes, meta 0 2011, dwxploeic Tou, ol
Omoleg siva of 57

1. 'Emopn 1ol ». DMavwémovhou e thy mpoedpix the 'Emitporniic
Avefivaiv Apdosewy (International Activities Committee) To% Transportation
Research Board 7 Apspieavindic Axadnuice 'Emotqudy (US National
Academy).

2. 'Exdoyy tob x [Nowdmoviou othv mpoedple 16l Edpwmained
'Opyaviopol European Transport Research Alliance — ETRA (www.
etralliance.eu). [Igouetron yia dpyovicud ol édpeder atic Boukéhhes nal &yet
G péhy) Tou drhoug Spyavicpols 6Tov Topéa Thg Epeuvac Tév Metagopdv,
Snhodd, elvon Seutepofabpiog doydvwers. Anpiovgynbnxe (pé ™y dmooth-
prEn Tie EE — Devied) AredBuvey "Epzuvag DG RTDI) yui va guvtovige: Tic

v et E r [ ’ . - st L) 5
dpdeelc T@v imdlotmwy Evacewy (Associations) Epsuvas otic Metapopés
wal vi wpowbiser o) Snpovpyia Tol Eviatou Edpamainot Xagou "Egzuvag
atic Metagopis (ERA-T). 'H &xhoyy) 100 dmolvgiou ativ mpoedpla ol
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Opyaviopol abrol tov Oéter ént xepuitc exnplowno The ehpwmuixis Epeu-
vag 61OV Topdn Tey Metapop@y, kol amoTehel EUmpunTn AVAYVOSIST TOD
EmoTruovinel wal dpsuvnTined Epyou 1ol bmodmpiou.

5 - y - I \ » P -y e, ek

3. 'Expoydy 1ol . Tawémovkouv othv mpoedpia e Edpunainde
Awzoredns Tverirodtwv Metagopév — European Conference of Transport
Research Institutes — ECTRI (www.ectri.org). 'O dpyoviopis adtde, ol
éniome &8peder otic Bpuléhes, Exer @c péhn tou 30 mepinoy EpsuvyTingk
'Tverizolta ol &hhoug gopsis Epeuvas ol Metugpopés, petall Tév dHmolwy
o peyoehdrepa xal eymupbtepa thHe Edpamme (m.y. 10 yaahws IFSTTAR,
7o yeppovixs Fraunhofer/ICL xai DLR/Transport. =6 6hhavdiko DVS, <6
Poetavins TRL »ai mokha &hha).

4. " Emthoyy, 760 %, [Noavvémoudon xmd wov DNepuoavind 'Opyaviepd Helm-
holtz (Helmholtz Association) yi& Tov pbho ToU REtohoynTh ®al TGV TpLGY
mpoypappdTey Epeuves (cross-reviewer) tob  [Mepuoavied 'Ogyaviopod
Aepovautindc nal Awothiuxtos DLR, wol dvrxet otov Opyaviops Helm-
h lt T\ P P 3 4 ,f e o i i b 'h'I '-f‘— ‘1 V=i '\

oltz. Tampoypdppare x5Ta apopoby otove Topels: Metuposés, Aepovauten
wot Avkotrus (Transport, Aeronautics, Space). Xty émotnuovies #50h6-
ynor ToU meovedupatos Tiv Metagopdv 105 DLR 6 Smolfiproc elye pe-
TaaYEL, G TPOEdpos The EmtTpoTtic RELOAGYNONE, TR0 TETPAETING XATO THY
T ey 2ELoRS 7. iy mapotoa meptodo Tob Tytrlxre va avahdfer
mponyebdpevy 2Euhbynor. Loy topoion Tepio Cnrrfnpe va
v pbie Tol cross-reviewer, 8nixd® o0 wbotldvrioun dErohoynTT), wal i

A ¥ ] k) ¥ T £ af i Ly
1o Tpla dpeuvntiea mpoypoppatx. To DLR mopdyer Epeuver dElag modhdv
o™ ! R ) W 2 b \ Ll 1A -~
Sioexatoppupiov eipw, Fyet dpeuvnTing Tposwd Thg Takne Tav 10.000
aTopey xal elvat 6 peyokiTepos epeuvnTineg oot g epuavios.

1] 8 r

Kupies zat Kigtot,

OF Suapioeig xal 7 smoThpovind xtvgTiedTnTe 700 kabnyneh Navi-
movkou O 70ehay okl 1 pdvo i va odig extelolv avadutindrepe. Apnealiny

LY > N b 3o L] - L) h) W 1 1 B hY L )

ot ot Td GAlya wal Tehardvovrae B8 Hlleha vi Edpom, pnall pe T0 EmoTnpo-
vixt Epyo, Thv Exdentucuévy mtpocwmxbTyTe Tob xabnyyTh Navwémouion,
6 Gmolog edTiymos vo Exer wad ped EEatpeTin nixoyéveta.

Edyapiata.
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H AIAXPONIKH GEQPHEH THE EINNIETHMHE TON META®OPON
KAI ETTKOINONIQN KAT H EYMBOAH THE
XTO ZHMEPINO KOINQNIKO KAT OIKONOMIKO I'I’'NEE®AL

EIZITHPIOE AOTOE TOY ANTEILIETEAAONTOE MEAOY'E
«. TEQPTIOY A, TIANNOITOTAOY

R & ., - b ? ; r 14 - f__"-‘ Y-I . ke 4 - ,I. " Snp * b} b
Edyxpioté tov aZiotipo [pbedpo <fc Axadquine Abgvév yix tav
EUTIVELGULEYY] TIROGPAVYGY, TOU ol TOV XYATTTe anadruaize % Xgijoto
Zepeopd i T4 yewarbgpove Tagousioor 1ol émotruovinat pou Epyou wal
ThV SRRV GRAdNUALXGY (Lo BpAGTHELOT TWY.
AloOgvopon peydhn ouyxivgor, Yol slogpyopal oTpepa ®al EROHULE
. * + A -~ * 4 ) ™ rd 9, e 3
TH aveTaTo TveupaTind iBpupe e yaeus, Thv Axsdnpia Abnviv, pet
Thv Ty wob pob Exave 0 enlhento adTo Ghipa THe EAANVIXT S EmLaTAUYS
bl 8 |’. b 4 3 - ; 3 ks Fo - F ?'_ ~ o
ol Bovanog va e Exiéie avtemiaTérhoy pehoc Thc Taine tév Qetindv
Ertornpéw.
Tréunopon vty oug e §og xal mapprata Eamtilovras vi pave dvtd-
Zro6 TVc EumiaTooivig oo,
|‘F_ 3 N Lol & o ) i B L | = L) h) i = &
Ty Ewmordeutel wol dpactapromornlel EmayyehpaTing v molha
LEOVLE OTO GVTIXELLEVD TOU GUYXOLv@YLOAGYoU whyavixed, T6 6molo copi
L » # ] 4 g t At & k) m L o frl bl
N Axodnuin Gowobéitnoe Geg avijroy ativ 'Ematiuy tév Metagopy xal
Zuyrowwwév, avayvwpilovtas Eta atic takeig The, Yk mpaTy opd, TO
avTinsipevo alTh Gig eldixeuay wol whado téwv Betindiv Emornudv. Eluat
BéBatog 471 v Emihoyy; Thv bpwv «Metagpop@vn xal «Zuyrovaviéivn Evive
F0chnuéva yid va Exgpodast 6 olveho THg SmoTAuE AOTRE GO xaddnToy
Gha tae Ogpoto Eyeduaopol wal Swyelpiong ag’ evog pev TGV (ouoTHRITGY
Mezapopivn, Gou 6 Spog wahdmrel:
A\ ] r o 3 B
— 1o avTloTou s SixTua Dodopy,
1 - r A A LA L L) r ¥ ’ \
— THv xuxhoposte wel TH otdbpsuey mdve oté SixTun altd, nolboe el
— o Gy fipaTa el yprotpoTotelvtar yia Tic peTagopis EmiBotdv wal
EUTIOPEULLATELIY,
wal &’ Etépou Ta Dépato Tyedraopel wal Swyeipione TGy wouoThRdTOY
Zuyrowavién, Grou wosloc wihdue vk T4 custhnate walueév, Snudctwy

L ) - T - . 1'- - "\; L -\ A I
7 LTy, Zuyrovavtev TOV ETLRRTOY e GA0 TR LETRPOPLLY LETA.
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Kahimrovras 1o §Azg of «dvtdrrrecy mob cuvlétouy 16 ebotyua eEu-
TRETNONS TEHY VoYMV VLG UETOMWAGELS Xl PETXQOPES GTH GUYLPOVY
xotvwvia avelapTnTo 470 TO HETHEOPLXG HEGD TIOU ¥ PNOLLOTOLELTOL.

On EmiyelphGw Vil TEPOLGLAGE GTTY GUthle pou alTh T6 Sagund mepte-
1 6ueve dhhg xod 71 Sray poveer, $hEy Tic Emotiunc vy Metagopdiv xal
Zuynowwiey, 1) rola ofpepa drotehel Thfoy Evay amd Tobe Baoikois whd-
doug eidixeuang TGV pryavin@y dAhd ol EAAwy EmteTrpovXGV xhadwy. O
Th wdve adTo dmapebyovtag TH e mokl éEaidikeupévrg EmaTrpoviXTic
dpooyiog nal dmhomordvTag T oyetind Bépata mpde pehog Tig sapivelas,
amenfluvbpevos xal mpog ui) eldioie, xal dprobletdvrag Tic wupLbtepes wol
HEPIATYPLOTIROTEPES XaTd T4 YVORY pou meptidoug THg meThung adtic

&mo Thv Eupdvio, THg MEYpL GHLERS.

1. H nepiodos tijc «lewpntixijic é&tdavievonsy

‘H apyweny adty) meplodog svamtuing T7g eémothune tév Metapopdv
wod Tuyrowondy 0 pumopeloe vo amoxhnlel Bdowo woi «mepiodog g
Bewpnrindic 2Eidavixcuanon, Yiatl oTH GUYTELTTTIXY TOUS TASLOVOTATH oL O~
Tinge avaddoeie xal pebodohoyieg Hroy xabupa Dewpnindg Statumdseis ol
kpopoiioony EEtdavineupéveas KATHGTHOELS RURAODQPOPLUKTIC POTIC dpyLnd 6E Eva
Tufpe ol gpydtepa ot Eva Sixtuo. H meplodog Eenivder pe 77 ovoThpaTiny
uehétn xal dvdiuer The 6dudis nurhopoplog 6t Eva onpElo 7] 08 GAGXANPO
w6 68t T xal T Setimwer Thy heybuevawy Oeusiwddy diaypupud-
Ton kuxlogoptaxijc pofic, Sniadt palquatinéy oyéoewv petald TaydTrTas,
munvbThTae wad kuxhogpootaxol gootou. [lphuertar i tov apyandtepo xhado
T6l dvxerpévou Tie 'Emothuns tév Metagopiv ol Zuyrotvewdy, ol
eivort, adToc The «Bzwplae Kukhogopuawdc Pofien (Traffic Flow Theory).

