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LNHE LWHG TNG ovvVTaIng

Mia xpovid 1diaitepa onuavTikr] yia Tn Puoikn €kAeioe, pe oroudaidTepn ava-
KGAuwn auTr Tou cwpatidiou Higgs (BA. ®aivouevov, Telxog 17, 2012). Opwg,
TN XPOVIA TToU Jag TTépace CUPTTAnpwOnkav ettiong kai Ta 100 xpdvia amméd
TNV avakdAuwn Tng TTEPIBAaONG TWV akTivwv—X atrd Ta KPUOTAANIKA UAIKE, pia
aTré TIG opoPPOTEPEG avakaAUwelg otn Puoiki katd Tov Einstein. To Teipa-
Ma auTd €Kave yia TTPWTN GOPA TNV aTOUIKA Oopr TTPOCRACIKN Kal JETPAOIUN.
Tnv 10T0pIKN avadpour Tou B€uatog avédaBe yia 1o «P» o avattA. kabnyntAg
K. KaBouvng. Etriong, 100 xpdvia trpiv, oI JETPATEIS I0VIGUOU atrd agpdaTaTo
a1ré Tov V. Hess, 0drjiynoav oTnv avak&dAuyn TG KOOMIKNG akTIVOBoAIag, 6TTwg
Hag TTEPIYPAPEI OTO OXETIKO a@iépwua o avattA. kaBnynTrg A. AidNIog. & autd
TO TEUXOG Ba BPEiTE £TTIONG Kal £vA EKTETAUEVO AQIEPWA OTH CUVEICQOPA TOU
ApIOTOTEAN OTRV avATTTUEN TNG HOBNUATIKAG AOYIKNG.

Me euxég yia éva dnuioupyikéd 2013,
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O Emornuovika Néa

To BpaPeio Nobel dvowng 2012
amoveunOnke otovg S. Haroche
(Collége de France and Ecole
Normale Supérieure, Paris, France,
www.college-de-france.fr/site/en-
serge-haroche/biography.htm) kot
D. J. Wineland (National Institute
of Standards and Technology, and
University of Colorado Boulder,
USA, www.nist.gov/pml/div688/
grpl0/index.cfm) yia v avamTuén
pefodmv mopatpnong, UETPMNONG
KOl YEPIGUOL UELOVOUEVOV KPovTL-
KOV COUATIOmV yopig va Ta KoTo-
otpépovv. Mg tov Tpoémo ovtd avoi-
yovtat VEOL OpOLLOL GTNV TEWPOLUOTIKN
KBovTIKY QUGIKTY).

Eivor yvootd 611 T0L peplovopéva cm-
patidte eoToHg Kol VANG VTOKOLOLV
GTOVG VOUOLS TNG KPOVTIKNG QUOtL-
KNGS Oupmg ot kPavrtikég toug 110t-
TEC OLOPOPOTOLOVVTOL LE TNV OAANAE-
TOpaoT TOVG LE TO TEPIPAAOVY, TT.Y.
Katd TN ddprela pog pérpnong. Ot
gpevvnTikég opudodec tov Haroche kot
Wineland métoyov va petpiicovv Kot
va eAEYEOLV KPOVTIKEG KOTAGTAGELS,
KdtL mov Bewpodvtav advvoto. H pé-
Bodo¢ tov Wineland omnpileton omnv
TAYIOEVGT] NAEKTPIKA POPTIGUEVOV
ocOROTWIOV (ATopOV 1 1OVIOV) Kol
TOV EAEYYO TOVG UE TN XPNON POTO-
viov. Avtifeta, n Tpocéyyion Tov
Haroche agopd tov éieyyo Ko pé-
TPNON TAYLOEVUEVOV QOTOVI®V d10-
LEGOV GOUATIOIOV VANG (ATOU®V).
Appotepot epydlovran oto medio g
KBOVTIKNG OTTIKNG GTO 0mT0oi0 £YEL OM-
pelwbel onuavtikny tpododog T Te-
Aevtaieg 000 dekaetiec. H avamruén
TV véov pebddov avapévetar ot
Ba Bonbnoel ot dnuovpyia vrep-
VITOAOYIOTAOV U Bdorn ™V KPavtikn
euoikn. Emmpocheta, n épeuva avtn
001YNOE GTNV KOUTAGKELT] POAOYLDV
eanpetikng axpifelas, eKatovtamid-
Ol0G OVTHG TOV CNUEPIVAOV POAOYIDV
kaioiov, pe ta omoia tiBevian véa
TPOTLTOL GT LLETPNOT| TOL YPOVOVL.
Ymv zewpapotikny didtaén tov

Bpapeio Nobel ®voikng 2012
OTOV £LEYY0 KAl PETPN G KPOVTIKOV COROTIOI®V

Wineland, ta nAektpikd goptiopéva
COUOTIOW dTNPOLVTAL TOYIOELUE-
Vo [E TN ¥PNON NAEKTPIKOV TESImV.
Emumpocbeta, to. copatiotn mopopé-
VOUV EVEPYELNKA OTOLOVMUIEVO OO
t0 mepPdAlov pe n xpnon vyniov
KEVOL Kot EEQPETIKG YOUNADY Bep-
pokpocidv. H opdda tov Wineland
ypnowwonoince maipovg laser yio
va kotamiécel ™ Oepuikn kivinon
TOL TOYWOEVUEVOL 16VTOC, BETOVTAC
T0 €T01 OTY| YOUNAOTEPT EVEPYELNKT
KOTAOTOOT Kol KAOIoTAOVTOG EPIKTN
TN HEAETN KPOVTIKOV QUIVOUEVOV.
Me KotdAAnAn TR0y TOV TOALOD,

TG TOV KATOTTPWYV, Ve @OTOVIO
umopel va avoakioacOel peta&d tovg
v oyedov 1/10 sec mpv amoppoen-
Oel. O ypovoc avTog avTioToLEl o8
dwavvbeica amdotacn 40.000 km, we-
pimov ion pe v meprpépeta g I'ng.
Ye ovtd TO YPOoVIKO dldoTnpa gival
dvvatd va yivouv KPavtikol yepiouol
610 maryldevpévo poTovio. H opdda
tov Haroche ypnoiponoince yryovti-
aio dropa Rydberg g aviyvevtéc tov
omtoviov. ['lo o oxond ovtd perem-

O1 S. Haroche kou D. J. Wineland (opiotepd. ko deéic. avtiotorya,).

glvar dvvatod va tebel To WOV ot KO-
tdotaon vrépbeong dvo Sukprtdv
EVEPYELOKDV KOTAOTACE®VY, UE 1010
mlavotTo KoTdAnyng kdbe puag.

"Etot kabictatan gkt 1 peAétn av-

TOV TOV KBOVTIKOD QALVOUEVOUL.

11 néBodo tov Haroche, kPfavta pui-
KPOKLHOTIKNG aKTvoPBoAiog ovakAm-
vton evtog piog Kototntog, petashd
300 KoTOTTP®V TOTODETNUEVDV GE
ondotaon ~ 3 cm. Ta kdtontpa etvon
KOTOGKEVAGUEVA OO VTEPAYDYLLO
VAKO Kot yoyovtol o€ Oeppokpacio
Ayo peyoivtepn amd To amdAvTo Un-
0év. Adym ™G VYNNG AVOKAQGTIKO-

Onkav ot petaforéc pdong g kPa-
VIIKNG KATAGTAONG TOL ATOUOL LETE
v €£060 TOV 0O TNV KOIAOTNTO, MG
AOTEAEC O TNG AAANAETIOPOAGTG TOV
He 10 eoTOVIo. Me Té€toteg pebddovg
kaBictotal dvvatn M KOTAUETPNON
TOV EOTOVIOV EVTOS TNG KOIAOTNTOG.
11 ovvéyela, 1 opdda tov Haroche
EMVONGE TPOTOVG TOPAKOAOVON GG
g e&éMéng pag kPavTikng KoTa-
GTOONG GE TPAYUATIKO YPOVO.

>y kPavtikn kKiipoko ivar duvatn
N Ywopén evog cOPATIOON O TOA-
AéG O10QPOPETIKEG KOTOOTAGELS TAV-

10ypova. Ounc n wapatipnon pog
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TéTol0g VTEPOESNC 00N YEL OTNV KO-
TAPPEVOT TNG OTMOC TTEPLYPAPEL KOl
TO QNUGUEVO VONTIKO TEIpApLO TG
vétac Tov Schrodinger. Xt 0o
g ydrog, ot Haroche ko Wineland
YPNOOTOINGNGAV TAYIOELUEVD GO-
patidle kol Pprkav tpdmove omel-
KOVIoONG TNG KPOVTIKNG KATAGTAONG
KOTA TNV Katdppevon g vmépheonc.
Y10 neipopa Tov Haroche, owto gtvon
EPIKTO JOPEGOL NG KPavTikng dte-
umiokng pe ta dropo Rydberg.

Ot kpavtikoi vroroyrotéc amote-
AODOV o TOav EQOPLOYT TOV 10-
VIIKOV TTayidv. XTOUG GNUEPIVOVG
computers, 1 IKPOTEPT LOVADQL TTAN-

pogopiag eival to bit, To omoio €yel
Tun 1 M 0. Opog 1o kPavtikd bit
(M qubit) Bo pmopel va givorr 1 kot 0
Tavtdypova. Avo qubit pmopovv va
&yovv Tavtdypova 4 TéES Kot 1 qubit
&yovv 2" mBavég kataotdoelc. ‘Evag
KkBovtikodg vwoAoyiotig pe uovo 300
qubit umopei va amobnkevoet 23 11-
uég! H oudda tov Wineland ftav
TPMOTN OV £5€1EE OTL glval EPIKTA M
KkPovtin Agttovpyia pe dvo qubit. Ot
TPOKANOELS Y10 TNV KATOGKELT] EVOG
KPoavTicon vToloyloTr gival Kupimg
N TOVTOYPOVN JLATNPNOT TOAADV
qubit og amopdvmon and 1o TEPPUL-
AOV, 0ALG KoL 1) TOVTOYPOVI OAANAE-

TOPOoT] TOVG HE BVTO, MGTE VO, EIvaL
duvam 1 deaymyn vroroyiopmv. H
TPOKAN OGN TNE KATAGKEVTG TOVS Elvat
OVOLKTN Kot Uopel vou EMpEPEL dpa-
OTIKEG AALAYEG oTOV TPOTO {MNG LOG.

Inyn: www.nobelprize.org ®

Anddoon
I. Anuntpakdmoudog
Enik. Kab. Tu. Quaikij

KBANTIKH THAEMETA®OPA

Xpijotog ldvog
Avamd. KaBnyntri¢ Tu. Quaikric

>Tn oeIpd €MOTNUOVIKAG QavTtaciag Star
Trek ypnoiyotrolgital évag PETAQopEag
yla va «dIoKTIVICEl» O€ TEPAOTIEG ATTO-
oTao€Ig avBpwWITOUg Kal avTIKEiyeva. H
pEBOOOG auTh AéyeTal TnAEMETAPOPA
Kal avakaAU@OnKe, cUUQWVa UE TN O€l-
pd, Tov 22° aiwva. O PETAPOPEDG PETA-
TPETTEl éva TTPOCWTTO I QVTIKEIUEVO OE
MIo HOP®R] EVEPYEIAG, N OTToIO OKTIVO0-
Aeital og éva GAAO pakpivoé onueio Tou
oUUTTOVTOG, OTTOU YETATPETTETAI Eava OTO
apxIKO ov.

To 1993 pia opdda £€1 emMOTNUOVWY TNG
etaipiag IBM oTnv AuepIKA PE ETTIKEPO-
AAg Tov Charles Bennet, avokdAuye, pe
™ BonBeia Tng KPavrounxavikig, tnv
apxn Asiroupyiag piag popeng KBavri-
KNG TnAgueTa@OPAG, TIOU HETAPEPEI
owpaTidla Tou PIKPOKOOUOU. TNV apxn
€yIve e emTuXia TnAEPETaQOPd  PWTO-
viwv, Ta otroia €xouv pala pndév. Metd
€ylve TTPOCTIABEID yIa TNAEUETAPOPA
OWMATIWV TTOU £X0UV JAZa TT.X. VOUKAE-
oviwv (TTpwToviwv Kal VETpoviwv) oTo
epyaotipio MupnvikAg ®uaikrg Dubna,
Kovtd otn Mdoxa. H mepimmwon auth

TTAPOUCIAfel  TEXVIKEG OUOKOAIEG, OxI
Opwg BUOKOAIEG apyNG. ZTnV TTEPITITW-
on Twv ewToviwv gival duvaTov va &e-
XWPIOOUPE TIG AeyOUEVEG KATAOTAOEIG
Tou Bell, evw oT1a voukAedvia autd dev
pTTOpEi va yivel TTApwG, TTPOG TO TTO-
POV. AANNEG TTEPITTTWICEIG TTETUXNMEVNG
TNAEPETAPOPAS €ival oI CUPQWVEG OE-
OMEG QWTOG, TO TTUPNVIKA OTTIV KAl TA
Trayideupéva 16vTa, eV TEAEUTaIO Yive-
TAI TTPOCTIGOEIN VIO TNAEUETAPOPA OTO-

H onuavTikétepn diagopd auTrg TNG TTI-
OTNMOVIKAG TNAEPETAPOPAG PE TNV BNPO-
@IN TNAepeTapopd Tou Star Trek eival
om dev ptropei va Eetrepdoel TNV TayU-
TNTA TOU GWTOG. AuTd PTTOPEi Va aTroyo-
NTeUOEl TOUG YIAOUG TNG ETTIOTNUOVIKAG
@avtooiag, ald TTpéTTel va yvwpidouv
4TI N akaplaia, acwuaTn JETa@opd UANG
MéoQ aTTOd TO XWPEO OTTAYOPEUETAl ATTO-
Auta a1 TOug VOpoug TnG PuaIKAg, Tou-
AayioTOoV pE TNV ONUEPIVA TOUG HOPO®H.

Teleporting Light

Original

Encoding
light

Decoding
light

Same as
original

MWV Kal Jopiwv. Z& OAEG TIG TTEPITITWOEIG
TnAepeTaépovTal ol 181I6TNTEG TOU
apxikoU owpaTtidiou Kail 6x1 auté To
iB10, TO OTT0i0 XAVEI TIG IBIOTNTEG TOU, €101
WOTE N TNAEPETAPOPE TOU va NV odnyei
o€ akpIfA avTiypagr, dedopévou o KRa-
VTIKOG KAWVIOUOG atrayopeUeTal.

H tTnAegueTagopd TTou EpEUVOUNE OTrjE-
pa gival o Treplopiopévn, aAAG diatnpei
TOV EEWTIKO KOI POUTOUPICTIKO XOPOKTH-
pa TNG. ZTO €PWTNUA AV WTTOPECOUME
KATTOTE VO TNAEUETAPEPOULE QVTIKEIPEVA
APKETA HeYaAUTEPA ATTO ATTAG CWHATIOI
f ka1 avBpwTTiva évTa, N amdvrnan givai

2 http://phenomenon.physics.auth.gr @ AIVOUEVOV



611 oT10 TTPORAEWIHO PENAOV auTd Qaive-
Tal BUOKOAO, aAAG Ox1 akaTOpBwTO. Agv
QVTIKEITAI 0€ KATTOIOV QUOIKO VOO, aAAG
n moodTNTa TNG TTANPOYOPIag TToU TTPE-
el va OUAAEXDEi kal va peTapepBei ival
aoUAANTITN. MNa va yivel autd TTPETTEl va
TTPOXWPAOEI TTOAU N VEQP| ETTIOTAMN TNG
KBavtikng MANpo@opIkAGg, Tng oTroiag
mpoidv eivai n KBavTik TnAgpeTago-
pa tou Treplypayape, alAd kai n Kpa-
vTik] KpuTtrtoypaeia, n otroia £xe1 1Ti-
ong uAoTroinBki.

H 1Anpogopia eival @uaikf TToooTnTa
Kal otroladnToTe €megepyaania TTANpo-
POpPIag TTAVTOTE YIVETAI JE QUOIKA PJETT -
Mia dAwaon n otroia pTropei

amdavrnon givar 6x1. OAa Ta QUOIKG
ouoTAuata eival katd@ Bdaon KRavTika
Kal N KBavTopnyavikh pog Aéel o1 gival
aduvaTtov va uttoAoyiooupe TTARPWG TNV
AyvwaoTn KatdaTtaon evog KBavTikou ou-
OTAMOTOG, KABIOTWVTAG €11 adUvaTn TN
XPNon NG KAACIKNAG PETPNONG yia TV
JETOKIVNON €VOG KBaVTIKOU CUGTAUOTOG
atré pia TotroBeaia o GAAn. Autd ogei-
AETQI OTNV apXA TNG ATTPOCSIoPIoTIAG
Tou Heisenberg, n omoia Aéel 611 600
aKPIBECTEPO OKAVAPETAI VO QVTIKEIE-
vo, TO60O TTEPICOOTEPO OIATAPACTETAI
Kl EPXETAI KATTOIQ OTIYMI TTOU N ApPXIKN
KatdoTaon €xel xabei kal JGANIoTA XWwpPIg

oTWV £Xel PONIG EexivAoel. YTrdpyouv
e@appoyEg pe Aiya KBavTikd bits, aAAd
av KATooKeuaoToUv KBavTikoi uTtoAoyi-
OTEG XPNOIKOI OTNV TTPAEN, TOTE, YE TNV
BonBeia TOUu TTAVioXUpou OAyOpPIBUOU
Tou Shor, 6a kartaoTpéyouv TNV ao@ad-
A€Ia TWV KPUTTITOYPOQPIKWY CUCTNHATWY
TTAYKOOUiwG, o€ TPATTeCeG, o€ SOpuUPo-
poug, atov oTpaTd KA. Tnv €EENIEN
autry TTou Ba TTpokaAéoel n KBavTikn
MAnpogopikr, Ba Tnv diopbwael r| idia
pe TNV ac@oAéotarn KBavrtiknp Kpu-
TITOypaAQia TTOU KATOOKEUOAOE, KAVO-
viag Tnv {wrh Twv hackers avuttogo-
pn. O1 TTOAAG UTTOOXOUEVEG ETAIPEIES
IQ Quantique ([eveun),

va akouyeTal abwa, alAd
0l ouvETTEIEG TNG Ogv Eival
TETPIMPEVEG. Ta TeAeuTaia
XPOVIO UTTAPXEl IO €Kpn-
&n BewpnTiKWV KaI TTEIPO-
MATIKWV KAIVOTOMIWY, TTOU
odnyei otnv  dnuioupyia
€VOG VEOU ETTIOTNUOVIKOU
kAadou: Tnv KBavTikn O¢-
wpia TG MNMAnpogopiag.
H KBavtikA ®ucikn emiTpé-
TTEl TNV KATAOKEUT AOYIKWV
TTUAWV véou TUTTOU, OTTO-
AUTG  aOQAAWV  KPUTTTO-
OUOTNUATWY, TO  KPRAVTIKO
pmT  (quantum  bit=qubit)
Kal JIa vEa PJop@r TNAEueE-

MagiQ (Néa Yobpkn) kai
SmartQuantum (FaAAia),
€xouv nNdn TTAPOUCIACEI
EUTTOPIKEG  KBAVTIKEG  KpU-
TITOYPOPIKEG OUOKEUEG, Ol
oTTo0ieg pTTaivouv oTnv E€i-
oodo kal Tnv £€0do Twv
PC kai gyyuwvtalr oxedov
atréAuTn ac@aAeia. ‘Exouv
peydAo kbOTOG TTPOG TO
TTapov, aAAG auTtd pEIwveE-
TAI CUVEXWG, OTTWG OUVERN
kai pye Ta PC. OAa autd
T OaupaoTd EmITEUY-
poTa  €ival  €@apuoyEg
™G KBavtounxavikig, n
oTroia, v HEXPI Twpd
TEPIEYPAPE OTTAWG TOV

)
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TaQopPAg.

2Tnv apxn ol ETIOTANOVEG OV ETTAIPVAV
oTa oofapd Tnv TNAspeTagopd. Me Tov
6po auTd OUVHBWG EVVOOUNE TO OVOPO
TTOU £€dW0AvV O CUYYPOPEIG ETTICTNUOVI-
KNG @avrtaciag atn diadikacia Kard Tnv
OTT0Ia VA QVTIKEIUEVO 1) TIPOCWTTO ATTO-
ouvTiBeTal O€ £va anueio Kal éva TEAEIO
avTiypa@o TTapoudidgeTal KATTou aAAou,
OTTwG eiTrape otnv apxn. Kavovikd autd
YivVETal OKAvVAPOVTAG TO QVTIKEIUEVO HE
TETOIO TPOTTO WOTE VA OTTOCTTACOUUE
6An TNV TTANpo@opia atd autd Kal PHETA
n TTAnpogopia auTr) petadideTal o€ pia
GAAn  ToTTOBECia  Kal  XpnOIYOTIoIETAl
ylO TRV KATOOKEUN TOU avTiypa@ou. Asv
XPNOIYOTTOIEITAl AVAYKAOTIKA TO TTpay-
MOTIKO UNIKO TOU OpXIKOU QVTIKEIUEVOU,
aAAd dropa Tou idlou gidoug. Mia pnxa-
vl TnAgpeTapopdg Ba cival oav éva
@ag, pe Tnv diagopd 6T Ba SouAeUel
o€ Tpeig dlaoTdoelg, Ba Trapdyel éva
moTO avriypa@o Kal oTn Siadikaoia
QUTA TO TTPWTOTUTTO Ba KATAOTPEQPE-
Tal.

levvartal 10 gpwTnua: Eival duvarév
va TeTUXOUME HIo TTARPN avakaTto-
OKEUR TOu apxikoU avTikelyévou; H

va £xel e€axOei apkeTr TTANpoPopia yia
VO KATAOKEUAOTED £va TEAEIO avTiypago.
AuTO akouyeTal oav €va 1o0XUpod ETTI-
Xeipnua evavtiov NG TNAEPETAPOPAG:
a@ou &gV UTTOPOUUE VA ATTOCTTIACOUE
APKET TTANpo@opia atrd €va avTIKEIUE-
VO VIO VO KOTOOKEUAOOUME £va TEAEIO
avTiypago, TOTE éva TEAEIO avTiypago
Oev pTtopei va yivel. Xwpig va ptrolue
O€ TEXVIKEG AeTTTOUEPEIEG, N OuAGda Tou
Charles Bennet, ¢deige 6m -uttd TIpO-
UmroB€oeig- n KBavTIK  TnAepeTapopd
gival katT'apxnv €QIKT (entanglement-
assisted teleportation). Ava@époupe
povo 6T autd oTnpileTal oTov «KBavTi-
KO evaykaAiopo» (entanglement). O
0pog auTéG TEBNKE aPXIKA OTa YEPMO-
VIK& wg “Verschrankung” ammé Tov Tpw-
Tomopo Tng KPavrounyavikAg  Erwin
Schrédinger. Ta teAeuTaia xpdvia n KBa-
VTIKA TNAEPETAQOPA  APXIOE va yiveral
OTO €PYaAOTrpIo, O€ dIAPOPA CUCTAUO-
Ta, o€ OAoéva Kal HEYOAUTEPEG ATTOOTA-
o€lg. To pekdp TNG ATTOOTACNG CUVEXWG
peyaAwvel, kal Twpa Ppioketal ota 143
km (ZemrréuBpiog 2012, Biévvn).

H peAétn twv KBavTikwv YtroAoyi-

MIKPOKOOMO, Twpa £XEl TTEPACEl HE
afiwoelg oTnV TIPAKTIK Slaxeipi-
ON TOU Yyl KATIoIO XPHOIMO OKOTTO.
Omwg eime o NoptreAiotag Richard
Feynmann: “There is plenty of room at
the bottom”.

‘Eva padnua oxemikd pe toug KPavri-
Koug YTrohoyioTég kai Tnv  KBavTikn
MAnpo@opia d1daxTNKE €TTi Yia dekaeTia
0g TIPOTITUXIOKO €TTITTEO0 OTO TuAPa
duaoikng Tou AT.O. amd Tov X. Mavo
Kal SI0ACKETAI Twpa 010 METATTTUXIOKO
Tou TpAuaTtog MaBnuatikwv até Toug
X. Mavo, I. Avtwviou kai K. AackaAo-
yiévvn.

BiBAioypagia

- X.lNavog, K. Xar¢nodaBBag, I Na-
Aalnong, «KBavrikoi YmoAoyioTég kai
KBavrikn [Anpogopia», 2ZNUEIWOEIS
TpoTTTUXIaKoU pabnuarog oto Tunua
Quaoikng AllO.

- X. Mavog, «KBavrikh ThAguetagpopd kai
KBavrikny Kpurrroypagia», Ap6po atnv
epnuepida «Makedoviay, 17 /6/2007,
0eA.39

- Prashant, «A Study on the basics of
Quantum Computing», arXiv: quant-
ph/0511061 (evdeIKTIK avagpopd).
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O 2UVEQpIA - 2EUIVAPIa

Me 18iaitepn emtuyia oAokAnpwon-
KOV ol Epyaoiec Tou 50% Tuvedpiou
™n¢ EvpwnaikAg Etaipeiag Epguvag
YynAwv Miéoswv (50" European High
Pressure Research Group Meeting)
amo 16 éwg 21 XenteuPpiov 2012
oto &evodoyeio Porto Palace otnv
Oeooalovikn. [lpodkerral yia éva
etfiolo, S1ebvolc guPérelac kat Si-
EMOTNUOVIKO OUVESPIO TTOU OKOTIO
€XEL TNV AMOTUTIWON TWV OTIOTEAE-
OMATWV KAl TwV CUYXPOVWYV EPELVN-
TIKWV TACEWV OTNV OXETIKN £PEuva
o€ TayKOoUIo emimedo. TNV evap-
Ktpla ouvedpia, mpooewvnoav
TOUC OLUVESPOUC, HETAED TWV AANWY,
n ka Zogia A. Kouidou-Avdpéou,
Avumputavig ‘Epeuvag ek pEPOUG
Twv MNputavikwv apxwv tou A.M.0,,
KaBwc Kat 0 AvTidruapxog Kog Kwv-
otavtivo¢ Zéplag ek HEPOUC TwV
AnpoTik@wv Apxwv TN mTOANG HaAC.

H épeuva oto medio twv
YYndwv Méoewv éxel wg
otéxo TNV Peitiwon kat
epappoyry G Bewpn-
TIKAG KAl TIEIPAMUATIKAG
pag yvwong yia tnv Yan
0€ OKpaieC oUVOAKEC Ka-
Bwc¢ kal Tnv avantuén te-
XVIKWV yla tnv emiteuén
TETOIWV OuVONKWV OTO
EPYAOTAPLO Kal O€ PBlopn-
XOVIKN KAipoka. Xruepa
KOAUTITEL TNV €pEuva amo
v Bepehlwdn  okomd
¢ Quoikrg, TG Xnuei-
a¢ Kal Twv OUYXpovwv
NavosmoTtnuwy, €meKTei-
VETAl OTOUG TOWMEIG TNG
Emotriunc twv YAIKwy Kal
¢ Navoteyvoloyiag yia

50° Xvvéopro Evponaikng Etapeiog
"Epgvvog Yynrov IIiécemv

€W TNV MeAéTN TNS Zwri¢ ota Babn
TWV WKEAVWV Kal AAwv akpdaiwv
nepIBarovIwy evw Bpiokel, TENOC,
EQPAPUOYEG OTNV ouyxpovn Emoth-
un, Texvoldoyia kau Biounyavia twv
Tpopiuwvy.

