e EOviko kon Kamoorotproko Iavemotipio AOnvay
s, Tppa Pvcikig — Topéag Mupnvikig Pvoikns & XTore1OIOV XONOTIOIMV
VA Y1a0nog Koopikng Aktivoffolriog
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Madnpa Emioync:
Aotpoocopationoxn kol Koomkn Axtivoffolia

ENEPI'EIAKO ®PAXMA XHMIKEX AOOONIEX

http://cosray.phys.uoa.gr
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ENEPI'EIAKO ®AXMA KA.

= O1 KoopikEG akTiveg Ogv €ival ‘akTivec’ aAAa qopTiopeva owpaTidia nou (ouv JECA OTO
>uunav

Protons (86%)

a-particles (11%)

Bapvtepor mupnveg peypt to Uranium (1%)

electrons (2%)

Mikp6 mocootd Positrons and antiprotons (wapdyovrot amd
AAAMAETTIOPAGELS TPMTOYEVOV GOUATIOIOV LE TO Interstellar gas)

y-rays (Crab Nebula, AGN), neutrinos and antineutrinos (HA1o¢,supernovae)

(Perkins, 2003)

Tunua @uowknc EKMA
Xewepvo Eéaunvo, 2023-2024



XHMIKEX AOOONIEX ITPQTOI'ENOYX K.A.

426 The European Physical Journal H
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Fig. 11. Elemental abundances of cosmic rays from helium to nickel measured at Earth,
compared to the solar system (or universal) abundance scale, all relative to silicon. Solid cir-
cles: low energy (70280 MeV amu ™ '): open circles: high energies (1000—2000 MeV amu™ ')
open diamonds: solar system abundances (figure from [Simpson 1983]).

Tunua @uowkng EKTA
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XHMIKEX AOOONIEX ITPQTOI'ENOYX K.A.

Opotdmreg — Aopopéc oTic aphovie TV GTOYEI®V TV KOGUIKOV OKTIVOV KOl TOV
NALOKOD GLGTNATOG, 01 0Toieg cuvowiloval g EENG:

» To otoyyeia pe peyarvtepn apbovio 6to HAokd cuotnua (Kot 6T0 cOUTAY) EWVOL TO
H, xou He (p-p chain).To pikpotepo mococto tov He otig KA opeireton otnv
UIKPOTEPT] AMOTEAEGUOTIKOTITO TOV UNYAVIGUOV EXLTAYVVOTG OTIC TNYEG.

» To otoyela pe Z>1 €yovue peyalvtepec oyetikéc agpbovieg otic KLA. Aot 610
H\oo svuotnua.

Tunua @uowkng EKTA
Xewepwvo Eéaunvo, 2023-2024




XHMIKEX AOOONIEX ITPQTOI'ENOYX K.A.

Opotdmreg — Aopopéc otic apbovieg TV GTOYEIMV TV KOGUIKOV OKTIVOV KOl TOL
NALOKOV GUGTNLATOG, Ol 0TTOiEg GuVOYILovTol MG EENG

» 2 Oudoec ototyeimv Tov X0V OOPOPEC LEPIKDV TALEMV LEYEOOVE OTIC GYETIKES

apBovieg Touc.

o Ta ehagpd otoryeia Li, Be kot B vreptepovv otic KA oyetikd pe t1¢ agpbovieg tovg
010 NAako cvotnua. To Li, Be, and B eivar end products g actpikic
TUPMNVOGLVOESTC, AMYOTEPO GTOOEPA KO KATOVOADVOVTOL GTIV 0ALGIO0 TOPOLYYTG
evépyelng. To mocooTd TOVC OTIC KOGUIKEC opeileTon oto spallation tov C, tov O
TOV®O GTO TPOTOVIO TNG OLOGTPIKNG VANG.

o Ilapouorwa ta otoryeia Se, Ti, V, and Mn ogpeilovion oto spallation twv Fe kon Ni
ov Ppickovtor o apbovio TNV AGTPIKN VAN.

