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ZNHeE LWHG TN OVLVTAaING

210 TeUX0G 10 TTPOBAGAAETAI N ETTICTNMOVIKA €idNGN TNG GTTOVOUNAS
Tou Nobel ®uoikng oe dUo, véoug oxeTIKA, Pwooug Puaikolg
NG O0TEPEAG KaTdaTaong oTo MavetmioTiuio Tou Manchester, yia
TIG €PEUVEG TOUG OTO YPOPEVIO, £VA EVTUTTWOIAKO, VEO, duodIq-
OTATO UAIKO, JE TTIPWTOYVWPEEG IOIOTNTEG. 2T0 TEUXOG CUPTTEPIAQ-
BavovTal emoTnuovikd véa OTTwG To aXeTIKO he To CERN kai Tnv
DCAIVOLIEVOV ... ouvexIZOUEVN ETTITUXA Asitoupyia Tou emitayuvT LHC, aAAd kai
evolapépovTa apBpa yia Evvoleg OTTWG N TTANPOYopPIa Kal 0 XPO-
VOG, KQI EPEUVNTIKA BEPaTA OTTWG N OOCIUETPIA, TO KOOMIKG Ow-
paTidla, akéua Kal 1o ...kpaaoi! BeBaiwg, dev Asittouv o1 eyypa-

Neprodikn ékdoon PEC TWV TTPWTOETWV QOITNTWYV KAl Ol OPKWHOTIES SIOAKTOPWY Kal
'°7J;2&°;2‘£“M‘2§g§$£'0' TITUXI00Xwv Tou Tprparog ®uoikig. Téhog, Ba dlaBaoeTe akopN

Kal YIo TTAPTU Kal Y1 TTod0apaipo!
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EmioTnuovika Néa

2710 Ypa@pévio To Nobel ®uoiking

H Baolhikiy Akadnpia ETmi-
OTNUWY TNG Zoundiag ava-
Koivwoe aTig 5 OkTwRpi-
ou, OTI atrovéuel To Bpa-
Beio Nobel ®uaoikAg yia To
2010, atmmd koivou, aToug
Andre Geim kai Konstantin
Novoselov, dUo epeguvnTég
PWOIKAG KATAOYWYAG TOU
TravemmoTnuiou Tou Manchester, yia Ta “pnéiké-
AeuBa TTEIPAPOTA TOUG OXETIKA e To duodidoTa-
TO UAIKO, YPO@Eévio™.

O1 Geim kai Novoselov TTapackelaoav ypagé-
vio 70 2004, £TTIXEIPWVTOG VA ATTOPAKPUVOUV
£€va JOVOOTOMIKO OTpWwHa atrd ypagitn, Xpn-
oIgoTTolwVTag, 600 Kal av gaiveral TTapdgevo,
...KOAANTIKA Taivia! Tov idlo xpdvo dnuoaicucav
oTo Science pla epyacia yia TI§ avtox£g, Tnv Ol-
ammePATOTATA KAl TAV AyWYINOTNTA TOU UAIKOU
auTou.

To €€wTIKO auTtd UAIKO gival éva UPEVIO PE TTAXOG
MOAIG evog aTtouou (dev Ba ptTopouce va eivai
AETTTOTEPO) TTOU TTAPOUCIALEl EAIPETIKA XAPO-

KTNPIOTIKG avToxrG Kal NAEKTPIKAG aywyINOTNTAG.
YTTOAOYIOTEG KOl PVAMES AOUAANTITA PIKPWV Ola-
OTACEWV, CUOCWPEUTEG UWNANG XWPNTIKOTNTAG,
TpavdioTop Pe dIOOTACEIS TTEPA ATTd TA OPIA TTOU
MTTOPEl va ayyiel To TTupiTio, gival YETAEU TwvV
g€Qapuoywyv Tou Ba utropoucav va uAotroinBouv
ME TN Xprion ypageviou. HON £x€l KATAOKEUAOTEI
atrd v idla oudda £va TpavlioTop PE TTAXO0G WO-
ANIG €VOG VAVOUETPOU, PTAVOVTAG iCWG TNV TEXVO-
Aoyia nuiaywywv oTa TEAIKA TG 6pia.

daiveral TTwg guvTopa n TeEXvohoyia Ba dwaoel Tnv
duvaTdTNTA TTOPACKEUNG YPAPEVIOU OE TTOOOTNTES
TToU Ba gival XpnoIYOTTIOINCIPES YIa TTARBOG epap-
poywyv. Kal iocwg 10TE va aAAGEEl TTOAU n popon
TWV TTPAYUATWY TToU BAETTOUPE ONUEPQ.

To «®aivouevovy Ba emTavéABel oTo BEua auTd
oT0 £TTOPEVO TEUXOG.

MHIH

http://nobelprize.org/nobel_prizes/physics/
laureates/2010/

O1 6u6 véor NoutreAioteg: Andre Geim, yevvn6eic 1o
19568, oro Sochi Pwaiag (apiotepd) kar Konstantin

Novoselov, yevvn@eic 1o 1974, aro Tagil Pwaoiag (6€éid).

Aopn Twv aréuwv aTo ypapévio, OTTwe Qaiveral e
NAEKTOOVIKO UIKPOOKOTTIO OAPWONG.

(A. Dato et al., Chem. Commun., 2009, 6095-6097)
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AINO TON KOZMO TQN HAEKTPONIKQN

To apBpo autd ypdprnKke 10 mEPATiE-
vo kaAokaipi, Aiyoug pnveg mpiv amé
v amovopr) Tou Bpapeiou Nobel oto
ypagévio... To “@AINOMENON” BAé-
el QMo TPIV TA IO GNUAVTIKA EMI-
oTnNUOVIKG emiTeuyparal

‘Eva onuavTiké TpoRAnUa TTou avTi-
METWTTICEI N TEXVOAOYiQ NUIOYWYWV €i-
val autd Twv BEPUIKWY aTTWAEIWY, TO
oTToio B£T€l Kal TNV aTTaiTnon yia wugn
TWV NAEKTPOVIKWYV dlatdgewv. H Texvo-
Aoyia éxel dwael TTpooaTta diEEOdoUG
oTo TPORAnuUa autd, TTou TPIvV POAIG
MEPIKG xpdvia dev oav Kav 0paTEG.

Ta nAekTpOVIKA ypageviou iocwg eival
£€va JakpIvo OVEIPO yIa TNV Wpd, aAAd
TO UAIKO Ba ptTopouce va XpnoiJoTrol-
nOei yia va atropakpuvel Tn BepudTnTa
TTOU TTAPAYOUV Ta CUUBATIKG NAEKTPO-
VIKA oToixeia mTupitiou. O1 YeTproEIg
€xouv Oeifel OTI TO yPAPEVIO €XEI MIA
OepuIKA aywyIuoTNTA TTOU TTPOCEYYi-
¢e1 1ig 5000 Wm'K-' atn Bepuokpaacia
dwpartiou, uwnAoTEPN aKOUN Kal aTTd
auTr Tou SlaPavTIoU, TTOU €ival O KAAU-
TEPOG YVWOTOG aywyodg BepudTNTOG.

2TV TPAEn, 1o ypagEvio Ba TTpETTEl va
XpPNolyoTroinBei g KATTOI0 UTTOOTPW-
Ma, 6TTwg o&eidiou Tou TTupITioU. TN

Fpagévio yia Tnv Yogn Twv TOITTG

T0G) OTn SIETIPAVEIQ YPAPEVIOU — UTTO-
OTPWHATOG.

H €peuva yia Tnv pérpnon mng Beppi-
KAG aywyIuoTNTag £YIVE PE £vav TTOAU
evola@épovta TpoTO. MpwTa PETPN-
Onke n BeppIK aywyiudTNTA OE UTTO-
oTpwua o&eIdiou Tou TTUpITiOU, ETTI TOU
oTT0ioU TTPOOTEBNKE £va AETTTO UMEVIO
YPOA®EVIOU PHOVOATOMIKOU TTAXOUG. TN
OUVEXEID TO UPEVIO auTO OTTOPAKPUV-
Onke kai n péTpnon emavaAnednke. H
d10popd Twv dUO PETPOEWV EdWOE
TNV BEPUIKN AywYIUOTNTA TOU YPAPE-
viou. To BewpnTikG POVTEAO TTOU ava-
TITUXONKE £0€1EE OTI 01 TPOTTOI TAAAVTW-

ong TAEyPaTOG €KTOG

®UAAa dvBpaka dUo dia-
oTdocewyv Ba ptropoucav va
Wugouv Ta TOITIG TWV UTTO-
AoyioTwv, Mo ypriyopa atrd
o1ro100nTToTE AAAO UAIKO
TTOU €ival o€ Xpron oruEPQ.
Tnv ammoywn auTn e€éppacav
epeuvnTéG ammd Tig HIMA kai
™ FaAAia, agou pétpnoav
™Tv BepuIKA aywyigoTnTa
QUAAWV ypa@geviou TTAVW
o€ UTTOOTPWHA 0&e1diou Tou
TTUPITIOU, TO OTTOIO XPNOIUO-
TTOIEITAI YEVIKWG Ooav UTTO-
oTpwPa aTnv TeEXVOAOyia
nuiaywywv. O1 épeuveg au-
TEG £0e1gav OTI Ta UAAG ypO-
peviou ayouv Tn BepudTNTA
oXedOV dUO POoPES KaAUTEPQ
atroé Tov XOAKO Kal TTEVAVTa
QOPEG KAAUTEPD aTTO AETTTA

2TnVv €IKOva @aiveral o€ ueyEBUVAN TO OTPWLA ATOUWY AvBpPaKOS

oe oi1draén ypageviou.

TOU €TMITTEQOU TOU ypa-
peviou, givalr onuavrTikoi
yia TNV uywnAnR Bepuikn
aywyiuortnta. Or TpéTrol
auToi OpwG KaTaoTpé-
@ovTal 6Tav To PovoaTo-
MIKO OTpWPA ypageviou
avatmTiooeTal TTavw OTO
UTTOCTPWHA.

O1 gpeuvnTég epyadovTal
oe pia dopnp 6tou TO
OTPWHA TOU ypageviou
O¢ev Ba gival TTAéov povo-
ATOMIKO, aAAG Ba €xel ap-
KETA eTTiTrEd. AVvapéveTal
OTI N BepUIKA AywYIPOTN-
Ta KABe oTpwpaTOog Ba
TTapouoIdadeTal augnué-
VN PE TNV OTTOPAKPUVON
atmd 10 uttdéoTpwHa. To

UMEVIQ TTUPITIOU.

To ypagévio gival pia eTTitredn dopun
atéuwyv avBpaka, dlateTayuévwy e€a-
ywviKd. To UAIKO auTd avaTTuxonke
yla TTpWTN @opd PoAig To 2004 kal atrd
TNV TTPWTN OTIYUA @AvNKe OTI €iXE 101-
aiTePEG 1810TNTEG, TOOO ATTO NAEKTPOVI-
KAG, 600 Kal a1rd PuNXavikAg TTAEUpPdG.
O1 gpeuvnTég e€eTdlouv TNV duvaTo-
TNTA KOTOOKEUNG UTTEP-TAXEWV TPAV-
CioTopg, 610TI, KATd pia TTEpPIypaQn,
TA NAEKTPOVIO OTO YPAPEVIO CUUTTEPI-
PEPOVTAl OAV OXETIKIOTIKA CwaTIdIA,
KIvOUUEVA PE TTOAU UWPNAEG TaXUTNTEG.
To onueio autd @aiveTal TTAVTWG va
aTToTEAEI ONuEio évTovou €TTIOTAMOVI-
KoU TrpoBAnuaTiopou.

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

didraén autn, petprioeig amo T1o MNave-
moTApIo Tou Té€ag oto QoTiv, o€ ou-
vepyaaoia pe 1o Boston College kai Tnv
aAAikr) EmitpoTriy ATopikAg Evépyeiag
(CEA), €deitav Bepuikn aywyipgoTn-
Ta ota 600 Wm' K, n otroia, av Kai
TTOAU XapnAOTEPN Ao TOou KaBapou
ypo@eviou, TTapapével TTOAU uwnAoTE-
pn a1o auTr) Tou XaAkou TTou gival oTa
400 Wm™ K kal Twv AETITWV UPEVIWY
XaAkou ota 250 Wm'K-'. H peiwon Tng
aywyIuoTNTag 0 OoX£0N UE TO eAeUBE-
PO YPAPEVIO EKTINATAI OTI OQEIAETAI
oe diappon ewvoviwv (wg ewvovia
opifovTal ol KBavTiopévol TPOTTOI Ta-
AdvTwong Tou KPUGTAAAIKOU TTAéyua-

evola@épov gival augn-

pévo, 181aiTEpa €TTEIDNA TO
BewpnTIKG TTAQiCIO TTOU avaTTTUXONKE
TEPIYPAQPEI TO Béua aTrd TTAEUPAG TOOO
BepuIKWV, 660 Kal BOUIKWY aAAG Kal
MNXaviKwV 1010TATWV. Agv atTokAgieTal
ouvTopa va douue UAIKA OTTwG TO ypa-
@EVIO va avTikaBioTouv Tov XaAkd o€
EQAPHPOYEG OTTOU OI ATTAITACEIG BEPpI-
KAG aywyIuoéTNTaG €ival uWnAEg.

Xpriorog EAcuBepiadng
AvaTtrA. Kabnyntig
TuAuaTog duoikng AMNO
http://discovermagazine.com
http://nanotechweb.org
http://physicsworld.com

paivousvov



EmioTnuovikd Néa

H 1pwtn emi-
TUXAG AclToup-
yia Tou Meyd-
Aou EmmitaxuvTh
ZuykKkpouaong
Adpoviwv LHC
(Large Hadron
Collider) aTto Eu-
pwTTaikod Kévtpo
‘Epeuvag 2T0I-
XEIWOWV Zw-
pandiwv CERN
TOV TTEPATUEVO
NoéuBpio kai AekéuBplo, aTToTeAEi
oiyoupa évav o1aBuo yia Tnv Puoikn
TWV ZToIXEIWwdWV ZwuaTidiwv (Pal-
vopevov, Teuxog Aekeufpiou 2009).
2¢ autd 10 oUvVTOMO dIdaTNUa OOKI-
MOOTIKAG AgIToupyiag emmeTelxOnKav
OUYKPOUGEIG TTPWTOVIWV E EVEPYEIQ
OTO KEVTPO padag 2.36 TeV (1.18 TeV
oTa TTPWTOVIA TNG KABE déoung). Tov
MdpTtio Tou 2010 o LHC 1éBnke Kkai
TIAAI o€ AsiToupyia pe aTdXO TNV £TTi-
TEUEN ouyKpPoUCEWV CWUATIdIWY O€
UYNASTEPEG EVEPYEIEG KAl TNV Evap-
&n ToU Kupiwg gpeuvnTIKOU TOU TTPO-
YPdupaTOg.

Ta TpwTa amoteAéopata TNG HE-
Xp! Twpa AsIToupyiag Tou €TTITAXU-
vil LHC avakoivwBnkav oto 350
AleBvég Zuvédplo ICHEP (35th
International Conference on High
Energy Physics) oTo lNMapiol (Palais
des Congrés, July 21-28, 2010).
ZUPQWVA JE TO OXETIKO OeATIO TUTTOU
(CERN Press Release 26.07.2010),
Ol EKTTPOCWTTONI TWV 4 PeEYAAWV TTEI-
paudtwv oto LHC, dnAadn Twv Trel-
paudtwv ALICE, ATLAS, CMS kai
LHCDb, mTapouciacav YETPATEIS TTOU
TTPAYUATOTTOINBNKAV KATA TOUG TPEIG
TTPWTOUG PNVEG ETTITUXOUG AsITOupYi-
ag HE evépyela oUyKpouong TTPWTO-
viwv 7 TeV (3.5 TeV avd déopun). ZTig
TIPWTEG HETPHOEIG TA TECTEPA TTEIPA-
paTa “Cava-avakaAuyav” Ta yVwaoTd
cwpaTtidla Tou KaBiepwuévou lMpo-
TUTTOU TWV ZTOIXEIWOWY ZWHaATIOIWV
- éva Bacikd Bripa yia Tov EAeyX0 TNG
dpTiag Asitoupyiag Tou 6Aou CuoTA-
MOTOG, TNV TOTOTIOINGN TNG UWNARS
ToI6TNTAG TWV BEQOPEVWV KAl TNG

CERN

Mapouciaon Twv TPpWTWYV atroteAeopdTwy amod Tov emTayuvti LHC

OWOTAG TTpOTTaPa-
OKEUNG TnG 6ANng dI-
adikaoiag yia VEES
avakaAuyelg. Auo
akéua TreIpduaTa
€XOUV XpPNOIUOTIOI-
Noe€l TIC BETHUEG TWV
3.5 TeV: 10 LHCHT,
TO OTT0i0 €X€l OXEDI-
aoTei yia va ponbni-
g€l oTNV Karavonon
Twv aAAnAemdpdoe-
WV TWV owWPaTIdiwv
TNG KOOUIKNAG OKTIVO-
BoAiag pe Tnv atuo-
oQalpa, KATI TTou Ba
YiVEl HEAETWVTAG TNV
Tapaywyr oude-
TEPWYV cwaTIdiwy
KAaTd TIG OUuyKpouU-
o¢lg, kai To TOTEM,
TO OTTOi0 €x€l OTOXO
TNV YETPNON TNG OAI-
KAG evepyou diato-
MAG TwV OuyKpouU-
OEWV TIpwTOViou
— TIPWTOVIoU Kal TNG
€NOOTIKAG TOUG OKE-
daong OTIg £CAIPETI-
K4 pEYAAEG EVEPYEIEG
Tou LHC, gupabuvo-
VTOG £T01 OTN YEAETN
TWV TTPWTOViWV.

O LHC mapdAAn-
AQ JE TIG UETPNOEIG,
Bpioketal o€ pia OI-
adikaoia TTpoodeu-
TIKAG avapdbuiong
NG A€IToupyiag Tou.
O puBudg ouykpou-
OEwv ocwpaTIdiwy
(TToU ek@paleTal ou-
vNBwg péoa atd Tov
6po “AautrpdéTnTa’)
€xel yivel Adn Tavw
atrd xiAleg @opég
MeEyaAuTepog aTrd
ot ota TEAN Mapri-
ou. H ypriyopn autn
mpb6odog oTIG Oé-
OMEG OCwHaTIdiWV
akoAouBeiTar atmo
avtioToixn mpdodo

|

VAAR

LiE s

Woeprv canclidate " = °
in 7 Tel callisions

GQATLAS

1. Tpoxié§ owua-
nidiwv Byaivouv
arré 10 ECWTEPIKO
TOU TTEIPAUAToS
ALICE kabwg ouu-
Baiver pia amé g
TPWTES GUYKPOU-
OEIS UE OAIKN eVEP-
yeia 7 TeV.

2. Eva yeyoviog
oUyKpouaong oAl-
KNg evépyeiag 7
TeV oro meipaua
ATLAS, oémou éva
umoloévio W dia-
ormarar o€ éva Uio-
VIO TTOU QVIXVEUE-
Tal amro TO UIOVIKO
PaocuUATOUETPO
Kal o€ éva adparo
verpivo.

3. H digomraon
£VO¢ utroloviou

Z o€ 600 uiovia
(XOVTPES AcUKES
ypauuég) ta oroia
Karaypdeovrai
arro Toug BaAd-
Houg avixveuons
Hioviwv oTo Treipa-
ua LHCb.

mnyn.
http://press.web.cern.ch/
press/PressReleases/
Releases2010/
PR15.10E.htm

en

CERNBUIletin/2010/27/News%20Articles/

http://cdsweb.cern.ch/journal/
12744867In

mnyn:

4. H mooornta dedouévwy (oAokAnpwuévn Aautmpdinra o€
Hovadeg avriotpogou nanobarn), Tou éxel UAMexBei aTa
mrelpduara rou LHC kard 1o xpovikd didotnua Asitoupyiag

ToU, amrd 10 TéAo¢ Mapriou uéxpr 1o TéAog louviou 2010.
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oTnv TaxUTNTO E€TTECEPYATiag Twv
0edopévwy TToU TTapdyovTal aTod Ta
OIoEKATOUUPIO TWV CUYKPOUTEWV.
H emefepyacoia Twv dedopévwy yi-
veTal he 1o Maykoopio YTToAoyIoTIKO
MAéypa Tou LHC (Worldwide LHC
Computing Grid) To otToio emITPETTE
va yivetalr avdAuon Twv 0£d0oUEVWV
o€ auvepyaldueva KEVTPA EPEUvVAG
o€ 6Ao Tov KOO O.

H Aeitoupyia Tou LHC o€ autég TIg
evépyeleg Ba dlapkéoel yia 2 TTepi-
TToU XpovIa, YEXPI To TEAOG Tou 2011,
éva 01doTNUa IKavO WOTE VA OUYKE-
vTpwOouv dedouéva apKeTd yia on-
MavTIKA, OTTWG TTIoTEUETAl, TTPO0S0
oTn MEAETN MIAg gupeiag TTEPIOXNS
@aivopévwy otn Puoikn Zroixeiw-
owv ZwuaTidiwyv. Metd amd autn
Tnv TTepiodo Aeitoupyiag, o LHC 6a
OTANATACEl TNV AEITOUPYia TOU yia
TNV TTPOYPAUMATIOMEVN CUVTAPNON.
H Trepiodog auvtripnong Ba givai ap-
KETA PEYOAUTEPN ATTO TO PEXPI TWPA

ouvnBiopévo d1IdaTnua ETACIAG CU-
vTAPNOoNG Twv 4-5 unvwy, Adyw Tou
o1 0 emTayuvtig LHC, évtag pia Te-
pdaoTia Kpuoyovikn dIdTagn, xpeiade-
Tal éva TTEPITTOU PAVA YIa VA OTTOYU-
XO¢i uéxpl TNV Bepuokpaacia TeEPIBAA-
AovTOG Kal dAAov évav pAva yia va
WuxBei kal TTAAI OTIG TTOAU XOauNAég
Beppokpaaies Twv Aiywv Baduwyv K
oTIg oTroieg Aeitoupyei. Aev Ba yivel
Aoittév “run” Tou LHC kai Twv dA-
Awv emmirayxuvTwy Tou CERN TT0U TOV
uttooTnpifouv, e OAOKANPO TO £TOG
2012, Kupiwg yia va doB¢i kal 0 xpod-
VOG TTOU OTTAITEITAI YIA TNV OVOKOTO-
VO TOU ETTIOTNHOVIKOU KAl TEXVIKOU
TIPOCWTTIKOU TToU Ba TTpayuaTOoTIOl-
Noe€l yia gUUTITUEN TNG aAUGIdAG Twv
dlapdpwVv OTadiWV ETMITAXUVONG Kal
TNV TTPOETOINACia yia TNV TTARPN A€l-
Toupyia Tou LHC oTtn péyiotn 1po-
BAetrouevn evépyeia Twv 14 TeV.

A. NidAiog

~

Mia péAlov omévia ovykévipworn €ywve 0to CERN tov mepaouévo
Avyovoto. To kvplo cvuvOnua frav:

“Research without a budget = Europe without a future”

OnAadn:

épevva ywpis kovdvhia, icov Evpawnny ywpic pédov.

Eivat a§loonpeiwto Ott n otkovopkr| kpion @aivetat va ametei, oxt
Hovo xwpes oav Ty EAAGSa, aAAd kat TOVG TTLo EVPWOTOVG OLKOVOLKA
Kal TPowONUEVOVG EMOTNHOVIKA XWPOLG TNG TAYKOOULAG EPEVVAG,
onwg eivar To CERN. Aev amethodvtat povo ot advvapeg xwpeg kot
KvPepvroetg, aAla 1 idla n emotnuovikn mpoodog!

USERS, ASSOCIATES, STUDENTS, FELLOWS,
RETIREES, STAFF

“Research without a budget = Europe without a future”
Come to the gathering
to defend the research budgets in Europe.

For more information: http://association.web.cern.ch/
association/en/25_aout.html

Meeting place: car park “des cedres” (Geneva, CERN,
bldg.500) at 10.30 on Wednesday 25th August

Users, associates, students, fellows, retirees,
staff... we are counting on your presence

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

EvSeIKTIKO Tou evdiapépovTog
mrou Seixvel n moAiTikA nyeoia
TWV EUPWIATKWY XWPWV

yla tnv épeuva Kal tng
1mpoBoANC mou Tuyydvouv Ta
ETMOTNUOVIKA TEKTAIVOUEVA
otnv Evpwrn, umopsiva
BewpnBei To yeyovdg Ot
otnv évapén tou cuvedpiou
OUUMETEIXE Kal 0 [aAAog
Mpdedpocg Nicolas Sarkozy.
Ok. Sarkozy e€éppaoe Tnv
S6éouguon Tou va ouveyioel
TNV OIKOVOUIKH UTTOOTHPIEN
™¢ Baoiknic épguvvac, mapd
TOV TTEIPACUO YIQ TTEPIKOTTEG
damavwyv otov Kaipd TS
OIKOVOUIKNC Kpionc.

Metaéb aAwv o [dAo¢
Mpoedpocg eime kai Ta €€ri¢:
«H Baoikn épevva bev
£0TIA(El O€ OUYKEKPIUEVEC
£QApUOYEG, ald uia

XWpPa Tov amoTuyXAvel

va SWOoEl mpoTEPAIOTNTA
O€ QUTHV KAVEI IOTOPIKO
AdBoc». Kai mapakdtw:
«Agv éxoue TNV MoAUTéAEIa
va urmoxwpriooUE O
Eemepaouévec BefaidtnTec.
Mpémer va macyiouus dokva
va BpoUlue véeg AUOEIG Kal
va dnuioupyoU e OUVEXWG
véa yvwon n omoia Ba sivai
10 KaAAitepo émho evavtia
otnv Upeon». Tédog, Sev
TTAPEAEIPE va TAPOTPUVEI
TOUG EMIOTILOVEG VA
avayvwpioouv Tov péAo
TOUG OTNV €me€iynon tng
EMOTAUNG 0TO EUPU KOIVO.

paivousvov



duoikni kai NMAnpogopia

(Ta mepiepya TnG evrpomiag!)

To kaipio epwTnua TTOU TiBETAI €i-
val To T yiveTal 6Tav ol KATAOTACEIG
TTOU PTTOPEI va TTdpel éva auoTnua
gival TToOAAéG. H pia dtroyn givar 6T
n €méPEVN KATAOTAGH TTOU TTAiPVEI
TO oUOTNUO €ival Pia Kal yovadikh,
Kal N €€EAIEN TOU CUCTANATOG TTEPI-
ypageTal amd TIg EI0WOEIS Kivnong.
Autég kaBopilouv povooruavta Tnv
ETTOMEVN KATACTACN TOU, KAl TNV £E€-
ANiEn Tou.Eivar autry n povadikn drro-
wn; H &AAn dmown eival 611 T0 OU-
oTnua utropei va Bpebei oe didgpo-
PEG KOTAOTACEIG e pia TBavéTnTa.
YTrdpxel KATI TO OeueAIDES TTOU va
eMPRAAel Tn deUTEPN ATTOWN, 1 AUTO
TTOU CUMBaivel gival OTI UTTAPXOUV TO-
0€G TTOAAEG JIKPOAETITOUEPEIEG TTOU
kaBopifouv povooruavTta TNV €1O-
MEVN KATAOTOON, TIG OTTOIEG Kal OEV
yvwpiloupe; ‘ETol kata@elyoupue €€
QvAyKNg aTnv TrEPIYPOPn PE TIG TTI-
BavoTnTeg.

Oa egeTdooupe pepIkoUG Baaikoug
oTaBuoug TnG deUTEPNG AVATITUENG,
Kal Ba TTapoucidooupe TNV dmoyn
TNG Yia To TTwG e§eAicoeTal To oUOTN-
Mo pe T0 Xpovo. Anhadn, TTolEg gival
0l KaTdAANAEG OUVAPTACEIG yIa TN
TTEPIYPAPH TOU CUCTAUATOG, Kal TTOI-
oi gival ol vépol yia Tnv eEENIEN TOU
JE TO XpoVO.

Ti givar 6uwg n Evrpomia?

Kat apxdg mpétrel va dnAwbei 611 n
£€vvola Tng evipoTriag dev €ixe €l0a-
X0¢i vwpitepa. Av kal TOTE dev ATAV
YVWOTO TO TI QUTA onuaivel, o Baoi-
KOG VOUOG TTOU TTEIPAPATIKG BpEBnKe
nrav 61 «H ouvoAikr) TToodTnTA TNG
EVTpOTTiOG dev PTTOPED VO YEIWOET pE
TNV €€ENIEN TOU CUCTAPATOG.

BpéBnke etTiong OTI uTTApYXOUV OXE-
o€Ig YETAEU Bepuoduvapikwy TTo-
OOTHTWYV, Ol OTToiEg ATTOdEIXTAKAV
povo e TNV yvwaon Tng Utrapéng Tng
«EvTpoTriagy», Kal glog oxéong yia tn
peTaBoAn TnG, xwpig dnAadn va ei-
Val YVWOTH N CUYKEKPIPEVN EKPPACN
™G.

O1 oxéoeig auTég gival To PeydAo £TTi-
TEUYMO TNG OePUOBUVAUIKAG, TTOU
ammodeixbnkav xwpig va yvwpifouue
TOUG VOUOUG TNG pUONG TTOU BIETTOUV
TNV Kivnon TG UANG O€ PIKPOOKOTTI-
Kn KAipaka, kal Tou &€V XpnoIYOTIOl-
ouvTal aTnV aTTOdEIEN TOUG.