H getivy enetelaki ouvavinon 6i-
opyavwBnke umd TNV atyidba Tou
Aplototeleiou Mavemotnuiov Ogo-
oalovikng kal Tn¢ Emrponnc Epev-
VWV Tou, TG MoAuTeXVIKAG XXOAAG
Kal Tou levikoU TUAMATOG, TNG XXO-
MC Ogtikwv Emotnuwv kat Tou
TuApatog Ouoikng Kat TG XOAAC
Epappoopévwv Mabnuatikwv Kal
Quolkwv Emotnuwv tou EM.M. H
emAoyr Tou témou Sie€aywyng Tou
Yuvebpiou yla Tnv emételo Twv 50
ETWV TOU avTIKATOmTPilel TNV TTOAU-
xpovn Kat enrtuxy dpactnplomnoin-
on Twv peAwv Tou Mavemotnuiou
MOC Kal YEVIKOTEPA TNG EANNVIKNC

RiVE R "_"hr}g i
50" European High Pressure
Research Group Meeting

16 - 21 September 2012
Thessalaniki - GREECE

Tnv TN kat xapd va urmodexBei mepi
ToUG 200 EMOTAUOVEG Mo 27 XWPES
a6 oAOKANPO ToV KOO0 gixe n To-
mkr OpyavwTikn Emttponn pe Mpo-
edpo kat Avtinmpdedpo toug Emik.
Kab. Anuntplo Xplotégiro (Mevikd
Tunpa, NMoAutexvikr XxoAr, A.M.0.)
kat lwavvn ApBavitidn (Duoiko Tun-
pa, A.M.0.) kal uéAn Toug Kab. Mlepa-
olpgo KoupoUkAn, Kab. Zwtrplo Be,
Emik. Kab. Mapia Katoikivn (A.M.0.),
AvarmA. KaB. lwavvn Pamtn (E.M.IM.),
Kab. Kwota lAwtn kat Emk. Kab.
Kwvotavtivo MamayyeAn (ITE/EI-
XHMYO & MMavemotiuio MNatpwv).
MoAUTiuNn PBoriBela otnv opydvwon
Tou ouvedpiou mpocépepav n Mpap-
patéag tou Topéa Quotkig tou levi-
koU Turpatog ka M. Tolavtlr kabwg
kat ot Yropriglol Aiddktopec A. MNa-
oxov, K. Oihivtoyhou kat N. Xmupd-
TTOUAOG, N UETATITUXIOKI QOITATPIA

TNV Tapaywyn Kal JeEAETN
VEWV UNIKWV, TG lewlo-
yiag kal tnG AOTPOPUOIKNAG yia Tnv
Slepelivnon Tou ecwTtePIKoL TNG MC
kat Twv Oupaviwv ZwudTwy, &vw
amé Tn okomd tn¢ BioAoyiag, @Tavel

H kabiepwuévn ouodixn pwtoypapio tov ovvedpiov.

KOWVOTNTAG TWV EMOTNUOVWV OTOV
£PELVNTIKO AUTO XWPO VW TTIPOPRAN-
Ael 81EBvg TNV Xwpa Kat Wlaitepa
TV TOAN Hac.

X. MaAacomoUAou Kat o goitnTAC N.
Namadoémouioc.

Ot unoPAnBeioeg epyaciec mapou-
oldotnkav o€ 96 oulhiec o€ 3 ma-

4 http://phenomenon.physics.auth.gr @ AIVOUEVOV



PAMnNAec ouvedpieg, evw 73 ma-
pousIAoElC INo&evrBnkav oTi¢ dUOo
ouvedpiec agioac. EmmpooBétwc, 5
TTPOOKEKANMEVEC OMINiEC ONOUENEIQC
(plenary talks) kat 18 mpookekAn-
Mévec opihie¢ ouvedpiag (invited)
eotiaoav otig e€eNielc og ouyypova
EMOTNUOVIKA Béuata. Mia akoun
TIPOOKEKANUEVN OMINIO ONOMEAEL-
a¢ ue Béupa “The effect of pressure
on Metal Organic Framework (MOF)
materials” 660nke amd tov Dr. S. A.
Moggach (University of Edinburgh,
UK) mmou éhafe to @etivo Ppafeio
EHPRG Award Lecture tn¢ Eupwmai-
K¢ Empormric YYnAwv Miécewv yia
NV MEXPL TWPA €PEUVA TOU OTO TIE-
6io autd. To cuvédplo TMAAICIWONKE,
Té\0o¢, Kal amd TNV Tapouasia eTalpl-
wv mou SpactnplomolovvTal GToV
XWPO TWV LYNAWV TIIECEWV.

2Ta MAAiola TWV TIPOCKEKANUEVWY
OMIAWV ONOPENELAG, N ouVEXICOUEVN
€PEUVA TIOU APOPA OTNV CUMTIEPL-
@OpPA TWV EAAPPWV OTOIXEIWV TOU
Meplodikov Mivaka o€ akpaieg Guv-
Onkeg mieong kal Bepuokpaciac e
€ugaon oto Y&poyovo Kal n CUVeEXL-
(opevn avalitnon tnG HETATPOTAG
TOU 0€ UETAANO o€ €QIPETIKA aKpai-
€C TECEIG, YE TIC EMITWOEIG TIOU
EMEPEPEL OTN YVWON HAG yla TOUG
Moplakoug SecuoUg Kal Ta Bewpn-

BELGIUM
SLOVAKIA AUSTRJA

ISRAEL 1%

BRAZIL

SWITZERLAND
2%
CZECH REP.

GREECE_2%

3%

SWEEDEN

5%

POLAND

6%

/ 1%

H xozavoun twv 193 epyociav arnd 27 yipeg ova yawpo.

SOUTH AFRICA
1%

HUNGARY ITALY

UKRAINE

FRANCE
17%

RUSSIA

TIKA PAC HOVTENA TTAPOUCIACTNKE
otnv opt\ia “Compressing the Top of
the Periodic Table” ano tov d1e6volg
@nung epeuvntn Dr. Russell Hemley
(Carnegie Institution of Washington,
USA).

H texvikn tng amoppdé®nong twv
aktivwv X (XAS) og upnAéc mETElC,
TEXVIKN TTOU €ival duvatr pévo oe
MEYANEC EPELVNTIKEC EYKATACTACELS
omw¢ n mnyn Synchrotron SOLEIL
N To Eupwmaiko Kevtpo ESRF otnv

Theory: modeling

Structuraland and molecular
dynamics

Mechanical
Properties
8%
Spectroscopy
8%

Phase transitions:
thermodynamics
and kinetics
13%

Simple Systems
and ExperimentsNanoscience and
atextreme Nanotechnology
conditions 8%
6%

H xozavoun twv 193 epyaociov arnod 27 ywpes ava Oeuotikn katnyopia.

Bioand Life Chemistw,
sciences  Synthesis, Novel
5% Materials

7% Electronic,
Magneticand
Transport
. Properties

16%

Food Science
and
Technology

Instrumentation, 9%
metrology and Geosciences
techniques 5%
8%

Grenoble, n texvik epappoyn TnG
Kal N Kpiolun ouvdpoun ¢ otnV
SleEpeElvNON PAIVOUEVWV TIOU APO-
poUvV TNV apop@ormoinon SoUWV e
TNV mieon, petagopd @oprtiou, digu-
Kpivion tou 06évoug Twv oTolxEiwV
og véeg Oopég Kal ANNEC OOMIKEC
A\ Kal payvnTIKEG 1I810TNTEC TWV
VAIKWV TTOU UITOPOUV Va TTPOKUYPOoUV
anod TN yVWon Tou TOTIIKOU ATOIKOU
nepIfdAovtog, oulntnBnke amo
Tov Prof. Jean-Paul Itié (Synchrotron
SOLEIL, France) otnv ouihia Ttou
“High pressure X-ray Absorption
Spectroscopy: what can be learned
from local order point of view".

O1 €€eli€eic otnv PoOPAeYn Véwv
KPUOTOANKWV QACEWY TNS UANG PE
ouVOUACOHUS TWV UTTIAPXOVTWVY UTIO-
AOYIOTIKWV TEXVIKWY Kal TNE Kalvo-
TOMOU XpNong e€eNIKTIKWY alyopib-
Mwv KatadelkvUeTal Héca amd tnv
OMIAia “Crystal structure prediction:
methodological breakthroughs and
new discoveries” tou Prof. Artem
Oganov (SUNY Stony Brook, USA) e
mapadeiypata mou ekteivovtal ano
TNV ACTPOPUOIKN Kal TIG YACELG TOU
pebBaviouv otnv atudoaipa tou Mo-
oeldwva pexptl Tnv Ouotkn Ztepedc
Katdotaong, émou n doun tou dia-
MavTiolu avadelkvieTal 0TV OKAN-
pPOTEPN PAoN oTNV omoia pmopeEi va
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undpéel o avBpakag av kal Oyt Kat
TNV mukvoTepn duvatn.

H xprion uynAwv mMécEwv KavoTo-
pel otic Sadikaciec MAPACKEUNC
TPOPIUWV KABWC EMTPEMEL TNV HE
miieon «maotepiwon» yla tnv €£o6-
VIWON ULKPOOPYAVIOUWV XWPig TNV
KOTAOTPO®N XPrOIUWV CUCTATIKWV

Fullerene Superconductors Belong
to the High-Tc Superconductivity
Universe?’, Kosmas Prassides (UK),
"Empty space under high pressure:
nanocavities in condensed matter’,
A. San Miguel (France), “Response of
strongly correlated electron systems
under high pressure investigated by

otnv meploxy Tou OAOumou 6mou
dkouvoav amd Touc Eevayol¢ Hag
NV oTopia TNG TEPIOXNAS Kat Soki-
pacav eMnVikd gdéopata «ma
0TV’ &AOg». 21O €mionuo eimvo, n
lotopia tou cuvedpiou ota 50 xpo-
via NG LMAPENC TOU KATAYPAPNKE
OTNV ENMETEIOKN OMIAiIa TOU PBetepd-

Ipoopmvnon tov TpockerAnuévon oudnth Petepdvon twv vyniav méoewv Prof. A. Polian aro tov I[Ipdedpo tov Zvvedpiov
Emix. Kof. A. Xpiotopido, amovoun fpafeiwv opicog oe véovg epevvntés amo tov Avumpoedpo tov Zvvedpiov Emik. Kad.
1. ApPavition xar tov Ilpoedpo tov EHPRG Prof. Giuseppe Angilella xou otiypuotono amo to ovvedpio.

TWV TPOPIUwWY, OTMWG Eemonuaive-
Tal o€ éva anod TA COnUEia TNG Ol
ANag “European High Pressure Food
Research 1992-2012: Challenges and
Opportunities” tou Prof. Dietrich
Knorr,  (Technische  Universitat
Berlin, Germany) 6mou umoypappi-
Cetay, emiong, kat n paydaia avénon
otn PBlopnxavia kataokeurig Slatd-
Eewv vPnAwv MECEWV Kal oTNV XPK-
on Toug 0N PBlopnxavia TPOPiUwy.

Ot mapamdvw opINie¢ amoteAolv
povo pia pikpry évéelén tng Opa-
oTNEIOTNTAG TIOU  TIPAYMATOTIOIEL-
Tal oNpEPA 0To KAASO TG €peuvag
VPNAWV TIIECEWVY Kal TIPOKUTITEL AT
TIC OeKASEC TIPOOKEKANUEVEC KAl N
OMINie¢ ota mAaiola Tou Xuvedpi-
ou, onwc “Creation of nanostuctures
by extreme conditions’, Y. Le Godec

(France), “Adaptation to high hydro-
static pressure in deep-sea archaeal
piezophiles’, P. M. Oger (France), “Do

IXS", J.-P. Rueff (France), “Making sin-
tered nano- to micro-polycrystalline
high-pressure minerals using multi-
anvil apparatus” T. Irifune (Japan)
yla va ava@EPOUUE UEPLKEG UOVOV
akoéun epyaciec. H mlovoia kat O1-
EMOTNUOVIKN Bepatoloyia Tou ou-
vebpiou kataypdgetal avaluTika
OTovV TOMO Tou [MpoypdupaTog Kal

MepA\Pewv Tou Zuvedpiou moU
gival dlabéoipoc amd TNV I0TOCENI-
8a tou ouvedpiou http://ehprg2012.
web.auth.gr.

>1a mAaiola Tou MPOYPAMATOC KOl-
VWVIKWV gkdNAwaoewv, ot cuvedpol
gixav TNV eukaipia va eloayxbouv
otnv EAAnvikn lotopia aA\d kal tnv
olyxpovn KouAtoupa Kal @INo&e-
via Tou TéMoU paC PEoW Hiag eure-
plotatwpévng  &evaynong oToug
Xwpoug tou Mouoegiou tng Bepyi-
vag o6mou Kat Bavpacav ta ekBé-
paTa Tou aAAd Kal TNG TIEPIAYNONG

vou Twv uPnAwv méoswv Prof. Alain
Polian (Institut de Minéralogie et de
Physique des Milieux Condensés
& Université Pierre et Marie Curie)
pe titho “EHPRG 1963 — 2012: Some
personal views on half a century of
High Pressure". Emiong, €BuoTtummikda
Swpa 60Onkav otov amepXOUEVO
MNpoedpo ¢ Eupwmaikic Emitpo-
mA¢ YPnAwv Méoswv (EHPRG) Prof.
Giuseppe Angilella (University of
Catania, Italy).

3TNV KATAANKTIK ouvedpia &60n-
Kav Ta Kabiepwpéva Ppafeia agi-
oag amo tov Mpdedpo tou EHPRG
Prof. G. Angilella kat Tov Avtumpo-
€dpo Ttou Xuvedpiou Emik. Kab. I.
ApBavitibn oe TéoOEPEIC VEOUC
EPEUVNTEG YO TNV Mapouasiacn Kal
TIPWTOTUTIA TOU €PYOU TOUG. AKO-
AouBnoav ol opIAieG TOu amePXOE-
vou Mpoedpou Tou EHPRG Prof. G.
Angilella kat Tou Siaddyou tou Prof.
Stephan Klotz (Université Pierre
et Marie Curie, France), evw ol gp-
yaoiec ékAelcav e évav OUVTOUO
amoloylopd amd tov Mpdedpo Tou
Yuvedpiouv Emik. Kab. A. Xpliotépio
TIOU €UXAPIOTNOE TOUG OUVESPOUG
yla TNV CUPMETOXN TOUG KAl AVaVEW-
o€ 1o €TNolo0 pavtePou tn¢ Etaipei-
a¢ YynAwv Miécewv yia 1o 2013 oto
Novdivo. @

6 http://phenomenon.physics.auth.gr @ AIVOUEVOV



A7mo ™) Ko ApOunTikny otn Aoyikn: ApLeToTéANG

Tewpyio¢ Os0dwpov
KaBnyntri¢ Tu. Quatkric

H xopveaio coppoin tov Apioto-
TéAN NTav ot Aoyikn, 1 omoia To
19° cudvo odnynoe ot Mabnuarti-
k1 Aoyikn. O TopadoctaKog TpOTog
avTeT®TIoNg TG Aoyikng Bewpei-
TOL CUEPO OTL OVIKEL GTY TEPLOYN
TV P1hocdéPV Kot 0 AploToTéANG
GULVOEETAL YEVIKA LOVO LE PIAOGOL-
k6 0épota. O Aprototéing Opmg,
KOl UE TN CUGTNOTIKY] avamTuln
™G Aoyikng (Tpodmipye N Eumer-
pK1]), €iye kKaBoproTiKi enidopaon
Ko o115 Oetikég Emotipes. 'Eva
dg oNUOvVTIKG Yo TNV emoyn Oéua
7OV TOV OmacyOANnce Nrav N Tadl-
vounon tTov eWav. Xpealovral o
dwpopetikd Mabnpatikd, ta Mao-
Onuatikd XOvoia, Yo Vo, OVTIUETO-
miotel to B€ua avtd. Mo onpovTiKyg
emiong mpdén ot wepoyn e Mo-
Onuatikng Aoywkng, gival kot ovth
TOV «GLVEMAYETOY, UE TNV OTNOiN
Bpiokovtal Kot o1 GuVETELES TMV d1di-
QOpP®V OEIOUAT®V.

evikd, o1 padnpaticéc Tpaelg tov
CLUVOA®V 0OMYOUV KOl GE KOVOVEG
AOYIKNG, Kol GUVOEOLV TOL LOOMUOTL-
K@ cvvora pe T MaOnpotki Ao-
yu. H mopovcioon mov Oo kdveo
ypnowonolel kvpicng t Mabnuatt-
KN Aoyikn, yopic va Eexopilo v
dpeon omd TV Eupecn ovufoin
00 Apilototédn. O tpomog Tov T
emeepyaloparl avinkel otic OeTikEG
Emotmuec. Eniong 6o cuintmow 10
oLVEXEG KOl TO daKPLTO 6T QOOT.
Avtd Bo ta cv{now ota Thaiclo
evoc apbpov, Tov dev £xel TNV €KTO-
on &vog Pipiiov.

To Xvveyéc kon To Alokprito

To ouveyéc Nrov onuovtikd Oépa
oTNV apYoUOTNTO, Kot TO O10KPLTod €i-
VOl GTLOVTIKO Y10, T S1BKPLOT) TOV E1-
V. A6 TN LOKPOGKOTIKT GLUTEPL-
@opa NG PHOMG, GLVAYETAL TO GUVE-

€. Onmg ot ouveyelg peTaPantég
yperdovton To aneEPOSTO Y1 VoL TTE-
prypagovv. H évvola tng ovykhong
T0V 00pOICUATOG TOV OTELPOSTOV
dgv NTAV YVOOTH GTNV apyotoTNnTa,
Kot 001yNoe oto Tapddoéo Tov Z1-
vova tov Eiedtn (~430-490 n.X.).
H Abon mov d060nke oty apyonod-
TNTO Y10 VO aVTIHETOMOTEL TO BN
avTo, NTav pe 1o dtunto (Anpokpi-
t0¢, ~360-460 1.X.).

H onpepiviy amoyn givat 6T, eKTg
NG GVVEYOVS COUTEPLPOPAS, VITAP-
YEL KO 1] TEPIMTOON TG OLAKPITI|G
petapoirc.

lNo ™ Swmpaypdtevon tov cvve-
¥00¢ YpeALETAL O UMEIPOCTIKOG AO-
YWouoG, €101 Ppébnkav Kot o omo-
paitnTo LobNUOTIKA Y10 TO GUVEYES.
Avto odnynoe oto va Beopndel
OTL T0. KLplopyo HOONUATIKA Y10 TO
ouvexés, ival 0 OmEPOCTIKOG AOYL-
GLOG.

To diapitd Opmg dev Umopel va. me-
PLYPOPEL LUE TOV OTEIPOCTIKO AOYI-
OO, KO TPETEL VO, YPT|CLLOTOIN 000V
o KOTOAANAL pobnuotucd. Ocov
aQopd TIG Ol0KPITEG UETUPANTEG,
OVTEG WITOPOVV KAT® Otd OPICUEVES
ouvOnKeG Vo aVTILETOTIGO0DV ®G
ovveyelg, OMWG m.Y. OTN TPOCEYYL-
o1 afpoloUATOV PE OALOKATPOUOTO.
H oavtetomon avt] mpoépyetat
amd TOV OMEPOCTIKO AOYIOUO, Kot
amotelel Pooikn TOL TPOGEYYION.
Emopévemg, o amelpootikdc Aoyiopog

OTOYEVEL VO, KETPALEL TO GUVEYEG.
Mével 6pmG vo, SOVUE KoL T GLUTE-
pLpopd g evone. Avtd Ba to ee-
TOCOVLE TOPAKATO!

H IlepinToon mg Appnrucig

Avtrypaeovtog amd To TpOAOYO TOL
Bipriov “Introduction to Mathemati-
cal Logic”, tov E. Mendelson, mov
avaeépel 0tt “In the belief that be-
ginners should be exposed to the
easiest and most natural proofs, I
have used free-swinging set-theo-
retic methods. The significance of
the demand for constructive proofs
can be evaluated only after a certain
amount of experience with math-
ematical logic has been obtained”,
(Bepd O6T1) | Gmwoyn avT) pwopel
v enektafel 6 0hovg TOVG KAG-
dovg Tov Madnpotikov. [Ipénet de
va emonpoviel 0Tt 1 avarTvEn ¢
aSlopotikng Oswpiog Tov Xovormv
ka1 TG Mabnpotikng Aoyiknig, éywve
petayevéotepa ToLv AploTOTéNT, TO
19° aicdvaL.

¥t mepintwon g ApOunTIKNg

éyovpe 000 €idn petafAnTov, TIg

ouvveyelg kat Tig drakpirég. Toyaivel
emiong otnv AplOuntikn va £xovpe

V0  SLOQOPETIKEG TEPLOYEG, OTOV

N TPAOTN OOTPAYUOUTEDETOL CLVE-

YElG yevikd petafintéc kot n Ogh-

Tepn Uovo dakprtég. Ot 6o ovTég

TEPLOYEG €lval OPOPETIKES KOl TO

LoONUaTIKG TOL TPOKVTTOLV €lval

dwpopetikd. ‘Exyovpe dniadn otnv

ApOuNTIKN TIC TEPIMTOGELS:

1. Tn dwumpaypdrevon yo 1o TAN-
Bog mov vrapyeL oE Eva opLopLE-
vo &idoc.

2. Tn dwmpaypdtevon Tov S10po-
PETIKAV EWOQDV.

H =mpotn mepintoon odnyel ot

Kown AplBuntikn, eved m dgvTepn

otV AplBuntikn tov Zuvorwv (to-

Ewvounon tov edov). IIpotod duwmg

nepiodog 4 — teuxog 18 « ®efpoudpiog 2013 7



nhpe oto Mabnuotikd Xovoia, B
KOV o pIKPN OVOOKOTN oY OTn
Kown AplOuntiky.

H Kown ApiOpntikn

[Ipota o dvBpwmog avémtvée oL-
OTNUOTIKG Tn Kot ApiBuntiky,
wroBét®m Yo AOYovg TPOKTUIKOVG.
KéBe «hédog Oepeldveron pe to
aSiopatd tov. Ilpémner de va Bopn-
Bobpe 6t Ta aidpata Tov KAGSoL
exepdlovv Kowd amodektég eumel-
pcég aAnfetec. M té€to oAnOeia
elvar 611 o1 apBpuoi dev €xovv mpo-
tiunon ot pia N v GAAN TAELPA.
H wWwmta avty ekppaletor omd
TO EUMEPIKO YeYOVOS (YVOOTO OF
0A0VG), OTL dev ypeldlovtol mapev-
Béoeig ot oyéoelc:

A+B+...
A-B-...

Agv éyer dNrodn onpacio n oepd
7oV B0 EKTEAEGTOVV Ol TPAEELG Q-
Té¢, T0 amotélecpa gival To ido. To
EUTEPIKO AVTO YEYOVOG EKPPALETON
ue ta aSlopato:

1. (o) xty=y+x,
B xy=yx,
2. (0) xH(ytz)=(xty)tz,
B) x(y-2=(x'y)z

To, mapomdve deiyvouv Kot TN dlo-
@opa uetald Tov 000 mpoceYyice-
®v, gdv ONAad” ypnoomombei to
EUTELPIKO YEYOVOS Y10 Vo Bpove Tal
afiopata, 1 ypnowonombodv ta
aiopata yio vo fpodue To eumept-
k6 yeyovoc. H dapopomoinon avty
oonyel apevOg OTNV TPUKTIKY, Kol
OQETEPOV OTNV OEIOUOTIKY OVTILE-
tomion. Opwg, o aSlopotikdg Tpod-
7o¢ kdvel To Mabnpotikd S0oKoAa.
o toyovoeg aplBunTiKég mocd™-
T8¢, ol mphelg g mpocheonc Kot
TOV TOAAUTTAQGLOGUOD 1KOVOTOIOVV
ta afiopata avtd. To a&loua (2)
OVOUALETOL TNG TPOGETAPIOTIKOTN-
Tag, 0o TPEmEL OULMG VAL TOPATIPHOM
Ot exepalel v Elderyn TPOGETIL-
potikdtroc. Ta mopamdve abid-
pota, 08V OVOoULYvOOUV Emiong TIC
npaceic. To yeyovoc avtd emtpémel
va gwodyetor pion pdvo mpdén, €tot

€YOLUE TN OLVOTOTNTO VO UEAETN-
GOVUE TIG GUVETELEG TNG TPAENS av-
g Té\og, elodyeTon T0 a&iopo:

3. X (y+z)=x-y+x-z

7OV SIVEL TO OMOTEAEGLO TOV GLUVOL-
aopod TV dvo mpdiemv, Kol ovo-
péletar g empeplotikdéTtToc. To
o&lopo avtd dev éxel €vvola OTov
glodyetal pio povo wpasn.

To 0VOWOTIKO YOPUKTPLGTIKO
™¢ Kowig AplOunTtikig €ivar 611
1 ko 1, kaver 2.

Tuyivetal Opwg 6tav BEAovpe vo da-
TPOYLLOTEVTOVLE TN TOEIVOUNOT| TV
dapopwv eddv; To Bépa ovtd dev
EUTIMTEL GTO OVTIKEILEVO TNG KOV
ApBuntikig. To dwumpaypateveTon
n ApBuntikn Tov ZuvoAwv, Tov To
OvTIKEILEVO TNG €lval OLUPOPETIKO
ond avtd ™G Kowng AplOunTikng,
Kol 0gv pmopel va, TpoéAbel | tat-
vounon tov 0oV (XOvoia), amd
Ko AplOuntTik.

Ta MaOnqpotika Xovoio

EEKIVICAUE TOPOTAVED LE TN KOWN
ApBuntikn, (opoimg kat yo T Kot-
vii Alyefpa), Tov pog etvat oo ot-
kela. Eimape, 0T1 0 016)0¢ TN £ivan
va dompaypotevtel 1o TAR00g Tov
vmapyel oe €va povo €idog. Otav
£€YOVLE TOGOTNTEG TTOV AVTIGTOLYOVV
o€ JLPOPETIKA €101, HLabape OTL ot
TocoTNTEG aVTEG dgv abpoilovtan,
Kot Oa TPETEL VO YPTCLLOTOUGOVLLE
OLQOPETIKEG PETOPANTEG, T.Y. LE-
TaPAntég pe deiktm, {x;}, yo va Tig
meptypdyovpe. Me tov Tpomo avtd
Kévovue Slo@pIopHo, onAadn Tagt-
vouneon, tTov LETaPANTOV. Avapipm
dg 0Tt M Ta&wvopnon avtn dev Eyxel
va Kkével pe to mAnbog mov vrap-
¥el oe kaOe €idog. Ta drapoperikd
OLMG €l0N UTOPOLV VO TEPLYPAPOVV
amd Tovg Puolkovg appove. ‘Etot
£€Yovpe SLLPOPETIKOVG GTOYOVG, KOl
SLQOPETIKEG LaONUOTIKEG TEPLOYES.
Otav €yovpe mocHTNTEG OV OVTL-
otoyolV o€ HETAPANTEG OV €youv
Tov 1610 deiktn (oTNV ovcia Egovpe
pio petafint, omdte Olampaypo-
TELOUNOTE TO TANBOG OV VIAPYEL
oTNV LETAPANTA aVTH), LITOPOVLE VO
TIG afpoicovpe, Kol TOIPVOLE Lo

TOGOTNTO OV OVTICTOWEL GE petTa-
BAntn Tov 1Wiov deixtn. Me avtd to
GKEMTIKO GLVAYETOL OTL:

H ovcwootiky] owa@opd pe v
Kowi] AprOunTtiki], givar 6TL GTNV
ApOpunTikn Tov Xovorov: 1 ko 1,
Kkavel 1.