[péitog uelétnos tic oyéoeig adtég 6 Bruce Douglas Greenshields oo
wéon The dexaeting Tob 1930, T pehéry tou mob SnpociedTyxe t6 1935
gvothler Tl oyéoeig peTabd xuxhogopiaxol @GpTOU, TURVGTNTRE XUKAOPO-
plog wal TaydTnTag The nunhogopiog pe Paoy éumeipina Sedopeva TOU Gu-
véheZe O idlog.

. GreensHIELDS, B. Do, A study of traffic capacity, Highway Research Board
Proc. Annual Meet., 14, 1935, a. 448-477,
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Ta mpiro odta Sueyphppote wh Staxontopeyns xurhogopanis potis
(Ardeyporppe 1) dpopolicay amhomornuéves ypoppixds 7 mapxfolines ayé-
gerg petaEld Tov «bepehiwdawn peyelav thc nurhogoplas, Tis popers:

— a
q = a*k - b¥k"
[ € I3 LY L4 ’ s
mou: q 6 pbpTog wol k 7 TuxvdThTa XUKhogopiag,
"
7
Brtou: v 7 Tay Ty T nal q 6 xURAOQORLEXGE POPTOS.

] - ’ b 1 ’ ~ g +

Axonoubinoes px oepe wpooletav palpatiiov Surundoswy («pov-
TEA@VR), IO Buiprece Tk TohAES BexaeTics, aml EmoThnoves Thv DeTindy
emoTrpev (rupitoe pabnpoatuois wal guoikois), mokhol &mo Tobg Gmotoug

Frow (7 Evyivoy peta) nol xotoyot Ppafelov Néumeh.

Ansppapua Tagiurgrag-Tluedmnrae Tayguzrzay Audypaugr Tapisgras-Giazou
)
tf:
| (]
|
| |
1’l
Isewirgrx k R 3 #’ a Dnax

Rusbagupuants Papzac g

Avarpoppin Pdprou-Mucvdograg
Qmﬂl

Kenhngpnpeands Phpzac g

Mgypappa 1 Té Ozpehiadn Surypdppata suhopoplaxdc sofic: dnd Tic mpéiteg pa-
Brpatiede oyéoee mol Suumabinuey atd whalsw trg "Emetiuns tav
Merapopdiv el Zvyrotvaudv.

k] i 3 L b ] b h) by k] 4 - [

Avopépe evdeiwting pepuna amo to pobyuatued adta povréha oy d-
TATOG-TTURVOTTOG 7 TayUTnTRS-RUKAOpOpLaxol @opTou, ol Statuma-
Brxay drct Sragopoug pehethtéc:
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— éufletixd (exponential) povrého TayOTNTHC-TURVOTYTAS AT TOV
Greenberg =5 1959°,

— wémizabijuevay éxbetiza (transposed exponential) povréha Toyd-
TTag-Tunvh T e #mt tov Underwood 70 19617,

— diuept) Dfprdixa (two-regime) gmé tov Edie t6 19617,

— moivuepi] vPpidwea (multi-regime) awé Tobg Drake, Schofer »ai May
6 1967°,

— ayéoec pi ypror mocsocTixlny TayuTATLY (speed percentiles) wod
o Pdvouy Srédm Toug Tov TUTO TV Gy UETE@Y, T Bpl THXLTATAS,
~hv xhioy %ol &houg TapdyovTee, T.y. &b Tov lagar <4 1983°

— &nhat auvlleTa poviéha xuxhopopaxic potjc pué Dempron xal Téhv Emt-
nrhcemy The oivleong THe wunhopoptag wal Ahhwy TRpRYGVTOY K-
olesg i ouvbijnes mob loyldouy ot guyrexpuuéveg yGpeg, 6o Ty
4wt 7ov Ramanayya 1o 19887 yi& tic auvbijnec e Tvdiag,

— wovréha moocopoimang, dree m.y. amd wov Giannopoulos w6 19727,
~ob¢ Bang, Carlsson »ai Palgunadi 6 1995%) xai molhols dihous,

2, GrEENBERG, H., An analysis of traffic flow, Operations Research, 7, 1959,
5. 79-85.

3. Unperwoon, R. T., Speed, volume, and density relationships, Quality and
Theory of Traffic Flow, Tale Bureau of Highway Traffic, 1961, 5. 141-188.

4. Enig, L. C., Car-Following and steady-state theory for non-congested traffic,
Operations Research, 9, 1, 1961, 5. 66-76.

5. Drake. 1. 8. — Scuorer, J. L. = Mar, A. D., A statistical analysis of speed
density hypotheses, Highway Research, 154, 1967, 5. 53-87.

6. FAGAR, 5. — VAN AERDE, M., Geometric and environmental effects on speeds
of 2-lane highways, Transportation Research, Part A, 17TA_ 4, 1983, a. 315-325.

7. Ramanatra, T. V., Highway capacity under mixed traffic conditions, Traffic
Engineering and Control, 29, 5, 1988, 5. 284-287.

8, Giannorouros, G. A., A Dynamic Traffic Assigcnment Model for Assessing
Traffic Management Schemes, PhD Thesis, Imperial College, 1972,

9. Bang, K. L. — Cartsson, A. — Parcunapl, Development of speed flow
relationships for Indonesian rural roads using empirical data and simulation.
Transportation Research Record 1484, 1995, a. 24-32.
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I ™ ~ Ed it - i Kl r £ 3 '\ ¥
— povtéha xuxhogoptaxiic potjc Gmou haepBavovtan bmdly ol dmdpdoeie
Tév Bagéwy dynudtwy, dnd tov Parker t6 1996', ».ix.

Wz ropipwon vav npoonabedv 17g meprbdou adtic bewpd T dnpooi-
euat), 76 1971, tic Komrixijc Bewolag xoxiogoptasxijc pokjc (Kinetic Theory
of Vehicular Traffic)"' <év Ilya Prigogine (Népmeh Xnueloc 1977) wal
Robert Herman'®. ‘H st Bewpla xuxhogopranic potjs vév Prigogine
— Herman Paototnre otic duxmopixés Ehigmagstc Thc Ddpoduvauinyc ol

k > S = b i
FPNGLULOTIOLGUVTAL YLa VO TTEPLY paiouY T1) poT] DYpdy 68 cwhives (Ue Ta «ii-
uaton — Kinetic waves), o cuvBuacpo pi thv Umbbeor Elouoiwerne Ty
BEROVGUEVEY Oy NdTwY ne Ta phptx Dypdv wal Tic palnpatinée Dzwpiee
wmepimhonbTrTocy (complexity) xat «yaoucy (chaos).

Mé 7 Suxtinwoy tétorwy Dewpidy xal poviehwy, ol frav xabapi

l hl 1 hY ¢ p.) 1 5 4 2 I
Paoiouéva at yvwates pablmuoaninée Bewpiec diha wat mob avratdmroloy
YvwaTobs vuous THe QuELKTc xal THc ynpeing, 7 dvaduduevy ueTamoheLind

£ ¥ ! - ~ b s‘ - J&' w P 5
véx 'Emiotiun 16y Metagopdv xol Zvyrowvewdy cuvdélhpue dppnera pe
Tig hotmég Oetinde Emotijpec.

‘Evrehéic &vd 5¢ Toh wAlpaTeg wal THe émppotic ol elye 7 weplo-

vrehdig Evdetinde 700 whipatog wal The emppots wol elye A wep
Boc g whewpyminic Edavineuornon oty SupdponoT T LopgTc dhhi Hal
e avriindmne To0 xowod oyetiwd pe ) véx Emotiun tév Metagoptv
wotl Tuyrotvaowayv elvat 6 yapartnpeTixte Tithog evig dglisou atobs New
York Times mpiv &t 16 dxpifdc ypdva, Thv 251 Nosufpion 1997: Stuck in
Traffic? Consult a Physicist. Té &plpo dvapipetar otiv mohuety] mpocd-

3 : i = = \ )
bewa dvahuerne The wuxhopoptaxic potic, mob entarypuphivxe otd mporyos-
peve, & Tobg pabmpatinote xal Oewontinole puatkols xal mapadiiiile
Ty molumhorbthTe wal ABeBaldTaTe TGy XUHAGQOPLAKGY PAVOUEVLY PE
v mohumhobTyTa vl afefaldTTa TOAAGY QuaKGY pawvoudvey, GTwe

7ol tpbmou dhhnheniSpacns nal cuvepyastuas petald Ty poplwy xal TGy

10. Parker, M. T., The effect of heavy goods vehicles and following behaviour
on capacity at motorway roadwork sites, Traffic Engineering and Control, 37, 9,
1996, a. 524-532.

11. PricoGiNg, I.— Herman, R.. Kinetic Theory of Vehicular Traffic, American
Elsevier, monograph, NT 1971,

12. Eivar 6 Bewgrrints guouets mod ot deuaetia Tob 40 Setinwas o Hewpla
wepl Umapine «whyolon &md =6 Big Bang, veyovic mob dmadrfislonue tpuvra yadvia

xpyhTepa.
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®uTTApY ol amaptilouy Toug Lavtes Gpyaviarole, Tol XALLATOS 7) duowy
wol T¥jg Snpoupyiag yovooTSadwy!

“Omwe 02 Sobpe nal a1 Emdpeva, ¥ Tdan GUGYETIONEG TGV QoEVOLEVGY
ToU Exppdlouy TH KOURTIEALEPORXY TGV PETHXIVATEWY Kol THe ruxAogoplus
pé YveoT puatkd pavbpeve suveyloTrue wol dwioyilnue ata Emdpeva ypb-
v wod mepLoBoug péy et afpepo wal eivon &t Baupocpol —xal petagpuaikeh
lows mpofhnuatiopol— 7 peydhy cuvagpelx mou amodekvdeton HTL DRdpy et
petalil tHe ovflpwmive oupnepigopiic, Hmwe adTy Exppaleton pE Tig Emi-
hovéc wag yuk petovnoels kol 68y xurhogopia, xal TOMNAGY VoR@Y xul
PALVGLLEVLIV TTIC PUOLKTIC.