Tunua @uowkng EKTA
Xewepwvo Eéaunvo, 2023-2024




XHMIKEX AOOONIEX ITPQTOI'ENOYX K.A.

Awopopéc ot oyxetikn agbovia Li, Be, kot B

H apBovia tétoimv otoryeimv ot aotépla £ival TOAD HKpT d€00UEVOL OTL £XOVV YOUUNAO
epdyno Coulomb kot elvon EALa@pd OEGUEVUEVA OTOTE KATAVOUADVOVTOL YPTYOPQ OO TIG
TUPMNVIKES OVTIOPAGELC GTOVG OIGTPIKOVS TUPNVEC. 2TV TPOAYUUTIKOTNTA, ] TOGOTHTA
DTV TV EAAPPOV atoLyelmy Kabopilel T0 UEGO A0S THS OLOGTPIKNS DANG TOV O10.0YILEl
N aKTIVOPOLIO KO OELYVEL TNV OLOPKELD (NS TWV KOOULKDV OKTIVWY OTOV YOAALIO O
TEPITOV 3 EKOTOUUDPILO ETH.

Ta pacuata evépyelac tov Li, Be kol B eival kdnwe mo andtopua and ekeiva Tov
dvOpaka 1) TOv 0ELYOVOV, VTOOEIKVVOVTAC OTL GTOVG TVPTVES TV DYNAOTEPWOV EVEPYELDV
OEV LPIoCTAVTOL TOGO HEYAAOC OPVUUATIGROS, TPOPAVAS ETEON JAPPEOVY EE® ATO TOV
yoroaSio vopitepa ammd avToVE OV £XOVV YOUUNAOTEPT EVEPYELQ.

Me mapoporo tpomo, n apbovia tov Sc, Ti, V ko Mn o116 KOOUIKEG aKTivEC opeileTon

otV e€ovoeTEPpmOn TV dpbovav muprvev Fe kal Ni (Perkins, 2003).

Ot opndodeg tov  otoyeiov (L1, Be, B) ot (Sc, Ti, V, Cr, Mn) mpoépyovial amd TIG
oLYKpovoelS TV deBovav mupnvev C kot O kot Fe avtictotyo.

Tunua @uowkng EKTA
Xewepwvo Eéaunvo, 2023-2024



High energy nuclear reaction

Spallation

gvog moupnvac otoyos «PouPapdiletony

amd €val

couatioto evépyelag (> 50 MeV) kol «ektoEevey TOALAPIOU EAAPPVTEPU COUATIOW
CYNUOTILOVTOC ETCL EVOL TUPNVO, EAQPPVTEPO OO TOV apPyIkO Tupnva. Ta copatidola mov
extoEevovtor pmopel vo givar verpovia, mwpotoOvio 1 0dpopa cvvleta copatioln
1GOOVVALLO, LE TTVPNVEC 1GOTOTTMV VOPOYOVODL, NAiov 1 Mbiov. O mup1nvag Tpoidvtog eivar
TEPIGTACIOKA TTOAD EAAPPVTEPOS OO TOV TUPT|VAL.

spallation

fast primary
particles p

20, =

~1 giga-
electron volt

internuclear
cascade

intranuclear
cascade

o t ¢ ~ O\
Tf A N [ %‘-g 3 R
vQ cascade 2
LE‘:D ,”j Qv particles 8 “':;)
~ o N ;::;3}}70' y
CCe 34

I'vopifovtac t1g TIUEG NG
EVEPYOVS OlATOUNG OL0POPOV
Tupnveov yio to spallation
UTOPOVLE VO VTOAOYIGOLUE TNV
TOGOTNTA TNG VANG WOV
cuvovtovy Ta copotion KA oty
OL0LOPOUT) TOVG.

~ O 7
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- S 3N
highly excited 'Y’_ 4 ’
nucleus evaporation
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XHMIKEX AOOONIEX ITPQTOI'ENOYX K.A.