"Evag Tpo@aviig ALoyog Tov ot Ao-

YK 0&v UmOPEL Vo EQUPROCTEL 1
Kowi] AplOuntiky, gival 6TL 61N
Aoyuci], pia aifgio ko pua Giin
oA 0€10, KAVOUY GUVOMKA pid aAr)-
Oswo  (evogyopéveg peydaAn), o€
ovtifeon pe 1o Paocwkd oToyyeio
™G Kowviig AplOunTikig mov givan
ot 1 xon 1 kéver 2.

"Eva amAd mopdadetypo mov deiyvel to

yeYovag avtod elvar OTav KATO0G, Yo
va emPefoidoel o TPOPANUO VYEL-
0G OV 10 Tpik péEBodog €deile,
xpnoonotel, yia va gival olyovpoc,
Kol GALEG loTpiké uebodovg. Xe me-
PIMTOON KOTAPUTIKNG TOVS OTAVTY-
ong, dgv onpaivel 0Tl &ywve TOAAEG
Qopéc appmatog. Me v emPePai-
®OT OU®G AVEAVETOL 1) EUTIGTOGVHVN
ot mpmtn néEBodo. Mropel dnrodn
vo unv glye peydin epumotoohivny 6N
pnéBodo avtn, OPMG pe v emPePai-
®oM g 0ev onuoaivel 6Tt avénonke
Kot 1 akpifeld . AnAadn, o€ Kot-
vovikd TpoPfinuata, n ApOuntikn
vt €XEl TOAAEG EPAPUOYEC. AVTO
TO EUTEIPIKO OMOTEAECLA OElYVEL e
amAd TpOTO TN d1apopd PeTad TV
800 aVT®V KAGOWV TG AptOunTIKnC.

O Nopog ™ Ta&vopunong

Ag efetdoovpe 10 TPOPANUA OV
pueAétnoe 0 AploTOTEANG, UE GNNE-
pvég ouwg yvaooels. Eidaue mopo-
v TN KoTovoun o €idn (peta-
pAntég). Xtn mepimtoon mov ovtd
glval ToAAG, B€hovpe va Ppodpe Eva
TPOTO Y10, VO TO, BUALOVIE GE OPNADES.
Eépovpe OUMG OTL TIS OLUPOPETIKES
peTafinTég o0ev pmwopovue vo Tig
afpoicovpe. [pénel vo Ppodpe Eva
A0 KavOVO Y10 VO KAVOLUE OVTH
v opadomoinon.

INo 1™ KeTOGKELT] OPAad®Y, YPEL-
aleTol vo. EVTOTMIGTOUV MEPLKEG
YOPOKTNPLOTIKES 1OL0TNTES TOV
gwov. M 1 mepiocdtepeg amd
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TIG 1010TNTEG OLTEG  dNUIOVPYODV
pio opddo. To emduevo Prua givon
va gvtayBovv ta didpopa €101 OTIC
OLAdEC. AV OTTOLTCOVLLE TO €100 Vo
€xel OAEC TIC O1OTNTEG TNG OUADAG,
TOTE KATOANYOVUE GTNV TAOTION TNG
opadog pe to gidog. H évraén ouwmg
dev yivetol pe autdv TOV TPOTO.
YV amhoVoTEPN TEPITTMOT ETL-
Aéyovpue n évradn va yivel 6Tav TO
€ldog éxel pio TOLVAAYLOTOV 1OLOT)-
10, TG ONAOOG.

H mopovcio pog 1816t tog cupBoii-
Ceton pe 1, (1 True), evod 1 amovoio
g pe 0, (1 False). Mg v 1d10tt0l
avt) Ba kévovpe v évtaén tov &i-
d0VG OV TNV €YEL, GTNV OUAdA TTOV
OVTI) AVTKEL

Baowég [lpacerg
pe to. Modnpotika Xovoio

Eidape mapoamdve O0tL Onpuovpyov-
vtatl opddeg wiottwv. Epocov ot
OLOLPOPETIKEG OLOTNTEG OEV UTOPOVV
va afpoisbovv, evilapepoUacTE VA
dodue v ovvomapén tovg. ‘Eotm
otL &yovpe 000 1010TNTEG, A KOl
B. Epocov ot d0tnteg avtég dev
afpoilovtal, pmopovue va €xovpe
TIG EMAOYEC:

e No vdpyovv Kot ot dVo,
e No vdpyet povo n pia,
e No unv vdpyel Kopa.

o to wpocdopiopd ce mown mepi-
ntoon Pplokouacte, ypelaleTorl vo
opicovpe dvo Tpatels:

1. H mpom Ppiokel edv vradpyovv
Kot ot 600,

2. H debvtepn Ppiokel 611 vEdpyet
TOVAG LOTOV LidL.

Me ) mpdtn mPA&n Umopovue vo
Bpovpue gdv vTapyoLvV Kot 01 dVO 101~
OTNTEG, LLE TN XPNOT O€ KAl TV 60
npaéewv  (ouvovaouds  mpdiewv)
&yovpe ™ OvvatdTnTo vo Ppodpe
€Qv vapyel povo pio 06T TO. TE-
Aoc, M devTepN TPAEN UmopEl emiong
Vo KGvel Tov EAEYY0, MOTE VO PNV
vmapyel kopia, (Undeviopdg TOL
omoteAéopatog g). E&etdlovpe
TOV OPIOUO T®V SVO AVTMOV TPAEEWV
Eeyoplotd.

1. Xt TpoTn TPAEN EVOLOPEPOUACTE
vao Bpodpe €Gv LITAPYXOLY KOl Ol
d00 1810TNTEC, Kol OVOUALETAL (OC
N «TOUN» TOV WI0THTOV awT®dv. H
paén avtn opiletar pe tov mivo-
Ko

A B ANB
1 1 1
1 0 0
0 1 0
0 0 0

Xt xoBopdovpévn onpaivel Ot
oTOY0G NG TPAENg eivan vor eAéyEet
€4V VTAPYOLV Kot 01 VO 1O1OTNTEG,
TO YEYOVOG 0TO dNAdveETOL e TO 1,
Srapopetikd Exovpe o 0.

ii. Am6 T1g 000 1W10TNTES, TIC A KO B,
n devtepn TPAEN mpocdiopilet edv
VIapPyEL TOLAGYLIGTOV pia 1d1dTNTO.
Ovopdletar g M «EvoOoT» aVTmV
TV 1310TTOV, Kot opileTatl pe Tov
mivoo:

AUB

A
1
1
0
0

o|l—|lo|—|w

OS|l—|—|—

v kaBoputhovpévr, onuoivel Ot
6TOY0G NG TPAENg eivar vo eAéyEet
€dv vapyel TovAdyloTov Lia 1010-
mra, Tov dnAmvetal pe 1, kot o 0
OTL OEV VTTAPYEL KOULEL.

Q¢ éva mopdaderypa g TpaEng av-
g purmopel va avapepbei n mepinto-
on TG OAAUYNG EACCTIKOV GTOVG
TPOYOVC €VOC OLTOKIVATOL: AVTN
yivetor 6tav avtd €yovv @Bapei,
N otav 1 {on tovg €xel Eemepdoel
oplopéva ypovia, 6motlo omd ta dHo
épber mpdro. Me 1 dnidvetar OTL
0 €\eyY0C Yo TNV ALY TOV €NO-
oTIKOV givar BeTikdg, ko pe 0 6tav
avtds etvar apynrikos. To {ntovpevo
omotélecpa Otvetal amd TV «Eve-
on» TOV W0THTOV.

H Ilpdé&n tov «Xvvendyeton

Extég amd T mopamdveo 000 mpd-
Eelg, ueydAn onuacio ot Aoy
€xeL KoL M TPAEN TOV KGUVETAYETAL.
Me ™ wpaén oavt) Oo Bpovue Tig

oLVERELEG TV LROBEécEV oL Yi-
vovtat. H mpdén avt dnioveton pe
mv oxéon A— B, xou v omoia
0o mpocdopicw. H mpdén tov «ov-
vendyeton mpénel va otnprydel ot
€va VOO adtap@iofiTnTng toyvoc.
‘Otav d¢ 10 6Ovoro B givar vwoo-
VOAO TOV 6VVOLOV A, TOTE OL 1010-
TNTES TOV A EIVOL KO 1O1OTITES TOV
B. Muw tétowa oyéon mdvto 1oyvet
v toyaio oovora A kot C, yio o
omoio mavrta 1oyvEL:

CnAc A

XpNoHonotdvIag Ty oxEcTN 0VThH
®¢G 00NY0, UTOPOVUE VO TPOGILOPI-
GOVLLE TOV TVOKO 0PLOROV TOV «GL-
VETAYETO:

A B A—>B

1 1 1

1 0 0

0 1 1

0 0 1
Emiong, efetalovrag tov mivaxa

0VTO, TOIPVOLLLE TNV 1G0JLVaLLiaL:
(A—> B)=(AVB).

Téhoc, avaeépetar OtL vRApPYOLV
Kol GAAOL TEAECTEG GYETIKOL pE TN
AoyiKn|, Tov OU®G dev Ba TAPOLGL-
0GTOVV.

Ewayoyn e Ahyeppog
TOV MoOnpotik@v Xovorov

To emdpevo Ppa gival To ToOg amd
mv Apuntikn wape otn Alyeppa.
O 1poémog mov dddoketan 6to Ilave-
momuo givor o adlopatikog. Tov
TPOUKTIKO TPOTO Yo TN cvvndiouévn
AlyeBpa Tov £dwoe 0 AOQOVTOC 0O
AreEovdpvog (200-284 p.X.), mov
glvolr auTdC OV TPADTOG ElONYAYE
v AAyeBpo mov SddokeTal 6TO
IMopvacio (to dvopa g Alyefpag
glvar apafikd, Kol YeVIKG mOTELE-
tat 0TL ot Apafeg v glonyayav). O
TPOKTIKOG TPOTOC OV PN CLLOTO1-
noe o A0QovTog, givol og yevikég
YPOUUEG M Swthpnon Tov aSlopd-
TOV TG YVOOTNG ApOunTiKng, Kot
TV Tpaéemv e Mépog dpmg TV
TOCOTNTWV TNG Yivovion oenpnué-
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VEG, YOPig aplBunTikn Tiun, dnAadn
AlyePpikég, Ommc Aéue onuepa.
H agaipeon avtr], pog emrpémet
va Bpovue yevikéC oY€0ELS, OV Vi
WOYOOLY Yl TIG OplOUNTIKES TIUEG
TOV OA®V TocoTT®mV. Ot GYECELS
avtég exkppdlovioan pe eE10MOELS.
Emopévag, ot e€icnoelg ivol Pact-
K0 ototyeio g AlyeBpac. Tn yevi-
KELON TOL €KOVE 0 AOPAVTOC, TNV
ePapuroce Kol Pprke TG Aeyoueveg
Avoeavtikég e&lomoetg. 1o I'opva-
oo oakolovbeitar o AQEOVTIKOS
(ONAadn 0 TPAKTIKOG) AVTOC TPOTOG
gloaymyng g Alyeppog, kot oyl o
a&1oUaTIKog!

Aopavrog o AreCovdpevs

Mmnopovpue va KAVOVLE TO OVTIGTOL-
X0 HE TNV AplBunTiKn TV Zuvorv.
¥t Swmpaypdrevon tov eElomoe-
@V OV TPOKVITOVV YPTGLULOTOLOVUE
ocuvnbwmg éva, 1| TEPLGGATEPOVG, OO
TOVG TOPUKATO KOVOVES:

1. MmopoULE VO OVTIKOTAGTGOVLLE
T0 évo pépoc uag e&iocwong, ue
A0 160dVVaLO TOV.

2. Kot pe ta 600 pépn wog eéicw-
ong umopei va wapbei 1 topn, 1M
évoon, Ue to 1510 Guvolro.

Epappolovtag tovg mponyovpevovg

KOvOVES, TPOKVTTEL OTL amd TiS €61

ocwoelg X = A, xu Y =B, ocvvi-

yovtat ot e€lotoei; X WY =AU B

kow X NY =A4ANB. Mg m ypnon

EMIOMNG AVTOV TOV KOVOVOV UTOPOV-

L€ VO TAPOLUE W0 GAAY], 1G03VVaLN

egiomon, omwg .y, and v e&icmon:

A=B, vo mapovpe tc elomoelg

ANB =T xau ANB = . lpo-

ofétovtagy, (dnAadr| maipvovtog TV

€veon), TIg oYECELS OTEG TOPVOVE

(ANB)U(ANB) =D .

Akyeppa BOOLE

Ovoudletar Alyefpa Boole, n a&io-
patikn Adyefpa mov agopd ta Xv-
voAa. Ot evdlapepdEVOL VO aGYO-
AnBodv pe Vv oflopatikny oo
OVTILETOTION TOPOTEUTOVIOL OTN
oyxetikn Piproypaeic. H aliopatt-
KN AAyefpa mov SlompoyaTevETOL
TIC TOPATAV® TOGHTNTEG, Bepelm-
Onke and tov G. Boole (1815-1864).
To cvumepdopato Tov ONUOGIEDTN-
Kav 010 ovopootd tov Pipiio «The

Laws of Thought».
/g 2
QNJ_-Q‘ -[x_.z} ‘{y,z?j
it
I i

H mapovoa nepintmwon amoteAet emi-
ONG oL KOAN TEPITTMOT Y10 VAL TPO-
PAnBel n dopopd peta&d mPaKTIKNG
KoL OELMULOTIKNG OVTILETMMIONG. 2TO
TPONYOOUEVO KEPAAOLO OVOAVCOLLE
TOV TPOKTIKO TPOTO Oeperimwonc g
AhyeBpag tov Xuvodlov. Me Baon
OUOC ToV aSIOUHOTIKO TPOTO aVTL-
HETOMIONG, EEKIvOVpE omd To abt-
opota (tov Ppédnkav eumelpikd!),
Kol fe ™ xpnon e Mabnuotiknig
Aoyig mpocdiopilovpe TIG cLVE-
meleg Toug. Telkd evamdkeltal 6Tov
KkaBéva va, emiéEel To Spopo mov O
oKolovOnoel.

‘Evo onpovtikd amotélecpo mepté-

yeTon otV gpyocio tov M.H. Stone:
The Theory of Representations of
Boolean Algebra, (1936), mov £de1&e
ot n apnpnuévn Arlyeppa Boole &i-
VOl 10000V HE TNV TPOKTIKY AA-
veppa TV Zuvorwv. AEOTOIOVTOC
TO GNUOVTIKO OVTO OTOTELEGLLO TOV
M. H. Stone, cuvayetoar 611 M Tpa-
KTk AAyefpa v Xuvolmv pmopet
Vo TEPLYPAYEL TO GOOTN LA

To Avamtoypa

A6 To Mabnpotikd yvopilovue 6Tt

pioe Mabnpotikn cuvaptnon pmopel
va avortoybel og o TAnpn Paon,
Yl TNV 0Toio VITAPYOVY TOAAEG ETL-
Aoyég, m.y. oe oepd Fourier, og mo-
Mwaovopo Legendre, «.a.. Eivat emo-
UEVOG TOAD OTUOVTIKO VoL SOVUE TL
yivetan pe po Aoyikn €kepaon.
Evdwapepopacte va Ppovue moiég
Paocwkég 1010TNTEG PMOpEl va. mEPT-
Aappdaver  Aoyikn avth Ekepaon.
To epdtnuo wov tifetan eivon edv
VRLAPYEL TETO0 AVATTLYLA, KOl TOL0
pmopel va givar avtd;

o vo amoaviioovpe 610 £pAOTN-
po avTd TPEMEL VoL EEKIVIIGOVE UE
TIG oTOWEIDdElG 1010t Tes. 'Eotm
OTL Ol JlAPOPEG OTOLYELMOELS 101~
0tnteg, Oivoviar omd Tovg OPOLG
{B,P,...,P}. Ot 1d10mreg ovtég
avagépovtal otn oebvn Pipioypoa-
olo ©¢ fundamental conjunctions.
®élovpe O0g va avamtdovpe po
Aoyikr ékoppoom, pe Pdon ovtéc.
Avtdc givar 0 61dY0g TOV avamTHY-
poatoc. Evoéyetar pepwkoi 6pot va
U1V VTAPYOVY GTO OVATTLYUO, Y10
™ ovyKekpévn Aoywkn mpdtaon.
Inueumote OU®S OTL GTO AVATTLY-
L0, Ol GUVTEAEGTEG TMV LITAPYOVIMV
opov eivar Tdvta icot pe Tt povada.
AnAaodn, pio 1010t €ite LIAPYEL
glte dgv vapyEL.

Empo0io

Yxomdg tov apbpov eivor va oyo-
AMdoel T odpour] omd TV KON
ApBuntikn ot Aoywr. Tt o~
wpayudrevon e Madnuatiknig Ao-
YIS ypelaletal N €0oymYn VE®V
TPAEEV.

Opog, yuo vo 2sei to Tpofinuo
NG OVTIUETOTIONS TOV TPAEEQV
OVTAOV, YPEELOVTOL KOIVOUPYLd
MoaOnpoTtikd, g Aoyknig'!

Avopéperor de ot1 aro nabnuo. « Yro-
Aoyiotikés  ueBodor  ePOPUOGUEVHS
PLOIKNGY, ToL Metomtoyiokot « Yro-
Aoyionikng Pvoixncy, BGo. yiver wo-
POVCLOGH TV TOPOATOV. o

YrevOopiletan 6t m Topovsioon yiveton pe
v a&lomoinon g Mobnpotikig Aoykng.
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Iepi tnc Taivounong tov Ewoov
(AproToTéing 0 Oegneir®ong)

Tewpyio¢ Os0dwpov
KaBnyntri¢ Tu. Quatkric

O oyohaopog mov Ba kave Poacile-
Tt 6Tov ApreTotéry. O oxolacog
avTdHG EEKVAEL OO TNV 0PYOLOTNTO,
oAAG mepriapPavel kor tovg He-
KTpoVikoug YToroyiotés. ®Oa pmo-
povoe va Aeybel 6T Tapovoidlm v
e€EMEN nEPIKAV WOEDV e TO YPO-
vo. Onwg pag Aéet o Hpdxhertog «ta
TAVTA PEWY, EMOUEVOG O APLOTOTE-
NG HE TIG 10£€EC TOV AVTIUETMTICE TO
TPOPANUA, OU®G 1 KOTACTOON Ogv
pével n . H avookonnon €xet va
kavel pe ™ Ta&wvounon tov Ewdv,
Ko ypnotponotel kuping  «Madn-
poTki Aoyuay, Opmg Teptapfa-
VOVTOL KOl 6TOLYEl0L TG LOONLATIKNG
Bewplog TV Zvvorwv, yopig OL®S
va yivetar dudkpion pe T Bewpia
oL AploToTéAT. OEAm O va Tovicw
ot dev oyoMdal® Priocopukd BEpa-
Ta, TOV OgV €ival NG approdIOTNTAG
pov. H aroym nov Ba mapovoiactel
exkQpalel Tov ypapova.

[No va kévo oOvdeorn pe mpoyevé-
oTePA pov Apbpa, avaeépm OTL 0
KAGd0g mov apopd T Koiwvy Apif-
untiKy ooyoleiton pe v opibun-
omn tov TABovg Tov VILApyEL gE i
uovo ouadda. I'a vo gpapudcovpe
OU®MG TNV aplOuNTIKY aVTN, TPEMEL
TPMTO. VO KATOTAEOVLE Ta, €101 OTIg
OLAPOPEG OHADES, VA dMLovpyn ooy
ONAodn ot opddes. Xto Bépa g To-
EWoOUNoNG TOV EWMV VINPYE EUTEL-
PN YVOOT], OUMOG ETGTNHOVIKA TO
OVTILETOTIOE OPYIKA 0 APIGTOTEANG.
To emompovikod épyo g «Ta&uvo-
punong Tov Ewdav» tov Apiototéin
OmoTeELEl AVOUPIGPNTNTA TO OMO-
VIIKOTEPO EMOTNUOVIKO €PYO TOL
£yive TOTE, amd TO 0010 TPOEKLYE M
Aoyw. Aniaodn, n Ta&véunon vi-
VETOL pE TNV apdpntuci Tne Aoyt-
KNG. AoyoAnOnke pe tn yevikn Bew-
pila g Ta&vounong, Kot oyl Le pio
cuykekpyévn texvikn. Ta to épyo
aTo, OTAV £YIVE, HEV LTNPYOV TO. KO-

TAAAN A0 LoBMpHoTIKG Yo VoL TO TEpL-
ypbwouv. 'Etot 0 Aplototéing, e TO
£€pyo Tov, TPOPOLE TNV AVOYKOLOTN-
To TV OVOpalOpeEvVOV «vEmV pabn-
LOTIK®OVY, £€6T® Kot Told vopic. Ta
LoONUoTIKG ovTé GpYLeOV GLOTH-
HOTIKE VO OVOTTOGOOVTOL PETE O
nepinov 2000 ypdvia. Zto cOyypova
UM UOTIKG, TV TEPIMTOOT 0LTH TN
dwmpaypatevetar 1 Mabnpotiki
Aoyuny. H oporoyio tov Apiototé-
an ntav «Tagvopnon tov Edovy,
7oV amodidel kot to otdyo. H mept-
oy ovvnbwg ovopdletar Aoy,
opmg 1 Mabnpoatiki Aoy avti-
npoconevel v APIOMHTIKH
THX TAZEINOMHXIHE, &nlodn
n ta&vounon yivetoaw pe v Apib-
untikny g Aoywne. H 0éon avt
yivetor @avepn] oto apBpo «Améd
™ Kowi] ApiOpntiky, oty Aoyl-
K1: Aprototéngy. H Aoyikm, petd
amd S14Qpopeg TEPIMAUVIOELS, EVIO-

Ag dolpe OH®G TO TPAYUOTO [LE TNV
LOTOPIKY| TOVS GEIPAL.

H xown Ap@pntikn

Amd TG KoOnuepvEG avaykeg TOL
avOpdOTOV, TPOEKLYE 1| aVAYKN Vol
vroAoyiletor To AN 0og oL VITAPYEL
o€ KaBe opdda. Anradn, TPoEkvye
N avaykodtta g apibunong twv
MEPUITAOCEDY TOV OVIIKOVV CE 10l
uévo opddo. ‘Otav peletodpe TO
naM0og mov vapyel o€ po. povo
ondod, YPNOLUOTOLOVUE TN KON
aplOunTiK.

H Emotnpoviki M£0odog

Ytoyog tov avOpdTOL ATd TNV p-
¥ootnTa. MTaV VO KOTOVONGEL TN
GLUTEPLPOPA TNG GVOTG, £TCL YEV-
vitnke n Drhocopia tng Pvonc.
OeueMTg ™S ELA0GOoPIaG aVTAG
givalr o @aiig 0 MiMe10¢, Kol oL-
VETELNL TG TPOGEYYIOTG QLTS Elvan

mioOnKe 610 PLOKO TNG YDPO, OTIG
Oeticég Emompec, xon ovopdleton
MoaOnpotiki Aoy, étot dgv om-
ovpyodvtor acdapsie. To TeEAKo
ocoumépacpo gival: ApeToTEANGS 0
Oepeaong

Kol Ol OTOKOAOVpEVEG ofjuepa Du-
owés Emompes. O 61006 toov Emt-
CTNUOV aLT®V givar 6To va e€nynBel
1 CLUTEPIPOPE TNG PVONG pE Pdon
HepKovg Kovoveg, mov ovopdlove
Nopove. I'a va givar amotedeopa-
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TIKN 1 TpoomdOeln ovTr, TPETEL VOl
ompileton og pa evdeley| pédodo.
Tn péBodo avtn v elonyaye o Oa-
Mg, kou glvan por kopvoaio cuvel-
opopa Tov apyainv EAARvov.
Xopewvo pe ™ uébodo avtn, 1O
TPMTO WOV Yiveton glvan vo Ppioke-
TOL EUMEPIKA 1| CUUTEPLPOPO TNG
@OONC, KOl OVTO EMITUYYOVETOL LIE
mv mapotipnon tg. To emoduevo
prpa etvar va Bpebodv ot vopor Tov
OLETOVV TN CLUTEPLPOPE TOL TTAPO-
mpnonke. Ze avt) ™ KoteLOLVON
gtvol TPOCAVOTOMOUEVT Kot 1) OT-
puepwvn mpoomdbela epunveiag TV
eowvoueévav g eoong. Ta va Ppe-
Oel 0 1 ocuvolikn ewdva TG POONG,
npénel va petpndet 1o mAnboc mov
VIapyel o€ kGBe oudda, OUMG aVTO
elvat 1o 6gvTEPO EmMinedo.

H To&wvopnon tov Ewdov

To Bepelmoeg eninedo sivor n Taét-
vounong tov 0av. Eidaue topoamnd-
vo 611 To TA00G o o opada pe-
TPATE LE TN Kolvn apduntiky. [1pé-
el OUOG TPOTO. VO Yivel 1 Ta&ivo-
UNON TOV EI0MV G€ OULASES, TOV Elval
Baocwdétepn dwdikacio. To BEpa to
OVTILETAOTIOE EMOTNUOVIKA O Apl-
OTOTEANG OTO KOPLEOi0 TOL £pyo
g «Ta&vopnong tov Ewwavy. To
0éua aVTd GYOMAGTNKE OE TPOYEVE-
oTEPO LoV GpBpo: «AT6 TN KON
AplOunTikn, 6t Aoyki): ApiTo-
1. O pobnpatikég Tpa&elc Tov
ELGAYOVTOL Y10 TN S0Py LATELOT)
MG TMEPITTOONG AVTNG, TOPOLCLE-
oOnkav oto mpoavapepBEv apbpo.
O pdéelg avtég elodyovtan pe mi-
VOKEG, TOV OIIOTEAOVV KOl TO GUVI-
Owopévo TPoOTO SLTPAYRATEVGNG
10V [Ipotaciokod Aoyiopov.

H opoloyia 100 Apiototédn nMTov
«Ta&wvopnon tov Ewvovw. Xto
oLYYPOVE HOONUATIKA YPTCLLOTOL-
gltor o 6pog «MaOnpuatiky Aoyr-
K1, TPOPAALOVTAG TNV OVTIUETD-
O™ TNG TEPOYNS ME HOOMUATIKA.
Ouwg ta pabnuatika tov o ypnot-
pomoinBovv oto mapdy dpbpo eivar
AmAd.

[pénet 6e va emonuoviel 6t X1
Aoy1K1], TO KGO €160 OV 6GVV0OED-
£TOL e TNV TOAVOTNTO EPPAVIGNG

T0V. AVT6 YiveTtan 611 Bempia g
IIinpogopiag, 6wov cuvvovalerm
70 €id0¢ pe 10 TA00c (MmBavoTnTO
ERPAVIoNC).

2openva pe Tov AploTotédn, o€ Ka0e
duvNTIKO €idog (TpoTaoN) A TOV GL-
OTILOTOS, VITAPYEL KOl TO OvVTIOETO
70V, TOV cvpPoiileTan pe —A.

Avt glvar 1 arhodotepn mepinTto-
on. H xotdotaon yiveror moivmho-
Kkotepn ot fussy logic, aALG pévov-
pe pe v KAooikn mepintmon. To
emopevo Prpa eival va €l0dyovpe
TPAEELG TOL VO avTIHETOTILOVY TNV
ocuvOmapEn  SLPOPETIKOV  1O10TH-
tov. To Bépa avtd oyoldotnke 610
TPOYEVESTEPO OV GpBpo «ATo TN
Kowi AplOpnTikil, ot Aoywi):
Apwetotéingy. 1o mapdv apbpo
Ba yivel mepoitépm GYOMAGUOG TOV
0éparog.