2. H mepiodog tijc épappoouévic Epevvac
xali avantvéne tiHc dtadixaciag
Lyedraocpot tav Metagopavw

Meza wév B’ mayxdoure mohepo, wal mapardnhe pe tic xabapk Oew-
prTixéc mpoonabiaes Sopnvelag TGOV wuKAOPOLIAXGY PAIVGLEVGY TTOU TEG-
avépepe, avantiylxe ol Evag oupde o EQaproopnivos Kal «TEVIRGIN
xhadoc e Ematiune tev Metagoptv wal Zuyrowwmviév, ol dpopd thy
¥ ’ b 4 L 4 Lo ’ > ’ -
avarruly wal wparTed) Spappoyh The heybuevns Sudinaciuc Tyednopol

b ‘_ o Ty i3 —~ .ﬂ r - r - et ] -
tév Metagopudyv Trodoudv 7 amiée Lysdiacuot taw Meragpopin
(Transportation Planning Process), fmwe auviflos dépe. 'H émornuovuy
ar Y 3 ! 41 4 ¥ [ h} . R . » I ] A 5 ]
Epeuvar nal avdducT, Thv weptodo adt), wob doyilel odGLasTind dnd Ta péou

e ™ P Y T L3 ¢ £ 4 ) 3 ¢
e Sexaetios Tob 150, elye he wipto ImeaTrnpuety) Tov dStapgrafftyTo may-
wobapio yétn the Epeuvag Tav Metagpoodv, 76 apeptnavind Transportation
Research Board (TRB) (mahoétepa Highway Research Board ), mo) amote-
Aet Tudpe i Apepuavindic Ebvixijc Axadnpioc Emotguav. To yvaotd
o Ghoug Tolg auyxoweviohbyoug TRB Snvjefe woil efanohoulel vo elvar 6
mayrbouins Ttewtepyatns xal Depehiwtic i Epsuvag wal The Emetiune
yevurGtepx Thv Metapopiv xal Zuyrowwviov,

OL meproadtepor navownapot, Eyyepido xal mpodiayprpde ol Ondp-
FOUV ousps GTOY YGpo pag Eyouv exdobel dmd T TRB xal dmoteholv )

i i - o - [ A A} & ]
«Bifron @y suyrowevioidywy thou tol xdopou, T mé yvwotd nal Su-
dedopevo TéTown Eyyepidio elvar 6 Eyyewldo Oduejc Xwonrixdéryras
(Highway Capacity Manual), 6 6molo pe tig Sapueic dvavedoeis wal Emo-
vexdooeig Tou amotehel 70 o Stxdedopéve lowe Tepvind wal EMLGTHLOVIXG
Eyyetpidio TAY guyrovevioriywy Shou 16l xéepou,
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H weplodoc thc «épappocpivne Epeuvas xal avdmruing the Sadueaaiac
Tyediaopol 1év Metagpopeivn apyilet dpéows peta tov B mayxdouio mdhe-
uo e Ty Tpwty «pekéty Metagopvn the mohne Tol Tindyou, mob &pyioe
76 1955 (Chicago Area Transportation Study — CATS). Zth perérn uel-
vy Starumalnray yid mpwth pops cucTruaTiés, al pd Bhov wabnpmoTuk
WOVTEAS, TEOPAEYELS TGV LEAAOYTIXGY avaryXGiv YLk peTaxvioets (dote va
atrpiybel mave ot adtic 6 oyedaopds Ty dveyralny imodomév) xal doap-
woatnre N xabiepopévy ofuepn (Sradieacia Xyedracuot Metagopav tév
Teaoapwy otadiwwy («lb-stage transportation planning process»).

[potepaiotnTo Tote Arav 6 Zyediwoudc wol 7 pehéty TGV Gdubiv,
®opleg, doTiedv Hrodopdv xal Syuoupyiag Téhv Aeyduevey Ttpatyyiudv
Zyediewy Avamtuine (Strategic Master Plans). Eivae 4 meplooz mob yapo-

=

/ ~ -
xTnptletor Téo0 amd THV TepkoTia abiey THC XoTomoinans ot SAo Tov
¥ o L) L] A k) A = L ’ £ il ¥ k]
®GOUO G0 kol &TTO THY aveTTLEY ThV peyaAmy 63 SuThony aiTorvTo-
r A 4] L8
Spbuev xuplog oty Apspue.

Axoroiloe mhnldpa dhhwy mapbpotwy peietdy mob dmelétevay ol
rabidpwony tic oyeTinée peboduhoyies, petaEl Tév Hmotwy xal # mpdT
peréTy Zyediaonot Ty Metavooiv the Alhvec, wob &yve w6 1963 4=t o
W | - i i .

YAE xai w6 apsputavint ypageio pereréyv Wilbur Smith. ‘H pehéry adm)

gmovadrobnres w0 1973 xal Sio dxdpn wopéc amt tiTe ety Alhve (g7
i [

whv Atmikd Metpd xal wov OAZAY), sai #ye viver pla pbve gopi w6 2000

et tov Opyavious Pubuiotined Xyediou wal [postasiag MeptBaiiovrog

Beaaarovivne (OPOE)Y, vid w4 Ocooahovixy.

‘H shagwen pebodoroyin «Zyediacpoln ol suotipatos Tév Meta-
popdv uuic Teptoy i mepthapfdver T EEFg Baoud otddix (Avdypappa 2):

[. avahuon T6v yapaxTnaioTindy TGy peTarvicewy o1t «dtoc Bacny

ol povtehomolnen T6V oyosmy oY Tk SiEmouy,
I1. Bixpbpower Evahhaxtinidv gevapiov avamtuine Tév Zuyrowe-
ey Ymodoway,
’ - ] - - - k] — ~
HI. mpoffieyn TGOV LehhovTinGy OVXYAGY YL LETHXLVIOELS KAl TGV
ehhovTindv Emmedmy vunhomoslarsl obsTtoy 7 gofc ot dlum
1 TGV &7 uxhogostaxreh phoTou 7 povc 6Tk SlxTue

13. Opyavopisc Aoty Zoyeotvewdy Abguav,
14. 'Opyooviopde Pubpuotinst Zyedlou nel Hpostaoiag MMepfidiiovroc Oeogo-
rovhene,
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Aquoctov Suyzoweudy pt gehan v povréhoy mpifrelng mob
Zrouv Sapoppebel dmd Ty dvdiuay Tev aTouystey Tol «dtoug Ba-
s,

IV. dviruey emmrmaewv-2Eiohbynor xal Emhoyy o) TpoapophTepoy
(& Bhan Tobs otbyoue xal Tig TROTERALGTNTES TOU E;{nuv 7elsl)
«Zevapioun Omodopdv wal teru Supsppecy ol Irputnyixed
Syedion pd nafopioud wal év hertoupynby nal Bagueéy yempe-
TPGY FApaRTHPLETIRGY THY xiptev Gdiev ral G18npudgoILy

&Ebvwy mol mepthapPavovron oTd avtioTouy e dletu.

Alnhd oy -
vl Ty
ERiETmERO-

ﬂpé‘&}f{dq T sk EmUhnYT W TERLKT
HovTinary u'iw‘_fxnull W iepgtany) T
PLETEMIREEY YR A aR TG
&Av;uwﬂ woefiéwm ki T sgsAlay (naster

EWOLARAR TR dlwmix =5y ac\-npuuu plan} T &f.,_mn.

ﬂuEqua mt—.l".t {ﬁwul}‘u;::w e wort DamTnpETey

Tilie Tl L arohi g iapnl wETERGL Mezzpupion

H Avihiery = Metwgapi (Gha th uq—n{azarl-rﬂ:pt s
L opod '“'F ' pETEgnaLE plax) prapiic avi fiwria)

ARG TR
4:1':\1|W|:=m'\|

Euhdnyh <t porih o
arniyEloe wp e
worh peTavEE-

duy TG ETRD

ey

Avdeppoppe 2: Ta Baowa orddix whg Swdiasiog Lyedaopol Ty Metagupiv.

TH Srddio 111 &t w4 mopamdve, Snhadd 1) modfleyn Taw pellovrixdy
avayxin peTaxniioemy, TepthakBover wal aUTO (LY GELEO DTOADTLETINGY
Sadinaciiv Tecodpey Bpdtey (ol elvat yvoot xul Gg chadiasio teo-
agpwv frpstww), Snhadn:
1. ¥ic wpéveancn tév ps*rat:&wﬁuzmv 7000 LOVTEAOTIOLELTON V] ATHPOTY]
rpaypatomolnone e petoxivons yuk xamowo oxomd, Snhadi v
O yiver A petanivioyn 7 6y,

2. THe «xaTavouic TV pETAXoEWY OTOY YMoor, Srhady Tig Emi-
hoyTic 105 Tpoopiawot wisc petaxivnons, fmou SuTummveTar pe o
Oruatide oyéoeic T XATAVOUT TGV UETHXVGERY GTOY £ GE0,
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"

TOT WXATAUEPIGHOT 0T METAPOPLXA HETa), GToU LovTEhoToLEiTaL 7]

Sradueaate Emhoviic To0 peTagoonot wiaou, kul TEAG
L

. TOU (XATAUEQIGUOT TV HETAxXWOEwY 0T AvTioToLya dixTvay, oy

Srrpopodvevros T8 wovtéhe vid Tic émihoyic Suxdpondv oo SleTux
[LOpE i+ ¥ '} polt

5 Y i i v i ¥ R
%ol TH «@pbpTiony Thv Saplpwy TUHUETLY TEY STy adTaY ue
7ig peTanvhoelg SyMUATOY TTob TpoxTTOLY ATh TIC UETHXIVGELS

- v

TV TTOOGGITTIY TGV TN YOULEVLY TTHSLmY.
1

Dot To THOATIVG CTAOLYE WEAETTC, ®UL 7 SHTLLNTY YEVLME TGV [LEA-
= [ i T]

AOYTIXEN Svoryr@Y %ol YUPEXTHPLETIRGY TGV UETAXWIACEWY, ETOTEAGHY

o ! ™ o 3 i ~ 3 ’ ~ bl )
Eva peydhe medlo Epeuvas xal perétns i Ematipye 1év Metagopbv xat

o bt A e 4 “ i ][ L ™o~ ¢
Suyrotvaviéy T TeheuToln TevhvTa wepimou ypbvia. ALiler vi Solpe Aiyo

) k) - ’ 3 ) A ! ) ! b
md dvahutind, dARYL TEVTE GuVeTTTIRG, To wuptbtepa pellquaTied «dpya-

- A} b} r - = ¥ - -
Actan mol ¥ "Ematipy tév Metagopav kol Zuynoweviayv fenoLLomotel

L} ) b 5 A LA a3 5 ' LY
rud v SrayeiptoTel Hho To Stdpopo TopaTave oTade. AvapEpoupe Aotmhy

L UEUHTTPLETINA

L.

I1.