Etmopévwg, o1 ox€oe€ig auTég 1I0XUoUV
avegdpTnTa av €xoupe Bpel owaTd
1 6x1 Toug vououg TTou Kabopilouv
TN Kivnon NG PIKPOOKOTTIKAG KATA-
OTOONG, KOl TOUG OTTOIOUG eVOEXETAI
METAYEVEDTEPQ VO XPEIOOTEI VO TOUG
aANGEOUE.

Oepuoduvapikn
180¢ ka1 2 1906 aiwvag

‘Eva onupavtiké Kal epap-
poouévo Béua épeuvag,
Tou 180U KaI TOU TTPWTOU
MiooU Tou 190U alwva,
ATaV TO PEYIOTO TNG EVEP-
YEIOG TTOU uTropoloE va
e€axOei ye pia BepuIKA un-
xavr]. ATToTéAeOPa AuTAG
NG £€pEuUvag fTav n ava-

TeAikd, pe Bdon TNV
Utrapén NG ouvapTn-
ong auTAg, Kal JEPIKOUG
EUTTEIPIKOUG VOUOUG TTOU
AVOKOAUYOME, UTTOPE-
OOpE va avamTugoupe
MIa Bewpia yia TO PEyI-
OTO TnG amoédoong Twv
BepUIKWVY unxavwy!

H kaivoupyia 1Toodtn-
TO OVOMAOTNKE, OTIG
apxég Tou 19ou aiwva,

KAAuWn S1d@opwyv VoUWV
dlatipnong, METAEU TwWV

Rudolf Clausius
(1822-1888)

«EvTtpotria», amd Tov
Clausius, kai n emAoyn

oTToiWV ATAV Kal auTdg TNG

evépyelag, ol SIdPopeS HOPPEG TNG
OTT0ixG UTTEITEPYOVTAI GTOV VOUO.

‘Evag GANOG VOUOG, «TTEPIEPYOCY VIO
TNV €TTOXNA €KEiVN, TTOU avaKaAUQON-
KE TTEIPAUATIKA, ATAV auTdG TTOU Of)-
Mepa atrokaAoUue vopo auénong
TNG EVTPOTTIG.

TOU ovOuaTOG auToU Eyi-
ve amd pia Tahid yAwooa (Tnv EA-
Anvikn). Auto dpwg dev onpaiver Ol
TIPOCdIOPICTNKE KAl N anuaacia Tng.
To emiteuypa NG OePPOBdUVANIKAG
gival 1I810iTEPaA ONUAVTIKO.

To Tipnua duwg TToU TTPETTEl VA TTAN-
PWOOUE yia TNV ayvonon Twv vo-

Tou I. ©codwpou
kab. Tu. ®uaikric

MWV TTOU TTEPIYPAQPOUV TN CUUTTE-
pPIPOPA TNG MIKPOOKOTTIKAG Kivnang
nrav 611 o1 JIAPOPES JAKPOTKOTTIKEG
TO0o6TNTEG OEV UTTOPOUV TTAEOV va
utToAoyIoToUV g€ aTmOAUTN KAipaKa.
O1 d¢ didgpopol vouol TToU TTPOKU-
TITOUV, EKQPACOUV JOVO OXECEIG [E-
TagU JOKPOOKOTTIKWY TTOOOTATWY.

Eival TToA0 onuavTikd va avagepOei
OTI AvTIKEiuEVO TNG OEPUOBUVANIKAG
gival yevikd ol HETAOXNUATIOPOI TNG
EVEPYEIAG OE YOKPOOKOTTIKO ETTITTE-
00, Kal a1rd TNV £TTOXN TNG AVATITU-
&ng NG €ixe onuavtikd evolaPEpov
yla TIG epapuoyEg TnG. Mvetal &€ ou-
VEXWG AAAaYH TWV HOPPWV TNG EVEP-
YEIOG TToU pag evdlagépouyv. To apxl-
KO evdla@épov ATav yia TN BepudTN-
Ta Kal TIG BEPUIKEG Pnxavég, atrd 10
OTTOIO TTPOEPXETAI KAl TO GVOUA TOU
KAGdou. Agv TTeplopideTal GPwG pévo
o’ auTo.

Me Bdon 1o avTIKEiMEVO TOU KAGDOU,
yiveral gavepd 611 autdg eival 181ai-
TEPA ONUAVTIKOG yia Tnv €mifiwon
pog. 'Eva atmdé Ta MEFAAA TEXVOAOYI-
KA TTpoBARUATa TNG ETTOXNG €ival Kal
n dlaxeipion NG EVEPYEING O€ PAKPO-
OKOTTIKG eTTiTrEdO.

ToviCeTal Eavd OTI N evTpoTTia Traidel
MEYAAO POAO OTIC WETATPOTTEG TNG
evépyelag. EvOeEIKTIKA avagépeTal
OTI o€ éva KATAPPAKTN vePOU, OAa Ta
MOpIa TOU £X0UV TNV idI0 HETAPOPIKN)
TaxUTnTa, dpa n EVTPOTTIO TOU CUGTH-
paTog gival undév. Autd cuveTTayeTal
OTI uTTopoUE va e€Ayoupe atTd auTd
TO GUVOAO TNG EVEPYEIAG TOU.
Z0powva pe éva oxOAlo Tou
Einstein,

«A theory is more impressive the
greater the simplicity of its premises,
the more different kinds of things
it relates, and the more extended
its area of applicability. Therefore
the deep impression that classical
thermodynamics made upon me. It
is the only theory of universal content
which | am convinced will never be
overthrown, within the framework of
applicability of its basic concepts».

O¢eppoduvauikn: ‘Eva olyxpovo Ja-
Onua o€ Tahid TrepITUAIyal
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2rariotikn) PuoiKn
Boltzmann (1844-1906)

BpiokeTal, (UEyIOTO TNG EVTPOTTIAG
Ic00UVaEi hJE TO YEYIOTO TOU apIB-
MOU TWV MIKPOKATAOTAOE-

Hrav o Boltzmann (cT0
deuTepo pIod ToU 190U
alva) Tou gixe Béocel
WG oTOXO va ouvdEoEl
TN MIKPOOKOTTIKA ME TN
MOAKPOOKOTTIKA QUOIKN.
Eival onuavTiké va ava-
@epBei 6TI TNV €TTOXN
€KEivn, akoéun dev €ixe
yivel yevikd atrodekTod
atrd TOUg QUOIKOUG OTI
n UAn atroTeAgital atd
dtopa.

Ludwig Boltzmann
(1844-1906)

WV, TTOU JE TIG KaBOopPIouE-
VEG OUVONKEG, PTTOPEl va
KaTaAdBer To cUoTNUA).

H oxéon auth 1ox0el 01N
TTEPITITWAN TTOU OAEG OI I-
KPOKATAOTACEIG £XOUV TNV
idla mMBavoeTNTa Va gugavi-
oToUv, DIAPOPETIKA N axéan
QuTA avayetal oTnv

S =—k, Zpi log(p,) -

ME kB Mia oTaBepd, TTOU TNG

Me tnv UTTOPEN TWV aTO-

Mwv TToU atrodéxeTal o Boltzmann,
O€ PIKPOOKOTTIKI) KAIJOKQ UTTApYOUV
TTAéOV TTOAAEG HIKPOKATOOTACEIG TOU
OUOTAMATOG, OI OTToiEG dnuIoupyoUV
apefaidTNTO WG TTPOG C€ TTola AUTO
BpiokeTal. H petdpaon d¢ atrd 1n yia
MIKpOKATAOTAON O AAAN TTPOKAAEI-
Ta1 atrd TN BEPUIKN Kivnon.

‘ET0l, TO BACIKO £PWTNUA TTOU TOV
amaox6Anoe Arav TWG atd TN HI-
KPOOKOTTIKA KOl XOOTIKN QuTh €1K6-
va, JTTopEi Kaveig va @Bdoel og pia
MOKPOOKOTTIKY €IkdVA, XWPIG auTn
YEVIKA va €XeEl Tn TTpoavagepbeioa
X0aoTIKY oupTrepipopd. Mwg dnAadn
MTTOpoUcE va €€nynBei N HakpooKo-
KA Ta&N, JE BAON TN MIKPOOKOTTIKNA
QUTH XOOTIKA CUUTTEPIPOPA.

ETriong, mpétrel va avagepbei 611 Ta
MOKPOOKOTTIKA Kal QUOIKG (Bepuodu-
VAIKA) cuoTAaTa givar 1davikd yia
va PEAETNOOUV TTEPITITWOEIG OTATI-
OTIKWV CUCTNUATWY OTTOU O apIBUOG
TWV CWHUATIWY €ival TNG TAgEwg ToU
apiBuou Tou Avogadro, ato &€ 6plo
auTO yiveTal Kal n ouvoeon e Tn Bep-
pokpagia. Kal g€ TTepITITWOEIG TTOU
TO oUOTNUA &€V €ival HAKPOTKOTTIKO,
n deCapevr) BepudTNTAG €ival TTAvTa
MOKPOOKOTTIKH).

Me 1O yIyavTiaio BApa TTOU O
Boltzmann ékave, katépBwoe va
ouvdéael T Mnxavikr he Tn Ogpuo-
TNTA, KAl TO ETTITEUYMA TOU QUuTd OU-
voyiZeTal e TN OXEON:

S =kylog(W)

TTOoU €ival ypauuévn Kal TTavw oTnv
emMTOPPIO TOU GTAAN. W gival o gmmi-
TPETTTOG APIBUOG TWV PIKPOKATAOTA-
OEWV TTOU UTTOPEI va TTdpel To oU-
oTNUa KATw atrd TIG CUVORKEG TTOU

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

060nke 10 6dvoua TOU, KAl
TTOU €XEI VA KAVEI PE TIG MOVADEG TTOU
XpnaoigotroiouvTal, Kai p, n méavo-
TNTA KATAANWNG TNG avTioToIXng i-
KpOKaTdoTOONG TOU OUCTAMATOG.
T600 n ouvdpTnon KATavoung TnNg
mOavéTnNTag, 6G0 KAl OI TIUEG TWV
TIAPAPETPWY TNG, €€apTWVTal ATTO
TN KATNyopia Twv cwaTtiwy, Kal
yia éva Bgppoduvapiké olaTnua ol
TTOPAUETPOI auTOi CUVOEOVTAl PE TN
Bepuokpaacia, XpNOIYOTIOIWVTAG TA
ATTOTEAEOUATA TOU TTEIPAPATOG.

TéAog, avagépetal OTI N ZTATIOTIKA
duaoikn, o€ avtiBeon pe TN Ogppodu-
VAMIKA, EEKIVA aTTd TOUG VOUOUG TTOU
OIETTOUV TN WIKPOOKOTTIKHA Kivnon Tou
Kal Tn PeTaBOAR TNG MIKPOKATAOTA-
oNg Tou. XUVETTEId auTou eival 611 ol
OIAQOPEG HAKPOOKOTTIKEG TTOOOTNTEG
MTTOPOUV TTAEOV VA UTTOAOYIOTOUV O€
amdAuTn KAipaka. To &€ K6GTOG TTOU
TIPETTEl VO TTANPWOOUE Y1 auTo gival
n emtAéov OUOKOAIO TWV UTTOAOYI-
OMWV.

To kopu@aio autd eTmiTEUYPA TOU
Boltzmann dev €yive apéowg amode-
KTO a1rd TN KOIVOTATA TWV PUOCIKWV.
H diaudyxn autr} cuvéBahe aTnv ato-
yorTeuon Tou Boltzmann, kai €TTETEl-
VE Ta WUXOAOYIKG Tou TTpoBAAuaATA,
WOTE O€ PIa YUXOAOYIKN Kpion TTou
cixe, €kpive OTI dev ATAV OKOTTIUO va
yupioel atrd TIG SIOKOTTEG TOU, ATTO TN
Bopeia Itadia TTou ATav, oTo Mave-
MOTAMIO ToUu 0TNV AuoTpia, aAAd va
Teppartioel TN (wn Tou. Eival atmé TIg
TPAYIKEG TTPOOWTTIKOTNTEG OTO XWPO
TNG QUOIKNG.

Otwpia Tng NMAnpogopiag
Shannon (1916-2001)

Mépav OpwWG Twv BEPUOBUVANIKWY
OUCTNHATWY, UTTAPXOUV OTATIOTIKA

ouoThAuaTta TTou d¢ev gival Bepuodu-
vapikd. O otdxog Tou Shannon* (oTa
péoa Tou 200U aiwva) ATAV va AVO-
TTUEEl pIa TTEPIYPAPN TTOU YEVIKA
va agopd Ta CGTATIOTIKA CUGTHUOTA.
AvagépeTal 0 OTI epyaloTav TTavw
o€ TTpoBANPaTa ATTOOTOAAG TNAEYPQA-
enudTwv. Epyadoétav atn Bell, kai n
Kopu@aia Tou epyagia Pe Tnv oTroia
elgnyaye Tn Oewpia TG NAnpogopi-
ag: C.E. Shannon, A Mathematical
Theory of Communication, Bell Sys.
Tech. Journal, 27, 379-423, 623-
656, (1948).

Mpéter va emonuavOei 6T n pebo-
doMoyia TToU avémTuée o Boltzmann
ava@épeTal o€ OEpUOBUVAMIKA CU-
oTAuaTa. H oupBoAr Tou Shannon
gival yia Tn TTEPIYPAPr] OTATIOTIKWV
YEVIKG GUOTNUATWY, TToU 0w dev
gival TavTta Bepuoduvapikd. TeAKd
Bpébnke OTI 01 dUO auTéG pEBOdOAO-
yieg atroteAolv SIAQOPETIKEG OYEIG
Tou 18iou vopiouatog. Eival ¢ amd
TIG TTEPITITWOEIG OTTOU 10080VauN
peBodoloyia avakaAUTITETOI PJE TNV
Epeuva «OIaPOPETIKWVY CUCTNUA-
Twv. AuTé duWG AEN onuaivel 6T1 6Aa
Ta CUCTAUATA €ival, GTN TTPOKEIUEVN
TEPITTTWOTN, BEpPOdUVANIKA.

Zav TPWTO PAPA TNG «dIAPOPETI-
KNG» QVTIETWTTIONG, Eival va TTPOO-
dloploTel O ATTAITOUPEVOG apPIBUOS
TWV EPWTACEWV PE BUABIKY aTTdvTh-
on, Tou xpeiddetal va yivouv yia va
TTPOCBIOPIOTEN N JIKPOOKOTTIKK KATA-
0TOO0N £VOG OTATIOTIKOU GUGTAUATOG,
oTo otroio dnAadn uttapxel apepail-
otnTa.

2Tnv atrAoUoTEPn TTEPITITWON, TO OU-
oTnUa autd ptTopei va BewpnBei o6
atroteA&iTal atrd £va apiBud KouTIwy,
o€ éva Og atrd auTd, TTou ETTIAEYETAl
ME Tuxaio TpoTTO, TOTTOBETEITAI £Va
avTikeipevo. Moéoeg epwThoEIg Y du-
adIkr atrdvTnon (vai rj 6x1) xpelaeral
va yivouv yia va evToTTIoTEl AuTd ME
TO YPNYOopPOTEPO KATA PMETO OPO TPO-
0o; H KaT1d yéoco 6po ypnyopoTepn
AUon Tou TTpoBAAuaTog autou (Aiyo-
TEPEG EPWTNOEIQ) Eival va XWPIoOUUE
TO0 oUoTNPa o€ dUo ioa PépN, Kal va
Béooupue TO epwTNUA €AV BpiokeTal
TO QVTIKEIMEVO O€ éva atmd auTd Ta
Mépn, T.X. oTO0 TTpwTo. H diadika-
oia autn eTavaAauBdaveTal JEXpI TOV
EVTOTTIOMO TOU QVTIKEIPMEVOU.

Edv 10 ouoTtnua amroteAeital améd
W =2" koutid (amhouoTepn TrEPi-
TTwaon), 107 To TTANBOG TWV gpw-

paivousvov



TACEWV TTOU XPEIAdeTal va yivouv
givai

S=n=log,(W)

W €ival o aplOuog Twv KOUTIWY,
TTOU avTIOTOIXEl OTOV apIBud Twv
MIKPOKOTOOTACEWY TOU OUCTAUA-
TOG, OUPQWVA PE TNV opoAoyia
Tou Boltzmann.

'HOn €xoupe Bpel Tnv idia pe TN
oxéon Tou Boltzmann (ektég atmo
dia TToAAQTTAQGCIaOTIKY OTAOEPd,
TTOU €X€El VO KAVEI PE TNV ETTIAOYNA
TWV pJovadwyv). H Trapatrdvw oxé-
on €1ioNG YeVvIKEUETOI TNV

S= _Z D; log(pi) .

‘ETol, n Baciki ouvdptnon Trou
TTEPIYPAPElI TO GUCTNMA gival Kal
OTIG dUO TTEPITITWOEIG N idla. H
TaUTION TWV OTTOTEAEOUATWY TOU

O Claude Shannon (1916 — 2001) ue 10
E£EUTTVO nNAeKTPOUNXAVIKO TTOVTIKI TOU, TTOU
10 ovouade “Onoéa” (Theseus). Hrav pia
armo TIC TPWTES TTPOOTIABeIsS va “didaxOei”
yia unxavn va “uabaivel” ki éva amé 1a
Tpwra melpduara TEXvNTAS vonuoouvng.
(rrnyn: http://landley.net/history/mirror/pre/
shannon.html)

Shannon pe autd yia Bepuodu-
VOMIKO oUOoTnua, opeileTal oTO YeE-
yovog 611 TEAIKA Kal o dUO £PEUVEG
TepIypdeouv éva oTatioTiké oloTh-
pa. Ta atroteAéopata dnAadn Tou
Shannon putropouv va eQapuooToUV
KAl oTN TTEPITITWON Twv Bepuoduva-
MIKWV CUCTANATWV.

2¢e gia digpelvnon Tou, o Shannon
YIO va aTToQaacioel yia To 6Voua TTou
Ba £€dive oTn ouvdpTnon Tou, Evrpo-
mia ) MAnpoopia, pwTnoe Tov von
Neumann TToU Tou €&iTTE:

“You should call it entropy, for two

reasons.
In first place your uncertainty function

has been used in statistical mechanics
with that name.

In the second place, and more
important, no one knows what entropy
really is, so in a debate you always
have the advantage”.

2AMepa atrokaAegital Evrpotria f
MAnpogopia, avaloya pe TNV €TTIAO-
vy Tou kaBevog. ‘ETol o€ éva ouaTn-
Ma TTou £X€1 U0 HdVO KATaOTACEIG, Ol
oTT0ieG £X0UV TNV idla TBavOeTNTa Va
eMpavioTolv, n TTAnpogopia (evipo-
mia) eivar 1 bit, 00¢ ka1 0 apiBuo6g
TWV EPWTNOEWV TTOU XPEIAZETAl VO
yivouv yia va TTpoodIopIoTEl N KATd-
oTacTn Tou.

Eivai 0¢ Tepittd va avagépw OTI
méPa ammd TNV TTAPATTAVW Oepe-
Aldn oxéon, n Oewpia TG MAN-
pogopiag TTepIAAPBAVEI Kal TTOAAG
AAAa aTTOTEAEGUATA, TTOU TTAPOU-
o1alovTal oTa OXETIKA BIBAIa.

TeAewwvovTag, avagépw Eavd, O
n Bewpia TNG TTANpPoOYopiag aTo-
XEUEI OTO va Bpel JaBNUATIKEG O)E-
OEIG TTOU VA IoXU0oUV yIa éva OTaTI-
oTIKO oUOTNUA (OTO OTTOI0 BNAGdNA
uttdpxel aBefaidotnrta). Eidikd &¢
ME TNV TTEpIypaPry Oepuoduvapl-
KWV oUuaTNUATWY aoXOoARBNKe o
Boltzmann, evw o Shannon aoxo-
AABNKe yeVIKA PE TNV TTEPIYPAPN
OTATIOTIKWY ouoTNUATwy! MpéTel
¢ va emonuaveei 611 n Ocwpia
NG NMAnpogopiag xpnaoiyoTroigiTal
o€ TTOAAEG TTEPIOXEG, KOl QVTIPE-
TWTTICETal PE DIAPOPETIKOUG Bab-
poUG pabnuatikAg auaotnpdéTNTAg,
EKQPAdovTag Kal Ta evolapEépovTa
NG TTEPIOXNG.

270 pdénua «YTroAoyIoTIKEG HEBO-
ool duoikAgy, Tou MeTaTTUXIAKOU
«YT1oAoyIoTIKAG PUOIKAGY, Ba yivel
TTapougiaon Twv TTapaTTdvw atrd
TNV OKOTTId TNG «Oewpiag Tng MNAn-
pPOPOPIaG».

lewpyiog Osodwpou
Ka6nyntng Tunuarog Puoikig

*Bioypagia tou Shannon énuocieuTnke
aro Paivouevov, teuxos 3, 11/2008

MHIE2:

20 Teuxoq 105 (17/9/2010) Tou emotnuovikoU meplodikou “Physical Review
Letters”, dnpooteltnkav Tautdxpova dUo epyaoieg otig omoieg dUo ouddeg
dnuooieucav aveEdpmraTiq Epeuveq Toug dmou detyvouv OTLEVAG UKPOTKO-
TIKAG ETAANIKOG aloBnTrpag urtopei va aANAeTudPA Loxupd e TO payvnTL-
kd nedio Twv puTev@V Kuudtwv dtav autd Bpiokovral maydeupéva e ia
KATAAANAN “kodtnTa” evidg nuaywyou. Onwg neptypdpouv oL EpEUVNTES,
Lia napdpola didratn Ba Unopouae va xpnotuomnoinBe, eite yia va JeTpd Tiq
LayVNTIKES 1BIOTNTEC UYNAWY OUXVOTHATWY OE EEXWPLOTA Vavo-OwuaTidla,
elte va xaptoypae( 1o payvnriké medio ata Aeyopeva “peta-ulikd”, eAéyxo-
VIag €101 T0 PG e veoug Tponoug. O Harald Giessen Tou Maveruotnpiou
™G ZTOUTYAPdNG OUYKPIvEL Ta TElpdpaTa autd pe TIG EPEUVES TTOU EKAVE O
Heinrich Hertz ota 1€An Tou 190U aLkva, xenotLOMOLWVTAS La KUKNIKY QVTE-
V@ Y101 VO XOPTOYPAPE TA LayvTIKA TTedial adLOKUMATWY.

METPQONTAZ TON MATNHTIZMO TOY ¢QTO2

D. van Oosten/AMOLF/Utrecht Univ.

ZXNUQTIKA avarrapdoTact Twy OTAo1UWY QWTEIVWY
KupdTwy uéoa o€ pia “pwrovikn koIAdtnTa” mou
eival epodiaauévn e 1o karaAnio “probe”.

Physical Review Focus, 24/9/2010: http://focus.aps.org/, Phys. Rev. Lett. 105, 123901, Phys. Rev. Lett. 105, 123902
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Pdwravyeia — AooIpeTpia — ApXOIOMETPI

Ap. T. MNMoAupépng

H Baoik €peu-
va g€ UAIKG TTou
uTadpyxouv QTN
@Uon TTOPEXEI avE-
KTiuNTEG UTTNPETIES
gTov avBpwto Kal
TOV TTIOMITIONO. H  €KPNKTIKA PETOUTTWON
TOU €TMIOTNPOVIKOU AOYOU G€ TEXVOAO-
yia emETPEWE TNV KATOOKEUR Opyavwy Ta
otroia gival gg Béon va ixvnAarioouv e
eCaIpETIKA aKPiBeIa TIC yewAOYIKES peTaBo-
A, T0 Quaiké TrepIBAAOV TG Iovifouaag
akTivoBoAiag, aAG kai TiIG dpageig Tou
avBpwTTOU TTOU €ival £yyeyPOUUEVES OTa
UAIKG TG @uang. Eva amé Ta

Anupéveg. H teAeutaia evepyelakn Cwvn,
QuTH TToU TTEPIEXEI Ta nAekTpdvia oBE-
Voug, €ival emiong TTARPWG KaTEIANUEVN
kal ovopaletal {wvn 06évous. H auéowg
emopevn evepyelakr {wvn kaAgital {wvn
aywyiuotrag, kai diaxwpidetal amd mv
Cwvn aBévoug e Eva evepyeiako Kevo, Uia
amayopeupévn duvn. Eotw E, n peyiom
duvath TIYN evEPYEIag TTou JTTopei va Té-
pel €va nAekTpOVIO OTN {wvn 0Bévoug kal
kara avrigroixia E. n eAaxiotn duvam
TIUA eVEPYEIOS OTN CWvN AYWYINOTNTOG.
To evepyelakd xaopa E = E, - E, aTore-
Aei ouaiaaTikG TV EAAYIOTN aTTaIToUuEvn

Ze Evav TpayuaTiko KpUaTaAAo, To TTAEyUa
dev eival TéAeio. H Omapén twv areAeiv
Kal Twv TPOCHitewv TTou Treplypa@nkav
TTPONYOULEVWG, £XEI GOV ATTOTEAEGA TNV
UTTapén ETITPETITWV EVEPYEIOKWY KOTAOTE-
OtWV OTNV Katd 1a GAAa atrayopeupévn
Qwvn. O1 evepyelakeG AUTEG KOTAOTAOEIG
gival XwpIKA EVTOTTIOUEVES YEITOVIKA OTNV
aréAela A T TPOOUIEN, O€ avTiBeon e TIG
EVeEPYEIakES CLveG TToU ekTeivovTal g€ Ao
TOV OYKO TOU KpuaTdAAou, kai Exouv Tn du-
vatotnTa va mayidelouv Popeic popriou,
dnAadr nAekTpdVIa Kal OTTEC.

ZUVOTITIKA TO QQIVOUEVO TNG

EUPEWG XPNOIYOTTIOIOUMEVA 4
epyaAeia yia T peAétn Twv
UAIKWv O€ axéon We Ta TTapa-

Conduction band

Qwtalyelag TepIAauBaver:
(i) loviguéd Twv arépwv Tou
nuIoywyoU He TTUPNVIKA

TTAvVW Eival N QWTAUYEIA LE TIG
BIAQOPES UTTOKATNYOPIES TNG.

Owradyeia KaAeital n eko-
MTTA NAeKTpOUOYVNTIKAG OKTI-
voBoAiag We T Hop@n opatoU
QWTOG, KAt TNV aTodIEyepon
aTépWY A popiwv Tou UAIKOU,
10 OTToia APXIKG €ixav Oleyep-
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akTIvoBoAia.

(i) ZUMnyn opiopévwy atmd
TO NAEKTPOVIO OE TTaYidES
(améAeieg TToU dpouv WG TOTTI-
k6 éMeluua apvnrikoU @opri-
OU pe ammoTéAeaa va EAkouv
nAekTpdvia), 6oy Trapapé-
vouv 600 n Beppokpaaia dev

F-v

Bei ue v TpoaPopa evépyel-
ag péow lovifouoag akTIvo-
BoAiag. O pnxaviouog o oToi-

|
0O Valence band

peTapareTal. Kabe perarm-
onan nAektpoviou a@nvel
TTiow Tng (0T {wvn aBévoug)

0G TTPOKAAET TO QAIVOUEVO TNG

pia Betik@ @opTiouévn oTm.

QWTAUYEIAS OTA OPUKTA gival
mepimAoKog, emeId n Qw-
Talyeia gaptaral o€ Peydaho
BaBud omo I Tpoopitels Tou
UAIkoU Kal atd 1o 10TOPIKG
¢ Bépuavang Tou kai TG k-
Beang Tou aTo NAIAKG QuIG.

Ta nAektpdvia oTa eAelBepa
atoua emTpémeTal va Bpi-
OKOVTQI G€ CUYKEKPIPEVEG Kal
OIOKPITEG EVEPYEIOKES OTAO-
ueG. OAeg o1 GAAEG evEpyeieg
eival amayopeupéveg. Ze Eva
0TepEd OUWG, OTToU Ta ATola
yIO va gXnuatioouv dEooUg
BpiokovTal og TTOAU KOVTIVEG
OT00TACEIG WeTACl TOUG, Ol
EVEPYEIOKA ETTITPETITEC KO-

Zxnua 1: Avarmrapdoraon Twv EVEQYEIGKWY OTABUWY YIa TO QAIVOUEVO
NS pwrauyeiag.

(i) loviouég eéaitiag Tng €KBeONS TOU KPUGTAAAOU O€ TTUPNVIKA AKTIVO-
BoAia, ue mayideuan Twv nAgkTpoviwv (Laltpol KUKAOI) Kai Twv OTTwWv
(aompor kUkAoi) aTis atéAeies Tou mAEyuarog, yia T, (mayideg) kar H
(kévrpa pwravyeiag) avrioToixa.
(i) AtroBnkeuon. O xpovog {whNS TwV NAEKTPOVIWV OTIC TTayides UTTo-
pei va eivar Tng 1aéng Twv ekaroviadwy xIAIGdwv eTwv. Autég 0 xpo-
vog Gwris kabopiderar amé 1o faBog E, Tn¢ mayidag xaunAdtepa amo mn
quvn aywyuotnrag. H pnxn mayida T_ éxel LIKpOTEPN EVEPYEIQ QTTO TN
Ba6ia mmayidéa T, (E, > E ), ouvertwg eivar Alyo1epo euoTabg.

(iii) ZkavdaAiouog Tou Seiyuarog ue Bépuavan n ékBean os pwg. Or do-
VAOEIS TOU KpUOTAAAIKOU TTAEyuarog o0nyouv oe ekdiwén nAekTpoviwy.
Opiouéva armé autd eBdvouv aTa KEVTIPA QwTaUyEIaS OTTOTE Kal EKTTE-
uITeETal ws Kabwg 1a owpartidia emavacuvdéovral. Evalakrikd, éva
nAekTpovio givar duvarov va emavacuvoeBei o€ éva Un-QuwrauyeIiako
KEVTPO N Kai va Tayideutei o€ Baburepn mayida.