O hoywopog g Ta&ivopunong
H ta&wounon éyxet 1o dwcd g Ao-
yioud (mov eivan petayevéotepog!).
Anhodn, Yo TV OVTIPLETOTION dlo-
QOPETIKAOV 1O10THTOV, EIGAYOVTAL Ol
TPAEELG IOV TIG OTOKAAOVUE «EV®-
oM Kol «Topn», kol cuppoiilovron
pe vV ko A avtiototya. @Elovpe ot
TPAEELG TTOL €16AyovVTaL HETAED TOV
100TATO®V VO IKOVOTOLOUV TIG O)é-
OEL:
1.AVB=BV A, ANB=BAA,
Avtyuetaletixés lo10tnteg,
2.Av(BvC)=(AvB)vC
AANBAC)=(AAB)AC
Ipooetepioties 1010thTe,
3.AAN(BVC)=(AAB)v(AAC)
AV(BAC)=(AvB)A(AVv ()
Emuepionixés 1010tnreg.
Ta a&idpata ovtd givor avtiotolyo
UE QUTA TNG KOWNG optOUNTIKAG.
Boowod eniong otoryeio ot Ma-
Onuotik Aoywn etvar 1 EdAeym
moAlomAdtTag. To dedopévo avtd
exepaletor pe v 11T TOL:
4. AV A=4, A N A=A,
Ellewyn mollamlothrog.

H oyéon avth dniovel 6TL o mpd-

&n mov mepapPdvel apevog Eva
VTOGVVOLO, KOl QPETEPOV TOV E0L-
TOV TOV, €V UTOPEL VoL dMOEL d10pO-
PETIKO LTOGHVOLO.

Opiletor emiong 6t kdBe 1WB1OTTOL
wavomotel tn oyéon:

5. —|(—|A) = A N

Anlaon, n avtifetn g ovtibetng
elvour i 101 1010TN 7O

H mpa&n avth givon avtictoym g

oY£ONG Y10 T0, GVVOAOL (A) =4, om-
Aadn OTL TO GUUTANPOUATIKO TOV
GUUTANPOUATIKOD EVOG GLVOAODL &i-
V0L TO OPYLKO.

H ntpdi&n g «Touneg» 600 1dotTev,
wavomotet T oyéon:

6. (ArB)c A4,

2xéon amoppoOPnoHg.

H npdén avt elvar avrtictoym g
ANBc A yuw 1o obvora. H oyé-
omn ot givar 1 fdon Yo ToV opIpo
g TPA&NG Tov GuVERAYETAL.

Téhog ovapépetor 0TI, TPEMEL Vol
&yovpe évo kavdvoa mov vo Kobo-
pilel mwg va Ppioketon 10 avtifeto
NG «EVOONC» KOl TNG «TOUNG» dV0
1010TNT®V. AVTOG O KOVOVAG OVOLA-
Cetan oyéoelg Morgan, kot gival ot
OY£0EIG:

7. —|(AVB) = (—|A)/\(—|B),

2yéoeic de Morgan.

O1 mpdaéelc avTtég ivat avTioTolyes

(AUB)=ANB
(A mB) = AU B y10 10 cOvolo.
Emonuaivetan 011, Eekivavtog e
TIC TOPOATAV® GYEGELS, LITOPOVLLE VO
Bpovue Tic mpaselg peta&d cvvOET®V
opadwv. Télog, eivat To avtikeipevo
Tov Mafnpoatikedv vo avartoéovv
a&1oUaTIKA TO KAASO.

TV Ko

To MaOnpatika Xovoia

Tov 19° awdva Eexivnoe 1 avamtuén
TV Mobnpatikodv yo v meptypo-
oM ¢ Ta&wounong o dvon, on-
AodM tov Mabnuotikdv Xovolwv.
H mepintoon tov AMyov domtov
amoTeLEL i TEPIMTOOT Y10 VAL EXOV-
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ue Aiyeg opadec. H mepintwon ot
umopel va enebepyootel kot yopig T
xpon eWvedv padnpatikeov. Otov
OUMG VIAPYOVY TOAAEG 1010TNTEG,
to1e gival mpotiudtepo vo emebep-
YOOTOVOUE TN MEPIMTOON UE TN YPN-
o1 E0IKOV PABNUATIK®V, Y10 Vo PV
vrdpyet ovYyvon. H ovyyvon npoep-
yotov amd 1o yeyovodg OtL To padn-
poaTikd TS Aoykig givor owe@o-
PETIKA 00 Ta KO podnportikd,
KOl TNV €m0YN TOL APIGTOTEAN dgv
VINPYOV TO KOTAAANAQ pafnpoticd
Yo Vo TEPLYPAWYOLV TN KOTAGTACT).
To Oépo avtipetonictnke poévo pe
PLLOGOPIKO TPOTO, £TG1 KOl 0 Aptl-
OTOTEMG evidyOnke amoKAElGTIKA
oToVG PL0coeovs. To cuumépacua
glvat 6T 0 ApIGTOTEANG YPTCILOTO-
NCE Ta VIAPYOVTO, TOTE PaBNUATIKA
v vo avortoéet to 0éua, opwme and
tov 19° aidva dpyrcav vo avantdo-
ooVTOL TO KOTOAANAQ pafnuotikd,
Kot €101 To 0épa emeepyaletal mAE-
OV KOl L€ TN YPNOT TOV pnodnport-
kv avtov. O kAddog ovoudletol
MoaOnpotwki Aoy, étol Egyopi-
{el amd ) OIAOGOPIKT OVTIHETOTL-
on mov ovoudleTonr Aoyuk).

To, pabnpoaticd mov eiyov avamto-
y0el oV apyodtro MTOV OmoOp-
pota g Kowng apfuntiknig. Opwmg
TO. LOOMUOTIKG TOL GUVETAYETOL 1)
Aoyikn Tov ApteToTéAN givat dlopo-
petikd. H mpdtn cuotnpatiky ova-
toén tovg éywve Tov 19° aidva, pe
To pofnuotikd Zovolo. XIn yevikn
nePinTOO, T0 GVOTNHA £XEL £vOl GU-
VOAO 1O10TATOV, KOl 1] HEAETN QUTN
yivetal pe tn ypnon tov pobnuott-
KOV X0VOAQV, (opdda Orapopeti-
KoV 101tiTy). To Baowd onueio
glvar 611 T0 KUBE GTOLYEID TOV ZLVO-
AOV OVTUTPOCMOTEVEL KL W10 O10PO-
PETIKN 1010TNTO, EMOUEVMOC 1 LoON-
patikn fempio Tov Zovorov arote-
Ael avtipetomon g taSvopnong
Tov oy, Ilpopavae, omv mepi-
TTOOT LT OEV UTOPOLV VO EQOP-
LOGTOVV 01 TPAEels Tng Kowng apib-
unrikne. Xperalovtol dAleg TpaEers.
Ot mpdéelc avtég Tpospyovral amod
™ Aoyikn tov AptoTotéAn. Anladn,
N padnpatikny Osopio ToOv Xovo-
AOV ovTIPETOTILEL TNV coviTOp-

én OL0POPETIKAV 1O10TINTOV. AvTi
omiadn va &povpe moOAAES Qopég
™mv 010 1010TNTa, £0VNE TOLAEG
Kol owoQopeTikég wotnTes. ‘Etot
n «Ta&vopnon tov Ewov» sival
N Pdéon g Bewpiog TV padnpoTi-
KOV Xovorov. Tehucd propovpue vao
moope ot «H Aoywi) Tov Aproto-
Téln amoteiel To Ogpéio LiBo g
Emoetpovikiig MegBodoroyiag ko
TV MaOnpotikov Xovoromvy.

Yto TAaiolo avTig TG HeAéTNg opi-
{eta1 10 GUVOLO TV SLVNTIKAOV 1510~
TNT®V TOV GLGTNOTOS. Mg TO GUVO-
A0 TOV 1O10THTOV OVTOV, (TEPIALL-
Bavopévev kot tov aviifétov Toug),
dnpovpyeital Eva yevikd chHvoro, TO
omoio ouvnBwg cvuPoirilovpe pe Q.
To chvoro avto eivat cuvnBwg meme-
pacpévo, og avtibeon pe to cHvoro
TOV 0pOPOV TNG KOWNG APIOUNTIKNAG
mov givon amelpo. ‘Eva ouvoro 1d10-
TATOV TOL GULOTNUOTOC, OTOTEAEL
éva vroovvoro tov Q. T va dei-
Eovpe eMOMTIKA TOw0 UEPOG TOL Q
TEPLOUPAVETOL GE €V VTOGVHVOAO,
T0 TEPIKAEIOVLE OE U0 KAELOT KO-
UTOAT, Kot £TGL O1LLLOVPYOVVTAL T
dwypappato Venn. H «évoorny 600
neploy®@v Venn divel T0 GUVOAO TV
W0TATOV OV VILAPYOVY GTO GVGTN-
po. H «topn» toug diver Tig Kowveg
W10TNTEG OTIG 00O TMEPMTOOELS. To
UNoEV TNG KOWNG aptOUNTIKAG aVTL-
oTOlY el 0T0 KEVO cOvoro. Emiong, o€
Kkd6e vrocvVoAO ToL Q, Tov cupPo-
Alleton pe X, pmopovpe va opicovpe
TO VTOGVUVOAO T®V SLUVNTIK®V 1010-
THTOV TOV GLGTILLOTOG TTOL OEV TEPL-
Aopupdvoviol 6To VTOGHVOAO OTO.
To vToGHVOAO AVTO TO ATOKOAOVIE
GUUTANPOUOATIKO TOV X, KOl TO GLU-
BoAiCovpe pe X .

Ot WwoTeg evog ocvotirotog o
UTOpPOVCaY VO, YOPLOTOVV GE GTOL-
YEWDOELG KOl oOVOeTES, £TO1 €val X0-
voAo Ba uTopovGE Vo OPIGTEL MG Lol
OULAd0 GTOLYEIMOMV 1010THT®V. Mia
oumg Bempoduevn LTV TNV €mO-
YN OTOELDON 1310TNTO, UTOPEL GTO
pUEALOV va. amodetytel cuvOeTT), O
Y. €€l ovuPel pe TO OTOLEIDON
copdTo. AvopépeTol O OTL 61N [o-
Onuoatikn Beopio Tov Zovormv, ot
TPa&elg mov glodyovtal, Kot cuppo-

Mlovtan pe U ko1 M, ovopdlovron
eniong «Evoon» Kol «Topny, OTMG
kot 6T Mafnpotik) Aoy,

Bépara ko Advvato Xvvora

Me Bdon to Topandve, TopaTnpov-
pe OTL PEPIKA GUVOAN 1KOVOTTOL0V-
VIOl TAVTOTE, Y10 OAEG TIG OLVNTIKEC
1010tNTEG TOV SvoTnuotog. To ov-
volo avTd To amokalovue Béfaia.
‘Eva. této10 mapdderypo eivor to
AV (—A4), ywa to omoio &govue TOV
mivakoL:

A —A AV (=A)
1 0 1
0 1 1

Amd T0 OmOTEAECUA OVTO, £YOVE
eniong tov xovova: H évoon gvog
GUVOLOV HE TO GUUTANPOUUTIKO
TOV, givan TAVTA TO YEVIKG GVVOA0.
Eniong napatnpodpe 6t pepikd cb-
vola ovdémote wavomolovvtal. Ta
GUVOAO. QVTA TO OTOKOAOVUE AJD-
vata. 'Eva 1€1010 Topdadstypo sivot
10 AA(—A), yu to onoio éyovpe
TOV TTivakoL:

A —A [ Ar(=4)
1 0 0
0 1 0

‘Etor maipvoope to anotérecpo: H
TOpM1] €vOG GUVOAOL PE TO GUUTAN-
POUATIKO TOV, EIVOL TAVTA TO KEVO.
Téhoc vrhipyel KAl 1 EVOLOUEST TE-
pintwomn, 6Tov Ta GHVOAN IKOVOTOL-
00VTOL V1oL OPIGUEVEG ETIAOYEC TOV
1O10TNT®V TOV GLOTHLOTOC, KOl Oyl
v k60 emhoyn.

Ynoloyrotég
Ko Kotvi] AprOpun ik

Eivor yvoot n odvdeon tov Hhe-
KTPOVIK®OV Y TOAOYIGTAOV LLE TN KOWN
ApOunTikn.

ZopQovo pg T Kowi] Apllunti-
K1: Ov vworhoyvotéc KAVOUV TTPA-
Eeig.

Ymroloyrotég kKo Aoy

‘Exer yiver ko) cvveidnon 6t ot
HAextpovikol Yrohoyiotég cuvoéo-
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vton pe v Apiuntikn. Me ovtd to
oKeNTIKO Oa mepipeve Kaveig 0TL, Kol
1N Aoyin| Tov Apiototédn Oo wpémet
VO GUVOEETOL € TOVG VTTOAOYIOTEG,
oAlmg doev Ba Tav apBuntikn!
Bpnikope to BéPara cdvora, mwov
oMUaivel OTL To GOVOAQ OVTH IKOVO-
TOLHVTOL Y10, OAEC TIG EMAOYEG TOV
ocvotiuotoc. H di6tra avt sivol
OGS KOl 01 GYECEIC HETOED TOGOTH-
TV oV Tdvto 1oyvovy. Emopévad,
LITOPOVLLE VO, YPNCLLOTOU|GOVLE TOV
VTOAOYIOTH Y10 VO KOVOLUE OITO-
deitelc. Me Baom 10 OKETTIKO OVTO
UTOPOVUE VO TOVUE: ZOUOPOVAE NE
™m Aoyl tov Aprototéin: O
VOLOYLOTEG KAVOUY OTOOEIEELS.

Q ®duoikn YAikwv

. Kwvotavtivoc KaBovvng
Avan). Kabnyntric Tu. Quaikiic

H 1otopia Eexva amd to €tog 1883
t61e Tov 0 P. Groth dwopiletan Ka-
Onyntig opvktoroyiag GTo TOVETL-
omuo tov Movdayov. O Groth gp-
yalotov Tave oty taSvounon tov
OPLKT®V OAAG KOl T®V YNUIKY 7To-
packevalopevov kpuotdiiwy. Eiye
v vBVVN NG £KGOOTG TOV TEPLODL-
KoV Zeitschrift fiir Kristallographie

Paul von Groth

Empo00

O Apwrtotédng pue v To&woun-
on tov Ewdov dnuovpynoe o
véa apluntikr, mov v ovoudlov-
pe Mafnpatiky Aoyikn, yopig va
VILAPYEL TPOTEPT EXICTNLOVIKY] YVO-
omn o€ VTNV, ToPA LOVO EUTEIPLKT.
To éxave maparypovras t @OON.
Xopic ™ ypnon Tov KatdAAniwv
poOnUoTIKGY, dNUIoVPYEITIL OUMG
GUYYLGON GTNV OVTILETAOTION TNG TE-
pLoyng.

Suyvd yivetow culitnon yo v €
COY®OYN TOV «VEOV» HOONUATIKOV
otV gknaidevon. Movo mov ot pileg
TOV LOONUOTIKOV 0VTdV £ival TOGO
Véeg 6GO KOl 0 APIGTOTEANG.

Emiong pe ) ypfion t@v Hiektpovi-
KOV YTOAOYIOTOV UTOopOvUE VO KO-
voupe omodei&els. Eivan e avtikei-
pevo twv Modnuatik®v va, avamt)-
Eovv Vv Teployn (Bempio amodeile-
v, k.6.). Otoav 6g avomtuybovv ta
KatdAAN Ao pabnuotikd, o Yaoloyt-
OTNG NUTOPEL VO TPOYPOUNUTIGTEL
Y0 VO TO, OLEKTEPULMDVEL.

Tehkd, mpémel va avapepbei 6TL TO
TPMOTO TPOTLTO Y10 YTOAOYIOTH, TO
unyovioud Avtikvdnpav, tov £QTio-
Eav or Apyaiot ‘EAAnveg, mpwv amod
nepimov 2000 ypovia. ®

100 XPONIA IIEPIGAAXHX AKTINQN X

und Mineralogie kot e£€6mwoe TOLG
TpmTOVG 55 Topove. E&édwoe emi-
ong yxewpodypapa tnv Chemische
Kristallographie, o€ mévte tOpHOLC.

To 1900 o W.C. Rontgen odiopile-
Tl otV €0pa mepapatikng du-
ouKNG, evd €&L ypovia petd o A.
Sommerfeld dwopiletar omnv £dpa

Wilhelm Conrad Rontgen
© The Nobel Foundation

Bewpnrikng Gvoikng tov Wiov Io-
vemotpiov. Etor dnpiovpyndnke
évag mopnvag eEgxovimv Kabnyntov
oV ThouctmONKay and eEupeTIKoNg
ouvepyateg onwg Bo Sovpe mapaKd-
to. To Ivetitovto tov Rontgen Ntav
amo T, O EVPVYWPO. , GE EEYWPLOTO
KT{plo 6TO TAVEMGTNOKO GLYKPO-

o 6mov epyaldTav Kupimg yo v
dtededkavon TG PUONG TV AKTIVEOV
X. Méypt 1o 1922 eiye emPréyer 25
S1O0KTOPIKA.

To Ivotutovto Ocwpntikng duot-
kng tov Sommerfeld, mov 61€0ete
KOl EPELVNTIKO epyaoTtiplo giye pel-
Vel kevo amd 10te mov o Boltzmann
0 donoe v vo mher otnv Biévwn.
H wdpa mepopotikny epyacio. tov
Sommerfeld ftov n peiétn otpo-
Biiddovg ponc. Eixe Bonbovg toug
L. Hopf, W. Friedrich kot P. Debye,
tov omoio o Sommerfeld giye mapet

Arnold Sommerfeld

padi Tov omd o Aayev 6to Movayo,
otav d&ynke v €dpa. [pw Tovg
ouvtopa dnpovpyROnKay  opddeg
QOUTNTAOV Kol OTOPOIT®V UE OTEAE]-
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oteg ov{NTNOoELS TOL aKoAovBovoay
To GEUVAPLO Kot 6tav 0 Kopdg 1o
enétpene ot ov{NTNoE HETOQE-
POVIOV GTO OLUOTUO TOTE KOVIIVO
ko Lutz. Avapueoa otoug eortntég
vINPYOV TOTE KOl EMOKENTES TEPO-
oTIKol amd TNV TOAN 6TwS ot podn-
paticoi Herglotz, Carathéodory kot
Schoenflies. O povog mov dev gp-
yo6tov NTav o Rontgen mov elye o
QLGIKY] GEUVOTNTO KOl OTEPEVYE TE-
TO10V €100Vg cvvadpoicels.
Téooeplg amd TOVG SOUKTOPIKOVS
onovdaotég tov Sommerfeld, ot W.
Heisenberg, W. Pauli, P. Debye, ot
H. Bethe képdicav Ppafeioc Nobel,
eva dAhot, ewdikotepa, ot W. Heitler,
R. Peierls, K. Bechert, H. Briick, P.
Ewald, E. Feenberg, H. Frohlich,
E. Fues, E. Guillemin, H. Honl, L.
Hopf, A. Kratzer, O. Laporte, W.
Lenz, K. Meissner, R. Seeliger, E.C.
Stiickelberg, H. Welker, G. Wentzel,
A. Landé, xou L. Brillouin éywav
To 1010 Sudonuot. Tpeig amd TOVLg
UETATTUYIOKOVG  OTOVOAGTEG  TOV
Sommerfeld, ot L. Pauling, I. Rabi
and Max von Laue, képdioav Bpofeio
Nobel, kot 6éka GAror, ot W. Allis,
E. Condon, C. Eckart, E.C. Kemble,
W. V. Houston, K. Herzfeld, W.
Kossel, P. M. Morse, H. Robertson,
W. Rubinowicz kot W. Rogowski
&ywav 1o 0o ddonuot. O Max
Born wicteve otig duvatdTnTEG TOV
Sommerfeld mov meprapupavav tnv
avakdAvyn Kot ovamTuén Tov ToAE-
vtwv. O Albert Einstein eine kdnote
otov Sommerfeld: «Avtd mov Oav-
pnélo edkd Yo cog givar 0Tt €xete
GOUPIAATAGEL, KOTE KOTO0 TPOTO,
amd TO YMOUO, EVOV TETOWO WEYGAO
aplOUd VE®V TOAEVTOVY .

Max von Laue
© The Nobel Foundation

To 1909 o Laue, ayamntog poabntng
tov Planck pe didaktopikd oto Be-
poAivo mpocympel oV opdda
Sommerfeld. To evdapépovtd Tov
K@AvTTay 10 obvoro tng Duoikic.
Eypaye v mpod) povoypagpio tov
otV (e01kn) Bewpia TG oYETIKOTN-
Tag, eved d1€0ete Pabeiég yvmoelg og
Oeppodvvapkn, oaxtivoforieg kot
ontikn. To 1911 cvpedvnoe va ypa-
YEL £VO KEPAAOLO GYETIKA LLE TNV KL-
HOTIKY] OTTIKY. AVTO 1O £T0G TOVTPED-
ke Kol to (gvyog eykataotdbnke
omnv Bismarckstrasse ka1 kpdtnoe
TO OTHTL TOVG OVOIKTO GTO VEMTEPQ
UEAN TNG OUASOG PUGTKTG.

To 1910 o P. Ewald amodéyeton pe
evBovolacpd ond tov Sommerfeld
0éua ddaxtopicoy pe titho «Omti-
KEG 1010TNTEG AVIGOTPOTNG JATAENG
160TPOTTOV ToAOVIOTOV». To Bépa
neplerdpupove pekétn tov deiktn
d1bhaong 68 aVIGOTPOTOVS dOPaL-
veig kpuatdAdovg Kot TV Eaptnon

P. P Ewald
©IucCr

Tov Ogiktn 01G0Aaocng and TV ov-
AVOTNTO TNG QPOTEWVNG OECUNG TOV
ELGEPYETAL OTOV KPOOTOAAO. Emtpene
Oumg vo 600l amdvinon o6to THS
TO PLETOTO KOHOTOG O10didovTay e
OLOPOPETIKEG TAYVTNTEG E€VTOG TOV
KPLUGTOALOL Kol TL GUVEPOIVE OTN)
OEMPAVELD KPUOTUAAOV-0EPO. DOTE
VoL EYOVUE POVOUEVH AVAKAOOTG KO
dubraone. To telkd cuumépocua
Ntav vo moapadeydel O6tL M dopkn
OV1IGOTpOTio, NTAV KOV amd POV
g va dnpovpynoel dmdn dtdbra-
o1 TPV ATOOEYTEL TO 1010 Yo piat EV-
dOYEV LOPLOKT OVICOTPOTTiO.

Me driha Adya dexdtav, OTL OTav 1M
OTTIKY aKTiva mepvovoe HEGa GTOV
KPUGTOALO TO TEPATOTIKA oTOlYElD
TOV KPLGTAALOL TNV TTayidevav Kot

oMo t0 cvotnua apylle vo dovei-
Tt ovtoévouo. Ta omotedéopata
g €peuvag Tov To. Emainbevce og
kpvotodro (CaSO,), xotd cvpfov-
M tov Groth. Ilpw teleiwosl v
ovyypapn tov BEpatdc Tov {noe

W. H. Bragg, W. L. Bragg
© The Nobel Foundation

and tov Laue o cuvdvinon. Exel o
Ewald tov e€nynoe, nog viébece 6Tt
o1 dovnTéG popta Bo Emperne va givot
KOVOVIKG emavaiapupovopeva mévo
o€ évo diktvmto mAéypo. O Laue
{Mmoe 10 Adyo avTng TG VTdbeomg
Kol @OVNKE VO 0yVOEL TNV €0mTEPL-
KN KOVOVIKOTNTO TOV KPLUGTAAA®V.
Znmoe vo, padel mowo NTov 1 oyé-
o1 amOCTACTG TOV OOVITMV LE TO
UKo KOMATOG Kot Tt B yvotav av
EYPNOUOTOLEITO aKTVOPOAID. TOAD
HIKPOTEPOL UNKOLG KOpoToC. Tote 0
Ewald tov éde1&e xan Tov mapédwaoe
€vav TOTO 7OV TEPIEYPUPE TNV OA-
ANAemidpOoT TOV KUUOVOE®V TTOV
Swadidovtav amd tovg dovnTég, GTOV
omoio katéAnée Kot mov UTOPoHGE
Vo EQUPUOCTEL Y10 KAOE PUNKOG K-
patog. H ovvavinon teieimoe Aiyo
petd 6tav o Ewald avteAnedn ot
o Laue énaye vo Tov axovel e v
idwo Tpocoyn. H epyasio mov mept-
€xel autn v cv{Atnon eueoviot-
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ke oto Physikalische Zeitschrift To
1913, tép0¢ 14, oehideg 465-472. O
Ewald véPaie T dotpin tov oTIg
16 ®efpovapiov 1912, vréotn v
Tpogopikn e&étaon otig 5 Maptiov
Kol TOV ameveundn o tithog Tov dt-
daKTOpaL.

Tov lovvio tov 1912 o Sommerfeld
édwoe ot Etaupia Dduokng tov
Gottingen (o, £kBgom GYETIKG UE Ta
EMITLYN TEPALOTA TEPIOAAONS TOV
Laue-Friedrich- Knipping. Téte o
Ewald e&étace emtélovg tov TOTO
7ov ovotnoe otov Laue ko Pprke
70 1010 PBpadv TOV TPOPAVN TPOTO
NG YEWUETPIKNG €PUNVELNS Yot TaL
WIKPG Pk Kopatog pe T Pondela
€VOC KPLOTOAAMKOD TAEYUOTOG TOV
éxel otobepéc avaroysg mpog l/a,
1/b, 1/c, mov amokdAece «OVTIGTPOPO
TAEYHOY, Kol [uo opaipo wov kabo-
plotnke amd 1OV TPOTO TPOGTTMGTG
TV oktivov X 610 KpOGTOAAO, T
«oQaAipa, aVAKAACTCY.

O Laue, oty owdieén mov édwoe
otav tov aneveundn to PpoPeio No-
umel, ot Xtokyoiun otig 3 lovviov
1920, dnimvel OTL M €PAOTNON TOL
Yoo T XPNON WKPOTEPOV UNKADV
KOUOTOG € KPOGTOAAO TTpOKANONKE
07O TNV TPOCOOKia KATOG HOPPNS
okédoong. Agv mepvovoe TOTE OO
T0 PLoAd oL OTL B pmopovoe va
ovpPaiver mepibiaon amd TPLGO-
OTOTO TAEYLLO.