I11.

tig ataTioteg Oswpleg dmiyjg ¥ mohhamAdic ypauuinilc guayE-
Tiamg, Tob yprotponotolvror xatd xbpov Yk TH dnutoupyie yeap-
wiedv 7 2xbetiniv quoystioswy petall waltioun xal wxitiaToln
athv meptntoan xuploe Tie Yéveong TV peTaKVGEGY,
) yphon T60 vépou tol Nebtove, Snhadd wic watdhinha mpo-
copuoopévns popeiic ol povtéhou Papltytas, Yk T4 Poou
Siatimwoy Toh povtéhou THE AKATUVORTC TGV LETHHWIGEGY GTOV
Fepo,
™ yphon The Bewplac Stuxexnpipévev Emhoyav (discrete choice),
mol pé ) oetpd g Baoileton otle Juyoheyives Dewpise Emhoyiic
7ol Luce xal &hhwv, e mhv EEfynon the Sudmaoiog emioyic
peTapoptol péaoy xal T StepbppwoT Tov heydpevay warosuvie-
TG povréhwy oupmeptpopic (disaggregate behavioural models)
v THv ko, petagoptxol néeou. T povréia abrd, dvdhoye pé
<6y Tpomo Pabuovburahs Toue, Sraxpivovron ot (BA. Awypappe 3):
" royapbpol Timou (logit) pe wipteg Sapopphdoss Toug aTic
¢pyaates w6 Ben-Akiva xol Lerman ' (Avdypopue 3),

15. Ben-Akiva, M. — Lerman, S.R., Discrete Choice Analysis, Theory and
Application to Travel Demand, MIT Press, 19585.
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= rovapiluent tinou Yt wpoiinobéseie (conditional logit) pe »i-
otec Srapoppwoslg Toug oTic gpyaates Tob Daniel McFadden'®
(BexfPein Nopmen 2000),

= mbevehoyinot Timou (probit), xul Sidpogwv EAhov poppv,

IV. o yphon <6v Pacwéy oixovopudyv Dewpiév hettoupyiae Tig

waryopioy xal Srepdppwarnc —p Baor Tolg whnyeviepols éxitentng
lgoppoming petall wmpoapopion wal «limnono— povtéhey oye-
Tuixa (e ToV TphTo ol 7 xurhopopix xutavéuetor ot Eva petago-
puxd Sbxtun'’. ME Baay tic eixovopunis adtic Dewples Aertoupylag
e wayopikon, 6 J.G. Wardrop Sietdnwos ot Sexaetio Tol 1960
4 * 3 4 L Y | f & A r ~ L - | -~ F
TS SUO QOYES TOU LA TOV TROUTIO [LE TOV OTIOLD OL oéﬂi“{m ETLAEYOUY
Tic Sradpopég mol O axorovlifgouy ot Eva 681ed Sixtuo nal p Ba-
) i) i &) A ~ r 5 ’ —
a1 Tig wpyEc wuteg Tol Wardrop dvprovpynbnuay tic Sexastizg Tol
'60 ol "0 meldmhoxa olxovopeTouex povtéhae mob Exgpxlovy TH
Sadieaaix xatapestopol Tiic xuxhogopiac oo dixtun,

T LPNOTN, TENZ, THE TEgvwic ThHe moodopoiwons dic dpyadeiou
A f b} ¥ LY Ed —~ el - ¥ ¥
pERETNG wol HVIAUDNG TOU XATRMEPLGUGD THS xuxAogoplag oyv-
patov gs Eva dixsun. 'O duhév frayw &nd Tols mpdiToug wob yev-
GLULOTIGLNGE TAY TEYWKY THC Toeoawoltians THc O8LMTe wuMAGme-

I I . i i i i i
plag yo T Snpiovpyix svic «dvvapxod nortélov wuxlogopiaxod
Harapepiauotn ot Eva 68ueh 8twtuo (ol dvéuase Dynamic Traffic
[l -
Assignment Model 7, DTAM"™). T4 povtého adto ypnoiporoninxe
Yik T WEAETT TGV KURAGPOPLUKLEY ERITTOOEWY 4O vées MUXAG-
L [ ! W - = ~
popaxge pubpicsic 7 drhwy ddayév 6td BlxTuo, pé mpdTy dpag-

3 y - 4 s ' ” i , ot
poyy) 677 pehéTy TéV EmmTOoEWY TS pepintic melodpbunang Tihe

16. 'H apyued dnposieusy frov: Conditional logit analysis of qualilative

choice behavior, DaniEL McFADDEN, etév téuns P. Zarembka (ed.), Frontiers in
Feonometrics, Academic Press, New Tork 1974, o. 105-142.

17. Iy, of alwovepds Bewptee Tav Pigou wai Knight (shaous dvapops 4 gpyues,

govaatx tob AL C. Picou, The Economics of Welfare, Macmillan. London *1960),

18, GirannorouLos, G. A, Testing Variables by Computer Simulation. Traffic

Engineering, November 1973,
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Tk yveaTic eumopidc 6800 Oxford street oté Aovdive w4 1973".

Té DTAM ametéhese xal ) Baoy yiee w0 dvutovpyle, dpydrepn,
Evhe &TH T MO YvwoTk «maxctan Zyeduopel tév Metapophv
pe 76 Bvopa SATURN. Equepa  mooooUolwsey 1pnoLLOTTOLEITRL
GUOTNLKTIAR Lo TIOARES EpapoYés, wuptme yuk 1) «fpayuyptvian
mpbfBredn Tév wunhogopraxiv cuvlinuav ot Eva 68uxd Slutun, ThY
AVEAIGT] Y wphTkOTYTHS Xl TNV €DE0Y, TGV TROGPURGTEPLY Slo-

Spopdv pe faar tic Emnputoloes xuriogpootaxts cuvbifxes.

LS 13 ¢ - ¢ \ A 3 L Y [
Ohec ol mapamove pelodohoyies xal seyvines epappilovral oty wpd-
Ex pEox &mo loyupbTaTa (makeTE) Aoyiouixol, T Omolx TapE ouy TEpk-
3 \.,34‘ / 2 = ) Il.jin, .,.J\.i._,L -.an.J \._ .:,;ﬂu I“"'-' .‘ ;rk‘
aTies DmohoyioTines SuvaTOTTEC GTOUC PEheTYTEC Xl EpEUVNTEC GTOV &L

STUOVLLD ABTE Y e,

* Conditional Logit Model w; = ebXi
X v n
« Multinomial Logit Model P, (i) = ————
g€
Vk_ 'In
—H; Jvk_jnfor k=i
+ Binary Logit Model P, (i) = e i
fork=j

1+EfECrL g
* Hierarchical or Nested Logit Models
1
eﬁ J' EEKIV!(

P(y=))= eVj 3 etmVm

Avgvoappe 3: Baswés Surrumassie téy poveéhav logit, fnws épxpudloviay omiv
(Rl S M L LT LE T . wabe PV =N

Erotiuy tév Metapopam xal Zuyxotvovidv.

19, Giannorouros, G. AL, Towards a comprehensive assessment of Traffic
Management. The use of a simulation model, Traffic Engineering and Control, July
1971, 7, énlone Glannorouros, G. AL, Pedestrianisation: London’s Oxford Street
experiment, Transportation, July 1974,



L78 NPAKTIKA THE AKAAHMIAZ ABHNOGN

3. H mepiodos 1ijc dotudbryrac — atrdeoy
pE TO xotvevixo xal oizovoutxo yiyveohai

At mob dmoxard meplodo ThHe whpiubTrTacy TR dmisThunc Téw
Metagopiv xal Zuysoweviay xpyilel ayedov 8o Sexacties perd ) AMEn
o B’ mayxoopion modépou. And iy duepieavies palipaiiatid mtposéy-
o Thv dexastiav Tob B0, 60 wal 70, wob Puclétay ot of peydin
whiposo, xol G ATOXASLETIRS (AIGT) 6T0 xuxAopopLant TEOBAnLL, XaTo-

3 oo L33 e * o i} & ¥ A Lo L] r
GHEUT) LEYAAWY GO @V UTodopdy Yk Ty eZumtreétyay tob [ X adTaxvrtou
(pe Thv nataguesus, e mopdderypa, TV yvwetdv spaghetti intersections

b ¥ i’ o L} 2 i o L) ! N Ll m ’
oThv Apepun), Lenvder g véa meplodog «hppbtrtacy otiv Emotiuy
vav Metagopdy xal Zuyrowady, mob yapaxtrpiletor &md ThY TEpLoG6-
wepo avpamoxevtpuns xal meptBaiiovring edaiolyry edpwmaind mpuaéy-
Lo,

To adrapoeBityro dpbonpe oty Evaphn tiic meptbdou adtiic elvar 7

- - . Fy 0 - 3
Snuoatieuay Tob BuBiiou Traffic in Towns™ <6 1963. Td BiBArlo adtd —peTa
™ dnpoctevsy) Tol Gmoloy 6 Baouos ouyypapéac Tou Colin Buchanan ol
| Snpastevon ol bn oxds ouyypagéas Tou C
ol guvepyaTeg Tou Eyway dpdows wallynTic xal Artopec dvtioTorte oTiv
venglaToTe Thre Topéa Metagophv ol TuApnatos Mohtwedy Myyovixdy
w0l Imperial College®'— 20eae Tic dpyec pibic Svreidic véous vk Tae dedo-
peve THe Emoyic éxelvne avmipetamiang ie Ematiune tév Metagopiv
ol Zoyrowveviay, pécx &t THy 6mola dvayvmptoTxe Yid mpdTy popd HTL
o) TO TAEYIX TMY PETAXIVAGEMY SV GUVEETYGY, TGV Y PHGEGY YHC,
B) 70 mepiPanhov xoi v Suyelpion Tou slva Baaue mxpdpetpos Oed-
pnavs ol BuatiuaTtos 1@y Metagopv xal xabiepdlnuay of Eworee
%ok ot vrioTovyot Goow «Environmental management» x«l «Environ-
mental standardsy,
¥ E -5 B y & i e 3 - P 4 )
1) Swxrumalinre 4 dvdyny vid lepdoymon Téhv 68udv Suctiow xal ik
naflitpwor Surgopetindiv mpotepaoThTwvY Gig TRoS THY )ivo melGv
nal SynuaTey avdhoye pg Ty lepapyix Tob xabe Tufuaroc,

20. Buchanan, C. — CroMpron, D. = Crow, G. — HiLis, P. - McEwen, A.
— Deramore, D. ~ MicHEL, G. — Burton, D., Traffic in Towns, HMSO, London
1963.

21. Tob tpfiparog adrol 6 Guhav sliye Thy Tuph vi elvon petamtuyiands porymic
wal mpiTo SlanTopins.
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8) duxtumalinue 7 dpyd Gt 7 dnfhuayn Tév wurkhogoplaxéy TRoBAT-

— 7ot Babuel ypnoneg Tob 1X,

— Tév meptfadhovTinGv mpoTimemv wob Oéhoupe va Emrlyoups, wal

— 765 Hloug e Srabicupewy emevdioewy ik Hmodopis.

"Entmiéov:

— amonandobnuay dg f wuplapyog Slvapy dnuioupying TGOV XUXADPO-
oraxdy pog TpoPhnpdtwy oTls dkoTikgs ilwg meptoyds ol pnyaviopol
GARAASEAOTYGNS TMY GUGTAHLATWY Y PTICEWY YT Kal PETAPOREV,

— émonuavlyue 7 dvieywn vk capr Swtinwoy wut xabopiops Tév
TOAEOSOLIKLMY-Y WEOTAELKEY TPOTEPALOTATWY Xl GYESLAGUMY Tol
26TIXOD GUGTHLOTOS, Kol

— SuxtumdBnue o Béay Gt A «WWarn Tob wruxhogoptaxoel TpoBin-
paTooy mepvaet oo O TR Snpioupyin evie lxavomouyTixod gu-
athuetos Malmav Méowy Zuyrowwvidv xavév va wposehxiaouy
petoivioes et to 1X.