To k@Be aroyo TTou £xel Xdoel
éva nAekTpdvio TepIAaUBAVE
Mia ot Kai 61av auTd Aappa-
Vel Eva NAEKTPOVIO aTTO YEITO-
VIKO GTOLO, TOTE TOU LETAPEPEI
TNV OTT| Kl PE AUTOV TOV TPO-
10 N o1 Bewpeital Popéag
BeTikoU @opriou. AvtioToixa
HE Ta nAekTPOVIA, O BETIKA
QOPTIOUEVEG OTTEC UTTOPEI VOl
TrayI0euToUV 0 AMEG aTéAel-
€ I TIPOOIEEIG, 01 OTTOiEG HE
N O€Ipa TOUG ovopadovtal
Kkévipa ewradyeiag. O otég
Olayéovtal eAelBepa péoa
0Tn Qv 0BEvoug, GUVETTWG
TrayidevovTal OTTWG Ta NAe-
KTPOVIO O€ EVEPYEIOKES KaTO-

Ta0TA0¢I BpiokovTal TOGO
KOVT@ WeTAU TOUG, WATE TUVIGTOUV €va
(QOIVOUEVIKO OUVEXEG, TO 0TT0i0 OvOopdle-
TaI evepyelakh {wvn. Ze avTigTolxia pE TIg
KOTOOTACEIG GTA ATOMA, UTTAPXOUV Ol ETTI-
TPETTTEG KOl O ATTAYOPEUPEVES EVEPYEIOKES
{Wveg aTa aTeped.

OAeg o1 evepyelakeg (WVeEG OTIC OTTOIES
BpiokovTal Ta NAEKTPOVIA TwV KAEIGTWV
TpOXIWV, €ival TTAvTOTE TAPWE KATEI-

http://phenomenon.physics.auth.gr

evépyela yia va omdoel évag Seapog Tou
KpuoTaMikoU TAEyparog. Tautdypova
amoteAei éva KpITAPIO dIOXWPIOHOU TwV
KPUOTOANIKWY UNIKWV. Av N TiunA Tou gival
OXeTIKG peyaAn (3 — 10 eV), 10 uhiké Xa-
POKTNPICETOI WG IOVWTHG, EVW OV O {WVES
aywyIdoTnTag kar aBEvoug aAANAETTIKaAU-
TITOVTAI, TOTE TO UAIKO XOPOKTNPIdETaI WG
aywyog. Mia evdidueon katdoTaon xapa-
KTnpiel évav nuiaywyo.

OTAOEIG KOVTA O€ QUTH.

(iii) Karé tn diadikagia Twv peTPROEWV
oupBaivel akavdahiopds o omoiog Tpo-
kaAei TV ekdiwgn Twv nAekTpoviwv amo Tig
Trayideg, o€ Beppokpaaia XOpaKTNPIOTIKA
TOU €idoug NG Trayidag.

(iv) Zxedov TauTOXPOVA, OPITHEVA OTTO TA
NAEKTPGVIA BAVOUV OTA KEVTPO QPWTAUYEI-
ag kai katd 1 dladikaaia Tng emavaglv-
OEONG EKTTEPTTETAI QUG HE PAKOS KUMOTOG

paivousvov



TTOU €ival XAPAKTNPIOTIKG Tou €idOU Tou
kévrpou. H évraan Tou @wtog (dnAadr o
apIBUGS Twv QwToviwy) ival avaAoyog Tou
ap1BuoU Twv TayIdEUUEVWY NAEKTPOViWY,
0 0TT0i0¢ WE TN CEIPA Tou gival avaloyog
NG évIaong NG TTUPNVIKAS akTIvoBoAiag,
0TV ooia ekTiBeTal 0 KpUaTaAOG. Eidikd
evdlaQEpoV TTAPOUTIACEl N GWTAUYEID TTOU
emayetal o€ Uk TTou akTivoBoloUvial pe
padievepyd akTivopoAia. To pAiKog KUPATog
NG EKTTEPTTOEVNG OKTIVOBOAIQG €ival xa-
pakTNPIOTIKG Tou UAIKOU Kail dev egaptdral
amd 10 €i00¢ TNG 10VIATIKAS AKTIVOBOAIAG.

21 @uan, ol diagopol KpuaTallol Bpi-
oKovTal EKTEBEIUEVOI OE 10VIOTIKEG OKTI-
voBoAieg. Autég TTpoépyovTal gite amd TIg
OI00TIACEIG TWV QUOIKWY PABIEVEPYWY
IOOTOTIWY, €ITE ATTO TNV KOGWIKN aKTIVOPO-
Nia, gite amo TeEXVNTEG PAdIEVEPYEG TTNYEC.
H aAAnAeTtidpaon Twv 10VIOTIKWY auTwy
aKTIVOBOAILWV WE Ta atoua TG UANG aro-
QEPEI, PE ToV €va i) Tov GAAo TpOTIO, aTT6-
Beon moootATWY evépyelag evidg Tne. H
OUVOAIKN evépyela amoTiBeTal atnv UAn
e€aimiag NG aAAnAemidpacig NG Ye TNV
OKTIVOBOAia pe TN Hop@n TTayIdeupév
nAekTpoviwv o€ TAeypaTikéG aréAeieg do-
MAG, TTOU yia guvonToug AGyoug ovoud-
oTnKav Trayideg, ekppadetal de o€ pova-
0eg ddang. MpOKeITal yio ATTOPPOPWHEVN
evépyela ava Jovada BApoug Tou UAIKOU.
H uaikr povada d6ang Tou XpnalyoTiol-
eital ouepa eival To gray (Gy), To otoio
EKQPACEI TNV aTTOPPOPNCN EVEPYEITS EVOS
Joule amd moooéTnTa pAlag evog XIAio-
ypappou (1 Joule/kg). H amomayideuon
TWV NAEKTPOViWY Kal N avaoUvOean Toug
He oTréc an {wvng 0BEvouG, atrodidel Pug
évTaong euBEwg avaloyng e Tnv evépyeia
o0 amotédnke. ‘ET01, N TTOOOTIKA HEAETN
NG wravyelag kabioTarar éva akpiEg
epyaheio pérpnong g d6ang kai n diadi-
kagia autr guviaTa pia amd Tig ueBoddoug
doaoipeTpiag.

H dooiuetpia aktivoBoAiwv We T xprion
QWTAUYEIAS OUCIAOTIKA PEAETA TA QaIVO-
MEVO EKEIVA KATA TA OTTOIA 1) EVEPYEIQ TTOU
TTPONYOUMEVWG aTTOBNKEUTNKE EVTOS OU-
YKEKPIPEVOU UNIKOU AGYW 10VIOTIKAG OKTI-
vopoAiag, ameAeuBepwveral apyoTepa e
TN HOPPA NAEKTPOUAYVNTIKAG OKTIVOBOAI-
ag. O1 epappoyEg NG KaAUTITOUVY éva gupU
edio, OTTWG TEPIBANNOVTIKR, TIPOCWTTIKA
Kal otioBofartikr doalpeTpia. Mpoa@a-
10, Y g€Ipd atmd KAIVOTOUES, TTPWTO-
TTOPIOKEG A TAUTOXPOVA Kal 181aiTEPa
XPAOIUES EQapUOYEG, 6TTWG N dooIuETpia
akTIvoBoAnuévwy TPOQidwy, n 600IuE-
Tpia amelkdviong, n dooIETpia TpayMa-
TIKOU XPOVOU E TN XPram OTITIKWY VWV
(o€ TEPIMTWOEIC aKTIVOBOAATEWY Kap-
KIVIKWV 10Twv) Kabwg Kai n 6oaiueTpia
ToU dla0TAUATOG, TTPOaTéBNKavV aTo AdN
eupUTaTo Tedio epapuoywv Te. Mapoia
autd, n Aéov evdiagpépouca amo TIg TTa-

pamavw epapuoyég eivar n omaoBopartikn
doaIyeTpia, n oTToia KaTNyopIoTIoIEiTAl OE
XPOVOAOYATEIS Kal dOTIPETPIO TTUPNVIKWY
QTUXNUATWY.

Me e€aipean v omabofarikh doaie-
Tpia, 6AEC 01 UTTONOITIEG £QapUOYES KA-
VOUV XpAaon €18IKWY, CUVOETIKWY QuTau-
VEIOKWY QUOPOPWY, UE OUYKEKPIPEVEG
kal KOAG KOBOPIGUEVES TIPOOTIQITOUEVES
1016TNTEC. XAPAKTNPIOTIKA TTapadEiyUaTa
TETOIWV B0 IpETPWY amoteAouv Ta ALQ,:
C, LiF:(Mg,Cu) ka1 BeO. Qatoc0, otnv
TEPITITWAON TNG TEAEUTAIAG, XPNOIUOTIOI-
oUvTal OpUKTA QUUIKAG TTPOEAEUONG ETO
WaoTe va uttoAoyioBei n d6an Tou evaro-
1€0nke 0N BIGPKEID MIAG PAKPAG XPOVIKAG
TEPI6O0U OTO TTaPeABOV. ZTn QUan uTtdp-
XEI Mo TTANBwpa TTUPITIKWY KUPiwg opu-
KTWV, We Kupidtepa auta Tou XaAadia kai
TWV aoTpiwv, Ta oTToia XpnalyoTrololvTal
oTa TAaioia 1600 Twv XpovoAoynaswy
000 Kal TNG BOCIYETPIOg TTUPNVIKWY OTU-
XNHATWV.

H ouvexn¢ xpron g ewralyeslag kot
TIG TEAEUTAiEG DEKAETIES, TOOO WE TN HOP-
o NG Beppowraldyelag (Thermolu-
minescence, TL) 600 Kkal NG OTTIKG
mpoTpemopEVNG ewtaldyelag (Optically
Stimulated Luminescence, OSL), odAyn-
0€ QQEVOS eV OTNV KABIEPWOT TNG WG Te-
XVIKNAS XpovoAdynong, agetépou O aTnv
avamtugn kai BeAtiwon Twv £@apuold-
MEVWY TTPWTOKOMWY péTpnaong. 2Apepa,
01 TEXVIKEG QwTalyEIOg auyKaTaAéyovTal
avapeoa oTIg A0V XPNOIUOTIOIOUHEVEG
kal amoTeAeopaTikéG peBodoAoyieg atmo-
AuTwv xpovohoyraewy, ue 0edopévo To
YEYOVOG OTI €V dUVAEI XPOVOAOYOUV TNV
TAEIOVOTNTA TWV GUCIKWY UAIKWV Kal Té-
XVEPYWY, OTTWG KEPAUIKA, TTAivBoug, ko-
viduata, yewhoyika 1¢auata, YeyaAiBikd
MVNUEIa Kal OKwPIEG, e xpovoloyika dpia
TTOU EKTEIVOVTAI UEXP! KAl EVO EKATOPPUPIO
Xpovia amd orpepa Kal KUPaIvepevn TiPA
TUTTIKOU 0@aAuaTog petagl 3 kai 10%.
MapdAAnAa, n duvardtnra eQapuoyAg
TOUG EKTEIVETAI 0€ OMO OXEdOV TO €UPOG
TWV avOPYavwV QUOIKWY UAIKWY JE pévn
e€aipean Ta pétarha. TexvikéG Xpovohod-
ynong He wtalyela Qapuéadnkav e
gmruyia o€ d1a@opa peyaAIBIka pvnueia
omwg Mupapideg atnv AiyutrTo, Mupapi-
do€10 aTov eupuTepo EAABIKG Xwpo, T
ApakooTita atnv EUBola, oXupOUaTIKES
Beaeig atnv mepioxn TpdeiAa Tng Avopou
kal aTn MUkovo, 6Tiwg Kai o€ pia TAnBw-
PO XPOVOAOYIKWY EPWTNUATWY UE TKOTTO
TNV JEAETN TNG I10TOpIaG evammdBeang du-
pou o€ TapabaAdoaioug Bpayous ae vi-
00UG TNG EUPUTEPNS TTEPIOXNS TN AvarTo-
ARG Aekdvng T Meooyeiou, Tnv peAET
ICnuatoyéveang ato OAOKaIvo g€ TrepIo-
XEC TWV akTwv TG Eupwaikic Toupkiag,
¢ Matpng @dhacoag, Tou Alyaiou TMe-
Aayoug kai Tng KUTrpou, TNV nQAICTEIKN

Zxnua 2: H texvikn xpovoAdynong ue
pwravyeia mepiAauBavei:

a) tnv Ajwn uAikoU amd kardAAnAa
onueia Tou TPog UEAETH QVTIKEIUEVOU
(katd mporiunon amoé v SIEmPAaveia
emapns d1adoxIKwv AiBwv o€ TTepI-
TTWOEIS Aaésupévwy uvnueiwv)

B) Tnv uerarpori Tou o€ AETTT OKOVN
0& OUVONKES EAEYXOUEVOU QWTIOLIOU
(pwroypagikoU BaAduou)

y) Tnv karaypa@n, amd katdAAnin
Teipauarnikn d1araén, Tou Qwrog Tou
amreAsuBepwveral ammd 10 UAIKG Kard
Tnv dIGpkeia TNS Bépuavang Tou (Anywn
PWTOKAUTTUANG)

0) TNV av@Auan Twv QWTOKAUTTUAWY

Kal v mepaitépw emeéepyania Twv
aTTOTEAEOUATWV.
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Zxnpa 3

Apiarepad: lNeipauarikn d1draén yia tn ANWn QWTOKAUTTUANG
amré 1a uAika Bgpuopwrauvyeias (INMET =avong).

Agéia: Nerrrouépeia tng meipauatikig didraéng ornv ormoia
paiveral o urrodoxéag TUTTou “carousel” Twv LEAETWUEVWY

UAIKWV.

POG BOCIUETPIKWY,
apyaloloyikwy,
YEWAOYIKWY, TTEPI-
BaAAovTikwy Kal
ouvduaouou Twv
TAPATTAVW EPW-
TNuaTwy. EE aitiag
OAwv Twv TTapaTa-
VW, TeAeuTaia €TI-
XEIPEITAI N ETTEKTO-
on TWV EQApUOYWY
NG O€ Jia PeyaAn
ToIKIAia  UAIKWV
TTOU TTapouaiddouv
egednTnuévo €vol-
agépov Kal TauTe-
xpova auénuévo

dpaotnpidtnta otnv AuTikf Avarohia kal
v avadtnon BEaewv Tou aTo TTapeABoY
¢xouv TAnyei amé Toouvaul oTn TEPIOXA
Saroz tn¢ Toupkiag.

H owralyeia amotehel éva eCalpeTikG €u-
XPNoTo epyaAeio, 7000 OTOUG TOWEIG Qu-
OIKAG OTEPEAG KATAGTAONG KAl TTUPNVIKAG
(QUOIKAG, 6G0 Kal oTnv apxaloAoyIKr Kal
yew-TrEPIBAMOVTIKA €pEuva, ThG OTToiag
n Beparikh duvatal va TTapEXE! ATTavTH-
OEIG KAl O€ TTEPAITEPW EPWTAMATA TTEPAV
TWV XPOVOAOYNOEWV. Z€ EIBIKEG EQAPUO-
VEG TNG, N QWTAUYEID XPNOIUOTIOIEITAI WG
TPOOBETO epyaleio G€ apXAIOUETPIKES
MEAETEG E QVTIKEIPEVO TOOO TNV TEXVOAO-
yia KATaoKEUAS OGO Kal TV TIPOEAEUTT)
OUYKEKPIUEVWY UANIKWYV. ZTa TTAQigIa NG
TTPWTNG, TO T)UaTa QWTAUYEIAS TTAPEXOUV
TANpoQopieg TEXVOAOYIKAG QUOEWS OXE-
TIKG e Tov kaBopioud TG Beppokpaaiag
OTITNONG KEPAWIKWY OTO TTaPeABOY, 0dn-
YWVTAG O€ pIa evOEAEXR KaTavonon g
TEXVOAOYIOG KATAOKEUAG KEPAMIKWY avd
TOUG ClIWVEG.

Q¢ pog v deUTepn £pappoyn, N wral-
yeia d0varal va TTapEXE TTOAUTILES TTANPO-
Qopieg OXETIKG Pe TNV TTPOEAEUON UAIKWV
Omwg o1 Uahol kai Ta pdpyapa. Mepaité-
pw, N auvduaaTikr XpRan Tng BepuoPw-
TaOYEIag Kal TNG OTITIKA TTPOTPETTOUEVNG
Qwtalyeiag duvartal va avayvwpioel UAi-
KO NQAICTEIOKAS TTPOEAEUDNG, OTTWG OU-
véBn yia Tnv BaAacaia mepioxr g Mo-
Aou kai o€ Bahdaaio BaBog 4 XIAIOPETPWY
ato TV em@aveia TG 6ahacoag.

H epapyoyr Twv TEXVIKWYV QwTalyelag
0€ apxaIohoyIKa Kal Yew-TrEPIBAMOVTIKA
{nmuata @aivetal va dipyetal amd yia
@aon wpipavang, dvtag IKavr va TPooeé-
PEI OUCIACTIKEG KOl OTTOTEAETUATIKEG AU-
0€IG 0€ TANBWPA OXETIKWV TTPOPANUATWY.
QaT1d00, 600 amoteAcoPATIKOTEPEG AUTEIG
aut) Ba Trapéxel, 7600 o€ TTOAUTTAOKOTEPQ
Kal ouvBeTdTepa epwtApaTa Ba Kaeital
va amavtAoel. Tautoxpova, avauéveral n
€uplTEPN XPAOT TNG KOBWG Kal N ETTEKTA-
on TWV EQAPUOYWY TNG O€ PeyaAlTepo 0-
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BaBud duokoAiag
XPOVOAGYNang, 6TTWG oylavoi, NeaiaTela-
k6 UAIKG, OTINAQIOOTTOBETEIG, JETEWPITEG,
amoMiBwyéva keAUQn, TeTpwpata Kal 11}
jaTa oo TV MIQAvela Tou TTAavATN Apn,
KaBwg Kal TTUPAVES TTOTAMIWY, Alpvaiwy
KOl WKEAVIWY INUATOYEVWY OTTOBETEWV.
H emékraon autr, av kai 1diaitepa dUOKo-
An, BpiokeTtal avapeoa ata £peuvnTIKA
evlaQépovTa e TNV uwnAdTEPN TTPOTE-
paIdTNTa, ATTOTEAWVTAS TAUTOXPOVA id
IOXUPR ETIOTNHOVIKS TIPOKANGT.

ZnUavTikd KoppdT £pEUvVag aIXUng aTov
TOHED TNG PWTAUYEIAS TOOO TWV TTAAAIOTE-
pwvV, 600 KAl TwV TPEXOVTWV EPEUVNTIKWV
evOIaQEPOVTWY, OTTOTEAEI O PWTAUYEIOKAG
XOpakTNPIoPOS VEWY, YEWAOYIKWY Kupi-
WG, UAIKWYV, TTOU atmookoTel aTnv avadr|-
TNON AvOPYavwy UAIKWY TTOU EKTTEUTIOUV
ofuata ewTalyelag, véa QwTauyelakd
doaipeTpa, Ye 1010TNTEC AVAAOYES AUTWY
T0U XoAadia kal Twv agTpiwy TToU XpNnol-
poTroloUvTal ofipepa. Mapduoia UAIKA, pe
I01aiTEPA GUXVI YEWAOYIKI EUPAvION Kal
apxaioloyikf xpAaon 1600 otnv EAAGa
600 Kai diEbvg, amoteAolv 0 aXICTONI-
Bog, 0 oyiavog Kal o NUITTOAUTIMOG AiBog
TUpKouA(, kabBwg Kal 10 GAAg QUOIKAG
mpoéheuang. EmimAfoy, embiwkeTal N
QVATTTUEN VEWV PETPNTIKWY TTPWTOKOAWY
TTou Ba ouvOpdauouv GTNV ETTEKTACT TWV
XPOVOAOYIKWY 0piwv TNG TEXVIKAG TTEPaV
TOU €VOG €KATOMMUPIOU ETWV. Ta UTTd pe-
AT TpwTOKoAAa Ba kdvouv Xprian evog
TTAPACITIKOU Kal guvdya 1dlaitepa oTa-
Bepol aruaTog To 0TToi0 TTPOEPXETAl ATTO
1d1aitepa Babiég Tayideg, €101k aTIg TIEPI-
TTWoelg Tou Xahadia aa kai Tou AlO,:
C. Zra mhaioia g Paoikig Epeuvag oTo
QAIVOPEVO TNG QWTAUYEING, AVTIKEIUEVO
MEAETWY OTTOTEAOUV OI PnXaviopoi Ta-
paywyng Bepuo@wTalyelag Kal OTITIKWG
TTPOTPETTOHEVNG GWTAUYEIQG, N CUCKETI-
on Toug, aAAG Kupiwg n avaAuon Twv duo
ONUATWY OTIC GUVIOTWOEG OTTO TIG OTTOIES
amoteAolvTal, ye tn XpAon apiBunTikAg
KaI OTATIOTIKAG avaAuong ¢aoudTwy Qw-
Talyelag yia v egopoiwar| Toug. TEAOG,
OIEPEUVWVTAI KOIVOTOUEG EQUPHOYES TNG

TEXVIKAG TNG QwTalyEIag, OTTWS n amoTe-
AEOPATIKOTNTA TNG TEAEUTAIAS O€ TTEPITIT-
O€IG aUBEVTIKOTNTAG AANG Kal XpovoAdyn-
onNg TMIVAKWY {wyPaPIKIG.

v eupUTepn TEPIOXN TNG AVATOAIKAG
Aeka@vng Tng Meooyeiou, avadeikviovTal
oMoéva kai e Tax0Tepo pubud epwTANaTa,
1000 YEWAOYIKAG Kal apxaIoTTEQIBAANOVTI-
KNS @UONG, 600 Kal Ta AVTIOTOIXA OPXAI0-
AoyikoU xapaktpa. Mépav Tou 1d1aiTePOU
YEWYPAQIKOU avayAuQou, n TIEPIOXT QEPEI
TO TTAEOVEKTNHA TNG EPPAVIONG OPXAIONO-
yIKoU, 10TOpPIKOU Kal TTOMITIOMIKOU £vdla-
@EpovToG TO OTToio Eival povadikd 1600
otnv évtaon Tou 600 kal aTn dIdpKeEIa
ToU péoa aToug alwveg. O aAAnAemdpa-
0¢1¢ pe AaoUg aTroudaiwv TTOMTIOUWY ToU
TrapeABovTog 6TIWG o1 AlyuTTiol, Apape,
‘EMnveg, Pwpaiol, BuZavtivoi kar OBw-
pavoi, EVIGogoUV TOV XWPO O £Va €U-
pUTEPA TIONITIOTIKA KOl YEWUOPPOAOYIKA
TEPIBAANOV. ZUVETTWG, N CUXVOTEPN EQOp-
poyA TG wrauyeiag o€ oUvOETa Kal TTo-
AUtThoka yew-TrepIBarhovTikd Kal apyaio-
Aoyik@ TpofARuaTa ToU avTIPETWTTICOUV
EPWTAUATA OXETIKA WE TIG XPOVOAOYATEIG,
TNV TEXVOAOYIO KOTAOKEURAG, TOV XOPAKTN-
PICUO Kal TNV TIPOEAEUTT) GUYKEKPIPEVWV
UNIKWV KaTaAoITTwy Tou avBpwrivou Ta-
peABOvTOG, KaBioTaTal Yia avaTTOPEUKTN
TIPOOTITIKY| Y10 TO HEAAOV TNG TTEPIOXIC.

Epyaarnpia Apyaiousrpiag Asiroup-
youv ota £§n¢ eAAnvikd 16pupara:

* Ivorirodro [oAimioTikh¢ kai EKTraideuTi-
k¢ Texvohoyiag (IMNET), Epeuvnrikod Ké-
vipo Kaivorouiag ari¢ TexvoAoyies T
[MAnpogopiag, Twv EmiKoIvwvIwy Kai
¢ M'vwang «AOHNA», Toiuiokn 58,
67100 =dvén,.

o Touéac lupnvikngc Puaikric kar Pu-
OIKAS 2ToIXEIwOWY Zwuaridiwy,
Tudua Quaikig, ZxoAn OeTikwy
Emiomuwy, ApiatoréAgio Navermiatruio
Beaaalovikng.

* Ivomirouro Emioriung Yhikwv, Epeuvn-
TIKO Kévipo «Anuokpitosy, Ayia lapa-
okeurj Artikrg, 15310 ABrva.

o Tunua Meooyeiakwyv 2moudwy, lMave-
miotio Alyaiou, 85100 Pédog.

+ Tunua lotopiag, Apxaiooyiag kar Aia-
Xeipiong lMoAmatikwv Mépwv, Maveri-
oo MeAorrowvrioou, 24100 KaAadra.

Dr. George S. Polymeris
Isik University,

Faculty of Science and Arts,
Physics Department
Laboratory of Luminescence
Research and Archaeometry
34980-Sile, Istanbul, Turkey
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MeTpwvTtag Tov XpOvo pe dtopa

Xpovikég KAipakeg

2TV mpdoeaTn avlpwIrivn IoTopia
XpnolgoTtroINdnkav apkeTEG DEKADEG
XPOVIKEG KAiJaKEG, TOOO yIa TV pUB-
MION TNG KOIVWVIKNAG KAl OIKOVOMIKNG
{wng 600 Kal yia ToV ETTICTNPOVIKOUG/
epeuvnTIKOUG AGYouG. MNoAAEG popEG oI
O1aQOopPEG NETALU Toug Bev gival TTpoga-
veig, e1dIKa oTov “BIacTIKG” avayvwaoTn.
MNa v emMOoTNUOVIKA KOIVOTNTA OPWG,
TTOU QTTOTEAE KOl TOV TTAEOV ATTAITNTIKO
XPNoTn, €xel HEYAAN onuacia o oagng
OPIOPOG TNG XPOVIKAG KAIJAKOG Kal n
Tpnon TnG. H Mevikr) Oewpia TG Zxe-
TIKOTNTOG TTPORAETTEI OTI O XPOVOG OTNV
wnAoTEPN KOpUPn TNG 'NG KUAGEI TTEPI-
Tou 30 EKATOUHUPIOOTA TOU OEUTEPO-
AETTTOU TOV XpPOVO TaXUTEPO OTTO TNV
em@aveia 1nG BaAacoag. Autd 10 pé-
yeBOG ptTopei va gival onuavTiko akdun
KAl O€ TIPOKTIKEG EQAPUOYEG. H akpl-
BNg pétpnon Tou XpOvou aTTEKTNOE I1D1-
aiTepn onuacia yia T vauoitAoia atréd
Tov 150 aiwva evw OTnV €TTOXN MOG
TTOAAEG TEXVOAOYIKEG EQAPUOYEG OTTAD
Oev Ba utmpxav av dev PTTOPoUCaUE
VO JETPAOOUUE PE OKPiBela TOV XpO-
vo. Ta oguoTtAparta TAoAynong (GPS,
GLONASS, GALILEO) ka1 o1 xIANiadeg
EPAPHPOYEG TOUG, N ETTIOTNMUOVIKN €PEU-
va (0OTPOVOUIa, HEAETN ATUOCPAIPAG),
METAPOPEG, TNAETTIKOIVWVIEG, N avAyKn
yla akpi pétpnon Tou Xpoévou, Bpi-
OKETOI TTAVTOU YUPW HAG.

To TTpwTO POASI TTOU XPNOIKOTIOINCE O
avBpwTtrog ATav n idia n 'n kar N ouv-
duacopévn Kivnon g, n TePIPopd TG
yUpw atmd Tov AAIO Kal n Tautdxpovn
TEPIOTPOYPN YUpw a1rd vonTto dgovd
TnG. H avtioToixn xpovikn kKAipaka ATav
n pépa kail 1o £106. H TTapatipnon g
avaTtoAng, Tng dUong Tou nAiou Kail Tou
MECNUEPIOU ATAV OXETIKA avakpifng
aAAG TTPOKTIKG €UKOAN Kai O6pife TNV
XPOVIKN KAipJaka. ATTO ekeivn TNV OTIYUNA
&ekivnoe pia ouvexng rpooTtddeia BeA-
Tiwong. Tov 170 aiwva n eQeupean Tou
poAoyloU TTou BacieTal OTO EKKPEPEG
Kal To 1928 n xprion Twv nAEKTpouN-
XaVIKWV IBI0TATWY Tou XaAalia (quartz)
atroTéAegav dU0 MPIKPEG ETTAVACTACEIG
oTnVv PETPNON Tou Xpovou. lNa va @ra-
ooupe aTo 1967 6tTou yia TTPWTN Qopd
opioTNKe N Yyovada PETPNONG Tou XPO-
VOU HE OTOUIKG QaIVOUEVQ.