Ev 1o peta&d, Ayo petd v teletn
avayopevong tov Ewald (5.3.1912)

ywti 6Aotl wiotevay 0Tl 1 Bepuikn
TOAGVTOGON TOV HOPimV TOL TAEYHO-
T0¢ Oo KOTEGTPEPE TNV KOVOVIKOTN-
ta TV 8écemv oto TAéypa. Ouwg, ot
Tpelg ovvepydreg Laue, Friedrich ko
Knipping, amoedscioay vo tpoywpn-
covv kol M emtvyia Mpbe ypryopa
¥opig otv eumeipion tov Friedrich
ota mepapate Tov oktivov X. O
Friedrich yvopile Tig mepapoticég
adLVOIEG TOV AYVIDV TNG ETOYNG
KoL TIC TPOPVAAEELG TTOV EMPETE VoL
AneBovv yio TNV emiTLYic TOL TEPA-
patoc. Kataokebooe €va kovti po-
A0Poov 12x7x6 cm pe dvo Tpvmeg 3
mm yuo. TV S1EAELOT TOV OKTIVOV,
7oV TEPLEiyE TOV KPOOTAALO KOl TO
QOOTOYPAPIKO QAL Meta&d Avyvi-
oG Kot KPLGTAAAOL YpNoLoTOOn-
Ke Saepayuro LoAvPoov pe TpUTa.
Avaloyo @OAAO polvPdov ypnot-
pomombnke kol PETE TOV KPOUGTAA-
Ao. T kpOoToAro, VO KOUUATL TOV
Oeukod yohkov otepemOnke pe
BonBela parakov keplod. Ty npod-
M éxbeon to QAN ToTOBETHONKE
peta&d Tov coAnva Tov axtivov X
K0l TOL KPUOTAAAOL Y10 VO KOTOYPOL-
@ovv omicbieg avaxAidoeic. To amo-
tédecpo NTav apvnTikd. Otav Opmg
T0 QAU TomobeTHONKE Tic® amd TOV
KPOOTOALO, EUPAVICTNKOV 0CAPEIG
OOKTOAMOL EAAEIMTIKNG HOPPNG TOV
weplEforov po PHEYAAN OUODP®OT
GTO KEVIPO amd TNV TPWOTOYEVN O¢-
oun. Ot Friedrich kot Knipping yio
Vo Glyovpevutovy 0Tl ol {yvn opei-

Christian B. Anfinsen, Stanford Moore, William H. Stein
© The Nobel Foundation

kol o Laue popdotnke tic oKEYeLg
tov pe tov Sommerfeld, tov Wien,
Kol GAAOVG QUGIKOLG TNG OUddag
0AAG e1o€mpate TNV SVGTIGTIO TOVG

AOVTOV GTIV KPLGTOAAIKY (UOT] TOV
delypatog, ocuvvéyloav To TEpOUa
@Ol KOVIOTOINGaV ToV KPOUGTUALO
Kot EBorav oty Béom Tov TV GKO-

V1 TOV PEGO, GE YAPTIVO TEPITOALY AL
Tote gldav 6TL M PoOTOYpOPic TAPOL-
ciole pOVo €vo KeEVTPIKO iyvog mov
Slopope®ONKE amd TNV TPHOTOYEVN
déoun eved amovoialov ta éviova
ixvn t@v daktuAiov. Movo achevé-

Petrus J. W. Debye
© The Nobel Foundation

otato onpelakd tyvn eaivovray otnv
mEPLOYN OV TEPIPAAAEL TO KEVTIPIKO
{yvoc. Zn cvvéyelo LETATOTIGAY TOV
KPOOTOAAO UMPOC- TiG® KO, TOTO-
OeT®VTaG TO0 PIAL 6TO SIMAGCIO TNG
TPATNG ATOCTUCNC, TPAY TEPITOV
dumhdota €KoVa, YEYOVOG TOV OTTO-
dekvieL 0TL ot oKtiveg Efyavay amd
ToV KPOGTOALO GE LOPPEG KOV@V.
Telikd, petofdAiiovtag Tov TPoca-
VOTOAMGUO TOV KPLGTAAAOL KOTA
pepkove Pabupovg damictmoav OTL
N 0éom TtV onueiov eival TOAD guv-
aicOntn otov TPOGAVUTOAMGUO TOV
KPLOTAAAOL.

Avto fTav 1 TPpOT VO, oTL Ol
aktiveg X elyov KOHOTIKY QUOT Kot
UTOPOLGOY VO VTOGTOVV TEPiBhacm,
N d¢ mEPANOTIKY OdTaén NTav 1o
npmto meplblacipetpo axtivov X.
O Laue épofe ta véa 6TO YELTOVIKO
ka@é Lutz. Zmnv avtofioypagia tov
avaeépel OTL TOTE GLVELONTONOINCE
OTL 0 LOOMUOTIKOG TOTTOG TTOL OVOLPE-
poTOV 6TV oAl Bempio Tov otV
otk mepibiaon péco omd €va
omtikd mAEypo mepibhaong Empene
va Eovaypoeel mpooBétovtag GA-
Aovg dVO OPOVE £TGL MGTE VO TEPL-
Aappdver v wepiBlacn Kot TapaA-
Ania Tpog tovug dAhovg dVo GEoveg
€vOG TPLOOIAGTATOL KPUOTOAAKOD
mAéypatog. Tote katdlofe 6Tl TOL
ixvn TOV KUKMK®OV SakTuA®V TPé-
TEL VO, NTAV Ol EMAPEG KAOVDV TEPi-
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Dorothy Crowfoot Hodgkin, Linus Carl Pauling, Max F. Perutz, John C. Kendrew

OAhaong pe to euip. Kotomy Aneon-
Kav dwypappato dmd Ogodyo yev-
ddpyvpo (ZnS), yroprodyo vatplo
(NaCl), kot Ogro00y0 porvpoo (PbS).
Etot emPePaincav Tig epmerpieg mov
amokThOnKay pe 10 Beukd Yohio.

Ov e&eliéeig ypnyopa peTa@EPON-
kav otV AyyAia. Tov Avyovoto tov
1912, o William Lawrence Bragg
(1890-1971), y16¢ Tov William Henry
Bragg, mov poig amopoitnoe amd
1o Cambridge, cuvedntonoince 6t1
70 S1Gypappa Tov onueiov tov Laue
Oo umopovoe va epunvevdel og avd-
KAOOT KUPATOV Omd TO KPUOTOA-
Mkd atopkd emimedo, TNV VrAPEN
TV onoiwv TposPreyav ol Pope kot
Barlow Atya ypovia mpiv. o ta dt-
aypappate tov ZnS mpoonabel va
e€nynoet To ehdetyoeldn tyvn, yio de
TIG SLOPOPETIKEG OE EVTOOT] OVOKAA-
oelg mpoteivel v doun FCC. Ev 1o
peta&o o motp W. H. Bragg avaxo-
AOTTEL TO YPOUUKO PAGHO TOV pE-
TAAA®V TTOL YPNCUYOTOLEL GOV OVTL-
kaBodo (Royal Society Proceedings,
April 1913) kot feAtidvel To Qacpo-
TOUETPO TOL UE UOVOXPOUATOPA,
YOVIOUETPO KOl aviyvevtn OdAopo
VIoHoL peTafAntod  mopabvpov.
O William Lawrence Bragg ypn-
GULOTOINCE TO QUGUOTOUETPO TOV
TOTEPO TOV Y10, VO TTOPATNPTCEL TNV
nepiblaon tov oktivov Pt-La and
kpvotodho NaCl kot 6Tnv cvvéyela
é\vce Tig dopég tov eBopitn, Kov-
npitn, oealepitn, ownpomvpity,
NoaNO,, ko1 opukt®v TOL KaAcitn
kot euotkd Tov NaCl ko KCI. O na-
™p €\voe TV SoUN TOV AdAUAVTAL.
To omotedéopato  dnuoctevdnkay

© The Nobel Foundation

10 1913, oto épBpo «The diffraction
of short electromagnetic waves by
a crystaly, ora Proceedings of the
Cambridge Philosophical Society.
Yt ¥povie TOL aKOoAOVONGAY LTTO-
AoyioOnke omd tov matépo Bragg
TO UNKOG KOHOTOG TNG YPOHHIKAG
axtivoPoiiag tov axtivov X tov Pt,
Os, Ir, Pd, Rh, Cu kot Ni. Ztnv cuvé-
Y€ VIOAOYicONKe 1 dour] TOAAGDV
amA®V KpLoTAAA®@V. KobiepmOrnie
0 TPOTOG HETPNONG TNG EVTAOTG TOV
avakAacewv. YnoioyioOnke n emi-
dpaon g Bepprokpaciog otnv mepi-
OAaon kot amedeiyOn 6t petald g
évtaong I kot g NAEKTPOVIKIG V-
KVOTNTOG p VILAPYEL OYECT| LETACYT-

"Etol

Ao 10T€, L€ TO EMOTNUOVIKO LITO-
Babpo mov &xel avamtuybei, ol ava-
KOADWELS maipvouv TNV LOpOR
olvodmtig avtidopaong. To 1924
KOTAGKELACONKE 1 TPAOTN KAUEP
ameOVIONG VOGS TAPALOPOOUEVOD
mAéypatog ano tov K. Weissenberg.
To 1935 o Patterson dnpocigvoe
v gpyacia 4 direct method for the
Determination of the Components of
Interatomic distances in Crystals.
yevwnnke m  ovvaptnon
Patterson mov icmw¢ amoteAel v on-
povtikotepn eEEMEN otV avaivon
™G KPLGTOAAIKNG OouNG omd v
My TOL TPAOTOL SLOYPAUUATOG TTE-
piBraong tov axtivov X.

Aaron Klug, Herbert A. Hauptman, Jerome Karle
© The Nobel Foundation

patwopmv Fourier. Tig e€eAilelg tig
npolafaivel o morepog 1914-1918.
Ev 1o peta& o1 Bragg popdotnkay
70 Nobel puowkng to 1915 td1e OV
o viog Nt 25 etmv. To 1916 dpyroe
vao avantooetor 1 pEBodog oKOVIG
amd tovg Debye kou Scherrer. Eva
xpévo apyodtepa o Hull dvoi&e tov
OpOLO Yl EQOPUOYT OE UIKPOKPV-
OTOAALKY DAKGL.

To BpaPeio Nopmer Xnueiag 1936
amovepndnke otov Peter Debye «ywa
TIG GLUVEIGPOPEG TOV GTNV YVADOT TNG
LOPLOKNG OOUNG HECH TMV EPELVDV
TOV OTIG POTEG OIMOAMV Kot 6TY| Ot-
6Oroon tov axtivev X Kot ta nAe-
KTpOVIOL LEGO OTOL AEPLO.

Ytnv mepiodo 1940-1945 paivetor o
B’ maykdouiog moAepog. To 1945 n
Dorothy Crowfoot Hodgkin pe ov-
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vePYATeg eMADEL TNV dOoUN NG TTe-
VIKIMAIVTG Ko to 1957 dnpooievet
v TApn doun ¢ Prrapivng B12.
I'V avtéc T1g epyacieg amoveundnke
otv Dorothy Crowfoot Hodgkin To
Bpafeio Nopmed Xnueiog to 1964.

To PBpoapeio Noumeh Xnueiag t0
1954 omoveunbnke otov Linus
Pauling «yia v épevva tov oty
@OON TOVL YMUIKOD OE0UOD KoL THV
O1EVKPIVIoN THG doung odVBeTwY ov-
otovy. To 1959, o J. Kendrew, M.
Perutz kot ocvvepydrteg €lvcav
dopun g wwoseapivng kot o 1968
™ doun g apoceapivng. I av-
TéG TIG epyaocieg Tovg amoveunom-
ke omd kowoL 10 Ppafeio Nopmer
ot Xnueio 1o 1962. To 1950 ot
Karle, Hauptman, Harker, Kasper,
Goedkoop kot Sayre sionyoyav Tig
dupeoeg ueboddovg emilvong twv do-
uov. To 1953 1 Rosalind Franklin
maipveL TV eOTOYPAPic. TOL TPAOTOL
dwrypdpupartog axtivov X Tov £dmoe

Georges Charpak, Bertram N. Brockhouse, Clifford G. Shull

Johann Deisenhofer, Robert Huber, Hartmut Michel
© The Nobel Foundation

KOl TNG KATOAVTIKNG dpacTNPLOTNTAG
TOV EVEPYOL KEVIPOL TOL HOPIOL TNG
ppovovkiedone. Etor 1o PpoPeio
Nouneh ot Xnueio 1o 1972, katd
70 o6 amovepndnke otov Ch. B.
Anfinsen 10 GAAO GO amd KOOV
otovg S. Moore kaw W. H. Stein

Ztov A. Klug amovépetat o Bpafeio
Nobel Xnueiog 1982 yuo v ovd-
TTLEN NG MAEKTPOVIKNG HIKPOGKO-
miog Kot T GLVpPoAn Tov otV Emi-

© The Nobel Foundation

10 évavoua otovg Watson kot Crick
va mpoteivovy o BempnTikd TPdHTL-
7o NG doung Tov popiov Tov DNA.
H Franklin népace ta tehevtaio wé-
VTE €11 NG oTaddpopiag TG Tpo-
onafmVTag vo dlevkpvicet T doun
TV tobacco viruses. To 1961 o C. B.
Anfinsen €61 611 1 provovkiedon
Bo pmopovoe va Eavodimhmbel petd
amd TNV KATAPPELOY| TNG GLVTNPO-
vtag v eviupukn dpacTnploTnra,
vioBeT®OVTOG TNV TPOTAGT OTL OAEG
Ol TANPOQOPIES OV ATAUTOVVTOL V10!
™V TEMKN SOHOPO®OT] TNG TPMTEL-
VNG KOOKOTOL0VVTOL GTIV TPOTOTO-
1 dopn . Orde S. Moore kot W.H.
Stein cuvéPaAay GTNV KOTOVONON TNG

oUVOEONG HETAED TNG YNUIKNG SOUNS

Avon g doung ovumAdkwv DNA-
TPMTEIVNG Kol TOV tobacco virus.

To Bpapeio Noumeh otn Xnueio o
1985 amoveunnie and kowvov o€ H.
A. Hauptman kot tov J. Karle «yia
T0. GHUOVTIKO. ETITEVYUATA TOVS OTHV

ovartoln twv auecwv uedoowv yio.
T0V TPOGOLOPIGUO TWV OOUMDV KPD-
otailovy. To 1988 1o PBpaPeio No-
umed  Xnuetog oamovepndnke amod
kowov otovg J. Deisenhofer, R.
Huber xa1 H. Michel yia v pota-
on doung mov detyvel To AemTouepn
UNYOVIGUO TNG UETATPOTNG TNG PO-
TEWVNG EVEPYELNG GE YNUIKT EVEPYELL
ot eoToovvleon, o Ploloyikn
dladikacio amd v omoia e&aptdTon
oyedov OAN M {1 GTOV TAAVITY LLOG.
To 1992 0 G. Charpak, epgvop€tng tov
TOAGUPUATOV avaA0YIKOD BaAdLOV
aviyveoong MWPC (Multi Wire
Proportional Tracking Chamber),
kepdilel to BpaPeio Nobel uoikng.
To 1994 01B. N. Brockhouse ki C. G.
Shull amodéyovtar 1o Nobel voiknig
YL T GLUPOAT| TOVG OTNV AVATTL-
&n teyvikav mepiBAaong veTpoviwy.
To Nobel Xnueiag 1996 amovéueton
otougR. Curl, H. KrotoandR. Smalley
YLOL TV OVAKOADYT TV QOVAEPEVIDV
oV AvOpaKa.

To BpaPeio Nobel Xnueiag 2009
amovépeton otovg V. Ramakrishnan, T.
A. Steitz and A. E. Yonath yiwo. tv oop-
BoAr| Tovg otV amokdAVYT T™C SOUNG
Ko AELTOLPYIOG TOL PYBOCHOUNTOS.

Robert F. Curl Jr., Sir Harold W. Kroto, Richard E. Smalley

© The Nobel Foundation
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To Nobel Xnueiag 2011 amovépe-
toat otov Dan. Shechtman yw v
avoKGAvyn  TOV  MUKPUGTOAA®V
(quasicrystals). To Nobel Xnueiog
2012 amevepndn otovg R. J. Lefko-
witz kot B. K. Kobilka ywo tv epya-
oo TOVG GYETIKA LE TOVG LITOJOYELS
mg G mpoteiving. H gpyacia tovg
e€nyel TOg To dioeKaTOPUHPIL TOV
KUTTAP®V GTO GO0 UOG AVTIAOUPA-
vovtot 1o TepPAAlov Tovg.
Y10 peta&h o1 MEWPAPATIKEG SLOTA-
&elg Yo Ty ovamTuén Kol TNV €mo-
MBevon 6AV aVTOV TV EmttEnEE-
ov gEediocovtal. AvEdvertal 1 vro-
AOYIOTIKT] 1OY0G TOV TAEKTPOVIKAOV
VTOAOYIGTMV 7OV  EAQYLGTOTOIOVV
TOV ¥poOvo emeepyaciog TV 0ed0-
UEVOV KOl SIEVKOADVOLV TNV £pEVV
o€ evaichnta vAud. Zto tedevtoin
aviKovy To BloAoykd popla, to me-
pPLocOTEPO EK TOV OTOIMV GLYKPO-
tovvion amd 4-ynoeo o S-ynelo
aplBud atouwv, eival Gkpmg gvai-
onto oe cuvOnkeg mePPAAAOVTOg
KOl amotobV 10104TEPEG EPYOOTN-
PLOKEG TEYVIKEG TPV OTOKOADYOUV
v doun Ko TNV Agttovpyia tovg. H
e&EMéEn TV mepOAUCIUETPOV HOVO-
KPLOTAAL®V TEPAaUPaveL:
o Tn Berrioon Tov yoviopéTpmv.
Hon o xokAog tov Euler éyxet
avtikataotafel amd 1o K-yo-

Dan Shechtman, Robert J.

viduetpo, mov sivar meplocdte-
PO GLUTOYT KOl avOEKTIKA GTOV
ypovo. To avéfacpo tov povo-
KPLOTAAAOL YiveTarl pe TV xpnon
Tpixvng nAdg mov eépel Aemtd
VUEVIO KOTOAANAOL S10AVTY GTO

plate) mov egivor mo evaicOnrot,
EAAYLOTOTOOVV TOV YPOVO  EK-
Oeong—enelepyoociag kol omodn-
KEVOLVY T OedOUEVOL OTOVG EV-
COUOTOUEVOVEC VTOAOYIGTEG TTOV
ta emeepyalovior oyedoV TOL-

Venkatraman Ramakrishnan, Thomas A. Steitz, Ada E. Yonath
© The Nobel Foundation

01010 eMKAOETAL O LOVOKPVUGTAA-
A0g ka1 AovLeTar oo vypod GlwTo
K00’ 660 ¥povo axtivoPforeitar .
e Tn Peitioon TOV aviyvevTOV
TOV TEPLOAOUEVOV  OKTIVOV.
To maAd @iip tov Laue xou o
6dhopog 1oviopov Tov Bragg
€youv avtikotaotabel amd TOV
multi wire proportional tracking
chamber tov Charpak M ToULg
aviyvevtég 006vng CCD (Charge
Coupled Device) kot IP (Image

Lefkowitz, Brian K. Kobilka

© The Nobel Foundation Photo: Stewart Waller/PR Newswire. © HHMI
Photo: © Stanford University

Amo g dousg mov eméAvoe i gpevvn-
TIKI] OUGO0. OTHV OT0L0. HUODY UEAOS
oe Géuara kpvotallodouns mpwrei-
VOV Topotifevial eVOEIKTIKG TTOLYELN
OO TPEIC TPWTEIVIKES OOUES OO TIG
onoieg pa Evwon (ROPAN) uetpnon-
ke oe mepiBlaciustpo K-yowviouétpov

nepiodog 4 — teuxog 18 « ®efpoudpiog 2013

ue klewotyy Avyvia, pio (PK-PKI3) oe
TEPIOAQCIUETPO OVOIKTIG TEPLOTPEPO-
Hévng avooov kot oviyvevry Charpak
oto EMBL - Heidelberg kou tédog
o (HU-DNA Binding Protein) oe
oxtvofolio. synchrotron aro DESY
oto EMBL - Hamburg otov doktdlio

TOYPOVO, KOL T TOPEXOLV ETOLL
TPOG XPNOT OTA KPLOTAALOYPO-
QIKG TOKETO TTOL SLBETOLV.

e Tnv avepabpion ToOv aNyOV
oktivov X. H «ieiom) Avyvia
tov Rontgen kou Bragg, £xetl dm-
oel Vv Béomn g og avoyytn Av-
yvio  TEPIOTPEPOUEVS VOO0V
7oV deKomAactdleL TV 1YY TPO-
(podoaciag Kot £yl SLVATOTNTA VoL
eEKTEUTEL 0 OVO UNKN KOUOTOC
SL0POPETIKOV PETAAL®V.

e Tn ypiion oaxtivoPoriag syn-
chrotron. Otav o1 kpOoTOALOL Ei-
vai ToA pkpoi (< 0.02 mm péco
néyog) 1018 T0 TMEpOracipETpO
oTveTol otV €£060 TNG AKTIVO-
Boliog OdaxtvAimv synchrotron
OOV UTOPOVV Vo TapPEUPAALO-
vro wigglers 1) undulators 1| otV
axpn tov XFELS (X-ray Free
Electron Lasers).

DORIS otnpv Beamline BW74 ue oia-
t0én mopeuforne wiggler. Onwgs poi-
VETOL 0TOVS TIVOKES TTOV TTopatifeviol,
0 xpovog éxBesong otnv axtivofolio
elattaverar omo 26.9 h yio v uétpn-
on 1956 avorxlooewv oc 12.4 h yio. tyv
uétpnon 465,525 avorxlooewmv.
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1. ROPAN (ROP- Antigen)

Xpovog oxtivofoinons  26.9 h
Ap18uog ustofAntaorv 2097
Ap16udg avoxldoewv 1956
Ap18udg arouwv 524

Ap18uog popiwv véarog 26
Awoxprniry ikovornra. 10-2.5
R tehixo 0.258/0.282

H doun oo ROPAN (ROP- Antigen)

2. H dop1) Tov oupmrrhokov PK-PKI3
H wpidiaotary dourp tov ooumAoxov
uetoéo e IHpotevdong K ko tov po-
o1kod ¢ mopeurooioty PKI3: H PK
elval TPWTEATN TEPIVIIG ATOUOVDON-
ke otov puvknro, Tritirachium album
Limber. Arwoteleiton omo 279 auivo-
&éa, ue popraxo Papog 28,790 Da. To
PKI3 eivar pooikog mopeumodiotng
e lpwteivaons K mov oynuarifer
uali g ovumioxo 1:1, amouovo-
Onke omo to o1tdpt kol amotedeital
omo 180 apuvoléa ue popiaxo fapog
19,641 Da. H ouada ovuuetpiog yow-
pov tov ovumiokov eivor n P22 2,
Ue oOwootdoels kowelidog a=64.07
(A) b=66.84(4) kou c=133.82(4) .
Evo tov mapayayov fapéog atopov
(HgCI2) a=63.30 (A) b=66.80(4)
kou c=133.40(A). H ovlioyy twv
oedouévarv éyve ue llepiBlaoiuctpo
Siemens/Nicolet ue aviyvevrj aegpi-
ov MWPC (CHARPAK) X-100 A xau
YEVVHTPIO, TEPLOTPEWOUEVHS GVOOOD
Elott GX 1l ue oxuvofolio. Cuko.
XpnoworomOnre owcwpnon 0.2500
yio. kaBe eiova (frame). H avoywyn
TV OEOOUEVDV EYIVE UE TO TPOYPOLL-
uo XDS tov W. Kabsch. To amotelé-
ouoTa cvVowilovial aTov mivaka. 1.
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2072.071) O00UEVOY TOV TPOTOYEVODS
KOl TOV KPOGTALA0V BapEéog aTouov

[pwroyevrg | Bapéog
0TOHOV

Avédwon(A) |25 2.8
OMog apOpog | 57,576 39,996
avakAioemv
Movadikég 19,462 14,516
AVOKAACELS
IMnpotng(%o) 93 89
Agikng 5.92 5.6
cupPViog
Rmerge (% )

3. HU-DNA binding protein
Aemrouéperes cvlloyis oedousvawv
O1 kpbotallol Orws Poivovior otny
EIKOVO, EIVOL TETPOLYWVIKES OLTVPOLLI-
oeg ueyiotns owdoraong 40 um mepi-
mov. Kpvompoorozevuévor e Oniic
LE DUEVIO TTOPAPIVELQLOD (1] YAVKEPO-
AN Karaotpépel T0U¢ KPLOTAALOVS).
H ovlloyn v dedousvav éyive
otov ooxtvlio DORIS oty Beamline
BW74 (Wiggler) oe prx. 1.0727
Angstroms orovg 100K ue dvoryuo
owppdyuotos 0.1x0.Imm. Mezp-
Onrov 496 cicoves (images) twv 0.2
deg. (ie ~99deg of data) yio ca 90s
/per image. Olixog opiBuog ova-
KAdoewv 465525 oe ypovo 12.4 h.
Aviyvevtig Marl65 CCD e 100mm
xtal-detector omooroon. Avaywyn
TV 0E00UEVV EYIVE UE TO TOKETO
denzo/scalepack. Laue oopuetpio 4/
mmm. ITifavi] ouddo oopueTpiog yw-
pov P43212.

Kpborolior kar doury tne HU-DNA
binding protein
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(O ZYNEBHZAN :TO TMHMA TeAeTr) OpKWHOCTAG TITUXIOUXWY

Tn Acutépa 19/11/2012 TTpaypaToTToIRONnKe, v TW PHECW TTOAAWY TTPoBANUdTWY, oTnv aiBouca TeAeTwv Tou AllO,
N KaBigpwpévn TEAETH) OPKWHOGIAG TWV VEWV TITUXIOUXWV Tou TuApaTtog PuoIKAG. ZToug vEOUG TITUXIOUXOUG KOl TIG
OIKOYEVEIEG TOUG aTTeUBuvVaV XaIpeTIOPO 0 KoounTopag TNG ZxoAng OcTikwv EmoTnuwy kabnyntrg Zr. MauAidng kai
o Mpo6edpog Tou TuApatog PuUCIKAG, avaTtA. kKaBnyntrg ©. Aadroulog.

OI NEOI IITYXIOYXOI TOY TMHMATOX ®YIIKHZX

19.11.2012
.
ABAEAAIAQY [ XPYZOYAA MOYZTAKAZ | KONZTANTINOZ
AGANAZIAAHS | MAYAOZ MMAQNH [ BAZIAIKH
AGANAZIOY | ®QTEINH NEPOYTZOZ | MANATIQTHS
AAEZIOY | AIKATEPINH ZANOOTOYAQY | METPOYAA
ANTQNIAAHZ KAPNABAS | AAEZANAPOX ZENOY | ZTEANA
APBANITH | AEZMOINA MANATIQTOY | EAEYOEPIOZ
BOYATAPHS | XAPIAAOS MANTEAAKHE | NIKHOOPOZ
FATAPA | NIKOAETTA MAPAZKEYOMOYAOZ | AOANAZIOZ
FIANNOYAATOY | BAAEPIA MONTIKAKHE | FEQPTIOZ
FKEPTZH | ®ANH PIZOZ | KONSTANTINOZ
APAKQNAKH | EYAITEAIA SAKKOZ | XPHZTOZ
APOZO0S | KIMON SAMAPAZ | ZTAYPOZ
ZAXAPAKHZ [ AOANAZIOZ SAMWQONIAOY | AEZMOINA
ZAXAPHE | MANATMIQTHE SOYPAIAIAHZ | AIONYZIOZ
ZAXIAA | BAZIAIKH SO®IANIAHE | ATTEAOL
HAIAAHE [ NETPOZ SMIOA | MAFQNA
HAIOMOYAQY | EAMIAA SMYPIAQNIAHE | APIZTOTEAHS
KAKABAZ | KONZTANTINOZ SOOYITAPH | EAENH
KAAANTZHZ | HAIAZ TOYMAPAZ [ AOANAZIOZ
KAAEAIAHZ | IOPAANHE TOYTOYNTZH | ANNA
KAAAINTEPH | MAPINA TZAMKOYAHS | APXONTHS
KAMMAS | TEQPTIO% TZONAKHE | IQANNHZ
KAPYMIAOY | NIKOAETTA TZOMKOIMOYAOY | MAZXAAINA
KIAINTAPH | ZO®IA TZOYTZOYPOY | XAPIKAEIA
KOAOBOZ | AMIOZTOAOZ DYAAKH | MANATIQTA
KYPIAZOMOYAOS | AHMHTPIOZ XATZHTIANNH | MAPIA
MAKPYTIANNHE | EYATTEAOZ XATZHEYOYMIOY | ZTYAIANH
MAPFEAAOZ | NIKOAAOZ XOYZIAAAS | BAZIAEIOZ
MAPHZ | STAYPOZ XPIZTOAOYAQY | NIKOAAZ
MONH [ XPYZANGH
~
nepiodog 4 — teuxog 18 « ®efpoudpiog 2013 21




O BpaBsia - Aiakpioeic

O utmroyneiog di1dakTopag Tou TuA-
patog duaoikAg lMavayiwtng Kapa-
ylavvidng, Tou epyadetar utmd Tnv
emipAewn TOU KABNYNTA ZT. Aoyo-
BeTidn, TTapouciace TTPOYPOPIK& OTO
01eBvég ouvedpio E-MRS (European
Materials Research Society) Spring
Meeting 2012 mou dlopyavwOnke
oto 21pacPoupyo oTig 14-18 Mai-
ou, TNV gpyacia pe TiTAo: “Impact of
thermal annealing on the morphology
and interfacial composition of bulk
heterojunction organic solar cells” (P.
G. Karagiannidis, N. Kalfagiannis,
A. Laskarakis, D. Georgiou, C.
Pitsalidis, S. Logothetidis) ka1 TTApE
10 Bpapeio véou emoTrpova (Young
Scientist Award) yia Tnv KaAUTEPN
TTapouadiacn epyaciag 010 ZUuTTéaio
Quantitative Microscopy of Energy
Materials.