Détog, pe T cupmhfpwean mEVAVTE YLptvwy &o T7 dnposicusy Tob
Traffic in Towns, % PBpetoviut wuPépwnon avéllece pid Emeteomy) anoTi-
wnoy Téhv éiehbewy nal TGV dmmTdoewy mob elyov ol idéeg wal T wnwi-
pate e Exbeene adtiic ot Suxpdppwar ThY oruepvdy dvTikfdemy xal
mohriedv ot Bépare Tév Metagopav™.

Tty e meplodo, adth Snpadd <ic wbppbtrtacy, EvrocoeTal
wol 7 avareruEy évoe véou wiadou Tig Emetiung téhv Metagopdv xal
Zuyrotveviey, adtol thg [Tohitiniic tav Metagopav. ‘O whadog adtoc dva-
mrhylbnue dpyins —vn Sexaetio Tob '60 mepimov— oth Meydhn Bpetavia,
aihd wavdpmbiguen xal xobiepdlnxe yevindrepa pbitg Thy Tehevtaln elxo-
ooetio, dnhadd dmo 0 1990 xal pete, rupleg xatew ant v emidpacy
THe dvdynne vk Suxpbppmoy xal Hhomoinen s elpwmainiic ToATRTE
Meragopdv dnd Tv Edpwnaixy "Evwon. 'H mpatn «eun) BiBrogy s EE
v tic MeTagopie mob Sietinweoe cuyxexptuéves TOATIRES Tid TO GOGTHUY
tév Metagpopév xal Zuyxotveviy 17 EE Snpeeiedtrxe w6 1991.

22. SKM CoLin BucHaNAaN & PArTNERS, Transport in Cities: Traffic in Towns
a Retrospective, February 2013.
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‘H mé mpbogpary «Aeund Bifhoon v tic Metagopes tij¢ EE 3npoat-
ehTme 70 2011 wai Bérer Séna Bacinole atéyoue, petoll T6Y omoloy xal
ol EE¥ic:

— Stxthonon Toh onuepvol Wdmmédon wwmxéThTogy pé xabe tpémo

(curbing mobility is not an option!),

— petwor watk H0% wav adtorwtov cupBatindy xavslpwy péyet w6
2030 nal EEdneuls, Toug oTic woAetg péypr 1o 2000,

— petwor, Tev Exmopumay tob Beppoxrnriou (greenhouse gas emissions)
GUVOALXE ATo TOV Topée T6v Metagpopody xatd 60% <6 2050 ot oyéor
pe w6 1990, 40% yenon walapdv xauaipwy 6Tic aepomopinis weTo-
popec nat 40% mepropiopts otic Exmopnes ant tic Bahaooieg peta-
popés,

— uetanivnar T6l 30% Tod gopriou EumopeupdTwy TOL GYLEpR RETXPE-
oeTat GOk of dmocTacels hve o 300 yhu. of audvpudpopind wal
Bardooun péon péyet 16 2030, xut wavew & t6 H0% wéyer w6 2050,

Avtlotoryx mepthapufdver xal oxpivra otoyeupdva pétpo wal Evép-
yetee mob f Edpwnainh 'Emrpors O dmdiiker va Epoppboer oty mepindo
2011-2020, 8mwz vy Topadetypo:

— Beitlworn 7ol EvepyEIAXNon ATOTUTGOLLETOS TGY O} MHLaTey 6t Shot To

neTosnotn wEa,

— Beitroronotnon THe herteupylac The mohutpomindic peTagopntic wal
hoyroTindic ahuaidug,

— peyaiiTeen %itomeinoy The petagpopiniic brodoputc uécw BEATIOTLVY
Tepvi@y wurhopnpanic dayeipiarng (Traffic Management) 6 G
o pEGw, Kol k.

Tnperoverar 286 d1u i Thv ‘EArade pia ouvohinyy molituned Meta-
PopGY P GUYREXPLUEVOUS TTOGOTIROE GTOYOUE, (povodixypaupate DAOTOL-
none vl ouyrerptuéves oTpathyings 0v Omapyet. Kot xapole xal o7d
mhottaio Sl pwars KARWY TEVIXATEPWY TIPOYPRLLATIZGY XELLévery, Grme
odtt Tol EXTIA, Suxrumdivovron of yevixde ypapuis mdc Elnvixds moht-

¥ L)

mdic MeTagopav, ahid adto Bev sivar xpxeth. "Eva welpevo wmoluitingc

23. Roadmap to a Single European Transport Area— Towards a competitive and
resource efficient transport system, BouEéines, "Exlleoy tic 'Entrponig apfi. COM
2011, 6. 144 tehunt / 28.3.2011,
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Metagopavn eldues v v Abfva, mob &E{ler vi pynpovelooupe 86, elvan

adTo ol 6 Bihhovec Eidfvay Buyrowevcrbyov cuvétale mpbopata oys-

Tiek pe Tig wpoTewvbpeves 4l alToY Ypapuds piic peco-paxponpieoure

ROATIRT S ueTapopv Y T frdaiun xomTxéTyTa, bdmou Setinwss xal

o # [ 4 i) PR | x b 5 r ’ - Ay
Zvav auyrexplaévo €GB yopTHN YLk TH Plecter] wviTibTTL oTAY

ﬁﬂf‘;vaz"‘.

Suvodilovrog, pmopolpe vi wobpe f1 % wmeplodoc T GppbdTyTocy

wiic ‘Emothpnc tév Metagopv xoi Zuyxowvwvidy %ol ol EmoTnpovines

A Y 2y _a PP i) & (4 1 5 r [ - f
KoL AOLVOOVIKO-0LHGVOLLMED SLEALELS HATO TYV KEPL"JBO oUTY) QRLLOUY TTAEGY

e Bagund avtinetuevo tvc Emoetfurnc tov Metaoooov xal Tuyuowwviay
S paat TUMELLEVD TNHE LILOTHUNG Tw TP 2

Tig MRpARATO TEGAEPLS LEyIAES TIEpLOYES:

[.

II.

111.

Mwapbpgwany Hokirixis taov Metagopan: NegihapBavovror 286
ruplec motoTikég avahdoes yia o) Oéomiay Shomorioipwy aTdy oy
T dxohoulinténe molTuerc, B) dmotipnoy Thv EmrThoswy Tpo-
yodpevey Tpan TGy nal pétpwy of Shoug Tols Topels, xul ) S
UOEQEIGY) GUYHEXPLLEVEY UETPWY Xoi Evepyetv yid Thv Emiteuky,
TEV GTOY WV,
NMiadizacia Xyediaopod vav Meragoedy o éximedo ovatijparos
e ¥ R ) Ia - . ‘ \
xal dmocveruaros: [lepihapfoavavrar €86 Gheg ol Teyvixes, T
palnuaties povtéha xal of dikes dmohoyioTinés Swdinasies wol,
Baotopéves ot GuaTHUaTIN GUAROYT %al dvahuoT oToyeiov xul
Sedopdvay amd petphioets mediou xul EpEuves, SLALOPPWVOUY T
Srpotrymes Sy v T SluTua TGV peTagopdy UTodopey kul
BlxTumavouy T Bxoud AErToupYIRd Kol YEQUETPLRE YXPXATYEL-
|
aTixa Tév HroBopdv alTy (To Asydueve Erparryuea Zyedun —
Master Plans).
Medéry Tan Teymxiw xal xaraoxevastixoy aroteloy Tov Epywy
naxiic Smedoudic (68ncie, adneodpouutic, depodpopicic
ovyroveviaxis taodouns (60w, audnpodpouuis, acpodpopinyc
3 ~ ¥ I ber o 3 L
varl pevindic): Hepihapfdvovron e86 Gheg ol vaTaoUSLRTTINEG
uehétes ouyrovewiaxGy Epyev, STAXST: dvayvwpLoTIS WUEAE-
T, ToopeAETY, GploTuey pehéty, xabdhg xal ol amopaityres wae
gidouc wehétes EmmTMGEWY.

24. Zraaoroz EAAUNGN EvTKOINONIOAOTRN, ‘Odotopixd it i perazmmjoeic
atipy Abhjva tijs Exdperys dexastiag: and vy dloxinpwria avugdonon oty o)

romrixdTya, Abfva 2008,
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IV. Awayeipion — Beitioromoinony — Lovrijonony Lvarqudaror Merago-

p@r: 'H peydhn aith wepioyy 1ol aviiewpévon Ti¢ Emothunc
v Metagopdv xal Suyrovaviay apopd xuptwg T4 duayeiplor,
Pertigtomolnayn wal cuvthpreyn dmapydvrav Suetiony irodouy ¥
quOeTHLATOV peTapopdy (yio mopaderype, bha o Oépata wurho-
popraxol Ehéyyou ot O8ued 7 alnpedpomind Sixtua, Ta Oepata
7ol dpogoly T7 Asttoupyia Tol oUSTAUATOS TGV EUTOREVUATINGY
Mezagopdy, w.hw.), T4 Spbepwar xal Epappoy Ty Asyiuevay
«Elguéy Zuetnpatwy Metagopév — Intelligent Transport Sys-
tems/ITS», dhid wol 77 pehéty The dpyaveorns wol Sxysipiome
Ppopéev LETAPOREY, CUGTULITLY dTULociwy cuyRowevLGY, Eumo-
peupatiney Metagogdv wal logistics, suaTruatey sy elpians Thg

ataluevorns wal &hha guvapT Oépota.