Ouootnreg — Aopopéc otic apbovieg TV GTOYEIMV TOV KOGUIKOV OKTIVOV KOl TOL
NAMOKOD GUGTNUATOG, 01 0Toieg cuvoyilovTal WG EENG:

» O1xopveéc ota ototyeio C, N, O ko Fe epepavifovrar 1660 otig apboviec tng KA
000 KOl G° QUTEG TOVL NALOKOD GLGTILOTOG.

» Kot ot1g dvo agpbovieg eppavileton To APTIO-TEPLTTO PAIVOUEVO OTIC GYETIKEG
oTadePOTNTEG TOV TLPNVAOV G TPOG TOV ATOUKO opOUO, YVOGCTO Yo TIC apOovies
TOL NAOKOD GLGTHUATOG, EpPavileTar Kol 6Tig apBovieg Tov KA aAld 6e pikpdteEPO
Babuo.

Tunua @uoikng¢ EKMA
Xewepwvo Eéaunvo, 2023-2024



XHMIKEXZ AOOONIEX ITPQTOI'ENOYX KA.

HL B NF NoAl P Cl K ScV MnCoCu00A3 Br Rb Y

""""""""""""""""""""""""

HeBe C Q NquSl S Ar Co'll Cr Fe Ni ZnCe Se Kr Sr
Solar System Abundances

100)

GCR Abundances NASA-q

Abundance (Si

O 10 20 30 40D
Element
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ENEPI'EIAKO ®AXMA KA.

Meyaidtepo T0GOGTO GOUATIOV TOL aviyvevetal otn I'm eival yola&lokng TpoéAevonc.
Muikp1g evEpPYELOG ATOPPOPTGT OO TNV ATULOGPOLPO KOl OTTOKOTTN OO TO YEMUOYVITIKO
nediov.

Pon K. A.ue E>1 GeV ghattoveron avéavouévng g E. H oyéon mov exkppdlet ) petafoin
¢ éviaons J (CE) tov koouikov aktiveov, mov ot evEPYELEC ToVe vrtepfaivouy Eva OpIoUEVO
KOTOTEPO Op1o evepyelag E, cuvaptioetl Tng evépyelac 0tvel T0 OAOKANPOUEVO EVEPYELOKO
QAG L0,

JGE)=KkE”

K: otafepd
Vi EVEPYELOKOC eKOETNC (OLOKPITES TIUES)

H Ty tov y petafdireton kabang petafdirovror ol evépyeleg tov KA

Tunua @uowknc EKMA
Xewepvo Eéaunvo, 2023-2024



ENEPI'EIAKO ®AXMA K.A.

Orokinpouévo Pacuo K.A

ITHI'EX TIPOEAEYXHX

protons
o _ IN'ohalraxn + éktaxktn nhokn (10 GeV)
02 :: %A Fluxes of Cosmic Rays 7. 4
N y [y Hwog | Hiaaxi KA SEP
107! _-—,- & «—— (1 panicle per m?—second)
102 | \'Q.‘
- C =, Knee (= 3PeV) — 3 EeV
107 |- . -
5 F ?"‘-).qo steeper spectrum
&} 1o "‘_o r /4
R O Kee [Inyéc:extog H.Z, supernova,
L. . article per m“~— year;
= 13 ¢ . ~ 0
2 F ~3-1015 eV \‘{/ Xvotoon: pt+, He ( =10%) ,Z>>
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10—'9;
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- Ankle
10725 i (1 particle per km? - year) i KA_UHECR, ﬂatter Spectrum
o P 4 EHECR [Inyéc: AGN,
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T T Elnergyl((i\f) 106 10 wT 10% 102 10 guasars, G rays
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ENEPI'EIAKO ®AXMA KA.

Oroxkinpouévo ®acno K.A

direct measurements
-

104

10°5
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E, GeV/particle
®daoua > 100 GeV (Stanev, 2010).
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ENEPI'EIAKO ®AXMA KA.

Oloxkinpouévo acno K.A

Evp? evepyeloxd pacpa: 14 taéeig peyéboug (evépyeteg) -32 taelg peyébovug (pon)

Kobe evepyetokn meployr] -010(pOPETIKT) TEYVIKT| OVIYVELCTG KO KOTOYY POLPTC.