H akpiBeia evog poAoyiou gival dueca
ouvOEeDEPEVN ME KATTOIO TTEPIOBIKO Pal-
vOpevo, 6TTWG N TaAdvTwon PIog padlag.
H emAoyn Tou ToAavTwTr Baociletal o€
TPEIG TTOPAUETPOUG. To TTOOO OTOBEPN
TTAOPAMEVEI N ouxvOTATA TNG TAAGVTW-
ong, To TTOOO EUKOAQ UTTOPOUME VA KO-
TAOKEUAOOUNE TOAQVTWTEG pE GO0 TO
duvartodv idia ouxvoétnTa kal TEAOG aTTd
TNV TTOIOTNTA E TNV OTT0Ia N TAAAVTWON
Ba petarpatrei otnv povdda Tou Xpo-
vou, T0 1 BeuTEPOAETTTO. AG OKEPTOUE
yia TTapdadeiyya Tws Ba @Tidgoupe £va
“KaNd” poAdI Baciopévo o€ eKKPEPEG!
Oa TTPETTEI TO PAKOG TOU EKKPEPOUG Va
puBpileTal ye peydAn akpipeia avaioya
ME TO YEWYPAPIKO TTAATOG OTO OTT0I0 B
Aerroupyei. Oa TTPETTEl va QTIOXTEN aTTd
UAIKO pe XapnAd ouvTeAeoTr] BEpUIKNG

TITWV EVEPYEIOKWYV ETTITTEDWYV, KBAVTI-
KEG KOTOOTAOEIG TTOU BpiokovTal OThV
idla evépyela kal diaxwpilovTal amo
TNV TTOPOUTia KATTOIoU €EWTEPIKOU [O-
yvnTikou Trediou. ETTiong, utrdpxel Kai
n apxn NG apefaidTNTAG. TNV CUXVO-
TNTQ MUIOG OUYKEKPIPEVNG PETABAONG
UTTAPXEI MIa JIKPRA KaTavour Adyw Tng
Apxns ABeBaiétnTag. H katavoun autn
ouvnRBwg eEaptdTal Kal amd Tov Xpo-
VO TTapaTipnong tou aréuou, dnAadn
000 TTEPICTOTEPO XPOVO “Kpardue” 10
drouo 1000 1MI0 aTEVH Eival N Katavoun,
Gpa UTTOPOUE VA LETPHOOULE THV OU-
XvornTa tng UeTapacns ue LeyaAirepn
akpifeia.

‘Evag dAAog mrapdyovtag aBeBaiorn-
Tag €ival ol KIVAoEIG Twv aTopwy. H
ouxvoTnTa Tng METABaong eTnped-

dlaoToAng. Kai t€Aog Ba
TIPETTEl VO OXEDIAOTEN évag
pMnxaviopég TTOU va OTTo-
Movwvel 6o YiveTal TIG ETTI-
OpdOoEIG OTO EKKPEPEG ATTO
TOV UNXQVIOPO Tou UTTOAOI-
TToU poAoyioU aAAd Kal Tou

ApIBp6¢ Metapdoswv

Evépyela

mepIBdAAovTOog, SOVAOEIG,

aépag aTO TTOPTEG TTOU AVOIYOKAEI-
vouv. Ol idIeg TTPOKAACEIG aTTAOXOAOUV
aKOUN Kal OUEPA TOUG ETTIOTANOVEG
TTou e€eAiocoouv Ta aTOpIKG TTPOTUTTA
XPOVOU Kal OuXVOTNTAG.

ATouik6g Xpovog — Baoikég apxég

H Baoikn 10éa TTiocw amd 1o aTOMIKA
TTPOTUTTA XPOVOU gival n Xprion atépwy
w¢ ToAavTwTr. 'Eva droyo ptropei va
peTatTndnoel atrd pia SIaKpITH EVEPYEI-
aKr KardoTaon o€ pia dAAN uywnAdTe-
pn ATTOPPOPWVTAG EVEPYEID HE HOPPN
NAEKTPOUAYVNTIKAG OKTIVOBOAIaG Kal
avTioTpo®a, va KATEREI OE WIa XAUNAO-
TEPN ME EKTTOMUTIN NAEKTPOPAYVNTIKAG
akTIvoBoAiag. Mia ouykekpiyévn PETA-
Baon, ylo CUYKEKPIUEVO GTOUO OUVOEE-
Tal JE TNV OTTOOTACN TWV EVEPYEIAKWV
KOTAOTAOEWV Kal €TTakOAOUBa pe TNV
ouxvoTnTa TNG aKTIVOBoAiag, ocUuugwva
ME TNV yvwoTh e€iowon E = h-f. Apkei
va TTapaTtnPACOUNE TNV ouxveTNTa TNG
OKTIVOBOAIQG TTOU TTPOKAAEI 1) TTPOKUTTITEI
Q116 MIa YVWOTA OTOUIKA PJETGRaon.

2Tnv TPAé¢n, n Katdotaon eival 1o
TrepitTAokn. Ta atopikd poAdyia Xpnoi-
poTroloUv peTaBdoelg PeTagU UTTEPAE-

Cetal Aoyw @aivouévou Doppler. Tia
MN OXETIKIOTIKEG TaXUTNTEG TO QaAIVO-
pevo Doppler diakpiveral og TTpwTNG
Kal deuTepng TAENG. To TTpWTNG TAENG
@aivopevo Doppler oxeTiCeTal pe 10 OTI
€va KIVOUUEVO ATouOo “BAETTEI” £va nAe-
KTPOMAYVNTIKO KUPO PE PMETATOTTIONEVN
ouxvoTnTa 0€ OX£ON PE €vav akivnTo
TapaTnENTr, 600 TTIO YPAYOPA KIVEITaI
TO ATOPO TOOO TTIO MO £€vTovn €ival N
METaTOTION. AV TO ATOUO KIVEITAI TRV
KaTeUBUVON TOU KUPATOG, £XOUME PETA-
TOTTION TTPOG XAUNAOTEPEG CUXVOTNTEG,
EVW OTNV TTEPITITWON TTOU TO ATOMO KI-
veiTal avTiBeTa, £xoupe PETATOTTION
TTPOG UYNAOTEPEG. AV TO ATOMO KIVEITOI
K@Beta oTnv dielBuvan diIadoong Tou
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KUMOTOG TOTE OEV EPPAVICETAI PAIVOUE-
vo Doppler Tpwtng 14¢NG.

To @aivépevo Doppler deUtepng TaENG
TTPOKUTITEI WG OUVETTEID TNG SIACTOANG
Tou Xpovou. lNa éva KivoUuuevo ATouo o
XPOVOG KUAQEI TTI0 apyd, PE ATTOTENE-
Oda auTtd va BAETTEI HETATOTTIOKEVN IO
NAEKTpoOpayvnTIKA cuxvotnTa. To gal-
vouevo Doppler deUtepng Td¢Ng €€ap-
TaTal a1rd TO TETPAYWVO TNG TaxUTNTAG
TOU aTtéuou, aAAd dev eEapTdTal ammo
TIG OXETIKEG DleuBUvVOEIg Kivnong aTo-
Mou Kal NAEKTpopayvNTIKOU KUPATOG,
emMOPA Oe AlyOTEPO OTNV TTOPATAPNON

(KoIANGTNTa oUVTOVIOUOU) WOTE VA OU-
Bei n evepyelakn peTaBacn Tmou eTmdI-
WKoupe. MeTd, €va deUTEPO PAYVNTIKO
edio Ba aTTopaKPUVEl aTTO TNV SECUN
Ta aTopa Tou dev AAAaav Tnv evep-
YEIOKN TOoug KaTtdoTaaon. Ta uttoAoiTa
dToua KOTAPETPWVTAI aTTd £vav ATTO-
PIBUNTA. ApKei pia guxVvOTIKN odpwan
KOVT@ OTnV ouxvoTnTa TNG METABaong
EVW TTaPATNEOUNE TNV £E000 TOU OTTa-
pIOuNTA, 6tav auTth yivel péyioTtn, Ba
£€XOUME TOV PEYIOTO apIiBud atdépwy Ta
oTroia GANaEQv TNV EVEPYEIAKH TOUG KO-
TdoTaon, dpa n ouxvoeTnTa TTOU £Qap-
MOCaAPE OTNV TTEPIOXH GUVTOVIOUOU

nTav n mAéov

4 Moyvrtec Emihoyic—py

KOVTIVA OTnv
QUOIKA Ou-
XvotnTta T1ng
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Mnyn Atépwv

\ Xpog AKTIVOBAANGNG

ATTOPIBUNTAG

petaBaong. H
MO ONUAVTIKN

Apxn Neiroupyiag Npordrrou Zuvroviouou Atouikng Aéoung

TpomoToin-
on TpoTtdon-

a1ré TO TTPWTNG TAgNG. Eivau Aoimrov
onUAvTIKO va BeATICTOTTOINCOUNE
TNV YEWHETPIA TOU CUGTANATOG Tra-
PATAPNONG KAl VA MEIWCOUME TIG TA-
XUTNTEG TWV ATOHWV.

EkT16G6 a1ré TOUG TTOPATTAVW, UTTAPXOUV
TTOAAOI TTOPAYyOVTEG TTOU ETMIOPOUV OTNV
ouxveTNTa PIag YETABaong ) oTnv pé-
TpNon TNG. O1 cuyKpoUuoEIg HETAEU TwV
aTOpWYV, TTEPIBAANOVTIKEG ETTIOPATEIG
OTTWG NAEKTpOpayVNTIKA TTEdIA, PaIVO-
MEVa OTa NAEKTPOVIKA KUKAWMATA TOU
opydvou kal dAAa. OAa auTd, aTTeiko-
vifovtal gav B6pufog oTo TeAIKO aTTo-
TEAEOHQ Kal augdvouv Tnv aBepaidTnTa
TWV METPAOEWY, PEIWVOVTAG TNV AKPi-
Bela Tou poAoyioU.

O ZuvTtoviopog ATouikAG Aéoung

21nv dekaetia Tou 1930 n opdda Tou I.
Rabi TeAeiotroinoe Tnv TpWTN HEBOSO-
Aoyia oTnv otroia BacioTnke €TTi TTOA-
Ad xpédvia n pérpnon Tou Xpdvou Kal
XpnoligoTrolgital akoun kal oAuepa. H
apxn Aeiroupyiag gival atTAn. Ze évav
OWANVA UTTO KEVO TTAPAYETAI UIA ATOI-
K} déoun, n otroia odnyeiTal o€ KATAA-
AnAo payvnTikéd 1edio. O1 payvrTteg Ba
EKTPEWYOUV Ta ATOoua TNG dEOUNG TTOU
BpiokovTal o€ Pn €mOuPNTH evepyeia-
Kr} KaTdoTaon, a@rvovTag va diEABouv
MOVO auTd TTou BpiokovTal aTnv €TTIOU-
MNTA. TNV ouvéxela, n déoun dIEPXETaI
0€ XWPOo OTToU aKTIVOPBOAEiTaI KATAA-
AnAa a1ré PIKPOKUMATIK aKTIVOBOAiIa
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ke a1ré Tov N.
Ramsey 10 1949 kal ovopddeTal ué-
6060¢ xwpIOTWV TAAQVTOUUEVWY TTE-
Oiwv. H pikpokupartiki KoINOTNTA gival
oxedIaapévn £TO1 WATE VA AKTIVOBOAET
Ta dTopa U0 POPEG HE TETOIO TPOTTO
WOoTE va eEOUDETEPWVETAI TO PAIVOUE-
vo Doppler rpwtng 164¢NG.

To dTopo TToU XPNOIUOTIOIEITAl O€ QUTA
Ta poAdyIa gival To *3Cs kal n peTdpa-
on auTth PETagU Twv U0 UTTEPAETTTWV
oTabpwv TnG Bact-

TTOAU XapnAr mlavétnTa va cupBei
auBopunTa, dpa ol dUO KATAOTACEIG €i-
VOI OPKETA OTABEPEG EVW UTTAPXEI ON-
MOVTIK €VEPYEIAKN dlapopd atrd Tnv
TpwTn digyeppévn (62P32). H ouyvo-
TNTA TTOU AVTIOTOIXEI oTNV YETARaON €i-
val oXeTIKA uwnAn, Trepitrou 9,2 GHz,
eUKoOAa TTapatnproiun. To €Upog TNG
KOATAVOMNG €ival OXETIKA WIKPO, auTd
Onpaivel 0TI Ol CUYKEKPIMEVEG UTTOKO-
TAOTACEIG €ival APKETA OTABEPEG, OTTWG
TPOBRAETTEI N apxn TNG aBefaidTNTAG.
Autd padi pag divouv eEQIPETIKA MIKPR
aBeBaidtnTa, KATI TTOU €VIOXUETAI Kal
atrd TNV EUKOAIO avixveuong Tou aTo-
Mou a1Té Tov KAatdAAnAo amapiBunTh.
Agv gival Tuxaio TTou TEAIKA TO 1967 TO
OeuTepOAETTTO OpioTNKE WG n didpkeia
9192 631 770 TTEPIOBWV TNG CUYKEKPI-
MEVNG akTIvOoBoAiaG.

‘Eva Tutnikd atopikdé TpdTUTIO TNG OU-
YKEKPIUEVNG TEXVOAOYiag €xel aBeBaid-
TNTa 1072 (EUTTOPIKG CUCTANATA) PEXPI
10", Autd onuaivel 6Tl éva euTTOPIKO
atopikd poAdi Cs, TTou KooTilel TTepi-
1Tou 50000 €, “xdvel” | “kepdicel” KATI
Tapatravw atd 30 eKaTOPPUPIOOTA
TOU OEUTEPOAETTTOU €TNCIWG O€ OXEON
ME €va 10eatd poAdI.

AVTIKOBIOTWVTAOG TOUG HOAYVATEG ME
Ppwg

2tV dekaetia Tou ‘50 pia diEBvAg ou-
vepyaoia gpeuvnTwy KaTéAnge otnv

KAG Tou KatrdoTa-
ong. To ouykekpl-
Mévo 106TOTTO €ival
pn padievepyd Kal
oTTwg og OAa Ta
aAkdAia, n Baoiki
Tou KaTdoTacn OlI-
ayxwpietal (a1rd TO
TTUPNVIKO payvn-
TIKO spin) og duo
MOVO uTTEpAeTTTO
emimeda. e Bep-
pokpagoia dwpa-
Tiou 6Aa Ta dtopa
Bpiokovtalr oTnv
BaoikA katdoTaon
(628"2) kal 1I00Ka-
TaveunuUéva OTIG
dUO UTTEPAETTTEG
UTTOKOTOOTAOEIG.
H petaBaon peta-
&u Twv dUo auTwyv
KATAOTAOEWV £XEI

EéamoAikny ouaToixia payvntwv emAoyns Kai Tour) owAn-
va GUVTOVIOUOU aTOUIKOU TTPOTUTTOU

paivousvov



QVvTIKATAOTAON TWV HAYVNTWV WG
péow €TMAOYAG aTOPWYV aTTd CUCTANO-
10 LASER. H o11TIKA GVvTANGN TwV aT1d-
Mwv Tou "BCs oTnv emOuUuNTA EVEPYEI-
QKN KaTAoTaaorn, €XEl TO TTAEOVEKTNUA
OTI uTTOopEl 0dNYNOEl OTNV HIKPOKUMO-
TIKI ] KOINOTNTO OAa Ta dTopa Tng Of-
OungG, auédvovTag To TTapaTnPEOUPEVO
Onfua Kal BeATILOVOVTAG TNV avaAoyia
onpaTog Tpog B6pufo. Metd Tnv dié-
Aguon Twv atéPwy atmo TNV KOIAGTNTA
OuVvTOVIOUOU, eKTiBevTal o€ pia deUTe-
pn oTrmiky 6éopun. Ta dTopa TTou €xouv
uTTOOTEl TNV PETARAON atmmoppoolv
KOl OUEOWG ETTAVEKTTEUTIOUV TO QWG.
H mapatripnon Tou apiBuou Twv arto-
Mwv TTOU dAAagav katdoTaon yivertal
ME PWTOAVIXVEUTEG.

>& auTh TNV apxn BaagideTal To o ¢on-
vO Kal oUPTTayEG aTopikd poAdI TTou
MTTOPEI Va aTTOKTAOEI Kaveig. Ta TpoTu-
TTa aTpwv Poufidiou, xpnoiyotrololv
TNV petdpacn Twv 6,8 GHz Tou atéuoU
8Rb. Ta dropa 1mou Traidouv Tov pdAo
TOU TaAQvTWTA dev oxnuaTtifouv déoun,
aAAG TTepIExovTal o€ €101KO BAAAUO EVW
n Tnyn NG akTivoBoAiag eival pia Au-
xvia ekkévwaong atpwy Rb.

Emission of Radiation kai €ival pia te-
XvoAoyia TTou TTapoucidoTnke To 1953
atré Tov C. Townes Kal TNV opdda Tou.
H povadik mapaAAlayf mmou Bprke
EQAPMOYA WG aTOMIKG POASI ATAV TO
MASER atépwv udpoyodvou. H apxn
Aeitoupyiag Tou gival n akdAoudn: ap-
XIKG, oxnuaTtifeTal pia déoun atopwWyY
udpoyovou atrd poplakd udpoyodvo.
KatdAAnAol payvnTikoi @akoi €TTIAE-
youv Ta dTopa TTou BpiokovTal oTnv
uYnASGTEPN EVEPYEIAQKA KATAOTAON Kal
Ta odnyouv oe évav BAAapo, o oTroi-
oG BpiokeTal Yéoa o€ pIa KOIAOTNTA
ouvToviopou. Ekei, kdtrola droua Oa
atrodleyepBOUV EKTTEUTTOVTAG HIKPOKU-
MaTIKG @wTdVIa.

Ta ewTtovia autd Ba TTpoKaAéGouv TNV
atrodIEyepon KAl AAAwV aTOPwV Kal
ME TNV avddpacn ammd TNV KoIAOTN-
Ta cuvToviopoUu Ba dnuioupynOei pia
ouveXAG TTapaywyr akTivoBoAiag ou-
xvotnTag 1 420 405 752 Hz. Abyw TOU
peyaAou xpdvou TTapauovig Twy atod-
MWV OTNV PIKPOKUMATIKA KOIAOTNTA, N
apeBaidtnTa OTNV PETPNON TNG CUXVO-
TNTOG €ival PIKPOTEPN aTTd QUTH TWV
OUOTNUATWY aTOMIKAG &éaung '*3Cs.

AucoTuxwg Kal €dW n oTaBepdTnNTa TNG
ouxvoeTnTag OTnNV KOIAOTNTA OUVTOVI-
opoU peiwveTal Je Tov Xpovo. ‘Exouv
TTpoTaOEi did@opes Kal akpIBES AUCEIG,
OTTWG N AgiToupyia TNG KOIANOTNTAG O€
XOMNAEG BepUOKPATieG KAl N ECWTE-
pIkA “AiTravon” Tou BaAdpou atodn-
KEUONG ME UTTEPPEUOTO UYPO NAIO £TOI
woTe va BeATIwOEI n avaloyia orpaTog
Tpog B6puUPO Kal va dnuioupynOei 1o
KAaTdAAnAo “utTtéoTpwa” yia TIG ava-
TTOPEUKTEG OUYKPOUTEIG TWV ATOPWY
H pe Ta Toixwpata tou BaAduou. ‘Eva
TuTmKO MASER udpoyovou éxel afe-
BaidTnTa 10714,

MNayidevovTag Ta dTOH

H duvartétnta peiwong g TaxutnTag
TWV ATOPWV — TOAQVTWTWY OATTOTEAE-
o€ amd vwpig OTOXO YIa TOUG EPEUVN-
TG, Oedouévou OTI Ba BeATiwve Bepe-
AlwdWG TIG AEITOUPYIKEG TTAPAUETPOUG
TWV aTOMIKWV poAoyiwyv. MIKpOTEPES
TaxUTNTEG Ba OruaIvav OnNUAvTIKA Mi-
KPOTEPN GUXVOTIKN HETATOTTION AOYW
paivopévou Doppler. H augnon tou o1-
abéoiyou xpoVoU yia TTapaTrpnaon Tou
TaAavTwTA €ival emiong pia emBupnT
eCENEN. Twg Opwg Ba @pe-

H avixveuon Twv atépwv
TTou aAAdlouv katdoTaon
yivetal €Triong pue ewTOROA-
TaikG avixveut. OAn auth
n didtagn UTTopEi va Xwpé-
o€l O€ PIa avBpwTrivn TTa-
Adpn, o€ avtiBeon Pe TOoug

Mayvriteg ETudo
ﬂr]yr] Arouwv /

Kodtnta
Zuvtoviopou

= O4NIPOG
AmoBrikevong

K

Emnegepyaoial

Apxn Neiroupyiag ArouikoU lNporummou MASER

VAPOUE Ta dTOuQ;

O utroypdewv Buudrtal TNV
XAPAKTNPIOTIKN @pdcon evog
atrd Ta géAN TNG ouadag TTou
e€ENCe Eva TéTOIO oUOTNUA
o010 MeTpoAoyikd lvoTiTou-
10 TNG OpooTrovdIlakig An-

owARveg BCs 110U 01 TTIO
CUUTTOYEIG €ival TTEPITTOU
MIo6 péTpo o€ pnkog. EmmmrpooBeta
Kal TNG XauNANG TIMAG épxeTal n €al-
PETIKN OTABEPOTNTA OE MIKPA XPOVIKA
dlaotrpata (<1000 s), HEPIKEG POPEG
Ta MPOTUTTA aTPWV Rb gival 1m0 oTaBe-
pd atré autd Tng 6éoung Cs yia TéToia,
MIKPG XpoVvIKa diaoTApaTa. ESW TeAEl-
(WVOUV T TTAEOVEKTANOTA. Z€ PEYAAU-
TEPA XPOVIKA dlacTrpaTa o1 mMOOCEIg
TwV TTPOTUTIWYV aTuwv Rb givar pérpi-
€G, KOBWG 01 CUYKPOUCTEIG TWV ATOUWYV
Rb pe Ta dAAa dtopa péoa otov OdAa-
Mo peTatotridouv TNV TTapaTnPoUuEVn
ouxvotnTa. Mia TuttikAq TiuR apepaid-
TNTOG YIa éva aTopIKG TTPOTUTTO ATHWV
Rb gival 10° A katd mpooéyyion 30 ms
ava £10¢.

MASER

Ta apxik@ MASER onupaivouv Mi-
crowave Amplification by Stimulated

nmepiodoG 4 — telxo¢ 10 « Oktwfpiog 2010

Kot ta
UVTOVIOHOU
mroﬁo}\mlkog uvli)?vssliﬁnq

Anyveutic K(l'[(XOT(XOT]Q

Apxn /\e/roupylag Aropuikou lNporurrou
Turrou “oivipiBaviod”

pokpaTiag Tng Neppaviag
(PTB). “To va mrpooTrabeig
va TTayIdEWelg pia OEoun atdpwy oTo
kevo pe LASER cival oa va mpooTro-
B¢ig va otapatioelg éva peydAo Tpévo
TTETWVTOG UTTAAGKIO TOU TEVIG, YiveTal,
atTAG TpéTTel va  pigelg TTOAAG”. Me
xpnon €¢ mnywv LASER, twv otroi-
wv ol OéouEg eival euBUYPAPUICHE-
VEG OTOUG KUPIOUG agoveg opBoywviou
KapTECIavoU CUOTHPATOG avd duo, Jia
MEYAAN TTOGOTNTA ATOUWY PTTOPOUV va
empBpaduvBoulv Kal va GUYKEVTPpwOoUv
0€ KATTOIO ONEio. ZTnv cuvéxela £vag
eAeyxouevog TTaAuog atmd 1o LASER
oTnVv KATW HEPIA Tou dfova z wbei Ta
dtopa TTPOG Ta MAVW. Ta ATopa TTEP-
voUV JETQ aTTO TNV MIKPOKUUATIKA KOI-
AOGTNTA GUVTOVIOPOU Kal pdAioTa dUo
POopEG, Wia kabwg aveBaivouv eaiTi-
ag Tou TTaApoU LASER kai pia kaBwg
EMOTPEPOUV TTPOG Ta KATW, AOYW TNG
BaputnTag. H avixveuon Twv atopwv
TToU dAAagav katdoTaon yiveral ge Tnv
OTITIKA WEBOSO TTOU TTEPIYPAWANE TTO-
PATTAVW.
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H kivnon 1évrog o€ mayida Penning

(!) mayideupéva 16vra Yb (PTB)

lNayida rurmrou Paul e xpron wuéng LASER
Kai elkova pBopicuou érrou mapouaialoviar 5

ME VA Ta TTOPATNPCOUME ETTI
MeEYAAo xpovikd didoTnua Me
capn peiwon SAwv Twv TTa-
pauéTpwy aBefaidéTNTAg TTOU
Tpoava@épape. YTApXouv
Ouo €idn TTayidwyv TTOU XpPNol-
MoTToI00VTal KUPIWG OE £Qap-
MOYEG ATOMIKWY POAOYIWY, Ol
TTayideg TUTTOU Penning kai ol
Trayideg TutTou Paul. To Tpw-
TO €idog €ival ouvduaouog
OTATIKOU AVOPOIOYEVOUG NAe-
KTPIKOU TTEBIOU Kal OoyEVOUg
pjayvnTikoU, evw To OeUTEPO
€ido¢ BaacileTal oe avouolo-
YEVEG TAAQVTWHEVO NAEKTPIKO
medio. KaBe mayida €xer Ta
TPORBAANATA TNG, TA paAyvNTI-
K4 tredia Tng Penning petarto-
miouv TNV CuXVOTNTA TNG ME-
TdRaong evw n Paul uttogépel
atré gaivépeva Doppler. H ka-
TaAANASTNTA TOU OXEDIATHOU
eCapTtdTal amd 1o 16V TToU Ba
TTayIOEUTEI, KOl €TTi TOU TTAPO-
VTOG N ETTIOTNUOVIKA KOIVOTN-
Ta Ogv £XEI KATAANEEI OTO TTOIO

NAbyw TOU TPOTTOU AciToupyiag Toug
QUTA TO CUCTHAPATA ovopdadovTal Kal
“aToMIKG oIvTpIRdvia”. To dtopo TTou
Xpnoigotrololyv gival 1o yvwoTd '3Cs.
H amédoon Toug gival kaAuTepn atmd
Ta aTTAd CUCTHPOTA ATOMIKAG OE0UNG
Adyw TNG HIKPAG TaxUTNTAg TwV aTO-
Hwv, Tou dITTAOU TTEPACATOG ATTO TNV
KOIAOTNTA OUVTOVIOUOU Kal ThG Ca®n-
VEIOG PE TNV OTToia gival yvwoTr n Ta-
XUTNTa TwV ATOPWYV KATA TO TTEPACTHA
TOUG aTTé TO CUCTNPA aviXveuong, £T0I
pTTOpEi Va yivel 816pBwaon yia 1o gaivo-
pevo Doppler. H aBeBaidtnta evog Té-
Tolou cuoTriuaTtog oto PTB utroAoyi-
oTNKE oTnV TINA 1075, TTPOKTIKA yia va
“xaoel” 1 s og oxéon pe éva 10aTd po-
A& Ba xpelaaTei va TTEPIUEVOUE TTEPIO-
o6tepo atd 30 ekaroppupia Xpovia.

Mia dAANn TexvoAoyia, TTou mlavwg va
QVTIKOTAOTAOEI 0TO HEAAOV Ta “OTOMIKA
oivTpIBavia”, gival n rayideuon 16vTwv
avTi atopwv. MNayidevovTtag PEPIKA 16-
VTQ O€ PIa KATAAANAN TTayida, Yrropou-

14 http://phenomenon.physics.auth.gr

Ba gival To ETTOPEVO ATOPO OTO
otroio Ba BaciaTei N PETPNON TOU XPO-
vou. To 87Sr kai 1o 171Yb givai o1 TTI-
BavoTepol uTToWn@Iol TOAAVTWTEG Yia
Ta poAdyia Tou péAAovTog. ‘Eva dAAo
medio 6TTOU UTTAPXEl £vTovn TTPOCTIA-
B¢ia gival o ouvduaopog TwV aToI-
KWV TTPOTUTTWV I0VTWV PE CUOTANATA
LASER, Ta otroia 8a BeATILWGOUV QKO-
MN TTEPICOOTEPO TIG ETMIOOOEIG AUTWV
TwV ouoTnudatwy. EmoTtApoveg €xouv
TTETUXEI TNV TTayideuan TTOAU HIKpOU
apIBuou atdéuwy Kal TNV TTapaTAPNOn
TOUG ETTi HAKPO XPOVIKO didoTnua.

O EAAnvVIk6g ATOUIKOG XpOvog

To EBvik6 MpéTtutro Xpodvou Kal Zu-
XvOTNTOG BPIOKETAI EYKATESTNHEVO OTO
EAANvIKO IvaTiToUto MeTpoAoyiag, aTnv
Oeooalovikn. AtroTeAeiTal amd Tpia
QATOMIKA TTPOTUTTA TTOU AEITOUPYOUV UE
TNV TEXVIKI TOU OUVTOVIOUOU OTOMIKNAG
déoung pe KoIAOTATA SITTAOU OUVTOVI-
opou TuTTou Ramsey. Ta dUo atmd Ta
QTOMIKA TTPOTUTIA CUMMETEXOUV OTNV
onuioupyia
TOU TTayKO-
OMIOU XpO-
VOU EVW TO
TpiTO OUY-
xpovigeTal
avd TaKTI-
K& XPOVIKA
dlaocTAua-
Ta MYE TOV
xpovo UTC
yia Adyoug
aoc@aAeiag.
To EBviko

MpéTuTmoO

EVOWMATW-

VEl OEIpa

NAEKTpPO-

VIKWV OU-

oTNUATWV

HEOW TWV

omoiwyv

TAPOAKO-

AouBc¢eitTal

Kal KaTa-

ypdgeTal n

AeiToupyia

TWV QTOI-

KWV poAoyI-

WV EVW TTa-

payovTal

Kol onpa-

Ta (1 PPS,

1, 5 ka1 10

MHz), 1Tou

xpnoigotroloUvTal o€ SIAPOPES EPYa-
oieg wWg TTPOTUTTA ORPATA AVAPOPAG.
ZnuavTiké oToIxEio TnG didTagng arro-
TeAEl €vag 8ékTNG GPS TTou eKUETAA-
AeUETal TNV TEXVIKA KOIVAG B€aong
(CV). Me auth Tnv TEXVIKA €ival duvaTh
n ammeuBeiag ouykpion dUO ATTOPAKPU-
OMEVWV XPOVIKWY KAIUGKWY PJEOW TNG
TAUTOXPOVNG TTAPATHPNONG TOU OTOMI-
KOU pOAOYyIOU KATTOIOU CUYKEKPIUEVOU
dopugdpou Tou cuaTiuaTtog GPS. H
METPNON TNG dla@opdg KABE ETTINEPOUG
KAipakag pe 1O id10 poAdI avayeTal
otnv dlo@opd PETALU Twv dUO ETTIYE-
POUG XPOVIKWY KAIUAKWV.