H epyaoia exmoviBnke oto Epya-
otjpio LTFN kai gixe o1Ox0 TNV KO-
Taokeur kal peAéTn Opyavikwv Pw-
ToBoATaikWY dlatdéewv. Ta opyaviké
QWTOROATAIKA atroTEAOUVTAI OTTO HIa
OEIPA AETITWV UMPEVIWV TWV OTTOIWV N

2Tyotomo  omo ™y amovou] tov fpofeiov

doun, n Mop@oAoyia Kai o1 SIETIPA-
VEIEG TOUG TTNPEAJOUV OPANATIKA TN
Aerroupyia kail TNV a1réd0o0n aUTWY
Twv dIaTAgewy. ZKOTTOG TNG £PYATi-
ag ATav n avamTugn Kal JEAETN TwvV
IOIOTATWY  TWV  JIGPOPWYV  AETTTWV
UMEVIWV Kal  OIETTIQAVEIWY TOUG Kal

n €TidPACN TOUG GTNV ATTOKPIOT TWV
QwTOoROATaIKWY dlatdEewyv. [a Tnv
KOTAOKEUN Twv dIaTAgEWV Kal TN JE-
AETN TwV AETITWV UPEVIWY N epyaaia
ouvdlace pia TTANBWPO TEXVIKWV
avATITUENG Kal Xapaktnpiopol. @

22 http://phenomenon.physics.auth.gr QAIVOUEVOV



EINNITPOINEX TMHMATOX ®YXIKHX 2012-2013

1. EMITPOMH £YMBOYAQN ZMOYAQN

KAI YIIOAOXHX NPQTOETQN OOITHTQN
216x0¢ epyaoiag: Néa opydvwon Ttou Beopol
Twv ZupPotrwv Zmovdwy, Mapakolotbnon tng
€pappoyng Tou ocupBouiov amoudwv, Opydvwon
Eyypagwv Mpwtoetov
Biyka, ApBavrtiéng, Boupout{i¢, Nwm, Anuntpa-
komouhog, Advn, lwavvidov, Katotkivn, KiogéoyAou,
Kopddg, Adhiog, Mavwhomohou, Meherhidou, Me-
Aétn, Mouotakiong, Mmaic, MavAidou, Zapyovi-
dn¢, Zkokog, XtouAog, XToupmouAog, Taaong

2. ENITPOMH OOITHTIKQN OEMATQN

Ytoyo¢ epyaoiag: Eioryynon mpog AX & [lpap-
HaTED Yo OAEC TIC AUTAOELS TWV TIPONTUXIAKGV
eortnTav (dnAwoelc pabnudtwy, aMayéc Ka-
1e0Buvong, avtiotoixnon paBnudtwv moAatod
mpoypdpparog, K.d.)

Ev@upddncg, Biyka, Anuntpakomoulog, Zappi-
dn¢, Zrohpmouhog,

Tuppetéyouv 2 ekmpoowrot portnTav Kato N. Xaotag

3. EMITPOMH NPOrPAMMATOZ ZMOYAQN
216y0¢ epyaoiac: Eiorjynon yia 6Aa ta Bépata
Tou mpoypdppatog omoudwv. Emomeia Tov Epya-
otnpiov Epappoapévng Mnpo@opikic.
Xpuadegne kau [opiokav and Topeic]: Bec-
Keyaytdg, Nikohaidng-Ziokog, Aibhiog-BAdyog N.,
Ztobpmouhog-Zapapdg 0., Bovyiat{iic-Namado-
TouAo¢

Tuppetéyouv Kat 2 eKmpOOWIOL QOLTNTWY

4, ENITPOMH EPTAXTHPION

216)0¢ £pyaoiag: Alayeipion ¢ xpnpatodotnong
Twv epyactmpiwv. Eorynon yia 6Aa ta Béuata
0pyAvwong kai Aertoupyiag Twv EKMaIGEUTIKWY
epyaotnpiov (UmoxpewTkwv Kat emAoync).
Kaloyiipou, Ayyehaképn, Beg, Bouphidg, Kumpi-
avidne, MavAidou, Zapwvidng, Ziokog, Totydvng

5. ENITPOMH BIBAIOOHKHX

216y0¢ epyaciag: Emomteia Aerroupyiag tng Bi-
BAi0BnKne Tou TuRuartog, kabwe kai €lorynon
yla 6Aa Ta oETIKG Bépata.

BAdyog N., Nwn, Anuntpiddng, Namadomou-
Mog, Xat{nkpaviwtng Luppetéxein K. A¢ppou

6. EMITPOMH QPOAQTIOY MPOTPAMMATOX
KAI AIOOYZQN

2toyo¢ epyaciag: Opydvwon - Egappoyn Ttou

TIPOYPAMHATOC XPRONG TwV alBougw.

Zappidnc, lnavvibou, LkOKog
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7. ENITPOMH EKAOXEQN KAI HAEKTPONIKHEX
MPOBOAHX TOY TMHMATOX

216x0¢ epyaciac: Emonteia ékdoong tou mepo-
d1kou Tou TprRpatog «Qavopevo» Kabwe Kat Tou
08nyo0 omoudwv (évtumn Kat NAEKTPOVIKN €KOO-
on). Emiong 0wy twv Bepdtwv Aertoupyiag e
10tooehibag, aNd kat nAeKTpoVIKS dnpoatomoi-
non¢ twv dpaoctnplotitwy Tou TuRpatoc.
AnpntpakomovAog, Kiooéoylov, Katoikivn,
2kokog, Mehém

Tuppetéyouv: K. Makdkng, A. Avdpeddou

8. EMITPOMH LEMINAPIQN

Y16xo¢ epyaoiag: Xyebiaopoc kai uvlomoinon
TIPOYPAppaTOC Gepvapiwy, Staré€ewv kat AAAwy
ekOnAwogwv Tou Tunparog.

Mewpidov, Advn, Mouatakidng, Kopddc, MavAidou

9. EMITPOMH ERASMUS-ECrS/DS

21ox0¢ epyaciag: Emomteia 6hwv twv OBepd-
TWV OXETIKG PE TIC EKMAISEUTIKEG OUVEPYAOiEC
Erasmus ka1 v egappoyn twv ECTS/DS oto
Tujpa.

MaAovpa kai [Opiotnkav amé Topeic]: Bouyia-
(¢, lwavvidou, Katatkivn, Mmang, Ziokog

10.ENITPONH KTIPIAKHZ YNOAOMHE,
NOAITIKHZ NPOXTAZIAZ, YTIEINHX
KAI AZQAAEIAX
216x0¢ epyaoiac: Emomteia 0Adwv twv epdtwv
KTIpIaK@V umrodopwv, MONTIKAC mpooTagiag, Kal
UYLEIVAC & ao@aAelag.
Zrovpmovldog, Nioltag, Mehétn, Mohdtoyhou,
Y1o0NoC

11. ENITPOMH OIKONOMIKQN

216x0¢ epyaoiac: Emomteia 0hwv twv Bepdtwv
olkovopIki¢ axeiplong kat katavoprg T Xpn-
Hatod6tnong Tov TuRparoc.

Keyayidg, Bageiddng, Nikohaidng 2m., ZKKoc,
2T100A0C

12. ENITPOIMH YNOAOTIZTIKHZ YNOAOMHX
216y0¢ epyasiag: Emomreia oAwv Twv Bepdtwy
dlayeiptong g umoAoyloTIKAC UModopr¢ Tou
Tunuatog ovpmepihapBavopévav tou Ymohoyl-
0TIko0 Kévpou, Twv vnoidwv umoloyloTwy, Kat
TWV UTIOAOYIOTIKWY GUOTNPATWY TNG YPAUpaTEL-
ag Tov Tpnuatoc.

Zapapdg 0., Ayyehaképne, ApPavitiong, Mma-
Mc, Tatyavng Zuppetéxet o T. Xat{naviwviou

13. ENITPOIMH OPTANQXHX XYAAOTHE
ITOIXEIQN EKOEZEQN APAXTHPIOTHTAX
KAI AIAAKTIKHZ IKANOTHTAL

216)0¢ epyaciac: Opydvwaon oAwv Twv Bepdtwv

oUMOYAC Kal KaTaypagrg OTOIKEIwv yla T 6U-

vtaén exBéoewv amotipnong g dpactnplétn-

T0¢ ToU THAPATOC KAl TV EMEPOUC [ovadwy

T0U, KaBWC Kat TG Kataypagng te yvwpng Twv

@ortnTwV yia ) didaokalia Twv pabnudtwv.

Mmdn¢, Mavwdomotou, Kiooéoyhou, Aloltag,

Tdoong, 2tepytovhac,

Yuppetéyouv: 0. ZepPdkn, A. Aackapdkng

15. ENITPOIMH IXEAIAXMOY THX AOMHX
TOY NEOY TMHMATOX

216y0¢ epyaciac: Eloqynon yia Bépata oxedia-
0ol ¢ dopri¢ Tou TURUATOC e TV EQappoyr
Tou véou vopikol mhaiciou (Epyaotrpia, Topeic,
2uykpdtnon Zxoi¢, Metamtuyiakn ZxoAn, K.q.).
Kopvnvou, Bldyoc A., Kahoyrpou, Aidhiog,
Mndng, MahoOpa, Liokog

16. ENITPOMH OPTANQXHX THE AEITOYPTIAX
TOY NEOY TMHMATOX
Y6y0¢ epyaciac: Elerynon yia Bépata opydve-
ong ¢ Aertoupyiag Tov TPAUATOC pE TV EQap-
Hoyr Tou véou vopikoU mAaigiou (Kprtripia Kat
dladikaoia emhoync e€wteplkwv eKAEKTOPWY,
katdhoyog eéwtepIKwY EKAEKTOPWY, KpITApLa
emhoyn¢ kai mpoadvTa ekhoyng véwv pehwv (Op-
yaviopoc), dadikacia mpokrpuéng véwv Béoewv
Kal TPOGEAKUONG VEWV PNV, K.0.)
MoAuvypoviddng, Apyvpdkng, EheuBepiddng,
EvBupuiddng, Nikohaidng Apy., Zewpadakng, Opd-
YKne
17.ENITPOMH AIALYNAEXHX
METHN EKNAIAEYZH
216y0¢ epyaoiac: Opyavwon emoKEPewv o)o-
Aeiwv, ouvepyacia pe melpapatiko ayoeio AMNO
kaitn B'Opa ekmaidevon, O¢pata ouveyi{opevng
ekmaidevon.
Kitng, Toldtoylou, ZiakaBapa, ToupmdAn,
Tdoong o
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Aarpoowuaridiakn
®uaoikn

Avaotdaiog NidAio¢
Avam. KaBnynic Tu. Quaikric

Iepi e Koopikng
AxkTivofloriag

Mia cuveyng Ppoyn copatidioy vym-
Mg evépyelog KoTakAOlel pépa kot
VOyTo OAN TN YN. To oXeTIKIoTIKG VT
COUOTION TOV EPYOVTOL OO OAES TIG
d1evfvveelg Tov SlCTANITOG, KIVOU-
LEVQ, LLE TV TOYVTNTA GYEGOV TOV Q-
t6c. Avtd, KoBhg Kol 6ca GAA
onuovpyodv kabag dacyilovv
NV OTHOGPAPA, TO OVOUALOLE
KOGUIKT oKTWVOfoAia.

H aviyvevon ko 1 perétn g xo-
OUIKNG OoKTWVOPoAlNG ot apyés
Tov 20 audva, vanpEe oNUaVTL-
K1y v avamtoén g Hopnvi-
KNG Duowng ko s Puoikng TV
Ytoryewdmv Zouatdiov. AAAG
KoLl OpePa, OTIC apyég Tov 21
alova, To TEPE YOPIKTNPL-
OTIKA TNG KOGUIKNG OKTIVOPOAI0G
v Kobiotovv eEopeTied gvola-
QEPOLGO YOl T PLGIKY| EMGTHLN.
H @vowm tov 20 aidva yopo-
KTnpiotnke omd TN pHeEAéTN TV
Qowouévov  mov  Ppiokovton
TEPAL OO TNV «AUESH eAEYELUN
TPOYUATIKOTNTO, TEPO Amd TNV
TEPLYPAPT] TOV KOGLOV 1OV divel
N Khaown euown. H cbyypovn
QUOIKT KviROnke oe dVO KLPIWG
katevbivoelg épevvag. H pia xaten-
Buvon Mtav TPog ToV KPOKOGLO,
TOV KOGLO TNG OTOMIKNG KO VITO-0LTO-
WIKNG PUOIKNG, EVD 1 GAAN TPOG TOV
LEYOKOGO, TOV KOGLO TNG OGTPOPL-
GUKNG KOl TNG KOCUOAOYING.

Ene1om 10 Bempnricd vndPabpo g
KAOGIKNG QUOIKNG amodeiydnke ave-
TOPKES Y10, TV TEPLYPAPT] TOV (O~
VOUEVAOV TOL UIKPOKOGUOL KOl TOL

100 XPONIA KOXMIKEX AKTINEX

peydocpov, avortoydnkay dVo vEes
ave&aptnreg Bewpiec: M Bewpia g
CYETIKOTNTOG Kot 1 KPavTikn) @uot-
. H pdtn eivan pia Bsmpio tov
YDPOL, TOL XPAVOL KoL TNG GYECTG
Tovg pe v VAN. [lpoPrénel mpwto-
Qov] eovOopEVa, 101aiTEPA OTAV 1)
TayhTNTO TOV COUATOV TANGLAlEL
™V TaXOTNTA TOV POTOC. XAPOKTT-
plotikd péyehog elvar m ToydINTA
0V TOG c. H devtepn givan o Oe-
opia yro T dopn g VANG, TG 110TN-
TEC KO TIG OAANAETIOPAGELS TOV GL-
oToTK®V TG, IIpofAémer mpotopavn
Qovopeva, Wwaitepa OTav 1 KA
TOV OOCTAGEMY YIVETOL TOAD LK)
N N TOKVOTNTO TNG VANG-EVEPYELNG

axtiveg. Ta KoouKd copoTid cuv-
dvdlouv akpaio YOPOKTNPIGTIKA Kot
omo T0 LKPOKOGLO Kot omd TO UEYA-
KOGO, apOoV Vol COUATIO HEYA-
ANg TayOTNTOG OV TPOEPYOVTAL OTd
yoro&loké 1 acopn ko eE@yaiadio-
Kkég myéc. H evépyeld toug ivan moAn
LEYOADTEPT] A0 CVTHYV TOV CUYYPO-
VOV EMTOYLVIAOV, OKOUN Kol KTl 8
taéeg peyébovug. INa mapddetypo, M
EVEPYED, TOV TPMTOVI®V OTOV EML-
tayvvi LHC eivan ofuepoa mepimov
3-10'2 eV, evdd M uéylot evépyeLa Ko-
OUIKOD GMUATIOION TOL EYEL peTpnOel
gtvan 3-10% eV!

H épevva 10V KOGHIKGOV 0KTiVOV
amotelel dielodvon 6To Ayvmaoto, 6
L0 VEQL TPOLY LLOLTIKOTTTO, TTOV OO~
telel mpoKAnom toc0o Yo ) Oew-
pio 6GO KOl Lol TIC TEPOLUTIKEG
duvaTOTNTEG TNG CUYYPOVNG ETL-
omuns. O cLVILOCIOG AGTPOPU-
GIKNG-KOGUOAOYIOG KOl (UOIKNG
CTOYEIMODV COUATIOIOV OTonTel
VEEG TEYVIKES OVIYVELONG COUOTL-
Slov e&anpetikd vyMA®OV evepyel-
MV KoL TEXVIKEG aviyveLomG VE®V,
OepnTIKG avopevopévay M un
OVOALEVOUEVDV, COUATIOIOV. OF-
pota wov {NTovv amdvtnon £xovv
VoL KAVOLV LIE TNV TPOEAELCT) TOV
KOOUIK®OY COUOTISIOV, TOV TpO-
O EMITAYLVOTNG TOV KOCHK®OV
COUATIOIOV, To HOyVNTIKA TTedia,
yora&loka ko E@yoralokd, Kot
TOMG AL AMAG Kot puol Gelpdl
a6 (nmuata Tov GrTovToL TPO-
KTIKOV £QOPUOYDOV UTOPOLV Vi
avapepfovv. Meta&d avtdv givan

o0 peydan. Koplo yopoxtmpiotikd
™g €ivol 1 acvvEXEW TG VANG Kot
TOV OAMNAETIOPACEDY NG, LE YOPO-
KTNPoTiKo péyebog ™ otabepd Spd-
ong h tov Planck.

YHUEPM, OTO KATAOGAL TOL 21 aidva,
N ouokn eEakolovBel va avamTc-
oetal pe yyumdelg pvbpovs. ‘Evag
OO TOLG TOAD JPOCTNPLOVS TOUELS
épevvag eival Kot TAAL Ol KOOUIKES

ot PloAOYIKEG EMMTAOOCES KOl 1|
npootacio and v axtvoPforio (101
altePO, 6TO SEACTNIO KOl OTIC AlEPO-
TOPIKEG TTNOELG), Ol EMTTMCELS OTO
YNWVe. MAEKTPO-LOYVINTIKA QoavOpe-
va (Kuplwg amd NAloKE copatiow),
Ol ENMTOGELS GTN YNV ATUOGPaL-
pa (oYNUOTIOUOG PASIOVOVKADI®mY
Be, 1C, ...) Kot TO VTOGTPOUA TOV
TEPOUATOV PUGIKNG VYNADV EVEP-
YELDV.
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Avaxkaivyn

TOV KOGUIKAV UKTIVOV

Mia amd T1¢ amiég dTdéec Yo
UEAETN TOV OTATIKOD MAEKTPIGHOV, TO
niektpookomo (oxnua 1), pmopei va
ypnoyonomBel kot ywoo ™ péETpnon
™G OY®YOTNTOS TOV 0épa mG EENG:
TO MAEKTPOCKOMIO PopTileTol pe de-
dopévn mocoTTe PopTiov (ammd pial
UmoTopion) Kol KOTOMY OpNVETOL Vol
ekpoptiotel. O pvBUdG ekPOpPTIONS
TOV, TOV UETpatoL pe T Pondewa Twv
VIOOIPECEDV KOl £VOL YPOVOLETPO,
givar ovaAoyog g ay@yoTnTag ToU
a€pol, dNAadT Tov 1VIeHos Tov (ap1d-
uog twv Levymv nAektpoviov — Oett-
KOV 10VIOV TOL VILAPYOLY OvE LLOVE-
da dykov tov aépa, wvte/m®). Apa,
pe éva KotdAnio Pobuovounpévo
NAEKTPOGKOMIO KO £VOL YPOVOUETPO,
umopel v peTpd kaveig 1ovro/m?.
Eme1on n padievépyelo Kot or oxTi-
veg-X TPOKOAOVV 10VIGUO TOV 0éPal,
&val OPTICUEVO TAEKTpOCKOTIO Oal
ekoptileTol 1060 MO YpRyopo 6GO
TEPLOCGOTEPT]  OKTVOPOAID  LTTAPYEL
0T0 YOpo, ). dimAa og évo padie-
vepyo vAko. To mapda&evo eivar 6tL
T0 MAekTpookéma eSoxolovBovv
va ek@optilovror axoun kou étav
dgv vapyel Kopd Ty aktivofo-
Mog Tprydpm. Avtd cupfaiver axo-
1 KO OTO L0 TEAELD NAEKTPOCKOTLOL
oo GmoYN HOVOGE®MV Y10 SLPPOES
eoprtiov, Tpdypa mov onuaivel 6Tl o
0€pag Etvor TAVTOTE 1OVIGUEVOG.

To epdTNUO TOL TPOKLATEL EivaL:
Ywti 0 aépag €ivor TAVTOTE 10VL-
opévog;

H mpodtn amdvinon Ba umopovce va
gtvor 611 awtd ovpPaivel Aoy® TV
KOUPIKQOV QOIVOUEVAV (T, OCTPOTES,
Kepawvol, kataryideg), 7 0Tl opeiie-
o 670 NAKd emg. O aépag OUMG,
QKO KOl GE KAEIOTOVG OTOLLOVOLLE-
VOUG YOPOVS OTTMG LIKPE VILOyELD EP-
YOOTAP, EVOL KoL TAAL 1OVIGUEVOC,
omOTE 1] OITIOL LOVICUOV JEV UTOPEL VO
gtvon (LOVO) M TOPOUTAVE.
Avolntaovtog T oitieg tov potvo-
pévov, o Rutherford npdteve 611 0
LOVIGUOG TOV OEPQ TPETEL VO OQEIAE-
TOL GTN PLOIKT POUSIEVEPYELX TOV E0G-
(POLG KOl T®V SOUIK®V VAK®V. [ va
e éy&er v vobeon ovt| o Theodor

4 )
Zynua 1 To nlextpookomio eivou éva omlo opyovo,
70 omoio otav fobuovounbei kotdlinlta, UTOpPEL Vo, LETPA
\_ 70V SabuUd 10viouod e aTuéoPapag. -

Wulf, K0T00KELOGTG TOAD KAAGDV
niektrpockomiov, ékave to 1910 ov-
YKPITIKEG  UETPNOES 1OVIGUOD  TOL
aépa oTn PAcT Kol GTIV KOPLOT| TOV
mopyov tov Eiffel (Oyog 330 m). Xtov
aépo. dimha 670 £dapog uétpnoe 6-10°
WovTo/m?, evd otV Kopuen HETpnoe
3,5-108 16vTo/m?®, dnladn Pprike Tov
OVIoHO pelopévo katd 40% nepinov.

"Htov avtd 10 avapevopevo; ®empo-

vtag 6t OAn N aktvoPolic Tov €36
@ovg ftav aktivofolia v (n mo -
€L6OVTIKN TOTE YVOOTH 0KTVOPOAIw),
LE TOV YVOOTO VOUO OIOPPOPNONG
KOl TOV YVOOTO CUVIEAESTY| amoppo-
enongs, vtoAdyloe 0Tt Ba Enpene ot
330 m va etye petvel povo to 20% g
axTvoPBoAlag Tov £dGPOVG, aVTL TOV
60%. Ilpogavag, vanpye po me-
piocegla aktivoBoiiog 6to Vyog TV
330 m dyvootng Tpoérevong.

2VOTNUOTIKOTEPEG UETPNGELS TOV 10-
VIGHOD TOL 0€PO. GLVUPTNGEL TOV
vyoug éywvav and tov Victor Hess to
1912. Avtdc, ypnoonoidvtog Eva
0ePOOTATO VOPOYOVOL TNG CVOTPLO-
KNG 0EPOAETYNG, EKOVE LETPNOELS TOV
OVICHOV HE PLYOKIVOUVEG TTNCELG
péxpt vyovg 5.350 m. To amotehé-
OLOTA TOV NTOV EVTIEAMG OLOPOPETIKEL
amd OUTA TOL avapevoTav Bemphd-
vtag og povn mnyn axtvoPfoiiog to
£001poG. Av KoL GTO TPATO YIMOUETPO
Bprike OvImG KATO0 LEIMOT TOV 10VI-

GLoY HE TO VYOS, (KPOTEPT] TAVTMOG
omd OUTH 7OV TPOKVMTIEL amd TNV
amoppOPNON TOV Y GTOV 0€PaL), Oo
ta 1.500 m xou wéve Bprike 0Tt O 10-
VIGUOG, 0vTi VO LELDVETOL, OLEAVETOL
paydaia, pBdvovtog e vyog S5 km
oe tipéc mepl ta 400 % oe oyxéon ue
TOV 10VIGUO KovTd 6To £dagpoc. [la-
pOOlEG UETPNOELS PEYPL Dyoug 9 km
(") am6 tov Kohlorster to 1913-14,
emPefoionoay OTL LVEAPYEL HEYOAN
a0ENGT TOV ATLOGPALPIKOD LOVIGUOD
pe 1o Hyog.

O Hess oyoAioce Tig TOPOTNPNOELS
TOV AEYOVTOG OTL «TO OMOTEAEGLOTO
aVTA pmopovv va e&nynbovv pe v
vtobecn OTL 0 1VIGUOG opeileTal og
[ yvootr axtivoPfolio, e£opeTikd
S1EIGOVTIKY, 1 OTO10L ELGEPYETOL TNV
atudéoeoIpe, omd  YnAd...». ZTtnv
eEmynuvn avt aktivofolio d60nkKe,
an6 tov Millikan to 1925, 10 6vopa
KOGMIKY aKTIvVOPoria.

O Hess npoondOnoe eniong va ava-
KOADWYEL OV M TNy TG KOGUIKNG
axtvoPBoiiog eivar o MAtog. Ta to
OKOTO aVTO €KOVE GUYKPITIKEG e~
TPNGELS TOL WOVIGHOV TOV 0EPQ LETO-
&0 puépag kot vOKTaG, 0AAG Kot KoTd
T S1apKeLo oG EkKienymg niiov, otig
12 Ampthiov 1912. Agv mopatipnoe
Koo HETOPOAT, OmOTE GUUTEPAVE
OTL 1] KOGUIKT oKTVOPOAl0 TTpOEPyE-
T Kupilmg oo 1o eEMTEPO S1ATTNUAL.
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O Hess tyumbnke yio v avokdioyn
Tov, pe to PpapPeio Nobel, To 1936.
Moadli pe tov Hess, tiundnke pe 1o
Nobel kot o C. Anderson ywo v
OVOKGADYT GTNV KOGUIKT aKTvoBo-
Mo, Tov mo{tpoviov 1 avTi-nAexTpo-
viov KOl YEVIKA TNG OVTI-OANC.

H avaxkdioyn tov nolitpoviov otnv
KOopIKT| aktivoPolia, to 1932, éde1ée
TIG pHeydAeg SuVATOTNTEG TNG EPELVOG
OLTHG Y10l TNV KOTAVONOT| TG PLGL-
KNG TV OgleMmODY GUGTATIKAOV TNG
vAng. Tnv dmopén evog této0v cm-
patdiov, Tov avti-nAekTpoviov, gixe
npoPréyetl o Dirac to 1930 katd
dwatvmwon g ToAunpng Bempiog
TOL TTEPL AVTI-OANC.