XapnAég evépyeteg —melpapata o€ 0opveodpovg,ballons.

Evépyeieg > 1 GeV — eniyeileg petpnoeic ( LETPNTEG VETPOVIMV, TNAECKOTLO LLIOVIWV,KAT)
Ynepoyniéc HECR- melpapata atpos@oiptk@v Katoyiou®y ( v VELTES TOV KAADTTOVV
EKTETOUEVEC EMUPAVELC TTOV® OTT Y1 KOOGS Kol VTOYEL0L Kol LITOHAAAGG101 KLPIMG Yol VETPIVAL)

Méyioto ponc , 2 p/m? sr Mev oto 1 GeV.
H péon mokvotnta evépyetog yio KA. E>1 GeV, gtvar 1 eV/ecm3 11 1 MeV/m3 .

Tunua @uowkng EKTA
Xewepwvo Eéaunvo, 2023-2024




ENEPI'EIAKO ®AXMA KA.

Oloxkinpouévo acno K.A

H pikpn onuovtikn petafoln mov vrdpyst otnv khion oty neproyn 1015-1018eV opeideton
mBavotata ot evon tov KA. Katd tov Weeks (1969) n petaforn avtr opeiletar o 300
dlapopetikeg myéc Tov KA my. wa yoroallokn ko pio eEoyalalokn, Tov Tepva 1 Lo
néoa amd Ty GA® Kot 1 GAAN péca amd To 0I6KO TOL YOAOSia Kol £XOVV OLLPOPETIKA,
QACLATA.

Tunua @uoikng¢ EKMA
Xewepwvo Eéaunvo, 2023-2024




ENEPI'EIAKO ®AXMA KA.

Oroxkinpouévo Pacpa K. A

Ma evépyeieg > 1020 eV €XOUE TIG KOOMIKEG OKTIVEG £EQIPETIKA UWNAWY evepyelwv (Extremely
High Energy Cosmic Rays — EHECR) (Bhattacharjee & Sigl, 1999). OswpnTiKa, TiBeTOI £V
OpPIO OTNV EVEPYEIQ TWV KOOUIKWY akTivwy oTa 5:101° eV, dupwg 1a mreipapatikd dedouéva
paivetal va ekTeivovTal héxpl evépyeia 3-10%0 eV.

E=HIMHZH; aAAayEc oTO punXaviopo £TTITAXUVONG, TNV TTPOEAEUCN KAl TIC AAANAETTIOPACEIC TNG
KOOMIKAG akTIvoBoAiag. OI KOOUIKEG aKTIVEG JE evépyeleg KATw atrd 1070 eV moTedeTal yeviKa
OTI €ival YOAAEIOKAG TTPOEAEUONG ETTITAXUVOUEVEC OE UTTOAEIMUATA UTTEPKAIVOPAVWYV. AV Kal
OEV UTTAPXOUV TTapaTnenoIakd 0edouéva yia eTTITAXUVon TTUpnvwy ottoudntrote oT1o [aAagia,
ol TTUPAVEG PTTOPET va eTTiTaxUvovTtal péxpl kKal Ta 107° eV ota uTToAEiupaTa UTTEPKAIVOPAVWV
(SNRs). Metprioeic NG ouvBeong KATw atrd 1o yovarto deixvouv OTI gival TTapovtia OAa Ta
XNMIKG OToIXEia aAAd OTO yovato n Por TwV €AAQPWY TTUPAVWYV TTEPTEI YPriyopa HE TN
ouvBeon va kuplapxeital amd Papeic TTuprveg. Metd 1o yovato yiveralr n uttoBeon Ot éva
MEPOC TWV KOOMIKWY OKTIVWV ETTAVETTITAXUVETAI PE KATTOIO TPOTIO KAl TTAVW atrd Tov
aoTpdyaAo TrioTeveTal OTI N aAAayry oTnv KAion MPTTOPEl va o@eileTal oe petapacn atd
YOAQCIOKEG KOOUIKEG QKTIVEC O€ €CWYAAAEIOKEC KABWG o1 IOOTACEIC TNG YUPOAKTIVAG TwV
owpaTIdiwV gival ouykpiolueg Ye TIC dlaoTAoEIS Tou [aAadia.