H dnpioupyia Tou TTaykéopiou xXpo-
vou gival pia pnviaia dladikagia TTou
ekTeAeiTal aTTO TO BIEBVEG ypaeio pé-
TpwV Kal otabuwyv (BIPM). Mepitrou
70 epyaoTripla o€ 6AO TOV KOOUO ME
epIoooTEPA a1ré 300 ATOMIKA TTPOTU-
Ta dla@épwv €10WV aTTOOTEAAOUV Ta
dedopéva Toug oto BIPM 10 otroio Ta
eme€epyddeTal Kal dnPOOCIEVEl, OE PNVi-
aia Bdon, TIG atToKAIo€EIG TOU KABE gp-
yaoTnpiou atd Tov TTayKOoMIo Xpovo.
O EBvikég Xpoévog gival Tpoadaoipgog
Kal Jéow Tou B1adIKTUOU YE XPAON Tou
TpwTokdAAoU NTP, TToU UTTOGTNPICETAI
atroé 6Aa Ta PovTEpva AEITOUPYIKG OU-
OTAUATA UTTOAOYIOTWV.

Ap. XapaAautog Zapagions
Atmégoitog Turjuarog Puaoikrig AN
Epeuvntig EAA. IvaT. MeTpoAoyiag.

Mnyég

1.BIPM, www.bipm.org

2.NRC, www.nrc-cnrc.gc.ca

3.NIST, physics.nist.gov

4.PTB, www.ptb.de

5.IERS, http://www.iers.org

6.A Bauch, Meas. Sci. Technol. 14 (2003) pp. 1159
7.J. Levine, Rev. Sci. Instr. 70(6) (1999) pp. 2567
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PoAdyia XaAadia

(Ta yvwoTtd o€ 6Aoug pag Quartz!)

Ta poAdyia quartz eivai
yvwoTtd oe 6Aoug pag
AOyw TNG gupeiag kal Ka-
Bnuepivig xpnong Toug.
H 1iun toug eivanl e€ai-
PETIKA TTPOOITH, TTAPOTI
atroteAoUV pia atrd TIg
MO aKPIPEIGC OUOKEUEG
pMETPNONG Xpovou. lolo
gival duwg TO XAPOKTN-
pIOTIKO TTOU Ta €XEI K-
Biepwocel; NMwg akpIfwg
AgiIToupyouy;

H BepehMiwdng apxn
OAwv TwWV poloyiwv ei-
val JI0 CUCKEUN N oTroia
TOAQVTWVETAI PE OTOOE-
pn ouxvéTtnta. Ta TpwTa
pnXavika poAdyla xpn-
OIJOTTOIOU0AV EKKPEPEG
N eAatnpia Pe KATTOIQ
Hop®r PpUBMIOTIKAG BId-
Tagng yia va KpaTtioouv
TN ouxvoTnta otabepr). O
XPOVOG 0€ auTd uTToAOYi-
CeTal ATTAG PETPWVTOG TIG
TaAaviwoelg. Mia TéTola
aTTAf] CUOKEUR TaAavTw-
veTal yUpw ota 1Hz (uia
QOPG TO DEUTEPOAETTTO).

Ta poAdyia xaAacia dpxi-
OaV va XPnNOoIYOTToIoUVTal
EUPEWG OTIG apXEG TNG
OekaeTiag Tou 1970. Xpn-
OIJOTTIOIOUV £Va KPUOTAA-
Ao xaAadia (d10&gidlo Tou

ergy storage
lamp screw

Iscillating
1t wheel

block cover screw

Jrcuit block cover

2 Dzcillating
bridge screw

ntermediate wheel
generating rotor

Generating stator

quartz)

Bwg deuTepPOAETITA),
Kal JETa@pdlovTal o€
TTaApoug. Or TTaApoi
auToi oTéAvovTal €iTe
o€ £&va pnxaviouo o
OTTOI0G KIVEI TOV pE-
ydAo deiktn (oTnv
TTEPITITWON TOU ava-
AoyikoU poAoyiou),
gite oTOV WNQIOKO
O€KTN TNG 086vNG.

Ta poAdyia auTtd
epeupav o1 W.A.
Marrison kar J.W.
Horton 10 1927 kai
TO POAGI TOug ATAV
TTOAU peYAAO oOu-
YKPITIKA HPE Ta pO-
Aoyla Xelp6G TTOU
£xoupe onuepa. To
TIAEOVEKTNUA QUTWV
TWV poAoyiwyv Eival
n amAdTNTa KAl n
akpipeia Toug. Autd
OI0TI oI KPUGTAAAOI
dlatnpouv Tn guyvo-
TNTQ TOUG PETA aTTd
dlapkn XprRon, Kai
QUOIKA €TTEIONA N KO-
TAOKEUN TOUG €ival
@onvA.

Tnv emdéuevn @opd
Aoittév TTou Ba ayo-
pdoete €va POAOI
Quartz Ba &€peTe TN

duoik Tiow amod

TTUpITiOU) OTO OXAMA HIAG

MIKpAG uTTdpag. O xaAadiag gival Eva
“medonAekTpIKG” UAIKO, dnAadn étav
AuyioTei A ouuTTiEOTEl dnUIoUpPYEi
éva MIKPO nAekTpikd TTEdio. ETTiong
doveital edv Tou 00B€i PIa NAEKTPIKN
@OpTION (OTNV TTEPITITWON TWV POAC-
YIWV, QUTH MIOG KOIVAG UTTATApiag).

O KpUOTOAAOG KATOOKEUAZETAI WWOTE
va €xel duvaTtotnTa QUOIKNAG TAAG-
viwong mepitou ota 32.000Hz! Au-
TEG Ol TOAQVTWOEIG TTAPAYOUV nAg-
KTPIKA onuarta Ta otroia diaipouvTal
KATA TN KUKAOQOPIQ TOUG OTO POAOI,
otnv €mBuunTth ouxvoTnTa (ouvn-

TOUG OeikTEG!

Kpouuudag Anuntpiog

®oirntng Tunuaro¢ PUoIKAG

nmepiodog 4 — telxo¢ 10 « Oktwfpiog 2010
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2YNEBHZAN ZTO TMHMA

H eyypa@n Twv TpWTOETWY OAOKAN-
pwonke e emruyia amd tn Mpay-
paTteia Tou TuApaTog pe T BoriBela
Kal kaBodriynon pelwv AEM mou
avriikouv otnv Emtpornn Yrnodoxnc.
MNa 6e0TEPN XPOVIA Ol EYYPAPEC
ipayuatonoliénkav oto umoyElo
NG XXOANG, OTOUC XWPOUG TWV Ep-
yaotnpiwv AdakTikig TG OUOIKAG
kal Ekmaideutikng Texvoloyiac.

H Emtponn Ymodoxr¢ Mpwtoe-
Twv QoltnTWwy MoV 0PYAVWOE TNV
Sle€aywyn Twv gyypagwy, amo-
TeAeital and mMePIOCOTEPA ATIO
€ikool péNn AEN. X1dxoc tng ival
va BonBroel Toug MPWTOETEIC va
TIPOCAPHUOCTOUV KAAUTEPA OTO
Tunua OuaoikAg, va Kataypdyel

Ta mpofAnuata mou mMApPOoUCId-
CovTtal Kal va TPOoTEivel AUOEIC yia
Bépata mou Ba SdieukoAUvouv TNV

TIPOCAPHOYH TWV MTPWTOETWYV POL-
nTtwv oto MavemoTtnuio.

O1 mpwTOETEIG POITNTEG KAl POITNA-
TPlEC €XouV ION TAnpoopnBei TTol-
o¢ Ba eival o oupPouAog oTToudwv
TOUG Kal N mpwTn cuvdavinon padi
Tou Ba yivel TOAU cUvToua. EvBap-
PUVOUE TOUG TIPWTOETEIG va €XOUV

OUXVA €MKOIVWVia Pe Tov cUUPoU-
A0 OTTOUSWV TOUC Kal vVa TOV CUW-
BouAebovTal yia o,TIOATIOTE TOUC
amacxoAei otn véa toug {wr oTO
MavemoTtApLo Kat 1dlaitepa yia Tig
evdexOueVEC OUOKOMIEC TTOU {OWG
CUVAVTAOOULV OTA MTPWTA TOuS BA-
pata oto Tunua Quolkig.

EuxopaoTte 0TOUG TTPWTOETEIG pag
KOAR akadnuaikn xpovid!

Eyypa@éc NMpwTtoeTwy

EYXAPIZTIEX

0 k. Maxng Ayyehaképng, Mpoedpog g
Emtpommi¢ Ymodoyi Mpwroetay, éotelhe
pe TV AqEN Twv Eyypagav, e 600U¢ OU-
peTeiyav, T0 E€AC EUXAPIOTAPLO PAVUHA:

“...0¢gilw va oag vyaplotiow yia Ty
dueon avtamokpion oag ota SladikaoTIka
NG EMTPOMC KAL TN OUVEXT) TTAPOUGia 0aC
0T0 XWPO TWV EYYPAPWV TIC TPOPAEMOpiE-
veg wpec. Emiong evyapiote Beppd kat ta
datopa ¢ ypappateiac (0. Zoppma, N.
Kupiton, A. Mdvt{apn, N. Xaotd) mou
dlekmepaiwoav e Tov KaAOTEPO TPOTO TO
Bépa Twv eyypagwv OAeC TIC pépec. TéNog
Ba i0ela va evyaplotiow Kat T O. Zep-
Bakn kat tov Tp. Xat{navrwviov mou
dueoa  avtamokpifnkav Kat €toipacav
€yKaipwg Ti¢ Sradikaoie kat Ta évtuma yia
TNV NAEKTPOVIKT) EYYPAPH TWV QOITNTGV".

gy, oo TMHMA
s et OYEIKHE
OAHIOX
YMOYAQN

|

L

-

0 véog 00nyd¢ Zroudwv tou Tunpato¢ ualkng Ekave PETOC TNV
ELQPAVION TOU E onpavtikd O1aQOoPETIKA Lopen Kal véa d1dpBpw-
on ¢ uAng. H emdiwén eival va d1eukoAUvel kal va katatomidel Ku-
Plw¢ TOUC MPWTOETEIG POITNTEG OTIC OTMOUDES TOUG Kal oTn {wn TOUG
oto Tunpa. ‘Etol, npoBdAAstal mpwta to mpdypayua pabnudtwv oe
OUVOTTTIKA Kal avaAuTiki pop@n kat akoAouBouv ot kavoviouoi kai
n meptypa@n tou Tunparog. Znuavtikn kaivotopia emiong givai ot
nepiAauPBdverar o wpoAdylo mpdypauua pabnudiwv-aibouowv
Kal 1o npdypaya eEETdoewy yia to kKdOe pdbnpa.

Tov 00nyo Zmoudwv empeAnbnke n Emtponr Ekd6ocwv tou Tun-
patog. Znpaviiko PEPOS TG AEMTOUEPOUG Kal Emimovng GOUAELAG,
Kabwc kat tnv eugpdvion tou 0Od0nyou, enwpiodnke o ouvddoeA@pog
K. Mdkng AyyeAdaképng. Ta euonpa Aoirdv, otov Mdkn!

O lNpdéedpog tng Emtponric EkG6oewv
Tdoog A16A1o¢
AvanA. Ka@nyntrig

—
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OPKQMOZIA AIAAKTOPQN

211G 5 louAiou 2010, otnv aiBouoa A31 Tng Zx0oANGg OeTikwv Emotnuwy,

napouaoia tou AvtirpuTavn
K. Avdpé€a Nnavvakouddkn,

€YIVE 1 OPKWHOCia Twv £E1G SIBAKTOPWV Tou Turpatog PUCIKAG:

Oe6dwpog Mkavaraog

«MikpoTaiviakd ZuaTtruata Kivntwv
Emikovwviwvy

AIK. Z1akaBdpa (emBAémouoa)
H. Bageidadng
I. Zaxahog

ApioTotéAng KagakomouAog

«MeAETN TNG I0VTIKAG aywyInoTnTag
OTEPEWV NAEKTPOAUTWVY

O. Kahoynpou (emiBAémwv)
A. Zrepyiou
K. EuBuuiadng

BaoiAeiog KwvoTavrakog

«MeAéTn Texvikwv MéTpnong
KatavdAwaong Evépyeiag kar AvaAuong KaArg
Nermoupyiag HAEKTPOVIKWV ZUcTNUATWVY

©. NabTTOUAOG (emBAéTwWY)
I. ZdxaAog
2. NikoAdidng

KwvoTavrivog Mapkdkng

«ZUMBOAA aTn PEAETN TNG CWHATIOIOKNAG
putravong otnv EAAGSa»

A. MeAdg (emBAémwv)
AAK. MTTding
A. MTTaAAG

BagiAeiog Ywvng

«E@appoyn 1ng MNMAnpogopikrg Evipotriag
otnv Mupnviki ®uoikn Kai TN ZKEdaon»

O1 véoi dI0GKTOPES
Tn OTIYUN TNS OPKOUWOIAS

2. Mdoev (emBAémwy)
I. Aahalnong
X. Mavog

O lMpodedpog Tou Tunuarog,
kabnyntn¢ Kwv. MavwAikag,
o1afalel TO GXETIKO UE TV
OPKOUWOIA KEilIEVO

nepiod0o¢ 4 — teUxo¢ 10 « OkTwPplog 2010

17



gO

PKOMQZXIA IITYXIOYXQON

3

TMHMATOZX OYXIKHX

2TIYMIOTUTTO QTTO TNV évapén TnNS TEAETNS

H ...kaAokaipivr opkwopooia
TWV TTTUXIOUXWV TOU
TunuaTtos Guoikns
TpayuaTomolnbnke oTis 20
louAiou 2010, otV aibouca
TeAeTwv Tou TTavemoTnuiou
nas. H aibovoa rjtav yepaTn
QTTO YOVEIS, OUYYEVEIS,
piAous Kkat ...evBouciwdels
OUMQOLITNTES TTOU OAot pali
gdwoav ot ekdnAcoon

HIa TP Y X TIKA Y0P TIVT)
ATUOOPALPA.

MeTd ammd Tov oUvTouo
XXUPETIOUO TOU
KoounTtopa tng ZxoAns
OeTikwv Emiomuov k. 1.
TamTadoyiavvn kat Tou
TTpoedpou Tou TunuaTos
Ouoikns k. K. Mavwika, oto
Brina avéPnke o KabnynTns
Tou TunuaTos K. ledvvrns
Zaxalos, yla Tnv KUpla
olAia Tns ekdnAwons,

TO KEIMEVO TT§ OTrolag Kal
TapabéToupe.

H ocuvtakTikn opada

TOU TIEPLOBIKOU EUXETAL
OTOUS VEOUS CUVaBEAPOUS
KQAT| ETTIOTNUOVIKT

KOl ETTAY YEAUQTIKT)
otadiodpouial
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AAEZONOYAOY
APBANITH
BAAIANTH

BITAAHZ
BOrIATZHZ
FIANNOYAAKHZ
FIANNOYAH
FKOAIAZ
FKOPMA
FKYPINHZ
FPAIKOY
FPHrOPIOY
AATAPAKH
AEPBENH
AEPrIAAE
AONIKH

AOZNPA
EYTFENIAOY
EYOYMIOY
Zoraonitoy
ITZIOY
KAADOYNTZOY
KAPAGANOY
KAPAMMATZAKHZ
KAEITOY
KAEITZIQTOY
KOKKINAKH
KOMNHNAKIAHZ
KOYTZOzZIMOZ
KYPIAKOMOYAOZ
KQNZTANTINIAHZ
KQNZTANTINOY

AOHNA
OEOAQPA
MNOAYZENH
KYPIAKOZ
ANNIBAZ
IQANNHZ
MAPIA ®ANH
IQANNHZ
MATIOYAA
BAZIAEIOZ
EAENH
FEQPTIA
OEOAQPA
OEO®ANQ
EYNPAZIA
ZTAMATIA
EIPHNH
XPYZOYAA
XPIZTINA
AYAIA ATTEAIKH
EIPHNH
EAENH
AAEZANAPA
ANAPEAZ
KAEITOZ
EYOPOXYNH
KAAAIOMH
EYAITEAOZ
OEOAQPOZ
NIKOAAOZ
AAYPENTIOZ
OAQPENTIA

Ol NEOI NTYXIOYXOI

AAMAPHZ
AEKKOY
MAPABEAAKHZ
MAPKETOY
MAYPOINOYAOZ
MOYPBAKHZ
MMNOYTIOYKAZ
NANATIH
MAMAIQANNIAHZ
NANA®QTIOY
NAPAZKEYOINOYAOZ
NITEAH
NPYMIAHZ
POYZzOY
ZAPANTH
ZAPA®EIAHZ
ZAPOIAQY
ZEAEBIZTA
ZKIAAOIMOYAOY
ZYPOY
TZIA®ETTA
TOMAAIAHZ
TZATZOY
TZAGAPAKHZ
TZIABAAPIAHZ
TZIAPAZ
TZIAIMITKPAZ
TZINIKOZ
TZIOYNPOY
TZITZH
®OYNTAAH
XATZH

XPHZTOZ
KAAYYQ
KQNZTANTINOZ
NANATIQTA
FEQPrioz
NIKOAAOZ
KQNZTANTINOZ
ZOTHPHZ
AIAMANTHZ
KAAAIPOH
AAKIBIAAHZ
BATIA
BAZIAEIOZ
MAPQ
EYAITEAIA
MNANATIQTHZ
IQANNHZ
MEAIZZA ANNA
MAPIA
KQNZTANTIA
AOANAZIA
MNANATIQTHZ
MNANATIQTA
OAYZZIEAZ
FEQPrioz
HAIAZ
AAEZANAPOZ
IQANNHZ
MAPIA
EYAAMMIA
ANAZTAZIA
MAPIA

http://phenomenon.physics.auth.gr
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NMpooewvnon TTPoOg Toug ATToPoiToug Tou TuRHAaTog PUOIKAG

Tou KabnynTi} Tou TUApATOG

K. lwavvn ZdayxaAou

Kupie Koounropa,
kUpie MNpoedpe

Kal KUpIOI 2UVAdEAQOI.
Ayarnroi lNoveig,
OUYYEVEIC Kal QiAo Twv
arToYoiTWV,

oac KaAwoopilw

OTn GnNuePIV yiopTn.
Ayamntéc & ayamnroi
améQoITol

ToU TUNRuaTo¢ UOIKNS

ME 101aiTEPN XapPd OAG XAIPETi-
{w Kal oag ouyxaipw yia Tnv
ETMTUXIQ 0AG TTOU €ival OTTOTEAEGUQ
MIOG KOTTIOOTIKAG Kal ETTITTOVNG TTPO-
OTTabeIag.

H emTuxia oag, ouvodelTnke atrd
OUCIAOTIKEG OTTOUDEG, 01 OTToieg Ba
0ag TTPOCPEPOUV TIG dUVATOTNTEG YA
Va EKTTANPWOETE TIG TTPOODOKIEG 0AG
KOl va avTatrokpIBeiTe oTIG HeEYAAES
QTTQAUTAOEIG TNG KOIVWVIAG.

H onuepivAh nuépa atroteAei Evav atmmod
TOUG ONUAvTIKOTEPOUG OTABPOUS TNG
(wng cag. Na Toug TTEPIOTOTEPOUG
atmd €0dg auTh n OTIyuRA €ival po-
vadIKA yIaTi ATTOKTATE TO TTPWTO 0OG

TITuxio. MeTd atrd KOTTOUG £TWV POE
N WPa TNG AvTauoIBAG PE TNV ATTOVO-
pn Tou Mruxiou Tou Puacikou!

IM'vwpiceTe 6T 01 aTTOUdEG 0T DUCIKNA
amoteAolv TTpwToyevh adia yia Tnv
QVATITUEN TOU TTVEUUATIKOU ‘KEPaAQ-
ou’ NG xwpag. H duaoikn, ektdg atmod
TO PEYAAO €UPOG TNG, EUTTAEKETAI O€
éva TMARB0oG atrd AAAEG ETTIOTAEG,
ME atroTéAECa N BIETTIOTNHOVIKOTN-
T VO ATTOTEAEI OTOIXEIO OTPATNYIKAG
Kal emiiwong.

EixaTe TNV TUXN Vva otrouddoeTe o€
€va a1rd Ta TTI0 JIAKEKPIPEVA TUAUA-
Ta Puoikng Tou EupwTraikol xwpou
Kal QUOIKA o€ €va atrd Ta KaAUTEpa
TAMaTa Tou MNavemmoTnuiou.

e apiBuoulg, 10 TuApa £xel Tepi
Toug 100 akadnuaikoug daoKAAOUG
Kal atrd ammOWewWS ETTICTNMOVIKWY
KOl €PEUVNTIKWYV ETTIOOCEWY, KOTE-
X€l TNV TTpwTNn 6é0on oto AlO. Ka-
OnynTég Tou TUAUATog PUTIKAG TNV
TeAeuTaia Setia ouvTovifouv ~440
EPEUVNTIKA TTPOYPAUHaTA, e€€dwaav
23 EevoyAwooeg povoypagieg kai Pi-
BAia, dnuoaicucav ~1000 dpBpa o€

O Kabnynrnig tou Tunuarog K. lwavvng 2axaAog, ameubuvel v ouiAia Tou
PO TOUS VEOUS TTTUXIOUXOUS PUTIKOUG.

ETTIOTNMOVIKA TTEPIOBIKA TTAYKOOMioU
KUpoug kal TTavw atré 2000 epyaaieg
oe 01ebvn ouvédpla. EmimmAéov, €u-
@avifouv Tnv TeAeuTaia Setia diebvn
avayvwpion PE TTEPICOOTEPEG ATTO
12000 eTepoava@opég Kal TTOANG &i-
€0vn BpaBeia.

O1 aTTaITHOEIG TNG OIKOVOUIag KAl TNG
KOIVWViag yia TTANPECTEPEG KAl €IG
BAB0OG yVWOEIG TNG ETTIOTAUNG £XOUV
odnynoel 1o TuRua PuoIkAg o€ Jia
ouvexn OlaBouAeuan yia Tn PeATi-
waon Tou lMNpoypdupaTog OTTOUdWY
KaBwWG Kal TwV EPYaCTNPIAKWY Kal
EPEUVNTIKWYV UTTOOOMWYV TOU.

To TuAPA CAUEPA TTPOCYEPEI ME-
TATITUXIAGKEG OTTOUdEG oe 5 dlago-
PETIKEG €10IKOTNTEG KOl PTTOPEI va
e€ao@alioel oTOUG ATTOPOITOUG TOU
ETTAYYEAPATIKN Kapliépa TEpa atod
TNV ekmaideuon kai Tnv épeuva. H
Kapiépa TrepIAauBavel pia ToikiAia
€IBIKOTATWY TNG GUYXPOVNG ETTIOTH-
MNG Kal TexvoAoyiag kal oupPBAAAel
BeTIKG oTn OlANOPPWAN TOU PEAAO-
VTOG TNG XWPAG.

Na ocag Toug aTroPoiToug apxicel yia
Kaivoupyia pépa. AikaioUoTe va €ioTe
UTTEPAPAVOI YIa auTd TTOU TTETUXATE
Kal aio1680&0I ylIa auTd TTOU TTEPIE-
VETE VA TTETUXETE OTTO €W Kal TTEPQ.

Eipal oiyoupog 611 o€ 6AouUg 0aG yev-
VIETQI TO KQiPIO EPUWTNUA TTOU A€l

METATO MNTYXIO Tl ©A KANQ;

270 EPWTNUA O KABEVAG TTEPIPEVEI
atrdvTnon Tou Byaivel yéoa aTmmoé Tnv
Wuxr Tou, To JUaAS Tou, Toug daoKd-
AOUG TOU Kal TNV KoIvwvia.

H ANANTHZH EINAI TOZO AY ZKO-
AH OZ0O KAI H EPQTHZH.

AT TNV TTAEUPd TwV BAOKAAWY, 0OG
ToviCw OTI £xeTe Ppebdei oe Eva OU-

nmepiodog 4 — telxo¢ 10 « Oktwfplog 2010 19



H oriyun tn¢ opkwoaiag. Tov 6pko diafdader o rruxiouxog K. lwavvng Toivikog,
0 0TT0I0¢ CUYKEVTPWOE TN UeyaAuTepn BabuoAoyia.

OKOAO Tprjua Kal avtaTrokpIBrKaTe
Me emiTuyia. To TrTuyio TTou TTaipveTe
onuEPQ gival éva oualaoTIKO £@OdIo
TToU OiVEl TEKUNPIA ETTAYYEAUATIKAG
ETITUYXIOG.

Mpétrel va Tovicoupe OTI PILWVOUE
TEPAOTIEG TTAYKOOMIEG JOKPOOIKOVO-
MIKEG aAAayég aTo €idog & Tov TPO-
TTO TTAPAYWYHG, OTOV TPOTTO £TTEVOU-
OEWV Kal 0Tnv ayopd epyaciag. Ol
TTAYKOOMIEG TAOEIG YIA UEIWON TWV
mEPIBwpiwv KEPDOUG, uEiwan Tou
KOOTOUG atTaoXO6AnNong, e€KTOTTION
TOU TOTTIKOU OTEAEXIOKOU dUVAMIKOU,
ATTWAEIO EPYOTiag KAl HETAVAOTEUON
o€ dAAeg ayopég, divouv pia {opepn
gIkéva.

e 6AQ Ta TTAPATIAVW, av TTPOCBE-
O€l KAVEIG TNV OIKOVOUIKN Kpion TTou
TEPVAEl N XWpPa, avTIAauBAveTal TIg
ouvenkeg avao@dAsiag Twv NEwv
Emotnuévwy.

Bpiok6paoTe oTnv apxn uiag 1Idiaire-
pa apvnTIKAG ouykupiag. H eAAnVIKN
KoIVwVia €I0€pXETAI OE HIa OUOKOAN
TEPiodo, KaTd TNV oTToia Ba avayka-
o0¢i va £pBel avTINETWTTN JE TTOAU-
TTAEUpEG OUCHEVEIG EEENICEIG.

ATTO TNV TTAEUPd pag, atroTeAEi adn-
pITN avdykn va dlaweUOOUNE TIG
OTT0I1EG OUCOIWVEG TTPORAEWEIG Kal
va avTIJETWTTIOOUPE TNV Kpion Kal
TNV UQeon PE TTPWTOROUAIESG Kal du-
vapiop6. H koivwvia eATTiCel o€ oag
TOUG VEOUG ETTICTHOVEG, OI OTTOIOI JE

20 http://phenomenon.physics.auth.gr

Opegn utTopeiTe va TTapdyeTe onua-
vTIKO £pyo. OAol oag éxeTe Tn duva-
TOTNTA VO TTPOCQPEPETE OTNV EKTTAI-
deuan i va eEeAixBeiTe MOTNUOVIKA
KOl €TTOYYEAPATIKG akoAouBwvTag
MeTamrTuxiokEG ZTTOUdEG. Agv PTTOPEI
Va 10XUpIOTEN Kaveig 611 01 Kalpoi givai
€UKoAoI, OPwG n TTioTn 0€ AQUTO TTOU
KAVETE, N AUIAAQ, N KAIVOTOMIKN OKE-
Wn Kal TpoTravtdg n yvwaon oTroTe-
AoUv Ta €QOBIA YIA TNV AVTIMETWITION
TOU TTPORBARHATOG.

Ta &i1eBvn IvoTiTouTa epyaaiag, ol
peyahol Opyaviouoi Kal o1 ETAIPEIES
KOTaypa@ng TNG GTrowng TG KoIVig
YVWHNG €¢akoAouBolv va TOTTOBE-
TOUV TOUG ATTOPOITOUG TwV PUCIKWYV
EmoTtnuwy o€ EexwplioTh B€on. Autd
Oev gival pia Tuxaia €mmiAoyr aAAd
TTPOEPXETAI ATTO

VETAI OTI N ETMIOTNHOVIKI ETTAPKEIQ, N
€pEuva Kal n KavoTopia gival ol Baaci-
Koi TrapdyovTteg avdmTugng & Biwai-
pOTNTOG pIag Xwpag. MNpétel va oag
TTw 611 o€ TTPdoPaATN £peuva Tou Eu-
pwpapdueTpou dIATTIOTWONKE OTI TO
75% Twv epwTNBEVTWYV CUPPEPICETOI
TNV dtmown 6T XAPIG OTNV ETTICTHMN
Kal oTnv Texvohoyia Ba ummdpfouv
TTEPIOTOTEPEG EUKAIPIES YIA TIG PEA-
AOVTIKEG YEVIEG.