‘H mapamaves oorolétren sob avrivauivou 17 Emetipng vév Meta-

popiv %ol ZuyroweviGy, Ty Teptodo Thg «GpIUSTTIC) TOU, ATTOXM-

L

AoTTer ®ol Tic TOAD GTEVES CUVRGELES XXl OUVEPYELES THS EMGTHLYG TaV

Metagopv xat Zuyrovamviéy pé dhhes cuvagels EmioTijues wul EROTHNG-

wimd gvtineipeve, G

Tob meoifdllovtog, 6E oyEa pE THY ExTiuon TV meptBaiiovTinGy
tmmTmoEwy Tol cusThpaTtos Thy Metapopdiv,

THe »Atpatixis ariayic, v to pérpn Tepoplapol TGV oppidpopay
emdpdoewy o0 guathpatos Tev Metagpopdv pé 0 gawduevo 7
HALULATINT S hhatyT e,

THC #ATAGREVHS OynudTmn, 68 oyéan we Thy vatacxevt, xalugbtepwy
Oy NUETLY, OLAMXGTEPWY TROS TOV YE7OTY, Kol (ELPUETTERWYN, O
SrofBonfoly Snhadd tov 681y at dopadd 687 ynan nal Emuovavoly
we Thy Hmodopy] 68 TpayUATIXG ¥phve,

EvépyEiag xal xavaiumy, 68 OYEaT LE THY TAPRY WYY AL ¥ oY) VWY
TGV EVERYELNS OTIE LETRPOPES (UTaTapLGY, EVERYELAXMY KUEAGY,
AT ),

tijs owavodopias zal yoyoloyias, ot oyéan pe Th pehétn TGV ®ot-
VUGN govopdvey xol EmmTaceey Tob custrpatos Tov Meta-
poplv, THY waTavbran TEY wnyevicuev gmodoyfc pétpav nul
TOMTIRGY LETHQOPMY, THY ATOTIUNGY, TOY ATOTEASCUATGV TOUS
OTO AOWGWIXG GUVOAD xal THy xatavbrney THc GuUTeEpLpopdc TGV

WY ENTTMV,
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— Tijc oixovouuxijc EMGTHuIS, 68 Gyéay we T WEAETT TGV 0IXOVOUIXGY
¢mmtdosey ol suaTtiuatog Tev Metagopév o1 purpo- xal poaxpo-
olxovopio pidic weployfic 7 zwpac, dhhk xxl 68 oyfam Ue THY 0lKove-
weel dEwhbynar Thv Erevdioemy o cuyxowewomd Epye, %ol TEhog

— fepdrow acpaietos, thoo dmt TV Theupd Tic dmoguyic Thv xale
eldouc druynudTey Goo xal amd adthy Tie dnotponic Exvopwy dvep-

YELGIV,

4. Of draypagpdueves mpooaTinés yia 10 uéiiov

=5 ! A af A - A\ i [ ? s i - -~
Kheivovtae 0% #0she v wihfow vid o véa meptodo avamtuins T7c

- [ f ¥ : 4t
Enothune tév Metapopév xal Zuyrowevidy wob Soypapetar ofusps,

Srpad yedk w0 wénhov. [léc Sqrady dvapéveran vi Suxpoppmbel, ara éndue-
vt TpLdvta Swg mewhyTa ypdvia, 6 edoThpa Tév Metagpopdiv oTic alyypoves
wovies %ol woud T& xbpra EmaTnuovis Déuata wod 0 dmacyodfauuy Ty
Emothurn vév Metaoopiv wal Suyrovaay a1t et 2076,

M &aoug vopilovw 871 ooV véo aldva, mob pokis apylonpe va Suorli-
oupe, B propéoovye vé puetagepbuacte Susetlopevor 7 vi metdpe pé TX
dropixd pac Oyfpata petagopic... pofoduat 67 Oa Tolg ameyenTelcn.
Maps whv dvapevbpevy dxtetapéyr SQupUOTT TEYVOAOYLALGY KAVOTOULEY
b véwy pevpéoewy otic Metagopés, B Eheya v 7 wuplopyn Tdoy GOV
Mo atdva B slvar mpds wid meproabtepn wivlpwmoxevtpuenn Stapdp-
wwar, Tob cusThuatos TGy Metagopdy xal petaxivhgewy xul Siopiii-
on The Aeybuevie «Prboiurng wvnTidTrTaey Tk dhove. ‘O 21og albvag O
elvat & aldvos TGV TEpLPadhovTing GLAxbTEp@Y Xl TELVOAOYIE (EDPUE-
orepevy TphTwy peTagoplic, wai The Suyelpiang Thg «lhTnanoy (dvti pdvo
~Fc xuxhogeplas, dmac péypet ahuspa) pe obyo Evav dpblohoyiirepe Tpbmo
veTaxvhoeey, blug oTic dotids mepoyés. Ok elvar énilave & alavag Tav
ToAY TO AmoTEASOpATIAGY, dmodoTikdy xal YphYopwy EpumopeupaTiKGy
MeTagopdiv.

Té mapamdve B anuivouy, To60 Y1& Thy EmeTruovier Epeuva wal pe-
At Boo wal i T ToA T 670V 1 Gpo Tiy Metagopdv xal Zuyroweviéy,
ueyahiTzpY, %ol ouoTLATIRGTERY EpapuoYh HETPLY WS

— meproproubd/Eaioyineuar The yotong 165 IX xal Siysipioy i «li-

THGTICM VLA LETAKIVAOES, GTic doTxes Bleg peTanivaes,
— mpovopuas, avtiperoniey tov Malwdy Méswy Metagopav xal

mpoalinen Tic zerons Tous,
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Y I ’ L o L] ’ L "~ & ¥
— am6doeT) ywpou val oyedacps Sutday dradoudv ik Tic Aeybueves
wimecy popgec uetoxiviors (melf], pé modhato, Tpa, pwetpd, oL-
3
dnpidoopn),
X 4 ] ) [ ) b ~
— evigyuay The SuxtpomudTTag (Guvduacpéve edatrua Metagopdv),
: , . i

— naidtepy ThAnpopdonoy (dpesy xoul «mpocamoTotuévn) Ty peto-
HIVOLEVGY TTRLY kol xaTd TV dtkpueta THg petaxiviore,

— eviayuar Tic aopaiewns xal dveong oTic petagopés, xal

= T -
—waflodud] val Ghowdnpwpév ypfon dynuatmy xal Hmodopmy véuc
Teyvoroying wal weiguincy a1t adotnpe TGy Metagopav péoa dmo
il b | 3 - P i L% ¥ y N
v xabohud, Epappoyd v «Edgudv Zustquatey Metagapiwn.
[aparinra f teyvoroyia otiv Topéa Tev MeTagopdy mpoywpder ué
TepdoTia PHpate xal Emouidaos. Tohkes Exmaniets nal kauvotoulss. & pe-
LA ) ) 7 L b A v ™ ’ b i’ ¢ - ?
ko Babud Ba elvar ol wov Da Siepoppmset 6 véo unpdownon ol Topéa
o Meragopiv xal Zuyxowaviay ativ 2lo aidva. Evrehde dvdenetng
avapepe HepLres dmo Tig mpoPAddiuee val mpofhendueves ohipcpa EEchifels
atov Toper 76 Metagpopaiv, ol tig 684yoly of teyvoroyds SuvatdrTeg
b = M ’ A fj 1 b v * B bl a = f[_] ﬂ ) Hfl - A= }
wak vawvotoples ol 04 avartuybolv a1t peconpbbeauo, O Eleya, wéiiov
(péxpr To 20560):;

¥ \ I - ] I3 ~ ~ ; ) r

L. 6tov Topén Tav dynudtey ey petagpopiv: xalugbtepa, wedpué-
GTERAN Kol PLALKOTEGH TEOS THY YPNaTh Oy fueta gt véo Shued xot-
e e L] ’ L Pl'\ 3 Iy ~ > o
THOUEUTS Kol xanaua xverg. 1o abtoxivyto ol 2050 dvapdveron
VG‘: EEvSLL:

- y [ | i 1) 3 A € ! 4 / 3 ot

— puhixnd ol am6iuTe GuVEpYa TS UE Thv 687YS, e SuvatdTrTa dvtehdic
ANTORLATNS O8N YRoNS,

3 ¥ 3 b ] 2 F 3 A 4 [ 3 aa
== E:“.OC{PPU, C(‘JBE){TLZO HOLL ((LZG'.!.LFJ” (fu’.'}tﬁ ‘JRLKII ({E_L'Iﬂ_fl[,l,'n;]} — WEUTOLATL-
Lo, M.AT),
" L3 L 5 A ’ L4 i o] Y-
— pwrdevinod amotunopatos dvflpana (ne radowpo Hdpuydve ¥ Fhe-
2 b1 i Rl Fum r r woW ’
wTPLaPs Ao pratapies 7 vudéhes I8poybvou 7 &ikou wavaipou),

— whfpwc «ouvdedepévon pé v Dmodopd wal T wévtpa Eréyyou wu-
mATipwe «auvdedzudvon e Thy Dmodopd o wévtpa EAéyyon Wy
}’.?‘\mpnpfatc_,

o = " i Ny ) &
— elnoho 611 atabpevsy wol oty dnolfxsuay,.
2. Exdv topéa Tév 681y Ymodopav: O Spduot ol pérhovroz 08 civa
# at [ b ] at
“ATAGREVAGILEVOL ETOL GiaTe vi mpoaapublovtar elxoha (adaptable)
aTic nuxhogopranés, xouptxés wol dhhes cuvlifeeg ol Tole émyped-
Couv, ahha xal wodTopatomorquévory (automated ), e thv Ewvoia Tijg
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lmopbne eEomhopol yia Hmofonlyon Tol ruxhogoplaxol eheyyou
] ra £ bt L J_ il ¥ .l’ a - s LI PR e L
wol THg xlvnong Tév dynudTey of adteldc. "Hén pe T mpdypap
po Forever Open Roads, mob mpoteiver 6 Blpomainos ‘Opyavenos
FEHRL, t& moapamive pmoivouy 676 6Todio Tijc Epeuvas xal Tig
L i1
avartTulne.
3. Zrig adnpodpopinds netagpopéc: To taydrata tpaive, Tév 300 %ot
TAEGY AW, TAV Gpo, P& TR VEX GUGTHUATH EAEYYOU TTS ®ivAGYS
(Bmewe. i mapaderypx, 70 ERTMS), wod #8y wuxdhogopoly ethv
Edpdmy nal dihes ydigec ol noouou, Ua suvedeutoly amd abiney
7ol peyéloug Ty sugpbv idlwe o7ic Eumopeupatinés Metagpuodc.
Y e P \ - v 5 ¢
I's Tpodva pAxoue 5 nal 10 yhp. O elver walnpepvs wpoypoTins-
T T,
e \1 A\ 3 A VA » ’ " e | ar Lo
4. Tric aepomopuedc petapopés: 'H dvapevbpevn suveydc abiney e
Wi i 4 L] - r ! 4 4
alfTnonen, moL meplmov B3 Simhocualer wabe Sexumévre ypowin
tov aptfpd Tév Srxvoupévay ame T6 olotrnua emiPutiv, Oa pié-
et naTHOKEVEC peyakdTepwy depomhivev (brwe, pip’ elnelv, T0 veo
Boeing 797 super liner wév 1000 dtépewv) arri »al mepiocitepn
oixohoyiev. Tautdypova Ba dredpZouy wal véeg poppes wal Teyvinee
gvaeplou Enévyon mol O Simhagiacouy 17 ywenTidTTH TGV Evaé-
o L - 4 L 4 e
oty Stadpduemv ot oydor pt ohpspa.
5. Xzl Dahdoorec petapopés Pehtimosis ot Evepystaxt &mOTI-
TR, THY TadTTe xivione kol THY ToITRTR QOPTOERPORTOGTS
TV TALLWY.
Ll L 4 A} k] - 3 - i ) o ~ e
Ao TeAsuTaies sk cetpd dpvnTivbyv dEehiewy, mol SusTuyds Gheg
€k \J; 8‘_ il n\ T - l-] e g L) ] 3 i 4
ol dvdeifeic Belyvouv & O dmapEouv. Tlpduertar i tic émmrmoss 070
aharnue Tév Metapopdv drd 6 pawvbpeve The khpatindc dhhayfe. To
oioThue Tehv Metagopbv elvar 6 wuptbtepos Tapdymy ol cuvteAel opepn
% il , T | I3 - 4 £ {4 ) . a, ! Lt
athy énmoury aepiwy ol Beppowrmion, dmedluve yia 70 30% wepimou Tév
- i 1 o ! 3 o ] A ] L. Lokl 2 L 1
guvohidy Exmopmay, xoul Ok slvae wal adtéd mob B Smoctel Eva peydho pé-
p0g & Tic ouvémetes Tol Potvolivoy TS ¥ALLATIRT S GARRYTC AbYm ®upleg
6w Evtovey ronoudy poavopévey mob O mpoxddouy gt adte.
e ¥ [ . S | Y ' = f I ) L L
Eva dpeao guvenaic wal Emratins Dépa perérne xal £peuvag amd Thv
"E ’ - o L S ol LN T e A 7.
mathun Tev Metapopiv xat Suyrowowney a1t dueso peihay Ha elvo
. i 5 e ; - ) ) ’ \ ~ 5 5
T Suxpboowarn wal 7 MY TGOV svaralov PRETELY Kal TOMTILGY Vit THY