Tunua @uoikng¢ EKMA
Xewepwvo Eéaunvo, 2023-2024
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ENEPI'EIAKO ®AXMA KA.

Oroxkinpouévo ®acno K.A

Bolloon and

Sotelkite experiments

—

> EAS experiments
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Aotpdyarog oe evépyeteg 3 X 1018eV

E>4x 10V griopaocn GZK ( Greisen
Zatsepin ko Kuzmin) ereonuovay 0Tt 10
coumay Bo UToPOVOE VA KATAOTEL ad1QaVES
G€ TETOIEG EVEPYELEC LEGH TNG TOPAYMYNG
QMOTOTIOVIOV JEYEPUEV®V ATTO GLYKPOVCELS
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ENEPI'EIAKO ®AXMA KA.

Aldpopa €10 aviyvevtov Yo ) peréTn tov KA oe 0ho o evepyelaxod Qaco.

> XTIC YOUNAEC evépYeEleg, OmOL M PON EIVOL LEYOADTEPY], TO TPAYLOTO EIVOL TIO EVKOA
koBwg otnv evepyelakn mepoyn tov 1GeV mepimov 110cmp./sec mepvodv amd Eva
TNAEOKOTIO TTOL amoteAeital amd V0 oviyvevtég emeaveiog 100cm? oe amdcTOoN
20cm?  petafd  touvc. ‘Etol évog pikpdg aviyveutne oto Oplo NG OTHOCQULPOG
TPOocapUOocUEVOC oe Eva umaAove (balloon) 1 éva dtaotnudémAiolo givar apkeTdS yiow ™
Aemtopepelak” HeAETn g ovvleong twv KA otnv neproyn tov 1GeV.

Tunpa Quotkiic EKIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



ENEPI'EIAKO ®AXMA KA.

Oloxkinpouévo acno K.A

> AvtiBeto vynAng evépyslog amd  OEPEC AVIYVELTMOV EKTETAUEVOL Katoryliopov. Ot
EKTETOUEVOL KOATOLYIGHOL (KOTOOVIGUOL) aviyveEDOVTOL OT0 OLPOPETIKA €101 AVIYVELTMOV
copatiov. Or o cvvnbelg €€ avtav eivan ot amaplOunTég omvOnpiopov (Gmvinplotéc)
TOL HOG ETTPETOVV VO, LETPTCOVUE TOV YPOVO APENG pe peydAn axpifeio. Emmiéov
ypnoomoovval datdéelg omwg amaplduntéc Cherenkov oe vepd, Odhapol ekTponnc,
COANVOELDEIC AVIYVEVTEG PAOTEIVOV OKTIVOV,Kal coinvoedeig Geiger-Miiller aviyvevtéc.
YV0KEVEC TOV £YovV UEYAAN evaucHncio oTov TPOGOOPIoUO TS BEoN Hog EMTPETEL Vo
uetpnooovpe v oevbvvon mpoOcTTOONG TOL couatdiov. e va  aviyvedcovue
EKTETAUEVOVS KOTOLYIGUOVS OTOLTEITOL ) GOUMTOOT) OPKETAOV AVIYVELTOV GOUOTIOIWV TOV
ocuvOétouy ot oelpd amd OEKAOEC 1 EKATOVTAOES OVIXVELTEC Ko dtoywpilovtol o€
andotacn 10-30 pétpov. T Tovg TOAD UEYAAOLS KOTOLYIOGUOVS O1GEKATOUUVLPI®V
ocouaTIOiOV, 01 aviyveLTES TpEmel va, TomoBetnBovv og éva dikTvo TOoV Oomoiov To péyebog
TOL TAEYUATOC €ival TG Ta&nc tov €vog ylhouétpov. Katd ocuvéneln, to uéyedog pog
GEPAC AVIYVELTOV KATOYIGUOV TTOIKIAEL amd €KOTOVIAOEC UETPU GE OEKAOES YIAIOUETPOL.
Této10 HIKTLA OVIYVELTMOV ETTPETOVY TNV UEAETT TPOTOYEVOLS KOCUIKNG okTivoPoAiag e
gvépyeleg evpovg 1012-1021 eV.