‘000 auThA N amown yiveTal TTPAYHATI-
KOTNTA, TOOO Ol TIPOOTITIKEG YA TOUG
véoug Puaikolg Ba yivovTal KaAUTe-
PEG. ZTNV OIKOVOIKK Kpion TTou Piw-
VOUE, €va avTaAAdEIuo TTpoidv gival
Kal To a1rdBepa Twv TTOPWY TNG YVW-
ong. To TuApa Puoikng, wg O KaTE-
Eoxfv Xwpog eUTTAOUTIOPOU Kal avo-
HOPOWONG TWV OgIWV Kal TWV YVW-
ocwv, O1aBETel I0IAITEPA TTPOIKIOUE-
VO OTEAEXIOKO BUVOUIKO PE TEPAOTIO
amdOepa. 10 duvapikd auTo €0¢ig ol
ammoéQoITol £XeTe e€€xouca BEan, ue
TO TTPOVOMIO KOl TNV UTTOXPEWOTN va
BpiokeoTe O0TO KEVTPO OAWV TWV ON-
MavTIKWV e&eAigewy. H Kolvwvia oTn-
pietal kal oTnpiCel o€ peydAo Babud
TOUG véoug Puaikoug.

Me Bdon Ta uttdpxovta dedopéva,
ol atraoXoAoUpevol aTov ISIwTIKS To-
péa PUOIKOI JE PETATTTUXIAKES OTTOU-
O€¢ gu@avifouv Katd PEco 6po aKa-
BdpioTeg ammodoxEG augnuéveg Kartd
30% Twv avtioToixwv Tou Anuogciou.
To TpuAua PUOIKAG, PE TNV TTOIOTNTA

TOV OEiKTN EUTTI-
ogtoolvng TIou
améoTTacav ol
duaoikoi amd Tnv
KoIvwvia.

210 TTACiola TOU
TAYKOOMIOU
avTaywviouou
apxiCel va utro-
Xwpei n 10éa ot
n eenvn epya-
oia arroTeAei Tnv
Movadik Auan
TWV OIKOVOMIKWV
TPORANUATWYV.
MdAioTa, diagai-

O lNpoéedpog tou Tunuarog k. K. MavwAikag diver ato véo
ouvadeApo k. lwavvn Taiviko 1o 1TU)io TOU.
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Kal TNV TTAQTIA yYVWOTIKN Bdon, divel
TIPOOTITIKEG YyIa Hia TTAnBwpa €101-
KOTATWYV, TTou apyidouv atré Tig Te-
xVvohoyieg NMAnpogopiag kar ETikol-
vwviwv (TTE) kai @Tdvouv péxpl Ta
Oikovopika kai Tnv Aloiknon Etmixer-
priccwv. H {Tnon o€ utinpeaieg Te-
xvoAoyiag kataAapBavel 10 50% Tng
OUVOAIKAG {TNONG UTTNPECIWY OTOV
EupwTraikd Xwpo Kal TTdpa Tnv oxe-
TIKA KAPwn Tov TeAeuTaio xpdvo, oe
Bdon mevraeTiag, o pubudg augnong
TNG ATTaoXOANCNG TWV TEXVOAOYIKWV
emayyeAUdTWY gival Tdvw o1mé 5%

ToUuG véoug Puaoikoug OTI dev avoiye-
Tal PTTPOOTA 0ag £va TOTTIO yKpilag
TIPOOTITIKAG, AAAG éva TOTTIO EATTIOO-
(POPAG TTPOOTITIKNG.

AyatrnToi amégoitol uoikoi, Ye TN
AN Tou TITUxiou cag Ba TIpETTEl
va OTTAIOTEITE pE eATTIOO KAl dUvan.
Xwpig va eupavifdpaaTe UTTEPaIai-
600&01 Kal €KTOG TTPAYUATIKOTNTAG,
Bewpolpe OTI €i0TE IKAVOI va PETA-
TPEWETE TNV KPion O€ euKalpia.

MNvwpilete 6TI 0TNV yopyd £€eAICOO-

To o yakpu Tagidl apxifel TavTa Pe
TO TTPWTO Kalvoupyio Brpa. MNoiog
OHWG EEpel TTOU odnyei auTd TO TTPW-
10 Brpa; Kaveig. O1 TTpokAroeIg, yia
6o0oug BéAouv va BAETTOUV TO TTOTHPI
MIc0AdEIo, TTpOoKAAOUV YO0 Kal avn-
ouyia. MNa 6ocoug 6uwG BAETTOUV TO
TTOTAP! YICOYEUATO, TTICW aTrd KAOE
TTPOKANCN, TTiow atd KABe aAlayn,
KpUBETaI Hia peydAn eukaipia.

Ayartrnroi yoveig,

oag ouyxaipoupe yia Tov SUoKoAo
aywva TTou Kdva-

avda €t1og. Ev-
OEIKTIKG gival OTI
OoTa ETTAYYEAPQ-
Ta Twv TMNE (k-
VNTEG ETTIKOIVW-
vieg, e-olkovo-
dia) Tnv TeAgu-
Taia 5eTia €xou-
pe 1,5 ekart. véeg
Béocig epyaaiag
otnv Eupwtn,
Me Tdon pioBo-
Moyikngaugnong
~11%. To 25%
TNG aUgnong Tou
AEN otn EE kai
10 40% Tng TO-
PAYWYIKOTNTOG

H aiBouoa teAetwv Tou AlNO karGueotn amd yoveic, CUYYEVEIG,
@iAoug Kal oupu@oITNTES.

Te 6Aa auTd Xpovia.
Mpoogéparte oTa
maidid cag 6Aa Ta
aTmapaitnTa £@oOdia
TTPOKEIMEVOU VO TTA-
POUV TO TTTUXIO TOUG.
2Auepa NPBe n aTIy-
Mn va avtaueipBoiv
ol KOTTOI 01 BIKOi oag
Kal Twv Taidiwy
o0ag. HpBe n oTiyun
VA KOUJOPWOETE TOUG
dgloug véoug €TTIOTH-
MOVEG.

AyatrnTég Kal aya-
mnToi atmé@olTol,

oQeileTal OTIG

TMNE. H EE katéxel 10 40-50% Tng
TTaykdopiag ayopdg Twv TTE. Or 6¢-
O€IG Epyaaiag o€ MOTAMN KAl TEXVO-
Aoyia aTov 101WTIKO TOPEX KAAUTTITOUV
otnv EAAGSa 10 3% TOU GUVOAIKOU
duVANIKOU VW Ol avAyKeG @TAvVouv
07O 6%. ZNUEIWVETAI yia TTAPAdEIY-
Ma OTI N ¢ATNON TEXVIKOU TTPOCWTTI-
KoU o€ SiKTuQ OTITIKWYV ETTIKOIVWVIWYV
auTtr T oTiyunR @Tdvel Toug 6000.
EmimrAov, o O€iKTNG avepyiag kal o
XpPOvog €1000xNG OTNV ayopd epya-
oiag Twv atooitwy Twv MM amrd
10 TuAPa pag eival Katw Tou 50%-
75% TOU €BVIKOU péaou 6pou.

‘EXw TNV TUXN va agXoAoUual €TTi
OUo dekaeTieg pe TpooAAWeIg & ou-
VEVTEUEEIG TITUXIOUXWVY OTOV 1B1WTI-
KO Touéa. H eutreipia pou deixvel 6T
ol duaikoi TTou ToAyouv, o€ guvou-
QONO PE TNV TTPOCWTTIKOTATA, PpPi-
OKOVTQI UTTPOCTA OTnVv £tmiTuxia. Oa
NBeAa Aoitmév va Tmw o€ dAoug adg

pevn emoTtAun TG PuUoIkng, n To-
ooTnNTa TNG dIATIBEPEVNG yVWOoNGg
dirmAaoiddeTal kaBe 7-8 xpdvia Kal
Ta €@OdIa TToU aTrokTAoATE Ba givail
acruavta, av ol idlol dev £EAKOAOU-
Brnoete va divete Tn paxn ReAtiw-
oNngG, EKOUYXPOVIOHOU Kal evnuépw-
ong. Na gioTe oiyoupol 611 TO TUAPA
Ba otékeTal SiTTAA 00G O€ OTIORTTOTE
XPEIOOTEITE KAl Ba €ipaocTe UTTEPHPA-
VoI yia €0d¢ 6T1av Ba cag BAETTOUNE
va DIOTTPETTETE WG ETTAYYEAMQTIEG.

Me 10 £@OdIa TTOU CAG €XOUV BWOEI
Ol TTAVETTIOTNMIAKEG OOG OTTOUDEG, €i-
Mail BEBaIOG OTI UTTOPEITE TTIA VA avoi-
gete Ta OIKA OAG PTEPA Kal va TTETU-
XETE TNV KaTa&iwan kal Tn didkpion.
EUxopal og 6Aoug va ekTTAnpwBouv
oT0 PeyoAUTEPO duvaTd BaBud OAeg
Ol EUYEVIKEG 0aG EIOIWEEIS OTO VEO
oT1ddI0 TG Cwng Tou avoiyeTal
MTTPOOTA OaG.

Eivai 8uokolo va ka-
TAQEPOUNE VA 0AG KATEUODWOOUUE
Xwpig ouykivnon. H kopugaia autr
oTiyun tng MavemoTtnuiokng {wng
gival TTAVTOTE QOPTIOUEVN. Z€ MIO TE-
Tola AOITTOV TEAETH OTTWG N CNUEPIVA,
Oev XPEIACETal VO TTW TTEPICOOTEPQ,
atrAd, BéAw va cuoThiow og 6Aoug
oag Yuypaipia kai va euxnbw KaAn
oTadiodpoyia Kal KaAr Tuxn!

I. N. Zdxahog
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Mupnvik OuoIKN

I. Zpduma

Ta TteAevtaia
Xpovia, Ta Ve-
Tpivo é€xouv
amaocXOoAfOEl
1S1AITEPWE TOUG
emMoOTAMOVEC. H «emituxia» Toug
EXEL VA KAVEL PE TO YEYOVOG
0TI TO MOAUTTIANB€0TEPO, KATA
ndoa mlavotnta, cwuatidlo
TOU CUUMAVTOC, aAANAemOpa
€NAXIOTA JIE TO ECOV OTO OTTOI0
Tta&1devel. To yeyovog autd du-
OKOAgUEL TN HENETN TOV. [pog
TO Mapov, n pala tou Sev €xel
OKOUN umoAoyloTel. Av OVTwG
n pdala tou dev givatl pndevi-
KR}, autd Oa €ixe TEPAOTIEG eI
TMITWOELG. XTNV A0TPOPUOIKN, N
pada kat n €€€AEn tou ovuuma-
vToG e€apTdtal 1oxupd amod 1n
pada Tou vetpivo, v 0Tn Qu-
OIKA OTOIXEIWOWV cwuaTtidiwy,
TTOU Yla Kalp6 Bewpnoe tn pala
Tov VeTpivo ion pe pndéy, éva
peydilo pépocg tng Bswpiag Ba
XpelaoTei emave€étaon.

‘Exovtag wg otoxo tov e€ava-
YKQOMO TOU VETPIVO va pag
AmmOKAAUYEL TA TTIO KPUPA TOU
MUOTIKA, TTOAAA Kal SUCKOAa
melpApaTa €xouv AdBel xwpa
kat ouveyiCovtal. Kamoleg pe-
AETEC XPNOLUOTIOIOUV VETPIVO
TIOU TIPOEPXOVTAL ATTO PUOILKEG
TINYEC, OTIWC 0 NAIOC, EVW ANNEC
XPNOUOTIOI0UV VETPIVO amo Te-
XVNTEG TINYEG, OTIWE ard TTupn-
VIKOUG avTIOpaoThpEeC } OWUa-
TIS10KOUG EMTAYXUVTEG.

Ta dnuooctevpéva amoteAéoua-
Ta PaiveTal va cuykAivouv oTn
pn undevikn pada Tou vetpivo,
XWPIG OpWG va Pmopei va mpoo-
SloploTei n moocoTNTA AUTH. Zi-
youpaq, givatl Aiyotepo anod 1o
€va EKATOUMUPLO0TO TNG padag
TOU NAEKTPOVIOU, TOU APECWC

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

A6 Tn pada Tou VveTpivo,
OTN XPOVOAGYNON KPACIWV

emouevou o€ nala ocwpatidiou.

‘OAa ta melpdpata mapouatd-
Couv oav Kolvd Toug OTolxEio
TO 6T “mpoomabolyv va Bpouv
pla Berova ot daxupa”’! H “Be-
Aéva” gival To orjpa mou dnut-
oupyeital amod To MEpAcHa EVOG
VETPIVO ammd TO PECO, VW TA
“axupa” amoteAovvtal and 6Aa
TA TTAPAOCITIKA O\uaTa, Tou Ta
xapaktnpi{oupe pe TOV OpO
06pupBogunofadpou. lMoleg ol
altie¢ autou Tou uTTORABpPOV;
Kupiwg, n koopikn aktivof3o-
Aia kat Ta Ta uoikd padlevep-
ya ioétomna. Kal povo péoa oto
owpa evég avBpwmou Bapoug
70 kg, untdpyxouv 1600 PUOIKA
padievepyd mou kdBe Seute-
poAento SlacTiwvTal TEPITOU
8.000 muprvec!

Ta yeyovéta mou pag evéla-
PEPOUV OTAV UEAETOUME TA VE-
Tpivo gival T6oo onavia, mov o
aywvag va ehaxtotomnolnbei o
BopuBogunofdabpou givat amo-
AUTWC amapaitnTog o€ KAOe nei-
paua. O B6puPoc uof3dbpou
KatéAnée va yivel n guypovi
TWV QUOIKWV. AgKAdEG péTpa

ao@aleiag mpémel va Angbouv
WOTE Ol AVIXVEUTEG va MPOOoTa-
TeLOoLV amod Ta undlolmna €idn
akTIvoPBoAiag. Me Ttétolou E€i-
dou¢ melpduata acxoAnonke
yla xpovia to Kévtpo Zmoudwv

MNMupnvikng tng Mmopvtw-Tkpa-
vTividv (CENBG), yia tnv ava-
ntuén evo¢ QACUATOUETPOU
OKTiVWV ydupa pe e€alpetikd
XaNAS 66pufo urroBdabpou.

H ékppaon “e€alpetikd xaun-
Ao¢ B6pufiog uroPdabpou’, ota
mAaiola TnG evalodnoiag o€ pia
pétpnon padlevépyelag, onpai-
Vel va gival og Béon va avixvev-
O€l EVEPYOTNTA TIEPITIOV TTEVTE
TALEIC uEYEBOUC LIKPOTEPN ATTIO
auTA OV avixveLETal cUVNBWC
oTa MEPIOCOTEPA VAIKA. [a ma-
PAdELYa, €va ouvnOIoHEVO YU-
AAlvo TOTAP!L €xElL evepydTNTA
Adyw TOUu LoOTOTOU 2%°Ra mepi
Ta 80 Bg/kg. To melpapatiko
O@AAUA OTIG PETPAOELG YI'AUTO
TO 100TOTO €ival TNG TAENE TwV
mBaqg/kg (1 1Bg/ton). AmedeixOn
OTLOLKAAOOIKEG TEXVIKEG UETPN-
ong yla tnv avixveuon txvooTol-
xeiwv Oev gival emapkeic otnv
avixveuon tou 1ootoénou *°Ra.
Mévo @acuatoypd@ol akTi-
VWV YAppa and KpuoTdAloug
KaBapou yeppaviou kat €101KA
KOTOOKEVAOHEVOL Yl XapNAS

paivousvov



u6abpo, EMTPETOUV TETOIEG
€VAIOONOCIEC OTIC UETPAOELG.

H peydAn evaicbnoia otnv avi-
XVEUON PASIEVEQYWV LIOOTOTIWV
mapouctadel peydho evolage-
POV Kal 0€ AANEG EQPAPUOYEG.
H wkeavoypagia, n yewloyia
Kal N emotApn mepIBANOVTOC
NTavV ol TTPWTEC TTOU EKOAAW-
oav 1o evllagépov Touc. Mia
YVWOTH TEXVIKN PASIEVEPYELQG
givat kal n xpovoAdéynon. lNa-
Ti va pnv SoKIYaoTEl N TEXVI-
KA autn Kal oto Kpaoi; K&be
YEUOIYVWOTNG Kpaolol &ekivd,
TIPV TO YEUTE(, pe 1o va dlafa-
O€L TNV QUTOKOAANTN TaumméAa
WOoTE va eEaKpIBWOoEL ToV TOTTO
Kal Tn xpovid mapaywyng. H
XpoVvid mapaywyng Tou Kpaol-
oV amaocXoAei 1dlaitepa autov
mmou SoKIPALEL TO Kpaai, KaBw¢
€MioNG Kal autov mou ayopddel
TO UMOUKAAL Mmopei Suwg Ka-
TTO10¢ va gival oiyoupog yla tn
xpovoloyia autr; Katva Aourmév
IOV KATTO10¢, YPAXVoVTaG YIa TN
pada Tou VETPIVO UE UETPNOEIC
“e€alpeTikA xaunAoL Bopuou
umrof3dBpou”, umopei va @ta-
o€l va avoiéel éva malid Kpaoi

MmopvTtw yla va PETPNOEL TN
padlevépyeld Tou!

O1 mpwteg petproclg €deiéav
OTI TO KPOOi TTEPIEXEL TO LOOTO-
1o KAAlo 40 oto eminedo Twv
30 Bqg/l, mou avtiotolxei o€ 0,9
gr @UOIKOU KaAiou o€ KABe Ai-
TPO Kpaolov. To yeyovog auto
Oev amotelei €kmAnén, agpou
TO KPOOi TEPLEXEL UL TTOOOTN-
TA XNMIKNAG ovaoiag, To ditpuyl-
KO KAAIO (av Kal auto UmopEi
va PNV apéoel oToug 18IKoUg
TOU KPAOolov), £T0L N Tapouaia
Tou padievepyou kaAiou 40 &i-
val avapevopevn. ANAG oAU
mo evllapépov ival To yeyo-
vOC OTI KATTola UITOUKAALA Kpa-
OlOoVU TTIEPLEXOLV Kal TO I0OTOTTO
Kaiolo-137, éva texvntd padie-
VEPYO OTOIXEIO TTOU TTIPOEPXETAL
KUPIwG amo T SOKIUEG TupnVL-
KWV OTAWV 0TNV atudéo@alpa.
To otoixeio autd tav apketd
yla va TIPOKAAECEL TNV TTEPLEP-
yela tou AleBvoug Epyaotnpi-
ou t™NG Mmopvtw, Mou &Ml TNG
ouvoiag EPayve Eva ypriyopo Kat
ammAo TPOTO YIa va TIoTOTOLN-
O€l TN Xpovoloyia mapaywyng
TWV KPAoIwV. To TTAEOVEKTN-
Ma Tou ATav OTI UImopouoE va

Bpei pepikd maAid
Kpaold Mmopvtw n

1200

1000 |

800

¥7Cs (mBg/l)

400

200

XPOVIA TwV Omoiwv
va gival yvwotn Je
akpipela.

AUTO TTOU ATTEPEVE
Atav va die€ayxbouv
METPAOEIG TNG padi-
EVEPYELQG TWV KPO-
OlWV OUVapPTHOEL
™G Xpovids. Méow
TWV UETPHOEWV
autwv kKatéinéav
oto S1aypaupa TTou
mapovctaletal ma-
pakdatw. MpwTtoy,
Ol EPAOCITEXVEG TOU
Kpaolou Ba mpémel
va viwbouv acga-

i L L L
1950 1960 1970 1980
year

A€ig, apov ol evep-
YOTNTEC TTOL TTaPa-

L L
1990 2000

H evepyornra rou kaioiou-137 o€ kpaai Mmopviw
ouvapTnaoeEl TNS XPOVIAS Tapaywyns Tou.

™Tenonkav ntav
MIKPEG, Kal mavta

MIKpOTEPECG TOU 1 Bg/l. A on-
MEIWBE( 6T1 To avBpwTTivo cWua
EXEL Mla evepyOTNTA {ON Mepi-
mou ue 4500 Bq e€aitiag tou
kaAiou 40. To mio evdiagpépov
OpWCG oTolXEiO ival n Tapou-
ola KOpUPWV OTNV EVEPYOTNTQ,
mou amodelkvUel 6TL TO Kpaoi
armoOAKEVOE OTN UVAIN TOV TIC
TTUPNVIKEC SOKIUEC OTNV ATUO-
ogalpa ota £tn 1950-1963 kat
TO atuxnua Tou ToEPVouTIA To
1986, yeyovota mou odryyncav
oTnv mapouoia kaioiov-137
OTIC YOANIKEG OODEIEC.

MMvetal gp@aveg 0TI LTTAPXEL
toxupn €€dptnon petagy Tou
BaBuov €€aocbéviong tou Kal-
oiov-137 kat Tn¢ Xpovidag mapa-
YWYNG Kpaotov. Eival gavepd
OTL JIa TETOLA KAMTTUAN UImOpPEi
va xpnotuomnolnOei mAéov oTov
UTTOAOYIOMO TNG NAIKiag omol-
oulATOTE KPAGCLIoU, Kal Moavo-
TATA VA EVTOTIOTOUV Kal Tida-
VEC AVWHAAIEC.

lwdvva Zeduma

Metamtuxiakn Qortritpla
Tunuatog Quoikng

MHrH
F. Hubert and Ph. Hubert, Nuclear Physics
News, Vol. 13, No. 1, 2003, p. 54-55
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Kartalyiopoi Koouikig AKTIVOBoAiag

Ot atpoceatpikol KoTorylopol dnpt-
ovpyobvTal amd TNV oAANAEnidpaon
TOV COUOTIOIOV TNG KOGUIKNAG OKTL-
voPoiiag pe v atpudceatpa. Ila-
patnpnOnkav apykd tnv dekoetio
tov 1920. Ot TapatnproELS TOV Ko-
TALYIOU®V 0ONYNOOV GTNV OVATTL-
&n g niextpopayvntikng Bempiog
TOV Kotalylop®mv (electromagnetic
cascade theory) v dexoetio Tov
1930. Zta TéAn avtig TG deKaETi-
ag, o Pierre Auger kot o1 Guvepydteg
TOV OVOKAAVYOV TOVG EKTETAUEVOVG
OTHOGPOPIKOVG KATOYIOHOVG (eX-
tensive air showers). Avtoi givot te-
paoTIOl KoTarylopol Tov amoTeAov-
VIOl amd copoTiol evépyelag mepi-

mov 10° GeV —10" GeV .

Y115 VYNAEG EVEPYELEG, M PO TOV
KOGLUK®OV aKTiVeV givol T060 HiKpn
MOOTE POVO LE KATOYIoUOVS LITopov-
ue va v mapatnpnoovpe. O Auger
KOl Ol GUVEPYATES TOV OVOKAALY OV
OTL 1 TEPLOYN KEYOADTEPTG TLKVO-
TG OOGTOPAG TV SEVTEPOYEVAOV
cOUOTOIOV EVOC ATHOCEALPLKOD
KATOLylopob propetl va etvot g té-
Enctov 10 m®.

Metpnoeig axtivoPforiog
Cherenkov pe thieokodmia

Mertpricelg copatidiov
UE OVIYVELTEG EVIOTICLOV
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H avdivon avtodv tov yeyovotov gi-
val apketd SVOKOAN. XtV TEpLoyn
TOV KOTOLYIGHOD aviyveDOVTOl GO-
potiow to omoio S1€pyovTal GYESOV
TOVTOYPOVA OO TO EMIMESO TAPOTY)-
pnone. Agv vrdpyel TAnpopopia yio
TNV €VEPYELD KOl TOV TOTO TNG Py L-
KNG KOOUIKNG aKkTvoBoiag. Avtég
TPEMEL va Byovv amd TIg 1O10TNTEG
TOV KOTALYIGHOV.

Epdcov 10 onueio g Tpd@TNG 0A-
AnAenidpaong oty atudeeapa gi-
val dyveooTo, 0 TapaTPNTAG TPETEL
apywd va tpocdiopicel to péyebdog
g avamrtuéng tov katoryiopotv. H
gpUNveio TOV ATOTEAEGUATOV EVOG
OTHLOGQALPIKOD KOTALYIoUOV YiveTon
ue vmoroyiopovg Monte Carlo. Ta
YOPOKTNPLOTIKA TOV OTUOCPULPIKOD
KOTOLYIGUOU TTov mopatnpeitol, ou-
YKpivovTol PE HOVTEAN KOTOLYIGU®MV,
Ta. omoio fonbovv otV amdKTNOoN
G TANPOEOpPiag Yo TNV evépyela
Kot 1o €100¢ TOV apyKoD COUATIOI0V
NG KOOUIKNG axTivofoliog. Aev pmo-
povue vo, fyGdAovpe GUUTEPAGLATO
v EEYOPLOTOVG KOTALYIOUOVG, eE0t-
Tiog NG O10KDUOVOTG GTNV OVATTL-

&n tovc. To edopa kot 1 cvvleon
TOV KOGUK®OV OKTIVOV HUEAETMOVTOL
Yo éva AOYIKG HEYAAO OTATIGTIKO
detypo. Av kot autd dev eivor €0Ko-
Ao, emeldn oe gvépyeleg mov Eemep-
vouv ta 10° GeV o1 k0pleg mopapie-
TPOLTOV AOPOVIK®V dAANAEMSpaoE-
@V dev umopovv va uetpnbodv amev-
Oeiag. H gicodoc tav dedopévav yio
TO OPYIKO cOUOTIO oTO poVTELD
Katoyispov, Paciletal oe mpocey-
ywotikég pefoddovg (extrapolations)
Ao TIG YOUNAOTEPES EVEPYELEG OTIG
vynAotepeg. Aonpopetikég pébodot
00MyobV G€ SLOPOPETIKA GLUTEPD-
GLOTO KO ONLIovpYouV ol afePot-
OTNTO GTNV EPUNVEIN TOL LOVTEAOVL.

HAekTpOMOYVNTIKOG KATAIYIOHOG
(Electromagnetic cascade)

H ¥éa g avantuéng evog katoaryt-
GOV KOl TO KUPLOTEPQ YOPAKTINPL-
GTIKG TOL HUTOPOVV VO, Katavonfovv
€UKOA0, 0Td TO LOVTEAD OV TTPATEL-
ve o Heitler. O Heitler mepiéypaye
£€va KoTaylopo mov anoteAeiton anod
ocopoTIOW 010V TOHTOV TOV GAANAE-
TOPOVV € UNKOG A. ATO TNV OAAN-

[Ipdtn oAAnAenidpaon (cuvnbmg o Byog 10-16 Km)

O atpocpaipkdc katorylopdg sEgliceton
(OnpiovpyohvTol COUATIOW. TO, TEPIGGOTEPQ OO
T0L 07010, GTN GUVEXELD GTAHATOVV 1] SLOCGTMOVTOL)

M¢étpnon tov poTog
@Bopiopon

Kémowo and ta copatiow
QTavVouV 6TO £30LPOG

Metpncelg e aviyveLTéG omvOnplou®v

Metpnoglg movimv younAng evépyelag Le
OVIVELTEC OTTIVONPIGU®V 1 EVIOTIGHOD

(empavelakove 1 LVIOYELOVC)
Metpnoeig poviov vyming

gvépyelag Pabid 6to £50pog
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Aemidpaon dnpovpyovvtal dvo véa
ocopotidw, To Kabéva omd to, omoia
€YEL TNV WIOT EVEPYELD TOV OPYIKOD
ocopatidiov.

"Etot petd amd pkog A o KaTorylopog
mePLEYEL OLO COUATIOW [LE EVEPYELN

E= E20 70 KoOéva.

ze

To povtédo tov Heitler tng avamtoéng

TOV KOTOIYIoUOD. ZTNV EIKOVO, EYOVUE
E =E /128

Metd and prkog 2h o apBudc tov
copaTinv sival 2? pe evépyela

0 70 KaBEVO Kot 00T KaBeENC.
22

Aniodn o apBpdc TV couaTdiny
dumhaotaletol og KABe PNKOG A Ko
EVEPYELD TOV COUATIIMV LLEdVETOL
070 Uod. Xe unkog x = NA o katot-

Tlopog nepiéyet 2N copatio.

H dnuovpyio tov copotidiov cv-
veyiletal émg 6Tov 1 evépyela Kabe
cOUOTIO0L TANGLAGEL TNV Kpioun
gvépyewn E_ katw and v omoia oev
vrdpyel aAnAenidpaocn. O apOuog
TOV COULOTIOIOV OTOV KATULYIGUO
dev av&dvetor GAAo Kol 1 evEPYELD
tovg peloveral. O péylotog apBpog
COUOTIOI®MV GTOV KOTALYIGUO gival

To péyloto PNKOG TOV KOTOLYIGHOD
glval avdioyo pe o AoydplBpo tov
AdyoVL TV EVEPYELDV.

[

X max = A 10g2

H peioon tov apBuod tewv copott-
dlov egaptdrar amd v peloon g
gvépyeLdg Toug.

Av Kl TO PLOVTEAO €lvol amAo, me-
PLYPAPEL APKETA KOAG TNV AVATTV-

&n tov xatoytopov. O péyletog
aplfpoc Tov copaTdiov oToV Ka-
Taylopd givol Tavta avaAoyog tng
apyKNg evépyelag (KAmoleg popeEg
VYOVETOL GE o dvvaun o), Kot To
péYloTo PNKog eival aviAoyo UE TO
AOYaPIOUO TG aPYIKNG EVEPYELOG.