H pelétn g koopkng axtvofo-
Mog odnynoe, otn CLVEYEWN, OTNV
OVOKGADYT TV TOVIOV, TOV HoVi-
OV Kol TV Topddofny couaTdiny
oto. TéAn ¢ Oekoetiog tov 1940.
Amokdloye £tol OTL TO GTOLKELDON
ocouatioln givar TOAD TEPIGSOTEPA
amo ot “yperdletan” yio va dounbel
0 KOGLOG' Ko OTL Yio TN UEAETT TOV
VEOL OVTOD TOAVTAOKOV KOGHOV E&i-
V0L EMTOKTIKH 1 0VEYKT KOTOGKELNG
UEYAAV EMITOYLVIOV KOl TOV OVTi-
oToy @V oviyveuT®v. Opmg Kot ToAy
TPOGPATA, T UEAET TOV MAWK®OV
vetpivov (yo mopadeyua), £0eiée
™V opyn €vOg OpOLOL Yol Lo, VEX
Gvbnon g cOUATIOINKNAG PLCIKNG,
7OV HE TO OVOUO “OOTPO-COUATION
0K QLGIKN”, 0dNYEl TOAD HOKPLA,
népa amd Tov HA0 Ko Toug aoTtépeg,
otV Kopdid e dnpovpyiog Kot e
e&EMEng Tov opatov pog (e TV o
gvupeia £vvoln) GOUTAVTOG.

'O 1. Rabi e&éppaoce TOAD yopoKTNPIOTIKA
™V EKTANEN TOV QLUGIKAOV Y10 TNV OVOKAAD-
y1 1oV poviov pe tn epaon “who ordered
that? ” (mo10¢ To mapdyyeire owtd!;).

Inyn:

To Gp6po amoreAsi amréomacua amo 1ig
onueiwaoeis Tou A. AidAiou yia to uabnua
“Koauikn AktivoBoAia”

f'_ ' 2 ;
S5 S, 2 AR, : T E AN

Zynua. 2 O Victor Hess mpayuororoinoe to 1912 petpnoeig ioviopod
TOV QEPO. O€ LEYGAO DYWOS OO 0EPOTTOTO Ko 00NyNOnke atny ovaxdloyn
NG KOOUIKHG aKTIVOLOALOG.

-

2ynua 3 H pawrtoypagio wov éfyote o Anderson to 1932 kar onuoocicvoe
o€ gpyaoia Tov 10 TEPLootko Physical Review (Phys.Rev. 43, p.491, 1933),
deiyvel Eva, omuoTioro ualog iong e tov e, alla ue Getiko poptio,
va etoépyetor aro Oalouo vépwang. To owpatioio avto eivol éva
avti-nlextpovio e (to omoio kabiepdOnie vo ovoualeror molitpovio).
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AoTtpoowuaridiakn
®duoikn

/]

Ot axrtiveg yappo mov @Tévouy o1t
I'm mpoépyovtar amd Sdpopeg mNYES
nov Ppiockovtar otov Nodaio pag 1
oe dAlovg I'oho&ieg. Ot Bewpiec Yo
TNV TPOEAELGT] TMOV OKTIVOV VTV
avoPEPOLY JAPopes YOAUEIOKEG KOt
eCoyoradlokés mnyéc, petoEd TV
omoimVv glval To KEVIPA TOV EVEPYDV
yorha&iwov (AGN), ot avoropmég akti-
vov yauua (GRB), ta vepehopata
Tov avépov tev pulsars (Pulsar wind
nebulae), to kévipo tov ['oha&ia, ot
microquasars Kot To, SLudIKE GLOTH-
poto oKtivav X, ol 0oTEPES VETPOVI-
@V, T0 YO oEl0KA GUAVN, 1) OKOTEWVN
VAN Kou 1 okotewn evépyeta. Kamoteg
Bewpieg Eyovv emPBefonwbdei mepapo-
TIKA VO Kamoteg AAAES O L.

[MoAMG emiyelo mepdpoTo ToL LVIAP-
youv onuepa, omog to HESS., 10
MAGIC, 10 VERITAS, 10 CANGAROO
Kot GAAa, dtvovv TAnpogopieg o
e&lyovv GLUMEPAGLOTO Y10 TIC KO-
OLIKEG OKTIVEG YAUUO DYNADY EVEP-
Yeuwv mov eTavouy oty I'm ko dn-
HLOVPYOVV KATOLYIGHOVG COUATIOIWY
omv atudoealpo. (PAéne 10 oyeTIKO
apBpo pe titho «Katoryiopoi Ko-
oukng  AxtvoPoAac», TEPLOSIKO
dowoépevov, Tlepiodog A, Tevyog 10,
Oxtopplog 2010). 'Eva véo peydio
emiyelo meipapo mov oyedidletar and
d1ebvn cvvepyacio TOAA®Y VOTITOV-
TOV KOl TOVETICTNLOK®DV 10pLUATOV,
1o CTA (Cherenkov Telescope Array),
moteveTal 0Tt Bo. cLAAEEEL TANpOPO-
pieg pe peyaAvtepn aviivon Kol o
dwoet dgdopéva mov Ba Ponbncovv
va 60000V amovinoelg oe TOAA Oem-
PNTIKA EPOTHUOTO.

TNwpyoc Atpeidng
Yroy. Aibdktopa Ty. Quoikri¢

TnAeokomia axTivov yappo,
Axtivec yaupo pe evépyelec otnv
meployn tov GeV 1 TeV dev eivan

Koopikég aktiveg yappo Kot 1 pEAETN TOVS
ne gmiyereg dwatagerg

duvoTOV Vo TPoKLYOLUV pe BepUIKN
EKTOUTY] TOVG amd OLPEVIOL GO0~
To. oAV VYNNG Beppokpaciog. H
gvépyelo ¢ Bepuikng oktivoPoiiog
avtavokAd T Oeppokpacio Tov oo-
Hotog Ko, ektog and to Big Bang,
dgv vmapyetl Timota t6co Oepud oTo
YVOGTO GOUMOY TTOL Vo, propel va
EKTTEPYEL TETOWIG EVEPYELNG OKTIVEG
yaupo. Eropévac, ot axtiveg yéyppa
VYNANG EVEPYELNG TTOV TALPATPOVLLE
dlepevvovv éva un-Beppikd coumav,
Omov GAAot, un Bepuikoi, unyoaviopot
EMUTIPEMOVV TNV GLYKEVTIPMON UEYA-
A®V TOGOTHTOV EVEPYELNG GE £VOL KO
povadkd KBavto evépyelag.

Ot akrtiveg Yoo Lwopovv vo, onpt-
ovpynBovv OTaV GYETIKIGTIKA GMLLO-

TO. MAEKTPOVIOL GE OMOUOKPUOUEVEG
TEPLOYES TOL YaAaiol oG, KOUN Ko
o€ dAhovg yora&ieg.

YynAng evépyewg oxtiveg yappo
pmopovv emiong va mapayfodv omod
dwondoel;  Popéov  copoTdi®V,
OM®G Ta LVTODETIK COUATIO TNG
OKOTEWVNG VANG 1] Ol KOGLUKES OPOES,
Ta omoio pmopel va givar vroAeippo-
ta tov Big Bang. Katd cvvéneia ot
axtiveg yaupo avotyovv emiong éva
mapdbvpo Yoo TNV avokdAvyn TG
@OOMG KOl TOV GLOTOTIKAOV TG GKO-
TEWNG VANG.

Ot axtiveg YauUa VYNANG evEPYELNg
S10100VTOL  OVETNPENOTEG OTO  TOL
poyvnTikd medio Kol m¢g €K TOVTOV
UTOpovV Vo ypnoylomotnfovy  yio

/

-

Eixova 1. O yoraliog omas paivetor oe axtiveg youuo. wold vynng evépyeiog (VHE),
o€ TE00EPIS LDVES TOV YOLALIOKOD YEWYPAPIKOD UHKOVG.

~N

/

Tid10 (ToL omolaL EMTAYOVOVTOL Y10, TTOL-
PASEYUO OTO YIyovTIOiO, KPOLOTIKA
KOMOTA KOTA TIG eKpNEEIS OOTEP®V)
OLYKPOVOVTOL LE TOL 0EPLOL TOV TTEPL-
BaArlovtog 1 CAANAETIOPOVV LE PO-
oV Ko poryvntikd tedio. H por kot
TO €VEPYEWKO QACUO TOV OKTIVOV
YOLUO OVTOVAKAG TN pon) Kot TO (d-
OLO TOV COUOTOIOV LYNAIG evép-
YEWG OTIS TEPLOYES aVTEG. Mmopovv
EMOUEVOG VAL XpNoipomotnfodv Yo va
EVTOTIGOVV TIC KOGUIKES OKTIVEG Ko

TOV EVIOMIoUO TV TANOLGUDV TV
COUATIOIOV VYNAG eVEPYEWNG GOF
OTTOLLOKPUCLLEVEG TTEPLOYES TOV OUKOV
pog M GAAov yoloSiov. Avtibeto,
0l KOGMKEG OKTIVEG QOPTIGUEVAV
ocopatwiov mov eBdvovv ot I,
Ka0mg vVIoYpEMTIKG EAlGGOVTAL T
SoTPIKA  poyvnTiKa media, Eyovv
yGoel OAEG TNG TANPOPOPIES TNG KO-
TevBLVOTG TOVG KoL OV UTOPOVV VOl
¥pNowonomBodv yio ToV EVIOTIGUO
TOV TINYOV TOVG, £KTOG 16MG amd TIC
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KOGUIKES axTives pe 1epdoTio evEp-
vew, mavo and 108 eV. Qotdco
mnbovopol copatidiov ue Tétoleg
EVEPYELEG AMOTEAODV L0, GNUAVTIKA
TTOYN TG SUVOUIKNAG TV YOAAELDV.
Yuvimg T0 EvePYELOKO TTEPIEYOUEVO
TOV KOGHKOV OKTIVOV 1000TOL LE TIG
EVEPYELEG TAOV LOYVNTIKOV TTedimv 1
¢ Bepukng exkmounie. H migon mov
TOPAYETOL OO COUOTIOW VYNANG
gvépyelag Korevbovel Tic yoralokég
ekpoég kot Ponda oty e&icoppodnn-
omn ™G PopLTIKAG KATAPPELGNG TOV
yoro&lokov diokwv. H aoctpovopio
OKTIVOV YOLO VYNADY EVEPYELDV Ei-
VoL PEYPL OTIYUNG 0 LOVOG TPOTOG VL
dlepevvnioovpe GUECH KOl VO KOTO-
VOTNGOVLLE TOVS TPOTOVG EMTAYVVONG
TOV COUATOIMV QVTOV, GE GLVOVO-
OUO LE TIG UEAETEG TNG OKTIVOPOAIOG
GUYYPOTPOV 1 OTO{0, TPOKVATEL OO
OYETIKIOTIKG. TNAEKTPOVIO, TOL

OV  OVOKOADQPONKOY VO, EKTEPTOVV
o€ TETOLEG evépyeleg, eivarl dLadKd
ocvotiuata (binary systems), ot
omoio ol powpt tpovma M Evag pulsar
Kot €VOg aoTEPOG TOAD PeYOANg Ua-
Cog mepipépovTal yOP® 0o TO KOO
Kévtpo palag. Kotd pnikog g el-
AEIMTIKNG TPOYLAS TOVG, Ol GUVOTKES
Y0, TNV EMITEYLVOT| TOV COUOTIOIOV
SLPEPOVV KOl G EK TOVTOV 1) EVTOON
g aktwvoPolriog eivor dapopem-
pévn oOue@va pe TV TEPiodo G
tpoylds. Ta cvotiuate avtd £xovv
100iTEPO EVOLOPEPOV, LIE TNV EVVOld
OTL EMTPENOLV T1| UEAETT Y10 TO TTMDG
0l Jl0dIKAGIEG TNG EMTAYVVONG TV
copatdioy emxnpedloviol omd TG
TOWKiIAEC cuvONKeg TEPIPAALOVTOG,.

Mo and Tig ToAEG ekTAnEELG NTOV
N OVAKAAVYT] TOV GKOTEWVDV TYDV,
ONAodT]  OKOTEW®MV  OVTIKEILEVOV
TO. OTOi0. EKTEUTOVV OKTIVEG YOI~

po vynAng evépyeloc. [lépa and to
yoro&ilo pog, Exouv avoakoivedel Kot
TOAAEC eEOYOAOEIOKES TN YEG OKTIVO-
BoAiag vymAng evépyelag mov umopel
va Ppiokovial og evepyong yorotieg
(active galaxies), 07OV 10 TEPACTIOL
HowpT TPOTO GTO KEVTPO TOL YoAoSia
Tpopodoteital and pio otadepn pon
aeplmv Kol ameAevbep®VEL TEPACTIO
ool evépyswg. Ov axtiveg yéppo
MOTEVETOL OTL EKMEUTOVTOL amd TN
YEITOVIA QUTMV TOV LOVP®V TPLTTOV,
EMTPENOVTOG TI UEAETN TV dlep-
Yool0V oL GupPaivovy o avTd TO
Bioo kot ehdyiota katavontd péypt
onuepa TEPIPAALOV.

IIpoéievon TV KooPIKOV

OKTIVOV KOl EMTaYVVOT

H enucparovoa avtiinym oty actpo-

QLOIKN LYNADV evepyeldV gival OTL
0l KOGKES OKTIVEG EMTOYVVO-

/

KWVOUVTOL O HOyVNTIKG Ttedia,
TPOKOA®VTAG UN-Ogppukn k-
TOUTY| POSIOKVUATOV KOl OKTi-
vov X.

Muw Tpo T poTia

OTIS UOTPOPVOIKEG TN YEG
OKTIVOV yappo

Ov mpoteg ewdveg axtivov
YOUUO DYNANG EVEPYELDG TOL
yoro&lo pog €yovv Anebei po-
Mc ta teAevtaio ypovia. Amo-
KOADTITOUV [t aAvcido  amd
EKTOUTTOVG OKTIVAOV YA TOV
Bpickovtol Kot UnKog Tov yo-
Aaélaxod onpepvov [1] (swo-
va 1), amodeikvbovtag OTL TNYES
EKTTOUTING AKTIVOBOALNG VYNANG
gvépyelng Ppickovtol ddomop-
te¢ otov yoradio pag. Ot mnyég
OVTAC NG oktvoPoliag mept-
AOUPAVOVY KPOLGTIKG KOMOTO
(shock waves) amd supernova
omov givan mOAVOV VoL ETLTOYD-
vovtol atopukoi mopnves. Mia

Eixéva 2. Yroeiuuoro. oo évo, dotpo mov
eeppayn mpiv omo YIMGOES ypovia, OTws
TopoTnpOnKe omo To OIACTHUIKO THAECKOTIO
Hubble ¢ NASA. Emionuws yvwoto eav NGC
2736 o vepélwua Pencil ivor qunuo. oo
TEPAOTION DITOAENUOTOS TOV supernova Vela,
070 VOTI0 aoTEpioud Vela kot avoxolvgOnke omo
tov Sir John Herschel tv dexoetio tov 1840.
To oynpo 00 vepelmuorog vrodniwver ot eival
TUUO TOV KPOLOTIKOD KOUOTOG TOV SUPEernova
oNpoBPYNoE TPOTPOTO. L. TEPIOYT
UE TVKVO 0éplo.

7\ VIOl 6TO KPOVGTIKG KOUOTO TOV
ekpnéewv TV supernova [2].
Qo1060, VO N EMTAYVVOT| TOV
COUATIOIOV CE EVEPYELES TAV®
arod 1014 eV €yel onuepa ca-
omg omoderydel pe ta dpyova
VEOG YEVIAC, OEV EIVaL 0TOOEDELY-
HéVo OTL TO PEYOADTEPO LEPOG
TOV KOGHIKAOV OKTIVOV ETLTO-
yovetal omd Tovg supernova. To
peyéio detypo Tmv supernova
ot onoiot Ba givor opatol pe o
neipapo CTA [3] (o opiopéva
CEVAPLO. OPKETEC EKOTOVTIOOES
OVTIKEIUEVD) Kol E0KOTEPO 1|
aLEAVOLEVT] KAADYT TNG EVEP-
YEWG G YOUNAOTEPES KOL VY-
AOTEPEG eVEPYELES, Oa emtpéyel
va yivouv evaictnteg doxipég
OTO. LOVTELQL EMLTAYLVOTG OTMG
gmiong kot KeAHTEPOG TPOGO10-
POUOC TOV TOPAUETPOV TOVG.
H BeAtiopévn yoviakn aviiv-
on Oa cvuPdrer ot dSdkplon
TV OOUdV Of VLTOAEHOTO
VIEPKAVOPOVAOV  (supernova

GAAN  OMUOVTIKY  KoTnyopio N\
OVTIKEWWEVOVY &lval Ta VEQEADUATO
YOop® omd Tovg pulsars, 6mov yrya-
VIio.  TEPIOTPEPOLEVOL  LLOLYVITIKEL
nedio. TPoKaAOLY ol otabepn pon
copatidiov vyming evépyeslag. Emt-
TAEOV, WPEPIKA OmO TO OVTIKEIUEVO
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po moAd vynAng evépyewg (VHE),
0AAG OEV €YOVV KOO TPOPOVY] OVTL-
oTolyio e cuoTAUOTO 68 GAAD UK
Kopatog. Me dAha Aoyl vadpyovv
avtikeipeva otov yoraéio mov eivan
OVIYVELGILO. LOVO OTIG OKTIVEG YO

v . .
remnants) tov tvar amopaitn
Yo T HEAETN TNG EMTAYLVONG TOV
cOUATIOMV Kol TV dAANAeTdpdoe-
ov touc. Ta veperdpato yopw amd
tovg pulsars (mov OmpuovpyovvToL
amd ekpnéelg supernova) givor GAAN
0L TAOVGLOL TTNYT) GE COLOTIO VY-

http://phenomenon.physics.auth.gr @ AIVOUEVOV



Mg evépyelag, ovumeptiapfovoué-
VOV gVOEYOUEVIE TUPNVOV VYNNG
EVEPYELNG.

To @aopo TV QOPTIGUEVOV KOG~
KOV oKTivov Tov mapotnpeitol ot
I'm pmopetl va meprypoeel and Evav
amAd vOUO dOvauNG HEYPL TNV eVEP-
vew pepikdyv PeV, omov exel aA-
AGler ehappmg kAion. To

Av kot évag SNR pmopet va aviyvev-
Oel amd ieokomo Cherenkov katd
TN O1GPKELD. UG OTLLOVTIKNG TEPLO-
dov g Cong tov (mave omd 104
YPOVIQ), TOPAYEL KOGIKES OKTIVEG
evépyelog 1015eV yio moAd pkporte-
PO YPOVIKO SAoTN O (UPKETEG EKOLTO-
VTadeg povia) AOYw g Tayelog dio-

T6&ewv peyébovg. Av 1 yevikn gucova
g e&EMéng v SNR mov meprypd-
PNKE TOPOUTAV® EIVOL GOOTY, 1) Béom
Tov opiov GTO QUG TV OKTIiVEV
yaupo eEoptdton omd v nAkio Tov
SNR kot amd To poryvnTika medio 6to
KpovoTikd kdpo. Mo épevva Tov
apOUOY TOV AVTIKEILEVOV TTOV EVTO-
milovtol, oov  cuvvaptnon

YOPOKTNPIOTIKO 0VTO OVO- 4
uéletar yovoro. H amov-
clo AV YopaKTNPLOTI-
KOV 6T0 QAo dgiyvel OTL
oV TO VTOAEIHOTO TOV
supernova (SNRs) eivar ot
TMYEC TV YOAOELOK®OV KO-
CUIK®V aKTIVOV, TPEMEL VO,
UTOpovV VO EMTAYVLVOLV
COMOTIOW  TOLAGYIOTOV
uéyxpt to yovaro. I'a va
oupPet avtd, n emrdyvvon
o€  EKTETOUEVO.  KPOVOTI-
K6 kopoto wpémel va, gtvot

OpKETE ypNyopn GOCTE TO. \_

Eixova 3. ['vootéc mpyés molv vyning evépyetas (VHE)
oo tov katadoyo TeVCat uéypi tov lodiio tov 2011
oxeolaouEveg o€ yolaciorés ovvietayueves. Ol OKIOOUEVES
TEPI0YES OElVOVY TOV IPOTdaiuo ovpavo ard to HESS (we-

proyn katw-0e¢id,) kai aro ta. Veritas/MAGIC

(TEPIOYN TOVW-OPITTEND,).

A NG EVEPYELOG OTOKOTG TOV

e b @aouatog, Oa emttpéyel Tov
< - - €\eyyo g vobeong avTng
{ oy A A ; kot Bo Bécel meplLopIoOnGg
¢ "H‘-‘" & L ""W__ R e . 0TS QUOIKEG TAPAUETPOVS
‘o * & L tov SNR, edwodtepa ot
= i w £VTOOT] TOV LOYVNTIKOV TTE-

= > - diov.
T— "'.;;T = [ewpdpoara 61w o CTA O

TPOGPEPOLV T1| SLVATOTNTA
TPOUYLOTIKOV — OVOKOAOE-
@V Y0 TV KOTOVONGoT| TOV
KOCUIKAOV 0KTiVeV, kabdg
VIAPYEL TO EVOEYOUEVO VOl
) mapatnpndei dueco n dd-

COUOTIOW VO PTAGOVV GE
evépyeleg e tééng tov PeV mpwv
o SNR umel ot o@don Sedov [4],
OOV TO KPOLGTIKO KOUO EMPPadv-
ver onuavtikd. [ va emtteuyBodv ot
VYNAOTEPEG EVEPYELEG TV KOOIKMV
OKTIVOV Kot 0poD 1 opyiky ToyOT-
ta eméktaonc T@v SNRs dev drapépet
TOAD omd OVTIKEIEVO OE avVTIKEIpE-
VO, HOVO EVTOVOTEPQL LLOLYVITIKG TTEST0L
puropov va avENcouvy Tov pulud emt-
TAYLVONG GTO OMALTOVUEVO EMIMEDO.
H evioyvon mov oamotteiton, o€ oyé-
o1 HE OVTH GTO SCTPIKO HEGO Kol
YL PIKPOUG GUVTEAEGTEG O1dyvomg,
elvar peyoAdtepn katd mopdyovio
100-1000. H un ypoppikny Bempio
™G EMTAYVVONG TOV EKTETAUEVOL
KPOLGTIKOD KOHOTOG OEiyvel OTL Lo
TETOL0 EVIGYLON TOV LOYVITIKOV TTe-
olov pmopel va mpoxAnfel amnd Tig
101eg T1g KoouKéG aktives. 'Etot évag
aKpPNE TPocdopiopds TG Evioong
TOU poyvnTikod mediov oT10 KPov-
oTikd Kopa sivar {oTikhg onpociog
Yo TN SLCAPNVION TNG TPOEAEVLGNG
NG TOPATNPOVUEVNG EKTOUTNG TV
OKTIVOV YOppo Kol TNV Katovonon
TOL TPOTOL e TOV 0moio Asrtovpyel
1M EMTAYLVON TOV EKTETAUEVOL KPOV-
OTIKOV KOUOTOG.

nepiodog 4 — teuxog 18 « ®efpoudpiog 2013

@VYNG o6 tov SNR 1tV copatidioy
e evépyeleg g Taéng Tov PeV. Avto
onuaiver 6tL o apBpog Twv SNR ot
omoiot €yovv onuepa éva QAGLO
OKTiVOV Yappo péypt KAmoleg Kato-
vtadeg TeV, etvon mepimov g taéng
tov 10. O apBudg TOV OVIIKEEVDY
7ov aviyvevovtor Ba eEoptbel and
TNV TUKVOTNTO. TOL SLOGTPIKOV LEGOV
KO TNV KOTOAVOUT TNG LLE TNV 0mOoT-
on. H aviyvevon éoto kot pepikav
amd autd To. avtikeipevo Bo etvor
e&opetikd onpavtiky, kabaoc Oa &i-
vou o oo@ng €vOelln EmTayuvong
otovg SNR tov xoopkav oxtivov
o€ gVEPYELEC TNG TAENG TV PeV. Mia
Aemtopepng odpwon Tov yorallokon
emmédov Ba NTav Evog 1BaviKog Tpo-
oG avalTNoNG aUTOV TOV TIY®V.
Xe YevikéG YPOUUES TOL PACLOTO TNG
axTvoPfoAiog Tov copatidiov (nie-
KTPOVIOL KO TPOTOVIOL) KOl ETOUEVAS
KOl TO, (PACUOTO TNG OoKTvoPoAiog
yaupo, Oo mpémel va delyvouv Lo
YOPAKTNPIOTIKY]  KOUTLUAOTITO, 7TTOV
OVTOVOKAG TNV EMLTAYLVOT| GE TPO-
TOTOMUEVAL OO TIC KOOUIKEG OKTIVES
KpovoTikd kopota. Qotdco Yo vo
dovue Tétolo KopmuAoTTO YpELale-
TOL L0 KOAOYT) EVEPYELNG UEPIKDY

yvor] tovc. H mapovoio
€vOg HOPLOKOD VEQPOUG OTLLOVTIKNG
puéloc mov Ppioketor oTn YETOVIA
evoc SNR (1] omolovdnmote &idovg
EMTAYVVTI KOGUIK®OV OKTIVOV) TOpE-
YELEVOY GTOYO Y10l 0OPOVIKEG OAANAE-
TOPACEIC T®V KOGUIKMDY OKTIVOV Ko
EMOUEVMG EVIGYVEL TNV EKTOUTI TV
OKTivVoOV yapupa. Q¢ ek To0TOL PeAE-
TEG TV LOPLOKDV VEQDV OTIC AKTIVES
YOUUO UTOPODV Vo YpNoLLoTotnfody
Y10 TOV TPOGOLOPICUO TOV TEPLOYDV
OTOL £MITAYHVOVTOL Ol KOGUIKES OKTi-
vec. KobBaog ta&idevovy amd tov emt-
TOYLVTIN GTOV GTOYO, TO PAGLO TMV
KOGLIK®V aKTIiVeV yiveTot to 1oyvpn
GLUVAPTNOT TOL XPOVOL, TNG UTOGTO-
oNg 0o TNV YN Kol TOV GUVTEAE-
0T O1dLoTNG OTIS SIAPOPES EVEPYEL-
&G. Melovtikd Telpduato Omwe To
CTA, 6o kdvovv duvotny ) pelét
NG EKTOUTNG GE GYECT| LE OVTEG TIG
mocottec. O kabopiopds pe vynin
gvocneia, g YOPIKNG KOTOVOUNG
TOV TNYOV TOV OKTIiVOV YA, Tov
oyetiletan pe tov do emtayvvry o
00Myo0CE GTOV TEWPAUUTIKO TPOGC-
Sl0pICUO TOV GUVTEAECTH TOTIKNG
Sudvomg Kot ToV apyIKoD PAGHOTOS
TOV KOGUKOV OKTIVOV GTIV TEPLOYT].
Eniong 6o Mtav dvvat) m mopoat-
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pNomn G OlEicdLONG TOV KOCHK®OY
OKTIVOV o€ HoploKd vEQN. AV 0 oL-
vTeEAEOTNG O1dyvomg HEoa o€ €va, VE-
©O¢ eival CIOVTIKG LKPOTEPOG OO
70 LEGO OPO TNG YELTOVIKIG TEPLOYNG,
Ol KOGUIKEG OKTIVEG YOUNANG evép-
vewg dgv umopohv vo dlElGOHVGOoVY
Babid péca oto VEQOG Kol Evol TUN-
0L TNG EKTOUTNG TV OKTIVOV YOO
oo TO VEQPOC KOPBETAL, LLE CUVETELN TO
QAGLLOL TOV OKTIVOV YOLLUO VO EPOO-
viletor aAAolOUEVO OE GYEoM WE TO
QUG TV KOGLUKADV OKTIVOV.