Tunua @uoikng¢ EKMA
Xewepwvo Eéaunvo, 2023-2024




ENEPI'EIAKO ®AXMA KA.
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ENEPI'EIAKO ®AXMA KA.

Yyniéc evépyetec: aplOpud tov
copatdiov oMxne evépyelac E avd
mopnva ( a@od 0 JY®PICUOS TOV
QOopTioOv G’ OVTEC TIG EVEPYELEC elvan
OVGKOAOC OmMOTE UETPATOL T OAIKN
EVEPYELN)

XaunAég evépyeleg: aplbuo tov
VOUKAEOVI®OV GOV GLVAPTNGTN 1TNG
evépyelac avd voukieovio (ueyptr 1
TeV YIVETOL TOVLTOTOINGN TOVL
TUPNVAL)

KotoeAl pdcuotoc =amovacio
COUATIOV TNG TPWOTOYEVODG

K. A . younAov evepyeimv yio. ynAd,
YEOUOYVITIKA TTAATY).
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ENEPI'EIAKO ®AXMA KA.

H e&aptnon ¢ évtaons TV TPOTOYEVAOV VOUKAEOVIMV A0 TNV EVEPYELN TOV
Kopaivetal oo apketd GeV émc ko méve oo 100 TeV, vwoloyiletal amo T oyéon:

E )_a nucleons

o~ 4 (
Iy(E) ~ 1.8 x 10 (1GeV

m2s sr GeV

E n evépyela avd voukAieovio (coumepriapavousvng g evépyetog paloc npeptog kot o (=y + 1) =2.7
glval 0 OAPOPIKOC PAGUOTIKOS OEIKTNG TNE POTS TOV KOCUIKMOV OKTIVOV Kol Y €Ivol 0 OAOKANP®OUEVOS
eacuotikog ogikmng. Iepimov 10 79% tov TpwTOoyEVOV VOvKAEoViOV glvor eAevBepa Tp®TOVIOL KO

nepimov 10 70% twv voAowmmv eivor voukAedvia decpevpévo oe mopnves miiov. (Beatty J. &
Matthews J., 2009).

Tunua @uowknc EKMA
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ENEPI'EIAKO ®AXMA KA.

Aa@oplk0 Pacno K.A

Agiyvel mog petafarietal n Evroaon tov copatiov e KA og pio cuykekpiuévn
evepyetaxn neproyn netald E ko E+dE pe v evépyewa E:

10

TO OOLUUOPPDTO EVEPYELOKO PACLLOL
TOV TPOTOVIOV YOPIC MALOKT
OLLUOPP®ON (EVOOAGTPIKO YMDPO)
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Cosmic ray energy spectra for the elements H, He, C, and Fe, (from: Simpson, 1983).
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Energies and rates of the cosmic-ray particles
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2116 younAég evépyeteg (E<1GeV) vmapyetl éva katdeit (cut-off) kot to edcpo amokiivel
amd TN HOPEN TNG KOTAVOUNG TOL £YOVUE OTIS YNAOTEPEC evépyeles. H evépyela kol 1o
oynuo. Tov Kato®Aiov &foptdtor amd T GACT TOL NMAKOD KOUKAOL Kol HAALGTO
mopatnPNONKe OTL YOUUNAEG POEC EVEPYELOKOV COUATIOIMV YOUUNANG EVEPYELNS EYOVLE KOTA
T0 UEYIOTO TNG NMAOKNG OpacTnPloOTNTaS, EVO oTNV avtifetn mepintmon mapovsidlovron
AVENUEVEC POES

Oco mo &vtovn gival | NALOKN 0paGTNPLOTNTA TOGO MO EVIOVEC E1VOIL O OLOTOPOUYES
TOL SLOUITACVTTIKOD LLOyVNTIKOD TTEGIOL TOV EUTOOILOVV T S1AO06T TOV COUATIOIMV
youniav evepyelmv (E<1GeV) o¢ v emedveila e I'nc.