ABpOVIKOG KATAIYIGHOG
(Hadronic shower)

Ot adpovikol kataryiopoi EgKvovy
UE U0 adpOVIKT aAANAETIOpOOT
gvOc voukAeoviov M gvog Paphtepov
TOPNVO. ZTNV TPAOTN GAANAETIOpa-
on évo HeYAAo TOG00TO TNG EVEp-
YEWOC TOV VOLKAEOVioV (mepimov 1M
UIon), UETUQEPETAL GE OEVLTEPEDO-
VIO, LEGOVIM, POPTIGUEVO, KOL OVOE-
tepa. To 1010 1oydel Kot 6TIg aAAN-
Aemidpdoelg peta&d mopnvev, émov
TEPLOCOTEPO, TOV €VOG VOVKAEOVLL
omd TOV apyLKO TLPNVOL LITOPOLV VoL
GUUUETEXOVY GTNV CAANAETIOpaOT).
2TV TEPITTMON aVTH OA TO dEVTE-
PEVLOVTO COUOTIOW EIVAL POPTIGHE-
va M ovdétepa movia. O Adyog Tov
aplOpod TOV QOPTIGUEVOV TPOC TOV
aplOpd TV apoOPTIcTOV ToVioy &i-
vou wepinov 2. H vrdroumn evépyeia
TOPAUEVEL GE Eva OEVTEPEHOV VOL-
KAEOVIO TO 07010 APOV SLUVOGEL TO
uéco pNKog aAiniemidpacng, oA-
AnAemidpd Eavd kot dnpovpyel po
devtepn yevid pecoviov. Ev tm pe-
Ta&d Kamola amd To devTEPEVOVTO
UEGOVIO AAANAETLOPOVV HETUED TOVC
Kot dnUovpyohy TNV EXOUEVT] YEVIA
TOV AOPOVIKOD KOTOLYIGHOV. AVTA M)
dwadikacio cuveyiletar mg étov M
gvépyela Tov adpoviov yiver pikpo-
TEPT OO TO KOTOPAL TNG EVEPYELNG
aAnAeniopacng.

Avixveuon artHOC@AIPIKWV
KATAIYIOHWV

Ot aviyveuTés TOV KOTUYIGUADV KL-
pimg Ppickoviol 6NV EMPAVELD TNG
I'mng. E€aptopevol amd v endim-
KOUEVT] KAMOKO EVEPYELAG, LTOPOVY
va torofetnfovv e apkeTd peydro
Vym, N otV emeaveo g Bdiao-
cag. ['o kataryiopovg oty KAipoka

gvépyelag 10 -108ev Lo Tomo-
Oeoio og peydio vyog givar mpoti-

poétep, ENEWON TOTE 1| GTAOUN TOPOL-
TPNONG £lval o KOVt GTO HUEYIGTO
Tov koatalyiopov. To péyeBog tov
KOTOYIGHOD eivarl peyaAddhtepo Kot ot
SLOKVUAVGELS TOV KATOLYIGHOV gival
pikpéc. Ta katoaryiopodg vyniote-
pNg evépyelag, pkpdtepa HyM elval
TPOTIUOTEPA, EMELON OV VTAPYEL
KivOuvog TapaTNPNONG TOL KOTOL-
YIGUOV TPV TNV HEYIOTY] OVATTLEN
TOV.

Aiaraéeis avixveutwv

Ot dwatdéelg aviyveutmv cuvinbwg
KaToypheovv yeyovota 4tav apKe-
tol amd avtovg yTuIndodv péca oe
éva xpovikd draotnua At. H axpi-
Brg T Tov At géaptdrar and To
pnéyefog Tov GLOTAHOTOG Ko OTod
TOV TPOTO OV SOVAEVEL TO GUOTILLOL
amokTNong dedopuévav. Av éva mei-
popa xperaletor va givor gvaicOnto
0€ KOTUylopovs e yovia 8 og mpog
10 (evi0, tote At =d-cos0/c dmov
d givo n d1épeTpog TOLV GLGTAUATOG
Kot ¢ 1) TahTNTO TOL EMTOS. XTO GV-
oTNHo Kataypdeovtal g GAOVG TOVG
OVLYVEVTEG, TO YTUTNLLOTA, T TUKVO-
IO TOV GOUATIOIMV Kol 0 ¥pdvog
apiEne.

Aviyveutéc Cherenkov

Ot aviyveutéc Cherenkov tov otpo-
CPULPIKOV KOATOLYIOUDV HETPOVV
™V KoTavoun tov eoto¢ Cherenkov
OV EKTEUTETAL OO TOV KATALYIOUO.
Otav 1 yovia pe v omola Eekvaet
10 g Cherenkov otov aépa givat
UIKPT, OAOL TO, OTOVIO EKTEUTOVTOL
611 01e08vvon Tov AEOVH TOV KOTOL-
viopov. To katdeAl Cherenkov yia
NAEKTPOVIOL 0TI 6TABUN TG BAANC-
oog givar 21 MeV kot avédvetal o
HEYAADTEPA VY.

Ké&be nAektpovio 1oV KATOLYIGHLOD
movo and 1o katdeAl Cherenkov
dnovpyet évav aplbud pmtoviov
Cherenkov kot éva mocootd 0amod
aVTA PTAVEL 6TN oTAOUN TopaTHPN-
ongc. Oco mepiocdtepa NAEKTPOVIL
VILAPYOLY GTOV KATOLYIGHO (HeYh-
AN evépyeln TOL KATOLYIGUOV), TOGO
oyvpoTEPT €ival M aktvoforia
Cherenkov.
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Avixveutéc Bopiouou

Evé n axtivoPoiia Cherenkov ov-
YKEVIPMVETOL GTNV KOTELOLVOT| TOL
KOTOYIGHOV, TO P®¢ omd T0 Phopt-
opo tov al®Tov E€ivol 1GOTPOTIKO.
Av1d onpoivel 0Tt 0 OTTIKOS OV VED-
TG YAYVEL Y10, KATOLYIGLLOVG TTOV OEV
YTLTTOVV TO £00.POG KOVTA GE QUTOV.
Ot aviyvevtég pBopiopod katoypd-
@ovv, 0Tav TOAAOL POTOTOALATACL-
GLOGTES AVIXVEDOLV £Vl GO PMTOG
o€ £vo, LIKpO YPOVIKO SldoTnua. Xe
éva aviyveut ebopiopod o kataryt-
GlLOG paiveTon cav €vo onueio mov
Kwveitol Katd pPKog tng aTHOcOal-
POG LE TNV TLTNTO TOV POTOG.

H npdtn epdtnomn mov mpémetl va
amovtnOei eival: I[1dco poaxpid ei-
val o Kotaryiopdg; Tow etvar n mo-
pduetpog R ¢ ovykpovong (n mo
KOVTIVI] OTOGTACT TNG TPOYLAC TOV
KaTorylopo atov aviyvevt); H na-

PAUETPOG TNG GVYKPOLGTG MOG AEEL
MO0 TOGOGTO TOV EKTEUTOUEVOL
OOTOC POOPIGHOD PTAVEL GTOV VI~
yveuth. Mo akpipng avorapdotoon
NG TPOYLAG TOV KOTOLYIGLOV £ival TO
TPAOTO PriHo Y10 TO0 GYESAGUO TOL
TPOPIL TOL KATOYIGHOV KOl TG Op-
YKNG EVEPYELOG TNG KOCUIKNG OKTL-
voPohiag.

Ot omtwkol oviyveLTéC TOV ATUO-
COUPIKAOY KOTAYIGU®V BplokovTot
o€ Ttomofecieg dMOV 1 ATUOGPALPIKN
moldtNTo Elval KA Kot 1 amoppo-
onon yopnAn. O péoog ypdvog evep-
yoU LoNg TV aviyveuTtdv ehopioov
gtvan pkpotepog and to 10% tov
TPOALYLLATIKOV YPOVOUL.

MPOXOMOIQIEIZ ATMOX®AIPIKQN
KATAITIEMOQN ME TO TIPOIT'PAMMA
CORSIKA

H Corsika (COsmic Ray SImula-
tions for KAscade) eival éva mpo-

INEPIT'PA®H THX ITPOXOMOIQXHYX ME THN CORSIKA

Apycd kaBopilovpe Tig peTprioipsg TapapéTpong
TOV EKTETOHEVOL ATHOCHAIPIKOD KaTaLyloHoD

! l l

Méoeg iués Awkopavoers  Zvoyetioels

3

Mg oot T Yvoon Tpoctadodie vo. supmepdvove
and TIG HETPTIOELS TIG OYETIKEG 1610TNTES
TOV TPOTOYEVAY copaTdinV

— Tomog owuendiov (7, mpwévio,. ... Fe, v,....)

— Evépyeio. (kAion pdoporog, yovaro-knee,
aotpayolo-ankle, GZK-cutoff)

— KarevGovan (avicotpomio, oneIaKes Tyég)

L

IIBavotnteg (petapopés, aAAnAemidploels)
AovAgdovpe pe Toyaiong apiBpois.
MéB80odog Monte Carlo.

H CORSIKA ypnotpomotei Tn yevvirpo
wyoiov opBpdv RMMARD

l

— Tpomoroinon and o CERN tng yevvijpiag
RM48 pe eméxraon oe 5 aveloptnres
axoloobiec

— Ilepioyn: 0<RNDM<1

— Axpifeia.: 48 onuovrixd bits (4 - 1071)

— Zrndpog: Kabe axoipeog apiBuce i
(ue 1<i<900000000) &exrve. oav po.
avelpmm axolovbio, toyaiewv apiuamv

— Mijxog axolovBiag: 2'* toyaior apifuoi

T

-)

IIpocopoinon pe T pébodo Monte Carlo
4 Iep1aArov

Awubopoapa (a0v0eon, mokvéTgra «ehe)
Moy medio e I'ng
(Sbvaun, mpocavazoliouds)

4+ Zoporido

I l

Tomog Evépyein @éon KorebOovon Xpévog

+ Extipmon epovg

— Evepyg diaroun o
— Xpévog lajc T

4+ Kiwom copanidiov

— Amaieia evépyeiog Adyw 1ovieuot (dE/dx)
— Ilo)AamAij oxédaoy (yio Asmrovia)
— Amorlion ato payviriké medio me I'ng

— To owuaridio gtdver Tov aviyveot 1 oxt

+ AMnheridpacn-Awdonaon pe Ty
napayayr dsvtepevdviav

— Adpoviké povrélo aldniemiopaons
oynirc evépyelog

— Adpoviké poviédo adAnAemidpaons
Xopmla evépyeiag

— didonaony owpondiov
(Adyog draxAadmong >1%)

— Hlextpouayvyriij allnienidpoon (EGS4)

— Karaydpnon twv devrepevdviov copanidin
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YPOLLLO Y10 OVOAVTIKEG TPOGOLLOL-
MOOELG EKTETAUEVOV ATHOGPAIPIKADV
KOTOLYIGU®OV TOL SNULOLPYODVTOL
and couatidl VYNANG evépyelag.
Baoiletar o pnébodo Monte Carlo,
N omoio YPNGIULOTOlEL VITOAOYIOTL-
KoVG aAydpBpovg mov otnpilovrot
o€ emavolapUPavOUEVES TUYOIES dELY-
UOTOANYIES Yio TOV VTOAOYIOUO TOV
QMOTEAECULATMOV TOVG.

Ytmmv CORSIKA mpmtdvia, elappelg
TLPNVES UEYPL KOl GIONPOC, POTOVIL
Kol TOAAG GAAD COUATIOW UTOPOVV
va BewpnBovv o¢ apyikd coporti-
Sw. Ta copotidia Kivovviol HEC®
NG OTHOCPUPOS LEYPL VO AN AETL-
dpAacovv e TOVG TUPNVES TOL aEPA N
(ot mepintwon actabdv copatt-
dimv) va dtaomacovv.

Ot adpovikég alAniendpdoelg o¢
VYNAEG EVEPYELEG UITOPOVV VO TTEPTL-
YPOPOUV EVOAAAKTIKA OO O1APO-
pa povtéra: Ta poviéda VENUS,
QGSJET, ka1 DPMIJET Bacilovtot
otn Oeswpia Gribov-Regge, evod 10
SIBYLL &ivon évo minijet povtéro.
To povtého neXus eival évag cuvv-
dvaopog twv pouvtivav QGSJET kot
VENUS.

To mo mpodceato poviéro EPOS Pa-
cileton o010 MAOicLO €pyaciag TOV
neXus, 0ALG LE ONUOVTIKEC PEATIO-
GEIC OGOV APOPA TIG IoYVPES OAANAE-
mopdocelc. To povrého HDPM eivai
EUTVELOUEVO OO TOL TOPICUATO TOV
povtélov Dual Parton kot tpoomadei
VO OVOTTOPAYEL OYETIKEG KIVILOTIKEG
KOTOVOUEC TOV UETPOVVTOL GTOVG
OV(VEVLTEG,.

Ot adpovikég aAANAETOPACEIS GE
YOUNAOTEPEG EVEPYELEG TEPLYPAPO-
vTol €iT€ amd TIG POVTIVEG AAANAETL-
dpdoewv GHEISHA pe pio ohvdeon
otig povtiveg FLUKA, 1| and 0 po-
vtého UrQMD. Xti¢ daondoelg om-
uatidimv, OAo To TOPAY®YO TOV Ot
aoTAcEDY UEYPL TO eminedo tov 1%
Aoppavovtoat vaoyy.

Mo niekTpopayvnTiKég aAAnAemt-
SOpAoELS, YPTCILOTOLOVVTOL i EKSO-
GT] TOV TPOYPAULATOG KOTALYIGUDV
EGS4 1 ot avoluTtikég pOpUOVAEG
NKG.

Mg emAOYEG Y10 TNV TOPAYWYN TNG
aktwofoiiac Cherenkov kot tnv
omapén verpivov, n CORSIKA pmro-
pei va ypnotponomOel kot Tave ond
T OpLo TOV VYNADV evepyeimv 100
EeV.
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AIATPAMMATA ME THN CORSIKA

Méon andAele EVEPYELNG TOV LOVIOV GTOV
aépa (oto eminedo g BGA0GTAG).
Ot KapTOAES OVTIGTOLYOVV GE amdAEL [LE Oi-
dopun yéveon, aktvoPforio TEINOTG, TUPNVIKES
OAANAETOPAGELG KO LOVIGHOVC.

dE/dx [ GeV g cm’ ]
]

P

AmdBeom evépyelag KATA UNKOG TNG

energy deposit (GeV/(SgIcm"))

avAmTTLENG TOL KATOLYIGLLOV
I I I I I L B |
19 3
Fe, 10 eV, 0° ek ioniz ]
E
W ioniz
h joniz
E
L el el PRI S T N U [N T T T B Y
300 400 500 600 700 800
vertical depth (g/cm®)

MNPOXOMOIQXH ME THN CORSIKA

+ Ta adpovia Bpickovrar Kuping
OTOV TLUPNVOL TOV KOTOLYIGHOV

4+ To nAexTpoOVIO KoL TO QOTOVIO
Eyouv LeyYaAITEPES YOVIiES amd
0, Lovio

4+ To povia kupapyodv 610
uéyebog Tov KaToylopon
Babid oy atpodceapo

Mnyés:

High Energy Cosmic Rays (Todor Stanev)
Cosmic Rays (Thomas Gaisser)

Particle Astrophysics (Donald Perkins)
http://www-ik.fzk.de/corsika/Welcome.html
http://www.cosmicrays.org/
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Atpeidng MNwpyog
YTtrown®iog AISAKTwP
TuARuartog Guoikng
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Mapadoia

Moid gival n cwoTA £mIAOYNA;

To akbéAoubo Keigevo TTapou-
o1del €va KAaooikd agloTrepi-
€PYO TO oTT0i0 TTOAAOI IoWG va
yvwpilete ammd Tnv Taivia “21”.
Y1oBéaTe OTI BpickeoTe o€ éva
TNAeTTaIXVvidl Kal TTpETTel va OI-
aAECETE Wi aTmd TPEIG TTOPTEG,
€K TWV OTTOIWV N Hia KpUREl Eva
Aud&l Kai ol AAAEG aTTd pia Ka-
TOiKa. Ziyoupa, Ol TTEPIOOOTE-
pol OTOXEUOUUE TO APAEl Kal O€
QuTH TN TTEPITTTWON Ba avagep-
Bw. 'Eotw Aoitrdv 611 SiaAéyeTe
™ mopTa No 1. O Trapoucia-
OTAG META, O OTroiog yvwpilel
TIG B€0€IG TwV “dWpwV”’, avoi-
Y€l Hia atmd TIG dAAeG TTOPTEG,
n otroia €xel yia kKatoika péoa,
¢o1w ™ No 3. "YoTepa oag pw-
Tdel av Ba BéAaTe va aAAGEeTe
TNV ETTIAOYI OAG PE TNV EVATTO-
pévouoa TrépTa, OnAadn TNV
mopTa No 2. 2ag oup@épel pia
TéTOIO TTPOTACN;
AkoAouBwvTag TN KoIVH) AOYIKA,
epboov dev yvwpileTe o€ TTOIA
atmd TIg duo TTOPTEG PpioKeTal
TO audagl, Ta evdexoueva givai
IooTTiBava, otroTe Oev €XEl Kal
TOAU onuacia va oAAGEeTe,
owoTd?

Nd&Bog! Ztnv TTpayuaTIKOTNTA
O0G CUP@EPEI TTOAU Kal yia TV
akpiBela ye autd 1o TPOTO OI-
TAQCIACETE TIG TTIOAVOTNTEG OOG
améd 1/3 og 2/3!

ﬂ
% . -
TapoUCIaoTHS
1 ATTOKAAUTTTE!
- uia a6 nig 2 -
KQaToiKEG —
O maixtng diaAéyer tn moépra Av aAAdéer xavel.
TTOU TTEPIEXEI TO QA
(mBavoérnra 1/3)
(0]
TapoucIaoTnS
opeiker va
arrokaAuwer
- karoika B
—k
"
O maixtng d1aAéyer Tn mopra Av aAAdééer kepdilel.
TTOU TTEPIEXEI TN KATOIKA A
(mbavérnra 1/3)
(0]
TapouCIacTNS
opeilel va
arrokaAuwer
- Karoika A
4
O maixtng diaAéyer tn mopra Av aArdéer kepdilel.

TTOU TTEPIEXEI TN KATTIKa B
(mBavdrnra 1/3)

Sxnua 1: O maixtng éxel ion mbavornta va diaAééel apxIka eite To audél eite Tn Karoika A

&ite n katoika B. H aAAayn éxel wg amoréAeaua vikn 2 oTic 3 meEPITITWOEIS.

) . Mépra mov avoiyst  Zuvoluki Av peivel otnv mopta 1 Av aAMdEsL dpra:
Ofon Apaflol g napouciaotic Mbavotnta | Bamapes
: 1/6 1 1
1/2 Népta 2 / ApatL Katoika Sxrua 2
. Aiaypauua
Moptal , SévIpovu.
1/3 Y2 ™ ngoras 1/6 ApdgL Kartolka Maparnpouue,
or1 n mbavornta
1/3 . 1 va kepdioel
Mopta 2 Népra 3 1/3 Katolka Apagt Kamolog, av
aAAGéel, givar
2/3 évavri 1/3 av
Tapaueivel
1/3 1 oTnV apxIKA
Napra 3 Népta 2 1/3 Katolka Apdgl emAoyn Tou.
28 Paivousvov
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OuoiaoTikd emmAéyovTag pia TopTa,
n meavétnTta va BpiokeTal €kei TO
aud& eival rpopavwg 1/3 kai 2/3 va
Bpioketal og pia AAAN. OTtav Opwg
0 TTAPOUCIACcTAG avoifel pia TTépTa
atrd TIG AAAEG OUO, N OTToIa TTEPIEXEI
Mia KaToika, Oev AAUBAVETE ETTITTAEOV
TTANpoQopics yia Tn B€on Tou auagi-
ouU, omrdTe n MOAvOTNTA va BpioKeTal
O€ QUTAV TTOU £XETE ETTIAECEI TTOPAE-
vel 1/3. Zuvemmwg n mlavétnta  va
BpiokeTtal oTnv AAAn gival 2/3 agou
n meavotnTa va gival gTn TPITN Wn-
OEVIOTNKE.

AMNG ev TreioTrikaTe €101 Oev givai?
Ag 10 doUpE TOTE aTTO pia SIAPOPETI-
Kr] OTTTIK] ywvia, 0To oxfpa 1:

Av TTapaTtnpPrRoETE TTPOCEKTIKA Ba dI-
ATTIOTWOETE OTI av aANdgeTe TTOPTA,
n kaivoupla ToépTa Ba kpUPel aiyou-
pa TO avTiBeETO aTTd AUTO TTOU £KPU-
Be n apxikn oag emAoyr, Kal agou
n apxikn €mioyy Adyw OUPUETPIaG
EXEl TPEIG 100TTIBOVEG ETTIANOYEG, €K
TWV OTToiWV ol 2 gival Kartoikeg (2/3
mOavoTNTA Va €TTIAECETE APXIKA TTOP-
Ta TTOU va KpUREl kataika) TOTE €ival
euvonTo TTWG av aAAdGeTe TTOPTA Ba
éxete 2/3 mBavoTNTa Va KEPDITETE TO
aude.

MNa va e¢agpaviooupe Kal TIG TEAEUTAI-
€G AP@IBOAiEG, ag XpnOIYOTTIOINCOU-
pe éva didypappa dévrpou (oxAua
2). ©a Trdpoupe wg uttdéBeon OTI dI-
aAéyoupe Tn TTPWTN TTOPTA Kal OTI O
TTAPOUCIAoTAG OPEiAEl va avoiel pia
atmd TIG AAAEG TTOPTEG, n oTToia va
TTEPIEXEI KATTIKA.

MNa 6ooug mBupoUV pia o auoTn-
pr] HaBnuaTIKr) AUCN Kal £X0UV aoX0-
AnBei ye MBavOTNTEG, TO TTAPSOY TTPO-
BAnua utropei eUkoAa va AuBei kai pe
Xprion Tou BewpruaTog Tou Bayes.

To @aivouevikd Trapddofo autd
TPORANUA cival yvwaTd otn diebvn
BiBAloypagia cav “The Monty Hall
Problem”, atré 10 évopa TOU TTAPOU-
O100TH TOU QMEPIKAVIKOU TnAETTAI-
xvidlou “Let's make a deal” (1963-
1976), evwy 10 avTI-OIaIoONTIKO TOU
atmmoTéAeopa Kkal n opBri amavinon
atroteAoUv Bépa Eviovwy oulnTroe-
wv oTo d10dikTUO, aKOUA Kal OfueE-

pa.

Avrwvng swpyiou
®boirnrig Tunuarog PuoIkng
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Huépa Xwpig AutokivnTo
TeTdptn 22 2emrreuBpiou 2010

To ApiaTotéAeio Mavematiuio Oeaaahovikng, uhoTroinae QETOC yia TTPWTN Popa
v «Huépa EvalakTikig Metakivnong oo A.M.0.», oTa mAaiola g «Huépag xw-
pi¢ Autokivnto» TTou TrpaypartoTTolEiTal o€ 0AOKAnpEn v Eupwn kaBe xpovo aTig
22 XemepPpiou. Me v TPOOTITIKA va yivel To TpwTo «OikoAoyikd MavemioTipion
¢ Xwpag, 1o A.N.0. evértate
TN GUMMETOXA TOU GTNV YE-
VIKWTEPN TTPOCTIABEIa TTOU
€xel Eekiviael e KUpIo aToXO
ToV oTadIaKOG TTEPIOPITHS TNG
xpriong Tou 1Id1wTIKoU auTo-
KIviiTou aTo Xwpo g Mave-
moTHUIOUTTOANG Kal e TTa-
PAMNAN evioxuan 6Awv Twv
ATIWY eVOAAKTIKWY Hop-
Qv Biwaiung KivnTikdTNTaC.
‘Eto1 Aoimrov, kata Tt didp-
kela ¢ Eupwaikig ERGo-
pddag Kivnrikétnrag (16-22
ZemrreBpiou), kGAeae Oha Ta
MEAN TNG aKABNUAIKNAS KOIVO-
TNTAG VA AQOOUV TO QUTO-
KivnT6 TOUG OTIC 22 ZETTEY-
Bpiou kal va xpnalpoToif-
00UV EVOANAKTIKOUG TPOTTOUG
METOKIVNONG, QIAIKOUG OTO
mepIBardov, oTwe palika
péoa petagopde, TodnAara,
kal BePaiwg Ta ... mddia! To
pAvuda NG TpwToBouliag
QuTAG ATaV: «UIO PEPT XW-
pic autokivnTo GETOG, TTOMEG
MEPEC XWPIC AUTOKIVATO OTO
MENNOV I KaAuTEPN TTOIOTN-
T {WAG».

Mrmpoara atn 2xoAn Octikwv Emortnuwy
uia ouvnBiouévn nuépa. Eva mapkivyk Tou
mapaAoyou!

O xwpog ¢ Mavetmiotnuiou-
TOANG EpEIve KAEIOTOG yia Aa
Ta LX. autokivnra, We egaipe-
an v TPooRACn oxXNUATWY
HETAQOPAG aoBeviv Kal
Oladpopr|y TeEPIPETPIKA OTO
Noookopeio AXEMA, amo Tig
6 70 TTPWI WG TIG 6 TO PPAdU TNG TeTdpTnG 22 ZeTrepPpiou. MNa Tn diukdAuvan dowv
EpXOVTaV PECW TTEPIPEPEIAKAS 000U LE TO AUTOKIVNTO TOUG BIATEBNKE, EIBIKA YO TN
HEPQ aUTA, 0 XWPOg aTaBUEUONG Tou OedTpou Mg, aTTd GTTOU OTN CUVEXEID AeWPO-
peio Tou AM.0. ékave petagopd Twy £mPBATWY aTo XWPo Tou Mavemiatnuiou. MNa
dooug/eg Epxoviav PETA OTTo TV TTOAN, €iTe e Acwopeio TTou Bev TrEPVA PTTPOaTA
atd 1o lNavemoTAIo EiTe e Ta TTOdIA, UTTHPXE N duvaTtdTnTa Va UETEMIRIBACTOUV O€
Aewgopeio Tou A.N.O. Tou €kave KUKAIKN Siadpopr) yUpw amd 1o A.MM.0.

Mmpoard otn 2ZxoAn Octikwv Emiotnuwy pia
aouviBiotn nuépa: tnv Terdprn 22 ZermrrepPpiou
2010, pia nuépa Xwpig Autokivnto. Evag xwpog
yia ...mmepimraro!

Tig eTOUEVEC PEPEC, TA MEAN TNG TTAVETTIOTAMIOKAG KOIVOTNTAG €ixav TV EUKaIpia va
KaTaypdyouv TIG eVTUTIWOEIS Toug ammd Tnv «Huépa xwpig AuTtokivnToy, aAAG Kai TIg
VEVIKOTEPES OTTOWEIG TOUG YIa TNV eVAANAKTIKA peTakivnon ato A.M.0., ue éva ou-
VIOMO £pwTnuaToAdyio TTou avapThBnke atnv IoTogeAida Tou MavemaTtnuiou. Epeig,
QTT6 TNV GUVTOKTIKI Oada Tou TEPIOdIKOU «PaIvOUEVOV», EUXOUATTE Va TTPAYUOTO-
moInBoUv Kal GAAEG TETOIEC TIPWTOROUAIEC!
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AT1r6 10 BIfAio TOU
Arthur C. Clarke

AxoAouBsi To Tpito pépog Tov dpbpov
mov dnpoocicietal o OVVEYEIEC, Yia
ToU¢ KIvéUVoU¢ oV EVEXOUV ol “Tpo-
Qnreisc” o1 oyetikéC pe TIc mBavég
EMOTNUOVIKE Kal TEYVOAOYIKEC E€eAi-
§ei¢. To dpBpo mporjABz amo to PifAio
tov A. Clarke “Profiles of the future”
Kai1 Ta 0o mpwra pépn Tov dnuootey-
Onkav ota 6vo mponyoupeva teuyn, 7
Kai 8, Tou meptodikou.

Kepalaio 2
O1 Kivduvol Tng Trpo@nTEiag
H Amrotuyia Tng Pavraciag

3T0 TTPONYOUUEVO KEPANALO TIPOTEIVA
va opicoupe TOANEC amd TIC APVNTIKEC
ONAWOEIC OXETIKA PE TO EMIOTNHOVI-
KW SuvaTtov, Kal TIC XOVTPECG ATTOTUXIEG
TPOPNTWV ToU TTapeABSVTOC va Tipo-
BAépouv autd Tou NTav UMpooTd oTa
paTIa Toug, we “Amotuyieg Tou Nevpou”.
‘O\ec o1 BaoikéG apyég TNG agpoduva-
MIKNG NTav SiaBéotueg (ota épya Twv
Cayley, Stringfellow, Chanute kat aA-
Awv) otav o Xaiov Nioukou [BA. 1o pé-
poc] “anédelée” 6t n mton [agpomAa-
vou] rjtav aduvatn. Tou €Aelme amiwg
TO KOUpPAYIO V' QVTIUETWTIOEL EKEiva TA
bedopéva. ‘Oleg ol Bepehiwdelg e€low-
OEIG KAl apXéC TwV SlaoTNUIKWY Ta&eldt-
wv gixav dtatunwOei amod Toug ToloAKS-
@oKl, Nkdvtapvt kat Oumepb emi xpdvia
- ouxva SekaeTieg - 6Tav SlakeKpIpévol
emotruoveg Aotdwpovoav Toug mba-
vou¢ aotpovauTtec. Ki edw, n amotuyia
ekTipnong Twv 6edopévwy RTav TEPILo-
001ePO NBIk mapd StavonTikr. Ot Kpt-
TIKoi dev gixav To KOUPAYLO TIOU Ol ETTI-
OTNMOVIKEG TOUG TIEMOIONOEIC OPENQY
va Touc gixav dwoel. Ag pmopovoav va
MOoTEPouv TNV aAnBela, akdua Ki 0Tav
autn eixe SlatumwOei umpooTd oTa pad-
Tia Toug otn 81K Toug YAWooad, Twv
MaBnuatikwv. OMol yvwpifoupe autn
™ popen Seihiag, ylati kamola oTiyun
oMol TN SeixVouE.