1 s - * - 1 P’__- !; ¥ it L N W -
GVTLLETWITLOY] TV ECEALZEWY HUTWY G AL KACOVEC.
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a) Ty «llposappoyin (Adaptation) tol sustipatos Tev Metagopdv
otic ouwlijxeg hertoupylag ol dvapévovtar xdTw A6 THY ETNpELn
Tol QAVOpLEVOU THG KALRATIRTC ahhoryTe, ol

B) Tov «Metpiaopon (Mitigation ) téiv émmtdsewy ol Eyet 7) AerToup-
yia Tob ovaThipatog Tév Metogopy oty Snpovpyio kol oThyv Evra-
G7) TOU QAVOPEVOU TTG xALpaTIXTC GARXYTC.

"Hov % Axadnpia Abnvéiv, pé ) othpln tic Teamelac ti ‘Eirddoc
wal Dotepa amd mpwroBoviix Tob axadnuainod x. Zepepol, Exet wivnTomot-
N0t wal Fynlel peydhne pehérng yid 16 porvipeve T whLpaTindg adhays
oty Enada wal dpx yvepilovpe tic mapapétpove ol mpofinpartog wol
w6 1i wpémer v yiver. Elpon 38 iSuxfrepa edruyie mob téoo &ye oo xal 16
‘Ivetitolito Bubaipre Kommndrrroe ol Awetdwy Metagopav tol "Elvixol
Kévrpou “Epeuvac nal Teyvohoyudiic Avantulng, tob omolou Eym thv Tawy)
vé fyolpan amd 6 2001, Egouv euvepyaatel wal supfdiel 6T pekéty adti
&g tptg Tov Topéa Tev Metagpopdv.

AErbripor wupla xod wdpron Axadypoivet,

Khetvew tav dpiiio pou pé v dmevbipiey 671 16 pédhov apyiler mav-
TOL... GHPEPH.

Of mpoxifigerg xal émotyuovinég nmposmabeiss yid v axatdnTneny
Tou Tpémet wa elvan Stapreic wal v mpna@épouy TpaxTixds Aboeig xal Tpoo-
mrinde od vi avtipetomilou Tic peydhes xolvmvixde kol oixovouxés Too-
WAT|TELS TMY KALPEY [LOC.

‘H Ematiuy tév Metagopiv kol Zuyrowvavidy xehsitat va gupfoiet
watl T od Eva wohtiTepo wol o wavbpamiven wEdhov YL THY nowmvio pag
aThv aleve ol EpyeTaL.

H Anadnpia AlDqvéay mpocléter mhédoy xal 10 Sind Ty¢
eldind Bdpoc oty mTheupd THY névtpwy EMLGTHUOVIRTC ApL-
orelag mod doyorolvrar pe ta Oépata tév Metagopdyv
val Zuyxoetvevidy, avalntoviag thv EAAnrixy féany ovig
Metagopee tol péhhovrog.

Eipon edyvapmy mob pob Sivete Ty edxaplo va supfaie: nal éya pali
aac ot anTy v Tpoowabeia,

Tc elyoplaT ol pe dxodoute.
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Té KEAEM sxata 16 #toc 2013 auvéyioe tig modhamhés Spaatnpoty-

téc tou pt &Ebhova EmoThuovixd amotehdopaty, wob SnpociedTray ot
& > Lo ’ I ’ 2 =y v ot

reprodued drebvolic wipoug, Siebveic ouvepyaaies, amootoies ce opupaTa
701 2E wrepinol xol EBSopadiaia cepivapia pd dpiinTic dmt thy Eahdde xal
70 eEwTepixd.

Kot w6 2013 mpofiybn omiv A’ Babuide 6 x. Twavwwns Keveémovhos.
Agv énibay ddhec petafoiic 610 TpoGWTLKG,

Enédnrne 100 Kévrpou elvan 6 smadnpaindc x. lewpyiog Kovrdmoviog
vl Srevbivery 6 x. [Tdvog Matone. Evo KEAEM gpyalovrar éxtig Tol Sieu-
ﬁ [} - 6 » " 14 » n ! - 1 > |4 A isf 4 k) [} = ;' 'h

vvovrog B dxdur Speuvytéc, 1 Emeothpwy pé eldixevoy athy dvamTuly ho-

e G, 19 wéag wad 1 b¢. "Ent % T4 dudpwere Tob 2013
riopieo’, 1 yoopparéos wal 1 teyvinds. Enione nartd 7 Suipneia tol
¢ovachnray otd KEAEM 5 peradidaxtopinol épeuvntec xal D Hmodneto
dudduTopes.

‘H Zpevva 7ol KEAEM otuaolre otd dxbdhovblo méure ématnpovind
medio:

* Oeopnroed xot Hapartnenouood Dadakioh Avvapo,

o M3 Dpotppend; Auvarpend wad Xeooe,

*  "Hawows, Duorwy,

*  Moyvyrobdpoduvepie,

*  Koouohoyix — Bapiyra.

01 Spasrnpiétnres 7ot KEAEM nata 76 Evog 2013 Frav ol 57

Foevvytinda mpoypdppata

01 Zpeuvec 1ol KEAEM 8ielsybnooy oté mhaioro 25 mpoypappdrov:
Sexadty (16) ypnpatodotoduevey (7 v pépet olxovouna dmostnplpevay)
it gopeic oty Exhada ral w6 eEwtepnt wal evwvéa (9) wi yenpartodotol-
LEVEIV.



190 [MPAKTIKA THE AKAAHMIAZ AGHNON

Anpocredoers

Kata 6 Erog 2013 Snpocieilquay 7 Eyivay Sextéc mpos dnpoaieuoy 49
épyaaies, &x Tév omolwy 35 ot Eynupa Bielv] meptodna pé odotpa xprtdv.

Aropyavworny cvvedpiwy

To KEAEM vtav 6 wipuog Stopyavetis evie dielvolc ouvedoiou wal
piog Sunpeptduc.

Lepwwvapra tov KEAEM
To KEAEM, exonedovrag o1y ouveyy mpoonabeia svquipwarng tGoo

TGV EQELVNTEY GO0 Xal TOV LETATITUYLAKEGY POLTYTGVY 08 alyypova Bépata
Epeuvas, Spydvwae ERBopadiain aepivdpta, wol ypnpatodotilneay wuplong
artt Ty Axadnpioc Abqvev xetdmv oyetindic anopaoens Tiig ZuyrhfTou,
Kaza 0 2013 mpxypatomomnlnxay oo Kévrpo 39 oepuvapia, avagpepoue-
v og Dépata Actpovoping, Aotpoguanc xal Myyovieijc. Tt oepivipia
GUILULETELY OV GC OULLATTES, EXTOC TGV EPEUVTGY Mol PETHTTUYIAKGY (POL-
trév Tl Kévrpou, daxadnpoinel, xabnynrec nal Suuxexgipévor emathpo-
veg amd SLapopa mavemioTApLLe kol EpeuvnTind vévrpa THe 'EaAddoc wal tol
eEwreptunl.

Anoctoldéc — Emonéypers

Ot gpeuvntes tol KEAEM émioxéglnuay b mavemioria o1t Eate-
pIvO YLd suvepyaaia, Evé) 6 walbnyrnTic mavemiaTnioy kel EpsuvnTic At TO
ebwtepint emanéobnuay 0 KEAEM vy vi ouvepyactoly pé tolg Epsuvr-
g TOu.

Exlaixevon

To KEAEM 8iver Eppoaoy othv exhalneucy 115 EMIGTHLOVILTS TVOOTS
wol THY TRpousioey TGV EPEUVNTIXGV ATOTEASGET®Y 016 Kowvd. Katd 7
Sukpreta tob 2013 T péhn wob KEAEM #woav 16 duiiee i w6 edpd
wowvd, evid Ehafov emlong pépog at pla sulimnan etpoyyviiic Tpamélng nal
ot o Exdhhwar yio HAtaxes TRpUTYPNGELS.
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Touperoyn of edpowmainéc xai éAAnvixéc émiTponmés

‘0 Enéntne 100 KEAEM ocuppetéyer o 5 émrpomes tic Awadn-
pleg Abnvéiv (mebedpoc ot 8o dmé wdtéc). O Epeuvyrec ol Keévrpou oup-
peteiyay xotd 0 2013 o2 b Bebveic émrponic (Gg évixol ExmpiowmoL ot
3o E alitdv) xal dbg péhn 3 EmaeTRovikGy ETITPOTAY Kol GUIAGY @Y EVThG

7ic ‘Einddoc. Tpeis épeuvnrec ouppetsiyov ot émrponis kplong mpoaywyis
novemoTuaxdy ol dpsuvnTav Extoc The Axadnuing Abvvav (8vo of
xplon Y mpoaywy o1y Babpide Tob wabnynth wal Evag Eye dpuoflel eLw-
Teprdg wpLTHS ot xplon ya Tpoaywyh Speuvyth ot Pubuida B'). Tehog dio
wéin tob KEAEM ocuppeteiyav a2 émrponés xplong Epsuvnt@v yid mpoo-
yoyh ot avatepn Babpida oy Axadnuie Abgvév.

“Evac épeuvnric Toi KEAEM #hafe tipytind Sudxpioy ot Sicbvi ém-
GTNLGVINS Stayewiat.