H dvvopuxn @opticpévov copatidiov uéco 6e payvntikd meoio eaptdrtor omd Evol
uéyebogc mov ovoudletror poyvntikn ovokouyio kot opiCetar R=pc/Ze oOmov p n
OYETIKIOTIKT] OpUr] Kol Ze TO MAEKTPIKO QOPTio TOL GOUATIOIOV. XOUOTIOW e
OLOLPOPETIKN UACH Kot OPTIO AAAA LE TNV 1010 duoKapyia £YOVV TNV 1010, GLUTEPIPOPA.
0€ OTOLOONTOTE SLUUOPPDCT] LOYVITIKOV TTEAIOV.
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AT ™V avATTUEN TOV ATHLOCPAIPIKMOV KOTOLOVIGUOV MG GLVAPTNGT TOV OTUOGOUPIKOD
BdBovc, elvar yYvwoto OTL 6€ OAO TO PAGLLOL TNG TOPATAVED EVEPYELNC, T TPWOTEVOVTO,
couotiow etvol toco TpOTOVIO 0G0 Kol BapOTEPOL TUPTVEC.

2116 evépyeteg > 30 GeV, 6mov o1 EmOPAGELS TOV 0PEILOVTAL GTO HoryvnTiKA tedio TG I'mg
N tov 'HAov givan aonuavteg, n aktivofoAio goaivetal va gival 160Tpomiky, apov ot
YOAOELOKES LOLYVITIKEG TTEPLOYEC Bl KATAGTPEYOLV OTOLAOTTTOTE APYLIKT] VIGOTPOTIN EKTOC
amd T1G e€onpeTikd vYNAES evépyetes. Ta oedopéva and to meipapa AUGER aviyvevouv
OVIGOTPOTIES KOl OELYVOLV GTEVOVC KOl CT|LLOVTIKOVUC GLCYETIGUOVS KATOULYIGU®OV TAV®D OTto
6x10'° eV pe yvootd AGNs ot andotoon nepimov 75Mpce omd ) I'n (Perkins, 2003).

Tunua @uoikng¢ EKMA
Xewepwvo Eéaunvo, 2023-2024




ENEPI'EIAKO ®AXMA KA.

eAaQPE TN TOV Paouatoc petald 4 x 1018 eV ko 4 x 101° eV, pumopei vo vwodeikviet
TNV TopoLcio couatdiov mov eival eEmyarasiokd (Perkins, 2003).

H amdtoun eAdTT®on Tov GACHOTOC TOV KOGHK®OV 0KTivov Tave ard 10720 eV gival
OTOTELEC O TOV OAANAETIOPAGEDV TMOV KOCUIK®V OKTIVOV UE TN WKPOKVUATIKY] aKTIVOBoAin
TOVL KOGLUIKOV Lofabdpov, Kat avtiotoryel oe E€ampetikd Yyning Evépyerac Koopkég
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Av eKQPACOVLLE TIC EVEPYELES TOV COUATIOIIMV GOV GLVAPTNON TNG KIVNTIKNC TOVG
EVEPYELAC OVE VOUKAEOVIO, TOTE 1] LOYVNTIKT] dSLGKOyio OlvETAL aTd TNV oYEoN:

Ay (myuvc)
R=|=][— )
z)|

Omov A 0 palkog Kal Z 0 atoukog aptOuoc Tov GOUATIO0N

[Ma v 1d1o KivnTikn evépyeta 1 poryvntikn ovokapyio e€aptdron and 1o Adyo A/Z. O AdYog avtdg
glvan oyedov mavta icog pe 2 yio to otoryeio uéypt 1o Fe. 'Etotl ta otowyeia avtd avauéveror vo,
TOPOLGLALOVY TNV 1010 GLUTEPLPOPA KOl GLVETMC TO 1010 EVEPYELAKO PAGLLAL.
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