To devTtepo €idoC MPOPNTIKAC AMOTU-
xiag givat AiydTtepo KATAKPITEO, Kal TTO
evllagépov. Mapatnpeital 6tav 6Aa ta
S100éo1pa dedopéva yivovtal avtiin-
TITA Kal mapatdooovtal opBd, arid Ta
TIPAYMATIKA ouclwdn Sev £x0uv avaka-
Au@Bei akdua, kat 8¢ yivetal amodekTh
n SuvatdétnTa LTaPENC Toud.

‘Eva @nuicpévo mapddetypa pag mapé-
XETAL amd Tov pIA6co@o QykUoT Kovt
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(Auguste Comte), o omoiog, ota pa-
Orjnatd tou mepi OeTIKAC @IAocoPiag
(Cours de Philosophie Positive, 1835),
enexeipnoe va kaBopioel ta épla evidg
TWV OTToiWV TIPETTEL VA EVPIOKETAL N ETI-
OTNMOVIKN YVWOon. 210 Tepi ACTPOVO -
ag ke@dhaid tou (BifAio 20, Kepdhato
10) éypaye Ta €€r¢ OXETIKA UE TA OUPA-
Via cwpata:

“BAETTOUPE TIWG UTTOPOUUE VA TIPOO-
Slopiooupe Ta oxruatd Toug, TI§ ano-
OTAOELG TOUG, TN HAla TOUG, TIG KIVAOELG
ToUG, aAN oudémote Ba paboupe KATL
Yo TN XNKIKN 1 TN LETAANEUTIKN Sopn
TOUG, Kal TTOAU AMlYOTEPO YIO OPYAVWHE-
va évta mou (ouv oTNV EMPAVEIL TOUG
... Mpémel va avtibiaoté\\oupe mpooe-
KTIKA TNV 186€a Tou S1koU pag nAlakov
OUOTAMATOG amd eKeivnv TOu oUWTO-
VTOG, Kal va gipacte mavtote BEParl-
Ol OTL TO TTPAYUATIKO Hag evOlAQEpPOV
€yketrat otnv nmpwtn. Eivat povo péoa
0’ auTd To 6pIo [ZN. T. W. - SnA. Tou NAI-
aKoU pag ouoTtripatog] mou n Aotpovo-
pia gival n kopu@aia kat OeTIKA EMOoTh-
pn mou kaBopioape va givat ... Ta aotpa
pAc eEUTTNPETOUV EMOTNHOVIKA HOVAXA
yla va JAg TapEXOUV CNMEia avagpopag
Yla TIG EOWTEPIKEG KIVAOELG TOU OUOTH-
HOTOG pag”

M’ aA\a Aéyla, o Kovt

amo@dactoe OTL Ta AoTpa

noté 6e Ba umopouvoav

va €ival KATlL TEPIOOOTE-

po amd oupdvia onueia

ava@opdg, Xwpig avto-

Suvapo evdlagépov yla

v Aotpovouia. Movo

yla tou¢ mAavnteg Oa
pmopovoape va eamifou-

ME OE OUCLACTIKN YyVWOon,

KOl aKOMA KL QUTA N YVW-

on Ba meplopl{OTav o€ YEWUETPIKEG KAl
Suvapikég 1610tnTeC. O Kovt mbavwg
Ba mioteve OTIL HIA EMOTAPN OTTWG N
“ACTPO@UOIKN” ATAV €K TWV TIPOTEPWV
aduvato va umdpéel.

Kt épwe, oo aiwva petd 1o Bdvato
Tou, 0XedOV OAn n Actpovopia ftav
AoTPOo@UOIKH, Kal eEAAXIOTOL ETTAYYEN-
paTiEG aoTPOVOUOL Eixav mia PeyAAo
evllagépov yla toug mhavnteg. O 1oxu-
plouog Tou Kovt eixe StapevoBei tehei-
WG amod TNV €QEVPECN TOU PACUATO-
OKOTI{OU, TTOU OXl HOVOV ArmOKAAUYE TN
“xnuikr Soun” Twv oupaviwv CWHATWY,
aM\A TWpa pag €xel TEL TTOAD TTEPIOCO-
TEPA YIO TA ATTOMOKPUOUEVA AOTEPLA
am’ 60a E€poupe yla Toug TAAVNTIKOUG
yeiTovég pac.

O Kovt &¢ umopei va katnyopnOsi mou
6& @AVTACTNKE TO QPACUATOOKOTIO.
Kaveig 6& Ba pmopouoe va €xel pavta-
o0&l oUTe AUTO, OUTE Kal T akOMA o
CO@IOTIKE PNXAVHATA TTOU £XOUV TTPO-
oteBel 0TO OMAOCTAGCIO TOU ONUEPIVOU
aotpovopou. ANNA pag mapéxel pid
npo&ldonoinon mou TpEmel TAvTa va
"YOUUE 0TO MUAAS pac: AKOUA Kal TIPAY-
pata mou ival avaugiofBitnta aduva-
TA PE TIG UTTAPXOUOEG 1 TIG TPOPAENS-
peveg peBodoug pmopei v anmodelyBouv
g€UKoAa ouvemeia VEwv pnikéreuBwy
EMOTNHOVIKWY UEBOSwv. ATtd tnyv idla
TN @UonN Toug, ol pnéikérevBeg pébodol
eival anpoPAenteg - aAAd pag dwoave
TOGO TOAAEC PopEC TN duvaTtoTnTa va
UTIEPVIKAOOUUE akataviknta eumodia
KaTd To MapeABOV, woTe Kaupia mpod-
BAeyn yia to péNoV va gival éykupn av
TIG AYVOEL.

Mid dA\n enuiopévn Amotuxia ®a-
vtaoiag ftav gkeivn mou Slakateixe To
Nopdo Padeppopvt, mou gixe Eeyupvw-
OEL TNV ECWTEPIKT SOUN TOU ATOMOU TTE-
plocotepo an’ omolovdrmote dAlo. O
Padeppopvt meptyeholoe OAOUC eKei-
VOUG TOUG €UTTOPOUG EVIUTIWOLACHUOU
mou mpoéfAemav ot Ba pmopovoapE
KATTOLO MEPA VA EKPETANNEUTOUME TNV
EVEPYELD TTOU TIEPIKAEIETAL TNV VAN. Ki
OMWC, UMONIC Té-
VTE XpOvia PETA
T0 Bd4vatd Tou
10 1937, n mpw-
™ alvodwtn
avtiépaon dap-
XIO€ OTO XIKAYO.
Auto mou o Pa-
Sepyopvt, map’
OAn v a&lobav-
HaOoTN EVOPATIKA
IKavoTNTA TOU,
anmétuye va APeL uroyn Tou NTAV TTWG
Ba pumopovoe iowc V' avakaAu@BOei d
nupnvikn avtidpaon mou Ba amédide
peyalUTepn evépyela am’ oon Ba xpel-
afotav ya v’ apyioel. Ekeivo mou xpela-
Cotav yia V' amehevBepwBei n evépyela
NG UANC ATav éva mupnviko “évavoua’;
avdloyo TnG XNMIKAG Kauong, Kal To
évauoua auto pag To mpounBeuoe n
Slaomaon Tou oupaviou. AMo TN OTIy-
M1} TTOU avakaAU@Onke autd, n eKue-
TAAM\EUON TNC ATOMIKAC EVEPYELAC TAV
BePaia, av kai, xwpic TNV mMiEon Tou To-
Aépov, (owg va pag Emaipve To Peyaiv-
TEPO MEPOC EVOC alWVA.
To mapadelypa tou Adpdou Pdadep-
@opvT Katadelkvuel 6Tl dev ival o Av-
OpwTog TMoU KATEXEL TA TTEPIOOOTEPA

paivousvov



Tepi evog Bépatog Kal gival o avayvw-
PLOUEVOG “TPWTOC” OTOV TOHEA TOU
ekeivog mou pmopei va dwoel TIg Mo
alomoTeC KATEVOUVOEIG Yla TO HEN-
Aov. Meydho @opTio yvwong umopei va
(PPAKAPEL TOUG TPOXOUG TNG PavTaciag.
Mpoonddnoa va evowuatwow autd To
mapatnpnotakd dedopévo oto Noéuo
Tou Clarke, mou 6a umopouvoe va diatu-
mwOei we e€AC:

“Otav évag SloKEKPINEVOC, AAAA nAIKI-
WHEVOE, emoTrpovas SnAwvel OTL KATL
givat Suvatoy, éxel oxedov pe PePaio-
mta dikio. ‘Otav SnAwvel 0TL KATL gival
aduvato, ivat mToAu moavo va éxetl adi-

"

KO'.

low¢ to emiBeTo “nAIKIWUEVOC” va amal-
Tel OpIOUO. ZTN QUOIKN, TA Pabnuarti-
KA KOl TNV A0TPOVAUTIKN onUaivel dvw
Twv TPIAvVTaA. Y10 AAa yvwoTikd media
n Yépovto-@Bopd iow¢ va kabuotepei
HEXPL Ta 0apavTa. YTTAPXOUV, PUOIKAG,
Aapmpég e€aipéoelg, alid, omwg Kabe
EPELVNTAC TTOU HOAIC TEAEIWOE TIC TPL-
ToPAa0uIEC oTTOUdEC Tou YVvwpilel, emi-
OTAMOVEC Avw Twv TevrvTa Sev gival
KataAAnAot yia Timot’ dAho mapd yia
S101IKNTIKEC OUVESPIACELC, KAl TIPETIEL
va KkpatiovvTtal maon Buaia é€w amd to
Epyaotnplo.

“Mnopei va kataokeguaoTtouv Opya-
vaQ, € TN Xpron Twv omoiwv meAwpla
mhoia, kateuBuvopeva amo éva poévov
avBpwro, Ba KivouvTal e PeEyaNUuTepN
TaxutnTa an’ 660 av ATav Yepata vau-
1e6. Mnopei va kataokgvaoTouv dua-
&e¢ mou Ba kivouvTal Ye amioTeuTn Ta-
XUtnTa, Xwpic tn Boribeia (wwv. Opya-
va mTAong Yrmopei va yivouy, ota omoia
€vag avBpwmog, Kablopévog avamauTi-
Ka kal Sdtaloyl{opevog en’ oloudnmoTte
Bépatog, Ba xtunmd iowg Tov aépa pe
TA TEXVNTA PTEPA TOU, OTIWG TA TTOUALA
... EMONG nxavég mou Ba emitpémouy
OTOUG avOPWITOUE VA TIEPTIATOUV OTOV
muBuéva twv Balacowv...”

To nmapamdvw amdéomacua €iv’ évag
BpiauPoc Tn¢ pavraciag¢ mavw ota
meCd 6edopéva. Ta mAvta 6’ auTO CUVE-
Bnoav mpaypaty, aA\d tnv emoxr mou
YPAQPTNKE ATAV TTEPIOCOTEPO TIPOIOV
motng mapd Aoyiknc. Mbavwe, kabe
pakpomPoBeoun MPOPAeYN, av TTPEMEL
va gival owoTh, va mpéEmel va ival Té-
TOlOG PUOEWC. To MPAYUATIKO péNOV
Sev gival Aoylkwe TpoAEPIO.
‘Eva Aaumpd nmapddelypa avBpwmou
TOU oTmoiou n @avtacia £Tpexe mMo
MITPOOTA amd TnVv €MoxN Tou ival o Ay-
yAo¢ padnuatikog Charles

H umnéppetpn @avta-
oia gival Mo\ mé ond-
via ano tn Aswpry. Otav
umndpxel, katadikalel
TOV ATUXO KATOXO TNG O€
amoyonTevon Kl armo-
Tuxia - ektog av eival
OPKETA MUAAWMPEVOC
WOTE va YpAYEL amiwg
TIC 10€€C TOU Kal va [N
BeNfjoel va TI¢ Tpayua-
TOTIOINOEL 2TNV TTPWTN
Katnyopia [Z.T.\. : Agv
kataAapaivw, Ti evvoei
0 ouyypa@éag HE TNV

Charles Babbage
(1792 - 1871)

Babbage (1792-1871).'Hén
amoé 1o 1819 o Mmdumnat(
eixe SlATUTIWOEL TIG APXES
mou S1€mouv TIC auTOua-
TEC UTTOAOYIOTIKEG PNXa-
VEC. AVTEAIPON 611 B)ol oL
pabnuaTtikoi ummoAoyiouoi
pmopouv va avayxboulv oe
oelpéc mpd&ewv Brina mpog
Brina, mou Ba pmopovaoay,
Kat' apyrv, va ektehecBolv
amod pia unxavr. Mg t Bo-
nOsia pa¢ KUBEPVNTIKAC
emdotTnoNg mou TeAIKA
€pBaoe 11¢ 17 x1-

£€K@PAOoN “mpwTtn Katn-

yopia”. Epéva pou @aivetal 6t ta ma-
padeiyuata mou akohouBolv avagé-
povTtal oTnv TeAeuTaia Katnyopia, SnA.
0’ EKEIVOUC TTOU YPAPOUV aTIAWC TIG 16€-
€¢ TOUC. AvtiBeta, o Mndumatl, otov
omoio 0" avagepOei apydTEPQ, AVAKEL
oTNV MPWTN Katnyopia, SnA. Twv Kata-
SIkaopévwy G’ amoyorTeuon Kt amoTu-
xia.] Bpiokoupe dGAOUG TOUG CUYYPAPEIS
EMOTNHOVIKAG @aVTATiag, I0TOPIKOUG
ToU MéA\ovTog, dnuioupyol¢ Outori-
WV - Kat Toug Vo Bacons, Tov Roger kat
Tov Francis.

O povaxog Roger (mep. 1214 - 1292)
@PAVTACONKE OTITIKA Opyava Kal Unxa-
VOKIVNTO OKAPN Kal IMTAPEVEG PUNXa-
VEG, Opyava TTOAU TTépav TG LUTTAPXOU-
oag 1} €0Tw MPORAEPIUNG TEXVOAOYiag
TOU KalpoUL Tou. AUCKOAA TTIOTEVEL KO-
VEIC 0TI Ta Adyla auTd ypAd@TnKAV OTOV
O8ékato Tpito alwva:

Mddec Aipeg (éva
MOAU ONUAvTIKG TOCO 01N
Sekagtia tou 1820), dpxloe va
KATAOKELALEL TNV “aVaAUTIKA
pnxavn” tou.

Av Kal a@lépwoe 1o uttdAoL-
1o NG {wn¢ Tou, Kal peydho
MEPOG TNG TTPOOWTILKAG TOU
TIEPIOVGING, OTO £PYO EKEIVO,
o Mndumat{ dev katdgpepe
va OAOKANPWOEL TN pNXavn.
Ekeivo mou Tov “kataviknoeg”
nTav 1o yeyovog OTL akpifnig
pnxavoloyia, Tou emmédou Tou XpEl-
aldétav yla TNV Kataockeun Twv odo-
VTWTWV TPOXWV ToU, anmhwg Sev UTIPXE
TNV enoxn Tou. Mg Tig mpoomndbelég Tou
BonBnoe va dnuioupynOei n Prounxa-
via gpyaleiwv pnxavoupyeiouv, wote
MakpompoBéouwe n KuPBépvnon o@e-
AqBnke TOAU meplocdtepo amd 17 XIAL-
ad¢ec¢ Nipeg, kal orjpepa Ba ATav maveu-

KOAO va oAoOKANpwOEi 0 UTTOAOYIOTNG
Tou Mnaumat{, mou TwpPa OTEKETAL
oto Mouoeio Emotriung tou Aovdivou,
oav €va Ao Ta YONTEUTIKOTEPA €KOE-
patda tou. Katd tn didpketa tng wng
TOU, OWC, TO PHdVOo TTOU KATWPOWOE 0
Mmdaumat va Seifel nTav n Asrtoupyia
MIKPOU JOVO PEPOUC TNG TTARPOUG UN-
xavnec. Awdeka xpovia HETA To Bavato
Tou 0 PBloypdgog Tou éypage: “AuTtod To
e€aipeto pvnueio BewpnTikng 1810¢Ui-
ag mapapével, KL avaugifola 6a mapa-
pével eoaei, pid Bewpntikn duvatotn-
Ta”
Agv €xel peivel kal TOAN “ap@ifoiia”
onfpEPA. Auth TN OTIYUA [Z.T.4. - UTTEV-
BupileTal kat TAAL OTL “onuePa” onpai-
vel epimou 1970] unmdapyouv XIAMAdEG
UTTOAOYIOTEC TTOU A&lToupyoUv PBdoel
apxwv mou o Mmndumat( €ixe capwg
kaBopioel mMavw amod éva awwva mpw -
aM\A pE KApaKa Kat Taxutnteg mou &g
Ba umopouce MOTE va OVEIPEUTEL. ALOTL
autd mou KaBloTd TNV TEPIMTWON Tou
Charles Babbage 1600 evblagpépouca
gival 0TL 0 AvBpwmog autdg HTav OxL
pid, aAAG U0 TEXVONOYIKEG EMAVAOTA-
O€I1G MO UTTPOOTA amod TNV €MOXN TOU.
Av uriipxav akpifn epyaleia 1o 1920,
Ba pumopoloe va KATAaOKeVACEL TNV
“avalutikiy pnxaviy” Tou, Kt autn 8a
eixe SoOUAEYPeL, TTOAU TaXUTEPA ATIO €éva
avBpwmo, aA\d moAu Bpadutepa o€
ox€éon Y Ta onuepiva otavtapvt. Narti
Ba fitav pmiokaplopévn ota ypavdalia
(KUPLOAEKTIKA) TNG TAXUTNTAG PE TNV
omoia ymopouv va epyacBouv ol odo-
VTWTOI TPOYOI, 0l AAUGCIOEG KAl Ol EKKE-
VIPOQOPOL.
AUTOUOTEG UTTOAOYIOTIKEG UnXaveég &g
Ba pmopovoav v’ avantuxBoulv, YEXPIG
ATOU N NAEKTPOVIKI KATECTNOE EPIKTEC
TaxVTNTEG ActToupyiag XIANAdEG, eka-
TOUMUPLA POPEC MEYANUTEPEC TWV Ka-
Bapa un-
XOAVIKWYV
opYavwv.
To emime-
6o auto
™G TEXVO-
Moyiag emi-
TEVXONKE
™ O&¢ka-
€Tia TOUL
1940, kat
101 &1I-
Kalwlnke
MARPWC O
Mmdapmatl. H amotuyia tou dev rjtav
Amotuyia Oavtaciag. Ogendtav oTo
OT1 €ixe yevvnOei ekatd xpovia mod vw-
pic am’ o,T1 émpene.

(ZuvexiCetan)

Kwvotavtivo¢ MeAidng
Emik. kaB. Tu. Quoikrig
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ABANTIKA

Kai KutreAAouxog
n NMNodoo@aipik Oudada Puoikou!

J

H lNodoopaipikn Oudda
®uaoikou (26-4-2010). Ao
apIoTePd TPO¢ Ta Oeéid,
opBiol: EAcubepiddng, Zou-
Airoiwrng, lNamasuayyéAou,
XpioréAdog, Xarinyidvvng,
®padykog, kabioroi: Toiw-
rag, Paukdi, KaAAiavraong,
Murdkng (Acitrer o Marikacg).

AN S

O Xpnoro¢ EAcubepiadng,

To «®awduevov» €xel QIAOEEVNOEL Kal
nahidtepa GpBpo yia TIq emituyleq G
M.0.0Y. donhad) e [MModooalplkig
Opadag dualkou (Teuyog 7, Nogupplog
2009). Autr T @opd duwe 10 ApBpo
QVaQEPETal Oe KATL TIPAYMATIKA Eexw-
p10T0: TO 0Tl idoaue kopugn! MMpape
KuneMo!!!

H Oudda Tou Tunuatog QuolKig, We
ETKEPANIG, TPOMOVITTY  kal  maiktn

mge, Tov Xpnoto E)\auesploén (cpwro)

katdgepe va mApel, anTIn-
m, 10 KineMo tou SPRING
2010 INVITATIONAL SPORTS
TOURNAMENT, petd amo okAn-
PEC AVALETPNOEIC e AMeQ aEL0-
Aoyec opddeq mou mrpav UEPOQ
otnv dlopyavwon. Ot opadeg au-
Té¢ frav ol e&ng: ACT (American
College  of  Thessaloniki),
ACT ALUMNI (A.C.T.  Alumni
Association), AM© OYZIKO, APTQ
(Rehabilitation Center of Stavroupoli

e 1o TPOTTAIo!

olkoU Kal

PERROTIS.

O aywvag

€Ange e okop 3-1 unép g opddag Tou
duotkou.

2uyxapnmpeta Aotnov agiCouv oe 6Aoug
TOUQ OuvTeAEOTEC TN opddag. Onwe
€ypaye Kal oe UVUpa Tou 0 ureuBuvog
mC dlopydvwong Kog Maptepdv ameu-
Buvopevog mpog Tov X. EAeuBepiddn:

Thessaloniki, May 12,2010

for th

“ACT R

Spring M) \nv'\tat\ona\ Spons Toumament :

Awarded to the School of Physics, AUTH.¥

e 1st placein Men'’s soccer

Stepan Partemian

B

coondinato of Athletcs and Student At Jé H ouvtakTiKg opdda Tou

To KutreAdo

T€Q TOU Tunuatég oac.

Eival 1600 eUkoho, aMd

Kal ouvdpa T000 OUOKOAD
Kapla @opd, va unopel o eknaideutie
Kal 0OGoKaAoC va eumveel Toug omouda-
otéq Tou. Efuar ofyoupog mwe pe tov
(010 BeTIKO TPOTO AVTIHETWMICOUV KAl TIC
akadnuaikée Toug Umoxpewaoels. Awoe
oe OAa Ta nadld Ta ouyxapenTmpela tou
arnoé Baboug kapdiac...».
BéBaia, éva uépog g 00-
Eac Ba mpémel va anodobel
Kl otouq Afyoug oe apiBuo
aMda  @oBepouc oce mabog
QINdBAOUG TNG ouadag, mou
MOMEG PopéS UMd avtitoeq
. OuvBNKeg (m.x. Bpoxrn) eve-
Bdppuvav Ty opada (Toud-
X10TOV Y10 600 XPOVO Elevay
. yla va Tapakoloubrioouv
', ToV KGBe aywva).

Hospital), ~ PERROTIS  (Perrotis
College of Agricultural Studies) kau
ANO XHMIKO. Ot ayaveg apyloav otiq
26 AnpiNiou kat 0 Tehikog doBnke otic 7
Maiou, petall twv opddwv tou Qu-

32 http://phenomenon.physics.auth.gr

«...2' €UXQPIOT®W VYIa TN OUMMETOXN Kal
70 TOAU KaAO QINIKO Kal aBANTIKG Tveu-
1a TouU Kupldpynoe UEoa OToug QoITn-

«Oavopevov»  ouyxaipel
oAdyuxa v MOBY yia mv

HeydAn g Katdktnon kat me euyetat
«mavta emnruyleg!

A. Niohiog

paivousvov




TO N o H z I Z ANTATTOKPINOMENO

STHN TTANEAAAAIKH EKZTPATEIA TOY YTTOYPIEIOY
TTOAITIZMOY «DONEZ NEPOY MYPIAAES», ME ZTOXO
THN ANAAEI=ZH TH=Z SHMAZIAZ KAI TON TTOIKIAQN
AIAZTAZEON THXZ AZIAZ TOY NEPOY =TH ZOH TON
ANOPOTTION ATTO THN APXAIOTHTA EQ> SHMEPA,
TTPOZEITIZEI TO ©EMA MEZA ATTO THN TTAPOYZIAZH
APXAION EAAHNON ETTIZETHMONQON, Ol OTTOIOI ME
ADOPMH TO NEPO TENNHZAN INQZH, TTPOHTATAN
THN ETTIZETHMH KAI ANETTTY=ZAN TEXNOAOTIA.

MYPIAAEZ EINAI Ol ®ONEZ TTOY AKOYETHKAN KAI
AKOYTONTAI INA TO TTOAYTIMOTEPO ATA®O, TO NEPO,
STHN TTAPOAO TON AIONON. ®DONEZ TTOIHTQN TTOY
EFPAWAN ZTIXOYZ MNA TO NEPO, DONEZ TPATOYAIZSTOQN
TTOY TOYZ TPATOYAHZAN, PONEZ SYTTPADEQN TTOY
STHPIZEAN TIZ IZETOPIEZ TOYZ ZTO NEPO, ®DONESZ ATTAQN
KAGHMEPINON ANGOPOTTON TTOY XAPHKAN
XAIPONTAI KAI EYEATTIZETOYME NA XAIPONTAI TIA
TTOAAA XPONIA AKOMA TO AQPO AYTO THZ OYZHZS.

TTOAAEZ OMOZ EINAI KAl DONEZ ETTIZETHMONQON,

Ol OTTOIOI MEAETQNTAS TO NEPO, TH OY=H KAI

TIZ IAIOTHTEZ TOYZ TTAPHITATAN TNOQ=H, TENNH=AN
ETTIZETHMH KAl AHMIOYPIH=ZAN TEXNOAOTIA = THN
YTTHPEZIA TOY ANOPQTTOY KAI TOY TTATKOZMIOY
TTOAITIZMOY.

O APXAIOZ EAAHNAZ ETTIZSTHMONAZ KAI TEXNOAOIO=
APXIMHAHZ (287-212 TTIX) YTTHP=E ANAMODIBOAA ENAZ
ATTO AYTOYZ=. H OPAZH TOY «EYPHKA EYPHKA» O
XAPAKTHPIZTIKH «®OONH NEPOY» EMEINE ZTHN
IZTOPIA THZ ETTIZSTHMHZ KAI THZ ANOPQTTOTHTAS,

0> OPAZH TTOY ZYNAEETAI ME THN ANOPOTTINH
ETTINOHTIKOTHTA.

TO YAPAYAIKO POAOI KAI O KOXAIAZ TOY APXIMHAH
ATTOTEAOYN AEITMATA AYTHZ THZ ETTINOHTIKOTHTAZ
TTOY AZIOTTOIEI TO NEPO KAI ATTOKAAYTTTEI TI=
EKDOPAZEIZ TOY O MEZO INA TH METPHX=H TOY XPONOY
KAI O MEZO APAEYZHZ= KAI ZYMBAAEI ME TON

TPOTTO AYTO XTHN ANATITY=H THZ TEXNOAOITIAZ,

ME ATTOTEPO =KOTTO TH AIEYKOAYN=ZH TH=
KAGHMEPINOTHTAZ TOY ANOGPQOTTIOY.

KOXAIAZ TOY APXIMHAH
O KOXAIAZ ETTINOHOHKE
ATTO TON APXIMHAH =E ENA
TAZIAI TOY ZTHN AITYTITO,
OTTOY KAI EEAKOAOYOEI NA
XPHZIMOTTOIEITAI EQ> KAI
SZHMEPA. EINAI MIA MHXANH
ANTAHZHZ= KAl METADOPAZ
NEPOY ATTO MIA S TAOMH =E
ANAH, YWHAOTEPH. ZE MIA
=YAINH KYAINAPIKH AOKO,
EINAI TTPOZAPMOZMENEX
SANIAEZ ETZI OZTE NA
EIXHMATIZOYN EAIKA.

H EAIKA TTEPIZSTPEDETAI MEZA
ZE ZYAINO KYAINAPO, TO
AKPO TOY OTTOIOY EINAI
BYOIZMENO =TO NEPO, ME
ATTOTEAEZMA

TO NEPO NA TTAPAXZYPETAI
STAAIAKA TTPOX TA TTANQ.

YAPAYAIKO POAOI TOY
APXIMHAH

H ANEZAPTHTOTTIOIHZH THX
METPHZHZ TOY XPONOY ATTO
THN AZTPONOMIA ETINE
AYNATH KATA THN
APXAIOTHTA ME THN
ETTINOHZ=H TON YAPAYAIKON
POAOTIOQN. TO YAPAYAIKO
POAOI TOY APXIMHAH
XPHZIMOTTOIEI O KINHTHPIA
AYNAMH TO NEPO KAI
ETTITPETTEl TON AKPIBH
YTTOAOTIZMO THZ QPAZ,
MEPA KAI NYKTA. 'ENA
AOXEIO AAEIAZEI TO NEPO
TTOY TTEPIEXEI ME ZTAGEPO
PYOMO KAI ENAZ TIAOTHPAZX
TTOY TTAPAKOAOYO®EI TO
AAEIAZMA TOY NEPOY KINEI
ME ZTAGEPH TAXYTHTA
MHXANIZMO TIA THN
ENAEI=H THX QPAZ=.
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Luptades



210 AGTPOTAPTU TTOU €YI-
ve oto NOHZIX, otic 24
YentepPpiov, oto mAai-
oo Twv lMavevpwmnaikwv
ekdnAwoewv NG “Bpadi-
a¢ Epeuvnty 2010% mi-
YOUE Kt gpei. Eviunwot-
OOTAKAME Ao TN HEYAAN
TIPOGENEVUON EMOKENMTWV
6Awv Twv nAKIwv. ‘Htav
éva TIPAYMATIKO TAPTU
ov &iXe Ta mavta: amo
ypriyopa meipdpata Qu-
OWKNG (pe Toug Physics
Partizani tou AlO) kat
OOTPOVOMIKEG mapatn-
proeig (pe Tov Opiho Oi-
Awv AcTtpovopiag), HEXPL
MOVTEAIOUO Kal HOUGCIKA
pok! ((wvtava pe toug Dr
Funk).