MeTpiogig QopTiopévmv
KOGUIKOV CONOTIOIMV

pe tnieokoma Cherenkov

O dodierg pe mheoxoma Cherenkov
umopobv vo. oupPdAirovy oty avi-
YLVELON KOL TV QOPTICUEVMV KOGUL-
kv oktivov. To CTA 6o umopet va
TOPEYEL LETPNCELS TOL PAGLATOS TMV
NAEKTPOVIOV Kol TOV TLPNVOV TOV
KOGLUKAV OKTIVOV GTNV TEPLOYN EVEP-
Yewg OmMOL TO UTOAOVIOL KOL Ol OvVi-
YVEVTEC GE dOPLPOPOLE dEV UTOPOLY
va mopéyovv dedopéva. H cdotoom
TOV KOSUIKAOV oKTiveov €xel petpndel

O Quoikn YAIkwv

,’ - '
= Kupidkoc layAdyAov
. Metamuyiads pornric
" [IMZ Quaikric & Teyvoloyiag
Yhikav

O1 nNAeKTPIKOI CUCOWPEUTEG (UTTATA-
pieg) gival NAeKTpOXNMIKA cuoTHUATA
TTOU JETATPETTOUV TNV ATTOBNKEUMEVN
XNMIKA evépyela o€ NAEKTPIKA. H xpn-
on Twv PTTaTapiwy AiBiou avauéveTal
va eTTEKTOBEl TTEPA ATTO TIG POPNTEG
ouokeuég  (H/Y, kivntd TnAépwva
KATT) KOl O €QAPUOYEG NAEKTPOKIVN-
ongG XaunAng 1oxuog.

To kaBodik6 UAkG LiFePO, xapa-
KTNPieTan a1rd €CAIPETIKN) XNMIKA Kal
BepuIk) OTOBEPATNTA, MEYAAN TIUA
€IBIKAG 10XU0G, XOUNAG KOOTOG (AOYW
d100eo1udéTNTag TOoU Fe), gival pn 1o0-
&IKO, Kal QIAIKS TTpOoG TO TTEPIBAAAOV.

HE UTOAOVIO KoL SLOCTHUIKG, Opyova
(v mapdderypa 1o TRACER) péypt
mv evépyen Tov 100 TeV. Eekvo-
vtag amd mepimov 1 PeV, opyava emi
TOL £3G(POVG LITOPOVV VOl AVLYVEDGOLY
OTLOGPOLPIKOVG KOTOYIGHOVG (Tapd-
derypo to meipapo KASCADE). Té-
TOL0L TTEWPELLOTO ATHLOCPOLPIKDY KOTOL-
YICUOV £XOVV ®GTOCO OVCKOAIES OTIV
TOVTOMOINGT TOL €I00VG TV E1GEP-
YOLEVOV OTIV OTUOGOUPO. ATOUIKDV
TLUPTVOV Kol KOTE CUVETEWD TO OO~
TeEMéopatd Tovg Yoo T obvleon TV
KOOLIKQOV aKTIVOV gtvor YounAdtepng
OVAADGNG GE OYEOT LLE TIC QECES Lle-
tproelc. Ta mAieokoémo Cherenkov
gtvar o1 o kokoi voym el Tov Ba
UTOpovoaV Vo KAEIGOLV TO TTEPOLL-
TIKG YOO LETOED TV EVEPYELDY TOV
TeV ko PeV kor mbovag Ba emitd-
¥OUV KoAvTEPN avilvon péilog omo Tig
CUOTOU(IEG OVIYVELTAOV OCOUOTIOIOV
eni Tov eddpovg. EmmAéov nepdparta
6nwg to CTA 6o pmopovv va Tpaypo-
TOTOMGOVY KPIGUIEG HETPNOEIS TOL
PACUATOC TMV MAEKTPOVI®MV T®V KO-
opkmv aktivov. Hiektpovia pe evép-
vewes g tééng Tov TeV kaidmtovv

OGYETIKA LIKPEG OMOCTAGELS S10000Tg
Aoyw ™G ypryopng omdAewng g
EVEPYELIG TOVG, EKMEUTOLY OUWG Op-
ket aktwvoPolia. Cherenkov mov o
kabotd aviyvevoa. To edopa tov
NAEKTPOVIOV TMV KOCHIKADV OKTIVOV
umopel va mapéyel TOMHTYES TANPO-
Popieg CYETIKA LLE TO YOPAKTNPLOTIKA
TOV TNY®V OV GLVEIGYPEPOVY OTT| O1-
wovpyia tovg. H avénon g evauctn-
clag mov avopéveron omd o CTA O
TPOGPEPEL CNUAVTIKEG PEATIOOELG OF
OVTEG TIG LETPNOELS,

Nnyég
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XV606mPEVTEG LOVTOV ABiov pe KGBoo0
éva 01koAoyIké viiko: LiFePO,

Oewpeital wg T0 KATAAANAGTEPO YIa
TNV NAeKTPOKiVNO™N Tou HEAAOVTOG.
2AMEPQA, UTTAPXEI ONUAVTIKA TTEPIRAA-
AovTikr} emBdpuvon até Kauoaépia
TTOU Qv KAl PEIWVOVTAl ava auToKivn-
10, OUOTUXWG auéavovTal, GUVOAIKE,
ASyw al¢nong Tou TTANBUCHOU Twv
autokiviTwy. ‘ETo1 KaBioTaTtal ohoéva
KQI TTIO ETMTAKTIKA N avAaykn va uTro-
KOToOoTaBei N KaUon OPUKTWY Kaugi-
Mwv (kapPouvo, TreTpéAaio, Bevdivn,
K.A.TT.) TTOU TTPOKOAEI TNV EKTTOUTTA
agpiwv pUTTWV [E CUVETTEIQ TRV UTTEP-
Bépuavan Tou TTAQVATN KATT.

H nAekTpoxnuikr atmobrkeuon Trpo-
OQEPEI TO TTAEOVEKTNUA TNG UETATPO-
TAG TNG QUOIKOXNMIKNG  EVEPYEIDG
atreuBeiag o€ nAekTpIK (0€ Bepuo-
Kpaoia dwpartiou) o€ avtiBeon pe Tn
XNMIKA a1ToBrKEUCN OTA OPUKTA KAU-
olJa (o€ uwnAfR Bepuokpacia ava-
@Aegng ~300°C). Mia Auon Ba artro-
TEAEOEI TO NAEKTPIKO QUTOKIVNTO TTOU

Tpo@odOoTEITOI aTTO JTTaTapieg (0N
(PAon EKPOPTIOHG TOUG) EVTOG AOTIKOU
I0TOU, AAAG N @Aan OPTIoT G Toug Ba
MTTOPEI va yiveTal Kal €KTOG OOTIKOU
IoTOU. Ta peyéBn TnNG €I8IKNG EVEPYEI-
ag  (yia autovopia Kivnong, XINOueE-
TPA/POPTION) KAl TNG EIBIKAG 10XU0G
(yia emTaxuvon) armoteholv onuo-
VTIKEG TTAPANETPOUG BEATIOTOTTOINONG
O€ TETOIEG ATTAITNTIKEG EQPAPHOYEG.
BeBaiwg, Tpémel va  {emrepacTouv
TTOAAG TEXVOAOYIKA E€UTTODIO TTPOKEI-
pévou T nAekTpIKE auTokivnTa va
MTTOPECOUV va ETITUXOUV TO GUVOU-
AopO IKAVOTTOINTIKWY ETTIOOCEWYV Kal
TTPOCITOU KOOTOUG. To yeyovog autd
£xel odnynoel, o€ €va TTpWTo BAUQ,
oTn Bewpnaon uBPISIKWY GUCTNPATWY
atmoBrikeuong evépyelag. AKOPn Kai
0€ QUTAV TN TTPOCWPIVI-CUNBIBACTI-
Kl AUon, 0 pOAOG TWV UTTATOPIWV Ei-
val KaBopIoTIKAG.
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To uAIk6 LiFePO, wg nAekTpodio ka-
B6dou, TTapouaiadel EVTOVO OIKOVO-
MO-TEXVIKO €VOIOQEPOV YIa Xpron o€
EQAPUOYEG nAekTpokivnong  (www.
lifepo,-battery.net, www.LiFePO4-info.
com, Chevy, Volt, Nissan, Leaf, Prius,
PHEYV, i-MiEV, Ford Focus, Fiat 500
EV, Roehr Motorcycle Company,
Smith  Electric Vehicles, BYD,
Aptera, Killacycle). EvdelkTIkO TOU
evdlagepovTog yia 1o LiFePO, eival
TO yeyovog OTI n ayopd Tou avhABe
10 2008 oT1a 13 &10. doAGpIq, KAl TO
2010 oT1a 46 &i10. doAdpla, dlatnpw-
vTag €101 €TACIO puBud avaTTugng
28% oTnv Trepiodo 2008-2013.

H Aeimroupyia Twv nAekTpodiwv oTn-
pieTal emavw oTnV “€UKOAn”  pETa-
@opikA kivnon Tou Li (AiBiou), TTOU
YIiVETQI TTPOKTIKA WG PEUPA NAEKTPO-
viwv (e) kal pevpa 16viwv AiBiou
(Li*). Apa, Ta UAIKG Twv NAEKTPOdiwv
TIPETTEl VO €ival KOAOI NAEKTPIKOI (NuI-)
aywyoi, Tautdxpova, nAEKTpoOViwy
Kal 16vTwy Li*. O1 nAeKTPOVIKEG 1816-
TATEG TWV UAIKWV TWV NAEKTPOBIWV
gival Mo yvwoTEg, oTroTe Ba avagé-
POUME POVO HEPIKA XAPOKTNPEIOTIKA
IOVTIKAG aywyIuoTnTog Tou Li*.

To umm6BaBpo Acitoupyiag Twv nAe-
KTpodiwv oTtnpifeTal TTAvw o€ doPEG
“MN EVTOTTIOMEVWV XNMIKWV OETUWV”
Tou Li pe evépyeleg Weudo-0eouwWV
MIKPOTEPEG TNG OPIAKNAG TIUAG TwV
0.025 eV (~kT = 8.7 x 10°eV/IK *
300K), €101 WOTE Va ETTITPETTETAI N JE-

TagopIknA Kivnon Tou Li* (pépTion/ex-
QOpTIOoN) 0€ Beppokpaaieg TTEPIBAA-
Aovtog (~300+30 K). MNa Tapadeiyua,
Oev TpéTTel TO Li* va oxnuarTicel 1ovTi-
KOUG OEOUOUG HE UWNAEG EVEPYEIEG
Kal XaunAS pnkog (r.x. LiCl: 4.86 eV:
0.202nm, NaCl: 4.26eV: 0.236nm

ka1 O, TTou atroteAoUV To 1I0XUPO “06-
pNpa” Tou Ba @iAogeviael To Lit atn
PAon EKPOPTIONG.

‘ET01, éxoupe Tn duvaToéTnTa UYWNAOU
apiBuol KUKAWV @OpTIONG-EKPOPTI-
ong (mavw amé 1000) pe pikpr) do-
MIKA Kal Jop@OAOYIKA €TTIRApUvVON

2ynuo 1. Zynuotirn avomopdotaon e kpvotaddixng douns LiFePO4. [1]

[TeOc,] layer

KATT.) aAAG avtiBeta 1O Li* va Kavel
“xahapoug  weudo-deopoug”,  on-
Aadr) OeopoUg PE MIKPEG EVEPYEIES
(<0.03eV) kai uynAod pnAkog (~1 nm).
210 FePO, (dnAadn 10 nAekTpOdIO
LiFePO, otn @aon @opTiong) £xoupe
IOVTIKOUG OeapoUg ueTagl Twv Fe, P

Anode

*e
" ol
ks
.r?”_
ik,

.
hil

i oell ool o0,

TJTJ
* F.

the
th

* o |-
" Peg Peg Pog 1
LR

...
| |
%

"
|

™
nT
"o

[T .

Li* Sobrant
maloculo

Separator/Electrolyte

2ynuo. 2. Koz m popuion, to. Li+ ovoowpedovior ato apviTiko nAektpodio
(Cypagp.). [3]

Cathode v
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TOU nAekTpodiou avd KUkKAo. H utra-
Tapia atroTeAgiTal aTrd To BETIKO Kal
TO apvnNTIKO NAEKTPODIO PETALU TwV
OTTOIWV TTAPENPAAAETAI O NAEKTPO-
AUTNG Kal PEOW TNG QUOIKOXNMIKAG
avTidpaong HETagUu Twv NAeKTPOOI-
WV KAl TOU NAEKTPOAUTN TTapAyETal
OuveEXEG NA. pedpa. ZTnV TTEPITITWON
TWV ETTAVAQOPTICOUEVWV UTTATAPIWY
QUTA N XNMIKA avTidpaaon PTTopEi va
QavTIOTPAQEi, av AvVTIOTPEWOUUE TO
pelpa TTOU péel DIaPECOU TOU £EWTE-
PIKOU KUKAWMOTOG, OTTOTE N PTTOTO-
pia eTTavépyxeTal oTn QOPTIOUEVN TNG
kardoTaon.

O1 umratapieg 16vTwv Li TTapouci@-
{ouv TTAgoveEKTAMATA OTTWG: Q) ME-
yaAn €1dikn evépyeia (90-110 Wh/kg,
320-400 J/g) Kkal EVEPYEIOKN TTUKVO-
Ta, (220 Wh/L ,790 kJ/ L), B) xaun-
A QUTOEKPOPTION, Y) PEYAAO XpOVO
Cwng > 10 €1, d) dev xpeidlovTal
ouvThHPNON, €) APKETA PHEYAAO £0pOg
Beppokpaciwv AsiIToupyiag, oT) IKO-
voOTNTA va OWOOUV APKETA PeEYAAa
peupara, kai ) duvardtnTa va KoTo-
OKEUOOTOUV O€ HeEYEBN TTOAU HIKPA
Kal TTOAU AeTTTAG pop@ng. Befaiwg
TTAPOUCIAloUV KAl  UEIOVEKTHNATA,
OTTWG: i) OXETIKA uwnAO apxIkd KO-
aTog, ii) avaykn UTTapéng KUKAwO-
TOG TTPOCTOCIAG VIO VO OTTOQEUXOEi
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n UttEP@OPTION 1 N UTTEPEKPOPTION
KaBwg kai n peyadAn avodog Tng Bep-
Mokpaaiag, iii) TTapoxr 10x0U0¢g JIKPO-
Tepn o€ oxéan pe 1o Ni-Cd i Ni-MH,
€I0IKA € XauNAEG BEPUOKPATIEG.
OTmwg avagépape, 101aiTEPo evdIia-
@épov  TTapoudialel n kaBodog
LiFePO,, n otoia d106tel TTOAG
EAKUCTIKA  XAPOKTNPIOTIKA  OTTWG:
Q) IKavoTroINTIKf oTédun (3.2-3.5V)
KAl OXETIKA €TTTTEDO TTPOPIA TAONG
(n dvodog TTou XPNOIUOTTOIEITAI OTIG
uTTaTOpieG auTéG aTtroTeAEiTal aTTd
aropa C dlateTayuéva o€ OTPWHATA
KAl N TINA auTh €ival XapunAoTepn atrd
Ta 3.7 V 10U divOoUVv OI UTTATOPIEG
pe kaBodo LiCoO,, aAAa 1o LiCoO,
UoTEPEI 0 XNMIKA OTOBePOTNTA YE-
Yyovog TTou TO KaBIoTd akatdAAnAo
o€ e@apuoyn nAektpokivnong), PB)
uwnAfR BewpnTikA €I0IKN XWPENTIKO-
™Ta NG Tagews Twv 168 MAhg, v)
OouIKr oTaBepdTnTa AGYW TOU WEU-
00-0OIOTTOAIKOU BETOU PETALU TOU
oguyovou kal Tou P Trpokeiuévou
va oxnuatoBei 10 (PO,)* TeTpae-
Opikd TToAuavidv (auTd CUVETTAYETAI
auénuévn avtoxrn Tng JTTartapiag o€
KUKAOUG @OpTIONG/EKPOPTIONG GAAG
KQlI JEIWHEVO KOOTOG TTAPACKEUNG).
O1av ol JI00TACEIG TwV  KOKKWY
LiFePO, eival ata pikpOueTpa, Tra-
POTNPEITAl TTEPIOPICPEVN IKAVOTNTA
TTapoxNs uwnAwyv peupdtwy. H adu-
vouia auth o@eileTal oTnV YIKPA NAE-
KTPOVIKN] aywyipotra tou LiFePO,
(10° s/cm?), oTnv TIEPIOPIGHEVN
KIVNTIKOTATA TTOU TTAPOUCIAlouV T
Li+ kaBwg Odlaoyifouv Tn dIETTOQN
FePO,/LiFePO, kai oTn pikpn evep-
YO em@Avela. AuTO €XEI WG CUVETTEIQ
n XwpnmkOTATA TWV NAEKTPODIWV
KATA TNV EKQOPTION va QaiveTal XO-
MNAGTEPN aTmé T BewpnTiKA TIUA,
€I0IKA OTNV TTEPITITWON TWV UYWnAWY
TIMWV TTUKVOTNTOG PEUPOTOG.

OT1av 6pwg 10 PEYEBOG TWV CwaTI-
Oiwv PEIWVETAlI ATTO PIKPOWETPA O€
VOVOUETPA, TOTE EXOUNE MEIWON TNG
amoéoTaoNnG TTou TTPETTEl va diavu-
OOouV Ta CWHATIOI yIa va PeTaBoUv
atd TN dIETTaPn NAEKTPOAUTN/KaB6-
00U OTA AyWYIMO TUAUATO TOU nAe-
KTpodiou, audavetal To euaddv NG
dlemmpavelag NAekTPodiou/nAekTpo-
AOTN, Kol PENDVETAI N eVEPYEID UNn-
XOVIKAG TTapauéppwonsg OIEUKOAU-
VvoVTag €101 TNV Kivnon Twv Li*. 'ETol
au&dvetal o pubBuodg eiIcaywyng/eta-
ywyng Li* TTpog Kal atrd T0 NAEKTPO-
010 Kal Apa ETTITUYXAVETAI UEYAAUTE-
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pn TTUKVOTNTA peupaTog. Kat autov
Tov TPOTTO au&dvetal n @aivouevn
aywyiuotnta Tou LiFePO, kai, kara
OUVETTEID, BEATILOVETAI N aATTOd00N
NG MTTATAPIAG yIa QOPTIOEIG/EKPOP-
Tiogig uTTd uYWnAoug pubuoug. 'ETol
kaBioTarar n pTaTapia KataAAnAn
YIa €QAPUOYEG NAEKTPOKIVNONG.

AuoTuxwg, Kata tnv e€aywyr] Tou Li
a6 1 dopr) Tou LixFePO, (popTion)
€XOUME €va TTPOODEUTIKA OIoYyKOU-
uevo kéAugog amé FePO, kai évav
mupnva LiFePO,, Tou TTpoodeuTika
oupplkvwveTal. Katd Tnv ekeopTion,
n avridpaon emava-eicaywyng Lit
oTtnv k&Bodo cival, Eavd, pia avtidpa-

PaCTA TTPIV aTTO TN XPNon. TUTTIKA, n
pTTaTapia apyicel va atmmodidel KovTd
OTO MEYIOTO TNG 1I0XU0G TNG META aTTd
4 1 5 TAAPEIG ETTAVAPOPTIOEIG KAl TO
ayyifel YETG ATTO 2 TTEPITTOU UAVES
ouvexoug Xpnong.

OAeg o1 yTTartapieg €xouv Hia ava-
pevouevn didpkeia {wng atmmo 2 €wg
4 xpoévia, avaloya pe Tov apiBud
TWV KUKAWV QOPTICEWV/EKPOPTITEWV.
AuTO oupBaivel yiaTi o1 XnUIKEG ouai-
€G TTOU TTEPIEXOVTAI AAAOIWVOVTAI [E
TNV TMAPodo Tou XPOvou Kabwg Kai
ME TOV apIiBud Twv KUKAWV AgIToup-
yiag. ‘ET01, 01 XprioTeg TTOU popTifouv
OPKETA OUXVA TIG UTTOTAPIEG TOUG

Lithium and e

deintercalation LiFeRQ,
B0 nm
Fell,
50 nm
48 nm
Hrnm

Ftan

A7 fm

Displacement of the
deintercatation front

2ynuo 3. Zynuotikn avomopdotacy Tov poviéiov “domino-cascade”. [4]
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on duo ¢@accwv (FePO,/LiFePO,),
TTou ekONAWVETaI pE OTABEPATNTA
NG Tédong (avaoyo Qaivouevo dipa-
OIKOU vePOU e oTaBePOTNTA BEPUO-
Kpaoiag, €ite oTov Bpacud: 100 °C n
otnv mAEN: 0 °C, £wg To TTEPAG HIOG
atrd TIG PATEIG).

2UXVA TTPOKUTITEI €va  evOIaQEPOV
B¢pa, otav, HOAIG ayopdoaTe TO OAO-
Kaivoupylo KIivnTé 0ag T.X. Kal Bia-
{6000TE VO TO EVEPYOTTOINCETE YiA
VO aTTOAAUCETE TIG OEKADEG VEEG TOU
Aeiroupyieg. MNwg OuwWG PTTOPOUE Va
eCao@aliooupe TN geyaAuTtepn duva-
T QUTOVOMIA TNG PUTTATOPIOG KAl TTWG
TIPETTEl VA AEITOUPYNOEI N JUTTaTapia
yId va atrodwaoel TO PEYIOTO Twv du-
VOTOTATWY TNG;

Kard kavova kd@Be ptratapia Tmou
TTOPEXETAI TT.X. MaAdi JE TO VEO KIVNTO
gival oxedév aQopTIoTn Kal TTPETTEI
va QopTIoTEl TTAAPWG a1Td TOV Ayo-

EVOEXETAI VA TIG AVTIKATAOTIOOUV HE
VEEG TTOAU TTI0O OUVTOMQ O€ OXEoN JE
AAAOUG XPAOTEG TTOU KAVOUV TTIO OU-
vTNPENTIK XPAON akoAouBwvTag TIg
odnyieg TOU KOTAOKEUAOTH).
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¢CEav un EATTNTON

avéATTIOTOV OUK
£€cupnocl,
Ta epgvvnTIKG TPOYPGPpOTE ave§epelvnTOV EOV

Hpadaxierrog Vo ’9
10V Tppatog Pvowkiic AIIO Kal atropov

“Av BEV ENTTIZEIC, B2 Ba BPEIC To QVEATNIOTO, TTOU Eivel
QVEEEPEUNTITO Kol armAngiaaTto”

Y10 Thaiola Tov £pyov «Evioyvon tov avOpomaivov peuvnTikol SUVOULKOD LEG® TNG
vAomoinong dwaktopikng Epevvag HPAKAEITOX II» tov Apiototereiov Tlavemt-
omuiov Oeccarovikngy, dlopyavmdnke nuepida otig 10/12/12 oto Kévrpo Atddo-
ong Epeuvnrikov Anotehecpudtov A.IL.O. Ztnv nuepida TopouGIAGTKAY EPEVVITIKA
UTOTEAECUOTO TOV VITOYNPI®V S100KTOP®V TOL £Y0VV LROTPOPieg amd To épyo. H
gKONA®ON HTAV AVOLYTH £TCL MGTE VO LITAPYEL SLUYLGT TOV UTOTEAEGUAT®V, OAAY KoL
TANPOPOPN O™ Y10, TO EMGTIIOVIKO EPYO TOL GUVTEAEITAL.

2TV eKONA®OT TAPOVGIAGTNKOV 01 TOPOKAT® TPOPOPIKEG OMAIES GO VTOYNPLOVG
dudaktopeg Tov Tunuatog Gvoikng.

¢ Notodpn Avtionn = Oc0bwpou XpLotddopog
Etepobouscg-vavobousg IlI-N nutaywywv xwpic Front-back gate coupling effect on 1/f noise in ultra-thin
nebio moAwonc: Epsuvntikéc e€edibeic kat Si film FD-SOI MOSFETs.

TIDOOTTTIKEC VL0l EQUPLOYEC OTTOTNAEKTPOVIKIG. = Mioahisnc Xapéhapmoc
e MBah[ENEUOEpEiMEp e Avamntuén KoL xapaktnpLouoc opyavikwy dtataéewv

Avaodiafpwticn Zoumepipopd e tpavliotop enibpaoncg nebiov (OFET) Baotlougves o
EvovBpoxorommuévns Mntpog 2101pov omo ULKPO NULOYWYLUO LOPLAL.
Tvrdln.

< Tliptn ZTéN\a

Kivnon teyvntou dopupopou yupw amo
QOUULETPO, TTEPLOTPEPOEVO, OUPAVIO OWUA:
ELSIKEC TPOYLEC TEXVNTWY SOPUPOPWYV TNG
2eAnvng.

Eniong ot mapokdto epevvntiéc epyacieg mapov-
clioTNKAV 6 GUVEdPiEg apicoag
= Toudolpn Oupavia Mévtn

Néa ouvista Blokepautka UALKA yLo
060VTIATPLKEC ATTOKATAOTAOELC.

=  BoAwvakng Mrewpylog-MatBaiog

OewpnTLK UEAETN MPOTUNWY OPYAVIKWV
NULAYWYWV YL XP1ON OE EQAPIOYEC OPYAVIKWY
nAektpovikwv. Anuloupyia atéAslwy Kat
NAEKTPOVIKEC LOLOTNTEG.

Yndtpopotr tov Hpduchertog ko petomruytokoi gottntég
tov Tunpatog Ouowrg, poli pe tov enikovpo kabnynt I.
= lewpyakakn ARpntpa Anpntpakomovro, HETE TO TEPAG TG EKONAWONG.

Modelling and analysis of an AFM nanotip
interacting with nanopatterned surfaces.

At won =zELXMA
= Jkapral£log Aoukag-NikoAaog-Mapkog - Eﬁ—fmmm ™ f_m-

TERETSATIN. MBATIEMIY & AANTT WY
Anomalous biased diffusion in networks. e — )
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Katé ) d1dpkela g £kBeong, veypdon pvnuovio cuvepyosiog peta&d tov AIIO kot o
TAOIG10 TNG SLGVVOESNG TG EKTOIOEVOTG TV POITNTAV LLE TOVG TOPAYDYIKOVS POPELS.
VAOTOINGOT KOOV OpACEDV TPOPAETETAL 1] AVATTVEN TG EMLYEPNLOTIKOTNTOG, 1) EVIC
a&lomoinon g eQopUOcUEVNS EpEVVAG, KAOMG KO 1 OVASELEN TOV VITNPECIOV TOV EPYO
TOV KOTOYVPOUEVOV TVELUATIKA «Tpoiovimv» Tov AllO, pe otdyo v avénon g
AVTOYOVIGTIKOTTOG TOV EAANVIKAOV ETLYEPTCEDV.

Ex pépovg tov Tunparog Pucikng tapovstdctnray opAies and Tov K. 2.
ota Opyavikd Hiektpovikd, kaBng kat and toug X. Iletpioon, A. Zauwwvions yia ty aopp
AIlO o1o «Ileipapa tov Atwvo» oto CERN.