[MIavog A. Ilatong — Awsubiivey 76 KEAEM]
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KENTPON EPEYNHE OYZEIKHE THE ATMOZ®AITPAX
KAT KAIMATOAOTI'IAZ

Té Kévrpov Egedvre Puoniic tfc Atpoopuipue xai Kipxtohoyiog
e Axadnuias Abnvév Exer 6ic atéyo ThHv Epsuva TOY XALLATIRGY KOPLLY-
gewy olngdnmoTe YpovinTe meptdSou, T CUGTNRATINT PEAETY TGV THPOLTY-
ShAEWY THY AVRPEPOLEVELY EIS TH AVMITEPX GTPMLATH THS dTRoGpalsng xal
) suyrévTpwar] kol Emetepyacin TGY TRATNPYGEWY TV TYETIXGY TELE TH
PUTIVGY) TTE ATOGPULpAS.

Kota o Suxpxewx w0l 2013 16 Kévtpo ouppeteiye ot 11 Epeuvnming

; BT . ; A
mpoypappmata (7 8ielvi xal 4 eOvina) mol Eouv bg oThyo Th pehéTy Tie ou-
GTUOTNS Kol TMY PUOLKOYLILEY TP ETowY TH atpoopaipas, T7 Beitio-
a7 Tov TPOLAEYELY TV e)pUTAIRGY XALLATIXGY LOVTEAWY, T1) LEAETY] TG
enidpaane TGOV vephv oTIY HALLTING GAAEY. ol T4 PEAETY] TEY ETTLITTE-
GEWY TTC ATUOTPOLELLTS PUTAVONS GTTY DYELX, 2T0 TARIGLO TOV TEoYpXiL-
watwy adthv tpossinglyoay wal epvalovrar oo Kévtgo b ouvepyaldpevor
véor dpeuvytés. Ta amotehéopata Thv Epeuviv Tol Kévrpou Snpoaiedovrat
ot Eynprra Siebvi] Emotrpoving meplodina xal 68 EmioTyOvIXa cuVESpLaL.

Td Kévrpo &yar dvamtifer ouvepyaoies ué dvayvmpiopéve dpsuvnting
wévzpa 10U ELwrepinol, brwe 16 Havemothuro 100 Oslo ath Nopfnyla, 10
[avemiatawes ol Giessen o1 ['eppavia, t6 [loavemethuie Hg Toulouse o1,
Docibie, 76 'Egeuvnrind Kévrpo Juelich a1 Ieppavia, 16 Edponaixs Kév-
zp6 'Epeuvéyv JRC Ispra aoiyv Trala, 16 Tvetitelro Teyvohoyiac Kidmpou,
o Tvetizodto Goddard w7c NASA <év HITA, to Laboratoire de Mété-
orologie Dynamique ot# [aihia, ».&. 'Eniong cuvepyaleron areve pé o
Aporotérew [lavemotius Ozocuhovinne, 10 Ebvixd MetadBio Ionu-
zeyveio, 0 LEbvind Actepooxoneio Abpvav, 16 lavemoriuo Abyvéy,
=6 Mavemothpe Kentng, 70 Havemomipio Hatpéw, o TEI Hepod, o
Troupyeio [Meptfarrovrog — Awetibuven EAPO, x.&.

Kard w6 2013 Snpooredlnxe 7 On'dpld. 66 [paypareio vvic Axadrpiog
Algvéy p2 titho Ai Eardiogor Abijvar zai o Ebvixov Aorepooxomneior
Abmraw dmt Tove X. Zepegd, "0, Boyuxtléyiou, B. MNeavidtoa, . Zepeps,
Avyy. Meradrou, EdO. Nuodaidy, I'. Hovhémovio, M. Etapatanr, X.
Eraugomovhou, K. Telyrave xal M. Xatlnvixorgou.
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¥ 3 ] A i f x il £
Eniong w6 mposwmund 1o Kévrpou suppetéoye o7 Snposieuoy o
"Exfiésewv tic ‘Opddus [MegBarhovtindic rpatnyiniic the Emamnpovieis
SupBovhevtindic 'Emrporiic tév Edpwmaindy Axadnpev (EASAC), 62
38“’ !; ,16 peey. L A 8 H ~ 3 o, \ : 18 i A % [
el (16) mapovataceis o Siebvi] emotrpovina cuvédpa xal guvayTy-
LY Id LA LY b & b i) 3 A\
oeie nok Dexaewiéa (19) mapovaidacts o8 Elvied EmoTnuovind cuvédpia xal
Tuepides,
LT 2 r . N i1 - e} 4 % 4 % i1
O émémrne nal psuvytéc Tob Kévrpou o2 ouvepyaoio pe 6 [lave-
moThte ThHe Troxybhune xal iy TEMES suveyilouv ) Aettoupyla Tob
Moparnenrnetou [epiBariovrog ové Costa Navarino (NEO) otv, Meaorvia.
b1 3 T A r ¥ L b £ 2 b -~ L
Té 2pevvnrind adtd Kévrpo dmotehel Sislivic Eotiaxd onucio mapaxoionly-
o7z THe mayrbouiag KT aA RS,

[XpHiotog Z. Zepeog — Endmrne w0l KEPAK]
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KENTPON EPEYNQN GEQPHTIKQN
KAI EOHPMOEMENQN MAOHMATIKQN

‘H Zpevva 760 KEOEM gotidleton o) Snpiouvpyla ahydplpeny avoso-
Toeoxeutic latpinijc eludvag (image reconstruction). Aty 7 Swaducasio elva
amapaityTy Yk T Snuioupyia TopoypapuTg elxdvae oTa clyypove dmeL-
woviatind guatuate PET, CT xal SPECT. Exéntre 10U Kévrpou civar 6
anadnpaindc x. Abavdarag Poxic, 6 82 mpocwmnd, ety mopelca pioT,
amoteheitan oo Tov [empyio A. Kaotd, épeuvnti IV fabpidog, otov tmolov
Eye avarelel ) mpocwprviy Siedbuveyy Tol Kévrpou.

Kord o Brdprera adrob 1ol Eroug 76 KEOEM eiye tic axdroubes Spx-
GTrpLOTYTEC:

1. Berroromorfifinxe 6 dvadutinog aryopbpoc Baotopévas oe splines
(SRT) i THv dvaxataaweud The elndvag Tol Topoypagou PET. ‘O drydpd-
pog Bastletar 6Ty dvtioTpogy Tol petasypaticpol Radon. ‘Extetauéves
GuyrplaELs, ¥ phGLLOTOLMVTHS (il TottAla o Guotepete (phantoms) diis
woel mpoypotind dedopdva, Hmodnhavouy 61t 6 SRT mapouctalel onpavting
ThsovexThaTa ot oyéar, e Tov dhyoplpe pritpapionévrc dmobompoBeliic
(filtered back-projection, FBP), mol sivat 6 dvahutinds aryoptlpos mol
yenouLomotoly Ta dumopixa Stabéoiua dmeiovieTind cusThpate. Ta dro-
terdopata althc The nerétng Ox dnuooreuboly ot EmeTnuovins TepLodind
Medical Physics.

2. Thromonfinue 6 SRT a1o STIR, upix edpéwe yprnotpomnotobuevy Bi-
Baroffn vk v dvaxataoreuy Topoypapieic sixdvac. And 16 Embusve
£roc 6 SRT 0O& Suxtifieton dhellepa, péow STIR, ot Ghoug Tole Epsuvrntic
oy Emtbupoly v TOV ypraLpoToLaouY.

3. Zuveylotnue v Epeuvd pog oTOV TOpER TV|G GTELXOVIOYG VEWY po-
Stogapspixwy o8 cuvepyaoia pe 10 HEeyasthgo Padtoynuindv Mehethyv
160 Tvetitodtou [ugpurdy xat Padwloydy 'Enietquéy, Teyvohoyiag,
"Evépyetac xai Acgdietag, Toi EKEDE «Anuéxpitoon.

‘0 émbnrne nad 6 épeuvnTic é8vuooicucay Emta pedétec oe Siebvi) me-

pLoduna e xpitéc,
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Avaxoioerc

0 émémryg 100 KEOEM dvayopeitnue 'Eninipoc Adaxtopag Tol
TuApatog Myyovikay Emetipng Taméy tob Heavemomquion Twavvivey
(Mduwog 2013). ’Enione 6 »x. Abavdciog Paxdc Sropiotrxe ¢ Honorary
Senior Research Associate oté TpHue MoaBnpotieéy tol University
College 160 Aovdivou (UCL) vy vo Emdpeva mévte ypbvia.

[AbBavdaiog Pwndig — Endnrrne ol KEGEM
Tewpyrog Kaotig — Arcubiivay 76 KEOEM]
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SRV AMESTIIN st e e s S e S b s S
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ZEPE®OZ XPHETOX. — "Exllean memparypvany ol Kéwpt)u FJ'PE'JVT]C
Dustnie the Atpospulpas xoat Khpatohoyles ..

KAETHE 'EQPTIOZ, Bréns POKAZ AGANAZIOZ ...
KONTOITOYAOZ M'EQPTIOZE. — Abyog 1ol amoympoivrog [Tpeédpou ...
KONTOMOYAOZ I'EQPI'IOZ. — Avayyehla tob Bavarou 1ol Nukordou
ApBodln, SHETMUOEHOT woveirirrineersrinrensorearnsessnssssnonssnsessnnssbnssnnnsssssans
KONTONMOYTAOZ TEQPTIOX. — Nsx.polr)"rfa Tw‘t tov Nuedhao Hpﬁpa‘cz_‘q,
THEBNUATHG e s R

KONTOIOTAOZ TEQPT'TOXE. — Naxpolc-'rmt g oy Twdwry Xoatln-
Snunrpioy, dvremiaTérhov pehog T AsoBnping oo

KPANIA ETATTEAIA. — Néow dpilovres otiv Epeuve T4 xapdioneiic dve-
ndpuetxe. Elovripiog Abyoc Toll dvremiatéhhovtog péhoug xortd Tv Hma-
Soyfron Ty Aocadnpioe el s s e i s

KPIMITAZ KONETANTINOZE, — Nexpohoyia yi& ) Rita Levi-Montal-
cini, £évo Etalpo The Axadnulos oo

AITOMENIAHX ITANOZ. —'0 guAhoyueds SvBpamod o
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yiag ol letpinol Asttovpyfpatos. Eloitfigiog Adyog tol dxadnpaixel
o Ta THY OO0y R Tou GTHV AREAMULL . uses s sissssissssssnsss sxssnnnsss
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Yhou, dytemoTéihov LEAS THE Anadnuleg i

IZKAAKEAZ T'PHIT'OPIOZ. — Té €oyo wal 7 Spdon 1ol I8pdpatoc
Tazpofronoyuéiv Epeuviiv thg Anodnplog Abnvéy oo
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wuploe Ederpyeiloc Koo weetse v Omodoy T oviv Axadnule ...
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XPIETO®OPOY AOYKAZ. — Té £pyo xal ¥ dpdarn tol Tdpbuartos Ta-
tpofuoioyidv Epeuviv tiic Axadnuios ABnvev .o 29
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